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BESOK PA CASE WESTERN RESERVE UNIVERSITY DEN 1 - 3 MAJ 1972

1. INLEDNING

Fér en Oversiktlig beskrivning av verksamheten vid Case Western
Reserve University (CWRU) hdnvisas till en rapport frédn mitt studie-
besdk d&r 1970-05-20-21. Vi har ocksa ett informellt samarbete med
professor Schoeffler vid CWRU betrdffande programvara och hardvara
for minidatorer. Professor Schoeffler har sdledes besdkt Lund vid
tva tillfdllen och d&r givit kurser. Vi har ocksd fatt en s k
Macro-Template~Assembler som dr ldmplig fOr att implementera hdg-
nivdsprak i utbyte mot delar av vart programbibliotek. Vi skall
eventuellt fortsdtta samarbetet med gemensam utveckling av program-

vara fOr processreglering.

Mitt besdk avsdg framfdrallt att diskutera dessa fragor, men Jjag
passade ocksd pa att skaffa mig en fdrnyad &verblick av verksam-
heten vid CWRU. Mitt besdk sammanfdll ocksd med det 32:a samman-
trddet med "Industrial SponsOors', vilket jag delvis deltog i. Vidare

gav Jjag en fOreldsning om identifiering och reglering.
2. INDUSTRIAL SPONSORS MEETING

Man har sedan 16 ar tillbaka vid Case haft ett system med stdd

frén industrin for forskning inom processreglering. Denna verk-
samhet initierades av professor Donald Eckman. Verksamheten orga-
niserades sd att man skaffar sig stdd frén industrin.Varje industri-
medlem deltar med ett bidrag pd cirka 10.000 . Man har som mest
haft 10 & 12 medverkande industriparter, men antalet &r nu nere 1

6. De faktorer som varit vdsentliga f6r industrin vad betrdffar att

stbda denna verksamhet har varit
1. Rekrytering av forskare till industrin.

Industrin har under manga &r haft mycket svart att fylla
sitt behov av kvalificierad personal inom processregle-
ring. Man har ddrfdr sett en utmirkt m&jlighet till att
gbra detta genom att hdlla intim kontakt med ett uni-
versitet, t ex genom att stddja universitetsforskning.

Vid vissa mdten har det varit s& ménga som 80 personer




frdn industrin som deltagit. Man har deltagit for

att studera studenternas insatser genom att lyssna till
deras presentationer fdr att generera intresse hos
studenterna for industriella problem. Med den dndrade
situationen pa USA:s arbetsmarknad dr detta skidl nu

ganska minimalt.

2. Intresse for forskningen.

Genom att industrin stdder forskningsprojekt pa CWRU

har man m&jlighet att aktivt medverka i1 forskningen.

Man far saledes Process Reports. Dessa delas endast ut
ti11 "Sponsors". Ovriga rapporter dr 6ppen information
och delas ut till samtliga. Det viktiga dr att industrin
fdr resultaten p& ett mycket tidigt stadium. Man har
ocksa mdjlighet att i viss utstrdckning genom diskussio-
ner paverka projekten. Professor Lefkovitz patalade

dock att forskningsprogrammen hela tiden styrs av CASE.

Fran universitetets sida motiveras verksamheten dels av finansiella
skdl och dels for att f& en feed-back fran industrin.

Man far alltsd reaktion fréan olika "SponsOrs" pa forskningspro-
jekt, man far pad ett tidigt stadium veta huruvida forskningen

dr relevant fOr dagens industriella problem. Studenter och fakul-
tetens medlemmar blir pd ett mycket tidigt stadium varse om
vdsentliga problemomrdden. Som ett exempel kan ndmnas den verk-
samhet 1 programvara som startade f8r ménga &r sedan. Den ini-
tierades vid universitetet och védckte sedan mycket stort intresse
vid ett "Sponsors' meeting och man bestdmde d& att kraftigt Ska
denna aktivitet. Professor Lefkovitz padtalade ocksa att det var

ett ganska besvdrligt sdtt att skaffa pengar och att det egentligen

var mycket enklare att fa in pengar genom att sdka dem fran staten.

Organisation

Samarbetet med industrin organiseras sdledes pad detta s&tt att
man driver vissa forskningsprojekt. Dessa forskningsprojekt pre-
senteras pd "Sponsors'" meetings. Presentationen gdrs 1 allminhet
av de studenter gom genomfdrde arbetena. FProgrammet

f&r Sponsors meeting denna gang framgdr av appendix A 1 rese-




rapporten. Vidare far vid varje m&te Sponsors tillgdng till
Process Reports. Ett exempel pa& en sadan finns tillgédnglig pé

institutionen f8r Regleringsteknik vid LTH.

3. INSTITUTE FOR COMPLEX SYSTEMS

Man har nyligen fOretagit en omorganisation och bildat ett In-
stitutet for Komplexa System. Denna verksamhet leds av professor
Mesarovic. Nio olika departments dr inblandade i verksamheten.
Mdlsdttningen dr att studera socialt signifikanta systemproblem.
F6r ndrvarande har man varit starkt engagerad i att skriva forsk-
ningsfdrslag och att fdrsbdka finansiera verksamheten. Bland forsk-

ningsfdrslag som ldmnats in kan ndmnas

Effekt av tvdttmedel 1 vattensystem
Informationssystem f&r bibliotek
Helth Care Systems

Energisystem

o O O O O

Diskreta tillverkningsprocesser

Férslaget betrdffande analys av effekten av tvdttmedel i vatten-
system har nu accepterats. Man har fatt ett anslag pa 0,5 M3

fér ett tvadrsstudie fran Rockefellerstiftelsen och denna betraktas
som ett startanslag. Projektet koncentreras till sjén Erie och
det dr ett verkligt interdisiplindrt projekt. Man har saledes

med experter frédn ekologi, ekonomi, sociologi och medicin. Av-
sikten &dr att behandla hela beslutssystemet. Gruppens medlemmar
kommer frén 8 3 9 olika avdelningar och man betonar de regionala
aspekterna. Man tar dven upp vissa legala synpunkter. Som ett
exempel kan ndmnas att staten Ohio inte har ndgon restriktiv lag-
stiftning vad betridffar utsldpp av fosfat trots att sjdn Erie &ir
mycket oldmplig i detta hdnseende. Den dr grund och har ganska
liten vattenfdring. Som exempel kan ndmnas att man i Florida har
mycket kraftigare lagstiftning betridffande fosfat, trots att
vattenreservoarerna som ddr dr tillgidngliga troligtvis tdl mycket
mer. Det var ocksd intressant att notera att f8r att fa projektet
sa hade universitetet lovat att inte debitera nagon overhead pa

forskningsanslaget.

Projektet om energisystem avser att analysera energiproblemet




fér USA fram till slutet av detta arhundrade. Man vill sdledes
analysera bdde efterfrdge- och leveranssidan. Man vill uppstdlla
en modell och gdra de vdsentliga avvdgningarna, t ex mellan kdrn-
kraft och kraft fran fosila brédnslen. Betridffande kdrnkraft &r

man ocksd intresserad av att analysera balanseringen mellan fusion
och snabba breedreaktcrer och ndr man lédmpligen ska sdtta in
anstrdngningar pa de olika omrddena. Man &r ocksd intresserad

att gd delvis ganska djupt betridffande den teknologiska utform-

ningen av systemet.

Romklubbsprojektet etapp 2

Inom institutet fOr komplexa system har man fatt i uppdrag att
utveckla fas tva av vdrldsmodellen. Man utgdr d& i fdrsta hand
fridn Meadows modell och man avser att komplettera den i olika
avseenden. Arbetet leds av Mesarovic. Professor Schoeffler hade
ocksd nagra studenter, undergraduates, som fdr nirvarande simu-
lerade modellen pa olika s&tt. En grupp anvinde ett CSMP liknande
sprak pd GE 4060, en annan grupp anvdnde ALGOL, och en tredije
grupp gjorde det i FORTRAN.

4. DISKRETA TILLVERKNINGSPROCESSER

Vid tillverkning av styckegods finns en rad intressanta system-
problem. Det dr ocksd ett omrdde som dr relativt nytt vad betridffar
tilldmpning av informations- och reglersystem, Man var f8r nir-

varande intresserad att studera fem problemomraden.

Testning
Maskindvervakning
Skedulering och produktionsplanering

Total processkontroll

c O O O O

Utnyttjande av industriella robotar

Verksamheten leds av professor Schoeffler. Han var av den upp-
fattningen att det fanns mdnga intressanta systemproblem och

mdnga intressanta tilld&mpningar av datorteknologi inom diskreta
tillverkningsprocesser. Testningen dr ofta en kritisk del av till-
verkningsprocessen. Testning gdr ofta till s& att man k&nner av

pd& en hel rad olika givare. Pd basis av de primira signalerna




gdller det att snabbt fatta beslut huruvida produkten skall
accepteras eller om den ska &dndras och skickas till tillbaka
igen. Schoeffler ansdg att det fanna mdnga tilldmpningar for

minidatorer som skulle fa en mycket stor inverkan.

Maskintvervakning (produktionskontroll)

Arbete inom detta omrdde omfattar flera olika faktorer. Ma1l-
sdttningen dr att reducera tiden for stillastdende hos maskinerna
genom att gdra bdttre diagnos och 8vervakning av tillverknings-
maskinerna. Nagra enkla fdSrstudier har visat att det ekonomiska
incitamentet dr mycket stort. Problemomrddet omfattar utveck-
ling av ldmpliga givare. Detta betecknade Schoeffler som ett
mycket svadrt problem Det dr t ex inte alls tillrickligt att

bara mdta produktionshastigheten, det gdller ocksd att ta reda pa
om man har tillverkat ndgra enstaka element fdr att bara titta péd
hur de ser ut och maskinen kanske har gdtt 1 tomgdng utan att

det har funnits ndgra tillverkningsdmnen i den. En viktig faktor
dr utformning av operatdrstationer och att operatdren pd ett
fornuftigt sdtt kan kommunicera med systemet. En annan viktig
aspekt dr att producera dokument som klart anger om hur produk-
tionen har gatt, liksom att gdra diagnostiska prov p& maskinerna

och att gbra forebyggande underhall.

Produktionsplanering

Detta omfattar att kombinera inkommande order pa lé&mpligt sdtt

och att bestdmma i vilken ordning som de ska till&mpas. De problem
som man f&r ndrvarande tittat pa& leder till heltalsprogrammering.
Ddr hade man framférallt studerat heuristiska algoritmer och
liknande. Man rekommenderade vidare en bok av Lasdon, en med-
arbetare vid Case Optimization in Large Systems. Totalstyrning

av hela processen omfattar bland annat lagerstyrning.

Industrirobotar

Man hade vid Case ocksé& undersdkt utnyttjandet av industriella
robotar. En grundfriga som stdllts var inte besvarad. Ar det
intressant att fdrse en industriell robot med mer intelligens,

t ex 1 form av en minidator? Schoeffler patalade att det var en




mycket mdrkbar trend inom amerikans industri idag att utnyttija
mer och mer industriella robotar. Han gav ocksd& exempel p& en
industrirobot frdn GE (Man-made) som bestod av en hydraulisk arm

och ett reglersystem enligt figuren.

Genom att den hade ett hydrauliskt system s& kunde man manipulera
synnerligen stora krafter. Den anvindes bl a f&r att sortera
glasskivor och Schoeffler ndmnde som exempel att en man hade

tappat en glasskiva och lyckats fénga upp den i luften med denna
apparat. Han pdtalade ocksd likartad verksamhet vid Stanford
(McCarty) och vid MIT (Minsky). Som nidmns hade man gjort flera olika
f8rstudier och man hade klara indikationer pd att det fanns ordent-
liga vinster. Som exempel nidmnde han en studie som hade visat

att ett total - system skulle ge en vinst pd 50.000 $ per &r och
systemet skulle kunna implementeras med en anstringning av 6 man-
ménader. P4 fabriken har det hittills varit skeptiskt till att

géra det, framfdrallt av det skidlet att man var tvungen att sdtta
in manuella stationer dédr operatdren skulle f8ra in all relevant
information. Man var skeptisk till om detta skulle g& att gdra

pd ett férnuftigt sd&tt. Schoeffler betonade ocksd att en viktig
del 1 kostnaden f8r sadana system &r kabelkostnader. Den

filosofi man hade pa Case var f&r nirvarande att prova marknaden
genom att skicka ut olika forskningsfdrslag. Man tdnkte sig

bl a att ga vidare med den teoretiska analysen genom att titta pd
skeduleringsproblem och genom att unders&ka ldmpliga hirdvaru-

och programvarukonfigurationer.

5. WATER RESOQURCE MANAGEMENT

Man har f&r ndrvarande en grupp p& Case som sysslar med Water
Resource Management under Yakov Haimes. Man hade just fatt ett
forskningsanslag omfattande en summa av 70 K% f8r en tvdarsstudie.

I mycket stora drag ville man bygga upp en modell och analysera




vattensystemet fOr norddstra USA. Projektet var mycket brett upp-
lagt och man avsdag att kartldgga tillgédng och efterfrigan. Bland
efterfréagan kan ndmnas de krav som industrin och hushdllen stdller
och bland tillgéngarna kan man nimna sjovatten, dammar, dteranvind-
ning. Man var ocksa intresserad att undersdka vattenkvaliteten.

Man hade d&r tvd motiv fér att forbittra milidn, att 8ka den natio-
nella inkomsten och f&r regional utveckling. Man baserade sig 1
stor utstrdckning pad en stor undersdkning som just har genomf&rts
pa MIT. Man avsdg att bygga en modell i f8rsta hand en statisk
Leonitieff modell som man sedan avsdg att utvidga till en dynamisk
modell. Utbildningen ingick som ett viktigt moment i studien och
som ett exempel bifogas i appendix B en kurs som man f&r nidrvarande

har planerat att ge denna var.

6. DISKUSSIONER MED PROFESSOR LEFKOWITZ

Professor Lefcowitz som var en av Eckmans medarbetare har framfdr-

allt varit verksam inom tva omraden.

o Hierarkiska strukturer
o Tillé&mpning av reglerteknik p& industriell process-
reglering

Betrdffande hierarkiska strukturer kom man in pé& detta pd ett
mycket tidigt stadium, redan i samband med en IFAC artikel &r

1960. Man sdrskiljde hdr fyra nivder

DDC
Optimering
Adaption

Sjdlvorganisation

Med DDC avser man bara att automatiskt exekvera givna beslut. Med
optimering avsdg man att finna l&mpliga bdrvirden fér DDC-regu=-
latorerna baserade pd fdrenklade processmodeller. Med adaption
avser man att uppdatera parametrarna i de f8renklade processmo-
dellerna och med sjdlvorganisationen avser man att uppdatera

strukturen hos processmodellerna.

Man har arbetat pd detta tema i mdnga &r, men man hade Hnnu ej




en samlad presentation dver omrddet, utan resultaten fanns fram-
forallt i form av doktorsavhandlingar och examensarbeten. Speciella
problem som man fOr nédrvarande Studerar, var mdjligheten att

ordna olika insignaler, t ex genom styrgreppens frekvens eller
genom deras ekonomiska betydelse. Man var mycket intresserad av
att undersdka hur man skall ta hdnsyn till systemkostnaden. Bland
de industriella tilldmpningar som diskuterades ndmnde professor
Lefkowitz speciellt arbeten betriffande fetthydrering som man for
tio &r sedan var mycket aktiv med. Man hade sdledes std1llt upp
matematiska modeller och diskuterat lédmpliga styrstrategier.

Dessa arbeten &r inte fullstdndigt dokumenterade men jag fick

tvd sdrtryck, D.P. Eckman och E. Lefkowitz "A Report on Optimi-
zation, Optimizing Control of a Chemical Process'", Reprint Control
Engineering, September 1957. Lefkowitz, Eckman "Application and
Analysis of Computer Control System". Dessa rapporter dr inte
fullstdndiga men en mycket mer omfattande dokumentation finns i

form av interna rapporter.

Katalytiska reaktioner ndmndes som ett typiskt exempel pa& system
ddr hierarkiska strukturer kunde vara l&dmpliga. Man tdnkte sig
sdledes en kontinuerlig katalytisk reaktor ddr det i f8rsta hand
gdller att reglera temperaturer och tryck baserat p& ett ekonomiskt
kriterium. Allteftersom reaktionen fortgdr sa kommer katalysator-
aktiviteterna att sdttas ner genom att det bildas kol pa ytan och
man dr da& tvungen att stédnga av reaktorn och regenerera katalysatorn.
For att driva processen optimalt krdvs att man har god kontroll pa
denna process och att man kan bestdmma regenereringstillfdllet
optimalt. Vidare kommer katalysatorn i det ldnga loppet att foér-
stbras s& att sd smédningom sd& gidller det efter midnga cykler att
bestdmma sig for ndr man ska byta ut katalysatorn. Vid sadana

system kan man sé&ledes klart urskilja tre nivder.

7. DISKUSSIONER MED GILL BLANKENSHIP

Gill Blankenship var en nytillkommen fakultetsmedlem frdn MIT. Han
hade utfdrt sin doktorsavhandling under S. Mitter. Problemet var
att finna stokastiska motsvarigheter till Popov-satserna. Han

hade fatt ett resultat 1 det fall d& dterkopplingskoefficienterna
var vitt brus. Fo6r ndrvarande var Blankenship sysslesatt med flera

olika problem, bl a att finna ett fall dir olinjir filtrering




kan l8sas exakt. Han arbetade med de typer av bilinjdra modeller
som pad sista tiden studerats av Roger Brocket och han f&rsdkte

generallisera dessa genom att ldgga till brus.

Vidare tittade han pa ett linjédrkvadratiskt problem dir styr-
ingreppen var grupperade enligt reglerkostnad. F8rutom det vanliga
linjédrkvadratiska kriteriet ville man ocksd& 1 varje steg minimera
det antal komponenter av styrvariabeln som medverkar i reglering.
Blankenship hade ocksa tittat pd distribuerade system. Ett &dmne
finns 1 en ugn, ovanfdr ugnen finns ett antal pyrometrar. Problemet
var att bestdmma huruvida man hade j&mn temperatur inne 1 dmnet.
Problemets 16sning dr kd&nd om man k&nner yttertemperaturen pa
dmnet. Svarigheterna var hdr att man hade pyrometermitning och man
var tveksam pa vilka resultat de gav, bl a fanns det en gas mellan

dmnet och pyrometrarna som starkt kunde paverka mitresultaten.

8. DISKUSSIONER MED PROFESSOR SCHOEFFLER

J. Wieslander projekt

Tillsammans med Jim Schoeffler diskuterade jag ocksd Johan Wies-
landers projekt. Frdgan att snabba upp Macro Template Assemblern
diskuterades och likaledes att implementera den pé& minidator.

Det konstaterades att den stora andelen i minnesutrymmet var det
fdlt pd 3 x 8.000 ord som beh&vdes. Ordlingden mé&ste vara minst
23 bitar, det behdvs en pointer pa 13 bitar fdr att adressera
cirka 8 k, dessutom behdvs en flagga pa tva bitar och man behdver
ange ett védrde med 6 & 8 bitar. Professor Schoeffler pdpekade

att man kanske inte beh&vde ha s& lénga fdlt som 8.000 utan att
man kanske kunde ndja sig med hdlften, men dven sd gdr det inte
att implementera med ett enda ord pd& 16 bitsmaskin. Hastighets~-
reduktioner diskuterades ocksd och professor Schoeffler bed®mde
det sd& att en férflyttning frdn UNIVAC 1108 till GE 4060 skulle
reducera hastigheten med ungefdr en faktor 10. Betrdffande grund-
frdgan sd beddmdes det inte vara sd angeldget att snabba upp
kombilatorn till ett pris av att gdra den mindre flexibel, enligt
de linjer som Johan hade skisserat. Vi diskuterade ocks& nya
sprak. Jim berdttade att han té&nkte anvinda ett nytt sprdk som
inneh6ll den gamla blockstrukturen i RTL plus vissa drag av

BLISS d&r man dock eliminerade "DOT" notationen. Betridffande
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tidsplanerna sa hade Jim fdrhoppningar att ndgra faser skulle
vara klara i slutet av sommaren. Ett alternativ till att anvdnda
detta sprédk skulle vara att anvdnda C3 som dock inte ldmpar sig
direkt f8r reelltidssprdk. Prelimindrt &verenskom vi att en
intressant m8jlighet skulle vara att Johan dkte &ver till CASE
p& ndgra mdnader ndr den nya kombilatorn &r klar. Johan skulle
sedan forse den med en slutdel som genererar kod fér var PDP 15
och han skulle sedan utnyttja kombilatorn till att generera
monitorsystem fdr reelltidsstyrning pé& PDP maskinen. Professor
Schoeffler papekade ocksé att arbetena med det virtuella minnet
hade gjort mycket stora framsteg. Man kunde sdledes ldsa block

om 64 ord med en hastighet om i medeltal 35 msek/ord.

Kurs i Systems Engineering

En kurs med denna titel har under manga dr givits vid CASE. Dess
innehdll har kraftigt varierat frén &r till &r. Fdrepédende ar
behandlades t ex Water Resouces. Innevarande &r hade Schoeffler
givit kursen. Den handlade om Industrial Manufacturing in Control.
Den innehd1l bl a

Simulering
On=-line datorer
Industriella processreglering- och tillverkningssystem

Organisation av programvara

Betrdffande simulering hade man undervisat i simuleringssprak

sasom GPSS och Simula. Detta dr hade man koncentrerat undervisning-
en till detta och man hade lagt mindre tonvikt pd sprak for si-
mulering av kontinuerliga system av typ CSMP. Avsnittet om on-line
datorer och programvara omfattade ungefdr det som ingick i kursen
Schoeffler presenterade i Lund, se appendix C. Betrdffande industri-
ell processreglering sa gav man fundamenta, d v s karakterisering

av insignal, utsignal och stdrningar. I kursen ingick ockséa projekt-
arbete omfattande analys av férhdllandena vid en bensinstation,
dimensionering av antalet tankar, etc. Organisation av ett exe-
kutivprogram for reelltidsdatorer. Vdrldsmodellen som angivits

av Medows. Till ndsta ar kommer kursen att dndras och den kommer

framfdrallt att ha stor tonvikt vid icketekniska system.
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9. NYA KURSER

Man har under de senaste dren varit mycket aktiv med kursreformer,
bl a har man infort kurser i systemteknik till icke-tekniker. BEtt
program som varit ganska svart att f& igenom men som numera funnit
sin form &dr en utbildning fOr en bachelor examen i komplexa system.
Ett prelimindrt kursprogram finns bifogat i appendix E. Man hade
dven ett program pa doktorsniva i komplexa system. Detta program

framgdr av appendix D.




APPEMUDIx A
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32ND_SPONSQRS® MEETING OF CONTROL OF COMPLEX SYSTEMS PROGRAM

Wednesday, May 3, 1972

9:15 - 10:00 a.m. COFFEE AND DONUTS Crawford 13
10:00 - 12:45 a.m, SESSION I Crawford 14
Introduction .« L. Leghowitz
Program Overview . « J. D. Schoefflen
Simulation Analysis of Large and Complex
Systems . o J. Po Riley
On Self-Tuning Reguliators . . Ko J. Katﬂgm
1:00 - 2:15 p.m. LUNCH Faculty Dining Room

2:15 = 4:45 p.m.

SESSION 11 J. 0. Schoeffler, Chaimman Crawford 14
Evaluation of Reliability of On-Line Mini-
computer Systems . » S. Sunderland
On the Development of Discrete Event System
Theory . . K. J. Chadha
A Virtual Memory Organization for Minicomputer
Application Sofiware . . L. Bronnen
Computer-Aided Design for Large Scale System . o L, Bronnen
DDC Software Organization for a Three Computer
Hierarchical Contrel System .. Ve Miketd
An Interactive Model of An Urban Wastewater Con- '
veyance System . o« I, Dean
SESSION TII D. Macko, Chairman Crawford 13
On-Line Coordination of Interacting Systems . o C. Whitfield
A Study of Multilevel Control Applied to the
Hot Strip Mi1l Process - . o T. Fubuda
A Design Methodology for Automated Inspection
¥ia Pattern Recognition . o Do Kylin
A Decision Structure for Making On-Line Sup-
port Tradeoffs for Large Complex Systems . . F. O"Nell
3:20 ~ 3:35 p.m. COFFEE BREAK
8:30 - 10:30 p.m, SQCIAL GET-TOGETHER Howard Johnsons'

Penthouse



Thursday, May 4, 1972

9:00 -~ N:25 p.m.

SESSION IV G. Blankenship, Chadnmon
Small Signal Models for Estimation of Input

Variablas from Secondary Process Measurements.

Some Simulation Models for One-Dimensional
Distributed Systems

Distributed System Identification USing Quasi-
Tinearization

Recent Developments in Stochastic Control and
Filtering
SESSION V Y. Y. Haimes, Chainman
A Multilevel Approach to Planning for Capacity
Expansion in Water Resource Systems

Vector Optimization for Control with Perfor=
mance and Parameter Sensitivity Indices

Regional Water Quality Management

The Planning and Operation of a Regional Water
Quality Management System: A Multilevel

Approach
10:70 = 16:25 a.m. COFFEE BREAK
11:30 = 12:30 p.m. LUNCH

1:00 - 2:45 p.m.

SESSION VI L. S. Lasdon, Chainman
Development of an LP Program for Ship Rout-
ing
Synthesis of a Crude 0171 Supply System
Multilevel Techniques for Scheduling a Class
of Integrated Industrial Systems

SESSION VII 1. Lefhowitz, Chainman
Regulator Design with Consideration of Obser-
vation and Control Implementation

A Multilayer Control Hierarchy with an On-
Demand Updating Policy

Application of LOGOS to Computer-Aided Design:
an Example

Crawford 14

- D. Eastenday

« P. F. Salamon

. . R. T. Schenke

. G. Blankenship
Crawford 13

- W. S. Nainis

- F. Gembichki
. 8. Rosen

. M. A. Kaplan

Faculty Dining Room

Crawford 14

—

. S. Lasdon
. J. Mathis, Jn.

7]

o W, Driscoll
Crawford 13

- . G, Blankenship

° K ° TZ) U.j/é

« C. Rose
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Registration Form (to be returned by May 1, 1972)

REAL-TIME MINICOMPUTER SYSTEMS FOR DATA ACQUISITION,

INFORMATION PROCESSING, AND CONTROL

Name:

L]

| am interested but I'd like

further information

Mail Address:

Please register me in the course L]

1

Check for $275 enclosed
Check to be mailed by

Zip Code

State

City

Make check out to: Case Western Reserve University

Company:

Mail to: Prof. |. Lefkowitz

Position:

Systems Research Center

Case Western Reserve University

Cleveland, Ohio 44106

Phone:

.
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GRADUATE STUDY PROGRAMS
Leading to the M.S. and Ph.D. Degrees

SYSTEMS ENGINEERING DIVISION
SCHOOL OF ENGINEERING

SYSTEMS & CONTROL
ENGINEERING PROGRAM

Directed to problems of modeling, information processing
and control of complex systems with major focus on
technological systems.

Major Thesis Research Areas: Optimal control theory and
design. Stochastic control and estimation. Direct
digital control. Control of discrete processes.
Real-time computer systerns and software for control.
Computer-aided design. Multi-layer control approach
to complex systems.

T Nt

W f

SYSTEMS ANALYSIS PROGRAM
(with Department of Operations Research)

Oriented to problems of simulation, data gathering and
decision-making of large scale systems that are primarily
non-technological in nature.

Major Thesis Research Areas: Modeling and management of
urban systems. Health care delivery systems.
Transportation systems. Environmental problems.
Systems identification of large scale problems. Joint
solution to system identification and optimization.

MATHEMATICAL SYSTEMS
THEORY PROGRAM
{with Department of Mathematics)

Focuses on the characterization of systems, their structure
and behavior, and on systems-oriented problems on a
rigorous, mathematical level,

Major Thesis Research Areas: General systems theory.
Coordination of interacting systems. Theory of
multilevel hierarchical systems. Decision-making and
control of systems.

FACULTY

Banerji, R.B., Professor (Joint appointment with Computer &
Information Sciences Department): Artificial intelligence,
pattern recognition, learning systems,

Blankenship, G.L., Assistant Professor: Stochastic control and
estimation, analysis of feedback systems, control applications.

Brosilow, C.B., Associate Professor (Joint appointment with
Chemical Engineering Division): Process dynamics, computer
simulation of distributed systems, controtl of industrial
processes.

Haimes, Y.Y., Associate Professor: Modeling and optimization of
targe-scale systems, hierarchical approach, applications to water
resources systems,

Katona, P.G., Associate Professor (Joint appointment with
Biomedical Engineering): Modeling of physiological systems,
bio-medical engineering.

Lefkowitz, 1., Professor; Acting llead of Systems [nginecring
Division: Modeling and computer control of industrial
processes, hierarchical approach to control of complex
systerns.

Macko, D., Associate Professor: Theory of hierarchical systems,
decision-rmaking and coordination in large-scale systems.

Mesarovic, M.D., Professor; Director of Systemns Research Center:
General systems theory, applications to bio-medical, urban and
industrial systems.

Orner, P.A., Associate Professor: Control theory, modeling of
physical systems, bio-medical engineering.

Rothenberg, D.H., Assistant Professor: System modeling, feedback
controt, systems simplification and decentralized control.
Schoeffler, J.D., Professor: Real-time computer systems and
software, applications to control of industrial processes and

manufacturing systems.

The above faculty are all members of the Systermns Research Center.
The Center provides staff, facilities and environment for
interdisciplinary research on large-scale systems problems.

LABORATORY

The Systems Engineering Laboratory provides excellent
experimental and computational facilities for real-time data
acquisition, simulation, on-line process control, and
interactive computer-aided design. There is also direct
linkage to the Computing Center to provide additional
capabilities for large-scale simulation and multi-computer
systems studies, Several completely instrumented prototype
processes are connected to the computer facilities for study
of modeling and control problems in complex systems.

pENNY ol 3

WATER RESOURCES
SYSTEMS ENGINEERING PROGRAM
(with Chemical Engineering Division)

Directed to problems of planning, operation and
management of large-scale water resources systems, with
major focus on the hierarchical approach.

Major Thesis Research Areas: Systems identification of
water resources systems. Regional water resources
management and water quality control. Optimum
planning of complex water resource systems.
Multi-objective functions in water resources. Optimal
allocation and scheduling of soil, water and financial
resources for crop growth.

FINANCIAL AID

Various assistantships, traineeships and fellowships are
available with stipends starting at $425 per month (less
tuition).

INFORMATION

For further information and application forms write:
Professor 1. Lefkowitz, Systems Engineering Division, Case
Western Reserve University, Cleveland, Ohio 44106.
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Proposal for a Curriculum Leading to the

Degree of Bachelor of Science in Complex Systems

In 1969 CWRU embarked on a program of research and education in Complex
Systems. As part of this program, the Committee on Systems Education, consisting
of faculty members from many disciplines, has designed undergraduate curricula
in complex systems. The B.A. program has been adopted by the faculty of Arts
& Sciences. It is proposed that Case Institute adopt the B.S. curriculum described
herein. ’ :

The educational need to which this new curriculum is directed is the educa-
tion of students in the systems approach, its concepts, applications, and skills.
In particular, the core courscs that must be developed to implement the new :
curriculum are intended to teach the systems approach-- from application to theory
and skills. The following statement defining the Systems approach provides the
conceptual framework within which the curriculum has been planned.

A complex system may be classified as environmental, social, political,
technical, medical, human, or combinations of these and other ways of categorizing
complex situations that we want to understand and improve. It could, in principle,
lie entirely within the domain of an existing discipline (the kidney, for example,
can be regarded as a complex system) or fit no discipline (Lake Erie Pollution).
Our program is oriented toward systems that involve several of the traditional
disciplines and precise definition of a system will depend on the interests of
the investigator and the purpose of the work. Some examples are: urban transport,
population control, sewage treatment, etc. We shall emphasize what we call the
"Systems Approach" to these problems.

The principles of the systems approach can be used as a means to improve
our understanding of complex phencmena (in this role it may be called systems
science), and an extension of these principles can be used to improve our actions
and procedures (in this role it may be called systems engineering or systems
management ). The principles may be summarized this way. '"The systems approach
is a functional analysis of the system, treating the components, their inter-
relstionships, and the context at the same time". Some of the most character-
istic features of the Systems Approach sre as follows:

1. Function of Components
The phrase '"functional analysis of components' means that each
of the components of a system is examined in terms of its
function as opposed to a detalled examination of, let us say,
its physical characteristics. Thus, in an analysis of health

care problems, a doctor is principally identified as a "com-

ponent whose function is treatment of illness', an ambulance
is a "means of transportation" and so on. A more detailed
description (the precise skills of the doctor, the fittings of

the ambulance) is deferred.

. Interrelations of Components
A systems description stresses the relations among components
in terms of their functions. Thus various techniques of logicsl
annalysis and informabtion theory pley as large a role in the
study of these relations as do the conventional disciplines.

S
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3. Context Provides Objectives
Functional analysis of the context means that the system
under consideration is analyzed in terms of the function it
serves in its larger context. Thus the function of health
care delivery is "to improve the general health of the public".
Analysis of the goals or purposes of a humsn system leads of
course, to the problem of conflicting values and requires a
broad outlook, some acquaintance with social philosophy, and
some notions of how to approach resclutions of conflict in
objectives and values.

L. Context Determines Feasibility
We emphasize the improvement of actions and procedures. This
means thal examination of context must include some consid-
erations that are very difficult to quantify such as political
feasibility, popularity, etc.

5. The Balanced Approach

It is not uncommon for & problem to be approached in terms of
one or two of the points listed above. (One can cast almost
any analysis into this form). The systems approach emphasizes
a balance among all these considerations, calling upon other
disciplines when a more detailed account of a component or of
the context is needed. In this way the system under consider-
ation always remains central to the analysis.

6. Modelling and Abstraction
Frequently a system, or some of its important features, can be
abstracted into a quantitalive mathematical model. In this case,
computer simulation techniques become very important. The goal of
work on the problem may be either optimization or prediction. An
illustration of the range of computer techniques can be found in
meteorclogy. On the one hand, dynamical equations for the atmosphere
can be used to study the weather (theoretical model). On the
other hand, a preceptron or other "learning machine" can be
"trained" to make weather forecasts from current meteorological
data (adaptive simulation). Although most complex systems are
not fully quantifiable, knowledge and mastery of computer
technigues is an important tool in their analysis.

Proposed Degree Requirements:

Students majoring in Complex Systems are required to complete eight new systems
courses, including Syst. 101, 102, 201, 202, 301, 332, 351, & 352. (Catalog
course descriptions are attachmert A).

In addition to the Case Core, other requirements include STAT 281, ENGR 112, &
PHIL 360. Students are reguired to select a minor sequence of no less than 12
hours with the program committee. Typical minor programs. are indicated in
attachment C. '




SYST 101

SYST 102

SYST 201

SYST 202

SYST 301

SYST 332

SYST 351

SYST 352

Attachment A

Courses in Complex Systems

Problems in Systems I. Introduction to systems approach to complex
problems; introduction to systems concepts; multidisciplinary approach
through emphasis on case problems; cases deal with wide range of issue,
living to non-living, social to technical, quantitative to qualitative.
Prerequisite: None. Corequisite: Calculus.

Problems in Systems IT. Continuation of SYST 101. Emphasis on process
of extracting analyzable systems problems from real world; measurement

.as a source of data; choice of goals for systems; issue of value judge-

ments; introduction to disciplines and problem areas where systems ap-
proach is active. Prerequisite: SYST 101. Corequisite: Calculus.

Mathematical Models of Systems. Development, using examples, of mathe=
matical models to describe systems, analyze their properties, and test
appropriateness for specific problems. Topics ineclude; Finite state
systems, graphical and network descriptions, and difference eguation
descriptions. Term project to construct model of some real system.
Prerequisite: SYST 102 (May be taken concurrently).

System Optimization. Formulation of specific decision problems in terms
of optimization; examination of some mathematical techniques for solution.
Topics include; extrema of differentiable functions of n variables, linear
programming, non-linear programming, dynamic programming, statistical
optimization. Term project to apply methodology to specific system.
Prerequisite: SYST 201.

Systems Theory. Structures of systems models, methods of model build-
ing, and integration of material studied in SYST 101, 102, 201, and

202. Topics include: Interactions and integration of subsystems; feed-
back, regulation, control, and sensitivity; goal seeking; adaptation
and learning. Prerequisite: SYST 202.

Computer Simulation. Development of insight into systems problems via
simulation rather than manipulation of tractable mathematical models.
Topics include: Simulation of continuous and discrete systems, probab-
ility concepts in simulation, and verification of simulation models.
Case studies using computer. Prerequisite: ENGR 112.

Senior Project I. Integration by senior students of systems skills and
knowledge through substantial involvement in a two-semester project that
is large enough for real challenge and limited enough to permit signifi-
cant accomplishment in two semesters.. Prerequisite: SYST 301.

Senior Project IT. Continuation of SYST 351. Problem areas such as
envirommental control, management of Justice, and population control
would provide the theme topic(s) for both the small project groups and
regular seminar of s particular year. Prerequisite: SYST 351.




Attachment B

Proposed Case Institute of Technology

Undergraduate Curriculum in Complek Systems for the B.S. Degree

FALL SEMESTER

Freshman Year
Regular Case Core

Sophomore Yeaf

Syst. 101 - Problems in Systems I
Syst. 201 -~ Mathematical Models of

Systems

Math. 223 - Mathematics III

Engr. 112 - Numerical Methods

Phys. 213 - General Physics III
Humanities or Social

Science Sequence I

Junior Year

" Syst. 301 - Systems Theory
Stat. 281 - Intro. to Probability
- Minor Sequence T
Humanities or Social
~ Science Sequence IT
Open Elective

Senior Year

Syst. 351 - Senior Project I

Minor Sequence III

Social Science Elective
Open Elective

Sids. 301 - or

302 ~ Interdisciplinary

Symposium

Credit Hour Distribution

Case Core

Complex Systems Major

Minor Sequence
Open Electives

TOTAL

39
12
12

129

SPRING SEMESTER

Freshman Year
Regular Case Core 16-5-16

Sophomore Year

Syst. 102 - Problems in Systems II 3-0-3
Syst. 202 - System Optimization 3-0-3

Math. 224 - Mathematics IV 3-0-3
Phys. 214 - General Physics IV 3-0-3
Phys. 205 - General Physics Lab 1-3-2
- Humanities or Social 3-0-3

Science Sequence II1 :

16-3-17

Junior Year
Syst. 332 - Computer Simulation 3-0-3
Phil. 360 - Philosophy of Social
’ Science 3-0-3
Open Elective 3-0-3
Minor Sequence IT 3-0-3
Humanities or Social
Science Sequence IV 3
p)

T

Senior Year ;
Syst. 352 - Senior Project II 3-0-3°
Minor Sequence IV 3-0-3

Social Science .

. Elective 3—0«3;

Open Elective 3-0-3

Humanities or Socisal :

Science Elective 3-0-3




Environment

Geol. 11k & 115 (1)
Geol. 240
Physics 364

Pol. Sc. 335
Econ. 386

URES. 318

Biol. 355

URES. 201 & 202
Engr. 262

Engr. 263

Geo. 302

Soc. 310

Derived Theme Minor

Attachment C

. Typical Minor Seguences

Phsyics 36k
Biology 355
Pol. Sc. 335
Engineering 262
Geography 302

Systems Theme

Math.

OR

Encon. 101
Engr.
Mang.
Biol. 357
Engr. L416
Engr’.
Engr. 410
Engr. 415
Comp.

Man & Environment

Urban Geology

Physics of the Environment
Politics & the Environment
Urban Economics

Urban Sociology

Ecology :

Intro. to Urban & Environmental
Studies o
Environmental Quality Criteria
Environmental Problem & Engineering
Natural Resources

Soc. Enviromment & Personality

Physics of the Envioronment
Ecology

Politics and the Environment
Envirommental Quality Criteria
Natural Resources: Environmental
Use, Misuse & Conservation

Linear Algebra

Intro. to OR

Econonmics

Control Engineering I
Management and Organization
Environment Seminar
Optimization

Systems Engineering T
Systems Theory I

Decision Msking and Control
Computer Systems —

Man and Society (Theme would be a selection of 12 - 18 hours).

Econ. 101 & 102
Bcon. 206 or 207
Econ. 385

Econ. 364

Pol. Sei. 337
Pol. Sci. 241
SEEP 304

Soc. 350

Soc. 390

ORAD 310

ORAD 303

Principles of Econ.

Intermediate Theory (micro & Macr.)
Introd. Soc. Econ. ' -
Compet. & Public Policy

Politics of Planning

Political Behavior

Sci., Technology, & Social Change
Industrial Soc.

Sociology of Organization

Social Psych. & Personal Dynamic
Group Dynamics & Interpersonal Dynamics




Personality and Society
PSCL 313 :

SOCI 310

PSCL 253

ANTH 371

S0CI 390

Public Policy in Industrialized Society

Pose 2Ll
ECON 207
POSC 343
ECON 3k2
SCPP 3Lk

pg. 2
Attachment C

Psychology of Personality

Social Environment and Personality
Social Psychology

Culture and Personality

Sociology of Organizations

Political Behavior

Intermediate Macrotheory

Public Opinion and Citizen Politics
Public Finance

Public Policy and Industrial Society




Zi61 Aepy

SWILSAS S334NO0SIY HILYM 40
LNIWIODOVNVYIN OGNV NOILVHIIO ‘ONINNYId

FHL NI HOVOHddY TVOIHOHYHIIH

UOIBIDOSSY S30UN0SaY JalBp, LEdLIsWY sy |

pue
AnsIaatup) anasey uisIsepy 258
10 ABojouyday Jo a1niIsu| 8s8)

LoVl "oN lunisg
OO ‘puEjRAS|D

ai1vd
IOVISCd S N
uoyeziuebi(y pjosduoyy

B |

APPENDLK 5
Wz

CASE INSTITUTE OF TECHNOLOGY
OF
CASE WESTERN RESERVE UNIVERSITY
PRESENTS
A One Week Short Course on
HIERARCHICAL APPROACH IN THE PLANNING,
OPERATION AND MANAGEMENT OF

WATER RESOURCES SYSTEMS

May 22-26, 1972

Co-sponsored by the

AMERICAN WATER RESOURCES ASSOCIATION

AMERIGAN WATER RESOURGES ASSOCIATION




WATER RESOURCES SYSTEMS - SHORT COURSE

A ONE WEEK SHORT COURSE

Engineers and Public Officials Interested in
Water Resources Systems

May 22-26, 1972

HIERARCHICAL APPROACH IN THE PLANNING, OPERATION AND
MANAGEMENT OF WATER RESOURCES SYSTEMS

Co-sponsored by the AMERICAN WATER RESOURCES ASSOCIATION

Devoted to understanding the hierarchical approach to model formulation and
optimization of large complex water resources systems.

Designed for engineers and public officials concerned with the planning, operation and

management of regional water resources systems.

Purpose

To present a comprehensive survey of the applications
of the hierarchical approach to large complex water resources
systems. In particular to discuss the applications of
decomposition and multilevel optimization technigues to
multiobjective functions in water resources, multiregional
conjunctive use of ground and surface water resources,
modeling and identification in water resources, regional
management of complex multiple purpose water resource and
hydrologic systems, regional water qguality control and
management, and recent research results and applications in
current literature.

Format

There will be four 90 minute lectures given each day
Monday through Friday. Two sessions in the morning: 8:30 -
10:00 and 10:30 - 12:00, followed by two sessions in the
afternoon 1:00 - 2:30 and 3:00 - 4:30. Extensive use will be
made of visual aids, and a complete set of all overhead
projector transparencies will be provided to the participants
prior to the lectures. New methods and theory introduced in
lecture will be presented and explained via simple examples.
Often, while a new method is discussed, it will be
simultaneously developed and applied to a water resource
example problem; thus the theory and its applications are
discussed in parallel. This approach provides the participant
with a close grasp of and comprehension of the material
discussed. Separating the lectures will be a “‘coffee break” and
opportunity for informal discussion of the lecture material.
Three out of the five 3:00 - 4:30 afternoon sessions will be
devoted to “Workshop” and problem working. In addition
optional special evening tutorial sessions will be available to
those participants who need a further review of systems
engineering methodologies.

When:
May 22-26, 1972
Monday through Friday
8:30 am - 4:30 pm

Where:
Crawford Bldg. Room 13
Case Institute of Technology
Case Western Reserve University
Cleveland, Ohio

For:
Engineers and public officials interested in water
resources systems

Course Notes:
A complete set of notes along with a complete set of all
overhead projector transparencies are provided which
cover the lectures in detail.

Prerequisite:
B.S. degree in Engineering, Science or equivalent
experience.

Location:
Case Western Reserve University is in Cleveland, Ohio,
easily accessible by air and road transportation. There is
also public transportation from the airport to the
university area. More detailed travel instructions are
available upon request and will be supplied in response
to registration.

Housing:
The University has reserved a block of rooms at the
Howard Johnson Motor Lodge in University Circle (3
minutes walking distance from the campus). More
detailed housing information will be supplied in
response to registration.




HIERARCHICAL APPROACH IN THE PLANNING,
OPERATION & MANAGEMENT OF WATER RESOURCES SYSTEMS

COURSE SCHEDULE

MONDAY, May 22
Morning Haimes

Review of Fundamentals in Systems Engineering. Linear and
dynamic programming, and Lagrange multipliers.

Afternoon Haimes
Decomposition and Multilevel Optimization. Basics in the
multilevel approach, different decomposition methods, and
second-level coordinator techniques, saddle point and duality
concepts.

Evening
“Get together’ party
TUESDAY, May 23

Morning Haimes
Modeling and Systems ldentification in Water Resources. The
identification of aquifer parameters, and other hydrologic
characteristics via quasilinearization and multilevel approach.

Afternoon
1:00 - 2:30 Rothenberg
“Data Management’--what data is necessary for water
resources operation and management. How to obtain it, and
techniques for processing it into useful information.

3:00-4:30 Haimes

Multiobjective Functions in Water Resources. Model
formulation and solution strategies via multilevel approach.

Evening Staff
Optional Tutorial Session
WEDNESDAY, May 24

Morning Haimes
Multiregional Conjunctive Use of Ground and Surface Water
Resources. Joint consideration of the system

modeling-identification problem with the system optimization
problem.

Afternoon
1:00- 2:30 Dee

Joint Environmental Economic Models Used in Water
Resources Planning

3:00-4:30 Ricca
Application of the Stanford Streamflow Simulation Model to
Ohio Watersheds. The Ohio State University version of the
Stanford Streamflow Simulation Model. Presentation of the
model’s basic structure.

Evening
Optional Tutorial Session Staff
THURSDAY, May 25

Morning Hall

Optimum Operations for Planning of a Complex Water
Resources System. The California Water Project.

Luncheon - Speaker: Dr. Ira Whitman, President of AWRA,
Ohio Section

Afternoon Hall

Optimum State Dynamic Programming. Project Planning and
Investment Timing in Large Scale Water Resources Systems.

Evening
Social Hour
FRIDAY, May 26

Morning Haimes
Regional Water Resources Management via WMultilevel
Approach. Multipurpose water resource systems, input-output
and cost-effectiveness analyses.

Afternoon Haimes

Hegional Water Quality Control and Management via
Multilevel Approach. System of Effluent charges and taxation.

?"f"" I8 Pt pod s, Ve




Instructors:

Yacov Y. Haimes received his B.S. degree in
Mathematics, Physics and Chemistry in 1964 from the Hebrew
University, Jerusalem, lsrael. He received a M.S. degree in
Engineering {majoring in Systems Engineering) in 1967, and a
Ph.D. in Engineering with distinction {majoring in Large Scale
Systems Engineering, with a minor in Water Resources
Systems Engineering) in 1970, both from the University of
California at Los Angeles.

Dr. Haimes is an Associate Professor of Engineering in
the Systems Engineering Division, School of Engineering, Case
Western Reserve University. He was an Assistant Professor
there from 1970 to 1971. His research and consulting activities
are in the areas of modeling and optimization of large systems
using decomposition and multilevel techniques; in particular,
in application to water resources systems. He has participated
in numerous short courses given by UCLA, Utah State Univ.,
University of Arizona, Colorado State Univ. and others.

Dr. Haimes is a member of AGU, ASCE, AWRA, |EEE,
ORSA, ORSIS, Sigma Xi, and Tau Beta Pi. He is the author of
numerous publications on system identification, optimization
of large systems, water quality control, and regional water
resource management,

Guest Lecturers:
Dr. Norbert Dee, Environmental Planner, Battelle Memorial
Institute, Columbus, Ohio.

Dr. Warren A. Hall, Professor of Engineering, Department of
Soil Science and Agricultural Engineering, University of
California, Riverside, California.

Dr. Vincent T. Ricca, Assoc. Professor of Civil Engineering,
Department of Civil Engineering, The Ohio State
University, Columbus, Ohio.

Dr. Dougias Rothenberg, Asst. Professor of Engineering,
Systems Engineering Division, Case Western Reserve
Univ., Cleveland, Ohio.

ON THE HIERARCHICAL APPROACH

The hierarchical approach by decomposing the problem
into subproblems at one level and coordinating the solution of
the subproblems at a higher level and yet maintaining an
overall optimum to the whole system, seems to be an excellent
answer to the solution of large and complex water resource
systems. By virtue of decomposing the problem into
subproblems, a conceptual simplification of the more complex
system is achieved, and a more accurate and representative
mathematical model may become both feasible and
computationally tractable. Furthermore, a reduction in
dimensionality is achieved and the total solution effort is
reduced, sometimes at the expense of more computational
effort. None of the system model functions need be linear,
thus more flexible models can be constructed to represent the
real water resource problem at hand.

Registration and Fees:

Course fee is $200 which includes complete course
notes and use of laboratory. A three-day registration fee {May
22-24) of $150 are also available for participants who cannot
stay for the complete five-day course,

Enroliment may be made by individuals or companies.
Any number of persons from a single company may enroll as
long as there are vacancies. Reservations may be requested for
industry and government employees requiring time to obtain
authorization. Companies may enroll for a given number of
individuals, supplying names later. To insure enroliment, {class
size is limited), individual names must be received by the
university before May 1, 1972. For additional applications,
please use separate sheet giving the information requested on
the enrollment form.
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REAL-TIME MINICOMPUTER SYSTEMS FOR DATA ACQUISITION,

INFORMATION PROCESSING, AND CONTROL
May 22.26, 1972

Devoted to detailed understanding of minicomputer hardware, software, and applications.

Designed for engineers concerned with the use of modern minicompiuters.

Only imited familiarity with computers /s assumed,

COURSE AND LABORATORY CONTENT

Organization of Minicomputer Hardware
Structural characteristics of modemn
minicomputers: mernory, various registers,
instruction sets.

Word Size and Memory Addressing in Minis
Modes of addressing memory and their
utilization: problem  of small word size
tradeoffs in addressing, effects on cholce ol
mini for various applications.

input/Output Devices for Data Acquisition

& Control
Analog and digital 1/O devices: multinlexors,
converters, actuators. Noise, speed. and
interfacing problems

Interrupt Structures and Control of 1O Devices
Sottware for control of JO: drivers, /O
request  subrouiines. reenirant  software,
dedication of /O devices,

Real-Time Executive Programs for Minicomputers
Organizations  for executive or monitor
sottware: all core systems. overlay systems,
core loads, parltitions, dynamic memory
allocation systems. Effect of application on
choice of organization.

Dedicated Data Acqguisition 1/0 Sottware
Organiization of software for high velume
critically fast tesponse systems including
exiensive operalor communication.

Fundamentals of Real-Time Systems
General structure of real-time systems for
data acquisition, process monitoring, process
control, operator communication, message
switching, lab automation, and
manufacturing control,

Background Theory for Direct Control
Review of basic princinles and tools for
direct, feediorward, interacting, and adaptive
control

Background Theory for Supervisory Control
Hierarchical computer  control  systems:
or-line  ophimization, adaptive control,
sequencing control, scheduling of
manulacturing systems,

Data Acquisition and Control Packages
Characteristics of commercial packages and
software systerns for data acquisition, direct
control.  sequencing  control  supervisory
control,

Scheduled Lab Experiments:
1. Heal-time data acguisition and control of
asimple flow process,

2. LGraphic operator console for
communication with data acquisition and
control sysiems.

3. Real-time Fortran programming for data
acquisition and control,

4. Digital simulation for data analysis and
system design.

5 Analysis based on Fast Fourier
Transform.

6. Demonstration of computer aided-design
system.

The laboratory facilities will be available also
for students to carry on any additional
experiments of their own choosing.

SYSTEMS RESEARCH CENTER
CASE INSTITUTE OF TECHNOLOGY
CASE WESTERN RESERVE UNIVERSITY




Format: There will be two 75 minute lectures
given each morning Monday through Friday.
Extensive use will be made of visual aids. New
methods and theory introduced in lecture will
be presented and explained via simple
examples. beparating the lectures will be 7
“coffee break’’ and opportunity for informal
discussion of the lecture material. A third 75
minutie lecture will be given in the aflernoon
followed by informal sessions devoted to
problem working, computer usage and
laboratory. The class will be split up into
several small groups for this purpose. In
addition;  provisions  may be made for
computer use during evenings for special
projecis.

Laboratory and Computer Facilities: The
lectures are supplemented by laboratory
experiments designed 1o provide
familiarization  and experience with ihe
methods  and  techniques opresented. The
Systems Engineering lLaboratory includes a
GE 4060 digital computer system suitable for
data acauisition and control of reallime
systems, an EAI 580 anslog computer which
may be operated in real-iims, in high-speed
repetitive modes for iterative analog
computations, or in conjunction with the
digital computer as a hybrid system, and a
Honeywell H21 digital control computer.
Graphic communication with the computers
is provided through a CDS 904 terminal. The
taboratory includes several completely
instrumented benchscale process units, and
industrial control components to permit a
wide range of research and experimentation
on real-time data acquisition and control
systems.

Course MNotes: A complete set of notes is
provided which cover the lectures in detail.

Faculty: lrving Lefkowitz, Douglas
Rothenberg, and James . Schoetfler are
Professors of Engineering and members of the
Systems Research Center where, for the past
15 wyears, extensive research and education
effort in the field of data acquisition,
computer control, software, and computer
applications have been carried out,

Location: Case Western Reserve University is
in Cleveland, Ohio, easily accessible by air and
road firansportation. There is also public
transportation  from  the airport to the
university  area. More detailed travel
instructions are available on request.

Housing: Accommodations are available at
several hotel and dormitory facilities within
easy walking distance from the University.
We'll send vou details on accommodations
when you send in your Registration Form.

Registration and Fees: Course fee is $275 and
includes complete course notes, laboratory
and computer charges, and parking on the
campus for the week.

Return Registration Form by May 1, 1972,
For further information write or phone:

Professor |, Lefkowiiz
Systerns Research Center
Case Western Reserve University
Cleveland, Ohio 44106

Phone: (216} 368-4078

2BDO 372




REVISED SCHEDULE
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32ND SPONSORS' MEETING OF CONTROL OF COMPLEX SYSTEMS PROGRAM

Wednesday, May 3, 1972

9:15 - 10:00 a.m. COFFEE AND DONUTS
10:00 -~ 12:45 a.m. SESSION 1
Introduction

Program Overview

Simulation Analysis of Large and Complex
Systems

On Self-Tuning Regulators

1:00 - 2:15 p.m. | LUNCH

2:15 = 4:45 p.m.

SESSION 11 J. 0. Schoefflen, Chaimman
Evaluation of Reliability of On-Line Mini-
computer Systems

On the Development of Discrete Event System
Theory

A Virtual Memory Organization for Minicomputer

Application Software

Computer<Aided Design for Large Scale System
DDC Software Organization for a Three Computer

Hierarchical Contrel System

An Interactive Model of An Urban Wastewater Con-

veyance System

SESSION ITI D. Macko, Chaimman

On-Line Coordination of Interacting Systems

A Study of Multilevel Control Applied to the

Hot Strip Mill Process

A Design Methodology for Automated Inspection

Via Pattern Recognition

A Decision Structure for Making On-Line Sup-

port Tradeoffs for Large Complex Systems

3:20 - 3:35 p.m, COFFEE BREAK

8:30 - 10:30 p.m, SOCIAL GET-TOGETHER

- s
Ly =

~

Crawford 13
Crawford 14
. Leghowitz
. D. Schoefflen

. P. Riley
. J. ,Zv.sfjtgm

Faculty Dining Room

. K.

Crawford 14

. Sunderland

J. Chadha

L. Baonnenr
L. Bronnen

=

. MiLetd
. Dean

Crawford 13

. Whitdield

Fubuda

. Kylin

. O'Nelk

Howard Johnsons'

Penthouse



Thursday, May 4, 1972
9:00 = M™:25 p.m.

SESSION IV G. Blankenship, Chadnman Crawford 14

Small Signal Models for Estimation of Input
Variables from Secondary Process Measurements. . 0. Easterday

Some Simulation Models for One-Dimensional

A Distributed Systems « « P. F. Salamon
Distributed System Identification Using Quasi- -
lTinearization . « R. T. Schenke
Recent Developments in Stochastic Control and '
Filtering . . G. Blankenship
SESSION V Y. V. Haimes, Chairman Crawford 13
A Multilevel Approach to Planning for Capacity
Expansion in Water Resource Systems o o W, 8. Nainis
Vector Optimization for Control with Perfor-
mance and Parameter Sensitivity Indices « « F., Gembichki
Regional Water Quality Management . « S, Rosen

The Planning and Operation of a Regional Water
Quality Management System: A Multilevel

Approach » o M. A, Kaplan
10:70 = 16:25 a.m. COFFEE BREAK
11:30 - 12:30 p.m. LUNCH Faculty Dining Room

1:00 - 2:45 p.m,

SESSION VI L. S. Lasdon, Chainman Crawford 14
Development of an LP Program for Ship Rout-
ing « o L. 8. Lasdon
Synthesis of a Crude 011 Supply System e« S, J. Mathis, Jn,
Multilevel Techniques for Scheduling a Class
of Integrated Industrial Systems o o W, Dniscoll
SESSION VII I. Leghowitz, Chalrman Crawford 13
Regulator Design with Consideration of Obser-
vation and Control Implementation - « G, Blankenship
A Multilayer Control Hierarchy with an On-
Demand Updating Policy e« K. Taufi

AppTication of LOGOS to Computer-Aided Design:
an Example « » C. Rose
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IT. FACULTY

R. E. Bolz Dean, School of Engineering
G. L. Blankenship Assistant Professor, Engineering
Y. Y. Haimes : Associate Professor, Engineering
J. T. Koppenhaver Assistant Director, Research Administration
L. S. Lasdon Professor, Operations Research
I. Lefkowitz Acting Head, Systems Engineering Division
D. Macko Associate Professor, Engineering
M. D. Mesarovic Director, Systems Research Center
H. R. Nara Associate Dean, Engineering
P. A. Orner Associate Professor Engineering
C. W. Rose Assistant Professor, Information Sciences
D. H. Rothenberg Assistant Professor, Engineering
Jd. D. Schoeffier Professor, Engineering
S. Guberinic Yisiting Postdoctoral Fellow
0. Semenkov Yisiting Postdoctoral Fellow
J. P. Riley invited Lecturer, Utah State University
K. Jd. Astrém Invited Lecturer, Lund Institute of Technology
IT1. STUDENTS Undergraduates
M. Alpert S. Mathis B. Alleshouse
L. Bronner P. Merluzzi J. Bendfeldt
K. Chadha V. Mileti K. Beracz
C. Conneighton W. Nainis H. Jacobs
I. Dear F. 0'Neil K. Mendelson
W. Driscoll E. Rechtschaffen J. Miltligan
D. Easterday S. Rosen D. Mumford
J. Foley P. Salamon R. Sirow
T. Fukuda R. Schenke E. Snyder
F. Gembickid R. Schmotzer M. Stafford
B. Gunter S. Sunderland T. Takacs
T. Harrington K. Tsuji D. Wright
R. Ishida R. Walters
M. Kaplan T. Weisman
D. Kolo C. Whitfield
D. Kylin S. Yoshii
H. Lopez W. Yu
H. Lycakis
IV. STAFF
D. Brachi Technical Secretary
G. Cadwallader Administrative Assistant, Systems Research Ctr.
M. Cantini Administrative Secretary
K. Roberts Technical Secretary
T. Shook Project Engineer, Systems Research Center
P. Worrell Student Helper '



32ND SPONSORS' MEETING OF CONTROL OF COMPLEX SYSTEMS PROGRAM

Wednesday, May 3, 1972

9:15 = 10:00 a.m. COFFEE AND DONUTS Crawford 13

10:00 = 13245 a.m, SESSION I Crawford 14
Introduction v o 1. Leghowitz
Program Overview « v J. D. Schoefglen
Simulation Analysis of Large and Complex
Systems , «..J. P, Riley |
L ‘ AsTrowm
(99 43300 - 2:36 p.m. LUNCH : Crawford 13
2186 - 4:46 p.n.
SESSION II ~ J. D. Schoeffler, Chaiuman | - Crawford 14
On the Development of Discrete Event System o
Theory « + K. J. Chadha
Evaluation of Reliability of On-Line Mini-
computer Systems , v+ 8, Sundertand
DDC Software Organization for a Three Com- -
puter Hierarchical Control System w v VL Miletd
- A Virtual Memory Organization for Minicom= :
puter Application Software .« L. Bronnen ioR"
~ Computer-Aided Design for Large Scale System . . L. Bronner ::1 —
-An Interactive Model of An Urban Wastewater ma-
- Conveyance System v v L. Dean
SESSION III D. Macko, Chatunan Crawford 107

On=Line Coordination of Interacting Systems . . C. Whitfield
A Study of Multilevel Control Applied to the

Hot Strip Mill Process « + T, Fukuda
A Design Methodology forAutomated Inspection }
Via Pattern Recognition v+ D Kylin

A Decision Structure for Making On-Line Sup- S
~-povt Tradeoffs for Large Complex Systems . . F. 0'Neit

Automatic Dipper Control forStripping Shovels . . Takaces,et al.
3:00 = 3:15 p.m. ' COFFEE BREAK
8:30 - 10:30 p.m. SOCIAL GET-TOGETHER Howard Johnsons'

Eentiouse



Thursday, May 4, 1972

9:00 = 12:00 noon

- SESSION G. Blankenship, Chatuman
Recent Developments in Stochastic Control and
Filtering
E;1“A|VL L‘hwah. Small Signal Models for Estimation of Input
g4 chvo ,M . Variables from Secondary Process Measurements.

b\
DMA?JJ Some Simulation Models for One-Dimensional
Distributed Systems .

Tuning Linear Quadratic Controls
SESSION V Y. V. Haémes, Chaimman
A Multilevel Approach to Planning for Capacity

Expansion in Water Resocurce Systems

Distributed System Identification Us1ng Quasi-
linearization

Vector Optimization for Control with Perfor-

mance and Parameter Sensitivity Indices .
Regional Water Quality Managenment .
““The Planning and Operation of a Regional Water
~ - Quality Management System A Multilevel
' Approach
. 10:20 - 10:40 a.m. COFFEE BREAK
12:00 - 1:15 p.m. LUNCH

1:15 = 2:45 p.m.

SESSION VI L. S. Lasdon, Chairman
Development of an LP Program for Ship
Routing » .
Synthesis of a Crude 0i1 Supply System .
Multilevel Techniques for Scheduling a Class
~__of Integrated Industrial Systems
SESSION VII 1. Lefkowitz, Chairman
WWﬁegu]ator Design with Consideration of Obser-
vation and Control Implementation .

A Multilayer Control Hierarchy with an On-
Demand Updat1ng Po11cy

Application of<EOGOS to computer-aided Des1gn

-

An Example e . .
((/ﬂ- P fer s ?/} fw’wf . st '7*- e

Crawford 14

» G. Blankenship

. D. Easternday

. P. F. Salamon

V. MiLetd
Crawford 107

. W. S. Nainis
. R. T. Schenke
. F. Gembicki

. S. Rosen

. M. A, Kaplan

Crawford 13

Crawford 14

. L. S. Lasdon
. ST, Mathis, Jn.

. W D&;Acoﬂﬂ

Crawford 107

. G. Blankenship

. K. Tsujé



