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BesonacHoe U HageXXHoe NporpamMmmMmHoe o6ecneuveHue

Lenbto faHHOM 6poLutopbl ABASETCA NPOAEMOHCTPUPOBATL, Kak MU3yyeHne s3bika AJa B LiesIoM
N BO3MOXHOCTEN, BBefeHHbIX B pedakuuax Aga 2005, Aga 2012, B 4acTHOCTW, MOMOXeT
Bam pa3spabatbiBaTb 6e30MacHoe W HajexHoe MporpamMmHoe obecreyeHne Hes3aBUCUMO OT
BblbpaHHOro Bamu fi3bika peanunsaumu.
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CHAPTER
ONE

BCTYNNEHWE

Lenbto faHHOM 6poLUtopbl ABASETCA NPOAEMOHCTPUPOBATL, Kak MU3yyeHure s3bika AZa B LieIoM
N BO3MOXHOCTEN, BBeAeHHbIX B pegakumax Aga 2005, Aga 2012, B 4acCTHOCTW, MOMOXET
Bam pa3spabatbiBaTh 6e30macHoe 1 HajexHoe NporpamMmHoe obecrneyeHne Hes3aBUCUMO OT
BblOpaHHOro s3blka peanmsauun. B KOHLe KOHLOB, ycCnelluHble peanusaumy Takoro copra
NpPOrpaMMHOro obecrneyveHns NULLYTCS B Ayxe Afbl Ha Nto6oM A3bike! Cnacnbo JXKOoHY, MOCTOSTHHO
LEMOHCTPUPYHOLLIEMY 3TO B CBOMX CTaTbAX, KHUTaxX 1 JaHHOW bpoLutope.

AdaCore nocdllaeT 3Ty 6powuopy namsaTn gokTopa Jean Ichbiah (1940-2007) — rnaBHOMY
apxuTekTopy nepBOV pejakumn s3bika Afa, 3anoXuslUeMy HaAeXHbI ¢yHAAMEeHT BCex
nocnesyroLnx pejakumii a3bika.

®PpaHko lacnepoHu
lnaBHbIN VicnonHuTenbHbi AupekTop, AdaCore

Mapwx, AHBapb 2013
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CHAPTER
TWO

NMPEANCNOBWE

Mepes Bamu HOBas pejakuunsa bpolutopbl «besonacHoe M HajexHoe MpPOorpaMMUpPOBaHHOE
obecneyeHve». OHa BKJOYAET OMMCaHWE HOBbLIX BO3MOXHOCTEN fA3blka ANS MOAAEPXKKM
KOHTPaKTHOro MporpamMmupoBaHus. JaHHble HOBLUECTBa 6blIM BBeAEeHbl B PeBM3MI0 A3blKa
Aga 2012. OHW NpeACTaBAAIOT OCOObLIM MHTepec B 06/1acTAX, r4e CyLw,ecTBYHOT MOBbILLEHHble
TpeboBaHMA kK 6e30MacHOCTM N HAAEXHOCTW MPOrpaMMHOro obecrneyeHuns, 0CO6EeHHO KOrja peyb
3ax04ANT O cepTudUKaLUM NPOrpamMm.

S oueHb 6narogapeH beHy Bpacrony (Ben Brosgol) ns AdaCore 3a nomoLLb B NOArOTOBKE HOBOM
peAakumn 3Toil bpoLutopbl. beH He TONIbKO NOArOTOBWU YEPHOBUMK HOBbIX Pa3fesnoB, HO Takxe
NCNPaBW HEKOTOPbIe HesACHbIe, BBOASLLME B 3a01yXAEHWS, a TO M BOBCE HEKOPPEKTHbIE MOMEHThI
B opurnHane. K ToMy xe OH MOAroToBW BCEOOBEMTIOLMIA NHAEKC, KOTOPLIN, 1 yBEpPeH, OLeHAT
BCE YMTaTenu.

[>xoH bapHc.
Kasepwam. AHrna. Axeapb 2013

C MoMeHTa nybavkaumm npeabiayLiei peaakummy 31Ton 6powtopsl B 2013 rofy Npor3oLLI0 BaxHoe
cobbiTve: 6bin BbinyweH SPARK 2014, SPARK npepactaBnsieT coboi MOAMHOXECTBO s3blka AZa,
no3BoAngoLlee NPUMeHUTb MeToAbl GOpManbHOro aHanmMsa CBOWCTB MpOrpamMmbl, Hanpumep,
f0Ka3aTb OTCYCTBME OLINGOK B Koge. pun 3TOM OCTaeTcsi BO3MOXHOCTb coveTaTb GopManbHble
MeToAbl C TPAAULMOHHBLIMU MeToAaMn TecTupoBaHWsa rnporpamMm. CoOTBeTCTBYHOLLAA r/1aBa
«CepTudurkaums c nomorlbto SPARK» 6blna 3HauMTenbHO MNepepaboTaHa, 4YTO6bLI OTPasvUTb
n3meHeHus, BBefeHHble B SPARK 2014. Mbl Hageemcs, 4TO 3Ta O6HOBMEHHas rnasa
BOOJAYLUEBUT YMTaTeNnen NO3HaKOMUTLCA NOBAMXKe C 3TUM UHTEepPeCHEeNLM HOBbIM S3bIKOM ”
COOTBETCTBYHOLLMMU TEXHOJIOTUAMMN.
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CHAPTER
THREE

BE3OMACHbIA CUHTAKCUC

YacTo caM CUHTAKCUC OTHOCAT K CKYUHbIM TEXHUYECKUM AeTansimM. AprymMeHTVpyeTcst 3T0 Tak —
BaXHO YTO VIMEHHO Bbl CKaxxeTe. [1py 3TOM He Tak BaXHO KakK Bbl 3TO CKaXeTe. ITO KOHEUHO Xe
HeBepHO. SCHOCTb M OAHO3HAYHOCTb OYeHb BaXHbl MPU 1H060M O6LLEHNN B LUBUIM30BAHHOM
Mupe.

MNpoBoAA aHanormw, NporpamMmMa — 370 CPEACTBO KOMMYHMUKALMW MeXAy aBTOPOM 1 UMTaTeneMm,
byab TO KOMMOUASTOP, APYrOM 4YneH KOMaHAbl pa3paboTunKoB, OTBETCTBEHHbI 3@ KOHTPOJb
KayecTBa KoAa, nMbo nobol apyrori Yenosek. B camom gene, Befb UTeHMEe — 3TO TOXe CMocob
o6LLeHNA. SCHBIA N OAHO3HAYHbI CUHTAKCUC ByAeT 3HaYMUTeNIbHbIM MNOoACNOpPbEM B NOAOBHOM
06LLEHVN U, KaK Mbl yBeanMcs fanee, MO3BOANT n3bexaTb MHOMMX PacnpoCTpaHeHHbIX OLINGOK.

BaXHbIM CBOMNCTBOM XOPOLLO CPOEKTUPOBAHHOIO CUHTAKCKCA ABASIETCA BO3MOXHOCTb HaX0ANTb
OLWMBKM B MporpaMme, BbI3BaHHblEe TUMUYHBLIMK OMeyaTkaMu. 3TO MO3BOMUT BbISBUTE WX
B MOMEHT KOMMUASLMM BMECTO TOro, YTO6bl MOAYYMTb MPOrpamMmy C HernpegHaMepeHHbIM
CMbIC/IOM. XOTS TSXXEeNo NpejoTBPaTUTL TakMe onevaTtku, kKak X BMecTo Y 1 + BMecTo *, MHorue
oneyaTku, BAVSIOLLME Ha CTPYKTYPY MPOrpaMMbl MOTYT 6bITb NpeoTBpaLLeHbl. 3amMeTUM, 0AHAKOo,
YTO MONEe3HO M3beraTb KOPOTKUX NAEHTNHNKATOPOB Kak pa3 Mo 3Toi npuymHe. K npumepy, ecam
drnHaHcoBas NporpamMmma ornepupyeT KypcoM 1 BpeMeHeM, UCMob30BaTh B Hell MAEHTUGUKATOPbI
R 1 T upeBaTo oWM6KamMK, MOCKONbKY Nerko oWMbUTbLCA Npu Habope TekcTa, BeAb 3TN ByKBbl
HaxoAaTCs PSAOM Ha knaBmaType. B cnyyae xe ncnonb3oBaHusa naeHTndukaTtopos Rate n Time
BO3MOXHble orneyaTku Tate, Rime 6yayT nerko BbisiBfeHbl KOMMUASTOPOM.

3.1 NMpucBaBaHMe N NpoBepKa Ha PpaBEeHCTBO

OueBNAHO, YTO MPUCBAVBaHWE N MPOBEPKA Ha PABEHCTBO 3TO pasHble AencTBus. Ecnm Mmbl
BbIMOJIHSEM MPUCBAVBAHNE, Mbl M3MEHSIEM COCTOSIHME HEKOTOPOU MepemMeHHoli. B To Bpems
Kak CpaBHEHME Ha PaBEHCTBO MPOCTO MPOBEPSIET HEKOTOPOe yc/ioBMe. VI3MeHeHMe COCTOSHMS
1 NpoBepKa YC/I0BKS COBEPLUEHHO Pa3/INUHbIE OnepaLmn 1 0CO3HaBaTb 3TO BaXHO.

Bo MHOrX si3bIkax NPOrpamMMm1MpoOBaHKA 3anmnch 3TUX ornepaLii MoXeT BBECTU B 3abnyxaeHue.

Tak B Fortran-e co AHS ero NosBNeHUdA nuLleTcs:

X=X+1

Ho 370 BecbMa npuuyanmseas 3anuck. B matematmke X Hukorga He paseH X + 1. [JlaHHagqa
NHCTPYKUMA B Fortran-e o3HayaeT KOHEYHO Xe «3aMeHUTb Tekylllee 3HadYeHne nepeMeHHon X
CTapbIM 3Ha4eHVeM, yBe/IMYeHHbIM Ha eAuHuMLUy». HOo 3ayem 1cnosib30BaTb 3HaK pPaBeHCTBa
TakMM CMocoboM, ecin B TeYEeHWU CTONETUM OH MCMO/Bb30Bancsa A5 0603HaYeHUs CpaBHEeHNS?
(3Hak paBeHcTBa 6bI1 NpeaaoxeH B 1550 rogy aHrIMNCKMM MaTeMaTKoM PobepTom Pekopzaom.)
Co3zgaTtenu a3bika Algol 60 06paTAn BHUMaHMeE Ha 3Ty Npobaemy 1 1Cnosib30Baan KOMbUHaLMIO
ABOETOYUVA 1N 3HaKa PaBeHCTBA AJIA 3aMncK onepaummn npucsanBaHus:

X =X+ 1;
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Taknm o6pa30M 3HaK paBeHCTBa MOXHO WMCMNOJ/Ib30BATb B Onepaunax CpaBHEHUA He TepAd
OAHO3HAYHOCTU!

if X = 0 then

Asbik C ncrnonb3yeT = ANA onepauuy NpucBavBaHUA U, Kak CIeACTBMe, BBOAUT ANA onepaunm
CpaBHeHWs ABOMHOM 3HaK paBeHCTBa (==). 3TO MOXET 3anyTaTb eLle 60o/bLue,

BoT ¢pparmeHT nporpammbl Ha C A8 ynpaBneHns BOpOTaMu XXee3HOM Aopori:

if (the signal == clean)
{
open _gates(...);
start_train(...);

}

Ta xe nporpamMmma Ha g3bike Aga:

if The Signal = Clean then
Open Gates(...);
Start Train(...);

end if;

MocmoTpuM, 4To byaeT, ecin C-MPOrpamMMUCT AOMYCTUT OneuyaTky, BBeAS eAVHWNYHBIA 3HaK
paBeHCTBa BMECTO BOMHOrO:

if (the_signal = clean)
{
open_gates(...);
start_train(...);

}

Komnunsauuma nponget 6e3 ownbok, HO BMeCTo nNpoBepku the_signal npomnsongeT npucsanBaHume
3Ha4veHWa clean nepemeHHon the_signal. bonee Toro, B C HeT pasnyung Mexay BblpaXKeHUSsMN
(BblUNCNAOLWNMKM  3HAYEHNA) U NpUCBaNBaAHNAMUN (M3MEHSALWMNMK  COCTOAHKE). Moatomy
npucBavBaHve paboTaeT Kak BblpaXeHuwe, a NPUCBOEHHOe 3HayeHue 3aTeM WUCMOAb3yeTcs B
npoBepke ycnoBusA. Ecim Tak ciyyumTcs, 4to clean He paBHO Hy”tO, TO yCn0OBMeE ByAeT CUHUTaTbCS
NCTUHHBLIM, BOpPOTa OTKpOrTCH, the_signal npumeT 3HaueHMe clean n noesz yiaeT B CBOW OMacHbIN
nyTb. B npoTvBHOM cny4ae, ecnu clean 3akoAMPOBaH Kak HOJb, MPOBEPKa He NnpolrijeT, BopoTa
OCTaHYTCA 3anepThbl, a Noe3j — 3a6/10KMPOBaHHBLIM. B l060M ciiyyae BCe NMoMAeT COBCEM He Tak,
KaK HY>HO.

OLWwmnbKM CBA3AHHbIE C UCMOb30BaHMeM = AN NMPUCBaVNBaHWA N == A/19 NPOBEPKN Ha PaBEHCTBO,
TO eCTb MPUCBaMBAaHWA BMECTO BbIPaXeHW XOopowo 3Hakombl B C-coobulectBe. [Ans ux
BbIBNEHNSA MOABUINCE AOMOAHUTEbHbIE NpaBuna opopmneHuns koga MISRA C[3] n cpeacTea
aHanmsa Koga, Takue Kak lint. OgHako, cnefoBano 6bl M36exaTb NOJO6HLIX NOBYLLEK C CAMOro
MOMeHTa pPa3paboTKM SA3bIKa, YTO 1 BbINO JOCTUTHYTO B Afe.

Ecnn Aga-nporpaMMumcT no omnbke 1Cnonb3yeT NprcBanBaHMe BMeCTO NpOoBepKU:

if The Signal := Clean then -- Ouwwubka

TO NporpamMma npocTo He CKOMMUANPYETCS 1 BCe ByaeT XOPOoLLO.

8 Chapter 3. besonacHblii CMHTaKcUC
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3.2 'pynnbl UHCTPYKL U

YacTto HeobxoamMmo crpynnmpoBatbh nocief0BaTe/IbHOCTb M3 HECKO/TIbKNX I/IHCprKLI,I/II7I, HanpumMep
nocne npoBepku B yCJIOBHOM onepaTtope. EcTb ABa TUNWYHBIX NYTU AN1F 3TOrO:

* B35Tb BCHO rpynny B ckobku (kak B C),
* 3aKpbITb NOC/eA0BaTeNbLHOCTL YeM-To, oTBevarolmm "if'"' (kak B Aze).

B C Mbl nony4yum:

if (the _signal == clean)
{
open_gates(...);
start_train(...);

}

W, JOMYyCTUM, Cy4valiHO AobaBMM TOuYKYy C 3ansTol B KOHeL, nepBOl cTpoku. [oayumtcs
cnegyrolLee:

if (the _signal == clean) ;
{

open_gates(...);

start train(...);

}

Tenepb ycnoBue MpUMEHSIeTC TONbKO K MyCTOMY OMnepaTopy, KOTOPbIA HEeABHO MPUCYTCTBYeT
MeXAy YCN0BMEM 1 BHOBb BBeAEHHbIM CMBOJIOM TOYKM C 3anAToN. OH NpakTUyeckn HeBnanM. U
Tenepb He BaXHO cocTosiHMe the_signal, BopoTa BCe paBHO OTKPOIOTCA U NMOe3y noejerT.

BoT anst Aabl COOTBETCTBYHOLLAA OLINGKa:

if The Signal = Clean; then
Open_Gates(...);
Start Train(...);

end if;

3TO CMHTaKCUYeCKM HenpaBuabHas 3anncb, NO3TOMY KOMMUASTOP C IEFKOCTbIO ee 0BHaPYXUT 1
NpefOTBPATUT KpyLLEeHMe noesaa.

3.3 iImMeHOBaHHOe conocraB/ieHune

Ewe ogHWM CBOCTBOM Aflbl CUHTaKCUY€eCKOM MPUPOZbl, MOMOratoLLmMM 13bexaTb pa3Ho0bpasHbIX
OLNBOK, SABAAETCA WMEHOBaHHAas accoumaumns, UCMNob3yemMas B Pas/INUHbIX KOHCTPYKLMAX.
XOpoLWrM MPUMEPOM MOXET BbICTyMaTb 3anncb AaTtbl, MOTOMY, YTO MOPSAAOK CNejoBaHWNSA ee
COCTaBNALMX Pa3NnMYUaeTcs B pasHbix cTpaHax. K npumepy 12 aHsapsa 2008 roga B EBpone
3anucbiBatoT, kak 12/01/08, a B CLUA 06b14HO nuwyT 01/12/08 (He cumTas nocieHUX TaMOXeHHbIX
Aeknapauuii). B Toxe Bpems ctaHgapT ISO TpebyeT nncate BHayane rog — 08/01/12.

B C cTpyKTypa Ans XpaHeHWs AaTbl BbIFISANT Tak:

struct date {
int day, month, year;

};

YTO COOTBETCTBYET C/ieayroLiemMy Tuny B Age:

type Date is record
Day, Month, Year : Integer;
end record;

3.2. Tpynnbl NHCTPYKLNIA 9
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B C Mbl MOXeM HanucaTb:

struct date today = {1, 12, 8};

Ho He nmes nepeg rnasaMu onNMcaHUs TUMNa, Mbl HE MOXEM CKa3aTb, Kakas jaTa MMeeTCs B BUAY:
1 gekabps 2008, 12 aHBaps 2008 nan 8 aekabps 2001.

B Ase eCcTb BO3MOXHOCTb 3anucaTthb Tak:

Today : Date := (Day => 1, Month => 12, Year => 08);

34ecb NCNOb3yeTCa MeHHoe cornocTaBneHne. Tenepb He ByaeT pasHOYTEHW, Jaxe, eCln Mbl
3anuLemM KOMMNOHEHTbLI B pYyroM nopsgke. (3ameTbTe, UTo B AZe A0MNyCTUMbI TNAVNPYIOLLIE HYN).
CnegytoLLas 3annce:

Today : Date := (Month => 12, Day => 1, Year => 08);

no-npexHeMy KoppeKkTHa 1 AeMOHCTPUPYET NPerMyLLEeCTBO — HaM HeT HYX/Abl MOMHUTL NOPAA0K
cneloBaHNSA KOMIMOHEHTAa 3anucu.

ImeHOBaHHOe conocTaBneHne NCNOoNb3YeTCs U B APYrMX KOHCTPYKLUMAX AZbl. MoA06HbIe OLN6KK
MOryT NOABASATHCS NP BblI30BE NOAMPOrpaMM, NMEOLLMX HeCKOIbKO MapaMeTpoB OAHOro TuMa.
JonycTnm, y Hac ecTb GYHKLMA BblUMCNEHUA MHAEKCA OXMpeHUs venoseka. OHa MMeeT ABa
napameTpa — BbICOTa U Bec, 3af,aHHble B PyHTax 1 roriMax (MnMbo B KnnorpaMmmax n metpax, Ans
MeTPpMYeCcKon cncTeMbl n3mepeHunii). B C Mbl nmeem:

float index(float height, float weight) {

return ...;

ABAje:

function Index (Height, Weight : Float) return Float is
return ...;

end;

Bbi3oB ¢pyHKUMYM index B C a5 aBTopa NpUMeT BUA:

my index = index(68.0, 168.0);

Ho no owwmnbke nerko nepenyTaTb:

my index = index(168.0, 68.0);
B pe3y/ibTaTe Bbl CTAHOBUTECh OUYEHb TOLLMM, HO BbICOKUM ruraHToM! (Mo 3abaBHOMY COBMaAeHUo
o06a uncna okaH4MBarTCA Ha 68.0).

Takoi He3AOpOBOVI CNTYyaun MOXHO nsbexaTb B AZe, ncnonb3yd NMMeHOBaHHOE conocTaBneHune
napamMmeTpoB B BbI3OBE!:

My Index := Index (Height => 68.0, Weight => 168.0);

OnaTb-Takn, Mbl MOXEM nepeyncnaTb NapaMeTpbl B /1l060M nopaake, B KakoM noxxkenaem, HNYero
HE Cy4YnTCad, eCN Mbl 3a6yp,e|v|, B KakKOM rnopsdake oHn cneayroT B ornpeaeneHnm (I)yHKLI,VII/I.

ViIMeHOBaHHOe conocTaBneHne o4YeHb LeHHas KOHCTPYKLUNA A3blKa Aza. XOTSa ero ncnosib3oBaHue
He ABNsSeTCcs 06583aTebHbIM, M CTOUT NONb30BaTbCA Kak MOXHO yaile, T. K. KpoMe 3alinTbl OT
OLLINBOK, OHO 3HAYNTENBHO ynyyllaeT YnTaeMoCTb NporpamMmbl.

10 Chapter 3. besonacHblii CMHTaKcUC
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3.4 LlenouncneHHble nnTepanbl

Ob6bIYHO LenoYnceHHble AUTepanbl He YacTo BCTPEYaloTCH B MporpamMme, 3a UCKAYeHeM
MoxeT 6biTb O 1 1. LenouyncneHHble nutepanbl AOMKHbI B OCHOBHOM MCMOAb30BaTbCA AS
NHNLMANN3aLNM KOHCTAHT. HO ecin OHM MCNONb3YHOTCH, NX CMbICA JOXKeEH 6bITb O4eBUAEH AN
unTartens. Vicnosib3oBaHMe NoAXoAdaLero 0OCHoBaHUA ncuucieHus (10, 8, 16 nnp.) v pasgenntenn
rpynn umdp nomoryT nsbexaTb OLLMOOK.

B Aze 3710 caenatb nerko. ACHbIM CMHTaKCUC NO3BOASIET YKa3aTh JH060e OCHOBaHME UCHUCAEH WS
OT 2 10 16 (N0 yMOn4aHuo KoHe4vHo 10), Hanpumep 16#2B# 35To0 uenoe 4ncno 43 rno oCHOBaHUIO
16. C1MBOAN NOAYEPKUBAHUS UCMOMb3YeTCa ANS FPYNNUPOBKA LGP B 3HaUEHUAX C 60AbLLUM
KONMYeCcTBOM pa3pagos. Tak, Hanpumep, 16#FFFF_FFFF_FFFF_FFFF# BnonHe untaemas 3anuvcb
3HaueHnsa 2764A-1.

[na cpaBHeHWa TOT Xe antepan B C (Tak Xxe Kak B C++, Java U Np. pOACTBEHHbIX A3blKax) BbIFNAANT
Kak OXFFFFFFFFFFFFFFFF, 0 KOTOPbLIM He TPYAHO C/IOMATh 11a3a, MblTasgCb COCYUTATb CKOJIbKO F OHO
copepxunt. bonee Toro, C TpakTyeT MNANPYIOLLME HYAM 0CO6bIM 06pa3oMm, B pesynbTtaTe uncio 031
O3HayaeT COBCEM He TO, UTO MovMeT 060N LLIKONIbHUK, a 25.

3.4. LlenouncneHHble nuTepansl 1
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CHAPTER
FOUR

BE3OINACHBLIE TAUMbI AAHHbIX

B paHHOIM rnaBe peyb nonget He 06 ycKkopeHUM Habopa TekcTa MporpamMMel, @ O MexaHu3Mme,
nomoratoLLemM 0b6HapyXXUTb eLle 60nbLlue OLWNGOoK 1 onevaTok.

3TOT cneunanbHO pa3pa60TaHHb||7| n BCTpOGHHbIVI B A3blK M&XaHM3M 4acCTO Ha3biBakOT
MeXaHN3MOM CTpOFOI7I TMnnsaunnm.

B paHHUMX s3blkax, Takux kak Fortran mn Algol, Bce obpabaTbiBaeMble AaHHbIE MIMENN YMCI0BOM
TUN. B KOHLE KOHLOB, BeAb KOMMbIOTEP N3HaYabHO CNOCobeH 06paLlaTbCst TONBKO C YMCAaMu,
3a4aCTyto 3aKOANPOBAHHbLIMW B BMHAapPHOM BUAE LiefbIMU TM60 YnciaMum € NnaBatoLLer Toukor. B
6on1ee NO34HWX A3bIKax, HauMHas ¢ Pascal, nosiBMaack BO3MOXHOCTb OMepupoBaTh 06beKkTaMm Ha
6onee abCcTpakTHOM ypoBHe. Tak, NCMOAb30BaHMe nepeyuncInmelx TUNOB (B Pascal nx HasbiBatoT
CKanspHbIMM) AaeT HaM HeCOMHeHHOe MpenMyLLecTBO 0bpallaThCs C LBeTaMu, Kak C Lusetamuy,
XOTS OHW B UTOre byayT 06pabaTbiBaTbCA KOMMbIOTEPOM, KaK Ymcaa.

OTa naea B A3blke Aza nony4ynna ,a,aane|7|L|_|ee pa3BnTne, B TO BpPEMA KaK Apyrne A3blikn
NPOAO/IXXAaKT TPAKTOBATb CKanApHbI€ TUMMbI, Kak YNCNOBbIE, YNYyCKaa K1H4YeByH Naero a6CTpaKLI.I/II/I,
CYyTb KOTOpOI7I B pa3gesieHnn CMbICN10BOro npejHasHadyeHna N MallMHHOIo npeacraBiaeHn4.

4.1 Vicnonb3oBaHMe MHAUBUAYANIbHbIX TUMNOB

JonycTtmM, Mbl Habnogaem 3a KaydecTBOM MPOW3BOAVMONM MPOAYKLMM U NOACUNTEIBAEM YNCNIO
NCNOPYEHHbIX M34ennin. [na 3Toro mbl c4MTaeM rofHble U HerofHble o6pasupbl. Ham HyXHO
OCTaHOBWTb MPOU3BOACTBO, €C/IN KOIMYECTBO HEeroAHbIX 06pasLIoB MPUBLICUT HEKOTOPLIN TUMUT,
60 ecn Mbl U3FOTOBUM 33JlaHHOE KOIMYECTBO roAHbIX nsgennii. B C u C++ Mbl MOTAY 6bl UMETb
cneayoLLve nepeMeHHbIe:

int badcount, goodcount;
int b limit, g limit;

n panee:

badcount = badcount + 1;

if (badcount == b limit) { ... };

AHaNOrM4HO AN roAHbIX 06pa3yoB. Ho, T. K. BCe 3TO Lefble YACAA, HAYTO He MoMeLuaeT HaMm
CNlyYariHO HanmcaTb Mo oLnbKe:

if (goodcount == b limit) { ... };

rAe HaMm Ha CaMOM Jiefie HY>XKHO 6b110 Bbl HanncaTb g_limit. 3To MoOXeT ObITb pe3ybTaToM Nprema
«CKOMMPOBAaTb 1 BCTaBUTb», MO0 NPOCTO oneyaTka (b 1 g HaxoaaTcs 6an3ko Ha knasmaTtype). Kak
6bl TO HY 6bINI0, KOMNUAATOP BYAET AOBO/EH, @ Mbl — e/Ba /.

Tak MOXeT C/ly4nTbCs B /I060M A3bike. Ho B Afe eCTb Cnocob BbIpasnTb Hawu AelicTBus 6onee
TOYHO. Mbl MOXEM HamnucaThb:

13
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type Goods is new Integer;
type Bads is new Integer;

3TV onpeseneHVsi BBOAST HOBbIE TUMbI C TEMU Xe XapaKTepuCTUKaMK, UTO U NpefonpeseneHHbll
TN Integer (Hanpumep ByAyT MMeTb orepaumm + 1 -). XOTs peannsauunst 3TUX TUNOB HAYEM He
OT/INYAETCS, CAMU XXe TUMbl Pa3NYHbI. Tenepb Mbl MOXeM HaMNMCcaTb:

Good Count, G Limit : Goods;
Bad Count, B Limit : Bads;

Pa3zenns TakiMMm 06pa3oM MOHATUS Ha ABe rpynnbl, Mbl AOCTUIHEM TOrO, YTO KOMMUASTOP
06HapYXUT OLIMGKN, KOrAa Mbl MepenyTaeM CYLLHOCTW PasHbIX FPynmn 1 NpejoTBpaTUT 3anyck
HekoppeKkTHOM Nporpammsl. CneayoLLnii Ko He BbI30BET HapeKaHuii:

Bad Count := Bad Count + 1;
if Bad Count = B Limit then

Ho cnepytowasn ownbka byaet obHapyeHa

if Good Count = B Limit then -- Illegal

BBMAY HeECOBMageHWNA TUMNOB.

Korga Ham noTpebyeTcs AeNCTBUTENBHO CMeLlaTb TUMbI, HAaNpUMep, YTO6bl CPAaBHUTL KONNYECTBO
FOAHbIX N HeroAHbIX 06pasLLOB, Mbl MOXeM MCNONb30BaTb Npeobpa3oBaHue TMNoB. Hanprmep:

if Good Count = Goods (B Limit) then

Apyrum NprMepoM MOXeT CTYXXKNTb BblUYMCIEHNE PAa3HNLbI CHETUNKOB 06pa3LoB:

Diff : Integer := Integer (Good Count) - Integer (Bad Count);

AHaNOrM4YHO MOXHO 136exaTb NyTaHULpbI C TUNaMK C NAaBatoLLLen Toukoin. Hanpumep, nmes geno
C BECOM W POCTOM, Kak B MpVMepe 13 NpeablgyLLel rnasbl, BMECTO TOro, YTobbl NncaTh:

My Height, My Weight : Float;

6b1/10 6bI Ny4Lle HanNucaTb:

type Inches is new Float;
type Pounds is new Float;
My Height : Inches := 68.0;
My Weight : Pounds := 168.0;

1 3TO NO3BOAUT KOMMUASTOPY NPEAOTBPATUTL NMyTaHNLLY.

4.2 TepeuncneHuns n uenble

B rnaBe «be3onacHbIN CUHTaKCUC» Mbl OBCYXAaN MPUMEP C XeNe3HO 40POorol, B KOTOPOM bbinia
cnejytoLlasi mpoBepka:

if (the signal == clean) { ... }
if The Signal = Clean then ... end if;

Ha a3blke C 1 Aga cooTBeTcTBeHHO. Ha C nepemMeHHas the_signal 1 cOOTBETCTBYHOLLME KOHCTAHTbI
MOryT 6bITb OMNpeAeNieHbl Tak:
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enum signal {
danger,
caution,
clear

}

enum signal the signal;

OTa yaobHas 3anmcb Ha CamMoM Jefie BCero MMLb COKpalleHne ANs OnMcaHWs KOHCTaHT dan-
ger, caution n clear Tvna int. W cama nepemeHHas the_signal nmeet T1n int. Kak cneacteue,
HUYero He nomellaeT HaM MPUCBOUTbL MepemeHHol the_signal abcontoTHO 6eccmbicneHHoe
3HaueHue, Hanpumep 4. B 4yacTHOCTW, Takme 3HaUYEHUA MOTyT BO3HMKATb MPU NUCMONb30BaHUM
He WHULWNANM3NPOBAHHbLIX MepeMeHHbIX. XyXe TOro, ey Mbl B ApYroil 4acTu nporpammbl
onepupyeM XMMUYeCcKMMW 31eMeHTaMn U UCMofib3yeM KMMeHa anion, cation, Ham HU4Yero He
nomeLLaeT nepenyTaTthb cation 1 caution. Mbl MOXeM TakXe NCMO0Ab30BaTb rAe-To XXeHCK1e MMeHa
betty n clare, n(n6o Ha3zBaHWS opyxusa dagger 1 spear. VI CHOBa HNYTO He NPeAoTBPaTUT OneYaTku
Tuna dagger BmecTto danger v clare BmecTo clear.

B Aae Mbl nuvLiem:

type Signal is (Danger, Caution, Clear);
The Signal : Signal := Danger;

M NyTaHnUa NCKIKYEHa, NOTOMY, YTO I'Iepel-IVIC]'II/IMbII7I TN B Afe - 3TO coBepLUEHHO OT,CI,e}'IbeIVI
T™"Mn n OH He NMMeeT OTHOLWEeHWA K LLeJIOMY TUny. Ecnm mbl Takxke rae-to nMmeem.

type Ions is (Anion, Caution);
type Names is (Anne, Betty, Clare, ...);
type Weapons is (Arrow, Bow, Dagger, Spear);

TO KOMMUATOP MpefoTBpaTuUT nyTaHMLy 3TUX MOHATUA B MOMEHT komnunaumn. bonee TOro,
KOMMUAATOP He AacT MNMpucBOUTb Clear 3HaueHwue Danger, Tak Kak oba oHwu nanTepanbl n
npuceamBaHmMe Ana HUX Takxe 6eCcCMbIC/IEHHO, KaK MOMbITKA MOMEHSTb 3HaYeHKe nuntepana 5
Hamnmcas:

5:=2+ 2;

Ha MallMHHOM YpOBHe BCe NepeyncieHHbIe TUMbl KOANPYHTCSA Kak Liesble U Mbl MOXEM NMOY4YnTb
KOZ ANSt KOAMPOBKM MO YMOMYaHUIO, UCNoNb3yst aTpubyT Pos, korga Ham 3To AelCTBUTENbHO
Heo6XxoAMMO:

Danger Code : Integer := Signal'Pos (Danger);

MbI TakK>)Ke MOXeM BBECTM CBOHO KOANPOBKY. [MTo3>Ke Mbl 0CTAHOBUMCHA Ha 3TOM B rnaBe «besonacHas
KOMMYHWMKaLUnNA».

Mexzy Npo4nm, OANH 13 BaxKHeLLX TMNoB Aabl, Boolean, nmeet cneaytoliee onpegeneHue:

type Boolean is (False, True);

Pe3ynbTaT onepaumin cpaBHeHWs, Takux kak The_Signal = Clear nmeeT Tmn Boolean. Takxe
CyLLEeCTBYIOT NpeAonpejeneHHble onepauun and, or, not gns 3toro Tuna. B Age HEBO3MOXHO
MCMONb30BaTh YMNCI0BbIE 3HaYeHVe BMecTo Boolean 1 HaobopoT. B To Bpems, kak B C, Kak Mbl
MOMHWM, pe3yNbTaT CPaBHEHWS BepHeT 3HayeHue Lenoro Tumna, Ho/Mb O3HayaeT JIOXHO, a He
HyneBoe 3HayeHne — NCTUHHO. CHOBa BO3HMKAET OMacHOCTb B KOAeE:

if (the signal == clean) { ... }

Kak paHee ymoMWHanocb, MpOMyCcTMB OAWMH 3HAK pPaBeHCTBA, BMECTO BblpaXeHWsi CpaBHEHWS
Mbl MOJTly4MM MpucBaviBaHMe. OCKONbKY LieIoUnCaeHHbIN pe3ynbTaT BocnpuHumaetcsa B C kak
3HaueHVe yCIoBMSA, OLInbKa OCTaeTcss HeobHapyxeHHoW. Takum 06pas3oMm, AaHHbLIA npuMmep
NNNIOCTPUPYET CPasy HeCKONbKO BO3MOXHbIX MECT ANS OLLUNGKMN:

4.2. NepeuncneHna v Uenblie 15
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* NCNOJIb30BaHUE 3HaKa = A4 NnpucBarBaHu4;
* A0NYyCTMMOCTb NpuUcBamBaHMA TaMm, rae oXXnaaeTCca BblpaXeHne;
* 1ICNONb30BaHKe UMC/IOBbIX 3Ha4YeHUn BMecTo Boolean B YCNOBHbIX BblpaXXeHUNAX.

BONLLUMHCTBO 13 3TOro npoco4mnnocb B C++. Hn ogHoro NyHKTa HE NPUCYTCTBYET B Aze.

4.3 OrpaHunyeHua y noATUNbI

JOBO/IbHO 4acTO 3HA4YeHVe HEKOTOPOWN MepeMeHHOl AO/MKHO HaXOAUTCS B OMpesesieHHOM
AvanasoHe, YTobbl MeTb KaKOM-TO CMbIC/. XOPOLUO 6bl MMeTb BO3MOXHOCTb 0603Ha4YnUTL 3TO
B NporpamMme, BbIpa3ung, TakMM 06pa3om, HaLLW MpeACTaBAeHNs 06 OrpaHUYeHUAX OKpY>KatoLLLero
MUpa B sBHOM Buae. Hanpumep, moii Bec My_Weight He MOXeT 6bITb MeHbLLIE HYJIS U, 1 UCKPEHHE
HaZerCb, HMKoraa He npueblickT 300 GyHTOB. TakMM 06pa3oM Mbl MOXEM OMNpPeAennThb:

My Weight : Float range 0.0 .. 300.0;

a eC/IN Mbl NPOABUHYTLIE MPOrPaMMUCTLI 1 3apaHee onpegenuan Tun Phounds, To:

My Weight : Phounds range 0.0 .. 300.0;

[Janee, eciv nporpamMmma oLLIMHG0OYHO paccumTaeT BeC, He BNUCbIBAOLLMIACA B 3aJaHHbIN A1ana3oH,
1 NonblTaeTcs NPUCBOUTL ero nepeMmeHHor My_Weight Tak:

My Weight := Compute Weight (...);

TO BO Bpems WCMONHeHWs OyaeT BO36yXAeHO uckatoueHme Constraint_Error.  Mbl Moxem
nepexsatuUTb 3TO MUCK/OYEHWE B KAaKOM-TO MeCTe Mporpammbl U MNPeanpuHATL HekoTopble
KoppekTupyoLne AelicTeua. Ecnm Mbl He cgenaem 3TOro, nporpamma 3aBepLunTbCs, BblAaB
AnarHocTnyeckoe cooblueHne C ykasaHueM, rae npousoLIo HapylleHne orpaHuyeHuns. Bce
3TO MNPOUCXOANT aBTOMATUUECKM — HEO6XOAVMble MPOBEPKN KOMMUAATOP CaM BCTaBUT BO BCEX
HY>XHbIX MecTax. (MpuanpyYmMBbIA YMTaTeNb, 3HAKOMbIN C A3bIKOM AAd, 3aMeTUT, YTO Halua
bopMyINpoBKa «NPorpaMMa 3aBepLUNTCA» HYXAAeTCS B YTOUHEHWM, MOCKOMIbKY BepHa TONbKO
ANs nocnefoBaTeNbHbIX NporpaMM. CUTyauusa B napansiesibHOM NPorpaMMnpoBaHn/ HECKObKO
OT/INYAETCA OT OMMUCAHHOW, HO 3TO BbIXOAUT 3a rPaHMLbl TeMbl, 06CYXXJaeMO B 3TOW rnase.)

Naes BBecTn noasmanasoHbl BrepBble nosiBunack B Pascal n 6bina ganee passuta B Age. OHa
He AOCTYMHa B APYruX si3blkaX, r4e Ham 6bl MPULLIOCL MOBCIOAY BMNUCLIBATL CBOM MPOBEPKM, U
BPSIA M Mbl 6bl CTanM 3TUM 03ajaumBaTbcs. Kak cneactBue, nobble oWNGBKYM, NprBoAsLLMe K
HapyLUeHWNI0 3TUX rPaHuL, CTAHOBUTCS 06HaPYXUTb ropasgo TpyAHee. Ecan 6bl Mbl 3HanW, 4To
ntoboe 3HayveHVs Beca, KOTOPbIM OnepupyeT NPorpamMma, HaxoAUTCA B yKasaHHOM AManasoHe, To
BMECTO TOro, YTObbl J06aBASATL OrpaHNYeHVe B onpejeneHme Kaxao nepeMeHHoN, Mbl MOrIn
6bl HANIOXWTb ero NpsiMo Ha T1n Pounds:

type Pounds is new Float range 0.0 .. 300.0;

C Apyroi CTOPOHbI, eC/I HEKOTOpble 3HaYeHWst BeCca B MPOrpaMMe HeorpaHnyeHbl, @ N3BeCTHO
NNLLb, YTO 3HAYEHMe Beca YeoBeKa HaXoAMTCSA B yKa3aHHOM A1ana3oHe, TO Mbl MOXEeM HanmcaTb:

type Pounds is new Float;
subtype People_Pounds is Pounds range 0.0 .. 300.0;

My Weight : People Pounds;

AHaNOrMYHO Mbl MOXEM HaKaAblBaTb OrPaHNYEHNS Ha LeNoYCaeHHbIe N MepednciMmble TUb.
Tak, npy noacyeTe 06pa3L 0B Mbl NOAPa3yMeBaeM, UTO NX KONIMYECTBO He ByeT MeHbLLEe HYNs Nan
6onble 1000. Torga Mbl HaNULLEM:
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type Goods is new Integer range 0 .. 1000;

Ho ecnm Mbl XOTUM N b y6eAI/ITbC9I, UTO 3HAYEHNA HEOTPUMLUATE/IbHbIE N HE XOTUM HaK/1aAblBaTb
orpaHn4yeHme Ha BEPXHIOK rpaHnUy AMana3oHa, TO Mbl Hanmwem:

type Goods is new Integer range 0 .. Integer'lLast;

rae Integer'Last o6o3HauaeT Hambosnbllee 3HadeHve Tuna Integer. MNogmHOXecTBa
NONOXUTENbHBLIX N HEeOTPULATENbHbLIX LesblX Y1Cen MCNOo/b3YTCA MOBCEMECTHO, MO3TOMY
ANS HUX Afla NpefoCTaBAeT CTaHAaPTHbIE MOATUNMbI:

subtype Natural is Integer range 0 .. Integer'last;
subtype Positive is Integer range 1 .. Integer'last;

MoxHo onpegennTs TN Goods:

type Goods is new Natural;

rae orpaHn4yeHa ToJ/ibKO HVMXXHAA rpaHnUa AMana3oHa, YTO HaM N HY>XXHO.

MprMep orpaHNYeHns 415 NepeyYncanMoro TMNna MOXeT BbiTb CeAyHoLLNM:

type Day is (Monday, Tuesday, Wednesday, Thursday,
Friday, Saturday, Sunday);
subtype Weekday is Day range Monday .. Friday;

,D,anee aBTOMaTn4veckmne npoBepKkn rnpejoTBpatAaAT npurcBanBaHUe Sunday nepemMeHHbIM Thna
Weekday.

BBeseHve orpaHuueHuii, NoAO6HbLIX OMWCAHHBLIM BhIlle, MOXEeT MoKasaTbCs YTOMUTENbHbIM
3aHATNEM, HO 3TO JefaeT NporpaMMmy 6osiee NOHATHONW. bonee Toro, 370 NO3BOASIET BO BPeMs
KOMMAWASLMW 1 BO BPEMS UCMOMHEHUSA YBeAUTLCSA, UTO HaLUW MPEeAnooXeHUs, BblpaXeHHbIE B
Koze, AeNCTBUTENBHO BEPHBI.

4.4 MNpepvikaTbl NOATUNOB

MoaTnnbl B Aje O4eHb MoJsie3Hbl, OHW MO3BONAIOT 3apaHee 06HaPYXMTb Takmne owmnbKK, KoTopble
B APYrMX 513blKax MOTYT OCTaTbCs He3aMeYeHHbIMN 1 NPMBECTM 3aTeM K Kpaxy nporpammsl. Ho,
Npwv BCe NONE3HOCTUN, MeXaHM3M NOATUMNOB HECKO/IbKO OFPaHMYeH, T. K. pa3peLuaeT yKkasbiBaTb
NNLLb HernpepbiBHbIEe ANANa3oHbl 3HAYEHWI ANS YACIOBbIX Y MePeUnCINMbIX TUMOB.

OTO MOATONKHYNO pa3paboTumkoB fA3bika Aga 2012 BBeCcTV npeaukaTtbl MOATUMOB, KOTOpPble
MOXHO A06aBNSTb K onpeaeneHnsM TUMOB 1 NoATUNOB. Kak nokasana npakTuka, HeobxoAnMo
MMEeTb ABa Pa3/INYHbIX MexaH3Ma B 3aBUCMMOCTW OT TOrO, ABNSETCA U NpeAnKaT CTaTUYecknm
nAn guHammyeckmm. 0O6a MCNonb3yT BblpaXeHWs Tuna Boolean, Ho cTaTuuecknin npegukaT
paspeLuaeT /Nb HEKOTOpPbIe TUMbl BbIPaXXeHUM, B TO BpeMs Kak ANHAMUYeCKUin NpUMeHNM B
6onee obLuem cnyyae.

JonycTm Mbl onepripyemM cesoHamu roga 1 MMeem cnegytoLLiee onpejeneHne Mecaues:

type Month is (Jan, Feb, Mar, Apr, May, Jun,
Jul, Aug, Sep, Oct, Nov, Dec);

Mbl XOTUM NMEeTb OTAe/IbHble MOATUMbI A1 KaXA0ro ce3oHa. A ceBepHOro nonywiapus 3nmMa
BK/IHOUaeT gekabpb, sHBapb 1 ¢eBpanb. (C TOUKM 3peHUs CONHLECTOSAHNSA U PaBHOAEHCTBUS 31Ma
AnnTbcsa € 21 gekabpsi No 21 mMapTa, HO, Kak Mo MHe, MapT 60/bLLe OTHOCUTCS K BECHE, YeM K 31IME,
a Aekabpb 6MxKe K 3MMe, YeM K 0ceHW.) [103TOMY HaM HyXeH MOATUM, BKIOYAOLLMIA 3HAYEHNS
Dec, Jan n Feb. Mbl He MOXeM BOCMOAbL30BaTbCA OrpaHNYEHNEM Aana3oHa 34eCb, HO MOXeEM
MNCNONb30BaTh CTaTUYECKUIA NpeanKaT ciesyroLM obpasom:
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subtype Winter is Month
with Static Predicate => Winter in Dec | Jan | Feb;

T0 rapaHTMpyeT, 4YTo 06bekThl Tna Winter MoryT cogepxaTtb Tonbko Dec, Jan n Feb. 3ameTbTe,
47O UMs noaTmna (Winter) B BolpaXkeHMM 03HayaeT TekyLlee 3HaveHne NoATmna.

Mofo6Has CMHTaKCM4Yeckash KOHCTPYKLMS co cnoBoM with BBegeHa B Aga 2012 1 HasbiBaeTCs
acnekToM.

JaHHbIN acnekT NpoBepsieTcs NpU MHULMAN3aunm nepeMeHHo M No yMoa4aHmio, NpruceanBsaHum,
npeobpas3oBaHMM TWUMNa, nNepegade napametpa U T. 4. Ecam npoBepka He npoxoauT, To
BO36yXaeTca nckntoueHne Assertion_Error. (Mbl MOXeM BKIHOUUTb UM OTKAKOUUTL MPOBEpPKY
npeavkaTta npw nomoLn pragma Assertion_Policy; BkatouaeT NpoBepKy aprymMeHT C MMEeHeM
Check.)

Ecnn ycnoBme npoBepkn He €BASETCA CTaTUYeCKUM, TO HeobXoAMMO WCMoab3oBaTb Dy-
namic_Predicatre acnekt. Hanpuwmep:

type T is ...;
function Is Good (X : T) return Boolean;
subtype Good T is T

with Dynamic Predicate => Is Good (Good T);

3aMeTbTe, UTO MOATUM C NPeANKATOM HEBO3MOXHO MCMO/b30BaTh B HEKOTOPLIX CUTYaLMsAX, TaKUX
KaK orpaHu4YeHuns nHAekca. 3To No3BoAseT M3bexaTb TakuxX CTPaHHbIX Belllel, Kak MacCuBbl «C
Ablpkami»., OAHAKO MOATUMbI CO CTAaTUYECKMM MPEAMKATOM MOXHO UCMOAb30BaTh B for-umknax
4na nepebopa Bcex 3HaUeHUn NoaTMNa. T.e. Mbl MOXEM HamucaThb;

for M in Winter loop

B unkne M nonyumt nocnegoBaTtenbHO 3HaueHUs Jan, Feb, Dec, T. e. no nopsaaky onpejeneHus
NNTepanos nepedncarMoro T1na.

4.5 MaccuBbl N OrpaHNYeHunsa

MaccumB - 3TO MHOXECTBO 3/1eMEHTOB C OCTYMNOM MO UHAeKCY. [TpesnosioxXmMm, YTo Y Hac ecTb napa
NrPanbHbIX KOCTEM, N Mbl XOTUM MOACYMUTATb, CKONbKO Pas BbIMaio KaXj0e BO3MOXHOEe 3HaueHne
(0T 2 80 12). Tak Kak BCEro BO3MOXHbIX 3HaueHu 11, Ha C Mbl 661 HanMcanwu:

int counters[11];
int throw;

06BbABMB TakMm obpa3oM 11 nepemeHHbIX € MMeHamu oOT counters[0] go counters[10] u
LeNoYnCcneHHyto nepemeHHyto throw.

|_|pl/l noacyeTe o4vepegHOro 3Ha4eHnA Mbl 6bl HanuMcanu:

throw = ...;
counters[throw-2] = counters[throw-2] + 1;

3ameTbTe, UTO HaM MPULLAOCH YMEHbLUUTb 3HayYeHue Ha 2, T. K. WHAeKCbl maccneoB B C
BCerfa OTCUUTBLIBAKOTCA OT HyNsA (MHaye roBops, HWXKHSAA rpaHMLa MaccuBa — BCerfa Honb).
MpeanoioXnM, YTO-TO MOLLIO He TaK (UM KaKOW-TO LUYTHUK MOACYHYN HaM KOCTb € 7 TOYKaMMU,
AN NCNOIb3yeMblii HAMW FreHepaTop CaydaliHbIX Yncen 6bi1 HenpaBWAbHO HanmcaH) u throw
cTano paBHo 13. YTto npomnsoiigeT? Mporpamma Ha C He 06HaPYXUT oLINGKY. MNPOCTO BbICUMTAET,
rAae Morno 6el pacnonaratecsa counters[11] n npnbasuT Tyaa eanHuly. BeposiTHee Bcero, byaeT
yBeNnYeHo 3HadeHne nepeMeHHon throw, T. K. oHa o6bsABNeHa cpaly nocne maccmBa. Janblue
BCe NOWNAeT Henpejckasyemo.
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3TOT NprMep AeMOHCTPUPYeT neyanbHO M3BECTHYK npobiemy nepenonHeHus bydpepa. OHa
ABNSETCH MPUUYNHOM MHOXEeCTBa Cepbe3HbIX 1M TPYAHO O6HapyXrBaeMbIX HemcrnpaBHocTel. B
KOHEYHOM cyeTe 3TO MOXEeT MPMBECTU K MOABAEHMIO BpeLln B 3aLluMTe Yyepe3 KOTOPYH MPOXoadAT
aTaky BMPYCOB Ha cucTeMbl, Takme kak Windows. Mbl 06cygmMm 310 nogpobHee B rnase 7
BesonacHoe ynpaBneHve NaMaTbio.

[aBaliTe Tenepb PacCMOTPUM aHaNOMMYHYO MporpaMmy Ha AZe:

Counters : array (2 .. 12) of Integer;
Throw : Integer;

3aTeM:

Throw := ...;

Counters (Throw) := Counters (Throw) + 1;

Bo Bpems uvcnosiHeHVa nporpamMmbl Ha Afe BbINOJHAKOTCA MPOBEPKY, 3anpeLllaroLime Ham
UnTaTb/NNCaTb 31eMeHTbI 3@ rpaHMLaM1 MaccmBa, MO3TOMY ecm Throw cnyyaiiHo cTaHeT 13, To
6yAeT BO36YXAeHO nckaodeHne Constraint_Error n Mbl N36eXnmM HenpeAckasyemMoro nosegeHns
nporpamMmei.

3amMeTuM, YTO B AZle MOXHO OMNpeAeNUTb He TOIbKO BEPXHIOD, HO U HUXXHIOK rpaHuLy MaccuBa.
HeT HyXAbl OTCUNTBLIBATL 31E€MEeHTbI OT Hynsl. MacCuBbl B peanbHbIX MporpaMMax yalle nmeroT
HKHIOK FPaHKLLy PaBHYH efMHMLe, YeM HYH0. 3aZaB HXKHIOK FPaHLLYy Macc1Ba PaBHYHO ABYM,
Mbl MO/sly4aemM BO3MOXHOCTb B KayecTBe MHAEKCa WNCMO/Ab30BaTb HEMoCpPeACTBEHHO 3HayeHune
nepemMeHHo Throw 6e3 He06X0ANMOCTY BblUMTaTb COOTBETCTBYHOLLIEE CMeLLieH e, Kak B C Bepcuu.

HacTosiLas owmnbka AaHHOM NPOrpamMmbl C/Ty4aeTcsl He B TOT MOMEHT, KOrAa MPOVCXOANT BbIXOZ
3a npegenbl Macc1Ba, a Korga Throw BbIXOAMT 3@ KOPPEKTHbIV AMana3oH 3HauYeHni. Ty CUTyaLmto
MOXHO BbISIBUTb PaHbLLe, eC/IV HAIOXNTb OrpaHnyeHne Ha Throw:

Throw : Integer range 2 .. 12;

nTenepb ucknroueHme Constraint_Error 6yzet Bo36yxaeHO B MOMeHT, korga Throw ctaHeT 13. Kak
cneacTeve, KOMNUAATOP ByAeT B COCTOAHWUM OMpeaennTb, YTO 3HayYeHre Throw Bcerga nonajaet
B FPaHNLbl MaCCKBa 1 COOTBETCTBYIOLLME MPOBEPKM NPW JOCTYNe K MaCCKBY He HYXHbI TaMm, rAe B
KauecTBe MHJAeKca ncnosb3yeTcs Throw. B ntore, Mbl MoXeM N36aBUTLCSA OT Ay6MPOBaHNS KOAQ,
Harnucas:

subtype Dice Range is Integer range 2 .. 12;
Throw : Dice Range;
Counters : array (Dice Range) of Integer;

MpenmyLLecTBO B TOM, YTO eCAM HaM B JaNbHelilleM HyXHO 6yAeT MOMeHsiTb AMana3oH
(Hanpumep, A06aBMB TPETbIO KOCTb Mbl MOMYYMM 3HAYEHUSA B AnanasoHe 3 .. 18), TO 3TO HYXHO
6yseT cAenatb TONbKO B O4HOM MecTe.

3HayeHVe MpPOBEPOK AManasoHa BO BpeMs TeCTUPOBAHUS OrpoMHO. Ho Ans nporpamm B
NPOMbILLAEHHOW 3KCMAyaTauum, Npu XenaHnu, 3T NPOBEPKM MOXHO OTKAUNTb. [logo6HbIe
NpoOBepKn MPUMEHSALIOTCA He Tonbko B Age. Ewe B 1962 komnunatop Whetstone Algol 60 mor
AenaTb Tak xe. [poBepky grianasoHa onpegesieHbl B CTaHAapTe A3blka (Kak 1 B Java, CH#).

HaBepHoe CTONT YNOMAHYTb, YTO Mbl MOXEM AaBaTb MMIMEHa U ANA TUNOB-MaCCMBOB. VX Ha3bIBatOT
NHAEKCMpyeMbiM TUNaMun. Ecnn Y HacC eCTb HECKOJ/IbKO MHOXEeCTB CHETYNKOB, TO 6yﬂ,ET niydule
HanmcaTb:

type Counter_Array is array (Dice Range) of Integer;
Counters : Counter Array;
0ld_Counter : Counter Array;

M 3ateMm, Korga HaMm noTpebyeTcs ckonuMpoBaTb BCe 3n1emeHTbl MaccmBa Counters B
cooTBeTCTBYHOLMe 3neMeHTbl Maccuaa Old_Counters, Mbl MPOCTO HanuULeMm:

0ld Counters := Counters;
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MIMeHOBaHHble MHAEKCMPYyeMble TWUMbl eCTb Aaseko He BO BCeX fA3blkax. [lpenmyluectBo
MMEHOBAaHHbIX TUMOB B TOM, UTO OHW BBOAAT SIBHYI abCcTpakLuio, Kak B MprMepe € NoACYeTOM
FOAHbIX 1N HEerogHbIX 06pasLoB. Yem 6onblue Mbl Jaem KOMNUAATOPY MHGOPMaLMK O TOM, YTO
Mbl XOTUM CAeNnatb, TeM 60AbLUEe Y Hero BO3MOXHOCTe MpOoBepuTb, YTO Halla NporpaMmMa 1mMeet
CMbICA.

Bce 06bekThl Tvna Counter_Array MMerT paBHOE KOJIMYECTBO 3N1eMEHTOB, OnpejeieHHoe TUMoM
Dice_Range. COOTBETCTBEHHO TakoW TWM Ha3bIBAETCS OrPaHUYEHHbIM NHAEKCUPYEMBIM TUMOM.
WHorpa yaobHee onpefenntb 6onee rmbkuii TUn Ans 06bLEKTOB, UMEHLLMX OAMHAKOBLIA TUM
WNHAEKCA 1 TUM 31EMEHTOB, HO PasIYHOe KOANYECTBO 3n1emMeHToB. K npumepy:

type Float_Array is array (Positive range <>) of Integer;

Tun Float_Array Ha3BaeTcs HeOrpaHMYeHHbIM NHAEKCUPYEMbIM TUMOM. [pu co3jaHum obbekTa
TaKoOro TMna HeobXoAMMO YKasaTb HUXXHIOK W BEPXHIOK FPaHuLbl NPY NOMOLLM OrpaHUYeHus
160 33/aB HavaNbHOe 3HaYeHre MaccmBa.

My Array : Float Array (1 .. N);

Jiobo3HaTeNbHbIA YMTaTeNlb MOXET CMpPOCUTb, 4YTO ByaeT ecnn BepxHAs rpaHuLa MeHblue
HU>XHer, HanpumMep, ecin N paBHo 0. 3To BMoJiHE AOMYCTUMO U NPUBEAET K CO34aHMI0 MyCTOro
Maccmea. WHTEpecHO TO, YTO BEPXHSAS FPaHMLA MOXET 6biTb MeHbLUe YeM HUXHSS rpaHuLa
noATUNA NHAEKCA.

HeorpaHuyeHHble VHAEKCMPYEMble TUMbl OYEHb MOJMIE3HbI A1F APTYMEHTOB, T. K. MO3BONSIOT
nMcaTb MOAMPOrpaMMbl, o6pabaTbiBatoLLiMe MaccuBbl HO60ro pasmepa. Mbl paccMOTpUM
NpVYMepbl Mo3Xe.

4.6 YcTaHOBKA HayaJ/ibHbIX 3HAaYE€HWUIA MO YMONMYAHUIO

[nsa ycronuvBoln paboTbl MpeAnKaToB MOATUMA (@ TakkKe WHBAPWAHTOB TWUMNA, Kak Mbl YBUAMUM
,u,anee) MoXeT I'IOTpe6OBaTbCFI, UTob6bLlI 06BEKT npn cosjgaHnm nMmen oCMblIC/IEHHOE Ha4Ya/lbHOe
3HayeHue. M3HayanbHO s3blk AZa npeanaran Nvlb YacTMYHOe pelleHne 3Toro Bonpoca. Ans
3HAYEHUI CCbINOYHBIX TUMOB («yKa3aTesiel») rapaHTMPOBaHHO HaYanbHoe 3HauveHue B Buge null.
Ana 3anuceli (record) NPOrpamMMNCT MOXET ONpeaennTb 3HaYeHNe Mo YMONYAHWUIO C/lefy LM
obpasom:

type Font is (Arial, Bookman, Times New Roman);
type Size is range 1 .. 100;

type Formatted Character is record
C : Character;

F : Font := Times New Roman;
S : Size := 12;
end record;

FC : Formatted Character;
-- 3pecb FC.F = Times New Roman, FC.S = 12
-- FC.C He WHUUMaNN3npoBaHo

K HayanbHbIM 3HaYE€HUSIM MOXHO OTHOCUTbLCS NMO-Pa3HOMY. ECTb MHEHMe, YTO MMeTb HaYvalbHble
3HaYeHus (Hanpumep, HOJb) M/IOXO, MOCKO/bKY 3TO MOXET 3aTPYyAHWUTb MOWCK MAaBatoLLMX
OWMBOK. KOHTpaprymeHT 3ak/to4aeTcs B TOM, YTO 3TO JaeT HaM YBEPEeHHOCTb, YTO 06beKkT
MMeeT COrNacoBaHHOE HayasbHOe COCTOSAHME, YTO MOXET MOMOYb NPejoTBPaTUTh PA3HOro poja
YA3BUMOCTN.

Kak 6bl TO HU 6bISI0, 3TO AOBOJ/IbHO CTPAHHO, YTO B PaHHMX BEPCUAX A,Cl,bl MOXHO 6bI/10 3a4aTb
3Ha4yeHna No yMON4YaHMO A1 KOMAOOHEHT 3anncn, HO HENb34 6blI0 — ANA CKaNnApHbIX TUMOB NN
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mMaccmBoB. B Bepcum Aga 2012 370 6b110 McnpaBaeHo npu nomowm acnektos Default_Value n
Default_Component_Value. HoBas Bepcus npegbiayLLero npyMepa MoXeT BbIra4eTb Tak:

type Font is (Arial, Bookman, Times New Roman)
with Default Value => Times New Roman;

type Size is range 1 .. 100
with Default Value => 12;

|_|pl/| TakoM 06BbABAEHUN TUMOB Mbl MOXEM onyctTnTb Ha4dallbHbl€ 3HaYEeHNA ANA KOMMNOHEHT For-
matted_Character:

type Formatted Character is record
C : Character;

F : Font; -- Times New Roman no ymosi4aHuio
S : Size; -- 12 no yMondaHuio
end record;

Ana maccrBa MOXHO YKa3aTb 3Ha4yeHne Nno ymoa4aHuno A4 ero KOMNOoHeHT:

type Text is new String
with Default Component Value =>
Ada.Characters.Latin 1.Space;

Cnep,yeT 3aMeTUTb, YTO B OTANYMW OT Ha4aNlbHbIX 3HAYEHWA KOMMOHEHT 3anucu, 34ecb
NCNO/Ib3YHTCA TOJIbKO CTaTNYeCKne 3Ha4YeHNA.

4.7 «BewecTBeHHble OLLUNOGKMN»

Ha3BaHue 3TOro pasgena — JOCNOBHbIV NepeBos TepMuHa real errors, 0603HauyatoLLero owmnokm
OKPYr/eHUs MpY paboTe C BELLECTBEHHbIMW YCIaMu. B opurnHane Ncnonb3yeTcs Kak Kanamoyp.

[na onepauunin Hag YMcnaMy C NaBakoLLEen TOUKOM (MCMoNb3ys Takme Tumbl, Kak real B Pascal,
float B C 1 Float B Age) ncnonb3yeTcs oTaeNbHble BblYUCAUTE IbHbBIE YCTPOMCTBa Npoueccopa. MNpwn
3TOM, CaMO MpejCcTaBNeHne Yncaa MMeeT OTHOCUTE/IbHYIO TOYHOCTb. Tak B 32 pa3psAHOM cnose
NoZ MaHTUCCY MOXET ObITb BblAeneHo 23 61Ta, OANH BUT NoJ 3HaK 1 8 BUT NOJ 3KCMOHEHTY. 3TO
faeT TOYHOCTb 23 ABOUYHbIX LMPbI, T. €. MPUMEPHO 7 AeCATUYHbIX.

Mpu 3TOM AnA 6onbLINX Yuncen, Takmx kak 123456.7 TouHOCTb 6yzAeT B OAHY AecATyw, a ANs
ManeHbknx, kak 0.01234567 — BOCeMb 3HaKOB MOC/e 3aMATON, HO B /IOBOM Caydae YUCNo
3HaUNMbIX UMp BCerga octaetca 7. [lpyrMMu C10BaMW, TOYHOCTb CBfA3aHa C BEIMYMHOW
3HayeHwus.

OTHOCUTENbHAA TOYHOCTb MOAXOAUT BO MHOMUX C/lydasX, HO He BO BCeX. BosbmeM K npumepy
npeAcTaBieHVe yrna HanpaBieHUs TpaekTopuu Kopabna nav paketbl. JonycTuM, Mbl XOTUM
NMeTb TOYHOCTb B OAHY CeKyHAy. MonHas oKpyXHOCTb BKItOYaeT B ceba 360 rpajycoB, B KaXA0oM
rpasyce 60 MUHYT, B KaXaon MUHyTe 60 cekyHa,.

ECAn Mbl XpaHWM yros, Kak 4mMcio ¢ naasatoLLeit TOUKO:

float bearing;

Torga Ans 3HadveHunsa 360 rpafycoB TOUHOCTb byaeT NpMMepHO 8 cekyHA, YTO HeAOCTaToOYHO, B
TO BpeMs Kak ana 1 rpagyca — TouHOCTb 1/45 cekyHAbl, YTO n3nuwHe. Mbl MO 6bl XPaHUTb
3HaueHue, KaK Liesioe YMCNo CekyHa, NCMonb3ys Le/IoYNCNeHHbI TUN:

int bearingsecs;

370 6bl CpaboTano, HO HaM NPULLNOCL 6bl He 3abbiBaTb BLIMOMAHATL COOTBETCTBYHOLLEE
MacLuTabrpoBaHue Kaxaplli pa3 Npuv BBOAE 1 OTOBPAXKEHUN 3HAUEHWS.
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OJHaKo, HacTodLwasa npobaemMa ymcen € NnaBakroLLeint TOUKOM B TOM, YTO TOYHOCTb Onepauuii,
TaKNX KaK CNOXEHWe N BblYUTaHWe, CTpaAaeT OT OLLIMOOK OKpYrieHus. ECnv Mbl HaXOANM pasHuLy
yncen NpuMbAN3NTENbHO OAHOWM BEANYVHBI, Mbl MOAYYMM CYLLLECTBEHHYIO MOTEPH TOYHOCTW.
K ToMy Xe HekoTopble uuc/ia He VMerT TOYHOro npeacrasneHnsa. K npumepy, y Hac ecTb
WwaroBbln gsuratenb ¢ warom 1/10 rpagyca. Mol oTmepsiem 10 waroBs. Ho Tak kak 0.1 He
NMeeT TOYHOro npeacTaBieHns B ABOWNYHOW dopme, B pesynbTaTe Mbl HUKOFAa He MOAyyYuMm
POBHO OAWH rpagyc. Takum obpas3om, Aaxe Korga Ham He TpebyeTcs BblCOKas TOYHOCTb, a
TOYHOCTb WUCMO/b3YEMOro TUMa 6onbLLe TpebyeMol, CyMMapHbI 3GPeKT MHOXeCTBa HE6OTbLLMX
BblUMCINTENbHBIX MOrPELIHOCTEN MOXET OblTb HEOrpaHMYeH.

PyyHoe macliTabupoBaHme 418 UCNONb30BaHUS LeN0YMCIeHHbIX TUMOB AOMYCTMMO B MPOCTbIX
NPUNOXEHUAX, HO KOrAa Y Hac HEeCKObKO TakMX TUMOB W HaM MPUXOAUTCA ONepmpoBaTb UMUK
OHOBPEeMEeHHO HaumMHatoTca npobnembl. CUTyauus elle 6osiee YCIOXHAETCS, eCv NPUMEHSATb
4na MacwTabupoBaHus 6onee 6bicTpble onepaumn capura. COXHOCTb pe3ynbTUpYHoLLEero koja
NIerko MOXeT CTaTb MPUYNHOM OWMBOK W 3aTPyAHSAET NMOoAJAepXKy. Ada cpean Tex HeMHOrmx
A3bIKOB, KOTOPblEe MPejoCcTaBnAtoT apudMeTrKy ¢ GUKCUPOBAHHOM Toukon. [1o cBoel cyTn, 370
aBTOMAaTNYeCKNn BapuaHT MaclTabupoBaHUS LenblX yncen. Tak, AN LWaroBoro MoTopa Mbl
MOrn 6bl oNpejenunTh:

type Angle is delata 0.1 range -360.0 .. 360.0;
for Angle'Small use 0.1;

Pe3ynbTaT byAeT NpeAcTaB/ieH B BUAe MacLITabmpoBaHHbIX (C koaddumumeHTom 0.1) 3HaUeHUIA,
XpaHUMbIX B BUAe Lenbix yncen. Ho Ham yAobHel AymMaTb O HUX Kak O COOTBETCTBYHLLMX
abCTPaKTHbIX BEIMYMHAX, TaKMX Kak rpajycbl 1 UX AecaTble Aonn. Takas apudmeTrka He cTpajaeT
OT OLUNGOK OKPYrNeHus.

Takum obpaszom, Aga nmeeT gBe GOopMbl 4151 BeLLLeCTBEHHOM apnpMeTUKK:
* yuncna c NiaBakoLLeli TOUKOWN MMetoLLe OTHOCUTENIbHYHO MOrPeLLHOCTb;
* yncna ¢ PUKCMPOBAHHONM TOUKOM, MMetoLLe abCOIOTHYO MOrPeLLHOCTb.

Takxe nogaep>XmBaetcd pPasHOBMAHOCTb 4Yucen C (I)I/IKCI/IpOBaHHOI7I TOUKOM Ana AECﬂTI/Il-IHOI‘/JI
apI/ICIDMeTI/IKI/I — CTaHAapPTHaA MoAe/ib ANA q)VIHaHCOBbIX pacyeToB.

Tema 3TOro pasfena JAOBOJIbHO Y3KOCMNEeLMann3vpoBaHHas, HO OHa WANCTPUPYeT pasMax
BO3MOXHOCTeN sA3blka Afa M 0coboe BHMMaHME K MNOAAEpPXKe 6e30MacHbIX YMCIeHHbIX
BblUNCNAEHWUA.
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CHAPTER
FIVE

BE3SOINACHbIE YKASATENN

MepBOObLITHBIV YenoBeK COBEPLUW MMFaHTCKUKA War, OTKPbIB OroHb. OH He TO/AIbKO obecneymn
cebs TennoM 1 efloll, HO TakxXe OTKPbIA cebe NyTb K MeTananyeckum Opyansm Tpyaa v janee K
NHAYCTPManbHOMY obLiecTBy. Ho OroHb onaceH npyv HEBPEXHOM C HUM ObpaLLeHNN N MOXeT
CTaTb MPUYMHOM YXXacHbIX 6eacTBUA. 11 60pb6Obl C ANKMM OrHEM CO34aHbl CreLmanbHble CyXKobl,
UTO CYXUT ANLLHUM A0Ka3aTeIbCTBOM Cepbe3HOCTY BOMpoca.

AHanNOrM4yHoO, rMraHTCKUM Liar B pa3paboTke MPOrpaMMHOro obecrneveHus NMpousoLLen npu
N306peTeHN MOHATUS yKasaTensa WAnM ccbinkn. Ho HebpexHoe obpalleHue C ykasaTensMmu
CPOAHN Urpe C OrHem. YKasatenn npUHOCAT HeoCnoprMble MpenMyLLecTBa, HO npwu
HebpeXXHOM ObpalLieHNN HEMeNeHHO ciefyeT KkaTacTpoda, HanpuMep, «CUHWNIM 3KpaH CMepT»,
6e3B03BpaTHas NoTeps AaHHbIX, MO0 6peLlb B 3aLUMTe, Yepe3 KOTOPYHO MPOHMKAaKT BUPYChI.

O6bI4HO B MpOrpaMMHOM oObecnevyeHUn BbICOKOW HaAEXHOCTU WCMOb30BaHMe YyKasaTesnen
CyLeCcTBEHHO orpaHunyeHo. CcblIOYHble TUMbl B Afe COYeTaloT CeMaHTWKY ykasaTenei co
MHOXeCTBOM JAOMONHUTENbHbIX OFPaHNYEHWI B UCMONb30BaHUW. DTO AenaeT UX NpUrogHbIMU
49 NCNOSIb30BaHUSA MOBCEMECTHO, 6blTb MOXeT, 3a peAKUM WCKA4YeHVeM Haumbonee
TpeboBaTe/ibHbLIX K 6e30MacHOCTL obnacTte.

5.1 CcbInkn, yKasaTenum v agpeca

BmecTe ¢ yKasatenamMmun noaBadaroTca HeCKO/1bKO BO3MOXHOCTe’ coBepwnTb OLLINBKW, TaKmne Kak:

* HapyweHure Tna — co3gatb 06BbEKT OAHOr0 TWUMa W MOJyYuUTb AOCTYN K Hemy (4depes
yKaszatesnb) Kak ecin 6bl OH 6bln gpyroro Tuna. B 6onee obuieM Buge, UCNONb3ys
yKazaTte/b, 06paTUTbCA K 06beKkTy TakMM CMOCO60M, UTO HapyLLaeTCcsl COrNacoBaHHOCTb C
CEMaHTUYECKVMY CBOCTBAMU 3TOr0 06beKTa (HanpumMep, NpUCBOUTL 3HaUEHME KOHCTaHTe
A 060NTN OrpaHNYeHUs AMarna3oHa).

* Bucaume ccblikM — AOCTYN K 06beKTy Yepes ykasaTenb rnocse Toro, kak o6bekT nepecran
CyLLIeCTBOBaTb JTO MOXET ObITb yKa3aTe/b Ha NOKaNbHYIO NepeMeHHYo rnocsie Bbixoja 13
noANpPoOrpaMMbl AN Ha ANHAMUYECKU CO3JaHHbIM O6BEKT, YHNUTOXEHHbI 3aTeM yepes
Apyromn ykasaresib.

. |/|C‘-IepI'IaHI/Ie CBOBOAHOrO NPOCTPAHCTBA — ownbka co3gaHus obbekTa BCNeACTBUE
HEXBATKN PeCYypCOB. YTo B CBOKO odyepeib MOXeET BbITb pe3ynbTaToM Cnegyroulero:

+ Co3jaHHble 00beKkTbl CTaHOBATCA HeAOCTYMHbIMW  («MyCOPOM») W  HUKOrAa He
0CBO6OXAa0TCS;

« ®parMeHTauMa «Ky4du», Korga CyMMapHoe KO/JM4YecTBO CBOOOAHOrO MpPOCTPAHCTBA
AOCTaTOYHO, HO HET HM OAHOI0 HeMpPepPbIBHOMO y4acTKa HY>XHOro pa3mepa;

* Heobxoanmblii pazmep «Kyum» 6bi1 HELOOLIEHEH;

* MNocToAiHHas yTeuka (Bce CO34aHHble OOBEKTbl AOCTYMHbI, HO CO3AAKOTCA 6ECKOHEUHO,
HanpuMep 06beKTbl CO34a0TCA U A06aBAAOTCS B CBA3HbIN CMNCOK B 6€CKOHEYHOM LuKe).
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XoTa geTanu pasHATCH, HapyLUeHWs TUMOB U BUCSUME CCbUTKM BO3MOXHbI TakxKe 1 B si3blKaX, rae
€CTb yKasaTenn Ha NoAnporpaMmei.

NcTopuyeckn B A3blKax MPUMEHSINCE PasnnyHble MOAXOAbl AN1A peLleHns 3TUX npobaem. PaHHme
A3bIKK, Takme kak Fortran, COBOL n Algol 60 He npeaocTaBnsnM NoOAbL30BaTeNt0 Takoe MoHATUE
KaK ykasaTenb BoobLue. MNporpaMMbl Ha BCEX A3bIKax MCMOb3YIOT ajpeca B 6a30BbIX onepauusx,
TakMX KakK Bbl30B MOAMPOrpamMMbl, HO MOJIb30BATENIN 3TUX A3bIKOB HE MOIM OMNepupoBaTb
ajpecamu Hanpsimyo.

C (1 C++) NnpefoCTaBAAOT ykasaTenu kak Ha 06bekTbl CO34aHHble B «Kydex», Tak U Ha 06BbeKThbl
B CTeKe, a Takke Ha QyHKUMKN. XOTS HEeKOTOpble MPOBEPKM BCe Xe MPUCYTCTBYIOT, B OCHOBHOM
NPOrpaMMUCT CaM AOJIXKEH CnefuTb 3a KOPPEKTHBIM MCNOb30BaHWeEM yKasaTenen. Hanpumep,
T. K. C npejcTaBnseT MaccuB, Kak yKasaTeslb Ha NepBblli 3/1eMeHT U paspeLuaeTt apudMeTuky Haj
yKasaTensimMu, MporpaMMmCT MOXET Ierko cebe co3gaTb npobemy.

Java u gpyrve «4mcto» 06bEKTHO-OPUEHTUPOBAHHbLIE A3bIKM HEe PaCKpbIBalOT CyLLLEeCTBOBaHMeE
yKasaTtenel NpuaoXeHW0, HO UCMOAb3YIOT yKasaTenu 1 AnHamumyeckoe CosjaHre 06BEKTOB Kak
6a30Bble MOHATMA A3blka. MpoBepKa TUMOB COXPaHAETCS, U yaaeTcs nsbexatb BUCALLNX CCbINOK
(T. K. HeT crnocoba ABHO BbI3BaTb free). YTO6bI NpeAoTBPaTUTL MCHepraHue «Ky4dun» bonee
HeJOCTYNHbIMY 06beKTamMy, BBOAUTCA aBTOMaTMyeckas cbopka «Mycopax». 3TO npuemaemMo Ans
HeKOTOpPOro kjacca nporpamMm. HO AOBOMBHO CMOPHO B MpOrpaMMax peasbHOro BpemeHwu,
0COBEHHO B 06/1aCTAX TPEBYHOLLMX BbICOKON HaAEXHOCT 1 6e30MacHOCTU.

CnepyeT 3aMeTUTb, UTO «CHOpKa Mycopa» Cama Mo cebe He MOXeT 3aUTUTb OT McHepnaHums
CBOOOAHOrO MNPOCTPAHCTBAa: MNporpaMma Aob6aBnstollas o6bekTbl B CBA3HbLIA CAUCOK B
6eCcKOHeYHOM LK/e B KOHLe KOHLIOB UCTPATUT BCHO NaMATb HECMOTPSA Ha BCe yCuausa cbopLumka
Mycopa. (BeckoHeuHbI LK He 06s3aTeNbHO ABAAETCA OLIMOKOM B MporpamMme, CUCTEMbI
yrpaBaeHus MpoLeccoM M UM MNOAOOHbIE 4YacTo MULUYTCS Kak MPOrpaMmbl He MMmeroLume
3aBeplleHns. [na oCTaHOBKW TakoW mporpamMMbl TpebytoTca BHeLLHee BAUSHWe, Hanpumep,
4YTOObI ONEepaTop NOBEPHYN TyMOEp NNTaHNS).

Cama nctopus ykasaTener B Aje AOBOJIbHO MHTepecHa. V3HavanbHO, B Bepcun Aga 83, bbinu
[AOCTYMHbI TONLKO yKasaTenuy Ha AMHaMWUYeCKN CO3jaHHble 06bekThl (T.e. He Bbblno ykazatenen
Ha O0ObsiBNEeHHble O0ObekTbl M Ha MoAnporpaMmsbl). Takxe npejnaranacb siBHas onepauus
ocBoboxaeHns obbekToB (Unchecked_Deallocation). Takum o06pa3om npenoTBpaLLanoch
HapyLLeHne TUMM3aLnmn 1 NosBAeHNE BUCALLNX yKa3aTenei Ha 6onee HefOCTyMHble JIOKa/ibHble
06BbekTbl.  BmecTe ¢ TeM, ocCTaBanacb BO3MOXHOCTb MONYUUTb BUCALLMUIA yKasaTenb Mpu
HeKkoppekTHOM ucnonb3oBaHun Unchecked_Deallocation.

BeegeHuve Unchecked_Deallocation 6b110 HensbexHO, Tak Kak eANHCTBEHHasd anbTepHaTMBa

— TpeboBaTb peanv3auusiM  NpPeAoCTaBNsaTb COOPLYMK Mycopa — He BMUCbIBaeTCs B
061acTaxX BbIUNCIEHUA B peasibHOM BPEMEHW U BbICOKON HAAEXHOCTW, FAe OXMAANOCh
LUMPOKOE PacrpoCTpaHeHne s3blka. dunocodua Aapl TakoBa - N0boe HebesomnacHoe
AecTBMe JOMKHO 6biTb YeTKO 0603HauYeHo. B camom gene, ecnv Mbl KCMOb3yeMm

Unchecked_Deallocation, Ham HeobxoaMMO yka3aTb ero B creuudmkaTopax WCNoAb30BaHMSA
(with Ada.Unchecked_Deallocation;), a 3aTtemM HacTpOWUTb Ha HYXHbIA TUM. (KoHuenuun
cneundrnKaTopoB NCMONb30BaHWA U HAaCTpanBaeMblx Mogynel byaeT paccMOTpeHa B cnefytoLlem
pasgene). Takol CPaBHUTENbHO YTAXENEHHbIA CUHTaKCUC OAHOBPEMEHHO npejoTBpaLlaeT
be3anabepHoe MCMob30BaHMe 1 obneryaeT YTeHWe U COMPOBOXAEHME KOAQ, YETKO BblAenas
ornacHble MecTa.

Aza 95 pacwnpsieT Bepcuto Aga 83 1 paspellaeT MMeTb yKa3aTe/n Ha 06bsABNeHHble 0O6beKTbI U
Ha nognporpamMmel. Bepcns Aga 2005 naet HemMHoro ganblue, obneryas nepejayy ykasartens Ha
noAnporpamMMy B KayecTBe napamMmeTpa. Kak npuv 3TOM yAaeTcs COXpaHUTb 6e30MacHOCTb Mbl U
paccMOTPVM B 3TOW rnase.

Ewle o4HO 3ameyaHme Jo TOro, Kak Mbl yriybmmcs B geTanu. MockonbKy TEPMUH yKa3aTeb 4acTo
HeceT AOMONHUTENbHbIV HU3KOYPOBHEBBIN MOATEKCT, B Afle MCMONb3YeTC TEPMUH CCbIIOYHbIN
™Mn. TakuM 06pa3oM, AenaeTcs akLeHT Ha TOM, YTO 3HAYEeHUs CCbINOYHOrO TUMa MO3BONSAIOT
HaM CCbINaTbCsA Ha ApyrMe 06bekTbl HEKOTOPOro 3apaHee N3BECTHOro TUNa (M ABASIOTCS CBOEro
poAa ANHAMUYECKMMU MMEHaMUN 3TUX O6BbEeKTOB) N He AOMKHbI BOCMPUHUMATBLCS MPOCTO Kak
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MaLUVHHbI agpec. B camoM gene, Ha ypoBHe peanu3aunn NpeAcTaBieHve STUX 3HaueHnin MoryT
OT/INYATLCS OT PUNYUECKNX YKa3aTenel.

5.2 CcblIOYHbIE TUMDbI N CTporas tmnnsauyus

Ncnonb3ys BO3MOXHOCTM A3bika Aga 2005 Mbl MOXeM 06BbSBUTE MepeMeHHYyto Ref, Uby 3HaueHNs
npeAoCTaBAAloT AOCTyN K o6bekTam Tvna T:

Ref : access T;

Ecnv Mbl He ykaxeM HauyasbHOe 3HaueHue, TO ByAeT MCNONb30BaHO CreluanbHoe 3HadeHue
null. Ref MoXeT ccblnatbcs Ha 06bIYHYH NepeMeHHyto Tuna T (KoTopasi, 04HaKo, AOMKHA 6bIThb
rnomMmeyeHa Kak aliased):

0bj : aliased T;
Ref := 0bj'Access;

JTO aHaNornM4yHo CJ'Ie,D,yI-OLLI,EI7I 3anncu Ha asblke C:

t* ref;
t obj;
ref = &obj;

Tun T B CBOKO OYepeb MOXeT 6bITb OnpejenieH Kak:

type Date is record
Day : Integer range 1 .. 31;
Month : Integer range 1 .. 12;
Year : Integer;

end record;

n aanee Mbl MOXeM HalnncaTb:

Birthday: aliased Date :=(Day => 10, Month => 12, Year => 1815);
AD : access Date := Birthday'Access;

Mo>HO O6paTVITbCF| K OTA€/1IbHbIM KOMMOHEHTAM AdTbl, NCMNOJIb3yA AD:

The Day : Integer := AD.Day;

rlepeMEHHaﬂ AD TaKkXe MOXeT CCblNaTbCAa Ha ANHaMn4ecKn CO3,CI,aHHbII7I O6'beKT, paCI'IOJ'IO)KEHHbII7I
«B Kyuye» (KkoTopas B AZe HOCUT Ha3BaHWA nyn /storage pool/).

AD := new Date'(Day => 27, Month => 11, Year => 1852);
(34ecb NCNonb30BaHbl 4aTbl POXAEHWA 1 cMepTu rpaduHn Agpl SlaBneric, B YeCTb KOTOPO Ha3BaH
A3bIK).

TUNMYHBIM cydyaeM MCnonb3oBaHMA CCbINTOYHbBIX TUMOB ABNAETCA CBSA3HbIN CAKXCOK. HaanMep,
Mbl MOXEM OoNnpeaennTb:

type Cell is record
Next : access Cell;
Value : Integer;
end record;

M 3aTEM Mbl CMOXEM CO034aTb LLEMOYKY 06bekToB TUNa Cell, cBA3aHHbIX B CMUCOK.

YacTo ya06HO MMeTb MMEHOBAHHBIW CCbITOYHbINA TUT:
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type Date Ptr is access all Date;

3peck coBo all 03HayaeT, UTo 3TOT TUM CAYXUT ANs PabOThl Kak C AUHAMUYECKMMN CO34aHHBLIMU
obbekTaMu, Tak U C O6DBSBAEHHBLIMW MepeMeHHbIMY, PACMONIOXKEHHbIMW B CTeke (KOTopble
rnomMmeyeHsl aliased).

Cama nomeTka aliased — BecbMa nonesHasi «CTpaxoBka». OHa NpeaynpexzaeTt NporpamMmmMuncTa,
YTO K 06BEKTY MOXHO 06paTUTLCSA Yepes CCblIKY (4TO MOMOraeT npu 6eroM 03HaKOMIEHUN).
Kpome TOro — 3TO cMrHan KOMMUASITOPY, UTO MpW OMNTUMM3ALMN KOAA HYXHO Y4YnTbIBaTb
BO3MOXHOCTb KOCBEHHOI0 06paLLeHs K 06 beKTy Yepes CCbl/IOYHbIE 3HAYEHMIS.

BaXHbIM MOMEHTOM SIBASIETCA TO, YTO CCbINOYHBLIA TUM BCerga CBA3aH C TUMOM O6BEKTOB,
Ha KOTopble OH cCbinaeTcs. TakMM 06pasoM, BCerAa BbIMOMHSAETCA KOHTPO/Ib TUMOB Mpw
npvcBanBaHUK, Nepejade NapameTpoB U BO BCeX APYrMX BapuaHTax MCMonib3oBaHWsA. Kpome
TOrO, CCbITIOYHOE 3HaYEeHMe BCersa NMeeT TONbKO JlerasbHble 3HaueHus (B Yncae kotopbix 1 null).
MpY NCNONHEHWM NPOrpaMMbl, NPV NOMbITKE A0CTyMNa K 06beKTy No ccbinke Date_Ptr BeinonHsieTcs
npoBepkKa, YTo 3HayYeHre He paBHO null 1 Bo3byxzaeTcsa nckntoueHne Constraint_Error, ecnm 3to
He TaK.

Mbl MOXeM SiIBHO 3a4aTb, YTO CCbIIOYHOE 3Ha4yeHune Bcerga 6yaet oTan4YHbIM OT null, 3anncas
onpeseneHne nepeMeHHol CiesyroLiM 06pasom:

WD : not null access Date := Wedding Day'Access;

EctectBeHHO, Cpa3sy HYXHO ykasaTb HayanbHOe 3HadeHue oTam4yHoe oT null. Vcnonb3oBaHume
3TOV BO3MOXHOCTW MO3BONSET rapaHTUPOBaTh, YTO YNOMSIHYTOE BbiLle UCKI0OYeHNe HUKOTAa He
npow3sorijer.

HakoHel, cnesyeT OTMETUTb, YTO CCbIIOYHOE 3HA4YeHVe MOXeT YKasbiBaTb Ha KOMMOHEHTY
COCTAaBHOTO TWMa, NPV YCI0BMK, YTO CaMa KOMMOHeHTa noMedeHa kak aliased. Hanpumep:

A : array (1..10) of aliased Integer := (1,2,3,4,5,6,7,8,9,10);
P : access Integer := A (4)'Access;

Ho Mbl He MOXeM 1cnonbL3oBaTb apUOMeTUKY HaZ CCbINOYHbLIM 3HaYeHneM P, Takyro Kak P++ nam
P+1, uTobbl 06paTUTLCA K A (5), Kak 3T0 Bo3MoXHO B C. (Ha camom gene B Afe HeT Aaxe Takoro
onepartopa, Kak ++.) XopoLluo U3BeCTHO, UTO NOA06HbIe AeicTBMA B C 1erko NpUBOAAT K OLLNBKaM,
T. K. HAYTO He MeLLaeT HaM BbIATU 3a rpaHuLbl MaccuBa.

5.3 Ccbl/IOYHbIE TUMDbI N KOHTPOJ1Ib AOCTYNMHOCTA

TONbKO UTO Mbl PaccMOTpenu, Kak cTporag Tunusauna B A3bike npejoTBpallaet AoCTyn Mo
CCbIJIOYHOMY 3HaUEHUIO K 06BbEeKTY HenpaBuabHoro Tuna. Cnegytollee TpeboBaHVe — y6eANTbCS,
UYTO 06BEKT He MpekpaTUT CBOe CyLLEecTBOBaHMe, Noka Kakon-1mbo obbekT CCbIIOYHOro TmMna
yKa3biBaeT Ha Hero. [Jna ciydas C onpejeneHnsMy o06bEKTOB 3TO AOCTUraeTcsl MexaHV3MOoM
KOHTPOAA A0CTynHOCTU (accessibility). PaccmoTpum cnegyrolmnii Koa:

package Data is
type Int_Ref is access all Integer;
Refl : Int Ref;

end Data;

with Data; use Data;

procedure P is
K : aliased Integer;
Ref2 : Int Ref;
begin
(continues on next page)
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(continued from previous page)

Ref2 := K'Access; -- Illegal
Refl := Ref2;
end P;

XOTS 3TO AOBOJIBHO MCKYCCTBEHHBIM NMPYMepP, OH B OKaTOM obbeme AeMOHCTPMPYeT OCHOBHbIE
NHTepecHble HaMm MecTa. [lakeT Data npegoctaBnsieT ccbinoyHbld TUn Int_Ref n ob6bekT Refl
3TOro Tuna. T[pouesypa P obbsABAseT foKanbHY0 nepeMeHHyro K 1 N0KanbHYH CCbINOYHYIO
nepemeHHyto Ref2 Takxe Tuna Int_Ref. 3atem genaetca nonbiTka NPUCBOUTL NepeMeHHol Ref2
CcblIKy Ha K. 370 3anpeLyeHo. B camom npurceBoeHnmn Ref2 3toro 3HaueHns npobiembl HET MOTOMY,
uTo 06a 06BekTa (K 1 Ref2) NpekpaTaT cBOe CyLleCcTBOBaHME OAHOBPEMEHHO MpUY 3aBepLUeHNN
BbI30Ba NMpoLeaypbl. HacTosALwas onacHOCTb B TOM, YTO B JanbHelLeM Mbl MOXeM CKOMMPOBaTb
3HadeHVe Ref2 B rnobanbHy0 nepemMeHHylo, B JaHHOM ciydae Refl, koTopas 6yjeT XpaHuUTb
ccblKy Ha K gaxe nocne Toro, kak K nepecraHer cyLecTBoBaTb.

FNaBHOe NpPaBW/IO TaKOBO, YTO BPEMS XM3HW 06BEKTA, Ha KOTOPbIA Mbl MOTyYaeM CCbIKY (Takoro
Kak K) 4O/MKHO BbITb Kak MUHUMYM Takoe e, Kak BpeMsl XM3HW YKa3aHHOro CCbIIOYHOro Tuna (B
Halem cnydae Int_Ref). B Hawem npumMepe 3TO He BbINOAHSAETCS, NO3TOMY MOMbITKA NONY4YUTb
3HayeHwue, ccbinaroLleecst Ha K He3akoHHa.

CooTBeTCTBYytOLLME MpaBuia copMyIMpOBaHbl B TEPMUHAX YPOBHEN AOCTynHOCTM (accessibil-
ity levels), 0603HaYatoLLMX BNOXEHHOCTb KOHCTPYKLMIA, OXBaTbIBAOLLMX AAHHOE OrpejenieHne.
Takum 06pa3om, 0603HaUeHHbIe MpaBWIa ONPATCA B OCHOBHOM Ha CTaTUYeCcKne KOHCTPYKLMMN
f13blka, MPOBEPSOTCA KOMMUASTOPOM B MOMEHT KOMMAUASILUN U He BAEKYT AOMONHUTENbHbIX
N3JepXeK B MOMEHT UCMoNHeHWs. O4HaKo npaBuna A1 NapamMeTpoB NMoANpPorpamMmM, UMerLLNX
aHOHVIMHbIE CCbIIOYHbIE TUMbI, VMEKT AMHAMUYECKYD MPUPOAY U MPOBEPSOTCA B MOMEHT
NCMONHEeHWs.. TO NnaTa 3a AOMNOIHUTE/IbHYH TMBKOCTh, KOTOPYH APYrMM CMOCO60M AOCTUYL He
yAaeTcs.

B cTONb KOPOTKOM 0630pe A3blka KakK 3TOT, Y HaC HeT BO3MOXHOCTY eLle 6onblue yrnybutbesa B
AeTtann. [loCcTaTOYHO CKasaTb, YTO NMpPaBuIa KOHTPONA AOCTYMHOCTW MpejoTBpaLLalT BUCALLMe
CCbINKN Ha 06bsABAAEMble 06beKTbl, KOTOpble ABASIOTCH UCTOYHMKOM MHOXEeCTBa KOBapHbIX U
TPYAHO YCTPaHMMBbIX OLUMBOK B APYrnX «AblPSiBbIX» A3bIKaX.

5.4 CcblZIKU Ha nognporpamMmmsl

B AZe pa3spelueHbl CCbUIKM Ha npouegypbl U GyHKUMK. PaboTatoT OHM aHaNOrMYHO CCblIKaM
Ha 06bekTbl. COOTBETCTBEHHO AN HUX TakXe BbINOJAHANTCA NPOBEPKN CTPOron TUNM3auum m
KOHTPOJIb AOCTYMHOCTU. Hanpumep, NCnosb3ya BO3MOXHOCTU Agbl 2005, Mbl MOXEM HanuvcaTb:

A Func : access function (X : Float) return Float;
Mocne aToro o6bekT A_Func MOXeT XpaHUTb CCbIIKM TONLKO Ha GyHKLUMK ¢ napameTpoM Tuna Float
1 Bo3BpaLLatoLme Float (TakoBa, kK npumepy, npegonpegeneHHas GyHkUMa Sqart).

M Tak Mbl MOXeM HanucaTb:
A Func := Sqrt'Access;

X : Float := A Func (4.0); -- KOCBEHHbIN BbI30B

ST0 NpuBeeT K Bbi30BY dyHKUMK Sqrt ¢ aprymeHToM 4.0, a pe3ynbTat, Buanmo, byaet 2.0.

A3bIK TLWATENbHO CNeAnT 3a COBMNaZeHneM NapamMeTpoB, MO3TOMY Mbl HE MOXeM Bbi3BaTb QYHKLMIO
C HeBepHbIM KOIMYECTBOM/TMMOM MapaMeTpoB. ITO Xe BEepHO W AN pesynbTaTa QyHKUMWN.
Cnncok napamMeTpoB WM pe3ynbTaT OYHKUMWM COCTaBASAT OTAeNbHOEe MOHATUE, TexHu4eckoe
Ha3BaHWe KOTOporo — Npoduab GyHKLNN.

Tenepb paccMOTpUM NpegonpeseneHHy GYyHKLIMI BblUMCIeHNS apkTaHreHca Arctan. OHa nmeet
[Ba NapamMmeTpa 1 Bo3BpaLlaeT yron 6 (B pagnaHax) Takoin, uto tan 8 = Y/X.
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function Arctan (X : Float; Y : Float) return Float;

Ecny Mbl Hanuwem:

A Func := Arctan'Access; -- Ouwubka
Z := A Func (A); -- KOCBEHHbIi Bbi30B NpefoTBpaleH

KomnunaTop oTBeprHeT Takol Kog moTomy, 4to npodunb dyHKUMM Arctan He coBrnagaeT C
npodunem A_Func. 3To Kak pas To, YTO HY>KHO, NHa4ve GyHKUMs Arctan goctana bbl ABa aprymeHTa
M3 CTeKka, B TO BPEMS KaK KOCBEHHbI BbI30OB MO CCbinke A_FUNC MONOXWT B CTeK NWLb OAMH
aprymeHT (3710, Ha camoM fene, 3aBucuT oT ABl annapaTtHoi nnatdopmbl, He dakT, uTto floats 6yayT
nepeAaBaTbCs Yepes cTek). Pe3ynbTaTt noay4umacsa 6bl COBepLUEHHO HECCMbICIEHHbIM.

CoOTBeTCTBYHOLLME MPOBEPKM BbIMOMHAOTCA HE3aBMUCMMO OT MepeceyeHunst rpaHuL, Moayner
KOMMOUASiLMK (MOAYAN KOMMUAAUUN — MPOrpaMMHble eAnHNLbI, KOMNUAWPYeMble pasaensHo,
Mbl OCTaHOBMMCS Ha 3TOM B rnaBe «be3onacHas apxuTtekTypa»). AHanornyHble nposepkn B C He
paboTatoT B 3TOM C/lyyae, YTO YaCTO NPUBOAMUT K Cepbe3HbIM Npobnemam.

Bonee cnoxHbIn cnyyali BO3HMKAeT, KOrda ofHa Mnojnporpamma nepefaetcs B ApPYyryro Kak
napameTp. JonyctuM, y Hac ecTb GyHKLUMSA ANs pelleHns ypaBHeHUsa Fn(X) = 0, npuyemM $yHKLMA
Fn cama nepegaetcs kak napameTp:

function Solve (Trial : Float;
Accuracy : Float;
Fn : access function (X : Float) return Float)
return Float;

MapameTp Trial — 3T0 NepBoe NpnbAVXKEHNe, NapameTp Accuracy — Tpebyemasi TOYHOCTb, TPeTuii
napameTp Fn — GyHKLMSA 13 ypaBHEHNS.

K npumepy, mbl nHBectnposanu 1000 gonnapos cerogHsA 1 500 0nnapoB B Te4eHNM roa, KakoBsa
AOMKHA 6bITb MPOLIEHTHAs CTaBKa, UTObbl KOHeYHas 4mcTas CTOMMOCTb 3a JBa roja 6bina B
TouHoCTV 2000 fonnapos? 3ajaBas MPOLEHTHYH CTaBKy Kak X, Mbl MOXeM BblYNC/INTb KOHEYHYIO
UYNCTYHO CTOMMOCTbL MO popmyne:

Nfv (X) = 1000 * (1 + X/100)2 + 500 * (1 + X/100)

YTobbl OTBETUTL Ha BOMpoOC, onpegenum ¢GyHkUM0O, KoTopas BepHeT 0.0 Korga CTOMMOCTb
aocturHet 2000.0:

function Nvf 2000 (X : Float) return Float is
constant Float := 1.0 + X / 100.0;
begin
return 1000.0 * Factor ** 2 + 500.0 * Factor - 2000.0;
end Nvf 2000;

3aTeM MOXHO caenaTb:

Answer : Float := Solve
(Trial => 5.0, Accuracy => 0.01, Fn => Nvf_2000'Access);

Mbl npegnaraem pewnTb ypaBHeHMe, yKas3aB nepsoe npubamxeHne B 5%, TouHocTb 0.01 un
uenesyto ¢yHkUMo Nvf_2000. T[pegnaraem unTaTento HalTW pelleHue, Halle 3HayeHue Bbl
HalgeTe B KOHLe rnaBbl. (TepMUH «KOHEeYHast YMCTas CTOMMOCTb» XOPOLLO U3BeCTeH GpUHAHCOBLIM
cneymanmctam.)

Mbl XOTenn 6bl OTMETUTb, UTO B AZle ByAyT NPOBepPATLCS TUMbl MapamMeTpoB GYHKLUKY, Aaxe Korja
OHa cama nepejaeTcs Kak napameTp, 6narogaps ToMy, UYTo Npoduab GYHKLMM MOXET UMeTb
NPOWN3BONBHYHO INY6UHY BNOXEHHOCTU. MHOTMe A3bIKA UMEIT OrpaHnyeHre B O4NH YPOBEHb.

3ameTuM, YTo nmapameTp Fn MMeeT aHOHUMHBbLIA TUM. AHANOMM4YHO CCbiIKaM Ha OB6BLEeKTbl, Mbl
MOXEM OMnpeseNnTb MMEHOBAHHbIN CCbIIOYHBIA TUMN ANs nognporpamMm. W Moxem 3acTaBuTb
CCbINOYHbIV TUMN XPaHUTL TONbLKO He null 3HaveHus. T.e. MOXHO HanncaThb:
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A Func : not null access function (X : Float) return Float
1= Sqrt'Access;

MarocC TyT B TOM, UTO Mbl ABHO rapaHTmMpyem, 4to A_Func He paBeH null B 1tobom mecTe, rae 6bl Mbl
ero He 1Crnoab30Banun.

B TOoM cnyuae, ecnm Bbl cumTaete MCNOAb30BaHME MPOW3BOABHON ¢yHKLUMN (B AaHHOM
cnydae Sqrt), Kak HavanbHOro 3HadeHWss He paBHoro null 6e3BkycMued, MOXHO OnpesennTb
cneynanbHyr GYHKLMIO ANS 3HAYEHUS MO YMONYaHWIO:

function Default (X : Float) return Float is

begin
Put ("Value not set");
return 0.0;

end Default;

A Func : not null access function (X : Float) return Float
:= Default'Access;

AHanNornyHo, HaM HeobxoaMMo J06aBuTL not null B npodune dyHkumm Solve:

function Solve
(Trial : Float;
Accuracy : Float;
Fn : not null access function (X : Float) return Float)
return Float;

3TO rapaHTMpPYeT UTo apryMmeHT Fn HMKorga He 6yaeT null.

5.5 Bno)xeHHble noAanporpamMmMbl B KauecTBe NapamMmeTpoB

Kak Mbl ynoMuWHanu paHee, KOHTPO/b AOCTYMHOCTM Takxke paboTaeT M ANA CCbINOK Ha
nognporpammel. Jonyctum ¢yHKLMs Solve onpegeneHa B nakete v UCNOAb3yeT MIMEHOBAHHbI
CCbINOYHBIN TN A4Na napameTpa Fn:

package Algorithms is
type A _Function is
not null access function (X : Float) return Float;
function Solve
(Trial : Float; Accuracy : Float; Fn : A Function)
return Float;

end Algorithms;

AonycTM Mbl XOTUM 0606LLMTL NPYMepP C BbIYMCIEHUEM UMCTON CTOUMOCTW, YTOBbI MMETb
BO3MOXHOCTb MepesaBaTh LiesieBoe 3HaYeHve kak napameTp. Monpobyem Tak:

with Algorithms; use Algorithms;

function Compute Iterest (Target : Float) return Float is
function Nfv T (X : Float) return Float is
constant Float := 1.0 + X/100.0;

begin
return 1000.0*Factor**2 + 500.0*Factor - Target;
end Nfv T;
begin
return Solve (Trial => 5.0, Accuracy => 0.01,

Fn => Nfv_T'Access); -- Illegal
end Compute Iterest;
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OaHako Nfv_T'Access Henb3si MCNOMBb30BaTb KaK 3HadeHWe napameTpa Fn, NoToMmy, 4TO 3TO
HapyLlaeT npaBuaa KOHTPOASA JOCTynHOCTU. [pobnema B Tom, UTo dyHkuma Nfv_T HaxoauTcs Ha
bonee rnybokoM ypoOBHE BAOXEHHOCTM, Yem Tun A_Function. (Tak v AOJIXKHO 6bITb, MOCKOJbLKY
HaM HeobxoAnM JocTyn K napameTpy Target.) Ecam 66l nogo6Hoe 6bi10 pa3peLleHo, Mbl MOrAN
6bl MPUCBOUTL 3TO 3HAYEHMe KakoW-HNBYAb rnobanbHOM nepemeHHolr Tvna A_Function. Mocne
BbIxoga 13 ¢yHKUMM Compute_Interest ¢yHkumsa Nfv_T 6yaeT HeAoCTyMHa AN UCNOJb30BaHWUS,
HO rnobanbHas NnepeMeHHas BCe eLle byjeT XpaHUTb CCbIIKY Ha Hee. Hanpumep:

Dodgy Fn : A Function := Default'Access; -- [J/100a/bHbIi 0OBLEKT

function Compute Iterest (Target : Float) return Float is
function Nfv_ T (X : Float) return Float is
end Nfv T;

begin
Dodgy Fn := Nfv T'Access; -- Owubka

end Compute Iterest;

lNocne 3aBepLUeHUS BbI30OBa Mbl AeflaeMm:

Answer := Dodgy Fn (99.9); -- pe3ynbrat Henpeackasyem

Bbizos Dodgy_Fn 6yzaeT nbiTaTbcs Bbi3BaTh Nfv_T, HO 3TO HEBO3MOXHO, MOTOMY, YUTO OHa JI0KabHa
ana Compute_Interest 1 6ygeT MbiTaTbCsd 06paTUTBCA K MapameTpy Target, KOTOPOro yxe He
cywiectByeT. Ecam 66l Aga He 3anpellana 310 genaTb, MOCIEACTBMA 6binn Obl HeNpesckasyeMbl.
3amMeTbTe, YTO NPY UCMONBb30BaHUM AHOHVIMHOTO TUMa 415 napamMeTpa Fn, Mbl MOrIv 6bl Nepesathb
BAOXEHHYI GYHKLNIO, KaK apryMeHT Solve, HO Torga KOHTPO/b JOCTYMHOCTW cpaboTan 6kl npu
NONbITKE MPUCBOUTL 3TO 3HaUeHe nepemMeHHor Dodgy_Fn. Bo Bpemsi UCMonHeHNs BbINOAHWAACH
6bl MpoBepKa, 4TO ypoBeHb BaoXeHHOoCcTU Nfv_T 6onblue, yem ypoBeHb BAOXEHHOCTW Tuna
A_Function n npousowno 6bl Bo3byxaeHne unckaodeHna Program_Error.  Takum ob6pasowm,
npaBWibHbIM peLleHeM b6b110 6bl onpesenThb:

package Algorithms is
function Solve
(Trial : Float;
Accuracy : Float;
Fn : not null access function (X : Float)
return Float)

return Float;

end Algorithms;

n ocTaBUTb ¢yHKuMto Compute_Interest B mepBoHayanbLHOM BapuaHTe (YAannB KOMMEHTapUii
OwwbKa, KOHEYHO).

MoxeT nokasaTtbcs, YTo Npobnema nexmnT B ToM, 4To dyHKuma Nfv_T BnoxeHa B Compute_lterest.
Mbl MOrM 6bl caenaTth ee rnobanbHON 1 Npobaemsbl C JOCTYNHOCTBIO UcHe3nn 6bl. Ho ana 3Toro
HaM NpuLNock bbl NepefaBaTb 3Ha4YeHMe Target Yepes Kakyr-HUOYAb MepemMeHHyo B nakete
BepxHero ypoBHs, B ctune COMMON-610k0B s3bika FORTRAN. Mbl He MoxeM f06aBUTbL ee B
CNUCOK NapamMeTpoB GYHKLUMN, T. K. CIUCOK NapaMeTpoB JO/MKeH CoBMnajaTb CO CNUCKOM Ang Fn.
Ho nepegaBath faHHble Yepes rnobanbHble NepemMeHHble GakTuyeck NopoYHas npakTika. OHa
HapyLlaeT MPUHLUMA COKPbITUA MHbOPMaLIMK, NPUHLUN abCTpakLUMKM, a Takxke MAoXo CTbiKyeTcs
C MHOr03aZayHoCTbiO. 3aMeTUM, YTO MPaKTUKa MCMONb30BaHUA BNOXEHHbIX GYyHKUWIA, Korja
byHKUMA nonyyaeT AoCTyn K HeoKanbHbIM NepeMeHHbIM (TakmMM Kak Target) 4acTo Ha3blBaeTCs
«3aMbIKaHNEM>.

Takune 3aMblKaHWs, APYrMMI CIOBaMUM Mepejava ykasaTens Ha BOXKEHHY NMoArnporpaMmmy Kak
napameTp BpeMeHU MCMONHEeHNSs!, NCMOJb3YHTCA B HEKOTOPbLIX MecTax CTaHAapTHOW 616nroTekn
Agpl, HanpuMep Ans nepebopa 3/1eMeHTOB Kakoro-H1MbyAb KOHTelHepa.

Mcnonb3oBaThb B/IOXKEHHbIE noanporpamMmsbl B TaKnX Ciydaax eCTeCTBEHHO, T. K. OHN HY>XKAaK0TCA B
HeNoKa/lbHbIX AaHHbIX. |_|Op,06HbII7I noaxo 3aTpyaHeH B «MJTIOCKMX» A3blKaX MPpOorpaMmMnpoBaHng,
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Takux kak C, C++ u Java. B HEKOTOPbLIX C/TydadX MOXHO NCMOJ/Ib30BATb Me€XaHU3M Hac/1e40BaHWA,
HO OH MeHee ACeH, UTO MOXXET NoB/1EYb I'IpO6}'IeMbI npwn CONMpoBOXAEHUN KOAa.

HakoHeu, moxeT noTpeboBaTbCA KOMOMHMPOBATbL afrOPUTMbl, UCMO/b3YS BIOXEHHOCTb. Tak,
Haw naket Algorithms MoxeT cofepxaTb Apyrvie Nosie3Hble BeLLu:

package Algorithms is
function Solve
(Trial : Float;
Accuracy : Float;
Fn : not null access function (X : Float)
return Float)
return Float;

function Integrate
(Lo, Hi : Float;
Accuracy : Float;
Fn : not null access function (X : Float)
return Float)
return Float;

type Vector is array (Positive range <>) of Float;

procedure Minimize
(V : in out Vector; Accuracy : Float;
Fn : not null access function (V : Vector)
return Float)
return Float;
end Algorithms;

®PyHKUMS Integrate nogobHa Solve. OHa BbluMcasieT onpeaenéHHbIA MHTerpan ot JaHHOM QyHKLNN
Ha 3ajaHHOM uHTepBane. [lpouesypa Minimize Heckonbko oTanyaetcda. OHa HaxoguT Te
3HaYEeHMs 31eMeHTOB MacCKBa, Ha KOTOPLIX AaHHas QYHKLMA AOCTUraeT MUHUMYyMa. Bo3mMoxHa
nTyauums, korga uenesast GyHKLMA MUHUMU3ALMN SBASETCA MHTerpanomM un ncnonbsyet V. Komy-
TO 3TO MOXEeT MOKa3aTbCA NPUTAHYTLIM 33 YLLK, HO aBTOP NOTPaTWUA NepBble HECKOBbKO 1eT CBOel
Kapbepbl NporpaMMmcTa, paboTas Haj NoAOOHBIMU BELLAMW B XUMNYECKON NHAYCTPUN.

KOA MOXeT MMeTb BUA.

with Algorithms; use Algorithms;
procedure Do It is
function Cost (V: Vector) return Float is
function F (X : Float) return Float is
Result : Float;
begin
... -- Bblyucnum Result wucnonb3dys V u X
return Float;

end F;
begin

return Integrate (0.0, 1.0, 0.01, F'Access);
end Cost;
A : Vector (1 .. 10);

begin
. -- perhaps read in or set trial values for the vector A
Minimize (A, 0.01, Cost'Access);
. -- output final values of the vector A

end Do It;

B Aze 2005 (1 cooTBeTcTBeHHO B Ase 2012) Nogo6HbIN MOAXOA cpabaTbiBaeT «Ha ypa», Kak ecau
6bl Bbl genanu 310 Ha Algol 60. B apyrux si3bikax nofobHoe caenaTb TPYAHO, NMbo Tpebyet
NCMONb30BaHWA Hebe30MacHbIX KOHCTPYKLMIA, KOTOPbIE MOTYT MPUBECTU K MOSABAEHWIO BUCALLINX
CChINOK.
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JononHuntenbHble npuMepbl NCNMoJ1b30BaHUA CCbIJTOYHBIX TUMNOB A/19 NoANporpaMm MOXHO HanTK
B rnaee «be3sonacHas KOMMYHUKaUNA».

W, HakoHeL, WCKOMas MpoueHTHasd CTaBka npu kotopor 1000 ponnapoB WHBECTULMIA C
nocneaytowmMmm 500 gonnapamu 3a ABa roga gagyTt 2000 unctol ctoumocTy paBHa 18.6%. U ato
KpyTo!
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CHAPTER
SIX

BE3SOIMNACHASA APXUTEKTYPA

Ecnv roBoputb O cTpouTeNbCTBe, TO XOPOLUElr apXUTEKTYpOol cyMTaeTcsd Ta, YTO rapaHtupyet
Tpebyemyto MPOYHOCTE CaMbIM €CTeCTBEHHbLIM 1 MPOCTENLMM NyTeM, NPejocTaBass JHO4AM
6e3onacHyto cpely 06uTaHuA. KpacvBbIM MPUMEPOM MOXEeT CNYXUTb [MaHTeoH B PuMe, ubs
cheprnueckan ¢opma obnagaeT vpesBblHaHOW MNPOYHOCTBIO N B TOXE BpeMs npejocTaBnset
MakCMMyM CBO6OAHOro MpocTpaHcTBa. MHorne kadeapanbHble COBOpPbI He Tak XOpOLIM W
HY>XZAa0TCA B AOMONHNTESIbHBIX KOMOHHAX CHapY>Xu AN MOAAEepPXKU cTeH. B 1624r. cap NaHpw
ByTOH MOALITOXWA 3Ty TeMy CleyoWnMM CI0BaMU: «XOpOoLLee CTpoeHMe YA0BNeTBOPSAET Tpem
YCNOBUAM - YA06CTBO, MPOYHOCTb N KpacoTa».

AHaNorM4Ho, XOpoLLIas apXMTeKTypa B MPOrpaMMIMpPOBaHNN JO/IXXKHA obecneyrnBaTb 6€30MacHOCTb
GYHKUNOHNPOBAHMA  OTAENbHbBIX KOMMOHEHT MpOoCTeiWM 06pa3oM, MNpu 3TOM COXpaHss
Npo3payHOCTb cucTeMbl B Lenom. OHa fomkHa obecneyvBaTb B3anMMOZeWlCTBUe, rae 3TO
HeobxoAnMO, W NpensaTCTBOBaTb B3aVIMHOMY BAVAHWIO AENCTBUIA, He CBA3aHHbIX Apyr C
APYroM. XOopoLUunii f3blK MPOrPaMMNUPOBAHNA JOSIKEH MO3BONATb MUCATh 3CTETUYECKN KpacuBble
MPOrpaMMbl C XOpOLLEen apXnTEKTYPOIA.

BO3MOXHO, 34ecb ecTb aHaNorms C apxXMTekTypori OQUCHbIX MomelleHnn. Ecan BbligennTb
KaXXJOMY OTAeNbHbIN KaBWHEeT, 3T0 byAeT NpensTCTBOBaThb OOLLEHWIO 1 0bMeHy ngeamu. C apyroi
CTOPOHbI, MO/IHOCTbLIO OTKPbITOE MPOCTPAHCTBO NPUBEAET K TOMY, UTO LLYM U Apyrie OTBAeKatoLwme
dakTopbl ByAyT NPensaTCcTBOBaTb NPOAYKTUBHOW paboTe.

CTpykTypa nporpamm Ha Aze 6a3npyeTcs Ha UAee NakeToB, KOTOPble MO3BOAIOT CrpynnpoBaTh
B3aVMIMOCBSI3aHHbIE TMOHATUS U MPefOCTaBNAT O4YeBUAHBINA CMOCO6 COKPbITUS  AeTanel
peanulauuu.

6.1 Cneuyndukauma n Teno nakeTa

PaHHVe a3biku nporpamMmupoBaHung, Takme kak FORTRAN, nmenn naockyro CTPYKTypy, rae Bce
pacrnonaranocb, B OCHOBHOM, Ha OJHOM ypoBHe. Kak cnejcTsme, BCe AaHHble (He cyuTas
NOKaNbHbIX AaHHbBIX MOAMNPOrpaMMbl) 6blIN BUANMBI BCHOZY. ITO NMOXOXe Ha eAnHOe OTKPbITOe
NPOCTPAHCTBO B oduce. MOXOXyro MIOCKYIO MoZesb npegnaraeT v A3blk C, XoTa 1 npeanaraet
HEeKOTOPYI AOMOJIHNTE/IbHYHD BO3MOXHOCTb WHKanNCynsaumn, npeAocTaBass MporpaMMucTy
BO3MOXHOCTb KOHTPOANPOBaTb BUAMMOCTb MOANPOrpaMM 3a rpaHnLamMm TekyLero eaiina.

Apyrne s3bikv, Hanpumep Algol n Pascal, MMelT NpocTyto BNOXEHHY BA0YHYK CTPYKTYpPY,
HaMoOMWHaHOLLYH0 MaTpeLLKy. TO HEMHOrO Nlyyllle, HO BCE PaBHO HaMOMMHAET eAMHOe OTKPbITOe
MPOCTPAHCTBO, MOAeNeHHOE Ha OTAeNbHble Menkne oduckl. [lpobnema B3aMMOAeNCTBUSA BCe
paBHO OCTaeTcs.

PaccMOTpUM CTeK M3 4Yncesn B KayecTBe MPOCTOro npumepa. Mbl XOTUM MMeETb MPOTOKON,
NO3BONSOLLMIA 406aBUTE SNEMEHT B CTeK, NCMO/b3ys BbI30B NpoLeaypbl Push, 1 yaannts BepxHuii
3N1eMeHT, ncnonb3ya eyHkumio Pop. U, gonyctum, ele oaHy npouegypy Clear gna copoca cteka
B MyCTOE COCTOsIHME. Mbl HaMepeHbl NPeAoTBPaTUTL BCe APYrie Cnocobbl MoAgMbUKaLMN CTeka,
yTO6bI CAeNaThb AaHHbIN MPOTOKO/ HE3aBMCUMbIM OT METOZa ero peannsauum.
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PaccMoTpuM peanusaumioo, HanmcaHHyto Ha Pascal-e.  [Ing xpaHeHUsA AaHHbIX UCMNO/b3yeTcs
MaccuB, a Ans paboTbl HanucaHbl TPW MOAMPOrpaMmbl.  KOHCTaHTa max orpaHvyuBaeT
MaKCUManbHbIA pasMep cTeka. ITO MO3BOJSIAeT HaMm um3bexaTb AybavpoBaHus umcna 100 B
HeCKOMbKMX MecTax, Ha TOT C/ly4aii, ecim Ham noTpebyeTcs ero U3SMeHUTb.

const max = 100;

var top : 0 .. max;
a : array [1l..max] of real;

procedure Clear;
begin

top := 0
end;

procedure Push(x : real);
begin
top := top + 1;
al[top] := x
end;

function Pop : real;

begin
top := top - 1;
Pop := a[top+1]
end;

FnaBHas Npobsema TyT B TOM, YTO Max, top 1 a A0/IKHbI 6bITb 06bABNEHbI BHE Nognporpamm Push,
Pop n Clear, 4Tobbl Mbl MOT/IN METb AOCTYN K HUM. Kak cneacteume, B I060M MecTe Nporpammel,
rae Mbl MOXeM Bbi3BaTb Push, Pop n Clear, Mbl Takxe MOXeM HernocpeACTBEHHO MOMeHATb top
n a, 060MAH, TakMM 06pa3oM MPOTOKO/N MCMOMb30BaHWA CTeka M NOMyYnTb HecornacoBaHHoe
COCTOSIHME CTeKa.

3TO MOXET CAYXWTb WUCTOYHMKOM npobniem. Eciv Ham 3axouyeTcs BeCTU y4yeT KoAn4ecTsa
N3MEHEHWI CTeKa, TO MPOCTO J06aBUTL CYeTUMK B Npoueaypbl Push, Pop n Clear MmoxeT okasaTbcs
HeJoCTaToOUHO. NpKn aHann3e 60/bLLIOK NPOrpaMMbl, KOr4a HaM HY>XXHO HalTX BCe MeCTa, rae cTek
N3MEHSANCH, HaM HYXHO OTC/euTb He ToMbKO Bbl3oBbl Push, Pop 1 Clear, Ho 1 obpalleHusa K
nepemMeHHbIM top 1 a.

AHanornyHas npobnema cyuiectsyeT 1 B C 1 B Fortran. 37K A3bIkK NbITAOTCSA €e NPeoAoneTb,
NCNONb3Ys MeXaHW3M pasgenbHO KomMnuaaumn. O6bekTbl, BUAWMBIE U3 APYrUX eAVHWL
KOMMAUAALMW, MOMEYArTCA CneLmansHON MHCTPYKLMen extern AM60 Npy NOMOLLY 3aroJI0BOYHOO
daina. OgHaKo, NpoBepkKa TMNOB NPY NepeceyeHn rpaHnL, Mogynei KOMANAALMK B 3TUX A3bIKax
paboTaeT ropasfo xyxe.

A3bik  Afa npegnaraer WCMNO/b30BaTb MEXaHW3M MAKeToB, UTOObl 3alUTUTL AaHHbIE,
ncnonbsyemble B Push, Pop n Clear ot goctyna m3BHe. [lakeT gennTca Ha fABe 4Yactu —
cneyndurkaumio, rae onucbiBaeTca MHTepdenc JoCTyMHbIA U3 ApYrux MoAynen, n Teno, rae
pacrnonaraeTca peanmsaums. [Apyrumun cnosamu, cneundukaums 3agaeT yTto fenatb, a Teno —
Kak 3To genatb. Cneyndukaums cteka morna 6ul ObiTb CieayroLLen:

package Stack is
procedure Clear;
procedure Push (X : Float);
function Pop return Float;
end Stack;

34ecb onucaH UHTepdeic C BHeWHUM MUpoM. T.e. BHe MnakeTa AOCTYMHbl AUlb TpU
NoAMNpOrpamMmMbl.  3TO MHPOPMALMKN AOCTaTOYHO MPOrpaMMUCTY, UTO6bI BbI3blBaTb HYXXHble
NOAMNPOrpammbl, 1 JOCTaTOYHO KOMMUASTOPY, YTO6bI 3TU BbI30BbI CKOMMUAMPOBATL. Teno naketa
MOXET MMETb C/IeZyHLLniA BUA;
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package body Stack is
constant := 100;
Top : Integer range 0 .. Max := 0;
A : array (1 .. Max) of Float;

procedure Clear is
begin

Top := 0;
end Clear;

procedure Push (X : Float) is
begin
Top := Top
A (Top) :=
end Push;

+ 1;
X;

function Pop return Float is
begin

Top := Top - 1;

return A (Top + 1);
end Pop;

end Stack;

Teno coaep>XnT NONHbIV TEKCT MOAMPOrpaMM, a Takxe onpegenseT CKpbiTble 06BbekTbl Max, Top 1
A. 3aMeTbTe, YTO HavaNbHOe 3HayeHVe Top paBHAETCS HYH0.

AnaToro, 4Tobbl MCNONL30BaTh CYLLHOCTW, OMMUCaHHbIE B NaKeTe, KANEHTCKNM KO AOSIXKEH YKa3aTb
nakeT B cneundumkaTope KOHTEKCTa (C NMOMOLLbIO 3ape3epBrMPOBaHHONO C/10Ba with) cneayroimm
obpasom:

with Stack;

procedure Some Client is
F : Float;

begin
Stack.Clear;
Stack.Push (37.4);

F := Stack.Pop;

Stack.Top := 5; -- Owubka!
end Some Client;

Tenepb Mbl yBepeHbl, 4TO TpebyeMblii MpoToKoN ByaeT cobntogeH. KnveHT (NporpaMMHbI KOZ,
NCNONb3YOLWNKA NMakeT) He MOXET HW C/TyYaiiHO, HM HaMepPEeHHO B3aMMOZEeCTBOBaThL C AeTansiMu
peanMsaumn cteka. B uyacTHOCTWM, MpsiMOe MpucBaMBaHWe 3HayeHWs Stack.Top 3anpeLleHo,
MOCKONbKY MepemeHHass Top He BuAVMMA ANA KAMeHTa (T. K. O Hel HeT YyNnoOMWHaHWSA B
cneyndurkaumm nakeTa).

O6paT|/|Te BHMaHWNE Ha TP COCTaBAKOLLIME 3TOIO NprMepa: CI'IeLI,I/ICIDI/IKaLI,I/II-O nakeTa, TENI0 NakeTa
N KNneHTa.

CyLLecTBYIOT BaxHble MpaBWaa, Kacalwowpmecs nx KoMnunsumm.  KnveHT He MoXeT 6biTb
CKOMMUANPOBAH MoOKa He byzeT npejocTaBneHa cneundukaums. Teno Takke He MOXeT ObiTb
CKOMOMAMPOBaHO 6e3 cneundukaumm. Ho MOAOOHBLIX OrpaHVNYEHUA HeT Mexay TeNom U
KNMeHToM. ECam Mbl peLunm N3MeHUTb AeTanu peannsanmnm 1 3To He 3aTparmsaeT cneundunkaLmio,
TO B NEPEKOMMUASLN KIEHTA HET HYXAbl.

MakeTbl 1 NOAMPOrpamMMbl BEPXHEro YypoBHS (T. €. He BOXeHHble B Apyrve noAmnporpaMmebl)
MOTYT OblTb CKOMMAWANPOBaHbLI pasfenbHO. VX 0OblYHO Ha3bIBaOT BUOAMOTEUHBLIMY MOAYNSMN
1 FOBOPSAT, YTO OHW HaXOAATCS Ha YpOBHE 61UOMOTEKMN.

3ameTuM, 4To naket Stack YNOMWHaETCA Ka)KAbIVI pa3 npun o6pa|_|_|,eH|/||/| K ero CywHOoCTAM. B
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pe3ynbTaTe B KOAe KAMeHTa Harnsi4HO BUAHO, YTO MPOUCXOANUT. Ho ecnv NoCTOsSIHHOE NOBTOpPeHMe
VIMEHW NakKeTa HanpdaraeT, MOXXHO NCMNOJ/Ib30BaTb CI'IELLI/I(I)I/IKaTOp NCNOoJIb30BaHNA (C NMOMOLLBbHO
cny>kebHoro cnoBa use):

with Stack; use Stack;
procedure Client is
begin

Clear;

Push (37.4);

end Client;

OgHako, ecnn MCNONb3YKTCA ABa MakeTta, Hanpumep Stackl m Stack2, Kaxabli M3 KOTOPbIX
onpegensaT nognporpammy Clear, n Mbl ncnonbsyem with n use ana oboux, To Kog byzet
HEOAHO3HAYHbIM W KOMMWASATOP He npuMeT ero. B 3TOM cnyyae AOCTAaTOYHO YyKasaTb
HeobxoAnMbIN NakeT ABHO, Hanpumep Stack2.Clear.

MoAbITOXMM BbileckazaHHoe.  Crneundukaumsa ornpegensieT KOHTPAKT MexXJAy KANEeHTOM W
naketoM. Teno nakeTta 06s3aHO peann3oBaTtb CreundrKaunio, a KIMeHT 0653aH 1NCNoJib30BaThb
nakeT TOMbKO YKasaHHbIM B crneundukaumm obpasom. Komnunstop nposepsieT, YTO 3TU
065a3aTeNnbCTBa BbIMONHATCSA. Mbl BEpHEMCS K STOMY NPUHLMMNY NO3Xe B JaHHON rnaBe, a Takxe B
nocnejHel rnaee, KOrga pacCMOTPUM NOAAEPKKY KOHTPaAKTHOrO NporpammuposanHus B Age 2012
N ngewn, nexalume B 0CHoBe NHCTpyMeHTapus SPARK cooTBeTcTBEHHO.

JOTOLWHBIN yMTaTeNlb OTMETUT, UTO Mbl MOAHOCTEIO WIHOPWPOBaNM CUTyauun nepenosHeHus
(BbI30B Push npu Top = Max) n ncyepnaHus (BbizoB Pop npu Top = 0) cteka. Ecam ogHa m3
NOAO6HBIX HENPUATHOCTEN CNyunTbCs, cpaboTaeT NpoBepka AManasoHa 3HaveHusa Top 1 bygeT
BO36YXZeHHO unckitoveHne Constraint_Error. Bblno 6bl XOPOLIO BKAKYNUTL NPeaycnoBus Ans
BbI30oBa nognporpamm Push n Pop B nx cneundurkaumio B ABHOM BUAe. Torga npu UCNoNb30BaHUN
naketa NPOrpaMMUCT 6bl 3Has, Yero OXmgatb OT BbI30Ba MOAMNPOrpaMM. Takas BO3MOXHOCTb
nossuaacek B Aga 2012, Kak 4acTb NoAAEPXKM TEXHOMOMMN KOHTPAKTHOro NporpaMMrynpoBaHus,
Mbl Aanee obcynMm 3TO.

NckntounTenbHO BakKHbIM MOMEHTOM 34eCh ABASETCSA TO, YTO B AZle KOHTPO/Ib CTPOroi TUMNM3aLmm
He OrpaHuyeH rpaHvUamMu mogynei kKoMnuasumMu.  HanmcaHa nv nporpamma kKak OAMH
KOMMUANPYEMbIA MOZY/b UV COCTOUT N3 HECKONbKUX MOAYel, NogeNeHHbIX Ha pa3Hble dalinbl,
Npov3BOAMMbIE NPOBEPKYM ByayT coBnajaTth B TOYHOCTU.

6.2 lMpuBaTHbLIE TUNDI

Ewe osHa BO3MOXHOCTb MakeTa MoO3BOJISET CNpsiTaTb YacTb cneumdurkaumm ot KaneHTta. 3To
AenaeTcs Npy NOMOLLM Tak Ha3blBaeMOl NMpUBATHOM 4YacTu. B npumepe Bbiwe nakeT Stack
peanusyeT NNLb OAWH CTek. BO3MOXHO, byAeT nonesHee HanmcaTb TakOW MakeT, YTO6bI OH
MO3BONAN ONpeseNTb MHOXECTBO CTekoB. YTOObl AOCTUYb 3TOr0, HaM HYXHO BBECTM MOHATME
CTEeKOBOro Tuna. Mbl MOrM 6bl HanNMcaTb

package Stacks is
type Stack is private;
procedure Clear (S : out Stack);
procedure Push (S : in out Stack; X : in Float);
procedure Pop (S : in out Stack; X : out Float);
private
constant := 100;
type Vector is array (1 .. 100) of Float;
type Stack is record
A : Vector;
Top : Integer range O .. Max := 0;
end record;
end Stacks;
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JTO ouyeBMAHOEe 0606LleHNe OfHO-CTeKOBOW Bepcun. HO CTOUT OTMeTUTb, YTo B Age 2012
nosienseTcs BbIbop, onncaTe Pop nbo kak GpyHKLUMIO, Bo3BpaLLatoLLyto Float, ninbo kak npoueaypy
¢ out napameTpom T1na Float. 3To BO3MOXHO T. K., HaunHasa ¢ Bepcin Aga 2012, dyHKLMN MOTYT
nmeTb out 1 in out napameTpbl. HecMoTpsA Ha 3TO, Mbl MOCAe0BaNN TPAZNLMOHHbBIM MyTeM 1
3anucanu Pop Kak npoueaypy. Mo ctunto Bei3oBbl Pop 1 Push 6yayT eanHO06pasHsbI, 1 TOT $akT,
4TO BbI3OB POp MMeeT NoboYHbIN 3ddekT, byaeT 6onee oueBmeH.

Teno naketa MOXET BbIMIF4AeTb cegyrowinm o6pa30M:

package body Stacks is

procedure Clear (S : out Stack) is
begin

S.Top := 0;
end Clear;

procedure Push (S : in out Stack; X : in Float) is
begin

S.Top := S.Top + 1;

S.A (S.Top) := X;
end Push;

-- rnpouepypa Pop aHasnoruyHo

end Stacks;

Tenepb KNNEeHT MOXeT onpeAennTtb, CKOJIbKO YrogHO CTEKOB pa6OTaTb C HUMN He3aBNCUMO:

with Stacks; use Stacks;
procedure Main is
This Stack : Stack;
That Stack : Stack;
begin
Clear (This Stack); Clear (That Stack);
Push (This Stack, 37.4);

end Main;

MoapobHas nHbopmaums o Tune Stack gaeTcs B NPMBATHOW YacTy nakeTta W, XOTS OHa BUAMMA
ymTaTento, NPSMON AOCTYN K Hell 13 KOAa KAVeHTa OTCyTCTByeT. Takum obpasom, cneundrkaumns
JIornyeckn pasgenaeTcd Ha ABe YacTy — BUAMMYIO (BCe UTO nepej private) n npuBaTHYyIo.

N3meHeHMs NpUBaTHON 4YacTU He MPUBOAAT K Heo6XOAMMOCTU UCMPaBasaTb WCXOAHbLIA Koz
KIEeHTa, 04HaKO MOAY/b KJINEHTa AOMKEH BbITb NEPEKOMMUANPOBAH, MOCKOAbLKY ero 06 beKTHbIN
KOZ MOXET N3MEHUTLCS, XOTA UCXOAHbIA TEKCT U OCTAHETCS TEM Xe.

Bce HeobxognMmble NepekoOMMUAALMN KOHTPONUPYKOTCA CUCTEMOM CHOPKM U MO XeNaHuto
BbINONIHAOTCSA aBTOMaTunyeckn. CnegyeT MoAvepkHyTb, UTO 3TO TpeboBaHMsA cneundukaumum
f3blka AZa, @ He NMPOCTO OCOBEHHOCTW KOHKpEeTHOU peanv3auun. [lonb3oBaTento HUKOraa
He MpUAEeTCS pellaTb, HYXHO A1 MepekoMnUANPOBaTb MOAyNb, Takum o6pa3oM, HeT pucka
MOCTPOUTbL MPOrpaMMy 13 HECOrNacoBaHHbIX BEPCUIA KOMNUAUPYEMbIX Moayneid. 3To 6onbLuas
npo6nema Anst S3bIKOB, Y KOTOPbIX HET TOYHOrO0 MeXaHV3Ma B3aMMOZAENCTBUS KOMMUAATOPA,
cucTeMbl CHOPKM 1 pesakTopa cBs3el.

Takxe OTMeTbTe CUHTAKCUC YKa3zaHWsa pexurmMa napameTpos in, out 1 in out. Mbl 0OCTaHOBUMCS
Ha HWX NogpobHee B rnaeBe «be3onacHoe cosjaHne o6bLEKTOBy», rae byaeT onvcaHa KoHUenums
noTokoB HPopmMauum (information/data flow).
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6.3 KoHTpakTHasa Mmojenib HacTpaBaeMbIX MoAy/1en

WabnoHbl — o0AHa W3 BaXHbIX BO3MOXHOCTEN TakKMX $A3bIKOB MPOrpaMMUPOBaHNA  Kak
C++ (a Takxe HepaBHO Java u C#). Vim B AZe COOTBETCTBYIOT HacTpamBaemble MOAYNU
(HacTpavBaemMble/0606LLeHHbIE MakeTbl, generic packages). Ha camom gene, npw co3gaHuun
WwabnoHoB C++ ObIAV NCNONBb30BaHbI UAEN HacTpaMBaeMblX Mogynein Aabl. UTobbl obecneunTs
6e30MacHOCTb TUMOB JaHHbIX, HaCTpavBaeMble MOAY/IN WCMOMb3YyKT TakK Ha3biBaeMyH
KOHTPaKTHYIO MOZeNb.

Mbl MOXeM pacLUMpUTL NPUMeEP CO CTEKOM TakK, YTObbl CTano BO3MOXHO OMNpeAennTb CTekn ANs
NMPOU3BOJIbHbIX TUMOB N pPa3mMepoB (MO3Xe Mbl PacCMOTPUM eLle OAMH Cnocob caenaTb 3TO).
PaccmoTpuM cnesyrowmin Koa,

generic
Max : Integer;
type Item is private;
package Generic_Stacks is
type Stack is private;
procedure Clear (S : out Stack);
procedure Push (S : in out Stack; X : in Item);
procedure Pop (S : in out Stack; X : out Item);
private
type Vector is array (1 .. 100) of Item;
type Stack is record
A : Vector;
Top : Integer range O .. Max := 0;
end record;
end Generic_Stacks;

Teno K 3ToMy nakeTy MOXHO MONyYMTb M3 NpeaplAyLLero npumepa, 3ameHrB Float Ha Item.

HacTpavBaeMblii MakeT - 3TO NPOCTO WabnoH. YT0o6bl MCNONBL30BaTb €ro B NporpaMme, Hy>HO
CHayana BbINONHUTb €ro HacTPOoliKy, NpefoCTaBmB ABa NapameTpa — Max 1 Item. B pesynbTaTe
HaCTPOWKM Nony4aeTcs peanbHbli nakeT. KnprmMepy, eciv Mbl XOTUM paboTaTb CO CTeKaMU LiebIX
ymMcen ¢ MakCMManbHbIM pasmepom 50 31eMeHTOB, Mbl HanMLLEeM:

package Integer Stacks is new Generic_Stacks
(Max => 50, Item => Integer);

STa 3anucb onpegensieT naket Integer_Stacks, KOTOpbIA Janee MOXHO WCMO/Ab30BaTb Kak
06blYHbI.  CyTb KOHTPaKTHOWM MoOJenn B TOM, UTO eCIn Mbl MpejocTaBasieM MapameTpsl,
oTBevaloe TPebOBaHUSM OMUCAHUS HacTpaMBaeMoro naketa, TO TMpW HacTpolike Mbl
rapaHTUPOBAHHO MOyYNM pabounii NakeT, KOMAUAPYEMbI 6e3 OB OK.

Apyrve A3blk He NpeAoCTaBAAOT 3TON NMpuBAeKaTeNbHOM BO3MOXHOCTM. B C++, K npumepy,
HEeKOTOpble HECOOTBETCTBNSA MOXHO BbISIBUTb TO/IbKO B MOMEHT CHOPKM NPOrpaMMebl, @ HEKOTOPbIe
1 BOBCE MOIYT OCTaTbCsA He OBHaPY>XeHHbIMW, MOKa Mbl He 3anyCcTUM NPorpaMmy 1 He Noayymnm
NCKOYEeHVe.

CyLLecTBYOT pa3HOObpa3Hble BapuaHTbl HACcTpaMBaeMblXx MapaMeTpoB B s3blke Aga.
Mcnonb3oBaHHas paHee popma:

type Item is private;

Mo3BO/SIET MCMO/b30BaTb NPaKTUYeCkn 60 TN AN HacTpoiku. [pyras ¢opma:

type Item is (<>);

obo3HauvaeT 6o ckansapHbIr TN, Croga OTHOCATCA Lieno4YnceHHble TUMbl (Takme Kak Inte-
ger n Long_Integer) n nepeuncnvmMele TUNbI (Takue kak Signal). BHyTpyn HacTpanBaemoro Mogyns
Mbl MOXEM MO/Ib30BaTbCA BCEMU CBOMCTBAMMU, OBLLMMUN A5 STUX TUMOB, U, HECOMHEHHO, JI0601
aKTyanbHbIA TUN ByAeT MMeTb 3TV CBOMCTBA.
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KOHTpaKTHa‘r'l MoJe/ib HaCTpanBaeMbIX Mop,yne|7| o4yeHb BaxxHa. OHa rno3Bo/isieT BeCTH pa3pa60TKy
onbnmnoTek O6LLLeFO Ha3HayeHus nerko 1 6esomnacHo. 3TO AocturaeTtcd BO MHOIromMm 6narop,ap9|
TOMY, 4UTO MONb30OBATENO HET HeO6XOAI/IMOCTI/I pa36|/|paTbC9| C AeTanaMn peannsaynin naketa,
UTObbI onpeaennTb, YTO MOXET MOWTK He Tak.

6.4 [louepHue moaynu

O6Last apxuTekTypa CUCTeMbl (MPorpaMMbl) Ha siblke AZ@ MOXET WMeTb KepapXm4eckyro
(4peBOBUAHYIO) CTPYKTYPY, YTO 06/1eryaeT COKpbITUe MHGOPMALMN 1 yripoLlaeT MoaudurKaLmio.
JouepHrie MOAYNN MOTYT 6bITb 06LLEAOCTYMHBIMU UV NMPUBATHBIMA. VIMesi makeT ¢ uMeHeM Par-
ent Mbl MOXeM ornpeennTb 06LLEAOCTYMNHbIN JOYEePHWI NaKeT CeytoLM 06pa3om:

package Parent.Child is

a NPMBAaTHBbIN Kak:

private package Parent.Child is

O6a BapuaHTa MOIyT MeTb TeflI0 1 MPUBATHYIO YacTb, Kak 06bI4YHO. KitoueBasi pasHuLUa B TOM,
UTO 06LLEAOCTYMHbIA JOYEPHUI MOAYNb, MO CYTY, paclumpsieT cneundrkalmo poantens (M Taknum
06pasomM BMANM BCeM KNMNEHTaM), TOr4a Kak NMpmMBaTHbIA MOAY/b pacLLUVpsAeT NPUBATHYH YacTb U
Teno poanTens (M TakuMm 06pa3oM He BUAUM KANEHTaM). Y JOoYepHUX NakeToB, B CBOK OYepesb,
MOTyT 6bITb AOYepHMe NakeTbl U Tak janee.

Cpean npasw, onpegensaromx BUANMOCTb MMEH, MOXHO OTMeTUTb cedytoulee. [louepHuii
MOAYNb He HyxJjaeTcs B crneumdukatope koHTekcTa (with Parent), uTobbl BUAETb 06BEKTHI
poauTens. B Toxe Bpems, TeNo POANTENA MOXET UMeTb cneundrKaTop KOHTEKCTa A5 JoYepHero
MOZYNS, eCNN HYXAAeTcs B PYHKUMOHANbHOCTY, npeAocTaBnsemMor M. OAHaKo, MOCKOJbKY
cneundukauma poanTenst JoKHa 6bITb AOCTYMHA K MOMEHTY KOMMOUAALUN JOYepPHEro Moayns,
cneundrKaLns poAUTENA HE MOXET CoAepXaTb «0bbIYHbIN» cneumdrkaTop koHTekcTa (with Child)
4na fjoyepHero mogayns. Mel 06CyAM 3TO NO3xe.

CornacHo gpyromy npasuy, U3 BUAMMO Y4aCTV MPUBATHOMO MOAYNSA BUAHA NPMBATHasA YacTb ero
poanTens (B TOYHOCTW, Kak 3TO NMPOUCXOAUT B Tesle NakeTa-poauTens). STa «40MNONHUTebHan»
BUAWMOCTb He HapyLlaeT POAUTENbCKYH MHKAMCYASLMI0, MOCKObKY MCMOb30BaTh NpUBaTHbIE
MOZY/NM MOTyT TOMbKO Te MOAyAW, KOTopble U Tak BUAAT MPUBAaTHYK 4YacTb poautens. C
APYroli CTOPOHbI, B 06LLEe0CTYNMHOM MOZyne NPUBATHYH YacTb POAUTENSt BUAHO TOMBLKO M3 ero
NPMBATHOM YaCTK 1 Tena. 370 obecneymBaeT NHKANCYNSLMIO JaHHbBIX POANTENS.

Ocobas popma cneundumkaumm KOHTeKCTa private with, kotopas 6bina gobasneHa B Age 2005,
obecneymBaeT BUAMMOCTb NepeyvncieHHbIX MoAy/el B MPUBATHOM YacTu nakeTa. 3TO MOAe3Ho,
Korga npuBaTHas 4acTb O6LEAOCTYNMHOro JOYepHero nakeTa HyxXjaeTca B MHPopmaumu,
npefoCTaBNSAEMOV NPUBATHLIM JOYEepPHUM Mogynem. JlonycTum, y Hac ecTb NPUKIaZHON nakeT
App v aBa gouepHux App.User_View n App.Secret_Details:

private package App.Secret_Details is

type Inner is

... -- pa3/nyHele onepauumn ana tuna Inner
end App.Secret Details;

private with App.Secret Details;
package App.User_View is
type Outer is private;
. -- pasnuyHbie onepaumn Ans tuna Outer
-- tun Inner He BuAOuMM 3[0€ChH
private
type Outer is record
X : App.Secret Details.Inner;
(continues on next page)
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(continued from previous page)
end record;
end App.User View;

Ob6bIYHbIN cneundurkaTop KoHTekcTa (with App.Secret_Details;) He gonyctum B User_View,
MOCKOJIbKY 3TO 6bl MO3BONWO KANEHTY YBUAETb MHPOPMaLMo 13 nakeTa Secret_Details yepes
BUAVMYO YacTb nakeTa User_View. Bce nonbITkn 060MTY NpaBuia BUAMMOCTY B Aje TLaTeNbHO
336/10KNPOBaHbI.

6.5 MoaynbHoe TecTupoBaHue

OgHa 13 npobnem, BCTPeYalOLLAACa Npy TeCTUPOBAHUN KOAA, 3aK/IOYAeTCA B TOM, 4YTOObI
NpefOTBPaTUTL BANSIHME TECTOB Ha MOBeAeHe TeCTUPYEMOro KoAa. OTO HaNoOMNHAeT U3BECTHbIN
deHOMeH KBaHTOBOW MexXaHWKW, Korga cama nonbiTka HabaAeHns 3a TakMMK YacTuLaMu, Kak
3/1eKTPOH, BANSIET HA COCTOSIHME 3TOM YacTuLbl.

TwaTtenbHO paspabaTbiBasi apXUTEKTYPY MPOrpamMMHOro obecrneyeHns, Mbl CTapaeMcsi CKpbITb
AeTanu peannsaumm, COXpaHMB CTPOMHYIO abCTpakLMIo, HanpyMep, NCNoAb3ys MPUBATHbIE TUMbI.
Ho npun TecTMpoBaHUM CUCTEMbI Mbl XOTUM MIMeTb BO3MOXHOCTb TLLATEe/IbHO MPOaHann3npoBaTh
noBe/eHVe CKpbITbIX AeTaneil peanmsaumii.

B kauecTBe npocTeliliero mMpuMepa, Mbl XOTMM 3HaTb 3Ha4veHMe TOp OAHOro0 U3 CTEKOB,
06BAB/IEHHbIX C MOMOLLIO MakeTa Stacks (B KOTOPOM HaxoAUTCA MpUBAaTHLIA Tun Stack). Y Hac
HeT roToBbIX CPEACTB cAenatb 370. Mbl Morau 66l 406aBuTb GyHKUMIO Size B nakeT Stacks, HO
3To noTpebyeT MoAndUKaLUX MakeTa U NepekoMNUASLUN NakeTa 1 BCero KANEHTCKOro KoAa.
Bo3HuKaeT onacHOCTb BHECTW OLNGKY B NakeT Npu AobaBaeHnn 3TO GYyHKLMK, NMBO No3xe, Npu
yAaNeHNN TeCTUPYIOLLErO KoZa (1 3TO ByAeT ropaszo Xyxe).

JoyepHre MOAyNN MO3BONSIOT peLlnTb 3Ty 3agadvy nerko 1 6esonacHo. Mbl MOXeM HanucaTb
cnegyrolee

package Stacks.Monitor is
function Size (S : Size) return Integer;
end Stacks.Monitor;

package body Stacks.Monitor is
function Size (S : Size) return Integer is
begin
return S.Top;
end Size;
end Stacks.Monitor;

3TO BO3MOXHO, TaK Kak Tefo AouYepHero MOAyas BUAWUT MPUBATHYH 4YacTb POAUTENbCKOrO
naketa. Tenepb B TecTax Mbl MOXeM BbI3BaTb QyHKLMIO Size Kak TONbKO HaM MOHajobUTCS.
Korga mMbl y6eanMcsl, YTo Halla nporpaMmMa KOpPPeKTHa, Mbl YAANUM AOYEPHUIA MaKeT LieIKOM.
PoanTenbckmii makeT NPy 3TOM He byAeT 3aTPOHYT.
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6.6 B3anmozaBucMbIe TUNDbI

DKBMBANEHT NMPUBATHbLIX TUMOB eCTb BO MHOTMX f3bIKax MPOrpamMMmMpoBaHuns, 0C0beHHO B obnacTtu
OOI. Mo cyTn, onepauunn, NpUHagaexallme TUMy, 3TOo Te, YTO O6BLABAEHbI PALOM C TUMOM B
oAHoM nakete. Ans Tmna Stack Takumum onepauusmm seastotcsa Clear, Push n Pop. AHanornyHas
KOHCTPYKLMS B C++ BbIFIAAUT Tak:

class Stack {

- /* petanu peanu3laumm creka */
public:
void Clear();

void Push(float);
float Pop();
T

Moaxoa C++ yaobeH Tem, YTO UCMONb3YeT OANH YPOBEHb NPV UMeHOBaHUN — Stack, B TO Bpems,
Kak B AZle Mbl UCMO/b3yeM ABa - UMS nakeTa u uma tmna, T.e. Stacks.Stack. OgHako, aToro, npwu
XenaHwuu, Ierko n3bexarb, UCMonb3ys cneundurkaTop ncnonb3oBaHUs — use Stacks. U, 6onee
TOro, NOABASAETCA BO3MOXHOCTb BblbOpa npeanodmnTaemMoro ctuns. MoxHo, Hanpumep, Ha3BaTb
TN HenTpanbHO — Object nnm Data, a 3aTem ccblnaThCa Ha Hero Hanucas Stacks.Object nnm
Stacks.Data.

C ApYroi CTOpOHbI, ecan B ABYX TUMax Mbl Xenaem AN peanv3aumy KUCnosib30BaTb O6LLyHO
NHPOpPMaLMIO, Ha A3bIKe AZl@ 3TO MOXET BbITb S1erkKO JOCTUMHYTO:

package Twins is
type Dum is private;
type Dee is private;

private
. -- 0Obuwas unHPopMaumsa pAns peanu3aymmn
end Twins;

rae B MpVBaTHOW 4acTh Mbl onpegenum Dum un Dee Tak, YTO OHW 6yayT MMeTb CBOBOAHbIN
B3aWMHbI AOCTYN K AAHHBIM APYT Apyra.

B apyrux A3blkax 3TO MOXeT bblTb He Tak Mpocto. Hanpumep, B C++ HYy>XHO MCNONb30BaThb
[OBONBHO CropHbIi MexaHusm friend.  Moaxoa, mcnonb3yemblin B Ase, npejoTBpallaeT
HEeKOpPPEeKTHOe NCMOoNb30BaHMe JaHHbIX 1 packpbiTUe AaHHbIX peann3aunn 1 ABASETC NpY 3TOM
CUMMETPUYHbIM.

CnepyroLmnii npuMep 4EMOHCTPUPYET B3aUMHY pekypCuto. JomyCcTM, Mbl UCCIeZyeM CXeMbI U3
JMHWIA 1 TOYEK, MPU 3TOM Kaxzaas TOUKa NeXUT Ha NepeceveHnn Tpex ANHWMA, a Kaxzaas MMHUS
MPOXOAMNT Yepes TPU TOUKW. (ITO NpMMeEp Ha CaAMOM Jefe He ClyyaeH, ABe 13 GyHAAMeHTaNbHbIX
TeopeM MpPOeKTUBHOW reOMeTpUM ONepupYT TakKMMU CTPYKTYpaMu). DTO NIerko peann3oBaTb B
OZHOM MakeTe, UCMOJb3Ys CCbITOYHbIE TUMbI:

package Points_And_Lines is
type Point is private;
type Line is private;
private
type Point is record
L, M, N : access Line;
end record;
type Line is record
P, Q, R : access Point;
end record;
end Points And Lines;

Eciv Mbl peLivM pacnonioXunTb Kaxabl TUM B CBOEM NaKeTe, 3TO TOXe BO3MOXHO, HO HE0bX0ANMO
MCNonb3oBaTb cneunansHyr dopmy cneumdukatTopa KoHTekcTa limited with, BBegeHHy B
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cTaHgapTe Ada 2005. ([Ba naketa He MOTYT CCbIIATLCA APYr Ha ApPYra, NCMonb3ys 06blUHbIN with,
MOTOMY, YTO 3TO BbI30BET LMKINYECKYH 3aBUCUMOCTb MEXAY HUMU Npy MHULManmsauum). Mol
Hanuwem:

limited with Lines;
package Points is
type Point is private;
private
type Point is record
L, M, N : access Lines.Line;

end record;
end Points;

M aHaNorn4HbIl nakeT Ans Lines. [JaHHas ¢opma cneumdurkatopa KoHTeKCTa obecrneymsaeTt
BMAWMOCTb HEMOJHbIM OMUCaHKAM TUMOB U3 AaHHOro naketa. [py6o roBops, Takas BUANMOCTb
NPUrogHa N1k ANSt UCMONb30BaHMSA B CCbITOYHbIX TUMAX.

6.7 KoHTpaKTHOe nporpamMmmupoBaHue

B npumMepe co cTeKoM, pacCMOTPEHHOM HaMW paHee, eCTb HeKkoTopble HejouyeTbl.  XOTs
OH NpeKpacHo WANCTPUPYET WCMOJ/Ib30BaHWE MNPUBATHbLIX TUMOB AN COKPbITUS AeTanel
peanMsaumy, HUUTO B creundukaLmm naketa He OTpPaXaeT TOro, YTO Mbl peannsyemMm CTek.
HecmoTps Ha To, YUTO Mbl TLLATEILHO BbIbpanu MMeHa A5 ornepauunii Co CTekoM, Takume kak Push,
Pop un Clear, HekTo (Mo OLIMOKe AN 3N10HaMEePEHHO) MOXET UCMonb30BaTb Push aAns n3BneyeHus
371eMeHTOoB, a Pop — ansa nx fobasneHuns. B Luensix NoBblLLeHNs HaAeXHOCTU 1 6e30MacHOCTM 6bIN10
6bl MONE3HO MIMeTb MeXaHW3M, KOTOPbIM yUnTbIBaeT HaMepeH s aBTopa B KOHTEKCTe CeMaHTUKM
TMMNa 1 NOANPOrpamMM, 06 bABNEHHLIX B MakeTe,

Takune cpencTBa 6bI1M gobaBneHbl B cTaHAapT Aga 2012, OHUM aHanoru4Hel nNpegnaraemMmbiM B
Eiffel cpeactBaM KOHpaKTHOrO MporpaMMUpoBaHUsA. Bocnonb3oBaBLUUCE UMK, MPOrPaMMUCT
yKasblBaeT npef- U noct-yc1oBusa ANA NoANPorpamMMm U MHBaPUaHTbl MPUBATHBIX TUMNOB. JTW
KOHCTPYKLMN UMeT GopMy nornyeckux ycnosuii. CneuyunanbHble AVPEKTUBbLI KOMOUAATOPY
BK/IFOUAIOT MPOBEPKY 3TUX YCIOBUIA B MOMEHT UCMOMHEHUSA. YTO6bI MpMBA3aTh 3TN KOHCTPYKLMN
K COOTBETCTBYIOLLEMY MMeHW (Mpea/nocT-ycnoBusa K NoAnporpaMmMaM v MHBapPWAaHTbI K TUMNam),
MNCNONb3YyeTCs HOBbI CUHTaKCUC cneundmkaLmm acnekTa. Bkpatue:

. I'Ipen,—ycnosvle npoBepAeTcd B TOYKE BbI30Ba NoAnNporpaMMbl U OTpaxaeTt obs3aTenbCTBa
BbI3bIBAOLLETO;

* MNocT-ycnoBre npoBepsieTcs Npy Bo3BpaTe M3 NOAMNPOrpaMmbl 1 OTpaxaeT 06s3aTeNbCTBa
BbI3bIBAEMO NOANPOrpaMmbl;

* MIHBapwWaHT Tna 3KkBMBaNeHTeH NOCT-YC/IOBUIO 4191 KaXAOM NoANpPorpaMMbl TUNa, BUANMOA
BHe MakeTa, MO3TOMYy MpPOBepPsIeTC MPU BbIXOAE W3 KaxAoW Takol noAnporpaMmel.
MHBapmaHT oTpaxaeT «rf1obasnbHoe» COCTOsHME NPOrpamMMbl MOC/e BbIXOAa U3 I0601 Takom
noAnporpamMmmel.

MNpeacTaBneHHas Huxe Bepcua nakeTa Stacks mnnwcTpupyeT Bce TpWU KOHUenuuu. YTobbl
NONYUNTb HETPUBMANbHbLIA MHBAPMAHT TUMNA, Mbl BBE/IM HOBOE YC/I0BME — CTEK He JO/IKEH NUMeTb
NMOBTOPAIOLLMECSH 3/IEMEHTHI.

package Stacks is
type Stack is private
with Type Invariant => Is Unduplicated (Stack);

function Is Empty (S: Stack) return Boolean;
function Is Full (S: Stack) return Boolean;
function Is Unduplicated (S: Stack) return Boolean;

(continues on next page)

42 Chapter 6. be3sonacHas apxmTeKTypa



BesonacHoe U HageXXHoe NporpamMmmMmHoe o6ecneuveHue

(continued from previous page)

function Contains (S: Stack; X: Float) return Boolean;
--  BHumawue! W3 Contains(S,X) cnepyet Is Empty(S)=False

procedure Push (S: in out Stack; X: in Float)
with
Pre => not Contains(S,X) and not Is Full(S),
Post => Contains(S,X);

procedure Pop (S: in out Stack; X: out Float)
with
Pre => not Is Empty(S),
Post => not Contains(S,X) and not Is Full (S);

procedure Clear (S: in out Stack)
with
Post => Is Empty(S);

private
end Stacks;

CYHTaKCMC cneumeukaLmin acnekToB BbIMAANT O04eBUAHbIM. OTCyTCTBME Mpes-ycioBusa (Kak B
Clear) akBnBaneHTHO npea-ycnosuio True.

KoHTpakTbl (T. . npea/nocT-ycnoBus U MHBApPUaHTbI) MOXHO WCMONAb30BaTh MO pasHomy. B
npocTerillemM cydae OHW YTOUHSAIOT HaMepeHWs aBTopa W BbICTYMakT B ponn ¢opmanbHOWN
AOKYMeHTauum. OHM Takxe MOryT CIYXUTb ANIA reHepaLmny NpoBepoK COOTBETCTBYIOLLMX YC/TOBUN
B MOMEHT ucnonHeHus. Aupektrea Assertion_Policy ynpaBnseTt atum nosegeHnem. OHa nmeeT

dopmy

pragma Assertion Policy(policy identifier);

Koraa policy_identifier paBeH Check, npoBepku reHepupytoTcs, a eciv Ignore, TO UTHOPUPYHOTCS.
(MoBegeHVe MO yMONYaHWUIO, B OTCYTCTBUM 3TON AMPEKTMBLI, 3aBUCUT OT peanu3ayuu
KOMMWAATOPA.)

TpeTnin cnocob WCNONb30BaHWA KOHTPAKTOB CMOCOGCTBYET WCMOJb30BaHUIO GOpPManbHbIX
MeTOZOB AOKa3aTe/IbCTBa CBOMCTB MPOrpamMmbl, HampuMep, [0Ka3aTeNbCTBO TOrO, UTO KOZ
noAnporpaMmbl COracoBaH C rnpej- U nocT-yc1oBMaMu. 3TOT NOAX0A Ha npuMepe a3blika SPARK
Mbl 06CYANM B APYroi rnase.

CraHgapT Ada 2012 Bko4aeT pasHOOOpasHble KOHCTPYKUMMW, CBSi3aHHble C KOHTPAKTHbIM
NporpaMMMpOBaHMEM, KOTOPble He nonann B Haw npumMep. KBaHTOpHble BbipaxeHus (for all
n for some) HaNOMMHAIOT MHCTPYKUMN LNKAOB. PYHKLNM-BbIPAXKEHNS MO3BOIAIOT MOMECTUTb
npocTeliwyo peannsaumno GyHKLMN NPAMO B cneundurkaLlmio naketa. 3To BbIMSANT NOTUYHbBIM
npw 3aZlaHnK Npea/nocT-yCc10BUI, MOCKObKY OHW ABNAIOTCA YacTbio MHTepdelica nakeTa. B Ada
2012 pobasneHbl HOBble aTpubyThl: 'Old — no3BonseT B NOCT-yCNOBUM COCNATLCA Ha UCXO4HOe
3HadeHVe dopMasbHOro napameTpa noAnporpamMmel, a 'Result B MocT-yc10BUM CCbllaeTcs Ha
pe3ynbTaT, BO3BpaLlaemMbln PyHKLMen. 3a 6onee geTanbHON nHbopMaumen MoOXHO 06paTUTLCS
K CTaHZapPTYy A3blKa NN K pa3bsacHeHWaM cTaHAapTa (Rationale Ada 2012).

CnegyeT OTMeTUTb, UYTO CTeneHb JeTanuM3aumn YCIOBUIA KOHTPAKTa MOXeT 3HaunTenbHOo
BapbMpOBaTbCA. B HalleM npumepe eANHCTBEHHOE TpeboBaHVe K nognporpamme Push coctont
B TOM, UTO 3/1eMeHT A0/MKeH 6bITb A0baBneH B CTek. B TO xe BpeMs, ceMaHTVKa CTeKa «MoCaeAHN
BOLUe/, MepBbl/i Bbien» 6onee KOHKPeTHa: 31eMeHT Jo/XeH 6biTb fJobaBfieH Tak, 4Tobbl
cnepyroLmin BbI3oB Pop ero yganun. AHanornyHo, ot Pop TpebyeTcs, YTo6bl OH BEpPHYN KaKoi-
TO 3/IeMeHT. ECnu Mbl XOTUM 6bITb 60/1ee TOUHBLIMUK, HEOBXOAMMO YKa3aTb, YTO 3TOT dN1eMeHT 6bin
fob6aeneH nocnefHUM. MNMoAob6HbIe YCI0BUS TakxkKe MOXHO HanmcaTb, UCMONb3Yys CpescTBa A3blKa
Ada 2012. Mbl ocTaBAsieM 3TO YMTATENHO B KaYeCcTBe YNpPaxHeHus.
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CHAPTER
SEVEN

BE3SOMNACHOE OB bEKTHO-OPEHTUPOBAHHOE
NMPOrPAMMMNPOBAHWE

MosBMBLWNCL B nepBbli pa3 B a3blke Simula B 1960-X, 06BLEKTHO-OPUEHTMPOBAHHOE
nporpammMmmposaHue (OOTM) pacnpocTpaHWNOCb 3aTEM B UCCIEA0BATENbCKUX N aKaZeMNYeCcKnx
Kpyrax c Takumu a3blkamum kak Smalltalk B koHue 1980-x 1 3aHAN0 CywlecTBytoLlee MpPoYHoe
nonoxeHve c noseneHvem C++ K1 Java B Hauvane 1990-x. Bbiaarowmmcs ceonctsom OOT]
CUMTaeTCsa ero rmbkocTb. Ho rMbKOCTb B YeM-TO MOXOXa Ha CBO6OAY, KOTOPYH Mbl 06CYyXzAann BO
BBeAeHUN — 310ynoTpebnas ero, MOXHO AOMNYCTUTb NOsiB/IeHVEe ONacHbIX OLLGOK.

KntoueBasi ngess OOl B TOM, YTO AOMUHMPYIOLLAA POab AOCTaeTcs 06bekTaM, B TO BpeMmsi Kak
npoueaypbl (MeToAbl) ynpaBneHns o06bekTOM ABAAIOTCS ero cBoiicTBamu. CTapblil xe MeTog,
Ha3blBaeMbl CTPYKTYPHbLIM MPOrpaMMMpPOBaHEM, 3aK/TH0YAETCS B AEKOMMO3ULMM NOAMPOrpamMm,
KOrfa opraHv3auumsa nporpaMMbl onpejenserca CTPYKTypor NoAnporpaMM, nNpu 3TOM 06beKTbl
OCTaTCHA NACCMBHBIMU CYLLIHOCTAMMU.

O6a noaxoga NMerT NPaBO Ha XMN3Hb 1 CBOWX CTOPOHHKKOB. CyLLLeCTBYIOT C/ly4au, Korga cTporuii
OOl noaxo NCNonb30BaTb HEYMECTHO.

A3bIK Afa AoCTUraeT mopasuTesibHOro 6anaHca. Mol C yBepeHHOCTbIO MOXEeM Ha3BaTb ero
MeTOZAONOMMYECKN HeNTPa/ibHbIM B CPAaBHEHWUWN C A3bIKOM Java, Hanpumep, KOTOPbIA ABASeTCs
«ynctbiM» OOr. B camom gene, ngen OOI NpoHUKAN B A3bIK Afa eLle rnpu ero cosjaHuu, B
1980-x, NPOABMBLUVCL B KOHLEMLUWM MaKeTOB U MPUBATHbLIX TUMOB, KakK MexXaHn3Ma CKpbITUA
feTanei peannsauumm 1 3a4ad, Kak MexaHmsMa abcTpakumm akTMBHbIX cylHocTen. CTaHgapT Aza
95 Bktounn rnaeHele cBoncTBa OOl, Takme Kak HacneoBaHMe, NONMOPOU3M, ANHAMUNYECKOe
CBA3bIBaHME U MOHATME «KNacca» Kak Habopa TUMOB, CBA3aHHbIX OTHOLUEHMEM Hacle40BaHNS.

7.1 OOI1 BMecTo CTPYKTYpPHOro nporpamMmmMmmpoBaHus

Mbl paccMOTpUM ABa MpuMepa A8 WAMOCTPALMN Pa3NNYHBbIX MOMEHTOB. Mbl Bblibpanu ux,
NCXOAS N3 NErKOCTU X MOHVMAaHUS, YTO N36aBUT HAaC OT HEOBXOANMOCTN 06 BACHATL MPUKNAAHYHO
061acTb. MNprMepbl KacakTcs reoMeTPUYeCcKnx 06BEKTOB (KOMX CyLLLeCTBYET Be/IKOe MHOXEeCTBO)
N ntogeli (KOTopbIX TONbKO ABE KaTeropuu, My>KUMHbI 1 XXEHLLHbI).

CHauana paccMOTpUM reoMeTpuyeckne obbekTbl. 15 NpoCTOThl OCTAHOBUMCH Ha 06beKTax Ha
MAOCKOCTN. Y KaxAoro obbekTa ecTb no3muyusa. Mbl MOXeM onpegennTs 6a30Bbli 06bEKT €O
CBOWCTBaMU, O6LLIMMU AN1s1 BCEX BNJOB 06 HEKTOB:

type Object is tagged record
X Coord : Float;
Y Coord : Float;

end record;

3pecb knoueBoe coBO tagged (TerMpoBaHHBIA, TO eCTb KaXAOMY TWUMYy COOTBETCTBYeT
YHUKaNbHbIA Ter) oT/In4aeT 3TOT TUM OT O6blYHbIX 3anucel (Takux kak Date v3 rnasbl 3) n
03Ha4yaeT, YTo TMM MOXHO B byaylleM paclumpuTb. bonee Toro, 06bLEKTbl TAKOro TMMNa XpaHaT
B cebe crneumanbHOe Mnofe-Ter, 1 3TOT Ter onpejensieT TUN 06bekTa BO BpPeMs UCMOAHEHUS.
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O6bsBMB TUMbl AN CReundUUecknx reoMeTpuyeckx O6BEKTOB, TakMX Kak OKPY>XHOCTb,
TpeyronbHUK, KBagpat n npoynme, Mbl NMONy4YNM pasinyHble 3HaYeHWA TEroB A/1d KaXaoro m3
TnoB. KomnoHeHTbl X_Coord, Y_Coord 3ajatoT LleHTp obbekTa.

Mbl MOXeM 06BbsBUTL pa3/inyHble CBOMCTBA 06BEKTA, TakMe Kak MAoLajb U MOMEHT MHepLMN.
Kaxablli 06eKkT MMeeT 3T CBOMCTBA, HO OHW 3aBUCAT 0T popMbl 06bekTa. Takume CBOMCTBA MOXHO
onpesennTb Npy NomMoLLm GYHKLNIA 1 06BbABUTL MX B TOM Xe NakeTe, YTo U TUM. Taknm obpasom,
Mbl HAUHEM C NakeTa:

package Geometry is
type Object is abstract tagged record
X Coord, Y _Coord : Float;
end record;

function Area(0Obj: Object) return Float is abstract;
function Moment(Obj: Object) return Float is abstract;
end Geometry;

34ecb Mbl 06BSABMAM TUM U €ro onepauun, Kak abcTpakTHble. Ha camoMm fefie Ham He HYXHbI
06BbekThl TMNa Object. O6BLABMB TUMN abCTPAKTHBIM, Mbl NPEAOTBPATVIM CO3aHNsA TakKnx 06 beKToB
no ownbke. Ham HyXHbl peanbHble 06beKTbI, TaKMe KakK OKPY>KHOCTW, Y KOTOPbIX €CTb CBONCTBA,
Takue Kak naowagb. Ecan Ham noTpebyeTcd 06bekT TOUKa, Mbl 06BABUM OTAeNbHbIN TR Point
ana atoro. O6baABMB dyHKUMM Area 1 Moment abCcTpakTHbIMU, Mbl FapaHTUPYEM, UTO KaxAbli
KOHKPETHbIN TUM, TaKOW KaK OKPY>XXHOCTb, NPejOCTaBUT CBOM KOA A5 BbIYUCIEHWSA STUX CBOMCTB.

Tenepb Mbl FOTOBbI OMnpeAe/InTb TUM OKPY>XXHOCTb. I'Iquue BCero caenatb 3TO B AOYEPHEM MaKeTe:

package Geometry.Circles is
type Circle is new Object with record
Radius : Float;
end record;

function Area(C: Circle) return Float;
function Moment(C: Circle) return Float;
end Geometry.Circles;

with Ada.Numerics; use Ada.Numerics; -- gig pgocrtyna K m
package body Geometry.Circles is

function Area(C: Circle) return Float is
begin

return m * C.Radius ** 2;
end Area;

function Moment(C: Circle) return Float is
begin
return 0.5 * C.Area * C.Radius ** 2;
end Moment;
end Geometry.Circles;

B aTom nprmMepe mbl nopoxaaem tun Circle ot Object. Hanncas new Object, Mbl HeABHO Haceyem
BCe BuAMMbIe onepauun Tuna Object naketa Geometry, ecan Mbl He nepeonpejenvM UX.
MockonbKy Hallm onepaummn abctpakTHbl, a cam Tun Circle — HeT, Mbl 06A3aHbI MepeonpeaennTb
nx sBHo. OnpegeneHve Tnna pacwmpset Tun Object HOBbIM KOMNOHEHTOM Radius, fo6aBnss ero
K onpegeneHHbIM B Object komnoHeHTaMm (X_Coord n Y_Coord).

3aMeTVM, YTO KOZA BbIYUCIEHMS MIOWAAM M MOMEHTa pacrnonaraeTca B Tene naketa. Kak
6b110 06BbACHEHO B rnaBe «be3onacHas apxXMTekTypa», 3TO 3HAYMUT, YTO KOJ MOXHO U3MEHUTb
N NepeKkoMNUANPOBaTb 6e3 He06XOANMOCTN NePeKoOMNUAALMN OMMUCAHNS CaMOro TUMa U BCex
MOZyNei, NCNONb3YOLLMX ero.

3artemM Mbl MOrn 6bl 06BABUTE TUM ANA KBajpata Square (c gononHUTENbHBIM KOMIMOHEHTOM
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O/MHHBI CTOPOHBI KBaApaTa), TpeyronbHuKa Triangle (Tpy KOMMNOHEHTLI COOTBETCTBYIOLLME ero
CTOpoHaMm) n Tak ganee. MNpu atom koa ansa Object n Circle He HapyLuaeTcs.

MHOXeCTBO BCEBO3MOXHbIX TUMOB 13 nepapxmumn HacnegoBaHusa oT Object o603HauatoTcs kak Ob-
ject'Class 1 Ha3bIBaOTCSA B TEPMUHONOTN Aflbl KNacCOM. SA3bIK TLLATEIbHO pa3inyaeT OTAe/bHble
Tnnbl, Takne kak Circle ot knaccoB TMNa, Takmx kak Object'Class. 3To pa3nnyne noMmoraet nsbexarb
NyTaHWLbl, KOTOPas MOXET BO3HUKHYTL B APYrUX A3blKax. ECm Mbl, B CBOKO ovepejb, yHaciesyem
T1n ot Circle, To byseM nmMmeTb BO3MOXHOCTbL roBopuTh 0 knacce Circle'Class.

B tene ¢pyHkuMM Moment NnpoAeMOHCTPMPOBAHO NCMO/Ib30BaHMe TOYeYHON HoTauun. Mbl MOXeM
BOCMONb30BaTbLCA O4HOM M3 cneaytoLmx GopM 3anmncu:

+ C.Area - ToueYHas HoTauums
* Area (C) - dyHKUMOHaNbHasA HoTauus

ToyeuHasa HoTauua mosBunace B cTaHgapte Aga 2005 un cmewaet akueHT B ctopoHy OOIfT,
yKa3blBasd Ha TO, UTO 06bekT C JOMUHMPYeET Hag dyHKUMel Area. Tenepb 06BABMM HECKONLKO
06beKTOoB, Hanpumep:

A Circle: Circle := (1.0, 2.0, Radius => 4.5);
My Square: Square := (0.0, 0.0, Side => 3.7);
The Triangle: Triangle := (1.0, 0.5, A=>3.0, B=>4.0, C=>5.0);

I'Ipou,e,a,ypa AN neYyaTy CBONCTB 06beKkTa MOXET BbIrsAeTb Tak:

procedure Print(Obj: Object'Class) is -- 0bj is polymorfic
begin

Put("Area is "); Put(Obj.Area); -- dispatcing call of Area
end Print;

Print (A Circle);
Print (My_Square);

dopManbHbIn napametp Obj — nonvMopoHbIA, T. €. OH MOXEeT CCblNaTbCs Ha OObeKThbl
Pa3NNYHOro T1Na (HO TONIbKO U3 Mepapxun pacTyLeii n3 Object) B pa3nvyHblie MOMEHTbI BpEMEH.

Mpoueaypa Print moxeT npuHMMaTb nobol obbekT K3 knacca Object'Class. BHyTpw®
npoueaypbl Bbi30B Area AMHaMUYecKnU AUCNeTYepu3npyeTcs, YTobbl Bbi3BaTb QyHKLMIO Area,
COOTBETCTBYIOLLYIO KOHKpPeTHOMy Tuny napametpa Obj. 370 Bcerga 6e30macHO, MOCKObKY
npaBuaa A3blka TakoBbl, YTO /OO0 06BbekT B knacce Object'Class 6yaeT nmetb GyHKLMIO Area.
B Toxe Bpemsa cam Tun Object o6baABNEH abCTPaKTHbIM, CNejoBaTe/IbHO HeT Cnocoba Co34athb
06beKTbl 3TOro TUMa, NO3TOMY He BaXHO, UTO A5 3TOro T1Na HeT GyHKUMW Area, Befib ee BbI30B
HEBO3MOXEeH.

AHaNOrM4yHO Mbl MOTrAN 6bl 06BABUTE TUMbI ANS NtoAel. Hanpumep:

package People is

type Person is abstract record
Birthday: Date;
Height: Inches;
Weight: Pounds;

end record;

type Man is new Person with record
Bearded: Boolean; -- l/meer bopoay
end record;

type Woman is new Person with record
Births: Integer; -- Kosi-BO poxgeHHbix geTeu
end record;

(continues on next page)
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(continued from previous page)

.. - - Pa3nuyHele onepauumn
end People;

MockoNbky BCe anbTepHaTUBbl 3apaHee W3BEeCTHbl UM HOBbIX TUMOB He 6yaeT f06aBASTHCS,
Mbl MOMM 6bl UCMONBb30BaTh 34eCb 3anMuCb C BapuvaHTaMu. 370 ByaeT B AyXe CTPYKTYPHOro
NPOrpaMMMpOBaHMS.

type Gender is (Male, Female);

type Person (Sex: Gender) is record
Birthday: Date;
Height: Inches;
Weight: Pounds;
case Sex is
when Male =>
Bearded: Boolean;
when Female =>
Births: Integer;
end case;
end record;

3aTeM Mbl 06BABUM pa3/iNyHble HeOBX0AMMbIe onepauumn ans Tuna Person. Kaxgas onepauus
MOXET UMEeTb B Tene NHCTPYKLUIO case UTobbl MPUHSITL BO BHVMAaHWeE Mo YenoBeka.

3TO MOXET BbIrsa4eTb AOBOJIBHO CTapOMOAHO U HE TaK 3/IeraHTHO, TéM HEe MeHee 3TOT NoAX0
MMeET CBOWN 3HaYUTE/IbHbIE MNMpenMyLLecTBa.

Ecnn Ham HeobxoammMo fo6aBuTh eLe oAHY onepauuto B OOMN noaxoae, BeCb HA6OP TUMOB HYXXHO
6yZeT UCNpaBUTb, T. K. B KaXZAOM TUMNe HyXHO A06aBuTb peannsaLmio HOBOW onepauun. Ecnm
HY>XHO 06aBUTb HOBbI TWM, TO 3TO He 3aTPOHET yXKe CyLLLeCTBYOLLMe TUMbI.

B cnydae co CTpyKTYpHbIM MPOrpaMmMpoOBaHNEM BCE BbITSANT C TOUHOCTLIO 40 HA060POT.

Ecnn Ham HyXHO f06aBWTb elle OAWH TUM B CTPYKTYPHOM MOAXOZ4e, BeCb KO HYXHO byaeTt
NCNpaBuUTb, T. K. B KaXAOM onepaumm Hy>XHO pean3oBaTb Cyyait 4ns HOBOro Tuna. Ecnm HyxHo
[06aBUTbL HOBYHO OMepaLuto, TO 3TO He 3aTPOHET YXXe CyLLecTBYHLLME onepaLumu.

OOMN noaxog cunTtaetca 6onee HaZeXHbIM BBUAY OTCYTCTBUS Case MHCTPYKLWIA, KOTOpbIe TSXeno
COMpPoOBOXAaTb. XOTHA 3TO AeNCTBUTENbHO Tak, HO MHorga conposoxaeHue OOl ewwe Taxenee,
ec/in NpUXoANTCA A06aBNSTb HOBble onepauuy, 4To TpebyeT AopaboTkyM KaxAoro Tvna B
nepapxmu.

AZa NoAAePXNBAET 06a MNOAXOAA N OHWN 06a 6e3oMacHbl B Age.

7.2 NuaunkaTtop overriding

OpHa wu3 ysazBumocTelr OOl nposiBAsieTcas B MOMEHT nepeonpejenieHns yHacieAoBaHHbIX
onepauuii. lNpn fobaBneHMM HOBOro TWNa, HaM HeobXoAuMMO fA06aBUTb HOBble Bepcuu
COOTBETCTBYIOLLMX Onepaumii. Ecnm Mbl He fobaBnsiem CBOO onepaLmio, To byAeT UCMob30BaThCA
yHacnefoBaHHasa OT POANTENS.

OnacHoOCTb B TOM, UTO, ,£l,06aB}'IF|F| HOBYIO onepaunio, Mbl MOXeEM OLLUNBNTLCA B HANUCAHWUN:

function Aera(C: Circle) return Float;

NM60o B TMMe aprymMeHTa Uam pesynbTaTa:

function Area(C: Circle) return Integer;
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B ntobom cnyyae, ctapasi onepaumsa ocTaeTcs He nepeonpejeseHHON, a BMeCTO 3TOro co3AaeTcs
coBepLUeHHO HOoBast onepauus. Koraa Hagknaccosas onepauus Bbi3oBeT Area, byeT BbiNoHeHa
yHacneJOBaHHasA Bepcus, a BHOBb J06aBieHHbI Ko 6yAeT MOJHOCTbH MPOUTHOPMPOBAH.
MoAo06HbIe OLINGKM TPYAHO ANArHOCTUPYHOTCA — KOMMUASALMSA NPOXOANT 6e3 ownbokK, nporpamMmma
3anyckaeTcs 1 paboTaeT, HO pe3ynbTaT 3a4acTyto COBEPLUEHHO HEOXNAAHHbIN.

(XoTa Aaa npeanaraeT MexaH13M abCcTpakTHbIX ornepauunii, kak HanpumMep Areay Object, 370 anLwb
AOMONHNTENbHAA Mepa NMPejoCTOPOXHOCTM. W 3TOro HefOCTaTOUHO, eCAn Mbl MOPOXA3EM TUM
OT He abCTPaKTHOro TUMa, B0 Mbl HE CJINLLKOM OCTOPOXHbI, YTOObI 06BABUTL QYHKLNIO Area
abcTpakTHO.)

YTobbl NpesoTBPaTUTL MOAOGHbLIE OLUMOKW, Mbl MOXEM BOCMO/b30BaTbCA CUHTAKCUYECKOM
KOHCTPYKLMeN, NosBrBLLENCA B cTaHAapTe Aga 2005:

overriding function Area(C: Circle) return Float;

B 3TOM cnydae, ecnv byaeT AonylleHa oLmnbKa, KOMAUAATop 06HapyxuT ee. C Apyroii CTOPOHbI,
€C/IN Mbl AeCTBUTENBHO A06aBNSieM HOBYO OMepaLio, Mbl YKaXeM 3TO Tak:

not overriding function Aera(C: Circle) return Float;

To, UTO AaHHbIA MHAMKATOP He sBAsieTcs obs3aTesibHbIM, TNaBHbIM 06pa3oM 06YC/IOBAEHO
HEeO6XOANMOCTLH COXPAHEHUSI COBMECTUMOCTM C MpeabIAyLLMMU BEPCUSMUN A3bIKa.

Bo3MoXHO, cuHTakcuc not overriding nHAMKaTOpa HeonpaBAaHO TsXXe/0BeceH, Y4YuUTbiBas
HeobX0AMMOCTb YacTOro ero UCnob3oBaHus. MaeanbHbiM 66110 6bl TpeboBaTb NCMOAL30BaHNS
overriding Ans Bcex nepeonpejeneHHbIX onepaunin U ToNbKo ANS HUX. ApyrMmMu cioBamu, He
MCNonb30BaTh not overriding BoobLLe. 3TO NO3BOAMIO 6bl HAXOAUTL 06a TUMa OLWNBOK:

« OWKn6KN B HaMUCaHUW 1 Apyrrve OWn6KN, NPUBOASALLME K OTCYTCTBUIO MepeonpeseneHns
onepauuii, dukcnpytoTcs bnarogaps Hann4duio overriding;

« CnyyaiiHoe nepeonpejeneHvie onepauuy (Hanpumep, B C/ydae MOSIBNEHUS HOBO
onepauun B poaMTeNbCKOM TrMe) 06HapyXXmnBaeTcs BBUAY OTCyTcTBUSA overriding.

TpeboBaHVe COBMeCTMMOCTU AefaeT Takol MoAxoj HeBO3MOXHbIM B 06uieM ciydae. OgHako
Takoro agdekTa MOXHO AOCTUYbL, NCNOAL3YHA onunn komnunaTopa GNAT dmpmbl AdaCore:

+ -gnatyO BKJIlOYaeT MosiBieHMe npejynpexaeHnii 0 nepeonpejeneHnn onepaumin 6e3
ncnonb3oBaHums overriding;

* -gnatwe 3acTaBnseT KOMMNUAATOP TPAKTOBaTb BCE MpeAyrnpexaeHuns Kak owmneKm.

Apyruve a3bikn, TMna C++ 1 Java, NpeAoCTaBAAOT MeHbLLE COAeCTBUS B 3TOM acnekTe, OCTaBNss
NoAOOHbIE OLWNOKN He OBHapyXXeHHbIMW.

7.3 3anpet gucnetTyepusalumn Bbi30oBa NoANporpaMmm

B ycanoBmax, Korga HageXHOCTb KPUTUYeCckn BaXHa, AWHaMU4Yyeckoe cCBA3blBaHME 4YacTo
3anpeLieHo. HagexxHoCTb MOoBbILWAEeTCs, eC/ii Mbl MOXEM A0Ka3aTb, UYTO MOTOK ynpasneHma
COOTBETCTBYET 3ajaHHOMY u_|a6n0Hy, Hanprmep, OTCyTCTBYyeT HeAOCTMXMMble Y4YaCTKM KoJa.
Tpa,ﬂ,I/ILl,I/IOHHO 3TO O3Ha4aeT, 4YTO HaM MNpuxoaAunTCca C1ef0BaTb MeToAMKaM CTPYKTYPHOro
nporpaMmmmpoBaHnd, BBOAA B ABHOM BMAE TakKNe NHCTPYKUNN, KaK if n case.

XoTs gucnetyepusauma BeI30BOB NOAMPOrpaMm ABASETCA KatoueBbiM cBocTtBoM OOT, gpyrue
BO3MOXHOCTM (HanpvMep MOBTOPHOE MCNO/b30BaHMe KoAa 61arofaps HacleAoBaHUIO) Takxke
ABNAIOTCA NpuBAeKaTeNbHbIMW.  TakMM 06pasoM, BO3MOXHOCTb paclMpATb TWUMbl, HO 6e3
MNCNOMIb30BaHVA AMCneTyepursannm, Bce eLle NMMeeT 3HaUnTeIbHY0 LLeHHOCTb. Mcnonb3oBaHue
TOUEYHOM HOTaLWKM BbI30Ba TakXe MMeeT CBOW NpenMyLLecTBa.
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CyLLl,ECTByET MeXaHW3Mm, KOTOprVI MO3BOIAET OTKNHOYATb HEKOTOPbIE BO3MOXHOCTU A3blKa Aza B
TeKyLLI,eI7I rnporpamme. Peub nget o AVPEKTNBE KOMMUIATOPY Restrictions. B gaHHOM cnyydae Mbl
Hanumwem:

pragma Restrictions(No Dispatch);

370 rapaHTMpyeT (B MOMEHT KOMMWAALMK), YTO B MPOrpamMme OTCYTCTBYeT KOHCTPYKUMW Tuna
X'Class, a 3HaunT 1 gncneTyepmrsaLns Bbi30Ba HEBO3MOXHA.

3amMeTuM, 4YTO 3TO OrpaHM4YeHWe COOTBETCTBYyeT TpeboBaHWSAM fA3blka SPARK, o KOTOpoM Mbl
YNOMWHaNM BO BBeAEHWM, 4YacTO WCMOSb3YeMOro B KpUTUYeckMx obnactsax. A3bik SPARK
MO3BOJISAET NCMO/b30BaTh PacLUVPEHNs TUMOB, HO 3anpeLlaeT HaAK1acCoBble ornepauny 1 TUMbI.

Koraga mcnone3yetca orpaHuyveHmne No_Dispatch, peanusaumsa a3bika nonyyaeT BO3MOXHOCTb
n3bexaTb HakNaAHbIX PAcXoAoB, CBA3aHHbIX ¢ OOI. HeT HEO6XOANMMOCTI CO34aHUA B KaXAOM
TMNe «BUPTYyaNbHbIX Tabanuy» AN Ancnetyepursaynm Boi3oBoB. (Takme Tabnuubl cogepxat agpeca
BCEX onepaunii gaHHoro Tuna). Takxke HeT HEO6XOANMOCTM B CNeLManbHOM Moje Tera B KaxXAoMm
obbekTe.

34eCb CyLLecTBYyHOT TakXe MeHee ouyeBUAHble npemmyulectsa. [lpm nosHom OOl nogxone
HekoTopble npejorpeje/neHHble ornepauun (HanpuMmep onepauus CpaBHEHUs) TakXe KMmeeT
BO3MOXHOCTb AMcCneTyepusaynmn, 4To NPUBOAUT K AOMOAHUTE/bHbIM pacxojam. WTorosblin
pe3ynbTaT NPUMEHEHUs OrpaHNYeHns MUHUMU3NPYET SOKYMEHTUPOBaHME HeakTVUBHOro Koja
(3TO KOA, KOTOPLI NPUCYTCTBYET B NPOrpamMMe 1 COOTBETCTBYyeT TpeboBaHmaM K MO, HO HMKOr4a
He NCNoJIHAETCA) B Liensx cepTudumkaumm no ctaHgaptam DO-178B n DO-178C.

7.4 NuTepdeincbl U MHOXXECTBEHHOE Hac/lef0BaHMe

NHoraa MHOXeCTBEHHOE HacneoBaHWe pacleHnBaeTcs kak CBATOM Mpaanb B MHAyCTpumn MO u
Kak KpUTEPUIA OLLEHKM A3bIKOB MPOrpaMmMUpPoOBaHuMs. 34ecb Mbl He ByaeM OTBEKATLCS HA UCTOPUID
Pa3BUTMSA 3TOr0 BOMpPOCa. BMecTo 3TOro Mbl OCTAHOBMMCS Ha OCHOBHbIX NPobiemMax, CBA3aHHbIX C
3TUM MexXaHN3MOM.

JonycTM, y Hac eCTb BO3MOXHOCTb yHac/1e0BaTb TUMN OT ABYX MPOU3BOJIbHBLIX POANTENLCKUX
TMNOB. BCMOMHUM 3HaMeHUTbIM poMaH «diaTnaHansa» aBMHa 2660TTa (Bbiweawnin B 1884r.).
DTO caTvMpa Ha CouManbHYK0 Mepapxuio, B KOTOPOW HOAM - 3TO MJOCKMEe reoMeTpuyeckue
burypbl. Pabounii knacc - 3To TpeyroibHUKKW, CPeAHNIM Knacc - Apyrme noaUroHbl, apuUcToKpaThl
- OKPY>XXHOCTU. YANBUTENBHO, HO XEHLLMNHbI TaM - ABYYrO/IbHUKMN, T. €. MPOCTO OTPe3Kn NpsMon
NHUN.

Ncnonb3ys 06baBneHHble paHee Tynbl Object n Person, Mbl MOTIM 6bl MOMBITAaTLCA OMPeAeNUTb
obuTaTenel dnatnaHaMM Kak TUM, yHaceA0BaHHbI 0T 060X TUMOB;

type Flatlander is
new Geometry.Object and People.Person; -- illegal

Bonpoc KoTopblil Tenepb BO3HMKaeT: Kakue CBOMCTBA yHac/neyeT HOBbIA TMN? Mol oxXuaaem,
yTo Flatlander yHacneayeT komnoHeHTbl X_Coord v Y_Coord oT Object n Birthday ot Person, xoTs
Heigh n Weight BbIrnsguT COMHUTENbHO AN MAOCKUX NepcoHaxen. KoHeuHo Area fomKeH 6bIThb
yHacneAoBaH, noTomy, yto Flatlander nmeeT nnowaTk, Kak 1 MOMEHT MHEPLN.

Tenepb A0MKHO BbITb ICHO, Kakne NPo6/ieMbl MOTYT BO3HUKHYTb. [lonycTM, 06a pOAUTENbCKIX
TUMNa MEetoT onepaLmio C OAHVUM UMeHeM. DTO BeCbMa BEPOSITHO A/1st LUMPOKO PAacnpOCTPaHEHHbIX
nMMeH Tuna Print, Make, Copy 1 T. 4. Kakyt 13 HUX HY>XHO HacnegoBaTek? YTo Aenatb, ecan oba
POANTENS UMET KOMMOHEHTbI C OANHAKOBLIMU MMeHamMn? Mojo6Hble BONpOCkl 06bA3aTeNbHO
BO3HWKHYT, e/l 06a poauTeNnst UMetoT OB pOANTENLCKUIA THM.

HekoTopble S3bIK/ peanr3yoT MHOXECTBEHHOe HacneZoBaHe B Takoli GopmMe, BBOAS C/IOXHbIe
npaBuna, 4Tobbl yperynnpoBaTtb NojobHble Bonpockl. [pumepomM moryT cayxute C++ 1 Eif-
fel. Bo3MOXHble pelUeHWUs BK/IOYAOT MeperIMeHOBaHWe, SIBHOe yKas3aHue VMs poAuTens B
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HEOAHO3HauHbIX Cay4asX, 160 BbIGOP POAUTENBCKOrO TWMA COMacHO MO3MLUMK B CrMCKe.
HekoTopble 13 npeanaraeMbix peLleHnii UMetoT CybbekTUBHbIV OTTeHOK/XapakTep, AN KOro-To
OHW OYeBUAHbI, XOTS APYrX MPUBOASAT B 3amMeLLaTenbCcTBo. MpaBuna C++ AatoT WMPOKYH CBO6OAY
NpPOorpamMmMm1cTy HagenaTtb OLIMBOK.

TPYAHOCTN BO3HWMKAKOT B OCHOBHOM /BYX BMJOB: HaciefoBaHVe KOMMOHEHT 1 Hac/ejoBaHue
peanusaunii onepaumin ot 6onee uem ogHoro poautens. Ho dakTudeckn npobnem ¢
HacnegoBaHveM creyudukaumn (ApyruMmmn cnoeamun nHTepdeiica) onepaunm He 6biBaeT. ITUM
BOCMO/Ib30Ba/NCb B fA3blke Java K 3TOT MyTb OKa3ancs [JOBOJbHO ycrelwHbIM. OH Takxe
peann3oBaH 1 B a3blke Aja.

Taknm obpasom, B Age, HaumMHas co ctaHgapTa Ada 2005, Mbl MOXeM HacnefoBaTb OT 6onee yem
OAHOro TMna:

type T is new A and B and C with record
«.. -- [OMNOJIHUTEJIbHbIE KOMIMOHEHTbI
end record;

HO TONbKO MepBbli TUM B crvcke (A) MOXeT MMeTb KOMMOHEHTbl W peafbHble ornepaluu.
OcTanbHble TUMbl 4OMKHbI 6bITb Tak Ha3blBaeMbIMU MHTepdericaMn (TEPMUH MO3anMCTBOBaH Y
Java ymbIlneHHo), T. e. abCTpakTHBIMU TNaMy 6e3 KOMMOHEHT, y KOTOPbIX BCe onepaunn anbo
abcTpakTHble, N1M6o null-npoueaypsbl. (MepBbIli TMN MOXET TakXe 6bITb NHTepPencom.)

Mbl MOxeM onucaTb Object, kak nHTepdeiic:

package Geometry is
type Object is interface;

procedure Move( Obj: in out Object;
New X, New Y: Float) 1s abstract;
function X Coord(0Obj: Object) return Float is abstract;
function Y Coord(0Obj: Object) return Float is abstract;
function Area(0Obj: Object) return Float is abstract;
function Moment(Obj: Object) return Float is abstract;
end Geometry;

O6paTnTe BHMMAaHME, 4UTO KOMMOHEHTbl 6bINN yAaneHbl N 3aMeHeHbl AOMOHUTENIbHLIMN
onepauuamn. Mpouesypa Move no3BonseT nepeaBuraTe 06bEKT, T. €. YCTaHaB/IMBaTb HOBble
KoopAMHaThl X 1'y. PyHkumm X_Coord, Y_Coord Bo3BpaLLatoT TeKYLLYy NMO3nLMIO.

Takxe cnefyeT 3amMeTUTb, YTO TOYeYHas HOTaLMA MO3BOJIAET MO MpeXHeMy 06pallaTbCa K
koopauHaTaMm, Hanucas A_Circle.X_Coord n The_Triangle.Y_Coord, kak ecnn 6bl 3T0 6blan
KOMMOHEHTBHI.

Tenepb Npw onpejeneHn KOHKPETHOrO TUMa Mbl A0JIXXHbI MPeAOCTaBUTbL Peann3aLnto BCEM 3TUM
onepaunsam. MNMpeanonoxmm:

package Geometry.Circles is

type Circle is new Object with private; -- partial view
procedure Move(C: in out Circle; New X, New Y: Float);
function X Coord(C: Circle) return Float;

function Y Coord(C: Circle) return Float;

function Area(C: Circle) return Float;

function Moment(C: Circle) return Float;

function Radius(C: Circle) return Float;
function Make Circle(X, Y, R: Float) return Circle;
private

type Circle is new Object with record
X Coord, Y Coord: Float;

(continues on next page)
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(continued from previous page)
Radius : Float;
end record;
end Geometry.Circles;
package body Geometry.Circles is

procedure Move(C: in out Circle; New X, New Y: Float) is

begin
C.X Coord := New X;
C.Y Coord := New Y;
end Move;

function X Coord(C: Circle) return Float is
begin

return C.X Coord;
end X Coord;

-- AHanorn4yHo Y Coord, a Area u Moment — Kak paHee
end Geometry.Circles;

Mbl onpegenunu Tun Circle kak NpMBaTHbIN, YTO6bI CNPSATaTb BCE €ro KOMMOHEHTLI. TeM He MeHee,
NOCKONbKY NPMBaTHbLIV TN yHacnez0BaH oT Object, oH HacneayeT Bce cBolicTBa Object. O6patute
BHVMaHWE, UTO Mbl 06aBUAN GYHKLN AN CO3A4aHUNST OKPYXKHOCTU U MOYYEHWS ero paguyca.

B ocHOBe NporpaMMMpoOBaHNs C UCNONb30BaHNEM UHTEPGENCOB NEXNUT UAes, YTO Mbl 06513aHbl
npeAoCTaBuUTbL peanu3auuvio onepaunin, Tpebyembix MHTepdencom. 3aecb MHOXeCTBEHHOe
HacnefoBaHMe He KacaeTCs Hac/Nef0oBaHWNS CyLLeCTBYIOLMX CBOMCTB, CKOpee 3TO HacnejoBaHue
KOHTPaKTOB, KOTOPbIM HEOH6XOAMMO C/le0BaThb. TakM 06pa3oM, AZa NO3BONIAET MHOXECTBEHHOE
HacnefoBaHNe NHTepdeincoB, HO TONbKO eAVHUYHOE Hacef0BaHVe ANs peannsaunii.

Bosspawasace kK ®natnaHanm, Mbl MOXEM OnpeAenNTb:

package Flatland is

type Flatlander is abstract new Person and Object
with private;

procedure Move(F: in out Flatlander; New X,New Y: Float);
function X Coord(F: Flatlander) return Float;
function Y Coord(F: Flatlander) return Float;

private

type Flatlander is abstract new Person and Object
with record
X Coord, Y Coord : Float := 0.0;
. -- OCTa/lbHble HEeobXoQuMble KOMMOHEHTbI
end record;
end Flatland;

Tenepb Tun Flatlander 6yaeT HacnefoBaTb KOMMOHeHTY Birthday n npoune ot Tmna Person un
BCe peanusaunm onepauuii Tuna Person (Mbl He NMOKa3biBaeM KX TyT) 1 abCTpakTHbIe onepayun
TMna Object. YA06HO onpesennTb KOOPAMHATLI, Kak KOMMOHeHThI Tuna Flatlander, 4To6bl nerko
peann3oBaTb Takme onepauumn, kak Move, X_Coord, Y_Coord. O6paTtute BHMMAaHME, YTO Mbl
3aflann HavaNbHOE 3Ha4YeHre 3TUX KOMIMOHEHT, Kak HOJb, YTO6bI 3aAaTbk nosioxeHve Flatlander
Mo YMOAYAHWUIO.

Teno naketa 6yAeT CesytoLnMm:

package body Flatland is

procedure Move(F: in out Flatlander; New X,New Y: Float)
(continues on next page)
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(continued from previous page)

is
begin
F.X Coord := New X;
F.Y Coord := New Y;
end Move;

function X Coord(F: Flatlander) return Float is
begin
return F.X Coord;
end X Coord;
-- aHasnormnyHo Y Coord
end Flatland;

Caenas Tvn Flatlander abcTpakTHbIM, Mbl 136eraem HEOH6XOANMOCTN HEMEANIEHHO NPeAoCTaBUTb
peanMsaumio BCceM onepauuvsam, Hanpumep Area. Tenepb Mbl MOXeM 06bSABUTbL TWUM Square
npurogHeiM ang dnatnaHAnn (Korga poMaH Bblllen B NevaTb, aBTOp NOANMCaNca nceBioHNMOM
A Square):

package Flatland.Squares is

type Square is new Flatlander with record
Size: Float;
end record;

function Area (S: Square) return Float;
function Moment (S: Square) return Float;
end Flatland.Square;

package body Flatland.Squares is

function Area (S: Square) return Float is
begin

return S.Size ** 2;
end Area;

function Moment (S: Square) return Float is
begin

return S.Area * S.Side ** 2 / 6.0;
end Moment;

end Flatland.Square;

Takum o6pa3om, Bce onepauuy B UTOre MONYUYUNN peanmsaunio. B AeMOHCTPaLMOHHbBIX Lensix
Mbl cAenanv AOMONHUTENbHbIA KOMMOHEHT Size BUAMMBIM, XOTS TyT MOXHO MCMO/Mb30BaTb U
NpVBaTHbIV TUMN. Tenepb Mbl MOXeM onpeaennTs [p. 2660TTa Kak:

A Square : Square := (Flatland with Side => 3.0);

n OH 6yA€T MMeTb BCe CBOWCTBA KBajparta 1 4esioBeka. O6paT|/|Te BHMMaHWe Ha arperar,
KOTOprI7I noay4yaeT 3Ha4YeHUA No yMOAYaHNIKO ANA NMPpUBaAaTHbLIX KOMIMOHEHT, a AOMNMONIHNTE/IbHbIE
KOMMOHEHTblI NHNUMNANN3VPYET ABHO.

CyLLecTBYHOT Apyrve BaXHble CBOMCTBA MHTepPdENnCcoB, KOTOPbIX Mbl KOCHEMCS /Wb BCKOJ/b3b.
NHTepdeiic moxeT mmeTb B kadectBe onepauumn null-npoueaypy. Takas npoueaypa Hu4ero
He fenaeT npu Bbi3oBe. Ecan gBa poauTens MMerT OA4HY M Tyxe onepauuto, To null-
npouesypa nepeonpegenser abcTpakTHylo.  Eciv fgBa poguTens UMeT OAHY U Ty Xe
onepaumio (C coBnagarLLMm napaMmeTpaMn 1 pes3ynbTaToM), OHY CINBAKOTCA B OAHY OnepaLuio,
ANA KOTOpol TpebyeTca peanusaumsa. Ecam napameTtpbl W/wunu pesynbTaT OTAUYAKOTCH, TO
HeobxoAMMO peann3oBaTb 06e onepauun, T. K. OHUW MeperpyxeHbl. Takum obpasom, npasuna
chopMyMpoBaHbl Tak, YTO6bl MUHMMU3MPOBAaTb CHOPMNPU3bI N MaKCMMU3MPOBAaTb BbIUIPbILL OT
MHOXeCTBEHHOr0 Hac/ef0BaHNS.
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7.5 BzanmosamMeHAeMOCTb

JTOT pas3gen KacaeTcs Crneumanm3vpoBaHHOM TeMbl, KOTopas MOXET 6biTb MHTepecHa npu
yrny61eHHOM U3yYeHUN.

HacnegoBaHme MOXHO paccmMaTpyBaTh € ABYX NepcnekTuB. C TOUKM 3peHNs BOSMOXHOCTEN A3bIKa,
3TO CNOCOBHOCTL MOPOAUTL TUM OT POAUTENLCKOrO M yHac/leA0BaTb COCTOSHME (KOMMOHEHTbI)
1 onepauumn, COXPaHUB MPU 3TOM BO3MOXHOCTb A06aBNATL HOBbIE KOMMOHEHTLI 1 onepaumn u
nepeonpeAensaTb yHacnefoBaHHble onepaunn. C TOUKM 3peHns MOAeNVNpPOoBaHNA NMbo Teopun
TVMOB, Hac/eA0BaHMe 3TO OTHOLUEHME («3TO eCTb») MeXAy MOAKIacCOM W Cynep-Kiaccom: ecn
knacc S - ato noaknacc T, To 06O 06bekT knacca S Takke ABAseTcd obbekToM knacca T.
OTO CBOWCTBO — OCHOBa nonuvmopdusma. B TepmumHax a3bika Aja, Ang nHOro Terosoro
Tvna T, nepemeHHas Tmna T'Class MOXeT ccbinaTbCa Ha 06bekT TMna T wan nawboro TMNa,
yHacnef0BaHHOMO (MPAMO UKW KOCBEHHO) OT T. OTO 3HauuT, 4To Nt0basd onepalys, BO3MOXHas
ans T, bygeT paboTaTh (Kak yHacneAoBaHHasa 1Mbo nepeonpegeneHHas) n Ans obbekta noboro
noaknacca T.

Bonee popmanbHaa dopmynmpoBka 3TOro TpeboBaHUA M3BECTHA, KakK MPUHLMM MNOACTaHOBKM
Bapbapbl JIMCKOB, KOTOPLIV BblpaXeH B TEPMUHAX TEOPUN TUMOB:

MycTb q(X) CBONCTBO 06bEKTOB X TMNa T UCTUHHO. Torga q(y) UCTUHHO ANa obbekToB TMNa S, rae S
ABAsieTcs noATunom T. (34ech «NOATUM» 03HAYAET «MOAKIACC».)

XopoLueli NpakTUKOM SIBNSIETCS MPOEKTMPOBaHME MepapXxuu KIacCoB TakK, YTOObl BbIMOMHANCS
AAHHBIA NpUHLMN. Ecnn oH HapyLuaeTcsi, TO CTAHOBUTCA BO3MOXHbBIM BbI3BaTb HEMOAXOAALLYHO
onepauuio, WCNONb3ys AMHaMUYeckoe CBA3bIBaHME, YTO MpuBeAeT K Olnbke BpeMeHU
MCMONHeHNs. DTO BO3MOXHO B TOM C/lydae, KOrAa HacnejoBaHWe WCMOAb3yeTcs TaMm, rge
ABa Kiacca AOMXKHbI bbITb CBA3aHbI MeHee CTPOrIM OTHOLLIEHUEM.

XoTa cam npuHUMn JINCKOB MOXEeT MOKa3aTbCA OYeBMAHbIM, €ero CBf3b C KOHTPAKTHbIM
NporpaMMMpPOBaHMEM TakOBOW He saBfseTcda. HamoMHUM, UTO B MeToZe Bbl MOXeTe AOMOSIHUTL
cneuyndukaumio NoANpPorpaMMm npea- W/vam nocT-ycnosusiMi.  BcTtaeT Bonpoc, ecnn Bbl
nepeonpejensieTe onepauuto, HanaraeT A1 NPUHLMN JTINCKOB AOMONHUTENbHbIE OFPaHNYEHUS Ha
npea- 1 NOoCT-yCNoBUA A1 HOBOV BepCuM Nognporpammel? OTBET - «Aa»: NPes-ycnoBmsa He MOryT
6bITb YCUIeHbl (HanpumMep, Bbl He MoxeTe chopMynMpoBaTb Npea-ycioBuMe, A0b6aBMB yC/ioBMe K
poanTenbLCckoMy Yepes and onepaTop). AHasIOrMYHO, NOCT-YC/IOBME HEe MOXET 6bITb 0C1abfieHo.

Ha nepBblin B3rns4 3TO NPOTMBOPEYUT TOMY, Yero Bbl MOXeTe oXuaaTb. [1oAkIacC 0BbIYHO
OrpaHNyYMBaeT MHOXeCTBO 3HayeHWl cBoero cynep-knacca. [losTomy HaknagblBaTb 60nee
CUNbHbIE Npea-ycnoBUA onepauumn noAknacca MOXeT MoKa3aTbCd MMeLWMM cMbicn. Ho npu
6amKalilemM pacCMOTPEHMI OKa3bIiBaeTCs, YTO 3TO HapyLlaeT npuHUmn Jinckos. C TOYKN 3peHns
BbI3blBalOLLEro, A5 BbliMoaAHeHWs onepaumn X.0p(...) NoAMMOPPHON nepeMeHHON X, MMetoLLel
™mn T, Heobxo4MMO obecneynTb BbINOIHEHVE MpedycnoBua onepaumn Op Tvna T. Y asTopa
3TOro KojAa HeT BO3MOXHOCTM 3HaTb BCe BO3MOXHble nogknaccel T. Ecan cayuntes Tak, uto X
ccblnaeTcs Ha ob6bekT TMna T1, y KoToporo npegycnosune Op cuibHee, YeMy T, TO BbI3OB He CMOXeT
COCTOATLCHA, MOCKO/BbKY MPOBEpPKa MpeA-yC/oBMA He nporijeT. AHaNOormyHble pPaccyXAeHns
[JOKaXyT, UTO MOCT-yC/10BMe B Mojkiacce He MOXeT 6biTb cnabee. Bbi3biBatoWMiA oxmaaeT
BbIMOJIHEHE MOCT-YC/I0BUS MOC/Ie BbI30Ba OnepaLmmn, ecim NogKNacc 3TOro He rapaHTMpyeT, 3To
npueejeT K oLnbke.

JononHeHne B o6bnactm OOl v cBA3aHHbIX TexHOAOrMi K craHgapTty DO-178C (DO-332)
OCTaHaB/MBaeTCcs Ha 3Tom Bornpoce. OHO He TpebyeT NOAYMHEHUs NpuHUWNY JIMCKOB, BMECTO
3TOro npeanaraet NPoOBepsTb «/10KaJIbHYH COracOBaHHOCTb TUMOB». «COrNacoBaHHOCTb TUMOB»
03HayaeT BbINOJIHEHWE MpUHUMNa JINCKOB: oOMepauumM nogknacca He MOryT MMeTb 6onee
CUNbHble Npea-ycnoBus 1 6onee cnabble NOCT-yCNoBUS. «JlIoKasbHas» 03Ha4aeT, YTo HeobXoANMO
aHaNN3MpoBaTb TOMIbKO peasnbHO BCTPEYalLMACA B MporpaMmme KOHTekCT. Hanpumep, ecaun
CyLLecTByeT ornepaums, y KOTOpoi npea-ycioBme 6oee CMIbHOE, HO OHa HUKOra He Bbl3blBaeTCs
npw gncrnetyeprsalmn Bel30Ba, TO 3TO He BPeanT.

CraHgapT DO-332 npegnaraet Tpy NoAxo4a AoKa3aTeIbCTBa 10KabHOM COrnacoBaHHOCTU TUMOB,
O0AVH Ha ocHoBe GopMasibHbIX METOZOB U Ba Ha OCHOBE TECTVMPOBAHUSA:
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. c|>opMaano NPoBEPUTb B3aNMO3aMeHAEMOCTb;

* YAOCTOBEPUTBbCA, YUTO Ka)KAbIVI TN NPOXoAUT BCe TeCTbl BCEX CBOUX pOAMTEﬂEVI, KOTOpPbIX OH
MOXeT 3aMeLllaTb,

* Anda |<a>|<p,0|7| TOYKN ANHAMNYECKOT O CBA3bIBAHNA NMPOTECTNPOBATL, UTO Ka)KAbIM MEeTOo MOXeT
ObITb BbI3BaH (MeCCMMUCTYECKOE TeCTI/IpOBaHI/IE).

MepBbIi NoAXO4 NMpeAnonaraeT HenocpeACTBEHHY NpoBepKy npuHumna fSinckos. Aga 2012
noAAep>XnBaeT iBHbIM 06pa30oM Npes- 1 NOCT-yC/TIOBUS, YTO MOMOraeT MPOBeCT! aBTOMaTUYeCKUNA
dopManbHbIA aHanMs, NCNOAb3Ya CNeuUnanbHbI MHCTPYMEeHTapWuii. 3To peKoMeHAyeMbli MOAXO4,
ec/I BO3MOXHO MCM0Mb30BaTb GOpMasbHble MeTOAbl, HanpvMep NpY MOMOLLM UHCTPYMEHTA
SPARK Pro, nockonbky OH obecnevynBaeT HanBbICLUNI YPOBEHb JOBEpUS.

BTopoli nogxos nNpUMeHMM MpU WCNOAL30BaHUN MOJAY/NBHOIO TeCTUPOBAHUS. B stom
KOHTeKCTe, Kaxzjas ornepauusa knacca obnajaer Habopom TecToB AN NPoBepKu TpeboBaHWIA.
MepeonpeaeneHHas onepauns OBbIYHO VMeeT pacllMpeHHble TpeboBaHWA MO CPaBHEHWUHO C
N3HaYaNlbHOM, NO3TOMY ByAeT MMeTb 6onbliue TecToB. KaXaplli Knacc TecTupyeTcs OTAeNbHO
npyv MOMOLLM BCeX TeCTOB, MPUHaNexallmx eMy MeTofoB. Wjes B TOM, YTO6bI MPOBEPUTH
MPUHLNMN B3aIMO3aMEHAEMOCTW AJ/19 HEKOTOPOro TeroBoro TMMa, BbIMOJ/IHMB BCE TeCThbl BCEX ero
POAVTENBCKUX TUMOB, UCMO/b3yA 06beKT JaHHOro TeroBoro Tmna. Gnattest, MHCTPyMeHT Ans
MOAYNBHOro TecTpoBaHua 13 coctaBa GNAT Pro, npegoctaBnsieT He06X0AVMMYH NOAAEPXKKY 4SS
aBTOMaTM3aLMM NpoLiecca TeCTMPOBaHWSA, B TOM Yuc/ie 1 npuHumna JINCKoB.

TpeTnin Noaxos MoXeT 6blTb HaMeHee CNOXHbBIM B C/lyvae, Korja AucrneTyepusnpymMble BbI3OBbI
peakn U unepapxusi TUNOB Hernybokas. B coctaBe GNAT Pro, ectb MHCTpyMeHT GNAT-
stack, CMOCOBHbI HaMTK BCe AMCneTyepusMpyemMble BbI30Bbl C YKa3aHMEM BCeX BO3MOXHbIX
BbI3bIBAEMbIX MOAMNPOrpamMm.

Bonee nogpobHyto MHbOPMaLMIO MO 3TOM TemMe MOXHO HanTu B AokymeHTauumm «OOIM ans
HaZeXHbIX cMcTeM Ha a3bike Aga» oT AdaCore.
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CHAPTER
EIGHT

BESONACHOE CO3AAHVE OBBEKTOB

3Ta rnaBa packpblBaeT HEKOTOPbIe acneKkThbl yrpaBneHus obbekTamu. Mo o6bekTaMu 34ech Mbl
MOHMMaeM Kak Mefikre 06beKTbl B BUAE MPOCTbIX KOHCTAHT U MepeMeHHbIX 31eMEeHTapHOro T1na,
Hanpumep Integer, Tak 1 6onbLIMe 06beKTbI 13 06nacTn OOTI.

AA3bIKk Aa NpeAoCcTaBaseT PasBUTbIe U TMOKME MHCTPYMEHTbI B 3TOV 061aCTU. 3TN UHCTPYMEHTHI,
rNaBHbIM 06Pa30M, He ABNATCS 06513aTeIbHbIMW, HO XOPOLLMIA MPOrPaMMUCT UCMOJb3YeT UX Mo-
BO3MOXHOCTM, @ XOPOLLUNA MeHeKep HacTanBaeT Ha NX NCMOAb30BaHUM MO-BO3MOXHOCTH.

8.1 lNepemMeHHble N KOHCTaHThbI

Kak Mbl yke BUAeNn, Mbl MOXeM onpeaennTb nepeMeHHbIe N KOHCTaHTbI, HanncaB:

Top : Integer; -- rnepemeHHas

constant Integer := 100; -- KOHCTaHTa

COOTBETCTBEHHO. TOp - OTO NnepeMeHHasa N Mbl MOXEM TprcBanBaTb e/l HoBble 3HAYeHVs, B
TO BpeMA KakK Max - 3TO KOHCTaHTa U ee 3Ha4YeHMe He MOXET BbiTb M3MEHEHO. 3aMeTbTe, UTO
B onpegeneHnn KOHCTaHTbl 3alaBaTb Ha4da/lbHOE 3Ha4YeHne HEO6XO,CI,VIMO. nepeMEHHbIM TOXe
MO>XHO 3a4aTb Ha4ya/lbHO€ 3Ha4YeHNE, HO 3TO HE 0b6s13aTeNbHO.

MpenMyLLecTBO KOHCTAHT B TOM, YTO UX HE/b3s HeYassHHO U3MEHUTb. DTa KOHCTPYKLMSA He TONBKO
YAOBHbIV «npesoxpaHuTenb». OHa Takke MOMOraeT KaxzZoMy, KTO YMTaeT Mporpammy, cpasy
0603Hayas cTaTyc o6bekTa. BaxHasi AeTasb TYT B TOM, UTO 3HaYeHMe He 0653aTeNbHO AOMKHO
6bITb CTAaTUYECKUM, T. €. U3BECTHLIM B MOMEHT KOMNUASALMMW. B KauecTBe nprMepa npuBeAemM Koj
BbIUNCIEHUNSI MPOLLEHTHbIX CTaBOK:

procedure Nfv 2000 (X: Float) is
constant Float := 1.0 + X/100.0;
begin
return 1000.0 * Factor**2 + 500.0 * Factor - 2000.00;
end Nfv_2000;

Kaxabiti BbizoB ¢yHkumm Nfv_2000 nonyyaeT HoBoe 3HauyeHve X W, CnejoBaTefNbHO, HOBOE
3HayeHwue Factor. Ho Factor He M3MeHSAeTCs B TeYeHUWU OZHOro Bbi30Ba. XOTA 3TOT nNpumep
TPUBMANbHBLIVA N Nerko BUAETb, YTO Factor He n3MeHsieTcs, He0H6XOAMMO BblpaboTaTb MPUBBLIUKY
MCnonb30BaTh constant Be3je, rae 3To BO3MOXHO.

MapameTpbl NOANPOrpamMmbl 3TO eLLie OAMH NPUMeEpP KOHLEeNUUN NepeMeHHbIX 1 KOHCTaHT.

MapameTpbl 6bIBalOT Tpex BMAOB: in, in out 1 out. Ecan Bug He ykasaH B TekcTe, TO, MO
YMOTYaHWIO, UCNONb3yeTcst in. B Bepcusix A3bika BNAOTb A0 Aga 2005 BKAHOUUTENBHO GYHKLMM
MOFAN MMeTb MapaMeTpbl TOMbKO BMAA in.  3TO OrpaHU4YeHne KMMeNno MeTOAONOrnYecKuii
XapakTtep, YTobbl CKIOHUTb MPOrpaMMUCTa He NUcaTb GYHKLUMN, MetoLLe NoboYHble 3P deKTbI.
Ha npakTuke, OAHaKo, 3TO OrpaHM4yeHVe Ha caMoM Jene He paboTaeT. Co3aaTb GYHKLMIO,
MMetoLLYyt0 MOoBOoUHbIe 3PdeKTbl, NIerko, 4OCTaTOYHO MCMO/b30BaTb CChIIOYHBIN NapameTp uUau
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npucBavBaHNe HenokanbHOW nepemMeHHoW. Bonee Toro, B cayyae, Korga noboyHbl 3bdekT
HeobxoAnM, MNPOrpaMMUCT 6Obla ANLIEH BO3MOXHOCTW O603HaUUTb 3TO ABHO, WCMO/bL30BaB
NOAXOAAWMIA BUA NapameTpa. YuuTbiBas BbllleckasaHHoe, CTaHAapT Agza 2012, HakoHel,
paspewwna GyHKUUSM MMeTb NapaMeTpbl BCeX TPeX BUAOB.

MapameTp BUAA iN 3TO KOHCTaHTa, NOAyYaloLan 3HayYeHe apryMeHTa BbI30Ba NOAMNPOrpamMmbil.
Taknum obpasom, X, n3 npmumepa ¢ Nfv_2000, nmeeT BUj in 1 NO3TOMY ABNAETCA KOHCTAHTON, T. €.
Mbl HE MOXeM MPUCBOUTL eli 3HaYeHMe N Y HaC eCTb rapaHTus, UTo ee 3HaYeHne He MeHsAeTCs.
CoOTBeTCTBYHOLLNI apryMeHT MOXeT 6bITb N06bIM BbipaxeHneM Tpebyemoro Tmna.

MapameTpbl BUAA in out 1 out ABNAIOTCS NepeMeHHbIMU. APryMeHT BbI30Ba Takxe A0/MKeH bbITb
nepeMeHHOW. Pasnnuyve MexXay 3TUMK BUAAMWN KacaeTCsd Ha4yanbHOro 3HadeHus. [lapameTp
BMAA iN out NPUHMMaeT HavanbHOe 3HaYeHne aprymeHTa, B TO Bpems Kak napameTtp Buaa out
He MMeeT Hay4a/lbHOro 3HayeHusl (W60 OHO 3a4aeTcs HaYvaNbHbIM 3HAYeHNEM, onpeaeseHHbIM
camuM TUMOM napameTpa, Hanpumep null Ans CCbINOYHBIX TUMOB).

MpuMepbl MCMNONL30BaHMA BCeX TPex BUAOB MNapaMeTpoB Mbl BCTpPeYann B ornpejesieHun
npoueayp Push n Pop B rnaBe «besonacHas ApxutekTypan:

procedure Push (S: in out Stack; X: in Float);

procedure Pop (S: in out Stack; X: out Float);

MpaBnna, KacatoLmecs apryMeHTOB MOAMNPOrpaMMm, rapaHTVPYOT, YTO CBOMCTBO «KOHCTAHTHOCTU»
He HapylwaeTca. Mbl He MOXeM MepeAaTb KOHCTaHTbl, Takue kak Factor, npwu Bbi3oBe Pop,
MOCKO/IbKY COOTBETCTBYHOLUMIA NapameTp nMeeT BUA out. B MpOTMBHOM caydae 3TO Aano 6bl
BO3MOXHOCTb POp NomMeHATb 3Ha4eHue Factor.

Paznnuuve mexay KOHCTaHTaMu 1 NepeMeHHbIMU TakXXe 3aTparnBaeT CCbIIOYHbIE TUMbI U 06EeKThI.
Tak, ecnm Mbl UMeeMm:

type Int_Ptr is access all Integer;
K: aliased Integer;
KP: Int Ptr := K'Access;

constant Int Ptr := K'Access;

TO 3Ha4YeHne KP MOXHO n3MeHUTb, a 3HaveHne CKP — HeT. XoTda Mbl He MoXxeM 3acTtaBnTb CKP
CCbINATbCS Ha APYroi 06BbEeKT, Mbl MOXEM MOMEHSTb 3HaueHue K:

CKP.all := 47; -- ycTaHOBUTb 3HayeHune K paBHbM 47

C Apyroli CTOPOHBI:

type Const_Int_Ptr is access constant Integer;
J: aliased Integer;
JP: Const _Int Ptr := J'Access;

constant Const Int Ptr := J'Access;

rA4e Mbl MCNOAb3yeM constant B ONUCaHUM TUMAa. ITO 3HAUUT, Mbl HE MOXEM NMOMEHATb 3HaYeHne
obbekTa ], ncnonbays ccobliku JP n CJP. NepemeHHas JP MOXeT ccbllaTbCs Ha pasinyHblie 06beKThI,
B TO BpeMms, kak CJP ccbiiaeTcs ToNbKO Ha J.

BI/Iﬂ| TONbKO-ANA-YTEHUA N ANA YTEHUA-3aMNNCA

MHoraa HEO6XOAI/IMO paspewmnTb KINEHTY YATaTb NepemMeHHYH 6e3 BO3MOXHOCTW U3MEHSATL ee.
,ﬂ,pyFI/IMI/I CNnoBaMu, HY>XXHO NpeaoCTaBUTb BN TO/IbKO-ANA-UTEHNA ANA ,D,aHHOI7I HepeMEHHOIZ. 370
MOXHO caenatb rnpum noMoLyn OT/IOKEHHOM KOHCTAHTbI U CCbIIOYHOrO TUMa:
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package P is
type Const_Int_Ptr is access constant Integer;
constant Const Int Ptr; -- oT/io¥eHHad KOHCTaHTa
private
The Variable: aliased Integer;
constant Const Int Ptr := The Variable'Access;

end P;
KnneHT moxeT untaTb 3HayeHne The_Variable, ncnonsbsya The_Ptr, Hanucas

K := The Ptr.all; -- kocBeHHoe 4TeHue The Variable

Ho, nockonbKy CCbIIOYHBIN TUM ONKWCaH, KaK access constant 3HaveHMe 06bekTa He MOXeT bbITb
M3MEHeHOo

The Ptr.all := K; -- owwubka, T1ak Hesb3si u3MeHnTb The Variable

B 1o xe Bpems, ntobas nognporpaMma, obbABAeHHaA B nakeTe P, nMeeT HenocpeACTBEHHbIN
foctyn k The_Variable  MoXxeT n3ameHaTb ee 3Ha4YeHMe. ITOT CNocob 0co6eHHO NoJie3eH B ClydaeT
Tabnuy, Korga Tabnmua BelUNCAAETCS AVHAMUYECKN, HO KIMEHT He JO/MKEH NMETb BO3MOXHOCTU
MeHATb ee.

Ncnonb3ys BO3MOXHOCTY cTaHAapTa Aga 2005, MOXHO nsbexaTb BBeAeHUSA CCbINOYHOro TMNa

package P is
constant access constant Integer;
private
The Variable: aliased Integer;
constant access constant Integer :=
The Variable'Access;

end P;

KntoueBoe cnoBo constant BcTpeydaeTcs ABax bl B 06baBaeHnn The_Ptr. MNepBoe o3HauaeT, 4to
The_Ptr 3To KOHCTaHTa. BTopoe — UTO Henb3s1 U3MEHUTb 06BEKT, Ha KOTOPhI ccbinaetca The_Ptr.

8.2 DYHKLUNA-KOHCTPYKTOP

B Takmx a3bikax, kak C++, Java n C# ecTb cneumanbHbIli CMHTAKCUC Ana GYHKUWIA, CO34at0LLImMX
HOBble 06BbekTbl. Takuve QYHKUMW Ha3bIBalOTCA KOHCTPYKTOPaMK, WX MMEeHa COBMajatoT ¢
nMeHem Tuna. BBegeHne aHaNOrMYHOro MexaHmsmMa B AZe OTKAOHWUAW, YTOObl He YCIOXHATb
A3blK.  KOHCTPYKTOPbI B APYrMX A3blKax VMeT JAOMOMHUTENbHYH CeMaHTUKY (Hanpumep,
onpeAensloT, Kak Bbl3BaTb KOHCTPYKTOP POAUTENbCKOrO TWUMA, B KaKOW MOMEHT Bbi3blBaTb
KOHCTPYKTOP OTHOCUTENbHO WHULUMaNM3auum Mo yMOAYaHUKO W T.A4.). AZa npegnaraet
HECKO/IbKO KOHCTPYKLMIA, KOTOPble MOXHO MCMO/Mb30BaTb BMECTO KOHCTPYKTOPOB, Hampumep,
NCMNOoNb30BaHNe ANCKPUMUHAHTOB ANA napamMeTpusaunm vHUUuanmsauun, Wcnosb3oBaHue
KOHTPOAMPYEMbIX TUMOB C NpesoCTaBAseMor Noab3oBaTenemM npouesypoin Initialize (K sTomy Mbl
BepHeMCH No3xe), 06bIKHOBEHHbIe GYyHKLYM, BO3BPALLAOLLME 3HAUEeH e LLeNeBoro T1na, mo3ToMy
HEeobX0ANMOCTN B AOMOJIHNTENbHbIX CPeACTBax HeT.
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8.3 JiuMmutupyemsie TUMNbI

Tunbl, KOTOpbIE Mbl BCTpedanu Ao cux nop (Integer, Float, Date, Circle v gp.), UMerOT pasnnyHble
onepaunn. HekoTopble N3 HUX NpejonpeaeneHbl, K HAM OTHOCATCA CpaBHeHWe Ha PaBeHCTBO.
Apyrve, Takne kak Area y Tuna Circle, onpegeneHbl nonb3oBateneM. Onepaumsa NprMcBanBaHNs
TakXKe CyLlecTByeT Yy BCex rnepeyncieHHblX BbiLle TUMOoB.

B HEKOTOPbLIX CNy4HadaX MMeTb onepaunto npncBaBaHNA HexenaTteabHo. 3TOMy MOXET 6bITb ABe
rnaBHble NPUYNHBI

* TUN MOXET MPeACTaBNATb HeKOTOPbIA pecypc, Hanpumep npaBa AOCTyNa, KOMVpoBaHMe
KOTOPOro HapyLlaeT NoAUTUKY 6e30nacHoCTU

* TN MOXET 6bIT peann3oBaH C MCNONb30BaHMEM CCbIIOK 1 KOMMpoBaHWeE 3aTPOHET TONbKO
CCblJIKY, @ He BCe AaHHDbIE.

Mbl MOXeM MpefoTBPaTUTb MpucBanBaHue, ob6baBmB TUn limited. Ans nanrocTpaumm BTOPONA
NPUYNHBI PACCMOTPUM CTEK, Peann30BaHHbIN B BUAE OJHOCBA3HOMO CrNCKa:

package Linked Stacks is
type Stack is limited private;
procedure Clear(S: out Stack);
procedure Push(S: in out Stack; X: in Float);
procedure Pop(S: in out Stack; X: out Float);
private
type Cell is record
Next: access Cell;
Value: Float;
end record;

type Stack is access all Cell;
end Linked Stacks;

Teno nakeTa MOXeT 6bITb C/IeAYHOLLMM:

package body Linked_Stacks is

procedure Clear(S: out Stack) is
begin

S := null;
end Clear;

procedure Push(S: in out Stack; X: in Float) is
begin

S := new Cell'(S, X);
end Push;

procedure Pop(S: in out Stack; X: out Float) is

begin

X := S.Value;

S := Stack (S.Next);
end Pop;

end Linked Stacks;

Ob6bsBneHme cteka kak limited private 3anpeluaeTt onepaumio NprUcBanBaHus.

This One, That One: Stack;

This One := That One; -- HeBepHo, Tun Stack AUMUTUPOBAHHBIN

Ecnm 6b1 Takoe NpucBavBaHue cpaboTano, 3To0 NpuBeno 6bl K ToMy, uto This_One ykasbiBan 6bl
Ha TOT e cnncok, yto 1 That_One. BbizoB Pop ¢ This_One nNpocTo CABMHET ero no Chmcky
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That_One BH®3. |_|p06}'IeMbI TakKoro Xxapaktepa uMerT O6LLJ,€I'IpI/IHF|TO€ Ha3BaHWe — alnaCcuHr, T. €.
cyuiectBOBaHune 6osiee yeM ogHOro cnocoba cocaTbCs Ha OAMNH U TOT Xe 06BHeKT. 3al-|aCTy+o 3TO
YypeBaTo NAOXMK NOCNEACTBMAMN.

ObbsBneHne cTeka B JaHHOM MpuMepe paboTaeT ycnewHo, 6narojapss TOMy, 4TO OH
aBTOMaTUYecKn crneumnanunsmpyetca 3HadeHnem null, obo3Havarowmm nycrton crek. OAHako,
6bIBatOT C/lyydaun, KoOrja HeobxoAMMO COo34aTb OOBEKT, VHMLUMANM3MPOBaB ero KOHKPeTHbIM
3HayeHVeM (Hanpumep, ecin Mbl 06BSABASIEM KOHCTaHTY). Mbl He MOXeM cAenaTtb 3TO 06blYHbIM
cnocobom:

type T is limited

constant T :=Y; -- owubka, Helb3s CKONMUMPOBATb MEPEMEHHYIO

MOCKOJ/IbKY 3TO NnoB/sieyveT KONMMpoBaHMe, YTo 3anpeLeHo 414 IMMNTMpyeMoro tmna.

MOXHO BOCMO/b30BaTLCA ABYMSI KOHCTPYKUMAMW — arperatamu U ¢oyHkumamm.  CHadvana
paccMOTpUM arperatsl. MNycTb HaL TUN NPeACcTaBAseT HEKNM KoY, COAepKaLLni AaTy Bblinycka n
HEKOTOPbI BHYTPEHHWIA KOZ:

type Key is limited record
Issued: Date;
Code: Integer;

end record;

MocKonbKy TN ANMUTUPYEMBIIA, KJTHOY Heflb3s CKOMMPOBaThb (Celivac ero cogep>XXMmoe BUAHO, HO
Mbl 3TO MCMPaBUM Mo3XKe). Ho Mbl MOXeM HanncaTeb:

K: Key := (Today, 27);

TaK Kak, B 3TOM C/iy4ae, HET KOMNPOBaHNA LLeNoro Kskoda, BMeCTO 3TOro otae/ibHble KOMMNOHEHTHI
nosly4dyaroT CBOU 3Ha4YeHNA. ﬂ,pyI'I/IMI/I cnoBamm K CTPONTCA MO MECTY HaXOXAeHUNA.

Bonee peannctnyHo 6b110 6bl 06BABUTL TUM NPUBATHBLIM. TOrAa Mbl 6bl HE IMeNV BO3MOXHOCTU
MCMONb30BaThb arperat, MOCKOAbKY KOMMOHEHTbl He 6blin 6bl BUAMMbI. B 3TOM cnyyae Mbl 6b
MCNonb30Bann GyHKLMI, Kak KOHCTPYKTOP:

package Key Stuff is
type Key is limited private;
function Make Key(...) return Key;
private
type Key is limited record
Issued: Date;
Code: Integer;

end record;
end Key Stuff;

package body Key Stuff is

function Make Key(...) return Key is
begin
return New Key: Key do
New Key.Issued := Today;
New Key.Code := ...;
end return;
end Make Key;

end Key Stuff;

KnneHt Tenepb MOXET HanmcatTb
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My Key: Key := Make Key (...); ~-- TyT HeT KonupoBaHus

rae napamMeTpbl Make_Key MCNOb3YKTCA AN1A BbIYNCNEHNA K/HOYa.

JasainTe obpaTnm BHUMaHMe Ha dyHKLUMIO Make_Key. OHa coAepXUT pacLUMpPeHHYIO MHCTPYKLMIO
BO3BpaTa (return), KOTopas HauyMHaeTca C 0b6bSABNEHWMA BO3BpallaeMoro obbekTa New_Key.
Korga pesynbTupytowmii Tun GyHKUMM TUMUTUPYEMbIA, BO3BpaLLI@eMbli 06 bEKT, Ha CaMOM Jene,
CTPOUTCS CPasy MO MeCTy CBOero HaxoxzjeHus (B Hallem cnydae B nepemeHHor My_Key). 3710
BbIMOJIHAETCA aHa/IOMMYHO TOMY, KaK 3amMo/IHSATCA KOMMOHEHThI NPy NCMOAb30BaHUM arperara.
Mo3ToMy KOMMPOBAHUSA He BbIMOHAETCS.

B ntore B Ase Mbl MeeM MexaHW3M NHNLMANN3aunn KINeHTCKNX 06bekTOB 6€3 NCMOIb30BaHUS
KonmpoBaHuA. Vicnonb3oBaHue JIMMNTUPYEMbBIX TUMNOB AdeT CO34aTe/1i0 pecypCcoB, TaknxX Kak
Knro4yn, MOLLI,HbII7I MeXaHN3M KOHTPO1A X NCMON1Ib30BaHNA.

8.4 KoHTponupyembie TUNbI

Ewle 60nee MOLLHbLIM MeXaHV3MOM yrnpaBieHneM 0bbekTaMu ABASHOTCA KOHTPOMPYeMble TUMbI.
C X NOMOLLIbIO MOXHO HanuncaTb KOJ, UCMONHAEMbI KOrAa:

1. 06beKT co3zaeTcs; 1. 06beKT NpekpallaeT cyLlecTBoBaHMe; 1. 06BbEKT KOMMPYeTCs, eC/N OH He
ANMUTVPYEMOro Tuna.

B ocHoBe 3TOro MmexaHuama nexat Tunbl Controlled n Limited_Controlled, o6bsaBneHHbIe B NakeTe
Ada.Finalization:

package Ada.Finalization is

type Controlled is abstract tagged private;

procedure Initialize(Object: in out Controlled) is null;
procedure Adjust(Object: in out Controlled) is null;
procedure Finalize(Object: in out Controlled) is null;

type Limited_Controlled is abstract tagged private;

procedure Initialize(Object: in out Limited Controlled) is null;
procedure Finalize(Object: in out Limited Controlled)
is null;
private

end Ada.Finalization;

CnHTakcuc is null BBegeH B Aga 2005 n ynpoluaeT onpejeneHrie noBegeHuns no yMoa4aHuo.

OcHoBHas nges (AN HeNMMUTVPYEMBbIX TUMOB) COCTOUT B TOM, YTO NMOJIb30BaTe b Hac/esyeT CBOW
Tn oT Controlled n nepeonpegenset npouegypsl Initialize, Adjust u Finalize. 3Tu npoueaypbl
BbI3bIBaKOTCS, KOTAa 06BEKT CO3JaeTcs, KOMMPYETCS 1N YHNUTOXAETCsl, COOTBETCTBEHHO. OTMeTUM,
YTO BbI3OB 3TUX NMOAMNPOrpaMM BCTaBAAETCA aBTOMATUYECKN KOMMUAATOPOM U MPOrpaMMUCTy He
HY>XHO SIBHO UX Bbl3blBaTb. AHaNOrM4yHO 06CTOUT fenio C AMMUTUPYEMBIMU TUnamMu. Pasnnyne B
TOM, 4TO ucnonb3yetcs Limited_Controlled tvn, y KoToporo oTcytcTByeT nognporpamma Adjust,
MOCKO/IbKY KOMMPOBaHKe 3anpeLleHo. 3TV NoANporpaMmel UCMOb3YHOTCA, YTOObI peann3oBaTb
CNOXHYK NHULMANN3aLMI0, OCYLLEeCTBAATL M1y6oKoe KOMMPOBaHME CBA3HbLIX CTPYKTYP AAHHbIX,
0CBOOOXJAEeHME MaMATU MO OKOHYAHUW XM3HW ObbekTa WM TOMY MOAOGHON AeAaTenbHOCTH,
cneynduYHON ANa JaHHOro TUna.

B kauecTBe npmMmepa, CHoOBa pacCMOTPUM C(CTEK, peaﬂI/I3OBaHHbII7I B BMAE CBA3HOIo Crnncka, HO
npegoctaBMM BO3MOXXHOCTb KOMMpoBaHUA. Hannwewm:

package Linked Stacks is
type Stack is limited private;

(continues on next page)
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(continued from previous page)

procedure Clear(S: out Stack);

procedure Push(S: in out Stack; X: in Float);

procedure Pop(S: in out Stack; X: out Float);
private

type Cell is record
Next: access Cell;
Value: Float;

end record;

type Stack is new Controlled with record
Header: access Cell;
end record;

overriding procedure Adjust(S: in out Stack);
end Linked Stacks;

Tun Stack Tenepb NpuBaTHbLIV. [loHOe 06bsBAEHME TUMA - 3TO TEroBbIM TUM, MOPOXAEHHbIN
oT Tnna Controlled v nmerownii KOMNOHeHT Header, aHanorMuHbI NpeablayLLemMy 06BABNEHNHO
cTeka. JTo npocTo obepTka. KAMEHT e He BUAWT, UTO Hall TUM TEroBbli N KOHTPONNPYEMBbINA.
YT06bI NprCcBanBaHme paboTano KOPPEKTHO, Mbl NepeonpesensemM npoueaypy Adjust. ObpaTute
BHVMaHMe, YTO Mbl NCNOAb3YyeM UHAMKATOP overriding, YTo 3acTaBnseT KOMMUAATOP NPOBEPUTb
NpPaBUIBHOCTb NapamMeTpoB. Teno naketa MOXeT OblTb ClefyHoLLMM:

package body Linked Stacks is

procedure Clear(S: out Stack) is
begin

S := (Controlled with Header => null);
end Clear;

procedure Push(S: in out Stack; X: in Float) is
begin

S.Header := new Cell'(S.Header, X);
end Push;

procedure Pop(S: in out Stack; X: out Float) is
begin

X := S.Header.Value;

S.Header := S.Header.Next;
end Pop;

function Clone(L: access Cell) return access Cell is
begin
if L = null then
return null;
else
return new Cell'(Clone(L.Next), L.Value);
end if;
end Clone;

procedure Adjust (S: in out Stack) is
begin
S.Header := Clone (S.Header);
end Adjust;
end Linked Stacks;

Tenepb NpucBanBaHue byaeT paboTaTtb Kak Hago. JonyCcTUM, Mbl HaNULLEM:
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This One, That One: Stack;

This One := That One; -- aBTomatuyeckui BbizoB Adjust

CnepBa BbINOSHAETCA nobutoBoe konmpoBaHuve That_One B This_One, 3atem ana This_One
BbINOAHAETCS BbI30B Adjust, rae Bbi3biBaeTca pekypcmBHasa dyHkLmsa Clone, koTopas 1 BbINOAHAET
dakTnyeckoe konuvposaHue. YacTo Takol MpoLecc Ha3bliBalOT M1yO6OKMM KOMUPOBAHUEM.
B pesynbTtate This_One v That One cogepXaT OAMHAKOBbIE 3/1eMeHTbl, HO UX BHYTPEHHMe
CTPYKTYPbl HAKAK He nepeceKkaroTcs.

NHTepecHbIM MOMEHTOM, TakXe, MOXeT 6biTb TO, kak B npoueaype Clear yctaHaBnvBaeTcs
napameTp S. 3Ta KOHCTPYKLMSA Ha3bIBaeTCs paclUMpeHHbIM arperaToM. lMNepBas YacTb arperata —
MMS POAUTENBCKOro TUMA, @ 4acTb Noc/1e c1oBa With npegocTaBnsieT 3Ha4eHNs AONONHUTENBHbLIM
KOMMOHEeHTaM, e/l Takme nmetoTcs. Mpoueaypbl Push n Pop — TpuBUasbHBI.

Yntatenb MOXeT CNPOCUTb, YTO MPOM30MAAET C 3aHNUMAEMO NaMSATLIO NOCe BbiI30Ba NpoLeaypbl
Pop nan Clear. Mol 06cyanm 3TO B CeytoLLeinl rnaBe, Kacarlollelica BOMNPOCOB yrpaBaeHus
namsTbIO.

CnepyeT oTMeTUTb, YTO mpoueaypsl Initialize 1 Finalize He mepeonpegeneHbl U HacneayrTCH
nycTele npouegypbl oT Tuna Controlled. To3TOMy HMYeEro AOMOMHUTENIBHOIO He BbIMOMHAETCA
B MOMEHT 06BbABNEHNSA CTeKa. ITO HaM MOAXOANT, MOTOMY UYTO KOMMOHeHTa Header nonyuaer
3HaueHuve null No ymonuyaHuo, YTO Ham K TpebyeTcA. AHANOIMMYHO, HUKAKUX AeNCTBUIA He
NPOUNCXOAUNT, KOFAa CTEK YHNUTOXAaeTCsA, HarnprMep npu Bbixoae 13 npoueaypbl. TyT CHOBa BCTaeT
BOMPOC 06 0CBOHOXAEHNM NaMATH, K KOTOPOMY Mbl BEPHEMCSH B CnefytoLLeli rnase.
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CHAPTER
NINE

BESONACHOE YINPABJIEHNE MNAMATbIO

KomnbtoTepHasi mamaTb, MCNOAb3yemMas NPOrpamMmoit, ABASETCA KPUTMYECKN BaXKHbIM PecypcoM
cMcTeMbl.  LIenocTHOCTb ero CoAepXMMOro ABASeTCa HeobXOAMMbIM YC/OBMEM 340POBOro
GYHKLMOHMPOBAHMA NporpaMMbl. TyT MOXHO NPOCNeAnTb aHanorunio ¢ NaMATbo Yenoseka. Koraa
NamsiTb HEHAZAEXHaA, XN3Hb YesloBeka 3aMEeTHO yXyALLIaeTCsl.

EcTb ABe NpobaeMbl, KOTOPbIe CBA3aHbl C BOMPOCOM yrpaB/ieHns NaMaTeto. [NepBas 3akto4aeTcs
B TOM, YTO MHPOPMaLMS MOXeET bbITb NMOTEpPsSIHA B Cly4ae, ecln OHa OLIMBOYHO nepeTnpaeTcs
apyron Hpopmauuen. [pyras npobaemMa B TOM, UTO MaMaTb MOXeET 6bITb yTepsiHa nocne
MCMONb30BaHWA 1, B KOHLE KOHLIOB, BCA CBOOOAHAA NaMATb byAeT ncyepnaHa, Yto npueejer K
HEBO3MOXHOCTU COXPaHUTb HYXHYI MHPOPMaLMIO. DTa NpobaemMa yTeukn naMaTu.

YTeuka namsiTn ABNSETCA KOBapHOM NPo61eMoii, MOCKOIbKY MOXET He MPOsiBAATLCA ANNTeNbHOe
BpemMs. M3BecTHbl npumepbl M3 06/1acTU YyNpaBNeHUs XUMUYeCKM MPOU3BOACTBOM, KOrja
Ka3anocb, YTO MporpaMmMa paboTtana B Te4YeHUN HeckoNbknx neT. Ee nepesanyckann kaxgple
TP MecAua Mo Hes3aBUCMMbIM MPUYMHAM (NepemMeLlany KpaH, YTO MPUBOAMIO K OCTaHOBKe
npov3BoAcTBa). Korga rpadurk nepemelleHnss KpaHa WU3MEHWCs, MporpaMmMa AoJsixHa 6bina
paboTaTb AOJblUe, HO B UTOre C/0Manacb Mocae YeTbipex MecsueB HernpepbiBHOV paboThbl.
MprymHa okasanack B yTeyke NaMaTy, MOHEMHOrY OTrpbi3atoLeli CBo60AHOe MPOCTPAHCTBO.

9.1 NepenonHeHue 6ydepa

MepenonHeHune 6ydepa - 3T0 obLlee Ha3BaHWe, UCMONb3YyeMOe ANs 0603HAYEHUsI HapPYLLIEeHWs
nHbopMaLMoHHOM 6e3onacHocTW. MepenonHeHve Bydepa MOXET MPUBECTU K UCKAKEHWNIO UK
YTEHWIO MHOOPMALMY 310YMbBILLIEHHMKOM, NGO CTyYaiiHo.

STa npobnema LWIMPOKO pacrnpocTpaHeHa B nporpammax Ha C u C++ M 3a4acTylo CBfizaHa C
OTCYTCTBMEM MPOBEPOK BbIXOAA 3a Mpejesbl MacCMBOB B 3TUX fA3blkax. Mbl BCTpeYyanucb ¢
nofo6HoM nNpobnemoii B rnaee «besonacHble TUMbl JaHHbIX» B NpUMepe C Napoi UrpanbHbIX
KoCTel.

STa npobsieMa He MOXeT BO3HMKHYTb B AZle, MOCKO/bKY B 06bIUYHbLIX YC/I0BUSIX MPOBepKa MHAeKCA
npu obpalleHnn K MaccuBy akTMBMPOBAHA. Ty MPOBEPKY MOXHO OTK/IKUUTb, KOrga Mbl
abCconoTHO yBepeHbl B MOBeAEeHUN MPOrpamMMbl, HO 3TO MOXeT OblTb HebnaropasymMHo, Moka
Mbl He [0Kasann KOPPeKTHOCTb MnporpamMmbl GOpManbHbIM METOAOM, HamnpuMep, WUCNoab3ys
nHcTpymeHTapuii SPARK Examiner, KoTopblii Mbl 06cyanm B rnase 11.

XoTa, B MOAaBASOLEM KOAMYecTBe C/lyvaeB BUMHOBHWKOM MnepenosHeHus bydepa sBnseTcs
OTCYTCTBME MPOBEPKM MHAEKca MaccuBa, Apyrme CBOWMCTBA A3blka TakXXe MOTyT ero BbI3BaTb.
Hanpumep, o603HaueHVe KOHLL@ CTPOKW C MOMOLLbK HyneBoro 6aita. 3TO NPUBOAUT KO
MHOXeCTBY MeCT B Mporpamme, rAae nporpammucT AO/DKeH NPoBepuTb 3TOT Mapkep. Jlerko
OLINBUTBCS, BbINWCBIBAsS 3TW TecCTbl Tak, YTobbl OHW paboTanu BepHO B N0bOM cuTyauuun. B
pe3ynbTaTe 3TO MPUBOAUT K MOSIBAEHMIO Y3KMX MECT, KOTOpble MCMO/b3YHTC BUpPyCcaMn ANs
NPOHNKHOBEHUS B CUCTEMY.

[Apyroi pacnpocTpaHeHHOW MPUYMHOW pa3pyLUeHVs AaHHbIX SBASETCH  WUCMo/b30BaHMe
HEKOPPEKTHbIX 3HauYeHWA ykasaTeneil. Ykasatenu B C TPaKTylTCS Kak ajpeca U AN HUX
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paspeLlleHbl apl/I(ZI)MeTVILIECKI/Ie onepaunn. Kak cneacrtsue, nerko Moxer BO3HUKHYTb CUTyaL W4,
KOorga 3Ha4yeHue ykKa3atenda Bbl4MCcieHO HEBEPHO. 3anucb no 3TOMY YyKa3aTeNko paspywunT
Kakne-To gaHHbIEe.

B rnaee «be3onacHble yKasaTtenm» Mbl BUAENN, YTO CTPpOraa tnnmnsauna yKa3aTene|7| n npasuna
KOHTpOAA AOCTYyNnHOCTM B AJe 3awmuaroT Hac oT I"IO/J,O6HbIX oLwn6bok, rapaHTnpya, 4To
06bAB/IEHHbIN 06BEKT HE MCUYE3HET, Moka Ha HEero CCblatTcs apyrme 06bEeKTHI.

TakMM 06pa3oM ¢yHAaMeHTaNbHble CBOWCTBA si3blka AZa 3aLUMLLAIOT OT CAy4alHOW noTepu
AAHHbIX, CBA3AHHOW C pa3pyLUeHneM COAepPXMMOro namat. OCTaTok 3TOM rnaBbl Mbl MOCBATUM
npobneme yTeuku NamsaTu.

9.2 iInHamMmunyeckoe pacrnpegesieHme namsaTm

O6bIYHO A3bIKN NPOrpaMMmMpoBaHNA NPejOCTaBAAKT TPU crocoba pacnpejgeneHna NamMaTu:

* rnobasnbHble AdHHblIEe CyLLeCTBYHOT B TeHEHUN BCET0 BPEMEHN pa6OTbI nporpamMmbl, NMO3TOMY
MOTYT NMEeTb NOCTOAHHOE MNMOJI0XKEHWNE B NaMATN U 06bIYHO pacnpegenarTca CtTatnyeckn,;

* JlaHHble ,COXPaHEHHbIE B CTEKE, PACNPesenstoTcs 1 0CBO6OXAATCH CUHXPOHHO C BbI30BOM
noAnNporpamm;

* JaHHble, pacnpeaeneHHble ANHAMUYECKM, BPEMS XN3HU KOTOPbLIX HE CBA3AHHO C BpEMEHEM
paboTbl NoAnporpamm.

Cekuumsa common B Fortran — nctopuyeckunii npyMep rno6anbHOro CTaTUyYeckoro pacnpeseneHus,
HO MNOAO6HbIE MeXxaHM3Mbl eCTb U B APYriX s3blkax. B Age Mbl MOXeM 06bABUTD:

package Calandar_Data is
type Month is (Jan, Feb, Mar, ..., Nov, Dec);

Days In Month: array (Month) of Integer :=
(Jan => 31, Feb => 28, Mar => 31, Apr => 30,
May => 31, Jun => 30, Jul => 31, Aug => 31,
Sep => 30, Oct => 31, Nov => 30, Dec =>31);
end;

MamsaTb, Bbigensemas noj Days_In_Month, 6yaeT, ectecTBeHHO, BblgeneHa B GUKCMPOBAHHOM
rnobanbHOM obnacTun.

CTek - BaxHblAi MexaHV3M pacrnpejeneHuss MNamMATM BO BCEX COBPEMEHHbIX A3blKax
nporpaMMmpoBaHusl. OTMeTUM, YTO peyb TYT UAET O MexaHu3Me, CBA3AHHOM C peanunsaumeri
pacnpegeneHusa NamMaTy, a He 06 obbekTax TMna Stack 13 NpeabigyLmx rnas. CTek NCNonb3yeTcs
ANA Nepejayn napameTpoB MpY BbI30Be MoAMporpamMm (B TOM Uunc/ie nepefadvn aprymMeHToB,
XpaHeHWss ajgpeca BO3BPaTa, COXPAHEHUS MPOMEXYTOYHbLIX PEerncTpoB, W T. A.), a Takxe
NIOKaNbHbIX MepeMeHHbIX MognporpamMmbl. B MHorosagauHoi nporpamme, rae HeCKOJbKO
MOTOKOB YNpaBieHNs UCMONHAKTCS NapannenbHo, Kaxzaas 3aZada UMeeT CBOI CTek.

BepHemcs k ¢yHkumm Nfv_2000 13 nprMepa BblUMCAEHWSA MPOLIEHTHbBIX CTaBOK:

procedure Nfv 2000 (X: Float) is
constant Float := 1.0 + X/100.0;
begin
return 1000.0 * Factor**2 + 500.0 * Factor - 2000.00;
end Nfv_2000;

O6bekT Factor o6bluHO pacnpegensietcs B cTeke. OH CO34aeTcs Npv Bbi3oBe OGYHKUAWU 1
YHUUTOXAETCs Npv Bo3BpaTe. Bce ynpasneHne NnamMaTbio MponCXoanT aBTomatnyecku, bnarogaps
MeXaHW3My Bbl30Ba/BO3BpaTa NoAnporpaMM. OTMETMM, UTo, XOTs Factor SBASIeTCS KOHCTAHTOM,
OH He SBNSIETCSA CTaTUYECKUM O6BEKTOM, MOTOMY UTO KaXZbll/i BbI30B QYHKLUUN BbIUUCASET ANS
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Hero cBoe 3HauJeHue. Tak Kak ABe 3aja4yy MOryT Bbi3BaTb 3Ty GyHKLMIO OAHOBpemMeHHo, Factor
Henb3sa pacnpeAennTb cTaTuyeckn. AHaIOMMYHO, MapamMeTp X TakxXe pacrpesensieTcs B CTeke.

Tenepb paccmMoTpyM 6osiee CNOXHbIA CAy4ail, Korga noAnporpaMmMa o6bABAsSeT S0KaNbHbIN
MaccuB, Yeli pasmep Hen3BecTeH 40 MOMeHTa UCNOoAHeHNs. Hanprmep 3To MOXeT 6bITb PyHKLMS,
BO3BpAaLLatoLLAA MaccvB B 06paTHOM nopsjke:

function Rev (A: Vector) return Vector is
Result: Vector(A'Range);
begin
for K in A'Range loop
Result (K) := A(A'First+A'Last-K);
end loop;
return Result;
end Rev;

rae Vector 06bsiBNieH, Kak HEOrpaHMYeHHbI MaccuB:

type Vector is array (Natural range <>) of Float;

Kak 06bsicHsAIeTCA B pasgene «MaccuBbl M OrpaHUYeHUs» raBbl «be3onacHble TUMbl JaHHbIX», 3Ta
3anncb 03HayaeT, uto Vector - 3T0 MacCUB, HO FPaHKLbl Y PasHbIX 06 BEKTOB 3TOrO TUMa MOryT
6bITb pasHble. Koraa Mbl 06baBAsSeM 06bEKT 3TOro TUMAa, Mbl LO/MKHbI MPeAOoCTaBUTb FpaHuLbl. Y
HaC MOXeT 6blITb:

L: Integer := ...; -- L MoXeT He bbiTb CTaTUYECKUM 3HaAYEHUEM

My Vector, Your Vector: Vector (1 .. L);

Your_Vector := Rev (My Vector);

B 60/bLUMHCTBE A3bIKOB MPOrpamMMmMpPOBaHMA Ham Obl MPULLAOCL pacnpejenntb NamsaTe A0S
Takoro obbekTa AMHaMUYecKy, NMOCKONbKYy pa3Mep obbekTa He M3BecTeH 3apaHee. Ha camom
Aene, 3To He IBNSEeTCS He0H6XOANMbIM, MOCKO/IbKY CTEK MOXET pacT AMHAMUYeCcky, a NamsiTb Ans
NOKaNbHbIX 06bEKTOB BCErAa pacnpesensieTcs no NPUHUMNY NocneaHNA-3aLlen-nepebli-BbilLen.
Takoro poga TpeboBaHNsA BO3HMKAOT ANSt NPOCTOThI peanvsaumm A3bika. Npunoxme HekoTopble
yCUAnA BO BpeMs Au3aliHa 1 peannsaumm 83blka, MOXHO pacnpeaensTb Takoro poja o6bekTbl B
cTeKe, COXPaHVB Mpu 3TOM 3QPeKTUBHOCTb MEXaHN3Ma BbI30Ba NOANPOrpamMm.

XoTa Takoe MoBefeHne He TpebyeTcs COrlacHO CTaHAapTy, BCe MPOMbILLAEHHbIE KOMAUAATOPbI
BCerja WCMosb3yrT CTeK ANA XPaHEHUs NOKanbHbIX AaHHbIX. DPPEeKTUBHON TEeXHUKOW B
3TOM C/lyyae ABNSeTCA MCMOMb30BaHMe ABYX CTEKOB, OAMH A/IA XpPaHeHWs ajpecoB BO3BpaTa U
NOKaNbHbIX AaHHbIX GUKCMPOBAHHOIO pasMepa, a APyroi AN AaHHbIX NepeMeHHOro pasmMepa.
310 No3BONUT 0bpabaTtbiBaTh AaHHble PUKCMPOBAHHOIO pasMepa CToNb Xe 3PPeKTMBHO, HO
COXPaHUT TpebyeMyto rmbKoCTb B pacnpegeneHnn namat. Kpome Toro, B AZe 4acTo NprMeHseTcs
KOHTPO/Ib 3@ MCYepraHvemM cTeka. B aTom ciyyvaeT npuv NonbiTKe NPeBbICUTbL OTBEAEHHbIN pasMep
cTeka bygeT BO36yXAaTbCa UCKItoveHne Storage_Error.

JaHHbI npuMep kpacuBo peanudyeTcs B Age. Peanmsaumsi Ha C KOHTpacTupyeT cBoeli
CNNOXHOCTBIO BBUAY TOro, uto B C HeT COOTBETCTBYHOLLE abcTpakLMm MaccMBoB. Mbl MOXeM
nepesaTb MaccuB, Kak apryMeHT, HO TOJIbKO MPW MOMOLLM yKa3aTens Ha MaccmB. Kpowme Toro,
B C He/b3A BepHYTb MaccuB, Kak O6bekT. XOTs Mbl MOXEM ornpeAennTb QyHKLUK, KoTopast
nepecTaBnsieT 3/1eMeHTbl NPSIMO B MaccuBe, 1 TpeboBaTb OT MOJib30BaTeNs CO34aBaTb KOMUIO
nepes ee BbI30BOM. [1py 3TOM HYXHO 6bITb OCTOPOXHbIM, YTO6bl He UCMOPTUTL AaHHbIE MPU
nepectaHoBke. MNpoLye byeT paspeLLmnTb Nob30BaTesto NepesaBaTh Kak yka3aTeslb Ha apryMeHT,
Tak 1 yKa3aTeNlb Ha pe3y/nbTaTt. Clegytolee 3aTPyAHEHNE COCTOUT B TOM, YTO B C Mbl HE MOXEM
onpeaennTb pa3mep Maccnea. Ham npuaetcs pasmep nepegasatb SBHO. Mbl MOlyYaeM eLLe oAnH
LUAHC AOMNYCTUTb OLUNGKY, NepesaB 3HAYeHNe, He COOTBETCTBYHOLLLeE ANIMHE MAcCcKBa. B ntore Mol
noay4mm
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void rev(float* a, float* result, int length)

{

for (k=0;k<length;k++)
result[k]=a[length-k-1];

float my vector[100], your vector[100];

rev(my vector, your_vector, 100);

XOoTa 3Ta rnaBa MocCBsLleHa ynpaBaeHMO MaMATbO, HaBepHOE CTOUT OCTaHOBUTbLCH, UTObbI
nepeyncintTe pUCKM 1 3aTpygHeHnd B 3TOM KOAe Ha C.

* Maccusbl B C Bcerga nHgekcmpyotcs, HaumHas ¢ 0. Ecnu npuknagHas obnactb Mcnonb3syeT
APYryto Hymepauuio, Hanpumep ¢ 1, MOXeT BO3HUKHYTb NyTaHuua. B Age HUXHAA rpaHmLa
NPUCYTCTBYET BCerAa B ABHOM BUje.

 [lnnHa MaccvBa JOMKHa NepesaBaTbCs OTAENbHO, YTO CO3AaeT PUCK MOMYUNTb HEBEPHYHO
ANVIHY, M0 NepenyTaTb A/IHY 1N BEPXHIOK rPpaHMLy Maccuea. B Aze aTpubyTbl MaccvBa
HeoTAeNNMbI OT MacC1Ba.

. A,a,pec pe3ynbTaTa HeobxoaMMO nepejgaBatb OTAE/IbHO. MosaBnseTca BO3MOXHOCTb
nepenyTtaTtb ABa MacCuBa.

* Uuykn Ana ntepauum no MaccmBy HYXHO 3anucbiBaTb SBHO, B TO Bpems Kak B AZle MOXHO
BOCMO/Ib30BaThbCA aTpnbyTOM 'Range.

Ho Mbl OTKNOHWUAUCH OT TeMbl. KntoueBo MOMEHT B TOM, UTO, eC 6bl Mbl 06bABUAM NTOKaNbHbIN
mMaccme B C++, uein pasmMep He 3ajaH CTaTn4Yeckn:

void f(int n, ...)

{
float a[]l=new float[n];

TO NaMATb NOZ TaKoV MacCcuB pacnpeaensnach 6bl AMHaMMYecky, a He B cTeke. B C npuLnocs 6bl
ncnonb3oBatb GyHKUMio malloc.

OcCHOBHasi ONacHOCTb MpU ANHAMUYECKOM pacrnpeenieHN NaMsaT B TOM, YTO OHa MOXeT 6bITb
noTepsiHa Mocne WCMoib30BaHuA. [10CKONbKYy B $3blke AZa BO3MOXHO CO34aBaTb OOBEKTbI
NMPOV3BONILHOIrO pasMepa B CTeke, HEOb6XOAMMOCTb AMHAMMNYECKOro pacrnpeseneHuns namaTm
3HaUMTEeNbHO CHWXAeTCs, YTO MOBbILIAeT MPOV3BOAUTENBHOCTE W YMeHbLUAeT PUCK yTeuku
namsTn.

9.3 MNMynbl namaTn

JlaBaliTe pacCMOTPUM JMHaMMYecKoe pacnpegeneHune namatu. [ns 3toro B Afge UCNonb3yrTcs
nynbl NamMaTh. Ecnm Mbl co3gaem obbekT AnHammyecky, Kak HanpuMmep B npouegype Push un3
rnaebl «besonacHoe co3gaHne 06beKToBY:

procedure Push(S: in out Stack; X: in Float) is
begin

S := new Cell'(S, X);
end Push;
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TO NamaTb noA Hoeblli Cell pacnpegensetca n3 nyna namatn. Bcerga cywiectByeT CTaHAAPTHbIN
My NamsiTh, HO Mbl MOXeM 06BSIBUTE U YNPaBAATb CBOMMY COBCTBEHHBIMM My aMU NaMSITU.

MepBbIM A3bIKOM MPOrpamMMMpPOBaHMA, W36aBMBLUMM MPOrpaMMMCTa OT Heo6XOAMMOCTY
yrnpasneHnem NamaTbto, bbin LISP, 6narofapst MCNonb30BaHMO MexaH3Ma cbopkm Mycopa. 3ToT
MeXaHN3M MCMOoMb3yeTcs U B APYrix A3blkax, B TOM yucie B Java 1 Python. Hannune c6opLumka
MycOpa 3HaunTe/IbHO YrpoLlaeT nporpaMmMrpoBaHne, HO MMeeT CBon Npobnembl. Hanpumep,
cobopLMK Mycopa MOXeT npUOCTaHaBAMBaTb WCMOIHEHWE MPOrpamMMbl HenpegckasyeMbiM
06pa3om, YTO MOXET MPUBECTN K MpobaeMam B cMcTeMax peanbHOro BpeMeHu. lNporpammupys
CUCTEMBI PEanbHOro BPeMEeHK, HeobxoAMMO TLiaTeNlbHO KOHTPOAMPOBATb pacnpejenieHune
nNaMATY, a TakXe rapaHTUPOBaTb BPeMs OTKAMKA NPOrpamMMbl, UTO MOXET ObITb 3aTPYAHUTENBHO
npwv NCNoJib30BaHUK cbopLumka Mycopa. OAHOWN 13 NPUYKMH, MO KOTOPOW B NepBblid CTaHAapPT
Aa3blka Afsa 83 He BkaoYanm cpeactsa OOI[, 6bI10 TO, 4TO aBTOp A3blka, XaH WNwbua,
3aHVMaBLINICA B CBOe Bpems peanmsaumern OOIM ga3bika Simula, 6611 yBepeH B ToM, uto OOTr
HeobXxoANMO MMeTb COOPLLVK MyCcOpa, a 3TO HeNpMeMaemMo Ang CUCTeM peanbHOro spemeHun. Kak
BNOCNEACTBUN 6bI10 NPOAEMOHCTPMPOBaHO B C++ 1 Afia 95, A3bik MoXeT nogaepxumsats OO[ 6e3
cbopLymka Mycopa, ecii OH NpejocTaBaseT NPorpaMMUCTy pasBUTble MeXaHW3Mbl yrpaB/ieHns
NaMsaTbH.

Ap,a NO3BONIAET NpOrpaMMuncTy Bbl6paTb O4VH N3 CnefyrLnX MeXaHM3MOB yrpaBieHNA NaMATbIO!

* PyYHOU pexum. B 3TOM cnyyae nporpaMmuUCT 0CBOGOXZAaeT MamsATb KaXAoro obbekTta
NHAMBUAYaNbHO.

* nyn namsaTn. O6BEKTbI MOXHO YAANATb, Kak KaxAblli OTAeNbHO, Tak 1 BECb MY/ Le/IMKOM.
* c60pLMK Mycopa. ITOT peXM MOXET 6bITb peasn3oBaH He BO BCEX CUCTEMAX.

Ytobbl yAanuTb NaMATb, 3aHMMaeMytd HEKOTOpPbIM O6BEKTOM,  HYXHO HacTpPoOuUTb
npegonpegeneHHyto npoueaypy Unchecked_Deallocation.  [na 3TOro HyXHO npeAoCTaBUTb
NMEHOBAaHHbIN CCbINOYHBIN TUM. BcnomHum Tmn Cell:

type Cell;
type Cell Ptr is access all Cell;

type Cell is record
Next: Cell Ptr;
Value: Float;
end record;

ObpaTnTe BHMMaHWe, Kak 34eCb MCNOb30BaHO HEMoIHOe 0bbsABNeHNe TUMa, YTObbI pa3opBaThb
LIMKNNYECKYH 3aBUCMMOCTb MeXAy TUnaMu. Tenepb HanuLlem:

procedure Free is new Unchecked Deallocation (Cell, Cell Ptr);

YTo6bl yaannTb NamsiTe, 3aHMMaeMyto o6 bekTom Cell, Hy>XHO BbI3BaTb NpoLesypy Free v nepesatb
eli CCbINKy Ha yaansemblii o6bekT. Hanpumep, npoueaypa Pop AomkHa BbIrSAeTb Tak:

procedure Pop (S: in out Stack; X: out Float) is
0ld S : Stack :=S;
begin
X := X.Value;
S S.Next;
Free (0ld_S);
end Pop;

3peck Mbl ncnonb3yem Stack ns npumepa c limited private, a He KOHTPOAVPYEMbIA TUM.

MoxeT nokasaTbCsi, YTO Mbl PUCKyeM MOSIBAEHWEM BUCALLUMX CCbINOK, MOCKOAbKY MOTYT 6bITb
Apyrve CCbINKK, YKasblBaloLMe Ha yAaneHHbI 06bekT. Ho, B 3TOM NMpuMepe, C TOYKN 3peHnst
nonb3oBatens, TMn Stack AMMUTUPOBaHHBIN, CleA0BaTEbHO ,M0MNb30BaTe/lb HE MOXET CAenathb
konut. Kpome Toro, nonb3oBatens He BuAMT TunoB Cell u Cell_Ptr, nosatomy He cmoxeT
Bbi3BaTb Free. 3TO HaM rapaHTMpyeT KOpPPeKTHOCTb Pop. W, HakoHeL, MNpu HacTpoiike
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Unchecked_Deallocation ncnonb3yetca tmun Cell_Ptr, 4To no3BonseT npoBepuTb TUM aprymeHTa
npu Bbi3oBe Free.

Ham Heobxognmo nsmeHntb 1 npoueaypy Clear. MpocTeliwnii BapuaHT TakoiA:

procedure Clear (S: in out Stack) is
Junk: Float;
begin
while S /= null loop
Pop (S, Junk);
end loop;
end Clear;

XOTsi 3Ta TeXHVKa MO3BOASIET rapaHTMPOBaTh, YTO NaMsTb ounLLaeTcs nNpu Beizose Pop u Clear,
CyLLecTByeT pUCK, YTO MONb30BaTeNlb 06BSABUT CTEK U BbIAET 13 ero o6aacTv BUAMMOCTI NMoka
cTek He nycT. Hanpumep

procedure Do _Something is
A Stack: Stack;
begin
-- Ucnonb3yemMm cTek
-- llyct nn crtek npu Bbixopge?
end Do _Something;

Ecan ctek He 6bin NycT Npu BbiIXo4e, TO NaMsTb byzeT noTepsHa. Mbl He MOXeM 0b6peMeHsITb
nonb30BaTensa 3aboTol O TakuX AeTansx, MO3TOMY Mbl AO/KHbI CAenaTb TUM KOHTPOAMPYEMbIM,
Kak 6blJ10 MPOAEMOHCTPMPOBAHO B KOHLEe rfaBbl «be3omnacHoe co3gaHve 06bekToB».  Mbl
nepeonpegenim npoueaypy Finalize Tak:

overriding procedure Finalize (S: in out Stack) is
begin

Clear (S);
end Finalize;

Ncnonb3oBaB mHAMKaTop overriding, Mbl 3acTaBnsemM KOMMWAATOP MPOBEPUTb, YTO Mbl He
owmnbancb B HanucaHun Finalize nan B dopmanbHbIX NapameTpax.

B AZle Takxe eCTb BO3MOXHOCTb 06BSABUTE CBOW My/bl MNaMATU. 3TO MPOCTO, HO MoTpebyeT
CNLLKOM MHOTIO MecCTa ANS ONnrcaHnsa Bcex NoAgpobHocTel 3geck. OCHOBHas MAes B TOM, YTO eCTb
TN Root_Storage_Pool (3T0 AMMUTUPOBAaHHbII KOHTPOIMPYEMBIN TUM) U Mbl 06 BABASEM CBOW TUM,
Hacnezys OT Hero

type My Pool Type (Size: Storage Count) is
new Root Storage Pool with private;

overriding procedure Allocate(...);
overriding procedure Deallocate(...);

-- Takxe nepeonpegenum Initialize u Finalize

Mpoueaypa Allocate aBToMaTM4YeCKM Bbl3bIBAaeTCS, KOrAa CO34aeTCs HOBbIN 06BEKT MPY MOMOLLN
new, a Deallocate — npwu BbI3oBe HacTpoikm Unchecked_Deallocation, Takoin kak Free.
Tak Mbl peanv3yem HeobxoAMMble AENCTBUSA MO YMpaB/ieHM0 MNamMATbi.  [1OCKOAbKy Tun
KOHTponupyemblii, npoLeaypsil Initialize v Finalize aBToMaTnueckn BbI3bIBaOTCA NpU 06bABAIEHUN
nyna v ero yHUUTOXeHUN.

Ytobbl co34aTb Nyn Mbl 06bABASEM 0O6BEKT 3TOro TMMa, Kak 0bbi4HO. HakoHeL, HeobxoaMMOo
NpVBsSi3aTb KOHKPETHbIN CCbIIOYHbIN TUM K 06BEKTY-Myny.

Cell Ptr Pool: My Pool Type (1000); -- Pasmep nyna — 1000

for Cell Ptr'Storage Pool use Cell Ptr Pool;
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BaxHoe npenmMmyLLecTBo nysioB B TOM, UTO C UX TTIOMOLLbH MOXKHO YMEHbLUNTb PUCK Cl)parMeHTaLJ,VII/I
namMAaTn, ecnn pacnpenendtb 06bekThI Oo4AHOro pasmMmepa B O4HOM nyne. KpOMe TOro, Mbl
MO>XXeM Hanuncatb CBOW anroputMbl pacnpeaeneHna naMAatun Nanm Aaxe YnJA0THEHUA, eCn
3aX0TNM. CyLLI,eCTByeT TakXxe BO3MOXHOCTb onpefenntb CCbIIOYHbBIA TN NOKaNbHO, TOorga wn
nyn NamMAaT MOXHO onpeaennTb JT0Ka1bHO N OH 6yp,eT aBTOMaTn4yeckn yaanaeH no 3aBepLlleHnmn
noanporpamMmsbl, YTO NCKIKYNT YyTEUKY NaMATN.

|_|y}'lbl namsaTy 6binu ycoBepLEHCTBOBaAHbI B CTaHA4apTe AAa 2012, rae noABMJiNCb B/1OXXKEHHbIE
nynol. Mbl He 6y,u,e|v| OCTaHaB/MBaTbCA 34€Cb Ha 3TOM, OTMETUM NNLLb, YTO B/IOXKEHHbIE NYyNbl —
3TO YacTu nyna, yHN4YTOXaemMble No OTAE/IbHOCTW.

HakoHeu, B KauecTBe npegoxpaHutens ot 3noynotpebneHmns Unchecked_Deallocation, MoxHO
ncrnonb3oBatb ToT ¢akT, uto Unchecked_Deallocation - 3To oTAenbHbIA MOAYAb KOMMUASLN.
CnepoBaTtenibHO, Be3je, r4e OH UCMOo/b3yeTcs, B Hayane TekcTa byaerT:

with Unchecked Deallocation;

JT10T CI'IELI,I/ICI)I/IKaTOp KOHTEKCTa N1erko 3aMeTUTb NP KOHTPO/1€ KayeCTBa NporpaMmmebil.

9.4 OrpaHuyeHus

Kak Mbl yXe 3HaeMm, eCTb OOLMIA MexaHW3M, rapaHTUPYHLWMIA OTCYTCTBME KCMOb30BaHNS
HeKOTOPbIX CBOMCTB A3bIKa, 1 3TO ANPeKTMBa KoMNMUAsSTopy Restrictions. Ecnn Mbl Hanuwem:

pragma Restrictions(No Dependence => Unchecked Deallocation);

Mbl ybeaunmMcs, 4To nporpammMa Boobue He ncnonbsyet Unchecked_Deallocation — komnunnsTop
NpoBepuT 3TO.

CyLlecTByeT OKONO MATUAECATU TakUX OrpaHUYEHWn, KOTOPble KOHTPOAUPYIOT PasfivyHble
acnekTbl NporpamMmbl. MHOre 13 HUX y3KoCneLann3npoBaHHbIe N OTHOCATCA K MHOr03aAauHbIM
nporpammanm. [lpyrvie KacatoTcsa pacnpeeneHns namsTi, Hanpumep:

pragma Restrictions(No Allocators);

pragma Restrictions(No Implicit Heap Allocations);

MepBblii MONHOCTLIO 3anpeLyaeT NCNoAb30BaHMe KOHCTPYKLUMK new, Kak Hanpumep new Cell'(...),
a 3HauWUT 3anpeLlaeT 1 AMHAMUYECKOe pacrnpesesieHre namMaTy Booblle. VHoraa, HekoTopble
peanu3aunmn NCNoNb3yrT AMHaMMUYeckoe pacnpejeneHue Ais XpaHeHUs BpeMeHHbIX 06EeKTOB.
3To peAKue Cnyyau 1 BTOPO BapmaHT 3anpeLuaeT nux nosisfieHue.
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CHAPTER
TEN

BE3OMACHbBIV 3ANYCK

Mbl MOXeM TLLaTeNbHO HanmcaTb NPOrpamMmy, YTobbl OHa NPaBUABHO paboTana, HoO BCE OKaxeTCs
6ecnonesHo, ecnn OHa He CMOXeT KOPPEKTHO 3anyCTUTbLCS.

MaluvHa, KoTopas He 3aBOANTCA, HUKYAA He TOAUTCS, AaXKe eC/lIN OHa e34AUT Kak RoIIs—Royce.

B cnyvae ¢ KOMMbHOTEPHOM NPOrpamMMoN, Ha CTapTe HEOBXOAMMO yH6eanTbCs, UTO BCe AaHHbIe
NHULNANN3MPOBaHbl NPaBUIbHO, 324acTyHo 3TO 03HaYaeT, UTO HeOBXOAMMO rapaHTUPOBaTh, UTO
onepayuu MHALMaNM3aLnmy BelMOAHAKTCA B MPaBUIbHOM NOPsAKe.

10.1 MpepBbinosiHeHUe

TunnyHas nporpaMMa COCTOUT U3 HEeKOTOPOro Koamnyectsa 6ubamoteyHsix naketos P, Q, R n
T. 4. MJIHOC rnaBHasa nognporpaMma M. MNpu 3anycke nporpamMmbl NakeTbl NPeaBbINONHAKTCA, a
3aTeM Bbi3blBaeTCs rnaBHasa nognporpammMa. lNpeaBbinojiHeHVE NakeTa 3akN04aeTcs B CO34aHUN
Pa3INYHbIX CyLLHOCTe, 06BbABNEHHbLIX B MakeTe Ha BepxHeM ypoBHe. HoO 3To He KacaeTcs
CyLLHOCTe BHYTPM MOAMPOrpamMM, MOCKOAbKY OHW CO34at0TCS /IMWb B MOMEHT BbI30Ba 3TUX
NoANPOrpamMm.

BepHemcsi Kk npuMepy co cTekoM K3 rnaBbl «besonacHas ApxutekTypa». BkpaTue OH BbIrsagunT Tak:

package Stack is
procedure Clear;
procedure Push(X: Float);
function Pop return Float;
end Stack;

package body Stack is
constant := 100;
Top: Integer range O .. Max := 0;
A: array (1 .. Max) of Float;

. -- nopgnporpammsl Clear, Push u Pop
end Stack;

MpeaBbinonHeHWe cneuyndurkaumn nakeTa He JenaeT HWYero, MOTOMY 4YTO He COAepXWUT
06BbABNEHNI 06beKTOB. [peABbLINOHEHVE TeNa TeopeTUYeCk NPUBOAUT K BblAeEeHNI0 NaMATU
Ansa uenoro Top v maccvea A. B JaHHOM c/lyyae, pasMep MaccrBa U3BeCTeH 3apaHee, NOCKOIbKY
onpeaensieTcs KOHCTaHTOM Max, MMetoLLLel cTaTudeckoe 3HadeHne. CnejoBaTenbHO, MaMATb NoJ
MacCMB MOXHO pacrnpesenTb 3apaHee, 40 3arpy3km NporpaMmmbl.

Ho koHcTaHTa Max He ob6fA3aTenbHO JO/KHa WMMeTb CTaTnyeckoe 3HadeHue. OHa MoxeT
NPYHUMaTb 3HaYeHne, HanprMep, BblYCIeHHOe GyHKLMEN:

constant := Some Function;

Top: Integer range 0 .. Max := 0;
(continues on next page)
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(continued from previous page)
A: array (1 .. Max) of Float;

W Toraa pa3Mep MaccmBa AOJ1XKEH 6bITb pacCynTaH Npn nNpeaBbiNnOHEHUW Tena rnakeTta. Ecnn,
rno 66CI'I€HHOCTVI, Mbl 06BbABMM Max Kak nepeMeHHyr ”n 3a6y,a,e|v| npmnceBOnNTb el HavanbHoe
3Ha4yeHune:

Max: Integer;
Top: Integer range 0 .. Max := 0;

A: array (1 .. Max) of Float;

pa3smep MaccvBa by4eT 3aBMceTb OT C/1y4aliHOro 3HaveHus, KoTopoe npumMeT Max. Ecnv 3HaueHune
Max 6yzeT oTpuuaTenbHbIM, 3TO NpuBeAeT K BO3byxaeHuto nckaodeHus Constraint_Error, a
ecinm Max byaeT CAvWKOM 6onbLIMM TO byaeT uckaoueHue Storage_Error. (OTMeTuM, 4TO
H6ONBLUNHCTBO KOMMUAATOPOB BbIAACT MpeaynpexzeHue, MoCKobKy aHanan3 MoToka JAaHHbIX
06HapyXMBaeT CCbIIKY Ha HENHULMANN3NPOBAHHYH NepPeMeHHYH.)

Cnepyet Takxke OTMETWUTb, YTO Mbl VHUUMANU3MPYEM MepemMeHHyto Top Hy/lem, 4Tobbl
NoMb30BaTeNt0 He NPULLNOCH Bbi3biBaTb Clear nepes nepsbiM BbiI3oBOM Push mam Pop.

TakXe Mbl MOXeM AO6aBVITb B Tes10 NakeTa KoA And SIBHOI MHMUnanmsaunn, Hanpmmep Tak:

package body Stack is
constant := 100;
Top: Integer range 0 .. Max := 0;
A: array (1 .. Max) of Float;

-- nognporpammsl Clear, Push un Pop

begin -- janee siBHas WHuUUManuM3auuns
Top := 0;
end Stack;

fBHas MHMUManNM3auusa MoxeTt cogepxatb Nnobble MHCTPYyKLUNW. OHa wvcnosHAeTca BO BpeMA
npeaBbinoIHEHWA TeNna rnaketa n 40 MOMeHTa, Korga nroban 3 noagnporpamMm nakeTa Bbl3bIBa€TCA
M3BHE.

MoO>eT MokasaTbCs, UTO BCerga NpeAoCTaBsTe 3HAUEHNS MO YMOTYaHWIO ANS BCE NMEPEMEHHbIX
— 3TO0 XopoLluasi uges. B Hawem nprmMepe 3HaueHune «0» - BeCbMa MOAXOASLLEE 1 COOTBETCTBYET
COCTOSIHMIO CTeka nocne ucnonHeHuss Clear. Ho B HeKOTOpbIX C/lyyasix HeT OUYeBMAHOrO
MOAXOASALLEro 3HaYeHUsa AN MHULManmM3aummn. B 3Tux cny4yasXx, MCNob30BaTb NPOU3BOAbHOE
3HayeHe He pa3yMHO, MOCKO/IbKY 3TO MOXEeT 3aTPYAHUTb 0BHapyXXeHWe peasbHbIX OLIN60K. Mbl
eLe BepHeMcs K 3TOMy Bonpocy npu obcyxaeHum asbika SPARK B 3aknto4mTeNbHON rnase.

B cnyyae 4UncnoBbIX 3HaUYEHNIA, OTCYTCTBME 3HAaYEHWA MO YMOIYaHUIO He 0bs3aTelbHO npuBegeT
K katacTpodpe. Ho B c/iyyae CCbINOYHOMO TUMa WAW APYrMX HESIBHbIX MpejCTaBAeHU agpeca
B NamsTy, katactpoda bonee peanbHa. B dA3bike Afa BCe CCbIIOYHbIE 06BEKTLI BYAyT MMETb
3HaueHue null no ymonuaHuto, 1M6o byayT ABHO MHNLIMANN3MPOBAHbI.

MoTeHUManbHbIE owmnbkn B npouecce NnHMMUManmsaynm TeCHO CBA3aHbl C MOMbITKOW AocCTtyna A0
OKOHYaHWA NpeaBbINO/IHEHNA. PaCCMOTpI/IM KoA:

package P is

function F return Integer;

X: Integer := F; -- B036yant Program Error
end;

rae Teno F koHeUYHO HaxoauTca B Tene naketa P. HeBO3MOXHO BbI3BaTb F, UTO6bI MOAYYUTH
HayanbHOe 3HaueHue X A0 TOro, kak Teno F 6yaeT npeaBbINOSHEHO, MOCKOALKY Teno F moxeT
CCbINATbCS Ha MepeMeHHy X 1au Nobyto Apyryro nepeMeHHyo, 06bABeHHY0 noce X, Bedb OHU
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BCe elLle He NHMLMaNN3NpoBaHsbl. [03ToMy B Afle 3TO NpuBeAeT K BO36YXXAEeH WO NCKAtYeHus Pro-
gram_Error. B si3bike C No406Hble OLUNGKM NPUBEAYT K HEMPeACKa3yeMOMYy pesy/bTaTy.

10.2 AVpeKTUBbLI KOMNUAATOpPY, CBAi3aHHbIe C
npeABbINO/IHEHNEM

BHyTpV ogHOro MOAynst KOMAUASLMW NpeABbINO/HEHME MPONCXOANT B NOpsAKe 06bABAEHUS
CYLLHOCTe.

B ciiyyae nporpammbl, COCTOSILLLEI N3 HECKONIbKMX MOZYNEN, KaXAblA MOAYb MPeABbINONHSAETCS
nocne BCex ApPYyrux, OT KOTOPbIX OH 3aBUCUT. Tak, Teno npeABbLINOMHSETCA Moce
COOTBeTCTBYyHLLEN cneundnkaumm, cneumdrkalms JoYepHero Moayns — nocse crneumoukaumm
pOAVTENs, BCe MOAYNW, YyKasaHHble B cneundukaumm KoHTekcTa (6e3 cnosa limited),
NpeABbINONHATCS 40 3TOr0 MOAYNS.

OZHako 3TV MpaBKaa He MOJIHOCTBIO OMpeaeNstoT MOPAAOK U X MOXET bbITb HEAOCTAaTOYHO ANS
rapaHTMPOBaHWNS KOPPEKTHOro MoBejeHns nporpamMmmbl. Mbl MOXeM AOMOSIHWUTL Hall MpuMep
cnegyowmm obpasom:

package P is

function F return Integer;
end P;

package body P is

N: Integer := Kakoe-TO 3HayeHue;
function F return Integer is
begin
return N;
end F;
end P;
with P;

package Q is
X: Integer := P.F;
end Q;

3zecb BaXHO, YTObLI Teno naketa P npeABbINOAHUAOCL A0 creumdukaumm Q, nHave NonyyunTb
HayanbHoe 3HayeHe X byaeT HEBO3MOXHO. peaBbiNoiHeHVe Tena P rapaHTpyeT KOppekTHY
nHnymanmsaumo N. Ho BblUMCeHMe ero HavanbHOro 3Ha4YeHWss MOXeT NoTpeboBaTh BbI30BA
bYHKLMI 13 APYrnX NAKeTOB, a 3TV QYHKLMM MOTYT CCbINaThCs Ha JaHHble MHULMANN3NPOBaHHbIe
B Te/1e NaKeToB, CoAepKaLLMX 3TN YHKUMN. [T03TOMY HE0BX0AMMO Y6eANTLCS, YTO He TONBKO Teo
P npeaBbinonHseTca Ao cneunonkaumm Q, Ho 1 Tena BCexX NakeToB, OT KOTOPbIX 3aBUCUT P, Takxe
npeABbINoNHeHbl. ONVcaHHbIe Bbille NpaBuia He rapaHTUPYHOT 3TOro NoBeAeHMs, Kak CleAcTBue
Ha cTapTe MOXeT 6bITb BO36YXAeHO nckatoyeHne Program_Error.

Mbl MoxeM noTpeboBaTh >Xefaemblil MOPSAOK MPeABbINONHEHNs, BCTaBUB CreLuanbHyo
ANPEKTUBY KOMMUASTOPY:

with P;
pragma Elaborate All (P);

package Q is
X: Integer := P.F;
end Q;

OtmeTum, 4yTo All B HaMMEHOBaHUN NHCTPYKLMWN NOJYepKMBaeT ee TPaH3UTUBHBIM XapakTep.
Kak pesynbTaT, npejBbinofHeHWe nakeTa P (1 Bcex ero 3aBUCMMOCTe) MpousongeTr Ao
npeAsbinoiHeHNs Koga Q.
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Takxke cywiectByeT MHCTpykuus Elaborate_Body, koTopytd MOXHO ykas3aTb B creuumomkaumm,
YTO MPUBEAET K TOMY, YTO Te/I0 MPEeABLINOMHUTCA Cpa3ly nocie cneuyndukaumm. Bo MHoOrmMx
Cy4Yanx 3TOW WMHCTPYKLUWU JOCTaTOUHO, UTOBblI M3bexaTb Mpobiem, CBS3aHHbIX C MOPSAKOM
npeABbLINONHEHWS.

34ecb umMTaTeNlb MOXET [MOMHTepPecoBaTbCs, BO3MOXHO /AWM pewunTb npobaemMy nopsgka
npeABbINOIHEHWA, BBEeAA AOMNOMHUTENbHbIE MPOCTbIe MNpaBwuaa B A3blK. Hanpumep, Kak ecnu
661 MHCTpyKUnSA Elaborate_Body npucyTtctBoBana Bcerga. K coxXaneHuo, 3T0 He cpaboTaerT,
MOCKO/IbKY MOJIHOCTBIO 3aMpeTUT B3aMMHO pekypCMBHbIE NakeTbl (T. e. Korga Teno naketa P1
nmeet cneundukatop with P2; a P2 cooteBeTcTBEHHO With P1).

Mpobnema HaxoXAeHWs MPaBUAbLHOIO MNOpPsAKa NPeABbINOIHEHNS MOXET bbITb BeCbMa CJIOXHO,
0CObeHHO B 60MbLUMX CUCTeMaX. MHorga nofobHbix NpobniemM npole nlbexarb, YeM peLuaTb.
OAVH 13 METO0B COCTOUT B TOM, UTOBbI MOJIHOCTLH 0TKA3aThCA OT KOJa UHULMANMU3aLumn B Tenax
nakeToB, NPeAOCTaBMB BMECTO 3TOro rMaBHOM NoANporpaMme SIBHO BbI3biBaTb MpoLeaypbl A4S
NHULMANM3aLmMn CTPYKTYP AaHHbIX.

10.3 AnHaMunuyeckas 3arpyska

Bonpoc gnHamunueckor 3arpy3ku CBsi3aH C BOMPOCOM 3arycka nporpaMMbl. HekoTopble A3bIKK
CNPOEKTVPOBaHbl Tak, YTOb6blI CO3AaBaTb Lie/IbHYH COrNacoBaHHYK MPOrpamMMmy, MOMHOCTbIO
COBPaHHYHO 1 3arpy>XeHHYH K MOMeHTY ncnonHeHus. Cpean Hux Ada, C n Pascal. OnepaumoHHas
cMcTeMa MOXET BbIFpyXaTb 13 NaMATU 1 3arpyaTb 06paTHO CTapHULbI C NaMSATBIO MPOrpamMMbl,
HO 3TO NNLLb AeTann peanmsaumm.

Apyrve a3bikn co3gaHbl 6osee gnHaMmmnyecknmu. OHM MO3BOASIOT CKOMAWANPOBATb, 3arpy3nTb U
NCNONHUTL HOBLIV KOZ MPSMO B npouecce BbinosiHeHUs nporpaMmel. COBOL, Java n C# cpean
HUX.

[na ncnonHeHWs HOBOrO KOAa, B TakMX A3blkaX, kKak C, MHOrga WMCNONb3yeTca MeXaHWU3Mm
AVHaMMYecKn 3arpyaembix 6nbanotek (DLL). OgHako 370 He 6e30MacHO, MOCKO/IbKY MNP BbI30BE
MOAMPOrpaMM OTCYTCTBYET KOHTPO/Ib MapamMeTpoB.

Mozxod, KOTOPbLIA MOXHO MpeanoXuTs B Afe, WCNONb3yeT MeXaHW3M TeroBblX TUMOB As
AHaMnYeckor 3arpy3ku. CMbICa B TOM, YTO CyLLECTBYHOLLNIA KOA UCMONb3yeT HaAKNaCCoBbIA TN
(takol kak Geometry.Object'Class) ans Bbi3oBa onepauuii (Takmx Kak Area) nto6bIX KOHKPeTHbIX
HOBbIX TUMOB (HanpuUmep NATUYrONbHUK, LWEeCTUYroAbHUK U Np.), U NpU 3TOM CO34aHMe HOBbIX
TMMNOB He TpebyeT NepekoOMNUASALNM CYLLEeCTBYHLLEro KoAa. DTOro Mbl KPAaTKO Kacaiuchb B rnaee
«bezonacHoe OOMM». 3TOT MexaHW3M NONHOCTLIO 6e30MaceH C TOUKW 3PEHUSI CTPOrON TUNKU3aLUNn.

MpekpacHbIi NpUMep, Kak C MOMOLLbK 3TOro MoAxoAa MOXHO peann3oBaTbh AVHAMWNYECKYH
3arpysky, MOXHO HalnTu B [7].
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CHAPTER
ELEVEN

BESOMNACHAA KOMMYHUKAL A

MNporpamma, KOTOpasi He B3aMMOJENCTBYeT C BHELHMM MUPOM KakuM-1nbo obpasom,
6ecnonesHa, XoTs N o4yeHb 6e3onacHa. MOXHO ckasaTb, YTO OHa HaXOAMTCA B CBOEro poja
OAVHOYHOM 3aKNtoyeHU. MpecTynHNK B OANHOYHOM 3aK/loueHnn — 6e3onaceH, B TOM CMbIC/e,
UTO OH He MOXeT HaBpeAUTb APYrMM NHOASM, HO B TO Xe BpeMsl OH becnosieseH Ans obLuecTBa.

Mo3ToMy, 4TOb6bI ObITb MOJIE3HOM, MporpaMma Ao/KHA B3aumojelncTBoBaTb. [Jaxe e
nporpaMMa HamnmcaHa npaBUbHO U B Hell HeT BHYTPEHHUX M3BbSHOB, 3TO He MMeeT 0Ccoboro
3HaYeHUs, ecsiv ee B3aUMOJENCTBIME C BHELLUHVM MUPOM CamMo He siBasieTca 6e3onacHbIM. Takum
06pa3om, 6e30NacHOCTb KOMMYHMKaLMM O4eHb BaXKHa, MOCKONbKY IMEHHO Yepes3 Hee NporpaMma
NposiBAsieT CBOW MoJie3Hble CBOMCTBA.

TyT, HaBepHOe, CTOUT 0BPaTUTLCS K BBEAEHWIO, FAe Mbl 06CYXAann NMOHATUA 6e30MacHoCTU U
HaZEeXHOCTN NPOrpaMMbl, ONpPeAennB KX, Kak BO3MOXHOCTb MPOrpaMmbl MPUUYNHUTL Bpes ee
OKPY>EHMIO 1, HA06OPOT, MONYUNTL YLLLEP6 OT OKPYXeHUs. Tak BOT, KOMMYHMUKaLMA NPOrpamMmbl
SIBISIETCS OCHOBOM KaK ANs ee HafeXHOCTH, Tak U 418 6e30MacHOCTU.

11.1 MNpeAacTaBneHe AaHHbIX

BaXHbIM acnekToM B3aMMOJAENCTBUSI SBASIETC OTObpaxKeHne abCcTpPakTHOro MporpammHOro
obecrneyeHss Ha KOHKPETHOE NCMOHSIHoLLee YCTPONCTBO. BONbLLMHCTBO A3bIKOB NepeknaAbiBatoT
3TOT BONPOC Ha nieyn peannsaunn. Ho Aga npesoctaBnseT pasBuUTble MexaH3Mbl KOHTPONS Haj,
MHOMMMW acnekTaMmu npeAcTaBneHusa AaHHbIX.

Hanpumep, AaHHble HeEKOTOPOWM 3anucy AO/KHbI pacrnofiaraeTcd B NamsaATy cneunduyecknm
06pasomM, 4Tobbl COOTBETCTBOBATL TpebyeMoW CTpykType danna. [JonycTum, pedyb UAeT O
cTpykType Key 13 rnaBbl «be3onacHoe co3faHne 06 bekToB:

type Key is limited record
Issued: Date;
Code: Integer;

end record;

rae Tun Date, B CBOO ouepesb, UIMeeT cnesyroLni Bug;

type Date is record
Day: Integer range 1 .. 31;
Month: Integer range 1..12;
Year : Integer;

end record;

Mpeanonoxmnm, YTo Halla LeneBas MallMHa NUCNoJib3yeT 32-X 6UTHbIe CNoBa U3 YeTbipex 6aiT.
MpUH1UMas BO BHMMaHWNS OrpaHNYeHns Anana3oHa, eHb 1 MecsL, CBO60AHO MOMELLATCsA B OAMH
6aliT Kax bl 1 4nsi roga octaeTcs 16 6uT (Mbl UTHOpPUpPYeM «npobaemMy 32768 roga»). Bcsa 3anuce
Kpac1BO NIOXNTCSA B OAHO C/10BO. Bbipasum aTo cnegyrolimm obpasom:
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for Date use record
Day at O range 0 .. 7;
Month at 1 range 0 .. 7;
Year at 2 range 0 .. 15;
end record;

B cnyuae ¢ tunom Key Tpebyemas CTpyKTypa - 3TO ZBa C/10Ba W peannsaumst NoYT HaBepHsiKa
BblbepeT 3TO NpeAcTaBieHne N0 yMONYaHWI0. HO Mbl MOXEM rapaHTMpOBaTh 3TO, HaNMCaB:

for Key use record
Issued at 0 range 0 .. 31;
Code at 4 range 0 .. 31;
end record;

B kauecTBe cneaytoLLero nprMepa paccmMoTpum Tun Signal n3 rna.bl «<be3onacHble TUMbl AaHHbIX»:

type Signal is (Danger, Caution, Clear);

Moka Mbl He YKaXeM Apyroro, KoMnuaaTop éygeTt ncnonb3osatb 0 Ana npeactasneHns Danger, 1
ansa Caution n 2 ana Clear. Ho B peanbHOI cuctemMe MOXeT noTpeboBaThCcs kKognpoBaTb Danger
kak 1, Caution kak 2 n Clear kak 4. Mbl MOXeM NoTpeboBaTb UCMOb30BaTh Takyt KOAVPOBKY,
Hanwucas cneundurKaTop npescTaBaeHns NepeyncarmMoro Tmna:

for Signal use (Danger => 1, Caution => 2, Clear => 4);

3ameTbTe, UTO K/O4YeBOe CNoBo for 3jeck He MMeeT OTHOLLEeHUS K MHCTPYKumKn uukna for. Takown
CUMHTAKCUC Bb1N BbIOpaH B Liensix 0b1eryeHns YTeHnsa NporpaMmei.

Janee, fonyctM, Mbl XOTVM rapaHTUPOBaTb, YTO6LI Nt06OM 06beKT T1Na Signal 3aHMMan oauH
6aiiT. D70 0COBEeHHO akTyasibHO AN KOMMOHEHT MacCMBOB W 3anucei. 3TO MOXeT 6biTb
HAOCTUIHYTO C MOMOLLBbIO CiefytoLLein 3anmncu:

for Signal'Size use 8;

Ana Aabl 2012 BO3MOXHAa anbTepHaTMBHas 3anucb B BuAe cneundurkaumm acnekta nNpsmo B
onpejgeneHny Tmna:

type Signal is (Danger, Caution, Clear)
with Size => 8;

PasBuBas ganbLue 3TOT NpuMep, JONYCTUM, Mbl XOTUM YTO6LI NepeMeHHasn The_Signal sToro Tnna
Haxoamnack no agpecy 0ACE. Mbl MOXeM A0BUTBLCA 3TOrO:

The Signal: Signal;
for Signal'Address
use System.Storage Elements.To Address (16#0ACE#);

3HaueHne aTtpubyta 'Address fomkHO ObiITb Tuna Address, KOTOpbIi O6bIYHO SBASETCH
npmeaTHbIM. [INa NpeobpasoBaHNs LeIoUMNCIEHHOr0 3Ha4YeHWSA K 3TOMY TUMY 3/eCb Bbl3blBaETCS
¢byHKUnA To_Address 13 naketa System.Storage_Elements.

DKBMBAMIEHTHbIV CNOCO6 C MCNONb30BaHVeM acnekTa B Aga 2012 BbIrnaauT Tak:

The Signal: Signal
with Address => System.Storage Elements.To Address (16#0ACE#);
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11.2 KoppeKTHOCTb AaHHbIX

|_|pl/| nonyyeHnn AaHHbIX U3 BHELWWIHEro Mumpa HeobxoAMMO y66AI/ITbCF| B NX KOPPEKTHOCTW. B
B60/bLUMHCTBE cydyaeB Mbl IEFKO MOXKeM 3arnporpaMmMnpoBaTb HY>XHble NMPOBEPKN, HO 6biBatOT
N NCcKnr4veHn4.

Bosbmem gna npumMepa onsaTte Tmn Signal. Mbl MOXeM 3acTaBUTb KOMMAWASTOP WCMOJIb30BaThb
HYy>XHOe HaM KogupoBaHuve. HO ecnu Mo KakoW-TO MpUYMHE OKaXeTcs, 4YTO 3HadeHue
He COOTBETCTBYeT 33aJldaHHON Cxeme (Hanpumep, napa 6uT 6bIAN M3MEHeHbl K3-3a OLUNGKK
HakonuTens), To NPoOBepuTb 3TO KaKUM-IM60 YC/oBMEM byjeT HEeBO3MOXHO, MOCKOJIbKY 3TO
BbIBOAUT HacC 3a 061acTb onpeAeneHns Tuna Signal. Ho Mbl MOXeM HanucaTb:

if not The Signal'Valid then

ATpnbyT 'Valid npumeHuM K nrobomy ckanapHoMy 06bekTy. OH Bo3BpaLlaeT True, ecin 06bekT
COAEPXUT KOPPEKTHOE, C TOUKWN 3peHns NoATMMNAa 06bekTa, 3HaveHne n False — B NpoOTVBHOM
cnydae.

Mbl MOXeM NoCTynnTb Mno-Apyromy. CumTaTb 3HauyeHue, Hanpumep, Kak 6aiT, NMpoBepuTb,
UTO 3HaYeHMVe MMeeT KOPPEKTHbLIV Ko, 3aTeM npeobpasoBaTth ero K Tuny Signal, ncnonb3osas
dyHkumo Unchecked_Conversion. O6basum Tun Byte 1 pyHKLMIO Npeobpa3oBaHus:

type Byte is range 0 .. 255;
for Byte'Size use 8;

-- Wnn, B Apga 2012
type Byte is range 0 .. 255 with Size => 8;

function Byte To Signal is new
Unchecked Conversion(Byte, Signal);

3aTeM:

Raw Signal: Byte;
for Raw Signal'Address use To Address(16#ACE#);

-- Wmm, B Aga 2012
Raw_Signal: Byte with Address => To Address(16#ACE#);
The Signal: Signal;

case Raw _Signal is
when 1 | 2 | 4 =
The Signal := Byte To Signal (Raw Signal);
when others =>
. -- 3Ha4YeHue He KOPPEKTHO
end case;

Mockonbky Byte - 3TO O6bIYHBIA LEeNOYNCAEHHBIA TUM, Mbl MOXEM WCMONb30BaTb Nitobble
apudmeTMyecke onepauumy, YTobbl MPOBEPUTb MONyYeHHOe 3HayeHue. [lpy noayveHun
HEKOPPEKTHOTO 3HAYEHWsI Mbl MOXEM MPeANpPUHSTE COOTBETCTBYHOLLME AENCTBUS, HamprMep
3amnpoTOKOIMPOBATL €ro U T. 4.

OTMeTMM, UTO JaHHbIA KOZ4 He byaeT paboTatb, ecin 3arpykaemMoe 3HaudeHne MeHseTcs
CaMOMPOM3BONBHO. 3HayeHWe MOXeT MOMEHATbCA Moc/ie NPoBepkM 1 A0 NpPeobpasoBaHVA.
rMosToMy, CHayana 3Ha4eHme JOMKHO BblTb CKOMMPOBAHO B NOKA/IbHYHO MepeMeHHY!Ho.
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11.3 B3anmopgencTBuME C APYIrMMU A3bIKaMW

MHorve  6onbluMe  COBPEMEHHble  CUCTEMbl  HamWCaHbl  Ha  HECKONbKUX  A3blKax
NPOrpaMMMPOBaHNS, Kaxablli M3 KOTOPbIX 60Mblue MNOAXOAWUT ANS CBOEM 4acTu CUCTeMb.
YacTn ¢ noBbIWEeHHBbIMY TPeboBaHMAMKN K 6€30MacHOCTN N HaAeXHOCTU MOTYT 6biTb HanmucaHsbl
Ha AZe (HanpuMmep, ¢ ncnonb3oBaHrem SPARK), rpaduuecknin nHtepdeinc Ha C++, Kakon-HMBYAb
C/IOXHbIV MaTeMaTnyecknii aHanms Ha Fortran, gpaieepa yctpolictB Ha C, U T. 4.

MHorve £3blKM WMEKT MeXaHW3Mbl B3aMMOAENCTBUS C APYrMMU  A3blKaMu  (Hanpumep,
ncrnonb3oBaHme C n3 C++), XoTs 06bIYHO OHV onpeAeneHbl JOBONbHO HEPSALWANBO. YHUKANbHOCTb
A3blka Afbl B TOM, YTO OH NPeAOoCTaBAseT YeTKo onpejesieHHble MeXaHN3Mbl B3aUMOAECTBUSA C
APYrMU A3bikaMy B LenioM. B Age ecTb cpeacTBa B3aumogencTeums ¢ a3bikamm C, C++, Fortran
n COBOL. B yactHocTu, AZla NoAfep>KMBAET BHYTPEHHee npejcTaBieHmne TUNOB JaHHbIX U3 3TWX
A3bIKOB, B TOM YMCNe yUYNTbIBaeT MOPSAAOK CTPOK 1 CTON6LIOB B MaTpuLax Fortran n npeactaBneHue
cTpok B C.

Bo MHOrosiabl4HOM cMCTEME MMEET CMbIC/ MUCMONb30BaTh A3bIK A,qa, KakK LI,EHTpaﬂbeIVI, UTOb6bI
BOCNO/Ib30BaTbCA NpenmMyLecTBaMn ee CMCTeMbl KOHTPOIA TUNOB.

CpeactBa B3aMMOAENCTBUSA B CBOEM OCHOBE WCMOMb3YHT AUPEKTUBLI KOMAUASATOPY (pragma).
Mpeanonoxmm, cylecteyeT GyHKUMA next_int Ha A3bike C 1 Mbl XOTUM BbI3BaTb ee 13 Ajbl.
JocTaToyHO HanucaTb:

function Next Int return Interfaces.C.int;

pragma Import (C, Next Int);

OTa AMpeKTnBa yKa3biBaeT, UTo AaHHas GyHKLUMSA MMeeT cornalleHne o BbizoBax A3bika C, 1 UTo
B AZe He bByaeT Tena Ans 3Toil dyHKUMK. B Hell Takke BO3MOXHO yKa3aTb XXeflaemoe BHellHee
NMS 1 UMS 415 peAakTopa CBs3el, ecnm Heobxogumo. [MpegonpegeneHHblin naket Interfaces.C
npesfocTaBnseT 06bABAEHUS Pa3NNUHBLIX NPUMUTUBHBLIX TUNOB A3blka C. Micnonb3oBaHMe 3TUX
TMMNOB MO3BOJIIET HaM abCTparnmpoBaTbCs OT TOro, Kak TUMbl A3blka Aa COOTHOCATCA C TUMaMu
a3bika C.

AHaNOrMYHO, ec Mbl XOTUM AaTb BO3MOXHOCTb Bbl3blBaTb npoueaypy Action, peann3oBaHHyLO
Ha a3blke Aga 13 C, Mbl cenaem Ums 3TOW npoueaypbl 4OCTYNHbIM M3BHE, Hanmcas:

procedure Action(X,Y: in Interfaces.C.int);

pragma Export (C, Action);

CcbINKM Ha NOANPOrpaMMbl UrParoT BaXKHYHO POJib BO B3aWUMOAENCTBUM C APYTMMW S3blKamuy,
0COH6EHHO MpY NPOrpaMMUPOBAHUM NHTEPAKTUBHBIX CUCTEM. [pesnonoXnM, Mbl XOTUM, YTObbI
npoueaypa Action Bbi3biBanack 13 rpapmnyeckoro nHTepdeinca Npu HaxaTum Ha KHOMKY MbILLW.
Jonyctnm, ectb dyHKUMA set_click Ha C, mpnHMMatoLLas agpec NoAnporpaMMbl, Bbi3biIBa€MOW NMpu
HaxaTtunu. Ha Ase Mbl BbIpasnM 3TO Tak:

type Response is access procedure (X,Y: in Interfaces.C.int);
pragma Convention (C, Response);

procedure Set Click(P: in Response);
pragma Import(C, Set Click);

procedure Action(X,Y: in Interfaces.C.int);
pragma Convention(C, Action);

Set Click(Action'Access);

B aTOoM cnydae, Mbl He Aenaem nmMsi npoueaypbl Action BUANMBIM 13 NporpaMmel Ha C, MOCKONbKY
ee BbI30OB byAeT MPOUNCXOANTL KOCBEHHO, HO Mbl FapaHTMpPyeM, UTO COrnalleHns 0 Bbi30Bax byayT
cobntoaeHsbl.
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11.4 NMoToKWM BBOAA/BbIBOAA

Mpw Nnepegaye 3Ha4YeHUN Pa3NNYHBIX TUMOB BO BHELLHWIA MUP 1 06PaTHO Mbl MOXEM CTOIKHYTbCS
C HeKOTOPbIMW TPYAHOCTAMW. BblBOJ 3HAaUYeHWA JOCTaTOUYHO MPAMOJIMHEEH, MOCKOAbLKY Mbl
3apaHee 3HaeM TUMbl 3TUX 3HaYeHn. BBog MoxXeT 6bITb MpobaeMaTUYHbIM, Tak Kak Mbl OBbIUHO
He 3HaeMm, Kako TUM MOXeT NpuiTn. Ecnun gainn cogepxmT 3Ha4eHns o4HOro T1UNa, To BCe NPOCTO,
HY>XHO N YOeANTbCS, YTO Mbl He nepenyTanu ¢ain. HacToswme 3aTpygHEHNS HauMHAKTCS,
ecnn dain CoAepPXUT 3HAYEHUSA Pas3NYHbBIX TUMOB. AJa npejiaraeT MexaHn3Mbl paboTbl Kak
C romMoreHHbIMW darinamu (Hanpumep, dain M3 LenbiX YnCen UM TeKCTOBbIN dalin), TaKk u
reTeporeHHbIMN Parinamu. MexaHn3m paboTbl C MOCIeAHNMU UCMOb3YeT MOTOKM.

B kauecTBe NpocTOro npumMepa, paccMoTpuM dain, cogepxallmin 3HaueHus Integer, Float v Sig-
nal. Bce Tvnbl nmetoT cneyyransHble atpmbyThl 'Read n 'Write ans ncnonb3oBaHms NoTokoB. s
3arnmcy Mbl NPOCTO HaMNULLEM:

S: Stream Access := Stream(The File);

Integer'Write(S, An_Integer);
Float'Write(S, A _Float);
Signal'Write(S, A _Signal);

N B pe3ynbTaTe MoAy4YnM cMecb 3HadveHwuii B ¢aiine The_File. Ana 3koHOMUM MecTa OMyCTUM
AeTanu, CKaxeMm TO/bKO, YTO S 0603HayaeT NOTOK, CBA3aHHbIM C dpaiiom.

MpW YTeHUN Mbl HaNuLLeM obpaTHoe:

Integer'Read (S, An_Integer);
Float'Read(S, A Float);
Signal'Read(S, A Signal);

Echv Mbl owmbemcs B nopsigke, OT Moayymm uckntodeHune Data_Error B TOM cnydvae, ecnm
NPOYNTaHHbIe 6UTbI He 0TOBPaXatoT KOPPEKTHOE 3HAYEHMe HY>KHOro TMa.

Echn Mbl He 3Haem 3apaHee, B KakOM nopagake mayT AaHHble, Mbl AOJ/KHbI CO34aTb Knacg,
I'IOKprBaFOLLI,I/IVI BCE BO3MOXHble TUMbl. B Halem cnyyae, 06bsBMM 6a30BbIN TUM:

type Root is abstract tagged null record;

BbIMO/THAIO LN ponb O6BepTKI/I, 3aTeM CeEpUo TUMOB A/ BO3MOXXHbIX BapUaHTOB!

type S_Integer is new Root with record
Value: Integer;
end record;

type S _Float is new Root with record
Value: Float;
end record;

1 TaK ganee. 3anncb NpUMeT CleayoLWnii BUA:

Root'Class'Output(S, (Root with An Integer));
Root'Class'Output(S, (Root with A Float));
Root'Class'Output(S, (Root with A Signal));

3amMeTbTe, 4YTO TYT BO BCeX C/yyaax WCMOMb3yeTca ofHa W Ta >Xe nognporpamma. OHa
CHa4vana 3anucbiBaeT 3HaueHve Tera KOHKPeTHOro Tuna, a 3aTeM Bbi3blBaeT (C MOMOLLbIO
Avcnetyepusannm) cooTBeTCcTByOLWLNYT "Write aTpurbyT.

|-|pl/l UTEHUU Mbl MOFU Bbl HANWCATb:
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Next Item: Root'Class := Root'Class'Input(S);

Process(Next Item);

Mpoueaypa Root'Class'Input unTaeT Ter 13 NOTOKa 1 3aTeM Bbi3blBaeT HYXHbI 'Read aTpmnbyT ans
YTeHWs BCero obbekTa, a 3aTeM NpucBavBaeT nosyyeHHoe 3HayeHue nepemeHHon Next_ltem.
Janee Mbl MOXeM 06paboTaTb MONyYeHHOe 3HaYeHe, Hanprmep, BbI3BaB AUCNeTUepPU3MPYEMYIO
nognporpammy Process. [ycTb ee 3agayein 6ygeT NpUCBOUTL MOSyYeHHOE 3HAYeHne HY>XKHOM
nepemMeHHOR, CornacHo Tuny.

Anst Havana o6bABUM abCTpPaKTHYO NpoLesypy Ans 6a30BOro Tuna:

procedure Process(X: in Root) is abstract;

3aTeM KOHKpPeTHbIE BapUnaHTbI:

overriding procedure Process(X: S Integer) is
begin

An_Integer := X.Value; -- pgocraeM 3HayeHue u3 obBepTku
end Process;

Ee3nyIOBHO, npoueaypa Process moxeT genaTb BCe, YTO Mbl 3aXOTUM C nonyvyeHHbIM 3Ha4YeHMEM.

BO3MOXHO, AaHHbI NPYMep BbIMNSANT HEMHOTO MCKYCCTBEHHBIM. Ero Lienb NponnntocTpnpoBaThb,
4yto B AZe BO3MOXHO 06pabaTbiBaTb 3N1EMEeHTbl Pas/INYHbBIX TUMOB, COXPaHWB MPU 3TOM
6e30MacHyto CTPOro TUMM3MPOBaHHY0 MOAEe/Nb AaHHbIX.

11.5 ®Pabpukm 06BLEKTOB

Mbl TONBKO YTO BMAENM, KaK CTaHAAPTHbI MEXaHW3M MOTOKOB MO3BO/ISET HaM 06pabaTbiBaTh
3HAYEHUS Pa3INYHbBIX TUMOB, MOCTyNaLWNX 13 daiina. Jlexaliii B OCHOBE MEXaHWN3M UTeHUs
Tera 1 3aTeM CO34aHNs 06beKTa COOTBETCTBYHOLLEro TUMa CTan AOCTYMeH Mosib3oBaTento B Age
2005.

JonyctnM, Mbl 06pabaTtbiBaeM reoMeTpuyeckme ob6bekTbl, KOTOpble Mbl 06CYXAanu B rnase
«be3sonacHoe OO[M». PaznuyHble TUNbI, Takne Kak Circle, Square, Triangle v T. 4. HacnegyoTcs
OoT 6asoBoro Tuna Geometry.Object. Ham mMoXeT NMOHazobUTbCA BBOAUTbL 3T 06BEKTbI C
KnaBmaTypbl. [N OKPY>XHOCTW HaM MOHaA06UTBLCS ABe KOOpAMHAaThI U pagnyc. [na TpeyronbHmKa
— KOOpAMHaTbl U AAVNHBI TPex CTOPOH. Mbl Moran 6bl 06BABUTE ¢yHKUMIO Get_Object ans
CO3JaHNS 0OBLEKTOB, HaNpUMep ANS OKPY>XXHOCTU:

function Get Object return Circle is
begin
return C: Circle do
Get(C.X Coord); Get(C.Y Coord); Get(C.Radius);
end return;
end Get Object;

BHyTpeHHMe BbI30BbI Get 3TO CTaHAApTHble MpoueAypbl 415 YTeHUS 3HayYeHUs MPUMUTUBHBIX
TVUNOB C KNaBmaTypbl. [onb30BaTeNb AOMKEH BBECTU KAaKON-TO KO, YTOBbl 0603HaUNTb, Kakoro
poZia 06beKkT OH Xo4eT co34aThb. PeanonoXnM, UTO BBOA OKPY>XXHOCTU 0603HaUaeTCs CTPOKON
"Circle". Takxxe NpesnonoXmMm, UTO Y HacC yXe eCcTb GYHKLUMA Ans uTeHns cTpokn Get_String.

Tenepb Ham OCTaeTCA TONBKO MPOYECTb KOZ U Bbi3BaTb COOTBETCTBYHOLLYO npoueaypy Get_Object
4Na co3gaHua obbekTa. [l1a 3TOro Mbl BOCMO/b3yemcs npejonpejeneHHoOn HacTpanBaemon
byHKUMen, koTopas nojydaeT Ter 1 BO3BpallaeT CKOHCTPYMPOBaHHbIA 06bekT. BoT ee
onpejeneHue:
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generic
type T(<>) is abstract tagged limited private;
with function Constructor return T is abstract;
function Generic Dispatching Constructor(The Tag: Tag)
return T'Class;

OTa HacTpavBaemas OyHKUMA MMeeT ABa MnapameTpa HacTpoliku.  [lepBbii onpegenseT
KOHCTPYVpyeMblil Knacc TUNoB (B Hallem cnydae Geometry.Object, oT koToporo npoucxoaat Cir-
cle, Square u Triangle). BTopoli - 370 gncneTtdyepusnpyemas GyHKLMSA A8 CO34aHMA 06BEKTOB (B
Hawewm cny4vae Get_Object).

Tenepb Mbl HACTPOUM €€ 1 NONYUNM QYHKLMIO CO34aHNA FTeOMeTpnYeckmX 06 EKTOB:

function Make Object is new
Generic Dispatching Constructor(Object, Get Object);

OTa GyHKUMSA NpUHMMaeT Ter Tuna CO34aBaeMoro 06bekTa, Bbi3blBaeT COOTBETCTBYHLLYHO
Get_Object n Bo3BpaLLaeT NojyYeHHbI pe3ybTar.

Mbl MOrnv 6bl onpeaenntb CCbIJTOYHYHO NepeMeHHYH ANA XpaHeHA BHOBb CO34dHHbIX 06BHEKTOB:

Object Ptr: access Object'Class;

Ecnum Ter xpanuTtca B nepemeHHor Object_Tag (mmerowwtyto Tmn Tag n3 naketa Ada.Tags, Tam xe
obbaBneHa n ¢yHkumsa Generic_Dispatching_Constructor), To Mbl BbizoBeM Make_Object Tak:

Object Ptr := new Object'(Make Object(Object Tag));

1 NONYyYNM HOBbIV 06BEKT (HaNprMep OKPY>KHOCTb), UbM KOOPANHATLI 1 Pagnyc 6bi1v BBeAEHbI C
KnaBnaTypbl.

YTO6bl 3aKOHUUTL MPUMepP, HaM OCTanoCb HayuuUTbCA MPeobpasoBbiBaTb CTPOKOBbIE KOAbI
06BbekToB, Takme kak "Circle", B Tern. lMpocTenwnin cnyyar caenaTe 3T0 — onpejennTb atpnoyT
'External_Tag:

for Circle'External Tag use "Circle";

for Triangle'External Tag use "Triangle";
TOrfa npoyecTb CTPOKY N MOAYUYNTL Ter MOXHO TakK:
Object Tag: Tag := Internal Tag(Get String);

KoHeuHo, ncrnonb30BaTh OTAeNbHY nepemeHHyto Object_Tag He 06s3aTeflbHO, MOCKObKY Mbl
MOXeM 06beAVHUTbL 3TW oMnepaLn B O4HY:

Object Ptr := new Object'(Make Object(Internal Tag(Get String));

Hanocnegok cnegyeT 3amMeTuTb, YTO MPUBEAEHHBIV KO HEeMHOro yrnpolieH. Ha camom gene
HacTpavBaeMbll KOHCTPYKTOP MMeeT BCMOMOraTebHbI napameTp, KOTOPbIA Mbl ONYCTUN.
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CHAPTER
TWELVE

BE3OMACHbIV NAPANIENIN3M

B peanbHOI XM3HN MHOrVe npoLecchl NpoTekatoT OAHOBPEMEHHO. JItoAM AenatoT HeckosbKo
BeLLeil 0fHOBPEMEHHO C NOpPasnTeNbHOM NerkocTbio. KaxeTcs, XeHLWMHbI NpeycrneBatoT B 3TOM
NyyLue My>YMH, BOSMOXHO MOTOMY, YTO UM HY>HO 6atokaTb Manbilla, OAHOBPEMEHHO roTOBSA efy
N OTTOHSIA TUTpa OT neLlepbl. MyXUMHbI Xe 06bIYHO KOHLIEHTPUPYHOTCS Ha O4HOM npobneme 3a
pas, NOBSAT KPO/MKa Ha 06es, 160 MLLYT 60MbLLYIO NeLlepy, NMM60, BOSMOXHO, AaxXe n3obpeTatoT
Koneco.

Tpa,ﬂ,I/ILl,I/IOHHO KOMMbHOTEP AenaeT 04HO ﬂ,eI7ICTBI/Ie B Ka)K,ﬂ,bII7I KOHKpGTHbII7I MOMEHT BpeMeHMN,
a onepaunoHHaa cnctemMa 3ateM jesaeT BUj, 6yATO HECKOJIbKO MnpoueccoB BbIMOHAKTCA
oAHOBpPEMEHHO. [MonoxeHwve gen MeHseTcd B HalM AHW, MOCKOJIbKY MHOrme MalluHbl cevac
MMEKT HECKONbKO npoueccopoB nan aaep, HO 3TO BCe elle Tak, Korja peyb naet o orpooMHOM
ymcne HeboNbLLINX CUCTEM, B TOM UnUCIe ncnonb3yeMblX B ynpaBaeHN nponssBoACTBOM.

12.1 OnepauvoOHHbIe CUCTEMBI U 3a4a4YU

CreneHb napannenbHOCTW, AOCTYMHasi B Pa3HblX OMEepPaLMOHHbIX CUCTEMAX, MOXET 6biTb
coBepLUeHHO pa3Hasi. OnepaLMoHHble cMCTeMbI € Noaaep kKot POSIX No3BonsoT NporpaMMumcTy
CO3ZaTb HECKONbKO MOTOKOB YMpaBfAeHWsl.  ITW MOTOKWU MWCMOMHAT MPOrpamMmy AOBOJIBHO
He3aBUCKMO ApYr OT Apyra U1, Takum 06pa3oMm, peanunsyroT napaniesbHoe NporpaMMpoBaHue.

Ha HekoTopbIX cMCTEMAaXxX eCTb BCEro OAMH NPOLLECCOp Y OH ByAeT MCMOHATL Pa3/ivyHble NOTOKM
B COOTBETCTBUMN C HEKOTOPbLIM aAropuTMOM MAaHMPOBaHUs. OfWH U3 BapuMaHTOB — MpPOCTO
BblAeNATb HebONbLUON MHTepBan BPeMeHN KaxAoMy MOTOKy Mo oyepesn. bonee cnoxHble
anropuTMbl (0CO6EHHO ANSt CUCTEM PeabHOro BPeMeHMW) NCMOb3YHOT NPUOPUTETLI U NpeAeNbHble
CPOKM, YTO6bI FapaHTVNPOBATb, YTO NMPOLLECCOP UCMONb3yeTcs 3GPeKTUBHO.

Apyrvne cucteMbl MMEKT HeCcKONbKO MNPOoLeccopoB. B 3TOM ciydae HekoTopble MOTOKM
BbIMONIHAIOTCSA AeMCTBUTENBbHO NapannenbHo. 34ecb TOXe NCNOoJb3yeTCs NAAHNPOBLLMK, KOTOPbIN
pacrnpegensieT NpoLeccopbl AN NCMONHEHWS aKTUBHbIX MOTOKOB MO BO3MOXHOCTY 3$PeKTUBHO.

B A3blkax NporpammmpoBaHua MNapanfenbHble Mpoueccbl 06bIYHO HAa3bIBAtOT MOTOKW WAU
3ajaun. 34ecb Mbl MCMONb3yeM BTOPOW BapUaHT, KOTOPbIA COOTBETCTBYET TEPMWUHOMOMNM
Afbl. CyLLecTBYHOT pa3iMyHble NOAXOAbl K BOMPOCY NapanieNbHOCTU B PasHbIX A3blkax. OAHW
npeAnaratT MHOro3aga4vHble CPeACTBa, BCTPOEHHblE HenocpeACcTBEHHO B A3bIK. [lpyrve npocTo
NpefoCTaBAAOT AOCTYN K COOTBETCTBYHOLMM MPUMUTUBAM OMEpPauMoHHON cucteMbl. EcTb 1
Takune, KOTopble MOHOCTBH UTHOPUPYHOT 3TOT BOMPOC.

Aga, Java, C# n nocnegHmne sepcnmn C++ cpean TexX A3bIKOB, rae nojjep>xka napasniefisHoCTU
BCTpoeHa B A3blk. B C HeT Takoh NOAAEPXKW W MPOrpaMMmUCTaM MPUXOAUTCA MOAb30BaTbLCA
BHELUHUMYK BU6AnOTEKaMN NN HaNpPsAMYLO Bbl3blBaTb CEPBUCHI ONepaLMoOHHON CUCTEMBI.

EcTb, Kak MUHUMYM, TpW NpenMyLLecTBa, Korga A3blk MMeeT BCTPOEHHbIE CpeacTBa NOAAEPXKKN
MHOrosajga4yHocCTwu:

* BCTPOEHHbIN CMHTAKCUC CyLLeCTBEHHO obfieryaeT HamnmcaHne KOPPEeKTHbIX Mporpamm,
MOCKONbKY A3blK MOXeT NMpeAoTBpaTUTb MOSIBNEHWE MHOXeCTBa BMAOB OLINGOK. 3jecb
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OMNATb NpoABAAET cebs npuHUMN a6CTpa|<u,|/||/|. Mbl n3beraem oLINBOK, CKpPbIBasA pas/inyHbIe
HN3KOYypOBHEBbIE AeTa/ln.

* Mlpy  MCMONB30BaHMN CPEACTB  OMepPauUMOHHON CUCTEMbl HampsAMYyH  CyLLeCTBEHHO
3aTPYAHSETCA NepeHOCMOCTb, MOCKObKY OAHA CUCTEMA MOXET 3HaYMUTeIbHO OTANYATLCS
OT Apyroi.

« OnepauyoHHble CUCTeMbI 06LL,ero HazHa4eHus He NPeAOCTaBAAT CPeACTBaA, HEO6XOANMbIE
AN PA3IVYHbIX MPUIOXKEHNA CUCTEM PeaNbHOro BPeMeHM.

MHoro3asaqHol nporpamme 06bIYHO HY>XHbI CleAytoLLe YCNoBUS:

+ Heobxoanmo npeaoTBpaTUTb HapyweHne UeNoCTHOCTU JAaHHbIX, KOrja HEeCKO/IbKNM
3ajayvaMm Tpe6yeTcg A40CTYyN K O4AHUM AaHHbIM.

* HeobxoanMMO nNpefoCTaBUTbL CPeACTBa MeX3aJauyHOro B3aMMOAENCTBUS ANa nepejayn
JAAHHbBIX OT O4HOW 3a/a4u K ApYrow.

* HeobX0AMMbI CpeacTBa yrnpaBneHUs 3ajayaMu C Lefibio rapaHTUpPOBaHNA crneundryHbIX
BPEeMeHHbIX YCOBUIA.

* Heobx0AMM MNNAHUPOBLUMK BbINOAHEHUS 3ajay Ans 3PdeKTMBHOrO MNCNOoAb30BaHNS
pecypCcoB 1 NonagaHns B yCTaHOBNEHHbIE BPEMEHHbIe rpaHuLbl.

B 3Toi rnaBe Mbl KpaTKO OCTAHOBMMCS Ha 3TUX BOMPOCAxX M MPOAEMOHCTPUPYEM HaZAeXHble
CNoCcobbl UX peLLeHus, NprUMeHsieMble B i3blke Afa. Peannsaums MHOro3azauyHoCcTy BNeYeT Lesbii
CMEKTP CNOXHbIX MOMEHTOB, MOCKOJIbKY HamMcaTb KOPPEKTHYH MHOro3aZauHyto mnporpammy
HaMHOro TpyAHee, YeM YMCTO Moc/efoBaTeslbHyt0. HO cHayana Mbl pacCMOTPVM MPOCTYHO
KOHLIeNUMIO 3a4a4n B A3bike AZa 1 06LLYyH0 CTPYKTYpPY NPOrpammei.

B AZe nporpaMma MOXeT MMeTb MHOXEeCTBO 3ajay, UCMOHSIOLLMXCA 04HOBPEMEHHO. 3ajaua
nMeeT ABe 4acTW, Tak Xe, Kak W nakeT. [lepBas 4yacTb - 3T0 crneuyndukaumsa 3agaun. OHa
onucebiBaeT MHTepdelic B3aMOAENCTBMA C ApYrMMUM 3ajadamin. BTopas yacTb - 37O Teno 3ajauu,
rAe OnucbIBaeTCsl, YTO COBCTBEHHO MPOUCXoAnT. B nmpocTeiiwem cnydae cneundukaumnsa 3ajaet
NNWb NMS 3aja4n U BbIFNAANT Tak:

task A; -- Cneuynpukaums 3agaum
task body A is -- Teno 3apgaun
begin

. -~ UMHCTPpyKUuuu, onpepenswune 4ro penartb
end A;
BbiBatoT cnydyaun, Korga yaobHO MMeTb HeCkOAbKO OAMHAKOBbIX 3a4ay, TOrha Mbl 06bABASEM
3afaYHbll TUM:

task type Worker;

task body Worker is

Mocne yero Mbl MOXXeM 06bABUTb HECKOJIBKO 3a/a4 TaK Xe, Kak Mbl 06BABAAEM 0O BEKThI:

Tom, Dick, Harry: Worker;

TyT MbI co3ganu Tpu 3agaydm Tom, Dick, Harry. Mbl MOXeM 06bSABNSATL MaccvBbl 3ajadY, Aenatb
KOMMOHEHTbI 3anucn 1 npoyee. 3ajayn MOXHO OOBABAATb BCIOAY, F4e MOXHO OOBABAATb
06beKThl, HanpuMep B NakeTe, B MOANPOrpaMme 1an gaxe B Apyrov 3agade. He yansutenbHo,
YTO 334a4N VMEeT AMMUTUPOBAHHbBIA TUM, NOCKOALKY HET CMbIC/Ia NPUCBanBaTb OAHON 3ajauye

Apyryto.

naBHas NoAgnporpaMmMa Bceri MporpaMmbl Bbi3bIBAaeTCS M3 TaK Ha3bIBAEMOW 3aJaun OKPYXeEHUS.
NMeHHO 3Ta 3aa4a BbIMOHSAET MpesBbiNOAHEHVE MakeToB 616/ 1MOTEeUYHOr0 YPOBHS, Kak OMMCaHO
B rnaBe «be3onacHsbI 3anyck». Takum 06pasom, nporpammy c Tpems naketamu A, B v C v rnaBHom
npoueaypoit Main MOXHO NpeACcTaBnUTb, Kak:

86 Chapter 12. Be3onacHbliA napannenusm



BesonacHoe U HageXXHoe NporpamMmmMmHoe o6ecneuveHue

task type Environment_Task;

task body Environment Task is

-- o0bbaBneHnsa nakeros A, B, C

... -- M rnaesHou npouenypsl Main

begin
... -- Bbi30B rpouenyps Main

end Environment Task;

3afava CTaHOBUTCA aKTMBHOM cpa3y nocsie obbsaBneHUs. OHa 3aBepLUIaeTcs], KOrAa UCnoiHeHne
JOXOAUT A0 KOHUA Tena 3ajauyn. CyllecTByeT BaXHOe MpaBwuo, NokanbHasa 3ajada (T. e. Ta,
yTO 06BSBMEHA BHYTPWU MOAMNPOrpamMMbl, 6a0Ka AW ApYroi 3aja4vmn) AOKHA 3aBepLUnTbC A0
TOro, Kak yrnpas/eHVe MOoKMHeT OxBaTbiBalOLLni ee 610k, VcnonHeHMe okpyXarollero 61oka
npuoCTaHaBIMBaETCa A0 Tex Mop, Moka BAOXEHHas 33aZaya He 3aBepLuMTcsa. ITO MNpaBuio
npesoTBpaLLaeT NosiBeHMe BUCSLLMX CCbITOK Ha HecyLLecTByoLe bonee 06beKThbI.

12.2 3awmueHHble 06beKTbl

Jonyctm, Tpuy 3agaum - Tom, Dick 1 Harry ncnonb3yoT 06LLmii cTek 418 BPEMEHHOro XpaHeH s
AaHHbIX. Bpems oT BpeMeHu 04Ha 13 HUX KNageT aneMeHT B CTek, 3aTeM, BpeMsi OT BpeMEHW, O4Ha
N3 HUX (BO3MOXHaA Ta Xe, a BO3MOXHO Apyrasi) JOCTaeT AaHHble 13 CTeka.

Tpw 3ajayn UCNONHSIOTCA NapannenbHO, BO3MOXHO Ha MHOrOMpPOLLECCOPHOM MaluvHe, n1M6o
nog ynpasneHvem MAaHMPOBLLMKA Ha OAHOMPOLIECCOPHON MalunHe, B koTopoli OC Bblaenset
KBaHTbI MPOLIECCOPHOro BpeMeHW Kaxzon 3ajave. [lonycTM BTOpOe 1 KBaHTbI AANHHOW 10MC
BbIJENSI0TCA 3a4a4aMm Mo oyepesu.

MycTb 3a4a4K UCMONL3YIOT CTeK U3 rnasbl «<be3onacHas apxmutektypay. MycTb KBaHT, BblAe/1eHHbIN
3agaye Harry, uctekaeT npu Bbi3oBe Push, 3aTeM ynpaBneHuve nepejaeTtca 3ajade Tom,
Bbi3blBaroLlell Pop. [oBopsa 6onee KOHKPETHO, MyCTb Harry TepseT ynpaBneHue cpasy nocse
yBenmyeHus nepeMeHHon Top

procedure Push(X: Float) is

begin
Top := Top + 1; -- nocne atoro Harry TtepseT yrnpasrieHne
A(Top) := X;

end Push;

B 3TOT MOMeHT Top yXe MMeeT HOBOe 3HaueHne, HO HOBOe 3HaueHVe X ellle He MOMeLLEeHOo B
Maccms. Korga 3azadva Tom Bbi30BeT Pop, OHa MOMyuYnT CTapoe, ckopee BCero 6eccMbiC/ieHHOe
3HaYeHMe, KOTOPOE JO/MKHO 6bIN0 BbITh NepenrcaHHbIM HOBLIM 3HaYeHVeM X. Koraa 3agava Harry
NONyYnT ynpaBneHne Hasaz (40MyCcT!M K 3STOMY MOMEHTY He 6bI10 ApYyrix onepauuii co CTEKOM),
OHa 3anuLueT 3HaueHre X B 31eMEHT MacCmBa, KOTOPbIV HAXOAUTCS 3a BEPLUMHOW cTeka. Apyrimm
cnoBaMu, 3Ha4eHre X byAeT NoTepsiHO.

Ewe xyxe 06CTOAT fena, Korja 3ajayv MnepeksovaroTcs Mocpean BbIMOAHEHUS WMHCTPYKLUN
A3blka. Hanpumep, Harry cuwmtan 3HadeHue Top B perucrtp, Ho HoBoe 3HadeHue Top He
ycrnen COXpaHWTb, W TyT Nepektounncs KoHTekcT. Janee, nyctb Dick BbI3biBaeT Push, Takum
obpasom yeennuvsaeT Top Ha eauHuuy. Korga Harry npojosixmt 1UCnosiHeHne, OH 3aMeHnT
Top ycTapeBLWNM 3HadYeHreM. Takum obpasowm, ABa Bbl3oBa Push yBennumsatoT Top Anb Ha 1,
BMeCTO 2.

Takoe HexenaTenbHoe MoBejeHVe MOXeT 6biTb NMpeAoTBpaLleHo 6aarofaps MCMOAbL30BaHUIO
3alUMLLLEeHHOro o6bekTa ANA XpaHeHWs cTeka. Takas BO3MOXHOCTb MosBUAaCh B CTaHAapTe Aja
95. Mbl HanMLeM:

protected Stack is
procedure Clear;

(continues on next page)
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(continued from previous page)
procedure Push(X: in Float);
procedure Pop(X: out Float);
private
constant := 100;
Top: Integer range 0 .. Max := 0;
A: Float Array(l .. Max);
end Stack;

protected body Stack is

procedure Clear is
begin

Top := 0;
end Clear;

procedure Push(X: in Float) is
begin

Top := Top + 1;

A(Top) := X;

end Push;

procedure Pop(X: out Float) is
begin

X := A(Top);

Top := Top - 1;
end Pop;

end Stack;

OTmeTbTe, Kak package NomeHsAN0Cb Ha protected, AaHHble 13 Tefla NakeTa nepeMecTUNCG B pri-
vate yacTb, dyHKUMA Pop npeBpaTunack B npoueaypy. Mbl npegnonaraem, uto Tmn Float_Array
06BABNEH B APYroM MecTe, Kak array (Integer range <>) of Float.

Tpu npoueaypsl Clear, Push n Pop HasbiBaloTCa 3alUMLLEHHBIMU ONepauysMy U Bbi3bIBaKOTCA
aHaNOrMMYHO 06bIYHBIM NpouesypaM. OTanudme COCTOUT B TOM, UTO TO/IBKO OZHAa 3ajava MOXeT
NoNyYnTb JOCTYN K onepaumsam obbekTa B O4MH MOMEHT BpeMeHW. Ecam 3agada, Takas kak Tom,
MbITaeTcs BbI3BaTb npoueaypy Pop, noka Harry ncnonHset Push, To Tom 6yseT NpnocTaHOB/EH,
noka Harry He nokuHeT Push. 3To BbINOAHAETCS aBTOMaTUYeCKK, 6e3 KaKnX-TO YCUANI CO CTOPOHBI
nporpaMMmcTa. Takum 06pa3om Mbl N36eXMM HECOrTacOBaHHOCTU JAHHBIX.

3a KynmMcamy 3almuLeHHOro 06bekTa NexnT MexaHn3M 6/710KMPoBOK. epes MUCMoAHeHneM
ornepaunn 3Toro 06bEeKTa, 3ajaya AO/KHA CHadana 3axBaTuTb 6/10KMpoBKY. Ecam gpyras
3a4,a4a yXXe 3axBaTuna 6/I0KMPOBKY, NepBas 3agada byaeT XaTb, Noka Apyras 3a4aya 3aKOHUUT
NCMOMHATL OMepauuto U OTNYCTUT 610KUPOBKY. (BJIOKMpPOBKA MOXET 6biTb peann3oBaHa C
MOMOLLbIO MPUMUTVBOB OMNEePaLMOHHOM CUCTEMBI, HO Tak)Ke BO3MOXHbI peani3aumnin ¢ MeHbLUNMI
HaKNaAHbIMU PacxoAamun.)

Mbl  MOXeM YCOBepLUeHCTBOBaTb Hall npumep, 4YTOObl MNoKasaTb, KaK CnNpaBUTbCA C
nepenonHeHVeM UK ONyCcTOLEeHeM cTeka. B nepBoM BapmaHTe obe 3TUX CUTyauum NpuBOAAT K
nckntodeHuto Constraint_Error. B cnyyae ¢ Push, 370 npoucxoauT mpy nomnbiTKe NPUCBOUTb
nepemeHHo Top 3HaueHwe Max+1; aHanornyHas npobnema nposBasetcs ¢ Pop. [pw
BO36YXAEH MW NCKTHOYEHNSA 6N10KMPOBKa aBTOMaTUYECKM CHUMETCS, KOrAa UCKTIoYeHMe 3aBepLunT
BbI30B Npoueaypsbl.

YTobbl n36exaTtb nepenosiIHEHHNA 1 ONyCTOoWEHNA CTeKa, Mbl NCMOJIb3yeEM 6apbepb|:

protected Stack is

procedure Clear;
entry Push(X: in Float);
entry Pop(X: out Float);

(continues on next page)
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(continued from previous page)
private
constant := 100;
Top: Integer range 0 .. Max := 0;
A: Float Array(l .. Max);
end Stack;

protected body Stack is

procedure Clear is
begin

Top := 0;
end Clear;

entry Push(X: in Float) when Top < Max is
begin

Top := Top + 1;

A(Top) := X;

end Push;

entry Pop(X: out Float) when Top > 0 is
begin

X := A(Top);

Top := Top - 1;
end Pop;

end Stack;

Onepaunn Push v Pop Tenepb BXoAbl (entry), a He npoueaypbl, U Y HUX NOSABUAUCL Bapbepsl,
niornyeckme ycioBsus, Takme Kak Top < Max. Bxog He MOXeT NpUHATL UCMOJIHEHWE, MOKa yC/10BMe
ero bapbepa I0XHO. 3ameTbTe, YTO 3TO He 3HAaYUT, YTO TaKo BXOA Hefb3s Bbi3BaTb. [1pocTo
BbI3blBalOLLAA 3ajaya byjeT NpuoCcTaHOB/AEeHa A0 Tex Mop, Moka yc/ioBmMe He CTaHeT UCTUMHHO.
Hanpumep, ecan 3agaya Harry neitaetcs Bbi3BaTb Push, korga crek 3amofiHeH, OHa JOJIKHa
AO0XAATbCH, NOKa Kakas-HMbyab Apyras 3agada (Tom naum Dick) Bel3oBeT Pop 11 0CBOBOAUT BEPXHUI
snemeHT. [locne 3Toro ncnonHeHwe Harry aBTomaTU4ecky Npojo/XMTCa. 3To npomsongeTt 6es
AOMONHUTENbHbBIX AeACTBUM MPOrpaMmMuCTa.

3ameTbTe, YTO BbI30B BXOAA WM 3aLUMLLEHHON NpoLeaypbl BbIMOAHAETCA TakK Xe, Kak 1 Bbi30B
06bIYHOV NpoLeaypbl

Stack.Push (Z);

MozBeaeM UTOr. MexaHM3M 3aLUMLLEHHbIX 06beKTOB A3bika AjJa o6ecneynBaeT 3KCKAH3UBHbIN
AOCTYM K 06LLMM AaHHbIM. B BUAMMOW YacTy 3aLUMLLIEHHOTO 06 beKTa 06 bABAAIOTCS 3aLLUMLLEHHbIE
onepauuy, a 3awmuiaemMble 06HEKTOM KOMMOHEHTbI O6BSABASIOTCA B MPUBATHOW Yactu. Teso
3aLMLLEHHOrO0 06bekTa COAEPXWUT peannsaunio 3allMLLeHHbIX onepaunii.  3alyMieHHble
npoLeaypbl U BXOAbl MPefOCTaBASOT BO3MOXHOCTb YMTaTb/NNCaTb 3alUMLLaeMble JaHHbIE, B TO
BpPeMsi, KaK 3aLuLLeHHble PYHKLMU — TONBKO YMTaTb. ITO OrpaHnNYeHre No3BONASET HECKOBKMM
3aja4aM unTaTb 06LMe AaHHbIE OAHOBPEMEHHO (MPY UCMONB30BaHUN 3aLLMLLEHHBIX GYHKLIMIA),
HO NIMLWUb OZHa 3aZaya MOXET MeHsITb MX. W3-3a 3anpeTa 3aMLeHHBIM GYHKLUUSM U3MEHSATb
AaHHble HaM NPULLINOCH NepenncaTb Pop Kak MpoLeaypy, XOTs B M3Ha4Ya/lbHOM BapuvaHTe 3TO 6bI1a

byHKUMSA.

AHaNoOrnMyHo 3agavaM, Mbl MOXeM 06bSBUTL 3aLUMLLEHHbIV TUM, YTOBbI MCMONB30BaTb €ro Kak
WabfoH AN CO34aHNS 3aLMLLEHHBIX 06BEKTOB. AHANOMMYHO 3a4a4YHOMY TUMY, 3aLMLLEHHbIN
TUM TaKXe ABASAETCS TIMMUTUPOBAHHbIM.

Bbln10 6bl MOYYNTENIBLHO PAaCcCMOTPETh, Kak Mbl 3aNporpaMMmMpoBani 66l 3TOT NpUMepP, NCNOJb3ys
HN3KOYpPOBHEBbIE MPUMUTUBLIL. CTOPUYECKN CNOXWUNOCH, YTO TakKUM MPUMUTUBOM CUMTaETCA
06BbekT cemadop, y KOTOPOro onpejeneHsl iBe onepaunm P (3axBaTtntb) 1V (0cBO60AUTL). DddekT
onepauuu P(sem) cocTouT B 3axBaTe 6/0KMPOBKYM, COOTBETCTBYHOLLEN sem, ecin 6J10KMpoBKa
CBO60OAHA, B MPOTMBHOM C/ly4vae 3ajava NprocTaHaBANBaeTCa 1 MOMeLLaeTCs B oyepesb K sem.
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3¢ dekT V(sem) cocToMT B TOM, UTOBbI CHATL 610KMPOBKY U Pa3byAnTb OAHY M3 3aJa4 oyepesu,
€C/IN OHa ecCTb.

YTo6bI 06ecrneunTb 3KCK3MBHBIA AOCTYN K AAHHBIM, Mbl JO/DKHbBI OKPYXUTb KaXAyto Hally
onepauuto napoi Bbi3oBoB P 1 V. Hanpumep Push 6yaeT Takum:

procedure Push(X: in Float) is

begin
P(Stack Lock); -- 3axBatutb 6/10KMPOBKY
Top := Top + 1;
A(Top) := X;
V(Stack Lock); -- ocBoboantb 6/10KMPOBKY
end Push;

AHanornyHo genaetca ans nognporpamm Clear 1 Pop. Tak 06bI4HO MULLYT MHOM03ajauHblil KOA,
Ha accembnepe. [pn 3TOM eCTb MHOXECTBO BO3MOXHOCTEV COBEPLUNTL OLLMOKY:

* MOXHO NponycTUTb 0A4HY 13 onepauunii P unm V, HapyLwme 6anaHc 610KMpOBOK.

* MOXHO 3a6bITb NOCTaBUTbL 06€ onepauyiv U 0CTaBUTb HYXHbIN KOZ 6€e3 3aLUnThI.
* MoxHO nepenyTtatb UMsa cemadopa.

* MOXHO cnyyainHO 0601TI BbI30B 3aKpbiBatoLLeil onepaumm V npu NCNOAHEHUN.

MocneaHsAs owmbka Morna 6bl BO3HWKHYTb, HanpuMep, ecin B BapuaHTe 6e3 bapbepos, Push
BbI3bIBAETCA MPW 3aNoSIHEHHOM MaccuBe. 3TO MPUBOAUT K BO3BYXAEHWUIO MckoveHuss Con-
straint_Error. Ecan mbl He Hanvwem 06paboTUnK NCKAKYEHNS, rae byaem Bbi3biBaTh V, 06BbeKkT
OCTaHeTCs 3a6/10KMPOBaHHBIM HaBcerja.

Bce 3TV TPyAHOCTU He BO3HMKAIOT, €C/IN MOJIb30BaThCA 3aLUMLLEHHbIMU 06bekTaMu A3bika A4a,
MOCKOJIbKY BCE HUW3KOYpPOBHEBble AeNCTBUA BbINMONHATCA aBTOMaTUYeckn. Ecnm gelictBoBaTh
OCTOPOXHO, MOXHO 060MTUCE ceMadopaMm B MPOCTbIX CAyHasX, HO OYEeHb CNOXHO MONYUUTb
NpPaBUAbHBIA pe3ynbTaT B 6onee CNOXHbIX CUTyaumsix, Takmx, Kak Haw npumep ¢ bapbepamu.
CNOXHO He TOMbKO HanucaTb MPaBUAbHYKO MPOrpamMmy, HO TakXe 4Ype3BblHYaHO C/IOXHO
A0Ka3aTb, YTO MporpaMmMa KoppekTHa.

Bxogbl c bapbepamm ABAAIOTCA MEXaHN3MOM 601ee BbICOKOrO YPOBHS, YeM MeXaHM3M «yCNOBHbIX
nepemMeHHbIX», KOTOPbIA MOXHO HalTW B APYrvX A3blkax NporpaMMmpoBaHus. Hampumep, B
A3bIKe Java, MporpaMmuUCT 0b653aH ABHO Bbi3biBaTh wait, notify n notifyAll gns nepemeHHbIX,
OTPaXaoLLMX COCTOAHMA 06beKTa, TakMe Kak «CTeK MOSIoOH» U «CTeK MyCT». DTOT MoAX0oZ4 YpesaTt
oLIMbKaMn 1 NoABEPXEH CUTYaLMN FOHKW NPUOPUTETOB, B OTIMYMM OT MeXaHU3MOB Abl.

12.3 PaHpeBy

Ewe  ofHMM  CpeAcTBOM  MOAAEPXW  MHOr03aZayHoCcTV  SBASETCS  BO3MOXHOCTb
HenocpeACcTBEHHOro obMeHa JaHHbIMU Mexay AByMs 3ajadamu. B Age 370 peannsoBaHO C
MOMOLLbIO MeXaHW3Ma paHaeBy. /[lBe B3aMMOZENCTByOLLMe 3ajayus BCTyNakT B OTHOLUEHMe
KnneHT-cepBep. CepBep AO/MKEH b6bITb W3BECTEH KANEHTY, HYXAAOLEMYCS B KAaKOM-TO €ro
cepBuce. B 70 e Bpewmsi cepBepy 6e3pa3iMyHo, KaKoro KAMeHTa OH 06C/yXNBaeT.

BoT 06Lumii BUA cepBepa, NPesoCcTaBAstoLLEro e4MHCTBEHHbIN CEPBUC:

task Server is
entry Some Service(Format: in out Data);
end;

task body Server is
begin

accept Some Service(Format: in out Data) do
(continues on next page)
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(continued from previous page)

. -- KOO npepocTaBrANWMNA CEPBUC
end Some Service;
end Server;

Mo cneumdukaumm cepsepa BUAHO, UTO OH MMeeT BXOJ Some_Service. ITOT BXOJ MOXET
ObiTb BbI3BAH TOUHO Tak XXe, KakK BX0J 3alUMLLIEHHOro obbekTa. OTAMUMe B TOM, 4TO KOZ,
NpefoCTaBNAOLWMA CepBUC, HAaXOAUTCA B COOTBETCTBYHOLLEN WHCTPYKUUM NPUHATUSA (accept),
KOTOpas WCMOMHAETCA NMLWb Korga A0 Hee JOXOAUT MOTOK MCNONHeHWa cepsepa. [Jlo 3Toro
MOMeHTa BbI3blBaloLLas 3a4a4a bysaeT oxuaatb. Korga cepep 4OCTUIHET MHCTPYKLNW MPUHATAS,
OHa byAeT UCNOMHEHA, UCMONbL3ys Ntobble NapamMeTpbl, NepeAaHHble KANeHToOM. KnaneHT byaet
OXWNAATb OKOHYAHUSA UCMONHEHUS VHCTPYKLUMW NMPUHATASA, NOC/e Yero Bce napameTtpbl out v in
out NonyyaT HOBble 3HAUEeHUs.

Teno knmeHTa MOXET BbITISAeTb Tak:

task body Client is
Actual: Data;
begin

Server.Some Service (Actual);
end Client;

Kaxablli BXOZ MMeeT COOTBETCTBYHOLLYH ouepedb. EcCnn 3ajadva Bbi3blBaeT BXOJ, a CepBep B
3TOT MOMEHT He OXMAAET Ha MHCTPYKLMN NPUHATASA, TO 3aja4a CTaBUTCs B odepedb. C apyroi
CTOPOHbI, €CIN CeEPBEP AOCTUrAET UHCTPYKLMW NPUHATAS, @ Ovepesb MyCcTa, TO OCTaHaBAMBaeTCs
cepBep. VIHCTPYKUUS MNPUHATUS MOXET HaxoAUTbCA B O6OM MecTe B Tene 3ajauu, rge
[OMNYCKATCA MHCTPYKLMIW, HanpyMep, B O4HOM 13 BeTBel YCIOBHON UHCTPYKUMH (if) nnn BHyTpr
LUMKNa. 3ToT MEXaHN3M OYeHb rMBKNIA.

PaHzeBYy - 3TO MeXaHMV3M BbICOKOrO YPOBHSA (Kak M 3aljuLleHHble 06bekTbl), C1ef0BaTeNbHO,
€ro f1erko NpuMeHaTb NpaBuabHO. COOTBETCTBYHOLLNIM HU3KOYPOBHEBLIM MeXaHU3M odvepesen
TSAXeNI0 NCNoNb30BaTh 6e3 oLMNBOoK.

Tenepb NpuBeseM MprMep MCNob30BaHWs paHAEBY, B KOTOPOM K/JMEHTY He HYXHO OXWAATb
aest B TOM, UTO KJIMEHT NepeaaeT CEPBEPY CCbIIKY Ha BXOJ, KOTOPbI HEOBXOAMMO BbI3BaTb, KOTAA
paboTa 6yneT BbinosHeHa. CHa4dana Mbl 06BSBUM CBOErO POAA MOYTOBLIN AWK, AN 06MEHa
3/1eMeHTaMM HEKOTOPOro T!Ma ltem, KOTOpbI onpeaeneH rae-To paHee

task type Mailbox is
entry Deposit(X: in Item);
entry Collect(X: out Item);
end Mailbox;

task Mailbox is
Local: Item;

begin
accept Deposit(X: in Item) do
Local := X;
end;
accept Collect(X: out Item) do
X := Local;
end;

end Mailbox;

Mbl MOXeM NoAoXUTb 3nemMeHT B Mailbox, uTobbl 3abpath ero nosxe. KaneHT nepejact cCblky
Ha MOYTOBLIM AWK, KyAa CepBep MOMOXUT 3/1eMEHT, a KANEHT 3abepeT ero Tam nosxe. Ham
NOHAA0BUTCS CCbINOYHbIV TUM:

type Mailbox_Ref is access Mailbox;
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KnveHT 1 cepBep ByAyT ciesytoLLero Buaa:

task Server 1is
end;

task body Server is
Reply: Mailbox Ref;

entry Request(Ref: in Mailbox Ref; X: in Item);

Job: Item;
begin
loop
accept Request(Ref: in Mailbox Ref; X: in Item) do
Reply := Ref;
Job := X;
end;

- - BbINOJSIHAEM paboTy
Reply.Deposit(Job);
end loop;
end Server;

task Client;

task body Client is
My Box: Mailbox Ref := new Mailbox;
-- co3pgaeM 3afadyy-rno4qToBbIA AUNK
My Item: Item;
begin
Server.Request(My Box, My Item);

- - 33aHUMAEMCSH YeM-TO MoKa XOem
My Box.Collect(My Item);
end Client;

Ha NMpPakTnke KAneHT Mor Obl BpeMA OT BpPEMEHWN MNMPOBEPATb MOYTOBbIV AWK, JTO nerko

peann3oBaTtb, NCMOb3Y4A yCJ'IOBHbIIZ BbI30B BXO/a:

select
My Box.Collect (My Item);
-- YCMewHo MosayYusan 371eMEHT
else
-- 3JIEMEHT ellje He roToB
end select;

MOYTOBbLIV ALWMK CNYXUT HECKONbKUM LensM. OH oTAensieT onepauuto «rnofioXnTb 1eMEHT»
OT ofepaunn «B3siTb IEMEHT», UTO MO3BOJISIET CEPBEPY CPA3Y 3aHATLCSA CIeAYHOLLM 3aaHNEM.
Kpome 3Toro, oH Mo3BOJISieT CepBepPY HUYEro He 3HaTb O KAMeHTe. HeobxoaMMOoCTb MPSAMOro
BbI30Ba KAMEeHTa npueena 6bl K He06X0AMMOCTU BCErAa MMETb K/IMEHTOB OAHOINO KOHKPETHOro

3a4a4yHoro Tuna, 4YTO COBCEM HEMNPaKTU4YHO.

MOYTOBbLIM SAWMK MO3BONSET HaM o4epTnTb

eAVHCTBEHHOE HEOBX0AMMOEe CBOMCTBO KANEHTA — cyLiectBoBaHMe BbI30OBa Deposit.
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12.4 OrpaHunyeHwms

AnpekTrBa KOMNUAATOPY pragma Restrictions, mcronb3yemMas Ans 3anpeta WCMNo/b30BaHUSA
HEeKOTOPbIX BO3MOXHOCTEN A3bIKa, y>Ke ynoMuHanack B rnasax «besonacHoe OO[M» 1 «be3onacHoe
ynpasneHue namMaTbio».

CyLecTByeT MHOXECTBO OrpaHUYeHWn, KacaroWmxcd MHOrosajavHoctu. HekoTtopble 6binn
N3BeCTHbI elle co BpeMeH Aabl 95, apyrue gobasneHbl B Age 2005 v 2012. BoO3MOXHOCTU
AZbl B 3TOV 06nactu oyeHb o6WMpHLL.  C KX MOMOLLbKD MOXHO CO034aBaTb COBEpPLUEHHO
pasHble MPUNOXEHUS PeanbHOro BPEeMEeHMU. Ho MHOrme m3 HUX O4YeHb MPOCTbl U He
TpebyrT MCMONb30BaHMS BCEX BO3MOXHOCTEN si3blka. BOT HekoTopble MpriMepbl BO3MOXHbIX
orpaHvYeHnn:

* No_Task_Hierarchy
* No_Task_Termination
* Max_Entry_Queue_Length =>n

OrpaHuyeHune No_Task_Hierarchy npegoTBpaliaer co3gaHue 3ajay BHYTPU ApYyrux 3ajad
WA NoANporpamMM, Takum o6bpa3oM, BCe 3ajaun byayT B naketax 6UBANOTEYHOro YPOBHS.
OrpaHuyeHne No_Task_Termination o3HauaeT, UTo BCe 3ajaun 6YAYT UCMONHATBCA BEYHO, 3TO
YaCcTo BCTPEYaeTCss BO MHOMMX YMPaBASOLMX MPUNOXKEHUNAX, FAe Kaxzas 3ajada CoAep>XuT
H6ECKOHEeYHbIN LKA, WCMOAHSALWMIA Kakoe-TO MOBTOpsHOLLeecs JecTBue. Cnegytolee
orpaHuyeHve o6ycnaBnMBaeT MaKCMManbHOe KOAMYEeCTBO 3ajady, OXUAALMX Ha OAHOM
BXOZe B /II060 MOMEHT BPeMEeHW.

YKasaHue OrpaHI/I'uIeHVII7I MOXeT AaTb BO3MOXHOCTb:

* CMONb30BaTh YMNPOLLEHHYH Bepcuto 6UbANOTeKN BpEMEHU UCMONHeHWs. B pesynbtate
MOXHO MONyYNTb MEHbLLYI Mo 06bemMy 1 6onee BbICTPY MPOrpamMmy, YTO CyLLEeCTBEHHO
B 06/1aCTV BCTPanBaeMbIX CUCTEM.

* c|>opMaano 0b0oCHOBaTb HEKOTOpPbIE CBOICTBA nporpaMmbl, Takme KakK AeTepMUHU3M,
OTCyTCTBME B3aWMHbIX 6}'IOKVIpOBOK, CNOCOBHOCTb YNOXNTCA B YKa3aHHble CPOKM
NCNOoMHEeHNA.

CyLLecTBYET MHOXECTBO APYriX OrpaHUYeHui, KacatoLWwmxcs MHOr03a4auHoCTL, KOTOPbIE Mbl He
paccMoTpenu.

12.5 Ravenscar

OcobeHHO BaxHas rpynna orpaHuYeHWin Hanaraetca npodunem Ravenscar, KOTOpblA 6bla
pa3paboTaH B cepeanHe 1990-x M CTaHAAPTU3MPOBAH, Kak 4acTb fA3blka Aga 2005. Ytobbl
rapaHTMpoOBaTh, YTO NPOrpaMMa COOTBETCTBYET 3TOMY NPOPUD, JOCTAaTOUHO HAaNNCATb:

pragma Profile(Ravenscar);

WNcnonb3oBaHwe 060l 13 3anpeLleHHbIX BO3MOXHOCTeN A3bIka (Ha HUX Mbl OCTAHOBUMCS Jasnee)
npuBezeT K oLnbKe KOMAUAALNN.

naBHOM Uenbto Npodunsd Ravenscar ABASeTCA OrpaHUYeHne MHOro3afauyHblX BO3MOXHOCTEN
TaknM 06pa3oM, UTobbl 3$dekT oT NporpaMmel cTan npeackasyembiM. (Mpodunb 6bl1 onpeseneH
MexayHapoaHbiM CUMMO3MYyMOM MO BOMpocamMm PeanbHOro BpemeHu A3bika AAa, KOTOPbINA
NPOXOAUN ABaXAbl B OTAANEHHON AepeBHe PaBeHckap Ha nobepexbe Vopklivipa B cesepo-
BOCTOYHOM AHINN.)

Mpodunb onpeseneH kak Habop OrpaHNYEHUA NAOC HECKONbKO AOMONHUTENbHbLIX ANPEKTUB
KOMMUASITOPY, KaCatoLMXca NAaHMPOBLUMKA U APYrMX NOZOOHbIX Belleld. B 3ToT Habop BxoaaT
TPW OrpaHNYeHus], NpBeAeHHble HaMN paHee — OTCYTCTBME BNOXEHHbIX 333y, 6eckoHeuHoe
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NCMONIHEHME 334a4, OFPaHNYEHNA Ha MaKCMMa/bHbI pa3Mep OYepesn BXOAa B OAVIH /1EMEHT
(T. . TONLKO OAHa 3aJ,a4a MOXEeT 0X1AAaTk Ha JaHHOM BXOZAe).

OpurvHaneHas Bepcva npoouna Ravenscar npegnonarana WCNOSHEHME MPOrpamMmbl  Ha
oAHonpoueccopHo MawmnHe., B Age 2012 B npodunb Jo06aBUAUN CEMAHTUKY UCMOAHEHUS Ha
MHOrOnpoLeCccoOpHOM MallvHe Npu YyCI0BUM, YTO 3a4aun XeCTKo 3akpenneHbl 3a LIMY. Mol ewe
BEPHEMCS K 3TOMY BOMpPOcCy.

CoBmecTHbI 3ddeKkT BCex OrpaHWYeHWn COCTOUT B TOM, UTO CTAHOBUTCA BO3MOXHbIM
chopMynmpoBaTb YTBEPXAEHMA O CMOCOBHOCTU AAHHOW NMPOrpamMMbl YAOBNETBOPSTL XECTKUM
TpeboBaHMAM B LieNsix ee cepTudumkaumn.

Hukakoin apyroii sizbik He NpeAsiaraeT Taknx cpeicTB obecneyeHns HajexHoCTH, Kakme AaeT A3bIK
AJa ¢ BKOYeHHbIM Npoduiem Ravenscar.

12.6 be3onacHoe 3aBepLUeHUe

B HekoTopbIx npunoxeHusx (Hanpumep CYMP) 3agaun ncnonHATCA B6eCKOHeYHo, B ApYyrnx
3afa4n JOXOAAT A0 CBOEro KOHLA M 3aBepLlatoTcs. B 3Tux cnTyaumsx BOMPOCOB, KacatoLLMXcs
3aBepLUeHns 3ajayun, He BCTaeT. Ho 6bIBarOT Clydyan, Korga 3afada, npejHasHadeHHas Ans
6eckoHeYHol paboThl, Ao/KHA OblTh 3aBeplLUeHa, HanpyMep, No NpUYMHE HEKOTOPOM OLINGKMK
obopyAoBaHVSA 3ajava b6onblue He HyxHa. BcTaeT BONpoC, kak HemMeAneHHO U 6e30nacHo
3aBepLmnTb 3a4a4vy. YBbl, 3TV TpeboBaHUA NPOTUBOpPeYaT APYr APYry, 1 pa3paboTumKy HY>KHO
nckaTe Komnpomumcc. K cuacTelo, A3blk Aja npegnaraeT JOCTaTOYHO rmMbkme cpescTBa, YTobbI
pa3paboTyUMK CMOI peann3oBaTb HYXHbIA KOMIPOMUCC. Ho gaxe ecnv npeanoyTeHne OoTAaeTcs
6bICTPOTE 3aBepLUeHUNs, CEMAHTUKA SA3blKa FapaHTUPYeT, YTO KpuUTUYeckune onepauun yayTt
BbIMOJIHEHbI 40 TOrO, Kak CTaHeT BO3MOXHO 3aBepLUNTb 3ajauy.

BaXHbIM MOHATVIEM B 3TOM MOAXOAE SABASETCA KOHLEMNUMA PervMoHa OT/I0KEHHOI0 NpeKkpaLleHus.
3T0 Takol y4acToK KOZa, NCMOJIHEHVE KOTOPOro A0/KHO AOMTH A0 KOHLA, MHaYe CyLLeCcTByeT pUCK
paspyLleHnst pasgensieMblx CTPYKTYP AaHHbIX. [prMepammn MOryT CyXUTb Tena 3alluLeHHbIX
onepauuii 1 onepaTopoB MPUHSATAA. 3aMeTUM, YTO MPU UCMONHEHUM TaKoro pernoHa 3ajada
MOXET 6bITb BbITECHEHA 3aZay4eli C 60/1ee BbICOKMM MPUOPUTETOM.

YT106bI MPOUNNOCTPUPOBATL 3TV MOHATKSA, PACCMOTPUM CeAyHOLLYI0 BEPCUIO 3aZadun cepBepa:

task Server is
entry Some Service(Formal: in out Data);
end;

task body Server is
begin
loop
accept Some Service(Format: in out Data) do
. -- KOO M3MeHeHus 3HadyeHus Format
end Some Service;
end loop;
end Server;

3agava bygeT MCNONHATL Mepuoauyeckm ogHy n Ty Xe paboty. Korga B Hell 6osnblue He
byaeT NOTPebHOCTY, 33Za4a 3aBUCHET Ha UHCTPYKUUU MPUHATUA. ITO HanmoMWHaeT aHabuos
6e3 nepcnekTMBbl NPOBYXAeHVA. He ouYeHb NPUATHAA MbICIb W HE OYeHb MPUSTHLIN CTUb
nporpaMmmMmpoBaHus. MNporpammMa NpocTo BUCHET, BMECTO TOro, YTOObI N3SILLHO 3aBepLUNTLCS.

ECTb HECKO/IbKO CMOCOBOB pa3peLlnThb 3TOT BOMPOC. [1epBblii — 06bSABUTL KIMEHTCKYHO 3aauy
cneumanbHoO 415 TOro, YTO6bI BBIK/THOUNTL CEPBEP, KOTAa KIMEHTCKMX 3anpocoB 60/1blUe He byZeT.
BoT Tak MOXHO onuvcaTb 3agady-naaava:
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task Grim_Reaper;

task body Grim Reaper is
begin

abort Server;
end Grim_Reaper;

MpeaHasHavYeHVe WUHCTPYKUMUKM abort B TOM, UTO6bI MPeKkpaTUTb yKa3aHHY 3ajavy (B Hallem
cnyyae Server). Ho 3TO MOXeT 6bITb PUCKOBAHHO - MpekpaTUTb 3ajadvy HeMeANeHHO, BHe
3aBMCMMOCTM OT TOrO, 4YTO OHa Jenaet B AaHHbIA MOMEHT, OYyATO BbITaWUTb BUJKY W3
po3eTkn. BO3MOXHO, Server HaxoAMTCA B npoLecce UCMOAHEHUA NHCTPYKLMW NPUHATUS BXOAA
Some_Service, 1 NapaMeTp MOXeT ObITb B HECOMIACOBAaHHOM COCTOSHUW. MpekpaLleHne 3ajaun
npvBeno 6bl K TOMY, YTO BbI3blBalOLLAA 3aAadva Noayymnna bbl UCKaXeHHbIe AaHHble, Hanpumep,
YacTUYHO obpaboTaHHbI MaccMB. HO, Kak CKa3aHO Bblille, WHCTPYKLUMS MPUHATUS UmeeT
«OTNIOXEHHOe MpekpalyeHne». Ecnn bygeT monbiTka npekpaTtuTb 3ajady B 3TOT MOMEHT, TO
61bn0oTEKa BpEMEHU UCMONHEHUS 3aMeTUT 3T0 (popmanbHO, 3ajava nepengeT B aBapuiiHoe
COCTOSIHME), HO 3ajaya He byjeT 3aBepLueHa A0 Tex Mop, Moka AANTCS PernoH OTNOXEHHOro
npekpaLleHns, T. e. B HalleM cay4vae 40 KOHLA NCNOAHEHWSA UHCTPYKLMK accept.

[axe ecnv 3aBepLuaemast 3a4a4va He HaXOAUTCSA B pernoHe OTI0XEeHHOro npekpatleHus, adpdekr
He 06sA3aTenbHO 6yAeT MrHOBEHHbLIM., [0OBOpS KOPOTKO, 3aBepluaemMas 3ajada rnepenger B
aBapuiiHoe COCTOsIHME, B KOTOPOM OHa paccMaTpMvBaeTCs, Kak CBOero pofa MpOKaXeHHbIN.
Ecnn kakasa-nnbo 3agaya HebnaropasyMHo NomnbITaeTcs B3aMOAENCTBOBATb C 3TUM HECHACTHLIM
(HanpumMep, 06paTMBLLNCL K OAHOMY 13 BXOA0B 3a4auyK), TO MOAYYUT UckatoueHne Tasking_Error.
HakoHew, ecnn/korga npepBaHHasa 3agada AOCTUTHET N0 TOUKYM MAaHMPOBAHWSA, Takol Kak,
BbI30B BX0OJa WIN NHCTPYKLMA NPUHATUS, TO ee CTpajaHnio NpungeT KoOHew 1 OHa 3aBepLUnTCS.
(Ans peanuzauyunii, nogaepxmnBarowmx MpunoxeHne Cuctem PeansHoro BpemeHu, TpeboBaHUs
K mpekpallieHunto bonee xectkme: rpybo roBopsi, aBapuiiHasa 3ajava 3aBepLUnTCs, KakK TONbKO
OKaXeTCs BHe pervoHa OT/I0XEHHOro npekpaLleHumns.)

3TO MOXeT BbIrNsiAeTb HEMHOro THeTylle W CNOXHO, W AeNCTBUTENbHO, WCMOAb30BaHMe
NHCTPYKLUMW NpeKkpaLleHns 3aTpyAHSeT HamnvcaHue nporpammel, a npuMeHeHne GpopmasnbHbIX
MeTOAOB 3aTpyAHsieT elle 6onblie. [lOMNynspHbIA COBET TYyT - «He Aenaite Tak». MOXHO
MCMNONb30BaTh NpekpaLleHre, Korga Hy>KHO, Hanpumep, CMeHUTb pexuM paboTbl 1 3aBepLUnTb
Lilefloe MHOXECTBO 3ajay. B nNpoTMBHOM cCnyyae, nydlle MCMOAb30BaTb OAHY U3 CNefyHoLLnX
TeXHVK, KOrja 3aBepluaemas 3aZiaya cama pellaeT, KOrAa OHa roToBa ynTu, T. e. 3aBepLueHue
BO3MOXHO TO/IbKO B OCOBbIX TOUKAX.

CnegytoLlas TeXHWKa MCNoAb3yeT CrneunanbHbI BXOA 419 nepejadn 3anpoca Ha 3aBepLueHue.
MpuVHAB Takol BbI30B, 3aja4a 3aTeM 3aBepLUaeTcs 0bblUHbIM CMOCO60M. BOT nantocTpaums sTom
TeXHUKM:

task Server is
entry Some Service(Formal: in out Data);
entry Shutdown;

end;

task body Server is
begin
loop
select
accept Shutdown;
exit;
or
accept Some Service(Format: in out Data) do
. -- Koo U3MeHeHusi 3Ha4deHus Format
end Some Service;
end select;
end loop;
end Server;
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B aToln Bepcnm npumeHsieTcs dopmMa MHCTPYKLMK Select, oXBaTblBatoLLast HECKO/IbKO afibTepHaTUB,
KaXAasi U3 KOTOPbIX HayMHaeTCcs WHCTPYKUMEN MPUHATUA BXoAa. [1pv WUCMOAHEHUN TaKow
WHCTPYKLMW CHavana NnpoBepsaeTcs, eCTb X BbI30BbI, OXKMAAMOLLME NpYeMa Ha 3TUX Bxogax. Ecnn
HeT, TO 3aZ,a4a NPUOCTaHaB/INBALTCA A0 TeX Nop, Noka He NOABUTCA TaKOW BbI3OB (B 3TOM C/lyyae
yrnpasneHve nepejaeTca Ha COOTBETCTBYHLLYHO BeTKy). Ecnu Takol BbI30B OAMH, ynpaBneHue
nepeAaeTcs Ha Hy>XHYH BeTKy. ECIM HECKOBKO, TO BbIGOP BETKM 3aBUCUT OT NOJNTUKIK oYepeseit
BXOJO0B (ecnn peanusauusa nogaepxmsaet MNMpunoxeHne Cuctem PeanbHOro BpemeHu, noanTrka,
Mo YMOMYaHMIO, OCHOBbLIBAETCH Ha NpuopuTeTax).

Takasi popma MHCTPYKLUMN select LIMPOKO MpUMeHSeTC B CepBepHbIX 3aZadax, Korha 3ajgada
NMeeT HecKoJIbKO BXOJ0B, U NMOPSiJOK MX Bbl30Ba (1MH60 KONMYECTBO) 3apaHee He M3BecTeH. B
JaHHOM NprMepe NopsAoK BbI30Ba BXOA0B 13BeCTeH, CHavana Bbi3blBaeTcst Some_Service, a 3atem
Shutdown. Ho Mbl He 3HaeM, CKOJIbKO pa3 Bbl30BeTCs Some_Service, MO3TOMY HaM MOHaZ06uCs
OEeCKOHEYHbIN LK.

Kak n B npeablayLlemM nprmMepe, HaMm HyXHa oTAeNbHas 3ajava AN 3aBeplueHus cepepa. Ho B
3TOM Cny4ae, BMeCTO MHCTPYKLMM NpepbiBaHNS 3a4a4m byaeT Bbi3biBaTbCsA BXxo Shutdown:

task Grim_Reaper;

task body Grim Reaper is
begin

Server.Shutdown;
end Grim Reaper;

Mpwn ycnosumn, uto Grim_Reaper HanmcaH KOppeKTHO, T. e. Bbi3biBaeT Shutdown nocne Bcex
BO3MOXHbIX BbI30BOB Some_Service, noaxoj C Mcnonb3oBaHueM Shutdown oTBeyaeT HalnMm
TpeboBaHVAM K 6e30MmacHoO ocTaHOBKe 3ajauyn. LleHa, koTopyto Mbl nAatMm 3a 3TO0 —
AONONHUTENbHAsA 3a4epXKa, MOCKONbKY 3aBepLUeHMe He NPONCXOANT MTHOBEHHO.

AZa npegnaraeT elle OAVH MOAXOA K 3aBepLUeHUt0, B KOTOPOM HeT HeobXOAMMOCTU KakoWn-
TO M3 3ajady 3anyckaTb NMpoLecc OCTaHOBKW. lges cocTouT B TOM, 4UTO 3ajadya 3aBepLumTcs
aBTOMaTNYeCKn (Mpy COAENCTBMM BUBINOTEKN BPEMEHW CMOTHEHNS), KOTAa NOSIBUTCA rapaHTus,
YTO 3TO MOXHO cAenaTb 6e30nacHo. Takyto rapaHTUIO MOXHO AaTb, €C/IV 3aja4a, MetoLLIas OANH
NN HECKONbKO BXOAOB, BUCUT Ha MHCTPYKLUMK select 1 HN oAHa M3 BeTBel 3TOW MHCTPYKLMM
He MOXeT 6bITb Bbl3BaHa. YTO6bI 3TO BbIPA3UTb, CyLLECTBYeT CreunasbHbIi BapnaHT BETBU
NHCTPYKUMK select:

task Server is
entry Some Service(Formal: in out Data);
entry Shutdown;

end;

task body Server is
begin
loop
select
terminate;
or
accept Some Service(Format: in out Data) do
. -- KopO M3MeHeHus 3HadyeHus Format
end Some_Service;
end select;
end loop;
end Server;

B aToMm cnyuae, korga Server foigeT A0 NHCTPYKUMK select (nnm ByzeT oxxmaaTb Ha Helt), cuctema
BpeMeHU WCMONHEHUS MOCMOTPUT BOKPYr U OMNpefenuT, eCTb /I XOTb OAHa XMBas 3a4ava,
MMeloLLas CCbiIKy Ha Server (U TakMm 06pa3oM MMerLas BO3MOXHOCTb BbI3BaTb €ro BXOA).
Ecnn Takmx 3agay HeT, TO Server 3aBepLuMTCcst 6€30MacHO M 3TO MPOU30MAET aBTOMATUYECKMU.
B aToM cniyvae HeT BO3MOXHOCTW UCMONHUTL KaKOW-MB0 KOA ANst OUNCTKN CTPYKTYP AaHHbIX
nepeg 3aBeplieHneM. Ho B ctaHgapte Aga 2005 6bina fob6aBneHa BO3MOXHOCTb OMpejeniTb
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06paboTUnK 3aBepLUeHNs, KOTOPbIV ByeT BbI3BaH B NMpoLecce 3aBepLUEHIs 3a4a4l.

K npeunmyLLiecTBaM 3TOro NoAaxoza OTHOCKUTCSA N1IErKOCTb MOHVMAaHUS MPOrpaMMbl U HAAEXHOCTb.
HeT pucka, kak B Apyrnx BapmaHTax, 3abbiTb OCTAaHOBUTL 3aZayvy WAV OCTAaHOBUTb ee C/INLLKOM
paHo. HejocTaTok - B CyLLeCTBOBaHWM HakNaAHbIX PacXoAoB, KOTOpble HeceT 6ubanoTeka
BPEMEHW NCNOMHEHNS MPY BbINOMHEHNN HEKOTOPbLIX ONepaLmii, Aaxe eciv 3Ta BO3MOXHOCTb He
NCrnonb3yeTcs.

MogBeseM nTor: Aza NpeAoCTaBNsSEeT Pa3/INUHble BO3MOXHOCTM W MOALAEPXMBAET Pa3/INUHbIe
NoAXOAbl K 3aBepLUEHNIO 3aZad. VIHCTPyKUMS MpepbiBaHVS MMeeT HalMMEeHbLUY 3aepkKy
(XOTS 1 OXWAAET BbIXOAA U3 PErMOHOB C OT/I0XKEHHbIM MpPepbIBaHNEM), HO MOTYT BO3HUKHYTb
Npo6aemsbl, KOrga 3asaya He HaxXoAUTCS B MOAXOASILLEM A5 3aBePLUEHNSt COCTOSIHUN. Bxog ans
3anpoca 3aBepLUeHus peLluaeT 3Ty NpobnemMy (3aZadva 3aBepLUaeTCs TONbKO KOrga NpuMeT 3anpoc),
HO yBeNMYMBaEeT 3aJepXKy 3aBepLueHns. HakoHel, MoAxos CO cneuuanbHON anbTepHaTUBOM
3aBepLUeHusi Hanbonee 6e3onaceH (MOCKONbKY N36aBAsET OT PyYHOro yNpaBieHsi 3aBepLUEeHNEeM
3a4a4n), HO BBOAWT AOMONHUTENIbHbIE HAKNAAHbIE PACXOAbI.

Cpean BO3MOXHOCTel, KoTopble Aga msberaeT CO3HaTeNbHO, BO3MOXHOCTb AaCUHXPOHHO
BO3OyANTb WCKAKOUYEeHMe B Apyroi 3agadve. [logobHasi BO3MOXHOCTb ©Oblna, Hampumep, B
n3HayasbHOM BapuaHTe A3blka Java. MeTtog Thread.stop() (Tenepb CUMTANOLLMIACA YyCTapeBLUMM)
MO3BONAET JIerkO PaspyLLnNTb pa3jensemMbsle AJaHHble, OCTaBMB X B HECOr1acoBaHHOM COCTOAHMN.
NckntoueHuna B Afe Bcerga BbIMOMHAKTCA CUHXPOHHO U He MMeKT 3To npobaembl. KoHeuHo,
HY>KHO aKKypaTHO MOAXOANTb K MCMOAb30BaHNIO NCKAOYEHWI. Hanpumep, NporpamMMmCT JoKeH
3HaTb, YTO eCIM OH He obpabaTbiBaeT WCKAOUEHWS, TO 3ajadva MNpPOCTO 3aBepLUnTCa npu
BO3HVKHOBEHUW UCKIKOYEHUS, a UCKOYeHe nponageT. 3aTo C/I0XKHOCTeN C aCMHXPOHHbLIMMU
NCKNHOUYEHUAMU YAAN0Ch 136exaThb.

12.7 Bpema n ny1aHUpoBaHue

HaBepHoe, HeNb34 3aKOHYNTb MaBy 0 MHOIro3aa4HoCT B AZle, He OCTaHOBUBLLMNCH Ha BpeMeHN
N NAaHNPOBaHNN.

Ectb WMHCTPYKUMWN  ANA CUHXPOHM3aUMn UCNOHEHNA TMPOrpamMmMbl € 4YacCaMu. Mbl MOXeMm
npMoCTaHOBUTb MporpaMMy Ha HEKOTOprVI NMPOMEXYTOK BpPEMEHN (Tak Ha3biBaemMad
OTHOCUTE/IbHAA 3a4ep>KKa VICNONHEeHWs), Nnbo 40 HacTynneHnsa HY>KHOro MOMeHTa BpeMeHW:

delay 2*Minutes;

delay until Next Time;

nNpeAnosioxXnM, YTO CyLLecTBYHOT obbsaBneHMa ana Minutes n Next_Time. He6onbline
OTHOCUTEfNIbHbIE 3aJlepPXKM MOTyT OblTb MOME3Hbl A8 WHTEPAKTUBHOIMO WCMOAb30BaHUS,
B TO BpeMsA Kak 3ajepXka A0 HacTynjieHUs MOMEHTa MOXeT 6biTb WCMOoAb30BaHa ANs
NporpaMMmMpoOBaHNS Mepuoanyecknx cobbiTUi. Bpema MOXHO M3MepAaTb YacaMy peanbHOro
BpeMeH (OHW rapaHTUPYOT HEKOTOPYH TOYHOCTB), IN60 0KaNbHBIMU Yacamu, MoABePXXeHHbIMY
TaknM GaKTOpPOM, Kak nepexos Ha netTHee Bpems. B Age Takxe yunTbiBatOTCA BpeMeHHble 30Hbl U
BMCOKOCHbIE CeKyH/bI.

B crangapt Asa 2005 6biam AobaBneHbl HECKONBKO TaiMepoB, Npu cpabaTbiBaHUN KOTOPbIX
BbI3blBaeTCA 3alyulleHHas npouedypa (06paboTtumk). EcTb Tpy Tuna TalimepoB. [lepBbii
n3mepsiet Bpems LMY, ncnonb3oBaHHOe KOHKPETHOW 3aja4el. ipyroi namepsieT obLni brogxeT
rpynnbl 3agad. TpeTuini OCHOBaH Ha Yacax peanbHOro BpemeHW. YcCTaHoBKa 06paboTymka
BbINOJIHAGTCA MO NPUHLMNY npoueaypbl Set_Handler.

MpounnrcTpypyem 370 Ha 3ab6aBHOM MNpuMepe Bapku aunL. Mbl 06bSBUM 3aLMLLEeHHblIE 0O6BbeKT
Egg:

protected Egg is
procedure Boil(For Time: in Time Span);

(continues on next page)
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(continued from previous page)
private
procedure Is Done(Event: in out Timing Event);
Egg Time: Timing Event;
end Egg;

protected body Egg is

procedure Boil(For Time: in Time Span) is
begin

Put Egg In Water;

Set Handler(Egg Done, For Time, Is Done'Access);
end Boil;

procedure Is Done(Event: in out Timing Event) is
begin

Ring The Pinger;
end Is Done;

end Egg;

Monb3oBartenb HanWLeT Tak:

Egg.Boil(Minutes (10)); -- sy4we cBapuTb BKPY Tyl

-- yuTaeMm noka ANLo Bapntca

1 ByANNBHUK 3a3BEHUT, KOrja aliLo byaeT rotoso.

MnaHnpoBaHMe 3ajaeTca AnpekTnsoi komnunaTopy Task_Dispatching_Policy( nonnTunka). B Age
95 onpegeneHa nonnTunka FIFO_Within_Priorities, a B Age 2005, B MNpunoxeHun Cnucrtem PeanbHOro
BpemeHn — ewje Heckonbko. C MOMOLLbIO 3TON ANPEKTMBBLI MOXHO Ha3HauUTb MOAUTUKY
BCEM 3ajZayaM WaM 3afadam, MMeLVM NpropuTeT 13 3aZaHHOro jmanasoHa. [lepeuncnmm
CyLLecTBytoLLME MONUTUKN:

* FIFO_Within_Priorities — B npegenax kaXAoro ypoBHsi TpropuTeTa € 3TON NONTUKON 3aja4n
NCMNOJHATCA MO NPUHLMNY NepBbli-npuLLen-nepsbli-Bbilen. 3ajayn ¢ 6onee BbICOKUM
NPUOPUTETOM MOTYT BbITECHATL 334341 C MEHBLLUNM NPUOPUTETOM.

* Non_Preemtive_FIFO_Within_Priotities — B npegenax Kaxzoro ypoBHs npuopuTteTa C 3TOMn
NOMINTMKONM 3aja4n UCMONHAKOTCS, NMOKa He OKOHYaT BbIMOAHEHWe, byayT 3a610KMpPOBaHbI
VAN BBIMONHAT MHCTPYKLUMIO 3adepXxku (delay). 3agada c 6onee BbICOKMM NPUOPUTETOM
HEe MOXEeT BbITECHUTb WX. 3Ta MNOJNTUKA LUMPOKO WCMOJb3yeTCsd B MPUIOXKEHUAX C
NoBbILLEeHHbIMW TPeboBaHMAMUN K 6€30MacHOCTN.

* Round_Robin_Within_Priotities — B npegenax Kaxjoro YpOBHS npuoputeTa C 3TOWN
NONNTUKOM 3aZadaM BbIAENSIOTCA KBaHTbl BPEMEHW 33aJaHHOM MPOAOIKUTENBHOCTU.
3Ta TPaAMLMOHHAA MOANTMKA MPUMEHSAETCS C MepBbIX AHelV MOsBNeHWS napaniefbHbIX
nporpamMm.

« EDF_Across_Priotities — EDF 370 cokpaiwieHune Earliest Deadline First. Ob6waa wunaes
cneayrolas. HasagaHHOM Arana3oHe ypoBHen NpuopmuTeTa Kaxas 3ajada MeeT KparHum
cpok ncnonHeHus (deadline). cnonHaeTcsa Ta, y KOTOPOY 3TO 3HaUeHMe MeHbLLe, 3TO HoBas
nonnTuKa. [ins ee NCNoNbL30BaHNA pa3paboTaH creunanbHbIl MaTeMaTUYeCcKnin annapar.

AZia No3BONSAET yCTaHaBAMBATL 1 AUHAMNYECKN N3MEHATL NPUOPUTEThI 33434 1 Tak Ha3blBaeMble
rpaHM4YHbIe MPUOPUTETHI 3aLUMLLEHHbIX O6BHEKTOB.  ITO MO3BOASeT M3bexaTb npobnemsl
NHBEPCUN NPUOPUTETOB, Kak onurcaHo B [9].

Crangapt Aza 2012 BBen MHOXeCTBO MO/Ie3HbIX YCOBEPLUEHCTBOBAaHWN, KacaloLmxcs
BpeMeHN N MNNaHUPOBaHUA. BOMBLUMHCTBO W3 HWX He KacatoTCA TeMbl 3TOro 6yksera, HO
Mbl 3aTPOHEM 3/ecb OAVH W3 BOMPOCOB, Ternepb OTPaXeHHbI B CTaHAapTe — Moajepka
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MHOFOMPOLECCOPHBIX/MHOTFOSIAEPHbIX  MNaTHOpPM. 3Ta npobnema BK/IKYaeT CheiyloLyme
BO3MOXHOCTU:

* Maket System.Multiprocessors, rge onpegeneHa ¢yHKUWS, BO3BpaLLaloLLas KOANYeCTBO
ury.

* HoBbIli acnekT, NO3BOAAOLLMIA Ha3HAUNTb 3a4a4y gaHHOMY LIMY.

« [louepHnin naketr System.Multiprocessors.Dispatching_Domains no3BonsieT BblAennTb
AManasoH NpoLeccopoB, Kak OTAeNbHbIA «AOMEeH AucrneTyepur3aumm», a 3aTeM HasHavaTb
3a@a4¥ Ha UCMONHEHWE 3TUM AOMEHOM NMB0 C MOMOLLBIO acnekToB, MMH60 MPU MOMOLLN
Bbl30Ba NojnporpamMmel. [ocne aToro 3agada byaeT NCNonHATLCA NtobbiM LIMY 13 3agaHHoro
AnanasoHa.

+ OnpegeneHvie aupekTuBbl komnunaTopy Volatile nomenann. Tenepb OHa rapaHTupyeT
KOPPEKTHbIA MOPAZOK OMepaumini YTeHWs W 3anncy BMeCTO TpeboBaHWS YKa3aHHOW
nepeMeHHOM HaxXoANTLCA B MaMsATK, Kak Bbi10 paHbLLe.

12.7. Bpems n nnaHnposaHue 29
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CHAPTER
THIRTEEN

CEPTUOUNKALNA C MOMOLLBIO SPARK

B ob6nactax C NoBbIWEHHbIMY TpeboBaHUSIMM K 6e30MacHOCT M HAAEXHOCTU MpUIoXeHne
0643aHHO  6bITb  KOPPEKTHbIM. JTa KOpPeKTHOCTb obecneymBaeTcs cneumanbHbIMU
dopmanbHbIMK npoueaypamn. Korga Aeno kacaetcsa 6e30MacHOCTW, OLIMOKa B MPUIOXKEHUN
MOXEeT CTOUTb YesI0BeYECKOM XM3HU AN KaTacTpodbl (MM NPOCTO 6biTb OYEHb JOPOroW, Kak,
Hanpumep, OWNGKN B YNpaBAeHUN KOCMUYeCKMMM annapaTamu 1 paketamu). Owwmrbka B 0co60
HaZEXHbIX MPUIOXEHUAX MOXEeT MPUBECTM K KOMMpOMeTaLMn HaLMoHanbHOM 6e3onacHocTy,
yTpaTe KOMMep4eckoin penyTaLmm UM NPOCTO K Kpaxe.

MpUNOXeHNS MOXHO KnaccuduUmMpoBaTb COracHO MOCAeACTBUM OT CH60A MPOrpamMMHOro
obecneyenuns. CTaHaapTbl aBMaLOHHON 6e3onacHocTn DO-178B [1] u DO-178C [2] npegnaratoT
cnesyroLlyto knaccnbukaumio:

* YpoBeHb E Hukakon: HeT npobnem. [Npumep — oTkasana pasBiekaTesibHas cuctema? 3To
Aaxe npukossHo!

* YpoBeHb D HU3KMIA:  HEKOTOpoe Heyz06CTBO. MpumMep — oOTKasana cucTema
aBTOMAaTWYeCcKoro TyaneTa.

* YposeHb C BbICOKUI: HeKOTOpble nospexaeHuns. MNpuMep — xecTkaa nocagka, nopesbl n
yLInGsI.

* YpoBeHb B onacHbIii: ecTb XepTBbl. [prMep — HeygauHas Nocazka ¢ NoXxapom.

* YpoBeHb A KkaTacTpoduueckmii: aBmakatacTpoda, Bce MepTBbl. [pyMep — MOAOMKA
CUCTEMBbI yNpaBieHus.

Cnep,yeT OTMETUTb, XOTA OTKa3 CNCTEMBbI passnequMM N OTHOCUTCA K YPOBHHIO E, HO, eciv NunoT
HEe MOXET BbIK/IOYNTL €e (HaanMep, UTOBbI CcaenaTb Ba)XHoe 06bABAEHME), TO 3Ta OLLIMbKA
NOBbILWAET YypOBEHb CUCTEMbI pa3B]’Ie‘-IEHI/IVI 4o D.

Ans Hanbonee KPUTUYHBIX MPUIOXEHWIA, rae TpebyeTcs cepTudUKaLumm B COOTBETCTBYHOLLMX
opraHax, HefoCTaTOYHO MMeTb KOPPEKTHY mporpammy. HeobxoAMMO Takxe fokasaTb, UTO
nporpamMma KOppekTHa, UYTO HaMHOro Tskenee. ITO TpebyeT MCMOMb30BaHUA GOpManbHbIX
MaTeMaTnyecknx MeToZoB. OTa 1 CTano NPUYNHON BOSHUKHOBEHUSA A3bika SPARK.

STarnaea ABnseTcs kpaTkumM BeegeHneM B SPARK 2014, 3To Hanbonee cBexas Ha JaHHbIA MOMEHT
Bepcua A3blka. B Hei ncnonesyetca cnmHTakcnc Aga 2012 Ana ykasaHUA KOHTPAKTOB, TakMX Kak
npea- n nocr-ycnosus. Takum obpasom, SPARK 2014 - 3To NoAMHOXeCTBO fA3bika Aga 2012 ¢
HEKOTOPbIMU JOMOAHUTENBHBIMU BO3MOXHOCTAMMK, obneryarowumm ¢opmManbHblii aHanns3 (3Tu
BO3MOXHOCTU WCMOJIb3YOT MEXaHN3M acrnekToB, PacCMOTPeHHbIV B rnase «besonacHble TUMb
JaHHbIX»). [TporpaMma Ha Age 2012 MOXeT MMeTb KOMIMOHEHTbI, HannCcaHHbIe C UCMOJIb30BaHNEM
BCeX BO3MOXHOCTEN Afbl, 1 Apyrre KOMMOHeHThl Ha s3bike SPARK (koTopble 6yayT MMeTb SIBHYHO
OTMeTKy 06 3Tom). KommnoHeHTbl Ha SPARK MoryT 6biTb CKOMAWAMPOBaHbI CTaHAAPTHbLIM Aja
KOMNUASATOPOM K ByAyT MMeTb CTaHAaPTHY Afa CEMaHTUKY BO BPeMs WUCMOMHEHWS, HO OHW
Nydlle nogaatoTca Metogam ¢opManbHOro aHaansa, YeM octalibHble KOMMNOHEHTHI.

KomnoHeHTbl SPARK Kpome KOMNUAAUMKW  CTaHAAPTHbIM - AJa KOMMUISATOPOM ele W
AHaNM3NPYIOTCA C MOMOLLBIO NHCTPYMeHTapus SPARK. 3TOT MHCTPYMeEHTapmnii MOXEeT CTaTUYecku
YZAOCTOBEPUTLCS B UCMONHEHUN KOHTPAKTOB (TakuX, KakK npeg-ycnoBus 1 NocT-yc/oBUS), KOTopble
06bIYHO MPOBEPSAIOTCS BO BpeMs UCMNOAHeHWs.  Kak cnepctsue, 3TW MPOBEPKU BpemMeHu
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NCNONHEHNA MOryT OblTb BbIKOYeHbl.  UHCTpymeHTapuin SPARK, ncnonb3yemblii B GNAT,
Ha3blBaeTca GNATprove. [lanee B 3TOl rn1aBe Mbl NpejnosaraeM 1UCnoJib3oBaHve ANA aHann3a
VIMEHHO 3TOr0 MHCTPYMEHTa.

BaxHo oTMeTUTb, uTo SPARK MOXHO MCMNOMBb30BaTh Ha PasHbIX YPOBHAX. Ha caMom npocTeiiuem
Aza nporpamma, yaosneTtsopstoLLasa nogmHoxectsy SPARK, MoxeT 6bITb MpoaHann3npoBaHa 6e3
AONOMHUTENBHBIX YCUANA. HO Mbl MOXEM YKPennTb OrnncaHne nporpammel, 06asne pasinydHble
acnekTbl OTHOCUTENIbHO NMOTOKa MHGOPMAaLMK, YTO MO3BOAUT UHCTPYMEHTapUIo Npoeecty 6onee
CKPYMyfe3HbI aHanu3 nporpaMmel. B KOHLe KOHLIOB, MO/Ib30BaTe b CaM BblbupaeT, 406aBNSATb
NAN HeT JaHHble acnekTbl, B 3aBUCUMOCTM OT XapakTepa NpoeKkTa, B TOM Yncsie oT TpeboBaHnM K
Heob6XxoANMOMY YPOBHIO 6e3onacHocT MO 1 NOANTUKM BepuduUKaL K.

Mbl HauHeM c b6ornee I'IO,CI,pO6HOI'O PaCcCMOTPEHNA OCHOBHbIX KOHLLenumnii KOPPEKTHOCTN W”
KOHTPakToB.

13.1 KoHTpaKThl

YTo Mbl NogpasymeBaem noj KoppekTHbimM [10? HaBepHoe, 06LMM onpegenieHeM MOXeT ObiTb
Takoe — [0, KOTOpOe AenaeT TO, YTO Mpeanonaran ero aBTop. [Jns NpocTor o4HOPa30BOM
nporpaMMbl 3TO MOXET 03HayaTb MPOCTO pPe3y/bTaT BbIYUCNEHWA, B TO Bpems Kak ANs
60/1bLLOr0 aBMALMOHHOIO MPUIOXKEHNS 3TO byjeT onpeAennTbCs TEKCTOM KOHTPaKTa MeXAy
NPOrpamMMm1CTOM 1 KOHEYHbIM MOJib30BaTeeM.

Naea koHTpakToB B 0o6nactn MO pganeko He HoBa. Ecam Mbl mocMoTpum Ha 6ubamnoTeky,
paspaboTaHHble B Hadane 1960-X, B 4acTHOCTX, B MaTeMaTLU4yeckon 06nacTy, HammcaHHble Ha
Algol 60 (3TOT A3bIK NOAB30BaNCA NOMNYNAPHOCTLIO NPWY My6ANKaUMN NOAOGHBLIX MaTepnanos B
yBaxaeMblx XypHanax, tmna Communications of the ACM n Computer Journal), Mbl yBUAUM
NoApPO6HbIe TpeboBaHWUS K MapameTpaM, OrpaHNYeHns Ha AManasoH UX 3HaYeHWid 1 npoyee.
CyTb 341eCb B TOM, YTO BBOAMUTCH KOHTPAKT MeXJy aBTOPOM MOAMPOrpaMmbl U ee Nosib30BaTes1eM.
Monb3oBaTenb 0653yeTcs NpeAoCTaBNTb NOAXOASLLME NapaMeTpbl, a NoANporpaMMma 06sa3yeTcs
BEPHYTb KOPPEKTHbIN pe3ynbTar.

JeneHve nporpaMMbl Ha pasfivyHble 4acTuM - 3TO XOPOLUO W3BECTHbIA MOAXOA, a CyTbio
npouecca MPOrpamMMUpPOBaHMA SABAAETCS OMpejefieHVe 3TUX COCTaBHbIX YacTeil K, Takum
obpasom, nHTepdencoB Mexay HUMW. ITO MO3BOASAET pa3pabaTtbiBaTb OTAeNbHble 4acTu
He3aBMCMMO Apyr OT Apyra. Ecan Mbl Hanuwiem Kaxayto 4YacTb MPaBUIbHO (T. €. OHW 6yayT
BbIMOMHATE KaX/as CBOK YaCTb KOHTPAKTa, OnpeaensieMoro nHTepdencom) n ecnm Mol npaBuabHO
onpeAenvan nHTepdericel, To Mbl MOXeM bbiTb YBepeHbIl, 4TO, CObpaB BCe YaCTV BMeCTe, Moy4nMm
GYHKLMOHMPYIOLLYIO MPaBUIbHO CUCTEMY.

FOpPbKWUA OMbIT FOBOPUT HaM, UYTO B XM3HW BCe He COBCeM TaK. [lBe BeLUM MOryT MOMTW He Tak:
C OJHOW CTOPOHbI, onpejeneHns NHTepdencoB 3a4acTyto He ABNAIOTCH AOCKOHANbHbIMU (eCTb
Ablpbl B KOHTPaKTax), C APYror CTOPOHbI, UHAMNBUAYaNbHbIE KOMMNOHEHTbI PaboTatoT HeNpaBUIbHO
AW NCMONB3YHOTCA HenpaBW/IbHO (KOHTPaKTbl HapyLlatoTcst). W, KOHEeYHO, KOHTPaKTbl MOryT
ANKTOBATb COBCEM He TO, UTO Mbl IMENV BBUAY.

JTro60MbITHO, YTO eCTb HeCKONbKO CMOCOBOB YKa3aTb KOHTPAKTbl Ha MPOrPaMMHbIe KOMMOHEHTbI.
B nepsyto ouvepegb, v ncropmyeckn SPARK HacTtoaTenbHO pekoMeHAyeT fenatb Tak, MOXHO
YKa3blBaTb KOHTPAKTbl C CaMOro Havana. O6bIYHO 3TO Ha3bIBAtOT «KOPPEKTHOCTb C MOMOLLbIO
MOCTPOEHMS», a TakXe «AeknapaTiBHas BepnduKkaums», Korga Kaxgbli NporpaMMHbIA MOAY b
COZEep>XUT KOHTPAKT B ero cneyundrkaym. KoHTpakT MOXHO pacLieHBaTh, Kak ABHO BblpaXeHHble
HN3KOYpOBHEeBble TPeboBaHVA K MPOrpaMMHOMY MOZyA. Ecan KOHTPaKT MpOTMBOPEYUT Kogy
MOZYNS, TO 3TO ByAeT 06HapyXeHO 40 Hadana UCMOAHeHNs NporpaMMbl. oAbl MCMOAL30BaHNS
SPARK B Takmx obnactax, kak aBuaumsa, 6aHkoBckas chepa, ynpaBneHune xenesHo JOPOrown,
NO3BOJIAIT Y6eAUTLCA, UTO BEpPOATHOCTb MOJYUUTb KOPPEKTHYK MporpamMmy MosblLLaeTcs U,
6onee TOro, O6LIAA CTOMMOCTb Pa3paboTky, BKAOYAA ¢a3bl TECTUPOBAHUA W UHTeErpauuu,
yMeHbLLaeTCs.

XoTa Takon noaxon 3PdekTMBeH ANA HOBbIX MPOEKTOB, €ero npuMeHeHne MOXeT 6biTb
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3aTpyAHUTENBHO B Cydaax JopaboTku cyuwlectBytowero MO. B cBA3n ¢ atmm, SPARK
noAfep>XuBaeT APYror CTuab pPa3paboTKW, HasblBaeMbli «MopoxAarowwas BepudrKaLms».
Echn kog He cogepxnT KoHTpakTtoB, GNATprove MoXeT CMHTE3MpPOBaTb HEKOTOPbLIE U3 HUX Ha
OCHOBe Tefia Mogyns. TakiM 06pa3omM, MPOoeKT MOXeT ABMraTbCs OT MOpoXAatoLLer BeprdumkaLmm
K AeknapaTWUBHOM MO Mepe pa3BUTUS cucTeMbl. bonee Toro, kak Mbl 06bACHUM ganee, SPARK
2014 nossosseT paspaboTymkam KOM6MHMPOBaTb $OpMasibHble MeTOAbl C TPAAULMNOHHBLIMY,
OCHOBAaHHbLIMU Ha TECTUPOBAHWN.

[JaBaiiTe Tenepb paccMoTpum 60/ee MOAPOBGHO [ABa BOMPOCA, KAacalLIMXCs, BO MepBbIX,
McyepnblBalOLLEro onpezeneHns MHTepdelica, BO BTOPbIX, MPOBEPKN KOAAa peanvsaumm Ha
cooTBeTCTBME UHTepdelicy. MNpoLue NoZoNTY K STOMY B TEPMUHAX AeknapaTUBHOW Bepudmnkaumu,
XOTS 3TU Xe KOHLeNLMM TakxKe NPYMeHMbI K MeToZy NopoXAatoLLeli Bepudukaumm.

B npeane, onpegeneHvie nHTepdeiica AOMKHO CKpbIBaTb BCe HeCyLLeCTBEHHble JeTann, HO
ocBelllaTb BCe CyllecTBeHHble. [pyrMmun cnoBamy, Mbl MOXeM CKa3aTb, 4YTO OnpegefieHune
NHTepdeiica JOMKHO 6bITb O4HOBPEMEHHO KOPPEKTHBIM W MOJTHbIM.

B kauyectBe npoctoro uMHTepdeiica paccMoTpum UHTepdeinc noanporpaMmbl.  Kak Mbl yxe
yrnoMwuHann, |/|HTepc|>e|7|c AO0JKEH ONMUMCbIBaTb UENMKOM KOHTPAKT MeXay Mnonb3oBatenieM WU
aBTopoM. [JeTanun peanusaumn HaM He WHTepecHbl. YTobbl pas3nnyaTb 3TW ABa acnekTa,
MONIE3HO WNCNONBb30BaTb JBa Pas/INYHbIX A3blka MPOrpaMmmMnpPoOBaHNA. HEKOTOpre A3bIKU
NpeACTaBAAT MOANPOrpaMMy Kak HekU HeJennMblli KycOK KOAa, B KOTOPOM peanusauus He
oTaennma ot uHTepodelica. B 3ToM KpoeTcs npobsema. ITO He TONbKO 3aTPyAHSIeT NpPoBepKy
NHTepdeiica, NOCKONbKY KOMMAUAATOP Cpasy TpebyeT KoA BMecTe C peanmnsalmeid, Ho 1 noowpsieT
nporpaMMmcTa nucatb Ko OfHOBPEMeHHO C dopmynvpoBaHuem UHTepdelica, UTO BHOCUT
nyTaHWLy B NpoLiecc paspaboTku.

CTpykTypa nporpaMmbl Ha Age pasgenseT nHtepdelic (cneyndurkaumio) oT peanmsavummn. 3T0
BEPHO Kak AN OTAeNbHbIX NOANPOrpaMM, Tak U AAs UX rpynn, 06beAnHEHHbIX B NakeTbl. ITO
rnaBHas NpPUYKMHA TOro, noyemMy AZia Tak XOPOLLO NOAXOAMUT Kak ocHoBa Ana SPARK.

Kak ynomunHanocb paHee, MHOr4a oyeHb YA06OHO, KOrAa TOMbKO YacTb NPOrpaMMbl HanmMcaHa Ha
SPARK, a apyrue yactu Ha Aze. Yactn SPARK oTmeuaroTcs ¢ nomoLbto acnekta SPARK_Mode. OH
MOXeT yKa3blBaTbCA 415 OTAEeNbHbIX MOAMPOrpaMm, HO yi06Hee yka3biBaTb ero Aid BCcero nakeTa.
Hanpumep:

package P
with SPARK Mode is

B A06aBOK K 3TOMY, 3TOT peX1M MOXHO BKAHOUNTE MNP MOMOLLN ANPEKTUBLI KOMMUAATOPY. ITO
YyAO06HO, ecnv HE06XOAMMO YKa3aTb PexXnM A4S BCel NporpamMMbl (MCNonb3ysa Gaiin KoHpurypaumm
gnat.adc):

pragma SPARK Mode;

JononHutensHyto nHopmauumo o6 unHTepdeinice B SPARK MOXHO nepeaaTb MpU MOMOLLN
MexaHu3ma acnektos Aga 2012. ThaBHas uesib WCMOJIb30BaHUSA 3TUX acrekToB — YBeINYNTb
KoJIn4ecTBo nHbopmMaumn 06 nHTepderice 6e3 npefocTaBIeHNS NNLLHWX JeTasleil 0 peannsaumm.
Ha camom gene, SPARK no3BonsieT ncnosib3oBaTb MHGOPMALIMIO Pa3HOro YPOBHS AeTann3auum B
3aBUCUMOCTM OT MOTPEBHOCTEN MPUITOXKEHMS.

PaccMOTpMM MHGOPMaLMIo MpeAoCTaBAseMyto CnesytoLei cneumonkaumeri:

procedure Add(X: in Integer);

OTKPOBEHHO TOBOPS, 34eCb ee COBCEM Mano. VI3BecHO TO/MbKO TO, 4UTO Mpouedypa Add
MNPVHVMAET eAMHCTBEHHBI MapaMeTp Tuna Integer. 3TOro A0CTAaTOYHO, YTO6LI KOMMUASTOP
MMeN BO3SMOXHOCTb CO34aTb KOZ As BbI30Ba npoueaypbl. HO Mpy 3TOM COBEPLLEHHO HAYEro He
N3BECTHO O TOM, YTO NnpoLeaypa genaeT. OHa MOXeT AenaTb Bce, YTo yrogHo. OHa BOO6LLE MOXET
He MCNoNb30BaTb 3HauveHue X. OHa MOXET, K MPUMepY, HaXOANTb PA3HOCTb ABYX FNo6anbHbIX
MepeMeHHbIX 1 MeyvaTaTb pe3ynbTaT B HeKOTOpbI daiin. Ho Tenepb pacCMOTPUM, UTO CYYUTHCS,
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ecn ecivt Mbl Ao6aBnM SPARK-KOHCTPYKLMIO, ONPeAensitoLLyto, Kak NCNOoNb3YroTCs robanbHble
nepemMeHHble. Mbl Mpejnonaraem, Y4To nNpolesypa onpejeneHa B nakeTe, A1s KOTOPOro BK/OYEH
pexumM SPARK_Mode. Cneuundurkaumsa morna 6bel 6biTe Tako:

procedure Add(X: in Integer)
with Global => (In Out => Total);

AcnekT Global yka3biBaeT, 4UTO efMHCTBEHHONM MepemMeHHON, AOCTYMHOWM B 3TOW npoueaype,
apnsetca Total. Kpome Toro, ngeHtudumkatop In_Out roBopuT, 4TO Mbl ByAeM MCMOJIb30BaThb
HadanbHoe 3HauveHue Total 1 BelYNCIUM ee HOBOe 3HadeHne. B SPARK ecTb gonosIHUTENbHbIE
npaswna Ana napamMeTpos rnognporpaMmm. Xota B Aje Mbl Bripase He UCMOoJ/Ib30BaTh napamMmeTp X
Boob6LLe, B SPARK napameTpbl C pexXrMoM in OXHbI 6bITb NCMOJIb30BaHbI B Te/ie MOAMNPOrpamMmbl.
B npoTnBHOM ciiydae Mbl NofydnM npegynpexaeHue.

Tenepb Mbl 3HaeM HaMHOro 60sbLue. Bei3oB Add BblUMCINT HOBOE 3HayeHKe Total, ncnonb3osaB
JANs 3TOro HavanbHoe 3HaueHue Total 1 3HaveHne X. Takke n3BecTHo, To Add He MOXET N3MEeHUTb
uTO-NMbO ewe. OnpeseneHHO, OHa He MOXEeT HUYero neyatatb UM UMeTb Apyrne NobouHble
3ddexTbl. (AHaNM3aTop OOHAPYXUT 1 OTBEPrHET NpPorpamMMy, ecm 3TV YCI0BUA HapyLLAKTCS.)

Ee3ycn0|3Ho, TaKow KOHTPAaKT HeMb34 CHNTATb 3aBepLUeHHbIM, MOCKOJ/IbKY N3 HEro He CiejyeT, uTo
NCNoJib3yeTca onepauna CZIoXKeHNA, UTObbI noayynTb HOBOE 3Ha4YeHne Total. YkazaTb 3T0O MOXHO
C NOMOLLbH NOCT-ycnoBuA:

procedure Add (X: in Integer)
with Global => (In Out => Total),
Post => (Total = Total'Old + X);

MocT-ycnoBune O0fHO3HAYHO onpejenseT, YTo HOoBOe 3Ha4veHue Total paBHO CyMMe HayanbHOro
3Ha4YeHus (0603HaueHHoro kak 'Old) n 3HaveHna X. Tenepb cneundrikaLmns 3aBepLUeHa.

Takxke eCTb BO3MOXHOCTb yKa3aTb npeg-ycioBue. Mbl MOXeM MoTpeboBaTb, UTObbl X 6bI10
NOSIOXMTENbHBIM 1 MPY CNOXEHNN HE BO3HWK/0 NepenonHeHne. 3T0 MOXHO cAjeNaTb CNefyroLm
obpasom:

Pre => X > 0 and then Total <= Integer'lLast - X

(OrpaHuyeHme Ha NONOXUTENbHbIE 3HaYeHUs X nyJLle Obl10 6bl BbIpa3uTb, MCMOAb30BaB TMM Pos-
itive B 06BbABNEHNM NapamMmeTpa X. Mbl BKOUMAW 3TO B Npeayc/ioBye NLLb B AEMOHCTPALMOHHbIX
Lensax.)

Mpea- 1 NocT-yc1oBuUs, Kak 1 Bce acnekTbl SPARK, He ABnA0TCA 0ba3aTensHbIMU. ECan oHU He
yKa3saHbl ABHO, Npejnonaraercs 3HadeHune True.

Elle oanH acnekT, KOTOPLIA MOXHO yKka3aTb, 3To Depends. OH onpegensieT 3aBUCMMOCTA MeXAY
HaYaNbHbIMY 3HAYEHUSIMU MapPaMETPOB U MEPEMEHHbIX N UX KOHEYHbBIMW 3HaYeHUAMUK. B ciyuyae
c Add 370 BbIrISANT Tak:

Depends => (Total => (Total, X))

3/ecb NPOCTO CKa3aHO, YTO KOHeYHoe 3HayeHue Total 3aBUCUT OT ero Ha4anbHOro 3Ha4eHus
n 3HayeHns X. OAgHaKo, B 3TOM CJlyyae, 3TO U Tak MOXHO y3HaTb M3 pexuma napameTpa U
rnobanbHOMV NepeMeHHOM, MO3TOMY 3TO He JaeT HaM HOBOW MHbOopMaLmn.

Kak mMbl yxxe roeopuan, Bce SPARK-acnekTbl ABAAKOTCA HeobA3aTenbHbIMU. HO, eCn OHW YKa3aHsl,
TO BYAyT CTaTU4Yeckn BepupnLMpOBaHbI NpY aHanm3e Tena NognporpaMmel.

B cnyyae ¢ npeg- v nocT-ycnoBreM byaeT caenaHa NonbiTka 4okasaTb CieaytoLlee:

Ecan npeaycnoBue UCTUHHO, TO (1) He NMpoun3onaeT OLWMOBOK BpPeMEHU UCMOAHEHUA U (2) ecan
noAnporpamMmMa 3aBepLUMTCs, TO NOCTYC/10BMe b6yAeT BbIMOAHEHO.

Ecinm KoHTpakT He 6yaeT BepuduumpoBaH (Hanpumep, GNATProve He CMOXeT fOKa3aTb
NCTUHHOCTb MNpej- U MOCT-yC/I0BMIA), TO aHaNMU3aTop OTBEPrHeT MOAy/b, HO KOMMuaaTop Aga
BCe eLle MOXeT CKOMMUINPOBAaTL ero, npespaTtmus MNpes- 1 NocT-yc/IoBUSA B NPOBEPKN BpeMeHN
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ncnonHeHusa (ecnn Assertion_Policy paBHa Check). Takmm obpa3om, Mcnosib3oBaHWe 06LLero
cuHTakcmnca ana Aga 2012 n SPARK 2014 npefoctaBnseT 3Ha4YUTeNbHYHO rTMBKoCTb. Hanpumep,
pa3paboTyumk cHayana MOXeT MPUMEHATL MPOBEPKM BO BPEMS UCMONHEHWS, @ 3aTeM, KOra Koa u
KOHTPaKT byAyT OTNaXeHbl, MeperiTy K CTaTu4eckor BepudrkaLmn.

ONs KpUTUYECKUX CUCTEM JaHHas cTaTuyeckas BepudurKaLms oueHb BaxHa. B 3Toli o6nactu
HapyLUeHne KOHTPaKTa BO BPEMS UCMOTHEHWS HEAOMYCTVMMO. Y3HaTb, UTO YC/IOBME HE BbIMOSHEHO
TO/IbKO B MOMEHT UCMOMIHEHWS, 3TO He TO, UTO HaM HyXHO. JonyCcTUM, Y Hac ecTb NpeA-yc1oBue
ANIS Mocajkn camoneTa:

procedure Touchdown(...)
with Pre => Undercarriage Down; -- waccu BbIMyueHo

Y3HaTb O TOM, YTO LUACCUN He BbIMYyLWEHO TOJ/IbKO B MOMEHT NOoCajgkKn CaMo/ieTa 6y,EI,ET CINWLIKOM
nosgHo. Ha camoMm jgene, Mbl XOTUM 6bITb yBe€peHbIl, 4YTO rNnporpamMmma 6bina npoaHannsnmpoBaHa
3apaHee N rapaHTUpyeTcd, YTo Takad CMTyauna He BOSHUKHET.

3TO NOABOAMT HAC K CejytoLLeMy BONPOCY rapaHTUiA TOro, YTO peanm3aums KOPpPeKTHO NCMOTHAET
NHTepdencHbIi KOHTPakT. WHOrAa 3To HasblBatOT OTNajkon. Booblue ecTb yeTbipe cnocoba
06HapPYXUTb OLLUNGKY:

1. C nomMoLLb0 KOMNUASTOpa. Takme oWN6KN 06bI4YHO UCMPaBUTbL JIErko, MOTOMY YTO KOMMUAATOP
rOBOPUT HaMm, 4TO He Tak. 1. Bo BpemMs MCMOMHEHWA C MOMOLLbIO MPOBEPOK, onpeAeseHHbIX
A3bIKOM. HanpuMep, A3blK rapaHTVpyeT, YTO Mbl He 0bpallaemMcs K 3/leMeHTy 3a npejenamu
mMaccmBa. OObIYHO Mbl Moayyaem cooblieHMe 06 owmnbke M MecTo B Mporpamme, rge oHa
npovsowna. 1. Mpu NoMoLm TeCTUpoBaHUS. B 3ToM cyyae Mbl 3anyckaem Kakine-To nprmMepsbl 1
pasMblLLSEM Haj HEOXUAAHHBIMY pe3yibTaTaMu, MbITasgCb MOHATb, YTO MO0 He Tak. 1. Mpun
Kpaxe nporpaMmMbl. OBbIYHO NMOC/Ee Kpaxa OCTaeTCst O4eHb Maso AaHHbIX N MOUCK MPUYNHBLI MOXET
6bITb O4eHb YTOMUTENBHbIM.

MepBbIVi TWMN, Ha CaMOM Jene, AO/KEH ObiTb pacllnpeH, 4Tobbl 0603Ha4aTb «A40 Haudana
MCMONHEHNS MPOrpaMMbl». TakMM 06pa3oM, OH BKIHOYAET CKBO3HOWM KOHTPO/Ib NMporpammbl 1
Apyrve peuleHsupyroLle MeToibl, B TOM YMCIe CTaTUYeCKUiA aHanmn3 UHCTPYMeHTapreM Tuna
GNATprove.

OueBMAHO, YTO 3TK YeTbipe Crocoba ykasaHbl B MOpsAAKe BO3PaCTaHUA TPYAHOCTU. OLwmnbku
TeM jlerye JI0KaAN30BaTb N UCMPaBUTb, YeM paHblLe OHWM OBHapyXeHbl. Xopolune cpeAcTBa
NPOrpaMMmMPOBaHNSA MO3BONAIOT NMepeMecTUTb OLMOKN K3 KaTeropum ¢ 60/bLNM HOMEPOM
B KaTeropmio € MeHbLUMM. XOPOLUNA A3bIK NPOrpaMMMPOBaHNSA MPefoCTaBifeT CPescTBa,
no3BongawoLe orpagntb cebs OoT OWMOOK, KOTOpble TPYAHO HaWTW.  A3bliK Ajga xopoll
6narogaps CTpOror TMNM3aumMm 1 NpoBepkamM BpeMeHW UCMosHeHns. Hanpumep, npaBuibHoOe
NCNONb30BaHMe NepeyncIMMbIX TUMOB NpeBpaLlaeT CI0XKHbIE OLLMBKM TUMa 3 B MPOCTble OLLNGKM
Tvna 1, Kak Mbl NPOAEMOHCTPUPOBaNM B rnase «besonacHble TUMbl JaHHbBIX».

naBHas uenb A3bika SPARK cocTouT B TOM, UTObbLI 3a CUET ycuieHUs onpegeneHns nHrepodeiica
(KOHTPaKTOB) MepeMecTUTb BCe OLLMOKM U3 APYrUX KaTeropuii, B njeane, B kateroputo 1, ang
TOro, 4To6bl OOHAPYXNTb VX A0 MOMEHTa 3anycka npunoxeHus. Hanpumep, acrekt Globals
npefoTBpaLLaeT ciyvalriHoe n3MeHeHMe rnobanbHbIX MepeMeHHbIX. AHANOrMYHO, 06HapyXeHe
noTeHUManbHbIX HapyLLUEeHWA Npej- U NOCT-yCNoBUI BbIIMBAaETCA B oWnbKkK 1-ro Tvna. OAHako,
NpoBepKa, YTo Takme HapyLleHNs HEBO3MOXHbI, TpebyeT MaTeMaTnyecknx AoKa3aTenbCTB. IJTO
He Bcerga npocto, HO GNATprove cnocobeH aBTOMaTU3MPOBaTb 6OJMbLUYKD YacTb MnpoLecca
JloKa3saTenbCTBa.
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13.2 SPARK — nogMHOXXecTBO fi3blka Aja

AZa - 3TO [JOBOJIBHO C/NOXHbIA $A3bIK MNPOrpaMMUPOBAHNSA W MCMNONb30BaHWE BCeX ero
BO3MOXHOCTel 3aTpyAHAEeT MOJHbIA aHanu3 nporpaMmel. COOTBETCTBEHHO, MOAMHOXECTBO
a3blka Aga, ncnonblyemoe B SPARK, orpaHnumBaeT Habop AOCTYMHbLIX CPeACTB. B OCHOBHOM,
3TO KacaeTca NnoBeAeHNs BO Bpems MUCMOAHeHUA. Hanpumep, OTCYTCTBYHOT CCbUIOYHbIE TUMbI (a
CleloBaTeNbHO U ANHaMNYecKoe pacnpejeneHmne namaTin) u o6paboTka NCKNHOUEHNA.

MHorosazauyHocTb, B ee MoJIHOM BapuaHTe, MMeeT OYeHb C/IOXKHYH CEMaHTUKY UCMOSHeHUs. Ho
npw ncnonb3oBaHUKY Ravenscar-npoduasa oHa BCe Xe nognexmt opmanbHOMY aHanmsy. Raven-
scar Bowlen B Bepcuto SPARK 2005 n ero nnaHmpyetcs Ao6aBuTb B cnefytoLlyo Bepcmio SPARK
2014 (k MOMeHTY NepeBoja 6poLLypbl yxe AobaBreH).

BOT cnncok HeKoTopbIX OrpaHnyeHunii, BBoAnMbIx SPARK 2014:

* Bce BblpaxeHNs (B TOM 4Ymcie BbI30Bbl QYHKLMIA) He MPOU3BOAAT MOGOUHBIX 3PPeKToB.
XoTta dyHKumm B Aga 2012 MoryT nMeTb NapameTpbl C pexmnMoM in out 1 out, B SPARK 3T10
3anpeweHo. PyHKUMN He MOTyT U3MeHATb robasibHble nepemMeHHble. T OrpaHnNYeHus
NMOMOratoT rapaHTMPOBaTh, YTO KOMMNUAATOP BOJIEH BbIGMPATL 060 NOPAAOK BbIUMCIEHUA
BblpaXXeHU M MOAYEPKMBAIOT pasnMuve Mexay npouesypamu, Ubsi 3ajadvya U3MeHATb
COCTOSIHME CUCTEeMbI, 1 QYHKLMSMU, KOTOPbIE JIVLLb aHaAV3VPYHT 3TO COCTOSTHME.

+ CoBMelLeHVe nMeH (aliasing) 3anpelaetca. Hanpumep, Henb3sa nepejasaTb B npoLeaypy
rnobanbHbI 06 LEKT MpY MOMOLLM OUt AKX in out NapaMeTp, ecin OHa 06paLLaeTcs K Hemy
HanpAMyto. 3TO orpaHuUyeHe jenaeT pesynbTaT paboTbl 6onee NPo3payHbIM 1 NO3BOJIAET
y6eanTbCsa, UYTO KOMNWUAATOP BOMEH BblibpaTb 060N cnocob nepegayn napameTpa (no
3HAYEHWIO UK MO CCbIJIKE).

* VIHCTpyKUMA goto 3anpeLleHa. To orpaHnyeHne obneryaeT ctaTuyecknin aHanms.

* icnonb3oBaHne KOHTPONNPYEMbIX TUMOB 3arnpeLeHo. KOHTpOI’II/IpyEMbIE TUMNbI MPUBOAAT K
HeABHbIM BbI30BaM NoAnporpamMm, reHepnpyemMbiX KOMMNUNIATOPOM. OTcyTCTBI/Ie ncxoaHoro
KOAda AJid 3TUX KOHCprKLI,I/IM 3aTpygHAET NCrnosb3oBaHme q>op|v|aanb|x MEeTOo40B.

B gononHeHme K 3TuM orpaHudeHusM, SPARK npeanucbiBaeT 6onee CTPOryt MOJUTUKY
NHUUManmsaumnm, yem Aga. O6bekT, NepesaBaemMblil Yepes in UK in out napameTp, AOMKeH 6bITb
MOMIHOCTLIO NHULMANN3MPOBAH A0 Bbl30Ba NpoLeypbl, a out napaMeTp — A0 BO3BpaLLeHns 13
Hee.

HecmoTpa Ha 3Tn orpaHuyveHunsi, TMOAMHOXECTBO #3blka, Moagepxusaemoe SPARK, Bce
elle JOBONbHO Beanko. OHO BKAKOYAeT TUMbl C AUCKPUMUHAHTAMU (HO 6e3 CCbINOYHbIX
AVCKPUMUHAHTOB), Terosble TUMbl N AUCNeTYepusanmio, TUMbl C AUHAMUYECKUMN TpaHnLamu,
OTPEe3KN MacCMBOB W KOHKaTeHauuto, CcTaTuveckue MpeAmKaTtbl, YC/IOBHblE W KBaHTOPHblE
BblpaXeHWs, GYyHKLIMN-BbIPAXEHWS, HacTpanBaeMble MOAYNN, fOYepHME MOAYAN U CybMoaynu.
Pekypcusi gonyckaeTcs, a cTaHAapTHas 61ubanoTeka KOHTeHepPOB MOXeT BbITb MCMO/b30BaHa A5
CO3JaHUA CJIOXKHbIX CTPYKTYP AAHHbLIX B YC/I0BUSAX OTCYTCTBUS CChINOYHBIX TUMOB 1 ANHaMMYECKOro
pacnpegeneHnsa namatu.  SPARK Takke npeanaraeT cpeicTBa B3aMMOAENCTBUSA C BHELUHUM
OKPY>XeHMeM MpY MOMOLLM acnekToB, KacaroLLMXCa «M3MeH4YMBLIX» (volatile) nepemMeHHbIX (T. e.
nepemMeHHbIX, MNOABEPXEHHbLIX aCUHXPOHHOMY UTEHUIO 1 3anncu).

B kpuTnueckmx 061acTsx, rae MCnonb3oBaHMe TakMX CPeACTB, Kak AnHaMmnyeckoe pacnpejesneHme
naMaT HeXenaTe/lbHO, pPaHHMe Bepcun A3bika SPARK gokasany CBOK WCKIOUUTESIBHYIO
NnoJiIe3HOCTb. Tenepb xe SPARK 2014 cywecTBeHHO paclwmpun Habop paspeLueHHbIX
BO3MOXHOCTe A3blKa.
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13.3 PopmanbHbie MeTOAbl aHa/IN3a

B 37Ol rnaBe Mbl Mbl KOPOTKO MOABITOXUM HEKOTOpble acrnekTbl MeXaHu3Ma ¢opmanbHOro
aHanus3a, NCroJsib3yeMoro nHctpymeHtapviem SPARK.

Bo nepB.ebiX, eCcTb ABe GOPMbI MOTOKOBOrO aHanNM3a:

* [TOTOKOBbI aHaNW3 3aBUCKMOCTEN AaHHbIX YUYNTbIBAET MHNUMNANN3aUNMKO NepeMeHHbIX U
3aBNCNMOCTU MeXAy AaHHbIMW BHYTPW NoANporpamMmm.

* [IOTOKOBbIV aHaNM3 MOTOKOBbLIX 3aBUCKMOCTEN YUnUTbIBae€T B3aMOCBA3N pPe3y/1bTaToOB
noagnporpaMmm n nNx BXo4HbIX AaHHbIX.

MoTOKOBbIV aHanM3 He TpebyeT OT Mo/b30BaTeNs 60/bLUMX YCUAWA, YeM YKa3aHWs acrnekToB
rnobanbHbIX MepeMeHHbIX W acnekToB 3aBUCMMOCTEN, U, pasyMeeTcs, ydeTa MpaBui SA3blKa
SPARK. lobaBneHnsi 3TMX acnekToB NO3BOSET NPOBECTM 60/1ee NoAPO6HbIN MOTOKOBbLIV aHaNn3
N 06HaPYXNTb 60/bLLE OLINBOK Ha PaHHEN CTagni.

BaxHOW BO3MOXHOCTbH MOTOKOBOI0 aHan3a aBaseTcs o6Hapy>KeH|/|e HENHNLUMNaNN3NPOBaHHbIX
nepemMeHHbIX. UT06bl BOCMO/Ib30BATLCS 3TUM, HeO6XOAI/IMO n3beratb 3ajaBaTtb «MYCOPHbIe»
Ha4Ya/lbHbl€ 3HaYeHNA MO YMO/IYaHWKO, NMPOCTO «Ha BCAKUIA cnyl-|a|7|», KakK Mbl y>X& OroBapumBain
3TO B rnaBe «be3onacHbIi 3anycCk», MOCKOJIbKY 3TO 3aTPYAHUT HaXoXAaeHne OLINBOK MOTOKOBLIM
aHann30M.

Janee, cywiecTByoT popManbHble NpoLecckl BepuprkaLmm, kKacatoLwmecs 40Ka3aTenbCTB:

+ dopManbHasi BepndurKaLmsa CBOCTB HAZEXHOCTL (T. €. rapaHTUA OTCYTCTBUS BO36YXAEHWs
npesonpeseneHHbIX UCKTHUYEHNA);

« ®dopmManbHas BepnpmkaLmsa GyHKLNOHANBbHbIX CBONCTB, OCHOBAHHbIX HAa KOHTPAKTax, Taknx
KaK Npea-ycnoBums 1 NOCT-yCI0BUS.

B cnyvae ¢ dpyHKLMOHANBHBIMW CBOMCTBAaMU, KOTOPbIE KpOMe Mpej- U NOCT-YyCO0BUIA BKNHOUAOT
B cebs MHBAPWaHTbl LMK/IOB U YTBEPXAEHWs, Kacarllnecs TUMNOB, aHanuMsatop reHepupyet
NpeAnoNoOXeHNs, KOTopble HeobXoAMMO [OKa3aTb ANA rapaHTUPOBAHUS KOPPEKTHOCTU
nporpaMMbl.  3TW NPeAnoaoXeHNs M3BECTHbI, Kak ycioBus Bepudurkaumm (verification condi-
tions, VC). A foKa3aTenbCTBO MX Ha3bIBaOT NCMOJIHEHNEM YC/IOBUIA Bepudpukaumn. 3a nocnegHme
rogbl Mpou3oLlen 3HauYUTeNbHbI MNporpecc B 06/1aCTV aBTOMAaTUYECKOro [J0Ka3aTe/ibCTBa
Teopewm, 6narogaps yemMy GNATprove cnocobeH aBToMaTUYeCcKn NCMONHATL MHOXECTBO YCNOBUIA
BepudmKaumm. Ha MOMEHT HanNMCaHNSA 3TOro TeKCTa UCMONb3YyrTCA TexHonorum Alt-Ergo n CVC4,
HO MOXHO MCMONb30BaTb U Apyre CUCTeMbI OKa3aTeNnbCTB TEOPeM.

BaxHO OTMeTUTb, YTO Jaxe B OTCYTCTBUM MNpeA- WU MOCT-yCIOBUIA aHanM3atop CrnocobeH
reHeppoBaTb MPEeAnOsIOXKEeHNs, COOTBETCTBYIOLLME MPOBEepPKaM BPEMEHW WCMONHEHNUS A3bIKa,
TakMM Kak MpoBepka AuanasoHa. Kak Mbl AeMOHCTpUpoBanu B rnase «besonacHble TuMbl
AAHHbIX», MOAO6Hble MPOBEPKN aBTOMATUYeCKM BCTABASKOTCH, 4YTO6bl rapaHTUpPOBaTb, 4TO
nepeMeHHast He MOAYyYUT 3HAYeHWIA BHe AManasoHa 3HAYeHWA COrNacHO ee O6BABNEHUIO.
AHanornyHble NpPoBepKM KOHTPONMPYIOT MOMbITKL YTEHWS/3anncy 3N1eMeHTOB 3a rpaHnLamMm
MaccmBa. [lokas3aTenbCTBO 3TUX MPEANONOXEHU AEMOHCTPUPYET, YTO YC/IOBUSA He HapyLLATCS
M NporpamMma He COAEPXWUT OLIMOBOK, MPUBOAALLMX K BO3OYXAEHUIO UCKIOYEHWA B MOMEHT
NCMONHEH WS,

3aMeTM, UTO WCMOJSIb30BaHME [0Ka3aTeNbC(TB He ABfeTcs 06s3aTeNbHbIM. SPARK 1
COOTBETCTBYHOLLNIA MHCTPYMEHTaPUI MOXHO MCMO/Ib30BaTb Ha Pa3HbIX YPOBHAX. 15 HEKOTOPbIX
NPUNOXEHUA AOCTAaTOYHO WCMO/b30BaTb MOTOKOBLIA aHanu3. Ho ans Apyrux MoXeT 6biTb
3KOHOMMYECKM LienecoobpasHo Takxke MpPoOBeCcTM U1 [0Ka3aTeNnbCTBO KOPPEKTHOCTW. Ha
CaMOM Jene, pasfinyHble YPOBHW aHann3a MOryT 6bITb MCNOAb30BaHbI A1 Pa3anNYHbIX YacTel
nNporpamMMbl. 3TOro MOXHO A0BUTLCH, NCMONb3YS pa3NnUHbIe BapmMaHThl acnekta SPARK_Mode.

13.3. ®opmasnbHbIe MeTOAbl aHaN3a 107



BesonacHoe U HaAeXXHOoe NporpamMmMHoe ob6ecneyeHuve

13.4 'mépunpHaa Bepnomnkaumsa

MpoBezeHve ¢opmanbHO BepudMKauum AN BCero KoAa MporpaMmbl  MOXeT  6biTb
HeLLenecoobpasHo No caesyLMM NPUYMHAM:

YacTb NporpaMMbl MOXET MCM0/b30BaTb BCE BO3MOXHOCTU AZbl (M BOO6LLE MOXET BbiThb
HanwucaHa Ha Apyrom s3bike, Hanpumep C), 1, cnefoBaTeNbHO, He NogjaeTca popManbHOMY
aHanusy. Hanpumep, cneundukaumsa naketa MoxeT nMmeTb acnekT SPARK_Mode, a Tteno
naketa — Het. B 3Tom ciydae mHPopmaumsa o KOHTpakTax u3 cneundukaumm naketa
MOXeT BbITb MCMO/Ib30BaHa NHCTPYMeHTaprem ¢opManbHOro aHanmn3a, XoTs aHaans caMmoro
Tena naketa byzeT HeBOo3MoOXeH. [Jna He-SPARK moaynein Heo6XxoAMMO MCNONb30BaTb
TPaAVNLNOHHbIE METO/bl TECTUPOBAHMS.

Jlaxke ecny Npy HanMMcaHUK KOMMOHeHTa mcnonb3yeTcd SPARK NogMHOXECTBO A3blka, He
BCerfa BO3MOXHO BbIPa3nTb Tpebyemble cBOMCTBA GOPMaNbHO WM 0Ka3aTb UX C yYETOM
TEKYLLUMX BO3MOXHOCTE MPUMEHAEMOro WHCTPYMeHTapua. AHaNOrMyHo, NMpUMeHeHue
TeCTUPOBAHWA HEO6XOAMMO AN5 AeMOHCTPAaL MM 3aaHHbIX CBOMCTB.

CnegyroLlime NHCTPYMEHTBI A4N19 MOALEPXKN Takoro poja «rmbpuaHoi sepudumkaLnmy» BXOAAT B
coctaB GNAT TexHonormw.

Mopoxaatowasn sepndurkaums. GNATprove mMoxeT 6biTb UCNOAbL30BaH ANA aHanusa Aga
MOZy/iel BHe 3aBUCMOCTU OT pexuma SPARK, utobbl onpesennTb HesaBHbIE 3aBUCKMOCTU
AAHHbIX.  DTOT MOAXOA, KOTOPbIA paHee Mbl Ha3BanW «MNopoxAaroLwas sepudburkauunsy»,
No3BoAAeT NPUMEHNTb PopMasbHble MeTOAbI NMPU ANS YyXKe CyLLIeCTBYHOLLIeN KOZ40BOW 6a3bl.

Pesynbtatel GNATprove.  GNATprove MoOXxeT 0Tob6pa3vTb CBOWCTBa MOAMPOrpaMmel,
KOTOpble OH HE MOXET YCTaHOBUTb, YTO O3Ha4YaeT, HarnprMep, BO3MOXHOCTb MOAB/IEHUS
OLIMBOK BO BPeMS NCMOAHEHNSA. 3TO MOXET NOMOYb MOJIb30BaTeN0 B HaNWUCaHWW TeCTOoB,
6o yKasaTb, rae Heo6XoANM AaNbHENLINI aHaNu3 KoAa.

Onumn komnunsTopa.  HekoTopble M3 KAtOYelr KOMMUAATOPA MO3BOMAKT MONYUUTb
AOMONHUTENbHbIE  MPOBEPKM  BPEMEHW  WUCMONHEeHUs AN TakMX  OWMKboK,  Kak
nepecekatoLmecs napaMmeTpbl UV HeAeNCTBUTENbHblE CKanspHble 06beKTbl, B MOAYNSX,
AN KOTOPbIX HEBO3MOXEH pOpPManbHbI/ aHanms.

MHcTpymeHT GNATtest. Mpy nomMowm acnekTos (WIN AVPEKTUB KOMMWUIATOPY),
cneynduryHbix ana GNAT, MOXHO onpeaennTb 419 AaHHOM noAnporpamMMbl «GopmManbHble
TeCcToBble Clydan». ITO COBOKYMHOCTb TpebyeMblX YCNOBWUA Ha BXOAe B MOAMPOrpaMmy
N OXuAaembiX YCI0BUIA Npu Bbixode u3 Hee. WHcTpymeHT GNATtest vcnonb3syer 3Ty
nHopmMauuIo 419 aBTOMaTU3aUMKM NOCTPOEHNA Habopa TeCToB.

13.5 NMpumepsl

B kauectBe npmMmepa, pacCMOTpPUM BEPCUHO CTEKa C YKa3daHMeEM NMOTOKOBbIX 3aBUCMMOCTEN (aCI'IEKT
Depends) 6e3 ncnonb3oBaHWsA Npea- U NOCT-yC/I0BUIA:

package Stacks
with Spark_Mode

is

type Stack is private;

function Is Empty(S: Stack) return Boolean;
function Is Full(S: Stack) return Boolean;

procedure Clear(S: out Stack)

with Depends => (S => null);

(continues on next page)
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(continued from previous page)

procedure Push(S: in out Stack; X: in Float)
with Depends => (S => (S, X));

procedure Pop(S: in out Stack; X: out Float)
with Depends => (S => S,
X =>S);

private
constant := 100;
type Top_Range is range 0 .. Max;
subtype Index_Range is Top Range range 1 .. Max;

type Vector is array (Index Range) of Float;
type Stack is record
A: Vector;
Top: Top_Range;
end record;
end Stacks;

Mbl gobasunu dyHkumm Is_Full n Is_Empty, KoTopble MPOCTO CYUMNTBIBAOT COCTOSIHME cTeka. OHW He
MMerT acnekToB.

Ansa octanbHbIX noAanporpamMM Mbl gob6aBuanm acnekTel Depends. OHK NO3BONSAOT yKas3aTtb, OT
KaKuX aprymMeHTOB 3aBWCUT AaHHbIA pe3ynbtaT. Hanpumep, ana Push ykasaHo (S => (S, X)),
UTO O3HAYaeT, UYTO KOHeuHoe 3HayeHue S 3aBUCUT OT HaYaJIbHOro 3HayeHna S 1 HavyanbHOro
3HayeHMa X, 4TO, B [JAHHOM rpuMepe, MOXHO BbIBECTW U3 PexrmMoB napameTpoB. Ho
N36bITOYHOCTb — 3TO OAVH U3 K/HOUEeNn AOCTUXEHUS HaAeXHOCTW. Ecam acnekTbl 1 pexmnmbl
napamMeTpoB NPOTMBOPEeYaT APYr ApYry, TO 3TO byAeT 06HapyXeHOo aBTOMaTUYeckn Npy aHanunse,
UTO, BO3MOXHO, MO3BO/INT HANTK OLLMGKY B CrieLmndurKaymm.

O6bsiBNeHNss B MPUBATHOM YacTu 6bIIN M3MEHEHbI, UTObbl AaTb MMEHa BCEM WCMO/b3yeMbIM
noATnMNam, XoTsa 3TO 1 He siBAsieTcs 0bs3aTenbHbIM B SPARK 2014,

Ha 3ToM ypoBHe He HYy>XHO BHOCUTb KakKnX-11M60 N3MEHEHWIA B TeN0 NakeTa, MOCKOAbKY KOHTPaKTbI
He TpebytoTca. 37O noAvepkmBaeT TOT ¢akT, 4To SPARK KacaeTcsi B OCHOBHOM YyayulleHWs
KayecTBa onmcaHus nHTepodeiica.

OTNMUNG NOABUANCL TakXKe B TOM, YTO Mbl He MPUCBOMIN HaYalbHOEe 3HayYeHVe KOMMNoHeHTe Top,
a B3ameH Tpebyem siBHOro Bbi3oBa Clear. lpw aHanuse kaneHTckoro SPARK-koAa € MOMOLLbHO
GNATprove 6yAeT npoBefeH MOTOKOBbIM aHaNM3, rapaHTUPYHOLWNK, YTO HeT Bbi3oBa npoleayp
Push nnan Pop po BbizoBa npoueaypbl Clear. 3ToT aHanm3 BbINOAHAETCH 6e3 UCNONHEHUS
nporpammbl. Ecanm GNATprove He MOXeT oKa3aTb 3TO, TO B MpOrpaMme BO3MOXHa owwimnbka. C
ApYrom CTOpOHbI, ecnv 6yaeT obHapyxeH Bbi3oB Push nnn Pop nepeg Clear, To 3To 03HauyaeT, uTo
OLINBKa NPUCYTCTBYET HaBepHSKa.

B Takom KOpoTKOM 0630pe, Kak 3TOT, HEBO3MOXHO MPUBECTU KaKOM-NMBO COXHbIA NpuMep
aHanmsa. Ho Mbl npuBeaeM TpUBMANAbHLIA MpUMeEp, 4YTOBLI MPOAEMOHCTPUPOBATL UAEH.
Cnegyronia Koa:

procedure Exchange(X,Y: in out Float)
with Depends => (X == Y, Y => X),
Post => (X = Y'Old and Y = X'0ld);

AEMOHCTpUpYeT crneumdunkaumo npoueaypbl, NpejHasHa4YeHHOW Ans obMeHa 3HayYeHWU ABYX
napameTpoB. Teslo MOXET BbIMIAAeTb Tak:

procedure Exchange(X,Y: in out Float) is
T: Float;

begin
T:=X; X:=Y; Y :=T;

end Exchange;
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Mpn aHannse GNATprove co3jaeT yciosusa Bepudukaumm, BolMOAHEHNE KOTOPbLIX HEO6XOANMO
JoKa3aTb. B AaHHOM npuMepe joKa3aTeNnbCTBO TPUBUANBLHO U BbIMOJHAETCA aBTOMaTUYecKu.
(UnTatenb MOXeT 3aMeTUTb, YTO A0Ka3aTeNbCTBO CBOAUTCA K MpoBepke ycnosus (X=X and y=y),
KOTOpoOe, 04YeBUAHO, NCTUHHO). B 6onee cnoxHbIX cnTyaumsax GNATprove MOXeT He CnpaBUTbCS
C A0Ka3aTeNIbCTBOM, TOrja Mojib30BaTe/lb MOXET MPeA/ioXNTL NPOMEXYTOUHbIe YTBEPXAEHWS,
NIM60 BOCMOJIb30BaTLCSA APYIMM UHCTPYMEHTapueM Ans AasbHelLero aHaamsa.

13.6 CepTuopmukaums

Kak 6bl10 MpOoAEMOHCTPMPOBaHO B MpeAblayLinx rnaBax, Afa - 3TO NPeBOCXOAHbIN A3bIK AN
HanucaHus HagexHoro MO. Aga No3BoAseT NPorpaMMUCTy 06HapPYX1BaTb OLUMOKN Ha PaHHUX
cTagunsax npotecca paspaboTku. Eue 6onblue owWmMbOK MOXHO BbISBUTL, UCNonb3ys SPARK aaxe
6e3 npuMeHeHNs npoueaypbl TeCTUPOBaHWA. TeCcTUpOBaHMe OCTaeTcs 0bs3aTe/lbHbIM 3Tanom
pa3paboTKn, HECMOTPSA Ha TO, YTO 3TO C/IOXKHbIN 1 YpeBaTbl OLLIMOKaMM npoLecc.

B obnactax, rae fencTBYOT HauBbICMe TpeboBaHUS K 6e30MacHOCTM U HaAEeXHOCTH,
HeJO0CTaTOYHO WMMeTb MpaBWIbHO PpaboTaloLlyto mnporpammy. HeobxoaMMo elle fokasaTb,
YTO OHa ABNAETCA TaKOBOW. DTOT MpouecC AoKa3aTeNbCTBa Ha3biBaeTCa cepTudukaumen u
BbINOJIHAGTCA COrMacHO MnpouejypamM COOTBETCTBYIOLLEro opraHa ceptudukaumn. Mpumepamu
Takux opraHoB Ha Tepputopun CLUA asnstoTca FAA B obnactn 6esonacHocT n NSA B obnactu
HagexHocTn. SPARK obnajgaeT OrpoMHON LEHHOCTbHO B npouecce paspaboTkm nporpamm,
noAnexatumx ceptndukaumn.

MoxeT BO3HWKHYTbL Bre4yart/ieHne, 4To ucnonb3osaHue SPARK yBennumBaeT CTOMMOCTb
pa3paboTkn. OfHAKoO, MUCCNeAOBaHUSA cUCTeM, nepefaHHbiX B NSA, AeMOHCTPUPYIOT, YTO
ncnonb3osaHne SPARK genaeT npouecc paspaboTky 6osee JelleBbIM MO CPAaBHEHUIO C
06bIYHBIMY MeToAaMn pa3paboTkn. HecMoTpsa Ha TO, YTO HEO6XOAMMO MOTPaTUTL HEKOTopble
ycmnms Ha $opMynmMpoBaHme KOHTPAKTOB, 3TO, B UTOre, OKYMaeTcs 3a CYeT CoKpalleHus 3aTtpaT
Ha TecTMpOBaHWe N UCnpas/eHne OWn6oK.

13.7 fQanbHelWwIni npouecc

Ha MOMEeHT HanmcaHua 3TOro TekcTa ABe 3HauuTeNbHble Pa3paboTky elle He 3aBepLueHbl.
MepBas kacaetca noagepxkn npoduna Ravenscar B SPARK mHorosagavHoctn. Btopas —
3TO BO3MOXHOCTb YKa3aTb YPOBHW LIeIOCTHOCTU Pas/iNyHbIX KOMMOHEHT MPOrpaMmbl, KOTOpas
MO3BO/INT rapaHTMPOBaTb, YTO MOTOK MHbOPMaUUK yAOBAETBOPSeT TPeboBaHVAM YKa3aHHbIX
YpOBHe 6e30MacHOCT N HAAEXHOCTU.

Y3HaTb TekylLee COCToAHME Aen 1 MOoNyUYnTb BCECTOPOHHIOW JokyMeHTaumo SPARK 2014 MoXHO
Ha calite www.spark-2014.org/.
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SAK/TIOMEHWE

XoueTca HagedATbCs, YTO 3Ta bpowitopa 6biia Bam mHTepecHa. Mbl KOCHYAWCH Pa3NUHbIX
acrnekToB HanucaHua HagexHoro MO 1 Hajeemcs, YTO CMOIMAN MPOAEMOHCTPMPOBaTL 0Coboe
nosioxeHne sa3bika Aja B 3TOM Bornpoce. Hanociegok Mbl KOCHEMCA HEKOTOPbIX MOMEHTOB
OTHOCUTENbHO Pa3paboTKM A3bIKOB MPOrPaMMUpPOBAHUS.

BanaHc Mexzay nporpaMMHbIM obecneveHMeM M anmapaTHOM 4acTbko caM Mo cebe Bbi3biBaeT
nHTepec. AnnapaTtHble CpeAcTBa 3@ NMoCNeAHVe NOA-CTONEeTUS PasBMBANNCE OLLENOMAAOLLMM
TemMnoM. OHW cerofHsa He NMerT HMYero obLLero ¢ Tem, 4YTo 6bi10 B 1960-x rr. Mo cpaBHeHUIO C
annapaTHbIMK cpegcTeamy, MO Toxe pa3BrBanoCh, HO COBCEM YYTb-UyTb. BONLLUVMHCTBO A3bIKOB
NPOrpamMMmMPOBaHNS Ceivac UMeT NLLb He3HaUYnTeNbHblIe OTANYNSA OT TeX A3blKOB, UTO ObIN
B 1960-x. £ nogospeBard, YTO OCHOBHAasA MPUYMHA 3TOrO 3aK1OYaeTCsd B TOM, YTO Mbl OYeHb
Mano 3Haem o 10, XoTa cuyMTaeMm, YTO 3HaeM O HeM O4YeHb MHOro. YenoBeuyecTBO, BNOXUB
KonoccanbHble CpeAcTBa B MIOX0 HanmcaHHoe MO, BAPYr 06HApPYXWA0, YTO HUKYAa HE MOXeT
ABUHYTLCS C HUM Janbliue. B TO e Bpems HOBas annapaTypa CO343aeTcs C Takol CKOPOCTbHo,
UTO 3TO HemnsbeXHO MPUBOAUT K ee 3aMmeHe. HeCOMHEHHO, YTo N060M MOXET Nerko Hay4unTbCs,
KakK HammcaTb HebOoNbLUy MPOrpaMMky, HO 4YTOObl CO34aTb XOTb Kakyk-HUOYAb anmnapaTypy
TpebyeTcs OBNajeTb OrPOMHbIM 06 bEMOM 3HAHWIA.

CyluecTBylOT fBe OCHOBHble BeTBM pa3BuUTUS A3blkoB. OpHa 6epeT Haudano ot Algol 60 w
CPL. Mpou3sBogHble OT 3TUX SA3bIKOB 4acTO YNOMMUHAIOTCA B 3TOM byknete. [pyras BeTBb,
oxsatbiBatowwas Fortran, COBOL v PL/I, TakXe eLe X1Ba, XOTA 1 BeCbMa U301MpoBaHa.

Algol 60 MOXHO CcUMTaTb CaMbIM 3HAYUTENIbHbIM LLUArOM B pa3BuTUn. (Korga-Tto cyliectBoBan
TaKXe ero MeHee 3HaMeHUTbIV NpegllecTBeHHUK Algol 58, oT KoToporo npowsoLuen A3bIk Jovial,
NCNONb30BaBLLUMIACA B BOeHHbIX chepax CLLA.) Algol gan owtylieHne Toro, 4to Hanucaue MO -
3T0 60/bLLe YeM NPOCTO KOAMHT.

Mpu co3gaHum Algol 6bino caenaHo ABa 6onblumx Lwwara Bnepes. Bo nepsblx, NOsSBUAOCH
MOHVMaHMe TOro, 4TO MPUCBaMBaHME He eCTb PaBeHCTBO.  OTO MPUBENO K MOSIBNEHUIO
0603HayeHns = Ans onepauuu NpuceamBaHusa. [Jns o603HaYeHWA PasNNYHbBIX YNPaBASIOLLNX
CTPYKTYp CTann WCNONb30BaTb aHIAWACKME CNoBa, B pe3ynbTaTe oTnana HeobXoAMMOCTb B
MHOFOYMCIEHHbBIX MHCTPYKLMAX OtO 1 MeTKax, KOTopble Tak 3aTPYAHSIN YTeHne NporpaMMbl Ha
Fortran u autocode. Ha BTOPOM MOMEHTE CTOUT OCTaHOBUTLCSA 6onee NOAPO6GHO.

CHa4vana paccMoOTpUM criegyroLue aBe MHCTpyKLUMK B Algol 60:

if X > 0 then
Action(...);
Otherstuff(...);

CyTb B TOM, UTO ecaun X 6onblue HyAs, TO Bbi3biBaeTcs npouedypa Action. HesaBucrmo oT 3Toro,
Mbl fanee Bbi3biBaeM Otherstuff. T.e. pelcTBue ycnoBus 34ecCb pacnpoCTpaHaeTca TONbKO Ha
nepByt0 MHCTPYKUMIO nocie then. Eciv HaMm HEOBXOAMMO HECKONbKO MHCTPYKLUMIA, Hanpumep,
BbI3BaTh ABe npoueaypbl This 1 That, ToO Mbl JO/KHBI 06 bEAVHNTL X B COCTABHYIO UHCTPYKLNIO
clefyoLwM obpasom:

if X > 0 then
begin
(continues on next page)
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(continued from previous page)
This(...);
That(...);
end;
Otherstuff(...);

3/4ecb BO3HMKAeT OMacHoCTb cAenaTb ABe owmnbkn. Bo nepsbiX, Mbl MOXeM 3abbiTb 406aBUTb
begin 1 end. Pe3ynbTaT BbIVgeT 6€3 ownboK, HO Npouesypa That 6yseT BbI3bIBaTLCSA B JIOOOM
cnydae. bygert ele xyxe, eI Mbl HeYasHHO A06aBMM ANLLIHIOK TOYKY € 3ansaTo. HaBepHoe, Al-
gol 60 6b11 MepBbIM A3bIKOM, F4e NCMO/b30Banack TOUKa C 3aNsSTON Kak pa3gennTtesib MHCTPYKLUUIA.
WTak, Mbl mosyumm:

if X > 0 then ;

begin
This(...);
That(...);
end;

Otherstuff(...);

K HecuacTbto, B Algol 60 3Ta 3anncb 03Ha4daeT HesABHYK MyCTY0 UHCTPyKuuMio nocae then. B
pe3ynbTaTe, yC/10BMe He ByaeT BAUATb Ha BbI30BbI nognporpamm This n That. AHanormuyHble
npo6bnembl B Algol 60 ecTb 1 ANS LINKOB.

Paspabotumkn Algol 68 oco3Hanu 3Ty npobnemy 1 BBenn CKOOOYHYHO 3amnncb YCOBHOW
NHCTPYKLMN, T. e.:

if X > 0 then
This(...);
That(...);

fi;

Otherstuff(...);

AHanorn4yHas 3anvcb nosiBUNacb AN LUKAOB, rge cnoBy do cOOTBETCTBYeT od, a A/1A case ecTb
esac. ITO MONHOCTbI peluaeT npobsnemy. Ternepb COBEPLUEHHO OYEBMAHO, UTO YC/IOBHas
NHCTPYKLMA 3aXBaTUT 06a BbI30Ba nogrnporpamm. lMosiBieHne N1LHeRn ToUKM ¢ 3anaToi nocne
then npuBeeT K CMHTaKCUYeCKOl oLwnbKe, KoTopas nerko byaeTr obHapyeHa KOMMUASTOPOM.
KoHeuHo, nosiBneHve Takoi 3anuck, kak fi, od n esac BbISANT NPUYYAIVIBO, UYTO MOXET
MoMeLLaTb Cepbe3HO OTHECTUCh K peLlaemolii npobneme.

Mo KakoM-TO NpUYMHe pa3paboTumrKkm A3bika Pascal npourHoprpoBann 3TOT 34paBblil MOAXOA U
OCTaBWUIV YS3BMMYH 3anncb UHCTPYKUMIA 13 Algol 60. OHM ncnpaBuan CBOK OLUMOKY ropasso
no3xe, y>xe npu npoekTnposaHum Modula 2. K ToMmy MOMeHTy AZa y>Ke AaBHO CyLLlecTBOBana.

BeposiTHO, B A3blke Aja BrepBble MOsBMAACH YAAuHas GOpMa CTPYKTYPHbIX VHCTPYKLMWNA, He
MCNONb30BaBLLAsA MPUYYANNBYHO 3anncb. Ha a3bike AZa Mbl 6bl HanNMcanw:

if X > 0 then

This(...);
That(...);
end if;

Otherstuff(...);

Mo3xe MHOorne A3bIK1 NePeHsN Takyto 6e3onacHyto ¢popmy 3anmcn. K TakoBbIM OTHOCUTCS Aaxe
Makpo-A3bik Ana Microsoft Word for DOS u Visual Basic B coctase Word for Windows.

Ewe ogHWM 3HauMMbIM A3bIKOM MOXHO cuyuTatb CPL. OH 6bin paspabotaH B 1962r. wu
MCNONb30BaNCsa B ABYX HOBbIX BblUMCIUTENbHbLIX MalUMHAX B yHMBepcuTeTax Kembpuaxa u
JloHpoHa.

CPL, (kak n Algol 60) ncnons3oBan := Ans 0603Ha4YeHNs NPUCBaMBAHUA U = A1a CpaBHeHUs. BoT
HebonbLoM dparmeHT Koga Ha CPL:
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§ lett, s, n=1, 0, 1
let x be real

Read[x]
t, s, n:=1tx/n, s+ t, n+1
repeat until t<<l1

Write[s] §

NHTepecHaa ocobeHHOCTb CPL 3akntoyaeTcs B MCNOAb30OBaHWUW = (BMeCTO :=) Mpu 3ajaHumn
HayaNibHbIX 3HAaYeHWI, BBUAY TOr0O, YTO MPW 3TOM HE MPOUNCXOANT U3MeHeHUs 3HaveHnin. B CPL
6b11 pPAA NHTEPECHLIX PeLIeHN, HanpuMep, NapannebHoe NpuUcBanBaHve 1 06paboTka CNUCKOB.
Ho CPL ocTancs nvb akajeMnyeckon NrpyLIKon 1 He bl pean3oBaH.

Ans rpynnnpoBKY MHCTPYKUMIA A3bIKk CPL MCNoab30Ban 3annce, aHanorMyHyo NpuHaTon s Algol
60. Hanpumep

if X > 0 then do
§ This(...)

That(...) 8§

Otherstuff(...);

[Ns 3TOro MCMONb30BaNNCh CTPAHHbIE CUMBOAbLI Maparpada v naparpada nepeyepkHyTOro
BEPTMKaNbHOM YepTol.

XoTa cam a3bik CPL HMKOrga He 6bin peanv3oBaH, B Kembpuaxe n306penn ero ynpoLLeHHbIN
BapuaHT BCPL (Basic CPL). B otanuum ot nmetowero ctporyto tunmsauuto CPL, BCPL BoobLue
He 1Men TUMOB, @ MacCUBbI HbINK peann3oBaHbl C MOMOLLBIO agpecHor apudmeTnkn. Tak BCPL
NONIOXMA Hayano npobneme nepenosiHeHUsA 6ydpepa, OT KOTOPOK Mbl CTpajaeM no ceit AeHb.

BCPL npeo6bpasuncs B B, a 3atem B C, C++ n 1. 4. B BCPL ncnonb3oBanock 0603HauveHme = Ans
onepaunn npnceanBaHuA, HO NO NYTN KTO-TO 386bI}'I, B ueM cmbich, 1 C ocTanca o603HayeHnem
=. MNocKoNbKy 3HaK = OKa3ancs 3aHAaT, 419 onepauum CpaBHeHMS NPULLIOCEL BBECTM 0603HaveHne
==, @ BMecTe C 3TUM MONy4YnUTb ByKeT npobaem, 0 KOTOPOM Mbl NMcanu B rnaee «besonacHbll
CUHTAKCNC».

A3bik C yHacneoBan NpUHLMN rPynnUPOBKU UHCTPYKUMA oT CPL, HO 3aMeHWN ero CTpaHHble
CUMBOJIbI Ha GUTrypHbIe CKOBKW. To ecTb B C Mbl HanuLLeM

if (x > 0)
{
this(...);
that(...);
+

otherstuff(...);

Yto xe, B C oT CPL nMpakTU4ecKn HNYEero He oCTanoch, Hy pasBe YTo CKOOOUKM ANS TPYMMMPOBKY
NHCTPYKLMIA.

B 3ak/t0ueHne oTMeTUM, YTO MCMOb30BaHKe 3HaKa PaBeHCTBA ANA 0603HaYeHNss MPUCBanBaHMSA
04HO3HauHo ocyxgan Kpuctodep Crtpaun, oanH 13 aBtopoB CPL. MHOro net Ha3ag, Ha fekumsx
NATO, oH ckasan: «To, Kak 041 y4aTca NporpaMMmnMpoBaTh, oTBpaTuTeibHO. OHM CHOBA U CHOBA
yuaTcs Kanambyputb., OHU NCNONBL3YIOT ONepaunmn C(ABMra BMEeCTO YMHOXEHWS, 3aMyThIBaOT KOJ,
NCNONb3ys BUTOBbIE MACkM N YNC/IOBbIE IUTepanbl, U BOOOLLE rOBOPAT OAHO, KOrja MMEKT B
BUAY YTO-TO COBCEM JApyroe. § Aymaro y Hac He ByAeT MHXeHepHOro noaxoja k paspaborke
MO fo Tex Mop, MokKa Y Hac He 3aKpenaATca nNpodpeccroHanbHble CTaHAapTbl O TOM, Kak MncaTb
nporpamMMbl. A JO6UTLCS 3TOr0 MOXHO NKLLUb, HaUMHasa 0by4veHre NPorpaMMmMpPOBaHUIO C TOrO,
KakK nMmMcatb NporpamMmbl AOKHBIM 06pa3oM. f ybexzaeH, UTo, B NepByto oyepesb, HE0H6X0AMMO
HayaTb rOBOPUTb MMEHHO TO, UTO Bbl XOTUTE CKa3aTk, @ He YTO-TO Apyroe.»

TakoB 6yAeT Hall BbIBOA. Mbl AOMKHbLI HAYUMUTLCS BblpaXaTtb, TO UTO Mbl gymaeM. W a3bik Asa
NO3BOJIIET HAM BblPa3nTb 3TO ACHO, 1 B 3TOM, B KOHEYHOM CYeTe, ero cuna.
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