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11. N'pacpbl

JloCTaTOYHO MIMPOKHMH CIIEKTP 3a]a4 MOXKHO PEUINTH IPU TTOMOIIH TEOPUH
rpadoB. Hampumep, HaxoXJeHHEe MaKCHMaJILHOTO TOTOKa B CETH, KpaTdai-
IIETO PacCTOSHUS, MAKCUMaJIbHOTO ITapOCOYETAaHNUs], IPOBEPKA TUIAHAPHOCTH
rpada u ap. Kax ocoOblii Ki1acC MOKHO BBIACIHUTH 33/a4H ONTHMHU3AINH Ha
rpagax.

[t pabotsl ¢ rpadpamu B Maple V npennaznauena oubanoreka networks.
Komanna nmogkiarodeHust 3Toi OMONMOTEKH — CTaHAApPTHAS, T.€. JOCTATOYHO
BOCIIOJIB30BAThCSl OIEpaTopoM with.

I'pad B Maple npexncrasnsercss ocoboi npoueaypoit tuna GRAPH. [dns
paboTsl ¢ rpadaMy MOXKHO BOCIIOIB30BATHCS JII000H U3 75-T1 QyHKIMH, conep-
JKamxcs B ononmoreke networks. OCHOBHbBIE (DYHKIIMH, KOTOPBIE MO3BOJISIOT
c037aBaTh M MU3MEHATH I'padbl, a TAaKKE MPOIENYPHl PEIICHUs Kiaccudec-

Ocnoenvie pynxkyuu 6udruomexu networks

DOYHKIHA O CAHUE
addedge Jobasnenue pedep B rpad
addvertex J00aBieHIE BEpUIMH B rpad
adjacency COCTABJICHHE MATPHUIBI CMEKHOCTH
complete CO3/IaHHE MOJHOro rpada
delete yrajeHue u3 rpada pedep u BepIinH
draw MOCTPOEHHE YepTexa rpada
duplicate CO3JaHKe KoUK rpada
ends BO3BpAIl[aeT NMEHA BEPIINH
eweight HAaX0XJICHUE BECOB pebep
flow HAXO0JK/ICHHE MaKCHMAIIbHOTO MOTOKA B CETH
head HAXOJKICHHE HAYaJIbHBIX BEPIIMH
incidence COCTaBJICHHE MATPHUI[Bl HHIIUICHTHOCTH
isplanar npoBepka rpada Ha IIAHAPHOCTh
new CO37[aHNe MyCTOTo Tpada
petersen coznanue rpada Ilerepcena
random co3aHMe ciy4aiiHoro rpada
shortpathtree HAXOJXKJICHUE epeBa KpaTyalllnX PaccTOSHUI
show BBIBO/I ITOJIHOM nH(OpManuu o rpage
tail HAXO0XKJICHHE KOHCUHBIX BEPIIHH
void cosznanue rpacda 6e3 pedep
vweight HAXO0JKJCHHE BECOB BEPIINH
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KHX 3a1ad U3 Teopuu rpadoB MPUBCACHBI B TaOJHIE.

PaccmoTpuM mpuMep perieHus 3a1aun HaX0KICHHS MaKCUMalIbHOTO TOTO-
Ka B CETH.
BHayase ¢ moMoIis0 KOMaHabl New co3maeM mycroi rpad G:
> with (networks) :
> new(G) :
Teneps mob6asum B rpad G IIeCTh BEPIIHH:
> addvertex({al,a2,a3,ad4,a5,a6},G);

al, a2, a3, a5, a4, a6

3areM COeIMHMM BEPIIMHBI peOpamu:
> addedge([{al,a2}, {a2,a3}, {a2,a5}, {a2,a4d},
{a3,a4}, {a3,a6}, {a5,a6}, {al,ad}],
weights=[8,3,2,4,5,8,6,5], G);

el, e2, e3, e, e5, eb, e7, e8

Crnenyer 3aMeTHTh, 4T0 B Maple HeHanpaBieHHoe peOpo, coepnHsIolee
BepiiuHbI ¢l u e2 obo3HavaroTcs kak {el,e2} mwmm {e2,el}. HampaBiaenHoe
pedpo obo3nauaetcs [el,e2] - pebpo HanpasieHo ot el k e2.

B npenpinyieit komanae Beipaxkenue weights onpenenmio Beca pebep. st
3aJla4l OTBICKAHHMs MaKCHMaJbHOTO MOTOKA B CETH BeC pedpa TPaKTyeTcs Kak
MPOIYCKHAasl CIIOCOOHOCTb.

Teneps MPOCMOTPUM CO3IaHHBIN Tpad:
> draw(Linear([al], [a3,a2],[a5,a4],[a6]),G);

ay =

aty A

ElcS agy

Jlyis HaxoX/IeHUs MAaKCUMAJILHOTO TOTOKAa OT MCTOYHHMKA al K CTOKy a6
HaJI0 BOCIOIb30BaThes (yHkIwmen flow. PaccmoTpum moapobHO hopMaT BeI30-
Ba 3TOW (PYHKIIUU:

flow(G,s,t);
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flow(G,s,t,'maxflow'=n);

flow(G,s,t,eset,comp);

flow(G,s,t,eset,comp,' maxflow'=n);

KomaHnyia HaXoIUT MakCUMaIbHbIH NOTOK B ceTH G OT BEPILIMHBI S K BEPILIH-
He t (OT UCTOYHHKA K CTOKY).

eset - MM MHOXKECTBa, B KOTOPOM OYIYT COAepKaThCs pedpa, "paboraro-

e ¢ MakCMMalabHOU Harpy3Kowu.

comp - UMs MHOXECTBA, B KOTOPOM OYAyT COIEPkAThCS MMEHA BEPILUH

4yepe3 KOTOpbIe HMPOXOAUT MOTOK.

ITapameTp maxflow ompenenser, 4To HEOOXOAMMO HalTH MOTOK n. Eciu n
OoJIbIlle MaKCUMAaIbHO BO3MOXKHOTO MOTOKA, TO BO3BpAIIaeTCs 3HAUYCHHE MaK-
CHUMaJIbHO BO3MOXKHOTO TTOTOKA.
> flow(G,al,a6,'setl', 'set2');

10

KOMaHﬂa ﬂOW BblJJaJla 3HAYCHHUEC MAKCUMaAJIbHOT'O ITOTOKA B 3aﬂaHHOﬁ CCeTHU.
Tenepb TIpocMOTPUM pedpa ¢ MAKCHMAIIBHOW 3arpy3KOi:
> setl;
{lal, a2}, {a2, a3}, {a2, a5}, {a3, a4}, {a3, a6} }
> set2;

{al, a2, a4}

Takum ob6pa3om, 3agada pemieHa: HalWJeH MaKCUMalbHBIA MOTOK, a,
UCHoJb3ys MHopManuo 0 pedpax ¢ MaKCUMAalbHOW 3arpy3koi, MOXHO
MOJIYYUTh JaHHBIE O 3arpy»KCHHOCTH OCTaBIIUXCs pedep.

IIInpoko pacrnpocTpaHeHsl 3a7auvl HaXOXKIEHUs KpaTdaimiero mytu. B ta-
KHMX 3agadax 3amgaetcs rpad (ceTh JOpor) M HadadbHas BepinnHa (IYHKT OT-
npasienus). Kaxmaomy pebpy MOXKHO IPHCBOUTH BEC - JUIMHA JOPOTH; KpOMeE
3TOro pedpa MOTyT OBITh KaK OPHEHTHPOBAHHBIMH, TAaK 1 HE OPUEHTUPOBAHHbI-
MH. 3a7aya HaxOXIEHHUS KpaT4alIIero MyTH PELIaeTcs C IMOMOIIbI0 alropuT-
Ma JlefikcTpel. Pe3ynbrar paboThl alropuT™Ma - JEPEBO ¢ HadajaoM B Hadallb-
HOW BEpIINHE, TPUYEM KO BCEM OCTAJIBHBIM BEPIIMHAM HIyT KpaTUaIIie My TH.
B Maple V 3amauy Hax0xICHUS KPaTYAKIIEro IMyTH MOKHO PELIUTH IIPH [TOMO-
M KOMaHasl shortpathtree.

dopmaT KOMaH/bI:

shortpathtree(G,v), roe G - rpad, v - HayaJabHas BEPIIUHA.

B crienyromem npuMepe co3naauM MOHbI Tpad) ¢ YeThIPbMs BEPLIMHAMH,

MpUYEM BEC Kaxaoro pedpa paseH 1.
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> g:=complete(4): draw(g)

)

4
> gl:=shortpathtree(g,2): draw(gl);

a2

3

Takum obpasom, gl - mepeBo, MOJyuyeHHOE B pe3yibTare paboThl airo-
putMma JlefKkcTphl.

Tenepsb U3MEHUM UCXOIHBIH Tpad g: pedpy, KOTOPOE COEAUHSIET BEPIIMHBI 2
u 3 mpucBouM Bec, paBHbIN 100.
> del edg:=edges({2,3},9);

del edg = {e3}

> delete(del_edg[l],9):
addedge ({2,3} ,weights=100,qg):
> t:=shortpathtree(g,2): draw(t);

Takum 00pa3oM, B U3MEHEHHOM rpade HalaeHbl HOBBIC KpaT4aliine
IIyTH KO BCEM BEpPIIMHAM.
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Komanpa shortpathtree Takxe mpucBauBaeT UIMHBI KpaTyaWlInX IMy-
Tel BecaM BEpILHH.
> vweight(t);

table( sparse, [

3=2
4=1
1=1
2:0
D

W3 naHHOW TaOIUIBl BUIHO, YTO JUIS TOTO, 4TOOBI MOMAcTh M3 BEPIIU-
HBI 2 B BepuIuHYy 3, TpeOyeTcs MPOWTH PacCTOSHHE PaBHOE JBYM.

B teopuu rpados cymiecTByeT MOHITHE IUTaHApHOCTH rpada. I'pad Hazwl-
BaeTCsl INIAaHAPHBIM, €CJIM er0 MOXHO M300pa3uTh Ha TIOCKOCTH 0e3 camonepe-
cedeHuid. 3aaua ONpeeeHUs UIAHAPHOCTH BCTPEYAETCsl TPH Pa3BOJKE Me-
YaTHBIX IUIAT, r/ie pedpa rpada - nedyaTHble NPOBOJHUKH, BEPUIMHBI - KOHTAK-
THBIE TUIOLIAIKH.

B Maple V npoBeputs MIaHapHOCTH Tpada MOXKHO MPH HOMOIIH KOMaHIbI
isplanar, koTopasi BO3BpaIiaeT true - eciu rpad riaHapHsiii u false - B mpoTus-
HOM citydae. Buauaine isplanar ympormaer rpad, T.e. yaaaseT UKl ¥ [TOBTO-
pstomuecs pedpa, a 3ateM rpad MpoBepsieTcs Ha MIaHAPHOCTH (YIPOCTUTH
rpad MOXXHO TIPU MOMOIIK gsimp).
> g:=complete(5): draw(g):;

Z
%
1
4
g
> isplanar(g);
false
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> gl:=complete(3): draw(gl);

> isplanar(gl) ;

true

B aToM pasmene mpuBeIeHBI IHUIIb KPATKHE CBEACHUS O OHOIHMOTEKE
networks, HO MepeYnCICHHBIX KOMaH OyIeT JOCTATOYHO [UIS PEIICHHUS de-
MEHTAPHBIX 33]a4 TeopuH TpadoB. [Ipr HEOOXOMUMOCTH HAWTH TOTOIHUTEIH-
HBIC CBEJCHUS O JaHHOM OHOIMOTEKE MOKHO BOCIOJB30BATHCS CIIPABOYHOM
cuctemoii Maple.
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