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3ACIb CTATHYHOI'O AHAJII3Y .NET ITPOI'PAM 3A
JAOITIOMOI'OIO HEPEITMCYBAJIBHUX ITPABUJI

TA MaMedoe a[0000—0003—3029—5834], A}O ﬂopoweHKO b[0000—0002-8435-1451]) P C Ileuenko ¢ [0000-0002-1554-2019]

“IacruryT nporpamuux cucreM HAH VYkpainu, 03187, m. Kuis-187, npocniexkt Axanemika [iymikosa, 40.
°Harionansauii Texniunmii yuisepenrer Yipainn "KIII imeni Iropst Cikopcbkoro"
TIIT «Pycnan 1lleBueHKO».

Po3pobiieno nporpaMuuii 3aci0, sikuii BusBige B CH-nporpamax npodiaeMu pecypcoCIoKHBaHHS 3 MOy poOoTH 3 (daiinamu 3a
JOTIOMOTOI0 TIepeNuCyBalbHUX MpaBui. JIs 1mboro BHKOpHCTaHa cucTeMa TermWare, siKy MOXHA Jerko BOyIOBYBaTH B Ti
NpOrpamMHi CHCTeMH, siki mobyzxosani Ha JVM. [lnst Toro, mo6 mpamtoBatu 3 C#-nporpamamu, OyB peati3oBaHHMil cliemianbHHIL
mwiarin 1o TermWare, sikuii nepekiajae nporpamu Ha MoBy TepMmiB. Llel narin BukopucroBye kommuisitop Roslyn, sikuii no3Bosse
3HAXOAUTH CHHTAKCHYHI IIOMIJIKH B IpOrpaMax i J03BOJISIE 30CEpPEeAUTHCS Ha OCHOBHIH 3amadi — reHepanii TepMiB 3 BHXiJHOTO
koxy. Takok ommcaHmil npakTHYHHH Jomatok cucremMu TermWare — CTaTHYHUN aHai3aToOp, SIKMI 3HAXOOUTH NPOOJIEMHU
BIIKPUTHX-3aKPUTUX (aiiiB.

Kio4oBi cioBa: aHaIIi3 pecypCcoCHOKHBaHH, TeHEPaToOp TEPMiB, IpaBHIIa epenucyBaHHs, TermWare.

PaspaboTano mporpamMMHOe CpeIcTBO, KOTOpBIH Haxomut B C#-mporpaMmax HpOOJIeMBI PecypcornoTpeOiIeHHsT 3 TOYKH 3pEHHUS
paboThI ¢ (aiiiaMu ¢ TOMOIIBIO TTePENHCHIBAIOIMX IpaBuil. {1 3Toro Obuia ucnoib3oBaHa cucteMa TermWare, KOTOPBII MOKHO
JIeTKO BCTpaWBaTh B IIPOrPaMMHEIE CPEACTBA, KOTOpsle padoraoT Ha JVM. Jlnsg Toro, uroOsl padorath ¢ C#-mporpaMmaMu ObLI
pEaM30BaHHBIA CIeNUANbHBINH IuaruH Juisi TermWare, KOTOpPBI INEpPEeBOAUT NPOTrpaMMbl Ha S3BIK TEPMOB. ODTOT IUIArHH
HCTIONB3YyeT KOMIHIATOp Roslyn, KOTOpHIi MO3BONSAET HAXOAUTh CHHTAKCHUECKHE OIIMOKU B IPOrpaMMax H COCPEJOTOUHTHCS Ha
OCHOBHOH 3ajaue — reHepalud TePMOB C HCXOMHOTO Koja. Taioke ommcaHO NpakTHYecKoe HMpHIokKeHHe cucTeMbl TermWare —
CTAaTUYECKUH aHAIN3aTOP, KOTOPBI HAXOIHUT IPOOIEMBI OTKPHITHIX-3aKPBITEIX (aiiIoB.

KiroueBble ciioBa: aHaIN3 pecypconoTpebieHus, reHepaTop TepMOB, paBrIIa nepenuceiBanus, TermWare.

A software tool that finds problems of resource consumption in case of work with files using rewriting rules was implemented.
To reach the goal, the TermWare system, which could be embedded into those systems running on JVM, was used. TermWare
system is a term processing system that provides a language for describing rewriting rules that operate on a data structure called
term and a rules interpreter for transforming terms. In order to work with C#-programs, the special plugin for TermWare, which
helps to generate appropriate terms from source code, was developed. Roslyn compiler was embedded in the plugin to make an
analysis of the program. Roslyn provides definitive syntax and sematic code analysis API for C# and Visual Basic programming
languages. Those, Roslyn allows users to find syntax errors in programs and focus on the primary task of generating terms from
source code during the development of the plugin. Other methods and basic approaches to solving a problem of resource
consumption were found, such as runtime inspection, and the advantages and disadvantages of those ways were described. The
description of the problem includes the reasons for those issues being appeared and the states of the program that needs to be
generated and analyzed were illustrated with the examples with syntax constructions of the C# language. Also, a practical
application based on the TermWare system — a static analyzer that finds problems of open-close files, was implemented. The
example of rules to find the problem of open-close files in the C#-program was illustrated in the article.Key words: analysis of
resource consumption, terms generator, rewriting rules, TermWare.

Beryn

Bararo mporpamHux 3a0e3nedyeHb Miciast PO3POOKHM IMPOXOIATH €Tall ONTHMI3allil Ta aHaji3y 3 MOIISY
wBHAKOIT Ta 1H. JJ1s 1IbOTO PO3POOHUKH HaluacTilie BUKOPUCTOBYIOThH BIACHUI JIOCBIJ] Ta py4HHid crioci0. Ale icHye
OaraTo cuCTeM IUIA ONTHMI3alii Ta aHaNi3y MporpaMm, sKi MOXKYTh BHSBHTH IPOOJIEMHI YaCTHHH MOYAaTKOBOTO KOIY.
YacTo BoHM BOYZOBaHI B IHTETpOBaHE cepepOBHIIE PO3pOoOKH, aie i € pi3Hi aHaNli3aTOpH, SKi NPALOIOTh SIK HaA0yI0Ba.
Cepen takux HamOymoB € taki: JavaChecker Big xommanii GradSoft, ska € crarmunuMm aHamizatopoM Uit Java-
mporpam, abo Resharper Bix xommanii JetBrains, sika Moske mpamoBaTé SK iHTETpOBaHE MpOrpaMHe 3a0e3NeUeHHS Hall
cepenosumamu Visual Studio Ta Rider, siki npusnadeHi 1yt po3podku C#-niporpam.

B poGori onucana ogHa 3 MOXJIMBUX BUKOPHCTaHb MEPENHCYBAJIBHUX TPABHUJ VISl aHANI3y [MOYaTKOBOI'O KOIY
[porpaMHoro 3abe3rnedyeHHs. 3a3BU4aii, MepernucyBalbHi MPpaBuiia MPEICTaBIAIOTh 00 €KTH K ajreOpaidHi TepMH Ta
BHUKOPHCTOBYIOTH TpaHC(OpMamlil0 IUX TEPMiB 3a JONOMOror HaOOpiB NMpaBWJ Ta IOCITIJOBHICTIO iX BHKOHAHHS.
[lepenucyBanbHi MpaBuiia € TEXHOJIOTIEIO, SKa BXKE MIATBEPJMIA CBOI IPAKTUYHICTh, Ta BHUKOPUCTOBYETHCS LIS
BHUpILICHHsI pi3HOMaHITHUX 32124 [1]. OfHUM 3 apryMeHTIB [I0/I0 aKTyalbHOCTI CTpaTeril epernucyBaHHs € iICHYBaHHs
TIOBHOLIIHHUX CEPEIOBHIL POrpaMyBaHH:, SKi BAKOPHCTOBYIOTH 1ieii MeTol. Cepesl TAKUX CepeloBHUIL NPOrpaMyBaHHS
MOXHa Ha3Bath Maude [2].

B po6oti BUKOpHCTOBYBaach cUcTeMa nepenucyBanbHux npasui TermWare [3], sika 103BOJISIE KOPUCTYBAdy
BOyIOBYBaTH CHCTEMY B CBOIO IporpamMy, sK 0i0NiOTeKy, Ta BHKOPHUCTOBYBATH ii Il TeHepamii Ta MaHIMyJSIii
TEpMaMH 3a JIOTIOMOTOI0 OIlepaliil HaJ JepeBOBHIHMMHU CTpyKTypamu mnporpamu. Cama cucrema HampcaHa
SK PO3IIMpEHHs Juis Java, ajie BOHA MOXE BHKOPHUCTOBYBATHCh 1 JJISl 1HIIMX MOB nporpamyBaHHsA. OCKUIBKH Ha
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MOBi Java BXe ICHYIOTH JOCHTh 0arato CHCTEM, 3 SKHMH NPOTPaMH MOXYTh B3a€EMOIISTH, B poOOTi TOJOBHA
HOBU3HAa — II¢ BHKOpUCTaHHS TermWare Ha mporpamax, po3poOiieHux Ha MoBi C# i aHamizy BUXIIHOTO
IpOrpaMHOro Koay. TakuMm YMHOM po3po0JieHHH MPOAYKT MOXKe OyTH BUKOPHCTAaHHUN JUIsl BEJIMKOI KUIBKOCTI CHCTEM
Ha PUHKY Ipari.

Axmyanvuicms poOOTH apryMEHTYEThCS HACTYIIHAM YWHOM: TO-TIepIie, sk OyJo 3rajaHo paHille, TexHiKa
MepeNHCYBANIBHUX NpaBWI € Jayxe nomynspHoro. [lo-apyre, Bepudikauwis Ta aHajmi3 mnporpam 3 MOINSAY
PeCypCOCIOKUBaHHSI 11030aBUTh PO3POOHHUKIB Bijl MOTPEOU JOJATKOBOI MEPEBIPKH KOMAY, HOKPAIIUTH SKICTh, 4 TAKOX
3armo0KUTh MaOYTHIM TOMHIIKaM B poOoTi mporpaMHoro 3abesnedeHHs. [lo-Tpete, mpobiaeMa BiIKPUTHX-3aKPUTHX
¢aiiniB € HoBOIO 151 C#-mporpaM, TOMy IO HaBiTh OJUH 3 HaWOUIbII BUKOPHCTOBYBaHMX aonarkiB (Resharper [4])
ITHOPYE Taki MOMWJIKY Y BUX1THOMY KOJIi.

Mema pobotm — me po3poOka anamizatopa C#-mporpam, ska BHpIIIye Tak 3BaHy MPoOOJEMY BiIKPHUTHX-
3aKpUTUX (aiiiliB 3a IOMOMOTOI0 IIEPENHICYBAIbHUX IIPABHIL.

3aodaui na poboTy TaKi:

- JOCIITUTH MOJIUBICTH Ta criocid Bukopucranus TermWare mist mosu C#;

- po3pobutH iHTeprperarop, sikuii 6u TermWare Mir BUKOpUCTOBYBATH s niepeBesieHHs 3 CH-nporpamu Ha
MOBY TEpPMIiB;

- PpO3pOoOHTH CTOPOHHIN NOJATOK, SIKWH OW aHaji3yBaB MOBY TE€PMIB Ta 3HaXOIMB OW HpoOJieMy BiAKPUTHX/
3aKpUTHX (ailiB.

Martepian poOOTH OpraHi3OBaHMI HACTYITHUM YHHOM: B IEPIIOMY pPO3IUTi ommcaHa cuctema TermWare Ta
MIPUHIMN pOOOTH 3 HEIO; B JPYrOMY PO3JIiIi OITMCcaHa peanizalis iHnTepupuraTopa MoBu C# Ha MOBY TEpMiB; B TPETHOMY
PO3IiTI ONMHUCAHWN HPUHIMII POOOTH aHaIi3aTopa Ta BHPIIICHHS MPOOJIEMU BIIKPHUTHX/3aKpPUTHX (haiimiB; OCTaHHIN
pO3aia po3KpruBae MaOyTHI IDTAHU Ta MOJJIMBI HACTYITHI KPOKH.

Onuc cucremun TermWare

Jus aranizy C#-mporpamMu BUKOPHUCTOBYETHCSI CHCTEMA TepenrcyBanbHuX npasmi TermWare. TermWare — 11e
CHCTEMa CHMBOJIEHHX OOYHCIICHb JJIsl PO3POOKH IMHAMIYHHX JIOATKIB HA OCHOBI MMPaBHJI MEPENUCYBaHHS, KA MPALIOe
3 anreOporo TEPMIB, sIKa CKIAAAEThCs 3 BUpasiB BUAY f(Ty - fit).

TermWare nyxe 3py4yHa cuCTeMa MepenrcyBaHHs, OCKLIbKU 11 MOXKHA BOY/IOBYBaTH B iHIII Java mporpamu 3a
noromororo TermWare API.

OcHOBHI 00J1acTi 32aCTOCYBaHHS 1aHOI CHCTEMH — Lie:

- 1o0ynoBa npo0IeMHO-OPIEHTOBAHUX MOB HAJBHCOKOTO PiBHS,

- CHCTEMH KOMII I0TepHO] airedpw;

— aHawi3 i mepeTBOpeHHs POpPMaIbHAX MOJEIEH Pi3HOTO POLY;

- mporpamHa imkeHepis [3].

Jns 3aBmaHHA TIepeTBOpEHb BHKOPUCTOBYIOTBCS NpaBmia Termware, TOOTO KOHCTPYKIII BHIYy source
[condition] -> destination [action]. Tyt source — BHUXiEHHUH TepM (3pa3oK [UIA MOWIYKY), condition — yMoBa
3aCTOCYBaHHS NpaBWIia, destination — MEPETBOPEHUH TEPM, action — NOAATKOBE Jis NPH CHpalbOBYBaHHI IpaBHIIA.
KosxeH 3 4 KOMITOHEHTIB TpaBUIia MOXKE MIiCTUTH 3MiHHI (SIKi 3anMCYOThCs y BUrisai $ var), mo 3abesnedye ciinbHICTh
npaswi. KomnonenTu condition i action € HeoOO0B's13k0BUMH. BOHU MOKYTh BUKOHYBATH JIOBUILHUH MPOLEYPHUIT KO/,
30KpeMa BUKOPUCTOBYBATH JOJAaTKOBI JaHi Ipo mporpamy [5].

Onuc reneparopa tepmis ais C#-nporpam

s pobotu 3 TermWare OyB po3poOsieHuii reHepaTop TepmiB s C#-mporpam, onucanuit B poborti [5]. AJe
po3poOka 3 Tiei poOOTH HE € ifeaqbHOI0, TOMY IO B Hiif BUKOPHCTOBYBAJHCS CTOPOHHI 3aco0M AJsi poboTH 3
kommitsTopoM Roslyn, sikuii po3poGuiennii komnaniero Microsoft, Ta BHKOPHCTOBY€ETHCS TIOBCIOTHO.

I mpoGiema OyJia BUpIIIeHA B 111 Bepcii rerneparopa Tepmis. [To-miepiie, BCi cTOpoHHI 3aco0u sik proxygen [6],
javonet [7] Ta inHmi Oynu 3amiHeHI Ha MexaHi3M cepiarizauii Ta Aecepuaiizauii. SIKIO rOBOPUTH OLIBLI AETANBHO, TO
mpoOiieMa BHKOPHCTaHHS CTOPOHHIX 3aco0iB moiArasa B CKIAOHOCTI po3poOku mporpamu 3 APl sxi Oymn
NPE/ICTaBICHI U1l KOPUCTYBaHHsS, 1 BHACIIJOK — HE3PYYHHUI Croci0 BHKOPHCTaHHS CaMoOro reHeparopa TepMiB. A
TeXHIYHa mpolbiiema mossirana B Tomy, mo Roslyn 3amyckaerscst Ha CLR, a TermWare — Ha JVM. Tomy pe3ynbTar
napcepy, SKui Mir 6u OyTH BUKOPHUCTaHUM [UIS TIEPEBiPKH MPABHIBHOCTI CHHTAKCUCY, a TAKOXK CHHTAKCHYHE ICPEBO,
pasinre OyJIu OTpHMaHi 3a JIOTIOMOTOI0 CTOPOHHIX MPOrpaMm.

OHOBjICHA BepCis MPAIfOE 3a IOMOMOTOI0 cepHaiisarlii/mecepuainizamii. Ajie MexaHI3M Mepefdavae JInIie
CHHTaKCHYHHUI aHaii3 32 JoroMoror Roslyn Ta oTpuMaHHS pe3ynbTaTiB: MPaBHIBHUNA UM HENIPABHIBHUHA CHHTAKCHC B
rporpami, sika Oysa nogaHa Ha BXiJx. CTpyKTYpHO BUXIIHUH (aiii, SIKUH HOTIM Aeceprai3yeTbes B Java BUIIISAAE TakK:
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"Errors": [
"(1,23): error CS1733: Expected expression”,
"(1,23): error CS1002: ; expected"
]
}

Skmo roBoputH Oinbll AetanbHO, TO 00’ekT kommiasitopa CompilationUnitSyntax mae BaIMBe MO
Diagnostic, 3a OTIOMOTOI0 SKOTO MO>KHA J1I3HATHCH BCI CHHTAKCHYHI TIPOOIEMH KOITY.
[Ticnst Toro six 3a momomororo Roslyn [8] mporpama BukoHana cuHTakcn4HuWil aHaii3, JSON-¢aiin 3 pesynpraramu
JecepianizyeTbes B cepenoBuiini JVM 1 nam nmoyrMHAETHCS MPOIEC MOOYI0BH aOCTPAKTHOIO CHHTAKCHYHOI'O JIepeBa Ta
TeHepPYBaHHS TEPMiB.

Ha pucyHky moxaszana rmpu0ir3Ha Ta ClpolleHa CTPYKTypa I1epepoOIeHoro reHepaTopa TEpMiB.

| m )

TenﬂWalﬁJ
ginterfaces sinterfaces = ParseResult
i haesey + Errors: List<string>
A

Plugi J
| Gk CSharpParser

- _owner : CSharpParserFactory

- _syntaxElement : CompilationUnit Y
- _eof : boolean

- _syntaxTree : CSharpSyntaxTree

CSharpSyntaxTree CSharpSyntaxNode

r

+ readTerm(): Term CSharpSyntaxTrivia CSharpSyntaxToken
+ eof{): boolean —
- parseArgs(args: Term) - void
- ctor(}
= CSharpParserFactory

+ createParser{reader:Reader, 5:5tring, term:Term, termWarelnstance:TermWarelnstance)

Pucynok. CrpolieHa aiarpama reHeparopa TepMmiB

Temep MoXHa TTOJUBUTHCH OTUH 3 MPUKIALIB TepeBeneHHsS CH#-porpamMu B MOBY TepMiB. JlOIMyCTHMO, IO €
HaCTYIHUN KJIac:

using System;

namespace Program {
public class A
{
string Method()
{
return “Hello World!”;
H
§
}

Horo inTepnperaltisi y BUTJISIII TEPMAILHOTO JiepeBa 3po0iieHa HACTYITHUM YHHOM:

CompilationUnit(
UsingDeclaration(Name(cons(Identifier(“System”), NIL))),
TypeDeclaration(Modifiers(1, NIL),

ClassOrlInterfaceDeclaration(class, Identifier(“A”), NIL, DerivesList(NIL),
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ClassOrInterfaceBody(cons(
cons(ClassOrlInterfaceBodyDeclaration(
Modifiers(0),
MethodDeclaration(NIL,
String,
MethodDeclarator(Identifier(“M”), FormalParameters(NIL)), NIL,
Block(cons(ReturnStatement(StringLiteral(“Hello World”)), NIL)))), NIL)

M)

OmHUM 3 HEJOJIKIB, SIKi ITOB’sA3aHi 3 PO3pOOIECHIM TeHEPATOPOM TEPMIB, ajie I He BUIMIPABJICHUX B I Bepcii —
e maTpuMKa BepciifHocTi moBu. Ha manumit MomeHT, meil remeparop tepmiB miarpumye C# 1-5 Bepcii. Tomy B
MaiOyTHIX poboTax reHeparop Oyzae JAOpOOJICHUI TaKUM YMHOM, 11100 BOHA MiITPUMYBaja BCl Bepcii MOBH, BKIIFOYHO
OCTaHHIO, SIKa BUHIIIA HEIOIABHO.

e ogaMM TIOKpaIeHHsIM, siKa Oy1e B HACTYITHIM Bepcii — e nepexin mo cucremMu TermWare-3.

Omnuc aHajgizaTopa pecypcocno:KHBaHHSA Mporpam

OmHHIM 3 MOXJIMBHX CHOCOOIB BUPIMICHHS MPOOJIEMH pEeCypCOCTIOKHMBAHHS € BUKOPUCTAHHS HEPENICyBabHIX
mpaBui. TermWare Mae MOKJIMBICTh TEHEPYBATH HE JIMIIE TePMajbHi aOCTPaKTHI CHHTAKCHYHI JepeBa, a il MOKIMBICTh
OyZyBaTH TaK 3BaHI MOJCIBHI TEPMH — 1€ 10 KOXHOIO €JIeMEHTa CHHTAKCHYHOTO JepeBa J00aBICHHUN IE OIUH
€JIEMEHT, SIKMA Ha3UBA€ThCsS KOHTEKCT. BTl JeTanpHUi OmMc MOZEIBHUX TEpMiB HaBeldeHWil B poOoTi [9], skuii i
B3SITUH B OCHOBY IIi€1 pOOOTH.

€ OaraTto iHIMX CHOCOOIB aHAN3yBaTH MPOOJIEMH B KO, 30KpeMa MPOoOJIEMy PECYpPCOCIIOKHUBAHHS TPOTPaM.
Hanpuknan, oqauM 3 HalWBIZOMINIMX NPHKIAAiB aHaii3y koxy € Resharper. st ananmizy ciaOKux CTOpPiH BHUXIZHOTO
kony Resharper BukopucroBye crarmuHui aHaimi3. llepermucyBaibHI NpaBmila MOXYTh JaTH Oilblle, OCKLIBKH
KOPHCTYBa4d MO>Ke 3pOOHTH TOIaTKOBHHA aHAJI3 TEpMY.

IIle omamM minycom Resharper B KOHTEKCTiI JaHOI poOOTH € Te, MO NaHWH KOHKYPEHT HE Ma€ BUPIIICHHS
MPOOJIEMH BiIKPUTHX-3aKpUTHX (ailiiB. Ane 3BicHO, mo ¢yHKIioHan Resharper moku mo mepeBaxae pe3ynbTaT Ii€i
ctarti. Lle 1 momepemkeHHs B MiCIISX, 1€ BUXITHUX KOJ MOKHA ONTHUMI3yBaTH 3 Pi3HHUX OOKIB, 1 aHAJTI3 CTHIIIO KOAY Ta
iH. AJe, 3a1a4ero € O1ThII TIIMOOKUH aHalli3 IPOTPaMH 3 OTJISAY CaMe PeCypPCOCTIOKHBAHHS.

[HmmM ciocobom ananizy C#-mporpam € mepeBipka Ii yac BHKOHAHHS mporpamu (runtime inspection). Taxy
MOJJIMBICTh BHKOPHCTaHHsS MMOKa3HUKIB mae Visual Studio, moumHaroum 3 ocranHiXx Bepcii. lle MoxnuBicTh
MOJIUBUTHUCh HAa BUKOpHUCTaHHS mporpamoro CPU abo 6e3mocepanbo mam’sti 3a pomomororo Diagnostic Tools [10].
MinycoM ILOTO CHOCO0Y € MOXKIIMBICTH TAaKOTO aHaJi3y JIMINE B erami 3amycky nporpamu B Visual Studio, Takox
BEJIMKI BUTPATH 3 MOTIISAY 4acy UL TOTO, 00 po3po0HMK CIEpIly aHalli3yBaB JaHi, sIKi BIH OTpPHMaB 3a JIOIIOMOTOI0
LBOTO IHCTPYMEHTApilo, a TOTIM 1 JIOKaNi3yBaB MicIe, e Ls IpoOiieMa BHHMKAE. TakoXX OAHMUM 3 MIiHYCIB Takoro
MIXOMy € HEOOXITHICTh TECTYBaHHS BCIX MOMIIMBHX CHUTYAIlilf, B IKUX IPOOJIEeMa BUTOKY PECYpCiB MOXKE BUHUKHYTH.
Cepen mociB mpOTO croco0y B MOPIBHSAHHI 3 PE3yIBTATOM IIi€i CTATTi € Te, Mo e OUTPII yHiBepcalbHHUH crocih
3HAXOKEHHS IPOOJIEMH PECyPCOCIIOKUBAHHS.

B po6oti Oyne HaBemeHa UTIOCTpAIlisl MiAX0My IMIOAO BHPIMIEHHS MPOOJIEMH BUTOKY pecypciB. 3a3BHuaii, BUTOK
pecypciB BinOyBaeThCs, KOMM Iporpama Oepe pecypcd B OIEpaliifHii CHCTeMi 9M ITOCTOPOHHBOMY IIPOTPAMHOMY
3abe3neuenHi. B C#-mporpamax Taki Kjacw, SKi MOTPIOHO «3aKpUBaTW» MEpea THM, SK METOJ 3aKiHYUTh CBOE
BUKOHAHHS, MOJKHA 11eHTH(]DiIKYBaTH 3a JOMOMOTO0 iHTEep(EHCIB, SKi BOHH PEali30BYIOTh.

Hampuxnan:

— IDisposable — 3abe3nedye MexaHi3M 3BUIPHCHHS HEKEPOBAaHHX pecypciB (Taki kiacu, sk FileStream,
MemoryStream Ta iH. peanizoByIOTh came 1eH iHTepdeiic);

- [DataReader — 3a0e3neuye 3acid CUUTYBaHHS OJHOTO 200 Oe3Jid MOTOKIB, MPU3HAYEHUX JIMIIE JJIS MIPIMOi
nepenavi HaOOpiB pe3ynbTariB, OTPUMAHUX BHKOHAHHSAM KOMaHAM Yy JDKEpeni JaHuX (SCKPaBUM IPHKIIAIOM
BHKOPHCTAHHA IBOTO iHTEepdeiicy € kinace SqlDataReader, skwii BUKOPUCTOBYETHCS TSI OTPUMaHHS pe3ynbraTiBe SQL-
3aIMuUTYy 1 MicTs HOTO BUKOPHUCTaHHA 0c0o0IIBO BaknBuM € MeTo Close()).

Jnst ananmizy Takux JaHWX, MOTPIOHO /I KOKHOI MOBHOI KOHCTPYKIii reHepyBaTH MHOXXHHY CTaHiB, SIKy H
aHaiizarop Oyzae oopoOssiTh. [lyist bOro € AeKijabKa CTaHiB 00poOKH:

- Opened(expression, location) — BuzHadae wicue (location) ta B C#-mporpami 3MmiHHa abo apryMeHT
(expression), ne TOTEHIIITHO MOXKIIUBHHA BUTIK pecypciB. [Ipu ripoMy 1ieil cran Oyae TpaKTyBaTHCA, SIK 1€ HE 3aKPUTHIH;

— Cons(s/, s2) — mo3Havae Te, M0 OAWH CTaH BUHHUKAE MICIIS IPYTOTO CTaHY;

- Return(s) — UMM CHMBOJIOM IO3HAYa€THCS CTaH, NPU SKOMY IpOTrpaMHe 3a0e3NeueHHsl 3aKiHYMIO CBOE
BHUKOHAHHS;

- Cond(v, s) — 03Hauae, MO SKIIO BUKOHYETHCS YMOBA V, TO TIPOTrpaMa MOXKIIBO Oyze B CTaHi S;
- sl || s2 — o3HaYae, MO0 MOXKIIMBE OJHE 3 JABYX CTaHIB, aJIe TOYHO HEBIJIOMO, SIKE CaMme 3 HUX;

- sl && s2 — o3Hauae, 1o nporpamMa B crani s/ ado s2 [9].

160



[Iporpama BBa)aeThCsi KOPEKTHOIO, TOOTO aHAI3aTOp HE 3HAMIIOB BUTOK pecypciB, SKIIO (iHAIBHUN CTaH HE
mictuth Opened().

HactynHauii ko1 HaNmMCaHWU SIK TPUKJIA]l ¥ BUBOJUTH 3MICT TEKCTOBOTO (hailily Ha eKpaH KOHCOJBHOI'O TOJIATKY:

public void OutputFileContents(string path)

{

if (string.IsNullOrEmpty(path))

{
throw new ArgumentNullException(nameof(path));

}

if (File.Exists(path))

{
Console.WriteLine($"File does not exist in the current path: {path}");
return;

b

try

{
var fs = File.OpenRead(path);
StreamReader reader = new StreamReader(fs);
string fileContents = reader.ReadToEnd();
Console.WriteLine(fileContents);
fs.Dispose();

}

catch (Exception ex)

{
Console.WriteLine($"The program thrown an exception: {ex.Message}");
return;

}

}

HaBenenuit mpukian € HEKOPEKTHUM 3 MOIVISIAY PECypCOCHOXHMBaHHA, TOMY IO MPU MOMHIII (BHKHIAHHS
«BHHATKY» Ha eTami uuTtaHHs 3 ¢aitny B FileStream abo StreamReader), FileStream abo StreamReader He OynyTh
3aKpHTi, 0 MOXKE MPHU3BECTH 10 HEOUiKyBaHMX HaciinkiB. ToOTO cepen BCiX BHpa3iB HalBasKJIMBIIIY poJib B aHalli3i
BUTOKIB I1aM’SITi IPalOTh CTBOPEHHS HOBUX 00 €KTIB Ta BU30BU METO/IB.

[Ipu cTBOpeHHI HOBHX O0’€KTIB HE MOYKHA CTOBIJICOTKOBO TOBOPHTH IIPO NPOOJIEeMH BUTOKY IaM’sTi HaBiTh
SIKIIIO CTBOPEHHUU 00’ €KT peainizyioTh iHTepdeiicu IDisposible abo IDataReader, ockinbku B C# € KOHCTPYKIIii TaKOTO
THITY:

using(var fs = new FileStream(path))

{

// expression body

}

Taki Bupasu piBHOLIHHI BUpasy try, catch, finally, ne B ocranapomy Guronti BukinkaeTbest Dispose() Meron. Came
TOMY IIelf BUpa3 MOMIIMBO BUKOPHUCTATH TiILKU Y TOMY BHIIAJIKY, KOJH CTBOPIOBaHHUHU Kiac peanizoBye IDisposable.
Temep po3ristHEMO TIpaBriIa 0OPOOKH BUpa3y y THX BUIIAIKAX, KON CTBOPIOETHCS 00’ €KT Ha MOBi C#:

CheckExpression($var,
AllocationExpressionModel(TypeRef($tname,$type),Sarguments,$ctx),$state)
[

Sctx.subtypeOrSame(Stype,
Sctx.resolveFullClassName("System.[Disposable") &&
1($type.getAttribute(" NotDisposable)==true)) ||

Sctx.subtypeOrSame($type,
Sctx.resolveFullClassName("System.System.Data.IDataReader")) &&

1($type.getAttribute(" NotDisposable'™)==true)

]-> CheckAllocationNotProxy(8var,8type,Sarguments,$ctx,3state)

1-> CheckExpressions($arguments,$state),
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CheckAllocationNotProxy(8var,$type,Sarguments,$ctx,$state)
-=>((
1($type.getAttribute( "DisposableProxy")==true) ||
apply(openclose::Disposable Arguments, apply(NormalizeExpressions,$arguments))
)
? cons(OPENED($var,$ctx.getFileAndLine()),$state)
: CheckExpressions($var,$arguments,$state)

s moyarky auBMMoch Ha yMOBY subTypeOrSame, sIKWii TiepeBipsie, M € NaHWK Kiac, SKMH CTBOPIOETHCS,
ycraakoBye Bix iHTepdeticiB IDisposable abo IDataReader. ITicns Toro, SKIo yMOBH BHKOHYIOTBCS, ilie ITEpeBipKa
Ha CheckAllocationNotProxy, a BiH y CBOIO 4epry IepeBipsie, Yd BCTAHOBJICHMH 30BHINIHIA artpuOyTt. Ko
30BHIIIHIN aTpuOyT HE BCTAHOBICHUM, TO BiH noxae craH OPENED, B iHIIOMY BHUITaJKy WJe MepeBipKa apryMeHTIiB
KOHCTPYKTOpa.

BucHoBok

OTmxe, moKpalieHui miarin cuctemu TermWare sl mepekyiafanHs nmporpamu, HamucaHoi Moo C# Ha MOBY
TepMiB. Y poOOTI TaK0K KOPOTKO OIKcaHa cama cucrema TermWare i mpuHImIH 11 poOoTH.

CTBOpEHO aHali3aTop, SKWi J03BOJSE BUSBUTH MpPOOJIEMY BiIKPUTHX/3aKpUTUX (aiiliB B peasizoBaHii
mporpami 3a JOTIOMOTOIO IEePENrCyBaJbHUX TpaBwil. Takok Oyny HaBe[eHI iHIII crmocoOW s peamizamii Takoro
aHaJizaTopa Ta iX Kpamli CTOpOHHU Ta HEIOJIKH.

Takox € 6araTo izel om0 pO3BUTKY I[LOTO HANPSAMKY B KOHTEKCTi MOBH C# 1 HaBiTh mardopmu NET. Oganm
3 Takux ifiedl € HanucaHHsi TpaHcuaropa 3 MoBu C# Ha TLA+, skuii Moxke npoBepudikyBaTH Mporpamy Ha MpeaMer
CIIOKMBAHHS pecypciB. [HIIMM MIaHOM, SIKMH NMPUBAOIIIOE CBOEIO YHIBEPCAIBHICTIO — 1€ aHAi3 He KOHKPETHOI MOBH
nporpamyBanHss, a CLR B 1iniomy. 3BiCHO, TAKHM YMHOM BCi MOBH, siki 00’enHani Ha ardopmi .NET, MoxyTh OyTH
NpOaHaJi30BaHi i ONTHMI30BaHi 3 TOYKH MOTJISIAY PECYPCOCIIOKUBAHHS.
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