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AnaHoTanus

B pabore paccmarpuBaeTcs TpUMEHEHNE TPATUNMOHHOTO W ONTUMAJILHOTO MPUBEIECHUN
MaTPUIBI CTOUMOCTEH B MeTojie JIMTTaa [jid HEeCUMMETPUYHON 3a/Javun KOMMUBOsKepa. Ha
psJie TeCTOBBIX 3371a4 TTOKa3aHa BHICOKaAs 3(h(HEKTUBHOCTH OMTUMAJIHLHOTO TPUBEICHMUS.

1. Tpa,I[I/II_II/IOHHoe 1 OolITUMaJIbHOE€ IIpUBeJdeHUuA

Kak wu3Becrno, B merone Jlurtna, Mapru, Cyunu, Kapomn ais 3agaun KOMMUBO-
sakepa (cM., manpumep, [1, c. 369], [2, c. 78]) ucnosb3dyercs npouesypa npuBeIeHUs
mMaTpuilpl croumocteii (Becos nyr) W nopsjika n, KOTopas Opejicrasiger coboii noce-
JIOBATEJILHOCTD ONepaluii npuBejenus cTpok u crosbios. Oneparus npuBeienus i-i
CTPOKH 3aKJII0YAETCS B BHIYUTAHUU W3 CTPOKU MATPUIIBI HEKOTOPON KOHCTAHTBI T —
KOHCTAHTBI TIPUBEICHUS - CTPOKHU. AHAJOrMIHO, ONIepalis MPUBEIEHUs J-T0 CTOIOIA
3aKJII0OYAETCA B BHITUTAHWN U3 CTOJIOIA MATPHITET HEKOTOPOIT KOHCTAHTHI ¢; — KOHCTAHTHI
NPUBEIEHNS j-TO CTOJIONA.

Hesibio npumeHerus TPOIEIyP TPUBEIEHUS IO CTPOKAM M CTOJIONAM SBJISETCS I0-
JIYUEHUE NPUGEIeHHOT MAMPULH, — HEOTPUIATEILHON MAaTpHUIILI croumocteit W/ (ng =
=wj;—ri—c¢j, t=1,...,n, j=1,...,n), Kaxaas CTpoKa U KayKJIbI CTOIOEI KOTO-
poii cozepyKaT XOTs ObI OWH HYJIEBOit 37emMenT. [Ipn 3ToM CTOMMOCTD JTI0O0r0 pernteHust
UCXOMHOH 3a/1a4uu Oy/IeT OTJINYATHCI OT CTOMMOCTH ITOTO K€ PEIeHNs, BIIUCIEHHOTO
[0 TPUBEIEHHON MaTpHIle, POBHO HA CYMMY KOHCTAHT MPUBEJEHUs. A TaK KaK OYEBHU]I-
Has HUYKHSAA OIEHKA CTOMMOCTH JIFOOOTO MapIIPyTa /i MPUBEIEHHON MATPUIILI PaBHA
HYJIIO, TO HUXKHsIsI OIIEHKA CTOUMOCTH JII0OOr0 MapIIPyTa, I HCXOIHOW MATPHUIILI OyIeT
paBHA CyMMe KOHCTAHT TMPUBEIEHUS, YTO U WCIOJIb3yeTcs B MeToje JIurtia.

B paGore [3] ormeueno, 4ro mpocTbie CrocoObl MPUBEAEHHS MATPUIBI CTOUMOCTENT
OOBIYHO HE JAI0T MAKCHMYMa CyMMBbI KOHCTAHT MPUBEACHNS, U MIPEJIOKEHA MPOIEeIypa
onTUMaILHOrO puBegeHus. OnuineM Jajiee TPAJIUIHOHHOE H ONTHMATHLHOE TPUBE/ICHS
MaTPUIIBI CTOUMOCTEM.

Tpagunuonnoe npuBegenue. [Iporeaypa 3aKII09aeTCA B CIEAYIONIEM: CHAYAIA
U3 KayKJI0W CTPOKYM MATPHUIIBI BEIUUTAETCS MUHUMAIBHBIN 3JIEMEHT CTPOKH, & MOTOM U3
KaK/IOr0 CTOJIONA MOy 9UBINeiCsd MATPUIIBI BEITUTAETCH MUHUMAJIbHBII 3JIEMEHT CTOJI0-
na. [Ipu 3rom, oyeBuHO, BCE KOHCTAHTHI MpUBEACHUSA Oy/yT HEOTPUIATETHHBIMU, U B
KayKJ0i CTPOKE W B KaXK/IOM CTOJIOINE Oy/IyT HYJEBbIE 3JeMEHTHI.

OnrumanbHoe npuBegenue. OTHICKAHWE ONTUMAJBHBIX KOHCTAHT MPUBEICHUS
COCTOUT B PEIIeHNN CJIeIYIOMel 3 1a4u:

max iriJricj , (1)
i=1 j=1

ri+c <wj, i=1,...,n, j=1,...,n (2)
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g pemenus 3amaqn (1), (2) Bocmoab3dyemcs anropurmMom Maukpeca st 3a1a4u
o HaszHadeHusx (cm. [4, 5]):

1. B kax/10#t cTpOKe MaTPUIlbl HANTH MUHUMAJIbHBIA 3JE€MEHT CTPOKUA U BBIYECTH
€ro m3 KaxKJIOro 3JIeMeHTa 3TOi cTpoku. HailieHHbie MUHUMAIBHBIE 3JIEMEHTHI CTPOK
OyIyT HAYAJbHBIMY 3HAYEHUSIMU KOHCTAHT MMPUBEJIEHUS CTPOK.

2. B kax0M CTOJIOIE TOMyYeHHONH MaTPUIILI HANTH HANMEHBINNUN 3JIEMEHT CTOJIO-
[[a ¥ BBIYECTb €ro M3 KaXKJOro djeMeHTa 3Toro crosbna. Haiimennble MuHUMATBHBIE
97IEMEHTBI CTOJIONOB OY/IyT HAYAIbHBIMA 3HAYCHUSAMEU KOHCTAHT IIPUBEICHUS CTOJIOIOB.

3. B nosnyuennoii marpune Haiitu mysesoii snement (Z). Eciau ner nomeuennoro
3BE3/I0YKOil HYJISI B €r0 CTPOKE U CTOJIONE, TO moMedaeM Z 3Be3m09Koil. [loBToputh 310
IJ1d BCeX HyJeil MaTpHIbI.

4. 3aKpbITh KAl CTOJIOEI, COMepKAIINii HYIb CO 3Be304uK0il. Ecin 3akpororcs
BCe CTOJIOIBI, TO OCTAHOB: HY/JIU CO 3BE3J0YKAMHU OIPEIEISIOT ONTUMAIBHOE DerieHue
3a/1a9¥ O HA3HAYCHUSAX.

5. Eciiu B MmaTpurie Bce HyJIM 3aKPBITHI, TO MEPEHTH K 1. 7, WHAYEe HANTH HE3aKPBITHIH
HYJIb U TIOMETUTH €ro MTPUXOM. KCIi B CTPOKE C 3TUM HYyJIeM HET HYJIsS CO 3BE3J0YKOIM,
TO mepeiTn K 1. 6, HAYE 3aKPBITh ITY CTPOKY ¥ OTKPBITH CTOJOEI, COMep>KAIINN HYIh
co 3Be3ao0ukoii. [lepeiitn k Havamy m. 5.

6. [TocTpouTs psi/i 4epeyoNuXcsd MOMEYeHHDBIX IIITPUXOM U 3BE3/I09KO Hyeil cie-
YoM 00pa30oM.

6.1. Beibparh 3a Z HE3aKPBITHIH TMOMEYEHHBIH MTPUXOM HY/Ib, HANUIEHHBII B
m. 5.

6.2. [TomecTurs Z B KoHel psaa. Ecin B cronibie ¢ Z ecTb HY/Tb CO 3BE3I0UKOIM,
TO BBIOpATH €ro 3a 7, mHadve nepeiitu K . 6.4.

6.3. [lomecturs Z B Komer psga. B crpoke ¢ Z BuIOpATh HYIb CO IMITPUXOM U
BBIOpaTh ero 3a Z. [lepeiitn k 1. 6.2.

6.4. CHaTh 3BE30UKY C HyJEl CO 3BE3I0YKON B psiIy, IOMETUTH 3BE3I0YKOIM
HYJIU CO MITPUXOM B P, VAAJIUTH BCE OCTABINUECS IMITPUXU U OTKPBITH BCE CTPOKHU U
cronbiel MaTpunpl. [lepeittn k m. 4.

7. Haiitu 3 HE3aKPBITHIX 3JIEMEHTOB MATPUIBI MUHUMAJIbHbBIA, 0003HAYUTH €ro de-
pe3 A. JlobaButh A K KaxKJIOMy 3JIEMEHTY 3aKPBITON CTPOKHU, U BBIUECTh A M3 KaxKI0T0
OTKPBITOTO CTOJIONA, YMEHBINNTh Ha A 3HAUYEHWs KOHCTAHT MPUBEIEHWUS COOTBETCTBY-
IONUX CTPOK W YBEJIWYUTh HA A 3HAUYEHWs KOHCTAHT TPUBEICHUS COOTBETCTBYOIINX
crosibuos. Ilepeiitu Kk n. 5 (6e3 u3meHenuii 38e3/09€K, MITPUXOB U NPU3HAKOB 3aKPbI-
TBIX CTPOK U CTOJIOIOB MATPHIIBI).

Ou4eBnHO, 9TO HANJEHHBIE ITMM AJTOPUTMOM KOHCTAHTHI NPHUBEIECHHA CTPOK M
crosbrioB corsacHo reopeme 3 [3] 6yayT permennem 3amaun (1), (2) (To ecTh onTHMaITh-
HBIMI KOHCTAHTAMU TIPUBEJIEHNST), TaK KAK OHM YIOBJIETBOPSIOT yciaowio (8) u3 [3].

3ameTnm, 9TO OJHOBPEMEHHO ¢ KOHCTAHTAMH NPUBEJICHASA MOIYIAETCS ONTUMATBHO
IPUBEICHHAA MATPUIA U ONITUMAJILHOE PEIEHNE 331491 O HA3HAYEHUX , KOTOPOE MOZKET
OKAa3aThCsl PEIIEHUEM 331291 KOMMUBOgAZKepa. IIposepka sroro nveer cinoxuocts O(n)
W He TIpeJcTaBjsier GOJIBINIOrO TPyJa, HO B CIydYae ycrexa COKpAllaeT TPYIO0eMKOCTh
MOJTyYeHWsT PEITIeHns 3a1a91 KOMMHBOSIZKepa.

[Tpumenenue anropurma Mamkpeca as pemenns 3agaqu (1), (2) BMECTO CUMILIEKC-
MeTo1a 0By CIOBICHO TeM, UTO MepBbIit nMeeT ciaoxuocTh O(n?), Torma Kak cl1oKHOCTD
TOMBLKO OFTHOM WTepaIuu CHMILTeKc-MeTosa g 3agaqu (1), (2) pasma O(n?).

IponsutrocTpupyeM NpUMeHeHNe OMMCAHHBIX BBIIIE TPOIEIYD MPUBEIEHNs HA T1PO-
crom npumepe. ITycrs 3amana marpurna W (3HaK o0 O3HAYAET 3aMPeT SJIEMEHTa):

oo 7 1
7T oo 1
5 5 oo
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TpagumonHoe MpuUBeAEHUE JACT CAEIYIONINEe KOHCTAHTHI MPUBEICHUA: 11 = 1, 79 =
=1,7r7r3=5,¢c1 =0, coc =0, c3 =0, ux cymma paBHa 7, a IpuBeJieHHAsd MaTPHUIA
UMEEeT BUJI:

oo 6 0
6 oo O
0 0 o0
OnrumasibHOE PUBEIEHIE JACT CJIIYIONNe KOHCTAHTBI MPUBEIeHus: 11 = 1, ro =
1, r3 = -1, ¢cp =6, cg =6, cg =0, ux cymma pasna 13, a mpuBegeHHas MaTPUIIA
AMeeT BUI:
o 0 0
0 oo O
0 0 o0

B nanwmeiimem gepes W’ Gymem 0603HAYATH ONTHMAIBLHO MPUBEIEHHYIO MATPUILY.
Hasnavenuem Oymem HA3BIBATH JIF000 HAOOD SJIEMEHTOB MATPHUIIBI, 3TN Oy CTH-
MOE perrenne 33291 O Ha3HAYeHusx mas Marpunsl W, onmumarvhom nasnauenuem
OyeM Ha3bIBATH HA3HAYEHHWE C HyJeBOH CyMMOi 31emenTtoB. B marpune W', xax mo-
KazaHo B [3], cymiecrByer xors Obl OJHO ONTHMAJLHOE HA3HAYEHUE C HYJIEBON CyMMOIt
BBIOPAHHBIX JJIEMEHTOB.

Hazosem ouenxoti snemenma mampuys, CyMMy KOHCTAHT MIPUBEIEHIS MATPUIIBI, TT0-
JIYIEHHOM U3 WCXOTHON 3aIpeToM 3TOrO 3JIEMEHTA.

Teopema 1. Jaemenm onmumanrvro npusedennoti mampuuyve W', umerowut no-
AOAHCUTNEALHYIO OUEHKY, 8T00UM 60 6CE ONMUMAALHBOIE HA3ZHAYEHUS.

HokazareabcTBo. [lycTh ornenka snemenTta ng MOJIOXKUTEIbHA U CYIIECTBYET OIl-

THMAJIbHOE Ha3HAUEHHE, He COIeprKaIiee ng. Torma B marpune W, momydennoit uz W’
3aMpeToM dJeMeHTa w;,, 3TO Ha3Havenwe COXPAHWUTCA. A Tak Kak BCe SJIEMEHTHI 9TO-
o0 HA3HAYEHWs PABHBI HYJI0, TO Marpuna W Oyner npuBejeHHOi, W CIeJ0BATEHHO,
orerKa seMenTa wy; Oymer papra mymo. [lomydenroe mpoTHBOpeTHe 3aBepraeT 10Ka-

3aTeIbCTBO. O

Takmm 06pa30oM, COTIIACHO Teopeme 1 MOWCK 3JeMeHTa ¢ MaKCUMAJIbLHON OIEHKOW B
METOoIe HI/ITTJIa MO?KHO TTPOBOJHUTH TOJIBKO Cpean 3JIEMEHTOB OINMTHUMAaJIbHOTO Ha3Ha4e-
HUsl, HAHIEHHOTO C TOMOIIbIO ajiroputMa Maukpeca. 9TO yIpoIIaeT MOUCK JIEMEHTA C
MaKCHAMaJbHON OIEeHKOM.

Bamernm, uro B MaTpune W’ moxer u He ObITh 371EMEHTA C MOJOKHATEILHON OIEH-
koit. Ho m B 3TOM ciiydae Mbl peKOMEHIyeM BBIOMPATH MCKOMBIH JIEMEHT W3 3JIEMEHTOB
ONTUMAJIBHOTIO HA3HAYCHUA.

2. TecrtoBble pacdyeThbl

Pacdersr npoBOAMINCEH HA KOMIIBIOTEPE CO CJIEAYIONIMM XapaKTEepPUCTHKAMU: MTPOIIEC-
cop Pentium 4 3.15 GHz, o6bem oneparupnoit mamsaru 512 Mb.

B uwnciienHOM 3KCIMEpUMEHTE pEIeHne 331a9i KOMMHUBOSKEPA MTPOBOIUIOCH CJIE/TY-
IOIIUMU AJITOPUTMAMHU:

1 (DEF). Anropurm JIuTTaa ¢ TpaauilMioOHHON MPOIEIyPOfi MpUBEIeHNs.

2 (APS). Auropurm Jlurria ¢ onTuManbHOil npouesypoii npusenenus. Ourumanb-
HOE TPUBEEHUE HUCIIOJb3YeTCHd IPU MPUBEJIEHUN WCXOIHONW MAaTPUIBl M TPHU KAXKIOH
dbukcanuu 3nementa (neBble BeTBH gepesa nepebopa pemennii). [Ipu 3anpere saementa
(mpaBble BETBU JepeBa nepebopa pelieHuii) UCrnob3yercs TPaJUIMOHHOe TIPUBEICHUE
CTPOKM M CTOJIOIA, COOTBETCTBYIONINX 3ampenieHHomy asieMenTy. [Tonck asemenTa ¢ Max-
CUMAJIbHOM OIIEHKOM MPOBOIUTCS CPEIN BCEX HYJIEBBIX 3JIEMEHTOB MATPHUIIHI.
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3 (APSA). Asropurm APS ¢ mOHCKOM 3/1eMEHTa ¢ MaKCHMAaJIbHON OIEHKOM (3J1e-
MEHT JI/Isl BETBIIEHNs) TOMBKO CPEJIH 3JIEMEHTOB ONTUMATBHOTO HA3HAMEHW S, HANHTEHHOTO
anropuTMoM MaHKpeca Ipy ONTHMATBHOM IIPUBEAeHIE MaTpulibl. [Ipu 3anpere sneMen-
Ta TOC/e TPAJAUIMOHHOTO MPUBEICHNs ONTUMAIBHOE HAZHAYEHUE HEU3BECTHO, W MOUCK
9JIEMEHTA C MAKCUMAJILHOM OIEHKON MPOU3BOJUTCS CPEJIU BCEX HYJEi MaTPHUIBL.

4 (APSAC). Anropurm APSA ¢ poBepKoit, He siBJISIeTCsI 7T OUePeIHOe OTITHMAITh-
HOE Ha3HAYEHHE JOIYCTUMbIM PEIICHHEM 3aJa91M KOMMUBOSKEpA.

JL71s OIIeHKM pe3yJIbTaTa PEINTeHusi TECTOBBIX 33034 (PUKCHPOBAJINCH CJIEIYIONIHE TMO-
Ka3aTesn:

1. Bpemsa T;, 3arpaueHHoe HA DEIIEHUE TECTOBOW 3aJa4u B MUJIMCEKYHIaX (i —
HOMEp AJrOPUTMA);

2. KonuuecTBO mMPOCMOTPEHHBIX y3J0B FE; B IepeBe mepebopa perneHuiit MeToaa
JIntTtaa;

3. TpymoeMKOCTh TO BpEMEHU aJTOPUTMOB 2—4 B CPaBHEHWHW C AJTOPUTMOM 1
(T1/T;, i =2,3,4);

4. TpymoeMKOCTh 1O KOMUYIECTBY MPOCMOTPEHHBIX Y3/I0B aJITOPUTMOB 2—4 B cpaBHe-
auu ¢ anropurmom 1 (E1/E;, i =2,3,4).

HechMeTpanme 3aJaY1 KOMMMBOd2Kepa

lenepupoBanuch cayvaifHble HECUMMETPUIHBIE MATPUITHI mopgaka n ot 10 go 100
¢ marom 1. /Tuanazon 3uadenuii snementos — or 0 xo 500000000/ n. dna kaxmoro n
perrero 6osiee 200 3a7a4.

B 1abm. 1 mpuBegensl cpeaune 3HaYeHn moKasarenei T; u F; s 3amad ¢ OIUHAKO-
BBIM TOPSIIKOM MATPHIILI, ar mo n B Tabmuie pasen 5. Ha puc. 1 npuBemens! cpeamne
3HaYeHnsd rnmokasarensd 1; s 3a7ad ¢ MATPHUIAMA OIHOIO TOPSIKA, M8 MOCTPOCHUST
rpaduKa MCIOMB30BAHBI TOJTHBIE TAHHBIE YKCIEPUMEHTA, MOJYIeHHbIE C IAaroM o 7,
paBHBIM 1.

Tabn. 1

n DEF APS APSA APSAC

T1 E1 T2 E2 T3 E3 T4 E4
10 0.1 18.6 0.1 11.8 0.1 11.8 0.1 6.8
15 0.1 60.2 0.1 25.3 0.1 25.3 0.1 16.5
20 0.2 147.2 0.1 37.7 0.1 37.7 0.1 26.7
25 0.8 432.2 0.4 60.7 0.6 60.7 0.4 46.5
30 4.5 995.6 0.9 75.6 1 75.6 1.2 59.5
35 18 2774.3 0.9 | 107.9 1.7 | 107.9 14 88.3
40 41.5 5330.4 2.3 | 136.3 2.5 | 136.3 2.2 112
45 165.7 18450.8 2.4 156 3.5 156 3.4 | 131.3
50 432 40359.2 4.6 | 180.4 5 | 180.4 4.1 | 151.1
55 869.1 69021.7 6.7 | 195.2 6.1 | 195.2 6.1 | 166.1
60 2466.4 173449.7 | 10.4 | 250.5 8.9 | 250.5 8.9 | 214.8
65 8298.8 4962454 | 13.5 | 2949 | 13.3 | 294.9 | 11.9 256
70 22227.1 1143516.5 | 17.7 319 | 16.6 319 | 15.3 | 279.3
75 83209.4 3865399.9 | 24.1 | 345.2 | 22.8 | 345.2 22 | 301.9
80 182205.7 7677165.3 | 28.7 | 366.4 | 26.9 | 366.4 27 | 322.2
85 323268.7 | 12393663.5 | 42.1 | 448.7 | 40.5 | 448.7 | 39.6 | 397.3
90 544506 | 18988318.7 | 51.1 | 507.9 | 49.8 | 507.9 | 48.9 | 457.7
95 970715.9 | 30820562.1 | 61.5 | 538.2 62 | 538.2 | 60.9 | 481.3
100 | 1117811.5 32222002 | 80.3 | 644.1 | 80.3 | 644.1 | 78.5 | 585.4
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Puc. 1. BaBucumocTsb cpesfeii TPyI0eMKOCTH aJITOPUTMOB OT [MOPA/IKA MATPUIIBI

B rabn. 2 npuBesens cpennue 3Hauenus nokasarveneit Ty /T; n Fy/FE; nns 3anaq
C OJMHAKOBBIM MOPSIKOM MaTPHIILI, Iar mo n B Tabauie pasen 5. Ha pmc. 2 mpuse-
JIeHBI CpeJIHNe 3HaveHns mokasarenst 11 /T; miis 3a1ad9 ¢ MATPUIIAME OJHOTO TIOPSIZKA,
NI TIOCTPOEHus rpaduKa UCIOIb30BAHBI MIOJTHBIE JAHHBIE IKCIIEPUMEHTA, IOy IeHHbIE
¢ IIarom 1o n, paBHbIM 1.

Tabr. 2

n APS APSA APSAC

Ti/T> | Ei/E. | Ti/T5 | EijEs | Ti/Ts | Ei/Ea
10 0.1 1.6 0.1 1.6 0.1 5.6
15 0.1 2.7 0.1 2.7 0.1 9.6
20 0.2 4.2 0.2 4.2 0.2 15.9
25 0.8 9.6 0.8 9.6 0.8 33.6
30 4.4 17.8 4.3 17.8 4.2 83.3
35 16.9 33.6 16.7 33.6 16.2 75.4
40 37 54.6 32.1 54.6 34.4 225.4
45 133.6 210 123.3 210 132.4 3137.2
50 245.2 316.9 265.3 316.9 268.3 1845.2
55 513.5 495.7 525.1 495.7 447.8 1775
60 1152.4 1259.5 882 1259.5 1081.9 11749.3
65 1752 2884.8 2567.4 2884.8 2202.8 7313.8
70 4559.6 6387 4129.1 6387 4770.9 63128.6
75 7859.9 14478.5 6630.4 14478.5 5938.9 22204.7
80 | 12549.9 34592.4 | 12920.1 34592.4 | 14957.1 | 290688.8
85 10098.1 44845.4 | 10904.2 44845.4 | 15011.5 | 448510.1
90 | 17637.5 78716.6 | 18005.4 78716.6 | 19623.9 | 393283.8
95 | 24388.2 | 133898.8 | 26006.7 | 133898.8 | 26371.4 | 612443.6
100 | 22096.4 | 108588.7 | 21641.3 | 108588.7 | 26679.4 | 404530.4
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Puc. 2. BaBucumocTtb cpesHUX 3HAYEHUIH OTHOCUTEIHHONU TPYAOEMKOCTH AJIFOPUTMA C TPaJIu-
IIMOHHBIM TIPUBEJIEHNEM U aJITOPUTMOB C ONTUMAJIBLHBIM MPUBEIEHNEM OT MOPSAIKAa MATPHIIHI

CI/IMMeTpI/I‘-IHI»Ie 3aJjaum KOMMMUBOA2Kepa

[lenepupoBasnuck ciaydaiinbie cuMMeTpUYHbIE MATPUIbI mopsiaka n ot 10 mo 60 c ma-
rom 1. SﬂeMeHT MaTPUIBI ’LUU BBIYUCJIAJICA KaK €BKJINJ0BO PACCTOAHNE MEXK Y TOYKaMU
(xi,vi), (xj,Yy;), KOOPAUHATHI KOTOPBIX BLIOMPAIHUCH CAydUaiiHo u3 Juamaszona or 0 10
250000000/ n. Jas xaxmoro n pemteno 6osee 200 3amat. 3aMeTnM, €ITO 71T TECTOBBIX
pPacYIeToB UCIOIB30BAINCH AMTOPUTMBI 1-4 6e3 KaKUX-Tu00 JTOMOTHEHNH, YINTBIBAIOITNAX
CUMMETPUIHOCTb MaTPHUIIbI.

Tabn. 3

n DEF APS APSA APSAC

T Ey T E> T3 b3 T Ey
10 0.2 47 0.5 28 0.1 28 0.1 24
15 1.2 212 0.6 95 1.2 95 0.9 85
20 5.4 985 3.5 252 3.4 252 3.2 235
25 28.1 3958 13.4 598 13.2 598 12.7 574
30 152.1 16401 39.6 1342 38.4 1342 37.6 1312
35 721 62339 119 2688.4 114 2688 114.2 2644
40 3430.1 244500 359.5 5969 344 5969 346.1 5916
45 | 15042.3 925826 | 1231.6 16826 | 1183.6 16826 | 1187.8 16757
50 | 74466.4 3893821 | 3280.6 31142 | 3132.7 31142 | 3164.2 31058
55 356217 | 16225433 | 7822.3 56549 | 7572.7 56549 7621 56454
60 914692 | 35522112 22827 | 132753 22588 | 132753 22429 | 132643

B 1abn. 3 mpuBeensl cpeaune 3HaUeHna mokasarenei T; u F; [ 3amad ¢ OTMHAKO-
BBIM TOPSIIKOM MATPHIILI, ar mo 1 B Tabmuie pasen 5. Ha puc. 3 npuBemens! cpeamne
3HAUeHWs MoKaszaTenas 1; Aas 3a7ad ¢ MATPHUIIAMHW OJIHOTO TIOPSIKA, JJIS MOCTPOEHUS
rpaduKa UCIOIH30BAHBI MTOTHBIE JAHHBIE IKCIEPUMEHTA, MOJYyYEeHHBIE C IMaroM 1o 1,
paBHbIM 1.
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Puc. 3. 3aBucumocTb cpeseiil TPyI0eMKOCTH aJITOPUTMOB OT MOPA/IKA MATPUIIHI

B rabn. 4 npuBesens cpennue 3Hauenns nokasarveneii Ty /T; n Fy/FE; nns 3anaq
C OJMHAKOBBIM MOPSIKOM MaTPHIILI, IMar mo n B Tabauie pasen 5. Ha pmc. 4 mpuse-
JIeHBI CpeJIHNe 3HaveHns mokasarenst 11 /T; miis 3a1ad ¢ MATPUIIAME OJHOTO TIOPSIZKA,
NI TIOCTPOEHus rpaduKa UCIOIb30BAHBI MIOJTHBIE JAHHBIE IKCIIEPUMEHTA, IOy IeHHbIE
¢ Iarom 1o n, paBHbIM 1.

Ta6o1. 4

n APS APSA APSAC

/T, | Er/Ey | Th/Ts | Br/Es | T1 /Ty | Ev/Es
10 0.2 1.9 0.2 1.9 0.2 2.7
15 1.2 2.9 1.2 2.9 1.1 3.4
20 4.9 4.9 4.3 4.9 4.3 5.5
25 9.9 9.2 7.4 9.2 8.5 10.9
30 9.4 18.8 9.9 18.8 9.5 19.8
35 8.6 34.9 9.1 34.9 9.8 36.3

40 16.1 72.7 16.7 72.7 16.7 74.2
45 25.6 137.1 26.6 137.1 26.7 139.4
50 41.4 238.4 43.3 238.4 43.1 241.2
55 | 115.5 735.5 | 119.6 735.5 119 740.3
60 99.5 709.3 | 101.3 709.3 | 102.3 711.6

Kak 115 HecuMMeTpudHbIX, TaK U JAJId CAMMETPUYHBIX C/Iy9YalHbIX TECTOBBIX 33144
Pe3yabTaThl YUCJIEHHBIX KCIIEPUMEHTOB MTOKA3BIBAIOT, YTO MPUMEHEHNE OIMTUMAJIbHOTO
TMPUBEICHNS JAeT 3HAUUTETbHBIH BBIUTPHIINT HE TOJTBKO MO KOJUYECTBY TPOCMOTPEHHBIX
y3JI0B, HO W 10 BPEMEHN PEMIeHNs 33Ia9H, TPUIEM ITOT BBHIUTPBITIT BO3PACTAECT C POCTOM
pasmMepuocTu 3a1a4u (cM. Tabi1. 2, 4, u puc. 2, 4). OTcyTcTBEE 3aMETHOTO TIPEUMYIIECTBA,
HA MaJIbIX Pa3MepHOCTAX (10 25 NYHKTOB B HECUMMETPUYHbIX 3a/a4ax U /10 15 HyHKTOB
B CUMMETPHUYHbBIX 33/1a4aX) HE yJajioCh BbIABUTH U3-33 TPYJHOCTU JOCTATOYHO TOYHOMN
duKcay BpeMeHr pEIeHnsi BBUIY €ro MAJIOCTH.
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Puc. 4. 3aBucumocTh CpeHUX 3HAYEHUI OTHOCUTEIHHON TPYIOEMKOCTH AJITOPUTMA C TPAI-
IUOHHBIM HPUBEJEHUEM U aJITOPUTMOB C ONTUMAJIBLHBIM MPUBEIEHUEM OT MOPAIKAa MATPUITHI

Tabm. 5
Nmsa n DEF APS APSA | APSAC
3a0a91 T, Ts T3 Ty
ft70 70 160328 147265 149187
ftv33 34 156 1046 968 1046
ftv3s 36 78 46 31 46
ftv38 39 312 46 31 46
ftvad 45 1500 93 78 78
ftva7 48 20968 437 406 421
ftv5h 56 | 615500 2640 2437 2437
ftv64 65 | 951750 2187 1984 2015
ftv70 71 9515 8203 8390
ftv90 91 1609 1484 1500
ftv130 131 130813 114265 116484
ftv140 141 122593 109578 108375
ftv150 151 152562 132078 134531
ftv160 161 4045046 | 3771093 | 3970437
rbg323 323 20968 3015 2968
rbg358 3568 86515 7140 7328
rbg403 403 128062 5781 5484
rbgd43 443 73906 4328 3578
td316 317 11890 11921
td1000 1001 1237515 | 1245875 | 1227671
brl7 17 5078 6140 5437 5625
krol24p 100 3688984 | 3505406 | 3568203
ry48p 48 | 571140 57765 54406 54406
atex1 16 234 437 390 406
atex3 32 281 62 46 46
codel98 198 234 171 78 62
code253 253 1818203 | 1255640 | 1261203
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Tabn. 6
UNmsa n DEF APS APSA APSAC
3a1a9n E1 E2 Eg E4
ft70 70 3421546 3421546 3421486
ftv33 34 20737 217020 217096 217035
ftv3h 36 8496 3562 3562 3544
ftv38 39 28328 2123 2123 2093
ftv44 45 116002 3013 3010 2990
ftv47 48 1814510 13205 13123 13117
ftvbsh 56 34685374 90719 88640 88611
ftv64 65 48391535 62403 59254 59236
ftv70 71 1422764 142949 142860
ftv90 91 8075 8075 8017
ftv130 131 3393901 3520841 3520771
ftv140 141 299846 298833 298760
ftv150 151 3744592 3431861 3431649
ftv160 161 20704188 | 20278643 | 20278579
rbg323 323 8459 322 242
rbg358 358 31802 357 322
rbg403 403 40598 402 248
rbgd43 443 11924 442 81
td316 317 316 315
td1000 1001 3060 1000 843
brl7 17 1909572 1301491 1256528 1256524
krol124p 100 11884544 | 11884544 | 11884029
ry48p 48 | 407404475 2296581 2296533 2296533
atex1 16 80013 98322 98373 98357
atex3 32 43633 2229 2253 2225
codel98 198 421 197 197 196
code253 253 559582 559582 559299

N3BecTHBbIE TeCTOBBLIE 3aJgaumn

9T 3aJa9U UCHOAb3YIOTCS IJIsi TECTUPOBAHUS AJITOPUTMOB DEIIEHUS 331a9h KOM-
MUBOSIZKEpa U CBOOOIHO JOCTYMHBI B cetn wHTepHET. C OmMMcaHueM 3371a9 U WX MPOUC-
XOXKJIEHUEM MOXKHO O3HAKOMMTbLCs, HAIpUMep, B crarbe [8].

B tabn. 5 u 6 mpuBemennsl 3Hadenud mokazareneit T; mw E; coorsercrBenno. Ily-
CThIe KJIETKH O3HAYAIOT, 9TO 3ajada He ObLIa PEeIieHa COOTBETCTBYIOIIUM AJIrOPUTMOM
3a OTBEJIEHHBIX JIBA YaCa HA PEIIeHne OHONW 3aa4u.

Kak BuaHO U3 NpUBEIEHHBIX PE3yJIHTATOB, OCHOBHOI BBIBO/I, CICTAHHBIN paHee s
HECUMMETPUYHBIX U I CUMMETPUYHBIX CIAydaifHbix 3a7a4, — 3(pdeKTUBHOCTL TPH-
MEHEHHUsI ONTUMATBLHOIO MPUBEJICHNST — TOATBEPXKIAETCS U JJIs PEIIEHHBIX U3BECTHBIX
TECTOBBIX 3aJa4. B HEKOTOPBIX CJIydasix, KOTJa MPHU TPATUIMOHHON peann3aiun Me-
Toma JIuTTia He ymaBasioch HAWTHM peIeHue 33 OTBEIEHHBIX BA, 9acCa, AJTOPUTMBI C
ONTUMAJIHHBIM TTPUBEIEHUEM HAXOIUIN PEITIeHNE.

Ormerum 0coOEHHO pe3ynbTarhl pentenus 3amaun td316. 3mecs HHTEPECHO TO, 9TO
[PUMEHEHHE TOJTBKO ONTUMAJTBHOTO MPUBEICHNS HE JAJI0 PEIIeHUe 33 OTBEeJIEHHBIX JIBA
gaca. OIHAKO aJTOPUTMbBI C ONTUMAJIBHBIM PUBEJICHUEM U MOUCKOM JIEMEHTa ¢ MaK-
CUMAJILHOM OIEHKOW TOJIFKO CPEIU JIEMEHTOB ONMTUMAIBHOTO HA3HAUEHWST, HAWIEHHOTO
anropurMoM MaHKpeca mpu ONTUMAJIBHOM TIPUBEICHUN MaTpullbl (aaropurmbl APSA|
APSAC) mamuin pemenune mMeree yem 3a 12 cexyuma. Ha mam B3rsi, 3m0 00bsaCHIETCS
0c000i#t 3P HEKTUBHOCTHIO BHIOOPA ITEMEHTA JIsT BETBICHNSA U3 TEKYIIero Ha3HadeHus.



22 .®. BOPXAHOB, B.P. ®A3BI/IOB

B zak/iouenue oTMETHM, YTO Psif TECTOBBIX 3a1ad — {t53 (53 — KOMM9IecTBO mMyHK-
tos), ftv100 (101), ftv110 (111), ftv120 (121), ftv170 (171), td100 (101), p43 (43), atex4
(48), atex5 (72), atex8 (600), big702 (702), dc112 (112), dc126 (126), dc134 (134), dcl176
(176), dc188 (188), dc563 (563), dc849 (849), dc895 (895), dc932 (932) — me GbLIu pe-
IMEeHBI 38 OTBEJIEHHBIX BA Yaca HU OJHUM W3 METOJIOB, TPUYEM CPeIN HUX eCTh 33/Ia4n
He6O0IbINOl pasmepuocTu (Hampumep, {t53, p43, atex4, atex5). Ilo-Buaumomy, aist pas-
PabOTKH XOPOIINX aJTOPUTMOB /I UX peleHnsa Tpedyercs n3ydenne CrueruuKkn ITUX
3aj1a4.

Summary

I.F. Borhanov, V.R. Fazylov. Little’s method with optimal reduction of a matrix.

In this paper are considered application traditional and optimum reduction of a matrix
in Little’s method for asymmetrical problem of the traveling salesman representative. On a
number of test problems high efficiency of optimum reduction is shown.
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