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Figure 1.1: Scheme of an optimization project
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Figure 1.2: Xpress product suite
3. YNWN—=A~EALINZT 7R
—FRIEOLRIL, TRDBLHELEHEIRL RV TIE, FA7FVEVSER. . ZAZUR7a
2T, Xpress-Optimizer, Xpress-SLPIZ. [H$7 7B A TEET . ZOHEREIL. Optimizer Z#MD
~ NI ZEFN—F L B RO T TV — 3 2 ATHDIABIZ UEFITY . Xpress D _Effa—
&, BlZIE, BLRTIC Mosel X BCL THRLIENY I ZZ2Mi>T, WANWARAL ZT 2 —R%
U TIERHTEZR Optimizer ORENIZRBERERENEWEERHBTLES.
FRLD 3 DT Fu—F T, mEikUES EE. HENITEERHIEAD LRI LT W T 7B A TLE
Yo LTED>TZO/MIFF-TlE. Xpress-Mosel 5 B2 >7BEDEF k. ZORIED Rk
R Mosel ZA 7 V%N (ESNIZET NVET 7V —3 2 NZHDALe J 1% B IR L
TWEET, LI T Mosel EF N ER—RIT, T 74T s 2—H A X7 x—RA Xpress-IVE
Z vy, Xpress-IVE DR OBEREZ A RTEHIL TT NV T | RDITHT . TART VAT D )5ik%
MLET,

ZONMTl, WY 730 7 SEEREIORI T, EO I TG MM EZ2 eIkl . Z
L THRDMNZTOWTHEBHL TNEE 3, ZODiiHlE BCL, F721% 842 Xpress-Optimizer A7 7Y

11
MSI #2041 Copy right©2015 All rights reserved



ZHHUEET RS R—=FEFHLET, BCL T, 7ML, ZOREEIRERBUTEYV B,
TEREESNBI=HBRL LT L AT F L ALRLTNIDERDET, ZO/MiF1-Tli, Mosel T
LN BDEFICREZ [>T, BCL OWHIZOWTHIHLET . ZO/MIFF-ORH%EDH 5 T,
(Bl Z1Z Mosel R BCL 2L D, BIDY—MZINERKEND) 77 AND< N7 2 XDFESL T
TVr—ar7al S MZH BNy r 2%, EOXINT. B Optimizer IZA 1§30 &HMIL
T, F7z. Optimizer ZA 7V E:, HISRERRITITET NVET 7V — a2lldAL I, Xpress
D LB —FEiF T . BEEHEREDORLH ITEZBEO TEER A,

1.21 #/N—TasizonT

ZOM Az FHREZ LTS Mosel DFEIL. XpressT.7 2L TWEF, (Mosel 3.6.0)IVE D4
FV—R 7.0.1 2L TWET . (IVE 1.20.05) E7 7 —OBIEIX, Xpress7.8 THFHEL TVET .
BCL O3 Xpress7.2 THEAEL TU V5 BCL4.40 THA%EL TWE 3, Optimizer Dl JEIZ
Xpress7.1(Optimizer 21.0.3) THHFEL TWET , PlREZZDMB N N—TaL TERITLIEG A 7Y
NI RILBGEDBHVET  FHT, TILTVR LD R Xpress-Optimizer DT 7 ALK ED
BIED LP o —F D& MIP 7B R E DM A3 R D B3 00Ed . IVEA v Z—T = —
RIEIRBIDOVI— R THLEEREDS B IS N DT T A T HVET HBZOMF-iciEgHs
TWSEEITITEEPDHVER Ao

12
MSI #2141 Copy right©2015 All rights reserved



B2 8 ETINVERERTS

COFETIE, ik E P NBIEO M ROMEZ . EDOINTEFET MTEEHT DHITONT,
FERNZHIHL F97, 22T 3 A58 iR —h 7 +UA B IR, Zo/Mit -2 TRERL
TVHETY

BRI B SRR IR L EDVER AR, AP RFNOEZRTOIMEHTS x v &
LD 5D, ZNHDEEZ S R — R AR —RAFERTHN THDZ L2 EL
ERY /I PArS

X+¥ £ B

& Tx TRENTVSEL y TRENTHWDRD G, 6 LN TH D0, 6 TRIFIUIRLRN &
WOTLZRLTWETS, Fe. sedid. [ —HOEBO G IEVIEZ HITHENTHDAESDHY
F9 HlZIE, producei EVWHEBITHENY, | DA FERDPIRINDEET B7D, ITEMS LWHHEADT
NTOMBOLEAOEERIE. FilDIoicRBENET,

5 proguce;
F IS

T, MESE ITEMS OHOTRTORN | OEFERE &7 S 1EVHTEE KL TVET .
ZO/MIFF-TIBEDN DD —DDEFL T, VEWSRFRL S (RSB T 53 X Tzl
Tl&Heds) TT, HlzIE, iz, ITEMS A% 1. 4 7.9 oo TVDEd DL,

¥e STEMS . produce = 100

FOXRBUZ, FRlORERBHFOBEMEBILNET,

praducs; = 100
praducey = 100
praduce = 100
praducay < 100

DI BN RGLED I ERVRD, BT MER S RE2 ST IR TT .

2.1 B8

HOWERIE. —EDEHERELTIENEEZTOET, #RIE. BE5ELT 10 DS (b
) Z AL TOET, 1813 VERITORZVZ— 2L XLl ThE T, RO, [Hx0kk
BEZOEDRP, IR AT IV—REVIRT, N ARWRY) 2R, SHIZ TR
(ROD) ZRLTWET ., HERIIEEIZONTH DI #HERi>TOET, YR8z, Eokkic
BEUTODIWAITIRKR TEARED 306TT . SHITHIT AL EAED 5003t kokkiz
BEL. K =D —ZINAVRTDRITEELTENEEZTOET IR KO FRVE— 2143572

13
MSI #2141 Copy right©2015 All rights reserved



BITIF, BEZEOBRAUT, ZNZN. WS T OEELIELINDTLED,

Table 2.1: Lt of shames with count ez of onginand estimated retum on inwestoent

Mumbsr  Description  Ongin Rk ROl
1 teTuny Carada [ 5
2 hanhwwm e Uz ] 17
2 theatar USd, R 26
4 telecom Uza, k 12
5 b e ry UK N g
g higheemys Framce M 1
7 =1 G T N N 7
[ bank Lgiembung N g
] soiftam e India R k3|
10 ekctmonicc . Bpan R 21

BERIET N T 72012, 7 IROIZ. Ya—T a2 350l h B @ Ml Thsd
DPEHBHLEL LS. 2D —RATiE. HHRAZVKDT D, R 7 AV ANTELL D, EnHTe
TY . LIS T, BB EE R frac: BEFKL T T, ZOEKIT. HHRRTRESN & &KL
9, LVLHZEE. TNHDOLERIE 0 25 1 ETOMDMEERBILEEEL £ (LEz3-T, 1
I FEADLEEERLET) , LB, TRTOLERE. BEEPHMRTLITHELIS5EL T
LIRRBETHIRENTVET,

Wi e SHARES (0 < frag £0.3
TRDOH. K TOEEHD 30%TT . 2L T, FORFIRIE. EHfracs D BDH>5Ml% HIRL £
F . (TSHARES OF~_TD s IZBLT: -+ JEHA T FEW), ZORED B =N E MbD T,
SHARES 128D, BEERZPBEEDRGLLL TOBEMADHEAZ KL RETs 12XD, $ZLD 1k
HEVDO PR ROIDELSERLET . T2 NA 1L, RO A Z KL, RISK 1INAURY
BROELSERLET HERIE ARLTWEIEAZ, 3T HELEWEES>TOET, T4
Db, WANWARBRICE: FENDE B G2 GRT DL 10068562 UIRDER A ZOTL
ETFOHEXTRILET,

frece =1
A= SHERES

MENT EE R RDT DD St KRBT DUEDRDVET . T78DH, K TH, NYRT 4
WICEE T D8H0, 2RD 1/3 EROTHET DT, LLFOHKIRZHET

S ofrac 213

=R

Fie. ZOBBERIL. Db E T85O 500K BRI E 5 $HB3HBD T, LLFD
R Ed .

Z frac, = 0.5

ESE]
IS ZDDHFI NI AFRDOHFIAXTT . EROHIIE, TRTOHH~DEEIZ— %
RRALTDHILETT, 3748bb, FadDffizik kLT 5ZETY,

RET: - fracs
sz SHARLS
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N, ZOBFAETADOHAMBETY . Lol BLY, HIBEEZELDLE, FalddH
IRZOMEDBANET VOEALPELNET .

maximize % RET,-frag
sSHARES

E frac. =13

E=

Z frace = 0.5
=y}

frac. =1
sHERES
YWieSHARES 0 frac, = 0.3

DB TIIZDEEFAIIRTETIVE Mosel T I/MTEHL . Xpress-Optimizer TS B2 3iH
LET, $72. 5 10 =T, 2OHMNDO=HO BCL O, i 15 = TE. ETFUER Y R—F
b, ZOETINE Optimizer IZEBEA T35 EEZZALE T,

15
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I Getting Started with Mosel

5 3 B BBHEEROETANELL YN, ZLT, K

ZOETIE, i 2 ETERALLZHIED Mosel BT NADLH S, £F 0% Optimizer IZH.
BANT D BEERWLET,

Xpress—IVE Zif2#4 3

Mosel 77 ANz R1FT D

Mosel SaE2fEV, ETNVZANTD

II7—%il EL. BT NVET T T5

ETNVERE, IVE O LP @b TARA T LA ZB#S 5

fiR7e VLT, iRl BIEHERORALVSBLEDS, ZOZ Y2 RGEL T, IELWWRES D%

PRS B,

55 10 T T, MICHIEZ ., BCL 2> TEDINTE AL | 2, £, 55 15 T,
Xpress-Optimizer {2, (4, FIEIZA DU TR HIEITOWTEHRLET .

3.1 Xpress-IVE ZiZ#jL . FrlLWVETNZER TS

TNhb, Xpress-IVE DT F74FVBEET, Mosel 7V Z2BAJEL. EATLTAHEL LI,
Xpress-1VE DEHEA L A=A TOIUZT R 7 DT AL 2 Z T NIV 7 HLLIR,
Start > Programs >> FICO > Xpress > Xpress-IVE gy, 70rS At iS4
TLIZEN, Ez, DOS AUV ive ERAT AT § %t FI2iE PC ITETNABDDLBIEET
NI T7ANYEiFmos ZRFOT 7 AN BRI T NI V7§ HE7 077 AHBEBLET . E)HE.
Xpress-IVE WO DU T HIESNTODY AL RY B ERENET
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--.-}Xpress--l\‘l:
File View Buld Deploy Modules ‘Wizards Optimizer Help

BT - TARY APSTETE W TRAT el Fiepostons )
B/l B5E053
s a
| Mast recent enilies v 19 Tent output from Mosel/Dptimizer. [ iew/Eat
Entities 4 —» 7| =
Current Solution’| ]

< ! >

Type here: ”
|

Buld |Search | Debug Watch | Copy to clphoard

Ready Modified READ ONLY OVR

Figure 3.1: IVE at startup

ZDOIAURTID EIRITiE, A= a— /"= — A R—BNET , ZEMDT 4L RE poject bar T
BV, EEFRITIE info bar 25, ZL T, DV ARV run bar TY . THHOD bar 1%, View A=z
—Zfliofel), MINVEREL T fliolcDU THEE TE LT, JLD R RITIRAITIE View>>Repair
Window Layout 2523 22> restore RAY Ll 23RN T, BAHDORAOT L RIE, T
—X T T TANPERINDGHTY,

FLWEF L 77 AN BT BIziE. File >>New 28T 2, Y— A —DRHIOFRE L
VYU T REW, ZHUTKYD, XATal 74 Ry PRE. ZTTTALZNEED, il 7 A
NDOLNTZE ANLET, ZZTE FilLWTZ7ALD4RTEL T, foliolp &V TTE A ILEL L,
Mosel 77 ANDIEE F-.mos IXHBFNTFHIMENE T, BIREREE T B70DIT. Save 7Yy 7L
TREWV, 2533, IVE OBEAHOTALRTE, REDPHINTEEDY, H—I VS ZDk: BT
BN, BETNZ AT DU ENELTZ,
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32 LP =50
BT EOBEAIET ME, IVE TiE. LD ES7%: Mosel 7 MZEHTEATL XD,

model "Portfolio optimization with LP"
uses "mmxprs" ! Use Xpress-Optimizer

declarations

SHARES = 1..10

RISK = {2,3,4,9,10}

NA = {1,2,3,4}

RET: array (SHARES) of real

Set of shares

Set of high-risk values among shares
Set of shares issued in N.-America
Estimated return in investment

frac: array (SHARES) of mpvar ! Fraction of capital used per share

end-declarations
RET:: [5,17,26,12,8,9,7,6,31,21]

! Objective: total return
Return:= sum(s in SHARES) RET (s)xfrac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= 1/3

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= 0.5

! Spend all the capital
sum(s in SHARES) fraci(s) =1

! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= 0.3

! Solve the problem
maximize (Return)

! Solution printing
writeln("Total return: ", getobjval)
forall(s in SHARES) writeln(s, ": ", getsol(frac(s))«100, "&")

end-model

TITlole sy RITEWEZER 2R BIL T 12 Bl £L 15,

3.2.1 Mosel 705 AD— 7R S

ED Mosel 7077 L%, F—U—F model 2HIEED, ZDH%AIT, T—HERLIZETNVAD
X FEd . ZL T, Mosel 7077 Al F—U—F end-model THEDONET
TRTDF TV zIMNE ZNOBT I AL AR AT —IAVNTRY, BIHEIZE #SNRWIRY,
declarations &7 ar THFINRIFIUIRDER A, Hil 21T,

Return:= sum(s in SHARES) RET (s)+~frac(s)

(&, Return 23BIEDHIFIXTHY, ZHUT. FONELEDYTHNTOET .
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sum(s in SHARES) RET(s)+frac(s)

SHARES &, Whp3 range set— F7RDH. TZDHife I HEEEDEL (TDF7r—ATid, 1
25 10 £0)

RISK & NA &, fii B ks

RET &, &Yh SHARES Z&oTAYV T 7 R HI I DBIF THY. Z D1

I declarations TH[V4THNLS

frac 1. b SHARES IZXoTAY T 7 2ZZ24HFH5 mpvar EWHZERDEH] ., 2
FZDETFADPE IR

EFT MU, IRWT. HRYBIEL 2 DO ARERDHIFIR, 1 DOZEROHFIR, B
EBEOTNEBEAED LR (T /83— Ny ) B #LE T BEFTET NOWT, forall L—7%
HERLEDLRICISIZ, 44 SHARES DAY T 97 ZfHHT forall A — 7%l L £,

3.2.2 RIEZ M

maximize EVHITURITIY, #RIED HIWBIE Return D% ik KL S70IT,
Xpress-Optimizer 23EHENFE T, Mosel HHFNII/ N NA—TIFRWDT, EFNLDRLI T,
FRDRAT—IALNTEY, Xpress-Optimizer ZH5Zs%a4EEL T (FVa—
mmxprs DaBAlE, [Mosel SREDOS M~ =7 N IZiEHL TWET ),

uses "mmxprs"

HIUBIEL Return Z5E#9 2RDNT, IROINTHNTHLRIC T,

maximize (sum(s in SHARES) RET(s)=*fraci(s))

3.2.3 7SR

Mosel 7077 ADEAED 2 ATITED, BT N TOREREFOMEAARIShET .

RDFTA BNV N BITIE. Bz, (argument 2L T)writeln EAA 7L TREWN, Hi—
DFAANRKDIDPDT AT LeFHATIE, writeln TIEZeK, write Z2fi>THFIVY,

324 7F—=IT 4T

JOARLT LT DD, ETNVHNTOF I, AR—Z, BLO, 2B MUEL =, Zhbid
Mosel Tl RSN ET

AT FOEIT, BIau TH#EET HTL T, VROPD AT — MU N Fi—DZ
ANTEHZEPTEET,

RISK = {2,3,4,9,10}; NA = {1,2,3,4}
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LU, FERIZRT AL #8600 12 R UTED, Mk m 3 SCFIEHVER AD T, HEDITITHED AT
—MAVMDFTARTOAL, R T (+ O =RE) FEIL. W OIBRLFTRDOE, ZORT
—FAVIBEDOTORNZEEYIEIZLE T, T, L7 0l T ABNZRAESIT, Mosel TIAY
M1z ANDIZE, JBIHIT, | ZANE T HEITOIALMTZ ANDITIE. | TEEH | THRD
HEET,

3.3 TF—ZMBIEL. ETNET NI TS

HDE7La TETNEZ ANLIZDT, TNaETLEL LS. T8, 77805, ZDkE LM
RAMRE , #5 AT ZE T, Build >>Run 25881932, runbutton kd%2Yu 7L T FE,
RANZETNDT L 2750 E, BZ5K, "Compilation failed. Please check for errors.” &V HAv
= NBHTLBTLEY, BlZIE. RO Figure 3.2 1273 X9NT. —F FOUALRZIZ, Mosel 125D
EfENeTT—AyE—URERENET,

wiid Xpress-IVE - [foliolperr,mos]

File Edit Wew Buld Debug Deploy Modules ‘Wizards wWindow Optimizer Help -F X
R =] B T L & | [T @ Search: File Position: [RRm a8
se ot W HIEE B0 4 Bl @ a0 ENEN) ]
Project Explorer L [ foliolperr.mos 4 b x| |Run a
‘lV]ha\: V‘ A AR AR AR AR AR AR RAAARA AR AR AR oo A -~ 0 Text output View/Edil
= ~
Entities |4 —>Z model "Portfolio optimization with LP™ —
Current Solution:
declarations
SHARES = 1..10 ! Set of shares
RISK = {2,3,4,9,10} ! Set of kigh-:
NA = {1,2,3,4} ! Set of shares
RET: array[SHARES) of real ; Estimated zet
frac: array(SHARES) of mpvar ! Fraction of ¢
end-declarations
RET:: [5,17,26,12,8,9,7,6,31,21
! Objective: total return
Return = sumis in SHARES) RET(s) *frac(s)
! Limat the percentage of high-risk values
sumi{s in RISK) fracis) <= 1/3
! Minimum amount of North-American values =2
sunis in NA) fraci(s) >= 0.5 3
! Spend all the capital b 2
Sumis in SHARES) fracis) = 1 ITPPE'“’E
* Nnnar bonnds on the investmant nar share 9 || outputiinput | stas [ matix | soltons | Obiective
re > MIP search | EBtree | Usergraph | IS
Information 2

Mo matiix is avallable

| Build |"Frac" locations | Debug Watch Copy to clipboard
Ready Idle Free Memory: 2887 MB  Line: 26/S1 Col: 32

Figure 3.2: Info bar with error messages

D' a TIARSNTNWBET ML, ELKANSINELDOBEREINTOVET B, ZOET
W AJ13 B, BAINZEEZX TA U THATREIW, filiE, RET HOIEEATORED * ]
C BANLBDOIELET 9T DL, TNUTHIRT DT T—AvE—UBRHTEETOT, Th
IV BIELEY, ETIMIKHELIETFAVIINATANENE T, ZOHEA. IHTBT—2Ay
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=V FRDEITY
error 100: syntax error

DAY= IV 7T HIET, VU AYT R TT7—DHD NadDITIINAFTANENET
RET:: [5,17,26,12,8,9,7,6,31,21

ZOBITIE, MHMITHCHEINZBINL T, RET OB HE 5T ABRERHIET,
TEFEPROITITEESYE L. TOITDIRBOALEIZIL < 2B INL ., EZRBPROFTITHZLE ]
RUET, WIT, FitDIIAy—U BN TERLLET,

warning 121: Statement with no effect
NNt/ D Y

Eeturn = sumi(s in SHARES) RET (=) ~fracis)
VST TARENET,
warning (&, EFNVDOETZIHITER AN, Mosel T 7351, TDOFAUNTIZE RN
BNEFHTNBDT, RITHPBESTHAZHERNDIER A, T TTT—% FOIF 50120,
FERITERESEP N TR LERREILERINET, 25F5L. ZZTE. = TR’
= BEDNTORIERDIDET . Return &, FHADAFHIFG T BEEFES R IUTRD
RIPOT=DT, ZOART—FAV NI OWEHESNTZDTT . ZOTT—Z5IELZRIT.
O ETNEREITEIIELESL S ROTT—AvE—DDBIEZ SN TWED T, FiddAvE
—UBPHHTEELE,

error 123: 'maximize’ is not defined
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| I’ |Representation of matiix to be optimized. Zoom in or out when av. | Auta Hide

Sketchl Column view | Fow view Graphical original |Gra|:|hica| plesolvedl

Columns

0.5
0.333333

Dutput.v'lnpull Stats  Matrix |D|:-ieu:live| MIP &Ball:hl BE treel Uger graphl

Figure 3.3: LP matrix display
FRDTT = FRLDFTITHIET

maximize (Return)

maximize EVOFNEIL, TP 22—/ mmxprs IZEHSTEFRINTNET, LHL. FEik, Mosel EF L
DN, FibDITE ANDDZENTWELE, ZhZBind 3L, EFMUIIELLay /AL E
N, T7—Ab—IIFHTTRRDEL=,

uses "mmxprs"

V2 LBLABRIES N TSP EMIICRIBIDIC, B a—L 7 FTFLOSH

BEHVET, 2N EFI T BI12iE. Modules >>List available modules &3#83 35>, KA

27V 7LTREN, ZHUTED, —DDUAVRYBHZET R, 22T AV A—1INTND
Xpress THIFH W REREY 2—VBRYRNENTRY, Ml 2 DEY 2—MTED Mosel 5 aEIZiB N
SNTWBIERE (T N—F > ZAT BBURE) Bt F =/ T BT ENRTEET,

=P, ETFNAEEZAT ANLTNBEEIT, Mosel F—T—RDIELW4 B RO HIE e Xz
i, IVE =74 &ZDa—k5exi(code completion)frEZfEAEd . ZHUTlE, CRTL EAR—ZAN—
F—BHR—NARZTLL T, F—T—RDOVANE L., HhERLDERRLT I,
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33.1 FNRXLT

I—FPRETIUTFEFTLTHRLNZ &, ETADBEBITIATUTINDD . LI REETHZiiT
IFRDER A, B2, T—2OOYIREE B T=En, FRIFEBEHFIBERIZ, ET A
Mosel DBLIEHESIEFNTIELNEL TH, YBRDZLTTHIDLSRB A5, Mosel 12X
SNTZLDPTH B0 % +r< NI R F o7 THLERHNET . 2L T BT NVEILT
U CTHESRINZ., —IE, JeicdidedZ iR IELE 3, 22T, Build >>Options 3848952, run options
button <2 %27V 7L T RIV, BRENDBZA Tl T4 RIDHT Pause DEZAD view
matrix ZFzy7L. Apply THERL T FEW, THLTHELE. ETADT L 2EITTHE FU%
F2479 B, IVE workspace DA IO run bar T, v w7 2R FRENET,

Entities I A7 |

[C:AGS \Mozel\foliolp. me

.
t2 Parameters

+ Constants
-g% Primitives
B[] araps:
-~ Jrel RET
E\[} gets:
{i} NA
-{i} RISK
~-{i} SHARES
-t Decision Variables
=11 arays:
[v] frac
=148 Constaints
- & scalars:
“¢ Return

13 Subroutines

4 | »]
Figure 3.4: Entity display
LD, =N T ZAD— ISR ES RS, ZL T, FOED TR, —DREBITA—LA1
VTE, ZOMEPRENE T TZOTART LA, IEDREEE TR ADHREIIHR. 0 DEREN.
H. FE. A TERLET . ZOET AT, 3 DOFIFIRSRENTOVET 1. ZT TR, HiT
<Ny 2D NL. BT NV TOEFZDIEFRDHITR>THBED T, e TREV, TR
LI~ ZATYRTLATIE, ZOEETIE. Mosel 7LV THZEEBAIZRDET VTS
7=441i% Optimizer [ZB—RFBTEATEET , ZIUTl. Optimize ZIESFHIZ (T R2DH,
maximize (Return)®ifiZ). FRDITEBMLET . BT ADTLEEITT BRI, TET MTNE
B MZETo8, BREHIFIRDET N THEio A Ri%Z Optimizer [Z0—RFHZENTEET, £
MUTiZ. Optimize ZIESRTIZ (725, maximize (Return)DRIZ) . FaddfT2B ML,
setparam("XPRS_LOADNAMES”, true)

299 B, TR I ATURTLAR, BTN TR AT R8T DENTRVET . 299 D&, R
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IV=2 TARTLADHT, 59—, BIDOELHEINET . 41X, workspace DIEDTALRY
ZHTREN, 22T, ET NV TERINETARTOZ Y TATABEARINTNET, 22T,
+ AL BRIV TBE, TRTOMEE AR TEET,
H—=INENANAIRTL T AT 4 2PN ERT L, ZOREETD, ZNHDLTU TATADN
By BLORT—AABRERENET . THUTKD. 22—, BIRIE ATy AT — 4l
FIONRZEF 7L, BiFl frac i, FERIZ, 10 HOZEEDPHEHTNBEWIZED R TEET,
=P T TATARET NIV IUTHLNT A LRI Z L, T T AT ADHD5ELTR
WHZEHAZELTEET , 2L, BIFIBRENEEIT, FHTERITY , SHIZT Y TAT ATy
73 %L, infobar 1T, TF X TRIREINT LA REINET

ETNDEITHCZ U TATADERE Z R T HITIE. IVE debugger ZfiVWVET,
Debug>>Start/Continue ZERL . T/AVTDAX—MREHZ REL BTV TIEEN,
TNYI A= a—NDOT N7 RE L TIERERNR T Ny 7 BIZIE, TLATRA VM DRRE.
H—IMLETET NVEEITTD, SRIIETNERT YT  NA AT TEITTR)BTAET
ETNDIATITHELITIZ, pause button 27V 7L TRV, £z, ETNVDIFTZ 1EDDIZDIT
I stop button ZZYyZL TRV,

34 ETFNEMRE., BBLITOWTOHMAEE ML, R B2

HiDE7L a THRMALEZIIIZ, ET V27T HITIE, Build >>Run 2R 55,

run button &4 27Uy FHMEBRHVET , TP T5E, R7V—V TARTLAR,
Figure3.5 DXHTEDNET

Total return: 14,0887
1: 30%
23 0%

20%
0%
GGG SE TR
30%
0%
0%
2 13.3333%
0: 0%

[ B T R R L
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,_.ﬁXpress—IVE - [foliolp.mos] E‘@@

File Edit View Buld Debug Deploy Modules Wizards ‘Window Optimizer Help -8 X
R = )] T i i 7] © Search: File Position: [§
zo 0 LW il ER Bk | WS (D C A 3 e@B0lo B3 @O 3
Bestibnpbis 0 foliolp.mus] 4 b x| Run ha
Most recent entities 3 model "Portfolio optimization with LP” o [ Testouput  (GigwiEd
" " ress—
Entities | a4 --%7 uSes Tmmprs ! Use Xpress-Op Total return: 14.08667 A~
1: 30% 3
Current Solution: declarations 2: 0%
— SHARES = 1..10 ! Set of shares 3: 20%
__ - RISK = {2,3,4,9,10} ! Set of high-i 4: 0%
[T \Exampleshi35 Mosshfoliolp.mos) Ni = {1,2.3.4) ) Set of shares 5. 6.66667%
M.alnProblem RET: array(SHARES) of real ! Estimated ret 6: 30%
st Parsmeters 7 0%
=§ EE_'"§|ﬂ"lS frac: array(SHARES) of mpvar ! Fraction of ¢ 8: 0%
= b Primitives end-declarations 9: 13.3333%
=11 anays 10: 0%
fre]l RET RET:: [5,17,26,12,8,9,7,6,31,21] .
[} sets
{i} NA ! Objective:r total return
{i} RISK Returni= swum(s in SHARES) RET(s)*Irac(s) -
{i} SHARES
. .
= 3_3 Decision Variables ! Limit the percentage of high-risk values
=11 anaps sumis in RISE) frac(s) <= 1/3
[v] frac
. ’
= 3¢ Consliainls ! Minimum amount of North-American values
=+ sealas surm{s in NA] frac(s) »= 0.5
“% Return
03 v
2 SUb'o“'t"f'a ! Spemd a1l the capital 3 Z
3t Userdefined Types sum{s in SHARES] frac(s) = 1
[Type here:
! Upper bounds on the investment per share - .
forall (s in SHARESY fracis) <= D.3 ||| OutputfTnput ‘Shas Matrix | Solutions | Objective
& 5> MIP search | BBtree | User graph | 1IS
Information 2
CAExampleshGSiMoseoliolp.mos compiled successfully Mo matiix is available

Mosel versior: 3.0.2
Modulefs] in use: mmsprs version 2.0.2, maive version 1.20.5
ol D

Build |" {C:\Examples\GSiMoselifolialp. mos)" locations T Debug Watch Copy to clipboard

Ready Ide Free Memory: 2881 MB  Line: 1/62 Col: 0

Figure 3.5: Display after model execution

ZOffEE. R—b7+VFZEH 1. 3. 5. 6. BE. 9 o720, ZDEE, I KDVZ— LE4HE 612
2 30%. $HM 3 1Z 20%. B4 9 1Z 13.3333%. BHA 51T 6.666T%DMEDNET . ZTT. TXTOHIFY
A3, BTSN TOBZLIIR BITHERTEE T ZOMTIL. HANT 50%03 LK SaRI 1
BEITIY (BHI 1 L840 3). 33.33UDBNAYRTEGITE . (BHM 3 L86HA 9)

TZ T, Stats &7 %3N, Figure3.6 Oiffl7Zs LP optimization information Z244%9,

T4V RD EDOERGE. FVTF N, BE, presolve DRI RIZOWWTDMGHBRENE
T, ZT T, presolve Lk, v NIy 7 ZZMHEALL D, ZEHL 7203 BV OBl A2
T 2ZEBERLET, hlifmid, EO LP 7AIVRLMEDN % (ZOHITIZ. Simplex
). Fe AZL—ar D8, FLT, COTNVIAVRLBEL RO B EERLET, ROy
i, IVE ORA R TARTVLAILID b EEESNIe A —"—~ R 2V RN E9, ZOREIXIE
BINSOD T, IHEEEITEPNEL T2, ZORETIE. [HlFR 10T HIBEEBD AHYARE
NTWBZETHEELTREN,

ETMZINTVRENDLDIDD, SHITFEZR YV a— a ff#E A%, V1 Roox 7
ATATARTVAIATE. ” + ‘AL IV IL T, BEEHFIREZFHNTFED, WANWART
VTATAD ETH—INED>DERTE, TRTOVa—Ta @B RRENET (KEW
BEADGEX. TV T AT AR EZETAIIVIL T, T TATMHEDHNEE TN TERTBH LY
AVRTZBHNT RFEW) 2T, ZOET A TARTZHID S TON M — DRI THLEPHTT .
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| " |Current optimization statistics.

[~ Auto Hide

M atrix: Presolved:
Rows[constiaints): | Rows[constraints]: 3
Columns[variables) 10 Columns{wariables]: 10
Monzero elements 19 Monzero elements: 19
Global entibies: 0 Global entbies: 1]
Sets: ] Sets: a
Set members: 0 Set members: 1}

Overall status:

Finished LP relaxation.

LP relaxation:

Algonthm: Simplex dual
Simplex iterations: 5
Objective: 14.0667
Status: LP Optimal
Time: 01s

Time overheads:
Progiess graphs: 0.0s
Wwriting autput: 0.0s
Pausing: 0.0s
Updating status: 0.0s

Output/lnput  Stats |Malrix | Dbiectivel MIP iEalChI BB tleel User graphl

Figure 3.6: LP status display

341 XFERADAV T 97 AT

TIONTYE, bok. ABLT BT, BACXDA LV TyI A%, ANV T (L TFHNDIZEBA

FIIATEEMZD2DIZINTATFTAT TT ., ZOHIETIZ. FiddD 3 17D declaration line %
SHARES = 1..10

RISK = {2,3,4,9,10}
NA = {1,2,3,4}

PRLDORBUTEIL LT

SHARES = {"treasury", "hardware", "theater",
"highways", "cars", "bank", "software",

{"hardware", "theater", "telecom", "scftware",

"hardware", "theater", "telecom"}

"telecom", "brewery",
"electronics"}
RISK = "electronics"}

NA = {"treasury",

ZZ T AT A% v RET BAlo ot 2T 0ET,

"telecom", "brewery",
"electronics"]) [

RET:: (["treasury", "hardware", "theater",

"highways", "cars", "bank", "software",
5,17,26,12,8,9,7,6,31,21]
TTETHATBE, Zh EOEFIIHIER Ao
BIELT=ET V% foliolps.mos ELTE—T7LET . ANV T AV T YT ATEZMA TEET VAR
&, TUVNTBETRDINTRY, TDF B, FERB AR TRDET
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Total return: 14.0667
treasury: 30%
hardware: 0%

theater: 20%

telecom: 0%

brewery: 6.66667%
highways: 30%
cars: 0%

bank: 0%

software: 13.3333%
electronics: 0%

LHBAA T TATATART LA EEINGD L TH| TRALENET,

El= Edt View Buld Debug Deploy Modules ‘Wizards Window Optimizer  Help -8 X
OBk e Lo c| 8 M@ seard: Fieposiion: (1)
S48 i YO £33 280l08730 30
IP“:’MEW l’l //Dfnlinlp;mng‘ 4 b x Run *
|[V] hac v |0 Testoutpt  [NgmEdn
- model "Portfolio optimization with LP" N
Entities |4 >z . . Total return: 14.0667 A
uses "mmxprs ! Use Xpress-op bank: 0% —
Current Solution: £7%
Best e
i =
T (C\Esamples\GS\Mosshfoliolps mos) fleitiviest) Teble visw
= Main Problem Seaich: w | [ regesp [use 2.% +_[1. .\ = esc char)
-3t Parameters 333% A
~3§ Constanls RISK = {"} SHARES [ fac 3
(=3¢ Primitives hank!" 0
E” arays: A = { “brewery”  0.0GEEEET
[rel RET “ears” 0
a {} sefs RET: ai Meleckonics” 0
1 NA “hardwae" 0
{1 RISk > frac: highwape” 03 L
, U} sHaRES end-dec “sofware” 0133333
(=3¢ Decision Variables “tekecom” 0
11 anays RET:: ([ “theater” 02
[¥] frac ", —— 03
=3¢ Constraints
=~ + scalars: ! Object
“ Retun »  Return:
3t Subroutines ]
st Userdefined Types s Limit |
P sumis 1
|
) M Matnx‘ Salutions |Oh1&ch"ve
< i fser graph | 1S |
Information o
frac: C:\Examples\GS\Moselfoliolps.mas [Line: 29)  frac: arap[SHARE] o maktix is available
frac: C:AExamplesiGS WMoselfoliolps.mos (Line: 38)  Retum:= sum(s in
fraz CAE smplos\G5\Mosehiokolps mos [ 39) v i FISk, fra] ool | [ CoprCSV.
frac: C:AExamples\GS\Moselfoliolps.mos [Line: 42]  sumls in MA) fracs]
frac: CAEwamples\55\Moselfoliolps.mos [Line: 45) _ sumfs in SHARES) % |
| Build | *frac” locations Debug Watch‘
Ready Ide FreeMemory: 2878 MB  Line: 1/58 Col: 0 OVR

Figure 3.7: Entity display
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= Ay A ATAVA WP

ZDETIL. Mosel DF — &« N RYL ZIZONT DI AKERIZOWT L E T,

* Mosel FADT +—<YNZLLT —ZDHEAIAI, HEIAAHDTIHOD Initialization
VA=V4

* V=T A= IYNZEBT 7 ANNDT —ZTIRT Ik

« T7ANA BRI XD /3F A—44t (parameterization)

TINTINDTH—==T AT

4.1 Z7ANVPEDT—Z AT Ih

Mosel Tl AMBZ 7ANDD, WKOPD HETT — XD Al H El-HEHLBTEET, B
LRIKTBHIT T, a7 F AN +—< D77 A MZRELE T, Hl 21X Mosel 13,
ODBC iz flio T, T—HZ AT LYRY — T —AR—RE R T DIODFEHIRED 2—L
LR TVET R, ZHUIZOARDHHEBRZ THET DT, BIKOD S5 I NHDEY 2—)L
ZTONWTORF AV MR LUT REN,

SIS TF—Z 77 A foliodat 1. LL FONEZEH->TWET,

! Data file for ‘foliox.mos’

RET: [("treasury") 5 ("hardware") 17 ("theater") 26 ("telecom") 12
("brewery") 8 ("highways") 9 ("cars") 7 ("bank") 6
("software") 31 ("electronics") 21 ]

RISK: ["hardware" "theater" "telecom" "software" "electronics"]

NA: ["treasury" "hardware" "theater" "telecom"]

ETNTFANERLCINT, T—=ET77ANDHTL, ¢ ZEITOT, BB—F A DA MH
BATEET, TRTOF—ZTUNIE. EFADHDET BT TFATATEZDNIZ4RIT
LA (label)ENF T, T—& T A7 A&, blank, tabulation, linebreak. £/, comma TX
YmES, T T, 8 3 2D Mosel EFNAERDINTBIELET,

declarations

SHARES: set of string
RISK: set of string

NA: set of string

RET: array (SHARES) of real
end-declarations

Set of shares

Set of high-risk values among shares
Set of shares issued in N.-America
Estimated return in investment

initializations from "folio.dat"

RISK RET NA
end-initializatiocns

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations

HIDET I foliolp.mos EIXERY), TRTOA LTI ZAyheET—AEIFIZ, dynamic object &L
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TEGNTVET ., ThbDH, ZNHDOYA XL, EF VDI TIERATY, % T, 7741
folio.dat HFEAAENDT —RTLOTHESNE T, T ar T, Z7ANPLDYIIEEED
BIZ, TNOEFHINCTEYNT BZELTEE T 2HUZID, B TESEN. THDBYN T/ VT Y
7 RO BEFN DR NP RN E T, SHIZHEEZRZEIE. RITE YIS EINDTZHIT,
BHITEZRW out of range’ TF7—ZFHHNIZEYNTBHITID, Mosel BF =7 FTHIEHTE
ER
finalize (BHARES): finalize (RISK); finalize (WA

T T, Byb SHARES ZHIRANCHREL TURNWIEIZHEL T REW, Thbid, fidsl RET
DENzLE, HEIZHDOLNE T, EHIT, TTTE. T—22 R ELERIZ, LT,
AV TII R YMBPRHILNTRRIT, 255% declare L TWAZLIZHREL T REW,

4.2 Xpress-IVE Zi2 &)L . FrlLWVETNEER TS

HiDE7 T a? initializations from &[FIER. Mosel iZiZ. initializations to HdHVEF

T, BHET7 +—< YN TT =A% EEHT2HDLDTT . LAl 77AMZ, IVE OT IRy
R RTIZERETNDET F A ZoVZDFE, HD7 7 AMTEZHLIZWIS AR, ROK
NZLU T, FheX fopen ETFfix felose & call L. ZOTF ATV M PHETET T,

fopen("result.dat", F_OUTPUT)

writeln("Total return: ", getobjval)

forall (s in SHARES) writeln(s, ": ", getsol(frac(s))=*100, "%")
fclose (F_OUTPUT)

fopen DIRPIDT —F 2 AV NI, TUNTINZ7ANDA4RTTHY., 2HFHIL. ZheEDET—RTH
PERLET . EORETIE, ETNAEHETTDIE, TUN YD T77ANONRITEREINE
T o BIEDO 7 7ANARITHLNT I Mg 51id. Fiddolzl 9,

fopen ("result.dat", F_OUTPUT+F_APPEND)

Fiz. TUNT v OEEE IUTZWGEITE, PIZIE, FOIITLET,

forall(s in SHARES)
writeln (strfmt(s,-12), ": \t", strfmt(getsol(frac(s))=*100,5,2), "%")

BAEC strfmt 1. ANV T, FFid, Ba 7V M BDIT, IR/ NDAR—RE IR T 5T LE R E
T, 2K HOT—F 2 AL MO ADfEL. AIRIAEGE T rbhAZe 2 ERLE . 3 FHDOT—F 2
AVNIF T a P VigT —F 2 A RT, TN DB DM B IR E TEET . 2OT7+—< Y
FENEFHET, TUNT Y77 AL FOESNTDET
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Total return: 14.0667

treasury : 30.00%
hardware : 0.00%
theater : 20.00%
telecom H 0.00%
brewery : 6.67%
highways : 30.00%
cars : 0.00%
bank : 0.00%
software H 13.33%
electronics : 0.00%

4.3 NRFA—4K

—fIZ. BOETIUERDZAZANEE ZHNTWAZEIZ, TERREF LD FalE:, €#% LT,
FATOBITE DD — A St AR IINTLE T 257 B&. ET ML, FHERBIEIRD,
WANARHINIEZ 2X91278 5T, @liBDFIKE T MUY, BRI S T&2X9027%
DET, LA >T, Mosel T, BIZIE, 77 ANARETFDERE /STA—ZEVIIETEHT DT
LHHRETT . TNHD /T A—ZDAEIE, BT VA BT T2 MADZLRL, FITDLEIBIETE
9. ZZOBITH R AV T YN TONTINT 7 AN T A—REUTERLIED, Fi=., Hlf
RN ZDEE( RHS: right hand side’) IZOWTHEFETT . TNHD/ITA—KEFHIZ. TF
VT T7ANDEH) (uses ZAT—hAUVIDF ) DITESLERHNET,

parameters

DATAFILE= "folio.dat"
OUTFILE= "result.dat"
MAXRISK = 1/3

MAXVAL = 0.3

MINAM = 0.5
end-parameters

Wi DI REHIEEL, T NDMDE DT 7 AN » F— LR T —ZDIEH/ T A—RITEE
BAIRT TR ER A, IVE L& TETNZFELTT DT, TNHD/RTA—ZDFERIBIET
AiZiZ. Build >>Run 28R 952>, run button “2 %227V 7L T REW, BDPNIZA Tl Ry
AT, Usemodelparameters &V 7 4—ILRIZF- =0 7% AL, IRDFT T, 78T A—=ZDF L MliE
ANLET HlZIZ, Figured.l DI, FERDOH D77 AN D474 %L . MAXRISK &
MAXVAL OB IELET .

File with problem data

Output file

Max. investment into high-risk values
Max. investment per share

Min. investment into N.-American values
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~ Draw progress graphs  Pause
¥ Simplex [~ At every Simplex log entry
[v Newton barier [ At every Newton barier log entry
¥ Global search [~ At ever Global search log entry

1~ Matrix visualization

r~ Branch and Bound tree
i~ - .
[v Draw tres ‘.-" f\\ v Show original matrix =z
. mmom
¥ Enable node highlighting ™ Show presolved matix  — m

¥ Enable sketch view
™ Enable thumbnail view

CP search tree [max 131,072 nodes)] 1~ Stochastic models

A
[# Draw CP seatch tree { N y @
™ Store all domains for up to |1DD nodes.

[~ Pause ta prune scenario hiee manually

¥ Use Model parameters [e.0. paraml=valuel param2=value2 etc.
IDUT FILE=result? dat MaxRI5kK=0.4 Maxal =025

| Apply I Cancel

Figure 4.1: Changing model parameter settings

IVE OBREREETETNVERMIZT L T5DTIIRL, TAMNER (NyFE—R, a<v U714
AV ET 2= 2R fEOTVBARIIT) | Il 7ebidE (8 5 W TIEEW) DEAEITIE, 7354
—ZDOFMBLETHEETHHZ L%, Ik SRIZIED TRNT I, FlZIE, i 2 D/3FA—
BBETNYFT77ANZHEE, T/ foliodata.mos ZHENRLFELTL . g0, 7O YNEEST7
TAMTEETLNELET . ZARGEG . BUTEL FO4TZ /Ny F 7 7AMTEMT T IO TY
(ZL T, 2= R mosel TREMHESNABRZL R TR N—Ta0 D Mosel TETAZFEITLET S )

mosel exec foliodata MAXRISEKE=0.
mosel exec foliodata MAXRISK=0.
mosel exec foliodata MAXRISK=0.
mosel exec follodata MAXRISK=0.

OUTFILE='"resultl.dat”’
OUTFILE='result2.dat”’
OUTFILE='result3.dat’
OUTFILE="resultd.dat”’

= W Mo

IXFGRAXA=ZHEFHDHHY—DDF] fil%. 505 BIM 77 AL (portable, compiled Binary Model files
LLTHMSNDGA . ZNHDETNE/NRFGA—RTT LT HINLTHIHE, EFVE %2R
FALEDL, Lo T, A MR R ETEET,

44 BELEBDOET LV
ZDFETIHRFL T RTORRERZET N 774 foliodata.mos 1%, YRDIINTIRVET,
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model "Portfolioc optimization with LP"

uses "mmxXprs" ! Use Xpress-Optimizer
parameters

DATAFILE= "folio.dat" ! File with problem data

OUTIFILE= "result.dat" ! Output file

MAXRISK = 1/3 ! Max. investment into high-risk values
MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment intoc N.-American values

end-parameters

declarations

SHARES: set of string ! Set of shares

RISK: set of string ! Set of high-risk values among shares
NA: set of string ! Set of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

end-declarations

initializations from DATAFILE
RISK RET NA
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET(s)*frac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= MAXRISK

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) frac(s) =1

! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= MAXVAL

! Solve the prcblem
maximize (Return)

! Solution printing to a file
fopen (OUTFILE, F_OUTPUT)

writeln("Total return: ", getobjval)

forall(s in SHARES)

writeln (strfmt(s,-12), ": \t", strfmt(getsol (frac(s))=100,2,3), "&")
fclose (F_QUTPUT)

end-model
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B 5B a—FREBOSFTEHK

ZOETE IVE 20T, EDOISNL T2 —HEHRDT T 72 fi<MITONTHBILET . £l
NI T 703, BIgD/RTA—=RZBREITES T, ETNVERRELFATUIA R 2 T 7123 56D T
T LIRS T, NS, NilDFHBUTOUVT, Mosel FRETHi LT NIVR L HLGlEZEE -
THHLTVWEET,

« A ERLIES

AL 2 DI 9

Na—Ta Ry s

A=W —=IFTRERT DM B LA

iR 7077 MER (L —7 &3P

5.1 FREDHEHR

RER—F7 VRN TERL TET—X (G 2 BORESH)ITINA, TOLERIT. $a%
DT RVE = DIRAEDHEMZ FITANEL, TNHD@EDFAN S FIITRi>TVET
(Table 5.1) . COBEKIX, TOBIMIVRIEHGEEO T NAVRTZ R NDEE DI KA 228
LSELHS., LP BTN ZRITSE ., ZOMRE T 77U TERRLIENWE->TNE T, 22T,
YRZDRBELL TR AZEST, #EREL TRONS 2 kDVA— 27 ay b £,

Table 5.1: Estimated deviations

Number Description Deviation

1 treasury 0.1
2 hardware 19
3 theater 28
4 telecom 22
5 brewery 4
6 highways 3.5
7 cars 5
8 bank 0.5
9 software 25
10 electronics 16

52 BBt —7

TZ T, HipoflioTEIZET L foliodata.mos 2 AR NAVRZ L (/R—E L T—D) 2 R—RIT,
BIELT, MEZR0RUREILLESEL TVET,

BARMNZE, T UL, L FOTNVIVR LB FMT HINTEREINET,

. RIRA=RIZIOTAEBHEDET NDERITDREFIIEDIET,
2. FTRTO/NRFRA—=ZEITHL T,
NAVZIED 3= T =D& HIRL TWB IR E ER TS
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ZORHEREL TRONDHEZ
bL. RBIFREMPFONTD., Rt —795
3. MiRETITIERTD

1 %2 DEEALDIZIT., F5HREL TRONDEDM, BLO 2ARDHEERAEE B Z DO, LR
D 2 OOBFNEEZSLET,

declarations
SOLRET: array(range) of real ! Solution values (total return)
SOLDEV: array(range) of real ! Solution values (average deviation)

end-declarations
FOA=FALTIZEY NAVRZEHAD L[R2 HIRL TOSHilF A0 F L FEZ fEFIMRD R
HON—TIPBASNEY . ZON—T 2K LE, RIDOEREENTTHILBTEDLIIT. T
DHFIAIT Risk EOWARTZMTES . bLHFIRITA RIPRNEEIZ V—T 279 DL, i
[l BLWERI B INE N KT 28, BEAFOHFINTERSNER A,

ct:=0
forall(r in 0..20) do
! Limit the percentage of high-risk values

Risk:= sum(s in RISK) frac(s) <= r/20
maximize (Return) ! Solve the problem
if (getprobstat = XPRS_OPT) then ! Save the optimal solution value
ct+=1
SOLRET (ct) := getobjval
SOLDEV (ct) := getsol (sum(s in SHARES) DEV(s)=*frac(s))
else
writeln("No solution for high-risk values <= ", 100xr/20, "%")
end-1f
end—-do

LT, forall A—7D 2 HHDOZ4+—2A, T7D5 forall /do ZfEWELTz, WW<OHPDAT—F
AVNPN—TIZEDLNTNBEEITIX, ZOT7A—ANIEDNRITIUIRER A ZOA—T1F,
end-do THDVET, LOI—RFTD, 15 —DODH L7 1—F x—IZ. if/then/else/end-if ZF
—MAURNTY, 2T IR DO STGHITD I ZDREDfEZE—7 L I2ne B 2T
¥, T T, RORT—ZRIEBIRL getprobstat IZE>THRDHIL, ZID3, [IHEETHDINEI D
&, €8 XPRSOPT TTAbSNET . EIRZAT —bALMZL, if/then/end-if . BXT,
if /then/elif/then/else/end-if £\ 9%5 2 DDRIDIEXbFF>TWET, ZZT, elif/then i, £l
DR Z TZELTEET, oL LD, BLU. Mosel THIF F[REZRN—TRFEINAT —FAU |
ZBE 3 DML IHIZ OV T, [Mosel Z—H—H AR 2B LT FEW,

53 22—V DKRDBT 77 %HK

INT, V772D BT NTOT =22 El e, 77 7RIZEY 2—/L mmive
X0t E T (FELKI, [Mosel FRESM~=aT )V 12 ZIW), LIEB-ST, 2,
ETNDRYTE—RTDRERDHIET . TIUTIE, FiddfT28 ML %7,
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uses "mmive"

W T RadDfTizky, 7o 7%4i& %9,

declarations
plotl: integer
end-declarations

plotl := IVEaddplot ("Solution values", IVE_BLACK)
forall(r in 1..ct) IVEdrawpolnt (plotl, SOLRET (r), SOLDEV(r));
forall(r in 2..ct)

IVEdrawline (plotl, SOLRET (r-1), SOLDEV(r-1), SOLRET(r), SOLDEV(r))

2—YDTF 7. IVE D workspace DFEDT AL RINTERENET . X7 Usergraph %13 A T,
ENETFT T RIIBEIESETREN, YL EOBET. L FOTIN YA EdT (A NS
BHEFIROMHEAERDED. PRITIKLU T, f#5RELTEC TWBT I EMRTIEIHVEEA) -

Q Graph created using the “mmive’’ ibrary.

Click. far graph histary A
[v M Solution values
20*~*~*~*~*~*~*~*f **********
PYj|====== **"*”*”*”*ﬁ ************

20

User graph | IIS
Outputf/Tnput | Stats | Matrix | Solutions | Objective | MIP search | BB tree

Figure 5.1: Plot of the result graph

DT F 77T T ANT =R R T LANNEMFTERA L MR R TEET (plot2 1KY RS
i YRZ $aRE plot3)
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declarations
pleot2, plot3: integer
end-declarations

plot2 := IVEaddplot ("Low risk", IVE_YELLOW)

forall (s in SHARES - RISK) do

IVEdrawpoint (plotZ, RET(s), DEV(s))

IVEdrawlabel (plot2, RET(s)+3.4, 1.3%(DEV(s)-1), s)
end-do

plot3 := IVEaddplot ("High risk", IVE_RED)
forall (s in RISK) do
IVEdrawpolnt (plot3, RET(s), DEV(s))
IVEdrawlabel (plot3, RET(s)-2.5, DEV(s)-2, s)

end-do
+vbh SHARES - RISKiZ, IRISKIZEENTUVRYY, SHARESOTARTHOIL AV 1 ZEERT D
ZUITERBLTREN, 29575&, TUYN YNNI FadDLNTR0ET,

g Graph created uzsing the "'mmive" library.

Click for graph history v

; |V W Saolution values
; IV Lowrisk
I M High risk

software
!

o DR S
i ‘ |

User graph | IS
Qutput/Input | Stats | Matrix | Solutions | Objective | MIP search || BB tres

Figure 5.2: Plot of result graph and data

54 TNHDT7A4—F%—Riole QIR ET N7 7N foliodata.mos
ZDETiHmMLIETRTOT4—F v —2 D5 &RTET N 774 foliodata.mos 1%, YRDEIIT
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BET, 22T 29ODFY a—)L mmxprs & mmive iF. Bi—D use ZF—MAVNZXY), u—RT
ERZLITHEZEL T REW, [T —&Z, FVCFLDT =& T 7AUEIMLTHENTTL, &
TITRENTWBIINC, D77 AN 5iteZ ELTEE T,

model "Portfolic optimization with LP"

uses "mmxprs", "mmive" ! Use Xpress-Optimizer with IVE graphing
parameters

DATAFILE= "fclio.dat"™ ! File with problem data

DEVDATA= "foliodev.dat" ! File with deviation data

MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment into N.-American values

end-parameters

declarations

SHARES: set of string ! Set of shares

RISK: set of string ! Sset of high-risk values among shares
NA: set of string ! Sset of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

DEV: array (SHARES) of real ! Standard deviation

SOLRET: array(range) of real ! Solution values (total return)
SOLDEV: array(range) of real ! Sclutien values (average deviation)

end-declarations

initializations from DATAFILE
RISK RET NA
end-initializations

initializations from DEVDATA
DEV
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
Return, Risk: linctr ! Constraint declaration (optional)

end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET(s)xfrac(s)

! Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) frac(s) =1

! Upper bounds on the investment per share
forall (s in SHARES) frac(s) <= MAXVAL

! Solve the problem for different limits on high-risk shares
ct:=0
forall(r in 0..20) do

! Limit the percentage of high-risk wvalues

Risk:= sum(s in RISK) frac(s) <= r/20

37
MSI #2041 Copy right©2015 All rights reserved



maximize (Return) ! Solve the problem

if (getprobstat = XPRS_OPT) then ! Save the optimal solution value
ct+=1
SOLRET (ct) := getobjval
SOLDEV (ct) := getsol (sum(s in SHARES) DEV(s)*frac(s))
else
writeln("No solution for high-risk wvalues <= ", 100%r/20, "%")
end-if
end-do

! Drawing a graph to represent results (‘pletl’) and data (‘plot2’ & ‘plot3’)
declarations

plotl, plotZ, plot3: integer

end-declarations

plotl := IVEaddplot ("Solution values", IVE_BLACK)
plot2 := IVEaddplot("Low risk", IVE_YELLOW)
plot3 := IVEaddplot ("High risk", IVE_RED)

forall(r in 1..ct) IVEdrawpeint (plotl, SOLRET (r), SOLDEV(r));

forall(r in 2..ct)
IVEdrawline (plotl, SOLRET(r-1), SOLDEV(r—1), SOLRET(r), SOLDEV(r))

forall (s in SHARES-RISK) do

IVEdrawpoint (plot2, RET(s), DEV(s))

IVEdrawlabel (plot2, RET(s)+3.4, 1.3%(DEV(s)-1), s)
end-do

forall (s in RISK) do
IVEdrawpoint (plot3, RET(s), DEV(s))
IVEdrawlabel (plot3, RET(s)-2.5, DEV(s)-2, s)
end-do

end-model

COREZ, f#fI Risk O/NSORIUETIIAL 74— TN TT, LIEBST, TDTF7ITh

Z L ROTHFANT UM MNP FREINET

No solution for high-risk values <= 0%
No solution for high-risk values <= 5%
No solution for high-risk values <= 10%
No solution for high-risk values <= 15%
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B 6 B EEERGEHE (MIP)

TOTETIE. 3 3 HTHRLETT VRRABEGHN (MIP) ([ZHERLE Y. 22T, FRtieD
WL ET

HERRE B Z EF%T D

IVE ® MIP &7 T A= AP —DTARTLAZBRL , 270

6.1 FIEDILTR

ZOEEFRIFE PBROBRRAELIBRNEEZTOET, LIS T, $BIORAIZONT,
MDIITRZEBTERVPLEEZTVET,

L. R=bT7AVFIZ AN HIR TS

2. HAFNAHR—LT AVA T A D7D ZDENRD A SED B AU DD H &52HHLN
B HIZEE (MINVAL) LW GEEEAD, D7eded 10%) .

LUR TR ZhHn —20iil#Rz. —DORIHDOET NV ZH->T, EDINTHIDPZERLET .

6.2 MIP BN 1. SHEZHIRTS

BEDRREIRDNANALRIDD, R—F7 +VFIT A NS0 EZ TR 35720120, $akEL
TR TERITIUIRVER Ao ZDTDIT, 5§ 2 ETERLIEETMZ, “DOHD, buy &)
BROBIINEALET , TNODEENIA L T 45 —&25 8 (indicator variable) . 372bbH,
NAFVZE$ (binary variable) T3, Z8E OWYs 1%, HBHIHBR—F7 +VAHITADE 1 EVHfiAHRL
D, ALBRWIEAIE 0 EVOEiEENET, 2T ROFIFIREZEAL. SWE DR KE%E
MAXNUM (ZHIFRL £9 . ZOHFIRT, s bUYs 1Z, T, K Th. MAXNUM
DERPUYs DHHME 1 ZFIHTIRBZEATEBEVDZEERBIL TVET,

> buy; < MAXNUM

SCSHARES

ZIT HLOARALFUER LW 2 R—b 7V HGRIINE TR TOBMORRZ R TERK
fracs IZHREDIFDLERHNFE T, KBILTZVBIRIE. [HL. HEEMB T -7 VA ITEEINS
RBIE, T, BREO—DEL T, 2EDHTHY U NSNS L #5573 5E, 'if fracs >0, then
buys =1 LiWZETY, LTFORERIZEY. 2oz bl £,

Vs € SHARES : frac, < buy;

LL. HB s T, frac:hi /o BaThiiabid, bu=13 0 IKREALF RS, LT,
buys 131 LVSIIZZARDET . TS ZE. DL, PYYs 130 TH DD, 255 5L, fracsy, 0 TH
D, I 1IZR—bT7 AVFIZ T A NS NN EZ EKL T, 22T ZhHDHIFI RS,
buys 331 LVSIERIY, 22D, fracs 30 LWl HRS AT BEFEZ HERRL RN SIZHEL T REW,
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Ll 2O —RA Tl SHUIRIEBVEY Ao 2 70bIE, BT, PUYs 531 LWHMEZERLD. 5D,
fracsP3 0 LVOfEZESTS, TNHDOWM HOEEH 0 THLDLFC Nz R Db T,

6.2.1 Mosel IZEAA L FIA T —ay

% 3 MTHgESNE LP £ VR, (5 4 RTHEHALET7ANDPS, T—XDOMREEZI TV
WLOEBEHRIFIATIERLE T . BILWEBBNAAFITHIEVHYFE(TRDE, ZhbHh 0
EVHfiiE 1 LWAHDAZEIRDE B THHTE)E, Mosel DHIT, ’is_ binary‘ EVWHEBIZ K-
R R TERLET . $5—2D, IKALND G MO XA T DR B RUL, BB
(integer variable)TY . TNHDEEIL, HAONTZ FRE EROBIOBBUEDOAZIRNET . T
DEATDELEIL. Mosel DT, ’is_ integert EVWHEBIERiH-HFIATERLET . LLFD
273y (MIP model2) Tix. b9 — DML . ¢ bbb, Lk

(semi-continuous variable)d il FL£d,

mocdel "Portfolio coptimization with MIP"
! Use Xpress-Optimizer

uses "mmxprs"

parameters
MAXRISK = 1/3
MAXVAL = 0.3
MINAM = 0.5
MAXNUM = 4
end-parameters

declarations

SHARES: set of string
RISK: set of string

NA: set of string

RET: array (SHARES) of real
end-declarations

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations

frac: array (SHARES) of mpvar
buy: array (SHARES) of mpvar
end-declarations

! Objective: total return

Return:= sum(s 1in SHARES) RET (s)*fraci(s)

! Set
! Set
! Set
1

Max.
Max.
Min.
Max.

investment into high-risk wvalues
investment per share

investment into N.-American values
number of different assets

of shares
of high-risk values among shares
of shares issued in N.-America

! Estimated return in investment

! Fraction of capital used per share
! 1 if asset is in portfolio, 0 otherwise

! Limit the percentage of high-risk values

sum(s in RISK) frac(s) <= MAXRISK

! Minimum amcunt of North-American wvalues

sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) fraci(s) =1
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! Upper bounds on the investment per share
forall(s in SHARES) frac(s) <= MAXVAL

! Limit the total number of assets
sum(s in SHARES) buy(s) <= MAXNUM

forall(s in SHARES) do

buy(s) is_binary ! Turn variables into binaries
frac(s) <= buy(s) ! Linking the variables
end-do

! Solve the problem
maximize (Return)

! Solution printing

writeln("Total return: ", getobjval)
forall (s in SHARES)
writeln(s, ": ", getsol(frac(s))=100, "% (", getsol(buy(s)), ")")

end-model

EDOEFN, foliomipl.mos Cforall L—7D2FEHDER. T742DbH. forall/do Z{fivE
Lico =T DBUKDPD AT —MAU N T35 56120F OB ROV —T2 50 BERHET,
FZDZEZLL FOIINTHLZELTEET,

forall(s in SHARES) buy(s) 1s_binary
forall (s in SHARES) frac(s) <= buy(s)

6.2.2 EZIHID

PIRED T2, OEFET . B— KL (Build >> Options Zf#95%>, F7=1Z. run button Y e
3), N7 2T DL, L ROT AR LAZH/ET,
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| |Representation of matrix to be optimized. Zaom i or out when av. [ Auto Hide

Sketch | Colurmn view I Rowve view  Graphical original I Graphical presolved |

Columns

0 10 20

Rows
L DEO U ) NI

L
E l:
i
B
.
?;}

buy(so

4,C

7.8
buy(cars)

B.C

frac highway 5]
10.C
frac{brewery)

QEEENEE

W nn
[=N=N=l=l= =] =]

Dutput/lnput I State  Matrix I Objective I MIF seaich I BE tiee I User graph I

Figure 6.1: Matrix of the MIP problem

ZNETOED LP <N w7 25D, BED=NY 7 RiTid, boE%<DFT (HIFIZ) &5 (550 255
DET, 22T, 26 = bl by iR, 780 — buys = 00 S I A IS TV BT BT
LTREW, Zhd, < w7 2T, T_RTOERIR. =« OEM (E)IzhbEoicE=T5
25 TY (Mosel Th. FlFIREZORMERITHRIFLET).

EFNBLITTHE, ZORERELT, LLFOT YN yhefiEd (YYa—ard information 74
YRUDA 7’ Output/input’ 23350,

Total return: 13.1
treasury: 20% (1)

hardware: 0% (0)
Lheater: 30% (1)
telecom: 0% (0)
brewery: 20% (1)
highways: 30% (1)
cars: 0% (0)

bank: 0% (0)
software: 0% (0)
electronics: 0% (0)

ZORTHELNBHERDOVZ— 1T, b&bED LP BEDZNIN/NEL>TOET A, Ziud. H
FKIRZ B2 TY, BERENTZXNT, ZOR—IT7 VAL 4 DO OLREREh T
T o T Wa—Ta fFRE N AEL LS (X7 Stats) o
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Fgf \Durrenl optimization statistics. [~ Auto Hide

M atriz: Presolved:
Rows{constramts): 14 Rows[constiants): 14
Colurnnz[wariables] 20 Columns{variables]: 20

elements 43 MNonzero elements: 43

G entities 10 Global entities: 10
Sets: n Sets: 0
Set members: n Set members: a

Overall status: Finished global search.

LP relaxation: Global search:

Algorithm: Simplex dual Current node; 1

Simplex iterations: 14 Depth: ]

Objective: 14.0B67 Active nodes: -1

Status: LF Optimal Best bound: 131

Time: 0.0z Best solution: 131
Gap: 0%
Status: Solution is opt
Tirne: 0.2z

Time overheads:

Progress araphs: 0.0s
Wiiting output: 0.0z
Pausing: 0.0z
IIpdating status: 0.0z

Output/input  Stats |Matri:-: | Dbieclivel MIP sean:hl BB tleel User graph

Figure 6.2: Detailed MIP solution information

TZITid. Global search &\, MIP-[EA D HA, TARATLADHRIRITEENTVET, T
TRBRLIZIONT, W% (F13 T N T DEBITHER M2 B ML T, LP 74 % MIP £71
IZEZBTEE, HIRINCR S TT . LAl MIP %f#I=DD T VTVZNZOWTUL, MLZEik
BAER A WERGIE, MIP [, #0RL. S, &, LP FEZ AL THP NP
TY . ZO&X, Iplid, BRI T, MEE LP LU T3 (LP #&Ff). 2L T, Bl
TEDIRTIZIER LM Z TGl TRV B DR A B E D, ZOEBOFHLL LIRS NRE
BINL T, ZOEBODEPBEREITIRDINL TITEE T, T2 T\ &5 LP fiEz /—R (node) T
Rl TNHD /) —RZ /T RO B RLBIMSNIHIFIA TR A TS, [RIDISRIB =L Tk
EPRRONET TR ERR 2D >YY— (Branch- and-Bound tree) TY . U OWTON
WL FEZRLDIZ, WOD G RE D/ —F R ETH T mLET . ZORETIE, fi#
DIZHETHol/—FiE 1 HTTAH, kEL/—FeBoTHBLEIEZHVERATLE,
Xpress-Optimizer Tl&. 7 74/NE T, MIP ORIMLBID=DIZ, HBETNIVALEFEITLET (T
TYZXADEEDEEHNZOUVTIZL. [Optimizer Reference Manual [Z£8), Ziuzix. MIP Ofif
PATELIRW LP DA T el BE s D — 5% B BTy b3 2720 D Hil#R D8 e 350 Frvhd
HEVAER B EENTOET . ZOREOY A REIEFHIT/NSNDO T, BILBICED, B 58I
720, LIeho T, ZOREL. BN, o EL 7z, maximize 2N, HEITE2ITIRIIC, ET L
IZFREDIT2AF A 5L, MIP ORTLEID—ER, 373bb. HEAYNERHERES Ay F 47
INFEJ.
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setparam ("XPRS_CUTSTRATEGY", 0)
setparam ("XPRS_HEURSTRATEGY", 0)
setparam ("XPRS_PRESCOLVE", 0)

TOIRTET, MCHEZMRLE, 4B, 2R ETIZ, /—R2 25 LIRS TWBOH D E S

| T [Curent optimization statistics. [ AutoHide
M atrix: Presolved:
Rows{constraints): 14 Rows(constraints): 14
Columnsz[+variables] 20 Columns[vanables]: 20
Monzero elements 49 Maonzero slements: 49
Global entities: 10 Global entities: 10
Sets 0 Sets: o
Set members: 0 Set members: 1]
Ovverall status: Finizhed global search.
LP relaxation: Global search:
Algonthm: Simplex dual Current node: 9
Simplex iterations 14 Depth: 3
Obj : 14.0667 Active nodes: 1}
LF Optimal Best bound: 131
01s Best salution: 131
Gap: 0%
Status: Solution is opt
Time: 0.2s
Time overheads:
Progress graphs: 0.0s
“whiting output: 0.0s
Pausing: 0.0¢
Updating status: 00s
Output/nput  Srats | bl atriz | Objective | MIP search | EE tree | Uszer graph |

Figure 6.3: Detailed MIP solution information (after disabling cuts)

L30T, IR, 27 BB tree 28958, RIREEDY V-2 R TEET
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| " |Branch and bound reprasentation of the MIP search. Hover for de [ Auta Hide
‘when paused, highlight nodes branching on j

Dulputflnpull Stats | e atris | Ell:uiective| MIF zearch BB hee | Uszer graphl

Figure 6.4: Branch-and-Bound tree

=D/ =&, 2B H7—a—RTRRSINET , TTT, BEIRD FLOh o7/ —Rid, ke
DU TG TERS I, IR R E DM TE TERRSINET . RUVNSREYN, LP #&fo
FITARERZ RL TOET . YV—D/—RD ETH—INZE)PTZLIES T, /—F& 5. o8
DIEDITEEN A BURE DB MR MA LR INET . TRV T ZADTAART LA LRI,
Branch-and Bound 7 AIAVRLZIKIETHIEATEET, THL T, HRYV—DOREEZFHIC
MANDTENTEET .

ZL 7T, (Build >> Options Z 9 5>, £7/=IZ. run options button <27 global search
entry ZF=vZ7L. Apply THERL TFIWV, 257 5&, ET N =TT DL, /—RTLIE 7%
KILTBDT, =&, EIV—DFIRNZ 7 +u—TEET . Eireflkied DITiE. pause
buttonll% 279y ZLTREW, J2f 1% k3 285413, stop button@Z 7Yy 7L ET,

6.3 MIP E71 2. H#MOBRBEHREEOEFZANS

2 HHD MIP EFAEERALT DD, 22T 1L 2 3, B F 3 o LP £5F
AblEdET ., ERALLIEWFLWHKIRIE. THL. HAEIEASR—E7 +VF DIzl Al Eh
Z7eblE, ieked. ZOMMO A S REBHIZ O A% HIL NNV RITHEL
(MINVAL) 720 (22Tl EEADPLED 10%) 1LWHZETY, 441k, BYMEE fracs
DT RTk, Hiftiz, 0 & MAXVAL ORIDOMZIBLNCHIFITHDIZ, Zhbng MINVAL
& MAXVAL DOBOEAMEZIRSH, Fi2id, 0 LVSEZIRDINTHIFILET . ZOXA T DLRIT
e dife 28 B (semi-continuous variable) EFRENET, FrLWET VT, fracs DT X%, L,
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TOHRFIRIZE-oTEESHZFET,
Vs € SHARES : frac, = 0 or MINVAL < frac, < MAXVAL

6.3.1 MOSEL TE1793 %

TOETF N Lelicmdpe mezid, 5 3 TR SN LP 7 VE, (55 4 M TEALETZ 7V
B, T—EDOFEEL T FLWEBE X TIRIRL7Z0DH T, MIP EFA 22 £ TLET,
EFNANT, B3Ik, 'is_semcont * HIRRXTEFRENET,

MOSEL THZ5H5—20D, FL XA T DREERIT. 0 LWVSEZINDH, H-2bh Iz FRE
FIROBIDEE A2 MBEETT . TOEEIE. WhidD, i B4 B (semi- continuous
integer) EMHINTVET, ETNVNT, Ik AR, "is_ semint * HFIXTERSIN
%93 BREHDZAZ, #r 8R4 Bi(partial integer) T, H-ALNTZ FIRPLHDHRAE LTI
BBAEZ IR, ZOflZbkz DE ik B LD bDTY, 2, 'is_ partint * HIFIRTEHRS

nFEy,
model "Portfolio optimization with MIP"
uses "mmxprs" ! Use Xpress-Optimizer
parameters

MAXRISK = 1/3
MINAM = 0.5

MAXVAL = 0
MINVAL = 0
end-parameters

! Max. investment into high-risk values

! Min. investment into N.-American values
3 ! Max. investment per share
1 ! Min. investment per share

declarations

SHARES: set of string
RISK: set of string

NA: set of string

RET: array (SHARES) of real
end-declarations

Set of shares

Set of high-risk values among shares
Set of shares issued in N.-America
Estimated return in investment

initializations from "folio.dat"
RISK RET NA
end-initializations

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations

! Objective: total return
Return:= sum(s in SHARES) RET (s)=x*frac(s)

! Limit the percentage of high-risk values
sum(s in RISK) frac(s) <= MAXRISK
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! Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) frac(s) = 1

! Upper and lower bounds on the investment per share
forall(s in SHARES) do

frac(s) <= MAXVAL

frac(s) 1is_ semcont MINVAL

end-do

! Solve the problem
maximize (Return)

! Solution printing
writeln("Total return: ", getobjval)
forall(s in SHARES) writeln(s, ": ", getsocl(frac(s))=*100, "3")

end-model

ZDETNEREITTBEE, L FOT UMY fGHNE T (solution information 4R d
Output/input ZZRL T RFEN),

Total return: 14.0333
treasury: 30%
hardware: 0%

theater: 20%

telecom: 0%

brewery: 10%
highways: 26.6667%
cars: 0%

bank: 0%
software: 13.3333%
electronics: 0%

R=b7 VAL 5 DO ZINET . LT, AE4IIE, I SAORAL 10%, Kk 30%
DENZHVET . IBINSNIZHIFIADT D, kit MIP DX, ZOHES. ik#ID LP fEDfH
FVLNSIRNET
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BTHE _REHEE
ZOFETIL. F3ZTERLIEET VE kG i (Quadratic Programming) D€ /MZ, ZL T,
B 6 HEORMID MIP BT NZRESRE il (Mixed Integer Quadratic Programming)
DETIMIHERLES . ZOFE, FalliZOWTHBLET,
 ZRROHWBEBZEF#KT D
Mz DL T OEFL T, Rz
« IVE ® MIP optimization display ZP#EL T, IGHTS
%5 12 B TI& BCL TTNE TR > TEMHED E XALB L O 2 sl . & 17 H T, QP
Rz H: Xpress-Optimizer TA Y 7 YNGR ERHIL £7.

7.1 RIREDBHH

ZOHBERIL, bok, BIDAEPD, ZOR—I7 VA RIRMEE BEZLLTEET, 37205,
TRVE—U iR KA NAYRT DGRy 2 IR T 2D TR, HBLRADVE— 2 % E R
LR35, YRZ &l /MET BZETT . ZOEE R, AR EEDO PRVAZ— 05/ o=
Vo7 ZOHEEEEFD. &) Markowitz DT AT T2 MRSEB->TVET, (BIZIE, N—Fr=
T AREY 7T T SR 2 AL DAEEEE) 3 AR A H DD, A< FrllnarEa—aea
Va4 — ATlESZLIZRIZ DL ELIZBIGITITKEINTRBD T, R 7T uX s ar opihe
1. HOMBIAH B, EEZBDBIDEZSTD—DDHITT, ) IFZDMHE SO EEHE
FRDIZHLU T, BB TaX s a DOV Z— AIRIRIZEFLET, PRVEZ—1 . BXO. &
B/ e Ny 7 Ak, FRIRENTVET,

Table 7.1 Varianceioovariance matrix

trezsury hanrdw. theater telecom brewery highways cars bank softw. elactr

traqsyme 01 0 0 ] ] o o ] ] 0
hardw ara ] 19 -2 4 1 1 1 0.5 10 5
theater ] -2 28 1 2 1 1 ] -2 -1
telecom ] 4 1 22 ] 1 2 ] E] 4
braweme ] 1 2 ] 4 -1.5 2 -1 1 1
hig harays ] 1 1 1 -1.5 25 2 05 1 1.5
cars ] 1 1 2 -2 2 5 05 1 2.5
bank ] 0.5 0 ] -1 0.5 nh 1 ns 0.5
software ] 10 -2 E] 1 1 1 05 25 &
eledronics ] 5 -1 4 1 1.5 25 05 a 16

B 1R E SR/ BEERIRVZ 52 &2 BT ICL T, iz iioMEd DIzl SRR
FEDISTRIEIEZ R D E

B 2: 55 E SN BEERIRIV2A3 52 &2 BT HEITL T, RIS, SR, i KTH 4 D
DR OTNET DO, END, /N7 R DB NG T2 5570 IRADERNTLD,
MR, —RGHEERTE, 37205 BIBIED —REZR D, HlHRA— Rk GIF X TH D4
Al BRI E S 236 HOBERNTID, SHORE BADIZOIT, BEBIREBOBA B BEL
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720, LEA3-o T, . IBASE RGHEREIZZRDE T, ZhHo 2 DD —Rid, LLRO 2
DDEI T ay TH ZITEMRLET

7.2 QP

3 2 ETHERLEET VE, EZHLWBEPLELE, NlOE B2 TOBERHIET
<HLWEBIENE, VA= DO EGTIRL, )7 ik (meanvariance)b78d

« YRZIZBIR T BHIFIADBHAD

« HEERIRIDEWSFILWHIRI R Z B I 5

FILOERBIRI, MRl TREINSGR—T7HVFDFH 5T

Z VAR,; - frac, - frac;

s,tcSHARES

ZZT. VARst 1, T XRTOHMD /I B~ N7 2 TT, Ziuk, “IROBEIBEETT,
HBIEIT, [ RSN Z8 BIRiE 7= 2 OO RDENT & DEND. BlRiE. frec - fracs
DISHIEHBHDE. Z0 HIEEE — ko BB ThEL SbhEd.
HEFIENOHRIRIL. FROINAET.

> RET-frac, > TARGET

ScSHARES

ALK EEANDEEDIRE, TR TOESZRE T HTE. BLOKHRA~DOEED ERIX, 20
EFIULEHENE T, LB TIDETILOEARIET MILL FOINTRVET

minimize Z VAR;,: - fracs - frac
s, teSHARES

Z frac, > MINAM
scNA

Z frac, = 1

SCSHARES

Z RET, - frac, > TARGET
sc SHARES

Vs € SHARES : 0 < frac, < MAXVAL

7.2.1 Mosel TEATT 5

EFNLDETITIZ. Xpress-Optimizer ¥ a—/L mmxprs 7211 T4, QP E¥a—L mmquad %
O—RIBUERHVET, QP EVa—L mmquad 1F. ZRIBROERITHEokERES Mosel
SEEIZBMMLET (mmquad 1Z2OVWTIE. [Mosel SiES I~ =271 (Mosel Language
Reference Manual) [ZZM), QP ¥ a2—)L mmquad Zu—R$ 3L, —wkIEAD B B D
AL HERE maximize X° minimize 2 X IRV E T, ZOET ML, TNETOET VLT E
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&5?—&77/{}I/(f0110qp . dat)%{ﬁb\ij—o

! trs haw thr tel brw hgw car bnk sof elc

RET: [ (1) 5 17 26 12 8 9 7 6 31 211

VAR: [ (1 1) 0.1 0 0 0 0 0 0 0 0 0 ! treasury
(2 1) 0 19 -2 4 1 1 1 0.5 10 5 ! hardware
(3 1) 0 -2 28 1 2 1 1 0 -2 -1 ! theater
(4 1) 0 4 1 22 0 1 2 0 3 4 ! telecom
(5 1) 0 1 2 0 4 -1.5 -2 -1 1 1 ! brewery
(6 1) 0 1 1 1 -1.5 3.5 2 0.5 1 1.5 ! highways
(7 1) 0 1 1 2 -2 2 5 0.5 1 2.5 ! cars
(8 1) 0 0.5 0 0 -1 0.5 0.5 1 0.5 0.5 ! bank
(9 1) 0 10 -2 3 1 1 1 0.5 25 8 ! software
(10 1) 0 5 -1 4 1 1.5 2.5 0.5 8 16 ! electronics

RISK: [2 3 4 9 10]
NA: [1 2 3 4]

T ANV T AL T97 A(string index [SCFEHDAL T 97 Z) TR, BF DAL TII A
ZffioTWAZEITERL TS, ET L TEYE SHARES AEHRSNTVAEDT, 774V
DFRTDOT =AUV INNA L TII AR T NEYANT BAEIEHVER A, VAR TNBE T )L
& IR BHET DD T,

model "Portfolio optimization with QP/MIQP"

uses "mmxprs", "mmguad" ! Use Xpress-Optimizer with QP solver
parameters

MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment into N.-American values
MAXNUM = 4 ! Max. number of different assets

TARGET = 9.0 ! Minimum target yield

end-parameters

declarations
SHARES = 1..10 ! Set of shares
RISK: set of integer ! Set of high-risk wvalues among shares
NA: set of integer ! Set of shares issued in N.-America
RET: array (SHARES) of real ! Estimated return in investment

VAR: array (SHARES, SHARES) of real ! Variance/covariance matrix of
! estimated returns
end-declarations

initializations from "folicgp.dat"
RISK RET NA VAR
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
end-declarations
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! Objective: mean variance
Variance:= sum(s,t in SHARES) VAR(s,t)=xfrac(s)=+frac(t)

!' Minimum amount of North-American values
sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) fraci(s) = 1

! Target yield
sum (s in SHARES) RET(s)=*frac(s) >= TARGET

! Upper bounds on the investment per share
forall (s in SHARES) frac(s) <= MAXVAL

! Solve the problem
minimize (Variance)

! Scolution printing
writeln ("With a target of ", TARGET, " minimum variance is ", getobjval)
forall (s in SHARES) writeln(s, ": ", getsol(frac(s))=100, "%")

end-model

ZDETFNEZHRLE. L RDOLS I Va—Tar Ty T&£9 (solution information
window @ Output/input)

With a target of 9 minimum variance is 0.557393
30%
7.15391%
7.38246%
5.46363%
12.6554%
5.91228%
0.332458%
30%
1.09983%
0: 0%

o =d o U s W N

555 HTRSNETVIYRLEFRUEINZ, TARGET IZWANAZRMEEFEL . ORI REZ AT H
fRNT, ZOiE R BV A — 2 /R 227 77127 ay UL T8RN 79y T4 7 12 55T
LATEXET, (model file foliogpgraph. mos):
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i Xpress-IVE - [foliogpgraph.mos]

File Edit Wew Buld Debug Deploy Modules Wigards ‘Window Optimizer Help -8X
D = k=) Tl 52l .. skl @@ seach: File Position:
Eee W ETE SO 4 s o 380 EEIEYWEEIN]
Praject Explorer 8| T rolicapgraph.mos 4 b x| Run "
V] fac v ! Minimum amount of North-American valuss 4 | |[]Graph created using the “mmive” libray.
— sumi(s in NA) frac(s) >= NINAM
Entities A‘->Z\ Click for graph history ™
Current S olution: B Spend.dll the capital _ - - -
[W] sum(s in SHARES) fracis) = 1 ‘ theater . ¥ W Salution values
f (CA\Examples\GSiioselioliogpg ~ ! Uppar bounds on the investment per share ‘ . |~ Lt_'w “_Sk
= MainFicblem forall(s in SHARES) frac(s) <= MAXVAL | [~ M High risk
#-33 Parameters !
t - /
i 35 c‘?”’ta”“ ¢ Solve the problem for a range of returns 2 i
=23 Prmitives target:= win{s in SHARES) RET(s)
-+ scalars: RMAX:= max (8 in SHARES) RET(3) H
i et :
i plotl vhile (target < RMAZ) do :
i plot2 Return:= sum(s in SHARES) RET(s) *frac(s ;
i plot3 minimize (Variance) t S0l 10 ; : g
e RHAX YT (N
re target if (getprobstat = XFRS_OPT) then ! Sa :
[ ] anaps ct4=1
wof} sete SOLDEV (ct) 1= getobjval =
=43 Decision Variables SOLRET (ct) := target highays
w11 arays else ;
=43 Constraints writeln("No solution f£or Carget returr 1) == ] Borconoc condnemccocoo-med
=+ scalars: break Lue=
% Retum end_if 10 2 0
4, variance [ | target += 1
:E Subroutings end-da
st User-defined Types ™ w ||| User graph | 1S
< | @ < 3 || outputfinout | Stats | matrix | Solutions | objective | MIP search | £6 tree
Information n
CAE kamples'\G S \Moselfolioqparaph.mos compiled successfully. Ho mattix is svailable
tosel versior: 3.0.2
Modulefs] in use: mmauad version 1.2.5, mmuprs version 20,2, mmive version 1.205
S| D
¥ del un complete
Build | (C:lExamples\GSiMosefifoliogpgraph.mos)” locations | Debug Watch Copy to clipboad
Ready Idle Fres Memory; 2867 ME  Line; 1f105 Coli 0

Figure 7.1: Graph of the efficient frontier

7.3 MIQP

ZZT, HiD QP EFTNADTRTORKIARD N T, IR TH MAXNUM EWVHEDEARED HR—h
TAVFICANDEFEET MTANZELES. TTIZ, 6 BT, EOINThEI T AL D%
RELTz, Db, NAFUERDE YR buys BT 228128, Frld X2 505
BIRIZYL 73 BZETL,

Vs € SHARES : frac, < buy;

TOBRITID, BL. racs >0 bid, $780bH, frac PRIV FTRIINDLOIE, £
buys |3 1120, iz, buy: 3 0 THHRDIE, racd 0 TRIFIIRHRNENIZ LTS
£,

> buys; < MAXNUM

SESHARES
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7.3.1 Mosel IZEBAA L S IA T —Tay

HiD QP EFNZBIET 5. $70bH, LU FDTTZ. Hiffiio QP EF A OMKDITBIML £, 2D
BIOMEZ, 1 BIOFFTT, T QP EF VLU THE, Keld T, MIQP 7 VEL THREET,

declarations

buy: array (SHARES) of mpvar ! 1 if asset 1is in portfolio,

end-declarations

! Limit the total number of assets
sum(s in SHARES) buy(s) <= MAXNUM

forall (s in SHARES) do
buy(s) is_binary
frac(s) <= buy(s)
end—-do

! Solve the problem
minimize (Variance)

writeln("With a target of ", TARGET," and at most ", MAXNUM,
" assets, minimum variance is ", getobjval)
forall(s in SHARES) writeln(s, ": ", getsol(frac(s))=100, "3")

MIQP EF N2 FATY DL, FilDIIRffeftEd .,

With a target of 9 and at most 4 assets,
minimum variance 1is 1.24876

: 30%

: 20%

: 0%

: 0%

T 23.8095%

: 26.1905%

o

C]
[

: 0%
0: 0%

W oo~ oy U WD

R=b7 #UFDHDFERBUTDONTOHIFIAZBIMLIZOT, f/hriikid, QP BIEDMEDZ LK

Db, 2 5 8L EREZRDET
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132 B%EIHI S
FNTIIZIZT Wa—Tay « TARAT LA FTAEL LS, Stats T4V RUZRINT5E, L RO
B RLNET,

[T [Cumment optimization statistics. [ Auto Hide
Matrix: Presolved:
Ro nstraints]: 14 Rows{constraints] 14
Colurnsfvariables): 20 Columns{variables): 20
Monzero elements 54 Nonzeno elements: 53
Global entities: 10 Global entities: 10
Sets 0 Sets: 1}
Set members 0 Set members: 1]

Overall status: Fimished global search.

LP relaxation: Global gsearch:
Algorithm: Hewton Barrier Current node: 55
Iterations: 10 Depth: 5
Primal objective: 0557333 Active nodes: 1]
Dual objective: 05573933 Best bound: 1.24876
Status: LF Optirnal Best solution: 1.24876
Time 0.0s Gap: 0%
Status: Solutian is opt
Tirne: 0.5¢
Time overheads:
Progress graphs: O1s
Witing output: 0.0z
Pausing: 0.0s
Lpdating status: 01s

Output/lnput  Stats IMatri:-: I Dbieclivel MIP sean:hl BE treel User graphl

Figure 7.2: Detailed MIQP solution information

T, BEOKLP YWa—Tay «-TAIVRXLzERRE. MIP #iate., JEFIZIKETHES, 20T
— 2T, ZOMED LP #% fix. Newton-Barrier algorithm T2 TWZEJ .
Branch-and-Bound YY—23, #5(D/— &> TWAD T, #5REL TRONHERE IV—% LD
TELTEET (V4R BB tree) o
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Figure 7.3: MIQP Branch-and-Bound search tree

BEDOHT, 2 DOTEIIAT AT REMED WL ODDEL T (RRAADPIATE) o iixbIUMIE, PLKED
DY AZDMATE TNATARSNTOET . T4 FTD Objective ZFHAE, WMo 7z 2 DOFED
sl S E S (Figure 7.4)
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W\Progless of the MIP search. Hover for info when available. [~ Auto Hide

IEIick for graph history j
MIP gap
i T : &— 5 ¥ =+~ Gap
4 ¥ B Integer solution
Al N | |F &Depth
(=% . 3o
G £
2=
1
0 4k ‘ - - —0
0 0.1 0.2 03 04
Time
—_

Accept cunent best solution and continue I

MIP Objective

[V =+ Best solution
~||[¥  Best bound
V¥ W Integer solutions

Objective

Dutputr"lnpull Stats I Matrix | Objective  MIP search I BE treel User graphl

Figure 7.4: MIQP solutions

D74V RTD AR, SN MIP e LP SERRDBIDX v 7 RmL THES ., 2OV R
IO REGE BTSN fROMHE, BEO, RRDOF—72+/—RD LP i ofibhiz
[ EO FRAY R 1DTF7 % "L TOET . ZORBIE. &DDDE ST, i RIEDHIZ
BHR-oTOVET, ZHUL. ZOMED optimality ASFEHAINZZEZREMKL TWET, optimality @
LR i B R LD BT LI TEE R AR, BRZ2HIZIX, HD/—FBIETfrok1%, kT3
LVIBIREITITELTEET
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8 8 B ra—YRTAYTR

COFETR, " FVEBZEIEL T ba—YRAT A7 TRz LI OV THIL LY,
BHOHIZIX FRLD I EENTOET

YT N—F %D Mosel EFNZREELT S

RGRA=REEETD, RATA(EE) 2E—T L, )M 22T, 228D/ 7 R(bound)%
BIEFTAHZEIZED, Xpress-Optimizer &AL ZF7N T, Ba—YRT 47 R L THESES
TIIE

%5 13 7T\ BCL 2> T\ MICea—YRT A7 2EDINTIATT DT OWTHMLET .

8.1 "AFVEEEEEL TIToea—YRTAYT

ZZTITBILTBLa—YRTAYIIE, FRlDART YT BHETT,

1. LP Mz, REMOAT A2t —795,

2. HHDLa—YZT 1v7 A(rounding heuristic): L. ¥HiEd D458, frac DA 0 1ZUEF U,
INAFVEEE buy % 0 ITHEE T D, o fHn T D44 frac DA, HRINITRE T U, /™A
FVEER buy & 1 IZFEIET 5.

3. oL THHNT MIP R R,

4. TTT. BEEIATARERBRONEDS. ZOhORBIREE—7 35,

5. FTRTOEDNTURELELED AT U RIZYE YN T, bEbEDREZE aLEa—
HIZYART LT, =7 L TBWERA T AZu—RT 5,

6. HEbHED MIP RHEZMEAS, ZDEE, La—YRT 97 I a— ar Dl BIROEZET 71
A7 1ELTRES,

EDRFTYT 2

W 5% AT IR frac 13 0.3 20D ERREFFOOT, TR Sl 1ELT, B, 02 2vE
T Wi, — RIS, HADT IV —ar TiE, A FIERBIZEWL TR, 1 — & 2finEd. 2
T e 1Z107° DXo, BTN RIETE .

ATv7 6

[ FrobA 7l 13%E T D EMRIT. ROBREITHIEEIT, ZOMEDD RVMEZ DYV a—Tav %
HOFEoE 3 UIEL LEBST, HB/—FRD LP KEMOMED, ZOMI0LETF U, Z0/—R
FUINET, BRERD, O/ —F, BIO, ZORICEP DD/ —RORE I T v BB, 2D
J—R® LP R IDLEL B HTT,
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8.2 Mosel TEf775

5 2 motEmLiETsa (file folicheur.mos) 2 mmEZHLWVELLAS HBE, Filok

HERITOBERHNET .

TZT, 6 D MIP 1 7 A%, NAFVEBZREEL T, ba—YRT 4978 THER
51 I TLET . BT N—F 2 (XVIEREIZ proedure) EVWHIBER TEFENIZLA—YRT 1Y
22Xy, EFVARITL. RDBROEEEFTOET 22T RADEH T, rorwarallHF
—J—RZ2{HioTCZOFha B S, BEHEOT—)L T maximization BEREZ RN T REZ <
2, 2Ot a—YRT 47 M a—ar R TLET, YWa—arORllb. ZOZERITRIRNL T
EEINTVET,

model "Portfolio optimization solved heuristically"
uses "mmxprs" ! Use Xpress-Optimizer

parameters

MAXRISK = 1/3 ! Max. investment into high-risk values
MAXVAL = 0.3 ! Max. investment per share

MINAM = 0.5 ! Min. investment into N.-American values
MAXNUM = 4 ! Max. number of assets

end-parameters

forward procedure solve_heur ! Heuristilc solution procedure

declarations

SHARES: set of string
RISK: set of string

NA: set of string

RET: array (SHARES) of real
end-declarations

Set of shares

Set of high-risk values among shares
Set of shares 1issued in N.-America
Estimated return in investment

initializations from "folio.dat"
RISK RET NA
end-initializations

declarations
frac: array (SHARES) of mpvar ! Fraction of capital used per share
buy: array (SHARES) of mpvar ! 1 1f asset is in portfolio, 0 otherwise

end-declarations
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! Objective: total return

Return:= sum(s in SHARES) RET (s)xfrac(s)

! Limit the percentage of high-risk values

sum(s in RISK) frac(s) <= MAXRISK

!' Minimum amount of North-American values

sum(s in NA) frac(s) >= MINAM

! Spend all the capital
sum(s in SHARES) fraci(s) = 1

! Upper bounds on the investment per share

forall(s in SHARES) frac(s) <= MAXVAL

! Limit the total number of assets

sum(s in SHARES) buy(s) <= MAXNUM

forall(s in SHARES) do
buy (s) is_binary
frac(s) <= buy(s)
end—-do

! Solve problem heuristically
solve_heur

! Solve the problem
maximize (Return)

! Solution printing

if getprobstat=XPRS_OFPT then
writeln("Exact solution: Total
forall(s in SHARES) writeln(s,
else

return: ", getobjval)

r

getsol (frac(s))«100,

writeln ("Heuristic solution is optimal.")

end-if

MSI #2041 Copy right©2015 All rights reserved
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procedure sclve_heur
declarations
TOL: real
fsol: array (SHARES)
bas: basis
end-declarations

of real

setparam("XPRS_VERBOSE", true)
setparam("XPRS_CUTSTRATEGY", 0)
setparam("XPRS_HEURSTRATEGY", 0)
setparam("XPRS_PRESOLVE", 0)
TOL:=getparam("XPRS_FEASTOL")
setparam("ZEROTOL", TOL)

maximize (XPRS_LPSTOP, Return)
savebasis (bas)

! Fix all wvariables
! large value
forall(s in SHARES) do
fsol(s):= getsol(frac(s))
if (fsol(s) = 0) then
setub (buy (s), 0)
elif (fsol(s) >
setlb (buy(s),
end-if
end-do

\buyr

0.2) then

1)

for which

Solution feasibkility tolerance
Solution values for ‘frac’ wvariables
LP basis

Enable message printing in mmxprs
Disable automatic cuts

Disable automatic MIP heuristics
Switch off presolve

Get feasibility tolerance

Set comparison tolerance

Solve the LP problem
Save the current basis

‘frac’ is at 0 or at a relatively

Get the solution values of ‘frac’

! Reset variables to their original bounds

forall(s in SHARES)
if ((fsol(s) = 0) or
setlb(buy(s), 0)
setub (buy(s), 1)
end-if

(fsol (s) >=

loadbasis (bas)

if ifgscl then
setparam("XPRS_MIPABSCUTOFE",
end-if
end-procedure

end-model

0.2)) then

Load the saved basis

! Set cutoff to the best known solution
solval+TOL)

CDOETNZHFET DITIE. bod., FFHIZRRBIHRLETL LD,

8.2.1 Y7 N—F

Mosel DY 7 N—F %, BT NVEAEEHLL-REZFE->TVWET, procedure 1%, F—7—R
procedure THEED. ZDH AIZ. procedure DA RIANFEX. end-procedure THDOVE
3, [[ARIZ, BIEIE, ¥ —Y—F function TIHRED. ZD%% AIT. function D4 I HEE.
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end-function THRDOVET, ZOWM FDEATH T N—F i, T—F 2 AL MDVRMPSRY, F=,
function DAL, EHIT, return type bRINRITFIUTLDER A, FlZIE,

function myfunc (myint: integer, myarray: array (range) of string): real
EVIHBEBIEZ. AV TYMDT —F a2 AL ML T, ¥ integer &AM T % K Dfd 5
array(range)ofstring Z¥¢bH. ZL T real ZiRALET, ETHAIIIZ, Y7 N—F 1%

1 D(FF WOPD)D declarations 7av /%28 CET, Y7 N—F LU TERSINA T V=
INIa—IUTHE RN TH BT T, Y7 N—F L DEDUTHIREINE T, 7 h—F L DEFHZE
verloaded 23R[RETY ., 74D H, H—DY 7N —F UL, BB T7T —FaAL MOMALEHEE
RABZEMTEET, Mosel, BEY, ZOED a— IV TEHREINTET TN —F UL, ZNUHREDIH
BRLDTHN., HTLNEFEDB., P7Ed 1| OT —Fa AU, BEOEF#REE L NIX,
overloaded H3W[RETY . 7 N—F L EZDFEZLHHEFNZOUVTIX, [Mosel User Guide J%
ZIHLT RS,

8.2.2 Optimizer D/%F7 A—4 LifRE

INFGA—K

La—YRT TNV a— 3%, Xpress-Optimizer D/XFA—=XE M >THEVET,

IVE Ti&, IRTONRFGA—=LZ, BX, BV a— b kSN S iREIZ. module browser
TYARNTEAZLZREL T REW, Z3UTiE. Modules >> List available modules %33R 352>,
F7/21% buttons & FYY 7L T FEW, Optimizer D735 XA—ZDFERZRHEX. [ Optimizer
Reference Manual |22 L T FEW, $TXRTHO/RF A=K, Mosel DY 7 )L—F > setparam
L getparam IZEDT 7 B A TEET, (ZOHITIE. KHIEY 22—V mmxpr TPV YEDHIA
THONBINZLTWET, ) ZDFEE. Output/input window Ti&. 7V PENDZLDINEHIZS
ROEHBERRSNET, Optimizer PHDTINTYNE, HF7—N—TAFAPSNET (LP &
IXEHE . MIP 331 o2),

FobDBEER (/3T XA—4% XPRS CUTSTRATGY) BEXURLa—URTAVTRA(NRTFA—X
XPRS HEURSTRATEGY)DYINEZIIA T3 TEH, ZZOMETIE. presolve HEAE (/37
A—4 XPRS_ PRESOLVE THEYL TITH< M7 RTMASRILELT, £ A A X2/hSKL,
Za—RUHNRREZ YT D) 2T DRVISIILBRNENT IR A RERL, GB/RT
Optimizer OHDREEAL ZZ IR £ A3, Optimizer IZRKDVRN Y7 ZABE TSN TVRNG S
DI AL BEZ L a ELLITADPHTT

INTG RA—=RDFHEITINZ Xpress-Optimizer HMEHI 74— EUT 4B TV RALHRBLEERH S
BELHVET , Xpress-Optimizer 1%, BEDT74—2EVT 4, YWa—al 74— EVT4DF
=T, TIANMNTI0 ® DF =K —DrLFo A i flinEd ., plziE, /S—7+—< L 2D I
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2L T2 5EXITE, BT 22 B BT DT LA EETT,

R#{LRT—RAV b

TITiE, XPRS_LPSTORLWIBNIINZR T —F 2 AL MO, maximization procedure MDHL
U= ar B nETe, Ziut, —%&. EO/—RD LP BEHOAZRETZNZE(ZLT, FE,
COERETIE, MIP AR DYY2—2al 2RO TVRNIL) ZERLET . TLIYR L%
IEL 72855 HiflkisiL TMIP THRKIZIE, 7—F 2 A h XPRS_CONT i FIL £97, 23U, over
loaded subroutine D EFHDHITY .

-7, BIK, RMT2Du—F

WWa—ar 7ab 22T 5780, IO LP EHEfOE=5%IZ, BRI 028 8,z A0
2. VT T R T NIAYRLDARAY R (ABY—HNIZ) B—T7LET ZORAT R, AV
FNRREERVANT LD, k&I, Hlte—REhEd, 250 T, MIP OYYa—Tay -7 LayxR
L. LP (% T4 b(fromserateh) IDfER 72 ThELDEF . Z5L T MIP OYVa—
2y T NVIAVAANZ, Ea—YRT A ZIZIONhET SRR 105, FHR 7 ot 2z kel i kv
LiTET,

NYURDER

3 TIZ. BIREAS. Optimizer IZ@—RENTNALE (il 21X, optimization statement DI,
loadprob ZWIHEIZFEOMEL 72%% ) . setlb, setub Z#HHL T, N RO B, [EHE, Optimizer (2
FEINET, LAL, IR EBOBIMPHIFRDZRE ., BT NVEEH T D51, FEZ Ho—
R BNEPHVET,

ZOHITHHILTUVS Optimize DFEFEREDFEMIZ DUV TIX. [ Mosel Language Reference
Manual DEY 2—L mmxp IZOWTOFHAZS LT FE,
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I Xpress-IVE - [folioheur.mos]

File Edit Wiew Buld Debug Deploy Modules ‘Wizards Window Optimizer Help
R | Bl L L& 28| [T @ Search: File Position:
- e - =
20 W EIER (D IR 1N R REY G 8
Praject Explorer 2 [ folicheur.mos 4 b 3| Run ks
V] fiac “| ~ || 101 Fext o i
el put from Mosel/0ptimize [V\eWEﬁ m
— procedure solve heur -
Entities A—>2| ~ - Starting root cutting & heuristics A~
declarations .
Current Solution: TOL: real ¢ Sol Its Type BestSoln BestBound  Sols Ad
Tsol: array(SHARES) of real Sol * 13.100000 14. 066667 1
has; basis ‘ LP **% Search completed 7=% Time: 0 Hodes
end-declarations Number of integer feasible solutions found is 1
= o Best integer solution found is 13.100000
=33 Patameters setparam("XPRS_VERBOSE", true) ! Ena Best bhound is 13.100000
i MAXNUM setparam("XPRS_CUTSTRATEGY",O) ! Dis Heuristic solution: Total return: 13.1
e MAXRISK setparam("XPRS_HEURSTRATEGY",0) / Dis treasury: 20%
e MAXYAL setparam("XPRS_PRESOLVE", 0} ) Swi hardware: 0%
_re MINAM TOL:=getparam (TKPES _FEASTOLY]  © pec theater: 30% J
4% Constants setparam (" ZEROTOL", TOL) : Set telecom: 0%
= 1t Piimiives brewery: 20%
+ :]} aaps: maximize (EPRS_TOP, Return) ! 502 ]:;3:'?3?: s
wo{} ste savebasis (bas) ! Sav e
=gt Decision Varisbles bamk: 0%
211 araps: . . s . . software: 0%
= : ! Fix all varizbles ‘buy' for which ‘f£r electronics: 0%
{¥] buy ! large value
., vlhac forall(s in SHARES) do Its 0b3 Value S Hinf HNneg
28 Constraints fsolls):= getsol(frac(s)) [i 14.066667 D 0 o
=35 Subroutines if (fsol(s) = 0] then Optimal solution found
- procedures: setub (buy(s), 0) 432 Coaval smfindohad SE% Timae A /]
. F()fﬂve_heul elif (fsol(s) »>= 0.2) then < )
3t Userdefined Types setlb(buy(s), 1) |T_upe here:
end—if = = = = =
JR ¥ ||| outputimnput | stats | matrix [ selutions | objective | P search | B8 tree
= -y 3 |[Usergspn | ms
Information 2

CAExampleshG SYMoselfolioheur. mos compiled successfully.
Masel version: 3.0.2

Modulefs] in use: mmuprs version 20.2. mmive version 1.205.
Started run CAE xamples' G5 \Hoselvfolioheur

=

1un complete

Mo matriz is avallable

Build " {CExamples\GSiMoselfolicheur. mas)” Ir.-catluns. Debug Watchl

Ready

Figure 8.1: Optimizer output display

823 NI RZEH#ETS
Optimizer DELT o] FEFEDF RAEZ 157214 Mosel ® Comparison tolerance (ZEROTOL)Z TOL
fEIZEYIN £ . ZOMEREZITHITEITID, FREIT fsol(s)=0 THHZLAHBITEET . fsol(s)d
TOL & TOL BlZALIE T B354 fs0l(s)>=0.2 D3iifz 3 THY. fsol(s)DMiilLik/NTH 0.2=TOL TH

BDEVOTLEE KLY,

Copy to cliphoard

Ide Free Memory: 2684 MB

Line: 1138 Col: 0

WIZIERITNSOT =7 ANV MEZ R D#F A% VT Mosel THR T AZENTEXE T, /3T A—
A—7% Optimizer ODEFT [ BEFRD L ARMICH YR BZ&12XD Mosel Z2{div> Optimizer &[a/EE.
WWa—Tary Dz 5ZE8TEE T,
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% 9 B Mosel ETNET 7Vr—aviciidiAde

Mosel E7 M, LIEUIR, VB T2 ILT B0, 77V 75— a iZiibiAgh TlEbIET .
ZOETIE, FrlDTETONWTHHLET
deployment 7> 7L —MeEDIHNL TEK T 55
BIM 77 A NDiERRE N
RIA=BEENTETNE BIM 7741
EDIHNTL T, Mosel, BE, IVE &, =N IR T7ANZEA YV R—b . T7 ZR—F 5%
EFIIVT77A 55 Optimization Modeler 77V —3 a z2EK 35

Mosel EF ML, LIZUE. VT2 LT 012, 77V —SaiZiihiisnTiibivEd,
ZOFETIE, FadDZEIZHOWTHBHLET,

9.1 deployment 7> 7L —b2EDEHNTL THEK T 5H

Deploy == Deploy IR T 5, F/old deploy REY 27U 7L ET, BAWEEIRT ARy
D, (Figured.l)Run Mosel EF NV R TFH 7T ardD Visual Basic ZZIRLE T, (C, Java, =T
ZDMMDYR—FL TWA S RE TORR LRI FEETY . )

x

The candidate file for deployment is:
CAGSYMozelvolindata mos

How would you like to use this Mosel model in your application?

Save .BIM file i Bun Mozel model from | [ Optimize matrix file from;
” ‘with debug info cC ) E
&l names stipped  Java € Jaya
& Visual Basic € Yisug Basic
" WBMET £ YBHET
Wreious entoatie Coch ot

that runz a .BIM file:
1. Copy C:\*pressMPibinmrun.exe to the same folder as the .BIM file;
2 Rename miun.exe to match the name of the BIM file, but with EXE instead.

E | Cancel I

Figure 9.1: Choosing the deployment type

Next RELZIUYTTHL, FlLWTALRUDBIHE, ZTTFa—FBRFREN TV T (Figure
9.2) .
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Compile and run Mosel model from VB x|

e | Add as a module to a VB project, Escel worksheet, Access database etc.
Alzo include the module ZxPRESSDIRZ\includet\sprm.bas in the project.
Rem VB code generated by the Xpress-IVE deployment wizard =

Suk Main()
Dim result, err As Long

result = run mosel (err) b
Select Case err
Case 0
MsgBox "Model execution returned: "™ & result
Case 1
MagBox "Initialisation of Mosel failed"
Case 2
MsgBox "Mosel could not load the model™
Case 3
MsgBox "Error during execution”
End Select
End Sub
Frnct;:n run mosel (ByRef err As Long) As Long il
4 >|

< Back I Done.

Figure 9.2: Code preview

Saveas IRALZfEN, AR (folicrun.bas) BIHLWI 7ANDEG iy N £, 2ZO77A
V7%, Visual Basic Project X2 MS Excel worksheet Z2&12, EY a—EL TGBIMTTEE T, Visual
Basic Project ®E&1E. EFNETL T 5720121%, FY a—)L xprm.bas HEORTFIUTRDER
Ao

Mosel 25z 53 A7 ATid. deployment V4P —RiZK->THER SN C. i, Java DED LS
BRI 7 LGIFTTEET,

9.2 BIM 774

TIZT, ol 4 LTV 7L —NZ. Mosel EF LA, BIM 774V EVOIBR THHERE
LCW&9 (Blnary Model file) o BIM 774, Mosel 23255 R TDTT7YNT7 +— ALK T,
R—=Z7 Vel mos ET NI 7AN DAL NANSNIZNR—Dar T, Zudid. Ao 77 AL
PORENLET —AIHENTVER A, ZNODT—XIFRIHD 7 7 AN ANVAENET . TH
TBHZEZEHT, [T BIM 7Z7ANEHioT, WAWART =AY TEITTHILATELLHR
HEALATIR O TOET  ATDOWTHRRIZLE T (RD 9.3.2 RTA—A%BIH).,

BIM 77 ANZ% A9 Bizid. Build >>Compile 2833 55>, F£7ziZ. button =+ 7Yy /LT
T, £575&, BIM 774U, Mosel 7Z7ANEHCTALZRIC, 77ANAIZ(. mos® T
R HERT. bim® ZREOT77ANELTHERSNNE T, £/, deployment VAP —Fzfilivy, 4
Bk, Bl 73> ’Produce standalone .BIM file(with debug information)’ < ‘ Produce
standalone .BIM file (all names stripped)’ 7Z2& &N BEPEDRSHI T ELHDITLL. D
AT aAXIVE T7HNNTHY, 2 FHHDOA 7T a4, FHT, BT MTEENTODEIMHT A HE
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PRRELTEWIORGEITBEHOTEEZ T, ZheflioE8. T AL THEDN TS T RTD4
HIZEOBRWTNET, e, 77V r—av b, i, Mosel DYV —Z7740 (. mos) ZFfT
FTAZELTEET (RDEIVav w25 R), ZORE. BIM 77 ANVE BT 5AEIIHVER A

9.3 FV 7L —MeBIET S

9.3.1 Mosel EFNDEST

T5—F ol e, ElEhiEa—RNIL FOITAET,
Sub Main()

Dim result As Long
Dim model

' Initialize Mosel
XPRMinit

’ Load compiled model
model = XPREMloadmod("foliodata.bim", "")

' Run the model
¥XPRMrunmod model, result, ""

' Unload the model
¥PRMunloadmod (model)
End Sub

bL. BIM 77 AVERICH R T BT RERV G AR, BT, L FITR TR0 LIIC,
lﬁ*%\ Mosel ‘-‘E‘?ll/fo liodata.mos 72:!‘/}\(’/(}[/[/\ r_[——]\“[/‘ %??T%ij—o

Sub Main ()
Dim result As Long
Dim model

' Initialize Mosel

XPRMinit
! Execute = compile/load/run a model
XPRMexecmod "", "foliodata.mos", "", result, model

' Unload the model
¥XPRMunloadmod (model)
End Sub

932 NRFA—-K

5 4 T, IVE R Mosel DRZ LR T Ty « N—TaL TRITTREZIZ(BIZIE N F 77 AV EIZ
ZRIZVTNZBNT) EDIINZL T, NIA—HERE B IET DRI OWTHVEL T, ET AT
A—=RE, BTNV —REEEFTEIERL DONANAL B EZ RS LB TESLINT, Mosel
ETNR BIM 77 AN T TV —3 2 ATHDIAEN TR, VYR TEB ISR TD
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¥9, ZZTE. 7 foliodata.mos DFE R T 7AILD4RITE 2 DD numerical /XF7A—ZD+
ITAV T RBIELET  DETN/RTA—=ZiE, TRT ETAVHDEZ TR ESNE=ZNHD
T7ANMEETVET

Sub Main ()
Dim result As Long
Dim model

! Tnitialize Mosel
XPRMinit

" Execute model with changed parameters
XPRMexecmod "", "foliodata.mos", "OUTFILE=result2.dat,MAXRISK=0.4,MAXVAL=0.25",
result, model

51

i~ Format : .
Hame of linear constraint

" LP format, minimization representing objective function:
& LP format, maximization [Retun =]
" MPS format

[~ Scramble names

cooe |

Figure 9.3: Matrix export window

' Unload the model
XPRMunloadmod (model)
End Sub

FIREIZ. BIM 77 AND /8T A=A B 2R B THEITIBITIE, HUZ, run’ function call {235
A= BN A7 TT,

XPREMrunmod model, result, "OUTFILE=resultZ.dat,MAXRISK=0.4,MAXVAL=0.25"

9.3.3 VB 7UN7yho ik

Visual Basic iTld. FEHEDH T F X RADRND T, Mosel D VB A A7 2—R%{div >, Mosel XD
HHENTETRTOT VNI IR IZAL IR TEDINTRHS>TVET , ETADTRTOT YN Y
’e, 774 folioout.txt IZUZ AL I T BITiZ. [Mosel EFLMDFF7(the execution of theMosel
model) 1%, Bl FIZEH>THATIZE N,

’ Redirect all output to the file "foliocout.txt"
XPRMsetdefstream vpbNull, XPRM_F_OQUTPUT, "folioout.txt"

ZZTORITIE, folicdata.mos QHTTTIETINS YT 7 AL result . dat iz 5
A HIZIEALZRENTOBDT, Mosel IZXVE SN BT S — Ayt —U%F TRV
BZEM, bok, BEABLNERA, 10D 2DDFFT, XPRM_F_OUTPUT % XPRM_F_ERROR
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ICEZHZ ., 77 AU T — AN —LZVZ AL TR T RSN,

9.4 <NIYTRTF7 AV

9.4.1 =NYIRADLY AR—|

Mosel 7027 AT, Xpress-Optimizer Tiz# k70t 2 MHDLNDGE R, i, Ya—
Tave7ul—Tx%—0, Mosel EFABDIAENTT 7V — ab D—HTHIG A, P8
<Ny 7 RiZ ARV—NTIIN=Za—REN., TV =0 T ZA LR STLED 77 AMTEL
FORTEILER A, LPL. BHIZEHS TR, RNV R T 7 ANAES T AT LB ERGED
HBTLEI, Xpress Tli&k, 2—HE. 2 DDOTNYT R T+ —< VN BINTEXET, T2DH,
extended MPS, BXTN extended LP format TJ . ZOHEIE. HFIFIRDPEFIRIBEATEI N
TWBSDT, HEM THRARDS TNV +—< v TT,

Mosel & IVE Tl =Ny 7 2D EVLOPD S ETITAET .

1. IVEDA=a—%{#5

EF N IATFUIRIZ, Build >> Export matrix file 2380332, £7-1Z. button =1 Z2Uv2

LT &N, HTL% matrix export window OHIT, 77 A0« x—AEEIRL . HIBEAEZZATL
TERTD
2. EFNATZ7ANDOHD matrix generation statement ZH5[ED MPS ~N)v 7 22k 35
i, FOITRENT 5,
exportprob (EP_MAX, "folio", Return)
LP~=N)y7 R (55 iz ik AMET B70i0) 2l Faddfiz And
exportprob (EP_MAX, "folio", Return)
W3, optimization statement DIEFTH>. optimization statement DfLHNZZIIE ANB,
3. model file ZFFFLIRRIT, TFVr — avpblEli 5. 2O JE. C 7al/Z ATBnT
DA Al

9.4.2 =N ZADA v R—h
/=, NIy ZR%u—RL, ZL T, fiZELTEE T, Build >>Optimize matrix file Z 589572,
F7203. button —# BZUYZLT REN, 253 3&, UL ROV RYDBEEET,
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ize a matrix from a file

M atrix filename:
Cancel
CAExamples\GS\Moselvolio.lp Browse...

[ Load directives file [<filenames.dir) Solution options
solution file [<flenames. sl ind best solution ni est solutions

[[] Load sol file [<files slx] (® Find best sol OFind |5 best solut
Algorithm Sense Dptimization [ Analyze i infeasible
) Primal (%) Minimize O Relased (LP.OP) [ REPAIR Relax if infeasible
® Dual O Masimize & Pertoim global search [MIP. MIGP) Wiite solution summary to screen
) Barrier O NONE - only load matix [[]'wiite solution to formatted ASCII file IVE Options... | B
O Metwoark Check one or more stiategies to run. A strategy is a set of integer and double control parameter settings.

A
Parameters (F1 for Help) DETERMINISTIC=0 E
ACTIVESET A~
ALGAFTERCROSSC hr
'SKEE'FFEEEIEHB (MIP: aggressive root cuts) -~
BACKTRACKTIE —| ] CUTSTRATEGY=3 L3
BARCRASH GOMCUTS=5 {or 10)
BARDUALSTOP A
BARGAPSTOP
BARINDEFLIMIT {(MIP: aggressive in-tree cuts) ~
BARITERLIMIT O CUTFREQ=2 {or 5) 3
gﬁgga?gﬁ.r CUTDEPTH=1000 (large nurmber)
BARPRESOLYEQPS {for overall aggressive cutting, also add CUTSTRATEGY=3,GOMCUTS=5] «
EQE?LBA?LSTDP (MIP: low overhead - decrease time to first solution) ~
BARSTEPSTOP D COVERCUTS=4 (limited cutting}
BARTHREADS LNPITERLIMIT=0 (turn off lift-and-project cuts)
E:EHMETHUD SBBEST=0 (turn off strong branching) -
ERANCHCHOICE {Try other settings here) e
BRANCHDIS) O {or use as scratch pad - uncheck box to prevent from running)
gg'égg?a;r;‘%?m {You must click on "3tart" to save sStrategies)
CACHESIZE 5
CHOLESKYALG %

Figure 9.4: Matrix import window
IVE ZffioTwN 7 REffLE, <Ny 7 A2 Mosel ETNDEARIEHBEEFNTORNE,
SHG T DI BPIRNTAART VLA Z 20 E T UL, Eirul .| WEkG Rl 2£R 54
MDT 4L RINIT 7B A TEHIRETHIET .

g Text output from Mozel/Optimizer. [ View/Edit ] [ Clear I

FICO Xpress Optimizer 32-bit w20.00.11 (Hyper ca
(c) Copyright Fair Isaac Corporation 2009 3
Reading Problem Yfolio

Problem Statistics

3o 0 spare)] rows
10 i 0 spare)] structural columns
19 i 0 spare)] non-zero slemnsnts
Global Statistics
0 entities 0 sets 0 set
Presolved problem has: 3 rows 10 cols
Its 0Obj Value 3 Ninf Nneg
1] 42.600000 D 2 ul
5 14.066652 D 1] il D
Uncrunching matrix
5 14.066652 D 1] i}

Optimal solution found

o :
Name Solution Reduced

frac (brewery) 0.066667
frac (highways) 0.3
frac (software) 0.133333
frac(theater) 0.2
frac (treasury) 0.3 Py
< s
ITypE here: ‘

Output{Input [ stats | matrix | solutions Objective | MIF search | BE tree
115

Figure 9.5: Matrix optimization output

69
MSI #2041 Copy right©2015 All rights reserved



9.5 Optimization Modeler MDBA3E

Xpress client-server7” —F 77 F x Tl L ET N EFR T BEOITTNF « 22— T 7V r—
=2 MNIZ0ptimization Modeler CMosel €7 L& #lAIADE T, Optimization Modeler GUIIZE»

TR 2T FIFRLET MG RGN T D720IT, T MTEHEET 72 AL 78 ThMosel
ETNEERTHIEATEET, NidDf#FildOptimization Modeler7 A7 by 7 « A2 ZAb—1D

TRy /R—=N—Ta THETHIEZRHEL TWET,

9.5.1 EFNT7ANDUEN

Optimization ModelerNIZMosel &7 NV Z2HLIATR 72D, Mosel BT V% 4 THEIEL . Mosel&
Optimization ModelerdD#&fiZ hisEL %9, IRAIT, BEITHETRIBINIVBEREZ LML TWS /¥y
A —TmminsightZo—RL 9, Optimization Modeler’id3 7T —&> FUFZE T ADT(FAIZN
—2AFA L DFELTEMS) S F VA% 0ptimization ModeleriZm—Rg42[%, FVTFH NV —2HT
— BB AAL TS CHEliA5E TUET . (FrldEF L clnstght use original data
DF AL TETELES . )L FUAF—4g insight end initializations go—y
L7efifi ARA N TOptimization Modeler PO A 7 YbE I, BB UTNET . SHIT, it
WAL EBIRE T BN N—DEOH LI, insight_minimize/insight _maximize TEHL
F9 . BIELEET NI 7 AN folloinsight . mos (T )L 77 ()L foliodata.mos) |3 R ad
DTS,

model "Portfolio optimization with LE"

usas "mmxprs" ! Use Xpress-Optimizer
uses "mminsight” ! Use Optimization Modeler
parameters
DATAFILE= "folio.dat"” ! File with preoblem data
MA¥RISKE = 1/3 ! Max. investment into high-risk walues
MAXVAL = 0.3 ! Max. investment per share
MINAM = (0.5 ' Min. investment into W.-American wvalu:

end-parameteaers

declarations

SHARES: set of string ! set of shares

RISK: set of string ! Set of high-risk values among shares
N&: set of string ! Set of shares issued in W.-Rmerica
RET: array (SHARES) of real ! Eztimated return in investment
end-declarations

if insight use original data then ! Data for baseline
initializations from DATAFILE
EISK REET MNA

end—-initializations

end-1if
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declarations

frac: array (SHARES) of mpvar ! Fraction of capital used per share
Return, LimitRisk, LimitAM, TotalOne: linctr ! Constraints
end-declarations

! Input data inijection point for all scenarios other than baseline
insight_end_initializations

! Objective: total return
FEeturn:= sumis 1n SHARES) REET(s)+fracis)

! Limit the percentage of high-risk walues
LimitRisk:= sum(s in RISK) frac(s) <= MAXRISK

! Minimum amount of North-American values
LimitAM:= sum(s 1in NA) frac(s) »= MINAM

! Spend all the capital
TotalOne:= sumi{s in SHARES) fraci(s) = 1

! Upper beounds on the investment per share
forallis in SHAERES) fraciszs) <= MARMVAL

! Solve the problem through Optimization Modeler
insight_maximize (Return)

end-model

TEIZZT ZOETADPOMOT IR ETEHIRLE T, f R a2 LRSS0
Optimization Modelerz{#if L TWET,

9.5.1.1 7aPzIbT—HAT

Optimization ModelerlI5E &R TET N ERMLET, /T3 9.2 BIMZ77A LTl 5L
V) —=ZPOBIM 7 7 AN 1% 3 5 )52 il CTWEd, Optimization Modelerld 3 #Eiv T3
T =X T 7 Fx TMosel ETNVZFITLET . (ETATFANDPIENSNTNDZ T U PbDA LT
YMIFTZER AL ) Optimization Modeler project archivePUZET NV T HLIZWD AL 7T
—BITANEEGDBEZLE MR L ET, TP T —IATIIBIMTZ 7 ANEF T av DYV 7T
gL g nedel_resources (F—g 77 )L ), client_resources (custom view definitions)
BIQ=ource (Mosel BTNV —=RT77AN) & fi DLIP7 7ANVTY , XpressBilidlid, 771144
folioinsight.bim TZIP archivefolicinsight.zipl P75/ )nedel resources.

MIZTF—&Z 774l folilo.dat THRALTWET,

9.5.2 Optimization Modeler GUI Z2BjX85%

Optimization Modeler Analyst Clientix. WindowsdD ZAZ—hAX=a—»5, Fizida~ L RiThbid
BEBBZEDAHETT , WindowsDRAX—hRA=a—»5 clientZEiE B I2iZ. Start>>FICO
>>Xpress>>Optimization Modeler Analyst ClientZi&IRL TIEE W, <=L RfThbclientZ L #)
SRBIFa~ R 7 ar 7B, Xpress installationdbin 7 FALZMIZADET,
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e VT FRtDI< U R AU TIESW,

Optimization Modeler Analyst Client

7ul’5 MNFOptimization Modeler serverliZED X4 THILDD., Fl=liEServeriZ i3 B2 TE
WS BN B 5728, Optimization Modeler Analyst Client®D % & IS H>5
BEWBINET . RORDINT, 77V —ar DAY A=V § 5L, Optimization
Modeler T NHHIARRINET

() Optimization Modeler Analyst Client = Bch ===
File Edit Run Dashboards Admin Developer  Help
o~ [T)
[ Repesitery = =8 =8
Entiti =08

£ Job Queue “_[2 RunLog| & Client Log| &5 Progress 7

Project Scenario Status Job Owner Solver Status  Opt. Service  Exec. Time Objective Gap # Solutions

Logged in as user gs

Figure 9.6: Optimization Modeler entry screen
;7128 A0ptimization Modeler Menu& Tool N—Zffd<7EE WV, TA L RUD M,
Repository panel3XUEntities paneSERINTNWET, FEbIiFRun panedl3 TRINTNET,
RADER ST —Z 2 ALY, BT MG N TS ERIIICEREINE T 777

=V B AL ENZZOTA LRI DLA T UM B EL S A, R & 18l 255ig 5L,
BN TTDOLATUNIR T TEBTEXT .

9.5.2.1 F#D Optimization Modeler FaP /e AX—F T3

ZIZT. FENCHENL =7 ay s he 7 — A7 folioinsioght . 2ip p—RLCNEE T,

1. Repository paneZ 7V 7L %9

T 7 AVE IR ZBHLIZDIZ, menu File>>New >> New Projecte 3R TLIEEW,
TaT xR T—HA T Eotieinaiabht . 2ip BgiRL | OpendiA Y THEREL T,
Bvl, ZHR—FBMMARRINET , fEE] YesZiBIRL | 132 7L TIESW,

=N
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@) Load scenario 2 |

'é Do you wish to load the new scenario?

TFVFDOU—T UL TEINRT —RIA L TINT DIz, SMNRETNETZITOET

(insight_end_initializationsg)

(1) Run scenario (=230

'9 Do you wish to run the new scenario?

TFHIFEu—RLEEIT, AV R—N =T —ZDae—%2 L T, scenario rumI5e 272 ET IV
ZFITLET,

A7V— Rz B Job Queue paneld, Mosel E7 VB EFTEN =L, BL DV Optimization
ModelerlZ &5 FFTOUEMAE T LIEZLZ R T eI NilDTA AT LAITEBINET .

=l Run Log | [£| Client Log | g Progress &) Job Queue ¥ =0
Project Scenario Status’ Job Owner Solver Status  Opt. Service  Exec. Time  Objective Gap £ Solutions
folioinsight Scenario 1 Completed g5 Optimal localhost 0:00:00 14.067 1
Figure 9.7: Optimization Modeler job queue pane
9.5.2.2 Optimization Modeler 7=/ & T3
TRLDMITEIREN TS Repository paneld, JLRTMTY (ED<TZAF—)
| Repository ¥ =0
4 98 folioinsight
4 E Scenario 1
| input
Y. model
[=5 results
Figure 9.8: Optimization Modeler repository pane
TFUFIDRIRE N4 Entities panelZilil, Faldar 7o Y%/RET,
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== Entities ¥ =08
] input
|®] parameters
[#] RET
¥ model
@ (scalars)
Eg results
@ (scalars)

[\] frac

Figure 9.9: Optimization Modeler entities pane

FIFNNRER T BL. Optimization ModelerlZ BTN A TP 2/ AT D strin d.
integergig real 2L, 7V IMAT71L, mevargkidlinetr 2 YN ET,

AV T Yb, BTNV L7213 Repository=° Entities panesD TU N)DFEREX T NIV 7354, h
LD View panelA 7T =7 MZA 71T Bbuilt-in default view(Z> T 47 4:2) BPHIZXET,
LTI AN a—BFKRT BI=DIZ, RepositoryNElZ Entities panesNDRD ) —R&EH 70>
7L %9, (’Delete’,Rename’, 2XXXZ i D0penJ AN XHIZ) folioinsight 25720 #& 35
72Dz, FitDay 77 AA = 2—7%di L Tentities panehd FitDviewZ KT 2 HEREL T
3

1. AV 7 ybe’F A=A (input>>Parameters) : 7—7 N (—EXK) THEET, 2O, > FY
FDFEFTTH AL EATRHRD /ST A—=ZETT . (NB.T =277 ANADFEZT FIAD
a—RHZANET — X2 i AR TBEIZD A, BEETY)

2. iR (results>>scalars) : 7—7 N (—EK) THEE T, ETNAOHIKIRIZEHTE/Va—Ta
IO (& TAIT—) BERINET,

3. &R (results>>frac) i 7 —7 NV THEE T, 2T T BEBREL B frac DIEDMHFREN.,
BINAZ AR RET Ofiib R RS E T, (Optimization Modeler 25 HBJITERL e
NEFRCAL T Y7 R AT BT FIF T 2o liisZ B IMUET ., )

4, #ER (results>>frac) i Fx—hTHHEZET . Fr—MDEEIX. A=a—Chart >>Settings %R
L. (FREZY—AR—hbREy & %2Vv7)Chart type select "Pie”IzdhBRay 7 XL +Y
APeBHO>0K RETHRELET . BIDOF¥v—hakETFIH: view Table 2D ~yX —frac
BBIRL . 22TV A= a—Hh5 New Chart 28 IRLET, )

FRUCELERL 724y view &, BV A—DORRBIINIZEMENE T 2OV Ry NOEELZ

view Z Ui BITUE. T AD LTV T BHLIRDE view DT SNVET %R | view ZBE)L 1

WIGHT(R—Z — DB EREINE T NTRT YT L ET, filview DFNFx—b frac ZERL .

view ZBEIL WG R IRADR— X —DifEH 2 5% T, Optimization Modeler D45l

R—=H—=DHIZRZYTLET , TOHMEIZED, 77V —Tav Wifd FitD LT EEINE

R
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() Optimization Modeler Analyst Client ol e =]
File Edit Run Dashboards Admin Developer Chart Help
Eh- =0
[T Repository = = O[] Table: parameters 2 [ Table: (scalars) &3 <) Chart: frac &7 =0
g folicinsight
— B parameter-names | parameters Names Values Chart: frac
[s%] Scenario 1 1 DATAFILE folio.dat 1
=] input 2 MAXRISK 033333333333333 Gap
I model 3 |MaxvaL 03 LimitAM.act 0.5
S results 4 | MINAM 05 LimitAM.dual -5 03
7 | LimitAM.ths 0.5 ’
I LimitAM.type >=
LimitRisk.act 0333
Showing 4 raws || LimitRiskdual 23 SHARES
9 LimitRiskohs 0333 o153 . B bk
[ Table frac ] <= ] B brewery
— Objective 14067 0 B oo
SHARES | frac [RET | Retumact 14067 0067 [ electronics
1 bank 0 6 Retumn.dual 0 0— —~0
o B hardware
z brewery 0.067 8 Return.rhs 0
. 5 B highways
3 cars 0 7 Retumtype  obj -
4 electronics 0 1 Run-Time 0017 software
- - =— 5 Il 0 17 Solver Status  Optimal W telecom
22 Entities O = highways 03 B TotalOneact 1 02~ [0 theater
[=) input 7 software 0133 21 TetalOne.dual 8 W treasury
[#] parameters 8 |telecom 0 12 S
[s] RET 9 |thester 02 % LokelOne 1yp
X model 10 |treasury 03 5
@ (scalars) 7
[ results
_ frac
@ (scalars) Showing 10 rows
V] frac
&) Job Queue “_[£ Runlog| = Client Lo Progress v =0
Q 9 9| 55 Progs
Project Scenario Status‘ Job Qwner Solver Status  Opt. Service  Exec. Time Objective Gap # Solutions
folivinsight Scenario 1 Completed  gs Optimal localhost  0:00:00 14067 1
Logged in as user gs

Figure 9.10; Optimization Modeler application window for the ‘folicinsight’ project

95283 ETNT—AZBE -HETS

ViewZ/EELROFTVIANTHIEL 20T, ZRZY—Y FOFRMEIICERINIA L T INTF—ZD
TR TONNASE TUE U . 2— D — B ORWT TV — a2y - F =R ek T 52
P9Iz, Optimization Modelerizay 7y A7 ABREIESNTWET ., fRELIZVWViewdDT
AT BEADHETEDNTOBEE L, viewh it T BRI T 302, TAT o BIYYY
T BM A=a—Edit>> Edite B IRLET,

EEL7aP s Mt =795, LRWZEDS T, ZOEEMESN BB ADHET .

O T —T NNDENVEIVY I, Ray T T Y RANPOEINT 570, iz A JILET,
BdsldatalZ LWV U NZB I T —7 VD FRIZHD T 7 7DV 7L ET , fil view
Table: parametersNOMAXVALfEZIE ET 5%, #e\ VT A=a2—RunZ#RL., (3> —n
N—brunisy BER) £ A DI ESNIAE HEAL TS,

ZZ T, 7 ASHARESIZ  newone ' [ZZ D44 1if& /17 ARETIZA#S0% A S, view Table:fracd
T—7 N R LD NZBILET . (SORER. 77 LfracDBMIZEADEETT . )
LS R AT 720 T IUTRDET .

L FVFTF =R TOTAE B DB IE <fREiZOptimization ModelerN, X=a— File >>Save Thate
-7 TEET, Fr—NIHT IR EDBIEL. FXx—ME A AT/ TakizT =7
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u77ANELTE—T7 TEET . ZOF ¥ — DT BINT A= a—F T ar LLTERRENDES
TRES

9.5.24 F—AIFIF BT

12D FVAZHE HEITT RO, WODDTFVAZER L, EEDS FIZPHAL
TorekERE LR, Hilkd B7=0izbuilt-in multi-scenario tablelchart viewsZz L %7,
LS FIZZER T 5, TET P 7 MpOIERLE T ul /b5 47970, New
Scenariow E#INT B>, FIMhDT FIAPLIEINT BEE 1 FIA %IV L Clones iR
[9%: 3

e ZE AV F N2 FIFID 7 a— Az, — DDLUV FIFZERL THEL L,
IRFIDAE—T, NFA—AMAXVALZ0.2ATZEHEL, —[FIHOIaE—T, MAXVALZ0.MUZFFEL
9. THIFT—EDBIERE. 53 F VA TRunZ@EIRL £ T

Repository pane T, 70T =V M4 folioinsighte #INL . T2 T 7 ANA=a2—D6 Open with Multi
Scenario Tablew EINLET . ZORER, %L FVFDOHWEBOMEZRF>T—7 V2R ET . 2D
HH#IZEBITH T &8 I3 BITld. table viewdDENLEH 7YYL, MS Tablelzd 7T avAdd%
ERLET, ZOHRIZEE R E L Bl racD L TORDED B INZEIRL . T L~y X —Ta
VT AR a— (=T R LTV ) b Removee i IRL . HRUBIEOMZHIFRL £ T, 22T
chart viewZ 4§ 570IT, Fx—rDT AL iUy 7L, KIZChart type Bark @& iRLT-
Chart SettingsZ A7 a7 BAKT=OIZ R IV IL ., HARLZANAE AILET, (Use default
UHAZF = 7% ANIRNTRIZEN) ZDH. NidDRAZV—2 T ayhTRRSN TS ZR57
WIZRYZ ZADDepth effectzeF 7L ET,

= HBEBDEDMIZ, 737 A—ZMAXVALDEE (737 A—ZviewDxind 5L T, MS
Tablelzay 77 AR =a—AddZEIRLE T, )2 RARTE - DHOSALF T FIFT—T V%
AL, ZLTHRIBEEDEZHDa multi-scenario chartZzEmL £9", (multi-scenario tabled®
~v A& —"0bjective’ TIL T ANA=2— New Multi Scenario Chart’e:#IRLET ., ) F#T. &
73ar9.522THALIZISNT, il % DL F VAT B rackilFlDchart viewBFHZET
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(@) Optimization Modeler Analyst Client

File Edit Run Dashboards Admin Developer Help
S B E®IQ
(7 Repository ™. = B[ Ms Table: folicinsight 23 . (illa Portfolio composition per scenario 23 =g
= :
= ;s:enarmjl -1"M_,I oajmmete's(MAXVAL Portfolio compesition per scenario
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Figure 9.11: Multi-scenario comparison with Optimization Modeler
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I Getting started with BCL

B 10 3 JUPSHERIEICA AL, Zh e

ZOETE, 55 2 ETERMELIRIEZFIEL T, BOL T EDISCEFNEETT BRI
FF., BRI, 55 2 B THSEET MK ODDIEEE A, Zhe#fioT, BCL A7
YRETINT Y MEREZ AL £ 9,

BCL TLP EF V&R T 3

AV TII R INEfEN, T7ANPET —EEAL T INT S

BCL o7 Y7 vkt

M E <N YT R T 7 AT AR—NT 5

% 3 HTIX, Mosel Z2flio>T, FCHIEZEDINTEARALL  fREHITONWTHRELE, ZL T, 3
15 B Tid. Xpress-Optimizer Z{H->T, H#E., B2 ANL, B<HZHILET

10.1 BCL TOA YV FYRAV F—Tay

ZO/MiEFDTRTD BCL OFilid, C+HZIDEPNTOE T, C++7arFIL 7 FRETIE, Fiir
HATDOF—N—a—TUL THTEBD T, ZOA A7 2—A Tl FROENTGEVWEATE
TNt TE, JEFIHERITY . £, RCETMUI, BCLD C, Java, Visual Basic DA X7
T— RSO TIHEITTEET . LA FD BCL 7a/ A3, i 2 FTHE LP OREZEITLET

#include <iocstream>
#include "xprb_cpp.h”

uslng namespace std;

using namespace ::dashoptimization;

#define NSHARES 10 // Number of shares

#define WRISK 5 // Number of high-risk shares

#define NNAE 4 // Number of North-Zmerican shares
double RET[] = {5,17,26,12,8,92,7,6,31,21}; // Estimated return in investment
int RISK[] = {1,2,3,8,9}; // High-risk wvalues among shares

int N&[] = {0,1,2,3}; // Shares issued in N.-2merica

int main({int argc, char *+argv)
{

int =;
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¥PREBprob p("FoliolP"); // Initialize a new problem in BCL
XPRBexpr Risk,Na,Return, Cap;
¥PRBvar frac [NSHARES]; // Fraction of capital used per share

// Create the decision wvariables
for (s=0; s<NSHARES;s++] fracl[s] = p.newVar("frac");

/{ Objective: total return
for{s=0; 3<NSHARFS;s+4+) Return += RET[=s]+fracls];
p.setObi (Return) ; // Set the objective function

// Limit the percentage of high-risk wvalues
for(s=0; s<NRISK;s++) Risk += frac[RISK[s]];
p.newCtr ("Risk", Risk <= 1.0/3);

// Minimum amount of North-American values
for{s=0; a<NMNA; s++) Na += frac[NA[=z]];
p.newCtr ("NA", Na »= 0.5);

[/ Spend all the capital
for (s=0;s<NSHARES;s++] Cap += frac[s];
p.newCtr ("Cap", Cap == 1};

// Upper bounds on the investment per share
for{s=0; a<NSHARFS;=z++) fraclz].zetUB(0.3);

// Solve the problem
p.setSense (XPREB_MAXTIM) ;
p.lpCptimize ("") ;

// Solution printing

cout << "Total return: " << p.getobjval() << endl;
for (s=0; s<NSHARES; s++)
count << 5 << ": " << frac[s] . .getsSoli)+x100 << "H" << endl;

return O0;

i

TIZT. RizEPNTNDEZEE, FHLLTAELEY,

10.1.1 #0#A4E

BCL C+DA Y BT z—A%& ST 0ITIE, Ay X —T7A )L *Prb_cpp .- n. 33 ngitd- BCL 75
AT 5 namespace HEFELFT . TNETIZ, V7N = 7 BEIIEES N TOZRWIE AR, Fid
DIFIZED. IADORJEIE R ENBEXIT, BCLIZABzmibanEd.

XPEBprob p({"FoliolP");

TDAT—PANZEY, FoliolP WHARTZRFDHILWRIER LR S E T

10.1.2 #&pk

ETNVAKROERT. REEBOER (X YR DSWVAr) SLEE), ZIUCH BB E L
HIFKIRDERPREET . PR T I, C++(BXT, Java) T, fHKIREHIE R I0A %
Y, Ty FRIRUK, —BITh(termwise (TH)REKRTEET
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BlIZIE NAVRT DFRID 73— T =T HIRL TODHIFIAUL, BLFDINTRET

¥PEBctr CRisk;

CRisk = p.newCtr ("Risk");

for(s=0; s<NRISK;s++) CRisk.addTerm(frac[RISK[=]], 1);
CEisk.setType (XPRB_L);

CRisk.addTerm(1.0/3);

ZD2FKHDEATORFIXDE L. TRTHOBCLAYV X7 z—RITHE TS, ZL T, F—3—
O—FY L THMEZIRNC, BX, VBT 20D 2 FKHDZA T DHIFKIRIT LS E# BRI R % E
#TDIME—D T,

HROHRIX(ZZTORITIE, BEET XTI L2 5Lib 3 501#R) 2 E #5512, =
(HRGLB) & OIS (==) BERDHDHILITHEEL T FEW. AR setUBE, g fraco |
fR (upper bound) ZFHETBEOITHNET , ZOXSRBUEICTT 7> 73 ara—nd BD0IZ,
EBOEROBIT. EEE. /N7 X (bounds) Z45/E T HZLLTEETH, ZOHE. MIRT LD
Z. name, variable type( HiftZEBUTIZSFRE_FL) | bounds ® LR, FERZ&Te. 52470
BHETT,

for (s=0; s<NSHARES;s++) frac([s] = p.newvVar("frac", XPRE_PL, 0, 0.3);

BIEDIIT, BTV T A7V 27 (PR, FIFRIRRENTAN L 74 CCTFID 4R 24t
FBZEFIAT a2 T, L. —FPARITEIRELRVEAE BCL 37 740 b2 AL £
§o UL, =P EELDOAFZMNITDE, T/3y7 R0, Optimizer IZIVIERSNDT IR VhDfiE
RIPBEATIRNETS

10.1.3 EFN %L

YANR—EFLTT BN, ST REBE set Sensc OHLA i~ TR E
LEd, AYyRIPOPLINIZE g = T L AHIRIO R Gl B A yReetOb I TagL
7= BROBIE (Return) g kb4 57-0i2 Xpress-Optimizer ZIEOELET

lpoptinlizense g 2Hos BudT 740D LP 7AIVR LA EDNEZEE RLET,
FDAh A I TEA{EE primal D"p”. dual Simplex ®”d”B L Newton-Barrier ®”b"T9,

10.1.4 787 YhDHEIF
BEDEITDTAANZXY, e, TRTOEEBY/Va— 3y TRAMER TV N TR E
ES

10.2 5D A NVEELT

FEHEA Y AP— IV RNEIZHEHT Xpress-Optimizer & BCL ZA Y Ah—nA L TWiuZ. Windows
BT, LRI~ Rz, ZO77 AN 3y "AVTEET (B 22T 75y ¢/ MD %
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TENHEETT ),

cl /MD /ISXPRESSDIR%V\include %XPRESSDIR%%1lib\xprb.lib foliolp.cpp

Linux < Solaris D&, FidzlioTREW,

cc -D_REENTRANT -IS${¥PRESSDIR}/include -L3{¥PRESSDIR}/lib foliolp.C -o foliolp -lxprb
ZFDOMD S AT LDBEEITOUWTIE. corresponding distribution @ makefile OHIZSMLTTH
SV, O TRONET 0T T L1735, FOLRT I YIBERSINET,

Reading Problem FoliolP
Problem Statistics

3 0 spare) rows
10 1 0 spare) structural columns
19 | 0 spare) non-zero elements
Global Statistics
0 entities 0 sets 0 set members

Maximizing LP FoliolP
Original problem has:

3 rows 10 cols 1% elements
Presclved problem has:
3 rows 10 cols 12 elements
Its Obj Value S Ninf Nneq Sum Inf Time
0 42.600000 D 2 0 L 000000 0
5 14.066667 D 0 0 L 000000 0
Uncrunching matrix
5 14.066667 D 0 0 L 000000 0

Optimal solution found
Problem status: optimal
Total return: 14.0667

0: 30%

1: 0%

2y 20%

3: 0%

4: 6.66667%
5: 30%

6: 0%

7 0%

8: 13.3333%
9: 0%

ZDTAARTLAD EDFH551%. Xpress-Optimizer D/ T3, T4bbH. < VI ZADY A X, 3
SOy (Fhbb, HIFIR) . BLO. 10 OHFTA(FTbb, B8 . BEIO LPDYYa—Tar-
TNVAVYAAL(ZZTIE, dual Symplex) Qv TY, RO, 7077 LOT7INTIRTT, T
bbb, RVEZ—1F 14.0667 EWVHETHY), R—b7AUA IR 1. 3. 5. 6. BE. I Do
TWBZEZRLTWVET , ZDEE, BEAEKD 300T. ZIFIL. $ 1 & 612, 20%238485 3 12,
ZL T, 13.3333%H385 4K 9 12, 6.666T%A388ME 5 1T FENET, (EE LOTIN YT, 170D
FGD 0 POIHEESTND, ) TR TORIFI RS ENTOBZLIIBEDITHERTEE T, 348D
B FENT, JEKEGHIAIZ 50% (BHAR 1 LEAIE 3) DB BHEE ASI, 33.33UDNNAYRY Gk (BFIN
3LEAM 9) 1T INDINTRH>TVET , IBELDBABDRIIZ, BL FDFA %L T, BCL
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& Xpress-Optimizer IZXBT7 VN7 YMDOAIZE ST R TH 7B TEET,

p.setiMsglevel (1) ;

ZD#EETFTHE. BCLE Xpress-Optimizer PHDTT— Xy —YDAIRNIATHIRNZ SITHR
LTREW,

A&z 0 55 4 DL RGBT REE T, 5 13 =T, BlaE AvBE—VF 4271 A
DRI EZLTHT2DD Optimizer 2 ha— N /RF A=K, [EHiE, EDINLTT 7 ERTSHh
EHBILET,

10.3 Z7ANDPODT—R AV T Vb

BT A BUZHZR SR IRDDNT, BTNV T, ol ERDH AL T 7 R ML TEET , Hi
ZE, BT =%, 774 foliocpplp . dat DXk PRI LTI A& [MiH5T77 AL
PHHAPIADET, ZL T, 77 toliocpple. dat olEIE, FiddkoRbdTd,

! Return
"treasury"™ 5
"hardware"™ 17
"theater"™ 26
"telecom"™ 12
"brewery" 8
"highways"™ &
"cars"™ 7
"bank"™ &
"software™ 31
"electronics™ 21

CDF =R TP ANE S0, HIOETFAERDINAEELET
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#include <iostream:>
#include "xprb_cpp.h”

using namespace std;
using namespace ::dashoptimization;

#define DATAFILE "foliocpplp.dat”

#define NSHARES 10 // Number of shares

#define NRISK 5 // Number of high-risk shares

#define NNZ 4 // Number of North-&merican shares

double RET[W3HARES]; // Estimated return in investment

char RISKI[][100] = {"hardware", "theater", "telecom", "software",
"electronics"}; // High-risk values among shares

char WA[] [100] = {"treasury", "hardware", "theater", "telecom"};

// Shares issued in W.-America
¥PRBindexSet SHARES; // Set of shares
¥PRBprob p("FaoliolP"); // Initialize a new problem in BCL

vold readData (void)
{

double value;

int s;

FILE *datafile;
char name[100];

SHARES=p.newIndexSet ("Shares",NSHARES); // Create the “SHARES’ index set

// Read YRET’ data from file

datafile=fopen (DATAFILE, "r");

fori{s=0; s<NSHARES;s++)

{
XPRBreadlinech (XPRB_FGETS, datafile, 200, "T g", name, &value);
EFET [SHAEES+=name ]=value;

}
folose (datafile);

SHARES .print(}); // Print out the set contents
}

int main({int argc, char ++argv)

{

int s;
¥XPRBexpr Risk,Na,Return,Cap;
¥PRBvar frac |[NSHARES]; // Fraction of capital used per share

// Read data from file
readDatal();

// Create the decision variables
for (s=0; s<NSHARES;s5++) frac([s] = p.newvar("frac");

/{ Objective: total return

for(s=0; s<NSHREES;s++) Return += RET[s]+frac([s];
p.setObj (Return) ; // Set the objective function
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// Limit the percentage of high-risk wvalues
fori{s=0;s<NRISK;s++) Risk += frac[SHARES[RISKI[=z]11]1r
p.newCtr{"Risk", Risk <= 1.0/3);

[/ Minimum amount of North-American values

for(s=0;s<NN&;s++) Na += frac[SHARES[NA[s]]11]1;
p.newCtr ("NA", Na >= 0.5);

// Spend all the capital
for(s=0; s<NSHARES;s++) Cap += frac([sl;
p.newCtr ("Cap", Cap == 1);

/{ Upper bounds on the investment per share
for({s=0; s<NSHRARES;s+4+) frac([s].setUB(0.3);

/{ Solve the problem
p.setSense (XPRB_MAXIM) ;
p.lpOptimize ("");

//{ Solution printing

cout << "Total return: " << p.getObjVal() << endl;
fori{s=0; s<NSHARES; 5++)
cout << SHARES[s] << ": " << frac[s].getSol()+100 << "%" << endl;

return 0;

1

Bdgl RISK ENA X, SCHEFIDAL T V7 R AT L TEY, AV T o7 ZEA SHARES Lol
WA T DI MNEBIMLEL T, AV T o7 ZEASHARES 13, RO Offizff DO RET 37 —4.77
ANPDEENBMNCERSINE T ZOBITIX, A>Ty AEEZ LR A X THRELELZ,
LU IRENZTED L THNTEAR—=ZRIDLE WA N frhibe, ATy 7 ZEAE. HEIIZ
REENET DT, %*ﬂi}%ﬁﬁ%&jﬁ%’féfa&ﬁ’aﬂ‘%%?&i%@iﬁ‘fu EBEDOBY I A RIEAY

Vi getSize TRONE Y . T —X2nlelzOiTd, B PRRreadl inechb ZfiVEY . ZIUI.
TR TT7ANDHCHD “ | “ &2 éh?‘cﬂ)‘/l‘ﬁkﬁ%)&ofb\ﬁb\%’%@ﬁ%muﬁ% (=405

T 7A—IRCEHN T T 1, ERDBRAITH (L. ZABEENTVEEIE, 7L,
FZ, BTN+ —NZIOWOPHATE) T F AN PN e AT NEWI T EZ KL £ T, TDEE,
TX AN PN EFEE, (BT & E58) AR—RZIIX Y >TEIRIFIUIRDER A L. T—
BeTFAND *, ‘DRI DB NS —LEL G2l TNDRD, 74+ —< YR, £
U TEBELT REWWIE, "1 97 ), BEFADOHM T, fiBRisk LNamgE#id, Hriln
ATV ATHEIRLTZbDITRNET . BIDBER I Va—Tav ORRIZEIFT 23D TT . Z

MTID, BR5% 5 TR TRTOERDLARTB TV SN, LIZA-> T, Ya—Taid, i’k
DINTEREINDIINTIRNET
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Total return: 14.0667
treasury: 30%
hardware: 0%

theater: 20%

telecom: 0%

brewery: 6.66667%
highways: 30%

cars: 0%
bank: 0%

software: 13.3333%
electronics: 0%

104 TN I T 7o I a2 T—DH
ZEAED BCL OEFYL 7 F 7 /7 (XPREpreb, XPEBvar, XPRBcectr, XPRBsos,
KPRBindexset )id, AVYR PELNL 2o TUET, A8TIE AV YR PEILE U TIRON
SNDPITINET A, NTURPREDOHTOMA TV MENET . il ZIE, maximization Za—1
ERALIN1eN

frac[2].print(};

VTR ANDE, BEAHEEDNT R

frac2: [0,0.3] pFYLhEhEd.
ZIUTT2WL T, AR NI TR, RO TOfE

fracz: 0.2
PBERRINET.
BCL A7 —Zild 5L, WOTH, T7—AyE—UZ2HL T, 70/ 75072 1LHET . L
DoTL i, AR —Tar OVE—U iz 7 AT 5B HVER A. BCL 70T L758,
IORENWT 7V =2 a iZHDRAENTNBRHIE. Hl 21X, BL FDXSIZL T, explicit
initialization Zf\ ., Y 7N = TITIELLK T 7 B A TEBPESDE BF =y 7§ BDBENTL LY.

L1E£(¥PRB::init () != 0)
{

cout << "Initialization failed." << endl;
return 1;

1

AyyRgetLPstat g, LP DR T —Z A% T AN 2DILHEVET, LP S EF<@Ern
7255 DA BCL &, BMOH DY/ Va—ar Offiz i L THET 2, 7V T UN £,

char +«LPSTATUS[] = {"not loaded", "optimal®”, "infeasible",
"worse than cutoff”, "unfinished", "unbounded”,
"cutoff in dual", "unsolved", "nonconvex"};

cout << "Problem status: " << LPSTATUS[p.getLPStat()] << endl;y
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10.5 <My 7 ZDLY ZR—h

Xpress-Optimizer IZL2HE L7 ot 2H, BCL 70/ Z A(XYyR1lplptinize | £k

XPRBprob@AYyRmiplptinize ) o ThlhENDE, BIE~N Y7 AL, AERY—TY L

N—Za—RENE T, 77 OUTHEPNERE Ao 77 AOUTELZEIX. R EDY, v =

T BADBELIRDPHTT L, BRI TN I RBERTER BB AELHETL L,
Xpress T, 2 DN YT RT3 —< VPO TEET, T7005, Lk MPS 74+ —< vk,
BLO, L8R LP 74 —~<vbh T, &I FlFRPBRDOE A TTV NENBD T, B Thi

HAHNEDTLLES, MPS 74 —< Y TNy J A% 7 AR—b9 5I2id. optimization statement

DA, F721% optimization statement DAAHVIZ, BCL 70/ T AL FOfT2EBMLET ., Zh

I MEEHTAL NI, Folio.mat &uny 77 A VHBMER ST ET,

p.axportProb (XPRB_MPS, "Folio");

LP 74 —=ybD=Nw7 ZADGEZ. Faldfr 2 nEd,

p.setSense (XPRB_MAXTIM) ;
p.exportProb (XFRB_LF, "Folio");

LP 74—=yNZ. EE LA RE/MEP R RIEDE LI THAPDOEHR (sense) ZEHATHET,
F7ANNE. /METTOT, BRIEDOE S, 20y 2BV B AERHIET, FkHe
LTAERENA Ny Z 77U, Follo. lpins4izkibEd.
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B 11 & BERHEHEL

COFETE, 10 BEOET V%, IRERBGEHEE (MIP) FEIHERLE Y, 22T, U FOZ&IT
DWTHIILET

o BRI EBDOEATEEHRT D

‘MIP YVa—TavDRAT—R A% T, Xpress-Optimizer THE SIS MIP OixidEibns %
PYRT B,

% 6 FTIL, FCHIZEEST, Mosel IZEKD, ETNVEEDINTEARILL . ZL TH P ZHiHL &
L7z. 72 55 16 # Tl Xpress-Optimizer 12, it Mz A LT, G EITOWTHIL
%7,

11.1 HESRRREDRA

BERINEDORAZEATOER Ao ZOHIKIZE AL T DI=DITEL FO R REMZ B IR £
ER

l.  R=b7HVFICEENDER 2 RROBEHIRT S

2. BRDOWEARE, D7RKEbPHRD 10% BRI INE T,

2 DORW R IRETADHIZHZID 2 ODHIFKIZH-TEET,

11.2 MIP 5N 1 R A 2RO BREBZHIRT S
PEEUTOBRARBIE () OB B MBI, 45 2 S THEMLE LP 7 MR bUY=0
“RADEABRATILEDSDVET . ZOE BRI H A FVERTT, share s K
—b7AVFITEEN. 0 LIS ERBA ., BRPuYsIE | ZIRVET . BHEDOFIERK
MAXNUM .z B7=biz. LU F ORIz ALET . 5 buysniip k MAXNUM 35 [
BHT | DRIV BHKIZRBIL T,

Y buy; < MAXNUM

ScSHARES
FIZ, LA FVE R DUy g5 B fracs(R—17 VA ITRINS N2 2 TORRD ) EBE AT
BHERDHVET , fracsH>0, BLUDUYs=1 OFIHTHDGE WOBMRIEZ L BILE T, [HEASR
—F7FVATERSNI=E OB NSNET, 1EIZ, [ fracs>0 2biE, buys=1 |
THHILE LB TDIULEPDHVET .

LR OAREXTIORBlIZ @AMl 7,

s © SHARES : frac; < buy;

bL. HDs T, fracshd) o BaThHEebiE, Puvsid 0 IORERFUIRSHT, Led>T,
buysi3 1 LOHMHITZRDET . TS ZUE, bl PUYsHs 0 THDRD, £959 5L, fracst, 0 THY,
B 1R =7 A VAT KB AND NN EZ BIEL E T, 22T ThHDfilFIRA buys,
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1 EVSEZIRD, D, fracsdy 0 LV IRD A REMEZ HFRRL AW RIZIERL TREW,
LU, ZO7—A T SHIREDVER A, BRI, T, bUysHs 1 LOSEZIY, 50,
fracs)i 0 EUVSfEZ LS TH, ZNHDM SFDEEH 0 THDIDERICR Nz dhHTY

11.21 BCLIZXBAV VA FT—ay

T B0 ETERLLIZLP 5%, HiLWEBEHFIR TIRIELEL 85, HLWEEH A
FUTHBEVHFE (F72bb. ZNHORBEI 0& 1 EFEVSZENT, BEDEATEEETS
APRE_BVIZ X THRBILET . JIKALNBHDZAT Dk Zs Bud, BT, ks
B, W50 LR, NRROBOEBHED HZIDEEHTT . BCL T, ZOXATDEEIZ.
LERB_V LIz 3T, ZORAT2HGELET . kDEZTar (MIP2 EFL) TiE, $5—2DEA
7 DHERINZRE B 37005, P4 B (semi- continuousvariable) Dz HLET,

#include <iostreams>
#include "xprb_cpp.h"

using namespace std;
using namespace ::dashoptimization;

#define MAXNUM 4 // Max., number of shares to be selected
#define NSHAERES 10 S/ Number of shares

#define NRISK 5 // Number of high-risk shares

#define MNNR 4 // Wumber of North-2Zmerican shares

doukle RET[] = {5,17,26,12,8,9,7,6,31,21}; // Estimated return in investment
int RISKI[] = {1,2,3,8,9}; // High-risk values among shares

int NA[] = {0,1,2,3}; // Shares issued in N.-America

int main(int argc, char xwargv)

{

int s;

¥PRBprob p("FolicMIP1"); // Initialize a new problem in BCL
XPRBexpr Risk,WNa,Return, Cap,Num;

¥PEBvar frac[NSHARES]; // Fraction of capital used per share
¥PRBvar buy [NSHARES]; /7 1 if asset is in portfolio, 0 otherwise

//{ Create the decision wvariables (including upper bounds for >frac’)
for(s=0; s<NSHARES; s++)

{

fracl[s] = p.newVar("frac", XPREB_FPL, 0, 0.3);

buy[s] = p.newVar("buy", XFRB_BV);

}

//{ Objective: total return
for (s=0; s<NSHARES;z++) Return += RET[s]=+frac(s];
p.setobj (Return) ; // Set the objective function

/4 Limit the percentage of high-risk wvalues
for{s=0; s<NRISK; s++) Risk += frac[RISK[s]];
p.newCtr (Risk <= 1.0/3);

// Minimum amount of North-American values
foris=0; s<NNL;s++) Na += frac[NA[s]];
p.newCtr (Na »= 0.5);
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// Spend all the capital
for (s=0; s<NSHARES;s++) Cap += frac([s];
p.newCtr(Cap == 1);

// Limit the total number of assets

for (s=0; s<NSHARES;s++) Num += buy[s];
p.newCtr (Num <= MAXNUM) ;

// Linking the wariables
for (s=0; s<WNSHARES;s++) p.newCtr(frac[s] <= buyl[s]);

/f Solve the problem
p.setSense (XPRB_MAXIM) ;
p.-mipOptimize (") ;

// Soluticon printing

cout << "Total return: " << p.getObijval() << andl;
fori{s=0; s<NSHARES; s++)
cout << 5 << ": " << frac[s].getSol()+100 << "% (" << buy[s].getsSoli)
<< ") " << endl;

return 0;

}

BIU 2B EHRIRITING . BoBEAITES 7 LTV R LDFERY,, FEDZA 71T EhEBNE
BHVET , ZZTE. 2D MIP R S RREEIC RS TRETZWE-BS>TOVE T, Ziud, AV YR
mipOptimizeZffingd, §iFEd LP MEDLELHETEIC, MIP YWa— a7 7'
FTBANT, Va—Tay AT —E R F 7§ 5DIFEENZETT, MIP @ Problem status 23, ’
unfinished (solutionfound)’ %> ‘optimal’ DIEE DI, BCL X EkDHDI/a—ar 7Y
VRLET,

char +MIPSTATUS[] = {"not loaded", "not optimized", "LP optimized",
"unfinished (no solution) ™,
"unfinished (solution found)", "infeasible",

"Toptimal", "unbounded"};

cout << "Problem status: " << MIPSTATUS [p.getMIPStat ()] << endl;

1122 YWa—avzmid3
MREEEFTT 2L, FOIRTIN YINEERET,
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Reading Problem FolioMIP1

Problem Statistics

14 514 spare) rows
20 0 spare)
45 5056 spare)

Zlobal Statistics

structural columns
non-zero elaments

10 entities 0 sets 0 set members
Maximizing MILF FolioMIP1
Original problem has:
14 rows 20 cols 4% elements 10 globkals
Presolved problem has:
13 rows 19 cols 46 elements 9 globals
LP relaxation tightened
Concurrent solve, 05
Dual Primal
objective suminft objective sumint
[ p 15.600000 1.4000000
D 33.933333 20000000 | p 15.600000 1.4000000
D 33.933333 LO000000 | B 14.066667 L0000000
————— interrupted ---— | -—————- optimal -———-——
Determiniztic concurrent statistics:
Dual: 5 simplex iterations, 10802312.4920000s
Primal: 34 simplex iterations, 10821319.870444s
Primal solved problem
Its Chj Value S Ninf INneq Sum Inf Time
34 14,066667 P 0 0 L000000 0
Optimal solution found
Starting root cutting & heuristics
Its Type BestSoln BestBound Sols Add Del Gap GInf Time
+ 13.100000 14.066667 1 7.38% 0
1 K 13.100000 13.208571 1 2z i 6.17% 2
2 K 13.100000 13.568750 1 11 1 3.58% 3
#+% Search completed ++x Time: 0 Nodes: 1

Number of integer feasible solutions found is 1
Best integer solution found is

Best bound is
Uncrunching matrix

Problem status: optimal
Total return: 13.1
0: 20% (1)

1: 0% (0)

2: 30% (1)

30 0% (0)

4: 20% (1)

5: 30% (1)

6: 0% (0)

T 0% (0)

g: 0% (0)

9: 0% (0)

13.100000

13.100000

TN IDIRHIDER571ZIE. Xpress—Optimizer DFEITaZBHNET , FEDOLEE /R E DG
HREN. ZFhuckBe, ZOREL. FIFIRD 14, ZEDS 20, 2055, MIP 508 10 HBZe

BHOPYEY

> > 7

o ZZTC. MIP &%, ’entities’ EVORBTRENTVET, EHIZ. LP 7TV X

MSI #2141 Copy right©2015 All rights reserved

90



rodfrar, (ZBAT ‘k ¢ [Thbb. knapsack] OBV EE 13EpEhEZEER~T)A
By MER DTS, Sk RRE B (Branch-and-Bound) 1I2k5 Y —F0ulbREnEd, ZORME
FIEFITNSVDT, LP Eb%., LP SO RGAT r REMRZ R DRNTIEAT I BRI
ZRLLT By MB TR EL T, 22T ybiid, MIP Ya—T a2k T, LP 052
1 REREIR D A% A1 b BRI AT . 2OHYMDBINZIY, 7k RRERIZE DY —F IR
J—RTHRDVEL Tz, 2OT 0T T NZIN TV NS T TN YNT XY, BRED D I d iR
(optimality) . 372 H. MIP H—FI35E TLIZE, ZL T, ke, K 1 s gt
BRI ELOD o TeZEBDOPVET e DIRRDIEZ— 1, HIRIRZBINL 72D T, Jud LP
RO IR RKVA— 2 IDBEL 7> T0E T, BEL TROLNTWINT, R— 7+ 4 DD
IR DHIHPDIRH>TVET,

11.3 MIP2: &$HRDRIEBREROFAZAND

2 FZHOD MIP 7 NVEE LT B0, 22T N 8 2 3, BXO. # 10 350 LP 7 vh
HIhOET . ERALLTEWHT LW, THL. HABR—E7 +VF DIl AR EN DR
OIE, D7eked, ZORMRDIRA GHDP R BRI HOSEI A EADD7ED 100l Tz
WIEWSTETY 4L, BYMEE fracs O X TZ, HiffiZ, 0& 0.3 DRAJDfEZHLDIHNTHIF)
TR, ZNH% 0.1 & 0.3 DBIDOBEZIRD . Fl2id. 0 LWVSEZISINTHIFILET . T
DAEAAT DRI I8k 25 B (semi-continuous variable)MHENE T, FrLWVETILTIZ. fracs
DNT Y A%, LU FORIFIRNIC I TREERAET

Vs €« SHARES : frac, =0o0r 0.1 < frac, < 0.3

11.3.1 BCL ITEBA v S IA L FT—Tay

TOTuTTNZED, MIP2 BT MTEIFENET, Pl id, A4 7 LPRE_SCIz ke s
NET, BCL &, T7ANMNT, OB AZE 1 IZHEELET, Lo T, ZTTE AV YR
setlimz iy, Zofiliz 0.1 ITRELRBTIEANLETT, BCL TH2 56520, HllL=&
AT DIEBABIE. 0 LVSHMEZ IS, G-2bN ke FIRE ERROMOEEIEZMEEETT .
DEHIT. WhD, Ik 8 (semi- continuousinteger) EFRENTWET, ETILH
T, I i, APRE_SITEHENE T, 3 HHOXAT I, S0 545 B (partial
integer) T, G2 5N FIRPHLHDIRAM E TIIEBUEA Y, ZOffiA kDL 55
DTY., Zhug, LERE_PIoeshgd,
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#include <iostream>
#include "xprb cpp.h"

using namespace std;
using namespace ::dashoptimization;

#define NSHARES 10 [/ Number of shares
#define NRISK 5 // Number of high-risk shares
#define NNA 4 S/ Number of North-American shares

double RET[] = {5,17,26,12,8,9,7,6,31,21}; // Estimated return in investment
int RISK[] = {1,2,3,8,9}; // High-risk values among shares
int NA[] = {0,1,2,3}; // Shares issued in N.-Rmerica

int main({int argc, char ++argv)

{

int s;

¥PEBprob p("FoliaSC"); // Initialize a new problem in BCL
XPRBexpr Risk, Na,Return, Cap;

¥FPEBvar frac[NSHARES]; // Fraction of capital used per share

// Create the decision wvariables
fToris=0; s<NSHRARES; s++)
{
frac([s] = p.newVar("frac", XPRB_S5C, 0, 0.3);
frac[z] .setlim{0.1);

}

[/ Obijective: total return
for (g=0; s<NSHARES;s++) Return += RET[s]+frac[s];
p.setObj (Return) ; // Set the objective functior

// Limit the percentage of high-risk wvalues
for({s=0; s<NRISK;s++) Risk += frac[RISK[s]];
p.newCtr(Risk <= 1.0/3);

S/ Minimum amount of North-American values
for (s=0; 3<NN&;s++) Na += frac[Na[sz]];
p.newltr (Na »>= 0.5);

// Spend all the capital
for (s=0; s<NSHARES;s++) Cap += frac[s];
p.newCtr (Cap == 1);

// Solve the problem
p.setSense (XPEB_MAXIM) ;
p.mipOptimiza("")

// Solution printing

cout << "Total return: " << p.getObival() << endl;
foris=0; s<NSHARES; s++)
cout << s << ": " << frac[s].getSol()+100 << "F" << andl;

return 0;

b

D7y 7 LR 7Y HE, FadDESRYVa—Tar 2fEyd.
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Total return: 14,0333
: 30%
: 0%
20%
0%
10%
26.0667%
0%
0%
13.3333%

o 0%

[E I R I ISV R

COMRETIZ, R—=b7FVFIT 5 DD I, ZDE ZIT. BIBEDORIKT 10%, KT
S0%DRENZINESTWET, HIFIRZ B2, 7tD LP EFADREIDG. 2D MIP 58RO

HAUBIBDMHIL, ELZRoTVET

MSI #2141 Copy right©2015 All rights reserved

93



8 12 B —REHEE
ZOFETIE, % 10 3D LP 7 0% Kt (Quadratic Programming) D &7/, ZL T, %
11 EOREFD MIP BFNERAEE R Hi:(Mixed Integer QuadraticProgramming)DE
TITHRRUES . ZOETIE NRdicOWTHHLET .
« “IRAOBHMBEEZERTD
« AL OERL T, Mz E

HETRETIX Mosel TlRIBRDHIEZ [ E RALD HEBIOWEEZHAL TWES, 5 17 =T
1% OP [jRE%Z 1 H: Xpress Optimizer 2o THOA L 7Y MBIOREZHHL TWET,

12.1 FIRED#HBA

ZOHBERIL. bok, BIDAEPD, ZOR—N7+)A RN EE BAZELTEET . $70bb,
TRVE—U iR KA NAYRT DGRy 2 IR T 2D TR, HBLRADVE— 2 % E R
LR35, YRZ &l /MET BZETT . ZOEE R, AR EEDO PRVAZ— 05/ o=
Vo7 ZOHEEEEFD. &) Markowitz DT AT T2 MRSEB->TVET, (BIZIE, N—Fr=
T ERREY 7T 2 T RO XA O IREE) 3 AN H D, N RIF FrllnavEa—4a
VE AT — ATl ST EITRIE DL, boEBITHTITEINTRDD T, B 7 ak 7 a Ol
LI, WOHBERH S, LEZDDN, ZDEZFFD—DDHITT, ) IFZDMHA RO )
ISR DITHL T, B 7 aZ 7 aL ROV R—AFRIRICEBL £,

ML P RIZ. HORFED IR/ HEERIRDZ G570, 7D iR/IMET DITIZE DB L
W29 ~ETLEOD ?

M2 BEERPDPIRED, 4DD RO (ZTTH, HORHED IR/ NIIRINZAGSTdIT) 2%
SBIE, /NS B E N TL RO ?

RAIDORIREL. —REHBRE, 3 720bH kR0 HAYBIEE — R DI E R DRCEHE 5 4
TY, “DOHOMEX, BEZE T N 572012, BEREBOEABRLETT, LER->TRES
R T RGHHIEE 20 E T bR 2 DDREE DD ®I T 3T T, EHL THEET,

12.2 QP

% 2 WCHERLEET VA, MEZHLWBLIPL AL, Nl EE2fTOBERHIET,
FLOHBIELE, VA= DEFHTIZRL, )57 i(meanvariance) 2725
YRZIZBR T DHlFI XA 2D
HEZRIRIDEWSFLOERIAE B3
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FLOWHBENZ., Pl TREINAR—I7 4V D V-2 5T,
Z VAR, - frac, - frac:

5, tcSHARES
TZT, VAR 13, T RTOMWD I/ e =Ny 7 Z2TY, 2, “ROBEBIETT .
HB &z, ARSNIZLE. Hil X, fracs, RIODDOEBPEITEDINS, HlZIX.
frac, - frac: DXSIRIAMRHDHE. ZDHIBBIET kD HEE I THDEESbNET . HEF]
BRI AL, FalDIINTRDET,

Z RET, - frac, > TARGET

SESHARES

K EAANDEEEDIRSE, TARTOEEZHE T HTE, BLOKEH~NOEED ERRIZ. 2D
EFNLTHEAEINE T, LIz T ZOETADECHIET I FidDINTRE T,

minimize Z VAR, - frac, - frac;
5 teSHARES

Z frac, > 0.5

seNA

Z frac, = 1

scSHARES

Y RET;-frac; > TARGET

SCSHARES
vs & SHARES : 0 < frac, < 0.3

12.2.1 BCL TEf7$ 3
A= OHEEM ., BXO, Tik/ i<ty 2, T—& T 7))L foliccppape . dat|iR
ENTVET,

! trs haw thr tel brw hgw car bnk sof elc
0.1 0 0 0 0 0 0 0 0 0 ! treasury
0 19 -2 4 1 1 1 0.5 10 5 ! hardware
0 =2 28 1 2 1 1 4] -2 -1 ! theater
0 4 1 22 0 1 2 0 3 4 1 telecom
0 1 2 0 4 -1.5 -2 -1 1 1 ! brewery
] 1 1 1 -1.5 3.5 2 0.5 1 1.5 ! highways
0 1 1 2 -2 2 5 0.5 1 2.5 1 cars
0 0.5 0 0 -1 0.5 0.5 1 0.5 0.5 1 bank
0 10 -2 3 1 1 1 0.5 25 8 ! software
0 5 -1 4 1 1.2 2.3 0.5 g le | electronics
ZOT—ET77 AN, B XPRBreadarrlinech 2o THRAAARET . | © ZAITRD

IXAUMT. BE, BAFFIEAXFYTENE T, TN — g ¢ D7 F—<ohEEAL—Z (AR
— R, FE BT FERDE DI ETL) T A2k, —RICHAET . HIIBEOE %
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7%, —kA (class XPRBexpr THAZLB) 2 HWET . 22T HBEEZ K/MEL720»d
T, L, XY YR 1poptimi 2e THRHDES (ZTTORD X TFHT —F a2 A NE, T 740

TNIAYZX LT L HIRLET),

#include <iocstream>
#include "xprb_cpp.h”

using namespace std;
using namespace ::dashoptimization;

#define DATAFILE "foliccppgp.dat"

#define TARGET 9 // Target yield

#define MAXNUM 4 // Max. number of different assets
#define NSHARES 10 // MWumber of shares

#define NNA 4 // Number of Worth-American shares
double RET[] = {5,17,26,12,8,%,7,6,31,21}; // Estimated return in investment
int NA[] = {0,1,2,3}; [/ Shares issued in N,-Zmerica

double VAR [NSHARES] [NSHARES]; // Varilance/covariance matrix of

// estimated returns

int main({int argc, char *xargv)
{

int s, t;

XPRBprob p("FolioQP"); // Initialize a new praoblem in BCL

XPRBaxpr Wa, Return, Cap,Num,Variance;

HPEBvar frac[NSHARES]; // Fraction of capital used per share

FILE +datafile;

// Read VAR’ data from file
datafile=fopen (DATAFILE, "r");
for{s=0; s<NSHARES; =++)

¥PRBreadarrlinech (¥PRB_FGETS, datafile, 200, "g ", VAR[s], NSHARES);

folozeidatafile) ;

// Create the decisgion variables
for{z=0; 8<NSHARES;=++)
frac[s] = p.newVar (XPERBnewname("frac(%d)",s+1), XPRB_FL, 0, 0.3);

/{ Objective: mean variance
fori{s=0; s<NSHARES;s++)

for it=0; C<NSHARES; t++) Varliance += VAR [zs] [t]+frac[s]+«fraclt];
p.setObj(Variance); // Set the objective function

/7 Minimam amount of North-American wvalues
for(s=0; s<NMNL;s++) WNa += frac[N&[s]];
p.newCtr (Na »= 0.5);

/{ Spend all the capital
for(s=0;s<NSHARES;s++) Cap += fracls];
p.newCtr(Cap == 1);

/{ Target yield

fori{s=0; s<NSHAEREZ;s++) EReturn += EET[s]+fracls];
p.newCtr (Return »= TARGET) ;
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/f Solve the problem
p.lpOptimize ("");

// Solution printing
cout << "With a target of " << TARGET <<
p.getObijval() << endl;
foris=0; s<NSHARFS; 3++)
cout << g << ": " << frac[s].getSol()+100 << "&"

" minimum variance 1is " <<

<< andl;

return 0;

b

ZO7ayFNZX), L RO a—ab TN YRBELNET , 22T, QP FERET=DDT
THANNT VITVZAALL, ZNETOHTHEDILTUVE Simplex #:TldZe< Newton-barrier Z{ii Ffi
LEY,)

FReading Problem FolioQP
Problem Statistics

3 1 0 spare) rows
10 ¢ 0 spare) structural columns
24 0 spare) non-zero elements

76 quadratic elements
Global Statistics
0 entities
Minimizing QP FollioQP
Original problem has:
3 rows
76 gobjelem
Presolved problem has:
3 rows
76 objelem
Checking convexity toock 0 seconds
Barrier cache gilzes L1=3ZK L2=402cK
Cores per CPU (CORESPERCPU) : 2
Barrier starts, using up to 2 threads,

0 sets 0 set members

10 cols

24 elements

10 cols 24 elements

with L2 cache 2048K per thread

Matrix ordering - Dense cols.: 9 NZ (L) : 92 Flops: 584

Its P.inf D.inft U.int Primal obj. Dual obij. Compl.
0 1.920e+01 1.00e+03 3.70e+00 8.7840000e+02 -3.8784000e+03 4,4e+04
1 2. 70e-01 2.50a+00 5.26a-02 B.2966236e+00 -2.6938426a+03 3.2a+03
2 7.35e-04 2,93e-03 1.43e-04 5.2443717e+00 -9.5768733e+01 1.0e+02
3 3,31e-05 1.32e-04 6.45e-06 4,1146720e+00 -1,0420241e+01 1.5e+01
4 6.94e-17 3.,33e-15 2.78e-17 1.6111574e+00 =2.5214717e+00 4,1e+00
5 3.47a-17 1.33e-15 5.55a-17 7.2642096a-01 3.1286182a-01 4.,1e-01
6 9.8%e-17 1.62e-15 5.55e-17 5.6822910e-01 5.2583251e-01 4,2a-02
7 1.46e-16 5.71le-16 1.3%e-17 5.5895605e-01 5.,5588%42e-01 3.,1e-03
8 1.42e-16 9,97e-16 1.5%e-17 5.5758472e-01 5.5727257e-01 3,1e-04
9 3.16a-17 7.8le-16 2.78a-17 5.5740972a-01 5.5738488e-01 2.5a-05
10 5,.38e-17 7.8B6e-16 2.78e-17 5.5739376e-01 5.573932%e-01 4,7e-07

Barrier method finished in 0 seconds

Uncrunching matrix
Its Obj Value s Ninf Nneg Sum Inf Time

0 . 557324 B 0 0 L.0QQo000 0
Optimal solution found
With a target of 2 minimum variance 1is 0.557384
97
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0: 30%
1: 7.15401%
2; T.38237%

3: 5.46362%
4: 12.6561%
5: 5.91283%
6: 0.333491%
T 29.9979%

g: 1.0957%

9: 6.9703%e-06%

12.3 MIQP

ZZTHID QP EFADTRTOFFIAD FTL ;A ThH, MAXNUM LNHSED LR
—F7 AV ANDNIRNEVS M E T MZANEL LS, TTIT, & 6 BT, EDLiizznz
FTREXPERELE, Thbb, N FVEBDOEYRPWs 2B LT, ZHUZED. Fiddkd
i A BT IR R 7§ BT e TLE,

Vs € SHARES : frac; < buy;

ZOBURIZEY, BL., fracs>0 i, 37ebbh, fracs PiiR—h7+VAITRIEN 575061, 455
buys i3 1 127, g7, PWs 3 0 THERHIE, fracsiy 0 TRIFIUTRSRNEVHZLIZARY
%95

> buys < MAXNUM
scSHARES

12.3.1 BCL iZ&BA YV TIA T —3ay

HID QP BT NVZBIES D, $78Db, LD, Riffio QP 7 LORDY(a—TarD7
Vo TALTDEANTBIMLES . 2O, ZOMEZ, 1 DT T, £9., QP EFAEL T
DI FRLDITZBILET

¥PRBvar buy [NSHRARES]; // 1 1f asset is in portfolio, 0 otherwise

// Create the decisgion wariables
for (s=0; s<NSHARES; s++)
buy [s] = p.newVar (XPRBnewname ("buy (%d)",s+1), XPRB_BWV);

// Limit the total number of assets
for (s=0; s<NSHARES;s++) Num += buy[s];
p.newlCtr (Num <= MAXNUM) ;

// Linking the wariables
for(s5=0; s<NSHARES;s++) p.newCtrifracl[s] <= buyls]);

// Solwve the problem
p.mipOptimize (") ;
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// Soluticn printing
cout << "With a target of " << TARGET << " and at most " << MAXNUM <<
" assets, minimum variance is " << p.getObival() << endl;

for(s=0;s<NSHARES;s++)
cout << s << ": " << frac[s].getSol(]+100 << "% (" << buy[s].get3ol()
<< ") " << endl;

MIQP EFAEIATEBE, RO a—say TN e s,

Reading Problem FolioQF
Problem Statistics

14 ¢ 514 spare] rows
20 0 spare) structural columns
54 5056 spare) non-zero elaments

76 quadratic elements
Global Statistics

10 entities 0 sets 0 set members
Minimizing MIQP FolioQP
Original problem has:

14 rows 20 cols 54 elaments 10 globals

76 gobijelem
Presolved problem has:

14 rows 20 cols 54 eleaments 10 globals

76 gobjelem
LF relaxation tightened
Checking convexity took 0 seconds
Crash basls containing 0 structural columns created

Its Obj Value s Ninf Nneq Sum Inf Time
0 000000 P 1 0 .100000 0
g L 000000 P 0 0 L000000 0
g 4.609000 P 0 0 L000000 0
Its Obj Value s Nsft Wneq Dual Inf Time
27 . 557383 QF 0 0 . Q00000 0

OF solution found
Optimal solution found

Starting root cutting & heuristics
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Itz Type BeztSoln BesztBound Sols 2dd Del Gap GInf
+ 4.004716 . 557383 1 86.,39% 0
+ 1.839007 L557383 2 £9.69% 0
+ 1.825618 . 557383 3 £9.47% 0
+ 1.419003 . 557393 4 60.72% 0

1 K 1.419003 L557383 4 3 0 60.72% 7
2 K 1.419003 . 557383 4 ] 2 60.72% 7
3 K 1.4139003 . 557383 4 7 6 60.72% 7
4 K 1.419003 . 557383 4 3 & 60.72% 7
5 K 1.419003 . 557383 4 7 2 60.72% 7
& K 1.4139003 .557676 4 18 10 60.70% 7
7K 1.419003 . 561133 4 6 16 60.46% 7
8 K 1.419003 . 566040 4 7 4 60.11% 7
g K 1.419003 . 582382 4 1% 7 58.96% B
10 K 1.419003 . 587384 4 4 17 58.61% 9
11 K 1.4139003 .590887 4 7 2 58.36% B
12 K 1.419003 .595128 4 G 4 58.06% 9
13 K 1.419003 . 598643 4 9 4 57.81% 8
14 K 1.4139003 . 598824 4 2 12 57.79% 7
15 K 1.419003 . 599261 4 5 1 S7T.77% 7
16 K 1.419003 .600166 4 3 4 57.71% 7
17 K 1.419003 . 600166 4 0 2 57.71% 7

Heuristic search started
Heuristic search stopped

futs in the matrix 16
fut elements in the matrix : 132

Will try to keep branch and bound tree memory usage below 1.6Gb

Starting tree search with up to 2 threads (deterministic mode)

Node BestSoln BestBound Sols Active Depth Gap GInf
+ 24 1.248762 1.045795 5 3 7 16.25% 0
#+% Search completed ++« Time: 0 Nodes: 29
Number of integer feasible solutions found is 5
Best integer solution found is 1.248762

Uncrunching matrix
With a target of 2 and at most 4 assets, minimum variance is 1.24876

0: 30% (1)

1: 20% (1)

2: 0% (0)

3: 0% (0)

4: 23.8095% (1)
5: 26.1905% (1)
6: 0% (0)

T:o0% (0)

8: 0% (0)

9: 0% (0)

e [ e e e S e R e [ S R e R o R e -

Time

Time

Branch-andBound H—FDuZ % WAL, Slalld. 2 DDOEEEEST AT REMRDS O, Y —F %58
TIBDIZ. it 55 D/ —RERNEZEBDINET  SHIRBIZ OV TBIMLZZHFI R D=0, i

INGTHRDfEE. QP FEDZNEHEL T, 2 5Ll HTRoTHWEY,
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213 B La—YRTAYT R

TDOETIL, Xpress—Optimizer LXIEEL T FRtDFZITVVRAE, N FIEBZEEL T, &
2—YRT UV I IR I TR DI LI OV THRHL £ T,
© IRIRA—BDFEE

RATVAFEE) 2E—T L, RATAERET,

ZEHB DT R(bound)Z B IET S
5 8 TTIE, Mosel Z2ffioT, [FLLa—YRTAYIELEDINTHLITTENTONTHIALEL
1=

13.1 A FVEBEZEEL TIT9Ea—YRT (D7
ZITBSET B a—YRTAv L. FRlDATY TR LETT,

1. LPEMZEMRE. FlfRONAT Rt —79 5,

2. Hdba—YRTvZA(rounding heuristic):bL. ¥Hitg 4%k fracfins, Highz kK&
UL, NAFVER Uy R 1 IZEET .

3. oL THHNT MIP R f#L,

4. TTT, BEETTRMBEONED., ZOhOR RfftEYr—79 5,

5. FTRTOEED/NTURELELEDNTURIZYEYRL T, bELEDRERZ T Ea—&IZY R
TLT, E—=7LTBW=RAT 22 u—RT 5,

6. HEbHED MIP RHEZMEAS, ZDEE, La—YRT 97 I a— ar Dl BIROEZET 71
A7 JELTRES,

EDRFTYT 2

BN EERTEH frac 1Z 0.3 LW ERZRFOO T, [ Hlgi RS 1&L T, FlZUR. 0.2 flingd,
Wil —RT, W2 DT TV —ar TR A FIERITENL TR, 1 — e2fingd, 22 TF
i 107 D Xondk i/ han Ty,

ATv7 6

[ FrobA 7l 1358 T DEMRIE. ROBREITHIEEIT, ZOMEDL RVMEZE DYV a—Tav %
HOFEoE 3 UIEL LEBST, HB/—RD LP KEMOMED, OIS ETF U, Z0/—R
FUINET, BRERD, D/ —F, BIO, ZORICEP D D/ —ROREIAT v BB, 2D
J—R® LP R IDLEL 55 TT,

13.2 BCL CTEf7¥ 3
ZZ T, # 11 2D MIP1 BT V2, N"AFIEEBEFEEL T, Ba—YRT 177 ik Tzt

101
MSI #2141 Copy right©2015 All rights reserved



DI EFEITLET, 7707 av VB TEFRSINZE2—YZT 4o 212X). T VEKRIT
X, /MBOEFHEZITWET, Thbb. BEOa— )L TAYyRniptptinize 2L TR
WM, ZOa—YRT 497« a—alZifTl,. IWa—Tar DI T40 7, 2D

BALITHIEL TEBESNTVET,

#include <iostream>
#include "xprb_cpp.h"
#include "xprs.h"

using namespace std;
uslng namespace ::dashoptimization;

#define MAXNUM 4
#define NSHARES 10
#define NEISK 5

#define NNA 4

vold solveHeur();

double RET[] = {5,17,26,12,8,9,7,5,31,21};
int RISK([] = {1,2,3,8,9);
int NA[] = {0,1,2,3};

XPRBprob p("FolioMIPHeur");
HPEBvar frac[NSHARES];

// Max. number of shares to be selected
// Number of shares

// Number of high-risk shares

// Number of North-Zmerican shares

// Estimated return in investment
// High-risk wvalues among shares
// Shares issued in N.-America

// Initialize a new problem in BECL
// Fraction of capital used per share

¥PRBvar buy [NSHARES]; // 1 1if asset is in portfolio, 0 otherwise
int main(int argc,
{

int s;

XPRBexpr Risk, Na,Return, Cap, Num;

char +*xargv)

// Create the decision wariables
fori{s=0; s<NSHAERES; s++)
{
frac([s]
buy [s]
}

{including upper bounds for ‘frac’)

p.newVar ("frac", XPREB_PL, 0.

p.newvar("buy", XPEB_BV);

a, 3

// Objective: total return
for(s=0;s<NSHREES;s++) Eeturn += RET[s]+fracls];
p.setObjiReturn) ; // Set the objective function

// Limit the percentage of high-risk wvalues
for(s=0;s<NRISK;s++) Risk += fracl[RISK[=s]1]1;
p.newCtr (Risk <= 1.0/3);

// Minimum amount of North-American values
for{s=0; s<NNA;s++) Na += frac[N&[s]];
p.newCtr (Na »= 0.5);

// 8pend all the capital
for{s=0; s<NSHRRES; s++)
p.newCtr (Cap 1);

Cap += frac|[s];

// Limit the total number of assets
for (s=0;s<NSHARES;s++) Num += buy[s];
p.newCtr (Num <= MAXNUM) ;
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// Linking the wariables
for(s=0; s<NSHARES;s++) p.newCtri{frac[s] <= buyl[s]);

// Solve problem heuristically
p.setSense (XPRB_MAXIM) ;

solveHeur () ;

/{ Solve the problem
p.mipOptimize("")

/f Solution printing

if({p.getMIPStat()==4 || p.getMIPStat(}==6)
{
cout << "Exact scolution: Total return: " << p.getObjval() << endl;
foris=0; s<NSHARES; s++)
cout << s << ": " <« frac[s].getSol(ix100 << "F" << endl;
}
else
cout << "Heuristic solution is optimal." << andl;

return 0;

}

vold solveHeur()

{

¥PRBbasiz basis;

int s, i1fgsol;

double solval, bsol [NSHARES], TOL;

XPRSsetintcontrol (p.getXPRESprob(), XPRS_CUTSTRATEGY, 0);

// Disable automatic cuts
XPRSsetintcontrol (p.getXPRSprob(), XPRS HEURSTRATEGY, 07

// Disable MIP heuristics
XPRSsetintcontrol (p.getXPRSprob(), XPRS_FPRESOLVE, Q0);

// Bwitch presolve off
APRSgetdblcontrol (p.getXPRSprob(), XPRS_FEASTOL, &TOL);

// Gat feasibility tolerance

p.mipOptimize("1"); // Bo0lwve the LP-relaxation
basis=p.saveBasis(); // Bave the current basis

/f Fix all wariables ‘buy’ for which “frac’ is at 0 or at a relatively
// large wvalue

for{s=0;s<NSHARFES;s++)

{

bsolls]l=buyl[s].getSol(); // Get the solution walues of “frac’
if(bsol[s] < TOL) buyl[s].setUB(Q) ;

alge ifi(bsoclls] = 0.2-TCOL) buy [s] .8etlB(1);

1

p.mipOptimize("c"); // Solve the MIP-problem

ifgsol=0;

if({p.getMIPStat()==4 || p.getMIPStat()==6)

i // If an integer feas. solution was found
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ifgsol=1;

solval=p.getObivali(); J/ Get the wvalue of the kheszst solution
cout << "Heuristic solution: Total return: " << p.getObivall() << endl;
for(s=0; s<NSHARES; s++)

cout << g5 << ": " << frac[s].getSol()+100 << "7 << endl;

}

// Reset wvariables to their original bounds
for(g=0; s<NSHARES; s++)
if{i{bsol[s] < TOL) || (bsoll[s] = 0.2-TOL)
{
buyl[s].setLB(0);
buyls].setUB (1) ;
}

p.loadBasis (basis); /+ Load the saved basis: bound changes are
immediately passed on from BCL to the
Cptimizer if the problem has not been modified
in any other way, so that there is no need to
reload the matrix «+/

basis.reset{); // No need to store the saved basis any longer
if(ifgsol==1)
XPESsetdblcontrol (p.getXPESprob (), XPRS_MIPABSCUTOFF, solval+TOL) ;
// Set the cutoff to the best known solution
}

ZDa—VRTAVTDAL TVAL T =2 2NTONTUIE, HEMIT. HEFREDHNHBLETT,
DFITIE, #IH T, Xpress-Optimizer ~DXALILT 7 Z%HiVET , Xpress-Optimizer ~D
EAVINT 7| R%47512i&, Optimizer ~y X =77 AN xpre. h. 2E5L W ERHVET,
Optimizer F§#EIX. Optimizer HRAL TS (XA F LFREprobey) i # # Bl ( problem
representation) (Z# /I TEEY . 2L T, MIEABIL. BCL FEpXYyRISTAERSprobz 1
STYN—=7T&EE9, BCL A7 FVY& Optimizer T4 7 FVDFEE%EEDINEIDPIZTONTDY
SEFLWFIHIL, [BCLYZ7 7LV A== a7V [Z B TRIW, $XTD Optimizer FEREL/N
FA=RIZONTDTBAILIF 2 AN, [Optimizer Y7 7L v A= =a 7V IZHVET,

NRIA—K

ta—YRT 47 &ML, Xpress-Optimizer D/3F7 XA—ZFEPHHEIES . HEIIR AV
DR (78T x—& XPRS_CUTSTRATEGY) DRAyF A 7L MIP ba—YRT A7 A (/3T X
— R AERS_HEURSTRATECY 73 30 TY A5, T TOMEZRGGAITIX. presolve DAH=
AL (3G A—=Z XPRS_PRESOLVE) Ty TS~ MY 7 RITIZ BRTLEE T, EF LY A X
NS, =a— RNV 5) 2 1L TBIEPBETT , RERD, EGBFET
Optimizer OHDREE AL ZF 7R FT A3, Optimizer IZEN<N w7 ZAREEIN TRV S
DI AV EZ T a PELLITAB0HTY,

INGA—=BZDFEITIMZ . Xpress-Optimizer MY 7 4—TEVT BTV ZALFHRBLERHS
A LHUET, Xpress-Optimizer &, BEBOT74—TEVT 4, YWa—TaL T4—JEVT4DF
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T, FIANMTIO DA —Z =D 5o ZEEHNET . flZIE, /S—T+—< L ZDH
1%L TRz RN 5L ZITid, NV TV R B BT ATEAEETT, & 10 B THMALET VNS
INTVL T4 T DY, /35 A—% APRS_LPLOG L XPRS MIPLOG 34 5221z k
STITRAET .

(M &S BIEXPRS et intecontrol GieEd3),

BE{bDa—n

JeInD ) —RDOLPIR D AEFRZ L R TS (BEBMIPHETII W) 7 —F a2 AR 1 %
IR (mivtptinize ) Z2inEd, — &, EILSEET VIV LD PHMIPTHE
IZiX, 7—F 2 AV b " e fling g,

-7, BIK, RMT2Du—F

WWa—ar 7ab 22T 570, D LP a2, BRI 028 8,z A0
IV TLYI R T NIV A LD RA Y R (A=) =7 LET . ZORAT R, FIYV
FARREEVANT LD, k&I, Hlte—REhEd, 250 T, MIP OYYa—Tay -7 Layx
NE, LP W%, TiRgI0 1D ThEANET . 2L T, MIP OYYa—Tav -7 AaY
ZAAE Ba—YRT A IO HEi SN REE A5, GHR 7 ok 2 & filf T X2 &Iz E
ER

NYURDEH

I TIZ, FIEAS, Optimizer [Za—RENTWBEE (B 1X. optimization statement ZJZfTL 72D,
FE, Loadvar R OMILE), SetLB 2setUB ML T, NYUROZEHIL, H
%, Optimizer I[ZESINET . LAL. HIFIRLEBOEMRPLEIBRDLIRET N~DEEDY;E
. WEZEHo—RT 20 ERHNET, 2OT0T T AX L FROT N YN L ET, AV
FREZE 2 [l HIZfEEZIZIE, Simplex 7VTYRA AL, —RIHA XL —al2iT0nER A,
R, ZOLE, Bl DR TR RO R— 2R (FLR) 2> THEHhHTT .

Reading Problem FollioMIPHeur
Problem Statistics

14 ¢ 0 spare) rows
20 1 0 spare) structural columns
49 0 spare) non-zero elements
Global Statistics
10 entities 0 sets 0 zet members

Maximizing MILP FolioMIPHeur
Original problem has:
14 rows 20 cols 4% elements 10 glohals
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Concurrent solve, 0Os

Dual Primal
objective sumint objective suminf
| p 14.400000 .3666667
| p 14.066667 » 0000000
————— interrupted ---— | ——————— optimal - —————

Deterministic céncurrent statlstics:
Dual: 5 simplex iterations, 10802312.49%0000s

Primal: 17 simplex iterations, 10821319.870444s

Frimal solved problem

Sum Int
. 000000

Its Obj value s Ninf Nneqg
17 14.066667 P 0 0

Optimal solution found

+++ Search unfinished »++ Time: O

Number of integer feasible solutions found is 0

Best bound 1is 14.066667

Starting root cutting & heuristics

Its Type BestSoln BestBound Sols add Del
+ 13.100000 14.066667 1
Heuristic search started
Heuristic search stopped

+++ Search completed #+=* Time: 0 Nodes: 1
Number of 1lnteger feasible solutions found 1is 1
Bast integer solution found is 13.100000
Best bound 1is 13.100000
Heuristic scluticn: Total return: 13.1

0: 20%

1: 0%

2: 30%

3: 0%

4: 20%

5: 30%

6: 0%

T: 0%

3: 0%

9: 0%
Maximizing MILF FolioMIPHeur
Original problem has:

14 rows 20 cols 4% elements

MSI #2141 Copy right©2015 All rights reserved

Time
0
Gap GInt
7.38% 0
10 globals

Time
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Concurrent solve, 0s

Dual Primal
objective sumint objective sumint
D 14.066667 .0000000
D 14.066667 ,0000000 | p 14.066667 . 0000000
——————— optimal —-—---— | ————— interrupted —————

Deterministic concurrent statistics:
Dual: 0 simplex iterations, 10802312.45%0000s
Primal: 0 simplex iterations, 10821319.870444s
Dual solved problem

Its Chj Value s Ninf HNneg Sum Inf Time
0 14.066667 B 0 0 .000000 0
Optimal solution found

Starting root cutting & heuristics

Its Type BeztSoln BeztBound Sols Add Del Gap GInt
Heuristic search started
Heuristic search stopped
Will try to keep branch and bound tree memory usage below 1.&Cbhb

Starting tree search with up to 2 threads (deterministic mode)

Node BestSoln BestBound Sols Active Depth Gap GInt
%% Search completed =x+% Time: 0 Nodes: 5

Problem 1s integer infeasible

Number of integer feasible szolutions found is 0
Best bound is 13.100001

Heuristic solution is optimal.

T

T

ime

ime

ZDa—YRT4u71% 13.1 Loz BoiFi=Zé, ea—YRT 49 772L D MIP optimizer A3,

(EARTHEEVI AL — V% L) KDX R O BTEASTEBh oIk

LIz3o T, ZOLa—Y AT 47 fiifidinid (optimal) TY,
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Il Getting started with the Optimizer

B 14 B <Ny 2O T Vb

ZOFETIX, L FOZEIZHOWTHRIILET

+ Xpress-Optimizer O#IHI L

« MPS 7#4—=vb, ¥k, LP 74—< YR T, v w7 Z% Xpress-Optimizer
o—R9%

- MR RS

« Na—TarvmE77AMTEL

14.1 =NIYTZRT7 AN

Xpress Tl&, Z—H&, 2 D2D<M 7B, 7805, L5k MPS 74—~ b, BX, $Lik LP
T —<IRDELLPEFINTEET , TIDH DD 7+ —<vhD55, HH X, FFRRPERT
TIRENBEDT, . NBRPBERBICHARND T+ —< v TT, < v 7 R,
Xpress-Optimizer THEIFET D, ZNbiE. I, DY — NV THEBEEINTZLDTLLS, DT,
Mosel, F7=1%. BCL 7025 O T. Xpress-Optimizer IZXA#E/L 70t 203 EdLN TS
biE, MED~NYT AL, ADT77 A MTEPNBT LR ABY—T, YWN—Zu—REhF
T o ANIB7 7AMTELZ LI, TV =0T < ZALDTRIZDIRHBT8H) LA, Mosel, BLT,
BCL Dl i%fli~T, <N w7 R& T HZLLTEET (Mosel IZXBTRYI Rz RL—T=
NTOWTEE 9 &, BCL IZEB7MNY IRV RX—2a iZonTEH 10 eS| S
W),

142 AV VA F—ay
Xpress-Optimizer [Z¥R)v 7 2%20—R 3312, ROATYT2RNET,

1. Xpress-Optimizer Z#Ji{L33

2. FiLVpEzs7YT—r%

3. NIV IRTrANEiErhte

(MR A A 72— AT Java & Visual Basic ZHHVETNR)LLTFD C a5 A
foliolinput.cid, ENISNZLTYNYI R T7ANEu—RL, Mz, feiEhdr
ZARLIZDDTT, HPRI KT BE0IC, ZZTIZOT/ BT T ATE, TRTOTT—F =y r%h
L THVET, — Iz, #IHMEEEREDT B0l 1227 AR 72 EBAMER S, IELSGEAIAE
NEPEIDPEF /T HIEEBEIDLET , Xpress-Optimizer ZHESIZiX, ~y X —T77 1L
ZPrs. 0. 258052 R BETYT,
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#include <stdioc.h>»
#include "xprs.h"

int main({int argc, char #+argv)
{
XPRSprob prob;

XPRS1init (NULL) ; /+ Initialize ¥press-Optimizer =/
XPRScreateprob (&prob) ; f+ Create a new problem #/
¥PRSreadprob (prob, "Folio", ""); /+ Read the problem matrix +/

XPRSchgobijsense (prob, XPRS_OBJ_MBAIMIZE) ; /% Set sense to maximization +/

¥PRSlpoptimize (prob, "7, f+ Solve the problem +/
XPRSwriteprtsol(prob, "Folic.prt", "")}; /+ Write results to ‘Folio.prt’ «/
¥PRSdestroyprob(prob) ; /+ Delete the problem +/

XPRSfrea(); /+ Terminate Xpress =/

return 0;

}

14.3 7ufS5 5Dy _ANEEST
Xpress-Optimizer OFEHEDA L Ab— L FINEHIZHESE ., Windows D F T, LL RO~ RizkH->TZ
DI FANEIL 7RANLET,

el /MD /I%XPRESSDIR%\include %XPRESSDIR%\lib\xpres.lib foliomat.c

Linux < Solaris DAL L RO~ REffingd,

o¢ —D_REEWTRANT —-IS{¥PRESSDIR}/include -L3{XPRESSDIR}/1lib foliocmat.c —o follomat —lxprz
DT 2T NTONTIE, R d B3 AT LD makefile ZH ML TEEW, BCL IZIWER .Sz
i3 2 MOBIED< Ny 2 Follo.mat T, Zo7/urI Le97d 5L, L FONEEREOTY
Nyr7rAnFolio.prizefigd,

Problem Statistics

Matrix FolloLP
Objective »OBJ*

RHS #RHS«
Problem has 4 rows and 10 structural columns

Solution Statistics

Maximization performed

Optimal seolution found after 5 1lterations
Cbjective function value is 14.066659

Rows Section

Number Row At Value Slack Value Dual Value RHS
N 1 +0OBJ+ BS 14.066659 -14.066659 L.000000 000000
E 2 Cap EQ 1.000000 L000000 2.000000 1.000000
G 3 NA LL . 500000 L000000 -5.000000 L500000
L 4 Risk UL L333333 L000000 23.000000 V333333
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Columns Section

Number Column AL Value Input Cost Reduced Cost

C 5 frac UL L300000 5.000000 2.000000

C & frac 1 LL L00000a 17.000000 -9.000000
C 7 frac_?2 BS L200000 26.000000 L000000
C g8 frac 3 LL L000000 12.000000 -14.000000
C 9 frac_4 BS 066667 8.000000 L000000
C 10 frac_5 UL .300000 2.000000 1.000000
C 11  frac & LL L000000 7.000000 —1.000000
C 12 frac_ 7 LL L000000 6.000000 —2.000000
C 13 frac_=g BS 133333 31.000000 L000000
C 14 frac 9 LL L000000 21.000000 -10.000000

LD FEDY A XV a—Tay « T NVIYVZALBEHDMHE R TWET, BodoF
7T 4= L LP YVa—T a3, 14066659 DffizfioTNEY, Rows Section T, MEDH]
RIROFMA V2~ a AR RSN, Columns Section T, Valuetnshs ok
TAIT, BBOMPRENTOET,
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B 15 & HPaHHETL(LP) OREEAY 7Y, <

ZOETIE. F 2 B TEMMEL R HIZED, Xpress-Optimizer Z2{fi>T, ZNEEDIHNTA
T FEDPITOWTRIILET . BL ROMEYZIZONWT, STl £9,

LP EFNE~<N Y R T+ —<yNTE#HRT S
Xpress-Optimizer TD LP [BEAL 7 vk
RERE, YWa—azZTUN vh 5

% 3 BTIE. Mosel Z2flivy, EDIHNZZDflEZEE bl F=. & 10 ZTIE. BCL 2o/
BABHNEh TWETS,

15.1 =Ny 7 RFmN

BRI RBIEN TWBRRE ., Xpress-Optimizer @ LP RIFEDA L 7Y MEREIZIVRDHNS
WRIZE#T DRHDAT YT LL T, &5(column)h3— DD E LKz KL, 417 (row)ds
HRRZ KT IR T T NEVIB A THEZEEET 2ZOT —7 e TO /v Buff Bz
ZIABRET , £ BLME~ NI ZABRRONE T, ZTIUT, FABPHALED ISR BHRITHDH
Bad= =L ZHEE AUOEEE N TIORETREEET (4013, @3 . RHS(right
handside) DfEEMIENET ), Xpress-Optimizer [ZRENBIVZ ZTONTORFHIL. fT78&
FBZE BT BDLIE~ N9 2R TR, /0 BefRBOVAR, BIO, ZNHDHREBO~RY
I AN TONMBEIZDOWTDEHRTT . 2OT—7 ADhD EAEDRZ AL <N v I RN
—HBUANZ AN ENBNEFERL TOET, FREOMEL, s matvaliz, e, Mhisd275%5
. Al rowidx, [ZARNTENET . ZL T, TNHDRHDIRAIDVLOPD U ML, Zhb%
MR T BT=DITA RV R TT I IENET (SHIZFEL VLGB, Optimizer Reference Manual |
EBIIEEN), ZUT, figdl ©o1bed i, 5 ATEDBHDOTLNDAL Tyl A, Fi-.
figg] Delet iz, #5 ABIEND T NOEAANT S, < 97 ZATONTOREHA 2L E
ER

Table 15.1; LP matrix
fracy fracy fracy fracy fracs fracg frac; fracg fracqg fracy,

0 1 2 3 4 5 6 7 8 9 Oper. RHS
z 5 TS 7

Risk 0 1 1 1 1 1 < 13
MinNA 1 A R A > 0.5
Allfrac 2 AR L LA LR AR AR RS AR LR LS

t )

rowidx matval
colbeg o 2 5 8 11 12 13 14 15 17 19
nefem 2 3 3 3 1 1 1 1 2 2
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15.2 Xpress-Optimizer IZXAA L FVA F—2 a3

PTFD C Fufshfeliclp. i, Xpress-Optimizer Z2{#i~>T., LP BEZEDIIZASL.
R mLTOVET, ZZTE YWa—Tav OHBILEBIMLTHIET, Tk, Ya—T a7y
B RF BN, LP MDA T —A R % F =97 T BN >TOET,

(EHITFELUWGEHIET OptimizerReferenceManual |22 HS7ZEVY) . Xpress-Optimizer Z {512,
A H—TFA) EPTE  h R P,

1. Xpress-Optimizer Z#Ji{t3 3
2. FLLEEE V-5
3. NI R TrA NG

#include <stdio.h>»
#include <stdlib.h>
#include "xprs.h"

int main({int argc, char ++argv)
{

XPRSprob prob;

int s, status;

double objval, +sol;

/% Problem parameters =/
int ncol = 10;
int nrow 3

/+* Row data =*/
char rowtypel[] = { 'L','G","E’"};
doubkle rhs[] = {1.0/3,0.5, 1};

/% Column data =/

double obi[] = { 5, 17, 26, 12, 8, 9, 7, &, 31, 21};
double 1k[] =4{ o0, @& 0, 0, O, O, 0, 0, 0, O0};

double ub[] = {0.3,0.3,0.3,0.3,0.2,0.3,0.3,0.3,0.3,0.3};

/* Matrix coefficient data «/

int colbegl] = {0, 2z, 5, g, 11,12,13,14,15, 17, 19%;

int rowidx[] = 1{1,2,0,1,2,0,1,2,0,1,2, 2, 2, 2, 2, 0,2, 0,2};

double matwalf] = {1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,1, 1,1};
¥PRSinit (NULL) ; /+ Initialize ¥press-Optmizer «+/
¥PRScreateprob(&prob); /+ Create a new problem «/

/+ Load the problem matrix +/
XPRSloadlp(prob, "FolioLP", ncol, nrow, rowtype, rhs, NULL,
obj, colbeqg, NULL, rowidx, matval, 1lb, ub);

XPRsSchgobijsense(prob, XPRS_OBJ_MAXIMIZE) ; /+* Set sense to maximization +/
¥PRSlpoptimize{prob, ""); /+ Solve the problem */

¥PRSgetintattrib({prob, XPRS_LPSTATUS, &status); /+ Get LP sol. status #/
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if{status == XPES_LP_OPTIMAL)

{
¥PRSgetdblattribi{prob, XPRS_LPOBJVAL, &objval); /+ Get objective wvalue +/

printf({"Total return: %g\n", objval);

sol = (double +)malloc(ncol+sizect (double)];
¥PRSgetlpsol{prob, sol, NULL, NULL, NULL);: /+ Get primal solution +/
foris=0;s<ncol;s++) printf("%d: %g%%\n", s+1, sclls]+100);

}

XPRSdestroyprob{prob) ; /+ Delete the problem +/
XPRSfreel(); /+ Terminate Xpress +/

return 0O;

RBOHTLDBAI(Tibb, last+] 12), TUN—ZBMLT, ©° 1029 5% 3b0ic,
fisl nelemt, 77 AbTVDRBOBE G2 ET .

/+ Matrix coefficient data =+/

int colbeg[] - {0, 2, 5, g, 11,12,13,14,15, 17};
int nelem]] = {2, 3, 3, 3, 1, 1, 1, 1, 2z, 2};

int rowidx[] = {1,2,0,1,2,0,1,2,0,1,2, 2, 2, 2, 2, 0,2, 0,2};
double matval(] = {1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,1, 1,1%;

/+ Load the problem matrix «/
XPRsloadlpipreb, "FolioLP", ncol, nrow, rowtype, rhs, NULL,
obj, colbeq, nelem, rowidx, matwval, lb, ub);

B XERSLoadlp o 7 BHO T —F 2 AU N, NULLIZZR>TOVET A, Zhud. 2o
BT, HFIRIZOWVTO range information DFFHDT=HDIZES>TBHANTWAPHTT .
Bl XPRS Lpoptimize ¢) 2 FHDT—Fa AN, 57 LTVZLERL. DL
PINET 7 AN LP TAIVR N5z a i UET . BIBARORIZ, LP 235E@h e
DEEF oL, SLEID, HIBIBOMEE SV S 5AME R (primal problem)Dfif
TIBMZRDILET

15.3 IV RANERIEDEST
Xpress—Optimizer DFEHERYRA ¥ A=V FNEZ 1155545 Windows ETIX Redda~ Rzl
LTCZ7ANETy 7SANLET,

cl /MD /I%¥PEESSDIR%\include $¥YPRESSDIR%\1ib\xprs.lib foliolp.c

Linux F721% Solaris D&, Fidda~< Re2iHLET,

cc —D_REENTRANT -IS${XPRESSDIR}/include -L3{¥PRESSDIR}/lib foliolp.c -o foliolp —-lxprs
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ZDOMDY AT I EIZDOWTI, G DE TR LS TOSHIlEZ ZIRKIZS W,
ZOMEZHITT DL, FadDdT IR I RET.

Total return: 14.0667
: 30%

0%

20%

2 0%

D 6,00667%
: 30%

0%

0%

: 13.3333%
0: 0%

(Lo e o TR B o SRR ) BNV A UG T O

UNIX o881, Xpress-Optimizer D07 B3gijicffEE9,

Reading Problem FollolP
Problem Statistics

3 0 spare) rows
10 0 spare) structural columns
19 0 spare) non-zero elements
Global Statistics
0 entities 0 sets 0 zet members

Maximizing LP FoliolP
Original problem has:

3 rows 10 cols 19 elements
Presolved problem has:
3 rows 10 cols 19 elaments
Its Obj Value S Ninf Nneg Sum Inf Time
0 42.600000 D 2 ] 000000 0
5 14.066667 D 0 0 . Q00000 0
Uncrunching matrix
5 14.066667 D 4] ] L000000 0

Optimal soclution found

Windows —#0Z. Optimizer AV %77 A MLkl TIN—7LF 9, ZOHE4E. 7ur/ S A
DT, FEDERIERIZ, L RDTA L 2B TS,

XPRSsetlogfile(prob, "logfile.txt");
Optimizer ®7Z, < w7 ZDHYA X, 3 DD row( DB, HIFIR). BX. 10D
column ( FJEREEL)ZU -7z LP 7ALIYRA(ZZ T, dual Simplex 23 3°D’)
OuTPRINET , ZO7T T LTIV NSNIETINT YD, I KOVE— Offis
14.0667 THBZE, R=b7+VAI 1. 3. 5. 6. BXN, 9 OO TWBIENHHET, £
7o, ZOfETIE. BBARID 30%05, ZIVEIL. $416 1. BITN, 84#K 6 1. 20%H58506 3 1.
13.3333%H34M 912, ZL T, 6.666TUH84HT 5 ITfEDNBZLAHDET ., T, TRTOHIFIR
DTSN TOBT LR AR TEE T, 37D H. 5005 KEnE (87 1 L8N 3) TH
BT, ZL T, 33.33UINAYRT G4 (B 3 LEAIN 9) 1T7R>TVET,
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3 16 & BORHEHEL

COFETR, 4 2 5 LP BEZR S mE (MIP) BIEIZHERL£9. 22T, L FOZ&IZ
DVTHPILET

MIP B V&~ N7 R RITE#T S
Xpress-Optimizer {2, WAWA BB E L ZR> MIP BFEx2 A 135
MIP fiiE X, WWa—Iav e TIN5

16.1 FREDILIRITOVT OB
BERIL, DIWIEFOELED, HEFEDE L2 ZDWMITIRELENERS>THET, kid.
ZOHKIRZERIETBDIZ, LLFD 2 DDTE%EZEZTVET,

L. R=bT7 VAT ARG R 4 IR 9D,
2. bL. HOEWBHEHDNDROIE, Pdld, TPRO 100 2D SRITHEE LIz,
PURTIE ZhHo 2 15%, 2 DORIHDET VTHRVWET .

16.2 MIP1: R—br7#VFITHAA LB ZHIR TS

BB BRI R TEBISIT, 5 2 B THISELIZ LP £, 2O HD By M bUYs %
WALET, SNHDEENZ, AL TAT —ZERL $Thbb N AFIEETT, 8P, ¥
Wi s IIR—FT7 AUFITHAIAENDE 1 LOSEZID, Z9TRWG AL 0 LVSEZIE T
R—=b7 FVA T AALEWIEZE MAXNUM EUVIHITIRKAIZHIR S 572012, BL FOfilfAz
BALET, ZOHFIRIZ. FIRHTE. KTD, 4 BOLE LU 1 LVHEZIRBIENT
ERNEVOTLEEKBLT BRI TT,

Z buys <4
scSHARES
2T Kb AV ASREN T RTOMMO R A R4 fracs e, FLUVVSAFVA R bUYs
EEOOT BUERBHYET . HHUEVBIURIL. [HL. HBEHIHE—NT AVHSRENBH5IE.
ZIUE. BRED —DEL T, 2kOHTHYVRENS |, #5358, racs >0t 2701%,
buys = 101wz, B FORERIZIY, O RILLET .

s = SHARES : frac; < buy;

LL. HB s T Fac i3 )L PuThdiebiE. PU¥siz 0 IokEAFUIEST. LES-T,
buys 31 LVSEIZANET . WIS T, DL, DU 0 THBED, 25558, fracsy, 0 Thy,
Bl 1ZBR—F 7 VAT oD A NSO NN LR ERLET, 22T 2RHDHIFHKIZAD.
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buys 33 1 LUOSERED. 2. Tracs i3y 0 LVSilia RS i Rt gLy eIiciEL TR
W, Ll 2O —ZTiE. ZIUIMERDER A, 20 ER0IE, T, PUYsH3 1 LS EEERDY,
0, Fracsis 0 LVSiilizloTh, SOOI DOZERA 0 THIDEFRIUE AR OHHTT,

16.2.1 =Ny 7 RIzLBERH

B TRISNTEZET ME, ROISBRT =7 MIEBRTEET . BiFHD LP ET VDO~ 7 RIT
B, 2O w7 R, BELYs DI=DDFHLNIF LR 10 FEMEN, —DDEAT DL
ZREOOIT BT HIFIAL 10 ABIMENTHNET, 22T ZWHDHIFIROERE &L TRT
DIEBE T REBSOIENTRDINTEIBENTNBIEITEZDITTREN,
<7 2RO _EAESCTIE, Z2TH, fitd] Towidxlppg matvalm A JDNEFE L.
REID 3 DDLU, MDD, A XV 7 IETTIENTHET,

Table 16.1: MIP matrix

012 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18
3,78

Y
[{=]
o

T

. RHS

Risk o 171 1" 171 < 13

MinNA 7 771" 1% 1" > 0.5

Alfrac 2 7' 17 17 1717 17 17 7 = 1

Maxnum 3 129 13'\ 133 135 137 139 141 143 145 147 S 4

Linking 4 1° 1" < 0
5 1 Sk < 0
6 1" -1 < 0
7 14 _ 36 S 0
8 1° 1% < 0
9 7' % < 0
10 20 _142 < 0
1 17 T < 0
12 1 1% < 0
13 1% 4% < o0
T

rowidx matval
colbeg 0 3 7 11 15 17 19 21 23 26 29 31 33 35 37 39 41 43 45 47 49

16.2.2 Xpress-Optimizer TEATT 3

LP BREEIEL TWD~ Ry 7 2R EE BT DM & 7217 Tl MIP REREA L 372805,
MIP ZBEDEAT (ZZ TR, TRXRT, A FIEBTHLILZRT B @ Bv—rIhT0ET) %
R niptypes, &=, fH TP CO LS ERT ALY TS ATIRE T DA EHHIET
W IRIZHDNDHNDZAT DEERRINREEBUL. BEEE. Th0Db, Gabhiz FIRE ERRORED
BHDALERMBIED TELERTT . ZNODEATDERIL. " L itk TE#RENET, )
DI ayTHHATS MIP2 EFT AT, b9 — DO ERL T7R8D5, Pl i
(semi- continuousvariable) DF% HET,
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#include <stdio.h>
#include <stdlib.h>
#include "xprs.h"

int main(int argc, char xxargv)
{

XPRSprob prob;

int s, status;

double objval, *so0l;

/+ Problem parameters =/

int ncol = 20;
int nrow = 14;
int nmip = 10;

/+ Row data +/
Char rowtype[J: { ILI’IGI’IEIFILI,ILI’ILI’ILI’ILI’ILf,fLI’ILI’ILI,ILI,ILI};
double rhs[] = {1.0/3,0.5, 1, 4, 0, 0, O, 0, 0, 0, 0, 0, 0, 0};

/+ Column data »*/

double obj[]l= { 5, 17, 2¢, 12, 8, 9, 71, &, 31, 21,0,0,0,0,0,0,0,0,0,0};

double 1b(] = { 0, 0, 0, 0, @, 0, 0, 0O, 0, 0,0,0,0,0,0,0,0,0,0,0};

double ub[] = {0.3,0.3,0.3,0.3,0.3,0,3,0.3,0.3,0.3,0.3,1,1,1,1,1,1,1,1,1,1};

/+ Matrix coefficient data «/

int colbeg[] = {0,3,7,11,15,17,19,21,23,26,29,31,33,35,37,39,41,43,45,47,49};

int rowidx[] = {1,2,4,0,1,2,5,0,1,2,6,0,1,2,7,2,8,2,9,2,10,2,11,0,2,12,0,%2,
13,3,4,3,5,3,6,3,7,3,8,3,9,3,10,3,11,3,12,3,13};

double matvalf(] = {1,1,1,1,1,1,1,1,1,1,1,1,1,21,21,1,1,1,1,1,1,1,1,1,1,1,1,1,

1! 11_11 lf_llll_ll 1!_11 1f_lf l!_ll 1!_11 1f_lf lf_ll 1! _1};

/* MIP problem data =/
Char miptype[] - {IBI,IBI,IBI’IBI’IBI’IBI,IBI’IBIrIBI(IBI};
int mipcoll] = { 10, 11, 12, 13, 14, 15, 16, 17, 18, 19};

¥PESinit (NULL) ; /+ Initialize Xpress—Cptimizer «/
¥PRScreateprobi&praob) ; /+ Create a new problem =/

/* Load the problem matrix =/
XPRSloadglobal (prob, "FolioMIP1", ncol, nrow, rowtype, rhs, NULL,
obij, colbeg, NULL, rowidx, matwval, 1b, ub,
nmip, 0, miptype, mipcel, NULL, NULL, NULL, WULL, WNULL);

APRSchgobjsense(prob, XPRS_OBJ_MAXIMIZE) ; /% Set sense Lo maximization =/
¥PRSmipoptimize(prob, ""i; /* Solve the problem +/

APRSgetintattrib (prob, XPRS_MIPSTATUS, &status); /% Cet MIP sol. status «/

if((status == XPRS _MIP_OPTIMAL) || (status == XPRS_MIP_SOLUTION))

{
¥PRSgetdblattrib (prob, XPRS MIPOBJVAL, &objval)lj; /+ Get objective value «/
printf({"Total return: %g\n", objval);

zol = (double *)mallocincol+sizect (double)) ;

XPRSgetmipszol (prob, sol, WULL); /% Get primal solution =/
for(s=0;s<ncol/Z;s++)

printf({"sd: %g%% (%g)\n", s, s0l[s]1+100, sol[ncol/2+s5]);
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XPRSdestroyprob (prob) ; /+ Delete the problem +/
XPRSfree(); /+ Terminate Xpress +/

return 0;

b

Xpress-Optimizer [ZRHZT—R B/, ZZ TR KFRSLloadglobalafingd, Zn77
VLA OBAIO 14 OF—Fa A NE, KERSL0adlpizontobndFU T, 19 HHO
T—=F 2 XA RDFENHIZONTUE, ROEIZ T ar Tkl 9 D 4 DOT —F 2 AL NE.
SOS (Special Ordered Set)DEFIZEALIZDDTT, 16 ZHDOT —F 2 XM 0 1%, 22 TH
RIEIZIX, SOS BN RLTWET, 207l F AR, REEZO—R3 37007707
av AT T, BEREDISNITHRE., iz, a—Tal DT 7B RZONWTD T 7o 7 avdb,
A IS BT TO0ET, 22T 20 MIP %, g R ERRICIRE TS
(FELRAE XFROmipoptimizeq 2 FHDT—FaALh" " & T 74 TMIP 713V
ALEMHTEIEZERLET ) IRWT. MIP Y a—ab DRT—XZZHOHL. HL. 8%
FATRIREMREDS LD > TWEZRBIE, ROIDN T ieb W B H MBI DL, xhitn 3 54
BOMz 7V NTINET . 2070l 7 L1 HZ82ID, L FDYVa—ar TuhT vk
PEREINE T, IARDVEA— &, BIENHifI D7, Hebld LP BEOEIDBIER -
TWVET, ROLNTIINT, R—F7 VAL, 4 DD ERBHW TSN THET,
Total return: 13.1
20% (1)

0% (0)
: 30% (1)

VOO0 ] s L DN D
[a]
[an]
i
=

16.3 MIP2: BEERDREBERDOFHZANDS

2HFHDOMIP BTN E LT BH720IT, ZTT, BN, 55 2 85, BIK, § 15780 LP T A5
IhET  ERIELEVHLOEIRIRE. THL. HEEMHBR—T7 +VF O AR TN D725
1. Dked, ZOBIOEA SEDEE AT 5D S B AD P 10WZLZ
LVIZETT, I, BYMER fracs 03X Tk., BT, 0 & 0.3 ORDOMEE B LNTHIFIT
RO, Zhb% 0.1 & 0.3 DRIOEHEZ TS . F0E. 0 EVHEEIRBINTHIFILET . 2D
BAT DRI i 25 % (semi-continuous variable)2FRENET . FILWETILTIE, fracs D
NGV R%, UL FORBIRIZE-> TEERIET,
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s € SHARES : frac; =00r 0.1 < frac, < 0.3

16.3.1 =Ny 7RITLBEHE
O, BiFED LP FMEEFRC~N I 2% /HoTNAD T, 22T 0RLER A, ME—D
EHUNZ, MIP IZBfR BT LDT—X T,

16.3.2 Xpress-Optimizer TEFTTS

Fo7uysatolionips. ciziy MIP2 £7)U Optimizer IZo—RENET, AiEio LP [
JAEFRIC NI AT =2 TEH, 5 BRI R EBTTPoAA T ~—h— "5 &)
TEFRSINTVET, Xpress-Optimizer &, 7 7ANNT, HfIAIRERARE 1 LRELET DT, B
Bl scrlim Tl 0.1 Z2HELET . ZHUTBIEL T, BlFl = o LimDhDEIEGE 2R, P
RBAEAE, DL BHED 0 TRORSIE, BF Leoho i T L#EEhBZLIziEmL TREEW,
ZDEI A A BIIMIZLHVET A, ZD—1%. OB Tfihdr izt i i B 54
(semi-continuous integer variable) T, ZOXA 7 DEENZ., 0 LVHEZHLSD, HG-AHNT- RS
LIROBDEEMEDAEMBELTT ('R Te—r3hB), k. o8 (partial integer
variableix. FER»D. HB 525N EREFTERAEZ T, ZOMED) LT, dilucins s
Koy (P oe—rEng),

#include <stdio.h>

#include <stdlib.h>
#include "xprs.h"

int main(int argc, char #+argv)
{

APRSprob probr

int s, status;

double objval, +so0l;

/% Problem parameters =/

int ncol = 10;
int nrow = 3;
int nmip = 10;

/+ Row data «/

char rowtypel] { TLY,TGY L, PE )

double rhs[] {1.0/3,0.5, 1};

/% Column data */

double obi[] = { 5, 17, 26, 12, &, 9, 7, &, 31, 21};
double 1b([(] = { 0, G, O, G, 0, ©, 0, Q, 0, 0Q};
double ub([] = {0.3,0.3,0.3,0.3,0.3,0.3,0.,3,0.3,0.3,0.3};

/% Matrix coefficient data «/

int colbeqgl] - {0, 2, 5, g, 11,12,13,14,15, 17, 19};
int rowidxz[] = {1,2,0,1,2,0,1,2,0,1,2, 2, 2, 2, 2, 0,2, 0,2};
double matval[] = {1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,1, 1,1%;

119
MSI #2141 Copy right©2015 All rights reserved



/+ MIP prcoblem data +/

char mlptype[] — {ISI,ISI,ISI,ISI,ISI,ISI’ISI,ISI,ISI,ISI};
int mipcoll[] ={ 0, 1, 2, 3, 4, 5, &, 7T, 8, 9};

double sclim(] = {(0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1};

HXPESinit (NULL) ; f+ Initialize ¥press—-Optimizer «/
XPRScreateprob (&prob) ; /% Create a new problem «/

/+ Load the problem matrix +/
XPRESloadglobal (prob, "FolioSC", ncol, nrow, rowtype, rhs, NULL,
obj, colbeg, NWULL, rowidx, matval, 1lb, ub,
nmip, 0, miptype, mipceol, sclim, NULL, NULL, NULL, NULL);

XPRSchgobisensea(prob, XPRS_OBJ_MAXIMIZE) ; /+ Set sense to maximization +/
¥PRSmipoptimize(prob, ""); /% Solve the problem #/

¥PRSgetintattrib(prob, XPRS_MIPSTATUS, &status); /+ Get MIP sol. status +/
if{({status == XPRS_MIP_ OPTIMAL) || (status == HXPRS_MIP_ SOLUTION))
{XPRSgetdblattrib(prob, ¥PRS_MIPOBJIVAL, &obijval); /+ Get objective wvalue «/
printf{"Total return: %g\n", objval);

z0l = {double +imalloc(ncol+sizecf (double)) ;

¥PRSgetmipsol (prob, sol, NULL); S Get primal solution «+/
for({s=0;s<ncol;s++) printfi"sd: %g%%\n", s, s0l[s]+100);

¥PRSdestroyprob(prob) ; /% Delete the problem #/
HXPRSfree () /+ Terminate Xpress #/

return 0;

D77 T L FlTT DL, FidDIR T UM Nt Ed.

Total return: 14,0333

0: 30%

1: 0%

2: 20%

3: 0%

4: 10%

5: 26.6667%
6: 0%

T 0%

8: 13.3333%
9: 0%

L, R—=R7AVFIZ 5 DO EIEN ., £l D, Sl EHDD7ED 10%, K TD
30%% HHOTHET, HlIREBILIZDT, Kki# MIP Ya—TaDfEiix. ZO%ED. JtD
LP MDD XDMELIRoTNET
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817 B —REHEE
ZOFETIE, 15 32D LP 7 0% Kl (Quadratic Programming) DET /MZL. Fadd i
TOWTCHBHL £

QP EF NNy A RITEHT S
Xpress-Optimizer iZ QP [z A S1L. [ REZf#L

17.1 FIREDHBA

ZOHBERIL, bok, BIDAEPD, ZOR—I7 VA RIRMEE BEZLLTEXET, 37205,
TRVE—U iR KA NAYRT DGR 72 IR T 2D TERL, HBALRNDVE— 1 %R
LR35, YR &l /MET BZETT . ZORE R, AR EEO PRVAZ— 055/ o=
Uo7 ZDHEEEEFFD. &) Markowitz DT AT 7 2 BIEBS>TNET , TOLEE, 9 ENIHIR(K
HEERIRIDZR B2 L2 AT HRIZL D, ria i/ME T 212, BEERIE. LD L7 P g & £
M3 3_ETLIID

17.2 QP
5 2 mTHERLEET VR, DLW EIE»D DL, FilDE 21 TOBERHIET .

FLOHMBIENE, VE—2 D EFTIERL, 47k (meanvariance) 725
VAR T BifilFI A THA D
HEFRIRIDEOSFHLWGFIRZ BN 5

LOHMBIELL. TRl TRSNAR—F7+VF DV 55T,

Z VAR, - frac, - frac;

s,teSHARES

TZT. VARst 1, TRTOEMD I/ I~y 7 2T, ZHud, “IROBEMBIETT
HEBE BT, ARENEERK. FlziE, o L ZO0ERBIMIFEDbENS. filxiE.
fraci - fraca D5 HHE. 2O AR — kO HB I THEESbIET,
HERAROHFIRIZ. FidddocihEd,

Z RET. - frac; = 9
scSHARES

ACKBERANDEEDRRE, TARTOEBERETHIE, BLOY., ZEH~OEED ERRIZ. 20
EFNTHLHEHEINE T, LEAST, ZOETADECHIITET IMILL FOXHNTRNET,
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minimize Z VAR - frac; - fracs
5, tcSHARES

Z fracc > 0.5

scNA
Z frac, =1
SCSHARES

> RET,-frac, > 9
SCSHARES
Vs © SHARES : 0 < frac, < 0.3

17.3 =My 7 ZER
Xpress-Optimizer ~FEZ A J13 572012, BAMIZRBINTHBET A Z L FOHIFIRAT
FNTA L ET, (Table 17.1)

Table 17.1: QP matrix

fracy fracy, fracy fracy fracs fracg fracy; fracg frace fracy,

0 1 2 3 4 5 6 7 8 9  Oper. RHS
0 7 7

MinNA 0 17 1 > 05
Allfrac 1 /AN NS KA L L LA I IR R L
Yield 2 5 177 260 12" 8% 9" 77 6" 3" 2177 > 9
) T
rowidx matval
colbeg 0 3 6 9 12 14 16 18 20 22 24

AL R, <Y ZERED A& A, fl T owidx Lfighl] mat val Aoz NOIEE
ZaRUs D 3 DD IR, T DDA ZIy 7R TTI RSN TVE T, ZRIEAD
HABIE DR B, BL RO/ I BATHITE AN TWEY (Table 17.2)

17.4 Xpress—Optimizer TEITTS

U RoFarsateliodr. cizky, QP RfEIZ Xpress-Optimizer [co—R&h, ZLT, figh>
nEd . HWBEEO “KIEDEIEI=ABOER, bbb, AV FADIrik/ i<ty s
(% T 7D Table 7.1 53/ dLork~No 7 225 1) D LR, =1, FEO=AEDEHD
P THESNRTF TR NI EITHERL T RSV, ZTTORERME TR, 7ik/ Ly #~tys
AD_EEOZ RN TOETH, T, 4 frace - fraca + 4 - fraca - fracz DRDOYIT,
oD AR $abb, 8 frace - fracs 25452 %EKL TWE T, Optimizer DA
T IYNTOWTORIRIUTED, Fxtfaft O 2 52T 20ERHVET . < 7 ZREE
[ Bk, Optimizer IZV&/ > BREE RO “RIEOABRESNET (ZIUTID. BHEZETIE.
TOXIRAR—RERNET)QP IR, BIsXPRS loadapiz gy, Optimizer IZo—R&hEd,
D777 vavid. BBED R DTHD 4 DOBIMIIRT —Fa A Mk AITRi-
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TOETH, ThEME, BIBXPRS Loadlp LT —F a A MekioTnET . ZThbid, =
REOBE RS nat, FRTOZRIEF(ACOLL 2asoll) OEBOHTLOK. BLO, Zh

BOBRBIVALTT RBAMR keI (MIQP) MiEZT—RT B840, BIk

XPRS Loadqglobal s nmEndEd. ZoBEu, B FPRS1oadap L7 —Fax
UMERVET B, ZNHDOT —F2 X NTIA. HfEE TR LERS Loadglobal 2imL i
AUtz MIP BIEORIFD 9 DOT —F 2 AL MMISBESBIET . BIOBILIEFHT, 4.
H BB R/ MELE9. 22T, R RE, YWa—ta e 77223 20i0. LP BEog)
HEHUT 7Y 7 ay %o TOBZEICEEEL T RV, $7=. MIQP REAME XTI, 45 16 2%
TRULEMIP DV a—Tay <7707 av i nmrdhoEd,

Table 17.2: Variance/covariance matrix

frac, fracy fraca fracy fracs fracg frac; fracg frace fracy
0 1 2 3 4 5 6 7 8 9
fracy 0 0.1
fracy 1 19 -2 4 1 1 1 0.5 10 5
fracs 2 -2 28 1 2 1 1 -2 -1
fracy 3 4 1 22 1 2 3 4
fracs 4 1 2 4 -1.5 -2 -1 1 1
fracg 5 1 1 1 -1.5 3.5 2 0.5 1 1.5
fracy 6 1 1 2 -2 2 5 0.5 1 2.5
fracg 7 0.5 -1 0.5 0.5 1 0.5 0.5
fracq 8 10 -2 3 1 1 1 0.5 25 8
fracqo 9 5 -1 1 1.5 2.5 0.5 8 16
#include <stdio.h>
#include <stdlib.h>
#include "xzprs.h"
int main({int argc, char ++argv)
{
XPRSprob prob;
int s, status;
double obijval, =#*s0l;
/* Problem parameters =/
int ncol = 10;
int nrow = 3;
int ngt = 43;
/+ Row data «/
char rowtypel] = {'G','E', "G };
doukle rhs(] = {0.5, 1, 917
/+ Column data +/
double obi(] = { 0, 0O, 0, 0, 0, 0O, 0, 0, 0, 0};
double 1b[] { o, o0, 0, 0, 0O, O, 0, 0O, 0, 0};
double ub[] = {0.3,0.3,0.3,0.3,0.3,0.3,0.3,0.3,0.3,0.3};
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[+ Matrix coefficient data */

int colbegl] = {0, 3, G, 9, 12, 14, 1¢, 18, 20, 22, 24} ;
int rowidx[] = {0,1,2,0,1, 2,0,1, 2,0,1, 2,1,2,1,2,1,2,1,2,1, 2,1,2%};
double matvall] = {1,1,5,1,1,17,1,1,2¢6,1,1,12,1,8,1,9%,1,7,1,6,1,31,1,21};
/+ QP problem data =/
int gcolll[] = {0,
1,1,1,1,1,1,1,1,1,
202,2,2,2, 2,2,
3, 3.3, 3,3,
4,4,4,4,4,4,
5,5,5,5,5,
6,6,6,8,
7.7, 7,
2,8,
9)s
int gcolZl[] = {0,
1,2,3,4,5,60,7,8,9,
2,3,4,5,6, 8,9,
3, 5,6, 8,9,
4,5,6,7,8,9,
5,6,7,8,9,
6,7,8,9,
7,8,9,
3,9,
9};
double gval[] = {0.1,
19,-2, 4,1, 1, 1,0.5, 10, &,
28, 1,2, 1, 1, -2, -1,
22, 1, 2, 3, 4,
4,-1.5,-2, -1, 1, 1,
3.5, 2,0.5, 1,1.5,
5,0.5, 1,2.5,
1,0.5,0.5,
25, 8,
16};
for(s=0;s<ngt;s++) gvalls]+=2;
¥PRSinit (NULL) ; /+ Initialize ¥press-Optimizer =/
XPRScreateprob (&prob) ; /+ Create a new problem =*/

/+ Load the problem matrix +/
XPRESloadgp(prob, "FolioQP", ncol, nrow, rowtype, rhs, NULL,
obj, colbeg, NULL, rowldx, matval, 1lb, ub,
ngt, qooll, qoolz, gval);

XPESchgobijsense(prob, XFRS_OBJ_MINIMIZE) ; /+ Set sense to maximization +/
XPRS1lpoptimize (prob, ""); f+ Solve the problem +/

XPRSgetintattrib(prob, XPES_LPSTATUS, &status); /+ GCet solution status «/

if{status == XPRS_LP_OPTIMAL)

{

¥PRSgetdblattrib(preob, ¥PRS_LPOBJIVAL, &obijval); /+ Get cbjective wvalue =/
printf("Minimum variance: %g\n", objval);
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s0l = (double *)malloc(ncolvsizeof (double)) ;
¥PRSgetlpsol(prob, sol, NULL, NULL, NULL); /+ Get primal solution +/
for(s=0;s<ncol;s++) printf("sd: %g%%\n", s, solls]+100);

1

¥PRSdestroyprob{prob) ; /+ Delete the problem */
APRSfree(); /+ Termlnate Xpress =*/

return O

1

Minimum wvariance: 0,5573%4
30%

7.15401%
7.38237%
5.46362%
12.6561%
5.91283%
0.332491%
29.5979%
1.0997%
6.9703%e-06%

WO0D ] vt s LY D
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Appendix A ELIZEHRZEDAITIE

A.l Xpress DAV AN —Vay, A8V VT NIV a—T4v T

[Xpress DA > A= J51k 2B BatfiE S, Y 7hy =7 O RERE. 43, fHEL T
9, Ffz. Xpress website D7 T AT YT 55, [Licensing User Guide J3XY L a—RTHITE
T o T4V AF—DI 2 Z T/ LOBE I Xpress H AR 7C MSI(BR) Xpress I ETH
RI&E<FEE  xpress@msi-jp.cm
H— VTN T DAYV A= NRTA &V ZADF%E TRIBB R AL AL, PR P

VN xpress@msi-jp.com

A2 a—H—HAR, BR~=aT . ZOMDOEEH
<Xpress FH A A& MSI 0 WEB 4Tl Xpress [ZBH S BT A~ —/ S — R8RS B ¥k
<= a7 VB TBVET, BIE, BRALTIZSV>
*Xpress HAHLRG G MSI WEB $- A http://www.msi-jp.com/xpress/
«Xpress Z ¢TI DS~ http://www.msi-jp.com/xpress/biginners.html
(Xpress £ a—R, v =a7 ), BlEFEERLI=_—TTT,)
%2 E R Chttp://www.msi-jp.com/xpress/learning/square/
(Xpress “FENTBE 3 DRk 2 IR BRI 2 8L 7o X—2T9 . )

A21 EFNMER
*Xpress ZfFALTcRR 2727 7V —3 a [WIRE(60 Bl ) I2BE 358 AL SIS T
¥9, Bk ZIEHIKIEEV  https://www.msi-jp.com/xpress/download/xpress60.html

A.2.2 Mosel

- Mosel Of 5 ¥EIZBA 3 BaEME HIZ. [Mosel User Guide |2 ZHERAIZSUY,

http://www.msi-jp.com/xpress/learning/square/mosel jp.pdf

Mosel 5 ZEIZRJ DiEAIE B & Mosel libraries Reference Manual |12 Z <72 E0,

: http//www.msi-jp.com/xpress/learning/square/Xpress-Mosel-Libraries.pdf
FElD~=a27MZi% Mosel Distribution (mmxps, mmodbe, mmive 7Z2&)DEY 2—MTLKD
EHREINTETA—F—LEENTVET, Mosel Compiler & Mosel Run-time libraries {%. ”
Mosel Libraries Reference Manual IZ X FE{bENTWET,

A.2.3 BCL
- BCL DR Ee, CIA T TV « 777 ay, Cr7 7 AT 5B ®RIT
[BCL Reference Manual] % Z#ER< 72 &0y,
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mailto:xpress@msi-jp.cm
mailto:xpress@msi-jp.com
http://www.msi-jp.com/xpress/learning/square/mosel_jp.pdf
http://www.msi-jp.com/xpress/learning/square/Xpress-Mosel-Libraries.pdf

: https!//www.msi-jp.com/xpress/learning/square/bel_jp.pdf

A.2.4 Optimizer

« Xpress Optimizer IZBH 9 2345 #ilZ Optimizer Reference Manual |2 Z g8 E W,
Optimizer DFEREZHEFL TWEF ., F7/= Xpress Optimizer THALZN TWBRIESL, 2> bo—
NRTA— R HEERL T2 AR ERL ThET,

-http://www.msi-jp.com/xpress/learning/square/optimizer jp.pdf

A25 FDHDINN—BIUIRE:
W H AR Xpress Getting started | THIAL TRV VWILNS—RAB I BT B35 30X, Xpress
H ABdis 7 MSI(BR) Xpress F2ERD WEB YA M ZHEZEIES U,

-http://www.msi-jp.com/xpress/

*Successive Linear programming(SLP)iZIEHRIE 7 i ] % @il fi< J514: T3 Xpress—SLP
NN—Z Mosel ¥ a— )L, mmxslp FEITA 7SV REL TSN TVET, SLP YL "—D
FEREIZ B3 23EHS N Xpress-SLP Reference Manual |2 Z g Z8<7E &
-http://www.msi-jp.com/xpress/learning/square/slpref.pdf

«Stochastic Programming(SP)lZZLDGAERLERY 7T I DT IV r—ar T —Rz RN
%9 Xpress-SP Y 7h7 L7 Mosel, mmsp JEA TR TE SP [z RBI 5120 FUF >
Y—2L THOTEAAHETT . SP YIZN 7 Ol F LI Xpress—SP Reference Manual |'T
fEFLTWET, (Xpress—SP Reference manual i% Xpress D% 79 AMZdH5 Mosel open surce
PO a—RLZRIHEES . )

+Constraint Programming(CP)IZREZ T 7 0—FD 1 DTEITART ¥ 2—)UAERKINIE. G
M CTURL JE4 3 DR A BUZ B 4 DIERE IR 2 i ODITEL TWE T . Xpress-Kail v
M7 71 Artelys Kails Constraint Y AA/N—[F DA L Z—T7 2— A THED AT ¥ a— I E K
R, FHE R EDR SR ET MENY 7P =7l TEHRSILTHY, Mosel P a2—)L, Kails
R THIRMAEINTWES, FHHllE Xpress-Kails Reference Maunal 33X&0% Xpress-Kails User
Guide ZZHERRLIZS W,
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https://www.msi-jp.com/xpress/learning/square/bcl_jp.pdf
http://www.msi-jp.com/xpress/learning/square/optimizer_jp.pdf
http://www.msi-jp.com/xpress/
http://www.msi-jp.com/xpress/learning/square/slpref.pdf

Appendix B Zayyy—

*Basis (F)E):3 VT Ly R TAIYRAALT LP BIEZMEE, HEE, frG0YVa—ar
WT, EOEEERKIRDT 7T A7 PITONTORELRRE e G AT LI T, FEz i
TWDHDRERT, ZORELTDYVa—al « TIVIYR LDREZ FIRZ2 > TE—7L. Wi,
ZDIEZEN, Y a—Tal s TNITYR ANITHEZ B —7 LIz R il TR R Z It/ e
DIZOITHHITEET

*Binary model file (BIM Z7A)V):Mosel 25FIH RS RTDTFYNT +— L TRIBTIIZAH
ZBR—ZT NI .mos BT NI TANDIAL 73 )V "—TVay, ZIUTIE IBDT7 7 A VDt E
NieT =BG HhER . TNHDT—XX, BHHDOT7 7A NP ARAL A ERDHIET . 2975
ZEIZED, WU BIM 77 A V%, BiedT —Z YR TRITTAIENTERINTAD, HFITY,

*Bound( NUUR) : E—DERIZOWTOZER, F0E. AERANHIR, Mosel 7213 BCLZ@EU
T Xpress-Optimizer ZfioLE, NyUREMSL, MEHZHO—RF 5284 N UVREETE T
3 g

*Branch-and-Bound ( yBzRRELR) :MIP MEDEZGSJ5IET, LP THAT ] Re sz i
LoD, BEBAVR A BOLEAT A REFIENOfEZ AN BT 5TEDoT0D, —fkiT, 3XTD
J—R% LP [ D#% 73 Branch-and-Bound YV—LWSIBETRENE T, HD/—REKRD/
—F& BlD/—RDNT R HUIDHIRIRZ B INLIZOL TREDOWTNE S . ZOXS570H%
BID HETE. FEPHANTNSONGE TS, I Ea—ZTOT —ZNBRZ R EINTREL
DT, HIT, optimal 78 MIP fi#2f+IoE§ HTLFBIEIITIIHIEE A,

*Branch-and-Cut( 7> F+ 7R+ vh) :Branch- and-Bound IZ{8l7= MIP RIEEDIEZEDT
NIVA L, ZOT NVIYZALTIE, —F < DU—DH T, VOPD/—R, £, $XTH/—R
T, LP BEMOZEM 2L T, ZT0HEDY—F 21 1hRnIoicLEd,

*Builder Component Library (BCL) :7ul'53 7 SiEOH T, BT )N%, U, BT 570
DETNENLZ—FA7FY, BCL 1I2X). 2—Hix, HDETVL 7 SEEOZENEFRR (5.
IR AT RBINDEIR)F TV /N lioT, ETNEEAMETHTENTEET,

«Constraint (HIHIR) : LB OBIDOBR. HIFIRDZA7120E, SR GEFE AL Mosel TlE=.
BCL. C++TlZ==). & (Jai % 1% Mosel, BCL, C++TlZ. > =&< =), BX,
Integrality conditions 23®HNEF . NTURIL. HFR. Fd. AEROFHFIRORRN 2 — AT
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R

«Cut( Avh) B4 validinequality, HHWBIEFT v BEME Tl ki SIVRIFIUTRDZ2UNAS, ek
IROYBYPDOFREZ R T DIZIZAE TR MIP RIREIZE IS NSHF, Cut 1%, LP #Efnz
# LKL T, LP R Ff7 vl hEmEEZE MIP fifAR—ZD convex hull IZEHTET,

*Variable( Z8%) :VVUa—3 3l « 7TV R ATINEZ SN YL THND KRB FEARIRZIE B X
A7V HREAE (50 N BLO, _LROBIDEGEIZREAA L OEZHLS) . FIZED, BlioT
WA o BEBIIR B BEA 1T, SAFVZ R (indicator variable ELPFEHENS, ZDOZEENL. fif
0. Fid. 6 1 DAZID), BEEEE (Fr G- ORPHDDOTELMD A2 IRD) | I 488 (il
0 722, 50 NRE ERROFEPHO MR EZIRS) | BB B (i 0 2, Fr5-0 MRS
RROFEPHORERMEZHRD )+ 58 7 BB B (Fr 50 N RE ERROFEPH TR B 20D, R
Z iz D&M AL BETRD) PHVET

*Declaration( 777V —al ) F 7Tz DT ITL—a NI, EDT A —LEEATZE
SLET. B, ZONBDEFTIKATLET . Mosel T, IR XA TEV=TDHIKIRDT /1L
—3aUNIF T T ar TR, BEE, WOLE SSNRITFIIRVER A YT N—F 1T, TV
WTHDONDROIE, ENODEFRDETTE SIS TWRITIUIRDER A,

*Dynamicset, dynamicarray( Bjftzob, BIRIEIH]) : Mosel Tik. 3 A XD DO WIGATX.
BYREEFIE, TRT ZAAFIvT -F TV el TERINE T 2TWHDF 7T = I/NE. £
HIZHI Y THONTENRIZEZS>TEINTRELRY, . BYyNINSKGRDET . HivtyN.
FHIIZ T BZEDTEET (finalize) . 299 BZEITED. TNHDBYNZINVA L T vo 2B AHEN,
finalize L7fRITE S ENEA OB HEINTRDET , SHICH BRI LIE, ZhUZdD, $L
BORBEIROIE, BRHITERW ‘out of range’ TF7—7% Mosel RF =7 TEAINTHRNET,
A=A (B EDIRN) T — 2T =T MIFIRELFNCE DN DERETTH, HEORWT—7
M., BRI BE SN 2 T21E5D5, K0T,

*Heuristic( Ba—YRF4>7): FEDEB [ REfRE ROIF D720 T NVIVR A, Ba—YRT 1>

ZIZEo TR, RDILHLDORAZARFEETE DT NE, i, optimality [ZDWTIL, ZRADMREED
HVEE A,

*Index set (A TY7R+EYN YN BANTA L T V7 R T BlzdIfibNET . L5
AT 97 A HHTEITED, Mosel X BCLITIWAEMK SN DT IR YhOBYRBRBITISNET .

«Interactive Visual Environment(IVE) : Mosel D7=8DBHZEERE: T\ fIZHNANAS Y — L2 H;
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STWEF D, ZIUTID, FHZ, a—2 3 RO T T TATINIET AR T LA DMER T,

*Linear Programming (LP) problem ( #tjE& EikRIRE) : 3 X TOHIFIN, BLK, HY
BSOS, 258D — R A TRESNDEEG LM, 22T, 28803, 3T, i 8, 374k
bbb, GBEH). IFROEHERVET, ILHHNTOWAMET, 22 TE. R T VIVR L
(Simplex 7. PR OTFLED, KFIHNTVET,

sLoop( M—7):—T1&. fIELEVIRZ T HWEDHLEMEE T N—TILLE T, DR LI, A
VT ADT RTOM., F0E, T Z—(Mosel @ forall) | F721Z, HDKFE DS
SINTNBPEIDPIZEHT (Mosel d while, repeat until) fFHiIET,

*LP relaxation (LP #&f0):LP #ZfinZ. MIP [{E T, 2RO &2 ED I LIzLo
THELNET,

*Mathematical Programming problem ( ¥(HEFIMSIRE) : —fDLE TNHDERBZEMALD
VAR, B Kb, F20%. H/IMEE B BB RO SR,

*Matrix( <hY»ZR) : —RKHFIFI PSR DEELF HERED~ N7 ZERT, ZOT—7 VT,
column 234K, row AHFKIAZ KT INTHERENET . ZOT =7 VDTN =, HlFIRDZE
BOBRETHY, @i ZA3—ZA(KED)RT7 A=<y TEALNTEY, /o BudfRIZ» A
hEnEd.

*Mixed Integer Programming (MIP) problem( JB&%#s¥s1miz: (MIP) RRE) :H1H9E LP &FH
CEoiT, il HAYBEEAS — kT AN, 280, BERUZR., SULA, HkehRR A 2R
TEPTEOBEMGBIENE, ZOZA7 DOREZ#IZIZ. LP £:k& Branch-and-Bound ( /5%
WRE ) DT 7 =72k OMNF I2bDENET

«Modeling language( BTV EE): (Mosel SEEREDIOHE) B SET, 22—V —I1%.
BRGHm EZ2 BAR RZBUSGEVE R Tl 332 R TEE 9, ZL T, BEIIT L=
FeF ARG RLET,

*Model( BT M) IEZBAINCEKBILT2bD, F72, Mosel X BCL REDETVL 7Y —LTD
AL TIA T =2 ar @R T DI EDN LT,

*Module( &> 2—/): Dynamic shared object (DSO) LRI ET . Mosel Native
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Interface IZEDBIESNTWBNIRFEE TS, CTuy TV 7 FiBlcE->THEL L dynamic
library, £V a—MZE-> T, 2—HF—id. (FIZIX. BEEAHOT — 2% 7720, ARy
NN—=a— 3y« TIVAYRLEDE:RRE R THIILT) HLn 7 4 —F % —% iz, Mosel
SRAEILRTEE T, FICO tHizk>TIRMEEN TWBEY 2—MZiZ. Xpress-Optimizer (LP
MIP, QP) R Xpress-SLP ~D7 7t R, (BlzIX, ODBC #&HD) T —& N RV THERE, &
AT LT 7T A NDT T2 RREBRHNET ,

*Mosel( BE—EN) :EFTV 7 ETuTFIL T 55ETHD Mosel Silis Mosel EFNET 7VF7r—
Ta DAtz D Mosel A7 7Y, BE, EDa2—NEVHIETHERIZ Mosel SiE&RI<
Mosel XA T AT AV A7 2—RPHI8 > TNBET MEREY VE L T Bl

*Mosel Native Interface(NI) FT—EN R T AT AV X7 —R EFTDORINZ. Mosel EF /L~
DT VB RELTABINTT BT N—F L FAT7FY, Efe, Mosel £Y a2a—UZIDFHNBEREN)
WHLERLET . NI 1I2ID, 22— =1, HrLVBREEIZE ST Mosel SRB&HkiETAZENTEE
9,

*Newton-Barrier algorithm( =a—k e /NY7 e TN TV L) : NAET LTYRLELRINF
T, LP e QP BIED=DD ) a—ay « TIVIAVALT, F17 BN DB S 505, F
Il REEI Y hOB R AL 724, BRIz HET T R IB T VTR A,

*Non-linear Programming (NLP) problem( JE#RIE# Mk (NLP) FRE) JERVERHIRIR. £
7. BRI R D BEE i E, LIXUIE, K0 (a—AL 377 4= D) R D7l Ba
—VRT A7, IROUE, EEBH IS E T . Xpress-MP IZXDERIEESND, ZDEAT DI
ZfiR<Ji &, Successive LinearProgramming (SLP) T3,

*Objective function( HHAIJEEEL) : AR OHM E&H TERIINDR/IME. 3. IRKILSTBEG
(ZD==aT7 AT, — R BEI, ZRKRDOBXZFHTOWT, BASNTHET),

*Optimization ( Hi#{k) : G- A oM HRBIBDMWZ i/ ML T D2, £zl i RAL T DRED
FAT I REMZ WO BT L,

«Optimizer: LP . MIP. BX. QP O7=D Xpress-MP YV 3—, FA 7Y, Fi=li%, ZAXL K7
oL D7ur T LAEVHIE TR WRETT

«Overloading( F—N—0—F4L 7)) :NANWAREAT, F2ld, WANWART —F a2 AL ;DT
B, VOPDNA—T a3y TEHEINTVBY T N—F 2 WANBRFRFVREAT . E-iT. F
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RIUVREAT DR AR INHTERSNDF R —4,

eParameter ( /X7 A—&) :ZOHGEIX. XRIZEHS T, ALEIEREVLODOP > TNET,
(Mosel D)ETNAIRFGA=ZDEEL. BIZIX. T RITOEEIT. BRDANT—X2e I e
T HDITETTEET . (Optimizer OHT, JEH, BIETNE 2—FMHINTND) HIE 8T £
— KXY, FEIZOWTOER (BIZIE, Ya—ab AT —Z2)~DT 78 20374, %@, Y
—RF V=TT, 2. TAIVRAIL Ia— 8T A=RiE, (TILIAVZLDER, BTV ZAD
RERED) T NIV LD E R T a—L T DI b ET,

*Problem instance( REJEEP) : ¥ €D T — Xy b2 i 2 TS EEE MR,

*Quadratic Programming (QP) problem( —¥REHHE¥:(QP) RIRE) : HAVBIEIZ —KRIEAE KDL
VW T, LP MEERR0ES, 2720, HIRRE—RADFEFE T, A8, ik THEERUT
LPFENER A, BEDOLS . ZHUT. IBABE RGHE (MIQP) EFADILEGHEL TNWATEE
=RLET,

«Range set (LTt YN : (Mosel IZBWT) HikeiR B DESL .

*Right hand side (RHS) (GFMI(RHS)): ( —&)HlFIRDALEE, BIZIE, <P vs2A#K
AR THDND) BHED T +—<yb TR, &5 AESOLEMIT, EEZEEL TN TOEHEZ, LT,
5. AEZOLMTEREHEET,

+Selection Statement GBIRRAT—FAVL) : 705 ADH T, BVERFELZ DT 73 ay Dhpd
DERZ KBITBAT—R AL b, Mosel Tld, ZNHDEIR AT —MAL N,
if /then/elif /then/else/end-if/case T3

«Simplex algorithm( VLY Z R PIVTVXL) . LP BIEDT=ODRET VIV A, VT
Lo R T INVIAVZALDT AT T i&. BB % 33 57012, LP [MREDIELT Rl REFRD TH
LMD SIZEINTITEE T,

«Solution( YWa—av, ) :ZOMHEEX 2 DORGRIEWRTHDONE T, ZO—IF. HIFIXD
ZlE TRTZEL TS TR TOLERIMEZHIN Y THZILZERLE TR, ZOHA. TXT
DELTREMEDEENE T Fo, D U, KW AT R RIS NS E T, 372
b, 2o HBEBOME Ik/MET %h . Fid. R KL T BT, 2OHA. Ziu, i
M. Iew# (optimum solution) &R TY,
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*Solver ( YA N—): EZMR GRE ., KBz Db s 7hy =7, Xpress-MP Tid.
Xpress-Optimizer BAZIUT4720F T,

+Status information( 27— ZfEH) :Mosel . BCL. Xpress-Optimizer IZ. LP < MIP
DAT—RA G T DD, BIRD/NITA—BE R L ET AT — XA FHie HHZLT,
I—HF—E, BB ELERP N, ZU T, Ya—Tav BRI REPREDLAZENTEE
ERD

Subroutine (Y7 N—FV) 70l F Lu/NSWYTEZRZIZHHIL, JVBIREL LT, Lizdio
T, N T B DIEREREE . Mosel Tl 7 —F Uik, FllE (procedure) . 777
ay (function) VOB THFITEXET, Procedure I&. 70T L A7 —hA L Ta—LEh,
%R THBRL R A (no returnvalue), function 1Z. KL THBES 2 F3 3 expression
L Ta— A uIhER A,

Successive Linear Programming ( dEfefiEalHEE: (SLP)) © LP RIEA#RRUMALZ &Iz,
NLP [z < ko
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