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B.JI.naxoMOB, K.IlbipByJieCKY 

HAXO)K,l];EHME KPATqAi1Uil1X CBH3hl8AIOIQJ1X 

~EPEBbEB s<noJIHhIX rPA<I>J\X 

llti-W}lY.itt:ilHU~I llilCmry't 

Wlt!j'll:.:IX m;r.11,.:!jJ.OBmmti . 

6ViG Jl~Kff EKA 



naxoMOB B.n., TTbipaynecKy K. PII - 10634 

HaXO)KJ:teHHe Kp8TttaihnHX CBS13hlBBIOWKX .qepesbeB B nonHhIX 

rpa~ax · 

TTpe11nara1DTCH 11aa aKoaaaneHTHhIX riaKeTa nporpaMM 111rn 3BM 
63CM-6 u CDC-6500, awrncn511Dmnx KpaT'!allmae 11epeabH 11n" nonHhIX 
r'p&~oo 11opS111Ka :, I 00, TTporpaMMhI nerKO a11a11rapy1DTCS1 6ea peaKoro yae­
nH'!eHHH C'l~Tuoro ap<;>MeH!I 11nH rpa~oa 6onr,mero nopS111Ka .• 

Pa6ora Bh!IlOnHeHa a Jla6opaTDPH• Bbl'IUCnurenhHOli TeXHIIKH • aaTO­

Ma TB311Ullj< .. 011 .Hl1, 

Coo6111euse 061,eJU1ileu~oro ascraryra •Jiepuwx accneJiosauuii. ,ny6ua I 977 

Pakhomov V.L., Pirvulescu K, 

Construction of Minimal Spanning Trees 
for Total Graphs 

PII - 10634 

Two equivalent programs are presented for the compu­
ters BESM-6 and CDC-6500 that construct minimal spanning 
trees for total graphs of an order of $100. The executive 
time increases slowly with increasing an order of graphs. 

The investigation h~s been performed at the 
Laboratory Computing Techniques and 4utomation,JlNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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3a.l(a'tJa IIOCTpoemm RpaT'laf!mefi CBJI3llBal()TJlefi ceTiI ~JI.FI n TO'tJeR 

Ha Il7IOCKOCTH BCTpe'!aeTCJI BO r.rnormc o6JiaCTRX HaYRH, TeXHHRII n 

Hapoi:tHoro xosmicTBa, HaIIpHMep, B sai:ta'!ax npoeRTuponaHIIJI :mepro­

c.rcTeM, npoRJial(RH aBIIaJIIIHIIff, C03,JtaHl!.11 CeTeff 3BM UJllI JII06llX l(pyrnx 

ROMMYHHKanntt H T.n. ABTOp!I BCTpeTIIJIBci. C ,JTOfi 38_ll;8'lefi npir paspa-

6oTKe CHCTeMH 8BTOM8TH3HpOB8HHOro npoeI,THpOil8HIIJI MOT(YJiefi JI~epHoii 

SJieRTpoHRKH /II. 

,lv3.l(HM .!(138 SK!HBaJieHTHllX onpe_l{eJieHIIJI ,ltepeBa, 0IllICHIJ81!1JIHX ero 

CBOffCTB8,HCIIOJTh3Y8Mlle B npel{J!araeMHX nporpaMMaX !{JI.FI n!I'lUCJI8HIIJI 

MKlIBMaJI!,HllX no CYMM8PHOfi l{JIHHe pe6ep l(epen:r,en Il rpacpax Ii0p.f{7:{-

Ka ~ IOO / 2/ ~ 
I. CBJI3HHfi H80pHeHTHpoB8HHHfi rpa~ H83HB88TCJI nepeBOM, eCJIH 

OH He HM88T ltlIKJIOB. 

2. rpa~ JIBJUieTCJI nepeBoM,ecJin .mo6ue !(Be ero BepmHHH CBJisa­

HH e_l(IIHCTBeHHofi ~em,10. 

Tenep:r, c~OPMJJIIIpyeM Hamy sa,1taqy. 

B ROHe'tJHOM rpa~e G IIO.P,lll{Ka n K~l(OMY pe6py B • (a,b) 

IIpmmcHBaeTcH Mepa }-( a, b ) • Tpe6yeTCJI nocTpo11T:r, CBJI3IJY!O 'lacT:r, 

T, COI(e_plltaley!) Bee Bepnm:HH G H HMe!OieyJO MHHIIMMI,HYJO IIOJIHYIO Mepy 

3 



Ta6n11ua 

.)l {T) = :[: )' {£) = X y - X y - l( y - JI y 

£E.T • 1 16u 6'1 2 Hl It 3 10 3:, 4 179 23 

01'.!eRm(HO, 'ITO T eCT:E, n:epeBO. ,'U~ 
~ 69 6 :> 1b1 '33 7 125 62 8 103 47 
9 67 b2 10 UC. i!.7 11 16D 87 12 33 64 

), 13 11 37 1't 81 4t 15 32 47 16 17L 52 
PelI!IIT:E, 3TY 3a lJ;a'Iy IIOJIHLIM rrepe6opoM HeJI:E,3.fI, T. !{ • 1'.!I-ICJIO pa3- 17 189 10 16 111 1+7 19 7> 60 20 5~ 8 

I l 21 134 68 22 1't5 38 23 3S 87 24 11/1 8b 
.11-Il'.!HLIX n;epen:E>eB, KOTOpLie MOlKHO IIOCTPOUT:E, Ha n :nepunrnax, ...,. 25 195 52 2:> 188 5:, . 27 18 1 28 84 49 

= nn-2 29 145 84 30 7fJ ·B H 128 bl, 32 2 3 
t 33 124 00 3!+ 161 '+J 35 ;3 39 3£> 2'+ 25 n , 

37 137 55 38 6L 37 39 13& 71 40 2u 41 
T.e. yY!,.e n;1m IO nepunrn rroJiy-qaeM !00000000 BapnaHTon. 41 HJ 5 42 163 1E, 43 17 71 44 181 95 

45 127 21 !+6 1 &9 47 79 25 48 b~ 25 
IIp en;JraraeMUe H8MH rrporpaMMLI paCC'QllTaHLI Ha HaJCOllt,lteHne KpaT'Qa.n- lt9 21 15 50 19'J n 51 !!5 43 52 11,3 14 

53 81 15 51t 107 13 :,5 4 23 56 182 36 
met! CB.fI3LIBaJOI11e:fii: CeTH !(.,'I.fl 'IRC,'Ia nepunrn ~ IOO. Bu6op TaKoro KOJit-!'W- 57 19 1t2 ,& 1.19 10t 59 103 91 60 66 42 

,;1 It& B7 52 8 16 b3 ♦ 2 28 64 98 95 
CTBa 06'.&RCH.fieTC.fI TeM, 'ITO Ha rrpaKTIIKe, B 3a_n;a'l:aX aBTOMaTU3aIJ;IUI 65 56 d o:> 141 37 67 13, 60 68 185 71 

69 190 25 70 % 3l 71 33 ~3 72 lit 45 
rrpoeKT.Hponamm PMIIO:rneK:rpOHHOtt aIIIIapaTypu, 60JII>mero He Tpe6yeT- 73 123 ~8 71+ 33 lt1 75 liH 80 76 59 13 

77 150 37 7-8 1G9 3 79 3C 13 80 91 99 
CR. Ho STU nporpaMMLI JierKo an:anTnpymc.fI :11 Ha JII06oe n;pyroe MaKc:11- 81 17 24 82 28 2( 63 lt ♦ eo -lit, 188 55 

65 Hi8 42 · 6:, 111 't2 IJ7 167 b 88 199 6 
MaJII>Hoe 'IRCJIO nepunrn, rrpli'!eM 6e3 pe3Roro B03pacTaH.H.fI npeMeH.H 89 9b 39 3[} 161 83 91 116 48 92 . 23 94 

93 .192 92 ~'+ 11+7 7,. 95 1!+2 .. 96 16J .. 
c'l:eTa. CaM anrop:11TM He HaKJia.~IrnaeT H.HKaK.HX orpaH.H'l:eH.H:I!: Ha 'IRCJIO 97 116 91 ~6 17 23 ')9 101 22 100 78 68 

Bepnnm, aTa BeJIR'i.HHa JIOJIHOCT:E,JO orrpe,n;eJI.fieTC.fI TOJI:E,RO .IIMeJOIJll™C.fI. 

o6'I>eMoM orrepaT.HBHo:I!: naM.fITH. B rrpe_z;:JiaraeMHX . nporpaMMax n;JI.fI 3a-

IlOMIIHaHII.fI r.mTplIIJ;!l U:JI.HH BCeX pe6ep ITOJIHOI'O rparpa nopRn;Ka n Tpe-

" 6yeTC.fI n(n-1)/2 CJIOB (JI'IeeK) IIaM.fIT.H. 

Ormm~M pa60TY anropUTMa 12,31. 
IIocTpoeH.He Ha'l:IIHaeTCR c BLI6opa KpaT'IaihIIero pe6pa Ar= Er 

B G • Ha l{alit_!l;OM IlOCJien:y10111eM mare CTpOHTC.fI 'l:aCT:E, Ai npu no-

MOIIII-I .n:o6aBJieH.H.fI K Ai-1 TaKoro pe6pa Ei , 'ITO OHO .IIBJIJICTCR 

KpaT'laihum,.1 .H rpaqi Ai He .l!MeeT IJ;HKJIOB. F.cJiu eCT:E, HeCKOJII>KO Ta-

RUX pe6ep Ol(UHaKOBO:I!: !l;Jitrnhl, TO 6epeTCR .mo6oe HS HHX. (:&:.,rn BCe 

pe6pa nMem paaHYIO n;JI.HHY, TO IIOJIY'laeMoe pemeH.He en;HHCTBeHHo. .,.., 
Ho MLI B .mo6oM CJIY'l:ae HaxO.n;I-IM I'JI06aJIIiHLl:I!: MIIIDlMYM) • 

.ffCHO , 'ITO ITOCJie_n;HII:I!: rpaqi Ai-1 .n:oJllKeH noKpLIBaTI> nee Bep-

llllIHLI G Ii 6LtT:E, n:epeBOM. IlpH'l:eM Ai-1 · . .IIMeeT MmmMaJI:E,HYKJ IlOJI-
_, 
·, 
\ PJIC .I 

HYlO Mepy. 
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Ilo rrpelt)IaraeMIDI! nporpaMMaM MO~Ho HafiTH KpaT-qame .n;epeB1>.a 

Jll D;JIR rpa(l)OB C H8CJ/IMM8TpJll~Ott MaTpnuen paCCTORHHtt, T.e. Korn;a 

J1- (a,C) I )'(C,°aJ. 

Ho npJll 3TOM B 2 pa3a B03pacTaeT Tpe6yeMirli 06'beM naM.aTn. 

A.nropJllTM Talle n;aeT peme:ime U .~.a oplleH~llpOBaHHHX nOJIHHX 

rpa(l)OB, n .n:JI.a opHeHTJllPOBaHIDlX HenonHux rpa(l)OB. Ilpn: aToM Han;o 

nOJiaraTl> Mepy OTCYTCTBYIOllllIX pe6ep paBHOtt cP • 

,UaJiee, aTn: ~e nporparv'IMU riroryT _n;aT1> OTBeT Ha Bonpoc~ CY!IleCT­

ByeT JIJll XOT:b JtaKa.a-:irn:6y_n;l> CBR3UBa!OU!M ceTI> B .n:aHHO!'A rpaqie, T.e. 

onpen;emrn CBR3HOCTl> rpaqia. 

AnTopaMH pea.nu3oi:,aHo 2 naKeTa nporpaw,ncnoJI1>3Yl<Y.llllX Jll3JIO­

JKGHHU:li anropJllTM Ha ::mM E3CM-6 u C.UC-6500. 

B Ita'leCTDe TecTa I(JIR o6oIDC naKeTOB np_orpaMM 6UJIO B3.HTO I00 

cJiy-crail:Hux To-cre1,; paBHor.mpHo pacnpe_n;eJieHHUX n npsmoyroJI1>Hoii o6Jiacm 

200 x IOO e.n;HHHU. 3TJll TO'IKJll .. 6wrn Haua no.,1y-creHbl no nporpaMMe 

RNDM (reHepaTOp CJiy-craRHUX 'Il!CeJI) Ha C,UC-6500. 

PesyJil>TaThl c•rnTa Ha o6eux M8ll!HHax ITOJIHOCTl>!O COBITa.n;a!OT. 

Ha puc.I. Jll3o6p~eHo Hailn;eHHoe 1,paT-crattmee n;epeBo. Hcxon;HUe n;amrne 

rrpHBen;em,1 n Ta6JIHUe. 

B03MO~Hhl ~Ba MeTon;a UCITOJil,3QBaHHR 3TUX nporpaMM Ha ESCM-6. 

I. An;aITTnpoBaTl> npen;JiaraeMHe rrporpaMMU non; CBOU pasMepHOCTU 

MaCClffiOB H UCilOJil,30B~Tl, ux, o6ecrre'!HBM BBOD; HCXOD;HhlX n;aHHblX H 

HY)KHOe npe.n.cTaBJieHHe pe3JJil>TaTOB. 

2. HCITOJil>30B8Tl> TOJ!l>KO TY '!aCTl> CHCTeMIJ: "I'paqi", ·KOTOpa.a 

BaM Heo6xo.n;HMa •• 

BTopoii MeTo.n; He Tpe6yeT HlllKattol1 an;arrTarum rrporpaMM H ux 
. . 

H3y'!eHHR. Hy)KHO TOJil>KO _ rro,n;roTOBUTl, HCXO,n;HUe ,n;aHHUe (KoOpI(JllHaTU 

Bepmrm rpaqia) Ha nepqxnmpTax ·HJiu Mar:imTH0:11 JieHTe B Tpe6yeMOM 

(l)OpMaTe. 
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( START _) 

'-- -··:r=- ---
IR(l ).o IE[_i ,2N-~ 

RMINa1.E+)22 

REZ•O 

NR•-1 

$~={~/2+1 

11.1 . 

M•HE4ETHblll 
M•4ETHblR 

HE f:l,2N-2] 
.. ----------- ...... -------~ 

M•1 

l•SIMJ 

J•SIM+1 

~·' 
MI N•;m:J"f .. -:-] 

K•I 

l•J 

.M.M•M -- .. 
ti 

M,;1 

NR•NR+2 
IR l NRl•K 

~ [ IR( NR+1 l•L 

RETURN 
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Ilo;rnoe orm:cmme cIIcTeMhl "rpai.l.i" .I+lIB no;r1,soBaTe.ne:ll: MOlltHo no;ry­

tilITb y aBTOpoB. MarmITHM JleHTa C CIICTeMO:ll: ''rpaqi". Bcer.na HaXO,l{llT­

C.!I Ha IDCM-6 u OTRp!:lTa J.'(JI.!I C'IeTa. 

"rpai.l.i" o6ccne'1IIDaeT BBQ!{ UCXO!{H!:lX .naHH!:lX II !{IIarHOCTURY 

orrm6oR. 

Pe3JJII,Taru C'IeTa netraTaIOTC.!I B BII!{e Ta6JIRD;!:l C nocJieJ.'(OBaTCJU,­

HOH HJMepaiureit CTPOK, B ROTOphlX ]Ka3aH!:l HOMepa i-x CMelltH!:lX JJepl!IllH 

RpaTTia:ll:mero nepeBa II .D;7Ilrna mru:IIneHTHOro IIM pe6pa. Ta6mni:a ynop.1I­

AOt1eHa no aoapacTaHl1D .ItJUIH pe<lep. Houepa aepmnH orrpe,1teJ1a­

IOTC.ff nop.lI_J.'(ROM IIX pacnOJIOllteHU.ff B IICXO,!{Hh!X naHH!:lX. 

Moua noJ1yt1!1TI, cpasy RpaTtia:ll:mne zi;epeBM !{JI.ff HeCK0.,1I>IrnX 

rpacpon (HeCROJII,KllX Ha6opoll .naHHhlX) • T. e. onpe,neJIUTI, onTRMaJII,H!:lil 

(RpaTtiafmrn:ft) Jiec. 

IlpII aToiv: netraTaeTc.ff o6mee Romrt:iecTno Bepnurn Bcex rpaqioB -

Nb • ROJIU'IeCTBO rpaqioB - Nr u ROJilltieCTBO pe6ep onTRMaJII,HOro 

;reca - N • npnt1_eu acer.1ta p . 

Nb= Nr +_Np 

II netiaTaeTC.ff CJ?,'lMapHa.il: _!{JIIIHa onTRMaJII,HOro Jieca B Bhl6paHHh!X BaMII 

enHHIIri;ax • 

.lilrIIHa pe<lpa, IIH!UI.!{eHTHOro Bepl!IllHaM 

onpe.neJI.ffeTC.ff RaR 

a(x
8

,y
8

) II b(xa,Ya), 

)l<a,b)= )'(b,a) =i/ (xn-xb)2 +(ya-yb)2' • 

EcTec-rneHHo, J.'(JIRHJ pe6pa Moua RaR yronHo nepeonpe_J.'(eJIRTI, 

H IIHTepnpeTnponaT1,, HanpRMep. RaR paccTo.ffHlle B JIJ.060:ll: npyro:ll: 

MeTpIIRe IIJill RaR BpeMJI, CTORMOCTI, II T.n. 3HatieHH.ff ROOpJ.'(MHaT Bep­

mMH TaRllte MOJKHO onpe,J.'(eJI.'ITI, B HJlltHOM J.'(Jl!l BaIIleil 3aJ.'(a'!ll CMilCJie • 

Ha C)lC-6500 nporpaMMhl MOryT pa6oTaTI, no TeM xe IICXOJ.'(Hh!M 

!{8HHI1M • 'ITO II J.'(JI.ff. IDCM-6. IloJIYtiaeMIIe pe3JJII,TaThl llJ.'(eHTII'IIlll. 

Ha pIIC. 2 npIIBe.neHa 6JIOK-cXeMa nporpaMMhl ARBORE • Bhl'IllCJIRIO-

8 

meft RpaTtia:ll:mee J.'(epeno no npennapuTeJII,HO cqiopMIIpoBaHHofi MaTpnn:e 

paccTorum:ll: IICXOii;Horo rpai.l.ia. 

IlO.ffCHeHII.ff R pIIc.2. 

IR(I) , IE [ 1, 2(n-l)] - MaCCIIB ,!t,71.ff 3aIIOMIIH8HII.ff pe6ep 

RpaTtra:ll:mero .nepeBa • .Ii,m RruK.noro pe6pa aanoMIIHaIOTc.ff noCJienonaTeJII,­

HO HHIJ;II!{8h'TH!:l8 CMY Bepmmm. (nx HOMepa) • 

A (I,J), I,J€ [1,nJ - MaTpIIn;a !{JIIIH pe6ep noJIHoro rpai.l.ia. 

ABTop1,1 BllpalltaIOT 6Jiaro.napHocT1, H.H.roBOPYHY 3a rro.n:nePJKKY 

8TOil pa60Thl II B.H.KotIKIIHY sa ROHCYJII,Tan;IIII no UCIIQJII,30Baimro npo-

rpaMMhl RNDM. 
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