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KAK KOMHIIOTHPBT PEIITABA CYAOKY —
MATEMATUYECKHU MOIEJI HA AJITOPUTBMA

Kpacumup Hoprxes
FOzo03anaoen ynusepcumem ,, Heogpum Puncxu “ — bnazoeszpao

Pe3rome. B paborara ce pa3riexaar HIKOU aClIeKTH Ha 00Y4YEHUETO T10 MPOoT-
pamupane. Habnsra ce Ha 3aHUMAaTETHIS MOMEHT IIPH 10A00pa Ha MOAXOISIIN
IIPUMEPH 3a AEMOHCTPALU Ha OTACTHHUTE €3MKOBH KOHCTPYKLHUH U CTPYKTYypH
OT JaHHH. TakbB MPpUMEDP € pasrlICAaHUAT aJITOPUTHM 3a pC€lIaBaHC Ha IMHUPOKO
pa3npocTpaHeHaTa B MOCIEHO BpeMe INIaBoOIbCcKaHuIa CynoKy. ToBa e Hampa-
BEHO BBB BPB3Ka C MOHATHETO MHOXXECTBO M HErOBOTO MPHIIOKECHHE B IPOTrpa-
MHUPaHETO.

Keywords: education in programming; data structures; set; Sudoku matrix;
Sudoku puzzle; mathematical model of an algorithm

Hacrosmiara pabota e 3aMuciieHa fia TOAMOMOTHE TPENoiaBarelis mo mporpa-
MHUpaHEe B CTpEMeka My Jia JAaje ChIAbpiKaTeleH, HHTEPEeCeH U 3a0aBeH MmpuMmep
3a MoJ3ara Ha MOHSITHETO MHOXECTBO B MPOTPAMHUPAHETO. 3a 1ienTa 00yJyaeMuTe
TpsibBa 100pe /a MO3HABAT OCHOBHUTE JCHUHHUIIMN OT TEOPHS Ha MHOXECTBATa U
Jla BIAJICAT OCHOBHUTE OTepaIiiu ¢ MHOkecTBa. OTTYK cie/iBa U J00pe U3BECTHUSAT
(axT, ye 3a 1a CH A00BP MPOTPAMUCT, € HEOOXOAMMO (HO HE U JOCTAThUHO) Ja CH
J00Bp MaTeMaTHK.

Krnacuyecku mpuMep 3a M3MOA3BAHETO HA MHOXKECTBA B MPOTPAMHUPAHETO €
CTaHaja MpOorpaMHaTa peaju3anus Ha 3ajJadara 3a HaMHpaHe Ha MPOCTH YHCIA
o MeToja, HapeueH ,,Pemero Ha Eparocten” (Jensen & Wirth, 1985; Nakov &
Dobrikov, 2005; Stoyanova & Gochev, 1994). Tyk cMe JUI'bXHU J1a OTOCIICKUM, U
B (Stoyanova & Gochev, 1994) npu peanu3zanmsta Ha TO3U aJITOPUTHM € JOIMYC-
HaTa rperika, MPUIUCIIBAUKNA YHUCI0TO | KbM MHOKECTBOTO Ha MPOCTHUTE YHCIA.
ITog06Ha Tperika ¢ HeJOMyCTHMA 3a €IHO YUeOHO moMaraio, Thii KaTo Ou goBena
710 00OBPKBaHE OT CTpaHa Ha IMOJI3BAIINTE TO.

Tyk e ce cupeM Ha 3aHUMAaTEIHa W aKTyajdHa 3aja4a, KOsTO ce mpuema
C TOJSAM WHTEPEC OT CTpaHa Ha ydYaln[uTe — aJTOPUTMH 3a peliaBaHe Ha Cy-
noky. ToBa e MHUPOKO pa3smpoCTpaHEeHa B JHEIIHO BpeMe IIaBOOIBCKAHUIIA,
HEM3MEHHO MPHUCHCTBAIIA B Pa3BICKATCIHUTE CTPAHUIIM HA TOBEYETO BECTHHU-
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U ¥ CIIMCAHMS M B Pa3BICKATEIHH MHTEpHET caiitoBe. CylqoKy € urpa, Kos-
TO pa3BHBa y YOBEK Haii-Beue MAaTeMaTHYECKUTE CIIOCOOHOCTH, JIOTHYECKOTO
MUCJICHE, KOMOMHATUBHOCTTA, BHOOPAKCHHETO, YMCHHETO 3a IMPOTHO3HPAHE
U IPyTH Ka4eCTBa.

Hue HsMma na ce ciupame Ha mporpaMHara peaau3anus Ha pa3riiekaHara oT
Hac 3az1ada. ToBa /10 ToJIsIMa CTENEH 3aBUCH OT €3UKa 3a MporpaMupaHe, u30paH
OT y4eOHOTO 3aBejieHHe. YI00CH 3a mporpaMHara peaiu3anus Ha pa3riekIaHns
OT Hac aJrOPUTHM € €3HKBT ,,Jlackan®, Thil KaTo B HEro MMa BrpaJIcHH CPEICTBA
3a pabora ¢ MHOkecTBa (Jensen & Wirth, 1985; Stoyanova & Gochev, 1994).
ChImuAT Bee olle ce n30upa OT HAKOU yueOHH 3aBEJICHHS B CUCTEMaTa Ha CPEeIHO-
TO 00pa3oBaHUe B KAYECTBOTO MY Ha IIbPBHU €3HK 3a Iporpamupane. M3mnoxenure
UJIeu MoTaT Ja ObJaT pealu3upaHu U Ha MPOU3BOJICH JPYT €3HK 3a MpOorpaMupa-
He, Hanpumep C++. Ho B To3u ciy4aii TpsiOBa Ja ThPCUM JOIMBIHUTEIHU CPEJI-
cTBa 3a paboTa ¢ MHOXKECTBa — HanpuMep peanuzupanure B Standard Template
Library (STL) acounatuBHu kontelinepu set u multiset (Azalov, 2008). Cbiio
Taka MOKE J1a ce M3I0JI3Ba U MAOJOHHUSAT KiIac set OT cucTeMara 3a KOMIIOThP-
Ha anreOpa “Symbolic C++”, yuiiTo mporpaMeH Koj € JajJicH B MOAPOOHOCTH B
(Tan, Steeb & Hardy, 2000). Pa30upa ce, ¢ yueOHa 1ies1 Ou MOTJIO Jia ce Ch3Iaje
1 COOCTBEH KJIac MHOYECTBO, KaTo ce onuuiar GyHKLIUUTE, pealu3upalln Teope-
TUKO-MHOXKecTBeHUTe ornepaiuu (Todorova, 2011-a), (Todorova, 2011-b). Tosa
Ou OMJI0 MpeKpacHo YIpakHEHHE, KaTo ce UMa mpelnBuj] u (GakTwT, ye 6a3oBo-
TO (,,yHHBEPCAIHO) MHOKECTBO € C OTHOCHTEIHO Mayika MoIufHocT. Hanmpumep
CTaHAapTHaTa IMaBOOI'bCKAaHHIIA CYIOKY € ¢ 0a30BO MHOXKECTBO LEJIHUTE YUCIIa OT
1 10 9, muroc Mpa3HOTO MHOXKECTBO.

Tyk me pasmiegaMe camo MaTeMaTH4ecKs Mojen Ha anropurbMa. [lo Tosm
HAa4YMH CHhCTaBSIHETO Ha KOMITIOTBPHA MPOrpama, pellaBalia MpPOU3BOJIHA IJIaBO-
ONbCKaHMIA CYIOKY, € IPEBPbIIa B €/HA HENOIIA TeMa 3a pa3padoTKa Ha KypcoB
HPOEKT TI0 POrpaMUpaHe 3a YUCHHUIM U CTYACHTH. MHOTrO 4eCTO, KAKTO U B CIy-
Yasi, OMMCAaHMETO HA MaTeMaTHYEeCKHsl MOJIEN € JIOCTaThbuHO 3a MMpOorpaMHaTa pea-
JM3a1Hsl Ha ChOTBETHHSI QITOPUTHM.

MareMaTH4ecKH MojeJl Ha AJITOPUTHMA

Heka n ¢ MPOM3BOJNHO L0 TONOKHTENHO YMCIO M Heka M =n’. Heka
S=\s;;). 1<i,j<m=n" e xpagpatna mxm matpuna (ksajaparHa Tabmuua,
JIByMEPEH MACHB), BCHUKH €JIEMEHTH Ha KOUTO Ca L€ YUCIa, IPUHAIEKAIH
Ha 3aTBOpenus untepsai [l,m]. C momomra Ha 1 —1 xopusonTamuu u n—1
BEPTUKAJIHYU JIMHUH, TIPEKAPAHU CHOTBETHO MEXKIY HSIKOU OT PEIOBETE M Hl-
KO OT CTBIGOBETE, MaTpuuara S e pasjeicHa Ha A’ HENPECHYAIIA CE 1 X 71
KBAJPaTHU MOAMATPHIM, KOUTO 1€ Hapuyame Gnokose. Ha ¢ur. 1 e mokasana
MaTpunara S mpu n=73.
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Heka na osnaumm Gji0KoBeTE B JepMHMpaHaTa 1o-rope Marpuia S = (Si j) c
A, 1<k,l<n.Torasa no neduunmms, ako S € A, ., T0

(k=Dn<i<kn
(I-Dn<j<lin,

Hexa s, mpunaunexu Ha Gnoka A, n Heka na ca ussectnu [ u j . Torasa
JIECHO MOXKEM J1a ¢bo0pasuM, ue K u [ morar 1a 6baar H34KCICHH ¢ IIOMOLITA Ha
hopmymuTe

n

k:iﬂ
n

T i Y

n
KBJIETO C [X] CM€ O3HAYMITH KAKTO OOMKHOBEHO (DYHKIIMSATA II5J1a YACT HA PEATHOTO
YHCIIO X .

Ile xa3Bame, ye S = (Si ‘), 1<i,j<m=n" e cydoky-mampuya, ako BbB BCEKH
peJl, BCEKH CThIIO U BCEKU dr1oK CBILECTBYBA TOYHO T10 €IHO YUCIIO OT MHOKECTBO-
10 Z, = {1,2,...,m = nz}.

[lIupoko pa3mpocTpaHeHa € TIaBoOTbCKaHHIATA, HApeueHa cyooky. JlaneHa e
CYIOKYy-MaTpHI[a, Ha KOATO Ca U3TPUTH HAKOHM OT eJIeMeHTuTe. JIumncamure ene-
MeHTH Ha 1€ oThxkaecTBsIBame ¢ (. 3a1auara Ha NIaBOOIBCKAHUIIATA CE ChCTOM
B TOBA JIa CC Bb3CTAHOBST JIMIICBAIMTE EIIECMEHTH Ha CyIOKy-MaTpuiara. [Ipeamno-
jara ce, 4e aBTOPHTE Ha KOHKPETHATa ITaBOOIBCKAHUIIA TaKa ca MOAOpan JIUIIC-
BAI[UTE €JIEMEHTH, Ye 3a/1a4aTa a MMa eJMHCTBEHO pelieHue. ToBa ycioBue Iie
MPOMYCHEM U HsMA Ja ce choOpassiBame ¢ Hero. Hemro moBede, nmpenopbyBame B
3a/IaHAETO KbM OOydaemuTe 1a ObJe MOCTABCHO YCIOBHETO Ja ObJe HAMEPECH U
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OpOAT Ha BE3MOXKHUTE PElICHUs. AKO 3ajauara HIMa PelieHue, TO TO3U Opoi 1ie
Obje Hya.

Haii-pa3npocTpaHeHnTe MaBOOTbCKAHUIIM CYIOKY caTipy 1 =3, T.e.mpu m=9.

Tyk 1€ HampaBUM MaTeMaTHYECKH MOJEN, OMKMCBAIL aIrOPHTHM 3a Ch3aBa-
HE Ha KOMITIOThPHA pOrpaMa, HaMUpalla BCUUKH PelIeHus (aKO ChIIECTBYBAT) Ha
IPOM3BOIIHA NIABOOIBCKAHKIIA CYOKY. 32 [ENITa CHIIECTBEHO ILE M3II0I3BaME I103-
HaHMATA OT TEOPHUS Ha MHOXKECTBATA.

Pasmiexxname muokectBara R, C ; um B, xwpuero I<i,j<m= n’,
1<k, <n. 3a Beaxo i=L2,...,m, muoxkectBoto R, ce CbCcTOM OT BCHYKH
JIATICBAILM YUCTIA B [ - el HA MAaTPHIaTa. AHAIOTUYHO Ae(HHUPAME U MHOKEC-
teara C,, j=12,...,m cpoTeTHO 3a numCBamMTE WMCTA B /-1 CTBIO U
B,,, k,I=12,...,n cporBeTHO 32 IIMncBammTe yncna B Giokosere A, Ha S . Tlo
TaKbB HAauMH, aKO CTapTUpPAaMe IIPOrpamMaTa U JaJeM HyJIeBU CTOMHOCTH Ha BCUYKH
eJIEMEHTH Ha MAaTpPMIaTa S, TO C IOMOIITA Ha Ch3JaJeHaTa IporpaMa Iie moaydrM
BCEBB3MOXKHHUTE 711 X 111 CYJOKY-MaTPHUIIL.

Hauanoto Ha anropuTbMa ce ChCTOM B MHOTOKPATHOTO OOXOKIAHE Ha BCUYKH
enementu s, . €S, TakuBa ue §;; =0, T.e. TOBA ca eNEMEHTHTE, YHHTO HCTUHCKH
CTOMHOCTH TPsAOBA [1a OTKPUEM.

Hexka S ;= 0 u Heka s;; € A, ,. Tlonarame

P=R NC,NB,.

Torasa ca Bb3MOKHH CIICIHUTE TPU CIIy4dast:

i) P=¢ (upasHoro MHOXeCTBO). B TO3M cllyuaii 3ajauaTa HAMa pelleHue.

i) P= {d}, del, = 1,2,...,m}, T.€. OposT |P| Ha eneMenture Ha P e pa-
Bed Ha 1 (P e enHOENEMEHTHO MHOXKECTBO). ToraBa eMHCTBEHATa BE3MOKHOCT 3a
s;,; e 8;;=d,Te. B TO3M Ciydail CMe OTKPUIH HEM3BECTHATA CTOHHOCT Ha S, .
[pemaxsame o6umst enement d ot muoxkectsara R, , C ; 1 By, crien xoeto mpe-

MHHaBaMe KbM CIIE/[BAILUs HYJIEB eleMEHT Ha MaTpuiara S (ako ChLIECTBYBA TAKHB).

iii) |P| > 2 . Torasa HUIIIO HE MOXKEM J1a KAXKEM 3a HEU3BECTHATA CTOMHOCT HA

§; ; M IPEMMHABAMe KbM CIIEJBALLYS HYJIEB EIEMEHT Ha MaTpuLara S.

O6X0k1aHETO HA HYJEBUTE eJIEMEHTH Ha MATpULaTa S IPOIbIKABA, I0KATO HE
HACTBIIM €IHO OT CIIEAHUTE CHLOUTHS:

el)sansxon i, j €{1,2,...,m} ensnwnueno 5,, =00 P=R NC, NB,, =¢.
B To3u cnyuyaii 3anauara HiMa pelieHUE;

€2) BCUUKHM €IEeMEHTH Ha S CTaHaT Pa3lIMuHU OT Hyja (CTPOro MOJIOKHUTENIHH).
Hamepumnu cMe etHO pellieHue Ha TITaBOOIbCKaHUIATA;

e3) 06Xo[eHH ca BCUUKH HYJIEBH €IEMEHTH Ha S, HO HE € HACTBIMJIO HUTO
croutue el, Huto croutue e2. C qpyru AyMH, IPU BCHYKH OCTaBAIlX HYJICBH eJie-
MEeHTH Ha S BHHAIM € B CHJIAa ONMCAHUAT HO-TOpE CIIydaid iii.

B ciyuaii ye HacTBIU enHO OT chOuTHATA €l win €2, To mpoueaypara crupa
cBOsITa pab0Ta U U3BEXK/IA TIOTYUCHUS PE3YJITAT.

262



Kaxk xomniomvpwem pewiasa cyooky...

B cnywaii ye HacTBIM CHOUTHE €3, TO ANTOPUTHMBT TPSOBA Ja MPOABIIKH, U3-
MOJ3BAMKK IPyTu cocoOu, HapUMeEp Ja TPUIIOKUM METOIA Ha ,,ipooume u epeul-
Kume*‘. B KOHKpeTHHs ciy4yail To3U METO[] CE ChCTOH B CIIEIHOTO.

i—1
W36upame mponssonuo s;; € S, takosa ue s, =0 u mexa k=|— |+1,
n

l:{J—l}+l. Hexka P=R,NC,NB,, ={d,,d,,...,d,}. Torasa 3a Bcsxo
n

d.eP,r=12,...,t nonarame s, ; =d, . TaxoBa monarase e Hapuaame cyyati-
Ha npooa. (Jlobpe 61 OMII0 B MporpaMHaTa peaiu3aius Ha aJropuTbMa ja Opoum
Y BCUYKH CJTydaliHU TIPOoOU JI0 TOCTUTAHE Ha JajieHo perienue.) Ciien Toa pera-
BaMe 3aj1aUaTa 3a HaMHpaHe Ha HEeM3BECTHHUTE €JIEMEHTH Ha Cy[JOKy-MaTpHIaTa C
€/IMH HEM3BECTEH EJIEMEHT MO-Maliko. TyK € ynoOHO M3MOJI3BAaHETO Ha PEKypCHsl.
baza na pekypcusra, T.e. e U3Jie3eM OT Mpolieaypara, ako HacThIu chouTHe el
i e2. ToBa HeMuHyeMo Ou TpsOBasio Ja ce noiy4u (T.e. HIMa Jia OoTMaJHEM BbB
,»BEUCH IIUKBI ), THI KaTO MpH CIIydaliHUTE MPOOH HaMassiBaMe Oposi Ha HYJICBHTE
eneMeHTH ¢ 1.

Ha 6a3ara Ha onrcanusi TYK MOJIEN HUE pealn3upaxMe KOMITIOTbPHA porpama,
KOSITO HAMHUPa PELICHUETO Ha MPOU3BOIHO cynokKy (Yordzhev, 2014).

CraptupaxMme cb3fajeHaTa mporpamMa Npd HYJIEBU CTOHHOCTH Ha BCHYKH
knetku. [lpu n = 2 nomyumnxme, ye OposT Ha Bcuukd 4 X 4 cyqoOKy-MaTpHLU
e paseH Ha 288. IIpu ToBa, 3a 1a ce MOIY4YU TO3M pe3yaTaT, KOMIIOTHPBT € Ha-
npaBui 568 cinyuaiinu npoOu. Ilpu n = 3 momyuyuxme, 4e ChIIECTBYBAT TOYHO
96 670 903 752 021 072 936 960 na 6poit 9 X 9 cynoxy marpunu. To3u pesynrar
€ M3BECTEH U HAIIBJIHO CHBIMAJA C pe3yaTara, OJIy4YeH OT JPYTH YUCHH, BEPOSTHO
u ¢ apyru Metoau. Ha Hac He HU e u3BecTeH OposT Ha Bcuuku 16 X 16 cynoxy-
MaTpUIM U CMsITaMe, 4e TOBa € OTKPHUT 3a Haykara nmpoOieMm. Ho 3a na 0bae pe-
LICH TO3M Mpo0iIeM, 3a eiTa € He0OX0JUMO J1a TT0JI3BaMe MHOTO MOIIIHA M MHOTO
OBpP3U KOMIIOTPH.
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HOW DOES THE COMPUTER SOLVE SUDOKU -
A MATHEMATICAL MODEL OF THE ALGORITHM

Abstract. Some aspects of programming education are examined in this work.
The emphasis is on the entertainment value. The most appropriate examples are
chosen to demonstrate the different language constructions and data structures. Such
an example is the demonstrated algorithm for solving the widespread nowadays
sudoku puzzle. This is made because of the connection with the term set and putting
it into practice in the programming.
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