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Column Generation Approach
to the Steiner Tree Packing Problem

Guewoong Jung* - Kyungsik Lee** : Sungsoo Park* - Kyungchul Park***

8 Abstract &

We consider the Steiner tree packing problem For a given undirected graph G = (V. £) with positive Integer
capacities and non-negative weights on Its edges, and a list of node sets (nets), the problem I1s to find a
connection of nets which satisfles the edge capacity limits and minimizes the total weights We focus on the
switchbox routing problem In knock-knee model and formulate this problem as an integer programming using
Steiner tree variabies The model contains exponential number of variables, but the problem can be solved using
a polynomial time column generation procedure We develop a branch-and-price algortthm based on this
polynomial time column generation procedure We test the algorithm on some standard test Instances and
compare the performances with the results using cutting plane approach

Computational results show that our algorithm 1s competitive to the cutting plane algorithm presented by
Grotschel et al and can be used to solve practically sized problems
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4 6 Primal-heuristic

Primal-heunstic 43H& 7|438H7] 343 23
o7 ARR-ET} o] primal-heunstice @A LPe]
7 7HA I A= AEE 45t AY s £
& e ARk s Aotk kb gho) ArkE A
2 % o7t HE k9 Ao 2 7HsAde] wuhe
A& Yuignt o] A& o] &3] F QAR o]
012 primal-heunisticg 738}tk
(2713h) Set S=9 and for k=1, ., n,

set S,= Q.

[Phase 1] oteie] 4 & Fagict

Step ) MEES JE(=max ,.pr, 31)% 7%
o2 Weaeow Hedv Hd £
(1, ..,n)e &

Step 2) ¥ 20.99 7% 2 A% pre BEC

Step 3) For k=1',.,p", set Sy={¥F Yol
Pst= 2Efol] YR FE] and
S=SUS,.

[Phase 2] For k= (p+1),..,n,
& TR
Step ) Re=N, 2t ¥, 59 7}% w,=1-
28 ARE YL Ge=(V, E)E T4
gl o, E,=E\S,
Step 2) Wk S,= @ O|H, Sk, ) =
mn ey, Shi(s, S ST, (& AATT
&, Shils, HE THZ GllA 59} Akl
o] HeA el Zololr},
gtk £ (st Y = coo]®,
go to TERMINATION.
a87 @oH, S,=S,U ledges in
the s*— ¢ path } & Ry=R,\{s",
I

18] gkom Spu(sT )=

obze] 7%

MiN sepR, te WSy Shk(S, t)?_’ S‘ERk,

feV(s)s 2438t

go to TERMINATION
a8 gow  §,=S,U{edges m
the s"—¢ path } & R,=R,\
{s"tet w=r
Gy=(V,Ep)A s'~t pathE o] 5
=& AAg
ek R,+ @ o] repeat Step 2

Z‘Eg‘xl 83]'9—?;1, Sk:SkUSkE} —%‘::ﬂ- g0

X

,lr

to Step 3

Step 3) TreF k= x' o], APr}E & SE £
sl31 STOP.
82 gkow p=(k+1)e EIL goto
Stepl

TERMINATION) “No feasible solution found”
£93l31 STOP
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A HAo AEfely URE et gxge A
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Primal-heuristice. & Ao} &je] zto] &) A
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of A7reith B&, $d7} AM8% primal-heuristic
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primal-heuristic®. 2 & A%HE A& 5 Udth

47 MyAs2H o E|BLM (degeneracy)

d g4 71e LSTP2e] MEgstiEAd 58
g o =g E& LPol Hrtetn thA LPE &7
H=d  (reoptimization), AMzo] H7lE dE&
primal feasibility’= o ®3) THESFAIRE  dual
feasibility 2 THE8IA] o0 g pnimal HEE2:
o] dual AEY: W RT v] FHEsr 8
gh ALY Alg g BEiA e EAClE dud AE
g2 who] primal A&E2 WYEY o Y2 A
22 yepdth STP th& formulation (STPD:=
A B4 M-S 7hx| 2 9dek STP1 A& ehstE
A, LSTP1® primal® dualold =25 H3A
{(degeneracy)°] wh¢ =t} [10] HaAd& HEs37]
A8 Grotschel et al. [10]2 pertubation method&
AHEEI) BARE Sele) A MPYSEA )
primalo] ¢+ Elg}ado] 7] wiiFo perturbation
method tAlell dual H&EH2A L AHEEHAT
Dual AZ8x By oy LPE H35E oA
Zojot &}7] WjFo| dual feasibledt )& ] #
S 4 lojor gtk thaE HAA] A 2F
%gro]7] wF-ol CPLEX (¥ dolA A& LP
solver)7} dual feasible® s1& A & + U
oh aelm, Al g B, dual S W
$o] primal S22 WERY ¥ UL Ao 1
Eket

5. A% A7 9 B9

A Z27A] AEe Gdua)EE Grotschel et al

[10]e] A¥s] £ switchbox routing FHESN &
23 Bty EAlEo] i ARe <HE D> A
5o} ok A A& EdolA AHREE EA
29 o)jgolx, ¥4 2, 3& 74 At Azt 2L
Eolgt UnlE Yehith ¢ 48 HEEY Fola,
g 5l O VEES BXE YERITE E5
= Huld 71 2719 UES &, € 62 Huld
F71 3AU HEEY & velli, YA €=
ol9} FANE ARE Yehdct wiAY G2 EAE
7t AREHE el o] EAEC HE F
o ZHE g (1018 =] vt vEs
o] X8 1 7z} FA7F drhy o7 dFE
Fe 4 ook gudey $7F & UEZ}F Bl
2 Pl o8¢ xoh Dense problem (Dense,
Augmented dense, Modified dense)”} th& &4l
E8Y o ofgg Aoz Heln

& 1> AIE 2H [10]

B} qeo wE [

o] k=2 H B N 2 3 4 5 6wy
Difficult 15 23 24115 3 4 1 1] [4]
More difficult 15 2 24115 3 5 0 1] [5]
Termunal mtensive | 16 23 24| 8 7 5 4 0[5
Dense 17 15 19y 3 11 5 0 0]l5]
Augmented dense |18 16 191 3 11 5 0 0[[15]
Modified dense |17 16 19| 3 11 5 0 0] [5)
Pedagogical 16 15 2|14 4 4 0 0] [0

4240 A dg%e] FAE 7] Holl FA9
715 Fol=d ol tig A <& 2> A
gol Qu} F WA G A B £ A A
A Folle 022 A" F AAY & UE T

£ Uehdd 4 49 58 44 FA 27] Fol7)
HA4E A &3 == 074X EUS o 29 €
o] 4ot 1 HAS ARG Ho 89 5 Yehd
o A#E 2H &A 327 Fo17] HHo] s
zEfolY] YR £E U 73t dAHe
g HAEE do 8 Fols de ¥ %S F
A Fee ¢ Atk
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AYEAFFAE = QA HF7A F T
23 4L AASA "o <F >

¢

o NAE 9 & olof of
- LA R -
g4 ans VR e % a%e Held Aotk 4 29 38 47} prmal-
g AA
A drAE A 2z
s e E o % heuristicoll 9aiA A A3tat LSTP29| &3
More difficult 1492 2176 | M5 816 AERNE UEhdT viAe 48 AAE £
Terminal intensive | 16728 4699 1637 183% 23 49 _/r:.g_ L}ﬂ_qﬁ;} x) = Al atste] =
Dense 9082 4593 5668 3819
(o] & [e]
Augmented dense | 10298 2428 | 1997 2382 dstel 2URT 42 AAY sk YN 45
Modified dense 9709 3789 | 3945 3089 L}EME} *c}f&ﬂ stato] 7VAETE o B
Pedagogical 978 1883 365 2B dEo] AAYL & 4 Ut}
o . <E 49 <F >ellv 47 BAFYH £4
(E 3) 2T o M3t B "
T ] Eaig Ay (branch-and-cut)®] H-&Z#%7t A
k]

g A e dth 9 2 32 £ Lo w5 04 Ztze)
Dufficult 464 464 * dagEol F& A3 see Yeliz, E 47
More dlfflCUlt 452 452 * PR % el AmAOl o AVEL_
Termnal mtensive 538 535 | 689%(3753%) _Oijjr_ Fetel AmAel Ael, Gap(=1000#-3t
Dense None 438 000 00%) 3h)/8lshE YERdTE E 5v <E oM e 8 A
Augmented dense 469 467 | 613(34 65%) A 7y WMEH4EE <E 5>ME ARFUY)
Modified dense 452 452 * W] upE g ) o [ R
Peda,qo;zlca] 3% 331 5(1 70%) l:l’] L-l:ﬂ—ra 1’]'5]' L_E" = 60“ fiy L_X-“ \_T"}
w2 v 0 M AHSE A7) ge] Buag o F7F AAH] Qltk @ 72 #4 Y k& g
& AAE 27t gle Aeeg T £ Jehlz, iRt dols dueEe 38 Az

(E O 22X A 42 (HP 9000 715/50)

A ekl ikl Gap(%) HHE4 AAD T k2 CPU-tume(m's)
Difficult 464 464 00 68 935 1 3226
More difficult 452 452 0.0 58 816 1 2520
Termunal intensive 536 335 019 241 2324 15 2223
Dense 441 438 068 1042 10000+ 10 1604 01
Augmented dense 469 467 043 1730 10000+ 70 1670 25
Modified dense 452 452 00 201 3089 1 13149
Pedagogical 331 331 00 124 493 54 2237

*F A E 22 X A
(E 5 EX|HtHH M2 #Y (Grotschel et al [10], SUN 4/50)

v A4 48 [ s [ Gape | wee | Adws | wes [CPU-ume(ms)
Dufficult 464 464 00 69 13424 3 1564 15
More difficuit 452 452 00 53 12502 1 93323
Terminal intenstve 537 536 0.19 163 11815 13 3755 44
Densex* 441 438 068 119 4251 4 101743
Augmented dense* 469 467 043 105 7620 1 4561 41
Modified dense 452 452 00 51 5652 1 38703
Pedagogical 331 331 00 77 7839 5 25158
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LSTP2E 489y iz o$ FL2 33e &
g (7}3 2 Gape] 0.68%) Terminal intensive
problem& #$j3 ot EAEo] LSTP2'Y 3¢
& Grotschel et al. [10]0] & &gta T3}t
Grétschel et al [10]2 Stemer partition mne-
quality, alternating cycle mequahty ¢ doH
W& AFRE T} Stener partition mequality® 2=
Elolu] R BE235e ddydoltt oo #
¥% separation problem& NP-hardel”] W&o,
Grotschel et al[101& 244 7|H& AH-aHAT
Alternat-ing cycle mequalitys F71¢] M EZ o]
Zolx Agboll] YR 23 EE P HuH
Hol 1, ojo]| H#AF separation problem® w37}
22 Ay 7Hg o] &3ttt Critical cutd ¥
FE 022 pHNI = AMHEET oA F 7t
A Ao FE3AL e LSTP27F ZEfoly
Ui B2 e 93] BARIH: Aol o
& = termunal intensive problem A3 7
Qo tisiA glo] Y ECR Grotschel et al
(10} 53 8lghe AAcke Aoltk o] AL
Aol ZAs APestEAdA A agke]
oA g 7HAE =98 + Utk ARNE, 2EolYy
UEel 22 1§ Stemer cut mequality .2+
Sd3 BAR & gloke AE b £ 9 Gro
tschel et al. [10]0] AHE-3F HTHHL 313he 4=
2 438 it A, Stemer partition mequality
9] separation problem& HA7A EA& st
E 2gloly Yo EE e & BAGTY,
alternating cycle mequality™ 3Hg-& dedl &
AgE 34 Y& Aeolrh

SelE RE FAlol tisiA Grotschel et al. [10]
7 F93 39 e dAck 53], “Terminal in-
tensive switchbox”oll &A= Grotschel et al
(10]0] 5370] HHolgtx dEFPoL, 8 &ug
5L Hgs) B A3y 5360 HAHYo] gt
olof thajAi= 9,109 AA F¢ <l Dr.
Martin® E&& AXH 27t oAl o] EAE £

B A 224 $UY @& AU &ARL WE
2l9] @A Qs Hd ®ge 8 10000742 §
A3t 7] ¥, densest augmented dense pro-
blemell thaiA = HHsE IR ER Grotschel
et al[10]= E3 o] EAo) dizfjre HHHE ¢
A 5ok 87k AHEE A HFEE HP 9000 715/
50°]aL Grotschel et al[l0}e] A& HiFe =
SUN 4/500]t}, 7t AFES e FRE <K 6>
3 2ok <E 6>9 ARRo F AFEHY A
£58 =3he AL FeA¥, HP 9000 715/50°] 3
uj wacg s sHgsttets HAHE ek B F
ZAe A5 AYstae elo daeEel Gro
tschel et al[10]e] #AIg gaz]Fel B8] 232 Y

A gt

(R 6) 5 AFHO st 3=

CPU clockiMHz) MIPS MFLOPS
HP 9000 715/50 20 62 13
SUN 4/50 40 285 42

MIPS Million Instructions Per Second
MFLOPS Mega FLoating pomnt Operations Per
Second

6.

itk

=

£ =RdAE 2eeY Ui £ EA(Stemer
Tree Packing Problem, STP)E 31Z437) 9% &
A3 THE ARMEEE, o] 7S o] 83 o
AFHog B HFE /I e HYAsE
Ag A2 AA7ME AHsAd £, #32 F
A= @ BAY FAZ 477 deF e A W
W& hdskdch

A4t A3E %8 Grotschel et al[10]0] AlQHet
HAgH v)ol vla] & =& AAT ¢
Bol 43 HAA #5% ¢ F AUt EF, 2
giegol A FAE HE7bssteta A%
"t
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