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GAMS

Model Structure

328 L. Dulay, R.D, Norton, CHAC

4 {c) Regional farmer emplovment eeounting rows:

~RESr+3 2 L dFLq+ X T dFLi=0, eachr
dsr g

dEr

I, .
| Sum over districts |27

[Regional farmer| and quarters of

- |_ crﬂp13}'lm”“t J* 3| quarterly farmer
activity 1 emploviment
Sum over districts 7
+ and months of =0

| monthly farmer employment

1 (d) Total employment ACCOUNTInG row in man-
~12LMAN + 2 LMANt =0
3

years: -

‘Fotal cmpluymcnﬂ' [Sum over months of
=120 man-ycars |+ | total employment | =0
in man-months

12 {e) Total monthly employment dccounting rows in man-
months: C

-22LMANt + L dDLe+ D dFLg + D dFiLr =0,
N o v a
each f and g such that r€ ¢

( Total % [ Sum overdistricts of
=22 emp]c}rment| + /day labor employment
|L in month ¢ | L in month ¢

fSum aver districts of

i quarterly farmer 1 Sum over districts |

+ | employment in the I+ tof monthly farmer | =0
! Quarter containing | | employment i
L month ¢ J

3 In irrigation districts the quarterly contract device is wsed For farmers, but in
norimigated districts farmers are assumed to be

sasonal migration to imigated areas may occur.

% The activities For hiring Tarmers and day labsurers are stated mounits of tens of
man-days per month (or quarter), and there age 27 wirking daye per
conversien factor of 2.3 is required in the (irst term of this equatic=.

available on 3 monthly basis, 40 that

manth; hence the




GAMS

Sequence of standard operations for cotton cultivation {days of umkilled labor, mechinery services,
and draft animal services required per hectare by month)

Model Data

Table 3

Cultivation month and operation Mechanized Partinlly mechanized Mon-mechanized
pnskilled Machinery Lnskilled  Machinery  Animals prsktlied animats

st Preparatory tasks [ D12 1.0 .0
Fallow 0.5 [} 30 6.0
Crossplowing " 25 50
Harrowing 021 0.1 0.5 L0
Land levelling 0.25 015 1.0 20
Canal cleaning 1.0 1.0 0

nd Trrigation ditches 1.0 02 1.0 0.2 20 .0
Forming borders ® - 0.2 0.2 2.0
Linking borders 1.0 - 1.0
Water application 2.0 0 2.0
Harrowing 0.2 0.2 .0 4.0
Seeding and fertilization 0.2 0.2 0.1 0.2 4.0
Maintenance of field works 0.2 0.2 i

Ird Thinning planis 4.0 4.0 4.0
Cullivation 0.2 .0 , 4.0 0 4.0
Weeding 6.0 6.0 6.0

Applications of insccticides (2) ©

TiE

J¥HI sof steq sieg ‘uspuy f ‘eectsed WY



GAMS

Matrix Generator

Ye2uml'ug2uB)

IF IXC2UBY, LT D 5, AND, X(243),6T,,00)
Ytzagl'wgaus)

IF GXCR2UTY, 7 0,5,AND, X(24d7),6T,,00)
Y2501 XE250)

IF (XC2900,LT 3,5, MND, X250 ,6T, ., 001
YO25101HL251)

IF (XL2S51),LT 0,5, aND X [(25]),6T, . 00]
Y2521 HE252)

IF (x(252),LT 0,5,AND, X {252),6T, .00
YLES3IMEL253)

IF CX[2SE) LT 0,5, AND X{251),67,,00)
YEIESaytxasa)

IF (X(254),LT 0,5, 4ND, ¥(254),6T,.007
YEE55) ' T(2ea)ey 2aT]
YI25a)'1(2586)

IF (X{@5p) (LT 0,5.4ND, X1258),0T,,001
YI35T)IH(25T)

IF (X(257) LT 8,5, AND ME25T),67,,001
YI2SRY I {258

IF (Wi258) LT 0,5 AND, X{2858) 6T, ,00)
Yi258) 'R (259)

IF (XE25%),LT70,5,AND K(259),C6T,,00)
Yi2ea)1R{280)

IF f![Ehﬂ!.LT:D.E.“‘n |::Eb{"-F'T'I I':'I:I]
YeaeLIt¥iel)
Yiga2)'u(2a2)

IF [XE262),LT 0,5, 4ND, %(282),67,.,000
Yi2hF)'u(2RT)

IF (X12633.LT 0, 5ah 4D, KE2H1Y 6T, 4000
YIZsa)ta(aseu)

IF (M{2e0) LT [, 5,040 EC2u4) ,GT, 00}
Y265 N (265)

IF CXC2651,LT C,0,0u0, (205) ,6T,, 007
Yi2BR) K[ 2E8)

IF (X (268) bT C,5 A0, El20k] GT, 003
YE28T)'N(2ET)

. CUMPPB

YI248) T(2aB, LI w 1R [208))
YI20R) ' I(28F, L« (14+X{2a0))
¥OESO)' 2(250,1)nile xRS0l
YERSL) T Z( 250, 1) %0 1enL25)))
YE2S2) VD252, 10w 1en (252}
Y253V EC2S R, 1) # 0 1enipSE) Y
YI258) P Ze25d, 10 nlleX(254) )

YI25B)PT(RSe, Q)m(LrX (256}
¥O2ST) VECEST LimCirR( 25T )
¥O258)  Be2hB, LIwCL+X2561])
YLESR)VBLEED, Li=14XL{2591)

LU F{2el  L3a X 2001)

ri2ed) ' Z(2a, 1w 1o X(262))
riged)  Zr2od, 1)aqlex(2e3))
fl2ad) ' Zi2ady)ef encdanly
TiE03) ' TI8bb, 138 (=265

Ti2ok) 'Ti2eb, 1In(leu(Zap!)

COMpPIA
COMNET
CUMONE
CUMTwO
TUMTRR
ELRFOU

CLMFIY
CLMLET

CLMLCG
CLiMoLs
LU b=
C= =

EXRPORT
METDIT

NETOFT
WEKEMT
HETTRN

UFFCUR

NFFrae



Matrix Generator | nput

25 1 & ] i 0 1 GGREGAT
t.12 Da01k5
ALA ALG ALYV ARD &ZU CaW CEG CHY FR! GaR JIT JON MAI MAT MEL P
PLU SalL S5&N SOR 50T smv TAI

08,0288
5959949

AZU 4Ty =0,25 1.0 ¢,0070 2e2Th20,

SJIT JIY w0, U I‘ﬂ 4,1150 LTUTS2,

FEF PEP  al,b t’e 8,0590 19,

PLU PLU w1800, 1Yo 80,5770 85209,

cCC

CHI 1 =0,E

ChY 0,1500 lu,u59 1,0

FOR ] =3,13

SOR 0,0810 2a5,B18 1,0

CEG fia 05930 T3] 1,0

ELW 0.0100 2ab, 109 )

ALA Ns 0400 129,019 1.0

GAR 0,0990 17427 1,0

Mal N, 0880 T9,997 1.0

FEC 4 -0, 3

FR1 a,1830 37,001 1,0

&R0 B.1220 176,197 1,0

PApP 00930 27,1358 1.0

GAR #,0990 0158 1.0

GR& g =0,1

M4l n,0880 1g2, 804 1,0

TRI n,0800 393,979 1,0

FRU 2 az2 .0

SAN n.,0TED In,850 1,0

ME| 0,0880 & T9350 1.0

OLE 4 =1,2

Sal p,0830 193,910 1,0

JON n.2uio g 22y 1,0

CAR f,15850 73,490 1,0

a0y Ny 1800 Sv,220 1,0

END

AL & L02 gleo

Bl ow AALD -



M PS File — Column Section

gewm e g P
X, A3GHCE B aS,,;Cp =], 00000
X ASGHE2 A THA b, 98400
Xy ABGHE3 D, GH,N 0,33500
X ASGHES R, ,,GHCY Ly 00000
L A8GHC 3 B AS,;,C1 el ,00000
X ASGHCT A, TRA b, 98400
X AEGHAS D, GH,N 0,20800
N ASGHAS R, ,,GHig 1,00000
XK, ASGMAS B kS, A% |, 00000
X ASGHAS A, TRA 6,98400
¥, ASGHS1 D,,,GM,p 0,15000
X, ABGHS] R,,,GHS) 1,00000
AN, A8GHS] B,48,,58; =i 00000
% ASGHSL A, THA by, PRUOD
Xy AQGHCN R, GHOY l,ﬂﬂﬂﬂﬂ
X, A8GHCN B ,48,,Cny =i,00000
X, ASGHCN A, TRA b,98up0
KehSHEC1 DO, 4K8,n 0, 28000
M A5KEC1 R, , K50y 1 00000
K A3K3C) B, AE,.Cy =1,00000
M ASKSCY A, THA 758000
N yABKECE D, . K30 0, 51000
W, ASKSC2 R,..KSC2 1,.00000
K, ABK8CZ B,45,,C2 =],00000
N ASKSCE A THA Ty50000
LIFLE- LS. Tl T e 8. 0, 335900
X, ASKSCE R,,,MSC1 1,00000
¥, ASKSCE B, AS5,,C3 wl,00000
K ,AS8KS5CE &, TR4 7,56000
K ASKSAS D,. 4 KE,N 0,20600
X ASKSAS R, ,.KE5AS5 L,00000
%, ABKEAS B A5, ,4g =1,00000
¥, A3M548 A TRA 7,58000
X, A8K881 D, ,,X8,p 0,15000
X A3ME31 R, ,,M35; 1,00000
K A3M531 B, AS,,51 =1,00000
N h3HE51 &, TRA T.58000
X, ASM3CN R, KSCH 1,00000
iy ASKECN B, A8,,Cw =], 00000



GAMS

Bl MPS Revision File

BRANCH * Ma JERR
MEXT
REVYISE REVS TAFE L4

waskd CARD HEAD BUMMARY swad

HELDER, CaARD wWO™

HEADEH, C4RD ug‘ .'la ::;"Emw eh

HWEADER, CaRD wO* 3 ¢ g f :

HEADER, C4RD %O " Iwnaa gl

HEADER, CaBD WO ] g MODIF

HEARER, C&rD wnY 18 ZEN E$1 '

HEADER, CemD wo' 15 lNiEE *

HEADER, CamD wD© 28 ECOLUM Hevs

HEADER, Camp np° 21 T UkEnN?r

HEADER, CARD WD az tEHDlTE

HEADER, CARD WOY 43 ZNAME

HEADEW, CamD nNOY 4 L0 BEXE

HELDER, CamD wo" 45 ¢ ku;N?

HE&DER, CaRD o 59 EEND?TI '

HE&DER, CARD w0 52 EMANE ?

HEBDEH, CARD sO° 54 ERHE =i

HEADER, CaRD woY 54 2 MODIF

HEADER, CaBD uod &B EENnITI i

HEADER, CaRl NO° 8g ENANE

HEBOEH. CamD WA 10 gp:sE e

HEADER, C4AD Nn: 11 £ MODTFY
CARD NI
Eiro N0 73 € enms s
Si80 Moy I3 . L 1 CLé,v, 82 5,03328
et 28 . HHsi CLo,w,03 %, 03328
it o ¥ “:51 Cod, v, 00 5,08328
El0s ng 4 A nhal CLb,v,0% 5,08528
Sinn 2 ! HHal CLibyv,be 5,033248
£anb wo, 78 g RHS1 CLb,v,07 5,03328
LAR0 Mo, s < A, CLd,v, 08 5, 03328
Camd WO Bl e w-51 it e
LARD N, it . n:ss CLb,v,10 5,03328
carp wn® 63 c nug1 b e
carl wnpot Bu z uu;‘ i it

HEADER, CaRD np* BS TENDATA ! iRk Te WS



nE M PS Output

DATE aT/30/T6 TINE P2,12,21 COLU™HNS AFEN=111 Ql,880 PAGE
PRINT DRTION ® CAMPLETE OLTPUT wSSPECT ML TIVE = 28, 18489
NAME = CEWTRAL mnAJ = DEJ B8 a RHS] BND = LIMITE 1,0000 RPEA=S = 10000
DER = waxgwrgy rNEd = CHMS = aMG = O,8000 HECHEME = QL0000
KUWMBER WaAHE TYRE SVavys COL ACTIvITY O8] COEF D uPPER FARGINGL
iol C8Eiw,,” AL LOWES ' =47,80000 [ +INF =8, U6B5]
lpz c=e2f,," PL ACTIVE JOE0ET =T01,00000 | +INF ;
103 I.‘.Ei[l!..: PL 8CTIVE i =10330,80000 ) +INF ;
lga  caEer,, L LOwER " =2429, 70000 | +InF =912,25118
1pS CHESC,, PL LiowE @ ¥ =%4l8,00000 *INF =2142, 385642
1o CAksC,,’? PL ACTIVE . =511B,00000 ) «INF ;
107 ceerc,,! L ACTIVE «OB08T -15.20000 | sfnr :
1] EEG.\I‘”‘ PL SCTIWE M =231 ,57a08 *INF =
109 CS6,F,, PL ACTIVE TN =231,57000 ) INF '
110 ceo,v,, " By ACTIVE . =139, 67000 | «InF p
111 cen,F,,* PL ACTIVE L00082 =139,67080 | =InF i
112 CPO,C,, ) PL ACTIVE T =139,67000 ) eINF .
113 CEG,v,.} PL ACTIVE i =TeaTi008 | +InF P
114 CEG.F,, By ACTIVE « 00025 =Te 71000 * #INF i
115 CEGeEy," uL SCTIVE $00128 =Te.T1000 | #INF '
lie CDa.Cx,?} L ACTIVE R 12,91000 /| +InF .
117 COF,CN, HE LOwER F 180, Tu0an [ uF =BT, 19134
116 Coe.cu, PL LOWER i 167, B 3000 5 *INF =256, 3998 1
119 Cus,Cx,? ! ACTIVE LTy 121,35000 4 +InF ;
20 [OL,Cx, PL ACTINF 002325 9180000 +INF ¥
L2l Cws.cn,” PL WETIVE ST 10974000 | #InF a
122 caL.Cx,! L ACTIVE J00Tad TT.usDBD | +1NE ;
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Bl WB Old Slide 1

PLANNTNG PROBLEM AND OBJECTIVES INITIALLY OFTEN

UNSTRUCTURED
1LL-DEFINED
CONFLICTING
UNCERTAIN
CHANGING

EMOTIONAL

MATHEMATICAL MODEL USED TO RECOGNIZE AND FORMULATE
PROBLEMS, DEFINE ISSUES AND EXPLORE SOLUTION SPACE



WB Old Slide 2

PRESENT TECHNOLOGY

| REAL WORLD

PROBLEM
MODEL
SOLUTION 1 e |
N | DATA
Operating Systems
Model Generators
Computer Languages
—"
Report Generators
Data Base Systems
Solution Packages
RESULT: = Drain of rescurces (technical,

time, money)

- Essentially no documentation



WB Old Slide 3

MAJOR CONSTRAINTS :

COST

SKILLS

TIME

TOOLS
DOCUMENTATION

TRUST

L

11



GAMS

WB Old Slide 4

IDEAL TECHNOLOGY

REAL WORLD
PROBLEM

ANALYST

GENERAL ALGEBRAIC
MODELING SYSTEM

DATA €—> MODEL <—3 SOLUTION

y
Operating Systems
Computer Languages
Solution Packages

RESULT: = Limited drain of resources

- Eame representation of models
for humans and machines

- Model representation is also
model documentation

12
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WB Old Slide 5

DEVELOPMENT OF GAMS

Phgse 1 (1978)

- The system can be used to represeant and
analyze any algebraic model (be it

- The system can perform algebraic manipu~-
lations on all data

- The system can generate and solve linear
programs automatically

= The system can generate reports on data
and solutions via simple 'display'
statements
13



GAMS

WB Old Slide 6

DEVELOPMENT OF GAMS

Fhase 2 (1979)

-~ The system can generate and solve

nonlinear programs

=~ The system will provide links te
special-purpose algorithms for econo-

metric problems, network problems, ete.

= Appropriate extensions to the language

will be made as the need arises

14
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WB Old Slide 7

DEVELOPMENT OF GCAMS
Phase 3 (1)
- Automatic structure recognition

= Internal generation of ewget point-

derivatives

- Improved data-base design with e.g. unit
analysis, and links to existing data

basas
= Ayailability of GAMS on different machines

= World-wide availability of the system so
that it can be used as a market for

testing models and algorithms

15



Basic Principles

 Separation of model and solution methods
*Models Is a data base operator and/or object

» Balanced mix of declarative and procedural
approaches

e Computing platform independence

*Multiple model types, solvers and platforms

16



Changein Focus

Computation
Past

Algorithm limits
applications

Problem representation
is low priority
Large costly projects

Long development
times

Centralized expert
groups

High computational
cost, mainframes
Users left out

Model

Present

Modeling skill limits
applications

Algebraic model
representation

Smaller projects
Rapid development

Decentralized modeling
teams

Low computational
cost, workstations

Machine independence
Users involved

Application

Future

Domain expertise
limits application

Off-the-shelf graphical
user interfaces

Links to other types of
models

Models embedded in
business applications

New computing
environments

Internet/web

Users hardly aware of
model

17



Dinner Table Assignment

e ‘Couples’ on the same table

e Mix backgrounds and interest
(algorithms,applications,World Bank,
GAMS staff and family)

 Allow for last minute changes

e Use amode to shed responsibility for ‘ poor’
assignments

18



List of Participants

F_E. show.xls [Shared]

A, B D
1 |Firsthame Lasthame Email Crganization
2
{ |Michael Ferris LY hadizon
&) Jane
8 Melissen Franz GAMS Software
10 | Gary (Goldstein IR
11 Cheryl
12 |Forest Hill Hill and Associates
13 |Bob House LISDA,
14 |Gerd Infanger =tanford
15 |Lloyd Kelly Hill and Assaociates
16 | David Kendrick LIT Austin
17 |Bjarni Kristjanssen MARIMAL Software
18 | Sven Leyfter Argonne Mational Labara
19 Fr. Leyffer
20 |Alan Manne =tanford
21 |Bruce McCarl TAML
22 [Todd Munson Argonne Mational Labora
23 |Fred C'Brien LI=hA WWest Point

19
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Bl Problem Domains

Edit Search ‘Windows Ukilities Help

‘ | {tgl v Q;‘ﬁ | symb lookupx {a}l %l | I

3 test' super' seating.gms

seafing.gms |seatin|;:|.lst|

§Title Seating Model for GAM3 Birthday Party

feolcom f/f

S5et pp 4ll guests

g Groups / 5 'Zolver/Modeling Providers!

A 'Thpplication Zpecialists!

'Morld Bank!'

PFLME!

'Family!

==

!

cc Couples F cl¥ciZ0, none/s

tt tables P o Bl o N 0

h headings / Show, Conference, Dinner, GO, BEQ, Tahlelo [
Parameter bd(pp,d,cc,hl Birthday Data:

frall gdxxrw show.xl1ls set=pp rdiw=1 rng=e4:e52 par=bd dim=4 rng=e3:m3z

20



GAMS

New Excd | nput

E2 Microsoft Excel

JEiIE Edit Wiew Insett Format Tools Data Window Help

DsH SRY|sRRS (v |& = £ 831|800 -3, o -0 -/ B I U
K35 | =
Ezishuw.uls [Shared]
A B D F 5 H I d

1 _|Firstname Lastname Email COrganization Group {Couples Show Conference Dinner
2 85 fil=
7 |Michael Ferris LY Madisan = cl 1 1 1
8 Jane _ F cl 1 ] 1
8 |Melissen Franz GAMS Software = 1 1 1]
10 | Gary Saldstein IRG A c 1] 1 1
11 Cheryl iF c2 1 ] 1
12 |Farest Hill Hill and Associates A 1 ] 1
13 |Bab House LISDA, A 1 1 1
14 | Gerd Infanger Stanford =i 1 i 1]
15 |Lloyd Felly Hill and Associates A, 1 1 1
16 | David kendrick UT Austin 1A, 1 1 1
17 | Bjarni (Kristjanssen PAEIMAL Software =3 1 1 1
18 | Sven Leyffer Argonne Mational Labora = c3 1] 1 1
19 Fr. Leyffer iF c3 1 0 1
20 [ Alan Manne Stanford A 1 1 1
21 |Bruce McCarl TAML =1 1 1 1]
22 [Todd Tunson Argonne Mational Laborai S 1 1 1
A E vad i = FIS2hAN AN At DAied S 1 1 1

21



GAMS

Modd Definition

% C: kest' super’ seating.gms

seating.gms | seating.lst

Variable gcnt (g)
Z

Binary variahle=s X (pp,tt) assignient guest to table

X oo, L) couple assignment
maximun number of guest of a group at each takble
ohjective variable

Eguation onepipp) one table per guest
onec (o) one table per couple
defcouple (oo, pp,CL) couple mapping
defmaxgig, L) maximum numkber of guest of a group at each tabhle
defz bhalanhce all groups
deft=zize(tt) tahle =ize

onepipl .. sum(t, X(p,t)1)] =e= 1;

onec (o). . sumit, cx(c,.t)) =e=s 1:

defocouple (cp (o, p) 21 .. ¥ip, L] =e= oxlc,t]:

deft=zizeit] .. sumip,x(p,tll =1= 8 + overit):

defmaxyidg,t) .. sumigp(d,p), *Xip,t)] =1= gont(g):

defz.. sum(gi (not xg(g)),card(p)/sumip,gpig, p)) *gent (g) ) =e= z;

Pﬂdel geat falll:

22
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Solve Summary

% C:test' super seating.lsk

seating.gms  seating.lst

MODEL STATISTICS

BLOCES OF EQUATICHNS & ATINGLE EQUATICNS 425
BLOCKES OF VARIAEBLES 4 AINGLE WVARIAELES G525
MO ZERC ELEMENTS 2795 DISCRETE VARIAELES Sl

GENERALATICH TIME 0.030 SECCNDS 1.6 Mb WINZ12-136

EXECUTICHN TIME = 0.040 SECONDS 1.6 Mh WINZ12-136
OZiMs Pew 136 M3 Windows
seating Model for GAMNS EBirthday Party

Solution Report SOLVE seat Uzing MIP From line 70
3 0LV E S UMM ALRTY

MODEL seat OBEJECTIVE =
TYFPE MIF DIRECTICHN MINIMIZE
SOLVER CPLEX FROM LINE 70O

®*FEF® JOLVEER 3TLTUS 1 NORMAL COMPLETIOCHN

®#®u® MODEL STATUS 1 OPTIMALL

w*&® QBJECTIVE WALUE 654, 0000

RESIOURCE UIAGE, LIMIT o.220 1000, 000

ITERATICN COUNT, LIMIT 237 10000 23



GAMS

Output Report

solre sSeat min = using mwip:

set repl(tt,pp,d)
Parameter rept;

rep(t,p, ol $gp (g, pl round (x.1l(p,tc));

rept (t, o) = sum(gp (g, p) frep(t,p, o), 1);
rept (' total',q) = sumit, rept(t,g)]:

rept(t, 'total') = sum(Jd, reptit,dgll:
rept('total','total') = sumi(t,d), reptit,gl):

option rep:0:0:1, rept:0:1:1; display rep, rept:
Parameter toxls(pp,d,coc, h);
toxls(p, g, o, hl = bdip,g,c,h);

toxls(p,dg,c,'TablelNo'] = sumirep(tt,p,dl ,ord(tt) ) ;

execute unload 'toxls', toxls;

execute 'gdxxrw toxls.gdx o=show.xlz par=toxls dir~4 rng=e3:mS3 mwerge':;

T

IHTP Frmhhasis: halanme nnt

24



GAMS

BE Group Balance

E‘% C:htesth super’ seating.lst

sesfing.gms  seating.lst

-———- 51 PARAMETER rept

5] yix w e F total
£l 3 2 1 1 s =
L2 3 2 1 1 2 =]
£33 1 1 1 1 5 9
t4 & 3 1 3 =]
£S5 3 2 1 2 g
Lo P 3 2 1 g
£ a 3 1 1 1 =]
t3 1 3 1 1 2 g
s 3 3 2 g
total 20 22 £ 10 15 Ta
EXECUTION TIME = 2,694 JECONDS 1.5 M WINZ12-136a

25



GAMS

Bl Excel Report

Window Help
o-c @ s A8 S s -7, | rovcBsu[EESE8%, B
C o F G H I J K L fl
Email Organization Group iCouples Show  Conference Dinner GO BBQ  TableMa Con
55 76| 15
Paragon IS 1 1 1 1) 51
Carleton Univeristy = 1 1 1 1] . 3]
ARK] s 1 i 1 I 4
UW Madison 5 i - 5
F c 13 0 1 5
GAMSE Software &3 _ 1 1 1 1 B
IRG A [ 1 1| 1 g
L o e d 0 il
Hill and Associates LA 1 a 1 b
LUSDA, A 1 1 1 B
Stanford = 1 1 1 el
Hill and Associates A 1 1] 1 9

26



Data Connectivity

« Data lmport/Export from Standard Applications
— MS Office, Database, Text files, ...

o Capture an Instance of aModel Failure

— Reproducibility of Model/System Bugs
— Problems: Life Database/different Platforms

e Definition of Data Interface
— Gams Data eXchange (GDX)
— Separation of Responsibility for Data and Model

27



Gams Data eXchange

e Gams Data eXchange (GDX):

e Complementsthe ASCII text data input

e Advantages.
— Fast exchange of data
— Syntactical check on data before model starts
— Compile-time and Run-time Data Exchange

28



GDX Tools

IDE GDX Viewer

GDX \ / dxsolit
API \/ /g s
gams GDX

\ gdxmerge

gaxxrw dxdump
(MS Office) |
qdxdiff

29



Data Contract in GAMS

$onecho > dbf2txt.prg

use plt_data

copy to plt_data. txt type delimited fields PLT_CODE3,UTILABBR, ;
MWPLANT, GASMILES, CONGEST, LOCALE, SLUDGEMIL, MINGRIND, MINSULF, ;
HEATRATE, FPALAW _ON, EPA_SIPS02, TONS_HG For MwPLANT>1000

$offecho

$call =dbase dbf2txt|.prg

$if errorlevel 1 $abort 'Problems with DBASE'

* Process the delimited Files From DBASE

$call cat plt_data.txt | cut -d, -fl,3- | sort | unig > pdata.txt
$call cat plt_data.txt | cut -d, -fl | sort | unig > plant.txt
set p /

$include plant.txt

table pdata(p, *)
$ondelim

$include pdata.txt
$offdelim



Data Contract in Excel

£-4 Microsoft Excel - ictdw_basecase.xls

J@ File Edit Wew Insert Format Tools Data ‘Window Help Acrobat

=10 |
=8| x|

D2EER_AY FBRET o- @3 44 @Q 2

BB

A | =| ICT Setup | | —
 [ICT Setup| B
;| Type GAMS Name Rng Dim Rdim
: PAR Cdata CDATAIA13 5
s PAR CPar CPARIA17 3
s OOET I Exporters 1
: SSET J Importers 1
s ooET K Flavors 1

|
4| 4| p | M Setup §SETS £ coATA £ CPAR £ DDATA / GLOBRATE £ HR / MDATA DELTAK: | 4|

Feady




Data Contract in Excel — cont.

SETS I

J

K

L

/ Met Metallurgical
Thr Thermal [

R / 1%6 [/

Parameter

cdata (1,k,1,3,r)
crPar (1,1,r) |

* Get data from the Excel file _ _
$call gdxxrw 1ct.xls o=1ctin.gdx 1ndex=1ctparms

* pata include From GDX

$gdxin ictin.gdx
$load I J K Cdata CPar
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Cadet Schedules with Constraint Violationz, AYT 2001-1

Header Information

Select Constraint Type: |3 FREE HOUR COMSTRAIMT ﬂ Free Hour Violations: 3 =
Filtter - | j Design Group Violations: 4 —

Unhalanced Schedule Violations: i i
Cadets With Schedule Violations FREE HOUR. CONSTRAINT

Course  Total Enrollment | Marme 55N | Gradvr  Reviewed | =
EM3624] | I [ zo0z [ W ]| Details
FH365 2002 [ —
EmM3GEZA 2002 [ {Course Hours |
EM3014 : 2002 [ : '
Em30Z 2002 [
EM301A . 2002 o
EmM3GEZA 2002 [
EM3IEZEA 2002 [ ﬂ
Cadets: 13
FOS1 ] Civil Engineering Major [ FOS2:
Eng Seq CIVIL EMGINEERIMNG
Activity
Codegy| =5 (3) 1Day TGPA] 2 414 CQPA] 2 699 (3) 2 Day
Hour Course Yiolation Cverride Hour Course Yiolation Cverride Schedule
A FE3110 £ Hour E] S3307
B hlA3E 4 H HI301
Z FL300 [ EmM3GE4A
D FL300 J EmM3IG4A
E | Em3s2a K R OK
F EmM3IE2A L Close




Three Examples of GDX

* VEDA : post processing and ad-hoc
Information restructuring

 LOGMIP: experimental language
extensions, algorithmic design studies

e Branch & Cut & Heuristic: automation of
complex solver enhancements
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TheVErsatile Data
Analyst (VEDA)

Amit Kanudia, KanORS Consulting
InC.

Gary A. Goldstein, IRG



VEDA Description

Manages GAMS Sets, Parameters and M odel
Results for the purpose of dynamic viewing
and re-organizing, and presentation to others.

Allows for cross-cutting access to parameters
and results according to index structure and
element values.

Supports construction of user-defined sets,
definition of new tables, and manipulation of
tables.

Provides powerful filtering capabilities on both
elements names and descriptions.



VEDA Description

Employs customizable n-dimensional Data
Cube component for displaying tables.

Full-blown graphing facilities, as well as
exporting to Excedl, Word, PPT, HTML.
Web-enabled, allowing model resultsto be

made avallable over the web In user-
friendly, reconfigurable tables.

Convenient GDX2VEDA data definition
file for identification of information to be
ported from GAMS to VEDA.
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GAMS

Fie e Table Gein

O & mBle 208 & 0

Resis . Toots  Help

@ WTHPROC
1= s
@ Codl LS

& WAF_COP

& vap_AM

& vaR_FOUT

B VAR Iy
& Conmodiy
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CEMMTH
HANMTH
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HEADMTH
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DILMTH

sk

i

]
O @SB EE

|th|.nl Huarling Pracmerse [l DIFF] |

Lenit: | = Helesh Bets

P ping sl o
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VEDA Table Form — Attribute

[ TP cal T ThrwSkcs 1 Ll e T Dlatald sl s 1
Abnitane Coorrana diigs | Procmx T Fiagani 1 S canaps
Coc i Doz
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Fie e Teble Getn Resufts  Tooks Help
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VEDA Table Form — Sets
(Model& User)/Elements
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LOGMIP

Characterization and For mulation of
Digunctions and their Relaxations

Aldo Vecchietti (), Sangbum L ee™) and I gnacio Grossmann)

(*) Chemical Engineering Department - Carnegie Mellon University
") INGAR - Instituto de Desarrollo y Disefio
UTN - Facultad Regional Santa Fe
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Problem Formulations

Accepted

Formulations

~

Recent

formulations

]

MILP and MINLP formulations are the most accepted by
academia and theindustry for problemsinvolving discrete
decisions

Constrained L ogic Programming (CL P):
general logic constraints, applied mainly for highly
combinatoric problems

Generalized Digunctive Programming (GDP) :
digunctions and logic propositions for discrete
choices



Digunctions

min Z=S, c +f(x) +d"y

sujeto a:

U
il D,

gx)£0
r(x) + Dy£0
Ay?3 a
Yik
h,(X)£ O
C= G

W (Y) =True

xI R, yi {0,1}¢
Yl {True Falsg}™, c 2 0

SD

O ybinary variables (0-1)

QO Xy ¢, continuous variables

Y, Boolean variablesto establish if a
digunction term istrue or false

O f(x) objective function (linear or not linear)

Qd'y Linear cost term

O g(x) constraint (linear or not linear)
Independent of discrete choices

QO r(x)+Dy£ 0 mixed integer constraint
(linear or not linear)

L Ay3 ainteger constraint

QW (Y) propositional logic relating Boolean
variables (digunction terms)
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Big-M Relaxation

Big-M
F=Ualxeb] xT R F=0[hEeo xR
al xEb +M;(1-y;) h()E M. (1)
by by=
M. =max{aTx—b | X%E xE xUr} M. = max{ h,(x) | XI%€ XxE xUr}

Beaumont Surrogate

aX .. b . i (X)
< £Fa-—"+N-1 a £N-1
M, i M, i M,



Convex Hull Relaxation

F :iTL'JD [aiTXEbiJ xT R"

x-av, =0 x,v,l R"
il D

aiTVi'Q Y, £0

ay =1 ,0£y. £1,il D

il D

Of£v £vPy.

F=0 [h()£0] xI R"
|

x-av,=0 x,v;1 R"
il D
yihi(vi/y)EO

ay.=1 ,0£y.£1,il D

il D

O£V EVPy.

ol



Relaxation Comparison

minZ = (x,- 1.1)> +(x,- 1.1)° +¢,
si.

é Yl L,J ? QYl
éxf+x§£1Hng1:x2:0,
& ¢=1 H &8 ¢,=0 4
O£ x,,X,£1;0£ ¢,

Y, 1 {true, false}

(e e e

=



X =Y Space

\_/

minZ =(x, - L1 +(x,- 11)’ +y, MiNZ =(x,- 1.1)%+(X, - L1)?+y
) 1 . 2 = 4L 1

st.
XX E Y] st

0EX, £y, X+ X £y

0E£EX, £y, O£x,x,£EL,0£y, £1

O£y £1 53



Two Term Digunction

e True e Fase 9 Modeling two terms disjunction

u
A _ L,J U
EConstral ntly g:onstramt 2u

|F (condition,) THEN

Constraints to be considered when condition, is True
ELSE

Constraints to be considered when condition, is False
END IF



N Term Digunction

N
onstraints N

é 2
gConstral nts 2

Ve Ve

1
U..U

é
gConstrai ntsl

C_z\ c/
(_C\ c/
%o
oy

|F (condition,) THEN
Constraints to be considered when condition, is True

ELSIF (condition2) THEN
Constraints to be considered when condition, is True

EL SIF (condition3) THEN

ELSIF (conditionN) THEN
Constraints to be considered when condition, is True

END IF



Example

Y UGY, b @V,
a(Y, UY,)
0£x £5,0£x £5,.¢30

Y 1 {true, false}, j =1,2,3.
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GAMS Implementation

$ONTEXT BEG N LOGM P

EQUATL.. X('2')- X('1') + 2 =L= 0; |F Y('1') THEN

EQUAT2.. C =E= 5: EQUATL;
EQUAT3.. 2 - X('2') =L= 0; EQUATZ;
FQUATA. . C —E= T ELSIF Y(' 2') THEN
EQUATS.. X('1')-X('2') =L= 1; EQUATS;

EQUAT6.. X('1') =E= O: EQUAT4;

INTL.. Y('1')+ Y('3) =L= 1
INT2.. Y('2')+ (1-Y('3)) =G= 1;

ENDI F;
IF Y('3') THEN

INT3.. Y('2' )+ Y('3') =L= 1 EQUATS;
FICT.. SUMI, Y(I)) =G= O ELSE

OBJECTIVE.. Z =E= C + 2*X('1') + EQUATG;
X('2'); ENDI F;

X. UP(J) =20: $OFFTEXT END LOGM P
C. P=7; OPTI ON M P=LOGM PC

MODEL PEQUE2 /ALL/;
SCLVE PEQUE2 USING M P M N M ZI NG Z;
Y4



Branch-and-Cut & Heuristicsin
GAMSfor MIP Problems

Hua (Edward) Ni
Geor ge Washington University



Branch-and-Cut (B& C)

B& C is an established algorithm to improve the
B& B search.

|mplementation facilities:

— MIP solver callback functions (CPLEX, XPRESS, ...)
— B&C framework (ABACUS, COIN BCP, ...)

Required Knowledge for B&C

— IT knowledge (C/C++/JAVA, Solver APIs)

— Mathematical programming knowledge

— Application specific knowledge

Supply GAMS users with an easy accessto B&C
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Design Principle

GAMS SYSTEM
GANMS % User
Sol ver o ot
Link 9 Cener at or
— &
S Heuri sti cs
M P Sol ver 2
(e.g. CPLEX) ~ (e.g. GAMB)




A Staner Tree Problem

e Berlinb2 —from SteinLib
— 52 nodes (1 source, N'=15 sinks), 1326 edges

 Flow formulation:

i, A (p.rd™ @) (G, DHd™ (i)
+ Dicut: g(g)w =1 if Sl Vand b( S) >0.
2,7 .

o Separation:
g—min{ Z U Zbizi>0, 2:7;6{0,1}‘7716‘/}
(

i,j)EA icV



GAMS

e Cut Generator iIn GAMSI

%E:"-.,Ducuments and Settings' Administrator’ DesktophDicuts.gms.

I Dicuts.gms

=100 x|

Set nn nodes=
arc(nhn,nn) arcs: alia=s (nin, I, ;
Parameter demandnn) node demand
foost (nn, nn) fixed cost

fgdxin NetInfo.gdx
$load nn demand foost

Variable=s vhar (nn,nn) the fractional v solution
Cost
inary variables =z inn):
Equatiuns <y ohijective
T rositive demand over the node bhlock:
b, . sum(arcim,n), vhar.lim,n) *zin)*[(1l-z(m))) == cost;
i sumin, demand(nl *zinll =g= 1:

Model Dicut /Obj, 2C/:

execute load 'CutCESol.gdx' yhar=y;

arc im, n) §fcost (m, 1) = yes;

Solve Dicut mini cost using MINLFE: I

ol |




Cut Generator in GAMS |1

@E:"-.,Ducuments and EEtI:ings"-.,Al:lminisl:ratur"-.,[)eskl_'up"-.,Di'l:uI::_-:'.grh_é

I Llicuts.gms

=10l %]

arc im, n) $fcost (m, n) = ¥es;
Solvre Dicut mwini cost using MINLE; I

Set Sinn) MNodes in the node hlock; 3(n) = roundi=z.lin));:
Set cc number of cuts generated S 1 /:

Parameter CC y(cc,nn, nnj coefficient of the v wariables in the cut
CREHZ (o) cut rhs
CAENZE (o) the zsenze of the cuts

NUMCUTS /1/:

if jcostc.l>=1, NUMCUOTaS = 0:

else CIENIE(cc) = 3;
CRH3 (co) = =
CC wicc,arc(m,n)) = not Si(m] and 3 (nj;

12

execute unlosd 'CutCECuts.gdx' NUMCUTS, CRHS, CSENSE, CC vy ;




Computational Results

e Overhead

— Time spent within the callback functions minus
MIP computation on cuts and heuristics.

— 20% ~ 25%
» Performance Improvements (B&C vs.
regular GAMS/CPLEX)
— Steiner: 6 hoursvs. 2+ days (unsolvable)
— Pipeline Design: 20 minutes vs. 450 minutes



Convergence— Steiner Tree
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Convergence — Pipeine Design
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What iIsa M oddl?

e List of Equations
— Mathematical Programming (MP) Model

e Collection of severd intertwined (MP) Models
— Data Preparation and Calibration
— “Solution” Module
— Reporting Module

 Categorization of Models by answering:
— Who isthe User of aModel?
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Who istheUser of aModd?

(Academic) Researcher
— Onetime use (Research Paper)

Domain& Model Expert
— Model Results used for Consulting

Black Box User

— Model integrated in (Optimization) Application
Each Category has its own needs

— Development & Deployment



Research M odels

95% of Model Source is (Equation) Algebra
Declarative Modeling

Set of (Benchmark) Problem Instances
Modeling Language Differences. Few

Taste (Syntax, Development Environment,...)
Platform, Modd Type, Solver
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BARON
BDMLP
CONOPT
CPLEX
DECIS
DICOPT
LGO
MILES
MINOS
MOSEK
MPSGE
OQNLP
NLPEC
OSL
OSLSE
PATH
PATHNLP
SBB
SNOPT
XA

XPRESS

Supported Solvers

EBranch- And-Feduce Optimzation Mawigator for proven global solutions from The Optirmization Firm
LP sclver that comes wath any GANS system

Large scale NLE solver from ARET Consulting and Developtnent

High-performance LE/AIE solver from Tlog

Large scale stochastic programmming solver from Stanford University

Framework for solving MINLE models. Needs both an HLP solver and a JIP solver. From Carmegie Mellon University
Lipschitz global optimizer from Pinter Consulting Services

MMCTE solver from Tiversity of Colorado at Boulder that cotmes with any GATS systemn

HNLF zolver from Stanford Tmversity

Large scale LE/IIP plus comc and convex non-linear programiming system from EEA Consulting
Mo deling Enwronment for CGE models from University of Colorado at Boulder

Mfulti-start method for global eptmization from Optunal Methods Inc.

WMFPEC to ILF translator that uses other GANS WLP solvers

High performance LE/MIP solver from IBI

5L Stochastic Extension for solvng stochastic models

Large scale MCTP solver from Umversity of Wisconsm at MMadison

Large scale NLE solver for convex problems from Uhiversity of Wisconsin at IMadison

Branch-and-Bound algortthm from ARKI Consulting and Development for solnng MINLE models, requires an NLE solver

Large scale SQF based NLP solver from Stanford University
Large scale LE/WVIP system from Sunset Software
High petformance LP/WIE solver from Dash



Avallable Solver s

Growing number of
MP Solvers (often out
of Academic Labs)

NEOS:; >40 Solvers

Impractical to have
Interface to all
Modeling Languages
* Solution”:

Model Trandlation

- '-\.

NEOS :) Solvers

¢ Multi-solvers

* Semi-infinite Optimization

¢ Mixed Integer NMonlinearly Constrained Optimization
¢ Mixed Integer Linear Programming

¢ Nonlinearly Constrained Optimization

* Semidefinite & Second Order Cone Programming

# Linear Programming

¢ Bound Constrained Optimization
¢ Unconstrained Optimization

¢ Linear Networl Optimnization

¢ Complementarity Problems
¢ Nondifferentiable Optimization

# Stochastic Linear Programming
¢ Global Optimization

¢ Application-specific Optimization
¢ Miscellaneous

¢ Administration




Modd Trandation

[ GADLS World Home | GWVIS2XX Translator | Search | Contact |

Instructions

In order to use the G523 XK translation serwce which 15 based on the "solver" GAMS/CONVEET wou hawve to attach yvour
model to an ematl and send it to our translation server at gmsZsm@earmsworld ore. T ou specify the language in the subject
line, for example

Subject: GAMS
At the moment we supportt the following lanzuages:

« AMFEL

o BARON

» CplexlP

o CplexhdPS

» GANE

s LGO

o LINGO

o MNMINOPT

o ALL (this creates scalar versions of all supported languages, lsted abowve)



Consulting M odels

Model is Tool for Problem Analysis
10% of Model Sourceis (Equation) Algebra

User: Domain & Modeling Expert (not
necessary the same person)

Living Model (changes with the problem)
— Lifecycle: At least 10 years
— Technology Change (Platform, Solver, ...)
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Figurel-1

_ Hill and Associates, Inc. _
Electric Generation, Coal and Emissions Forecasting System
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M odeling System
Requirements

Survive in such a diverse Environment
Compatibility

— 15 year application lifecycle

Data Connectivity/Exchange

— Programs and People

Support for Analysis’Reporting
— Modeling System Tools and external Program

75



Black Box M odel

|nnhocent User

Bulletproof Optimization Application
— Nofailures: e.g. No Infeasible Models

Model embedded in larger System:

Optimization o Application
Takes Longer than  Real Time

one iswilling to walit * Alwaysneed a
It will eventually fail Solution to Problem
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Scheduling US Military
Academy West Point

* ... each student’s daily activities are a
carefully regimented balance of academic,
military, and physical requirements.”




M odeling System
Requirements

Reliable System

Using Third Party Software (Solver)
— Keep Resource Usage of Solver in check

— Solver will eventually crash

Possibility to Implement Simple Heuristics
Platform Choice

_ess important: Data | mport/Export

— |IT does not want Modeling System to mess with DB
— Simple/Thin Interfaces (text files, XML)
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Future Directions

Vaue Added Applications
Solution Service Providers
Distributed System Architectures
New Solution Approaches

Continued Changes in the Modeling
‘Industry’

79



