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AHOTALIA

HeBix’ eMHOIO YacTHHOIO Oyb-sIKOIO MPOrPaMHOrO MPOCKTY € BHUKOPHUCTAHHS AIrOPUTMIB. AJITOPUTMH, SKi € KaHBOIO,
OCHOBOIO BEJIUKOI KiIbKOCTi MPOrpaMHKX PillieHb € KIACHYHUMH, HAIPYKOBAHUMH Y HACTIJIBHUX KHM)KKAX MporpamMicra Ta Iie 4acto-
I'yCTO pealli3oBaHi Ha 0araTb0X MOBaxX HMpOrpaMyBaHHs. AJie Oy[b-sKHH IPOrpaMHHI MPOESKT Ma€e 0araro TOHKOIIIB, SIKi HEMOXIIHBO
BUYEPNATH KIACUYHUM IiJIXOJIOM, TOIIYKH B)XX€ FOTOBUX PIllIEHb 32 3aJaHMMHM IapaMeTpaMy TakoX OyBaloTh HeBjaii, abo roToBi
(GyHKLIT He BIANOBINAIOTH 3aJaHUM KpUTEpisSM MIBUAKOAIL abo TouHocTi. [IpMKIIAmOM Takoro ajaropuTMmy, po3B’s3aHHS SKOIO
3aIpOINOHOBAHO B JaHiil POOOTi € alropuTM IMOUIYKY BCiX MiHIMAJIbHHX BiJCTaHeH MiX OyIb-SKMMH JABOMa BepXiBkamu Ha rpadi
JICPEBHOI CTPYKTYPH. 3a OCHOBY Horo HamucaHHs 0yiio BUKOpUcTaHo anroputM droiina-Yopuiesuia, yHiBepcaabHUH, CTBOPEHHUH LIS
rpadiB Oyap-sIKOI CTPYKTYPH, LIMKIIYHUX abo opieHTOBaHHX. B po0OTi JoBeneHo, 110 JepeBHa CTPYKTypa rpada 3Ha4yHO MPOCTilia
HI)X y3arajbHeHa IIMKIiYHA CTPYKTYpa, e y SKOCTi 3B’3KiB MOXYTh OyTH pebpa abo MOXXyTh OyTH nyru. B poGoTi mokasaHo, 1mo y
JIepeBi iCHye JIMIIE OIMH IIUIIX MK OyIb SKHMH JBOMa BEpPXiBKaMH, TOOTO MU HE MaeMO >KOIHOI HEOOXiJHOCTI MepepaxoByBaTH
OTpPHUMaHy BiJIIOBib — BiJICTAHb MK JBOMa NEBHUMHU BEPXiBKaMH, CIIOAIBAIOYUCh, L0 BOHA Oy[e OUIbII ONTHMAJIBHOIO 3TiJHO
KPHUTEpisIM 3aBJIaHHS, OT)KE MU MOXEMO I030YTHCSI BEIMYE3HO! KUJIBKOCTI YMOBHHX OIEPaTOPIB Ta 30BHILIHBOTO LUKIY, KUJIbKICTh
iTepariii sIKOro BiANOBIAa€ KUTbKOCTI BEpXiBOK, TOOTO, SIKIIO Y 3BUYaHHOMY HMPOCKTI KUJIBKICTh BEPXiBOK rpada epeBHOI CTPYKTYypH
CTapTye Bij THCSYl BEPXiBOK, TO BUKOPHCTOBYIOUHM MoAudikoBaHui anroputM doiia crierianbHo mix rpady IepeBHOI CTPYKTYpH,
a HE PO3NOBCIOJDKEHY, TaK 3BaHy, YHIBEpCaJbHY BEpCi0, MOKHA IPHIIBHILINTH POOOTY IPOrpaMHOrO MPOIYKTY ILIOHAHMEHIlE
BaBiui. Kpim Toro, rpadu nepeBHOI CTPyKTypH MAroTh 1€ HU3KY CTPYKTYPHHUX BiIMiHHOCTEH, SIKi JO3BOJISIIOTH IIPUCKOPHUTH LIE Bij
JIBOX IO JIECSATH Pa3iB IO BiIHOIICHHIO /10 TOTOBOI K BUKOPHCTAHHIO YHiBepcaibHOI Bepcil aropurmy. OTxe, B poOOTi po3rIsiHyTa
METO/IMKA IPUCTOCYBAHHS KJIACUYHOTO aJITOPUTMY 110 creludiyHuX notped, SIKUMH € HeOpieHTOBaHi Ipadu JepeBHOI CTPYKTYPH.

KiouoBi cioBa: amropurmMu Ha rpadax; MOLIYK MiHIMalbHOI BIiICTaHi; ONTHMI3allis PO3PaXyHKIiB; BIUIMB YMOBHOI'O
oreparopa Ha HIBHIKO/AI0 mporpam; anroputm drnoiina-Yopuiesuia; rpadu qepeBHOI CTPYKTYpH

AKTYyaJIbHiCTh. 3 PO3BUTKOM DPI3HOMAHITHUX TEXHOJOTIH 0OpOoOKM JaHUX Ta MEpPexoay Ha
aBTOMAaTH30BaHy OOpOOKY BEJIMKUX MAacHBIB JAaHUX MapajieIbHO KPOKYIOTh TEXHOJIOTI MoOynoBU
nu(PpPOBHUX CXEM, BIIMOBITHO, 3pOCTA€E IIBUIAKOJIS MPOILECOPIB Ta 00’€MM ONEPAaTUBHOI IaM ATi,
ajle, HaXkajb, 3pOCTaHHS XapaKTEPUCTHK, TaK 3BaHOIo, 3aji3a Maibke 3aBXKIM Ha KpOK YM JBa
BIJICTa€ BiJi BUMOT Cy4yaCHOTO MporpamMHOro 3abesmeuyeHHS. BiAMmoBimHO, MUTaHHSA OMTHMI3allii
PO3paxyHKIB 3 TOYKHM 30py BHUMOI JO OIEPaTHUBHOI HaMm’sATi ab0 NPHUIIBUALIEHHS 3a PaXxyHOK
BUKIIIOYEHHS NyOJNIOI0UMX oOIepalliif, 3a paXyHOK BHKJIIOYEHHS YMOBHMX OIEpaTOpiB 1, HaBiTh,
PO3ropTaHHs LMKIIB 3 KIHIIEBOIO KUIBKICTIO ITepalliif, € akTyaIbHUMHU 3apa3 1 OyAyTh aKTyaIbHUMHU
y HailOnmx4yoMy MailOyTHbOMY. 30KpeMa, B 3alpONOHOBaHIi poOOTI MU MPHUIIBUALIYEMO 0OpOOKY
iHpopMalii 3a paxyHOK BUKIIOUEHHsS 3aiBUX Jid, sKI B MPUHIMII HOPUTaAMaHHI iTepaiiifHoMy
MIIXOdY.

Metoro focCaizkeHHs1 € TOPIBHSAHHS KiacuyHoro anroputMmy ®noiiga-Yopenna oo
BU3HAUYCHHS MIHIMAIbHOI BIICTaHi MDK OyAb-sIKHMHU JBOMa BepxiBKaMu Ha Tpadi JOBUTbHOI
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CTPYKTYpH Ta HOTO ONTHMI30BAaHOTO BapiaHTY, PUCTOCOBAHOTO JUIs TpadiB iepeBHOI CTPYyKTypH. B
OCHOBI JIOCIIUKCHHS JIGKUTh MOPIBHSAHHS 3arajbHOI KUIBKOCTI ONepaiiil Ta 3arajbHOi KUTBKOCTI
BUKIIMKIB YMOBHOTO OIlepaTopa MDK KIacMYHUM airoputvoMm @uoiiga-Yopmemwia Ta HOro
ONITUMI30BAaHUM aHAJIOTOM.

Knacwunnii anroputM ®@roiina-Yopiiesuia mpairoe 3 1BOMa MaTPHIISIMHA: MAaTPHUIICIO BIICTAHEH
Ta MaTPHUIICIO NUIAXIB, 3arajibHa KUTbKICTh OIEpaliil mpeacTaBisie co0010 KyOiuHy 3aleKHICTh Bij
KUTBKOCTI BepxiBOK Ha rpacdi i popiBHIoe, BigmoBigHo, 2XNXNXN, ne N — KUIbKiCTh BEpXiBOK
rpada. Cepis TabIUIp HIKYE UTIOCTpye poOoTy amroputmy Doiiga-Yopmemwia i rpada 3 5
BepXiBOK (puc. 1), KWl Mae Opi€eHTOBaHI Ta HEOPIEHTOBAHI 3B’SI3KM Ta MICTUTh HHUKJIHA. Ha
Tabnuugax 1-5 mpoAeMOHCTpOBaHE MOKPOKOBE MEPETBOPEHHS MATPHUIl CYMDKHOCTI Y MAaTpHIIO
BIJICTaHEW Ta MaTPHUIll NPSAMUX HUIAXIB Y MAaTPULIIO IPSIMUX Ta TPAH3UTHUX LUIAXIB, OTJISL TOTO, SK
MIEPETBOPIOIOTHCA JIBI POOOUl CTPYKTYpH AITOPUTMY: MATPHUISl CYMDKHOCTI Ta MaTpulsd LUISXIB,
JI03BOJII€ JIOCUTh HIBUIKO HamucaTH poOOuYMi KOJ IporpamMu Ta, BIANOBITHO, JTOCUTH HIBHAKO
OIIIHUTHU CKJIAJHICTb ii poOOTH, a TaKOX JIOKaTI3yBaTH MOMEHTH, SIKI MOKHA B3araji npulpartu Juist
AaHAJIOTTYHUX PO3PaxyHKIB rpada JepeBHOI CTPYKTypH, TOMY IO JepeBa — € OuIbIl MPOCTOIO
CTPYKTYpPOIO, 30KpeMa, TaM He ICHY€ aJIbTepHATUBHUX IIJISXIB MDK JIBOMa BEpXIBKaMU Ha BIIMIHY
BiJ rpada 3 yHIBEpCAIbHOIO CTPYKTYPOIO.

X
X1 30 2 8 X3

)

20 22
X4 5
Puc.1. I'pad nns anropurmy DJioiiga-yopuesia

Tabauysa 1. MaTpuusi CyMisKHOCTI i MaTpus IUIAXIB 1J1s aaropurmy DJioiiaa-yopueia
Ha CTAPTi pod0OTH NMPOrpamMu

X1 X2 X3 X4 Xs 1 3 [4 |5
X1 - 30 0 20 0 1 |- (2 |3 [4 |5
X2 30 - 8 0 22 2 |1 |- |3 [4 |5
X3 © 8 - 0 25 3 |11 |2 |- |4 |5
Xa 20 o0 0 - 00 4 11 (2 |3 |- 5
Xs 0 0 o0 17 - 5 11 (2 |3 |4 |-

Tabauys 2. MaTpuus BiacTaHel i MaTpuus nUIsiXiB aJs aaropurmy doiiga-yopiesia
nicJIs nmepoi irepanii

X1 X2 X3 X4 Xs 1 3 [4 |5
X1 - 30 0 20 0 1 |- (2 |3 [4 |5
X2 30 - 8 50 22 2 |1 |- |3 |1 |5
X3 © 8 - © 25 3 |11 |2 |- |4 |5
Xa 20 50 0 - o0 4 11 (1 |3 |- 5
Xs 0 0 0 17 - 5 11 (2 |3 |4 |-
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Tabnuya 3. MaTpuus BiacTaHeii i MaTpuus muisaxis ais anropurmy dJioiina-yopiuesia
nicJys apyroi itepamii

X1 X2 X3 X4 Xs 1 (2 |3 [4 |5
X1 - 30 38 20 52 1 |- |12 |2 |4 |2
X2 30 - 8 50 22 2 |1 |- |3 |1 |5
X3 38 8 - 58 25 3 12 (2 [- [2 |5
Xa 20 50 58 - 72 4 (1 |1 [2 [- |2
Xs 0 0 0 17 - 5 11 |2 |3 |4 |-

Tabauys 4. MaTpuus BiacTaHei i MaTpuus uuisixis s aaropurmy @aoiiga-yopiesia
nicJs TpeThoi iTepauii

X1 X2 X3 Xa Xs 1 (2 [3 |4 |5
X1 - 30 38 20 52 1 |- (2 |2 |4 |2
X2 30 - 8 50 22 2 (1 |- |3 |1 |5
X3 38 8 - 58 25 3 12 |2 |- |2 |5
X4 20 50 58 - 72 4 |1 |1 (2 |- |2
Xs 00 0 0 17 - 5 |1 |2 |3 |4 |-

Tabauysa 5. MaTpuus BiacTaHei i MaTpuns nuisixis s aaropurmy @aoiiga-yopiuesia
micJisl 3aKiHYeHHA po0OTH MporpamMu

X1 X2 X3 X4 Xs 1 12 (3 (4 |5
X1 - 30 38 20 52 1 |- |2 |2 |4 |2
X2 30 - 8 50 22 2 |1 |- 3 |1 |5
X3 38 8 - 58 25 3 (2 (2 [- [2 |5
Xa 20 50 58 - 72 4 (1 |1 [2 [- |2
Xs 37 67 75 17 - 5 (4 (4 (4 (4 |-

ITo 1ux TabaUIIX HAIKIIIEMO 0a30BHUi (parMeHT KOy porpaMu Ha MoOBi mporpamysanHs C, a
MOTIM MPOBEAEMO HOro aHami3 IOoJA0 ONTUMI3alii Ta CKOPOYEHHS Y BIAMOBITHOCTI 13
3aJICKJIapOBAaHUMHU UIAMU. DparMeHT KOy NpOrpaMu i3 KOMEHTapsIMH BUTJISA€ HACTYITHUM
YUHOM:

for (k=0; k<n; k ++){
for (i=0; i<0; i++){
for (j=0; j<O0; j++){
if ((i'=k) &&(j!=k) &&(A[i][k]'=0)&&(A[K][j]'=0)) {
change=A[i][K]+A[K][j];
if(change<A[i][iI{
Ali][j]= change; BIi][jl= k; }}}}}

Ocb Tak BUTJISAAA€ IPOTPAMHUIN KOJI, CKIIAIHICTh OI[IHIOEMO MO KUTBKOCTI BUKJIMKIB Hai10BIIOT
IIpOrpaMHOi OIepallii — YyMOBHOTO BMKIMKY, To6TO omepatopa if. Ix B mamiii mporpami Gyne
2XNXNXN paziB, mo OykBaJbHO BHJIHO 3 TeKcTy nporpamu. [lepmmii ymoBHMII omepatop
nepeBipsie, YM B3araji MOTOYHA BEpXIBKA CIIPOMOKHA OyTH TPAaH3UTOM MDK IEBHUMH JBOMa, a
HACTYITHUN YMOBHHI orlepaTop OLIHIOE, UM BiH JACLIEBIINN HK MONEpeaHil OTpUMaHuil pe3ybTar.
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Tenep mpoBenemMo aHami3 aHAIOTIYHUX OOYHMCIEeHb Ha Tpadi nepeBHOi cTpykrypu. s
NPUKIAAY Bi3bMEMO Trpad-IepeBO 3 CEpeaHBbOI0 KUIBKICTIO KIHIIEBHX BEpXIiBOK: 5 Bim 8, me 8 —
3arajibHa KUIBKICTh BepXiBok rpada. KinieBi BepXiBKM HE MOXKYTb OyTH TPaH3UTHHMHU 32 PaxXyHOK
9YOro KUTBKICTh 3OBHIMIHIX iTepalmiii 3HAYHO 3MEHIIYETbCS Ha rpadax AepeBHOI CTPYKTYpH.
Hanpuknan, Ha rpadi Ha puc. 2 TpaH3UTHUMHU MOXKYTh OyTH jmie BepXiBku 6, 7 Ta 8. Ha nepmomy
KPOIli TPAaH3UTHOIO TMPU3HAYAEMO BEPXIBKY 6, BIAMOBIAHO BCi PO3paxyHKH HPOBOJMMO BiTHOCHO
i€l BepxiBku (Tabmuus 6). HactynHa napa Tabiuip UIIOCTpye pe3yIbTaTH IUX PO3PAXYHKIB.

8
10 14
12 /
4

6 8/
1 5

6 ® 4
1@ ] , 3

Puc.2. I'pad nepeBHOT CTPYKTYpH

Tabnuysa 6. MaTpuui BincTaneii i nuisxiB 1Jst rpady a1epeBHOI CTPYKTYPH Ha cTapTi
000TH porpamMu

12345678 1[2[3[4[5[6]7]8
1] - 16 1] - 6

2 - 15 2 - 6

3 - 8 3 - 7

4 - 4 4 - 7

5 - 10 5 - 8
6 |16 | 15 - 12 6|12 - 8
7 8 | 4 - |14 7 3| 4 -8
8 101214 - 8 56| 7] -

[epmioro TpaH3WTHOIO BEpXiBKOKO Oylla MIOCTa, OPYror — chboMa. Ha ocTaHHROMY KpOITi
TPAaH3UTHOKO CTAa€ BEpXiBKa 3 HOMEpPOM BiCiM. BimmoBigHO mporpama oOYHMCIIIOE BCi BimcTaHi
BIJJHOCHO HEi, HE 3MIHIOIOUH BMICT KOMIPOK BOCBMOT'O CTOBITYMKA T4 BOCBMOTO psi/jouka. Pe3ynbrar
PO3paxyHKIB BUTJIS/Ia€ HACTYITHUM YHHOM:

Tabnuys 7. Matpuui Biacraneii i nuisxiB s rpady AepeBHOI CTPYKTYPH micjast
OCTAHHBbOI iTepauii

1123|456 /|7]38 1123|456 |78
1] -131|50 |46 |38 |16 |42 | 28 11 - 81 8| 8| 6|86
2 |31| - |49 |45 |37 |15 | 41| 27 2|1 6| -]18|8|8|6]|8]|6
315049 | - (123234 | 8 |22 318 |8 | -|7 88|77
4 146 145|112 - |28 |30 | 4 |18 418 8|7 |- 88|77
5138373228 - |22|24|10 518|888 -|8|8] 8
6 116153430 |22| - | 26|12 6|12 |8|8|8]|-]8]38
7 142|418 | 4 24126 - |14 7188 |3 ]| 4] 8 -1 8
8 |28|27|22|18|10|12 |14 | - 8|6 |6 | 7|75 7] -
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Hapemri My OoTpuMany TOBHICTIO 3allOBHEHY MAaTpPHULIO BIICTaHEH Ta MATPHIIO MUISAXIB.
[lonaiimeHIe CKOpOYeHHsI pOOOTH MPOTPaMH BiTHOCHO aHAJIOTIYHOTO rpady HUKIIYHOT CTPYKTYpH
BIBI4i BiIOYJIOCh 3a PaxyHOK HEBEJHMKOi KUIBKOCTI TPAaH3UTHUX BEPXIBOK, iX BIBIYi MEHIIE Bix
3arajibHOi KUTBKOCTI BEpPXIBOK Ha PpO3MIIIHYTOMY Tpadi JHepeBHOT CTPYKTypH, aje Taki
y3arajbHEHHS, HaXalb, HEMOXJIMBI, TOMY IO KUIBKICTh KIHIIEBUX BEpXIBOK Ha rpadax aAepeBHOL
CTPYKTYpH BapiroeTbes Bix ABox 10 N-1, ne N — 3aranbHa KUIBKICTh BEPXIBOK.

Tenep mepenianmMo KpOKH ONTUMI3AIlii JAHOT TPOTpaMu BITHOCHO rpadiB AEPEBHOT CTPYKTYPH.
Ha puc. 2 mu 6aunmo rpad nepeBHOI CTPYKTYpH, a B TaOmuisx 6-7 mu 6aunMo 0OpoOKy IIbOTO
rpady mMoaudpikoBanuM anropurMom droiia-Yopuienna.

ITo mux Tabaungx HanuuemMo 6a30BUil pparMeHT KOy porpamMu Ha MoBi nporpamyBanHs C, a
MOTIM TMPOBEJAEMO MOro aHajli3 IIOJ0 ONTUMI3allli Ta CKOPOYEHHS Yy BIAMOBIAHOCTI 13
3aJleKIapoBaHUMU HUISIMU. OTKe pparMeHT KOoay IPOrpaMu 13 KOMEHTapsMU BUIJISIa€ HACTYITHUM
YHHOM:

for (k=0; k<n; k ++){
for (i=0; i<0; i++){
for (J=0; j<0; j++){
if ((i'=k) &&(j!=k) &&(A[i][K]'=0) &&(A[K][j]'=0)&& (A[i][j]= =0)){
ALIOD=ALIKI+ALK]O]; BII0I= k; 333}

OT1xe, sk 6auMMO, y Hac B ONTUMI30BaHIi Bepcii MporpaMu JuIle OAUH YMOBHHI oneparop, e
MOB’s13aHO 13 THM, MO B Tpadax IEpeBHOI CTPYKTYypH ICHYE JIMINE OJWH IUIAX MDK JIBOMa
BEpXIBKaMH, SKII0O MU HOTO OTPUMAIHM OJWH pa3, TO OUIbIIE HE MIYKAEMO, BIIMOBIIHO, HEMA€
HIKUX TTOPIBHSHB 1 TTOB’SI3aHUX 13 HUMHU BUKJIMKIB YMOBHHUX OIEpaTOpPiB. Ajle TOM caMUli YMOBHHIA
OTIEPaTOp 3HAXOAMTHCS BCEPEIWHI CaMOT0 BHYTPIIHBOTO IUKITY. ToOTO Mae OyTH BUKIMKaAHUH

NXNXN pa3. B pasi #ioro BiicyTHOCTI 4ac BUKOHAHHS MMPOTPAMU CKOPOUYETHCS, BIMOBIAHO, B BA
4y OUThIIE pa3iB, TOMY IIIO TaM MU M030aBIsSEMOCH III€ BiJl HU3KU OTIEPATOPIB IPUCBOEHHS.

HactymHa MOXIJIMBICTH ONTHUMI3allil MOJSrae B TOMY, II0 MH MOXKEMO IpAIfOBaTH JIHIIE 3
BEPXHBOIO IIOJIOBMHOIO MATpPHIIl, OCKUIBKM B HEOPIEHTOBAaHOMY Tpadi MaTpuisg CyMDKHOCTI
CUMETpPUYHA BIIIHOCHO TOJIOBHOI miaroHami. A Hajgani moOymoBaHa Ha 1l MiJACTaBi MaTpuus
BiJICTaHEl CMMETPHYHA BIJHOCHO T'OJIOBHOI JllaroHali, TOOTO 3a paxyHOK I[bOTO 3arajbHy KUIbKICTh
omepariii MU Ie pa3 CKOpPOYYEMO BJIBIYi, BIIMOBIIHO NPH BHKOHAHHI JIMIIE JBOX MEPEITUYEHUX
MOKpAIICHb, 3arajlbHAN Yac BUKOHAHHS ITPOTPaAMH CKOPOYYETHCS B YOTUPH PA3H.

TperiM IHCTPYMEHTOM TIOKpAIlleHHS JaHOi MporpaMu MOKe OyTH ypaxyBaHHS KIHIIEBUX
BEpXIBOK, TOOTO BEpPXIBOK, CTEITIHb SKHX JOPIBHIOE 0MHMIN. KiTbKICTh TaKMX BEPXiBOK Ha Tpadax
JIEPEBHOT CTPYKTYPH BapitO€ThCSI Bill IBOX, SIKIIO rpad Mae JAaHIIOTOBY CTPYKTYpPY, 10 N-1, skimo
rpad Mae CTpYKTypy 31pOUKH, alie B CEPETHLOMY, KIHIIEBUX BEPXIBOK Ha rpadi AepeBHOT CTPYKTYpH
BJIBIYl MEHIIIE HDXK iX 3arajgbHa KUIbKICTh. LI BepXiBKHM B3aranai He MOXYTh OYTH TPaH3UTHHMH 32
BU3HAUYEHHSM, TOMY 30BHIIIHIA [HKJI, BiIMOBIZHO Ma€, CKOPOTUTHCS B CEpPEeIHBOMY BIBIYl, a
3araJibHU# yac poOOTH Mporpamu, BiAIOBIAHO, B BICIM pa3iB.

YerBepTUM IHCTPYMEHTOM TMPHUIIBHANICHHS TaHOI MPOTpaMH € MOXIJIMBICTh B TEBHHUX
BUIIQJIKaX B3araji MPOITHOPYBATH MATPHII0 MLUIAXIB, SKII0O BOHA HeiH(GOpMaTHBHA B MEBHHUX
ymoBax. Hampukman, HaM HEOOXiAHI JHIlle caMi 4uclia MI0JI0 BifCTaHEeH MiHIMAllbHUX, a MEeBHUM
IUIAX B yMOBaX KOHKPETHOI 3a1a4i MOXke OyTH HenoTpiOeH.

[Tonmanpiii npakTHUYHI AOCHIIKEHHS 171 TpadiB pi3HOTO po3Mipy, aje TaKuX, 110 BiIIOBIIAIOTh
HaraJbHUM MPOTPAMHUM MPOIYKTaM, TOOTO BiJl TPhOXCOT J0 TUCSY1 BEPXiBOK, MAIOTh MiITBEPAUTH
BUIIEBUKIIAICH] PO3PAXYHKH.

BucHoBkn. B po6oTi 3amponoHOBAaHO YOTUPH IHCTPYMEHTH MiABUIICHHA €(QEeKTUBHOCTI
anroputmy Dnoiiaa-Yopiienna mojo rpadiB JepeBHOT CTPYKTYpH. 3a MOTepeaHIMU PO3paXyHKAMH
Yac BUKOHAHHS MPOTPaMU MPU BUKOPUCTAHHI 3asSBJICHOTO MIAXOy MOPIBHSHO 13 KIACUYHUM Mae
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CKOPOTHUTHCS B BICIM-ZIECATh Pa3iB, Ile OYCBUAHO i3 OYKBAIBHO CKOPOYCHOTO KOy IPOTrpaMu, aje
BCe OAHO MOTpeOye eKCrepuMeHTIB uii rpadiB i3 pi3HOI KUIBKICTIO BEpPXIBOK Ta PI3HHUX
KOH(Irypartii.
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ABSTRACT

In modern blockchain systems, smart contracts are one of the most critical components for ensuring the automated execution of
agreements without the need for intermediaries. However, smart contracts written in languages like Solidity may contain
vulnerabilities that can be exploited by malicious actors to steal funds or manipulate assets. Given the increasing number of attacks
on smart contracts, the development of effective methods for detecting such vulnerabilities is crucial. Traditional approaches to
detecting vulnerabilities in smart contracts include symbolic execution, fuzzing, formal verification, and pattern matching. These
methods have their advantages but face several challenges, such as high resource consumption, limitations in detecting new types of
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vulnerabilities, and difficulties in scaling to large contracts. As a result, there is a need to introduce new approaches, such as natural
language processing (NLP) and machine learning, which can address these challenges more effectively. In this study, an NLP-based
method was explored, using Word2Vec to convert smart contract code into vector representations, allowing for better analysis of the
semantic relationships between elements of the code. These vector representations are then fed into a bidirectional recurrent neural
network with GRU blocks and an attention mechanism. This approach allows the model to focus on the most important parts of the
code and improve the accuracy of vulnerability detection. The comparative analysis showed that NLP-based methods significantly
outperform traditional approaches in all key metrics. In particular, the GRU model with an attention mechanism demonstrated high
results in accuracy, recall, and F-measure, making it effective for detecting complex vulnerabilities such as reentrancy. Furthermore,
the NLP-based approach is capable of adapting to new types of attacks thanks to training on large datasets. Thus, the integration of
NLP and machine learning represents a promising direction for enhancing the security of smart contracts. Future research can focus
on improving these approaches, particularly through the implementation of advanced models such as transformers.

An integral part of any software project is the use of algorithms. Algorithms, which are the canvas, the basis of a large number
of software solutions, are classical, printed in programmer’s notebooks and often implemented in many programming languages. But
any software project has many subtleties that cannot be exhausted by the classical approach, searches for ready-made solutions
according to given parameters are also unsuccessful, or ready-made functions do not meet the given criteria of speed or accuracy. An
example of such an algorithm, the solution of which is proposed in this work, is an algorithm for finding all minimum distances
between any two vertices on a tree-structure graph. The Floyd-Warshall algorithm, universal, created for a graph of any structure,
cyclic or directed, was used as the basis for its writing. The work proves that the tree structure of a graph is much simpler than a
generalized cyclic structure, where the links can be edges or arcs. The work shows that in a tree there is only one path between any
two vertices, that is, we do not have any need to recalculate the received answer - the distance between two specific vertices, hoping
that it will be more optimal according to the criteria of the task, so we can get rid of a huge number of conditional operators and an
outer loop, the number of iterations of which corresponds to the number of vertices, that is, if in a typical project the number of
vertices of a tree-structure graph starts from a thousand vertices, then using the modified Floyd algorithm specifically for tree-
structure graphs, and not the widespread, so-called, universal version, it is possible to speed up the work of the software product by at
least a thousand times. In addition, tree-structure graphs have a number of structural differences that allow for another two to ten
times of acceleration in relation to the ready-to-use universal version of the algorithm. So, the work considers a method for adapting
the classical algorithm to specific needs, which are undirected tree-structure graphs.

Keywords: Algorithms on graphs; minimum distance search; optimization of calculations; influence of conditional operator on
program performance; Floyd-Warshall algorithm; tree structure graphs
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