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Algorithm 1: Capacity Scaling
Set A\, ITEpin, ITEnmag;
Cl:=C;UB:=o00;1:=1;

repeat

Solve LR(C") by Column Generation and Row Generation;
Get the design solution § and the total flow solution X of LR(C');
Restricted Branch and Bound;
Path Relinking;
l:=1+1;
for (i,j) € A do
Cli = MXij+ (1= NCj; " or G = {1 = A(1 = i) }Cl;
end
until If I > ITE ., and UB # 00, orl > ITE s
Path Relinking;

Local Branching;
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Algorithm 2: Column Generation and Row Generation
Set P and AK := ¢;
repeat
Solve LRR(C', P, AK) by an MIP solver;
Get the optimal dual solution (s,u,w) of LRR(C!, P, AK);
for k € K do
Solve PR¥;
Get the shortest path pFand the shortest path length ¢*:
if t* < s* then
p* is added to P* and generate path variable z}”fk
for (i,5) € A do
if (i,5,k) ¢ AK and &%) = 1 then (i, j, ) is add to AK;

end

end

until no path variable is generated
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Algorithm 3: Restricted Branch and Bound
Set €, B, Bpin, AB, o and T
if B > B, then
for (i,j) € Ado
if §;; < € then y;; = 0;

else if ;; > 1 — e then y;; = 1;
else y;; is free;
end

if the number of free variables of y is less than B then
Solve UCN DA associated with the restricted design variable y and adding

Zycnpa < UB x (14 «) as a constraint by an MIP solver within T
Get the objective function value Zyonpa and the design solution § of
UCNDA;
B := max{Bnn, B— AB};
if Zycnpa < UB then

UB := Zycnpa and § := g
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52 L7 BRES R 2 W 3 5. b f Rl 2 e L, PORL Cuiwn g
A YEPOEZ OHEREMWELIT & % 572 & &12, UCNDA 124 L CoORBRsE % i
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275 L0 SRR E LTNZ T &, MEOIOR% REREZ by 5. HY
B 5 i L 0 B S A C d A il & B N USRI R & S T X 05, RITR
TNRAFBEGEOLOOBEEZEHRT 272010, BEREIREO LR LD b
1+ affgcevoflfyzEmy s
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Algorithm 4: Path Relinking

Set T';
Get, current best design solution g, and current design solution ¢ by Restricted

Branch and Bound or Local Branching;
if New current design solution § is found then
for (¢,j) € Ado
if §i; = i; then yi; = gij;
else y;; is free;
end
Solve UCN DA associated with the restricted design variable y by an MIP
solver within 77
Get the objective function value Zyconpa and the design solution § of UCN D A,;
if Zyvcnpa < UB then
UB := Zycnpa and § := ;

4. 2 INZXBIEEE

INAFAEGEL, MEGPLLNMBLEBERO2O0MERRL, 262D
DO 2 fF % BT 2R ETH L. Ay b7 — 7 EEHHEICH LT,
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ZOMEICEZE L, €9 TRITIUTEBHEAKE LMEEER L, Sl VN — a2
LRI EIZT 5. BUEE CORBME §, BESBIREREICL DB S N/FEITTHE
eyl 35 TOLET—7G HDIIHLT, MFEBERI—F ThbbH
Uiy = 95 THIE, ZOTFA LR v % U \ZEET S, Ui F Ui THIUE, ToT
WA VEHEO-1OHHERE T2, #L%FERMO LR TOb LT, ZoflBR%
D UCANDA %ff L. IRAFHEEED 7V T X L% Algorithm4 [Z/R 7.

4. 3 RBFARE

INFETIIRLIEN OB O NI OR BRI LT, /P58 (Fischetti and
Lodi 2003) =#H LT, &) RBWEHZEES L. RoER, R L -
THIF SN EEICHE L S X T, BEDMRE % R0 IER T 5 HF
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oo A-u)+ D>, w<M, (38)

(4,5)€Algij=1 (4,3)€Ali;=0
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Algorithm 5: Local Branching

Set M, AM and T
Get current best design solution § and current best upper bound UB by Path Relinking;
Add the equation (38) and (39) to UCNDA;

repeat
Solve UCN DA associated with local branching constraints by an MIP solver

within 77
if a feasible solution of UCNDA is found then
Get the upper bound Zyconpa and the feasible design solution of UCN D A,;
Remove the equation (38) and add the equation (40) to UCNDA;
if Zyonpa < UB then
UB := Zycnpa and § == y/;

Add the equation (38) and (39) to UCNDA,;
else M := M/AM;.
until M < M

oo A-u)+ D> w>L (39)
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FE (BPG) Th b, P, ro#lL7z BVl EFHERMIE, &mCliifshTtnisd
DTHhbH. Fi, PRMEOBRAEEZFRT 570012, 7—2 70—k 58RIt UCNDA
T PO ENE Y VN — CPLEX (| OR30WEM]) 12X D&, T HYE £ 7213k @E M (LB/
OPT) %#RDTWD. &b, FEEIZCPLEX (2L 1) EFE (CPLEX) d3RDTW5.
RFFEORETRE L ELEHBLIONT A= L EZUTOM®) Th 5.
- OS B X UERE : UBUNTU 1204, GNU C++ compiler
- i b v y— : CPLEX 124 (Parallel Version)
CHROEFEE C i =1-20-ptc!
AT =) TN T A =% 1 10.025~0.250
CBEAT ) Y TEORANEY R LEBITE,,, © 100
CHEAT ) YT EORKEED R URIITE,,, : 1000
- BREEHBRELIZ BT ABME € 0 001
- BROE SRR E I 0 E 2R O M E B 150
- BROES R E L OB DA EA B 5
- BRE S HRRE L O R AE D /M B,,,;, 0 5
- BRESFRER O LIRS 2 —F g 1 1.02
- RHAEEEE O LR T 1 200085
- RFTA LD IEE M 20
© R DO AR AN M 2
BT DS D/ ME M,,,;, ¢ 2
T, Gl THHLTCWAa -7 R 83U TOE) THAD.
- SA 1R SCIIANLR
- IPS, BPG : CPU INTEL Xeon 2.26GHz 8Core, RAM 24GByte
- RBB, LBR, PRL & X 0¥ CPLEX : CPU INTEL i7 2600 34GHz 4Core, RAMI16GByte

C K3 LR O EFEDFIFRAE 2 R LIRS, &b, SA TSI O
B/ S 1S DD ADHEHE SN T b, SA OTFIFAEIF14.99% L K& <, IPTIX
2.70%, BPG TIiE1.72% TH Y, &wi#E{LV W/ —Tdh 2% CPLEX TIiE1.89% &7 > T\ 5.
=75, BRESHRE D A DfRETH % RBB TIE158%, JRFTtik % il 2 72 ik T
%% LBR Ti3146%, /SAHAEGZMAGEHEETH S PRL TIEL3M% THH, W
FTHNOMEZB VW THIEREL D ORWRERD L Z LATETWAH. CHEICNT S
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®1 : LREOFIPREDLE (%)
CPLEX SA 1P BPG RBB LBR PRL
1.89 14.99° 270 172 158 146 134

* 115 out of 31 instances

®2 FPEEREOLE ()
CPLEX IP BPG RBB LBR PRL
629110 | 18000 [ 18000 | 54912 | 75663 | 145032

FIFIER M A £ 2 12R Y. SA TIIFHERRASRIBHETH ), IP & BPG TII305 D
FRREEH 2 3% Cvwb. —J7, CLPEX TI362911.08% % L, RBB Ti35491.2F%, LBR
TI37566.3 #, PRL TI31450328 2 B L T\ 5. BELMETIE, REBZHEEL
TN TGA—=FIZEDEEETHY, NI A—FFa—= 0 T w{Tbhns, +—%
VOFERMIZI NS OBEE 2 5.

#3112, CHEOMBOME T L Of#ifE / T, CPLEX B &L UEMEIZL G
S EREA RS, 0" Hadifl, LT I THRMETH LI L EELTWVD, Tz, K-
VR RIEREE, 4 5) v 7 RIIREEEEL Twb, SIMONTREREZ KDL Z &
ATE7DIE, SATIZOR, IPTIZ 9, BPG TIE8HITHA. —J7, RBB Tl 2,
LBR TIZ 4 & 7% w5, PRL Ti312MT& 5. CPLEX THREMATRKD 5 7zd~
TOREIZH LT, PRLTHRMEMBEZRDDL I ENTE TS, T/, mEfEr v
B EEH L0, RBB Tk 2/, LBR TIZI5MITH Y, PRL TIX19MTH 5.
PRL Tld, T NCOMEICH LT, RBEFIIREBELROL LN TETNS.

#2412, CPLEX BLUEMEIC L DV Bonz FRMEOBE Y RT. mKiEEIE, SA
TE3459%, TP T13992%, BRG TI3557% TH ), WINHRAREED 5% 2 T 5.
—77. RBB T34.87%, LBR TI34.77%, PRL Ti3453% TH Y, 3T 5% LT -
TWwh.
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Problem LB/OPT | CPLEX | SA P BRG | RBB | LBR | PRL
20/230/040/V/L | 423933.00 | 423933 423933 | 423933 | 424075 | 424075 | 423933
20/230/040/V/T | 398870.0° | 398870 398870 | 398870 | 400380 | 400380 | 398870
20/230/040/F/T | 668699.00 | 668699 | 670928 | 668699 | 668699 | 669642 | 669642 | 668699
20/230/200/V/L | 935925 | 05187 | 118785 | 95695 | 94843 | 94644 | 94644 | 94644
20/230/200/F/L | 135466.2L | 139570 141700 | 138476 | 138084 | 138084 | 138084
20/230/200/V/T | 98229.00 | 98899 | 112792 | 100884 | 98947 | 98674 | 98610 | 98610
20/230/200/F/T | 133762.1L | 139329 | 167006 | 141734 | 139889 | 137618 | 157594 | 137594
20/300/040/V/L | 430253.00 | 430253 | 433929 | 430253 | 430314 | 430253 | 430253 | 430253
20/300/040/F/L | 597059.0° | 597059 597059 | 597059 | 597170 | 597059 | 597059
20/300/040/V/T | 501766.0° | 501766 | 511384 | 501766 | 501889 | 511019 | 511019 | 501766
20/300/040/F/T | 643395.00 | 643395 | 656412 | 643395 | 643395 | 651667 | 644453 | 643395
20/300/200/V/L | 74283.8L | 76194 | 91702 | 76946 | 76333 | 75820 | 75802 | 75802
20/300/200/F/L | 112574.70 | 119278 | 151513 | 119590 | 118204 | 117814 | 117617 | 117617
20/300/200/V/T | 75341.61 | 76631 | 88550 | 77055 | 76986 | 76549 | 76357 | 76357
20/300/200/F/T | 105683.4L | 110417 110516 | 109776 | 109875 | 109385 | 109385
30/520/100/V/L | 54387.00 | 54387 | 57422 | 54427 | 54387 | 54432 | 54387 | 54387
30/520/100/F/L | 93815.1L | 96176 97199 | 96277 | 96357 | 95947 | 95877
30/520/100/V/T | 53812.0°0 | 53812 53812 | 53812 | 53971 | 53961 | 53812
30/520/100/F/T | 98283.3L | 99331 100391 | 99355 | 99355 | 99204 | 99204
30/520/400/V/L | 112194.90 | 114835 | 134587 | 116465 | 114867 | 114405 | 114295 | 114295
30/520/400/F/L | 1473145 | 152169 156433 | 152837 | 150909 | 150965 | 150965
30/520/400/V/T | 11481871 | 116544 118193 | 116730 | 116318 | 116306 | 116306
30/520/400/F/T | 150272.4L | 157483 161513 | 155982 | 155820 | 155720 | 155641
30/700/100/V/L | 47883.00 | 47883 | 51505 | 47883 | 47883 | 47883 | 47883 | 47883
30/700/100/F/L | 60347.3L | 60384 | 68179 | 61254 | 60384 | 60573 | 60384 | 60384
30/700/100/V/T | 47670.0° | 47670 47736 | 47686 | 47766 | 47733 | 47670
30/700/100/F/T | 56686.0° | 56686 56931 | 56809 | 56942 | 56934 | 56686
30/700/400/V/L | 969452 | 99398 100368 | 98850 | 98538 | 98535 | 98535
30/700/400/F/L | 131078.17 | 141180 144077 | 138376 | 137468 | 137337 | 137017
30/700/400/V/T | 94526.0L | 96801 98040 | 97352 | 96468 | 96475 | 96366
30/700/400/F/T | 127884.2L | 135693 | 168070 | 135512 | 133759 | 132112 | 132112 | 132112
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Problem CPLEX | SA | IP | BRG | RBB | LBR | PRL
20,/230/040/V /L 0.00 0.00 | 0.00 | 0.03]| 0.03] 0.00
20,/230/040/V /T 0.00 0.00 | 0.00 | 0.38 | 0.38| 0.00
20,/230/040/F /T 0.00 | 0.33]0.00 | 0.00| 0.14 | 0.14 | 0.00
20,/230/200/V /L 170 | 26.92 [ 225 | 134 1.12] 1.12] 1.12
20,/230,/200/F /L 3.03 460 | 2.22| 1.93| 1.93 | 1.93
20,/230/200/V /T 0.68 | 14.83 | 2.70 | 0.73 | 0.45 | 0.39 | 0.39
20,/230/200/F /T 416 | 24.85 | 5.96 | 4.58 | 2.88 | 2.86 | 2.86
20/300/040/V /L 0.00 | 0.85[0.00 0.01] 0.00| 0.00] 0.00
20,/300,/040/F /L 0.00 0.00 | 0.00 | 0.02| 0.00 | 0.00
20,/300/040/V /T 0.00 | 1.92 | 0.00 | 0.02| 1.84 | 1.84 | 0.00
20,/300/040/F /T 0.00 | 2.02 | 0.00 | 0.00| 1.29 | 0.16 | 0.00
20/300/200/V /L 2.57 | 23.45 | 358 | 2.76 | 2.07 | 2.04 | 2.04
20/300/200/F /L 5.95 | 34.59 | 6.23 | 5.00 | 4.65 | 4.48 | 4.48
20,/300/200/V /T 1.71 | 17.53 | 227 | 2.18 | 1.60 | 1.35 | 1.35
20,/300/200/F /T 4.48 457 | 3.87| 3.97| 3.50 | 3.50
30/520/100/V /L 0.00 | 5.58 [0.07] 0.00] 0.08 | 0.00] 0.00
30/520/100/F /L 2.52 3.61 | 262 | 271 | 2.27| 2.20
30/520/100/V/T 0.00 0.00 | 0.00 | 0.30 | 0.28 | 0.00
30/520/100/F /T 1.07 2.14 | 1.09 | 1.09 | 0.94 | 0.94
30/520/400/V /L 2.35 | 19.96 | 3.81 | 2.38 | 1.97 | 1.87 | 1.87
30/520/400/F /L 3.30 6.19 | 3.75 | 2.44 | 2.48 | 2.48
30/520/400/V/T 1.50 2.94 | 1.66 | 1.31| 1.30 | 1.30
30/520/400/F /T 4.80 748 | 3.80 | 3.69 | 3.63 | 3.57
30/700/100/V /L 0.00 | 7.56 [ 0.00 | 0.00 | 0.00| 0.00] 0.00
30/700/100/F /L 0.06 | 12.98 | 1.50 | 0.06 | 0.37 | 0.06 | 0.06
30/700/100/V/T 0.00 0.14 | 0.03| 0.20| 0.13 | 0.00
30/700/100/F /T 0.00 043 | 0.22| 0.45| 0.44 | 0.00
30/700/400/V /L 2.53 353 | 1.96| 1.64] 1.64 | 1.64
30/700/400/F /L 7.71 9.92 | 557 | 4.87| 4.77 | 4.53
30/700/400/V/T 2.41 3.72 | 2.99| 2.05| 2.06 | 1.95
30/700/400/F /T 6.11 | 31.42 [ 5.96 | 4.59 | 3.31 | 3.31 | 3.31
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KT, EoE 7o —2EE L AR E S OREHEICH LT, AEAT—
) vk BRESHIRED:, RFHERES L O S AR A2 A 1 DU R
L7z,

Ny Fv—7BETH L CHBEIIK LT, BERZITV, (EROFIZEL DL
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BT, 014~028% BN E ST A LN TEL. T2, BELMEICLY, T
RTOMBEIZ L CREA S 23R BREZ RO DL LD TE .

RGN I R B AT 78 C (R 525350454) 12X 2RO —HTH 5.
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