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The ever-growing volume of knowledge, for example, in the programming field, requires a person
to increase the speed of knowledge processing, to speed up knowledge mastering, and to use it more
efficiently. One possible solution is to automate the process of knowledge application. But in many
spheres of activity today humanity is accumulating knowledge in an informal way by using linguistic
systems. Mastering the reading, understanding and correct use of the knowledge presented in this form,
requires a long learning curve. Thus, knowledge accumulated in this form cannot be applied directly
and automatically. Moreover, if the person who has mastered it does not use it very often, over time
it will begin to be forgotten and subsequently can be completely lost.

In this work, the application of knowledge is considered as creation of a computer program that
utilizes it, and the automation of the knowledge application is understood as the automatic synthesis
of such programs.

To solve mentioned problems efficiently the system must not only store the knowledge itself, but
also save the functional connections between individual concepts. In addition, it is necessary that the
system, according to the task specification, is able to automatically construct a software application
that solves it.

The system that allows one to automatically apply knowledge is called the Active Knowledge Base.
This system is based on the theory of structural synthesis of programs. Knowledge in such a system is
represented in the form of computational models, i.e. bipartite graphs in which the vertices in one set
correspond to operations, and in the other - to variables. The edges of the graph determine whether
a variable is the result of an operation or its input. Variables in such models correspond to some
values of the described subject area, and operations are associated with certain program modules at
the execution stage. The input and output parameters of program modules are associated with the
variables of the computational model.

One of the key steps in constructing a software application is building a computation plan based
on the specification of the problem. A computation plan is a partially ordered set of operations, where
the order relation is consistent with information dependencies and is defined as ,,to compute F5, you
need to compute F;“.

Within this prototype, knowledge in the form of computational models is stored in a special Sqlite
database, and the system itself is divided into 3 parts. The first part is a subsystem for storing
computational models. It adds new computational models to the database and reads them from it.
The second part is a subsystem for constructing computation plans, which is engaged in building
computation plans according to the specification of the problem. The third part is an execution
subsystem. The computation plan is not a complete program that could be executed by the user’s
OS. To execute it, one needs a system that interprets the plan. In this work it’s done by the execution
subsystem.
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Computational models are described in special files, where each file is a description of one entity,
for example, a variable of a computational model or an operation.

To construct a computation plan, a problem specification should be described first. It consists of
the name of the computational model, a set of input variables, and a set of output variables. When the
specification is completed, the file describing it is fed to the subsystem for constructing computation
plans via command line arguments. Having received it, the system launches the construction algorithm,
its result is a file with a computation plan.

The general operating principle of the execution subsystem is similar to that of the interpreter.
Operations are executed sequentially, as the variables on which they depend are ready. The execution
subsystem supports the initialization of the input variables of the computation plan with the initial
values passed to it; for this, it needs to create a special file with initialization parameters and send it
to the execution subsystem via command line.

The process of operations execution continues until one of the conditions is met: all operations from
the computation plan have already been calculated, or all output variables of the computation plan
have been calculated. If in the course of calculations all operations from the calculation plan have been
executed, and not all of the output variables have been calculated, then the calculations are completed
with a corresponding warning message sent to the user. Otherwise, when the variables have already
been calculated, and there are still operations in the computation plan, then the plan execution ends
normally, the output variables are saved in accordance with their types, and the user is informed about
the result of the computations through the standard output stream.

Results of the development and implementation of the system called Active Knowledge Base are
presented in the paper.

Key words: Active knowledge, Program synthesis, Active knowledge base, Structural synthesis
of programs, Automatic programs construction, Knowledge base, Knowledge storage, Computational
models.
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B crarthe mpencraBaen pe3yabTar paspabOTKU CHCTEMBI, KOTOPAs MO3BOJISIET COXPAHITH WHMOPMa-
IIMIO O TIPOTPAMMHEBIX MOIYASX U CBSA3SIX MEXKIY HUMH B (DopMe, MOAXOIIIEH I/IsT aBTOMaTHIECKO-
T0 MPUMEHEHWS MTPU KOHCTPYWPOBAHWH TPUK/IAIHBIX TPOTPaMM. B OCHOBE CHCTEMBI JIEXKUT TEOPUT
CTPYKTYPHOTO CHHTE3a IPOrpaMM. SHAHHS B TAKOH CHCTEMe IPEeACTABIAIOTCS B BUIE BHIYUCIATEIb-
HBIX MOZEJIEH, & B Ka4eCTBE aTOMapPHONU € JUHALLI 3HAHUHN pacCMaTpUBACTCA IIPOrPAMMHBIA MOLYJ/Ib.
B pesyabrare mpoBemeHHOro nccaemoBanus OplIa pazpaboTaHa apXUTEKTypa CHCTEMBI, pa3padoTaH
AJITOPUTM ABTOMATHIECKOTO KOHCTPYUPOBAHUA ITPUKJIAIHBIX TPOrPAMM U IIPOBEPEHa pabora cucre-
Mbl Ha pAJe TECTOB.

KuroueBsbie ciioBa: cTpyKTypHBIH CHHTE3 IIPOrpaMM, aKTHBHBIE 3HAHNA, CHHTE3 IIPOrpaMM, baza
AKTHUBHBIX 3HAHNI, aBTOMATUYECKOE KOHCTPYUPOBAHUE TIporpaMM, 0a3a 3HAHMHA, XpaHeHne 3HAHMTIA,
BBIYUCJINTEJIBHBIE MOICTIN.

Beenenne. Bo muorux cdepax JedTeIbHOCTH CErOJHS YeJ0BEYECTBO HAKAILIUBAET 3HA-
Hug B HeopMaIbHOM BH/IE IIPU HOMOIIHU S3bIKOBLIX cucTeM. OHAKO, 9TOObI OCBOUTH YTEHHE,
NOHUMAaHUe W KOPPEKTHOe HCIOJIb30BaHUEe 3HAHUMN, MpEeJICTABIEHHBIX B TAKOM BHjIe, TpeOyeTcs
qutenbHoe obydenue. [leHTpanbHasg mpodbaeMa TAKOTO MOAX0Ja — 3HAHWS, HAKOILJIEHHbIE B Ta-
KOM BHJIe, HE MOI'YT ObITh IPUMEHEHbI HEIOCPEJCTBEHHO U aBTOMaTU4YecKu. boJsee Toro, ecsu
OCBOMBIIHNN MX 4YE€J0OBEK HE 6yﬂeT UMH JOCTATOYHO YaCTO IMOJIb30BaTbCA, TO CO BpeMeHeM OHU
HA4YHYT 3&6bIBaTbCH n BIOCJIEACTBUU MOTYT 6bITb IMOJIHOCTHIO yTPpa4vY€HBbI.

C apyroit cTOPOHBI, KOIJa HEKOTOPOe MPUKJIAIHOE PellleHrne yrKe CO3JaHO, TO 3a4acTYIO
HEW3BECTHO, KaKWe WMEHHO 3HAHUs ObLIN WCIOJIb30BAaHBI I/ €ro mosydeHus. Ecian 3HaHus,
HCIIOJIb30BaHHbIE 1IPpU CO3JaHUU TAKOI'O peHICHUuAd, PAaCIHUupPATCA, TO aBTOMAaTUYCCKKU U3MEHUTDL
9TO PeIlleHre ¢ YYeTOM HOBBIX 3HAHUN OYJET yKe 3aTPYAHUTEIHHO.

3ajiaga aBroMaTu3anuu paboThl CO 3HAHUAMN OCOOEHHO aKTyaj bHa B cdepe mporpaMMupo-
BaHusd. Hampumep, mpu pazpaboTke HOBBIX HPUKJIAIHBIX PEIIeHN 9acTo TpebyeTca HANTH MOJI-
XOASAIIHN MPOTPAMMHBIM MOJYJIb CPe/IN UMEOIINXCS U MPUMEeHUTH ero. KosmdecTBo TOCTYTHBIX
JIJIST IPOTPAMMHUCTA, MOJTIYJIell PACTET ¢ KayKJIBIM JIHEM, KaK W UX CJOKHOCTb. C POCTOM CJIOK-
HOCTHI pemaeMoﬁ HpI/IKﬂa,ZLHOIU/I 3aJa491 O6bILIHO YBeJIMYIHNBaeTCAd KOJIUYIeCTBO Sa,ZLGIU/ICTBOBaHHbIX
B €e peleHnr MOJIyJieil, a CjIeIoBaTeIbHO, 3aTPYAHdeTcsd paboTa ¢ HIMHA B PYYHOM PEKUME.

B pamkax cTaThu moj mpuUMeHeHHeM 3HAHWH /I pellleHns HeKOTOPOU 3a/1a9l TOHNMAeTCs
KOHCTPYUPOBaHWE MPUKJIAJTHON TPOrpaMMBbI, Pellarolieil MocTaBJIeHHYO 3a1ady. K pemenuio
3a/1a4 0 ABTOMATU3AIMY PAbOTHI CO 3HAHUSAMU CJOKUIOCH TPU OCHOBHBIX TTOIXO/IA: OHTOJIOTH-
YEeCKUHA MOAXO0M, JOrMYeCKUil CUHTE3 HPOorpaMM, a TaKKe CTPYKTYPHBIA CUHTE3 IPOrpaMM.
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Onronornveckuii noaxox [1] moapasymeBaer dbopMmaau3anuio 3HaHUHE B BHIE OHTOJOTHIA,
HHCTPYMEHTA, MOIXOJIAINEro JIJI PA3JIMIHbIX IIPeIMETHBIX 001acTell, HallpuMep, KOMIIbIOTEPHO
auHrBuCTURY |2, 3]. [l HOCTpOEHUsT OHTOJIOMMH AKTUBHO PA3BUBAIOTCS TaKhe MPOrPAMMHbBIE
cpencrBa, kak Protégé [4] u OWL [5]. Ognako B 00mieil mocTaHOBKE OHTOJOTHYECKHH TIOXOJT
HE OPHEHTHPOBAH HA ABTOMATU3ANNI0 TpuUMeHeHus 3HaHuii. CylecTBeHHbIE TPYIHOCTH PH
peajin3allui CUCTEMbI, HAICJCHHONW Ha pelleHue 3TOW 3aja4u, CO3/MACT TO, YTO HE 1O BCAKOM
OHTOJIOTMH BO3MOXKHO aBTOMATHYECKOE MOCTPOEHNe MPUKJIAIHOM mporpaMmbl [6].

Jloruveckuii curres mporpamm |7| nompasymesaer bopMau3alUO 3HAHUI B BUJIE aKCHO-
MaTHYeCKHX Teopuil. Bo3aMOXKHOCTL aBTOMATHYECKONH OOpabOTKH 3HAHHI, ITPEJICTABICHHBIX B
TAKOM BH/E, yzKe Oblia nokazana panee |8, 9|. Oguako onncanue Kako#-sinb0 HETPUBHAJILHOM
npeaMeTHOi 06/1acTH B BHJIEe aKCHOMATHYEeCKOl Teopuu — TPYJIHO peaju3yemad 3ajgada. [l
KOHCTPYUPOBAHUS TPUKJIAJHON MPOrPAMMBI 3TOT TOIXO0J OMUPAETCA HA METObl aBTOMATHYe-
CKOTO JloKazaTeabcrBa TeopeM [10, 11]. B 910ii cdepe co3mano MHOKECTBO S3BIKOB TPOTPAMMU-
POBaHUs, HAIPUMED, TaKuX Kak Prolog [12], u moaxom mpoioaKaeT aKTHBHO UCCIIE0BATHCS.

CrpykrypHbiit cunre3 nporpamm |13| npemaraer dopmain3oBaTh 3HaHUS B BHJE BbIYUC-
JINTEbHBIX Mofesieii. OMHO W3 TPEemMyIIecTB TAKOTO TMOIX0/a B TOM, 9TO KOHCTPYHDPOBAHWE
HEKOTOPOT'O TMPUKJIAIHOTO PEIIeHUs 10 BBIYUC/IUTEIbHON MOJIEIM — OTHOCUTEIBHO MTPOCTas 3a-
Jada. Takke, B CTPYKTYPHOM CHHTE3€ MPOrpaMM 3aJ0KeHa BO3MOXKHOCTb ONTHMU3AIMU CO-
3/1aBAeMOr0 MPUKJIAJIHOTO pelienns [14] Ha ypoBHe BBIGOpa 3HAHUIL, MCIOJB3YEMBIX MPH €T0
KOHCTPYHUPOBAaHUU. [IpIMEHUMOCTH CTPYKTYPHOTO CHHTE3a MPOrPaMM I aBTOMATH3AIINN pa-
OOTBI CO 3HAHUSIME Y7Ke HCCJIeJ0BAIACH B MpeablayIneii pabore aBropa [15].

Haubojiee yao0HbIi MOAXO JJTs pellieHns paHee OMUCAHHBIX MPOo0JeM — CTPYKTYPHBII CUH-
Te3 nporpaMM. C TOYKHU 3peHHs HpoOJieM aBTOMaTH3AaIUUA PAOOTHI €O 3HAHUSAMU 3TOT MOIXOJ
HauboJIee IIeJOCTHBIM M OpUEHTHPOBAaHHBIN HAa HUX. UT00BI 3(h(HeKTUBHO pelraTbh 0OO3HAMEH-
HbIe TPOOJIEMBI, CUCTEMA JIOJXKHA He TOJbKO XPAaHUTh CAMHU 3HAHHS, HO U (PYHKIHOHAIbLHBIE
cBsi3u Mexk iy Humu. OCHOBHBIE TpeOOBaHUS K TaKOH CHCTEME — 3TO BO3MOXKHOCTH XPAHEHUSI
dopMaIn30BaHHbBIX 3HAHUN U BO3MOXKHOCTH aBTOMATHYECKOTO KOHCTPYUPOBAHUS TTPUKIATHBIX
IporpaMM Ha UX OCHOBE.

B crarbe mpeacTaBieHbl pe3yabTaTbl pa3pabOTKU U pean3allii CHCTeMbI, Ha3biBaeMoit baza
Axkrupnbix 3nanuii (BA3), KoTopast Mo3BoJIsIeT COXPAHIATH WHMDOPMAIHIO O TTPOTPAMMHBIX MO-
JIYJ9X U CBA34X MEXK/ly HUMU B (hOpMeE, HOAXOISAIIEH JIJid aBTOMATHYECKOI0 KOHCTPYUPOBAHUS
HOBBIX TPHUKIQMHBIX mporpamMM. CHHTE3 TaKWX TPOrpaMM 10 WX CHeMU(MUKAINA TPOUCXOIUT
aBTOMaTUIECKH.

1. Tepmunbl u onpeaesenusd. [Ipodiembr popMaan3aum 1 aBTOMaTH3ANUNA IPUMEHEHUAA
3HAHUI B paMKaX CTPYKTYPHOTO CHHTE3a IPOTPaMM PEMIAIOTCs ¢ IMOMOIILIO COXpaHeHUs 3Ha-
HUI O HPOIPAMMHBIX MOJYJISIX M CIIOCO0AX UX IPUMEHEHHS B BUJIE BbIYUCJIUTE/IbHBIX MOJIEJIEH.
Boraucurenbuag Moie/ b — 3TO JABYAOJBHBINR OPUEHTHPOBAHHBIN Tpad, T/ie BEpIIUHbI B OJ-
HO¥ JI0JIe COOTBETCTBYIOT ONEpaIusM, a B JApyroit — mepemenubiM. /lyra rpada, coeuusionias
OIlePAIMIO ¢ IIePEeMEeHHOil, onpe/ie/ideT MepeMeHHYI0 KaK pe3yJIbTaT 3TOH olepalyu, a IIPOTHBO-
HOJIOYKHO HAIIpaBJIeHHAs Jyra OIpele/iseT IepeMeHHYI0 KaK BXOJAHOM apryment. llepemenmbie
B MOJEIN COOTBETCTBYIOT KAKHUM-JIH00 BeTHUNHAM OIMUCHLIBAEMO ITpeaIMeTHOH 00IacTH, a OIle-
pamugaM Ha dTale UCIOJHEHUS COIOCTABJISAETCA HEKOTOPBIH MPOrpaMMHbBIA MOJY/Ib. BXOIHBIM
U BBIXOJIHBIM TIapaMeTpaM MOJIYJId TPU 3TOM CTABATCH B COOTBETCTBHE ITEPEMEHHBIE BBIYHC/TH-
TeJIbHOU MOIEJIN.

OJMH U3 KJIIOYEBBIX TAIOB 10 CO3JIAHUIO NPUKJIAIHOR IPOrPAMMBI — HOCTPOCHHE ILIAHA
BBIUHCICHUN 110 creruduKanuu 3aaa4u. [l1an BerancieHnit — 3T0 9acTHIHO YIOPSII0UEHHOE
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Puc. 1. CrpykrypupoBantas oneparus F1, ccpuraiomascs Ha BEIYUCTATETLHYIO MOJIeTb N 2

MHOKECTBO OIle€palliii, IJie OTHOIIEHUE ITOPSIKa COTJIACOBAHO ¢ HHMOPMAITMOHHBIMU 3aBUCHMO-
CTIMHU U OIIPeJIe/IsIeTCs KaK ,,JIjIsI BeIIucaeHust 2 tpebyercd BeIYHCIUTEL F1 . Cnenudukamms
3a/la4M COCTOUT U3 BBIYMCJUTEIbHON MOJIE/IN, Ha KOTOPOil OHA CTAaBUTCH, MHOXKECTBA BXO/HbBIX
epEeMEeHHbBIX IS MPUKJIAIHON TPOrpaMMbl I MHOYKECTBA IEPEeMeHHBIX, KOTOPbhIe HEOOXOINMO
BBIUHCIUTh.

Ilo oano#t u Toit ke crenuUKAIMHE MOYKET OBITH IIOCTPOEHO HECKOJBKO PA3JIHYHBIX I10
HePYHKITHOHAJILHBIM CBOMCTBAM ILJIAHOB BBIYUCJICHHU, NIPH 9TOM He BCAKUNA M3 9TUX IJIAHOB
OyIeT yIOBJIETBOPUTEIEH C TOUKHU 3PEHUs] MIPAKTUIECKOTO HUCIOIb30BaHus. B aTom ciaydae mo-
SIBJISIETCSA HEOOXOIMMOCTD YIIOPSIOUYUBAHNS TTOCTPOEHHBIX ILJIAHOB BBIYUCICHUH ¢ TOUYKHA 3PEHUS
X NPAKTHIHOCTU. [T 3TOTO CTABUTCS ONTHMHUBAIMOHHAS 3373498 W BBOANUTCS MOHATHE KPU-
TepHus ONTHMUBAIMH, 10 KOTOPOMY U OYIET OCYIIECTBIATHCA TaKoe yrnopsaounBanue. OCHOBOM
JIJIST KpUTEPUSA ONTUMU3AIME MOIYT ObITh, HAIpUMEP, HepyHKIIMOHAIbHBIE CBORCTBA MOy ICH.

Eciu y onepanun onpeenenbl Kakue-1u00 BXOIHBIE TepeMeHHbIe, TO OyIeM FOBOPUTH, UTO
uMeeT MecTO HH(POPMAIIMOHHAS 3aBUCHMOCTD OIEPAIMK OT STHX IIePEMEHHBIX. A ec/n mepeMeH-
Hasl SBJISETCS] BBIXOAHON TMepeMeHHON KaKoi-1nbo omepanuu, TO OyJAeM NOBOPHTH, YTO HMeeT
MecTo nH(MOPMAIHMOHHAA 3aBUCUMOCTD II€pEeMEHHOI oT 310l onepamuu. MHbDopMmanmonHas 3a-
BUCHUMOCTD OIl€pallyd OT IePEMEHHONU CUUTACTCHd PAa3peIIeHHON, eCiiu y 3TOH lepeMeHHod yiKe
UMeeTcsd KaKoe-Tuh0o 3HadeHHe. 3aBHCHMOCTDb IePeMEeHHOi OT olepalMi Pa3pemaeTcs IyTeM
UCIIOJIHEHUS 3TON onepanuu.

[Ipumepbl BBIYHCIATEIBHBIX MOZeaeil mokas3aHbl Ha puc. 1 n puc. 2. KBaaparamn Ha HHX
n300parkKaTCsa omnepannn, a Kpyramu nepemerabie. CTpekaMu MoKa3aHbl MHGMOPMAIMOHHBIE
3aBHCUMOCTH. /I IpuMeHeHNs 3HAHUH W3 OJHON BBIYHUCIUTETBHON MOJEIN B paMKaX JIPYToi
MOJIE/IH B CTPYKTYPHOM CHHTE3€ IPUMEHSIOTCS CTPYKTYPHPOBaHHBIe omepanuu. Hampumep, Ha
puc. 1 onepanusi F) sBjsiercsi CrpyKTypUPOBaHHOM M cCbljiaercs Ha Moje/ib N¢ 2. YcjoBHbIE
I€PEXO/Ibl BHYTPH BBIYMCIUTENBHON MOIEIN OMHUCHIBAIOTCS OEPANUSME BeTBJIeHUs (puc. 2).

2. IIporoTun 6a3bl aKTUBHBIX 3HaAHU. B paMkax ucciieoBanust CTPyKTYPHOTO CHHTE3a,
IporpaMM B J1ab0OpaTOpPHH CHHTe3a mapaJjienbHbix mporpamm UBMu MIT CO PAH 6b11 pas-
paboTan mpoTOTUIl 6a3bl AKTUBHBIX 3HAHUI I OIEPAIMOHHBIX CHCTEM M3 ceMeiicTB Linux u
Windows. B paMKax 9Toro nmpoToTuia, 3HAHUS B BUIE BHIYUCJIUTEIBHBIX MOJEIEH COXPAHIIOT-
cqa B crennaabHyio Sqlite 6a3y maHHBIX, a cama cucrema pasbura Ha 3 dactu. [lepBas gacth —
MOJICUCTEMA XPAHEHUS BBIYHCJANTEIBHBIX MOJIeJell, OHa OCYIeCTBJIsIeT jJo0aBJIeHne HOBBIX BbI-
YUCIUTEIbHBIX MOJesIell B 0a3y JaHHBIX U YTeHue Mojieieil u3 Hee. Bropasg dactb — mojcucrema
HOCTPOEHUS ILJIAHOB BBIYUCJICHUN, KOTOPasd 3aHUMAETCs IMOCTPOCHUEM ILJIAHOB BBIYHCJICHHI 110
cuenudukanun 3a1a49i. Tperbs 4acTh — MOJACUCTEMa UCIOJTHEHUs TJIAHOB BhIUncaennii. [Lnan
BBIYHCJIEHUI HE SIBJISIETCS TOJHOIEHHON MPOTrpaMmoii, Koropyio 061 Morsia ucnoaauth OC mosib-
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Puc. 2. Onepanus Bersienus B cebuiaercss Ha MOJIEIIb, PEATU3yONLY 0 BbIYUCIEHUE YCJIOBUS BETBJICHUS
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Puc. 3. Cxema B3anMoIeficTBUsA ¢ HOJCUCTEMON XpaHeHus (), MOACKCTEeMOll mocTpoerus wiaHos (0),

HOJICUCTEMOl uctoJiHeHus: (B)

3oBatess. s ero ucnoHeHnst HeoOXOUMa CUCTeMa, KOTopas ero uurepuperupyer. B BA3e
TUM 3aHUMAETCs IMOJCUCTeMa ucioaHenHns. CxeMa B3auMOIEHCTBUS ¢ CUCTEMOTT HPEJICTABICHA
Ha PHUC. 3.

st onmcanus BBIYUCAUTEIBLHBIX MOJE/IEH MCIO/IB3YeTCs ClelnaJbHblil (hbopmaTt, paszpabo-
TAHHBIA ABTOPOM B PAMKAaX IIPE/IBIIYIIUX UCCJIe0BAHII CTPYKTYPHOTO CHHTe3a mporpamm [15].
B mewm onmmcanme mponcxoInT mMyTeM COCTaBJIeHU ini-pailaos, Te KaxKaplil (aill — 9T0 Kakas-
TO CYIIHOCTH, HAIIPUMED, MepeMeHHas BBIUYUCIUTEIbHON MOJIETN WIN OTePAIlnd.

Borauciureabuas Mo/ie/1b OMUCHIBACTCH YHUKAJIbLHBIM Ha3BaHUEM U ee onncanueM. [lepemen-
Has, TOMUMO HA3BaHUS W OMUCAHUSA, TAKYKE UMeeT THUI, ONPEJIe/TAIONIHil CrIocob ee XpaHeHus, u
OTHOCUTCS K HEKOTOPOH BBIUUCIUTENbHON Moe . Onepanys nMeeT Ha3BaHWe, ONUCAHNE, THUII,
NPUBS3BIBAETCA K BBIYUCIUTENBHON MOJIeJIH, HO KPOMe ITUX IapaMeTpPOB y Ollepallui TaKiKe
3a/1aI0TCS ee BXOIHBIe U BBIXO/IHBIE APTYMEHTHI. Y Olepaluii 1 IepeMeHHBIX TaK¥Ke MOT'YT OBITh
JIONOJTHUTE/IbHbIE TTapaMeTpbl. HanmpumMep, y HEKOTOPBIX THUIOB Ollepaluil 3a/1aeTcs JIONOTHU-
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TEeJBHBIN MapaMeTp, OIMPeAesIONnil, KakK OyIeT 3allyCKaThCs TPOrpaMMHBIT Moayab. OauH u3
TaKWX THUIIOB ONEpaliili — KOMAaH/Ia KOMAHJAHOW CTPOKH ONEPAIMOHHON CUCTEMBI.

Onucanue CTPYKTYPUPOBAHHBIX ONEpalUil CONEP:KHT TaKHe IapaMeTphbl, KaK UMs BJIOZKEH-
HOI BBIYUCJIUTETIBHON MOJEAN W NPUBA3KA IIEPEMEHHBIX BHEINIHEH BBIYUCJIUTETIBHOU MOAean
K MEepEeMEeHHBIM BJIOXKeHHOI. Oueparun BeTBJEHHUs] OIMUCHIBAIOTCH IOXOKUM 00pa3oM, HO J10-
MOJTHUTE/IhHO HEOOXO0MMO YKa3bIBaTh, BHIUYHUC/IEHNE KAKUX OMeparuil J0JKHO IOC/Ie0BaTh B
3aBUCUMOCTH OT PE3yAbTaTa YCJIOBUS.

[ToacucTema mocTpoeHNs MJIAHOB BRIYUCIEHUN OTBedaeT 3a UX KOHCTpyWpoBaHue. /[1g Ha-
YaJia HYy>KHO COCTaBHUTDL CIEIUMPUKAINIO 3391, KOTOPasd COCTOUT U3 UMEHHU BBIUYUCIUTEIHHOM
MOJIE/IN, MHOZKECTBA BXOJAHBIX ITEPEMEHHBIX W MHOXKECTBA BBIXOJHBIX ITEPEMEHHBIX, IPUIEM BCE
epeMeHHbIe TOJKHBI TPUHAIEKATH TOH BRIYHCAUTETHHON MOJENN, HA KOTOPOil cTaBUTCH 3a-
naga. Korma cnenmdukanms cocrapiiena, gaiij, ee ONMUCHIBAIONIN, TT01aeTCA B TIOJACUCTEMY IO~
CTPOEHHs depe3 apryMeHThl KOMaHIHOU cTpoku. Iloay4uuB ero, cucrema 3amycKaeT aJropuTM
HOCTPOEHUS ILIaHA BBIYUCACHUNH, Pe3yJIbTAaT pabOThl KOTOPOro — (hail ¢ mIaHOM BBIYUC/ICHHIA.

AJIrOpUTM IOCTPOEHUS IJIAHOB BBIYMCJIEHUI COCTOUT U3 YEThIPEX IHAroB.

Ha nepsowm mare crpourcs rpad omnepaliimii, Jijisi KOTOPHIX JIHOO yKe pa3periensbl nHpOopMa-
[IMOHHBIE 3aBUCHUMOCTH, JIHOO MOT'YT OBITh pa3penieHbl MyTeM UCIOJHEHHs ONepalnii u3 3Toro
rpada.

Ha BropoM miare npoucxogauT oTOpachiBaHue olepaluii, He 3a1eiiCTBOBAHHBIX B BHIYHCICHIT
BBIXOJIHBIX MepeMeHHBIX 3a7a4un. s sroro npumensercs obxom rpada omepaluii ¢ mpeabiIy-
Iero Imara, OJHaKO Telepb OH UJIeT B CTOPOHY HPOTHB MH(MOPMAIMOHHBIX 3aBUCHMOCTEH, a B
KadecTBe CTaPTOBBIX BEPIINH OEPYTCS BHIXOJHBIE TIepEMeHHbIE 3a/Ia4H.

Tpernii mar ocyIecTBIgeT MJIAHTPOBAHNE /T CTPYKTYPHUPOBAHHBIX OIlePAIUil U Olepaluit
BETBJIEHNUSI.

Ha mociegnem mrare s KazKao# BBIXOIHOM HMepeMeHHON M3 cIenu(PUKAIIUU CTPOUTC TI0-
CJ1€/I0BATEJILHOCTD Ollepalinii, KOTOpble HEOOXOMMO BbIUNCIUTh, YTOObI IIOJYYUTh Ty ITePEeMeH-
Hyto. Kcan juia mepeMeHHON B 9TOH MO/ CYIIIECTBYeT HECKOJILKO aJbTePHATUBHBIX MOCJIET0-
BaTEJIbHOCTEl omeparuil, ee BHIYHC/ILIONIUX, TO CPEIU HUX BBIOMPAETCA JOCTATOTHO XOPOIIAs
MOCJEIOBATETHHOCTh ¢ TOYKHU 3pEHUs HCIOJIB3yeMOoro KpuTepus. Vcmoab3yeMblit B aJroput-
Me KpUTepUi MOXKHO W3MEHWTh, HO TaK KaK OH SBIdeTCd HeOTheMJeMOW YacThio aJropuTMa
HOCTPOEHUSI [LJIAHOB BBIYMCJEHUI, TO 1IOCJe €r0 U3MeHEeHHUsI TPedyeTcs MePeKOMITUJISIIAs ITOM
MTO/ICUCTEMBI.

Korna Beranciaenne Kax10it BRIXOIHO epeMeHHo# ObLIO CIJIAHNPOBaHO, paboTa aJropuT™Ma
OCTaHaBJUBaETCH, BO3BPaIlas IMOCTPOEHHBIH TLJIaH BHIYUCJIEHUH.

Ob6rmuit npuHIUI padoOTHl MOJCUCTEMbI HCIOJHEHUs CX0XK ¢ paboToit nnrepuperaropa. Mc-
MOJTHEHUE OllePanuit TPOUCXOUT MOCJIe0BATEAbHO, 110 MEPE TOTOBHOCTHU MTEPEMEHHBIX, OT KOTO-
pbix oHu 3aBucat. [lojgcucrema nCIoOJTHEHNS MTOAJIEPKIUBAET MHUTTHAJU3AITUIO0 BXOHBIX ITePeMeH-
HBIX IIJIAHA BHIYUCJIEHUN ITepeJJaHHbIMU eif HauaIbHbBIMH 3HAYEHUSIMU, JIJIST 9TOTO eif HeoOX0IMMO
OIKCATH U IepeaTh CIeNnuaabHbIi (paiil ¢ mapaMeTpaMi THAHATASAIUN.

B 3aBucumocTH OT THIIA IepeMeHHOH ee 3HAUEHHEe MOXKET XPAHUTHCS B PA3JIUIHBIX MeCcTaX,
HampuMep, B daiine. IlosToMy mepen ncmoaHeHneM OIepalli CHAYA/Ia MPOUCXOIUT 3arpy3Ka
MePeMEeHHBIX, CBA3AHHBIX C €€ BXOJAHBIMH apryMeHTaMH, a TaKzKe MOJT0TOBKA BBIXOAHBIX apry-
MEHTOB K IIPUEMY JAaHHBIX, eCJu TakKoBas HeoOxoiamma. [locjie 3TOro mponcxonT BbIYHUCIEHNE
caMOll ollepaliiu, U TOJICUCTEMa COXPaHseT e€e BBIXOJHbIe apI'YMeHThl B COOTBETCTBYIOIINE IIe-
peMeHHbIe.
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Ncnonaenne cTpyKTy pUPOBAHHBIX OMEPAINiT TPOUCXOAUT HHAYE. BHIYUCINTETBHY IO MO/IETh,
Ha KOTOPYIO CCBLIAETCA CTPYKTYPUPOBAaHHAS Onepalnsd, OyaeM Ha3bIBaTh BIOKEHHONU MOJIEJIBIO.
[Tocsie 3arpy3ku BXOJHBIX apryMeHTOB WX 3HAU€HUs KOMUPYIOTCS B MepeMeHHbIe BJIOYKeHHOM
MOJeJIN, YKA3aHHON B 3TOI omepanuu, a 3aTeM YrKe 3allyCKaeTcsd IJIaH BBIYUCJIEeHUN JJid 3TO’
mozen. [lpu 3aBepiieHny UCIIOTHEHUST TL/IAHA, BBIYUC/ICHUN 3HAYEHUS TIEPEMEHHBIX BJIOYKEHHOMN
MOJIe/TH KOMUPYIOTCS B IEPEMEHHBIe OCHOBHOM Mojien. McnomHenne onepanum BeTBJICHUS OT/IH-
9aeTCsI OT UCTIOJHEHUSI CTPYKTYPUPOBAHHBIX OMEPAINi TeM, YTO, TOCJIE€ BEIYUCIEHUS PE3YIBTATA,
ee YCJIOBUS, TIOJCUCTEMa MCIIOTHEHUS B KadecTBe CJIeAyIomiefl omepanu K UCIOJHEHUIO OepeT
Ty, KOTOpas COOTBETCTBYET 3TOMY De3YJIbTaTy.

[Iponecc ucto/inenus: onepanuii IPoOJIOJIZKaeTCsd, TOKa He OyJIeT BBIIIOJHEHO OJHO U3 yCJO-
BUIi: YK€ BBIYUCJIEHBI BCE ONEPAINN U3 IJIAHA BBIYHCJIEHNN, BCE BBIXOIHbBIE MEPEMEHHbIE TLIAHA
BBIUNC/IEHUI BRIYHC/IEHBI. F.CJTH B TPOTIecce BRIYUCIeHNI OBLIN UCTIOJTHEHBI BCE OMIePAIINN U3 1A~
Ha BBIYUCJIEHWI, & BBIXO/IHBIE ITepEMEHHBbIe BBIYUCIEHBI HE BCe, TO BBIYHCJIEHUs 3aBEPIIAIOTCS
C OTIPABKOW COOTBETCTBYIOINIETO TPELYNPEXKIAIONIEr0 COOOIEHNs TOAb30BaTe 0. B MpoTHB-
HOM CJIy4ae, KOIJIa lIePEMEHHbIe YK€ BbIUUC/IeHbl, & B ILJIaHe BbIYUCJIEHUN ellle ecThb Ollepaluu,
TO UCIOJHEHUE IJIaHA 3aBEPIIACTCd MITATHO, BHIXOAHbIE IEPEMEHHBIE COXPAHIIOTCS B COOTBET-
CTBUU C UX TUIAMU, a B IIOTOK CTaHAAPTHOTO BHIBOJIA TMOJIH30BATEI0 COODIAETCA O PE3Y/IbTaTe
BBIYUCJICHUA.

Pazpaborannas cucteMa MO3BOJSET OCYIMIECTBIATH XPaHEHHE U ABTOMATHYECKOe MpUMeHe-
HUe 3HaHui, (POPMATU30BAHHBIX B BHJIE BBHIYHUCIUTETBLHBIX MOJETEH CO CTPYKTYPUPOBAHHBIMUI
OMEPAIMAME U OMEPAIUIMHI BETBJICHUS.

3. TectupoBanme. [yig npoBepkn pabOTHI pa3pabOTAHHOI CHCTEMBI C OMEPAIUsIMHU, CChI-
JIAIOTIHUMICS Ha APYTHEe BBIYUCIUTEIbHBIE MOJIETH, ObLI0 pa3paboTaHo JBa HAOOPaA TECTOB.

[lepBolit HAOOP TECTOB MOJApPA3yMeBAET ONMUCAHUE HEKOTOPOU 3a/a4¥ B BUJIE BBIYHCIUTETb-
HBIX MOJlesiell cO CTPYKTYPUPOBAHHBIMU OTIEPAIUSIMH, CHHTE3 IO HUM MPUKJIATHON TPOTPAMMEI,
U, [OCJI€e ITOr0, MCIOJHEHUE IOJYYEHHOI'O IJIaHa JIjIT COOTHECEHUS Pe3y/IbTaTa BbIYUC/IeHUH
C OKHJIAEMBIM pe3yjbTaToM. /g 3Toro Tecra ObLIN pa3pabOTaHbl TPU BBIYHCIHTEILHBIX MO-
gean: momesib Ne 1, Ne 2 u Ne 3. Mogenp Ne 1 cocTtonT TOBKO U3 OMHON Olepanuu, KOTOPas
SABJIETCS CTPYKTYPUPOBAHHOM omeparnyeil n peaaudyercd moaenabio N 2. Mogeas Ne 2 cocTout
U3 Tpex omeparuii, npuueM oneparus G2 CTPYKTYPUPOBaHHAS U peaTusyeTcs Mojeabio Ne 3.
[Tonast cxema cBs3€il MEXKJIy BHIYUCIUTEIbHBIMEI MOJIE/IsIMA TTpejicTaBiena Ha puc. 4. Mogenn
OBLIN OMHMCAHBI U MEPEeIAHbl B MOJACHCTEMY XPaHEHHUs. 3aTeM ObLIa ONMUCAHA 3373493 BBIYUCTIE-
HUSI TIepeMeHHol b u3 nmepemenHoit a u nepenana B bA3y. [losyuennsrit ian Beraucaennit 6611
nepeaH B MOJCUCTEMY UCIOJTHEHHUS.

Hab6monaeMblii Tpu UCMOTHEHWY TJIaHA BBIYUCTIEHUI MOPSIOK BBI30BA OTepAIuil MpeIcTaB-
JIEH HA pHUC. D U COOTBETCTBYET TPEOYEMOMY IOPSJIKY.

Bropoit nabop TecToB mojapa3yMmeBaeT ONMCAHIE HEKOTOPOH 3a/a4uid B BHJE BBHIYHCJINTE b
HBIX MOJIeJIeil ¢ OomeparusMu BeTBJICHUsI W WCIIOJHEHNe MJIaHa BBIYUCIEHUN /I 3TOH 3a1a9u.
[Ipu 3TOM HYKHO YyOeIUTBHCS, YTO MOPSIIOK BBIUYHCIEHUN COBMAJAeT ¢ OKUIaeMbIM. /L1 3TOTO
Ha TOCJeHEeM Iare TeCTUPOBAHUS HCIOJTHEHWE MPOTPAaMMbI HYYKHO IMPOM3BECTH JIBa pa3a IO
PA3HLIM MYTSM B BRIYUCTUTETHLHON MOJIETH.

B pamkax Tecra Oblia pazpaboTana OCHOBHas BbIYUCUTEIbHAS MO/IE/b, Ha3Banuasd Mojeib
Ne 1 ma puc. 6, a TakzKe BCIOMOraTebHas BBIYUCANTEIbHAS MOJIe/b, Ha3BanHas Mogeab Ne 2
Ha puc. 6. OcHOBHAd MOJIeSIb CO/IEPYKUT OIEepAINIo BeTBJIeHus B u mepeMeHHYIO 7, OT KOTOPOit
3aBUCHT BBIOOD TIYTH BBIYUCJIEHWI. YCJIOBHE BeTBJIEHWS B omepanuu B peammsyeTrcs BCmomo-
raTeabHON MOJETbIO U COCTOUT W3 JIOTUYECKOTO YMHOXKEHUsI ero apryMeHToB. [lomas cxema
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Puc. 5. Ilopsmoxk BbI3oBa omnepamnmii B Tecte Ne 1

cBA3€el MEXKJIy BBIYUCIUTETbHBIMI MOJEISIMH IIpejcTaBaena Ha puc. 6. Mogen ObLIN OIMUCAHBI
U IepeIaHbl B MOICHCTEMY XpaHeHns. 3aTeM OblIa onucaHa u nepeaana B BA3y 3aga4ua BeITmc-
JIeHUs 1iepeMeHHoft y u3 nepemenubiX £1 u x2. [losiyuenubiil mian Bbrauc/enuii Obl1 nepe/jan B
ImoJcucreMy HMCIIOJTHECHUA.

HabsmoaeMblii pyu UCIMOMTHEHUH T1JIAHA BLIYUCIECHUN MOPSAJIO0K BBI30Ba ONEpAIUil pecTaB-
JIEH HA pHC. 7 U COOTBETCTBYET TPeOYEeMOMY IIOPSJIKY.

3akJodyeHne. B craTrbe npejicraBiieHa cucTeMa XpaHeHHs 3HAHUHK B (pOpMaIbHOM BHUIE U
X aBTOMATHYECKOro IpuMeHeHns. PaspaboTana cucreMa, COXpaHIIONas HHGOPMAIUIO O MOI-
HpOrpaMMax U O CBA3AX MEXK/y HUMU B (opMe, MOAXOAAIIeH 1189 aBTOMATHIeCKOTO KOHCTPY-
UpPOBaHUs HOBBIX MPUKJIAJIHBIX nporpamMm. Pazpaborannas cucrema MO3BOJISET TPOU3BOIUTD
aBTOMATUYUYECKUN CUHTE3 MPHUKJIAIHBIX IIPOIPAMM II0 Clenu(UKAINT 333491, a TaKxKe IOIIep-
JKUBaeT NpUMEHeHNe 3HAHUN U3 OJHON BBIYMCJIUTEJILHONW MOIEAA B pPaMKaX JIPYroil MOJIEeH.
Paspaborana Bo3MOKHOCTH ONKUCAHUS YCJIOBHBIX IIEPEXOI0B B PaAMKaX BBLIYHUCIHTEILHOU MOIe-
JIN. PeaﬂI/IBOBaHa CuCTeMa JJid HAKOIIJICHHUA WU aBTOMATH4YE€CKOI'O IIPpUMEHCHUA 3HAHUN B BHUIC
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Mopenb Ne1 y Mopnenb No2
Fy F,
true false ¢
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Puc. 6. Berancaureabuble MOJIENH JJIsi TECTUPOBAHUS ONEPAITUil BETBJICHUST

Puc. 7. llopsinok BbI3oBa onepanuii B Tecre Ne 2

BBIUUC/IMNTEJIbHBIX MOJIe/Iel, 1 OBLIO IIPOBEIEHO €€ TeCTUPOBAHNE HA PA3JIUUHBIX BHIUUCIUTEb-
HBIX MOJEJIAX, 9TO MOKa3aJ0 MPUMEeHHMOCTD MOIX0Ia U CHCTEMBI Ha Psje TECTOB.

B nanpHefimux mccaegoBaHUSIX ILIAHUPYETCd A00aBJIeHHE MOAIEPKKU JIPYTUX BHIOB BbI-
YHCJUTETbHBIX MOJe/Iell: peKYPCUBHBIX BRIUYHCJIATEILHBIX MOJE/Iel, BRIYUCIUTEIbHBIX MO/Ieei
C MaCCHBaMU, a TaKyKe BBIYUCJAUTENILHBIX MOJeIell ¢ odepeaMu.
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