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[TPOTPAMMHBIE CUCTEMBI

CTpYKTYpPHbIN pedaKTOPUHT
MHOIOCJIOMHbIX MPOrpaMmMHbIX CUCTEM

C.B. Hazapos, H.H. Bunkoea

AHHOTAUMS. DBOJIOLHS CIOKHBIX HPOrPAaMMHBIX CHCTEM TpeOyeT OT pa3paloTuyKa MOBBIIEHHOTO BHUMAHHSA K Bbl-
6opy uX apXUTeKTypsl. ClOKUBIIAACA CHUTYalMs ¢ MPOEKTUPOBAHHEM MOATBEMKIACT, YTO MPAKTHYECKH BCEraa BO
BpeMs pa3pabOTKH MPOrpaMMHBIX CHCTEM IMOABIIAIOTCA HOBBIE TPEOOBAHHSA CO CTOPOHBI 3aKa3uMKa, U MPHXOAHTHCA
nepecMaTpUBaTh [ePBOHAYATBHYIO APXUTEKTYpy. He HCKIIIOYeHb! U NPOCYeThl HCMOMHHUTENEH Ha STanax MpoeKTHPO-
BaHUS U KOAMPOBaHMs cucTeMbl. OTCIOA MOBBILICHHBIN UHTEPEC K BOMpocam pe(hakTOPHHra NPOrpaMMHBIX CHCTEM.
B T0 ke BpeMs aKTyanbHOCTh MPOOIEMBI MPOESKTUPOBAHUA APXUTEKTYPBI MPOrPaAMMHBIX CUCTEM M €€ pedakTopuHra
[OKa HE Hallla J0JDKHOTO OTPaKEHUs B OMyOJIMKOBAHHOM nuteparype. Bompocam apXHTEKTypHOro pedakropuHra
MOCBALLEHO HE3HAYUTEIBHOE KOJIMYECTBO padoT. B naHHOI paboTe paccMaTpuBaeTcs 3ajaya CTPYKTYPHOro pedaxto- -
PUHra MHOTOCTIOMHBIX NPOrPaMMHBIX CHUCTEM C LIENBIO TOBBIIIEHUS POM3BOAMTENBHOCTH CUCTEMBI. [IpeasaraeTcs
MOAXO0J K MPEACTABICHUIO CTPYKTYP MHOIOCJIOMHBIX IIPOrPaMMHBIX CUCTEM. JlaeTcs MaTeMaTHyeckas IOCTAHOBKA 3a-
JlayM CTPYKTYPHOro pehakTopuHra B BHJE 334U JIMHEHHOrO MPOrpaMMHUpPOBaHuUs ¢ Oy/EBbIMH NEPEMEHHBIMU H 00-
CYXKIAETCA OAXO K €€ PELICHHIO.

KumioueBble ¢/10Ba: MHOTOCIOMHAA POrPAMMEAS CHCTEMA, aPXHTEKTYPA, PeQaKIopHHr, CIPYKTYPa, IPOH3EOMITTELHOCTD.

BBepeHue

Cunraercs, 4YTO KOHLENUMsA «pedhakTOpHUHIa»
BO3HHKJIA B Kpyrax, cBs3aHHbIX co Smalltalk, Ho
BCKOpE YTBEpIWJIACh Yy MPUBEPIKEHLEB M IPYTrUX
A3bIKOB  MporpammupoBanus. M. @aynep nan
ompezeneHyue pedakToOpHHra Kak HeOGOJbLIOro M3-
MEHEHHUs B UCXOIHOM KOZIe, KOTOpPOE CIOCOOCTBY-
T YJIy4IISHHUIO MpOeKTa Koja 06e3 U3MEeHEHHUs ero
cemantukd [1]. MM ke Obuia BhICKa3aHa HACH
pedakropunra bJI, omHako 00 apxXHUTEKTypHOM
pedaxTopuHre MPOrpaMMHBIX CHCTEM pedd He Obl-
no. Hazo ckasate, 4To B HacTosLlee BpeMs BOIPO-
CaM apXUTEKTYPHOro pedaKkTOPHUHIra MOCBSILIECHO
HE3HAUUTEJIbHOE KOIMYECTBO paboT. OCHOBHBIMU
cnepyer otMetuth pabotel M. Kcensoma [2, 3].
B 1o xe BpeMs 3BOJIOLMS CJIOKHBIX MPOTrpaMM-
HBIX cHcTeM TpedyeT OT pa3paboTuMKa MOBBIILIEH-
HOrO BHHMMaHUS K BBIOOpY apxuTekTypbl. IlpakTu-
YeCKM BCerJa BO BpeMs pa3palOTKH MOSBIAIOTCS
HOBBIE TPEOOBAaHUs CO CTOPOHBI 3aKa34yMKa, U MpHU-

XOIMTBCS TEepecMaTpUBaTh MEPBOHAYAIBHYIO ap-
XUTEKTYpYy, B TOM YHCJIe U CTPYKTypy 0a3bl maH-
HBIX. YCIJIOBHO BBIACISIOTCA credyrouume dasbl ap-
XUTEKTypHOro pedakropunra: ¢aza "packonku”
apXUTEeKTYpbl, (aza TpaHcHOpMaLMH APXUTEKTYPBHI,
¢daza ceMaHTH4ECKOro aHallM3a MOACHCTEM W (hasza
NpOEeLPOBaHU U3MEHEHUH MOZENM Ha MporpaMm-
HbIi koA, B nmaHHo# pabote paccmarpuBaroTcs BO-
npockl  pedakToprHra MHOTOCIOWHBIX MPOrpamMM-
Heix cucteM (IIC), wemsto KoToporo sBiseTcs
TMOBBILLEHHE NMPOU3BOAUTEIBHOCTH CHCTEMBI.

1. HayanbHbIA 3Tan co3pgaHug
nporpamMmMHoON CUCTEMbI

Kak npaBuio, 3HauMTeNbHas YacTh MPOrpaMm-
HbIX cucteM (IIC) co3zgaercs B cpouyHOM NoOpsiAKe.
TpeOyetrcs aBTomaTusupoBaTh (CO374aTh MOLAEP-
sxkuBaromyto IIC) mns HEKOTOpoil COBOKYITHOCTH
B3auMozeicTByoIMX Ou3Hec-npoueccoB. Hacnex
COCTaBJICHHOE TEXHMYECKOe 3aJaHue MepeaaeTcs
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BbIOpaHHOH (BO3MOXKHO 0e€3 mpenBapUTEe/ILHOrO
aHalM3a WIM Ha OCHOBE TEHJepa) KOMIBbIOTEPHOM
¢dupme, koTopas obelaeT BBIIOJHHTE paboTy B
Tpebyemble (Kak MPaBUJIO, MUHUMAIbHbBIC) CPOKH U
3a IPUEMIIEMYIO CTOUMOCTb.

[TonoGHble (GUPMBI 4Yalie BCEro HUCHOJB3YIOT
rMOKHE TEXHOJIOTHM CO3IaHHs MPOTrpaMMHBIX CH-
CTEM, OCHOBaHHbIE HAa WUTEPAlIOHHOM M HHKpe-
MEHTHOM noaxone k co3gaHuro [IC. Dto moxker
obiTb SCRAM unu Agile-meromonorus ¢ 3jaeMeH-
TaMH 9KCTPEMalbHOIO MpOorpaMMHUpoOBaHus. B
TaKMX TEXHOJIOTHAX NEHCTBYET MpaBWIIO: “TIpOEK-
TUPYHITE TOJBKO TO, YTO Heobxomumo”. JlehcTBuU-
TEJNBHO, KOrjJa CTOMMOCTh pa3padOTKH WM H3-
JEp>KKM B Cllyyae HEyJa4yHOro au3aiiHa O4YeHb
BBICOKH, MOKET MOTPeOOBATHCS OHOE MpeaBapH-
TEJIbHOE IMPOEKTHPOBAaHUE U TecTHpoBaHue. [Ipu
rubkoi pa3paboTke MOXHO n3bexars MaciTabHO-
ro npoextupoBanus Hanepen (big design upfront,
BDUF). Ecinu TpeboBaHHs K NMPUIOKEHHUIO YETKO
HE OMNpEEEeHbl WIH CYLIECTBYET BEPOSTHOCTD M3-
MEHEHHs OH3aiiHa CO BpPEeMEHeM, MOXKHO He Tpa-
TUTh MHOI'O CHJI Ha NPOEKTUPOBaHUE paHbLIE Bpe-
MeHU. OrtoT npuHumn HaseiBaroT YAGNI («You
ain’t gonna need it» — Bam 3T0 He moHag06UTCH).

Takoit moaxon k paspaborke IIC mosBosseT
JOCTaTOYHO OBICTPO CO3[aTh COBOKYIHOCTBH IpPO-
rpaMMHBIX MOJyJeH, aBTOMAaTHU3UPYIOIMX 3a/1aH-
HBIIT HaOop OusHec-mpoueccoB B. OnmHako 3aua-
CTYIO 3TH MOJYJIM CO3JJAlOTCS HE3aBUCHMO APYT OT
Apyra, ¥ B 3TOM Clly4ae MOryT OBITh MepeceueHus
no QyHKUMAM, peanu3yeMbIM MOIyJsaMH. Bos-
MOXHBI (M 9TO 4Yalle) CUTyaluH, KOoraa OguH Mo-
Jdy/ib MOXeET oOpalaTbes K APYroMy Ui BBINOJ-
HEHUSI HEKOTOPBIX (QYHKLHH, pealu3yeMbIX 3THM
MoAyeM. 30ech Hy>KHO 3aMETUTh, YTO MO MOAY-
JeM [OHHMMAaeTci [I0CTaTOYHO MPOU3BOJIBHBIM
CTpyKTypHbI 3neMmeHT IIC (B 3aBHCHMOCTH OT
YPOBHSL paccMOTPEHUs 3TO: MOJACHCTEMA, KOMIIO-
HEHT, OTAEIbHBIN MPOrpaMMHBIH MOAYNb, Tpymra
KJIaCCOB, OTIENbHBIN Kacc), KOTOPbI MOXHO BbI-
JIeNIUTh, OIpele/uB HHTepdeHc B3auMOIeHCTBUA
MEXIY STUM MOJIYJIEM U BCEM, YTO €ro OKPYIKaeT.

OueHp yYacThl CUTyalMH, Koraa pa3pabaTeiBae-
Mas MpOorpaMMHas CHCTeMa ci1abo JOKYMEHTHPY-
eTcs, M 00 apXMTEKType cO3JaBaeMOi Mporpamm-
HOM  CHCTEMBI, U e€e  LenecooOpasHOCTH
pa3paboTUHKH OCOOEHHO M He 3aIyMBIBAIOTCS.
OpnHako, TeM He MeHee, apXUTEKTypa pa3padarsbl-

BaeMOI CHUCTEMBI CYIIECTBYeT, H OHa COOCTBEHHO
Co3/laHa ee aBTOpaMHU-pa3pabOTUUKAMU HE3aBHUCH-
MO OT HX KeJaHus. B mepBom npuOmkeHuu ap-
xutekTypy IIC B 3TOM Ccilyyae MOXKHO MpeICTaBUTh
HEKOTOPBIM MHOXKECTBOM NMPOTrPaMMHBIX MOJIYJIEH:

M={my;|i=12..,N, j=12,.,n]},

N
M=UMi' IM| = K,
i

rae N — Kon4ecTBo OU3HEeC-NpOLIECCOB;

K — xonuyecTBo MoayJied B MPOrpaMMHOM CH-
CTeMe;

i — Homep Ou3Hec-mpouecca b; € B;

J — HOMEp MOZIyJIsA, pealu3yIoLero j-QyHKIHUO
i-ro Ou3Hec-npolecca;

n; - KOJUYECTBO (PYHKUHUH, pealu3yeMbiX i-M
OU3HEC-TIPOLIECCOM;

M; — TOOAMHOXXECTBO MOJyJIeH, aBTOMATH3UPY-
IOLIKX i-i GU3Hec-mpouecc.

B ofwiem ciiyyae cripaBeTuBO COOTHOIIEHHE

N
OML-;t(Z).

Kaxxnplii MOyIb m; MOYKHO NMpENCTaBUTH Clie-

YIOLIMMH NapaMeTpamMu crieluUKaluu:
Pij = {Name,lij,Oi]-,Aij},

rae Name — ums Moy s my;,

I; j— TapameTpbl BXOIHOro WHTepdeiica Moxyns
mi,

0;j — mapaMeTpbl BBIXOHOr0 MHTepdeiica Mo-
aynida mi;,

Ajj— abcTpakuus anropuTMa, peanu3yeMoro
MOIyJIeM my;.

3ameTHM, 4TO abcTpakuus 4epe3 crieuupHKa-
LIMIO TIO3BOJISIET abCTparupoBaThes OT aJrOPUTMa,
OIMMCAHHOIO B Telle MOXYJs, IO YPOBHS 3HAHHA
JMLIb TOrO, YTO AAHHBIA MOMYJb JAOJDKEH B UTOre
peanu3oBaTb. OJTO JOCTUraeTcsl CO3aHueM [Uis
Moy cneurduKaluy, OmUckiBarolei >¢dekr
ero paboThl, OCIIE Yero CMbICI OOpalleHus K JaH-
HOMY MOJYJIFO CTAHOBHTCS SICHBIM 4epe3 aHasu3
3TOH creurUKallK, a He CaMOro TeJjia MOIYJIs.

CymectByer otoOpaxkeHue Buga O0:B — M,
KOTOpO€ C€O03/aHO pa3paboTyukaMM B Mpolecce
Hanucanuss monyned IIC u onpenensier moaMHO-
JKECTBA MOJYJIEH, aBTOMATU3UPYIOIIUX (YHKIHMH
KOHKpPETHBIX OusHec-mponeccoB. Takum oGpaszom,
CywecTByrOT orobpaxenus O;: by - M; Cc M,
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CTPYKTYPHbI pedakTOPUHI MHOFOCNOMHbBIX MPOrPaMMHbIX CUCTEM

i=12,..,N. Ilpu 3TOM BO3MOXXHBI HEITyCThIE
nepeceueHus
Mi n M] * @; l,] =12 2N

OTO CBHIETENIBCTBYET O BO3MOXKHOM IyOIIUpo-
BaHUHU HEKOTOPBIX (QYHKUHH OWU3HEC-TIPOLIECCOB B
aBromatuzupyromux ux moayniax IIC. Opnako
BO3MOXKHBl CUTyallUW, KOrga Ui HEKOTOpOro
otobpaxkenust O; | M;| <| b;|, u3 yero crnemyer 4ro
[IC peanuzyer He Bce (pyHKUMH OW3HEC-TMpoLecca
b;. Ho nake ecny B 9TOM IJIaHE HET MpPETEH3UH K
pa3paboTaHHON MPOrpaMMHOM cHCTeMe, KaK OTMe-
4eHOo BbIIe, yacTo apxurekTypa [IC He TONBKO
npeaBapuTeNnbHO He pa3pabaTbiBaeTCs, HO H HElOo-
CTaTOYHO (WJIM COBCEM) He AOKyMeHTupyeTcs. Ot-
cloJa B MHTepecax AajbHeHIUedl pa3paboTku cu-
CTEMBI WM €€ COINPOBOXIEHHS BO3HHUKAET
npobsema “packonKH apXHUTEKTYphl”, KaK ee 4acTo
Ha3bIBAIOT B JIMTepaType [4, 5].

2. MpepcraBneHune
co3paHHoOM apxuTekTypbl NMNC
(packornka apxXuTeKkTypbl)

OOuwenpu3HaHo, 4To yA0OHBIM H HAIJIATHBIM
CrocoOOM  IMpenCTaBIeHUs apXUTEKTYPbl Mpo-
FPaMMHBIX CHCTEM SIBIISI€TCS HCIOJb30BaHHE rpa-
doB. B pabore [4] crpoutcsa mozens [1C Ha ocHOBe
MCXOIHOrO KOJa, KOrja MOMKET OTCYTCTBOBATb
MH(pOpPMALIU O COCTABJIAIOUIMX CHUCTEMY OJIOKax.
B Hamem ciyuae paccmaTpuBaeTcs puUMep paspa-
totku IIC Ha ocHOBe rMOKOM TEXHOJIOIHH, KOTa B
paspabaTeiBaeMyr0 CUCTEMY MOCJIEAOBATEIBHO 10-
0aBnsAtOTCS HOBBIE MOAYNIH. B oTOM ciiyuyae kaxk-
ABIA MOMYNIb MM;; CUCTEMBI MOXKHO IIPEJICTABHUTh
umMeHeM Name u 4acThio napametpos O;j U3 crie-
IMQUKALMK MOAYJS — UMEHaMH MOAYJIeH, KOTo-
pbie MOTYT OBITH BBI3BAHBI M3 MOAYJA My . [Jlna
yA00CTBa M MPOCTOTHI JajbHEHIINX MOCTPOSHUM
KXl MOyJsib Oy/ieM MpeAcTaB/ATh B CIIEAYIO-
LeM BUJIE:

m;j — <namberl,namber2, namber3, ... >,
rae namber1 — HoMep MOZyJs M;; , OTOMKAECTB-

JIAeMBIN C ero uMeHeM Name,

namber2 — HoMep 1-ro MOIyJis, K KOTOPOMY
MOXeET 00palaTbes MOy b M ;

namber3 — HOMep 2-r0 MOXYJIs, K KOTOPOMY
MOJET 00palaTbcs MOAYJIb M;j U T.1.

Taxkum obpa3om, B LIEJIOM MepeyeHb BCeX MO-
Iylled U HUX B3aUMOCBSA3€H MOXKHO MpEACTABUTH
CIIMCKOM CJIEAYIOLIEro BUAA:

§=512 8,2 =5
roe S;, i =1,2,...,K — sneMeHTHl cniMcka ciey-
IOILEH CTPYKTYPBI:
Sl =< 1,S,k,m, —_—
So =g L LU
Sk <K,g,z,u,..>,
rae s, k,m, ¢t f,.., g, 2 U, .. — HOMepa MOIYJeH.

Ha ocHoBe criicka S MOkHO mocTpouTsh rpad G,
otobOpaxkaroumit ctpyktypy I[IC. OmHako B Takom
NPeCTaBIeHUH TPYIHO CAeNaTh BbIBOJ O TUIIE ap-
XUTEKTYpbl IPOrpaMMHOH CUCTEMBI U €€ KaYeCTBe.

H3BecTHO, 4TO 3HAuUMTENbHAs YacTb COBPEMEH-
HBIX NPOrpaMMHBIX CHCTEM HUMEET MHOIOCIOHHYIO
apXUTEKTYpy. BBIigensioT pa3iuyHble THUMBI TaKoH
apXUTEKTYpbl. B Takux apxuTekTypax MOAYJIH HWX-
HEro cjiosi AJ1s BBINOJHEHH CBOMX (YHKUHUH He 00-
pauaroTes K ApyruM ciiosiMm. OpraHu3anus Bbllese-
JKAlUMX CJIO0eB MOKeT ObITh pasmuyHoi. [losromy
NpY aHanu3e nomyveHHoM apxutekTypsl 11C nepsoii
3a7a4eil ABJIETCS BBIIEJIEHUE CIIOEB MOTYJIEH.

MHorocnoliHass ~ apxuTeKTypa  o0ecneyuBaeT
IPYNIHPOBKY CBA3aHHOH (hyHKIMOHAJIBHOCTH MNpH-
JIOXKEHUSI B Pa3HBIX CIIOSX, BBICTPAUBAEMBIX BEpPTHU-
KaJIbHO, MOBepX Apyr Apyra. DyHKIHOHAIEHOCTh
KaXK[I0ro ciosi o0beauHeHa oOwieil posblo WK OT-
BETCTBEHHOCTHIO. Citon cnabo cBs3aHBI, U MEXIY
HUMH OCYLLUECTBIISETCS SIBHBI OOMEH JIaHHBIMH.
IIpaBunbHOE pasfeneHue NPUIOKEHUs Ha CJIOH T0-
MOraeT IOoJUIep>KUBaTh CTpOroe paszeneHue (yHk-
LIMOHAIBHOCTH, YTO ofecrieyrBaeT ruOKOCTh, a Tak-
e YA00CTBO U MPOCTOTY OOCITY>KHBAHHS.

Cnou npuaoxXeHuss MOTYT pa3Meliarses (Hu3u-
4eCKH Ha OJIHOM KOMIIbIOTepe (Ha OJHOM YPOBHE)
WM OBITH pacrpeesieHbl MO pa3HbIM KOMIIbIOTE-
pam (n-ypoBHel). CBs3b MeXAy KOMIIOHEHTaMH
Pa3HBIX YPOBHEH OCYILUECTBJIIETCS 4epe3 CTPOro
omnpezeneHHble HHTep¢eiicel. Hanpumep, Tunosoe
BeO-NPUITOKEHHE COCTOUT U3 CJIOS MPe/ICTaBICHHUS
(UI), 6uznec-cnost (oOpaboTka OWU3HEC-TIpaBUI) U
clos OaHHBIX ((YHKLHOHANBHOCTh, CBS3aHHAs C
JIOCTYTIOM K IaHHBIM).

Hanee Oynmem paccMaTpuBaTh [POrpaMMHbIE
CHUCTEMBI OJIHOTO  OMNPENENCHHOrO  SI3BIKOBOTO
YPOBHs (C XOpOILIO ONpEJe/IEHHbIMU CUHTaKCHYe-
CKUMHM €IMHHULAMH B COOTBETCTBMHM C XOpPOUIO

NHDOPMALIMOHHBIE TEXHOIOT MU N BBISUCNTUTENBbHBLIE CUCTEMbI 4/2016 15



NMPOrPAMMHbBIE CUCTEMbI

C.B. Hazapos, H.H. Bunkosa

omnpe/ieIeHHBIMU CHHTAaKCUYECKUMHU TPAaBUIAMU U
XOpOLIO ONpe/Ie/IeHHOW CEMaHTUKON 3JeMeHTap-
HBIX OMEepPaToOpoB M CHHTAKCHYECKHX KOHCTPYK-
uuii). M3 paccMOTpeHHUs MCKIIOYMM BCE BOIMPOCHI,
OTHOCSIIUECS K JIPYTHM S3BIKOBBIM YPOBHAM, Ta-
KMM, Harpumep, KaK HHTeprnpeTalus dJeMeHTap-
HBIX OMEPATOPOB B TEPMUHAX OoJiee MPUMUTHBHBIX
COCTaBJISAIOLINX.

DiieMeHTapHbIe ONepaTopbl JAHHOIO A3BIKOBOTO
ypOBHs OyIeM paccMaTpHBaTh Kak MOIYJIH 6a30BOro
YPOBHsI, COCTaBIIsIOIIMEe 6a30BbIi CJOH. DTO MOKHO
ClIeNaTth MOTOMY, YTO BCE JIEMEHTapHbIE OINEPaToOphI
[IOBCEMECTHO JIOCTYIHBI: €TUHCTBEHHBIE BO3MOYKHBIE
OrpaHMYeHHs Ha KCIOIb30BAaHME 3JIEMEHTAPHBIX
OIEPATOPOB KACAIOTCS BXOAAIMX B HUX JaHHBIX, T.€.
(paKTUYECKUX MapaMeTpoB aKTHBALMK MOJyJIeH. 3a-
METHM, YTO 3[€Ch HE YUYMTBIBAIOTCS MPUBHIETHUPO-
BaHHBIE OIEPATOPbl MALIMHHOIO 53bIKA, KOTOPhIE HE
MOTYT HCIIOJB30BaThCs B MPUKJIAJHBIX IPOrpamMM-
HBIX CHCTEMaXx.

Moy i, MoCTpOeHHbIe U3 MoIysed 6a3oBoro
YPOBHSI, MOTYT PacCMaTpUBAaTHCA TOJIBKO KaK MO-
myM Hynesoro ypoBHs. IIpu 3Tom He TpeOyercs,
4TOOBI BCE MOJIYJIM HYJEBOTO YPOBHsS OBLIM paB-
HOJIOCTYMHBI: HampuUMep, B MporpaMmax, Haru-
CaHHBIX Ha sA3bIKe, MOIMyCKaoleM OJIOYHYIO
' CTPYKTYpY, HEKOTOpPbIE MOYJIH HYJIEBOIO yPOBHS
MOTYT OBITH JIOK&JIW30BaHbBl B KaKOM-Tu00 Onoke
U, CIEeI0BATEIBHO, JOCTYIHBI TOJBKO BHYTPH DTO-
ro GJioKa U ero noaAGIOKOB.

C napyrodi CTOpOHBI, INpPH KOHCTPYHMPOBAaHHH
MOJyJIel BBICIIMX YPOBHEH B HEKOTOPBIX sA3bIKaX
MOKHO HCITOJIB30BaTh MOIYJIM Pa3HbIX YPOBHEH U
Jla’Ke TOTO e CaMOro ypOBHs, YTO H KOHCTPYHpY-
eMbIil MOIyJIb (peKypCHs, COMPOrpaMMbl).

BeeneM B paccMoTpeHue Matpuly R pasmMepom
K X K, xaxnaplil 371eMeHT KOTOpoi oOpasyercs no
NpaBUILy:

_ (1, ecmuj € S,
I {0 — B IPOTHUBHOM CJIy4ae.

Jlanee MOXHO CJIeIOBaTh aJITOPHUTMY, KOTOPBIA
JIaeTCsl HUXKE.

0. Hauano, I = 0 (cnoii I1IC).

1. Haxomum B MaTpulle HOMeEpa CTpPOK, Bce
3JIEMEHTBI KOTOPBIX PaBHBI HYJIIO.

2. GUKCUpYeM BEpIUMHBI C STHMH HOMEpaMH,
obpazyromumu [-cioi.

3. I=T+1.

4. Ecnu - oCcTanuch CTOJNIOUBI C HEHYJIEBBIMU
SJIEMEHTaMH, OOHYJIIeM CTOJIOLBI ¢ HOMEpaMH
HalaeHHbIX BepiuuH. [lepexoqum Kk 1. 1.

5. Ecnu Bce cTosIOUBI comepykaT TOJIBKO HYyJle-
BBIE 3JIEMEHTBI, KOHELL.

Hapno 3amMeTuTh, YTO JaHHBIA aIrOpPUTM IO3BO-
JISET MOCTPOMTH MOCIoiHYI0 apxuTekTypy I1C, Ko-
TOpasi yOBJIETBOPSIET OJHOMY M3 BapMaHTOB, pac-
cMotpenHbiX B [5]. Ognako eciau B cnosax [IC
HUMEIOTCSl TOPU3OHTAJIBHBIE CBSA3H MM CHJIBHOCBS-
3aHHbIE MOMY/IH, TO TIOJHOCTBIO OIPENEIUTH
ctpyktypy IIC Ge3 NONOIHUTENLHOIO aHajau3a He
yaacTcsl.

3. AHanns Ha cooTBeTCTBUE
MNOCJIOMHON apxXuTeKType
(BblAENEHue cnoes)

PaccMoTpuM MOpsIIOK NPOBENEHUS aHanu3a Ha
KOHKpeTHOM mpumepe. [lycTh 3amaHa cruckoM S
HekoTopas coBokymnHocTh monyied IIC (9 mony-
Jeit), KoTopas MpeacTaBisercs cledyrouled mar-
puuei R.
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JlelicTBY S MO MPUBEAEHHOMY BBILLIE AJITOPUTMY,
HAXOOWM HyJieBble CTPOKH (8 U 9 3a4epKHYTEHI
CIUIOIIHOM JIHHKEH), U TaKUM 00pa3oM ompezesis-
eM ModyJu Hynesoro cios: Ly = {8,9}. Beruep-
KkuBaeM 8 U 9 cTonOupl (MyHKTUP M3 KPYTJIBIX TO-
yek). Haxonum HyJieBylO CTpPOKYy ¢ Homepom 7
(3a4epkHyTa IUITPUXIYHKTUPHOH JIMHMEN), OIpe-
pensouyro cinoit L, = {7}. BerdepkuBaem cesib-
Moi cTtojbel (WUTpPUXOBas JMHMA) U OINpeEeseM
cioii L, = {4,5}. Ormeuaem cTpokH 4 U 5 NIMH-
HBIMH 1ITPpUXaMHu. BeryepkuBaeM crondbusl 4 u 35
(mnuHHBI WTpuX-myHKkTUp). [lo craBmMM Hyle-
BBIMH CTpPOKaM OIpelesiieM MOOYJIH TPETHEro
cnoa Ly = {2,3,6}. BoiuepkuBaem cTpoku 2, 3 U
6 (MyHKTHD >KHPHBIMH TO4YKamH). BeryepkupaeM
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CTPYKTYPHBIA pedakTOPUHI MHOFOCIOMHbLIX NPOrPaMMHBLIX CUCTEM

cToa0upl ¢ STUMH HOMEpaMHu (IUIMHHBIA IITPUX
JBOMHOM ITyHKTHP) U ONpeessieM MOAYJIH YeTBep-
toro ciost Ly, = {1}.

[lomyuyus pacnpeneneHue MoayJied MO CIOSIM
[1C, MosxHO mocTpouTh rpad G mporpaMMHOM CH-
cremsl (Puc. 1).

Ananuzupys mosydeHHbId rpad, cremyer ort-
METHUTh, YTO OH HE OTBEYAeT KAHOHWYECKHUM Mpa-
BHIIaM MHOIOCJOWHOM CTPYKTYypbl. B yacTHOCTH,
MOayJp 6 He OTBevyaeT 3THM TpeboBaHusMm. H3-
BECTHO, YTO BBbIIEJIEHHE CJIOEB — XOPOUIas OCHOBA
A7 yiaydluieHus cuctemsl. Halitu ctporue ciou B
IPOU3BOJILHOM MPOrpaMMHON CHUCTEME OCTATO4-
HO TPYAHO, IIOCKOJIbKY, KaK y»e 0TMe4aaoch, OHU
MOTYT COJEPAKATh TOPU3OHTAJIBHBIE CBSI3H U CHJIb-
HOCBSI3aHHBIE KOMITOHEHTHI. Ilo3aToMy weneco06-
Pa3sHO pacIIMPUTH MOHATHE CJIOS, MO3BOJUB BKIIIO-
YaThb B MPOM3BOJIBHBIE CJIOU CHJIBHOCBS3aHHbBIE
KOMITOHEHTEI [2, 3]. OTH KOMMOHEHTHI MPH TAKOM
NOAXONE MOXKHO paccMaTpUBaTh, KaKk aToMapHbIe
MOZy/d. 3aMETHM, YTO HE BCEra CUJIbHOCBS3aH-
Hble. KOMIIOHEHTBI Ha CTPYKTYpPHBIX IUarpamMmax
CBUIETENILCTBYIOT O IUIOXOM apXHUTEKType CHCTe-
Mbl. BO3MOXKHBIM Je(eKTOM apXUTEKTYphI C IO-
DIOMAIOMIMMHU  CHOSIMM  MOXKET CTaTh 3¢ dekT
"pomnasiuero cyoA" — AedeKTHas CBA3b MPUBOIUT
K TMOSBJICHUIO MOJyJIeH, KOTOpBIE IO CMBICTY
JOJDKHBI HAXOUTHCSI HA PAa3HBIX CJIOAX.

4. Koppekuus (TpaHcdopmauus)
apXUTeKTypbl B UHTepecax
ee pedakTopuHra

B obmem cnyuyae mox pedakTOpUHIOM ITOHH-
MAroT MPOLECC U3MEHEHUS BHY TPEHHEH CTPYKTYPBI
NPOrpaMMBbl, HEe 3aTParuBarollnii €€ BHELIHEro Io-
BEJICHHS M UMEIOLIMH LEeJbl0 00JIer4YuTh MOHUMa-
Hue e€ paboThl. B ocHOBe pedakropunra Jieskut
MOCJIEI0BATENBHOCTh HEOONBIINX SKBUBATEHTHBIX
npeoOpa3oBaHuUl, COXPaHSIOMWKX (OYHKIHOHAb-
HYIO CEMAHTHKY 6a30BOro Kopa.

[To xomy TpaHcdopMmanuii 4acTo BCTaeT 3aaava
BBIABJICHUS] CMBICJIOBOM Harpyskd mopnyyedd. Jlns
pemeHys MOAOOHBIX 3a7ad 3a4acTyl0 MPUXOAMUTCS
MCCIIENIOBATh PealIbHBIM MPOrpaMMHBINA KOJ, aHa-
JIM3UPOBATH CUTHATYPbl GYHKLHUIA U KOMMEHTaPUH,
a PU OTCYTCTBUM MOCIEAHUX U caM KoJ (YHKLHIA.
3ajaya CreLMANNCTa, BOBJICYCHHOrO B IPOLIECC
APXUTEKTYPHOr0 pe(aKTOPUHIa, — MO BO3MOXKHO-
CTd MHUHHUMH3UPOBATH O0BEM CEMAaHTHYECKOIO

Choit 2 °
Cnoti 1
Cnoi 0

Puc. 1. Tpad NC

aHanM3a (HampuMep, MyTeM YyAaleHHs BCIOMOra-
TeJbHBIX OJIOKOB) M CHENaTh €ro MocijeaoBaTelb-
HBIM U HAINlpaBJICHHBIM.

[TepBbIM ypoBHEM pedaKTOpHHIa MOXKHO CUH-
TaTh TAKOE M3MEHEHUE KOoJa, KOTOpOoe He 3arparu-
BaeT CTPYKTypy Mopdyned (B BbIlIe MPUHATOM
[IOHMMAaHMM) UM KJIACCOB (KOJMYECTBO U B3aUMO-
CBSA3M, HHTep(ENChl) 00bEKTHO-OPHEHTHPOBAHHOIMA
NpOrpaMMHOH CHUCTEMBI, T.€. pedaKTOPUHTY MOJ-
BEpraeTcs NpOrpaMMHBIA KOJ BHYTPH KJIACCOB.
OTO MOryT OBITH METOIBI U aJTOPUTMBI, Peau3y-
eMbI€ METOJaMHU, 1o/ U T.1. Bropoii ypoBeHs pe-
(aKkTOpHHra OTHOCHTCS K M3MEHEHHUIO CTPYKTYPBI
MOJyJeHd WM KIacCOB NPOrpaMMHOH CHCTEMBI,
100aB/IEHHIO HOBBIX KJ1aCCOB, BBIAETIEHHIO M pas-
OMeHHIO GOJTBIINX KJIACCOB, MEPEHOCY WIIH J00aB-
JICHHIO HOBBIX METOJIOB, BBIACTICHUIO HHTEp(deHCcoB
1 1p. OCHOBHBIMM CTUMYJIaMH €ro MpOBeACHHS
ABJIAIOTCS CIIEOYIOIIKE 3a4a4u:

e HeoO0XoAUMO [00aBUTH HOBYIO (YHKLHIO,
KOTOpasi HEIOCTATOYHO YKJIaAbIBaeTCsS B MPHHATOE
apXHMTEKTYPHOE PEIIEHHE MPOrPaMMHOI0 MOJIYJIS;

® HEeoOXOAWMO HCIPABHUTh OMIKUOKY, MPUYHHBI
BO3HHMKHOBEHHUs] KOTOPOIl He BBIOEJICHBI 4YeTKO
CTPYKTYpHpOBaHHOI 6a30B0ii BHeIIHEeH (HopMOii;

e nmpoGysieMaTHKa B KOMAaHAHOW pa3paboTke,
KOTOpasi 00yCJIOBJIEHA CIIOXKHOCTBIO JIOTHKH TPO-
rPaMMHOTO MPOAYKTA.

Cnenyromuii, TpeTuii, ypoBeHb pedaKTopuHra
M. ®aynep Ha3plBacT KPYIHBIM pe(haKTOPUHIOM
[1]. Bca xoMaHaa AOMTKHA OCO3HATH, YTO «B UTPE»
HAXOIUTCA OAMH U3 KPYIHBIX pehaKkTOPUHTOB, U
JAeHCTBOBATE COOTBETCTBEHHO. Peub 0O ueTbIpex
pedaKkTOpUHrax TPEThEro YpoBHs. DTO pas/esieHue
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NPOrPAMMHBIE CUCTEMbI

C.B. Hasapos, H.H. Bunkosa

HacjeqoBaHUsdA, MpeoOpa3oBaHME IMPOLIEAYPHOro
poekTa B OOBEKTEI, OTAeIeHHe TPeAMETHOH 00-
JIACTH OT MPEJICTABJICHHUS U BBIIEIICHHES HEPAPXHH.

PedakTOpyHr apXMTEKTypbl MPOrPaMMHBIX CH-
CTeM SIBISIETCS YETBEPTHIM YPOBHEM ped)aKTOpHUHra.
Heo6X0auMOCTs B apXUTEKTYPHOM pedakToprHre
MOJKET OBITB CBSI3aHa CO CJIEAYOLIMMU MPUIHHAMM:

1. Tlo Mepe pa3BUTUS NPOrpamMMbl B HEEC BHO-
CATCS W3MEHeHMs, OOYCIOBIICHHbIE —TEKyLIeH
HeoOX0AUMOCTRIO. YacTo U3MEHEHHs BHOCAT Mpo-
rPaMMHUCTBI, KOTOPBIE HE 10 KOHLA IOHUMAKOT ap-
xutekTypy IIC B 11eJIOM, U MOCTENEHHO KO/l CTaHO-
BUTCS MEHee CTPYKTypPUPOBAHHBIM, a pa3Ouparbes
B HeM BCe TpyaHee. APXUTEKTYPHBIH pedakTopuHr
yayumaet kommosuuuio [1C.

2. IloBelilieHHe MPOU3BOIUTEIBHOCTH TIC. Pe-
(paKTOPHHI MIEPBOrO U BTOPOTO YPOBHEH, HECOMHEH-
HO, 3aCTaBJIIET MPOTPaMMy BBIMOJIHATECA MEJICH-
Hee, HO TpH 3TOM [eJaeT ee Oojiee MOHATHOH H
MOAAT/IMBOM JJIsl HACTPOWKHU ITPOU3BOJUTEIIBHOCTH.

3. ITorpeGHOCTh B ()YHKUMOHATBHBIX H3MEHE-
auax [IC. BuenpeHue HOBOH (yHKIHOHAIBHOCTH
He OJDKHO 3aTPOHYTH JIOTHKY cucTeMbl. M3meHe-
HHUE CYLIECTBYIOIIEH apXUTEKTYpPhl MOXKET OBITH
XOpOIIMM IIaroM Ha IyTH BHENPEHUs HOBOH
(pyHKLMOHATBHOCTH, OONErJyaromuM AanbHeHIIyo
SBOJTIOLIMIO CUCTEMBI.

4. Cmena nnatgopmsl [IC. CMeHa niathopmebl
I1C mo/mkHa MHHMMAJIBHO 3aTparuBaTh CYLIECTBY-
fomuii kop. JKenareNpHO OrpaHMYMTBCS H3MEHE-
HUSIMH TOJIBKO B Y3KOM MIaT(OPMEHHO-3aBUCUMOM
mpocyioiike cHcTeMbl. Bhiienenue Tako# npocioii-
KM BCErJa COMpPSDKCHO ¢ HEOOXOAMMOCTBIO H3Me-
HEHUS apXUTEKTYPBHIL.

5. OGHOBJIEHHE TEXHOJIOTUH Pa3paboOTKU Mpo-
rpaMMHOrO MpPOAYKTa, CBA3aHHOE, HaMpUMep, C
TepexoioM Ha Gosiee COBEPIUEHHYIO TEXHOJIOTHIO
[POrpaMMHPOBAHUSL.

6. Ipeobpa3oBanus, CBA3aHHBIE C peOpraHu3a-
LMell KOMIAHWHM, Beaylieil paspaborky. Hampu-
Mep, BBECHHE ayTCOPCHHIa. DTOT Liar 3a4acTylo
3aTpyaHsAeTcs MPOoOIEMO BbIICICHHA U MEpeaaUn
KOMITOHEHTOB Uil BHeluHe# pa3paborku. M3mene-
uue apxutektypbl [IC cnoco6HO 06eryuts perue-
HUe 3TOH 3aJa4H.

[Ipeske 4YeM FOBOPHTH O KOPPEKLMH apXHUTEK-
Typbl, CJEAYeT 3a7aTbCs BOMPOCOM, KaK OLEHHUThH
kauecTBo cTpyktypbl [IC? M3 mpakTuku NpoeKTH-
pOBaHMsA W3BECTHO, YTO JIyulliee peueHne odece-

YUBaeTCs MEPApXHUeCKON CTPYKTYpOH B BUAE Oe-
pepa. CTemeHp OTIHYMA pPeabHON MPOSKTHOH
CTPYKTYpBI OT [iepeBa XapaKTepu3yeTcs HeBs3KOH
CTpyKTypbl. MI3BecTHO, uTO MOJHBIA rpad ¢ n Bep-
ILIWHAMH UMeeT KOJTMYeCTBO pebep paBHOE €. =N *
(n-1) / 2, a nepeBO C TaKUM e KOJIMUECTBOM BEp-
LIMH — CYIIECTBEHHO MEHbILee KOTMYECTBO pedep
ee=n—1. ‘

@opMyTy HEBS3KH MOXKHO [OCTPOUTH, CPAaBHH-
Bas KOJIMYECTBO pebep MojHOro rpada, peaibHoro
rpada u gepea. [l MPOEKTHOH CTPYKTYpBI C N
BEpIIMHAMHU U € peOpaMu HeBs3Ka ONpPEAeNACTCA
0 BBIPAXKEHHUIO:

e— e (e—n+1)x2
Nev = = =
e,—e nx(m—1)—-2xm-1)
2X(e—n+1)

T (n=-1)xn-2)

3HayeHHe HEBA3KH JISKHUT B AuanasoHe ot 0 10
1. Eciu Nev = 0, To npoekTHast CTPYKTypa ABJIsCT-
ca aepeBoM, ecnd Nev = 1, TO NpOeKTHask CTPYKTY-
pa — mosHelit rpad. fIcHo, 4TO HeBs3Ka JaeT rpy-
Oylo OIIEHKY CTpYKTypel. Jlis  yBenHueHHA
TOYHOCTH OLIEHKH ClIeAyeT NPUMEHHUTh XapaKTepH-
CTUKH CBA3HOCTH M cLeIUIeHus [4].

BepHemcs K CTPYKType, HpHMBEICHHOW Ha
Puc. 1. SIcHo, uTo MOay/b 6 HE MOXKET HAXOAUTHCA
¢ MofynieM 3 B oHOM ciioe. Tak kak mMofyJib 3 ans
BBIMIOJIHEHUS cBOMX (PyHKUMHA obpamiaeTcs K Mo-
Aymo 6, TO MOCAeAHUN NOKEH ObITh MepeMelleH
B HIDKeNexawuil cnoii. Bo3aMOoXxHBII BapHaHT HO-
BOM CTpYKTYphI IOKa3aH Ha Puc. 2. 3ameTnm, 4TO
B JIAHHOM CJIy4ae MOJAYJb 2 JOIDKEH OBITh mepe-
MelleH B HIDKeexamuii cioi 3. Cnenyer obpa-
TUTh BHUMAaHHE HA YBEIMYEHHUE KOJUUECTBA CJIOCB
[1C nocie BBINOJHEHHONH KOPPEKLUH. DTOT Bax-
HBIM (haKT MOXKET MPUBECTH K yBEJIUYCHHIO BpeMe-
Hu pa6otel [IC. OTMETHM TaKKe, YTO MOCTIe TAKOH
KOPPEKLMH CTPYKTYPbI HE M3MEHHJIACh CIIOXKHOCTD
IIC, onpenesnsiemas 10 3HA4Y€HUIO Nev, MOCKOJIBKY
YUCJI0 BEPIIHMH U pebep 0CTaIOCh NMPEKHUM.

Bo3moxkeH Opyroii BapHaHT KOPPEKLMU apXH-
TEKTypBbl, CBA3aHHBINA C 00beMHEHEM MOayei 3
1 6 (Ha Puc. 3 510 Moaynb 3-6). [Ipu 5TOM He Me-
HieTca konumyectBo cioe IIC, HO wu3MeHseTcs
yncno BepuiuH U pebep (8 BepmmH u 12 pebep).
ITO HecKOoNbKO CHuKaeT ciokHocTh IIC mo 3Ha-
yeHuto Nev. OqHako 00beAMHEHHBIH MOAY/b BO3-
pacraer 1Mo 00BbEMY M YCIIOXKHSETCS ero mporpam-
MHUpOBaHHE.

18 MHPOPMALMOHHBIE TEXHOMOMMW U BEIYUCTIUTENbHBIE CUCTEMbI 4/2016



CTPYKTYPHbIV pedakTOPUHI MHOTOCNOMHBIX MPOrPaMMHbLIX CUCTEM

Cnoit 5 ( c

Caond 3

Caoit 1

Puc. 2. MNepBbii BapnaHT KOppeKunn apxutektypsbi MNC

Boo6me 3amerum, 4to ¢opMaln3oBaTh MpoO-
necc koppekuuu apxutekTypsl [IC unu tem 6onee
IOCTPOUTH AITOPHUTM KOPPEKLUHH JOBOJIGHO 3a-
TpyAHUTENbHO. OIHAKO B PAJe CIIy4aeB, BHIIETUB
otzenbHbIe (pparMeHTsl cTpYKTYphI [1C, MOKHO KX
npeodpa3oBaTh, CTPEMsCh K MOJYYEHHIO HAHMTYY-
el CTPYKTYpbl, HAIpUMeEp, Kk aepery. Yaie Bcero
3T0 yAaeTcsi cAenarb IMyTeM oO0beauHeHHs (Imo-
riomeHus) moayseil. Hekoropele npumepsl Takoi
KOPPEKLMHU NPUBEAECHBI HUXKE.

Ha Puc. 4, a nokasaHa mocjegoBarte/ibHas Lie-
nouka Mopayied 2 W 3, KOTOpblE€ HCMOIB3YHOTCH
TONBKO MoayJieM 1. MoxeT ObITh, 3TO CTaJIO Clie-
CTBHEM >KeJIaHMsl pacnapaiieauTs padboTy no npo-
IPaMMHUPOBAHHIO 3THX Moxysied. Bo3moxHslid Ba-
puant ymydmeHus cTpykTypel [IC  myTem
o0befuHEeHMs Moayjaei 2 W 3 mokasaH Ha
Puc. 4, 6). 3ameTum, 4TO ecnu B 3TOM Cllydae MoO-
Ay1s 1 obpaiaercs TOMbKO K MOAYJIsM 2-3 U 4, TO
cokpataetcs yucio cioes [1C.

o

Cnov

: \ e Cnot
'
¥ 1
i 1 “A
H “o., 1 oo e
i 3 ¥4 ( ) (: 2-3) ( 9
Cnoit N e Caoil Kr .
X :’ l
N
Cnoii Cnotk
a) 6)

Puc. 4. Koppekuunsa nornoweHnemM HUXenexatimm cioem

Puc. 3. BTopoi BapunaHT koppekLmmn apxuTtektypsl [1C

Ha Puc. 5, a nmokazan ciyudaii, korna pesyJyibTa-
TBI paboThl MOgyJeH 1 U 2 HUCMONB3YIOTCS TOMBKO
MonayneMm 3. ViayumeHue cTpykrypbl [IC moxHO
HONMy4YuTh 00beAUHEHUEM MoyJed 1 U 2, kak mno-
kazaHo Ha Puc. 5, 0.

Hpyro# cimy4daii oOvenuHeHus momyJiei 2 u 3
npuBeseH Ha Puc. 6, a. OH BO3MOXKEH B TOM CJly-
Yae, ecJid K MOAyJisiM 2 U 3 oOpalaercs TOJNBKO
Monyss 1, a camu Moaynu 2 W 3 obpamarorcs
TONBKO K Monyito 4. B pesynbrate oObenuHeHUs
MoayJied 2 u 3, kak nmokasaHo Ha Puc. 6, 6 ympo-
maetcs crpykrypa I[1C.

Ilpu xoppexuun apxurextypsl 11C, kpome 00B-
€IMHEHUs] MOIyJIEl M MepeMelleHus M0 CO0sM, BO3-
MOXKHBI CUTyaLlM pa3[e/IeHHUsi MOMyJIeH, Kak IoKa-
3aHO0 Ha Puc.7. OgHako B KaKAOM KOHKPETHOM
Clly4ae pelLIeHHe O TOH WM UHOM KOPPEKLIMU CTPYK-
Typel IIC nomkHO NMpUHUMATBECS TOCIE AETATLHOrO
€r0 aHaJIM3a U OLIEHKH LIeJIECO00Pa3HOCTH.

Cnon 1-2

caoif_ ( \? )
s R e
Cao# \(‘:/;5 = Cnoi @
E
a) )

Puc. 5. Koppekuusa o6beguHeHnem (Bapuant 1)
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Puc. 6. Koppekuusa o6beauHeHnem (BapuaHT 2)

Pe3ynbpTaT KOpPpeKUHH apXHUTEKTYphbl JOJDKEH
OBITH CPOSLIMPOBaH Ha peasibHbIN MpOrpaMMHbIH
Koa cucteMbl. [Ipy nmpoenupoBaHUU yAaleHUs MO-
oyned U3 Mojenu HeoOXOIUMO OMNpeNeNUuTh MHO-
JKECTBO CTPOK U (haiilioB, KOTOPOE COOTBETCTBYET
ynaieHHOMYy OJIoKy B mporpaMMHoM koge. Ilocne
9TOro HEOOXOAMMO YIANUTh M3 MPOrpaMMHOIO
NpOoeKTa BBIABIEHHbIE CTPOKU U daiinsl. Ilpu npo-
eLMPOBAaHHM HAa KO MEepeHoca MOLYJs B MOAEIH
MEePEeHOCSTCS. COOTBETCTBYIOIINE CTPOKH M (haiiisl
B HUCXOJHOM KOfi€ MpPOrpaMMHOH CHUCTEMBI U T.A.
IIpousBoauMele TakUM 00pa3oM TpaHChOpMaLUH
MOXXHO  paccMaTpuBaThb Kak  apXUTEKTypHO-
ynpaBisieMblid pe)akTOPUHI POrpaMMHOIo KoAa.

5. PedakropuHr
CTPYKTYPbI AJI1 NMOBbILLEeHUS
npounssogutenbHocTu NC

5.1. BapuaHTbl MHOFOC/IOMHbIX CTPYKTYP

[IpenBapuTelbHO OCTAHOBHUMCS Ha BapHaHTax
noctpoeHus MHorocijoineix IIC. Ha Puc. 8 u
Puc. 9 mokaszaHbl JBe BO3MOXKHBIE OOLIHE CTPYK-
Typbl OpraHu3aluy cioeB nporpammbl. C NOHATH-
em cioeB [IC cBs3aHa KOHLEMUMS MHOrOYpOBHE-
BBIX BUPTyanbHBIX MalluH. IMeHHO Tak JlelikcTpa
paccMaTpuBan MHOTOC/IOHHBIE NPOrpPaMMHBIE CH-
creMmbl. Ha Puc. 8 mokazan moaxon, korjaa 3agava
MOCTPOEHUs] apXUTEKTYpbl MPOrpaMMbl paccMar-
pUBaeTCsA KaK CO3/IaHWe “MallliHbI MOJIb30BaTeNs”
WM BUPTYaJbHOM MallMHBI (), HAYMHAS C CAMOI0
Husero ypoeHda (0) anmapaTypsl (MM, BO3MOX-
HO, omnepauuoHHOM cuctemsl). [locnenosaress-
HOCTh ypOBHEW, Ha3blBaeMblX aOCTPaKTHBIMHU
MalIMHAMH, ONpenenseTcs TaK, YTO Kakpaas cie-
Qylolas MalliHa CTPOUTCS Ha OCHOBE MpPEeAbIdy-
KX, pacluupss UX BO3MOXKHOCTH. Kaxkaplii ypo-

20
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Puc. 7. Koppekuua pasgeneHnem
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Puc. 8. BapuaHT knaccu4eckon CTpykTyphl
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Puc. 9. BapuaHT CTPYKTYpbl CO CChIIKaMy C/I0eB
Ha BCe npejLllecTsyiolme

BEHb MOXKET CChUIAThCA TOJBKO HAa OJUH, OTIMY-
HBIH OT HEro camoro, ypoBeHb, 3 UMEHHO TOT, KO-
TOPBIH HEMOCPEACTBEHHO MY MPEIIIECTBYET.

B ctpykrype, uzobpaxenHoi Ha Puc. 9, ypos-
HH HE SBJIAIOTCH TOJHBIMH abcTpakuusmu Gosee
HHU3KUX YPOBHEH, KaXKAbIi M3 HUX MOXET CChLIATh-
sl Ha BCe MpeLeCTBYIOLMe YpoBHU. Bo3MoskeH U
TPETUH BapUaHT, SBISIOUIMHCA MPOMEXYTOUYHBIM
MeXIy ABYMs MepBbeIMH. B aToM citydae cnoro (i)
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paspelaeTcs WCMOIb30BATh TONBKO HEKOTOPBIE W3
KoMmaHJ, obecrieunBaeMbix cnosmu (1), (2),..., (i-1).
Kaxxaplii BapyaHT MMeeT CBOM JOCTOWHCTBA M He-
JOCTaTKH.

OcTaHOBHUMCS Ha OCOOCHHOCTSX OCHOBHBIX
BapUaHTOB MHOTOCJIOHHBIX cTpykTyp. Ecnu B Ba-
puanTe Ha Puc. 8 xaxnpiii cioil uMeeT AOCTYN K
KOMaHJaM TOJbKO OJIHOTO CJ0s, pa3paboTyuK
JO/DKEH UMETh B BUAY TOJILKO MPEBITYLLUMIA CITOM.
XOTs ¢ TOUKH 3peHHs MPOESKTHPOBAHUS TOT BapH-
aHT Ka)KeTcs MpHUBJIEKATENbHBIM, OH MOXKET OKa-
3aThes OueHb HeaddekTuBHBIM. Hampumep, ecnu
HEKOTOpOEe CPEeACTBO, MPEIOCTABIsIEMOe ClIoeM (2),
notpedyetcsi B ciioe (i), TO Kakaeld U3 cinoes (3),
4),..., (i-1) momkeH obecneyuTs 3TO CPEICTBO.
3T0 3HAYMT, YTO 3aMPOC JAHHOTO CPEICTBA CIOEM
(i) momkeH “mpocavyMBaThCA” BHU3 4Yepe3 CIOH
(i-1), moka He mocTHrHer cjios (2), KOTOPBIH cro-
c00eH BBIMOIHUTE 3anpoc. Takoil moaxox ces3aH ¢
JOTIOJTHUTENILHBIMY 3aTpaTaMy BPEMEHH Ha TPaHC-
JIALIHIO 3aIPOCOB [5]. DTH TPYAHOCTH, CBA3AHHBIE C
npobseMoii 3(pPEeKTUBHOCTH, MOTYT CKJIOHUTBH K
IPUHATHIO CTPYKTYpPHI 0 Puc. 2, B KoTOpol Kax-
neii ciort (i), rme 2< i < n, MOXeT Hernocpe/-
CTBEHHO 00paInaThecs K cioko (2).

TakuM 00pa3oM, C TOYKH 3PEHHS NPOH3BOIU-
TeJBHOCTH BEChbMa aKTyaJbHOH CTaHOBMTCS 3aja-
4a onpeesieHHs ONTUMAILHOM CTPYKTYpPbl MHOTO-
cnoiHoi T1C.

5.2. MocTtaHoBKka U dopmanusauusa sagain

[lpeacTaBuM CTPYKTYPY MHOTOCIOHHOH mpo-
rPpaMMHOH CHCTeMBbl B OOOOILEHHOM BUAE, MOKa-
3anHOoM Ha Puc. 10. B pganHOM ciyvyae KaKabiid
CIIOH TOKa3aH B BHUAE OJHOTO MOAYJ C BO3MOXK-
HOCTBIO OpraHu3alMU CBs3eld C JOOBIM MpOU3-
BOJIBHBIM cJloeM cucTeMbl. Takasd o06o0iieHHas
cXeMa MO3BOJIAET PacCMOTPETh JTIO0YIO CTPYKTYpY
N-CJIOMHOH IMPOrpaMMHON CHCTEMBI, JIEXKAUlyH B
JHana3oHe CTPYKTYp, NpuBeAeHHbIX Ha Puc. 8 u
Puc. 9. IlpousBonbHas CTPyKTypa OINHUCBIBAeTCs
HEKOTOPBIM MHOKECTBOM OYJEBbIX MEPEMEHHBIX:

X={x; e{01}]i=nn—-1.2j=
n-1n-2,..1i>j}, (1)
Tie X;j = 1, ecnu CyLIeCTBYET CBA3b MEXIY ClIO-
MM i U j, 1 x;j = 0, ecnu Tako# cBszu HeT. Tak
KaK MEXTy CMEXHBIMU CIIOSIMH BCEra HUMeEeTCs
CBA3b, TO

(ili=j+1) (x;=1),i=nn-1,..2. (2
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Anmpapatypa
Puc. 10. CTpykTypa NATUCAONHOM NporpaMmbl

Ecau B MHOrocoiHoM cTpyKType NporpaMMel,
MpeICTaBIeHHOW BbIpaykeHHeM (1), NmpUHUMAIOT
€IMHUYHOEe 3HAYCHHE TOJIBKO NEPEMEHHbIE, OIH-
CBIBaEMBIE YCJIOBHEM (2), TO 3Ta IIporpaMma UMeeT
CTPYKTYPY, COOTBETCTBYIOLIYIO BapUaHTy IO PHC.
8. Ecniu cipaBeiiMBO yClIOBHE

@ili=nn-1,..2)&3/|(-j=2)(x; =1),

3)

TO Mporpamma UMEET CTPYKTYpY, COOTBETCTBYIO-

LIyI0 MPOMEKYTOYHOMY BapUaHTy MEXKIy BapHUaH-

TaMM CTPYKTyp, NpeiacTaBleHHbIMH Ha Puc.8 u
Puc. 9.

Ecau cripaBeyMBo yciaoBue
(Vili=nn—1,...2) 3/ —j=2))(x; =1).4)
TO IpOrpaMMa HUMeEeT CTPYKTypy, COOTBETCTBYIO-
LIYIO BapUaHTy, IpeacTaBleHHOMY Ha Puc. 8.

JanpHe#yr0 TMOCTaHOBKY 3aJadd  yHAoOHO
MIPOBECTH HAa KOHKPETHOM NpuMepe. Y4uTbiBad,
YTO YUCJIO CJIOEB B OOJIBLIMHCTBE CYLIECTBYIOLINX
[porpamMM, Kak IpaBHJIO, HE MPEBBIILACT TpeX-
ITH, PAcCMOTPUM [MATUCIIONHYIO Mporpammy,
CTPYKTypa KoTopoii npusenena Ha Puc. 10. B naH-
HOM cly4ae cTpykTypa paspabotanHoii [IC umeer
BAapHAHT KJIACCHUYECKOH apXUTEKTYpBI, T.€. yIOBIIe-
TBOpsieT ycaoBuio (2). I[lyHKTHUpHBIMY JIMHUSAMH Ha
Puc. 10 moka3aHbl BO3MOXKHBIE IONOIHUTENbHBIE
cBsa3u Mexny ciosmu [1C. Kaxknolt nuHum nocras-
JleHa B COOTBETCTBUE II€pEMEHHAsi, €IMHHUYHOE
3HaYEHHUE KOTOPOH O3HA4yaeT Halluyhe MEKCIOH-
HOH CBsI3U, HYJIEBOE — OTCYTCTBHE TaKOH CBA3H.

Bynem cuutate, uto I1C npouuia nonHeli sTan
TECTHPOBAHHUS U B MpOLECCE OTVIAAKH ONpeeseHbI
BpPEMEHHbIE XapaKTEPUCTHUKU MOIyJeH. YCTaHOB-
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JIEHBI TaKXKe YacTOThI 0OpaLieHus] MOy IEH Mpous-
BOJILHOTO CJIOSI K MOJYJIAM HIDKEJIEKAUIUX CIIOEB.
[MpeamonoxkuMm, 4YTO mepefaya (TpaHCIAUMA) 3a-
npoca 4epe3 CJIOH i JOMOJHUTENBHO (KPOME BbI-
NOJIHEHHS. COOCTBEHHBIX (YHKLMIA) 3arpys;kaer
STOT CJIOM Ha HEKOTOPBIN MPOMEKYTOK BpEMEHH ;.
Ecimu xz = 0, (T.e. OTCYTCTBYET CBA3b MEX]Y CJIO-
MM 5 U 3), TO MOIYJ1b My JOTIOHUTENBHO paboTa-
€T B TeUeHHe MPOMEXKYTKa BpeMeHH 5. Ecnu x5 = 1
(T.e. BBOAUTCA CBSA3b MEXIY CIOSAMH 5 U 3), TO J10-
TIOJIHUTENIBHOE BPEMsI MOAYJIFO My He MOTpedyeTcs.
OxHako B 9TOM ciydae OyneT HeoOXOAUMO B MpO-
rpamMmy 100aBUTh MEKMOIYIBHBIH HHTEpdec s
B3aUMOJIEHCTBUS MOIYJeH ms U ms3, KOTOPBIA He-
CKOJIEKO YBEJIMYHT BpeMs paboTel MonayJed ms M
ms (Ha BenuuuHy tc). Takum oGpa3om, BBeIeHHE
CBSI3U X5 = | IpUBENET B UTOre K COKPAIUEHHUIO
BpeMeHU paboThl MPOrpaMMbl Ha BEJIMYHHY, paB-
HyI0 ts — ti, KPOME TOrO 3TO YBEIUUYHT IPOrpam-
My Ha HEKOTOPYIO BEJIMYMHY €5 . AHalOrH4HbIE
paccyIeHHs CIpaBeUIMBBI M Ui APYTHX Iepe-
MEHHBIX, NoKa3aHHbIX Ha Puc. 10.

JIOMOHUTENBHBIE  CBSI3M ~ MEXKIY  CIIOSAMH
MPOrpaMMbl COKPALAIOT BPEMs BBIMOJIHCHUA €€
GYHKUMIA, HO YBEJIMYMBAIOT Pa3MeEp MPOrpaMMBl.
Heo6x0auMo Takke y4ecTb TOT (akKT, 4TO JOMOI-
HHUTEIBHO CO3JaBaeMble CBA3H MEXIY CIOAMH MO-
ryT paboTraTh C pa3aM4yHOM Harpy3kod. Tak,
HampuMmep, €ClIi co3JaeTcs CBA3b, 00O3HauaeMas
MepeMeHHOM Xs, TO MOAYJIb My OCBOOOXKIAETCA OT
TPAHCIALMU TONBKO TEX 3alpPOCOB, KOTOPBIE MO-
IOynb ms aapecyer moayiro m; . [Tostomy neneco-
0o0pa3HO KaKAOH MEPEMEHHOM X; IIOCTaBUTh B
COOTBETCTBUE  ONPEHEICHHYIO  HHTEHCHBHOCTh
B3aMMOJIEHCTBUS HEKOTOPOM mapbl MoayJeH A;.

TakuM 06pa3omM, 3afada CTPYKTYPHOTo pedak-
topudra [IC cBomuTCA K ONpENENEHUIO TaKOM
CTPYKTYpBl MHOTOCJIOHHOH NpPOrpaMMHOM CHCTe-
MEI, KOTOpas o0ecrevynBaeT HAWITYYIlytO [TPOU3BO-
OUTENBHOCTE  MpOrpaMMBbl  TPM  3aJaHHBIX
OrpaHMYEHHUSIX Ha pa3Mep JIOIMOJHHMTENLHBIX MEXK-
MOJIyJIbHBIX HHTep(EHCOB.

5.3. MaTemaTuyeckaq nocTtaHoBKa
U pelieHue 3agayun

B Hamem cnay4yae CTpyKTypa MHOTOCIIOHHOM
NpPOrpaMMHON CHCTEMBbI MOXET OBITh MpEICTaBJIe-
Ha BektopoM X = {x;|i =75,6,...,.9} (3amerum,
YTO BCErJla X; = X = X3 = X4 =1, TaK KaK 3TH mepe-

MEHHBIE ONpPENENsIIOT CBI3U MEXKIY CMEKHBIMH
crnosmu). TTosToMy TpebGyeTcss HalWTH Takoe 3Haue-
Hue X,py, IPU KOTOPOM 0OO€CIevMBaeTCs MaKCH-
MaJIbHBIH BBHIMIPhILI BO BpeMeHu paboTsl [1C
MaxT =%224; x (t;—t) xx; (5
MpU BBHIIIOJIHEHUM OrPaHUYEHUs] HA JOITYyCTUMOE
yBEIIMUSHHE POrpaMMBbl 3a CYET JOMOJIHUTE/IBHBIX
MEKMOIYJIBHBIX HHTEpGeiicoB
=2e; xx; < Ej, (6)
rae E; — nomyctumoe yeenuuenue pasmepa I1C.
VYuutpiBas ABOMYHBIA XapakTep IEepEeMEHHBIX,
ciienyet 100aBUTh OrpaHUYEHHE
Vi(x; €{0, 1}). @)
CdopmynurpoBaHHas 3aJa4a OTHOCUTCA K Kilac-
Cy 3aJa4 JIMHEHHOro MporpaMMHUpoBaHus ¢ Oyre-
BBEIMH M€PEMEHHBIMHU (B TaHHOM CllyYae 3TO 3afa-
ya 0 3arpy3ke prok3aka). Mamnasg pa3sMepHOCTb
pPacCMOTpPEHHOH 3afauM MO3BOJIAET €€ JIETKO pe-
UIUTh TOJHBIM MepeOOpOM COBOKYIHOCTEM Iepe-
MEHHBIX, MPEACTaBIAIOMUX IOy CTUMBIE PELICHHU
B YCJTIOBHSX MPUHATHIX OTPaHU4EHHUH.

3aknyeHue

Kaxy1ascs mpocrora pelieHus 3aJa4y J0BOJIb-
HO ycyioBHa. OCHOBHas CJIOXKHOCTB CBs3aHa C OIpe-
JEJIEHUEM WCXO/HBIX JAaHHBIX [UI PELICHHS 3aauu,
T.e. {t;}, {t;}, {e;}, 4uro BO3MOXHO TONBKO MpPH HAMH-
YUK Pa3BUTBIX CPEICTB MPOQWIMPOBAHHA U TPacCH-
POBKHM TPOrpaMMHOTO MPOAYKTa. 3aMETHM TakKxKe,
YTO B CBA3M C HETOYHOCTBHIO MOYYEHUS! UCXOIHBIX
JIAHHBIX B paccMaTpUBaeMoi 3a7a4e, IPUMEHATh Me-
TOZBI MOSyYeHUs ONTTUMAIIBHOTO PEILCHUS HE UMEET
cMbIC/a. MOXKHO OIrpaHHYUTECS MPUOIMKEHHBIMH,
ObicTpo paboTaromMMu  anroputMamu. Pesynerar
peleH s I0JDKeH OBITh CIPOELIPOBaH Ha peanbHbIN
HPOrPaMMHBII KOJl CHCTEMBI.

[pennokeHHBI MOAXOA K PEIIEHUIO 3aJa4u
Onpe/ie/IeHUs. ONTUMAIBHOM CTPYKTYpPbl MHOT'OCJIOH-
HOM MPOrpaMMHOM CHCTEMBI SBISETCS JOCTaTOYHO
yIpOIUEHHBIM. Bo-TepBbIX, B paCCMOTPEHHOM IpU-
Mepe KaX[Ibli CJI0i MporpaMMbl MpeCTaBIeH OIHUM
MoyJieM. Bo-BTOPBIX, IOCTATOUHO C/IO’KHO HA 3Tarie
MPOEKTUPOBAHUS APXUTEKTYPbI CUCTEMBI IOJTYYHTh
UCXO/HBIE JIaHHBIe, KOTOpble TPeOyIoTCs Ul pelle-
HHSA 3a7aud. B-TpeTbUX, B peaslbHbIX MPOrpaMMHBIX
CHCTEMAX, COAepXKallUX MO HECKOJIbKY MOAyJied B
KKIOM CJioe, Pa3MepHOCTh 3aJlaull MOXKET Cylle-
CTBEHHO BBIPACTH M MOTpeOyeTcsl NPUMEHHUTh Oolee
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Structural refactoring of multilayered program systems
S.V. Nazarov, N.N. Vilkova

Abstract. Evolution of difficult program systems demands from the developer special attention to a choice
of their architecture. Current situation with design confirms that practically always during development

of program systems appear new requirements from the customer and we are to have to reconsider initial
architecture. Also miscalculations of performers at system design and coding stages aren't excluded. It causes
keen interest in questions of program systems refactoring. At the same time relevance of a problem of program
systems architecture design and its refactoring didn't find due reflection in the published literature yet. The
insignificant number of works is devoted to questions of architectural refactoring. In the real work is
considered the problem of structural refactoring of multilayered program systems with the purpose of systems
productivity increase and offered the approach to representation of multilayered program systems structures.
And also is given the mathematical problem definition of refactoring in the form of a linear programming
problem with Boolean variables and discussed a approach to its decision.

Keywords: multilayered program system, architecture, refactoring, structure, productivity.
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