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 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 2. BRIEF HISTORY OF THE UNIVERSITY
 The NED University of Engineering & Technology, Karachi was established
 in March 1977 under an Act of the Provincial Assembly of Sindh on upgradation
 of the former NED Government Engineering College, Karachi. From the historical
 point of view, therefore, the University is fairly young. However, the NED
 Government Engineering College which originally formed the nucleus of the
 University structure, was set up in 1922 and was thus the oldest engineering institution
 of Pakistan. Initially starting from an enrolment of 50 students in Civil Engineering
 more than eight decades ago, the student population now in the three campus (Main,
 City & LEJ) has gone up to around 8288 at undergraduate and graduate level.
 This institution was initially founded as Prince of Wales Engineering College
 by the donations of the citizens of Karachi to commemorate the visit of the Prince
 of Wales in 1921. The College was renamed as NED Engineering College in 1924
 in memory of Mr. Nadirshaw Edulji Dinshaw, a well-known philanthropist, whose
 heirs made substantial donation for its development at the time of his first death
 anniversary.
 After the creation of Pakistan, the Government of the Province of Sindh took
 over the management of the College on October 17, 1947, and renamed it as NED
 Government Engineering College, Karachi.
 The College remained affiliated to the following Universities before it was
 raised to the status of full-fledged University.
 (a) The University of Bombay (from inception to 1947)
 (b) The University of Sindh (from 1947 to 1951)
 (c) The University of Karachi (from 1951 to February 1977)
 A comprehensive plan was prepared in 1964 to shift the College from the
 downtown area to a new 40-hectare site adjoining the University of Karachi. The
 project was executed with the World Bank assistance and the College was shifted
 to the new Campus in 1975.
 The College was upgraded as additional campus of the University of Karachi
 in 1976 and finally raised to full-fledged Engineering University on March 1, 1977.
 Further development of the institution is continuing.
 The main campus at present has adequate teaching and laboratory facilities
 for graduate Programmes leading to the degree of Bachelor of Engineering in twenty-
 one disciplines viz Civil Engineering, Mechanical Engineering, Electrical Engineering,
 Computer & Information Systems Engineering, Textile Engineering, Electronic
 Engineering, Industrial & Manufacturing Engineering, Urban Engineering,
 Telecommunications Engineering, Petroleum Engineering, Automotive Engineering
 Bio Engineering, Medical Engineering, Materials Engineering, Chemical Engineering,
 Polymer & Petro-Chemical Engineering, Metallurgical Engineering, Marine
 Engineering, Software Engineering, Construction Engineering and Food Engineering.
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 Additionally the University offers degree Programmes in Bachelor of
 Architecture and Bachelor of Computer Science and Information Technology.
 Master of Engineering degrees are awarded in Civil Engineering, Urban and
 Infrastructure Engineering, Mechanical Engineering, Electrical Engineering, Computer
 Systems Engineering, Environmental Engineering, Electronic Engineering, Telecommunications
 Engineering, Industrial & Manufacturing Engineering, Textile Engineering, Chemical
 Engineering, Materials Engineering, Automotive Engineering and Bio-Medical Engineering.
 Master of Engineering Management (MEM) programme is also being offered
 in seven areas of specialisation, viz: Construction Management, Water Resources
 Management, Transportation Infrastructure Management, Environmental Management,
 Energy Management, Quality Management, Industrial Management and Textile
 Management by the Departments of Civil, Urban & Infrastructure, Environmental,
 Electrical, Industrial & Manufacturing and Textile Engineering under respective
 faculties.
 The University also offers four separate Programmes i.e. Masters of Computer
 Science & Information Technology which is conducted by the Department of
 Computer Science & Information Technology, Master of Urban & Regional Planning
 and Master of Architecture which are conducted by the Department of Architecture
 & Planning and Masters of Applied Mathematics which is conducted by the
 Department of Mathematics.
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3
 NED UNIVERSITY OF ENGINEERING & TECHNOLOGYKARACHI
 2. Administration & Academic Support Telephone Office
 Vice-Chancellor
 A. Kalam. C.Eng. 9926-1253M.A.; B.Sc.; F.I.E.T.; 9926-1261-8F.I. Mech. E.; F.C.I.L.T. (UK) Ext: 2242
 Pro Vice-Chancellor-I
 Prof Dr Muzzaffar Mahmood 9926-1261-8B.E. (Mech); M.Sc.; Ph.D. (Energy; Cranfield); Ext: 2346F.I.E. (Pak); Mem. ASHRAE FIE (PAK)(Also looking after the work of Dean,Faculty of Bio-Medical Engineering)
 Pro Vice-Chancellor-II
 Prof Dr Sahibzada Farooq Ahmad Rafeeqi 9926-1261-8B.E. (Civil); Ext: 2253M.S. (KFUPM, Saudi Arabia);Ph.D. (Structures; Heriot-Watt, UK)
 Dean Faculty of Civil Engineering & Architecture, Dean(CEA)
 Prof Dr S H Lodi 9926-1261-8B.E. (Civil) NED University; Ext: 2203M.S. Oregon State University, USA;Ph.D. Heriot-Watt University, UK.
 Dean Faculty of Mechanical & Manufacturing Engineering, Dean(MME)
 Prof Dr Nazim Uddin Qureshi 9926-1261-8B.Sc.; B.E.(Mech.); M.S.(USA); Ext: 2329Ph.D. (Manufacturing, Detroit); CMfgE (SME);Mem.IE (Pak); Mem. SME (USA)
 Dean Faculty of Electrical & Computer Engineering, Dean(ECE)
 Prof Dr Muzzaffar Mahmood 9926-1261-8B.E. (Mech); M.Sc.; Ph.D. (Energy; Cranfield); Ext: 2390F.I.E. (Pak); Mem. ASHRAE FIE (PAK)(Also looking after the work of Dean,Faculty of Bio-Medical Engineering)
 Dean Faculty of Chemical & Process Engineering, Dean(CPE)
 Prof Dr Muhammad Tufail 9926-1261-8B.E. (Mech); M.Sc.(UK); Ph.D. (UK); Ext: 2323Mem, ASME; Asso. Mem. IMechE;Mem. ASM; Mem. PEC
 Dean Faculty of Information Sciences & Humanities, Dean (ISH)
 Prof Dr Mahmood Khan Pathan 9926-1261-8M.Sc. (Pure Maths); Ext: 2204M.A. (Applied Maths); (Gold Medal) LL.B;Ph.D. (Brunel, UK)
 Dean Faculty of Bio-Medical Engineering, Dean (BME)
 Prof Neelofur Master 99230601-2B.S. (Chemistry); Tennessee, USA; 99230604M.S. (Chemistry); Tennessee, USA
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
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TelephoneOffice
 Registrar
 Engr Javed Aziz Khan 9926-1257B.E. (Civil); ME.(Env. Engg) Bangkok 9926-1261-8
 Ext: 2201
 Deputy Registrar ( Academic)
 Syed Arshad Hassan 9926-1261-8 B.A.; M.A. (Islamic History); Ext: 2221
 Controller of Examinations
 Prof Akhtar Nadyme 9926-1261-8B. Sc.(Elect.); M.S.EE(METU) Ext: 2210
 Director of Finance
 Mr Muhammad Sajeeruddin 9926-1261-8ACMA; LL.B Ext: 2202
 Resident Auditor
 Syed Abul Quasim 9926-1261-8S.A.S. Ext: 2261
 Director (Planning & Projects)
 Engr Ashfaq Ahmed Khan 9261261-8B.Sc., B.Sc. Engg. (Civil) Ext: 2259Member S.A.M.E. (U.S.A.); P.E.
 Chief Librarian
 Ms Meher Yasmeen 9926-1261-8B.A. (KU); D.L.S. (KU); M.L.S. (KU) Ext: 2229
 Controller of Services & Provost
 Engr S Wasi Uddin 9926-1261-8B.E. (Civil); M.Engg.(Env.) Ext: 2213
 Controller Student Affairs
 Mr Sohail Fazil Usmani 9926-1261-8M.A. (Islamic Studies); M.A.(Islamic History); Ext: 2238M.A. (Urdu); M.A. (Pol.Sc.), LL.B.
 Director Product Development Centre
 Dr Muhammad Fahad 9926-1261-8B.E., (Ind. & Mfg.); Ext: 2403M.Sc. with Mfg. Mgt. Specialisation (U.K)Ph.D. (UK)
 Director Industrial Liaison
 Mr. Abdul Majeed Shaikh 9926-1261-8
 B.E. (Mechanical), NEDUET Ext: 2274
 MBA, IBA Karachi
 4
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
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TelephoneOffice
 Director, Information Technology
 Mr Zahid Nazeer Ahmed 9926-1261-8B.Sc.; M.Cs.; Ext: 2321
 Director General, NED Academy
 Prof Dr Nazim Uddin Qureshi 9926-1261-8B.Sc.; B.E.(Mech.); M.S.(USA); Ext: 2329Ph.D. (Manufacturing, Detroit); CMfgE (SME);Mem.IE (Pak); Mem. SME (USA)
 Director, Centre forCountinuing Engineering Education (CCEE)
 Engr. Syed Anis-ul-Qadr 9926-1261-8B.E.(Civil); Ext: 2329M.Sc.(Soil Mechanics, Heriot Watt, UK);PGC (Japan)
 Director, CMPP
 Prof. Dr. Attaullah Khawaja 9926-1261-8 Ext: 2329
 5
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3. DEPARTMENTS
 3.1 DEPARTMENT OF CIVIL ENGINEERING
 The Department of Civil Engineering has been offering a broad based four-year instruction programme leading to Bachelor of Engineering (Civil) over the pastseveral decades. The graduates from this department have not only earned distinctionsin the practical field but many of them also have distinguished themselves as knownresearchers and scholars throughout the globe. Many of the final year projects havebeen of high academic and research value, and quite a few research papers havebeen published through these undergraduate research projects.
 The Department of Civil Engineering has the honour to become the firstdepartment of the University to offer a programme leading to the Master of Sciencein Civil Engineering from the session 1979-80 and also has the honour to start theMaster of Engineering Programme first time in Transportation Engineering inPakistan.
 3.1.1 Departmental Facilities
 Apart from undergraduate laboratories for Materials Testing, Structures andSoil Mechanics, which house the basic testing facilities, new postgraduate laboratoriesare in the process of development.
 Advanced Structural Engineering testing facility already exists with theDepartment, where research work and proposal leading to Ph.D. could well beundertaken. The laboratories are equipped with state-of-the-art Times Group 2000kN Universal Testing Machine, Shimadzu 500 kN Universal Testing Machine,Forney Compression Testing Machine of 2000 kN capacity, Tinus Olsen UniversalTesting Machine of 60,000 pounds, a Forney Pipe Testing Machine of 300 kNcapacity, apart from other equipment for testing and data acquisition. The laboratoryequipment have been over-hauled and calibrated.
 New advanced Material Testing facility is in the commissioning phase. It isequipped with state-of-the-art-equipment and is one of its kind in the region. It has1m thick reaction floor and 1.3m thick reaction wall which will be used for testingof structures subjected to vertical and lateral loads. The laboratory has the facilityto test prestressed girders of up to 110 ft. lengths. Equipment include a Portal Framedesigned to work with the 5000 kN Pseudo Dynamic Test System. This systemconsists of 2 large structural H beams to provide the vertical support and is mountableto reaction floor. Complete system includes 5000 kN actuator, Hydraulic PowerSupply, Hydrauli Service Manifold, Digitally supervised analogue servo controls,Pseudo dynamic application software, and a 300 channel data acquisition system.Other equipment include Dynamic Hydraulic Linear Actuator 55 kip (250 kN),Dynamic Hydraulic Linear Actuator 110 kip (500 kN), Structual Test HydraulicActuator 220/335 kip (1000/1500kN), Hydraulic Linear Actuator 450/600 kip (2000kN/2670 kN), 300 Channel Data Acquisition System, LVDTs, Load Cells. Thefacility is now being administered by the Department of Earthquake Engineering.
 The postgraduate Geo-technical laboratory has acquired a Seismograph alongwith the already existing facilities comprising of Triaxial Testing Machine and PlateLoading Test equipment. The laboratory has been extensively utilised for postgraduateresearch leading to Ph.D.
 Fluid Mechanics and Hydraulic Laboratory features 12.5m long open channelto test various hydraulic structures. Newly procured hydraulic bench allows testingof pumps and pelton turbine at variable flows and configurations. Pipe network andpipe friction laboratory apparatus provide an opportunity to test various pipe materials
 6
 NED University of Engineering & Technology Prospectus for Post Graduate Programme

Page 12
                        

7
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 and configuration of pipes in water supply network. Rainfall Simulator provides anopportunity to study the surface water rainfall-runoff relationships.
 Irrigation and Water Resources Engineering Laboratory has been establishedrecently. Time Domain Reflectometry for irrigation scheduling, Channel loop forsediment transport, Acoustic Velocity meter for on spot flow measurement in stream,automatic water level recorder, GPS and computerised laboratory with GIS capabilitiesprovide opportunities for conducting postgraduate studies and research.
 Laboratories facilities of other departments may also be utilised for researchpurposes as well as other departments are also being benefited by facilities mentioned.
 Computing Facilities
 The Department of Civil Engineering has special computing facilities housedin Postgraduate Computational Centre. The centre contains modern computingfacilities, scanners, plotter laser printing facilities. The centre also contains a state-of-the-art Structural Engineering Software Library, which including analysis anddesign of RC Structures using CSI Package and TNO Diana. The CSI Package withnetwork license consists of SAP 2000, ETABS, SAFE and CSI Section Builder.
 The Department has its own main computer centre which runs under a SystemManager and is equipped with 70 workstations along with scanning and printingfacilities. It has a large number of licensed softwares related to Civil Engineeringand its various specialisations.
 Other Supporting Facilities
 Department of Civil Engineering subscribes a number of international researchjournals to support the academics and research at post graduate level.
 Department of Civil Engineering has also the honour of being the country'sInformation Node on FERROCEMENT Ferrocement International Network (FIN-PAKISTAN) was established in the Department through International funding in1990, and since then has been serving as National Node for disbursing researchmaterial, disseminating related knowledge and imparting know-how in ferrocement.The National node working under INTERNATIONAL NODE at IFIC-AIT-BANGKOK, has access related to the research endeavours in Ferrocement, and haslinks with researchers, and resource persons in this field.
 The Department of Civil Engineering has established CESNED (CowasjeeEarthquake Study center at NED). The objective of the endeavour include housingnational and global data pertaining to earthquake and acts as a centre for disseminatingaccumulated knowledge as well as to respond to emergency needs and be able toprovide guiding principles for post-disaster mitigation.
 Recently, CESNED has been strengthened with the installation of a 3M ×3M Shore Western Seismic Table and Syscom Strong Motion Recorder at theDepartment. A linear hydraulic actuator with a fatigue rating of 110 kip (500 kN)is attached to the table which is guided by linear bearings. The stroke capability ofthe unit is ± 300 mm (± 12 inch) with a nominal peak velocity of 1 meter/sec(40 inches/sec) and average velocity of ½ meter/sec (20 in/sec). The linear guidebearing are sized to test a 20 MT payload with a CG 3 M off the table surface, with60 MT-M over turning moment at 1g. The activities of CESNED are now administeredby the Department of Earthquake Engineering.
 NED-CEST (NED-Centre for Engineering Software and training) is alsoestablished which works in collaboration with the ACEMOS, AIT, Bangkok.
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 CE DONEAn international linkage has been established between the Faculties of Civil
 Engineering and Architecture and WEDC, Loughborough University, UK, throughjoint funding provided by the Higher Education Commission-Pakistan and the BritishCouncil.
 The Department has shown significant progress in the are of earthquakeengineering over the last several years. It is part of several projects related to capacitybuilding funded by UNDP and UNESCO on topics related to earthquake engineeringseismology and impact of tsunamis. This has led to the estbalishment of theDepartment of Earthquake Engineering.
 Research Fields
 The current research interests of the Department are as follows:
 Structural Engineering
 · Re-strengthening and repair techniques· Constitutive modelling of reinforced concrete and ferrocement· Tensile and compressive membrane action· Behaviour of reinforced concrete in mixed moment field· Post cracking tensile strength· Bond in reinforced concrete· Structural behaviour of cold formed steel sections· Models for shear and flexural strength of Ferrocement· Ferro-cement application and its use· Infilled masonry panels subjected to lateral loads· Non engineered construction in the rural areas· Ductility of reinforcing bars produced in Pakistan· Structural use of recycled concrete aggregates· Finite element analysis of reinforced concrete structures· Impact loads on reinforced concrete structures· Fire resistance of concrete structures· Fibre reinforced polymers in Construction
 Materials Engineering
 · Design, development, production and assessment of materials in thetransportation industry
 · Design, development, production and assessment of materials in theconstruction industry
 · Durability of bituminous materials under tropical conditions· Evaluation of engineering properties of mineral compounds, super plasticisers,
 binders, polymeric compounds and stabilising agents· Determination of rheological properties of cement pastes and bitumen· Mechanical properties of recycle concrete aggregates· Cement replacement materials· Properties of locally manufactured reinforcing bars· High strength and high performance concrete
 Geo-technical Engineering
 · Numerical / Constitutive modelling of soils· Evaluation of static and dynamic parameters of different soil strata· Evaluation of sub soil geological conditions· Indigenous methodologies for ground improvement techniques
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 CE DONE· Development of indigenous methodologies and equipments to carry out
 experiments in the field and laboratories· Static and dynamic stiffness of pile foundation
 Transportation Engineering
 · Pavement distress evaluation and material characterisation· Redesign and signal optimisation of roundabouts· Capacity improvements of major urban and rural routes· Road condition monitoring and development of remedial strategies· Road design techniques in arid and coastal areas· Geometric and structural design of fly over in Karachi using software packages· Stability analysis of highway embankments under waterlogged conditions· Use of expert systems in geometric design of highways· Analysis and design of urban road drainage systems· Mechanistic and finite element analysis of major national highways in Pakistan· Pavement condition monitoring and evaluation of roads and airport airside· Non-linear behaviour of pavements under heavy axle loads· Development of travel demand forecasting models for urban areas· Economic appraisal of highway projects using HDM and RTIM models· Application of Geographic Information System (GIS) for facility management
 Construction Management
 · Sustainable Development· Management Information Systems· Asset Management Model· Capacity Building of Pakistani Construction Industry
 Coastal and Harbour Engineering
 · Morphology of Coastal Processes (waves, currents, tides, dredging, etc.)· Port Planning Method and Models· Development of Containerisation· Computer Application in Port Containerisation· Environmental Impact of Port development· Port Economics
 Water Resources Engineering and Management
 · Sectoral Water Allocation, Releases and Performance· Barrage and Canal System· Water Supply: Domestic, Industrial, Agriculture, etc.· Groundwater System· Exploration and Characterisation· Water Balances, Recharge/Discharge Areas Delineation· Monitoring and Evaluation· Simulation and Optimisation Modelling· Tertiary Level Irrigation System in Indus Basin· Conservation of Water, Watercourse Lining· Water Accounting and Irrigation Scheduling, Application Efficiency· Drainage
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3.1.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Asad-ur-Rehman Khan 99261261-8
 Ext. 2205
 Co-Chairman
 Prof. Rizwan Ul Haque Farooqui 99261261-8
 Ext.: 2273
 Senior Research Fellow
 Prof. Dr. Abdul Samad Khan B.E. (Civil) KU;
 M.Sc. (Civil) University of Southern
 California, USA;
 Ph.D. University of Southampton, UK
 Professors
 1. Prof. Dr. S. F. A. Rafeeqi B.E. (Civil) NED;
 M.S. (Civil) KFUPM, Saudi Arabia;
 Ph.D. Heriot-Watt University, UK
 2. Prof. Dr. Sarosh Hashmat Lodi B.E. (Civil) NED; M.S. USA;
 Ph.D. Heriot-Watt University, UK.
 3. Prof. Dr. Muhammad Shafqat Ejaz B.E. (Civil) NED; M.Sc. (Civil) NED;
 (On Ex-Pakistan leave) Ph.D. Utah State University, USA
 4. Prof. Dr. Shuaib Haroon Ahmad B.E. (Civil) NED; M.S. (Civil) USA;
 (Foreign Professor) Ph.D. (Civil, Structure) USA
 5. Prof. Dr. Syed Imran Ahmed B.E. (Agri. Engg) SAU, Pakistan;
 (Foreign Professor) M.S. (Bio resource Engg.) Oregon State
 University, USA;
 M.S. (Bio systems Engg.) IOWA State
 University, USA;
 Ph.D. (Bio systems Engg.) IOWA State
 University, USA;
 Ph.D. KFUPM, Saudi Arabia.
 6 . Prof. Dr. Asad-ur-Rehman Khan B.E. (Civil) NED University;
 M.S. (Civil) KFUPM, Saudi Arabia;
 Ph.D. KFUPM, Saudi Arabia.
 10
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 7. Prof. Rizwan ul Haque Farooqui B.E. (Civil) NED;
 M.S. (Civil), National University of
 Singapore, Singapore
 Ph.D. (Civil), Florida International
 Singapore, Singapore
 8. Prof. Abdul Jabbar Sangi B.E. (Civil) NED; M. Engg.(Civil) NED
 Ph.D. Heriot-Watt University, UK
 Associate Professors
 1. Mr. Raza Ali Khan D.P.A. (Public Administration);
 (On higher studies abroad) M.A. (IR) Uni of Karachi;
 M.A. (Economics) Uni of Karachi;
 M. S. (Economics) SZABIST
 2. Mr. Aftab Ahmed Farooqi BE. (Civil) NED; M.Engg. (Civil) NED
 3. Ms. Arjumand Masood B.E. (Civil) NED;
 M. Engg. (Env. Engg.) NED;
 M. Engg. (Civil) NED
 4. Mr. Salman Hameed Siddiqui B.E. (Civil) NED; M. Sc. (Civil) NED
 5. Dr. Amanullah Marri B.E. (Civil) QUEST;
 M.E. (Civil) Asian Institute of
 Technology Thailand;
 Ph.D. Uni of Nottingham, UK
 6. Dr. Haider Hasan B.Sc. (Math & Computing) Kingston Uni;
 M.Sc. (Env. & Ind. Modeling)
 University of Bristol, UK;
 Ph.D. (Civil) Uni of Nottingham, UK
 7. Dr. Huma Khalid B.E. (Civil) NED;
 M.Sc. (Computer Science) NED;
 Ph.D. Imperial College of Sc. Tech. &
 Medicine University, UK
 Assistant Professors
 1. Ms. Farnaz Batool B.E. (Civil) NED;
 (On higher studies abroad) M. Engg. (Civil) NED
 2. Syed Salman Mooben B.E. (Civil) NED University;
 (On higher studies abroad) M.Sc. (Structure), Uni of Alberta, Canada
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 3. Ms. Saria Bukhary B.E. (Civil) NED;
 (On higher studies abroad) M.Engg. (Civil) NED
 4. Mr. Farhan Saleem B.E. (Civil) NED; M.C.S. KU;
 M.S. (Construction Management)
 Florida International University, USA
 5. Ms. Sadaf Qasim B.E. (Civil) NED; M.Sc. (Env. Sc) KU;
 (On higher studies abroad) M.Engg. (Civil) NED
 6. Mr. Muhammad Saqib B.E. (Civil) NED; M.C.S. KU;
 (On higher studies abroad) M.Engg. (Civil) NED
 7. Ms. Tehmina Ayub B.E. (Civil) NED;
 (On higher studies abroad) M.Engg. (Civil) NED
 8. Mr. Haris Akram Bhatti B.E. (Civil) NED;
 (On higher studies abroad) M.Engg. (Civil Water Resources) NED
 9. Ms. Najmus Sahar Zafar B.E. (Civil) NED;
 (On higher studies abroad) M.Engg. (Civil) NED .
 10. Mr. Muhammad Aslam Bhutto B.E. (Civil) QUEST;
 (On higher studies abroad) M.Engg. (Civil) NED.
 11. Mr. Aslam Faqeer Muhammad B.E. (Civil) NED;
 (On higher studies abroad) M.Engg. (Civil) NED .
 In addition to regular faculty members qualified personnel in other departments
 and in the city may be engaged for post-graduate teaching.
 Applications in response to advertisement for Master of Engineering (Civil)
 shall be duly completed and submitted, personally or by registered post to:
 The Chairman
 Department of Civil Engineering
 NED University of Engineering & Technology
 Karachi 75270, Pakistan
 Ph. No: +92-21-99261261-8 Ext: 2205
 Fax No: +92-21-99261255
 E-mail: [email protected]
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 3.2 DEPARTMENT OF ENVIRONMENTAL ENGINEERING
 Established as the Institute of Environmental Engineering and Research
 twenty six years ago to cater for the national need of professional training in
 environmental assessment and improvement at postgraduate level, the Department
 of Environmental Engineering has been effectively contributing in academics,
 research, training, and community based activities since its inception.
 The Department administers postgraduate programme leading to the degrees
 of Masters of Engineering (Environmental) and Master of Engineering Management
 (MEM) in Environmental Management. The programme is conducted both in
 morning and evening times. The degree programme is structured so as to deepen
 and broaden the student�s knowledge in the field of Environmental Engineering.
 The Department of Environmental Engineering has the honour to start the master
 programme for the first time in Environmental Engineering in Pakistan and also has
 the honour to be one of the first departments of NED University to successfully
 offer Masters of Engineering programme in the morning. Though the Department
 is not administering any undergraduate level programme, it is providing all necessary
 support to its sister engineering disciplines in assessing, designing, and synthesising
 environmental impacts of engineering developments through class room training
 and laboratory practices.
 Emphasis of the postgraduate programme is to equip students and practicing
 professional with advanced knowledge, information and data base so that they can
 cope with ever increasing environmental degradation of the country in general and
 of the city in particular. During these studies a student completes a number of courses
 in water, air, noise, and land pollution, industrial and municipal solid waste
 management, EIA, water quality management, marine pollution, sustainable
 development and other major and minor topics related to environment. Course work
 is supplemented with field investigation, seminars, and guest lectures to enable
 students to broaden their understanding of issues and remedies related to environment.
 The students graduated with Environmental Engineering degree from the
 Department are actively participating in the development works at regional, national
 and international levels. They are holding key positions in public and private
 sectors in Pakistan and abroad utilising the knowledge gained during their studies
 in the Department.
 The Department is also offering the postgraduate degree programme in
 Master of Engineering Management (MEM) in Environmental Management. The
 programme is conducted both in morning and evening times. Some of the broad
 objectives of the program are to equip students and future Environmental Managers
 with the ability to clearly understand and interact in Engineering as well Management
 related activities and roles in Environmental Studies.
 The Department is actively participating in community-based activities
 working together with Sindh EPA, NGOs, City District Government and other
 EN DONE
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 relevant organizations in different development works aimed at restoring and
 improving public sector services and infrastructures. In future also, the Department
 intends and plans to work in the advisory capacity for agencies responsible for
 environmental management of urban areas as well as the natural resources.
 3.2.1 Departmental Facilities
 The Department maintains Environmental Engineering Laboratories having
 adequate facilities to carry out essential environmental analysis and monitoring.
 These include air quality / emission monitoring, water chemistry analysis, water
 pollution and water quality monitoring and process design studies. A computer Lab
 for postgraduate students provides access to professional software in Environmental
 Engineering, internet surfing and retrieving data from other resources out side
 University. Department library contains selected books on various related topics,
 database, case studies and research documents of national interest for ready reference
 during course of studies.
 Research Fields
 The current fields of research encompass low-cost water and wastewater
 treatment, bio energy production from sustainable anaerobic digestion and bio diesel.
 Independent research projects in the fields described above are being carried out
 under supervision of foreign qualified faculty members. Moreover, the department
 is also working on industry based problems and is in the process of establishing
 research collaborations with world class International Universities.
 3.2.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Asif Ahmed Shaikh 99261261-8
 Ext. 2211
 Co-Chairman
 Dr. Atif Mustafa Ext. 2624
 Professor
 Prof. Dr. Asif Ahmed Shaikh B.E. (Civil) NED University;
 M.E. (Civil) Nagasaki University, Japan;
 Ph.D. Nagasaki University, Japan.
 Associate Professors
 1. Syed Muhammad Iqbal B. E. (Civil) NED University;
 (On Ex-Pakistan leave) M.S. (Env. Engg.) USA;
 PGC (EIA), Norway.
 EN DONE
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 2. Dr. Atif Mustafa B.E. (Civil) NED University;
 M.E. (Env. Engg.) NED University;
 Ph.D. University of Edinburgh, UK.
 Assistant Professors
 1. Ms. Farzana Ibrahim B.E. (Civil) NED University;
 (On Ex-Pakistan leave) M.E. (Env. Engg.) NED University.
 2. Dr. Zuhaib Siddiqui B.E. (Civil) MUET, Jamshoro;
 M.E. (Env. Engg.) AIT, Thailand;
 Ph. D. University of Leeds, UK.
 3. Mr. Mehmood Ali B.E. (Mechanical) NED University;
 (On Study leave) M.E. (Env. Engg.) NED University.
 4. Ms. Munazza Rafique B.E. (Civil) NED University;
 M.E. (Env. Engg.) NED University.
 5. Mr. Muhammad Ahsan Siddique B.E. (Civil) NED University;
 M.S. (Env. Engg.) Penn State, USA;
 MBA Colorado State, USA.
 6. Ms. Qudsia Saba B.E. (Civil) NED University;
 M.E. (Env. Engg.) NED University.
 In addition to regular faculty members, qualified professionals from other
 Departments and institutions of Karachi may be engaged for post-graduate teaching.
 Applications in response to advertisement for Master of Engineering
 (Environmental) and Master of Engineering Management (MEM) Programme in
 Environmental Management shall be duly completed and submitted, personally or
 by registered post to:
 The Chairman
 Department of Environmental Engineering
 NED University of Engineering & Technology
 Karachi-75270, Pakistan
 Phone No. +92-21-99261261-8 Ext. 2211
 Fax No. +92-21-99261255
 EN DONE
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 3.3 DEPARTMENT OF ARCHITECTURE AND PLANNING
 The NED University has remained the foremost institution in professional
 education in engineering and related disciplines. In its working, the university had
 developed a regulatory, academic and administrative framework for architectural
 education which today provides a ready base for appropriate education in these
 disciplines. The working strength of architects is much less than what is practically
 needed. Given the vast professional sphere in which the architects operate, the
 numerical strength is simply minimal. A technically sound and socially responsive
 breed of architects and planners need to be produced to fill this widening gap.
 Architecture and Planning Department at NED University has been attempting to
 these and serveral other related issues in the professional domain.
 The creation of a Department of Architecture and Planning has been a part
 and parcel of NED�s Master Plan. The present resources, facilities, spaces and
 technological backup are ample and adequate to support this purpose. Besides, the
 presence of various disciplines at the university act as a supportive factor for the
 Architecture Department. Eversince its creation in 2000, the Department has
 undertaken numerous research and outreach activities. The Journal of Research in
 Architecture and Planning, launched in 2001, has been regularly published on an
 annual basis. The department was a collaborative partner with four international
 universities from Europe and South Asia in the European Commission funded Asia-
 Link and Asia-Urbs Programmes between 2004 and 2007. This linkage produced
 several research outputs in the field of urban design. Besides, the Department is the
 Secretariat of International Council of Monuments and Sites (ICOMOS) and local
 office of UNESCO University and Heritage Linkage. Currently, the Department is
 collaborating with the United Nations Centre for Human Settlements (UN-HABITAT)
 for preparation of City profiles and plans of Larkana, Kech-Turbat, Sialkot, Gilgit,
 Mingora, Mansehra, Landi Kotal and Muzzaffarabad (in Azad Jammu and Kashmir).
 The Department has been conducting a Master of Urban and Regional
 Planning Programme since 2002. This programme was setup with the active assistance
 from University of Western Sydney, Australia. A significant need, however, remained
 for the initiation of Master of Architecture Programme due to diversifying job market,
 enhanced demand of specialised capacity in the domains of theoretical and applicational
 spheres and development of teaching faculty in architectural theory and design
 pedagogy. It is also worthwhile to note that no postgraduate programme in architecture
 exists in the entire province of Sindh despite the fact that five architectural institutions
 are currently functioning. Master of Architecture Programme, initiated in 2009, in
 therefore aimed to serve a need of the country.
 AR DONE
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 3.3.1 Department Facilities
 The Architecture and Planning Department is located at NED City Campus
 on Maulana Din Muhammad Wafai Road. It possesses adequately equipped computer
 labs with up-to-date hardware and relevant softwares. The Department also possesses
 an archive which houses the most recent literature, reading material and
 audio-visual aids related to urban and regional planning studies. A reference library
 is also available for the access of post graduate students to fulfil the need of text
 books, reference books, periodicals and journals. Due to links and networking of
 the department, the post graduate students can also obtain useful information material
 from private institutions such as the Urban Resource Centre.
 3.3.2 Number of seats to be offered for Admission to the Programme
 Total number of seats to the maximum of 25 each shall be offered by the
 Department for both programmes. The admission for Master of Urban and Regional
 Planning shall be open to degree holder in the disciplines of Architecture, Urban
 Planning, Urban or Civil Engineering, however the maximum number of admissions
 to be offered shall not be exceed a total of 10 per discipline. For Master of Architecture
 Programme, only candidates possessing a Bachelor of Architecture or equivalent
 degree shall be offered admission.
 3.3.3 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Noman Ahmed 9921305832620793
 Professors
 1. Prof. Dr. Noman Ahmed B. Arch; M.C.P.(METU, Ankara-Turkey);Ph.D. (Loughborough, UK);MPCATP, AIAP
 2. Prof. Dr. Anila Naeem B. Arch;M.S. (Restoration and HistoricPreservation) (METU, Ankara-Turkey);Ph.D. (Oxford Brookes, UK);MPCATP, AIAP
 Associate Professors
 1. Ms. Asiya Sadiq B. Arch; M. Arch;(KU-Leuven, Belgium),MPCATP, AIAP
 AR DONE
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 2. Ms. Fariha Amjad Ubaid B. Arch; MCPUD(METU, Ankara-Turkey);MPCATP, AIAP
 Assistant Professors
 1. Ms. Fahmida Bano Sheikh B. Arch; MURP; MPCATP
 2. Mr. Ravindar Kumar Ravi B. Arch; MUD; MPCATP
 3. Ms. Shabnam Nigar Mumtaz B. Arch; MUD; MPCATP
 4. Ms. Masooma Mohib Shakir B. Arch; M. Arch;(KU-Leuven, Belgium),MPCATP, AIAP
 5. Ms. Mariam Zehra Karrar B. Arch; M. Arch(Melbourne, Australia);MPCATP, AIAP
 6. Ms. Suneela Ahmed B. Arch; M. Urban Affairs(University of Canberra, Australia);MPCATP, AIAP
 7. Mr. Saeed Ud Din Ahmed B. Arch; MURP; MPCATP
 In addition to regular faculty members, qualified personnel in the city areengaged for postgraduate teaching.
 Applications in response to advertisement for Master of ArchitectureProgramme and Master of Urban and Regional Planning Programme shall be dulycompleted and submitted, personally or by registered post to:
 The ChairmanDepartment of Architecture and PlanningNED University of Engineering & Technology (City Campus)Maulana Din Mohammad Wafai RoadKarachi-74200, Pakistan.Ph. No: +92-21-99213058
 +92-21-32620793Fax No: +92-21-99213058E-mail: [email protected]
 AR DONE
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 3.4 DEPARTMENT OF URBAN AND INFRASTRUCTURE ENGINEERING
 A fundamental need for civilisation in the 21st Century is the developmentof urban habitats that are both environmentally sustainable and functionally dependablefor people and society. To meet these challenges Department of Urban andInfrastructure Engineering has been introduced in 2008 at NED University ofEngineering and Technology. The Department aims to provide students backgroundof planning, design and management of the urban infrastructure. Its objective is todeliver capacity building and value addition to the youths of the society in the formof Urban & Infrastructure Engineers. This objective is well served withstate-of-the-art teaching facilities and dedicated faculty members. The Departmentalso keeps close coordination with other local and international stakeholders suchas; City District Government Karachi (CDGK), Jinnah Post-graduate Medical Centreand University of Mississippi (USA) for research-based sharing of knowledge andservice oriented activities.
 The Department of Urban and Infrastructure Engineering, has now takenanother initiative by introducing a post graduate degree programme (MEM) inTransportation Infrastructure Management. The major idea behind this programmeis to link the concepts of management with the deriving engineering fields to produceprofessionals that are better capable of managing the engineering projects than theconventional business managers. Transportation Infrastructure Management is anattempt to strengthen the programme with another much needed derivative.Considering the wide scope of the field this masters program is focused towardsthe management of transportation systems and their sustainable operation.
 3.4.1 Departmental Facilities
 The Department of Urban and Infrastructure Engineering manages thefollowing laboratories.
 · Surveying Laboratory possesses modern digital theodolites, digital levels,Distance meters, Total stations and GPS equipments. The Department has in-house capabilities to handle these sophisticated instruments and number ofoccasions, department has provided their services for various infrastructureprojects within NED University and Outside University.
 · Transportation Laboratory possesses all types of basic testing facilities forpavement materials. Recently, the laboratory is equipped with a state-of-the artwheel tracking device and number of research projects has been initiated to usethis machine for testing of pavement defects.
 · In addition to the above, the department envisions to establish ITS and TrafficEngineering as well as GIS and Geospatial Laboratories to carry out dedicatedresearch in these emerging fields well connected to Transportation InfrastructureManagement.
 Laboratories facilities of other departments may also be utilised for researchpurposes as well as other departments are also being benefited by facilities mentioned.
 UE DONE

Page 25
                        

20
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 Computing Facilities
 The Department of Urban and Infrastructure Engineering has specialcomputing facilities housed in its computer centre. The centre contains goodcomputing facilities, scanners, inkjet plotter, colour, and black & white laser printingfacilities. The centre also contains a state-of-the-art transportation modelling softwaressuch as EMME/2, S- PARAMICS, GIS softwares such as ARC GIS etc.
 Research Fields
 The current research interests of the Department relevant to the TransportationInfrastructure Management Masters Programme are as follows:· ITS-based Urban Traffic Management Model· Traffic Incident Management system· Transportation Assets Management Model· Integrated Control of Urban Arterial Under Saturated Conditions· Capacity Improvements of Major Urban and Rural Routes· Road Condition Monitoring and Development of Remedial Strategies· Use of Expert Systems in Geometric Design of Highways· Analysis and Design of Urban Road Drainage Systems· Mechanistic and Finite Element Analysis of Major National Highways in Pakistan· Pavement Condition Monitoring and Evaluation of Roads and Airport Airside· Development of Computerised Travel Demand Forecasting Model for Urban Areas· Application of Geographic Information System (GIS) for Facility Management· Accessibility based Analysis of Household Travel· Transportation Network Modelling using EMME2.
 3.4.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Mir Shabbar Ali 99261261-8Ext. 2354
 Professors
 1. Prof. Dr. Mir Shabbar Ali B.E (Civil)M.S (University of Oklahoma, USA)Ph.D. in Transportation;University of Birmingham, UK
 2. Prof. Dr. Adnan Qadir B.E (Civil) NED UniversityM.Engg. (Civil) NED University;Ph.D. (Transportation) Middle EastTechnical University Ankara, Turkey.
 Associate Professors
 1. Prof. Dr. Muhammad Raza Mehdi B.E (Civil); M.Sc. (Transportation);(On leave) Ph.D. (Environmental Science)
 UE DONE
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 2. Mrs. Mah Talat Mirza B.E (Civil); M.Sc. (Civil) NED
 3. Dr. Muhammad Adnan B.E. (Civil) NED University;M. Engg. (Civil) by Research NED;Ph.D. (Transportation) (Leeds) UK
 Assistant Professors
 1. Syed Masood Kazim Jafri B.E (Civil) NED University;M.Sc. (Env. Engg) NED University;
 2. Mr. Ashar Ahmad B.E (Urban) NED University;(On higher studies abroad) M.Engg. (Civil) NED University
 3. Mr. Uneb Gazdar B.E (Civil) NED University;(On higher studies abroad) M.Engg. (Civil) NED University
 4. Ms. Nida Azhar B.E (Urban) NED University;(On higher studies abroad) M.Engg. (Civil) NED University
 5. Ms. Sana Muqeem B.E (Urban) NED University;(On higher studies abroad) M.Engg. (Civil) NED University
 6. Syeda Madiha Zaidi B.E (Urban) NED University;M.Engg. by Research (Civil) NED
 7. Mr. Sadaqat Ullah Khan B.E (Urban) NED University;(On higher studies abroad) M.Engg. (Civil) NED University
 8. Mr. Afzal Ahmed B.E (Urban) NED University;(On higher studies abroad) M.Engg. (Civil) University of
 Mississippi; USA
 In addition to regular faculty members qualified personnel in other departmentsand in the city may be engaged for post-graduate teaching.
 Applications in response to advertisement for Master of EngineeringManagement (Transportation Infrastructure Management) shall be duly completedand submitted, personally or by registered post to:
 The ChairmanDepartment of Urban and Infrastructure EngineeringNED University of Engineering & TechnologyKarachi 75270, PakistanPh. No: +92-21-99261261-8 Ext: 2354Fax No: +92-21-99261255E-mail: [email protected]
 UE DONE
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 3.5 DEPARTMENT OF EARTHQUAKE ENGINEERING
 Pakistan has always been an earthquake prone country owing to its tectonic
 settings. Every time an earthquake struck this region lack of disaster mitigation
 capacity in Pakistan was revealed. The Department of Civil Engineering realized
 the importance of building capacity in earthquake disaster mitigation in the Country
 and established Cowasjee Earthquake Study Center (CESNED) on 28th April 2001.
 The experience gained through the activities of CESNED and the expertise developed
 in earthquake engineering in the last one decade provided a strong basis for the
 establishment of Department of Earthquake Engineering. The need of this Department
 was also strengthened in the post 2005 Kashmir earthquake scenario. The underlying
 purpose of the Department of Earthquake Engineering is to develop highly skilled
 professionals and researchers who are trained in various aspects of earthquake
 mitigation so that they are able to serve the society through better planning and
 preparation.
 The Department benefits immensely from the earlier activities in the area
 of earthquake engineering through CESNED and plans to strengthen these further
 by creating strong linkages with industry and other similar organizations. The
 Department plans to offer courses, designed to suit the needs of professional
 engineers working in the construction industry as well as to strengthen already
 existing research activities in the area of earthquake engineering and related
 disciplines.
 Earthquake Engineering is a specialized field of knowledge that deals with
 the understanding and implementation of ideas related to generation and propagation
 of earthquakes through various geological features and behaviour of structures
 subjected to seismic loading. The Department plans to offer Master degree in
 Structural Earthquake Engineering (SEE) from 2012. This course comprises of the
 study of elastic and inelastic response of structures subjected to ground motion
 excitation. Seismic design of new structures and assessment of existing infrastructural
 facility are also dealt with in SEE.
 3.5.1 Departmental Facilities
 The Departments currently owns two most modern laboratories in the
 Country. These include Shake Table Laboratory (STL) and Advanced Material
 Testing Laboratory.
 The Shake Table Laboratory (STL) consists of a 3M × 3M seismic simulation
 table. The table has a linear hydraulic actuator with a fatigue rating of 110 kip (500
 kN) which is guided by linear bearings. The stroke capability of the unit is ± 300
 mm (± 12 in.) with a nominal peak velocity of 1 m/sec (40 in./sec) and average
 velocity of ½ m/sec (20 in./sec). The linear guide bearings are sized to test a 20
 EAR
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 MT payload with a CG 3 M off the table surface. This may include 60 MT-M over
 turning moment at 1g.
 The new Advanced Material Testing facility is equipped with state-of-the-
 art testing equipment and is one of its kinds in the region. It has a 1m thick reaction
 floor and 1.3m thick reaction wall which can be used for testing of structures
 subjected to vertical and lateral loads. The Lab has the facility to test prestressed
 girders of up to 110 ft. length. The equipments include a portal frame designed to
 work with the 5000 kN pseudo dynamic test system. This system consists of 2 large
 structural H beams to provide the vertical support and is mounted on reaction floor.
 Complete system includes 5000 kN actuator, hydraulic power supply, hydraulic
 service manifold, digitally supervised analog servo controls, pseudo dynamic
 application software, and a 300 channel data acquisition system. Other equipment
 include dynamic hydraulic linear actuators of capacity of 55 kip (250 kN) and 110
 kip (500 kN), structural test hydraulic actuator of 220/335 kip (1000/1500 kN),
 hydraulic linear actuator of 450/600 kip (2000/2670 kN), LVDTs, load cells.
 CESNED is also a part of the Department of Earthquake Engineering. The
 objectives of the Center include housing national and global data pertaining to
 earthquakes, acting as a centre for disseminating knowledge as well as to respond
 to emergency needs and to provide guiding principles for post-disaster mitigation.
 In addition, the Department shares laboratory facilities in Material Testing
 Laboratory administered by the Department of Civil Engineering. Similarly,
 laboratories facilities of other departments may also be utilised for research purposes.
 Computing Facilities
 The Department of Earthquake Engineering shares the computing facilities
 housed in Postgraduate Computational Centre with the Department of Civil
 Engineering. The centre contains all necessary facilities such as scanners, inkjet
 plotter, colour, and black and white laser printers. The centre also contains a state-
 of-the-art structural engineering software library including analysis and design of
 RC Structures using CSI Package and TNO Diana. The CSI Package with network
 licenses consists of SAP 2000, ETABS, SAFE and CSI Section Built.
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 3.5.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Muhammad Masood Rafi 99261261-8
 Ext. 2605
 Professors
 1. Prof. Dr. Muhammad Masood Rafi B.E. (Civil) NED University;
 M. Sc. (Civil) NED University;
 Ph.D. (University of Ulster, UK)
 2. Prof. Dr. Rashid Ahmed Khan B.E. (Civil) NED University;
 M. Sc. (Civil) NED University;
 Ph.D. (Heriot-Watt University UK.)
 Associate Professor
 Dr. Mukesh Kumar B.E. (Civil) NED University;
 M.E. (Civil) NED University.
 M.E. (Earthquake Engg.) Italy
 Ph.D. (Imperial College of London, UK.)
 In addition to regular faculty members, qualified personnel in other departments
 and in the city may be engaged for post-graduate teaching.
 Applications in response to advertisement for Master of Engineering
 (Earthquake) shall be duly completed and submitted, personally or by registered
 post to:
 The Chairman
 Department of Earthquake Engineering
 NED University of Engineering & Technology
 Karachi 75270, Pakistan
 Ph. No: +92-21-99261261-8 Ext: 2605
 Fax No: +92-21-99261255
 E-mail: [email protected]
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 3.6. MECHANICAL ENGINEERING DEPARTMENT
 The Department of Mechanical Engineering was founded in 1937 at theformer NED Government Engineering College campus. Currently both undergraduateand post-graduate programmes are offered by the department. The undergraduateprogramme is based on four years instructional education at the main campus of theUniversity leading to the degree of Bachelor of Engineering (Mechanical). Theoreticalinstruction is reinforced with adequate laboratory and computational work. Theprogramme is aimed at preparing students to shoulder their professional responsibilitiesand enable them to pursue higher studies and research in Mechanical Engineeringrelated fields.
 The department also offers a Ph.D. programme by research which is currently offeredfor members of its own faculty. Non Ph.D. faculty members can upgrade theirqualifications by enrolling in this programme and work on a specific researchproblem under the supervision of a faculty member with a doctorate degree.
 3.6.1 Departmental Facilities
 Laboratory and Computational Facilities
 The Department of Mechanical Engineering has laboratories and workshopswith a built-up area of about 5000 square meters besides teaching and faculty roomscovering an area of around 2000 square meters.
 The department is equipped with a Computational Laboratory that has morethan 50 PCs with Pentium IV processors. All computers are connected through LANto two HP-Compaq servers with high-speed network support and a separate userprofile with full security for each user. Internet access is also available on allcomputers. Several licensed software like ANSYS, ProE, Solid Edge, Unigraphics,FLUENT, Matlab and AutoCAD are available for use by students. Many of thesesoftware are introduced as part of the curriculum in various courses in the Masterof Engineering programme.
 Post-graduate laboratories in the areas of Solar Energy, Desalination, Acousticsand Vibrations, Materials Engineering, Electron Microscopy, Hydrogen Energy andEnergy Conservation exist in the department and are open for students desirous ofcarrying out experimental research in these fields. In addition to the above laboratoriesthe department has free access to all the facilities provided by the High PerformanceComputation Centre such as parallel computing and access to more than 40 licensedsoftware. The support of Mechanical Engineering Workshop and the CAD/CAMCentre is also available for our students.
 Research Fields
 Some of the research areas in which our faculty is currently engaged include:Solar and Hydrogen Energy, Energy conservation, Refrigeration and Air-conditioning,Desalination, Computational Fluid Dynamics, Fracture Mechanics, MechanicalVibrations, Computer Aided Design and Manufacturing, Composite Materials andMechanical Properties of Metals & Metallic Coatings.
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 3.6.2 Principal Faculty for the Programme
 Chairman Telephone
 Prof. Dr. Mubashir Ali Siddiqui 99261261-8
 Ext. 2206
 Professors
 1. Prof. Dr. Anjum Khalid B.E (Mech); M.Sc (UK);Ph.D (NED)
 2. Prof. Dr. �Ing. Naseem Uddin B.E (Mech); M.Engg (Mech);Ph.D (Germany)
 3. Prof. Dr. Nasiruddin Shaikh B.E (Mech); M.Engg (Mech);Ph.D (Canada)
 4. Prof. Dr. Mubashir Ali Siddiqui B.E (Mech); M.S (USA);Ph.D (USA)
 Associate Professors
 1. Dr. Muhammad Shakaib B.E (Mech); M.Sc.(Mech);Ph.D (NED)
 2. Mr. S. M. Rizwan Azeem B.E (Mech); M.Sc (Engg) (UK)
 Assistant Professors
 1. Mr. Muhammad Akhlaque B.Sc.; B.E (Mech); M.Sc. (Env)
 2. Mr. Muhammad Kamal Pasha B.E (Mech); M.Sc. (Env)
 3. Mr. Maaz Akhtar B.E (Mech); M.Engg (Mfg)(On higher studies abroad)
 4. Mr. Ali Khursheed Siddiqui B.E (Mech.); M.Engg (Mfg)
 5. Mr. Imran Sikandar B.E (Mech); MSME (USA);(On higher studies abroad) Member ASME
 6. Mr. Rashid Khan B.E. (Mech); M.Sc. (Germany)(On higher studies abroad)
 7. Mr. Muhammad Danish Haneef B.E. (Mech); M.Engg (Mech)(On higher studies abroad)
 ME DONE
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 8. Mr. Umair Najeeb Mughal B.E. (Mech); M.Engg (Mech)(On higher studies abroad)
 9. Mr. M. Ehtesham ul Haque B.E (Mech); MSME (USA)
 10. Mr. Muhammad Waseem B.E (Mech); M.Engg (Mfg)(On higher studies abroad)
 11. Mr. Muhammad Uzair B.E (Mech); M.Engg (Mech)
 12. Mr. Masood Ahmed Khan B.E (Mech); M.Sc. (Comp. Sc.);M.Engg (Mfg)
 13. Mr. Saeed Ahmed B.E (Mech); M.Engg (Mfg)
 14. Mr. Muhammad Faisal Alam B.E (Mech); M.Engg (Mfg)(On higher studies abroad)
 15. Mr. Naveed ur Rehman B.E (Mech); M.Engg (Mech)
 16. Mr. Tariq Jamil B.E (Mech); M.Engg (Mech)
 17. Ms. Erum Khan B.E (Mech); M.Engg (Mech)
 18. Mr. Kashif Noor B.E (Mech); M.Engg (Mech)
 In addition to regular faculty members qualified personnel in other departmentsand in the city may be engaged for post-graduate teaching.
 Applications in response to advertisement for Master of Engineering(Mechanical) shall be duly completed and submitted, personally or by registeredpost to:
 The ChairmanMechanical Engineering DepartmentNED University of Engineering & TechnologyKarachi 75270, PakistanPh. No: +92-21-9261261-8 Ext: 2206Fax No: +92-21-9261255E-mail:[email protected]
 ME DONE
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 3.7 DEPARTMENT OF INDUSTRIAL & MANUFACTURING ENGINEERING
 Industrial and Manufacturing Engineering education has become pivotal inestablishing a competitive posture across the entire spectrum of Metal working andManufactured parts� industry in Pakistan. Both the reality and perception of domesticproduction points to the need for a stronger, more productive manufacturing industryin this country producing high quality parts at low cost. In view of the fast changingtechnology and scenario the University started this separate Department. Industrialand Manufacturing Engineering spans a broad spectrum of engineering topics suchas: Computer Aided Design (CAD); Computer Aided Manufacturing (CAM);Numerical Control (NC); Computer Integrated Manufacturing (CIM); FlexibleManufacturing System (FMS); Robotics & Automation; Product Design; Tools andMachines; Manufacturing Processes; Quality Control; Production and InventoryControl; and Economics Analysis.
 This Department was initially started under the auspices of MechanicalEngineering Department in October 1999 and started as a separate Department inOctober 2000 with the name of Industrial & Manufacturing Engineering Department.The Department is offering Master of Engineering (by course work) with theSpecialisations in Manufacturing Engineering and Engineering Management. TheEngineering Management program further offers choices of Specialisation in IndustrialManagement and Quality Management. The Department of Industrial & ManufacturingEngineering has highly qualified and experienced regular and visiting facultymembers.
 3.7.1 Departmental Facilities
 Department of Industrial & Manufacturing Engineering have followinglaboratories:
 · CAD · Metrology & Gauging · Industrial Automation· CAE · Advance Manufacturing · Methods Engineering· CAM · Computation Laboratory · Industrial Safety· Tool Design
 These laboratories are equipped with sophisticated equipment and state ofthe art software. EDM Machine, Wire-Cut EDM, Five-axis Machining Centre,Injection Moulding Machine and Robotic Arm with five degrees of freedom, aresome of the equipment available in these laboratories. Flexible Manufacturing Cellis in process and soon be available at the Department. Industrial Automation relatedequipment including PLC�s are available at the Department.
 Computer Language laboratory is equipped with personal computers withP IV & Core-2 Duo processors along with Scanning, Printing and Plotting facility.Advanced Designing & Simulation software including Unigraphics, Pro-E, SolidEdge, AutoCAD, Mechanical Desktop, ANSYS, Lathe CAM Designer, Mill CAMDesigner are also available in the Department & being fully utilized by the studentsat undergraduate & postgraduate level.
 Other Supporting Facilities
 Department of Industrial & Manufacturing Engineering have been facilitated
 IM DONE
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 IM DONEwith PRODUCT DEVELOPMENT CENTRE (PDC). This centre is fully equippedwith complete range of sophisticated equipment and software to be used for REVERSEENGINEERING. Starting from CKD part to its 2D drawing and 3D model, furtherto its prototype up to making the mould using CNC machines, this state of the artfacility is a right place for the industry.Product Development Centre is facilitated with a 3D scanning system and Rapidprototyping system.
 Research Field
 The current Research interests of the Department are as follows:
 · CAD / CAM / CAE· Industrial Automation & Robotics· Operations Research· Advanced Manufacturing Processes· Rapid Prototyping (Reverse Engineering)· Composite Materials· Computer Aided Project Planning· Simulation and Modeling· Supply Chain Management
 3.7.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Syed Amir Iqbal 9926-1261-8PABX/2410-2561
 Professors
 1 Prof. Dr. Nazim Uddin Qureshi B.Sc; B.E (Mech); M.S. (USA);Ph.D. (USA); CMfgE (SME);Mem. IE (Pak).
 2 Prof. Dr. Muhammad Tufail B.E. (Mech); M.Sc (UK); Ph.D. (UK);Mem. ASME; Asso. Mem. IMechE; Mem.ASM;
 3 Prof. Dr. Syed Amir Iqbal B.E. (Mech); M.E.(Mech.) with Mfg. Engg. Specialisation; Ph.D. (UK)
 Associate Professors
 1 Dr. Rameez Khalid B.E. (Mech); M.S.(France) with IndustrialEngg. Specialisation; Ph.D. (France)
 2 Dr. Maqsood Ahmed Khan B.E. (Mech); M.E. (Mech) withMfg. Engg. Specialisation; Ph.D. (Canada)
 3 Dr. Muhammad Fahad B.E., (Ind. & Mfg.); M.Sc. with Mfg. Mgt.Specialisation (U.K); Ph.D. (UK)
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 IM DONE4 Sayed M. Irfan B.E. (Civil); M.E. (Ind. & Mfg.)
 Assistant Professors
 1 Mr. Mohammad Shoaib B.E. (Mech); M.E. (Mech) withMfg. Engg. Specialisation;
 2 Mr. Ali Zulqarnain B.E. (Mech); M.E. (Mech) withMfg. Engg. Specialisation;
 3 Ms. Sadia Majeed M.A. (Economics), M.A.S.M. Phil. (Industrial Economics)
 4 Mr. Muhammad Wasif B.E. (Mech); M. E. (Mfg.) (On higher studies abroad)
 5 Syed Mehmood Hasan B.E., (Ind. & Mfg.) ;(On higher studies abroad) M.Sc. with Engg. Mgt. Specialisation (U.K)
 6 Mr. Asim Zaheer B.E., (Mech);M.Sc. with Engg. Mgt. Specialisation (USA)
 7 Ms. Shaheen Perween B.E. (Mech); M. E. (Mfg.)
 8 Mr. Muhammad Ayaz B.E. (Textile); M. E. (Ind. & Mfg.)(On higher studies leave)
 9 Mr. Aqeel Ahmed B.E. (Mech); M. E. (Mfg.)(On higher studies abroad)
 10 Mr. Shakeel Ahmed B.E. (Ind. & Mfg.); M. E. (Mech)
 11 Ms. Rabia Siddiqui B.E. (Ind. & Mfg.); M. E. (Mfg.)
 12 Ms. Anis Fatima B.E. (Ind. & Mfg.); M. E. (Mfg.)On higher studies abroad)
 In addition to regular faculty members qualified personnel in other departmentsand in the city may be engaged for post-graduate teaching.
 Applications for M. Engg. (Industrial & Manufacturing, MEM IndustrialManagement and MEM Quality Management) Programmes duly completed arerequired to be submitted, personally or by registered post to:
 The ChairmanDepartment of Industrial & Manufacturing EngineeringNED University of Engineering & TechnologyKarachi � 75270, PakistanPh No. 92-21-99261261-8 Ext: 2361Fax No. 92-21-99261255Email: [email protected]

Page 36
                        

31
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 3.8. DEPARTMENT OF TEXTILE ENGINEERING
 Department of Textile Engineering was established in 1996. The textile
 engineering program is based on combination of general engineering and textile
 engineering subjects. Department offers both graduate and postgraduate degree
 programs.
 The courses and contents of Master of Engineering in Textile are designed
 to incorporate the current subjects of textile engineering and technology and are at
 par with other similar programs offered in developed countries. Requirements of
 national textile sector are also not neglected and courses are designed to meet the
 requirements of Pakistani textile industries in particular and the textile business
 sector at large.
 3.8.1 Departmental Facilities
 The Department has following functional laboratories:
 · Yarn Manufacturing Laboratory
 · Fabric Manufacturing Laboratory
 · Dyeing and Finishing Laboratory
 · Fibre Testing Laboratory
 · Yarn Testing Laboratory
 · Fabric Testing Laboratory
 · Textile Chemistry Laboratory
 · Computer Laboratory
 Computing Facilities
 Computer laboratory of Department of Textile Engineering is fully functional
 and equipped with more than thirty PC�s, all Pentium IV. The computer laboratory
 is connected with University�s main server through LAN and all the online information
 resources including National Digital Library are accessible from Computer Laboratory
 of the department.
 RESEARCH FIELDS
 The current research interests of the Department are as follows:
 · Technical Textiles
 · Novel wet processing techniques.
 · Energy conservation application of textiles.
 · Treatment of textile processing waste.
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 3.8.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Khalid Pasha 99261261-8
 PABX/2365
 Professor
 Prof. Dr. Khalid Pasha B.Sc. (Hons);
 M.Sc. (Chemistry);
 Ph.D. (Textile, UMIST, UK)
 Associate Professor
 1. Dr. Sheraz Hussain Siddique B.E (Textile Engg);
 M.Sc. (Textile & Clothing, Germany);
 Ph.D. (Textile)
 University of Manchester UK
 2. Dr. Salma Farooq B.Sc. (Textile Engg); M.Engg. (Textile);
 Ph.D. (Textile, Heriot Watt University, UK)
 Assistant Professors
 1. Mr. Farriduddin Ahmed B.Sc. (Hons);
 M.Sc. (Applied Chemistry)
 2. Agha Deedar Hussain B.Sc. (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)
 3. Dr. Bilal Zahid B.E. (Textile Engg); M.Engg. (Textile);
 Ph.D. (Textile, University of Manchester, UK)
 4. Mrs. Saira Faisal B.E (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)
 5. Mr. Muhammad Dawood Husain B.E. (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)
 6. Dr. Fareha Asim B.E (Textile Engg); M. Engg. (Textile);
 Ph.D. (Textile, NED University)
 7. Mrs. Shenela Naqvi B.E (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)
 8. Mr. Muhammad Amir Qureshi B.E (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)

Page 38
                        

33
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 9. Dr. Ali Hasan Mahmood B.E (Textile Engg); M.Engg. (Textile);
 Ph.D. (Textile, University of Manchester, UK)
 10. Mrs. Farhana Naeem B.E (Textile Engg); M.Engg. (Textile)
 11. Mr. Muhammad Ali B.E. (Textile Engg);
 (On higher studies abroad) M. Engg. (Textile)
 12. Mr. Muhammad Zubair B.E. (Textile Engg);
 (On higher studies abroad) M.Engg. (Textile)
 In addition to regular faculty members qualified personnel from other
 departments and from outside the university may be engaged for post-graduate
 teaching.
 Applications in response to advertisement for Master of Engineering (Textile)
 shall be duly completed and submitted, personally or by registered post to:
 The Chairman
 Textile Engineering Department
 NED University of Engineering & Technology
 Karachi 75270, Pakistan
 Phone #: (092) - (021) - 99261261-8
 Fax #: (092) - (021) - 99261255
 E-mail: [email protected]
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 3.9. DEPARTMENT OF AUTOMOTIVE & MARINE ENGINEERING
 The Department of Automotive & Marine Engineering was established
 in 2005 at the NED University of Engineering and Technology, Karachi, primarily
 to cater the needs of the growing automotive sector in Pakistan with Karachi being
 considered the hub of the automotive industry. Soon the need of a Masters programme
 was felt and it was decided to launch the Masters in Automotive Engineering
 programme, which started from June 2009. This programme offers a focused post-
 graduate study covering several aspects of Automotive Engineering. These aspects
 range from the inner working of the automobile engine to external aspects such as
 vehicle aerodynamics, and from the properties of the materials used in automobiles
 to transportation analysis. The department offers two specialisations in �Automotive
 Design� and �Automotive Manufacturing�, which are designed to achieve the
 following goals:
 · Provide automotive engineers with practical experience in team building,
 carrying out projects in interdisciplinary areas and in developing and
 managing projects.
 · Provide automotive engineers with an enhanced understanding of
 related disciplines as well as management and human factor issues
 related to the design and marketing of automotive systems.
 · Strengthen the technical competence and depth of automotive engineers
 by teaching them advanced courses in their respective specialisation.
 · Broaden the horizons of automotive engineers by exposing them to
 the wide spectrum of interdisciplinary engineering activities involved
 in the process of development, design and manufacturing of complex
 automotive systems.
 3.9.1. Departmental Facilities
 To support the programme, the Department is equipped with several state-
 of-the-art functioning laboratories, which includes Combustion & Emission Lab,
 Body & Suspension Lab, Auto-Electronics Lab, Computer Lab, and Fuel Cell Lab.
 For the research purpose, highly sophisticated equipments are available in the
 department. �Hydra Research Engine� is one of the good examples. This Engine test
 bed has a single cylinder engine for both diesel and petrol along with high tech
 instrumentation panel. The environmental concerns has forced us to work on the
 alternative clean energy technologies for this purpose the department has a Fuel
 Cell Laboratory with a Fuel Cell testing system. For Numerical simulations, the
 Department has the license for Fuel Cell Module of FLUENT. In teaching advanced
 level subjects, dedicated software�s are frequently used in the department by course
 teachers.
 The prospective students of this programme would primarily consist of
 graduate engineers currently employed in automotive sector as well as those having
 bachelor�s degrees in Automotive, Mechanical, or Industrial & Manufacturing
 Engineering.
 AU DONE
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 3.9.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr.-Ing. Syed Mushahid Hussain Hashmi 021-99261261-8
 Ext. 2539, 2239
 Professors
 1. Prof. Dr. Nazimuddin Qureshi B.Sc.; B.E. (Mechanical);
 M.S. (USA); Ph.D. (USA);
 CMfgE (SME); Mem.IE (Pak);
 Mem. SME (USA)
 2. Prof. Dr.-Ing. Syed Mushahid Hussain Hashmi Ph.D. (Mechanical), Germany
 M.Sc (Mechanical), NEDUET
 B.E. (Mechanical), NEDUET
 Member PEC, SAE
 Associate Professor
 Dr. Faraz Akbar Ph.D. (United Kingdom)
 B.E. (Mechanical), NEDUET
 AMIMech (United Kingdom)
 MPEC (Pakistan)
 Assistant Professors
 1. Mrs. Amber Fishan Zafar B.E. (Mechanical) NEDUET;
 MS (Mechanical) NUST,
 2. Mr. Munir Ahmed B.E. (Mechanical) NEDUET;
 MASc (Mechanical)
 University of Toronto, Canada
 CSCP, APICS, USA;
 Mem. PEC (Pak)
 3. Mr. Saqib Jamshed Rind B.E. (Ind. Electronics) IIEE;
 M.Sc. (Automation & Control)
 University of Newcastle, England
 Mem. PEC (Pak); Mem.
 IEEE(USA)
 4. Ms. Qurra-Tul-Aain B.E. (Mech.);
 M.Engg. (Mfg.) NEDUET;
 AU DONE
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 5. Mr. Noman Uddin Yousuf B.E (Mechanical) NEDUET,
 M.S (Mechanical Engg),
 Bradley, USA
 6. Mr. Assad Anis B.E (Mechanical) NEDUET,
 M.S (Mechanical, Structural &
 Machine Design), Finland
 7. Engr. Dr. Muhammad Aamir Qureshi B.E.(Electrical Engg) NEDUET;
 M. Engg. (Electrical Engg with
 Specialisation in Communications)
 Ph.D. (Electrical Engg.)
 (Communication & Information
 Systems)
 In addition to regular faculty members qualified personnel from other
 departments and from outside the university may be engaged for post-graduate
 teaching.
 Applications in response to advertisement for Master of Engineering
 (Automotive) shall be duly completed and submitted, personally or by registered
 post to:
 The Chairman
 Department of Automotive & Marine Engineering
 NED University of Engineering & Technology
 Karachi 75270, Pakistan
 Phone#: +92-21-99261261-8, Ext. 2539, 2239
 Fax #: +92-21-99261255
 E-mail: [email protected]
 AU DONE
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 3.10. DEPARTMENT OF ELECTRICAL ENGINEERING
 The Department of Electrical Engineering is rich - both in its history as wellas in what it currently has in offers. The undergraduate programme in ElectricalEngineering may be traced back to 1934 when the former NED Engineering Collegeintroduced a three year Bachelor of Engineering degree course. It was modified to3-1/2 years duration in 1943-44. A full four year Bachelor of Engineering (Electrical)degree programme was introduced in 1961.
 The undergraduate programme has since been expanding continuously- bothinternally as well as in contributing and collaborating with industry sector. The oncelonely Department of Electrical Engineering has contributed in the development ofthree other engineering disciplines namely, Computer and Information Systems,Electronic and Telecommunications � thus strengthening the faculty. Our undergraduateinternship programme is intense which gives adequate exposure to the students.
 The Department also holds a strong post-graduate setup. A M.Sc. in ElectricalEngineering degree (Evening Programme) by course work / Project has been offeredby this department since 1984. The programme has seen modifications at variousstages and currently offers a semester based M.Engg. degree programme invarious specialisations.
 The Department, having felt the need of industry for having human resourcewith refined management skills � acknowledged and timely launched a well-balancedMasters Programme in Engineering Management (MEM). It currently emphasiseson energy management specialisation.
 3.10.1. Departmental Facilities
 The Department infrastructure comes complete with all educational andacademic supporting aid and satisfactory environment necessary for intuitive learning.Extensive computing and laboratory facilities also exist in the department and moreimportantly are accessible by students most of the time. A number of separatecomputer laboratories are currently functioning with qualified staff to providetechnical assistance to the users and maintenance work.
 These facilities occasionally also support external departments and centresfor the conduction of special workshops and seminars. Advanced simulation softwareis also provided for researchers and enthusiasts.
 The Department is connected through high speed internet and its webpageto external customers for resource sharing, centralised management andinformation spread.
 Using these facilities, a number of people are pursuing their research interestswhich span the following areas:
 · Load Flow Studies of Power Systems· Variable Speed Drive Systems· Alternative Energy· Voltage / Current Mode Circuits
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 · Novel Measurement Techniques / Instruments· Chaotic Circuits and Simulation· Digital Control Systems· Digital Signal Processing· Time-Frequency Analysis· Image and Radar Signal Processing
 3.10.2. Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Saad Ahmed Qazi 99261261-8Ext. 2207
 Professors
 1. Prof. Dr. Talat Altaf B.Sc.Engg.(Hons);M.Sc.(Elect.) (Aligarh);Ph.D (UK), MIEE(UK),MIEEE (USA)
 2. Prof. Dr. Saad Ahmed Qazi B.E.(Elect.);M.Sc. (Lancaster, U.K.);Ph.D (Brunel, UK), MIEEE (USA)
 3. Prof. Akhtar Nadyme B.Sc. (Elect.);M.S. (EE) (METU) Turkey
 Associate Professor
 Mr. Muhammad Iqbal Akhtar Qureshi B.E. (Elect.),M. Engg.(Elect.)
 Assistant Professors
 1. Dr. Muhammad Ali Memon B.E.(Electrical);M.Engg.(TC), NED University;MBA (MIS); Ph.D (USA)
 2. Mr. Muhammad Javed B.E.(Electrical); M.Sc.(EE), NED University;
 3. Mr. Irshad Ahmed Ansari B.E.(Electrical);M. Sc. (EE), NED University
 4. Ms. Shahnaz Tabassum B.E.(Electrical);M.Engg.(EE), NED University
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 5. Mr. Shoaib Siddiqui B.E.(Electrical);M.Engg. (EE), NED University
 6. Mr. Noman Ahmed B.E.(Electrical);(On higher studies abroad) M.Engg.(EE) NED University
 7. Mr. Raja Masood Larik B.E.(Electrical);M.Engg.(EE), NED University
 8. Ms. Umbrin Sultana B.E.(Electrical);M.Engg.(EE), NED University
 9. Ms. Arjumand Samad B.E.(Electrical);M.Engg.(EE), NED University
 10. Mr. Riazuddin B.E.(Electrical);(On higher studies abroad) M.Engg.(EE), NED University
 11. Mr. Abdul Ghani Abro B.E.(Electrical);(On higher studies abroad) M.Engg.(EE), NED University
 12. Mr. Abdurrahman Javed Sheikh B.E.(Electrical);M.Engg.(EE), NED University
 13. Mr. Krishan Lal Khatri B.E.(Electrical) MUET Jamshoro;MSEE (Telecom.), SSUET Khi;Professional Diploma in ProjectManagement, PIM Karachi
 14. Mr. Umer Sajid B.E.(Electrical), NED UETMS (Communication Engineering &Single Processing), University ofPlymouth (U.K.)
 In addition to our faculty members, qualified personnel from other departmentsand prestigious institutions are often engaged for post-graduate teaching.
 Applications in response to advertisement for Master of Engineering (Electrical)and Master of Engineering Management (Energy Management) Programmes shallbe duly completed and submitted, personally or by registered post to:
 The ChairmanDepartment of Electrical EngineeringNED University of Engineering & TechnologyKarachi-75270, PakistanPh. No: +92-21-99261261-8 Ext: 2207Fax No: +92-21-99261255 FAO: CEDE-mail: [email protected]
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 3.11 DEPARTMENT OF COMPUTER AND INFORMATION SYSTEMS ENGINEERING
 Responding to the emerging field of Computer Engineering and the increased
 demand of computing machines in the industry, four-year duration Bachelor of
 Engineering (Computer Systems) degree programme was introduced in the Electrical
 Engineering Department at NED University from July 1983. Later in 1986, the
 Department of Electrical Engineering was designated as Department of Electrical
 and Computer Systems Engineering. The rapid advancements in the field of Computer
 Engineering and Science in the 90�s necessitated a separate department for the study,
 research and development of various branches of the Computer Systems Engineering.
 Realizing the importance of the field of Computer Systems Engineering and in order
 to meet the challenges of 21st century, the Department of Electrical and Computer
 Systems Engineering was bifurcated in July 1997 and a separate Department of
 Computer Systems Engineering was created. In 2000, the Department of Computer
 Systems Engineering was re-designated as Department of Computer and Information
 Systems Engineering.
 The Masters programme of Department of Computer and Information Systems
 Engineering was started in 2000. The students of the top most rank in their engineering
 studies prefer to be admitted here because of the high quality of education and the
 wide demand of Computer Engineers in the industry. Currently two areas of
 specializations are offered namely Computer Architecture & Systems Design and
 Computer Network & Performance Evaluation. This programme is designed to meet
 the need of the industry and indigenous research activities. Moreover, the graduates
 of Masters of Engineering in Computer Systems are easily inducted in PhD
 programmes of international universities and are conducting research work throughout
 the world.
 3.11.1 Department Facilities
 The department has the following fully functional laboratories.
 1. Computation Laboratory
 2. Logic Design & Switching Theory Laboratory
 3. Research Laboratory
 4. Computer Networks Laboratory
 5. Artificial Intelligence and Robotics Laboratory
 6. Parallel Processing Laboratory
 7. Computer Engineering Workshop
 8. Microprocessor Laboratory � I & II
 The aforementioned laboratories are equipped with the latest hardware
 equipment and software. These lab facilities also provide adequate opportunities to
 post graduate students to undertake research projects. The laboratories are fully air-
 conditioned and provide a serene and stimulating environment for learning.
 The department has a state of the art LAN setup comprising latest routers
 and switches. This LAN is linked to the intranet of the university via Optical fibre.
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 One of the laboratories of the department is also equipped with Giga Ethernet and
 IPv6 support. This LAN setup also processes a Storage Area Network Server (Intel
 SSR212MA) of 6TB configured at RAID level-5.
 The department has its own High performance computing facilities having
 high-tech and latest high end server systems and computational resources. Which
 includes quad Intel® Xeon® processor 5500 series based SR1670HV, 48 cores
 server systems , dual Intel® Xeon® processors 5500 series based SR1600UR , 24
 cores server systems, Intel Quad and Hexa-core workstations, SPARC based Sun
 Workstations, Linux and Windows based 4 to 16 nodes clusters, etc. Besides this
 the department has also Oracle Real Application Cluster setup for exploitation of
 parallel and distributed databases.
 The department also provides a rich set of software application and
 development facility for both 32 and 64 bit computing on various operating
 environments including Linux (all major versions), Solaris, AS-400 and Microsoft
 windows family. The department has maintained its own Software Library which
 contains a multitude of engineering and programming software; MATLAB, LABView,
 EWB, Prolog, Visual Studio, Oracle, Intel Parallel Studio, various scientific
 benchmarks programs, to name a few.
 Besides the ample availability of general-purpose computing machines, the
 department also stresses the hands-on training and research in the fields of
 Communication, Signal and Image Processing and Embedded Systems. To this end,
 the department has two PLC trainers which provide an excellent foundation for an
 understanding of I/O devices as well as the electronics involved in the control
 circuits. The other salient equipment includes a variety of Microprocessor and
 Microcontroller trainers, Logic Analyzer, a collection of Robotics trainers and DSP
 trainers.
 Research Fields
 The current research interests of the department are as follows:
 · VLSI Design and Testing
 · High Performance Computing
 · Distributed Systems
 · Computer Networks
 · Multicore Architecture
 · Fault Tolerant Computers
 · Switching Theory: Logic Design and Digital Testing
 · Robotics and Artificial Intelligence
 · Logic Programming
 · Modelling and Analysis of Computer Systems
 · Real Time and High Assurance Computers
 · Computer Vision & Image processing
 · Microprocessor & Engineering: Data Acquisition and Interfacing
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 3.11.2 Principal Faculty for the Programme
 Chairperson Telephone Office
 Prof. Dr. Qurat-ul-Ain Tariq 99261261-8Ext � 2237
 Co-Chairman
 Dr.-Ing. Shehzad Hasan 99261261-8Ext � 2538
 Professors
 1. Prof. Dr. Qurat-ul-Ain Tariq B.E. (Computer Systems);M.Engg. (Computer Systems);PhD (UK)
 2. Prof. Hasina Khatoon BE(Electronics), EDE (Holland),MSEE (Stanford, USA)
 Associate Professor
 Dr.-Ing. Shehzad Hasan B.E. (Computer Systems);M.Engg. (Computer Systems);PhD (Germany)
 Assistant Professors
 1. Mr. Shahab Tahzeeb B.E. (Computer Systems);M.Engg. (Computer Systems)
 2. Syed Zaffar Qasim B.E. (Computer Systems);M.Engg. (Computer Systems)
 3. Ms. Anita Ali B.E. (Computer Systems);M.Engg. (Computer Systems)
 4. Syed Abbas Ali B.E. (Computer Systems);M.Engg. (Electrical)
 5. Mr. Muhammad Khurram B.E. (Computer Systems);(On higher studies abroad) M.Engg. (Computer Systems)
 6. Syed Saqib Bukhari B.E. (Computer Systems);(On higher studies abroad) M.Engg. (Computer Systems)
 7. Dr. Muhammad Ali Ismail B.E. (Computer & Info. Systems);M.Engg. (Computer Systems);PhD (Computer Systems), NED
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 8. Ms. Saneeha Ahmed B.E. (Computer & Info. Systems);M.Engg. (Computer Systems)
 9. Mr. Fahad Abdel Kader B.E. (Computer & Info. Systems);(On higher studies abroad) M.Engg. (Computer Systems)
 10. Mr. Muhammad Asad Arfeen B.E. (Computer & Info. Systems);(On higher studies abroad) M.Engg. (Computer Systems)
 11. Ms. Aimen Numair B.E. (Computer & Info. Systems);M.Engg. (Computer Systems)
 12. Ms. Hina Khatri B.E. (Computer & Info. Systems);M.Engg. (Computer Systems)
 13. Ms. Maria Waqas B.E. (Computer Systems);M.Engg. (Computer Systems)
 14. Ms. Urooj Ain Uddin B.E. (Computer Systems);MS (Computer Engineering)
 15. Mr. Gul Munir Ujjan B.E. (Computer Systems);M.Engg. (Computer Systems)
 16. Ms. Huma Zia B.E. (Computer & Info. Systems);(On higher studies abroad) M.Engg. (Computer Systems)
 17. Ms. Zareen Abbas B.E. (Computer & Info. Systems);M.Engg. (Computer Systems)
 In addition to regular faculty members qualified personnel from otherdepartments and from outside the university may be engaged for post-graduateteaching.
 Applications in response to Advertisement for Master of Engineering(Computer Systems) shall be duly completed and submitted, personally or byregistered post to:
 The ChairmanDepartment of Computer & Information Systems EngineeringNED University of Engineering & TechnologyKarachi 75270, PakistanPh No. +92-021-99261261-8 Ext: 2287-2363E-mail: [email protected]
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 3.12. DEPARTMENT OF ELECTRONIC ENGINEERING
 The Department of Electronic Engineering started its Master of Engineering
 Programme in January 2004 and six batches of Masters have been conferred degrees,
 the last being in December 2011. Currently two batches 2010-2011 and 2011-2012
 are in progress.
 The Department is also administering the Master of Engineering in
 Telecommunications Programme since January 2008 and three batches have been
 conferred degrees, the last being in December 2011. Currently two batches 2010--
 2011 and 2011-2012 are in progress.
 3.12.1. Departmental Facilities
 The Department of Electronic Engineering is located in the J-3 Block of the
 University. The Department contains eight class rooms, eleven laboratories with
 latest equipment, two computer centres, one conference room, fourteen faculty
 offices, one departmental library, one departmental office and one Instrumentation
 Centre.
 The facilities for Telecommunications Master�s Programme contains eight
 shared class rooms of Electronic Department temporarily, six laboratories, one
 computer centre and one office.
 Laboratories of Department of Electronic Engineering are: Basic Electronics,
 Electronic Devices & Circuits, Integrated Circuits, Digital Electronics, Power and
 Industrial Electronics, Amplifiers and Oscillators, Programmable and Logic Controllers,
 Digital Signal Processing, VLSI, Project Laboratory and PCB Fabrication Laboratory.
 Additionally there are six well equipped Telecommunications Laboratories
 PHS/WLL, Advanced Telecommunications, Antenna and Microwave Engineering,
 Telematics, Optical Fiber Communications and Radio Engineering Laboratory.
 The construction of academic block for Telecommunications Programme
 consisting of class rooms and faculty offices has been started in November 2010.
 Computing Facilities
 Air-conditioned computer laboratories of Department of Electronic Engineering
 are available with PCs running licensed operating systems plus other licensed
 softwares. The strength of PCs for both centres is 60.
 The Telecommunications Programme is also supported with a separate
 computer centre containing 34 PCs with licensed softwares.
 There is access to email, internet, intranet and others online sources of
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 information and services. Access to the internet is provided via a high speed connection
 through fiber-optic network. Printing and scanning facilities in the laboratory have
 been provided for the facilitation of students.
 In addition the department has procured various types of software and a
 software library is available to students for engineering needs.
 Research Programme
 The Department intends to pursue research in following areas:
 · Solid State Devices System
 · VLSI Design and Fabrication, test and Reliability
 · Microfabrication
 · Microelectromechanical System
 · Optoelectronics Integrated Circuits
 · Laser and Optical Fiber
 · Instrumentation and Calibration
 · Mechatronics
 · Power Electronics, Industrial Electronics
 · Embedded System Design
 · Digital and Analog Signal Processing
 · Fuzzy Logic and Intelligent Control Systems
 · Radio Frequency Integrated Circuits
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 3.12.2. Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Syed Shoaib Hasan Zaidi 99261261-68Ext.2270
 Professors
 1. Prof. Dr. Syed Shoaib Hasan Zaidi B.A. (Physics); USAB.S. (Optical Engineering); USAMSEE (Applied Optics); USAPh.D. (Applied optics, Semiconductormetrology); USA
 2. Dr. Attaullah Khawaja B.E. (Electrical); M.Engg.(EE) NED;Ph.D. (Comm. & Info System); China
 Associate Professors
 1. Dr. Ghous Bakhsh B.E. (Electronic);M.Engg. (Electronic); NEDPh.D. (Electrical Engineering) MichiganTechnological University, Michigan, USA
 2. Dr. Humera Noor B.E. (Comp Systems) NED;MS (Comp Engg.) SSUET;Ph.D. (Computer Engineering) NED;Post Doc (Comp. & Robotic Vision)Germany
 Assistant Professors
 1. Dr. Adeel Razi B.E. (Electrical);M.Sc. (Communications Engg.); GermanyPh.D. (Electrical Engg), UNSW, Australia
 2. Dr. Irfan Ahmed B.E. (Electrical); M.Engg. (Electrical) NED;Ph.D.(Electrical Engg.) Michigan Tech., USA
 3. Mrs. Sadia Faraz B.E. (Electrical);M.Engg. (Electronic); NED
 4. Mr. Shahzad Siddiqi B.E. (Electrical);M.Engg. (Communications); NED
 5. Mr. Hashim Raza B.E. (Electrical);M.Sc. (Communications Engg.); Germany
 6. Mrs. Nida Qureshi B.E. (Electronic); M.Engg.(Electronic)
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 7. Mr. Amir Zeb B.E.(Electrical); M.Engg.(Electrical); NED
 8. Ms. Sunila Akbar B.E. (Electrical);M.Engg (Telecommunications)
 9. Ms. Saba Ahmed B.E. (Electrical);M.E. (Telecommunications)
 10. Ms. Nida Nasir B.E. (Electronic);M.Engg (Telecommunications)
 11. Syed Usman Ali Shah B.E. (Electronic); (On Higher Studies Abroad) M.Sc. (EE); NED
 12. Mr. Muhammad Khurram Shaikh B.E. (Electrical) NED;(On Higher Studies Abroad) MSCS; USA
 13. Syed Riaz un Nabi Jafri B.E. (Electronic); (On Higher Studies Abroad) M.Engg (Industrial Electronic)
 14. Mr. Muhammad Imran Aslam B.E.(Electrical); (On Higher Studies Abroad) M.Engg. (Electrical); NED
 15. Ms. Uzma Afsheen B.E. (Electrical);(On Higher Studies Abroad) M.Engg (Telecommunications)
 16. Ms. Shakila Bint Reyaz B.E. (Electrical);(On Higher Studies Abroad) M.Engg (Telecommunications)
 17. Mr. Tahir Malik B.E. (Electrical); NUST(On Higher Studies Abroad) M.Sc. (Comm. & Info. Systems); UK
 In addition to regular faculty members qualified personal in other departmentsand in the city may be engaged for graduate teaching.
 Applications in response to advertisement for Master of Engineering(Electronic) and (Telecommunications) Programmes should be duly completed andsubmitted, personally or by registered post to:
 The ChairmanDepartment of Electronic EngineeringNED University of Engineering & TechnologyKarachi 75270, PakistanPh. No: +92-21-99261261-68 Ext: 2270Fax No: +92-21-99261255E-mail: [email protected]
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 3.13. DEPARTMENT OF MATERIALS ENGINEERING
 Engineering new materials with advanced properties is at the heart of thenew technological drive of this century. Magnetic, Electronic, Bio, Nano, and SmartMaterials are examples of new material developments where the technologicalapplications and impact on society are enormous. Research, development and trainingin this area are strong worldwide. Furthermore, Pakistan has entered into an era ofspecialised hi-tech materials followed by classical steel mills metallurgy andproduction of various types of hi-tech materials products are under way. There isan emergent National demand of new materials that can only fulfilled by producingmaterials engineers.
 The Department of Materials Engineering was established in 2006 at NEDUniversity, and is offering programmes for the award of Bachelor, Master and Ph.D. degrees in the field of Materials and Metallurgical Engineering. The Mastersprogramme is offered with specialisation in many advanced fields of MaterialsEngineering. The structure of the programme is designed to provide an interestingand stimulating learning experience to study the manufacturing, processing andcharacterisation of not only conventional iron and steels but also new innovativematerials made with advanced properties. The curriculum for Masters degree isspecifically designed to commensurate with the need of the industry and R&D athome and keeping in view of the recent research trends abroad in the field to impartquality education at standards equal to that of any international university in thefield of materials. The Masters degree is awarded after successful completion of30-credit hour course work. The Ph. D. programme in various advanced fields ofthe Materials Engineering is by full time research.
 3.13.1. Departmental Facilities
 The Department has established state-of-the-art laboratory facilities containingboth conventional and sophisticated advanced equipment. Students utilise theseequipment for the examination, characterisation and evaluation of properties of bothconventional and advanced engineering materials.
 Following laboratories are presently available in the department:
 � Metallography Lab � Nano Materials Lab� Optical Microscopy Lab � Advanced Coatings Lab� Mechanical Testing Lab � Surface Engineering Lab� Heat Treatment Lab � XRD and Crystallography Lab� Corrosion Lab � Advanced Ceramic Materials Lab� Rapid Alloy Analysis Lab � Powdered Materials Characterisation Lab� Non-Destructive Testing Lab � Advanced Materials Processing Lab� Joining of Materials Lab � Electron Microscopy Lab� Composite Materials Lab � Magnetic Materials Lab� Computer Modelling and Simulation Lab � Thermal Analysis Lab� Sample Preparation Lab � Hardness Testing Lab� Impact Testing Lab � Biomaterials Lab
 MM DONE

Page 54
                        

49
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 Research Fields
 � Smart Materials � Fracture and Failure Analysis of Materials
 � Biomaterials � Aerospace Materials
 � Functional Materials � Magnetic Materials
 � Nano Materials � Corrosion Engineering
 � Polymeric Materials � Advanced Coatings
 � Composite Materials � Hi Tech Ceramics
 � Superalloys � Advanced Iron and Steel Making Techniques
 3.13.2. Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Ashraf Ali 99261251
 99261261-8
 Ext # 2388
 Professors
 1. Engr. Dr. Khursheed Mahmood, B.E.(Mechanical), KU;
 M. Sc. (Materials), Cranfield Institute
 of Technology, UK;
 Ph. D. (Metallurgical Engg.)
 Cranfield Institute of Technology, UK;
 Life Member of PEC, IE (Pak) and
 Pakistan Vacuum Society
 2. Prof. Dr. Ashraf Ali B.E. (Metallurgical Engg.), NEDUET
 Ph. D. (Materials Engg.), University
 of Cambridge, UK;
 Member PEC; Life Member PIP and
 Pakistan Vacuum Society
 Assistant Professors
 1. Engr. Muhammad Sohail Hanif B. E. (Ind. & Mfg. Engg.) NEDUET;
 (On higher studies abroad) M.E. (Materials Engg.), NEDUET
 2. Engr. Fayaz Hussain B. E. (Metallurgical and Materials) MUET;
 (On higher studies abroad) M. E. (Materials), NEDUET
 3. Engr. Muhammad Sajid Ali Asghar B.E. (Metallurgy and Materials) MUET;
 M.E. (Materials) NEDUET
 In addition to regular faculty members qualified personnel from other
 departments of NEDUET, industry and R&D organisations in the city are also
 engaged for post-graduate teaching.
 MM DONE
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 Applications in response to advertisement for Masters of Engineering
 (Materials) Programme should be duly completed are required to be submitted,
 personally or by registered post to:
 The Chairman
 Department of Materials Engineering,
 NED University of Engineering and Technology,
 Karachi-75270, Pakistan.
 Ph. No: +92-21-99261261-8 Ext: 2388
 +92-21-99261251
 Fax No: +92-21-99261255
 E-mail: [email protected]
 MM DONE
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 3.14. DEPARTMENT OF CHEMICAL ENGINEERING
 Chemical Engineering retains a special position of great importance inmodern economies; along with its role in the older industries, such as heavy chemicals,hydrocarbon processing, petrochemicals etc, it has emerged as discipline of keyimportance in new technologies including life sciences/bio-technology, foodprocessing, plastics and polymers, fibers, ceramics, metals, glass and specialtychemicals. In addition, with concern over environmental degradation, the skills ofchemical engineers are increasingly important for private business, government andinternational institutions.
 Chemical Engineers with graduate qualifications contribute immensely tothe establishment of industrial projects at several stages including product marketstudies, evaluation and selection of feedstocks, process design, basic and detailedengineering, plant installation, testing, commissioning, and operation. There is anever increasing place for post graduate chemical engineers in research.
 Realizing the importance of Chemical Engineering, the department ofChemical Engineering has been established recently under Mega Project. At presentit offers both undergraduate programs.
 The postgraduate program is an evening program designed to accommodateworking engineering professional who are seeking to broaden their knowledge anddeepen their technical skills to solve problems of local chemical and processingindustries with greater responsibility. Students will apply their new skills immediatelyin their workplace environments. The program is also aimed to produce qualityresearchers and faculty members for local universities and institutions.
 3.14.1. Departmental Facilities
 Chemical Engineering department is newly established department andrecently shifted to new building. Chemical Department has fully equipped laboratories.Computer lab has the latest state-of-the-art software. The infrastructure consists ofmultimedia facilities, computer laboratories, software and related facilities.
 Research Fields
 The research interests of the department are mainly in the fields of CFD,Bio-Diesel Technology, Fuel Cell Technology, Fluidized Bed Reactors, CoalGasification and Liquefaction of synthetic gas to synthetic Diesel.
 3.14.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Inayatullah Memon 99261261-8EXT # 2286
 CH DONE
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 Co-Chairperson
 Prof. Dr. Shazia Farman Ali 99261261-8EXT # 2577
 Professors
 1. Prof. Dr. Inayatullah Memon B.E. (Chemical, NED)Ph.D. (Chemical, UK)
 2. Prof. Dr. Shazia Farman Ali B.E. (Mechanical, NED);M.Sc. (Nuclear Power Engg. NED);M.Sc. (Process Sys Engg, Cranfield, UK);Ph.D. (Multiphase Flow, Cranfield, UK)
 Assistant Professors1. Mr. Asim Mushtaq B.E. (Chemical, NED);
 M.Engg. (Environmental Engg)
 2. Mr. Muhammad Ansar Khan M.Sc (Applied Chemistry, KU);M.E. (Chemical, U.S.A.)
 3. Mr. Rizwan Ahmed Qamar B.E. (Chemical, IET BZU-Multan);M.Engg. (Chemical, NED)
 4. Mr. Raza Muhammad Khan B.E. (Polymer);M.Sc. (Advanced Materials Engg, UK)
 In addition to regular faculty members, qualified personnel from the otherdepartments and in the city may be engaged for graduate teaching.
 Applications in response to advertisement for Master of Engineering(Chemical) should be duly completed and submitted, personally or by registeredpost to:
 The ChairmanDepartment of Chemical EngineeringNED University of Engineering & TechnologyKarachi 75270, PakistanPh. No. +92-21-99261261-8 Ext. 2286Fax No +92-21-99261255Email: [email protected]
 CH DONE
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 3.15 DEPARTMENT OF BIO-MEDICAL ENGINEERING
 Bio-Medical Engineering, a discipline at the confluence of physical and
 biological sciences has uncovered new horizons for solving complex biological
 problems by exploiting engineering principles and techniques. It is the fastest growing
 field in the world that has evolved from being an interdisciplinary specialisation to
 establishing itself as an independent field. The purpose of Biomedical Engineering
 remains well-grounded in refining the standard of living of individuals�, and more
 comprehensively extends to breakthroughs in improved diagnostic and therapeutic
 tools, design of medical instruments and prostheses, micro and nano implants; from
 regenerative cell tissue modalities to tailor made drugs employing the human genome,
 to gene therapies addressing genetic diseases.
 Addressing present day intricacies and keeping at pace with the world, NED
 University of Engineering & Technology has taken an imperative step in establishing
 Biomedical Engineering Department at LEJ campus with the aim to produce healthcare
 professionals who through their in-depth understanding of living systems and
 technology essentials will not only be able to address existing problems but will
 also transform the health industry with innovative ventures. Recently, the first batch
 of Biomedical Engineering, (Bio Stream and Medical Stream), has graduated. PEC
 has accredited the programme for the two years.
 In Pakistan, Biomedical Engineering is generally regarded as an extension
 of Electronics Engineering and doctors in large also subscribe to this view. The
 reality is very different. Almost all branches of engineering have a share in the
 development of this new field.
 The Masters Programme is being offered to essentially raise the level of
 knowledge in Biomedical Engineering. The courses offered would have strong
 inclination towards research and development in this field. The type of courses
 offered would enable medical professionals to teach and carry out research alongside
 with engineers.
 3.15.1 Departmental Facilities
 The department is equipped with following laboratories:
 1. Computing Laboratory
 2. Gait Laboratory
 3. Robotics Laboratory
 4. Bioinstrumentation Laboratory
 5. Biomedical Imaging Laboratory
 6. Anatomy Laboratory
 7. Physiology Laboratory
 8. Biochemistry Laboratory
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 Research Fields
 The current research interests of the department are as follows:
 � Clinical Gait Analysis � Medical Robotics
 � Bioinstrumentation � Urodynamics
 � Computational Biofluid Dynamics � Bioinformatics
 3.15.2 Principal Faculty for the Programme
 Ag. Chairman Telephone Office
 Prof. Dr. Ali Raza Jafri 99230602 & 4
 Professors
 1. Prof. Dr. Muzzaffar Mahmood B.E. (Mech); M.Sc.;
 Ph.D. (Energy; Cranfield);
 F.I.E. (Pak); Mem. ASHRAE FIE (PAK)
 2. Prof. Neelofur Master B.S. (Chemistry); Tennessee, USA
 M.S. (Chemistry); Tennessee, USA
 3. Prof. Dr. Ali Raza Jafri B.E. (Mechanical); NEDUET
 M.Engg. (Mechanical); NEDUET
 Ph.D. (Mechatronics); BIT, China
 4. Prof. Dr. Farzana Yasmin Ph.D. (Biochemistry); KU
 Assistant Professors
 1. Syed Muhammad Noaman M.Sc. (Applied Physics); KU
 M.Sc. (Computer Science); NEDUET
 2. Mr. Abu Zeeshan Bari B.E. (Mechanical); NEDUET
 (On higher studies abroad) M.Engg. (Mechanical); NEDUET
 3. Mr. Harish Kumar Maheshwari B.E. (Electronics)
 (On higher studies abroad) M.S. (Biomedical); Singapore
 4. Mr. Bilal Ahmed Usmani M.Sc. Mathematics (Pure)
 (On higher studies abroad) M.Phil. (Mathematics); KU
 5. Dr. Furqan Ahmed M.B.B.S., R.M.P.
 (On higher studies abroad)
 6. Dr. Syed M. Wasim Raza M.B.B.S., PGDPA, MAS
 (On higher studies abroad)
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 7. Ms. Rehana Kousar M.Sc., M.Phil. (Biology)
 8. Dr. Suhela Sajjad M.B.B.S (Dow Medical College)
 In additional to regular faculty members, qualified personnel in the city are
 engaged for postgraduate teaching.
 Applications in response to advertisement for Master of Engineering
 (Bio-Medical) shall be duly completed and submitted, personally or by registered
 post to:
 The Chairman
 Department of Bio-Medical Engineering
 NED LEJ Campus
 81-A, Block-3, Memon Cooperative Housing Society,
 Karachi-74800
 Phone: +92-21-99230602
 +92-21-99230604
 Fax: +92-21-99230602
 Email: [email protected]
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3.16 DEPARTMENT OF COMPUTER SCIENCE & INFORMATION TECHNOLOGY
 NED University responding to the growing demand of Computer Professionalsintroduced in 1985 a Post Graduate Programme leading to the degree of M.Sc.(Computer Science) which was administered by the Department of Mathematics &Sciences. Furthermore to address the fast emerging technology and human resourcerequirement, a four year Bachelor of Computer Science & Information Technologyprogramme was also introduced in 1998.
 Realising the importance of advancement in Information Technology and tomeet the requirement of the fast growing field the Department of Mathematics &Sciences was bifurcated in 2002 and a separate department, the Department ofComputer Science & Information Technology was established.
 The first batch of BCIT programme passed out in 2003 and despite the factthat market response was slow in general, our graduates secured suitable positionsand good numbers were admitted in Master�s programmes in foreign Universities.The demand for Computer Science and IT graduates remains undiminished, but onlyfor those with high quality skill sets. To augment this academic level and improvethe quality of IT skills, the Master of Computer Science & Information Technology(MCIT) Post Graduate Programme, was initiated in 2003. The MCIT programmecovers most areas of Computer Science, IT, Telecommunication and Managementaccepted as state of the art and are in demand by computing professionals today.
 3.16.1 Departmental Facilities
 The department has the following physical resources:
 Infrastructure:
 The Department is housed in three blocks:1. Chairman and Faculty Offices2. Lecture rooms3. Laboratories
 Computing Facilities:
 The department currently possesses six spacious computer laboratories,equipped with latest state of the art resources which are constantly upgraded withevolving trends and emerging technologies.
 Computer laboratories are equipped with the following:
 1. IBM System AS/400 with several terminals and relevant software.2. Fujitsu/Siemens TX300 Servers with adequate software and accessories.3. SUN Enterprise 250 Server with adequate accessories and software.4. Windows 2003 Servers with Share point Services.5. Apple Core2 Duo iMac Computers with latest graphics software6. Intel Core i5 Computers.
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 56
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 7. Intel Core2 Quad/Pentium-D workstations connected to all the serversusing TCP/IP and other Network protocols.
 8. High performance Pentium-IV Computers with special specificationsfor Projects.
 9. High speed Laser Printers, Scanner and Dot Matrix Printers.10. Multimedia/Overhead Projectors and other audio visual facilities.11. CISCO Laboratory with varied routers, switches, PIX firewall, ISDN
 Simulators and related software.12. All the Computers in the department have high speed Copper and Fiber
 connectivity.13. High speed Internet facility.
 3.16.2 Number of seats to be offered for Admission to the Progamme.
 For Admission to the MCIT programme, thirty (30) seats in the Evening areavailable under the following categories, to such candidates who are domiciled inthe province of Sindh and possess:
 (a) Bachelor of Computer Science & Information Technology (BCIT), four (04)
 years programme from NED University of Engineering and Technology or
 an equivalent qualification. (20) Seats
 (b) Bachelor of Engineering (B.E.) Degree in Computer & Information Systems
 Engineering from NED University of Engineering and Technology, or an
 equivalent qualification. (02) Seats
 (c) Bachelor of Engineering (B.E) Degree in Civil / Mechanical / Electronics
 Electrical/ Textile / Industrial & Manufacturing / Telecommunication and
 Bachelor of Architecture from NED University of Engineering and Technology
 or an equivalent qualification. (07) Seats
 (d) Master�s degree in Applied Mathematics/Applied Physics First division or
 CGPA 2.4/4.0. (01) Seat
 Note: Seats not filled shall be transferred to the Graduates of Computer
 Science & Information Technology; Category (a).
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 3.16.3 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr. Najmi Ghani Haider 99261261-8Ext. 2399
 Co-Chairman Telephone Office
 Prof. Dr. Sohail Abdul Sattar 99261261-8 Ext. 2566
 Senior Research Fellow
 Prof. Dr. Ansar Ahmad Khan MA (Pure Maths);MA (Applied Maths); M.Phil.D.Phil. (Comp. Science, UK);FIMA (UK), MBCS, CITP (UK)
 Professors
 1. Prof. Dr. Mahmood Khan Pathan M.Sc. (Pure Maths);M.A. (App. Maths); (Gold Medal)LL.B; Ph.D. (Brunel, UK)
 2. Prof. Dr. Najmi Ghani Haider B.Sc. (Hons) Electronic Engineering(Hull, UK), Ph.D. (Brunel, UK)
 3. Prof. Dr. Sohail Abdul Sattar B.E. (Mech., NED);MCS (Computer Science) KU;M.Sc. (Computer Science) NED;Ph.D. (Computer Science) NED
 Associate Professors
 1. Dr. Sh. M. Wahabuddin Usmani B.E. (Electronics, DCET) ;M.Sc. (Computer Science) NED;Ph.D. (Computer Science) NED;Diploma (Computer Science, SBTE)
 2. Dr. Najeed Ahmed Khan M.Sc. (Computer Science) NED;M.Sc. (Maths) (Gold Medal);Ph.D. (Leeds, UK)
 3. Dr. Muhammad Mubashir Khan M.Sc. (Telecom), Sindh;MCIT (by Research) NED;Ph.D. (Leeds, UK)
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 4. Mr. Jawaid Ahmad Khan B.Sc. (Hons); (On study leave) M.Sc. (Applied Maths) KU;
 M.Sc. (Computer Science) NED
 Assistant Professors
 1. Ms. Saba Izhar Haque B.Sc. (Hons) UMIST, UK;M.Phil. (Computation) UMIST, UK
 2. Mr. Shariq Mahmood Khan BCIT (NED); MCIT (NED)(On higher studies abroad)
 3. Engr. Shehnila Zardari B.E. (Software) MUET,;(On higher studies abroad) M.E. (Comm. Sys. & Network), MUET
 4. Ms. Saman Hina BS (Computer Science), SSUET;(On higher studies abroad) MCIT, NED
 5. Engr. Raheela Asif B.E. (CIS), NED; MCIT, NED
 In addition to regular faculty members qualified personnel in other departmentsand in the city may be engaged for graduate teaching.
 Applications in response to advertisement for Master of Computer Scienceand Information Technology shall be duly completed and submitted, personally orby registered post to:
 The ChairmanDepartment of Computer Science & Information TechnologyNED University of Engineering & TechnologyKarachi 75270, PakistanPh No. 92-21-99261261-8 Ext: 2399Fax No. 92-21-99261255E-mail: [email protected]
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 3.17 DEPARTMENT OF MATHEMATICS
 The Department of Mathematics & Sciences was established along with theengineering departments at NED University. In 2010 an independent Departmentof Mathematics was established to cater to the requirements of Mathematics in allthe disciplines being taught at the University, and furthermore, to initiate its owndegree programmes. The Department has launched a Master�s degree programmein Applied Mathematics with the objective of imparting strong theoretical knowledgereinforced with skills in utilising software tools for mathematical applications indifferent professions. This programme commenced from July 2011, and has nowsuccessfully completed one year.
 Realising the requirements of educational, professional institutions andorganisations, mathematician with computing skills would be an attractive propositionto potential employers. The structure of the programme has been designed in amanner such that the applicants have the option to completing this programmethrough course work only, course work and an individual study project or coursework with dissertation.
 The Master in Applied Mathematics is an evening programme beneficial toboth engineering and science graduates. The motivation in initiating the programmeis to encourage multi-disciplinary research by offering opportunities for higherstudies to fresh graduates as well as experienced graduates employed in industryand other professional sectors, and to provide a route towards a Ph.D degree to thosedesiring to do so.
 3.17.1. Departmental Facilities
 Computing Facilities
 1. High performance Pentium-IV Computers with special specificationsfor Projects.
 2. High speed Laser Printers, Scanner and Dot Matrix Printers.3. Multimedia/Overhead Projectors and other audio visual facilities.4. All the Computers in the department are connected over high speed
 Copper and Fibre.5. High speed Internet facility.
 3.17.2 Principal Faculty for the Programme
 Chairman Telephone Office
 Prof. Dr Mirza Mahmood Baig 99261261-8EXT - 2609
 Professor
 Dr Mirza Mahmood Baig M Sc (Maths) (UoK)M Sc (Comp. Sc.) NEDUETPh. D (Comp. Sc.) NEDUETMember KMA
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 Associate Professor
 Mr Athar Hussain M Sc (Maths) (UoK)Member KMA
 Assistant Professors
 1. Mr Umar Faryaz B Sc (Hons) (UoK)M Sc (Maths) (UoK)M Sc (Comp Sc.) NEDUET
 2. Mr Javed Ahmed Siddiqui B Sc (Hons) (UoK)M Sc (Maths) (UoK)
 3. Mr Mushtaque Hussain M Sc (Maths) (Islamabad)(On higher studies abroad) PGD (Comp Sc.) (UoK)
 4. Ms Razia Shaheen B Sc (Hons) (UoK)M Sc (Maths) (UoK)
 M Phil (UoK)
 5. Mr Muhammad Jamil B Sc (Hons) (UoK)M Sc (Maths) (UoK)M Phil (UoK)
 6. Mr Fareed Ahmed B Sc (Hons) (UoK)M Sc (Maths) (UoK)M Sc (Comp Sc.) (UoK)
 In addition to regular faculty members qualified personnel in other departmentsand in the city may be engaged for graduate teaching.
 Applications in response to advertisement for Master of Applied Mathematicsshall be duly completed and submitted, personally or be registered post to:
 The ChairmanDepartment of MathematicsNED University of Engineering & TechnologyKarachi 75270, PakistanPh No. +92-21-99261261-8 Ext: 2609Fax No. +92-21-99261255E-mail: [email protected]
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 4. COURSES OFFERED UNDER THE FACULTIES
 4.1 COURSES IN THE FACULTY OF CIVIL ENGG & ARCHITECTURE
 4.1.1(a) List of Courses for the M.Engg. Programme in Civil Engineering
 Compulsory Courses
 (a) Structural Engineering
 Course No. Course Title Credit HrsCE-501 Advanced Structural Analysis 3CE-502 Mechanics of Solids 3CE-503 Advanced Reinforced Concrete 3CE-504 Advanced Engineering Mathematics 3CE-511 Structural Dynamics 3
 (b) Geo-technical Engineering
 CE-531 Advanced Soil Mechanics 3CE-532 Foundation Engineering 3CE-533 Soil-Foundation Dynamics 3CE-534 Soil Investigation & Testing 3CE-540 Earth Retaining Structures 3
 (c) Transportation Engineering
 CE-561 Urban Transportation Planning 3CE-562 Geometric Design of Highways 3CE-563 Advanced Traffic Engineering & Management 3CE-564 Probability and Statistics 3CE-569 Pavement Analysis & Design 3
 (d) Coastal and Harbour Engineering
 CE-521 Introduction to Ocean and Coastal Engineering 3CE-522 Port Planning and Design 3CE-523 Coastal Processes 3CE-524 Coastal Management 3CE-525 Soil Mechanics in Coastal Engineering 3CE-504 Advanced Engineering Mathematics 3
 Elective Courses
 (a) Structural Engineering
 Course No. Course Title Credit HrsCE-505 Prestressed Concrete Design 3CE-506 Finite Element Method 3CE-507 Advanced Concrete Technology 3
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 CE-508 Computer Methods in Structural Analysis 3CE-509 Theory of Plates and Shells 3CE-510 Structural Stability 3CE-512 Bridge Analysis and Design 3CE-513 Seismic Analysis and Design 3CE-514 Design of Tall Structures 3CE-515 Design of Steel Structures 3CE-516 Repair Maintenance And Strengthening of 3
 Reinforced Concrete StructuresCE-517 Performance-based Seismic Design 3CE-600 Independent Study Project 6CE-601 Dissertation 9
 (b) Geo-technical Engineering
 CE-535 Earth Structures 3CE-536 Soil Stabilisation 3CE-537 Rock Mechanics 3CE-538 Groundwater and Seepage 3CE-539 Subsurface Hydrology 3CE-541 Computer Applications in Geo-technical Engineering 3CE-600 Independent Study Project 6CE-601 Dissertation 9
 (c) Transportation Engineering
 CE-565 Traffic Flow Theory 3CE-566 Highway Materials & Construction 3CE-567 Public Mass Transportation 3CE-568 Airport Planning & Design 3CE-570 Transportation Economics 3CE-571 Waterway Transportation 3CE-572 Transportation Systems Evaluation 3CE-573 Road Maintenance Management System 3CE-575 Railway Track Engineering 3CE-600 Independent Study Project 6CE-601 Dissertation 9
 (d) Coastal and Harbour Engineering
 CE-551 Marine Geology 3CE-552 Marine Dredging 3CE-553 Off-shore Engineering Analysis 3CE-554 Computational Hydraulics 3CE-555 Design of Marine Structures 3CE-501 Advanced Structural Analysis 3CE-506 Finite Element Method 3CE-511 Structural Dynamics 3CE-564 Probability and Statistics 3CE-569 Pavement Analysis and Design 3CE-570 Transportation Economics 3EN-520 Marine Pollution and Control 3CE-600 Independent Study Project 6CE-601 Dissertation 9
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 4.1.1.(b) Detailed Contents of Courses for the M.Engg Programme in Civil Engineering
 CE-501 Advanced Structural Analysis
 Matrix algebra, solution of equations, review of energy principles, virtual work; degree ofredundancy, choice of redundants, flexibility method, kinematic indeterminacy, developmentof element stiffness matrices, stiffness method of analysis of structures, computer applicationsand software development, axial force effects and eigenvalue analysis, introduction to finiteelement method, introduction to structural stability.
 CE-502 Mechanics of Solids
 Introduction to Cartesian tensors; stress tensor and tensorial transformation of stress; Mohr�scircle for 3-D stress transformation; dyadic and indicial symbols; finite and infinitesimalstrain tensors; Mohr�s circle for 3-D strain; constitutive equations for anisotropic material;composite laminates; two dimensional theories of yield; Airy�s stress function in planeelasticity; generalised Fourier series solution to biharmonic equation; elasticity in polarcoordinates; thermo elasticity; numerical methods in elasticity.
 CE-503 Advanced Reinforced Concrete
 Constituent materials and their properties. Material behaviour and common models invarious loading regimes and application for concrete, steel and reinforced cement concrete.Analysis in flexure; known methods and theories, pre-cracking, post cracking and behaviourat ultimate load, analysis at discrete point on M-ø curve, moment-curvature relationshipsand ductility, non-linear analysis in flexure, effect of tension in concrete and tension stiffeningload-deflection diagram, plastic rotation capacity and curvature ductility, deflection andcrack control mechanism, recent researches in cracking and crack width, idealisation andidealised models for analysis in flexure, analysis of prismatic non-prismatic sections inflexure. Shear in reinforced concrete; theories regarding diagonal tension problem, shear-flexure interaction, idealisation, assumptions, prevailing methods, their limitations andscope, ACI adaptation, Torsion as applied to concrete sections, strength of section in torsionfor plain and reinforced concrete; review of theories, adaptation by code committee strengthof section in combined shear and torsion.
 CE-504 Advanced Engineering Mathematics
 Numerical solutions of linear algebraic equations. Solutions of non-linear using first andsecond order iterative methods. Numerical differentiation and integration. Partial differentialequations and finite difference methods. Eigen Value problems such as plates. Laplaceequations. Applications of Legendre., Chebyshev, Hankal and Bessel Functions to StructuralProblems. Application of Taylor Series, Runge Kutta Method. Calculus of Variation, Euler-Lagrange equations, Raleigh-Ritz & Galerkin techniques.
 CE-505 Prestressed Concrete Design
 Basic concepts of prestressed concrete, Systems of prestressing, materials. Partial prestressing,prestress losses. Use of high strength concrete. Structural behaviour of Beams for Elasticand Ultimate ranges for Bending and Shear. Moment curvature relationship, Camber anddeflections. Detailed design of simple and continuous beams for Service and Ultimate loads.Design of End Anchorages. Determination of Cable layout. Construction techniques. Precastand in-situ pre-stressed concrete members. Applications to special structures.
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 CE-506 Finite Element Method
 Basic equations of elasticity; virtual work; stiffness properties of structural elements;variational and weighted residual methods, applications to trusses, beams, plane frames,two-dimensional, axi-symmetric and three-dimensional solids; higher order and isoperimetricelements; field and time-dependent problems of fluid and heat flow; computational modelling.
 CE-507 Advanced Concrete Technology
 Raw materials, manufacturing, composition physical properties of Ordinary Portland Cement.Effect and implication of variation in composition and various blends of cement. Hydrationprocess and product of hydration, volume changes upon hydration. Structure of the hardenedcement paste, its deformational characteristic and mechanisms, strength of hardened cementpaste and factors affecting the strength of hardened cement paste. Properties of rock andmineral aggregates used in concrete and its influence on strength and durability of concrete.Properties of fresh and hardened concrete, factors affecting the properties and its correlationwith performance, and test and measurement of these properties. Hot and cold weatherconcrete, fiber concrete, mass concrete, recycled concrete and Ferracment. Deterioration,causes and mechanism of deterioration of concrete with emphasis on some well known causes.
 CE-508 Computer Methods in Structural Analysis
 Introduction to finite difference calculus; applications in computing bending moments, shearforce and deflection of beams, critical loads for columns and analysis of beams on elasticfoundations; plate bending by finite difference; finite difference software development;introduction to finite element method; application to problems of Timoshenko beam andMindlin plate bending with emphasis on software development.
 CE-509 Theory of Plates and Shells
 Equation of equilibrium and deformation. Cylindrical bending of Plates of Rectangular,Circular and other non-standard shapes. Classical methods of solutions. Navier, LevyGalerkin and Raleigh-Ritz methods. Strain Energy methods. Grillage and Orthotropic Platetheory. Applications of Finite difference and Finite Element methods. Large deflection ofPlates. Geometric and material non-linearity.
 Theory of Shells. Membrane and bending theories. Shells of revolution, Symmetric andnon-symmetric loads applied to Cylindrical, Spherical and Conical Shells.
 Study of existing experimental results for Shells with complex boundary conditions.Simplified design of Cylindrical shells. Domes and Folded Plates.
 CE-510 Structural Stability
 Introduction to common areas of stability problems in structures, conservative and non-conservativeloads, elastic and inelastic buckling of columns; stability of members under combined bendingand axial loads; buckling of frames; torsional buckling of open sections; lateral stability of beamsand buckling of thin plates and shells; design considerations for stability.
 CE-511 Structural Dynamics
 Single Degree of Freedom Systems: Formulation of the equation of motion and its methodsof formulation, Free vibration response; undamped free vibration and damped free vibration;
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 CE DONEResponse to different types of dynamic loadings and different methods of analysis ofnonlinear structural response.
 Multi Degree of Freedom Systems: Formulation of equation of motion and evaluation ofstructural property matrix, undamped free vibration, Vibration frequencies; mode shapes,orthogonality conditions, methods of practical vibration analysis and analysis of nonlinearsystems, introduction to random vibration, Application of structural dynamics to earthquakeengineering and methods of deterministic analysis, soil frame interaction.
 CE-512 Bridge Analysis and Design
 Bridge loadings and bridge systems; types of deck structures and idealisation; orthotropicplate theory and its application to multi-girder deck systems; use of finite difference andfinite strip methods; composite steel girder-slab bridges, pseudo slab, girder-slab and multi-beam type prestressed concrete bridges, design consideration for substructures; analysis ofhorizontally curved bridge decks.
 CE-513 Seismic Analysis & Design
 Introduction to wave propagation in solid media, body and surface waves, reflection andrefraction. Causes of earthquake, review of the seismicity of earth with special referenceto Pakistan; computation of response to lateral forces. Review of structural vibration theoryand response spectrum. Methods for analysis of multi-storeyed buildings and others subjectedto earthquake motions. Design of reinforced concrete structures to resist earthquake forces,concepts of ductility and energy absorption. Reliability Analysis.
 CE-514 Design of Tall Structures
 Wind loads, Gust factors & Karman Vortices. Design for strength and stability, thermalloads, fatigue and corrosion. Behaviour of tall structures under static and dynamic loads.Design for buckling. Criteria for design of Chimneys, TV towers, Transmission towers andTubular Scaffolding.
 CE-515 Design of Steel Structures
 Review of elastic-plastic concepts of structural behaviour; plastic design of beams andframes; design of plate girders, compression member with large width-thickness ratio,stiffened plate, composite design and behaviour, behaviour of rigid and semi-rigid connections;design considerations for fracture and fatigue; design of rigid frames; behaviour ofmulti-storey frames and second-order analysis.
 CE-516 Repair Maintenance and Strengthening of Reinforced Concrete Structures
 Review of engineering properties of conventional and prestressed reinforced concretematerials. Review of design theories and its implications. Review of deterioration and causesof deterioration of concrete structures and its implication on structures. Implication ofdebonding of reinforcing steel and analytical modelling of sections with unboundedreinforcement. Need of strengthening are re-strengthening. Prevailing strengthening techniquesand their comparison. Recent researches in strengthening in flexure and shear, methodologies,analysis, design and execution. Strengthening techniques related to columns and foundations.Case studies of strengthened and re-strengthened structures.
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 CE DONECE-517 Performance-based Seismic Design
 Mechanics of earthquakes and strong ground motion characteristics, response spectra andseismic response of elastic and inelastic systems, mechanical behaviour of structural membersunder earthquake excitations, seismic design philosophies, principles of seismic design forrefinforced concrete structures, building code procedures for seismic design, advantagesof performance, seismic hazard, performance objectives, general approaches for estimatingdeformation capacit of the strcutures, respose spectra, fundamental consideration of directdisplacement-based design, analysis tools for direct displacement-based design, framedbuildings, dual wall-frame buildings, masonry buildings, strcutures with isolation and addeddamping, pushover analysis.
 CE-531 Advanced Soil Mechanics
 Physical characteristic of soils and their identification, clay mineralogy, clay-water relations.Numerical, mathematical and sketching solutions for simple steady-state flow problems.Stress in soil mass under applied stresses for two and three dimensional problems, equilibriumequations, stress invariants and octahedral stresses. One dimensional consolidation equationand its mathematical analysis, immediate and consolidation settlement analysis for thin andthick soil layers, plasticity or creep effects (Deconday consolidation).
 Shearing strength of cohesionless and cohesive soils using Mohr-columb failure criteria.Critical state theory; representation of stress path on the Rendulic Plot, critical state liveand equation, Roscor and Hvorseleve surfaces and their equations.
 CE-532 Foundation Engineering
 Properties of sub-surface materials for classification, Bore logs information for foundationselection. Selection criteria of foundation resting on various types of soils, foundation onnon- uniform soils and rocks. Case studies of actual foundation problems. Development oftheoretical bearing capacity equations for shallow and deep foundations under drained andundrained conditions. Design procedures and behaviour of different types of foundation.Introduction to seismic behaviour of subsoil and building foundations. Foundation problemssolution by Finite Difference method, Reinforced earth, Beam on elastic foundation andLateral thrust due to compaction of soil by rollers.
 CE-533 Soil-Foundation Dynamics
 Vibration of elementary systems, foundation vibratory theory, foundation design for vibratoryloads, foundation isolation, wave propagation theory, response of soils to dynamic loading,dynamic soil properties, field and laboratory methods for evaluation of dynamic soilproperties, liquefaction of sands, vibratory compaction of granular materials.
 CE-534 Soil Investigation & Testing
 Purpose, planning of subsurface exploration, Sub-soil investigation by conventional andgeophysical methods. Sampling techniques: Standard static and dynamic laboratory testsfor measurement of Soil Properties, In-situ groundwater conditions. Lab work related tothe tests covered, report preparation.
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 CE DONECE-535 Earth Structures
 Failure Mechanisms in Natural and Artificial Slopes. Stability Analysis for slopes in Cohesive,Non-Cohesive and C-phi soils. Use of stability charts. Steady state seepage problems inEarth Structures. Influence of surcharge, submergence and tension crack on Stability.Numerical Integration Analysis by Fellenius Method and Bishop's Simplified Method.Principles of Design and Stability Analysis of Earth and Rock Fill Dams under Drained andUn-drained conditions: stress Distribution and Deformation within the Dam and FoundationStrata. Effect of earthquakes on slope stability.
 CE-536 Soil Stabilisation
 Principles and methods of altering engineering properties of soils. Mechanisms of soilstabilisation. Mechanical, electrical and thermal stabilisation. Specifications, constructionand control methods. Types of compaction equipment. Optimum utilisation of compactionequipments. Use of geo-textile fabrics for stability of soft & compressible soils.
 CE-537 Rock Mechanics
 Rock as Material, Rock Formation and Structure, Folding, Faulting and Joints. Analysis ofStress and Infinitesimal strain. Friction, Linear Elasticity. Strength of Rock and Cementedgranular materials. Crack Phenomena and the Mechanism of Fracture. Fluid Pressure andFlow in Rocks. Brittle and Creep Behaviour, Determination of Static and Dynamic Mechanicalproperties of Rock in laboratory and field, Mining and other Civil Engineering Applications.Rock Slope Engineering.
 CE-538 Groundwater & Seepage
 Hydromechanics of confined and unconfined flow of water through soils, potential theory,conformal mapping transient flow. Applications to design of earth dams.
 CE-539 Subsurface Hydrology
 Introduction: Groundwater and hydrologic cycle, Groundwater as a Resource, Groundwateras geotechnical problem.
 Physical Properties and Principles: Basic principles of fluid flow in saturated and unsaturatedmaterials Hydraulic Head and Fluid Potential, Darcy�s Law, Hydraulic Conductivity andPermeability, Transmissivity and storativity, Aquifers and Aquitards, Steady State andTransient Flow Equations of Groundwater Flow; Infiltration and TGroundwater Recharge.Groundwater Resource Evaluation: Development of Groundwater Resources, Exploration,Evaluation and exploitation, Well, Aquifer and Basin Yields, Exploration for Aquifers;Geological and Geophysical Methods, Drilling, Installation of Wells and Piezometers,Pumping Tests, Groundwater Quality, Well head Protection. Groundwater monitoring,Groundwater models-analytical and numerical models
 Groundwater and Geotechnical Problems/Applications: Artificial Recharge, Seawater Intrusion,Drainage and Dewatering, Pore Pressure, Land Subsidence, Landslides and Slope Stability.
 CE-540 Earth Retaining Structures
 Pressure on Retaining Walls. Basic Concepts and Earth Pressure Theories. Design criteriaand Pressure Analysis of Rigid Walls with and without surcharge Loads. Effect of seepage
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 and Drainage on Walls. Pile-supported Retaining Wall. Behaviour of Flexible Earth-Retainingstructures. Design Criteria and Pressure Analysis of Anchored Bulk Heads, Braced Out andTie-Back Bracing system, Design criteria for cellular cofferdams. Behaviour of RetainingWalls during earthquakes.
 CE-541 Computer Applications in Geo-technical Engineering
 Numerical solutions of partial differential equations, Finite difference Approximationsolutions to two-dimensional flow field and one-dimensional consolidation Soil Layer.Finite Element Method application to stress analysis of linearly elastic systems of GeotechnicalEngineering problems. Soil-foundation Dynamics Interaction problems.
 CE-561 Urban Transportation Planning
 Coordination of City Planning and Transportation Planning. Trip generation, trip distribution,modal split, trip assignment models. Preparing landuse cum transport plans. Economicevaluation. Urban travel Characteristics and trends in travel demand. Basic urban transportationstudies i/c origin destination surveys, Inventory use studies, Parking studies and transitsurveys. Pedestrian facilities. Light rail and Mass Rapid Transit.
 CE-562 Geometric Design of Highways
 Design philosophy and present trends, Design controls and criteria. Design Speed, SafeStopping & Passing Sight Distances, Road gradients, Superelevation. Capacity as Designcontrol. Horizontal & Vertical alignments. Types of cross section, Speed Change Lanes,Medians, Design of at grade & grade separated intersections. Road-rail crossings, Roadplanning. Highway drainage, Roadside development. Design automation concepts andintroduction to highway design software.
 CE-563 Advanced Traffic Engineering & Management
 Road inventory, Traffic measurements, flow, speed, road structures, driver, vehicle &pedestrian characteristic. Controlled & uncontrolled intersections. Signals, traffic light, roadmarkings, traffic signs. One way and Tidal Flow System, Parking Controls, EnvironmentalManagement. Capacity Analysis of signalised and un-signalised intersections. Accidentstudy and road safety. Intelligent Transport System
 CE-564 Probability & Statistics
 Probability: Concepts of Probability and their relevance to statistical analysis, Probabilitydistributions relevant to transportation data analysis. Data Collection: Survey planning anddesign, traffic survey practice, inventory surveys, transport usage surveys, travel time andcongestion surveys, matrix surveys, questionnaires and interviews, sources and use of secondarydata, Statistics: Summary measures. Statistical distributions, confidence intervals, hypothesistesting, contingency tables, correlation and linear regression, ANOVA; Multivariate analysis
 CE-565 Traffic Flow Theory
 Traffic variables & parameters, ranges of traffic intensity, capacity of a roadway, bottle necks.Approaches to traffic flow theory, Traffic flow relationships, time-sequence diagram, Distributionof traffic variables, Head-way, speed distributions, traffic flow & different Queuing theoryas applied to traffic flow, Traffic dynamics, Microscopic & Macroscopic models.
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 CE-566 Highway Materials & Construction
 Properties & Usage of soil, sand & rock as highway materials. Modification & evaluationof their properties, Criteria for use & acceptance, testing, variability & Quality Control,requirements of crushed rock for surfacing, use of non standard material, materialresources, in-service conditions & their effect on material performance.
 Properties & use of bitumens, asphalts, tars & concrete as pavement materials, Rheologyof bitumens, bituminous coating of aggregates, optimisation of bituminous mixtures,Asphalt concrete mix design. Quality Control & performance of bituminous & concretepavement materials.
 CE-567 Public Mass Transportation
 The development of public transportation, Urban passenger modes, Comparative analysisand selection of transport modes, perspective of transport & highway planning, managingand operating public transportation system, policy considerations, Unconventional systems.Mass and Rapid Transit Systems.
 CE-568 Airport Planning & Design
 Air Transportation, classification & size of airports, Air craft characteristics, Airport Planningi/c necessary surveys, Ground transportation facilities, Airport capacity & delays, Air trafficcontrol, layout & design of runways, taxiways & aprons, layout & design of terminals &service facilities, Passenger, Baggage & Cargo handling systems, lighting, visual aids,Maintenance equipment & operations, Airport drainage.
 CE-569 Pavement Analysis & Design
 Pavement type, stress distribution in pavements; theoretical and actual subgrade conditions &traffic loading, design principles, methods & criteria for flexible pavements, rigid & semi-rigidpavements. Design of special duty & temporary pavements. Environmental influences & effects,pavement overlays, Mechanistic Design of Pavements. Pavement Subdrainage.
 CE-570 Transportation Economics
 Economic function of Transportation; Economic Significance of Improved Transportation;Freight Rates and Locations of Industries and Markets; Technical and economic characteristicsof different modes of transport; Development of transportation system in Pakistan includingpricing, and regulation, railroads, highways, pipeline, water and air transportation; and theroles that these modes of transportation play in economic development; Economic efficiencyof various modes of Transport; Explanation of travel or shipping behaviour within theparadigm of microeconomic demand and supply theory. Transport project appraisal.
 CE-571 Waterway Transportation
 Ocean transportation: Planning, ship characteristics, Location & design of Ports & harbours,environmental factors, general layout, effect of wind, wave and tides. General & bulk cargoberths & their installations, Transit sheds, Warehouses & cold storage. Design & constructionof Breakwaters and docks. Channel Regulation and demarcation of harbour.
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 CE-572 Transportation Systems Evaluation
 Concepts and principles of transportation economic analysis, transportation costs andbenefits, user and nonuser consequences, needs studies, finance and taxation, methods ofevaluation of plans and projects, cost-effectiveness, environmental impact assessment.
 CE-573 Road Maintenance Management System
 Introduction to Road Maintenance management System; Need for adoption of Road,Maintenance Management System, Types of Road Maintenance-Routine, PeriodicPreventive/Proactive, Road Referencing System, Road Database and its Management, RoadData Collection in the form of Road Inventory, Feature Condition Survey, Accident DataCollection, etc and introduction to state-of the art equipments, Works Programming i.e.Prioritisation of Roads for Maintenance, Type of Distress and their treatment, Road AssetManagement System (RAMS), Preparation of Road Business Plans, Procurement of fundingfor maintenance, Road Fund, Toll collection, Bridge Management System, Organisation forMaintenance Management, Road Disaster Prevention System.
 CE-575 Railway Track Engineering
 Evoution and Structure of the Railway Track, Coning ow Wheels and Canting of Rails,Functions and Types of Rails; Rails Joints, Design of Tack Fasting Devices, ModernDevelopment in Insulated Rail Joints; Historic Development and Requirement of Sleepers,Types and Design of Sleepers; Crossing and its design consideration. Classification ofRailway Curves, Degree and Radius of Curves, Realignment of Curves, Track Stresses,Ballast and Formation, Formation Treatment Methods; Track Maintenance Practices: Manualand Mechanised, Track Management System; Track Construction and Track Rehabiliation;Derailment Investigation Methods.
 CE-521 Introduction to Ocean and Coastal Engineering
 Incompressible fluid mechanics and applications to analysis of wave motions, circulation,and other free surface flows in coastal and offshore regions; wave spectra, water-levelfluctuations, tides, tsunamis, oscillations, and storm surges; wind-generated waves, beaches,sediment transport, wave forces on coastal and offshore structures. Introduction to state-of-the-art Instrumentation with reference to measuring various aspects of Oceanic parameters.
 CE-522 Port Planning and Design
 Sea Transportation system, facilities and growth, Port and Harbour functions, classification,components and features, Harbour Planning, size, shape, Dimensional characteristics ofentrance, approach channel; Site investigations considering hydrographic, topographic andgeotechnical factors. Harbour siting considerations. Hydraulic models. Port buildings.Navigation facilities. Master planning of ports, Planning of Bulk Terminals, PortAdministration, Port Management, Port Structures, Port planning for Developing CountriesUNCTAD Hand Book, Marine Transport, Merchant Shipping.
 CE-523 Coastal Processes
 Coastal sediment properties and analysis, long-shore transport processes and rates; sedimentbudget; response of beaches to wave action and structures; tidal inlets, mechanical bypassing;beach nourishment; wind transport in sand dune stabilisation, sediment tracing.
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 CE-524 Coastal Management
 Introduction of key processes operating in the coastal zone and to management techniquesappropriate to these processes and environments. Emphasis on policy, regulatory andintergovernmental complexities that characterise coastal zone management in coastal nations.
 CE-525 Soil Mechanics in Coastal Engineering
 Physical and mechanical properties of weak compressible and loose marine subsoils; Stabilityanalysis of shallow foundations and embankments resting on weak soils. Use of geo-textilefabrics for stability of weak soils; Design criteria and pressure analysis of deep wateranchored bulk heads, containers berths and marine cofferdams; Reclamation of large coastalareas using fill materials; Principles and methods for ground stabilisation, compactionequipment and their optimum utilisation; Soil liquefaction due to earthquakes; proceduresof determination soil liquefaction and remedial measures.
 CE-551 Marine Geology
 Major Physiographic division of sea floor, Classification of marine environment; the origin,form and resources of the ocean basin and continental margins, including discussion of seafloorspreading, trenches and island arcs, mountain building; coral reefs and atolls; sedimentation;coastal morphology and the impact of wave action and human activities on beaches, coasts,continental shelves, and submarine canyons. Natural resource potential of oceans.
 CE-552 Marine Dredging
 Dredge pumps selection, Pumps and system characteristics, cavitations, type of dredging,head loss in horizontal and vertical pipes for two and three phase flow, design of disposalmethod for dredged material, environment effect of dredging.
 CE-553 Off-shore Engineering Analysis
 Design and analysis requirements of offshore facilities; Derivation of hydrodynamic loadson rigid bodies; Load on long rigid and flexible cylinders; Viscous forces on cylinders;experimental data; Morison�s equation; stroke wave theories; shallow water waves; Selectionof appropriate wave theory; Diffraction of waves by currents; Hydrodynamic loads on risers,cables and pipelines.
 CE-554 Computational Hydraulics
 Review of Basic Fluid Mechanics: Introduction; One, two, three dimensional flows; Steadyversus unsteady flow; uniform versus non-uniform flow, Prismatic versus non-prismatic channels;sub-critical, critical, and supercritical flows; turbulent versus laminar flow, Physical propertiesof fluid and their effects; conservation of mass or continuity equation; Energy and its Dissipationin Open Channels, The Momentum Principle Applied to Open Channel Flows.
 Non-uniform Flows: Types of non-uniform flows; the general gradually varied flow(GVF)-an ordinary differential equation(ODE); GVF in prismatic channels with lateral inflow andoutflow; Sketching GVF in prismatic channels, Numerical methods for solving ODE�s;Canal system; simultaneous solution of algebraic and ODEs.
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 Unsteady Flows: One-dimensional equation for unsteady channel flows (The St. VenantEquation), Determination of mathematical type of St. Venant equations, Numerical Solutionsof the unsteady St. Venant equations, Method of Characteristics, Descriptions two and threedimensional unsteady flow systems.
 CE-555 Design of Marine Structures
 Winds, water, ship and earthquake loads on water-front structures; Basic structural analysis,Design of Offshore and onshore Structures; Principle and methods for the design of tidaland water break barriers such as coastal dike, sea-wall, detached water barrier and jetty.
 EN-520 Marine Pollution and Control
 Effects of Pollution Discharges, Oil Spills, Coast Development, Beach Erosion, ChannelDredging and Changing Sea-Level on Marine Environment and Control Measures, Modelingfor Pollution Dispersion, Study of Marine Biology (Organism, Fisheries and Mangroves),Coastal Geology and Estuarial Ecology. Marine Resources Management.
 The detailed contents of the following courses can be seen in the previous section.
 CE-501 Advanced Structural AnalysisCE-504 Advanced Engineering MathematicsCE-506 Finite Element MethodCE-511 Structural DynamicsCE-564 Probability and StatisticsCE-569 Pavement Analysis and DesignCE-570 Transportation Economics
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4.1.2(a) List of Courses for the M.Engg. Programme in Environmental Engineering
 Compulsory Courses
 Course No. Course Title Credit HrsEN-504 Advanced Wastewater Treatment Engineering & Design 3EN-506 Physico Chemical Processes in Environmental Engineering 3EN-511 Environmental Management 3EN-512 Municipal & Hazardous Solid Waste Management Practices 3EN-515 Air Pollution and Control 3
 Elective Courses
 Course No. Course Title Credit HrsEN-501 Introduction to Environmental Engineering 3EN-502 Environmental Applied Sciences 3EN-503 Advanced Mathematics 3EN-508 Environment Impact Assessment 3EN-509 Modelling in Environmental Engineering 3EN-510 Process Dynamics in Environmental Systems 3EN-513 Industrial Waste Treatment and Disposal 3EN-514 Water Resources Management 3EN-516 Environmental Health 3EN-517 Water Supply and Sewer System Design 3EN-518 Sustainable Development & Appropriate Technology 3EN-519 Introduction to Ocean and Coastal Engineering 3EN-520 Marine Pollution and Control 3EN-521 Special Topics in Environmental Engineering 3EN-523 Analysis of Environmental Contaminants 3EN-600 Independent Study Project 6EN-601 Dissertation 9
 4.1.2(b) Detailed Contents of Courses for the M.Engg. Programme in Environmental Engg.
 EN-501 Introduction to Environmental Engineering
 Characteristics of Natural Resources, Ecology and Eco Systems, Cycles in Nature,Environmental Quality Objectives, Environmental Legislation, Standards and Technologies.Inter-relations of Air, Water Pollutions and Solid Waste Management, Radiation, NoisePollution, Effect of Pathogens and Chemicals on Health, Economics of EnvironmentalPollution Control.
 EN-502 Environmental Applied Sciences
 Physical, Chemical and Biochemical Properties of Water, Wastewater, Air, and Solid Waste.Aquatic Chemistry and Sediment Characteristics. Basic Principles of Biology, Biochemistryand Microbiology with Emphasis on Energetics, Biogeochemistry Cycling and Interactionsamong Biological Populations and Influence of Environmental Factors on the Growth and Distributions of Biological Life in Different Environment. Concepts of Biotechnology asapplied to the Pollution Control and Waste Conversion.
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EN-503 Advanced Mathematics
 Part - I Numerical Analysis
 Error Analysis and Computer Arithmetic, Linear Systems of Algebraic Equations, Solutionof Large System of Linear Algebraic Equations. Nonlinear Algebraic Equations, FiniteDifference, Polynomial Approximation for Equally and Unequally Spaced Arguments,Interpolation and Extrapolation, Numerical Differentiation and Integration.
 Part - II Probability & Statistics.Probability: Definitions, Sample Space, Events, Laws of Probability, Conditional Probability,.Dependent and Independent Events. Review of Measures of Central Tendency and Measuresof Dispersion.
 Random Variable: Introduction, Distribution Function, Discrete Random Variable and itsProbability Distribution. Continuous Random Variable and its Probability Density Function.Mathematical Expectation of a Random Variable. Moment Generating Functions.
 Probability Distribution: Binomial, Poisson, Uniform, Exponential and Normal DistributionFunctions and their approximation to Poisson Distribution.
 Sampling and Estimation, Statistical Tests, Regression Analysis, Analysis of Variants, Designof Experiments.
 EN-504 Advanced Waste Water Treatment Engineering and Design
 Pre-design Studies, Process Kinetics. Mass/Balance. Reactor Design, Pretreatment,Clarification, Chemical Treatment, Biological Treatment (Aerobic and Anaerobic) andDisinfection, Sludge, Management Natural and Aquatic Plants-Based Treatment Systems.Effluent Disposal and/or Reuse, Plant Hydraulic. Flow Measurements. Pumps, Instrumentationand Control.
 EN-506 Physico Chemical Processes in Environmental Engineering
 Coagulation and Flocculation, Sedimentation, Filtration, Adsorption, Ion-Exchange, MembraneProcesses, Chemical Oxidation, Distillation, Corrosion, Sludge Dewatering/Drying, Centrifugesand Conversion (Combustion).
 EN-508 Environmental Impact Assessment
 Purpose and Aims of EIA, Environmental Issues and Priorities, Environmental Laws andRegulations in Pakistan, Pak-EPA Standard Guidelines for the Preparation and Reviews ofEnvironmental Reports, Framework for Environmental Assessment as Recommended byInternational Agencies, Public Involvement, Screening, Scoping, EIA Methods and Techniques,Mitigation Measures, EIA Reporting, Review of EIA Quality, Decision Making, EnvironmentalManagement Plan and Monitoring, Case Histories and Case Studies.
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EN-509 Modelling in Environmental Engineering
 Fundamental Principles of Deterministic and Stochastic Modeling applied to EnvironmentalProblems, Utilisation of Mathematical Software for the Development of Computer Modelsand Simulation related to Treatment Plant Performance, Stream and Lake Modeling andContaminant Dispersion in Air, Water and Soil.
 EN-510 Process Dynamics in Environmental Systems
 Dynamics of Transformation in Processes in Natural and Engineered Environmental Systems.Application of Ideal and Non-Ideal Reactor Concepts to System Modelling. Energetics andRates of Mass Transport and Reaction Processes in Surface and Groundwater, TreatmentOperations and other Systems of Concern in Environmental Engineering.
 EN-511 Environmental Management
 Environmental Organisation, Legislation, Standards, Monitoring and Compliance Assurance,Environmental Economics, Regional Development Planning, Environmental Decision-Making for Industries. NEQA, ISO-14000 and Occupational Safety and Hazards Regulations.Risk Analysis.
 EN-512 Municipal and Hazardous Solid Waste Management Practices
 Integrated Municipal Solid Waste Management Practices Combined with the PrinciplesHazardous Waste Management and Site Remediation Technology, Topic Areas includeWaste Generation, Waste Properties, Waste Classification, Collection Systems, Transformation,Recycling, Thermal Conversion, Land filling and Site Remediation Technologies such asBioremediation, Air Stripping and Vapour Extraction.
 EN-513 Industrial Waste Treatment and Disposal
 Evaluation of Industrial Waste Problems, Legislation, Characteristics of Wastes Producedfrom Industry and Case Studies on Application of Engineering Principles and Processes forPollution Prevention, Waste Treatment, Recovery and Disposal.
 EN-514 Water Resources Management
 Meteorology and Hydrologic Cycle, Precipitation, Infiltration and Evapotranspiration,Stream flow Hydrographs, Flood Routing. Hydrograph Analysis. Ground Water Hydrology.Well Hydraulics. Application of Hydrology Problem (Volume and Peak DischargeManagement, Water Logging Control, Water quality Management etc.)
 EN-515 Air Pollution and Control
 Theory and Practices related to Engineering Management of Air Resources. AtmosphericDispersion of Pollutants. Analysis of Control Systems for Gaseous and Particulate EmissionsUtilising Dry Collection, Wet Collection, Absorption and Catalytic Processes, Discussionof Source Control and Air Quality Standards, Part of the Course focuses on Biological andChemical aspects. Physiological Effects of Aerosols. Analysis of Organic and InorganicConstituents of the Atmosphere and Rationale for Establishing Air Quality Criteria andEmission Standards.
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EN-516 Environmental Health
 Communicable Diseases, Water Borne Disease Control, Excrete Disposal and Disease Control,Health Hazards Related to Bathing Places and Plumbing, Vector and Rodent Born DiseaseControl, Health Relationship in Lighting, Ventilation and Air Conditioning, Housing andInstitution Hygiene, Disease aspects of Occupational Health, Radiation uses and Protection.
 EN-517 Water Supply and Sewer System Design
 Design of Water Supply System, Storm Drains, Sanitary Sewers, Pumping Stations, HSRand Hydro-pneumatic System.
 EN-518 Sustainable Development & Appropriate Technology
 Development Policies and their Economic and Social Implication, Urban and Rural Inter-relations and the effects on Employment, Migration and the Natural Environment, UrbanInfrastructure System and Housing Program Related to General System Properties such asScale, Regulation, Financing and Pricing Linking them to the Interpretations of SustainableDevelopment, Rational use of Land and Water for Sustainable Regional Development.
 EN-519 Introduction to Ocean and Coastal Engineering
 Fundamental aspects of Incompressible Fluid Mechanics and its applications to Analysisof Wave Motions, Circulations, and other Free Surface Flows in Coastal and OffshoreRegions, Wave Spectra, Water-Level Fluctuation, Tides Dynamics, Oscillations and StormSurges, Wind-Surges, Wind Generated Waves including Wave Statistics and Wave Spectra,Beaches, Sediment Transport in the Coastal Regime, Estuaries and Deltas, Response ofBeaches to Wave Action and Structures. Tidal Inlets, Beach Nourishment, Wind Transportin Sand Dune Stabilisation.
 EN-520 Marine Pollution and Control
 Effects of Pollution Discharges, Oil Spills, Coast Development, Beach Erosion, ChannelDredging and Changing Sea-Level on Marine Environment and Control Measures, Modellingfor Pollution Dispersion, Study of Marine Biology (Organism, Fisheries and Mangroves),Coastal Geology and Estuarine Ecology. Marine Resources Management.
 EN-521 Special Topics in Environmental Engineering
 EN-523 Analysis of Environmental Contaminants
 Standard Methods for Testing Data Quality, Quality Control / Quality Assurance Procedures,Introduction to ISO 17025 (Laboratory Management), Collection of Samples, PreservationTechniques, Safety Rules for Laboratory, Calibration of Instruments.
 Analytical Techniques: Colorimetry, Gravimetric, and Electro Chemical Methods, AtomicAbsorption Spectrophotometry and Gas Chromatography.
 Performance and Determination of Physical / Chemical Characteristics of Water, WasteWater, Solid Waste, Soils and Air, Micro Biological Examinations of Water and WasteWater, Toxicity Tests for Aquatic Organisms.
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4.1.3(a) List of Courses for the M.Engg. Programme in Structural Earthquake
 Engineering
 Compulsory Courses
 Course No. Course Title Credit Hrs
 EQ-501 Structural Dynamics 3EQ-502 Fundamentals of Earthquake Engineering 3EQ-503 Seismic Design of RC Building 3EQ-504 Advanced Structural Analysis 3EQ-505 Structural Reliability Analysis 3
 Elective Courses
 Course No. Course Title Credit Hrs
 EQ-521 Displacement Based Seismic Design 3EQ-522 Performance Based Seismic Design 3EQ-523 Seismic Design of Steel and Composite Structures 3EQ-524 Seismic Design and Assessment of Masonry Structures 3EQ-525 Loss Estimation and Hazard Mitigation 3EQ-600 Independent Study Project 6EQ-601 Dissertation 9
 Note:A student may opt for Independent Study Project of 6 credit hoursor Dissertation of 9 credit hours or in accordance with RegulationClause 6.2.1(vi) and 6.5.
 4.1.3(b)Detailed Contents of Courses for the M.Engg Programme in Structural
 Earthquake Engineering
 EQ-501 Structural Dynamics
 Single degree of freedom system: formulation of equation of motion and its methods offormulation, free vibration response; undamped free vibration and damped free vibration;response to different types of dynamic loadings and different methods of analysis of nonlinearstructural response.
 Multi degree of freedom system: formulation of equation of motion and evaluation ofstructural property matrix, undamped free vibration, vibration frequencies; mode shapes,orthogonality conditions, methods of practical vibration analysis and analysis of nonlinearsystems, introduction to random vibration, application of structural dynamics to earthquakeengineering and methods of deterministic analysis, soil frame interaction.
 EQ-502 Fundamentals of Earthquake Engineering
 Plate tectonics and earthquake types, introduction to wave propagation and monitoring,earthquake ground motion measures, influence of source, path and site effects, introductionto ground motion prediction equations (GMPEs) and seismic hazard assessment, inelastic
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 EQ DONEresponse at section, member and global level, drift and lateral stability, floor diaphragmresponse, review of structural vibration theory, linear elastic and inelastic seismic responseof single degree of freedom (SDF) systems to seismic excitation, development of inelasticresponse spectrum and its application in force and displacement based seismic design andassessment, inelastic seismic response of multi degree of freedom (MDF) systems, applicationsand limitations of nonlinear pushover analysis, seismic design and assessment proceduresin codes.
 EQ-503 Seismic Design of RC Buildings
 Material behaviour of concrete, steel, reinforced concrete and masonry under monotonicand cyclic loading, flexural analysis of sections and members, pre-cracking, post-crackingand behaviour at ultimate load, moment-curvature (M-Ö) curve, moment-curvaturerelationships and ductility, plastic rotation capacity and curvature ductility relationships,effect of tension in concrete and tension stiffening and load deflection diagram, deflectionand crack control mechanism, shear in reinforced concrete, shear-flexure interaction, torsionin reinforced concrete, seismic design limit states and structural properties, essentials ofstructural systems for seismic resistance, factors influencing seismic response, capacitydesign philosophy, determination of design forces, principles of member design and aspectsof detailing, design of reinforced concrete buildings.
 EQ-504 Advanced Structural Analysis
 Matrix algebra, solution of equations, review of energy principles, virtual work; degree ofredundancy, choice of redundants, flexibility method, kinematic indeterminacy, developmentof element stiffness method of analysis of structures, computer applications and softwaredevelopment, axial force effects and eigenvalue analysis, introduction to finite elementmethod, introduction to structural stability.
 EQ-505 Structural Reliability Analysis
 Reliability function, measures of central tendency and dispersion of data, theory of probability,probability distribution, fundamentals of structural reliability theory, first and second-ordermethods of reliability analysis, structural component and system reliability, reliabilitysensitivity measures, structural time-invariant and time-variant reliability analysis, dynamicanalysis of linear and nonlinear structural systems subjected to stationary and non-stationaryrandom excitations, finite element sensitivity and reliability analysis methods, applicationof structural reliability analysis in performance based seismic design, probabilistic seismicdesign codes.
 EQ-521 Displacement Based Seismic Design
 Philosophy and need for displacement based design (DBD), review of conventional forcebased design (FBD) methods with particular reference to seismic design codes, review forDBD methods, advantages of DBD over FBD with illustrative examples, seismic input forDBD method such as displacement spectrum; concept of hysteretic damping and displacementductility; influence of displacement and ductility on spectral displacement response;attenuation model for displacement spectrum, fundamental considerations of DBD, design

Page 85
                        

EQ DONE
 80
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 limit states and performance levels, single degree of freedom (SDF) structures, multi-degreeof freedom (MDF) structures, p-delta effects, combination of seismic and gravity loadings,considerations for torsional response, capacity design of members, nonlinear analysis tools,force-displacement response for reinforced concrete members, force-displacement responsefor steel members, analysis related to capacity design philosophy, application of DBD inbuildings, bridges and structures with base isolation and added damping.
 EQ-522 Performance Based Seismic Design
 Mechanics of earthquakes and strong ground motion characteristics, response spectra andseismic response of elastic and inelastic systems, mechanical behaviour of structural membersunder earthquake excitations, seismic design philosophies, philosophy of seismic designfor reinforced concrete structures, building code procedures for seismic design, advantagesof performance-based seismic design, seismic performance levels, measures of seismicperformance, seismic hazard, performance objectives, general approaches for estimatingdeformation capacity of the structures, response spectra, fundamental consideration of directdisplacement-based design, analysis tools for direct displacement-based design, framedbuildings, dual wall-frame buildings, masonry buildings, structures with isolation and addeddamping, pushover analysis.
 EQ-523 Seismic Design of Steel and Composite Structures
 Elastic and inelastic behaviour of steel subjected to static and dynamic loading, mechanicalbehaviour of steel beams, types of connection, behaviour of connections, methods of globalanalysis, seismic design of steel structures using seismic design provisions, concepts ofductility, inter-storey drift; behaviour factors/force reduction factors and damage, capacitydesign principles, typology of steel structures, effect of global instability, effects of diaphragms,semi-rigid connections and axial forces, seismic design of moment resisting steel frames;braced steel frames and composite structures, introduction to performance and displacementbased design, hybrid force and displacement based design and use of advanced methodsof analysis.
 EQ-524 Seismic Design and Assessment of Masonry Structures
 An introduction to masonry and non-engineered construction, mechanical properties of claybrick, cellular concrete block, autoclave aerated concrete (AAC) block, adobe and stonemasonry units, categories of masonry walls for seismic resistance, in-plane and out-of-planebehaviour of masonry assemblages and walls, analytical methods for masonry walls, seismicdesign of masonry moment resisting wall frames and masonry-infilled frames, assessmentof unreinforced masonry structures, design principles and code specifications for masonryconstruction, repair and strengthening techniques for damaged masonry buildings afterearthquakes, displacement based design of masonry structures.
 EQ-525 Loss Estimation and Hazard Mitigation
 Modelling parameters, geometric nonlinearity and material inelasticity, concentrated vs.distributed plasticity modelling approach, nonlinear dynamic analysis, selection, scalingand matching of accelerograms, nonlinear static analysis, conventional pushover analysis,
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 multi-modal pushover analysis and adaptive pushover analysis, nonlinear static procedures,capacity spectrum method (CSM), adaptive capacity spectrum method (ACSM), N2 method,modal pushover analysis (MPA) method and displacement based earthquake loss assessment(DBELA) method, seismic vulnerability assessment of single structures using nonlinearstatic and dynamic procedures with special reference to (FEMA) and Applied TechnologyCouncil (ATC) provisions, seismic vulnerability assessment of groups of structures (empiricaland analytical methods), hazard, exposure, human/economic losses, remote sensing andglobal earthquake model (GEM) initiative.
 EQ-600 Independent Study Project
 Independent Study Project (ISP) provides an alternative to the credit-bearing taught courses.It allows a student to complete a supervised study in a specific area of interest. It is aimedat increasing the knowledge in a field of study. The student is required to initiate, designand execute the work under the supervision of a faculty member.
 EQ-601 Dissertation
 The dissertation provides an alternative to the credit-bearing taught courses. It mustdemonstrate a substantial research component and contribution to knowledge with a focusin the specific area of interest. The student should be able to design and execute the workfor the dissertation under the supervision of a faculty member. The dissertation shouldreflect the knowledge and expertise developed by the student in the chosen research area.
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 4.1.4(a) List of Courses for the Master of Architecture Programme
 Compulsory Courses
 Course No. Course Title Credit Hours
 AR-601 Advanced Architectural Design-I 3AR-602 Advanced Architectural Design-II 3AR-603 Studies in Architectural Research 3AR-604 Architectural Theory 3
 Elective Courses
 Course No. Course Title Credit Hours
 AR-605 Architectural Design Project 6AR-606 Aesthetics in Architecture 3AR-607 Theory and Applications of Arts in Architecture 3AR-608 Green Architecture: Concepts and Applications 3AR-609 Regulatory Considerations in Architectural Applications 3AR-610 Interdisciplinary Issues in Architectural Applications 3AR-635 Case Studies in Architectural Conservation and
 Restoration in Developing Countries 3AR-636 Advanced Computer Applications in Architecture 3AR-637 Architecture of Housing 3AR-638 Advanced Landscape Architecture 3AR-639 Psychological Applications in Architectural Design 3AR-698 Independent Study Project 6AR-699 Dissertation 9
 4.1.4(b) Detailed Contents of Courses for Master of Architecture Programme
 AR-601 Advanced Architectural Design-I
 This is a studio course. In a directed environment, the students are given an exposure toadvanced design methodology. The studio shall encourage the students to gradually evolveindividual expression around the stated design brief. A capacity of critically examining theexisting design approaches in the various contexts shall be developed. Ability to build upappropriate knowledge base for application into architectural design shall be an integraldimension of the studio process. The students will be encouraged to question the validityof existing trends in design and development with an objective to develop alternatives forthe same. An enhanced understanding about the pragmatic factors � such as regulatory,financial and decision making parameters of design � shall also be created. Range ofassignments may cover � but not limited to � intervention strategies in natural and eco-sensitive environments, corporate architecture, facilities architecture, psychological andcomfort dimensions in architecture.
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 AR-602 Advanced Architectural Design-II
 A pre-requisite for this studio course is AR-601: Advanced Architectural Design-I. Thiscourse shall extend the capacity building process that has been initiated in AR-601. Theabilities of the students shall be built with respect to objective assessment of design processand outputs. Appraisal of designs, briefs with an ability to visualise the anticipated outputsshall be an important ingredient in this respect. Interpretation of styles on the basis ofavailable examples, basic competence to evolve theoretical connotations, participation inphilosophical discourses and creative descriptions in the form of architectural texts andconceptual briefs shall constitute the usual premise of studio work. Important design caseexamples from local and global perspective shall also be deliberated in the studio environmentunder guidance of faculty.
 AR-603 Studies in Architectural Research
 Purpose of this course is to build up the capacity of students in the field of research andits applications. Research methodology in social and applied sciences; ingredients ofarchitectural research; framework of research in emerging fields in architecture; researchin architectural communication; scientific writing; bibliographical studies; stylistic studiesin architecture; creativity in architectural research process and evaluation research inarchitectural studies are the topics that will be covered in the course.
 AR-604 Architectural Theory
 This course will investigate the role that ideas play in the conception, making and interpretationof various elements in the built environment. As a basis for this inquiry, the course willexplore significant architectural and urban theories, design strategies, and architecturalprojects developed primarily from the beginning of the 20th century to the present. Lectureswill cover a broad range of theoretical positions that have influenced the shaping of builtenvironment. The course specifically aims to present the material in a manner that aidsstudents in clarifying their own values and intentions as emerging designers. The courseis based on the premise that theory and design practice inform one another in a mutuallyreinforcing way.
 AR-605 Architectural Design Project
 An architectural dissertation on a specified topic shall be undertaken by each student underthe guidance of the faculty. The objectives of this course are to enhance the exploratorycapacity of student and provide an opportunity to structure arguments around the chosentopic. The course shall be conducted in a studio format with periodic set of visual andgraphical presentations.
 AR-606 Aesthetics in Architecture
 Studies in aesthetical attributes are a significant domain in architecture. The course aimsto develop abilities in the students to review, understand and comment upon the various
 AR DONE
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 theories in aesthetics. Arts and science of architectural composition under the broad realmof aesthetics shall be studied with historic and contemporary perspectives. Instructionstrategies shall comprise comparative studies, case examples and critical appraisal methods.
 AR-607 Theory and Applications of Arts in Architecture
 Review of ideas and applications in arts; survey of artistic work, debates and discourses;themes; professional interface; scale and profiles; case studies in art applications; dominantissues in the application of arts in architecture.
 AR-608 Green Architecture: Concepts and Applications
 This course will cover the impacts of building and traditional construction on environment;general principles of green architecture and sustainability; energy efficiency and conservation;day lighting and natural ventilation; environmentally smart materials; occupant health andproductivity; deconstruction: life cycle costing and recycling; economics of sustainability;LEED rating system and accreditation; LEED Pakistan; understanding what is important(traditions/culture/attitude) and that the design process is extremely complex and sophisticated.
 AR-609 Regulatory Considerations in Architectural Applications
 Concepts, theory and practice of regulatory framework; prescriptive regulations; performancebased regulations; relationship of regulatory framework with resulting built environment;contemporary issues in regulatory aspects of architectural practice.
 AR-610 Interdisciplinary Issues in Architectural Applications
 Contemporary architectural applications are impacted by several interdisciplinary issuespertaining to many other disciplines in social and applied sciences. Interface of architecturalapplications with engineering, management, business studies, media and communications.The course will be a combination of lectures and seminar based inputs.
 AR-635 Case Studies in Architectural Conservation and Restoration in
 Developing Countries
 Concepts and methodologies in architectural conservation and restoration; internationalpractices; restoration of historic architecture in Sanaa and Shibam in Yemen; restorationand re-development work in Mostar, Tuzla, Sarajevo and Bana Luca in Bosnia Hercegovina;restoration of historic architecture in Istanbul, Cappadocia, Edirne, Konya, Efes, Antalyaand other locations in Turkey; restoration practices in Bam and other locations in Iran;restoration and conservation applications in Nepal and Sri Lanka.
 AR-636 Advanced Computer Applications in Architecture
 The course introduces and discusses current developments in architectural discourse, designtheory, digital design models and technique and their relations to design (the search for newforms and presentation techniques). The theoretical influence of architectural concepts is
 AR DONE
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 presented through historical references in digital designs, such as Frank Gehri, Peter Cookand Colin Fournier. Furthermore knowledge and understanding of the way that digitaltechnologies support business and awareness of the new business models that are developingin response to these technologies.
 AR-637 Architecture of Housing
 Advanced applications of architectural input in housing; emerging typologies of housing;socio-economic, physical, financial, managerial and cultural issues in housing; housingchoices and availability relationships; evolving appropriate standards in housing; design,delivery and management of housing for large scale of populations; housing for emergencyconditions; case studies.
 AR-638 Advanced Landscape Architecture
 Principles and ingredients; typologies in landscapes; advanced approaches in landscapedesign; contextual factors in landscape design; interface with horticulture and agronomy;environmental considerations; landscape design considerations in water scarce conditions;landscape management; case studying examples from developing countries.
 AR-639 Psychological Applications in Architectural Design
 Concepts and terminologies; psychological parameters in architectural design; implicationsof colours, dimensions, volumes and masses in architectural design; techniques inpsycho-spatial analysis; case examples from existing buildings/elements of built environment;design approaches for remedy of existing buildings and new projects.
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 4.1.5(a) List of Course for the Master of Urban and Regional Planning Programme
 Non-Credit Courses
 Course No. Course Title Credit Hrs.AR-511 Introduction to Urban Design NCAR-512 Introduction to Urban Sociology NCAR-513 Methods in Physical Planning NCAR-514 Introduction to Urban Economics NCAR-515 Introduction to Transportation and Infrastructure NCAR-516 Basic Communication Techniques in Planning NC
 Compulsory Courses
 Course No. Course Title Credit Hrs.AR-611 Planning Theory 3AR-612 Methods in Urban Planning Research 3AR-613 Landuse Planning and Analysis 3AR-614 Infrastructure Planning 3AR-615 Economic Development and Regional Planning 3
 Elective Courses
 Course No. Course Title Credit Hrs.AR-616 Urbanism: Theory and Practice 3AR-617 Advanced Studies in Urban Design 3AR-618 Urban Area Conservation 3CE-561 Urban Transportation Planning* 3AR-619 Legal and Regulatory Aspects in Planning 3AR-620 Planning Implementation Methods 3AR-621 Advanced Urban Economics 3AR-622 Seminar in Planning, Economics and Development 3AR-623 Computer Applications in Planning 3AR-624 Real Estate Analysis 3AR-625 Statistical Methods in Planning 3AR-626 Remote Sensing 3AR-627 Advanced Studies in Housing 3AR-628 Urban Management and Administration 3AR-629 Advanced Urban Sociology 3AR-630 Project Planning and Management 3AR-631 Development Planning in Pakistan 3AR-632 Seminar in Urban Management in Pakistan 3AR-634 Planning for Sustainable Development 3AR-640 Design Project in Urban Planning 6AR-641 Regional Planning Studio 3AR-642 City Planning Studio 3AR-698 Independent Study Project 6AR-699 Dissertation 9
 * Offered by Civil Engineering Department.
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 4.1.5(b) Detailed Contents of Courses for the Masters of Urban and RegionalPlanning Programme
 AR-511 Introduction to Urban Design
 Definition of city and city systems; urban development patterns; introduction to urbanfunctions and corresponding physical forms; introduction to urban design; visual analysisof the city; basic aesthetic considerations.
 AR-512 Introduction to Urban Sociology
 Introduction to sociological process and theories; socio-economic aspects of the society;sociological variables in urban environment; demographic, ecological and social structureof city; class structure of cities in reference to residential differentiation.
 AR-513 Methods in Physical Planning
 Concepts and terminologies in physical planning; scales and graphical representations;mapping and drawing techniques in planning; sketching and drafting; analysis and designof different components of urban environment.
 AR-514 Introduction to Urban Economics
 Concepts and terminology; macro and micro economics and its application to urban problems;demand, supply and need; theory of production and cost; pricing and employment ofresources; general equilibrium and welfare economics.
 AR-515 Introduction to Transportation and Infrastructure
 Evolution and development of urban transport system; types, formats and categories ofurban transport systems; basic analysis of urban transport systems; introduction to physicaland social infrastructure; basic aspects in planning and development of infrastructure.
 AR-516 Basic Communication Techniques in Planning
 Basics in communication; types of communication; characteristics of verbal/oralcommunication; written and textual communication; graphical and visual communication;introduction to commonly applicable techniques in communication.
 AR-611 Planning Theory
 The origins of theory � what is theory? The limitations of theory. The theory � realityconflict concepts and functions of planning types; interrelations; public expenditure decisions; planning theories and interpretations; models of rational choice; decision environment;policy design; programming techniques and strategies; issues in goal setting; issues inprojections and evaluations.
 MURP
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 AR-612 Methods in Urban Planning Research
 The process of establishing a context. Information types and its usages in planning process;physical, social and economic context and its interpretation; analytical tools and utilisation;trend studies; synthesisation of results; correlation of analytical tools and societal understanding;case studies. The conflict between perception, statistics and its resolution. The role andlimitation of assumption.
 AR-613 Landuse Planning and Analysis
 Land and landuse; types of landuse; relationship of land use with physical and socialinfrastructure, landuse changes-causes, effects and outcomes; methods of landuse analysis,case studies. Segregated and integrated landuse.
 AR-614 Infrastructure Planning
 Types of infrastructure; physical, social and institutional infrastructure; assessment ofinfrastructural requirements in various territorial and socio-economic contexts; need analysisfor infrastructural planning; pre-requisites to infrastructural planning; spatial considerationsin infrastructural planning; collaborations; partnerships and input of formal and informalsector in infrastructure planning; case studies. Integrating informally planned infrastructurewithin a larger plan.
 AR-615 Economic Development and Regional Planning
 Meaning of development in different economic theories; focal issues in developmenteconomics; unbalanced and balanced growth; planned and unplanned development; incomedistribution; labour market; development planning and national plans; regional growththeories. Regional planning and ecological issues.
 AR-616 Urbanism: Theory and Practice
 Concepts and definitions; frameworks for understanding theories and interpretations;ingredients and characteristics of urbanism; experience and communications; comparativestudies; practice and applications. Integrating unplanned development.
 AR-617 Advanced Studies in Urban Design
 Theoretical contributions to urban design; initiatives for conscious efforts to organise urbansystem and its limitations; relationship between physical form and social structure; emergingconcepts in urban space design; approaches to urban design projects; case studies. Technologyits potentials and limitations.
 AR-618 Urban Area Conservation
 Terminologies in conservation; conservation, restoration, renovation, refurbishment,re-construction/re-development, historic preservation, restitution and related concepts;aesthetic, cultural, economic and technical issues in conservation; legal and administrativeaspects of urban area conservation; historically significant buildings/built complexes andprecincts. Conservation and its relationship to the process of urban change and evolution.
 MURP DONE
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 CE-561 Urban Transportation Planning
 Coordination of City Planning and Transportation Planning. Trip generation, trip distribution,modal split, trip assignment models. Preparing landuse cum transport plans. Economicevaluation. Urban travel characteristics and trends in travel demand. Basic urban transportationstudies i.e. origin destination surveys. Inventory use studies, parking studies and transitsurveys. Pedestrian facilities. Light Rail and Mass Rapid Transit
 AR-619 Legal and Regulatory Aspects in Planning
 Legal and regulatory concepts; legislative, judicial and administrative structure in relation toplanning; urban planning process in relation to local, provincial and federal governments; planningand development laws, regulations and byelaws; issues in implementation and enforcement;critical analysis of planning and development laws and regulations and their application.
 AR-620 Planning Implementation Methods
 Types of planning; planning outputs; development proposals; programmes and projects;institutional methods, processes and procedures related to programme and projectimplementation; analysis of implementation modes; alternatives, case examples and bestpractices. BoT, international tendering.
 AR-621 Advanced Urban Economics
 Economic theory and purposes of economic planning; the evaluation and functions of urbanplanning in market economics; formation and distribution of value in the physical environment;approaches to rent theory and measurement of value in urban land and property; approachesin the explanation of basic urban processes; the nature and functioning of the constructionindustry; behavioural patterns in property markets; development of urban land; re-developmentand rehabilitation; urban growth and structural change. The polities of urban economics(how also geo-politics and global politics) and is physical, cultural and some repercussions.
 AR-622 Seminar in Planning, Economics and Development
 This course shall focus on the contemporary planning process in relation to economics anddevelopmental issues. Students shall be encouraged to select topics related to planning,economics and development and study the said topic thoroughly. Thereafter they shall preparea presentation as part of their sessional work under the supervision of the course teacher.
 AR-623 Computer Applications in Planning
 Data base management in planning process; data requirements generation and assessment;computer applications related to operational issues in planning; spread sheets; charts;diagrammatics in planning representations; assessment and application of software andhardware requirements in planning process. Geographic variables in planning; attributesand parameters; plotting of information on maps, plans and details; softwares and packagesof geographic information systems; data storage and retrieval modes; concept and logic ofmap interfaces and overlays; planning analysis and representations using GIS modes.
 AR-624 Real Estate Analysis
 Concepts and terminology in urban property systems; property valuation criteria; land valueanalysis; threshold analysis for land and real estate projects/programme; modalities in real
 DONE
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 estate development; contractual options in real estate including BOO, BOT, BOOT; financingmechanisms; mitigating techniques in real estate; data base creation and management.
 AR-625 Statistical Methods in Planning
 Data and its types (physical, social and economic attributes); data review and qualityevaluation; sampling distribution; sample drawing techniques; estimation of means, variances,differences and proportions in demographic data; design of experiments/data collection,processing and interpretation exercises.
 AR-626 Remote Sensing
 Concepts and terminology; tools employed in remote sensing; layers of information;parameters in remote sensing; applicational aspects of remote sensing in the domains ofecological zones, specialised terrains and territories; interface with satellite imagery.
 AR-627 Advanced Studies in Housing
 Concepts and terminology; housing need, demand and supply; formal and informal housing;provision and management of housing by the public, formal private, informal private andcooperative sector; physical planning principles of housing; housing finance and creditmechanisms; housing in relation to community development; evictions, its causes andeffects. The land issue (tenure, transparency, landuse applications, the conflict betweenstandards, byelaws and social and economic reality.
 AR-628 Urban Management and Administration
 Macro administrative structure related to urban and regional planning; institutions andorganisations; institutional process; distribution of legal, administrative and managerialresponsibilities; institution of planning; skills and techniques in urban administration;comparative studies leading to focused analysis.
 AR-629 Advanced Urban Sociology
 Evolution and development of urban societies; urban institutions; relationship betweentrade/industrialisation and urbanisation; urbanisation in the developing world; employment,opportunities and social relations; rural-urban and urban-urban migrations; emerging socialstructure in cities; sociological issues in contemporary urban settlements; globalisation andits impacts on urban societies.
 AR-630 Project Planning and Management
 Principles of project planning; models in project management; cost analysis; cost and resourceallocation/disbursement; use of simulation techniques in project scheduling; project control;revision and verification techniques; computer applications in project management. Projectplanning and management and un-relationship to interest groups, communities and donors.
 AR-631 Development Planning in Pakistan
 Background of development planning in Pakistan; review of five year plans; sectoralplanning; planning institutions institutional process in development planning and its dynamics;analysis of development planning process in Pakistan.
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 AR-632 Seminar in Urban Management in Pakistan
 The course is designed as a seminar focused on the selected contemporary topics in urbanmanagement. The objective of this course is to concentrate the student�s understanding ondifferent urban management issues in Pakistan. Current urban management problems ofPakistani cities shall be examined and evaluated by employing the framework developedby various theories. Relevance and validity of different paradigms shall be tested in thiscontext. Politics of urban spatial structures, service provision, land ownership, socialmovements and planning shall be dealt in the proceedings of the course.
 AR-634 Planning for Sustainable Development
 Terminologies related to sustainability; sustainability in relation to social, economic andgeo-physical perspectives; growth in correspondence to sustainability; poverty andenvironmental degradation; resource management and conservation; technology and financialtransactions; international and inter-generational equity.
 AR-640 Design Project in Urban Planning
 A planning dissertation on a specified topic shall be undertaken by each student under theguidance of the faculty. The objectives of this course are to enhance the exploratory capacityof student and provide an opportunity to structure arguments around the chosen topic. Thecourse shall be conducted in a studio format with periodic set of visual and graphical presentations.
 AR-641 Regional Planning Studio
 Concepts, methodologies and applications in regional planning practice are to be taught. Origin,evolution and characteristics of regional development projects in different contexts are to beinvestigated in studio; examining the nature and practical applications of techniques used byregional planners for both policy formulation and assessing social and resource problems.Articulation of problems at the regional level, evolving corresponding regional planning toolsand applications is to be the core of the studio exercises. A range of case studies are to beoutlined from the national context for detailed exploration, analysis and planning proposaldevelopment. Examples could include coastline of Pakistan, arid zones, disaster affected areasand economically depressed regions. Both individual and group work is to be conducted.
 AR-642 City Planning Studio
 Formats of city planning outputs and relevance to corresponding nature of assignments are tobe covered. This studio covers cases in the formation, use and control of urban enviroment.Subjects are to be chosen preferably, with an aim to seize opportunities in the advancement offorms of Pakistani urban life. Current real world issues should be scientifically examined andintroduced as major problematic areas becoming the basis for all group and individual work.Planning tasks are to be defined so as to find relevant solutions to typical problems, rather thanunique solutions to �location specific� cases. Methods of study in studio work should cover thetheoretical and empirical field surveys design and prescription, design and evaluation of planningproposals through projects. Spatial, organisational and design solutions will be encouraged withspecial emphasis of presentations in the visual media.
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4.2 COURSES IN THE FACULTY OF MECHANICAL AND MANUFACTURING
 ENGINEERING
 4.2.1. (a) List of Courses for the M. Engg. Programme in Mechanical Engineering
 Non-Credit Courses for Mechatronics Programme
 Course No. Course Title Credit Hrs.
 MC-501 Electrical and Electronic for Mechanical Engineers NCMC-502 Introduction to A.I & Computer Architecture NC
 Compulsory Courses
 (a) Design
 Course No. Course Title Credit Hrs
 ME 501 Engineering Design 3ME 502 Advanced Stress Analysis 3ME 503 Computer Aided Design 3ME 504 Finite Element Analysis 3ME 505 Mechanical Vibrations 3TE 505 Advanced Statistics 3
 (b) Energy Systems
 Course No. Course Title Credit Hrs
 ME 541 Advanced Thermodynamics 3ME 542 Energy Management 3ME 544 Advanced Heat Transfer 3ME 545 Renewable Energy 3ME 548 Advanced Fluid Mechanics 3TE 505 Advanced Statistics 3
 (c) Mechatronics
 Course No. Course Title Credit Hrs.
 MC-511 Sensors and Actuators 3MC-512 Computer Aided Mechanical Design 3MC-513 Control Theory & Systems 3MC-514 Kinematics & Rigid Body Dynamics 3MC-515 Industrial Automation & Robotics 3
 92
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 Elective Courses
 (a) Design
 Course No. Course Title Credit HrsME 506 Acoustics 3ME 507 Power Plant Design 3ME 508 Kinematics and Rigid Body Dynamics 3ME 511 Material Science 3ME 512 Fracture Mechanics 3ME 513 Creep 3ME 514 Advanced Metallurgy 3ME 521 Automation & Controls 3ME 522 Computer Aided Manufacturing 3ME 523 Operations Research 3ME 524 Reliability & Quality Engineering 3ME 527 Human Factor Engineering 3EM 504 Project Management Framework and Tools 3MS 552 Applied Mathematics-II 3MS 553 Computer Applications 0ME 600 Independent Study Project 6ME 601 Dissertation 9
 (b) Energy Systems
 Course No. Course Title Credit HrsME 504 Finite Element Analysis 3ME 507 Power Plant Design 3ME 523 Operations Research 3ME 524 Reliability & Quality Engineering 3ME 543 Combustion Engineering 3ME 546 Energy Planning 3ME 547 Advanced Air-Conditioning & Refrigeration 3ME 549 Desalination 3ME 550 Numerical Methods in Heat Transfer 3ME 551 Introduction to Computational Fluid Dynamics 3ME 552 Turbulence Modeling 3EM-504 Project Management Framework and Tools 3MS 552 Applied Mathematics-II 3MS 553 Computer Applications 0ME 600 Independent Study Project 6ME 601 Dissertation 9
 (c) Mechatronic
 Course No. Course Title Credit Hrs.MC-521 Advanced Industrial Process Control 3MC-531 Computer Aided Manufacturing 3MC-523 Mechanical Design of Mechatronics Systems 3MC-525 Electrical Machines & Power Electronics 3MC-527 Microprocessor and Interfacing Applications 3MC-529 Mathematical Modelling & Simulation 3
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 MC-533 Artificial Intelligence and Neural Networks 3MC-537 Reliability Engineering 3MC-539 Micro-& Nano-Electromechanical Systems 3MC-541 Digital Image Processing & Machine Vision 3MC-543 Applied Programmable Logic Control 3MC-545 Advanced Robotics 3ME-504 Finite Element Analysis 3EE-512 Advanced Digital Signal Processing 3MC 600 Independent Study Project 6MC 601 Dissertation 9
 4.2.1(b) Detailed Contents of Courses for the M.Engg. Programme in Mechanical Engineering
 ME 501 Engineering Design
 Total Design: Design process, creativity in design process analysis of interconnected designareas, decision theory and theory of game, information in design, design analysis.
 Product Design: Industrial design perception form, clarity and balance lettering colouring,controls and panels form design industrial plants piping, effect of design on cost, Factorsaffecting product design, Requirements of a good product design, Design specifications anddrawings, Product planning, Feasibility studies.
 Value Analysis: Concept of value analysis meaning and analysis of functions. Patentsstandard and codes, contract negotiation.
 Geometric Dimensioning & Tolerances: Geometric Dimensioning. Form Controls: flatness,straightness, circularity and cylindricity. Orientation Controls: perpendicularly, angularityand parallelism. Location Controls: position and concentricity. Runout Controls: circularrunout and total runout. Profile Control: profile of a line and profile of a surface.
 Techniques for Design Optimization: The Mathematical Programming Problem; Global &Local Solutions; One Dimensional Linear Search Techniques; Golden Search Technique,& Fibonacci Series. Multidimensional Search Technique; Problem Analysis & EmpiricParameter Reduction; Variance Analysis as an Aid to Problem Solving.
 ME 502 Advanced Stress Analysis
 Introduction: Analysis of stress and strain, Review of relation for various types of stresses,Equations of equilibrium, Boundary conditions and Principal stresses. Generalized Hook?slaw, boundary value problems of Linear Elasticity.
 Elasticity applications: Thick tube, Stress concentration due to a Circular Hole in a stressplate, Concentrated load acting on the vortex of a Wedge and Concentrated Force actingon the Free Surface of a Plate.
 Elastic-plastic Structures: The occurrence of fracture and the Inadequacies of conventionaldesign concepts. Types of fractures that occur under uniaxial tensile loading. The physicalsignificance of fracture toughness. The role of dislocations in plastic deformation of singleand polycrystalline materials.
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 ME DONEContact / Thermal Stresses: Application of Contact Stresses to mating of gear teeth, shaftin a bearing and ball and rollers in bearings. Thermal stresses and thermal strains; applicationsto turbines and pipes carrying hot fluids.
 Viscoelasticity Analysis: Types of time dependence superposition, Boltzmann's integral,Differential from, in phase and out of phase components. Laplace transforms and relationshipbetween viscoelastic parameters. Model materials Maxwell Voigt, and standard linear solid.
 ME 503 Computer Aided Design (CAD)
 Fundamentals of CAD: Introduction, the design process, application of computers for design,creating the manufacturing data base, benefits of CAD. Computers, Input / Output Devices,Storing an Image.
 Geometric Modeling: Geometric Modeling Techniques: Multiple-View Two DimensionalInput, Wire Frame Geometry, Surface Models, Geometric Entities: Points Lines, Surfaces,Solids, Tesselated Modeling, Cubic Curves: Hermite Curves, Bezier Curves, B-SplineCurves, Bicubic Surfaces: Hermite Surfaces, Bezier Surfaces, B-Spline Surfaces. SolidModelers: Solid Modeling Construction Technique: Pure Primitive Instancing (PPI), SpatialOccupancy Enumeration (SOE), Cell Decomposition (CD), Sweeping (S), ConstructiveSolid Geometry (CSG), Boundry Representation (BREP), Euler Formula , Solid ModelerStorage Data Bases, Feature Recognition, Feature-Based Design Using CSG Construction,Using a BREP for Part Interpretation; Data Transfer Standards.
 Computer Graphics: Computer Graphics and the Part Model: Interactive Graphics, Graphicsin CAD, Two-Dimensional Graphics, Two-Dimensional Transformations, Three-DimensionalGraphics, Three-Dimensional Transformations, Composite Transformations in ThreeDimensions, Projections, Realistic Image Generation.
 Concurrent Engineering: Key Definitions; Driving Forces Behind Concurrent Engineering;The Meaning of Concurrent Engineering; Schemes for Concurrent Engineering: AxiomaticDesign, DFM Guideline, Design Science, Design for Assembly, The Taguchi Method forRobust Design, Manufacturing Process Design Rules, Computer-Aided DFM, GroupTechnology. Failure-Mode and Effects Analysis, Summary of Concurrent Engineering Tools.
 ME 504 Finite Element Analysis
 FEA of One-dimensional Problems: Introduction: Basic Steps in FEA; Modelling,Discretization, Connectivity of Elements, Imposition of Boundary Conditions, Solutions& Post Processing; Applications to Heat Transfer, Fluid Mechanics, & solid MechanicsProblems.
 Bending of Beams: Euler-Bernoulli Beam Element, Governing Equations, Application ofFE on Beam, Beam Examples, Plane Truss Element, Frame Element, Timoshenko Beam& Frame Element, Inclusion of Constraint Equations.
 Finite Element Error Analysis: Approximation Errors, Various Measures of Errors,Convergence of Solutions, Accuracy of Solutions.
 Numerical Integration & Computer Implementation: Isoparameteric Formulations, NumericalIntegrations, Natural Coordinates, Computer Implementation (Pre-processor, Processor,Post-processor).
 FEA of Two-dimensional Problems: Introduction; Single Variable Problems; BoundaryValue Problems; Model Equations, Discretization, Weak Form, Finite Element Model,
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 Assembly, Solutions & post processing; Mesh Generation; Imposition of Boundary Conditions;Applications; Parabolic Equations; Hyperbolic Equations.
 Interpolating Functions, Numerical Integration & Modelling Considerations: InterpolatingTechniques; Triangular, Rectangular, & Serendipity Elements; Coordinate Transformation;Integration on a Master Element; Modelling, Mesh Generation, Load Representation.
 Plane Elasticity: Assumptions of Plane Elasticity; Basic Equations, Weak Formulations;Principle of Virtual Displacement in Matrix Form; Finite Element Model, Matrix & WeakForm Model; Evaluation of Integrals.
 Bending of Elastic Plates: Classical Plate Model; Finite Element Model; Shear DeformablePlate Model; Displacement field, Virtual Work Statement; Shear Locking & ReducedIntegration; Introduction to Time Dependent Problems; Computer Illustrative Examples.
 ME 505 Mechanical Vibrations
 Fundamentals of Mechanical Vibrations: The use of Newton's law and of Lagranges equationfor setting up equations of motion. Techniques for linearisation and vector presentation.Use of energy methods for obtaining a simple analytical model, estimation of the equivalentstiffness and the effective mass or inertia. Use of generalized coordinates. The setting upof a dynamic model based on calculated or measured structural static deflections. Beamand plate vibration. The dynamics of foundations. Coupled modes of vibration.
 The dynamic response of real systems to different types of inputs. Energy dissipation instructures, analytical models for different damping systems, the in-phase and quadraturemodule, the loss factor and equivalence with other expressions describing damping. Typicalvalues and methods for measuring the effective loss factor. Frequency locus plot, mobilityand receptance methods applied to multi degree of freedom systems. Response to impact,limitation of the hysteretic damping model, the Duhamel integral, Properties of materialsexposed to shock. Non-dimensional equations of motion, vibration testing, types of vibrationgenerators.
 Random Vibrations: Introduction to random processes. Frequency decomposition distributions.Ensemble averages, means and autocorrelation. Frequency decomposition of stationaryprocesses. Fourier transforms and spectral density. Properties of narrow band Gaussaindistribution. Response of mechanical systems to random vibration. Theories of fatigue dueto random vibration. Aspects of design criteria and test specifications, environmentalmeasurement and testing.
 Vibration Measurement & Signature Analysis: The need of measurement of vibrationphenomena and for methods of analyzing measured data to extract useful informationconcerning the test structure. Different types of vibration measurement and their applications.Major forms of vibration transducers, methods of operation and limitations. Fourier (orspectral) analysis as a means of interpreting complex vibration behavior harmonic, periodic,random and transient Fourier analyzers. Measurements of structures frequency responseproperties. Analysis of these data to extract basic properties of natural frequency, modeshapes and damping factors.
 ME 506 Acoustics
 Fundamentals of Acoustics: Basic law of acoustics, sound power, sound pressure level(SPL) direct radiation, reflection coincidence frequency transmission loss. Units for SPLand for loudness, effect of exposure time. Leg methods of measurement. Range of perceptionof the human ear, permissible levels, legislation, infra-sound. Noise sources and reductionof noise at source, design and performance evaluation of the mass law, silencers, activenoise control (anti-noise).
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 Analysis of Noise Sources and Vibrations: Lagrange equations, wire, rod, beam, platevibrations, response of continuous elastic bodies to arbitrary force systems, numericalsolutions, nonlinear vibrations. Random and nonlinear vibrations, random motion, responseof random excitation. Cumulative fatigue failure, self excited vibration, nonlinear singedegree distributed systems. The dynamic of foundations. Coupled modes of vibrations.
 Energy Dissipation and Noise Control: Energy dissipation in structures, analytical modesof different damping systems. Theory and application of acoustical principles of generation,transmission, measurement and controlled of sound and aircraft, appliances, machines andbuildings.
 ME 507 Power Plant Design
 Introduction to Power Plant Design: Design problems covering loads, cycles and equipmentfor modern power generation, including combustion to nuclear power.
 Internal Combustion Engine Plants: Analysis of performance and operating characteristicsof automotive engines, combustion, ignition, fuels to lubrication and emissions.
 Steam Turbine Power Plant: Principles of design, interaction of various units, fuels, emission.
 Gas Turbine Power Plant: Principles of design, interaction of various units, fuels, emission,combined cycle plants.
 Emission and Pollution Control: Analysis of emanating gas and pollutants from varioustypes of plants, changes in emission caused by the operating variables, engineering aspectsof pollution control.
 ME 508 Kinematics & Rigid Body Dynamics
 Fundamentals: Classification of mechanisms, constraints and degrees of freedom; kinematicsof rigid body in respect of finite displacement of rigid body; matrix methods for describingdisplacements. Linkage mechanism design: synthesis of a plane four bar linkage for correlatedcrank displacements (Freudensteins method); coupler displacements specified; variousstraight line motions. Euler Savary equation; cognate mechanisms (Roberts Theorem); useof inflexion circle for simple planar mechanism design.
 Rigid Body Dynamics: Three-dimensional kinematics; angular momentum and the inertiamatrix, Eulers and Largranges equations for the general motion of a rigid body, kinematicsand dynamic analysis of linkage mechanisms. Application of the mechanical design ofmanipulators.
 Matrix Analysis Applied To Dynamics: Formulation of equations of motion in matrix formatand generalized coordinates; properties of the mass and stiffness matrices coordinatetransformations, principal coordinates; eigenvalues and elgenvectors (determination andproperties). Matrix solutions to undamped and damped free and forced vibration problems,including modal superposition. Receptance and mechanical impedance matrices and theirapplication to complex systems formed by the assembly of subsystems, substructure methods.
 ME 511 Materials Science
 Polymeric Material: High performance fibre, high performance elastomers, high performancecoatings, special polymers, moderately high polymers, engineering polymers. Materialsdevelopment and modification, multilayer and adhesive technology will also be part of thiscourse. Physical and chemical testing of polymers.
 Fundamentals of polymers: Molecular structure, polymerization processes, morphology ofpolymer molecules, plasticisers and fillers. Composition and characteristics of principal
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 types of polymers, convention constant rate of elongation test, creep tests, isochronouscurves and other forms of data presentation, strain recovery and stress relaxation, anisotropyof properties time-dependence of strength and creep rupture, durability under cyclic loadingBS impact tests.
 Fracture of Polymers: Fundamentals of fracture mechanics, Application of fracture mechanicsto polymers, KC determinations KC crack speed curves instability, environmental effectsimpact testing, application to practical problems.
 Composites: Composite materials compared with conventional materials, fibre and matrices,composite mechanics, elastic properties, failure processes, failure at notches, notch sensitivityand fracture energy. Fatigue and failure of composite materials. Deterioration of propertiesowing to environmental conditions, hybrid composite materials, manufacturing the by handlay-up, preparing specimen for mechanical testing, Burn off tests to determine fibre volumefracture.
 Categories of composites. Properties of glass and other fibers. Matrix materials Compositesas monotropic membranes. Mathematical models of stiffness of composites based onmechanics of materials and energy considerations. Elasticity of anisotropic materials.Strength of composites. Outline of methods of manufacturing composites and of theirapplications.
 ME 512 Fracture Mechanics
 Fatigue & Fracture: Cyclic stresses, minimum and maximum stresses, and stress ratio.Soderberg and Goodman Criteria. Fatigue at high temperature. Ductile and brittle fracturein steel. Crack initiation, crack growth, crack propagation. Crack propagation laws. GriffithTheory of fracture , stable and unstable crack propagation. Crack nucleation and effect ofnotch size on crack propagation.
 Fracture Behavior of Metallic Materials: Temper embattlement of 9% Cr steels. Flackgraphite cast iron. Fracture Behavior of pearlitic steels. Fracture resistance of high alloytool steels. Advanced welding design. Power sources plates, stability, plastic design, undersea water welding, laser welding.
 Non Destructive Testing: Ultrasonic eddy current, acoustic emission, interflowmativeholography.
 Dislocation theory and applications: Elastic theory, types, sources, motion, interaction ofdislocations. Stress fields and stress energies, partial dislocations and stacking faults,principle of work hardening. Dislocations mechanism.
 Alternate and alternately activated flow, deformation mechanism. Stress theory process,solid solution and dispersion hardening effect of impurity colours ordering phenomena,diffusion controlled process.
 ME 513 Creep
 Introduction: Primary and secondary creep. Stress dependence of creep, Temperaturedependence of creep and Time dependence of creep. Mode of creep deformation. Dislocationglide and Dislocation climb. Role of grain boundaries during creep deformation.Creep Theories: Relative creep strengths of engineering materials. Creep under variablestress and temperature conditions, mechanical equations of state.
 Application to Design Problems: Creep under complex stress loading equivalent stress andstrain criteria; application to practical problems.
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 ME 514 Advanced Metallurgy
 Physical Processing of Metal: Simulation of the role of continuous casting fluxes, Extrusionof Cu alloys, Production of Al Mg alloys from the powder phase. Deformation of austeniticstainless steel, Extrusion of Al-Mg-Si compacts. Extrusion of Al-Mg alloys, Rolling of Al-Mg alloys, deformation of flow and pressure requirements for the extrusion of Al-Cu-MnMg shapes, The preparation of high modulus low density engineering materials from rapidlysolidified powders, Factors controlling the production of tubular shapes from rapidlysolidified materials, Engineering materials prepared from rapidly solidified powders usingthe conform process.
 Phase Transformations: Precipitate dissolution in aluminum alloys, Grain boundaryprecipitation and toughness in Al-Li-x alloys, Constitutional effects of platinum groupsmetals and refectory metals in nickel based superalloys, Precipitation effects in nickel basedalloys containing Mo and W, high temperature titanium alloys, Phase equilibria in recycledmartensite formation in titanium alloys.
 Structural Aspects of Metals: Microstructure and microchemistry development in alloys,Effect of microstructure on the wear, erosion and mechanical properties of Silceram glass-ceramics, High temperature plasticity and dynamics of recrystallisation in polycrystallinemetals, minerals and analogues, The effect of second-phase particles on high temperaturedeformation, creep fatigue of nimonic alloys, Automated determination of diffraction patternsand textures in the transmission electron microscope, The effects of process variables onthe microstructure and toughness of Al-Li based alloys, Microstructure and mechanicalproperties of triballoys.
 Corrosion: Protective coatings for steels in sulphide environments, Properties of metalliccoatings, Oxidation and hot corrosion in metals of industrial importance, Laser and othermethods of surface treatment for marine corrosion protection.
 ME 521 Automation & Controls
 Production Operations & Automation Strategies: Automation defined; Types of automation;Reasons for automation; Manufacturing industries; Types of production; Functions inmanufacturing; Organization & information processing in manufacturing; Plant layout;Production concepts & mathematical models; Automation strategies.
 Automotive Type Automation: Automated flow lines; Methods of workpart transport;Transfer mechanism; Buffer storage; Control functions; Automation for machining operations;Design & fabrication considerations; General terminology & analysis; Analysis of transferlines without storage; Partial automation; Automated flow lines with storage buffers;Computer simulation of automated flow lines.
 Assembly Systems & Line Balancing: The assembly process; Assembly systems; Manualassembly lines; The line balancing problem; Methods of line balancing; Computerized linebalancing methods; Flexible manual assembly lines; Types of automated assembly systems;Parts feeding devices; Analysis of multi-station assembly machines; Analysis of a singlestation assembly machine.
 Computer Assisted Optimal Control: Structural model of a Manufacturing process; Steadystate optimal control; Adaptive control; On-line search strategies.
 Computer Process Control: The computer-process interface; Interface hardware; Computerprocess monitoring; Types of computer process control; Direct digital control; Supervisorycomputer control; Programming for computer process control.
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 ME 522 Computer Aided Manufacturing (CAM)
 Conventional Numerical control: Introduction, basic components of an NC system, the NCprocedure, NC coordinate systems, NC motion control systems, applications of numericalcontrol, economics and justification.
 NC Part Programming: Punched tape in NC, tape coding and format, manual part programming,computer assisted part programming, the APT language, NC programming with interactivegraphics, voice NC programming, manual data input, APT word definitions.
 Computer Controls in NC: Problems with conventional NC, NC controller technology,computer numerical control, direct numerical control, adaptive control machining systems,trends and new developments in NC.
 Group Technology and FMS: The role of group technology in CAD / CAM integration;Methods for developing part families; Classification and Coding: Hierarchical code, Attributecode, Hybrid code, Selecting a coding system, Development your own coding system;Coding systems: OPITZ coding system, MICLASS coding systems; Facility design usinggroup technology; Cell design; Economic modeling in a group technology environment:Production planning cost model, Group tooling economic analysis; Economics of grouptechnology: Benefits in Design, Benefits in manufacturing, Benefits to management, Grouptechnology advantages / disadvantages summarized. Introduction to FMS, FMS workstations,materials handling and storage system, computer control system, planning the FMS, analysismethods for FMS, application and benefits.
 Process Planning: The role of process planning in CAD / CAM integration, Approaches toprocess planning: Manual approach, Variant approach, Generative approach; Process planningsystems: CAM-I automated process planning (CAPP), DCLASS, Computer Managedprocess planning (CMPP), Machinability data system.
 ME 523 Operations Research
 Linear Programming: Formulation, Graphic solution, Assumptions of LP, The Simplexmethod, Equality constraints, Inequality constraints, Negative RHS, Duality theory, Primaland dual problems.
 Special Types of LP Problems: The transportation problem, Production scheduling, North-west corner rule, Vogel's approximation method, Russell's method, Transshipment problem,Assignment problem, Goal programming, Sensitivity analysis, Parametric programming,Dynamic programming, Integer programming. Queuing Theory: Basic Queuing process,the birth and death process, Basic model with infinite and finite queue, Limited input source,Priority Queuing model.
 Inventory Control Theory: Deterministic Models: Continuous review-uniform demand,shortages permitted, Quantity discount- shortages not permitted.
 Stochastic Models: Single- period model with no setup cost, Model with initial stock level,Single- period model with setup cost, Two- period inventory model with no setup cost.
 ME 524 Reliability & Quality Engineering
 Reliability Measures: The reliability Function; Expected Life; Failure Rate and HazardFunction; Reliability and Hazard Function for well known Distributions such as Exponentional;Normal, Log Normal, Weibull, and Gamma Distributions; Hazard Models and Product Life;Constant Hazard Function, Linearly Increasing Hazard Function, Piecewise Linear BathtubHazard Function, Power Function Model, Exponential Model.
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 Static Reliability Model: Series System, Parallel System, Series & Parallel Combinations,Complex System Analysis, Reliability Considerations in Design.
 Reliability Engineering Design: Reliability Design Methodology, Strength and StressDistributions, Safety Factors and Reliability, Reliability Bounds in Probablistic Design.Transformation of Random Variables. Sums and Differences of Normal Random Variables,Error Analysis, Statistical Tolerancing.
 Interference Theory and Reliability Computations: General Expression for Reliability;Reliability Computations for Normally, Log Normally, Exponentionally, Gamma andWeibully Distributed Stress and Strength; Reliability Design Examples.
 Reliability in Design and Testing: Dynamic Reliability Models, Reliability Estimation,Sequential Life Testing, Bayesian Reliability in Design and Testing, Reliability Optimization.
 Control Charts: Properties of the distribution of sample means, sample range estimation ofstandard deviation, chance and assignable causes, control charts for mean & range, controlcharts for mean & standard deviation, control charts for proportion defective & defects perassembly. Tests of significance to compute confidence limits.
 Acceptance Sampling: Introduction, OC curve, consumer & producer risks, AQL & LTPD,acceptance sampling for continuous production, acceptance by variables, single, double,& sequential sampling.
 Quality, Reliability, & Maintainability: Definitions, management of quality control, economicaspects of quality decisions, capability & variability analysis, various aspects of life testing,reliability, & maintainability, Introduction to ISO 9000, and ISO 14000.
 ME 527 Human Factor Engineering
 Introduction: Scope of Ergonomics, Human operator as system components; physical sizeand shape dynamics, anthropmetry, sources and application of energy input sensitivity,central processing capacity, input characteristics, environmental effects, heat and vibration,lightning and noise. Techniques in human factor studies; the assessment of physical activity,subjective assessment technique, methods of work analysis.
 Design Requirements: Interface design; space requirements and layout visual presentationof information, auditing presentation of information, machine dynamics, control design,environmental factors, jobs aids, System evaluation.
 ME 541 Advanced Thermodynamics
 Classical Thermodynamics: Lagrange multipliers, homogeneous functions, Gibbs Phaserule, real gases, mixtures, first, second, and higher order phase transitions; Third law,Thermodynamics of irreversible pressure: Statistical thermodynamics, Onsager relations;kinetic theory; Transport processes; ideal gas properties at high temperatures.
 Combined Cycles: Combinations of thermally independent systems, thermally interdependentsystems, reciprocating engine, and gas turbine combinations.
 Aircraft and Missile Propulsion: Basic propulsion systems, forces resulting from fluidacceleration, propulsive efficiency, turbojet, turbo-fan, turbo-propellers, and thrustaugmentation, ram-jet and pulse-jet engines, rockets.
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 I. C. Engines, Compressors, and Turbines: Application of thermodynamics to I. C. Engines,Compressors & Turbines. Maximum obtainable efficiencies.
 ME 542 Energy Management
 Introduction: The role of energy manager. Attitudes to energy efficiency, the objective ofenergy management, priorities, and strategies.
 Plant control, Burner control unit, compensator and optimiser, control and use of an energymanagement system.
 Monitoring: Remote monitoring and out-station operation, degree days performance linesand targeting, Audits, Environmental, energy and social.
 Energy Modeling & Forecasting: Data on energy resources, and reserves and relation ofresources to future options. Energy demand models prices and elasticities, concepts ofeconomic growth, energy gape concepts, operation research techniques in energy modeling.
 Energy Transmission & Utilization: Quality and economics criteria in selection of energyequipment and processes.
 Waste Heat Recovery System: Thermal wheels, heat pipes, turbo expanders, heat pumpsand the co-generation of heat and power for both heating and cooling systems. Design andbalance of total energy systems.
 Energy Resources: Fossil and derived fuels, exploration and production techniques. Renewalfuels, solar radiation wind power, wave and tidal energy, bio-fuels, geo-thermal, refusedriven.
 Solar Energy Conversion Systems: Solar energy and its conversion for use of society,fundamentals of solar radiation, solar collection and thermal conversion systems. Components,economics of solar power.
 ME 543 Combustion Engineering
 Principles of Combustion: Thermochemistry, equilibrium, chemical kinetics, flame temperature,flame velocity, flame stability, diffusion flames, spry combustion, detonation, equations ofmotion including reaction, heat and diffusion.
 Application of Combustion: Discussion of combustion problem including pollution fireexplosion hazards furnace combustion chambers combusters for reciprocating engineersjets and rockets.
 Boiler: Modular sectional and condensing types, burners for fuel, gases liquid and solidfuels and part load characteristics, safety supply, storage, solid fuel storage, mechanicalhandling, automatic stockers and ash disposals. Fuels and chimney natural and forceddraught operation with and without acid condensation. Flue dilution systems, gas analysisfor efficiency and pollution monitoring. Control application and feed back the theory toproduce practical systems for plant and zone / emitter output controls on off. Step andanalogue controls, centralized systems and modern computer control using optimization,self adaptive and self tuning conditions and energy monitoring. Standard, legal aspects,codes of practice for design, installation, operation, insurance and safety.
 Environmental Issues: Flue emissions, CO, CO2 , NOX , particulars and combustibleemissions, acid, rains, asbestos removal.
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 ME 544 Advanced Heat Transfer
 Conduction: Review of analytical methods in heat conduction, melting and freezing, sourcesand sinks, anisotropic and composites media, numerical methods for steady and unsteadystate problems. Numerical methods for solution of steady and unsteady state conductionproblems.
 Convection: Analysis of isothermal and non-isothermal boundary layers. Exact andapproximate solution of laminar and turbulent flow, variable property and high speed effect,the dimensional analysis. Navier-Stokes equations numerical solutions by velocity andtemperature fields in boundary layers of simple and complex shapes.
 Radiation Heat Transfer: Radiation properties; black body radiation, shape factor of radiations,net work analogy, and solar radiation.
 ME 545 Renewable Energy
 Biomass Resources and Conversion: Biomass resources and use for energy. Directcombustion; stove and furnace design Thermochemical conversion; pyrolysis (Charcoal),gasification, liquid fuels. Biochemical conversion; anaerobic digestion, fermentation toalcohol. Physical processing; briquetting, Combustion process. Use of biomass derivedfuels in engines.
 Hydro Resources (Micro-Hydropower and Pumps): Active and passive components inhydraulic systems and energy transfer. Hydraulic machine types; positive displacementand rotodynamic. Affinity laws and specific speed related to rotodynamic machines, Miniand micro hydro. Turbine types. Pumps run as turbines. End use applications. siteevaluations. Hydrological information. Specific aspects of plant design and installation.Water powered pumping devices. Free current water wheels and turbines. Hydraulic rampumps. Electrical machines.
 Solar Energy Resources and Conversion: Solar radiation: passage through the atmosphere;geometry; amount available on earth; solar data. Solar thermal collectors: glazing, evacuation,selective surfaces, concentrators. Solar thermal applications: water and space heating;solar ponds, dryers; distillation. Principles of photovoltaic cells, batteries and inventors.Photovoltaic systems and applications: system sizing; water pumping; lighting and domesticsystems; refrigeration.
 Wind Energy Resources and Conversion: Wind statistics: wind velocity duration distribution. Historical overview. Horizontal axis and vertical axis wind turbine types. Actuator discmodel. Betz performance limit. Effects of solidity, tip speed ration and lift / drag ratio.Practical design considerations. Energy output and its dependence on rated wind speed.Shut down speed. Electricity generating wind turbines and their system integration.
 ME 546 Energy Planning
 Energy Economics and Planning: Energy economics. The nature and causes of the energyproblems. The magnitude of the problems: present and future. Demand-side issues:determinants; interfueld substitution. supply-side issues: commercial energy determinants;traditional energy determinants; externalities. Policy issues: pricing policies; distributionissues; energy balances; formulation and execution.
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 National energy statistics. Definitions of primary, secondary, delivered and useful energy. Problems of interpolation and comparison of energy statistics.
 Rural Energy Planning: Patterns of energy demand and supply. Socioeconomic aspects ofenergy use. Survey methods. Identifying potential solution to needs. Matching solutionsto needs. Project planning, monitoring and evaluation.
 Financial Evaluation Projects: Project analysis and financial appraisal: discounted cashflow. concept of time preference discount rates. Inflation and interest rates. Projectevaluation in terms of present values and internal.
 ME 547 Advanced Air-Conditioning & Refrigeration
 General: In-door design conditions, outdoor air design conditions, heat gains, heat losses,air diffusion, supply and extraction air flow rates. Advanced psychometry applied tomultizone air conditioning system. Mathematical modeling, computer simulations. Systemusing 100% outdoor air re-circulations, year round operation of plants, free cooling systemszone and effect of ventilation requirements. Compression of systems including variable airvolume, dual duct induction unit, fan coil unitary heat pump system, self-contained units,Thermal storage. Water steam and ultrasonic types, Legiorznarivies disease and humidifierfever, water treatment.
 System Analysis: Heat recovery system efficiency, thermal wheel (regenerator), heat pipes,parallel plate heat exchanger, run around systems; heat pumps. Building fabric heat gainsand heat loses. Solar heat gains, glazing types of glasses, transient heating and cooling ofbuilding. The structure as climate modifier summer time temperature. Ducted air systems,pressure losses and duct sizing procedure. Layout considerations. Smoke and fire preventions.Fan types, characteristics and fan laws. Fan noise and energy consumption. Controlapplications to system, sensing elements, controllers and converting units. Transient analysisof feed back systems. Frequency response analysis system identifications. Stability analysisand compensation Modern Control Theory. Energy consumption Equivalent hours of fullload operation. Bin method of predicting annual energy consumption. Variations in systemefficiency. Load diagrams and scheduling.
 Refrigeration: Review of refrigeration plant for domestic commercial and industrialapplications. Variable refrigerant volume air-conditioning system. New development useof alternative compounds. Design for minimum refrigerant quantity refrigerant recovery.Energy efficiency refrigeration cycle, design and influence on reliability. Oil transportationaround the system and oil recovery. The application of low and high pressure receiverscompensating chambers. Cascade and multi-stage refrigeration system. Multi evaporatorand multi compression system. Rising liquid and suction mains cross connection refrigerantliquid level controllers. Control of plants.
 Analysis of Cycles: Vapor compression, lithium bromide / water, water / ammonia solutions,compression with vapor compression system, thermodynamic cycles applied to food andprocess refrigeration low temperature processes.
 Vapor Compression System Analysis: Balance points and system simulation, compressorand condenser performance, condensing unit, graphic and simulation, mathematical analysis,evaporator performance.
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 ME 548 Advanced Fluid Mechanics
 Fluid Dynamics: Laminar and turbulent boundary layer flow with and without heat transfer,boundary layer separation stability transition and control.
 Kinematics and dynamics of flow of continuous media, Navier-Stokes equation, simplification,exact and approximate solution. irrational of hydrodynamics stability, turbulence, free shearflows, chemical reactions, and shock expansion.
 Rotating Fluid Machinery: Aero dynamics of compressors & turbines, subsonic, transonicand supersonic flow characteristics, secondary flow and stall stability, components matchingof total nondimensional representation of performance.
 ME 549 Desalination
 Desalination Science: Revision courses in Fluid Mechanics, Heat Transfer, Thermodynamics,Chemistry, Introduction to desalination process basic. (Reverse Osmosis, Electrodialysis,Distillation etc.)
 Distillation Engineering: Thermal distillation process, Multistage Distillation Process (MS F), Multiple Effect Boiling Process (MEB) Thermal Vapor Compression Process (TVC),Mechanical Vapor Compression Process etc. Solar desalination; Freeze Desalination Process.
 Membrane Process Engineering: Reverse Osmosis process, Ultrafiltration process,Pervaporation; Electrodialysis process, Feed treatment, Post treatment. Prevention andmembrane distillation process, Corrosion problems in desalination. Instrumentation &Control, fouling, material selection, Industrial practice, Computing.
 ME 550 Numerical Methods in Heat Transfer
 Methods of prediction: Experimental investigation and analytical methods; their limitationand strength.
 Equations governing transport phenomena: Energy equation, mass conservation equation,momentum equation, K-dissipation equation, Physical meaning of parabolic, elliptic andhyperbolic equations.
 Discretization methods: Introduction to method of deriving discretization equations; controlvolume formulation; numerical solution of heat conduction problem; steady and un-steadyone dimensional conduction; two and three dimensional problems; solution of algebraicequation; relaxation.
 Convection and Diffusion: Different schemes in comparisons to exact solution; discretizationone; tow and three dimensions; boundary condition; false diffusion.
 Calculation of the flow filed: Need for a staggered grid; pressure and velocity corrections;SIMPLE and SIMPLER algorithms; different applications.
 ME 551 Introduction to Computational Fluid Dynamics
 Review of Fluid Transport Equations: Continuity Equation, Momentum Equations, VorticityTransport Equation, Stream Function Equation, Heat and Mass Transport Equations,
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 Turbulence Transport Equation.
 Classification and Application of Partial Differential Equations: Elliptic, parabolic andhyperbolic partial differential equations, Laplace Equation, Heat Equation, Wave Equation,Burger�s Equation.
 Methods of Discretization of Partial Differential Equations: Taylor Series Expansion,Polynomial Curve Fitting, Galerkin�s Integral Method, Control-Volume Method.
 Error Analysis: Truncation Errors, Round-off Errors, Aliasing Errors.
 Stability Analysis and Convergence: Discrete Perturbation Stability Analysis, Von NuemannStability Analysis.
 Numerical Solution Methods: Explicit and Implicit Methods, Upwind Differencing, PowerLaw and Hybrid Differencing. The SIMPLE scheme, The QUICK scheme.
 Grid generation, types and grid refinement: uniform, non-uniform, simple, staggered andboundary-fitted grids.
 Implementation of Boundary Conditions: Numerical Treatment of Dirichlet, Nuemann, andMixed type boundary conditions.
 Implementation of Boundary Conditions: Numerical Treatment of Dirichlet, Nuemann, andMixed type boundary conditions.
 Hands on experience with CFD software.
 ME 552 Turbulence Modeling
 Introduction to Turbulence: Observation of different turbulent Flows, Characteristics ofturbulent flows, Turbulent wall-bounded flows, Turbulent free-shear flows, Turbulentequilibrium flows, Near-wall region, Turbulent flows and drag reduction.
 Mathematical Background Review*: Tensor Operations, Fourier-transformation, Buckinghamtheorem.
 Continuum Mechanics & Turbulence: Balance equations, Transport equations of turbulentflows, transport equation for velocity field, transport equation for scalar field.
 The Eddy Viscosity concept: Boussinessq Analogy, The eddy viscosity, short-coming ofeddy viscosity concept
 Zero Equation Models: Prescribed Eddy viscosity, Mixing-length hypothesis, Pro & consof zero equation model
 One Equation Models: Exact equation for k, Modeled equation for k, Determination ofmodel coefficients, specification of mixing length
 Scalar-flux models: The turbulent Prandtl number, scalar-flux transport equation, algebraicscalar-flux models, introduction to advanced models and use of CFD codes.
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 TE 505 Advanced Statistics
 Probability Distributions & Transformation of Variables: Uniform, Binomial, Hypergeometric,Poisson, Normal, Exponentional, Chi-square, F, & T distributions: Random sampling:Sampling distribution of mean; Central limit theorem.
 Statistical Inference & Hypothesis Testing: Confidence & significance level; Sample sizedetermination; Point & interval estimates; Interval estimates for population mean, populationstandard deviation, & population proportion. Type I, & type II errors; One tail & two tailtests; Tests concerning means & variances.
 Linear & Multiple Linear Regression & Correlation: Simple linear regression; Propertiesof least square estimates; Confidence limits & tests of significance; Choice of a regressionmodel; Correlation. Estimating the coefficients; Adequacy of the model.
 Analysis of Variance: One way classification; Tests for the equality of several variances;Single degree of freedom comparisons; Multiple range test; Comparing treatment with acontrol; Comparing a set of treatments in blocks; Randomized complete block design;Random effects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments; Two-factor analysis of variance; Three-factor analysis; Choice of sample size.
 2k Factorial Experiments: Yate's technique for computing contrasts; Factorial experimentsin incomplete blocks; Fractional factorial experiments; Analysis of fractional factorialexperiments.
 EM 504 Project Management Framework and Tools
 Role of projects in organization�s competitive strategy; Standard methodologies for managingprojects; Project life cycle; Design-Implementation Interface; Estimation: preliminary anddetailed; Contractual risk allocation; Scheduling: PBS; WBS; Integration of scope, time,resource and cost dimensions of a project; Evaluation of labour, material, equipment andsubcontract resources; Scheduling techniques including CPM/PERT, GERT, critical chain;Cash flow analysis; Earned value analysis; Cost control; Proposal presentation; Applicationof software of project management (MS Project, P3).
 MS 552 Applied Mathematics-II
 Analysis of Variance: One way classification; Tests for the equality of several variances;Single degree of freedom comparisons; Multiple range test; Comparing treatment with acontrol; Comparing a set of treatments in blocks; Randomized complete block design;Random effects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments; Two-factor analysis of variance; Three-factor analysis; Choice of sample size.
 2k Factorial Experiments: Yate's technique for computing contrasts; Factorial experimentsin incomplete blocks; Fractional factorial experiments; Analysis of fractional factorialexperiments.
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 MS 553 Computer Applications
 Hardware: Basic structure of a digital computer; CPU; Types of memory; Input/Outputsection; Data representation; Binary numbering system; Peripheral devices.
 Software: Computer programming languages; Machine language; High level languages;operating systems; virtual storage; Time sharing; Distributed processing.
 Role of Computers in Engineering: Applications of computers in engineering problemsincluding design and simulation. Use of Computer Aided Engineering software &Mathematical modeling.
 Hierarchy of computers; Local area networks; Manufacturing automation protocol;Management information system; Manufacturing data base; Functions of a manufacturingorganisation; Hierarchical computer control concept.
 MC-501 Electrical and Electronic For Mechanical Engineers
 DC Analysis: Kirchhoff Laws, Mesh and Nodal Analysis, Network Theorems: Superposition,Thevinin�s and Norton's, Capacitor and Inductor, First and Second-order Networks.
 AC Analysis: Circuit Analysis, Single and Three-phase Systems, Real Power and ReactivePower, Power Factor and Correction.
 Diodes and Transistors: P and N-type Semiconductor, Diode Applications & Special PurposeDiodes, Transistor Structure and Operation, Bipolar Junction Transistors (BJT) basedAmplifiers, BJT as a Switch, Field Effect Transistor (FET) Structure and Operation, FETbased Amplifiers, FET as a Switch, Operational Amplifier and Applications.
 Digital Systems and Applications: Number System and Logic Gates, Combinational logiccircuits and functions, Flip Flop-Counters & Registers, A/D & D/A Conversion and differentApplications.
 MC-502 Introduction to A.I & Computer Architecture
 Types of Intelligence, AI concepts and techniques, AI Programming Languages, LISP,Prolog, predicate calculus, automated reasoning. Knowledge representation with emphasison Expert Systems, Searching Algorithms, search and optimisation, heuristic searchparadigms, game programming.
 Components of a Computer System: CPU: ALU and Control Unit, Visible ProcessorArchitecture, Internal Registers, Cache and Main Memory Overview, I/O Subsystem,Programmed and Interrupt Driven I/O, Direct Memory Access, I/O Channels and I/Oprocessors, Microprocessor as building block of a computer.
 MC-511 Sensors & Actuators
 Sensing Principle: Introduction to Sensing, Static and Dynamic Characteristics of Sensors,Motion and Dimensional Sensors, Force, Torque, and Power Sensors, Pressure, Fluid Flowand Temperature Sensors.
 Electrical Actuators: Electro-Magnetic Principle, Classification of Electrical Actuators, DC
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 and AC Motors Modelling and Drivers, Stepper Motors Modelling and Drivers.
 Hydraulic and Pneumatic Actuators: Description of Fluid Behaviour, Hydraulic Actuatorand System, Pneumatic Actuator and System.
 Selection and Applications of Sensors & Actuators: Technological properties, accuracyand precision, response time, Stability, Cost, Applications in process and other industries,Interfacing of sensing devices and actuators to computer systems.
 MC-512 Computer Aided Mechanical Design
 Introduction to Computer-Aided Design: Engineering design process, CAD/CAM systemconcept, CAD/CAM hardware and software.
 Graphics Concepts: Coordinate transformations (translation, rotation, scaling, and reflection),Projections (parallel vs. perspective, orthographic vs. oblique, isometric), Shading & smoothing.
 Geometric Modelling Systems: Set operations, Constructive solid geometry, Boundaryrepresentation, and solid modelling methods. Representation of Curves: Parametric andfeature-based design, Analytic curves such as line, circle, ellipse, parabola, and hyperbola,Synthetic curves such as cubic spline, Bezier, B-spline, NURBS, Manipulation of curves(segmentation, trimming, blending, offsetting), Re-parameterization of free form curves.
 Representation of Surfaces: Analytic surfaces such as plane, cylinder, sphere, Syntheticsurfaces such as ruled, revolution, bi-cubic spline, Bezier, B-spline, and Coons. Manipulationof surfaces (segmentation, trimming, blending, offsetting), Surface modelling in CommercialCAD software.
 CAD/CAM Data Exchange: Data types and exchange methods (direct, indirect), Neutraldata exchange format (IGES, STEP); Numerical Control: CNC machines and theirprogramming; CAD Applications in Mechanical Engineering.
 MC-513 Control Theory & Systems
 Overview of Classical Control Theory: System Modelling; Transfer Function, Stability,Transient and Steady-State Responses, Frequency Response, Graphical Methods, PIDControl, Lead-Log Control,ÊSystem Identification.
 Digital Control Theory: Sampling, Discrete-Time Modelling, Zero-Order Hold Circuit,Pulse Transfer Function, Response Analysis, Position and Velocity Algorithms, DirectDesign of Digital Control Algorithm.
 State-Space Control Theory: State-Space Modelling and Representation,ÊTransfer Function,Stability, Controllability and Observe-ability, Regulator and Observer Design, CompensatorDesign by the Separation Principle.
 Optimal Control Theory: Linear Quadratic Regulator, Random Processes, Kalman Filters,Optimal Observers, Linear Quadratic Gaussian Control, and Separation Theorem.
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 MC-514 Kinematics & Rigid Body Dynamics
 The Components of Mechanism: Review of Classical Mechanics, Joints, Pairs and Couplings,Mobility, Grashof�s Law.
 Planar Kinematics Analysis and Modelling: Analytical Methods for Kinematic Analysis,Kinematic Analysis of Pin Connected, Slider-Crank and Direct Contact Mechanisms,Graphical Methods, Velocity and Acceleration Analysis by Vector Mathematics.
 Linkage Design: Four Bar Mechanism and Crank-Rocker Mechanism, Drag-Link Mechanism;Designing for Prescribed Velocity or Torque, Function Generators.
 Dynamics of Planar Systems: Static Force Analysis, Planar Dynamic Force Analysis,Methods of Linkage Force Analysis, Force Calculations for Gears and Cams, GyroscopicForces, Dynamic Modelling and Analysis Techniques Using ADAMS.
 Spatial Mechanisms: Mobility, Describing Spatial Motions, Kinematic Analysis of SpatialMechanisms; Manipulator Kinematics: Homogeneous Transformations, Review of RobotKinematics; Trajectory Planning: Joint Space Trajectories Point to Point and ContinuousPath Motion Cartesian Space Schemes.
 Manipulator Dynamics and Control: Lagrange and Newton-Euler Formulation for ManipulatorDynamics, Robot Control, Proportional Integral Derivative (PID) Control, Feed-forwardControl.
 MC-515 Industrial Automation & Robotics
 Principles of Automation: Automation System Components, Discrete ManufacturingAutomation, Continuous Process Automation, Strategy for Automation.
 Programmable Logic Controllers (PLC): Industrial Control Overview, Structure of PLC,Programming Languages for PLC, Boolean Logic for Process Control, Timers, Countersand Other Functions and Applications.
 Digital Communication: Evolution of Factory Communication, Communication Architectures,Open Systems Interconnection, Communication over Public Networks, Description ofSelected Automation Buses and Field bus Architecture and Protocol, Intelligent Sensorsand Actuators.
 Man-Machine Communication: Psychological Considerations, Interface Design Principles,Supervisory Control and Data Acquisition (SCADA); Industrial Robotics: Robots andManufacturing Automation, Robot Geometry, Economic Evaluation and Justification forRobots and Automation.
 MC-521 Advanced Industrial Process Control
 A Review of the Fundamentals of Process Control: On/Off, Proportional, Integral, andDerivative; Cascade Control: Principles and application of cascade control, Software cascadecontroller laboratory; Ratio Control: Principles and application of cascade control, Softwarecascade controller laboratory.
 Dead Time Control: Principles and application of cascade control, Software cascade controller

Page 116
                        

111
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 laboratory; Feed forward Control: Principles and application of cascade control, Softwarecascade controller laboratory.
 Nonlinear Compensation and Adaptive Control: Nonlinearities, Compensation fornonlinearities, Role of adaptive tuning, General applications of adaptive control concepts.
 Multivariable Control: Control Loop Interactions, relative gain arrays, Software applicationsof multivariable control; Fuzzy Logic and Processor Controller Tuning: Digital ProcessControl Systems, Modern Paradigms.
 MC-523 Mechanical Design of Mechatronics Systems
 Introduction of Mechatronics System Design: Components of mechatronics system,Engineering design process, Development of design specifications; Pneumatic and HydraulicActuation systems: Power supplies, Control valves, Actuators, Process control valves,Hydraulic amplifier, Hydraulic intensifiers.
 Mechanical System Elements: Springs, Dampers, Mechanical capacitance elements,Mechanical transformers, Mechanical gyrators, Threaded fasteners and power screws,Bearings, Gears, Shafts and associated parts, Clutches and brakes, End effectors and grippers.
 Mechanical Actuation Systems: Four-bar mechanisms, Slider-crank mechanisms, Cam-follower systems, Gear trains, Belt and chain drives. Examples of Classical and ModernMechanisms: Geneva and star-wheel mechanisms, Screw mechanisms, Clamping mechanisms,Snap-action switching mechanisms, Detent and ratchet mechanisms, Couplings and joints.
 MC-525 Electrical Machines & Power Electronics
 Electrical Machines: Design of transformers, DC machines, Single phase and three phaseinduction motors, Design of synchronous machines.
 Power Electronics: Introduction and Scope, Solid State Devices used as switches in powerelectronics, power diodes, power transistors, Power MOSFETS, Thyristors, Triacs, Diac,Characteristics of Gate Turn-off Thyristor (GTO), and Reverse Conducting Thyristors(RCT). Series and parallel operation of SCR, LASCR, Thyristor turn on, Integral cyclecontrol and phase angle control, Elementary and advanced firing schemes, Sequence andclose loop control. Thyristor Commutation: Self commutation, Impulse commutation, Seriescapacitor commutation, Parallel capacitor commutation.
 Uncontrolled and Controlled Rectifier: Single phase, three phase, Semi converter, Fullconverter, Dual converter, Analysis and performance, Parameters as harmonic factor,Utilization factor, Power factor, Distortion factor, Rectifiers with purely resistive, Highlyinductive and RL loads, AC Voltage Controllers. DC Chopper: Principle, Step-up and Step-down operation, Buck regulator, boost regulator, Buck-boost regulator, Cuk regulator,Choppers using Thyristors.
 Inverters: Principles, Half bridge and Full bridge inverters, Constant, Variable and SinusoidalPW modulation, Modified Sinusoidal Pulse Width Modulation (SPWM); Protection Analysis:Over-voltage, Over-current, di/dt and dv/dt protection, Heat sinks; Electronic Power Supplies:Design and analysis of regulated Power supplies, Switch mode power supplies andUninterrupted Power supplies.
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 MC-527 Microprocessor & Interfacing Applications
 Microcomputer Structure and Operations: Basic Microcomputer Elements, TypicalMicrocomputer Structure, CPU, Memory System, Input-Output; Microprocessors* andMemory: Typical 8, 16 and 32-bit Microprocessors, 68HC11 Microprocessor Specification,Memory Technologies.
 Assembly Language Programming I: Programming Model of 68HC11, Registers, Fetch,Execute Operation of CPU, Instruction Set; Assembly Language Programming II: AddressingModes, Basic Operations, Microprocessor Arithmetic, Program Flow Control Using Loopingand Branching; Assembly Language Programming III: Stack, Subroutines, Interrupts, Resets.
 Bus System I: System Bus Structure, Bus Operation, Cycle by Cycle Operation, Timingand Control, Priority Management; Bus System II: Address Decoding, Mode of Operationsof the 68HC11.
 Microprocessors Interfacing I: Interfacing concepts, Parallel Input Output, Direct MemoryAccess; Microprocessors Interfacing II: The Serial Subsystems; Microprocessors InterfacingIII: Programmable Timer Operations, Analog Converter Subsystems; Application Examples:Process Control, Robotics, CAI, Medical Physics.
 MC-529 Mathematical Modelling and Simulation
 Principles of modelling and simulation: Introduction, Model categories, Fields of application,Model development, Model verification and validation, Model simplification, Simulatorsand simulation, Laplace transformation.
 Mathematical Modelling: Mechanical systems (springs, dampers, mass, translational and rotationalsystems, geared systems), Electrical and electromechanical systems (capacitor, inductor, resistors,analog electronic devices), Hydraulic and pneumatic systems, Thermal systems.
 Identification and Simulation: Non-parametric methods transient, Correlation, frequency,Fourier and spectra analysis, Parametric Methods fitting parameterized models to data,Design of identification experiments, Post treatment of data, Choice of model structure,Scaling, Block diagrams, Numeric methods, Model validation and model use, Time responseand digital simulation, Stochastic simulation, Monte Carlo methods, Lagrangian optimizationand optimal control strategies in mechatronics, Use of computer simulation with MATLAB,SIMULINK and ADAMS/View.
 ME-531 Computer Aided Manufacturing
 CNC Machine Tools: A historical perspective, Principal of numerical control, Typical CNCmachine tools, Tooling for CNC machines, Principal elements of a CNC machine, Axis andmotion of CNC machines, Economics and justification.
 NC Part Programming: Punched tape in NC, Tape coding and format, Manual partprogramming, Computer assisted part programming, The APT language, NC programmingwith interactive graphics, Manual data input, APT word definitions.
 CNC Milling Programming: Basic programming commands, Compensation and offset,Fixed cycles, Macro and subroutine programming, Tooling system for CNC milling.
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 Fundamentals of Sculptured Surface Machining: Introduction to sculptured surface machining,Mathematical background, Sculptured surface machining processes, Process planning forsculptured surface machining, Fundamentals of tool-path generation and validation, Project.
 Tool-Path Generation Methods for 3-Axis Sculptured Surface Machining: Introduction to3-axis CNC tool paths, Types of 3-axis CNC tool paths, Iso-parametric tool Paths, Paralleltool Paths, Iso-cusps tool Paths, teepest-ascending tool Paths, Project.
 Automated Manufacturing Systems: Schemes for concurrent engineering, Axiomatic design, DFMguidelines, Design for assembly, The Taguchi method for robust design, Manufacturing processdesign rules, Computer-Aided DFM, Group technology, Failure-Mode and Effects Analysis.
 Programming in MATLAB: Basic programming concepts, Import CAD data from CAD/CAMsoftware, Tool path generation in MATLAB, Project.
 MC-533 Artificial Intelligence & Neural Networks
 Machine Intelligence Technologies (Neural Networks): Introduction to Neural Networks,Perception Learning Rule, Hebbian, and Widrow-Hoff Learning, Back propagation,Associative Learning, Competitive and Grossberg Networks. Adaptive Resonance Theory,Hopfield Networks.
 Fuzzy Set Theory: Fuzzy Set with Properties, Fuzzy Relations, Fuzzy Arithmetic, FuzzyLogic, Applications and Fuzzy Control.
 Genetic Algorithm: Genetic Algorithm Operations, Standard, Rank, and Rank Space Method;Simulated Annealing: Annealing Process, Simulated Annealing Optimization; ParticleSwarm Optimization: Swarm Behaviour, Particle Swarm Optimisation.
 Artificial Intelligence: Semantic Nets and Description Matching, Generate and Test, Means-Ends Analysis, and Problem Reduction, Nets, Basic Search, and Optimal Search, Trees andAdversarial Search, Rules, Rule Chaining and Planning.
 MC-537 Reliability Engineering
 Introduction to Statistics: Concepts related to statistics & probability; Distributions includingBinomial, Hyper-geometric, Poisson, Normal, Exponential, Weibull, Log Normal, Gammaand Extreme Distributions; Goodness of fit.
 Reliability Measures: Reliability Function; Expected Life; Failure Rate and Hazard Function;Reliability and Hazard Function for well known Distributions such as Exponential, Normal,Log Normal, Weibull and Gamma; Hazard Models and Product Life; Constant HazardFunction; Linearly Increasing Hazard Function; Piecewise Bathtub Hazard Function, PowerFunction Model, Exponential Model.
 Reliability Models: Series System, Parallel System, Series & Parallel Combinations, ComplexSystem Analysis (Enumeration, Conditional Probability and, Cut-set Methods), ReliabilityConsiderations in Design.
 Reliability in Engineering Design: Reliability Design Methodologies, Strength and StressDistributions, Safety Factorand Reliability, Reliability Bonds in Probabilistic Design; Transformation of Random
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 Variables, Sum and Differences of Normal Random Variables, Error Analysis, StatisticalTolerance.
 Interface Theory and Reliability Computations: General Expression for Reliability; ReliabilityComputations for Normally, Log Normally, Exponentially, Gamma and Weibull DistributedStress and Strength.
 Reliability in Design and Testing: Dynamic Reliability Models, Reliability Estimation,Sequential Life Testing, Bayesian Reliability in Design and Testing, Reliability Optimization.
 Maintainability & Availability: Concepts; Definitions; Preventive Maintenance; RepairTime Distributions; Availability Analysis
 MC-539 Micro & Nano Electromechanical Systems
 Introduction: Evolution of Micro-sensors and Micro-actuators, MEMS Overview, Emergenceof Micro-machines, MEMS Applications; Fundamentals of MEMS Fabrication: Introductionand Description of Basic Processes, Bulk Micromachining, Surface Micromachining, Micro-stereo Lithography for MEMS.
 Principles of Micro-sensors and Their Fabrication: Fabrication, Examples of Micro-sensors;Principles of Micro-actuators: Electric Field Driven Actuators, Piezoelectric and MagneticField Driven Actuator, Examples of Micro-actuators.
 Computer Aided Design of MEMS: Modelling, Analysis and Simulation, MEMS DesignLayout, MEMS Design Simulation using Finite Element Analysis.
 Nano-materials & Nanotechnology: Perspectives of Nanotechnology, History of nano-materials, The Business of Nanotechnology, present and future applications of nano-materials.
 MC-541 Digital Image Processing & Machine Vision
 Introduction: Human Vision vs. Machine Vision, Scene Constraints, Optics.
 Image Acquisition and Pre-processing: Sensors for Image Acquisition, Camera Interfacesand Video Standards, Image Sampling and Quantization, Image Pre-processing (Point,Global and Neighbourhood Operations), Image Filters, Edge Detection Techniques.
 Image Analysis Techniques: Image Segmentation, Edge Based and Region BasedSegmentation, Edge Linking and Boundary Detection, Matching, Image Feature Extraction,Mathematical Morphology.
 Image Transforms: Continuous Image Mathematical Characterization, Discrete ImageMathematical Characterization, Discrete Fourier Transform, Other Image Transforms; ObjectRecognition and Image Understanding: Knowledge representation, Pattern Classification,Neural Nets.
 Advanced Research Areas in Machine Vision: Geometry for 3D Vision, 3D Objects Representationand Modelling Techniques, Machine Vision: Robot Vision and Industrial Application.
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 MC-543 Applied Programmable Logic Controls
 Discussion Topics: Introduction and installation of S7-200 Micro PLC, Installation of Step7-Micro/WIN Software, Communication overview, Introduction of PLC programming witha sample program, Basic concepts for programming S7-200 CPU, Data types and addressingmodes, Symbols for PLC ladder diagrams, Using PLC software to create ladder diagramsand PLC programs, Check the ladder diagram using a software simulator, Connection ofinput/output devices to PLCs.
 Instruction set for PLC programming: Instructions for Bit Logic, Compare, Timer, Counter,Integer math, Real math, Move, Fill, & Table, Logical operation, Shift and Rotate, Conversion,Interrupt & Communications, and Increment & Decrement Instructions, Troubleshootingtechniques.
 Hands-On Activities: Trigger a stepper motor drive using integrated DC pulse output, Trackhow long a device has been operating, Timing for staircase lighting, Traffic signal, Queuingsystem in a bank, Reversible motor starter circuit for changing the rotational direction ofthree-phase AC induction motor, Star-Delta motor starter.
 MC-545 Advanced Robotics
 Introduction: Robot anatomy, Classification of robots, Economic considerations, Roboticapplications; Welding, Spray painting, Grinding, Parts handling/transfer, Assembly operations,Parts inspection, Medical, Hazardous working environment. Basic components of a robot;The manipulator, Sensory devices, Controller, Power conversion unit.
 Mechanical Systems: Translation or Linear motion, Rotational motion, Mechanical workand power. Motion conversion, Rotary-to-rotary, Rotary-to-linear, linkages, couplers, andpower transfer.
 Control of Actuators in Robotic Mechanism: Closed-loop control in a position servo, Controlof a robotic joint, Stepper Motors, Brushless DC motors, Direct-drive actuators, Hydraulicactuators, and Pneumatic systems. Robotic Sensory Devices: Non-optical position, Opticalposition, Velocity, Accelerometer, and Proximity sensors, Touch and slip sensors. Robotprogramming and Path planning.
 Transformation and Kinematics: Homogeneous coordinates, Homogeneous transformationand the manipulator, The forward, and backward solution, Motion generation, The Jacobian,Motor selection for the robotic joint.
 Advance application of Robots: Snake-like Robots: Biomechanical study of snakes, MobileRobots, Walking robots, and Medical Robots.
 ME 504 Finite Element Analysis
 FEA of One-dimensional Problems: Introduction, Basic Steps in FEA; Modelling,Discretization, Connectivity of Elements, Imposition of Boundary Conditions, Solutions& Post Processing; Applications to Heat Transfer, Fluid Mechanics, & Solid MechanicsProblems.
 Bending of Beams: Euler-Bernoulli Beam Element, Governing Equations, Application ofFE on Beam, Beam Examples, Plane Truss Element, Frame Element, Timoshenko Beam
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 & Frame Element, and Inclusion of Constraint Equations.
 Finite Element Error Analysis: Approximation Errors, Various Measures of Errors,Convergence of Solutions, Accuracy of Solutions; Numerical Integration & ComputerImplementation: Isoperimetric Formulations, Numerical Integrations, Natural Coordinates,Computer Implementation (Pre-processor, Processor, Post-processor).
 FEA-Two Dimensional Problems: Introduction, Single Variable Problems; Boundary ValueProblems; Model Equations, Discretization, Weak Form, Finite Element Model, Assembly,Solutions & post processing; Mesh Generation; Imposition of Boundary Conditions,Applications; Parabolic Equations; Hyperbolic Equations.
 Interpolating Functions, Numerical Integrations & Modelling Considerations: InterpolatingTechniques; Triangular, Rectangular & Serendipity Elements; Coordinate Transformation;Integration on a Master Element; Modelling, Mesh Generation, Load Representation.
 Plane Elasticity: Assumption of Plane Elasticity; Basic Equations, Weak Formulations;Principle of Virtual Displacement in Matrix Form; Finite Element Model, Matrix & WeakForm Model; Evaluation of Integrals.
 Bending of Elastic Plates: Classical Plate Model; Finite Element Model; Shear DeformablePlate Model; Displacement field, Virtual Work Statement; Shear Locking and ReducedIntegration; Introduction to Time Dependent Problems; Computer Illustrative Examples.
 EE-512 Advanced Digital Signal Processing
 Review of discrete signals and systems in temporal and spectral domains, data acquisition,discrete transforms: Discrete Fourier Transform (DFT), Discrete Cosine Transform (DCT),and z-transforms, Digital filters: Infinite Impulse Response (IIR), and Finite ImpulseResponse (FIR), spectral estimation, adaptive filters, multi-rate signal processing, waveletsand joint time- frequency analysis, and real-time signal processing.
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 4.2.2(a) List of Courses for the M. Engg. Programme in Manufacturing Engineering
 Compulsory Courses
 Course No. Course Title Credit HrsME 521 Automation & Controls 3ME 522 Computer Aided Manufacturing 3ME 523 Operations Research 3ME 524 Reliability & Quality Engineering 3ME 525 Advanced Manufacturing Processes 3TE 505 Advanced Statistics 3
 Elective Courses
 Course No. Course Title Credit HrsME 503 Computer Aided Design 3ME 504 Finite Element Analysis 3ME 511 Materials Science 3ME 526 Advanced Metal Forming 3ME 527 Human Factor Engineering 3ME 528 Computer Integrated Manufacturing 3ME 529 Management Information System (MIS) 3EM 504 Project Management Framework & Tools 3MS 552 Applied Mathematics II 3MS 553 Computer Applications 0IM 505 Automated Manufacturing Systems 3IM 506 Business Process Reengineering 3IM 513 Six Sigma Methodologies 3IM 515 Agile & Lean Manufacturing 3IM 525 Design For Manufacturing 3IM 526 Facilities Planning and Layout 3IM 527 Intelligent Manufacturing Systems 3IM 600 Independent Study Project 6IM 601 Dissertation 9
 4.2.2(b) Detailed Contents of Courses for the M. Engg. Programme in ManufacturingEngineering
 ME 503 Computer Aided Design (CAD)
 Fundamentals of CAD: Introduction, the design process, application of computers fordesign, creating the manufacturing data base, benefits of CAD. Computers, input / outputdevices, storing an image.
 Geometric Modeling: Geometric Modeling Techniques: multiple-view two dimensionalinput, wire frame geometry, surface models, Geometric Entities: points lines, surfaces,solids, tesselated modeling, Cubic Curves: Hermite curves, Bezier curves, B-spline curves,Bicubic Surfaces: Hermite surfaces, Bezier surfaces, B-spline surfaces. Solid Modelers:solid modeling construction technique: pure primitive instancing (PPI), spatial occupancyenumeration (SOE), cell decomposition (CD), sweeping (S), constructive solid geometry(CSG), boundary representation (BREP), Euler formula , solid modeler storage data bases,feature recognition, feature-based design using CSG construction, using a BREP for partinterpretation; data transfer standards. computer graphics:
 Computer Graphics and the Part Model: Interactive graphics, graphics in CAD, two-dimensional graphics, two-dimensional transformations, three-dimensional graphics, three-dimensional transformations, composite transformations in three dimensions, projections,
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 realistic image generation.
 Concurrent Engineering: Key definitions; driving forces behind concurrent engineering;the meaning of concurrent engineering; schemes for concurrent engineering: axiomaticdesign, DFM guideline, design science, design for assembly, the Taguchi method for robustdesign, manufacturing process design rules, computer-aided DFM, group technology. Failuremode and effects analysis, summary of concurrent engineering tools.
 ME 504 Finite Element Analysis
 FEA of One-Dimensional Problems: Introduction, basic steps in FEA; modeling,discretization, connectivity of elements, imposition of boundary conditions, solutions &post processing; applications to heat transfer, fluid mechanics, & solid mechanics problems.
 Bending of Beams: Euler-Bernoulli beam element, governing equations, application of FEon beam, beam examples, plane truss element, frame element, Timoshenko beam & frameelement, inclusion of constraint equations.
 Finite Element Error Analysis: Approximation errors, various measures of errors, convergenceof solutions, accuracy of solutions.
 Numerical Integration & Computer Implementation: Isoparameteric formulations, numericalintegrations, natural coordinates, computer implementation (pre-processor, processor, post-processor).
 FEA of Two-Dimensional Problems: Introduction, single variable problems; boundaryvalue problems; model equations, discretization, weak form, finite element model, assembly,solutions & post processing; mesh generation; imposition of boundary conditions; applications;parabolic equations; hyperbolic equations.
 Interpolating Functions, Numerical Integration & Modeling Considerations: Interpolatingtechniques; triangular, rectangular, & serendipity elements; coordinate transformation;integration on a master element; modeling, mesh generation, load representation.
 Plane Elasticity: Assumptions of plane elasticity; basic equations, weak formulations;principle of virtual displacement in matrix form; finite element model, matrix & weak formmodel; evaluation of integrals.
 Bending of Elastic Plates: Classical plate model; finite element model; shear deformableplate model; displacement field, virtual work statement; shear locking & reduced integration;introduction to time dependent problems; computer illustrative examples.
 ME 511 Materials Science
 Polymeric Material: High performance fiber, high performance elastomers, high performancecoatings, special polymers, moderately high polymers, engineering polymers. Materialsdevelopment and modification, multilayer and adhesive technology will also be part of thiscourse. Physical and chemical testing of polymers.
 Fundamentals of Polymers: Molecular structure, polymerization processes, morphologyof polymer molecules, plasticisers and fillers. Composition and characteristics of principaltypes of polymers, convention constant rate of elongation test, creep tests, isochronouscurves and other forms of data presentation, strain recovery and stress relaxation, anisotropyof properties time-dependence of strength and creep rupture, durability under cyclic loadingBS impact tests.
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 Fracture of Polymers: Fundamentals of fracture mechanics, application of fracture mechanicsto polymers, KC determinations, KC crack speed curves instability, environmental effectsimpact testing, application to practical problems.
 Composites: Composite materials compared with conventional materials, fiber and matrices,composite mechanics, elastic properties, failure processes, failure at notches, notch sensitivityand fracture energy. Fatigue and failure of composite materials. Deterioration of propertiesowing to environmental conditions, hybrid composite materials, manufacturing the by handlay-up, preparing specimen for mechanical testing, burn off tests to determine fiber volumefracture.
 Categories of Composites. Properties of glass and other fibers. Matrix materials compositesas monotropic membranes. Mathematical models of stiffness of composites based onmechanics of materials and energy considerations. Elasticity of anisotropic materials.Strength of composites. Outline of methods of manufacturing composites and of theirapplications.
 ME 521 Automation & Controls
 Production Operations & Automation Strategies: Automation defined; types of automation;reasons for automation; manufacturing industries; types of production; functions inmanufacturing; organization & information processing in manufacturing; plant layout;production concepts & mathematical models; automation strategies.
 Automotive Type Automation: Automated flow lines; methods of work part transport;transfer mechanism; buffer storage; control functions; automation for machining operations;design & fabrication considerations; general terminology & analysis; analysis of transferlines without storage; partial automation; automated flow lines with storage buffers; computersimulation of automated flow lines.
 Assembly Systems & Line Balancing: The assembly process; assembly systems; manualassembly lines; the line balancing problem; methods of line balancing; computerized linebalancing methods; flexible manual assembly lines; types of automated assembly systems;parts feeding devices; analysis of multi-station assembly machines; analysis of a singlestation assembly machine.
 Computer Assisted Optimal Control: Structural model of a manufacturing process; steadystate optimal control; adaptive control; on line search strategies.
 ME 522 Computer Aided Manufacturing (CAM)
 Conventional Numerical control: Introduction, basic components of an NC system, the NCprocedure, NC coordinate systems, NC motion control systems, applications of numericalcontrol, economics and justification.
 NC Part Programming: Punched tape in NC, tape coding and format, manual partprogramming, computer assisted part programming, the APT language, NC programmingwith interactive graphics, voice NC programming, manual data input, APT word definitions.
 Computer Controls in NC: Problems with conventional NC, NC controller technology,computer numerical control, direct numerical control, adaptive control machining systems,trends and new developments in NC.
 Group Technology and FMS: The role of group technology in CAD / CAM integration;methods for developing part families; classification and coding: hierarchical code, attributecode, hybrid code, selecting a coding system, development your own coding system; coding
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 I & M DONEsystems: OPITZ coding system, MICLASS coding systems; facility design using grouptechnology; cell design; economic modeling in a group technology environment: productionplanning cost model, group tooling economic analysis; economics of group technology:benefits in design, benefits in manufacturing, benefits to management, group technologyadvantages / disadvantages summarized. Introduction to FMS, FMS workstations, materialshandling and storage system, computer control system, planning the FMS, analysis methodsfor FMS, application and benefits.
 Process Planning: The role of process planning in CAD / CAM integration, Approachesto process planning: Manual approach, Variant approach, Generative approach; Processplanning systems: CAM-I automated process planning (CAPP), DCLASS, ComputerManaged process planning (CMPP), Machinability data system.
 ME 523 Operations Research
 Linear Programming: Formulation, graphic solution, assumptions of LP, The simplexmethod, equality constraints, inequality constraints, negative RHS, duality theory, primaland dual problems.
 Special Types of LP Problems: The transportation problem, production scheduling, North-west corner rule, Vogel's approximation method, Russell's method, transshipment problem,assignment problem, goal programming, sensitivity analysis, parametric programming,dynamic programming, integer programming.
 Queuing Theory: Basic queuing process, the birth and death process, basic model withinfinite and finite queue, limited input source, priority queuing model.
 Inventory Control Theory: Deterministic models: continuous review-uniform demand,shortages permitted, quantity discount- shortages not permitted.
 Stochastic Models: Single- period model with no setup cost, model with initial stock level,single- period model with setup cost, two- period inventory model with no setup cost.
 ME 524 Reliability & Quality Engineering
 Reliability Measures: The reliability function; expected life; failure rate and hazardfunction; reliability and hazard function for well known distributions such as exponentional;normal, log normal, Weibull, and gamma distributions; hazard models and product life;constant hazard function, linearly increasing hazard function, piecewise linear bathtubhazard function, power function model, exponential model.
 Static Reliability Model: Series system, parallel system, series & parallel combinations,complex system analysis, reliability considerations in design.
 Reliability Engineering Design: Reliability design methodology, strength and stressdistributions, safety factors and reliability, reliability bounds in probablistic design.Transformation of random variables. Sums and differences of normal random variables,error analysis, statistical tolerancing.
 Interference Theory and Reliability Computations: General expression for reliability;reliability computations for normally, log normally, exponentionally, Gamma and Weibullydistributed stress and strength; reliability design examples.
 Reliability in Design and Testing: Dynamic reliability models, reliability estimation,sequential life testing, Bayesian reliability in design and testing, reliability optimization.
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 I & M DONEControl Charts: Properties of the distribution of sample means, sample range estimationof standard deviation, chance and assignable causes, control charts for mean & range, controlcharts for mean & standard deviation, control charts for proportion defective & defects perassembly. Tests of significance to compute confidence limits.
 Acceptance Sampling: Introduction, OC curve, consumer & producer risks, AQL & LTPD,Acceptance Sampling for continuous production, Acceptance by Variables, Single, Double,& Sequential Sampling.
 Quality, Reliability, & Maintainability: Definitions, management of quality control, economicaspects of quality decisions, capability & variability analysis, various aspects of life testing,reliability, & maintainability, Introduction to ISO 9000, and ISO 14000.
 ME 525 Advanced Manufacturing Processes
 Mechanics of Orthogonal & Oblique Metal Cutting: Chip formation; thin-zone and thick-zone models for analysis; prediction of forces. Rake angle in oblique cutting; shear angle;velocity relationships; force and stress relationships; shear angle and chip flow directionmeasurement; strain and strain rate.
 Temperatures in Metal Cutting, Cutting Fluids and Surface Finish: Heat generation in metalcutting; effect of cutting speed on temperatures; measurement of cutting temperatures;cutting fluids: effects of cutting fluids; assessment of cutting fluid cooling effectiveness;fluid film lubrication; boundary lubrication; characteristics of an efficient lubricant; selectionof cutting fluids; theoretical roughness in turning, drilling, milling, & grinding; measurementof roughness; average values of roughness for various manufacturing processes.
 Tool Life & Tool Wear: Application of wear theories to tool wear; adhesion, abrasion, &diffusion wear; forms of wear in metal cutting; crater wear, & flank wear; variables affectingtool life; Taylor's tool life equation; generalized tool life equation; methods of tool lifetesting data.
 Economics of Metal Cutting: Application of minimum cost per piece, maximum productionrate, and maximum profit rate criteria in turning, milling, drilling, and shaping operations.
 Non Traditional Machining Processes: Principle of EDM, operation of tool feed, tool wearand tool materials, dielectric fluid, nature of machined surfaces, metal removal, accuracy,wire cut (EDM), principle of ECM, electrolyte, metal removal rate, nature of machinedsurface, efficient of tool feed and supply voltage on accuracy, tool shape correction,electrochemical grinding, chemical milling, ultrasonic machining, laser beam machining,electron beam machining, electrochemical deburring, abrasive jet machining, plasma arcmachining.
 ME 526 Advanced Metal Forming
 Macroscopic Plasticity & Yield Criteria: Tresca, & Von Mises criterion; plastic work;effective stress; effective strain; flow rules for plastic stress-strain relations; principle ofnormality.
 Work Hardening & Plastic Instability: Tensile test; mechanical properties; nominal & truestress-strain curves; work hardening expression; behavior after necking; direct compression;bulge test; plane-strain compression test. General approach to instability; balanced biaxialtension; thin-walled sphere internal pressure; significance of instability.
 Strain Rate & Temperature: Strain rate; Superplasticity; combined stress and strain-rateeffects; strain rate dependence; temperature dependence of flow stress; hot working;temperature rise during deformation.
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 Ideal Work: Ideal work or uniform energy; extrusion & rod drawing; friction; redundantwork, and mechanical efficiency; maximum drawing reduction.
 Slab Analysis: Sheet drawing; comparison of slab method & ideal work method; wiredrawing; direct compression in plane strain; average pressure during plane-strain compression;sticking friction; axisymmetric compression; flat rolling.
 Bending: Springback in sheet bending; bending with superimposed tension; sheet bendability;bending of sheets & tubes; forming limits in shape bending. Cupping, redrawing, and ironingcup drawing; effects of work hardening; deformation efficiency; effects of tooling; redrawing;ironing.
 Complex Stamping: Localized necking in biaxial stretching; formability; forming limitdiagrams; cupping tests; edge cracking; bulk forming tests.
 ME 527 Human Factor Engineering
 Introduction: Scope of ergonomics, human operator as system components; physical sizeand shape dynamics, Anthropometry, sources and application of energy input sensitivity,central processing capacity, input characteristics, environmental effects, heat and vibration,lightning and noise. Techniques in human factor studies; the assessment of physical activity,subjective assessment technique, methods of work analysis.
 Design Requirements: Interface design; space requirements and layout visual presentationof information, auditing presentation of information, machine dynamics, control design,environmental factors, jobs aids, System evaluation.
 ME 528 Computers Integrated Manufacture
 Fundamentals of CIM: Definition of CIM, technology issues: the one-model concept,configuration management, data base management systems, network, distributed data basesystems, management of technology, other emerging issues; fundamentals of networking:network concepts, OSI / MAP / TOP.
 Integrative Manufacturing Planning & Control: Overview of manufacturing engineering;overview of production control: forecasting; master production schedule; rough-cut capacityplanning; material requirements planning; capacity planning; order release; shop-floorcontrol; quality assurance; manufacturing planning and control systems, cellular manufacturing:overview; hierarchical manufacturing control model, JIT manufacturing philosophy.
 ME 529 Management Information Systems (MIS)
 Management Information System Concepts: What a System is, Information System Defined,Computer Based Information System, Functions of an Information System, Manager andinformation needs, the role of managers, management levels and information needs.
 Types of Information Systems: Transaction processing systems, management informationsystems, decision support systems, executive support systems.
 The System Development Life Cycle: Reasons to develop new information systems, systemanalysis, problem definition, requirements analysis, project justification, system analysistools, system design, logical design stage, system design tools, prototyping and its effectson the system development life cycle, automating system analysis and design, systemimplementation, testing and installation stage, training stage, and system maintenance.
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 File and Database Processing: File processing, file management systems, database processing,database management systems, database models: the hierarchical model, the network model,the relational model, object-oriented model, database design considerations. Managingdatabase: distributed databases, knowledge-based systems. Expert system shells, knowledgeengineering, uses of knowledge-based systems.
 EM 504 Project Management Framework and Tools
 Role of projects in organization�s competitive strategy; Standard methodologies for managingprojects; project life cycle; design-implementation interface; estimating: preliminary anddetailed; contractual risk allocation; scheduling: PBS; WBS; integration of scope, time,resource and cost dimensions of a project; evaluation of labor, material, equipment, andsubcontract resources; scheduling techniques including CPM/ PERT, GERT, critical chain;solving real-world project schedules; Monte Carlo simulation; cost budgeting; cost baseline;cash flow analysis; earned value analysis; cost control; proposal presentation; applicationof software for project management (MS Project, Primavera Project Planner-P3).
 IM 527 Intelligent Manufacturing Systems
 Intelligent Manufacturing Systems; Architecture, basic building blocks, knowledge modelingand representation; rule based and fuzzy logic systems, artificial neural networks; perceptionmodel, network architectures, pattern recognition and machine vision, learning methodologies;back propagation algorithm; genetic algorithms, techniques for intelligent shop floor control,flexible manufacturing systems, intelligent process monitoring and control using PLCs,integration of robots in intelligent manufacturing systems.
 TE 505 Advanced Statistics
 Probability Distributions & Transformation of Variables: Uniform, binomial, hypergeometric, poisson. Normal, exponential, chi-square, F, & T distributions; random sampling;sampling distribution of mean; central limit theorem.
 Statistical Inference & Hypothesis Testing: Confidence & significance level; sample sizedetermination; point & interval estimates; interval estimates for population mean, populationstandard deviation, & population proportion. Type I, & Type II errors; one tail & two tailtests; tests concerning means & variances.
 Linear & Multiple Linear Regression & Correlation: Simple linear regression; propertiesof least square estimates; confidence limits & tests of significance; choice of a regressionmodel; correlation. Estimating the coefficients; adequacy of the model.
 Analysis of Variance: One way classification; tests for the equality of several variances;single degree of freedom comparisons; multiple range test; comparing treatment with acontrol; comparing a set of treatments in blocks; randomized complete block design; randomeffects model.
 Factorial Experiments: Two-factor experiments; interaction in two-factor experiments; two-factor analysis of variance; three-factor analysis; choice of sample size.
 2K Factorial Experiments: Yate's technique for computing contrasts; factorial experimentsin incomplete blocks; fractional factorial experiments; analysis of fractional factorialexperiments.
 MS 552 Applied Mathematics-II
 Analysis of Variance: One way classification; Tests for the equality of several variances;single degree of freedom comparisons; multiple range test; comparing treatment with a
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 control; comparing a set of treatments in blocks; randomized complete block design; randomeffects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments;two-factor analysis of variance; three-factor analysis; choice of sample size.
 2K Factorial Experiments: Yate's technique for computing contrasts; factorial experimentsin incomplete blocks; fractional factorial experiments; analysis of fractional factorialexperiments.
 MS 553 Computer Applications
 Hardware: Basic structure of a digital computer; CPU; types of memory; input/outputsection; data representation; binary numbering system; peripheral devices.
 Software: Computer programming languages; machine language; high level languages;operating systems; virtual storage; time sharing; distributed processing.
 Role of Computers in Engineering: Applications of computers in engineering problemsincluding design and simulation. Use of computer aided engineering software & mathematicalmodeling.
 Hierarchy of computers; Local area networks; manufacturing automation protocol;management information system; manufacturing data base; functions of a manufacturingorganization; hierarchical computer control concept.
 IM 505 Automated Manufacturing Systems
 Automated flow lines; Methods of work part transport; Transfer mechanism; Buffer storage;Control functions; Automation for machining operations; Design and fabricationconsiderations; General terminology and analysis; Analysis of transfer lines without storage;Partial automation; Automated flow lines with storage buffers; Computer simulation ofautomated flow lines. The assembly process; Assembly systems; Manual assembly lines;The line balancing problem; Methods of line balancing; Computerized line balancingmethods; Flexible manual assembly lines; Types of automated assembly systems; Partsfeeding devices; Analysis of multi-station assembly machines; Analysis of a single stationassembly machine. Schemes for Concurrent Engineering: Axiomatic Design, DFM Guidelines, Design for Assembly, The Taguchi Method for Robust Design, Manufacturing ProcessDesign Rules, Computer-Aided DFM, Group Technology; Failure-Mode and Effects Analysis.Robot motions, Robot drive power, Types of robots; Robot motions: Link geometries, Frameof reference, Orientation, Changing frames of reference, Workspace Descriptions; Robotaccuracy and repeatability; Economic justification of Robots; Characteristics of robotapplications; Robot Cell design; Types of robot applications, Material handling applications;Processing applications; Assembly & inspection.
 IM 506 Business Process Reengineering
 Fundamentals of process management; importance of process decisions and process choices;strategic process decisions for manufacturing and service environments.
 Costs, quality, and timeliness as the primary attributes of value; creation of value throughstrategies and processes.
 Process improvement tools and frameworks; process maps, value stream mapping, serviceblueprinting, reengineering, Poka-Yoke, lean systems and six-sigma.
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 Simulation and modeling of discrete event systems and processes; random numbers generation,Monte-Carlo simulation, and probability distributions for discrete event processes.
 Implementing BPR methodology; initiating organizational change; building the reengineeringorganization; identifying BPR opportunities, understanding existing processes, reengineeringprocesses, blueprinting new business systems, performing transformation.
 IM 513 Six Sigma Methodologies
 Introduction to Six Sigma, Internal & External Customers, DMAIC (Define, Measure,Analyze, Improve, Control) cycle, six sigma goals and metrics, six sigma training, six sigmateams, green; black and master black belt, design for six sigma, DMADV (Define, Measure,Analyze, Design, Verify), case studies.
 IM 515 Agile and Lean Manufacturing
 Introduction to Lean Manufacturing, value concept, lean objectives & tools, origins of leansystems, group technology, 5S, single minute exchange of dies, total productive maintenance,Kaizen, Just-In-Time Manufacturing Systems, Push & Pull Manufacturing Systems, Poka-Yoke, Toyota production system, introduction to agile manufacturing, research projects inagile manufacturing, design of market responsive supply and distributions manufacturingsystems.
 IM 525 Design for Manufacturing
 Concepts of design for manufacturing (DFM), role of DFM in product specification andstandardization, design, development, and functional requirements, material and processselection. Introduction to components of DFM � design for assembly, performance, quality,bio-compatibility, ergonomics, recycling, etc. Design to Cost. Quantitative methods ofmaterial selection in DFM based on engineering properties, material performance indices,comparative property charts, costs, etc., Evaluation of single and multi-attribute utilities.Design rules for selection of materials and processes, Part geometry and tolerances, shapefactor, prototyping, computer-aided material and functional modeling, mathematicaloptimization, formation of objective and constraint functions, factorial analysis. Case studieson product design for manufacturing and assembly.
 IM 526 Facilities Planning and Layout
 Introduction to Product and Process Design, process planning and sequencing; manufacturingprocesses: automation with respect to sensing equipment and control systems; manufacturingsystems: fixed and flexible manufacturing systems, single-stage multi-machines systems,Just in time and group technology approach; requirements and selection of machines andlabour, building, organization, communications and support requirements; material handlingprinciples: equipment and its selection criteria, flow lines, grouping, packaging, storageand warehousing, plant and office layout: conventional approaches, flow space and activityrelationships, computerized layout planning models and algorithms, computer aided processplanning, operation sequence and path planning with constraints, case studies in CAPP,simultaneous development of plant layout and material handling systems, basic facilitylocation problems, single- and multiple facility placement problems, heuristics andcomputerized approaches.
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 4.2.3(a) List of Courses for the M.Engg. Programme in Textile Engineering
 Compulsory Courses
 Course No. Course Title Credit HoursTE 501 Textile Quality Assurance 3TE 502 Textile Printing 3TE 503 Processes for Cotton Dyeing 3TE 504 Automation & Control 3TE 505 Advanced Statistics 3
 Elective Courses
 Course No. Course Title Credit HoursTE 506 Fibre Engineering Science 3TE 507 Fibre Forming Polymers 3TE 508 Advanced Finishing Processes 3TE 509 Colour Physics & Measurement 3TE 511 Physico-Chemical Processes in Textiles 3TE 512 Advanced Yarn Engineering 3TE 513 Advanced Weaving Engineering 3TE 515 Technical Textiles 3TE 516 Supply Chain Design & Management 3EM 504 Project Management Framework and Tools 3TE 600 Independent Study Project 6TE 601 Dissertation 9
 Note: One course on Computer Applications (MS 553) may berecommended by the Chairman as a non-credit course.
 4.2.3(b) Detailed Contents of Courses for M.Engg. Programme in Textile Engineering
 Compulsory Courses
 TE 501 Textile Quality Assurance
 Quality Assurance: Concepts (various definitions and approaches) used for quality, significanceand applications of quality control. Difference in quality control and quality assurance andtheir uses.
 Statistical techniques SPC, FMEA, and their influence on improving the quality of textileprocesses and products. Sampling and measuring methods used for determining fabric andyarn properties.
 Spinning Process Control: Raw material control, and its effects on process, on- line andoff- line process controls, yarn clearing control.
 Weaving Process Control: Raw material control, on- line and off- line weaving processcontrol, fault control.
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 Making- up Process and Its Relation with Fabric Properties: Characteristics and faults offabrics, AEIH Recommendations (Part I & II), Care labelling: types and use.
 TE 502 Textile Printing
 Pigment Printing: Pigment printing background, pigments, pigment dispersion and itsproduction. Binder systems, chemical nature of binders, cross- linking, effects of binder onprint and fabric. Thickening systems- types of thickening systems (emulsion based- o/wand w/o emulsions; and fully aqueous systems). Explaining the advantages and disadvantagesof pigment printing. Preparation and Properties of Print Paste. Equipment used, characteristicsof pigment print paste. Rheology and viscosity, measurement of viscosity. Pigment printas head colour, and ground colour in discharge and resist printing technique.
 Machines for Textile Printing: Elaborating the elements, including belt and adhesive system,screen drives, squeegee systems, and speed, for the Rotary screen printing machine and flatbelt printing machine.
 Reactive and Disperse Dye Printing: Available range of dyestuffs, comparison and limitationsof dyestuffs, effects and properties of printed fabric using various dyes, discharge and resistprinting.
 Thickener Systems: Choice of thickener system, properties, merits and effects on qualityof printed fabric.
 Printing Methods and Procedures: Principals for the use of all- in method and two-stagemethod for the printing of cotton, and the associated effects on the print quality. Methodsfor the printing of cotton blends. Dry heat fixation and steam fixation techniques for theprinting of cotton and its blends. Effects of drying time, temperature and steaming conditionson the quality of printed fabric. Types of washing processes, washing processes for theprinted cotton and its blend for various dyestuffs.
 TE 503 Processes for Cotton Dyeing
 Cotton Fibres and Blends: The origin and production of cotton fibres, factors determiningits length, fineness and strength, morphology of cellulose macromolecules, structuralcharacteristics of cellulose fibres for dyeing. Purpose of blending cotton fibres, modificationin the properties of cotton fibres caused by the blending, effects of blending on the dyeingproperties of fibres.
 Dyeing Processes of Cotton and Its Blends: Processes and Machines related to the dyeingprocess of cotton and its blends, principals of batch wise dyeing, exhaust dyeing, semicontinuous dyeing, and continuous dyeing.
 Semi continuous Dyeing of Cotton and Its Blends: Methods of discontinuous dyeing, Typesof machine used, Processing technologies (processing conditions and parameters affectingthe quality of dyeing. Tests for the process quality
 Continuous Dyeing of Cotton and Its Blends: Methods of continuous dyeing. Thermosol
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 dyeing of cotton and polyester, Types of machine used for continuous and thermosol dyeing.Steaming and washing processes. Processing technologies (processing conditions andparameters affecting the quality of dyeing. Tests for the process quality.
 Dyes for Cotton: Dyes for cotton fibres, basic chemical structure, dyeing properties andtheir relation with the chemical structure and properties
 Chemical Auxiliaries in Dyeing of Cotton: Explaining the use of auxiliary chemicals usedin the dyeing of cotton and its blends with polyester, viscose and other cotton blend usedin national textile industry.
 TE 504 Automation and Control
 Production Operations & Automation Strategies: Automation defined; Types of automation;Reasons for automation; Manufacturing industries; Types of production; Functions inmanufacturing; Organization & information processing in manufacturing; Plant layout;Production concepts & mathematical models; Automation strategies.
 Automotive Type Automation: Automated flow lines: Methods of workpart transport;Transfer mechanism; Buffer storage; Control functions; Automation for machining operations;Design & fabrication considerations; General terminology & analysis; Analysis of transferlines without storage; Partial automation; Automated flow lines with storage buffers;Computer simulation of automated flow lines.
 Assembly systems & Line Balancing in Textile Production: The assembly process in textiles;Assembly systems; line balancing problem. Flexible manual assembly lines; Types ofautomated assembly systems, Analysis of single and multi-station machines.
 Process Control: Modeling and Analysis, Computer Assisted Optimal Control; Structuralmodel of a Manufacturing process; Steady state optimal control; Adaptive Control.
 Computer Process Control: The computer-process interface; Interface hardware; Computerprocess monitoring; Types of computer process control; Direct digital control; Supervisorycomputer control. Programmable Logic Controllers (PLC�S).
 TE 505 Advanced Statistics
 Probability Distributions & Transformation of Variables: Uniform, Binomial, Hypergeometric,Poisson, Normal, Exponentional, Chi-square, F, & T distributions; Random sampling;Sampling distribution of mean; Central limit theorem.
 Statistical Inference & Hypothesis Testing: Confidence & significance level; Sample sizedetermination; Point & interval estimates; Interval estimates for population mean, populationstandard deviation, & population proportion. Type I, & type II errors; One tail & two tailtests; Tests concerning means & variances.
 Linear & Multiple Linear Regression & Correlation: Simple linear regression; Propertiesof least square estimates; Confidence limits & tests of significance; Choice of a regressionmodel; Correlation. Estimating the coefficients; Adequacy of the model.
 TE DONE
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 Analysis of Variance: One way classification; Tests for the equality of several variances;Single degree of freedom comparisons; Multiple range test; Comparing treatment with acontrol; Comparing a set of treatments in blocks; Randomized complete block design;Random effects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments;Two-factor analysis of variance; Three-factor analysis; Choice of sample size.
 2K Factorial Experiments: Yate's technique for computing contrasts; Factorial experimentsin incomplete blocks; Fractional factorial experiments; Analysis of fractional factorialexperiments.
 Elective Courses
 TE 506 Fibre Engineering Science
 Fibre Properties: Fibre length and its effects on properties, measurement of fibre length,fibre density, fineness, crimp. Transverse dimensions of fibres.
 Absorption of water: Behaviour of cellulose and synthetic fibres in water, moisture regain,moisture content, water retention, swelling. Fibre and Yarn Conditioning
 Fibrous Structures: Molecular arrangement and structures in fibres and their effects onmechanical and physical properties.
 Strength characteristics: Tensile properties, breaking load, elongation at break, tear strength,factors determining the tensile and tear strength.
 Measurement of Mechanical Properties: Heat setting treatments (natural and thermoplasticsubstrates). Static electricity -concepts, effects and measurement. Optical properties -concepts, effects and measurement.
 TE 507 Fibre Forming Polymers
 Polymer and Synthetic Fibre Chemistry: Polymers, polymer chemistry, types of polymers,polymerisation, polymerisation of synthetic textile polymers- nylon, polyester, acrylics,modacrylics, flame retardant polymers, factors affecting the structure of polymers.
 Fibre Characteristics and Engineering Properties: Effects of chemical structure of syntheticfibres on their properties, including engineering and high performance characteristics.
 Scientific and Industrial Methods: Instruments and techniques used in the characterizationof man- made fibres.
 Significance of Characterization: Types of synthetic fibre characterization- molecular,physical, microscopic and thermal.
 Production of Synthetic Fibres: Polymer extrusion processes and its effects on the fibre
 TE DONE
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 characteristics.
 TE 508 Advanced Finishing Processes
 Types of Finishing Processes: Introduction to the types of textile finishing and chemicalfinishing processes. Requirements for water to be used in finishing- quality, softeningconditions, hardness and softness, water softening systems and effects of water on thefinishing process.
 Finishing Processes: Principal chemicals and auxiliaries used in the post-coloration finishingprocesses, effects of chemicals and auxiliary on the finishing processes. Formulationcomposition, physical conditions (pressure, temperature, liquor pick-up) and their effectson the process end- results. Details (formulation and processing method) for the followingprocesses: Water- proofing, flame- proofing, antiseptics, oil- repellancy, soil- release finishing,softening of textiles, bluing (OBA treatments).
 Quality Control: Quality control tests for finishing processes and the chemical used. Qualitycontrol tests for the finished textile products.
 TE 509 Colour Physics and Measurement
 Light sources and light interactions, photo physics, photo chemistry and light fastness,colour-order system, colour spaces and differences, recipe prediction for textile.
 Colour Measuring Instruments: Spectrophotometer and colorimetry. Instrumental ColourMeasurement of Textile Substrates: Visible spectrophotometers, uv/ vis spectrophotometers,factors involved in the colour measurement, significance and reliability of colour matchingin textile dyeing and printing using spectrophotometer, accuracy and precision of availablespectrophotometers. Kubelka and Monk expression for colour strength (K/S) assessment.
 Colour Assessment Systems: CIE standard illuminants and system, CIE Lab, CMC Formula,Colour Order System, Colour Scales, Colour Spaces.
 TE 511 Physico-Chemical Processes in Textile
 Physico-chemical Processes: Methods, materials and equipments used in: Coagulation andflocculation, sedimentation, filtration, adsorption, ion-exchange, membrane processes,chemical oxidation, distillation, sludge, dewatering, drying, centrifuges and conversion(combustion). Techniques used for the decolourisation of used dye bath. Dewatering andsizing of pigment cakes. Uses of chromatography in textile industry.
 TE 512 Advanced Yarn Engineering
 Yarn Manufacturing: Production processes for continuous filament, staple, novelty, bulkand stretched yarns. Explanations and discussions of stress- strain properties of nylon,polyester, viscose, aramid, spandex, sara, glass and metallic fibres.
 Fibre Blending: Blends, blending system, processing of blend and synthetic staple fibresinto yarn. Blending of cotton with man- made fibres.
 TE DONE
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 PET Production Equipment: Equipment used for the production of polyester fibres, startingfrom the PET chips- study of equipment and material, and their effects on process.
 Manufactured Fibres (Synthetic Fibres): Manufacturing process (brief), properties andapplication (uses) of Viscose Rayon, Lyocell, Polyamide, Acrylic.
 TE 513 Advanced Weaving Engineering
 Fabric Design and Development for Various Applications: Design and development ofwoven fabric structure for various applications including those in clothing, furnishing andindustry. Development of fabrics for specific cover, weight and performance study ofmachines and devices used in the production of woven fabrics computer aided design andmanufacturing tools. Design and construction of woven Fabrics. Effects of design andconstruction on the various physical properties of fabric gsm, performance.
 Weaving Defects: Effects of yarn and fabric properties on weaving design and construction.Defects in woven fabrics, defects due fault yarn, and manufacturing mechanism and theireffects on dyeing & finishing.
 Principals, Mechanism and Functional Description: Principals, mechanisms and functionaldescription of the machines and devices used in Air-Jet weaving, Rapier weaving. Projectileweaving and Water-Jet weaving.
 Plant layout, Detailed study of supply chain management system of a weaving plant, Airconditioning for weaving plant, Automation and computer control weaving machineprogramming, electronic direct ordering system, CAD/CAM uses (examples with details),Production planning for weaving process. Planning considerations for the production ofspecific quality (design & construction) and quantity of woven fabric. Calculations usedfor the various aspects of woven fabric production including the machine production,efficiency, design/drawing, loom production, weaving cost, fabric gsm, material and labourcost and total cost.
 Special Fabric Manufacturing: preparatory and weaving processes of Denim, geo-textiles,protective fabrics.
 TE 514 Independent Study Project(only for M.Engg. Morning Programme)
 Individual directed study in Textile Engineering projects in the chosen discipline. Projectmust be approved by faculty incharge prior to registration for the course. Written report andpresentation of a Department Seminar based on material studied are required at the end ofthe semester.
 TE 515 Technical Textiles
 Definition and scope of Technical Textiles: Application of technical textiles in differentfields of life such as Agriculture, Industry, Construction, Medical etc.
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 Development in fibre materials such as polyester, polyolefin, glass, high performance fibresfor special applications in different technical products.
 Technical products for automobiles: Seat belt system, Air bag system, Car interiors. Materialsused, Manufacturing techniques and testing methods.
 Protective Clothing; Ballistic body protection, Protection against heat and flame, Coldprotective clothing, Physiological functions and parameters, Material used such as phasechange material, Manufacturing techniques and testing methods.
 TE 516 Supply Chain Design & Management
 A broad view of management systems for inbound and outbound logistics planning, inventorycontrol, transportation planning and facilities location decisions.
 Key supply chain processes with particular reference to the textile and garment industryand the role of benchmarking in process improvements across the supply chain. Tools andtechniques for process mapping.
 Supply chain strategy for in-sourcing, out-sourcing and vertical integration. Computersoftware for the planning, design and coordination aspects of the supply chain.
 EM 504 Project Management Framework and Tools
 Role of projects in organization�s competitive strategy; Standard methodologies for managingprojects; Project life cycle; Design-implementation interface; Estimating: preliminary anddetailed; Contractual risk allocation; Scheduling: PBS; WBS; Integeration of Scope, time,resource and cost dimensions of a project; Evaluation of labor, material, equipment, andsubcontract resources; Scheduling techniques including CPM/PERT, GERT, critical chain;Solving real-world project schedules; Monte Carlo simulation; Cost budgeting; Cost baseline;Cash flow analysis; Earned value analysis; Cost control; Proposal presentation; Applicationof software for project management (MS Projetc, P3).
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4.2.4(a) List of Courses for the M.Engg. Programme in Automotive Engineering
 Compulsory Courses
 Course No. Course Title Credit HrsAU-500 Advanced Automotive Engineering 3AU-501 IC Engine Thermodynamics 3AU-502 Advanced Vehicle Dynamics 3AU-503 Automotive Control Systems 3AU-504 Automotive Materials & Manufacturing 3TE-505 Advanced Statistics 3
 Elective Courses
 (a) Automotive Design
 Course No. Course Title Credit HrsAU-520 Automotive Powertrains 3ME-551 Introduction to Computational Fluid Dynamics 3ME-503 Computer Aided Design 3AU-521 Vehicle Aerodynamics 3AU-522 Mechatronics in AE 3AU-523 Emissions and Exhaust Control 3ME-504 Finite Element Analysis 3AU-525 Noise, Vibrations and Harshness 3AU-526 Sensors and Actuators 3AU-527 Fluid Power Systems and Control 3AU-528 Lubrication 3AU-600 Independent Study Project 6AU-601 Dissertation 9
 (b) Automotive Manufacturing
 Course No. Course Title Credit HrsIM-505 Automated Manufacturing Systems 3IM-501 Supply Chain Management 3IM-515 Agile and Lean Manufacturing 3IM-503 Maintenance Management 3ME-524 Reliability & Quality Engineering 3EM-504 Project Management Framework & Tools 3IM-513 Six Sigma Methodologies 3ME-527 Human Factor Engineering 3MM-539 Corrosion Engineering 3MM-538 Polymer Engineering 3MM-540 Modern Composites Materials 3AU-600 Independent Study Project 6AU-601 Dissertation 9
 4.2.4(b) Detailed Contents of Courses for the Programme in Automotive Engineering
 AU-500 Advanced Automotive Engineering
 Components of the automobile. Engineering factors in all components and sub-system areasof automobile design. Vehicle characteristics and dynamic interactions. Systems modelingapproach and mathematical models for ride, vibration, handling control and powertrainsof automobiles. Tire mechanics, including construction, rolling resistances, traction/brakingproperties, cornering and aligning properties and measurement methods. Vehicle mobility,
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 motion performance of the vehicle, characterisation of resistances, propulsion system andtractive efforts. Brake system design, braking performance, brake distribution. Steady statehandling. Measurement methods. Suspension system design considerations. Design andperformance of an automobile from a systems point of view. External factors such asmarkets, financing, and sales.
 AU-501 IC Engine Thermodynamics
 Thermodynamic cycle analysis of the gas exchange, compression, expansion and combustionprocesses with dissociation. Mechanism of combustion. Fuel and additive characteristics.Real cycles. Performance characteristics. Brief analysis of the fuel metering and ignitionsystems. Exhaust emissions and control systems. Heat transfer, friction and lubricationsystems.
 AU-502 Advanced Vehicle Dynamics
 Tire forces and moments, tire models. Yaw and lateral motion. Two and four wheel bicyclemodels. Steady state handling characteristics. Sprung and unsprung mass. Yaw-Roll Model.Segel's equations. Roll center. Vehicle suspension system modeling.
 AU-503 Automotive Control Systems
 Review of automatic control techniques. State-space control methods. Stability, stabilisationand disturbance attenuation. Modelling of vehicle dynamics. Longitudinal, lateral andvertical motion. Active and semi-active suspension control. Cruise and adaptive cruisecontrol, driveline and driveline speed control. Yaw control through active steering,yaw-roll coupling. ABS control.
 AU-504 Automotive Materials & Manufacturing
 Materials in the automotive industry. Selection of materials and shapes. Materials processingand design. Interaction of materials. Performance of materials in service. Examples of newmaterials. Role of environmental regulations and societal pressures on the selection ofalternate materials. Manufacturing processes, including casting, forging, forming, machiningand molding for the automotive industry. Quality control and techniques, process selectionand methods. Manufacturing considerations for various lightweight automotive structuralmaterials. Stiffness, fatigue, vibrations, dent resistance and crush resistance. Methods ofproducing lightweight automotive structures are discussed. Design for manufacturing,assembly, disassembly and recycling.
 TE-505 Advanced Statistics
 Probability Distributions & Transformation of Variables: Uniform, Binomial, Hypergeometric,Poisson, Normal, Exponentional, Chi-square, F & T distributions: Random sampling:Sampling distribution of mean; Central limit theorem.
 Statistical Inference & Hypothesis Testing: Confidence & significance level; Sample sizedetermination; Point & interval estimates; Interval estimates for population mean, populationstandard deviation, & population proportion. Type I & type II errors; One tail & two tailtests; Tests concerning means & variances.
 Linear & Multiple Linear Regression & Correlation: Simple linear regression; Propertiesof least square estimates; Confidence limits & tests of significance; Choice of a regressionmodel; Correlation. Estimating the coefficients; Adequacy of the model.
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 Analysis of Variance: One way classification; Tests for the equality of several variances;Single degree of freedom comparisons; Multiple range test; Comparing treatment with acontrol; Comparing a set of treatments in blocks; Randomised complete block design;Random effects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments;Two-factor analysis of variance; Three-factor analysis; Choice of sample size.
 2k Factorial Experiments: Yate's technique for computing contrasts; Factorial experimentsin incomplete blocks; Fractional factorial experiments; Analysis of fractional factorialexperiments.
 AU-520 Automotive Powertrains
 Design of automotive power transmission systems. Loads on the vehicle. Evaluation ofvarious engine and vehicle drive ratios on acceleration performance and fuel economy.Manual transmission and automatic transmission. Combustion in CI and SI engines. Selectionof combustion chamber type and shape, intake and exhaust systems. Differences betweenengine types. Cylinder number, configuration, size and material selection. Selection ofmixture preparation, firing order. Mechanism of combustion. Fuel and additive characteristics.Fuel metering and ignition systems. Exhaust emissions and control systems. Heat transfer,friction and lubrication systems. Air pollution. Exhaust systems. Effects of emission on airquality. Sources of auto emissions.
 ME-551 Introduction to Computational Fluid Dynamics
 Review of Fluid Transport Equations: Continuity Equation, Momentum Equations, VorticityTransport Equation, Stream Function Equation, Heat and Mass Transport Equations,Turbulence Transport Equation.
 Classification and Application of Partial Differential Equations: Elliptic, parabolic andhyperbolic partial differential equations, Laplace Equation, Heat Equation, Wave Equation,Burger�s Equation.
 Methods of Discretisation of Partial Differential Equations: Taylor Series Expansion,Polynomial Curve Fitting, Galerkin�s Integral Method, Control-Volume Method. ErrorAnalysis: Truncation Errors, Round-off Errors, Aliasing Errors.
 Stability Analysis and Convergence: Discrete Perturbation Stability Analysis, Von NuemannStability Analysis Numerical Solution Methods: Explicit and Implicit Methods, UpwindDifferencing, Power Law and Hybrid Differencing. The SIMPLE scheme, The QUICKscheme.
 Grid generation, types and grid refinement: uniform, non-uniform, simple, staggered andboundary-fitted grids.
 Implementation of Boundary Conditions: Numerical Treatment of Dirichlet, Nuemann, andMixed type boundary conditions. Implementation of Boundary Conditions: NumericalTreatment of Dirichlet, Nuemann, and Mixed type boundary conditions.
 Hands on experience with CFD software.
 ME-503 Computer Aided Design (CAD)
 Fundamentals of CAD: Introduction, the design process, application of computers for design,creating the manufacturing data base, benefits of CAD. Computers, Input / Output Devices,Storing an Image.
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 Geometric Modeling: Geometric Modeling Techniques: Multiple-View Two DimensionalInput, Wire Frame Geometry, Surface Models, Geometric Entities: Points Lines, Surfaces,Solids, Tesselated Modeling, Cubic Curves: Hermite Curves, Bezier Curves, B-SplineCurves, Bicubic Surfaces: Hermite Surfaces, Bezier Surfaces, B-Spline Surfaces. SolidModelers: Solid Modeling Construction Technique: Pure Primitive Instancing (PPI), SpatialOccupancy Enumeration (SOE), Cell Decomposition (CD), Sweeping (S), ConstructiveSolid Geometry (CSG), Boundry Representation (BREP), Euler Formula, Solid ModelerStorage Data Bases, Feature Recognition, Feature-Based Design Using CSG Construction,Using a BREP for Part Interpretation; Data Transfer Standards. Computer Graphics:Computer Graphics and the Part Model: Interactive Graphics, Graphics in CAD, Two-Dimensional Graphics, Two-Dimensional Transformations, Three-Dimensional Graphics,Three-Dimensional Transformations, Composite Transformations in Three Dimensions,Projections, Realistic Image Generation.
 Concurrent Engineering: Key Definitions; Driving Forces Behind Concurrent Engineering;The Meaning of Concurrent Engineering; Schemes for Concurrent Engineering: AxiomaticDesign, DFM Guideline, Design Science, Design for Assembly, The Taguchi Method forRobust Design, Manufacturing Process Design Rules, Computer-Aided DFM, GroupTechnology. Failure Mode and Effects Analysis, Summary of Concurrent Engineering Tools.
 AU-521 Vehicle Aerodynamics
 Basic formulation of fluid mechanics and aerodynamics problems. Inviscid and viscousflow. Wind tunnels and their applications to external aerodynamics. Computationalaerodynamics. Comparisons between experimental results and numerical results. Aerodynamicdesign for drag reduction. Aerodynamics of engine cooling. Aerodynamic noise.
 AU-522 Mechatronics in AE
 Introduction to mechatronics. Electric circuits and components. Semiconductor electronics,operational amplifiers, digital circuits. Microcontroller programming and interfacing. Dataacquisition. AD/DA conversions, sensors and actuators. Discrete-time systems and theZ-Transform method, sampled-data systems.
 AU-523 Emissions and Exhaust Control
 Automobiles and air pollution. Exhaust systems. Effects of emission on air quality. Sourcesof auto emission. Evaporative emissions, refuelling losses, exhaust emissions. The combustionprocess. Perfect combustion, typical engine combustion. Exhaust pollutants. Hydrocarbons,nitrogen oxides, carbon monoxide, carbon dioxide. Control of emissions. catalytic converters.
 ME-504 Finite Element Analysis
 FEA of One-dimensional Problems: Introduction, Basic Steps in FEA; Modeling,Discretisation, Connectivity of Elements, Imposition of Boundary Conditions, Solutions& Post Processing; Applications to Heat Transfer, Fluid Mechanics, & solid MechanicsProblems.
 Bending of Beams: Euler-Bernoulli Beam Element, Governing Equations, Application ofFE on Beam, Beam Examples, Plane Truss Element, Frame Element, Timoshenko Beam& Frame Element, Inclusion of Constraint Equations.
 Finite Element Error Analysis: Approximation Errors, Various Measures of Errors,Convergence of Solutions, Accuracy of Solutions.
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 Numerical Integration & Computer Implementation: Isoparameteric Formulations, NumericalIntegrations, Natural Coordinates, Computer Implementation (Pre-processor, Processor,Post-processor).
 FEA of Two-dimensional Problems: Introduction, Single Variable Problems; BoundaryValue Problems; Model Equations, Discretisation, Weak Form, Finite Element Model,Assembly, Solutions & post processing; Mesh Generation; Imposition of Boundary Conditions;Applications; Parabolic Equations; Hyperbolic Equations.
 Interpolating Functions, Numerical Integration & Modelling Considerations: InterpolatingTechniques; Triangular, Rectangular, & Serendipity Elements; Coordinate Transformation;Integration on a Master Element; Modelling, Mesh Generation, Load Representation.
 Plane Elasticity: Assumptions of Plane Elasticity; Basic Equations, Weak Formulations;Principle of Virtual Displacement in Matrix Form; Finite Element Model, Matrix & WeakForm Model; Evaluation of Integrals.
 Bending of Elastic Plates: Classical Plate Model; Finite Element Model; Shear DeformablePlate Model; Displacement field, Virtual Work Statement; Shear Locking & ReducedIntegration; Introduction to Time Dependent Problems; Computer Illustrative Examples.
 AU-525 Noise, Vibrations and Harshness
 Evaluating the vibration and acoustic characteristics of automotive systems and components.Human comfort and annoyance guidelines and standards. Sound, hearing and physiologicaleffects of noise and vibration. Modeling and experiment methods. Modal analysis and digitalsignal processing. Noise sources such as gears, bearings, rotating imbalance, gas flow,combustion, impact. Source-path-receiver identification. Sound transmission, air-borne andstructure-borne noise. Structural-acoustic interactions. Noise and vibration passive/activecontrol.
 AU-526 Sensors and Actuators
 Advanced mechatronic sensory devices: principles of operation and applications of force,pressure, torque, flow and temperature sensors; tactile sensors; optical and non-optical linearand angular motion, displacement and proximity sensing devices. Shape recognition andcolour measurement using image processing techniques. Principles and types of mechatronicactuators: electric � AC and DC motors, stepping motors, linear motors, solenoids; pneumaticand hydraulic actuators. Basic error analysis and basic signal processing and conditioningfor interfacing purposes: digital and analogue quantities, A/D and D/A converters; noisereduction and digital filters. Interfacing of sensing devices and actuators to computer systems.
 AU-527 Fluid Power Systems and Control
 Introduction to fluid power systems. Features of pneumatic and hydraulic systems. Hydraulicpumps and motors. Hydrostatic transmission. Types of valves. Pneumatic circuit components.Hydraulic circuit design. Load sensing. Fluid power servo control. Applications to steering,braking and automatic transmission systems in automobiles. Hydraulic couplings. Torqueconverters.
 AU-528 Lubrication
 Industrial importance of lubrication. Journal and thrust bearings and seals. Derivation ofthe governing equations. Closed form and numerical solution of the Reynolds equation.Finite element and finite difference formulations. Boundary conditions and cavitationproblem. Linear stability analysis of journal bearings. Film thickness and attitude angle
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 computation of a rotor under external loading. Friction and temperature rise in bearings.Supply oil flowrate. Design of bearings.
 IM-505 Automated Manufacturing Systems
 Automated flow lines; Methods of work part transport; Transfer mechanism; Buffer storage;Control functions; Automation for machining operations; Design and fabricationconsiderations; General terminology and analysis; Analysis of transfer lines without storage;Partial automation; Automated flow lines with storage buffers; Computer simulation ofautomated flow lines. The assembly process; Assembly systems; Manual assembly lines;The line balancing problem; Methods of line balancing; Computerised line balancingmethods; Flexible manual assembly lines; Types of automated assembly systems; Partsfeeding devices; Analysis of multi-station assembly machines; Analysis of a single stationassembly machine. Schemes for Concurrent Engineering: Axiomatic Design, DFM Guidelines, Design for Assembly, The Taguchi Method for Robust Design, Manufacturing ProcessDesign Rules, Computer-Aided DFM, Group Technology; Failure-Mode and Effects Analysis.Robot motions, Robot drive power, Types of robots; Robot motions: Link geometries, Frameof reference, Orientation, Changing frames of reference, Workspace Descriptions; Robotaccuracy and repeatability; Economic justification of Robots; Characteristics of robotapplications; Robot Cell design; Types of robot applications, Material handling applications;Processing applications; Assembly & inspection.
 IM-501 Supply Chain Management
 Management systems for distribution, materials handling, inventory control, transportationplanning and facilities location and analysis; Logistics information systems and developmentof logistics strategy. Use of planning models and software packages to demonstrate conceptsof strategic partnering, adequate safety stock levels, and risk pooling. Integrated decisionsupport systems in the management of the supply chain and logistics network design issues.
 IM-515 Agile and Lean Manufacturing
 Introduction to Lean Manufacturing, Value Concept, Lean Objectives & Tools, Origins ofLean Systems, Group Technology, 5S, Single Minute Exchange of Dies, Total ProductiveMaintenance, Kaizen, Just-In-Time Manufacturing Systems, Push & Pull ManufacturingSystems, Poka-yoke, Toyota Production System, Introduction to Agile Manufacturing,Research Projects in Agile Manufacturing, Design of Market Responsive Supply andDistributions Manufacturing Systems.
 IM-503 Maintenance Management
 Typical maintenance responsibilities; Types of maintenance: Breakdown Maintenance,Preventive Maintenance, Individual Versus Group Replacement, Internal Versus ExternalMaintenance; Determination of Crew size. Queuing Theory Application in Maintenance:Input, Queue, Service Characteristics. Mathematical Approach; Monte Carlo Simulation,Computerised Maintenance Management.
 ME-524 Reliability & Quality Engineering
 Reliability Measures: The reliability Function; Expected Life; Failure Rate and HazardFunction; Reliability and Hazard Function for well known Distributions such as Exponentional;Normal, Log Normal, Weibull, and Gamma Distributions; Hazard Models and Product Life;Constant Hazard Function, Linearly Increasing Hazard Function, Piecewise Linear BathtubHazard Function, Power Function Model, Exponential Model.
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 Static Reliability Model: Series System, Parallel System, Series & Parallel Combinations,Complex System Analysis, Reliability Considerations in Design.
 Reliability Engineering Design: Reliability Design Methodology, Strength and StressDistributions, Safety Factors and Reliability, Reliability Bounds in Probablistic Design.Transformation of Random Variables. Sums and Differences of Normal Random Variables,Error Analysis, Statistical Tolerancing.
 Interference Theory and Reliability Computations: General Expression for Reliability;Reliability Computations for Normally, Log Normally, Exponentionally, Gamma andWeibully Distributed Stress and Strength; Reliability Design Examples.
 Reliability in Design and Testing: Dynamic Reliability Models, Reliability Estimation,Sequential Life Testing, Bayesian Reliability in Design and Testing, Reliability Optimisation.
 Control Charts: Properties of the distribution of sample means, sample range estimation ofstandard deviation, chance and assignable causes, control charts for mean & range, controlcharts for mean & standard deviation, control charts for proportion defective & defects perassembly. Tests of significance to compute confidence limits.
 Acceptance Sampling: Introduction, OC curve, consumer & producer risks, AQL & LTPD,acceptance sampling for continuous production, acceptance by variables, single, double,& sequential sampling.
 Quality, Reliability, & Maintainability: Definitions, management of quality control, economicaspects of quality decisions, capability & variability analysis, various aspects of life testing,reliability, & maintainability, Introduction to ISO 9000, and ISO 14000.
 EM-504 Project Management Framework and Tools
 Role of projects in organisation�s competitive strategy; Standard methodologies for managingprojects; Project life cycle; Design-implementation interface; Estimating: preliminary anddetailed; Contractual risk allocation; Scheduling: PBS; WBS; Integration of scope, time,resource and cost dimensions of a project; Evaluation of labor, material, equipment, andsubcontract resources; Scheduling techniques including CPM/ PERT, GERT, critical chain;Solving real-world project schedules; Monte Carlo simulation; Cost budgeting; Cost baseline;Cash flow analysis; Earned value analysis; Cost control; Proposal presentation; Applicationof software for project management (MS Project, P3).
 IM-513 Six Sigma Methodologies
 Introduction to Six Sigma, Internal & External Customers, DMAIC (Define, Measure,Analyse, Improve, Control) Cycle, Six Sigma Goals and Metrics, Six Sigma Training, SixSigma Teams, Green; Black and Master Black Belt, Design for Six Sigma,DMADV (Define, Measure, Analyse, Design, Verify), Case Studies.
 ME-527 Human Factor Engineering
 Introduction: Scope of Ergonomics, Human operator as system components; physical sizeand shape dynamics, anthropmetry, sources and application of energy input sensitivity,central processing capacity, input characteristics, environmental effects, heat and vibration,lightning and noise. Techniques in human factor studies; the assessment of physical activity,subjective assessment technique, methods of work analysis.
 Design Requirements: Interface design; space requirements and layout visual presentationof information, auditing presentation of information, machine dynamics, control design,environmental factors, jobs aids, System evaluation.
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 MM-539 Corrosion Engineering
 Corrosion and erosion, Stoichiometric and non-stoichiometric crystals, Effects of impurities,Solid state electrochemistry, Oxidation of metals and alloys, Electrochemistry of corrosion.Corrosion behavior diagrams, Pourbaix diagrams, Activation Polarisation. ConcentrationPolarisation, Combined Polarisation. Reference electrodes. Polarisation resistancemeasurement, Galvanostatic behavior of metals, The three electrode cell and the F/log IPlot. Mixed Potential Theory. Mechanisms of growth and breakdown of passive films.Corrosion rate determination, Application of thermodynamics to corrosion. Crevice andPitting corrosion, intergranular corrosion. Stress corrosion cracking, Erosion corrosion,Cavitation damage, De-alloying. Environmental-sensitive cracking, Mechanisms ofenvironment-sensitive cracking. Street corrosion Electrode Kinetics, Practical aspects ofenvironment-sensitive cracking. Electroplating, methods of corrosion prevention. Cathodicand Anodic protection, Inhibitors and types of inhibitors.Performance of materials in specificenvironments, Soil potential and resistivity measurement, Coatings and inhibitors, Pipelineand oil rig protection.
 MM-538 Polymer Engineering
 Review of structure and properties of polymeric materials, their deformation and failuremechanisms, and the design and fabrication of polymeric end items. The molecular andcrystallographic structures of polymers related to the elastic, viscoelastic, yield and fractureproperties. Polymeric solids and reinforced polymer composites. Fabrication techniquesincluding: extrusion, injection moulding, reaction injection molding, thermoforming, andblow molding. Configuration of Polymer chains, Thermodynamics and phase equilibria inpolymer systems, Viscoelasticity and rubber elasticity, Deformation mechanisms in glassyamorphous polymers, Toughening mechanisms in polymers, Materials selection, manufacturingengineering, properties, and applications of polymers.
 Rubber, classes of dry rubber compounds, vulcanisation process, Compounding of rubbers,such as carbon blacks, platicisers and age resisters, characterisation of rubbers,silicon rubber
 MM-540 Modern Composites Materials
 Review of Composite materials, basic principles, applications and properties, ParticleReinforced Composites, Large-Particle Composites, Dispersion Strengthened Composites,processing of reinforcements, Fiber-Reinforced Composites, Influence of Fiber Length,Influence of Fiber Orientation and Concentration. Metal Matrix composites, Ceramic MatrixComposites, Hybrid composites, Processing of Fiber-Reinforced Composites, DevelopmentProcessing and Characterisation of Structural Composites, Treatment of thermal, electrical,optical and magnetic properties of composite materials, Relationship of structural andprocessing variables to the microstructure and service behaviour of composite materials,Nanocomposites.
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4.3 COURSES IN THE FACULTY OF ELECTRICAL AND COMPUTER ENGG.
 4.3.1(a) List of Courses for the M.Engg. Programme in Electrical Engineering
 Compulsory Courses
 (a) Control Systems
 Course No. Course Title Credit Hrs
 (b) Electrical Power Systems
 Course No. Course Title Credit Hrs
 (c) Electrical Machines & Drives
 Course No. Course Title Credit Hrs
 Elective Courses
 (a) Control Systems
 Course No. Course Title Credit HrsEE-506 Linear Multivariable Control Theory 3EE-507 Non Linear Control Systems 3EE-508 Stochastic Processes in Electrical Engineering 3EE-509 Estimation Theory 3EE-510 Stochastic Control Systems 3EE-511 Graph Theory 3EE-512 Advanced Digital Signal Processing 3EE-524 Electrical Power Distribution System Engg.-I 3EE-525 Electrical Power Distribution System Engg.-II 3EE-526 Electrical Power Transmission System Engineering 3
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 EE-501EE-502EE-503EE-504EE-505
 Linear Control SystemsOptimal Control SystemsRandom Variables & Stochastic ProcessesAdaptive Control SystemsDigital Control System
 33333
 EE-521EE-522EE-523EE-524EE-526
 Power System Analysis � IPower System Analysis � IIPower System ProtectionElectrical Power Distribution System Engg.-IElectrical Power Transmission System Engineering
 33333
 EE-541EE-542EE-543EE-544EE-545
 33333
 Power Electronics � IPower Electronics � IISolid State DC DrivesSolid State AC DrivesElectrical Machines Design
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 EE-529 Power System Reliability 3EE-600 Independent Study Project 6EE-601 Dissertation 9
 (b) Electrical Power Systems
 Course No. Course Title Credit HrsEE-525 Electrical Power Distribution System Engg.-II 3EE-527 Power System Stability 3EE-528 Computer Methods in Power System Analysis 3EE-529 Power System Reliability 3EE-530 Power System Protection using Static Relays 3EE-531 Embedded Power Generation 3EE-532 Reactive Power Control 3EE-501 Linear Control Systems 3EE-505 Digital Control System 3EE-512 Advanced Digital Signal Processing 3EE-543 Solid State DC Drives 3EE-544 Solid State AC Drives 3EE-600 Independent Study Project 6EE-601 Dissertation 9
 (c) Electrical Machines & Drives
 Course No. Course Title Credit HrsEE-546 Special Electrical Machines 3EE-547 Unified Theory of Electrical Machines 3EE-548 Elements of Machine Control 3EE-549 Electrical Machines Protection System 3EE-501 Linear Control Systems 3EE-505 Digital Control System 3EE-524 Electrical Power Distribution System Engg.-I 3EE-525 Electrical Power Distribution System Engg.-II 3EE-526 Electrical Power Transmission System Engineering 3EE-600 Independent Study Project 6EE-601 Dissertation 9
 4.3.1(b) Detailed Contents of Courses for the M. Engg. Programme in Electrical Engineering
 EE-501 Linear Control Systems
 Properties of feedback control systems, Mathematical models of basic components,State-variable models of feedback systems, time-domain analysis, stability, transformanalysis, frequency domain techniques, root-locus, design of single input-output systems,simple compensation techniques.
 EE-502 Optimal Control Systems
 Analysis, design and optimisation of analog and digital control systems, concepts ofcontrollability and observability, specification of optimum performance indices. Utilisationof constraints in fixed configuration compensator design system parameter identification
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 from measured data. Adaptive and optimal control problems. Computer techniques in designand optimisation.
 EE-503 Random variables and Stochastic Process
 Probability and random variables, characteristic functions, transformation of randomvariables, sequences of random variables, linear mean squared estimation, stationaryestimation, stationary random process, correlation functions, power spectrum output oflinear systems with stochastic input, Gaussian process.
 EE-504 Adaptive Control Systems
 Identification of adaptive control systems, mathematical modeling of the systems based onmeasurement data that may be limited or uncertain. Adaptive control of mathematicallymodeled systems. Various approaches including least square method of identification,analysis, design and stability study of adaptive control systems.
 EE-505 Digital Control Systems
 Examples of Discrete Data and Digital Control Systems, Signal Conversion and Processing,Sampling theorem, z-transform and inverse z-transform. The state-variable approach.Stability of Digital control system. Digital Simulation and digital redesign.
 EE-506 Linear Multivariable Control Theory
 Algebraic theory of multivariable feedback, Static and dynamic decoupling, Invertibility,Model control, Integrity, Computer aided frequency domain design techniques using inverseNyquist arrays and characteristic logic design.
 EE-507 Non Linear Control Systems
 Identification of Linear and non Linear Systems, approximate analysis of non linear systems,describing functions, Krylov and Bogoliubov�s asymptotical method and Tsypkin�s locus.Forced oscillation, jump response, stability analysis, Liapunov�s criterion, Lure�s problemand Popes method.
 EE-508 Stochastic Processes in Electrical Engineering
 Markov Chains, state classification, kolmogorov equations, applications to Probabilisticfinite state machines, Birth-death process, applications to queing theory, buffer problemsand the design of communication nets. Continuous state processes, diffusing processes,passage time and estimation problems, estimation and power spectra. Stochastic differenceand differential equation.
 EE-509 Estimation Theory
 Optimal estimation theory including linear and nonlinear estimation of discrete and continuousrandom functions. Wiener and Kalman filter theory.
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 EE-510 Stochastic Control Systems
 Introduction to random processes, properties of Markov processes, systems of covariance,deterministic and stochastic control equivalence, dynamic programming for Markov processes,principle of optimality, Kalman filtering, smoothing and preciting. The separation theoremand applications, concepts of adaptive estimations.
 EE-511 Graph Theory
 An introduction to oriented and non-oriented graphs, circuit concepts of linear vector space,network analysis and synthesis, topological formulae, the theory of switching, logic networkpaths, reachability, connectedness, tree representations, transportation flows, communicationand manipulation of computer data, PERT and other related techniques.
 EE-512 Advanced Digital Signal Processing
 Review of discrete signals and systems in temporal and spectral domains, data acquisition,discrete transforms (DFT, DCT and z-transforms), digital filters�IIR and FIR, spectralestimation, adaptive filters, multi-rate signal processing, Wavelets and joint time-frequencyanalysis, and real-time signal processing.
 EE-521 Power System Analysis-I
 Load flow studies, System formulation and modeling techniques of solutions, Voltage profileand control. System optimisation, operation and commitments, Optimum scheduling.Optimisation of combination of Hydro-Thermal systems, automatic generation and voltagecontrol, load frequency control, valve model, turbine model, block diagrams and the controlmodel, single and two area load frequency control.
 EE-522 Power System Analysis-II
 Symmetrical Components, Unsymmetrical shunt and faults, sequence impendence oftransmission lines, machines and transformers, change of symmetry, simultaneous faults,two component method for fault analysis.
 EE-523 Power System Protection
 Protective relaying philosophy and fundamental considerations, transmission lines, rotatingmachines and transformer protection, Relay input sources and their performance, Staticrelays. Basic components of static relays, Comparator, Basic static relays used in protectiveschemes.
 EE-524 Electrical Power Distribution System Engineering-I
 Distribution System Planning and Automation, Load Characteristics, Application ofDistribution transformation, Design of Sub-transmission lines and distribution substations,Design considerations of primary system, Design considerations of secondary systems,Voltage-Drop and Power loss calculations.
 EE
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 EE-525 Electrical Power Distribution System Engineering-II
 Application of capacitors to distribution system, Distribution system voltage regulation,Distribution system protection, Distribution system reliability.
 EE-526 Electrical Power Transmission System Engineering
 Intense and rigorous treatment of the constants of HV and EHV lines and cables, Mathematicalmodeling, Insulation coordination and their effects on insulation during short circuits,Traveling waves, Optimum loading of facilities, effects of line transients on insulation. HVDC transmission, Type of DC links, technical and economic advantages of DC transmission,Incorporation of HV DC into AC systems, Converter station equipment, skin effects.
 EE-527 Power System Stability
 Steady state and transient stability problems of multi-machine interconnected systems,Swing equation, point-by-point solution of swing equation. Equal area criterion, One machineand two-machine systems, Critical fault clearing time. Effect of fault on stability, Stabilitystudy of typical systems.
 EE-528 Computer Methods in Power System Analysis
 Network Matrices, Algorithms for formation of network matrices, short circuit studies,solution of simultaneous algebraic equations, Load flow studies, Numerical solution ofdifferential equations, transient stability studies.
 EE-529 Power System Reliability
 Network and state space methods for reliability evaluation. Component reliability,Generating capacity reserve evaluation and operating reserve evaluation. Interconnectedsystems, Bulk power system reliability. Area supply reliability, distribution systemsreliability, reliability modeling.
 EE-530 Power System Protection using Static Relays
 Static Relays, comparators, components, circuits and power supply circuit for static relays,Time relays, Voltage relays, directional, over current, differential and distance relays, pilotwire and carrier current schemes.
 EE-531 Embedded Power Generation
 Reasons, extent, issues and technical impacts of embedded or dispersed generation. Economicimpacts of embedded generation on transmission, distribution and central generation systems.Embedded generation plants, combined heat and power plants, renewable energy generation-small scale hydro-generation, wind power plants, off-shore wind energy, solar photovoltaicgeneration. Power flow studies of an embedded generation scheme, balanced and unbalanced
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 fault studies as applied to an embedded generation scheme. Stability studies of an embeddedgeneration scheme, electromagnetic transient studies, and generators for embedded generation,power quality and protection of embedded generation.
 EE-532 Reactive Power Control
 Definition of terms used in Reactive Power Management. Quality in electrical power supply.Indices and cost of power quality, justification for capital cost, costing of reactive power.Reactive power requirement of utilities. Reactive power supply by utilities. Systems andtools for management of reactive power by utilities. User-side scenario of reactive powermanagement, compensation, planning, selection of equipments, consideration of harmonics.Reactive power management in different types of industrial plants.
 EE-541 Power Electronics-I
 Solid-state power devices, single phase & three phase controlled rectifiers. Driving thetransistor and its protection, Driving the Thyristor and its protection. Power factor improvementof thyristor controlled load, DC-to-DC Switch Mode Converters. Switching DC PowerSupplies. Power conditioners and Un-interruptible Power Supplies. Thyristor ForcedCommutated DC Choppers.
 EE-542 Power Electronics-II
 Single phase and three phase AC voltage controllers. Single phase and three phaseCycloconverters. Thyristor commutation techniques. Single phase and three phase inverters.Modulation techniques. DC link and hidden link inverters. Resonant pulse converters. Zerovoltage and zero current converters.
 EE-543 Solid State DC Drives
 Variable speed drive systems, Separately excited and series dc motor single phase drives,Power factor improvement. Three phase drives, Semi converter, Full converter series connectedand dual converter drives. Reversible drives. DC Chopper Drives. Dynamic and regenerativebraking. Closed loop control, Phase Locked Loop control and Microprocessor control.
 EE-544 Solid State AC Drives
 Review of three phase induction motor speed control, Speed control by Slip-Energy Recoveryschemes, Induction motor with voltage source inverters, Induction motor with current sourceinverters, Synchronous motor drives. Stepper motor drives. Cyclo-converter controlled ACdrives. Brushless synchronous machines.
 EE-545 Electrical Machines Design
 Design of transformers, DC machines, Single phase and three phase induction motors,Design of synchronous machines.
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 EE-546 Special Electrical Machines
 Linear Induction motors, linear synchronous motors, Reluctance motors, NumericallyControlled stepper motors.
 EE-547 Unified Theory of Electrical Machines
 Matrix equation, Matrix Analysis of transformer, general unified theory of rotating machines,Application of the general theory in the analysis of DC machines, 1-phase and 3-phaseinduction motors.
 EE-548 Elements of Machine Control
 Parameters of machines to be controlled. Types of Controls, Powers Switches, TemperatureControl of Power Switches, Drivers, Voltage Regulators, Passive devices used in machine control.
 EE-549 Electrical Machine Protection System
 Protection & Measurement Devices, Transformer and Reactor Protection, TransformerFaults, Magnetising Inrush, Protection Against incipient Faults. Protection Against ActiveFaults, Regulating Transformer Protection, Shunt Rector Protection. Generator Protection,Type, Stator & Rotor Protection, Loss of Excitation Protection, Other Protection. MotorProtection, Motor Problems, Stator & Rotor Protection, Other Protection.
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 4.3.2(a) List of Courses for the M.Engg. Programme in Computer Systems Engineering
 Non-Credit Courses
 Course No. Course Title Credit Hrs.CS-401 Introduction to Programming Systems Design NCCS-402 System Design using Microprocessors NCCS-403 Introduction to Computer Networks NCCS-404 Computer Systems Architecture and Organisation NCCS-405 Logic Design and Switching Theory-I NCCS-406 Introduction to Artificial Intelligence NC
 NOTE: i) Non-Credit (NC) courses may be offered to those students whohave not studied these courses at undergraduate level.
 ii) All Non-Credit courses are compulsorily required to be takenas soon as they are offered.
 Compulsory Courses
 Course No. Course Title Credit Hrs.CS-506 Advanced Computer Systems Architecture 3CS-513 Artificial Intelligence 3CS-524 Distributed Computer Systems 3CS-531 Advanced Operating Systems 3CS-537 Advanced Switching Theory 3
 Elective Courses
 a) Computer Architecture and Systems Design
 Course No. Course Title Credit Hrs.CS-502 Advanced Microprocessors-based Design 3CS-505 Advanced Digital Signal Processing 3CS-508 Real Time Computer Systems 3CS-510 Fault-Tolerant Computer Systems 3CS-511 Diagnosis and Design of Reliable Digital Systems 3CS-512 Interconnecting Networks 3CS-515 Computer Aided Design of Digital Systems 3CS-521 Introduction to Robotics 3CS-525 Embedded Systems 3CS-526 Advanced VLSI Systems Design 3CS-527 Advanced Parallel Processing 3CS-598 Current Topics in Computer Systems Engineering 3CS-600 Independent Study Project 6CS-601 Dissertation 9
 b) Computer Network & Performance Evaluation
 Course No. Course Title Credit Hrs.CS-503 Queuing Theory for Performance Modelling of Computer Systems 3CS-504 Design and Analysis of Computer Communication Networks 3
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 CS-514 Performance Evaluation of Computer Systems 3CS-517 Digital Communication Theory 3CS-519 Design and Construction of Large Software Systems 3CS-520 Database Systems 3CS-522 Computer Network Security 3CS-523 Routing and Switching 3CS-538 Information Theory and Cryptography 3CS-598 Current Topics in Computer Systems Engineering 3CS-600 Independent Study Project 6CS-601 Dissertation 9
 4.3.2(b) Detailed Contents of Courses for the M.Engg. Programme in Computer Systems Engineering
 CS-401 Introduction to Programming Systems Design
 This course is an intensive introduction to Programming Principles, Discrete Mathematicsfor Computing, Software Design and Software Engineering concepts. Pre-requisite: HighLevel Programming Language.
 CS-402 Systems Design using Microprocessor
 Architecture, operation and timing of Microprocessor instruction, Assembly languageprogramming, Memory Design, I/O operation, Interrupt techniques, Serial and Parallel I/O,DMA interface.
 CS-403 Introduction to Computer Networks
 Basic Network Architecture, Layered Protocols, Network Service Interface, Local Network,Long Haul Networks, Internal Protocols Addressing, Routing, Flow control, Higher LevelProtocols.
 CS-404 Computer Systems Architecture and Organisation
 Machine Organisation at Register transfer level, Data and Control paths of CPU, Micro-programmed and HW implementation of Control unit, Timing Fundamental Arithmeticunits, I/O Organisation, Virtual Memory.
 CS-405 Logic Design and Switching Theory-I
 Boolean algebra, Logical devices, Digital logic, Logic minimisation techniques, Synchronoussequential machines, Arithmetic operations using register transfer notation, Memory devices,Digital logic simulation, Incompletely specified Machine design, Machine experiments.
 CS-406 Introduction to Artificial Intelligence
 Introduction to Intelligence, Types of Intelligence, History of Artificial Intelligence (AI),Al concepts and techniques, AI Programming Languages, LISP, Prolog, predicate calculus,automated reasoning. Knowledge representation with emphasis on Expert Systems, SearchingAlgorithms, search and optimisation, heuristic search paradigms, game programming.
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 CS-502 Advanced Microprocessor Based Design
 Bit slice Microprocessor, Multiprocessor Design, Micro-programmable systems, FaultTolerant systems, Graphic systems, Voice recognition and synthesis process control.
 CS-503 Queuing Theory for Performance Modelling of Computer Systems
 Review of Markov chains and simple Queuing Theory, Advanced Queuing Theory,approximations open and closed Network of Queues, Computation techniques, PriorityQueuing scheduling.
 CS-504 Design and Analysis of Computer Communication Networks
 Applications of Stochastic modelling, Optimization techniques to communication Networksdesign and analysis data link control. Performance includes multi-access channels routingand flow control.
 CS-505 Advanced Digital Signal Processing
 Fourier Transforms, Z-Transform, Sampling Theory, Discrete time Filters, Discrete andFast Fourier Transform, Theory & design of recursive and non-recursive filters window,Design of frequency-sampling filters, Applications in speech processing images, HWrealization of algorithms, Advanced study of spectral estimation in speech codingcommunications, Radar/Sonar signal processing, Image processing.
 CS-506 Advanced Computer Systems Architecture
 Comparative studies of CPU, Memory I/O systems and overall systems architecturecompanion of instruction sets advanced arithmetic units, pipeline and parallel architecturesegmentation, paging and replacement algorithms, Microprogramming, Different I/Operformance evaluation, factors for consideration, Cost/complexity measures.
 CS-508 Real-Time Computer Systems
 Structure of Real-Time computer systems, handling of time, Clock systems, Specialarchitecture for Real-Time systems, Reliability and available by analysis, Petri Net Modelling,Scheduling, Real-Time operating systems.
 CS-510 Fault Tolerant Computer Systems
 Fault classifications measures of reliability, Modelling and evaluation, Detection and recoveryschemes, Case studies of recent designs, Reliability analysis of networks and distributionsystems.
 CS-511 Diagnosis and Design of Reliable Digital Systems
 Fault models, Test generators, Fault simulation self checking and self testing circuits, Designfor testability, PODEM, FAN, Crosstalk Faults, Bridging faults and IDDQ testing, CMOS
 CIS DONE
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 bridging faults, Fault diagnosis, Build in Self Test, BIST for memory.
 CS-512 Interconnecting Networks
 Theory design and analysis of Interconnecting Networks for multiprocessor systems, Studyof regular, Omega, binary, r-cube, Delta, Gamma Networks, Mapping algorithms toarchitecture.
 CS-513 Artificial Intelligence
 Problem solving, Search methods, natural language understanding, Neural Networks,Intelligent agents, Introduction to knowledge representation, Models of natural intelligence,Introduction to machine perception and integrated robots.
 CS-514 Performance Evaluation of Computer Systems
 Performance modelling, Measurement and evaluation techniques, C.P.U. schedulingdescriptions, Queuing Network models of computer systems, Aggregation and decompositionMemory hierarchies interface analysis, Reliability models.
 CS-515 Computer Aided Design of Digital Systems
 Synthesis, Partitioning, Placement Routing of Digital circuits, Integrated circuit design,Method simulation of Switch gate, register transfer and systems level.
 CS-517 Digital Communication Theory
 RF subsystem design, RF Channel characteristics, Carrier and sub-carrier signal processing.Digital signal formats: Binary and M-array, Coherent and non-coherent noise analysis,Probability of error performance, Signal design and spectral analysis, Channel capacity.
 CS-519 Design and Construction of Large Software Systems
 Large scale programs, Development of program specification, System management,Description techniques, Maintenance and checkouts, Analysis of program performance,Modularity and Mobility.
 CS-520 Database Systems
 Survey and concepts of database technology, Database design and evaluation, Logical andphysical data models, Storage structures, Integration and protection control, Decentralizeddatabase.
 CS-521 Introduction to Robotics
 Robotics Terminology: Control System, Accuracy and Repeatability, Robot specifications,end effectors, Sensors in robotics, Robot Programming and Artificial Intelligence: Type ofprogramming, Lead through programming, Robot languages, Simulation and off-lineprogramming, Work cell control, Robot Applications: Characteristics of Robot Application,Robot cell Design, Types of robot Applications, Material Handling Applications, Processing
 CIS DONE
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 Operations, Assembly and Inspection.
 CS-522 Computer Network Security
 Principles of computer and network security management, policy and technical issues,Discussion of techniques for achieving security in multi-user computer systems anddistributed computer systems, Introduction to cryptography and its application to networkand operating system security, security threats, secret key and public key cryptographicalgorithms, hash functions, basic number theory, digital signatures, authentication, securityfor electronic mail, computer viruses, firewalls, services and protocols.
 CS-523 Routing and Switching
 ARP, Proxy ARP, IP sub-netting, VLSM (Variable Length Subnet Mask), Cisco Router IOSand CLI basics, RIP, RIP2, IGRP, EIGRP, Frame relay configuration on Cisco routers, Huband spoke frame relay, Standard and extended access list and Traffic management.
 CS-524 Distributed Computer Systems
 Distributed Models, Networking and Internetworking, Inter-process communication,Distributed objects and remote Invocation, Remote procedure call, Security, CryptographicAlgorithms, Digital Signatures, Coordination and Agreement, Distributed Mutual Exclusion,Election Algorithms, Distributed Transactions and Concurrency Control, Replication SystemsModel, Fault-tolerant systems, Mobile and Ubiquitous Computing, Association Sensingand context-awareness, security and privacy, Distributed shared memory: design andimplementation issues.
 CS-525 Embedded Systems
 Introduction to embedded systems, Custom single-purpose processors, General purposeprocessors, Embedded computing platform design and Analysis, Processes and OperatingSystems, Hardware Accelerators Networks, System Design Techniques.
 CS-526 Advanced VLSI System Design
 Redundant Arithmetic, Numerical Strength Reduction, Low-power CMOS Design, Wave-pipelining, VLSI Design, Asynchronous VLSI Design, VLSI Aspects of ReconfigurableDatapath and Control design, Power Efficient VLSI computation, VLSI digital signalprocessing systems.
 CS-527 Advanced Parallel Processing
 Decomposition Techniques, Mapping Techniques for Load Balancing, Parallel AlgorithmModels, Various communication operations, Improving the speed of CommunicationOperations, Performance Metrics for Parallel Systems, Scalability of Parallel Systems,Minimum Execution Time and Minimum Cost-Optimal Execution Time, Asymptotic Analysisof Parallel Programs, Thread Basics, Synchronization Primitives, Design of sorting networks,Selection networks, Searching and dictionary operations, Parallel architectures for FFT.
 CS-531 Advanced Operating Systems
 Concurrency, Interprocess Synchronization, Types of Schedulers, Scheduling Algorithms,
 CIS DONE
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 Exclusion: Interprocess Synchronization Algorithms, Review of Semaphore, critical regionsconditional critical regions event queue. Interprocess Communication Monitors and Messages,Interprocess Communication and Synchronization with Messages, Deadlocks, Analysis andDesign issues for prevention of Deadlocks, Advanced Memory Management Concepts:Virtual Memory Management, Working Set Theory, Multiprocessor Systems: MultiprocessorOS functions and requirements, OS design and implementation issues, MultiprocessorSynchronization, Distributed Operating Systems: Algorithms for distributed processing,Handling of failures, Models of Distributed Systems.
 CS-537 Advanced Switching Theory
 Review of Relevant Concepts: Representations of Boolean Functions, Cofactors: Shannon�sFundamental Theorem, Theory of Incompletely Specified Machines: Row ReductionAlgorithms, Finite Machine Design, Demonstration of reduction Algorithms, AsynchronousMachines Fundament Study: Preparatory Algorithms, State Assignment of AsynchronousMachines, Tracey�s and Liu�s Assignments examples of STT Assignments, Hazards incombinational and sequential circuits. Hazards, Detection, Defeating Hazards, InformationLosslessness, Analysis and Design of Logic Networks: Analytical Techniques, Design ofNetworks for Digital and Communication Systems.
 CS-538 Information Theory and Cryptography
 Source Coding: Theorem. Huffman Coding Arithmetic Coding, Source Models and AdoptiveSource Coding Channel Models: Discrete Memoryless Channel Model, Markov Processes,Source with memory, Markov Chains and Data Processing, Data Translation Codes, ChannelCoding Techniques, Linear Block Error Correcting Codes, Cyclic Codes, ConvolutionalCodes, The Viterbi Algorithm, Cryptography: Crypto Systems, Language Entropy,Computational Security Diffusion and Confusion, Product Cipher Systems, Public KeyCrypto System,. Shannon�s Coding Theorems: Random Coding Shannon�s Second Theorem,Shannon-Fano Coding, Shannon�s Noiseless Coding Theorem.
 CS-598 Current Topics in Computer Systems Engineering
 This course is used for teaching a wide variety of subjects. The topics to be taught areselected each semester to reflect developments and trends of interest in Computer SystemsEngineering.
 CS-599 Independent Study Project
 Individual directed study in Computer Systems Engineering Projects in the chosen discipline.Project must be approved by the faculty incharge prior to registration for the course. Writtenreport and presentation of a department Seminar based on material studied are required atthe end of the semester
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 4.3.3(a) List of Courses for the M. Engg. Programme in Electronic Engineering
 Non-Credit Courses
 Course No. Course Title Credit HoursEL-402 Introduction to Mechatronics NCEL-403 Introduction to Power Electronics NC
 Note:- Non-credit (NC) courses may be offered to thosestudents who have not studied these courses atundergraduate level.
 Compulsory Courses
 Course No. Course Title Credit HoursEL-501 Solid State Materials and Devices 3 EL-502 Analog Integrated Circuits 3EL-503 Advanced Digital Electronics and Interfacing Techniques 3EL-504 Electronics Design Automation 3EL-507 Fuzzy Logic and Intelligent Electronics Control Systems 3
 Elective Courses
 (a) Micro System Design
 Course No. Course Title Credit HoursEL-511 Digital VLSI Design 3EL-512 Analog VLSI Design 3EL-513 Micro Fabrication Processes 3EL-514 Light wave Engineering 3EL-515 High Speed Semiconductor Devices and Circuits 3EL-516 Introduction to Micro-electro-mechanical Systems 3EL-517 Selected Topics in Micro System Design 3EL-600 Independent Study Project 6EL-601 Dissertation 9
 (b) Industrial Electronics
 Course No. Course Title Credit HoursEL-521 Measurement and Calibration of Electronic Systems 3EL-522 Intelligent Measurements and Instrumentation 3EL-523 Industrial Control Systems 3EL-524 Advanced Power Electronics 3EL-525 Sensors and Systems 3EL-526 Robotics and its Application of Industrial Electronics 3EL-528 Selected Topics in Industrial Electronics 3EE-543 Solid State DC Drives 3EE-544 Solid State AC Drives 3EL-600 Independent Study Project 6EL-601 Dissertation 9
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 4.3.3(b) Detailed Contents of Courses for the M.Engg Programme in Electronic Engineering
 EL-402 Introduction to Mechatronics
 This course covers basic mechanical design elements, including gears, fasteners, bearing,sprockets and chains, timing pulleys, brakers and clutches, Methods of attaching power andtiming elements to shafts, including standard keys, Woodruff keys, splines, pins, and press-fits are covered. Use of electric motors and pneumatics in mechanical systems is covered.Integration of sensors, including potentiometers, limits switches, and yaw rate sensors iscovered. Theories of failure will be introducing, and basic stress/strain calculation will bedone. Design theories and project management will be introduced.
 EL-403 Introduction to Power Electronics
 Solid-state power devices, single phase & three phase controlled rectifiers. Driving thetransistor and it�s protection, Driving the Thyristor and its protection. Power factorimprovement of thyristor controlled load, DC-to-DC Switch Mode Converters. SwitchingDC Power Supplies. Power Conditioners and Un-interruptible Power Supplies. ThyristorForced Commutated DC Choppers.
 EL-501 Solid State Materials and Devices
 A relatively broad moderate depth coverage of semiconductor devices and material properties.The course presents and examines semiconductor fundamentals required in the operationalanalysis of solid-state devices. A detailed examination of the pn-junction diode and pn--junction devices follows. The final portion of the course treats heterojunction surface devicesincluding the Schottky diode, the MOS capacitor and MOSFET. It also includes negativedifferential mobility and transit time effects in GUNN and IMPATT diodes.
 EL-502 Analog Integrated Circuits
 Large Signal Behaviour of Bipolar & MOS Transistor, Small Singale Models of Bipolar& MOS Transistor, Bipolar, MOS and BiCMOS Integrated Circuit Fabrication Technology,Single Transistor & Multi-Transistor Amplifiers, Current Mirrors & Active Loads. Op AmpsConfiguration & Applications, Statistic & Dynamic Limitations of Op Amps, Analysis ofOp Amps, Fully Differential Op Amps, Voltage References & Regulators.
 EL-503 Advanced Digital Electronics and Interfacing Techniques
 Revision of topics related to Digital Electronics, Advanced Digital Concepts, Logic Familiesand their Applications. Internal Structure of Logic Families, Complex Digital Circuits,Synchronous Logic, A/D and D/A Conversion, timing diagrams, computer bus systems,programmable logic devices (PLD), and complex circuit debugging using a Logic Analyser.Standard logic interfacing, Circuit Design Fundamentals for Microprocessors andMicrocontroller based Systems, Different Man-machine Interfacing Techniques, Computer-based Design and Simulation of Discrete Implementation of Digital Logic, Microprocessorand Microcontroller based Systems.
 EL
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 EL-504 Electronic Design Automation
 Introduction: digital design flow. Verilog: introduction and use in synthesis, modelingcombinational and sequential logic, writing test benches. Logic synthesis: multilevel gate-level optimisation tools, basic concepts of high-level synthesis � partitioning, scheduling,allocation and binding. Testability issues: fault modeling and simulation, test generation,design for testability, built-in self-test. Testing SoC�s. Basic Concepts of verification. Physicaldesign automation. Review of MOS/CMOS. fabrication technology. VLSI design styles:full-custom. standard-cell, gate-array and FPGA. Physical design automation algorithms:floor-planning, placement, routing, compaction, clock and power routing, etc.
 EL-507 Fuzzy Logic and Intelligent Electronic Control Systems
 Introduction to Fuzzy logic, Fuzzy logic sets and systems, Fuzzy modeling, control anddecision making, Supervised learning and neural networks, back propagation, radial-basefunctions, associative memory and pattern recognition, self-organisation systems, neuro-fuzzy logic controllers, neuro-fuzzy logic, hybrid controllers, applications, implementation.
 EL-511 Digital VLSI Design
 History of Digital VLSI, Market of Digital VLSI, Semiconductor Device Physics, NMOS,PMOS, Fabrication of MOS Circuits, CMOS Circuits, CMOS Inverter Analysis, CircuitCharacterisation, CMOS Logic Structures, CMOS Subsystem Design, Clocking Strategies,CMOS Testing , CMOS Case Studies.
 EL-512 Analog VLSI Design
 History of Analog VLSI, Market of Analog VLSI, Semiconductor Device Physics, MOSFETModels for Simulations. Small Signal Model of MOS, MOS Current Mirrors, Single Stageand Multistage Operational Amplifiers, Switched Capacitor Filters, Switched CapacitorA/D and D/A Converters.
 EL-513 Micro Fabrication Processes
 Semiconductor Processing Technology: An Introduction to Microelectronic Fabrication,Roadmap of semiconductor manufacturing, Semiconductor Materials and Process Chemicals,Crystal Growth and Wafer Preparation, Contamination Control. Overview of WaferFabrication. Principles of Microelectronic Fabrication: Oxidation, Rapid Thermal Processing,Photolithography and related Processes. Processing of thin films. Overview of WaferFabrication, Testing, Metallisation and Packaging.
 EL-514 Lightwave Engineering
 Review of basic principles of optics, Optical fiber, Optical sources, Optical detectors, Opticalcouplers, Optical switches, Optical transmission systems. Semiconductor laser amplifiersand Optical fiber amplifiers, Integrated optics, Optical integrated circuits (OICs) andOptoelectronics integrated circuits (OEICs), Optical LANs, Thin film fabrication andapplication.
 EL
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 EL-515 High Speed Semiconductor Devices and Circuits
 Introduction to new and innovative technologies for electronic and photonic materialssyntheses and processing. New semi-conducting materials. High-speed semiconductordevices with emphasis on application for wireless communications. Si-Ge heterostructuresand devices as alternative for the conventional Si technology. Advanced concepts onelectronic properties and fabrication of heterostructures. Solid state devices in the microwaveregion. GaAs. InP SiC and GaN and related materials and their application.
 EL-516 Introduction to Micro-electro-mechanical Systems
 Overview of MEMS and Microsystems, Economy and Market of MEMS, Fundamentalsof Microfabrication, Fabrication Processes, Introduction to micromechanics, Inertial MEMSsensors, Bio MEMS RF MEMS, MOMES, Material Requirement of MEMS, MEMSPackaging, Testing of MEMS, Case studies of in-production MEMS, and novel MEMS.
 EL-517 Selected Topics in Micro System Design
 Topics will be selected from new emerging technologies and trends in the field of ElectronicEngineering. Contents vary from year to year according to interest of students and instructorin charge.
 EL-521 Measurement and Calibration of Electronic Systems
 Introduction to Instrumentation for Test and Measurement: Systems approach. Standardisationand Traceability. Characteristics of Dynamic Measurements: Types of Dynamic data,Periodic, transient and non periodic (random). Accuracy, Calibration and Error Assessment.Measurement Systems and Instrumentation Electronics: Amplifies and signal conditioners,Avoiding unwanted signals, System Considerations; amplifier to transducer matching,Integrating, differentiating and filters. Digital signal Processing: Generating and processingdigital data, Digital analytical techniques, and Recording and readout devices. Data Acquisitionand Measurement Environment.
 EL-522 Intelligent Measurements and Instrumentation
 Analog and digital instrumentation principles, analog instrumentation blocks, microprocessorconcepts, digital instrumentation blocks, bus communications, telemetry systems, instrumentsystems set-ups, interference reduction, configuration, selection, installation and application.
 EL-523 Industrial Control Systems
 Review of the industrials environmental, motor controls, control instrumentation and devices,PLC (Programmable Logic Controllers): architecture, real-time control I/O layout, I/Otypes, inter processor communications, programming. Industrial applications, interlocking,safety, risks, justification. Loop tuning, communications applications, Operator Interfaces:
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 simple operators, terminals, HMI (Human Machine Interfaces) package software, businesssystem connectivity (SQL), data structures.
 EL-524 Advanced Power Electronics
 Single phase and three phase AC Voltage controllers. Single phase and three phase Cycloconverters. Thyristor communication techniques. Single phase and three phase inverters.Modulation techniques. DC link and hidden link inverters. Resonant pulse converters. Zerovoltage and zero current converters.
 EL-525 Sensors and Systems
 Fundamentals principles, operation, and design of integrated solid-state sensors and sensingsystems. Sensor technology, including micromachining and wafer bonding. Microstructuresfor the measurement of visible and infrared radiation, pressure, acceleration, temperature,gas purity and ion concentrations. Merged process technologies for sensors and circuits.Data acquisition circuits and advanced sensing systems. Microactuators and integratedMicrosystems.
 EL-526 Robotics and its Application of Industrial Electronics
 Evolution of Robots and Introductory aspects of Robotics, Homogeneous Transforms, Robotarm kinematics, Robot configurations, Inverse Kinematics, Robot Dynamics, RobotAutonomy, Mobility, Manipulation, Sensing, Control and Navigation, Work-spaceconsiderations and planning, obstacle Avoidance, Robot Algorithms and Program Design,Advanced Robotics Example and case studies there of.
 EL-528 Selected Topics in Industrial Electronics
 Topics to be selected from emerging technologies and trends in the field of ElectronicEngineering. Contents vary from year-to-year according to student and instructor in-chargeinterest.
 EE-543 Solid State DC Drives
 Variable speed drive systems, Separately excited and series DC motor single phase drives,power factor improvement. Three phase drives, Semi Converter, Full Converter, Seriesconnected and dual converter drives. Reversible drives. DC Chopper drives. Dynamic andregenerative braking. Closed loop control, Phase locked Loop control and Microprocessorcontrol.
 EE-544 Solid State AC Drives
 Review of three phase induction motor speed control, Speed control by Slip-Energy Recoveryschemes, Induction motor with voltage source inverters, Induction motor with current sourceinverters, Synchronous motor drives. Stepper motor drives. Cyclo-converter controlled ACdrives. Brushless synchronous machines.
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 4.3.4(a) List of Courses for M.Engg. Programme in Telecommunications Engineering
 Compulsory Courses
 Course No. Course Title Credit Hours
 TC-501 Probability and Random Processes 3TC-502 Information Theory 3TC-503 Digital Communication Theory 3TC-504 Advanced Communication Systems 3TC-505 Telecommunications Network Operations 3
 Elective Courses
 Course No. Course Title Credit Hours
 TC-511 Communication Networks 3TC-512 Microwave Systems 3TC-513 Principles of Radar 3TC-514 Mobile Telephone System 3TC-515 Advanced Digital Signal Processing 3TC-516 Satellite Communication 3TC-517 Communication Security 3TC-600 Independent Study Project 6TC-601 Dissertation 9
 4.3.4(b) Detailed Contents of Courses for the M. Engg. Programme in
 Telecommunications Engineering
 TC-501 Probability and Random Process
 Axioms of probability Random variable; expected values, Gaussian and Poisson randomvariable distribution. Function of Random variables, sequences of random variables. Secondorder statistics. Properties of correlation function, time averages stationary, Ergodicity.Frequency domain analysis. Time linear operations. Wiener filtering, Gaussian processes.
 TC-502 Information Theory
 Information measures, Coding Theorem, Data Compression, Entropy source entropy andNoiseless coding Theorem. Sources coding Huffman coding. Hamming Distance and codespecial codes for noise channels.
 TC-503 Digital Communication Theory
 Detection theory. Statistical decision theory. Bayesian decision, application of detectiontheory to communication systems. Signal formats binary and M-array Modulations, Coherenceand non coherence detection, probability of error performance. Signal Design and spectralanalysis. Channel capacity. Optical communication.
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 TC-504 Advanced Communication Systems
 Review of Fourier transform theory, RF sub-system design, RF channel characteristics,Modulation and demodulation, multiplexing, carrier and sub-carrier signal processing,analog and digital system design, Satellite related RF issues.
 TC-505 Telecommunications Network Operations
 Overview of Telecommunications Networks and Network Management Systems Introductionto Telecommunications Networks, Introduction to Telecommunications Network ManagementSystems, Telecommunications Management Network: TMN Functional, Physical and LogicalLayered Architectures: What is TMN? Motivation for TMN, TMN Functional Architecture,TMN Physical Architecture, TMN Logical Layered Architecture, TMN InformationArchitecture and Generic Information Model: TMN Information Architecture, Generic TMNInformation Models, Configuration Management: Network Planning and Engineering,Installation and Software Management, Provisioning, NE Resource Status and Control,Performance Management: Performance Monitoring, Performance Analysis, PerformanceManagement Control, Fault Management: Alarm Surveillance, Fault Localisation, TestManagement, Fault Correction and Service Restoration, Trouble Administration, AccountingManagement: Accounting Management Process, Usage Metering and Data Collection, AMAData Processing, Charging and Billing, Security Management: Fraud Prevention, FraudDetection, Fraud Containment and Recovery, Security Services, Security Mechanisms,Service Management and Service Activation: Service Configuration Management, ServiceOrdering, Service Provisioning, Service Performance Management.
 TC-511 Communication Networks
 Review of Markov chain, Queuing theory, open and closed network of queues, priorityqueuing. Application of stochastic modeling. Optimisation techniques to CommunicationNetwork design and Analysis. Data Link Control, Performance models of multi-accesschannels, Routing and flow control.
 TC-512 Microwave Systems
 Wave guides and transmission lines, General Microwave circuit theorem. Resonant Cavities,Microwave Junction and scattering matrices, Non-reciprocal devices. Fundamentals ofMicrowave Filter design.
 TC-513 Principles of Radar
 Signal propagation problems. Antennas and RF processing. Reflection from targets. Radarequation. Target detection, Swerling�s models. Resolution and ambiguity function. Pulsecompression, Processing of Pulse train.
 TC-514 Mobile Telephone Systems
 Need for mobile system, Basic cellular system, Performance criteria, Operation of cellularsystem, Analog and Digital cellular systems, Elements of cellular system design, Specificationsof analog systems, Cell coverage for signal and traffic, Cell site and mobile antennas, co-channel interference reduction.
 TC
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 TC-515 Advanced Digital Signal Processing
 Review of discrete signals and systems in temporal and spectral domains, data acquisition,discrete transforms (DFT, DCT and z-transforms), digital filters-IIR and FIR, spectralestimation, adaptive filters, multi-rate signal processing, Wavelets and joint time-frequencyanalysis, and real-time signal processing.
 TC-516 Satellite Communications
 Fundamentals of satellite communication systems: ground stations, sub-systems: link budgetsmodulation schemes multiple access types and beam switching. Direct Broadcast Systems(DBS). Geostationary and low earth orbit systems and services. Space and ground segmenttechnology. Next generation broadband satellite systems. Fast packet switching on thesitcom link including Asynchronous Transfer Mode (ATM) protocols and IP applications.Satellite optical data links. Satellite position finding systems, NAVSTAR GPS and GLONASS,VSAT.
 TC-517 Communication Security
 An introduction to Encryption and Security Management: Analog Scrambling, Algorithms,Fundamentals in Key Management. Security Threats and Solutions. Voice Security inMilitary Applications. Secure GSM Systems: Architecture, Standard Security Features,Custom Security, Key Management and Tools. Electronic Protection Measures. Link andbulk Encryption. Secure e-mail. Management, Support and Training.
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4.4 COURSES IN THE FACULTY OF CHEMICAL AND PROCESS ENGINEERING
 4.4.1(a) List of Courses for the M. Engg. Programme in Materials Engineering
 Compulsory Courses
 Course No. Course Title Credit Hrs
 MM-501 Phase Transformations in Solids 3MM-502 Production of Ferrous and Non-Ferrous Materials 3MM-503 Deformation Behaviour and Failure Analysis of Materials 3MM-504 Heat Treatment and Microstructure Evolution in Metals 3MM-505 Advanced Materials Characterisation Techniques 3MM-506 Practical/laboratory/Industrial visits with short reports NC
 Elective Courses
 Course No. Course Title Credit Hrs
 MM-531 Surface Engineering and Coating Techniques 3MM-532 Ceramic Engineering 3MM-533 Electronic and Magnetic Materials 3MM-534 Nanotechnology 3MM-535 Electron Microscopy 3MM-536 Advanced X-Ray Diffraction and Texture Studies 3MM-537 Powder Metallurgy 3MM-538 Polymer Engineering 3MM-539 Corrosion Engineering 3MM-540 Modern Composite Materials 3MM-541 Computational Materials Engineering 3MM-542 Production Management and Quality Assurance 3MM-600 Independent Study Project 6MM-601 Dissertation 9
 4.4.1(b) Detailed Contents of Courses for the M.Engg. Programme in Materials Engg.
 MM-501 Phase Transformation in Solids
 Equilibrium transformations; first order and second order, Order-disorder transitions,transformations in complex structures, Nucleation and growth processes, Homogeneousand heterogeneous nucleation, Interfaces, grain boundaries and microstructures, Diffusionin the solid state, Diffusional and diffusionless transformations, thermodynamics and kinetics,Spinodal decomposition, Precipitation phenomena and influence on properties, Free energychanges associated with precipitation, Stacking faults, dislocation arrangements and impuritycontent. Intermediate and stable precipitates. Loss of precipitate/matrix coherency. Over-aging. Order disorder reactions. Shear transformation, Kinetic and crystallographic features,Athermal and isothermal transformation, Burst phenomenon. Stabilisation, Thermodynamicsof martensitic transformations in materials, thermomechanical treatment, ultrafine grainedsteels and alloys, Micro- and Nano-phases in alloys and Materials.
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 MM-502 Production of Ferrous and Non-Ferrous Materials
 Engineering practice of the reduction of Iron oxide, Blast furnace operations and productivity,Chemistry of Blast furnace reactions, Phase equilibria involved in the refining reactions.
 Refining of irons for various engineering applications, Steel making practice, Refiningtechniques for engineering steels, Bessemer and electric steel making operations andproductivity, Methods of enhancing productivity and efficiency, Direct reduction, Stripcasting and interface reaction, Segregation, Solidification involving a peritectic reaction,Design of HSLA, Low Alloy, Medium Alloy and High Alloy Steels. Current Status of Ironand Steel Industry, New trends in iron and steel making.
 Recovery of non-ferrous group of engineering metals and alloys. Engineering of Refiningpractices for requisite Non-ferrous systems. Development of commercial Non-ferrous metalsand alloys. Production of rare earths. Development of Rare earths for various commercialapplications. Development, phase equilibrium and characterisation of Metallurgical gradeand Electronic grade Silicon.
 MM-503 Deformation Behaviour and Failure Analysis of Materials
 The relationship of mechanical properties to crystal structure and to microstructure. Mechanicsof deformation, Applications of crystallography and modern theories of plasticity to thedeformation and fracture behaviour of materials. Structural features controlling flow strength,work hardening and fractures. Effects of compositions on Yield point and strain aging. Thedevelopment of preferred orientations in metals and alloys. Deformation and annealingtextures. Sources of directional mechanical properties in metals. Application of controlledanisotropy.
 Analysis of failed structures due to overload and impact, creep, fatigue, corrosion, and wearwith extensive use of analytical techniques, Identification and role of processing, manufacturingand service related defects in failure.
 Mechanics of deformation, Elasticity; advanced treatment, Dislocation effects and geometryof deformation, Strengthening mechanisms, Deformation of composites, Single andpolycrystalline materials, Fracture mechanics, High temperature fracture, Embrittlementand radiation damage.
 MM-504 Heat Treatment and Microstructure Evolution in Metals
 Phases and Structures formed during heating and cooling, Pearlite, Ferrite, andCementite.Martensite and Bainite. Isothermal and Continuous Cooling TransformationDiagrams. HeatTreatments to Produce Ferrite, Bainite and Pearlite. Hardness and Hardenability.Austenitein Steels. Tempering of Steel. Residual austenite and its effect on properties,Special HeatTreatments. Surface Hardening. Surface Modification. Stainless Steels. ToolSteels. Cast Irons. Precipitation Hardening in Steels, Aluminum, copper and Nickel basedalloys.
 Relation, of structural changes and kinetics of transformation to continuous heat-treatment.Applications of thermodynamics and mass transport theory. Thermomechanical treatment.
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 MM DONEAustempring, Martempring, Maraging, Ausforming, Zero rolling. Defect during heattreatmentand their remedies. Vacuum heat treatment, Heat treatment of Special Steels.
 MM-505 Advanced Materials Characterisation Techniques
 Classical wet Analytical chemistry, Elemental and Functional Group Analysis,High-Temperature combustion, Inert Gas Fusion, Radio-Analysis.
 Spectroscopy: Techniques and instrumentation for analytical measurements, Spectroscopicbackground (mathematical and physical approaches, Practical applications,examples),Spectroscopy techniques such as Atomic Absorption, Spark Emission, X-RayFluorescence,Resonance, Vibration and Inductively Coupled Plasma spectroscopy, Casestudies. Gas Analysis by Mass Spectrometry.
 Metallographic Techniques: Optical Metallography, Image Analysis. Diffraction Methods:X-Ray. 'Powder Diffraction, X-Ray Diffraction Residual Stress Techniques.Stereographicprojection and relative determination.
 Electron Microscopy Methods: Analytical transmission Electron Microscopy, ScanningElectron Microscopy, Electron Probe X-Ray Microanalysis, Low-Energy Electron Diffraction.
 Chromatography: Gas Chromatography, Mass Chromatography, Ion Chromatography. OtherTechniques: Scanning Probe Microscopy (SPM), Scanning Tunneling Microscopy (STM)andAtomic Force Microscopy (AFM).
 MM-506 Practical/laboratory/industrial visits with short reports
 Supervised/ Guided research/ Industrial visits/ Students are required to prepare and submita short report.
 MM-531 Surface Engineering and Coating Techniques
 Basis of Surface engineering, Surface Energy, Thermodynamics of Surfaces, SurfaceReconstruction Models, Surface tension, Wetting, Adsorption Models and Surface AreaAnalysis based on Absorption, Surface interactions with Ion Beams, Electron Beams andRadiations. Surface Charge Layers, Measurement of Surface Potential (Zeta Potential),Surface Analysis Techniques.
 Classification of Surface Coatings, Chemical Methods for Surface Coatings, Hard chromeplating, Decorative Chromium plating, Ni Plating, Electroless Ni Plating, Electroless Ni-P-Co coating. Thin magnetic coatings for magnetic applications. Zn plating, Brass plating,Silver Plating, Gold Plating. Hot dip Galvanised coating, Al coating of steel. Oxidationspray coating. Oxidation protective coatings, Phosphate conversion coating. Chromateconversion coatings, aluminum anodising. Coatings for Mechanical Applications, ThermalMethods for Surface Coatings, High Temperature coatings, high temperature coating systems,Plasma Spraying, Thin Films, PVD, CVD and PECVD techniques, Coating Growth, CoatingCharacterisation and applications, Coatings for wear resistance.
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 MM DONEMM-532 Ceramic Engineering
 Crystal Structures and Origin of Ceramics, Physical and Thermal properties of Ceramics,Structure of Ceramics, Silicate Ceramics, Imperfections in Ceramics, Ceramic phaseDiagrams, Mechanical Properties of Ceramic Materials. Stress-Strain behaviour, MiscellaneousMechanical Considerations, Processing of ceramic Powders, Powder Characterisation anddata analysis, Sintering Thermodynamics and Kinetics, Novel Sintering Techniques,Characterisation of Sintered Products, Study of Transition Alumina and TransformationToughening in Ceramics Development Fabrication and Processing of Carbides and Nitrides,Characterisation of Carbide and Nitride Ceramics.
 MM-533 Advanced Magnetic Materials
 Classification of materials according to magnetic properties, Graphical representation ofmagnetic properties, magnetisation curve, Hysteresis loop. Squareness factors. Types ofmagnetic behaviour. Ferromagnetic domains. Experimental evidence for domains. Singledomain particles. Domain wall motion. Hindrance to wall motion. Ferromagnetic materials.Soft magnetic Materials, Desirable properties for soft magnetic materials. Iron- SiliconAlloys, Ni-Fe alloys, soft ferrites for electronic applications. Potential applications of softmagnetic materials. Hard magnetic Materials: Properties of Hard magnetic Materials, Alnicoalloys, hard ferrites, origin of Ferromagnetism in rare Earth transition Permanent Magnets.Rare earth based permanent magnets. Processing and physical metallurgy of RFeBpermanentmagnets. Comparison of RFeB and SmCo Magnets, effect of aUoying additionsin NdFeB based permanent magnets. Potential application of permanent magnets.
 MM-534 Nanotechnology
 Review of nanotechnology, Processing, synthesis and characterisation of nanomaterials,particles and nanoparticles Carbon nanotubes, C60, SWT and MWT, carbon clusters, yntheticand nanocrystalline diamond, structure, properties and applications, solid fuels, sensors,catalysts and reinforcements, self assembly phenomenon, Organic and biomedical materials,nanostructured materials, Nanomachines and nanodevices, Example of recentllanodevelopments and products.
 MM-535 Electron Microscopy
 Electron microscopy of materials. Specimen preparation techniques, Image formingtechniques, Image forming tec1miques and crystallographic information, Imageinterpretationand characterisations of microstructures, Convergent beam, weak beam andmicroanalysis of thin foils, Working principles of different types of electron microscopes;TEM, SEM,STEM, HREM. Examples of Electron microscopy in materials engineering.
 MM-536 Advanced X-Ray Diffraction and Texture Studies
 X-ray physics, including X-ray spectra (both continuous and characteristic), X-ray production(both conventional and synchrotron sources), X-ray absorption, X-ray fluorescence, andX-ray safety. The theory of diffraction of X -rays, determination of direction and intensitiesof diffracted beams; calculation of the structure factor and diffraction problems.Crystallography; Crystallographic calculations; Properties of common crystal structures of
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 engineering materials. The stereographic projection and depicting angular relationshipsincrystals. Practical examples of use of stereographic projection in solving crystallographicproblems. The reciprocal lattice, reciprocal space and expression of diffraction phenomenain terms of, the reciprocal lattice.
 Specific X-ray analysis techniques, including single crystal diffraction, the powder diffractionrnethod, use of the X-ray diffractometer, indexing of powder patterns, precision latticeparameterdetermination, thin film diffraction, phase diagram determination, use of the JCPDS database,and the determination of preferred orientation. Applications of XRD in the study of materials.Texture and its effect on mechnical and physical properties, Texture Studies of Materials.
 MM-537 Powder Metallurgy
 Commercial methods. for production of metal powders, powder characterisation and testing,powder conditioning and function of addition agents. Consolidation of metal powders,ColdIsostatic Compacting, Hot Isostatic Compacting, Production of parts by Powdermetallurgytechniques. Powder Injection Molding, Spray Forming.
 Theory of Sintering, Sintering Practice, Sintering Atmospheres, Sintering Furnaces. PowderMetallurgy of Refractory and Reactive Metals, Powder metallurgy of Super Alloys,Dispersion-Strengthened materials. Secondary Operation Performed on PIM parts andproducts. Inspection and Quality Control for PIM Materials. The Economic of/PIM Production.
 MM-538 Polymer Engineering
 Review of structure and properties of polymeric materials, their deformation and failuremechanisms, and the design and fabrication of polymeric end items. The molecular andcrystallographic structures of polymers related to the elastic, viscoelastic, yield and fractureproperties. Polymeric solids and reinforced polymer composites. Fabrication techniquesincluding: extrusion, injection moulding, reaction injection molding, them10forming, andblow molding. Configuration of Polymer chains, Thermodynamics and phase equilibriainpolymer systems, Viscoelasticity and rubber elasticity, Deformation mechanisms in glassyamorphous polymers, Toughening mechanisms in polymers, Matelials selection, manufacturingengineering, properties, and applications of polymers.
 Rubber, classes of dry rubber compounds, vulcanisation process, Compounding of rubbers,such as carbon blacks, plasticisers and age resisters, characterisation of rubbers, siliconrubber
 MM-539 Corrosion Engineering
 Corrosion and erosion, Stoichiometric and non-stoichiometric crystals, Effects of impurities,Solid state electrochemistry, Oxidation of metals and alloys, Electrochemistry of corrosion.Corrosion behavior diagrams, Pourbaix diagrams, Activation Polarisation. ConcentrationPolarisation, Combined Polarisation. Reference electrodes. Polarisation resistancemeasurement, Galvanostatic behavior of metals, The three electrode cell and the F/log IPlot. Mixed Potential Theory. Mechanisms of growth and breakdown of passive films.Corrosion rate determination, Application of thermodynamics to corrosion. Crevice andPitting corrosion, intergranularcorrosion. Stress corrosion cracking, Erosion corrosion,
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 Cavitation damage, De-alloying.Environmental-sensitive cracking, Mechanisms ofenvironment-sensitive cracking. Street corrosion Electrode Kinetics, Practical aspects ofenvironment-sensitive cracking. Electroplating, methods of corrosion prevention. Cathodicand Anodic protection, Inhibitors and types of inhibitors. Performance of materials inspecific environments, Soil potential and resistivity measurement, Coatings and inhibitors,Pipeline and oil rig protection.
 MM-540 Modern Composites Materials
 Review of Composite materials, basic principles, applications and properties, ParticleReinforced Composites, Large-Particle Composites, Dispersion Strengthened Composites,processing of reinforcements, Fiber-Reinforced Composites, Influence of Fiber Length,
 Influence of Fiber Orientation and Concentration. Metal Matrix composites, Ceramic MatrixComposites, Hybrid composites, Processing of Fiber- Reinforced Composites, DevelopmentProcessing and Characterisation of Structural Composites, Treatment of thermal, electrical,optical and magnetic properties of composite materials, Relationship of structural andprocessing variables to the microstructure and service behaviour of composite materials,Nanocomposites.
 MM-541 Computational Materials Engineering
 Review of Computer Basics and programming, Techniques in Computer simulation, Finiteelement analysis, Monte Carlo methods, General Methodology, Thermodynamics and PhaseDiagrams, Kinetics & Microstructure Modeling, Process Modeling, Integrated Selectionof Materials and Processes, Calculation of materials properties starting from microscopictheories. Designing of new materials, modifying materials properties and optimising chemicalprocesses. Practical examples and programming in computational materials engineering.
 MM-542 Production Management and Quality Assurance
 Management process: Decision making, system analysis, leadership process, group behavior,and organisation. Traditional planning techniques: Gantt chart, Milestone method, Line ofbalance technique. PERT/ CPM: Basic elements of critical path analysis, Arrow diagram,activity on-node, Resource allocation leveling, Project building & control applications.
 Quality, reliability, & maintainability: definitions, management of quality control, economic.aspects of quality decision, capability & variability analysis, various aspects of life testing,reliability, & maintainability, introduction to ISO 9000, six Sigma.
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4.4.2(a) List of Courses for the M.Engg. Programme in Chemical Engineering.
 Compulsory Courses
 Course No. Course Title Credit HoursCH-501 Chemical Thermodynamics � III 3CH-502 Advanced Reaction Engineering 3CH-503 Transport Phenomena 3CH-504 Advanced Process Control 3CH-505 Mathematical Methods 3
 Elective Courses
 Course No. Course Title Credit HoursCH-510 Polymer Science 3CH-511 Polymer Processing 3CH-512 Applied Statistics 3CH-513 Advanced Composite Materials 3CH-514 Petroleum Refining Engineering 3CH-515 Computational Fluid Dynamics 3CH-516 Advanced Mass Transfer 3CH-517 Corrosion 3CH-518 Fluidization Engineering 3CH-519 Biochemical Engineering 3CH-520 Advanced Heat Transfer 3ME-542 Energy Management 3ME-543 Combustion Engineering 3EN-508 Environmental Impact Assessment 3EM-512 Project Evaluation and Feasibility Analysis 3CH-600 Independent Study Project 6CH-601 Dissertation 9
 4.4.2(b) Detailed Contents of Courses - M.Engg. Programme in Chemical Engineering.
 CH-501 Chemical Thermodynamics � III
 Review of First and Second Laws of Thermodynamics; Entropy Calculations; MaxwellRelations, Development of Equation of State; Thermodynamics of Phase Equilibria; GibbsDuhem Equation; Chemical Potential; Activity Coefficient; Fugacity and Fugacity Coefficient;Excess Gibbs Free Energy; Phase Equilibrium at low to moderate pressure; Ideal and Non-Ideal Solutions; Residual and Excess property relation; Property changes of mixing; HeatEffects of Mixing; VLE with Cubic Equation of state; Mixing Rules; Liquid models usingUNIFAC and UNIQUAC; Chemical Reaction equilibrium; Gibbs Free Energy Change andEquilibrium Constant; Evaluation of Equilibrium and conversions; The Phase Rule andDuhem Theorem for Reaction Systems; Statistical Thermodynamics.
 CH-502 Advanced Reaction Engineering
 Isothermal Reactors; Non-Isothermal Reactor; Batch, Tubular and Stirred Tank Reactors;Stable Operating Conditions in Stirred Tank Reactor; Non-Ideal Reactors; Residence TimeDistribution; Conversion Models in Non-Isothermal Reactors.
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 Catalysis and Adsorption; Solid Catalysts; Preparation and Classification of Catalysts;Surface Area, Density and Void Volume of Catalysts; Rate Equation of Fluid-Solid CatalyticReactions.
 External Transport Processes in Heterogeneous Reactions; Fixed Bed and Fluidized BedReactors; Internal Transport Processes; Reaction and Diffusion in Porous Catalysts;Effectiveness Factors; Interpretation of Experimental Data from Laboratory Reactors; Designof Heterogeneous Reactors.
 CH-503 Transport Phenomena
 Momentum Transport; Viscosity; Shell Momentum Balances; Equations of Change; MomentumTransport with Two Independent Variables; Interphase Transport in Isothermal Systems.
 Energy Transport; Thermal Conductivity; Shell Energy Balances; Equations of Change; EnergyTransport with Two Independent Variables; Interphase Transport in Non-Isothermal Systems.
 Mass Transport; Diffusivity; Shell Mass Balances; Equations of Change; Mass Transportwith Two Independent Variable; Interphase Transport with Multicomponent Systems.
 Transport in turbulent flow: Fluctuations and time-averaged quantities. Time averaged formof the governing equations of momentum, energy, and mass transport. Expressions for theReynolds stresses, turbulent energy and mass flux. Temperature and concentration distributionin turbulent pipe flows.
 CH-504 Advanced Process Control
 Development of Process Models; Dynamic Behavior of Linear Systems; Frequency Analysis;Stability Analysis; Feedback Control Systems; Cascade, Feed-forward and ratio control;multivariable system; cascade control; over-ride control; selective control; Dead timeCompensation, inferential control, adaptive control; Multi-input and output systems �process and control loop interactions, control systems � Z transforms, discrete time models,closed loop analysis, digital control system implementation.
 CH-505 Mathematical Methods in Chemical Engineering
 Classification of Ordinary and Partial Differential Equations, Analytical Solutions of Ordinaryand Partial Differential Equation; Integrating Factor; Method of Characteristics; Separationof Variables; Similarity Transformation; Laplace Transformation.
 Numerical Solutions of Ordinary and Partial Deferential Equations; Initial and BoundaryValue problems; Solution of non-linear and Stiff Ordinary Differential Equations; Solutionof Partial Differential Equations Using Finite Difference and Finite Element Methods,Numerical Integration, Matrix Algebra, Linear and Non- Linear Algebraic Equations;Eigenvalues and Eigenvectors; Computer Programming of Numerical Methods.
 CH-510 Polymer Science
 Introduction; Molecular Weight Distribution; Polymer Synthesis; Cross Linking Plasticizersand Fillers; The Solubility Parameter; Thermodynamics of Mixing; Dilute Solutions;Determination of Number Average Molecular Weight of Common Polymers; Intrinsic Viscosity.
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 Phase Separation Behavior; Diffusion and Permeability in Polymers; Amorphous State ofPolymers; Crystalline State of Polymers; Glass Rubber Transition Behavior.
 Cross Linked Polymers and Rubber Elasticity; Polymer Visco-elasticity and Rheology;Mechanical Behavior of Polymers.
 CH-511 Polymer Processing
 Simple Model Flows; Poiseuille Flow, Couette Flow; Applications in Wire Coating, CombinedFlow of Power Law Fluid.
 Extrusion; Newtonian Isothermal and Adiabatic Analysis of Extrusion; Non-NewtonianIsothermal and Adiabatic Analysis, Optimal Design, Extrusion with Improved Heat Transfer:Injection Molding; Isothermal Newtonian Flow into Cavity; Viscous Heating in a Runner;Runner Cavity Combinations; Power Law Flow into Cavity; Balancing of Runners.
 Elastic Phenomena; Die Swell and Melt Fracture; Stability of Flows; Coating; Calendaringand Mixing of Processes.
 CH-512 Applied Statistics
 Introduction; Simple Comparative Experiments; Concept of Sampling and SamplingDistribution.
 Analysis of Variance; Experiments with Single Factor; Regression Approach to ANOVA;Randomized Blocks; Latin Square and Related Designs.
 Factorial Designs; 2k Factorial Designs with Blocking and Confounding; Two Level FractionalFactorial Designs; Three Level and Mixed Level Factorial and Fractional Factorial Designs.
 Fitting Regression Models; Optimization of Regression Models; Experiments with RandomFactors; Nested and Split Plot Designs.
 CH-513 Advanced Composite Materials
 Synthetic fibers (organic and inorganic), their properties, production, and selection; Matrixmaterials/selection; Control of interface properties through design, coatings, and treatments;Metal matrix composites; Ceramic matrix composites; Polymer matrix composites; Stiffnessof a unidirectional (orthotropic) lamina; Micromechanics predictions of stiffness; Strengthof a unidirectional lamina; Deformation of laminates, matrix formulation; Special laminates,stress distribution; Short Fiber Composites;
 Thermal conductivity and use of composites for thermal management; Effects of fiberorientation and composite damage on thermal conductivity and CTE; Moisture absorptioncoefficients, transport properties, and mass diffusion; The design process; Manufacturingtechniques, RTM, Injection Pultrusion, Filament Winding etc., including selectionconsiderations and methods.
 CH-514 Petroleum Refining Engineering
 Introduction; Overall Refinery Flows; Refinery Products; Refinery Feed Stocks; PetroleumComposition; Crude Distillation Curves.
 Crude Distillation; Desalting; Atmospheric and Vacuum Distillation.
 CHEMICAL
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 CHEMICAL DONECatalytic Reforming; Reforming Catalysts, Reactor Design, Yield and Costs; CatalyticCracking; Fluidized Bed Catalytic Cracking; Cracking Reactions; Catalyst used in Cracking;yield Estimation; Capital and Operating Costs.
 Hydrotreating; Hydrotreating Catalysts; Reaction; Process Variables; Operating Costs;Catalytic Hydrocracking and Hydroprocessing; Hydrocracking Reactions; Feed Preparation;Catalysts; Process Variables Yields, Investment and Operating Costs.
 Supporting Processes; Hydrogen Manufacture; Acid Gas Removal; Sulfur Recovery; Controlof Pollution and Noise Level in Refineries.
 Cost Estimation; Rule of Thumb Estimates; Cost Curve Estimates; Applications of CostEstimation Techniques.
 CH-515 Computational Fluid Dynamics
 Introduction; Governing Equations of Fluid Flow and Heat Transfer; Classifications ofEquations; Turbulence and its Modeling; Closure Models; The Finite Volume Method forDiffusion Problems in Two and Three Dimensions; Difference between Finite Volume andother Numerical Methods; Examples; LES and DNS methods and their Solution Techniques.
 The Finite Volume Method for Convection/Diffusion problems; Central Difference Scheme;Discretizations, conservativeness, boundedness, transportiveness; Unwinding DifferencingScheme; Hybrid Differencing Scheme; The SIMPLE and PISO Algorithms; Applicationsof Boundary Conditions.
 The Finite Volume Method of Unsteady Flows; Crank-Nicolson Scheme, Transient SIMPLEand PISO algorithms; Steady state Calculations using Pesudo-Transient Approach
 Solution of Discretized Equation; Gaussian Elimination; The Tri-Diagonal Matrix Algorithmfor 2D and 3D Applications; Use of CFD Software FLUENT to Solve Typical ChemicalEngineering Problems.
 CH-516 Advanced Mass Transfer
 Diffusive and convective mass transfer; Applications of the Stefan-Maxwell equation; Fick�sLaw; Prediction of Diffusion Coefficients, Convective Mass Transport, correlations formass transfer coefficients, Film Theory, Penetration Theory, Higbie�s Theory, Gas-LiquidMass Transfer with Chemical Reaction, Analogies with Heat Transfer, boundary Layerswith Mass Transfer, Mass Transfer with CFD.
 CH-517 Corrosion
 Introduction, definition of corrosion, forms of corrosion, cost of corrosion; Electrochemistry,oxidation/reduction reactions, corrosion as an electrochemical reaction; Reference Electrodes,Galvanic Series, Nernst Equation, Pourbix Diagrams; Faraday�s Law, area effects, GalvanicCorrosion, Active/Passive Cells, Thermogalvanic Corrosion.
 Environment-related corrosion; Physical and Chemical Soil Characteristics; Moisture effects;Electrical Resistivity; Engineering Materials, metals and non-metals; Forms of Corrosion,pitting, crevice corrosion, fill form corrosion, galvanic corrosion, environmental cracking,flow assisted corrosion, intergranular corrosion etc.
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 DONEMethods of Corrosion Control, material selection, modification of environment, protectivecoatings, cathodic and anodic protections; Corrosion Monitoring Techniques, introduction,inspection methods, specimen exposure, cathodic protection monitoring.
 CH-518 Fluidisation Engineering
 Introduction; Fluidized Bed Behaviour; Advantages and Disadvantages of Fluidized Beds;Industrial Applications; Distributors, gas jets and pumping power; Bubbling Fluidized Beds;Entrainment and Elutriation from Fluidized Beds; High Velocity Fluidization; SolidMovement, mixing segregation and staging; Dispersion and Gas Interchange in BubblingBeds; Particle to Gas Mass and Heat Transfer; Heat Transfer between Fluidized Beds andSurfaces; Design of Fluidized Bed Reactors.
 CH-519 Biochemical Engineering
 Introduction; Enzyme Kinetics; Enzyme Engineering; Biosensors; Metabolic Stoichiometry;Metabolic Engineering; Metabolic Growth Equations; Bio-Reactor Design; BiologicalReaction Engineering; Oxygen Transfer in Bio-Reactors; Applications; DownstreamProcessing and Product Recovery; Process Design and Scale Up Criteria; Bio-ProcessEngineering Design.
 CH-520 Advanced Heat Transfer
 Optimal design of shell and tube heat exchangers. Pinch technology. Flow arrangementsof increased heat recovery. Condensation of single vapours, condensation of single andmixed vapours. Vaporizers, evaporators and reboilers. Extended surfaces heat transfer,cooling towers, furnace design and operation. Process design of equipment of heat transferoperation based on performance and economic optima.
 ME-542 Energy Management
 Introduction: The role of energy manager. Attitudes to energy efficiency, the objective ofenergy management, priorities, and strategies.
 Plant control, Burner control unit, compensator and optimiser, control and use of an energymanagement system.
 Monitoring: Remote monitoring and out-station operation, degree days performance linesand targeting, Audits, Environmental, energy and social.
 Energy Modeling & Forecasting: Data on energy resources, and reserves and relation ofresources to future options. Energy demand models prices and elasticities, concepts ofeconomic growth, energy gape concepts, operation research techniques in energy modeling.
 Energy Transmission & Utilization: Quality and economics criteria in selection of energyequipment and processes.
 Waste Heat Recovery System: Thermal wheels, heat pipes, turbo expanders, heat pumpsand the co-generation of heat and power for both heating and cooling systems. Design andbalance of total energy systems.
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 Energy Resources: Fossil and derived fuels, exploration and production techniques. Renewablefuels, solar radiation wind power, wave and tidal energy, bio-fuels, geo-thermal, refusedriven.
 Solar Energy Conversion Systems: Solar energy and its conversion for use of society,fundamentals of solar radiation, solar collection and thermal conversion systems. Componentsand economics of solar power.
 ME-543 Combustion Engineering
 Principle of combustion; thermochemistry; equilibrium, chemical kinetics, flame temperature,flame velocity, flame stability, diffusion flames, spray combustion, detonation, equationsof motion including reaction, heat and diffusion.
 Application of combustion: Discussion of combustion problem including pollution fire,explosion hazards, furnace combustion chambers, combustors for reciprocating engines,jets and rockets.
 Boiler: Modular sectional and condensing types, burners for fuel, gases liquid and solidfuels and part load characteristics, safety supply, storage, solid fuel storage, mechanicalhandling, automatic stokers and ash disposal. Fuels, Natural and forced draught operationwith and without acid condensation. Flue dilution systems, gas analysis for efficiency andpollution monitoring. Control application and feedback theory to produce practical systemsfor plant and zone / emission output controls on / off. Step and analogue controls, centralizedsystems and modern computer control using optimization, self-adaptive and self-tuningconditions and energy monitoring. Standard, legal aspects, codes of practice for design,installation, operation, insurance and safety.
 Environmental Issues: Flue emissions, CO, CO2, NOX, particulars and combustibleemissions, acid rains, asbestos removal.EN-508 Environmental Impact Assessment
 Purpose and Aims of EIA, Environmental Issues and Priorities, Environmental Laws andRegulations in Pakistan, Pak-EPA Standard Guidelines for the Preparation and Reviews ofEnvironmental Reports, Framework for Environmental Assessment as Recommended byInternational Agencies, Public Involvement, Screening, Scoping, EIA Methods and Techniques,Mitigation Measures, EIA Reporting, Review of EIA Quality, Decision Making, EnvironmentalManagement Plan and Monitoring, Case Histories and Case Studies.
 EM-512 Project Evaluation and Feasibility Analysis
 Evaluation of engineering projects from the engineering management perspective; Techniquesfor capital investment for decision-making; Time value of money and the concept ofequivalence; Present worth, annual and rate of return analysis; Multiple alternatives;Replacement criteria; Tax considerations; Breakeven sensitivity analysis; Project evaluationsunder uncertainty; Risk sharing; Capital budgeting; Cost of capital depreciation; Multicriteriadecisions. Project feasibility analysis; Organizational impacts; Societal impacts andEnvironmental impacts.
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 4.5 COURSES IN THE FACULTY OF BIO-MEDICAL ENGINEERING
 4.5.1(a) List of Courses for the M.Engg. Programme in Bio-Medical Engineering
 Compulsory Courses
 Course Code Course Title Credit Hrs.BM-615 Advanced Biomedical Instrumentation 3BM-616 Finite Element Method 3BM-617 Mechatronics System Design 3BM-618 Mathematical & Computer Modeling of
 Physiological Systems 3BM-619 Biomedical Ethics for Engineers 3
 Elective Courses
 Course Code Course Title Credit Hrs.BM-620 Digital Control System 3BM-621 Medical Robotics 3BM-622 Telemedicine 3BM-623 Computer Vision 3BM-624 Advanced Medical Imaging 3BM-625 Prosthetics & Orthotics 3BM-626 Clinical Gait Analysis 3BM-627 Advanced Biomaterials 3BM-628 Design of Implants/Artificial Organs 3BM-629 Advanced Biomechanics 3BM-630 Design of Experiments 3BM-631 Cardiovascular Fluid Mechanics 3BM-632 Structural Bioinformatics 3BM-633 Functional Genomics 3BM-634 Proteomics 3BM-635 Advanced Biochemistry 3BM-636 Drug Delivery & Pharmacology 3BM-637 Advanced Digital Signal Processing 3BM-638 Advanced Mass Transfer 3BM-639 Research Methodology 3BM-698 Independent Study Project 6BM-699 Dissertation 9
 4.5.1(b) Details Contents of Courses for the M.Engg. Programme in Biomedical Engineering
 BM-615 Advanced Biomedical Instrumentation
 Review of instrumentation fundamentals; Man-Instrument systems in physiologicalmeasurements; Sources of Biopotentials in human body; Biopotential and biochemicalelectrodes; Acquisition, conditioning and processing of ECG, EMG, ENG and theirtransmission; ECG machine; Pacemakers; Defibrillators; Spirometers; Ventilators; Patientcare & Monitoring; Electrical Safety in medical equipment; Electronic rehabilitation aidsfor hearing, visual and orthopaedically handicapped; low Noise Instrumentation.
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 BM-616 Finite Element Method
 Review of Matrix algebra; FEM applied to Spring elements; Direct Stiffness Method; Barand Truss elements; Beam Element; Beams; Columns; Beams with Distributed loads;Analysis of Frame-like Structures; Beam and Frame analysis using FEA software; Equationsof Elasticity; Transformation of stresses using Matrix methods; Principal stresses, Principaldirections; Maximum shear stresses; Displacement field; strain components; Strain; principalstrains; principal directions; Theories of failure.
 2D finite elements for elasticity problems; Constant Strain Triangular elements; Applicationto Plane Stress and Plane Strain problems; 2D FEA using Software; 2D Axisymmetricproblems; Discussion of Modeling issues; Iso-parametric 2D elements; 4 node Quadrilateralelements; Application to Plane Stress and Plane Strain problems.
 3D Stress analysis; Tetrahedral Element; Iso-parametric 3D Element; Introduction to DesignOptimisation; Defining an optimisation problem; Dynamic and Non-Linear problems andits application to Biomechanics; finite element theory and its applications.
 BM-617 Mechatronics System Design
 Mechatronics system; Historical Perspective; Key Elements of Mechatronics; MechatronicDesign Approach; Functions of Mechatronic Systems; Ways of Integration; ConcurrentDesign Procedure for Mechatronic Systems. Modeling Electromechanical Systems; Modelsfor Electromechanical Systems; Rigid Body Models; Elastic System Modeling;Electromagnetic Forces; Dynamic Principles for Electric and Magnetic Circuits; Lagrange�sEquations of Motion for lectromechanical Systems; Earnshaw�s Theorem andElectromechanical Stability.
 Sensors and Actuators; Classification; Principle of Operation; Selection Criteria; Sensorand Actuator Characteristics; Calibration; Microsensors and Microactuators Role of Controlsin Mechatronics; Control System Design Methodologies; Special Requirements ofMechatronics that Differentiate from �Classic� Systems and ControlDesign; Microprocessor-Based Controllers.
 Modeling in Mechatronics Design; Design Optimisation of Mechatronic Systems; SystemInterfaces; Data Flow-Control, Handshaking; Communication Protocol; Serial AsynchronousCommunications. Communications and Computer Networks; Control with EmbeddedComputers and Programmable Logic Controllers. Data Acquisition; Signal Conditioning;Functions of Signal Conditioning equipment; Analog to Digital / Digital to Analog Conversion;Data Transmission and Presentation.
 BM-618 Mathematical & Computer Modeling of Physiological Systems
 Mathematical & computer physiological models; Analysis and synthesis of dynamic models;Pressure-flow Model; Cardiac and circulation dynamics; Lung mechanics; Modelapproximation and simplification; Cardiovascular system; Gas exchange and transportmodel; Oxygen and carbon dioxide exchange; Respiratory system; Compartment Model;Mass transport through diffusion and fluid flow; Multiple Model; Oxygen and Carbondioxide transport, Inhaled anesthetic uptake and distribution; Renal system; InteractiveLarge-scale Multiple Model; Interaction between inhaled anesthetics and blood circulation;
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 Concentration/Population Equilibrium Model; Enzyme reaction ; Membrane resting andaction potential; Immune system; Cable conduction model; electrical conduction and Signalpropagation in the nervous system; Finite difference Model ; Heat flow and thermalregulation; Cardiac Tissue; Descriptive Quantitative Model; Body fluid balance; Glucose-Insulin regulation; Feedback and feedforward models
 BM-619 Biomedical Ethics for Engineers
 Bioethics; Profession of Engineering; Engineering Bioethics and Morality; EngineeringCompetence; Incorporating Ethics into the Design Process.
 Bioethics and the Engineer; Major Bioethical Areas; Cloning and Stem Cell Research;Human Enhancement; Patenting Life; Neuroethics; Organ Transplantation; ResponsibleConduct of Human Research; Animal Testing; Genetically Modified Organisms; EnvironmentalHealth; Ethical Theories.
 Human Enhancement; Improvement versus Enhancement; Engineering Intuition; Engineersversus Economists; Intuiting Value; Deductive and Inductive Reasoning: Precursors toIntuition; Creativity; Moral Coherence; Creativity and Bioethics; The Ethical Quandary ofEnhancement; Scientific Dissent.
 The Bioethical Engineer; Professional Trust; Codes of Ethics; Limitations of Codes ofEthics; Right of Professional Conscience; Groupthink and the Right of Conscience; Animalsand Engineers.
 Bioethical Research and Technological Development; Beyond Regulation; Integrity; TheHypothetico-Deductive Method; Research Conflict of Interest; Professionalism; Technology:Friend and Foe; Technological Reliability.
 Bioethical Success and Failure; Measurements of Success and Failure; Technological Successand Failure; Risk as a Bioethical Concept; Safety, Risk, and Reliability in Design; Reliability:An Ethics Metric; Reducing Risks; Risk as an Ethical Concept; Risk-Based Ethics: CausationAnalysing Bioethical Success and Failure; Medical Device Failure: Human FactorsEngineering; Utility as a Measure of Success; ioterrorism: The Engineer's Response;Success Paradigms; Characterising Success and Failure; Accountability Justice and Fairnessas Biomedical and Biosystem Engineering Concepts; Fairness and Distributive Justice;Professional Virtue and Empathy; Reason; Abortion, Fairness, and Justice; Utility andFutility; Precaution as a Bioethical Concept.
 BM-620 Digital Control System
 Digital Control Systems; Quantising and Quantisation Error; The z transforms; the inversez transform; z Transforms methods for solving difference equations; z- Plane Analysis ofDiscrete �Time Control systems; Impulse sampling and data hold; obtaining the z transformsby the convolution integral method; reconstructing original signals from sampled signals;the pulse transfer functions; realisation of digital controllers and digital filters; design ofDiscrete �Time Control systems by conventional methods; Mapping between the s planeand the z plane; stability analysis of closed-loop systems in the z plane; transient and steadystate response analysis; design based on the root-locus methods; design based on thefrequency-response method; analytical design method; State-space representations ofdiscrete-time systems; solving discrete-time state-space equations; pulse-transfer-function
 BO DONE
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 matrix; discretisation of continuous-time-space equations; lypunov stability analysis; Poleplacement and observer design; controllability; observability; design via pole placement;state observers; servo systems.
 BM-621 Medical Robotics
 Review of concepts and terminologies in robotics & automation; Review of current roboticsapplications & research in various industries such as: manufacturing, military, space, medical,etc.; Robots geometrical configurations & designs, robotic grippers/end-effectors; RobotMathematics: spatial descriptions & transformations; Robot manipulator forward kinematics;Denavit-Hartenberg homogeneous transformation matrix; Robot manipulatorinversekinematics; Jacobians; Propagation of Velocities & Static Forces; Robot ManipulatorDynamics; Newton-Euler�s & Lagrangian Methods; Robot dynamics simulation; Robottrajectory generation and path planning; linear control of manipulators; force control ofmanipulators.
 The Basic Science of Robotic Surgery; Robotics in General Surgery; Medical Robotics inCardiac Surgery; The Must-Have in Robotic Heart Surgery: Haptic Feedback; MotionTracking for Minimally Invasive Robotic Surgery; Surgical Skills Training For RoboticAssisted Surgery; Robotic Assisted Microsurgery (RAMS):Application in Plastic Surgery;Robotic Surgery in Ophthalmology; Telementoring and Telesurgery: Health Economics ofRobotic Surgery; Robotic technology for master-slave system
 BM-622 Telemedicine
 Use of computers in distance mode of healthcare delivery; Web technology; Satellitecommunication systems; hypertext; voice & image transfer protocols; Medical imagescanning; Data compression and Transfer; Capturing of medical signals; Analog to digitalconversion; Video conferencing; Remote sensing; Rural primary setups; Referral and Superspecialty centers; Societal medico legal aspects; Networking (local, national & global);Mathematical and statistical modeling of Biomedical Health care systems.
 BM-623 Computer Vision
 Image Formation; Light; Camera Response Function; Matting; Image Noise; Modelingimage noise; Convolution; Smoothing images; Image Features; Edge Features; Point Features,Corners; The Hough Transform; Model Fitting-Lines; Curves; Deformation; Robustness,Maximum Likelihood.
 Texture; Scale; Orientation; Image Pyramids; Image Patches; The SIFT descriptor; TemplateMatching; PCA for Image Patches; Perspective Projection; Homogeneous Coordinates;Image Warping; Mosaics; Multiple View Geometry; Stereo Viewing and Reconstruction;3D Range Scanning; Motion; Motion Capture; Tracking in 2D and 3D; Segmentation;Grouping; Nearest Neighbors; Object Recognition; Object representation; Face Representation;Classifiers; Object Categories.
 BM-624 Advanced Medical Imaging
 X-ray imaging; fluoroscopy; DSA; interventional radiology; X-ray CT Technology; ImageReconstruction from projections; algebraic interpretation; central slice theorem; convolutionback projection; reconstruction filters; effect of filters on image quality; image reconstruction
 BO DONE
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 artifacts; spatial sampling and aliasing. Iterative reconstruction; ART and SIRT algorithms;ML reconstruction and EM algorithms; Quantitative and functional CT; dynamic CT; bonedensitometry; CT angiography; CT fluoroscopy; CT dosimetry; dose profile; CTDI; practicalmeasurement; patient dosimetry; scattered radiation; radiation protection issues. UltrasonicImaging; U/S field theory; beam formation; lateral and axial resolution; beam steering,focusing and apodisation; transducer design and construction; Focusing techniques; lens;curved elements; mirrors; Focal zone characteristics: DOF,PMI, focal area, far and nearfield characteristics.
 Magnetic resonance imaging; NMR phenomenon; Reference frames; resonance and Blochequations; MR Hardware; magnet design and constraints; superconductivity; gradient coildesign; gradient performance; eddy currents and shielding; Components of receiver chain;coil design; coil loading; quadrature and array coils; SNR versus field strength; MRangiography; physics of flow effects; in-flow; phase effects; gradient moment rephrasing;time-of-flight MRA; phase-contrast MRA; 2D and 3D techniques; TONE; MIP; quantitativevelocity measurement; Fourier encoding.
 BM-625 Prosthetics & Orthotics
 Prosthetics; Various terminologies; Prosthetic feet; Various types of prosthetic feet;comparative studies of prosthetic feet; single axis; double axis; multi-axial foot; other kindof feet etc. heel height adjustment; adjustable ankle; various kind of ankle mechanism.
 Partial foot; Various types of partial foot prosthesis and its biomechanics, prescriptionprinciples, material used in partial foot prosthesis; various cast techniques of partial footprosthesis & fabrication techniques Syme�s; Various types of Symes prosthesis.
 Below knee; Various types of B.K (Trans tibial) prostheses with a focus on endoskeletalprostheses.;All types B.K prosthetic components � both conventional & modular; materialsused for B.K prosthesis; measurement & casting techniques for PTB prostheses; castmodification; fabrication techniques for PTB prostheses and fabrication techniques for B.Kconventional prostheses � both open & close ended socket; different types of socket designs- PTB, PTS, PTBSC, PTBSC-SP.
 Orthotics; various terminologies; history of orthoses; Various materials used in orthoticsDifferent types of orthoses; User�s client assessment & prescription criteria; measuring &casting; cast modification; three point force system; fabrication; fitting; alignment.
 Shoe modification; Medial/lateral rise (inside/ outside shoe) M.T bar (inside/ outside shoe)arch support; meta tarsal pad, calcaneal heel wedge; heel raise; Thomas heel; heel pad forcalcaneal spur.
 AFO (Ankle foot orthoses); Conventional AFO-Limited/foot drop.
 BM-626 Clinical Gait Analysis
 Review of anatomy, physiology, and biomechanics; Normal gait; Walking and gait;Terminology used in gait analysis; Outline of the gait cycle; Ground reaction forces; Supportmoment; Energy consumption; Optimisation of energy usage; Starting and stopping; Othervarieties of gait; Gait in the young and in elderly; Pathological and other abnormal gaits;Walking aids; Amputee gait; Treadmill gait.
 BO DONE
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 Methods of gait analysis; Visual gait analysis; General gait parameters; Timing the gaitcycle; Direct motion measurement systems; Motion capturing system; Electrogoniometers;Pressure beneath the foot; Electromyography; Energy consumption; Accelerometers;Gyroscopes; Force platforms; Kinematic systems; Combined kinetic/kinematic systemsApplications of gait analysis; Clinical gait assessment; Conditions benefiting from gaitassessment.
 Gait assessment in cerebral palsy; Basic physiology of movement; The causes of cerebralpalsy; Spastic hemiplegia; Spastic diplegia; Other varieties of cerebral palsy; Crouch gait;Spasticity; Lever arm dysfunction; Gait patterns in cerebral palsy.
 BM-627 Advanced Biomaterials
 Review of common biomaterials; complex issues of biomaterials and improvement; medicaldevices; Regulatory issues and commercialisation potential; Joint replacement; hip and kneereplacement; Cemented and uncemented joints; joint resurfacing; Cementless fixation;porous in growth materials; chemically deposited coatings; Fracture fixation; fracturefixation plates; degradable fixation plate; bone screws and plugs; Calcium phosphate andpolyalkenoate cements; Bone substitutes; autografts and allografts; Apatite glass ceramics;Bioactive glass; bioactive composites; inorganic / organic hybrids; Porous ceramics; Porousmetals and porous glass; Ideal bone and cartilage replacement materials for the future. Softtissue repair; Materials based on natural products; collagen based materials; alginates;hyaluronic acid and chitin (hydrogels). Blood contacting devices; vascular grafts, stents,catheters and heart valves.
 BM-628 Design of Implants/Artificial Organs
 Structure and Functions of human organs; Implant material and Engineering Design process;Systems Approach; Biomaterials used in Artificial organs and internal Prostheses/Orthoses;Current developments and research areas for various types of internal prostheses; Prosthesesfor Bone & joints; Ear, Nose; Throat and Vascular system; Artificial Heart and circulationassistive devices; Artificial lungs and blood gas exchange devices; Artificial Kidney anddialysis equipment; Liver support systems; Artificial Pancreas; Artificial blood; skin &dermal equivalents; FEM in implant design; Tissue and organ transplant.
 BM-629 Advanced Biomechanics
 The musculoskeletal system; general characteristics and classification of tissues and joints;Elastic and viscoelastic mechanical characterisation of biological tissues including bone,cartilage, ligament and tendon; Principles of viscoelastic and the rate sensitivity of biologicalmaterials; stress-strain-time or constitutive equations for soft connective tissue components;Biomechanics and clinical problems in orthopaedics; Modelling and force analysis ofmusculoskeletal systems; Passive and active kinematics; Mechanical properties of biologicaland commonly used biomedical engineering materials.
 BM-630 Design of Experiments
 Introduction to DOE, review of basic statistical concepts; the t-test and confidence intervals;Introduction to the analysis of variance (ANOVA); practical aspects of planning experiments;multiple comparisons, residuals and model adequacy checking; checking model assumptions;
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 Choice of sample size in designed experiments, dispersion versus location effects; Therandomised complete block design (RCBD); RCBDs, Latin squares, etc.; Introduction tofactorial designs; 2k factorial designs; Blocking and confounding in two level factorialdesigns; 2k-p fractional factorial designs; Response surface methods and designs; Randomfactors in experiments; Random factors in factorial experiments, mixed models; Nesteddesigns; Split-plot designs.
 BM-631 Cardiovascular Fluid Mechanics
 Vascular Physiology; Basic Equations; Non Dimensionalisation of Basic Equations; PoiseuilleFlow/Mean Arterial Shear Stress; Atherosclerosis & Intimal Hyperplasia; WomersleyFlow/Blood Flow Waveforms; Euler Flow/Stenoses; Vorticity, Stream Functions, StokesFlow and Blood Particles; Stagnation Point Flow; Pressure Drops in Stenoses; DeanFlow/Curved Arteries; Entry Flow/Simulation Models; Orr-Summerfield Equations/Stenoses;Reynolds Decomposition/Cell Damage & Activation; Turbulent Kinetic EnergyEquation/Hemolysis; Turbulent Couette Flow/Hemolysis; Laser Anemometry; Shear StressMeasurement/Scaling Considerations; Doppler Ultrasound; Hot Film Anemometry; CounterCurrent Multiplier/The Kidney.
 BM-632 Structural Bioinformatics
 Structural Bioinformatics; DNA, RNA and protein structure; Computational aspects ofHigh-Throughput; crystallographic macromolecular structure determination; MolecularVisualisation; Data representation and Databases; Comparative features; Protein structureevolution and the SCOP database; the CATH domain structure database; Protein interactions;Prediction of protein-protein interaction from evolutionary information; Electrostaticinteractions; Protein as drug targets; Principles and methods of docking and ligand design;structural bioinformatics in drug discovery; Structure prediction ; Homology modeling; foldrecognition methods; AB INITIO methods; prediction in 1D: secondary structure, membranehelices and accessibility.
 BM-633 Functional Genomics
 Analysing RNA, DNA and Protein Sequences in Databases; Access to sequence data andliterature information; Pairwise Sequence Alignment; BLAST and MSA; Genome wiseanalysis of RNA and Protein; Bioinformatics approaches to Ribonucleic acid; GeneExpression; Microarray data analysis; Protein analysis and proteomics; Genome Analysis;Completed Genomes: Viruses, Bacteria and Archaea; Eukaryotic Genomes: From parasitesto primates and Human genome.
 BM-634 Proteomics
 Proteome and Proteomics; Genetics of proteins; molecular biology of genes and proteins;Proteomics-relation to Genomics and Bioinformatics; Methodology for separation andIdentification of proteins and their interactions; separation of proteins via multidimensionalapproach; determination of the primary structure of the protein, 3D structure of the protein,amount of protein; structural and functional proteomics.
 Proteomics of protein modifications; Phosphorylation and Phosphoproteomics; Glycosylationand Glycoproteomics; Ubiquitination and Ubiquitinomics; modification of proteins;Proteomics of Protein-Protein Interactions; Analysis of protein interaction in vitro; Analysis
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 of protein interaction in Silico; Evolution and conservation of interactomes; Interaction ofproteins with small molecules.
 Application of proteomics; human disease and medicine; medical proteomics; clinicalproteomics; metaproteomics and human health; proteomics in biotechnology and industryof drug production.
 BM-635 Advanced Biochemistry
 Structure and intermediary metabolism of carbohydrates, fats, proteins,nucleic acids; vitaminsand minerals; Chemical and physical structure of proteins; enzymes; connective tissue andbone from molecular to microscopic levels; Relationship of chemical and physical structureof proteins; regulation of enzyme activity; Recombinant DNA technology including cloning;directed mutagenesis; DNA sequencing and expression of cloned genes; Development anduse of recombinant proteins as therapeutic drugs; therapeutic protein action; Site specificmutation of proteins; Protein-protein and protein-DNA interactions; receptor �ligandinteractions; cell adhesion; cell migration; signal transduction; cell growth and differentiation;Post-translational processing and secretion of proteins; Gene cloning and expression inmammalian cells; Techniques used for imaging; identification and measurement of biologicalmaterials.
 BM-636 Drug Delivery & Pharmacology
 Drug delivery and their corresponding pharmacological mechanisms at the molecular, cell,tissue and systems level; drug mechanisms; pharmacodynamics and pharmacokinetics withapplication to biomaterial design and delivery systems; Pharmacodynamics; dose response;regulation; Drug interactions; Autonomic regulation designs; Adrenergic / cholinergic drugs;drug response curves; Pain; Inflammation designs; Cardiovascular; treatment; Diabetes;treatment; Coagulation; thrombolytics; Bacterial infection; treatment; Cancer; Reproductivepharmacology; Biomaterial alterations for signaling; Smart biomaterials; future designs.
 BM-637 Advanced Digital Signal Processing
 Review of discrete-time signals and systems concepts; z-transform properties; Sampling,multi rate processing, and oversampling ; Frequency response and transform analysis ; Filterstructures and filter design; DFT and DCT; FFT and short-time Fourier transform (STFT)applications ; Introduction to parametric and adaptive signal processing ; Array processing;Introduction to data compression.
 BM-638 Advanced Mass Transfer
 Review of basic principles; Review concepts of transport; Introduction to tensor and vectorcalculus; Mass Transfer Fundamentals; Diffusion Coefficients; Concentration-FluxRelationships; Diffusion in gases-liquids and solids. General Conservation Equations;Kinematics derivatives, spatial derivatives, Reynolds Transport Theorem; Conservationslaws in a continuous medium; Boundary Conditions; Shell balances - Scaling- 1D problems;Derivation of differential balances for simple geometry using shell balances; Simplificationof general transport equations using scaling concepts. 1-D problems; 1D diffusion problems;Steady-state, non-steady state problems; 2D diffusion problems; Steady-state, non-steadystate problems; 3D diffusion problems; Steady-state, non-steady state problems; Convectivemass transfer-Boundary Layers.
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 Concentration-Heat-Momentum boundary layers over flat plates and in cylindrical tubes;Analytical derivation of transfer coefficients and correlations; Heat-Mass-Momentum;analogy. Planar, Cylindrical, Spherical geometry.
 Computational Methods for solving Transport Phenomena; The Finite Volume Method:application to solving mass and heat transfer problems.
 Mass Transfer Coefficients; Film model � Penetration Theory � Total mass transfer coefficients
 BM-639 Research Methodology
 Philosophy of the natural and social science; Ethics and Scientific conduct; authorshipissues; duplicate publication; the investigation and punishment of scientific misconductEthics in human and Animal Studies; basic principles of human research ethics; internationalregulation; the ethics of animal research.
 Research Methodology: Strategies, planning and analysis; scientific problem; literature,methods and techniques; repeatability, reproducibility and reliability; validity, effect measureand choice of statistical test; experimental protocol; experimental routine Literature searchand personal reference databases; information literacy; how to formulate a query; searchtechnique; methodology filters; critical appraisal; impact factor; Strategies and methods ofbasic medical research; long term goals and specific aims; experimental strategies andmethods; pilot studies; rules for basic medical research projects Qualitative Research;qualitative vs. quantitative research; samples in qualitative research; reliability and validity;qualitative data collection; analysis of qualitative data; Time management; Stimulation ofcreativity; Search and critical appraisal of literature; Role of supervisor.
 Thesis writing � Review of Literature; Formulating a question, operational definition;Inclusion & Exclusion criteria; Forming groups; Data collection & analysis; Result,interpretation, conclusion, discussion; Informed consent; Limitations; Presenting papers atscientific meeting.
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4.6. MASTER OF ENGINEERING MANAGEMENT (MEM) PROGRAMME
 The above programme is offered in the following areas of specialisation.
 (i) Construction Management(ii) Environmental Management(iii) Water Resources Management(iv) Transportation Infrastructure
 Management
 (v) Industrial Management(vi) Quality Management
 (vii) Textile Management
 (viii) Energy Management
 4.6.1(a) List of Courses for the Master of Engineering Management Programme
 (i) Compulsory Courses
 Course No. Course Title Credit HoursEM-501 Organisational Systems 3EM-502 Accounting and Financial Management 3EM-503 Strategic Planning and Decision Making 3EM-504 Project Management Framework and Tools 3EM-505 Operations Research 3
 (ii) Common Electives
 Course No. Course Title Credit HoursEM-511 Total Quality Management 3EM-512 Project Evaluation and Feasibility Analysis 3EM-513 Research Methods in Engineering Management 3
 (iii) Elective Courses
 (a) Construction Management
 Course No. Course Title Credit HoursCE-544 Quantitative Tools for Engineering Management 3CE-545 Construction Claim Management 3CE-546 Vulnerability Analysis and Hazard Mitigation 3CE-547 Housing for Developing Countries 3CE-548 Occupational Health and Safety in Construction 3CE-549 Value Engineering in Construction 3CE-550 Construction Productivity Management 3CE-590 Advanced Topics in Project Management 3CE-591 Cost Engineering and Control 3CE-592 Decision Making and Risk Management in Construction 3CE-593 Construction Operations and Development of Technologies 3CE-594 Bidding Strategy and the Legal Construction Environment 3CE-595 Technical Entrepreneurship and the Management and
 Marketing of Construction Services 3CE-596 Public Infrastructure Management 3CE-597 Real Estate Management 3CE-598 Construction Failure Analysis 3
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 (Offered by Department of Industrial & ManufacturingEngineering, Faculty of Mechanical & ManufacturingEngineering)
 (Offered by Department of Civil Engineering,Environmental Engineering and Urban and InfrastructureEngineering, Faculty of Civil Engineering & Architecture)
 (Offered by Department of Electrical Engineering, Facultyof Electrical & Computer Engineering)
 (Offered by Department of Textile Engineering, Faculty ofMechanical & Manufacturing Engineering)
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 CE-600 Independent Study Project 6CE-601 Dissertation 9
 (b) Environmental Management
 Course No. Course Title Credit HoursEN-530 Environmental Systems Engineering 3EN-531 Environmental Quality Management 3EN-532 Civil Systems and the Environment 3EN-533 Environmental Risk Assessment 3EN-534 Environmental Law and Policy Development 3EN-535 Ecology and Sustainability 3EN-536 Waste and Pollution Management 3EN-537 Water Quality Management 3EN-538 Principles of Air Quality Management 3EN-539 Water and Sanitation Infrastructure in Developing Countries 3EN-540 Health Safety & Environmental Management 3EN-541 Remote Sensing in Environmental Management 3EN-600 Independent Study Project 6EN-601 Dissertation 9
 (c) Water Resources Management
 Course No. Course Title Credit HoursCE-556 Water Resources Planning and Management 3CE-557 Legal & Financial Aspects of Water Resources 3CE-558 Sustainable Water Resources Management (SWRM) 3CE-559 Remote Sensing In Water Resources 3CE-560 Reservoir Operations 3CE-576 Water Services Management 3CE-577 Irrigation System Design and Management 3CE-578 Groundwater Resource Management 3CE-579 Water Quality Management 3CE-600 Independent Study Project 6CE-601 Dissertation 9
 (d) Transportation Infrastructure Management
 Course No. Course Title Credit HoursUE-501 Urban Transportation Management 3UE-502 Pavement Asset Management 3UE-503 Intelligent Transportation Systems 3UE-504 Road Safety Analysis and Methodologies 3UE-505 Micro-Scale Traffic Modelling 3UE-506 Travel Demand Fo recasting 3UE-507 Geospatial Analysis for Transportation Asset Management 3UE-508 National Transportation Management 3UE-509 Transportation Systems Asset Management 3UE-600 Independent Study Project 6UE-601 Dissertation 9
 (e) Industrial Management
 Course No. Course Title Credit HoursIM-501 Supply Chain Management 3IM-502 Computer Simulation Methods 3IM-503 Maintenance Management 3
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 IM-505 Automated Manufacturing Systems 3IM-506 Business Process Reengineering 3IM-515 Agile & Lean Manufacturing 3IM-525 Design for Manufacturing 3IM-526 Facilities Planning and Layout 3ME-524 Reliability & Quality Engineering 3ME-527 Human Factors Engineering 3ME-529 Management Information Systems (MIS) 3ME-542 Energy Management 3ME-546 Energy Planning 3IM-600 Independent Study Project 6IM-601 Dissertation 9
 (f) Quality Management
 Course No. Course Title Credit HoursIM-506 Business Process Reengineering 3IM-511 Statistical Quality Control 3IM-512 Reliability Engineering 3IM-513 Six Sigma Methodologies 3IM-514 Quality Planning and Management 3IM-515 Agile and Lean Manufacturing 3IM-516 Design and Analysis of Experiments 3IM-517 Advanced Quality Engineering 3IM-600 Independent Study Project 6IM-601 Dissertation 9
 (g) Textile Management
 Course No. Course Title Credit HoursTE-505 Advanced Statistics 3TE-516 Supply Chain Design and Management 3TE-551 Apparel and Merchandising Management 3TE-552 Textile Computer Integrated Enterprise 3TE-553 Textile Brand Management and Marketing 3TE-554 Health Safety and Environmental Management 3IM-503 Maintenance Management 3TE-600 Independent Study Project 6TE-601 Dissertation 9
 (h) Energy Management
 Course No. Course Title Credit HoursEE-561 Power Generation Economics 3EE-562 Energy Audits 3EE-563 Energy Conservation 3EE-564 Power System Restructuring 3EE-565 Distributed Generation 3EE-566 Reliability Engineering 3EE-567 Energy Planning 3EE-568 Reactive Power Management 3EE-600 Independent Study Project 6EE-601 Dissertation 9
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 4.6.1(b) Detailed Contents of Courses for the Master of Engineering ManagementProgramme
 EM-501 Organisational Systems
 Definitions of management; Evolution of management thought, classical, quantitative andbehavioral schools; interactions between organisations and their environments. The planningprocess; strategic and tactical planning, developing planning premises, nature of managerialdecision making, quantitative aids, management by objectives. Organisational structures;behavior of the individual, work group, and organisation; coordination and spans of control,the informal organisation; authority delegation and decentralisation, groups and committees,managing organisational change and conflict. Motivation, performance and satisfaction;building a high-performance team; leadership, interpersonal and organisational communication,staffing and personal function. The control process; budgetary and non-budgetary methodsof control; team performance measurement and improvement strategies. Use of managementinformation systems.
 EM-502 Accounting and Financial Management
 Foundations of finance with applications in corporate finance and investment management.Major financial decisions made by corporate managers and investors with focus on processvaluation. Criteria for investment decisions, valuation of financial assets and liabilities,relationships between risks and return, market efficiency, and the valuation of derivativesecurities. Major corporate financial instruments including debt, equity and convertiblesecurities. Analysis and projection of financial statements, cost elements in pricing, costcontrol and design of accounting systems.
 EM-503 Strategic Planning and Decision Making
 Critical issues in shaping the competitive strategy for engineering-driven companies in aturbulent business environment; corporate mission; key result areas and situational analysisincluding strengths, weaknesses, opportunities and threats; identifying planning assumptions,critical issues, setting objectives, formulating strategy. Managing technology as a strategicresource of the firm; understanding of the process, roles and rewards of technologicalinnovation; integrating the strategic relationship of technology with strategic planning,marketing, finance, engineering and manufacturing; government, societal and internationalissues; issues pertaining to cultural diversity and ethical concerns. Subjective, judgmentaland expert decisions; conflict resolution in strategic decisions involving technologicalalternatives; hierarchical decision modeling; individual and aggregate decisions; decisiondiscrepancies and evaluation of group disagreements.
 EM-504 Project Management Framework and Tools
 Role of projects in organisation�s competitive strategy; Standard methodologies for managingprojects; Project life cycle; Design-implementation interface; Estimating: preliminary anddetailed; Contractual risk allocation; Scheduling: PBS; WBS; Integration of scope, time,resource and cost dimensions of a project; Evaluation of labor, material, equipment, andsubcontract resources; Scheduling techniques including CPM/ PERT, GERT, critical chain;Solving real-world project schedules; Monte Carlo simulation; Cost budgeting; Cost baseline;Cash flow analysis; Earned value analysis; Cost control; Proposal presentation; Applicationof software for project management (MS Project, Primavera Project Planner-P3).
 EM-505 Operations Research
 Deterministic modeling: Linear programming; The Simplex method; Multiple objectivelinear optimisation; Duality and sensitivity analysis; Post optimality analysis from the
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 viewpoint of technology management; Transportation, transshipment, and assignmentproblems; Problem formulation; Goal programming; Network analysis; Dynamicprogramming; Integer programming and nonlinear programming. Probabilistic modeling:Markov chains; Queuing theory and applications; Inventory theory; Forecasting; Designanalysis and simulation; Pareto optimality and tradeoff curves.
 EM-511 Total Quality Management
 Critical principles and procedures of quality management in a competitive global environment;contemporary definitions of quality; construction quality; Product quality; Process quality;Quality economics; Quality philosophies; Planning, organising and controlling for quality;Human resource strategies; QA and QC tools.
 EM-512 Project Evaluation and Feasibility Analysis
 Evaluation of engineering projects from the engineering management perspective; Techniquesfor capital investment for decision-making; Time value of money and the concept ofequivalence; Present worth, annual and rate of return analysis; Multiple alternatives;Replacement criteria; Tax considerations; Breakeven sensitivity analysis; Project evaluationsunder uncertainty; Risk sharing; Capital budgeting; Cost of capital depreciation; Multicriteriadecisions. Project feasibility analysis; Organisational impacts; societal impacts; Environmentalimpacts.
 EM-513 Research Methods in Engineering Management
 Research methods in engineering and technology management; Statistical techniquesincluding proper selection; Use and interpretation of parametric and non-parametric testsalong with factor and discriminate analysis; Design of experiments and model misspecification;Simulation in engineering and management research and practice.
 CE-544 Quantitative Tools for Engineering Management
 Descriptive measures and review of probability concepts. Demand estimation and Timeseries Forecasting and Index number. Linear Programming for decision making, Optimisationtechniques and management tools, Decision making under risk, Multivariate and constrainedOptimisation, Economics Order Quantity (EOQ) model for inventory, Networks, Hypothesistesting for decisions, Analysis of Variance (ANOVA) techniques, Multiple Regression andcorrelation analysis. (Course to be supplemented by Case Studies)
 CE-545 Construction Claim Management
 Construction claims administration and avoidance. Covers the importance of constructioncontract errors, unforeseen and changed conditions, disruptions, acceleration, termination,and proving of claims; Dispute Resolution in Pakistan - Case study and analysis of reportedappellate decisions on common construction law issues; licensing; bid disputes; contractissues; construction lien law; surety problems; unresolved claims. Construction relateddocumentation requirements for avoidance of litigation before, during, and after completionof construction projects; dispute resolution processes for construction operations.
 CE-546 Vulnerability Analysis and Hazard Mitigation
 Assessment of risk and potential for damage to a community or facility from the impactof natural or anthropogenic hazards. Physical and construction related issues. Reducingpotential damage to the built environment from natural hazards, including hurricanes, floods,earthquakes, explosions. Benefit-cost analysis. Regulatory problems.
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 CE-547 Housing for Developing Countries
 Problems faced by developing countries in housing their population. Political, economic,social, and technical considerations in decision process. Recognition and definition of thosefactors which affect the planning, financing, and construction of housing projects. Theoperations and responsibilities of a multidisciplinary team dealing with decision process;housing delivery system including how the housing industry operates, various technologiesprevalent in housing construction, and constraints to housing; Future assessment andexamination of problems and forces that will shape opportunities.
 CE-548 Occupational Health and Safety in Construction Project Management
 Introduce the graduate student in Construction Management to the important elementsessential in managing the health and safety function of a construction company. Principlesof safety engineering applied to construction industry, job safety analysis, reduction ofaccident rates, protective equipment, safety rules and regulations; Health and EnvironmentalManagement Issues in construction; Health hazards; Environmental hazards; OSHA andConstruction Health and Safety; Discussion of the common hazardous materials and wasteregulations found in construction activities.
 CE-549 Value Engineering in Construction
 The Value Concept; Developments in Value Thinking; Relationship of costs to time and lifecycle of construction projects, and methods to improve the economic value of construction projects; Function Analysis; Teams, Team Dynamics and Facilitation; Current Study Stylesand the Value Process; Value Framework; Value Engineering Job Plan; Project Value Chain;Client Value Systems; Application of Value Engineering Job Plan to Construction Projects;Professionalism and Ethics within Value Engineering; Value Engineering Organisation inthe Construction Industry; Future of Value Engineering.
 CE-550 Construction Productivity Management
 Construction Productivity: Definition and Importance; Failing Productivity Diagnosis;Method Improvement in Construction Operations; Productivity Improvement by WorkMeasurement; Productivity Analysis using Tested Scientific Models and Methods; ProductionPlanning and Control; Construction Workforce Motivation; Computer Applications inImproving Productivity; Managing Construction Projects for Improved Productivity.
 CE-590 Advanced Topics in Project Management
 Enterprise project management; Project Management Office; PM maturity models; PMintegrated advanced techniques; PM Monitoring, Evaluation, Reporting and ControlFramework; Application of software for project monitoring, evaluation and control (MSProject/ P3); Project Audit and Closure; Design integration management in construction;Communication and Conflict Management in Construction; Professional Responsibilityand Ethics; Learning Curves; Leadership; Managing Project Teams; Partnering; Negotiating;Managing Customer Relations; International Construction Project Management: Introductionto procurement, financing and management of international construction projects withemphasis on international economics, contracts, trade agreements and specifications;Maintenance Management of construction projects; Construction/ Project ManagementProposal Presentation.
 CE-591 Cost Engineering and Control
 Introduction to Cost Engineering; Cost Estimating: Estimate Accuracy; Estimate Approaches/Classes; Estimating Methods; Computerised Estimating; Labor Productivity Analysis;
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 Equipment Unit Cost Estimation; Indirect Costs; Data Collection and Management; ActivityUnit Price Estimation based on Field Data; Estimate Coding and Documentations; PredictingFuture Escalation; Contingency; Application of computer software to rigorous exercises inconstruction estimating. Cost Control: Introduction to Cost Control; Role of Cost ControlEngineer; Cost Control during Various Project Phases; Project Changes; SubcontractDevelopment, Administration and Control; Cost Control during Construction; Monthly CostReport and Cost Control Meetings; Computer Applications; The Cost of Cost Control;Control of Bulk Materials; Case Studies.
 CE-592 Decision Making and Risk Management in Construction
 Sources of hazards; Definition of risk; System analysis; Functional modeling and analysistechniques; Techniques of analysis of engineering systems for risk management decisionsinvolving trade-offs (technical, humans, environmental aspects); Risk assessment,communication and management; Elements of decision analysis; Probabilistic risk analysis(fault trees, event trees); Analytical Hierarchy Process; EMV and EUV Criteria; InventoryModeling; Monte Carlo Simulation; Risk acceptance; Consequence assessment; Risk benefitassessment; Economic analysis of failure consequences (issues of human safety and long-term economic discounting); Uncertainty sources and types; Uncertainty modeling; Humanfactors engineering; Quantitative and qualitative risk analyses and management strategiesemployed in proactive, reactive, and interactive modes; Emphasis on risk managementissues in public and private sector.
 CE-593 Construction Operations and Development of Technologies
 Construction methods and practice; Design and construction technologies; Constructionoperations management: Integrated approach to planning, scheduling, modeling, analysisand design of construction processes and operations; Use of simulation models and otheranalytical tools; Constructability; Subcontractor and supplier management; Equipmentselection; Material selection, procurement and control; Construction facilities and sitedevelopment; Lean construction mechanisms for identifying and eliminating wastage andunnecessary cost by examining the construction process with a TQM framework. ArtificialIntelligence Applications in Construction Management. A study of the concepts, techniques,and applications of AI technology in the construction management domain; Study ofadvanced field techniques and emerging uses worldwide. Information flow and creativityare highlighted as crucial elements which stimulate new developments. This course preparesthe students to understand and deal with concepts of change.
 CE-594 Bidding Strategy and the Legal Construction Environment
 Contract types and their implications on estimation and bidding procedures; general officeoperations, and bidding procedures; Bid Package Preparation; Tender Negotiations;Development of Working Methodologies. Legal and business aspects of engineering contractsand specifications in the construction industry. Legal principles as framework of interactionof project stakeholders; Contracts for civil engineering services; Contract risk allocationand reciprocal liabilities; Issues of contract formation, breach, and remedy; Analysis, studyof precedents, and application of contract clauses, including changes, changed conditions,termination, disputes, payments, risk and insurance, inspection, liquidated damages, andtechnical requirements.
 CE-595 Technical Entrepreneurship & the Management & Marketing of Construction Services
 Managerial, financial, legal, ethical and organisational aspects of starting and growing aconstruction organisation; Setting up a virtual company and carrying it through theentrepreneurship process; Marketing aspects of entrepreneurship including market research
 DONE
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 (Guest lectures from practicing entrepreneurs, financiers and professionals associated withthe entrepreneurship process should play a key role in the course). Management of aconstruction company: company organisation, incorporation structures, policies andprocedures, finance, accounting, information modeling, bidding strategies, and operation;Human effectiveness in marketing construction services in the public and private sectors.
 CE-596 Public Infrastructure Management
 Complexities, expanding pressures and demands on infrastructure management; Issues,identification of indigenous needs and managing provisions of required infrastructurefacilities; Maintaining public infrastructure inventories; Assets management models. Methodsand integrative approaches for balanced infrastructure management policies and practices;Roles of civic agencies/ essential services organisations; Disaster mitigation and managementscenarios. Strategies for interaction between government and informal sectors; Infrastructuresustainability under economic constraints; Procuring funding for public infrastructureprojects through non-conventional alternatives; Contemporary tools and instruments suchas GIS/ LIS in public infrastructure management; Global trends and case studies.
 CE-597 Real Estate Management
 Real Estate fundamentals; Real Estate Finance; Urban economic development and RealEstate market analysis; Real Estate development; Housing Economics and Finance; RealEstate investment decisions; Legal issues in Real Estate.
 CE-598 Construction Failure Analysis
 Develop an understanding of the integration process of technical, human, capital, socialand institutional aspects that drive the life cycle of a construction project. Study of failuresto provide a vehicle to find ways for the improvement of planning, design and constructionof facilities; Investigation of failure including technical analysis and also a comprehensiveanalysis of the organisational, contractual and regulatory aspects of the process that leadto the failure. (This course should use case studies to illustrate different types of failure inthe planning, design, construction and operation of constructed facilities).
 EN-530 Environmental System Engineering
 Handling and Treatment of Engineering Data; Experimental Design, System Approach toProblem solving. Formulation of Management Models. Selected Applications in Water,Air and Soil Quality Management, Solid and Hazardous Waste Management.
 EN-531 Environmental Quality Management
 Basic concepts of Environmental Management; environmental issues and priorities;Environmental Management approaches including EMS; environmental standards andcriteria settling; environmental indicators and indices; environmental information systems;environmental organisation; enforcement and economic aspects of environmental control;environmental monitoring; environmental conflict management.
 EN-532 Civil Systems and the Environment
 Methods and tools for economic and environmental analysis of Civil Engineering Systems;Focus on construction, transportation, and operation and maintenance of the buildinginfrastructure; Life-cycle planning, design, costing, financing and environmental assessment;Industrial ecology, design for environment, pollution prevention, external costs; Modelsand software tools for life-cycle economic and environmental inventory, impact, andimprovement analysis of Civil Engineering systems.
 DONE ENV
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 EN-533 Environmental Risk Assessment
 Multi-disciplinary approaches required to develop credible risk analysis within the applicablenational and local regulatory and social framework; Philosophical contexts, regulatoryframework, and economic implications; Components of risk and performance assessments,including source term, contaminant transport, exposure, and consequences; Computermodels and case studies.
 EN-534 Environmental Law and Policy Development
 An overview of environmental law and its development, including the legal and administrativestructures for their implementation, from the international, regional and national perspectives.It will focus on basic pollution laws relating to air, water, waste, hazardous substance andnoise; nature conservation laws and laws governing environmental impact assessment.Pakistan laws and the laws of selected countries will be examined. Application of policyissues in environmental management and the political economy of environmental regulationswill be covered.
 EN-535 Ecology and Sustainability
 Fundamental principles of ecological systems and bio diversity and in the context ofecological sustainable development and understanding the effect of human impact on thesesystems; Environmental problems relating to air, water, soil, and noise pollution; greenhousesand study of the disposal of solid and hazardous wastes; Evaluate and develop strategiesand management practices to achieve sustainable solutions for these problems and examineother areas such as ecotourism and industrial ecology including land-use planning in relationto sustainable development.
 EN-536 Waste and Pollution Management
 In this subject waste minimisation and pollution control are treated in an integrated andcomprehensive manner permitting evaluation of benefits of waste minimisation to industryand of pollution reduction in the environment. Introduction to leading edge technologiesof waste minimisation and pollution control such as membrane processes; raw materialextraction and refinement; product development including design, manufacture, use, re-use/recycling and environmental auditing of the product life cycle; Assessment of managementtechniques for solid / hazardous and liquid wastes. Topics to be covered are institutionalbarriers to improving the technologies of waste technology and management adopted indomestic waste, industries, agriculture and mining.
 EN-537 Water Quality Management
 Fundamentals of water quality, including water bodies and their natural setting, water uses andwaste input, and water quality cause-effects relationships; Water Quality parameters, criteria,and standards; principles of water quality systems analysis, both in the formulation and applicationof water quality models; engineering controls and socio-economic concepts of water qualitymanagement and control, including cost / benefit analysis and management modelling.
 EN-538 Principles of Air Quality Management
 An overview of management techniques for addressing air quality issues and managing airquality programs will be covered. Focus is on air pollution law; air pollutants and theirsources; effects of air pollution on health and welfare; sampling and analysis of air pollutants;standards, regulations, and enforcement systems; and quality assurance principles.
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 EN-539 Water and Sanitation Infrastructure in Developing Countries
 Principles of infrastructure planning in developing countries, with a focus on appropriateand sustainable technologies for water and sanitation are the focus of this topic. Incorporatestechnical, socio-culture, public health and economic factors into the planning, design andconstruction of water and sanitation systems; Case studies from Karachi and rural Sindh;Service pricing, alternative institutional structures including privatisation, and the role ofconsumer demand and community participation in the planning process; Environmentaland public health considerations, and strategies for serving low-income households.
 EN-540 Health Safety & Environmental Management
 Introduction to Environmental Health and Safety, Introduction to Occupational Safety andEnvironmental Protection, Elements of Occupational Health and Safety ManagementSystems (OHSAS-18001), Exposure to Environmental Legislations, Regulations andStandards, Legal Compliance with Health, Safety & Environmental Standards, ISO 14001,EMAS (Eco-Management and Audit Schemes) and Responsible Care, CommunicableDiseases, Effects of Radiations on Humans. Technologies Applied to Integrated PollutionControl. Hazardous Waste Management, Risk Assessment, Mitigation Measures,Environmental Performance Evaluation.
 EN-541 Remote Sensing in Environmental Management
 Introduction and Background of Remote Sensing; Fundamental Concepts; Theory of RemoteSensing; Use of Relevant Image Processing Softwares; Examples and Applications inEnvironmental Engineering and Management including Air and Water Pollution Monitoring,Monitoring of Climatic Changes, Checkig Air Pollution Levels and Ecological andEnviromental Degradation.
 CE-556 Water Resources Planning and Management
 Introduction, History of water resources planning and development, Importance of waterresources planning, Planning objectives, Protocols employed at local, provincial, federal,regional and international levels, Investigation data and analysis, Demand projection, Waterproductivity parasites and constraints, Land-Water-Human resources interaction, Planformulation, evaluation and approval, Comprehensive regional planning, Stakeholderinvolvement in water resources planning, Social and environmental impact assessment,Institutional arrangements for planning and implementation, Engineering economy in waterresources planning, Introduction to surface water / groundwater / conjunctive watermanagement.
 CE- 557 Legal & Financial Aspects of Water Resources
 Sources of Water, Uses of Water, General concepts of water governance, International Laws(riparian and prior appropriation doctrines), Legal schemes for securing and allocating waterrights in surface water and groundwater for private and public uses in Pakistan, WaterTreatise and Accords (Indus Waters Treaty, Water Apportionment Accord, similar casestudies), Institutional Framework, Groundwater management regimes, Issues and nationalwater sector strategy, Evolving role of science, economics, and policy in water allocationlaw, Major paradigm shifts in water governance through integrated water resource management.Legislation on harmful effects of water.
 CE-558 Sustainable Water Resources Management
 Historical perspective of water use and development, Water facts and trends, Introductionto sustainable development and its importance, Related terminologies, SWRM strategies,
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 Sustaining healthy freshwater ecosystems, Hydrologic aspects of water sustainability, Humanimpacts on hydrologic ecosystem and mitigation, Water resources � agriculture, environment,and society, Flood control management strategies, Economics of water; value of water,water affordability and marketing. Emerging water management issues and resolutions.
 CE-559 Remote Sensing In Water Resources
 History and scope of remote sensing, Concepts of remote sensing, Photogrammetry, Satellitecharacteristics, Remote sensing imagery types, Remote sensing satellites, Image resolution,Pre-processing, Image rectification, enhancement and classification, Accuracy assessment,Applications of satellite remote sensing in water resources i.e., for identifying drainage basin networks, for watershed dynamics analysis, flood inundation modeling and mapping,Evaluation of surface and ground water resources, Image processing software exercises,Introduction to Geographical Information Systems (GIS).
 CE-560 Reservoir Operations
 Introduction on the functions of reservoirs and possible problems, Operation purposes,Storage-yield concepts; flow-duration curve development, mass-curve analysis and sequent-peak analysis; Flood management and reservoir operation; formation and process of floods,Techniques for flood prevention in reservoirs, Relationship between flood management andreservoir operation, Reservoir simulation for flood control, urban water supply, hydropowerand multipurpose operation, Automatic reservoir operation system; Sedimentation inreservoirs, Preventative methods for the sedimentation in reservoirs, Impacts of sedimentationon the function of reservoirs, Management for sedimentation in reservoirs and techniquesfor capacity restoration, Ecological environment in water reservoirs and protection &restoration techniques.
 CE-576 Water Services Management
 Water Supply and Sanitation Systems; options, standards and developments with sustainableperformance and technical reliability. Water Supply Systems; raw water quality (surfaceand groundwater) and abstraction, pre-treatment and storage, water treatment processes andplants, water transport and distribution, Sanitation Systems; on-site and off-site sanitationsystems, ecological sanitation concepts, sewerage and drainage systems wastewater treatmentprocesses and plants, sludge management (treatment, disposal and reuse), Institutionalarrangements and management options for providing water services. Finance issues at utilitylevel; financing water organisations and undertaking cost-recovery.
 CE-577 Irrigation System Design and Management
 Introduction/overview of irrigation and its purpose: horticulture, urban landscaping,agriculture, soil-water-plant relationships, irrigation water requirements, computation ofevapotranspiration by various methods, performance evaluation of irrigation systems, surfaceirrigation system-design principles, Design of basin, border and furrow irrigation, Trickleirrigation and sprinkler irrigation � design and operation, irrigation management, irrigationand drainage interactions, environmental consideration.
 CE-578 Groundwater Resource Management (Prerequisite EM-505 Operations Research)
 Introduction to groundwater resources engineering and management, groundwater resourcesprotection and water supply; Technical aspects as well as the legal, regulatory and policyaspects of groundwater resources management; Development of groundwater resource;simulation/optimisation models for GWM; embedding and response matrix approaches,Conjunctive use of groundwater and surface water and planning of groundwaterresources projects.
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 CE-579 Water Quality Management
 Water quality parameters-Indicators, sources, causes and effects; Nature of water systems;Objectives and case studies of water quality management; Water quality monitoring, modelingand forecasting in water systems; Management practices and methodologies for reuse,recycling and treatment of contaminated water; A system approach to water qualitymanagement: Institutional, environmental, and ethical aspects.
 UE-501 Urban Transportation Management
 Introduction and strategic objectives of UTM; Techniques and procedures designed toimprove traffic flow, air quality and movement of vehicles and goods, as well as enhancesystem accessibility and safety; Quick response travel evaluation procedure; UTM actions:traffic management techniques for improving vehicular flow, preferential treatment for highoccupancy mode, bus priority measures, demand management techniques for reduced trafficdemand, staggered hours, and vehicle restrictions; Small area management: individual sites,
 residential neighbourhoods, planning for pedestrians, parking management, traffic calming;Travel demand management and telemetric in travel planning.
 UE-502 Pavement Asset Management
 Classification of roads, Pavement Management Plans and approaches for various types ofroads, Concepts of pavement maintenance and rehabilitation, pavement evaluation techniques,maintenance versus rehabilitation versus replacement alternatives, Highway Design &Maintenance Standards, Modes of deterioration and maintenance, Deterioration modellingconcepts, Life-Cycle of deterioration and maintenance, Road roughness: its measures andprevention methods, The roles of empirical and mechanistic methods; Cracking of bituminoussurfacing: Types of cracking and its preventive measures, Pavement Deformation: its typesand prediction approaches, Mechanistic and experimental models; Relative DamagingEffects: Problem and concepts, Loading characteristics of mixed traffic flow, Simulatedtrafficking experiments, Load and Non-Load associated damage attribution; TheoreticalMechanistic and Empirical studies.
 UE-503 Intelligent Transportation Systems
 ITS Applications in Transit Management and Operations; Electronic Payment Systems(EPS); Commercial Vehicle Operations (CVO); Intermodalism; Rural ITS; AdvancedTelecommunications Technology; Advanced Signal Systems; Applied Systems Engineeringfor Advanced Transportation Projects; Deploying ITS: Strategic Planning and Implementation;Evaluating ITS Projects; Managing High Technology Projects in Transportation; Roles ofPublic & Private Sectors in ITS: Cooperative Partnerships.
 UE-504 Road Safety Analysis and Methodologies
 Road safety policy and statistic: road accident data at global, regional & local levels;Collision and Condition Diagrams, economic analysis of collisions/casualties; NationaliRoad Safety management programs in developing countries; Introduction to Road andTraffic Safety law; Traffice conflict studies techniques, road user behavioural studies;Accident Response system, key locationof Ambulance booths with respect to time andspace. Role of warning devises in crash prevention; Use of Haddon Matric for design ofPre-crash, and road safety review techniques; Case Studies.
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 UE-505 Micro-Scale Traffic Modelling
 Micro-scale traffic management issues; Micro-simulation modelling techniques; aggregateand disaggregate models of traffic flow; Traffic signals and other controlling measures formicro-scale management; Computer-based assessment of different micro-level managementstrategies for improvement of the performance of road intersections; Some exemplary casestudies and their outcomes.
 UE-506 Travel Demand Forecasting
 Four stage Modelling; Macro-scale network models and analysis; Stochastic and deterministicModelling procedure; Introduction to macro-scale dynamic traffic modelling; Macro-scaledemand management strategies and policies and their assessment Using EMME/2; Exemplarycase studies for selected regions of Karachi.
 UE-507 Geospatial Analysis for Transportation Asset Management
 Overview of GIS, its data sources and classifications; Spatial data and overview of imageprocessing; Remote sensing software and its application; Creating and managing GIS-basedinventory and condition database for transport infrastructure; Development process of GIS-baseddecision support system using inventory and condition database of the road networks; GISapplications for route selection of highways, rapid transit systems, Road traffic accident analysis.
 UE-508 National Transportation Management
 Transportation management with a comprehensive overview of intermodal transportationand logistics management; Analysis of Recent trends in the field and its important stakeholders;Business logistics/supply chain from engineering and managerial perspectives and itsimpacts on physical distribution, materials management, transportation management, andlogistics and supply chain management; Introduction to Freight Modelling, its principlesand components; Planning, organising, and controlling of national logistic activities including
 sub-activities such as transportation basics, inventory and location strategies; Exemplarycase studies from developed and developing countries on logistic management.
 UE-509 Transportation Systems Asset Management
 Infrastructure Inventory: Defining Transportation Systems (TS) (i.e. Railways, Airports,Ports and Harbour) Infrastructure Objects, Defining relevant TS objects inventory information(attributes), Surveying TS objects� location, Collecting, Compiling and maintaining theinventory of all objects constituting TS. Infrastructure Condition Monitoring: Defining TSobjects needing condition monitoring, Defining relevant TS objects� condition information(measurements), Organising, Scheduling and Performing condition information collection(measurement), Storing and Managing Condition information, Real time vs. Continuous(regular time-based) monitoring, Infrastructure Life cycle Management: Life cyclemanagement principles related to TS, Degradation modelling of TS, Developing andemploying cost-effective maintenance and repairing strategies, Maintenance vs. Renewal,Life cycle costing, Managing risks.
 IM-501 Supply Chain Management
 Management systems for distribution, materials handling, inventory control, transportationplanning and facilities location and analysis; Logistics information systems and developmentof logistics strategy. Use of planning models and software packages to demonstrate conceptsof strategic partnering, adequate safety stock levels, and risk pooling. Integrated decisionsupport systems in the management of the supply chain and logistics network design issues.
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 IM-502 Computer Simulation Methods
 The objective and purpose of simulation, its advantages and limitations. Process view ofdiscrete manufacturing and business systems involving inputs, activities, and outputs;structure; and metrics. Identification of decision variables; uncontrollable variables, anddependent variables for strategic and operational level decisions. Modeling of industrialsystems using dynamic simulation environments, and analysis of alternatives using statisticaltechniques and animation. Applications to include production systems, inventory management,transportation and supply chain, business process re-engineering, and public systems.
 IM-503 Maintenance Management
 Typical maintenance responsibilities; Types of maintenance: Breakdown Maintenance,Preventive Maintenance, Individual Versus Group Replacement, Internal Versus ExternalMaintenance; Determination of Crew size. Queuing Theory Application in Maintenance:Input, Queue, Service Characteristics. Mathematical Approach; Monte Carlo Simulation,Computerised Maintenance Management.
 IM-505 Automated Manufacturing Systems
 Automated flow lines; Methods of work part transport; Transfer mechanism; Buffer storage;Control functions; Automation for machining operations; Design and fabricationconsiderations; General terminology and analysis; Analysis of transfer lines without storage;Partial automation; Automated flow lines with storage buffers; Computer simulation ofautomated flow lines. The assembly process; Assembly systems; Manual assembly lines;The line balancing problem; Methods of line balancing; Computerised line balancingmethods; Flexible manual assembly lines; Types of automated assembly systems; Partsfeeding devices; Analysis of multi-station assembly machines; Analysis of a single stationassembly machine. Schemes for Concurrent Engineering: Axiomatic Design, DFM Guidelines, Design for Assembly, The Taguchi Method for Robust Design, Manufacturing ProcessDesign Rules, Computer-Aided DFM, Group Technology; Failure-Mode and Effects Analysis.Robot motions, Robot drive power, Types of robots; Robot motions: Link geometries,Frame of reference, Orientation, Changing frames of reference, Workspace Descriptions;Robot accuracy and repeatability; Economic justification of Robots; Characteristics ofrobot applications; Robot Cell design; Types of robot applications, Material handlingapplications; Processing applications; Assembly & inspection.
 IM-506 Business Process Reengineering
 Fundamentals of process management; importance of process decisions and processchoices; strategic process decisions for manufacturing and service environments.
 Costs, quality, and timeliness as the primary attributes of value; creation of value throughstrategies and processes.
 Process improvement tools and frameworks; process maps, value stream mapping, serviceblueprinting, reengineering, Poka-Yoke, lean systems and six-sigma.
 Simulation and modeling of discrete event systems and processes; random numbersgeneration, Monte-Carlo simulation, and probability distributions for discrete eventprocesses.
 Implementing BPR methodology; initiating organisational change; building the reengineeringorganisation; identifying BPR opportunities, understanding existing processes, reengineeringprocesses, blueprinting new business systems, performing transformation.
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 IM-515 Agile and Lean Manufacturing
 Introduction to Lean Manufacturing, value concept, lean objectives & tools, origins oflean systems, group technology, 5S, single minute exchange of dies, total productivemaintenance, Kaizen, Just-In-Time Manufacturing Systems, Push & Pull ManufacturingSystems, Poka-Yoke, Toyota production system, introduction to agile manufacturing,research projects in agile manufacturing, design of market responsive supply and distributionsmanufacturing systems.
 IM-525 Design for Manufacturing
 Concepts of design for manufacturing (DFM), role of DFM in product specification andstandardisation, design, development, and functional requirements, material and processselection. Introduction to components of DFM � design for assembly, performance, quality,bio-compatibility, ergonomics, recycling, etc. Design to Cost. Quantitative methods ofmaterial selection in DFM based on engineering properties, material performance indices,comparative property charts, costs, etc., Evaluation of single and multi-attribute utilities.Design rules for selection of materials and processes, Part geometry and tolerances, shapefactor, prototyping, computer-aided material and functional modeling, mathematicaloptimisation, formation of objective and constraint functions, factorial analysis. Casestudies on product design for manufacturing and assembly.
 IM-526 Facilities Planning and Layout
 Introduction to Product and Process Design, process planning and sequencing; manufacturingprocesses: automation with respect to sensing equipment and control systems; manufacturingsystems: fixed and flexible manufacturing systems, single-stage multi-machines systems,Just in time and group technology approach; requirements and selection of machines andlabour, building, organisation, communications and support requirements; material handlingprinciples: equipment and its selection criteria, flow lines, grouping, packaging, storageand warehousing, plant and office layout: conventional approaches, flow space and activityrelationships, computerised layout planning models and algorithms, computer aided processplanning, operation sequence and path planning with constraints, case studies in CAPP,simultaneous development of plant layout and material handling systems, basic facilitylocation problems, single- and multiple facility placement problems, heuristics andcomputerised approaches.
 ME-524 Reliability & Quality Engineering
 Reliability Measures: The reliability function; expected life; failure rate and hazardfunction; reliability and hazard function for well known distributions such as exponentional;normal, log normal, Weibull, and gamma distributions; hazard models and product life;constant hazard function, linearly increasing hazard function, piecewise linear bathtubhazard function, power function model, exponential model.
 Static Reliability Model: Series system, parallel system, series & parallel combinations,complex system analysis, reliability considerations in design.
 Reliability Engineering Design: Reliability design methodology, strength and stressdistributions, safety factors and reliability, reliability bounds in probablistic design.Transformation of random variables. Sums and differences of normal random variables,error analysis, statistical tolerancing.
 Interference Theory and Reliability Computations: General expression for reliability;reliability computations for normally, log normally, exponentionally, Gamma and Weibullydistributed stress and strength; reliability design examples.
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 Reliability in Design and Testing: Dynamic reliability models, reliability estimation,sequential life testing, Bayesian reliability in design and testing, reliability optimisation.
 Control Charts: Properties of the distribution of sample means, sample range estimationof standard deviation, chance and assignable causes, control charts for mean & range, controlcharts for mean & standard deviation, control charts for proportion defective & defects perassembly. Tests of significance to compute confidence limits.
 Acceptance Sampling: Introduction, OC curve, consumer & producer risks, AQL & LTPD,Acceptance Sampling for continuous production, Acceptance by Variables, Single, Double,& Sequential Sampling.
 Quality, Reliability, & Maintainability: Definitions, management of quality control, economicaspects of quality decisions, capability & variability analysis, various aspects of life testing,reliability, & maintainability, Introduction to ISO 9000, and ISO 14000.
 ME-527 Human Factor Engineering
 Introduction: Scope of ergonomics, human operator as system components; physical sizeand shape dynamics, Anthropometry, sources and application of energy input sensitivity,central processing capacity, input characteristics, environmental effects, heat and vibration,lightning and noise. Techniques in human factor studies; the assessment of physical activity,subjective assessment technique, methods of work analysis.
 Design Requirements: Interface design; space requirements and layout visual presentationof information, auditing presentation of information, machine dynamics, control design,environmental factors, jobs aids, System evaluation.
 ME-529 Management Information Systems (MIS)
 Management Information System Concepts: What a System is, Information System Defined,Computer Based Information System, Functions of an Information System, Manager andinformation needs, the role of managers, management levels and information needs.
 Types of Information Systems: Transaction processing systems, management informationsystems, decision support systems, executive support systems.
 The System Development Life Cycle: Reasons to develop new information systems, systemanalysis, problem definition, requirements analysis, project justification, system analysistools, system design, logical design stage, system design tools, prototyping and its effectson the system development life cycle, automating system analysis and design, systemimplementation, testing and installation stage, training stage, and system maintenance.
 File and Database Processing: File processing, file management systems, database processing,database management systems, database models: the hierarchical model, the network model,the relational model, object-oriented model, database design considerations. Managingdatabase: distributed databases, knowledge-based systems. Expert system shells, knowledgeengineering, uses of knowledge-based systems.
 ME-542 Energy Management
 Introduction: The role of energy manager. Attitudes to energy efficiency, the objective ofenergy management, priorities, and strategies.
 Plant control, Burner control unit, compensator and optimiser, control and use of an energymanagement system.
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 Monitoring: Remote monitoring and out-station operation, degree days performance linesand targeting, Audits, Environmental, energy and social.
 Energy Modeling & Forecasting: Data on energy resources, and reserves and relation ofresources to future options. Energy demand models prices and elasticities, concepts ofeconomic growth, energy gape concepts, operation research techniques in energy modeling.
 Energy Transmission & Utilisation: Quality and economics criteria in selection of energyequipment and processes.
 Waste Heat Recovery System: Thermal wheels, heat pipes, turbo expanders, heat pumpsand the co-generation of heat and power for both heating and cooling systems. Design andbalance of total energy systems.
 Energy Resources: Fossil and derived fuels, exploration and production techniques. Renewalfuels, solar radiation wind power, wave and tidal energy, bio-fuels, geo-thermal, refusedriven.
 Solar Energy Conversion Systems: Solar energy and its conversion for use of society,fundamentals of solar radiation, solar collection and thermal conversion systems. Components,economics of solar power.
 ME-546 Energy Planning
 Energy Economics and Planning: Energy economics. The nature and causes of the energyproblems. The magnitude of the problems: present and future. Demand-side issues:determinants; interfueld substitution. supply-side issues: commercial energy determinants;traditional energy determinants; externalities. Policy issues: pricing policies; distributionissues; energy balances; formulation and execution.
 National energy statistics. Definitions of primary, secondary, delivered and useful energy. Problems of interpolation and comparison of energy statistics.
 Rural Energy Planning: Patterns of energy demand and supply. Socioeconomic aspects ofenergy use. Survey methods. Identifying potential solution to needs. Matching solutionsto needs. Project planning, monitoring and evaluation.
 Financial Evaluation Projects: Project analysis and financial appraisal: discounted cashflow. concept of time preference discount rates. Inflation and interest rates. Projectevaluation in terms of present values and internal.
 IM-511 Statistical Quality Control
 Review of Probability & Statistics, Probability Distributions, Hypothesis Testing (One-Tailand Two-Tail Tests), Sampling Distributions, Quality Control & Assurance, Causes ofVariation, Control Charts (for attributes and variables), EWMA Chart and CUSUM Chart,Metrology & Gauging, Gauge Capability Analysis, Gauge Repeatability and Reproducibility,Process Capability Indices, Acceptance Sampling (for attributes and variables).
 IM-512 Reliability Engineering
 Fundamentals of Reliability Engineering, failure modes & effects analysis, failure distributions,complete & censored data, reliability estimation using normal, exponential, Weibull andother distributions, reliability metrics, Monte Carlo simulation, goodness of fit tests, bogeylife test, sample size determination, accelerated life testing, stress-strength relationship,maximum likelihood estimation.
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 IM-513 Six Sigma Methodologies
 Introduction to Six Sigma, Internal & External Customers, DMAIC (Define, Measure,Analyse, Improve, Control) cycle, six sigma goals and metrics, six sigma training, six sigmateams, green; black and master black belt, design for six sigma, DMADV (Define, Measure,Analyse, Design, Verify), case studies.
 IM-514 Quality Planning & Management
 Introduction to Quality Management Systems, design of QMS, quality tools and theirapplication in management, total quality management, product and service quality, processquality, quality philosophies, quality planning; improvement and control, quality functiondeployment, determination of vendor quality level.
 IM-516 Design and Analysis of Experiments
 Introduction, controllable and uncontrollable factors, single factor experiment, ANOVA,regression model, comparison tests, contrasts, randomised block design, latin square design,two-level and three-level full factorial experiments, blocking, confounding, two-level andthree-level fractional factorial designs, experiments with random factors, response surfacemethodologies.
 IM-517 Advanced Quality Engineering
 Product and Process Design Optimisation using Taguchi Methods; fractional factorial designsusing orthogonal arrays and linear graphs; statistical tolerances, robust design and signalto noise ratio; process optimisation using response surface methodology, TRIZ (Theory ofinventive problem solving).
 TE 505 Advanced Statistics
 Probability Distributions & Transformation of Variables: Uniform, Bionomial, Hypergeometric,Poisson. Normal, Exponentional, Chi-square, F, & T distributions; Random sampling;Sampling distribution of mean; Central limit theorem. Statistical Inference & HypothesisTesting: Confidence & significance level; Sample size determination; Point & intervalestimates; Interval estimates for population mean, population standard deviation, & populationproportion. Type I, & type II errors; One tail & two tail tests; Tests concerning means &variances. Linear & Multiple Linear Regression & Correlation: Simple linear regression;Properties of least square estimates; Confidence limits & tests of significance; Choice ofa regression model; Correlation. Estimating the coefficients; Adequacy of the model. Analysisof Variance: One way classification; Tests for the equality of several variances; Singledegree of freedom comparisons; Multiple range test; Comparing treatment with a control;Comparing a set of treatments in blocks; Randomised complete block design; Randomeffects model.
 Factorial Experiments: Two-factor experiments; Interaction in two-factor experiments; Twofactor analysis of variance; Three-factor analysis; Choice of sample size. K2 FactorialExperiments: Yate's technique for computing contrasts; Factorial experiments in incompleteblocks; Fractional factorial experiments; Analysis of fractional factorial experiments.
 TE-516 Supply Chain Design and Management
 A broad view of management systems for inbound and outbound logistics planning, inventorycontrol, transportation planning and facilities location decisions. Key supply chain processeswith particular reference to the textile and garment industry and the role of benchmarkingin process improvements across the supply chain. Tools and techniques for process mapping.
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 Supply chain strategy for in-sourcing, out-sourcing and vertical integration. Computersoftware for the planning, design and coordination aspects of the supply chain.
 TE-551 Apparel and Merchandising Management
 Concepts and practices for the production of apparel items, garment manufacturing,development of basic fit blocks by using pattern engineering techniques, organisationalergonomics, resource allocation. Production planning and management of apparel industry.Context of Merchandising, nature and timing of Merchandising, responsibilities. Productquality and performance standards, determining product costs.
 TE-552 Textile Computer Integrated Enterprise
 Philosophy and strategy of enterprise integration for textile manufacturing. IT infrastructurefor textile and apparel industries. Overview of enabling technologies (CAD/CAM; materialhandling systems; data acquisition and control, Web, automation and robotics). Logisticsand warehousing systems; product tracking.
 Application of E-commerce and ERP system in Textile. Information System Planning andDevelopment (SDLC). Moral and ethical dimensions of information system. BusinessIntelligence and Knowledge management, IT disaster management.
 TE-553 Textile Brand Management and Marketing
 Basics of branding, Strategic brand management, conditions for successful brand managementprocess, brand communication, corporate brands, trademarks, logo. Textile brand managementand marketing, local and global markets, marketing programmes and organisations. Theeconomic, social, political, legal, and cultural environments; local and global textiles marketopportunities, challenges, marketing strategies, creation and management of marketingprogrammes. Quantitative methods employed in market research in the textile industry.Role of market research in management and decision making.
 TE-554 Health Safety and Environmental Management
 Introduction to Occupational Health, Safety and Environmental Protection. Health Safetyand Environment issues related to textiles. Management responsibilities and role of humanresources in HSE Elements of Occupational Health and Safety Management Systems(OHSAS-18001) and Environmental management systems (ISO-14001) and other relatedstandards. Health Safety and Environment Laws, Legislations, Regulations and standardsand Legal Compliance.
 Waste categorisation and pollution prevention strategies in textile industry. Ergonomics;Hazard Identification risk assessment; Environmental Impact Assessment. AccidentInvestigation and Reporting. Permit to work. Emergency preparedness and response. Fireprotection; material handling & storage.
 EE-561 Power Generation Economics
 Essentials of electrical energy generation and power systems; Load studies and effects ofload variation; types of factors � demand, load, diversity and capacity; Load curves; baseload and peak load stations; Interconnected Grid system and its advantages. Cost of electricitygeneration; types of costs � fixed, semi fixed and running; Methods of determiningdepreciation � straight line, diminishing value and sinking fund. Definition, objectives anddesirables characteristics of Tariff; Types of tariff � Flat rate, Block rate, two part, maximumdemand, power factor and three part tariff. Power factor and its economical aspects;Economics of Power Transmission.
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 EE-562 Energy Audits
 Introduction: Need for Energy Consumption monitoring, Designing & starting energyconsumption control programme, energy accounting, targeting and Reporting. Energy AuditProcess: Preparations, facility inspections, audit procedures and action plans, audit reports,recommendations, implementation and follow ups of energy conservation schemes.Understanding Energy Bills: Electric rate structures, Natural gas rate schedule, steam &chilled water rate, costs of water and waste water. Monthly energy bill analysis, Actionsto reduce electricity Utility costs. Utility incentives and rebates, electric utility competitionand deregulation. Economic Analysis and Life Cycle Costing: Costs, categories of costs forcapital investments cash flow diagrams and tables, simple payback period cost analysis,discounted cash flow analysis, cost effectiveness measures using discounted cash flows,benefit/cost (or savings/ investment) ratio, life cycle costing (LCC), LCC decision making,taxes and depreciation, inflation energy financing options.
 EE-563 Energy Conservation
 Introduction: Need for Energy Consumption and Conservation, Conservation schemes andimplementation. Major areas of Energy Conservation. Lighting: Component of lightingSystem, Lamp types, Luminaries and types, maintenance of the lighting system and schedule,luminaries dirt depreciation factor, Re-lamping strategies, spot replacement and group Re-lamping strategies and costs. Lighting survey, Measuring Light levels. Regulatory/Safetyissues, lighting safety issues, Energy Policy Act 1992. Task lighting, Lamp substitution,Lighting Control Technologies, selection of Lights for new facility. EPA Green lights programme. Electrical motors and transformers � factors involving selection and installation.Maintenance and overhaul scheduling. Performance tests. Depreciation factors. EnergySystem maintenance, transmission and distribution networks, HVAC systems, Boilers, steamdistribution systems.
 EE-564 Power System Restructuring
 Energy Generation in the Modern Environment, Competitive Market for Generators andits advantages, Role of the exiting power industry, Renewable Generation Technologies,Combined heat and power, Energy policy & Government Intervention, Costs. Deregulationof Electric Utilities: Traditional Central Utility model, reform motivations, separation ofownership and operations, competition and Direct Access in the electricity market IndependentSystem Operation, Retail Electric Providers. Competitive Wholesale Electricity Market,Wholesale electricity market characteristics, Market Model, Challenges. Distribution in aDeregulated Market: The development of competition, key issues for distribution businessesMaintaining Distribution Planning, Distribution Automation, and Distributed Generation.Transmission Expansion In The New Environment: Role of Transmission Provider,Transmission Open Access, Trading Agreement, Transmission Pricing in open-accessSystem, open-access Co-ordination Strategies; Case Studies.
 EE-565 Distributed Generation
 Sources of Electricity for Distributed Generation (DG). Reasons, extent, issues and technicalaspects of DG. Economic impacts of DG on transmission, distribution and central generationsystems. Benefits and costs to the facility and utilities. Current technologies for DG-Embedded generation plants, combined heat and power plants, renewable energy generation-small scale hydro-generation, wind power plants, off-shore wind energy, solar photovoltaicgeneration, bio-mass energy, Fuel Cells. Power flow studies of a distributed generationscheme, balanced and unbalanced fault studies as applied to an embedded generation scheme.Analysis of existing facilities for possible DG application, Sensitivity analysis. Case studies.
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 EE-566 Reliability Engineering
 Fundamentals of Reliability, Reliability through good design, through proper operations,through proper maintenance. Quantifying system reliability. Reliability through Probabilisticrisk assessment. Reliability system modeling, reliability modeling, reliability block diagrams,Failure modes effects, Fault tree analysis.
 Quality, Reliability & Maintainability: Definitions, management of quality control, economicaspects of quality decisions, capability & variability analysis, various aspects of life testing,reliability & maintainability. Introduction to ISO 9000 & ISO 14000.
 EE-567 Energy Planning
 Energy Economics and Planning: Energy Economics. The nature and causes of the energyproblems. Demand-side and supply-side issues. Commercial and traditional energydeterminants, externalities. Policy issues: pricing and distribution policies, energy balances-formulation and execution. National Energy statistics: Definitions of primary, secondary,delivered and useful energy. Problems of interpolation and comparison of energy statistics.Rural Energy Planning: Patterns of energy demand and supply. Socio-economic aspects ofenergy utilisation. Survey methods. Identifying potential solutions. Project planning,monitoring and execution. Financial Evaluation Projects: Project analysis and financialappraisal - discounted cash flow. Time preference discount rates. Inflation and interest rates.Project evaluation in terms of present values and internal.
 EE-568 Reactive Power Management
 Definition of terms used in Reactive Power Management. Quality in electrical power supply.Indices and cost of power quality, justification for capital cost, costing of reactive power.Reactive power requirement of utilities. Reactive power supply by utilities. Systems andtools for management of reactive power by utilities. User-side scenario of reactive powermanagement, compensation, planning, selection of equipments, consideration of harmonics.Reactive power management in different types of industrial plants.
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 4.7 COURSES IN THE FACULTY OF INFORMATION SCIENCE & HUMANITIES
 4.7.1(a) List of Courses for the Master of Computer Science & Information Technology.
 Customised Courses
 Course No. Course Title Credit Hrs.CT- 491 Operating System NCCT- 492 Object Oriented Programming NCCT- 493 Data Structure and Algorithm Design NCCT- 494 Introduction to Databases NCCT- 495 Communications and Networks NCCT- 496 Digital Computer Logic and Switching Theory NC
 Note: i) Students possessing degree in B.E. (Civil / Mechanical / Textile/B. Arch.) or M.Sc., (Applied Mathematics and Applied Physics)shall be required to complete all customized courses.
 ii) Students possessing degree in B.E. (Electrical and Industrial &Manufacturing) shall be required to complete five customisedcourses i.e., CT-491, CT-492, CT-493, CT-494 and CT-495
 iii) Students possessing degree in B.E. (Electronic andTelecommunications) shall be required to complete fourcustomized courses i.e., CT-491, CT-492, CT-493 and CT-494
 Compulsory Courses
 Course No. Course Title Credit Hrs.
 CT-501 Software Project Management. 3CT-502 Theory of Automata. 3CT-503 Operations Research & Optimization. 3CT-504 Advanced Numerical Analysis. 3CT-505 Financial Management. 3
 Optional Courses
 Course No. Course Title Credit Hrs.
 CT-511 Information System Development Methodologies. 3CT-512 Principles of Marketing. 3CT-513 Quality Information System. 3CT-514 Software Development Methodologies using UML. 3CT-515 Internet banking. 3CT-516 Multimedia Communications. 3CT-517 Internet Techniques and their Applications. 3CT-518 Web Authoring. 3CT-519 Business Process Reengineering. 3
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 CT-520 E-Commerce. 3CT-521 Distributed Intelligent Systems. 3CT-522 Cryptography and Network Security. 3CT-523 Fuzzy Control and Neural Networks. 3CT-524 Knowledge-Based Systems. 3CT-525 Modeling & Simulation. 3CT-526 Logic Programming. 3CT-527 Image Processing and Computer Vision. 3CT-528 Advanced Database Techniques. 3CT-529 Object Oriented Database. 3CT-530 Data Mining. 3CT-531 Theory of Information System Design. 3CT-532 Information System Audit. 3CT-533 Information Systems Management. 3CT-534 Software Quality Assurance. 3CT-535 Compiler Construction and Techniques. 3CT-536 Object Oriented Designing for Application Techniques. 3CT-537 Wireless & Mobile Communication. 3CT-538 Introduction to Robotics. 3CT-539 Advanced Computer Networking. 3CT-540 Broad Band Networks. 3CT-600 Independent Study Project. 6CT-601 Dissertation. 9
 4.7.1(b) Detailed Contents of Courses-Master of Computer Science & Info. Technology.
 CT-491 Operating System
 Process Concept, Schedulers, Inter-process communication, Process state, 5-state processmodel, Using two queues, One suspended state, Process control block, Process Scheduling,Basic Concepts, CPU scheduler, FCFS, SJF, SJF, Priority, Round Robin, Memory Management,Dynamic loading, Swapping, Contagious partition, allocation, Multiple partition allocation,Paging, Segmentation, Deadlock.
 CT-492 Object Oriented Programming
 Introduction to Programming Languages, Basics of C Language, Variables, Input OutputFunctions, Operators, Decisions, Introduction to Visual Basic, The Integrated DevelopmentEnvironment, Visual Development and Event-Driven Programming, Variables, Constants,etc. Database Programming with Visual Basic, the Active Data Objects.
 CT-493 Data Structure and Algorithms Design
 Object oriented design, static and dynamic data structures (strings, stacks, queries, andbinary trees), recursion, searching and sorting. Professional responsibility, advanced datastructures and algorithms. Searching for graphs, hashing external sorting. Breadth-Firstsearch, Depth- First search, Heuristic searching techniques and their algorithm.
 CT DONE
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 CT-494 Introduction to Databases
 Overview of database management systems, Overview of the relational model and SQL,Normalization, Database design goals, methodology. The entity-relationship model andother, Advanced database design topics, Physical database design, Fourth generationlanguages, Prototyping, Distributed systems, Database computers, Object-oriented, Systems,knowledge-based systems.
 CT-495 Communications and Networks
 Telecommunication organization ITU, PTT, serial, parallel, asynchronous and synchronoustransmission, Base band and analogue signaling techniques and channel capacity, Modulationtechniques, Interfaces multiplexing and concentration, Communication media, Error control,Telephone systems, BI SYNC, SDLC, HDLC protocols, Implementation of High levelsoftware, Packet and circuit switching, LAN,WAN, MAN , ISO-OSI network, architecture,Case studies: ARPANET, SNA, DECNET AND X.25.
 CT-496 Digital Computer Logic and Switching Theory
 Introduction to switching logic and combination circuits, minimization techniques, KaranughMap and Quin�s Mcclusky methods, Half Adders and Full Adders,
 Combination circuits using MS I AND LS I Components. Introduction to Micro ProgrammingStudy of information set architecture, processor performance and design, data path, control(hardware, micro programmed), pipelining, I/O memory organization with cache virtualmemory.
 CT-501 Software Project Management
 Software planning; use of CASE Tools in planning and monitoring the software developmentactivities; the use of Computer- Aided Software Engineering ( CASE) tools and Planning,scheduling and control of projects including cost estimating techniques, constraining andleveling, review of commercially available software and use of PC based project managementpackage. Differentiating between quality control and quality Assurance; Defining standardsfor quality policy; Formal Technical Review Designing quality policy. Preparing Documentsand their implementation at various Phases of SDLC.
 CT-502 Theory of Automata
 Automata and formal languages, regular express ions, Turing machines, recursive functions,formal languages, non- deterministic automata and push down automata.
 CT-503 Operations Research
 The nature of operations research, formulating problems and objective analysis, types ofproblems, risk situation, sequential decisions models, linear programming model, graphicalmethod, Simplex method. Dynamic Programming, Queuing theory, Network analysis, CPM,PERT, Resources allocation. Game theory.
 CT DONE
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 MS-561 Advance Numerical Analysis
 Introduction to finite element, Numerical solution of Ordinary Differential Equations (Multistep methods, Consistency and Stability, Convergence of Multi step methods). DifferenceMethods of Partial Differential Equations. Iterative methods f or linear systems (Matrixsplitting techniques, Successive Over relaxation methods, The conjugate gradient method.
 HS-505 Financial Management
 Fundamental concept of Management and Finance, Cost Concepts and the ManagementEnvironment, Breakeven Analysis, Methods of Evaluating Alternative Investment Proposals,Depreciation and Depletion Models and Income Taxes, Capital Financing and Allocation,Inflation Adjusted Decisions , Linear Programming, Risk and Uncertainty Analysis.
 CT-511 Information System Development Methodologies
 A comparative review of selected information system development methodologies; Relevanttools and technologies; Logical and physical levels of description; Case studies and seminaron application of t he methodologies already studied on real world problems.
 CT-512 Principles of Marketing
 Focuses on critical links between an organization and its environment. Customers, competitorsand company analysis, market segmentation, definition of target markets, and product.Direct Marketing, Marketing planning, Software Marketing, Export Marketing, ScopeSoftware Export and trends globally.
 CT-513 Quality Information Systems
 IT Trends, I T Organization, Role of IT, Project Team, Overview of Total Quality, QualityLeadership and Planning, Information Systems Strategy, Business and I T Planning, QualityApplications, Quality practices, Quality Management and ISO 9000.
 CT-514 Software Development Methodologies using UML
 Object-Orientation, Unified Modeling Methodology, Object-Process Methodology Highlights,OPM Building Blocks: Objects and Processes, States, Specialization and Inheritance,Aggregation, Unified Modeling Language - UML. Object Class Model, State charts,Collaboration, Use cases, Deployment, Object-Process Diagrams Structural Relations andStructural Links, Processes and Procedural Links, System Diagram: The OPM graphics-text principle, Boolean Objects and Condition Links, Attributes and Operations, OPD-OPLSynergy, System Dynamics Informatical Objects, Object Identity, Systems and Function,Goal, Concept and Function. Objects, Systems and Products, System Architecture, FromSystems to Models, Modeling Paradigms, Reflective Met modeling Aggregation andCharacterization The Analysis Detailing Abstracting Cycles, Transitivity Strength, Processesand Operations, System State and System Activity, Events and Conditions, TriggeringEvents and Triggering Timing, Contextual Overloading.
 CT DONE
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 CT-515 Internet Banking
 The financial services revolution: the changing role of banks and financial institutions .Thefuture of money and the electronic payment systems. Financial market infrastructure andthe global information net works. The developments of electronic financial products andservices. Internet banking. Management of digital financial information. The concept ofInformation privacy and E-banking Security. The regulatory framework of E-banking andFinance.
 CT-516 Multimedia Communication
 Videoconferencing architectures and environments .Voice, video, shared workspace, VR.Usability measurement. DBS, Web TV. DIS.
 CT-517 Internet Techniques and Applications
 Analysis of the development of Internet (TCP / IP), email (SMTP) and WWW (HTTP andHTML) protocols. Current technologies and Standards such as XML and RTSPand theirapplications. Future of the mobile and semantic technologies f or Web services. The influenceof standards and regulations on development.
 CT-518 Web Authoring
 Introduction to I IS, internet architecture, creating simple web document, HTML, DHTML,linking web pages together, advanced formatting options, adding images to web document,CGI forms, Active Server Pages, Database Connectivity.
 CT-519 Business Process Reengineering:
 Study of organizations in view of the global challenges and the changing environment.Identification of bottle necks, performance measurement methods, process engineering,reengineering concepts, tools and techniques, case presentation, preparing for the change,and measuring effectiveness of reengineered systems.
 CT-520 E-Commerce
 Study of information systems that provide services to multiple organizations linking manybuyers and sellers electronically. Topics include telecommunications, electronic datainterchange, and doing business on the Internet. Emphasis on international informationpolicy issue effecting electronic commerce.
 CT-521 Distributed Intelligent Systems
 Objects, naming, location, communication techniques. Middleware. Distributed algorithms.Higher-level concepts.
 CT-522 Cryptography and Network Security
 Introduction to cryptography and network security. Conventional encryption techniques,modern encryption techniques, encryption algorithms. Public-key cryptography encryption
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 methods, Digital signatures. Message authentication and hash functions, Secret sharing andconducting interactive proofs.
 CT-523 Fuzzy Control and Neural Networks.
 Artificial neural network architects and behavior; supervised, unsupervised and reinforcementlearning; topics in current research in neural networks. Fuzzy logic, back propagationmethods.
 CT-524 Knowledge Based Systems
 Embedded computation, Understanding of computer systems, Distributed Al and theoreticalissues particularly distributed algorithms; Nature of computation and communication neededto large-scale design, embedded distributed systems, emerging technology and standards.
 CT-525 Simulation and Modeling
 Various types of models, properties of linear models; model building techniques, the blackbox approach, generation of random numbers, transformation test of randomness, parameterestimation, least mean square.
 CT-526 Logic Programming
 Methodologies, data and control structures for symbolic processing: symbolic expressions,lists, list processing functions, backtracking, matching procedures; resolution principle;elements of logic programming (Prolog).
 CT-527 Image Processing and Computer Vision
 Image fundamentals, Image transforms, Enhancement, Edge detection, Segmentation, HoughTransforms, Pyramids, Quad Trees, Motion, Compression of image and video, Color images.
 CT-528 Advance Database Techniques
 This course extends basic concepts in databases to advanced topics including distributedand object oriented databases, data warehousing, process engineering, The architecture anddesign issues are discussed along with performances, security, risk management and faultrecovery methods.
 CT-529 Object Oriented Database
 Study of relational, semantic, and object- oriented data models and interfaces. Databasemanagement system techniques for query optimization, concurrency control, recoverymanagement and distributed processing.
 CT-530 Data Mining
 This course will provide an introductory look at concepts and techniques in the field of datamining. After covering the introduction and terminologies to Data Mining, the techniques
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 used to explore the large quantities of data for the discovery of meaningful rules andknowledge such as market basket analysis, nearest neighbor, decision trees, neural networks,and clustering are covered. The students learn the material by implementing differenttechniques throughout the semester.
 CT-531 Theory of Information System Design
 Investigation of different architectural strategies for building object-oriented informationsystems. Develop familiarity with modeling, design and implementation techniques usedin the construction of object- oriented information systems.
 CT-532 Information System Audit
 Introduction. Management Control Framework. Application Control Framework. EvidenceCollection and Evaluation. Managing Information Systems Audit Function Proliferation ofcomputer-based systems in recent years necessitates a formal and systematic study of audit- ability and security of these systems. The aim of this course is to examine informationsystems auditing as an organizational function that evaluates asset safeguarding, dataintegrity, system effectiveness and system efficiency in computerized systems. On completionstudents should be able to: a) determine areas of concern for control and audit of computerinformation systems; b) describe the nature and types of management and applicationcontrols and evaluate their relative strengths and limitations ; c) compare types of evidencecollection and evaluation techniques available; d) describe and use audit software.
 CT-533 Information System Management
 The aim of this course is to develop students' understanding of information systemsdevelopment and delivery in business organizations. This includes the design, development,management and evaluation of computer-based information systems. Information systemsconcepts Data and information. Types of decision making. Information requirements ofdifferent level of management. Types of information systems. Transaction processingsystems. Management information systems. Decision support systems. Executive informationsystems. Managing information systems Business strategy and information systems/informationtechnology alignment. Systems management and maintenance. Evaluating informationsystems Implementation and post-implementation issues. Implementation of securityrequirements. Types of testing. Quality assurance.
 CT-534 Software Quality Assurance
 Both technical and managerial views of software testing and SQA are emphasized. Topicsinclude: quality concepts, black and white box testing techniques, test coverage, test planning,levels of testing, the formation of a testing organization, testing-in-the large, and inspectionsand walk-through as vehicles for product quality
 CT-535 Compiler Const ruction and Techniques
 Lexical analysis; syntax analysis; type checking; syntax-directed translation; implicationsof computer architecture; mapping of programming language concepts; intermediate codegeneration; code generation and optimization.
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 CT-536 Object Oriented Designing for Application Techniques
 Object � Oriented analysis and design methods using the C++ object � oriented programminglanguage. Object model by presenting the notation and process of object oriented analysisand design, application of programming methods using relevant languages and case studies.
 EE-531 Wireless and Mobile Communication
 Fundamental of wireless communication systems including data networks, cellular telephone,and personal communication systems. Protocol, Architecture, Signaling and Performanceissues of wireless communication systems. Multiple Access techniques for digital wirelesscommunication systems. Wireless net working, Wireless system and standards, AMPS, GPSetc.
 CS-521 Introduction to Robotic
 Robotics Terminology: Control System, Accuracy and Repeatability, Robot specifications,end effectors, Sensors in robotics. Robot Programming and Artificial Intelligence: Type ofprogramming, Lead through programming, Robot languages, Simulation and off-lineprogramming, Work cell control. Robot Applications: Characteristics of Robot Application,Robot cell Design, Types of robot Applications, Material Handling Applications, ProcessingOperations, Assembly and Inspection.
 CS-525 Advanced Computer Networking
 Concepts and fundamentals design principles, Global Internet's scalability and robustness.Protocol Architecture, ATM, Internet Architecture, TCP/IP, IPv6, Network Architecture,Measurement Tools, Routing and Routing Protocols, ARP, Mobile IP, Multicast, FlowControl, Congestion Control .Protocols and software entities involved in delivering newservices.
 CS-526 Broad Band Networks
 Broadband, high- speed networks architectures, protocols, technologies, interfaces, andservices. Topics include broadband access, SONET/SDH and optical networks elements,high-speed LANs and WANs, wire- speed router s, IP switching, Asynchronous TransferMode (ATM), and quality of service issues in broadband networks.
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 4.7.2(a) List of Courses for the Master Programme in Applied Mathematics
 Compulsory Courses
 Course No. Course Title Credit Hrs
 MT-500 Scientific Computing NCMT-501 Differential Equations 3MT-502 Linear Algebra 3MT-503 Applied Statistics 3MT-504 Numerical Methods and Applications 3MT-505 Operations Research and Optimisation 3
 Elective Courses
 Course No. Course Title Credit Hrs
 MT-511 Advanced Engineering Mathematics 3MT-512 Advanced Discrete Mathematics 3MT-513 Finite Element Analysis 3MT-514 Numerical Methods in Heat Transfer 3MT-515 Transforms and their Applications 3MT-516 Computational Mechanics 3MT-517 Computational Fluid Dynamics 3MT-518 Computational Methods for Data Mining 3MT-519 Fuzzy Logic and Neural Networks 3MT-520 Graph Theory 3MT-521 Computational Complexity and Applications 3MT-522 Applied Database Techniques 3MT-523 Simulation and Modelling 3MT-524 Financial Mathematics 3MT-525 Computation and Simulation in Finance 3MT-526 Economic Theory for Financial Market 3MT-527 Financial Modelling and Risk Management 3MT-528 Finance Theory and Asset Pricing 3MT-529 Monte Carlo Techniques for Simulations 3MT-530 Design and Analysis of Experiments 3MT-531 Stochastic Optimisation and Control 3MT-532 Time Series Analysis and Forecasting 3MT-533 Probability and Stochastic Processes 3MT-534 Statistical Method and Data Analysis 3MT-600 Independent Study Project 6MT-601 Dissertation 9
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 4.7.2(b) Detailed Contents of Courses for the Master Programme in Applied Mathematics
 MT-500 Scientific Computing
 Introduction to Computing and Programming: Introduction and key features, Developingalgorithms and applications, Analysing and accessing data, Visualising data, Performingnumeric computation.
 Solution of System of Linear Equations: Gauss-Jordan, Jacobi method, Gauss-Seidel method.
 Solution of System of Non Linear Equations: Secant method, Newton's method and Fixed-Point iterations, Roots of polynomials, Multiple roots.
 Statistical and Least Square Methods: Curve fitting, Regression.
 Numerical Differentiation: Interpolation formulae for numerical differentiation.
 Numerical Integration: Trapezoidal rule and Simpson�s rule, Newton-Cotes integrationformulas, Composite rules and Romberg integration, Gaussian quadrature.
 Numerical Solution of ODEs: Taylor�s series and Euler�s methods, Runge-Kutta and multistepmethods, Predictor-Corrector methods.
 Writing Computer programmes for above mentioned topics in suitable programmingenvironment.
 MT-501 Differential Equations
 Ordinary Differential Equations: Bessel�s equation, Legendre�s equation, Hermite equations,Laguerr�s equation, Strum-liouville problem, Eigen function and Eigen values, Ordinarydifferential equation from a geometric point of view, Involving significant use of phase-plane diagrams and associated concepts, Including equilibrium points, Orbits, limit cyclesand domain of attraction, Simple application.
 Partial Differential Equation: Partial differential equation (vibrating string problem),Classification of partial differential equation, Partial differential equation with constantcoefficients, Method of separation of variables, D�Alembert�s method, General solution ofwave equation, Initial value problem in general, Partial differential equation with variablecoefficients, Solution of linear hyperbolic equation, Vibrating modes of a finite string,Simple application.
 MT-502 Linear Algebra
 Vector Space: Euclidean n-space, General vector spaces, Subspaces, Linear independences,Basis and dimensions, Row and column spaces, Rank.
 Inner product Space: Length and angle in Inner product spaces, Orthonormal bases, Gram-Schmidt process, Change of basis.
 Eigen values and Eigen vectors: Eigen values and Eigen vectors, Diagonalisation, Orthogonal
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 diagonalisation, Application to differential equations, Application to approximation problems,Application to conic section, Quadric forms, Application to quadric surfaces, Electricalnetworks, Geometric linear programming, Assignment problem, Graph theory, Computergraphics.
 Numerical methods in linear algebra: Comparison of procedures for solving linear system, Gauss seidel and Jacobi methods, Partial pivoting, Reduction of round off error, Approximatingeigen values by the power methods.
 MT-503 Applied Statistics
 Probability Distributions: Uniform, Binomial, Hyper geometric, Poisson, Normal, Exponential,Chi-square, F & T distributions.
 Sampling and Sampling Distribution: Introduction, Sampling techniques, Sampling distributionof mean, Central limit theorem.
 Statistical Inference & Hypothesis Testing: Confidence and significance level, Sample sizedetermination, Point & interval estimates, Interval estimates for Population Mean, Populationstandard deviation, Population proportion, Type I, Type II Errors, One Tail & Two tail tests,tests concerning means, proportions & variances, Chi-square tests.
 Regression and Correlation: Properties of least square, Simple linear regression, Non linearregression, Multiple regression, Estimates of regression parameters, Confidence limits &Test of significance, Choice of a Regression model, Correlation, Multiple and partialcorrelation, Coefficient of determination, Adequacy of the model.
 Introduction to Experimental Design: Comparing mean test, ANOVA, Tests for the equalityof several variances, Multiple range test.
 Nonparametric Statistics: Nonparametric tests, Signed-Rank test, , Kruskal-Wallis test,Rank correlation coefficient.
 MT-504 Numerical Methods & Applications
 Numerical solution of Ordinary Differential Equations: Multistep methods, Consistency& stability, Convergence of multi step methods. A low-order predictor-corrector algorithm,Convergence and stability theory for multistep methods, Stiff differential equations and themethod of lines, Boundary value problems.
 Difference Methods of Partial Differential Equations: BVPs for 2nd order elliptic PDEs,Five-point discretisation of the laplacian, Finite element methods, Difference methods forthe heat equation, Difference methods for hyperbolic equations, Hyperbolic conservationlaws.
 Iterative methods for linear systems: Matrix splitting techniques, Successive over relaxationmethods.
 Conjugate gradient method: Introduction, Gradient, Taylor series, Necessary and sufficient
 APPLIED MA
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 conditions for local minima, Convex and concave functions, Optimisation of convexfunctions, Algorithms, Closed algorithms, Decent function, Global convergence, Rate ofconvergence, Dichotomous search, Fibonacci search, Golden-Section search, Quadraticinterpolation, Cubic interpolation, Broyden family, Inexact line search.
 MT-505 Operations Research & Optimisation
 Linear Programming: Concept of linear programming model, Graphical methods, Simplexmethods, Dual simplex methods, Duality theory, Primal and dual problems.
 Special Types of Linear Programming Problems: Mathematical model for transportationproblem, Types of transportation problem, Russell�s method, Transshipment problem,Assignment problem, Goal programming, Sensitivity analysis, Parametric programming,Integer programming, Dynamic programming.
 Queuing Theory: Basic queuing process, Birth and death process, Basic model with infiniteand finite queue, Limited input source, Priority queuing model.
 Game Theory: Introduction to game theory, Game with pure and mixed strategies, Dominanceproperty, Graphical and linear programming for game theory.
 Inventory Control Theory: Deterministic models, Continuous review-uniform demand,Shortage permitted, Quantity discount-shortages not permitted.
 Stochastic Models: Single-period model with no setup cost, Model with initial stock level,Single-period model with setup cost, Two-period inventory model with no setup cost.
 MT-511 Advanced Engineering Mathematics
 Perturbation Theory and Asymptotic Approximations: Perturbation theory for algebraicequations, Regular perturbation theory (power series) and its shortcomings, Asymptotic anduniformity, Stretched-time and two-time methods, WKB phase-integral, Liouville (Green)approximation, Boundary-layer problems.
 Partial Differential Equations and Fourier Methods: Introduction to PDEs and boundary-value problems, Heat equation, Basic PDE concepts, Linearity and homogeneity, Separationof variables and Fourier series, Fourier transforms, Sturm Liouville problems and specialfunctions, Linear wave equation, Types of PDEs (parabolic, hyperbolic, elliptic), Well-posed problems.
 MT-512 Advanced Discrete Mathematics
 Algorithms: Algorithms, Growth of functions, Complexity of algorithms, Integers, divisions,Applications of number theory.
 Mathematical Reasoning: Sequences and summations, Recursive definitions and structuralinductions, Recursive algorithm.
 APPLIED MA
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 Set Theory: Subset, Set equality, Operations on sets, Venn diagram, Partition of sets,Properties of sets, Disproof�s, Algebraic proofs, Russell�s paradox and halting problems.
 Discrete Probability: Fundamental concepts, Independence and dependence, Randomvariables, Discrete probability, Random walks, Discrete-time Markov chains.
 Relations: Relations and their properties, N-ary relations and their Applications, Representingrelations, Closure of relations, Equivalence relations, Partial Orderings.
 Boolean Algebra: Boolean functions and their representation, Logic gates, Minimisationof circuits, Karnaugh maps, Quine-McCluskey Method.
 MT-513 Finite Element Analysis
 Introduction: Historical background, Matrix approach, Discretisation, Matrix algebra,Gaussian elimination, Governing equations, Classical techniques in FEM, Weighted residualmethod, Ritz method.
 One Dimensional Problem: Finite element modelling coordinates and shape functions,Interpolation function, Potential energy approach, Galerkin approach, Assembly of stiffnessmatrix and load vector, Finite element equations, Quadratic shape functions, Applicationsto plane trusses.
 Two Dimensional Problems: Introduction , Finite element modelling , Scalar valued problem,Poisson equation, Laplace equation, Triangular elements , Element stiffness matrix, Forcevector, Galarkin approach , Stress calculation , Temperature effects.
 Axisymmetric: Axisymmetric formulation, Element stiffness matrix and force vector,Galarkin approach, Body forces and temperature effects, Stress calculations, Boundaryconditions, Applications to cylinders under internal or external pressures, Rotating discs.
 MT-514 Numerical Methods In Heat Transfer
 Finite Difference Methods: Discretisation, Approximation to derivatives, Accuracy, Finiteelement method, Weak form of partial differential equations, Galerkin form, Interpolationsand shape functions, Matrix form, Examples.
 Methods of Prediction: Experimental investigation and analytical methods and their limitationand strength, Equations governing transport phenomena, Energy equation, Mass conservationequation, Momentum equation, K-dissipation equation, Physical meaning of parabolic,Elliptic and Hyperbolic equations.
 Spectral Methods: Orthogonal functions, Examples, Pseudo spectral method, Control (finite)volume method, Control volume formulation, Four basic rules, Heat conduction problems,Convection and diffusion problems.
 Applications in Heat Transfer: Heat conduction, Heat transfer in ducts, Convective heattransfer and combustion, Steady and un- steady one dimensional conduction, Two and threedimensional problems and turbulence modelling.
 APPLIED MATHEMA
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 MT-515 Transforms And Their Applications
 Laplace Transformation: Laplace transformation, Standard Laplace transforms, Linearity,Scaling, First shifting principle, Second shift principle, Inverse Laplace transformation,Properties of inverse Laplace, Initial value theorem, Final value theorem, Convolutiontheorem, Solution of ordinary differential equations, System of differential equations,Application problems.
 Fourier Transformation: Fourier series, Fourier coefficients using Euler�s formula, Fourierseries of the function having fundamental and arbitrary period, Even and odd functions,Even extension, Odd extension, Fourier cosine and sine integrals, Laplace integral, Fouriercosine and sine transform, Cosine and sine transform of the derivative, Discrete Fouriertransform (DFT), Fast Fourier transform (FFT), Application problems
 Z-Transformation: Z-transform, Sequences and series, Properties of Z-transform, linearityand scaling, Standard Z-transform, Inverse Z-transform, Inverse Z-transform by usingresidue, convolution theorem of Z-transform, Formation of difference equation and itssolution using Z-transform.
 MT-516 Computational Mechanics
 Continum Mechanics and Tensor Analysis: Introduction, Kronecker delta, Permutationsymbol, Matrix algebra, Dot and cross product, covariant and contavariant basis, differentiationin stationary coordinates frame, Christoffel symbols, Nebla operator, Gradient , divergence,curl, stress tensor, stress vector, strain tensor, elasticity tensor, plane stress and strain,Numerical solution by Galerkin and Ritz approaches.
 Material Mechanics: Tension, compression, shear, axially loaded membrane, Torsion, shear forces and bending moments, stresses beams, columns, Centroid and moment of inertia.
 Computational Mechanics for Composite Material: Introduction, Elasticity problem,Elastoplastic problem, Sensitivity analysis for some composites fractures and fatigue modelsfor composites reliability analysis.
 MT- 517 Computational Fluid Dynamics
 Introduction and Governing Equations in CFD: Governing equations of fluid dynamics indifferential and integral form with fixed and moving control volume, physical interpretationof terms involved in the governing equation, Mathematical behaviour of the PDE and itssuitability for different types of flows.
 Discretisation: Basic schemes of discretisation, Finite difference method, Finite elementmethod, Finite volume method, Boundary element method, merits and demerits of eachmethod.
 Initial and Boundary Conditions: Initial and boundary conditions (symmetry, inlet, outlet,open boundary condition, wall, cyclic boundary conditions) and its mathematical descriptionfor steady and unsteady flows, incompressible flows, compressible flows, subsonic andsupersonic flows.
 THEMATICS
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 Numerical Solutions: Segregated versus coupled solver methods, residuals and imbalances,Accuracy of numerical schemes, Types of Errors, false diffusion, stability criterion, relaxationmethods, Grid Independent study.
 Introduction to Turbulence: Introduction of turbulence, Turbulence transport equations,Turbulence models based on Reynolds Average Navier-Stokes equation (RANS), applicationof different turbulence models. Hands on experience with commercial CFD packages.
 MT-518 Computational Methods for Data Mining
 Computational Methods: Computational methods in supervised and unsupervised learning,Knowledge discovery process, Numerical data mining, Neural networks, Memory basedreasoning, Association rules, Visual data mining, Visualising large numbers of cases andvariables.
 Data Mining Functionalities: Concept and class description, Characterisation anddiscrimination, Mining frequent patterns, Associations and correlations, Outlier analysis,Evolution analysis.
 Data Pre-processing: Descriptive data summarisation, Measuring the central tendency,Measuring the dispersion of data, Graphic displays of basic descriptive data summaries,Data cleaning, Data integration and transformation, Data reduction, Data discretisation andconcept hierarchy generation.
 Classification and Prediction: Issues regarding classification and prediction, Preparing thedata for classification and prediction, Classification by decision tree induction, Bayesianclassification, Rule-based classification.
 Cluster Analysis: Types of data in cluster analysis, Categorisation of major clusteringmethods, Partitioning methods, Hierarchical methods, Density-based methods, Model-basedclustering methods.
 MT- 519 Fuzzy Logic and Neural Networks
 Introduction to Fuzzy Sets and Fuzzy Relations: Fuzzy set operations, Properties of fuzzysets, Fuzzy relations, Cardinality of fuzzy relations, Operations on fuzzy relations.
 Logic and Fuzzy Systems: Logic, Classical logic, Fuzzy logic, Approximate reasoning,Other forms of the implication operation. Fuzzy systems, Natural language, Linguistichedges, Fuzzy (rule-based) systems, Graphical techniques of inference. Neural Networks and Fuzzy Systems Simulation: Artificial neural networks, Architects andbehaviours, Supervised, Unsupervised and reinforcement learning, Relational equations,Nonlinear simulation using fuzzy systems, Fuzzy associative memories (FAMs).
 Decision Making with Fuzzy Information: Fuzzy synthetic evaluation, Fuzzy ordering, Nontransitive ranking, Preference and consensus, Multi objective decision making, Fuzzybayesian decision method, Decision making under fuzzy states and fuzzy actions.
 TICS
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 MT-520 Graph Theory
 Introductory Graph Theory: Basic concepts, Connectivity, Cycles and cut sets, Matrixrepresentation.
 Graph Colouring: Introduction to graph colouring, Independent sets and cliques perfectgraph.
 Paths and Circuits: Euclidian paths and circuits, Hamiltonian paths and circuits, Basicconcepts, Euler�s formula, Kuratowski�s theorem, Dual graphs, Shortest paths, Maximumflows, Minimum cost flows, communication networks, Difficult routing and assignmentproblems.
 Trees and Algorithm: Introduction to trees, Characterising trees, Rooted trees, Binary trees,Spanning trees, Minimum spanning trees, Counting spanning trees, Shortage fault, Cycles,Edge cuts, Graph and vector spaces, Matroids and Greedy algorithms.
 Inclusion-Exclusion Principle and Coding Theory: Principle of inclusion and exclusion,Rook polynomials, Hall�s theorem, Optimal assignment problems, Introductory codingtheory, Linear codes, Hamming codes, Finite state automata.
 MT-521 Computational Complexity And Applications
 Computational Tasks and Models: Representation, Computational tasks, Computationalmodel, Uniform models (algorithms), Universal algorithms, Time and space complexity,Boolean circuits, Complexity classes, Complexity hierarchies.
 Algorithms and Decision Trees: Problems and algorithms, Turing machines, Computabilitydecision trees and complexity, Certificate complexity, Randomised decision tree, Techniquesfor proving decision tree lower bound.
 Cryptography: Perfect secrecy and its limitation, Computational security, Zero knowledge,Applications.
 Proof Complexity: Proof systems, Propositional calculus and resolution (PCR), lower boundsin proof complexity.
 MT-522 Applied Database Techniques
 Overview of Database Managements: Operational data, Data independence, Architecturefor a database system.
 Database Models and Query Processing: Relational approach, Hierarchical approach,Network approach, Relations, Domains and attributes, Keys, Relational algebra, Relationcalculus and SQL.
 Functional Dependencies and Database Design: Functional dependence, Normal forms,Relations with more than one candidate key.
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 Artificial Intelligence and Fuzzy Logic: Overview of AI, Prolog, Introduction and trendsto fuzzy logic and fuzzy databases, From user requirement to evaluation strategies of flexiblequeries in databases, On the versatility of fuzzy sets for modelling flexible queries,Customisable flexible querying for classical relational database.
 MT-523 Simulation And Modelling:
 Introduction to Modelling and Simulation: System Concepts, System modelling, MathematicalModels, Nature and Assumptions, Continuous and Discrete System, Steps in ModelDevelopment.
 Generation of Random Variables: Uniform random generators, Testing of uniform randomgenerators, Methods of generating non-uniform variables, Inversion, Rejection, Composition,Special cases.
 Generation of Multivariate: Autoregressive models for stationary processes, Autoregressivemodels for seasonal data, Autoregressive moving average models.
 Queuing Systems and Markov Chains: Poisson Process, FIFO Systems, Priority QueuingSystems, Applications, Chapman-Kolmogorov Equations, Regular Markov chains,Applications
 Analysis of Simulation Output and Simulation Languages: Estimation methods, Simulationstatistics, Replication of runs, Eliminations of initial bias, Basic concepts of simulationlanguages, Discrete modelling and simulation with GPSS, Continuous simulation languages
 MT-524 Financial Mathematics
 Introduction to Financial Mathematics: Elementary definitions from probability, Discreteprocesses and martingales, Independence, Binomial model of asset pricing and derivativeevaluation.
 Stochastic Models of Financial Markets: Forward and futures contracts, European optionsand equivalent martingale measures, Hedging strategies and management of risk, Termstructure models and interest rate derivatives, Optimal stopping and American options.
 Introduction to Measure Theory: Measures, Sigma -fields and integration, Stopping timesand American options in the binomial model, Conditional expectation and Radon-Nikodymtheorem, Introduction to Brownian motion, Log-normal random process, Introduction tostochastic calculus.
 Derivation of the Black-Scholes Equation: Derivation of black-scholes partial differentialequations, Relationship to discrete hedging on a lattice, Newton iteration for impliedvolatility.
 MT-525 Computation And Simulation In Finance
 Basic Numerical Methods: Errors and conditioning, Solution of nonlinear algebraic equations,Interpolation, differentiation and quadrature, Solution of ordinary differential equations.
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 Numerical Solution of Parabolic Partial Differential Equations: Finite difference methods,Stability, Convergence, Error, Black-Scholes equation, European options.
 Binomial Trees: Introduction to binomial trees, Transform methods, Numerical solution ofpartial differential equations, Derivative security pricing.
 Monte Carlo Simulation: Generating random numbers, Creating normal variates, Box-Muller, Inverse cumulative normal, Generating random numbers, Path generation using theincremental method, Multivariate products and correlation, Generating multivariate pathswith cholesky decomposition, Continuous features and Monte Carlo, Barriers and lookback.
 MT-526 Economics Theory For Financial Market
 Decision-Making under Uncertainty: Certainty & uncertainty, Decision making underuncertainty, Decision-making & Expected utility, Mean-variance analysis.
 Financial Markets: Spot markets, Contingent claim markets, Security markets, Incompletemarkets, Firms & stock-market equilibrium, Financial structure, Arbitrage and option pricing,Theory & critical evaluation of CAPM & ATP.
 Deposit Contractors and Banking: Money as a means of payment, Assets (Liquid & illiquid),Problem of deposit, Deposit insurance, Bank regulation, Reserve requirements, Bank asdeposit-taking institution, Capital-adequacy requirements, Financial intermediation, Monetarytheory & policies.
 MT-527 Financial Modelling And Risk Management
 Financial Modelling Methodology and Applications: Substantive and empirical modellingapproaches. Statistical trading strategies and their evaluation, Nonparametric regression,Advanced time series modelling and forecasting, Options and interest rate markets, Creditmarkets and default risk modelling.
 Risk Management: Banking and bank regulation, Market risk and credit risk, Asset andliability management, Logistic regression, Generalised linear models and mixed models.Censored data and survival analysis, Loan prepayment and default as competing risks, Backtesting.
 Stress Testing and Monte Carlo Methods: Monte Carlo simulation, Portfolios containingoptions, Stress testing a trading portfolio using simulation methods
 Risk Surveillance, Early warning and Adaptive Risk Control Methodologies: Performance-oriented design, Active and passive performance monitoring, Performance metrics andmeasurements, Measurement-based performance evaluation in internet, System measurementand monitoring, Performance model verification and validation.
 MT-528 Finance Theory and Asset Pricing
 Portfolio Theory: Portfolio construction, Transaction costs, Performance analysis andstatistical significance, Characteristic portfolio theory.
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 Discrete Models of Asset Pricing: Review of binary tree model, General discrete models,Arbitrage, Martingale measures, Forwards & futures
 Continuous Time Asset Pricing: Ito calculus, Girsanov and martingale representationtheorems, Interest rate models, Short rate, Heath-Jarrow-Morton (HJM) Model, Multifactor.
 Corporate Applications: Convertible bonds, Warrants, Employee stock options, Derivativesin acquisitions.
 MT-529 Monte Carlo Techniques For Simulations
 Models: Various types of models, Properties of linear models, Model building techniques,Black box approach, Generation of random numbers, Transformation test of randomness,Parameter estimation, Least mean square.
 Random Number Generation: Generating uniformly distributed variates, Generating fromother distributions, Testing random number generators.
 Generating Stock Prices: Generating prices for a single stock, Generating correlated stockprices, Generating stock price paths.
 Monte Carlo Integration: Crude Monte Carlo integration, Option pricing as an integrationproblem, Estimating the Greeks, Error analysis, Open rules, Closed rules.
 Variance Reduction and Finite Difference Methods: Control variates, Antithetic variates,Importance sampling, Application to derivatives pricing, Optimal stopping boundary,Adapting binomial trees, Finite difference and Monte Carlo methods.
 MT-530 Design And Analysis Of Experiments
 Introduction: Concept of experiment, Planning of experiment, Design of experiment andits terminology, Principles of experimental designs.
 Simple Comparative Experiments: Basic statistical concepts, Sampling and samplingdistribution, Inference about the difference in means, Randomised design, Paired comparisondesigns, Inferences about the variances of Normal distribution.
 Experiment with a single Factor: Analysis of variance (ANOVA), Inference about meansafter ANOVA, Multiple comparison tests, LSD test, Duncan�s test, Tukey�s test, Orthogonalcontrast test, Transformations, Layout and analysis of completely randomised, Randomisedcomplete block, Latin square and Graeco-Latin square designs, Estimation of missingobservations, Relative efficiency of these designs, Fixed effect models, Random and mixedeffect models.
 Factorial Designs: Factorial experiments within blocks, Nested designs, Nested and crosseddesigns, Split-plot designs, Linear mixed-effects models.
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 MT- 531 Stochastic Optimisation And Control
 Search Techniques: Introduction to direct random search, Monte Carlo methods, Nonlinearsimplex (Nelder-Mead) algorithms, Recursive methods for linear systems, Recursive leastsquares (RLS), Least mean squares (LMS), Connection to Kalman filtering.
 Stochastic Approximation for Linear and Nonlinear Systems: Root-finding and gradient-based stochastic approximation (Robbins-Monro), Gradient-free stochastic approximation,Finite-difference (FDSA) and simultaneous perturbation (SPSA) methods.
 Model Building: Issues particular to Monte Carlo simulation models, Bias-variance tradeoff,Selecting �best� model via cross-validation, Fisher information matrix as summary measure.
 Simulation-Based Optimisation: Monte Carlo simulations to real-world system performance,Gradient-based methods (infinitesimal perturbation analysis and likelihood ratio), Non-gradient-based methods (FDSA, SPSA, etc.), Common random numbers.
 Markov Chain Monte Carlo (MCMC): MCMC methods for difficult calculations, Metropolis-Hastings and Gibbs sampling, Applications to numerical integration and statistical estimation.
 MT-532 Time Series Analysis And Forecasting
 Introduction: Time series analysis, Objectives of time series analysis, Components of timeseries, Time series plots, Time series and stochastic processes, Special features of timeseries data, Mean, Variance, Auto-covariance function (ACVF), Auto-correlation function(ACF), Partial auto-correlation function (PACF) for sample time series data.
 Simple Descriptive Techniques:
 Stationary time series, Transformations, Secular trend, Filtering, Differencing, Seasonalvariations, Cyclical variations, Irregular variations, Auto-correlation (correlogram) and othertests of randomness.
 Probability Models for Time Series: Stochastic processes and stationary processes, Purelyrandom process, Random walk, Moving average process, Stationary and inevitability ofmoving average models, Auto-regressive process, Duality between moving average andauto-regressive models, Recursion rule for ACVF and ACF of auto-regressive process,Yule-Walker equations for auto-regressive process, Mixed ARMA models, Models fornon-stationary Time series, Stationary through differencing and other transformations.
 Model Building and Estimation: Various stages of model building, Identification of modelfrom sample time series, Steps for model identification, Estimating the auto-covariance,Auto-correlation function and partial auto-correlation function, Pattern of theoretical ACFand PACF as a tool of model identification and Control theory.
 Forecasting: Univariate procedures, Minimum mean square estimate of forecast, Forecastedweights, Mean, Variance and limits for forecast, Forecast error, Minimum mean squareforecast error, Structure of minimum mean square forecast error, Multivariate procedures,Comparison of forecasting procedures, Prediction theory.
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 MT-533 Probability and Stochastic Processes
 Experiments, Models, and Probability: Set theory, Applying set theory to probability,Probability axioms, Some consequences of the axioms, Conditional probability, Independence,Sequential experiments and tree diagrams, Counting methods, Independent trials.
 Random Variables: Definitions, Probability mass and density functions, Cumulativedistribution functions, Averages, Functions of a random variable, Expected value of a derivedrandom variable, Variance and standard deviation, Conditional random variable and probabilityfunction, Gaussian random variables, Mixed random variables, Probability models of derivedrandom variables.
 Pairs of Random Variables: Joint cumulative distribution function, Joint probability massfunction, Marginal PMF, Joint probability, Density function, Marginal PDF, Functions oftwo random variables, Expected values, Conditioning by a random variable, Independentrandom variables.
 Stochastic Process: Introduction, Types of stochastic process, Random variables fromrandom process, Independent identically distributed random sequences, Expected value andcorrelation, Stationary processes, Wide sense stationary stochastic processes, Cross-correlation.
 Random Signal Processing: Linear filtering of a continuous-time stochastic process, Powerspectral density of a continuous-time process, Cross spectral density, Frequency domainfilter relationship.
 Markov Chains and Renewal Processes: Markov process, Poisson process, Pure deathprocess, Pure birth process, Renewal process, Branching process, Wiener process, Queuingtheory, Characteristics of queuing system, Simple queues, Multiple service channels,Optimisation of queuing systems.
 MT-534 Statistical Methods and Data Analysis
 Inferences for Proportions and Count Data: Inferences on proportion, Inferences for comparingtwo proportions, Inference for one-way and two-way count data (chi-square tests).
 Multiple Linear Regressions: Multiple linear regression model, Goodness of fit of the model,Statistical inference for multiple regression, ANOVA table for regression, Testing subsetof parameters, Regression diagnostics, Multicollinearity, Polynomial regression, Variableselection methods, Best subset regression.
 Analysis of Single Factor Experiments: Completely randomised design, Multiple comparisons,Randomised block design, Model diagnostics using residual plots.
 Two-Factor Experiments with Fixed Crossed Factors: Model and estimates of its parameters,Model diagnostics, Multiple comparison between rows and columns, Unbalanced two-waylayouts, 2k factorial experiment.
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 Analysis of Covariance: Analysis of covariance of regression (ANCOVA), Analysis ofcovariance model with one covariate, Testing homogeneity of regression slopes, Analysisof covariance with multiple covariates.
 Nonparametric Statistical Method: Sign test, Wilcoxon signed rank test, Wilcoxon-Mann-Whitney test, Kruskal-Wallis test, Rank correlation methods, Bootstrap methods, Jackknifemethods.
 Time Series Analysis: Modelling trend by polynomial functions, Detecting autocorrelation,The Durbin-Watson test for autocorrelation, Modelling of seasonal variation by usingdummy and trigonometric functions.
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 5 NUMBER OF SEATS, FEES AND DEPOSIT
 5(a) NUMBER OF SEATS TO BE OFFERED FOR ADMISSION TO THEPROGRAMME
 Number of seats available to candidates in respective department who fulfill therequirements for eligibility as specified in the regulations shall be notified by eachDepartment separately.
 5(b) UNIVERSITY FEES AND DEPOSIT
 The following are the University fees:
 1- Fee Payable at the time of admission to the Programme
 (i) Admission / Re-admission Fee Rs. 1200.00(ii) Enrolment fee, if applicable Rs. 400.00(iii) Security Deposit Rs. 700.00(iv) Internet Fee Rs. 500.00(v) Documents Verification Fee Rs. 1000.00
 2- Fee Payable in each semester
 (i) Tutition & Examination Fee per Course Rs. 8000.00(ii) Library Fee Rs. 500.00(iii) Late Fee, if applicable Rs. 300.00(iv) Equivalence Fee, if applicable Rs. 500.00
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
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 6 REGULATIONS FOR THE DEGREE OF MASTER OF ENGINEERING /
 ENGINEERING MANAGEMENT / URBAN AND REGIONAL PLANNING/
 COMPUTER SCIENCE & INFORMATION TECHNOLOGY/
 ARCHITECTURE /APPLIED MATHEMATICS.
 6.1 GENERAL
 6.1.1 Title
 These Regulations may be called, �Regulations for Master�s Degrees; NEDUniversity of Engineering & Technology�.
 6.1.2 Commencement
 These Regulations shall come into force with immediate effect.
 6.1.3 Nature of the Degree
 Successful completion of the Masters Programme shall lead to the Master�sDegree in either Engineering or Engineering Management or Urban and RegionalPlanning or Architecture or Computer Science & Information Technology or AppliedMathematics � as applicable and shall be abbreviated as M. Engg. / MEM / MURP/M. Arch / MCIT/MAM, respectively.
 6.1.4 Nature of Programme and Number of Seats
 Any teaching department of this University offering undergraduate programmemay offer Day programme for full time students or Evening Programme for parttime students; it may also offer both Day and Evening Programmes leading to thedegree(s) as appropriate. With approval of the concerned Dean, each departmentshall specify number of seats in any programme and under each area of specialisation,(wherever applicable).
 6.1.5 Criteria and Procedure for Admission
 i) A Candidate must be a citizen of Pakistan / resident in Pakistan.
 ii) For admission, the candidate should possess the following qualifications infirst division or CGPA 2.4/4.0;
 a) For M.Engg. / MEM programme, the candidate must possess Bachelorsof Engineering degree or equivalent in the relevant fields.
 b) For MURP programme, the candidate must possess either Bachelor ofArchitecture or Bachelor of City and Regional Planning or Bachelor ofCivil Engg., or Bachelor of Urban Engineering or four years B.S Degreein �Geography�.
 c) For M.Arch Programme, the candidate must possess Bachelor ofArchitecture.

Page 233
                        

228
 NED University of Engineering & Technology Prospectus for Post Graduate Programme
 d) For MCIT Programme, the candidate must possess either Bachelors ofComputer Science and Information Technology or equivalent, or Bachelorof Architecture or Bachelors of Engineering or M.Sc in AppliedMathematics or Applied Physics.
 d) (a) For MAM Programme, the candidate must possess Bachelors ofEngineering degree or four years Bachelor Degree in Mathematics orequivalent.
 ORe) Any other degree in disciplines as approved by Academic Council for
 any of the above programmes.
 iii) To be enrolled in any programme Day / Evening, the candidate must haveattained high degree of scholarship in his/her undergraduate study in relevantor approved discipline and must have demonstrated promise for success inadvanced study.
 iv) Application for admission shall be made on the prescribed form, and sent tothe Chairman of concerned department, either by hand or by registered post.Any application received after the closing date may not be considered. Anyapplicant who fails to appear in the Admission Test shall stand disqualifiedfor admission.
 v) Admission shall be granted on the basis of merit. Merit list of successfulcandidates will be pr epared in accordance with criteria as under:
 a) Qualifying Examination Result.
 b) Performance in admission test conducted by concerned department.
 c) Interview of candidates or short listed candidates under (a) and (b) above,if required.
 vi) Names of all selected candidates shall be displayed on the departmental noticeboard.
 vii) Selected candidates shall be required to report to the Chairman, of the respectiveDepartment for verification of their documents, then payment of prescribedfees and complete registration / enrolment documents within the prescribeddate as notified.
 viii) The Dean of each Faculty shall monitor compliance with Regulations by theconcerned departments within his/her Faculty.
 ix) The Vice-Chancellor can cancel admission of any candidate after giving hima personal hearing.
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 6.1.6 Medium of Instruction
 Instructions in all classes and laboratories and all examinations written ororal shall be carried out in the English language.
 6.2 SCHEME OF STUDIES
 6.2.1 General
 i) Each Programme shall be of thirty (30) credit hours including Dissertationand Independent Study Project where total credits hours for course work areproportionally reduced.
 ii) There shall be two semesters in one calendar year, namely; Spring Semesterand Fall Semester.
 iii) Wherever applicable and in order of merit of selection, each candidate shallhave the option to enrol either in the Day programme or in the Eveningprogramme
 iv) Any student enrolled in the Day programme may complete all requirementsin three semesters (four semesters for students opting for dissertation) orwithin a maximum of six semesters (Three Years) including withdrawal; ifany.
 v) Any student enrolled in the Evening programme may complete all requirementsin five semesters or within maximum of ten semesters (Five Years) includingwithdrawal (Semester and Programme withdrawal); if any.
 vi) Students may, however, also be allowed by the Chairman to register fordissertation which shall be based on an analytical and/or experimental work.The dissertation shall be administered as follows:
 a) The dissertation shall be equivalent to nine credit hours and shall berequired to be completed within duration of two semesters.
 b) The requisite work for dissertation has to be carried out in the �day time�.
 c) Details regarding Research Work for Dissertation are as described inClause 6.4.
 d) Students undertaking dissertation shall not be allowed to take IndependentStudy Project.
 vii) In special cases a student may be registered for Independent Study Project(ISP) which shall be administered as follows:
 a) Independent Study Project shall be equivalent to six credit hours andshall be required to be completed within duration of one semester. Threecredits of ISP must include laboratory work.
 b) Each such student will also be assigned a Supervisor for guidance.
 c) Depending on the nature of topic for Independent Study Project, Chairman
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 concerned shall recommend a Supervisor having relevant experience/expertise in the area of the topic, to guide the student in the enquiry,analysis and/or development work undertaken and its write up throughoutthe period of independent study. The approval of the supervisor shall begiven by the Vice Chancellor.
 d) Independent Study Project shall be allowed only to those students havingcompleted eighteen credit hours with CGPA of 2.75
 6.2.2 Duration of Course and Time Schedule
 i) Each semester shall have at least sixteen weeks instruction time followed bysemester examinations.
 ii) In the Day programme, courses up to maximum of twelve credit hours andin the Evening programme courses up to maximum of six credit hours shallbe allowed in each semester. However, the Chairman of the concerneddepartment may allow one additional course to any such student who otherwisemight require one more semester to complete thirty credit hours requirementfor the degree.
 6.2.3 Registration in Semester / Courses of Study
 i) Registration in any semester requires registration in at least one course offeredas such for the Semester by concerned Department(s) and / or registration forDissertation / Independent Study Project.
 ii) Registration in course(s) shall be open to the student who:
 a) has been offered admission.
 b) has achieved at least 2.5 CGPA.
 iii) a) A student whose CGPA is less than 2.5, if desires, shall be allowed toregister in new course(s) for earning credit.
 b) Such student shall be on probation and must achieve at least 2.5 CGPAon completion of the semester.
 c) Failing to achieve at least 2.5 CGPA, she/he shall be allowed to registerin course(s) only for the improvement of CGPA.
 iv) Any student may be allowed to take one course of three credit hours offeredunder any other area of specialisation in the same Department or in any otherDepartment of the University with the recommendation of concernedChairman/Chairmen and approval of the concerned Dean.
 v) Registration of students in any course may be subjected to the maximumnumber of students in the class.
 vi) Any student may be allowed to change a course within two weeks after thedate of the commencement of the classes by the Chairman of the concerneddepartment.
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 6.2.4 Transfer of Credits / Exemption
 Transfer of credit/ exemption of courses(s) may be granted by the concernedChairman against courses(s) which the student has passed earlier provided that:
 i) Application must be submitted before the completion of first semester ofstudies.
 ii) Discontinuation of his/her studies has not exceeded two calendar years.
 iii) Such course(s) was (were) not counted towards any other degree.
 iv) Transfer of Credits
 Any credit course(s) completed during preceding four semesters from thisUniversity with at least �B� grade may be credited with transfer of grade(s) asfollows;
 a) Course(s) listed under the current scheme of specialisation
 b) One course from any other specialisation in line with clause 6.2.3(iv),if applicable.
 v) Exemption of Courses
 Subject to equivalence, exemption may be granted:
 a) To a maximum of Six credit hours equivalent courses passed in at least�B� grade from any other institution.
 b) Any number of non-credit courses from any other institution
 Grades of exempted course(s) shall not be counted towards CGPA and thethirty credit hours requirement for the degree shall be reduced accordingly.
 Note: Necessary notification towards grant of transfer of credits /exemption shallbe issued in each case.
 6.2.5 Cancellation of Admission
 The admission of a student enrolled in any Programme will be cancelledunder the following circumstances:
 i) If the student is involved in any breach of discipline as prescribed in Regulations.
 ii) If a student fails to register in any semester without being officially allowedwithdrawal either from the Semester or from the Programme.
 6.2.6 Withdrawal from Semester
 Permission to withdraw from any semester may be given under exceptionalcircumstances by concerned Chairman and shall be notified accordingly. However,fees paid shall not be refunded. In any case withdrawal shall only be allowed aftersuccessful completion of first semester.
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 6.2.7 Withdrawal from Programme
 A student, who is unable to continue his/her studies because of unavoidablecircumstances on his/her part and desires withdrawal from the Programme, shouldapply to the Chairman of the concerned department. If allowed, necessary notificationshall be issued. In any case withdrawal shall only be allowed after successfulcompletion of first semester.
 6.2.8 Re-Admission in the Programme
 A student who has officially withdrawn from the Programme may bereadmitted in the programme provided that the period of absence together withperiod of study shall not exceed maximum permissible period as given in clause6.2.1 (iv & v).
 6.2.9 Admission to Masters Programme through Academy
 i) Applicants having passed Masters Courses through Academy of this Universitymay be considered for admission in any relevant Masters Programme providedthat they fulfil conditions under clause 6.1.5 of these Regulations.
 ii) Relevant courses completed in the four preceding semesters with at least �B�grade may be credited towards CGPA. However, maximum of four suchcourses shall be credited.
 iii) Consequently maximum period for completion of the Masters DegreeProgramme may be reduced by one Semester for day Programme and twoSemesters for evening Programme.
 6.3 EXAMINATION
 6.3.1 Conduct of Examination
 i) There shall be a final examination at the end of each semester as scheduledby the Controller of Examinations.
 ii) The maximum marks in each course shall be 100; distributed as 40 marks forthe sessional work and 60 marks for the final examination.
 iii) The maximum marks in design studio courses shall be 100; distributed as 60marks for sessional work and 40 marks for final examination.
 iv) Independent Study Project Report shall be evaluated by Examiners Committeecomprising of at least two examiners.
 a) Project shall be graded as �S� for satisfactory completion of work whereas�U� for unsatisfactory work in which case the Examiners Committeeshall suggest more work to the student.
 vi) Dissertation shall be evaluated according to procedure described inclause 6.4.3
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 6.3.2 Class Attendance
 The students shall be expected to attend the classes regularly and submit thehome-assignment when due. A candidate with less than 75 percent attendance inany course shall not be allowed to take the final examination in that course.
 6.3.3 Grade Point Average
 The following grades / grade points with the equivalent marks shall beawarded to the students on the basis of their performance in each course of study.
 6.3.4 Academic Performance
 Academic performance shall be determined on the basis of;
 i) Grade point average (GPA) to be calculated for the courses completed in anysemester or for some selected courses completed in more than one semester.
 ii) Cumulative Grade point average (CGPA) to be calculated for all coursescompleted upto any semester or on completion of thirty credit hours.
 iii) GPA and CGPA shall be calculated as:
 6.3.5 Absence from Examination
 A student, who fails to appear in the scheduled final examination in anycourse after having been allowed to take the examination for the same, shall beawarded grade �I� in that course(s). For change of grade, such student shall beallowed to take (makeup) examination in that course(s) during the next semester bythe Chairman of the department. If the student does not take that examination also,grade �I� shall be changed to grade �WU� at the end of that Semester.
 GPA and CGPA =Sum of (Credit hours of course multiplied by grade point in that course)
 Total credit hours of courses
 Grade Point Marks RemarksGrade
 A
 A �
 B +
 B
 B �
 C +
 C
 C �
 D +
 D
 F
 S
 U
 P
 X
 I
 WU
 4.0
 3.7
 3.4
 3.0
 2.7
 2.4
 2.0
 1.7
 1.4
 1.0
 0.0
 -
 -
 -
 -
 -
 -
 88 � 100
 80 � 87
 75 � 79
 70 � 74
 67 � 69
 64 � 66
 60 � 63
 57 � 59
 54 � 56
 50 � 53
 Below 50
 -
 -
 50 � 100
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 -
 Fail
 Satisfactory (for dissertation)
 Unsatisfactory (for dissertation)
 Pass in non-credit course
 Exempted
 Incomplete
 unofficial withdrawal
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 6.3.6 Change of Grade/ Improvement
 Registration in a course for change of grade/improvement will be subject tothe following conditions:
 i) A compulsory course which the student is required to repeat for obtaining apassing grade or a course selected by the student for improvement of his/herCGPA..
 ii) Any other credit course in lieu of an optional corse..
 iii) Better grade(s), if any, will be considered for determining GPA / CGPA
 6.4 DISSERTATION
 A student may be registered for dissertation, as prescribed in clause 6.2.1(vi),only after having completed eighteen credit hour courses with at least 3.0 CGPA.Such student may however, be allowed to register in remaining course along withthe research work.
 6.4.1 Research Assignment and Supervision
 i) A student will be assigned Supervisor(s) who should posses PhD Degreeexcept for Bio-Medical Engineering, professionals with fellowship in areasof specialisation may also be considered as Supervisor. The Supervisor(s)shall be recommended by Board of Studies. The approval of the supervisorshall be given by the Vice Chancellor.
 ii) The Supervisor shall be responsible for;
 a) initial definition/selection of the topic of the research and plan of theresearch assigned to the candidate.
 b) guiding the candidate in development of the research proposal, overallmonitoring and guidance, dissertation writing and other matters relatedto the programme.
 iii) The research proposal for dissertation is to be evaluated by a PostgraduateResearch Committee comprising of three senior faculty members includingChairman. This Committee is to be constituted by concerned Dean for evaluationof the proposal whenever submitted.
 iv) The proposal is then submitted to the Board of Studies for approval.
 v) The Supervisor shall regularly monitor the progress of the candidate.
 vi) The candidate shall be required to present his/her work at one seminar duringthe period of research.
 vii) The research work shall be carried out within the University. Some part ofsuch work may be carried out in some other institution with the approval ofconcerned Dean.
 6.4.2 Attendance and Monitoring
 i) Each candidate shall be expected to attend the University regularly and submitto the Supervisor �Quarterly Progress Reports (QPR)�. This report has to besubmitted to Postgraduate Research Committee through the Supervisor.
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 ii) Any student who is unable to perform satisfactory in dissertation as reflectedin QPR may be allowed by concerned Dean on the recommendations ofsupervisor and chairman to complete remaining credit hours by coursework provided that the maximum time period shall remain as is given inPara 6.2.1 (iv & v)..
 iii) Any candidate failing to attend the University regularly/ or not showingsufficient progress may not be allowed to continue enrolment in the programme.
 iv) A candidate, who is temporarily unable to continue research because ofunavoidable circumstances, should file an application to the Chairman of theconcerned Department through the Supervisor for temporary suspension fromthe programme. Such leave of absence shall not exceed twelve months.
 v) On return after availing the leave, Chairman on the recommendation ofSupervisor may allow the student to continue.
 vi) The maximum duration for completion of Masters Degree with dissertationmay be extended for up to twelve months on recommendations of Supervisor.
 6.4.3. Evaluation of Dissertation
 i) A candidate may be allowed by the Chairman of the concerned Departmentto submit the dissertation only after:
 a) Fulfilling all requirements as suggested by the Postgraduate ResearchCommittee Studies.
 b) Pursuing research work for at least twelve months.
 c) Presenting the research work in a satisfactory manner;
 d) Fulfilling all other regulatory requirements prescribed by the University.
 ii) A candidate shall submit an application after fulfilling conditions of Section6.4.3(i), to the Chairman of the concerned Department for the examinationand shall submit three copies of the dissertation for evaluation
 iii) The candidate shall be examined orally and will be provided an opportunityto defend his/her dissertation.
 iv) The Vice Chancellor of the University, on the recommendation of the Boardof Studies (BoS), shall nominate an Examiner�s Committee comprising of atleast three examiners including the Supervisor. Examiner may be from outsidethe University
 v) The result of final dissertation shall be declared in the following manner:
 a) Requirement fulfilled without any corrections
 b) Requirement fulfilled with corrections
 c) Fail
 vi) The Examiner�s Committee shall examine and grade the dissertation: �S� for
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 satisfactory without any corrections or with corrections; otherwise �U� forunsatisfactory.
 vii) In case of result as 6.4.3(v)b, one of the member of the Examiner�s Committee,as nominated by the Examiner�s Committee, shall certify that the correctionsare carried out as recommended by the Examiner�s Committee.
 viii) In the case of a failure, the Examiners' Committee shall indicate in whatrespect the material of the dissertation should be modified and specify periodfor re-submission. Committee shall also decide whether to hold subsequentexamination or not.
 ix) The Examiner�s Committee shall submit the result of the entire examinationimmediately after the oral examination and submit the result on the prescribedform to the Controller of Examinations.
 6.4.4 Submission of Dissertation
 i) A candidate, having qualified for Masters Degree, shall submit three copiesof the dissertation on a prescribed format to the Chairman of the concernedDepartment.
 ii) The NED University of Engineering & Technology shall have the right topublish the dissertation or any part thereof � irrespective of whether or notthe research work is completed.
 6.5 AWARD OF DEGREE
 Any student who has fulfilled following conditions shall be eligible for theaward of Masters Degree in the relevant field;
 i) Passed all non-credit courses, if required.
 ii) Passed all credit courses counted towards degree with minimum 2.75 CGPAwithin specified time.
 a) Satisfactorily completed Dissertation/Independent Study Project.
 iii) Satisfactorily completed all other requirements
 6.6 GENERAL PROVISION
 Regulations and rules of the Undergraduate Programme shall not be applicableto any Post-graduate Programme unless otherwise specified by the appropriateauthority.
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 7.1 CENTRAL LIBRARY
 From its humble beginning in 1922 in a room in the City Campus, the libraryhas grown to become one of Pakistan�s leading academic libraries particularlyfocusing the engineering sciences and technology. The NED University Librarydevotes considerable efforts and resources to the development of an outstandinglibrary collection to meet the needs of the students, teachers and researchers andserves as the regional reference library of engineering and technology.
 The library collection includes:-· General circulation books which include text books.· Reference books including encyclopedias, handbooks, dictionaries,
 manuals etc.· Periodicals on current lists of subscription as well as volumes of
 previous issues of journals.· Government documents & Archive material including Acts and
 Ordinances, Services Rules, Statistical reports, Census report,Survey report, Planning reports and Budgets etc.
 · Audio Visual content, CD-ROMs, DVDs etc.· Digital content including E-Books and Journals.
 Department libraries have also been set up in the two remote campuses, CityCampus and LEJ Campus as well as in the main campus. A library at the NEDAcademy has also been established for students registered at the CCEE and CMPP.The library keeping pace with new technologies has its own Computerised LibraryManagement Systems, Website, OPAC and Portal Services.
 The Library has recently established a computer facility comprising 65 latestconfiguration computers. This section is dedicated to providing digital services toits users such as access to E-Books and E-Journals through the National DigitalLibrary Programme of HEC.
 The library is committed to providing a pleasant, user-oriented learning environmentfor its users. Its mission is to make its resources available and useful to its users and tosustain and preserve a universal collection of knowledge for future generations.
 7.2 INFORMATION TECHNOLOGY DEPARTMENT
 The University has its own Internet facility managed by its InformationTechnology (IT) Department (formerly Internet Centre) established in 1998-99. TheInformation Technology (IT) Department since its establishment has played a pivotalrole in developing the I.T. infrastructure of the University by providing robustInternet facility to its users within and outside of its campuses. The department isequipped with state of the art networking equipment and acts as a central IT hubproviding services like Internet, Portal, Web, Network Operations and SupportServices. Continuing the expedition in producing the best in the Country, thisDepartment also hosts corporate training for faculty and staff along with the videoconferencing facility enabling Faculty and Students to join the rest of the Engineeringand Technological hubs of the world.
 7.2.1. Network & Communication Internet Facility
 The IT Department is equipped with the state of the art LAN/WAN equipment.The Optical Fibre core network provides Gigabit connectivity to all thedepartments terminating at the Cisco Highend distribution switches locatedat the IT Department. The department also functions as an ISP providing
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 dialup and VPN connections to the University students, faculty and staffthus enabling them to also connect remotely from their home. At present theUniversity boasts a bandwidth of 48 Mbps on PERN-2 (Pakistan Educationand Research Network-2) in addition to a 1 Mbps Satellite connection.Coping up with the ever growing technology standards, the University hasextended its services and infrastructure highlighted as under:-
 · Establishment of NEDUET owned Metro-LAN thus connectingall its three campuses including Main, LEJ & City campusthrough its own dedicated Fibre Optic links hence creating amassive learning network that would facilitate every memberof the University irrespective of their campus location.
 · Deployment of customized WLAN (Wi-Fi) thus establishingWireless Internet Network providing campus wide coverage.Deployment of Kaspersky Antivirus solution with centralmanagement at University Level.
 · Deployment of Microsoft KMS server for the biggest Microsoftvolume based license software installation.
 · The 24 X 7 network and support services throughout the yearproviding access to database and information Agencies linkagewith libraries (globally), Industry, Universities (local & Foreign),resource sharing and email services.
 7.2.2. Hardware Maintenance and InventoryDepartment also provides hardware and software support services in addition
 to managing hardware inventory and technical feasibility services.
 7.2.3. Video Conferencing FacilityThis University has a centrally located Video Conferencing Facility Centre
 through which NEDUET connects to any part of the world, locally and Internationallyto connect and communicate with video and voice facility for the arrangement ofvirtual classes (online classes), conferences, seminars, Internet meetings (videoconferences) among multiple locations, as and when required. This facility is availableround the clock.
 7.2.4. Information Systems And Software Section
 The IT Department focuses on delivering state-of-the-art software usingAgile Methodology with Faster Development time and uncompromising integrity,some of them are as follows; Undergraduate and Postgraduate Students ManagementSystem, Human Resource Management System, Attendance Information System,Shuttle Pass System, Hostel Management System, LTV Management System,Security Operations Management System, Statutory Bodies Management Systemand Academic Performance Monitoring System etc. while several others are in thephase of development. This comprehensive and sophisticated development effortas a whole is termed as NEDUET Campus Management System (NEDUET-CMS).To access information contained within CMS, Every employee and student onIntranet uses a front end interface known as NEDUET Campus Portal. NEDUETPortal is a 24/7 service. Portal works on the principle of Single sign on for multipleapplications with personalized, secure, and robust and role based access management.
 With the aim of facilitating Undergraduate students, Portal dedicated onlineStudents Interface is enriched with the following features:-
 · Availability of Personal and Academic Profile· Subject wise to-date Attendance Status· Classes and Examination Schedules
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 · Special announcements from course Teachers· Access to study material uploaded by course teacher· Access to Personal letters issued from Registrar Office· Availability of Portal Notice Board showing recent notifications
 and announcements from Registrar Office.
 IT department has also developed online subsequent semester registrationapplication for admitted undergraduate students.
 7.2.5. Research & Development Section
 The Research & Development Section of IT Department working with mainobjective of providing a centralized high performance parallel computing facilityto the entire University in particular and to the universities of Pakistan in general,for Research and Development in any of the Engineering disciplines. The facilitiesare primarily meant to be utilized at the postgraduate and PhD level. It has, therefore,been facilitated with the most advanced hardware and software keeping in view theResearch and Development needs of the country in virtually all the engineeringdisciplines. High-end workstations with excellent graphics support and computationalpower are available for the researchers to assist them in their research work.
 The University has the distinction of being the first Public Sector Universityof configuring and developing its own Linux based 50 nodes cluster with the technicalassistance of its own IT force. The system was developed in the year 2003 andbecame functional in 2004. The State-of-the-art hardware that includes Intel Xeonprocessors, Gigabit Ethernet connectivity, high-tech system as well as managementsoftware has been used for Cluster development that provides tremendous increasein performance and throughput. The System is capable of executing complexengineering problems efficiently and with great accuracy. This facility has enabledresearchers and creative professionals to exploit heavy computational and bandwidth-conscious software like Fluent, Ansys, MATLAB, Cadence, OPNET etc., and performheavy simulations and modelling exercises with ease. Recently, one new highperformance computing cluster based on 64-bit architecture has been developed.The latest core processors technologies with branded high tech systems are procured.This cluster is now fully functional. With storage capacity of these systems reachingterabyte (TB) and memory capacity in gigabyte (GB), the computation on these areproducing fast results. All facilities available at the Centre can be accessed on campusover the University LAN and it can also be accessed from remote locations. Thecentre also extends its service to the engineering industry and other professionalorganizations involved in Research and Development work.
 The section also has a very large database of multidisciplinary software witha high number of licenses for some distinct software. Several of these software havethe feature of executing tasks in parallel and utilising computing power of ourclusters. The software repository will attract the research to pursue their academicresearch using these software under the terms and conditions of NED University.In addition, Research and Development section also has a training facility whereseminars and workshops related to different software are conducted throughout theyear for the faculty and students of the University.
 7.3 INSTRUMENTATION CENTRE
 A state of the art Instrumentation Centre established under the grant providedby the Higher Education Commission (H.E.C.) is in operation, and performingtesting and calibration activities for in-house purposes, besides doing repair workand maintenance for departments all over the University. It is also providing training
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 and practical works to undergraduate and postgraduate students, and aiding theundergraduate students in undertaking final year projects of various disciplines.
 The Centre has well equipped facilities, latest equipment, machinery, deviceand expertise for doing both inside as well as outside calibration activities. Laboratoriesat the centre comprise of Electronic and Signals lab, Pressure and Temperature lab,Equipment testing, Water Quality testing, Frequency flow, Training facility (fortraining of personnel and students of undergraduate as well as postgraduate andconduct of courses related to maintenance, calibration & testing) and NationalInstrument (NI). Various pressure calibrators, temperature calibrators, electrical /electronic calibrators, calibration management software (CALMAN), calibrationtest benches and systems like NAGMAN 9600 exist and are in regular use. Theequipment is also being used for research work and providing R&D facilities forthe local industry / institutions. The Centre currently is in the process of acquiringISO 17025 certification, and up on accreditation, it will very soon be at par with theinternational and worldwide standards. On commissioning, the InstrumentationCentre will also provide testing of equipment used in industries and organizationslocated in the Karachi region as well as surroundings. It will also serve as trainingcentre for instrument engineers. The NED University lays emphasis on efforts incontribution towards research and quality of its human resource by providing updatedas well as good facilities for utilization by the student, academicians and researchers.For the achievement of all of the above objectives and goals, the InstrumentationCentre can act as a liaison between the University and Industries as well as R&DInstitutions by providing quality and up to date services and facilities.
 7.4 NED ACADEMY
 7.4.1. GeneralCentre for Continuing Engineering Education was initially established
 in 1998. Later on the NED Academy came into existence on 1st July, 2008 asrecommended by the Higher Education Commission (HEC). The main objectivesof NED Academy are:-
 · To update Engineers with recent developments in EngineeringScience / Engineering Management / IT.
 · To provide opportunities for working Engineers to enhance theirskills with the objective of improving their employability.
 · To provide opportunities for the lower tier in Engineering / ITProfession to improve their qualification to meet ProfessionalBody�s registration level.
 · To offer structured programmes in conventional disciplines forengineers who are unable to find time to seek admission in formalMasters Degree programme but can acquire necessary credithours over longer periods by attending several such programmesin service.
 · To offer postgraduate diplomas in specific technologies such assugar, plastics, rubber, cement etc., which could subsequently beimproved and structured to the level of postgraduate degrees.
 The Academy consists of two sections:
 · Centre for Continuing Engineering Education (CCEE)· Centre for Multidisciplinary Postgraduate Programmes (CMPP)
 7.4.2. Centre for Continuing Engineering Education (CCEE)The CCEE brings University and Industry together with successful models
 of Industry-University partnerships. Continuing Education transfers know-how in
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 a timely manner and to the right people. The CCEE, since its inception has offerednumerous courses which are widely welcomed by the Engineering community.
 7.4.3. Centre for Multidisciplinary Postgraduate Programmes (CMPP): CMPP is planning to start Multidisciplinary M.Engg Programmes in Alternate
 Energy, Mechatronics and Earthquake Engineering in near future.
 7.4.4. Admission to Masters Programme Through Academy:Applicats having passed Master Courses through Academy of this University
 may be considered for admission in any relevant Master Programme provided thatthey fulfill the eligibility requirements and apply for admission in Masters Programmewhenever offered. Further details are available in Master�s Regulations.
 7.5 FERROCEMENT INTERNATIONAL NETWORK
 Department of Civil Engineering also has the honour of being the country�sInformation Node on FERROCEMENT. Ferrocement International Network (FIN-PAKISTAN) was established in the Department through International funding in1990, and since then has been serving as National Node for disbursing researchmaterial, disseminating related knowledge and imparting know-how in ferro-cement.The National node working under INTERNATIONAL NODE at IFIC-AIT-BANGKOK, has access related to the research endeavors in Ferro cement, and haslinks with researchers, and resource persons in this field.
 7.6 COWASJEE EARTHQUAKE STUDY CENTRE
 The Department of Civil Engineering established Cowasjee EarthquakeStudy Centre (CESNED) in year 2001 after the devastating Bhuj earthquake. Theobjectives of this endeavour include housing national and global data pertaining toearthquake and act as a centre for disseminating accumulated knowledge, as wellto respond to emergency needs and be able to provide guiding principles for pre andpost earthquake mitigation. The CESNED became the hub of earthquake relatedendeavours soon after its establishment including publication of a newsletter. Thevital role played by CESNED after 8th October 2005 Kashmir earthquake led to itsrecognition as one of the two earthquake study centres in the Country and is beingfunded by HEC for its future development as an International Centre.
 7.7 SHAKE TABLE
 A shaking table is one of the most recent technological updating of the CivilEngineering Department at NED University. The table installed in 3mx3m indimensions with a 500 kN actuator and a stroke capacity of + 12 inches. This is adevice for shaking structural models or building components with a wide range ofsimulated ground motions, including reproductions of recorded earthquakes timehistories. While modern tables typically consist of a rectangular platform that isdriven in up to six degrees of freedom (DOF) by servo-hydraulic or other types ofactuators, the earliest reported uses of shake tables date back more than a century.Test specimens are fixed to the platform and shaken, often to the point of failure.Using video records and data from tansducers, it is possible to interpret the dynamicbehavior of the specimen. Earthquake shaking tables are used extensively in seismicresearch, as they provide the means to excite structures in such a way that they aresubjected to conditions representative of true earthquake ground motions. The unitinstalled at NED University utilizes quality components and micro-clean filtrationto provide trouble-free long life with minimum maintenance. A complete system ofinterlocks and controls allow failsafe, unattended, continuous operation.
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 7.8 PCB FABRICATION LABORATORY
 A PCB fabrication Laboratory is available in the Department of ElectronicEngineering. This is primarily for training under-graduate students in PCB fabricationtechnology. The laboratory is supported by PCB layout design software and autorouting software. The graduating students with this experience are expected to benefitin their professional field. The Laboratory is being used for fabrication of PCB forlocal requirement and possibilities of taking orders for external agencies are beingexamined.
 7.9 PRODUCT DEVELOPMENT CENTRE
 With the emerging new technologies and shorter product life cycle with highquality demand, the manufacturing industry in Pakistan stands at a position wherethey are expecting tough challenges ahead. Higher educational institutions in Pakistanare there to share these challenges NED University has been facilitated with ProductDevelopment Centre (PDC). This centre is fully equipped with complete range ofsophisticated equipment and software to be used for re-engineering.
 7.10 DIRECTORATE OF INDUSTRIAL LIAISON
 The Directorate of Industrial Liaison was established at NED University in1997. It has been able to create and enhance the required university-industry linkagein the form of a number of activities, e.g. arranging internship opportunities forstudents in different industries/organizations, collecting suggestions about the topicsof Final Year Design Projects and arranging technical/practical help from theindustries related with the projects. In a number of cases the industries have assignedprojects to the university students with competent advisors from their organizationsto help the students. In addition to that, study visits are arranged for the studentsand faculty at various industries and organizations.
 7.11 MEDICAL DEPARTMENT
 The Medical Department is located near Department of Humanities of thisUniversity. There are six Doctors in total including three at Main Campus (two inmorning & one in the evening), one at LEJ Campus and one lady doctor at CityCampus. The department is headed by Principal Medical Officer, besides that,paramedical staff, including one Female and other Male Nurse, assists the doctorsin each shift.
 There are numerious evolutional & therapeutic facilities available free ofcharges to the students in the Main Campus, including Emergency and OutpatientMedical services, pathological, Radiological and electrocardiographic apparatus forlaboratory. Similarly prohylactic and therapeutic support in the form of Airway,breathing and circulatory intervention are also available.
 Outpatient facilities are also available at peripheral Medical Sub-Centers,i.e. City and LEJ Campus. However, X-Ray, Pathological Laboratory and Ambulancefacilities are restricted to Main Campus only.
 7.12 PHYSICAL EDUCATION
 University Sports complex headed by Manager Physical Education providesfacilities for athletics, badminton, cricket, football, table tennis, hockey, physicalfitness & basket ball.
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