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Network design is an important issue for several services and systems such as transportation and telecommunica-
tion, and is formulated as network design problem using graph structures. Given a graph and constraints, the goal of
the problem is to find a constrained subgraph that satisfies given constraints. For some representative constraints,
many algorithms have been proposed. However, they are not enough in some applications, because more general
and non-mathematical constraints can be required. Therefore, we aim to obtain a set of all constrained subgraphs
for supporting to select a suitable one, and propose a unified approach for network design problems. Our approach
describes a set of all constrained subgraphs by an equation using some set family operations. To process described
equation, we utilize zero-suppressed binary decision diagrams (ZDDs) that manipulate set families in compact form.
We applied our approach to some benchmark instances with representative constraints, and obtained sets of all

constrained subgraphs in reasonable time.
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v b — RGN, BT 7 EE B I ORI AL 2
shize &, s 7 7EAOHRTHINZHZTHIWN S 7 7%
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e Hop-Constraints: 57 & 1172 [E M O A g E RULR T
HBHZeEERT L, HIZE, BELXY NT—2I1IB1F5
BEERBIOMEIZBWT, BT 20— X O ZHIR LEIE
BT B LITHRT 5.

e k-Edge- (Vertex-) Connected: k — 1 DR DI (THA) A
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ZDERFZHEE L TH, WAEOBENRYINZNK S I
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WTHHIT 5. EROUHLIES X C EIZOWT, VX] =
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ZDD [Z3AM 255 U (Union), N (Intersection), \ (Dif-
ference) IZMATU RO LS RFHHEZY R—FLTW3
[Minato 93, Knuth 09, Kawahara 17b]. T, ABXUBIX
EEHETHS.

e Restriction: A<B={Ae€ A|3Be€B,BC A}
e Disjoint Join: AXB = {AUB | A€ A, B € B,ANB = 0}
e Division: A/B={A\B|Ac A,Bc B}
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(u,v)ET

AEHIZ IO E BRI 5.
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{XUV[X] | X € A} L EETD. ZDLE, &K (w,v)eT
20T, V[P(u,v;6)] = V[P(u,v;G)|/{{u,v}} &3
#TB., 51T, HEAK Dye(u,v; G, k) C2F %

~
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ecE
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ecE
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= el
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3.2 Zero-suppressed Binary Decision Diagrams D&%

ZDD % M§5E3 5 Jjik & U CEEGHA % A\ 72 bottom-up 72
F¥% [Minato 93] &, 780 YT 1 7iEiZ & % top-down 72 Fik
[Kawahara 17a] 2% 5. REFIETIHERM S 7 7HEE X 2RB
T3 ZDD BED LD IZHE A SNENIERIIT LRV, Hlz X
Oy T4 THEIZE DY arks F—ROEE, &ESTS 77
DEEBREDIERZ Z 7HEAD ZDD BHEETE 5. £z, HIW
77 785 Xo D ZDD 1 X @O ZDD I[Zhk4 A E2 i Z &
THEET S, UFTIR 3 HoRMETEX ildicElb b4
EBHED ZDD 2 ETE 5 L 2R,

VEDDEAEDAEZROEGHE {X} (X CE), KEIHD
DTROEAN»SRBHEAER K(b; E) &, #HE % H\WTIZ ZDD
EEETEIEABFEONREN L LTHIENT WS, £z, 71
VT A THEIZED Plu,v;G) BET R(G) ® ZDD % T E
5. X5, AR AC2P ®7ZDD 25, V[A] ® ZDD % #
B4 3RS M5 N T W3S [Kawahara 17b].
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RETHEOMREZ IS 2 72D I FHH EEERZ 75 72, EER
W78 27T L C++ (g++4.84 & -03 XS av) T
Lt U7z, FEEREREEIE OS 2% 64-bit Ubuntu 16.04 LTS, CPU 2}
Intel Core i7-3930K 3.2 GHz, RAM %64 GB TH 5.

2y M= FEMEOR Y F =2 ULTHVWSNT WD
72 7D>5%H 4 D% SNDIib (http://sndlib.zib.de/home.action)
MOBBRLEZ., 25 4 20875 712w LT, BH
77 7RG X 2Bl RS ST 7OEEE L, HIK
Ciic> Ciic, Cc, Cic, Cir, Cir, Ciic A Cie, Clic A Cig DENE
NTHxy b7 — 7 FGHEE % 7=, Z Z T, Hop-Constraints
& k-Edge-Connected 1251 2 THA OESIFIRD LS ITED
. 297 G TR 2305% WIHIZ 10 fH O TE S E B H
U, i 2 THAEE W 295, &bELT UL VIR
rIZHLTM=T=rx(W\{r}) &35. RERTIZ, K
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# 1 BMEREE (sec) LMY S 7HADKEE |X| (MO BAEVHIRICL VEAHTERDP o722 L ERT)
AR (sec) |Xc|
C norway india35 germany50  pioro40 norway india35  germany50 pioro40
Cie 0.046 5.676 0222 85074 | 4.1 x10" 4.3 x10* 29x10* 3.1x10*
C8c 0.086  52.043 0.572 M.O. || 44 x 10" 4.5 x10* 3.9 x 10?2 M.O.
CE- 0.032  42.005 5221 43658 || 5.0 x 102 1.1 x 102 6.9 x 102" 2.1 x 10**
Cae 0.038  56.468 5.299 8.819 || 3.4x 10 4.2x10* 27x10Y 28x10*
Cir 0.048  76.534 0.779 6929 || 1.7x10° 1.6x10¥® 9.2x10"2 1.4 x10*
C8: 0.084 254981 2561 29726 || 6.0 x10° 29x10'® 1.3x10" 5.9 x10*
Cfic N Cae 0.138  125.531 7.539 243711 || 5.0 x 10" 1.1 x 102 4.8 x 10?* 5.9 x 10?3
Cfic A Cix 0.126  532.941 2183 311270 || 1.7x10° 1.6x10® 7.8x10'? 5.4 x10%
: N2 5 & SHHIL 7= "5
B EHNZ S 7TEADRES | Xo| FHILE. £2570 52t

HW, THAE, OB, B0 7 TRAGDOKRES X, £ AXD
ZDD ZMiFES 5 DIZirhr o 722K 2 ITR3. X O ZDD %
i e apaY i = e e AT

£2:F—=Xky b

i || vl B |X| X OREEEREH (sec)
norway 27 51 4.8x10™" 0.001
india35 35 80 4.8 x10% 0.007
germany50 || 50 88 8.1 x 10% 0.010
pioro40 40 89 3.8x10% 0.009

#7778 LICHINICE T 2 AR EEWN S 7 7HEED
KEX %K 15T, plorod0 12 BT 2HI# Che DE G %K
WCTEHWZ I 78652 RKD B Z L ICII L. norway &
germany50 (ZBWVWTIE, WIHOHFIZH L TH mEIZBEL
7z. india35 & pioro40 (ZH W TIE, BIFIZHE VDI TIZAR WA
AT ER R TEELZEE 2 5. HNS S 7HEEDK
EXFVTNOEES 10° 2R, BELVWEETIE 10 1Tk
ATWS., ZOKREIOHMNT I 7HLEE2KDD Z L%, BF
DT NI) ALTIIERTERP-7ILTHY, KRIEBROME
RPREFIEOEMAMEZRTEDTHELEAD.
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oo Elo, BRABBETORRET, REFROAMEE R
Uz, BBEDOT LTV ZLROLD2DHNT T 7% RKDDDIC

HUT, BEFEIENZ T 7TRTERDTVDHH L.

HNZ 2 78F4640 ZDD #EE T e, MEEKOR#EL
MECHERR DR > TWAGEDEEY 2 T MEMER E %
RS ZeMTES., Thabb, filiEEL L DDO%fs v b
T—=0%, BRHER L OMBARETEL Xy N =Y
2#EEITES.

SHOMEE LT, k0 EMEARTRICY L TREFHEIZKS
Gl ERAD 2, WL DO RE T RO KR E I 4T
AP EMERTHI R ENEITFONS.

T
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