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» $RZEx 81k (Linear Optimization)

- B QR FXN-FFARTHODNAIFHDLET, R
(1R) D EEA#ZRKR - m/MET XD &ELRERE

min. le + X9 + 2x3 + X4 + 3x5 H BB %8 objective function

st. i x;+2x3+x5=25

9x1+2x2+x4+4x5 > 1

Xy + 5X3 + Xc > 3 '< F%95& 4 constraints

X1, X2, X3, X4, X5 =0 JE & 514 nonnegativity

-----------------------------------------------------------------------------------

o RAETEIRIBEZREI=ODEMLFE algorithm

— Bi{Kj%X  simplex method, G.B.Dantzig(1947)
- NEE interior point method, N.Karmarkar (1984)

— (¥8H{K% ellipsoid method, Yudin, A.S.Nemirovskii(1976), Khachiyan(1979))
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e gurobi (Zonghao Gu, Edward Rothberg, Robert Bixby)
e cplex (IBM ILOG CPLEX)

e Xpress (FICO, MSI)

e SCIP (ZIB, Solving Constraint Integer Programs)
 GLPK (Gnu Linear Programming Kit)

e Excel solver (Microsoft)

* efc.

— Excel solver LS S Ip T 7 A )L Z 5+ 3A A TaxiE L 7]
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« MR B E 1t FIRE (Linear Optimization Problem)

DN W = Ul

min. C X
min. 2x; + x, + 2x3 + x4 + 3x5 s.t.Ax > b
S.t. x1+ZX3+X525 x =0
T
01+ 2% + x4 +4x5 =21 <=2 1 2 13
Xy + 5x3 + x5 = 3 a[9 201 4,
4 3. + > 7 015 0 1
X1 X3 T X5 = 10 3 0 1
X1,X9,X3,X4,Xc = 0
i B C D E F = H I J B L \i M o P
1 [1.LP &<
2 X X5 Xz Xy X5
3
4 obj. fu =
5 min 2 1 2 1 3 = 0 [I5] = SUMPRODUCT( C%$3:G%3, C5:G5 )
B 5.t 1 0 2 0 1| = 0 = 5 |
Fi g i 0 1 df = 0 = 1 (6] ~[19]~a'—
2 0 1 5 0 1l = 0 = 3 |
g 1 0 3 0 1| = 0 = 2 |
10 LHSY RHS
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1 g2< IS f{5A—5 -
2 X7 X 2 Xz X g X5
3 ENTLOREE:(T) 5135 E>
4 obj. f
5_ min 2 1 2 1 3l = 0 ERE: OEXEM) @ 2MEN O BEE:(V) |':'
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min. le + x5, + 2x3 + x4 + 3x5 < B B9E8%K objective function
st F g
9x1 +2x, + x4 +4xs > 1 < %92 ¥ constraints
: X, +5x3 +x5 =3 :

X1 + 3xX3 + x5 = 2

Xy Xp X3, Xy, X5 >0 FFAKH nomnegativity
— —\® - V4 > E L
o TXRMITAART, LPO7A/IILEKXTER - RETS
minimize A )
8 f
5 1 +%2+2 %3+ x4 + 3 x5 < B #9B8 %4 objective function
subject to < Hl #9544 constraints
xL+2x3+x5>=5 FDEE-ZEH-EESORICIFHRR—Z INBHE
7 1] a =] N— 17N
IX1+2x2+x4+4x5>=1 (KT DR TE 10 B E LB 50T
X2+5x3+x5>=3 FD)ERIETIHILEDEELD TIEEFHIFERLEGL
x1 4+ 3 x3 + x5 >=2 (FEEEFHDLHWEHZEWNWMEESIEZIRXANE)

end
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[ RTOI7A)L (**) 12T B

51 774 )L Texample.lp]
XIT7AILE D Texample.lp.txt|EE>TLE-T=H,
7AWV DERT ixt|ZHIFRT S

o /

> Ia<>k 7a2 7k command prompt a2 819 5
v [Win]+[R] T[Z7MILAZTIEELTEIT]d-box ZEEIL,
v box AT [cmd [Enter]] - aAXRTAVTIAREEIT S

P Hp 774 IL IMNMRTESN TSI HILI~BEIT S

v Y:¥> cd xxx (2% cd = change directory)

DITHoORTO—F ] TlpI7AILIDMRESN TS T4 LT EFRRL,
TFEULADEM TWSEDIAITRBEET) VY
> [PRLRZTHFARELTIAE—1ZESN
)[a<o k70 TR Tled 1EENVER EHY)vIS> BEYSTITS [Enter]
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» gurobi &<

O RJAVTRT [ gurobi [Enter] ] £3TD

Y:¥xxx> gurobi [Enter] <— S gurobi HERENT S
: B IV JO007h
LPO7 A JLETA

e she Wi nd ersion 5.6.3
3. Ia'ur |:| II|:+|r| +| on, Inc.

gurobi> m=read(”xxx.|p”)\ |

gurobi> m.optimize() : e

FEORT
gurobi> m.printAttr(’X’)/

BEEI7MILIRTE

gurobi> m.write(“xxx.sol”)
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~ 7]
¢ Cplex—fﬁ¢< OY2RTAVTRT [cplex [Enter] 1 £EFTD Scplex A FEENT S
Y:¥xxx> cplex [Enter]‘/ @8 177K 7057t

Welcome to IEBMCRY ILOGIR) i(RY Interactive Optimizer 12.5.2.0

LPT71) |/|:u|., 2
CPLEX> read xxx.lp -53:-:.5’ : 53
B RE D = 7R~
CPLEX> d D a IR - - 1 = display problem zl|

&1k (FfE<)
CPLEX>opt—— ]
fRDR TR : .
CPLEX>d so v — i <

R I74ILIRTE 7 Mane 'm "ff
CPLEX> write xxx.so|— A aatasit

lution variables
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e ¥RH2Ex 1L Linear Optimization
- [HREDETILIE (ERAE)

— BHY:EnEQR MR/ < B #IEA 2R objective function

- FFLBEOREEW=T < #4924 constraints
- EH2. ITHOEMEIIHIEEFRT
_ 3 -wEEILIEE JEE1 &4 nonnegativity

Py ls?k _nﬂ:?
BEE ZE= 50 80 60 70 40

Xij - Ti5i >R NDHIEXE {4

ex) xgp = 30 : MBI TIH(S)AS 120 #®&Es) 3 2 4
FDEIEIAR: 2 X 30=60
s 70 HEOEH) 7 3 1

N W W
W N Co



W= 50 80 60 70 40

H'J L Flzﬁ = Hia

120 HHEE(S) 3 2 4 5 8
= —
° Fl:ﬁiFE@L::_Et1t 130 HAK 5 6 5 3 2
.-. ............................................................................................................................................................................... 70 I_-IE 0) _S ( H) 7 3 1 2 3
Minimize

3Xat 2 X5+ 4 Xgo+ 5 Xgp + 8 X B B9BS%K objective function

+5 X4 ¥ O Xgp+ D5 Xpt 3 Xppt+ 2 Xpp
+7 xXpgst3 X+ 1 xXyct2xyp+ 3 Xy

subJect to

Xop + Xgq + X =50 Hll %54 constraints

Xegt+Xggt+xyp =80

Xsc + Xgc + Xye = 60

Xsp + Xgp + Xpp =70

Xgp + Xgp+ Xyp =40

Xgq +Xgpt+ Xgot+Xgp + X <=120

Xga + Xgg + Xge + Xgp+ Xgp <= 130
Xpa * Xpp + Xpe + Xpp + Xyp <= 70
end JE & 514 nonnegativity
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1 |3. &HERES
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3 TENEEZE|A B C D E -
. iﬁ. ?t BRE OEBXMEM) @ BMEN O BEE:(V) 0
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3 #2(K) 5 6 5 3 2/ #azt EACIDEE:(B)
[ B B B e : +

6 mosH) | 7 3 1 2 3 E 5! $C$9:5Gs11
Fi HHIESFONSER: (V)

P e $C513:5G513 = $C515:5G515 —
8 X A/BICIDE HIZE _ i £150:51511 <= SKE0:5KS11 EIN(A)
9 5 ] = 120 z=(0)
10 K = 130
11 H ol=| 70 RIZ(D)
12

- FATUEHR)
13 HIEE o 0 0o 0 0
14 I [ | N | I EHAMET(L)
15 EE 50 80 60 70 40 HHOLVEREIEESHIITHK)
16 RERAEOER: | 2 TLwbA LP hl ATAx(P)

E
17 [9] = SUM( C9:G9 ) ©®
18 —[9]Fa—L, [110:111]1~B54 it BRAE
19 [C13]|= SUM( C9:C11) %bﬁ‘?#’f&ﬁ;ﬁﬁ'@”wbﬂ: MECd GRG IEEEI Sy, ERERTVIL-BECR P 227
. I _ Ll d I3, Bt TR EERER T VL —BEC R TR — 23— 1T “?EJ.JRL:E{

20 —[Cl3]#aE—L, [D13:G13]~B50 {117 .
21 [6] = SUMPRODUCT( C4:G6, C9:G11)
22 AILT(H) BER(S) FL3(0)
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2 | fED R b
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Al 5] 8 0D 3K fi%
* gurobi TfE<

Y:¥LP>gurobi [Enter]  [@==zoor o

a=rows, 15 colunns and 30 nonzeros

LP7 A JLEEIA
gurobi> m=read(“ex.Ip”)

v columns, 30 nonzeros

Fr|m1| Int Du1| Inf

ExE 1k (fE<)
gurobi> m.optimize()
FED RN
gurobi> m.printAttr(‘X’)
gurobi> m.ObjVal

gurchi> [m.Ubiva




Al 5] 28 0D 3K %
gurobl'C*‘ﬁ:FL\T:ﬁtE%

gurobiz m.Ubj¥a
6700

KEE{EDFKELIZDUT
6.700000000e+02
=6.7 X 10?

=670




AIJI §> read e |p
HIJ n L ||| v lam Tex. e read.
L Foac time = 0.00 sec. (0.00 ticks)

LEO)C b a = display problem =l
73 chi: 3 xGh + 2 %8B + 4 580 + 5 580 + 8 xSE + 5 KA + 6 KB + 5 xKC + 3 KD
N
. Cplex ‘ﬁq:< + 2 KE + 7 xHA + 3 B + HC + 2 xHD + 3 X
Subject To
clr w3l + xKA + xHA
c/t x3B + KB + «HB
cdr w3l + KD+ xHC
cd: w30 + %KD + =HD

. chi wxok + «KE + xHE
Y.¥LP>Cp|EX [Enter] 61 Sh + xSB + X80 + x8D + xSE <= 120
it ot + KB+ KD+ D+ wkE <= 130
o xHA + xHE + »HC + «HD + »HE <= 70

LPZ7 A JL&5EA Sounds

A wvariables are »= (1.

CPLEX> | opt

CPLEX> read ex.lp Tried dggregator 1 Time.

Mo LF presclve or agzzregator reductions.
Presolve time = -0.00 zec. (0.01 ticks)

Fl:ﬁ%d)i%ﬁ‘ [teration log . . .
[teration: 1 Dual chiective = 160, 000000

CPLEX>dp a Dual simplex - Optinal: Objective = 6.7000000000e+002

Solution time = 0.00 sec. Iterations = 7 (0)
Deterministic time = 0,07 ticks (13.28 ticks/zec)

mxE b (7<) CPLEX> |d 50 v - = display solution variables
Variable MName Solution Yalue
CPLEX> opt (S 40000000

x5B &0. 000000
<A, 10.000000

. _ D 60000000
BED R WKE 40000000
G 60000000

»HD 10000000
CPLEX> d SO V - Al other variables in the ranze 1-1% are 0.
CPLEX>




Al o] 28 0D 3K fi#
cpIex'Cﬁq:L\t

D11| simplex - Optimal:
olution time = 0,00 sec
[ln~+n~rrn|r istic time = 0.01 +| ks

CPLEX> d so v

Variable Name

| || other wariables in the range 1

MKEREEDIREEIZDWNT
6.700000000e+02
=6.7 X 10?

=670
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e 0-1E# &1L 0-1 Integer Optimization

- BMEDETILE(ERIE)
- HE: EAFDmKIE RT7 DM (B

[T

N3

)
- &L BENETHEFEIALUT w1 2 3 4 5 6
— & HAHTHEEEIIALUT 1’1 3111205 6la
" 211 3 5 4,62

3 1 S =JL ==
« BT 3 306|154 2
. 0122 1, o)t ...#il(itj)"c’ﬁ?\ 4 14 6 3251
6 3/ 6/5 /12 4
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e 0-1E# &1L 0-1 Integer Optimization
- [HREDETILIE (ERAE)

maximize ~
3x,;+1x,+2x,;+5x,,+6x,5+4 x,

[T

N3

liml

+ ... y

+3 x5, +06x,+5x,;+1x,+2 x5+ 4 X454

subject to

—

ool o w| = N>§
SRR REARE RS B CROEes

113

2 1

Xpp+ X+ X5+ X+ X5+ x5 =1 e 33
— 1

X1+ Xgp+ X3+ Xgg+ Xgs+ Xgs =1 4 | 4

X+ Xy 4 X5+ X+ xs, X =1 o |1
— &2

Xj6+ Xpg+ X3+ X5+ Xsg + Xgg =1 6 |3

-~ NN oD o D HE
N A Ol oo Ol
ARlw = MMM OO

X €10, 1} (i=1,...,6, j=1....,6)
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o ExcelV )L/ \—THEL()LER )

Il Il Il Il I Il

[A DT 28]
{1> [R5] =SUM{ K5:P5 )
—[REEIE —L, [RE:R1 0]~ BEW) 71+

<2> [K12] =SUM({ K5:K10 )
—[K12FP=3a" —L., [L12:P12]~ B 11+

<3> [R13] = SUMPRODUCT{ C5:H10, K5:P10 )

A e S T B O s o T O P T G R P e L e L= L R B LS L

A B . C D E F G H I J K L M N O P @@ R 5T
EECERI S TOEAEA T T LY
A o1 &EH
wgi; 12 3 4 5 8 x; 1 2 3 4 5 @ il
1 SIE 2l 5] &) 4 1 0= 1
2 1] a3l 5| 4] & 2 o [ 0= 1
al 3l & 9 sl 4] 2 3 [ 0= 1
al 4] & a3 2] s| 1 4 [ 0= 1
AIE gl 2| s| 4] =3 5 0= 1
ATEI G ol 4 6 [ 0= 1
0 of o o o o o |AF




BRANEBEHIIYF DKAEE
» Excel THEL

() )LIN—E5

XE )

==

UILI-mISA-5-

BNtL0EE:(T) $R513)|

EEE ®2AEM) OBMEN O BEE:Y)

EHTIOEE:(B)
$K$5:5P510

BIHIEADN S (U)

0

FKE12:5P312 == 1
$K$3:8P$10 = J{4 )
FR$5:5R510 == 1

[

I

EDN(A)
ZE(C)

BIE(D)

FATUCYHR)

Fanda/ RF(L)

BRere VIl (-BEECR P 2T

3 FaE=S BN | Pl
L EE:(E) IS (N)
FRE5:5RE10 T e= w111 4
oK BAN(A) FOUGE) | \won EEEEasITAK)
| @3 HEO;ER: | LebA Lp
S| $ZEMENT X
Iak
CIEE:(E) Bl () RIS ERTVIL—EISI GRG IEET S,
$K$5:5P$10 * | bin |T JiAF) + | Iy, BehTRRVIEERER T -BS TR —2at— IS ERiRL T
-
£ =
oK z B FrIL(C)
int LT (H) BER(5)

FL3(0)
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e Excel)L/\—THE\=-#5E

F0 1717 47 4T T mas

Il Il I Il Il Il | 30

—

A B C D E F Pla]l R [S]T
1 RE2EIFTORAEA T

2

3 EH 01 &EH

4 wi; 1 2 3 4 5 8 x; 1 2 3 4 5 8 il

5 13| 1] 2| 5| 6| 4 1.0 o o o 1] © 1 £ 1
§ 2l 1| 3| 5| 4| & 2 2| ol of 1] of of of [ 1= 1
7 33| 6] 1] 5| 4] 2 sl ol 1] of of o of [ 1= 1
g 4 4| & 3] 2| 5 A1 al 1] of of of o of [ 1= 1
3 5l 1| & 2| 5| 4] 3 sl ol of of 1] of of [ 1= 1
10 6 3] & 5| 1] 2| 4 6l _of of of of o 1] [ 1= 1
11

12

13

14

i 208 i - B (B

DA - 5

Objective Value:
6+5+6+4+5+4=30 4
® (®)




-

3x11+1x12+2x13+5x14+6x15+4x16

BAEHTYTF

* gurobi & cplex T

iz < HE
—lp27A4IL
[ ]

+1x21+3x22+5x23+4 x24 + 6 x25 + 2 x26
+3x31+6x32+1x33+5x34+4x35+2x36
+4x41+6x42 +3 x43 + 2 x44 +5 x45 + 1 x46
+1x51+6x52+2x53+5x54+4x55+3x56
+3x61+6x62+5x63+1x64+2x65+4x66
subject to

x11 +x12 +x13 +x14 +x15+x16<=1

X21 +x22 +x23 + x24 + x25 +x26 <=1
X31+x32+x33+x34+x35+x36<=1

X41 +x42 + x43 + x44 + x45 + x46 <=1

X51 +x52 + x53 + x54 + x55 + x56 <=1

Xx61 + x62 + x63 + x64 + x65 + x66 <=1

x11 +x21 +x31 +x41 +x51 +x61<=1
x12 + x22 + x32 + x42 + x52 + x62 <=1
x13 +x23 +x33 +x43 +x53 +x63 <=1
x14 + x24 + x34 + x44 + x54 + x64 <=1
x15 + x25 + x35 + x45 + x55 + x65 <=1
X16 + x26 + x36 + x46 + x56 + x66 <=1

binary

x11 x12 x13 x14 x15 x16
x21 x22 x23 x24 x25 x26
x31 x32 x33 x34 x35 x36
x41 x42 x43 x44 x45 x46
x51 x52 x53 x54 x55 x56
x61 x62 x63 x64 x65 x66
end




RANEBEAIYFT DKRER

* gurobi CTf#E<

aurobi> [m = read( mam_ex]. 1p’)
Read LP Tormat model T rom T11e mwm_ex]. Ip
Reading time = 0,00 seconds
b 12 [T gﬁ Fn|ler“|~: ?? o T o D
=Lrobi > [m.opt imize()
urchi OEtimizer wersion 3.0.2 puild v9.5.2rc0 (wink4)

hread count: 10 physical cores, 20 logical processors, using up to 20 threads
et imize a model with 12 rows, 36 columns and 72 nonzeros

odel fingerprint: OxdbdtBlbha

ariable tvpes: 0 contiruous, 36 intezer (36 binary)

oefficient statistics:

Matrix ranee [TeHlD, le+l0]

Objective range [let00, Be+00]

Bounds range [1e+00, Te+00]

RHS range [Te+00, Te+00]
Found heuristic solution: objective 170000000
Fresolwve time: 0.00s
Fresolved: 12 rows, 36 columns, 7¢ nonzeros

ariable tvpes: 0 continuous, 36 intezer (36 binary)
ound heuristic solution: objective 24 0000000

Root relaxation: objective 3.000000e+07, 6 iterations, 0.00 seconds (0.00 work units)

Modes Current Mode Object ive Bounds o ke
Expl Unexpl Ok Depth IntInf | Incumbent BestBd  Gap | [t/MNode Time

k0 i 0 30.0000000  30.00000  0.00% - Os

Explored 1 nodes (B simplex iterations) in 0.02 seconds (0.00 work units)
Thread court was 20 (of 20 available processors)

Solution count 3: 30 24 17

Optimal solution found (tolerance 1.00e-04)

Best object ive 3.000000000000e+01, best bound 3.000000000000e+01, sap 0.0000%



RANEBEAIYFT DKRER

o gurobeﬁ#L\T_%‘i%

S Ol A~ GODN —

i

N7 OEME(EH)
1 2 3 4 5 6
3|12 |56 4
113|546 ]2
3/6 |1 5|42
416 |3 |2|5 1
1162|543
3/6 |5 1|2 4

B i i - B B

O3 - 1R

B

Objective Value:
6+5+6+4+5+4=30



CPLE > read mwm_ex1;|p

rob | e mwm_exT. T read.
T Y ead time = 007 sec. (0,00 ticks)
E PLEH> opt
ersion ident ifiers 2007.0.0 | 2020-11-10 | 9bedb6d68

ound incumbert of walue 0.000000 after 0.00 sec. (0.00 ticks)
ried azzrezator 1 time.
educed MIP has 17 rows, 36 columns, and 72 nonzeros.

7] <:: S .
® z educed MIP has 36 hiraries, (0 generals, 0 505, and 00 indicators.
Cplex ﬁq: rezolve time = 0.00 zec. (0.04 ticks)
rebing time = 0.00 sec. (0.02 ticks)
Tried azgrezator 1 time.
letect ing svmmetries. ..
Reduced MIF has 17 rows, 36 columns, and 72 nonzeros.
Feduced MIF has 36 binaries, 0 generals, 0 S05s, and 0 indicators.
Presolve time = 0.00 sec. (U 05 ticks)
Probing time = 0.00 zec. (0.02 ticks)

Clicue table members: 12,

[F =earch method dynam|c Search
Faral lel mode: deterministic, using up to 20 threads.
Foot relaxation solution time = 0.00 sec. (0.03 ticks)

(]
Flapsed time = 0.02 sec. (0.22 ticks, tres = 0.00 MB, solutions = 4)

Foot node processing (before béc):
Real time 0.02 zec. (0.27 ticks)
Faral lel b&c, 20 threads

0.00 sec. (0.00 ticks)

Real time

Svnc time (average) - 0.00 =sec
Wait time (average) = 0.00 sec
Total (root+branchécut) = 0.02 sec. (0.22 ticks)

Solution pool: 4 solutions saved.

MIF - Intezer optimal solution: Objective =  3.00000000002+01
Solution time = 0.02 sec. [terations = 1¢ MHodes = 0

Deterministic time = 0.22 ticks (14.83 ticks/sec)

Modes Cuts/
Mode Left Ubjective [Inf Best Integer Best Bound [1Crt
£ [+ (] (0. 0000 126.0000
£ (1+ (] 17,0000 126.0000
£ 0+ (0 23.0000 126.0000
(] intezral i 20,0000 a0, 0000

12

Gap

5471.18%
447 .83%
0. 00



RANEBEAIYFT DKRER

o cpIex'C“ﬁ’iL‘T:?'f?E%

CPLEX d s

h nl r+ S0 I1+||

ETT other variables in

=

S Ol A~ GODN —

the rans

1

N7 OEME(EH)
1 2 3 4 5 6
3|12 5|6 4
113,546 2
3/6 |1 5|42
416 |3 |2|5 1
1162|543
3/6 |5 1|2 4

B i i - B B

O3 - 1R

Objective Value:
4+06+6+4+5+0=30



% k5 i% [ RE shortest path problem

o B)HT57G6=(VE)ER EDOARR cost) MEZ SN TLVS. RE—k
e (m1)hSd—)Lithsm (FH9)ET, R FDBFIAF/INELES
I (RER) ZROH-

. (1T 1 5 (i,)) ZiRb
O-185 5, {0 G DEBSHLY



B 2 i A D TE U1k

o O-1EHmBEILEICKDETIVIE(ERKL)

0- 1K Hlx,ld, #(i)) EEIZDWT,

i Z o fﬁ%ﬂ%tb’dﬁ'y‘ifo/l; FEhHELVES0
(i,))EE o s
1 (=) NN,
S.1. Exij _iji =4 0 (VZEV\{SJ}) >l\_—‘\/:
eV T —1 (=) P
xi; € {0,1\ (VGNEE)
RINLDREEDF] RINDFTAEDT] '

FHRE, TRiroDREED0MIENRINDRAZEDTIEDEIZEHTHEDT
RIMRAA—Ih & (i=s) 7551, O — )L s (i=t) 725-1, TSV 0E8T 5
(REA—MEIREDHED T1-0=1, EHI(FESEHEE1-1=0T:E LA VIFHF0-0=0,
J—JULIERADHED TO-1=-1£LVDH &)



B X2 B ] 8 0D 3K fi#
o ExcelV )L/ \—THEEL()LEE )

A B
iR rEfc]Re
HEGE

C

;

[ fe i R oy oy I D ) R COR N D O T s T Rl Kl o

o LI L o Y o R I g I O g ey I D I T [ ]

[ ) B o B o B e TR B e T o R S T ) B S R ) B

E F € H I o K L M I
i SEE
VoooaiBFl HAF A F -3 AR
X i L X5 L X5 i Xz — Li Xj
start 1 0 0 o= 1
2 0 0 o= 0
d 0 0 o= 0
4 0 0 o= 0
5 0 0 o= 0
] 0 0 o= 0
7 0 0 o= 0
g 0 0 D= 10
zoal 9 0 0 o= -
[AFT5#F]

1> [E2] = SUMPRODUCT( D4:D19, E4-E19 )

{2 [H4] = SUMIF( B$4:B$19, $G4, $E$4:$E$19)
—[H4FEat —L, [Ha:1 2]~ BEW) 11

3> [K4] = H4 - 14
—[KalEat —L, [K5:K1 2]~ B8 T



B R % ] B 0D 3K %

o Excel THE<
(JJLIN—ERFE)

VI -DIGA-5-

EftILORE:(T) $ES2)

EfE: OENEM @ SMEN O BEE:(V) d

EHTIEE:(B)
$ES4:5E519

AIFIEA RO & (U)

SR 5KE1Z = MBI EME12

BEIDRVEHEIFEHCTIK)

BERTEOEIR: | o TLwh P
(E)

BRNE
ESHRIEERE T VIL-BEICZ GRG IHERL

LR TS, BshTERVIERRAERT VI —BRCRTA1 23— T30 EERLTC

.

AT (H)

THE(C)
k(D)
AT HR)

FanAd/RF(L)

[

I

Ty, EREETTVIL-BECR P 2T

AER(S)

FL3(0)




= o D E F & H I J K. Lo hd

| "‘I:I"'
= = EE1 iSFERagE e SEL
Ex Y} H iE 2 | HESE mn] 8] v OeE AR T FI- AR

3 i J cost X 5 i E; X5 i X5 Lxy — Lixg
4 1 2| 3 0| start 1 1 0 1= 1
XY 5 1 3| 2 1 2 0 0 0= 0
° EXIKﬂ:/)LN,\__E 1 5| 5 0 5 : : 0= 0
7 2 4| 2 0 4 0 0 0= 0
3 2 5| 5 0 5 1 1 0= 0
'Tfﬁﬁul\f>ﬁ%i§%9 3 5| 2 1 G 0 0 0= 0
= 10 3 Gl 1 0 7 0 0 0= 0
11 4 5| 3 0 B 1 1 0= 10
12 4 7| 2 0| goal 5 0 1 -1 =
13 5 6 1 0
14 5 7| 2 0 (A FT2#HE]
15 5 8| 1 1 1> [E2] = SUMPRODUCT( D4:D19, E4:E19
16 f 8| 3 0
17 7 5] 3 0 {2> [H4] = SUMIF({ B$4:B$19, $G4, $§E$4 $E
18 8 7| 5 0 —[H4 e —L, [H4 11 21~ B 1+
19 8 9| 3 1

B 26 i + B (B
O & - #REE / S

optimal solution:
[1]—=[3]—[5]—[8]—[9]
Objective Value:
2+2+1+3=8



Bx K5 6% 5] /B D 3K i
* gurobi & cplex T
< ZE R

—p27A4I)L
[ ]

minimize
3x12+2x13+5x15+2x24+5x25+ 2 x35
+1x36+3x45+2x47 +1x56 +2 x57 +1x58
+ 3 x68 + 3 x79 + 5 x87 + 3 x89

subject to

x12 +x13+x15=1

x24 +x25-x12=0

x35+x36-x13=0

x45 + x47 -x24 =0

X56 + x57 + x58 - x15 -x25-x35-x45=0
X68 - x36 -x56=0

X79 -x47 -x57 -x87 =0

x87 +x89 - x58 - x68 =0

-x79 - x89 =-1

binary

x12 x13 x15
x24 x25
x35 x36
x45 x47
x56 x57 x58
X68

x79

x87 x89
end




Bx 52 1% [ =B 0D 2K %
* gurobi Tf#E<

« FELV-HGR
optimal solution:
[1]—[3]—[5]—[8]—[9]

Objective Value:
2+2+1+3=8

1:|Df]

eading time = .00 seconds
s Y orows, 18 columns, 31 nonzeros
surobi> [m.opt imize()
urohi Otimizer werston o072 build +9.5.2rcl (winBd)
hread count: 10 physical cores, 20 logical processors, using up to 20 threads
et imize a model with 9 rows, 16 columns and 31 ronzeros
odel fingerprint: 0x283c1908
ariable tvpes: 0 contiruous, 16 intezer (16 hinary)
oefficient statistics:
Matrix range [Te+00, Te+00]
Objective range [l1e+00, He+00]
Bounds range [Te+00, Te+00]
RHS range [Te+00, Te+00]
ound heuristic solution: obiective 10.0000000
resolve removed 9 rows and 16 columns
resolve time: (0.00s
resolve: Al rows and columns removed

xplored 0 nodes (0 simplex iterations) in 0.00 seconds (0.00 work units)
hread count was 1 (of 20 available processors)

iy
Pest object ive 8.000000000000e+00, best bound &.000000000000e+00, gap 0.0000%
aurobi > RTS8

Yariable

%k
L
it
m. ObjVal




B R % ] B 0D 3K %

o cplexTHEL

EELV=HE R

optimal solution: e hent o after 0.02 sec. (0.07 ticks)
[1]—>[3]—[5]—[8]—[9]

Objective Value:
2+2+1+3=8

Total (root+branchécut) 02 sec. (0.07 ticks)
Solution pool: 1 solution saved.

HIF- - Ir|+.==.=, ..;+|m1| solution: Objective = 8. ||||||||||||||||H+||||




AR maximum flow problem

« )T 357G=(VE)E#R (i) EELEDEE (capacity) u; MEZLNT
NS, RA— l*iﬁ’,,'#\(,'ﬁl)b\bil—)lxiﬂ,'f—\’l(,'ﬁ9)$f%0)€‘um'§'&
g', /)ILE?b\H_j(tf&é/ﬁ;hz(E_jtull.)é;llz&’)f’b\

SRS
RS

o EHEZHM x,;

]

*312(1 ]) Lull._d_/ ILE



ij)lLFEﬁiLd)E_Ht

o IR EREILIEIZLSE _‘\)MIS(E_WIZ)
ML R, [,
2 Xgj — Z X;s s__) (i) SEI-Rh e
JEV JEV

7
Exu Zx]l =0 (VieV\l{st}) ™ <

JEV IEV ... - N\

0 < Xij < UU\ (\V/(l ])EE)
RiNoDFEEDH RINDRAEZEDH

1DHDFHHNR(E, REERFHZRT. Blb, start/goal IS DIEED RilZDULNT

(iDL DMHEDHIEIRINDRAEDFIIEDENOGRERTF) THS
(s[start]/t[goal| (LT ERFRIFNNGERN NS EITER)

BRIBRRIE Rs[startl DI HEDHERAEDHIDE |ZRKRIET DI ELELEED



X N o] &8 0D 3K fi7

Excel JL/\—THEL (z)LEE )

Al B C D |E| F G H I J K L M N
1 AR FEIRE Maximum Flow Problem ==

2 WHESE =g VooomdF A A F-GA A F

3 i J X jj I jj i i X ;i Xj LXxyg — LiXxg

4 1 o = 2 start| 1 0 al  rmax al

5 1 3 = 2 2 0 0 0= 0
G 1 5 = 1 3 0 0 0= 0
7 2 4 = 1 4 0 0 0= 0
8 2 5 = 3 5 0 0 0= 0
o 3 5 = 5 i 0 0 0= 0
100 3 ; = 2 7 0 0 0= 0
11 4 5 = 1 B 0 0 0= 0
12 4 7 = 3 goal 5 0 0

13 5 ; = 3

14 5 7 = 5 ENAEESE &

15 5 g = 3 1> [14] = SUMIF{ B$4:B%19, $H4, $D$4:$D%19)
16 f g = 3 —[I4 =3 —L., J4:4 2]~ B&) 1+

17 7 5 = 2

18 g 7 = 5 {2> [L4]1 =14 - M4

15 g 5 = 2 —[L4PFa —L, [Le:1 2]~ AR+




X N o] &8 0D 3K fi7

Excel TH&E<

() )LIN—

XL

Y- A-5-

ETLOEE:(T) 5L54) *
EEE Q2AEM) OSMEN O EEE: (V) 0

TFErILOEE:(B)

s0%4:50%519 *

BSOS (U)

$D3%4:5D%19 <= $F$4:5F519 ENN(A)

£D3$4:50519 == 0

$L$5:61$11 = 0 =5(0)

BIER(D)

FATUwHR)
SHAMFEE(L)

[ Bz EEEIEE ST A(K)

%ﬂﬁiﬁmﬁiﬁ: T3 LP w AT<a3(P)

ERaE

BSLRIEREETY VLI -FBICR GRG IR T, SFERTVILI—BECE LP 207
LahZ T2, BshTRRVIESRAERT VL —BRCR TN -3 I “}EJ.“{HL:T_'{
fZ&le

(]

ALT(H) BR(S) FHL3(0)
| |




= st = Al B | G D |E| F | G | H I J K L I
E— 5 Fﬁ E 1 |7 e]RE Maximurm Flow Problem oEE
X JILIHE =, dsar T8 Vol A TR RN

. 4 1 2 1|z 2 start| 1 4 al  max. 4|
1 N\ 5 1 3 2l 2 2 1 1 0 =
i EXCG'/}I//\ 5 1 sl 1= 3 2 2 0=
7 2 4 1= 1 4 1 1 0 =
—csﬁﬂ L\-f,. %:I: 8 z 5| ols 3 5 3 3 0 =
ﬁF ~I'"H 3 3 5 2= & § 0 0 0 =
10 3 g ol 2 7 o o 0 =
11 4 5 ol= A g o o 0 =
12 4 7 1= 13 goal e 0 4
13 5 f ol= 3
14 5 7 1|= & (AT E#]
15 5 g = 1> [14] = SUMIF({ B$4-B%19, $H4, $D§4 %I
16 & a ol = 3 —[I41F 3 —L., [J4:0 2]~ BE) {1+
17 7 g 2= 2
15 A 7 o= 5 {2 [L4] =14 — A
19 g g 2= 2 —[L4FFaF —L, [L5:01 2]~ BE {1+
/ 1/3

BB Bl
O HREE /

Objective Value:
1+2+1=4




X N o] &8 0D 3K fi7

* gurobi & cplex T

iz < HE
—lp27A4IL
[ ]

maximize
x12 + x13 + x15
subject to
x24 + x25-x12=0
x35+x36-x13=0
x45 +x47 -x24 =0
X56 + X57 + x58 - x15-x25-x35-x45=0
X68 - x36 -x56=0
X79 -x47 -x57-x87=0
X87 + x89 - x58 - x68 =0
bound
x12 <=2
x13 <=2
x15<=1
x24 <=1
x25<=3
x35<=5
X36 <=2
x45 <=1
x47 <=3
x56 <=3
x57 <=5
x58 <=3
X68 <=3
X79 <=2
x87 <=5
x89 <=2
end




EET'Lj(ulLFnﬁiLO)*ﬁfF

gurcbiz|m = readl mf_ex]. |p
EeaglLP Igrmat Eoggl Tr@de|ie mf_ex]. |p
0 = 73( eading Time = U UU seconas

e *ﬁ s 7 rows, 16 colunns, 27 nonFeros

gurObI tl: =urobis| m.oopt imizel)
Gurobi OFtimizer verston 0. 5.7 build +9.%9.2rc) (winBd)
Thread count: 10 phwsical cores, 20 logical processors, using up to 20 threads
Oetimize a model with 7 rows, 16 columns and 27 nonzeros
Mode| fingerprint: Ox1f836c96
COﬁfiicient StatiStE?S:UU 1 +00]

73 atrix range etll], let
ﬁL'I:L\T" %E% Objective range [1et00, Te+00]
-~ Bounds ranse [1e+00, Ge+l0]

EHS range [0e+00, 0e+00]
Frezsolve removed (0 rows and 1 columns

Fresolwve time: 00.00s
Fresolwved: 7 rows, 1% columns, 26 nonzeros

[teration Object ive Frimal Inf. Oual Inf. Time
(0 H.0000000e+00  6.000000e+00  0.000000e+00 (s
7 4.0000000e+00  0.000000e+00  0.000000e+00 (s

Solved in 7 iterations and 0.00 seconds (0.00 work units)
Dt i ma | —obdect v 4 0000Q0QQ0e+00

surchi m.printdttr(7¥)

Yariable

%13
%15
i
x3h
b
w7
pae
Y e
*5H
uaabi} m. UbjVal

PO — D — — [T —L




X N o] &8 0D 3K fi7

o cplexTHEL

EELV=HE R

[teration log . . .
[teration: 1 Dual chiective

Solut ion Ya

A | other variables in the range 1-16 are 0.



/Ny S RE minimum cut problem

)7 37G=(V,E)EH (i) EELEDEE (capacity) u;, MEALNT
WA REA—FR(RDZESOAEEZS, :—)b,-ﬁ(,-ﬁ9)€at
REEZTEL, RE vi—stﬂ 253 ELT=0L.

1={4,5,7,8,9}

2
$={1,2,3,6) o

SETHEFE-CH (SDESTOEA~DHE) DRESESTHYRELS
BRENR/NERESTAYRE RO ZEEER/INAYREEE LA

STHYR={(2,4),(2,5),(1,5),(3,5),(6,8)}, STHYFDAEE=13




/Ny S RE minimum cut problem

)7 37G=(V,E)EH (i) EELEDEE (capacity) u;, MEALNT
WA REA—FR(RDZESOAEEZS, :—)L£(£9)’Ead;
BMERETEL, mESVESETIZ2REILTL.

1={4,5,7,8,9}

2/'/’4
5= {1236\ //3\ /%
3 8 r S
—Z 2 (léi]-)
« BT Yi J Vj

0-1ZHy, R i NEBSIZTEENSDEEZL, TICEENSHES0
o 0-1E#z, 80, ) MSTAYMIEENDKIEL], ED7EH0

) L[]




=&/NvREIRED E L

e O-1BHMETEEICKATERIL

min. Z uijzl-j

(i.))EE
st Vi — Vi < Zij (VU )HEE) .@
ys =1,y =0 -2

z;j €{0,1} (V@ ))EE) |
v €01}  (ViEV)

HIFIDODELK
*3'2(1,])75\ / (ZZ’]) o j
STjJ ‘\JI‘ Vi Y y]

DiGZE



=&=/NAY BB D E L

* Excel™~DaCih
A B C

D E F G H I J KL Iyl M 0 PO
1 Bk SR8 minimurm cut problerm sThHHFE

2 HEGV FESE TE rrin. sk Hll§ A A= ST = HE
7] i Vi i j I Z3 ViV

4 1 1 2 2 1 = 1
5 2 1 3 1 2 =0
f 3 1 3 2 3

7 4 2 4 1 4

8 5 2 3 3 5

o G 3 3 5 G

10 7 3 f 2 7

11 8 4 3 1 8

12 5 4 7 3 g

13 5 f 3 10

14 |2 49—} 5 1 5 7 5 11

15 | d—Il-. & 5 5 8 3 12

16 f g 3 13

17 7 o 2 14

18 8 7 5 15

19 8 f 2 16

20

21 (AT 2]

22 H$#1D [M4] = VLOOKUP( E4, B§4.C$12, 2, FALSE ) — VLOOKUP{ F4, B§4:C$12, 2, FALSE )
23 —[Md PO — L, (S0 9]~ BE) 1+

24

25 H$#1® [04] = VLOOKUP( B14, $B$4:8C$12, 2, FALSE )

26 —[04FEar —L, [O5]~ BEW -+

27

28 BeE#E [w2] = SUMPRODUCT( G4:G19, H4:H18 )




=&=/NAY BB D E L

e /)L /N—

=JLr—
axX A

VILI-DISA-5-

B8t OEE: (T) 5152

B&E: OEAEM) @FMEN O EEE:(V) 0

EHCILOEE:(B)
$CH4:3C512,5H54:5H519

BIFIEAROE SR (U)

$C54:5C512 = J4 1
$HE4:$HS19 = Ji4FU
EMELEMELD == $HE4I$HE19
$054:5055 = 5Q34:50355

(] #$90RESEIEERIT3(K)

%&Hﬁﬁﬂ}ﬁiﬂ: LI LvhZ LP

- EE Y
ESHRIEERTRI VIL/(-BECE GRG IHERI
i

AJLT(H)

BIE(D)

FATUTYHR)

Fanda/RE(L)

[

I+

S, EREERTVIL-BECR P 2T
LaliZ T3, o TREVIEERERTVIL —BBEE T —2ah)— 1205 ERL TS

BR(8)

FIL3(0)




A B o O E F G H [ J K. L Ml

= 1 et FE1R8 minimum cut problem STHwt B8
E— /J\jj \\J I\ ﬁ 2 BEEV BEAE TE rin | ] Frwt H
Z n 3 ' Vi i | my Zij Vi<¥;

i J if
4 1 1 1 2 | 2 0 1 0
5 A 1 1 3 | 2 0 2 0
» § 3 1 1 5 | 1 0 3 0
\ l/ \
® Excelj) /\ 7 4 1 2 4 |1 0 4 0
8 5 1 2 5 | 3 0 5 0
<3 JJL\ _ Y+ 9 i 1 3 5 | 5 0 é 0
e ~1iha 10 7 1 3 6 | 2 0 7l o
11 8 1 4 5 | 1 0 8 0
12 5 0 4 7 | 13 0 5 0
13 5 & | 3 0 10 0
14 | 28—F2] 1 57 5 0 11 0
15 | J—Il-& 5 5 B 3 0 12 0
16 & B | 3 0 13 0
17 7 05 | 2 1 14 1
18 g8 7 | 5 0 15 0
10 8 o | 2 1 16 1

AR BT,
T #5E

Objective Value:
2+2=4




/N Y nElRE
* gurobi & cplex T

R < {jim
—lpZ7AIL
[

]

minimize
2x12+2x13+x15+x24 +3 x25+5x35+ 2 x36 + x45

+3x47 +3 x56 + 5x57 +3 x58 + 3 x68 + 2 x79 + 5 x87 + 2 x89

subject to

yl-y2-x12<=0

yl-y3-x13<=0

yl-y5-x15<=0

y2-y4-x24<=0

y2-y5-x25<=0

y3-y5-x35<=0

y3-y6-x36<=0

v4-y5-x45<=0

vad-y7-x47<=0

y5-y6-x56 <=0

y5-y7-x57<=0

y5-y8-x58<=0

y6 -y8-y68 <=0

y7-y9-x79<=0

y8-y7-x87<=0

y8-y9-x89<=0

yl=1

yv9=0

binary

x12 x13 x15 x24 x25 x35 x36 x45 x47

x56 x57 x58 x68 x79 x87 x89

vyly2y3vy4dy5vy6y7y8y9

end
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suroh i |moprintdttrl ¥ )

Yariable

—

i
zurobiy L Ohiia |
4.0

zurobiz{m = read(mc_ex1.lp’)
Read LFformtmodet—rom T7te mc_ex]. e
Reading time = (.00 seconds
: 18 rows. 26 colupns, B0 nonzeros
zurobi>| m.oopt imizel)
Gurohi BEtim=er verston o002 build +9.5.2rcl (winB4)
Thread count: 10 phyvsical cores, 20 logical processors, using up to 20 threads
et imize a model with 18 rows, 26 columns and 50 nonzeros
Mode| fingerprint: OxbeGd6T14
Wariable tvpes: 1 continuous, 25 integzer (25 binary)
Coefficient statistics:

Matrix ransze [1e+00, 1e+l0]

Obiective range [le+(0, He+0]

Bounds ranse [Te+00, Te+(0]

RHS ranze [Tet(0, Te+lD]
Found heuristic solution: obiective 5. 0000000
Presolve removed 11 rows and 18 columns
Fresolve time: 0.00s
Fresolved: 7 rows, 8 columns, 17 nonzeros
Variable twvepes: 0 contiruous, & integer (8 binary)

Root relaxation: ohiective 4.000000e+00, 2 iterations, 0.00 seconds (0.00 work units)

Modes Current Mode Object ive Bounds W rle
Expl Unexpl Obi  Depth IntInf | Incumbent BestBd  Gap | [t/Node Time

k0 I (0 4.0000000  4.00000 0.00% - s

Fxplored 1 rnodes (2 simplex iterations) in 0.01 seconds (0.00 work units)
Thread count was 20 (of 20 available processors)

Solution count 2: 4 5

Optimal solution found (tolerance 1.00e-04)

Best objective 4.000000000000e+00, best bound 4.000000000000e+00, gap 0.0000%




CPLEY> read mc_ex]. lp

Problem me_exl. e read.
=l W = Waeac tine = 0.00 sec. (0.00 ticks)
VAN J - CPLEX ot
E R e 12.10.0.0 | 20701126 | 343didedac

Tried agzgregator 2 times.
MIF Fresolve eliminated b rows and 11 columns.
MIF Presolve added 1 rows and 1 columns.
= 4273 Lezregator did b substitutions.
[ Cplex i S L-F Feduced MIF has 9 rows, 11 columns, and 23 nonzeros.
Feduced MIF has 10 biraries, 1 generals, 0 5035, and 0 indicators.
Presolve time = 0,00 sec. (0.04 ticks)
Found incumbent of walue 5.000000 after 0.00 zec. (0.05 ticks)
Probing time = 0.00 sec. (0.00 ticks)
[ried azzregator 1 time.
Detect ing svmmetries. ..
MIF Fresolve eliminated 1 rows and 1 columns.
pa \ . - MIF Fresolve added 1 rows and 1 columns.
® L‘I: iha Feduced MIP has 9 rows, 11 columns, and 23 nonzeros.
S— Feduced MIF has 10 binaries, 1 generals, 0 S05s, and 0 indicators.
Presolve time = 0,00 zec. (0.02 ticks)
Probing time = 0.00 sec. (0.00 ticks)
Clicue table members: 5.
IF emphasis: balance optimality and feasibilitw.
IF zearch method: dvnamic search.
Faral lel mode: deterministic, using up to 4 threads.
Foot relaxation solution time = 0.00 sec. (0.02 ticks)

Modes Cuts/
Mode Left Objective [lnf Best Integer Best Bound [tCnt (ap
0+ 0 h.0000 0.0000 100, 00%
_ 0+ 0 4.0000 0.0000 100, 00%
?Egﬁeﬁfg@‘fuﬂ o 00 cutoff 40000 40000 5 0.00%
x%gla = Name Clu I?ﬁﬂﬂgﬂﬁg Flapzed time = 0.05 sec. (0.12 ticks, tree = 0,01 MB, solutions = 2)
X?Q .888888 RoEt Tofg processing (hefore B&E%: (012 tidee)
o ) eal time = 5 zec, (0. icks
7 00000 Paral lel béc, 4 threads:
3 0oooon Real time = 0.00 sec. (0.00 ticks)
5 000000 ﬁyng iime Eaverage% - 8.88 sec
i 00000 alt thihe Laverase Rttt
ig :888888 Total (root+branchécut) = 0.05 sec. (0.12 ticks)
E?I - ol 1 .U?Uggﬂ ) Solution pool: 2 solutions saved.
1 ' in t - )
CPLERS - enes I AnE TARSE AR TS T P - Integer optinal solution; Objective = 4.0000000000e+00

Solution time = 0.0% sec. [terations = 5 HNodes = 0
Deterministic time = 0,12 ticks (2.59% ticks/sec)
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5 /N Y REE (max-flow min-cut theorem)

> th) lx KJA—MEET BHEE,
EARE = mDMVEFE=E
BROBBETIE, [ERRE 4] = [m/DMvFE= 4 T

s xANMEIRBZEREP)ELT=ESE, /MY RREIRED N
X [EIRE(D) %D
> A70—&F/MvbEEIE, P TEEDORH®RT—X

o Pt EHE (

Duality Theorem)

> th) LP®D 3

ERAEP) EN D) E B LHEITRIREL DS, LY

INtREBEFORBEN—ET S



/Ny S RE minimum cut problem
« JEE)TTTG=(VE) IZDUT, s=1, t=7 DE/MhvbERDH K




E%/J\%Fﬁiﬁ Flzﬁ%E minimum cost flow problem
o {5l RE

7 57G=(V,E)ER (i) EELDARXF (cost) ¢; EBE (capacity) u, AEZHN TS
BEZon-ZERDEEL B RDOHEE ﬁ?"’?’?lﬂ—%%zé
EITAIRELRTA— D> TERAZ/INTG S LD ZEKOH K

1/4 10FEER

2/3
i \%\1/20 80\ 2/20
a1 1/20 / 10

6
340 5/5 / 3130 [V i 45
e = 20— 1/20 3/30
2/50

472730 : N s
\ 7 /m) 2/20 12 Tﬁ3%,m

[)Eig 2IEI2 ] LPIZE X 1EL T Excel Solver TR fEH &
(LPZF7AILTEHLZELELY, Excel DANERIEHEE)




w/NERARBREDE X1k &K 7

» %8 : 1B 151 EHEH (L, BG)) SERNAHE

min. z CijXij

(i,J)EE
5.1

xij— ) Xjij=b; (VIEV) @

JEV JEV .

0 < x;; Suiyj\ (V (@, ))EE)

RINoDFEHEDH RINDRAZEDH

MERFHHNODEDEN b, DIEIFLLTOEY
IS RISV IZDINT b=t R DHEIEE
FTEL/SVIZDLT =—TDRDEE=E
FNLSNDRIEVIZDOWNT  b=0GRERE)



w=/NE AREREDENE

e Excel~Dzaduh

A B C D E F G H 1 J K L i I O =
1 B8 = EH =§: 4

2 BESE min | VoOREE FAG L F0- A FD

3 i 7 €y X i Capmcity i Xy Lixy Lixy — Lixy =i
4 1 3 2 = 30 g 1 = B0
5 1 4 3 = 40 g 2 = 60
f 2 3 1 = 20 3 = 0
7 2 4 2 = Q) 4 = 0
g 3 5 1 = 40 3 = 0
e 3 f 3 = 20 f = 0
10 4 f 5 = Q) 7 = 0
11 4 7 2 = 30 g = 0
12 5 f 1 = 20 e = 0
13 5 8 3 = 30 =5 10 = -35
14 f 7 1 = 20 =5 11 = -45
15 6 8 2 = 40 TE 12 = -30
16 6 2 3 = 30

17 7 2 2 = 40 (AT EE]

18 g 10 4 = 40 > [K4] = SUMIF{ B$4:B6%24, $.4, $E$4 $E824)
15 8 11 1 = 10 —[K4FEa —L, [K4:L15]~B&J 11+

20 8 12 3 = 30

21 5 g 1 = 10 {2> [N4] = K4 - L4

22 5 10 2 = 20 —[M4FEaE —L, (NSNS~ BB 11+

23 5 11 2 = 40

24 o 12 2 = 20 ERigle k- [E2] = SUMPRODUCT( D4:D24, E4:E24 )

AR




=/NERARERBOEXL

)L /N —

=1 —
axX A

U -DIF A5 -
ENTILOEE:(T) £E$2 +
BfE: O8AEM) @ 8MEN O BEE: (V) L
EHILOES:(B)
SES4:5E524 *
H$I SO SR (U)
$E$4:$E524 <= $G54:5G524 EN(A)
SES4:5E524 == 0 —
$NE4:5NE15 = $P34:5P§15 ITrE(C)
BlE(D)
FATUPYHR)
FnAHETF(L)
L] Bl#mia ESEIEB ST 3((K)
ERTEOER: | = FLwbsA LP v ATza(B)

(E)

BERAE
BSHRIERFERT YL —BSECZ GRG 3BT, BFERT YL -HECRE LP 22T

Ll I, BehTRBVIEEHER TV -BRACRTR1- 23— I3 aERL T
el

AILI(H) FR(S) RIL3(0)
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Excel’/]L/

\—THEELV=#FR

B R e I s T e B2 B O R e e T e IS LS B e A B

iy =] o B E F =
=/ &R el A= 4z
FESE rmin
i J i X 5 capacity
1 3 2 30| = a0
1 4 3 20| = 40
2 3 1 20| = 20
2 4 2 40| = &0
3 o 1 40| = 40
3 6 3 10| = 20
4 6 5 30| = &0
4 7 2 30| = a0
o ] 1 20| = 20
o a J 20| = a0
] 7 1 10| = 20
] a 2 20| = 40
] a J 30| = a0
7 a 2 40| = 40
g 10 4 15| = 40
g 11 1 10| = 10
o 12 3 15| = 20
g i 1 0 = 10
g 10 Z 20 = 20
g 11 Z 35| = 40
o 12 Z 15| = 20

H

Hia
Hia

5o
m

B
5o
m

H R #

- K L il I o F
SEE
VoooGndEl AR i o -G AFD
i Lx; Lixy Lixy — L Xy oL
1 =0 0 50 = 50
2 g0 0 g0 = g0
3 =0 =0 o= 0
4 g0 g0 o= 0
5] 40 40 o= 0
4] g0 g0 o= 0
7 40 40 o= 0
g 40 40 o= 0
9 Fis, Fis, o = 0
10 o 15 —3Jo = —35
11 o 45 —45 = —45
12 8] g0 —30 = —30
[ANT 2]

1> [K4] = SUMIF{ B$4:B%24, $ M4, $E$4:$E824)
—[K4TEa —L, [K4:L15]~BEJS T+

2> [M4]

— K4 - L4

—[MATEOE —L., [NS:M15]~ BEY T

[E2] = SUMPRODUCT( D4:D24, EA:E24 )
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* gurobi & cplex THEER
—lp774IL [ ]

minimize

2x13+3x14 +x23 +2x24+x35+3x36+5x46+ 2 x47
+ x56 + 3 x58 + x67 + 2 x68 + 3 x69 + 2 x79
+4 x810 + x811 + 3 x812 +x98 + 2 x910 + 2 x911 + 2 x912

subject to

x13 +x14 =50

x23 + x24 = 60
x35+x36-x13-x23=0

x46 +x47 - x14 -x24 =0

x56 + x58 -x35=0

X67 + x68 + x69 - x36 - x46 - x56 =0
x79 -x47 -x67 =0

x810 + x811 + x812 - x58 - x68 - x98 =0
X910 + x911 +x912 - x69-x79=0
-x810 - x910 =-35
-x811-x911=-45

-x812 -x912 =-30

bound

x13 <= 30
x14 <=40
x23 <= 20
x24 <= 50
x35<=40
x36 <= 20
x46 <= 50
x47 <= 30
x56 <= 20
x58 <= 30
x67 <= 20
X68 <= 40
x69 <= 30
x79 <=40
x810 <= 40
x811 <=10
x812 <= 30
x98 <= 10
x910 <= 20
x911 <= 40
x912 <= 20

end
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* gurobi Tf#E<

using up to 20 threads

ﬁ#b\f*"f‘i
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o cplexTHEL

d | 0 rows and 1 columns.

e FELV-FER

b | other variables in the r:ar.:'ug:-:'::

CF




- R/PNERRERIT REREEEEARAREZED

=/ NERRBEDOERILICEWLWTLUTDERTEZXI NIZEL

VAR—kRi=s [2DWVT, b=1
VIA—JLEi=t I22WT, b=1
VENRUND R IZTDLNT, b=0
VETORI)HDE= 1, =00

g

B 75 %% [ 2B

/N ERREEOERICEVWTUTOREZT NLIXRL

VAB—kEi=s [TDWNT,  b=f Xf=Zcp Towx,
VIA—I)LRi=t [ZDWT, b=f xZOFKBHKTE HIKRT)
VENLUND R [ZDLNT, b=0
VAF—FRMLDRK(s))DAREL ¢ =1

= = =]
VERUSN DR HDIRE ¢;=0 B[R
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10.
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SEE [HgFetEE] BRBEE (1987)

BE - 5% - @He &8kl SKEE (1994)
AATRRA - AMIERN [Hd@Mbik] HIZHAR (2002)
IRAIERR [ stmisnERE & A 25 (2012)
NG - 8 - KB - KB TRESE] B3R2ZE (2001)

A. Schrijver: Theory of Linear and Integer Programming, John Wiley and Sons,
1986.

L.A. Wolsey: Integer Programming, John Wiley and Sons, 1998.

M. Conforti, G. Cornuejols and G.Zambelli: Integer Programming, Springer,
2014.

ARERIE, PR Ay, MMIEM, AL A4 X H1-n L WEIEBR@EL, I
KEF41,2012.

IRERTE, AT, ZHESS, SR, AR : PythonSSEICL 2 €Y
F AT YT 47 R, EREEA, 2016.

EER R BREIEE, ZHIE—ER : Excel CER.0R, F — Aft, 2011.



