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CHAPTER
ONE

BBEAEHWE

1.1 Uctopusa

B 1970-x rogax MuHuctepcTBo 060poHbl CoeanHeHHbIx LUTaToB (MO) CTOAKHYNOCH C Cepbe3HOo
Npo6a1eMol pe3Kkoro yBeIM4eHnsa Ymcaa A3blKoB NPOrpaMMMpPOBaHIS, 3aMeTUB, YTO pasanyHbIe
NPOeKTbl MCMO/Mb30Banu pasHble M HeCTaHAapTHble AManekTbl, SA3blKOBble MOAMHOXeCTBa WU
paclinpeHns A3blkoB. UYTO 6bl pewnTb 3Ty npobnemy, MUHUCTEpPCTBO OBOPOHbLI 3anmycTUao
KOHKYPC Ha pa3paboTky HOBOIrO COBPEMEHHOIO A3blka MPOrpaMMUPOBaHNA 06LLLero Ha3HauYeHus.
MNobeanTenem BbILLO Npea/ioxXeHne, NpeacTasieHHoe XaHoM Nubunein n3 Cll Honeywell-Bull.

MepBbIli CTaHAAPT A3blka Afa 6bi BeinyLleH B 1983 rogy; BNOCIeACTBUM OH 6bI1 MepecMoTpeH
1 ycoBepLueHcTBOBaH B 1995, 2005 1 2012 rogax, NpyyeM Kaxablii nepecMoTp NPUHOCK HOBbIE
noJsiesHble GyHKLUNN.

70T y4ebHMK nocsLleH Aga 2012 B LLeIOM 1 He 0CBeLLaeT pasinyms NpoLLbIX Bepcuii si3bika.

1.2 Apa cerogHs

CeroaHst Aa LUMPOKO MCMOJb3YeTCs BO BCTPANBAEMbIX CUCTEMAX PEASIbHOMO BPEMEHW, BO MHOTUX
N3 KOTOPbIX KPUTUNYECKM BaXKHA HAAEXHOCTb. XOTs AZla MOXET UCMO/Ib30BaThCA B KAYECTBE A3bIKa
06LL,ero HazHaueHus, OH 0COBEHHO NOAXOAUT ANS HU3KOYPOBHEBLIX MPUTOXEHWIA:

* BcTpoeHHble cucTeMbl C  OrpaHWYeHHbIM OOBLEMOM namaATy (COOpLUMK Mycopa He
JonyckaeTcs).

* MNpaAmMoe B3anmoencTBre C 060pyAOBaHNEM.
« MArkme nnu xectkme CUCTEMbI PeasibHOro BpEMEHU.
* HM3koypoBHeBOE CUCTEMHOE NPOrpaMM1poBaHMe.

KoHKpeTHble 061aCTu, B KOTOPbIX NCMOb3yeTcA AZa, BKIHOYAOT a3POKOCMNYECKYHO 1 06OPOHHYO
MPOMBILLIEHHOCTb, FPaXAaHCKYH aBvauuio, >XenesHyr AOpory u MHorve gpyrve. 3w
NPUAOXEHUS TPebYOT BbICOKOM CTeneHn 6e3onacHocTu: gedekT NporpaMMHOro obecneyeHums He
MPOCTO pasApaxaeT, HO MOXET MMeTb Cepbe3Hble NocNeAcTBMA. A3bik Aga 0bnajaeT CBOMCTBaMM
6narozaps KOTopble BO3MOXHO 06HapyXuTb gedekTbl Ha paHHen cTagum pa3paboTkm — 06bIYHO
BO BpPeMs KOMNUAALMN NIV C MOMOLLIbIO MHCTPYMEHTOB CTaTUYecKoro aHanmsa. A3bik Aga Takxe
MO>XHO MCMONb30BaTh AJ15 CO34aHNSA MPUAOKEHNA B Pa3InYHbIX APYrnx 061acTsaX, Takmx Kak:

« MporpaMM1poBaHvie BUAEONTpP?
* AyA0 B peasibHOM BpeMeHu>

« Mogynu sigpa®

2 https://github.com/AgaDoom3/AgaDoom3
3 http://www.electronicdesign.com/embedded-revolution/assessing-ada-language-audio-applications
4 http://www.nihamkin.com/tag/kernel.html
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OTO HErMOSHbIA CMNCOK, KOTOprVI, HaAerCb, MNPOJbeT CBE€T Ha TO, B KakKux ccl)epax
nporpaMmMmpoBaHva XOpOoL 3TOT A3blK.

C TOUKMN 3PEHUS COBPEMEHHbIX S3bIKOB, Havnbosiee 6M3KMMU C TOUKM 3peHVst Lesieidl 1 YPOBHS
abcTpakunm, BepoaTHO, senstoTca C++° 1 Rust®.

1.3 ®dunocoopwms

dunocodusa A3bika Aga OTIMYAETCA OT 6ONbLUMHCTBA APYriX si3bIKOB. B ocHoOBe Au3aliHa Aa
nexaTt NPUHLMNLI, CPean KOTOPbIX MOXHO BbIAENNTb CleaytoLlee:

* YpobountaeMocTb BaxkHee KkpatkocTu.  CMHTaKCU4YecKn 3TO MPOSBASETCA B TOM, UTO
K/toueBble C/I0Ba NPeAnoyTUTeIbHee CMBOJIOB, YTO H OAHO K/H0YeBOE C/I0BO He ABNSeTCA
abbpeBunaTypoi N T.4.

* O4eHb CTporasa tumnm3aumna. B Aje ouyeHb fnerko BBOAUTbL HOBble TWUMbl, YTO MO3BOJISET
npeaoTBpaTnTb OLLUNBKKM NCNOb30BaHWSA AaHHbIX.

- B 3TOM OTHOLLEHMM OH MOXOX Ha MHOTVe GYHKLMOHANbHbIE 3bIKY, 3@ UCKNHOYEHMEM
TOro, YTO MPOrPaMMUICT AO/KEH ropaszo bonee YeTKO ONUCbIBaTb HAbop TUMNOB B AZe,
MOTOMY YTO 34eCb MOYTU He NPUMEHSAETCA BbIBOA TUMOB.

« flBHOE ZIeiiCTBME Nyullie, YeM HEeABHOE. XOTs 3TO 3anoBejp A3bika Python’, Aaa naet ganblie,
yem 60K N3BECTHbLIN HaM A3bIK:

B 60nbLUMHCTBE ClyYaeB CTPYKTYpHas TUNM3aLmMa OTCYTCTBYET, U NPOrpPaMMUNCT AO/KEH
SBHO MIMEHOBaTb 60/bLLUMHCTBO TUMOB.

- Kak y>Xe roBopunnocb paHee, B OCHOBHOM HET BbiBOAa TUMOB.

- CeMaHTVKa ouyeHb UYETKO OrpegeneHa, a HeonpejeneHHoe roBejeHVe CBeJeHO K
abCoNOTHOMY MUHUMYMY.

- O6bI4YHO NPOrPaMMUCT MOXET NPEeAOCTaBNTbL KOMMUAATOPY (M APYrM NPOrpaMMmCTam)
MHO020 NHGOPMaLMM O CBOICTBAX ero NporpaMMbl. 3TO NMO3BONISIET KOMNUAATOPY BbIThb
ype3BbIYaiHO MO/IE3HBbIM (YMTAIA: CTPOrM) MPOrPaMMUCTY.

B xoze 3TOro kypca Mbl 06bACHMM OTAeNbHblEe A3bIKOBble 0COBEHHOCTK, KOTOpble ABASHOTCS
CTpouTenbHbIMU 610KaMu 3Tol dunocodun.

1.4 SPARK

XOTS 3TOT KYpC NOCBALLEH NUCKAUNTENbHO A3bIKY Afa, CTOUT YMOMSIHYTb, YTO CyLLeCcTBYeT eLle
OAMVH A3bIK, Ype3BblyaliHO 6IN3KUI K AZe 1 COBMeCTUMBbIN C Hel: a3blk SPARK.

SPARK — 3T0 mMoaMHOXeCTBO A3bika Aaa, pa3paboTaHHOe TakMM 06pa3oM, UTO KOJ, HanmCcaHHbIA
Ha SPARK, noagaeTca aBToMaTnyeckor nposepke. 3To obecneymBaeT ropasfo 6osee BblCOKAI
YPOBeHb YBEPEHHOCTW B MPaBUIbHOCTM BALLEro KOAA, YeM NPu NCNOb30BaHWM OBbIYHOMO A3bIKa
nporpaMMmnpoBaHUS.

CyulectByeT crieuyanbHblii Kypc ans asbika SPARKE, Ho cnegyetT mmeTb BBUZY, KOrga Mbl
roBOPMM O MOLWM cheundurkaumii g3bika Aga B 3TOM KypCe, MOXHO YCWIUTb BO3MOXHOCTU
3TUX cneundurkaumin ncnonbsys SPARK 1 gokasaTb pas3inyHble CBOCTBA NPOrpamMmMbl, HaunHas
C OTCYTCTBMSA OLUMOGOK BO BPEMS BbIMOJHEHUS A0 COOTBETCTBMA POPManbHO onpefeneHHbIM
GYHKLUMOHaNbHbLIM TPe6oBaHNSAM.

5 https://en.wikipedia.org/wiki/C%2B%2B

6 https://www.rust-lang.org/en-US/

7 https://www.python.org

8 https://learn.adacore.com/courses/intro-to-spark/index.html
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CHAPTER
TWO

MMNEPATUBbI A3bIKA

AA3blK AZa noajepXnBaeT MHOXECTBO MapagurM nporpammMmpoBaHns, BKIOYas O6BEKTHO-
OpMeHTUPOBaHHOE MNPOrpaMMMUpoBaHMe W  HeKoTopble  3neMeHTbl  (YHKLMOHANbHOrOo
NpOrpaMMmnpoBaHus, HO B ero OCHOBe J/IeXWT MpocTon  cbanaHCMpOBaHHbIN
npoLeaypHbIA/MMNepaTUBHBIA A3bIK, aHanornyHeli C nam Pascal.

Ha apyrux ssbikax

OpfHo BaXKHOe pasnnuve mexay ALON 1 TakUM A3bIKOM, Kak C, 3aKNt04aeTcs B TOM, Y4TO onepaTtopsl
N BblpaXeHWsi OYeHb YeTKO pas3nu4yaroTca. B Aga, ecin Bbl MonbiTaeTecb WCMOJb30BaTb
BblpaxeHue, Tam, rge TpebyeTcs omepaTtop, Balla MporpaMma He 6yaeT CKOMMNWINPOBAaHHaA.
3TO MpaBWO peannsyeT MONe3HbIA CTUANCTUYECKN MPUHLUUM: MpejHO3HayYeHne BblipaXeHuit
B BblYMCNEHUM 3HAYEHWUM, @ He A1A B NO6OUHLIX 3pdpekTax. OHO TakxKe MOXeT NpeAoTBpaTUTb
HeKoTOpble OLUMOKM MPOrpaMMMPOBaHUSA, TakMe Kak OLIMOGOYHOe MCMOo/b30BaHWe onepaummn
NpOBepKN Ha paBeHCTBa = BMeCTO onepaLmn Np1UcBarBaHns : = B orepaTope npuceanBaHus.

2.1 Hello worid

BoT oueHb npocTtas nmnepaTrBHas nporpamMmma Aja:

Listing 1: greet.adb
with Ada.Text I0;

procedure Greet is
begin
-- Print "Hello, World!" to the screen
Ada.Text IO.Put Line ("Hello, World!");
end Greet;

Runtime output

Hello, World!

Tekc nporpaMmbl, Kak Mbl NpejnoiaraeM, HaXoAUTCA B UCXxogHOM daline greet . adb.
B BbILLeYNOMSAHYTOM NpOrpaMme ecTb HECKO/IbKO MpuMeYaTenbHblX BeLlel:

*+ Moanporpamma B AZle MOXET bbITb MO0 Npouesypoli, Mnbo dyHkumen. lMpoueaypa, Kak
NMoKasaHo BblLLe, He BO3BpaLLaeT 3HaueHe Npu BbI3OBe.

+ with ncnonb3syetcsa Ans ccbiNkM Ha BHELLHME MOAYN, KOTOpble HEOBXOAMMBI B NpoLiesype.
DTO nMoxoXe Ha import B pasHbIX A3blKax UAW NpUMepHO noxoxe Ha #include B C n
C++. Mo3xe Mbl pa3bepemcs B AeTaNsax X paboTbl. 34eCb Mbl 3anpallMBaeM CTaHAAPTHbIN
6nbanoTeyHbI Mogynb, NakeT Ada. Text IO, KOTOpPbIA COAEPXNT MpoLiesypy nevaT TekcTa
Ha akpaHe: Put_Line.
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* Greet - 370 Npoueaypa 1 OCHOBHasA TOYKa BXOJa B Hally MepByto Nporpammy. B oTanuume
oT C nan C++, ero MOXHO HasBaTb Kak yrogHoO Mo Ballemy ycMoTpeHuto. [locTtpouTenb
AOJ/IKEH 3HATb TOUKY BXOZAa. B Hawem npoctom npumepe gprbuild, noctpoutens GNAT,
byaeT ncnonb3oBath Gpalis, KOTOPLIM Bbl Nepejany B kKauecTse napameTpa.

« Put _Line - 310 Takas e npoueaypa, kak n Greet, 3a UCKIOUEHMEM TOrO, YTO OHa
obbsABneHa B Mogyne Ada.Text I0.3T1o Aga-akBmBaneHT printf s Cn.

+ KoMMeHTapuu HaunHaKTCA C -- U MNPOAO/IKAKTCA A0 KOHLA CTPOKW. MHOroCTpoYHble
KOMMEHTapuu OTCYTCTBYeT, TO eCTb HEBO3MOXHO HauaTb KOMMEHTapuii B OJHON CTPOKe U
NPOAOMKUTL €ro B cyiegyroLlein cTpoke. EANHCTBEHHBIN Cnocob co34aTb HECKONbKO CTPOK
KOMMeHTapueB B AZie - 3TO UCM0MIb30BaTh "- -" B KaX ol cTpoke. Hanpumep:

-- We start a comment in this line...
-- and we continue on the second line...

Ha apyrux sisbikax

Mpoueaypbl aHanornuHel yHKUMAM B C nam C++, KOTopble BO3BpaLLatoT 3HaveHue void. Mo3xe
Mbl YBUAMM, KakK 06bABNATE GYHKLMN B Afe.

Bot Bapumayusa npumepa «Hello, World»:

Listing 2: greet.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet is

begin
-- Print "Hello, World!" to the screen
Put Line ("Hello, World!");

end Greet;

Runtime output

Hello, World!

B 3TOli Bepcmm MCNONb3yeTcs KOHCTPYKLUMS AZi, M3BeCTHOe Kak cneumdukaTop MCnosib30BaHNs
(use clause), koTopas nmeeT popMy use uma-nakema. Kak BuaHO Ha BbizoBe Put Line, adpdekT
3aK/t04aeTCsd B TOM, YTO Ha 06bEKTbI U3 YKa3aHHOro nakeTa MOXHO CCbINaTbCs HaNpPsAMYHo — HeT
HeobX0ANMMOCTI NCNONb30BaTb UMA-Nakema. Kak npedukc.

2.2 YcnoBHblA onepaTop

B 3ToM pa3gene onucbiBaeTcs yC10BHbIV onepaTtop if B Age, 1 BBOAATCA HekoTopble Apyrue
OCHOBHble BO3MOXHOCTU A3bIKa, TakMe Kak LleN0YNCIeHHbI BBOA-BbIBOJ, 06bABNEHNS AaHHbIX
1 BUAbI NapaMeTpoB NOAMNPOrpamMmbl.

YcnoBHbI onepatop if B Age 40BONAbHO HeyAMnBUTeNeH Mo dopme 1 GyHKLMK:

Listing 3: check_positive.adb

with Ada.Text IO0; use Ada.Text IO;
with Ada.Integer Text I0; use Ada.Integer Text IO;

procedure Check Positive is
N : Integer;
begin
(continues on next page)
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(continued from previous page)

-- Put a String
Put ("Enter an integer value: ");

-- Read in an integer value
Get (N);

if N > 0 then
-- Put an Integer
Put (N);
Put Line (" is a positive number");
end if;
end Check Positive;

OnepaTop if B npocTeiiwein ¢popme COCTOUT U3 3ape3epBUpOBaHHOro cnosa if, ycnosus
(koTOpOoe AO0/MKHO 6bITb /IOFMYEeCcKMM 3HayeHweM), 3apesepBupoBaHHoro cnosa then u
HenycTol nocneAoBaTeNbLHOCTM onepaTopos (4acTe then), koTopas BbINONHAGTCA, €CAN yCnoBMe
BbluMCAsieTcst Kak True, n okoH4ymBaeTcst end if.

STOT NpUMepe 06BABASET LIeN0YNCIeHHYIO NepeMeHHyto N, 3anpaluBaeT y No/b30BaTens Lenoe
YNCI0, MPOBEpPSEeT, ABAAETCA /I 3HAYEH Ve NONOXNUTENIbHBIM, U, €CNN Aa, 0TOBpaXxaeTcsd 3HayeHmne
Lesioro 4mcna, 3a KOTopbIM c/iefyeT CTpoKa "ABNAeTCA NONOXUTENbHBIM YncIoM” (is a positive
number). Ecin 3Ha4eHMe He SBASeTCA NONOXNTEIbHBIM, TO NpoLeAypa He BbIBOAUT HUYEro.

Tun Integer ABngeTca npegonpejeneHHbIM TUMOM CO 3HAaKOM, W ero AuanasoH 3aBUCUT OT
APXNTEKTYPbl KOMMbIOTEPA. Ha TUMUYHLIX COBPEMEHHbLIX MpoLeccopax Leaoe Yncio nmeer 32-
pa3pAAHbIA 3HaK.

MNpuMep WANOCTPUPYET HeKOoTOopble OCHOBHble  QYHKLUMOHaAbHbIE BO3MOXHOCTM  ANS
Le/IoYNCNeHHOrO  BBOZAA-BbIBOAA. CooTBeTcTBYIOLLME MOANPOrpamMMbl  HaxodATCcs B
npegonpegeneHHoMm nakete Ada.Integer Text IO w BkawouatoT npoueaypy Get (kotopas
CUMTBIBAET UNCIIO C KNaBmaTypbl) 1 npoueaypy Put (koTopas oTobpaxaeT uenoe 3HaueHue).

BoT HebonbLLOE N3MEeHEHME B MpUMepe, KOTopoe WNCTpupyeT onepatop if c yactbio else:

Listing 4: check_positive.adb

with Ada.Text IO0; use Ada.Text IO;
with Ada.Integer Text I0; use Ada.Integer Text IO;

procedure Check Positive is
N : Integer;
begin
-- Put a String
Put ("Enter an integer value: ");

-- Reads in an integer value
Get (N);

-- Put an Integer
Put (N);

if N > 0 then
Put_Line (" is a positive number");
else
Put Line (" is not a positive number");
end if;
end Check Positive;

B 3ToM npumepe, ecnn BXOAHOE 3HaueHVe He SABASAETCS MOJIOKUTE/bHbLIM, TO Mporpamma
oTobpaxaeT 3HaveHue, 3a KOTOPbIM C/iedyeT CTPOKa "He ABASeTCA NOAoOXMUTeNbHbIM Yncaom” (is
not a positive number).

2.2. YCcnoBHbIA onepaTtop 7
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Haw nocnegHnin BapnaHT nantoctpupyet onepatop if c elsif yactamu:

Listing 5: check_direction.adb

with Ada.Text I0; use Ada.Text IO;
with Ada.Integer Text IO; use Ada.Integer Text IO;

procedure Check Direction is
N : Integer;
begin
Put ("Enter an integer value: ");
Get (N);
Put (N);

if N =0 or N = 360 then

Put Line (" is due north");
elsif N in 1 .. 89 then

Put Line (" is in the northeast quadrant");
elsif N = 90 then

Put Line (" is due east");
elsif N in 91 .. 179 then

Put Line (" is in the southeast quadrant");
elsif N = 180 then

Put Line (" is due south");
elsif N in 181 .. 269 then

Put_Line (" is in the southwest quadrant");
elsif N = 270 then

Put Line (" is due west");
elsif N in 271 .. 359 then

Put Line (" is in the northwest quadrant");
else

Put_Line (" is not in the range 0..360");
end if;

end Check Direction;

B 3TOM npuMepe oXnAaeTcs, YTO MOAb30BaTeNb BBEAET Lenoe 4ncno ot 0 o 360 BKAOUMTENBHO,
N 0TOBpa3nT, KakoMy KBajpaHTy WM OCU COOTBETCTBYeT 3HayeHue. Onepauusi in B Age
nposepsieT, HaxXxOAWUTCH NN CKanspHOe 3HayeHVe B yKasaHHOM Juana3oHe, M BO3BpaLlaeT
nornyecknin pesynbTaT. DPPekT NporpaMMbl JOKEH ObITb O4YEBMAEH; MO3Xe Mbl YBUAUM
anbTepHaTVBHbIM N 6onee 3GPeKTUBHBIA CTUAb ANA AOCTUXEHUS TOro xe 3bdekTa NCnosb3ys
onepaTop Bblbopa case.

KntoueBoe cnoso elsif B Age otanyaetca ot C unm C ++, rae BMECTO Hero 6yAyT NCrnob30BaThCs
6nokn else .. if. U ewe ogHo oTanumMe - 370 Hannune kKoHua end if B Age, uto nossonser
n3bexatb NpobnemMsbl, M3BECTHON Kak «BUCALLMIA elsex» (dangling else).

2.3 Uuknebl

Y Apa ecTb Tpu cnocoba 3anmcm LMKNoB. Kaxgablil N3 HUX oTanyaetcs ot umknos for B C / Java
/ Javascript Tem, 4yTo Oobnagaet 6osee NPOCTbIMU CUHTAKCMCOM U CEMAHTUKOM B COOTBETCTBUM C
dunocodureri Aga.

8 Chapter 2. mnepaTuBbI A3bIKA
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2.3.1 Uwnkansi for

MepBbli dopma umkna - 370 umkn for, KOTOPbIA MNO3BONSET BLIMOMHATE UTEpPaLMio Mo
ANCKPETHOMY AManasoHy.

Listing 6: greet_5a.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet 5a is
begin
for I in 1 .. 5 loop
-- Put Line is a procedure call
Put Line ("Hello, World!" & Integer'Image (I));
-- ~ Procedure parameter
end loop;
end Greet 5a;

Runtime output

Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!

U WNR

Heckonbko MOMEHTOB, KOTOpble c/iegyeT OTMETUTb:
1 .. 5-3T0 ANCKpPeTHbIN AnanasoH, oT 1 40 5 BKAKOUUTENBHO.
+ [MapameTp umkna I (Mmsa NnponsBoibHOE) B Tese LKK/1a UMeeT 3HaueHe B 3TOM ArarnasoHe.
+ I aBnseTca NokanbHbIM 415 LMKAA, MO3TOMY Bbl HE MOXeTe cCbliaTbCs Ha I BHe umkna.

* XOTs 3HadeHue I yBeIn4nBaeTcd Ha Ka)K/J,OVI nTepaunn, C TOYKMN 3peHnd nporpamMmmbl
OHO SBNSIETCA KOHCTAHTOW. [lonbiTka VM3MEHUTb ero 3HaudeHue SABASeTCS He3aKOHHOW;
KOMMUNATOP OTKIOHNT TaKyro MporpamMmmy.

« Integer'Image - 370 QyHKLMSA, KOTOpas MPUHMMAET Lienoe Yncio 1 npeobpasyert ero B
CTPOKy. DTO MpuMep A3bIKOBOW KOHCTPYKLMW, U3BECTHOW Kak ampubym, 0603HauYeHHOM’
CUHTAKCNCOM ', KOTOpPbI ByaeT paccMoTpeH 6onee NoApobHO Mo3xe.

+ CumBON & ABNSIETCA ONepaTOpPOM KOHKaTeHaUMN A5t CTPOKOBBIX 3HAYEHUIA,
« end loop o603Ha4vaeT KoHeL, Lukna

"ar" umkna orpaHuyeH 1 (HanpaeneHve Bnepes) U -1 (Hasag). YTobbl BbINOAHUTL UTEpaLUIo B
06paTHOM HanpaeaeHUX NO AManasoHy, UCMONb3yinTe KAKYeBOe C10BO reverse:

Listing 7: greet_5a_reverse.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet 5a Reverse is
begin
for I in reverse 1 .. 5 loop
Put Line ("Hello, World!"
& Integer'Image (I));
end loop;
end Greet 5a Reverse;

Runtime output

2.3. Uuknsl 9
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Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!

PNW,RAROG

MpaHuubl ynkna for MoryT 6biTb BblUUC/IEHbI BO BPEMS BbIMOMHEHWS;, OHU BbIYMNCASOTCS OAUH
pas, nepes BbIMNOJHEHVEM Tefa uvkaa. Eciv 3HaueHWe BepxHel rpaHuMubl MeHblle 3HaYeHs
HUXKHER rpaHnLbl, TO LMK/ BOOBLLE HE BbIMOHSAETCH. TO OTHOCUTCS U K reverse uykaam. Takum
06pa3om, B ClielytoLLieM NPUYMepe BblBOZ He MPOU3BOANTCS:

Listing 8: greet_no_op.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet No Op is
begin
for I in reverse 5 .. 1 loop
Put _Line ("Hello, World!"
& Integer'Image (I));
end loop;
end Greet No Op;

Build output

greet no op.adb:5:23: warning: loop range is null, loop will not execute [enabled,
~by default]

Uukn for nmeer 6onee obuyto ¢opmy, 4em Ta, KOTOPYH Mbl MPOWIIOCTPUPOBAAN 3A4eCh;
noapobHee 06 3TOM No3xe.

2.3.2 MpocTon uuKn

Camasi npocTas popma Luka B AZe - 3TO «TOJbIA» LK, KOTOPbI 06pa3syeT 0CHOBY APYrX LIMKI0B
Aza.

Listing 9: greet_5b.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet 5b is

-- Variable declaration:

I : Integer := 1;

-- "~ Type

-- ~ Initial value
begin

loop

Put Line ("Hello, World!"
& Integer'Image (I));

-- Exit statement:
exit when I = 5;
e ~ Boolean condition

- Assignment:
=1+ 1;
- There is no I++ short form to
-- Increment a variable
end loop;
end Greet 5b;

=

10 Chapter 2. mnepaTuBbI A3bIKA
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Runtime output

Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!

U WNR

STOT NpuMep rMeeT ToT Xe 3¢dekT, uTo 1 Greet 5a, mokasaHHbLIN paHee.

OH MANOCTPUPYET HECKOTbKO KOHLEMLMIA:

Mbl 06BABUNN MepeMeHHyt ¢ UMmeHem I mexay is u begin. 37oT yuacTok koza
npeacTaBnsieT coboli 30Hy onucaHus. Afa YETKO OTAENSeT 30HY OMMCaHWs OT CeKLMU
oMnepaTopoB MOAMpPorpaMmMbl. O6bsIBNEHME MOXET HaXOAUTLCS B 30HE OMUCAHUS, HO He
LOMYyCKaeTcs B Ka4ecTBe onepaTopa.

OnepaTtop NpoCTOro UMK/ia HaunHaeTcs ¢ knryeBoro ciosa Loop 1, Kak 1 Nt06on apyroi
TVMN onepaTopa Lnka, 3aBepLuaeTcd kombuHaumei knroyesbix cios end Loop. Cam no cebe
3TO 6eCKOHEeUHbIN LK., Bbl MOXeTe BbIATY 13 3TOrO LMK/Ia C MOMOLLLIO onepaTopa Bbixoza
exit.

CuHTakcnc ans npuceamBaHna =, a CUMHTAKCNC ANA paBeHCTBa =. MIX HeBO3MOXHO
nepenytatb, MNOTOMY 4TO, KakK OTMe4a/ioCb paHee, B Age onepartopbl 1 BblpaXxeHuA
Pa3ninyHbl, a BblpaXeHNA HE ABNAKTCA A0MNYCTUMbIMK ONepaTopamMu.

2.3.3 Uuknbl while

MocneaHsas dopma umkna B Age - 31o umkn while.

with

Listing 10: greet_5c.adb
Ada.Text IO; use Ada.Text IO;

procedure Greet 5c is

I

Integer := 1;

begin

- Condition must be a Boolean value
- (no Integers).
- Operator "<=" returns a Boolean

while I <= 5 loop

Put Line ("Hello, World!"
& Integer'Image (I));

I =1+ 1;

end loop;
end Greet 5¢;

Runtime output

Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!

U WNR

YcnoBue BbIUYUCAAETCA Mepej KaxAon uTepauuveir. Ecnm pesynbTaT paBeH «/10Xb», TO LMKN
3aBepLuaeTcs.

3Ta nporpaMma MMeeT TOT Xe 3bPeKT, UTo 1 NpesbliayLine NprUMepbl.

Ha apyrux ssbikax

2.3.

Lunknbl 11
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Obpatute BHUMaHWe, 4TO AJa MMeeT NHYK CeMaHTUKY, YeM 53blkKM Ha ocHoBe C, CBA3aHHYHO C
ycnosuem uukna while. B Aza ycnoBue f0MKHO 6bITb 10rMYeCKMM 3HaYEHUEM, Haye KOMAUASTOP
OTKJIOHWUT MPOrpamMMy; yci0BMe He MOXET 6biTb LiefIbIM YMCIOM, KOTOpOe pacLeHnBaeTcs Kak
NCTUHHOE NN IOXHOE B 3aBMCUMOCTI OT TOTO, IBNSETCS I OHO HEHYNEeBbIM U HYNeBbIM.

2.4 OnepaTop Bbi6boOpa

Onepatop Bbibopa case B Age aHanoruueH onepatopy switch ns C/C++, Ho ¢ HekoTopbIMK
BaXXHbIMU OTINUNAMMN.,

BoT npumMep, Bapmnaums nporpammel, KoTopasi 6bi1a mokasaHa paHee ¢ MHCTpykuumeit 1f:

Listing 11: check_direction.adb

with Ada.Text IO0; use Ada.Text IO;
with Ada.Integer Text IO; use Ada.Integer Text IO;

procedure Check Direction is
N : Integer;
begin
loop
Put ("Enter an integer value: ");
Get (N);
Put (N);

case N is
when 0 | 360 =>
Put _Line (" is due north");
when 1 .. 89 =>
Put Line (" is in the northeast quadrant");
when 90 =>
Put Line (" is due east");
when 91 .. 179 =>
Put_Line (" is in the southeast quadrant");
when 180 =>
Put Line (" is due south");
when 181 .. 269 =>
Put Line (" is in the southwest quadrant");
when 270 =>
Put Line (" is due west");
when 271 .. 359 =>
Put Line (" is in the northwest quadrant");
when others =>
Put Line (" Au revoir");
exit;
end case;
end loop;
end Check Direction;

Ta nporpamMma HeoAHOKPATHO 3aMpPaLUNBAET LIeIOYNCIEHHOE 3HAaUYeHWe, a 3aTEM, eC/IV 3HAYeHNe
HaxoAuUTCA B AvanasoHe O .. 360, oTo6paxaeT COOTBETCTBYOLMI KBagpaHT Unu ocb. Ecan
3HaYeHe ABNSIETCA LeNbIM YMCIOM 3a Mpejenamyn 3Toro AuanasoHa, UuKA (M nporpamma)
3aBepLUalTCs MoC/e BbIBOAA NPOLLAIBEHOI0 COO6LLEHNS.

SddekT onepaTopa BbIbOpa aHanorM4veH yCnoBHOMY ornepaTopy B mpeabljyliem nprumepe, Ho
onepaTop BbI6bopa MOXeT 6bITb 60/1ee 3PpPeKTVBHbBIM, HET HYX /bl BbINONHATE HECKO/IbKO TECTOB
AnanasoHa.

MpumeyaTesibHble MOMEHTLI B OflepaTope Bblbopa B AZe:

12 Chapter 2. mnepaTuBbI A3bIKA
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* BblpaxeHue Bbl6opa (3aeck nepemeHHas N) Z0/KHO 6bITb ANCKPETHOMO TUNA, TO eCTb NGO
LeNo4YMCIeHHOro T1Na, AMbo Tuna nepeuncneHns. Juckpemssie munel (page 39) byayt
paccMoTpeHbl 6onee NoAPO6HO Mo3XKe.

« Kaxzgoe BO3MOXHOe 3HauyeHve ANs BblpaXeHWs Bbl6opa JAOMXKHO 6biTb OXBa4eHO
YHVKaNbHOW BeTBbIO onepaTopa case. 3To byzeT NpoBepeHO BO BPeMsi KOMMUASLMN.

+ BeTBb MOXeET yKa3blBaTb O4HO 3HaueHue, Hanpumep 0; AnanasoH 3Ha4YeHuin, Hanpumep 1
89; nnun ntobast nx KOMBUHaLKMSA (C pa3genuTtenem |).

« OTAenbHO MOXeT bbITh 33flaHa KOHeuUHasi BeTBb C k/toueBbiM coBoM others, koTopas
OXBaTblBaeT BCE 3HAYEHWS!, He BKIKOUEHHbIe B NpeblayLLne BeTKU.

* BbIMo/HEHWE COCTOUT 13 BblYNC/IEHNS Bblpa>XXeHnA Bbl60pa, a 3aTteM nepejadnm ynpasneHuna
nocneaoBaTe/ibHOCTH I/IHCprKLI,I/II7I B yHI/IKaJ'IbHOI7I BE€TBW, KOTOpad OXBaTbiBae€T 3TO
3Ha4eHwue.

* Korga BbINOMHEHVE OnepatopoB B BblOpaHHOW BeTBW 3aBepLUEHO, YyrnpasneHue
BO306HOBAsSIETCS Moc/e nocneaHel BeTeu (Nocne end case). B otimume ot C, BbIMONHEHME
He nonajaeTt B C/IeAyHoLLyt0 BeTBb. TakvM 06pa3oMm, B AZe He HyXeH (1 He cyLlecTByeT)
onepaTop break.

2.5 30HbI onNcaHusd

Kak ynomuHanocb paHee, Afa MPOBOAMT UeTKOe CUHTaKCU4Yeckoe pasjefieHve Mexay
06BbABNEHUSIMY, KOTOpble BBOASAT MMEHa ANs CyLIHOCTel, KoTopble 6yAyT MCMO/b30BaTbCs B
nporpamme, 1 onepaTopamu, BbINOAHAOLWMMN 06paboTky. O6nacT B Nporpamme, B KOTOPbIX
MOTYT NOSIBASTLCS 06bABMEHNS, HAa3bIBAOTCS 30HAMM OMUCAHMIS.

B nto60ii nognporpamme y4acTok Koga mexay is v begin aBnsietcs 30HoM onncaHus. Tam MoryT
6bITb NepeMeHHble, KOHCTaHTbI, TUMbl, BHYTPEHHME NOANPOrpamMmMbl 1 Apyrne CyLHOCTN.

Mbl KPaTKO YNOMWHaNm 06bsABNEHNS nepemMeHHbIX B rpeabigyliemMm nojpasjene. ﬂ,aBaVlTe
NMOCMOTPWMM Ha I'IpOCTOl7| npmMmep, rae Mol obbsaBnsSEM LUeNOYNCNEHHYHO NepeMeHHYHO X B 30He
onnmcaHma n BblNOJIHAEM MHLUWaANN3aUno U AO6aB]'IEHVIe K Hel eanNHnUbI:

Listing 12: main.adb
with Ada.Text IO; use Ada.Text IO;

procedure Main is

X : Integer;
begin
X 1= 0;

Put Line ("The initial value of X is
& Integer'Image (X));

Put Line ("Performing operation on X...");

X =X+ 1;

Put Line ("The value of X now is "
& Integer'Image (X));

end Main;

Runtime output

The initial value of X is 0
Performing operation on X...
The value of X now is 1

[laBaliTe pacCMOTPUM NPUMEP BNOXEHHON NpoLesypbl:

2.5. 30HbI onNucaHus 13
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Listing 13: main.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Main is
procedure Nested is
begin
Put Line ("Hello World");
end Nested;
begin
Nested;
-- Call to Nested
end Main;

Runtime output

Hello World

Ob6bsABNEHME HE MOXET MCMNOJIb30BaTbCSA Kak onepartop. Ecnn Bam HY>XHO 06BABUTL NNOKa/bHYHO
nepeMeHHyr cpegn onepatopoB, Bbl MOXeTe BBeCTUM HOBYHO 30HY OnmMcaHumda C NOMoOLbro
6104HOro oneparopa:

Listing 14: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is

begin
loop
Put_Line ("Please enter your name: ");
declare
Name : String := Get Line;
-- ~ Call to the
-- Get Line function
begin

exit when Name = "";
Put Line ("Hi " & Name & "!");
end;

-- Name is undefined here
end loop;

Put Line ("Bye!");
end Greet;

Build output

greet.adb:9:10: warning: "Name" is not modified, could be declared constant [-
~gnatwk]

Attention: ®yHkuMa Get Line no3BonsieT nonyyaTb BXOAHble AaHHble OT MOAb30BaTeNs u
BblaBaTb pe3ynbTaT B BUAe CTPOKU. ITO bonee nnv meHee 3kBnBaneHTHo ¢yHkumm scanf C.

OHa Bo3BpalaeT cTpoky (Tvna String), KoTopas, Kak Mbl YBUAVMM MO3Xe, ABAAETCS
HeozpaHu4YeHHsIM munom maccuea (page 69). Moka Mbl MPOCTO OTMeYaeM, YTo, eC/IN Bbl XOTUTE
06BbABUTL CTPOKOBYIO MepeMeHHyto (€ Tunom String) v 3apaHee He 3HaeTe ee pa3mep, BaM
He0b6X0AMMO VHULMANN3MPOBaTb NePEMEHHYH0 BO BpeMs ee 06bsiBNeHNS.

14 Chapter 2. mnepaTuBbI A3bIKA
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2.6 YcnoBHble Bbipa>keHus

B Asa 2012 66111 BBEAEHbI BbIpaXeHUsi-aHaN0r yCI0BHbIX onepaTtopos (1f n case).

2.6.1 YcnoBHoe Bblpa)keHue

BoT anbTepHaTVBHasi Bepcus npumepa npuBes&HHOro Boille; ornepaTtopbl if 3ameHeHbl Ha if
BbIpaXeHWS:

Listing 15: check_positive.adb

with Ada.Text IO; use Ada.Text IO;
with Ada.Integer Text IO; use Ada.Integer Text IO;

procedure Check Positive is
N : Integer;
begin
Put ("Enter an integer value: ");
Get (N);
Put (N);

declare
constant String :=
(if N > 0 then " is a positive number"
else " is not a positive number");
begin
Put Line (S);
end;
end Check Positive;

BblpaxeHue if BbluMcasieT ogHy 13 ABYX CTPOK B 3aBUCUMOCTM OT N 1 MpUCBaMBaeT 3TO 3HaYeHne
NIOKanbHOM NnepeMeHHo S.

BbipaxeHusi if B Age aHanornuHbl onepatopam if. OpgHako ecTb HeECKONbKO OTANYMIA
cnefyroLLmx 13 Toro ¢pakTa, YTo 3TO BblpaxeHue:

* BblpaxeHus Bcex BeTBEN J0/XKHbI 6bITb OAHOMO TUNa
* OHO 00/1HO BbITb 3aK/IFOUEHO B KPYr/ible CKOBKW, eC/IN YXKe He OXBaueHO UMK

« BetBb else ob6si3aTenbHa, €M TONMbKO cregytowiee 3a then BbipaxeHve He uvmeet
NOTNYECKOro 3HaueHs. B aTom ciyyae BeTBb else ABnseTcs Heobs3aTebHOM 1, eC/IN OHa
OTCYTCTBYET, MO YMOMYAHUIO aHanornyHa else True.

BoT elLe oavH NpuMep:

Listing 16: main.adb
with Ada.Text IO; use Ada.Text IO;

procedure Main is
begin
for I in 1 .. 10 loop
Put Line (if I mod 2 = 0 then "Even" else "0dd");
end loop;
end Main;

Runtime output

0dd
Even

(continues on next page)

2.6. Ycn0BHbIe Bblpa)keHus 15
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(continued from previous page)

0dd
Even
0dd
Even
0dd
Even
0dd
Even

STa nporpaMmma Bblgaet 10 CTPOK BbIBOAQ, YepeayroLnxca cnos "HeueTHbin" n "YetHbin" ("Odd"
n "Even").

2.6.2 Bbipa>keHune Bbl6opa

AHanorn4Ho BblpaxeHuam if, B Age Takxke ecTb BblpaxkeHus case. OHM paboTatoT MMEHHO Tak,
Kak Bbl 1 OXWAANN

Listing 17: main.adb
with Ada.Text IO; use Ada.Text IO;

procedure Main is
begin
for I in 1 .. 10 loop
Put Line (case I is
when 1 | 3 | 5| 7] 9 => "0dd",
when 2 | 4 | 6 | 8 | 10 => "Even");
end loop;
end Main;

Runtime output

0dd
Even
0dd
Even
0dd
Even
0dd
Even
0dd
Even

3Ta nporpaMMa nmMeeT TOoT e 3GdeKT, UTo 1 B NpeablayLLem npumMepe.

CUHTaKcKc oTanyaeTtcs ot onepaTtopoB case TeM, YTO BETBU pasfesieHbl 3anATbIMA.

16 Chapter 2. mnepaTuBbI A3bIKA
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CHAPTER
THREE

noaAnPOrPAMmMBbI

3.1 NMoanporpamMmmsbl

[0 c1x nop Mbl UCMONBL30BaAN Mpoueaypbl, B OCHOBHOM, YTO6bI PacnonoXmntb Tam KoAa ANs
ncnonHeHuvs. Mpoueaypbl ABASHOTCA O4HVM U3 BUAOB N0ONPO2PaMM.

B AZe ecTb ABa BrAa NOANPOrpaMm: gyHkyuu 1 npoyedypsl. Pasnnuve Mexay HUMU 3akitovaeTcs
B TOM, YTO QYHKLMS BO3BpALLaeT 3HaueHe, a npoLesypa - HeT.

B s3TOM rnpmnmMmepe nokasaHo obbsBNEHVE 1 onpejgeneHmne CI)yHKLI.VII/IZ

Listing 1: increment.ads

function Increment (I : Integer) return Integer;

Listing 2: increment.adb

-- We declare (but don't define) a function with
-- one parameter, returning an integer value

function Increment (I : Integer) return Integer is
-- We define the Increment function

begin
return I + 1;

end Increment;

Moanporpammel B AZe, KOHeYHO, MOryT KMeTb napameTpbl.  OAHO BaXHoe 3ameuyaHue
KacaroLeecs CMHTAKCMCA 3aKNH0YaeTca B TOM, UTO MNOANPOrpaMma, y KOTOpol HeT napameTpos,
BOOGLLE He MMeeT pasjesia NnapaMeTpoB, HarnpumMep:

procedure Proc;

function Func return Integer;
BoT elle oaMH BapuaHT nNpebiayLiero npmumMepa:

Listing 3: increment_by.ads

function Increment By
(I : Integer := 0;
Incr : Integer := 1) return Integer;
-- ~ Default value for parameters

B aTOM npmnmepe Mbl BUANM, YTO NapaMeTpbl MOTYT MMETb 3HaUeHUs Mo YMO4YaHuIo. pn Bbi3oBe
noANpOrpaMmMbl Bbl MOXKeTe ONYyCTUTb NapamMeTpbl, eI OHU MMEIOT 3HaueHve No yMoa4YaHuio. B
oTanudme ot C/C++, BbIZOB NOAMNPOrpamMMel 6e3 napaMeTpoB He NCMOob3YyeT CKOOKU.

BoT peanuzaumsa ¢yHKLNKW, ONNCAHHOW BbiLLe:

17
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Listing 4: increment_by.adb

function Increment By

(I : Integer := 0;
Incr : Integer := 1) return Integer is
begin

return I + Incr;
end Increment By;

B Ha6ope nHctpymeHToB GNAT

CTaHaapT a3bika Afa He pernameHTupyeT B Kakmnx $painnax cnegyeT pacnonoxXuTe crneumdukaLmio
W Teno nognporpammel. Jpyrumu cnosamu, CTaHAAPT He HaBA3bIBAeT Kakyro-1Mb60 CTPYyKTypy
opraHmsaumn dannos nam paclmpeHns nmeH ¢arinos. K npumepy, Mbl MOTAW Bbl COXPaHUTbL U
cneyndurKaLmio 1N Teno ykasaHow Bbile ¢yHKUMM Increment B dpaitne c HasBaHvem increment.
txt. (Mbl gaxke MOriv 661 TOMECTUTL BeCb MCXOAHbIV KOJ CUCTEMbI B OAMH daiin.) C TOUKM 3peHuns
CTaHAapTa 3TO BMOJIHE JOMNYCTUMO.

C ppyroi cTopoHbl, Habop MHcTpymeHToB GNAT TpebyeT cnefytoLlyto Cxemy HanMeHOBaHWS
¢darinos:

*+ dainbl C paclimpeHnem .ads cogepxaT cneyndrkauynio, Torga, Kak
+ dalinbl ¢ paclumpeHneM .adb cogepxxat peanmsauumio.

Takum o6pasom, ana MHcTpymeHTapua GNAT, cneumdukaumsa ¢yHkumm Increment goskHa
HaxoanTbca B daline increment.ads, a ee peanusaumsa [OMKHA HaxoAuTbcs B daline
increment.adb. 310 npaBKO Takxe NPUMeEHSAETCA ANA NaKeTOB, KOTOPbIe Mbl 06CYAMM N03Xe
(page 27). (OT™MeTVM, OAHAKO, YTO 3TO MPaBUAO MOXHO O60NTW.) JlononHUTeNnbHble AeTanu
cmoTpuTe B Kypce Introduction to GNAT Toolchain® nav B GPRbuild User's Guide!©,

3.1.1 Bbi3oBbl NOoANporpaMm

[lanee Mbl MOXeM BbI3BaTb Hallly MOANPOrpaMMy CeyroLnm 06pasom:

Listing 5: show_increment.adb

with Ada.Text IO; use Ada.Text IO;
with Increment By;

procedure Show Increment is

A, B, C : Integer;
begin

C := Increment By;

-- ~ Parameterless call,

-- value of I is 0

-- and Incr is 1

Put Line ("Using defaults for Increment By is "
& Integer'Image (C));

= 10;

= 88

Increment By (A, B);

-- ~ Regular parameter passing

O W >

(continues on next page)

9 https://learn.adacore.com/courses/GNAT_Toolchain_Intro/index.html
10 https://docs.adacore.com/gprbuild-docs/html/gprbuild_ug.html
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(continued from previous page)

Put Line ("Increment of "
& Integer'Image (A)

& " with "
& Integer'Image (B)
& n j_S n

& Integer'Image (C));

= 20;
_5;
Increment By (I => A,
Incr => B);
-- ~ Named parameter passing

O m >

Put Line ("Increment of "
& Integer'Image (A)

& " with "
& Integer'Image (B)
& n is n

& Integer'Image (C));
end Show Increment;

Runtime output

Using defaults for Increment By is 1
Increment of 10 with 3 is 13
Increment of 20 with 5 is 25

AZa no3BoJisieT BaM BbIMONHATb YKa3biBaTb MMeHa MapaMeTpoB Mpu nepejayn UX BO BpeMs
BbI30OBa, HE3aBWCUMO OT TOrO, €CTb /I 3HAYEHUS MO YMOAYAHMIO UK HeT. Ho ecTb HeCKoJibKo
npaBuI:

* [103UUVOHHbIE napamMeTpbl 40/DKHbI MATU NepBbIMA.
. |_|O3I/IL|,I/IOHHbII7I napamMmeTp He MOXeT C/ie40BaTb 3a MMEHOBAHHbLIM MapPaMeTPOM.

Kak npaBwuio, Nosib30BaTeNn NUCNOb3YOT UMEHOBAHHbIE MapaMeTpbl BO BPeMsl BbI30Ba, eC/n
COOTBETCTBYHOLLMI MapamMeTp GYHKUMM MMEET 3HaYeHMe Mo yMoAYaHuo. OgHaKo Takxe BroJiHe
NPUBETCTBYETCS MCMOb30BaTh BbI30B C MIMEHOBAHMEM KaXA0ro napamMmeTpa, ec/iv 3To AeaeT Koj
6os1ee NOHATHbIM.

3.1.2 Bno)xeHHble noAnporpamMmmabl

Kak kpaTko ynoMmHanocb paHee, Aga no3BosseT BaM OObABASATb OAHY MOAMPOrpamMmy BHYTPU
Apyrom.

OTO MONE3HO Mo ABYM NPpUYNHam:

* DTO MO3BOJIAET BaM MOAYUNTb 60/see MOHATHYH MNporpammy. Ecim Bam  HyXHa
noAnporpaMMa TONIbKO KaK «MOMOLUHWK» A/ APYroi MoAnporpaMmbl, TO MPUHLAN
nokanu3aumm ykasblBaeT, UTO MOAMPOrpamMMa-fnoMOLLHUK JAONXKHa 6biTb 06bsiBNeHa
BNOXEHHON.

* JTO obsieryaet Bam AOCTYN K AdHHBIM 06'b€M.ﬂI-OLLI,EVI noanporpamMmbl 1 COXPaHNTb NPU 3TOM
KOHTPO/1b, MOTOMY YTO BJ/IOXKEHHbIE NOANPOrpaMmMbl MMEKT AOCTYN K NMNapaMeTpaMm, a Takxe
K Nt06bIM NOKaNIbHbIM nepemMeHHbIM, 06BbABEHHBIM BO BHELLHEN 061aCTU.

Ncnonb3ys npeablgywinii npumep, MOXHO MNepeMecTuTb 4acTb koga (Bbi3oB Put Line) B
OTAEeNbHYIO npoueaypy U nsbexatb Ay6aMpoBaHUSA. BOT yKOpouyeHHas Bepcus C BAOXEHHON
npoueaypoi Display Result:

3.1. NognporpamMmmsl 19
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Listing 6: show_increment.adb

with Ada.Text IO0; use Ada.Text IO;
with Increment By;

procedure Show Increment is
A, B, C : Integer;

procedure Display Result is
begin
Put Line ("Increment of "

& Integer'Image (A)
& " with "
& Integer'Image (B)
& " is "
& Integer'Image (C));

end Display Result;

begin
A :=10;
B := 3;
C := Increment By (A, B);
Display Result;
end Show Increment;

Runtime output

Increment of 10 with 3 is 13

3.1.3 Bbi30B GYyHKLMNA

BaXxHO 0COBEHHOCTLIO BbI30BOB GYyHKLMI B AZle IBASIETCS TO, YTO BO3BPALLaeMoe 3HaueHne npu
BbI30Be He/lb3s1 ITHOPVPOBATb; TO €CTh BbI30B GpYHKLIMM HE MOXET MCMONb30BaTbCs Kak onepaTop

Ecnn Bbl XOTUTe BbI3BaTb GYHKLIMIO 1 BaM He HyXXeH ee pe3y/nbTaT, BaM BCe PaBHO HYXHO byaeT
SIBHO COXPaHWTb €ro B N0Ka/NIbHOWM NepeMeHHOo

Listing 7: quadruple.adb

function Quadruple (I : Integer) return Integer is
function Double (I : Integer) return Integer is
begin
return I * 2;
end Double;

Res : Integer := Double (Double (I));
-- ~ Calling the Double
-- function

begin
Double (I);
-- ERROR: cannot use call to function
-- "Double" as a statement

return Res;
end Quadruple;

Build output
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quadruple.adb:11:04: error: cannot use call to function "Double" as a statement
quadruple.adb:11:04: error: return value of a function call cannot be ignored
gprbuild: *** compilation phase failed

B Ha6bope nHcTpymeHToB GNAT

B GNAT, korga Bce npeaynpexzaeHus akTUBNPOBAHbI, CTAHOBUTCA eLLle C/I0XHee NrHOPUpPOoBaTb
pesynbTaT GyHKUMM, MOTOMY UTO HEUCMONb3yeMble NepeMeHHble byayT BbigBAeHbl. Hanpumep,
3TOT KOJ, 6yaeT HeAelCTBUTENbHbIM:

function Read Int
(Stream : Network Stream;
Result : out Integer) return Boolean;

procedure Main is
Stream : Network Stream := Get Stream;
My Int : Integer;

-- Warning: in the line below, B 1is
-- never read.
B : Boolean := Read Int (Stream, My Int);
begin
null;
end Main;

3atem Yy BaC €CTb ABa peLlleHnd, UTO6bI OTK/IKOUUNTL 3TO npeaynpexaeHune:

* JInbo aHHOTMPOBAaTb NepemMeHHYHo € MomoLLbto pragma Unreferenced, Taknum obpasom:

B : Boolean := Read Int (Stream, My Int);
pragma Unreferenced (B);

* Nnn fainTb nepemMeHHO’ 1Ms, KOTOpOoe COAEePXNT Nrobyto 13 cTpok: discard dummy ignore
junk unused (6e3 yyeTta perucrpa)

3.2 Buabl napameTpoB

[0 cnx Nop Mbl BUAENN, YTO AZa - 3TO A3blK, OPUEHTMPOBAHHBbIV Ha 6e3onacHoCTb. CyliecTByeT
MHOrO MexaHW3MOB peann3aunmn 3TOro NpUHLMNG, HO ABa BaXHbIX MOMEHTa 3ak/lo4aloTcsa B
cnepytoLLem:

+ AZa No3BoAsieT NoMb30BaTeNtO Kak MOXHO 60o/ee TOUHO yKasaTb OXWAaemMoe nosejeHne
NporpamMmel, YTobbl KOMMUAATOP MOT MpeaynpexAaTe UM OTKAOHATE NPY 06HAPYXeHUN
HeCooTBEeTCTBUA.

+ Aja npegoctaBideT MHOXEeCTBO MeToA0B ANA  AOCTMXEHUA O6LLI,HOCTI/I N rnbkocTn
y|<a3aTene|7| n ANHaMUN4YeCKoro yrnpassieHUA NMaMATbo, HO be3 HeAOoCTaTKoB nociegHero
(Takmx kak yTeuyka namMaTn n sncavmne CCbIKW).

Buabl napamMeTpoB - 3TO BO3MOXHOCTb, KOTOpasi MoMoraeT BOMIOTUTb 3TW ABa MOMEHTA Ha
npakTtuke. MapameTp NOANPOrpaMMbl MOXET ObITb OAHOr0 13 CNeAyoLLMX BUAOB:

in MapameTp MOXET 6bITb TONbKO CHMTAH, HO He 3anucaH
out MapameTp MOXHO 3anncaThb, a 3aTeM NPoUNTaThb
in out | MapameTp MOXeT 6bITb, Kak CYMTaH, TaK 1 3anmcaH
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Mo ymMon4yaHuio BUA napameTpa 6yaeT in; 40 cvMx nop 601bLUMHCTBO NPUMEPOB 1CMO/b30Banu
napameTpbl BMAA in.

NcTopuueckun

®PyHKUMM 1 NpoLeaypbl M3HaYanbHO 6blav 6onee pasHbiMy No dunocodun. o Aga 2012 dbyHkumm
MOT IV MPUHUMATL TONBKO «BXOAsLME» (1n) napameTpbl.

3.3 BbI30B npoueaypbl

3.3.1 NMapameTpsl in

MepBblil BUA NapameTpa - 3TO TOT, KOTOPbIA Mbl HEABHO NCMOb30BaNN 40 cUX nop. MNapameTpbl
3TOro BUAA Heb35 N3MEHUTb, MO3TOMY CleAytoLLas NporpaMmMa Bbl30BeT OLLMOKY:

Listing 8: swap.adb

procedure Swap (A, B : Integer) is
Tmp : Integer;

begin
Tmp := A;
-- Error: assignment to "in" mode
-- parameter not allowed
A := B;
-- Error: assignment to "in" mode
-- parameter not allowed
B := Tmp;

end Swap;

Build output

swap.adb:8:04: error: assignment to "in" mode parameter not allowed
swap.adb:12:04: error: assignment to "in" mode parameter not allowed
gprbuild: *** compilation phase failed

Tort CI)aKT, YTO 3TO BUA NCNONb3yeTCd Mo yMONYaHMIO, CaM Mo cebe o4eHb BaxKeH. ITO O3Ha4aerT,
4YTO NapamMmeTp He 6yp,eT M3MEHEH, eCIN Bbl ABHO HE yKaXeTe eMy ,El,pyI'OVI BU4, ANA KOTOPOro
pa3peeHo nsmeHeHne.

3.3.2 NapameTpsbl in out

Ans ncnpasneHna Koda, npuBeAeHHOro Bbille, MOXHO UCNO/1b30BaTb NMNapaMeTp in out.

Listing 9: in_out_params.adb
with Ada.Text IO0; use Ada.Text IO;

procedure In Out Params is
procedure Swap (A, B : in out Integer) is
Tmp : Integer;
begin
Tmp := A;
A := B;

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

B = Tmp;
end Swap;
A : Integer := 12;
B : Integer := 44,
begin
Swap (A, B);
-- Prints 44

Put _Line (Integer'Image (A));
end In Out Params;

Runtime output
44
MapameTp in out obecneuymBaeT AOCTYN ANS UTEHUS U 3anNUCU K 06bEKTy, nepesaHHOMY

B KayecTBe MapameTpa, MO3TOMY B MpUBELEHHOM Bbille MpUMepe BUAHO, 4YTO 3HayeHue A
N3MeHsieTcs noce BbizoBa GyHKLMM Swap.

Attention: B TO Bpewmsi kak napameTpbl in out HEMHOro MOXOXMW Ha cCbiNkU B C++ nnu
06bIYHbIe MapameTphbl B Java, KOTOpbIe NepeatoTcsa Mo cCblnke, CTaHAapT A3blka Afja He TpebyeT
nepeaayn napameTpoB in out "Mo ccbiike", 3a UCKIOYEHNEM OMpeaeneHHbIX KaTeropuia
TWUNOB, Kak byJeT 06 bACHEHO Mo3Xe.

B obuem, nyywe gymaTb O BMAAX MapameTpoB Kak O 6ojee BbICOKOM YpPOBHe, 4YeM O
CEMaHTMKe «MO 3HAYEHUNIO» UAWN «MO CCbike». [as KOMAUAATOPA 3TO 03Ha4aeT, YTO MacCCuB,
nepesaBaeMblli B Ka4ecTBe NMapameTpa in, MoXeT nepesaBaTbCsi MO CCbIKE, MOCKOABKY 3TO
b6onee 3dPekTMBEHO (UTO HMYEro He MeHSeT A/s MOJIb30BaTesls, NMOCKOAbKY MapameTp He
MOXeT bblTb Ha3HaueH). OAHaKo MapameTp AUCKPETHOro Tuna Bcerja byaert nepesfaBaTbCs
KOMuer, He3aBUCMMO OT ero Buja (BeAb Tak b6onee 3ddekTMBEHO Ha 6ONbLUNHCTBE
apXUTEKTYp).

3.3.3 MNMapameTpsbl out

Bua «out» npumenHsieTcs, korga noanporpaMMe Heo6xoAMMO BbIMONHUTL 3aNMCb B NapameTp,
KOTOpbIA MOXeT OblTb He WHMUMANM3MPOBaH B MOMEHT BbI30Ba. UteHrne 3HayeHus
BbIXOAHOrO MapameTpa pa3peLleHo, HO OHO JAO/PKHO BbIMOAHATLCA TO/ABKO MOC/Ae TOro, Kak
nognporpaMmMa npucBOMAa 3HayeHue napameTtpy. [lapameTpbl out HeMHOro MoxoXxu Ha
BO3BpalLaemMble 3HadeHus ¢yHkumii.  Korga nognporpaMma BO3Bpallaetcs, $akTUYecKui
napameTp (nepemeHHas) bygeT MMeTb 3HaYeHVe NapaMeTpa B ToUke BO3BpaTa.

Ha gpyrux sisbikax

AZla He MMeeT KOHCTPYKLMM KOpTexa W He Mo3BOAsieT BO3BPALLATb HECKOMbKO 3HAYeHWli 13
noAnporpamMmbl (3a UCkIrUeHNeM 06bABAEHNS MONHOLEHHOro Tuna 3anuck). CnegoBaTesnbHO,
CNoco6 BepHYTb HECKOJIbKO 3HaYeH W 13 NOANPOrpaMMbl COCTOUT B UCMOJIb30BaHNM NapaMeTpoB
out.

HanpumMep, npoueaypa CYMTBIBAHUS LIeNbIX YNCEN N3 CETU MOXET UMEeTb OAHY U3 CnefyroLmnx
cneyndurkaunin:

procedure Read Int
(Stream : Network Stream;
Success : out Boolean;

(continues on next page)
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(continued from previous page)
Result : out Integer);

function Read Int
(Stream : Network Stream;
Result : out Integer) return Boolean;

Mpu uTeHUN NepeMeHHOR out 40 3aNKCbLIO B Hee B UAeane Jo/KHa BO3HMKATb OLLMBKa, HO, ecn
6bl 6b110 BBEAEHO Takoe MpPaBu/o, TO 3TO HBbl MPUBENO NB0 K HeshdeKTUBHBLIM NpoBeEpKkaM BO
BpeMsi BbIMOJIHEHUS, MO0 K OUYeHb CJIOXHbIM MpaBuiaM BO BpeMs KOMAUASaUMK, Takum o6pasom,
C TOUKW 3peHunst Nofb3oBaTens napaMeTp out AelicTByeT Kak HEMHULMANU3MPOBAaHHAsA B MOMEHT
Bbl30Ba MOAMNPOrpaMMbl mepemMeHHasl.

B Ha6ope nHcTtpymeHToB GNAT

GNAT 06HapyXuT npocTble Caydan HenpaBW/bHOTO WCMOAb30BaHWA MapameTpoB out.
HanpuvmMep, KOMOMAATOP BbIAACT NpeaynpexaeHne 405 cnejyroLeli nporpaMmmel:

Listing 10: outp.adb

procedure Qutp is
procedure Foo (A : out Integer) is
B : Integer := A;
-- ~ Warning on reference
-- to uninitialized A
begin
A := B;
end Foo;
begin
null;
end Outp;

Build output

outp.adb:2:14: warning: procedure "Foo" is not referenced [-gnatwu]

outp.adb:3:07: warning: "B" is not modified, could be declared constant [-gnatwk]

outp.adb:3:22: warning: "A" may be referenced before it has a value [enabled by,
~default]

3.3.4 MpepBapuTenbHoe 06bABNEHME NOANPOrpaMm

Kak Mbl BUgenun paHee, nognporpaMmmMma MoXeT 6bITb 06bsAB/EHA 6€3 NONHOro onpeaeneHnA. 370
BO3MOXHO B LEJ/IOM N MOXET 6bITb MOIE3HO, eci BaM HY>XHO, UTObbI noanporpamMmmebl OblN
B3aMHO peKypCBHbIMU, KakK B MpnMepe HIXe:

Listing 11: mutually_recursive_subprograms.adb

procedure Mutually Recursive Subprograms is
procedure Compute A (V : Natural);
-- Forward declaration of Compute A

procedure Compute B (V : Natural) is
begin
if V > 5 then
Compute A (V - 1);
-- Call to Compute A
end if;
end Compute B;
(continues on next page)
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(continued from previous page)

procedure Compute A (V : Natural) is
begin
if V > 2 then
Compute B (V - 1);
-- Call to Compute B
end if;
end Compute A;
begin
Compute A (15);
end Mutually Recursive Subprograms;

3.4 MNepenmeHoBaHue

ﬂOAI’IpOFpaMMbI MOXXHO NnepenMeHOoBaTb, NCMOJ/Ib3YA K/1lo4eBOe C/1I0BO renames 1 06bsABMB HOBOE
nma ana nognporpamMmmbl:

procedure New Proc renames Original Proc;

3TO MOXeT bbITb MOME3HO, HanpuMep, AN yayulleHUs YMTaeMoCTX Ballel nporpaMmel, Korga
Bbl MCMOJIb3yeTe KOJ U3 BHELUHUX UCTOYHUKOB, KOTOPLIA HeNb3s 3MEeHUTb B Ballel cucTeme.
JaBaiiTe MOCMOTPUM Ha nNpumep:

Listing 12: a_procedure_with_very_long_name_that_cannot_be_changed.ads

procedure A Procedure With Very Long Name That Cannot Be Changed
(A Message : String);

Listing 13: a_procedure_with_very_long_name_that_cannot_be_changed.adb
with Ada.Text IO0; use Ada.Text IO;

procedure A Procedure With Very Long Name That Cannot Be Changed
(A Message : String) is

begin
Put Line (A Message);

end A Procedure With Very Long Name That Cannot Be Changed;

Kak cnegyeT m3 Ha3BaHWA npoueaypbl, Mbl He MOXeM WM3MeHUTb ero. OfHaKo Mbl MOXeM
nepevMeHoBaTb MpoLeaypy BO 4TO-TO BpoAe Show B Hawem TeCTOBOM MPUIOXEHUN W
1NCNoab30BaTh 3TO 6os1ee KOPOTKOe MMA. ObpaTnTe BHUMAaHME, YTO Mbl TaKXe AO0/MKHbI 0O bABUTb
BCE MapameTpbl WCXOAHOW MOAMPOrpaMMbl, HO Mbl MOXEM MMeHOBaTb WX MO APYromy npw
o6bsaBneHUN. Hanpumep:

Listing 14: show_renaming.adb

with A Procedure With Very Long Name That Cannot Be Changed;
procedure Show Renaming is

procedure Show (S : String) renames
A Procedure With Very Long Name That Cannot Be Changed;

begin

Show ("Hello World!");
end Show Renaming;

Runtime output
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Hello World!

O6paTnte BHMMaHMe, uTo ucxogHoe nms (A Procedure With Very Long Name That Cannot Be Changed)

Mo-npexHeMy 0CTaeTcsa AOCTYNHO Nocne 06bABNEHNSA nNpoueaypbl Show.
MOo>HO TakXe neperMeHoBaTb NOANPOrpamMmMbl U3 CTaHAAPTHOM 61UbANOTeKN. HanpumMep, MOXHO
nepenMeHosaTtb Integer'Image B Img:
Listing 15: show_image_renaming.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Image Renaming is

function Img (I : Integer) return String
renames Integer'Image;

begin
Put Line (Img (2));
Put Line (Img (3));
end Show Image Renaming;

Runtime output

2
3

MNeperMeHOBaHMe TakXe MO3BONSET BBOAMTb BblpaXeHWs MO YMOAYaHWIO, KOTOpble He 6blan
yKasaHbl B UCXOAHOM 06bsiBNeHuMn. Hanpumep, MoxHo 3agatb "Hello World!" B kauvectBe
3Ha4YeHMsa Mo yMoA4YaHuto Ans napameTtpa String npoueaypsbl Show:

with A Procedure With Very Long Name That Cannot Be Changed;
procedure Show Renaming Defaults is

procedure Show (S : String := "Hello World!")
renames
A Procedure With Very Long Name That Cannot Be Changed;

begin
Show;
end Show Renaming Defaults;
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CHAPTER
FOUR

MOAY/IbHOE NPOrPAMMMNPOBAHWE

[0 cx nop Hawn NprMepsbl 6bIAN NPOCTBIMU @aBTOHOMHbBIMY MNOAMNPOrpamMmamMu. Bo3MoXHOCTb
PacnonoXmnTb NPOV3BO/bHbIE OOBABNEHNS B 30He OMMCaHWA cnocobcTByeT 3ToMy. bnarogops
3TOV BO3MOXHOCTW Mbl CMOMAN 06BABUTE HalW TUMbl U MepeMeHHble B Tenax OCHOBHbIX

npoueayp.

OfHaKo nerko yBuAeTb, YTO TaKOW MOAXOA He BMUCbIBAETCA B MACLUTab peanbHbIX NPUIOXEHWIA.
Ham Hy>XXeH Nnyylumii cnocob CTpyKTyprpoBaTh HALUW NMPOrpammbl B MOAy/bHblE U OTAeNbHble

610KMW.

Aza noouwipdaeT pasgeneHme rnporpaMMm Ha HeCKO/IbKO MakeToB M NoAnakeToB, NMpPpeaoCTaBaAdA
nporpaMMmncTy MHOXeCTBO MHCTPYMEHTOB B NMONCKaX mAeaanon OopraHun3auynm Kkoga.

4.1 MNMakeTbl

BoT npumMep 06bsBNeHMA NakeTa B Age:

package Week is

constant
constant
constant
constant
constant
constant
constant

end Week;

String
String
String
String
String
String
String

A BOT Kak Bbl ero 1cnosb3yeTe:

Listing 1: week.ads

"Monday";
"Tuesday";
"Wednesday";
"Thursday";
"Friday";
"Saturday";
"Sunday";

Listing 2: main.adb

with Ada.Text IO0; use Ada.Text IO;

with Week;

-- References the Week package, and
-- adds a dependency from Main to Week

procedure Main is
begin

Put Line ("First day of the week is
& Week.Mon);

end Main;

Runtime output
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First day of the week is Monday

MakeTbl MO3BOSIOT BaM CAefaTb KO MOAY/bHbIM, pa36buBasi NPorpaMmbl Ha CEMAHTUYECKU
3HaUNMble eAnHNLbI. KpoMe Toro, oTAeneHue cneundukaLmm naketa ot ero Tena (KOTopoe Mbl
YBUANM HUXE) MOXET COKPATUTbL BpemMst KOMMUASILIUN.

XoTsa cneundurkaTop KoHTekcTa with ykasbiBaeT 3aBMCMMOCTb, B MPUBEAEHHOM BbilLe NpuMepe
BMAHO, UTO HaM BCE eLlle HYXHO MCnob3oBaTh NpedurKc C MeHeM nakeTa, YTobbl coCnaTbes Ha
nMs B 3TOM nakete. (Ecnm 6bl Mbl Takke ykaszanu cneumdukaTop ncnosb3oBaHus use Week, To
Takol npedukc yxxe He 6b1s1 6bl HEO6XOANM.)

|_|pI/I A0CTyne K obbekTam 13 naketa NCNoJib3yeTcd ToveYyHada HoTaunA A.B, aHanorn4yHas Toi, 4To
NCnosb3yeTca anAa A0CTyna K Nosiam 3anucei.

CneumndurkaTop KoHTekcTa with MoXeT NosIBNATLCA MO6KO B HaYane Moayns KOMNUAALMN (T. e.
nepej 3ape3epBrPOBaHHbIM C/IOBOM, TakM Kak procedure, KOTopoe 0TMeYaeT Havano MoAyNs).
B apyrvx mectax OH 3anpelyeH. 3TO NpPaBUIO HEOBXOAMMO TOMbKO MO METOAON0rMYecKnM
COOBpPaXeHUAM: YenoBek, YNTAOLLMIA Ball KO, AO/XKEH Cpasy BUAETb, OT Kakux mogyneli oH
3aBUCUT.

Ha apyrux s3bikax
MakeTbl MOXOXM Ha daiinbl 3aronoskoB B C/ C ++, HO CEMaHTUYECKN CUNBHO OTIMYAKOTCS OT HUX.

* [lepBoe N camoe BaXxHOe OT/INYME COCTOUT B TOM, YTO MakeTbl NPeACTaBASAT CO6OM
MeXaHM3M YPOBHSA sA3blKa. B TO Bpemf, Kkak 3aronoBoYHbIN $anin u3 #include
obpabaTbiBaeTcs npenpoLeccopom C.

* HenocpeACTBEHHbLIM CNeACTBMEM 3TOrO SIBASETCS TO, YTO KOHCTPYKumMst with paboTaeT Ha
CeMaHTNYeCKOM YPOBHe, a He C MOMOLLb MOACTaHOBKM TekcTa. CnejoBaTenbHO, KOraa
Bbl paboTaeTe ¢ NakeToM ykasbiBas with, Bbl roBopuTe KOMNUASTOPY: «S 3aBUCUM OT 3TOWA
CEMaHTMYECKOM eAVHULbI», @ HE «BK/IOUNTE CIOAA 3TY Kyuy TeKCTax.

» Takum 06pa3om, AelicTBME MakeTa He 3aBMCUT OT TOro, OTKyAa Ha Hero ccoinaetcs with.
CpasHuTe 370 ¢ C/C++, rae CMbICN BKIHOYEHHOIO TEKCTa MOXET MEHATLCA B 3aBMCMOCTY OT
KOHTEeKCTa, B KOTOpoM nossnseTca #include.

3T0 No3BOASIET MOBLICUTL 3GPEKTUBHOCTL KOMMUAALUN/MEPEKOMAUAALUN.  ITO Takxke
obneryaer WHCTpymMeHTaM, TakuMm kak IDE, mony4yaTb npaBuibHyt0 WHPOpMaLMO O
cemMaHTuKe NporpaMmel. YTto, B CBOKO 0uepesb, MO3BONAET UMETb JTyULLUUNA MHCTPYMEHTapWiA
B Lie/IOM 1 KOA, KOTOPbIA nerye NnogAaaeTcs aHannsy Aaxe No4bMAN.

BaxHbIM npenmyLectBom with B Aze no cpaBHeHuto ¢ #include siBNSeTCs TO, YTO OH He 1meeT
COCTOAHUA. nOpHAOK CI'IeLI,I/Iq)I/IKaTOpOB with n use He nMeeT 3HaYEHUS N MOXET BbITb U3MEHEH
6e3 No6oUHbIX 3P deKToB.

B Ha6bope nHcTpymeHToB GNAT

CraHzapT A3blka AZa He npejycMaTpuBaeT KakuMx-11Mb0 0CO6bIX OTHOLLUEHUN MeXAY UCXOAHbIMU
dannamn 1 naketTamu; HanpuMep, TeOPeTUYECKN Bbl MOXeTe NOMECTUTb BeCb CBOWM KOA B OAUVH
dainn nnr ncnonb3oBaTh CBOW COHBCTBEHHbIE cornalleHns 06 nMeHoBaHUK GalinoB. Ha npakTuke,
04HaKo, KaXAasa peanusaumsa nmeet cBou npasuna. Ana GNAT kaxablli MOAy/b KOMMUAALNN
BEpXHero YpoBHS A0/KEeH 6bITb NOMeLLEeH B OTAeNbHbIV dalin. B nprBeseHHOM Bbille NprMepe
naket Week byzeT HaxoanTbca B paiine .ads (19 Aga cneumdrkaumm), a OCHOBHas npoLeaypa
Main - B ¢paiine .adb (gna Aga tena).
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4.2 Vicnonb3oBaHMe NakeTa

Kak Mbl BUgenn Bblle, cneuyndukaTop KoHTekcta with ykasbiBaeT Ha 3aBUCMMOCTb OT APYroro
naketa. TeM He MeHee, KaxzAasa CCblika Ha CYLbHOCTb, HaxoAswytoca B nakete Week, gonxkHa
NMeTb MpeduKkc B BMAE MOJHOMO MMEHU mnakeTa. MOXHO caenaTb BCe CyLbHOCTX MakeTa
HEenocpeACTBEHHO BUAUMBIM B TeKyLel 061acTh C MOMOLLbIO creumdrkaTopa NCrnosib30BaHUs
use.

dakTUYeCKkn, Mbl MCMNONBL30BaNM Cl'IeLl,I/ICI)I/IKaTOp use rno4yTn C CaMoro Ha4dana sToro pykosoAacTBa.

Listing 3: main.adb

with Ada.Text IO; use Ada.Text IO;

-- ~ Make every entity of the
-- Ada.Text I0 package

-- directly visible.

with Week;

procedure Main is

use Week;

-- Make every entity of the Week

-- package directly visible.
begin

Put Line ("First day of the week is " & Mon);
end Main;

Runtime output

First day of the week is Monday

Kak Bbl MOXeTe BUAETb B npuneeigeHHOM BblLLE NpUMepe:

* Put_Line - ato nognporpamma 13 naketa Ada.Text I0. Mbl MOXeM cCbliaTbCs Ha Hee
HernocpeACTBEHHO, MOTOMY YTO Mbl YKa3a/iv MakeT B Use B BepPXHel 4acT OCHOBHOIO MOAyNs
Main.

+ B oTAnume oT cneundukaTopa KoHTekcTa with, cneundukatop ncnonb3oBaHUS use MOXET
6bITb NOMeLLeH 1160 B 3arofIoBoK, 160 B NH06YHO 061aCTb onncaHusa. B nocnegHem ciydae
3ddekT use bygeT pacNpPoCTPaHATLCA TONbKO Ha COOTBETCTBYHOLLYIO 06/1aCTb BUANMOCTU.

4.3 Teno nakerta

B npuBegeHHOM Bbille npocToM npumepe nakeT Week cogepXUT TONbKO O6bSABAEHUA U He
COZEepPXUT peanmsaLnin. 370 He oLIMBKa: B crieLndrKaLmm nakeTa, KoTopas NpouAICTPUPOBaHa
BblLLe, He/lb3d 06BABNATL peanmsaumn. Peannsaynm AoMKHbI HAXOAMUTLCS B Tene nakera.

Listing 4: operations.ads

package Operations is
-- Declaration
function Increment By
(I : Integer;
Incr : Integer := 0) return Integer;
function Get Increment Value return Integer;

end Operations;
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Listing 5: operations.adb

package body Operations is

Last Increment : Integer := 1;

function Increment By

(I : Integer;
Incr : Integer := 0) return Integer is
begin
if Incr /= 0 then
Last Increment := Incr;
end if;

return I + Last Increment;
end Increment By;

function Get Increment Value return Integer is
begin

return Last Increment;
end Get Increment Value;

end Operations;

3aeck Mbl BUANM, 4To Teno ¢yHkumm Increment By AomKHO 6bITb 06bABNEHO B Tene. Monb3ysAch
nosiBNeHVeM Tesla MOXHO MOMeCTUTb rfnepemeHHyto Last Increment B Teno, n caenatb ee
HeOoCTYNHOW ANs Nonb3oBaTens naketa Operations, obecneuns nepsyo $opMy MHKANCYNALMN.

3To paboTaeT, MOCKO/IbKY 06bEKTHI, 06 bSB/IEHHbIE B TENE, BUAVMbI MO/IbKO B TENE.

B 3TOM npuMepe nokasaHo, Kak HenmocpeACTBEHHO MCNonb30BaTh Increment By:

Listing 6: main.adb

with Ada.Text IO0; use Ada.Text IO;
with Operations;

procedure Main is

use Operations;

I : Integer := 0;
R : Integer;

procedure Display Update Values is

constant Integer := Get Increment Value;

begin
Put Line (Integer'Image (I)
& " incremented by "
& Integer'Image (Incr)
& " is "
& Integer'Image (R));
I :=R;
end Display Update Values;

begin

R := Increment By (I);
Display Update Values;
R := Increment By (I);
Display Update Values;

R := Increment By (I, 5);
Display Update Values;
R := Increment By (I);

(continues on next page)
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Display Update Values;

R := Increment By (I, 10);

Display Update Values;
R := Increment By (I);
Display Update Values;

end Main;

Runtime output

0 incremented by
1 incremented by
2 incremented by
7 incremented by

12 incremented by 10 is
22 incremented by 10 is

is
is
is
is

U=

P NN

2

22
32

4.4 [o4yepHume NaKeTbl

[TakeTbl MOXHO WMCMO/b30BaTb ANA CO34aHUSA VIepapXI/lf/].

(continued from previous page)

Mbl gocTuraem 3T0ro C MOMOLLbH

JOYepHMX MakeToB, KOTOpble pacnpsaroT GYHKLUNOHANBHOCTb POAMTENbCKOro naketa. OgHUM
N3 NPUMEepPoB Jo4YepHero rnakeTa, KOTOPbIA Mbl MCMOAL30BaAW A0 CUX MOP, ABASETCA nakeT
Ada.Text I0. 3pecb poAnTenbCKUA nakeT HasbiBaeTcs Ada, a AodepHWUl MakeT Ha3blBaeTCH
Text I0. B npeablgylinx npumepax Mbl UCnonb3osann npoueaypy Put Line v3 godepHero

naketa Text I0.

Ba>kHoe 3aMeuvaHue

Afa TakXe MOAAEPXKMNBAET BNOXEHHble NakeTbl. OAHAKO, MOCKOMbKY UX UCMOMb30BaHME MOXET
6bITb 60M1ee CIOXHBLIM, PEKOMEHAYETCS NCMONb30BaTb AOYepHMe NakeTbl. BnoxeHHble nakeTbi
6YyayT PacCMOTPEHbI B PacLLMPEHHOM Kypce.

[JaBaiiTe HauHeM 06CyXAeHVEe AOUEPHUX NAKETOB C HaLero npeabiayLiero naketa Week:

package Week is

constant
constant
constant
constant
constant
constant
constant

end Week;

String :
String :
String :
String :
String :
String :
String :

Listing 7: week.ads

"Monday";
"Tuesday";
"Wednesday";
"Thursday";
"Friday";
"Saturday";
"Sunday";

Ecnv Mbl XOTUM cO34aTb AOYepHWI nakeT Ans Week, Mbl MOXeM HanncaTb:

package Week.Child is

Listing 8: week-child.ads

function Get First Of Week return String;

end Week.Child;

4.4. [oyepHue nakeTbl
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3pecb Week - 3170 pogmtenbckmin nakeT, a Child - goyepHuWiA. OTO COOTBETCTBYIOLLIEE TENO NakeTa
Week.Child:

Listing 9: week-child.adb
package body Week.Child is
function Get First Of Week return String is
begin

return Mon;
end Get First Of Week;

end Week.Child;

B peanusaumn JyHkumm Get First Of Week mbl moxem wucnonb3oBatb cTpoky Mon
HenocpeACTBEHHO, XOTA OHa 0bbsBNeHa B poanTenbckoM nakete Week. Mbl He nuwem 3aeck
with Week, noTomy uto Bce anemeHThl 13 cneymdurkaumm naketa Week, Takme kak Mon, Tue n T.
4., BUAHBI B jouepHem nakeTe Week.Child.

Tenepb, Korga Mmbl 3aBeplwunan peanusauumio naketa Week.Child, mbl MOXem mcnosb3oBaTh
3NIeMeHTbl M3 3TOro Jo4YepHero naketa B MOAMporpamMme, npocto Hanucas with  Week.
Child. TouHO TaKk e, ecm Mbl XOTUM WCNOMBL30BaTb 3TV 3JIeMEHTbl HeMoCPeACTBEHHO, Mbl
AononHuTenbHO Hanvwewm use Week.Child. Hanpumep:

Listing 10: main.adb

with Ada.Text IO0; use Ada.Text IO;
with Week.Child; use Week.Child;

procedure Main is
begin
Put Line ("First day of the week is "
& Get First Of Week);
end Main;

Runtime output

First day of the week is Monday

4.4.1 flouepHMA NakeT OT AoYepHero nakeTa

Jo cnx nop Mbl BUAENN ABYXYPOBHEBYIO Mepapxuio naketoB. Ho uvepapxus, KOTOPYH Mbl
noTeHUMaNbHO MOXeM COo34aTk, 3TUM He OrpaHuynBaeTcs. Hanpumep, Mbl MO 6bl paclLUMpPUTb
nepapxuio npeaplayLiero nprumMepa NcxogHoro koaa, oobsasme naket Week.Child.Grandchild.
B atom cnyuae Week.Child 6yaeT pogntensckum ana naketa Grandchild. PaccmoTtpum 3Ty
peanunsaunio:

Listing 11: week-child-grandchild.ads
package Week.Child.Grandchild is

function Get Second Of Week return String;

end Week.Child.Grandchild;

Listing 12: week-child-grandchild.adb
package body Week.Child.Grandchild is

(continues on next page)
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(continued from previous page)
function Get Second Of Week return String is
begin
return Tue;
end Get Second Of Week;

end Week.Child.Grandchild;

Mbl MOXEM MCMOoAb30BaTh 3TOT HOBbIV NakeT Grandchild B Hallem TeCTOBOM MPUIOXEHUIN Tak
Xe, KaK 1 paHblUe: Mbl MOXeM MOBTOPHO MCMO/b30BaTb Mpejbljylliee TeCTOBOE MPUIOXeHne
aganTupoBaB with, use 1 BbI30B GyHKLMM. BOT 06HOBIEHHbIN KOA:

Listing 13: main.adb

with Ada.Text I0; use Ada.Text IO0;
with Week.Child.Grandchild; use Week.Child.Grandchild;

procedure Main is
begin
Put Line ("Second day of the week is
& Get _Second Of Week);

end Main;

Runtime output

Second day of the week is Tuesday

OnATb Xe, 3TO He Npejen nepapxmmv nNakeTos. Mbl MOTAM 6bl NPOAO/IXUTE pacLUMpPeHe nepapxmm
npeApigyLlero npumepa, peannsosas naket Week.Child.Grandchild.Grand grandchild.

4.4.2 MHoO)XeCTBEeHHble NOTOMKU

Jo cnx mop Mbl BUAENN AUWb OAWH AOYEPHWUA MakeT poAMTenbckoro naketa.  OgHako
POAVNTENBCKNA MakeT Takke MOXEeT MMeTb HeCKOIbKO JOoYepHUX. Mbl MOraM Obl paclMpUTb
npuBeseHHbIl Bbille NpuMep 1 co3aath nakeT Week.Child 2. Hanpumep:

Listing 14: week-child_2.ads
package Week.Child_2 is

function Get Last Of Week return String;

end Week.Child 2;

3peck Week no-npexHeMy ABASETCS POAUTENBLCKMM MNakeTom Ans naketa Child, Ho Takxe
pPOAMTENbCKMM nakeToM n ang naketa Child 2. Takmm xe obpasom, Child 2, oueBugHo,
ABNAETCS OAHUM U3 AoYepHMX nakeTos Week.

OT0 cooTBeTCTBYMOLLee Teno naketa Week.Child 2:

Listing 15: week-child_2.adb

package body Week.Child 2 is
function Get Last Of Week return String is
begin

return Sun;
end Get Last Of Week;

end Week.Child 2;

4.4. [loyepHmne nakeThbl 33
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Terlepb Mbl MOXEM COC/aTbCsi Ha 06a MOTOMKa B HalLLleEM TECTOBOM NPUNOXEHNI!

Listing 16: main.adb

with Ada.Text I0; use Ada.Text I0;
with Week.Child; use Week.Child;
with Week.Child 2; use Week.Child 2;

procedure Main is
begin
Put Line ("First day of the week is
& Get First Of Week);
Put Line ("Last day of the week is "
& Get Last Of Week);

end Main;

Runtime output

First day of the week is Monday
Last day of the week is Sunday

4.4.3 BnanmocTb

B npegblgyliem pasgene Mbl BUAENW, UTO 3/1eMEHTbl, 06bsBAEHHbIE B CcrieyudrKaymm
pPOAVTENbCKOrO MakeTa, BUAHbLI B Ao4vepHeM nakete. OZHAKo 3TO He OTHOCUTCA K 3/IeMeHTam,
06bABMIEHHBIM B TeNe POAUTENbCKOro NakeTa.

PaccmoTpum nakeT Book v ero goyepHuin anemeHtT Additional Operations:

Listing 17: book.ads

package Book is

: constant String :=
"Visible for my children";

function Get Title return String;
function Get Author return String;

end Book;

Listing 18: book-additional_operations.ads

package Book.Additional Operations is
function Get Extended Title return String;
function Get Extended Author return String;

end Book.Additional Operations;
3T0 Tena 060mX MakeToB:

Listing 19: book.adb
package body Book is

: constant String :=
"Author not visible for my children";

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

function Get Title return String is
begin

return Title;
end Get Title;

function Get Author return String is
begin

return Author;
end Get Author;

end Book;

Listing 20: book-additional_operations.adb
package body Book.Additional Operations is

function Get Extended Title return String is
begin

return "Book Title: " & Title;
end Get Extended Title;

function Get Extended Author return String is
begin
-- "Author" string declared in the body
-- of the Book package is not visible
-- here. Therefore, we cannot write:

-- return "Book Author: " & Author;

return "Book Author: Unknown";
end Get Extended Author;

end Book.Additional Operations;

B peanmsaumn Get Extended Title mbl mcnonbsyem koHcTaHTy Title n3 poanTenbckoro
naketa Book. OgHako, Kak ykasaHO B KOMMeHTapusax K ¢yHkumm Get Extended Author,
cTpoka Author, koTopyto Mbl 06B51BUAK B Tene naketa Book, He oTobpaxaeTtca B nakeTe Book.
Additional Operations. CnepoBaTenbHO, Mbl HE MOXEM MCMOBL30BaTb €ro ANa peanvsayunm
¢yHkumm Get Extended Author.

OgHako Mbl MOXeM Kncnonb3oBaTb ¢yHKUMo Get Author w3 Book B peanmsaumm ¢yHKUMM
Get Extended Author gns nonydeHmsi 3TOM CTPOKU. TOUHO Tak Xe Mbl MOXEM WCMOAb30BaTb
3Ty CTpaTeruto aas peannsaunm ¢yHkunm Get Extended Title. 3To aganTMpoOBaHHbIN KOA:

4.4. [loyepHmne nakeThbl 35



W X N O U A W N =

©® N O A W N =

N o v A W N =

BBepeHuMe B i3bIK NporpammupoBaHus Ada

Listing 21: book-additional_operations.adb
package body Book.Additional Operations is

function Get Extended Title return String is
begin

return "Book Title: " & Get Title;
end Get Extended Title;

function Get Extended Author return String is
begin

return "Book Author: " & Get_ Author;
end Get Extended Author;

end Book.Additional Operations;
BoT npocToe TectoBoe NpUIoXeHVEe A1 YKa3aHHbIX BbilLle NakeTos:

Listing 22: main.adb

with Ada.Text I0; use Ada.Text IO;
with Book.Additional Operations; use Book.Additional Operations;

procedure Main is
begin
Put Line (Get Extended Title);
Put Line (Get Extended Author);
end Main;

Runtime output

Book Title: Visible for my children
Book Author: Author not visible for my children

0O6bsBNAA 31eMeHTbl B Te/ie MakeTa, Mbl MOXEM peanv3oBaTh MHKaNCynauuto B A3bike Aja. ITu
anemeHThbl ByayT BUAMMBI TONBKO B Tene naketa, HO Hurge 6onblue. HO 37O He eANHCTBEHHbIN
CNocob A06UTBLCA MHKaNcynauum B Afe: Mbl 06CyauM Apyrne MNOAXOAbl B rnaee M3osnayus
(page 105).

4.5 NepenmeHoBaHMe

PaHee Mbl yTOMUHaNM, 4To nodnpozpammsl MOXCHO nepeumeHoasisame (page 25). Mbl TakxKe MOXeM
nepenMeHoBbIBaTh NakeTbl. ONATb Xe, 415 3TOro Mbl UCMOAb3yeM K/llo4YeBoe CN0BO renames. B
cnepytolem npumMepe naket Ada.Text I0 nepevmMeHoBbiBaeTcs kak TIO:

Listing 23: main.adb
with Ada.Text I0;

procedure Main is
package TIO renames Ada.Text_IO;
begin
TIO.Put Line ("Hello");
end Main;
Runtime output
Hello
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Mbl MOXeM WCMoJib30BaTb MepemMeHoBaHWe, YTobbl YAy4llUTb YMTAaeMOCTb Hallero Koja,
NCMONb3ysa bonee KOPOTKME MMeEHa nakeToB. B nprBegeHHOM Bblille npumepe Mbl nuwem TIO.
Put_Line Bmecto 6onee anvHHoro nmeHun (Ada.Text I0.Put Line). 3T0T noaxos 0CO6EHHO
nosie3eH, Koraa Mbl He UCMNoJib3yeM creundmnKaTop NCNOoNb30BaHWS USe, HO XOTUM, YTObbI KOA He
CTaHOBUCA CINLLKOM MHOFOC/IOBHbIM.

ObpaTtuTe BHMMAaHMeE, YTO Mbl TakKXXe MOXEeM MeperIMeHOBbIBaTb MOAMPOrpaMMbl 1 O6BLEKTHI
BHYTPY NakeToB. Hanpumep, Mbl MOrnM 6bl NMPOCTO MeperMeHoBaThb npouesypy Put Line B
NpvBeAeHHOM BbiLLe NpUMepe NCXOAHOrO Koga:

Listing 24: main.adb
with Ada.Text I0;

procedure Main is
procedure Say (Something : String)
renames Ada.Text I0.Put Line;
begin
Say ("Hello");
end Main;

Runtime output

Hello
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CHAPTER
FIVE

CUTbHO TUNMN3UNPOBAHHbBIN A3bIK

Afa - 3TO CTPOro TUMWU3MPOBAHHbLIV A3bIK.  YAMBUTENbHO, KakK OHa COBPEMEHHA B 3TOM:
CUNbHaa cTaTM4yeckass TUMU3auUWUa CTaHOBUTCS Bce 6onee MOMYyNspPHON B AM3aliHe S3blKOB
NPOrpaMMmMpPOBaHNSA, eCcan CyAUTb MO TakMM ¢akTopaMm, Kak pa3Butve ¢YHKLMOHAaNIbHOro
MPOrpPaMMMUPOBAHNA CO CTAaTUYECKOW TUMM3aLMeid, Mpuaaraemble ycunms B o6a1act TMnnsaumum
CO CTOPOHbI NCCNeZ0BaTEIbCKOroO COOBLLECTBA M MOSIBAEHNE MHOXECTBA NMPAKTUYECKMX S13bIKOB C
CUNBHBIMU CUCTEMaMU TUMOB.

5.1 Yto Takoe TMnN?

B ctatnyeckmn TNMN3NPOBAHHbIX A3bIKaX TUM B OCHOBHOM (HO He TONbKO) ABNAETCH KOHCprKLLMeVI
epeMeHU Komnuaayuu. 370 KOHCTPYKLMA, O6€CI'IELII/IBaI-OLLI,aF| MHBapnaHTbl noBejgeHNA
nporpamMmebl. |/|HBapI/IaHTbI - 3TO Heu3MeHsieMble CBOWCTBA, KOTOpPble COXPaHAKTCA ANnA
BCeEX MNnepemMeHHbIX AaHHOro Tura. Nx npmMmeHeHme rapaHTUpyeT, HanpmMmep, 4YTo 3Ha4dYeHUA
nepemMeHHbIX 4JaHHOro Tna HMKorga He 6y,£l,yT MMETb HeAONMYCTNMBbIX 3HAYEHUN.

TN ncnonb3yeTcs ANA ONUCaHUA 06beKkmos, KOTOPbIMUW yrpaBaseT nporpaMmma (06bekT 3TO
nepemMeHHas Uan KOHCTaHTa). Llenb cocTonT B TOM, 4TO6bI KnaccnduLmpoBaTb 06eKTbl MO TOMY,
UTO MOXHO C HUMU cAenaTb (T.e. MO pa3pelleHHbIM onepauusam), U, TakuMm 06pa3om, CyanTb O
NPaBUIbHOCTY 3HaYeHNM 06BHEKTOB.

5.2 LenouuncneHHble TUMLI - Integers

anFITHOIZ BO3MOXHOCTbIO 4A3blka Aga ABASeTCa TO, 4YTO Bbl MOXeTe onpegenntb CBOU
CObCTBEHHbIE LenoyvncieHHble TUMbl, OCHOBbIBAACbL Ha Tpe6OBaHI/IFIX Ballew nporpamMmmbl (T.e. Ha
AnarnasoHe 3HaYeHU, KOTOprI?II nMeeT cMblca). PakTUYeCckM MexaHu3Mm onpejaeneHna TMnos,
KOTOprI7I npeaocrtaBideT AZa, NnexmT B OCHOBe npe,qonpe,qenéHHblx LenoyncneHHbIX TUMOB.
Taknm o6pa30M, B A3blKe HET «Marn4yecknx» BCTPOEHHLIX TUMOB, KakK B 60NbLUNHCTBE APYrnx
A3bIKOB, U 3TO, I'IO)K&I'IyI7I, O4YeHb 3/1eraHTHO.

Listing 1: integer_type_example.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Integer Type Example is
-- Declare a signed integer type,
-- and give the bounds
type My Int is range -1 .. 20;
-- ~ High bound
-- ~ Low bound

-- Like variables, type declarations can
-- only appear in declarative regions.
(continues on next page)

39



BBepeHuMe B i3bIK NporpammupoBaHus Ada

(continued from previous page)
begin
for I in My Int loop
Put Line (My Int'Image (I));
-- ~ 'Image attribute
-- converts a value
-- to a String.
end loop;
end Integer Type Example;

Runtime output

OCoNOUA,WNREROR

3T0T npmnMep WNNLCTpmnpyeTt obbsBneHne uenoymcieHHoro Tmna co 3HakoM, 1N HeCKOJIbKO
MOMEHTOB, CBA3aHHbIX C ero NCNoJ/ib30BaHNEM.

Kaxaoe obbsiBneHne Tna B AZle HaunHaeTcs ¢ Knto4veBoro cioBa type (kpome 3adayHeix munos
(page 150)). Mocne kAOYEBOro C/10Ba Mbl MOXEM BUAETb OnpejenieHne HUXKHER 1 BEpXHEN rpaHuLy
TMNa B BUAE AMana3oHa, KOTOPbIA OYeHb MOXO0X Ha Anana3oHbl UCnonb3yemMble B Lmknax for.
Jroboe Lienoe Yo 3Toro AmanasoHa ABNAeTcs AOMNYCTMMbIM 3HaUeHVeM ANA JaHHOro TUna.

LlenouncneHHsble TUNbI Aja

B AZe Lenounc/ieHHbIN TUN 3a4aeTcs He B TEPMUHAX ero MallnMHHOro rnpeacrtaB/ieHnsd, a ckopee
ero AnanasoHoM. 3aTemM KOMIMUIATOP CaM Bbl6epeT Hanbonee nogxoasilee npeacrasneHme.

ELe oAMH MOMEHT, KOTOPbLIV CiesyeT OTMEeTUTb B NPUBEAEHHOM BblLLIE MPUMEPE, - 3TO BblpaXeHue
My Int'Image (I). O603HauveHMre Buga Name'Attribute (HeobAa3aTenbHble napameTpbl)
NCMONb3yeTcs AN TOro, YTo B AZe HasbiBaeTcs aTpnbyToM. ATpMBYT - 3TO BCTPOEHHAas onepawms
Haj TUMNOM, 3Ha4yeHMeM WA KaKon-nmbo Apyroii MporpamMMHoON CyLHOCTb. JocTyn K Hemy
OCyLLLeCTBNIAGTCS C MOMOLLbIO cMMBona ' (anoctpod B ASCII).

Afa MeeT HeCcKoNbKo "BCTpOoeHHbIX" TUnos; Integer - oanH 13 HUX. BOT Kak TUN wenbIX Yyncen
Integer moxeT 6bITb ONpejeneH Ana TUMMYHOrO NpoLeccopa:

type Integer is
range -(2 ** 31) .. +(2 ** 31 - 1);

3Hak ** obo3HauyaeT BO3BeAeHMe B CTeMneHb, B UTOre, NepBoe AONYCTMOe 3HayYeHne 4aa Tmna

40 Chapter 5. CNbHO TUNU3MPOBaHHbBIN A3bIK



© N o AW N =

W X N O U A W N =

BBepgeHuMe B A3bIK NporpammupoBaHus Ada

Integer pasHo -23, a nocnegHee gonyctrmoe 3HayeHve pasHo 237 - 1.

AZa He pernameHTUpyeT AManasoH BCTPOeHHoro Tuna Integer. Peanvsauuns ans 16-6UMTHOro
LIe/IeBOro MPOLIECCOPa, BEPOSTHO, BbibepeT gnanasoH ot - 21° g0 215 - 1,

5.2.1 CemaHTUKa onepavuuii

B oTanume oT HekoTOpbIX APYrnx si3blKOB, Aga TpebyeT, 4YTobbl onepauumn € LeibIMU Ycaamm
KOHTPOANPOBaau nepenoaHeHue.
Listing 2: main.adb

procedure Main is
A : Integer := Integer'last;

B : Integer;
begin
B := A+ 5;

-- This operation will overflow, eg. it
-- will raise an exception at run time.
end Main;

Build output

main.adb:2:04: warning: "A" is not modified, could be declared constant [-gnatwk]

main.adb:3:04: warning: variable "B" is assigned but never read [-gnatwm]

main.adb:5:04: warning: possibly useless assignment to "B", value might not be,
~referenced [-gnatwm]

main.adb:5:11: warning: value not in range of type "Standard.Integer" [enabled by,
~default]

main.adb:5:11: warning: "Constraint Error" will be raised at run time [enabled by,
~default]

Runtime output

raised CONSTRAINT ERROR : main.adb:5 overflow check failed

CyLuecTByeT Ba T1MNa NPOBEPOK NepenonHeHns:

* MepenonHeHNne Ha YpOBHe MpoLeccopa, Korja pesynbTaT onepauvn npeBblLaeT
MaKCMMasbHOEe 3HauyeHWe (MAN MeHblle MWHWMANbHOrO 3HauyeHus), KOTOpOe MOXeT
MOMECTUTBCS B MALUMHHOM MpPeACcTaBAeHNN 06 bekTa AaHHOro TUNa, v

* MNepenonHeHve Ha ypOBHe TWMNa, €CIX pe3ynbTaT onepauum BbIXOAWT 3a npejesb
AManasoHa, onpejeneHHoro Ans Tuna.

B ocHOBHOM No coobpaxeHnsiM 3GPeKTUBHOCTH, NepenoNHEHVe YPOBHS TUMa 6yAeT NPOBePSATLCS
NN B onpegeneHHble MOMEHTbI, TakuMe KaK MprcBavBaHme 3HaUYeHsl, TorAa Kak, nepenonHeHne
HN3KOro YPOBHS BCerga NpUBOANT K BO3OYXXAEHUIO NCKTHOYEHNS:

Listing 3: main.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Main is
type My _Int is range 1 .. 20;
A : My Int := 12;
B : My Int 15;
M : My Int := (A + B) / 2;
-- No overflow here, overflow checks
-- are done at specific boundaries.

(continues on next page)
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(continued from previous page)
begin
for I in 1 .. M loop
Put Line ("Hello, World!");
end loop;
-- Loop body executed 13 times
end Main;

Build output

main.adb:5:04: warning: "A" is not modified, could be declared constant [-gnatwk]
main.adb:6:04: warning: "B" is not modified, could be declared constant [-gnatwk]
main.adb:7:04: warning: "M" is not modified, could be declared constant [-gnatwk]

Runtime output

Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!
Hello, World!

MepenonHeHVe ypoBHS TMNa byAeT NPOBEPATLCA TONLKO B ONpeAeeHHbIX TOUKaxX BbIMONHEHUS.
PesynbTaT, Kak Mbl BUAWM Bbllle, COCTOMT B TOM, YTO Y BaC MOXeT OblTb onepauvs B
NPOMEXYTOUYHOM BbIYNCIEHWM, KOTOPAsi NMepernosiHAeTCs, HO HUKAKNUX UCKAOYEHNA He byaerT,
MoKa KOHeYHbI pe3ynbTaT He BbI30BET NepernosiHAeHUs

5.3 be33HaKoOBble TUMNbI

Afa Takxke MOAAEPXMBAET LeNIoUNC/IeHHble TUMbl 6e3 3Haka. Ha s3blke AZa OHW Ha3bIBaOTCS
MOOY/IbHbIMU TUMaMu.  TIpUYMHA Takoro 0603HaYeHUsi CBsi3aHa C UX MOBeAeHVEM B Cly4ae
nepenosiHeHNs: OHW MPOCTO "3aBapayunBatoTcs", Kak ecan bbl Bbl1a NpYMeHeHa onepauus no
MOAY/O.

[ANst MOAYIbHBIX TUMOB MALIMHHOIO pasMepa, Hanpumep Moayns 2 32, 3To uMuTUpyeT Hanbonee
pacnpocTpaHeHHOe NoBeAeHne peanmsaLumm 6e3zHakoBblx TMNoB. OZHaKo NperMyLLecTBo AZa B
TOM, YTO MOZY/lb MOXeT 6bITb MPOM3BObHbIM:

Listing 4: main.adb
with Ada.Text IO; use Ada.Text IO;
procedure Main is

type Mod_Int is mod 2 ** 5;
-- ~ Range is 0 .. 31

constant Mod Int := 20;
constant Mod Int := 15;
constant Mod Int := A + B;

-- No overflow here,
(continues on next page)
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(continued from previous page)
-- M= (20 + 15) mod 32 = 3
begin
for T in 1 .. M loop
Put Line ("Hello, World!");
end loop;
end Main;

Runtime output

Hello, World!
Hello, World!
Hello, World!

B oTanume ot C/C++, Takoe rnoBejeHWe rapaHTMpPOBaHO crneumdukaumer a3blika Aga M Ha
Hero MOXHO MOJIOXUTLCA MNP CO34aHUN MepeHoCUMOoro kKoja. Kpome Toro, Ans peanmnsaumu
onpejeneHHbIX anropUTMOB 1 CTPYKTYP AdHHbIX, TAaKMX Kak KosbLieBble bydeps!'!, oueHb ya06HO
MIMeTb BO3MOXHOCTb NCNONb30BaTh 3ddekT "3aBopaymnBaHms” Ha MPON3BOAbHLIX FPaHNLAX, Belb
MOZYNb He 065a3aTe/IbHO A0/MKeH ObiTb CTEeMeHbIO 2.

5.4 NMepeunicneHus

MNepeunicnmble TUMbl - elle OAHA OCOBEHHOCTb CucTemMbl TUMoB B Age. B oTanume ot
nepeuncneHnin C, OHU He ABAAIOTCA LeNbIMU YNCAaMU, U KaXAbli HOBbIA NepevyncanMblii TN
HEeCOBMEeCTUM C APYIrMMU MepeynciuMbiMi TUNaMn. llepeyuncimmble TUMbl ABASKOTCA YaCTbio
6onblUero cemencTBa ANCKPETHbLIX TUMOB, YTO AenaeT WX NPUroAHbIMU AAS UCMOb30BaHNS B
onpeAeneHHbIX CUTyaLnsax, KOTOpble Mbl ONMLIEM MO3XKe, HO OAMH KOHTEKCT, C KOTOPbIM Mbl yXe
BCTpeYanunchb, - 3To onepartop case.

Listing 5: enumeration_example.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Enumeration Example is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);
-- An enumeration type
begin
for I in Days loop
case I is
when Saturday .. Sunday =>
Put_Line ("Week end!");

when Monday .. Friday =>

Put_Line ("Hello on "
& Days'Image (I));
--  'Image attribute, works on
-- enums too
end case;
end loop;
end Enumeration Example;

Runtime output

Hello on MONDAY
Hello on TUESDAY

(continues on next page)

" https://ru.wikipedia.org/wiki/KonbLesoii_bydep

5.4. MNepeuncneHunsa 43


https://ru.wikipedia.org/wiki/Кольцевой_буфер

©® N o A W N =

W ® N o L A W N =

- o

BBepeHuMe B i3bIK NporpammupoBaHus Ada

(continued from previous page)
Hello on WEDNESDAY
Hello on THURSDAY
Hello on FRIDAY
Week end!
Week end!

Tunel nepeyncieHna 4oCTato4HO MOLWHbIE, MO3TOMY, B OT/iIndMe OT B60NbLUVNHCTBA S13bIKOB, OHU
NCNONb3YHTCA ANna onpejgeneHna CtaHA4apTHOro 1I0rmyeckoro tmna:

type Boolean is (False, True);

Kak ynoMuHanocb paHee, KaxAplil "BCTPOEHHbIN
06bI4YHO AOCTYMHbBIX NOb30BaTEeHo.

TVN B AZle onpeensieTcsi C MOMOLLLIO CPeACTs,

5.5 Tunsbl c Ny1aBaoLien 3anaToi

5.5.1 OCcHOBHbIe CBOICTBA

Kak 1 60/1bLINHCTBO A3bIKOB, A4a NOAJEPXMBAET TUMbI C NAaBatoLen 3anaTon. Hanbonee vacto
MNCNoNb3yeMblli TUN C NaaBatoLlelt 3ansaTtoli - Float:

Listing 6: floating_point_demo.adb
with Ada.Text IO; use Ada.Text IO;

procedure Floating Point Demo is
constant Float := 2.5;
begin
Put Line ("The value of A is "
& Float'Image (A));
end Floating Point Demo;

Runtime output

The value of A is 2.50000E+00

MpunoxeHne otobpasnT 2.5 kak 3HayeHune A.

A3bIK AZla He pernameHTMpyeT TOYHOCTb (KOIMYECTBO AecATUYHbIX Lndp B MaHTuMcce) Ana Float;
Ha TUNUYHOW 32-pa3psiAHOi MaLLVHe TOYHOCTb ByAeT paBHa 6.

JoCTynHbl BCe O6LenpuHATLIE onepauyn, KOTopble MOXHO 6bl10 6bl OXUAATb 415 TUMOB C
niaBaroLLel 3anaTol, BKAOYasa MnosyyeHne abCoNoTHOrO 3Ha4YeHVA 1 BO3BeAeHMe B CTeMneHb.
Hanpuvmep:

Listing 7: floating_point_operations.adb
with Ada.Text IO; use Ada.Text IO;

procedure Floating Point Operations is
A : Float := 2.5;
begin
A := abs (A - 4.5);
Put Line ("The value of A is "
& Float'Image (A));

A=A X2+ 1.0;
Put _Line ("The value of A is

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

& Float'Image (A));
end Floating Point Operations;

Runtime output

The value of A is 2.00000E+00
The value of A is 5.00000E+00

3HayeHve A paBHO 2.0 nocsie nepBo onepaumn 1 5.0 nocne BTOPOI onepauun.

B pononHeHuve k Float, peanvzauua Aga moxeT npegnaraTb TUMbl AaHHbIX C 60nee BbICOKOW
TOYHOCTLI, Takme kak Long_Float v Long_Long Float. Kak v ana Float, ctaHzapT He
yKa3sblBaeT TpebyeMyto TOYHOCTb 3TUX TUMOB: OH TONbKO rapaHTupyeT, uto Tun Long_Float,
Hanpumep, MMeeT ToUHOCTb He xyxe Float. YTobbl rapaHTMpoBaTb HEOOXOAVMYH TOYHOCTb,
MOXHO OMnpejeNnnTb CBOM MOJIb30BaTENbCKUIA TUM C NaBatoLlelt 3anaTol, kak byAeT nokasaHo
B C/legytoLlem pasgene.

5.5.2 TOYHOCTb TUNOB C NJ1aBaKOLLEeN 3aNATOM

AZja N03BO/ISET MNO/L30BATENO OMNpeAeNVTb TUM C MAaBatoLLLein 3ansaTol ¢ 3a4aHHOW TOYHOCTbIO,
BbIPaXXeHHO B AeCATUYHbIX 3HaKaX. Bce onepaumm aToro tmna 6yayT MeTb, Mo KpaiHel Mepe,
3a/laHHYI0 TOYHOCTb. CMHTaKCMC MPOCTOro 06BABAEHWA TUNA C NMAaBatoLLein 3anAaTol:

type T is digits <number of decimal digits>;

KomnunaTtop BbibepeT npejcTaBneHne C NaaBatoLLein 3anaTol, nojdepxXxmBatoLliee Tpebyemyto
TOYHOCTb. Hanpumep:

Listing 8: custom_floating_types.adb
with Ada.Text IO; use Ada.Text IO;

procedure Custom Floating Types is
type T3 is digits 3;
type T15 is digits 15;
type T18 is digits 18;
begin
Put Line ("T3 requires
& Integer'Image (T3'Size)
& " bits");
Put Line ("T15 requires
& Integer'Image (T15'Size)
& " bits");
Put Line ("T18 requires
& Integer'Image (T18'Size)
& " bits");
end Custom Floating Types;

Runtime output

T3 requires 32 bits
T15 requires 64 bits
T18 requires 128 bits

B 3TOoM npumepe aTpmnbyT « ' Size» ncnonb3lyercsa AN NoayyYeHns KonmyecTsa 6UT, MCNoAb3yeMbIX
AN51 YKa3aHHOro TMna AaHHbIX. Kak BUAHO 13 3TOro npumepa, KOMNWASTOP BblAenseT 32 6uTa ang
T3, 64 6uta ansa T15 1 128 6utos ans T18. Cioga BXOAAT Kak MaHTWCCA, TaK M SKCMOHEHTA.

KonuuectBo undp, ykazaHHoe B TUMNe AaHHbIX, TakXXe NCMo/b3yeTcs B opmaTe Npy 0TobpaKeHnm
nepemeHHbIX C NaaBaroLell Touko. Hanpumep:
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Listing 9: display_custom_floating_types.adb
with Ada.Text IO0; use Ada.Text IO;
procedure Display Custom Floating Types is

type T3 is digits 3;
type T18 is digits 18;

: constant := 1.0e-4;
: constant T3 =1.0 + C1;
: constant T18 := 1.0 + C1;

begin
Put Line ("The value of A is
& T3'Image (A));
Put _Line ("The value of B is "
& T18'Image (B));
end Display Custom Floating Types;

Runtime output

The value of A is 1.00E+00
The value of B is 1.00010000000000000E+00

Kak 1 oxnganocb, npuioxeHve byget otobpaxatb NepemMeHHble B COOTBETCTBUN C 3afaHHON
TouHoCTbHO (1.00E + 00 11 1.00010000000000000E + 00).

5.5.3 [lnanasoH 3Ha4YeHwuii gNA TUNOB C NJ1aBaloLein 3anaTon

B pgononHeHve K TOYHOCTM ANA TUMa € NAaBaroLleil 3ansaToM MOXHO Takxe 3aaTb AManasoH.
C/HTaKCUC aHanormyeH 3annucu AN LenouncieHHbIX TUMOB AaHHbIX — C MUCNOAb30BaHUEM
K/IH0YEBOro C/IoBa range. B 3TOM NpoCcToM npuMepe co3jaeTcd HOBbIV TN C MJ1aBatoLLein 3anaTom
Ha ocHoBe Tuna Float c gnanasoHom ot -1.0 80 1.0:

Listing 10: floating_point_range.adb
with Ada.Text IO; use Ada.Text IO;

procedure Floating Point Range is
type T_Norm is new Float range -1.0 .. 1.0;

A : T Norm;
begin
A :=1.0;

Put_Line ("The value of A is "
& T Norm'Image (A));
end Floating Point Range;

Runtime output

The value of A is 1.00000E+00

MpunoxeHne oTBeyaeT 3a obecrneyeHMe TOro, YTOObl MepemMeHHble 3TOro Tuna HaxoAUAUCh
B npegenax 3TOro AnanasoHa; B NPOTUBHOM Cilyyae BO3HUKAeT UCKA4YeHue. B cneayroliem
npumepe Constraint Error wuckntoueHWs BO3HMKaeT MpU MpuUcBaMBaHWK 3HadeHus 2.0
nepemeHHom A:
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Listing 11: floating_point_range_exception.adb
with Ada.Text IO; use Ada.Text IO;

procedure Floating Point Range Exception is
type T_Norm is new Float range -1.0 .. 1.0;

A : T Norm;
begin
A :=2.0;

Put _Line ("The value of A is "
& T Norm'Image (A));
end Floating Point Range Exception;

Build output

floating point range_exception.adb:7:09: warning: value not in range of type "T_
~Norm" defined at line 4 [enabled by default]

floating point range exception.adb:7:09: warning: "Constraint Error" will be,
~raised at run time [enabled by default]

Runtime output

raised CONSTRAINT ERROR : floating point range exception.adb:7 range check failed

AnanasoHbl Takxke MOryT 6bITb 3ajaHbl A1 MOAb30BaTe/IbCKUX TUMOB C MAaBaloLLeinl 3ansaTomn.
Hanpumep:

Listing 12: custom_range_types.adb

with Ada.Text I0; use Ada.Text I0;
with Ada.Numerics; use Ada.Numerics;

procedure Custom Range Types is
type T6_Inv_Trig is
digits 6 range -Pi / 2.0 .. Pi / 2.0;
begin
null;
end Custom Range Types;

Build output

custom_range types.adb:1:09: warning: no entities of "Ada.Text I0" are referenced,
~[-gnatwu]

custom_range types.adb:1:20: warning: use clause for package "Text I0" has no,
~effect [-gnatwul

custom range types.adb:5:09: warning: type "T6 Inv Trig" is not referenced [-
~gnatwu]

B aToM npumepe Mbl onpegensieMm TUn noj HassaHnem T6_Inv_Trig, koTopbiii UMeeT gManasoH
ot —0/2 po 0/2 ¢ MMHMMAaNBHON TOYHOCTBIO 6 UMdp. (P1 onpepensieTca B npegonpeseneHHOM
nakete Ada.Numerics.)
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5.6 CTporas Tunusauyus

Kak oTmeuanocb paHee, A3blk Aja CTPOro TUNM3MpoBaH. B pesynbTaTe pasHble TUMbl O4HOMO
cemMencTBa HeCOBMECTUMbI ApYyr C APYroM; 3Ha4YeHne OAHOro TMMa He MOXeT 6biTb MPUCBOEHO
nepemMeHHoO gpyroro Tuna. Hanpumep:

Listing 13: illegal_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Illegal Example is
-- Declare two different floating point types
type Meters is new Float;
type Miles is new Float;

Dist Imperial : Miles;

-- Declare a constant
constant Meters := 1000.0;
begin
-- Not correct: types mismatch
Dist Imperial := Dist Metric * 621.371e-6;
Put Line (Miles'Image (Dist Imperial));
end Illegal Example;

Build output

illegal example.adb:14:33: error: expected type "Miles" defined at line 6
illegal example.adb:14:33: error: found type "Meters" defined at line 5
gprbuild: *** compilation phase failed

CnepctemneM 3TUX NpaBua ABASETCH TO, UTO B O6LLEM C/lydae BblpaxeHue «CMeLLaHHOro pexumMa»
Tvna 2 * 3.0 vHuuMupyeT owmnbky komnuaaumn. B asbike, Takom kak C wam Python
Takve BbIpaxXeHWs JONyCTMMbl bnarogaps HesBHbIM Npeobpa3oBaHMAM TMMNoB. B Aga Takume
npeo6pasoBaHUA JOIXHbLI ObITb ABHLIMU:

Listing 14: conv.adb
with Ada.Text IO; use Ada.Text IO;

procedure Conv is

type Meters is new Float;

type Miles is new Float;

Dist Imperial : Miles;

constant Meters := 1000.0;

begin

Dist Imperial := Miles (Dist Metric) * 621.371e-6;

oc ~ Type conversion,

-- from Meters to Miles

-- Now the code is correct

Put Line (Miles'Image (Dist Imperial));
end Conv;

Runtime output

6.21371E-01
KOHeuHO, Mbl, BEpPOSATHO, He XOTMM MucaTb KOZ MpPeobpa3oBaHVs KaxAbli pas, Korga Mb

npeobpasyem MeTpbl B MUAN. MANOMATUYECKMM PeLLEHMEM B 3TOM C/ly4Yae CHMTAeTCs BBejeHMe
dyHKLMM NpeobpasoBaHKsa BMecTe C TUMaMu.

48 Chapter 5. CNbHO TUNU3MPOBaHHbBIN A3bIK



BBepgeHuMe B A3bIK NporpammupoBaHus Ada

Listing 15: conv.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Conv is
type Meters is new Float;
type Miles is new Float;

-- Function declaration, like procedure
-- but returns a value.
function To Miles (M : Meters) return Miles is
-- ~ Return type
begin

return Miles (M) * 621.371e-6;
end To Miles;

Dist Imperial : Miles;
constant Meters := 1000.0;
begin
Dist Imperial := To Miles (Dist Metric);
Put Line (Miles'Image (Dist Imperial));
end Conv;

Runtime output

6.21371E-01

Ecnu Bbl nviLLeTe KOZ, A€ MHOMO BbIYMC/IEHNIA, TO HEOBXOAMMOCTb IBHbIX MPeobpa3oBaHNi MOXeT
nokasaTtbcs obpeMeHnTeNbHbIM. OAHAKO Takol MOAXOZ4 AaeT onpejeseHHble NMperMyLLecTBa.
Besb Bbl MoOXeTe monaratbCsi Ha OTCYTCTBUE HesBHbIX MPeobpas3oBaHuiA, KOTOpble, B CBOH
oyepesb, MOTYT MPUBECTU K TXKEN0 06HAPYXXMMbIM OLLNGKaM.

Ha gpyrux sisbikax

B C, HanpumMep, npaBuna 418 HesBHbIX Npeobpa3oBaHWii He Bcerga MOryT 6biTb MONHOCTBLIO
oyeBMAHbIMU. OpHako B AZe Kog Bcerga byaeT Aenatb MMEHHO TO, YTO, SBHO OrnpejeneHo
nporpamMmmmncToM. Hanpumep:

3T0T Kog 6yAeT KOMMUAMPOBATbCSA HOpPManbHO, HO pesynbtatom f 6yzer 1.0 Bmecto 1.5,
MOTOMY YTO KOMMUASATOP CreHepupyeT LenouncyieHHoe geneHune (Tpy, pasjeneHHoe Ha ABa), UTo
npueejeT K eAnHMLe. Pa3paboTumk NporpaMMHOro obecrneyeHms JOKEH 3HaTb O Npobaemax
npeo6pa3oBaHVsa JaHHbBIX U MCMONb30BaTb COOTBETCTBYOLLIEE NPUBejeHe TUMOB:

inta=3, b=2;
float f = (float)a / b;

B ncnpaBneHHOM npumepe KOMNWAATOP nMpeobpasyeT obe NMepemMeHHble B COOTBETCTBYHOLLEE
npeAcTaB/ieHVe C MAaBaoLLen 3ansaToi nepes BbIMONHEHNEM AeNeHns. YTo JacT OXUAaeMbli
pe3ynbTar.

3TOT NpMMep O4YeHb MPOCT, N OMbITHble pa3paboTunkn C, BEPOATHO, 3aMeTAT U UCMPaBSAT ero,
npexAe 4em 3TO Co34acT 6onbluve Npobnembl. OfHAKO B 60/iee CNOXHbBIX MPUNOXEHUSX, rae
06bsB/IEHME TUMA He BCcerja BUAHO - Hanpumep, Npu CCblIKe Ha 31eMeHTbl cTpykTypbl struct, -
3Ta CMTyaums MOXeT He Bcerfa bbiTb 04eBUAHOM 1 BbICTPO MPUBECTU K AepeKTaM NMPOrpaMMHOro
obecneyeHus, KOTOpble 0OHaPYXNTb MOXET ObITb C/IOXHee.

KOMI’II/IﬂFITOp Aaa, HanpoTmB, BCerga 6y,u,eT OTK/IOHATb KOA, KOTOprI7I CMeLlnBaeT nepemMeHHble C
naaBatoLLel 3aNATOM U LeN0YNCNEHHbIE nepemMeHHbIe 6e3ABHOro I'Ip806pa3OBaHI/IFI. Cﬂep,yI-OLLI,I/IVI
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AZla Ko, OCHOBaHHbIN Ha OLWM604YHOM NpumMepe B C, He byaeT KOMNUANPOBATLCS:

Listing 16: main.adb

procedure Main is
A : Integer := 3;
B : Integer := 2;
F : Float;

begin
F := A/ B;

end Main;

Build output

main.adb:6:04: warning: possibly useless assignment to "F", value might not be,

~referenced [-gnatwm]

main.adb:6:11: error: expected type "Standard.Float"
main.adb:6:11: error: found type "Standard.Integer"

gprbuild: *** compilation phase failed

CTpoka C onbKoM AoMXKHa bbiTh M3MeHeHa Ha F := Float (A) / Float (B);.

* Bbl MOXeTe MCNoNb30BaTb CTPOryw TUNu3auuto Aza, 4Tobbl obecneunTb COBMOAeHMe
WHBapVaHTOB B BalLleM KOJe, Kak B MPpUBeEeHHOM BbiLLIe NpUMepe: NOCKOIbKY MU U MeTpbI
- 3TO ABa Pa3HbIX TUMA, Bbl HE MOXETe C/ly4aliHO UCMO/b30BaTh 3HAYEHUst OAHOrO TUMa

BMECTO Apyroro.

5.7 MpownsBoaHble TUMNbI

B AZa MOXHO CO3zaBaTb HOBble TUMbl HA OCHOBE CYLLLECTBYHOLLNX.

3TO OYeHb MOJIe3HO:. Bbl

nosy4yaeTe TUM, KOTOPbI/ MMeET Te Xe CBOMCTBA, YTO U HEKOTOPbIV CYLLECTBYHOLLMIA TUM, HO BejeT

cebsl Kak OTAeNbHbIN TUM B COOTBETCTBUM C npasunnamMmn CUIbHON TUNM3aUnn.

Listing 17: main.adb

procedure Main is
-- ID card number type,
-- Incompatible with Integer.
type Social_Security Number is new Integer
range 0 .. 999 99 9999;
-- ~ Since a SSN has 9 digits
- - max., and cannot be
- - negative, we enforce
-- a validity constraint.

SSN : Social Security Number :=
555 55 5555;

-- ~ You can put underscores as

-- formatting in any number.

I . Integer;

-- The value -1 below will cause a

-- runtime error and a compile time

-- warning with GNAT.

Invalid : Social Security Number := -1;
begin

-- Illegal, they have different types:
I := SSN;

(continues on next page)

50 Chapter 5. CNbHO TUNU3MPOBaHHbBIN A3bIK



25
26
27
28
29
30
31
32
33
34

W X N O U AW N =

BBepgeHuMe B A3bIK NporpammupoBaHus Ada

(continued from previous page)

-- Likewise illegal:
SSN :=I;

-- OK with explicit conversion:
I := Integer (SSN);

-- Likewise OK:
SSN := Social Security Number (I);
end Main;

Build output

main.adb:21:40: warning: value not in range of type "Social Security Number"
~defined at line 4 [enabled by default]

main.adb:21:40: warning: "Constraint Error" will be raised at run time [enabled by,
~default]

main.adb:24:09: error: expected type "Standard.Integer"

main.adb:24:09: error: found type "Social Security Number" defined at line 4

main.adb:27:11: error: expected type "Social Security Number" defined at line 4

main.adb:27:11: error: found type "Standard.Integer"

main.adb:33:04: warning: possibly useless assignment to "SSN", value might not be,
~referenced [-gnatwm]

gprbuild: *** compilation phase failed

Tun Social Security, kak roBopsT, SABASIETCA NPOU3BOOHLIM MUNOM; ero podumensckuli mun -
Integer.

Kak nokasaHo B 3TOM MprMepe, Bbl MOXeTe YTOUHUTb JOMYCTUMBbIA AMANa3oH 3HauYeHU npu
onpeAeneHN NPON3BOAHOIO CKaNSPHOro TUNa (Takoro Kak Lienoe YmMcao, YMCIo C NnaBatoLLen
3ansAToN 1 NepevncieHune).

CuHTaKcuc HepeHMCﬂeHMM MNCNo/b3yeT CMHTakKCUC range <aumanas3oH=:

Listing 18: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

type Weekend_Days is new
Days range Saturday .. Sunday;
-- New type, where only Saturday and Sunday
-- are valid literals.
begin
null;
end Greet;

Build output

greet.adb:1:09: warning: no entities of "Ada.Text I0" are referenced [-gnatwu]
greet.adb:1:19: warning: use clause for package "Text I0" has no effect [-gnatwu]
greet.adb:4:18: warning: literal "Monday" is not referenced [-gnatwu]
greet.adb:4:26: warning: literal "Tuesday" is not referenced [-gnatwu]
greet.adb:4:35: warning: literal "Wednesday" is not referenced [-gnatwul
greet.adb:5:18: warning: literal "Thursday" is not referenced [-gnatwu]
greet.adb:5:28: warning: literal "Friday" is not referenced [-gnatwu]
greet.adb:8:09: warning: type "Weekend Days" is not referenced [-gnatwu]
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5.8 MoaTwvnbl

BbllLensnoxeHHoe MOXET MpUBECTU Hac K ugee, YTo TUMbl B AZe MOryT 6biTb UCMO/b30BaHbI
A9 HAIOXXEHWS! OrpaHNYeHUiA Ha AnanasoH AOMyCTUMBIA 3HaYeHNn. Ho MHorAa 6biBaeT HY>XHO
OTPaHNUYNTL 3HAYEHWs OCTaBasCb B Mpejenax OAHOro TWna. 3jecbk MPUXOAAT Ha MOMOLb
noATunbl. MNMoATUM He BBOAWT HOBbI TUM.

Listing 19: greet.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

-- Declaration of a subtype
subtype Weekend Days is

Days range Saturday .. Sunday;
-- ~ Constraint of the subtype

M : Days := Sunday;

S : Weekend Days := M;
-- No error here, Days and Weekend Days
-- are of the same type.
begin
for I in Days loop
case I is
-- Just like a type, a subtype can
-- be used as a range
when Weekend Days =>
Put Line ("Week end!");
when others =>
Put_Line ("Hello on "
& Days'Image (I));
end case;
end loop;
end Greet;

Build output

greet.adb:13:04: warning: "M" is not modified, could be declared constant [-gnatwk]
greet.adb:15:04: warning: variable "S" is not referenced [-gnatwul

Runtime output

Hello on MONDAY
Hello on TUESDAY
Hello on WEDNESDAY
Hello on THURSDAY
Hello on FRIDAY
Week end!

Week end!

Heckonbko no4aTnnos npegornpegeneHbl B CTaH4APTHOM NnakeTe AZa n aBToMaTnyeckmn AOCTYMHbI
BaM:

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

XOTA NOATUMNbLI OAHOrO TUMa CTaTUYECK COBMECTVMbI APYT C APYrOM, OrpaHUYeHNst NPOBepPSOTCS
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BO BpeMA BbINOJIHEHNA! €C1M Bbl Hapywunte orpaHunyeHme noAatuna, 6yaeT BO36y)Kﬂ,eHO

NCKTHOYEHNE.

Listing 20: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

subtype Weekend_Days is
Days range Saturday .. Sunday;

Day : Days := Saturday;

Weekend : Weekend Days;
begin

Weekend := Day;

-- ~ Correct: Same type, subtype
- - constraints are respected

Weekend := Monday;

-- ~ Wrong value for the subtype

- - Compiles, but exception at runtime
end Greet;

Build output

greet.adb:1:09: warning: no entities of "Ada.Text I0" are referenced [-gnatwu]

greet.adb:1:19: warning: use clause for package "Text I0" has no effect [-gnatwu]

greet.adb:4:26: warning: literal "Tuesday" is not referenced [-gnatwul

greet.adb:4:35: warning: literal "Wednesday" is not referenced [-gnatwu]

greet.adb:5:18: warning: literal "Thursday" is not referenced [-gnatwu]

greet.adb:5:28: warning: literal "Friday" is not referenced [-gnatwu]

greet.adb:11:04: warning: "Day" is not modified, could be declared constant [-
~gnatwk]

greet.adb:12:04: warning: variable "Weekend" is assigned but never read [-gnatwm]

greet.adb:14:04: warning: useless assignment to "Weekend", value overwritten at,
~line 17 [-gnatwm]

greet.adb:17:04: warning: possibly useless assignment to "Weekend", value might,
-not be referenced [-gnatwm]

greet.adb:17:15: warning: value not in range of type "Weekend Days" defined at,
~line 8 [enabled by default]

greet.adb:17:15: warning: "Constraint Error" will be raised at run time [enabled
~by default]

[N

Runtime output

raised CONSTRAINT ERROR : greet.adb:17 range check failed

5.8. MoaTunel
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5.8.1 MoaTunbl B KayecTBe NceB4OHMMOB TUMNOB

PaHee Mbl BUZAENM, 4TO Mbl MOXeM CO3ZaBaTb HOBble TWMbl, 06bsBnAs type Miles 1is
new Float. Ho Ham Takke moxeT noTpeboBaTbCA MepesMeHOBaTb TWM, MPOCTO YTO6bLI
BBECTW aNbTepHaTMBHOE VMSA-NCEBAOHUM ANS CyllecTBytowlero Tuna. CnegyeT OoTMeTUTb, YTO
ncesodoHUMsl TUMOB MHOTAa Ha3blBakOTCSA CUHOHUMAMU TUMOB.

B Aze 3TO AenaeTcs ¢ MOMOLLbIO MOATMMOB 6€3 HOBbIX OrpaHnYeHnii. OgHaKo B 3TOM cC/lyyae
Mbl He Mosy4aeM BCeX MpenMyLLLeCTB CTPOrol Tunmsaumm Agel. MNepenuwiem nprumep, UCNonb3ys
nceBAOHVIMbI TUMOB:

Listing 21: undetected_imperial_metric_error.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Undetected Imperial Metric Error is
-- Declare two type aliases
subtype Meters is Float;
subtype Miles is Float;

Dist Imperial : Miles;

-- Declare a constant
constant Meters := 100.0;
begin
-- No conversion to Miles type required:
Dist Imperial := (Dist Metric * 1609.0) / 1000.0;

-- Not correct, but undetected:
Dist Imperial := Dist Metric;

Put Line (Miles'Image (Dist Imperial));
end Undetected Imperial Metric Error;

Build output

undetected imperial metric error.adb:14:04: warning: useless assignment to "Dist
~Imperial", value overwritten at line 17 [-gnatwm]

Runtime output

1.00000E+02

B npuBegeHHOM Bbile npuMepe TOT dakT, yUto 1 mMeTpbl (Meters), u muan (Miles) asnsawoTca
noatnnamn Float, no3sonser Ham cMelBaTb NepemMeHHble 060MX TUMOB 6e3 NpeobpasoBaHMs
TMAOB. 37O, OAHAKO, MOXeT MPMBECTV K BCEBO3MOXHbIM OLMO6KaM B NpOrpaMmMmpoBaHmn,
KOTOPbIX Mbl CTPEMUMCS N36eXaTb, Kak MOXHO BUAETb B HEOOHapY>KeHHOW OLn6Ke, BblgeleHHOM
B MpVBeAEeHHOM Bblille Koje. B 3ToM nmpumepe owunbka B MPUCBOEHUN 3HAYEHUS B MeTpax
nepemMeHHoOW, NpeAHas3Ha4YeHHOM ANs1 XPaHEHMS 3HaYeHWIA B MUASX, OCTaeTCsl HeOBHapy>KEHHO,
nockonbky 1 MeTpbl (Meters), n muam (Miles) asngatorca noagtunamn Float. [MMosatomy, ans
cny4vaeB, NOAO6HbLIX NPUBEAEHHOMY Bbille, peKOMeHAyeTCs MCMO0b30BaTb CTPOryto TUNM3aLmio,
onezenvB TUM X Npon3BoaHbIM oT TMNa Y (type X is new Y).

OfHaKo CcyLlecTByeT MHOMO CUTyauuid, rae NCeBAOHWMbI TMMOB MofesHbl.  Hanpumep, B
NPUNOXEHWM, KOTOPOE UCMO/b3YyeT TUMbI C NAaBatoLLet 3ansaTol B HECKONbKNX KOHTEKCTax, Mbl
MOrAK 6bl NCMONBb30BaThb NMCEBAOHNMbI TUMOB, YTOObI YTOUHUTE NPEeAHO3HaYeHNe UK n3bexatb
AJIVIHHBIX IMeH nepemMeHHbIX. Hanprmep, BMecTo Toro, 4Tobbl nucaTtb:

Paid Amount, Due Amount : Float;

Mbl MOXeEM HanmcaTb:
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subtype Amount is Float;

Paid, Due : Amount;

Ha gpyrux sisbikax

Hanpuwmep, B C a4ns co3gaHna NceBAoOHMMA TUMa MOXHO MCMONb30BaTh 06bsABneHve typedef.
Hanpuvmep:

typedef float meters;
3TO COOTBETCTBYET ONpeAeNeHNto NoATMNa 6e3 orpaHMYeHni, KOTOpoe Mbl BUAeNu Beilwe. Jpyrue
A3bIKM NPOrPaMMUPOBaHNSA BBOAAT 3TY KOHLIEMNLUMIO aHaNormYHbIMK cnocobamu. Hanpumep:

* C++: using meters = float;

« Swift: typealias Meters = Double

+ Kotlin: typealias Meters = Double

+ Haskell: type Meters = Float

OgaHako cnegyeTr OTMETUTb, YUTO NMOATVNbI B Ane COOTBETCTBYHOT NCeBAOHMaM TUNOB, e/ N
TOZIbKO et/ OHW He BBOAAT HOBbIX OrpaHMHeHMVI. Taknm o6pa30|v|, ecnmn ,ﬂ,06aBI/ITb HOoBoOe€e
orpaHun4yeHme K onncaHUw noatumna, y Hac 6onblue He 6yﬂ,eT nceBgoHMMa TUMa. Hanpvnvlep,
caiejyroulee 06bsBNEHNE HE MOX(em CYUTATbCs CMHOHMMOM Tina Float:

subtype Meters is Float range 0.0 .. 1 000 000.0;

PaccMOTpuVM Apyroii npumep:

subtype Degree_Celsius is Float;

subtype Liquid_Water_Temperature is
Degree Celsius range 0.0 .. 100.0;

subtype Running_Water_Temperature is
Liquid Water Temperature;

B stom npumepe Liquid Water Temperature He aBnsietca ncesgoHnmom Degree Celsius,
MOCKONbKY JO6aBnsieT HOBOE OrpaHu4yeHue, KOTOpoe He 6bl10 4YacTbio 06bsABneHus De-
gree Celsius. OgHako 3aecb eCTb ABa NCEBAOHMMA TMMa:

* Degree_ Celsius aBngetca ncesgoHnmom Float;

* Running Water Temperature sasnsetcs ncesgoHumom Liquid Water Temperature,
faxe ecnv cam Liquid Water Temperature nmeert orpaHuUYeHHbIV AVanasoH.
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CHAPTER
SIX

SANMNCHN

Moka uTo BCE TUMbI, C KOTOPBIMU Mbl CTOJIKHYVCh, UIMEHT 3HaUeHWS, KOTOPbIe Helb35 Pa3noXunTh:
KaXAblA 3K3eMMasp npeAcTaBasieT cO60M HeAeNUMbIA 3N1eMeHT JaHHbIX. Tenepb Mbl 06paTum
Halle BHVMaHMe Ha Hall nepBblii COCTaBHOW TWUM: 3anncu.

3anncnM No3BOSAKOT COCTaBAATb 3HAYEHUS U3 3HAYEHUD Apyrnx Tnnos. Ka)KAOMy N3 TakKnx
3HaYeHUn 6y,£l,€T NPUCBOEHO NMA. I'Iapa, COCTOALWadA N3 UMEHN N 3HaYeHNA onpeaesieHHOro Tmna,
Ha3blBaeTCs MNOMEM WU KOMIMOHEHTOWN.

6.1 O6BbABNIeHMe TUNa 3annucu

Bort npuMep NpocTtoro 06bsABNEHNS 3aNUCK:

type Date is record
-- The following declarations are
-- components of the record
Day : Integer range 1 .. 31;
Month : Months;
-- You can add custom constraints
-- on fields
Year : Integer range 1 .. 3000;
end record;

Mons BO MHOrOM MOXOXW Ha 06BLABNEHUSN nepemMeHHbIX, 3a WCKAK4YeHnemM TOoro, 4YTto OHN
HaXo4ATCA BHYTPUW ornpeaenieHnd 3anmcu. Kak n npwu 06bsABNEHUAX nepemMeHHbIX, MOXHO yKa3aTb
AONOJIHNTENIbHbIE OrpaHNYEeHNA NPpX NPpeaoCTaBNeEHN NOoATMNa MONA.

type Date is record
Day : Integer range 1 .. 31;
Month : Months := January;
-- This component has a default value
Year : Integer range 1 .. 3000 := 2012;
-- ~ Default value

end record;

KoMmnoHeHTbI 3anncu MOTYT MIME€Tb 3HaYe€HNA NO YMOTYaHUIO. Koraa obbsBneHa nepemMeHHas
C TUMOM 3anumncu, anda nona c |/|H|/||_|,|/|an|/|3au,|/|e|7| nonyyart 3ajaHHble 3Ha4YeHNA aBTOMaTN4YeCKN.
3Ha4yeHne MOXeT 6biTb 3a4aHo NoBbIM BblpaXeHMeM COOTBETCTBYHOLLEro Tuna n MOXET
BbIYNCNIATCA BO BpeMa NCMOJTHEHNA.
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6.2 ArperaTbl

Ada Birthday : Date :
Leap Day 2020 : Date :

(10, December, 1815);
(Day => 29,

Month => February,
Year => 2020);

-- ~ By name

3anucu nMetoT yaobHy GopMy ANst 3anncy 3HaYeHWl, MOoKas3aHHyk Bbile. 3Ta HoTauus
Ha3blBaeTCs arpervpoBaHHOW, a cama KOHCTPYKUMs - arperatoM. Ee MOXHO Mcnonb3oBaThb
B Pa3/IMUHbIX KOHTEKCTAX, KOTOpble Mbl YBUAMM Ha MPOTSXEHUW BCEro Kypca, W OAHUM U3
NPVYIMEHEeHN SBASIETCA MHNLMANM3aLMS 3annceil.

Arperar - 3TO CNNUCOK 3HaYeHW, pa3AeNieHHbIX 3anATbIMU 1 3aK/I0YEHHbIX B Kpyrble cCKobkun. OH
pa3peLleH B 1t060M KOHTEKCTe, rAe OXMNAAeTCA 3HaUYeHme 3anmcu.

3HayveHWs A1 KOMMNOHEHT MOXHO yKa3aTb MO3ULMOHHO, Kak B npuMepe Ada Birthday, vam no
“MeHW, kak B Leap Day 2020. PaspelueHo coueTaHme NO3NLNOHHbBIX M UME@HOBAHHbIX 3HaYeHWIA,
HO Bbl HE MOXETE NCMO0JIb30BaTb MO3ULVOHHYH GOpMY NMoc/ae NoSBAEHNA MMEHOBAHHOM

6.3 I13BneyeHe KOMMNOHEHT

Ana poctyna K KOMMOHEHTaM 3K3eMMsipa 3anuMcyM UCNOob3yeTcs orepauus, HasbiBaemas
n3BfeYeHNEeM KOMMOHeHTbl. OHa mmeeT GOpMy TOUeYyHO HoTauuwm. Hanpumep, ecan Mbl
obbABNseM nepemeHHyto Some Day Tmna 3anucn Date, ynomsHyTOro Bbile, Mbl MOXeEM
MoJly4nUTb AOCTYN K KOMMOHeHTe Year, Hanucas Some Day.Year.

PaccmoTpuM npumMep:

Listing 1: record_selection.adb
with Ada.Text IO; use Ada.Text IO;

procedure Record Selection is

type Months is
(January, February, March, April,
May, June, July, August, September,
October, November, December);

type Date is record

Day : Integer range 1 .. 31;

Month : Months;

Year : Integer range 1 .. 3000 := 2032;
end record;

procedure Display Date (D : Date) is

begin
Put Line ("Day:" & Integer'Image (D.Day)
& ", Month: "
& Months'Image (D.Month)
& ", Year:"

& Integer'Image (D.Year));
end Display Date;

Some Day : Date := (1, January, 2000);
begin

Display Date (Some Day);
(continues on next page)
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(continued from previous page)

Put Line ("Changing year...");
Some Day.Year := 2001;

Display Date (Some Day);
end Record Selection;

Runtime output

Day: 1, Month: JANUARY, Year: 2000
Changing year...
Day: 1, Month: JANUARY, Year: 2001

Kak Bbl MOXeTe BWAETb B 3TOM MpuUMepe, Mbl MOXEM WCMO/b30BaTb TOYEYHYID HOTALMI0 B
BblpaxeHun D.Year nan Some Day.Year. kak gns gocryna K MHGopMaLmy KOMMOHETLI, Tak U
ANS ee U3MeHeHNs B ornepaTtope npucsBanBaHua. [0BopsA KOHKpeTHee, Korda Mbl Ucrnonb3syem D.
Year B Bbi3oBe Put_Line, Mbl untaem nHopmaumio, XpaHsLLyrCs B 3TOM KoMMoHeHTe. Korga
Mbl N1wem Some_Day.Year := 2001, To nepesanucbiBaem nHbOpMaLmto, KOTopas bblna paHee
COXpaHeHa B KOMMNOHeHTe Year B nepeMeHHor Some_Day.

6.4 lNepenmeHoBaHue

B npegblgywinx rnaeax Mbl 06CyXAann nepemmMeHoBaHwe nodnpozpamm (page 25) n nakemos
(page 36). Mbl Takke MOXeM MepemMeHOBbLIBaTb KOMMOHEHTLI 3anucy. Bmecto Toro, 4tobsbl
KaXAbliA pa3 NMcaTh U3BAeYeHIe KOMMOHEHTbI C UCM0/b30BaHNEM TOYEYUHOM 3anmncn, Mbl MOXeM
06BABUTL MCEBAOHUM, KOTOPbLIA MO3BOAUT HaM MOAYYUTb AOCTYM K 3TOM KOMMOHeHTe. 3TO0
NnoaesHo, Hanpumep, 419 YyNpoLLeHna peanvsaumm nognporpaMmsl.

Mbl MOXeM MeperIMeHOBaTb KOMMOHEHTbLI 3amucK, WCMoJb3yst K/K4YeBOe C/I0BO renames B
06bABMEHNM NepemMeHHON. Hanpumep:

Some Day : Date;
Y : Integer renames Some Day.Year;

3pecb Y aABNsieTCH MCEBAOHWMOM, TaK UTO KaXAblid pas, Korga Mbl ucnonb3yem Y, Mbl B
AeACTBUTENbHOCTA NCMOb3yeM KOMMOHEHTY Year nepemMeHHoi Some Day.

JaBaliTe pacCMOTPUM MOAHbIV NpUMep:

Listing 2: dates.ads

package Dates is

type Months is
(January, February, March, April,
May, June, July, August, September,
October, November, December);

type Date is record

Day : Integer range 1 .. 31;

Month : Months;

Year : Integer range 1 .. 3000 := 2032;
end record;

procedure Increase Month (Some Day : in out Date);

procedure Display Month (Some Day : Date);
(continues on next page)
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end Dates;

Listing 3: dates.adb
with Ada.Text IO; use Ada.Text IO;

package body Dates is

procedure Increase Month (Some Day : in out Date) is
-- Renaming components from
- the Date record
: Months renames Some Day.Month;
: Integer renames Some Day.Year;

<=

-- Renaming function (for Months
-- enumeration)
function Next (M : Months) return Months
renames Months'Succ;
begin
if M = December then
M := January;
Y :=Y + 1;
else
M := Next (M);
end if;
end Increase Month;

procedure Display Month (Some Day : Date) is
-- Renaming components from
-- the Date record
M : Months renames Some Day.Month;
Y : Integer renames Some Day.Year;
begin
Put Line ("Month: "
& Months'Image (M)
& ", Year:"
& Integer'Image (Y));
end Display Month;

end Dates;

Listing 4: main.adb
with Ada.Text IO0; use Ada.Text IO;

(continued from previous page)

with Dates; use Dates;
procedure Main is
D : Date := (1, January, 2000);
begin
Display Month (D);
Put Line ("Increasing month...");
Increase Month (D);
Display Month (D);
end Main;
Runtime output
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Month: JANUARY, Year: 2000
Increasing month...
Month: FEBRUARY, Year: 2000

Mbl NnpnMeHaeM nepenMeHoBaHme K ByM KOMNoHeHTaM 3anucy Date B peanvsaumy npouesypbl
Increase Month. 3atem BMecTO HemnocpeACTBEHHOro Kcnoab3oBaHMA Some Day.Month w
Some _Day.Year BnocneayroLLmx onepawmsx Mbl IPOCTO UCMO/b3yeM NeperMeHOBaHHbIe BepCUm
MuYy.

O6paTuTe BHMMaHWe, 4YTO B MNpPUBEAEHHOM Bblille MpuMepe Mbl TakKxke MnepenMeHoBanu
Months'Succ - dyHKUMIO, KOTOpasa AaeT Ham cnefytoLmin mecsy, - B Next.
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MACCUBDbI

MaccmBbl (MAN NHAEKCVpYEMble TUMbl) NPefOCTaBASAOT eLle 04HO PyHAAMEHTabHOe CeMeliCTBO
COCTaBHbIX TUMOB B Aje.

7.1 O6BbsAB/NIeHMe TUNna MmaccmBa

MaccnBbl B AZe WCMONb3YKOTCA ANA OonpejeneHus HemnpepbiBHbIX KOMNEKLMI 31eMeHTOB, K
KOTOPbIM MOXHO 06paLLaTbCs No HAEKCY.

Listing 1: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is
type My _Int is range 0 .. 1000;
type Index is range 1 .. 5;

type My_Int_Array is

array (Index) of My Int;
-- ~ Type of elements
-- ~ Bounds of the array
Arr : My Int Array := (2, 3, 5, 7, 11);
-- ~ Array literal

-- (aggregate)
V : My Int;
begin
for I in Index loop
V := Arr (I);

-- ~ Take the Ith element
Put (My Int'Image (V));
end loop;
New Line;
end Greet;

Build output

greet.adb:11:04: warning: "Arr" is not modified, could be declared constant [-
~gnatwk]

Runtime output

235711

MepBoe, YTO CledyeT OTMETUTb, - 3TO TO, YTO Mbl YKa3blBaeM He pasMep MaccvBa, a TUM ero
VHAeKca. 34ecb Mbl 06BbABUAW LIeNIOYNC/IeHHbIA TN ¢ MMeHeM Index B gvanasoHe oT 1 o 5,
MO3TOMY KaXAblli 3K3eMNAsp MaccuBa byAeT UMeTb 5 3N1eMEHTOB, C MHAeKcamu oT 1 4o 5.
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XoTs B 3TOM MNprIMepe B KavecTBe MHAeKCa MCMOoNb30Basacsa LenoyumncieHHbln Tin, B Age ntoboli
AVICKPETHBIN TUM MOXeT CAYXUTb A8 MHAeKCcauMn mMaccmBa, BKAKOYasA (nepevucaumele munsl
(page 43)). CKOpO Mbl yBUANM, UTO 3TO 3HAUNT.

CneaytoLmnini MOMEHT, KOTOPbI cnejyeT OTMeTUTb, 3aKNHYaeTCA B TOM, YTO AOCTYN K dN1eMeHTY
MaccrBa No 3afaHHOMY MHAEKCY NCMONb3YeT TOT e CUHTAKCUC, YTO U ANSt BbIZOBOB QYHKLMI: TO
eCTb MMS MacC1Ba, 3@ KOTOPbIM cnejyeT MHAEKC B CKOBKaX.

Takum o6pa30|v|, KOrga Bbl BNANTE BblpaXeHNe, TaKkoe Kak A (B), aBnAeTCca MM OHO BbLI3OBOM
CI)yHKLI,I/II/I nnn nHaekKcomMm mMmaccmBa, 3aBUCUT OT TOIO, Ha YTO CCblJ1aeTCAa A.

HakoHel, obpaTtuTe BHUMaHWe, Kak Mbl MHULIMANN3NPYEM MAacCuB BblpaxeHuem (2, 3, 5, 7,
11). 370 ewe oAWNH BUA arperata B Afe, KOTOPbIA B HEKOTOPOM CMbIC/1e ABASETCH INTePanom
4191 MaccmMBa, TOYHO Tak Xe, Kak 3 ABNSeTCH INTepanom 41s Lenoro uncna. O6o3HaveHne oveHb
MOLLIHO€, C PSAOM CBOWCTB, KOTOPbIe Mbl MpeACcTaBuM No3xe. NogpobHbI 0630p NPUBOANTCS B
rnaee o azpezamax munos (page 81).

Mpumep TakXe WANOCTPUPYET ABe npouesypbl u3:ada:Ada.Text /O, KOTOpble He CBSi3aHHbI C
MaccrMBaMu:

* Put - BbIBOAUT CTPOKY 6€3 3aBepLuatoLLero KOHLa CTPOKU.
* New_Line - BbIBOA KOHLLA CTPOKM

[JaBalite Tenepb yrny6|/||v|c51 B TO, YTO 3HAUUT MMETb BO3MOXHOCTb WCMONb30BaTb /IHO6OOW
AVICerTHbIVI TN B Ka4yecTBe NHAEeKCa MacCnBa.

Ha apyrux s3bikax

CemaHTMYeck 06bekT MaccrBa B Afle - 3TO Lie/ibHas CTPYKTYpPa AaHHbIX, a He NMPOCTO AeCKPUNTOP
NN yKasaTesb. B otanume ot C n C ++, He cywecTtByeTt HEeABHOW 3KBMBANEHTHOCTU MeXay
MaCCMBOM U yKa3aTe/NeM Ha ero Ha4yaNbHbI 31EMEHT.

Listing 2: array_bounds_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Array Bounds Example is
type My _Int is range 0 .. 1000;
type Index is range 11 .. 15;
-- ~ Low bound can be any value
type My Int_Array is array (Index) of My Int;
constant My Int Array := (2, 3, 5, 7, 11);
begin
for I in Index loop
Put (My Int'Image (Tab (I)));
end loop;
New Line;
end Array Bounds Example;

Runtime output

235711

Kak cneacTBume rpaHunLbl MaccBa MOTYT MMETb MPON3BOJIbHbIE 3Ha4YeHVs. B nepBoM NprMepe Mbl
Co34anuv TN MaccmBa, NepBbI MHAEKC KOTOPOro paBeH 1, HO B NprBeAEHHOM BhbiLLe NpUMepe Mbl
06bsABNAEM TUM MACCKBA, NePBbI MHAEKC KOTOPOro paseH 11.

370 NpekpacHo paboTaeT B AZe, a, KpOMe TOro, MOCKOJIbKY Mbl A1 UTepaLm MO MacCcuBy yKasanu
Kak AManasoH TUMN MHAEKCA, TO KOZ UCMONb3YOLLMI MaCcCUB, He MPUXOANTCS MEHSTb.

370 npmeoanT HaC K BaXHOMY MNpuHUWMNY HanncaHMA KOoAa, onepupyeliero ¢ mMaccmBamu.
|_|OCKO}'Ibe rPaHnUbl MOTYT MEHATLCA, Siydlle He nojaratbCAd Ha KOHKPETHbIE 3HaYeHUA N He
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yKasblBaTb X B KOAe MCNO/b3yroweM MacCuB.

JTO O3HauaeT, yTo I'IpI/IBeAeHHbIVI BbilLlEe KO/J

XOPOLLU, MOTOMY YTO OH UCMOAb3yeT TUM NHAEKCA, HO Lk for, npuBeseHHbIN HXe, cumMTaeTcs
N0XO0M NPaKTUKOM, faxe ec/ii OH paboTaeT NpaBUILHO:

for I in 11 .

Tab (I)

end loop;

15 loop

= Tab (I) * 2;

nOCKOJ’Ibe Ana nHaekcaynm Mmaccmea MOXXHO UCMOJIb30BaTb nrobon p,l/lCKpETHbIVI TWMN, paspeLleHbl
n nepevyncinmMble TUNb.

Listing 3: month_example.adb

with Ada.Text IO; use Ada.Text IO;

procedure Month Example is
type Month_Duration is range 1 .. 31;
type Month is (Jan, Feb, Mar, Apr,

beg

end Month Example;

May, Jun, Jul, Aug,
Sep, Oct, Nov, Dec);

type My_Int_Array is
array (Month) of Month Duration;

~ Can use an enumeration type
as the index

(31,

constant My Int Array :=
~ constant is like a variable but
cannot be modified

28, 31,

30, 31, 30,

31, 31, 30, 31, 30, 31);

Feb Days

in

Maps months to number of days
(ignoring leap years)

: Month Duration := Tab (Feb);

Number of days in February

for M in Month loop
Put_Line

(Month'Image (M) & " has "

& Month Duration'Image (Tab (M))

& " days.");
-- ~ Concatenation operator
end loop;

Build output

month_example.adb:22:04: warning: variable "Feb Days" is not referenced [-gnatwu]

Runtime output

JAN has 31 days.
FEB has 28 days.
MAR has 31 days.
APR has 30 days.
MAY has 31 days.
JUN has 30 days.
JUL has 31 days.
AUG has 31 days.
SEP has 30 days.
0CT has 31 days.
(continues on next page)
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NOV has 30 days.
DEC has 31 days.

B npriBeA€HHOM Bbille NPVYIMepe Mbl:
+ Co3gaHve T1na MaccrBa 419 0TO6PaXeHNst MecsLua B ero NPoAOC/KNTENIbHOCTL B AHSX.

+ Co3gaHue 3K3eMmnadpa 3T0ro mMaccmea N UHUMUMann3auna ero C nomMoLlbk arperarta
YKa3sblBarOLLEro q)aKTVIL{eCKyFO NPOAO/IKNTENBHOCTBHO KaXXA0ro Mecdua B AHAX.

. |/|TepaLl.I/IF| no MacCcmBy, neyvaTtb MecalueB N KOTMYECTBO ,qu|7| ANA KaXaoro.

BO3MOXHOCTb 1CNOJ/Ib30BaHUSA nepeyvyncnnmMblixX 3HAYEeHU B Ka4yecTee nHaeKca o4yeHb MnoJjiesHa
npwn co3gaHmm COMNOCTaB/IEHUI, KaK MOKA3aHO BblLLEe, U 4acTo ncnosb3yeTca B Age.

7.2 [locTyn no NHAEKcy

Mbl yXxe Bnaenn CMHTakcmc O6paLLl,eHI/IF| K aneMeHTamM Maccmea. OgHako ciefyeTr OTMETUTb eLle
HEeCKOJ/IbKO MOMEHTOB.

BO-I'IepBbIX, KakK 1 B Le/IOM B A,u,e, onepauvia NHAEKCMPOBaAHWA CTPOro TUNMnM3npoBaHa. Ecnm ana
nHAeKCaunm MaccmBa NCNONb3YETCA 3HaYeHne HenpaBUIbLHOIO TmMna, 6y,u,eT nosy4yeHa oLinbka
BpeMeHn kKoMmnmnaynmn.

Listing 4: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is
type My_Int is range 0 .. 1000;

type My_Index is range 1 .. 5;
type Your_Index is range 1 .. 5;

type My Int_Array is array (My Index) of My Int;
Tab : My Int Array := (2, 3, 5, 7, 11);
begin
for I in Your Index loop
Put (My Int'Image (Tab (I)));
-- ~ Compile time error
end loop;
New Line;
end Greet;

Build output

greet.adb:13:31: error: expected type "My Index" defined at line 6
greet.adb:13:31: error: found type "Your Index" defined at line 7
gprbuild: *** compilation phase failed

BO-BTOprX, B Ase KOHTPO/INPYETCA BbIXOA 3a rpaHuubl MacCUBa. 3TO O3Ha4aeT, YTo ecu Bbl
nonbiTaeTeCb O6paTI/ITbCF| K an1eMeHTy 3a npegenamMmm mMmacCmBa, Bbl NMonyyvmTe OLIJI/I6Ky BO BpemM4A
BbIMO/IHEHNA BMECTO A0CTyMNa K CﬂyanHOVI namsaTK, Kak B Heb6e30MnacHbIX A3blKax.

Listing 5: greet.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet is
(continues on next page)
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type My _Int is range 0 .. 1000;
type Index is range 1 .. 5;
type My Int_Array is array (Index) of My Int;
Tab : My Int Array := (2, 3, 5, 7, 11);
begin
for I in Index range 2 .. 6 loop
Put (My Int'Image (Tab (I)));
-- ~ Will raise an
X exception when
-- I =6
end loop;
New Line;
end Greet;

Build output

greet.adb:7:04: warning: "Tab" is not modified, could be declared constant [-
~gnatwk]

greet.adb:9:30: warning: static value out of range of type "Index" defined at line,
-5 [enabled by default]

greet.adb:9:30: warning: "Constraint Error" will be raised at run time [enabled by,
~default]

greet.adb:9:30: warning: suspicious loop bound out of range of loop subtype,
~[enabled by default]

greet.adb:9:30: warning: loop executes zero times or raises Constraint Error,
~[enabled by default]

Runtime output

raised CONSTRAINT ERROR : greet.adb:9 range check failed

7.3 bosiee npocTbie 06BbABNIEHUA MaccuBa

B npeablayLLx npyMepax Mbl BCErAa SBHO CO34aBanu TUM MHAEKCA 4SS MaccuBa. XOTs 3TO MOXeT
6bITb MONE3HO A8 TUNU3aUUKM 1 YA06CTBa UTEHWS, MHOTAA BaM MPOCTO HY>XHO yKa3aTb AvanasoH
3HaueHWin. Aga NO3BOJISIET BaM AeNaTb U Tak.

Listing 6: simple_array_bounds.adb
with Ada.Text IO; use Ada.Text IO;

procedure Simple Array Bounds is
type My _Int is range 0 .. 1000;
type My_Int_Array is array (1 .. 5) of My Int;
-- ~ Subtype of Integer
: constant My Int Array := (2, 3, 5, 7, 11);
begin
for I in 1 .. 5 loop
-- ~ Subtype of Integer
Put (My Int'Image (Tab (I)));
end loop;
New Line;
end Simple Array Bounds;

Runtime output
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235711

B 3TOM npmnMmepe gnanasoH MaccmBa onpegeneH C NOMOLWbHO CNMHTAKCMCA AMala30Ha, KOTOprI7I
YKa3sblBaeT AHOHUMHBbIN noatmn Integer N NCNoJsb3yeT ero B ka4vectee NMHAEeKCa MacCBa.

DTO O3HAYaeT, UTO WHAEKC MMeeT uefoyncneHHbln tun Integer. TouyHO Tak Xe, Koraa
Bbl MCMOJib3yeTe aHOHUMHbIA AmManasoH B uukne for, kak B nNpuBeAeHHOM Bbille MpuUmMepe,
TMN NapameTpa uukna Takke siBnsetcs Integer, nosTomy Bbl MoXeTe MCMonb3oBaTb I ans
nHaekcaumm Tab.

TakXe Bbl MOXeTe MCMN0Nb30BaTb MEHOBAHHbIN noaTMN ANA yKa3aHWA rpaHny MaccrBa.

7.4 ATpnbyT AnanasoHa

PaHee Mbl OTMETWAN, YTO YKa3blBaTb XeCTKMe rpaHuLbl Mpu UTepaLmm No MaccuBy - Naoxas naes,
1 rnokasanu, Kak UCrnosb30BaTh TUMN/MOATUMN NHAEKCA MaccuBa AN uTepauun B umkne for. 37o
NoAHWMAEeT BOMPOC O TOM, Kak HanmcaTb UTepaLnio, Korga MaccMB UMeeT aHOHUMHBIN A1ana3oH
A9 CBOMX FPaHUL, MOCKO/IbKY HeT MMeHU MO3BOSOLWEro cociaThCsa Ha Avanal3oH. B Age 3Ta
npobsiema peLuaeTcs C MOMOLLbH HECKOIbKMX aTPUBYTOB CyLLECTBYHLLMX Y MaCCUBOB:

Listing 7: range_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Range Example is

type My _Int is range 0 .. 1000;

type My _Int_Array is array (1 .. 5) of My Int;

constant My Int Array := (2, 3, 5, 7, 11);

begin

for I in Tab'Range loop

-- ~ Gets the range of Tab

Put (My Int'Image (Tab (I)));

end loop;

New Line;
end Range Example;

Runtime output

235711

Echun TpebyeTca 6onee TOUHbIN KOHTPOJIb, MOXHO MCMO/Ib30BaTh OTAeNbHble aTpubyThl 'First
(«MepBbIi») 1 'Last («MNocnegHninm).

Listing 8: array_attributes_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Array Attributes Example is
type My Int is range 0 .. 1000;
type My _Int_Array is array (1 .. 5) of My Int;
Tab : My Int Array := (2, 3, 5, 7, 11);
begin
for I in Tab'First .. Tab'Last - 1 loop
-- ~ Iterate on every index
-- except the last
Put (My Int'Image (Tab (I)));
end loop;
New Line;
end Array Attributes Example;
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Build output

array_attributes example.adb:6:04: warning: "Tab" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

2357

ATpnbyTbl 'Range, 'First u 'Last nokasaHHble B 3TUX NpuMepax Takke MOXHO MPUMEeHSTb K
VIMEHU T1Ma MaccrBa, a He TOJIbKO K 3K3eMnaspam Maccmea.

XOTs1 3TO He AeMOHCTPUPYeTCs B BblLLeNpuBeeHHbIX NpUMepax, ApYriM nonesHbiM atpubyTom
And ak3eMnaspa maccuBa A aensetca A' Length, koTopblii Bo3BpaLlaeT KOIMYEeCTBOM 31eMeHTOB
B A.

3aKOHHO W VHOrAa MONe3HO MMeTb «MyCTOM MacCuB», KOTOPbIA He COAEpPXMUT 31eMeHTOB.
YTo6bl MONY4YMTL €ro, A0CTaTOUYHO ONpeAeNnUTb ANAnNa3oH NHAEKCOB, BEPXHASA rpaHumLLa KOTOPOro
MeHbLLe HUXXHeN rpaHnLpl.

7.5 HeorpaHunyeHHble MacCUBbI

JaBaliTe Tenepb PacCMOTPUM OAMHY 13 CaMblX MOLLHbIX BO3MOXHOCTEN MacCMBOB B A3blke Aja.

Bce Tvnbl MaccrBos, KOTOprVI Mbl onpegennnn 4o cnx nop, UMeEKT (I)I/IKCI/IpOBaHHbIIZ pasmep: BCe
3K3eMMadapbl Takoro Tuna 6yAyT MMEeTb OANHAKOBbIE FPaHWMLUbI W, Cief0BaTe/IbHO, OANHAKOBOE
KOJINYECTBO 3/1EMEHTOB 1 O4MHAKOBBI pa3smMep.

Ho Aga Takxe no3BonsieT 06BABASATL TUMbl MAacCMBOB, FPaHULbl KOTOPbIX He ABASHOTCH
dUKCMPOBaHHBLIMWU: B 3TOM C/lydae rpaHuLbl HeobxoAMmo 6yaeT ykasaTb MpU CO3AaHUM
3K3eMnNAApoB TUNa.

Listing 9: unconstrained_array_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Unconstrained Array Example is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

type Workload Type is

array (Days range <>) of Natural;
-- Indefinite array type
- - ~ Bounds are of type Days,
-- but not known

constant
Workload Type (Monday .. Friday) :=
-- ~ Specify the bounds
-- when declaring
(Friday => 7, others => 8);
-- ~ Default value
-- ~ Specify element by name of index
begin
for I in Workload'Range loop
Put Line (Integer'Image (Workload (I)));
end loop;
end Unconstrained Array Example;

Build output
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unconstrained array example.adb:4:26: warning: literal "Tuesday" is not referenced,
~[-gnatwu]

unconstrained array example.adb:4:35: warning: literal "Wednesday" is not,
~referenced [-gnatwul

unconstrained array example.adb:5:18: warning: literal "Thursday" is not,
~referenced [-gnatwu]

unconstrained array example.adb:6:18: warning: literal "Saturday" is not,
~referenced [-gnatwu]

unconstrained array example.adb:6:28: warning: literal "Sunday" is not referenced,,
~[-gnatwul

Runtime output

~N 00 00 00 0

ToT $aKT, YTO rpaHNLbl MacCKBa HeN3BECTHBI, yKa3blBaeTca cMHTakcucom Days range <>. B3fs,
Ans npuMepa guckpeTHell Tun Discrete Type, ecan 6bl Mbl ykasanwm npocto Discrete Type
KakK MHAEKC MaccuBa, TO AN Kaxdo20 3HaveHns n3 Discrete Type cyuwlectBoBan 6bl MHAEKC U
COOTBETCTBYIOLLMI 31eMEHT B KaXOOM 3K3eMnaspe MaccuBa.

Ho, ecnn mbl onpegennm nHaekc kak Discrete Type range <>, 1o, xoTa Discrete Type Bce
elle 6yaeT TUMNOM NHAEKCA, HO pa3Hble 3K3eMMAAPbl MaccMBa CMOTYT VIMETb CBOW FpaHULLbI.

TN MaccuBa, KOTOPLIN OonpeaenseTcs C NMOMOLLbI cuHTakcica Discrete Type range <>,
Ha3blBaeTCs HeOrpaHUYeHHbIM UHAEKCMPYEMBIM TUMOM, U, Kak MoKa3aHo Bbille, MpW CO34aHU
3K3eMnIsApa He0bX0ANMO yKa3aTb rPaHuLbI.

B npmBeaeHHOM BblilLie MpUMepe Takxke nokasaHbl apyrie ¢dopMbl 3anncy arperata. Bbl MoxeTe
MNCNONb30BaTb MMEHOBaHHOE COMOCTaB/IeHMe, 3aaB 3HaUeHe NHAeKCa c1eBa OT CTPesKK. Takum
obpasom, 1 => 2 03Ha4yaeT «NPUCBOUTL 3HayeHue 2 31eMeHTYy C MHAEKCOM 1 B MOeM MaccuBe».
3anucek others => 8 o3HauvaeT «NPUCBOUTL 3HaUeHME 8 KaXXA0MY 3/1eMEHTY, KOTOPbI paHee He
6b11 HAa3HaYeH B 3TOM arperaTe».

Attention: Tak HasbiBaeMbll «B6OKC» (<>) B Age 06bIYHO UCMONb3yeTCca Ana 0bo3HauveHune
MecCTa, rae OTCYTCTBYeT Hekuil anemeHT. Kak Mbl yBUAUM eLle He pa3, Takoe obo3HaueHue
MOXHO YNTaTb, KaK «3HaYEeHMe, He 3aaH0e ABHO».

Ha gpyrux sisbikax

B To BpemA Kak HeorpaHmyeHHble MaccvBbl B AZe MOTyT Kas3aTbCA MOXOXMMW Ha MacCuBbI
nepemMeHHo AanHbl B C, B AeNCTBUTENBHOCTV OHW ropasfo 6o/iee MOLUHbIE, MOCKObKY
PaboTaroT KakK HaCcToALMe 3HaYeHUsA. VX MOXHO nepefaBaTb WX Kak MapaMeTpbl Npuv Bbi3oBe
noAnporpaMmMam 1 BO3BpaLLaTb Kak pe3ynstaT GYHKLUMN, N OHU HEABHO COAEPXKaT rpaHunLbl Kak
YacTb CBOEro 3HaYeHMsA. I3TO O3HAYaEeT, UTO HEeT HYX/bl ABHO nepejasaTth rpaHuLbl Uav AJINHY
MacCyiBa BMeCTe C MaCCMBOM, MOCKO/bKY 3TW 3HaUEHWS AOCTYMNHbI Yepe3 aTpubyTel 'First, 'Last,
‘Range n 'Length, onucaHHble paHee.

XOTs pasnnyHble 3K3eMMnAspbl OAHOMO U TOro e HeorpaHNYeHHOro TMMNa MaccMBa MOryT UMeTb
pasHble rpaHuLbl, KOHKPETHbIM 3K3eMMNASP MMeeT MOCTOSIHHbIE FPaHWLbl B TeYeHe BCero cpoka
ero CywecTBoBaHuWs. ITO MO3BONAET KOMMUAATOPY si3blka Afa 3PPeKTVBHO peannsoBbIBaTb
HeorpaHVYeHHble MacCyBbl; MaCCUBbI MOTYT XPaHUTLCSA B CTEKe 1 He TPebytoT BblAeNeHNs B KyJe,
Kak B ApYrux s3blkax, Tuna Java.
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7.6 MpeponpeaeneHHbl TN String

B Hawem BBegeHUM B TUMbI A3bika Ada 6bI/10 OTMEYEHO, UTO TakMe BaXHble BCTPOEHHbIE TUMbI, KakK
Boolean nnu Intege r,onpeaendarTca CMNOMOLbH TEX XKe CPeACTB, UTO 4OCTYNHbI NONb30BaTesto.
37O TaKkxkKe BEPHO N ANA CTPOK: TUN St ring B AZe aBngaeTcs NPOCTbIM MaCcCBOM.

Bot kak Tnn cTpoku onpegensercs B Aje:

type String is array (Positive range <>) of Character;

EANHCTBEHHOW AOMONHUTENIbHON BO3MOXHOCTLIO, KOTOPYH AZa AobasnsieT, 4uTobbl caenatb
CTpOKM 6onee NPOCTEIMU B UCMONb30BaHUN, ABASIOTCA CTPOKOBbIE AUTepanbl, Kak Mbl MOXeEM
BUAETb B MPUMeEpe HUXe.

Hint: CTpokoBble nnTepasnbl ABAAKOTCA CUHTAKCUYECKMM CaxapoM A1s arperaTos, Tak 4To B
cnegyrolem npumepe A 1 B metroT oAgnHaKkoBoe 3HayeHue.

Listing 10: string_literals.ads

package String_Literals is
-- Those two declarations are equivalent
A : String (1 .. 11) := "Hello World";
B : String (1 .. 11) :=
(IHI, lel’ I'LI, I'LI’ IOI, 1 I’
IWI’ lol’ Ir.I’ Ill’ Idl);
end String Literals;

Listing 11: greet.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Greet is
Message : String (1 .. 11) := "dlroW olleH";
-- ~ Pre-defined array type.
-- Component type is Character
begin
for I in reverse Message'Range loop
-- ~ Iterate in reverse order
Put (Message (I));
end loop;
New Line;
end Greet;

OfHako siBHOe yKkalaHue rpaHul, 06bekTa - 3TO HEeMHOro X/I0MOTHO; BaM HYXHO BPYYHYHO
NOACUYMNTATb KOIMYECTBO CUMBOJIOB B inTepane. K cyactbto, Aga npeanaraet 6osee npocto
cnocob.

Bbl MOXeTe onyCTUTb rpaHuMubl NMpun Cco3gaHn 3K3emMnndpa HeorpaHM4YeHHOro Tumrna MaccumBa,
ecin Bbl npejocrtaBndeTe NHMUMaAAN3auno, NOCKONbKY rpaHuMUbl MOryT 6bITb BblYNCIEHbI MO
BblpaXXeHWK HLnaam3aunn.

Listing 12: greet.adb
with Ada.Text IO; use Ada.Text IO;

procedure Greet is
constant String := "dlroW olleH";
-- ~ Bounds are automatically
-- computed from

(continues on next page)
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-- initialization value
begin
for I in reverse Message'Range loop
Put (Message (I));
end loop;
New Line;
end Greet;

Runtime output

Hello World

Listing 13: main.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Main is
type Integer_Array is array (Natural range <>) of Integer;

constant Integer Array := (1, 2, 3, 4);
-- ~ Bounds are automatically
-- computed from
-- initialization value

Attention: Kak Bbl MOXeTe BUAETb Bbllle, CTaHAAPTHbIA TUN String B AZe - 3TO MaccuB.
Takm 06pa3oM, OH COXpaHsieT NpPenMyLLecTBa U HeAOCTaTKM MacCUMBOB: 3HadeHue String
BbIZENAETCS B CTEKE, AOCTYN K HEMY OCYLLLeCTBAAETCS 3$PEKTMBHO, @ €r0 rPaHNLbl HEM3MEHHbI.

Ecam BamM HyXHO 4TO-TO Bpoje :ct+istd:string B C++, Bbl MOXeTe WCNONAb30BaTb Un-
bounded Strings (page 233) w3 cTaHfapTHOW 6ubnuotekn Aga. ITOT TUN 60/bLUE MOXOX
Ha M3MeHSeMbI, aBTOMATUYeCKN YNpaBaseMblli CTPOKOBbIA bydep, B KOTOPLIV Bbl MOXeTe
806aBNATb COAEPXMMOE.

7.7 OrpaHunyeHus

OueHb BaXHbIA MOMEHT, KaCaloLMIACA MACCMBOB: TpPaHULbl 00MiHLI BblTb W3BECTHbI MpU
CO3ZaHu1K 3K3eMnspoB. HanprmMep, HE3aKOHHO enaTb CejytoLLee.

declare

A : String;
begin

A := "World";
end;

Kpome TOro, XOT4 Bbl, KOHEYHO, MOXETE N3MEHATb 3HAYEHWNA 3/1IEMEHTOB B MaCCBE, Bbl HE MOXETe
N3MEHATb rpaHnUbl MacCBa (n, cnegoBartenbHO, ero pa3mep) rnocsie ero UHMLUManm3aumm. Tak 4to
3TO TOXe HeE3aKOHHO.

declare
A : String := "Hello";
begin
A = "World"; -- OK: Same size

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

A := "Hello World"; -- Not OK: Different size
end;

Kpome TOro, xoTs Bbl MOXeTe OXWAaTb NpeayrnpexaeHns o6 olwmnbke Takoro poAa B O4YeHb
MPOCTbIX Cyyasx, MOAOGHbIX 3TOMY, HO KOMMWUASTOP B O6LeM caydae He MOXET 3HaTb,
npuvcBanBaeTe M Bbl 3HaUYeHVe NPaBUAbHON A/IMHbI, MO3TOMY 3TO HapyLLeHMe 06blYHO NpuBeseT
K OLLMOKe BO BPeMs BbIMONHEHWS.

O6paTnTe BHUMaHue

XOTS Mbl OCTAHOBMMCH Ha 3TOM MO3Xe, BaXHO 3HATb, UTO MAcCCMBLI - He eAVNHCTBEeHHbIe TUMbI,
3K3eMnagapbl KOTOPbIX MOTYT BbITb HEN3BECTHOIO pasmepa B MOMEHT KOMNUnAaunn.

FOBOPSAT, UTO TakMe Ob6beKkTbl MMEeKT HeonpedesneHHsIli hodmun, YTO O3HadaeT, 4To pa3mep
MOATUMA Heu3BecTeH BO BpemMs KOMMNUAAUUW, HO AUHAMUYECKU BbIYUCASETCA (BO Bpems
BbIMOJIHEHWS).

Listing 14: indefinite_subtypes.adb
with Ada.Text IO; use Ada.Text IO;

procedure Indefinite Subtypes is
function Get Number return Integer is
begin
return Integer'Value (Get Line);
end Get Number;

A : String := "Hello";
-- Indefinite subtype

B : String (1 .. 5) := "Hello";
-- Definite subtype

C : String (1 .. Get Number);
-- Indefinite subtype
-- (Get Number's value 1is computed at
-- run-time)
begin
null;
end Indefinite Subtypes;

7.8 Bo3BpaT HeorpaHM4YeHHbIX MacCUBOB

TN BO3BpaLLAeMOro 3HauyeHus GyHKLMN MOXET ObiTb NH6bIM; GYHKLMA MOXET BO3BpallaThb
3HaueHVe, pa3mep KOTOPOro HeM3BECTEH BO BpeMSA KOMNUAALMK. TOYHO Tak XXe napaMeTpbl MOryT
6bITb NtO60ro TMNa.

Hanpumep, 3170 GpyHKLKS, KOTOpasi BO3BpALLaeT HEOrPaHNYEHHYH CTPOKY:

Listing 15: main.adb
with Ada.Text I0; use Ada.Text IO;

procedure Main is

type Days is (Monday, Tuesday, Wednesday,
(continues on next page)
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Thursday, Friday,
Saturday, Sunday);

function Get Day Name (Day : Days := Monday)
return String is
begin
return
(case Day is

when Monday => "Monday",
when Tuesday => "Tuesday",
when Wednesday => "Wednesday",
when Thursday => "Thursday",
when Friday => "Friday",
when Saturday => "Saturday",
when Sunday => "Sunday");

end Get Day Name;

begin
Put Line ("First day is "
& Get Day Name (Days'First));
end Main;

Runtime output

First day is Monday

MpmeyaHve. 3TOT npumMmep npuBeAeH TOMbKO B WAMOCTPaTUBHbIX uenax.  Cyulectsyer
BCTPOEHHbIA MexaHu3M, aTpmbyT 'Image ANA cKansipHbIX TUMOB, KOTOPLIA BO3BpaLlaeT MMSs
(B BMAe cTpokn - Tuna String) noboro snemeHTa TUNa nepevncieHus. Hanpuwmep,
Days'Image(Monday) ectb "MONDAY".)

Ha apyrux s3bikax

Bo3BpaT 06beKTOB NepemMeHHOro pasmepa B A3bikaX, B KOTOPbIX OTCYTCTBYET CHOPLLMK MyCopa,
AOBOJIbHO C/IOKEH C TOUKM 3peHus peanvsauuy, nodtomy C m C++ He JOMyckaroT Takoro,
npegnoymTas 3aBuUCeTb OT SIBHOTO AWHAMWUYECKOro pacrnpeseneHuns/ocBo6OXAEHNS NamsTh
nosib30BaTenem.

MNpobnema B TOM, UTO SIBHOE yrpasieHWe MamsiTbio CTaHOBUTCA Hebe3omnacHbIM, Kak TOJIbKO
Bbl 3aXOTWUTe WCMO/b30BaTb BblAENEHHYI0 NaMsATb MOBTOpHO. CnocobHocTb AZa BO3BpaLlaTh
06beKThbl MepeMeHHOro pasmMepa YCTPaHaT He0bX0AMMOCTb AMHAMUYECKOrO pacrpesefieHns
AN OATrOro BapwaHTa WCMOMb30BaHWA W, CNej0BaTeslbHO, YAANseT OAWH MOTEeHUMaNbHbIN
NCTOUHMK OLLUMBOK M3 BaLLVIX MPOrpamMm.

Rust cneayet mogenn C/C++, HO UCNOb3YeT yKalaTenn C 6e3onacHo ceMaHTUKOM. [pu 3TOM
AMHaMUyeckoe pacrnpejeneHvie Bce elle UCNonb3yeTcs. AJa MOXeT U3B/le4yb BbIrojy B BUAe
MOBbILLEH VS MPON3BOANTENIbHOCTH, MOCKOJIbKY OCTaBASeT BO3MOXHOCTb MCMONb30BaTh /10601 13
3TUX MeXaHV3MOB.
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7.9 O6bsABNIEeHUNE MaccMBOB (2)

XOTS Mbl MOXeM UMETb TWMbl MAaCcC/BOB, pasmMep 1 rpaHnLUbl KOTOPbLIX OMpeAenAatoTcad BO BpeMA
BbIMO/IHEHWA, TN KOMMNOHEHTLI MaCCBa BCerga A01KeH 6bITb onpeageneHHoro n orpaHN4YeHHOro

TMna.

Takum 06pasom, eciv HeobXoAMMO O6BbSBUTb, Hampumep, MaccuB CTPoK, noatun String,

I/ICFIOﬂb3yeMbIIz B KayecTBe KOMMOHEHTHI, A0/KEH NMETb q)I/IKCI/IpOBaHHbIVI pasmep.

Listing 16: show_days.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Days is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

subtype Day Name is String (1 .. 2);
-- Subtype of string with known size

type Days_Name_Type is
array (Days) of Day Name;
-- ~ Type of the index
-- ~ Type of the element.
-- Must be definite

: constant Days Name Type :=
("Mo", "Tu", "We", "Th", "Fr", "Sa", "Su");
-- Initial value given by aggregate
begin
for I in Names'Range loop
Put _Line (Names (I));
end loop;
end Show Days;

Build output

show_days.adb:
show days.adb:
show days.adb:
show_days.adb:
show _days.adb:
show days.adb:
show_days.adb:

:18: warning: literal "Monday" is not referenced [-gnatwu]
:26: warning: literal "Tuesday" is not referenced [-gnatwul
:35: warning: literal "Wednesday" is not referenced [-gnatwul
:18: warning: literal "Thursday" is not referenced [-gnatwu]
:28: warning: literal "Friday" is not referenced [-gnatwul
:18: warning: literal "Saturday" is not referenced [-gnatwul
:28: warning: literal "Sunday" is not referenced [-gnatwu]

oocoouuph~pD

Runtime output

Mo
Tu
We
Th
Fr
Sa
Su

7.9. O6BbABNEHME MACCMBOB (2)
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7.10 OTpe3Kn MaccuBa

MocneaHsst ocobeHHOCTb MaccrBOB Ajle, KOTOPYHO Mbl C06l/lpaeMCﬂ pPacCcMOTpPETb, - 3TO OTPE3KN
MaccmBa. MOXHO B34Tb M UCMOJIb30BaTh OTpe30K MaccmBa (HenpepblsHym nocneaoBaTe/ibHOCTb
3/1eMEeHTOB) B KayecTBe MMEHUN UK 3HaYeHUS.,

Listing 17: main.adb
with Ada.Text IO; use Ada.Text IO;

procedure Main is

Buf : String := "Hello ...";

Full Name : String := "John Smith";
begin

Buf (7 .. 9) := "Bob";

-- Careful! This works because the string
-- on the right side is the same length as
-- the replaced slice!

-- Prints "Hello Bob"
Put Line (Buf);

-- Prints "Hi John"
Put Line ("Hi " & Full Name (1 .. 4));
end Main;

Build output
main.adb:6:05: warning: "Full Name" is not modified, could be declared constant [-

~gnatwk]

Runtime output

Hello Bob
Hi John

Kak ™Mbl BUAUM Bbille, Bbl MOXeTe KCMo1b30BaTb OTpe30K CneBa OT MNMpucBanBaHUA, uTObbI
3dMEHWNTb TOJIbKO YaCTb MaccuBa.

OTpe3oK MaccvBa MMeeT TOT Xe TWM, YTO U MacCMB, HO VMEET ApYyroli MOATWM, OrPaHNUYEeHHNS
KOTOPOro 3ajaHbl rpaHMLaMy OTpesKa.

Attention: B Asa ecTb MHOromepHble MaccuBbl'?, KOTOpble He PacCcMaTPUBAKOTCS B 3TOM
Kypce. OTpesku ByayT paboTaTb TOIbKO C OAHOMEPHbBIMU MacCUBaMW.

12 http://www.adaic.org/resources/add_content/standards/12rm/html/RM-3-6.html
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7.11 MNepenmeHoBaHue

[0 cx Mop Mbl BUAENN, YTO CIeytoLLme 3/1eMeHTbl MOTYT 6bITb MeperIMeHoBaHbl: N00Npo2PamMMb!
(page 25), nakemes! (page 36) N KOMMOHEHTLI 3anucn. Mbl TakXe MOXeM MneperiMeHOBbIBaTb
06beKTbl C MOMOLLIbIO K/IFOYEBOro C/10Ba renames. 3TO NO3BO/SET CO3/aBaTb ajbTepPHATUBHbIE
NMeHa ANs AaHHbIX 06BekToB. JlaBaiiTe MOCMOTPUM Ha NpUMep:

Listing 18: measurements.ads

package Measurements is
subtype Degree_Celsius is Float;
Current Temperature : Degree Celsius;

end Measurements;

Listing 19: main.adb

with Ada.Text I0; use Ada.Text I0;
with Measurements;

procedure Main is
subtype Degrees is Measurements.Degree Celsius;

T : Degrees
renames Measurements.Current Temperature;
begin
T :=5.0;

Put Line (Degrees'Image (T));
Put Line (Degrees'Image
(Measurements.Current_Temperature));

T:=T+ 2.5;

Put Line (Degrees'Image (T));
Put Line (Degrees'Image
(Measurements.Current_Temperature));
end Main;

Runtime output

5.00000E+00
5.00000E+00
7.50000E+00
7.50000E+00

B npvBegeHHOM BhbiLLe NpriMepe Mbl 06bsiBASEM NepeMeHHyto T, mepermeHoBbIBas 06bekT Cur -
rent Temperature u3 naketa Measurements. Kak Bbl MOXeTe BUAETb, 3aMyCTVB 3TOT NpUMep,
n Current_Temperature, v ero anbTepHaTMBHoOe NMSA T MMEKOT OANHAKOBbIE 3HAYEHVS:

* CHa4yana OHM nokasblBatoT 3HayeHme 5.0
* roc/e CI0XKeHWS OHY NOKa3bIBakOT 3HayveHme 7.5,

3TO MOTOMY, UTO OHW MO CyLLEeCTBY 0603HAUAKOT OAHMH W TOT Xe 06BEKT, HO C ABYMSI Pa3HbIMU
NMEHaMMU.

ObpatuTe BHMMaHVe, 4YTO B MpPUBEAEHHOM Bbille nNpumMepe Mbl Ucnonb3yem Degrees kak
nceegoHnM Degree Celsius. Mbl 0b6cyxaann 3TOT MeTOZ MNepenMeHOBaHUS paHee 8 Kypce
(page 54).
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MNepenmeHoOBaHME MOXET 6bITb MOME3HO A YAYYLUEeHUS YUTaeMOCTU KOZa CO CI0XKHOM
MHZAeKcaumein MaccMBoB. BMecCTo TOro, 4tobbl ABHO MCMONb30BaTh MHAEKCHI KaXAblil pa3, Korja
Mbl 0bpalLlaemMcs K onpegeneHHbIM NO3MLMSAM MaccMBa, Mbl MOXEM CO34aBaTb KOPOTKME MMEHa
AN5 3TUX NO3UNLMIA, NeperMeHoBbIBas NX. laBainTe NOCMOTPUM Ha ChefyoLwnii nprumMep:

Listing 20: colors.ads

package Colors is

type Color is (Black, Red, Green, Blue, White);
type Color_Array is
array (Positive range <>) of Color;
procedure Reverse It (X : in out Color Array);
end Colors;

Listing 21: colors.adb

package body Colors is

procedure Reverse It (X : in out Color Array) is
begin
for I in X'First .. (X'Last + X'First) / 2 loop
declare
Tmp : Color;
X Left : Color
renames X (I);
X Right : Color
renames X (X'Last + X'First - I);
begin
Tmp = X Left;
X Left := X Right;
X Right := Tmp;
end;
end loop;
end Reverse It;
end Colors;

Listing 22: test_reverse_colors.adb
with Ada.Text IO; use Ada.Text IO;

with Colors; use Colors;
procedure Test Reverse Colors is
My Colors : Color Array (1 .. 5) :=
(Black, Red, Green, Blue, White);
begin

for C of My Colors loop
Put Line ("My Color: " & Color'Image (C));
end loop;

New Line;
Put Line ("Reversing My Color...");
New Line;
Reverse It (My Colors);
(continues on next page)
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for C of My Colors loop
Put Line ("My Color:

end loop;

end Test Reverse Colors;

" & Color'Image (C));

(continued from previous page)

Runtime output

My Color: BLACK
My Color: RED
My Color: GREEN
My Color: BLUE
My Color: WHITE

Reversing My Color...

My Color: WHITE
My Color: BLUE
My Color: GREEN
My Color: RED
My Color: BLACK

B npuBegseHHom Bbiwe npumepe nakeT Colors cogepxuT npouesypy Reverse It, rae
06bAB/IEHbI HOBbIE VIMEHa A/1A ABYX NMO3ULMI MaccuBa. TakuM 06pa3om peannsaumsa CTaHOBUTCH
Nerko YnTaemori:

begin
Tmp = X Left;
X Left := X Right;
X Right := Tmp;
end;

CpaBHWUTE 3TO C aNlbTEePHATBHO Bepcuen 6e3 neperMeHOBaHWS:

begin
Tmp =X (I);
X (I) = X (X'Last + X'First - I);
X (X'Last + X'First - I) := Tmp;

end;
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CHAPTER
EIGHT

NMOAPOBHEE O TUMAX

8.1 ArperaTbl: KpaTKasa nHpopmMaLuus

Jo cnx nop Mbl roBopwan 06 arperatax 4OBOAbHO Masno 1 BUAENN NVLb P4 NPYMepoB. Tenepb
Mbl PaCCMOTPUM 3Ty KOHCTPYKLMIO 60/1ee NoApo6HO.

ArperaT B Age CI)aKTI/IL{eCKVI ABNAETCA inTepasoM COCTaBHOIo TuMa. JTO O4YeHb MOLLHasA
c|>opMa 3anncm BO MHOIMX cnydadax rnosBosdeT n3bexaTb HanMcaHus npoueaypHoro Kkoga Ansa
NHNUmnanmnsaunm CTpykTtyp AaHHbIX.

OCHOBHbIM npaBuIOM MpPW 3anncK arperaTtoB ABAETCA TO, UTO Kax#ObIli KOMNOHEHM MaccmBa Unn
3anncm aoJixeH 6bITb YKa3saH, jaXXe KOMMNOHEHTbI, KOTOPblE NMEIOT 3HaYeHKre No yMmoa4aHuio.

JTO O3Ha4aeT, YTo C]'Ie,ﬂ,yI-OLLl,I/II7I KO HEBEpPEH:

Listing 1: incorrect.ads

package Incorrect is
type Point is record
X, Y : Integer := 0;
end record;

Origin : Point := (X => 0);
end Incorrect;

Build output

incorrect.ads:6:22: error: no value supplied for component "Y"
gprbuild: *** compilation phase failed

CyLlecTByeT HeCKO/NIbKO COKpPALLeHWl, KOTOpble MOXHO WCMOMb30BaTb, 4TObbI cAenaTtb
npescTaBneHue bonee ya06HbIM:

* YT06bI 334aTb 3Ha4YeHMe No YMO4YaHMKO A9 KOMMOHEHTbI, MOXXHO MCMNO/1b30BaTb HOTAL MO
<>,

+ CnmBon | MO>XHO MCNoNb30BaTb AJ14 NPUCBOEHNA HECKO/IBKMM KOMMNMOHEHTaM O4NHaKOBOIro
3Ha4yeHunA.

* Bbl MOXeTe ucnonb3oBaTb others BapuaHT A4 CCbINIKU Ha BC€ KOMMOHEHThI, KOTOpPbIE eLle
He 6bInun YKa3aHbl, Mpn ycnoBun, 4YTo BCE 3TN NONA UMEKOT O,CI,I/IHaKOBbII7I TMn.

* MOXHO MCNoNb30BaThb HOTaunMww AnanasoHa . UTObbI yKasaTb HernpepbiBHYH
nocnepoBaTe/ibHOCTb MHAEKCOB B MacCuBe.

OaHako ciefyeTt OTMEeTUTb, YTO, KaK TOJIbKO Bbl UCMOJIb30Bai MMeHOBaHHOE conocTtaBneHue,
BCE nocdnegywouine KOMMOHEHTbl TakXe AO0JIKHbI 6bITb YKa3aHbl € NOMOLWbK MMEHOBAHHOIO
conocrtaBneHUA.
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Listing 2: points.ads

package Points is

type Point is record
X, Y : Integer := 0;
end record;
type Point_Array is
array (Positive range <>) of Point;
-- use the default values
Origin : Point = (X | ¥ => <>);
-- likewise, use the defaults
Origin_ 2 : Point := (others => <>);
Points 1 : Point Array := ((1, 2), (3, 4));
Points 2 : Point Array := (1 = (1, 2),
2 = (3, 4),
3 .. 20 => <>);
end Points;

8.2 CoBMeLLeHUE N KBaNNPULMPOBaAHHbIE Bblpa)keHUs

B Aza ecTb obLuas KOHUENUUs COBMELLEeHNS VIMeH, KOTOpPYyl Mbl BUAENN paHee B pasjefne o
nepeyucaumsix munax (page 43).

[JaBaliTe BO3bMeM NPOCTO NpuMep: B AZe BO3MOXHO UMeTb QYHKLNN C OANHAKOBBLIM MIMEHEM,
HO pa3HbIMW TUNaMK 415 X MapaMeTpoB.

Listing 3: pkg.ads
package Pkg is

function F (A : Integer) return Integer;
function F (A : Character) return Integer;
end Pkg;

ITO pacrnpoCTPaHEHHOE MOHATME B A3blkax MPOrPaMMMPOBAHMS, Ha3blBAEMOE COBMELLEHMNEM,
NN Neperpyskoit nmeH'3,

OfHOM 13 0COBEHHOCTel COBMeLLleHVs UMeH B Ade SBASeTCd BO3MOXHOCTb pa3peLlunTb
HeoZHO3HAaYHOCTM Ha OCHOBE TMMa BO3BpaLLlaemMoro dyHKumei.

Listing 4: pkg.ads
package Pkg is

type SSID is new Integer;

function Convert (Self : SSID) return Integer;

function Convert (Self : SSID) return String;
end Pkg;

Listing 5: main.adb

with Ada.Text IO0; use Ada.Text IO;
with Pkg; use Pkg;

(continues on next page)

13 https://ru.m.wikipedia.org/wiki/Meperpyska_npoueayp_un_dyHKLuii
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(continued from previous page)

procedure Main is
S : String := Convert (123 145 299);
-- ~ Valid, will choose the
-- proper Convert

begin
Put Line (S);

end Main;

Attention: 3ameTuM, YTO paspeLleHe COBMELLEHMS Ha OCHOBe TuMNa B Ase paboTaeT Kak
ANt QYHKLUWIA, Tak 1 ANS INTEPasIoB NepeuncieHns - BOT MOYEMY Y BaC MOXET 6bITb HECKOIBKO
JINTEPANoOB NepeYncieHnsi C OANHAKOBBIM MeHeM. CeMaHTUYeCcKu uTepan nepeuncieHns
paccmaTpuBaeTcs Kak GyHKLMSA, He MMetoLLL,asi MapaMeTpoB.

OAHaKO MHOIr4a BO3HUKaeT ABYCMbICNTEHHOCTb 13-3a KOTOpOI‘/‘I HEBO3MOXHO OonpeaennTb, K KakoMy
06BbABNEHNIO coBMelleHHOro MMeHn OTHOCUTCA AaHHOe yr|0Tpe6neH|/|e MMeHW. VIMeHHO 34€ecb
CTaHOBWTCA MNOJ1€3HbIM KBa}'II/ICIDI/ILl,VIpOBaHHoe BblpaxeHue.

Listing 6: pkg.ads
package Pkg is

type SSID is new Integer;

function Convert (Self : SSID) return Integer;

function Convert (Self : SSID) return String;

function Convert (Self : Integer) return String;
end Pkg;

Listing 7: main.adb
with Ada.Text IO0; use Ada.Text IO;

with Pkg; use Pkg;

procedure Main is
S : String := Convert (123 145 299);
-- ~ Invalid, which convert
-- should we call?
S2 : String := Convert (SSID'(123 145 299));
-- ~ We specify that the
-- type of the expression
-- is SSID.
-- We could also have declared a temporary
I : SSID := 123 145 299;
S3 : String := Convert (I);

begin
Put Line (S);

end Main;

CUHTaKCMYeckn KBannprLmMpoBaHHOE BbipaXKeHNe NCMONb3YyeTCs MO0 C BblpaXXeHneM B KPYT/ibIX
cKobkax, MMbo ¢ arperaTom:

Listing 8: qual_expr.ads

package Qual_Expr is
type Point is record
(continues on next page)
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(continued from previous page)
A, B : Integer;
end record;

P : Point := Point'(12, 15);

A : Integer := Integer'(12);
end Qual Expr;

3TO MANCTPUpPYeT, UTO KBaANPULMPOBAHHbIE BbIPAaXeHUs ABNAIOTCA YAO6HbIM (8 MHOrAa U
HeobXxoAMMbIM) CMOCOH6OM ABHO 0603HaUUTL TUM BbIPAXEHWS Y MOMOYb, Kak KOMMUAATOPY, TakK
N ANS ApYrVM MPOrpaMMmUCTaM pa3obpaTthCs B KOAE.

Attention: XorTs npeo6pa3OBava TUMNoB ” KBaﬂI/Iq)I/ILl,I/IpOBaHHbIe BblpaXeHWA BbIrNAAAT U
Oy aTCA NOXOXNMK 3TO He O4HO U TOXe.

KBanuéumumpoBaHHOe BbipaXeHVe yKa3biBaeT TOUHbIA TWM, B KOTOPOM ciefyeT TpakToBaTb
BblpaxKeHve, B TO Bpemsi Kak npeobpasoBaHmne T1Na nonbiTaeTca npeobpa3oBaTb 3HayYeHme
N BbIAACT OLIMOKY BO BPeMS BbIMNOJHEHWS, €CIM UCXOAHOE 3HayeHWe He MOXeT ObiTb
npeobpasoBaHo.

ObpatnTe BHMMaHMWE, 4YTO Bbl MOXeTe WCMO0/b30BaTb KBaNUPULMPOBAHHOE BblpaXeHue
ANS NpeobpasoBaHMs U3 OAHOrO MOATMMA B APYroi, C UCKIOYEHMEM, BO3HMKAKOLWMM Npu
HapyLLUeHNN orpaHnYeHns.

X : Integer := Natural'(1l);

8.3 CuMmBO/IbHbIE TUNbI

Kak oTmeuanocb paHee, Ka)K,D,bII\/’I I'Iepe‘-IVICJ'II/IMbIVI TUMN OTANYAETCA U HECOBMECTUM C JIH0BbIM
ApyrnMm nepeyvyncimMmbiM TUMOM. OaHako paHee Mbl HE YNOMWHann, 4Yto CUMBOJIbHbIE NNTEPAsbI
paspelleHbl B KadecTBe ntepasioB nepedyncneHua. OTO O3HauaeT, 4TO B AOMOJIHEHME K
CTaHAaPTHbIM CMMBOJIbHbIM TUMaM MOJIb30BaTE/Ib MOXET ONnpeAennTb CBOV CUMBOJIbHbIE TUMbI:

Listing 9: character_example.adb
with Ada.Text IO; use Ada.Text IO;

procedure Character Example is
type My _Char is ('a', 'b', 'c');
-- Our custom character type, an
-- enumeration type with 3 valid values.

C : Character;
-- "~ Built-in character type
-- (it's an enumeration type)

M : My Char;
begin
€ 3= "9%;

-- ~ Character literal
-- (enumeration literal)

M:="'a';
C := 65;

-- ~ Invalid: 65 is not a
(continues on next page)
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Character value

C := Character'Val (65

);

- Assign the character at

position 65 in the

=
I

C .

|d|;

~ Invalid: 'd'

end Character Example;

Build output

character _example.adb:14:
~at line 20 [-gnatwm]
character_example.adb:18:
-at line 29 [-gnatwm]
character_example.adb:20:
~at line 24 [-gnatwm]
character _example.adb:20:
character_example.adb:20:
character_example.adb:29:
~at line 33 [-gnatwm]
character_example.adb:29:
character _example.adb:29:
character _example.adb:33:

~defined at line 4

enumeration (which 1is

04:
04:
04:
09:
09:
04:
09:

09:
04:

|A|)

~ Invalid: C is of type Character,
and M is a My Char

is not a valid
literal for type My Char

warning: useless assignment to
warning: useless assignment to
warning: useless assignment to

error: expected type "Standard

(continued from previous page)

"C", value overwritten,
"M", value overwritten,
"C", value overwritten,

.Character"

error: found type universal integer

warning: useless assignment to

error: expected type "My Char"

"M", value overwritten,

defined at line 4

error: found type "Standard.Character"

warning: possibly useless assignment to "M", value,
~might not be referenced [-gnatwm]

character _example.adb:33:09: error: character not defined for type "My Char",

gprbuild: *** compilation phase failed

8.3. CuMmBO/IbHbIE TUMNbI
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CHAPTER
NINE

CCbIJTOYHBIE TUNbI (YKASATENN)

9.1 BBegeHwme

YKasaTtenn - noTeHUManbHO oOMNacHas KOHCTPYKUWA, KOTOpada BCTyNnaeT B npoTtuBopeyne C

oCHOBoMNonararLlen punocodren Agbl.

EcTb ABa cnocoba, KOTOPbIMIN Aja nomoraert orpaanTb NPOrpaMMnNCTOB OT OMNAaCHOCTK yKa3aTene|7|:

1. OgH 1”3 TMOAXOAOB, KOTOPbLIA Mbl YyXe BUAEN,

3aK/itoyaeTca B obecrneyveHun

anbTepPHATMBHbLIX BO3MOXHOCTEN, UTO6bI MPOrpamMMUCTy He HYXHO 6bl10 MCNONb30BaTb
ykasatenn. Buabl mapameTpoB, MaccvBbl U TUMbl NMPOU3BO/bHbLIX Pa3MepoB - 3TO Bce
KOHCTPYKLIMW, KOTOPble MOTYT 3aMeHUTb TUMNYHOE NCNOob30BaHe ykasaTenei B C.

2. Bo-BTOpbIX, Afa caenana ykasaTenv MakCUManbHO 6e30MacHbIMU U OrPaHUYEHHBbIMY,
XOT JOMNyCKaeT «aBapuiiHble JHOKW», KOTOpPble MPOrPAaMMUCT SIBHO 3aTpeboBaTb U,
NPeAnoNOXNUTENBHO, BYAET NCMOIb30BaTh VX C COOTBETCTBYHOLLIE OCTOPOXHOCTLHO.

BoT kak B Afe 06BbABNAETCA NPOCTON TUM yKasaTens, CCbUTOYHbINA TUM:

Listing 1: dates.ads

package Dates is
type Months is
(January, February, March, April,
May, June, July, August, September,
October, November, December);

type Date is record

Day : Integer range 1 .. 31;
Month : Months;
Year : Integer;
end record;
end Dates;

Listing 2: access_types.ads

with Dates; use Dates;

package Access_Types is
-- Declare an access type
type Date_Acc is access Date;
-- ~ "Designated type"
X ~ Date Acc values point
-- to Date objects

D : Date Acc := null;
-- ~ Literal for
-- "access to nothing"

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

--  ”~ Access to date
end Access _Types;
Ha 3ToM npmmMepe nokasaHo, Kak:

+ O6BABUTL CCbINOYHbIN TUM, 3HAYEHMWS KOTOPOFO yKA3bI80H0M Ha 06BEKTbI ONpesesieHHOro
Tmna

* O6BABUTL NEPEMEHHYHO (AN CCbINOYHbIX 3HaYEHMIA) 3TOr0 CChbIIOYHOrO TUMa
* MpuceonTb emy 3HauveHre null
B cooTBeTCcTBUM C drnocodumeln CTporon Tnmsaumm Aa, ecim 06bABUTL BTOPO CChIJIOUHbIN TUM,
yKasblBaroLLMin Ha Date, 3T ABa CCbIIOYHbIX TUMNA ByAYT HECOBMECTUMbI APYT C APYTOM:
Listing 3: access_types.ads

with Dates; use Dates;

package Access_Types is
-- Declare an access type
type Date_Acc is access Date;
type Date Acc_2 is access Date;

D : Date Acc null;

D2 : Date Acc 2 D;

-- ~ Invalid! Different types
end Access Types;

Build output

access _types.ads:9:24: error: expected type "Date Acc 2" defined at line 6
access types.ads:9:24: error: found type "Date Acc" defined at line 5
gprbuild: *** compilation phase failed

Ha apyrux sasbiKkax

BONBLUMHCTBO ApYyrnx $3bIKOB WCMOAL3YHT CTPYKTYPHO TUMM3ALMIO AN yKasaTenen, u4To
03Ha4aeT, YTo ABa TUMa yKalaTenel cCYUTATC OAVNHAKOBBLIMU, eC/I OHU VIMERT OAMH U TOT Xe
LleneBom Tmn.

B AZe 3T0 He Tak, 1 K 3TOMY, BO3MOXHO, NPUAETCA Kakoe-To BpeMsi NpuBbIkaTb. Kasanocb 6bl,
MPOCTO BOMPOC, EC/IN Bbl XOTUTE /151 BALLErO TUMA UMETb KAHOHNYECKWI CCbITOYHbIA TUM, FAE
ero 06baBUTE? OB6bIYHO MCMOMBL3YHOT CIeAYIOLLMIA MOAXOA, €C/IM MOHAZ0BUTCSA CChIIOYHBIN TUM
A1 HEKOTOPOro Ballero TuMa, To Bbl 06bsABMTE ero BMecTe C TUMOM:

package Access_Types is
type Point is record
X, Y : Natural;
end record;

type Point_Access is access Point;
end Access Types;
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9.2 BoipeneHue (allocation) namsatu

Mocne TOro, Kak Mbl 06BLABUAN CCbIIOYHbLIA TUM, HaMm HY>XeH crocob npncBOUTb NepemMeHHbIM
3TOr0 TUMa OCMbIC/IeHHble 3HayveHuna! Bbl MoXxeTe noayynTb 3Ha4deHne CCblIZIOYHOro TuMa C
NMOMOLLIO K/TKOYEBOIo C/10Ba new.

Listing 4: access_types.ads

with Dates; use Dates;

package Access_Types is
type Date Acc is access Date;

D : Date Acc := new Date;
-- ~ Allocate a new Date record
end Access_Types;

Echn tvn, namMatb Ana 3HadeHue KOTOpOro Tpe6yeTc;| BblAENINTD, Tpe6yeT orpaqueHmVl, nx
MOXXHO yKa3aTb rnodcie noatmna, Kak B obbsBneHUN HepeMEHHOIZS

Listing 5: access_types.ads

with Dates; use Dates;

package Access_Types is
type String_Acc is access String;
-- Access to unconstrained array type
Msg : String Acc;
-- ~ Default value is null

Buffer : String Acc :=
new String (1 .. 10);
-- ~ Constraint required
end Access Types;

Build output

access types.ads:1:06: warning: no entities of "Dates" are referenced [-gnatwu]
access types.ads:1:13: warning: use clause for package "Dates" has no effect [-
~gnatwu]

OAHaKO, B HEKOTOPbLIX Cy4dadx BblAeneHne namMmaTtn rnyTeM YykKas3aHua Tuna He ABNdAeTcd
naeaabHbIM, MO3TOMY Aja nossonser MHMUnann3mnpoBaTb 06bekT oAHOBpPEMEHHO C BblgeNIeEHNEM
namsaTn. Ytobeol cAeNnaTb 3TO HeO6XO,CI,VIMO NCNoab30BaTb KBa}'II/I(I)I/ILI,VIpOBaHHOE BblpaxeHwne:
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Listing 6: access_types.ads

with Dates; use Dates;

package Access_Types is
type Date_Acc is access Date;
type String_Acc is access String;

D : Date Acc
Msg : String Acc
end Access Types;

new Date' (30, November, 2011);
new String' ("Hello");

9.3 13BNneyeHwve nNo ccbhiike

MocneaHsas 4yactb MO3aKN CCbIIOYHbIX TUMOB $A3bIKa AZa nokaxeT HaMm, Kak nonyynTb
3Ha4yeHne O6'b€KTy Mo CCblIKE, TO €CTb KaK «pa3biIMeHOBATb» YyKa3aTe/lb. Ana storo B Age
NCNOb3YyeTCA CMHTaKCnC . all, Ho yacTo B Hem BOO6LLI,e HEeT HeO6XO,CI,I/IMOCTI/I - BO MHOTUX Cny4daax
NCNo/1Ib30BaHWA CCbIZIOYHOI0 3HaYeHMA 3Ta onepauna BbINMONHAETCA HEABHO!

Listing 7: access_types.ads

with Dates; use Dates;

package Access_Types is
type Date_Acc is access Date;

D : Date Acc := new Date' (30, November, 2011);

Today : Date := D.all;

-- ~ Access value dereference

J : Integer := D.Day;

-- ~ Implicit dereference for

-- record and array components

-- Equivalent to D.all.day
end Access_Types;

9.4 Alpyrue oco6eHHOCTH

Kak Bbl, BO3MOXHO, 3ameTwnn, ecin noJsb3oBaincb Yykasatenn B C wnan C++, Mbl He
nokasannm HeKOTOPbIX GYHKLINM, KOTOPble CHNTAOTCA OCHOBOMOIAratoLLMMM NpY NCNOb30BaHMSA
yKasaTtenem, Takux Kak:

« ApudmeTrka Hag ykaszatensimu (BO3MOXHOCTb YBEMYMBATbL WA YMEHbLUATb yKal3aTeslb,
YTOB6bLI MEPEMECTUTb ero Ha CeAyHLNA UK NpeabIayLLNG 06bekT)

+ OcBobOXAEHME NaMATY BPYUHYLO - TO, 4To B C fenaeTtca ¢ nomousto free nnm delete. 310
noTeHUManbHO onacHas onepauus. YTobbl 0CTaBaTbCA B 6€30MacHOM NpOCTpaHCTBe Afbl,
BaM flydlle He 0CBOHOXAaTb NaMsATb BPYUHYIHO.

3T PyHKUMM CyllecTBYOT B Afe, HO BOCMO/b30BAaTbCA VMU MOXHO TOAbKO C MOMOLLbHO
onpegeneHHbIX MHTepdelicoB CTaHAapTHOM 61banoTekn (API).

Attention: O6LLI,erIpVIHF|TbII7I npHUMN A3blKa rnacnT, 4YTO B 60oNblUeHCTBe Cnhy4daeB Bbl MOXETE
n3beratb Py4YHOro ynpaBneHna namMaTbio, U BaM ny4ylle cnejoBaTb emy.
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CyLiecTByeT MHOXEeCTBO CNMoCcob0B 13bexaTb pacnpeeneHuns NaMaTh BpyUHYH, C HEKOTOPbIMU
N3 HUX Mbl y>Ke BCTpeYanucb (HanpumMep, BUAbl NapamMeTpoB). fA3bIK Takxke npejoctaBaseT
61bamnoTeYUHble abCcTpakUmm, YTO6bI N3bexaTb ykasaTenen:

1. OgHUM M3 HUX SABASETCS WCMNOo/b30BaHue KOHTEVIHepOB. KOHTEMHepr MomMoraroT
rnosib3oBaTensiM nsberatb y|<a3aTene|7|, MOCKOJIbKY CaMW yrnpaBaakoT NMaMATbHO.

2. KoHTeiHep, KOTOpbIV CieyeT OTMETUTL B 3TOM KOHTEKCTe, aBnseTcs Indefinite holder™.
DTOT KOHTelHep MO3BOASET XPaHWUTb 3HauyeHVe HeonpefefieHHOro Tuna, Hanpumep
String.

3. GNATCOLLO wmeeT 6nbnAnoTeky ANS WHTENNeKTyaNbHbIX YyKa3aTener, HasblBaemyto
Refcount', mamsaTe 3TUX ykasaTeneli aBTOMaTMUeckX YNpaBisieTcsl, Tak uTo, KOrja
y BblAefieHHOro obbekTa 60/blue HeT CCbIOK Ha Hero, namMsaATb aBTOMaTL4ecku
ocBObOXAaETCS.

9.5 B3aMHO peKypcuBHbIe TUMNbI

CBA3aHHbIV CNUCOK ABNAETCA LUMPOKO U3BECTHOM MANOMOI B NMpPOrpaMMupoBaHun; B Age ero
Hanbonee ecteCcTBeHHas 3anucb BKAOYAET onpejeseHne AByX TUMOB - TUM 3anuUcn 1 cCHNOUHbIN
TN, KOTOpPble ByAyT B3aMMHO 3aBUCUMbIMU. [INS 06BbABAEHMSA B3aMIMHO 3aBUCKMbIX TUMOB MOXHO
MCNONBb30BaTb HeMoaHoe 06bsBNEHME TUNA:

Listing 8: simple_list.ads

package Simple List is
type Node;
-- This is an incomplete type declaration,
-- which is completed in the same
-- declarative region.

type Node Acc is access Node;

type Node is record
Content : Natural;
Prev, Next : Node Acc;
end record;
end Simple List;

4 http://www.ada-auth.org/standards/12rat/html/Rat12-8-5.html
15 https://github.com/AdaCore/gnatcoll-core/blob/master/src/gnatcoll-refcount.ads
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NMOAPOBHEE O 3ANNCAX

10.1 Tunbl 3anMceil ANHaAMNYECKUN NU3SMEHAEMOro pa3mMmepa

PaHee Mbl BUAENN HECKO/LKO NpoCMebix npuMepos munos 3anuceli (page 57). JaBaliTe pacCMOTpUM
HeKoTopble N3 6osiee NPOABUHYTLIX BO3MOXHOCTEN 3TON GpyHAAMEHTaNIbHOM KOHCTPYKLMMU A3bIKa
Aja.

CnepyeT OTMETUTD, UTO pa3Mep 06 bEKTA AJ1 TUMA 3amnncK He 06513aTeIbHO JO/IXKEH BbITb U3BECTEH
BO BpeMs KOMMUASILMN. DTO NPOUIIKOCTPUPOBAHO B MPUBEAEHHOM HUXE NpUMepe:

Listing 1: runtime_length.ads

package Runtime_Length is
function Compute Max Len return Natural;
end Runtime Length;

Listing 2: var_size_record.ads

with Runtime Length; use Runtime Length;

package Var_Size Record is
: constant Natural
:= Compute Max Len;
-- ~ Not known at compile time

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

type Growable_Stack is record
Items : Items Array (1 .. Max_Len);
Len : Natural;
end record;
-- Growable Stack is a definite type, but
-- size 1s not known at compile time.

G : Growable Stack;
end Var Size Record;

CoBepLUEHHO HOPManbHO onpejensTb pasMep BalUMX 3anuceil BO BPeMsi BbIMOMHEHWS, HO
yuTUTE, YTO BCe 06BEKTHI 3TOr0 TMNa byAyT MMeTb OAMHAKOBbLI pa3mep.
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10.2 3anuncu c ANCKPUMUHAHTOM

B npuBeseHHOM Bbille MpuvMepe pasMep nons ltems onpegensietcs oAWH pa3 BO BpewMms
BbIMOHEHUS, HO pa3mep Bcex 3k3emnasapoB Growable Stack 6yaert coBnagatb. W, BO3MOXHO,
3TO He TO, YTO Bbl XOTUTE NOJIYYnUTb. Mbl BUAENN, UTO MACCVBbI B LLeJIOM MMEKT TaKyt rMOKOCTb:
ANst HEOTrPaHMYEHHOrO TUMa MacC/Ba pasHble 06bEKTbl MOTYT MMETb pa3Hble pasmepsl.

ﬂOﬂyHVITb AHaNOTrM4YHyo CI)yHKLI,I/IOHaﬂbHOCTb ANS 3anuncer MOoXHO ncnosb3ya cneunanbHyr
Pa3sHOBMAHOCTb KOMIMOHEHT, KOTOPbI€ Ha3blBakOTCA ANCKPUMMNHAHTaAMIK!

Listing 3: var_size_record_2.ads

package Var Size Record 2 is
type Items_Array is array (Positive range <>)
of Integer;

type Growable Stack (Max Len : Natural) is

record

-- ~ Discriminant. Cannot be

-- modified once initialized.
Items : Items Array (1 .. Max_Len);
Len : Natural := 0;

end record;

-- Growable Stack is an indefinite type

-- (like an array)

end Var Size Record 2;

ANCKPUMUHaHTLI, Fpy60 roBops, ABASAKTCA KOHCTaHTaMU: Bbl HE MOXETE U3MEHSATb UX 3HaueHue
nocne NHUUMann3aumm obbekta. 3To MHTYUTUBHO NMOHATHO, MOCKO/bKY OHW OMpeaenstT pasmep
obbekTa.

Kpome TOro, OHW AenarT TUn Heonpeae/aeHHbIM. B He3saBmcMMoOCTU OT TOrO, MCNONb3YyeTCAa N
ANCKPUMWNHAHT ANAa yKa3aHuA pasmMepa obbekTa AU HeT, TUN ¢ ANCKPUMNHAHTOM CYNTaeTCA
HeonpegeneHHbIM, Noka ANCKPNMNHAHT HE NMeEeT BblpaXXeHne Anda MHnuynanmsaumnn:

Listing 4: test_discriminants.ads

package Test_Discriminants is
type Point (X, Y : Natural) is record

null;
end record;
P : Point;

-- ERROR: Point is indefinite, so you
-- need to specify the discriminants
-- or give a default value

P2 : Point (1, 2);
P3 : Point := (1, 2);
-- Those two declarations are equivalent.

end Test Discriminants;

Build output

test discriminants.ads:6:08: error: unconstrained subtype not allowed (need,
~initialization)

test discriminants.ads:6:08: error: provide initial value or explicit discriminant,
-values

test discriminants.ads:6:08: error: or give default discriminant values for type
~"Point"

gprbuild: *** compilation phase failed
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DTO Takxe O3HayaeT, YTO B NPUBELEHHOM Bbille MpYMepe Bbl He MOXeTe 06bSABUTbL MaccuB
3Ha4veHW Point, noToMy UTo pa3mMep Point HensBecTeH.

Kak ynomuHanocb Bbllle, Mbl MOMAW 6bl MPeAoCTaBUTb 3HA4YeHWe MO YMOAYAHUIO ANS
AVCKPUMUHAHTOB, YTO6bI lerafibHO 00bABNATL NepeMeHHble Tna Point 6e3 ykasaHus 3HavYeHns
ANCKPVMUHAHTOB. B nprBeAeHHOM BbilLe NpuMepe 3T0 byaeT BbIrnsaAeTb Tak:

Listing 5: test_discriminants.ads

package Test_Discriminants is
type Point (X, Y : Natural := 0) is record
null;
end record;

P : Point;

-- We can now simply declare a "Point"
-- without further ado. In this case,
-- we're using the default values (0)
-- for X and Y.

P2 : Point (1, 2);
P3 : Point := (1, 2);
-- We can still specify discriminants.

end Test Discriminants;

Takxe o6paT|/|Te BHVIMaHWe, 4To, XOoTA TN Point Tenepb nMeeT ANCKPUMUHAHTbLI N0 YMOTYaHWIO,
3TO HE MELLUAEeT HaM YKa3biBaTb ANCKPUMWHAHTbI, KaK Mbl 3TO Ae/1aeM B obbsiBneHusx P2 n P3.

Bo MHoOrmx APYrnx OTHOWEHUNAX ANCKPUMWHaHTLI BeAyT cebs Kak 0bbluHble NoNsA: Bbl AOJTKHbI
YKa3saTb X 3HaYE€HNA B arperartax, Kak nokasaHo BblIlUE, 1 Bbl MOXeTe U3BJ/ieKaTb NX 3Ha4eHNA C
nomMoLuibro TOYeYHo HOTauun.

Listing 6: main.adb

with Var Size Record 2; use Var Size Record 2;
with Ada.Text IO; use Ada.Text IO;

procedure Main is
procedure Print Stack (G : Growable Stack) is
begin
Put ("<Stack, items: [");
for I in G.Items'Range loop
exit when I > G.Len;
Put (" " & Integer'Image (G.Items (I)));
end loop;
Put _Line ("]>");
end Print Stack;

S : Growable Stack :=
(Max_Len => 128,
Items = (1, 2, 3, 4, others => <>),

Len => 4);
begin
Print Stack (S);
end Main;
Build output

main.adb:15:04: warning: "S" is not modified, could be declared constant [-gnatwk]

Runtime output
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<Stack, items: [ 1 2 3 4]>

Note: B npumepe Bbille, Mbl NCMOL30BaNAN ANCKPUMUHAHT YTObbI YKasaTb pa3Mep MaccvBa,
HO BO3MOXHbI U Apyrne NpuMeHeHus, HanpuMep, onpejeneHvie ANCKPUMUHAHTA BOXEHHOW
3anucu.

10.3 3anucu c BapyiaHTaMm

PaHee Mbl NMpuBenV MpuUMepbl WMCNOAb30BaHUS AVCKPUMWUHAHTOB ANs O0b6bsBNeHWe 3anuceii
Pa3fNHOro pasmMepa, CoAep>aLlumx KOMMNOHEHTbI, Pa3Mep KOTOPbIX 3aBUCUT OT ANCKPUMUHAHTA.

Ho ¢ nomoLbo ANCKPUMNHAHTOB TakKXe MOXHO MOCTPOUTb KOHCTPYKUMKO Y4aCTO MMeEHYyeMYH
«3anncb C BapnaHTaMm»: 3TO 3anncn, KOTopble MOTYT COAEP>KATb Pa3HbIe Ha60pb| rnonei.

Listing 7: variant_record.ads

package Variant_ Record is
-- Forward declaration of Expr
type Expr;

-- Access to a Expr
type Expr_Access is access Expr;

type Expr_Kind_Type is (Bin Op Plus,
Bin Op Minus,
Num) ;

-- A regular enumeration type

type Expr (Kind : Expr Kind Type) is record
-- ~ The discriminant is an
-- enumeration value
case Kind is
when Bin Op Plus | Bin Op Minus
Left, Right : Expr_Access;
when Num =>
Val : Integer;
end case;
-- Variant part. Only one, at the end of
-- the record definition, but can be
-- nested
end record;
end Variant Record;

1]
\%

Monsi, KOTopble HaxoAATCH B BapuaHTe when, 6yayT AOCTYMHbI TONBKO TOrAQ, KOr4a 3HadeHue
AVNCKPUMMHaHTa CoBMaZaeT C yKkasaHHbIM. B npuBegeHHOM Bbille NpuMepe Bbl CMOXeTe
obpalatbea k nonam Left nRight, tonbko ecnn Kind paseH Bin Op Plus manBin Op Minus.

Ecnv Bbl nonbITaeTecb NOAY4YUTb AOCTYN K MO0, KOFA4a 3HaYeHne AMCKPUMUHAHTA He coBrnajaerT,
byaeT Bo36yxaeHO nckaodeHne Constraint Error.
Listing 8: main.adb

with Variant Record; use Variant Record;

procedure Main is
E : Expr := (Num, 12);
begin
(continues on next page)
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(continued from previous page)
6 E.Left := new Expr'(Num, 15);

7 -- Will compile but fail at runtime
¢ end Main;

Build output

main.adb:4:04: warning: variable "E" is not referenced [-gnatwul

main.adb:6:05: warning: component not present in subtype of "Expr" defined at line,
~4 [enabled by default]

main.adb:6:05: warning: "Constraint Error" will be raised at run time [enabled by,
~default]

Runtime output

raised CONSTRAINT ERROR : main.adb:6 discriminant check failed
A BOT Kak MOXHO HanmcaTtb BblYNCAUTENb BblPaXKeHU:

Listing 9: main.adb

with Variant Record; use Variant Record;
with Ada.Text IO0; use Ada.Text IO;

procedure Main is
function Eval Expr (E : Expr) return Integer is
(case E.Kind is
when Bin Op Plus => Eval Expr (E.Left.all)
+ Eval Expr (E.Right.all),
when Bin Op Minus => Eval Expr (E.Left.all)

W X N O U A W N =

- Eval Expr (E.Right.all),
when Num => E.Val);

E : Expr := (Bin Op Plus,
new Expr'(Bin Op Minus,
new Expr'(Num, 12),
new Expr'(Num, 15)),
new Expr'(Num, 3));
begin
Put Line (Integer'Image (Eval Expr (E)));
end Main;

Build output

main.adb:13:04: warning: "E" is not modified, could be declared constant [-gnatwk]

Runtime output

0

Ha apyrux sasbikax

3anucy BapuaHTOB AZie OYeHb MOXOXW Ha Sum Tumbl B GYHKLMOHANbHbBIX A3bIKaX, TakMX Kak
OCaml nnun Haskell. OcHoBHOE OTANYUME COCTOUT B TOM, UTO ANCKPUMUHAHT ABASETCS OTAE/IbHbIM
nosfem B Afe, TOrja Kak «Ter» Sum Tuna siBASEeTC BCTPOEHHbIM W AOCTyneH TONbKO Mnpw
conactaBneHnm LWabnoHoB.

EcTb 1 gpyrve pasnnums (3anncy ¢ BapmaHTamm B ALe MOryT UMeTb HeCKObKO ANCKPUMNHAHTOB).
TeM He MeHee, OHM JOMyCKalT TOT Xe MOAXOA K MOAENMPOBAHWIO, 4TO M TUMbl Sum
bYHKUMOHANBHBIX A3bIKOB.
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Mo cpaBHeHMWIO C 06bearHeHUAMU C/C++ 3anncK ¢ BapuaHTamn Aze 60/1ee MOLLHbI, @ Takxe
6narogaps NpoBepkaM BO BpeMs BbIMoIHEHUs), 6oee 6e30MacHbI.
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TUMbl C PUKCNPOBAHHOW 3AMNATON

11.1 AecsaTnYHbIE TUNbI C PUKCMPOBAHHOIN 3ansaToMn

Mbl yXe BuAeNW, Kak onpejensiTe TWUMbl C naasBalowelt 3anatori. OAHaKo B HEKOTOPbIX
NPUNOXEHVAX NNaBatoLLLAs 3anNsaTas He MOAXOANT, Hanpumep, oLnbKa OKpyraeHNs Npu ABOUYHON
apudmeTnKM Hemnpuemsaema uan, 0bopyaoBaHMe He MoAAepXVBaeT NHCTPYKLMN C naaBatoLei
3anaTol. B A3blke Afa eCTb AecATUYHbIE TUMbl C GUKCUPOBAHHOW 3aMATOM, KOTOPble MO3BOSOT
NPOrpaMMnCTy ykaslaTb Tpebyemyto AeCATUYHYK TOYHOCTb (KOonmM4yecTBO uUMdp), a Takxe
KO3PPULMEHT MacLLTabpoBaHMs (CTeNeHb AeCATn) 1, Heobs3aTenbHo, AnanasoH. PakTndecky,
3HaYeHus Takoro TMna byAyT NpejcTaBneHbl KakK Lesble Yncia, HeABHO MacliTabupoBaHHbIe C
yKa3aHHoW cTeneHbto 10. 3T0 None3Ho, Hanpumep, Ans GUHAHCOBbLIX MPUNOXKEHWIA.

CMHTaKCMC NPOCTOro AeCATMYHOro TMMna ¢ UKCMPOBAHHO 3aNATON:

type <type-name> is delta <delta-value> digits <digits-value>;

B atom cnyyae delta mn digits 6yayT mcnonb3oBaTbCs KOMMOUASTOPOM A/1S BbIYUCIEHUS
AnanasoHa 3HaYeHn .

Heckonbko aTpnbyTOB Mosie3Hbl Npy paboTe C AeCATUYHBIMU TUMaMUN:

Nma aTpubyTa | 3HaueHue

First HanmMeHbllee 3HayveHe TMna

Last Hanbonbluee 3HauveHMe T1Na

Delta 3HayeHne MMHUMANbHOrO LWara Tuna

B npuBeseHHOM HVXXe npuMepe Mbl 06BbsBASEM ABa TvNa AaHHbIX: T3 D3 1 T6_D3. Ana obomnx
TLNOB 3HayeHne genbTbl ognHakoso: 0.001.

Listing 1: decimal_fixed_point_types.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Decimal Fixed Point Types is
type T3_D3 is delta 10.0 ** (-3) digits 3;
type T6 D3 is delta 10.0 ** (-3) digits 6;
begin
Put Line ("The delta value of T3 D3 is "
& T3 D3'Image (T3 _D3'Delta));
Put Line ("The minimum value of T3 D3 is "
& T3 D3'Image (T3 D3'First));
Put _Line ("The maximum value of T3 D3 is "
& T3 D3'Image (T3 D3'Last));
New Line;

Put Line ("The delta value of T6 D3 is "
& T6_D3'Image (T6 _D3'Delta));
(continues on next page)
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(continued from previous page)
Put Line ("The minimum value of T6 D3 is "
& T6_D3'Image (T6 D3'First));
Put Line ("The maximum value of T6 D3 is "
& T6 _D3'Image (T6 _D3'Last));
end Decimal Fixed Point Types;

Runtime output

The delta value of T3 D3 is 0.001
The minimum value of T3 D3 is -0.999
The maximum value of T3 D3 is 0.999

The delta value of T6 D3 is 0.001
The minimum value of T6 D3 is -999.999
The maximum value of T6 D3 is 999.999

Mpun 3anycke NPUIOXEHUS Mbl BUAWM, YTO 3Ha4yeHue AenbTbl 060MX TUMOB AelCTBUTENbHO
oamHakoso: 0.001. OgHako, nockonbky T3 D3 orpaHuyeH 3 umdpamm, ero AnanasoH cocTaBaseT
0T7-0,999 g0 0,999. [ina T6_D3 mbl onpegennam TOYHOCTb 6 Lp, MO3TOMY AManasoH ot -999,999
5,0 999,999.

AHaNOrMYHO oMnpeaeneHIo TUMa C UCMOb30BaHNEM CUHTAKCUCA AMana3oHa (range), NoCcKosbKy
y HacC ecTb HEesABHbIM AManasoH, CKOMMUAVPOBAHHbBIA KOZ 6yAeT NpoBepsiTb, UTO MepeMeHHble
coZepkaT 3HauyeHVsl, He BbIXOAsLLME 3a Mpejenbl AManasoHa. Kpome Toro, ecan pesynbtat
YMHOXEHWSI UMW leNeHNs AeCATUYHbIX TUMOB C GUKCMPOBAHHOM 3aNsATON MeHbLLIe, YeM 3HaYeHne
AeNbThl, U3BECTHOE N3 KOHTEKCTA, GakTUUecKunii pesynbTaT 6yAeT paBeH Hyto. Hanpumep:

Listing 2: decimal_fixed_point_smaller.adb
with Ada.Text IO; use Ada.Text IO;
procedure Decimal Fixed Point Smaller is

type T3_D3 is delta 10.0 ** (-3) digits 3;
type T6 D6 is delta 10.0 ** (-6) digits 6;

A : T3 D3 := T3 D3'Delta;

B : T3 D3 := 0.5;

C : T6 D6;

begin

Put Line ("The value of A is "
& T3 D3'Image (A));

A := A * B;

Put Line ("The value of A * B is "
& T3 D3'Image (A));

A := T3 D3'Delta;

C := A * B;

Put Line ("The value of A * B is "
& T6 D6'Image (C));
end Decimal Fixed Point Smaller;

Build output

decimal fixed point smaller.adb:7:04: warning: "B" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

The value of A is 0.001
The value of A * B is 0.000
The value of A * B is 0.000500
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B 3ToM npumepe, pesynbTat onepauum 0.001 * 0.5 6yget 0.0005. BBuAay TOro, 4to 370 3HaueHue
He MOXeT 6bITb NpeacTaBneHHo Tunom T3 D3 Beapb ero gensbTa pasHa 0.001, peanbHoe 3HaueHMe
KOTOpoe Mofy4uT nepemeHHass A 6ygeT paBHO Hymto. OfHako, eciv TUM KMeeT 6OoMbLUYIo
TOYHOCTb, TO TOYHOCTM apudMeTUYecKX onepauunii byget AOCTaTOYHO, U 3HayeHne C byaeT
pasHo 0.000500.

11.2 O6blI4YHbIe TUMbI C PUKCPOBAHHOMN 3aNATOMN

Ob6blYHble TUMbl C PUKCMPOBAHHOM 3aMATON MOXOXM Ha AeCATUYHbIE TUMbl C PUKCUPOBAHHOM
3aMATO B TOM, YTO 3HA4YeHUs, MO CyTW, ABAAOTCA MacCITabUpPOBaHHBIMU LiefbIMUA YMCAaMU.
PasHuLa Mexay HUMMK 3aktovaeTcs B KO3dduumeHTe MacliTabupoBaHUs: ANs AeCATUYHOIO
TMNa ¢ GUKCMPOBAHHOM 3ansaTol MacwTabupoBaHme, SBHO 3ajaHHoe genbtolt (delta), Bcerga
ABNAETCHA CTEeNeHbIo AecATH.

HanpoTue, Ans 06bIYHOro TMNa ¢ GUKCMPOBAHHOM 3aMATON MacLUTabupoBaHMe onpedensercs
3HaveHrem small gna Tvna, KOTOpOe MoJiyyaeTcs M3 ykasaHHOro 3HaveHus delta n, no
YMOJTYaHUIO, SBAISETCS CTeneHbto ABOMKN. 03TOMY 06bIUHbBIE TUMbI C GUKCMPOBAHHOW 3aMsAToM
WNHOT A Ha3bIBalOT ABOVNYHbLIMW TUMaMU C PUKCMPOBAHHOW 3ansTOM.

Note: OO6bIUHbIe TUMbI C GUKCUPOBAHHOM 3aNATON MOXHO paccMaTpuBaTb Kak 6onee 6an3kme
K peasbHOMY MpejcTaB/leHUI0 Ha MallvHe, MOCKOAbKY anmnapaTtHas nojjepxka AeCSTUYHOMN
apnPMeTNKM C PUKCMPOBAHHOM 3aMATON He MOAyYMIIa LUMPOKOrO PacnpoCTpaHeHns (M3MeHeHne
MaclTaba B fecaTb pas), B TO BpeMs Kak 06blUYHble TUMbl C PUKCMPOBAHHONM 3aNATON AOCTYMHbIX
NCNONb3YHOT LUMPOKO PacnpocTpaHeHHble MHCTPYKLUUIA LenouYncieHHoro casura.

CWHTaKCKC 06bIYHOMO TUNA C q)VIKCI/IpOBaHHOI7I 3anaTon:

type <type-name> is
delta <delta-value>
range <lower-bound> .. <upper-bound>;

Mo ymMon4aHuio KOMNUAATOP BblbepeT Ko3dduumeHT MacwTabupoBaHus, nam small, To ectb
cTeneHb 2, He NpeBbiLlatoLLyto <delta-value>.

Hanpumep, MOXHO onpefennte HOPManu3oBaHHbLIA Anana3oH mexay -1.0 n 1.0 cnegyrowmm
obpasom:

Listing 3: normalized_fixed_point_type.adb
with Ada.Text IO; use Ada.Text IO;

procedure Normalized Fixed Point Type is
constant := 2.0 ** (-31);
type TQ31 is delta D range -1.0 .. 1.0 - D;
begin
Put Line ("TQ31 requires "
& Integer'Image (TQ31'Size)
& " bits");
Put Line ("The delta value of TQ31 is
& TQ31'Image (TQ31'Delta));
Put Line ("The minimum value of TQ31 is
& TQ31'Image (TQ31'First));
Put Line ("The maximum value of TQ31 is
& TQ31'Image (TQ31'Last));
end Normalized Fixed Point Type;

Runtime output
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TQ31 requires 32 bits

The delta value of TQ31 is 0.0000000005
The minimum value of TQ31 is -1.0000000000
The maximum value of TQ31 is 0.9999999995

B atom npumMepe Mbl onpegensem 32-paspsagHblii TUN AaHHbIX C GUKCMPOBAHHOIM 3ansaToN Ans
HOPManN30BaHHOIO Anana3oHa. [pu 3anycke NPUIOXKEHWA Mbl 3aMedaeM, YTO BEPXHASA rpaHmLa
6113Ka K eaunHMLe, HO He POBHA. ITO TUMUYHbLIA 3PPEKT TUMOB AaHHbIX C GUKCUPOBAHHOM
3anAaToli - 6os1ee NoAPO6HYH NHGOPMALLMI0 MOXHO HANTL B 3TOM 06CyxaeHn Q dopmata’®. Mel
TaK>Ke MOXeM nepenucaTe 3TOT KOZ onpejeneHns Tmna:

Listing 4: normalized_adapted_fixed_point_type.adb

procedure Normalized Adapted Fixed Point Type is
type TQ31 is
delta 2.0 ** (-31)
range -1.0 .. 1.0 - 2.0 ** (-31);
begin
null;
end Normalized Adapted Fixed Point Type;

Build output

normalized adapted fixed point type.adb:2:09: warning: type "TQ31" is not,
~referenced [-gnatwu]

Mbl Takxe MOXeM MUCMoAb30BaTh 1060 Apyroi gnanasoH. Hanpumep:

Listing 5: custom_fixed_point_range.adb

with Ada.Text I0; wuse Ada.Text I0;
with Ada.Numerics; use Ada.Numerics;

procedure Custom Fixed Point Range is
type T_Inv_Trig is
delta 2.0 ** (-15) * Pi
range -Pi / 2.0 .. Pi / 2.0;
begin
Put_Line ("T Inv Trig requires
& Integer'Image (T _Inv Trig'Size)
& " bits");
Put Line ("The delta value of T Inv Trig is "
& T Inv _Trig'Image (T_Inv_Trig'Delta));
Put Line ("The minimum value of T Inv Trig is "
& T Inv Trig'Image (T Inv Trig'First));
Put Line ("The maximum value of T Inv Trig is "
& T Inv Trig'Image (T _Inv Trig'lLast));
end Custom Fixed Point Range;

Build output

custom fixed point range.adb:13:44: warning: static fixed-point value is not a_,
smultiple of Small [-gnatwb]

Runtime output

T Inv Trig requires 16 bits

The delta value of T Inv Trig is 0.00006
The minimum value of T Inv Trig is -1.57080
The maximum value of T Inv Trig is 1.57080

16 https://en.wikipedia.org/wiki/Q_(number_format)
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B aTom npumepe Mbl onpegensemM 16-pa3psagHblid TN ¢ MMeHeM T _Inv_Trig, KoTopbli nMeeT
AnanasoH ot —0/2 po 0/2.

Ana TMNoB ¢ PUKCMPOBAHHOM 3aNsTON AOCTYMHbI BCe 06LLenpuHATLIe onepauun. Hanpumep:

Listing 6: fixed_point_op.adb
with Ada.Text IO0; use Ada.Text IO;
procedure Fixed Point Op is
type TQ31 is

delta 2.0 ** (-31)
range -1.0 .. 1.0 - 2.0 ** (-31);

A, B, R : TQ31;

begin
A = 0.25;
B := 0.50;
R := A + B;

Put Line ("R is " & TQ31'Image (R));
end Fixed Point Op;

Runtime output

R is 0.7500000000

Kak v oxuaanock, R cogepxut 0,75 nocsie cnoxeHus A n B.

Ha camom gene fA3blk siBAsieTc 6onee rmbkyM, Yem MOKa3aHO B 3TUX MpPUMepax, MOCKObKY
Ha MNpakTUkKe OBbIYHO HEOBXOAMMO YMHOXaTb WA AeNUTb 3HAYeHUS PasNNUYHbIX TUMOB C
bVKCMPOBaHHOM 3anaTol K MNofAy4YaTb pe3ynbTaT, KOTOpbIA MOXeT ObliTb TpeTbero Tuna.
Moapo6bHas nHGopMaLma BbIXOAUT 3@ PaMKU JaHHOrO BBOAHOMO Kypca.

CnegyeT Takke OTMETUTb, 4YTO, XOTS MOAPOBHOCTU TaKXe BbIXOAAT 3@ PaMKkM AAHHOrO Kypca,
MOXHO SIBHO yKa3aTb 3HaudeHume small ana obbl4yHOro TMna ¢ PUKCUPOBAHHOM TOUKOM. ITO
MO3BOASAET OCYLLECTBAATL HeABOMYHOE MacLUTabupoBaHMe, HanpumMep:

type Angle is

delta 1.0/3600.0

range 0.0 .. 360.0 - 1.0 / 3600.0;
for Angle'Small use Angle'Delta;
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TWELVE

nsonauuns

OAHUM M3 OCHOBHbIX MOMIOXEHU MOZAYNbHOIO MPOrPaMMMUPOBAHNSA, a Takxke O6beKTHO-
OPUEHTUPOBAHHOIO MPOrPAMMUPOBAHNIS, ABASETCS HKancyisumsa'’.

NHkancynaums, BkpaTue, ABNSETCA KOHLUenumen, cielys KOTOpoi paspaboTumk NporpamMmMHOro
obecrneyeHus pasgenser O06LLeAOCTYMHbIA UHTepdenC MNOACUCTEMBI U €e BHYTPEHHIOH
peanunsayuio.

370 KacaeTcsa He TONbKO 6MB6AMOTEK MPOrpPaMMHOro obecneyveHus, Ho 1 BCero, rae NCnob3yrTCs
abcTpakumu.

AZa HecKoJIbKO OT/iM4yaeTca oT 60/IbLLUMHCTBA O6'b€KTHO-OpI/IeHTI/IpOBaHHbIX A3bIKOB, TéM 4YTO
rpaHnubl MHKaNcynaumm B OCHOBHOM MPOXOAAT MO rpaHnLam nakeTos.

12.1 NpocTeinuas NHKaNCynsaLuua

Listing 1: encapsulate.ads
package Encapsulate is
procedure Hello;

private

procedure Hello2;
-- Not visible from external units
end Encapsulate;

Listing 2: encapsulate.adb
with Ada.Text IO; use Ada.Text IO;

package body Encapsulate is

procedure Hello is
begin

Put Line ("Hello");
end Hello;

procedure Hello2 is
begin

Put_Line ("Hello #2");
end Hello2;

end Encapsulate;

7 https://ru.wikipedia.org/wiki/VHkancynaums_(NporpaMmmpoBaHue)
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with Encapsulate;

procedure Main is

begin

Encapsulate.Hello;
Encapsulate.Hello2;
-- Invalid: Hello2 is not visible

end Main;

Build output

main.adb:6:15: error:
gprbuild: *** compilation phase failed

Listing 3: main.adb

"Hello2" is not a visible entity of "Encapsulate"

12.2 A6CTpaKTHbIE TUMbI AAHHbIX

C Takum BbICOKOYPOBHEBbIM MEXAHN3MOM MHKaNCynaAunm MoxeTt BbITb Heo4eBMAHO, KaK CKPbITb

AeTanun peanvsaunm og4HOro TMna. BoT Kak 3To MOXHO caenathb B AZe:

package Stacks is
type Stack is private;
-- Declare a private type: You cannot depend
-- on its implementation. You can only assign
-- and test for equality.

procedure Push (S

Val :

procedure Pop (S

private

Val

Listing 4: stacks.ads

: in out Stack;
Integer);
: in out Stack;

out Integer);

subtype Stack_Index is Natural range 1 .. 10;
type Content_Type is array (Stack Index)

of Natural;

type Stack is record

Top
Content
end record;
end Stacks;

: Stack
: Content Type;

package body Stacks is

procedure Push (S

begin

Val :

Index;

Listing 5: stacks.adb

: in out Stack;
Integer) is

-- Missing implementation!

null;
end Push;

procedure Pop (S

Val

: in out Stack;
out Integer) is

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

begin
--  Dummy implementation!
Val := 0;
end Pop;
end Stacks;

B npvBeseHHOM Bhille MpuUMepe Mbl OnpeaensiemM TUM ANA cTeka B Ny6anyYHOM YacTu (M3BEeCTHOM
Kak sudumelli pazden cneundukaLmm naketa B AZe), HO AeTanu peanmsaymns 3SToro Tmna CKpbIThl.

3aTteM B IMYHOM pa3jenie Mbl OrpejenseM peanmsaunto 3Toro Tmna. Mel Takxxe MoXeM 06bABUTb
TaM Jpyrue eacnomozamesibHele TUMbI, KOTOPble BYAyT MCMO/b30BaHbl A1 ONNCAHNA OCHOBHOIO
nyénnyHoro tuna. Co3gaHuve BCroOMoOraTesbHbIX TUMOB - 3TO MOJIe3Has M pacnpocTpaHeHHas
npakTvika B Aze.

Heckonbko cnos o TepMnHONOrN:

* To, Kak BbIMAANT TWUM CTeka Stack B BMANMOM pa3jene, Ha3blBaeTCd 4YaCTUYHbIM
npeacrasneHmemM Tura. 3TO TO, K yemMy NMERT AO0CTYN KANEHTDI.

« To, Kak BbIrNAAMNT TN cTeka Stack n3 nuuHoro pasgena wan Tena nakeTa, HasbiBaeTCs
NONHbIM NpeAcTaBNeHEeM TUMNA. 3TO TO, K YeMy UMEIOT AOCTYN pa3paboTUmKu.

C TOUKWN 3peHUnst KAneHTa (ykasbiBatoliero naket B with) BaxeH TonbKO BUAUMBIA pasgen, u
JINYHOTO BOOBLLIE MOXET He CyLLecTBOBaTb. JTO MO3BOJISIET OYEHb JIEFKO MPOCMOTPETL Ty YacTb
nakeTa, KoTopasi BaxKHa A/ Hac.

-- No need to read the private part to use the package
package Stacks is
type Stack is private;

procedure Push (S : in out Stack;
Val : Integer);
procedure Pop (S : in out Stack;
Val : out Integer);
private
end Stacks;

A BOT Kak 6yaeT ncnonb3oBaThes naket Stacks:

-- Example of use
with Stacks; use Stacks;

procedure Test Stack is

S : Stack;

Res : Integer;
begin

Push (S, 5);

Push (S, 7);

Pop (S, Res);

end Test Stack;
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12.3 InmnTnpyemsie TUMNbI

BAge KOHCTPYKUMA IUMUMUpPyemMoeco muna no3BoNdAeT BamM 06bABUTL TV, 4NN KOTOpOro onepaynn
npmcBanBaHNA N CPaBHEHWA HE NMPeAoCTaBNAKTCA aBTOMaTUN4YeECKN.

Listing 6: stacks.ads

package Stacks is
type Stack is limited private;
-- Limited type. Cannot assign nor compare.

procedure Push (S : in out Stack;

Val : Integer);
procedure Pop (S : in out Stack;
Val : out Integer);

private
subtype Stack Index is Natural range 1 .. 10;
type Content_Type is
array (Stack Index) of Natural;

type Stack is limited record
Top : Stack Index;
Content : Content Type;
end record;
end Stacks;

Listing 7: stacks.adb
package body Stacks is

procedure Push (S : in out Stack;

Val : Integer) is
begin
-- Missing implementation!
null;
end Push;
procedure Pop (S : in out Stack;
Val : out Integer) is
begin
--  Dummy implementation!
Val := 0;
end Pop;

end Stacks;

Listing 8: main.adb

with Stacks; use Stacks;

procedure Main is

S, S2 : Stack;
begin

S := S2;

-- Illegal: S is limited.
end Main;

Build output

stacks.adb:10:19: warning: formal parameter "S" is not

referenced [-gnatwf]
(continues on next page)
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(continued from previous page)

main.adb:6:04: error: left hand of assignment must not be limited type
gprbuild: *** compilation phase failed

3TO HYXHO, Harnpumep, AN TeX TUMOB JAaHHbLIX, ANA KOTOPbIX BCTPOEHHas onepauus
npucBavBaHua paboTaeT HenpasBWAbHO (Hanpumep, Korga TpebyeTca MHOroypoBHeBeBOe
KOMuMpoBaHue).

AZa no3BosiseT BaM onpeaennTb onepatopbl CpaBHEHUA = U /= ana IMMNTPYEMbIX TUMNOB (nnn
nepeonpeaennTb BCTPOEHHbIE 0bbsBNeHNN ANS HefII/IMI/ITI/IpyEMbIX).

AZa Taioke no3BossieT BaM NpeAoCTaBUTb COBCTBEHHYIO peann3alnio NprucBanBaHns NCNosb3ys
KoHTponupyemblie TvMbl'®,  OAHAKO B HEKOTOPLIX C/ly4Yasix ornepauuvs npucBanmBaHUs MpPoCTo
He MMeeT CMbICNa; NpuMepoM MoxeT cnyxutb File_Type u3 naketa Ada.Text IO, koTopblii
06bABNEH KaK TMMUTUPYEMbI TUM, 1 MO3TOMY BCe MOMbITKN NMPUCBOUTL OANH daiin Apyromy 6yayTt
OTK/IOHEHbI Kak He3aKOHHbIe.

12.4 [ouyepHue nakeTbl U nsonauus

PaHee Mbl BUgenu (B pasdese doyepHue nakemeol (page 31)), 4TO NakeTbl MOTYT NMeTb AOYepHMe
nakeTbl. M30nauUmsa UrpaeT BaxKHYO ponb B AOYepHUX NakeTax. B 3Tom pasgene obcyxaaroTcs
HeKoTopble NpaBu/a KacarLecs N30AaLnKn, AeCTBYOLLME ANA JOYEPHNX NaKeToB.

XOoTsi NMYHbIV pa3gen P npefHasHayeH Ana MHKaNcynsumMm MHoopMaumy, HeKOoTopble YacTu
AoyepHero naketa P.C MoryT mmeTb AOCTYn K 3TOMYy AUYHOMY paszgeny P. B Takux cnydasx
NHOPMaLNa U3 NYHOTO pasgena P MOXeT 3aTeM MCMOAb30BaTbCsA Tak, Kak ecn 6bl OHa bblia
06bsiBNEHa B BUAUMOM pasgene cneunounkaumm naketa. [oBops 6onee KOHKpeTHO, Teso P.C
N NNYHbIV pasgen naketa P.C nmetoT AocTyn K IMYHOMY pa3zgeny P. OgHako BUAMMbIV pasgen
cneundurkaumm P. C nmeeT JOCTYN TONBLKO K BUAUMOMY pa3zeny cneundurkaumm P. B cnegytoleit
Tabnuue NpUBOANTCS CBOAHast MHGOPMaLMs 06 3TOM:

YacTb JouepHero nakeTta Joctyn K JINYHOMY pasgeny POANTENBCKOW
cneundukaumm

Cneumndukauyus: BUANMbBIA | HeT

pasaen

Crneundukauus: nnuHbi pasgen | Ja

Teno Ja

B ocrtaBLuelics 4actm 3Toro pasgena rnokasaHbl NpuUMepbl TOro, Kak 3TOT AOCTyn K JNINYHON
|/|Hc|>op|v|a|_|,|/|m Ha CaMOM Jene pa60TaeT ANA AOYEePHUX NMaKeTOB.

JaBaiTe cHavana paccMOTpUM MpuMep, B KOTOPOM Teso govepHero naketa P.C vmeeT goctyn
K TMYHOMY pasgeny cneundukaumm ero pogutens P. B npeabigyLiemM npriMepe NCXOAHOMO KoAa
Mbl Bugenn, 4to npoueaypy Hello2, o6baBneHHyo B NMYHOM pasgene naketa Encapsulate
He/b35 CNOoNb30BaTh B Npoueaype Main, Nockonbky ee Tam He BUAHO. OAHAKO 3TO OrpaHnYeHne
He pacnpoCTpaHsieTCst Ha HeKOTOpble YacTy AoYepHUX NnakeToB. PakTU4eckn, Teno JoyepHero
naketa Encapsulate.Child nmeet goctyn k npoueaype Hello2 1 oHa MOXeT 6bITb Bbi3bIBaHHA
OTTYAQ, KaK Bbl MOXeTe BUAeTb B peanm3auynn npouegypel Hello3 naketa Child:

Listing 9: encapsulate.ads

package Encapsulate is
procedure Hello;

private
(continues on next page)

18 https://www.adaic.org/resources/add_content/standards/12rm/html/RM-7-6.html
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procedure Hello2;

-- Not visible from external units

-- But visible in child packages
end Encapsulate;

Listing 10: encapsulate.adb
with Ada.Text IO; use Ada.Text IO;

package body Encapsulate is

procedure Hello is
begin

Put _Line ("Hello");
end Hello;

procedure Hello2 is
begin

Put Line ("Hello #2");
end Hello2;

end Encapsulate;

Listing 11: encapsulate-child.ads

package Encapsulate.Child is
procedure Hello3;

end Encapsulate.Child;

Listing 12: encapsulate-child.adb
with Ada.Text IO; use Ada.Text IO;

package body Encapsulate.Child is

procedure Hello3 is

begin
-- Using private procedure Hello2
-- from the parent package
Hello2;
Put Line ("Hello #3");

end Hello3;

end Encapsulate.Child;

(continued from previous page)
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Listing 13: main.adb
with Encapsulate.Child;

procedure Main is

begin
Encapsulate.Child.Hello3;

end Main;

Runtime output

Hello #2
Hello #3

ToT XXe MexaHW3m NPUMEHAETCA K TuMam, 06bSAB/MIEHHLIM B IMYHOM pasgene poanTebCKOro
naketa. HarlpMMep, TENO AOYEPHEro NMakeTta MOXeT NOoJydnTb AO0CTYN K KOMMOHEHTaM 3annmcu,
06bSABIEHHOW B IMYHOM pa3gzene ero poAnTeNbLCKOro nakeTta. PaccMoTpmm npumep:

Listing 14: my_types.ads
package My Types is
type Priv_Rec is private;
private
type Priv_Rec is record
Number : Integer := 42;

end record;

end My Types;

Listing 15: my_types-ops.ads
package My Types.Ops is

procedure Display (E : Priv Rec);

end My Types.Ops;

Listing 16: my_types-ops.adb
with Ada.Text IO0; use Ada.Text IO;

package body My Types.Ops is

procedure Display (E : Priv Rec) is
begin
Put Line ("Priv_Rec.Number: "
& Integer'Image (E.Number));
end Display;

end My Types.Ops;

Listing 17: main.adb
with Ada.Text I0; use Ada.Text I0;
with My Types; use My Types;

with My Types.Ops; use My Types.Ops;
(continues on next page)
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procedure Main is
E : Priv_Rec;
begin
Put Line ("Presenting information:");

-- The following code would trigger a
-- compilation error here:

-- Put Line ("Priv_Rec.Number:
-- & Integer'Image (E.Number));

Display (E);
end Main;

Runtime output

Presenting information:
Priv_Rec.Number: 42

B aTom npumMepe y Hac HeT gocTyna Kk komnoHeHTe Number Trna 3anuncm Priv_Rec B npoueaype
Main. Bbl MOXxeTe yBuAeTb 3TO B Bbi3oBe Put Line, KOTOpbIf 6bl1 3aKOMMEHTVPOBaH B
peanusaumm Main. [lonblTKa noayyunTe AocTyn K kKomnoHeHTe Number BbisoseT oLwimbky
KoMAunaumMn, Ho y Hac eCcTb A0CTYN K 3TOM KOMMNOHeHTe B Tesle NnakeTaMy Types.0ps, MOCKoAbKy
3T0 godyepHuii nakeT naketa My Types. CnegoBaTtenbHo, Teso 0ps nMeeT AOCTYN K 06 bABAEHNIO
Tvna Priv_Rec, KoTopoe HaxoAMTCS B IMYHOM pasjene ero pogmTtensckoro nakera My Types.
Mo 3Tol NpnYnHe TOT e BbI30B Put_Line, KOTOpbIV BbI3OBET OLLNGKY KOMNUASLMN B NpoLeaype
Main, oTanyHo paboTaet B npoueaype Display nakera My Types.Ops.

Takow poga npaBuna wm3ondAunn  ana  AOYEPHUX  MakKeToB MNO3BONAKOT  pPacllmpATb
(I)yHKLI.I/IOHa}'IbHOCTb pPoANTENBCKOro NakeTa N B TO Xe BpeMA obecneuuBatoT MHKancynAaumnro.

Kak Mbl ynmoMuvHanu paHee, B [OMOJSHEHME K Tefly nakeTa JIMYHbIA pa3gen crneundurkaymm
fouyepHero naketa P.C Takxe nMeeT JOCTYN K NIMYHOMY pasgeny cneumdukaLmm ero poanTens
P. laBaliTe NOCMOTPMM Ha NpuMep, B KOTOPOM Mbl 06bABNAAEM 06beKT AnyHOro Tmna Priv_Rec
B /IMYHOM pasgene godepHero naketa My Types.Child v Hanpsmyto wnHUUMANU3NPyem
komrnoHeHTy Number 3anucu Priv_Rec:

package My Types.Child is
private
E : Priv_Rec := (Number => 99);

end My Types.Ops;

EcTecTBEHHO, Mbl He CMOTIM 6bl UHULIMANN3MPOBATL STOT KOMMOHEHT, eC/IN 6bl MEPEMECTUIN 3TO
06bsBMEHME B 06LLEeA0CTYMNHbIN (BUAUMBI) pa3jen TOro Xe JoYepHero nakera:

package My Types.Child is
E : Priv_Rec := (Number => 99);

end My Types.Ops;

O6baBneHne Bbllle BbI3bIBAaeT OLUMOKY KOMAWAAUMK, MNOCKOAbKY Tun Priv_Rec sasnsetca
NINYHBIM. TTockonbky BUAMMBIV pa3gen My Types.Child Takxe BuAeH 3a npejenamu joyepHero
nakeTa, AZa 3anpeLlaeT A0CTyn K IMYHOM MHPOPMaLMW B 3TOM pasgene cneundrkaumn.
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THIRTEEN

HACTPAVBAEMBIE MOAYNN

13.1 BBepgeHwme

HacTpavBaemble MoAynn B Afe MCNONb3YHTCA A1 MeTanporpamMmMmnpoBaHms. Korga HekoTopeble
anropuTMbl UMELOT AOCTAaTOYHO MHOTO OBLLEro 1 OTINYAKOTCS NNLLb AeTaNsiMU, MOXHO BblAeNNTb
abCTPaKTHbIV aNropMTM BOCMO/1b30BaBLUMCh BO3MOXHOCTAMM HAaCTPaMBaeMblX MOAyNEN.

HacTpavBaeMbIMy MOTYT 6bITb UL MNOANPOrpaMMbl UK NakeTbl. O6bsBAEHME HACTPANBAEMOrO
MOAy/st HAYMHAEeTCs C K/KYEBOro (/IoBa generic. Hanpumep:

Listing 1: operator.ads

generic

type T is private;

-- Declaration of formal types and objects
-- Below, we could use one of the following:
-- <procedure | function | package>
procedure Operator (Dummy : in out T);

Listing 2: operator.adb

procedure Operator (Dummy : in out T) is
begin

null;
end Operator;

13.2 O6bABNEeHME popManbHOro TMNa

®dopManbHble TUMbI - 3TO abCcTpakuMM TUNa HEKOTOpOoro kaacca. Hanpumep, Mbl MOXeM
NOHaA0bUTBLCS CO34aTb arOPUTM, KOTOPLIM paboTaeT C NH06bIM LieSI0UNCIeHHBIM TUMOM WUAN Jaxe
C Nto6bIM TUMOM BOO6LLE, ByAb TO YNCIOBOW TUM UAW HeT. B cnegytolliemM nprMepe ob6baBnseTcs
dopmanbHbI TUN T Ana npoueaypsbl Set.

Listing 3: set.ads

generic
type T is private;
-- T is a formal type that indicates that
-- any type can be used, possibly a numeric
-- type or possibly even a record type.
procedure Set (Dummy : T);
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Listing 4: set.adb

procedure Set (Dummy : T) is
begin

null;
end Set;

O6bsiBneHne T kak private yka3biBaeT Ha TO, UYTO Ha €ro MecTe MOXeT 6biTb 060
onpeAeneHHbI TN, HO TakxXe MOXHO Cy3uUTb YC/10BMe, pa3peLunB NOACTAHOBKY TUMOB NLLb
HeKOTOpOro Knacca. BoT Heckosbko NprYMepoB:

dopmManbHbIv TUM dopmart

Nro6oit Tin type T is private;
o060l AncKpeTHbIN TUN type T is (<>);
No6oi TN c nnaeatoLlel 3anatold | type T is digits <>;

13.3 O6baBneHue popmMasnibHOro o6bLEKTA

dopManbHble 06bEKTbI aHANOMMYHbI NapameTpam NoAnporpaMMbl. OHM MOTYT CCbINATbCA Ha
dbopManbHble TUNbI, 06bsBNEeHHbIE B dopManbHoM cneundurkaumm. Hanpumep:

Listing 5: set.ads

generic

type T is private;

X : in out T;

-- X can be used in the Set procedure
procedure Set (E : T);

Listing 6: set.adb

procedure Set (E : T) is
pragma Unreferenced (E, X);
begin
null;
end Set;

dopmManbHble 06beKTbI MOTYT 6bITb NM60 BXOAHBIMU NapaMeTpamMu, 1Mbo nMeTb B in out.

13.4 OnpepeneHwne Tesla HacTpaBaemMoro moaysns

He HyXHO MOBTOPSiTb KAtOYeBOE C/I0BO generic npu o6bsABNEHMS Tena HacTpavBaemoli
noAnporpamMmbl UM NakeTa. Ana peannsaumm Mbl UCMONb3yeM CUHTAKCUC, Kak Y 06bIYHOro Tena
MOZYNS, N UCNONb3yeM 06bsABNEHHbIe Bbille GopMasbHble TUMbl U 06BbekTbl. Hanpumep

Listing 7: set.ads

generic
type T is private;
X : in out T;
procedure Set (E : T);
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Listing 8: set.adb

procedure Set (E : T) is
-- Body definition: "generic" keyword
-- 1s not used
begin
X = E;
end Set;

13.5 KoHKpeTun3sauma HacTpoiikm

HaCTpaI/IBaeMyPO noanporpamMmmbl UKW NMakeTbl HE/b3A NCMOJIb30BaTb HAMNPAMYHO. CHavana oHwu
AOJIKHbI 6bITb KOHKpeTe3npoBaHbl, YTO Mbl AeflaeM C NOMOLLbHK KAH4YEBOro C/s10Ba new, Kak

NMoKasaHo B C/iegyrouiemM npmnMmepe:

Listing 9: set.ads

generic
type T is private;
X : in out T;

-- X can be used in the Set procedure

procedure Set (E : T);

Listing 10: set.adb

procedure Set (E :
begin

X := E;
end Set;

T) is

Listing 11: show_generic_instantiation.adb

with Ada.Text IO; use Ada.Text IO;
with Set;

procedure Show Generic Instantiation is
Main Integer := 0;
Current Integer;
procedure Set Main is new Set (T => Integer,
X => Main);
-- Here, we map the formal parameters to
-- actual types and objects.
-- The same approach can be used to
-- 1instantiate functions or packages, e.g.:
-- function Get Main 1is new ...
-- package Integer Queue 1is new ...
begin

Current := 10;

Set Main (Current);
Put Line ("Value of Main is "
& Integer'Image (Main));
end Show Generic Instantiation;

13.5. KoHKpeTu3auusa HacTpoiiku
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Runtime output

Value of Main is 10

B npuBeseHHOM BbIle MpuvMepe Mbl CO3jaeM 3K3eMniap HacTpamBaeMol npoueaypbl Set,
conoctasnasg ¢opmanbHble napameTpbl T U X € PakTUYeCkKUMK, YXe CyLLecTBYOLUMN,
3n1eMeHTamMu, B ;aHHOM cnyyae TunomM Integer n nepemenHoi Main.

13.6 HacTpanBaeMble NnakeTbl

Mpeablaylive NpuMepbl Mbl COCPEAOYMNCL HA HAcTpanMBaemblX MOAMpOrpammax. B 3Tom
pasjene Mbl PaCCMOTPVM HacTpamBaemMble MakeTbl. WX CUHTaKCMC aHaNOrMuYeH: Mbl HaYMHaeM
C K/IOYEBOro CNOBa generic, a fganee ciefytoT GopManbHbIME 06bSABNEHMS. EANHCTBEHHOE
OT/INYME COCTOUT B TOM, UTO BMECTO K/THOUEBOIO C/10Ba NMOAMPOrpaMMbl ykasbiBaeTcs package.

Bot npumep:

Listing 12: element.ads

generic
type T is private;
package Element is

procedure Set (E : T);

procedure Reset;

function Get return T;

function Is Valid return Boolean;

Invalid Element : exception;

private
Value : T;
Valid : Boolean := False;

end Element;

Listing 13: element.adb
package body Element is

procedure Set (E : T) is

begin
Value := E;
Valid := True;
end Set;
procedure Reset is
begin
Valid := False;
end Reset;

function Get return T 1is
begin
if not Valid then
raise Invalid Element;
end if;
return Value;
end Get;

function Is Valid return Boolean is (Valid);
end Element;
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Listing 14: show_generic_package.adb

with Ada.Text IO; use Ada.Text IO;
with Element;

procedure Show Generic Package is
package I is new Element (T => Integer);
procedure Display Initialized is
begin
if I.Is Valid then
Put Line ("Value is initialized");
else
Put Line ("Value is not initialized");
end if;
end Display Initialized;
begin

Display Initialized;

Put Line ("Initializing...");
I.Set (5);
Display Initialized;
Put Line ("Value is now set to "
& Integer'Image (I.Get));

Put Line ("Reseting...");
I.Reset;
Display Initialized;

end Show Generic Package;

Runtime output

Value is not initialized
Initializing...

Value is initialized
Value is now set to 5
Reseting. ..

Value is not initialized

B npuvBeseHHOM Bbille MNpvMepe Mbl CO34anN MPOCTOM KOHTeHep c mmeHem Element
cojepXallmin BCero OAWH 3/IeMeHT. OTOT KOHTEeWHep OoTcaexuvBaeT, 6bin AN 31eMeHT
NHNLUNanM3npoBaH Nan HeT.

MNocne HanwucaHWsa onpejeneHVs naketa Mbl co3gaem ak3emnnap I naketa Element. Mbl
NCMNoNb3yeM 3K3eMNaap, Bbi3biBas NognporpamMmel naketa (Set, Reset n Get).

13.7 ®opmanbHbie nognporpamMmmbl

B gononHeHve K dopManbHbIM TUNaM 1N 06beKTaM Mbl TakXKe MOXeM 06bABNSATE popMabHble
noAnporpamMmel UAM nNakeTbl.  ITOT KypC OMUCbIBAET TONbKO ¢$popManbHble MOANPOrpaMmbl;
dopmManbHble NakeTbl 06CYXAATCA B MPOABUHYTOM Kypce.

Mbl ncrnonb3lyem kntoueBoe cnoBo with ans o6baBneHus dopmanbHOW nognporpammbl. B
npuBeAeHHOM HUXe npuMepe Mbl 06baBaseM popManbHyto dyHkumio (Comparison), koTopas
byAeT MCNonb30BaTbCs HacTpavBaeMol npoueaypoii Check.
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Listing 15: check.ads

generic

Description : String;

type T is private;

with function Comparison (X, Y : T) return Boolean;
procedure Check (X, Y : T);

Listing 16: check.adb
with Ada.Text IO; use Ada.Text IO;

procedure Check (X, Y : T) is
Result : Boolean;
begin
Result := Comparison (X, Y);
if Result then
Put_Line ("Comparison (
& Description
& ") between arguments is OK!");

else
Put Line ("Comparison (
& Description
& ") between arguments is not OK!");

end if;
end Check;

Listing 17: show_formal_subprogram.adb

with Check;
procedure Show Formal Subprogram is
A, B : Integer;

procedure Check Is Equal is new
Check (Description => "equality",
T => Integer,
Comparison => Standard."=");
-- Here, we are mapping the standard
-- equality operator for Integer types to
-- the Comparison formal function

begin
A = 0;
B :=1;

Check Is Equal (A, B);
end Show Formal Subprogram;

Runtime output

Comparison (equality) between arguments is not OK!
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13.8 MpumMep: KOHKpeTU3aLusa BBoAa/BbiBOAA

Afja npepnaraeT HacTpaMBaemble MakeTbl  BBOAA-BbIBOAA,  KOTOpble  MOMyT  6bITb
KOHKpPeTM3MpOoBaHbl ANA CTaHAAPTHBIX N MPOU3BO/bHbLIX TMNOB. OAHUM 13 NPUMEPOB ABASETCA
HacTpavBaembli naket Float IO, koTopwbIi NMpejocTaBaseT Takue npouedypbl, kak Put w
Get. ®aktmuyeckn, Float Text IO - pgocTymHbIA B CTaHAapTHOW 6ubnvoTeke - ABNSETCH
KOHKpeTu3aumeli naketa Float IO v onpegensercs Kak:

with Ada.Text I0;

package Ada.Float Text IO is new Ada.Text IO.Float IO (Float);
Ero MOXHO 1MCNONb30BaTb HEMOCPEACTBEHHO C N06LIM 06bekToM TUNa Float. Hanpumep:

Listing 18: show_float_text_io.adb
with Ada.Float Text I0;

procedure Show Float Text IO is
constant Float := 2.5;

use Ada.Float Text I0;
begin

Put (X);
end Show Float Text I0;

Runtime output

2.50000E+00

Co3paHne 3K3eMMISIPOB HACTPaMBaeMbIX MAaKeTOB BBOAA-BbIBOAA MOXET 6biTb MOAE3HO AN
nofb30BaTeNbCKUX TUMOB. Hanpumep, AaBaliTe co3gaAnmM HOBbIV TUM Price, koTopblii fonxeH
0TOBpaxaTbCs C ABYMS AeCATUYHBIMU LindpamMm Nocae TOUKN 1 6e3 SKCMOHEHTHI.

Listing 19: show_float_io_inst.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Float IO Inst is
type Price is digits 3;

package Price_IO0 is new
Ada.Text_IO0.Float_IO (Price);

P : Price;

begin
-- Set to zero => don't display exponent
Price I0.Default Exp := 0;

P :=2.5;
Price I0.Put (P);
New Line;

P :=5.75;
Price IO0.Put (P);
New Line;

end Show Float I0 Inst;

Runtime output
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2.50
5.75

Perynnpys sHaveHne Default ExpaksemnnapaPrice I0ansydaseHus 3KCMOHEHTbI, Mbl MOXEM
KOHTPONMPOBaTb, Kak 0TObpaxatTcs nepemMeHHble TNa Price. B kaydecTBe npuvMeYvaHUs Mbl
TaKXe MOrv 6bl HanucaTb:

--[...]
type Price is new Float;

package Price IO is new
Ada.Text_I0.Float_IO (Price);

begin
Price IO.Default Aft := 2;
Price IO0.Default Exp := 0;

B 3ToM cnyyae Mbl Takke m3meHsiem Default Aft uTo6bl nMpu BbI3oBe Put nonyuntb Age
AecaTUYHble UMdpbl Mocsie 3ansTo.

B gononHeHne K HacTpavBaemomy nakeTy Float IO B Ada.Text IO gocTynHbl creayroLime
HacTpanBaemble NakeTbl:

* Enumeration_IO0 ana nepeuncanmbix TUNOB;

* Integer IO ans uenovnciaeHHbIX TUMOB;

* Modular_I0 gns MoaynbHbIX TUMOB;

* Fixed IO gna tmnos c GUKCUPOBAHHOV 3aNaTow;
* Decimal IO gnsa fAecATUYHbIX TUMOB.

dakTNYeCKn, Mbl MOTIN Obl nepenncaTtb NpmMep Bbille, NCNONb3YyA AeCATUYHbIE TUMNDbLL

Listing 20: show_decimal_io_inst.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Decimal IO Inst is
type Price is delta 10.0 ** (-2) digits 12;

package Price_IO0 is new
Ada.Text_IO.Decimal_IO (Price);

P : Price;
begin
Price IO0.Default Exp := 0;

P :=2.5;
Price IO0.Put (P);
New Line;

P :=5.75;
Price IO.Put (P);
New Line;
end Show Decimal IO Inst;

Runtime output

2.50
5.75
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13.9 Npumep: ATA

BaXHbIM MpuvMeHeHVeM HacTpanBaeMblX MOAynel SBASeTCH MOAeNnpoBaHMe abCTpakTHbIX
TMNOB JaHHbIX (ATA). ®PakTudeckn Aga npepocTaBnsetr 6uMBAMOTeKy € MHOMOYMUCNEHHbIMU

AT/[, mncnonb3yrwwWyMM HacTpavBaeMble MOAY/N:

KOHTelHepoB).

TunnuHeiMm Nprmepom AT/ aBngeTca crek:

Listing 21: stacks.ads

Listing 22: stacks.adb

generic
Max : Positive;
type T is private;
package Stacks is
type Stack is limited private;
Stack Underflow, Stack Overflow : exception;
function Is Empty (S : Stack) return Boolean;
function Pop (S : in out Stack) return T;
procedure Push (S : in out Stack;
Vo T);
private
type Stack_Array is
array (Natural range <>) of T;
constant := 1;
type Stack is record
Container : Stack Array (Min .. Max);
Top : Natural := Min - 1;
end record;
end Stacks;
package body Stacks is
function Is Empty (S : Stack) return Boolean is
(S.Top < S.Container'First);
function Is Full (S : Stack) return Boolean is
(S.Top >= S.Container'Last);
function Pop (S : in out Stack) return T is

begin
if Is Empty (S) then
raise Stack Underflow;
else
return X : T do
X := S.Container (S.Top);
S.Top := S.Top - 1;
end return;
end if;

Ada.Containers (onucaHbl B pasgene

(continues on next page)
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(continued from previous page)
end Pop;

procedure Push (S : in out Stack;
Vo T) 1is
begin
if Is Full (S) then
raise Stack Overflow;
else
S.Top :
S.Container (S.Top)
end if;
end Push;

S.Top + 1;
v;

end Stacks;

Listing 23: show_stack.adb

with Ada.Text IO; use Ada.Text IO;
with Stacks;

procedure Show Stack is

package Integer_Stacks is new
Stacks (Max => 10,
T => Integer);
use Integer Stacks;

Values : Integer Stacks.Stack;

begin
Push (Values, 10);
Push (Values, 20);

Put Line ("Last value was
& Integer'Image (Pop (Values)));
end Show Stack;

Runtime output

Last value was 20

B 3ToM npuMepe cHauana coO34aeTcs HacTpavBaeMblli makeT cTeka (Stacks), a 3atem oH
KOHKPETM3MpPYEeTCs UTOBbI CO3AaeTh CTeK cogepkaLym A0 10 Lenbix 3HaUeHNA.

13.10 Mpwumep: O6MeH

[laBaliTe pacCMOTPUM NPOCTYHO NpoLeAypy, KOTopasi MeHsieT MecTamMu nepemeHHsble Tvna Color:

Listing 24: colors.ads

package Colors is
type Color is (Black, Red, Green,
Blue, White);

procedure Swap Colors (X, Y : in out Color);
end Colors;
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Listing 25: colors.adb

package body Colors is

procedure Swap Colors (X, Y : in out Color) is
: constant Color := X;

begin
X :=Y;
Y := Tmp;

end Swap Colors;

end Colors;

Listing 26: test_non_generic_swap_colors.adb
with Ada.Text IO0; use Ada.Text IO;
with Colors; use Colors;

procedure Test Non Generic Swap Colors is
A, B, C : Color;

begin
A := Blue;
B := White;
C := Red;

Put Line ("Value of A is "

& Color'Image (A));
Put Line ("Value of B is "

& Color'Image (B));
Put Line ("Value of C is "

& Color'Image (C));

New Line;

Put Line ("Swapping A and C...");
New Line;

Swap Colors (A, C);

Put Line ("Value of A is "
& Color'Image (A));
Put Line ("Value of B is "
& Color'Image (B));
Put Line ("Value of C is "
& Color'Image (C));
end Test Non Generic Swap Colors;

Runtime output

Value of A is BLUE
Value of B is WHITE
Value of C is RED

Swapping A and C...

Value of A is RED
Value of B is WHITE
Value of C is BLUE

B 3Tom npumepe Swap Colors MOXHO Mcrnonb3oBaTe ToNbko Ans Trna Color. OAHako 3ToT
anropuTM TEOPETUYECKN MOXHO MCMOb30BaTh AN1st N1060ro Tvna, ByAb TO NepeuncInmblin TN
WAV COCTaBHOM TUM 3aMnCcy C MHOXECTBOM 3/1eMeHTOB. CaM anropuTM TakoW Xe: OTIMYaeTCs
TONBKO TWUM. ECAW, Hanpumep, Mbl XOTMM MOMEHSATL MecTaMu nepemMeHHsle Tuna Integer, mbl
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HE XOTUM Ay6J'IV|pOBaTb peannsauunio. CnepoBaTtenbHO, Tako aJropnTM™ - vAeanbHbl KaHANAAT

ANt abCTPaKLMM C MCMOb30BaHNEM HAaCTPaNBAEMbIX MOAYEN.

B nprBegeHHOM HUXXe NMprMepe Mbl CO34aAMM HacTpanBaemyto Bepcmto Swap _Colors n HazoBem
ee Generic Swap. 3Ta HacTpamBaemasi BepCUsi MOXeT paboTaTb C /o6bIM TUNMOM 6narogaps

06BbABNeHNI0 dopManbHoro Tuna T.

Listing 27: generic_swap.ads

generic
type T is private;
procedure Generic Swap (X, Y : in out T);

Listing 28: generic_swap.adb

procedure Generic Swap (X, Y : in out T) is
constant T := X;

begin
X :=Y;
Y := Tmp;

end Generic Swap;

Listing 29: colors.ads

with Generic Swap;
package Colors is

type Color is (Black, Red, Green,
Blue, White);

procedure Swap Colors is new
Generic Swap (T => Color);

end Colors;

Listing 30: test_swap_colors.adb
with Ada.Text I0; use Ada.Text I0;
with Colors; use Colors;

procedure Test Swap Colors is
A, B, C : Color;

begin
A := Blue;
B := White;
C := Red;

Put Line ("Value of A is "

& Color'Image (A));
Put Line ("Value of B is "

& Color'Image (B));
Put Line ("Value of C is "

& Color'Image (C));

New Line;

Put Line ("Swapping A and C...");
New Line;

Swap_Colors (A, C);

Put Line ("Value of A is "

(continues on next page)
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& Color'Image (A));

Put Line ("Value of B is "

& Color'Image (B));

Put Line ("Value of C is "

& Color'Image (C));

end Test Swap Colors;

Runtime output

Value of
Value of
Value of

Swapping
Value of

Value of
Value of

A
B
C

is BLUE
is WHITE
is RED

and C...
is RED

is WHITE
is BLUE

(continued from previous page)

Kak ™Mbl BYAMM B npuMepe, Mbl MOXeM C034aTb Ty Xe npoueaypy Swap Colors, 4to n B
nepBoi BepCcuUX anroputMa, O6bABMB ee Kak KOHKpeTM3auuo HacTpavBaeMmol npoueaypbl
Generic Swap. Mbl conoctaBnsieM dopmManbHblid Tvn T ¢ Tunom Color, ykasblBas ero B kavecTse
aprymeHTa KoHKpeTu3aumm Generic Swap.

13.11 Npumep: O6paTHLIA NOPAAOK 3/IEMEHTOB

MpeAblayLwniA NpUMep C anropuTMOM obMeHa ABYX 3HaYEHWI SIBASIETCS OAHUM M3 NPOCTeALLINX
NPVYIMEPOB MCMO/b30BaHWsi HAaCTpanBaeMbIx Mogyneli. Tenepb Mbl U3y4YlM anropuTM 06paLLeHust

3/1eMeHTOB MaccuBa.

BO-I'IepBbIX, ,u,aBa|7|Te Ha4yHEM C BepCcnn anropmntMa 6€e3 1Cnonb30BaHWS

HacTpaviBaeMbIX MOZyNeli, pa3paboTaB BepCuio KOHKPeTHo anst Tuna Color:

Listing 31: colors.ads

package Colors is

type Color is (Black, Red, Green,

Blue, White);

type Color_Array is
array (Integer range <>) of Color;

procedure Reverse It (X : in out Color Array);

end Colors;

Listing 32: colors.adb

package body Colors is

procedure Reverse It (X : in out Color Array) is

begin

for I in X'First ..

(X'Last + X'First) / 2 loop

declare

Tmp : Color;
X Left : Color
renames X (I);

(continues on next page)

13.11. Npumep: O6paTHLIA NOPAAOK 3/IEMEHTOB

125



W X N U AW N =

BBepeHuMe B i3bIK NporpammupoBaHus Ada

(continued from previous page)

X Right : Color
renames X (X'Last + X'First - I);

begin
Tmp = X Left;
X Left := X Right;
X Right := Tmp;

end;

end loop;
end Reverse It;
end Colors;

Listing 33: test_non_generic_reverse_colors.adb

with Ada.Text IO; use Ada.Text IO;

with Colo

rs; use Colors;

procedure Test Non Generic Reverse Colors is

My Col
(Bla

begin
for C
Put

ors : Color Array (1 .. 5) :=
ck, Red, Green, Blue, White);

of My Colors loop

~Line ("My Color: " & Color'Image (C));

end loop;

New Li
Put Li
New Li
Revers

for C
Put

ne;
ne ("Reversing My Color...");
ne;

e It (My Colors);

of My Colors loop

_Line ("My Color: " & Color'Image (C));

end loop;

end Test |

Non Generic Reverse Colors;

Runtime output

My Color:
My Color:
My Color:
My Color:
My Color:

Reversing

My Color:
My Color:
My Color:
My Color:
My Color:

BLACK
RED
GREEN
BLUE
WHITE

My Color...

WHITE
BLUE
GREEN
RED
BLACK

Mpouegypa Reverse It npuvHMMaeT MaccuB LBETOB, HaYMHaeT C 0bMeHa MepBOro 1 NOC/efHero
3/1eMEHTOB MacCrBa N NPOAO/XKAET AefaThb 3TO CO CIefyLMMU 31eMeHTaMy Nocie40BaTeNbHO,
MoKa He JOCTUIHeT cepefuHbl MacC1Ba. B 3TOT MOMEHT BeCb MaccuB ByJeT nepeBepHyT, Kak Mbl
BUAMM M3 BbIXOAHbIX JaHHbIX TECTOBOM NPOrpamMMel.

YTtobbl abcTparnpoBaTbCst OT 3TOW NMpoueaypbl, Mbl 06bsiBnseM GopManbHble TUMbl ANS Tpex
3/1eMeHTOB anropuTma:
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* TUMN KOMMOHeHTbl Maccuea (B npumepe - Tun Color)
* 4Mana3oH, NCMOJb3yeMblii A5 MaccuBa (B MpUMepe - LeNoUNC/IeHHbIN A/ana3oH)
+ dakTnyecknin TN maccuea (B Nnpumepe - Tun Color _Array)

710 HacTparBaeMad BepCcna aaropmTmMa:

Listing 34: generic_reverse.ads

generic
type T is private;
type Index is range <>;
type Array_T is
array (Index range <>) of T;
procedure Generic Reverse (X : in out Array T);

Listing 35: generic_reverse.adb

procedure Generic Reverse (X : in out Array T) is
begin
for I in X'First
(X'Last + X'First) / 2 loop

declare
Tmp T3
X Left T
renames X (I);
X Right : T
renames X (X'Last + X'First - I);
begin
Tmp = X Left;
X Left := X Right;
X _Right := Tmp;
end;
end loop;

end Generic Reverse;

Listing 36: colors.ads

with Generic_Reverse;

package Colors is
type Color is (Black, Red, Green,
Blue, White);
type Color_ Array is
array (Integer range <>) of Color;
procedure Reverse It is new
Generic Reverse (T => Color,
Index => Integer,
Array T => Color Array);
end Colors;

Listing 37: test_reverse_colors.adb
with Ada.Text IO; use Ada.Text IO;
with Colors; use Colors;

procedure Test Reverse Colors is
(continues on next page)
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My Colors : Color Array (1 .. 5) :=
(Black, Red, Green, Blue, White);

begin
for C of My Colors loop
Put Line ("My Color: "
& Color'Image (C));
end loop;

New Line;

Put Line ("Reversing My Color...");
New Line;

Reverse It (My Colors);

for C of My Colors loop
Put _Line ("My Color: "
& Color'Image (C));
end loop;

end Test Reverse Colors;

Runtime output

My Color: BLACK
My Color: RED

My Color: GREEN
My Color: BLUE
My Color: WHITE

Reversing My Color...

My Color: WHITE
My Color: BLUE
My Color: GREEN
My Color: RED
My Color: BLACK
Kak ynomMmnHanock BbiLle, Mbl BbIAEINAV TP NapaMeTpa aaroputma:
« TN T abcTparnpyeT afneMeHTbl MaccmBa
« Tn Index abcTparvpyeT AnanasoH, UCNob3yeMblid 419 MaccuBa

« Tun Array T abcTparvpyeT Tmun Maccmsa 1 Mcnonb3yeT GopmMasbHble 06bABAEHUSA TUMOB T
n Index.

13.12 NMpumep: TecToBOE NPpUIOXKEHME

B npeapiayLieM npumepe Mbl COCPeA0TOUNANCL TONBKO Ha abCcTparmpoBaHM CaMoro anropmutTMa
obpalleHns maccmBa. OAHAKO Mbl MOTAN 6bl aHANOMMYHO abCTparnpoBaTh Halle He6GONbLLOrOo
TeCTOBOr0 NPUIOXEHUS. DTO MOXET 6bITb MONE3HO, €CN Mbl, HANPUMEP, PELLVIM NPOTEeCTUPOBaTb
Apyrve npoueaypbl, MEHSAOLLME 31eMeHTbl MaccuBa.

UT0bbI CAeNaTh 3TO, Mbl CHOBA A0/XHbI BbI6paTh 31€MeHTbI Ans abCTparvpoBaHus. MNo3Tomy Mbl
obbeBnsieM cnegytoLme popmanbHble NapameTpbi:

* S: CTpOKa, cozepxallasi MMs MaccvBa

+ dyHkuUms Image, npeobpasytowas anemMeHT Tuna T B CTPOKY
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* npoueaypa Test, KOTopas BbIMOMHSET HEKOTOPYHD OMNepaLmio ¢ MacCUBOM

O6paTnte BHMMaHMe, uto Image n Test aBnatoTca NnpMepamy GopmasnbHbIX MOANPOrpamMM, a S
- npumMepomM $opManbHOro obbekTa.

BoT BepCMsi TECTOBOIO NPUIOXEHUS, UCMob3ytoLero obLuyto npoueaypy Perform Test

Listing 38: generic_reverse.ads

generic
type T is private;
type Index is range <>;
type Array_T is
array (Index range <>) of T;
procedure Generic Reverse (X : in out Array T);

Listing 39: generic_reverse.adb

procedure Generic Reverse (X : in out Array T) is
begin
for I in X'First
(X'Last + X'First) / 2 loop

declare
Tmp T3
X Left T
renames X (I);
X Right : T
renames X (X'Last + X'First - I);
begin
Tmp = X Left;
X Left := X Right;
X Right := Tmp;
end;
end loop;

end Generic_Reverse;

Listing 40: perform_test.ads

generic

type T is private;

type Index is range <>;

type Array_T is

array (Index range <>) of T;

S : String;

with function Image (E : T) return String is <>;

with procedure Test (X : in out Array T);
procedure Perform Test (X : in out Array T);

Listing 41: perform_test.adb
with Ada.Text I0; use Ada.Text I0;

procedure Perform Test (X : in out Array T) is
begin
for C of X loop
Put Line (S & ": " & Image (C));
end loop;

New Line;
Put Line ("Testing " & S & "...");
New Line;
Test (X);
(continues on next page)
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for C of X loop
Put Line (S & ": " & Image (C));
end loop;
end Perform Test;

Listing 42: colors.ads

with Generic_Reverse;
package Colors is

type Color is (Black, Red, Green,
Blue, White);

type Color_Array is
array (Integer range <>) of Color;

procedure Reverse It is new
Generic Reverse (T => Color,
Index => Integer,
Array T => Color Array);

end Colors;

Listing 43: test_reverse_colors.adb

with Colors; use Colors;
with Perform Test;

procedure Test Reverse Colors is

procedure Perform Test Reverse It is new

Perform Test (T => Color,
Index => Integer,
Array T => Color_Array,
S => "My Color",
Image => Color'Image,
Test => Reverse It);

My Colors : Color Array (1 .. 5) :=
(Black, Red, Green, Blue, White);

begin
Perform Test Reverse It (My Colors);
end Test Reverse Colors;

Runtime output

My Color: BLACK
My Color: RED
My Color: GREEN
My Color: BLUE
My Color: WHITE

Testing My Color...
My Color: WHITE

My Color: BLUE
My Color: GREEN

(continued from previous page)

(continues on next page)
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(continued from previous page)
My Color: RED
My Color: BLACK

B 3tomM npumepe co3gaetca npoueaypa, Perform Test Reverse It kak 3ak3emnnsap
HacTpamnaemoii npoueaypsl (Perform_Test). O6paTuTe BHMMaHWe, YTO:
+ Ana dopmanbHol dyHKUMM Image Mbl ncnonbsyem aTpmbyT ' Image Tuna Color

+ Ana dopmanbHOM npouenypbl TecTpoBaHua Test Mbl ccblinaemcs Ha npouegypy Re-
verse Array n3 nakera.
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FOURTEEN

NCKNHOYEHNA

AZa ncnosb3yeT NCKYEHNA AnS 06paboTky OWNGOK. B 0TAMumMe 0T MHOMMX APYruX A3bIKOB, B
AZle NPUHATO rOBOPUTL O 8036Y#OEHUU, @ He O 8bIOPACHIBAHUU NCKITKOYEHNN N NX 06pabomke, a He
nepexsame.

14.1 O6bABNEHUE UCK/TIDUYEeHUSA

NckntoueHunst B Afe - 3TO He TUMbl, @ 06EKTbI, YTO MOXET MOKa3aTbCs BaM HEO6bIYHbIM, eCcn
Bbl MPUBbLIK/IM K TOMY, Kak paboTatoT nckatoueHns B Java nam Python. BoT kak Bbl o6bsiBisieTe
NCKNtOYeHMe:

Listing 1: exceptions.ads

package Exceptions is

My Except : exception;

-- Like an object. *NOT* a type !
end Exceptions;

HecMOTpsi Ha TO, UTO OHU ABASOTCA 06 BEKTAMM, KaXAbl/i 06bSBNEHHbI 06BEKT NCKIUYEHNS Bbl
MCNonb3yeTe Kak «K1acc» UK «CeMeiCTBO» UCKNoYeHW. Afa He TpebyeT, 4Tobbl MoAnporpamma
npv 06BABNEHUN YKa3blBana Kaxzoe UCKIHYeHNe, KOTOPOe MOXET 6bITb BO36YXKAEHO.

14.2 Bo36y>xaeHue NCKJIloYeHus

UTobbl BO36YAUTL WCK/IKOUYEHME HaLlero TOMbKO UTO OOBLABAEHHOrO Kkjacca WCKIKYEHUS,
cAenanTte cnegyrolee:

Listing 2: main.adb

with Exceptions; use Exceptions;

procedure Main is

begin
raise My Except;
-- Execution of current control flow
-- abandoned; an exception of kind
-- "My Except" will bubble up until it
-- 1s caught.

raise My Except with "My exception message";
-- Execution of current control flow

-- abandoned; an exception of kind

-- "My Except" with associated string will

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

-- bubble up until it is caught.
end Main;

Build output

main.adb:11:04: warning: unreachable code [enabled by default]

Runtime output

raised EXCEPTIONS.MY EXCEPT : main.adb:5

14.3 O6paboTKa NCKIOUYEHUA

Janee Mbl paccMOTpUM, Kak 0bpabaTbiBaTb UCKOYEHWS, KOTOpble 6bIAK BO36YXAEHbI HAMU UK
616nMoTEKAMU, KOTOPblE Mbl Bbi3blBaeM. M3dLiHaA Bellb B Aje 3ak1HO4YaeTcss B TOM, YTO Bbl
MoXeTe 106aBUTb 06PabOTUMK UCKTKOUEHN B NH060M 610K ONepaTopoB C/ieAyoLM 06pasoM:

Listing 3: open_file.adb
with Ada.Text IO; use Ada.Text IO;
with Ada.Exceptions; wuse Ada.Exceptions;

procedure Open File is
File : File_Type;

begin
-- Block (sequence of statements)
begin
Open (File, In File, "input.txt");
exception

when E : Name Error =>

-- ~ Exception to be handled
Put ("Cannot open input file : ");
Put Line (Exception Message (E));
raise;
-- Reraise current occurence

end;
end Open File;

Runtime output

Cannot open input file : input.txt: No such file or directory

raised ADA.IO EXCEPTIONS.NAME ERROR : input.txt: No such file or directory

B nprBeeHHOM BbliLLEe NprMepe Mbl Ucnonb3yem GyHKLmio Exception Message ns naketa Ada.
Exceptions. OTa ¢yHKUMS BO3BpALLAET COObLLEHME, CBA3AaHHOE C UCK/TIOYEHMEM, B BUZE CTPOKM.

Bam He HyXHO BBOAWTb HOBbIA 60K TOMBKO YTOObI 06pPaboTaTb WCKAOYEHWA: Bbl MOXeTe
£06aBUTL ero B 610K oNepaTopoB Ballel TekyLLen NoAnporpamMMmbi:

Listing 4: open_file.adb

with Ada.Text IO; use Ada.Text IO;
with Ada.Exceptions; use Ada.Exceptions;

procedure Open File is
File : File Type;
(continues on next page)
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begin

Open (File, In File, "input.txt");
-- Exception block can be added to any block
exception

when Name Error =>

Put ("Cannot open input file");

end Open_File;

Build output

open_file.adb:2:09: warning: no entities of "Ada.Exceptions" are referenced [-
~gnatwu]

open file.adb:2:23: warning: use clause for package "Exceptions" has no effect [-
~gnatwu]

Runtime output

Cannot open input file

O6paTnTe BHUMaHue

O6paboTUmKM WCKAOYEHUIA MMEelT BaXHOe OrpaHu4yeHre, C KOTOPbIM BaM HYXHO ObITb
OCTOPOXHbIM:  WCK/IOYEHNs, CO34aHHble B pasjese OMuWCaHWM, He mMepexBaTbiBatoTCH
obpabotumkamy 3Toro 6n0ka. Tak, Hanpumep, B C/ejyloLLleM KoJAe WCKAYeHue He byaet
nomaHo.

Listing 5: be_careful.adb
with Ada.Text IO; use Ada.Text IO;

with Ada.Exceptions; wuse Ada.Exceptions;
procedure Be Careful is
function Dangerous return Integer is
begin
raise Constraint Error;
return 42;
end Dangerous;
begin
declare
A : Integer := Dangerous;
begin
Put Line (Integer'Image (A));
exception

when Constraint Error =>
Put Line ("error!");
end;
end Be Careful;

Build output

be careful.adb:2:09: warning: no entities of "Ada.Exceptions" are referenced [-
~gnatwu]

be careful.adb:2:23: warning: use clause for package "Exceptions" has no effect [-
~gnatwu]

be careful.adb:13:07: warning: "A" is not modified, could be declared constant [-
~gnatwk]

Runtime output
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raised CONSTRAINT ERROR : be careful.adb:7 explicit raise

3T0 TaKXke OTHOCUTCS K 610Ky NCKHOUYEH N BEPXHEr0 YPOBHS, KOTOPbIV ABASAETCH YaCTbHO TeKyLLel
noAnporpammeil.

14.4 MNpeponpepeneHHbIe UCK/TIOYEHUA

AZla MeeT OYeHb Heb0oNbLLIOEe KONNYEeCTBO npejonpeaeneHHbIX WNCKHOYEHWNIA:

* Constraint Error sBnseTca OCHOBHbIM, C KOTOPbIM Bbl MOXeTe CTOAKHYTbCH.
Bo3byxgaeHue nckntodeHmns Constraint_Error nponcxoanT:

Korga npoucxoauT BbIXOJ 3a rpaHuMLbl MaccuBa 1AM, B 0bLiem, ntoboe HapyllueHue
orpaHu4yeHuni

B cnyyae nepenonHeHus

B cnyyae obpalleHns no nycToi ccolike

B cnyuae generusa Ha 0

* Program Error TOXe MOXeT BCTeTUTbCH, HO, BEPOSATHO, pexe. Bo36yxaeHne
NCKNOYEHNS BO3HMKaeT B 6onee CIOXHbIX CUTyaumsix, Taknux Kak npobaembl C MOPSAKOM
NpeABbINONHEHNS 1 HEKOTOPbIe C/lydYan 06HAPYXXEHNS OLUMGOYHOIO BbIMOAHEHWS.

+ Storage_ Error npousoiigeT ns-3a npobaemM c NaMaTbio, TakKX Kak:
- HepoctaTouHO namaTu (Mpw pacnpeseneHunn)
- HepocTtaTouHO cTeka

« Tasking Error curHanusvpyet o6 olinbKax, CBA3aHHbIX C 3ajavaMu, TakUMK Kak ntobas
OLUM6Ka, BO3HMKaOLasa BO BpeMs akTMBaLMK 3a4a4n.

He cnegyeT noBTOPHO MCMO/b30BaTh MpeAornpejeneHHble NCKoYeHns. Ecan Bbl bygeTe Tak
fenatb, TO Mpy BO36YXAEHHUM OAHOrO M3 HWUX He ByjeT ACHO, CBA3aHO AX OHO C paboToW
BCTPOEHHO A3bIKOBOM onepaLuy Uam Het.
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CHAPTER
FIFTEEN

YNPABNEHUVE SAAAYHAMU

3a4aun 1 3aLmLLEeHHble 06BEKTHI MO3BOAIOT Peann3oBaTh NapanienbHoe UCnoaHeHe B Age. B
CNeayroLLMX pasgenax 3T KOHLenumumn o6bacHATCs 6onee Nogpo6Ho.

15.1 3apaum

3ap,aqy MOXHO paccMaTprBaTb KaK MpuUaoxXeHne, KOTOPOE BbIMNMO/HAETCA O@HOG,O@M@HHO C
OCHOBHbIM TIPUJTOXKEHNEM. B APYrnx A3blkax nporpaMmmMmmnpoBaHuAa 3ajadnt MOTryT Ha3BaTbCA
|'|0T0|<a|v||/|19, aynpasneHne 3aja4aMn MOXHO Ha3BaTb MHOFOMOTOYHOCTLI0ZC,

3a4aun MOryT CUHXPOHMU3MPOBATLCSA C OCHOBHbIM NMPUIOXEHUEM, HO TakXe MOryT obpabaTbiBaTb
MHPOPMaLMIO MONHOCTLIO HE3aBMCUMO OT OCHOBHOTO NMPUIOXEHNS. 34eCb Mbl MOKaXeM, Kak 3To
AOCTUraeTcs.

15.1.1 MNpocTan 3apayva

3ajaun O6BABNSAIOTCA C MCMoNb3oBaHWeM katoyeBoro cnosa task.  Peanusauma 3agaum
onpeaenseTcsa B Tene 3aja4un (task body). Hanpuwmep:

Listing 1: show_simple_task.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Simple Task is
task T;

task body T is
begin
Put Line ("In task T");
end T;
begin
Put Line ("In main");
end Show Simple Task;

Runtime output

In main
In task T

3zecb Mbl 06bABASEM 1 peannsyeM 3agady T. Kak TONbKO 3amnycKaeTcsd OCHOBHOE MPU/IOXEHME,
3agava T 3anyckaeTcs aBTOMATUYECKU - HET HEOBXOAMMOCTM BPYUHYHO 3amyckaTb 3Ty 3ajauy.
3anycTVB NPUIOXeHMe Bbille, Mbl BUAUM, YTO BbIMOHAOTCS 06a Bbi3oBa Put Line.

19 https://eru.wikipedia.org/wiki/MoToK_BbINOAHEHVS
20 https://eru.wikipedia.org/wiki/MoTok_BbINoAHEHUA#MHOrOMOTOUYHOCT
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O6paTnTe BHUMAHME, YTO:
+ OCHOBHOE MpPUIOXKEHNe camo Mo cebe ABNSETCS 3aa4ell (0OCHOBHOI 3azadein).

- B 31oM npumMepe nognporpamma Show _Simple Task sBnseTca oCHOBHOWN 3ajadyer
NPUNOXEHWS.

« 3aaaya T - 3TO0 NnoA3ajava.
- Kaxgas nogsagada nmeet 3agavy-poauTens.
- MNosTomMy ocHOBHas 3aja4a - 3TO TakXe 3ajaya-poauTens 3agaun T.

« KonnyectBo 3aZay He OrpaHMYeHO OAHOM: Mbl MOMAM 6bl BKAOUYMTL 3ajady T2 B
NPVIBEAEHHbI BbILLE NPUMEp.

- JTa 3ajava Takxe 3anyckaeTcs aBTOMaTUYeCKN 1 BbIMOAHAETCA 00HO8pPEMeHHO Kak C
3agadein T, Tak N C OCHOBHOW 3aayei. Hanpumep:

Listing 2: show_simple_tasks.adb
1 with Ada.Text IO; use Ada.Text IO;

procedure Show Simple Tasks is

3

4 task T;

5 task T2;

6

7 task body T is

8 begin

9 Put Line ("In task T");
10 end T;

i

12 task body T2 is

13 begin

14 Put Line ("In task T2");
15 end T2;

16

17 begin

18 Put Line ("In main");

19 end Show Simple Tasks;

Runtime output

In task T
In main
In task T2

15.1.2 MpocTasa cMHXpOHU3aLUA

Kak Mbl celivac Buaenu, kak To/IbKO 3amMyckaeTcs OCHOBHasi 334a4a, aBToOMaTLYecky 3arnycKakTes
n ee nogsajaun. OCHOBHas 3aja4va NPOAO/KAEeT CBOK PpaboTy A0 Tex Mop, Moka el ecTb
uTo Aenatb. OAHAKO MOC/Ie 3TOro OHa He Cpasy 3aBepLunTcs. BmecTo 3Toro 3agava oxugaer
3aBepLUEeHNS BbINOJIHEHWSI CBOUX MOA3ajady, Npexae YeM no3BoauT cebe 3aBepLUnTLCS. Apyrumm
cnoBamu, 3TOT NpoLect OXnAaHUs obecneyvmBaeT CUHXPOHM3ALIMIO MeXy OCHOBHOM 3ajayein u
ee nozzajadvamu. MNocse 3TOM CUHXPOHM3aLMM OCHOBHAs 3ajada 3aBepLunTcs. Hanpumep:

Listing 3: show_simple_sync.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Simple Sync is
task T;

(continues on next page)
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(continued from previous page)
task body T is
begin
for I in 1 .. 10 loop
Put Line ("hello");
end loop;
end T;
begin
null;
-- Will wait here until all tasks
-- have terminated
end Show Simple Sync;

Runtime output

hello
hello
hello
hello
hello
hello
hello
hello
hello
hello

TOT XXe MexaHW3M UCNOoNb3yeTca ANS APYrX MOANPOrpamMM, CoAep Kallmx noasajayn: 3ajada-
poAuTenb MoAnporpaMMbl ByzeT XAaTb 3aBepLUeHMs CBOMX nogsagady. Takum obpas3om, 3TOT
MeXaHW3M He OrpaHNYMBAETCH OCHOBHbLIM MPUIOXEHMEM, a TakXke MpUMeHsieTcs K 6o
noAnporpamme, Bbi3biIBaeMO OCHOBHbIM MPUIOXEHMEM UV ero NoANporpaMmMmamMu.

CUHXPOHM3aLMS Takxke MPOUCXOAUT, €CIN Mbl BbIHECEM 3ajadvy B OTAeNbHbIA nakeT. B
nprBeAeHHOM HUXXe NpuMepe Mbl 06bABAsseM 3aja4y T B nakeTe Simple Sync Pkg.

Listing 4: simple_sync_pkg.ads

package Simple_Sync_Pkg is
task T;
end Simple Sync Pkg;

370 COOTBETCTBYHLLEE TENO NaKeTa:

Listing 5: simple_sync_pkg.adb
with Ada.Text IO; use Ada.Text IO;

package body Simple Sync Pkg is
task body T is
begin
for I in 1 .. 10 loop
Put Line ("hello");
end loop;
end T;
end Simple Sync Pkg;

Mockonbky nakeT ykasaH B with ocHoBHoW npouegypbl, 3azava T, onpegeneHHas B nakeTe,
ABNAETCHA YaCTbO OCHOBHOW 3ajaun. Hanpumep:

Listing 6: test_simple_sync_pkg.adb
with Simple Sync Pkg;

(continues on next page)
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(continued from previous page)
procedure Test Simple Sync Pkg is
begin
null;
-- Will wait here until all tasks
-- have terminated
end Test Simple Sync Pkg;

Build output

test simple sync pkg.adb:1:06: warning: unit "Simple Sync Pkg" is not referenced [-
~gnatwu]

Runtime output

hello
hello
hello
hello
hello
hello
hello
hello
hello
hello

OnATb Xe, Kak TONbKO OCHOBHAas 3ajava AOCTUraeT CBOEro KOHLA, OHa CUHXPOHU3MpPYeTCsa C
3agaven T n3 Simple_Sync_ PKg nepeg 3aBepLueHmnem.

15.1.3 OnepaTop 3aaep>KKu

Mbl MOXeM BBeCTU 3ajep>XKy, MCnonb3ysa kaodesoe coso delay. 37O nepeBoAnUT 3ajadvy B
CNALWNA pexnM Ha BpeMsl, ykasaHHoe (B cekyHJzax) B onepatope delay. Hanpumep:

Listing 7: show_delay.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Delay is
task T;

task body T is
begin
for I in 1 .. 5 loop
Put Line ("hello from task T");
delay 1.0;
-- ~ Wait 1.0 seconds
end loop;
end T;
begin
delay 1.5;
Put _Line ("hello from main");
end Show Delay;

Runtime output

hello from task T
hello from task T
hello from main

(continues on next page)
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(continued from previous page)
hello from task T

hello from task T
hello from task T

B sToM npumMepe Mbl 3actaBnseM 3agadvy T XxAaTb OAHY CeKyHAy MOC/ie KaXJoro BbiBOAA
coobueHus "hello". Kpome Toro, ocHoBHas 3aga4a oxugaet 1,5 cekyHabl nepes BbIBOAOM CBOEro
coobLeHns "hello".

15.1.4 CnHXpoHU3aLUA: paHaeBy

EAVHCTBEHHBIN TUM CUHXPOHM3aLMK, KOTOPbIV Mbl BUAEV O CUX MOP, - 3TO TOT, YTO MPOUCXOANT
aBTOMAaTMYeCKM B KOHLLe OCHOBHOW 3asaun. Bbl Takxke MoXeTe onpejennTb Nonb3oBaTenbCkme
TOUKWN CMHXPOHM3aLMK (BXOAbl 3aay4), UCMONb3ys KtoveBoe c10Bo entry. Bxod 3aayum MOXHO
paccMaTpmBaTh Kak 0Co6bIl BUA NOANPOrpaMMbl, BbI30B KOTOPOIA BbINMOAHSIETCS APYroi 3ajaveii
N MeeT CUHTAKCUC aHaNOMMYHBIA CUHTAKCY BbI30Ba MPoLeAypbl.

Mpy HanucaHUW Tena 3aja4yv Bbl onpejensieTe MecTa, rae 3azadva byAeT NMPUHUMATL BXOAb,
NCNonb3ys ktouveBoe coBo accept. 3ajgaya BbINOMHSAETCA A0 TeX MOp, NMoka He AOCTUTHET
onepaTtopa accept, a 3aTeM 0XMAAET CUHXPOHM3ALMW C Bbi3blBatoLLen 3a4aqeil. A UMeHHO:

* BbI3blBaeMas 3ajava oxwugaeT B 3TOT MOMEHT (B onepartope NpUHATNA accept) n rotoBa
NMPWHATL BbI30B COOTBGTCTByI-OLLLGVI BXOJda 13 Bbl3bIBal'OLLI,EI7I 3ajayun;

* BbI3bIBaOLLASA 334a4a BbI3bIBaeT BXOZ 334341 CMOCOOOM, aHaNOrMYHbIM BbI30BY NpoLieAypbl,
YTOObI CUHXPOHM3aLNK C Bbi3bIBaeMOU 3ajadel.

3Ta CMHXPOHM3aLMS MexXAy 3aZa4aMi Ha3blBaeTcst paHdesy. [laBaiiTe MOCMOTPUM Ha NpUMep:

Listing 8: show_rendezvous.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Rendezvous is

task T is
entry Start;
end T;

task body T is

begin
accept Start;
-- ~ Waiting for somebody
-- to call the entry

Put _Line ("In T");
end T;

begin
Put Line ("In Main");

-- Calling T's entry:

T.Start;
end Show Rendezvous;

Runtime output

In Main
InT

B atom npumMepe Mbl 06bsiBAsSem Bxog Start 3agaun T. B Tene 3a4aym Mbl peanvsyem 3TOT BXOJ,
C MOMoOLLbIO onepaTtopa npuHATKa accept Start. Korga 3agayva T gocTuraet 3Tol TOUKM, OHa
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OXMAaeT OCHOBHYH 3ajady. DTa CMHXPOHM3aLMs Npoucxoaut B onepaTtope T.Start. Mocne
3aBepLUeHNst CUHXPOHMW3aLMM OCHOBHas! 3aZaYa 1 3agada T CHOBA BbIMOJHAIOTCS O4HOBPEMEHHO,
MoKa OHU He CUHXPOHUN3UPYHOTCS B MOC/eAHWIA pas, Kor4a OCHOBHas 3aZadva 3aBepLuaeTcs.

Bxog MoXeT Mcnonb30BaThCs AN BbIMOAHEHWS Yero-To 60/bLUero, 4eM NpocTas CUHXPOHM3aLMs
3a/a4y: OH TakXXe MOXET BbIMONHATE HECKO/IbKO OMepaTopoB B TeUeHVe BpeMEHW CUHXPOHM3aLMmn
obenx3agady. Mbl genaem 310 c nomoLbto 610kado ... end. Ansa npegbigyLlero npuMepa Mbl 6bl
npocto Hanucanu accept Start do <onepatope>; end;. Mbl CNOb3yeM 3Ty KOHCTPYKLIMIO
B C/ieZytoLlemM npumepe.

15.1.5 O6pabaTbiBalOWMNA LUK

3azava MOXET UCMO/HATL OMepaTop NPUHSATUSI BXOAA HE OFrpaHMYEHO0e Yo pas. Mbl MOMIN bl
AaXe co34aTb 6€CKOHeYUHbIN LMK/ B 3aa4e U MPUHMMAaTh BbI30Bbl O4HOIO 1 TOF0 Xe BX0Aa CHOBA U
cHoBa. OHako 6€CKOHeYHbIV LKA MPensaTCTBYeT 3aBepLUEH IO 3a4aUnN-POANTENS U 3a6/10KNPYeT
ee, Koraa oHa AoCTMraeT CBoero KoHua. Mo3aTomy LK/, CogepxKaLluii onepaTop NpuHATUS accept
B Tesie 3a4auu, 06bIYHO UCMONb3YeTCs B co4eTaHum ¢ onepatopom select ... or terminate
(BbI6paTb NNV 3aBEPLUNTL). FOBOPS YNPOLLEHHO, 3TOT ONepaTop MNO3BOSET POAVNTENLCKON 3ajaue
aBTOMAaTMYeCK/ 3aBepLLUaTh BbIMOJHEHNE MOA3aAaun Mo JOCTUXEHUN CBOero KoHua. Hanpumep:

Listing 9: show_rendezvous_loop.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Rendezvous Loop is

task T is
entry Reset;
entry Increment;
end T;

task body T is
Cnt : Integer := 0;
begin
loop
select
accept Reset do
Cnt := 0;
end Reset;
Put _Line ("Reset");
or
accept Increment do
Cnt := Cnt + 1;
end Increment;
Put Line ("In T's Lloop ("
& Integer'Image (Cnt)
& ")");
or
terminate;
end select;
end loop;
end T;

begin
Put Line ("In Main");

for I in 1 .. 4 loop
-- Calling T's entry multiple times
T.Increment;
end loop;
(continues on next page)
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(continued from previous page)

T.Reset;

for I in 1 .. 4 loop
-- Calling T's entry multiple times
T.Increment;

end loop;

end Show Rendezvous Loop;

Runtime output

In Main

In T's loop ( 1)
In T's loop ( 2)
In T's loop ( 3)
In T's loop ( 4)
Reset

In T's loop ( 1)
In T's loop ( 2)
In T's loop ( 3)
In T's loop ( 4)

B 3TOM mpumepe Teno 3ajaudn COAEPXUT 6eCKOHEeYHbIN LKA, KOTOPbIA MPUHMMAET BbI30BbI
BxogoB Reset n Increment. Ham ctout oTMeTUTL CriefyeLLee:

* bnokaccept E do ... endwucnonbsyerca Ans yBennveHms cyeTymKa.

- [Jo Tex nop, noka 3agaya T BbinonHseT 6ok do ... end, ocHOBHas 3agava oxuzgaeTt
3aBepLUeHunst 61okKa.

+ OcHOBHag 3ajjaya BbINOJIHAET BbI30B BXoAa Increment HeckonbKo pas B umkne ot 1l .. 4.
OHa Takxe BbI3biBaeT BXxo Reset nepes BTOPLIM LIIK/IOM.

- Mockonbky 3aada T COAEPXUT BECKOHEUHbIN LMK/, OHa BCeraa NpUHMMAaeT Bbi3OBbI
BxogoB Reset n Increment.

- Korga ocHOoBHas 3asa4a AOCTUraeT KOHLA, OHa NMpoBepseT cTaTyc 3agauun T. HecmoTps
Ha TO, UTO 3aZa4va T MOXeT NMpUHVMaTb HOBbIE BbI30BLI BX040B Reset nvnn Increment,
rnaBHas 3aja4va MOXeT 3aBepLunTb 3ajady T BBedy Hanmuums or terminate BeTBu
onepartopa select.

15.1.6 Unknunyeckune 3agaum

B npegbligyliem npvMepe Mbl BUAENW, KakK MPUOCTAHOBWUTb 3ajayy Ha ykasaHHoe Bpems
C nomoulpto Ktovesoro cnosa delay. OgHako MCMNONb30BaHWSA OMNEpPaTopoB 3aAepXKWU B
LMKNe HeAoCTaTOYHO, YTOObl rapaHTMpOBaTb PeryaspHble WHTepBaNbl Mexay uTepauvsMim
uMkna. JonycTM Bbi30Bbl MPOLEeAypb! BbIMOMHSAIOLWEN NHTEHCVBHbIE BbIYUCIEHWS YepesyeTcs
BbIMO/IHEHVIEM OMEePaTOPOB 3a4ePXKKU:

while True loop
delay 1.0;
-- ~ Wait 1.0 seconds
Computational Intensive App;
end loop;

B 3TOM cnydae Mbl He MOXeM rapaHTMpoBaTtb, 4To nocne 10 BbliNOAHEHWA onepaTtopa de-
lay npowwno poBHo 10 cekyHa, nockonbky npoueaypa Computational Intensive App moxeT
BANSATb Ha AJUTENbHOCTb UTepauuun. Bo MHOrMx ciaydasx 3ToT gpelid He MMeeT 3Ha4veHus,
MO3TOMY OCTaTOYHO NCMO/b30BaTh Kao4esoe c1oso delay.
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OfHako 6blBalOT CUTyauuu, Korga Takoin gperid HegonycTuMm. B aTux caydasax Ham Hy>XHO
ncnonb3oBath onepatop delay until, koTopbli MpUHUMaeT TOYHOE BPEMST OKOHUYAHWS
3a4ep>XKN, MO3BOMAA HaM COXPaHWUTb BOCTOSIHHblE WMHTepBasbl. ITO MOJe3HO, Hanpumep, B
MPUNOXEHNAX PeanbHOro BPeMeHWU.

Bckope Mbl yBUAMM MpUMep TOrO, Kak MOXHO MOAYyYUTb 3TOT BPEMEeHHONM Apeind n kak
onepatop delay until no3sonseT 060iTK Npo6nemy. Ho npexae yYem Mbl 3TO CAeNAEM, Mbl
paccMOTpUM MakeT, cofepXXaLyunin npoueaypy, MO3BOASIOLLYI0 HaM U3MepPSATb NpoLLejLlee Bpems
(Show_Elapsed Time) n ¢umkTmBHyto npouegypy Computational Intensive App, koTopas
3MYNNPbLIETCA C MOMOLLbIO MPOCTON 3afepXXKn. BOT MOAHbLIN TEeKCT nakeTa:

Listing 10: delay_aux_pkg.ads

with Ada.Real Time; use Ada.Real Time;
package Delay Aux_Pkg is

function Get Start Time return Time
with Inline;

procedure Show Elapsed Time
with Inline;

procedure Computational Intensive App;
private
Start Time : Time := Clock;

function Get Start Time return Time is (Start Time);

end Delay Aux PKkg;

Listing 11: delay_aux_pkg.adb
with Ada.Text IO; use Ada.Text IO;

package body Delay Aux_Pkg is

procedure Show Elapsed Time is

Now Time : Time;
Elapsed Time : Time Span;
begin
Now Time := Clock;
Elapsed Time := Now Time - Start Time;

Put Line ("Elapsed time
& Duration'Image (To Duration (Elapsed Time))
& " seconds");
end Show Elapsed Time;

procedure Computational Intensive App is
begin

delay 0.5;
end Computational Intensive App;

end Delay Aux Pkg;

WNcnonb3ys 3TOT BCnoMoraTeNbHbI NMakeT, Tenepb Mbl FOTOBbI HaNMcaTb Halle MpUAoXeHue ¢
Apelidom no BpemMeHu:

Listing 12: show_time_task.adb

with Ada.Text I0; use Ada.Text IO;
with Ada.Real Time; use Ada.Real Time;
(continues on next page)
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(continued from previous page)

with Delay Aux_ Pkg;

procedure Show Time Task is
package Aux renames Delay Aux_Pkg;

task T;
task body T is
Cnt : Integer := 1;
begin
for I in 1 .. 5 loop
delay 1.0;

Aux.Show Elapsed Time;
Aux.Computational Intensive App;

Put Line ("Cycle # "
& Integer'Image (Cnt));

Cnt := Cnt + 1;
end loop;
Put Line ("Finished time-drifting loop");
end T;
begin
null;
end Show Time Task;
Build output
show time task.adb:2:09: warning: no entities of "Ada.Real Time" are referenced [-
~gnatwu]
show time task.adb:2:21: warning: use clause for package "Real Time" has no effect,
<[ -gnatwu]

Runtime output

Elapsed time 1.035948169 seconds

Cycle # 1
Elapsed time 2.545618496 seconds
Cycle # 2
Elapsed time 4.050430835 seconds
Cycle # 3
Elapsed time 5.552350350 seconds
Cycle # 4
Elapsed time 7.082408585 seconds
Cycle # 5

Finished time-drifting loop

3anycTvB MNpuUIoXeHVe, Mbl BUAMM, YTO Y HaC yXe eCTb pasHWLA BO BpeMeHV MNpUMepPHO
B uYeTblpe CeKyHAbl Mocne Tpex wuTepauuin uukna ms-3a gpeiida, BbizBaHHoro Computa-
tional Intensive Applications. OaHako, ncnonb3sys onepatop delay until, Mbl MOXeMm
n36exaTtb 3Toro ,u,pe|7|c|>a M nonyynTb perynﬂprn?l MHTepBan PoOBHO UTepaunn B O4HY CEKYHAY:

Listing 13: show_time_task.adb

with Ada.Text I0; use Ada.Text IO;
with Ada.Real Time; use Ada.Real Time;

with Delay Aux_ Pkg;

(continues on next page)
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procedure Show Time Task is
package Aux renames Delay_ Aux_Pkg;

task T;

task body T is

: constant Time_Span :=
Milliseconds (1000);

Next : Time := Aux.Get Start Time
+ Cycle;
Cnt : Integer := 1;
begin
for I in 1 .. 5 loop

delay until Next;

Aux.Show Elapsed Time;
Aux.Computational Intensive App;

-- Calculate next execution time
-- using a cycle of one second
Next := Next + Cycle;

Put Line ("Cycle # "
& Integer'Image (Cnt));

Cnt := Cnt + 1;
end loop;
Put Line ("Finished cycling");
end T;
begin
null;

end Show Time Task;

Runtime output

Elapsed time 1.004152324 seconds

Cycle # 1
Elapsed time 2.003440248 seconds
Cycle # 2
Elapsed time 3.030813293 seconds
Cycle # 3
Elapsed time 4.001581985 seconds
Cycle # 4
Elapsed time 5.032210132 seconds
Cycle # 5

Finished cycling

(continued from previous page)

Tenepb, kak Mbl MOXeM BUAETb, 3aMycTUB nNpunoxeHue, onepatop delay until rapaHTtupyer,
yto Computational Intensive App He HapylLlaeT perynsipHblii MHTEpPBan B OAHY CekyHAy
MeXAay ntepaumsamu.

146

Chapter 15. YnpaBneHmne 3agayamm



A wWoN

22

23

24

25

BBepgeHuMe B A3bIK NporpammupoBaHus Ada

15.2 3awnuieHHble 06beKTbI

Korga HeckonbKo 3ajay noay4arT AOCTYN K 06LWMM AaHHBIM, MOXET MPOM30ATK NoBpexXAeHne
3TUX AaHHbIX. Hanpumep, AaHHble MOryT OKa3aTbCsi HECOrNacoBaHHbIMYM, eCv OfHa 3ajada
nepesanuceiBaeT 4actm uMHGOpPMaLMK, KOTOpble B TO e BpeMs CUYMTbIBAKOTCA APYroW
3afaven. YTobbl n3bexartb NOJO6HbBIX MPobaeM 1 obecneunTb CKOOPAMHUPOBAHHbLIA JOCTYM K
NHbOPMaLMK, Mbl UCMONb3YEM 30UWUWeHHbIE 06BeKMe.

3alyLeHHble 06BEKTbI MHKANCYAUPYHOT AaHHble 1 o6ecneumBatoT AOCTYMN K 3TUM AAHHbLIM C
MOMOLLbIO 3aWULeHHbIX onepayuli, KOTOpble MOTYT 6bITb MOANPOrpaMMaMi UM 3aLULLEHHBIMIA
BXOoZaMW.  Mcnonb3oBaHWe 3alyMLeHHbIX OH6BLEKTOB rapaHTMpyeT, 4YTO AaHHble He 6yayT
NOBPEXAEHbI 13-3a «COCTOSAHWNS FOHKW» W APYroro 04HOBPEMEHHOro 40CTyna.

Ba>kHoe 3aMeuyaHue.

3awMeHHble 06bekTbl MOryT OblTb peann3oBaHbl C MOMOLLbI 3agayvy Aga. PakTuyeckm
3TO0 6bIn eduHCmMeeHHbIl BO3MOXHbLIA CNOCO6 KX peanvsaumm B Age 83 (MepBblli BapuaHT
CcTaHAapTa a3blka Aga). OAHaKO MCMonb30oBaHMe 3aLLMLLEHHbBIX 06BEKTOB ropasjo npoLle, Yem
NCMONb30BaHMe aHaNOMMYHbIX MEXaHM3MOB, Peann30BaHHbIX C UCMOJIb30BaHMEM LWL 3a/ay.
Mo3ToMy NpeAnoYTUTENBHO NCNOB30BaTh 3allUMLLIEHHbIE 06BbeKTbI, KOrAa Balla OCHOBHas Lenb
- TONIbKO 3aluTa AaHHbIX.

15.2.1 NpocTon 06BEKT

Bbl 06baBnseTe 3alMLLEHHbIA 06BEKT C MOMOLLI0 KtoueBoro cnoea protected. CuHTakcuc
aHaNornMyeH TOMY, KOTOPbIA WCMONb3yeTCs ANSA MAKeTOB: Bbl MOXeTe 06bSABASATL Oonepauumn
(HanpumMep, npoueaypbl N GYHKLMN) B BUAVMMOM pasjene, a AaHHble - B JIMUHOM pasjene.
CooTBeTCTBYyHOLLASA peanmsaLms onepayunii BKaoUeHa B Te0 3awuiieHHoro obbekta (protected
body). Hanpuwmep:

Listing 14: show_protected_objects.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Protected Objects is

protected Obj is
-- Operations go here (only subprograms)
procedure Set (V : Integer);
function Get return Integer;
private
-- Data goes here
Local : Integer := 0;
end 0bj;

protected body 0bj is
-- procedures can modify the data
procedure Set (V : Integer) is
begin
Local :=V;
end Set;

-- functions cannot modify the data
function Get return Integer is
begin
return Local;
end Get;

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

end 0bj;

begin
Obj.Set (5);
Put Line ("Number is: "
& Integer'Image (Obj.Get));
end Show Protected Objects;

Runtime output

Number is: 5

B aToM npumepe Mbl onpegensiem ABe onepaunn ans 0bj: Set v Get. Peannzaums atux onepauymin
HaxoanTcsa B Tene obbekTa 0bj. CMHTaKCKC, UCNONb3yeMbli ANA 3annUCK 3TUX OornepaLni, Takomn
Xe, Kak 1 AN 06bIUHbLIX NpoLeayp 1 GyHKUMA. Peanmsaums 3aliMiLeHHbIX 06BeKTOB NpocTa -
Mbl MPOCTO YMTaeM 1 nepenuncobiBaem 3HadeHne Local B 3Tux nognporpaMmmax. Ans Bbl30Ba 3TUX
onepawuii B OCHOBHOM MPUAOXEHUN Mbl NCMOIb3yeM TOYeUHYH0 HoTauuo, Hanpumep, 0bj . Get.

15.2.2 Bxopabl

B AoMonHeHMe K 3alUMLLEHHBIM MpoueaypaM M QYHKLMSAM Bbl TakXe MOXETe OMpesAenTb
3alMLLeHHble Bxogbl. CaenaiTe 370, MCNOMb3Yys KNHOUYEBOE C10BO entry. 3aluyiieHHbIe BXOAbI
MO3BOAIOT BaM OMnpeaenntb 6apbepbl C MOMOLLLIO KatoyeBoro cnosa when. Bapbepbl - 3T0
YCNIOBUS, KOTOPbIE JOMXKHbI 6bITh BbINOIHEHbI 40 TOMO, KaK BXOZ CMOXEeT HayaTb BbIMO/HSATL CBOW
KOZ - Mbl FOBOPUM O CHAMuUU 6apbepa Npu BbINOAHEHWN YCNOBUS.

B npegpigyLlemM nprMepe 1MCNoib30Baanch Npoueaypbl U GyHKLUMN Ans onpeaeneHns onepayunii
C 3aWMLLeHHbIMY 0bbekTamu. OZHaKo MPY 3TOM MOXHO CUMTaTb 3aLUULLEHHY MHPOPMAaLIMIO
(uepe3 Obj.Get) go TOro, Kak oHa byaeT ycTaHoBneHa (4epe3 Obj.Set). UYT06bI KOZ VMen
AeTepPMUHNPOBaAHHOE NoBeAeHMe, Mbl YKasanu 3HaveHune no ymonydanuto (0). Ecam, BMecTo 3Toro,
nepenucatb dyHKUMto Obj . Get Kak 8x00, Mbl CMOXeM YCTaHOBUTL Bapbep, rapaHTUPYOLNTA, YTO
HW OAHa 3ajaya He CMOXeT NpoYnTaTb MHGOPMaLIMIO A0 TOrO, Kak OHa byZeT 3anmcaHa.

B cneaytowiem npumepe peanusoBaH bapbep ana onepauunm Obj.Get. OH Takxe cogepxuT
ZBe napannenbHO WCMOMHAKOWMECA nognporpaMMel (OCHOBHaa 3agada M 3agada T), koTopble
MbITarOTCA NOAYYNUTb AOCTYMN K 3aLMLLLaEeMOMY OOBEKTY.

Listing 15: show_protected_objects_entries.adb
with Ada.Text IO; use Ada.Text IO;
procedure Show Protected Objects Entries is
protected Obj is

procedure Set (V : Integer);
entry Get (V : out Integer);

private

Local : Integer;

Is Set : Boolean := False;
end 0bj;

protected body 0bj is
procedure Set (V : Integer) is
begin
Local := V;
Is Set := True;
end Set;

entry Get (V : out Integer)
(continues on next page)
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(continued from previous page)

when Is Set is

-- Entry is blocked until the
-- condition is true. The barrier
-- 1s evaluated at call of entries
-- and at exits of procedures and
-- entries. The calling task sleeps
-- until the barrier is released.

begin
V := Local;
Is Set := False;

end Get;

end 0bj;

N : Integer := 0;

task T;
task body T is
begin
Put_Line ("Task T will delay for 4 seconds...");
delay 4.0;
Put Line ("Task T will set Obj...");
Obj.Set (5);
Put Line ("Task T has just set Obj...");
end T;
begin
Put Line ("Main application will get Obj...");
0bj.Get (N);
Put Line ("Main application has just retrieved Obj...");

Put Line ("Number is: " & Integer'Image (N));

end Show Protected Objects Entries;

Runtime output

Task T will delay for 4 seconds...

Main application will get Obj...

Task T will set Obj...

Task T has just set 0Obj...

Main application has just retrieved 0Obj...
Number is: 5

Kak BuAnM, 3anycTuB NprMep, OCHOBHOE MPUJIOXKEHME XJAeT, noka He NMpou3oigeT 3anucb B
3alMLLLeHHbI 06BbekT (Mo Boi3oBy Obj . Set B 3agauve T), npexae Yem npoumnTaTb MHOOPMALMIO
(uepe3 0bj.Get). TlMockonbky B 3agave T pobaeBneHa 4-ceKyHAHas 3aZepXKa, OCHOBHOe
NpUnoXeHMe Takxe 3ajepXuBaeTcs Ha 4 cekyHAbl. TONbLKO Mocie 3TON 3ajepXku 3ajada T
3anuncbiBaeT AaHHble B 06BeKT 1 CHUMaeT bapbep B 0bj . Get, uTobbI r1aBHOE NPUAOXEHME MO0
3aTeM BO306HOBUTbL 06paboTky (Nocse nssneyeHns MHGopmMaLMm U3 3aLLMLLLEHHOIO 06beKTa).
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15.3 3apayHblie N 3alULLEeHHbIe TUNbI

B npeaplaywimx npuMepax Mbl OMpeAenuan eavHWYHbIE 3aZayn 1 3aliMlieHHble 06BHeKTbl.
OAHAKO Mbl MOXeM OMUCbIBaTb 3ajaunl M 3alMLLEHHbIE 06BEKTbl, UCMOb3yst onpeAeneHuns
TUMOB. DTO MO3BO/ISIET HAaM, HaMpPUMepP, CO3aBaTh HECKO/ILKO 33/a4 Ha OCHOBE TO/IbKO OAHOMO
TNa 3ajau.

15.3.1 3apayHble TUNbI

3a4a4Hblii TUNIA - 3TO 0606LLeHMe 3aja4K. Ero ob6bsBieHMe aHaoOTMYHO eANHNYHBIM 3a4a4aMm:
Bbl 3aMeHsieTe task Ha task type. Pa3Huua mexay eavHW4YHBIMK 3ajadvamMn U 3a4auHbIMU
3aK/1H0YaeTCa B TOM, UTO 3aJaYHble TUMbl HE CO34a0T PakTMYeckre 3a4a4um 1 He 3amnyckarT KX
aBTOoMaTM4yeckn. Bmecto aToro Tpebyetca obbaBneHMe 3a4a4m. MIMeHHO Tak paboTaroT 06bIUHbIe
nepemMeHHble U TUMbl: 06BEKTbl CO34aKTCA TONLKO C MOMOLLBIO OnpeAeneHnii nepeMeHHbIX, HO
He onpeAeneHnn TUMoB..

YT06bI MPONNNOCTPUPOBATL 3TO, Mbl MOBTOPVIM HaLl NepBbIi NpUMep:

Listing 16: show_simple_task.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Simple Task is
task T;

task body T is
begin
Put Line ("In task T");
end T;
begin
Put Line ("In main");
end Show Simple Task;

Runtime output

In task T
In main

Tenepb Mbl NepenucbiBaem ero, 3amMmeHuB 3agady task T 3agauHbim Tunom task type TT.
Ob6bsBnsem 3agavy (A_Task) Ha ocHoBe 3aga4vHoro Tvna TT nocne eé onpeaeneHus:

Listing 17: show_simple_task_type.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Simple Task Type is
task type TT;

task body TT is

begin
Put Line ("In task type TT");
end TT;
A Task : TT;
begin

Put Line ("In main");
end Show Simple Task Type;

Runtime output
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In task type TT
In main

Mbl MOXEM paclUMpUTb 3TOT NPUMepP 1 Co34aTb MaccMB 3a4ady. [10CKonbKy Mbl MCMONb3yeM TOT
Xe CUMHTAKCUC, YTO N ANA 06BABNEHUV NepeMeHHbIX, Mbl MCMOb3yeM aHaNorMYHbIA CUHTaKCUC
Ans 3agadvHoro tmna: array (<>) of Task Type. Kpome TOro, Mbl MOXeM nepejaBaTb
nHPopMaLuo oTAeNbHbIM 3ajadvaM, onpesennB HadanbHbll Bxod Start. BoT 06HOBNEHHbIN
npumep:

Listing 18: show_task_type_array.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Task Type Array is
task type TT is
entry Start (N : Integer);
end TT;

task body TT is

Task N : Integer;
begin

accept Start (N : Integer) do

Task N := N;
end Start;
Put Line ("In task T: "
& Integer'Image (Task N));

end TT;

My Tasks : array (1 .. 5) of TT;
begin
Put Line ("In main");

for I in My Tasks'Range loop
My Tasks (I).Start (I);
end loop;
end Show Task Type Array;

Runtime output

In main

In task T:
In task T:
In task T:
In task T:
In task T:

U WNR

B 3ToM npuMepe Mbl 06bsABASeM NATb 3agad B MaccmBe My Tasks. Mel mepesaem MHAeKC B
MaccuBe OTAeNbHOW 3ajaue Bbi3BaB BXo4 (Start). Mocne cMHXpoHM3aLmMn Mexay oTAeNbHbIMA
noAsaZadvamu 1 OCHOBHOV 3ajauelt Kaxaas nog3ajada ogHOBpeMeHHO Bbi3biBaeT Put Line.
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15.3.2 3awmLeHHbIe TUNbI

3alWMLEHHBIM TUN - 3TO 0606LleHe 3aliuleHHOro obbekta. O6bsABNeHME aHaNorM4yHo
06bsABNEHNIO ANA 3aLLUMLLEHHBIX 06BHeKTOB: Bbl 3ameHsieTe protected Ha protected type.
Kak n B cnyyae 3afiayHbiX TUMOB, 3alUMLIEHHbIE TUMbl TPeOyT 06BbABNEHUA 0bbekTa ANs
C03JaHus peanbHbIX 06BEKTOB. OMsATh Xe, 3TO MOX0Xe Ha 06 bSBNAEHUS MePEMEHHbIX 1 MO3BONSEeT
C03/aBaTb MaccuBbl (UK ApYyrve COCTaBHble 06bEeKTbI) N3 3aLLUMLLEHHbIX 0O EKTOB.

Mbl MOXeM MOBTOPHO WCMOAb30BaTb MpeAbiaylnii nNpuMep W nepenucaTb ero, 4Tobbl
NCMONb30BaTh 3alUULLEHHbIV TUM:

Listing 19: show_protected_object_type.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Protected Object Type is

protected type Obj_Type is
procedure Set (V : Integer);
function Get return Integer;

private
Local : Integer := 0;

end Obj Type;

protected body 0bj Type is
procedure Set (V : Integer) is
begin
Local := V;
end Set;

function Get return Integer is
begin
return Local;
end Get;
end Obj Type;

Obj : 0Obj Type;
begin
0bj.Set (5);
Put Line ("Number is: "
& Integer'Image (Obj.Get));
end Show Protected Object Type;

Runtime output

Number is: 5

B 3ToM npuMepe BMeCTO HenocpejcTBeHHOro ornpegeneHus obbekta Obj Mbl cHadana
onpegenseMm 3awmuieHHbln Tun Obj Type a 3atem obbsensem 0bj kak o06bekT 3TOroO
3alnueHHoro tuna. O6patuTe BHMMaHWMeE, UTO OCHOBHOE MPUIOXEHNE HEe U3MEHUNOCh: Mbl
no-npexHemMy mcnonedyem 0bj.Set n Obj.Get gns gocrtyna K 3awmuieHHOMY 06beKTy, Kak B
NCXOAHOM MpuMepe.
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CHAPTER
SIXTEEN

KOHTPAKTHOE NMPOEKTAPOBAHWE

KOHTpaKTbl MCMOb3YyTCH B MPOrpaMMUPOBaHUM UTObbLI CHOPMYINPOBaTL OXMAAHUS. Bugbl
napameTpoB MoANporpaMMbl MOXHO paccMaTpmMBaTb Kak MpocTyto popmy KOHTpakToB. Korga
cneundurkaums nognporpammel Op o6bsiBNsieT NapameTp, BuAa in, BbisbiBatowmii Op 3HaeT,
YTO apryMeHT in He 6yaeT maMeHeH Op. /[pyrvMu coBamu, Bbi3blBatoLLMIA OXumaaeT, yto 0p
He M3MeHsieT NpefoCTaBseMbl/i UM apryMeHT, @ MPoCTO YMTaeT MHPOPMaLMIO, XPaHSLLYHOCS B
aprymeHTe. OrpaHUYeHus 1 NOATUMbI ABASAOTCA APYTMU NPUMepaMm KOHTPaKToB. B Lienom, stu
cneundrKaLmmM yayyLIaoT COrNacoBaHHOCTb MPUIOXKEHNSI.

KOHmpGKmHO@ npoepammuposaHue OCHOBbLIBAETCA Ha TakuMX TEXHUKaAX, KaK yKasaHue npea- m
I'IOCTyCJ'IOBI/II7I, npeankKaToB NoATUNMOB N NHBAapPWMaHTOB TUMOB. Mol MN3y4YaeM 3TN TEMbI B 3TOW rnaBe.

16.1 MNpeAa- n noctycnoBus

Mpea- v noctycnoBus GOPManmU3vpyoT OXUAAHUS OTHOCUTENbHO BXOAHbBIX U BbIXOAHbIX
napameTpoB MOAMNPOrpaMM U BO3BPALLAEMOro 3HayeHuss OyHkuuii.  Ecam Mbl roBopum,
YTO HekMe TpebOoBaHWA JOMKHbI ObiTb BbIMONHEHbI NMepej BbI30BOM mnognporpammel 0p, 3To
npesBapuTeNbHble yCnoBUA.  TOYHO TaK Xe, ecan ornpejeneHHble TPebOoBaHWUS AO/XKHbI
6bITb BbINMOHEHbI MOC/e Bbi30Ba nogrnporpaMmbl Op, 3TO MOCTycnoBusi. Mbl MOXEM fymaTb
0 NPeAycnoBUsiX M MOCTYC/IOBUAX Kak 06 obellaHMsX MeXAy Tem, KTO BbI3blBaeT U Tew,
KTO MPWHMMAaEeT BbI30B MOAMNPOrpaMMmbl: MpeAycnoBue - 3TO obellaHne OT Bbi3blBaloLLEro K
BbI3blBaeMOMY, @ MOCTYC/I0BYE - 3TO obeLlaHne B 06paTHOM HanpaBaeHUN.

Mpea- M MOCTYC/I0BUSA YKa3blBatOTCA C MOMOLLbIO Creuyndukaumy acnekta B 06bABIEHUU
nognporpammel. Cnyumnéukaums with Pre => <ycnosue> onpegensier npeaBaputensHoe
ycnoewe, a cneundurkauma with Post => <ycnosue> onpegensiet nocTycnoeve.

B cnegytoLlem Koge nokasaH npumMep npeaBapuTenbHbIX YCI0BUIA:

Listing 1: show_simple_precondition.adb

procedure Show Simple Precondition is

procedure DB Entry (Name : String;
Age : Natural)
with Pre => Name'lLength > 0
is
begin
-- Missing implementation
null;
end DB Entry;
begin
DB Entry ("John", 30);

-- Precondition will fail!
DB _Entry ("", 21);
end Show Simple Precondition;
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Runtime output

raised ADA.ASSERTIONS.ASSERTION ERROR : failed precondition from show simple
~precondition.adb:5

B aToM npumepe Mbl XOTUM, YTOObLI NOMEe VMEHW B Hallel 6a3e JaHHbIX He CoAep>Kano nycTomn
CTPOKW. Mbl peannsyem 3To TpeboBaHMe, NCNONbL3YS NpeABapuUTebHOE YCnoBMe, TpebytoLee,
yTO6bLI A/IHA CTPOKW, NCMONb3yeMoi Ans NapameTpa Name npoueaypbl DB_Entry, 6bina 6onbLue
Hyns. Ecam npoueaypa DB _Entry Bbi3biBaeTcsi C MycTor cTpokoi Ans napameTtpa Name, Bbi3oB
3aBepLUMTCA HeYAa4YHO, MOCKObKY NpeABapuTesibHOe YC10BMEe He BbIMOHEHO.

B Ha6ope uHctpymeHToB GNAT

GNAT obpabaTbiBaeT npejBapuTenbHble W MNOCTYCNOBUS, TFeHepupys Ko [Aas MNpoBepku
yTBEpXAeHWn (assertion) BO BpeMs BbIMOJHEHWA MPOrpammbl. OgHako Mno yMOJIYaHMIo
npoBepKa yTBepXAeHns He BkAtoYeHa. CrefoBaTenlbHO, YTOObI MPOBEPATh MpesBapuUTenbHble
1 NOCTYCN0BKSA BO BPEMS BbINOJIHEHMS, BaAM HEOBXOANMO BKIKOUNTE NMPOBEPKY YTBEPXKAEHUIA C
MOMOLLbIO KtoYa -gnata.

Mpexge yeM Mbl Mepeigem K CieayollemMy npuMepy, AaBaiTe KpaTKo 06CyAMM KBaHTOPHbIE
BbIPaXeHWs, KOTOpble BeCbMa MO/e3Hbl AN KPaTKOro HanucaHwsa npeABapuTeNibHbIX W
noctycnoeuid. KBaHTOPHbIE BblpaXeHWs BO3BPALLAIOT JIOrMYeckoe 3HaueHue, ykasblBarllee,
COOTBETCTBYIOT /I 3JIeMeHTbl MacCuBa WM KOHTEMHepa OXuAaeMoMmy ycnosuo. OHU nMmetoT
dopmy: (for all I in A'Range => <ycnosue pna A(I)>, rge A-310 Maccus, a I - nHAeKc.
KBaHTOpHble BbipaxeHus, ncnonesyowme for all, nposepstoT, BoINOAHAETCA N yC/I0BUeE ANIS
KaXJoro anemMeHT. Hanpumep:

(for all I in A'Range => A (I) = 0)

710 KBAHTOPHbIE BblpaXeHne NCTUHHO TOJIbKO TOrAgd, Korga BCe 3/1eMeHTbl MaCCMBa A vmeroT
HyneBoe 3Ha4veHue.

Apyroi Bng KBaHTOPHbIX BblpaxeHuin ncnonbsyet for some. OH BbIrAANT npumepHo Tak: (for
some I in A'Range => <ycnosue pns A(I)>. M B 3TOM C/ly4ae KBAHTOPHOE BblpaXxeHune
npoBepseT, ecTb I Hekomopele (Some) 3/1eMeHTbl (0TCo4a 1 Ha3BaHWe) 419 KOTOPbLIX yC/ioBme
NCTUHO.

MpounnCcTpupyemM NOCTYCNOBYS Ha CeAytoLem NpumMepe:

Listing 2: show_simple_postcondition.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Simple Postcondition is
type Int_8 is range -2 ** 7 ., 2 *k 7 - 1;

type Int_8 Array is
array (Integer range <>) of Int 8;

function Square (A : Int 8) return Int 8 is
(A * A)
with Post => (if abs A in 0 | 1
then Square'Result = abs A
else Square'Result > A);

procedure Square (A : in out Int 8 Array)
with Post => (for all I in A'Range =>
A (I) = A'0ld (I) * A'Old (I))

(continues on next page)
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(continued from previous page)
is
begin
for V of A loop
V := Square (V);
end loop;
end Square;

V : Int 8 Array := (-2, -1, 0, 1, 10, 11);
begin
for E of V loop
Put Line ("Original: "
& Int 8'Image (E));
end loop;
New Line;

Square (V);
for E of V loop
Put Line ("Square: !
& Int 8'Image (E));
end loop;
end Show Simple Postcondition;

Runtime output

Original: -2
Original: -1
Original: ©
Original: 1

Original: 10
Original: 11

Square: 4
Square: 1
Square: 0
Square: 1
Square: 100
Square: 121

Mbl 06bsBAAeM 8-6UTHBIV TN €O 3HakoMm Int_ 8 n maccme snemenToB 3TOrO TMNa (Int_8 Array).
Mbl xoTuM ybeanTbCsa, YTO MOC/Ae Bbi30Ba MpoLeaypbl Square KaxAblii 3nemMeHT mMaccvea
Int 8 Array Bo3BegeH B kBagpaT. Mbl genaem 3TO C NMOMOLLbI MOCTYC/I0BUS, WCMONb3YS
BblpaxkeHue for all. 310 noctycnosue ncnonbsyet atpmbyT ' 01ld uTobbI COCNaThCA Ha NCXO4HOE
(40 BbI30OBA) 3HaUeHVe rnapameTpa.

Mbl TakxXe XOTUM ybeanTbCs, UTO pe3ynbTaT Bbi30BOB GyHKUMM Square 6o/blue, YeM aprymeHT
3TOro BbI30Ba. [/ 3TOrO Mbl MWLIEM MOCTYyC/I0BMe, NMPUMeHsist aTpubyT 'Result K nmeHewm
GYHKLMM 1 CpaBHNBAEM ero C BXOAHbIM 3HaUYeHneM.

Mbl MOXeM MCMOoJIb30BaTh Kak npejsapuTtesibHble, Tak W NOCTYCN0BUS B OOBABAEHUN OAHOW
noArnporpamMmsl. Hanpumep:

Listing 3: show_simple_contract.adb
with Ada.Text IO; use Ada.Text IO;
procedure Show Simple Contract is
type Int_8 is range -2 ** 7 .. 2 ** 7 - 1;
function Square (A : Int 8) return Int 8 is

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

with

Pre => (Integer'Size >= Int 8'Size * 2

and Integer (A) * Integer (A) <=
Integer (Int 8'Last)),

Post => (if abs A in 0 | 1
then Square'Result = abs A
else Square'Result > A);

V : Int 8;
begin

V := Square (11);
Put Line ("Square of 11 is " & Int 8'Image (V));

-- Precondition will fail...

V := Square (12);

Put Line ("Square of 12 is " & Int 8'Image (V));
end Show Simple Contract;

Runtime output

Square of 11 is 121

raised ADA.ASSERTIONS.ASSERTION ERROR : failed precondition from show simple
~contract.adb:10

B 3TOM nprMepe Mbl XOTUM Y6eANTbLCS, YTO BXOAHOW apryMeHT Bbi30BOBa GyHKLUMUN Square He
BbI30BeT nepenonHeHns Tuna Int 8 B Hawen ¢yHKUmM. Mbl genaem 3To nyTem NnpeobpasoBaHns
BXOAHOr0 3HaueHus B TUN Integer, KOTOpbIV MCNOAb3YeTCs A1 MPOMEXYTOUHbIX BbIYMCIEHWT, U
npoBepsieM, HaXOAUTCA NN pe3yNbTaT B 40MNyCTMMOM AnsiTvna Int 8 gnanasoHe. B3Tom npumepe
Y Hac TO Xe NOoCTYCN0BUE, YTO 1 B NMpeAblAyLLeM.

16.2 lMpepukaTol

ﬂpe,ﬂ,l/lKaTbl onpeaendarnT OXungaHna Kacawwimecd TUMnoB. OHM NOXOXW Ha npegycnosua m
nocrtycnoBua, HO NPUMEHAKTCA K TUMaM, a HE K NoArnporpaMmMam. Nx ycnoBua npoBepAaroTCa And
KaXxaoro obbekTa AAaHHOIO Tuna, 4YTo NO3BOJIAET y6EAVITbCFI, yTO 0b6BbEKT TUMa T cooTBeTCTBYEeT
Tpe6OBaHI/IFIM, YKa3aHHbIM ANnAa AaHHOro tmna.

Ectb ABa Buga npeagnkaTtoB: CcTtatundveckme n ANHamMun4yeckue. I'Ipou.l,e roBop4d, Crtatn4dyeckme
npegnkatbl NCMNONbL3YHOTCA ANA NMPOBEPKA 06bEKTOB BO BpeMa KoMnumnaaumn, a gnHamMmmyeckme
npeankatbl MCMONb3yrTCA ANA NPOBEPOK BO BpeMA BbIMOJIHEHNA. O6bIYHO CcTaTU4eckue
npeankatbl VCNOAbL3YHTCA ANA CKaJAPHbIX TUMNOB N ANMHaMU4Yeckne rpejgnkaTtbl And 6onee
C/TOXHbIX TUMOB.

CTaTmnyeckue 1 AMHaMMyeckmne NpeankaThbl YKasblBaOTCA C MOMOLLbIO CIeAYHOLLMX CrielndrKaLmii;
« with Static Predicate => <cBo#cTBO>
« with Dynamic Predicate => <cBo#cTBO>
[JaBaliTe BOCNO/b3yeMcsi CeAyoLM NPUMEPOM, YTOBbI MPOUIIOCTPUPOBATL ANHAMMYeckme
npeavKaThbl:
Listing 4: show_dynamic_predicate_courses.adb

with Ada.Strings.Unbounded; use Ada.Strings.Unbounded;
with Ada.Calendar; use Ada.Calendar;
with Ada.Containers.Vectors;

(continues on next page)
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procedure Show Dynamic Predicate Courses

package Courses is
type Course_Container is private;

type Course is record
Name : Unbounded String;
Start Date : Time;
End Date : Time;
end record
with Dynamic Predicate =>
Course.Start Date <= Course.En

procedure Add (CC : in out Course

€ E Course)
private
package Course_Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Course);

type Course_Container is record
V : Course Vectors.Vector;
end record;
end Courses;

package body Courses is

procedure Add (CC : in out Course

c : Course)
begin
CC.V.Append (C);
end Add;
end Courses;

use Courses;

CC : Course Container;
begin
Add (CC,
Course’ (

(continued from previous page)
is

d Date;

Container;

’

Container;
is

Name => To_Unbounded String

("Intro to Phot
Start Date => Time Of (2018, 5
End Date => Time O0f (2018, 5

-- This should trigger an error in t
-- dynamic predicate check
Add (CC,

Course’ (

ography"),
’ 1)!
, 10)));

he

Name => To_Unbounded String

("Intro to Vide
Start Date => Time Of (2019, 5
End Date => Time O0f (2018, 5

end Show Dynamic Predicate Courses;

Runtime output

raised ADA.ASSERTIONS.ASSERTION ERROR :
~predicate courses.adb:53

o Recording"),
’ 1)!
, 10)));

Dynamic Predicate failed at show dynamic

16.2. MpepukaTsbl
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B aTom npumepe naket Courses onpegenseT tun Course n tmn Course_Container, o6bekT
KOTOPOro COAEPXMUT BCe KYpPCbl. Mbl XOTUM 06€CneynTb COrNacoBaHHOCTbL AAT KaXAoro Kypca,
B 4YaCTHOCTW, 4YTOObLI fJaTa Hauyana 6blna He MoO3Xe AaTbl OKOHYAHMSA. UYTOOLI obecrneuunTb
cobnoZeHne 3TOro npaBuia, Mbl 06bSBASEM AVMHaMUYecKMin npegukat ana Tuna Course,
KOTOpbIA 6yAeT AeicTBOBaTb ANa Kaxzaoro obbekTa. [lpeamkaT Mcnonb3yeT MMsa Tuna, Tak
Kak 6yAb-TO 3TO 0b6blyHas MepemMeHHass AaHHOro TWna: Takoe MMsi 0603HadaeT 3K3eMnaap
npoBepsemMoro obbekTa.

O6paTnTe BHMMaHWe, YTO B MpPUBEAEHHOM Bbille MPYMeEpPe NCMOJb3YOTCA HeorpaHMyeHHble
CTpoKkM 1 gatbl. Oba TMNa JOCTYMHbI B CTaHAAPTHON 6mubanoTeke Aaa. MNMoxanyricrta, obpaTnTech K
cnefyroLmMM pasgenam Ans NoayyYeHns A4onoNaHUTeNbHOM MHopmMaLmn:

* 0 TUNe HeorpaHu4veHHol ctpokun (Unbounded String): pasaen HeozpaHu4yeHHsle cmpoku
(page 233);

* 0 jaTe v BpemeHu: Pasgen Jamel u epems (page 217).

Cratnyeckne npeankatbl, Kak yrnoMMHaA0Cb Bbille, B OCHOBHOM MCMNONBb3YHOTCA A4 CKaNAPHbIX
TMOB N NPOBEPAKTCA BO BpeMA KOMMOUAALNN. OHKM 0COBEHHO MOE3HbI ANnAa npeactaBneHnNA
HECMEXHbIX 21EMEHTOB rnepedvncieHnd. Knaccnyeckuin npmMep - CNMCcokK AHEI7I Heaennm:

type Week is (Mon, Tue, Wed, Thu, Fri, Sat, Sun);

Mbl MOXeM fierko co3gatb MOACANCOK paboumx AHel B Hejene, ykazas noatun (subtype) c
Avana3oHoM Ha ocHoBe Week. Hanpumep:

subtype Work Week is Week range Mon .. Fri;

JnanasoHbl B Asie MOryT BbITb YKa3aHbl TONIbKO Kak HEMpepbIBHbIE CAVCKW: OHW He MO3BOJIAOT HaM
Bbl6MpaTb onpesesneHHble AHW. OZHaKO HaM MOXeT MOHaA0bUTLCS CO34aTh CANCOK, COAePXKaLLniA
TO/IbKO MepBbIA, CPefHUA 1N NOCNeAHUI fAeHb paboden Hegenwn. [ns 3TOro Mbl UCMONb3yeM
cTaTUyeckuin npeaukar:

subtype Check_Days is Work Week
with Static Predicate => Check Days in Mon | Wed | Fri;

JlaBaliTe MOCMOTPUM Ha MOAHbIV NpUMep:

Listing 5: show_predicates.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Show Predicates is

type Week is (Mon, Tue, Wed, Thu,
Fri, Sat, Sun);

subtype Work _Week is Week range Mon .. Fri;

subtype Test_Days is Work Week
with Static Predicate =>
Test Days in Mon | Wed | Fri;

type Tests_Week is array (Week) of Natural
with Dynamic Predicate =>
(for all I in Tests Week'Range =>
(case I is

when Test Days =>
Tests Week (I) > 0,

when others =
Tests Week (I) = 0));

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

Num Tests : Tests Week :=
(Mon => 3, Tue => 0,
Wed => 4, Thu => 0,
Fri => 2, Sat => 0,
Sun => 0);

procedure Display Tests (N : Tests Week) is
begin
for I in Test Days loop
Put Line ("# tests on "
& Test Days'Image (I)
& " ="
& Integer'Image (N (I)));
end loop;
end Display Tests;

begin
Display Tests (Num Tests);

-- Assigning non-conformant values to

-- individual elements of the Tests Week
-- type does not trigger a predicate

-- check:

Num Tests (Tue) := 2;

-- However, assignments with the "complete"
-- Tests Week type trigger a predicate
-- check. For example:

-- Num Tests := (others => 0);

-- Also, calling any subprogram with
-- parameters of Tests Week type
-- triggers a predicate check. Therefore,
-- the following line will fail:
Display Tests (Num Tests);
end Show Predicates;

Runtime output

# tests on MON => 3
# tests on WED
# tests on FRI => 2

1l
\%
SN

raised ADA.ASSERTIONS.ASSERTION ERROR : Dynamic Predicate failed at show
~predicates.adb:58

3zecb y Hac ecTb MPUIOXEHME, KOTOPOE XOYeT MPOBOAUTL TECTbl TONbKO TPU AHSA B pabouel
Hegene. 3T AHW yKasaHbl B noatune Test Days. Mbl XOTUM OTCeXMBaTb KONNYECTBO TECTOB,
KOTOpble MPOBOAATCSH KaXAbli AeHb. Mbl obbaBnsem Tun Tests Week kak maccv, o6bekT
KOTOPOro 6yAeT coaep>XaTb KOJIMYECTBO TECTOB, BbIMOHAEMbIX KaXAbli AeHb. COrNacHoO HalmnM
TpeboBaHMAM, 3TU TecTbl 40XKHbI MPOBOAUNTHLCS TOMBKO B BhILLEYMOMSIHYThIE TPU AHS; B Apyrue
AHW HUKAKUX aHann30B MPOBOAUTL He crieayeT. DTo TpeboBaHMe peasn30BaHO C MOMOLLbH
AVHamun4yeckoro npeavkata Tuna Tests Week. HakoHel, dakTnyeckas nHopmaums o6 3Tmx
TecTax xpaHuTcs B Maccue Num_Tests, koTopebii ABnseTcs sk3emnnspom Tvna Tests Week.

AvHamundecknii npeamkaT TMna Tests Week nposepsieTcds BO Bpems  UMHMLMANM3aumm
Num Tests. Eciny Hac Tam byaeT HeCOOTBETCTBYHOLLLee 3HaYeHMe, MpoBepka He yaacTtcs. OgHako,
Kak Mbl BUAMM B Hallem npumMepe, N3MEHeHUs OTAeNIbHbIX 31EMEHTOB MacCcvBa He MPUBOAAT K
BbIMOMIHEHMIO MpPOBepKU. TakK MPOUCXOAMT MOTOMY, YTO MHULMANN3ALUA CNOXHON CTPYKTYpPbI
AAHHbBIX (Hanpumep, MaccMBOB WAM 3anuvceil) MoxeT TpeboBaTb BbIMONHEHUS HECKONAbKNX
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onepauuii npucBamBaHusa. OfHako, Kak TONbKO 06BLEKT nepeAaeTcsi B KayecTBe aprymeHTa
noAnporpamMmMe, AVHaMUYeCKUA NpeankaT NpoBepseTcsd, NOTOMY YTO MoAgnporpamMma Tpebyer,
UTObblI 06BEKT 6bIN COrnacoBaH. ITO NpoucxoanT npu BeizoBe Display Tests B mocnegHem
ornepatope Hallero npumepa. 3jecb NpoBepka MNpejukaTa BbI30OBeT OLUMOKY MOTOMY, 4TO
npejpljyLlee N3MeHeHMe NPUBOANT K HECOTIaCOBAaHHOMY 3HAUEHWHO.

16.3 NNlHBapuaHTbI TUNa

NHBapmaHTbl TMMOB - 3TO eLle OAWH CNOoCob onpejennTb OXUAAHUS OTHOCUTEeNbHO TMMOB. B
TO Bpemsi Kak npeankaTbl UCMOMb3YTCA A8 BCEX TUMOB, MHBApWaHTbl TUMOB NCMOb3YHOTCS
NCKNOYNTENBHO AN OnpeAeneHNst OXUAAHNA B OTHOLLEHWW IUYHbIX munos. Ecnn Tun T n3 naketa
P nMeeT nHBapmaHT TUNa, pe3ynbTaTbl onepauuni c obbekTtamum Tmna T Bcerga cornacyroTcs € 3Tum
NHBapPMaHTOM.

MHBapuaHTbl TUMOB yKa3blBalOTCA C MOMOLWb npeanoxeHus with Type Invariant =>
<CBOMCTBO>. [lofobHO npeaukaTtam, ceolicmeo onpefensieT ycloBMe, KOTOpOe MO3BoAseT
HaM KOHTPO/IMPOBaTb, COOTBETCTBYeT NN 06bekT Tuna T Hawwum TpeboBaHuAM. B 3TOM
CMbIC/Ie MHBAPWaHTbI TUMOB MOXHO paccMaTpMBaTh Kak CBOEro poja npeAukatbl ANs INUHbBIX
TMnoB. OAHaKo ecTb HeKoTOopble OTANYMS KacatoLmMecst MPOBEPOK. ITU OTANYUUS NPUBEAEHbI B
cnepytolein Tabavue:

SneMeHT lMpoBepkn NapamMeTpoB NoANpPorpaMmbl MpoBepkn NprCcBOEHNS

MpeaukaTtbl| Mo BcemM BXOAAWMM 1n U BbIXoAAwmm out | Mpy npucBavBaHUN U
napamertpam ABHbIX MHULMaNN3aLMax

WHBapuaHThIl[lo  napametpam  out, BO3BpaLleHHbIM 13 | Mpwn BCEX

TMMNOB NoANPOrpamMM, OOBAB/IEHHbLIX B TOM Xe BUAWUMOM | MHULMANN3aLMaX
pasgene

Mbl Mornu 6bl nepenncaTtb Hall I'IpeAbIAyLLI,I/IM npuMep n 3aMeHnTb gHaMn4yeckne npeankartbl
NHBaAPWMaHTaMn TUMOB. 370 BbIrNaAeno 6bl Tak:

Listing 6: show_type_invariant.adb

with Ada.Text IO; use Ada.Text IO;
with Ada.Strings.Unbounded; use Ada.Strings.Unbounded;
with Ada.Calendar; use Ada.Calendar;

with Ada.Containers.Vectors;
procedure Show Type Invariant is
package Courses is
type Course is private
with Type Invariant => Check (Course);

type Course_Container is private;

procedure Add (CC : in out Course Container;
€ ¢ Course);

function Init
(Name : String;
Start Date, End Date : Time) return Course;

function Check (C : Course) return Boolean;
private

type Course is record
(continues on next page)
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(continued from previous page)

Name : Unbounded String;
Start Date : Time;
End Date : Time;

end record;

function Check (C : Course) return Boolean is
(C.Start_Date <= C.End_Date);

package Course Vectors is new
Ada.Containers.Vectors

(Index Type => Natural,

Element Type => Course);

type Course_Container is record
V : Course Vectors.Vector;
end record;
end Courses;

package body Courses is
procedure Add (CC : in out Course Container;

c : Course) is
begin
CC.V.Append (C);
end Add;
function Init
(Name : String;
Start Date, End Date : Time) return Course is
begin
return
Course' (Name => To_Unbounded String (Name),
Start Date => Start Date,
End Date => End Date);
end Init;

end Courses;
use Courses;

CC : Course Container;
begin
Add (CC,
Init (Name => "Intro to Photography",
Start Date => Time Of (2018, 5, 1),
End Date => Time O0f (2018, 5, 10)));

-- This should trigger an error in the
-- type-invariant check
Add (CC,
Init (Name => "Intro to Video Recording",
Start Date => Time Of (2019, 5, 1),
End Date => Time Of (2018, 5, 10)));
end Show Type Invariant;

Build output

show_type invariant.adb:1:09: warning: no entities of "Ada.Text I0" are referenced,
~[-gnatwul

show_type invariant.adb:1:29: warning: use clause for package "Text I0" has no,
~effect [-gnatwul

Runtime output
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raised ADA.ASSERTIONS.ASSERTION ERROR : failed invariant from show type invariant.
~adb:10

OCHOBHOe OT/INYKe COCTOUT B TOM, UTO B npeabiayuiem ripnMepe tmn Course 6bin MOMHOCTLIO
OnuncaH B BMAMMOM pa3jesie rnaketa Courses, HO B 3TOM npmMmepe OH ABNIAETCA IMYHBbIM TUMOM.
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CHAPTER
SEVENTEEN

B3AVIMO/JENCTBUE C AA3bIKOM C

AZa No3BoOASET HAaM B3aMMOZENCTBOBaTb C KOAOM Ha MHOIMX sidbikax, Bkatodas C n C++. B 3TOM
pasgene 0bCyxaaeTcs, kak B3anmMoaencreoBats ¢ C.

17.1 MHoOrofiabl4HbIA NPOEKT

Mo ymonyaHuo npu mncrnonbzoBaHun gprbuild mbl KoMnUAMpyeM TONbKO UCXOAHble daiinbl
Aga. 4Tobbl ckomnuamposaTb ¢parinbl C, HaM HYXXHO M3MeHUTb $aiin NpoekTa, NCNoJb3yeMbli
gprbuild. Mbl go6aBnsiem 3anuncek Languages, kak B ciesytoLLem nprumepe:

project Multilang is
for Languages use ("ada", "c");

for Source Dirs use ("src");
for Main use ("main.adb");
for Object Dir use "obj";

end Multilang;

17.2 CornawieHue o Tunax

Ana B3anMOZENCTBMSA C TUNaMK AaHHbIX, O6BbSBAEHHbIMU B NpuioxeHun Ha C, HeobxoAnmo
ykasaTb acrnekt Convention B cooTBeTcTBYytOLLEM 06BSIBNEHUN TUNA Ada. B cneaytowem npumepe
BBOAMM MepeyncneHnmMblin Tun C_Enum, 4ns cOOTBETCTBYHOLLIErO TMMNa B UcxogHoM daiine C:

Listing 1: show_c_enum.adb

procedure Show C Enum is

type C_Enum is (A, B, ()
with Convention => C;
-- Use C convention for C Enum
begin
null;
end Show C Enum;

Ans B3aMMogeNcTBUS CO BCTPOeHHbIMM Tunamm C ucnonb3yetcs nakeT Interfaces.C
cozepXaLmii 60bLUNHCTBO HEOHXOAMMBIX ONpeseneHnii TMnoB. Hanpumep
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Listing 2: show_c_struct.adb

with Interfaces.C; use Interfaces.(C;
procedure Show C Struct is

type c_struct is record

a : int;

b : long;

C : unsigned;

d : double;
end record

with Convention => C;

begin
null;
end Show C Struct;

3aecb Mbl B3auMogeincteyeM co cTpyktypoit C(C_Struct) n ncnonbsyem COOTBETCTBYIOLLME TUMbI
AaHHbIx C (int, Long, unsigned 1 double). A BOT 06bsiBNeHMe B C:

Listing 3: c_struct.h

struct c_struct

{ 0
int a;
long b;
unsigned C;
double d;
+;

17.3 NoanporpamMmmsl Ha ApPYrux A3biKax

17.3.1 Bbi3oB noagnporpamm C ns Aasbl

Mbl NCMOb3YeM aHANOTUYHbIV MOAXOZ NPV B3aMMOZAECTBUM C MOAMPOrpaMMamMiu, HanmcaHHbIMU
Ha C. PaccMoTpuM cneaytollee o6bsBeHMe B 3aroloBoYHoM daline C:

Listing 4: my_func.h

int my func (int a);
BoT cooTBeTCTBYIOLWEe onpeseneHne yHKLMm Ha C:

Listing 5: my_func.c

#include "my func.h"

int my func (int a)

{
}

return a * 2;

Mbl MOXEM CBSA3aTb 3TOT KOZ C KOAOM Ha Aje, ykasbiBas acnekT Import. Hanpumep:
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Listing 6: show_c_func.adb

with Interfaces.C; use Interfaces.C;

with Ada.Text I0; wuse Ada.Text I0;
procedure Show C Func is
function my func (a : int) return int
with
Import => True,
Convention = C;
-- Imports function 'my func' from C.
-- You can now call it from Ada.
V : int;
begin

V :=my func (2);
Put Line ("Result is " & int'Image (V));
end Show C Func;

Mpy HEO6XOAMMOCTM MOXHO MCMONBb30BaTb APYroe UM NoAnporpamMmel B Agza koge. Hanpumep,
MOXHO Ha3BaTb ¢yHKUMIo Get Value:

Listing 7: show_c_func.adb

with Interfaces.C; use Interfaces.C;

with Ada.Text IO0; use Ada.Text I0;
procedure Show C Func is
function Get Value (a : int) return int
with
Import => True,
Convention = C,
External Name => "my func";
-- Imports function 'my func' from C and
-- rename it to 'Get Value'
V : int;
begin

V := Get Value (2);
Put Line ("Result is " & int'Image (V));
end Show C Func;

17.3.2 Bbi3oB Apa nognporpamm ms C

Bbl Takxe MoxeTe BbI3bIBaTb Afia nognporpammbl 13 C NPUAOKEHWIA. 3TO JenaeTcsa C MOMOLLHO
acnekTta Export. Hanpumep:

Listing 8: c_api.ads
with Interfaces.C; use Interfaces.C;
package C_API is
function My Func (a : int) return int

with
(continues on next page)
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Export => True,
Convention = C,
External Name => "my func";

end C API;
BoT cooTBeTCTBYIOLLEE TENO NakeTa ¢ peanusduyer 3Ton QyHKLNN:
Listing 9: c_api.adb
package body C API is
function My Func (a : int) return int is
begin
return a * 2;

end My Func;

end C _API;

Ha ctopoHe C Mbl senaem Tak, kak ecnm bbl PyHKLMS Hbina HanmcaHa Ha C: NpocTo 06bABsSEM ee
C NOMOLLIbIO KNtoYeBoro cnosa extern. Hanpumep:

Listing 10: main.c
#include <stdio.h>
extern int my func (int a);
int main (int argc, char **argv) {
int v = my func(2);
printf("Result is %d\n", v);

return 0;

}

17.4 BHeluHWe nepeMeHHble

17.4.1 Nicnonb3oBaHuMe rnobanbHbIX NepeMeHHbIX C B Age

UYT06bl NCMNONBL30BaTh rnobasnbHble nepemeHHble 13 C, Mbl UCMOb3YeM TOT XXe MeToZ, YTo U
ANS MoANPOrpaMM: Mbl ykasbiBaem acrnekTsl Import n Convention ans kaxzaoi nepemeHHoM,
KOTOPY Mbl XOTUM UMMOPTMPOBATb.

JaBanTe BOCMonb3yemcs MpUYMepPoOM M3 Mpeapigyllero pasgena. Mol Jo6aBUM r106anbHYO
nepemeHHyto (func_cnt) ana noacueta konnuecTsa Bbi3oBOB GyHKLMKM (my func):

Listing 11: test.h

extern int func_cnt;

int my func (int a);

MNepemeHHas obbaBneHa B dparine C v ysennymeaetca B my_func:
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Listing 12: test.c
#include "test.h"

int func _cnt = 0;

int my func (int a)

{

func_cnt++;

return a * 2;

}
B koze Ha AZle Mbl MPOCTO CCblINaeMCA Ha BHELLHIOH MepemMeHHyHo:

Listing 13: show_c_func.adb

with Interfaces.C; use Interfaces.C;
with Ada.Text I0; use Ada.Text I0;

procedure Show C Func is

function my func (a2 : int) return int
with
Import => True,
Convention => (;

V : int;
func_cnt : int
with
Import => True,
Convention = C;

-- We can access the func cnt variable
-- from test.c

begin
V :=my func (1);
V :=my func (2);
V :=my func (3);

Put Line ("Result is " & int'Image (V));

Put Line ("Function was called "
& int'Image (func_cnt)
& " times");
end Show C Func;

Kak Mbl BUAUM, 3anyctmB NpUNoOXeHne, 3SHa4yeHne CYeTYMKa - 3TO KOJIM4YeCTBO BbISOBOB my_func.

Mbl MOXeM ncnonb3oBaTb acnekT External Name, ecnn xoTuM cocnatbest Ha UMS OTANYHOE OT

HanmeHoBaHNA nepemeHHon B AZe, Kak Mbl 3TO Aenanun ans noanporpamMm.

17.4. BHelLUHMe NepeMeHHble
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17.4.2 Ncnonb3oBaHMe nepemMeHHbIX Aga B C

Bbl TakXe MOXeTe 1CMoNb30BaTh nepemMeHHbIE, 06bsIBNIEHHbIE B c|>a|7|nax Aza, B NPUNOXEHNAX C.
TOYHO TaK Xe, Kak Mbl Aeflanv And noanporpamMm, Bbl gefiaeTe 3TO C NOMOLLbH acneKkTa EXpO rt.

JaBaliTe MOBTOPHO BOCMO/b3yeMCS MPOLUAbIM MPUMEPOM N A06aBUM CYETUMK, aHaNOTMYHO
npeAblayLlemMy NprMepy, HO Ha 3TOT pas byjeM yBennumBaTb CHeTUMK B AJa KOAe:

Listing 14: c_api.ads

with Interfaces.C; use Interfaces.C;

package C_API is

func_cnt : int := 0
with
Export => True,

Convention => C;

function My Func (a : int) return int

with
Export => True,
Convention = (C,

External Name => "my func";

end C _API;
3aTeM nepemeHHas yeennumeaetcsa B My Func
Listing 15: c_api.adb
package body C_API is
function My Func (a : int) return int is
begin
func _cnt := func _cnt + 1;
return a * 2;

end My Func;
end C _API;
B npunoxeHnn C HaM MNPOCTO HY>XXHO 06BABUTL NepPeMeHHYH 1 UCMOb30BaTh ee:
Listing 16: main.c
#include <stdio.h>
extern int my func (int a);
extern int func_cnt;
int main (int argc, char **argv) {
int v;
v = my func(l);

\Y my func(2);
v = my_func(3);

printf("Result is %d\n", v);

printf("Function was called %d times\n", func_cnt);
(continues on next page)
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return 0;

}

OnaTb xe, 3anycTtmB NpunoxXxeHme, Mbl BUANM, YTO 3Ha4YeHNE CHETYMKA - 3TO KOJIMYECTBO BbI3OBOB
my_ func.

17.5 ABTOMaTMN4ecKoe co3aaHvie CBA30K

B npuBeseHHbIX Bbille MpUMepax Mbl BPYYHYH A06aBUAM acnekTbl B Hall Koz Aja, 4To6bl
OHW COOTBETCTBOBANM MCXOAHOMY Kogy C, C KOTOPbIM Mbl B3aUMOZeACTByeM. 3TO Ha3biBaeTCs
co3gaHneM cefasku. Mbl MOXeM aBTOMAaTMU3MpPOBAaTb 3TOT MPOLLECC, UCMOb3ys 0CObbIN KoY
KoMnuaaTopa Ana damna cneyudukayuu Ada: -fdump-ada-spec. Mbl NpounnCTpUpyem 370,
BEPHYBLUWNCb K Hallemy npejpbiayLiiemy nprmepy.

370 6bIN HaLL 3aroNoBoYHbIN dain C:

Listing 17: my_func.c

extern int func_cnt;

int my func (int a);

YT06bI CO34aTh CBA3KY Ha Afle, Mbl BbI3OBEM KOMMUAATOP CleAyroLnM 06pasom:
gcc -c -fdump-ada-spec -C ./test.h

PesynbTaTtom aensetcs dann cneuyndumkaumm Aga c umeHem test h.ads:

Listing 18: test_h.ads

pragma Ada 2005;
pragma Style Checks (0ff);

with Interfaces.C; use Interfaces.C;
package test_h is
func_cnt : aliased int; -- ./test.h:3
pragma Import (C, func_cnt, "func cnt");
function my func (argl : int) return int; -- ./test.h:5
pragma Import (C, my func, "my func");
end test h;

Tenepb Mbl NIPOCTO CCblIaeMcs Ha 3TOT nakeT test h B Hawem npunoxeHnn Aaa:

Listing 19: show_c_func.adb

with Interfaces.C; use Interfaces.C;
with Ada.Text I0; use Ada.Text IO0;
with test h; use test h;

procedure Show C Func is
V : int;
begin
V :=my func (1);
(continues on next page)
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V :=my func (2);
V :=my func (3);
Put Line ("Result is " & int'Image (V));

Put Line ("Function was called "
& int'Image (func _cnt)
& " times");
end Show C Func;

Bbl mOXxeTe YKa3aTb MMA pOAUNTENBCKOIo MOAYyNA CO34aBaeMblX CBA3OK B Ka4veCTBe onepaHia And
fdump-ada-spec:

gcc -c -fdump-ada-spec -fada-spec-parent=Ext C Code -C ./test.h
W nonyunm dann ext c code-test h.ads:

Listing 20: ext_c_code-test_h.ads
package Ext_C_Code.test_h is

-- automatic generated bindings...

end Ext C Code.test h;

17.5.1 ApanTayusa cBA30K

KoMmnunaTtop genaeTt Bce BO3MOXHOE MPW CO3JaHUM CBA3OK Ans ¢atina 3aronoska C. OgHako
Mbl MoJlydaemM [OCTaTOYHO XOPOLUWIA pe3ynbTaT W CreHepupoBaHHbIE CBA3KW He Bcerja
COOTBETCTBYIOT HalMM OXMAAHWAM. Hanpumep, Tak MOXeT NPOU30ATM MPU CO34aHNM CBA3OK
4na GYHKUMIA, KOTOPble MMEeLOT yKasaTen B KayecTBe apryMeHToB. B 3TOM cnyyae KOMMIUAATOP
MOXeT 1Ccnosib3oBaTh System.Address Kak TN O4HOIO NN HECKONIbKMX yKa3aTenen. XoTa aToT
noaxoA pabotaet HOPManbHO (Kak Mbl YBUAVM MO3Xe), 06bIYHO Yel0BeEK He TaK MHTepnpeTupyeT
3arofioBoYHbI ¢ain C. Cnedytomin NpUMep UAIOCTPUPYET 3Ty Npobiemy.

HauHem c Takoro 3aronoso4Horo ¢aina C:

Listing 21: test.h

struct test;

struct test * test create(void);

void test destroy(struct test *t);

void test reset(struct test *t);

void test set name(struct test *t, char *name);

void test set address(struct test *t, char *address);

void test display(const struct test *t);
W cooTeeTcTBYytOLLEN peann3auns Ha C:

Listing 22: test.c

#include <stdlib. h>
#include <string.h>
#include <stdio. h>
(continues on next page)
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#include "test.h"

struct test {

char name[80];
char address[120];
};

static size_t
strlcpy(char *dst, const char *src, size_t dstsize)
{
size t len = strlen(src);
if (dstsize) {
size_t bl = (len < dstsize-1 ? len : dstsize-1);
((char*)memcpy(dst, src, bl))[bl] = 0;
}

return len;

}
struct test * test create(void)
{
return malloc (sizeof (struct test));
}
void test destroy(struct test *t)
{
if (t != NULL) {
free(t);
}
}
void test reset(struct test *t)
{
t->name[0] = '\0';
t->address[0] = '\0"';
}

void test set name(struct test *t, char *name)

{
}

strlcpy(t->name, name, sizeof(t->name));

void test set address(struct test *t, char *address)

{

stricpy(t->address, address, sizeof(t->address));

}
void test display(const struct test *t)
{
printf("Name: %s\n", t->name);
printf("Address: %s\n", t->address);
}

Janee Mbl CO34a4AMM HaLUUN CBA3KU:

gcc -c -fdump-ada-spec -C ./test.h

OT0 co3gaeT cnegytowyto cneundukaymto B test h.ads:

(continued from previous page)
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Listing 23: test_h.ads
pragma Ada 2005;

pragma Style Checks (0ff);

with Interfaces.C; use Interfaces.(C;

with System;

with Interfaces.C.Strings;

package test_h is
-- skipped empty struct test
function test create return System.Address; -- ./test.h:5
pragma Import (C, test create, "test create");
procedure test destroy (argl : System.Address); -- ./test.h:7
pragma Import (C, test destroy, "test destroy");
procedure test reset (argl : System.Address); -- ./test.h:9
pragma Import (C, test reset, "test reset");
procedure test set name (argl : System.Address; arg2 : Interfaces.C.Strings.

»Cchars _ptr); -- ./test.h:11
pragma Import (C, test set name, "test set name");
procedure test set address (argl : System.Address; arg2 : Interfaces.C.Strings.
~chars ptr); -- ./test.h:13

pragma Import (C, test set address, "test set address");
procedure test display (argl : System.Address); -- ./test.h:15
pragma Import (C, test display, "test display");

end test h;

Kak Mbl BUAMM, reHepaTop CBS3KWM MOAHOCTbIO UrHopupyeT obbsasneHne struct test, n Bce
CCbUIKW Ha CTPYKTYpY test 3ameHsatoTca agpecamum (System. Address). Tem He MeHee, 3TV CBA3KM
AO0CTaTOYHO XopoLin, UTO6bI MO3BOJINTL HAM C034aTb TECTOBOE NPUIOXEHNE Ha A,u,a:

Listing 24: show_automatic_c_struct_bindings.adb

with Interfaces.C; use Interfaces.C;

with Interfaces.C.Strings; use Interfaces.C.Strings;
with Ada.Text I0; use Ada.Text I0;

with test h; use test h;

with System;
procedure Show Automatic C Struct Bindings is
constant chars ptr :=
New String ("John Doe");

Address : constant chars ptr :
New String ("Small Town");

T : System.Address := test create;

begin
test reset (T);
test set name (T, Name);
test set address (T, Address);

(continues on next page)
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test display (T);
test destroy (T);
end Show Automatic C Struct Bindings;

Mbl MOXEM ycrneLHo cobpaTh Takyto NporpaMMy, UCNo/b3ys aBTOMaTUYeCKU CreHepUPOBaHHbIe
CBSA3KW, HO OHW He naeanbHbl. BMecTo 3TOro Mbl Npeanoynu 6bl CBS3KM Ha Age, KOTopble
COOTBETCTBYHOT HaLLlei (UenloBeYecko) nHTepnpeTaumn dainna 3aronoska C. ITo TpebyeT py4HOro
aHanmsa ¢aiina 3aronosBka. XopoLuas HOBOCTb 3akK/1H04aEeTCs B TOM, UTO Mbl MOXEM MCMONb30BaTh
aBTOMaTUYeCKN CreHepupoBaHHbIe CBA3KM B KadecTBe OTMPABHOM TOUKW M afanTUpoBaTb UX K
HalMM noTpebHOoCTAM. Hanpumep, Mbl MOXeM:

1. Onpegennte TN Test Ha ocHoBe System.Address »n ncnonb3oBaTb ero BO BceX
COOTBETCTBYHOLLMX GYHKLMNSAX.

2. YpannTe npedukc test Bo BCcex onepaumsax ¢ Tunom Test.

BoT ntorosasa BepcuA CFIeLl,VICI)VIKaLLI/II/II

Listing 25: adapted_test_h.ads
with Interfaces.C; use Interfaces.C;
with System;
with Interfaces.C.Strings;
package adapted test h is

type Test is new System.Address;

function Create return Test;
pragma Import (C, Create, "test create");

procedure Destroy (T : Test);
pragma Import (C, Destroy, "test destroy");

procedure Reset (T : Test);
pragma Import (C, Reset, "test reset");

procedure Set Name (T : Test;
Name : Interfaces.C.Strings.chars ptr); -- ./test.h:11
pragma Import (C, Set Name, "test set name");
procedure Set Address (T : Test;
Address : Interfaces.C.Strings.chars ptr);
pragma Import (C, Set Address, "test set address");

procedure Display (T : Test); -- ./test.h:15
pragma Import (C, Display, "test display");

end adapted test h;
W 3TO cooTBeTCTBYIOLLEe Teno Ha Aze:

Listing 26: show_adapted_c_struct_bindings.adb

with Interfaces.C; use Interfaces.C;
with Interfaces.C.Strings; use Interfaces.C.Strings;
with adapted test h; use adapted test h;

with System;

(continues on next page)
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procedure Show Adapted C Struct Bindings is

constant chars ptr :
New String ("John Doe");
Address : constant chars ptr :
New String ("Small Town");

T : Test := Create;

begin
Reset (T);
Set Name (T, Name);
Set Address (T, Address);

Display (T);
Destroy (T);
end Show Adapted C Struct Bindings;

(continued from previous page)

Tenepb Mbl MOXEM MCNoAb30BaTb Tun Test un ero onepauvin B MOHATHON W y,CI,O6OLlI/ITBEMOI7I

dopwme.
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CHAPTER
EIGHTEEN

OBbEKTHO-OPUEHTUPOBAHHOE MPOrPAMMWNPOBAHWE

O6beKTHO-OpNeHTUPOBaHHOEe MnporpamMmmupoBaHue (OOMM) - 3To 6onbluas U pacnibiBYaTas
KOHUenumMs B £3blkaX MPOrpaMMMPOBAHNS, KOTOPas MMeeT TeHAEeHLMI0 BKI4aTb B cebs
MHOXECTBO Pa3/INYHbIX 3/IEMEHTOB, MOTOMY, 4YTO pasHble A3bIKM 4acTo peannsyroT CBoe
Co6CTBEHHOE BUEHMe 3TOM KOHLenuun, npesaras B YeM-TO CXO/HbIe, @ B YeM-TO OT/INYatoLLMeCs
peannsaumn.

Ho oaHa 13 mogenei, MOXHO CKa3aTb, «BblUrpana» OUTBY 3a 3BaHWSA "MCTUHHOMO" O6BEKTHO-
OPWEHTUPOBAHHOIO MOAXOAA, XOTA Obl, €CAN CyAUTb TONBKO MO MOMYASPHOCTU. 3TO MOAensb,
MCMoNb3yeTcs B A3blke NPOrpaMMIMPOBaHNS Java, 1 OHa OYeHb NOX0Xa Ha MOAE/b, UCMOJb3yeMyto
B C ++. BOT HekoTopble BaXHble XapaKTepUCTUKU:

* MNMponsBogHbIe TUMbI 1 pacluMpeHne TUNoB: BONbLUMHCTBO 06BbEKTHO-OPUNEHTNPOBAHHbLIX
A3bIKOB MO3BO/IAIOT MO/Ib30BaTENO A06aBNATL HOBbIE MOJSA B MPOU3BOAHbIE TUMBI.

* 3aMeHs1eMOCTb NOATUMOB: O6BbeKTbl TVN3, npon3BoAHOro oT 6a30BoOro Tuna, B HEKOTOPbIX
cnydadax, MoryTt ncrnosib3oBatbCA BMeECTO 06bekTOB 6a30BOro TUMa.

* NMonumopdunsm cpeapl BbINOAHEHWSA:  BbiI30B MoANpOrpaMMbl, 06bIYHO Ha3blBaEMO
MemoooM, NPUBA3aHHOM K TUMY O06beKkTa, MOXeT AucheyepusnpoBaThCcs BO BpeEMS
BbINOJ/IHEHWS MPOrpaMMbl B 3aBMCMMOCTU OT KOHKPETHOrO T1UMna obbekTa.

* NHKkancynauums: O61BbeKTbI MOTYT CKPbIBaTb HEKOTOPbIE CBOW JaHHbIE.

* PacwmpsiemocTb: Nosib3oBaTeNn "M3BHe" BaLllero nakeTa Uam jaxe Bcen Ballein 6ubnmoTexkm
MOTYT CO3/aBaTb MPOU3BOAHbLIE OT BalUMX O6BEKTHBLIX TUMOB U OMNPeAensTh UX NoBeAeHue
no cBoemy.

AZa NoABUNACh eLLe A0 TOro, Kak 06 beKTHO-0PMEHTMPOBAHHOE MPOrpPaMMUpPOBaHMe CTano Takum
VK MONYASPHBIM, KakK 1 cerogHs. HekoTopble MexaHM3Mbl U KOHLEMLWK N3 NPUBEAEHHOIO BbllLie
cnucka 6binv B caMoli paHHel Bepcun Afa elle Ao TOro, kak 6b110 406aBNeHO TO, UTO Mbl bl
HasBanu noggepxkoi OOI:

+ Kak Mbl BUgenn, NHKancynauma peaansoBaHa B AZe He Ha YpPOBHE ThMa, a Ha ypOBHE NakeTa.

* 3aMeHsIeMOCTb MOATUMOB MOXeT OblTb peann3oBaHa C WCMOAb30BaHMEM, Hy JAa,
MOATUMOB, KOTOPble VMEKT MOJHYI0 U "paspelunTenbHyr" (permissive) ctaTuyeckyro
MoZesib 3amellaeMocT. Bo Bpemsa BbIMNO/HEHWS 3aMeHa 3aBepLUnTCd HeyAauyHo, ecu
AVHaMMYeckme orpaHUYeHnst NOATUNA ByAyT HapyLUeHbI.

« Monnmopdur3mM BpemeHU BbLINMOMHEHNS MOXeT 6blTb peanr3oBaH C UCMO/b30BaHMEM
3anucen ¢ BapnaHTamu.

OfHaKo B 3TOM CMUCKe HET paclUMpeHNst TUMOB, eC/IN Bbl He CYMTaTb 3anuncy C BapuaHTamu, un
pacLIMpsaemMocTu.

Pepakuma Aza 1995 roga gobasuna GyHKLMIO, 3aNOAHSOWY Npobenbl, KOTopasi No3Bosuaa
NOASM NpoLLe NporpaMMupoBathb, ciedysd OOBbEeKTHO-OPUEeHTMPOBAHHOM nNapagurMe.  OTa
bYHKLNA Ha3bIBAETCHA me208bie munel.

Note: [lpumeuaHne: B Aga MOXHO HanucaTb NporpamMMy He Co3jaB Aaxke OAHOro Terosoro
Tna. Ecav Bbl NpegnoynTaeTe Takor CTUb NPOrPaMMUPOBAHNSA AW BaM B AaHHbII MOMEHT He
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HY>XXHbI TErOBbl€ TUTbl, 3TO HOPMaJibHO HE NCMNOJIb30BAaTb MX, KaK B Cjlydae N CO MHOTUMW APYTMA
BO3MOXHOCTAMU Abl.

Tem He MeHee, MOXET 0Ka3aTbCsl, UTO OHU - HAWAYULLINA CNOCO6 BbIpasnTb pelleHue Ballein
3aaun. A, pas aTo Tak, Yntarite ganblue!

18.1 MNMpousBoAHbIE TUNDI

Mpexae Yem NpeACTaBUTb TEroBble TUMbI, Mbl A0/MKHbI 06CYANTL TEMY, KOTOPOW Mbl Y>Ke Kacanuchb,
HO Ha camoM Jene He yrnybnanucb B Hee 40 CUX Nop:

Bbl MOXeTe co34aTb O4MH U HECKOJIbKO HOBBLIX TUMOB U3 Nro60oro TMNa A3bIka Aja. I'Ip0|/|3Bo,qu|e
TLMNbl BCTPOEHbI B A3bIK.

Listing 1: newtypes.ads

package Newtypes is
type Point is record
X, Y : Integer;
end record;

type New_Point is new Point;
end Newtypes;

HacnegoBaHve TMNOB NOJI€3HO ANA obecneuveHus CTpOFOI7I Tnnn3auynm, NOCKOJ/bKY CMCcTeMa TnoB
paccMaTpmBaeT 3T ABa TWIMa KakK HECOBMECTUMbIE.

Ho 3TUM Aeno He orpaHMYMBAETCA: CO3jaBasi MPOW3BOAHLIA TUM Bbl HacaeZyeTe OT Hero
MHoroe. Bbl HacegyeTe He TOIbKO NpPeACTaBNeHMe JaHHbIX, HO Takke MOXeTe yHacneAoBaTb U
nosejeHwue.

Korga Bbl HacnegyeTe TWM, Bbl Takke HaciezyeTe Tak HasblBaemble NMPUMUTUBHbIE OMepaLyu.
MpumumuegHas onepayus (MNN NPOCTO NPUMUMUE) - 3TO NMOAMPOrpamMma, NpMBs3aHHas K TUny. Aaa
onpeaensieT NPUMUTUBBI Kak MOAMPOrpamMmbl, onpejesieHHble B TOl Xe 061acTL, 4To 1 TUM.

Attention: O6paTuTe BHMMaHMe: NognporpamMma CTaHeT MPUMUTUBOM 3TOrO TMMa TONBKO B
TOM C/lyyae, ecnu:

1. MoagnporpamMmmMa o6bABASETCA B TOW e 061acTu, UTO U TUA U

2. Tun n noAgnporpaMMa o6bABAATCSA B MakeTe.

Listing 2: primitives.adb
with Ada.Text IO0; use Ada.Text IO;

procedure Primitives is
package Week is
type Days is (Monday, Tuesday, Wednesday,
Thursday, Friday,
Saturday, Sunday);

-- Print Day is a primitive
-- of the type Days
procedure Print Day (D : Days);
end Week;

package body Week is
(continues on next page)
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(continued from previous page)
procedure Print Day (D : Days) is
begin
Put Line (Days'Image (D));
end Print Day;
end Week;

use Week;
type Weekend_Days is new
Days range Saturday .. Sunday;

-- A procedure Print Day is automatically
-- 1nherited here. It is as if the procedure

-- procedure Print Day (D : Weekend Days);
-- has been declared with the same body

Sat : Weekend Days := Saturday;
begin
Print Day (Sat);
end Primitives;

Build output

primitives.adb:11:15: warning: procedure "Print Day" is not referenced [-gnatwu]
primitives.adb:32:03: warning: "Sat" is not modified, could be declared constant [-
~gnatwk]

Runtime output

SATURDAY

3T0T B/ Hacle4oBaHUA MOXeET ObITb OUEHb MOJIE3HBIM U He orpaHn4YmMBaeTCcd TUNnamMmm 3anucen
(Bbl MOXeTe UCMNoab30BaTb €ro u ANna ANCKPETHBLIX TUNOB, KakK B rnpuMmepe BblLLE), HO OH NNLLUb
BHeLLHe MOX0oX Ha O6'b€KTHO-OpI/IeHTVIpOBaHHOG HacnegoBaHme:

* 3anuncy He MOryT 6bITb paclUVpPeHbl C MOMOLLIbIO 3TOr0 MexaHu3ma. Bbl Takxe He MoxeTe
yKasaTb HOBOe NpejCTaB/eHVe 419 HOBOro TUMa: OHO Bcerga byaeT To Xe, 4To 1y 6a30BOro
TMna. (Mpum. nep: Ha caMoMm fene, 3TO He Tak 1N NMPOU3BOAHbIE TUMbl YaCTO NUCMOb3YHOTCS
YTOObI BbINONHATL NPeobpa3oBaHMe BHYTPEHHEro NpeACcTaBeHns TMna.)

* HeT BO3MOXHOCTU ANSt AVHAMWYECKOW AncneTyepusaumm nam nonumopdusma. ObbekTbl
NMeHT PUKCUPOBAHHbIN, CTaTUYECKU TUM.

EcTb v gpyrne pasnuums, HO MepedncnaTb WX BCe 34eCb HeT cMbicia. [1pocTo MOMHUTE, YTO
3Ty GOpMy HacnefoBaHUS Bbl MOXETE MUCMOJb30BaTh, eC/l XOTUTE MMEeTb TOJIbKO CTaTUYecku
yHacneAoBaHOe noBejeHVe, n3bexaTtb Ay61MpoBaHNSA KOAA M UCMOAb30BaHMUA KOMMO3ULUM, W
KOTOpOe BaM He MOAXOANT, eCNN BaM HY>XHbI Kakie-n1nmbo AnHaMmnyeckmne BO3MOXHOCTH, KOTOPbIe
06bI4HO accouummpytoTca ¢ OOr.
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18.2 TeroBble TUMNbI

Bepcus a3bika Aga 1995 roga npeactaBuna TeroBble TUMbl, YTObbI YAOBAETBOPUTL NOTPEOHOCTL
B eAVHOM peLleHWK, KOTOopoe MO3BO/SeT NPOorpaMMmMpoBaTb B 06bEKTHO-OPUEHTUPOBAHHOM
CTUNe, aHaNOrTMYHOM TOMY, UTO Bbla ONMCaH B Hayane 3Tol rnasbl.

TeroBble TWUMbl OYeHb MOXOXW Ha OBbIYHbIE 3aMUCK, 33 UCKIOYEHWeM TOro, YTo JobasneHa
cnegyroLas GyHKLMOHANbHOCTb:

* Tunbl UMEKT me2, XPaHALWMACA BHYTPU KaXAoro obbekTa W HeobXOAUMBIA YTO6bI
onpeaennTb TUM 06'beKTa BO BPEMS BbINOIHeHNs?

* 1A NPUMUTVBOB MOXET MPUMUHATLCS Ancnedepusauus. MpUMnTMB TeroBoro TMna - 310 To,
YTO Bbl 6bl Ha3BaNM Memodom BJava nnn C++. ECany Bac eCTb TUM, NPON3BOAHbIV OT 6a30BOr0O
TUNa C NepeonpejeneHHbIM NPUMNTUBOM, TO MPY Bbl30BE NPUMUTUBA A1 06beKTa, Kakow
NPUMNTVB BbI30BETCA ByAeT 3aBUCUTb OT TOYHOMO TUMNAa 06BbEKTa B MOMEHT UCMONHEHWS.

* BeBegeHbl cneuvanbHbie npasumia, no3BosidloLMe TeroBomMy Tuny, npom3sBogHOMY OT
6a30B0Oro T1Na, 6bITh CTATUUYECKM COBMECTUMbIM C 6a30BbIM TUMOM.

JaBaliTe NOCMOTPUM Ha HalLW NepBble 06 bABNEHNS TeroBoro Tmna:

Listing 3: p.ads

1 package P is

type My Class is tagged null record;
-- Just like a regular record, but
-- with tagged qualifier

A wWoN

6 -- Methods are outside of the type

7 -- definition:

8

9 procedure Foo (Self : in out My Class);

10 -- If you define a procedure taking a

1 -- My Class argument in the same package,
12 -- 1t will be a method.

13

1 -- Here's how you derive a tagged type:

15

16 type Derived is new My Class with record

17 A : Integer;

18 -- You can add fields in derived types.
19 end record;

20

21 overriding procedure Foo (Self : in out Derived);
2 -- The "overriding" qualifier is optional,
2 -- but if it is present, it must be valid.
2« end P;

Listing 4: p.adb
1 with Ada.Text IO0; use Ada.Text IO;

3 package body P is

4 procedure Foo (Self : in out My Class) is
5 begin

6 Put_Line ("In My Class.Foo");

7 end Foo;

8

9 procedure Foo (Self : in out Derived) is

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

begin
Put _Line ("In Derived.Foo, A ="
& Integer'Image (Self.A));
end Foo;
end P;

18.3 HapknaccoBble TUNDI

YT0bbl COXPaHWUTb COrNacoBaHHOCTb $3blka, HEO6XOAVMMO 6bII0 BBECTM HOBYHD HOTaLMIO,
0603HavaroLLyto: "laHHbI 06 bEKT OTHOCUTCH K 3STOMY TEeroOBOMY TUMY UK II0BOMY ero MoTomky".

B Age Mbl HasblBaeM 3T0 HadknaccosbiM munoM. OH mcnonb3yetca B OOM, Kak TONbKO Bam
NoHazobuUTCA NoAMMopdU3M. Hanpmmep, Bbl He MOXETe BbINOJIHUTL CedytoLune AenCTBAUS:
Listing 5: main.adb

with P; use P;

procedure Main is
01 : My Class;
-- Declaring an object of type My Class
02 : Derived := (A => 12);
-- Declaring an object of type Derived
03 : My Class := 02;
-- INVALID: Trying to assign a value
-- of type derived to a variable of
-- type My Class.

begin
null;

end Main;

Build output

main.adb:11:21: error: expected type "My Class" defined at p.ads:2
main.adb:11:21: error: found type "Derived" defined at p.ads:16
gprbuild: *** compilation phase failed

3TO CBSI3aHO C TeM, YTO 06bekT Tna T MmeeT B TOYHOCTU TUM T, HE3aBUCKMO OT TOro, ABasieTcs T
TEroBbIM UK HeT. TO, YTO NPOrPaMMUCT MbITAETCA TYT CKa3aTb, 3TO «A xouy, uTobbl O3 cogep>kan
ob6bekT Tna My Class wam ntoboro npomssogHoro ot My Class Tunax. BoT kak Bbl 3TO AenaeTe;

Listing 6: main.adb

with P; use P;

procedure Main is
01 : My Class;
-- Declare an object of type My Class

02 : Derived := (A => 12);
-- Declare an object of type Derived

03 : My Class'Class := 02;
-- Now valid: My Class'Class designates
-- the classwide type for My Class,
(continues on next page)
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(continued from previous page)

-- which is the set of all types
-- descending from My Class (including
-- My (Class).
begin
null;
end Main;

Build output

main.adb:4:04: warning: variable "01" is not referenced [-gnatwu]
main.adb:7:04: warning: "02" is not modified, could be declared constant [-gnatwk]
main.adb:10:04: warning: variable "03" is not referenced [-gnatwul

Attention: O6paT|/|Te BHNMaHWe: |_|OCKOI'Ibe 06beKT HaAKNacCoOBOro TUMa MOXeT 6bITb
pasmepom C nro6oro notomMmka ero 6a3oBoro TMna, To ero pasmep 3apaHee HeN3BECTEH. Taknm
o6pa30M, 3TO0 Heonpe,u,eneHan?l TN CO BCEMU OXNAAEMbIMU OFpPaHNYEHNAMN:

* OH He MOXeT 6bITb MCNO/Ib30BaH And MNoAs/KOMMOHEHTbI 3anNucun

* O6BbeKT HaAKacCOBOro TMMa AOMXKEH ObiTb MHWLMANN3MPOBAH HeMea/leHHO (Bbl He
MOXeTe OrpaHWYNTb TakoW TUM KaKUM-AMBO MHbLIM CNOCOBOM, KpOMe Kak MyTem ero
UHUUManmsaunn).

18.4 Onepauuu ancnetTyepmsauumu

Mbl yBUAENM, YTO MOXHO NepeonpesensTs onepaumin B TUMNax, NPOV3BOAHbLIX OT 4PYroro TeroBoro
TMna. KoHeuyHon uenbto OO ABASETCS BbIMNOMHEHME AUCNETYepU3VPYeMOro Bbi30Ba: KOrja
BbI30BaeMbIi MPUMNUTUB (MEeTOZ) ornpeenseTcs TOYHbIM TUMOM 06beKTa.

Ho ecnn 3agymatbces, nepemeHHasn Tmna My Class Bcerga cofepXuT 06bekT UMeHHO AaHHOro
Tvna. Ecnu TpebyeTca nepemeHHas, koTopas MoxeT cogepxatb My Class wnu nwoboin
NPOW3BOAHBIV TWM, OHa Ao/mKHa MMeTb TN My Class'Class.

Apyrymn cnoBamu, 4Tobbl caenaTb AUCMeTHepUsNpyeMblii BbI30B, Bbl AO/KHbLI CHaYana noay4vmTb
06BHEKT, KOTOPbIN MOXET UMeTb IGO0 KOHKPETHbIN TUM, IM60 NH60I TUMN, NPOU3BOAHLIM OT 3TOr0
KOHKPETHOro TUna, @ UMeHHO 061BEeKT HaAKNaCcCoBOro TuMa.

Listing 7: main.adb

with P; use P;
procedure Main is
01 : My Class;
-- Declare an object of type My Class

02 : Derived := (A => 12);
-- Declare an object of type Derived

03 : My Class'Class := 02;

04 : My Class'Class := 01;

begin
Foo (01);
-- Non dispatching: Calls My Class.Foo
Foo (02);
-- Non dispatching: Calls Derived.Foo
Foo (03);

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

-- Dispatching: Calls Derived.Foo

Foo (04);

-- Dispatching: Calls My Class.Foo
end Main;

Runtime output

In My Class.Foo
In Derived.Foo, A
In Derived.Foo, A
In My Class.Foo

12
12

BHMaHune

Bbl MoxeTe npeobpasoBatb 06bekT Tuna Derived B o6bekT Twna My Class. B Age 3To
Ha3blBaeTCs npeobpazosaHuem npedcmaesneHUa N NOoAe3HO, HanpuMep, ecin Bbl XOTUTE Bbi3BaTb
POANTENLCKN/ METOA,

B ToMm cnyyae, korga o6bekT AelicTBUTEeNbHO NpeobpasyeTtcd B 06bekT My Class, 4to BkroyaeT
n3meHeHMe ero Tera. MNockonbKy TeroBble 06beKTbl BCeraa nepeaatoTcs Mo Ccblike, Bbl MOXeTe
MCMOJIb30BaTb 3TOT BUA NMpeobpasoBaHWs A1A U3MeHEeHWUs COCTOAHUS obbekTa: M3MeHeHWs
B Npeobpa3oBaHHOM Ob6bekTe MOBAUAIT Ha opurnHan. (flpum. nep.: 3TO He TaK, TONbKO
npeobpasoBaHVe NpeAcTaBieHe No3BoAAEeT MEHATb OPUTMHAN.)

Listing 8: main.adb

with P; use P;

procedure Main is
01 : Derived := (A => 12);
-- Declare an object of type Derived

02 : My Class := My Class (01);

03 : My Class'Class := 02;
begin
Foo (01);
-- Non dispatching: Calls Derived.Foo
Foo (02);
-- Non dispatching: Calls My Class.Foo

Foo (03);
-- Dispatching: Calls My Class.Foo
end Main;

Runtime output

In Derived.Foo, A = 12
In My Class.Foo
In My Class.Foo
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18.5 ToueuHass HoTauunA

Bbl TakxXke MoXeTe BbI3blBaTb MPUMWUTMBBLI TEroBblX TWMOB C MOMOLLbLK HoTauuw, 6onee
NPVBbLIYHOM 06BEKTHO-OPUEHTUPOBAHHBIM MPOrpamMMuUCTaM.  YunTbiBasi NPUBEAEHHbIV Bbille
NPUMUTUB FOO, Bbl Tak)Ke MOXETE HanncaTb yKa3aHHYH Bbille NPOrpaMMy C/ieZyoLyM 06pasomM:

Listing 9: main.adb

with P; use P;

procedure Main is
01 : My Class;
-- Declare an object of type My Class
02 : Derived := (A => 12);
-- Declare an object of type Derived
03 : My Class'Class := 02;
04 : My Class'Class := 01;
begin
01.Foo;
-- Non dispatching: Calls My Class.Foo
02.Foo;
-- Non dispatching: Calls Derived.Foo
03.Foo0;
-- Dispatching: Calls Derived.Foo
04.Foo;
-- Dispatching: Calls My Class.Foo
end Main;

Runtime output

In My Class.Foo
In Derived.Foo, A
In Derived.Foo, A
In My Class.Foo

12
12

Ecnm grucnetuepesnpyroLumii napameTp NpUMUTUBA BASETCS NepBbIM NapamMeTpoM, Kak B HaLLMX
npviMepax, Bbl MOXeTe Bbl3BaTb MPUMUTUB, UCMONbL3Ys TOYeYHYH HOoTauumi. Bce ocTaslumecs
napameTpbl nepeAatoTcs 06bIYHbIM 06pa3oM:

Listing 10: main.adb

with P; use P;

procedure Main is
package Extend is
type D2 is new Derived with null record;

procedure Bar (Self : in out D2;
Val Integer);
end Extend;

package body Extend is
procedure Bar (Self : in out D2;

val : Integer) is
begin
Self.A := Self.A + Val;
end Bar;
end Extend;

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

use Extend;

Obj : D2 := (A => 15);
begin

Obj.Bar (2);

Obj .Foo;
end Main;

Runtime output

In Derived.Foo, A = 17

18.6 J/InuHble U NMMUTUPYEMbIE TUMbI C TeramMmwm

PaHee ™Mbl Bugenn (B rnaee Msosnayus (page 105)), 4TO TuUNbl MOryT ObiTb 06BABAEHb
JTVMUTUPYEMBIMU WU INYHBIMU.  ITU METOAbl UHKANCyNAUMY TakXe MOTryT MPUMEHATLCA K
TeroBbIM TUMaM, Kak Mbl YBUAVM B 3TOM pasgene.

JT0 npuMep MYHOIro TeroBoro Tuna:

Listing 11: p.ads

package P is
type T is tagged private;
private
type T is tagged record
E : Integer;
end record;
end P;

370 npuMep IMMNTNPyemMoro TeroBoro Tmrna:

Listing 12: p.ads

package P is
type T is tagged limited record
E : Integer;
end record;
end P;

EcTecTBEeHHO, Bbl MOXeTe KOMBUHNPOBATL Kak sumMumupyemsie, Tak U AU4Hble TUMNbl 1 06BbABUTL
JIMMUTUPYEMbIV TNYHBIT TErOBbIA TUM:

Listing 13: p.ads

package P is
type T is tagged limited private;

procedure Init (A : in out T);
private
type T is tagged limited record
E : Integer;
end record;
end P;
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Listing 14: p.adb
package body P is

procedure Init (A : in out T) is
begin

A.E := 0;
end Init;

end P;

Listing 15: main.adb

with P; use P;

procedure Main is
T1, T2 : T;
begin
T1l.Init;
T2.Init;

-- The following line doesn't work
-- because type T is private:

-- T1.E :=0,;

-- The following line doesn't work
-- because type T is limited:

-- T2 :=T1;
end Main;

O6patnTe BHMMaHWe, 4TO KOA B npouesype Main wmeeT zBa onepatopa MpuUCBavBaHWS,
KOTOPble BbI3bIBAOT OLLNGOKM KOMMAUASLN, MOTOMY YTO TUM T SIBASETCA NUMUTUPYEMBIM INYHBIM.
®aKTNYeCKy, Bbl HE MOXeTE!

* npucBavBatb T1.E HenocpeacTBeHHO, NOTOMY UTO TUM T ABAAETCH INYHbIM,;
* npucBavBaTb T1 B T2, nOoTOMY UTO TN T OrpaHnyeH.

B sTOoMm ciydae HeT pasinyua mexagy TeroBumMm tmnamm M TUunamu 6e3 Teros: 3TN OLWINGKWK
KOMMOUAALUNN Tak>Ke MOTYT BO3HMKATb U AN1d HETErOBbIX TUMOB.

18.7 HapgknaccoBble CCbI/IOYHbIE TUMbI

B 3TomM pasgene Mbl 06CyAMM MNoONe3HbIA  WabNOH AN O06beKTHO-OPUEHTUPOBAHHOIO
NPOrpaMMmnpoBaHunsa B Afe: HafKNaccoBble CCbIIOYHbIe TUMbl. HauHeM ¢ nprmMepa, B KOTOPOM Mbl
06BbABNSEM TeroBblin TN T 1 Npon3BoAHbLIA TN T New:

Listing 16: p.ads

package P is
type T is tagged null record;

procedure Show (Dummy : T);

type T_New is new T with null record;

(continues on next page)
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procedure Show (Dummy : T New);
end P;

Listing 17: p.adb
with Ada.Text IO; use Ada.Text IO;

package body P is

procedure Show (Dummy : T) is
begin
Put_Line ("Using type "
& T'External Tag);
end Show;

procedure Show (Dummy : T New) is
begin
Put_Line ("Using type "
& T New'External Tag);
end Show;

end P;

O6paTnTe BHMMaHMe, Kak Mbl MCMOAb3yeM nycTble 3anucn aaa tmnos T v T_New. XoTs 3Tn
TUMbI HA CAMOM Jiefie He UMEeT KakUX-IMBO KOMMOHEHT, Mbl MO-NPexXHeMy MOXeM NCM0JIb30BaTb
X AN AeMOHCTpauumn agmcnetyepmsaumn. Takke obpaTuTe BHMMAaHMKE, YTO B MPUBELEHHOM
BblLLe npumMmepe ncnonb3yetca atpubyT 'External Tag B peanusaumm npouesypbl Show gns
MoNyYeHNs CTPOKM C Ha3BaHVIEM COOTBETCTBYHOLLIEro TeroBoro Tmna.

Kak Mbl BuAenv paHee, Mbl JOMXHbl MCMOMb30BaTb HAAKAACCOBLIA TUM AN CO3Z4aHUs
061EKTOB, KOTOPbIE MOTYT BbINONHATL AUCNeTYepesrpyemble Bbi30Bbl. ApyruMu cnoBamu, 6yayT
AncneTyepursnpoBaTbcs 06bekTbl Tvna T' Class. Hanpumep:

Listing 18: dispatching_example.adb

with P; use P;

procedure Dispatching Example is
T2 : T New;
constant T'Class := T2;
begin
T Dispatch.Show;
end Dispatching Example;

Runtime output

Using type P.T NEW

Bonee nmonesHbIM NpuoXeHneM ABASETCA 06bSBNEHE MAaCcCMBa 06bEKTOB, ANt KOTOPbIX byaeT
BbINONHATLCS AUcneTyepmsaumsa. Hanprmep, Mbl xoTenn 6bl 06baBUTE MaccnB T_Arr, nepebpatb
B LMK/Ie 3TOT MACCMB W BbIMONHUTb AMCNETHEPU3aLMIO B COOTBETCTBUM C GaKTUYECKUM TUMOM
KaXAoro oTAeNbHOro 31emMeHTa Macc1Ba:

for I in T Arr'Range loop
T Arr (I).Show;
-- Call Show procedure according
-- to actual type of T Arr (I)
end loop;

OAHaKo HernocpeACTBEHHO 06BABUTL MacCMB C 3neMeHTamMu T' Class HEBO3MOXHO;

18.7. HaaknaccoBble CCbI/IOYHbIE TUMbI 185



W X N O U A W N =

- o

W P N O U AW N =

oor W =

BBepeHuMe B i3bIK NporpammupoBaHus Ada

Listing 19: classwide_compilation_error.adb

with P; use P;

procedure Classwide Compilation Error is
T Arr : array (1 .. 2) of T'Class;

-- Compilation Error!
begin
for I in T Arr'Range loop
T Arr (I).Show;
end loop;
end Classwide Compilation Error;

Build output

classwide compilation error.adb:4:31: error: unconstrained element type in array,,
~declaration
gprbuild: *** compilation phase failed

B camoM gene, KOMAUNSTOP He MOXET 3HaTb, Kakol TUM pakTnyeckn byaeT Ncnonb3oBaTbCa ANs
KaXAoro sanemeHTa Maccmea. Ho, eciv Mbl MCNOb3yeM AMHaMUYeckoe pacnpejeneHe namsaTtn
MNCNONb3Ysl CCbIIOYHbIE TUMbI, Mbl CMOXeM BbIAeNATb 06BbEKThbl Pa3HbIX TUMOB A5 OTAE/bHbIX
anemeHTOB MaccmBa T _Arr. Mbl genaem 3TO C MOMOLLLIO HAAKNACCOBBLIX CCbIIOYHbIX TUMOB,
KOTOpble UMEIOT CiesytoLLnii opmar:

type T_Class is access T'Class;

Mbl MOXeM Mepenucatb npeapigywinin npumep, mcnonbsysa tun T _Class. B 3tom cnyyae
ANHaMNYeCcK BbljenseMble 06BeKTbl 3TOr0 TMMNa byAyT ANCheTYepr3poBaThCA B COOTBETCTBUN C
baKTMUeCKNM TUMOM, UCMO/b3YeMbIM BO BPeMs BbiZeneHus. Takke faBaiiTe fo6asuM npoLeaypy
Init, koTopas He ByseT nepeonpeaeneHa Ans nponssogHoro Tmuna T_New. 3To afanTMpPOBaHHLIN
KOA:

Listing 20: p.ads
package P is
type T is tagged record
E : Integer;
end record;
type T_Class is access T'Class;
procedure Init (A : in out T);
procedure Show (Dummy : T);
type T_New is new T with null record;

procedure Show (Dummy : T New);

end P;

Listing 21: p.adb
with Ada.Text IO; use Ada.Text IO;

package body P is

procedure Init (A : in out T) is
(continues on next page)
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begin
Put_Line ("Initializing type T...");
A.E := 0;

end Init;

procedure Show (Dummy : T) is
begin
Put_Line ("Using type "
& T'External Tag);
end Show;
procedure Show (Dummy : T New) is
begin
Put_Line ("Using type "
& T New'External Tag);
end Show;

end P;

(continued from previous page)

Listing 22: main.adb

with Ada.Text IO; use Ada.Text IO;

with P; use P;
procedure Main is

T Arr : array (1 .. 2) of T Class;
begin

T Arr (1) := new T;

T Arr (2) := new T New;

for I in T Arr'Range loop
Put Line ("Element # "
& Integer'Image (I));

T Arr (I).Init;
T_Arr (I).Show;
PUt_Line (" ___________ u);
end loop;
end Main;

Runtime output

Element # 1
Initializing type T...
Using type P.T
Element # 2
Initializing type T...
Using type P.T NEW

B aTom npumepe nepBbili anemeHT (T_Arr (1))wmeetr tvn T, a BTOpoi anemMeHT - Tn T_New. Mpwn
3anycke npumMmepa npouegypa Init tmna T BbI3biBaeTCa 415 06omx anemeHToB MaccmBa T_Arr,
B TO BpeMmsl, Kak BbI30B rnpouesypbl Show BelbepeT Hy>XHY npoLeaypy B COOTBETCTBMN C TUMOM
Kaxgoro anemeHta T_Arr.
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CHAPTER
NINETEEN

CTAHAAPTHASA BUBJIMOTEKA: KOHTEMHEPDI

B npeablayLLmx rnasax Mbl UICMOAb30BaAN MAaCcCUBLI B KauecTBe CTaHAAPTHOMO crnocoba, KoTophbIi
rpynnupyeT HECKONbKNX 06 beKTOB ONpeAeneHHoro Tmna AaHHblX. Bo MHOrmx ciyyasx mMaccuBbl
[OCTaTOYHO XopoLn Ans paboTbl € rpynpoii o6bekToB. OfHako 6bIBAOT CUTyaLMK, KOTOpble
TpebytoT 6onbluert rMbkoCcT 1 6onee coBeplUeHHble onepauuvih.  [as 3Tux ciyyaeB Aga
npefoCcTaBnseT MNOAAEPXKY KOHTEMHEpPOB - TakMX Kak BEKTOPbl M MHOXeCTBa - B CBOEW
CTaHAapTHOW brubanoTeke.

34ecb Mbl NpeAcTaBseM BBejeHMe B KOHTeliHepbl. CNUCOK BCeX KOHTeMHepoB, NMEIOLLMXCS B
Age, cMm. B lMprnoxeHnn B.

19.1 BekTophbl

B caegyrolnmx pasgenax Mbl nNpeactaBadem O6LLI,I/II7I O630p BEKTOPOB, BK/AK4YadA CO34aHne
3K3eMMNAAapoB, NHMUMann3ayno n onepaunn C sneMeHTaMm BeKTopa n CaMmnMim BeKToOpaMu.

19.1.1 Co3paaHwme 3K3eMnasapa

BoT npumep, nokasbiBatoLMii HACTPOIKY 1 0bbABNeHne BekTopa V:

Listing 1: show_vector_inst.adb

with Ada.Containers.Vectors;
procedure Show Vector Inst is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

V : Integer Vectors.Vector;
begin

null;
end Show Vector Inst;

Build output

show vector inst.adb:10:04: warning: variable "V" is not referenced [-gnatwu]

KOHTEI7IHepr OCHOBaHbI Ha HacTpanBaeMbIX MakeTax, NMoO3TOMY Mbl HE MOXEM TMPOCTO 06bsBUTL
BEKTOP, KaK ecnn 6bl 06BABAANN MACCUB onpejeneHHoro tnna:

A : array (1 .. 10) of Integer;
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BmecTo 3TOro Ham cHavana Hy>XkHO Co34aTh 3K3eMnAap OAHOro U3 3TUX NakeToB. Mbl UCNOb3yeM
nakeT KOHTeHepa (B gaHHOM cny4vae Ada.Containers.Vectors) n HacTpavBaem ero, 4tobbl
CO3JaTb 3K3eMNAsSp HacTpanuBaeMoro naketa AN XenaemMoro Tuna. ToJIbKO 3aTeM Mbl CMOXEM
06BABUTL BEKTOP, UCMOb3ysa TUM U3 CO34aHHOrO nakeTta. Takas HacTpolika Heobxoauma Ans
Nnob0oro TMNa KoHTelHepa cTaHAaPTHOW BMbanoTeKu.

Mpu HacTpoiikn ak3eMnnapa Integer Vectors Mbl ykasbiBaeM, UTO BEKTOP COAEPXKUT 31€MEHThI
Tvna Integer, yka3biBas ero kak Element Type. MoactaBnsas ans Index Type tvun Natural,
Mbl yKa3blBaeM, YTO AOMNYCTUMbIA ANANa3oH MHAEKCA BKAKOUaeT BCe HaTypasbHble vncna. lMpu
XenaHuu Mbl MOTAV 6bl UCMONL30BaTb 60ee OrpaHNYEHHbIV Ananas3oH.

19.1.2 NHnuymanmnsauua

OAVH 13 cnocob0B MHMLMANN3aLMM BEKTOPA - 3TO KOHKATEHaLWs 31eMeHTOB. Mbl UCMOAb3yeMm
onepaTop &, Kak MOKa3aHo B C/iefytoLLeM NpuMepe:

Listing 2: show_vector_init.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO0; use Ada.Text IO;
procedure Show Vector Init is

package Integer_Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

V : Vector := 20 & 10 & 0 & 13;
begin
Put Line ("Vector has "
& Count Type'Image (V.Length)
& " elements");
end Show Vector Init;

Build output

show vector init.adb:15:04: warning: "V" is not modified, could be declared,,
~constant [-gnatwk]

Runtime output

Vector has 4 elements

Mbl ykasbiBaem use Integer Vectors, 4tTobbl noayunTb NpAaMor 4OCTYMN K TUNAaM 1 ornepaumam
13 CcO3A4aHHOro naketa. Kpome Toro, npmmep 3HaKOMUT Hac C eLlle OAHON onepaumer BekTopa:
Length, oHa BoO3BpallaeT KOANYECTBO 3/IeMEHTOB B BekTope. Mbl MOXEM WCMoJib30BaThb
TOUEYHYH HOTauuMto, NoToMy 4To Vector - 37O TeroBbI TWM, 1 3TO NO3BO/SET HaM NNCaTb, Kak
V.Length, Tak n Length (V).

190 Chapter 19. CtaHaapTHas 6nbnmorteka: KoHTeiHepbl



BBepgeHuMe B A3bIK NporpammupoBaHus Ada

19.1.3 [lo6aBneHue 3neMeHTOB

Bbl fo6aBnsieTe 31eMeHTbI B BEKTOP C NMOMOLLbIO onepaumii Prepend n Append. Kak cnegyeT n3
Ha3BaHWiA, 3TV onepaunn 406aBASIOT 31EMEHTbI B Ha4ano UK KOHEL, BEKTOPa COOTBETCTBEHHO.

Hanpumep:

Listing 3: show_vector_append.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO; use Ada.Text IO;
procedure Show Vector Append is
package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

V : Vector;
begin
Put Line ("Appending some elements to the vector...
V.Append (20);
V.Append (10);
V.Append (0);
V.Append (13);
Put Line ("Finished appending.");

Put _Line ("Prepending some elements to the vector..

V.Prepend (30);

V.Prepend (40);

V.Prepend (100);

Put Line ("Finished prepending.");

Put Line ("Vector has "
& Count _Type'Image (V.Length)
& " elements");

end Show Vector Append;

Runtime output

Appending some elements to the vector...
Finished appending.

Prepending some elements to the vector...
Finished prepending.

Vector has 7 elements

)8

B aTOoM npuMepe anemeHTbI MOMELLAIOTCA B BEKTOP B C/iedytoLLelt nocneoBatensHocTy: (100, 40,

30, 20, 10, 0, 13).

CnpaBquoe PYKOBOACTBO YKa3blBa€T, UTO C/TOXKHOCTb HanmxyALlero ciy4asd 40/KHa ObIThb:

* O(log N) ans onepauum Append n
* O(N log N) ansa onepauumn Prepend.

19.1. BekToOpbI
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19.1.4 [ocTyn K nepBoMy 1 nocsiegHemMy 3/ieMeHTaMm

Mbl nosyyaem JOCTyn K MepBoMy W MOCAeAHEMY 3/1eMeHTaM BeKTopa C MOMOLLbI QYHKLNIA
First Element w Last Element. Hanpumep:

Listing 4: show_vector_first_last_element.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO; use Ada.Text IO;
procedure Show Vector First Last Element is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

use Integer Vectors;

function Img (I : Integer) return String
renames Integer'Image;

function Img (I : Count Type) return String
renames Count Type'Image;

V : Vector := 20 & 10 & 0 & 13;
begin

Put Line ("Vector has

& Img (V.Length)

& " elements");

-- Using V.First Element to

-- retrieve first element

Put Line ("First element is
& Img (V.First Element));

-- Using V.Last Element to
-- retrieve last element
Put Line ("Last element is "
& Img (V.Last Element));
end Show Vector First Last Element;

Build output

show vector first last element.adb:20:04: warning: "V" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

Vector has 4 elements
First element is 20
Last element is 13

Bbl MOXeTe NMOMeHATb MecTaMu 371eMeHTbl C MOMOLLbIO NpoLeaypbl Swap, nepesas el Kypcopel
Ha MepBblil 1 NOCNeAHWNIA SNeMeHTbl BeKTOpa noaydeHHble dyHKkumsamMu First n Last. Kypcop
MNCNONB3YHTCS NPU Nepebope 3N1eMeHTOB KOHTelHepa W AN yKa3aHWs Ha OTAeNbHble ero
3N1eMeHTHl.

C nomMoLbl 3TUX onepau,mm Mbl MOXeM HanmcaTtb Koj, UTO6bI MOMEHATL MecTamMu HepBbIVI 7
rnocieAHVIN 31eMEeHThI BeKTOpa:
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Listing 5: show_vector_first_last_element.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO0; use Ada.Text IO;
procedure Show Vector First Last Element is

package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

function Img (I : Integer) return String
renames Integer'Image;

V : Vector := 20 & 10 & 0 & 13;

begin
-- We use V.First and V.Last to retrieve
-- cursor for first and last elements.
-- We use V.Swap to swap elements.
V.Swap (V.First, V.Last);

Put Line ("First element is now "
& Img (V.First Element));
Put Line ("Last element is now "
& Img (V.Last Element));
end Show Vector First Last Element;

Runtime output

First element is now 13
Last element is now 20

19.1.5 Utepauusna

Camblli NpocTol cnocob nepebpaTtb 3neMeHTbl KOHTeliHepa - ucnons3osatb uukn for E of
Our_Container. 370 gaeT HaMm ccbinky (E) Ha anemMeHT B TekyLlel No3nymun. 3aTeM Mbl MOXeEM
ncnonb3oBaTh E HenocpeacTtBeHHO. Hanpumep:

Listing 6: show_vector_iteration.adb
with Ada.Containers.Vectors;
with Ada.Text I0; use Ada.Text IO;
procedure Show Vector Iteration is
package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

use Integer Vectors;

function Img (I : Integer) return String
(continues on next page)
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(continued from previous page)

renames Integer'Image;

V : Vector :=20 & 10 & 0 & 13;
begin
Put Line ("Vector elements are: ");

-- Using for ... of loop to iterate:

for E of V loop
Put Line ("- " & Img (E));
end loop;

end Show Vector Iteration;

Build output

show vector iteration.adb:17:04: warning: "V" is not modified, could be declared,
~constant [-gnatwk]

Runtime output

Vector elements are:
- 20
- 10
-0
- 13

OTOT KOZ 0TObpaxaeT KaXAblh anemMeHT BekTopa V.

MocKoNbKy y Hac ecTb CCblika, Mbl MOXEM O0TOBpPasUTb He TOMbKO 3HayYeHWe 31eMeHTa, HO U
N3MEHUTb ero. Hampumep, Mbl MOTAN 6bl IEFKO 3aMWCaTb LUK/, YTOBbI 40BABUTE eANHWLY K
KaXxzoMy 31eMeHTy BekTopa V:

for E of V loop
E :=E + 1;
end loop;

Mbl Takxke MOXeM WCMoAb30BaTb WHAEKCHl AN JOCTyna K 371emMeHTam Bektopa. Popmart
aHanorn4yeH LMKy Nno 3nemMeHTaM Maccumea: Mbl Ucnonb3yem B uukne for I in <range>.
AnanasoH ctpoum 13 V.First Index n V.Last Index. Mbl MOXeM 06paTUTLCS K TekyLiemy
3/1eMeHTy, NCNOob3ysa onepaunio nHAeKcnposaHua maccnea: V' (I). Hanpumep:

Listing 7: show_vector_index_iteration.adb

with Ada.Containers.Vectors;
with Ada.Text IO0; use Ada.Text IO;
procedure Show Vector Index Iteration is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

use Integer Vectors;

V : Vector := 20 & 10 & 0 & 13;
begin
Put Line ("Vector elements are: ");
(continues on next page)
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-- Using indices in a "for I in ...

-- to iterate:

loop

for I in V.First Index .. V.Last Index loop

-- Displaying current index I
Put (II_ [II
& Extended Index'Image (I)
& II] II);

Put (Integer'Image (V (I)));

-- We could also use the V.Element (I)
-- function to retrieve the element at

-- the current index I

New Line;
end loop;

end Show Vector Index Iteration;

Build output

show_vector_index iteration.adb:14:04:

~declared constant [-gnatwk]

Runtime output

Vector elements are:

- [ 0] 20
- [ 11 10
-[2] ©

- [ 31 13

warning:

(continued from previous page)

"V" is not modified, could be,

34ecb, NOMMMO BbIBOJA 3/IEMEHTOB BEKTOPA, Mbl TakXKe nevataeM Kaxablii MHAeKC I, TO4HO Tak
Xe, Kak TO, YTO Mbl MOXeM cAenaTb ANA MHAEKCOB MaccuBa. [oayyunTb 31eMeHT MOXEHO, Kak C
nomMoLLbto KpaTkoi popmbl V- (1), Tak 1 ¢ nomousio Bbi3oBa GyHKUMK V.Element (I), HO He

kak V.I.

Kak ynomuHanocb B npegpiayliemM pasgene, Kypcopbl MOXHO MCMOAb30BaTh ANA UTepauum no
KOHTeHepaM. [nsa atoro ncnonesyinte dyHkumto Iterate, kotopas BblgaeT Kypcopbl 419 KaX A0
nosvuumn B Bektope. CooTBeTcTBYyHOWMI UMK nmeeT ¢popmaT for C in V.Iterate Tloop.
Kak n B npeabigyLiemMm nprMepe ¢ 1UCMO/b30BaHMEM NHAEKCOB, MOXHO CHOBAa MOAY4YnUTb JOCTYNM

K TeKyLLieMy 31eMeHTy, UCNOob3ys Kypcop B kayecTBe nHAekca maccvea Vo (C). Hanpumep:

Listing 8: show_vector_cursor_iteration.adb

with Ada.Containers.Vectors;

with Ada.Text IO; use Ada.Text IO;

procedure Show Vector Cursor Iteration is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

use Integer Vectors;

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

V : Vector := 20 & 10 & 0 & 13;
begin
Put Line ("Vector elements are: ");

-- Use a cursor to iterate in a loop:
for C in V.Iterate loop
-- Using To Index function to retrieve
-- the index for the cursor position
Put ("- ["
& Extended Index'Image (To Index (C))
& "1 ");

Put (Integer'Image (V (C)));

-- We could use Element (C) to retrieve
-- the vector element for the cursor
-- position

New Line;
end loop;

-- Alternatively, we could iterate with a
-- while-loop:

-- declare

- - C : Cursor := V.First;

-- begin

-- while C /= No Element loop
-- some processing here. ..

- - C := Next (C);
- - end loop;
-- end;

end Show Vector Cursor Iteration;

Build output

show vector cursor iteration.adb:14:04: warning: "V" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

Vector elements are:

- [ 0] 20
- [ 11 10
-[2] o

- [ 31 13

Mbl Takxke Morav 6bl mcnonb3oBatb 6onee aanHHyo dopmy Element (C), Bmecto V. (C),
ANA JoCTyna K 31eMeHTy B uukne. B 3ToM npumepe Mbl ncnonbsyem ¢yHKumo To Index ans
nonyyeHns NHAeKCa, COOTBETCTBYHOLLLEro TekyLLeMy Kypcopy.

Kak nokasaHo B KOMMEHTapUsAX MOC/e LMKA, Mbl TakKe MOXeM 1CMo/b30BaTh Lk while
loop 4na npoxoga no BekTopy. B 3TOM ciiyyae Mbl AOMKHBI HaYaThb C Kypcopa nepBoro afiemeHTa
(monyyeHHoro ¢ nomMoLubto BbizoBa V.First), a 3atem BeizbiBaTh Next (C), utobbl nonyuntb
Kypcop ana nocnegyrowimx sanemeHtoB. dPyHkuma Next (C) sosspaiiaetr No Element, koraa
Kypcop JOCTUraeT KOHLa BekTopa. Mcnonb3ys Kypcop Bbl MOXeTe U3MEHATb 3/1eMeHThl BEKTOPa
HenocpesCTBEHHO.
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BOT Kak 3TO BbIFNAANT npn Ncnoib3oBaHM, Kak NHAEKCOB, TaK N KYpCOpPOB:

-- Modify vector elements using index

for I in V.First Index .. V.Last Index loop
V (I) :=V (I) + 1;

end loop;

-- Modify vector elements using cursor
for C in V.Iterate loop

V (C) :=V (C) + 1;
end loop;

CnpaBoYHOe pyKOBOACTBO TpebyeT, UTobbl CNOXHOCTb AOCTYNa K 3/1eMEHTY B HauUXyALLeMm ciydae
coctaensana O (log N).

Apyro cnocob M3MeHeHWs 31eMeHTOB BeKTOpa - WCMONb30BaHWe npoyedypsl obpabomku,
KOTOpasi MosyYaeT OTAeNbHbIN 31eMEHT 1 BbINOMHAET Haj HAM HeKoTOopyro paboTy. Bbl MoxeTe
Bbi3BaTb Update Element, nepeaas kypcop v cCynky Ha npouegypy obpebotkn. Hanpumep:

Listing 9: show_vector_update.adb

with Ada.Containers.Vectors;
with Ada.Text IO; use Ada.Text IO;
procedure Show Vector Update is

package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

procedure Add One (I : in out Integer) is
begin

I =1+ 1;
end Add One;

V : Vector := 20 & 10 & 12;
begin

-- Use V.Update Element to process elements

for C in V.Iterate loop
V.Update Element (C, Add One'Access);
end loop;

end Show Vector Update;

Build output

show_vector_update.adb:3:09: warning: no entities of "Ada.Text IO" are referenced,
~[-gnatwu]

show vector update.adb:3:19: warning: use clause for package "Text IO" has no,
weffect [-gnatwu]
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19.1.6 NMoONCK N N3MEHEeHMe 3/1IeMEeHTOB

Bbl MoOXeTe HailTh onpejeneHHbld 31eMeHT B BeKTOpe W MOAYYUTb ero nHAekc. PyHKLUS
Find Index BepHeT WHAEKC MepBOro 3NeMeHTa, COOTBETCTBYIOLLErOo WCKOMOMY 3HAYeHWHo.
B «kadecTBe anbTepHaTMBblI Bbl MOXeTe WCMoab30oBaTb Find, uTOGbI MOAyYUTL Kypcop,
CCbINALWLMIACA Ha 3TOT 3nemMeHT. Hanpumep:

Listing 10: show_find_vector_element.adb

with Ada.Containers.Vectors;
with Ada.Text IO; use Ada.Text IO;
procedure Show Find Vector Element is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type => Natural,
Element Type => Integer);

use Integer Vectors;

V : Vector := 20 & 10 & 0 & 13;
Idx : Extended Index;
C : Cursor;
begin
-- Using Find Index to retrieve the index
-- of element with value 10
Idx := V.Find Index (10);
Put Line ("Index of element with value 10 is
& Extended Index'Image (Idx));

-- Using Find to retrieve the cursor for
-- the element with value 13
C = V.Find (13);
Idx := To Index (C);
Put Line ("Index of element with value 13 is "
& Extended Index'Image (Idx));
end Show Find Vector Element;

Build output

show find vector element.adb:14:04: warning: "V" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

Index of element with value 10 is 1
Index of element with value 13 is 3

Kak Mbl BUAenu B NpeapiyLlemM pasgene, Mbl MOXEM OCYLLLeCTBAATbL MPAMOL AOCTYM K 3/1eMeHTaM
BEKTOpa MCMOJb3ys MHAEKC UK Kypcop. Ho, ecnn Mbl NbITaemMcs MOAYYUTb AOCTYM K 3NEeMeHTY C
HeAoNyCTUMbIM MHAEKCOM UK KypCOpOM, byzeT BO36YXAEHO UCKNOYeH e, MO3TOMY Mbl CHayana
AO/MKHBI MPOBEPUTb, AeACTBUTENEH N MHAEKC WA KypCop, Npexje YeM 1Cronb30BaTh ero Ans
foCTyna K anemeHTy. B Hawem npumepe Find Index wnu Find moran He HalTn anemeHT
B BekTope. Mbl nNpoBepsieM 3Ty cUTyaumto, cpaBHmBasi nHgekc ¢ No Index wmam kypcopa c
No Element. Hanpuwmep:

-- Modify vector element using index
if Idx /= No Index then
V (Idx) := 11;
(continues on next page)

198 Chapter 19. CtaHaapTHas 6nbnmorteka: KoHTeiHepbl



W X N O VA W N =

BBepgeHuMe B A3bIK NporpammupoBaHus Ada

(continued from previous page)

end if;

-- Modify vector element using cursor
if C /= No Element then

V (C) := 14;
end if;
BmecTo Toro, utobbl nucate V. (C) := 14, Mbl MOrAu 66l NCNOMIb30BaTh 60nee AANHHY Gopmy

V.Replace Element (C, 14).

19.1.7 BcTaBKa 3/1IeMeHTOB

B npeablayLinx pa3genax Mbl BUAEAM NMPUMepPbI TOFo, Kak 406aBAsATb 31eMEeHThI B BEKTOP:
* C NOMOLLbIO OnepaTopa KoHKaTeHauum (&) npu o6bsBAEHUN BEKTOpa, Uan
* BbI3BaB npoueaypsbl Prepend v Append.

Bam MoxeT noTtpeboBaTbCA BCTaBUTb 3/1EMEHT B OMpejAeneHHOe MecTo, Hanpumep, nepej
orpezeneHHbIM 31eMeHTOM B BekTope. Bbl genaete 370, Bbi3biBas Insert. Hanpumep:

Listing 11: show_vector_insert.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO0; use Ada.Text IO;
procedure Show Vector Insert is

package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

procedure Show Elements (V : Vector) is
begin
New Line;
Put_Line ("Vector has
& Count _Type'Image (V.Length)
& " elements");

if not V.Is Empty then
Put Line ("Vector elements are: ");
for E of V loop
Put Line ("- " & Integer'Image (E));
end loop;
end if;
end Show Elements;

V : Vector := 20 & 10 & 12;
C : Cursor;

begin
Show Elements (V);

New Line;
Put Line ("Adding element with value 9 (before 10)...");

(continues on next page)
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Using V.Insert to insert the element
into the vector

C := V.Find (10);

if C /= No_Element then
V.Insert (C, 9);

end if;

Show Elements (V);

end Show Vector Insert;

Runtime output

Vector has 3 elements
Vector elements are:

- 20

- 10

- 12

Adding element with value 9 (before 10)...

Vector has 4 elements
Vector elements are:

- 20

-9

- 10

- 12

B 3TOM nprMepe Mbl ULLEM 3/1IEMEHT CO 3HaYeHMeM
3/IEMEHT CO 3HayeHnem 9.

19.1.8 YpaneHue afieMeHTOB

(continued from previous page)

10. Ecnv oH HalngeH, nepes HAM BCTaBAseTCS

Bbl MOXeTe yfannTb 3n1eMeHTbl U3 BeKTOpa, nepeaaB COOTBETCTBYOLMI NHAEKC UAN KYpCop B

npoueaypy yaaneHua Delete. Ecnm mbl 0b6bean

HUM 3TO ¢ pyHKumsamn Find Index n Find

M3 npeablagyuiero pasgesa, Mbl CMOXeM HalnmcaTb nporpamMmmy, KOTopad ULeT onpe,u,eneHHb||7|

3NeMeHT N yaanaeT ero, ecsin oH HalaeH:

Listing 12: show_remove_vector_element.adb

with Ada.Containers.Vectors;
with Ada.Text IO0; use Ada.Text IO;

procedure Show Remove Vector Element is
package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;

V : Vector :=20 & 10 & 0 & 13 & 10 & 13;
Idx : Extended Index;
C : Cursor;
begin
(continues on next page)
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-- Use Find Index to retrieve index of
-- the element with value 10
:= V.Find Index (10);

-- Checking whether index is valid

if Idx /= No_Index then
-- Removing element using V.Delete
V.Delete (Idx);

end if;

-- Use Find to retrieve cursor for
-- the element with value 13
C := V.Find (13);

-- Check whether index is valid

if C /= No Element then
-- Remove element using V.Delete
V.Delete (C);

end if;

end Show Remove Vector Element;

Build output

(continued from previous page)

show remove vector element.adb:3:09: warning: no entities of "Ada.Text IO0" are,

~referenced [-gnatwu]

show _remove vector element.adb:3:19: warning: use clause for package "Text I0" has,

~no effect [-gnatwu]

Mbl MOXeM pacluMpuTb 3TOT MNOAXOA, 4TOBbl yAanNUTb BCe 3/1eMeHTbl, COOTBETCTBYHOLLME
onpegeneHHoOMy 3HauyeHM0. HaM NpocTo HYy>XHO NPOAOIXKaThb MOWCK 3/1IeMeHTa B Li1K/e, MoKa Mbl
He MOoYYUM HeZOoMYCTUMbIN MHAEKC UK Kypcop. Hanpumep:

Listing 13: show_remove_vector_elements.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO; use Ada.Text IO;
procedure Show Remove Vector Elements is

package Integer_ Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

use Integer Vectors;
procedure Show Elements (V : Vector) is
begin

New Line;

Put_Line ("Vector has

& Count Type'Image (V.Length)

& " elements");

if not V.Is Empty then

Put Line ("Vector elements are: ");

for E of V loop
Put Line ("-
end loop;

" & Integer'Image

(E));

(continues on next page)
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end if;
end Show Elements;

V : Vector
begin
Show Elements (V);

=20 & 10 &0 & 13 & 10 & 14

-- Remove elements using an index
declare
: constant Integer :=
I : Extended Index;
begin
New Line;
Put Line ("Removing all elements with
& Integer'Image (E) & "...

10;

loop
I := V.Find Index (E);
exit when I = No Index;
V.Delete (I);
end loop;
end;

-- Remove elements using a cursor
declare
: constant Integer :=
C : Cursor;
begin
New Line;
Put Line ("Removing all elements with
& Integer'Image (E) & "...

13;

loop
C := V.Find (E);
exit when C = No Element;
V.Delete (C);
end loop;
end;

Show Elements (V);
end Show Remove Vector Elements;

Runtime output

Vector has 7 elements
Vector elements are:

- 20

- 10

-0

- 13

- 10

- 14

- 13

Removing all elements with value of 10...

Removing all elements with value of 13...

||).

||)_

(continued from previous page)

& 13;

value of "

’

value of "

’

(continues on next page)
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(continued from previous page)
Vector has 3 elements
Vector elements are:
- 20
- 0
- 14

B 3TOM NpuMepe Mbl yaansieM 13 BeKTopa BCe 3/1IEMEHTbI CO 3HadeHreM 10, nonyyas nx MHAEKC.
TOYHO TaK e Mbl YAaNsieM BCe 3/IeMeHTbI CO 3HauYeHneM 13 UCrosb3yr Kypcop.

19.1.9 Apyrvie onepauyun

Mbl BUAEAN HeKOTOpble onepauun C 31eMeHTaMu BekTopa. 34ecb Mbl NMPOAEMOHCTPUpPYEM
onepauun ¢ BEKTOPOM B LenoMm. Hambonee 3aMeTHbIM ABASETCH 06beAMHEHNEe HEeCKONbKNX
BEKTOPOB, HO Mbl TakXe YBUAMM Takuve orepauumn ¢ BEKTOPaMK, Kak COPTUPOBKA W CAUSAHUS
OTCOPTMPOBAHHbLIX MacCMBOB, KOTOPble PaccMaTPMBAalOT BEKTOP, Kak MocnefoBaTebHOCTb
3/1eMeHTOB, NPY 3TOM YYUTLIBAKOT OTHOLLEH WS 31EMEHTOB ApYr C APYroMm.

Mbl BbINOJIHAEM KOHKaTeHaLMIo BEKTOPOB C NMOMOLLIbIO onepaTopa & AN BeKTOPoB. PaccMoTpum
ABa BekTopa V1 n V2. Mbl MOXeM 06befuHNTE WX, BbinonHMB Y = V1 & V2. Pe3ynsTupyrowunii
BEKTOp cogepxutca B V.

HactpavBaemblii naket Generic Sorting sBnsetca goyepHuM naketom Ada.Containers.
Vectors. OH cogepXuUT onepauumn COpTUPOBKM U 06berHeHUs. MNOCKONLKY 3TO HacTpanBaeMbIid
nakeT, Bbl HE MOXEeTe 1CMOoJiIb30BaThb €ro HeMoCPeACTBEHHO, HO A0/IKHbBI CHavana HacTPOUTL ero.
YT06bI NCMO/Ib30BaTb 3TV OMepaLmn C BEKTOPOM LielouncaieHHbIx 3HaueHnin (Integer Vectors
B Hallem rpuMepe), BaM HeOobXOoAMMO HacTpouTb nakeT godvepHuii Kk Integer Vectors.
CnegyroLnin npumep NOsSCHAET, Kak 3TO cAenaTb.

Mocne Hactpolikn Generic Sorting ™Mbl genaem Bce onepaumu AOCTYMHBIMU C MOMOLLbHO
cneundukaTopa use. 3aTeM Mbl MOXEM BbI3BaTb Sort, UTob6bl OTCOPTMPOBaTL BekTOp, 1 Merge,
YTO6bI 06BEANHUTL OANH BEKTOP C APYTUM.

B cneaytolem npumepe npeAcTaBieH Kog, KOTopblli paboTaeT Tpems Bektopamu (V1, V2, V3) n
NCNONb3yeT onepaunii KOHKaTeHauum, COPTUPOBKN U CUSHUS:

Listing 14: show_vector_ops.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Vectors;

with Ada.Text IO; use Ada.Text IO;
procedure Show Vector Ops is

package Integer Vectors is new
Ada.Containers.Vectors
(Index Type  => Natural,
Element Type => Integer);

package Integer_Vectors_Sorting is new Integer_Vectors.Generic_Sorting;

use Integer Vectors;
use Integer Vectors Sorting;

procedure Show Elements (V : Vector) is
begin
New Line;
Put Line ("Vector has "
& Count_Type'Image (V.Length)
(continues on next page)
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& " elements");

if not V.Is Empty then

(continued from previous page)

Put Line ("Vector elements are: ");

for E of V loop

Put Line ("- " & Integer'Image (E));

end loop;
end if;
end Show Elements;

VvV, V1, V2, V3 : Vector;

begin
V1 := 10 & 12 & 18;
V2 =11 & 13 & 19;
V3 =15 & 19;
New Line;
Put Line ("---- V1 ----");
Show_Elements (V1);
New Line;
Put Line ("---- V2 ----");
Show Elements (V2);
New Line;
Put Line ("---- V3 ----");

Show Elements (V3);

New Line;

Put Line ("Concatenating V1, V2 and V3 into V:");

V := V1l & V2 & V3;
Show Elements (V);

New Line;
Put Line ("Sorting V:");

Sort (V);
Show Elements (V);

New Line;

Put _Line ("Merging V2 into V1:");

Merge (V1, V2);
Show Elements (V1);

end Show Vector Ops;

Runtime output

RV &

Vector has 3 elements
Vector elements are:

- 10
- 12
- 18
(continues on next page)
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(continued from previous page)

SR Y S

Vector has 3 elements
Vector elements are:

- 11

- 13

- 19

UV R

Vector has 2 elements
Vector elements are:

- 15

- 19

Concatenating V1, V2 and V3 into V:

Vector has 8 elements
Vector elements are:

- 10

- 12

- 18

- 11

- 13

- 19

- 15

- 19

Sorting V:

Vector has 8 elements
Vector elements are:

- 10

- 11

- 12

- 13

- 15

- 18

- 19

- 19

Merging V2 into V1:

Vector has 6 elements
Vector elements are:

- 10

- 11

- 12

- 13

- 18

- 19

CnpaBo4YHOEe PyKOBOACTBO TpebyeT, UTOObl XyALLei CNOXHOCTLH Bbl30Ba 4151 COPTUPOBKM Sort
661710 O(NSup:2) n cpefHsas CNOXHOCTb AO/KHA 6bITh ydwe, yem O(Nsup:2).
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19.2 MHoO)XecTBa

MHoOXeCTBa 37O APYrUM BUJ KOHTeNHepoB. B To BpeMs Kak BEKTOPbl MO3BOJIAIOT BCTABMATb
LyBNVPYOLLMECS 1IEMEHTbI, MHOXECTBA rapaHTUPYHOT, UTO Ay6/IMPOBAHHbIX 31EMEHTOB He byjerT.

B cneayrowmx pasgenax Mbl pacCMOTPUM Onepauun, KoTopble Bbl MOXeTe BbIMOAHATE C
MHoOXecTBamMun. OAHaKo, MOCKOAbKY MHOrMe onepaLmy ¢ BEKTOPaMu aHanornyHbl TeM, KOTopble
MNCNONB3YHTCS 4151 MHOXECTB, Mbl PACCMOTPUM MUX 34eCk NNLLb KpaTKo. MNoxanylicta, obpatntech
K pasgeny o BeKTopax Ans 6onee Nojpo6HOro 06CyXAeHus.

19.2.1 NHnymanusauma n ntepauus

YT06bl MHULMANN3MPOBATL MHOXECTBO, Bbl MOXeTe Bbi3BaTb npouesypy Insert. [enas 370,
Bbl 4O/IXHbI Y6eANTHCS, UTO He BCTaB/AIOTCA MOBTOPSIHOLLMECS 3EMEHTbI: €C/IX Bbl MOMbITaeTeChb
BCTaBUTb Ay6AMKAT, Bbl MOyYnTE UCKAOYEHME. ECM Bbl He yBEpeHbI, UTO HeT Ay6anKaToB, Bbl
MOXeTe BOCMO/b30BaTbCA APYrMY BapuaHTaMu:

* Bepcnd Insert, KOTOpadA BO3BpallaeT orm4yeckoe 3HadeHume, ykKasbliBaroLlee, 6blna nn
BCTaBKa yCI'IELLIHOVI,'

* npouegypa Include, «koTopas Mmon4a wrHopupyet J6yl0 MOMbITKY BCTaBUTb
NOBTOPSAIOLLMIACA 3/IEMEHT.

YT106bI rlepe6paTb MHOXEeCTBO, Bbl MOXeTe uncnonb3oBaTb Uukn for E of S, aHanormuHo
BEKTOpaMm. Bl nonydaeTe CCblJIKY Ha SN1eMeHT B MHOXeCTBeE.

MocMOTpUM Ha NpumMep:

Listing 15: show_set_init.adb
with Ada.Containers; use Ada.Containers;
with Ada.Containers.Ordered Sets;
with Ada.Text IO; use Ada.Text IO;

procedure Show Set Init is

package Integer_Sets is new
Ada.Containers.Ordered_Sets
(Element Type => Integer);

use Integer Sets;

S : Set;

-- Same as: S : Integer Sets.Set;
C : Cursor;

Ins : Boolean;

begin
S.Insert (20);
S.Insert (10);
S.Insert (0);
S.Insert (13);

-- Calling S.Insert(0) now would raise

-- Constraint Error because this element

-- 1s already in the set. We instead call a
-- version of Insert that doesn't raise an
-- exception but instead returns a Boolean
-- indicating the status

(continues on next page)
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(continued from previous page)
S.Insert (0, C, Ins);
if not Ins then
Put Line ("Inserting 0 into set was not successful");
end if;

-- We can also call S.Include instead
-- If the element is already present,
-- the set remains unchanged
S.Include (0);

S.Include (13);

S.Include (14);

Put Line ("Set has "
& Count Type'Image (S.Length)
& " elements");

-- Iterate over set using for .. of loop

Put Line ("Elements:");
for E of S loop
Put Line ("- " & Integer'Image (E));
end loop;
end Show Set Init;

Runtime output

Inserting 0@ into set was not successful
Set has 5 elements

Elements:

-0

- 10

- 13

- 14

- 20

19.2.2 Onepauuu c aneMmeHTamu

B 3TOM pasgene Mbl KpaTKO PacCMOTPUM C/leAytoLLmMe onepaumnmn Hag MHOXeCTBaMu:
* Delete n Exclude, uTobbl yAanuTb 3neMeHThI;
+ Contains u Find, uTo6bl NpoBEpPUTE HaNNYNE SNEMEHTOB.

YT0o6bl yAANVTE 3/1EMEHTBI, Bbl Bbi3biBaeTe npouesypy Delete. OgHako, aHaNOrMUYHO OMVCaHHOM
Bbile npouesgype Insert, Delete B0o36yxAaeT WCKNOYUEHME, e€CIX SNEMEHT, MOANeXaLUniA
yAaneHuto, OTCYyTCTBYET B MHOXecTBe. ECnn anemMeHT MOXeT OTCYyTCTBOBaTb B MOMEHT yzaneHus
M BaM He HyXHa MpoBepka, TO Bbl MOXeTe BbI3BaTb npouesypy Exclude, koTopasi monua
UrHOpUpYyeT Nto6YH0 MOMbITKY YAANNTb HECYLLLeCTBYOLLMIA SNEMEHT.

®yHkuma Contains Bo3Bpallaet siornyeckoe sHayeHne Boolean, ykasbiBatoLLee, COAEPXUTCS NN
3HadeHVe B MHOXecTBe. Find Takxe vLieT anemMeHT B MHOXeCTBe, HO BO3BpaLLaeT Kypcop Ha
sanemeHT nam No_Element, ecnm anemeHT He cylecTByeT. Bbl MOXeTe 1CNOb30BaTh 06y 13
3TNX GYHKUMIA AN NPOBEPKN HANNUNSA 31eMEHTOB B MHOXeCTBe.

,ﬂ,aBa|7|Te paccMOTpUM NprMep, B KOTOPOM NCMONB3YHTCA 3T onepaunn:
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Listing 16: show_set_element_ops.adb

with Ada.Containers; use Ada.Con

with Ada.Containers.Ordered Sets
with Ada.Text IO0; use Ada.Text I
procedure Show Set Element Ops i
package Integer_Sets is new
Ada.Containers.Ordered Sets
(Element Type => Integer)
use Integer Sets;
procedure Show Elements (S
begin
New Line;
Put _Line ("Set has "
& Count Type'Ima
& " elements");
Put _Line ("Elements:");
for E of S loop
Put Line ("- " & Intege
end loop;
end Show Elements;
S : Set;
begin
S.Insert (20);
S.Insert (10);
S.Insert (0);
S.Insert (13);

S.Delete (13);

tainers;

0;

S

’

Set) is

ge (S.Length)

r'Image (E));

-- Calling S.Delete (13) again raises

-- Constraint Error because
-- 1s no longer present in t

the element
he set, so

-- 1t can't be deleted. We can call

-- V.Exclude instead:
S.Exclude (13);

if S.Contains (20) then
Put Line ("Found element 2
end if;

-- Alternatively, we could u

-- instead of S.Contains

if S.Find (0) /= No Element t
Put Line ("Found element 0

end if;

Show_Elements (S);
end Show Set Element Ops;

Runtime output

Found element 20 in set
Found element 0 in set

Set has 3 elements

0 in set");

se S.Find
hen
in set");

(continues on next page)
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(continued from previous page)
Elements:
-0
- 10
- 20

B AononHeHve K ynopsao4YeHHbIM MHOXEeCTBaM, WCMoMb3yeMbIM B MNPUBEAEHHbIX Bbllle
npuMepax, CTaHZapTHas 6ubnvMoTeKka Takxke MNpPeAnaraeT XelwWpPOBaHHbIE MHOXECTBa.
CnpaBoYHOE PYKOBOACTBO TPEBYET C/iefytoLLel CpeAHen CNOXHOCT Kaxaol onepauum:

Onepauun Ordered Sets Hashed Sets

7
* Insert O((log N)9) unm nyuue O(log N)

* Include
* Replace
* Delete
+ Exclude
* Find

MNognporpamma c | O(1) o(1)

ncnoab3oBaHMEM KypCcopa

19.2.3 [pyrvie onepauumn

Mpeablgyline pasjgenbl B OCHOBHOM Kacanucb onepauuini € OTAeNbHbIMUA  31eMeHTaMu
MHOXecTBOa. Ho Aga Takxe npeAocTaBnseT TUMWYHblEe OMNepauum Haj MHOXeCTBaMMu:
obbesMHEeHNe, nepeceyeHne, pasHOCTb U CUMMETPUYHAsH Pa3HOCTb. B oTanumMe OT HeKoTopbIX
BEKTOPHbIX OMnepauuii, KoTopble Mbl BUAEAN paHblle (Hanpumep, civsHUS - Merge), 3aecb
Bbl MOXeTe 1CMNoab30BaTb O6LLEeNpUHATbLIE OnepaTopbl, Takme Kak -. B cnegytowein Tabnuue
nepeyncieHbl onepaunn 1 CB3aHHbI C HAMK onepaTop:

Onepaumn Haj MHOXecTBOM | Onepatop
ObbeanHeHne or
MNepeceyeHne and
PasHocTb -
CYMMeTpUYHas pa3HOCTb xor

B cnegytoLem nprMepe 1Cnosb3ykoTcs 3TV onepaTopbi:

Listing 17: show_set_ops.adb

with Ada.Containers; use Ada.Containers;
with Ada.Containers.Ordered Sets;

with Ada.Text I0; use Ada.Text IO;
procedure Show Set Ops is
package Integer Sets is new
Ada.Containers.Ordered_Sets
(Element Type => Integer);
use Integer Sets;
procedure Show Elements (S : Set) is
begin

Put Line ("Elements:");
(continues on next page)
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for E of S loop
Put Line ("- " & Integer'Image (E));
end loop;
end Show Elements;

procedure Show Op (S 1 Set;
Op_Name : String) is
begin
New Line;

Put Line (Op_Name
& "(set #1, set #2) has "
& Count Type'Image (S.Length)
& " elements");
end Show Op;

S1, S2, S3 : Set;

begin

Sl.Insert (0);
Sl.Insert (10);
Sl.Insert (13);

S2.Insert (0);
S2.Insert (10);
S2.Insert (14);

S3.Insert (0);
S3.Insert (10);

New Line;

Put Line ("---- Set #1 ----");
Show_Elements (S1);

New Line;

Put Line ("---- Set #2 ----");
Show Elements (S2);

New Line;

Put Line ("---- Set #3 ----");

Show Elements (S3);

New Line;
if S3.Is Subset (S1) then

Put Line ("S3 is a subset of S1");
else

Put Line ("S3 is not a subset of S1");
end if;

S3 := S1 and S2;
Show Op (S3, "Intersection");
Show Elements (S3);

S3 := S1 or S2;
Show Op (S3, "Union");
Show Elements (S3);

S3 :=S1 - S2;
Show Op (S3, "Difference");
Show Elements (S3);

S3 := S1 xor S2;
Show Op (S3, "Symmetric difference");

(continued from previous page)

(continues on next page)
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(continued from previous page)
Show Elements (S3);

end Show Set Ops;

Runtime output

---- Set #1 ----
Elements:

-0

- 10

- 13

---- Set #2 ----
Elements:

-0

- 10

- 14

---- Set #3 ----
Elements:

-0

- 10

S3 is a subset of S1

Intersection(set #1, set #2) has 2 elements
Elements:

-0

- 10

Union(set #1, set #2) has 4 elements
Elements:

-0

- 10

- 13

- 14

Difference(set #1, set #2) has 1 elements
Elements:
- 13

Symmetric difference(set #1, set #2) has 2 elements
Elements:

- 13

- 14

19.3 OTO6pa>keHus Ana HeonpeaeneHHbIX TUMNoB

B npeablaylinx paszgenax 6bi1v NpeAcTaB/ieHbl KOHTelHepbl ANs 3N1eMeHTOB onpeseseHHbIX
TMNOB.  XoTA 6O0/bLUMHCTBO MPUMEPOB B 3TUX pasfefiax WCNOoAb30BaAl LenoUYnNC/IeHHbIN
Tvn Integer kak TN 3nemeHTa KOHTelHepa, KOHTelHepbl TakXe MOryT WCMOAb30BaTbCs
C HeonpejeneHHbIMW TUNaMW, MNPUMEPOM KOTOPbIX ABAseTca Tun String. OpaHako
HeornpezeneHHble TUMbl TPebytoT APYroro BuAa KOHTEMHEPOB, pa3paboTaHHbIX creunanbHO
NS HUX,

Mbl TakXe W3y4nM ApYroli Knacc KOHTeliHepoB: oOTo6paxeHus. OHW CBA3bIBAKOT KAHOY C
onpeAeneHHbIM 3HaveHVeM. MpUMepoM 0TOBPaKeHNS ABNSETCS CBA3b «OAVH K OLHOMY» MEXAY
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4e€/10BEKOM 1 €ro BO3pacToM. Ecnun Mbl cunTaem Ms YesioBeka Kao4YeBbIM, TO 3HaYeHue - BO3pacTt
yenoBeka.

19.3.1 XawmpoBaHHble 0TO6pa>keHUs

X3UJI/IpOBaHHbIe OTO6pa)KEHI/Iﬂ - 3TO OTO6pa>KEHI/IF|, KOTOpPble MCMNONBb3YHT X3LW KJ/lKo4a. Cam xaw
BblYUMNCIAETCA C MOMOLBbHO ﬂpe,ﬂ,OCTaBHEHHOVI BaMu CI)yHKLI,I/II/I.

Ha apyrux ssbikax

X3lWmpoBaHHble 0TObpaxeHWs NoOXoXKW Ha cnosapu B Python n xawu B Perl. OgHO 13 OCHOBHbIX
OT/INYMIA 3aK/TOHAETCSA B TOM, UTO 3T CKPUMTOBBIE A3bIKM MO3BO/IAIOT MCMNOAb30BaTh pa3Hble TUMbI
ANSt 3HAUEHUIA, COAepPXaLLUMXCS B O4HOM OTOBpaXeHUn, B TO BPeMs Kak B AZe, TUM KKYa U TMN
3HaueHMe yKasbIBalOTCA B HACTPOViKe MakeTa 1 OCTakTCA NOCTOSHHBIMU AJ1S 3TOF0 KOHKPETHOro
oTObpaxeHUs. Y Bac He MOXeT 6bITb OTODPaXeHKWs, COAePXKaLLero ABa 3/1eMeHTa UIn ABa Kruya
pasHor TMnoB. Ecanm Bbl XOTUTe MCNONb30BaTb HECKOJIbKO TUMOB, Bbl AOMKHbLI CO3JaTb pasHble
0TOBpaxeHUs ANst KaXA0ro 1 UCMob30BaTb TONLKO OANHO U3 HUX.

Mpwn Co34aHun HacTpolike XeLMpPOBaHHOro oTobpaxeHus Ada.Containers.
Indefinite Hashed Maps mbl yka3biBaem cnegyroLyme 31eMeHThbl:

+ Key Type: Tn knto4ya
* Element Type: Tvn anemeHTa
* HashKey Type

+ Equivalent Keys: onepatop paBeHcTBa (Hanpumep, =), KOTOPbIA yKa3biBaeT, AO/KHbI
ABa K/loUa CHNTaTbCA PaBHbIMU.

- Ecnm Tun, ykasaHHbli B Key Type, vMeeT CTaHAAPTHLIA ornepaTop, Bbl MOXeTe
NCNONb30BaTh ero. B npumepe Mbl Tak U genaeM. Mbl ykasbiBaeM 3TOT onepaTop Kak
3HaueHue Equivalent Keys.

B cneaytowiem npumMepe Mbl 6ygemM MCNONb30BaTh CTPOKY B KavecTBe TuMa kaoda. Mebl bygem
ncrnonb3oBath GyHKUMo Hash, npegoctaBnsemyto CTaHZapTHOW 61MbAMOTEKON ANs CTPoK (B
nakete Ada.Strings), n cTaHAapTHbLIN onepaTop paBeHCTBa.

Bbl fo6aBnseTe anemMeHTbl B XeLUMPOBaHHOe OoTobpaxeHue, Bbi3biBad Insert. Ecanm anemeHT
yXe COAepXUTCA B oTobpaxeHUn M, Bbl MOXeTe NoAydYnTb K HeMy AOCTYn HemnocCpeACTBEHHO,
NCNoNb3ys ero kA4. Hanpumep, Bbl MOXeTe M3MEHWUTb 3HadeHwe 3nemeHTa, Hanucas M
("My Key") := 10. Ecam kntod He HalgeH, BO3byxaaeTcs nckatoueHve, Ytobbl npoBepuTsb,
AOCTYNeH N KaY, ucnonb3ynte ¢yHkuymio Contains (kak Mbl BUAenn Bbllle B pasjene o
MHOXeCTBOax).

MocMOoTpUM Ha npuMep:

Listing 18: show_hashed_map.adb

with Ada.Containers.Indefinite Hashed Maps;
with Ada.Strings.Hash;

with Ada.Text IO0; use Ada.Text IO;
procedure Show Hashed Map is

package Integer Hashed Maps is new
Ada.Containers.Indefinite_Hashed_Maps

(Key Type => String,
Element Type => Integer,
Hash => Ada.Strings.Hash,

(continues on next page)
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Equivalent Keys => "=");

use Integer Hashed Maps;

M : Map;

-- Same as:

-- M : Integer Hashed Maps.Map;
begin

M.Include ("Alice", 24);

M.Include ("John", 40);

M.Include ("Bob", 28);

if M.Contains ("Alice") then
Put Line ("Alice's age is

(continued from previous page)

& Integer'Image (M ("Alice")));

end if;

-- Update Alice's age
-- Key must already exist in M.
-- Otherwise an exception is raised.
M ("Alice") := 25;
New Line; Put Line ("Name & Age:");
for C in M.Iterate loop

Put Line (Key (C) & ": "

& Integer'Image (M (C)));
end loop;

end Show Hashed Map;

Runtime output

Alice's age is 24

Name & Age:
John: 40
Bob: 28
Alice: 25

19.3.2 YnopsigoyeHHble oTo6pakeHuns

yﬂOpﬂAOHEHHbIe OTO6pa)KEHI/IF| VIMET MHOIO 06LLINX 4epT C XaWNnpPOoBaHHbBIMN OTO6pa)KeHI/IFIMI/I.

OCHOBHbIMU OTANYNAMU ABAAOTCA:

* XaWw-pyHKUMSA He HyxHa. BmecTo 3Toro Bbl AOMKHbLI NPeoCcTaBUTb GYHKLUUIO CPaBHEHWUS
(< operator), KOTOpPY yNopsA0YeHHOEe 0TObpaxeHMe byaeT NCMO/b30BaThb AN CPaBHEHMS
31eMeHTOB 1 obecrneyeHuns 6bICTpOro foctyna (cnoxHocTb O(log N)), Mcnonb3ys ABOUYHBIN

MOoncCK.

- Ecam Tun, ykasaHHbI B Key Type, mmeeT cTaHZapTHbIA onepaTop <, Bbl MOXeTe
NCMO/b30BaTh Ero aHaNorM4YHoO TOMY, Kak Mbl 3To gefanv ans Equivalent Keys Bbilwe

419 X3LWMPOBaHHbIX OTOBPAXEHWI.

[JlaBaliTe MOCMOTPUM Ha npumMep:

19.3. OTo6parkeHuns ans HeonpeaesleHHbIX TUMNOB
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Listing 19: show_ordered_map.adb

with Ada.Containers.Indefinite Ordered Maps;
with Ada.Text I0; use Ada.Text IO;
procedure Show Ordered Map is

package Integer Ordered Maps is new
Ada.Containers.Indefinite_Ordered_Maps
(Key Type => String,
Element Type => Integer);

use Integer Ordered Maps;

M : Map;

begin
M.Include ("Alice", 24);
M.Include ("John", 40);
M.Include ("Bob", 28);

if M.Contains ("Alice") then
Put_Line ("Alice's age is
& Integer'Image (M ("Alice")));

end if;

-- Update Alice's age
-- Key must already exist in M
M ("Alice") := 25;
New Line; Put Line ("Name & Age:");
for C in M.Iterate loop
Put Line (Key (C) & ": "

& Integer'Image (M (C)));
end loop;

end Show Ordered Map;

Runtime output

Alice's age is 24

Name & Age:
Alice: 25
Bob: 28
John: 40

Bbl MoXeTe yBMAeTb 60/bLUOE CXOACTBO MeXAy MpuMepamu, NpuBeAEeHHbIMU Bbille, U
npvmMepamMy 13 npegplgyliero pasgena. ®akTtuyecky, MOCKONbKy 06a Tuna oTobpaxeHwui
MMEKT MHOro 06LUMX ornepaunii, HaMm He HYXHO 6bl10 BHOCUTb CyLLECTBEHHbIE U3MEHEeHWs,
Korga Mbl W3MEHWAW Hal npuMep, 4YTO6bl MCMONb30BaTb YMNOPsSAOYEHHble OTOBPaXEeHUs
BMECTO XelUMpOBaHHbIX. OCHOBHOEe pa3nvuune BUMAHO, KOTrAa Mbl 3aryckaeM MpuMepbl: BbiBOA
ANt XeLUMPOBaHHbIX OTOBPaXXeHWA O6bIYHO HeyrnopsioYeH, HO BblBOZ ANS YNOPSAAOUYEHHbIX
oTobpaxeHwuii Bceraa ynopsijoueH, kak ciesyet U3 ero MeHMu.
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19.3.3 CNo)>XHOCTb

X3WMpoBaHHbIe OTOBPaXeHWUs, Kak NpaBuio, SBASKOTCS CaMO 6bICTPOI CTPYKTYPOW AaHHbIX,
AOCTYMNHON B AZle, eC/i HeO6XOAMMO CBSi3aTb HEOAHOPOAHLIE K/OUM CO 3HAYEHUSIMU U BbICTPO
HaxoAUTb UX. B 6ONBbLUMHCTBE C/ly4aeB OHU HEMHOTO 6bICTpee YNopsiA0UYEHHbIX OTOBPAXKEHWIA.
Tak uTo, eC/IN BaM He BaXKeH NMOopPsiA0K, MCMO/b3ylTe X3LWMPOBaHHbIE OTOBPaXeHNs!.

CnpaBouYHOE PyKOBOACTBO TpebyeT ceaytoLLieli cpesHel CNOXHOCTY onepauuii:

Onepauun Ordered Maps Hashed Maps

2
. Insert O((log N)#) or better O(log N)

* Include
* Replace
* Delete
* Exclude
* Find

MNoanporpamma c | O() o(1)
1CMoJib30BaHMEM Kypcopa
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CHAPTER
TWENTY

CTAHAAPTHASA BUBJTNOTEKA: AATA N1 BPEMA

CraHgapTHas bmnbnmnoTteka noasepxmBaeT 06paboTKy AaT U BPEMEHUN C UCMOb30BaHNEM JBYX
NoAXOZ0B:

* KasneHOapHelli NoaXo4, NOAXOAALLMIA ANt 06paboTKM AAT 1 BPEMEHU B LLEIOM;

* MMoaxoA peasnbHO20 8pemeHU, KOTOPbIVA Aydlle MOAXOAWUT ANS MPUIOXKEHUA peanbHOro
BPEMEHN, TpebylLMX MOBbILEHHOW TOYHOCTW, Hanpumep, 6narogaps AoCTyny K
abCcontoTHbIM YacaM 1 obpaboTke MHTepBanoB BpemeHu. CnejyeT OTMETUTb, UTO 3TOT
noAxoZ NojAepXnBaeT TONbKO BPEMS, HO He AaTbl.

3T ABa NOAXOAA NPeACTaBeHbl B CeAyoLmnX pasaenax.

20.1 O6paboTKa AaTbl U BpeMEHM

Maket Ada.Calendar nogaepxmnsaet 06paboTky AaT U BpeMeHU. PaccMoTpuM npocToin npumep:

Listing 1: display_current_time.adb

with Ada.Calendar; use Ada.Calendar;
with Ada.Calendar.Formatting; use Ada.Calendar.Formatting;
with Ada.Text I0; use Ada.Text IO;
procedure Display Current Time is
Now : Time := Clock;
begin
Put Line ("Current time: " & Image (Now));

end Display Current Time;

Build output

display current time.adb:6:04: warning: "Now" is not modified, could be declared,
~constant [-gnatwk]

Runtime output

Current time: 2022-08-22 21:14:24

B aToM npumepe oTobpaxatoTcs Tekyllas JaTa U Bpems, KOTOpble V3BeKarTCs Npu Bbi30OBe
¢oyHkumm Clock. Mbl Bbi3biBaeM dyHKUMio Image n3 naketa Ada.Calendar.Formatting, utobebl
Nony4YnTb CTPOKyY (String) Ana TekyLlen aaTel U BpeMeHW. BMecTo 3TOro Mbl MOrv 661 MONY4YUTh
KaXXZAYyt KOMMOHEHTY ¢ noMoLLbto dyHkuum Split. Hanpumep:
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Listing 2: display_current_year.adb

with Ada.Calendar; use Ada.Calendar;
with Ada.Text I0; use Ada.Text IO;
procedure Display Current Year is
Now : Time := Clock;
Now Year : Year_ Number;
Now Month : Month_Number;
Now Day : Day Number;
Now Seconds : Day Duration;
begin
Split (Now,
Now Year,
Now_Month,
Now Day,

Now Seconds);

Put_Line ("Current year is: "
& Year Number'Image (Now Year));
Put Line ("Current month is: "
& Month_Number'Image (Now Month));
Put Line ("Current day is: "
& Day Number'Image (Now Day));
end Display Current Year;

Build output

display current year.adb:5:04: warning: "Now" is not modified, could be declared,
~constant [-gnatwk]

Runtime output

Current year 1is: 2022
Current month is: 8
Current day is: 22

34ecb Mbl MOyYaeM KaxXAblli 31eMEHT 1 0TO6PaXKaeM ero oTAe/bHO.

20.1.1 3apep>XKa c Ucnosib3oBaHMEM AaThbl

Bbl MOXeTe NpMOCTaHOBUTL MPUIOXeEHWE, YTOObI OHO Nepe3anycTUIoCh B onpeAeneHHyr AaTy U
BpemMs. Mbl BUAENN HeYTOo NoA0o6BHOe B raBe 0 3ajayax. Bbl fenaete 370 ¢ NOMOLLbIO onepaTopa
delay until. Hanpumep:

Listing 3: display_delay_next_specific_time.adb

with Ada.Calendar; use Ada.Calendar;
with Ada.Calendar.Formatting; use Ada.Calendar.Formatting;
with Ada.Calendar.Time Zones; use Ada.Calendar.Time Zones;
with Ada.Text I0; use Ada.Text IO;

procedure Display Delay Next Specific Time is
TZ : Time Offset UTC Time Offset;

Next : Time 1=

Ada.Calendar.Formatting.Time Of

(Year => 2018,
Month = 5,
Day =1,

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

Hour => 15,
Minute = 0,
Second = 0,

Sub _Second => 0.0,
Leap Second => False,
Time Zone = TZ);

-- Next = 2018-05-01 15:00:00.00
-- (local time-zone)

begin
Put Line ("Let's wait until...");
Put Line (Image (Next, True, TZ));

delay until Next;

Put Line ("Enough waiting!");
end Display Delay Next Specific Time;

Build output

display delay next specific time.adb:7:04: warning: "TZ" is not modified, could be,
~declared constant [-gnatwk]

display delay next specific time.adb:8:04: warning: "Next" is not modified, could,
~be declared constant [-gnatwk]

Runtime output

Let's wait until...
2018-05-01 15:00:00.00
Enough waiting!

B 3TOM mpumepe Mbl ykasbiBaem gaTy v Bpems, uHuumanmsmpys Next ¢ nmomoLlublo BbI30Ba
Time Of, ¢yHKUMK, NpUHUMAaKOLLEA pa3nUYHble KOMMOHEeHTbl AaTtbl (o4, mMecay U T. 4.) W
BO3BpaLlatoLlen 3nemeHT Tuna Time. [TOCKONbKY yKa3aHHas AaTa HaxoAMTCA B MPOLLIOM,
3agepxka delay until He pgact 3ameTHoro addekta. Ecam mbl ykaxem gaty B byayliem,
nporpaMma bygeT XzaTb HacTyMAeHWs 3TOM KOHKPEeTHOM AaTbl 1 BpEMEeHU.

34ecb Mbl MepeBoANM BPeMs B MeCTHbI 4acoBoi nosc. Ecinm Mbl He ykasbiBaeM 4acoBOM MOSC,
MO YMOMYAHWIO NCMONb3YeTCH BCEMUPHOE KoopAnHMpoBaHHoe Bpewms (Coordinated Universal Time
cokpatleHHo UTC). MonyumB cmelleHme BpeMeHn K UTC ¢ nomoLubto BbizoBa UTC _Time Offset
n3 naketa Ada.Calendar.Time_Zones, Mbl MOXeM MHNLMANN3NPOBaTb TZ 1 UCMONb30BaTb ero
npw Bbi3oBe Time O0f. 370 BCe, UTO HaM HY>XXHO cAenatb, UTo6bl HGOPMaLVs, NpeAocTaBasemMas
Time Of, oTHoCMAack K MECTHOMY YaCOBOMY MOSACY.

Mbl MoOrAn 6bl AOBUTBLCA aHaNoOrM4HOro pesynbTaTta, MHUUManm3nvpoaB Next ¢ nomoulbio
3HadeHua Tvna String. Mbl MOXeEM caenaTb 3TO UCMONb30BaB BbI3oB Value 13 naketa Ada.
Calendar.Formatting. BoT MmogndunumpoBaHHbIN KOA:

Listing 4: display_delay_next_specific_time.adb

with Ada.Calendar; use Ada.Calendar;
with Ada.Calendar.Formatting; use Ada.Calendar.Formatting;
with Ada.Calendar.Time Zones; use Ada.Calendar.Time Zones;
with Ada.Text I0; use Ada.Text I0;

procedure Display Delay Next Specific Time is
TZ : Time Offset := UTC Time Offset;
Next : Time 1=
Ada.Calendar.Formatting.Value
("2018-05-01 15:00:00.00", TZ);

(continues on next page)
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-- Next = 2018-05-01 15:00:00.00
-- (local time-zone)

begin
Put Line ("Let's wait until...");
Put Line (Image (Next, True, TZ));

delay until Next;

Put Line ("Enough waiting!");
end Display Delay Next Specific Time;

Build output

display delay next specific_time.adb:7:04: warning:
~declared constant [-gnatwk]

display delay next specific time.adb:8:04: warning:
~be declared constant [-gnatwk]

Runtime output

Let's wait until...
2018-05-01 15:00:00.00
Enough waiting!

(continued from previous page)

"TZ" is not modified, could be,

"Next" is not modified, could,

B atom npumepe mbl cHoBa mcnonb3yem TZ B BbizoBe Value, uTobbl NpMBecT/ Bpems BBOAA B

cooTBeTCTBME C TEKYLLIMM YaCOBbIM MOACOM.

B npriBeAeHHbIX BbILLE NPYMeEpPax Mbl MPUOCTaHaBAMBANANCL 40 ONpeAeeHHON AaTbl 1 BpEMEHU
Kak Mbl BUzenu B rnaBe o 3aZayax, Mbl MOr/Iv 661 BMECTO 3TOr0 yka3aTb 3a4ep>XKy OTHOCUTENbHO
TekyLLlero BpemeHn. Hanpumep, Mbl MOXeM 3ajepXaTb Ha 5 cekyHZ, CNOoNb3ys TekyLlee BpeMs:

Listing 5: display_delay_next.adb

with Ada.Calendar; use Ada.Calendar;
with Ada.Text I0; use Ada.Text IO0;
procedure Display Delay Next is

D : Duration := 5.0;

-- ~ seconds

Now : Time = Clock;

Next : Time = Now + D;

-- ~ use duration to

X specify next point

-- in time
begin

Put Line ("Let's wait "

& Duration'Image (D) & " seconds...");

delay until Next;
Put Line ("Enough waiting!");
end Display Delay Next;

Build output

display delay next.adb:5:04: warning: "D" is not modified, could be declared,

~constant [-gnatwk]

display delay next.adb:7:04: warning: "Now" is not modified, could be declared,

~constant [-gnatwk]

display delay next.adb:8:04: warning: "Next" is not modified, could be declared,

~constant [-gnatwk]

Runtime output
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Let's wait 5.000000000 seconds...
Enough waiting!

3zecb Mbl yKa3blBaeM MPOAOSIXNTENbHOCTbL 5 cekyHA B D, fo6aBnsiem ee K TekyLLeMy BpeMeHU 13
Now 1 coxpaHsiem cymmy B Next. 3aTtem Mbl Mcnonb3yem ero B onepatope delay until.

20.2 PeXXm peasibHOro BpemMeHu

B gononHeHve k Ada.Calendar ctaHgapTHasa bubanoTeka Takxe Nojaep>KmMBaeT onepaunm co
BpemMeHeM A8 NpUIoXeHUn peanbHoro BpemeHn. OHK BkAoYeHbl B nakeT Ada.Real Time.
3TOT nakeT Takxke BkAwo4vaeTr Tun Time.  OgHako B nakete Ada.Real Time tun Time
MCnonb3yeTcs ANa NpeAcTaBNeHMs abCoONOTHBLIX YAaCOB M 06PaboTKM MPOMEXYTKOB BpeMeHU. 3T0
KoHTpacTupyeT c Ada.Calendar, koTopblli ucnonb3yet Tun Time ana npeacTaBneHUs gaTbl U
BPEMeHN.

B npeabiayLiem pasgene Mbl ucrnonsb3sosanu Tun Time ns Ada. Calendar n onepatop delay un-
til, uTo6bI OTNOXMTL MPUIOXKEHME Ha 5 CeKyHZ. BMECTO 3TOro Mbl MO 6bl CMOIb30BaTh NakeT
Ada.Real Time. [laBaliTe n3MeHUM 3TOT NpUMep:

Listing 6: display_delay_next_real_time.adb

with Ada.Text I0; use Ada.Text IO;
with Ada.Real Time; use Ada.Real Time;

procedure Display Delay Next Real Time is

D : Time_Span := Seconds (5);
Next : Time := Clock + D;
begin

Put Line ("Let's wait "
& Duration'Image (To Duration (D))
& " seconds...");
delay until Next;
Put Line ("Enough waiting!");
end Display Delay Next Real Time;

Build output

display delay next real time.adb:5:04: warning: "D" is not modified, could be,
~declared constant [-gnatwk]

display delay next real time.adb:6:04: warning: "Next" is not modified, could be,
~declared constant [-gnatwk]

Runtime output

Let's wait 5.000000000 seconds...
Enough waiting!

OcHOBHOE oT/nuMe coctouT B ToM, 4To D Temepb sABnseTca nepemeHHoW Tvna Time Span,
onpegeneHHo B nakete Ada.Real Time. Mbl BbI3biBaeM ¢yHkumto Seconds Ans
nHMymanmsaumm D, HO Mbl MOrAM Obl NOAy4YUTL 60oflee TOHYHOE 3HayeHVe, Bbi3BaB BMECTO
sToro Nanoseconds. Kpome Toro, Ham HyXHo cHa4dana npeobpasosatb D B Tvn Duration c
nomoLbto dyHKUmK To Duration, npexge yem Mbl CMOXEM ero Hane4vaTaTb.
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20.2.1 AHanus Nnpon3BoAUNTENbHOCTU

OAHVIM U3 NHTEPECHbIX NPUIOXEHWIA, Ncnonb3ytolmx naket Ada.Real Time, aBnsetcs aHanu3
MNPON3BOAUTENBHOCTU.  Mbl yXe WCMOMb30BaAN 3TOT MakeT B MpeablAyllemM pasgene npu
ob6cyxaeHn 3agau. [laBalite pacCMOTPUM MpUMeEp aHann3a Npoun3BOANTEIbHOCTY:

Listing 7: display_benchmarking.adb
with Ada.Text I0; use Ada.Text IO;
with Ada.Real Time; use Ada.Real Time;

procedure Display Benchmarking is

procedure Computational Intensive App is
begin

delay 5.0;
end Computational Intensive App;

Start Time, Stop Time : Time;
Elapsed Time : Time Span;

begin
Start Time := Clock;

Computational Intensive App;

Stop Time := Clock;
Elapsed Time := Stop Time - Start Time;

Put Line ("Elapsed time:
& Duration'Image (To Duration (Elapsed Time))
& " seconds");
end Display Benchmarking;

Runtime output

Elapsed time: 5.007097508 seconds

B atom npumepe onpegensetca ¢ukTMBHOe npunoxeHne Computational Intensive App,
peann3oBaHHOe C WCMO/b30BaHMEM [MpPOCTOro oriepatopa 3ajepxkn delay. Mbl
nHnynanmsnpyem Start _Time n Stop Time no TekywMM Ha TOT MOMEHT Yacam W BbIUYUCISEM
npolellee BpemMs. 3anycTvB 3Ty NPOrpaMMy, Mbl BUAUM, UTO BPeMS COCTaBAAET NMPUMepHO 5
CeKyHJ, UTO COOTBETCTBYeT peboTe onepaTtopa 3agepxku delay.

AHanornyHoe NpUIoXeHne - 3To aHaan3 3aTPayYeHHOro NPoLLEeccopHOro BpeMeHn. Mbl MOXeM
peann3oBaTb 3TO C NMomoLlbio naketa Execution Time. /JaBaiTe mamMeHUM npeablayLLnia
npuMep, YTo6bl U3IMEPUTL NMPOLIECCOPHOE BPEMS:

Listing 8: display_benchmarking_cpu_time.adb

with Ada.Text I0; use Ada.Text I0;
with Ada.Real Time; use Ada.Real Time;
with Ada.Execution Time; use Ada.Execution Time;

procedure Display Benchmarking CPU Time is

procedure Computational Intensive App is
begin

delay 5.0;
end Computational Intensive App;

Start Time, Stop Time : CPU Time;
(continues on next page)
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(continued from previous page)
Elapsed Time : Time Span;

begin
Start Time := Clock;

Computational Intensive App;

Stop Time := Clock;
Elapsed Time := Stop Time - Start Time;

Put Line ("CPU time: "
& Duration'Image (To Duration (Elapsed Time))
& " seconds");
end Display Benchmarking CPU Time;

Runtime output

CPU time: 0.000125123 seconds

B atom npumepe Start Time n Stop Time vmetoT Tvin CPU_Time Bmecto Time. OgHaKO Mbl Mo-
npexHemy Bbi3biBaeM GyHKUMIO Clock Ang nHMUManm3aumm obenx nepemMeHHbIX U BblYUCIEHMS
npollejllero BpeMeHU TakK Xe, Kak W paHblue. 3anycTvB 3Ty Nporpammy, Mbl BUAWM, 4TO
BpeMs MpoLieccopa 3HaunUTeNbHO HUXe, YeM Te 5 cekyHA, KOTopble Mbl BUAENN paHblie. 3TO
CBA3aHO C TeMm, 4To onepaTtop 3ajepxkun delay He TpebyeT MHOro BpemMeHM Mpoueccopa
PesynbTatbl 6yayT APYrMMUY, ecin Mbl U3MeHUM peanmsauyuto Computational Intensive App
AN NCNONBb30BaHNA MaTeMaTU4ecknx GyHKUMIA B AANHHOM Lukie. Hanpumep:

Listing 9: display_benchmarking_math.adb

with Ada.Text I0; use Ada.Text I0;
with Ada.Real Time; use Ada.Real Time;
with Ada.Execution Time; use Ada.Execution Time;

with Ada.Numerics.Generic_ Elementary Functions;
procedure Display Benchmarking Math is

procedure Computational Intensive App is
package Funcs is new Ada.Numerics.Generic_Elementary_Functions
(Float Type => Long Long Float);
use Funcs;

X : Long_Long_Float;
begin
for I in 0 .. 1 000 000 loop
X := Tan (Arctan
(Tan (Arctan
(Tan (Arctan
(Tan (Arctan
(Tan (Arctan
(Tan (Arctan
(0.577))))))))))));
end loop;
end Computational Intensive App;

procedure Benchm Elapsed Time is
Start Time, Stop Time : Time;
Elapsed Time : Time_Span;

begin
(continues on next page)
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(continued from previous page)
Start Time := Clock;

Computational Intensive App;

Clock;
Stop Time - Start Time;

Stop Time
Elapsed Time :

Put _Line ("Elapsed time: "
& Duration'Image (To Duration (Elapsed Time))
& " seconds");
end Benchm Elapsed Time;

procedure Benchm CPU Time is
Start Time, Stop Time : CPU Time;
Elapsed Time : Time Span;

begin
Start Time := Clock;

Computational Intensive App;

Clock;
Stop Time - Start Time;

Stop_ Time
Elapsed Time :

Put Line ("CPU time: "
& Duration'Image (To Duration (Elapsed Time))
& " seconds");
end Benchm CPU Time;
begin
Benchm Elapsed Time;
Benchm_CPU Time;
end Display Benchmarking Math;

Build output

display benchmarking math.adb:14:07: warning: variable "X" is assigned but never,
~read [-gnatwm]

Runtime output

Elapsed time: 0.871429605 seconds
CPU time: 0.876544727 seconds

Tenepsb, korga Hawa ¢ukTeHas Computational Intensive App BkatodaeT matematmyeckue
onepauuy, TpebyroLwe 3HaunTenbHoro BpemMeHu LMY, namepeHHoe 3aTpaveHHoe Bpems U
Bpems LMY HamMHOro 6avnxe Apyr K Apyry, Yem paHbLue.
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TWENTYONE

CTAHAAPTHASA BUBJINOTEKA: CTPOKWN

B npeablayLLnx rnaBax Mbl BUAEN NPYMepPbl MCXOAHOMO KoAa C UCMob3oBaHMeM Tuna String,
KOTOPbIA SIBNSIETCS CTPOKOBBIM TUMOM GUKCMPOBAHHOW ANNHBI - MO CYTWX, 3TO MacCUB CUUMBOJIOB.
Bo MHOrmx cnydasix 3Toro TMna AaHHbIX AOCTAaTOYHO ANst paboTbl C TEKCTOBOV MHOpMaLMeid.
OpaHako 6bIBatoT CMTyaLmK, Koraa TpebyeTcs 6onee coxHas ob6paboTka TekcTa. Aga npeanaraet
anbTepHAaTVBHbIE MOAXOAbI A/1A 3TUX C/TyYaEeB:

* Oz2paHuYeHHble CMPOKU: AHANOTUYHO CTPOKaM PUKCMPOBAHHOW ANVHbI, OrpaHNYeHHble
CTPOKM UMEKT MaKCUMabHYHO A/IMHY, KOTOPas yCTaHaBNMBaeTCA Npu X co3gaHnmn. OgHaKo
OrpaHVyeHHble CTPOKM He SBNSKTCA MacCMBaMy CUMBOIOB. B 060 MOMEHT OHK MOryT
cofepxaTtb CTPOKY PasNYHON ANIVHBI - MPU YCIOBUW, YTO 3Ta ANMHA MEHbLUe UAM paBHa
MaKCUManbHOM ANnHe.

* HeozpaHu4eHHble CMpokU: MNOAOOHO OrpaHMYeHHbIM CTPOKaM, HeorpaHW4YeHHble CTPOKM
MOryT coAepXaTb CTPOKW PasANYHOM ANnHbL.  OfHAKo, MOMWMO 3TOrO, Y HUX HeT
MaKCUManbHOM A/INHBI. B 3TOM CMbIC/e OHW O4YeHb rnbkume.

B cneayrowmx pasgenax npeActaBieH 0630p pPasNUHbBIX TUMOB CTPOK Y 0BLLMX ornepauunii ans
TUMNOB CTPOK.

21.1 Onepauun co CTpoKamMm

Onepauun co CTaHAAPTHbIMU CTPOoKamMu (PUKCMPOBAHHOWM AAMHbLI) AOCTYMHbI B MNakeTe Ada.
Strings.Fixed. Kak ynommnHanocb paHee, CTaHZapTHbIe CTPOKM NPeACTaBAAT CO60M MaccuBbl
sanemeHTOB TMNa Character c ¢ukcuposaHHoli 0nuHol. BOT noyemy 3TOT AOYepHWUl MNakeT
Ha3blBaeTca uKcMpoBaHHbIM (Fixed).

OZiHa 13 caMbIX NPOCThIX onepaunii - 3TO NoACHEeT KOAMYeCTBa MOACTPOK, JOCTYMHbLIX B CTPOKe
(Count), 1 NONCK NX COOTBETCTBYOLLMX MHAeKCOB (Index). JaBainTe MOCMOTPUM Ha Npumep:

Listing 1: show_find_substring.adb

with Ada.Strings.Fixed; use Ada.Strings.Fixed;
with Ada.Text IO; use Ada.Text IO;

procedure Show Find Substring is

S : String := "Hello" & 3 * " World";
: constant String := "World";
Idx : Natural;
Cnt : Natural;
begin
Cnt := Ada.Strings.Fixed.Count
(Source =>§,
Pattern => P);

Put Line ("String: " & S);
(continues on next page)
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Put Line ("Count for '" & P & "': "
& Natural'Image (Cnt));

Idx := 0;
for I in 1 ..
Idx
(Source
Pattern
From

Cnt loop

:= Index

=> S’

= P,

= Idx + 1);

Put_Line ("Found instance of '"
&P & "' at position:
& Natural'Image (Idx));

end loop;
end Show Find Substring;

Build output

show_find substring.adb:6:04: warning:
~constant [-gnatwk]

Runtime output

String: Hello World World World

Count for 'World': 3

Found instance of 'World' at position:
Found instance of 'World' at position:
Found instance of 'World' at position:

Mbl MHULMaNM3npyemM CTPpoky S yMHoXeHreM. 3anuce "Hello"

(continued from previous page)

"S" is not modified, could be declared,

7
13
19

& 3 * " World" co3pgaer

ctpoky Hello World World World. 3aTtem mbl Bbi3biBaem ¢yHKLMI0O Count, 4To6bI NonyunTh
KonmuecTBo ak3emnnapos cnoaWorld B S .3aTeM Mbl Bbi3biBaeM GyHKLMIO Index B LMKAe, YTO6bI
HaTN NHAEKC KaXAoro ak3emnnsapa cnosa World B S.

B 3TOM npumepe nckanucb BXOXAeHWs onpejeneHHOM NOACTPOKN. B cregytollem npriMepe Mbl
n3Baekaem Bce C/10Ba B cTpoke. Mbl fenaem 370 ¢ nomoubto Find_Token, onpegenvs npobesnsi

B KayecTBe pasgenvteneii. Hanpumep:

Listing 2: show_find_words.adb

with Ada.Strings;

use Ada.Strings;

with Ada.Strings.Fixed; use Ada.Strings.Fixed;

with Ada.Strings.Maps;
with Ada.Text I0;

procedure Show Find Words is

use Ada.Strings.Maps;
use Ada.Text IO;

S : String := "Hello" & 3 * " World";
F : Positive;
L : Natural;
I : Natural := 1;
: constant Character Set
To Set (' ');
begin

Put Line ("String: " & S);
Put _Line ("String length:
& Integer'Image (S'Length)

while I in S'Range loop

DE

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

Find Token
(Source => S,
Set => Whitespace,
From = I,
Test => Qutside,
First = F,
Last = L);

exit when L = 0;

Put _Line ("Found word instance at position
& Natural'Image (F)
& II: Trn &S (F . L) & IIIII);

-- & "-" & F'Img & "-" & L'Img

I =L+ 1;
end loop;
end Show Find Words;

Build output

show find words.adb:8:04: warning: "S" is not modified, could be declared constant,
<[ -gnatwk]

Runtime output

String: Hello World World World

String length: 23

Found word instance at position 1: 'Hello'
Found word instance at position 7: 'World'
Found word instance at position 13: 'World'
Found word instance at position 19: 'World'

Mbl nepesaemM MHOXeCTBO CMBOJIOB, KOTOPble ByAyT NCMO/Ib30BaTbCA B KayecTBe pasgenntenei
ans npoueaypel Find Token. 3To MHOXecTBO fABnsfeTcs 3HadveHveM Tuna Character Set
n3 naketa Ada.Strings.Maps. Mol Bbi3biBaeM o¢yHkuuto To Set (M3 Toro e nakeTta),
4YTObbI MHULManM3npoBaTe MHOXecTBO Whitespace, a 3atem Bbi3biBaeM Find Token, uTo6bl
nepebpaTb BCe BO3MOXHbIE MHAEKChI M HAWTV HauanbHbIA MHAEKC KaXA0ro coBa. Mbl mepegaem
Outside B mapametp Test npoueaypbl Find Token, uTo6bl yKkasaTb, YTO Mbl MLLEM MHAEKCHI,
KOTOpble HaxoAATCA 3a npegenamu mHoxecTBa Whitespace, To ectb dakTnyeckme cnosa. First
n Last napametpbl Find Token aBnSOTCS BbIXOAHBIMW MapameTpaMu, KOTOpble yKasbiBaloT
JONYCTVMBINA Aana3oH MNOACTPOKKU. Mbl Mcnonb3yem 3Ty MHGopMaLuio 415 0TOBpaKeHUst CTPOKMN
(S (F .. L))

Onepauun, KOTopble Mbl PACCMOTPENM A0 CUX MOP, YNTAKOT CTPOKM, HO He U3MeHsAT ux. [anee
Mbl 06CYANM Onepauun, KOTopble N3MEHSAIOT COAePXKMMOe CTPOK:

Operation | Description

Insert BcTaBka NnoACTPOKM B CTPOKY
Overwrite | 3amMeHa NOACTPOKN B CTPOKe
Delete YaaneHve noacTpokum

Trim YaaneHve npobenoB 13 CTPOKU

Bce 3Tm onepauuun JocTynHbl Kak B BuAe YHKUWA, Tak v B BUAe npouesyp. PyHKUMK
CO3Jal0T HOBYIO CTPOKY, HO Mpoueaypbl BbINMOJHAT onepauun no mecrty. lMpouesypa BbisoBeT
NCKJTIOYEHNe, eC OrpaHnYeHnst CTPOKK ByayT HapyLleHbl. Hanpumep, ecan y Hac ecTb CTPOKa
S, cogepxallan 10 cMMBOJIOB, BCTaBKa B Hee CTPOKU € ABYMSA cumBonaMun (Hanpumep, " !'1") faet
CTPOKY, coAepxaLLyto 12 cuMBONOB. MOCKOJIbKY OHa MMeeT GUKCMPOBAHHYIO AJINHY, Mbl HE MOXEM
yBennuuTh ero pasmep. OAHO 13 BO3MOXHbIX PeLLeHWI B 3TOM Cay4yae - yKasaTb, UTO Mpu BCTaBKe
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NOACTPOKN CNedyeT MPUMeHsITb yceyeHne. ITO coxpaHsieT AnnHy S. [laBaliTe MOCMOTPUM Ha
npvMep, B KOTOPOM MCMO/b3YTCA Kak GyHKLMW, Tak 1 Bepcun npoueayp Insert, Overwrite

nDelete:

Listing 3: show_adapted_strings.adb

with Ada.Strings; use Ada.Strings;

with Ada.Strings.Fixed; use Ada.Strings.Fixed;

with Ada.Text I0; use Ada.Text IO;

procedure Show Adapted Strings is

S : String := "Hello World";
constant String := "World";
constant String := "Beautiful";

procedure Display Adapted String

(Source : String;

Before Positive;

New Item : String;

Pattern : String)

is

S Ins In : String := Source;
S Ovr_In : String := Source;
S Del In : String := Source;

S Ins : String :=
Insert (Source,
Before,
New Item & " ");
S Ovr : String :=
Overwrite (Source,
Before,
New Item);
S Del : String :=
Trim (Delete (Source,
Before,

Before + Pattern'Length - 1),

Ada.Strings.Right);
begin
Insert (S_Ins In,
Before,
New Item,
Right);

Overwrite (S Ovr In,
Before,
New Item,
Right);

Delete (S Del 1In,
Before,

Before + Pattern'Length - 1);

Put Line ("Original: '"
& Source & "'");

Put Line ("Insert: n
&S Ins & "'");

Put Line ("Overwrite: '"
&S Ovr & "'");

Put _Line ("Delete: L

(continues on next page)
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& S Del & "'");
Put Line ("Insert (in-place):
& S Ins In & "'");
Put_Line ("Overwrite (in-place):
&S Ovr In & "'");
Put Line ("Delete (in-place):
& S Del In & "'");
end Display Adapted String;

Idx :
begin
Idx := Index
(Source =>§,
Pattern => P);

Natural;

if Idx > 0 then

(continued from previous page)

Display Adapted String (S, Idx, N, P);

end if;
end Show Adapted Strings;

Build output

show adapted strings.adb:7:04: warning: "S" is not modified, could be declared,

~constant [-gnatwk]

show_adapted strings.adb:21:07: warning:

~declared constant [-gnatwk]

show _adapted strings.adb:25:07: warning:

~declared constant [-gnatwk]

show adapted strings.adb:29:07: warning:

~declared constant [-gnatwk]

Runtime output

Original: 'Hello World'

Insert: 'Hello Beautiful World'
Overwrite: 'Hello Beautiful'
Delete: 'Hello'

Insert (in-place): 'Hello Beaut'
Overwrite (in-place): 'Hello Beaut'
Delete (in-place): 'Hello !

"S Ins" is not modified, could be,
"S Ovr" is not modified, could be,

"S Del" is not modified, could be,

B 3TOoM Npumepe mbl niem nHgekc nogctpokt World v BelnosHSeM onepauum € 3ToM NOACTPOKON

BHYTPW BHELUHEe CTPOKMW.

Mpoueaypa Display Adapted String wcnonb3yeTt obe Bepcumn

onepauuii. Ana npouedypHoit Bepcun Insert n Overwrite mMbl nprMeHseM yceueHue K Npasoi
ctopoHe ctpoku (Right). Ansa npoueaypbl Delete mbl ykasbiBaem granasoH NOACTPOKM, KOTOpPas
3ameHsieTca npobenamu. Ans ¢yHkumoHanbHol Bepcun Delete mbl Takke Bbi3biBaeM Trim. O1a
dyHKUMA KOTOpas obpe3aeT KOHeYHble Npobenbl.

21.1. Onepavuunu co cTpoKamMm
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21.2 OrpaHn4yeHue CTPOoK PUKCUPOBAHHOW AJIVHDI

Ncnonb3oBaHne cTpokK QUKCMPOBAHHON A/NHBI OBbIYHO AOCTAaTOYHO XOPOLUO A1S CTPOK,
KOTOpble WMHULMANU3NPYIOTCA Npu nx obbaBneHnn. OfHaKo, Kak BUAHO W3 MpejblAyLlero
pasgena, npoueaypHble ornepaumn co CTPOKaMU BblI3bIBalOT TPYAHOCTU MpK paboTe co CTpoKamu
dVKCMPOBAHHOM A/INHBI, MOCKO/BKY CTPOKM QUKCUPOBAHHOW ANNHBbI MPeACTaBAAoT Cobom
MaccvMBbl CMMBONOB. B cregytoliem npriMepe rnokasaHo, HaCcKoJbKO FPOMO3AKON MOXeT 6bITb
NHULMaNN3aLmns CTPOK GUKCUPOBAHHOM ANVHbI, €CIN OHA He BbINOMHAETCA B 06 bABNEHUN:

Listing 4: show_char_array.adb
with Ada.Text I0; use Ada.Text IO;
procedure Show Char Array is

S : String (1 .. 15);
-- Strings are arrays of Character

begin
S := "Hello Do
-- Alternatively:
-- #1:
-- S(1..5) = "Hello";
-- S (6 .. S'Last) := (others => "' "');

. S.'= (IHI, |e|’ IZI, IZI, |O|,
.- others => "' ');

Put Line ("String: " & S);
Put Line ("String Length: "
& Integer'Image (S'Length));
end Show Char Array;

Runtime output

String: Hello
String Length: 15

B 3TOM cnyyae Mbl He MOoXeM NpocTo Hanmucatb S = "Hello", NnOTOMy UTO pe3ynbTUPYHOLLMIA
MacCuMB CUMMBOMOB AN KOHCTaHTbl Hello wmeeT AAvHY, OTANYHYK OT ANVHBI CTPOKU S
.CnegoBaTenbHO, HaM HEOBXOAMMO BK/KOUUTbL KOHEYHble Mpobenbl, YTobbl COOTBETCTBOBATb
AnnHe S. Kak nokasaHo B npuMepe, Mbl MOMAW 6bl MCMOAb30BaTb TOYHbLIA AMana3oH And
nangnanmsaumn (S (1 .. 5)) nam ncnonb3oBaTh ABHbIA MacCUB OTAENbHbIX CIMBOOB.

Korga cTpoku MHULMANU3MpYTCs NN 06pabaThiBatoTCs BO BPEMS BbIMOJIHEHNS, OBbIYHO NyYlle
MCMONb30BaTb OrPaHNYEHHble WAN HeOorpaHWYeHHble CTPOKW. BaxHOlM 0COBEHHOCTbIO 3TUX
TUMOB ABNSIETCA TO, YTO OHU He ABASHOTCH MacCMBaMKM, MO3TOMY OMMUCAHHbIE BbilLe TPYAHOCTN He
NPUMeHsTCA. HauHeM C orpaHnNYeHHbIX CTPOK.
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21.3 OrpaHuyYeHHble CTPOKU

OrpaHunyeHHble CTPOKMN onpegeneHsbl B nakerte Ada.Strings.Bounded.
Generic Bounded Length. TMockonbky 3To 06WMi MakeT, BaM HeO6XOAUMO CO34aTb €ro
3K3eMMAAp U YCTaHOBUTb MaKCUMAaNbHYH AJVHY OrpaHUYEHHOM CTPOKW. 3aTeM Bbl MOXeTe
06BABUTL OrpaHnyeHHble cTpoku Tuna Bounded String.

CTPOKM KaK OrpaHNYeHHO, Tak 1 GUKCUPOBAHHOM ANMHbI UMEKT MaKCUMabHYH A/IVHY, KOTOPYHO
OHW MOTyT BMeCTUTb. OZAHAKO OrpaHWNYeHHble CTPOKW He SIBAAITCA MacCcMBaMu, MO3TOMY WX
WHULMAaNn3auns Bo BpeMs BbIMOSHEHWS HAMHOTO MnpoLye. Hanpumep:

Listing 5: show_bounded_string.adb

with Ada.Strings; use Ada.Strings;
with Ada.Strings.Bounded;
with Ada.Text I0; use Ada.Text IO;

procedure Show Bounded String is
package B _Str is new
Ada.Strings.Bounded.Generic_Bounded_Length (Max => 15);
use B Str;

S1, S2 : Bounded String;

procedure Display String Info (S : Bounded String) is
begin
Put Line ("String: " & To_String (S));
Put_Line ("String Length: "
& Integer'Image (Length (S)));
-- String:
-- S'Length => ok
-- Bounded String:
-- S'Length => compilation error:
-- bounded strings are
-- not arrays!

Put Line ("Max. Length: "
& Integer'Image (Max Length));
end Display String Info;
begin
S1 := To Bounded String ("Hello");
Display String Info (S1);

S2 := To Bounded String ("Hello World");
Display String Info (S2);

S1 := To_Bounded String
("Something longer to say here...",
Right);
Display String Info (S1);
end Show Bounded String;

Runtime output

String: Hello
String Length: 5
Max. Length: 15
String: Hello World
String Length: 11
Max. Length: 15
String: Something longe
(continues on next page)
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(continued from previous page)

String Length: 15
Max . Length: 15

Ncnonb3ys orpaHMyeHHble CTPOKWM, Mbl MOXeM flerkOo Ha3HauuTb S1 u S2 HeckosibKo pas
BO Bpems BbINONHeHUsA. Mbl ncnonb3syem ¢yHkumm To Bounded String v To String ans
npeobpa3oBaHVa B COOTBETCTBYIOLLIEM HampaBaeHUn MexXAy CTPpokaMn GUKCMPOBAHHOW AJINHBI
N OorpaHM4YeHHbIMK cTpokamu. BbizoB To Bounded String Bo3byxzaeT ucknouveHue, ecu
O/IMIHA BXOAHOV CTPOKW 60/bLLe MaKCUManbHOM ANVHHbBI OFPaHNYEHHOM CTPOKK. YTObbl 3TOro
n3bexarb, Mbl MOXEM UCMO/b30BaTk NapameTp ycedeHus (Right B HaleMm npumepe).

OrpaHunyeHHble CTPOKW He SABAAKTCA MacCuBaMuK, MO3TOMY He/b3d WMCMOMb30BaTb aTpubyT
‘Length, kak 370 6bI10 ANnA CTPOK GUKCUMPOBAHHOM ANWHBLL.  BmecTo 3Toro Bbi3biBaeTcH
oyHkuma Length, koTopas Bo3BpallaeT ANMHY orpaHMYeHHon ctpokn. KoHctaHTa Max_Length
npeAcTaBaseT MaKCUMaNbHYO AJIMHY OrpaHWYeHHOW CTPOKW, 3ajaHHyt0 Npu HacTpolike
3K3eMnaspa nakeTa.

Mocne MHULUMANM3aLUMM OrpaHUYEHHOM CTPOKM Mbl MOXEM C Heli paboTtaTe. Hanpumep,
Mbl MOXeM f06aB/Tb CTPOKY B OrpaHMYEHHYH CTPOKYy C nomoLlubio Append van BbINOMHUTL
KOHKaTeHaL o OrpaHNYeHHbIX CTPOK C MOMOLLIbIO onepaTtopa &. BoT Tak:

Listing 6: show_bounded_string_op.adb

with Ada.Strings; use Ada.Strings;
with Ada.Strings.Bounded;
with Ada.Text I0; use Ada.Text I0;

procedure Show Bounded String Op is
package B_Str is new
Ada.Strings.Bounded.Generic_Bounded_Length (Max => 30);

use B Str;
S1, S2 : Bounded String;
begin
S1 := To Bounded String ("Hello");

-- Alternatively:

-- A := Null Bounded String & "Hello";

Append (S1, " World");
-- Alternatively: Append (A, " World", Right);

Put Line ("String: " & To String (S1));

S2 To_Bounded String ("Hello!");

S1 :=S1& " " & S2;

Put Line ("String: " & To_String (S1));
end Show Bounded String Op;

Runtime output

String: Hello World
String: Hello World Hello!

Mbl MOXEM VHULMaNM3MpoBaTb OrPaHNYEHHYH CTPOKY MyCTOM CTPOKOW, UCMOJb3ys KOHCTaHTY
Null Bounded String. Kpome TOro, MOXHO MCnonb30BaTb npouedypy Append u ykasaTb
pexunmMm yceveHus, Kak B ciydae ¢ dyHkumeri To Bounded String.
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21.4 HeorpaHU4YeHHbIe CTPOKU

HeorpaHunueHHble cTpokn onpegenstotcda B nakete Ada.Strings.Unbounded. o710
He HacTpavBaeMblli MakeT, MO3TOMYy HaM He HyXHO CO34aBaTb ero 3K3eMnisap rnepej
ncnonb3osaHnem Unbounded String trna. Kak MOXHO BCMOMHUTB M3 MpeablayLLero pasgena,
ANst OrpaHUYeHHbIX CTPOK TpebyeTcst HacTpolika nakeTa.

HeorpaHnyeHHble CTPOKM MOXOXM Ha OrpaHMYeHHble CTPOKW. [NaBHOe OTANYMe COCTOUT B TOM,
YTO OHW MOTYT COZepXaTb CTPOKM N06Oro pasmepa 1 NoACTPaMBaTLCS B COOTBETCTBMM C BXOAHOW
CTPOKOW: eCcI Mbl HasHauuMm, Hanpumep, 10-CUMBOJIbHYIO CTPOKY HEOrpaHW4eHHOW CTpoke,
a no3sxe Ha3HauuMm 50-CMMBOJIbHYKO CTPOKY, BHYTPEHHME Omnepauun B KOHTeliHepe obecrieyat
BblAeNeHVe NaMaATU ANst XpPaHEHWs HOBOM CTPOKM. B 60/bLUMHCTBe ciydaeB pa3paboTyumkam He
HY>XHO 6eCnoKOUTLCS 06 3TVX onepaumsax. Kpome Toro, yceueHune He TpebyeTcs.

NHWumanmsaums HeorpaHNYeHHbIX CTPOK 0YeHb MOX0Xa Ha OrpaHNYeHHble CTPOKU. PaccMoTprm
npvmMep:

Listing 7: show_unbounded_string.adb

with Ada.Strings; use Ada.Strings;
with Ada.Strings.Unbounded; use Ada.Strings.Unbounded;
with Ada.Text I0; use Ada.Text IO;

procedure Show Unbounded String is
S1, S2 : Unbounded String;

procedure Display String Info (S : Unbounded String) is
begin

Put Line ("String: " & To _String (S));

Put Line ("String Length: "

& Integer'Image (Length (S)));
end Display String Info;
begin

S1 := To Unbounded String ("Hello");
-- Alternatively:

-- A := Null Unbounded String & "Hello";
Display String Info (S1);

S2 := To Unbounded String ("Hello World");
Display String Info (S2);

S1 := To _Unbounded String ("Something longer to say here...");
Display String Info (S1);
end Show Unbounded String;

Runtime output

String: Hello

String Length: 5

String: Hello World

String Length: 11

String: Something longer to say here...
String Length: 31

Kak n orpaHumyeHHble CTPOKM, Mbl MOXeM Ha3HadaTb S1 M S2 Heckonbko pa3 BO Bpems
BbIMONHEHNA W uncnonb3osatb ¢yHkuum To Unbounded String u To String anq
npeobpa3oBaHUst CTPOK GUKCUPOBAHHOW A/IMHBLI B HEOrpaHWUYEHHble CTpPokamu U 06paTHO.
B 3TOM c/lyvae yceueHve He HyXHO.

Kak 1 Ans orpaHMYeHHbIX CTPOK, MOXHO MCMoNb30BaTb Npoledypy Append n onepatop & ans
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HeorpaHM4eHHbIX CTPOK. Hanpumep:

Listing 8: show_unbounded_string_op.adb

with Ada.Strings.Unbounded; use Ada.Strings.Unbounded;
with Ada.Text I0; use Ada.Text IO;

procedure Show Unbounded String Op is
S1, S2 : Unbounded String := Null Unbounded String;

begin
S1 := S1 & "Hello";
S2 := S2 & "Hello!";

Append (S1, " World");
Put Line ("String: " & To_String (S1));

S1 :=S1& " " & S2;
Put Line ("String: " & To_String (S1));
end Show _Unbounded String Op;

Runtime output

String: Hello World
String: Hello World Hello!

234 Chapter 21. CraHgapTHasa 6mbnmnoteka: CTpoku



D N

CHAPTER
TWENTYTWO

CTAHAAPTHASA BUBJTIMOTEKA: ®AIAJIbI I MOTOKA

Aza npeznaraeT pasfinydHble CpeicTBa 419 BBOAA/BbIBoAa dpalinos (I/0):

« Tekcmoeeili BBOA-BbIBOZ B TeKCTOBOM dopMaTe, BKItoUasi oTobpaxeHne nHbopmaumm Ha

KOHCOW.

* MMocredosamesnbHbIl BBOA-BbIBOJA B ABOMYHOM dopmMaTe nocnefoBaTelbHbIM 06pa3om Ans

KOHKPEeTHOro tnna AaHHbIX.

* Mpamoli BBOA-BbIBOA B ABOWMYHOM dopmaTe ANs KOHKPETHOro TWNa JAaHHbIX, HO TakXe
noAAep>XXmMBaroLLMIA JOCTYN K 110607 no3numn gaiina.

* [Tomokoeslli BBOA-BbIBOA HGOPMALMU A1 HECKONbKUX TUMOB AaHHbIX, BK/IOUYas 06beKThI
HeorpaHM4eHHbIX TUMOB, C UCNOb30BaHVeM $palinoB B 4BOMYHOM dopmarTe.

B aToli TabnuLe npescTaBAeHO KpaTKoe onncaHne GyHKLNA, KOTopble Mbl TONLKO YTO BUAENN:

Onuusa BBOAA- BbIBOAA dainos | dopmaT MpOon3BOAbHbLIA AOCTYN | TUMbI AaHHbIX
Text 1/0 TekcT CTPOKOBbI TUM
Sequential 110 ABOVIYHbIV OAMHOYHBIA TUM
Direct I/0 JBOWUYHBLIA | Aa OJAVNHOUHBIW TXN
Stream 1/0 ABOWYHBIV | Aa HEeCKO/1bKO TUMOB

B cneaytoLmx pasgenax Mbl MOAPOBHO 06CYANM 3T CPeACTBa BBOAA-BbIBOAA.

22.1 TeKCTOBbII BBOA-BbIBOJ,

B 60/bLUMHCTBE MPUMMEPOB 3TOr0 Kypca Mbl MCNONb30Banu npoueaypy Put Line anq
oTobpaxeHns MHPopmauum Ha KoHconn. OAHaKo 3Ta npoLledypa Takxe NpUHUMaeT napameTp
File_Type. Hanpumep, Bbl MOXeTe Bbl6paTb MeXAy CTaHAapTHLIM BbiBoZOM (Standard_Output)
1 BbIBOZOM CTaHAapTHOM owwnbkoli (Standard_Error), sBHO 3a4aB 3TOT NapameTp:

Listing 1: show_std_text_out.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Std Text Out is
begin

Put Line (Standard Output, "Hello World #1");
"Hello World #2");

Put Line (Standard Error,
end Show Std Text Out;

Runtime output

Hello World #1
Hello World #2

235



W X N O U A W N =

W o N U A W N =

BBepeHuMe B i3bIK NporpammupoBaHus Ada

Bbl Takxke MOXeTe UCMoNAb30BaTk 3TOT NapaMeTp AN 3anncn nHopmMaummn B 1060 TeKCTOBBbIN
dann.  UTobbl co3faTe HOBLIM dain AnA 3anucK, wncnonb3yinte npoueaypy Create ans
NHUUManmnsaunm obbekta File _Type, KOTOpbI BMOCNEACTBAN MOXHO nepegatb B Put Line
(Bmecto, Hanpumep, Standard _Output). Mocne Toro, Kak Bbl 3aKOH4YMTE 3anNncb NHbopMaLUK,
Bbl MOXeTe 3aKkpbITb daiin, Bbi3BaB npoueaypy Close.

Bbl ncnonb3yete aHaNOrMYHbIA METOA 418 YTeHua nHopMaumm U3 Tekctosoro ¢aina. OgHako
npun oTKpbITUK daitna Bbl JOMKHBI yKa3aTb, YTO 3To BXxoAHoW dain (In_File), a He BbIXOAHOM
¢dann. Kpome Toro, BMecTo BbI30Ba npouesypbl Put _Line Bbl Bbi3biBaeTe ¢pyHkumMo Get Line
4na uteHns nHdopmaunn ns eaiina.

[JaBaliTe NOCMOTPUM Ha NpUMep, KOTOPbI 3anncbiBaeT MHGOPMAaLMIO B HOBbIV TEKCTOBLINV daiin,
a 3aTeM CUNTLIBAET ee 06PATHO 13 TOro Xe darina:

Listing 2: show_simple_text_file_io.adb
with Ada.Text I0; use Ada.Text IO;

procedure Show Simple Text File IO is

F : File Type;

: constant String := "simple.txt";

begin

Create (F, Out File, File Name);

Put Line (F, "Hello World #1");

Put Line (F, "Hello World #2");

Put _Line (F, "Hello World #3");

Close (F);

Open (F, In File, File Name);
while not End Of File (F) loop
Put Line (Get Line (F));
end loop;
Close (F);
end Show Simple Text File IO;

Runtime output

Hello World #1
Hello World #2
Hello World #3

B apononHeHme k npoueaypam Create mn Close craHgapTHas 6ubamoTeka Takxke BKIHOYaeT
npoueaypy Reset, koTopas, Kak cnesyeT 13 Ha3BaHWS, copacbiBaeT (CTMPaeT) BCO MHPOpPMaLMIO
13 dana. Hanpumep:

Listing 3: show_text_file_reset.adb
with Ada.Text I0; use Ada.Text IO;

procedure Show Text File Reset is

F : File Type;

: constant String := "simple.txt";

begin

Create (F, Out File, File Name);

Put Line (F, "Hello World #1");

Reset (F);

Put _Line (F, "Hello World #2");

Close (F);

Open (F, In File, File Name);
while not End Of File (F) loop
Put Line (Get Line (F));
(continues on next page)
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(continued from previous page)
end loop;

Close (F);
end Show Text File Reset;

Runtime output

Hello World #2

3anycTmB 3Ty NporpamMMy, Mbl 3aMeyvaem, UTo, XoTa Mbl 3anmcanu nepsyto ctpoky ("Hello World
#1") B dalin, oHa bblna yaaneHa BbI30BOM npoLieaypbl copoca Reset.

B gononHeHne Kk OTKpbITUIO daina ANns UTEHUS WAWM 3anuUCKk, Bbl TakXe MOXeTe OTKPbITb
cywectBytowmin dain ansa gobasneHus B koHel, CaenaiTe 3TO, Bbi3BaB npoueaypy Open c
napametpom Append File.

Mpw BbI30OBe Mpoueaypbl OTKPbITUSA Open BO36YXAaeT UCKAYeHWe, eCin YKa3aHHbIn dain He
HalgeH. [Mo3ToMy Bbl AO/MKHbI 06pabaTbiBaTb UCKAOYEHNSA B 3TOM KOHTeKCTe. B cneaytolem
npvMepe ygansetcs ¢paiin, a 3aTem NpeAnprUHMMAETCA MOMNbITKA OTKPbITh TOT e $palin ANa YTeHUA:

Listing 4: show_text_file_input_except.adb
with Ada.Text IO; use Ada.Text IO;

procedure Show Text File Input Except is
F : File_Type;
constant String := "simple.txt";
begin
-- Open output file and delete it
Create (F, Out File, File Name);
Delete (F);

-- Try to open deleted file
Open (F, In File, File Name);
Close (F);
exception
when Name Error =>
Put_Line ("File does not exist");
when others =>
Put Line ("Error while processing input file");
end Show Text File Input Except;

Runtime output

File does not exist

B atom npumepe dain cosgaetcs BeizoBoM Create, a 3atem yaansietcs BoizoBoMm Delete. Mocne
Bbi3oBa ¢yHKUMM Delete Mbl 60nblie He MOXeM Mcnonb3oBaTh 06bekT File Type. [Mocne
yaaneHus ¢arina Mbl NbiITaeMCca OTKPbITb HECYLLIECTBYHOLLMIA Galif, UTo BO3bYXAaeT NCK/IOUEHMe
Name Error.

22.1. TeKCTOBbIV BBOA-BbIBOJ, 237
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22.2 MNMocnepoBaTeNbHbIA BBOA-BbIBOA,

B npegbiayliem pasgene npeiactaBneHa nogpobHas MHPopMaLma O BBOAE/BbIBOAE TEKCTOBbIX
dainnoe. 34ecb Mbl 06CYAMM BbINOIHEHWE OnepaLni BBOAA-BbIBOAA 418 $alinoBOB ABOUYHOIO
dopmaTa. [epBbli NakeT, KOTOPbLIA Mbl paccMoTpum - 3T0 Ada.Sequential I0. Mockonbky
3TOT NaKeT SABASIeTCA HacTpanBaeMbIM, HEOHXOANMO ero HaCTPOUTb Ha TUM AaHHbLIX BBOA/BLIBAA
KOTOPOro Mbl byaem Npovn3BoAMTb. [locsie 3TOro MOXHO MCMOMb30BaTh Te Xe NMpoueaypbl, YTo
n B npeablaywiem pasgene: Create, Open, Close, Reset n Delete. OaHako BMecTO Bbi30Ba
npoueayp Get Line n Put_Line cnepyet Bbi3BaTh Npouesypbl Read nWrite.

B cneaytollem npuMepe cosgaeTcs HacTpolika naketa Ada.Sequential IO ana TvnoB ¢
naaBaroLLeln 3anaTowm:

Listing 5: show_seq_float_io.adb

with Ada.Text I0;
with Ada.Sequential I0;

procedure Show Seq Float IO is
package Float_IO is
new Ada.Sequential IO (Float);
use Float IO;

F : Float IO0.File_Type;
: constant String := "float file.bin";
begin
Create (F, Out File, File Name);
Write (F, 1.5);
Write (F, 2.4);
Write (F, 6.7);
Close (F);
declare
Value : Float;
begin

Open (F, In File, File Name);
while not End O0f File (F) loop
Read (F, Value);
Ada.Text IO0.Put Line (Float'Image (Value));
end loop;
Close (F);
end;
end Show Seq Float IO;

Runtime output

1.50000E+00
2.40000E+00
6.70000E+00

Mbl UCMONb3YEM OAMH W TOT Xe MNOAXOZA AN UTEHUS U 3aMNCU CIOXHON CTPYKTYPHOR nHGOpMaLnu.
B cnegyrolem npumepe UCNonb3yeTcs TUM 3anucb, BKAKOYAOLLAA f0rMyeckoe 3HadeHve TUna
Boolean 1 3HaueHune ¢ nnaBatoweln 3anaton Tuna Float:

Listing 6: show_seq_rec_io.adb

with Ada.Text I0;
with Ada.Sequential IO;

procedure Show Seq Rec IO is
type Num_Info is record

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

Valid : Boolean := False;
Value : Float;
end record;

procedure Put Line (N : Num Info) is
begin
if N.valid then
Ada.Text I0.Put Line ("(ok, "
& Float'Image (N.Value) & ")");
else
Ada.Text I0.Put Line ("(not ok, ----------- )");
end if;
end Put Line;

package Num_Info IO is new Ada.Sequential IO (Num Info);
use Num_Info IO;

F : Num Info IO.File Type;
: constant String := "float file.bin";
begin
Create (F, Out File, File Name);
Write (F, (True, 1.5));
Write (F, (False, 2.4));
Write (F, (True, 6.7));
Close (F);
declare
Value : Num_Info;
begin

Open (F, In File, File Name);

while not End Of File (F) loop
Read (F, Value);
Put Line (Value);

end loop;

Close (F);

end;
end Show Seq Rec IO;

Runtime output

(ok, 1.50000E+00)
(not ok, ----------- )
(ok, 6.70000E+00)

Kak nokasbiBaeT NnpuMep, Mbl MOXEM UCMOb30BaTh TOT Xe MOAX0J, KOTOPbIA Mbl UCMOAbL30BaNn
AN5 TUNOB C NAaBatoLLein 3anaTol, AN BbiNoAHeHWs ¢aliioBoro BBOAA-BbIBOAA A5 3TOM 3anmcu.
Mocne TOro, Kak Mbl CO3AaAMM 3k3emnnsp naketa Ada.Sequential IO gna Tuna 3anucy,
onepaunu BBoAa-BbiBoAa $GalifioB 6yayT BbIMONHATLCA TaKMM Xe 06pa3om.

22.2. MNocnepoBaTeNbHbI/i BBOA-BbIBOJ, 239
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22.3 Mpsamoi BBOA-BbIBOJ,

MpamMoin BBOA-BbIBOA AocTyneH B nakeTe Ada.Direct IO0. 3TOT MexaHW3M MOXOX Ha TOAbKO
UTO MpeACTaBeHHbIA NOC/eA0BaTe/bHbIA BBOA-BbIBOA, HO MO3BOJIAET HAM MOAYYUTb AOCTYM
K ntobor nosvumn B ¢arine. CosgaHue nakeTa M GONbLUMHCTBO OMepaLnii OYeHb MOXOXM
Ha MnocnejfoBaTeNbHbI BBOA-BbIBOA. YTO6LI nepenmcaTb npunoxeHne Show Seq Float IO
13 npeablayliero pasgena Ang ucnonb3oBaHusa naketa Ada.Direct IO, Ham MpoOCTO HYXHO
3ameHnTb Ada.Sequential I0 Ha Ada.Direct IO BHacTpoiike naketa. 3TO HOBbIA UCXOAHbIN
KoA:

Listing 7: show_dir_float_io.adb
with Ada.Text I0;
with Ada.Direct I0;

procedure Show Dir Float IO is
package Float_IO is new Ada.Direct_IO (Float);
use Float IO;

F : Float I0.File_Type;
constant String := "float file.bin";
begin
Create (F, Out File, File Name);
Write (F, 1.5);
Write (F, 2.4);
Write (F, 6.7);
Close (F);
declare
Value : Float;
begin

Open (F, In File, File Name);
while not End O0f File (F) loop
Read (F, Value);
Ada.Text I0.Put Line (Float'Image (Value));
end loop;
Close (F);
end;
end Show Dir Float IO;

Runtime output

1.50000E+00
2.40000E+00
6.70000E+00

B oT/nume oT nmocnepoBaTeNbHOro BBOAA-BbIBOAA, MPSIMOM BBOA-BbIBOJ, MO3BOMSET MOAYYUTb
foctyn Kk nobor nosvuyuum B daine. OAHAKO OH He mpeanaraeT BO3MOXHOCTb A06aBAATb
nHdopmaumio B KoHel, ¢daina.  Bmecto 3TOoro oH npegoctaBnsetr pexum Inout File,
MO3BONSIOLLNIA YNTATb U 3anKnCbiBaTb B haiin Yepes OAMH 1 TOT e 06bekT File_Type.

YT06bI MOAYUNTb AOCTYN K HY>KHOW no3uuun B daiine, BbizoBuUTe npoueaypy Set Index un oHa
YCTaHOBUT HOBYIO MO3ULMIO / MHAEKC. Bbl MOXeTe ncnonb3oBatb GyHKLUMIO Index 4Tobbl y3aThb
TeKyL1i nHaekc. NocmMoTpuM Ha Npumep:

Listing 8: show_dir_float_in_out_file.adb
with Ada.Text I0;
with Ada.Direct I0;

procedure Show Dir Float In Out File is
(continues on next page)

240 Chapter 22. CtaHaapTHas 6ubnmnoTteka: ®aisibl U NOTOKU



BBepgeHuMe B A3bIK NporpammupoBaHus Ada

(continued from previous page)

package Float_IO is new Ada.Direct_IO (Float);
use Float IO;

F : Float I0.File_Type;
constant String := "float file.bin";

begin

-- Open file for input / output

Create (F, Inout File, File Name);

Write (F, 1.5);

Write (F, 2.4);

Write (F, 6.7);

-- Set index to previous position and overwrite value
Set Index (F, Index (F) - 1);
Write (F, 7.7);

declare
Value : Float;

begin
-- Set index to start of file
Set Index (F, 1);

while not End O0f File (F) loop
Read (F, Value);
Ada.Text I0.Put Line (Float'Image (Value));
end loop;
Close (F);
end;
end Show Dir Float In Out File;

Runtime output

1.50000E+00
2.40000E+00
7.70000E+00

3anycT1B 3TOT NpUMep, Mbl BUAUM, UTO GaiiN CoAepXUT 3HaueHne 7.7 N He COAEPXMT 3HaYeHs
6.7, KOTOpOe Mbl 3aMucasy CHayana. Mbl nepesanuncann 3HaveHue, YCTaHOBMB MHAEKC Ha
npeablAyLLyo MO3ULMIO Nepes BbIMOHEHVEM CeZyHoLLEe onepaLlun 3anmncn.

B atom npumepe mbl ncnonb3osanu pexum Inout File. Wcnonb3ys 3TOT pexuM, Mbl NPOCTO
BEPHYNU MHAEKC B Ha4anbHOe NonoxeHne nepes uteHnem ns daina (Set _Index (F, 1))Bmecto
TOro, UTO6bLI 3aKpblBaTh Galin N MOBTOPHO OTKPbLIBATL €ro AN YTEHUS.

22.4 NoToOKOBbLIV BBOA-BbIBOA,

Bce npegbigywme nogxodbl K - GalinoBOMy BBOAY-BbIBOAY B ABOMYHOM  dopmaTe
(nocnesoBaTenbHbI U NPAMONM BBOA-BbIBOA) PaboTatdT C OAHUM TUMOM JaHHbIX (TeM, Ha
KOTOPbIA Mbl UX HacTpanBaem). Bbl MOXeTe UCMob30BaTh 3TU NOAXOAbl 415 3aNnch 06bekToB
OAHOr0 TMMNA JAaHHbIX, XOTH 3TO MOXEeT 6bITb MacCUBbI UM 3aNnCK (MOTeHLMAaNbHO CO MHOTVMU
MOSIAMK), HO eC/IN BaM HY>XXKHO CO34aTb U 06paboTaTth dpalisibl, KOTOPbLIE BKAHOUAOT PasHble TUMbI
[AHHBIX, TM60 06BbEKTHI HEOrPAHUUYEHHOIO TUMA, 3TUX CPEACTB HeAOCTaTOYHO. BMecTo 3Toro Bbl
JOMKHBI UCMOJ1b30BaTh NOTOKOBLIM BBO/-BbIBOA.

MoTOKOBbIV BBOA-BLIBOJ, MMEeT HeKoTopble 06LLMe YepThl C NpeabiayLMm nogxogamu. Mel no-
npexHemy ncnonbsyem npouedypsl Create, Open n Close. OgHako BMeCTo NpsMOro AocTyna K
dariny yepes obbekT File_Type Bbl ncnonbsyete Tun Stream Access. A5 YTeHWUs 1 3anncK
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nHbopMaLmn Bbl MCMoNb3yeTe aTtpmbyThl 'Read mam 'Write Tex TMNOB AaHHbIX, KOTOpbIE Bbl
ynTaeTe WM NULLIETE.

JaBainTe nocMoTpuM Ha Bepcmio npoueaypbl Show Dir Float IO u3 npegbigyliero pasgena.
Mpouesypa Ncnonb3yeT NOTOKOBbLIV BBOZ-BbIBOJ BMECTO MPAMOro BBOAA-BbIBOAA:
Listing 9: show_float_stream.adb

with Ada.Text I0;
with Ada.Streams.Stream I0; use Ada.Streams.Stream IO0;

procedure Show Float Stream is

F : File_Type;
S : Stream Access;
constant String := "float file.bin";
begin

Create (F, Out File, File Name);
S := Stream (F);

Float'Write (S, 1.5);
Float'Write (S, 2.4);
Float'Write (S, 6.7);

Close (F);

declare
Value : Float;

begin
Open (F, In File, File Name);
S := Stream (F);

while not End O0f File (F) loop
Float'Read (S, Value);
Ada.Text I0.Put Line (Float'Image (Value));
end loop;
Close (F);
end;
end Show Float Stream;

Runtime output

1.50000E+00
2.40000E+00
6.70000E+00

Mocne BbI3oBa Create Mbl Nosyvyaem cooTBeTCTBYHOLLee 3HaueHne Stream Access, Bbi3biBas
dyHKUMo Stream (MOTOK). 3aTeM Mbl UCMOAb3yeM 3TOT MOTOK A/ 3anucn nHpopmaumm B painn
ncnonb3sysa atpnbyt 'Write tuna Float. Mocne 3akpbiTya ¢alina 1 NOBTOPHOIO OTKPbLITUSA ero
ANA UTeHUs Mbl CHOBa MoJslyyaeM 3HayeHuve Stream Access v MCMONb3yeM ero Ans YTeHus
nHpopmauunm ns daiina c nomolybto atpmbyTta 'Read Tnna Float.

Bbl MOXeTe MCNoNb30BaTb MOTOKM ANIA CO34aHUA 1 06paboTkn Gpalinos, coAepXallmx pasHble
TUNbl AAHHbLIX B OA4HOM daline. Bbl TakKe MOXeTe UMTaTb U 3aNnCbiBaTb HEOrPaHWYeHHbIE TUMbI
JaHHbIX, Takne Kak cTpokn. OAHaKo Mpu MUCMOJIb30BaHUW HEOTPaHUYEHHbIX TUMOB AAaHHbIX Bbl
[OMKHBI BbI3blBaTb aTpubyThl ' Input u 'Output HeorpaHMYeHHOro TMNa AaHHbIX: 3TV aTPUBYTHI
3annCbIBalOT MHPOPMALMIO O FPaHMLAX UAN AUCKPUMUHAHTAX B AOMOJIHEHME K paKTUYeCKUM
JaHHbIM 06bekTa.

B cnesyouiem npumepe nokasaH ¢alifioBbli BBOA-BbIBOA, KOTOPLIM CMeLUMBaeT Kak CTPOKMU
PasHOM ANNHBI, TakK Y 3HAYEHWS C NMaBatoLLiein 3anATo:
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Listing 10: show_string_stream.adb

with Ada.Text I0;

with Ada.Streams.Stream I0; use Ada.Streams.Stream IO;

procedure Show String Stream is
F : File_Type;
S : Stream Access;
: constant String

procedure Output (S
FV : Float;
SV : String) is
begin
String'Output (S, SV);
Float'Output (S, FV);
end Output;

procedure Input Display (S :

:= "float file.bin";

: Stream Access;

Stream Access) 1s

SV : String := String'Input (S);
FV : Float := Float'Input (S);
begin
Ada.Text I0.Put Line (Float'Image (FV)
& n - n & SV) ;
end Input Display;
begin
Create (F, Out File, File Name);
S := Stream (F);
OQutput (S, 1.5, "Hi!!l");
Output (S, 2.4, "Hello world!");
Output (S, 6.7, "Something longer here...");
Close (F);

Open (F, In File, File Name);

S := Stream (F);

while not End O0f File (F) loop
Input Display (S);

end loop;

Close (F);

end Show String Stream;

Build output

show_string stream.adb:18:07: warning:

~constant [-gnatwk]

show string stream.adb:19:07: warning:

~constant [-gnatwk]

Runtime output

"SV" is not modified, could be declared,

"FV" is not modified, could be declared,

1.50000E+00 --- Hi!!
2.40000E+00 --- Hello world!
6.70000E+00 --- Something longer here...

Koraa Bbl crnonb3yeTe NOTOKOBLIV BBOA-BbIBOA, B Gpalin He 3anmncbiBaeTcsd HMKakas nHGopmaLuus,

yKasblBatollada TN AdHHbIX, KOTOPbIE Bbl 3anncasnan.

Ecnm daiin cosepXuT AaHHble pasHbIX

TNOB, NPU YTEHUNN q>a|7|na Bbl AOJ/DKHbI CCbI/IAaTbCA Ha TUMblI B TOM Xe nopsajke, 4to v npum ero

22.4. NMoTOKOBbIV BBOA-BbIBOJ
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HanncaHun. B NpoTVMBHOM C/lyyae nosyyeHHas nHpopmaums byaeT nospexgeHa. K coxaneHuto,
cTporast TMNV3aumsa AaHHbIX B 3TOM C/lydae BaM He MomoxeT. HanwmcaHve npocTbix npoueayp
419 GannoBoro BBOAA-BbIBOAA (Kak B MpMBeAeHHOM BblILLIe MPpYMepe) MOXeT MoOMOYb 0becneymnTb
cornacoBaHHocTb dopmata danna.

Kak n I'IpFIMOI7I BBOA-BbIBOJ, Nojaep>XKa NOoTOKOBOIro BBOAA-BbIBOAA TakKXe MO3BONAET MONYHYUTb
Aoctyn KI'IF06OMy MecTy B c|>a|7|ne. OpgHako NPV 3TOM HY>XXHO 6bITb npeaenbHO OCTOPOXHbIM, uyTObbI
MnoJsioXxXeHme HOBOIro MHAEKCa COOTBETCTBOBA/10 OXXMAaeMbIM TMaM AaHHbIX.
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CHAPTER
TWENTYTHREE

CTAHAAPTHASA BUBJINOTEKA: NUMERICS

CraHgapTHas  6ubnuoTeka  obecneuymMBaeT  MOAAEPXKKY  LUMPOKO  pacnpoCTpaHeHHbIX
MaTeMaTUYeCcKX onepaumii 45 TUNOB C NNaBatoLLe 3anATON, KOMMNAEKCHbIX Yncen 1 maTpul,. B
HKeCneyroLLMX pa3aenax NpUBOANTCS KpaTkoe BBeAeH e B 3TV MaTeMaTuyeckme onepauumn.

23.1 dnemeHTapHble PYHKLNU

Maket Ada.Numerics.Elementary Functions o6ecneunBaeTt obLienpuHATbIE onepauumn Ans
TMMOB C MNaBatoLLeil TOUKON, TakMe KaK KBajpaTHbIA KOpeHb, lorapudm 1 TpUroHoMeTpuyeckme
dyHKUMM (Trna sin, cos). Hanpumep:

Listing 1: show_elem_math.adb

with Ada.Text I0; wuse Ada.Text I0;
with Ada.Numerics; use Ada.Numerics;

with Ada.Numerics.Elementary Functions;
use Ada.Numerics.Elementary Functions;

procedure Show Elem Math is

X : Float;
begin
X 1= 2.0;

Put Line ("Square root of "
& Float'Image (X)
& n iS n
& Float'Image (Sqrt (X)));

X 1= e;
Put Line ("Natural log of "
& Float'Image (X)
& n iS n
& Float'Image (Log (X)));

X 1= 10.0 ** 6.0;

Put Line ("Log 10 of "
& Float'Image (X)
& n iS n

& Float'Image (Log (X, 10.0)));

X 1=2.0 * 8.0;

Put Line ("Log 2 of "
& Float'Image (X)
& n iS n

& Float'Image (Log (X, 2.0)));

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

X = Pi;
Put Line ("Cos of "
& Float'Image (X)
& " is "
& Float'Image (Cos (X)));
X := -1.0;
Put Line ("Arccos of "
& Float'Image (X)
& " is "

& Float'Image (Arccos (X)));
end Show Elem Math;

Runtime output

Square root of 2.00000E+00 is 1.41421E+00
Natural log of 2.71828E+00 is 1.00000E+00
Log 10 of 1.00000E+06 is 6.00000E+00
Log 2 of 2.56000E+02 is 8.00000E+00
Cos of 3.14159E+00 is -1.00000E+00
Arccos of -1.00000E+00 is 3.14159E+00

34ecb Mbl CNO/Ib3yeM CTaHAAPTHbIe KOHCTaHTbl € 1 Pi 13 naketa Ada.Numerics.

Maket Ada.Numerics.Elementary Functions npegoctaBnser onepauun gns tuna Float.
AHanornuHble naketbl ectb And Tunos Long_Float n Long_Long_Float. Hanpumep, naket
Ada.Numerics.Long Elementary Functions npegnaraet ToT Xe Habop onepauuii ang Tmna
Long_Float. Kpome Toro, naker Ada.Numerics.Generic Elementary Functions - 370
HacTpanBaemas BepCusa NakeTa, KOTOPYH MOXHO WCMONb30BaTb A5 MOAb30BaTeNbCKNX TUMOB
C nnaeatollen 3andaron. ®dakTnyeckn, naket Elementary Functions moxHo onpegenuTb
cneayoLwmm obpasom:

package Elementary Functions is new
Ada.Numerics.Generic_Elementary_Functions (Float);

23.2 eHepauusa cnyyamHbIX Yncen

MakeTt Ada.Numerics.Float Random npegoctaBnsieT NpocTol reHepaTop cay4ariHbIX Ymcen ¢
AnanasoHom oT 0,0 go 1,0. YTobbl cNonb30BaTh ero, 06bABUTE reHepaTop G, KOTOPLIN Bbl 3aTeM
nepegagute B Random. Hanpuwmep:

Listing 2: show_float_random_num.adb

with Ada.Text I0; use Ada.Text IO;
with Ada.Numerics.Float Random; use Ada.Numerics.Float Random;

procedure Show Float Random Num is
G : Generator;
X : Uniformly Distributed;
begin
Reset (G);
Put Line ("Some random numbers between "
& Float'Image (Uniformly Distributed'First)

& " and "
& Float'Image (Uniformly Distributed'Last)
& II:II);

(continues on next page)

246 Chapter 23. CraHgapTHasa 6mbnmnoteka: Numerics



16

17

19

W X N U AW N =

23
24
25

27

BBepgeHuMe B A3bIK NporpammupoBaHus Ada
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for I in 1 .. 15 loop
X := Random (G);
Put Line (Float'Image (X));
end loop;
end Show Float Random Num;

Runtime output

Some random numbers between 0.00000E+00 and 1.00000E+00:
.29413E-01
.83346E-01
.30866E-01
.41220E-01
.81104E-01
.04554E-01
.73398E-01
.05950E-01
.31678E-01
.84824E-01
.11724E-01
.77724E-01
.53477E-01
.14905E-01
.13336E-01

NOUUORRYJOONUINONO O

CraHgapTHas 6ubnnoTeka TakxXe BKAKOYAeT reHepaTtop CyvarHbIX 4ucen ANs AUCKPEeTHbIX
yncen, KOTopbI ABAseTca YacTbio naketa Ada.Numerics.Discrete Random. [Nockonbky 3TO
HacTpavBaeMblli NakeT, HEOBXOAMMO CO34aTb ero 3k3eMnasp Ans TpebyemMoro AMCKPEeTHOro
Tna. 3TO NO3BO/AET BaM 3ajaTb AManasoH reHepartopa. B cneaytoliem npumepe cosgaetcs
npuoxeHue, oTobpaxatoLee cnyyariHble Lesnble Yucna ot 1 go 10:

Listing 3: show_discrete_random_num.adb

with Ada.Text IO0; use Ada.Text I0;
with Ada.Numerics.Discrete Random;

procedure Show Discrete Random Num is
subtype Random_Range is Integer range 1 .. 10;

package R is new
Ada.Numerics.Discrete_Random (Random Range);
use R;

G : Generator;
X : Random_Range;
begin
Reset (G);
Put Line ("Some random numbers between "
& Integer'Image (Random Range'First)

& n and n
& Integer'Image (Random Range'last)
& n : n );

for I in 1 .. 15 loop
X := Random (G);
Put Line (Integer'Image (X));
end loop;
end Show Discrete Random_ Num;
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Runtime output

Some random numbers between 1 and 10:

NNNREROOORRPPOWPRPRORR

3pecb naket R co3gaetca ¢ Tunom Random Range c orpaHuyeHuem guanasoHa ot 1 go 10.
OTO MO3BOASAET HAaM KOHTPOAMPOBATL AMAMNa30oH MoJsiydaeMblX CiydamHbIX Ymncen. Mbl MOrn 6bl
NIerko 3MeHUTb NPUIOXKeHMe ANA MOoJydYeHus CaydarHblx Uenbix vncen ot 0 go 20, n3MeHVB
cnegyndumkaumio noatuna Random Range.  AHanorM4yHo Mbl MOXEM WCMONb30BaTb TUMbI C
niaBaroLLel 3anNaTon 1 ¢ UKCMPOBAHHON 3aMNSTON.

23.3 KoMmnnekcHsblIe yncna

Maketr Ada.Numerics.Complex Types obecneumBaeT MOAAEPXKY KOMMJIEKCHbIX uuncen,
a naker Ada.Numerics.Complex Elementary Functions ob6ecneuvBaeT noasaep>Ky
o6LLenpuHATbIE onepaLmnii C TUNaMn KOMMEKCHbIX Yncen, aHanormyHo nakety Ada.Numerics.
Elementary Functions. HakoHeu, Bbl MoOXxeTe wucnonb3oBaTb naketr Ada.Text IO0.
Complex IO ana BbINOMHEHMA onepauuii BBOAA-BbIBOAA HaZ KOMMIEKCHbIMW yncnamu. B
cnegyolLeM npuMepe Mbl 06bsBSeM nepemMeHHble Tuna Complex v MHUUMANU3UPYEM KX C
MOMOLLIbLO arperara:

Listing 4: show_elem_math.adb

with Ada.Text I0; use Ada.Text I0;
with Ada.Numerics; use Ada.Numerics;

with Ada.Numerics.Complex Types;
use Ada.Numerics.Complex Types;

with Ada.Numerics.Complex Elementary Functions;
use Ada.Numerics.Complex Elementary Functions;

with Ada.Text IO0.Complex IO;
procedure Show Elem Math is

package C_IO0 is new
Ada.Text_IO0.Complex_IO (Complex Types);
use C IO;

X, Y : Complex;
R, Th : Float;
begin
X = (2.0
Y := (3.0, 4.0);

(continues on next page)
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3.0;
Pi / 2.0;
Compose From Polar (R, Th);
Zternatlvely
=R * Exp ((0.0, Th));
= R * e ** Complex' (0.0, Th);

S>x >0

Put ("Polar form: "
& Float'Image (R) & " * e¥*(i * "
& Float'Image (Th) & ")");

New Line;

Put (
Put (X
Put (" is ");

Put (Float'Image (abs (X)));
New Line;

"Modulus of ");
);

Put ("Argument of ");

Put (X)

Put (" is ");

Put (Float'Image (Argument (X)));
New Line;

New Line;

Put (

Put (X

Put (" is ");
Put (Sqrt (X));
New Line;

end Show Elem Math;

"Sqrt of ");
)

Runtime output

( 2.00000E+00, -1.00000E+00) * ( 3.00000E+00, 4.00000E+00) is ( 1.00000E+01, 5.
~00000E+00)

Polar form: 3.00000E+00 * e**(i * 1.57080E+00)
Modulus of (-1.31134E-07, 3.00000E+00) is 3.00000E+00
Argument of (-1.31134E-07, 3.00000E+00) is 1.57080E+00

Sqrt of (-1.31134E-07, 3.00000E+00) is ( 1.22474E+00, 1.22474E+00)

Kak BMAHO M3 3TOro mpuvmepa, BCe Ob6LLENpUHSATbIe omnepauun, Takue, Kak * n +, JOCTYMHbI
ANna KOMMAeKCHbIX TUMoOB. Y Bac Takxe eCTb TUMUYHbIE onepaunn KOMONAEKCHbIX 4Yncen, Takme
kak Argument v Exp. MNMoMnMO MHMLUMaNM3aUMM KOMMAEKCHbIX Yncen B AekapToBoi dopme ¢
MNCNONb30BaHVEM arperaToBs, Bbl MOXeTe NojydaTb UX U3 NoaspHoOl GopMsbl, Bbi3BaB GyHKLMIO
Compose From Polar.

MakeTbl Ada.Numerics.Complex Types n Ada.Numerics.Complex Elementary Functions
npegocTaBnatoT onepaumn ana tuna Float. MNMogo6Hble nakeTsbl 4OCTyNHLI And Tvnos Long_Float
n Long_Long_Float. Kpome TOro, ¢ nomouibto HacTpavBaembix naketos Ada.Numerics.

23.3. KomnJjieKcHbIe yncna 249



W X N O U A W N =

BBepeHuMe B i3bIK NporpammupoBaHus Ada

Generic Complex Types wu
MOXHO CO3/aBaTb KOMIUIEKCHbIE TUMbl W©

Ada.Numerics.Generic Complex Elementary Functions
nx  QYHKUMN 13

MOSIb30BATE/IbCKNX U

npegonpegeneHHbIX TUMOB C NAaBakoLLel 3anaToi. Hanpumep

with Ada.Numerics.Generic Complex Types;

with Ada.Numerics.Generic_Complex Elementary Functions;

with Ada.Text IO.Complex IO;
procedure Show Elem Math is

package Complex_Types is new

Ada.Numerics.Generic_Complex_Types (Float);

use Complex Types;

package Elementary_ Functions is new

Ada.Numerics.Generic_Complex_ Elementary Functions

(Complex_Types);
use Elementary Functions;

package C_IO is new Ada.Text_IO.Complex_IO
(Complex_Types);

use C IO;
X, Y : Complex;
R, Th : Float;

23.4 Pa6oTa c BeKTOpaMu 1 MmaTpuuamm

Maketr Ada.Numerics.Real Arrays obecneuyvBaeT MNoaAepXKy BekTopoB v matpuu. OH
BK/IIOUAET B Cebs TUMUYUHbIe onepaumn C MaTpuuaMu, Takme Kak obpallueHune, HaxoxXAeHue
onpeaennTens 1M COBCTBEHHOro 3HauyeHWs, a Takxe 6osee MpPOCTble onepauuv, Takme Kak
CNOXEHWE N YMHOXeHe MaTpuLL. Bbl MOXeTe 06BABAATL BEKTOPLI 1M MaTPULbl, UCNOAb3YS TUMb

Real Vector nReal Matrix cooTBeTCTBEHHO.

B cnegyollemM npumepe MCMONb3YHOTCA HekoTopble onepaumn 13 naketa Ada.Numerics.

Real Arrays:

Listing 5: show_matrix.adb

with Ada.Text I0; use Ada.Text I0;
with Ada.Numerics.Real Arrays;
use Ada.Numerics.Real Arrays;
procedure Show Matrix is
procedure Put Vector (V : Real Vector) is
begin
Put (" (");
for I in V'Range loop
Put (Float'Image (V (I)) & " ");
end loop;
Put Line (")");
end Put Vector;
procedure Put Matrix (M : Real Matrix) is
begin
for I in M'Range (1) loop
Put (II (II);

(continues on next page)
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for J in M'Range (2) loop
Put (Float'Image (M (I, J)) & " ");
end loop;
Put Line (")");
end loop;
end Put Matrix;

V1 : Real Vector := (1.0, 3.0);
V2 : Real Vector := (75.0, 11.0);
M1 : Real Matrix :=

((1.0, 5.0, 1.0),

(2.0, 2.0, 1.0));
M2 : Real Matrix :=

((31.0, 11.0, 10.0),
(34.0, 16.0, 11.0),
(32.0, 12.0, 10.0),
(31.0, 13.0, 10.0));
M3 : Real Matrix := ((1.0, 2.0),
(2.0, 3.0));
begin
Put Line ("V1")
Put Vector (V1)
Put Line ("V2")
Put Vector (V2);
Put Line ("V1 * V2 =");
Put Line (" "
& Float'Image (V1 * V2));
Put Line ("V1 * V2 =");
Put Matrix (V1 * V2);
New Line;

’
’
’

Put Line ("M1");

Put Matrix (M1);

Put Line ("M2");

Put Matrix (M2);

Put Line ("M2 * Transpose(M1l) =");
Put Matrix (M2 * Transpose (M1));
New Line;

Put Line ("M3");

Put Matrix (M3);

Put Line ("Inverse (M3)
Put Matrix (Inverse (M3)

=");
)
Put Line ("abs Inverse (M
(
M

=")
));
=")

Put Matrix (abs Inverse
Put_Line ("Determinant (
Put Line (" "
& Float'Image (Determinant (M3)));
Put _Line ("Solve (M3, V1) =");
Put Vector (Solve (M3, V1));
Put Line ("Eigenvalues (M3) =");
Put Vector (Eigenvalues (M3));
New Line;
end Show Matrix;

3)
M3
3)

’
’

Build output

show matrix.adb:28:04: warning: "V1" is not modified,
~gnatwk]
show matrix.adb:29:04: warning: "V2" is not modified,

anatilcl
ﬂyl IguLwn |

(continued from previous page)

could be declared constant [-

could be declared constant [-

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

show matrix.adb:31:04: warning: "M1" is not modified, could be declared constant [-
~gnatwk]

show matrix.adb:34:04: warning: "M2" is not modified, could be declared constant [-
~gnatwk]

show matrix.adb:39:04: warning: "M3" is not modified, could be declared constant [-
~gnatwk]

Runtime output

V1
( 1.00000E+00 3.00000E+00 )
V2
( 7.50000E+01 1.10000E+01 )
V1 * V2 =
1.08000E+02
V1 * V2 =
( 7.50000E+01 1.10000E+01 )
( 2.25000E+02 3.30000E+01 )
M1
( 1.00000E+00 5.00000E+00 1.00000E+00 )
( 2.00000E+00 2.00000E+00 1.00000E+00 )
M2
( 3.10000E+01 1.10000E+01 1.00000E+01 )
( 3.40000E+01 1.60000E+01 1.10000E+01 )
( 3.20000E+01 1.20000E+01 1.00000E+01 )
( 3.10000E+01 1.30000E+01 1.00000E+01 )
M2 * Transpose(Ml) =
( 9.60000E+01 9.40000E+01 )
( 1.25000E+02 1.11000E+02 )
( 1.02000E+02 9.80000E+01 )
( 1.06000E+02 9.80000E+01 )
M3

( 1.00000E+00 2.00000E+00 )

( 2.00000E+00 3.00000E+00 )
Inverse (M3) =

(-3.00000E+00 2.00000E+00 )

( 2.00000E+00 -1.00000E+00 )
abs Inverse (M3) =

( 3.00000E+00 2.00000E+00 )

( 2.00000E+00 1.00000E+00 )
Determinant (M3) =

-1.00000E+00
Solve (M3, V1) =

( 3.00000E+00 -1.00000E+00 )
Eigenvalues (M3) =

( 4.23607E+00 -2.36068E-01 )

Ecv Bbl He yKkasblBaeTe pa3Mepbl MaTpULbl, OHW aBTOMATUYeCKM OMpeAenstoTcs Ha OCHoBe
arperaTta, UCMO/b3yeMOro ANs MHULManm3aumm. XoTs Bbl Takke MOXETe MCMo/b30BaTb fBHbIe
AvianasoHbl. Hanpumep:

M1 : Real Matrix (1 .. 2, 1 .. 3) :=
((1.0, 5.0,
(2.0, 2.0,
Maket Ada.Numerics.Real Arrays npegoctaensieT onepauun ana tuna Float. AHanornyHele
nakeTbl goctynHel And Tmunos Long_Float n Long_Long_Float. Kpome Toro, HacTpanBaemsblin
naketT Ada.Numerics.Generic Real Arrays MOXHO WCMO/Ib30BaTb A/ MOJIb30BATENbCKNX
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TUMNOB C NnaBatolleli 3ansToii. Hanpumep, naker Real Arrays MoxeT 6biTb onpefeneH
CnesyroLwmM 06pasom:

package Real Arrays is new
Ada.Numerics.Generic_Real Arrays (Float);
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CHAPTER
TWENTYFOUR

NMPUNOXEHNA

24.1 NpunoxxeHune A: PopMasibHble TUMblI HACTPOUKN

Cnegytolme Tabanupl cogepxXaTt npuMepbl AOCTYMHbIX GOpMasbHbIX TUMOB HACTPaVBaeMbIX

Mogynem:

®dopManbHbIA TUM

dakTnyecknin Tmn

HenonHbin TUN
®dopwmar: type T;

JTroboin Tnn

ANcKpeTHbIV T1N
dopmar: type T is (<>);

JTto601 LLenouncaeHHbIN TUM, MOAYIbHbIA TUM
AN NepevncamMblii TN

Twn gnanasoHa
dopmar: type T is range <>;

J1to60 LenoYnc/IeHHbIN TUM CO 3HAKOM

MoZaynbHbIN TN
dopmart: type T is mod <>;

Nob6oin MoayAbHbIV TN

Tun c NnaBatoLLen 3ansaTomn
dopmar: type T is digits <>;

Mtobol TMN € NnaBatoLLEen 3ansaTomn

JBOVYHBIN TUM € PUKCUPOBAHHOM 3anATON
dopmar: type T is delta <>;

Jiobol ABONYHBLIA TN C GUKCMPOBAHHOM
3anaTou

JecaTnyHbI TN ¢ GUKCMPOBAHHOM 3anATOM
dopmar: type T is delta <> digits <>;

Noboi fecATUYHBIN TUN C PUKCMPOBAHHOM
3andaTou

OnpegeneHHbIn HENUMUTUPYEMbIA ANYHbBIN

Nobo HeanmMUTUpyemblil, onpeaeneHHbI

™n ™n

dopmart: type T is private;

Henvmuntnpyembii JINYHBIN T™n c | Jlobon HEeNMNMUTMPYEMbIN T™”nN C
ANCKPUMUHAHTOM ANCKPYMUHAHTOM

dopmar: type T (D : DT) is private;

CCbINOYHBIV TUM
dopmar: type A is access T;

JTto60 CChINOYHBINA TUM Ana TMna T

OnpegeneHHbI NPON3BOAHbLIN TUM
dopmar: type T is new B;

JTiobol KOHKPEeTHBIN TWM, MPOW3BOAHbLIA OT
6a3oBoro T1na B

JInMnTMpyemblil HacTHbBINA TUN
dopmart: type T is limited private;

Noboin onpegeneHHbIn TN, ANMUTUPYEMBbIT
VAN HeT

HenonHoe onucaHve TeroBoro TMna Nrobon KOHKPETHbIN, onpeAeneHHbIN,
dopmar: type T is tagged; TeroBbIv TMN
OnpeseneHHbI TeroBbli IMYHbBIA TUM Jroboin KOHKPEeTHbIW, onpegeneHHbIn,

dopmar: type T is tagged private;

TerosbI TUM

OnpegeneHHbli  Terosblidi  VUMUTUPYEMbII
JINYHbBIA TUM

dopmar: type T is tagged limited pri-
vate;

JTto60i KOHKpeTHbIN onpeAeneHHbIn TeroBbli
TN IUMUTUPYEMbBIA NN HET.

continues on next page
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Table 1 - continued from previous page

®dopManbHbIA TUM

dakTNyeckmnin Tmn

OnpegzeneHHbIn TerosbI
JINYHBINA TN
dopmaT: type T is abstract tagged

private;

abCTpaKTHbIN

Nobon HennmMUTUpyemblil, onpeaeneHHbI
TeroBbl TUM abCTPAKTHbIV AW KOHKPETHbIN

OnpegeneHHbIn  abCTPakTHbIM ~ TeroBbI
NVMUTUPYEMBIA INYHBIA TUN
dopmaT: type T is abstract tagged

limited private;

Nobon  onpegeneHHbI  TeroBbld  TwM,
JVMUTUP-MBIA MAN HeT, abCTPakTHbIA Wan
KOHKPEeTHbI

OnpegeneHHbIn NPON3BOAHbIV TEroBbI TUM
dopmart: type T is new B with private;

Noboi KOHKPETHbI Terosbll
MPOn3BOAHbLIV OT 6a30BOro Tmna B

T™n,

OnpegeneHHbln abCTPaKTHbLIA MPOU3BOAHbIN
TeroBbI TMN

dopmar: type T is abstract new B with
private;

Nobon  TeroBeld  TUM, MPOV3BOAHbIN
OT 6as3oBoro Tuna B abCTpakTHbI wAn
KOHKPEeTHbI

Tnn maccmBa
®opwmar: type A is array (R) of T;

/Moboli TN MaccmBa C  AvManasoHoM R,
cozepXaliumii anemeHTbl Tvna T

NHTepdencHbIn TN
dopmar: type T is interface;

JTroboi nHTepdencHbIN TUN

NnmnTpyemblin MHTepderCHbIA TUM
dopmarT: type T is limited interface;

Nob0oi ANMUTUPYEMbIT HTePPENCHBIN TUM

3afayHblin HTEPPENCHBbIN TUM
dopmar: type T is task interface;

Noboi 3aaa4HbIN MHTEPOENCHbIN TN

CYHXPOHMN3NPOBAHHbLIA MHTEPPENCHBIN TUN
dopmart: type T is synchronized in-
terface;

Tobon
NHTEepPENCHbIN TN

CUHXPOHU3MPOBAHHbIN

3aLMLLEeHHbIA MHTePdeNCHBIA TUM
dopmart: type T is protected inter-
face;

JTrobon 3amLLeHHbIN MHTEPdENCHbIN TUN

Mpown3BOAHbBIN MHTEPENCHBI TUN
dopmart: type T is new B and I with
private;

JTrobon Tnn, NPOM3BOAHbLIN OT 6Aa30BOro TUMNA
B n nHtepdelica

Mpown3BOAHbLIN T™n C HEeCKONbKUMM
nHTEepdecaMmm
dopmar: type T is new B and I1 and

I2 with private;

Jltoboln T1n, NPon3BOAHLIA OT 6Aa30BOro TUMna
B n nutepdericos 11 n 12

ABCTPaKTHbI MPOU3BOAHBIN NHTEePdEeNnCHbIN
T™n

dopmar: type T is abstract new B and
I with private;

JTrobol TMN, NPOV3BOAHBIN OT abCTpakTHOro
6asoBoro Tuna B n nHtepodeiica |

Jinmntnpyemelin
NHTepPencHbIN TN
dopmar: type T is limited new B and
I with private;

NPOV3BOAHbIN

Jrobon T™n, NPOV3BOAHLIN oT
AMMuTMpyemMoro  6asosoro  Tuna B wm
MMUTUpyemMoro nHtepdeiica

ABCTPaKTHbIA TMMUTUPYEMbIA NPON3BOAHbIN
nHTepPencHbIN TN

dopmar: type T is abstract limited
new B and I with private;

JTrobol TMn, NpOV3BOAHBIN OT abCTPaKTHOro
AMMUTUPY emoro 6asosoro Tuna B wu
NMMUTUpyemMoro nHtepdeiica

nHTepPencHbIN TN
dopmar: type T is abstract synchro-
nized new SI with private;

CYHXPOHMN3NPOBAHHbIA UHTEPPENCHBIN TUM Nrobon T™”n, NPOUN3BOAHbIN oT
dopmart: type T is synchronized new | CMHXPOHM3MPOBAHHOrO nHTepdencHoro
SI with private; ThNbI Sl

ABCTpaKTHbIV CUHXPOHU3MPOBAHHbIN | JTl06oM ™n, NPOV3BOAHbIN oT

CMHXPOHM3MpPOBaAHHOIO NHTepdelica Sl
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24.1.1 HeonpepaeneHHble Bepcum TUNOB

MHorve wn3 npuBeAeHHbIX Bblle MNprMepoB MOTyT ObITb MCNONb30BaHbI ANA CI)OpMaJ'IbeIX
HeonpeaeneHHbIX TUMNOB!

dopManbHbIA TUM

DaKkTNYecknin Tmn

HeonpeseneHHbIV HEMOJHbIA TUM Jlrobon Tmn
dopmart: type T (<>);
HeonpepeneHHbIi HEAUMUTUPYEMbIA ANYHbLIA | JTloboi HENMMUTUPYEMbIT T™™n

T™n
dopmar: type T (<>) is private;

HeOI'Ipe,U,EJ'IEHHbIVI iz OI'Ipe,Zl,e}'IeHHbII7I

HeonpepaeneHHbI AUMUTUPYEMBIA NNYHBIA TN
dopmar: type T (<>) is limited private;

Nobon  TMN, AUMUTUPYEMbLIA WUAN  HET,
HeonpeAeneHHbIV UK onpejeNneHHbIN

HenonHbln HeonpeAeneHHbIA ANYHbIA TeroBbll
™n
dopmar: type T (<>) is tagged;

JIlobo  KOHKpPEeTHbI  TeroBbli
HeonpeAeneHHbIA UK onpeAeneHHbIN

™n,

HeonpegeneHHbI TeroBbli ANYHBIA TAN

06Ol KOHKPEeTHbIW, HenMUTUpyeMbli

dopmar: type T (<>) is tagged private; | TeroBbii TVM, HeonpejeneHHbIA KN
onpeAeneHHbIN

HeonpegeneHHbIi  Terosbli  AMMUTUPYeMbIA | JTroboi KOHKPETHbI Terosbll

JNYHBIA TUAMN ™n, JIVIMUTUPYEMbIV nm HerT,

dopmar: type T (<>) is tagged limited
private;

HeonpeAeneHHbIA UK onpeAeneHHbIN

HeonpegeneHHbI TeroBbll
JINYHBIA TUN
dopmar: type T (<>) is abstract tagged

private;

abCTPaKTHbIN

Nroboi HenMUTUPYeMbIA Ter oBbIA TUN,
HeomnpejeneHHbIi 1A onpejeneHHbIn,
abCTPaKTHBIN NN KOHKPETHbI

HeonpegeneHHbln  abCTpakTHbI ~ Terosbll
JINMUTUPYEMbIA NUYHbBIV TN
dopmar: type T (<>) is abstract tagged

limited private;

Nobo  TeroBbl  TUMN, AUMUTUPYEMBbIN
nan - Her, HeornpeAeneHHbIn UK
onpeAeneHHbIN,abCTpakTHbIN nn

KOHKPETHbI

HeonpegeneHHbIV NPOV3BOAHbIV TEFrOBbIA TUM
dopmar: type T (<>) is new B with pri-
vate;

Jliobol TeroBbI TWM, MPOU3BOAHBINA OT
6asoBoro TMna B, HeompeaeneHHbIN nan
onpeAeneHHbIN

HeonpegeneHHbI abCTPaKTHbIA MPON3BOAHBIN
TeroBbIv TMN

dopmar: type T (<>) is abstract new B
with private;

Nobo Terobli TN, NPOW3BOAHbLIA OT
6asoBoro Tunma B, HeonpegeneHHbIn
WA onpejeneHHbll  abCTpakTHLIN UK
KOHKPETHbIA

Te xe nMpuMepbl MOTyT TakxXe CoAepXaTb ANCKPUMMHAHTLL. B 3Tom ciydae, (<>) 3ameHseTcs
CNUCKOM ANCKPUMUWHAHTOB, Hanpumep: (D: DT).
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24.2 Npwvno>xeHune B: KoHTelHepbI

B cneaytoleli Tabnuue nokasaHbl BCe KOHTeliHepbl, AOCTyrMHble B AZe, BK/IOYasi UX Bepcumn
(CTaHAAPTHBIN, OrpaHMYEHHbI, HEOTPaHNYEHHBbI, HeonpeeneHHbI):

KaTeropus KoHTenHep Std | Bounded | Un- Indefi-
bounded nite

BekTop Vectors Y Y Y
Cnncok Doubly Linked Lists Y Y Y
OTobpaxeHne| Hashed Maps Y Y Y
OTtobpaxeHune| Ordered Maps Y Y Y
MHOXecTBO Hashed Sets Y Y Y
MHOXecTBO Ordered Sets Y Y Y
[JepeBo Multiway Trees Y Y Y
YHuBepcaneH | Holders Y
Ouepesb Synchronized Queue Inter- |Y

faces
Ouepeab Synchronized Queues Y Y
Ouepesb Priority Queues Y Y

Note: UYTtobbl MoONyUMTb MMSA MakeTa KOHTelHepa, 3ameHuUTe nMpoben Ha _ B ero HasBaHUWMW.
(Hanpumep, naket gnst Hashed Maps Ha3biBaeTcst Hashed Maps.)

B cneaytolein Tabanue npeactaBieHbl npedurKebl, MpUMeHsieMble K IMEeHW KOHTeHepa, KoTopble
3aBUCAT OT ero Bepcuun. Kak ykasaHo B Tabnvue, CTaHAapTHas BePCUS He MMeeT CBA3aHHOIO C Hel
npedukca.

Bepcuga MpednrKc nMeHOBaHNSA
Std
OrpaHuYeHHbIn Bounded

HeorpaHuueHHbin | Unbounded
HeonpegeneHHobin | Indefinite
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