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B EEEZITS. FATHYINIITIE, AMPL(+
GurobiE7z[XCPLEX), &, Simul8Z=EELTLS.
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EECHEATSC, AMPL, Simul8z4 > a—KTE5,
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o MERKIbISNT-MREIL., & L0 fRETHRE, f#ZRkH5D

o YIrDITEFRALTHED. B TIOTSLEER

- fRIEDOEE (MHEEEZX)
— BREARE (B E RIS S 42RO DEEE)
— SRR (B IXREEL LD, BLVEEZBRORDH D)
FIEER LTI RTOIREETFIZE]T 50 (B i)
— B&IZ(explicit)FI1ZE .~ B2 (implicit) §I| Z&

s 1\YIbS5vY % (backtrack algorithm)
—- 7O S LITHBNES FIEIEFILEE)

o ¥ [R%E % (branch and bound method)
~ BOFNEIERF (FEEDFMICKERE

Ty EEOEHRE
EHEA: BHEHERD, 0=x = 1 £T3

(KP-LP) max T, X _
st. Zi,ax =bo0=x=1, Vj
Glay =G, /e, j=1,..,nINRYIL D EREL TR GIEIE)
f5l: (KP-LP) K1t z=7x +8x, +3x,
il 3x, +4x, +2x = 6
0=x =1, V]
. 2. 33(EH/kg)>2(EH/kg)>1 5(FH/ke)
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« £0T, L= X = ANEINJEEYIVIE TS E(KP)D
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- BIMBEORERZ. MIER A, VI EIF O TIFREICKYES
El LS«:L&D’CJE; g SEYEEREDR SMRAELNE LR
YA

- BINEBEOREEMEHE = TREQRE B HEEIE

Fv 7Yy o RE O E G E (A E)
SHEORWGEMD D UNEAEZEFL) S5O
(KP1) JKIE 7= 10 X,+6 X, 12 X4

HHE 4x 32 =5 0=x=1, V|
BIMEORERE: X, = %= %=
FYTHVIRBORER: X, = %= L X=
EANEEOREEMEME = cREOREBMBERIE
(KP2) &K1k z=18x,+15X,+6x,+2X,
T 5xHX,2X,+X, =6, 0=Xx=1, V|

BB S = = = 7ZOT, DIEIZANDS
%*ﬂf‘nﬁgﬁo)ﬂ%ﬁﬁg X] = s X2 = 5 X3 = > X4 =
TYTHVIBMBORER: = 6= 5= X"
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BRI . £HERHTOEOTRMEA S




% BB %€ % Branch and Bound Method

« ¥ (branching) EHIEZHE D HNLIEHALETE
==> F . BBHRE~N DX
« PRZE (bounding) &EHZ=EE L CTHEDEHZRETE
== HNELITOIVENGEWNGEEELHD
o EARHBIAZE(z: TN xE B HIEEE)
s THRIE=A#=LFIE
« RAIEBBETIE, TRIEITETIEHEN S, LREXER
fEMNLFEOND
- TE(BMBEE)E: CNETITROMD>TLSRED
iz B rIBE#E
—- HEM: ThETICROM > TWSREHE
~ DHEEH: DBORRELGLIEMN
~ DEIER: PBOFNRELEDHTER (FRIE)
— KOoIER: FEERIEHLOTOVEWER (FRHE)

%32 4E (branching operation)

. EF‘:-E]%=§IJ$7K0)TE

[E 7 #21E (bounding operation) <& KIEDIHFE>

s HEIFEEICHBBREERTDLENHINEIEHIE
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FEMBEYNSGEE. PR EFL
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max 7, +8%,+3X;

st 3X 4% 22X+ <6

0<%, %, x, <1

BRRER = x= .x=
BNBEEKPOREED LR ) 2=
RORTER( } EEEMBEHRIE = (DR

-0 /
max 7, +3X, ROKTARL }
st3x+2x <6 max7x,+3%+8
OSX‘,Xlgl st 3x 2%, <2
0<y.x<1

BHMREH = x=

B

- 4 - BRBERE= X~
3 & =0= _
wiEH mﬁm‘ﬁiz z =0 = EHREECPIOREED L R) 2=
PREL B 5E B rBAKIE =

RORES INIHEIZE B o= A,
3 18 TEYRVNEEBEABLATOS
st 2X, <2

0<y. <1 RORER{ }
ENEEE, - EHSEE; == xS
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CEANBNIES- LEEEH o
. =X=
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DIRREEDRE

o HHBREE (BB)I&. BEABHMETEMEICK L TIX, —A%HY
1Y ILIN—THEFETEE

PRBEEDHREITAX

- PRUIBRE (SRR E A + VIBRFEE)

— SRAmEE (SRR EE + I ERGE)

izt HEDHNWNDBIL—ILEFIELI=L, HDULE
LPR—RTRMGERE
CNETIEFLPIZEDBBTY b, ERITH%

- BRFHEOT 2. ROEERDOEEHHLL
AMPL(second editionAf#) [C&kbE. RIEFHE (T—FE
(R, ®RE) . WX, EHEMEE) BHIC

FyTHyoEE (EMEE) DETILI7ZAIL

RD&I7%E 3 DDIT7AINEEETH LT AMPLWORK
(C:¥amplcml¥amplwork)IZEf 9 %,
knapsack-relax.mod 774 )L : Fv T4y RRED EftiEFI R E % 5o
=274
knapsack-relax.dat 774 )L : v T4y IBEDT—2% LB LI=T71IL
knapsack-relax.run 774 JL: AMPL ®a< RSB LI=T7MIL
774 )L knapsack-relax.mod DAZRE (# LIE(EaAVR)

param Nitem; #EMEENItem EEE

param weight{i in 1..Nitem}; #&R¥ITE X (weight) & E & (FEH . EHORITIENitem TKLY)
param value{i in 1..Nitem};  #& @I {fi{E (value) ZE &

param Ki in 1..Nitem}; #0-1 FHIDFEIHHIH TS TR

param u{i in 1..Nitem}; #0-1 KIS DEFRIFIFI<EH1TH LR

param capacity; #vT YV INRE

var x{i in 1..Nitem} >=0;  #&RM(AND/ ANLEL) IZHET HZES. binary (ZFhIEMIP
maximize Profit: sum{i in 1..Nitem}value[i]*x[i]; # B #IBE B Profit

subject to Capacity_Constraint: sum{i in 1..Nitem}weight[i]*x[i] <= capacity; #F+v7FH4voDEEHIF
subject to Upper_Lower_Bound {i in 1..Nitem}: I[i] <= x[i] <=u[i]; #0-1 HIFZEBEFILI-L TR

Ty 7Yy OME (EFEE) AT R R TR

knapsack-relax.run 774 JL: AMPL OO~ R&EEmLI=771IL

model knapsack-relax.mod ; HETILI7AILIERE

data knapsack-relax.dat ; HT—RIT7AILIERE

option display_round 6; HINLRLLTG #TRoR

option solver cplex; #VJL/NIZCPLEX 2183 . ChAVELEMINOS HEIK
solve; #EARE DK AR (AMMEIA, VIL/NTHE

expand > knapsack-relax.sol; #2774 JL(knapsack-relax.sol)[ZE XL R F
display Profit > knapsack-relax.sol; #2774 JL(knapsack-relax.sol)|= B #IE 3k {E
display x > knapsack-relax.sol; #2741 JL(knapsack-relax.sol)| Z & @ fi#

display Capacity_Constraint.dual > knapsack-relax.sol; #F TR O TR EH
display Upper_Lower_Bound.dual > knapsack-relax.sol; ~ #0-1 $2F0%| 1D MR ZE
#H1#94 .dual TR
#>T74ILE EERTHE, RRSE@EIC

aAvRFTarTHIENT, Fampl knapsack-relax.run |&EA D
=B AR ER T 7 1 )L (knapsack-relax.sol) i MER SN S
EEEREDREERELED

#8714 JL (knapsack-relax.sol)
Profit = 13.000000  #&:# B FIBEAEUE

x[*]:= #EREE X DIE;
1 1.000000
2 0.750000
3 0.000000

HAUAEH y DIE
Capacity_Constraint.dual = 2.000000

HWHEH z DfE
Upper_Lower_Bound.dual [*] :=
1 1.000000

2 0.000000

3 0.000000




RKAXIER) AR ACTIVE_NODELIST

. ROXERZEECS o EEHDHAX
ACTIVE_NODELISTIZ#R#F  size_activenode

. FRIBEZEMUGEE. ZOESR « FEEEHRE. /
ESHHIR \

YA XE1ED
s ORTIGE.HELIERE . ST EE YA
SHANEN Z(F2>#Em @

+ ACTIVE_NODELIST={1} + size_activenode=1

* ACTIVE_NODELIST={2,3} + size_activenode= 2 / \
+ ACTIVE_NODELIST={2} + size_activenode= 1
+ ACTIVE_NODELIST={5,4} size_activenode= 2
+ ACTIVE_NODELIST={4} size_activenode= 1
+ ACTIVE_NODELIST=¢  size_activenode=0
o RORERYAMEREL « EIOHYAXH0%4
SIRT BIFHET

%]-E llﬁ\ -60) 7__\\_91%7$ R/—FZREIEER

_ . BELXENS
BEFEEDT—2(EX
1t . knapsack-relax.dat

[SHET BT —HET

RTOFEREIZDLT
BT 5 ATIE @
EENE

& FRIZEICINZ >N Z0- X,=0 X=1
TREFHWDHERTE  [oaonizet \
FIERDHIERZRTE |parent3)=1
parent[4]=2
parent[5]=2
x=0 X=1

FREDT—2ER: T—38E

1RSI f2(+ B RIEEIE 1>
FREONT—4EZOHE

374 /TN
SEHNEER LT @

Mz BHTHL.

I[i] <= x[i] <=u[i] X,=0 %=1 _ i
DRSS i T
var_branching[i] : FRI&Ei \

—C%*’a Xvar_branching[i] bﬁﬁj\*i
£

) , _ BE i 734\
fix_binary[i] : FFEzE i TH %0 %=1

DI SFEE =
BREH Xvar_branchingi] WEE var_branching[5]=1  var_branching[4]=1
ShbiE fix_binary[5]=0 fix_binary[4]=1

I[[var_branching[5]]:= fix_binary[5];
u[var_branching[5]]:= fix_binary[5];

FRIBDT—21ER: FRIBE—IRE~DE

FREERIE RORIER

YAFDRE (BITE L)

ACTIVE_NODELIST[size_activenode] / \
o

45 F LY, B~ E

R/ —FETER
%,=0 %=1
var_branching[3]=2 | Var_branching[2]=2

FREEES5 T, 0=I[1]<=x,<=u[1]=0
fix_binary[3]=0 fix_binary[2]=1

FRAIRE2=parent[5|%1E % 4 )

FRIRE2T, 1=l[2)<=x,<=u[2]=1 @
I[[var_branching[2]]:= fix_binary[2];

u[var_branching[2]]:= fix_binary[2]; X=0 x,=1

= 8 var_branching[5]=1 | var_branching[4]=1
ﬁﬁ f_zc?f%&ﬁé‘i*ﬂ (TR fix_binary[5]=0 fix_binary[4]=1
e SR




DT DH=ODEMH

RDIDMEFFIZHKYILD
EEDH 57 (and )
BREBEINELNLL
exists {i in 1..Nitem}
X[i]*(1-x[i]) > epsilon
X(1-%), i=1,.,.n D55 ¥
EFRBeEYREVNLDON
i

FRAEAEITAIRE
(solve_result="solved")
FREIRED B KB RIENE
TEfE &Y KLUV (Profit >
tmpprofit)

EDOERHBELYRDIDODN
FTHNDRYILDEEN
=1k (or& )
BUMENEONT

exists {i in 1..Nitem}
X[i*(1-x[i]) <= epsilon
FRABEMNEITA AT RE
(solve_result="“infeasible")
FRIED B HBERIENE
EELTICEA(ChELE
DRBEEERITCL. EE
EXYEWEIXFONG
LV BRTE 2 1E) Profit <=
tmpprofit

FEIREAND 734

« BEBEEICRSRIER
DAFDKRE

« WAEFTIZERSNT-RE

#5&-Stotal_node_number

&=
ACTIVE_NODELIST]size_activenode+1]

« FRBERFRNERRT
size_activenode=
size_activenode—1

° E%Fﬂﬁ%

total_node_number+2
- BRER

var_branching[total_node_number+2]=i
fix_binary[total_node_number+2]=0

X;=0

AFERE

total_node_number+1

DREH _
var_branching[total_node_number+1]=i
fix_binary[total_node_number+2]=1

R o] R
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 TEERBCE A~ DIE A

JVIZRTRSED
_BHBAELNT
— TR

- BEEIYINENZEL (RERE)

(RRAVERRE : BATIE ST LS O FRIREER
A (EES) (FEELLY..)

fEERI74I)L(sol):

HAEHRETAXTES

i1

Total number of subproblems 1
Current Problem 1
ACTIVE_NODELIST[1]=1
size_activenode = 1.000000

solve_result = solved
Profit = 13.000000

: | u X =

1 0.000000 1.000000 1.000000
2 0.000000 1.000000 0.750000
3 0.000000 1.000000 0.000000

INTEGER CONSTRAINT VIOLATED
Subproblem 2 and 3 generated

TEMPORALLY objective value
10000000000.000000

k&2

Total number of subproblems 3
Current Problem 3
ACTIVE_NODELIST[1]=2
ACTIVE_NODELIST[2]=3
size_activenode = 2.000000

solve_result = solved
Profit = 10.000000

Do u X =

1 0.000000 1.000000 1.000000
2 0.000000 0.000000 0.000000
3 0.000000 1.000000 1.000000

BRANCHING stopped: integer solution obtained
TEMPORALLY objective value -10000000000.000000
TEMPORALLY objective value refined 10.000000




TRELEREZI7AILIZRRSES

- BT
if (solve_result="infeasible") then

printf: "BRANCHING stopped: infeasibility ¥n" >bb-knapsack.sol;

}

- BHEMAGELoN

if ((forall {i in 1..Nitem} x[i]*(1-x[i]) < epsilon)
and (solve_result="solved")) then

printf: "BRANCHING stopped: integer solution obtained ¥n" >bb-knapsack.sol;

}
o BEBELYEWOELGOD (RERSE)
if ( (Profit <= tmpprofit)

and (solve_result="solved")) then

printf: "BRANCHING stopped: bounding procedure ¥n" >bb-knapsack.sol;
}




