I GAMS Development / GAMS Software

GAMS at a Glance

An illustrative Example: The Mean
Variance Model

Grid Computing
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GAMS Development /

* Roots: Research project
World Bank 1976

* Pioneer in Algebraic
Modeling Systems
used for economic modeling

e Went commercial in 1987

o Offices in Washington, D.C
and Cologne

GAMS Software

* Professional software tool
provider, not a
consulting company

» Operating in a segmented
niche market

* Broad academic &
commercial user base
and network




Typical Application Areas *

o Agricultural Economics

« Chemical Engineering
 Econometrics
 Environmental Economics
* Finance

e International Trade

e Macro Economics
 Management Science/OR
* Micro Economics

Applied General Equilibrium
Economic Development
Energy

Engineering

Forestry

Logistics

Military

Mathematics

Physics

3 * [llustrative examples in the GAMS Model Library
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Companies with wide experience in GAMS modeling
- Details at: http://www.gams.com/specialists/




GAMS Development/GAMS Software

I GAMS at a Glance

An illustrative Example: The Mean
Variance Model

Grid Computing



GAMS at a Glance

7 gamside: D:\support\eva.gpr

File Edt Search Windows Udlides el

T

3 ala]

\ 5 0:\supporttestchart.gch
chartdat. gms -:handata tastchart ach testchart. gch
BEitTe Create an example GOX File for the | —| . __
1. vy o domii] | Lot @& [0 3D|.¥.
S StockData
5 Develo 104 =
1 —DELL
sstitle data for single Tines, bars. pien 10
rs / y1998=y2005 /
parame'ter YearDatad(years). YearDataB(year:| qp3 —SUN
Di e
Al (- - support|\ chartdata.odx =101 x|
earDil chatdata gds
n
3:€t' EnlrylSymbu\ |Type|D|m|Nr Elemlj StockData
s
jpar 10GanttData  Par 3 Plane Index (empty) ‘
scala
. L LT Par 2 200 ITiEw [x0[36742 5472285417 ﬂ
Luog(; 8| Scatter2D Par 2 40 m 100
N
poff OiScaltedD: Per| 2 50 DELL 0| 38742 5472285417 v \A/V
;_j 13 ScenarioData Par 2 136,000 40 100 T T T
2 = 38,780 38,800 38,820 38 840
u 2|StockD: D
Bstit 11/ Surface Par 2 2500
set 0 100
Sjvectr®] o] (2L C60 SUN [x0| 38742 5472085417 Rurbcs
6 Vector2Db  Par 2 80 40 00
— T|VectodD  Par | 2 120 FolEw (0367435472254 17 |
1/YearDataA  Par 1 8 e 5 Squeez‘
esel < 4
L(tm 2 YearDataB  Par 1 8 Dji'lm’;JE |
£CEO ax 2
. 3 YeaDataC Par 1 8 || __Sot | Ordering: 1
N0 active process % ] 06
charldat'
05
Job chartdat.gns Start 05/05/06 13:08:00 04
s Rev 145 Copyright (C) 1957-2006 GAMS Development. A1l right
Licensee: Franz Nelissen 5051012/
GAMS Software GmbH 03
--- Starting compilation
~— chartdat.gns(133) 3 Mb 02
--- Starting executian
--- chartdat. gns(126) 7
—-- Putfile f D:\s uuuurt tE tchart gch 0.1
s++ Status: Normal complet
--- Job chartdat.gms Stop EIS ’[lS /06 13:08:01 elapsed 0:00:01.422
4 |

Close Openlog | ™ Summaryonly W Update

52 55 58 512516520 524 SZB 532 536540 545349
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General Algebraic Modeling System:

Algebraic Modeling Language,
Integrated Solver, Model Libraries,
Connectivity- & Productivity Tools

Design Principles:

Balanced mix of declarative and
procedural elements

Open architecture and interfaces to
other systems

Different layers with separation of:
— model and data

— model and solution methods

— model and operating system

— model and interface




I3 gamside: D:\support\eva.gpr =10 x|
File Edt o Uilities
| (2] 3eaf & | 5 [Fie =\ =T N
[E5j0:\supportitestchartgch Sil=lF=
chartdat gms  chartdatagds | testchartgch testchart. gch
StitTe Create an example GDX Tile for the -~
T [|smad =K
StockData
104 —IBM
1 —DELL
Sstitle data for single Tines, bars, pief 10 P
s [/ y1998=y2005 /9
parame'ter YearDatad(years). YearDataB(year:| qp3 —SUN
i 1ol
1*”“‘ chaitdata gdx
i ; %
Betie [Entry[Symbol  [rype[Dim[Nr Elemlj StockData
set
param 10 GanttData  Par g 14 Plane Index (smpty) ‘
scalal
. #{Homts Par 2 200 IaTiam [x0[36742 5472285817 ﬂ
Luog(; 8 Scatter2D Par 2 40 m 100
5
pof]__‘°fScattedl; JPar’| 2 &0 DELL|x0] 36742 5472285417 \A/V
;_j 13 ScenarioData Par 2 136,000 40 100 T T T
i 38,780 38,800 38,840
- 3
M 2 (stockData Par | FP x| sa742 s47zmsat7
sstit) | 11 Sudace Par 2,500
et I 100
S Yecto U o B SUN [x0] 36742 6472285417 Suriaca
6 Vector2Db  Par 80 40 00
— I[Vectord)  |Par 20 [i2iBw [x0|36743 5472285417 |
1/YearDataA  Par 8 e 5 Squeez‘
esel < 4
L(tm 2 YearDataB  Par 8 Dji'lm’;JE |
26ta ax
0 | 3 YearDataC  Par 8 = | Ordering: 1
1
charldat'

--- Job chartdat.gms Start 05/05/06 13:08:00

GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right

Licensee: Franz Nelissen 5051012/
GAMS Software GmbH

Starting compilation

chartdat.gms(133) 3 Mb

Starting execution

chartdat. gms (126) 7 Mb

Putfile f D:\support\ tE<tchart gch

Status: Normal complet

--- Job chartdat.gus Stop o fnsfns 13:08:01 elapsed 0:00:01.422

< |

[
Close Openlog | ™ Summaryonly W Update

-02
52 55 58 512516520 524 SZB 532 536540 545349
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State of art professional

modeling technology

Increased productivity

Robust and scalable

Rapid development

Broad Network

Large model libraries with

templates

Multiple Model Types

Platform / Solver independence:
- Protection of investments
- Maintainable models




System Overview

Interactive APl / Batch

Connectivity Tools

Uniform Data
Exchange:

ASCII

GDX (ODBC,
SQL, XLS, XML)

GDX Tools
Data API
Ext. programs

EXCEL
MATLAB
GNUPLOT, ...

C, Delphi, ...

GAMS Language Compiler
and Execution System

Productivity Tools

* Integrated Development
Environment

* Model Debugger and
Profiler

* Model Libraries

» Data Browser

e Charting Engine

* Benchmarking

* Deployment System

e Quality Assurance and
Testing

BARON, COIN, CONOPT,
CPLEX, DECIS, DICOPT,
KNITRO, LGO,MINOS, MOSEK,
OQNLP, PATH, SNOPT, XA,
XPRESS, ...




Multiple Solvers & Platforms

BARON 7.5
BDMLP
COIN
CONOPT 3
CPLEX 10.0
DECIS
DICOPT
KNITRO 4.0
LGO
MILES
MINOS
MOSEK 3.2
MPSGE
MSNLP
NLPEC
OQNLFE
OSL V3
OSLSE
PATH
SEB
SNOPT

XA

XPRESS 16.10

Solver/Platform availability -

>3 3

et ikt skt

April 21, 2006

x86 x86 64 x50 x86 64 Som Sparc HP 2000 DEC Alpha IBM ES-6000 5GI MAMac PowerPC
M5 Windows MS Windows Linux Linux SOLARIS HP-UX 11 Digital Unix 4.0 ATX 4.3 IRTX Darwin

v 32 bat e 32bit v

v v v v v v v v v v

v v v v v

v v v v v v v v v v

v v v v v v 8.1 v 9.1

v v v v v v v v v

v v v v v v v v v v

v 32 bat v ("

v v L " v v v v v

v v v v v v v v v v

v v L " v v v v v v

v v v v v v v

v v L " v v v v v v

v v v v v v v v

v v L " v v v v v v

' 32bat " 32bit

v 32 bat & 32but v V2 v 2

' 32bat " 32bit v [

v v L " v v v v v v

v v L " v v v v v v

v v L " v v v v v v

v 32bit L " v v v v

v 32 bat & 32but v v v

For backward compatibality we maintain older versions of operating systems and solvers. Please call.
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Integrated

Development Environment

@ gamside: D:\support\eva.gpr .

— 1ol =]

File Edit Search Windows LUtilities Help
o - | - [ ey

E5o:\support! EEEs
I chartdat.gms  chartdata gds-el testchart,gchl I testchart.goh
3titTe Create an example GDX Tile fTor the g —_—
g [T o[
StockData
o 104 = 1aM
1 —DELL
$stitle data for single Tines, bars, pief 103 HP
sebt ears J v1898*y2005 /1
parameter YearDataA(wvears). YearDataB (wvear: 102 —SUN
il
[fearD:
[YearD: ;Iglﬂ
q]"ear’Dil chartdata gdw
1 ; -
Sstit’ EntryISymboI ITypelDlmINr Elem | :" StockData
=et
par am: 10 GanttData Par 3 14 Plane Index (empty) |
scalan s
o ot ool 2000 [ATiBm [x0]38742 5472285417 ﬂ
Loog(‘ 8|Scatter2D Par 2 40 0 100
i
Po- 2Scotiersh. |Par] 2 &0 DELL [x0|38742 5472285417
’)‘_j 13 ScenarioData Par 2 136,000 0 100
U i2/StockData__[Par | 3] 800 HP [x0|38742 5472285417
Sstit 11| Surface Par 2 2,500
set y0 100
SN ctor an |0 At SUN [x0|38742 5472285417 Surfacse
6 Vector2Db _F’ar 2 80 0 150 ,m
— e or DI ol S 2 1200 [B[iBM [x0|38743 5472386497 |
1| YearData® Par : | g E " Squeezl
ese I : {
L 2 YearDataB  |Par 1 Ele"';'mlals
okt 1] Max ,
N 3 YearDataC | Par 1 8 =l Sort_| Ordering: 1
=0 061
chardat |
0.5
--- Job chartdat.gms Start 05/05/06 13:08:00 0.4 [
GAMS Rew 145 Copyright (C) 1987-2006 GAMS Development. ATl right -
Licensee: Franz Nelissen 5051012/
GAMS Software GmbH 0.3
Starting compilation
chartdat.gms({133) 3 Mb 0.2
Starting execution %
chartdat.gms(126) 7 Mb
Putfile ¥ D:“support:testchart.gch 0.1+
Status: Normal completion
Job chartdat.gms Stop 05/05/06 13:08:01 elapsed 0:00:01.422 0
|
01
I e I e T, —— 150
Glon EEeiLoE W e 52 55 58 512 516 520 524 528 532 536 540 545549
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Interfacing with different Applications

.. VEDA: Hill-NPM =lef x|

Ubs Tools  Help

File Tables View
Deploy Your GAMS Model in Optience Core Application Builder Toble Dofinion | (b Y Bem Y T | G |
[T_423200343628PH = [ WaleType | Year T SolVal I
Optience has developed world class applications fof solving real world problems in the process R ETEE T 7 (S o rT e TT M
industry utilizing the Optence Core Bullder Platform, from Product Development Optimization O Abrbute i
to Business Supply Chain Opbmkastion. These g ek et B
applications hawe besn lﬂﬁDb}'Eﬂ In some of the g Eﬁ";ﬂ” g EAUESFT‘AU’;‘;‘;ATTD
largest petrochemical companies in the world. o MERC O SAFEHARBD
© NOxR -0 SALTRIVER
+ Database ceniric, con connect b o . ] Il
3 e
ruiltiple detebuss o Plnt B8 @ @ 3 EH =~ Sla B
+ Rich grid & graph features Ok Hi e
- Scenario
+  Design userinterfoce to fit "o Zemon I ]
your wor hF ke R Active Unit[ -] Original Units
+  Exeouts GAMS model n g x:‘;ﬂ”pe "Block" _|Region _|NERC _[NO#A _]Operator _] Scenaiio_| ChreaTo _| *Aftibute” _|Vear ]
: 5o Solvd ValueType
the sarne erwironment i ?..ZNP\I, Plant Chisa | Season cAPAciiHDDMPFHA:T |DISP_COST [LE_HG |
=IAR  |=ICOAL [=IC5W |Fall 1174 54 2143 =
Spring 234092000 1114.54 2143 E
Summer 2340520.00 1383.15 21.43 18
winter 2290030.00 133170 2143 17
=1 =i =i =l al E946431.00 1044.85 24.84 2
OPTIENCE e ;D‘,‘m FzEEOD 104dEs 2464 E J
Summer F022765.00 1317.90 24.84 %
winter B870097.00 121461 24.84 2.
{3 Bl Edt Mew et Format Took Dats Widow Hep DE Hetograms  Adobs POF CR F
T YRR P WAl S O AT Box gl ildead 0% = e =0 pieruEmmis s 2w o n-A- R Ll—_
http: /S waw. optlence.com = sm=wl
Al - & Tile . . . . '-ﬁ'
Cadet Schedules with Constraint Yiolations. AYT 2001-1 A H 4 I J J J K J L E
- Header Information 1 [Title tnetid Site *Requestor *Category  *Procedure I
Select Constraint Type: |3 FREE HOUR CONSTRANT - :EE_ Hu;r\ﬁul:n:;s-: :3 :; 2 318W908 ACCRO A1 NSO 0% WD3PVQ APTL pkuchta EMISSIONS NS08 e
il esign Group Violations: ————————
riter o | i Sermesss v [T 3 [309W512-50K 2004 W/COMMON CWD3QES APTL pkuchta EMISSIONS COMBO LB aseem
- 4 ST01EPA URBAN DRIVING SCHEIWD3QMS APTL pkuchta DIESEL EPA75_D
Tolal Envoliment Reviewed il 5 |FWD-301W8a54 NS 67 HOT RESTAWD3P09 APTL pkuchta EMISSIONS NS67
PHa65 275 76-0481 __Detaits_| 6 318WS06 ACCRO A1 NSO6 2%  WD3PVR APTL pkuchta EMISSIONS NS06
EMaoia A BT o - Lawserows || | 7 1302T302-50K 2003 W/6 SIGMA FINWD3QED ~ APTL pkuchta EMISSIONS COMBO
stanis B e 8 |EPA HIGHWAY DRIVECYCLE ~ wD3ame  APTL pkuchta DIESEL  HWFET_D
Ewsa2A DONRELL, TYLER R 131620835 | 2002 o 9 FWD 560 ACCRO A LIS06 30TA4G WD3NA4 APTL ehunsang EMISSIONS NS103
EM3E2A EDGAR, BEMJAMIN T 411-45-8480 2002 -
— o 10 FWD-560 ACCRO A NSO06 2% 30T/WD3N65 APTL ehunsang EMISSIONS NS08
[CFGET] i Encinsering eier 11 ZE1HOO AUTO NSO 0% GRADE MWD3NE6 APTL ehunsang EMISSIONS NS08
| LGRS 12 FWD-NS61 CUST.VEH MZ125  WD3NKB APTL ehunsang EMISSIONS NS61
Cawnns
oy ) 10ay Zatd 059 @) 202y 13 [VEH. NO. 201888 - TWIN ROLLS WD3NLG APTL ehunsang EMISSIONS COMBO
Hour | Course Wiolation Override Hour | Course Wiolation Ovarride Schedul I -
A | PE310 gHaur| o | ssao7 14 308WO0B7 ACCRO C1 NS08 0%  WD3RAY APTL ehunsang EMISSIONS NS08
3| mrE || Goem 15 310W484 20F COLD CO WDEHTS APTL ehunsang EMISSIONS NS77
__ o e 16 FWD-EPA FUEL ECONOMY - HONWD3HUS ~ APTL ehunsang EMISSIONS COMBO
11 E K " oK 17 ZE1HO1 MANUAL NSD6 0% GRADEWD3NGS APTL ehunsang EMISSIONS NSO6
B D L Close | 18 FWD-EPAT5 W/MODAL CUST VEFWD3NKD APTL ehunsang EMISSIONS 75CVS
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Gams Data eXchange

Binary Data Exchange

|

- complements ASCII data exchange
- Data exchange at any stage

- Supports ODBC and XML

- Direct Excel connectivity

- General API

- Visual Data Inspector

- Scenario Management Support

- Full Support of Batch Runs

GDX Tools

IDE GDX Viewer

GDX
API

'\

GAMS (

GDXxrw / |

(MS Office)

7 GDXRank

—GDXMerge

GDXDump
GDXDiff
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nterfacing with GIS Applications

EMISSIONS - IMMISSIONS ESE

R T

RESTITUER| PAR DEFAU

00

|
e
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Increasein Ktons Per Year
o+ LessThenO
o 0-19
o 200100
¢ 1000300

[

Select an Ontion
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Interfacing with MATLAB

Figure 1: US dollar short rate scenarios Figure 2: Short vs. long rates
Scenarios from tree Correlations for Dollar Short and Dollar Long
T T 15 12
11}
10F *
3.
= =] SF
2 o
T f s + ¥
= =
a 8 sl +
)
5F 1828
2000
al 2001
kg 2002
3
2 £ 3 1
a 15
Years Dollar Short

90

centimeters

N

w
centimeters

14 2.5 5 25 3

centimeters centimeters
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Interfacing with GNUPLOT

Investment

Ramsey Growth Maodel

084
2010 2020 2030 2040 2050
Fan Plot of QOutput Distribution
Ramsey Growth Model
107
106 — ]
. /
104

100

100

zn

00

400

500

S0

700

0%

aTE

(Rl

aTs

(3

06

Asset Balances with Borrowing
Lifecyck Consumption-Saving s Maodcl

Investment
Capital Tax Impacts with Structural Uncertainty

2010 Hxd ki) 240
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GAMS Model Library

EEAMS Model Library Yersion 24. =]
Search I |

Seqghr | Mame |.ﬂ-.|:||:|licatinn Area Type Contributor D eszcription lil

36 DPLYTEST GaksS Language Features GakMS GAMS Develop & Deployment Test bModel

315 TRMSGRID | Management Science and OF  LF Fermsz, M C Gnd Transportation Froblerm

314 FEASOPT1  Management Science and OR LP Dantzig. G B A Infeazible Transportation Problem analpzed with Cplex option Feaz0pt

3 CHARTDAT GaAkS Language Features GakSs | GAMS Develop |Create an example GO file for the IDE Charting Facility

32 LRSS M anagerment Science and OF  MIP GAMS Develop | Linear Becurzive Sequence Optimization Model

311 GSOLVER GAMS Language Features GAMS GAMS Develop Compare the actual sustern with the ariginal zolver databaze

310 CTa M anagerment Science and OF  MIP Cox. L H Controlled T abular Adjustments

OFEMFIT t arnagement Science and ORF |MIP GAMS Develop | Dynarmic open pit mining extraction
302 DEFLOY GaAkMS Language Features GakSs GAMS Develop GakS Deplovment kodel
307 LICEMEMDO | GaAkS Language Features GakSs | GAkMS Develop | License Memorandum

306 CSP M anagement Science and OR  MIP tMeneses, T M | Clozest String Problem

305 HERYES E naineering DMLF Meerausz, ™ H Herves [Tranzpozable Element] Activity Calculations

304 DECOMPHH  Applied General Equilibrium MPSGE  Futherford, A Succeszive Fecalibration Algorithr for GE Models with kM any Houzeholds
303 PLGAMMS | Statishics MHLF Cox. DR td g=irnum Likelihood estimation of parameters of the gamma distribution
302 MLEBE T Statiztics HLF Faotz, J Fitting of beta diztribution through masimum likelihood

am FROCMEAM  Statistics HLP Chen.CH Optimal Frocess Mean

300 QUAMTLM | Statistics DMLFP Ogura, & A application from quantum mechanics

299 MIMGARMA | Statiztics DMLF Sloane, M J Finirmal v of Gabdbdb]=]

293 2K TSHE GAMS Tools MIF Juenger, M Traweling S alezman Problem Instance prepared with A0F,

297 SEDERS GaAkMS Toolz GAaMS  Somwaru, & ERS Data Manipulations with SED

236 A LAP GAMS Tools MIQCF Burkard. B E Ihout file aeneration with AWK for the Quadrabic Azsianment Problem

Dwhnamic open pit mining extraction (OFPEMPIT, SEQ=309)

This s an example of how to model material extractions that have seguencing reguirements with a
multi—period decision process. A segment has to be extracted completely bhefore we can start on
The next sagment. Segments not Com ?Ete1y extracted have to be extracted in the next time period
or remain partiaTTﬁ extracted in the Tast time period. The reguirement of full extraction adds
complications to the modeling within the multi-period framework.

rReference:
GAMS Development Corporation, Formulation and Language Example.

< |

... currently more than 316 models from various areas
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Benchmarking

e BENCH -"solver”:

EXAMINER ALL DOMNE.

——— BENCH SUMMARY :

Solwver Modstat Solstat Objectiwve ResUsd Examiner
EDMLP 1 1 153.6750 0.000 PSP
COINCBC 1 1 153.6750 0. 000 PSP
COINGLPK 1 1 153.6750 0. 000 PSP
COMNOPT 1 1 153.6750 O.047F PSP
CPLEX 1 1 153.6750 0.015 PSP
MIMNOS 1 1 153.6750 0.01l&a PSP
MOSEK 1 1 153.6750 O0.141 F/P
PATHNLP 1 1 153.6750 0. 093 PSP
SNOPT 1 1 153.6750 0.000 PSP
A 1 1 153.6750 0.015 PSP
XPRESS 1 1 153.6750 0. 031 P/P

-—— Restarting execution

—-—— trnsport.gms{55) 0 mMb

--—- Reading solution for model transport

-—— Executing after solwve

—-—— Ttrnsport.gms{&e7) 3 mMb

##% Status: Normal completion

-—— Job trnsport.gms Stop 05/26/06 11:00:25 elapsed 0:00:02.110

A |

EE[hEmppnd\hnqurthg _|D|2g
bench.opk I induzE9. grns I induss9. st I trnzport. g ” trzport.log  bihsport. st I
opual constraints satisfied (tol = 1e-006) :J
primal €5 is zero (tol = 1e-007)
pual Cs is zero (tol = 1e-007)




18

System Overview

Interactive APl / Batch

Connectivity Tools

Uniform Data
Exchange:

ASCII

GDX (ODBC,
SQL, XLS, XML)

GDX Tools
Data API
Ext. programs

EXCEL
MATLAB
GNUPLOT, ...

C, Delphi, ...

GAMS Language Compiler
and Execution System

Productivity Tools

* Integrated Development
Environment

* Model Debugger and
Profiler

* Model Libraries

» Data Browser

e Charting Engine

* Benchmarking

* Deployment System

e Quality Assurance and
Testing

BARON, COIN, CONOPT,
CPLEX, DECIS, DICOPT,
KNITRO, LGO,MINOS, MOSEK,
OQNLP, PATH, SNOPT, XA,
XPRESS, ...
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GAMS Development/GAMS Software
GAMS at a Glance

An illustrative Example: The Mean
Variance Model

Grid Computing
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The Mean-Variance Model

Markowitz (1952), Nobel prize 1990

Given

Goal

Some investments x; with
historical data
— Rewards = Expected
returns of invest-
ments: x
(Mean of historical returns)
— Risk: Variance of invest-
ments Q;;

Balance risk r of
portfolio against
expected returns
of portfolio

Minimize variance v of portfolio for a

given target return r
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Variance
of Portfolio

Budget

constraint

No short
sales

Talk: Wednesday,
18:00, Geb. 11.40, R.
202



Declarative Model and some Data

[ gamside: D:\projects\gor-basf\gmeanvarx.gpr =10l x|
File Edit Search Windows Lkilities Help

JJJJJ' J 0| &[n|~ JJ
] [ scimeprocess R B

Variables
var
ret
x(i)

Positive

variance of portfolio,

return of portfolio,

current holdings of 1;
variables x;

Icore_gms corelst | mod.gms mod.lstl qmeanvar.gdxl qmeanvar.gmsl qmeanvar.lstl Core |
set i investments; -
alias (i,3); --- Job core.gms start 05/17/00 16:34:47
Parameter mu(i) expected return of 1, GAMS Rev 145 Copyright (C) 1987-2006 GAMS Deve
g(i, i) covariance matrix; Licensee: Franz Nelissen

e Fle Edit Search

GAMS Software GmbH
--- Starting compilation
--- core.gms(16) 2 mb
*%% Status: Normal completion
--- Job core.gms Stop 05/17/06 16:34:47 elapsed

Windows  Ukilitiss Help

=1 IR |

S ;

gmeanvar.gds  gmeanvar.gms I gmearar.|st |

Equations vardef variance definition,
retdef return definition,
budget budget constraint;
vardef.. wvar =ze= sum((i,3), x(i)*q(i,j)*x(3));
retdef.. sum(i, mu(1)*x(1)) g= ret;
budget.. sum(i, x(i)) =e= 1 ;
GAMS
Model Type:
QCP |
I — o
| 16: 30 | [Insert

EntryISymboI |Type|D|m|Nr Elem | jl qorg: covariance matrix

8 bdata Par 2
22 binsum
16 budget

1 Set

2] Set
20 maxdec-Equ

Equ Plane Index (empty)

Equ

18 maxinc Equ

21 mindec |Equ sw|12,320/23.240 22,630 10,320 30,010
uk | 23,840 23,800 13.220 10,460 16,360 42,230

us |17.410 12,620 4,700 1,000 7.200 9,900 16.420

19 mininc  Equ
3 mu Par
26 p Set
7|pd Set
27 pp Set

Al Diar

A A I L A I A A A |

| ] bl |l | e | | e | e sl |

]
0
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Procedural Elements

$gdxin data # get data & setup model
$load i mu ¢
a(i,j) = 2*q(3,1i) » q(i,i) = g(i,1)/2;
Model var / all / ;
set p points for efficient frontier /minv, pl*p8, maxr/,
pp (p) points used for loop / pl*p8 /;

parameter minr, maxr,rep(p,*), repx(p,1);

# get bounds for efficient frontier

solve var minimizing v using miqcp; #find portfolio with minimal variance
minr = r.1l; rep('minv','ret') = r.1;

rep('minv', 'var') = v.l; repx('minv',1i) = x.1(1);

solve var maximizing r using miqcp; #find portfolio with maximal return
maxr = r.l; rep('maxr','ret')= r.1l;

rep('maxr', 'var')=v.l;repx('maxr',1)= x.1(1);

loop(pp, #calculate efficient frontier

r.fx = minr + (maxr-minr)/(card(pp)+1) *ord (pp)
solve var minimizing v using miqcp;
rep(pp, 'ret') =r.l;rep(pp, 'var') = v.l;repx(pp,i)= x.1(1);

Execute Unload “results.gdx”,rep, repx; # export results to GDX & Excel
Execute "GDXXRW.EXE results.gdx par=repx rng=Portfoliolal Rdim=1";
Execute "GDXXRW.EXE results.gdx par=rep rng=Frontierl!al Rdim=1";
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Efficient Frontier and Portfolios
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GAMS Development/GAMS Software
GAMS at a Glance

An illustrative Example: The Mean
Variance Model

I Grid Computing




Grid Computing

loop(pp, #calculate efficient frontier
r.fx = minr + (maxr-minr)/(card(pp)+1)*ord(pp);
solve var minimizing v using miqcp;
rep(pp,"ret”) =r.l;rep(pp,“var®) = v.l;repx(pp,i)= x.1(i);
);

Imagine...
.. you have to solve 1.000’s of
Independent scenarios..
.. and you can do this very rapidly for
little additional money...
.. without having to do lots of
cumbersome programming work..

Grid Computing

26
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A pool of connected computers managed and
available as a common computing resource

 Effective sharing of CPU power

Massive parallel task execution

Scheduler handles management tasks

E.g. Condor, Sun Grid Engine, Globus

Can be rented or owned in common

Licensing & security issues
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Advantages of Grid Computing

e Solve a certain number of scenarios faster, e.g:
— sequential: 50 hours
— parallel (200 CPUSs): ~15 minutes
- Cost is $100 (2% CPU/h)
« Get better results by running more scenarios*:

#SIM VaR error CVaR error

1000 2.42% 6.74%
20,000 1.21% 1.49%

28 * http://lwww.tc.cornell.edu/NR/shared/Presentations/24Feb04.Garp.pdf
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Economics of Grid Computing

e Yearly cost, 2-CPU workstation: $5200
— Hardware: $1200
— Software: $4000
e Hourly cost on the grid: $2/cpu
— $1/hour for CPU time (to grid operator)
— $1/hour for software (GAMS, model owner)
e 1 workstation:
— ~ 2600 hrs grid time or
— ~ 50 hrs/week grid time
o Up-front vs. deferred, as-needed costs
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Scalable:

— support of massive grids, but also

— multi-cpu / multiple cores desktop machines
— “1 CPU - Grid”

Platform independent
Only minor changes to model required

Separation of model and solution method
- Model stays maintainable
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Simple Serial Solve Loop

Loop (p (pp) ,

ret.fx = rmin + (rmax-rmin)
/ (card (pp) +1) *ord (pp) -

Solve minvar min var using miqcp;
xres (i, p) = x.1(1);
report (p,1,'inc') = x1.1(1);
report (p,1i, 'dec') = xd.1l(1)

) ;

A 4

Loop

A

Generation

v

Solution

v

Update

How do we get to parallel and distributed computing?
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Simple Serial Solve Loop

Loop (p (pp) ,
ret.fx = rmin + (rmax-rmin) » Loop
/ (card (pp) +1) *ord (pp) ;

Solve minvar min var using miqcp; il

xres (i,p) - x.1(1); Generation
3

report (plj—l 'inc') = x1i.1(1); Solution

report(p,1,'dec') = xd.1l (1) '

) Update

How do we get to parallel and distributed
computing?
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GRID Specific Enhancements

1.

Submission of jobs

“Grid Middleware”
— Distribution of jobs
— Job execution

3.

4.

Collection of solutions

Processing of results
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Job Submission Loop

Parameter h(p) store the instance handle;
minvar.solvelink = 3; # turn on grid option
Loop (p (ppP) ,

ret.fx = rmin + (rmax-rmin)

/ (card (pp) +1) *ord (pp) ;

Solve minvar min var using migcp ;

h (pp) = minvar.handle ); # save Instance handle

LOG: --- LOOPS pp =p1
--- 46 rows 37 columns 119 non-zeroes
--- 311 nl-code 7 nl-non-zeroes
--- 14 discrete-columns
--- grid_gmeanvar.gms(150) 3 Mb
--- Submitting model minvar with handle grid137000002
--- grid_gmeanvar.gms(148) 3 Mb
--- Generating MIQCP model minvar...




“Grid” - Middleware (PC)

gams grid submission script
argl solver executable

2 control file

3 scratch directory

gmscr_nx.exe processes the solution and produces "gmsgrid.gdx”

note: %3 will be the short name, this is neeeded because

the START command cannot handle spaces or ...
before we use %~3 will strip surrounding "..."
makes the name short

gmsrerun.cmd will resubmit runit.cmd

echo @echo off > %3runit.cmd
echo %1 %2 >> $3runit.cmd
echo gmscr nx.exe %2 >> $3runit.cmd
echo mkdir %3finished >> %3runit.cmd
echo exit >> %3runit.cmd

echo @start /b /BELOWNORMAL %3runit.cmd "*> nul > %3gmsrerun.cmd
start /b /BELOWNORMAL %3runit.cmd > nul
exit
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Solution Collection Loop

Repeat
loop (p (pp) Sh(p),
if (handlestatus(h(p))=2,
minvar.handle = h(p); execute_ loadhandle minvar;
xres(i,p)=x.1(1i); report(p,i,'inc')=xi.1(1);
report (p,1, 'dec')= xd.1 (1)
displayShandledelete(h(p))'Could not remove handle';
h(p) = 0)
i # 1ndicate solution i1s loaded
if(card(h), execute 'sleep 1');
until card(h) = 0 or timeelapsed > 100;

LOG: ...
--- GDXin=c:\work\mod\225b\grid137000002\gmsgrid.gdx
--- grid_gmeanvar.gms(154) 3 Mb

--- Removing handle grid137000002

--- GDXin=c:\work\mod\225b\grid137000003\gmsgrid.gdx
--- Removing handle grid137000003

--- GDXin=c:\work\mod\225b\grid137000007\gmsgrid.gdx
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Results for 4096 MIPS

e Submission started Jan 11,16:00

» All jobs submitted by Jan 11, 23:00

» All jobs returned by Jan 12, 12:40

20 hours wall time, 5000 CPU hours

Peak number of CPU’s: 500

From Ywed Jan 11 15:56:06 C5T 2006 bo Thu Jan 12 12:40:24 C5T 2006

Thu 12

il
on Condor Grid




More Developments

- http://www.gams.com/docs/release/release.htm

Release Notes

Each new release incorporates numerous fixes and improvements to the core GAMS system and its many components. A selected list of improvements and new components is given below.

If vou are interested in recefving the latest information about new GAMS releases and trying out beta releases, please subscribe to our release email list.
Distribution 22.2 Apr 21, 2006

Diistribution 222 is a maintenance release to correct some performance issues in the GAMS svstem and include newly available solver libraries.
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GAMS System

The litnit on nonlinear instructions in a single block has been raised from 16 million to 64 million instructions.
Performance improvements for very large and complicated loop structures.
International characters in file and path names are now handled correctly.
GAMS IDE:
o GDZX data browser is faster and can sort indices by name vs. entry order
< A symbol shown in the GDX data browser can be written to an Excel file

* ¢ + @

Solvers

+ CONOPT: New libraries are mcluded which address minor fixes.
¢ CPLEX: New libraries (version 10.0.1, a maintenance release)

+ LGO: New libraries
< The built-in stochastic searches have been improved.
< Some internal limits were increased to allow larger models to be solved.

GAMS System
* Relaxation of discrete variables ( prior=Inf):

38 The priority attribute of a discrete variable can be used to relax a specific variable instance. The priority attribute . prior establishes in what order variables are to be fixed to integral values while
searching for a solution. Variables with a specific .prior value will remain relaxed until all variables with a lower prior values have been fixed. Setting the . priox value to +nf will relax this variable



