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3ACIb HAJTAHITYBAHHA IPOI'PAM HA IIVIAT®OPMI .NET
3A 10HHOMOI'OIO HEPEIIMCYBAJIBHUX ITPABHJI

Po3pobneno nporpaMHuuii 3acid 1 ontuMizanii 009uCIeHb, MO JO3BOJIIE B aBTOMATH30BAHOMY PEKUMI 31~
CHHUTH ONTHUMI3aIliI0 IPOTPaMH MUITXOM IiIBUIIEHHS 11 mBHAKOil. [ IIhOTO peari3oBaHo CreUialbHUH T1a-
TiH IO CHCTEeMH NepenucyBaibHUX npaBmi TermWare, 3a JOMOMOTOO SKOI'O CHCTEMa 3MiHCHIOE HaJaIlTyBaH-
Hs nporpam, Hanucanux Ha miargopmi NET. ITnarin BukopuctoBye ananizarop Roslyn, peanizoBanuii rene-
parop TepMmiB cuctemn TermWare 3 BUXigHOTO KOay nporpamu. IIporpamHuii 3acid mpoutocTpoBaHo Ha Bijo-
MOMY HPHKJIa/li KIITHHHOTO aBToMaTy «['pa >KUTTs» Ha pi3HMX po3Mmipax momuHH. [1ix yac ekcrepuMeHTiB
NpOBEZEHI BUMIPH LIBHIKOAI MporpaMu 1o Ta micis Moaudikamii BuxigHoro kony. HaBeneHe mopiBHSHHS
pe3ysbTaTiB poOOTH METOAY CaMOHAJalITyBaHHS 3a JornoMorolo TermWare Ta iHCTpyMEHTapito IiJ| Ha3BOO
Eazfuscator.NET. Excnepumentu pospobienoro merony Ta 6ibmiorekn Eazfuscator. NET npoBeneHi Ha mep-

COHAJIEHOMY KOMIT OTEpi.

KitrouoBi citoBa: KIITHHHAH aBTOMAT T'pa KUTTS, aBTOTIOHIHT, BUMIPIOBaHHS IIBUAKOII.

Beryn

Pyuna onrtumizaris 3aiimae Hemanui
9yac B OUKJI pO3pOOKH MPOTrpaMHUX 3aco0iB,
TOMY B OCTaHHI POKH PO3POONIOIOTHCS Pi3HI
aBTOMaTH3amii [BOTO MpOLECy, 30Kpema,
IUISXOM CaMOHAIAIITYBaHHS MporpaMm Ha
nipoBy 1iardopmy. KoHmeniist Takoro mif-
X0y TiJ Ha3BOK AaBTOTIOHIHTY BXE JIaBHO
icHye B CBITI iH(pOpMaLIHHUX TEXHOJIOTIH 1 3
KO)KHUM POKOM CTa€ BCE OUIBII Ba)KJIHMBOIO,
OCKUTBKH 00CST KOJy MpPOrpaMHHUX CHCTEM
/a0 KiUIBKICT 00poOMtoBaHOi iH(OpMaITii
3pocTae Bce OuabIne 1 OUIbIe, a MIBHAKOIIS
porpaM cTae OiIbII TOCTPOI0 MPOOIEMOIO
[1]. Ha cporomHi CTBOpEHO AOCHTH Oarato
CHCTEM, SIKi peaji3yloTh KOHLEMIII0 aBTOTHO-
Hinry. Cepen HuUX, AN NpHUKIaLy, MOXHa
HasBath Taki cucremu, sk ATLAS [2],
AbcLibScript [3], TuningGenie [4].

B naniii po6oti mis uiei metu Oyna
BUKOPHCTaHAa CHCTEMa IEePeruCyBaTbHUX
npasus TermWare [5], as sikoi OyB peaitizo-
BaHUU parser/printer ans moBu C#. Takox
OyB BUKOPHUCTaHUN IHCTpyMeHTapii
TuningGenie a8 BUMIPIOBaHHS IIBUIKOIIT
IporpamMM Ha pi3HUX AUTsIHKax koxy. Hasene-
HO TIOPIBHSIHHS PI3HMX MIIXOIIB 10 KOHIEMIIIT
aBTOTIOHIHTY, Cepe/l SKUX € 1 BUKOPUCTaHHA
Takoro 3aco0y aBTOMAaTW3alii Mporpam Ha
moBi C# sik Eazfuscator.NET [6].

Martepian naHoi pobOTH OpraHi3oBa-
HUI HAaCTyMHMM 4uWHOM. B posnini 1 ommca-
HUN anroputM, sKuil OyB po3poOieHuil Ha
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MoBi C# nnst excniepumenty. B po3aimi 2 ko-
pPOTKO  OmMCaHa  peaji3amis  IUIariHy
TermWare mst po6otu 3 moBoto C#. B tpe-
THOMY PO3/LJIi ONKCAHO 3aCO0M Ta peai3alliio
ananizaropa mou C#. B octanHbOMY po3aiii
OMHCAHUN EKCIICPUMEHT Ta PEe3yJIbTaTH Ol-
TUMI3alii mporpamMu 3a JOMOMOTOI0 THepernu-
CyBAIbHHUX TPaBWI Ta IHCTPYMEHTApIIO
Eazfuscator.NET.

1. Airoput™ nporpamMu
«'pa uTTD»

«['pa xuTTS» sABASE COOOIO HECKIH-
YeHHY, IBOMIPHY OpPTOrOHAJIbHY CITKY KBaJ-
paTHUX KJIITHH, KOKHA 3 SKHX 3HAXOJIUTHCS B
OJIHOMY 3 JIBOX MOXJIMBUX CTaHIB, XHBUX
ab0 mepTBUX (200 3aceNeHux 1 HeHaceleHUuX
BianoBigHo) [7]. KoxxHa kiiTuHa B3aeMojiie
31 CBOIMH BICBMOMa CYyCiIaMH, SIKi € KJITH-
HaM¥, PO3TAlIOBAHUMHU TOPU3OHTAIILHO, BEP-
TUKaIbHO a0o0 mo aiaroHami. Ha koxHOMYy
KpOIll B1I0yBalOThCS HACTYIHI TEPEXO/IU:

e Oynp-fiKa JXKUBa KIIITHHA 3 MEH-
1010, HIXK JIBOMA XKUBUMH CYCIJTaMU BMHUPAE,
SIK HIOM 33 HEeHaCCJICHHS,

e Oynp-fiKa )KMBa KIITHHA 3 JBOMa
abo TppOMa XUBUMH CyCiJaMH KHMBE Ha Ha-
CTYITHOMY MOKOJIiHHI;

e Oynp-sfiKa )KMBa KJIITHHA 3 OUTBII
HIX TPhOMa KMBHUMH CyC1IaMU BMHUDA€E depes
NepeHacesIeHHS;
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e Oyapb-sKa MEpTBa KJIITHHA 3 TPHO-
Ma J)KHBHUMHU CYCIJaMU CTa€ KHUBOIO KIIITHHOIO,
3a JJOMOMOT OO BiITBOPEHHS.

B peanizanii nporpamu s 1aHoi po-
00TH Ha MOYATKy BKa3ylOTbCS KOHCTAHTH, fKi
BH3HAYAIOTh PO3MIp IUIOMIMHHU (CITKH) Ta Ki-
JBKICTh TOKOMiHB. [lepexoasun Ha HacTymHE
MOKOJIIHHS, BCI TIpaBWIa 3aCTOCOBYIOTHCS
OJTHOYACHO 10 BCiX KIITHH Ha IJIOLIMHI Ta
BiIOYBa€ThCSl JAMCKPETHHH MOMEHT «HapO-
JDKEHHS» a00 «CMepTi.

[IceBnokon aisi BU3SHAYEHHS BCIX CY-
CiAiB U KIIITUHU.

BEGIN

NUMBER numOfAliveNeighbors=0, x, v,
heigth, width;

ARRAY OF ARRAYS cells

FOR (i=X-1; i <X+ 2; i++)

{
FOR (j=y-1;j<y+2;j++)
{
IF (<0l j<0)|l (i >=heigth || j>=
width)))
{
if (cells[i, j] == true)
{
numOfAliveNeighbors++;
}
}
}
}
END

[IceBnokon ocHOBHOI Ail (mepexin Ha
HACTYITHE TIOKOJIIHHS) HaBEeIEHUH aJl.

BEGIN

NUMBER heigth, width;
ARRAY OF ARRAYS cells;
FOR (i =0; i < heigth; i++)

{
FOR (j = 0; j < width; j++)
{
numOfAliveNeighbors=CalcNeigh(i, j);
IF (cells[i, j] == TRUE)
{
IF (numOfAliveNeighbors < 2 AND
numOfAliveNeighbors > 3)
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{
cells]i, j] = FALSE;
}
}
ELSE
{
IF (numOfAliveNeighbors == 3)
{
cells]i, j] = TRUE;
}
}
}
}
END

2. Cucrema Termware

Jnst 3miiicHEHHST BCiX MEPETBOPEHb
BUKOPUCTOBYEThCS TUIaThopMa TepenucyBa-
JHHUX MpaBwi Termware, TOKJIAIHO OTKCaHA
B [5]. Termware npu3HaueHa JJisi OMHCY Tie-
PETBOpEHHSI HaJ| TEpMaMH, TOOTO BHUpa3aMu
sunay f (tq ...t,). Jlis 3aBaaHHS 1EepeTBOPEHb
BUKOPUCTOBYIOThCA TpaBmia Termware, TOO-
TO KOHCTpyKIii Buay source [condition] —>
destination [action].

Tyt source — BuxigHuii Tepm (3pa3ok
JUTS TIOIIYKY), condition — ymMoBa 3acToCyBaH-
s mpaswmia, destination — meperBopenuit
TepM, action — 1o1aTKoBe i MPHU CIPAIbO-
ByBaHHI mpaBwia. KoxkeH 3 4 KOMIOHEHTIB
IpaBWJIa MOKE€ MICTUTH 3MiHHI (SIKI 3amucy-
I0ThCS y BUTIsAl $ var), mo 3abe3neuye cri-
apHiCTh mpaBwi. Kommonentu condition i
action e HeoOOB'I3KOBHMH. BOHHM MOXYTh
BUKOHYBAaTH JOBUIBHUN MPOIEAYPHUN KO,
30KpeMa BHKOPHUCTOBYBAaTH JOJATKOBI JaHi
PO Mporpamy.

3acTocyBaHHS TIpaBHJa BiJOYBA€THCS
HACTYIIHUM YHHOM: CIIOYaTKy 3HAXOIUTHCS
HiATEPM BXiHOTO TepMa (AepeBa mporpamm),
SKUW TIXOMUTh mmij source. [am mepeBips-
€TbCS YMOBA 3aCTOCYBaHHS (SIKIIO BOHA €).
SIKo ymMoBa BHUKOHYETHCS, B1AOYBa€ThCS
3amiHa source Ha destination. Ilpu upomy
3MiHHI B destination 3amMiHIOIOTBCA BigIIOBiI-
HUMH 3HAYEHHSIMH 3 SOUrce. Takox BUKOHY-
€ThCs ist action (Ko BOHO OYJ10 IPUCYTHE).

KoxxHe mepeTBOpeHHsI 33/1a€ThCS CHC-
TEMOIO MpaBUjl, TOOTO HaOOPOM MpaBuUI, SKi
MIOCJIIOBHO 3aCTOCOBYIOTHCS JI0 JAHOTO Tep-
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My (mepeBy mporpamu). Ilopsmox 3acrtocy-
BaHHS MpaBWJI BU3HAUYAE€THCS CTparerier. Y
cucremy Termware BOy/nOBaHi KiJIbka OCHOB-
HUX  CTparerii, Ttakux sk TopDown,
BottomUp, FirstTop. Kpim Toro, moxause
CTBOPEHHS /10/1aTKOBUX CTpaTerii.

3. Peanizanis niariny nis
TermWare niist po6oru 3 mosoro C#

3.1. Anaxizatopu moBu C#. IcHye
JOCUTh Oarato aHamizatopiB s MoBu C#,
Taki sk Metaspec C# parser library Ta iHmii,
omucaHi B poOoTi [6]. Ane mpoOiemarnka
aHanizaropiB MmoBu C# momsirae y Tomy, IO
MOBa Mae€ B)ke BiciM Bepciit. Y 2015 pori Bu-
wuuta mwiargpopma Roslyn [8] 3 Bigkputum
BUXIJHUM KOJIOM, IIIO PO3POOISETHCS KOPIIO-
pamieto Microsoft, i MicTUTB y c001 KOMIIiIS-
TOpU 1 3acobu uis po3dopy 1 aHamizy Koay,
HaIMCaHOTo Ha MoBax mporpamyBaHHs C # 1
Visual Basic.

Pi3Hi HOBOBBeIeHHS Ha 3pa3ok code
fixes peani3yroThCs came 3a paXyHOK BUKOPH-
ctanHs Roslyn.

3a momomoror 3aco0iB aHami3dy, Ha-
nanuMu Tuiatdopmoro Roslyn moxkHa mpoBo-
JTUTH TIOBHUM po30ip KOy, aHai3ylo4dHl BCi
HiATPUMYBaHI KOHCTPYKIIi1 MOBH.

Cepenorunie Visual Studio mo3Boiisie
CTBOpIOBaTH Ha ocHOBI Roslyn sk BOymoBaHi
B camy IDE iHCTpyMeHTH (pO3IIUpPEHHS
Visual Studio), Tak 1 He3anexH1 J0JATKU
(standalone iHCTpyMEHTH).

3.2. Peaunizauisi. B naniit po6oti 0yB
BUKOpUCTaHUH (pelimBopk TermWare, B
SIKOMY PO3pOOJEHUN KOHIENT TePMIHATBHUX
cucTteM 00’€KTHHUX CTPYKTYp Ta IepenucyBa-
npHUX npaBwil. TermWare HanucaHuii Ha
MOBi Java, ane BUKOPUCTOBY€E OKpEMO IUIariH
Parser/Printer. Tomy He3BaXkaro4yu Ha Te, IO
(bpeiMBOpK HANUCAHW HA OJHINA TEXHOIOTI],
BiH HaJIa€ MOXJIMBICTh MYJIbTUILIAT(HOPMHOC-
Ti. Jns mporo OyB CTBOpEHHI eK3eMIUIp
TermWarelnstance — 1ie, oO6pa3Ho TOBOpPSYH,
CTPH)KEHB, SIKHH MICTUTh y CcO01 iepapxiuHy
CUCTEMY JTOMEHIB 1 CIIOBHUKU IMEH MapcepiB
MOB Ta npuHTepiB. s pobotu 3 Oyab-sKuM
IHITUM CTEKOM TEXHOJIOTiN Tpeba peamizyBa-
T 2 iHTepdeiicu: IParser, IParserFactory.

3aranbHUN  TATTEpPH BUKOPUCTAHHS
1uX iHTepQeiiciB HACTYITHHIMA:

e MpOrpaMmicT BH3HAYAE Mapcep Mo-
BH, BianoBigHui iHTepdeiicy [Parser 1 daod-
puky IParserFactory;

e  [iepes BUKOPUCTAaHHSAM po3Oupaua
1i€1 MOBU MOBHUHHA OyTH 3apeecTpoBaHa CBOS
¢dabpuka mapcepiB A BiANOBITHOI MOBH,
BUKOpucTOBYtoun Mmeton TermWarelnstance.
addParserFactory (String language, IParser-
Factory factory).

[Ticna nporo Bukiuk loadFile(fname,
X) Oyzae BUKOPHCTOBYBATH Iapcep BiIIMOBII-
HOI MOBH X.

JJ1si CHHTAaKCUYHOTO aHai3y mporpam
OyJI0 BUKOPHCTAHO MOXJIMBOCTI BIJKPHUTOTO
MPOrpaMHOro 3a0e3NeyeHHs] — KOMIILISATOpa
Roslyn. 3a monmomororw kommiisiTopa MOKHA
OTPUMATH CHHTAKCHYHE JIEPEBO peai30BaHOi
IpoTpamu, siKe 1 MOTPiOHO [T mapcepy.

Ockinbku Roslyn mpaitoe nHa CLR, a
napcep/IpuHTEp TOBUHEH TpAIIOBAaTH Ha
JVM, ans po3B’si3yBaHHs 1i€i mpobiemu OyB
BUKOPUCTaHUU MICT jnidnet, iKMW T0O3BOJISIE
peectpyBatu Oyab-akuii dll daiin, 3reHepoBa-
HUW 3a JIOTIOMOTOIO0 1HCTPYMEHTY proxygen,
KU CTBOPIOE OOTOPTKY N0 Oynb-siKoi 01017i-
oreku [9]. Lle 103BOJIsIE BUKOPHCTOBYBATH Ta
CTBOpIOBATH eK3eMIUIsipu KiaciB 3 C# Ha Java
Ta HaBmaku 3 Java Ha C#.

Takox HaBenena cmopomieHa UML-
Jiarpama KjaciB BIiAMOBIIHOTO Tapcepy Ha
puc. 1.

Hani Oyne HaBeleHUM TIPUKIIAT TEPMY
st metoay NextGeneration().

For(Assignment(i,0), i<=Heigth, Increment(i),
For(Assignment(j,0), i<=Width, Increment(j),
[DeclarationAssignment(numOfAliveNeighb
ors, int, [MethodCall(CalcNeighbor, i, j)],
If(ArrayElement(ArrayElement(cells, i), j), [

If (numOfAliveNeighbors<2, [
Assignment(ArrayElement(ArrayElement(cell
s, 1), ), false)])

If (numOfAliveNeighbors>3, [
Assignment(ArrayElement(ArrayElement(cell
s, 1), J), false)])])

If(NotEqual(ArrayElement(ArrayEle
ment(cells, 1), ))), true),

[If (Equal(numOfAliveNeighbors, 3)),
[Assignment(ArrayElement(ArrayElement(ce
lls, 1), j), true)

D)HDI

13
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)

|ParserFactory

@

IParser

CSharpParser )

- _owner: CSharpParserFactory

- _syntaxElement; CompilationUnitSyntax
- _eof:boolean

- _syntaxTree:SyntaxTree <. -

+ readTerm():Term
+ eof():boolean
- parseArgs(args: Term):void

CSharpParserFactory

+ createParser(reader:Reader, s:String, term:Term,
termWarelnstance: Term\Warelnstance):|Parser

Roslyn
SyntaxTree

£
SyntaxNode

SyntaxToken

SyntaxTrivia

Puc. 1. Cnpouiena giarpama kiaciB miariny st TermWare

Hacrynuuii kxox — ne npukiag tepmy
JUIS METOJy BHU3HAYEHHS CYCIJIB KIITHHH
CalcNeighbor(x, y).

[DeclarationAssignment(numOfAliveNeighb

ors, int, 0),

For(Assignment(i, x — 1), i < X + 2,

Increment(i),

For(Assignment(j, v — 1), j < y + 2,

Increment(j),
If(Not(Or(Or(i<0,j<0),0r(i>=Heigth,j

>=Width))),

[If(ArrayElement(ArrayElement(cells, 1), j),

[Increment(numOfAliveNeighbors)]

)]

4. ExciepumMeHT

Jlns BU3HAueHHS e(EeKTUBHOCTI Mpo-
TPaMHHX TIEPETBOPEHb IPOBENEHO EKCIepH-
MEHT 13 3aCTOCYBAaHHSM JIBOX BHJIB aBTOMa-
TUYHOI ONTHMI3allii MpOTpamMHu.
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ExcniepuMeHT ckiiafaBcs 3 TOPiBHSH-
HSl pe3yNbTaTiB BUKOHAHHS Iporpam, OTpHU-
MaHHX 32 JIOTIOMOTOI0 OTIMCAHUX CHCTEM.

ExcnieppuMeHT IpOBOJUBCS 3 BUKOPH-
CTaHHSM KOMIT I0Tepa, OCHAIIEHOI IMPOIEeCco-
poM Intel Core 17-7700HQ 2.80GHz 3 06cs-
roM ornepaTuBHOI nam'ati B 16 I'0.

MacmtabyBanHs ~ JOCHIAHOI  3ajadi
PETYIIOETHCS 32 TOTIOMOTOI0 BUOOPY PO3MIpY
IUIOIMHYU, Ha sKOMy 3JiicHIoeTbes «I'pa
KUTTSA», a TaKOX KUIBKICTh ITOKOJIHB, SKi
MOBMHHI NPOMTH mepesa 3aKiHUEeHHSIM BHKO-
HaHHS TPOTPaMH.

ExcrieppuMeHT IpOBOJIUBCS Ha PI3HUX
po3Mipax momuHu, nouunHatoun Big 300 1
3akiHuytoun po3mipamu B 1200000 kmiTuH.

Pe3ynbrar ekcrnepruMeHTIB BUBOAUTH-
cs1 Ha Excel ¢aiin Ta nokasanuii Ha puc. 2, ne
MOYKHA TIOOQYUTH, IO 3aCTOCYBAaHHS CHCTEMH
TermWare € Gunbl epeKTUBHUM 3 TOUKH 30-
py MBHUAKOJII B MOPIBHSAHHI 3 010J10TEKOI0
Eazfuscator.NET.
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Benchmarks
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Puc. 2. Pe3ynbrar TecTiB mporpamu

Ax  BugHO 3 rpadika, cHCTeMa
TermWare Bunepemkae Eazfuscator.NET,
Koe(iIieHT TPUCKOPEHHSI MOPIBHIHO 3 HEMO-
mdikoBanoro nporpamoro i TermWare ckia-
nae mpubnuzHo Ha 1.34, a 3 06i6mioTexoro
Eazfuscator.NET — na 1.15.

3 iHmoro OOKy, SKIIO MOPIBHIOBATH
JIOBXHHY KOAYy, TO B IbOMY BHIAJIKy
Eazfuscator.NET He noTtpebye HisIKUX MOJAH-
¢ikamiii Koay Jis 3aCTOCYBAaHHS, TOMY B
IIbOMY BUMAJKY I 0i10iioTeka Kpaiia 3a BU-
kopucranHa TermWare.

BucHoBOK

Po3pobiieno Ta peanizoBaHO TUIariH
CUCTEMH NEPENHUCYBAIBHUX paBuII
TermWare miist po6otu 3 MmoBoto C#, 110 Jo-
3BOJISIE ONTHMI3yBaTH IPOrpaMH, HalMCcaHi
L[I€0 MOBOIO, B aTOMAaTH30BAaHOMY PEXKHMI y
HanpsMKy TOKpameHHs iX mBuakoaii. IIpo-
BEIEHO  TMOPIBHSAHHA 3  (QpelMBOpPKOM
Eazfuscator.NET Ha BizomMoMy akageMiuHOMY
MpHUKIaal KIITHUHHOTO aBTomara «['pa xut-
TS.
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