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Algebraic Modeling Languages 
What's that? 

http://en.wikipedia.org/wiki/Algebraic modeling language 

• High-level computer programming languages for the formulation 
of complex mathematical optimization problems 

• Notation similar to algebraic notation: Concise and readable 
definition of problems in the domain of optimization 

• Do not solve problems directly, but ready-for-use links to state-of­ 
the-art algorithms 
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General Algebraic Modeling System 
• Roots: World Bank, 1976 
• Went commercial in 1987 
• GAMS Development Corporation (Washington, Houston) 
• GAMS Software GmbH (Köln, Braunschweig) 

• Broad academic & commercial user community and network 
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Monthly System Downloads 
+.+. htip:/{www,Cj.lrT'MOITl'~ --:-;velJ,?t·\JIDjJI' ~-- ~ B Amazon Cloudfront 

Download Usage Report» 

[ Bo11, I~ I SaJe.l.l Solnnl D«u111,nUtio1 l.llodel lmn.ries I j United States 
IGAMSI 
II $0.120 per GB - first 10 TB I month data transfer out 

$0.0100 per 10,000 HTIPS Requests 

Download GAMS Distribution 23.8.1 - March 17, 2012 $0.0075 per 10,000 HTIP Requests 

M"~oft lntonei fup/D1'0' w-ers ,rho ham enabled ~Scmin Fiber may ge1 i,rnroi 1ramings_dw'Tng thed~TUoad rJj a ?A},Z .!J'ltem. lf)~udo no111·ant to ignore, EU rope 
p/ms,cw,c,l th, dtm1ilaal a»d dmi11load fr., ci.rrmll'fmtmfor WmdOll-s 31 b!l or W-mdlm-i: 64 i,iJ as a zip-fili andwrnp Ibis fil, Nfor, nwiing IM rmlp progrom. 

Please consul! the release notes. be-fore dol\~ a systen. The installation ltDle:s for \\rmdol\1. and UNIX and dll': ccmplae 5YSlem documenwion are t!lCluded in any 
$0.120 per GB - first 10 TB I month data transfer out 

$0.0120 per 10,000 HTIPS Requests 
Wllldows 

Wmdcm"! 32 bit \Vmdom 7, "rl.!i.OOm; vista, Windo1n XP, Wmdol\-s Sen-er 200&, Windom Sen-er 2003, and comp.a.rib le on A.!t,.!I). or Im~l-ba..ed (xS6_32) arcbire 

Wmdov.-sMbit \Vmdom 7x64, Wmdov."! füt!m-4, Windo1nScrn~r2008x64, \\rLD.OOI\; Stn:-er2003 x64, andcompMibltooAMD-orlmd-ba.s~(x64_64)M<l 

U11.U: 

$0.0090 per 10,000 HTIP Requests 

AIX5.3 ochigM-,P°"-crPCchip,64 bit(ppc._64) Asia Pacific (Tokyo) Region 

$0.201 per GB - first 10 TB/ month data transfer out (includes Linu.,;32 bit AMD- or lntrl-basol32-bit Liiiw. S}"Stmls. ihr: softwar~'nasbui!t with W G:'iü Compiln-Collo:tioo(GCC}1ool~, ;-n-4-4orhigMl. 
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97.12fr'GB 
--------i...__ __...J----- 

3 Requests 

52,154 
Requests 

ln2.982....GBJ 
1 Request 

16,456 
Requests 

23.800 GB 

4,676 
Requests 

':09.5-12~~ 
1 Request 

18,087 
Requests 

21.656 GB 
1,535 
Requests 

$67.04 

23.66 
0.01 

0.04 

23.71 

25.56 
0.01 

0.01 

25.58 

4.78 

0.01 

4.79 

7.51 
0.01 

0.02 

7.54 

5.41 

0.01 

5.42 



INFORMS Lanchester Prize 1973 
1973 Frederick W. Lanchester Prize: Winner [-hide] 

Citation: Multi-Level Planning: Case Studies in Mexico, edited by Louis M. 
Goreux and Alan S. Manne. 
This book is a bench mark quantitative study of policy oriented issues in a 
growing economy. In the modern tradition of Professor W. Leontief's input­ 
output analysis, a team of researchers from several institutions employed 
advanced mathematical programming approaches to study in depth the 
problems of interdependency among national economic choices. This 
monograph on multi-level planning is impressive in its dedication to 
developing and testing large-scale models based on available statistical data. 
The team's decision a half-decade ago to give special emphasis to the 
agricultural and energy sectors was prophetic in anticipating many of today's 
critical world-wide problems. Beyond its substantial contribution to empirical 
analysis, the book also enhances conceptual understanding of multi-level 
national planning as well as demonstrates the benefits to strategic policy 
analysis of continuing technical innovations in operations research. 
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Model Structure 

7 

3?8 l.H. Diil<>;y. IU). Norum, CJ/AC 

4 (c) Regional former employment accounting rows: 

-RESr + 3 r:, I; dF"Lq -t· E ·r;: dFLt" 0, 
d~~ ~ ~e, r 

r..R . .' r_ . J. r: Sum o. v.e r d.istricts]'' ! I egrona armer . I and quarters of - l employment .,. 3 quarterly farmer 
acttvtty . L employment 

[ 
Sum over districts l n 

+ and months of ;; 0 
monthly färmer employment 

each r 

(cl) Total employment accounting row in man-years: 
-12LMAN+ 6LMAN1„,f) 

-J 2 rTotal employment] rSurn over mo.n .. rhs Qfj l m man-years + total employment -.. O 
· in man-months ' · 

l 2 (e), Total monthly employment accounting rows in man- 
months: 

-2.2LMAN1 + r:, anLr + E aFLq + !;anr „ o, 
d <I 'd 

each I and q such that IE q 

[ 
Tora:J J.,'8 r Sum over-dlsrricts of"] 

-2.2 e~ploymenr + lday la~or employment. 
Ill month I Ill month t 

IS'1m over districts ofl 
I quarterly farmer r Sum over di~t·r.icisJ 

+ I emplo_y ment in the J; + ! of monthly farmer ••. ,0· 
quarter contairung L employment 

L month 1 _ 

3-T [n ini£_~_tl.on il'lis(ric-m:s tilt qt.i.arl~rlY ccnuaet iJe-vkc .h ased for rum,cu1 bui in 
n,cia--mi,g11(ied dbtneu fumers ar" assumed to tit: ii11Y:1iti!lble on :a m,ond,ly b~il:. so th~t 
JCsrol'l;U: rnigratior., t.o irTi.g::ntd uus; m:iiy CCWJ_ 

3 l!i The a~•ivi [[t:s Jcr htl"i.ng fo:rmers !I "d d.:11y L!lJIJTCT,:I :iir;; Sl.&ih;d m LJ'.ßll O or le-m of 
mMi-4.i~~ per mcinih {or qvmrr>~ and there .u,e 12 1,1,1r')ork.i11.1 ,d:J.)I(: Ptir moE'ltfl~ll~ru:a ll'H 
tOl'ln:1rslorn fe.t:tor or 2 . .2: ii requued in the Llut 1.trm-of Uiis cq~·~iöi!_ 



Model Data 

TlllMl,J, 
S~111HN:i1 of d~ öfcH•IOili for wdon c:vlUrinm, (tt.i'• of unlitDled 111,m:. !MddMI) •ll'l'lm.. 

pd ·draft ,nlm:1.t ltie,1'11'1en ie~l 1pn1 'INoeiaie, b,v ·mon.1h) 

ht PN: p.u:ator1 1ulc:1 
folCow 
cr1uii)lowin1 
H:urowinf; 
L:incl k:'l'(:lli 
0111111idcmnh1 

2n4 lrrig~• iOn tlilcha 
'forming bori:lclr:t I 
1i11lting horde n b 
w~ier aflfllkaüon 
}brrowln1:1 
Se0dinf! and rerl!lb::itkm 
M ~int~tin,m: or f.ield wor.b 

3rd Thinning plilA,15 
CUILivuiil~ 
We.:dinJ 
Appli1;11tl-0c11s of ir:i:,ectielDI a)·!! 

M"1hani21d •.•••• 1 •• - lll!KMMled 
--· 

'l!Jnd!illcd 
MilddM1)1 

_ ... _ .. _ 
Wa.dlincry Anmrb ;labor· .,..._,., 

o.p llJ2 
ns G.:S .. . 
0.1 (U 
0.2.S 11J·.:u 

l.O t.o 
u. 0.2 1.0 0.2 

0.1· 0.2 
u- 1.0 
10· 2.0. 

0.2 0.2 
0.2 ·0.2 0.2 ,(1.2 

0.2 0.2 

4.0 .•. o 
G.l u ... ,U, 

6J) ,.o, 

Urn'ki!!ed 
bb11.·· Animi!s. 

J :0 
3.0 
H 
o.s 
].0 
LO 
2.(1 
2 .. 0 

:2.0 
ao 
4.0 
.2.0 
4.0 
2.0 
6;11) 

a.o 
fi .. o 
!.O 
.0 

2..0 

"1-.0 
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Matrix Generator 
Y(241AJIXC2U8) 

IX(2US).Lt;o,s,,ND,X(2U,),f,T.,OO) Y(2~&)1Z(2C~,:>•<1•t(2&8) 
\'(2UJ 'x 12119) 

JI' CXCcU9),.1:3.5,•NO.XC24~).GT, ,~OJ Y[20q)'ZC2•~,~)•(l•X(2Q9)J 
V(i50J I X CZSO) 

1, CX(25)),.,,r:,.s •.• ND,IC(25•)),n.,oo] Y(lSfl)1Z(2SO,l)•(tHC250)) 
YC25t) t 1((2>Ll 

ex czs1 >,LT:•>, s,•No,x c2s 1 > .e r •• oo, v,z-;1 > 1 zczs1, 1 >•c IHC2!:,t >, 
25.2)1 C(l52) 
F CXC25ll,LT:o,5.~ND,X!2S~J,,T •• OO) Y(25i)lf(Z52,l)•lt•X(2S2)) 

(cS l) • -CC.?Sl) 
l: F C x ( 2 5 S l , LT : •) , ~ , .•• Iii!) , X ( 2'.!, ::S ) • CT , , 0 0 ) Y [ 2 5 ,U ' Z Ci 51, 0 • t I • lt Ci? S l ) ) 

Y(cSOIXll'S'-1) 
If CX(25~),LT:~.S.ÄNO,IC(254).CT,,00) Yl25~)'lC214,lt•Cl•ll(aSU)) 

YC25S)IY(2obl•Yc~bTl 
YC25ol1XCZS6'l 

f (Xil51t),ll:1,S,llN01lC(2~6),GT,,OOJ Yf2SftJ'l{l!•,IJi•(ln(!5b)) 
Y(251)1l(l5T) 

Tl' ( X <2'5 't ) , l T : t, 5 , '"' 0, l( ( 2 S 1) , CT , , 0 0 J Y C 2 51) 1 Z ( ,2': 7 , l) •. Cl ~ )I; ( l 5 7 I ) 
(25~) I IC(256) 
IF (X(2'5!),lT:o.s •• 1110.xc2~lj),Gf.,OOJ 'f(2~0)1ZC,2~8,LJ!•Cl~lC(l561) 
c?Sq) 1,: (25~) 
F CX(2'5'll .LT :o. s , ,,.,,.1Cc2so1 .sr , ,oo) ., c2s~> • Z( zs~., U„f t ~xc,25q 1) 

:2tto> •>c<2&0> 
If (X(2bO),Ll:o.~.·~o.xc2b[),GT.,OO) rC2!10)1Z(2t1~~11~c1+rci~o1) 

(2-et>''f(ol> 
Y(2fl2)1X(2A2) 

IF (¥f262),LT:o.s,,~o.xc2&c),GT,,O)) f(2ol)1Z(l•l.t)•(l*~(2b2)l 
Y(l:113) 1 X (263) 

IF CX(26ll,LT:c,5,A~O.tC2b]l,GT •• oG) fC2oJ)IZ(lblol)•(l•X(2•3)) 
vt26U)1X(26tl) 

I F c x • 2 o o , , L r : c , 5 • , 11 o • cc 2 !Ii. > 1 G r , • o '> > f c 2 „1;1 > , z c 2 t,i. • 1 > • c 1 • x c 2 b Q : > 
(2b5)1)(265) 
I F C X C 2 b 5 > , L T : C' • 5 , h D , < ( 2 ii> 5 ) , GT , , O O ) f ( 21t ~ J ' Z C 2 6,~ , 1 > • C 1 • l( C 2 b 5 : ) 

Yl266) I ):{2t,o) 
1" CltC2&6>,LT:e.S,A\j0,<{'2ioti),GT,,,OO) Y(2ollo)'ZC264,t)•(1•XC2&b!) 

Y(2U)'X(261) 
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CUMP!'B 

CO"IPI 

COl'NE 1 

C:UMONE 

CU11T,Q 

C.11F'CU 

Cl.MP IV 
Cl:11LCT 

CVILCG 

Cl. '10L.S 

[X.PO~T 
t lDJl 

'lt. TOFI 

t TTRN 

T 



Matrix Generator Input 

2'5 1 B 0 0 0 1 At.G~,EGH 
0.12 O,OU'i 

ALA 'LG ALV ARC ,zu fA~ CfG CHV FRI G6~ JJT JON M,I MjT MfL P 
PLU S•L SlN SOR so~ s~v TRI 

0,02ib 
99,;qq, 

~zu i6ZU .0~2'5 I •o e , ooro, ~U70i0, -err JIT • 0 •. 1,1 1 "ö a.nso 1l'jj?')2 • 
i;lt'F' PEP „o.o t 'o O IO l;!tO io1 
PLU PLl:,J • 180 0 4 1 , o .sno a.s2oi>. 
CCC 

• (I 

CHE 1 •O • i! 
C:H'I" 0.1~00 111. Cl,!§<;j' 1,0 
FO~ t, •O.l 
SOR o , Oo 10 i"S,818 1, O 
nG O. O'BO o:u!i I 1 0 
lLV 0.0100 220,lllQ 1 • 0 
Iii.A 0 • O~O O 1·79.0 l'I 1 • 0 
Glli: ,o. oq9o 1;1Ri' 1,. 0 
M.ll o • !18 bO 71 • qq 7 1.0 
FEC ti •O' J 
F~I e, ie Jo 3~.001 l.~ 
'~Cl e , 12i?(I 1;,e.~J97 i • 0 
P.A.P o.09!o ~7 • l 38 1~0 
GJ.J:t 11. {lqqa, 0: 1513 1 • 0 !;RA 2 -0.1 
"1,U c:i.oeoo 1.,2.sot.1 1 • 0 TU o , 08,0() 31,11, Q7Q t • 0 
FRU' a •2,0 
S.lN o.o,eo J" • 850 1. O 
1'1EL 0, Q,bl!O e:•nso 1 • 0 
OLE ii • 1. 2 
SAL. O .OfHQ 1~3,910 1,0 
JON a~2t110 Q ~22'1 t, ~ 
CAR (I, 1550 1;.no 1, 0 sov ~. 111!100 !i!iT, 220 ] • (I 
END 
.t.!.~ •. O,? o:o 
6.1 u ""c 
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MPS File - Column Section 
••111 •· .• ·- I ""l,jl- 

X1U.Gt·O;l 
l1,U.GHC2 
x.uGto1Cl 
>: • •sGt1U x.,1,n.i,ic:,. 
x.Oi'.H-!C l 
X.UGH.AS 
X1.l8G'°'U x1.,.si.1-1u 
x1AaG1-1,a 
)[1UGHU 
:ic,i.Hl-ISl 
lf1ASGM!1 
~ ~,*.!Gt4SI 
•~,lS&~(.lli 
.:.Ulirl'ICN 
:ti:,UGllCl-i 
i< .ASl<SC t 
)1•itLSUC1 
l I ASUC: l :ic, •. iuc: 1 
)l•.t,311,5ca 
W,l!KSCi! 
)ltll!l<8C2 
ltU!ll~Ci! 
•.~Sl'l5C3 
lC,UK5C 1 
:W:1UK8Cl 
lC,JiSKSCl 
111A511SU 
:ii, •• .Si<U& 
rt AS!'<Si,S 
l(tlS.K,U.S 
:t0l~KSS! 
JC,.~SIH!SI 
X,_., SKSS1 
x,u..:ss1 
i0ilSKS!;N 
.~ ~ i.$KSC N 

11 

•• •• 19' • '!!'•riw,e B.u, ,c2 ;..nu, 
Ou 1Giitt;1 
R1 uGHCJ e,Aa .• ,n 
", nu. 
0~ ~ iGl-l,N 
Rt~ I Gl-IAS 
!!•UolS ,.ru 
01t1IM,p 
l:i~tiGHS& 
e.1is, 151 
",TRll 
R , 1 ~ ,;1t,11C „ 
S1A.'J,.t ,c„ 
II t nu. 
D~t1KS,N 
i;i'. I KSC l 
1:1,:1111, .c L 
•.no. 
0 ! ~ 1'Ki!5 • tJ 
R,!!KSC? 
a,,s, •. cz 
l~ TR,.t, 
0,, ,PIS1N 
Rt! 1KSC3 
8tAS,~C3 
A1 ,u 
D• • 1K511N 
Fl 1, t !(St,,s 
B,, Ii St, AS 
l,l'U 
o~.,..:s,~ 
A••• I!( 88 l 
11;...s, .&1 
A1 TRA 
1i:1,,tic:sc 
8,.t.i~ ,c 

··~~·~~ •i,00000 
6,98400 
o.31soo 
l,oeooo 

•l•OOQOO 
~.~8~00 
o~zo,oo 
1,GOOOG 

•l,OIOOG 
619&ij0f 
0,11000 
1.00000 

•l,10~00 ~.,,~oo 
1.00~00 

•l,00000 
$.~-g~f 
Otl~OOQ 
1.0,000 

.1;oooto 
,.s-oeo 
o,siooo 
itOOOOO 

•ltOOOOO 
7~Si000 
0.33~00 
1.tooo~ 

•l.QOOOO 
7,~~000 
011~~00 
L,O~ooo 

~ltOOGOO 
J.S~DOO 
OtlS~OO 
1,00000 

-1,00000 
1.~~•00 
1,0fQOO 

•1.000DO 



MPS Revision File 
El?,HJCl-I .• Mi J~i:;'I:! 

NE.X!' 

RE. \I !SE PE\I~ Hl'EI 

•~~•• C~RD ~E~O SUM~l~Y ~··~ 

NfAO~R, CHID 1110· 1 !tl\l.t,M[ R!;,Y'& 
EH)F.~, C~.11'0 r.iO' 2 11;r.C]j.UMN$ 

HEAO~R, c,,o ~0' J ' MOO ?f 'f 
"4E.&DIE>l, C,UO ~O' ·~ i~t-5 
E:&01£iöl1 CHIO NO' ., I MO!) 111''( 

~EADE~· c~~o NO' If CfND,H 
HEADER, C&~D NO' 19 fNO•E AE.H 
ME&D[?, c,~o 1110' ~~ IC:01.,UHPHI 
HE&Df?, CJ~O NO' '1 I M[]D If"'!' 
(&DER., c.uri No'' Q2 IZ[!'i,Dl.U, 
f.•D·E~· cue NO' flJ ~tU,ME 1:U.Vl 

w(aD·~l't, CJ.AO 1110' ii,i IZ1COl.U~NS 
H["ltl[R, CA!i!O ttO~ 115 ~. ""00HY 
[HlER• C.UID NO~ ~1 U:N!Uf, 

"4E~OE~; Ci~O Nö' '5,2 iNA1ME ·•t"l'il 
ME.tOER; CA~O NO~ ,j tRHS 
HE.IDE~, CAAD NO' ':>CJ ~ lft)0;1fY 
MEAD£~, CARO NO' 1,8 ~E' •..• OA T& 
H[j0£R, C,QO NO~ ~Cl ~NAME ~tV~ 
Hf~OE~• CA~O N6' 70 eF111S 
HE40ER, (6~0 NO~ 7:1 ,i: '40D I• 'I 

C UO NO' 72 ,: RHS! C:1,,.v.Ol !I, 0,32: 
CUIO NO' 7'3 it llHU n,.11.a.2" ,.o ~ne 
C:A.RD t.10' HI ii'" ~HU ~]..& ,. ""· 0' ~ ,.O)Jl'8 
C,U!O Nl:I' 75 ~ i;i',N~l c~.o..v.o;(j ',,OH.21!1 
C,RI) NO·~ 7t;, e IRMS l cu,v,o~ i,OUi!9 
i:.1.~() t.iO" 77 c Rl-S,:l CL. A• 'II, 01> s10:u2:a 
Ctr:10, NO' 16 ,; llHU CLi.v,Of ~.OHH 
C.oi.FIO NC,' 19 0: ll!'!U CL!i.V,06 ,.OH2~ 
Cii.~O ff0„ ÖO ' lllMIU C:.l,.& ,. \I~ 0 0 '3 • 0 iJ~~ 
cu10 NO~ B1 c ~Mill c1..,.1i·.,1G 5. Ol:'!2" 
C.UIO N01, Bi? ,;t 11i"S1 1;1,.,,11,il s,~:n2B 
C UIO NO' 63 c ~MS1 c~,.v;12 s.o.:u2s 
(~Fltl NO' 84 ii: ~1-1~1 c:~,.v, tn !>O • 39Q31, 

~£~DER, C~RO ~0= 8'::l ,JE, t.C,~.T,A 

12 



MPS Output 

D~1e: Ol't~Olt~ lf1ot~ U,.li',.~l c ll i. u Iii N 9 Aif'U·Ut i000o ,AGL!: 

uu,ir DF'UOt.! ii fnMPUn OU11PUJ li;'Sl'[C1',I,, H'VE ~ ~li.1&d~ 
~l~£ ~ CfijfRIL "~J : OfJ AHi ~ ~~$1 e~o: Ll~tTS 1.~o~o ~P!AH! * 1,000 
DU " ~ .•• :q 1onr en BJ I Ul!iS ~ ~11, • o,.uo~ !IPt'-l!UlS, ~ o. 0~()~ 

NIUNBEl'l' toA~E h'P( Sh,l'UOI CUI. AC fl II[ n 08,J CO:f;f CJ UPPUI l<!•Utl,11U 
••••• '!!I. •• • ••• • - •• -.. ··-·~ ~1- -- '!!''!I! 'IJI!. • •• iiJ!i,iii•••• ••••• 1111!'·'5· •.•. -- - '!" .•••. ,. ••.•••• "!" •••.•• _... ..""!' •.•.••.•.•.• _. ,.. 

1 01 tef h',,. ~ PL 110„t i;i , ~~,· 111,tio,oio, *lit.If „111, 11,u151 
L Oi CB[a,F,.' Pt li<il: nvr , OO!Oaf -10,1.~uoo ' ~lN~ 
1,o,l (II( )I;,•~ l"I. lllt; HllE • •lO·llO .uool) •t*IF , 
1,i)Q 1:~u.,, e . ' j!l LO!<E~ • •• ~lli:!~ .• 70001) •lti~ -~·u, 2'~ I U 
LO!> (~[St,,,' F'l ll.O•UI • ~~J,iU11i!OOOO +ltl~ ,o,~].ij2,.Uill,i! 
16& tSU,C, ·•' Pi. u J ,1i1E • ·~I.I~, 01)000 •l~F 
11111 ,tB[ re, •' F'L 11r.:nH ,,Oii,O,i!i,l -1 ;!,,~a~~() ~ff,,!f 
11'.H! csc,v •• ~ il'L ilc:Jh'f ,, •.111,~1000 HN• 
l09 [!6.~ •• : PL 4fTlV[ .~~2l~ •iiJ,57000 „IMF" 
1H1 Cl'O,V,,. ,L •tll',1,E o •1J1j.1,70~0 ,iJ:~F 
I. i •. C:l'ö.,ll',; • ~ F"L UT I "'if .o,ooo.i! ·i J9.a10~·0 •!NF 
lt:;: CPll.C • •' PL ACT] ltE • i'.100'-IS '"''· J.'l'., o,OOO •tNf 
tt 1 C[G •••••• ' Ill J,( fl VE 1 ~10. 71001) ·•ttiif 
1 !.11, E[(.•F' •, ~ P1L '4' flv~ • 0,D~i!~ '"H• 7100~ •ft.If 
li$ C:[Gol: •. 1' "~ .11,CHVf o·0~!.29 „rb.7U,l)Q, 1 •It.f 
lib C:UoC~•" '1l ,l,(:fJ"'t: ,Gli!ii!!i~ 1i!o'il1HG f ,o[MIF • 
11 t.· c. n." •. c·M·. it, ~" 1.0 ••.• tt. 11 • . 1 eo .1~0. ool •!· ij., -ar. t9U~ ua c;or.,e~. ~ "l 1.0Mu1 • 1u.eJooo · •l'•JF -~so,J,h1 
l l~ C:üs.,c:~. • "L iC'UH ,Ofl~t,.6 LZL0JSDt1{1; , +t~ii' 
120 cm .• o," Pl ~f'tl'~f ,U.!i!5 91,0,1,~~·~, •trff 
121 (.is,cx. t ~l ~CUii[ ,OO!!n)lll 1~'¥',711GU , H~I" 
12'~ ~loL,Cx,,; l'I. HH~~ .~U'illl! 11.~1,coo „J~IF 
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WB Old Slide 1 

PLANNIN'G PROBLEM AND OBJECTIVES· INITIALLY OFTEN 

!LL-DUIN.ED 

CONFLICTING 

UNC'f~RTAIN 

CHANGING 

EMOTION~AL 

l1Ar!lU21ATI CAL MODEL US ED TO RECOGNI Z'F:: AND FOR.MUlATE 

PROBLEMS11 DEFINE ISSUES AND EXPLO!l! SOLUTION SPACE 
14 



WB Old Slide 2 
PRESENT TECHNOLOGY 

l I REAL WORLD I / 
( PROBLEM ) 

MODEL 
SOLUTION I ~ ANALYST 1----~----, 

DATA 

RESULT: - Drain of resources (technical, 
time, money) 

- Essentially no documentation 
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Operating Systems 

Model Generators 

Computer Languages K I 
Report Generator 

Data Base Systems 

Solution Packages 



WB Old Slide 3 

MAJOR CONSTRAINTS : COST 

SKILLS 

TI 

TOOLS 

DOCUMENTATION 

TRUST 

• 

' 
• 
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WB Old Slide 4 
IDEAL TECHNOLOGY 

REAL WORLD 
PROBLEM 

ANALYST 

GENERAL ALGEBRAIC 
MODELING SYSTEM 

RESULT: - Limited drain of resources 

- Sa.me rcprceentQtion of model 
or humans and ma~hinee 

- ,.todel rep re sen tat ion is also 
model document at ion 
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MP 1982 

Mathematical Programming Study 20 (1982) 1-29 
North-Holland Publishing Company 

ON THE DEVELOPMENT OF A GENERAL ALGEBRAIC 
MODELING SYSTEM IN A STRATEGIC PLANNING 
ENVIRONMENT* 

Johannes BISSCHOP** and Alexander MEERAUS 
Development Research Center, The World Ban.k, Washington, OC 20433, U.S.A. 

Received 18 March 1980 
Revised manuscript received 8 May 1981 

Modeling activities at the World Bank are highlighted and typified. Requirements for 
successful modeling applications in such a strategic planning environment are examined. The 
resulting development of a General Algebraic Modeling System (GAMS) is described. The data 
structure of this system is analyzed in some detail, and comparisons to other modeling 
systems are made. Selected aspects of the language are presented. The paper concludes with a 
case study of the Egyptian Fertilizer Sector in which GAMS has been used as a modeling tool. 

Key words: Algebraic Modeling System, Modeling Language, Strategic Planning, Ap­ 
plications. 
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GAMS' Fundamental concepts 
• Platform independence 

• Hassle-free switch of 
solution methods 

• Open architecture and 
interfaces to other 
systems 

• Balanced mix of 
declarative and procedural 
elements 

19 

>< ::J c ·- ...J 

1 O+ Supported Platforms 

Windows 

Windo 
64bi 



GAMS' Fundamental concepts 
• Platform independence 

...J 
<( 
rn 

/ \ ce:::::::::::: 1 <1 Q I I A ...J o 
0 c C l I :z: • • - 

---. ...J 

25+ Integrated Solvers 

• Hassle-free switch of 
solution methods 

• Open architecture and 
interfaces to other 
systems 

• Balanced mix of 
declarative and procedural 
elements 

CPL EX 

1-­ 
Q. 
0 
% 
0 
0 
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GAMS' Fundamental concepts 
• Platform independence 

• Hassle-free switch of 
solution methods 

• Open architecture and 
interfaces to other 
systems 

• Balanced mix of 
declarative and procedural 
elements 

21 

Binary Data Exchange 
GAMS 

GD pplication 
SOLVER 

• Fast exchange of data 
• Syntactical check on data 

before model starts 
• Data Exchange at any stage 

(Compile ancf Run-time) 
• Platform Independent 
• Direct GDX interfaces and 

general API 
• Scenario Management Support 
• Full Support of Batch Runs 



GAMS' Fundamental concepts 
• Platform independence 

• Hassle-free switch of 
solution methods 

• Open architecture and 
interfaces to other 
systems 

• Balanced mix of 
declarative and procedural 
elements 

22 

Declaration of .. 
-Sets 
- Parameters 
- Variables 
- Equations 
- Models 

••• 

Procedural Elements like ... 
- loops 
- if-then-else 

••• 



Solver Prototypes in GAMS 

• DICOPT (Grossmann) 
• BARON (Sahinidis) 
• SBB (Drud) 
• NLPEC 
• • • • 

•EMP 

23 



New Modeling and Solution Concepts 
• Breakouts of traditional MP classes 
- Extended Nonlinear Programs 
- Chance Constraints 
- CVaR Constraints 
- Robust Programming 
- Bilevel Programs 
- Generalized Disjunctive Programs 
- Multi Agent Equilibrium 

24 

• Limited support with common model representation 
• No conventional syntax 
• Incomplete/experimental solution approaches 
• Lack of reliable/any software 



What now? 
Do not: 
• overload existing GAMS notation right away I 
• attempt to build new solvers right away I 

But: 
• Use existing language features to specify additional 
model features, structure, and semantics 

• Express extended model in symbolic (source) form and 
apply existing modeling/solution technology 

• Package new tools with the production system 

~ Extended Mathematical Programming (EMP) 

25 



JAMS: a GAMS EMP Solver 

EMP 
Information 

Original 
Model 

Translation 

Viewable .)I 

c: Cl) 
0 ~ ; c. 
:J u, - O- u, ~ c,·a, 
c: ·- ·- I., c. 0 
c. 0 ns....., 
~ c: 

Reformulated 
Model 

Solving using 

26 
Solution 

- 



EMP Library 

r~,o~ 
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Agenda 
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Introduction 

High Performance Prototypes 

Generic Algorithms 



Simple Transport Model 
Sets 

· fa.c:tories 
distributio:n centers 

/f1~f3/ 
/dl~d.5/ 

Parameter 
capacf ty (:i) /fl 500., rz 450., f3 650/ 
demand (: j ) /d.1 160., d..2 1.201 d.3 .2701 d.4 3.251 d.5 

deoe t nä t pra duct i on cost 
I 

/14/ 
/.24/ 

rcduct e / 4/ 
ee se res price 

WBJ.steo.ost cast af I·em.aval of over-sr ocked 

Table t l:-8!:Els co st ( i , j )1 unit t I·a1I1.spo rt at ion cast 
d.1 d..2 d.3 d.4 d.5 

fl .2. 49 5 .. 21 3.76 4.85 
f2 1.46 2.54 1.83 1.86 4.76 
f3 3 .. 26 3.08 .2. 60 3.76 4.45; 

I 
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Simple Transport Model - Cont. 
Variab1es 

ship ( i „ j ) shipruien ts 
pr,a duet ( i. )1 units pro duce d 
ir:ec'ei ved (j) unit recei. ved 
sa1es(j) sa1es (actua11y sa1d) 
wa.ste (j) overstocked products 
pr,afit 

Po,si t·i ve vari. ab1,es ship~ pr,aduct ~ se.1es ~waste;. 

Eqo.atio,ns 
obj 
pr,a duct i an ( i ) 
ir:eeei ve (j )1 

se11ing (j )1 

ma.rket (j) ;. 

obj . . pr,ofi. t =e= Sllm (j „ price ""sa1es (j) ) - Sllm ( (i „ j) •• train.soost (i „ j )1 '""s:i:ri.i.p (i „ j )1 )1 
- Sllm (j ~ wasteoast '""waste (j )1 )1 - Sllm (i ~ pJDodoost'""pr,aduct (i.) ) ;. 

pIDa duet i. on ( i. )1 

pIDa duct . up ( i )1 

pr,aduct (i )1 =e= Sllm (j „ s:i:ri.ip (::i „ j )1 ) ;. 

capac:ity(i);. 

ir:eeei ve (j) 
se11ing(j) 
ma.rket (j) .. 

ir:eeei ved (j )1 =e= Sllm (i ~ s:i:ri.ip (i ~ j )1 ) ;. 

sa.1es (j) =e= ir:ecei.ved (j )1 - waste (j);. 
sa.1es (j) =1= demand (j )1 ;. 

30 
mode1 transport /al.1./;. 
s o-L ve t ran.spa rt maxi mi z i:ng profit sing 1.p;. I ~ t_det.gms 



Benders Decomposition for 2-Stage SP 
~t 

s scenarios /lo1m.id1hi/ min CT X+ Lv(w)d~Yw 
w 

* Stochastic demand plus probabilities 
Tabl,e S c'enar.i o Data (: s ,. '~ ) 

dl uz d3 d 1 us pron 
o 150 100 250 300 600 0.25 
"d 160 120 270 325 700 0.5 
i 170 135 300 350 800 0.25; 

Ax== b 
TwX + WwYw == hw 
X> 0, Yw > Ü 

min c~-x + i(} 
··x· - b , - . 

. dT min wYw 
WwYw == hw - Twxv 

Yw > 0 

()>LP ... 
E.0 

T,.J,X + -.t. hw] )' e 1· -· . - , - . ~ Y w ·, · - :. . .. - .. . . • .. V - 1 

31 x· > Ü 
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Benders Decomposition for 2-Stage SP 
based on paper by E. Kalvelagen 

11masterobj ,. ,. 
zmaster =e= theta -sum { ,(i„ j),, transcost ,(i„ j), *ship ,(i„ j)) 

- sum ,( i „ prodcost *product,( i) ) ;' 

receive ,(j), ,. ,. received {j) =-e= sum ,(i„ ship ,(i„ j) )i ;' 

production ,(i)i ,. ,. product ,(i) =e= sum ,(j „ ship ,(i„ j)) ;' 
p r orfuc t , up ,(i) = capacity ,(i)i ;' 

optcut,(dyniter) .. theta =l= cutconst,(dyniter) 
sum ,(j „ cutcoeff (dyn i, ter „ j) *received ,(j)) ;' 

subobj ,. ,. 
zsub =-e= sum ,(j „ price*sales ,(j)) - sum i(j „ wastecost *waste ,(j),) ;' 

seiiing,(j), .. sales,(j), wastei(j) =e= received.li(j); 

arket ,(j), ,. ,. saies,(j), = demand ,(j),; 



Benders Decomposition for 2-Stage SP 
Loop (:i ter$ (nof done ) , 
* solve s i:lbprobl ems 

dy.n.i t e e (i teJL) = yes; 

based on paper by E. Kalvelagen 

= maM. .. 

loop (s, 
demand (j ), = See 
s o,l ve subprab.1 e 
abi sub (s )1 = z s 

ai.riaDai.tai. (e , j), ; 
. max zs sing p; 
• .L •. 

cut canst ( it er} = cut canst ( it e r ) ~ p ( s ), ""'sum (j , m.ai.r. ke t . m. (j ) ""'demand (j } ), ; 
ctrt coe ff ( i t ez , j ), = ctrt coe ff ( i t ez , j ), +· p ( s ), ""selling. m (j} ; 

. .. 

* convergence test 
·if (' ("uppe rbm:md-1 awe rbaund ~ ·< 0 . ! ebs (uppe JLba· 

done= 
else 

* solve maste.rproblem 
sol ve ro.asterpr.oblem. ro._aiR zmaster using .!p; 

. .. 

uppe rbm::md 1= zro.ei.s t er . .1 ; 
abimaster = zm.ai.ster .1 - theta. I; 

33 
\ . , .. I ~ t_gams.gms 



Benders GAMS Implementation 
• GAMS Implementation (solver Cplex) 
- 17 iterations: (3+1 )*17 = 68 small models 

• 6.1 secs (all default) 
• 5.8 secs (minimize listing file size) 
• 4.6 secs (GAMS stays in memory) 
• 0.5 secs (communicate with solver through memory) 

option limrow=O, limcol=O, solprint=silent, 

solvelink=%Solvelink.LoadLibrary%; 

• Grid computing 
• Smart update of sub-model (Scenario Solver/GUSS) 
• Object Oriented API (e.g .. NET) 

34 



Parallel Power - GAMS Grid Facility 
subprob,lem„ solv~link ~ %Solv~link„AsyneGr0id%; 
00p(S0 

demand(j) = sDemand(s0j); 
solve subpro)blea max zsub using lp; 
h (s) =, subproblem.handle; 

) ; 

Repeat 
loop(s$handlecollect(h(s))1 

objsub(s) = zsub„l; 
display$handledelete (h (s)) 'troubile deleting handJLes' ;, 
h(s) = O )1; 
display$sleep(card(h)*0„02) 'sleep for some time';, 

until. ca:rd(h)=O; 
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Parallel Power - GAMS Grid Facility 
1 oop (it e Jr~ (not done ) ,. 
* solve s[1lJproblems 

dy-ni ter (i ter)1 = y,es; 
* Submission loop 

loop (s „ 
demand (j )1 = S.c0ena.ri0Data. (s „ j) ; 
solve subpJDablem maK zsub using .1p; 

n (s) = subpJVablem. handle; 
\ . , •.. 

* Collection loop 
repeat 

loop (s$hendlecollect (h (s)),. 
obisub(s) = zsub.l; 
cur cons c (i ter) = cut cone t (i ter) +· p (s) '~sam (j „ market. m (j) '""'sDemand (s „ j) ) ; 
cutaaeff (i ter„ j) = c.utaaef'f (i ter„ j )1 + p (:s) '*selling. m (j) ; 
di splay$Itri.endledelete [itri. (s) ) • trrouble deleting handles• ; 
L~(:s) = 0 )1; 

di splay$sleep ('cavd (h) ""'0. 02) • was sleeping far same time•; 
uritn 1 card pa) = o; 
awerbannd = max (lawerbaund„ abjmaster + sum (s „ p (s) '""'obj sub (s) ) ) ; 

36 * converg·eLce test I ~ t_grid.gms 



GUSS: Gather-LI pdate-Solve-Scatter 
market(j) .. sales(j)=l= demand(j); 
subobj.. zsub =e= sum(j, price*sales(j)) - 

sum(j,wastecost*waste(j)); 

loop(s, 
demand(j) = sDemand(s,j); 
solve subproblem max zsub using lp; 
objsub(s) = zsub.l; 

) ; 

set diet Is. scenario. '' 
demand. par am. sDemand 
zsub. level. Obj sub I 

37 
solve subproblem max zsub using lp scenario diet; 



GUSS: Gather-LI pdate-Solve-Scatter 

38 

* GUSS setr.1p 
S,et diet I e , sc'en.a.rio. • • 

de1illB!Ild. par.am. 
:mar ke·t . :ma.rgina.1 . 
e el. 1 i.ng . :ma.rgi.n.al. . 
ZS l.eve ..•... 

sDe:ma:nd 
sMarket: 
sSel.l.ing 
objsub /; 

Lo.op (i ter$ (::not done) ll' 
* soive subprobiems 

dyni ter (i. ter]1 = yes; 

sol. ve subprob.!. e 
c1J1.tClClnst (i ter) 

a.K zsnb using 1p scenario diet; 
cutoonst (i ter) +sum (s ll' p (s) '"'sum (j ll' sMa.rket (s ll' j) '"'sDeman.d (s II' j )1 ) ) ; 

cutooef'f (i terll' j) = cutoaeff' (i t.e z , j) sum (s ll' p (s) "'sSe11i:ng (s ll' j) ) ; 

l.owerbour.rid = ma.K(l.owerboundll' obima.ster sum (s II' p (s) ,;;;,obis. 

* convergence test 
i f ( (uppe rbou:nd- L owe rbound) < 0 • 001. "' ( 1. +·ebs (uppe rbollill.d) ) ii' 

done = 1.; 
el.se 

* soive maste.rprobiem 
sol.ve ma.sterpJDob1em. mB!.K zmaster using 1p; 
.pperbound = zma.ster.1; 

obima.ster = zma.ster. 1 - theta .. 1; 
'I. • I' •. I ~ t_guss.gms 

'I, • I' •. 



GUSS: Gather-LI pdate-Solve-Scatter 
• 100 scenarios, 38 iterations: (100+1 )*38 = 3838 models 
Setting Solve time (secs) 

I 
Solvelink=O (default) 294.36 

Solvelink=o/oSolvelink.CallModuleo/o 239.57 

Solve I in k=%Solvel ink. Load Li braryo/o 16.21 
------L 

GUSS 9.18 
~ ~ 

39 

• Updates model data instead of matrix coefficients/rhs 
• Hot start (keeps the model hot inside the solver and uses 
solver's best update mechanism) 

• Saves model generation and solver setup time 
• A priori knowledge of all scenario data 



Calling GAMS from your Application 

I GAMS 1- ~I SOLVER 
Application 

rea~ing 1.,npu~ ror ~~~ ...: ... ~~~, 
~ Data handling using GDX API 

Callout to~ 
~GAMS option settings using Option API 
~Starting GAMS using GAMS API 

Reading soiution fro• GaHS Modei 
~ Data handling using GDX API 

40 



Low level APls 7 Object Oriented API 
• Low level APls 
- GDX, OPT, GAMSX, GMO, ... 
- High performance and flexibility 
- Automatically generated imperative APls for several 

languages (C, Delphi, Java, Python, C#, ... ) 

• Object Oriented GAMS API 
- Additional layer on top of the low level APls 
- Object Oriented 
- Written by hand to meet the specific requirements of 

different Object Oriented languages 

41 



Features of the object oriented API 
• No modeling capability, model is still written in GAMS 

• Prepare input data and retrieve results in a convenient 
way 7 GAMSDatabase 

• Control GAMS execution 7 GAMSJob 

• Scenario Solving: Feature to solve multiple very similar 
models in a dynamic and efficient way. 
7 GAMSModellnstance 

• Seamless integration of GAMS into other programming 
environments 

42 



GAMSModellnstance etc. 
GAMS Job 
• Manages the execution of a GAMS program given 
by GAMS model source 

GAMSCheckpoint 
• Captures the state of a GAMSJob 

GAMSModellnstance 
• A single mathematical model generated by a GAMS 
solve statement 

.. -~ 

GAMSModifier 
• Marks elements of a GAMSModelinstance to be 
modifiable 

. .,,,_ 
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Object Oriented GAMS API 
do 
{ 

ma st e ri ., .Solve ( G.AMSMod e lI n s tance , SymholJUpd at eType ., Base,( as e); 
if (1 < iter) 

upper-bound = masterLSynclDB .,GetVariable ("zmaster") ., First Record()., Level; 
objmas't er- = masteri.SynclDB .GetVariable ("zmaster".). FirstRecor,d O ., Level - theta., First Record()., Level; 
received .Clear(}; 
for-each (GAMSVariableRecord r- in masterLSynclDB.,GetVariable("received")) { 

received .,AddRecor,d (r-, Keys) .,Value = r. Level; 
ctrt coef'f .,AddRecorid (iter .,To.String() J r ., Keys [0]); 

} 
cut con st .,AddRecord (it,er .,To.String()); 
double objsub = 0.0; 
fore ach (G.AMSSetRecorid s in data .OutiDB. Get Set ("s")) 
{ 

demand .,Clear(); 
fore ach (G.AMSSetRernr,d J an data .ouros .,Get Set ("ji")) 

demand .,AddRecord (j ., Keys) .,Value = scenar-Ioüat a ., FindRecorid (s ., Keys [0] J j ., Keys [0]) .,Value; 
sub LSodve (GMISHodelinstance .SymholJUpdateType. BaseCase); 
double probability = scenar-doüat a ., Find Record (s ., Keys [0],, "prob") .,Value; 
obj sub += probability * subLSynclDB .,GetVariable ("zsL1b") ., First Record O. Level; 
fore ach (G.AMSSetRernrd j in data .,OutDB .,GetS,et ("ji")) 
{ 

cutconst.,FindRecord(iter.,ToString()) .,Value += probability * 
subi.SynclDB .,G:etE,quation ("market")., Find Record (j ., Keys) .,Marginal * demand, Find Record (j ., Keys) .,Value; 

cut coef'f ., Find Record (iter.,ToString()., j. Keys [0]) .,Value += probability * 
subi.SynclDB .,G:etE,quation ("selll:iing"). Find Record (j ., Keys) .,Marginal; 

} 
} 
:Lowerhound = Math.Max(lowerhound„ objmaster + objsub); 
iter++; 
if (iter =,= ma:dter + 1) 

44 thro\~ ne\'ll Excep+i.on ("Benders out of iterations"); 
} \'llhile ( (upper-bound - Iower-bound) >= 10.,001 * (1 + Math .,Abs (upperhound))); I ~ Benders .... sin 



Object Oriented GAMS API 

Setting Solve time (secs) 

Solvelink=O (default) 294.36 

Solvelink=o/oSolvelink.CallModuleo/o 239.57 

Solve I in k=%Solvel ink. Load Li braryo/o 16.21 

GUSS 9.18 

C# Application 2.43 
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Excursus: SP with EMP 
model. t r.-anspo r.-t I .a.1. 1. I ; 
sol. ve tr.-anspor.-t a.xi.m.::izi.n.g profi.t si.ng 1.p; 

fi l.,e emp I • %emp. inf'a% • I.: pat emp 
onput 

prDobJ.e· %gams.i%1/.: 

j r.-and V at r.- de ]IlB!Il.d ( I d :1. I ) demBilll.d ( • d.2 • ) demBild ( • d3 • ), demand ( • d":l • ) 
0.25 ].50 1.00 250 300 
0.5 :3..60 :1.20 270 325 
0.25 ].70 1.35 300 350 

demand ( • d5 • ) 
600 
00 

300 
stage 2 demand sa.l.es waste profit obj sel.1.ing mar.-ket 
$offput 
pu tel. os,e e:mp; 

Set seen Scenari.as I s1.~s3 /; 
Parameter 

s c _demand C: s c'e:n „ j ), 
sc_sa.1.es (seen„ j ), 
sc waste (sce:n„ ji ), 
sc_profi t c:sc'en) 

dern,_ai.'TJl.d by s ce:na.r:i a 
sa.1.es by scena.ri.a 
waste by sce:na.ri.a 
profit by sce:nar:ia; 

S,et di.ct I s ce:n 
de:mE!Il.d 
sal.es 
waste 
profit 

. scenario. • • 

.rand.var. sc de:mand 

. l.evel. . 

. l.evel.. 

. 1.evel.. 

sc sa.l.es 
sc wa.ste 
sc_profi.t I; I ~ t_emp.gms 

46 
option emp=de ; 
sol. ve t r.-anspo!rt 
displ.ay shi.p.l. •. 

ma.xi.m.::izi.ng profit s i.ng emp s oenar.-i. a di. ct .: 
sc demand.- sc _ sal.es „ sc _ waste „ sc _profi. t.: 



ACSOM 

• Advanced Collaborative System Optimization 
Modeler 

• Explore high-dimensional Pareto surface for 
configuration of (expensive) military vehicles 

• Collaboration between: 
- General Dynamics Land Systems (GOLS) 
- Industrial & Systems Engineering, Wayne State 

University 
- GAMS Development Corp 

47 



Loader's thermal sight 

Thermal sight components 

48 

Abrams M1A2 

\ 

A brams Reactive Armorc Tiles 



Chassis Structure 
Crew Station 
Defensi\/e' Armament 
Dismouatabls 
ECS 

Hit Avoidance 
Lighting 
Mission !Equipment (Shooter) 
Mission Station 
Mission Structure 
NBC 
Platform Electronics 
Power Distribution & Mgmt 
Propulsion 
Signalure Manag1ement 
Suspension 
Turret Structure 

49 



50 



• Suite of Algorithms 
- Complete Enumeration 
- Acsom 1.2 algorithm 
- Integer Cut 
- WSU algorithms: ACE, UPSA 

• Developed in 
- VB.Net 
-GAMS 

• GAMS Models and Algorithms 
• .NET API for recursive ACE algorithm 

- Cplex MIP Solver 
- MySQL 

51 



• High Performance 

• Use multiple cores 
- For current crop of laptops 
- For high-performance machines 
- Be prepared for advancing technologies (more 

parallelism) 

52 



• Focus on whole system 
- High level modeling language can help improve 
design 

- Although slower than traditional programming 
languages, by using better design we can achieve 
higher performance 

- Examples: 
• Use parallel instances of scenario solver where possible 

• Use bulk SQL in one spot instead of record level SQL 
scattered over application 

53 



• Reimplementation of Acsom 1.2 algorithm 
Old system: 

VB.Net 
MPL {single point} 
Cpl ex 
SQL throughout 

New System: 
GAMS {complete algorithm; streamlined design} 
Multiple parallel instances of scenario solver 
Cpl ex 
Bulk SQL just once 

Performance improvement 
On the same hardware: 

• From hours and even days for large problems 
• To minutes, up to an hour 

• 

• 

• 
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Algorithm 
acsom12parallel 

Iterations 
100(}0 

Threads 
8 

R.unlD 
5 

Clear DB solutions 

Run 

Interrupt 

Abort 



Sunday, April 15, 2012 
Parn11ei GAMS jobs (2) 

Iin http: /fyetanotlnermatnprngrammrngconsultant.l!Jlogspot.com/2012/04/parallel- gams-jol!Js .html I described 
a simple approach I suggested to a dient allowing to run multiple scenarios in parallel. 

For a different client we needed to run a rartdomued algorithm that solves many small MIIP models. They 
are so small that using multiple threads inside the MIP solver does not give much performance boost (much 
of tlhe time is spent outside tJhe pure Branch & Bound part - such as preprocessing etc.). However as the 
MIP problems are independent of each other we could generate all the necessary data in advance and then 
call the scenario solver (lnttp:f/www.gams.com/mod[il!J/adddocs/gusspaper.pdf). This will keep the 
generated problem in memory, and does in-core updates, so we don't regenerate the model all tJhe tirne , 

When running the algorithm with n=l00,000 MIP models we see the following performance. Note that 
besides the MIP models there is also a substantial piece of GAMS code that implements other parts of the 
algonithm. 

I Implementation JnLJmber of lsol've llime II rest of ltotal llime 
I MIP models . algorithm 

!Traditional GAMS loop (call 1100,000 II Hl68 sec 11169 sec 11237 sec 
I solver as DLL) 

I Scenario Solver I 100,000 11293 sec 11166 sec 1459 sec I 

To get more performance I triad to run tJhe scenario solver in parallel. That; is not completel'y trivial as tJhe 
solver has a number glitches (e.g. scratch files with fixed, hard coded names). I also run parts of the GAMS 
algorithm in parallel, but some parts had to be done in the master model after merging the results, 

Implementation number of Worlker parallel sub-problem rast of total time 
MIP models threads time algorithm 

(serial) 

Parallel + Scenario 1100,000 14 1116 sec 1167 sec 1183 sac 
Solver 

The implementation does not win the beauty contest, but it could be developed quickly. For these larger 
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Indexed Model - Scalar Model 
• Model = Model Instance 

• Indexed Models 
- Algebraic Modeling Systems were invented to support 

this type of modeling 

• Scalar Models: 
- Variables x(1), x(2), x(3), . 
- Equations e(1), e(2), e(3), . 
- Algorithm development 
- Automatic translation of model instance into other 

AML scalar: GAMS/Convert (AMPL, Lingo, Minopt, ... ) 
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Model Translation 
Vari"'h1 """" 

llODEL: 

[Obj 
Posi 

[e1] 

Equa 
(e2] 

[e3] 

(e4] 
cost 

(eS] 
supp 

[e6] 

dema 8Fre 

Mode End 

Solve tr 

ar xl >= 
ar x2 >= 
ar x3 >' 
ar x4 >' 
ar x5 >' 
ar x6 >' 

inimize 
+ 0 

subject 

e2: X 

.e3: 

e4: 

e5: 

e6: 

• No exe 
• No file ;;;tion, i. e~ 
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O; 
O; 

arial:>les xl,x2,x3,x4,x5,x6,x7; 

ation server 

Positive Variables xl,x2,x3,x4,x5,x6; 

quations e1,e2,e3,e4,e5,e6; 

el .. - 0.225*xl - 0.153*x2 - 0.162*x3 - 0.22S*x4 - 0.162*x5 - 0.126*x6 + x7 
=E= O; 

e2 .. xl + x2 + x3 =L= 350; 

x4 + xS + x6 =L= 600; 

xl + x4 =G= 325; 

x2 + xS =G= 300; 

x3 + x6 =G= 275; 

X 

e3 .. 
X 

e4 .. 
X 

es .. 
X 

e6 .. 

del m I a /; 

solve musing LP minimizing x7; 



GAMS/Convert 
• Mapping Between Indexed and Scalar Model 

DictMap: 

• Access to Gr 
I 

Jacobian/H 

• For example: 
Non-linear 
OA Cut at 
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j iii' C:\Users\bus.sieclc\Desktop\b~ honnef\dictmap.gdx ~][~I-a.I I dictmep.qdx ja.cobia.n.gdx I oa..gms I 
Entry I Symbol I TypellDiml Nr E.lem I demand_EM(\ ~): Maip for equation demand 

1 i lset I 1 s I 
I 2j 'Jiir C:\Users\bussieck\Desktop\bad honnef\jacobian.gdx ~-~lllLilll 

3 cost ElM II dictma.p gdx II jecobien.qdx oa..gms I 
4 supp,ly_EIM Entry Symbol I Type IDiml Nr E.lem A(i, j): Jacobian 

~ 1 i Set 1 s 
11 s X VM 2 j Set 1 7 Plane Index ,(empty) 

lz VM 3 jobj Set 1 1 
_J 

x1 ~ ~ x4 ~ x6 x7 
4 objcoef P'ar 0 1 

!1J li(!g -0.153 ~0.162 sQ_225 -0.162 ~0.126 1 
5 e E.qu 1 s 

~ 1 1 1 
6x Var 1 7 

~ 1 1 1 
fJ{A Rt1 • ~ ~ 1 1 

Symbol search e51 1 1 

I e6I I 1 1 

Symbol search Reset I P" Squeeze defaults Ordering: 1 2 
I Decimals Search I Next I~ Next I Prev I Sort ..!l.!J Max I 
- - 



Research Applications 
• Tom Rutherford: 

EPEC: 
Equilibrium Problems with Equilibrium Constraints 

• Francisco Trespalacios, Ignacio Grossmann: 
Basic Step for Disjunctive (Non-linear) Programs 

- https://aiche.confex.com/aiche/2012/webprogram/Paper278434.html 

L 

tri' ~\, 
3 RF side & forward 
4. lF forward. 

I. RF back. 
2. LF back aod 

side (le ft) . 

61 



What 
How 
Why? 

Motivation 
Examples 

Tricks 

The Problem of the IDay 

Mixed Integer Nonlinear Program (MINLP) 

muurruze f (x, y) 
x,y 

subject to c( x, y) < 0 
x E X~ y E Y integer 

• f, c smooth ( convex) functions 

• X~ Y polyhedral sets, e.g. Y == {y E [O, l]P II Ay < b} 
• y E Y integer ==;> hard problem 

• f, c not convex ==? very hard problem 

Leyffer & Linderoth MINLP 



Branch-and-Bound 
Outer Approximation 

Hybrid Methods 

Definition 
Convergence 
Benders Decomposition 

Outer Approximation (IDuran and Grossmann, 1986) 

Motivation: avoid solving huge number of N LPs 
• Exploit MILP/NLP solvers: decompose integer/nonlinear part 

Key idea: reformulate MINLP as MILP (implicit) 
• Solve alternating sequence of MILP & NLP 

NLP subproblem YJ fixed: 

rnmrrruze 
X 

subject to c( x, Yj) < 0 
xEX 

Main Assumption: f, c are convex 

• 
MILP 

• 
NLP(J;.!) 

Leyffer & Linderoth MINLP 



Branch-and-Bound 
Outer Approximation 

Hybrid Methods 

Definition 
Convergence 
Benders Decomposition 

Outer Approximation (Duran and Grossmann, 1986) 

• let (xj, Yj) solve N LP(yj) 
• linearize f, c about (xj, Yj) -: Zj 

• new objective variable n > f(x, y) 
• MINLP (P) MILP (M) 

(M) 

rrumrruze 
z=(x,y),YJ 
subject to 

11 

f(x) 

rJ 

rJ > f j + VJ'! ( z - Zj) 

O>c·+Vcf(z-z·) - J J J 
x E X~ y E Y integer 

SINAG: need all Yj E Y linearizations 

\/yj E y 
vu, E y 

Leyffer & Linderoth MINLP 



Branch-and-Bound 
Outer Approximation 

Hybrid Methods 

Definition 
Convergence 
Benders Decomposition 

Outer Approximation (IDuran and Grossmann, 1986) 

(Mk): lower bound (underestimat,e convex I, c) 
NLP(yj): upper bound U (fixed Yj) 

N LP(y) subproblem 

STOP 

* stop, if lower bound > upper bound 

No 

NLP gives 
linearizatiion 

MILP finds 
new y 

Leyffer & Linderoth MINLP 



Simple OA Implementation in GAMS 
• Simple: Convex + Binary variable only 
• User help to identify 
- Non-linear constraints 
- Binary variables 

• OA Implementation: 
- Scalar Model for (r)MINLP 

• Solve with fixed binary variables 
• Get gradients for OA cuts (Jacobian) 

- Scalar Model for MIP (lower bound) 
• Add OA Cuts 
• Cut off discrete solutions (MIP cuts) 

- Rewrite GAMS source code inserts for scalar model 
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Tools for Algorithm Development 

• Matrix tools: 
- Cholesky 
- Eigenvalue 
- Eigenvector 
- Invert 

• Others 
- Gdxrank (sorting) 
- csdp (SOP Solver) 
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Summary 

• Rapid Prototype Development 
- GAMS Language Elements 
- High-performance (GUSS, Grid, ... ) 
- Other Execution Systems (.NET API) 
- Extended Mathematical Programming 
(EMP) 

- Scalar Models plus Toolbox to Build 
Algorithms Independent of a Particular 
Index Model 
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Thank You! 

USA Europe 

GAMS Development Corp. 
1217 Potomac Street, NW 
Washington, DC 20007 
USA 

GAMS Software GmbH 
Eupener Str. 135-137 
50933 Cologne 
Germany 

Phone: +1 202 342 0180 
Fax: +1 202 342 0181 

Phone: +49 221 949 9170 
Fax: +49 221 949 9171 

http://www.gams.com 
sales@gams.com 
support@gams.com 

http://www.gams.com 
info@gams.de 
support@gams.com 
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