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BE BETHHESHERS Ramsey ¥ Rig o orvg,) TRE—THE.B3 3 ~HY
TR R(3.3.3,:11 22 314.8(3.3.3.12) 2= 354.R05.3.3,13 = 432, R{3.3.3, 14> ==
462, R13,3.3.15) 2= 522, R¢3.3,3,16) == 518.R13.3.3.17)} = 674,.R{3.3.3.18) ==
770,
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Abstract An algorithm to compute lower bounds of classical multicolnr

Ramsey numbers Rig,.q;.* .¢.} was presented. Eight new lower bounds
were obtained; K¢3,3.3.11) == 314,R¢3,3,3,12) 2= 354,R13.3,3.13) =
432,K(3.3.3,14)» > 462,R(3.3,3.15) 2= 522,R(3,3,3.16) 22 618.R(3, 3.
3.17) 2= 674,R(3.3.3.18) == 770,
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£ B Ramsey { Rig),q;. ) BEA TARAMEFEHNBRIERE r.Hl min > 3) MEAHE -~
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TERAE RG.3.D =1 BN SEREEEETHN T EE A28t Eyes —
TR .GRXBM AT EFARmsey HENEAMBE TR IZA . HPHRU.4,4.4) 2
458,R(3,3,9) == 90.R(3,3,11) == 108 BRRIJEEXAL[4 ~ 6] FHH M.
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¥ TEA Ramsey MR EE. FXRET - TEE. T T-HEASEH. AIHE
W TEFEBSRET S 4 & Ramsey $AEH T H .

EE] Ri13.3,3,11 2= 314.K¢3,3.,3.12) =354, R 3,3,3.13y 22 430, R03,3. 3. 14
462, R(3,3.3,13) = &22,R(3,3.3,16) = 618, R¢2,3,3.17) = 674, K(3,3.3,18) = 77u.
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HEBE I MER =20 — 1482, ={—m. . — 1.0y Lsom = [ —m,m (3
FEE <R[l = s 1ot UTRIESARS FESHREEHE RAEEY
HOERT 7, ERERRMED =" RRE p HE"

EX1 WFEES= Domlf— b nil i s = US i p Mg el K, A%V =
Z HEAEERZ WA T rEMELA ST

E—UE E = lr.v € Elr— x|l &8
L, o 80300 S, B i K, S R T I G, (S0 € (1), TRA N1 S
BEE S =US B K, 3w RETIEE CS).

11 e R M B UM TFER b€ 7,7, 5 A5 MAEE frrbrgc t
bR GS) RIFMAE S,

f;GPcS‘JHGFcS"J HAE G851 G S,

S+ ='le,' 81 = ilgr]ir € 8

E WFEE cove 2,480

Firy — fiv) = pir — v,

BliF firy = fivi=mr = vHEE

|z — vl € S=1/1z)— fiail = lghtr — v €8 € "1.n].

Eilh S BIEAE V11 B8 BRGC SIS @ THREGCS NS Bh. BBpEdel
a4
BEGS). ATEMGCASH)UE 1Ly B — M Cavey B, 8 Y I§F M crrculant

graphs), FTEWE X 1,8 G5 447 G,(5) = I_:JlG,,lS,J.JFEE Kamsey ¥ 80 & ¥ B8

EE 2 OE G(S) MHEE e = (6,501 € [1.2]. W%
R(C[ —|_ 19‘:_] - 1-"‘-(—-; + ].J ;P + ]- ,-":",

2 G, (8) RAFMEAR

A TAE R € (1), %% G,0S,) b9 F A1 B $ 1 W B FF I8 2 T8 5T 5E 10 . B 0 G0 S0
(BT S Ehﬁ]’ﬁriioﬂﬂmﬂﬂi?é\:m TN PR A TR o B B L 1 HR A
MM EETARRE A = 1ooloi € S0 036 1ok
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FRREK GS) HEABRFELARG[AIBEAH. W TRBG,LAD I A K - F2F.
EH2 @ AL
dix) =iy € A.:|y—z| € §}1.
HALHF<BAIWTF:
DAY AT e, —a) X TFHF<HWEEKHE,HHa€ S <—a
DRFAPGBFANTFERNTEC (g —al My € b, — 8} ME 2z <yHH
Wdir) <<diy).Bdir) =diyv){Ba<<b,Hra.bcs.
B AANKTFHe, —u) PEFARE—-TTEAT S HE

yE Ay —a|l €S5=—y€ AL —»+al €5,
Bldia) =di—a) KB LA < EHBELH . HEWAU. <) BE£EE. o <yfFH il
FyHEyEFT

EXI 2FEA. LKA ZLAE <o < <o HHESR o B0S
BEADE . MR TFOS<A< ;< | — 1| €S.BAR L WEMNBRAKIDK Ll R
FREER L HENEZ I REATFE . HIL L) =0,

I3 [A]=1+ max {{ia).a € 5,}.

iF #[A)=1.HMFEE2€S. 5y€ ALEH |y ol § S WT XL 3F {e) =0,
e B A maxiiiada € S} = 0,3 H 3 B&ir.

BUTHEA] =1+ G2D BB BE3THE << <nBE+ 1170
HWERGIAIN—1H. BB IA]=1 + max{l(a),a € S\ FEHIE[A] <1 + max{/(a):a
€ S

BlA]I=1+222 NG [A)HELA+1AMTHEAA. EX L+ 1 IMAEE<HEFERFS
A<V EHERINE. . FERFA. <V LRENANSEPTRESAR < RERImHN—%&.
BAHz, <z < <o Bl F—EH x, € S,

BEFAAR P —rn€cS. BT e R pMRBHEg"=18g"=1,. AT0FH ¢~ =—1. 3l
H19H%j=mb=0M%EH f.2|>— cBGC(S)HARM. AT B2 G[AINARE.
ERGAIFE+ I AMTESEHE rox v BHREGIAIR R —1HEH — 200 — oy —
G BEBEXIAMEE LA — 2 — T — G EA.<DLEMBEENEHE BEX 2
HMERLFE A, <)NEFFIHAEERR () =d(—x) g€ A) THAXERT R
Heruop<—n< <o HEE — o <z. BER¥SENH <o < - <o AR
"EEER<RIEBRHAH—F.THE. . TENS L €S HAMNAA)=1+E<1+Lix)
< 1+ maxifia).;a € 5,). 51H 3 B4E.

B WRN TS SEBr€ AfFH |v—a| & S.BAaWdr H5la) ELH
Bdla) =08 La) =0 RIS ¥ 3 B1{7

B 4 maxid (a)a € 5t =0=[A]=1. #

3 HHEE Ramsey 8 TR E

TRBRBITEGC S MESEET - HER. EANTHEIITEHET RN A RN .8
WA E AR e R % (depth-first search) By /5 B &) 12 9 B (R BEF 25 < TR 0 i 2 48 %L
K. BT (Al ZEDT 2. FEGTR GLA] MEARCER A | ML BEHITHG, SO
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R EXE » TES FEBRE. B—FHE. BT A, <)MNEFFRABEETE NS
tbacktracking) fjiz®H & . % r= |5, # AR

o, <Y =l — dpadsy ol ettt e — i) (17
A dtay ) S dia) <5 SSdia) BT dita) = 0 (ESSERIBTE . — il 40w B 0w
B BETH BE X 3 R BGTE Iy ) Lty e (a) BEBEIR G IE B A RE.

BESA MITH £ 6 Ramsey { Riqivqor ) WT R —REL EBNT .

DMTRAEM 223 T HFPER g o = 3. EREHMERK ,=2m + 1
[1om]) B — > BAHF S = ] = US, BHRSE )R Go$). e = 1.

DA =i €ESL T TFac SitHE dia) =iy € A:ly—a|l € S.H|. WP
maxidtad,a € 5} = 0, B{FIE 1 BLA]=1.%F 6).

NDHRBEX ZE2FEA. <V BRXEFEMNESITHEAD A, 5= 1L

DHT, €S NAMBELIEEARN g, WEE. IRTE—FENL2Zq — Z2HES
Ra Wt . EEEE TUHBEEL I H L) <gq — 3

S)& =7+ LWMR;<IS]EE O;EN,RBIESIEIH

[A] =14 maxi{ltu):u e S sl q — 2.

) A=~ LAMB <2 HHIFN.HF e L] HA]Sg — 2.

DHRBIHE2.BBCS) HAK = _Al+1<q¢— 1. HPi€ 1] REEH .95
B RAS -2 [Ad+ 20 AT+ 2y 2= p 1.

EREESN D BAEWERE HETENTENESRT TN EFASITSREENE
THE ERBERASEHOBRITTNMERE A ATENBE - FRDBEH—1F
FEM L Ramsey UM TR FNFEMSBEE © SREH, ot a7 L= & 8 5405 iR
HTH - MIEH.

FRBERGZAERYN. THRATFBINES BN TR R3.3.4) = 30.

) R(3,3,4) =30,

E Br=3,q=yq=3q=4 B8 p=298[1.14] 89— 3 T4¥HF S = [1.
M]l=8tUS US,.H+

S = {1,4.10.12},

S; = {2.5.,6.141,

S, = 13.7.8,9.11.13}.

BEREMNE D . Yi=1.28F

maxi{d,ta);a & St = 0.

MAELAI=[A]=1L 5, =36F

Ay <Y =17, — 7,9, — 9,13, — 15,3, — 3,8, — 8,11, — 11}.

HAEEN D5 B8 maxiiiu) e €5, = 1L.EPFRKI 1ML € S, IR EAME. BB <
FEEHHNERNBEMN —& 87T <— 90 a5 BRI E[A]l=2t 6) #FAD.HKRBILES
R(3,3.4) == 30.

EEHELEE Ramsey W - T BEHENHF EREABRRKEENEE . ETAFHER

AZBEE AHEINESAERESZHFFTEMEAEMMIEZEAL H 1 stCPU,Pentium
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Z00MMXD),
4 EHE 1WHEH

BT ERELENAENE FESRHRRAEAET MEESEMREELRTBENT&
HMeERHFNEF AR BEEWE N LR EIE FRIER R R I E % — a4 M4

i&agﬁﬁﬁﬁGmm%ﬁﬁpﬁ%ﬁ%%S=HMEﬁﬂs=Dm&EM&MHﬁﬁ
SyaSaen S, MABEH SO HBEXEEABEAAM Al € 1ol IERBEELL
B R EE N CPU (Pentium 200MMX ) Ha].

DB p = 313 E%n = L. BHHEA S = US.30p

S, =115,18,20,21.22.24.28,29,32.34.59.57,49,77.85,92.94.100,105,117,130,131,
140,143,147.156¢,

S: ={1,5,7.19.23.27,33,36.44.48,58,61,64,73.79.82.93,95,103.111.113,124,133,
135,148.150},

; =19,10,11,12,14.16.17,43.46,47.50.65.70.75,83.83,91.98.104,1149-122.123,

127.142,146.149},
i EREx. BRI LAl =1.[A]=1.[-L1=1.[4,]=9.EHA R3,3.3.11! 2= 314. F§
A # CPU B384 58 s.

2)@?=%&¥ﬁnz&§ﬁ%%5:g&ﬁ¢

S, =18,11,17.44.54.54.469,71.78.83.80.97,99,103,105.112,115,130.131.135,145.
150,162,145+,

S; =122,23,24,31,32.38,39,40.51.52.65.66,58.81.85,93.94,110.122,127,128.135,
155,156,164.168,171.172¢.

Sy = {1,12,16,20,29.34.37,42,48,56,61.70.80,88,91,102.116,111.131,142,151,
159,156,170},
RELRFEE . /B[A]=1.[4]=1."4]1=1,[4,]1=10.FitH R(3.3,3,12) == 351. Ff
M# CPU R824 328 s.

DB p = 431 B¥n = L BHEA S = US, P

8, =11,3,14.18,20,26.31.37.56,61,67.72,78.83,89,95,100,106,110.116.127, 138,
140,146,148,157,159.163,165.170,176.180,186,192,203},

S; = 14,13.15.16.33.40,41,51.58.69,70,76.79.87.90.93,96,101.104,107,113.118,
124,132.143.161,168.178.179.185.196.204.207,210,213},

Sy = {10.28.36.35,42,47.53.54.55,71,73.74.85,88.111.114.122,131.133.134.135,
137,151.152.155,171,174.,200,201.214} ,
wELRE® . A8lAl=1.A] =1.[4]=1.[Ad=11.BYHE R3,3.5,13) = 132, §
K CPU &\ % 222 s.

B p =461 BB =4, 3MESS =‘l_leS..ﬁEP

Sy = {1,12,15,39.56.61,63.66,70.72,83,88.90.93,107.110,114,116.118.134,137,


http://www.cqvip.com

20 o o# % R ¥ OB E R -

141,143.145.148,164.167,185,191,194.196.205,212,216,219},

S, =13.14.18,29,37,41,48,49.53,54,60.64.6%,75,79,80,81,100,119,125,131,136.
142,146,151,157,163.170.182,197,201.,208,209,213,214},

S, = {6.28,33,35,36,43,45,58.59,67,74,82,96,97.98,106,108,120,121.,128,135,
138,147.150,158,159,160,162,169.177.189.199,200,211,223},
WMEFAEE.BIA]=1.[4]=1.[A]=1.[A] =12, BHtH R(3,3.3.14) = 462. Bt
A& CPU B 8] 2 455 s.

5)&p=MLﬁﬁn=m§ﬁﬁ%35g&E*

Sy =1{1.5,13,25,27.34.36,44.56,58,62.65.82,93,97,104,111,113,125,132.135,
139,142,154,163.170,172,180,182,184,189,192.196,203.211,220.227,231,241.249} .

S, = {4,20,21.23,32.47,48,54.59,76.78,81,88.89,100.105,115,116,122,131,133,
134,141.144,149,158.160,168,184,199,202,213,218,224.226,235,240.242,251,252},

S, =18,17.19.31.40,41,42.46,51.69,74,85.94.95,96.98,108,118,119,123,128,
151,152,153,155.,162,176,178,200,205,210,228,230,232.233,234,239,244.254, 255},
BELAARER, BF[A4]=1.[4]=1,[A]=1,[A] =13, BitH R(3,3,3.15) = 522. Ff
F ) CPU gt (€] 25 902 s.

6) M p =617, B8 n = 4, BHHEE S =US.. ok

S, = {14.17.19,23,41.45.54.56,66,69.74,87,116,117,129,137,144,149,150,155,
159,180,181,184.187,192,202,212,214,220,227,230,251.262,263.264,269,290,291,295,
302,306},

S, = {27,28,34,35,36.,37.46,51,77,89,9¢.91,108,115,120.132,162,163.170,172,

174,175,176,177.193,194,217,232,233,234.236.243,255.256,257.258,274.288,298,299.
300,305¢.

Sy=14{1,11,18,25,33,60.62,65,75.88,97.102,105,110,114.118,126,142,146,152,
154,156.161,166.,169,173,195,197.200,203,209,237,246,250,267.273,277,281,286,289.
293,301},

BELREX, ED(A]=1.[4]1=1.[A]=1,[A] =14, BEH R(3,3.3,156) == 618. FF
A& CPU BE 24 12 515 s.

DR p =673, B8 n =4, BHMA S =US, Hp

5 =1{1,13,19.37,40,52.55,58,64,76.,81,102,125,127,130,132,137,141,153,155,
159,175.200,202,226,241.244,253,275,301,303,319,321,326,331},

S, = {25,39,51.54.56,57,59,71,72,73.74,75.77.80,83.85,86,88,89,91.101.103.
104,106,109,117.120¢,135.,138.167.196,199.201,216,217,219,222,230.233,243,245,246,
248,249.251,254.25%9.262,264,265.266.277.280,283,309,312}.

5,=12.3.9,15,16,20,21.43,60.61,66,79.97,98,110,111,115.,116.,123,128,129.133,

134.151,156,168,173,174.179.180,186,191.,192,197,198,204,210,215,237,242,255.269,
282,286.287,292,299.300,304,305,310,311.317,322.323,328},
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B ERNE.BI[A]=1.[A4]=1[A]=1.[A]=15.BHH R(3.3,3,17) = 674. FT
Fry CPU Bt [E) ¥y 21 812 s,

8) W p = 760, ¥ » = L.BHEA S = US. K

S, ={6.20,21,23,31.35,60.64,68,71,93.97.109,112.122.123,125,126,134.137,138.
151,163,167,203.,212,229.236,240,241,253,254,255.266.269.282.,298,306,331.339.343.
356.357,368,371,372,383.384 ),

S, = {1,4,7,12,25.30,40,45.48,53.56.59,62.67,72,77.95,100,103,108,132.141,
150.152,+155.160,173,179,187,193,196,202,207.210.215,220,225,228.231.234.239, 248,
257.262.275,280,283.289.294,309,322,327,332.335.338.341.373, 379,382},

S, = {5,9,13.17.19,33,37,44.51,55.58,78,82.586,89.96,107,127.131.135.,139.143,
159,166,177,184,200,204,208,211,218,222.249.261.265,267.,281.285,287.295,299, 303,
310,326,330, 334,337,344, 348, 360,362,364},
BELREE.88(A]=1.[4]=1.[4]=1.[A]=16.FHHH R(3.3.3.18) = 770. ff
Ary CPU B [E] 5 111 843 s.
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