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BBenenune

B nanHOM y4eOHOM TOCOOWMHM paccMaTpPHBAIOTCS J1a0OpaTOPHBIE
paboThl MO AuCHMIUIMHE « TeXHONIOTHUH MporpaMMupoBaHus». Kaxmas
pabota  cHaOkeHa  TEOPETUYECKHMM  MaTepHaioM,  [epeyHeM
KOHTPOJIBHBIX ~ BOIIPOCOB, a TaKKe KOHKPETHBIMH HpPUMEpPaMHU
BeIMONTHEHMS.  [lomoOHOE — W3IIOKeHHWEe ~ MaTepuaia  IO03BOJISIET
00y4YaromuMCcsT HE TOJBKO YCICIIHO CIPABHTHCS C BBINOJIHCHUEM
nabopaTopHBIX pPabOT, HO W MNpHOOPECTH HAaBBIKK Pa3pabOTKH
IPOTPaMMHOTO OOECIIEYeHHsI PA3IMYHOTO pPoJia C HCIOIb30BAaHUEM
COBPEMEHHBIX HMHCTPYMEHTAIBHBIX CPEACTB, a TaKKe OCBOUTH
aKTyaJIbHbIC  TEXHOJIOTMH,  WCIOJIb3yeMble  NpH  pa3paboTke
MPOrpaMMHOI0 00eCTICUeHUsI.

TpedoBaHus K BbINOJHEHUIO JJa00PATOPHBIX PadoT

JlaboparopHasi paboTa BBIIOTHIETCS TPYIIION OT OJHOTO JI0 JABYX
CTYJEHTOB. Bce cCTyaeHThl B OJHOW KOMaHAE HECYT MOJHYIO
OTBETCTBEHHOCTh 3a J1a0OpPaTOpHYIO paboTy M MONy4arT 3a Heé
ONIMHAKOBbIE OIEHKH. BapwaHT 3amaHus Ha3HA4YaeTcs CIy4yailHbIM
o0Opa3omM. Pe3ynbTaToM BBITIOJHEHHS JIA0OPATOPHOIN PaOOTHI SBISETCS
HCXOJIHBIM KOJ MPOrpaMMbl HA OJTHOM M3 SI3bIKOB MPOTPAMMHUPOBAHUSI,
3apaHee BBUIOXKEHHBII B CUCTEMY KOHTPOJIS BEPCHI B OOIIEOCTYITHBII
penosuropuii (Hanpumep, GitHub unu GitLab), u neuatHbiéi oT4éT 0
BEHITIOJTHEHHOU pabote. PermoznTopuii JOMKEH OCTaBaThCS OCTYITHBIM
JI0 KOHIIa ceMecTpa. YCHeNHO cllaHHas jabopaTopHas paboTa MOXKET
TP PepeHIINPOBAHHO OLIEHUBATHCS TI0 YCMOTPEHHIO TIPETIOIaBaTels.
VYcneniHas caada Beex JIabOpaTOpHBIX pabOT SBISIETCS HEOOXOIUMBIM
YCIIOBHEM [yl JIOMycKa K 3k3ameHy. CnaBaTh j1abopaTopHylo paboty
MOYKHO Ha JJabOpaTOPHBIX 3aHATHAX IO pachucaHuio. B ciyuae, ecnn
JMYHOE TPUCYTCTBUE HEBO3MOXKHO, PabOTy MOXHO CAaBaTh yAAIEHHO
M0 BUJIEOCBSI3U C JEMOHCTpAIMel dKpaHa B Yachl IIPOBEICHUS 3aHATHI.



3a 0[IHO 3aHATHE HEJb3s IBAXK/BI CIaBaTh OHY U Ty JKe J1abopaTopHyIo
paborty.

B mpomecce cmaum maGopaTopHOM pabOTHI  IIPETOIaBaTENIO
NPEIbSBISICTCS. WCXOAHBIA KOA W 3alylleHHas TMporpaMma JUlst
TectupoBaHus e€ paborel. IlpemomaBaTens MOXKET — 3aaaBaTh
BBITIOJHUBIIUM Pa0OTy CTYJICHTaM BOMPOCHI IO HCXOJHOMY KOIY
MIPOTPaMMBI, TIO TEOPHH, CBI3aHHON C BEITIOJTHEHHOH paboTOM, a Takke
KOHTPOJIbHBIE BOINPOCHI W3 COOTBETCTBYIOIETO pasznena. Pabora
CUMTACTCS YCIEUTHO CIAHHOM, €CITH

— IporpaMma yCIeniHo padoTaeT W BBIMOJHACT BCe HEOOXOMMBIC
JICHCTBHS,

— CTYJEHTHI, BBITIONHSBIIME paboTy, MPaBHILHO OTBETWIIM Ha BCE
BOIPOCHI IPENOaBAaTENs;

— OoT4€T TO BHINOJHEHHOW JabopaTopHOW paboTe odopmieH B
COOTBETCTBUH C TPEOOBAHUSIMU U CJIaH B TICYATHOM BUJIC.

JlaboparopHast paboTa MOXET OBITh BBHINIOJHEHA HA JIFOOOM SI3bIKE
MPOrpaMMHUpPOBaHUs B JII000H cpefe pa3pabOTKH C HCIOJIb30BaHUEM
MOOBIX  CTOPOHHUX  OHWONHOTEK 1O  BBHIOOPY  BBITTOJHSIONINX
MOCTABJICHHYIO 3a/1a4y. [Ipy BBIMONHEHUH J1a0OpaTOpHON paboThl HE
3alpenaeTcst MoIb30BaThCd BHEITHUMHU HCTOYHUKAMH JaHHBIX, 9yKUM
UCXOJTHBIM KOJIOM, HCIOJBb30BAaHHBIM Ha 3aKOHHBIX OCHOBaHHSX,
TOTOBBIMH CTOPOHHUMHU OoubIMoTEKAMHU u mo0oi
(YHKIMOHATBHOCTBIO, BCTPOSHHOM B CTAHJIAPTHYIO OUOIMOTEKY SI3bIKA
POTrPaMMHUPOBAHUSI.

OTu€T O BHINMOIHEHHOW a0OpPaTOpHOH paboTe JOKEH OBITh
odopmiieH B coorBeTcTBUH ¢ TpeboBanusamu ['OCT, a Takxe ctangapTta
odopmieHusT y4eOHBIX TEKCTOBBIX JIOKYMEHTOB OpraHU3allu, B
KOTOPOW BBINOJIHACTCS JlaboparopHas pabora. OH JO/DKEH COJEpiKaTh
cIeyIonre 00s3aTeNbHbIE CTPYKTYPHBIE DJIIEMEHTHI: TUTYIIBHBIH JIHCT,
3aganue, pedepar, coiep)KaHHe, BBEJICHHE, OCHOBHYIO 4YacTb U
3aKitoyeHue. B ocHOBHOM wacTh OT4YéTa JOJDKHBI OBITH H3JI0KEHBI
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TCOPETUYCCKUEC CBCIACHUA, IIOJIOXKXCHHBIC B OCHOBY J1a60paTopH0171
pa6OTLI, MaT€puajJbl 1 METOABI UCCICAOBAHUA, a TAKKE IMOJTYYCHHBIC
PE3YIbTATHI.



1. Innamu4veckune OMOJIHOTEKH

bubnuorekamMu B NPOrpaMMHUPOBAHMU  SIBISIFOTCS  COOPHUKH
MNOANPOTpaMM  HMJIM  OOBEKTOB, HCHONB3YEMBIX Uil pa3paboTKu
nporpaMM. Jlpyrumu ciioBaMu, 3TO HaOOp KJIacCOB, KOMIIOHEHTOB WJIH
MOJyJIeH AJIsl peIeHNs Pa3HBIX 3a1ad.

CymecTByeT ABa THIa OUOTNOTEK: CTATHYECKHE U TUHAMUYECKHE.

Cratnyeckas OWOIMOTEKa COCTOMT M3 HOANPOrpaMM, KOTOpBIE
HETOCPEACTBCHHO  KOMIIMJIUPYIOTCS W JIMHKYIOTCS C  Balleu
nporpamMMoii. Ilpu KoMmwismuu nporpamMmbl, KOTOpas HCHOJIb3YET
CTaTUYeCKyl0  OWMONMOTEeKy, Bechb  (YHKIHOHAN  CTaTUYECKOH
Ooubmuotexkn (TOT, YTO WCIOJNB3yeT Balla MPOrpaMMma) CTAaHOBUTCS
YacThIO BalmIero wucmnojHsemoro ¢aiita. B Windows cratmueckue
oubnmorexn nmeroT pacumpenue .lib (ot «library»), Torma kak B Linux
CTaTHYECKU OUOJIMOTEKH UMEIOT paciiupeHue .a (0T «archivey).

OHUM U3 IPEUMYIIECTB CTATHYECKIX OUOIMOTEK SBISIETCS TO, YTO
IpU HCIIOAB30BAHUM HYKHO PAacHpOCTpaHATh BCero Jumb 1 dain
(McrionHsIeMbIil  (aiin), YTOOBI TOJNB30BATENH MOTJIH 3aIyCTUTh M
UCIIOJIb30BaTh Balry nporpammy. [1ockoibKy cTatudeckue OUOIHOTeKH
CTaHOBSITCSI YAaCTBhIO BAIlled MPOTPaMMBbI, TO Bbl MOXKETE MCIOIb30BaTh
uXx 1noxo0HO PyHKIMOHATY CBOEH coOCTBeHHOH nmporpammsl. C npyroi
CTOPOHBI, KOIMsS OMOJMOTEKHW CTAHOBUTCS YacThlO Ka)KJOTO BAallIero
UCTIONHSAEMOTO (aiiyia, ¥ 3TO MOXKET MPUBECTH K YBEJINYCHUIO pa3Mepa
¢aitna. Tarxke, ecnu HyxXHO OyJger OOHOBHUTh CTaTHYECKYIO
Oubmmorexky, BaM  NOpPUAETCS  NEPEKOMIMIMPOBATH  KaXKABIA
UCTIOJTHAEMBIH (haiii, KOTOPBIN €€ UCIIONb3YeT.

Junamuueckas OMONMOTEKa COCTOMT W3 MOJIPOTPaMM, KOTOpbIE
MOJIrPY’KAIOTCSL B Ballly NporpamMMmy BO BpeMsi e€ BbIoiHEHUs. [Ipu
KOMIWISIIMK ~ TPOTPaMMBbl, KOTOpash HCIONB3yeT IHMHAMHUYECKYIO
Oubnmorexy, d5Ta OMOMMOTEKAa HE CTAHOBUTCS YacTbiO BAaLIETO
ucnonHsiemMoro (Qaiina. OHa Tak W OCTAaéTcsl OTHENLHBIM MojylieM. B
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Windows nuHamuyeckue OuOnuorekn umeroT pacmupenue .dll (ot
«dynamic link library» = «6nbnnoTteka AuHAMUYECKONH KOMITOHOBKID),
TOorza Kak B Linux muHaMudeckre OMOIMOTEKH UMEIOT PACITUPECHHE .SO
(ot «shared objecty = «oOmuii 00beKT»). OXHUM M3 MPEUMYIICCTB
JUHAMUYECKUX OWOMMOTEK SBISETCS TO, YTO pasHbIe MPOrPaMMBI
MOTYT COBMECTHO HCIOJNB30BaTh OJHY KOIHUIO JUHAMUYCCKOH
OMONMOTEKH,  YTO  3HAYUTEIBHO  JKOHOMHT  HCIOIB3yeMOe
npocTpancTBO. Em€  oAHMM  MpeMMyLIeCTBOM  JTUHAMUYECKOH
OMOIMOTEKN SIBJISETCS TO, YTO €€ MOXKHO OOHOBIIATH J0 OoJiee HOBOM
BEpCUU 0€3 MEePEKOMIHIISIINN BCEX UCTIONHAEMBIX (DaiiiioB, KOTOpHIE e€
UCTIONTB3YIOT.

1.1. 3ananue Ha saGoparopuyio padory Nel

Tpebyercs peann3oBaTh JIMHAMUAYECKYIO OMOIMOTEKY,
obOnamaronlyr0 3aJaHHONH (PYHKIMOHATBHOCTHIO, a TAaKXKe OTIEIBHOE
NPUIOKEHUE C MOJIB30BATEIILCKIM HHTEP(EHCOM, HCIONIB3YOIIee ATy
JUHAMUYECKYI0  OMONMOTEKY ¥ TO3BOJIAIOUICE  ITOJIB30BATENIO
BOCIIOJIb30BATHCS €€ (PYHKIMOHATEHOCTBIO.

Tabnuua 1 — Bapuantsl 3a1anust Ha taboparopHyo paboty Ne 1

Ne | OyHKIHMOHAJIBHOCTh ITMHAMHYECKOH ON0JIHOTEKH

CrnoxeHue ABYX LCJIbIX YUCCII.

1 | [lepeBoa 3a1aHHOTO IEJIOTO YUCIIA B 33/IaHHYIO IMO3UIIMOHHYTO
CHUCTEMY CUHCIICHHUSI.

2 | MonyuyeHnwue 3a1aHHOTO KOMYeCTBa NUGP MOCIE 3ansITOH B
3aJlaHHOW 0OBIKHOBEHHOU JpOOH.

3 | Onpenenenue, sIBISETCS JIM 3aIaHHBIN I'0J] BACOKOCHBIM.

4 | Berunciaerne cyMMbl p 3aJaHHOTO [IEJIOT0 YHCIa.

5 HOZLC‘IéT KOJIMYECTBA ITOJIOXHUTECIBbHBIX ,I[eJ'IPITCJ'IefI 3aaHHOTI'O
OCJI0ro ymcia.

6 HpOBepKa, SBIIACTCS JIX 3aJaHHOC LCJIOC ITOJIOKHUTCIIBHOC YHUCIIO
IIPOCTHIM YK CJIOM.

7 Brruucnenue miaomanaun TpeyrojbHUKaA Ha MJIOCKOCTH C 3aJaHHBIMU
LCJIOYNCICHHBIMU KOOPAMHATAMU BCPIINH.
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Omnpenenenue, JIexKaT JIM TOUKH C 33JaHHBIMU 1[EJI0YUCICHHBIMU
KOOpJIMHATaMM Ha TJIOCKOCTH Ha OJTHOW MPSMOM.

9 | Pemenue KBaipaTHOT'O YPaBHEHHUS C 3aIaHHBIMH
LIEIOYHMCICHHBIMU KO3 (DUITUCHTAMH.

10 | HaxoxaeHre MUHUMAILHOTO U MAKCUMAIILHOTO YHUCIIa B
3aJJaHHOM HabOpe TENbIX YHCe.

11 | HaxoxaeHne HanboIbIIero 00IIero eIUTENs IBYX MEIbIX YHCE]l.

12 | Tloacuér komu4yecTBa pa3IMYHBIX YHCEN B 33JJaHHOM Habope
LIEJBIX YUCEIL.

13 | OnpenencHue HanOoIEe YaCTO BCTPEUAIOIIETOCS YKC/a B
3aJJaHHOM Ha0Ope TENbIX YHCe.

14 | TlepeMHOKEeHHUE IBYX 3aJaHHBIX MaTPHUIL.

15 | Toacuér komu4ecTBa CHMBOJIOB B TSKCTOBOM (haiiiie ¢ 3aJaHHBIM
MMEHEM.

16 | 3amena 3a1aHHOI MOJICTPOKHU HA APYTYIO 33JaHHYIO TIOACTPOKY B
TEKCTOBOM (haiiyie ¢ 3aJaHHBIM NMEHEM.

17 | Tlouck HanOOJIBIICH OOIICH MOACTPOKH Y IBYX 3aJaHHBIX CTPOK
CHUMBOJIOB.

18 | IIpoBepka BOZMOKHOCTH MOTYUYESHHSI OJTHOM 3aIaHHOU CTPOKH
CHMBOJIOB U3 APYroil 3aJJaHHOW CTPOKHU CUMBOJIOB IyTEM
WM3MEHEHUs TIOPs/IKa CIIeIOBaHMs CHMBOIIOB B IIEPBOH CTPOKE.

19 | IMoacuér xomuuecTBa apaOCKUX IUPP, COAEPKAMNKCS B 3aJaHHON
CTPOKE CHMBOJIOB.

20 | IIpoBepka BXOXKICHHS 33 JaHHON CTPOKH B JIPYTYIO 3aJJaHHYIO
CTPOKY B KaUECTBE MOJICTPOKH.

21 | BeruncieHrne CyMMBI KBaJIpaToOB 33aHHOTO KOJMYECTBA IMTEPBBIX
MOJIOKHUTENBHBIX IENbIX YUCEll.

22 | Haxoxnenne Han6oubliel nupel B 33JAHHOM MOJI0XKUATETEHOM
1IEJIOM YHCIIe.

23 | HaxoxieHue B 3aJaHHOM Ha0Ope IEITbIX YHCEN Maphl YUCEIN C
HauMEHBIIIEH CYMMOM.

24 | Onpenenenue, sBISCTCS JIU 3alaHHas KOHEYHAs
MOCJIEI0BATENILHOCTD LIEJIBIX YUCEI CTPOro BO3PACTAIOLICH.

25 | HaxoxeHne Haubosiee paHHel 1aThl CPEIU AT U3 3a1aHHOTO
Habopa.

26 | OmnpeneneHue, SBISIOTCS JIN JIBa TPEYTOJIBHUKA C 33]JAHHBIMU

LCJIOYNCICHHBIMU KOOPAWMHATAMU BCPIINH HO,Z[O6HLIMI/I.
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27 | louck napel HanOoJee yOaNEHHBIX TOUYEK B 33JaHHOM Habope
TOYEK Ha IUNIOCKOCTH C IIEJIOYHCICHHBIMU KOOPIMHATAMH.

28 | Ilouck mapel HanboJee OIM3KO PACIIONOKEHHBIX TOUYCK B
3aJJaHHOM HabOpe TOYEK Ha TIOCKOCTH C IENOYNCIICHHBIMH
KOODIMHATAMH.

29 | Beruuciienue 3HaveHus QyHKIMU Ditniepa OT 3aJaHHOTO
IEJIOYMCIICHHOTO apTryMEHTA.

30 | Onpenenenue, SBISIOTCS JIM JBa 3aIaHHBIX IIEITBIX
TTOJIOXKUTENBHBIX YHCIIa B3aHMHO TPOCTBIMH.

31 | Berunciaenre MurmurHash 6uaapHOM CTpOKH.

32 | HaxoxnmeHue paccTosHUS XOMMUHTA MEXTy TByMsI ONHAPHBIMH
CTPOKaMH.

33 | Haxoxenue yacTHYHOW CyMMBI psifa JleiOHuIa.

34 | KonBepraiiusi OJHOW BATIOTHI B IPYTYIO.

35 | Beuncnenne dhopmynsl batieca.

36 | Pacuér npousBoaHoii softmax QyHKIHH.

37 | Beruncnenue uncna [1U ¢ 3a0aHHONM TOYHOCTBIO.

38 | Pacuér obnacTu BOCTIpUATHS HEHPOHA N-0T0 CIIOSI CBEPTOYHON
HEUPOHHOM CETH C 3aJJaHHBIM Pa3MepoM sJIpa.

39 | Haxoxienue creneHei BepIiluH ciiydaiHoro rpada.

40 | Pacuér nepenHei u 3aHel CTEHKH TITyOHHBI PE3KO
n300pa’kaeMoro MPOCTPAHCTBA.

41 | dyHKUMA-0paKyJI NPeACKa3bIBAIONIAsl HCXO COPEBHOBATEIILHON
WTPBIL.

42 | HaxoxaeHue pacCTOSHUS MEXKAY JABYMS TOUKAMU 3EMJIH,
3aIaHHBIMU ITUPOTOH U JOJTOTOM.

1.2. TeopeTuueckuii MaTepuaJ

Kommusinimst u BeimosHenue nporpammbl Ha C u C++ MOryT OBITh
paszeneHsl Ha HECKOJIBKO 3TaIoB!

1. Jlexcuueckmii pa30Op HCXOTHOIO KoAa JJSl TOJNyYeHHs
TOKECHOB.

2. Tloctpoenue Ha OCHOBE TOKEHOB abCcTpakTHOTO
CHHTaKCHUYECKOTO JepeBa.

3. ITloctpoenue rpada UCIIOTHEHUS.
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4. OntuMuzanys rpada HCIOTHEHUS.

5. T'enepamus 06bEKTHOTO KOJa.

6. JluakoBKa (haiaoB ¢ OOBEKTHBIM KOJOM B OJUH MCIIOJHSACMBIH
daiin.

7. 3arpy3ka HUCHOMHSAEMOTo Qaiiia ¥ AMHAMHYECKas JHUHKOBKa
CpeICcTBaMH OIEPALIUOHHON CUCTEMBI.

B nannom pykoBoicTBe 00paTM BHUMaHUE 00paTHM BHUMaHHE Ha
9Tamnsbl, CIeAyIoIre Mocie onTuMu3anuu rpada, ¢ 5 mo 7. Bel Mmoxere
IMOBTOPUTH BBIIIOJTHCHUC KOMaH[ B OOKEP KOHTCﬁHepC U1
BUPTyanbpHON wMammHe mon ynpasieaneM Ubuntu wmmum  CentOS.
[Ipumep 3amycka I0Kep KOHTCHHEPOB:

$ docker run -it centos:latest /bin/bash
$ docker run -it ubuntu:latest /bin/bash

IMpumep xoudurypamuu Ubuntu 20.04 u CentOS 8 moxg
I10JIL30BaTEJIEM root:

apt update
apt install clang

yum update
yum install clang

PaccMoTpuM mpEMep TpOrpammbl, 4YacTh (DYHKIIMOHATIBHOCTU
KoTOpoi#t (pymukiuio helper) MbI GBI XOTE M BBIACTUTH B ONOITHOTEKY

// main.c
#include <stdio.h>

void helper () {
puts ("helper") ;

int main () {
helper () ;

12




Jnst koMmuisiniuy OyZieM MCIoJib30BaTh clang. BeimoiaHuM niepBbie
IIECTh 3TAMOB KOMITWJIAIIAHN I main.c Qaiina:

$ clang main.c

Msr1 momyumiu paiin a.out.

S 1s
a.out main.c

B »skocumcreme linux cymecTByer HaOOp YTHIMT Ui aHaiIn3a
OOBEKTHBIX M UCIOJHAEMBIX (aitmoB. Hampumep, MBI MoOXkeM
MOCMOTPETH 3aroJIOBOK (aiiia ¢ MoMoIIbI0 YTHIUTHI readelf:

S readelf -h a.out

B BBIBOZIC MOJKHO YBHIIETh HH(POPMAIIUIO O TUME (aiiina, CMEUICHUE
oT Hayana (aiima, ¢ KOTOPOrO HAYHETCS BBHIMOJIHEHHE WHCTPYKIHMN H
PsIL IPYTUX CBOMCTB.

Korna u3 daiina ¢ uCXoAHBIM KOJAOM Mmain.c BEIIEISeTCS (yHKITHS
helper, e€ peanmuzamus meperocutcst B daiin helper.c. ns daiina c
peanuzanueil Takke co3maéres 3aroioBouHbld (ain  helper.h c
CUTHATYpO# 3TOH QyHKIHH.

// helper.h
void helper () ;

// helper.c
#include "helper.h”
#include <stdio.h>

void helper () {
puts ("helper") ;
// main.c

#include “helper.h”

int main () {
helper () ;
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[}

IMouck 3arojoBOYHBIX (DalIOB, MMEHA KOTOPBIX 3aKIIOYCHBI B
YIJIOBBIE CKOOKHM, HAYMHAETCS C CUCTEMHBIX ITUPEKTOpHH, a HE C
TeKyIIeH, B OTImdre NUMEH (aillloB B KaBBIUKaX.

Hamnee, Ha HEKOTOpoe BpeMs, WCKIIOYNM JIMHKOBKY M3 Ipolecca
MOCTPOCHUS MPOCKTa U CHOKYCHUPYyeMCsl Ha OOBEKTHBIX (aiiyiax:

$ clang -c helper.c # cosmaércs helper.o
$ clang -c main.c # cozmaércsa main.o

[ocne vero nonyyaercs cleAyoOnuil Habop (aiiios:

$ 1s
helper.c helper.h helper.o main.c main.o

[Tpu mpocMoTpe 3aroj0BKOB .0 (aiiIoB MBI YBUIMM APYTOW THII -
relocatable file:

$ readelf -h main.o

OOBexTHBIE (Qaliibl — 3TO MPAKTUIECKH UCTIONHsieMble (aiinbl. OHu
colepKaT MAaIIMHHBIA KOZA, OJHAKO ajpeca MaMATH, KOTOphIE
¢Gurypupyor B HEM HE OKOHYATENbHBIE M TPEOYIOT pesIoKaluu Mpu
(GOpMHPOBaHMHM  OKOHYATEIBHOTO  HCIONHIEMOTo KoJa. Takxke
00BEKTHBIC (aifibl cojiepKaT MeTajaHHble 00 ajpecax MepeMeHHbBIX
(byHKUUMH, Ha3bIBAEMBIX B KOHTEKCTE OOBEKTHBIX (DailIOB CHMBOJIAMH.
CuMBOJIBI  XpaHATCS B ACCOLMATUBHOM CTPYKType, Ha3bIBACMOU
Ta0nuIel CUMBOJIOB.

Ecim Bel 3a0ynmere yka3aTb BO BpeMs JIMHKOBKHM OJWH W3
OOBEKTHBIX (ailioB, JMHKOBIIMK HE CMOXET HAaWTH CHMBOJIBI
(YHKLNH, KOTOPbIE B HUX ONpPEIEIEHBI:

$ clang main.o

main.o: In function "main':

main.c: (.text+0x7): undefined reference to “helper'
clang-5.0: error: linker command failed with exit
code 1 (use -v to see invocation)
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HOCMOTpI/IM Ta6J'II/II_ILI CHUMBOJIOB C ITIOMOIIBIO YTHWJIMTBI NmM:

$ nm helper.o
$ nm main.o

OTMeTHM, YTO €CJIH CHMMBOJ moMmeueH Kak U — HeompeaeaEHHbIH,
TO K HEMY 00paIarTCs I/Ie-TO B KOJIE, HO (DYHKIUS WK TICpeMEHHAs B
HEM He 00BSIBIICHA.

OngarM W3 WCTOYHHWKOB HWH(MOpManWu O linux yTHIUTE SBISETCS
man JAOKyMEHTanus. AHATOTHYHAS JOKYMEHTAIUS TOAEPKUBACTCS B
Windows B powershell.

S man nm

Jis TMHKOBKH MIPOEKTa M CO3AaHUs UCIOJHIEeMOro ¢aiina ciexyer
nepegaBaTh B KadecTBE apryMEHTOB BCE IIOJMyuyeHHBbIE paHee
o0bekTHBIe Qaiipl. [locne ycnemHoil NTHHKOBKHM B HCHOJIHIEMOM
(aitne MOKHO OyIEeT YBUAETh 00BeTMHEHHYIO TAOIHUILy CHMBOJIOB.

i Toro 4roObl MOCMOTPETh HAa MAIUIMHHBIA KOX OOBEKTHBIX
(baiioB cieayeT BOCIONB30BaTHCS yTHINTOM 0100l mm objdump.

Jnst craTHuecKod JTUHKOBKM CHMBOIIBI BCEX OOBEKTHBIX (paiiioB
JOJDKHBL OBITh YHUKQJIBHBIMHM, TaK KaK II0 CYTH OHH SIBJISIIOTCS
YHUKAJIBHBIMHA aJIpecaMi HaMsTH, M0 KOTOPHIM HPOHUCXOAUT YTCHUE
WM 3alKCh B CIIy4ae ¢ MEPEMEHHBIMHU, U Ha KOTOpPbIE MEPEeNpPhIruBacT
yKa3aTellb MCIONHEHUs B ciiydae (QyHKIMH. B s3pIkaX aHAJIOTHYHBIX
C++, noanepXKUBaOIIMX MEperpy3Ky (QyHKIMMA, Ui yJOBICTBOPEHUS
TpeOOBaHUsI  YHUKAIbHOCTH  CHMBOJIOB  CHUMBOJBI  IPUXOIMTCS
oboramarh JONOJIHUTENHHON WHpOpPMAIUeH, B3STOH W3 CHTHATYPHI
¢ynknumii. [locMoTpuTe Ha TaONWIy CHMBOJIOB OOBEKTHOro (haiina
CIIEIYIOIIEro Koja:

void doSomething (bool save) {}
void doSomething (int n) {}
int main() {}
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$ clang class.cpp -std=c++11
$ nm a.out

B GNU y nm yrtunutel ectb Kiarou --demangle, KOTOpBI BBI
MOJXETe IIepefaTh B KadecTBE apryMeHTa il pPacKOIUPOBaHUS
CHUMBOIIOB (DYHKIIHH.

Takoe HCKa)k€HHE MOXKET CO3JaBaTh NMPOOJIEMBI MPU BBIACICHUU
(YHKIHOHAIBHOCTH B OMONINOTEKY, KOTOpast OyleT UCTONb30BaThCs U3
Jpyrux A3bIK0B. DYHKIMH, KOTOPBIE IUIAHUPYETCS UCIIOIb30BATh YEPE3
FFI (Foreign Function Interface), B 3aromoBounsix ¢aiima C++ MOXHO
MpeIBapuTh cloBoM extern “C” s OTKIIOYEHHUS aBTOMAaTHYECKOTO
WCKa)KEHUsI JAHHOTO CMBOJIA.

CnoBo extern mo3BosiieT oOpamatbcss K CHMBOJY W3 APYTHX
¢aitnos, crenatb ero raodanbHEIM. KoMmMmumarop, paboTas ¢ KaKIbIM
(aiiyioM Mo OTAEIBHOCTH, CMOXET MOJYyYUTh WH(OPMAIUIO TOJBKO O
TUIE extern CHMMBOJIA, HO HE O €ro MECTOIOJOKEHUH, KOTOpPOe OH
JOBEPUT HAWTH JUHKOBIIMKY B TaONWIaX CHMBOJIOB OOBEKTHBIX
¢aitnos.

IlepeBeneM B3I HEMOCPEACTBEHHO HA MOATOTOBKY CTaTHUECKHX
W JuHamuueckux OumOimorek. Ha 3ror pa3 oObeauHMM OOBEKTHBIC
(aiinpl HEe B UCTIONHSAEMBIA (aiil, a B apXuB, TO €CTh B CTATHYECKYIO
Ooubmmorexy. Apxus (ailJioB yalle BCEro acCOLMUPYETCS CO CKATHEM,
HanpuMep ¢ Zip apxuBoM. Ho B Hamem ciydae apxuB OyaeT
HEC)KATBIM.

MOXHO HCIONB30BaTh YTHIMTY ar JUIs CO3JaHHS apXWBOB U
NpOBeleHUS HaJ HUMHU MaHUMYJAUUA. [ HariIsiqHOCTH MOKakeM eé
paboTy Ha IByX QyHKIMSIX B ABYX (paiinax.

$ clang -c helperl.c helper2.c
$ ar -rv libhello.a helperl.o helper2.o
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Bamyck ar ¢ ¢umarom -r cozmaér apxuB ¢ ummeneMm libhello.a u
mobaeiser (aiiner helperl.o u helper2.0 B ero mmmekc. Pmar -v
(verbose) yka3pIBaeT Ha TOJPOOHYIO BEIIAYy COOOIIEHUI B TEPMUHAIL.

[MocmoTpuM Ha 3TOT (haiin uyepes yruuThl file 1 nm:

$ file libhello.a
libhello.a: current ar archive

$ nm libhello.a

helperl.o:

0000000000000000 T helperl
U puts

helper2.o0:
0000000000000000 T helper2
U puts

Teneps, Korja y Hac ecTh craTuveckast oudauoreka (.a B Linux, .lib
B Windows), Mbl MOXeM TPUIMHKOBAThH €€ K (hailily, UCTIOIb3YIOIIEMY
¢byHKIIH OMOIHOTEKH.

$ clang main.o libhello.a

Harr koMnuyisiTop MoHMMAeT, KaK MCIOJb30BaTh MHJCKC apXvuBa U
B3STh HYXHbIE (YHKIMH, YTOOBI cOOpaTh KOHEYHBIN HWCIIOIHSIEMBIi
¢aiin. JIMHKOBIIMK BO BpEMsI MTOCTPOCHUS HCIIONHSAEMOTO (haiiima 6epeT
13 OMOIMOTEK TOJBKO HEOOXOAMMBIC YaCTH.

Cratuveckre OHMONMOTEKH TMO3BOJISIOT BBIACIUTL OOIIYIO IS
HECKOJIbKUX TPOEKTOB (DYHKIIMOHAIBHOCTh W TEPEUCTIONH30BATh ATOT
koa. llporecTupoBaHHBIN, YacTO WCHIONB3YyEMBIH KOJ WMeEeT emlé
00JBIIyTO [EHHOCTb. Takum o0Opazom abcTparnpoBaHue
(GYHKIIMOHAIBHOCTH CHMJKACT BEPOSATHOCTH IOSIBJICHUS OINMOOK B
HOBOM TIPOEKTE U CHMKAET CTOMMOCTh €ro pa3paboTku. OTMETHM, YTO
WCIIONb30BaHNE OWONHMOTEYHOW (PYHKIMOHAILHOCTH HE TpedyeT
JIOCTyIa K €€ MCXOTHOMY KOJY, YTO MOXKET OBITh B&XKHO C IPaBOBOU
TOYKH 3PEHUSI.
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Korga mMpl uMeeM B HalIWYMU CTaTUYECKUE OMOIMOTEKH CO BCEMH
HEoOXOoMMMbIMU (DYHKIMSIMH Ha 3Tale JIMHKOBKH, TO MBI ITOJy4aeMm
MporpaMmy, KOTOpasi COJIEPKUT B cebe Bc€ HeoOxoanMoe. JTO JenaeT
pacrmpocTpaHeHHE H  yCTAHOBKY NPHIOKEHHH OYEHb JIETKUM
npoueccoM. OHaKO pa3Mep UCIOIHAEMOTO (aiiyia MOXKET CTaTh OYCHb
oonpmmM. [Iporecc 0OHOBICHHS B 3TOM Cilydae MOTpeOyeT mepemadn
Ooonmpmoro  ob6pema  wmHpopMaruu. Takke w30BITOUHO  Oynmer
pacxoJoBaThCs ONMEpaTUBHAS MaMSTh MPU 3allyCKe HECKOJIBKHX KOMWH
npoliecca B ONEPAIMOHHON CHCTEMe, TaK KakK KaIbli mpoiecc Oyaer
3arpyartb BeCh UCTIOTHIIEMBIH (aii.

Pemennem >Tux mpobnem SBISAIOTCS AWHAMUYECKHE OMOTMOTEKH.
[IporpamMMa B 3TOM ciy4ae paclpoCTpaHseTcss B BHIE HECKOIBKUX
¢aiinoB: ogHOro McoONHsAeMOro (aiina u Habopa OUOTUOTEK, KOTOpPhIC
MOTYT JOCTaBIISITHCS U3 PAa3HBIX HCTOYHUKOB.

JunamMudeckre OMOIMOTEKH MO3BOIISIIOT MIEPEHECTH ATl JIMHKOBKH
C MOMCHTA KOMITWJIALWH MMPOCKTAa HA MOMCHT UCIIOJIHCHUA IPOTPpaMMBI.
B sToM cnydyae NTMHKOBKA BO3JaracTcsi Ha OMEPALMOHHYIO CHCTEMY.
Junamudeckre — OMONMOTEKHM, Kak TPaBWIO, HMEIOT  Pa3HOe
pacumpenue ¢aiina B pasupix OC. B Linux 3to .so (shared library), B
Windows 7o .dIl (dynamic linked library), 8 OSX ato .dylib.

S clang -shared -fpic helperl.c helper2.c -o
libhello.so

$ file libhello.so

libhello.so: ELF 64-bit LSB shared object, x86-64,
version 1 (SYSV), dynamically linked, not stripped

IepBbiii ¢uar -shared rOBOPUT JIMHKOBIIHKY, YTO HY)KHO CO31aTh
CTeIMaTbHBIN (ailil, TuHaMu4YecKkyro Oubanoreky. Bropoii ¢uiar -fpic
mpeoOpa3yeT aOCONIOTHBIE aapeca B OTHOCUTENBHBIE, YTO MaéT
BO3MOXKHOCTh Pa3HbIM MPOIIECCaM 3arpyxaTh OMOJIHOTEKY B pa3HbIC
azpeca BHPTYalbHOW mamsTH. Terepb MOMPOOyeM CKOMITHIHPOBATH
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MPOEKT ¢ JUHAMHYCCKOW OMOJIMOTEKOW M TOCMOTpPEeTh Ha pabotry
JUHKOBIIKA ONepanoHHou cuctemsl (elf interpreter u libe).

$ clang main.c libhello.so
$ ./a.out

B Linux cmcreme mporecc JMHKOBKH IIPH 3allyCKe 3aBEPIINUTCS
HEYJIAYHO, JIMHKOBIIMK HE HaWner OuOmmoreky. YUToObl HaWTH
OnOMMoTeKy 3arpy3uuK linux cHCcTeMbl BHaYale MOJIaracTcs Ha CIIMCOK
MyTeH, pa3AeieHHBIX IBOETOYHEM, XPAaHUMBIX B OJHOM M3 aTpuOyTOB
nmuHammdeckux cekmmii ELF ¢aitnma RPATH u RUNPATH, a taxxe B
nepemenHoi  cpeasl LD LIBRARY PATH. 3arem  mowmck
NpOJOIDKAaeTCs cpeny Kioma myTed kK Oumbmmorekam /etc/ld.so.cache.
Ilomck 3aBeprraeTcsi B JOBEPEHHBIX CHUCTEMHBIX Karanorax /lib m
/usr/lib. Bbl MOXeTe BOCHOJB30BATHCA MEPEMEHHOW  Cpebl
LD _DEBUG, uTto0bl yBUACTh B KakUX AUPEKTOPUSX 3arpy3udK

MBITACTCS OTKPBITH (aiin OMOIHOTEKH.

$ LD DEBUG=libs ./a.out

JeiicTBylOT  clenyloome OpUOPUTETHl Ui aTpuOyToOB M
MIEPEMEHHBIX CPEJIbI:

1. Ecmu ycranoBiena mnepemeHHas RUNPATH, 1o RPATH
UTHOPHUPYETCS

2. Tlepemennas cpeasl LD LIBRARY PATH umeer mpuopurer
B mopsinke noucka nmepeq RUNPATH

RPATH «paithe ynobGeH mams Tex Mporpamm, KOTOpPBIE
PacIpoCTPaHAIOTCS CO CBOMMH AWHAMMYECKHMMH OHOJIMOTEKaMH, Tak
KakK TI03BOJISIET M30exaTh nx ycraHoBkH B cucteMy. Cekrms RPATH
CUHTAETCSl yCTapeBIlel U ceifuac moJ rpath apryMeHTOM B pa3iHYHBIX
yrunuTax nogpasymenaercss RUNPATH.

YcranoBuM mnyTh K (aiimy O6ubnmorexu B atpubyre RUNPATH,
NpOBEpUM, YTO TMYyTh YCTAHOBJEH, JHHAMHueckas OuOIHoTEeKa
HaXOJIUTCS ¥ TIporpaMma paboTaer.
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$ clang main.c libhello.so -Wl,-rpath ‘./’
$ readelf -d ./a.out

$ 1dd ./a.out

$ ./a.out

B cmydae, ecnim Mbl coOupaeMcss YCTaHOBUTh OHONHOTEKY B
CHCTEeMHYIO JTUPEKTOpHIO, Oe30macHee MPOBECTH TECTHPOBAHHE
Jo0aBlieHHEM TEKYIEH AUPEKTOPUH K AUPEKTOPHUSIM MOUCKA Ha BPEMS
3aIycKa MPUIIOKEHHS.

$ clang main.c libhello.so
$ LD LIBRARY PATH=. ./a.out

Bo Bpemst cOopkm wucnoiHsemMoro ¢aiiia KOMIIISATOP, TaKkKe
JIOJDKEH 3HATh, TJe HaWTH OMONHOTEeKy. BBl MOXeTe ykazaTh MOJTHBIN
myTb K ¢ailry, kak ObUIO craemaHo Beimre. Ho damie Bcero mis
OMOIMOTEK UCTIOIB3YIOTCS CIICIHANIbHBIC (hIard KOMITAJIATOPA:

-| <ums 6udaroTexku 6e3 mpedukca lib u pacimpenns daiina .50>

-L <crmucok myTeit, B KOTOPBIX CIIeIyeT UCKaTh OMOITHOTEKY>

-l <cmmcok myTei, B KOTOPBIX CIIEIyeT WCKaTh 3arojOBOYHBIC
daitnsr>

Kommumstop B linUX Takke Kak W 3arpy3ddK IojaraeTcs Ha
COTJIALICHUs], COTJIACHO KOTOPHIM CHUCTEMHBIE OMOIMOTEKH WIIYTCS B
/lib u /usr/lib, a ux conyTcTByrorne 3aronoBouHbie (aiisl B /include n
fusr/include. B cnyuae, ecnu Hama OMOJIMOTEKa YCTAHOBJICHA B
cHcTeMy, JI0cTaTouHo ykaszath -lhello.

Ilpu mocTpoeHnn auHAMHYECKOW Oubnmoreku B Windows s
(aiina, KOTOPBIA COIEPIKUT CIMCOK SKCIIOPTHPOBAHHBIX CHUMBOJIOB
GYHKIMH W TepeMEeHHBIX, a TaKke MeTtanHpopmanuio o DLL
UCIIOJNIB3YEeTCS TO K€ paclIMpeHHe, YTo H JUIS CTaTHYECKOH
OonbmmoTexu. Koraa TMHKOBIIMK BBHITIOJHSAET OCTPOCHUE MTPUIIOKECHUS,
NpU HAXOXKICHUH IEPBOrO OOpamieHuss K (QYHKUMHM WIM JaHHBIM M3
DLL meranndopmaius o Heil J0OaBNseTcs B CEKIUIO 3aBHCUMOCTEH

ucronusemMoro (¢aitma, 3acrasmas Windows mpum  ero 3arpyske
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ABTOMAaTHYECKH 3arpy3uTh OuOmmorexy. Kpome Toro yBenmnumBaeTcs
Ta0IMIa IMIIOPTOB UCTIONHAEMOTO (aiina, JUIs epeaapecariiv BEI30Ba
(GYHKITNH 3arTyIIKA Ha (QYHKIHIO 3 ONOITNOTEKH.

PazpaboTunk  MOXXeT  TOWTH  Jaibllle B  HalpaBlICHUH
OUHAMUYHOCTH, M, IIEHOW OTKa3a OT HMH(OpMalMu O CUTHATYypax
GYHKIMHA, 3arpyarh AUHAMHYECKYI0 OMOTMOTEKYy B JIIOOOH MOMEHT
pabOTHI IPUITOKCHHUS.

Takas BO3MOXKHOCTL €cTh Kak B Linux, tax u B Windows.
[TocMOTpHUM Kak 3TO BBITJISINT.

// main.c
#include <dlfcn.h>

int main () {
void *hellolib = dlopen("libhello.so",
RTLD_LAZY) ;
void (*helper) ()
| =

if (hellolib 0) {
*(void **) (&helper) = dlsym(hellolib,
"helperl");
helper () ;

CoOepéM u 3aITyCTHUM MPOEKT:

$ clang main.c -L./ -lhello -1d1
$ LD LIBRARY PATH=. ./a.out

Hmena QyHKIMIA M COOTBETCTBHE apryMEHTOB THIIaM (DYHKIMH B
9TOM  Cllyyae HE  MOTYT OBITh  CTaTHMYECKH  IPOBEPEHBI.
OTBETCTBEHHOCTh 3a YKa3aHHE MPAaBWIBHBIX HMEH W apryMEHTOB
JeKUT Ha pa3padorumke. [IpenMymecTBoM Takoro moaxoja SBISETCS
BO3MOXXHOCTb TeHepauud HMEH (YHKIMHA Ha OCHOBE JAaHHBIX. A
HEJOCTaTKOM, YBEJIWYEHHE  BEPOSATHOCTH  IOSABJIEHHUS  CIIOKHO
OTJKUBAEMBIX ONIMOOK M HEOOXOIUMOCTh B JIOTIOJIHUTEIHHOM

00BSI30YHOM KOJIE.
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Hrak, ocramock pa3zo0paThCsi B HaumOoiee SIBHBIX pa3inIHAX
quHaMudeckux Oubnmorek B Windows m Linux. DLL u SO o06a
ABJSIFOTCA KOHTEHHEpaMU JUIsI MCIOJIHAEMOIO KoJa M JNaHHbIX. OHHU
MOTYT OBITh 3arpykeHbl B OOJAcTb MaMATH IPYTUX NPOTpaMM W3
KOTOpPOH MOHO 3amyckaTb (yHKOMM M oOpamarbcs K JaHHBIM.
3arpy3ka OMOTMOTEKH MPOUCXOAUT BO BPEMS HCTIONIHEHUS - JHO0 mMpu
CTapTe NPWIOXKEHUs, TM00 KOrga B NPHIOKEHUE SIBHO 3alpallidBacT
3arpy3ky Bbe3OBOM LoadLibrary 8 Windows wiu dlopen B Linux.
3arpyska dll winm so Takke BBI3BIBACT 3arpy3Ky Tex OMOIMOTEK OT
KOTOPBIX OHA 3aBUCHUT. A eCJI 3aBHCHMasi OMOJIMOTEKA YXKe 3arpyKeHa,
UCIIOJIB3YETCS OHA U TIOBTOPHOM 3arpy3KH HE POUCXOIUT.

®yukiun u3 oxHoi dll, shared object wiu ucnonHsemoro (arina
MOTYT BBI3BIBaThH JpPYr Apyra HampsMyr, TaKk Kak BCE OHHU BCET/Aa
HaxXoJITCSI HA OJHOM PACCTOSIHUM OTHOCHUTEIBHO APYT Apyra B HaMATH.
Ho dIl u shared object MoryT OBITH 3arpyXxeHbl TIO JHOOOMY ampecy
BUpTyadbHOH mamstu. [losToMy ajpeca BbI30BOB  (pyHKIMIA
MEPEeCEKAONMUX  TIPAaHUIBI  OUOJHMOTEK  JO/DKHBI  3aJICHCTBOBAThH
HEKOTOPBI  “pEeNIOKAIIMOHHBIN”  MeXaHW3M Uit (OPMUPOBAHUS
akTyajbHOro angpeca. ToT ke mMexaHu3M paboTaeT M Uil CUMBOJIOB
MIEPEMEHHBIX.

Kak DLL rtak u shared objects o0nagaioT 3THM MeXaHHU3MOM, HO Yy
shared objects oH Oonee MOMIIHBEIN © TMMO3BONIsIET 0OpabaTHIBAThH
TPaH3UTHBHBIE CCHUIKH HA JIaHHBIE, KOTOPbIE COJAEPIKATCS B CTPYKTYpax
U Kiaccax, kK mnpumepy. OtcyrcrByromeil omepamueid B Windows
SBJISIETCS CIIBUT aJIpeca CUMBOJIA MOCIIE PETOKAIINH.

B OC Windows cuMBOJIBI $IBHO HE HMIOPTUPYIOTCA U HE
skcnoptupytorest u3 DLL. Korma DLL co3maércs, skcnopTupyeMsble
CUMBOJTBI JIOJKHBI OBIThH TIOMEYEHBI aHHOTAIIUEH
“ _declspec(dllexport)” wim npuBeneHs! B daiine onpenenenuii. Koraa
ucnonbdyercs DLL, Kk KaXIOMy UMIIOPTUPYEMOMY CHMBOJY OOBIYHO
oOpamiatorcsi  depe3 OHMONMOTEKY HWMIOPTa, KOTOpas COAEPKUT
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3arnymiky, (opMupyrolye ciod Mexay mnporpammoii u  DLL
OomomoTeKoit. IMEHHO 3/1eCh TPOU3BOIATCS PEITOKAIIHH.

OTH IONONHUTENBbHBIC IMarW JEeNaloT Ipollecc IepeHoca Linux
oubmmorex Ha Windows Goinee croxHbiM. CuMBoibl shared 6uOmHoTeK
SKCHOPTUPYIOTCA TIO0 YMOJTYAHHIO M UMIOPTUPYIOTCS aBTOMATHYECKH,
eci OHW HYXHBI. J[000# MOMONHUTENBHBIN KOJ HEOOXOAMMBIN s
peioKaIuii reHepupyeTcst aBTOMATUIECKH JIMHKOBIIIUKOM.

Hpyrum BaxkubiM oTiamurieM DLL um SO Oubnuortex sBisiercs
orcyrctBue B Windows ananora RPATH. Ilocie Toro, kak mporpamma
3arpyeHa JIUPEKTOpHsl MOXeT OBITh 1Mo0aBleHa K JUPEKTOPUSIM
moncka OuOmmoTek mepemadeld e€ B BeRoB SetDllDirectory wmu
AddDlIIDirectory. Ho, k coxaleHHIO, 3TO TOMOTaeT TOJBKO IS
OMONIMOTEK 3arpyKaeMbIX SIBHO M HE BIUSET Ha 3arpy3Ky OMOIUOTEK BO
BpeMsI 3aITyCKa MPOrpaMMBbl.

1.3. KoHTpo1bHBIE BOPOCHI

1. Yro takoe OMOIMOTEKA B IPOrPaMMHUPOBaAHUH?

2. Yro Takoe quHaMuueckas Onbnnoreka?

3. Uem OTIMYAIOTCS CTATUYECKUE U AMHAMHYECKHE ONOIHOTEKH?

4. KakuMm 00pa3oM OopraHu3yeTCsl UCIOJIb30BaHUE AWMHAMUYECKOMN
OMOIMOTEKN B ICXOIHOM KOJI€ TPOTPaMMBbI?

5. B uéM 3akmoyaroTcs NpeuMyIecTBa U HEJAOCTaTKH
pacrpocTpaHeHus! IPOrpaMM B BUJE JTUHAMHUYECKUX ONOTHOTEK?

1.4. IlpuMep BbINOJTHEHHS JJAG0PATOPHOI padoThI

Hwmxe mnpuBenéH mnpumep HCXOAHOTO Kojma Ha s3pike CH+
BBITIOJITHGHHOTO HYJICBOTO BapHaHTa JaHHOW J1TabopaTOpHOW pPabOTHL
[Iporpammbl pa3paboTaHbl AJsl ONEPALMOHHBIX CHCTEM CeMeicTBa
Windows w#  Moryr ObITb COOpaHbl C  HCIOJb30BaHUEM
WHTETPUPOBAHHOW cpensl paspaborku  Microsoft Visual Studio.
3aronoBounblii aitn APlusBLib.h Moxer ObITh HCIIONB30BaH KaK IMpU

cOOpKe AMHAMUYEeCKOW OMOIMOTEKH, TaKk W TpH COOpPKE OCHOBHOTO
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MPUJIOKEHUS, HCIIOJB3YIOMIET0 JTUHAMHUYECKY0 OuOmmoreky. ®aiin
APlusBLib.cpp COIEPIKUT peanu3aImio (hyHKITMOHATBHOCTH
IHAMA4YecKol omommoTeku. Daitr Main.cpp coOmep UT UCXOTHBIA KOJT
OCHOBHOTO  MPWJIOXKEHUS C  KOHCOJBHBIM  TOJIb30BATEIBCKUM
uHTepdericom.

Kon pacIoIoXeH o anpecy
https://gitlab.com/ssau.tk.courses/programming_technologies/-
[tree/autumn2020/examples/labl.

Jluctunr 1. Conepxumoe ¢daiina AP1lusBLib.h

#pragma once

#ifdef LIB_EXPORT

#define LIB API _ declspec(dllexport)
felse

#define LIB API _ declspec(dllimport)
fendif

extern "C" LIB API int APlusB(int a, int b);

Jluctunr 2. Copepxxumoe ¢aitna AP1usBLib. cpp

#define LIB EXPORT
#include "APlusBLib.h"

int APlusB(int a, int b)
{

return a + b;

}

JIuctunr 3. Conepxumoe daiinma Main. cpp

#include <iostream>
#include <string>
#include "APlusBLib.h"

const char EOLN = '"\n';
const char YES CHAR = 'Y';
const char NO CHAR = 'N';
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https://gitlab.com/ssau.tk.courses/programming_technologies/-/tree/master/examples/lab1
https://gitlab.com/ssau.tk.courses/programming_technologies/-/tree/master/examples/lab1
https://gitlab.com/ssau.tk.courses/programming_technologies/-/tree/master/examples/lab1

const
const
const
const

int LEFT BOUND = -1000000000;
int RIGHT BOUND = +1000000000;
std::string ABOUT MESSAGE = "A+B";

std::string CONTINUE MESSAGE =

"Continue? (Y/N)>";

const

std::string INCORRECT MESSAGE =

"Input is incorrect. Try again>";

const

std::string INPUT MESSAGE = "Input an

integer>";

const
"This
const
const

std::string OUT OF BOUNDS MESSAGE =
number is out of bounds";

std::string OUTPUT MESSAGE = "Result: ";
std::string SKIP CHARACTERS = " ";

void ClearInputStream(std::istream &in)

{

}

in.clear () ;

while (in.peek() '= EOLN && in.peek() != EOF)
{

in.get();
}

int Seek(std::istream &in)

{

while (in.peek() !'= EOLN &&

SKIP CHARACTERS.find((char)in.peek()) !'=
std::string: :npos)

}

{
in.get();
}

return in.peek();

bool CheckBounds (int n)

{

bool ok = (LEFT BOUND <= n && n <=

RIGHT BOUND) ;

[n <<

if ('ok)
{

std::cout << OUT_ OF BOUNDS MESSAGE << "
LEFT BOUND << ", " << RIGHT BOUND << "]" <<
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std::endl;
}

return ok;

}

int ReadInt(std::istream &in)
{
std::cout << INPUT MESSAGE;
int ans;
in >> ans;
while ('in || Seek(in) '= EOLN ||
!'CheckBounds (ans))
{
ClearInputStream(in) ;
std::cout << INCORRECT MESSAGE;
in >> ans;
}

return ans;

}

bool NeedContinue(std::istream &in)

{
std::cout << CONTINUE MESSAGE;

char ans;
in >> ans;

while (!'in || Seek(in) '= EOLN || ans !=
YES CHAR && ans != NO CHAR)
{

ClearInputStream(in) ;
std::cout << INCORRECT MESSAGE;
in >> ans;

}
return ans == YES CHAR;
}
int main ()
{
std::cout << ABOUT MESSAGE << std::endl;
bool cont = true;
while (cont)
{

int a = ReadInt(std::cin);

26




int b = ReadInt(std::cin);

std::cout << OUTPUT MESSAGE << APlusB(a,
b) << std::endl;

cont = NeedContinue(std::cin);

}

return 0O;
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2. Mexbsi3bIKoBbIe (pOpMaThHI XpaHEHHSs U Nepeaayn
JAAHHBIX

Hns xpaHeHus, TpeACTaBiICHUS W TMEpeladd JaHHBIX MEXKIY
pa3IMYHBIMU MPOrpaMMaMK | IIaTGopMaMu CYIMIECTBYIOT Pa3inyHbIC
TeKCTOBBIE W OwmHapHble (opMmaThl HaHHBIX. Kak TIIpaBWIIO, OHH
SIBJISTFOTCSL MECPapXUUCCKUMHA W HE3aBUCHMBIMH OT SI3BIKA TEKCTOBBIX
o0o3HaueHui Juisi oOMeHa JaHHBIMH. Kaxkaplii Takoit opmar uMeet
CBOM OCOOCHHOCTH, MTPEUMYIIESCTBA U HEAOCTATKH.

2.1. 3ananue Ha J1a0opaTOPHYIO padoTy Ne2

TpeOyercss pa3paboTarh TNPWIOKEHHWE WM  HPOTPAMMHBIN
KOMIUIEKC, OOMCHHMBAOIIUICS NaHHBIMU 1O cetd B (opmare JSON,
XML unu Protocol Buffers.

Tabnuia 2 — BapuaHTsl 3aanusi Ha 1abopatopHyio paboty Ne 2

Ne | BapuaHt 3aganus

0 CucremMa MrHOBEHHOTO OOMEHAa COOOIICHUSMH MEXAY JBYMS
10JIb30BaTENISIMHU.
1 CereBass mrpa «/lanetkw» g 1nByxX urpokos. IlepBwlii Hrpox

NI «HET».

3araJipIBaeT CJIOBO, a BTOPOHM MbITaeTCs yrajiaTh, 3a7aBas IEPBOMY
UTPOKY BOTPOCHI, OTBETAMH Ha KOTOPBIE MOTYT OBITh TOJBKO «J1a»

2 Cucrema oOmeHa QaimamMu MeXIy IBYMS II0JIb30BaTEIISIMH.

oOMeHuBaThCs (paiiyamMu 1o ceTu.

CucremMa J0DKHA TIO3BOJISITH JIBYM IOJIb30BaTelNsM, (usndecku
Haxoodmumcesd 3a pa3HbIMH  BbIYHUCIHMTCIBHBIMU YCTpOﬁCTBaMH,

3 CerteBas urpa «KpecTHUKH-HOJIMKM» UISL IBYX MI'POKOB. J[Ba Mrpoka

110 JuaroHaJii CTaAHOBATCA 3allIOJITHCHHBIMH €0 CHMBOJIaAMH.

[0 O4YepeAu CTaBAT B IIYCTbIE KJIETKH IOJS CUMBOJIBI, HMPUYEM
IIEPBbIII WMIPOK CTABUT KPECTHKH, a BTOPOM — HOJMKU. Hrpok
BBIUTPBIBAET, €CIIA TPU KIIETKHU 110 TOPU30HTANIH, 110 BEPTUKAIIA WU

4 Urpa “Kotopsrit nornueckuii yac?”’. Urpokn XpaHAT HETOYUCIEHHOE
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npyroro urpoka “Kortopeiii wac?”, nu6o mpomyctuTh xoa. Kaxmoe
COOOIIIEHNE COIMPOBOXKIAETCA TEKYIINM BpPEMEHEM C M00aBJICHHUEM
enuHUnbl. Urpok mpu oTBeTe BBHIOMpaeT MaKCHUMalbHOE 3HAuCHHE
MEX]ly CBOUM BPEMECHEM M BpEeMEHEM BXOJHOTO cooOmeHus + 1.

CereBas urpa «21» mist 1ByX urpokoB. UTpoku XomaT 1o odepesu.
Kaxnpiii xox WIrpoKy paBHOBEPOSITHO ITOKa3bIBAECTCS CIydaliHOE
gucio ot 1 go 11. OH MokeT H00aBUTh 3TO YHCIO K CyMMe, JIN0O
3akoHuYUTh Mrpy. Korna urpok Habupaer B cymme He MeHee 21, To
Wrpa I HETOo 3aKaH4YmBaeTcs aBToMmatndeckw. Korma oba mrpoka
3aKOHYMIIN WTPY, WIPOKH, Yy KOTOPBIX Ccymma Oompme 21,
MIpOUTPBIBAIOT, a CpE€AU OCTAJIbHBIX HMI'POKOB BBIMI'PBIBACT TOT, Y
KOT'0 CyMMa OoJIbIIIE.

CereBas urpa «CTUIIOK» I YETHIPEX UTPOKOB. Kaxknplil UrpoK Mo
ouepeAr TMHIIET CTPOYKY OOIIEr0 CTUXa Ha OCHOBE CTPOYKH
mpenplymero urpoka. OcTtajibHble CTPOKHM OH He BUIUT. Mrpoku
MPOXOAAT (PUKCHPOBAaHHOE KOJMWYECTBO HTEpaului, W Iporpamma
BBIBOAMT OOIIMI1 CTHX, KOTOPBIH B UTOTE TOJIyYHJICS.

CereBas wrpa «PoboT» i JOBYX WrpokoB. Kakaplii wurpox
yIpaBisieT poOOTOM, KOTOPBI 00JIaaeT HEKOTOPBIM KOJIMYECTBOM
3II0pOBBS, DHEPTMM W HEKOTOPHIM HAa0OpOM  CIIOCOOHOCTEH,
CBSI3aHHBIM C HAHECEHMEM YpOHa poOOTy JApyroro Hurpoka, c
3aIIATON OT IOBPEXKJICHUN, HAHOCHUMBIX JAPYTHMM HUIPOKOM, U C
BOCCTAHOBJIGHHEM  3HEpruv. PoOOTBI MOryr mo  ouepeau
HCTOJBb30BaTh CBOM CIIOCOOHOCTH, TpaTs Ha HuX dHepruto. Koraa
30POBbE OJHOTO U3 POOOTOB MEpPECTaHET ObITh IMOJOKUTEITbHBIM
LEJIBIMUA YUCJIOM, APYTOil pOOOT BBIMIPHIBAET.

Koonepatusnas urpa “YnanéHHas cTbIKOBKa . B urpy wmrparor asa
WUTpOKa: OJUH Ha 3eMiie, OPYyroi Ha Kopablie, CTHIKYIOUIEMCS ¢
KOCMHYECKOW CTaHIMEeH B Touke jmarpamxka L1. Omeparop Ha 3emie
MOJIy4yaeT IOJIOKEHWE W BpalleHHe Kopalis, JETYMK HE 3HAeT
MOJIOKEHUSI, HO MOXKET YIpaBIATh KOpaObméM U monyyartb
coobmeHnst ot omeparopa. Mupopmanmsa pacnpocTpaHseTca ¢
3aepKKoi. WrpoKkHM BBIMTPBIBAIOT IPHU COBEPLICHUH YCIICHIHOM
CTBIKOBKH.

CereBas urpa «Komanmay mis 1Byx urpokoB. Ilome 88 xieTok, Ha
KOTOPOM BCE OOBEKTHI OTOOpaXkaroTcs o0omM Hrpokam. Kakimwrif
WTPOK YIpPaBIsieT OOWIIOM, KOTOPBIM JIMOO XOAWT B OJIHOM W3
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YeTBIPEX HANpPABJICHUA, JUOO CTPENsSeT B OJHOM U3 YETHIPEX
HampaBneHuil. Ilpm cTpenpOe yHWYTOXKAETCS TEPBBIA OOBEKT,
HaXOJSAIIUICSA B TOM HarpapiieHuu. Mrpoku xoasaT mo ouepenu. Ha
TOJIC CITy4aliHO TeHEPUPYIOTCs Bparu. Eciii Bpar JOCTUTHET KIICTKH
¢ OotirioM, To Ooer morubaer. 3a X0 BCE Bpard IepeMenaloTcs Ha
OMHY KJETKy B clIy4alHOM HampasieHud. lledp HIrpokoB
YHUUYTOXKUTh BCEX BparoB. Mrpoku mOpOUTPBIBAIOT, eciu 00a
MOTUOAKOT.

10

CerteBas urpa «Ilouck Beiemyro» A TpEX UIPOKOB. I Kakaoro
WrpOKa TEHEPUPYETCA CIy4allHOE IOJOXKEHUE Ha JBYMEPHOU
IUIOCKOCTH TakK, 4TOOBI OHM BCE HAXOJWINCh HA OJUHAKOBOM
paccTosiHuM OT Harpanabl. KaxxqoMy UTrpoKy BEIBOOUTCS PacCTOSHUE
JI0 Harpajbl Ha KaKAOM XOXy. XOJ MIpOKa 3aK/I04YaeTcsi B BhIOOpE
yria II0OBOPOTa, II0 KOTOPOMY HWIPOK IIEPEABUHETCS Ha OJHY
eIuHULy. BpmMrpeiBacT WUrpok, KOTOpBIM IEPBBIM OKaXKeTCs OT
Harpajpl Ha pacCTOSTHUM, HE NIPEBBIIAIOIIEM 1.

11

CereBas urpa co couukamMu [jsi IByX urpoko. Mmeercs 100
cuyek. Urpoku xomst mo odepenu. Kaxkapiii Urpok 3a CBOW XOJ
MoxeT yopats oT 10 mo 20 crmuek BItoumTenbHO. [IpourpriBaer
UTPOK, KOTOPBIM HE MOXKET CHENATh XO/I.

12

VYnanéHHBIA WHTEPIPETATOp HWHTEPIPETATOP apUPMETUUECKUX
BBIPAKCHUM.

13

CereBas urpa «YucioBod naOupuHT» Uil IBYX HMrpokoB. Hrpa
HayMHaeTcs ¢ yncaa 1. Kaxnaplii Urpok B Hayajle UIrphl MOJIYyYaeT 5
CIly4aifHO CTreHEpUPOBAHHBIX apUPMETHYECKUX Olepanuii ¢ 5
CIIy4allHO CTe€HEPHUPOBAHHBIMHU ILIEJIBIMU UYHCIAMH, KOTOpPbIE OYyIyT
SIBIIATBCSL NIPaBbIMH  ONEpaHJaMU COOTBETCTBYIOIIMX OMNEpaLni.
Urpoku xomsaT mo odepenu. 3a cBOM XOJ UTPOK MOXET MPUMEHHUTH
OJIHy M3 CBOMX ONEpalyil K TEeKyIeMy YMCITy. BBIMIpbIBaeT UrpoK,
MEPBBIM NOJYYUBLINN YK CIIO 42.

14

CereBass urpa «['oMoKky» s nByX HUTpokoB. Mrpoku XomsT 1o
ouepenn. 3a CBOW XOJ HMIPOK MOXKET MOCTaBUTh CHMBOJI CBOETO
IIBETa HAa CBOOOJHYIO KIETKYy TIOJS pa3sMepoM 8X8 KIETOK.
BrerurpeiBaer Urpok, KOTOPBIA TOCTAaBUT HEMPEPBIBHBIA PSI U3 MSTH
CBOMX CMMBOJIOB IO BEPTHUKAJIHU, 11O TOPU3OHTAJIW WM T10 JWaroHaJIn.

15

CereBas urpa «Bepro, He Bepro» s JABYX HTPOKOB. Y KaXKJIOTO
WIPOKa U3HAYAJIbHO UMEETCS TPU KapThl C HAMUCHIO 1, IBE KapThl C
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HaJNMChIO 2 W OfHa Kapra ¢ Hagnuchto 3. Urpoku xomat mo
ouepeau. Eciivu HM OJHON KapThl HE BBUIOKEHO, TO UIPOK MOXKET
BBUIOXKUTH OJIHY M3 CBOMX KapT B 3aKpPBHITYIO W Ha3BaTh 4YHCIO OT 1
1o 3. Ecnu Ha cToje yXe J1exaT HEKOTOPhIe KapThl, TO UTPOK MOXKET
[IOBEPUTh B TO, YTO BCE KapThl MMEIOT HA3BAHHYIO H3HAYAJIBHO
HAJNWCh W BBUIOKHUTH €m€ OAHY KapTy B 3aKpHITYIO0, JHOO He
MIOBEPUTH U TPOBEPUTH MOCIEAHIO KapTy, BBIIOKEHHYIO JPYTUM
urpokoM. Ecnum mpum 3TOM Haamuch Ha KapTe COBIAJaeT ¢
3asABJICHHOM, TO TPOBEPSBINHNN WTPOK 3a0MpaeT BCE JICKAITUe Ha
CTOJNIe KapThl B PYyKy, B IPOTUBHOM cClydae, MX 3a0HpaeT Apyrou
UTPOK. BRIMTpBIBacT UTPOK, OCTaBIIHIiCS O€3 KapT.

16

CereBas urpa «lIpoBuHuun» ayg 4yeTblpéx UrpokoB. Ha kimeryatom
mose 8xX8 B KaXIOW KIETKE MOMKET HaXOAWUTBHCSA MPOU3BOJIBHOE
KOJMYECTBO BOMHOB NPOTHBHMKA. V3HauanbHO y KaXkJIOTO HIPOKa
€CTh 110 OJTHOMY BOMHY B OJTHOM M3 YIJIOB HoJs. MIrpoku XomsT mo
ouepear. B Havane xona Urpoka B KaXI0W KIJIETKE IOJIS MOSIBISETCS
CTOJIbKO BOWHOB 3TOTO MI'POKAa, CKOJIBKO X TaM YK€ €cTh. 3a CBOU
XOJl UTPOK MOXKET IEePEeMECTHTh HEKOTOpPOe KOJUYECTBO CBOMX
BOMHOB W3 OJHOM U3 KJIETOK B COCEIHIOI0 C HEeH KieTKy. Eciu B
ONHOMW U3 KIJIETOK OKa3bIBAIOTCS BOUHBI OOOMX HWIPOKOB, TO
KOJMYECTBO BOMHOB Ka)XKJOTO MTPOKA B 3TOM KJIETKE yMEHbBIIAETCS
Ha HauMEHbIIEE U3 KOJIMYECTB BOMHOB Ka)KJIOTO U3 MUTPOKOB B 3TOU
kinerke. IloOexxmaeT WrpokK, YHHYTOXHBIIMH BCEX BOHHOB
IIPOTUBHUKA.

17

CereBast urpa «JlyHoxomp» st AByX MrpokoB. Kaxmaplii urpokx
YIPABISAET JYHOXOAOM, NMEPEMEIIAOIIUMCA MO IIaXMaTHOM JTOCKE
8%8, Ha KOTOpPOH CiIy4ailHEIM 00pa30M PaCcCTaBJICHBI MPETSITCTBUS.
Hrpoku xoasT no oyepenu. B Havasie xoaa Urpok paBHOBEPOATHO
nonyyaer ot 1 go 6 oukoB aeiictBus. llepemelnieHus ayHOXO0za B
COCEHIOI0 KIETKYy CTOMT 1 O4YKOo, a BBICTpEl B HEKOTOPOM
HampaBiieHUHn — 3 ouka. [lpm BeICTperne, TeEpBBI  OOBEKT,
HaxOJSIIMHCA B  3aJaHHOM  HANpaBlIEHUH OT  JIyHOXOa,
yHnutoxkaercsa. [loOexxgaer Wrpok, YHHUYTOXUBIIMK —JTYHOXOX
MIPOTHUBHUKA.

18

CereBast urpa «Kamenp, HOXHHUIIBI, Oymara» sl JIBYX HIPOKOB.
Kaxnpiii urpox B TailHe OT APYroro BBIOMpPaeT KaMeHb, HOMKHHIIBI
mmbo Oymary, mocie dero onpezessiercs: modeauresb. Kamens ObET
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HOKHHIIBI, HOKHUIIBI ObIOT OyMary, Oymara ObET KaMeHb.

19

CereBass wrpa «llymxw» pmns nByx wurpokoB. Urpokm wumeroT
HEKOTOPYI0O KOOpAHMHATY Ha YUCIOBOW mpsiMoi. OHU MO odepenu
CTPEJISIOT APYr B Jpyra, BbIOMpas yros monéra cHapsma. CHapsin
JIETAT O0JIamaeT HEKOTOPOM MAacCOd W TPHUTITHBAETCI K 3eMIle
HEKOTOpOW CWIOW. BBIMIpbIBA€T WrpOK, IOMABIIMN CHApsIOM B
MPOTUBHUKA.

20

CereBas urpa «boHiby Ui ABYX UTPOKOB. Y KaXKJIOTO UTPOKa €CTh
8 OOHUIIOB, Pa3TUIHON CHIIBI, U3MEPSIOIICHCS TIEIBIMA YUCIaMH OT 1
no 8. Urpokum B TaifHE OPYr OT Jpyra pacCTaBISIOT OOWIIOB B
xKelaeMoil mocnenoBaTenbHOCTH. Korna OOMIBI pa3sHBIX HIPOKOB
OKa3bIBAIOTCSI JPYT HANpPOTHB Apyra, TO OOem ¢ MEHbIIeH cuion
YHUYTOXKAETCS, U COOTBETCTBYIOIINIA WUTPOK 3apadaThiBaeT 1 0YKO.
Ecniu B Takod curyanu CWIbI OOWIIOB OJMHAKOBHIE, TO
YHHUTOXKAIOTCS 00a OOiIla, ¥ HU OJWH U3 MIPOKOB HE TOJIydacT
OYKOB. BBIMTpBIBacT WrpoK, KOTOPHIH HaOpas OONbIle OYKOB, YeM
JIPYTON UT'POK.

21

Urpa “Bribepu nuaepa”. Urpoku npeanararo KaHIuAaTypy U3 4uciia
UrpokoB. ['oocoBaHne MOMHKHO 3aBEpUIMTHCA 3a OMNPENEeIEHHOE
BpeMsa. BaMm MemaroT NOCTOSHHBIE 3aBUCAHUS  KIHMEHTCKOM
MIPOrpaMMBbI U COOH B CETH.

22

CereBas urpa «3BE3HOE peMecIo» ISl ABYX UTPOKOB. M3HauanbHO
y Kaxzgoro urpoka ectb 0 kpucramioB, 5 pabouux u 0 BOHMHOB.
Urpokn XomsT OXHOBPEMEHHO, OHHM HE BHIAT KOJIUYECTBO
KpUCTAJUIOB, pab04nX W BOMHOB JIPYroro Urpoka. B cBoi xox urpok
MOXET JIH0O0 MOTPATUTL HEKOTOPOC KOJIUYCCTBO HMECIOUIUXCH
KpPHUCTAJIOB Ha CTPOUTEIHCTBO PA0OYMX WM BOMHOB, JIMOO HANacTb
Ha Apyroro urpoka. [Ipon3BoacTBO pabovero CTOUT 5 KPUCTAILIOB, a
BomHa — 10 xpuctaymoB. B Hagane Xoja WUTpOK MOITyYaeT CTOJIBKO
KpPHUCTAJIOB, CKOJIBKO y Hero paboumx. Ecim ommH u3 HMIrpokoB
pEILINI HamacTh Ha APYroro Urpoka, TO OH BBIUTPBIBAET, ECJIA Yy HETO
CTporo 0oJbIlle BOWHOB, Y€M Y JIPYTOr0 MTPOKA, W TPOWTPHIBAET B
MIPOTUBHOM CIIy4ae.

23

CereBas urpa «3aIlOMHHUTH OOoCJICA0OBATCIBHOCTE) I JIBYX
HUI'POKOB. OZ[I/IH HUI'POK BBICTABJIACT IIOCICAOBATCIBHOCTL IIATH
IBCTHBIX [MAPHUKOB, a prrOﬁ HUI'POK  OOJDKECH  3allOMHUTH
MOCJICA0BATCIbHOCTh U BOCIIPOU3BECTH YCPEC3 MATH CCKYH/. Ka)K,I[BIﬁ
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X0 UI'pOKH MCHAKOTCA POJIAMU. HFpOK MMPpOUrpbIBACT, CCJIIN
BOCHpOI/ISBéH IOCJICA0BATCIIbHOCTh HETIPABUJIBHO.

24

Konnmexknnonnass kaprodnast urpa. Y KaxJIOro HTPOKa €CTh KOJOoJa
KapT U HECKOJIBKO KapT B pyke. Kaxaplid Xoa UTpOK HaOUpaeT KapThl
B PyKy M3 CBOEH KOJIOJBI U MOXKET Pa3birPhIBATh HEKOTOPHIE U3 HUX,
YTOOBl YMEHBIIUTh KOJWYECTBO KAapT B KOJOJEe NpOTHBHHKA. Ha
KaXI0M KapTe HamucaHo, Kakod 3(dekr ona mpomsBoaut. Urpa
3aKaH4YHMBAETCsI, KOT/Ia OJMH M3 HTPOKOB ocTalicsi 0e3 KapT B KOJNOJE.

25

Ceresas urpa «['opona» mis nByx urpokos. Irpoku o ouepenu, He
MOBTOPSISICh, HA3BIBAIOT TOPOJAA, HAayMHAKOUIMECss Ha OyKBY, Ha
KOTOpPYIO 3aKOHUMJIOCh Ha3BaHHE TOpoja, HA3BaHHOTO JPYI'HM
UTPOKOM B MpOUUIbIA pa3. Vrpok MpourpeIBaeT, €Cid HE MOXKET
Ha3BaTh FOPOJ, JIMOO Ha3BaJ FOPOA, paHee y>Ke Ha3BaHHbII OIHUM U3
WTPOKOB.

26

CereBast urpa «Yragail uyucno» ais 2-x urpokxon. [lepBwiif Urpox
3arajplBacT LIEJ0€ YUCIO, a BTOPOM WbITaeTca yrajgaTb. BTopoil
HUTPOK MOJKET JAeNaTh MPEAIOIIOKEHNS O TOM, KaKOE€ YUCIIO 3arajalnl
MIEpBBIN UTPOK, & TOT OTBEYAET €My, OOJIbIIE ero YUCIIO UIIN MEHBIIIE,
YeM MPEANOJIOKEHHOE BTOPhIM UIPOKOM.

27

CereBas urpa «Madwus» a1 BOCbMH HTPOKOB. B Hadajie urpsl qBa
WUTPOKA CKPBITO OT JIPYTMX WMIPOKOB TOJNYYalOT pojib Maduu. B
Hayajie KaXJI0ro X0Jla UTPOKH T'OJOCYIOT, KTO U3 UTPOKOB SIBJISETCA
Mapuel, W HCKIIOYAIOT M3 WIPhl TOrO HIPOKa, 3a KOTOPOrO
MIPOT0JIOCOBaIo OOJIbIIE UTPOKOB. B KOHIlE KaXJOro XOAa MIPOKH,
MOJYYHBIIHNE POJIb MaUH, CKPHITO OT JPYTUX UTPOKOB TOJIOCYIOT,
KOTO M3 UTPOKOB HCKIIFOUUTH U3 UTPbl. Urpa 3akanunBaeTcst mobemoit
MauH, €cIM B UIPE OCTAIUCH TOJIBKO WUIPOKH, MOIYUYHBIIHE POJIb
Maduu, 100 1O0EA0H YECTHBIX JKUTENICH, €CIIM BCE HWIPOKH,
MOJTYYHBIIHE POJIb Ma(UHu, HCKITFOUSHBI M3 UTPHI.
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CereBas urpa «llemxwm» g 2-x urpokos. Wrpa mnpencrasiser
coboii Moan(UUMpPOBaHHBIE IIaxMaTbl, Ha JOCKe 8X8 KIIETOK
pacmoyoxkeHsl To § TemeK y KaXIO0To WTPOoKa Ha BTOPOM PALY
JOCKH CO CTOPOHBI KaXJOro Hrpoka. Mrpoku XOomasiT Mo ouepend,
nepemeras OHy U3 CBOUX (UTyp IO NpaBUiaM, IO KOTOPBIM MELIKH
MepeMenaroTcs B ImaxmMaTax. MIrpok BBIUTPBIBAET, €CIA YHUUTOKHIT
BCE TMENIKK MPOTHBHUKA, JIMOO €CIM CBOMM XOJIOM II€PE/BUHYI
MEMIKY K FPaHUIIE MOJISL CO CTOPOHBI MPOTHBHUKA.
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CereBas urpa «Konu» as n1Byx urpokos. Mrpa npeacrapiser cooon
MOIUGHUITIPOBAHHBIE IITAXMATHI, Ha TOCKe 8%8 KIIETOK PaCIIOI0KEHBI
o 8 KOHEH y KaXJIOT0 UTPOKa Ha YEPHBIX KIIETKaX Ha MEPBBIX JBYX
psAAax JOCKH CO CTOPOHBI KaXJIOro Wrpoka. Wrpokw Xomar o
ouepenyu, rnepemenias OAHy U3 ¢GUryp Ha 2 KIETKH B OIHOM
HaTpaBJICHUH U | KIETKY B JPyroM HampaBJICHUH, OPTOrOHAIHHBIM
nepBoMy. Korja koHb mepemeimacTcsi Ha KIETKY, 3aHATYH KOHEM
JIPYroro IBeTa, TOT KOHb YHHYTOXaeTcs. VIrpoK BBIMIPHIBACT, €CIIH
YHHYTOKAET MOJIOBHHY QUTYP JIPYTOTO UTPOKA.

30

CereBast urpa «Jlya;p MaroBy» Uit IByX HTPOKOB. Kaknmplid UTpox
n3HayanpbHo nMeeT 20 oukoB 370poBbs U 10 oukoB maruu. Urpoku
XOAAT MO odepend. B Hauame Xoma WIpOK MOIYy4aeT HECKOJBKO
CIIy4aifHO CTE€HEPHUPOBAaHHBIX JCWCTBUH, HEKOTOPBIM 00pa3oM
U3MEHSIOIUX OYKU 3J0pOBbS W Marud UrpokoB. Urpok, ouku
340POBbEA KOTOPOI'O CTAHOBATCA HCTIOJIOXKHUTCIIbHBIMU, IIPOUTPHIBACT.
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CereBass urpa «bblcTpeiii cuér» mns nByx wurpokoB. Cepsep
TeHEpPUPYET HEKOTOpOoe apHU(METHUECKOE BBIPAXKEHHE, KOTOPOE
IIOKa3bIBACTCA HI'POKaM. HFpOKI/I JOJDKHBI BBIYMCIUTH 3HAYCHUC
BBID@)XEHUsI W BBECTH OTBET. Mrpok mnpowurpeiBaer, eciu BBEN
HENpaBWIBHBIN OTBET, JIMOO €CNIM €ro MPOTHUBHUK BBEN MPABUIIbHBIN
OTBET PaHbIIE HETO.
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CereBas urpa I'pangm st nByX WrpokoB. M3HawanmbHO umeeTcs
Kyuka u3 10 kamHell. UIrpoku x0T 1o odepenu. 3a CBOM X0 HIPOK
MOJKET Pa3fesUTh OJHY M3 Ky4YeK Ha JBE HEIyCThle KyYKH pa3HbIX
pa3MepoB. [IpourpsiBaeT HrPOK, KOTOPBII HE MOXKET CIeNIaTh XOI.

33

Urpa npobnema aByx apmuii. rpoku JOIKHBI JAOTOBOPHUTHCS O
BPEMEHM HANaJCHHSA, OTIpaBJsAs TOHIIOB C BPEMEHEM depes
Bpakeckylo Tepputopuio. C oOIpeneln€HHON BEpOSTHOCTHIO TOHIIA
MOTYT NEPEXBATUTh.
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Urpa  “Ocummuiaroper”.  KiMEHTCKOe  NPWIOKEHHWE  MIPOKa
OTIpAaBIsIET COOOWICHHS CIYy4aliHOMY HWIPOKY C OHNpeAe’EHHON
gacToTOW. MrpoK MOXKET YBETWYHUTh WM YMEHBIIUTh YacTOTy Ha
onpenenéHublii mar. Irpoku BBIMIPBIBAIOT, KOTJa BCE OCLUIUISITOPBI
CUHXPOHU3HPYIOTCA.
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MHorormnonb30BaTeNbcKuil 3X0 cepBucC. lloap30BaTenu 3amuchIBalOT
3BYK B KJIMEHTCKOM IMPUJIOKEHUU U CJIBIIIAT C 3aJ€PKKOM 3BYK cpasy
OT BCEX YYAaCTHUKOB.
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Urpa “Cronosas ¢unocodor”. CyliecTByeT MeCTO B ropax, Kyja
ChEe3KaAIOTCI (QMIOCOPBI CO BCEr0 MHpPa IMOPA3MBINLIATE. s
Pa3MBbIIIICHUH HYKHA SHEPTHs, TO3TOMY PHUI0CO(EI OXOTHO XOAAT B
CTOJIOBYIO C OAHUM KpYyIJbIM cTojoM. Kaxneiii ¢unocod Oepét c
co0oi OfHy BHWIKY W KIaa€T e€ cmpaBa. M kaxnmplii pa3 B MEHIO
CTOJIOBOH CIIareTTH, KOTOPYIO MOXHO €CTh TOJNBKO JBYMS BHJIKAMH.
Urpoku BBICTYNAIOT B posid PrstocohOB U MOTYT B3STh JIBE BUJIKU B
moOoM TopsiaKe. 3ajadya UTPOKOB JTOTOBOPUTHCS 00 alropuTMe, 1mo
KOTOPOMY OHHU OyayT OpaTh BUIKH M HE YMEPETH C TOJIOAY.
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Urpa “Ha aBToOyce mim nemkoM?”. J[Ba uTpoka >KUBYT HEAANEKO OT
paboThl U MOTYT JOWTH MEImKOM J10 He€ 3a oauHaKoBoe Bpems. Ho
Ha aBToOyce MOXHO J00paThcs emeé opicTpee! [Ipobmema B ToM, 94TO
pacnucanue aBTOOYyCOB MEHSETCS KaKIbId JeHb. BBIMTpBIBacT
UTPOK, KOTOPBIH MPUXOJIUII IEPBBIM O0JIbIlIee KOJIUYECTBO Pas.
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Urpa “Kpoxomun”. Benyummii wurpok momy4aer BO3MOXKHOCTb
pucoBaTh Ha BUAMMBIM BCEM XOJCTe. B Hawaise wWrpel emy
3araJiplBaloT cJ0BO. Jlpyrue UrpoKd NpeniararoT CBOM BapHAaHTHI
yepe3 4YaT, C KOTOPHIMH WIPOK MOJKET COIJIACUTBCS WM He
cornacuthcsl. PayHn 3akaHuMBaeTcs, KOria BEAYIIUI TOATBEPKIACT,
YTO CJIOBO OTTaJIaHO.
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CereBas urpa «lloequHOK» 11 IBYX UTPOKOB. Y Ka)JOTO WUIPOKa
€CTb 5 TepoeB, KaXIbli U3 KOTOPHIX OO0JIaJaeT Tpems CIydailHo
CreHEPHPOBAHHBIMHU TOJOXHUTEIbHBIMU LENBIMU YHCIAMH: CHIIOH,
JIOBKOCTBIO M MHTEIIEKTOM. KaXIblil X0 UTPOKH OJHOBPEMEHHO B
TaifHe Jpyr OT Apyra BBEIOMPAIOT OJHOTO M3 CBOMX TE€pOEB, IMOCTE
4yero BbIOpaHHBIE repou cpaxarorcsa. IloOGexxgaer TOT repoH, y
KOTOpOro TO KpalHEeH Mepe JBE XapaKTEepUCTHKU IPEBOCXOIAT
COOTBETCTBYIOIIME XaPAKTEPUCTUKK Iepos NMpoTHBHUKA. IIpu 3TOM
MpOUrpaBIIMiA  Tepoil  yHuWuroxkaercs.  [loOexjgaer  WIpoOK,
YHUYTOKUBIIHNI BCEX I€pPOEB NPOTHBHHUKA.
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CereBas urpa «Hum» 118 nByx wurpokoB. Bhauane cmyuwaitHo
TeHEPUPYETCS] HECKOJNBKO IEJIBIX IMOJIOKUTENBbHBIX uncen. Wrpoku
XOJAT 10 ouepe . 3a CBOM XOA UTPOK MOKET BBIUECTh U3 OAHOTO U3
MTOJIO)KUTENBHBIX YHCET HEKOTOPOE HE MPEBOCXOMSIIEE €0 YHUCIIO.
[IpourpeiBaeT UrpoK, KOTOPHIM HE MOKET CAEJIATh XO/.
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MHoronosb30BaTeNbCKUN TEKCTOBBIN penakrop. ITocne
NOAKJIIOYEHUS] K CEpBEPY MOJIb30BATEIN UMEIOT JIOCTYIl K OHOMY U
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TOMy *e TeKcTy. [lomp30Barenn MOTyT MPOYUTATH TEKCT U BHECTH B
HETO N3MEHEHMUS. 3smenenus MIPOU3BEACHHBIC OJIHUM
MOJIH30BATENIEM PACIPOCTPAHSIIOTCS BCEM OCTAJIBHBIM.
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CereBas urpa «/unemma 3axarod€HHOro». JIByM MOAKIIOYUBITUMCS
K CepBepy HrpoKaM IMPEIOCTaBISETCS BBIOOP: COTPYIHHUYATH WIIH
npenath. [locme momydeHnss OTBETOB HTPOKaM HAUMCIAIOTCS OYKH B

COOTBETCTBHHM ¢ MaTpullel Beurpsimeit [[20,1],[1,10]].

2.2. TeopeTuueckuii MaTepuas

OObIYHO TporpaMMBI  pabOTalOT Kak MHHUMYM C  JByMs
NpeCTaBICHUSIMH JaHHbIX [16]:

1. TIlpencraBneHweM JaHHBIX B TaMATH B BHUJAE OOBEKTOB,
CIIMCKOB, MACCUBOB M APYTUX CTPYKTYP JAQHHBIX.

2. IlpencraBneHneM aHHBIX, ITOATOTOBICHHBIX [UISI XPaHEHUS
WIW TIepeJlauu 10 CETH.

B mepBoM ciydae mpelncTaBlIeHHST ONTHUMHU3UPOBAHBI C TOYKH
3peHust 3¢GGEKTUBHOTO UYTEHUS M MOTUPUKAIUU HX LEHTPaIbHBIM
nporeccopoM. Bo BTopoM ciyuae [aHHBIC YIAKOBBIBAIOTCS B
aBTOHOMHYIO IOCJIE0OBATEIbHOCTh 0allT, ¢ ajpecaneil OTIUYHON OT
ajipecaliu BUPTyalbHOH namsTh. [loaToMy BO3HHUKAeT HEOOXOIUMOCTh
B ONpeIenéHHOM cnocobe MpeoOpa3oBaHHs MEXIY OSTHMH IBYMS
HPE/ICTABICHUSIMHU.

[lpeoOpazoBanne  CTPYKTYp B MHaMsITH B  aBTOHOMHYIO
MOCJIEIOBATEIFHOCTh OAlT Ha3bIBAIOT KOJIUPOBAHUEM, CEpPHATHM3ALIUCH
Wi MapatrHroM. OOpaTHBIHN MPOIECC YacTO HAa3bIBAIOT MTAPCHHIOM,
Jiecepuain3aniell Wik aHMapIIUINHIOM.

Bo wMHOTMX s3bIKa €cTh BCTPOCHHAs TMOJUIEPKKA TaKOTro
KOJMpOBaHHsA. BeposTHO, BBl yke coxpaHsiii B Java OOBEKTHl ¢
nmoMmoIipio java.io.Serializable wnmu B Python ¢ momompio pickle.
CymecTBYIOT U CTOPOHHHE OMOJIMOTEKH, HanpuMep AJs Java IUpoKo
u3BecTHa Oubnuoteka Kryo.
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OTu OMONMOTEKH OYeHb YAOOHBI, TaK KaK IO3BOJSIOT COXPAHSThH
COCTOSIHHE OOBEKTOB B IaMSTH ¢ MHHUMAJIBHBIMH ycruusMu. OHAKO
OHH COJIeprKaT B ce0e OJMH MM HECKOIBKO HETOCTATKOB:

— ¢opmart KOTUPOBaHUS MPUBSI3aH K OTHOMY SI3BIKY,

—  BO3MOXKHOCTH CO371aBaTh JIIOObIE OOBEKTHI SI3BIKA B ITAMSITH
M0 YMOJYaHMIO SIBISIETCS MPOOJIEMOl C TOYKH 3pEeHHS
0€e30I1aCHOCTH,

— OuOIMOTEKM HE OTCIEeXHBAIOT TPIMYI0 H O0OpaTHYIO
COBMECTHMOCTh MEHSIIOIIIXCS CO BPEMEHEM OIHCaHUH
00BEKTOB,

— HEKOTOpbIe BCTPOCHHBIC PEAM3alliy MpPEAHA3HAYECHBI UL
OTJaJK{ MPOTPaMMBI U HE ONITUMHU3HPOBAHBI.

Hcxons W3 BBIMIEH3IOKEHHOTO, HCIOJIB30BaHHE BCTPOCHHBIX B
S3bIK  OMONMMOTEK [UIi COXpPAaHEHHS COCTOSHMS TPOTpaMMBI B
MPOIYKTOBOM KOJIE SIBIISICTCSI HEPa3yMHBIM.

JIBI>KeHME B CTOPOHY CTaHIapTH3aLUU KOAUPOBOK, HAIIEJICHHBIX HA
MEKCHCTEMHBI OOMEH JaHHBIMH, TPHBEIO K CO3aHUIO (OpMaToB
XML u JSON. Hcxons u3 neneit Bepudpukaunu u 3¢$QPEKTUBHOCTH,
napajienbHO pa3pabaTeiBaiuch OWHApHBIE (OPMATBI CO CXEMaMHU.
OpuuM u3 Hanbollee M3BECTHBIX sBsieTcst Protocol Buffers. llensro
HOCJIE/TYOIIEr0 TEKCTA SBISETCS KPATKOE 3HAKOMCTBO C ATUMH TPEMs
¢dhopmaTamu.

XML

Ab66peBuatypa XML pacmmdpoBbIBacTCsl KaK paclIupseMblid S3bIK
pasmerku. Ilom pa3mMeTkoil TIOHMUMAeTCsl ONUCAHUE JIOTMYECKOM
cTpykTyphl JokymMenta. XML oudens nmoxox Ha HTML ¢opmar (cm.

MPOrpPaMMHBIN KOJI, IPUBEACHHBII HIXKeE).

<?xml version="1.0" encoding="UTF-8"?>
<recipe>
<title>
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ByTepbpoxn
</title>
<ingredients>
<ingredient gty="1">
Kycouek xJjeba
</ingredient>
<ingredient gty="1">
KYyCOUYeK KOJIOACH
</ingredient>
<ingredient gty="1">
KyCOUYeK Macja
</ingredient>
</ingredients>
<instructions>
PasMaxbTe MacJjl0O PaBHOMEPHO MO xXJjeby ¥ IMIOJIOXUTE
CBepxy koJjbacy.
</instructions>
</recipe>

Pasmep coobmienus cocrasisier 587 Gaiit B koguposke UTF-8.

B XML nmoxymeHTe B YIJIOBBIX CKOOKaX MOXHO YBUIETh MMEHA
TeroB: recipe, title, ingredients, ingredient (npeacrasnenst Ha puc. 1), u
ux atpuOyThl: gty, Name co 3HaYeHUsIMH. Teru, UMEIOT OTKPHIBAIOIILYIO
1 3aKpbIBAIONIYIO 4aCTb, © MOT'YT 61)ITB BJIOKCHHBIMU JIPYT B ApyTra.

recipe

[ingredients |

| ingredient | | ingredient | ‘ ingredient |

Puc.1. Ctpykrypa paccmarpuBaemoro XML mokxymeHTa

I'naBHoe otnnume XML or HTML B TOoM, 94TO mMMEHa TEroB M
atpubyroB XML mnpoektupyroTcss pa3pabOTYMKOM IPHUKIAJIHOTO
NpUIOKEHUs, a UMeHa TeroB u arpuOyroB HTML mnpoextupyrorcs

Koncopumymom Beemuproit maytunst (World Wide Web Consortium,
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W3C), pa3paboTunkaMu JOMHHUDPYIOIIMX Ha pBIHKE Opay3epoB H
3akperuiroTcss B craHmaptax [link to w3c standard 1.0]. Ykazanwue
CcTaHJapTa, Kak MpaBuiIo, MOXKHO BCTpeTUTH B mamke XML. HanGoree
HIMPOKO TOJICPKUBAEMBIM OHONMOTEKaMH CTAHAAPTOM SIBJISICTCS
Bepcust 1.0.

XML n HTML wumeror obmero pomutens - SGML. HTML no
Bepcuu 4 sBsuics npmiokeaneM SGML (Takke Kak rpadudecKuit
pelakTop SABISETCS NPUIOKEHHEM S3bIKa NPOrpaMMHpOBaHUs). A
XML 310 ynpoménusiit SGML (ero mogMHOXeCTBO).

B 1998 romy XML Bowén B pekomenmauuu W3C. C storo
MOMEHTa  OBLJIO CO3/1aHO MHOXKECTBO (HOpMaTOB U OIHMCAHUS
nokymeHToB, Bkimrodas: RSS, Atom, SOAP, SVG, XHTML. Muorue
dopmatel opucHeix nmokymentoB: Office Open XML (Microsoft
Office), OpenDocument (OpenOffice, LibreOffice) 6pumm mocTpoeHsI
Ha €ro OCHOBe. JSI3BIK Takke CTal MIHPOKO MPUMEHSITHCS
pa3paboTunkaMu Kak Qopmar s oOMeHa naHHbIMH. Hampumep, oH
OBLT B3AT 32 OCHOBY JIJISl KOMMYHHKAITMOHHOTO IpoTokoia XMPP.

[TprunHON aKTUBHOTO UCTOJIH30BaHMS (JOpMaTa B HOBBIX ITPOEKTAX
U TI0 Cced JEHb SIBISIOTCS INUPOKAs JIOCTYIMHOCTh OWOIMOTEK st
pasHbIX S3BIKOB MpOrpaMMupoBaHus. JpyruMm (akTopoM MOXKHO
cuMtath U TO, 4ro XML sBisercs TEKCTOBBIM (opmMaTroMm, dTO
MO3BOJISIET AHAJM3UPOBATh W PENAKTUPOBATH NaHHBIE HE TOIBKO C
MTOMOIIIbIO OMOIIMOTEK, HO U B JIFOOOM TEKCTOBOM PEIAKTOPE.

Mopean B3aumopeiicteusa ¢ XML noxkymentom: SAX, StAX nu
DOM

s Toro, 4T0OBI OPUEHTHPOBATHCS B JOCTYIHBIX CIIOCO0AX YTEHMS
u 3anucu B XML oOpatum BHUMaHHE Ha JBa CBOWCTBA. Bo-mepBhIX,
00paboTKa JTOKyMEHTa MOXET OBITh IIOTOKOBOW M OyiouHoil. Bo-
BTOPBIX, 00pabOTKY BIIEMEHTOB MOXHO JelernpoBarth B callback-u
(push crparerust) unu npoBOAMTH €€ B MMIIEPATHBHOM CTHJIE Yepes3
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a0ctpakiuto ureparopa (pull crparerus). B tabmuue 3 mpuBomuTcs
KITacCu(UKAIs Moaenei B3anmozeiicteus ¢ XML gokymeHTOM.

Tabnuna 3 — Monenu B3aumoneiicteus ¢ XML nokyMeHTOM

IIOTOYHaA OouHas
push SAX -
pull StAX DOM

SAX
KiroueBsie cnmoBa: TOTOKOBass 00pa0OTKa, IIOCIIEAOBATEIHHBII
JOCTYyII, push-OopueHTHPOBaHHBIN TIapcep.
[Tpumepsl OHOIMOTEK AT Pa3IMYHBIX SI3BIKOB ITPOrPAMMHUPOBAHUS:
— C++: Expat (https:/libexpat.github.io);
— Java: javax.xml.parsers.SAXParserFactory;
— Scala: xs4s (https://github.com/ScalaWilliam/xs4s);
— Python: xml.sax.
SAX (Simple API for XML) — wmoxens moTOYHOrO mapcepa,

KoTopas paccMarpuBaeT XML noKyMEHT B BUJIE MOCIEA0BATENBHOCTH
COOBITHI, BO3HMKAIOIIMX B Hadaje M KOHIlE cuuThBanus infoset
annemeHToB (XML Information Set). Ilpumepamu Takux coObITHIA
SBIISIIOTCS. HA4allo/OKOHYAaHUE JOKYMEHTA, OTKPBITHE W 3aKPBITHE Tera
3JIEMEHTa, 3aBEPIICHUE CUMTHIBAHHS COIECPIKUMOTO TEra U JAPyTrHe.
CoObITHsI 00pabOTKM JOKYMEHTA JICNIATCSA Ha KJIACChl U MOTYT OBITh

00paboTaHbl  COOTBETCTBYIOIIMM  00pabOTYMKOM  TIOCIE  €ro
perucrpanuu B mapcepe. Pazpaboryrkam TOCTYITHBIL:

— ContentHandler,

—  ErrorHandler,
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https://libexpat.github.io/
https://github.com/ScalaWilliam/xs4s

— DTDHandler,
— EntityResolver.
Kax mpasmiio, mepen mapcuarom ycranaBiusaroT ContentHandler u
ErrorHandler. B cmyuae, ecnmu 00paOOTYMK HE YCTaHOBJEH, BCE
COOBITHSI B €r0 cepe OTBETCTBEHHOCTH HTHOPUPYIOTCSL.

Ipumeuanue

Bce nmocnenytompe npuMepsl Oy IyT TPUBOAUTCS Ha sI3bIKe Scala ¢
ucnoin3oBanreM Java API. Pasnuna ¢ ucnonp3oBanueM B Java Oyner
3aKJIK04YaThCs B HG6OJII)HII/IX CHUHTAKCUYECKUX OTIHUUYMIX. DTO MO3BOJUT
BaM BBIIIOJHHUTH OOJIBIIYI0 YacTb KOAAa B OHJAWH KOMIWJIATOPE,
Hanpumep https://scastie.scala-lang.org/, mo xomy uTeHus pasjena.

Taxxe, ¢ momombio REPL B IntelliJ Idea BBl MOxeTe WHTEPaKTHBHO
B3aMMOJICHCTBOBATh ¢ mpuMepamu. s atoro ckavaiite IntelliJ] IDEA
Community Edition, mpm HacTpolike ycTaHoBHTe scala maruH,
co3maiite sbt nmpoekT u 3amyctute Scala koHcomb B MeHI0 Tools.

Janee npuBesieH MpUMep YTEHHS TOKYMEHTa

val xml = """<?xml version="1.0" encoding="UTF-8"?>
<recipe>
<title>
ByTepbpoxn
</title>
<ingredients>

<ingredient gty="1">
Kycouek xJjeba
</ingredient>
<ingredient gty="1">
KyCOUYeK KOJIOaCH
</ingredient>
<ingredient gty="1">
KYyCOUeK CJIMBOYHOTO Macja
</ingredient>
</ingredients>
<instructions>
PasMaxbTe MACJIO PABHOMEPHO MO XJjieBy U NOJIOXUTE
cCBepxy koJbacy.
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https://scastie.scala-lang.org/

</instructions>
</recipe>

val spf =
javax.xml.parsers.SAXParserFactory.newInstance () ;
spf.setNamespaceAware (true) ;

val sp = spf.newSAXParser () ;

val xmlr = sp.getXMLReader();

val handler = new org.xml.sax.helpers.DefaultHandler
{
override def startDocument(): Unit =
print ("Start document")

override def startElement (x$1: String, x$2:
String, x$3: String, x$4: org.xml.sax.Attributes):
Unit =
println ("Start element", xS$1, x$2, x$3)

override def endElement (x$1: String, x$2: String,
x$3: String): Unit =
println ("End element", x$1, x$2, x$3)

override def characters(ch:Array[Char], start:Int,
length:Int) :Unit =
println(ch.tolList, start, length)

override def endDocument (): Unit =
print ("End document")

}

xmlr.setContentHandler (handler)

xmlr.parse (new org.xml.sax.InputSource (new
java.io.StringReader (xml)))

B npuBenénHoM kojne cozmaércs HOBBIM SAX mapcep, B KOTOPOM
perucTpupyeTcs HACJICIHUK KJacca DefaultHandler c
nepeonpeAaen€HHpIMA  MeTofgamu. [lociie 3amycka Bbl YBUIUTE IS
Kakux 3neMeHToB XML cpabaThiBatoT Te UM HHBIE 00pabOTUMKY.
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Oo6paborka SAX mapcepoM ropaso MEHEe 3aTpaTHasi IO MaMsTH
[0 cpaBHEHMIO ¢ Oy0uyHON 00paboTkoii DOM mapcepom. ITorokoBas
00paboTKa MOTEHITHAIBPHO HE OTPaHUYHUBACT pazMep 00padaThIBaeMOTo
¢aitna. OgHako 6e3 goctyna ko Bcemy XML nokyMeHTY B HaMATH Mbl
TepsieM  BO3MOXKHOCTh  mcnonb3oBath  XPath  HaBurammo u
npeoOpa3oBaHKe TOKYMEHTOB ¢ TOMOIIBIO si3bika XSLT.

StAX

KnroueBbie coBa: TOTOKOBas 00paboTKa, MOCIeqOBaTENbHBIN
noctyt, pull-opueHTHpOBaHHEIH Mapcep, co3aanue XML.
ITpumepsl 6uGIMOTEK AT Pa3HBIX A3BIKOB IPOTPaMMHUPOBAHUSL:
—  C++: Streaming XML parser in C++;
Java: javax.xml.stream;
Scala: XML SPaC;
—  Python: XMLPullParser.
StAX (Streaming APl for XML) — sto API, mns mapcuara XML
JIOKYMEHTa, SBISoLuUiics yeM-To cpegauM Mexay SAX u DOM. StAX

API mpemocraBnsier MeTOABl JUIS TOTOKOBOTO pazbopa XML
nokymenToB ¢ pull crpaterueir. Pull crparerus B Java moxer OBbITh
peajin3oBaHa JBYMsl Clioco0aMu: SIBHBIM BBI30BOM MeTO/0B hasNext u
next wuHTepdeiica XMLStreamReader wim  uwcnons3oBaHueM
untep(eiica-ureparopa XMLEventReader B mnwmkmax. Wrepatop
npencrasisier XML IOKyMEHT B BUJE MOCIIEAOBATEIbHOCTH OOBEKTOB
XMLEvent. B otnuume or SAX, StAX mnporpaMMHbIi HHTEpdEiic
MO3BOJIIET HE TOJIBKO CUHMTHIBATh, HO M 3alMCHIBAaTh infoset 311eMeHTEHI.
B Java »TO0 gnemaercs Takke JABYMsI CIIOCOOaMH: MOCPEICTBOM
XMLStreamWriter u XMLEventWriter.

[anee mpuBeseH mpuMep YTEHHUS JTOKyMEHTa Ha OCHOBE IOTOKA
XML 31eMeHTOB:

import javax.xml.stream.XMLInputFactory
import javax.xml.stream.XMLStreamConstants
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val xmlInputFactory = XMLInputFactory.newFactory ()
val stringReader = new Jjava.lio.StringReader (xml)
val xmlStreamReader =
xmlInputFactory.createXMLStreamReader (stringReader)

while (xmlStreamReader.hasNext ()) {
xmlStreamReader.next () match {
case XMLStreamConstants.START DOCUMENT =>
println ("Start document")
case XMLStreamConstants.END DOCUMENT =>
println ("End document")
case XMLStreamConstants.START ELEMENT =>
println("Start element",
xmlStreamReader.getName () )
case XMLStreamConstants.END ELEMENT =>
println("End element",
xmlStreamReader.getName () )
case XMLStreamConstants.CHARACTERS =>
println ("Contents",
xmlStreamReader.getTextCharacters () .tolList)
case  =>
println ("Other")

IIpumep ureHust noKkymMeHnTa Ha ocHOBe TToToka XML coObITHii:

import javax.xml.stream.XMLInputFactory

import javax.xml.stream.XMLStreamConstants

import javax.xml.stream.events.{StartDocument,
EndDocument, StartElement, EndElement, Characters}

val xmlInputFactory = XMLInputFactory.newFactory ()
val stringReader = new java.io.StringReader (xml)
val xmlEventReader =
xmlInputFactory.createXMLEventReader (stringReader)

while (xmlEventReader.hasNext ()) {
xmlEventReader.nextEvent () match {
case e:StartDocument =>
println ("Start document")
case e:EndDocument =>
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println ("End document")
case e:StartElement =>

println ("Start element", e.getName ())
case e:EndElement =>

println ("End element", e.getName())
case e:Characters =>

println ("Contents", e.getDatal())
case  =>

println ("Other")

IIpumep 3anucu nfokyMeHTa Ha OcHOBE I0Toka XML a51eMeHTOB:

import javax.xml.stream.XMLOutputFactory

val xmlOutputFactory = XMLOutputFactory.newFactory ()
val stringWriter = new java.io.StringWriter ()

val xsw =

xmlOutputFactory.createXMLStreamWriter (stringWriter)

xsw.writeStartDocument ()
xsw.writeStartElement ("recipe")
xsw.writeStartElement ("title")
xsw.writeCharacters ("Byrepbpon")
xsw.writeEndElement ()
xsw.writeStartElement ("ingredients")
xsw.writeStartElement ("ingredient")
xsw.writeAttribute ("gty", "1")
xsw.writeCharacters ("kycouek xjeba')
xsw.writeEndElement ()
xsw.writeStartElement ("ingredient")
xsw.writeAttribute ("name", "IOoxTopckasa")
xsw.writeAttribute ("gty", "1")
xsw.writeCharacters ("kycouek koJjbace")
xsw.writeEndElement ()
xsw.writeStartElement ("ingredient")
xsw.writeAttribute ("gty", "1")
xsw.writeCharacters ("Kycouek CJAMBOUHOTO MacJja")
xsw.writeEndElement ()
xsw.writeEndElement ()
xsw.writeStartElement ("instructions")
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xsw.writeCharacters ("PasMaxbTe MacCJIO PAaBHOMEPHO I10
xJ1eby M MNOJIOXKUTE CBepxy KoJjbacy.")
Xxsw.writeEndElement ()

xsw.writeEndElement ()

Xxsw.writeEndDocument ()

xsw.flush ()

xsw.close ()

val xml = stringWriter.toString
print (xml)

IIpumep 3amucu 1OKyMeHTa Ha OCHOBE ToToka XML coObITwHiA:

import javax.xml.stream.XMLOutputFactory

import javax.xml.stream.XMLEventFactory

import javax.xml.stream.events.{StartDocument,
EndDocument, StartElement, EndElement, Characters}

val xmlOutputFactory = XMLOutputFactory.newFactory ()

val stringWriter = new java.io.StringWriter ()

val xew =

xmlOutputFactory.createXMLEventWriter (stringWriter)
val xef = XMLEventFactory.newFactory ()

xew.add (xef.createStartDocument () )

xew.add (xef.createStartElement ("", "", "recipe"))
xew.add (xef.createStartElement ("", "", "title"))
xew.add (xef.createCharacters ("Byrepbpon") )
xew.add (xef.createEndElement ("", "", ""))

xew.add (xef.createStartElement ("", "",
"ingredients"))

xew.add (xef.createStartElement ("", "",
"ingredient"))

xew.add (xef.createAttribute ("gty", "1"))

xew.add (xef.createCharacters ("kycouek xjeba'))
xew.add (xef.createEndElement ("", "", ""))

xew.add (xef.createStartElement ("", "",
"ingredient"))

xew.add (xef.createAttribute ("name", "IOoxTopckasa"))
xew.add (xef.createAttribute ("qgty", "1"))

xew.add (xef.createCharacters ("kycouek kojybacu"))
xew.add (xef.createEndElement ("", "", ""))

xew.add (xef.createStartElement ("", "",
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"ingredient"))

xew.add (xef.createAttribute ("qgty", "1"))

xew.add (xef.createCharacters ("kycouek CJMBOYHOI'O
Macyaa"))

xew.add (xef.createEndElement ("", "", ""))
xew.add (xef.createEndElement ("", "", ""))
xew.add (xef.createStartElement ("", "",
"instructions"))

xew.add (xef.createCharacters ("PasMaxbTe Macjo
PaBHOMEPHO MO xXJjieby M IOJIOXMUTEe CBepxy kojbacy."))
xew.add (xef.createEndElement ("", "", ""))
xew.add (xef.createEndElement ("", "", ""))
xew.add (xef.createEndDocument () )

xew.flush ()

xew.close ()

val xml = stringWriter.toString
print (xml)

Kak XMLStreamReader, Tax u XMLEventReader mno3BosttoT
MPUIIOKEHUIO 00XoauTh cogepxkumoe XML HezaBucHMO Ipyr OT
Ipyra. Pasnmuma 3akimiogaercs B TOM, Kak 3TH J[Ba MOJAXO0Ja OTJAAIOT
yacth XML pgansabix. XMLStreamReader Benér cebs kak Kypcop,
HaxoAsUuMHCA cpa3y 3a MOCIEeIHUM cyuTaHHbIM XML TOokeHOM u
NPEAOCTaBIseT  METOABl A TONydeHuss Oojee  MOAPOOHOM
unpopmaru o HéM. XMLEventReader HemHOTO O0JIee MHTYUTHBHBIN
MOTOMY, YTO TipeoOpa3zoBbiBacT XML B mocneoBaTebHOCTE 00BEKTOB
XMLEvent, ciocod 00paboTKH KOTOPOii CTaHIAPTEH.

IlonBoast UTOT, MOXKHO CKa3aTh, YTO MPEUMYILECTBA U HEAOCTATKH
StAX onpeznensroTcss MOTOKOBOW NMPHUPOAOH 00pabOTKH, U BO MHOTOM
ananornyHsl SAX. Ho B otnmane ot SAX Hanmuune SBHOW aOCTpakIiun
MOTOKa MO3BOJISET CHelaTh Koj Ooyiee TMOHATHBIM U €CTECTBEHHBIM

obpa3om noroHuTh APl MeTogamu 3amcn XML 351eMeHTOB B TIOTOK.

DOM
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KnroueBsie cnoBa: OnouHast 00paboTKa, cilydyaiHslid noctyi, pull-
OPUEHTHUPOBAHHBIN Mapcep, co3ganue XML.

[Ipumepsr OMOTMOTEK TS Pa3HBIX SA3BIKOB POTPAMMHPOBAHHUS:

—  C++: tinyxml2 (https://github.com/leethomason/tinyxml2);

Java: java.xml.parsers.DocumentBuilderFactory;
Scala: scala-xml;
Python: xml.dom.

Document Object Model (DOM) — nporpammublii nHTEpdEiic 1
npeoOpazoBanus XML ngokymeHTa B mepeBo y3ioB U oOpatHo. [locne

MOCTPOEHUs1 JAepeBa mNpuwioxeHue wucnoiaszyer DOM APl nons
HaBUTallMd IO HEMy, a TarKkKe s HM3BJICUeHUs u3 y3i10B infoset
ai1emMeHToB. BaxupiMu ormianmuusmMu DOM ot SAX  sBusioTcs:
HEOOXOIMMOCTh 3arpy3kd Bcedl wuHpopmarmu XML B mamsTs,
BO3MOXXHOCTb IIPOM3BOJIBHOTO  JOCTyNA K 3JIEMEHTAaM M HaJIu4yue
orepauuii i U3MEHEHUs JOKYMEHTOB.

DOM paccmatpuBaer XML NOKyMEHT Kak AEpEBO, COCTOSIIEE U3
y3JI0B pa3IMYHBIX TUIIOB: 3JIeMeHT (element), atpulyT (attribute), TexcT
(text), cymmHocTh (entity), ccbuika Ha cymmHOCTH (entity reference),
nokymeHT (document), ¢parment mokymenra (document fragment),
tun  gokymeHTta (document type), cekumss CDATA, kommeHTapwuii
(comment), uHCTpYKIHSI 00paboTKH (processing instruction).

[Tpumep urenuss DOM nokymeHnTta mapcepom:

import javax.xml.parsers.DocumentBuilderFactory
import org.w3c.dom. {Document, Node}

import javax.xml.transform.TransformerFactory
import javax.xml.transform.dom.DOMSource;
import javax.xml.transform.stream.StreamResult

val dbf = DocumentBuilderFactory.newInstance ()
val db = dbf.newDocumentBuilder ()

val doc = db.newDocument ()

val root = doc.createElement ("recipe")
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val title = doc.createElement ("title")

val ingredients = doc.createElement ("ingredients")
val instructions = doc.createElement ("instructions")
val ingredientl = doc.createElement ("ingredient")
val ingredient2 = doc.createElement ("ingredient")
val ingredient3 = doc.createElement ("ingredient")

val titleContents = doc.createTextNode ("Byrepbpon")
val instructionsContents =

doc.createTextNode ("PasMaxbTe MacCJIO PaABHOMEPHO IO
xJeby M MOJIOXUTE CBepxy koJjbacy.")

val ingredientlContents =
doc.createTextNode ("kycouek xjeba")
val ingredient2Contents =
doc.createTextNode ("kycouek koJyibacwe")
val ingredient3Contents =
doc.createTextNode ("kycouek Macja")

val ingredientlAttributel =
doc.createAttribute ("gty")
ingredientlAttributel.setValue("1")

ingredientl.setAttribute ("gty", "1")
ingredient2.setAttribute ("gty", "1")
ingredient2.setAttribute ("name", "IoxTopckasa")
ingredient3.setAttribute ("gty", "1")

doc.appendChild (root)

root.appendChild (title)

root.appendChild (ingredients)

root.appendChild (instructions)
title.appendChild(titleContents)
ingredients.appendChild (ingredientl)
ingredients.appendChild (ingredient?2)
ingredients.appendChild (ingredient3)
instructions.appendChild(instructionsContents)
ingredientl.appendChild(ingredientlContents)
ingredient2.appendChild(ingredient2Contents)
ingredient3.appendChild (ingredient3Contents)
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val tf = TransformerFactory.newlnstance ()
val transformer = tf.newTransformer ()

val source = new DOMSource (doc)
val result new StreamResult (System.out)

transformer.transform(source, result)

JSON

JSON (JavaScript Object Notation) — TexcToBBI# opMaT 0OMeHa
JMAHHBIMHU, SBJISIONIMICSA MOJMHOYKECTBOM s3bika JavaScript. dopmar
JSON mnpeacraBnser JSON 00BeKkThl B BHIE HEYHOPAJOYCHHOI'O
MHOXECTBA TMap «KJIIOY-3HAYCHUE», PpaA3JCNEHHBIX 3aliThIMH |
3aKIIFOYEHHBIX B (QUTYpHBIE CKOOKH. DOpPMAT OMUCHIBACTCSI PEKYPCUBHO
- B KadecTBe 3HaueHus1 MoryT BeicTynath JSON o6bekThl. Kpome JSON
00BEKTOB 3HAYCHUSIMHU MOTYT OBIT!

— OJHOMEpPHBIH MACCHB — YIHOPSIOYCHHOE MHOXECTBO
3HA4YeHU. MaccuB 3aKitoyaeTcsi B KBaJIpaTHbIE CKOOKH «[
1». 3HaueHus pa3geNAIOTCS 3amATBIMH. MAacCHB MOXKET
OBITh MYCTBIM, T.€. HE COJIEPKATh HH OJTHOTO 3HAYCHUSI.

—  4ucio (IeI0e HiId BEIIeCTBCHHOER).

— JuTepansl true (JIOTHYECKOe 3HAaYCHHE «HUCTHUHAY»), false
(mormveckoe 3HaUCHHE «JT0XKb») U null.

— CTpOKa — 3TO YIOPSIOYEHHOE MHOXKECTBO W3 HYJS WIIH
0oyiiee CHMBOJIOB FOHHMKOJA, 3aKIIOYEHHOE B JIBOMHBIC
kaBpldkd. CuMBONBI  MOTYT  OBITh  YKa3aHBl  C
UCTIOJIb30BaHHEM escape-1ociieI0oBaTeIbHOCTEH,
HAYMHAIONIMXCS C  oOpaTHOW  KOCOH  4epThl  «\»
(moxnepxuatorcs Bapuanthl \', \", \\, V, \t, \n, \r, \f u \b),
WIHM 3allMCaHbl IIECTHAIIATEPUIHBIM KOJIOM B KOJHUPOBKE
Unicode B Buze \UFFFF.

50




"title": "ByTepbpoxn",

"instructions": "Pas3MaxbTe MacCJIO PaBHOMEPHO IIO
xJIeby U MOOJIOXUTE CBepxy kojbacy.",
"ingredients": [
{
"name": “Kycouekxk xmneba”,
"gty": 1
bo
{
"name": “Kycouexk xojbacwe’”,
"gty": 2
}s
{
"name": “Kycouexk wmacma’,
"gty": 2

Pasmep coobmiennst cocrapnsieT 497 OaiT.

B npuBenénnoM Beiie npumepe aapec spiusercs JSON 00bekToM.

s JVM cyuiecTByeT He MeHbIee KOJIMYECTBO OWMOJUOTEK st
JSON, uwem mnas XML, vHO B orimume or XML HeT craHmapTHOMH
oubmuorexu. Ilpunoxenus npu obOpaborke JSON onmparorcs Ha
CTOpPOHHHE oubnnorexu. Paccmotpum MPUMEPEI
cepuanusaiuy/necepuanuzanuu  00bektoB B JSON ¢ momoripio
6ubmmorexn GSON.

IIpumeyanue

Hdns ycraHoBku Oubimorekun B SBT mnpoekrt, Haiigure e€ B
https://mvnrepository.com/ wu n006aBbTe CTPOKYy 3aBHCHMOCTH B

build.sbt. Tlocne dwero oOHOBHTE mMpoekT u mepesamycTute Scala
KOHCOJIb.
[pumep 3anucu GISON 6ubnmoTexoii:

|import com.google.gson.GsonBuilder
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case class Cat (name:String, age:Int,
color:java.awt.Color)

val cat = Cat (name="Bacunumn", age=4,
color=java.awt.Color.BLACK)

val builder = new GsonBuilder ()
val gson = builder.create()
val json = gson.toJson (cat)

IIpumep urenuss GISON OubIHOTEKOM:

import com.google.gson.GsonBuilder

val jsonText =
""r{"name" :"Bacuaun", "age":4,"color": {"value": -
16777216, "falpha":0.0} """

val builder = new GsonBuilder ()
val gson = builder.create()
val cat = gson.fromJson (jsonText, classOf[Cat])

println(s"Kor. Umsa: ${cat.name}, BospacT:
${cat.age}, lUBet: ${cat.color}™)

GSON mnonnepxuBaeT cepuain3alyio MPUMHTHBHBIX THIIOB U
POJO «knaccoB. Ecnmm Ha mpakTuke TpeOyeTcs cepHann3oBaTh
HETIO//IeP)KUBAEMbIH THII, €r0 CEepHaIN3aTop/Aecepruann3aTop MOKHO
3apErUCTPUPOBATH MPH CTAPTE TPUIIOKCHHS.

import com.google.gson.GsonBuilder

import org.joda.time.Instant

import java.lang.reflect.Type

import com.google.gson.{JsonSerializer,
JsonDeserializer, JsonSerializationContext,
JsonDeserializationContext, JsonElement,
JsonPrimitive, JsonParseException}

object InstantTypeConverter extends
JsonSerializer[Instant] with
JsonDeserializer[Instant] {
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override def serialize(src: Instant, typeOfSrc:
Type, context: JsonSerializationContext):
JsonElement = new JsonPrimitive (src.getMillis())

override def deserialize(json: JsonElement,
typeOfT: Type, context: JsonDeserializationContext) :
Instant = new Instant(json.getAsLong())

}

val builder = new GsonBuilder ()
builder.registerTypeAdapter (classOf [Instant],
InstantTypeConverter)

val gson = builder.create()

println (gson.toJson (new Instant()))
println(gson.fromJson ("""1592996747765""",
classOf[Instant]))

Bonee mosiHOe pyKOBOACTBO JOCTYITHO Ha CTPaHHUIlE OMOIMOTEKH
https://github.com/google/gson.

AnbrepuatuBubie JSON 6ubnuotekm ana Java (Jackson,
JSON-P)

Jackson — 1o Habop yTmiMT I 0OpabOTKH JaHHBIX Ha Java.
YTUIUTHl BKIIIOYAIOT B ¢e0s1 OMOJIIMOTEKY il TIOTOKOBOTO MapCHUHTa U
notokoBoil reHepaunu JSON, OMOIMOTEKY CBSA3BIBAHUS OTOOPa’KEHUS
kiaccoB Ha JSON. Pabora ¢ APl moTOKOBOIro YT€HHUS U 3alMCH HIET B
TOM K€ KJrode, 9To B StAX, a CBSA3bIBaHWE MO3BOJIAECT MOCTPOUTH U3
JSON nepeBo 00BekTOB, anamorngyHoe DOM. JlomomHUTETHHBIC
AHHOTAITUH JIAIOT JOCTYI K TOHKOI HACTPOIKE CBSA3bIBAHMSL.

HecMmotps Ha To, uTo cranmapTHO OubOIroTekn JSON u3 JDK mis
JVM Her, Ha e€ mecTo ecth kKauauaat. JSON-P (JSON Processing) API
M3HAYAJIbHO TUIAHUPOBAIOCHh BKIIOUNTH B Java SE, omHako 3atem eé
nob6asunu Toyibko B Java EE.

JSON-P mnozBonsier oOpabateiBath JSON daiinbsl Kak MOTOKOBO
(anamor StAX), tak u 611ouHo (ananor nocrtpoenus DOM).
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JSON-P 1.0 coctouT u3 25 THUINOB, paCMOJIOKEHHBIX B TaKeTe
javax.json, javax.json.spi u javax.json.stream. Ilaker javax.json B
OCHOBHOM COJICPYKHT THIIBI, SIBJISIFOLIMECS YaCThIO OOBEKTHOW MOJEIH.
ITorokoBas yacte API HaxoauTcs B javax.json.stream. B javax.json.spi
oTpeeIAeTCs OJMH Kilacc — cepBHC A1t 00pabotku JSON.

[MpumMeps! OHOTHOTEK ISl Pa3HBIX S3bIKOB POrPAMMHUPOBAHUSL:

- C++ JSON for Modern C++
(https://github.com/nlohmann/json) ;

— Scala: lift-json;

— Python: BcTpoeHHsIii MOIyITB JSON.

JSON d4acto wcmomb3yercss Ui AacHHXPOHHOTO  oOMeHa
COOOIEHUSIMU MEXIy Opay3epoM U cepBepoM mocpeiacTtBom AJAX
(https://en.wikipedia.org/wiki/Ajax_(programming)) wuam WebSocket
(https://ru.wikipedia.org/wiki/\WWebSocket). dopmar TaKkKe
ucnonszyercs B HekoTopeix NoSQL 6azax manaeix (MongoDB,

CouchDB), B mpunoxenusix Twitter, Facebook, LinkedIn, Flickr,
Google Maps. OrtHocutenbHO HemaBHO B PostgreSQL  mosBuiach
nogaepxkka JSON B SQL 3anpocax B Buie (YHKUMHA U ONEpPaToOpoOB
(https://www.postgresql.org/docs/current/functions-json.html).
Jannomy Qopmaty mocCBAmEH calt https://www.json.org, Ha

KOTOPOM MOKHO y3HaTh JIOTIOJIHUTEIIbHYIO HH(POPMAIIHUIO.

Protocol Buffers

Coo0Omienne Protocol Buffer MPEJCTaBIsACT W3 ceos
TIOCJIE/I0BATEIILHOCTD Map «KITI0Y-3HAUYCHUEY.

B OunapHOit Bepcun cooOIeHNs B Ka4eCTBE KIF0Ya HUCTIONB3YeTCs
WICHTHU(HUKATOP OIS, COCTOSIINN U3 HOMepa 1moJist ¥ Tuna. Mms nons
MOYET OBITH MOJYYEHO TOJBKO NMPH HATUYUU CXEMBI, ONHCHIBAIOLIECH
coobuienue (.proto ¢aiin). bunapuslil popmaT HCHONB3YeET CiIeayoLIe

THUIIBI IIOJIEH:
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Tab6nuua 4 — Tuns! noneit 6uHapHoro npexacrasnaeHus Protocol Buffers cooOmenus

Kox Tuna Tun Hcnoan3yercs s
cJIeayIOIIUX THIIOB
Protocol Buffers
fAI3bIKA
0 Varint int32, int64, uint32,
uint64, sint32, sint64,
bool, enum
1 64 oura fixed64, sfixed64,
double
2 MOCJIE€I0BATEIBLHOCTD string, bytes,
0aiiT (PUKCUPOBAHHOM embedded messages,
JUINHBI
packed repeated fields
3 Hayano rpynmnst TpyIIIbI 3alPELIEHB] B
HOBBIX BepCI/ISIX
4 OKOHYaHUE rPyIIIBI TpyIIIbI 3alPELIEHB] B
HOBBIX BECPCUAX
5 32 Oura fixed32, sfixed32,

float

Hanbonee wHeoObuHBIM THH Varint,

IIOHUMAaHU

OMHApHOTO  MpEeICTaBJICHUS.

ABJIACTCSA BaXXHBIM  J1JIsA
Varint 210 cmoco0

KOAWPOBAHUA LCJIOr0 4ucCiia OAHUM WM HECKOJIbKUMU Oaritamu. Uem

MCHBIIC 4YHCJIO, TEM MCHBIIC OHO 3aHUMACT MCCTa. HepBLIfI out

KaXI0T0 OKTE€Ta SABIACTCA CUTHAJIbHBIM q)HaI‘OM O TOM, 4YTO

CJIETYIOIINI OKTET B OMTOBOM IIOTOKE - 9aCTh TEKYIIETO.
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Paccmotpum nBa uncia 1 u 300. [IepBoe uncno ymemaeTcs B OaiiT,
a BTOpoe moTpedyeT Kak MUHUMYM JBa OaiTa.

1-0000 0001

300 - 1010 1100 0000 0010

YroOwr gexoaupoBath uncio 300, HY>)KHO OTKHHYTH MEpBbIE OUTHI
OKTETOB, a 3aTeM CKJICHTh ITOJy4YEHHbIE CENTETH B 00PaTHOM ITOPSIIKE.

Kitou monst Protocol Buffer coobmenust xpanuTcs B clieyromeM
¢opmare. Ilocnennue 3 OuTa yuciaa XpaHAT OAMH M3 KOJIOB THUIIA,
YKa3aHHbIX B T36HI/IHC 3. OcranbHbIE SBIAIOTCS TECJI0YUCICHHBIM
3HAUEHHEM KIF0Ya, TO €CTh HOMepoM Tara. KoHKaTeHarus 3HaYeHUs
KJTF0Ya ¥ KOJIa TUTIAa KOJUPYETCs ¢ TIOMOIIBIO varint.

Jns Toro, yToObl Ha4YaTh MCHOIB30BaTh Protocol Buffer B mepByto
o4yepenb OIMCBIBACTCA CTIPYKTypa NAHHBIX, KOTOPYIO IUIAHUPYETCS
COXPAaHATh WM MepeIaBaTh 110 CeTH. [10 ITOMYy ONHCaHUIO KOMITUIIATOP
Protocol Buffer remepupyer KoJ IeleBOTO $3bIKA, COCTOSIIUN U3
MIPOrPaMMHOTIO MIPEICTABIICHUS U GyHKIHI
cepHaIu3aIiy/ Iecepuanu3alii B OMHAPHOE MIPEICTABIICHUE.

B pemakrope mectHamuatepuynoro koma  (https://hexed.it/)
paccCMOTPHM KakK KOJUpYeTcs IpuMmep ¢ penentoM OyrepOpona,

KCIIOJIb30BAaHHBIN paHee B TEKCTE.

syntax = "proto2";

message Ingredient {
required string name = 1;
optional int32 gty = 2;

message Recipe {
required string title = 1;
required string instructions = 2;

repeated Ingredient ingredients = 3;

Kaknoe mojie MOXKeT UMETh OJIMH U3 CIASAYIONIMX MOIU(PUKATOPOB:
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— required: obGs3atenpHOe ToJe. I[lombITKA CO37aTh WM
POYUTATh COOOIICHHE Oe3 YKa3aHUsI 3HAUCHUSI STOTO TIOJIS
HpHUBEET K OMIMOKE BPEMCHHU UCIIOHCHHUSL.

— optional: 3HaueHue Moyt MOXKET OBITh HE yKa3aHo. B aTom
CIly4ae HCIOJIB3YeTCsl 3HAYCHHE MO-YMOIYAHUIO U3 .proto
(haiina M cucteMHoe.

— repeated: mose MoxeT MOBTOPsThCs O MIIM HECKOJIBKO pa3
(ananor kBaHTHU(]UKATOpPa * B PEryISPHBIX BBIPAKCHUSX).
HWcnonb3yeTcst 1uisl XpaHSHHsT MACCHBOB.

FeHepaunﬂ MNpOrpamMMHOIo npeacraBjacHust

Tenepp, korga y Hac €cThb CXeMa .proto, CIEIYIOIIHMM Iarom
reHepupyeTcss  MpOrpaMMHOE  HpeAcTaBlIeHHE U (QYHKUUHU
cepuanm3anuy/necepuanm3anmn ~ Protocol  Buffer kommumsitopom
protoc, JIOCTYIIHBIM Ha caiite
https://github.com/protocolbuffers/protobuf/releases. B nanxom ciyuae
TEHEpUPYIOTCS Java Kiacchl:

protoc -I=$SRC_DIR --java out=$DST DIR
SSRC DIR/message.proto

Ilepemennas cpeast SRC DIR xpaHuT myTh K Karanory c .proto
¢aitnom, a DST DIR myTb, B KOTOPOM MOSIBSITCSl Cr€HEPUPOBaHHBIE
¢aiinsl. B pesynbraTe BBIIONHEHHS KOMaHIBI CreHepupyercs (ain
Message.java.

3akomupoBaHHOe cooOmieHne ¢ nomoinbio Protocol Buffers
NpeACTaBICHHOE B IECTHAAIATEPUIHON CUCTEME CUUCIICHUS:

OA 12 DO 91 D1 83 D1 82 DO B5 D1 80 DO B1 D1 80 DO
BE DO B4 12 73 DO A0 DO BO DO B7 DO BC DO BO DO B6
D1 8C D1 82 DO B5 20 DO BC DO BO D1 81 DO BB DO BE
20 D1 80 DO BO DO B2 DO BD DO BE DO BC DO B5 D1 80
DO BD DO BE 20 DO BF DO BE 20 D1 85 DO BB DO B5 DO
Bl D1 83 20 DO B8 20 DO BF DO BE DO BB DO BE DO B6
DO B8 D1 82 DO B5 20 D1 81 DO B2 DO B5 D1 80 D1 85
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D1 83 20 DO BA DO BE
2E 1A 1D OA 19 DO BA
DO BA 20 D1 85 DO BB
OA 1D DO BA D1 83 D1
DO BA DO BE DO BB DO
1D OA 19 DO BA D1 83
20 DO BC DO BO D1 81

DO
D1
DO
81
Bl
D1
DO

BB DO B1 DO BO D1 81 D1 83
83 D1 81 DO BE D1 87 DO B5S
B5 DO B1 DO BO 10 01 1A 21
DO BE D1 87 DO B5 DO BA 20
DO BO D1 81 D1 8B 10 01 1A
81 DO BE D1 87 DO B5 DO BA
BB DO BO 10 01

Pa3zmep cooOmenus cocraBmser 234 Oaiita. B Tabmure

TIPUBONUTCS pacIIidpoBKa 3aKOIUPOBAHHOTO COOOIICHHMS.

Tabymia 5 — Pacimudpoka 3akomupoanHoro Protocol Buffer coobienus

HEX 3nHauenne Pacuiugposka
title
0A B 1Bou4HOI cucreme:
00001 010
Tor: 1
Tun: mociienoBaTeIbHOCTh OAT
(hMKCUPOBAHHOW JUTHHBI
12 B necaruunoii cucreme: 18

D091 D1 83 D1 82 DO B5
D180 D0 B1 D1 80 DO BE
D0 B4

“Byrtepopon”

B 3akogupoBanHoM Buje 3aHUMAET 18
OaiT

instructions

12

B nBom4HOI cucTeme:

00001 010

Tor: 2

Tur: ociieqoBaTeIbHOCTD OalT
(DPMKCUPOBAHHOM JTUHBI
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73

B necsatuunoii cucreme: 115

D0 A0 DO BO DO B7 DO BC
D0 BO DO B6 D1 8C D1 82
D0 B5 20 DO BC DO BO D1
81 D0 BB DO BE 20 D1 80
D0 BO DO B2 DO BD DO
BE DO BC DO B5 D1 80 DO
BD DO BE 20 DO BF DO
BE 20 D1 85 DO BB DO B5
D0 B1 D1 83 20 DO B8 20
DO BF DO BE DO BB DO
BE DO B6 D0 B8 D1 82 DO
B520 D1 81 DO B2 DO BS
D180 D185 D1 8320 DO
BA DO BE DO BB DO B1
D0 B0 D1 81 D1 83 2E

"Pa3zMaxxpTe Maciio paBHOMEPHO I10
XJIeOY W TOJIOKUTE CBEPXY Koyibacy."

B 3akoaupoBanHoM Bujie 3aHuMaet 115

OaiT

ingredients/ingredient

1A

B nBouyHOM cucremMe:

00001 010

Tor: 3

Tum: mociieqoBaTeIbHOCTh OAT
(UKCHUPOBaHHOH JITHHBI

1D

B necstuunoii cucreme: 29

ingredients/ingredient/name

0A

B nBouuHOl cucrteMe:

00001 010

Tor: 1

Tumn: rmociienoBaTeIbHOCTh OalT
(DPMKCUPOBAHHOW JTUHBI
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19

B necstuunoOl cucteme: 25

D0 BA D183 D1 81 D0 BE
D187 D0 B5 DO BA 20 D1
85 D0 BB D0 B5 D0 B1 DO
BO

"Kycouek xjeda"

B 3akoaupoBaHHOM BUJIe 3aHUMAET 25
Oaift

ingredients/ingredient/qty

10 B nBonuHOII cucreme:
0 0010 000
Tor: 2
Twum: varint uncito

01 1

ingredients/ingredient

1A

B nBonuHOM cucreMe:

00001 010

Tor: 1

Tun: mociieqoBaTeIbHOCTh OAT
(UKCUPOBAHHOH JTHHBI

21

B necsaruunoii cucreme: 33

ingredients/ingredient/name

0A B nBownunoii cucreme: 00001 010
Tor: 1
Twur: mociieq0BaTeIbHOCTE OalT
(bMKCHPOBAHHOM JUTHHBI

1D B necsatuunoli cucreme: 29

D0 BA D1 83 D1 81 DO BE
D1 87 D0 B5 DO BA 20 DO

"Kycouek koyoach!"
B 3akoampoBaHHOM BHE 3aHUMAET 29
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BA DO BE DO BB DO B1
D0 B0 D1 81 D1 8B

OaiT

ingredients/ingredient/qty

10 B asonunoii cucreme: 00010 000
Tor: 2
Twu: varint unciio

01 1

ingredients/ingredient

1A

B nBouuHOM cucreme:

00001 010

Tor: 1

Tur: mociieI0BaTeILHOCTh OalT
(UKCUPOBaHHOH JTMHBI

1D

B necstuunoii cucreme: 29

ingredients/ingredient/name

0A

B nBonyHOM cucreMe:

00001 010

Tor: 1

Tun: mociieqoBaTeIbHOCTh 0T
(hMKCUPOBAHHOW JUTHHBI

19

B necaruunoii cucreme: 25

D0 BA D1 83 D1 81 DO BE
D1 87 D0 B5 DO BA 20 DO
BC D0 B0 D1 81 DO BB DO
B0 10 01

"Kycouek Macna"
B 3akoampoBaHHOM BUE 3aHUMAET 25
OaiT

ingredients/ingredient/qty
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10 B nBomnuHoO# cucreme:
00010 000

Tor: 2

Tum: varint 4ucio

01 1

[Tpumep 3anucu cOOOIICHHUS:

val recipeBuilder = Message.Recipe.newBuilder ()
recipeBuilder.setTitle ("ByTepbpon")
recipeBuilder.setInstructions ("Pa3mMaxbTe MacJo
PaBHOMEPHO MO xJieBy M [OJIOXMUTE CBepxy Kkojbacy.")

recipeBuilder.addIngredientsBuilder () .setName ("xycou
ek xJjyeba") .setQty (1)
recipeBuilder.addIngredientsBuilder () .setName ("xkycou
ex koJybace") .setQty (1)
recipeBuilder.addIngredientsBuilder () .setName ("xycou
ek Maciua") .setQty (1)

recipeBuilder.build () .writeTo (new
java.io.FileOutputStream ("recipe"))

ITpumep uTeHHs cOOOIIEHNS:

val recipe = Message.Recipe.parseFrom(new
java.io.FileInputStream("recipe"))

Protocol Buffers me paspabareiBamuch masi 00pabOTKH OGOJBIINX
cooOmeHuii. HermacHoe mpaBWiIO TOBOPHT, YTO €CJIM BB Tepenaére
coo0ImeHus: Oopllle MeradaiTa, TO MMEET CMBICH BBIOPATh APYTOM
dopmar.

TToznakomusmmcs ¢ XML, JSON u Protocol Buffer ormetum, uro
CYLIECTBYIOT M Jpyrue (opmaTbl, KOTOpble MOTryT OBITH Oolee
NOIXOIAIIMMH JJIs1 KOHKpeTHOU 3a1aun. st 3 deKTHBHOTO XpaHEeHHsI
TAaOJMMYHBIX JIAHHBIX WU MHOT'OMOTOYHOTO BBIMOIHEHUS! aHATUTHYCCKHX
3arpocoB HaJ[ HUMH JIydIlle TMOAXOJUT KOJOHOYHEIH (opmar parquet.
@®opmar pgaHHbpix hdf5 mo3BONSET XpaHWTH AHHOTUPOBAaHHEIC
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MHOTOMEpHBbIE MaccuBbl. ®Dopmar AvVro MNOAXOIUT s XpaHCHHS
CTPYKTYPUPOBAHHBIX TAHHBIX B pacrpeleéHHbIX (ailoBbIX CHCTEMAX,
Harogobue HDFS.

2.3. KoHTpOJIbHBIE BOMPOCHI

1. Yro takoe XML/JSON/ProtocolBuffers?

2. B uém 3akmodaroTcs MpenMyIecTBa 1 HeAOCTaTKA XPaHEHUS
JTAHHBIX B BHJE MOKyMeHToB XML/JSON?

3. Kakum 00pa3omM cocTosiHIE TPOrpaMMBbl MOKET XPAHUTHCS B
Buze fokymenta XML/JSON?

4. Kakasi TeXHOJIOTHUS IT03BOJISIET IPUBA3BIBATH TUIIBI JAHHBIX B
HCXOJTHOM KOJI€ IPOrpaMMbl K ToKyMeHTaM XML?

5. B uém 3akirouaroTcs NpeuMyIecTBa U HEJOCTATKN XPaHEHUS
COCTOSIHUSI TIPOrpaMMBbI B Buze 1okyMeHTa XML/JSON?

6. Yro mpexacrasiser coboit popmar JSON 1 Ha 4€M OH OCHOBaH?

7. Kak npeo6pa3zoBeiBaTh nanHbie B popmat JSON B
KOMITBIOTEPHON TPOTrpaMMe U JUIsl YETO 3TO MOKET OBITh HYKHO?

8. Kakum o0pa3omM nporpaMMbl MOTYT OOMEHHUBATHCS
nH(pOpMaIe 1Mo ceTu?

9. Kakue TeXHOJOTMH MOTYT UCIIOJIb30BaThCS B KOMITBIOTEPHBIX
nporpaMMax Jiisl epeadyl JaHHBIX 10 CeTH?

2.4. Ilpumep BbINOJIHEHUS JIA0OPATOPHOH padoThI

Hwmxe npuBenén mnpumep HCXOAHOrO Koaa Ha s3blke Python
BEITIOJTHEHHOTO HYJIEBOTO BapHaHTa JaHHOW JabopaTopHOU paboTHI.
@aiin server.py COIEPKUT CKPUIT JJIsl CEPBEPHON YaCTU MPUIIOKEHUS,
KOTOPBIA 00eCHeurnBaeT PACChLIKY OTIPABICHHBIX COOOIIECHUN BCEM
KITMEHTaM, TaKUM 00pa3oM J1000e KOJIHMYECTBO IMOJIb30BATENICH MOKET
oOmarbcss B Takod cucTeMe OOMEHa MTHOBEHHBIMU COOOIICHUSMU.
IIpyu 3amycke M3 KOHCOJM CEPBEPHBIA  CKPUNT HPUHUMAET
€IMHCTBEHHBII MapaMeTp — HOMEp IopTa Uil IPOCIYLUMBAHHUS.

OcTranbHbIie (1)a171m>1 COACpIKAT HCXOHHLIfI KOO KIMCHTCKOI'O
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npuioxkeHus. Moayne application mpeAcTaBiseT CONEPKHUT OCHOBHYIO
JOTUKY paOoThl KIMEHTCKOI'O MPWIOXKEHMS, BKIOYas NpUEM U
OTIpaBKy cooOmeHnii. Moayns main mpencraBiseT co00i TOUKY
BXOAa B KIMEHTCKOE MpWiIokKeHue. B Momyns messages BBIHECEHBI
CTPOKOBBIE JJIEMEHTHl Tpaduueckoro wuHTepdeiica moIbp30BaTENs.
Monyne model comep uT 00BEKTHYIO MOJIETh COOOIIEHUH, KOTOPBIMU
0OMEHMBAIOTCSI KJIMEHTHI U cepBep. DTOT MOAYJIb MTOJKIIOYACTCS KaK K
KIIMEHTCKOMY, TaK U K CEpBEPHOMY MPUIOKEHUIO, TaK YTO Takou (haiin
BXOAWUT OAHOBPEMEHHO B 00a NMpWIIOKEHHA. MOoIylb View oIpenenser
rpaduuecKuil nHTepQenc MoIbp30BaTeNsl KIMEHTCKOTO IPHUIIOKEHHSL.

Kon PacIoIOKEH mno anpecy
https://gitlab.com/ssau.tk.courses/programming_technologies/-
[tree/autumn2020/examples/lab2.

Jluctunr 4. Comepxxumoe (aiina server.py

# —-*- coding: utf-8 —-*-
import json

import socket

import sys

import threading

import model

BUFFER SIZE = 2 ** 10

CLOSING = "Application closing..."

CONNECTION ABORTED = "Connection aborted"
CONNECTED PATTERN = "Client connected: {}:{}"
ERROR ARGUMENTS = "Provide port number as the first
command line argument”

ERROR OCCURRED = "Error Occurred"

EXIT = "exit"

JOIN PATTERN = "{username} has joined"
RUNNING = "Server is running..."

SERVER = "SERVER"

SHUTDOWN MESSAGE = "shutdown"

TYPE EXIT = "Type 'exit' to exit>"
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class Server (object):

def init (self, argv):
self.clients = set ()
self.listen thread =
self.port = None
self.sock = None
self.parse args (argv)

None

def listen(self):
self.sock.listen (1)
while True:
try:
client, address = self.sock.accept()
except OSError:
print(CONNECTION_ABORTED)
return

print (CONNECTED PATTERN. format (*address))
self.clients.add(client)
threading.Thread (target=self.handle,
args=(client,)) .start ()

def handle(self, client):
while True:
try:
message =
model .Message (**json.loads (self.receive(client)))
except (ConnectionAbortedError,
ConnectionResetError) :
print(CONNECTION_ABORTED)
return
if message.quit:
client.close ()
self.clients.remove (client)
return
print (str (message))
if SHUTDOWNiMESSAGE.lower() ==
message.message.lower () :
self.exit ()
return
self.broadcast (message)
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def broadcast (self, message):
for client in self.clients:
client.sendall (message.marshal ())

def receive(self, client):

buffer = ""

while not
buffer.endswith (model.END CHARACTER) :

buffer +=

client.recv (BUFFER_SIZE) .decode (model. TARGET_ENCODIN
G)

return buffer[:-1]

def run(self):
print (RUNNING)
self.sock = socket.socket (socket.AF INET,
socket.SOCK STREAM)
self.sock.bind (("", self.port))
self.listen thread =
threading.Thread (target=self.listen)
self.listen thread.start()

def parse args(self, argv):
if len(argv) != 2:
raise RuntimeError (ERROR_ARGUMENTS)
try:
self.port = int(argv[1l])
except ValueError:
raise RuntimeError (ERROR_ARGUMENTS)

def exit(self):
self.sock.close()
for client in self.clients:
client.close()
print (CLOSING)

if name == "_main_ ":
try:
Server (sys.argv) .run ()
except RuntimeError as error:
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print (ERROR OCCURRED)
print (str (error))

Jluctunr 2. Coaepxxumoe (aitna application.py

#_
import
import
import
import
import
import

BUFFER_

class A
ins

def

def

socket.

self.po

*— coding: utf-8 —-*-
Jjson

socket

threading

messages

model

view

SIZE = 2 ** 10

pplication (object) :
tance = None

__init (self, args):
self.args = args
self.closing = False
self.host = None

self.port = None
self.receive worker = None
self.sock = None
self.username = None

self.ui = view.EzChatUI (self)
Application.instance = self

execute (self) :
if not self.ui.show():
return
self.sock = socket.socket (socket.AF INET,
SOCK_STREAM)
try:
self.sock.connect ((self.host,
rt))
except (socket.error, OverflowError):
self.ui.alert (messages.ERROR,
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messages.CONNECTION ERROR)
return
self.receive worker =
threading.Thread (target=self.receive)
self.receive worker.start ()
self.ui.loop()

def receive(self):
while True:
try:
message =
model .Message (**json.loads (self.receive all()))
except (ConnectionAbortedError,
ConnectionResetError) :
if not self.closing:
self.ui.alert (messages.ERROR,
messages.CONNECTION ERROR)
return
self.ui.show message (message)

def receive all(self):

buffer = ""

while not
buffer.endswith (model.END CHARACTER) :

buffer +=

self.sock.recv (BUFFER SIZE) .decode (model.TARGET ENCO
DING) -

return buffer[:-1]

def send(self, event=None) :

message = self.ui.message.get ()
if len(message) == 0:

return
self.ui.message.set ("")
message =

model .Message (username=sel f.username,
message=message, quit=False)
try:
self.sock.sendall (message.marshal ())
except (ConnectionAbortedError,
ConnectionResetError) :
if not self.closing:
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self.ui.alert (messages.ERROR,
messages.CONNECTION ERROR)

def exit (self):
self.closing = True
try:

self.sock.sendall (model.Message (username=self.userna
me, message="", quit=True) .marshal ())
except (ConnectionResetError,
ConnectionAbortedError, OSError):
print (messages.CONNECTION ERROR)
finally:
self.sock.close ()

JIuctunr 3. Cozmepskumoe daiina main.py

# —-*- coding: utf-8 —-*-
import sys
import application

def main (args) :
app = application.Application (args)
app.execute ()

if name == "_ main ":
main (sys.argv)

Jluctunr 4. Comepxumoe (aiina messages.py

# -*- coding: utf-8 -*-

CONNECTION ERROR = "Could not connect to server"
ERROR = "Error"

INPUT SERVER HOST = "Input Server Host"

INPUT SERVER PORT = "Input Server Port"

INPUT USERNAME = "Input your username"

SEND = "Send"

SERVER HOST = "Server Host"

SERVER PORT = "Server Port"

TITLE = "ezChat"

USERNAME = "Username"
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JIuctunr 5. Copepskumoe daitna model.py

# —-*- coding: utf-8 —-*-

import json

END CHARACTER = "\0"
MESSAGE PATTERN = "{username}>{messagel}"
TARGET ENCODING = "utf-8"

class Message (object) :

def init (self, **kwargs):
self.username = None
self.message = None
self.quit = False
self. dict .update (kwargs)

def str (self):
return
MESSAGE PATTERN.format (**self. dict )

def marshal (self):
return (json.dumps(self. dict ) +
END CHARACTER) .encode (TARGET ENCODING)

Jluctunr 6. Comgepkimoe daiina View.py

# -*- coding: utf-8 -*-
import tkinter
import messages

from tkinter import messagebox, simpledialog

CLOSING _PROTOCOL = "WM DELETE WINDOW"
END OF LINE = "\n"

KEY RETURN = "<Return>"

TEXT STATE DISABLED = "disabled"

TEXT STATE NORMAL = "normal"
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class EzChatUI (object) :

def init (self, application):
self.application = application
self.gui = None
self.frame = None
self.input field = None
self.message = None
self.message list = None
self.scrollbar = None
self.send button = None

def show(self):
self.gui = tkinter.Tk()
self.gui.title (messages.TITLE)
self.fill frame ()
self.gui.protocol (CLOSING PROTOCOL,
self.on closing)
return self.input dialogs()

def loop(self):
self.gui.mainloop ()

def fill frame(self):

self.frame = tkinter.Frame(self.gui)

self.scrollbar =
tkinter.Scrollbar (self.frame)

self.message list = tkinter.Text(self.frame,
state=TEXT STATE DI SABLED)

self.scrollbar.pack(side=tkinter.RIGHT,
fill=tkinter.Y)

self.message list.pack(side=tkinter.LEFT,
fill=tkinter.BOTH)

self.message = tkinter.StringVar ()

self.frame.pack ()

self.input field = tkinter.Entry(self.gui,
textvariable=self.message)

self.input field.pack()

self.input field.bind(KEY RETURN,
self.application.send)

self.send button = tkinter.Button(self.gui,
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text=messages.SEND, command=self.application.send)
self.send button.pack()

def input dialogs(self):
self.gui.lower ()
self.application.username =
simpledialog.askstring (messages.USERNAME,
messages.INPUT USERNAME, parent=self.gui)
if self.application.username is None:
return False
self.application.host =
simpledialog.askstring (messages.SERVER HOST,
messages.INPUT SERVER HOST,
parent=self.qgui)
if self.application.host is None:
return False
self.application.port =
simpledialog.askinteger (messages.SERVER PORT,
messages.INPUT SERVER PORT,
parent=self.qgui)
if self.application.port is None:
return False
return True

def alert(self, title, message):
messagebox.showerror (title, message)

def show message (self, message):

self.message list.configure (state=TEXT STATE NORMAL)
self.message list.insert (tkinter.END,
str (message) + END OF LINE)

self.message list.configure (state=TEXT STATE DISABLE
D)

def on closing(self):
self.application.exit ()
self.gui.destroy()
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3. Cxembl popMaToB nepeaayu JaHHbIX

Cxema — 3TO ONrCaHue CTPYKTYPHI TaHHBIX Ha (DOPMAaTbHOM SI3BIKE,
cojiepKaliee JOMyCTUMbIE UMEHA, CEMAaHTHYECKUE CBSI3U MEXAY HUMU
Y OTPaHUYCHMSI, HAKJIabIBACMbIC HA 3HAUCHUSI.

3.1. 3ananue Ha Ja0opaTopHYyI0 padoTy Ne3

Jo6aBbTe B CBOM TpEABIAYIIHIA MTPOEKT BO3MOKHOCTh COXPaHEHUS
COCTOSIHUSI B BHUAE NEPHOAMYECKOTO COXpaHEHHs, JIMOO B BHIC
¢byHKIME uwMIOpTa W IKcmopra. BoiOpanuwiii  dopmar s
cepuanm3aliy JOJDKeH HWMETh cxXeMy. B mpoekre o0s3areneH Koj
BaJIMIMPYIOUINI JaHHBIe. Bamumanus MomKHA TPOU3BOIUTHCS JTHOO B
nporpaMMe TPH  UMIIOPTE  JaHHBIX, JHOO B  FOHHUT-TECTaX,

MIPOBEPSIONINX KOPPEKTHOCTh COXPAHEHUS COCTOSHUSA.

3.2. TeopeTnueckuii MaTepuaJ

Cy1iecTByeT HECKOIBKO PpalMOHAIbHBIX MPUYMH JUISL SIBHOTO
ONMCAHUS CXEMBI JaHHBIX:

—  CXeMBI NT03BOJIAIOT YMEHBIIUTH KOJIMYECTBO MEPEIaBaEMBIX
JaHHBIX MO CETH 3a CYET HCKIIOUEHHs U3 Ipolecca
Iepeadn UMEH 1oJeH,

— CXeMBbl TMO3BOJIAIOT BAIWAMPOBATh JAHHBIE CO3/aHHBIE
CTOPOHHUMH HPHUIIOKEHUSAMH M IPOBEPATH KOPPEKTHOCTH
CepHanM3ali JAHHBIX BO BPEMsS aBTOMAaTHYECKOTO
TECTHUPOBAHMUS,

— CXEMBbl MOMOTalT pa3paboTUUKy C TeHepaluued Kozaa
MIPEJICTABIEHUSI JaHHBIX B TMaMATH H C TeHepanuei
JIOKYMEHTAIIHH.

Tak, Banuganusi cepuaaIn30BaHHBIX OOBEKTOB [0 CXEME — OTIMYHO
coyertaeTcs C  pa3paboTkod uepe3 TectupoBanue. CHavaia
JIOTOBOPUTECH I10 CXEME JaHHbIX, 3aTEM COIJIacyiTe TeCThbl CO CXEMO
U pealIu3ylTe yIOBIETBOPSIOIINANA UM KO/,
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Haunbonee n3BecTHO B3aMMOJEHCTBUE S3BIKOB MIPOrPAMMHUPOBAHUS
co cxemamu 0a3 gaHHBIX 4epe3 TexHojormto ORM. Ona mo3Bosser
OTOOpa3NTh KIIACCHI M TOJS KJIACCOB Ha TAONHIBI M UX KOJIOHKH, YTO
nenaer BO3MOXXHBIM paboty ¢ CYBJ/l B TepMuHax KiaccoB, a He
TabnL. AHAJIIOTHYHOE OTOOpa)keHHE BO3MOKHO MOCTPOUTH TSI CXEM
¢bopMaTOoB HaHHBIX. B 3aBUCHMOCTH OT CHTyallid MOET OBITh
BBITOJIHBIM TEeHepalusi KJIaccoB IO CXeMe, TeHepalus CXEMBI [0
KjlaccaM WIJIM ONHCaHHe OTOOpaKeHHMs MEXKIy KiIaccaMd U CXEMOM
BPYYHYIO.

PaccMoTpuM s3bIKH OomHCaHUS cXeM i (OpMATOB NAHHBIX, C
KOTOPBIMA MBI [O3HAKOMWJIMCh B TIJaBe 2.2, TMOCBSIIEHHOU
MpenbIIyIeH 1abopaTopHoit padoTe.

XML Schema

XML Schema — s3bIk omucanust CTpyKTypbl XML-m10KyMeHTa.
®aiin, cogepxamuit XML Schema, 00pI1HO IMeeT paciiupeHue «.xsd»
(XML Schema definition).

ITpuBeném npumep cxeMsl i1 XML 10KyMeHTa, UCIIOJIB3yEMOIO B
npensiaymeM pasgene. Omnucanue snmemMeHToB XML Schema moxHO
Haiity Ha https://www.w3.0rg/TR/xmlschema-1/.

<xs:schema
xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="recipe">
<xs:complexType>
<xs:all>
<xs:element name="title"
type="xs:string"/>
<xs:element name="instructions"
type="xs:string"/>
<xs:element name="ingredients"
minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element
name="ingredient" minOccurs="0"
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maxOccurs="unbounded" >
<xs:complexType>
<xs:simpleContent>
<xs:extension
base="xs:string">

<xs:attribute name="qgty"
type="xs:nonNegativelnteger"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:all>
</xs:complexType>
</xs:element>
</xs:schema>

IloskcnepumentupoBate ¢ Bamupaumed XML mpumepa
NpUBEAEHHOM  BBIIE CXEMbl MOXHO B OHJIalH  BaJUJATOpE
https://www.freeformatter.com/xml-validator-xsd.html.

XML Schema siBisieTcst 4acThO CTEKa I CO37aHusI B€O CEPBHCOB,
coctosmero u3 texuonormii: WSDL, SOAP u HTTP. WSDL (Web
Services Description Language) — s3Ik OmucaHusi BeO-CEPBHCOB W
JIOCTylma K HHUM, OCHOBaHHBIK Ha sm3pike XML. WSDL wacto

MpUMEHsIeTCsl B KoMOuHarmu ¢ Texronorueid SOAP (mporokon oOMeHa
cooOmmeHussMu ¢ BeO-cepBucoM) 1 XML Schema mns cozmanust BeO
cepsucoB. KitmeHTckast mporpamMma Jijisl TOJyUYeHHsI CIIUCKA JTIOCTYITHBIX
omnepanmii Be6 cepBruca MokeT ckadath ero WSDL daitn. JIro6oii Trm
JIAaHHBIX, KOTOPBIi Qurypupyer B 3ToM (aiine, onmchiBaercss XML
cxemoii. Ilocite yero mpuiokeHue MOXKET 3allpamiuBaTh U OTHPABIATH
nmaaHele B XML (dopmate, BbI3bIBas JOCTYIIHBIC OIEpaldd Yy BeO-
cepruca uepe3 SOAP u HTTP.
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IIpuBeném mpumep urenuss XML nokymeHTa ¢ OJHOBpEMEHHOM
Bamupanueil. J[aHHBIH OpUMEpP MOXKHO 3alyCTUTh B  OHJIANH
KoMImayIsiTope Scala.

import java.io.{ByteArrayInputStream, File,
StringReader}

import javax.xml.parsers.DocumentBuilderFactory
import javax.xml.transform.dom.DOMSource

import javax.xml.validation.SchemaFactory
import org.xml.sax.{ErrorHandler, InputSource,
SAXParseException}

val xml schema = """<xs:schema
xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="recipe">
<xs:complexType>
<xs:all>
<xs:element name="title" type="xs:string"/>
<xs:element name="instructions"
type="xs:string"/>
<xs:element name="ingredients" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element name="ingredient"
minOccurs="0" maxOccurs="unbounded" >
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="gty"
type="xs:nonNegativelnteger"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:all>
</xs:complexType>
</xs:element>
</xs:schema>"""
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val sf = SchemaFactory.newDefaultInstance ()

val dbf = DocumentBuilderFactory.newInstance ()
dbf.setNamespaceAware (true)

val db = dbf.newDocumentBuilder ()

val schema dom = db.parse(new InputSource (new
ByteArrayInputStream(xml schema.getBytes ("UTF-8"))))

//val s = sf.newSchema (new File ("test-schema.xsd"))
val s = sf.newSchema (new DOMSource (schema dom))
dbf.setSchema (s)
val validating db = dbf.newDocumentBuilder ()
validating db.setErrorHandler (new ErrorHandler ({
override def warning(exception: SAXParseException) :
Unit = {}
override def error (exception: SAXParseException):

Unit = throw exception

override def fatalError (exception:
SAXParseException): Unit = throw exception
b

try {

val doc = validating db.parse (new InputSource (new
StringReader (xml)))

} catch {

case e:SAXParseException => println(e)

}

Tak kak cxema xpaHutcsa B ¢popmare XML, To cunThiBaeM e€ yxe
n3BecTHBIM crocoboMm. CranmaprHas XML Oubnnoreka B Java
NOJ/ICP’KUBACT  BAIMIALMIO, II03TOMY HOBBIX OHOJHMOTEK Ham
MoJKIOYaTh He mnoTpedyercs. [locne 3arpy3ku cxema 3amaéres B
(dabpuke mns DocumentBuilder, koTopslii ¢ 3TOoro MomeHTa OyneT
UCIIONB30BaTh €€ BO BpeMs Jecepuanuzaluu  AokymeHTa. [lo
YMOJIYaHHIO BCE OIIMOKH OyIyT JIOTMPOBAaThCA 00OpabOTUYMKOM OIIMOOK
MO0 YMOJYaHHIO B TMOTOK BBIBOAA Tporpammbl. J[ast TOro, 4roObI
omunOKu 00pabdaThIBaTh YCTAHABIUBAIOT CBOM 00Pa0OTYMK, Kak 3TO
CENIaHO B IIPUMEPE.
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JSON Schema

Odunmanbheiii cait https://json-schema.org/. Tlpumep cxemsl [uist
JSON nokymenTa:

{
"Sschema": " http://json-schema.org/draft/2019-
09/schema#",
"title": "recipe",
"type": "object",
"properties": {
"title™: {
"type": "string"
}s
"instructions": {
"type": "string"
b
"ingredients" : {
"type": "array",
"items": {
"type":"object",
"properties": {
"name": {
"type": "string"
b
"qty" C {
"type": "number"
}
b

"required" : ["name", "gty"]

}

b

"required": [
"title",
"instructions"
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IToakcriepuMeHTUPOBATh c Bammanmern  JSON npumepa
NpUBEAEHHON BBIIIE CXEMBI MOXKHO B OHJIAMH Bajmmarope http://json-
schema-validator.herokuapp.com/.

B cnepyromem mnpuMmepe BalMIalMM  JaHHBIX MBI OyneM

UCIIONIb30BaTh Ty e OWONMOTeKy, YTO W Ha caiiTe Ui OHJAiH
BaMIAlMK. buOIMOTeKa BamuIanMM BHYTPH HCIOJb3yeT Jackson,
MO3TOMY, BO W30exkaHmn u30bITouHOCTH, s ureHuss JSON Oyner
ucnonb3oBatbes Jackson BMecto GSON.

Kak wu w™HOXecTBo gpyrux Java Oubnmorek, OuOIMOTEKY
BalMIalMKd  json-schema-validator MOXHO ckKadath €  maven
perosutopus  https://mvnrepository.com/. B mpumepe HCIOIb3yeTCs

Bepcusi  2.2.6. Taxxke y mpoekta ecTh  github  caiir
https://github.com/java-json-tools/json-schema-validator.

{

import com.github.fge.jackson.JsonLoader

import
com.github.fge.jsonschema.main.JsonSchemaFactory

val json = """{
"title": "ByTepbpoxn",
"instructions": "PasMaxbTe MacJiO PaBHOMEPHO IO
xJjeby M MOJIOKUTE CBepxy KoJjbacy.",
"ingredients": [
{
"name": "Kycouek xjeba'",
"gty": 1
by
{
"name": "Kycouexk xosbacu",
"qtyﬂ: H2H
br
{
"name": "Kycouexk macmna'",
"qty": 2
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val json example = JsonLoader.fromString(json)

val json_schema = """{
"$Sschema": "https://json-schema.org/draft/2019-
09/schema",
"title": "recipe",
"type": "object",
"properties": {
"title": {
"type": "string"
b
"instructions": {
"type": "string"
by
"ingredients" : {
"type": "array",
"items": {
"type":"object",
"properties": {
"name": {
"type": "string"
s
"qty": {
"type": "number"
}
s
"required" : ["name", "qgty"]
}
}
by
"required": [
"title",
"instructions"
]
}
val raw_schema = JsonLoader.fromString (json_ schema)
val sf = JsonSchemaFactory.byDefault ()
val schema = sf.getJsonSchema (raw schema)
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val report = schema.validate(json example)
println (report)

Kon storo mpumepa moBombHO mpocToil. M3 crpokm json_schema
co cxemoi nHUIManu3npyercs JSON 00BeKT, KOTOPHIA HCIIOIB3YETCs
JUTsl MHUIMaM3anun o0bekTa trra JsonSchema. 3arem 3arpykaercs
JSON ¢ nmaHHBIMH W 3alycKaeTcsi BaJHIAlMsi IO CXEME BBI3OBOM Y
o0bekta JsonSchema metoma validate. Bce BEbISBIIGHHBIE HapylICHHS
COXPAHSIOTCS B OTYET report.

CyecTByIOT U Apyrue OMONMOTEKH Uil BalnWIaluH, CPaBHEHHUE
KOTOPBIX PUBOAUTCS Ha caiite https://github.com/ebdrup/json-schema-
benchmark.

Protocol Buffers

Jns Protocol Buffers cxema sBaseTcs 00S3aT€IEHOM YacCThIO
dopmarta. I[lapcuHr OMHApHOrO  COOOIICHMS  IOJIaraeTcs  Ha
HHPOPMAIMIO, XPaHUMYIO B .proto cxeme, 0e3 KOTOpPOH W3BIICYD
noJe3Hyro uHdopMarmoo KpaiHe crnoxHo. [IpuBeném .proto onucanue
cooOmieHus emge pas:

syntax = "proto2";

message Ingredient {
required string name

= 1;
optional int32 gty = 2;

message Recipe {
required string title = 1;
required string instructions = 2;

repeated Ingredient ingredients = 3;

CymiecTByeT JBE€ TPUYHMHBI, IO KOTOpPHIM mapcuHr Protobuf
OMHAPHOTO COOOIICHUS MOXKET aOOPTHPOBATHCS:
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BO BXOJJHOM COOOIIEHUH OTCYTCTBYIOT required moss,
BXOJ{HAas TIOCJIEIOBATEILHOCTh OaliT — 3T0 He protobuf
co0O0IIIeHue.

Ommbku npexncrasiens kmaccoMm InvalidProtocolBufferException,

KOTOpLIﬁ COJACPIKUT B cebe HECKOJIBKO YTOUHAIOIINX BApHUAHTOB:

truncatedMessage — moTok 00opBaJICsl B CEPEMHE YTCHUS
3HAYCHHUS IO,

negativeSize  —  ykasaHHas  JJMHA  COOOIICHHS
OTpHLATENIbHAS,

maformedVarint — HenpaBWIbHO 3aKOAUPOBAH THII varint,
invalidTag — BcTpeTuiics HyJI€BO# TAT,

invalidEndTag — HeBepHBIii 3aBePIIAIONIHIA TAT TPYIIIIHI,
invalidWireType — HeBepHbIit OMHAPHBIH THII,
recursionLimitExceeded —  koamyecTBO  ypOBHEH
BJIOXKEHHOCTH OOJIBILIE TOPOrOBOTO,

sizeLimitExceeded — pasmep cooOmieHust  Oosbiie
IIOPOTOBOTO,

parseFailure — omm6ka npu pazdope cooOIIeH s,
invalidUtf8 — konuposka UTF-8 HeBepHasi.

Ecim xe B COO6I].I€HI/II/I Ooublie HOJ'IGﬁ, 4€M B chonmyeMoﬁ

CXEME, TO MPHUIIOKCHUE HE 6y11eT OCTaHaBJIMBATHCs — HOBBIC II0JIA

HPOITYCKAIOTCSL.

Protocol Buffers rapanTupyer cOOTBETCTBUE THUIIOB M CTPYKTYPBI

C006IJ.I€HI/I$I, HO B HEM HET CpeACTB JIs1 ONMMCAaHUA CEMAaHTHYCCKUX

CBsI3€H MEX1y 3HAYCHUsAMH, aHaoruyHbix XML Schema. Drot qu3zaiin

ObuUT BBIOpaH pa3pabOTUYMKAMH CO3HATENILHO B Yrojay IIPOCTOTHI

dopmara.

PaccmoTpuM mpuMep UTEHMS HCIOPYEHHOTO COOOILEHHS C

00paboTKOi OMHOOK.
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import java.io.FileInputStream
import
com.google.protobuf.InvalidProtocolBufferException

val recipeBuilder = Message.Recipe.newBuilder ()
recipeBuilder.setTitle ("Byrepbpon")
recipeBuilder.setInstructions ("Pa3MaxbTe MacJo
PaBHOMEPHO MO XJIeOy M IOJIOKUTE CBepxy KkKojbacy.")
recipeBuilder.addIngredientsBuilder () .setName ("xkycou
ex xJjyeba") .setQty (1)
recipeBuilder.addIngredientsBuilder () .setName ("xkycou
ex koJybace") .setQty (1)
recipeBuilder.addIngredientsBuilder () .setName ("kycou
ek Maciua") .setQty (1)

val msg = recipeBuilder.build()

print (msg)

val output stream = new
java.io.FileOutputStream("corrupted recipe")
output stream.write ("corruption".getBytes)
msg.writeTo (output stream)

output stream.close ()

try {

val read msg = Message.Recipe.parseFrom(new
FileInputStream("corrupted recipe"))

} catch {

case e:

case e:InvalidProtocolBufferException => print (e)

}

Mpl paccMOTpenH B JJAHHOW TJIaBe HECKOJIBKO SI3BIKOB OIMUCAHUS
cxem mis XML, JSON wu Protocol Buffer. HaubGonee cioxHbiii u
passuthiii w3 Hmx — 510 XML Schema. Cxemsr Protocol Buffer
SIBJIIOTCSL HEOTJENMMOW 4YacThio (hopmara. KoHeuHO, Mcronb3oBaHue
cxeM TpeOyeT TONOIHUTEIBHBIX YCHIIHH.

Ha npakTrke 1mo Mepe pa3BUTHS MPOCKTa MPU MPUMEHEHHUH CXeM
BO3HHKAET NpobiieMa npsiMoit 1 oOpatHoi coBMecTHMOocTH. Hanpumep,
OJHOM W3 TPUYMH SBISIOTCSA IOJTamHbIe OOHOBIEHUs. Takue
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O0OHOBJICHUS XapaKTEPHBI IJIs1 pacrpelenéHHbIX MPUIOKEHUH, K Kiaccy
KOTOPBIX NpPUHAIIECKAT W KIUCHT/CEpBEpHBIC TpHIOKeHHA. Ilpu
OOHOBIICHHH TOJOOHBIX CHCTEM CYIIECTBYET II€pHUOJ BPEMCHH, B
TE4eHHE KOTOPOro JPYT C APYIOM B3aWMOJCHCTBYIO CTapble U HOBBHIC
BEPCUHU KOMIOHEHTOB. [103TOMY B pacCMOTPEHHBIX SI3bIKax AJIsl oOMeHa
JaHHBIMM B TOW  WIM  WHOHM  CTENEHH  IOJJICPKHBACTCS
BEPCHOHMPOBAaHHE W O3BOMIOIMsA cxembl. [lpumep crenapues
BepcuoHupoBanus s XML MokHO HaiiTh Ha oduIHMaIbHOM calTe
https://www.w3.0rg/XML/2005/xsd-versioning-use-cases.html.

3.3. KontpoJbHble BONPOCHI

1. UYro Takoe cxema hopmara TaHHBIX?

2. Kaxkwue s3bIKM ONMCaHUs CXeM BBl MOXETE MPUBECTHU B IpuMep?

3. Jlus 4ero UCHoNb3YIOTCS CXeMbl (POPMATOB JAHHBIX ?

4. Kakue mpeumyliecTBa M HEIOCTATKU HCIIOJIB30BAHUS CXEM
¢dhopMaToB TaHHBIX?

5. B uém cocrour mpobiema npsMOi W 0OpaTHOM
COBMECTHMOCTH?

6. Uto o3HaveT mojiepkka GopMaToM SBOIIUN CXEMBI?

3.4. [Ipumep BbINOJIHEHHS JIAG0PATOPHOIi padoTHI

Hmxe npuBenéH nmpumep UCXOAHOTO Koja Ha si3bike Scala. Mexmy
KIIMEHTOM U cepBepoM npoucxoaut oomeH JSON cooOuieHusIME BHIA
(xmacc datatypes.Message):

{"senderId":"AD6O",
"receiverId":"C399",
"body":"hello",
"timestamp":"2020-09-11T08:54:45.528807100Z"}

— senderld - unenTH(UKATOpP OTIIPABUTEIS,
— receiverld - uaenTuduUKaTOp MOJTyYATES,
— body - rexcroBoe coobrienue,

— timestamp - BpeMsi co3paHusi COOOLICHMYS.
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IIpu moakIFOYEHUHN KIHEHT Ao/bkeH oTmnpaButh JSON cooOmieHune
co ceouM umMeHeM (knacc datatypes.ClientInfo):

{"timestamp":"2020-09-11T08:49:44.6443207002",
"login":"0FB9"}

[lpy momydyeHMM W OTHNPABICHUM COOOINCHUS Ha CepBepe
MPOM3BOIAMTCSA coxpaHenue mois timestamp B JSON ¢aitn (kmace
datatypes.ClientState) B 3apanee co3manHyro manky States_path,
VKa3aHHYI0 TpU CTapTe cepBepa B KadecTBe aprymenra. [Ipumep
coxpaHEHHOro coctosHus noyib3oBaresiOFBY B daitne 0FBY.json:

{"lastMessageTimestamp":"2020-09-
11T08:49:44.6443207002"}

Hdns  maHHOW  CTpyKTypel  paspaborana JSON  cxema
resources/schemas/v0.0.1/ClientStateSchema.json. ITpoBepka
COOTBCTCTBUA COXPaHACMOI'0 COCTOAHHA CXECME IMPOU3BOJUTCA FOHUT
tectrom SchemaCompliance.checkClientStateSchemeCompliance.

Kon pacIoJIOKEH 1o aapecy
https://qgitlab.com/ssau.tk.courses/programming_technologies/-
[tree/autumn2020/examples/lab3.

Jluctunr 5. Conepsxumoe ¢aitna client.Client.scala

package client

import java.io.{BufferedReader, IOException,
InputStreamReader}

import java.net.{InetSocketAddress, SocketAddress}

import
java.nio.channels. {NonReadableChannelException,
NotYetConnectedException, SelectionKey, Selector,
SocketChannel}

import ch.gos.logback.classic.Level
import com.typesafe.scalalogging. {LazyLogging,
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Logger}

import datatypes.{ClientInfo, Message}

import org.slf4j.LoggerFactory

import ch.gos.logback.classic.Level

import
com.fasterxml.jackson.core.JsonProcessingException

import
com. fasterxml.jackson.databind.exc.MismatchedInputEx
ception

import com.sun.mail.util.SocketConnectException

import scala.collection.immutable.ArraySeq
import scala.collection.mutable

import scala.jdk.CollectionConverters.
import scala.reflect.ClassTag

class Client (host:String,
port:Int,
recieveCallback: Message=>Unit,
login:String
) extends Runnable with LazyLogging {

@volatile var isRunning = false

private val selector = Selector.open|()

private var clientChannel: SocketChannel = _

private val inbox =
mutable.ArrayDeque [Message] ()

private var isInitialized = false

def start(): Unit = {
isRunning = true

Runtime.getRuntime.addShutdownHook (new
Thread () {
override def run(): Unit = {
Thread.currentThread () .setName ("CLEANER")
if (isRunning) {
logger.info("Closing connection.")
isRunning = false
Thread.sleep (10)
if (clientChannel = null)
clientChannel.close ()
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}
})

val clientThread = new Thread(this, "CLIENT")
clientThread.start ()
}

def leaveMessage (receiverId:String, body:
String): Selector = {
val msg = Message(senderId = this.login,

receiverId = receiverId, body = body)
inbox.addOne (msqg)
clientChannel.register (selector,

SelectionKey.OP WRITE)
selector.wakeup ()

}

def run (): Unit = {
clientChannel = SocketChannel.open ()
try |

clientChannel.connect (new
InetSocketAddress (host, port))
logger.info (s"Connected to S$host:$port")
} catch {
case e: SocketConnectException =>
logger.info ("Connection failed.")
System.exit (0)
}

clientChannel.configureBlocking (false)
clientChannel.register (selector,
SelectionKey.OP WRITE)

sendRecieveLoop ()

}

private def sendRecieveLoop () = {
while (isRunning) {
selector.select ()
for (key <- selector.selectedKeys () .asScala)
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if (key.isValid && key.isReadable) {
receiveFromServer ()

}
if (key.isValid && key.isWritable) {

sendToServer ()
}
}
}
}
private def sendToServer () = {
if (!isInitialized) {

val clientInfo = ClientInfo(login = login)
send[ClientInfo] (clientInfo)
isInitialized = true

}

if (isInitialized && inbox.nonEmpty) {

try {
val msg = inbox.removeHead ()
send (msqg)
} catch {
case e@(_ : MismatchedInputException |

_: IOException) =>
logger.info(s"Client disconnected.")
System.exit (0)

case e@(_ : NotYetConnectedException |
NonReadableChannelException |

_: JsonProcessingException) =>

logger.error (e.getMessage)

}

private def send[T] (msg: T) (implicit ct:
ClassTag[T]) = {
util.Util.send[T] (msg, clientChannel)
clientChannel.register (selector,
SelectionKey.OP READ)
}

private def receiveFromServer () = {
try |
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val msg =
util.Util.recieve[Message] (clientChannel)
if (msg.nonEmpty) {
recieveCallback (msg.get)
}
} catch {
case e@( : MismatchedInputException |
_: IOException) =>
logger.info (s"Client disconnected.")
System.exit (0)

case el ( : NotYetConnectedException |
NonReadableChannelException |
JsonProcessingException) =>

logger?error(e.getMessage)

}
object Client extends LazyLogging {

LoggerFactory.getLogger (org.slf4j.Logger.ROOT LOGGER
_NAME) .asInstanceOf [ch.qgos.logback.classic.Logger].s
etLevel (Level.INFO)

val defaultArgs = Map (
"host"™ -> "0.0.0.0",
"port"™ -> "10000"

)

def uiloop(client: Client): Unit = {
Thread.currentThread () .setName ("UI")
val consoleInput = new BufferedReader (new
InputStreamReader (System.in))

while(client.isRunning) {
val line = consoleInput.readLine ()
if (line != null) {

client.leaveMessage (util.Util.BROADCAST RECIEVER ID,
line)

}

90




def main(args:Array[String]): Unit = {

val argsMap =
args.toSeqg.sliding(2,2) .map{ case ArraySeq(k,v) =>
(k.replace("-=-",""), v) }.toMap

.withDefault (defaultArgs)
val host = argsMap ("host™")
val port = argsMap ("port") .tolnt
val login = argsMap.getOrElse ("login",
util.Util.genId(java.time.Instant.now()))

val client = new Client (
host,
port,
message => println(s"${message.senderId}:
$S{message.body}"),
login = login)

client.start ()

uilLoop (client)

Jluctunr 2. Conepxxumoe (aitna client.Server.scala

package server

import java.io.IOException

import Jjava.net.{InetAddress, InetSocketAddress,
ServerSocket, Socket, SocketAddress, SocketOption}

import java.nio.ByteBuffer

import
java.nio.channels. {NonReadableChannelException,
NotYetConnectedException, SelectionKey, Selector,

ServerSocketChannel, SocketChannel}

import java.nio.file.{Files, Path}

import java.util.concurrent. {ConcurrentHashMap,
Executor, Executors, TimeUnit}

import ch.gos.logback.classic.Level
import
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com. fasterxml.jackson.core.JsonProcessingException
import
com. fasterxml.jackson.databind.exc.MismatchedInputEx
ception
import com.typesafe.scalalogging.LazyLogging
import datatypes.{ClientInfo, Message}
import org.slf4dj.LoggerFactory

import scala.collection.immutable.ArraySeq
import scala.collection.mutable
import scala.jdk.CollectionConverters.

class Server (host:String, port:Int, val
savedStatesDir:Path) extends Runnable with
LazyLogging {
private val connectedClients = new
mutable.HashMap[Int, Client] ()
private val loggedinClients = new
mutable.HashMap[String, Client] ()
private val selector = Selector.open|()
@volatile var isRunning = false
def run(): Unit = {
logger.info (s"Server is running on
Shost:Sport.")
val serverSocketChannel =

ServerSocketChannel.open ()
serverSocketChannel.bind (new
InetSocketAddress (host, port))
serverSocketChannel.configureBlocking (false)
serverSocketChannel.register (selector,
SelectionKey.OP ACCEPT)

sendRecieveAcceptLoop (serverSocketChannel)

private def
sendRecieveAcceptLoop (serverSocketChannel:
ServerSocketChannel) = {
while (isRunning) {
selector.select ()
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for (key <- selector.selectedKeys() .asScala)

if (key.isValid && key.isAcceptable)
acceptNewClient (serverSocketChannel)

if (key.isValid && key.isReadable)
receiveClientData (key)

if (key.isValid && key.isWritable)
sendDataToClient (key)

}

private def acceptNewClient (serverSocketChannel:

ServerSocketChannel) = {

val clientChannel =
serverSocketChannel.accept ()

if (clientChannel != null) {

clientChannel.configureBlocking (false)

clientChannel.register (selector,
SelectionKey.OP READ)

val clientId = clientChannel.hashCode ()

val client = new Client (socketChannel =
clientChannel)

connectedClients.put (clientId, client)

logger.debug (s"Connection accepted.")

}

private def receiveClientData (key: SelectionKey)

= {

val clientChannel =
key.channel () .asInstanceOf [SocketChannel]
val clientId = clientChannel.hashCode ()
val client = connectedClients(clientId)
try {
if (!client.isInitialized) {
val clientInfo =

util.Util.recieve[ClientInfo] (clientChannel)
if (clientInfo.nonEmpty) {
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loginClient (client, clientInfo)
} else {
throw new java.io.IOException ("Bad
client info. Initialization aborted.™)
}
} else {
val msg =
util.Util.recieve[Message] (clientChannel)
if (msg.nonEmpty) {
client.lastMessageTimestamp =
msg.get.timestamp
client.saveState (savedStatesDir)
routeMessage (msg.get, clientId)

}
} catch {
case e @ (:
com. fasterxml.jackson.databind.exc.MismatchedInputEx
ception |
_: Java.io.IOException ) =>
logger.error (e.getMessage, e.getCause)
handleDisconnection (clientChannel,
clientId)
case e @ (

java.nio.channels.NotYetConnectedException |
java.nio.channels.NBnReadableChannelException |
com.fasterxml.jacksgn.core.JsonProcessingException)

=>
logger.error (e.getMessage, e.getCause)

private def loginClient (client: Client,
clientInfo: Option[ClientInfo]) = {
val login = clientInfo.get.login
if (loggedinClients.keySet.contains(login)) {
val msg = Message (body=s"S$login is already
connected.", receiverId = "", senderId = "SERVER")
leaveMessageForClient (msg, client)
} else {
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loggedinClients.put (clientInfo.get.login,

client)
client.login = clientInfo.get.login
client.loadState (savedStatesDir)
client.isInitialized = true
val msg = if
("".equals(client.lastMessageTimestamp)) {

Message (body = s"Hello new client with
login ${client.login} !", receiverId = "", senderId
= "SERVER")

} else {

Message (body = s"Welcome back
S{client.login} ", receiverId = "", senderId =
"SERVER")

}

leaveMessageForClient (msg, client)

logger.info(s"Client ${client.login} logged
in.™)

private def handleDisconnection(clientChannel:

SocketChannel, clientId: Int) = {
clientChannel.close ()
val disconnectedClient =

connectedClients.remove (clientId)
if (disconnectedClient.nonEmpty) {

loggedinClients.remove (disconnectedClient.get.login)
val msg = Message (body = s"Client
${disconnectedClient.get.login} left.", receiverId =
"", senderId = "SERVER")
leaveMessageForConnectedClients (msg)
}
logger.info(s"Client
${disconnectedClient.get.login} disconnected.")

}

private def sendDataToClient (key: SelectionKey)
= {
val clientChannel =
key.channel () .asInstanceOf [SocketChannel]
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val clientId = clientChannel.hashCode ()
val client = connectedClients(clientId)
val clientInbox = client.inbox
if (clientInbox.nonEmpty)
try |
val messageToSend =
clientInbox.removeHead ()
client.lastMessageTimestamp =
messageToSend.timestamp
client.saveState (savedStatesDir)
util.Util.send (messageToSend,
clientChannel)
clientChannel.register (selector,
SelectionKey.OP READ)
} catch {
case e@(_ : MismatchedInputException |
_: IOException) =>
handleDisconnection(clientChannel,
clientId)
case e@(_: NotYetConnectedException |
NonReadableChannelException |
_: JsonProcessingException) =>
logger.error (e.getMessage, e.getCause)

private def routeMessage (msg: Message,
senderId:Int) = {
msg.receiverId match {
case _ =>

for ((recieverId, reciever) <-

connectedClients.iterator) {
if (recieverId != senderId) {
leaveMessageForClient (msg, reciever)

private def
leaveMessageForConnectedClients (msg:Message) = {
for ((recieverlId, reciever) <-
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connectedClients.iterator)
leaveMessageForClient (msg, reciever)

}

private def leaveMessageForClient (msg: Message,
reciever: Client) = {
reciever.inbox.addOne (msqg)
reciever.socketChannel.register (selector,
SelectionKey.OP WRITE)
}

def start(): Unit = {
isRunning = true
Runtime.getRuntime.addShutdownHook (new
Thread () {
override def run(): Unit = {
if (isRunning) {
logger.info ("Closing connections.")
isRunning = false
Thread.sleep (10)
for (c <- connectedClients.values) {
try c.socketChannel.close()

}
})

this.run ()
}
object Server extends LazyLogging {

LoggerFactory.getLogger (org.slf4j.Logger.ROOT LOGGER
_NAME) .asInstanceOf [ch.gos.logback.classic.Logger].s
etLevel (Level.DEBUG)

val defaultArgs = Map (

"host" -> "0.0.0.0",

"port" -> "10000",

"states path" -> "./clientStates/"
)
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// how socket connection and key.isConnectable
are related?

// how socket connection and socket.isConnected
are related?

def main(args:Array[String]): Unit = {

val argsMap =
args.toSeqg.sliding(2,2) .map{ case ArraySeq(k,v) =>
(k.replace ("-=-",""), v) }.toMap

.withDefault (defaultArgs)
val host = argsMap ("host")
val port = argsMap ("port") .tolnt
val statesPath =
Path.of (argsMap ("statesPath")) .toAbsolutePath

if (Files.notExists (statesPath)) {
logger.info (s"Path statesPath =
S{statesPath} does not exist. Aborting.")
System.exit (0)
}

logger.info(s"Using S${statesPath} for client
states.")

val server = new Server (host, port,
statesPath)
server.start ()

Jluctunr 3. Comepsknumoe daiina server.Client.scala

package server

import java.nio.channels.SocketChannel
import java.nio.file.Path

import com.typesafe.scalalogging.LazyLogging
import datatypes.{ClientState, Message}
import util.SavableState

import scala.collection.mutable
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class Client(
var login:String = "",
var lastMessageTimestamp:String = "",
val inbox:mutable.ArrayDeque [Message] = new
mutable.ArrayDeque [Message] (),

val socketChannel:SocketChannel,
var isInitialized:Boolean
SavableState with LazyLogging {

false) extends

private def getStateFilePath (statesDir:Path):
Path =

statesDir.resolve(s"${login}.json")

def saveState (statesDir:Path) :Unit
val filePath =
val

= {
getStateFilePath (statesDir)

clientState =
ClientState (lastMessageTimestamp

lastMessageTimestamp)

util.Util.writeJsonToFile(clientState,
filePath)

logger.debug (s"Client $login state saved.")

def loadState (statesDir:Path) :Unit
val filePath =
val

= {

getStateFilePath (statesDir)
clientState =

util.Util.readJsonFromFile[ClientState] (filePath)

if (clientState.nonEmpty) {

lastMessageTimestamp =

clientState.get.lastMessageTimestamp

logger.debug (s"Client $login state loaded.")
}

Jluctunr 4. Conepsxumoe (aiina datatypes.Clientlnfo.scala
package datatypes

import
com.fasterxml.jackson.annotation.JsonProperty
case class ClientInfo (
@JsonProperty ("timestamp")
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java.time.Instant.now () .toString,
@JsonProperty ("login") login:String
)

Jluctunr 5. Comeprxumoe daiina datatypes. ClientState.scala

package datatypes

import
com.fasterxml.jackson.annotation.JsonProperty

case class ClientState (
@JsonProperty ("lastMessageTimestamp")
lastMessageTimestamp:String

)

Jluctunr 6. Conepxumoe (haitna datatypes.Message.scala

package datatypes

import com.fasterxml.jackson.annotation.JsonProperty

case class Message (
@JsonProperty ("timestamp") timestamp:String =
java.time.Instant.now () .toString,
@JsonProperty ("senderId") senderId:String,
@JsonProperty ("receiverId") receiverId:String,
@JsonProperty ("body") body:String

Jluctunr 7. Conepxkumoe (aiina util. SavableState.scala

package util
import java.nio.file.Path

trait SavableState {
def loadState(statesDir:Path) :Unit
def saveState(statesDir:Path) :Unit
}

Jluctunr 8. Comeprknumoe daiina util.Util.scala

package util
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import java.nio.ByteBuffer
import java.nio.channels.SocketChannel

import java.nio.charset. {Charset,
StandardCharsets}

import java.nio.file.{Files, Path,
StandardOpenOption}

import java.security.MessageDigest

import com.fasterxml.jackson.databind.ObjectMapper
import
com. fasterxml.jackson.module.scala.{DefaultScalaModu
le, ScalaObjectMapper}
import com.typesafe.scalalogging.LazyLogging

import scala.collection.mutable
import scala.reflect.ClassTag

object Util extends LazylLogging {
val BUFFER SIZE = 1024
val ID LIMIT = 2
val BROADCAST RECIEVER ID = "-1"

private val objectMapper = new ObjectMapper ()
with ScalaObjectMapper

objectMapper.registerModule (DefaultScalaModule)

private val charset = Charset.forName( "utf-8" )

private val decoder = charset.newDecoder

def recieveString(socketChannel:SocketChannel)

String = {

val stringBuilder = new
mutable.StringBuilder ()

val buffer =

ByteBuffer.allocateDirect (BUFFER SIZE)

while (true) {
val readBytes = socketChannel.read (buffer)
if ((readBytes == 0) || (readBytes == -1))

return stringBuilder.mkString

buffer.flip ()
val charBuffer = decoder.decode( buffer )
stringBuilder.appendAll (charBuffer.array())
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}

def sendString(str: String,
socketChannel:SocketChannel): Unit = {
logger.debug (s"Send: $str")
val buffer = ByteBuffer.wrap(str.getBytes())
socketChannel.write (buffer)

}

def recieve[T] (sc:SocketChannel) (implicit ct:

ClassTag[T]): Option[T] = {
val raw = recieveString(sc)
if ("".equals(raw)) return None
val v =

objectMapper.readerFor (ct.runtimeClass) .readValue[T]
(raw)

logger.debug (s"Recieve: ${v.toString}")

Some (V)

}

def send[T] (x:T, sc:SocketChannel) (implicit ct:
ClassTag[T]): Unit =

sendString (objectMapper.writerFor (ct.runtimeClass) .w
riteValueAsString (x), sc)

def genld(s: Any): String = {

val md5 =
java.security.MessageDigest.getInstance ("MD5") .diges
t(s.toString.getBytes)

md5.map ("$02X" format

_) .take(ID _LIMIT) .mkString
}

def writedsonToFile[T] (x:T, file:Path) (implicit

ct: ClassTag[T]) = {
val json =
objectMapper.writerFor (ct.runtimeClass) .writeValueAs
String (x)
Files.writeString(
file,
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json,

StandardCharsets.UTF 8,

StandardOpenOption.CREATE,

StandardOpenOption.TRUNCATE EXISTING)
}

def readJsonFromFile[T] (file:Path) (implicit ct:

ClassTag[T]) :Option[T] = {
if (Files.exists(file)) {
val json = Files.readString(file)
val v =

objectMapper.readerFor (ct.runtimeClass) .readValue[T]
(json)
Some (V)
} else {
None
}

JIuctunr 9. Comeprxkumoe daiina build.sht

name := "Chat"

version := "O0.1"
scalaVersion := "2.13.3"
//

https://mvnrepository.com/artifact/com.github.java-
json-tools/json-schema-validator

libraryDependencies += "com.github.java-json-
tools" % "json-schema-validator™ % "2.2.14"

libraryDependencies +=
"com.fasterxml.jackson.module" %% "jackson-module-
scala" % "2.11.0"

libraryDependencies += "com.typesafe.scala-
logging" %% "scala-logging™ % "3.9.2"

libraryDependencies += "ch.gos.logback" 3
"logback-classic" % "1.2.3"
libraryDependencies += "org.scalatest" %%

"scalatest" % "3.0.8" % Test
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Jluctunr 10. Comepxumoe daiina ClientStateSchema.json

{

"Sschema": "http://json-schema.org/draft/2019-
09/schema#",

"sid":
"http://mychat.germanywestcentral.cloudapp.azure.com
/schemas/v0.0.1/ClientStateSchema.json",

"title": "ClientState",

"type": "object",

"properties": {

"lastMessageTimestamp": {
"type": "string"
}
b
"required": |
"lastMessageTimestamp"

]

Jluctunr 11. Comepxumoe daiina SchemaCompliance.scala

import java.nio.file.Path

import com.github.fge.jackson.JsonLoader
import

com.github. fge.jsonschema.main.JsonSchemaFactory
import datatypes.ClientState
import org.scalatest.FunSuite

class SchemaCompliance extends FunSuite {

test ("checkClientStateSchemeCompliance") {
val clientState =
ClientState (lastMessageTimestamp = "2020-09-
11T08:54:45.5288071002™)
val clientStateFilePath =

Path.of ("./target/checkClientStateSchemeCompliance. j
son")

val schemaPath =
Path.of ("./resources/schemas/v0.0.1/ClientStateSchem
a.json")

util.Util.writeJsonToFile(clientState,
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clientStateFilePath)
val jsonToValidate
JsonLoader.fromFile (clientStateFilePath.toFile)

val sf = JsonSchemaFactory.byDefault ()

val schema
sf.getdsonSchema (JsonLoader.fromFile (schemaPath.toFi
le))

val report = schema.validate (jsonToValidate)
println (report)

assert (report.isSuccess)
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