Department of Natural Resources

Course Description for the Degree of M.Sc. in Fisheries

3712701 Supplementary Fish Aquaculture 2+1 Cr.
Latest advances in world fish culture, applicatiddmatural and synthetic for stimulating fish regwotion, fish
sexing, brood production, closed circuit systernagiecaquaculture, automated aquaculture.

3712702 Supplementary Aquaculture 2+1 Cr.
Latest advances in world aquaculture, applicatiomadural and synthetic for stimulating shrimpneguction,
shrimp reproduction, shrimp feeding, mollusks adfuobster culture, seaweed culture.

3712703 Livefeed Production 1+1 Cr.
Food chains and photosynthesis, live food impogan@aquaculture, algae culture, rotifer cultutgranomid
culture, Artemia culture.

3712704 Hygiene M anagement in Aquaculture 1+1Cr.
Criteria for choosing water and soil for aquacwdturygienic criteria in aquatic import and exppadnd design,
fishing vaccination, genetic manipulation, quana@ti

3712705 Aquaculture M anagement 2Cr.

Principles of aquaculture management, fishery degdions, management of aquatic propagation centers
human resources management in aquaculture, ceagtatulture management, rules and regulationsuzteg
protection.

3712706 Advanced Hydrobiology 2+1 Cr.

producers, consumers, aquatic production, wateyeniic capacity, water protection from pollution teraself-
purification, sea food cycles, Caspian sea pladtarimal communities, pond communities.

3712707- Genetics & Biotechnology of Aquatic Animals 1+1 Cr.
Biotechnology in aquaculture, aquatic genetic manant, karyology and cytogenetic, chromosome bandin
cell culture, electrophoresis in population studgenetic manipulation, gynogenesis, polyploidy ceange,
PCR.

3712708 Fish physiology 2+1 Cr.
Physiology of respiration, circulation, osmosig) regulation, stress, migration, reproduction, ieg@nd sense
organs in aquatic animals.

3712709 Aquatic Nutrition & Feeding 1+1 Cr.
Importance of feeding in aquaculture, comparativgsiplogy of feeding organs, feeding requiremeiotsg
analysis, food consumption, food interactions, fadditives, food mixtures.

3712710 Application of Computersin Fisheries 1Cr.
Introduction to internet, electronic mail, databasarching, analytical, graphical and word processoftware,
fishery sites, fishery software.

3716511 Research M ethods 2Cr.
Definitions, defining scope of research, researclugs, experimental procedures in research, typessearch,
application of statistics in research, researcHityuzontrol.

3712810 Physiology & Behavior of Aquatic Animals 3Cr.

Factors affecting fish behavior, physiologicalibas behavior, communational behavior, shoalioegavior,
reproductive behavior, foraging behavior, fish bebain relation to gears, colors and camouflagésh, sound
production and behavior, photophores and theirtfanc

3712820 Fish Ecology 2 Cr.
Limitations of body form, feeding ecology, fish biwergetics, fish growth and population dynamicsh fife
history and biodiversity, biological interactions.

3712840 Benthic Ecology 2 Cr.
Bottom structure, sampling methods, physical anehtdbal and biological factors affecting bottom strue,
benthic animals and plants, bottom types, biodityecs benthos, benthic communities, energeticbanfthos.
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3712845 Evaluation & Conservation of Iran Aquatic Ecosystems 2 Cr.
Definitions of aquatic ecosystems, types of aquatimsystems, ecotoxicology, aquatic ecosystemsgiion.

3712835 Plankton Ecology 1+1Cr.
Plankton distribution, seasonal fluctuations, skeakionic communities, planktonic blooming, plankioycles,
energetics of planktons.

3712830 Aquatic Stock Assessment 2 Cr.
Bertalanfy growth parameters, relative abundanepture per unit of effort, marking, mortality esétion,
natural mortality and life span, cohort analysis.

3712825 Advanced Limnology 2Cr.
Inland water structure, organisms of lakes andrsivenaterial cycles, food webs in inland waterpetyf
polluted waters, self-purification of waters.

3712860 Remote Sensing & its Applicationsin Fisheries 2 Cr.
RS systems, earth resources satellites, chardiderisf satellite data, geometric errors, RS appilon in
fisheries.

3712901 Seminar 1Cr.
A seminar on the current topics in aquatic ecol®disheries, aquaculture and related subjects.

9010606 Thesis 6 Cr.

Students are required to design a research prajetteport the results of their experiment to tisejpervisors
as a Master's thesis.

Prerequisite: Consent of the supervisor.
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Course Description for the Degree of M.Sc. in Environmental Sciences

3714613 Advanced environmental pollution 2 Cr.
Introduction, water and soil pollution, pollutam®bility and transport, modeling of pollutant trpost.

3714615 Advanced Geographic Information Systems 2 Cr.

Understanding vector and raster models, Spatiaramalyst basics: local, zonal and global funasioraster
calculations, Developing a model for suitabilityadysis - Automating GIS procedures, Exploratoryt@&p@®ata
Analysis (ESDA), geodatabase topology, overlay &xgmity concepts vector analysis and geoprocessing
concepts. This course is designed to provide handsperience using selected extensions to ESRigiéw.

3716526 Advanced Statistical M ethods 3Cr
Statistical models, Computation of confident limi@orrelation and two-variate linear regression,tridas,
linear multivariate regression, Non-linear regressj Harmonic analysis, Profit analysis.

3712340 Animal Physiology 1+1Cr.

Basic physiology of regulatory system and celldaganization, aspects of excretory, respiratorgutatory
and nerve system functioning, sensory organs, hetasis, bioluminescence, color changes, nutritiigggstion
and energy utilization.

Prerequisite: Zoology 37101

2118590 Chemical analysis methods of environmental samples 3Cr.

Review of concentration and equilibrium, titratiand weighting methods, electrochemical reactioyfses of
electrodes, potentiometry methods, and spectroscmbigods.

3714602 Complementary Wildlife Ecology 3 Cr.

This course provides an overview of the most imgarinethodologies/techniques used by modern eciogi
The first part of the course focuses on the sdientiethod, designing experiments in ecologicakagshes and
choosing the appropriate statistical tests for yaiad) the data collected in the field. The resttleé course
concentrates on the practical aspects of the egaddogh as estimating abundance, methods for measuri
spatial pattern of organisms and methods for me@agdiversity in an ecosystem.

3714605 Environmental | mpacts Assessment 2 Cr.

Introduction, EIA in Iran and worldwide, EIA procesnd stages, screening and scoping criteria, impac
identification & evaluation techniques: checklighatrix, networks and overlay, predicting environma¢n
impacts: prediction methods, criteria for selectingthods, examples of prediction techniques, ntitigaand
compensation measures, monitoring and evaluatlannmg process and decision making.

3714429 Fundamentals of M olecular Ecology 2 Cr.

Concepts and history of molecular ecology, intrditucto molecular genetic tools and their use itura
populations, Collection and storage of genetic dasypmethods for studying genetic variation andraew of
field and laboratory methods.

3714601 Industrial pollution 2+1 Cr.
Introduction on environmental pollution, pollutidrom chemical industry, iron and steel industrytrpieum
industry, power generation, food industry etc.Jyt@n prevention in industry, ISO 14000, LCA.

3714614 Land use planning 2 Cr.

Introduction (Human actions and natural processiesits of growth and basic concepts), history almeotry of
land use planning, conceptual framework for land pknning, land use goals and design, land sliitabi
analysis and classification,land classification #alil inventory methods, computerized land use, @isGIS as
a Decision Support System (DSS).

3714612 Marine pollution 2 Cr.

Introduction on physical, chemical and biologicaloerties of marine environments, source of marine
pollution, oil pollution, heavy metal, PCBs, ...effeof marine pollution, marine pollution contraitérnational
law on marine pollution.
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3714611 Pollutants chemistry 2 Cr.
Air pollutants (NOx, CO, SOx, CFCs, heavy metalnpg,...), chemical oxidation, photo-degradation, wate
pollution, pesticides, PCBs, PAHSs, agriculture piidin.

3716511 Resear ch M ethodology 2Cr.
Research design and implementation, Introductioguantitative and qualitative, Intermediate stafssnd
research design methods, Data gathering techniques.

2118595 Sample Preparation M ethods and Chromatography 3 Cr.
Crliquid-liquid extraction, extraction by solid p&® extraction methods of organic and inorganic pmumds,
principles of chromatography, gas chromatography,

3714603 Solid Wastes and Recycling 2 Cr.
Generality, Waste production and classificatiotegmated waste management, biological and themeaiment
of waste, environmental and economic impacts ofalarg, recycling of metal, paper, glass and ptasti

3714604 Wetland management and migratory birds 3 Cr.

The course includes wetland types and classifinatigructure of wetlands, wetland values and fongj
threats to wetlands, wetland laws and regulatiorigration and migratory birds, routes of migratemd policy
and regulatory issues related to migratory birdstheir habitats, wetland restoration and rehaibitin.

3714606 Wildlife and Park management 3Cr.

This course has been designed to provide guidancthe implementation of conservation techniquesnfro
assessing and monitoring biodiversity to the plagraind management of protected areas. To put ¢oeetical
knowledge of conservation biology into practiceg ttourse provides technical information for ideytif
conservation problems, utilizing research methogipland suggesting analytical techniques that assist
resolving the problems.
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Course Description for the Degree of M .Sc. in Range M anagement&
Combating Desertification:

3716517 Analysis of Rangeland Ecosystems3 Cr.
Analysis and discussion about energy flow, minangtling, primary and secondary production in range
ecosystems. Theories about succession in ranggstenss.

3716514 Phytosociology 2 Cr.

Phytosociology definition, application, history,aRt Community Ecology, Basic Problems and Methaus i
Phytosociology, Estimation of horizontal and veticstructure of rangelands, Methods of determining
community’s productivity, Analytical Methods in pimgociology, Vegetation ordinations and classifarat
techniques.

3716532 Advanced Remote Sensing 1+1Cr.

Advanced topics in remote sensing such as hyperspemagery (methods of analysis and interpretgtio
examinations of spectral libraries, mapping subpic@mponents with multi- and hyperspectral imagery,
applications of hyperspectral imagery with the foom rangelands and related topics, practical esesasing
image processing softwares.

Analytical models.

3716511 Research M ethod2Cr.
Research design and implementation, Introductioguantitative and qualitative, Intermediate staisstnd
research design methods, Data gathering techniques.

3716530 Soil, Water and Plant Interactions 2Cr.

Water characteristics, Water quality for irrigatiovater-soil relationship: Soil moisture and measyumethods,
Forces in soil, Water potential in soil, Water mment in soil, Application of Darcy formula in saated and
unsaturated zones, Soil hydrodynamic coefficigttater-plant relationship: Water role in plant, @i#nt root
systems in plant and their distribution in soil,dRodepth, Effective factors in water absorptionptant, Plant
resistance in dry periods, Water-soil-plant relaginip: Water-soil-plant-atmosphere system, Evapspiation
of plant and effective factors, Computation of watgjuirement for plants, Required water for irtiga, Water
production and consumption curve, Irrigation tineéedimination.

3716531 Plant Ecophysiology 2 Cr.

Systems approach to the analysis of basic phystzbgnd ecological responses of plants in aridrenments,
plant photosynthetic and respiration pathways, #sisg the response of plants to water and heassstre
Examining the water use efficiency of plants livimgdesert environments, Associating the physiaalgand
developmental response of vegetation to defoliadianth nutrient limitations.

3716513 Rangeland Hydrology 2 Cr.

Soil infiltration, percolation, rainfall intercaph loss, effects of grazing in Soil infiltrationné runoff
generation, effects of fair, plugging, chaininggdzing, pitting, ripping and furrowing in Soil itfation and
runoff generation, water harvesting in rangeland.

3716534 Industrial, M edicinal & Poisonous Plants 2 Cr.

Classification, ecological condition, agronomy, cieal components, utilization methods, applicatiamd
management issues of Medicinal and Industrial Blantrangeland ecosystems, Issues about poisotants p
with focus on Iranian rangelands and their effecanimal health condition.

3716536 Range M anagementSeminar 1 Cr.
Research seminars and instruction on research deetlnod tools, Short practice seminars, literas@@rch,
critique of papers, thesis manuscripts, the aseofinar presentation

3716529Arid & Mountainous Regions Reclamation2 Cr.
Processes of desertification and techniques antiadstavailable for desert and mountainous rehatin.
Control of sand dunes, Farming Practices, Affotestalrrigation techniques.
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3716515 Analysis of Range Assessment and M onitoring M ethods 2 Cr.
Theories for Inventory and analysis of rangelansoueces. Shortcomings and strengths of invento an
assessment methods in rangeland ecosystems.

3716526 Advanced Analytical methods  2Cr.
Statistical models, Computation of confident limiGorrelation and two-variate linear regressionrivas,
Linear multivariate regression, Non-linear regressj Harmonic analysis, Profit analysis.

3716516 Economical and Social Aspects of Watershed Basins 2 Cr.

The whole issues around the management and ublizaf the resources within watersheds and fochagdy
on the socio-economic factors. Skills in incorpmmgtrelevant social science, specifically econoragpects in
range management decisions, Discussion of the lbasicepts such as peoples’ perceptions about mdgl
human and ecosystem interactions, consumers airdwhets, market and governments, time preferemece a
intergenerational equity, and non-market valuatemhniques.

3716513 Seed Technology of Rangeland Plant Species 2 Cr.
Principles and practices of production techniqueschanical conditioning, storage, seed treatmek t@sting
of seeds used for planting

3716655 Geogr aphic Information Systems 2 Cr.
The basic principles and terminology of geograpimiformation systems (GIS), The GIS process, GIS
application.

3716503 Quaternary Formations 2Cr.

Formation definition and concept, Iranian geolobmanes, geological formations of Iran prior to tpraary,
guaternary phenomena in the world (such as climmlaémge, glacial and interglacial periods, glaciisents,
losses, wind processes), quaternary stratigrapttygaaternary phenomena in Iran.

3716535 Land UsePlanning  2Cr.

Land use definition and principals, Goal developtrad formalization, planning intelligence and imf@ation
systems, population and employment forecastingd lase forecasting, land suitability analysis, laumsk
location requirements, land classification planningnd use design, plan implementation, and public
presentation of land use plans.

3716540 An Introduction to Modeling in Rangeland Ecosystems 2 Cr.

Model definitions, features and types. The necgssft models in range management. History of model
development and use in rangeland ecosystems, ttdhsld a Model, Test model behavior by Sensitivand
scenario analysis, Introduce some models curréntlyse in the rangelands and discuss their advastagd
limitations.
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Department of Natural Resources

Course Description for the Degree of M.Sc. in Combating Desertification

3716538 Desertification and Control M ethods 2Cr.

Desert and desertification concepts, desertificafactors and processes, land degradation andeitsl tin

different biomes, land degradation and its trendiram, combating desertification techniques (biadag

chemical and physical), wind erosion and controhiggues, natural vegetation condition of Iranhie past and
present.

3716519 Advanced Remote Sensing 2 Cr.

Advanced topics in remote sensing such as hyperspemagery (methods of analysis and interpretgtio
examinations of spectral libraries, mapping subpic@mponents with multi- and hyperspectral imagery,
applications of hyperspectral imagery with the @n arid land degradation and related topics, tigedc
exercises using image processing softwares.

3716502 Arid land hydrology 2 Cr.

Climatological and hydrological characteristicsaoid land, arid land precipitation, arid land fthgrobability
and statistic in arid land hydrology, statisticastdbutions for flood frequency in arid land, dght and
hydrological drought, low flow analysis, water gtyglgeostatistic in hydrology

3716505 Rehabilitation M ethods and Planted Vegetation M anagement 2 Cr.

Arid zones characteristics, distributions and dfeesgion, Restoration approaches and planning, The
specifications and typology of arid zones plantsnd. utilization methods in arid areas, The effdaral zone
factors on vegetation, Natural and planted Saxaadds in Iran, Sand dune fixation by Saxual and [geop
cooperation, Saxaul utilization and management.

3716508 The Economic and Social Development in Desert Areas 2 Cr.

The Economical and Socio-Cultural development tissoalong with sustainable development. The priasip
and methods of exogenous development and endogeleveopment, the functions and roles of develogmen
processes in desertification, the efficient paieto prevent the inappropriate change in climatel an
environment through development, Sustainable devedmt in desert systems, Population and immigration
Socio-economic and physical factors imposed uposedesettlements, Physical development of desert
communities.

3716511 Research M ethod 2Cr.

A broad definition of the research activity in gealethe techniques of data-gathering in experielersiocial
and action researches. The philosophy of sciehoeg avith sampling methods and different statistarzalysis,
Research design and implementation, Introductioguantitative and qualitative, Intermediate statsstnd
research design methods.

3716506 Arid Land Ecosystems 2 Cr.

The importance, causes, types and features oftdes€onceptual frameworks to understand the strecind
function of desert systems, Plant and animal atiaptanechanisms in desert, Species diversity iredss
interaction effects and feedbacks, how to managertiecosystem, Desertification, and the technidaes
monitoring and quantifying it.

3716539 Wind Erosion and Control M ethods 2Cr.

Understand wind erosion processes in order to assegisk of soil loss, Provide a scientific basischoosing
wind erosion control methods, what plant densitd @over is needed for effective erosion control, atvh
methods for plant establishment work best.

3716503 Quaternary For mations 2Cr.

Formation definition and concept, Iranian geolobmanes, geological formations of Iran prior to tpraary,
guaternary phenomena in the world (such as clirlaémge, glacial and interglacial periods, glaciliments,
losses, wind processes), quaternary stratigraptiygaaternary phenomena in Iran.

3716537Water Resour ces M anagement 2 Cr.

Hydrology and surface water resources,the hydrofdgiycle, climate systems; an introduction to nsyelood
plains and wetland environments, hydrometeorolquacameters and measurement; surface water quality,
surface water ground water interactions; data gatfpemonitoring programmes and data analysis.
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3716527 Medicinal and Industrial Plants 2Cr.
Introduce the most important medicinal and indaéflants in rangeland ecosystems. Introductiochiemical
components, utilization methods, application anshagement issues of medicinal and industrial plants.

3716509 Arid land Climatology 2 Cr.

Arid lands of the world. Climatological and metelogical characteristics of arid land, causes oflifyrj
Radiation, atmospheric humidity, temperature, agspure, wind and air circulation in arid land, pemation
and evapotranspiration in arid land, drought insliadrought and aridity, duration, intensity andgfrency of
drought.

3716507 Ecophysiology of Arid Land Plants 2 Cr.

Systems approach to the analysis of basic physazbgnd ecological responses of plants in aridrenments,
plant photosynthetic and respiration pathways, #sisg the response of plants to water and heassstre
Examining the water use efficiency of plants livimgdesert environments, Associating the physiaalgand
developmental response of vegetation to defoliadiaeh nutrient limitations.

3716901 Seminar 1Cr.
Research seminars and instruction on research deethod tools, Short practice seminars, literatearch,
critique of papers, thesis manuscripts, and thefeséminar presentation.

3716550 Desert, Resour ces and Potentials 2 Cr.

Water Resources in the Desert, Primary and Secgriélarductivity in Desert Ecosystems, Use of Marbina
Soils and Water Resources in Desert Areas, Ecatouypbtential of deserts, Mines and deserts, Erfeogy the
deserts.

3716521 Saline and Alkaline Soils and improvement M ethods 2Cr.

Reclamation Methods of Salt, affected and alkaBoés, Irrigation water and its suitability forilization their
relations to the formation of salt affected andafitle Soils, Irrigation efficiency, Soil water mowent, basic
soil-water-plant relationships. Utilization managerh of saline soil, Soil desertification, its reasoand
resistance.

3716528 Flood Control 2 Cr.
Strategies for integrated river basin managemett gpecial emphasis on flood control, Using raimwabd
grow sustainable communities: Sustainable stornem@st management practices

3716655Geographic Information Systems 2 Cr.
The basic principles and terminology of geograpimformation systems (GIS), The GIS process, GIS
application.

PhD Program in Range Sciences

Introduction and goal

PhD covers both educational and research activitisghich the most recent findings of the field areluded.
The main goal of this program is to educate higfilified experts by employing the most recent redie
methods and findings in the field in order to fllithe scientific recruitments of the country inusdtional,
research and planning affairs.

Length and details of the program

The PhD program covers a 4 year period includingcational and research phases which ends withngritp
the dissertation. The educational phase is 2 ywhish includes 4 semesters, each 16 weeks. Theatdoal
system is credit based and covers 16 hours ofrkeeédu each credit point in each semester.

Number of credit points

PhD program in Range Sciences includes 36 credlifsllaws:
Core courses: 30 credit points

Optional courses: 6 credit points

Dissertation: 24 credit points
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Department of Natural Resources

Course Description for Ph.D. Degreein Range Sciences

3716802 Ecological topics 2 Cr.

Ecology and other sciences, different majors iHapg an overview of different ecosystems (i.e. dyrsemi-
arid, arid and desert ecosystems), effects of @biattors (i.e. light, climate, wind) on growthdiregeneration
of range plant species, importance of water foret&ipn, plant water resistance, modeling and drbug
prediction in rangeland ecosystems, climate chaamgk sustainable rangeland management, human igerfa
and vegetation, plant life forms in arid and desee@as, classification of plant species based drpsuperties,
ecological requirement of main range plant spe@atecology).

3716804 Biological erosion control 2 Cr.

An overview of Iranian ecological zones; water avidd erosion mechanisms; basics, goals and metbbds
biological approaches to control wind and watersene, Landslide, rill and Gully control, kinds af¢ wind
break, wind break calculation.

3716800 Quantitative plant ecology 2 Cr.

Applications of quantitative, analytical techniquesed to describe and assess range plant comnsiinitie
vegetation description (Abundance, Frequency, Gavgsampling methods (Random, Systematic,
Stratified,...), vegetation distribution patternsgsal pattern, normal and negative distributiospgcies
association ( X2 test), vegetation analysis (Qatlie methods, Community classification, Braun-rigjaet
method, gradient analysis, ordination methods (Rwidination, PCA, DCA, CCA)

Practical remarks: Case studies

3716807 Range animal nutrition 2 Cr.

The balance between forage and livestock feediggimements, forage quality (concept, measuring oush
and index), determining livestock daily nutritioequirements, based on environmental characteri§tcage
quality and livestock physiological condition, fémgl behavior of livestock, and utilization of rateyed.
Experimental section: Experimentation in measurénténnutrient requirements and analysis of the eang
animal nutritional aspects.

3716540 Modeling in rangeland ecosystems 2 Cr.

Principles of modeling; definition and functions ofodels; modeling approaches; application of Deaqisi
Support Systems (DSS) in rangeland ecosystems;elncothponents; advantage and disadvantages of sjodel
model feedback; modeling calibrations; model eatituns; sensitivity analysis approaches; ecologitadlels;
habitat models; data models; statistical modedsaimetric and non parametric approaches); Baydmtef
network modeling; practical work: case studies

3716806 Living organisms and rangeland ecosystems 2 Cr.

Diversity, distribution and the role of living ongams (human, plant, free-ranging mammals, birds,
livestock,....) in rangeland ecosystems, immigraiiomplant and animal species, adaptation and dibin in
plant and animal species and related classificatidmndamental of bio-geo chemical cycling in rdagd
ecosystems, individual, species and populatioraiigeland ecosystems, population energy flow, acteyn
between species, living organism as an open sysh=oretical and practical conservation, estimatibanimal
population size.

3716806 The Economics of rangelands 2 Cr.

The economical aspects and preferences of the leantigein Iran, comparison of the objectives of lileeders
in Iran and other countries, concepts of carrying @capacity and production functions, full-costcprg and
externality costs, logistic growth curves and ttagiplications, productivity indicators and indices;hnical and
economical efficiency in pastoral management, plamfor sustainable pastoral management.

3716803 Sustainable development and natural Resour ces 2 Cr.

History, concepts, economical systems and theiaticel with sustainable development, sustainable and
socioeconomic development in developed and devsjopbuntries, traditional systems, economical [ipies,
resourcedistribution, poverty and sustainable dguaknt, needed information to design a sustainsgtem,
evaluating criteria, integrated plans, and futdratsgies
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3716808 New theoriesin range science 2 Cr.

Challenges to rangeland science, including trendscblogy and evolution of rangeland managemenigea
ecosystem functions; uncertainty and sustainakititthe management of rangelands, rangeland dysaamd

different paradigms; limitations of using sciertifiools in rangeland ecosystems and introducingtadga

management and participatory approaches; holipficcach to range ecosystem management.

3716809 Seminar 2Cr.

According to supervisors' guidance, a researcheptoyill be performed. It should be approved by the
Educational Division Council and the Graduate @ffidhe results will be announced in the presencthef
Educational Division members.

1310088 Operations Research 2 Cr.

Definitions and concepts, the application of opgerat research in natural resources, assignmentlrouiuing
models, linear programming, simplex method, duahpééx method, transportation problems, allocation
problems, dynamic programming (deterministic/praligtiz), optimization, sensitivity analysis
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