R 32 10 R 458 1 I

REERNML (MIP)
Bk ZRRAFERDFAEERITI A

G U R O B I The World's Fastest Solver

OPTIMIZATION




GUROBI

OPTIMIZATION

© 2021, Gurobi Optimization, LLC




BARRLAL (MIP) [SI5E H A

— (%1%

REERMLEEERTIN TR :
Minimize c' x
Subjectto Ax=0>b
[<x=Zu
some or all x; integer
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MIP KiRIEZR: BT LP 9 ZER GuROB

KER LP #ioth:

v=3.5 (fractional)

R
(1) GAP =0 = &4 IERR
(2) SEBRRL A : ZFHY AT T AR R AT LA & 75 5K
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LM (Expressiveness) Versus 5 314 (Tractability)
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[EIREFNEE Srmeson
TR 5 FIR MR 5 RAFRAE L2
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Z
Tractability

5Rd, BAh

5y 31X Expressiveness
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‘Graph algorithms
O Regression

Linear systems
of equations

@ SAT

Zp
Tractability

Constraint
programming
Non-linear
programming

5y 31X Expressiveness
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‘Graph algorithms
O Regression

Linear systems
of equations

@ SAT
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Tractability @ wvip

Constraint
programming
Non-linear
programming
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MIP f— e EEIR GUROB!

FoRfR G MEDeclarative
o RN THINENSZ R T o B R E

5 3% 3K EExpressive
o WINEEENLA OB A o) g

5 # a) @45 44 (Ax=b) Regular problem structure
o AFPEEIRAA H B G-RRR R 540
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MIP #E Gurobi Fg9i

Ffrit - 7.8%
o 8 INUH, &K 2.0%

T RFAL - 4.2%

o 5INKHE, &K 1.3%
SFRE - 7.0%

o 3INUH, &K 3.1%
LP-17.5%

« IR/
B - 14.3%

o 6 INUH, i K 6.3%
4% -2.8%
EERF-4.6%

o 5INMHE, &K 1.4%

5 (RERSE5)
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S EER 4 Disconnected Components oo

A =

VERNEBE—FA AR [BIFE A5 57 2% n #2F8 #nodesn 111
mEE, UEESE#E R #nodes*n 11
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32 X & Intersection Graph GUROBI

V1 V2 S

V1 1 V2 2 BB EZEWNRE..
o V11 V2 HZS &5 A HIE R — 2R

© 2021, Gurobi Optimization, LLC




W EIE B 4> Bi-Connected Components SR

=P

AN Y

/

V1 V2 S
IRBI P LS B E R R — R
E = Lipton and Tarjan &

LRSS AL ILNE o= e i pll
« IRBIFTLLSY B ETEAIBTA
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W EIE B 4> Bi-Connected Components SR

maA
MEBEE RENO-1EZEE V1 V2 S
o EEE] 1 - MRS TR

* [HER 0
BREPGEBER 0 S5 K BIE 0 B
T = SR AR/ (o) B2 5 R

© 2021, Gurobi Optimization, LLC



GUROBI

OPTIMIZATION

#i£ Number Theory

© 2021, Gurobi Optimization, LLC




EE R Modular Inverse Reduction
ZE

« ax+by=c (possibly after aggregation)
X,y are integer variables
* a,bandc areintegers,a>1
« Assume GCD(a,b) =1
« Divide through by GCD otherwise

ITHE a AUIEIEKL
* Integer m suchthatam =17 (mod b)

« Computed using extended Euclidean algorithm
« Transformation

« ax+by=c

 max+mby=mc

« x=mc (modb)
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118" Modular Inverse Reduction — Z43 GUROBI

5x;+10 X, +3 X3+ 10 x, = 31 (EHEHKTE)
« BIRYy=X1+2X%X+2Xs
« 5y+3x;=3T
3 mod 5 RYREIERE 2 (2*3 =1 (mod 5))
*« 10y + 6 x3 =62 (mod 5)
* X3 =2 (mod 5)
e x3={2,7,12,17, ..}
AILLEF
o 1E MIP &M, an FATAA Hxs = 3.5
e WA T:x<=3o0rx>=4
e 4y ix<=20rx>=7
R
o XFFIHZERHAULATBI M 10000+ FPREKE] 0.01FD
o WEARL, NAEERNRRL
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SPLR GUROBI

=
. LP
. EA4LjZ: 1947 Dantzig
o PNAE (FERSE): 1984 Karmarkar
. MIP
- Y)°Fi: 1957 Gomory
e JyER: 1960 Land, 1965 Doig

[
5

A EIENTTREBR KRR
. LP: >10,000X
+ MIP: >1,000,000X

« Machines: > 5,000X
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ZMB—ITRAE, BVBEAKBERE SEpE

Comparison of Gurobi Versions

PA NI

S9x improvement _

1400
(10 years)
1200 1150 60
1000 50
800 40
600 30
400 20
200 156 118 10
0 i =
vl v2.0 v3.0 v4.0 v5.0 v6.0 v7.0 v8.0 v9.0
Em unsolved esmmspeed-up Test set has 6009 models:
- 473 discarded due to inconsistent answers
Time limit: 10000 sec. - 1580 discarded that none of the versions can solve
Intel Xeon CPU E3-1240 v3 @ 3.50GHz - speed-up measured on >100s bracket: 2197 models
4 cores, 8 hyper-threads
32 GB RAM

© 2021, Gurobi Optimization, LLC




GUROBI

OPTIMIZATION

A5 MIP B RIIT - B I FNREIIR

19904 X /5 # BB /1 T 1% & il H9 EUTH
FEERIEBR NS
BHAfR R 5 RELTS:

o FE&RN (hik&EA B i)

« MIP (BRIIRZ,; %A SRR H)
EPRI ?E , 198946 H :

E'/\*%MMK(MP) PR KA T B {H.
MRS B T A 4, 1A B TR

DIMACS 1999 &=i¥:
 Bob Bixby B/~ T MIP HiAKE R & EE| T v LLf#E
R SERR o) RR A FR L

JUEZA, R EJLPFETA B EERMETES A MIP SRR AFEE
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A5 MIP s R Tl Srmson

==yab ik
&=New York ISO NYISO fit =55 E B R

{& ¥ Gurobi {ft{t. 500 & BR¥EFN 11,000 5% B (&% R Fo ok i 2 15 28 & SERT U 5K

LN 5%
w SAP fi:R7 gL

Gurobi Jg SAP Rz 8 Fn Je 1T ISR GER 2 BR P i o e B 2% LK a) &R

**ﬁ** KEEFIRFE

* % BV % . s
/b NFL ZFZ= o) &

@ Gurobi FFEATE 824 JT{ZFR G T IRGERMN T EE, BREMARCITEEK, EBEN, LE £
FRYE BN EE,
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#£ www.gurobi.com M5 R ESEE R A Srrmson
TERR ) FOREYRAT LAY B = SEER R 1

« Advanced Microgrid Solution
o EACERE TSR
« https://www.gurobi.com/case_study/advanced-microgrid-solutions/
« Ogimoto
o PR RN AR K
« https://www.gurobi.com/case_study/ee-english-ogimoto/
« East Daley
o XM MIP b Reli & =& 2
« https://www.gurobi.com/case_study/east-daley-using-mip-to-model-midstream-energy-assets/
EHRL HAMRB]
[FIRA 1R 25 HoAh 836
o TRIGEBIFNAY
o PAEEUR
- AR

ViragWirav

o K
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https://www.gurobi.com/case_study/advanced-microgrid-solutions/
https://www.gurobi.com/case_study/ee-english-ogimoto/
https://www.gurobi.com/case_study/east-daley-using-mip-to-model-midstream-energy-assets/

BEE 4R Franz Edelman #IR GUROB

AR R AR RN SIH)EE 15 B
B & A\ B F AR FE LR 5T 2% $257 billion
RKER 7 HRAR A LP 8i& MIP iR B IXEE AR

https://www.informs.org/Recognizing-Excellence/INFORMS-Prizes/Franz-Edelman-Award
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https://www.informs.org/Recognizing-Excellence/INFORMS-Prizes/Franz-Edelman-Award
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[V ES BRI nE
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wRMl SBHEAEM
IR/ R
ATM fiR5% A4
TTHERIE SiHE M
5[5} FEIR
2 s e
REDR FEAZ I 4%
4l I

£ oh KB
Al FZHEE
=B g1t

B ARSS K ) 2
FLERIM N I
Wi/ R Bk A L5
=TT o e A\
X N IEIR
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REBERNIL - M
RLAR THIHEAS K B EIE

Security Constrained Unit Commitment (SCUC)
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L4 AR TR S & 6 sunos
KAESCUCTKAERT H 40 A& K — MNE S LML (MIP) o) @
o) ..

« SCUC FAUAE MIP AL vh Ja 45 5l K NS <2
« “WH" MIP JE R BEREMEAT 4 A 8, 2
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SCUC By MIP #=28! & E MM ? GUROBI

Gurobi MIP #2&i{ &4 (10s-10000s) - 2507 1= #Y

104 4
103 1
102 1
A ]

10! 4

10° 1

10-1

101! 102 10° 106

W (L )
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SCUC By MIP #=28! & E MM ? GUROBI

104 4
103 1
102 1
A ]

10! 4

10° 1

10-1

101! 102 10° 106

R (T2 E)
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SCUC By MIP #=28! & E MM ? GUROBI

10% 1

103 4

102 4
Fef|E]

10! 1

10° 1

10_1 T T T T T
102 103 1 107 108

ET EM B (T2 E)
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M RE i 8.110 9.0 GUROBI
70 MISO #&H!

FeyLad
« 70 FRAY
o EHIHEIE 39%
« 50 P/ 4 FIE /16 ZBEAE 3% 2K
« 22 f57 > 1000 sec
o MR 76% faster
o 19 Hk/1 HI8 /2 2 3% 2N
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SCUC =& py%F R GUROBI

KA TZEREETE
o REHAHIMY — AR SEAR & BB ALZE
.« RERHIUN K
U3 R LRI R TR B EE
« JEPE: iR EREA]..
o PRI AR R
- fREREETE
KER{THE
o 1ERMAE MIP th — A3 2Z[g) g1
. ERE AT
. TR
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SCUC 1R BYRI%F R
FABha Bk AR MR

« T HBAERATF100 75

o NETHE AR MRS

R RAEER T RER T AFRIAT(E)

o UM E BV H AL il R A
« U - XF B P AR EE
« BREIE
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BEREX GUROBI

X i) MIP B & B 1L vT LAYE /)N o] BRI
o B T AIAAR IS % (RINS)

f -]

ﬁé?ﬁtlﬂﬁ?aﬁﬁ’ﬁ%ﬁﬁlm
B 4 [ B R EE IR %ﬁ'ﬁ‘d\hﬂ AR
kiﬁ%ﬁ%%ﬁ

Nﬁﬂﬁfﬁwm
o IAlAEZSA AN K
ZRE
o BAMIA T KL AR
o EIFHIIECERISEEE
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MIP R = Srmesmion
R A RAABET £E...
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— A
—ANE R R 22 SR
FRAR T AU E RS R — N R T E

o FILMERB R BIERINIETHT-
FEAN G [O) 8 B & B E BB A (reduced cost)H)EE %L
EPO

o (BAE—IETE UL T ERA R RS

o XF R EARIY H B P47 A ELER R R

AN

5 B — R R AR E i

sl
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[ 2 F0336 3 Al A~ GUROB!

B R EIEELE
o FEENMRTSYPEEIEHA ..
o BlETMIPHEARL A [ E FEOZB I AN IR &
BT & AR AE1Z MIP
o HERT SR EEE T AR
o LR REFFEEHITIRERIMIPHE SR
o WEEWE KRR IEEEE AR & I A fE
o XJTHAM R &I AAR e N dod B & FE

SR AR BIRRUHER A5
- [FREEOTRI(L, O1F, MBR. 53RN,
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ER - 1% ZEHB RN EFR Germasrion

1%

700
600
500
400
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== Default ===Helper
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&R - 0.1% ZEHBIKMHAIBFR o

0.1%

1600
1400
1200
1000

800
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400 A A A
200 A \ /\ A

1234567 8 91011121314151617 181920212223 24 2526272829 3031323334 353637 383940414243 44454647 484950515253 54 555657 585960616263 64 656667 686970

e ) efault Helper
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Il GUROB!

A Rl
o P A SEED 2 FEAN & MARN ot A Y &
o NI TAL, (EARES KRS

51 ABEPLIKI 3R 18INZEAL
o [HER BFBREARIZE

o HLFEHLE E —#R 0 B \4}&155’3
o IR, T OEUERTE T
s U HER T ENZ AN E R ARG
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=) SR
BefE TR B ARE 12 2 (11 FEAFR)...

Simple helper | Diversified | Simple helper | Diversified
— 300s — 300s — 600s — 600s

116_116 9198838 9198411 9191452 9188358
116_117 1.4347e7 1.4329e7 1.4347e7 1.4313e7
116_119 5407944 5376087 5370924 5372704

U8 T e B S s B &R VAL R I AFHY AT A 25 NS
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E -F * SPHM$ZSI ENI

o NI Gurobi 9.1, HEHIXELF help@gurobi.cn
o HI3E 30 Rpsla T
o HIBERBEFARFA

« &1 Gurobi 551 B, TEHIXELR help@gurobi.cn

o TIFEMEENZHAEEE
o JRKFEFIH Gurobi HITE IR ZAL,
o AN EFHLERF S) FNGurobiss A iR o SEF o) B

«  RVEMEZN www.gurobi.com/events
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