5.4 BREEHZ ARV RT Gaiid nuner

2 TR K 0] 3

max z = c¢'x

s.t. [ Ax<Db
x>0

FRELL
max z = c¢'x
— s.t. (Ax+Ixs=Db
X,X; =0
\
PATAR B
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5.4 BRI ARIAEIER T

] fl %A )#k TRSEESHE

NJING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

H145 B.2E T

xR

Im B EETE 2T HE
XB XN
0 x, b < B N I >
G ~ 2 cp cy
HIEREERZEN xp B
Im B ETE EETE
Xp Xy X
cg xzg B | < I B-'N BT >
¢ — Z 0 cy — CIT;IE_?‘lN —c_gB‘1
cg—cgB'B =0 Y4 B AB RN i 0

<0
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5.4 BREEHZ ARV RT GaiAd Tnener

max z = 5x, + 6x,
( 3x;+ x, <48
s.t. 4 3x;+4x, <120

\ Xl,xz 20

r3x1+x2+x3 :4‘8
—>< 3x;+4x, +x,=120

\ X1,X2,X3,X4 = 0

Xu Wei @ NJU / P3



5.4 BRI ARIAEIER T

Ghird

] 0 2= bl =4

) o Nk TheEbr
NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

5 6 0 0
Xg | b X, X X3 Xy
0 x, | 48 3 1 |[1 0
0 x, 120 °|3 @ ||lo 1]|°"
0 5 6 0 0
0 x,| 18 | (94) 0 1 -1/4
6 x,| 30 | 34 1 0 14
180 | 12 0 0 -3
50 x,| 8 I 0 |[49 -1
6 x,| 24 [|0 1 ||-13 173|PB"
184 | 0 0 -2/9 -13/9

Xu Wei @ NJU / P4



5.5 BAAZ i ERIRIA B

(4] zfl % f\% TREIRsh

NJING UNIVERSITY  SCHOOL OF MANAGEMENT & ENGINEERING

- ME® EPRA W HRK,

BB ()

» HBRARERBEENR EERA W RERITANE, B
Bl e — A IREBIB AR

EER EHIZ70FEM, EEEAX

HEEANR R R 2 IX A B .
m 2m m 2m
) )
1 2 100 9%10°®
10 184756 | 200 1x10'"°
20 1x10" 300 110"
50 1x10* | 400 2x10%°

3, 199, 243, 548, 502 years!

.J&

F#IEIT101Z
KBS EE

/
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5.5 Bz ZRRINIGHS CEEES g e

NANJING UNIVERSITY  SCHOOL OF MANAGEMENT & ENGINEERING

Bad counter example: Klee and Minty (1972)

max z = 2 10m_jxj
Jj=1

s.t. zz 10" Jx; + x; < 100071, vi=1,.

o BEIAHMIAMEE, ZEEAT URR—NE 2N REZEMmAZ)
WA HER . B 2" AT E

- WMREAHBAERE, EF - PHEFRKNIRREIEAERER
B, NEG—- TR,

Xu Wei @ NJU / P6




5.5 BEZERNERER

JING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

m=3

max z = 100x; + 10x, + x5

( X1 <1
20x, + %, < 100

S-19200x; + 20x, + x5 < 10000

\ X1,Xy,X3 =0

Basis Z

s;=1  s,=100 s5=10000 0
;=1  s,=80  s5=9800 100
;=1  x,=80  s5=8200 900
5 = X, =100  s3 = 8000 1000
s;=1  x,=100 x5 = 8000 9000
;=1  x,=80  x3=28200 9100
;=1  s,=80  x3=09800 9900
s;=1  s,=100 x5 = 10000 10000

AN
N\

X3
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5.5 B4z AR RIF B AEKRE tnmmen

o ikl FiIRFRRAFE AT B E A M B REEENEMN. NITE
SERAMIRENRE, BEA4REEASARTFEE.

o ZMAMNEREEFEEZINANEZEM TITEINBERMBERT 7R
SR HY )

o 19794, HEAHFRIEEFIA(L. G. Khachian)E i 7T — kR M
MY SR EL: WIkE X (ellipsoid method), HitE & 2«4
70(nsL2),

e 19844, ENEHFERFIBHR(N. Karmarkar)sH 7 KRR MM X
B— P #he 2N EL: AmE L (interior point method), Hit
HEZ%H0(Nn35L2),

e 19894, Renato D.C. MonteiroZFillan Adler&aH 7K MM
RE— “BE—31MB" AREZE, EirEEZRMA0(N35L),

L = bitlength of data, n = dim(x)




N ] afl K %
EREEHZE VS AsiE AR E reenen

> BpEERZiE (Danzig, 1947) > AWEiE (Karmarkar, 1984)
B AN EARBEEN TR — N yIﬁTHTI‘Eﬂ &, MAI{TiE A ER
HE, SH—I LB 17 RS, Bt BB,

R, &eBRIRIE.

FRLATE I LA 25 X

analytic center

Figure 9.4: The central path and the analytic center
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KRS IR RY 5 NN LEERT B

> Excel Solver

« LAExcel2016915), 34 > &I > mn#EIn > & (ExceljiEIn)
> 3. > HRKAEINZLIT Solver add-in (FJAFHRRE) .

« £ "HUE" RE TR "AKIKER" TORE

> LINDO/LINGO http://www.lindo.com/

LINDOFILINGOR=ELINDORZATI(LINDO SYSTEM INC)FF A&
HN—ET JRT KBSV,

+  LINDORIFKiEZEMLIFI XL, LINGORT EBLINDORIZ
=BIngest, R LART KRR MR, RrlLART—E2% M
M RBERIKERIAR AT KR,

LINDO: Linear INteractive and Discrete Optimizer
LINGO: Linear INteractive General Optimizer

XuWei @ NJU / P11




KR R A0 S R FNER (S 45K T eenrr

> AAMATLABEZllinprogkiFZ& E %!

min c’x

([ Ax < b
s.t.{ Aeqx = beq
b <x<ub

EARFERERA:
[x,fval]=1linprog(c,A,b,Aeq,beq,lb,ub)

XuWei @ NJU / P12



KR R A0 S R FNER (S Ga ik menen

> FAIMATLABERZlinprog:Kig<e £kl
f5: EALlinprogkfZIA T2 MERXI :

min xq + 2x, + 3x3
, 2x1 — 33Xy +4x3 = —2
>t X1,X2,X3 =0

PN c=[1 2 3]°, A=[ ], b=[ ], Aeqg=[2 -3 4],
beg=-2, 1b=[@ @ 8]’, ub=[inf inf inf]’

AT
[x,fval]=1linprog(c,A,b,Aeq,beq,lb,ub)

BEIEMEE: x=(0,0.6667,0)T, E={fEN1.3333.

Xu Wei @ NJU / P13



- b2 vﬂ_ ﬂﬂ Ty ﬁ 7
KHMRACKE iR Z rsnen
' . NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

KAAZ KA K AR R — AT T R AR LR B K, TEfA R
KRERBILT A FHALBAN O, 1B8F FAHRA NG KA
BAEA R P, Bl aEIBM Cplex, Gurobi, Fico
Xpress%; % % #HAL% 0.#£SCIP, CBC, GLPK%,

m |
> il

™ |||
v

L
» CPLEX https://www.ibm.com/analytics/cplex-optimizer

IBM ILOG CPLEXRZIBMABI—MUEIZE, izt s|ZEaT LR
KRS MERKI (Linear Programming). —JX#lk! (Quadratic
Programming) . XK A X (Quadratically Constrained
Programming) fIB&E&HX (Mixed Integer Programming)
AR,

CPLEX Studio IDEFFE®MZILHEIZE, XZEIBME S HAICPLEX

TEY¥ES,
Xu Wei @ NJU / P14




AHURA KRS G iKF tnuner

NANJING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

> Gurobi http://www.gurobi.com/, http://www.gurobi.cn/

« Gurobi £HAEE Gurobi Optimization ABIFFAFT—ARIRIUL
KiEsE (fU1Ls

» Gurobi ATLARRAVENF AR B IR EE (Linear Problems), R
7 B 47358 (Quadratic Problems). &4 B4k MFN — X B0 &X
(Mixed Integer Linear and Quadratic problems) ,

« Gurobi 37#F Python, R, Matlab, C, C++, Java, .Net &,

B
5

o

GUROBI

OPTIMIZATION

Robert xby, Zonghao , Edward thberg

oA ie B K %, fiik 232 T 3%, #8135 K5 Xu Wei @ NJU / P15




KHERRACK RS

(] «fl ﬂ‘\% TR

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

- (RUKAERRREF NN ER SR AEX L SLFRaRAIZL,

XD

HARESMRIGE N EIRT 22T, S AEIIUEE201 7R/ 2=,
- PEH RiEF 24

XPRESS
GLPK
SYMPHONY
LPSOLVE
CBC
MATLAB
CMIP

1&131
* E

% 2

* E
* B
+ B

1983
2000
2000
2004
2005
2014
2018

CPLEX
MOSEK
SCIP
SAS
GUROBI
MIPCL
COPT

ﬂ-i:
B
* B
* B
% B
+ B

1988
2000
2001
2004
2009
2015
2019
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RIS Q= ik
7z - o
**m*;mﬂ? ﬁgﬁi K ZF IiesEsr
NANJING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

P ERR KBRS
» CMIP (C++ Mixed Integer Programming)

http://copt.amss.ac.cn/

* EF' *4?5%?&?5/%2%*4?B%§EE£H Presolving

R B FMCMIPEIRAM 201 5FF4a, ——— sovetr |-
B3040 B, ZBTEFHATHRKESE Cutting planes| 1

— BB ERKFRIZREHN L K iEss —
CMIP, HF2018F3BMEMAN

CMIP 1.0kxAs, BranLhing

Y

Node selection—

XuWei @ NJU / P17



- b2 vﬂ_ ﬂﬂ Ty ﬁ 7
KIMRIMAL K E =S iR % Tnuner
' . NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

i E RISk iR 85
. . QB
> COPT (Cardlnal Optlmlzer) Cardinal Operations
https://www.shanshu.ai/copt MERZIR R

D2D: Data to Decision

COPT ZtZ8iRl BEH AN —FET X AR RS EF
YIKfESEM. Bae&U LI AEPRESENR-, BEEHRKE
FE | =57 ea s R B k| D Ny

o REAHTEHMZAICOPTEIZECKEe N MK K i#esalD. H
ERUtsLIl T BRAFERE, AT T RESKAEZ R AR,

- XEFTEEREERSR (I9H64LFR%) , 81 Windows, Linux
FMacOS, FiRMLAT#EO: Python, PulLP, Pyomo. C. C++,
C#. Java. AMPLFJGAMS,

Xu Wei @ NJU / P18




RIS Q= ik
7z - o
W*ﬂ'ﬁ%ﬂtﬂs‘ ﬁgﬁi K ZF IiesEsr
NANJING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

P E K # RS

> MDOPT (PaJEE BB BiXERRiAA RS F R K iF =S

- 20205F81, IXEERTRARERESLI =HEHIMIndOpt 2— R B B4kt
MKFZMINRER KT, HPRAARRE AT,

- MATHESEREZISE, 8FESTERIREAE. SMZEoE. #

TETREHES, SFUAMERTHIHUIITHA.

The simplex methods were tested of the codes:

MOSEK-9.2.10 www.mosek.com

CLP-1.17.6 projects.coin-or.org/Clp

Google-GLOP LP with Glop

SOPLEX-5.0.0 soplex.zib.de/

Gurobi-9.0.2 Gurobi

GLPK-4.65 www.gnu.org/software/glpk/glpk.html

MATLAB-R2020a mathworks.com (dual-simplex)

COPT-1.2 COPT

MindOpt-0.9.0 MindOpt

HiGHS-1.0.0 HiGHS

SAS-OR-15.1 SAS (dual-simplex) KEREREER

115k i -

Scaled shifted (by 10 sec) geometric mean of runtimes tJjQ%¢§§Nhnd()pt
6.00 3.01 13.8 16.1 1.10 53.9 15.9 1.41 1]10.4 6.12

solved 38 40 35 39 40 31 33 40 40 37 37

40 probs MSK CLP GLOP SPLX Gurob GLPK MATL COPT |[MDOPT HiGHS SAS




KHERRACK RS

O 45 KE rranr

NANJING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

27 Aug 2020 EsssssssssssSSsSSSSSSSSSS=s=s=s=======
Benchmark of Simplex LP solvers

H. Mittelmann (
Logfiles of these runs at: plato.asu.edu/fip/lp_logs/

This benchmark was run on a Linux-PC (i7-7700K, 4.2GHz, 32GB).
The MPS-datafiles for all testcases are in one of (see column "s")
miplib2010.zib.de/ [1)
plato.asu.edu/ftp/lptestset/ (2]
www.netlib.oxg/lp/data/ (3,7)
T !

ptestset/
(MISC[4], PROBLEMATIC[S5]), STOCHLP[6], INFEAS[8])

)

NOTE: some files in [2-8] need to be expanded with emps in same directory!
The simplex methods were tested of the codes:

MOSEK-9.2.10 www.mosek.com

CLP-1.17.6 projects.coin-or.org/Clp
Google-GLOP LP _with Glop
SOPLEX-5.0.0 soplex.zib.de/
Gurobi-9.0.2 Gurobi

GLPK-4.65 www.gnu.org/software/glpk/glpk.html
MATLAB-R2020a mathworks.com (dual-simplex)
COPT-1.4 COPT

MindOpt-0.9.0 MindOpt

HiGHS-1.0.0 HiGHS

SAS-OR-15.1 SAS (dual-simplex)

Scaled shifted (by 10 sec) geometric mean of runtimes

6.82 3.47 15.7 18.2 1.25 61.2 18.1 11.8
solved 38 40 35 39 40 31 33 37
40 probs MSK CLP GLOP SPLX Gurob GLPK MATL | COPT MDOPT |HiGHS

6.96
37

SAS

20205F8 H28H, 28R BUAT T EF MK K iE2E COPTHY BRAERZ AR IR AY
ZXREH, FEERNUESE = EMIittelmannBOZ 4RI BREEHZ A5 R
FEEHESE—.

Xu Wei @ NJU / P20



KRRk R RS

O dikE themer

NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

20205108268, t2#{LHKiE=S
COPTafmEINE N LML AR RIEK
fRIRtR, HMEgESEHEAR. KAEK
A X9 1 E bR AR 5B = 75 i
MittelmannERRRERI=ZR, &5
FEUA KRB COPTE R BHER —R
IKIE,

20205101 18 HEZ &M RIEEEF

22 Oct 2020

H. Mittelmann (mittelmann@asu.edu)

Logfiles of these runs at: plato.asu.edu/ftp/lp_logs/

This benchmark was run on a Linux-PC (i7-7700K, 4.2GHz, 32GB).
The MPS-datafiles for all testcases are in one of (see column "s")

miplib2010.zib.de/ [1]

plato.asu.edu/ftp/lptestset/ [2]
www.netlib.org/lp/data/ [3,7]
www.sztaki.hu/~meszaros/public_ftp/lptestset/

(MISC[4], PROBLEMATIC[5], STOCHLP[6], INFEAS[8], NEW[9])

NOTE: Most files in [2-9] need to be expanded with emps in same directory!

The barrier methods were tested of:

MURBEHEORERR, RH oo e
N I MATLAB-R2020a mathworks.com (interior-point, NO CROSSOVER!)
ZOZOEFH'- E‘_ Fevy P— 3 CLP-1.17.6 projects.coin-or.org/Clp
I:P K%q_ K%'\\ m,z SAS-OR-15.1:  SAS
=z L KL -L ° Tulip-0.5.1: Tulip (NO CROSSOVER!)
COPT-1.4.3 COPT
More codes to be added
%‘t‘&‘?@]xﬁ &fé‘ﬂ?#\diy— Scaled shifted (by 10 sec) geometric mean of runtimes
‘\é S #]# 45 probs 1.69 22.0 1 34.0 i T 25.9 174
-~ solved 44 34 45 37 43 35 45
Sl o LI > = S T
Sanas) Serira o . problem MOSEK  MATLAB  Gurobi cLP SAS  TULIP COPT
‘, L1_six1000 1997 f 106 f 196 f 224
: i \ degme 260 7211 a4 3944 62 5610 135
E“ . karted 451 132 46 1227 15 1660 243
= - tp-6 151 2299 32 1218 63 2499 79
ts-palko 23 71 33 380 12 424 158
L1_sixm250 39 £ 6 1985 38 o 3
Linf_520c¢ 2767 f 13 f 19 ¢ ¢ 13
huildineen A 410 7 110 18 26 30

Xu Wei @ NJU / P21
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7.1 RS R

A5k Trens
$ 0 2= 2P
2 o Inax TRREESR
NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

RHERI HIRERIA, B, CII L= EMESHTERHA. £,
A. BHAEMHESHERTA, B, CBE, ERKA, SHERNE
RARFIAE, =MESERNEMMNTIEZLENN TR, @)%
BREFSRX=ZMESERE S Dke, EHRFHEK.

FERIEA | =R
R il Z B Gike) | BE ke
A >60% | =30% 2.00 2000
B 1.50 2500
C <20% | <50% | <60% 1. 00 1200
INT % (3t/kg) | 0.50 0. 40 0. 30
£ N (3Tt/ke) | 3.40 2.85 2.25

Xu Wei @ NJU / P23




N A 3 - -
’EAﬁE‘*’Sl-l jEﬁ DEKRE Trompep
7 = 1 'tb n n M e NANJI::‘UI&R:ITY }m?ﬁ%;&%m%n%%fm

HETS:

Fi=123231KRER A B,C, Hj=12373tE
B, 2. A=MHER; x; AEFE j MERERANE | R
Blagke®g, N

Xu Wei @ NJU / P24




7.1 iRSficHaRR G4 EAT Thumer
ffaE EARek 24 -
FKF = =ZFERIEN - M1z - BRI
max 7z

— 34‘0 (x11 + x21 + x31) + 285 (.xlz + xzz + x32)
+ 2.25 (13 + Xp3 + X33)

- 050 (x11 + x21 + x31) - 040 (x12 + xzz
+ X32) - 030 (x13 + x23 + x33)

- 20 (x11 + x12 + x13) - 150 (x21 + x22
+ Xp3) — 1.0 (x31 + X3, + X33)

Xu Wei @ NJU / P25




7.1 ;Eéﬁa*sl-l‘ﬁ_lﬂﬂ flf K Z Trumrn

JING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

ff JE 2 SR S -
JR LR i N S PRI -

< 2000
X921 + X929 + X923 < 2500
< 1200

0.6 (x11 + x51 + Xx31)

0.2 (x1; + X1 + X31) JE S BRI -

0.3 (x15 + X9 + X35) x; = 0

0.5 (x1, + x5 + X37) (i =123 =1,2,3)
0.6 (x13 + x,3 + X33)

3
AN IN IV IA IV

Xu Wei @ NJU / P26




R RIR CREEY e
7 " 2 L% z* I n uﬁ e N:\N.ll:j;Ul‘f:k:l'l'\’ %ﬁ!%AEI,%N%ﬁ!FE

RKEVERFAZEE THIHIEHKE:

GIHA: NE—FRBNFEFFVFRRSE, HFTREREU
AF115%,

INEB: \B=FFEKRE, BERLFRELRWLARFI125%, 1B
ERAEEZGAEBIZ4HTT.

IMBEC: F_FVEFERE, BFERAFRELRARFI140%, 1B
ERAEERGAEBIEIALIT.

LIHD: AFABFHAMEILNGTIAFEREFEHMFE6%.

ZE VAR E10ATT, A INAHHE R X LD B BFRiEE,
ERIFERAFARMENRSEF 2T HK.
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7.2 JELEEFG e RR G iR T Trsmen

NJING UNIVERSITY  SCHOOL OF MANAGEMENT & ENGINEERING

HETS:

LA Xos, Xig, Xio, Xip (=1, 2, 3, 4, 5) D AIFTRRE | FEH RN
HA, B, C, D By &%. E&EFITFT3*%:

B | B22E | BIF | F[AF | BEF

A Xia Xoa X3a Xaa

B X3p

C ), €%

D Xip Xop X3p X4 Xsp

Xu Wei @ NJU / P28




R RIR CREEY e
7 . 2 L% z* I n uﬁ e N:\N.ll:j;Ul‘{:k:l'l'\’ %J!FF%AEL%N%ﬁEFE

i BfrR#: FHEREESHK
max zZ2 = 115X4A+ 14‘0X2c+ 125X3B+ 1O6X5D

ff T 2 R 1 -

RADNFTFHRENAET, TNAEFKAHNRHTAE.
FE—F: Xy +Xp=100000
BF: FYEENADIMBE—FHER.

Xos +Xo0+Xop = Xip(1 + 6%)
B=F: FYEERAFBREWAEF + DFREKE
Xag+ Xap + Xap = X14(1 + 15%) + X,p(1 + 6%)

FBE: X+ Xap = Xo4(1+15%) + X35 (1 + 6%)
FRE: Xop = X341+ 15%) + X,p(1 + 6%)

B. CI&E&RFI: X5 < 40000; X, < 30000

Xu Wei @ NJU / P29




7.2 ZFEEE R 0 flf K Z Trumrn

JING UNIVERSITY  SCHOOLOF MANAGEMENT & ENGINEERING

TTENREA:
max z = 1.15x,4 + 1.25x35 + 1.4x,- + 1.06x5p
(x4, + X1 — 100000
X2 4 + Xoc + Xop — 1.06x1p =0
X34 + X3B + x3p — 1.15x14 — 1.06x,p = 0
st Xan + x4p — 1.15x54 — 1.06x3p = 0
Xsp — 1.15x34 — 1.06x4p = 0
X3B < 40000
Xoc < 30000
\ Xia Xig, Xic)Xip = 0, 1=12,--+,5

Xu Wei @ NJU / P30




2%

LI g [ CREEY e
7 - 2 L% z I n M u N:\N.ll:j:ub{:k:l'l'\’ }Mﬁr%ﬁ.%h%N%ﬁfm

5&%%% (ERAT JG) :

F—: X, =34783,X,, = 65217
| X,, = 39130, X, = 30000, X,, = 0
g 353: X3A — O,X3B — 4‘0000,X3D = (

g@ )L éz: X4A —_ 4‘5000,X4D — O
g@ﬂ‘é . XSD —_ O
BRERLSESE: z = 143750

b
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™ - Eﬁ T ﬁ Z %
7.3 I fFa)ER KX Tramsr
— NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

RECET75M~R (i=1,..,5 E¥FEHNXEER. B
BEFEmESER (=1,..,6) WERIRZEED;;, 1ZzREMNs;,
ﬁJZZMlcij&éEF"HfFHTfﬁﬁﬁ-ﬁ__HTJ‘aijo zI BjRMIERESE™
TE A, B2ZRATMRERS, £jA R IFHNRARMIET
YA, F B ANIERTIE)E = bR~ e A A1 I E
A %FHCU?TJO GEFHRBNTFRUB/ARE, BHER
— AR EFEEE,; T,

HAZL Wit—MMRIETER R BEE, NE L3 FTmEA
B F 28 A AR E iR = HE
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PN 1F B CTTEY
v N O 2= T 485 prax
7 " 3 E *_ ;I n M e NANJ l:f:UNl\'lik:l'l'Y }DDEF%AEA%N%ﬁE&

B W R i M m j AREEENBERESHNEE, x|
£ i M~ BOEMPIREREFREE.
1?(}_7’%*']&.\ ﬁi — SﬁP n%ﬁ%«l\ )3?.2|§ - l@ﬁ%%

5 6 5
maxz = z 2 SijDij — 2 z[cijxij + (Cij T Ci’j)xt{j

i=1 j=1 i=1 j=1

25:26: zj: (xir + xix — Dix)]

i=1j=1 k=1

-

Xu Wei @ NJU / P33




7.3 E£FEN{F )R Gaikd muerr

R E
Z1A EI’gE BRI YIAY 7 1F TR

Eaijxij <t (=1,-,6)

5
zauxu = ] G=1,--,6)
=1

EPRRMLHER

Z(xlk+xlk>>20m =1,,6)

ETAEK j =20, x;;=0




7.4 AJ3Z=5R)RE

URBEES

] N 0 2= 2P

2) A 7Nk TREES b
NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

R ER AR SR A R i B K& B (8] B A B /5 Bl FN3)

eSS AREan

TRTR. RIS AR Al S AT B B —FFanhd E3E, 7
BELTAE) UM, [EizAR & EFEZHIRIN MRS A, Bige
wETIFRE, XEEmlailAfks An?

] i LIS
1 06=00 » 10=00 60
2 10=00 » 14=00 70
3 14=00 » 18=00 60
4 18=00)» 22=00 50
5 22=00» 02=00 20
6 02=00 » 06=00 30
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RRRE: min x; + x; + X3 + x4 + x5 + X

NREHE: x, + x, = 60
X1+ x, =270
X, + x3 = 60
x; + x, = 50
X, + x5 = 20
X + x, = 30

xl' xZJ x3) x4) xS; x6 2 0

Xu Wei @ NJU / P36




7.6 Business or Personal Spend? 85K Z TrEmrr

* A Case of Optimization for Data Analytics (from Mark Peters and
Yinyu Ye, Stanford University)

— For better risk-management of the business or corporate credit
card financial service, banks or credit agents would like to know
probabilities for each type of transactions indicating whether it is
a business-spend or personal usage.

— We're attempting to build such a model to achieve this objective
based on historical business data.

— Since there is no training data where particular transactions are
identified as being personal, we use total personal remittances
as the best proxy.

— On the transaction side, the industry code of each transaction is
a key initial differentiator between transactions.
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7.6 Business or Personal Spend? OaikF rnumer

NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

Transaction Types by Industrial Codes

Industry Code Description
995 CLUB - WAREHOUSE

25 DEPARTMENT STORE - MASS MERCHANDISER
728 GASOLINE/OIL COMPANY - NATIONAL DEALER

729 GASOLINE/OIL COMPANY - INDEPENDENT DEALER
429 SHOP - HOME IMPROVEMENT

415 DEPARTMENT STORE - FULL SERVICE

87 INTERNET TRAVEL

504 SHOP - ELECTRONIC GOODS

616 COMMUNICATION - CABLE & BROADCAST SERVICES
215 AUTO SERVICES - MOTOR RELATED SERVICES/DEALER
404 AUTO SERVICES - AUTO SALES & SERVICE

443 SHOP - SPORTING GOODS

457 SHOP - CHEMIST/PHARMACY

522 SHOP - FURNITURE

463 SHOP - JEWELRY

757 ENTERTAINMENT - TICKET AGENT - COMPANY

407 SHOP - CLOTHING - FAMILY

680 SHOP - COMPUTER HARDWARE

465 SHOP - LIQUOR STORE

400 AUTO SERVICES - VEHICLE ACCESSORIES

416 DEPARTMENT STORE - SPECIALITY

428 SHOP - HOME FURNISHINGS

414 SHOP - CLOTHING - WOMEN'S

793 TRAVEL - TOUR OPERATOR GENERAL

412 SHOP - CLOTHING - MEN'S & WOMEN'S

787 TRAVEL - NON - AGENT RETAILER

447 SHOP - SHOES - MEN'S ONLY

427 SHOP - HARDWARE/DO IT YOURSELF

554 MAIL ORDER SELF IMPROVEMENT/BUSINESS SEMINARS
603 SERVICES - BEAUTY SHOPS/BEAUTICIAN
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7.6 Business or Personal Spend? OaikF rnumer

NANJING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

Personal Remittances

A typical transaction data in a period

Each Column represents

Personal Remittances
an Industry Code
N

/ N l
Account 1 2 3 n Actual
1 $156 $0 $87 $25 $200
2 f$200 $25 $0 $0 $195
/ $0 $134 | $35 $60 $210
Value of a
transaction in
the period
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7.6 Business or Personal Spend? Oaikd trenen

A Model to Compute Probabilities

For each of the industry codes, the model will determine a probability (in red) which
indicates the likelihood that a transaction was personal. The goal is to minimize
the sum of the squares of the differences (in blue).

Probability
Personal Each Column represents
\ an Industry Code Personal Remittances
N A
- ™ 4 R
" 25% | 10% 0% | ... | 5%
Account 1 2 3 s n Predicted Actual Difference
1 $156 $0 $87 $25 $244 $200 $44
2 f$200 $25 $0 $0 $200 $195 $5
/ $0 | $134 | $35 $60 $230 $210 $20
Value of
transactions in
the period
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7.6 Business or Personal Spend? Oaikd trenen

Mathematical Model Formulation

Our model will determine the probability that a transaction from each industry code
is personal in such a manner which will minimize the sum of the squared errors
(between predicted personal remittances and actual personal remittances).

minz: 2 a;jxj — 1i| + Allx|l4
il
add a L, norm regularization to reduce
st. 0<Z Xj <1 the number of non-zero entries in x

In our model, we will use the following variables and parameters:

= Let x; be such a probability that a transaction is personal for industry code j
a;; — transaction amount for account i and industry code j

= 1;—amount paid by personal remit for account i

" Yja;;x; —the expected personal expenses for account i

We'd like to choose x; such that ). ; a;;x; matches b; for ALL i
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7.7 HiREE 9t (DEA) A iA% Tmenen

Data Envelopment Analysis
— A.Charnes,W.W.Cooper & E.Rhodes (1978)

=— MR T MEMX A TN EI R B AN TESUHRX A
WM TEFE

ﬁﬂ: %*ﬁy %E?j_-y Eﬁiy glz)l::ﬂ ......
BEXRAAZENGFHISR, BEXA “SA~H X1
R
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7.7 HiREE 9t (DEA) A iA% Tmenen
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7.7 ZIEVLE DT (DEA) GaiAS Tamnen

ET R AT EH A TRV Ze MR X1 EY

min E
( n
z/ljyr,- >y, (r=1,..,5)
j=1
n
S.t.< Aiyrj S E-xi5, (r=1,..,m)
j=1
n
D A=1320(G=1..n)
!

LKREREBE < 18, M j, RFKETTIEDEAER, &M j,
R TTDEA B,
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Bl FREEIRITRIAD BB T B IR IR 7R 2K
D AE & T EITEEDEABRL

HEA Pl b EER D
oAb s 0 ‘ ‘

R 5 :'Eirknlﬁ)*ﬂ wErm | ek | Ews
s EEAb 15 140 1800 200 1600
s FEAR2 20 130 1000 350 1000
- BEAR3 21 120 800 450 1300
s BEAb4 20 135 900 420 1500
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v HESIEL1INEITEEDEARR?

min E

(18004, + 1000, + 80045 + 9004, > 1800
2001, + 3501, + 45015 + 4201, > 200
16004, + 10004, + 130045 + 15004, = 1600
1401, + 1301, + 1205 + 1351, < 140E
/‘{1+AZ +).3 +/14. — 1

A=1 (=1..4)

KIRERAE =1, WEATEAL18ZITADEARRL.
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