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An Algorithm for 3-Dimensional Matching Problem Based on Color Coding and Dynamic Programming
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Abstract  3-Dimensional Matching is one of the six classic NP-complete problems, which has extensive application in
scheduling, assignment, transportation and network flow problem, etc. Parameterized computation theory is a recently
developed new method to study and solve NP- hard problems. At the present, for the 3-Dimensional Matching prob-
lem, the best result of deterministic parameterized algorithm is O* (16%). This paper combines color coding and dy-
namic programming, and presents a deterministic parameterized algorithm of running time O* (3. 42*), which signifi-
cantly improves the previous best deterministic algorithm,

Keywords 3-Dimensional matching,Color coding, Dynamic programming

1 3§

J&l 4 UG B[] B (Matching Problem) 7£ 8 & . 43 B2 . 3838 #1
REWMEHEARBHSA. THE SR ERE XN

EX (EWEERRE %HE—1T8G=((G)HE
G VOERBEGCHENES EGERE G FHHE
. BGH—ITRE PG EGH—ITE,HPGF
AT SN EAFFLEA L . R ITEL P(G) H i FT LA
#=E G B MR RA 2R ITR

3-4E DT A7 [0] 581 ( 3-Dimensional Matching problem, f&j#% 3-
D Matching problem) j2& [ i It Bz [a] £ 7 i — 1~ 1R i B /Y [
R, FoE SCRT AR AR T

EX 2G-HERE ) HE—TEEMSXXYXZ,
HF X, Y, ZRINMEAMEHA/ND n HFESES, R
ENFRE—LE M M EM H—F5&, B MM, It
B MEK/NAn FEREFEEEERAN = 4T SE
A —AR R AR R Y

3-AEICE IR — 2 HLH NP S22 RES . A8 %
MBS i a1, (4148 0 T xR R — 1~ 2
T BN 3/2+e(e>0) BRI s, X[ S HER T i%
IR APX E& . EFERE TSRELEENRR,
MIFF BB EE a0 A B RBFFEX AN al A . #Exd 2
R IEEE RES MU SEBRRER, FRIFEH
W eI EREELRPATRARERFR., THS
HT - RSHIENE ™.

EN 3GHLESKRE HAE—NREELEBS, B,
X, Y, ZREEAMZWAEHRAFS M ENES,.SEX,

Y, ZEAEGERIIEFEH —1 T4, 01 SSX XYXZ,
SHEn M= ER—NER. RINEFZIMEIEREE
ABERB] S H—A & K/MYICE M, ICE M R EE& E N=5T
HIFAX RN ZIRHFBER TS EEE— LR R
FIH, BEAREHERE — X IC AT

X[6]5 Garey #l Johnson #iEBA T 3-4k JT Bt 2 ¥ ) &5 2

- — A ERBETR R, A1 RE T B R E G LS

T—AEfrEER O (G GR* DG F—125 K
BB, BIMNA O (fENERFRROS(Dn)ME
¥%. X[7]9 Chen %R/ B 3-4E UT AL 7] £LE) B [8)
B O ((5.7k)*), 3c[8] Fellows HH 5 ER T -4EILHL
[BIFEA —4~ OR*) ¥, Rl B4R i TIZ 7RI O (12. 67%T
OHEY, T() RFEMRNE L WZ 170, LRl 2 13k
MEERI N =THEAEG  ERE 1A LI =T4
HIUCEL, ICRL T R S ERE L ARSI HBRC A
B ARE TR EAR O (10. 4%, 3[9]% Kneis Z5F 4
RERE T 3-HEITRERIE — B TTR R O (16%) B
EXE .

AXFERRT ERESRREWEE., RITES
Xt Rl LS — SRR, W B GRS HRG6 RR
Ho A7E - B, AR B T - M EIFREE. B
BB ITHER O (3. 42%),

AGERSHHLNT 56 2 WARB TR ART 3-
B SR N BN ECRDEAREGE S HWE L CCDP f
CDM, % 3 B RE %N AEREDT. BERSIE.

2 FMRESHEBHIEE
HENSTHMS EX.Y H1Z E4AEAERWESEHFE

OREME . BRERAFESESTNA AYEBFPHARESERFHER (604330200, T & BWIHARL, TEMRWHENSHK
HE HENLES TRF B, 4R B ARW, TEFREENHTEVEE  MERLRE AYFEEE.

o 222 o


http://www.cqvip.com

N BMEANHEFILRFEN—TF&, B SCX XY X
Z, SHE IcHt Hi=(z, vy, D F R, XP z€ X, y€
Y, 2€Z, BT HEMREE, AT XY M Z F1y
FSEXHKRAE I BN HE=FNFS. A Va@®
RRBNMES z, vy 2 | RS, Val' OFRRFS =, l) Val!
() ={z};Val? (O FTRFFES v, Ml Val* () ={y}; Val® () FR
5 2, B Val’ (D ={z}., F p.g ERTIHEE{L,2,3} 8
A THR,

15 - IL RS A R MR b, H BRI s
PR RO B FE AR . HFORERALLARMBIMAIT
Eeg P rENRE. EORERRAE— M n MTEK
2E U MA ¢ BEKNSEC,XLE U BENTERT
EO,FNMUEMN—MEE, LT EMEE TS
A—w. EFATX1]REMECREENERM b, 43
WAMRT 3-4EILRC ) BiA B fO4E L BRI T —FMF Bl S
HRBE BT - MEESTREN O° B, 42*) WHiE=R
SHE.

THEAHE—TRIKT -4 LRSS BN

MR S HE—-MTi+1 MR HBER My B84 S
H—E A —MEE A ZIUHMIKE M, 8 M g~
THPELEE M T 25  URRBE M R EVAE
2 MFBIEMu P,

EFUERE, ALEEHAR T WA —-MEHHEE
iNEZHEMERM K-8 +1 M= ndHp KR
Moty {18 M, FEDE 2i MESHEMa . AT BHREA
[, ASCRE T M ETE MBI CCDP B ik,
CCDPBIEEHSHBMET —1A 3 MW EE. W
FIEN TR Us B M. i NRTE M PR S, BEAR HE
M Hi NRFE Mo PIFFS, sk B M P Ef 20 M 1E
M RS, BAZTHPMFSESFIZAERERE
B QSR R B9 FFS HEZE — 3R, X B AR A 59 =t
BIDCHE A REEH B—, Brll CCDP B K as /51
BB —FIRHAF S AT HE R, HER IS A R 9 7 5 e —
Bk, CCDP B M 78 M1 9 2 NMF S H BRI
MUEDAT 4i/3714, XBERIE 20 MFSES —FIHBK
TS BORE/MY , LR 15 £ % Gnd CCDP Rk & A%
ZHBERIR B ARAEFE K15, BT L CCDP B 5 19 35 25 #L X
A RE % X BF R AR S 5. Bl MR FEE—
N TR (p @ F43 M: 18 20 MFSTE p g SIS
M 4i/371, MR 4i/3 T MFSWMIE M B9 pg BFIH.
BT M 7E p.q Wi LS MR 2G+ 1D =2i+2, Hik
M Y pog FFIBREAT 2¢/3 2 IMEFSRAEM M p.
g W3 L, BIAT 2i/3+2 15 RTE M B9 pog BFITIA
EM, 8 p.qWiFl. £/ W RHENTER U, HEFE R
TR p @, M TFEAN(p) CCOPRIEAH—N 2i/3+2 1R H
BHECHTRE f RS THERER 2/3+21MEME
@I DR (Val? (S)UVal? (S)) — (Val? (My) UVal? (M)
WA R SEG, AT HE Mo PTIATE M F1 Mo
B 2i/342 105 BB E— N Cn— 20 R (B
LER—IMFEMEEU 114 2i/3+2 1#HEIEN
28 g A UHRMEBNLEATEC, BN B FEHNGIEE
TR, AT 2:/342 1M 5 H EXSEFSRIFHLE
T g WFiABIR. B—FEbT CCOP BLRETE p.q WiF L
B M W0 4/3 M5 BRI 4:/3 15Xt il 4:/3

D 000 http://www.cqvip.com]

TR, YR EGERARTRE ¢ 9 20/3+2 1#H
&, TR BT A B IR, BRI E 4/31+4 2i/3+21]
<2i+4 M6,

EEOHR fWEB—FMECHET,CCDP BEHEE
FZ 2i+4 M BE G A R F B GRS X R
oM BN ES ERRARE— TR ER - 1K
N IERE M1 B9 GHDAFEX . M TFE -9, RE
CCDP BB B —4 £+ 1 K/ANMIICEL Mivy , BRIR [H] Moy
BREHR. RINCEE Qu  Qu BB ITR C XN =7t
HTE pq P EARGE M SHERAFS X H—NEE,
L=JUHLE r F BRSNS Qu oy Qu TR AT
BIFFS 3TN AR B in . CCDP BEE 1 Fim.

#¥: CCDP(S, M, )
WA —ASTANES S, M, —A] 203+ 2 | HE
BHECHES.
W WREKIS H—MTE M., W M. TS S
R el KPDMITE”.
1. AFEERH—MH N TENES W . HE WS T
BE—NMH i MFSNES U, FTEN U, MHBAI=T4
PEHAE—AMFEEES U, Fs
2. for W KEA Uydo{
BE M TR =RARNARTES U, RSN
w=hn | 43 | 5, BEFHHOTHRERGE. 9-
for HETTR £3F (ValP(S) U Val(S))— (VaP (M) U VaI'(#))
MFTAMSHNENER dof
4 r=(1, 2, 3}—{p. q}
q BRI T RIE—F;
WEE Val )FHIFTERS A x10 x20 il
BIRAER Qo = (B} 1 Quew= {8}, C = {9}:
forj=1tomdo {
for QuFEANITLE Cdo
for S PHRIGN=A ¢, HB Vel (D=x,
do
if £ CPREMBES Val'(o U
VaI' (1) FAE— NS RIBR . AR E RS
CHBALE((Val (D), al (N}, & C
7 =CU {(VaF (0, Val'(D)}. R ¢’
hEF R  MESXNHR G TEF
MRS FRANERES ¢ PHRSER
HBEARRIE 7 B Quew BEF:
Qota™= Onews
}
WHR Qu FFE—MEE i+l MESHHTE, H Ca
RFIX i+l NS, FH Con E—AZ5E Buss
RiZ Biyy B— i+] S8 B ULAD . 20 R RS R BXIT
&, AL S K—PMEE M.y, WERE M, BiEE
Ho
}

I FIRZFIPERE p.

}
3. R BHE]—A Moy, WS FELE—A vl RAOBIEE”,
FESH,

K1 CCDP&EH:

ACHFERHK QubM i+l MFESHNES, BEW
EBE—PTHE B =V, UVR,E), VL % i+ 145Xt R
Corr B9 i+1 MFEST, Ve HIER Val (ST FTEHF
B, MRESHFAE-N=ZTH(x )W VL FH—DH(y,

. 223 -


http://www.cqvip.com

D Ve R —NH x ZEFE—FL. REZSER—
i+ 1 FARE IR AC, MR E S M— A IREE My

CCDPHH:BEH S K — A B MB LA M RRH—H
M BT S R =Tod p BRI P — =50 0, i
tBRR—RE—ATHMIEEM, , R5E M LBIHR
A CCDP &%, B M, Ay REFIRE SH—HGRTDX
/NRYICEE M, BREER . B NIRE BB R B — X H R I
B HILEER. RkR % CDM A 2 B,

#5: CDM(S, k)
WA — KA n RS, — AN k.
W WRS FE-A XN M, WHRH M. TR
ERBHRI — XL,
1. 4 S P ZRARRA N, ...t}
2. forj=1tondo
M=1;
for i=1to k-1 do
M, =CCDP(S, M, f);
if CCDP(S, M; fIE[H] T —A My, BIREEEE,
else if CCDP(S, M, HiREI“S RIFE—A i+l K
Efe”, HkEH 2;
MBHLE—A M, W M, BEREE:
3. MBRARE D My, WRHS TFEE—A & K/PMHIER”,
HHLR.

El2 CDME&¥®:

3 HEMBERESH

BB % CCDP WEt R A 2B R Tp(k), 1] CDM B ¥k
HIRH R R ne ks Tok),n + k REZEH AT KERNE
A RIS, 5 T k)X &R 448 At 8] Ho B 7T LU 2 e » B
UTHERITES TR % CCDP e M ERE.

£4 W kN R 3, 7Ll CCDOP BB ARG R 3
K. SHFEA pg-M: # p g BFINFF SN REDAT 4i/3 1
/I\vﬁﬁﬁ- 4i/3 1S HE M ?P\q BFlH, HF Mo
1E p.q BF| LR S EOE 2GHD=2i+2,HIt M H
P g PSR EAT 2i/3+2 INMFSRALE M W) p.q BF L.
& fR—N 2i/3+2 1HBaNERTE,CCOPHILA f
It (Val? (8) UVali(S)) — (Val* (M) UValt (M) S5
FEAMAX11IME LR CCOP BEWE 4 for &
WEREARRBAZ T RECHRE , WREE AT RN
ﬂﬁj] O* (6 12i/3+3):O* (6 121‘/3)’#233‘];“‘5] O* (6 12;’/3)#3
T BEE 25K 3N for BHRRERE—NGEHDA
FEHHES  AXGHDANMFS A LIAE — M. B
FELZ8E M 0 4/3 115 BEX 4i/3 TSR
RiE 4i/3 |FhEIE, YRR EEERRF T 2% ¢ Wl 24/3
+2 1B, B IR AT B E Rk, BIETE 4i/3 1H
2i/3+21<2i+4 Fhgit, EECHR fWE—W 2:/3+2
THBEHECTET . CCOPREERELEEE 2i+H4 MEHIR
HR3E 4 BT AT R R TR B €5, B -5 X 1 9 4855 Xof g R I R
A REARE - T EREEL - MaRWGETDAMRES

Xt. QuEAKBATTEC XRAZTCATE p.g WF| EARF

BEMNFSHRNA SN — N RE, BNRRESRER

B> M, BT CCDP B FERR—NE GT DS

SHHIGER, BEIRHTE - 5] ERAF S RER, QuEAKITTR
« 224

D 000 http://www.cqvip.com]

C BERASITHAN BN, T QuB & 2t

i+
(), )AR. MR Quibl ARG DS

XTHITEE, A G+ DA S CCDP BILT LIRE] S i—
AERL M . BILERBITHIES 2 298 3 4 for ITHE

SRt O ;:5(2i;4))=o* (2%). CCDP & 3

X GHDAFE X R 248 3 A 5 B e A
M SH— i-+1 K/ IRAS, — 2 BW IR A LIEL
WRETHE 52 R. Bk CCDP(S, M, HRBTAIE &ER
Tp(k)=3 « 0" (6.1%7) « O* (28)=0" (3. 42%), X £ H—
ANEHM M, EB—A Mo iR e E. B CDM SLHK
B3 F LB, DRE S H—1k K/MIER M, ., H
By CDM #HEAH % CCDP, % — kWA & CCDP |
M, #3|—4 M, Bif A — KA % CCDP 1 M, R3] —4
M DIRBHER B M R3] —4 M, MBI BETER
BHER O (3.423) 40" (3. 42°) + - +0" (3. 423¢ D) =0"
(3.42%), B AR EAR SR 3- RS B REE
: CDM et E B 4B R O (3. 42%),

i FAXEAMAXEENEAREKER B, &
AT 3-ZEULEL R A B B4 40 SR 1 T — R ET i s 540
RIB:, FBT —PREEETHER O 3. 42O He S
e, MABRITMLE R Kneis FHERRMBL, I
1 k=4 WEHE, RATE SR . Knels FRHERERT L
oL . AEES BN EBEEFEECMEISR
RIBGHB 4 st [A] , 4R BT B Fh oD, W 3R 43 i Bt E]
A, R, RRFESEESEE, NS HLREH S
BBt ] o>, BRRARRATHE AR R TAEE ABEE AN
FhAMR R, R E S RN AR F -4
DN RE 2 (F 8

£ % X w

1 Hell P, Kirkpatrick D. On the complexity of a generalized matc-
hing problem. In: Proc. Tenth ACM Symp. on Theory of Com-
puting, 1978. 309~318

2 Karp R M. On the Complexity of Combinatorial Problems. Net-
works, 1975,75; 45~68

3 Garey M R,Johnson D S. Computers and Intractability: A Guide
to the Theory of NP-Completeness, Freeman, San Francisco,
CA, 1979

4  Hurkens C A J, Schrijver A. On the size of systems of sets every
t of which have an SDR, with an application to the worst-case ra-
tio of heuristics for packing problems. SIAM J. Disc. Math,
1989(2) :68~72

5 Kann V. Maximum bounded 3-dimensional matching is MAX

SNP-complete, Inform. Process. Lett,1991,37; 27~35

Downey R G, Fellows M R. Parameterized Complexity. Springer,

New York, 1999

Chen J ,Friesen D K,Jia W , et al. Using nondeterminism to de-

sign deterministic algorithms. Algorithmica, 2004,40: 83~97

Fellows M R , Knauer C, Nishimura N, et al, Faster {xed-parameter

tractable algorithms for matching and packing problems. Lecture

Notes in Computer Science 3221, (ESA 2004), 2004. 311~322

9 Kneis J,Molle D, Richter S, et al. Divide-and-color. Manuscript,
2006

10 Alon N, Yuster R, Zwick U. Color-coding. Electro nic Collogui-
um on Computational Complexity (ECCC), 1(009), J. ACM,
1995, 42(4).844~856

11 Chen]J, Lu S, Sze SH , et al. Improved algorithms for path,
matching, and packing problems, Manuscript, 2006

12 Prieto E,Sloper C. Either/Or: Using Vertex Cover Structure in
designing FPT-algorithms - the case of k-Internal Spanning Tree.
In: Proceedings of WADS., Workshop on Algorithms and Data
Structures, Ottawa, Canada, LNCS 2748, 2003. 474~483

13 Fellows M, Heggernes P, Rosamond F, et al. Exact algorithms
for finding k disjoint triangles in an arbitrary graph. In: Proc.
30th Workshop on Graph Theoretic Concepts in Computer Sci-
ence, Lecture Notes in Computer Science, Vol. 3353, Springer,
Berlin, 2004, 235~244

o )


http://www.cqvip.com

