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AHOTALIA B oanii cmammi po32nsnymo cyuacHi nppomoxkonu cepianizayii oanux. 3oxkpema posensuymo npomoxonu XML, JSON,
ynakyeauws 6 Oinapruil euenso, Protobuf ma npeocmaenenns danux y euensoi psokis. Ilpoeedeno nopisuanns danux cnoco6ie
cepianizayii 0anux 0151 NOOANLULO2O GUKOPUCAHHA 6 PO3POOYI NPOepamMHo2o 3abe3neuents KoMyHikayitino2o mooyis SCADA-
cucmem. Onucano OCHOGHI nepeeazu ma HeOONIKU GUULe GKA3AHUX NPOMOKOIIG cepianizayii. 3pobieno 6UCHOBKU NO OOYiNbHOCMI
suxopucmanns Protobuf.
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ABSTRACT The main purpose of this article is a selection protocol serialization data to develop software communication module
SCADA - systems. For this purpose, considered serialization protocols that have become popular to date. These protocols are XML,
JSON, Protobuf, packaging type and a binary representation of data in rows. In the present article is to compare them, prompting
the main advantages and disadvantages.

Particularly simple and very popular way - is to present all data in rows.The advantage of this approach is that the data are those
that can be read by a man, and the implementation is simple and requires no special knowledge. The main disadvantage of this
approach is that the structures represent a string suitable only for very simple data sets. Also have to write a lot of code to encode
and decode, and speed of execution is poor. Another popular method - a record of data in XML. The data in this case are clearer
than in the case of simple ASCII strings, and flexibility are on top. But as is the case with the previous method, read and write data in
XML-format imposes great limitations on performance.Today's data serialization protocol is protocol as JSON. This is an easy way
to store and transfer of structured data, based on the text. With a simple syntax becomes possible to easily store as simple numbers
and strings and arrays, objects, using nothing but a text. JSON compact compared to XML, clear and easy for people to read the
computer. It can easily be converted into software format.

The disadvantage of the above described protocol is that all facilities provided are for low-level tools. Also of great importance is the
size of the original package, integrity and security of data when dealing with protocols listed above can not be guaranteed because
the data transmission based only on text transformations. All these shortcomings methods designed to eliminate Protobuf by Google.
Keywords: protocol, XML, JSON, Protobuf, serialization.

BBenennst necepianmizauii  (cTpykTypusauii) -  BiZHOBJIEHH:
MOYAaTKOBOTO CTaHy CTPYKTypd HaHUX 3 OiToBOI
Komynikaniitni wmonyni cydacHoi SCADA-  nocnigoBHocTi. Llg mocninoBHiCTh Moxe OyTu sk

CHCTEeMM BHMKOHYIOTb OaraTo poOOTH, MOB’sA3aHOI 3
o0MiHOM iH(opMawii Mik KOHTpoJiepaMH MPOMHUCIOBOT
Mepexi Ta caMmMOK0 CHCTeMOro. 3a3BMyail, Wi  AaHi
HeoOxinHO 30epiraTu B camiii cUCTeMi, a Takox Tpeba
3a0e3meynT e(PEeKTUBHMIA, HANIHUN Ta IMBUAKUN
o0MiH HMMHM MK iHmmEME enemeHTamMu SCADA-
cucteMu . Yacto B camiii mporpaMmi MU TpaIoeMo 3
MU JaHUMU 30BCiM B iHIOIOMY BUTJIAMI i JOBOJUTHCS
nucatu Oarato Komay, mo0 30eperTH/BiJHOBUTU CTaH
o0'ektiB gitouoi cucremu. Jlns cepianizauii maHux
00MiHy BUKOPHCTOBYETHCS AEKiJIbKa MPOTOKOIIIB.
Cepianizaniss - 1e Mpouec MnepeBeieHHs Oyab-
AKOT CTPYKTypW JaHUX B TOCJHIAOBHICTh OiTiB.
3BOpOTHBOIO [0 omepalii cepiamizanii € onepais

OiHapHUM MpencTaBAEHHAM LUX JAaHUX, Tak |
TEKCTOBUM. VY OiNbIIOCTI BUNAAKIB cepiajizauis
notpibHa A mepecunaHHs Oynb-fKUX MOBIAOMIIEHb
10 MEpexi.

Meta po6oTu

OcHoBHa MeTa - 1II¢ BHOIp TPOTOKOIY
cepiamizanii JgaHuWX 1A PO3pOOKH  MPOrPaMHOTO
3abe3nevyeHHss KomyHikaliiiHoro monyins SCADA —
cucTeM, L0 JA03BOJUTH 3JiliCHIOBATM  LIBUIKHIA,
HaJilHUii Ta napanenbHuii 0OMiH TaHUMH.

©10. €. TPY/I3UHCHKUH, P. B. MAPKOB, 2016
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Buksiaa ocHOBHOro MaTepiaJjy

Konn nepen mnporpamicToM mocTae 3aBIaHHA
cepiamizauii maHWX, HamMpUKiIax g X MoJaNbIIOT
nepenavi Mo Mepexi, y Hboro € KiJibka IUISAXiB.

HaitnpocTtimunii i gocuth momynspHuil crnocio -
Le MpeJACTaBUTH BCi JaHi y BUIMIALI pAAKiB. YV LbOMY
BHUMAJKy Ha BHX0Ii MU orpuMaemMo motik ASCII-
CHMBOJIIB, KW TOTiM OyJe mepemaHo MO Mepexi abo
3amucaHo y (aiin.

[lepeBaroro 1BOTO MIAXOMY € Te, MO JaHi
3aJIMIIAIOTBCA TaKUMH, IO MOXYTb OyTHM MpOYHTaHi
JIONWHOIO, a caMma peaji3alis MmpocTa i He BWMAarae
crneliajJbHUX 3HaHb.

OCHOBHHUM HEIOJIIKOM JaHOro MiAXOLy € Te, 110
MpeACTaBICHHA CTPYKTYp Y BHIJIANI psaka mimiiiae
TiNbKYM U4 AyXe MPOCTUX HabopiB gaHux. Jlo Toro x
JIOBeIeTbCs MUcaTH JOOCUTb OaraTo Koy Ui
KOAyBaHHA 1 JeKOAyBaHHJA, a WWBHUIKICTE HOTO
BUKOHAHHS Oyze 0axaTu Kpaoro.

[HWWMi nonynapHUA MeTOHd - Ue 3aluc JaHUuX B
XML. XML-gokyMeHT sBIsie CcO0O0W 3BUYANHMIA
TEKCTOBHH (aiiy, B SKOMY 3a JOTIOMOTOO CIICHiaIbHAX

MapKepiB CTBOPIOIOTHCS eJIEMEHTH NaHUX,
MMOCJIMOBHICT 1  BKJIAJEHICThL SKMX  BH3HAYAE
CTPYKTYpy JAOKyMeHTa 1 ioro 3mict. OCHOBHOIO

nepeBaroro XML HDOKyMeHTIB € Te, 110 MpPHU BiTHOCHO
MpPOCTOMY CHocobi CTBOpeHHS Ta OOpOOKM, BOHHM
J03BOJIAIOTH CTBOPIOBATU CTPYKTYPOBaHy iH(popMalLlilo.

PisHoMaHiTHUX 0i0ioTeK, 110 3aiiMarOThHCSA
napcuroM XML-¢aiiniB, MoxHa HapaxyBaTu Oe3mid,
o0 CHOPOIIye TpoIec HAmUCAaHHA  MeEXaHi3MiB
cepiamizauii. Jlani B 1bOMy BHMagKy NpeaCTaBIEHI
HaouHime, HiX y Bunaaky npoctux ASCII psankis, Ta i
THYYKICTb TyT Ha BHcOTi. bararo mnomymnsapHux
MPOTOKOJIIB BUKOPUCTOBYIOTb L0 MOBY PO3MITKH B
AKOCTI CBO€i OCHOBHM, Tak SK BOHa pO3LIMPIOBaHA i
J03BOJIA€ HE CWJIBHO 3aMMCIIOBATUCS MNPO 3BOPOTHY
CYMICHICTb MPHU OHOBJICHHI CTPYKTYpH AaHUX. AJe, K i
y BUNAIKy 3 MONepeAHiM cnocoOOM, YMTaHHS i 3amuc
naHnx B XML-dopmar Haknanae BelnuKi oOMexKeHHs Ha
MpOOyKTHBHiCTh. Hairanis mo pgepeBy BuMarae
BHMCOKOT TMOTYKHOCTI Tpolecopa, Ta il KoI, BCE-TakKH,
TeX JOBEIETHCSI TPOXU JOMHUCATH, 1100 BCE MPALIOBAIIO
Tak, Ak 3agymano. llle omuwH MiHyC, sKWii HEOOXimTHO
BpaxyBaTH - L€ pPO3Mip ojaepKyBaHMX naHux. [lpm
JOCHUTh BeNUKHUX oOcsrax iHdopmanii abo moraHux
MEpexXeBUX 3'€HAHHAX BUKOopHcTOByBaTH XML He
HaJATO JOLINBHO.

CydacHMM MOpPOTOKOJIOM cepiajizauii JaHUX Ha
CbOrOJHI TaKOX ABJSAETHCA MPOTOKOJ JSON.
JavaScript Object Notation - npocTuii popmar 0OMiHy
JaHUMH, 3pYYHMH A YWTaHHA | HamUCaHHA fK
JMIOOMHOIO, Tak i kKomm'toTrepoM. BiH 3acHoBanumii Ha
MiIMHOXHMHI ~ MOBM  mporpamyBaHHsS  JavaScript,
Bu3HaueHoi B cranmapti ECMA-262 3rd Edition -
December 1999. JSON - tekcTtoBuii popmar, moBHICTIO
He3ale)XXHWH  Big  MoBM  peanizauii, ane BiH
BUKOPHUCTOBYE yroau, 3Haliomi mporpamicram C-

noniouux wmos, Takux sk C, C ++, C # | Java,
JavaScript, Perl, Python i 6arateox iHmmx. 3a
JIOMOMOTrOI0 MPOCTOr0 CHHTAKCUCY CTaE MOMJIUBUM
nerko 30epiraTé K TPOCTI 4YMcna i psAOKW, Tak i
MacuBH, 00'€KTH, BUKOPUCTOBYIOUHM TPH LIbOMY HE IO
iHIIe sk TekcT. Tak caMo MOXHa TOB'sI3yBaTH 00'€KTH i
MacHBH, IO JO03BOJISIE CTBOPIOBATH CKJIAAHI CTPYKTYpH
JaHUX.
JSON wmae psn nepesar:

e  KOMIAaKTHimwui# Hikx XML;

e 3posyminmmit mnsa moxedt i
3UUTYEThCA KOMI'IOTEPOM;

e Joro Jerko MOXHa IIepEeTBOPUTU B
nporpamHi thopmaru: YUCIIOBI
3HAa4YeHHA, pAAKM, OyneBuil dopmart,
MacHBM i acOLiaTUBHI MAaCHUBH.

e Maibke BCi MporpamHi MOBU MalOTh
(yHKLiT, 10 JO3BOJSAIOTH 3YUTYBATH i
CTBOPIOBATH json GpopMar naHMX.

JSON ckiagaeTbes i3 TaKUX OCHOBHUX YaCTHH:
e Konekuis map kirod/3HaueHHA. Y

JIETKO

pi3HUX MOBaXx, s KOHILEMLiA
peamizoBaHa SK  00'€KT,  3ammc,
CTPYKTYypa, CJIOBHHK, XeI,
iMeHOBaHM CIIUCOK abo

acoLliaTUBHUI MacuB.

e  VHOpAAKOBaHUN CHOUCOK 3HAa4y€Hb. Y
OinbIIOCTI MOB 1e peajti3oBaHO SK
Macus, BEKTOP, cnucok  abo
MOCJIiI0BHICTb.

Lle yniBepcanbHi CTpykTypu naHux. Maibxke Bci
Cy4JacHi MOBM NpOrpaMyBaHHs MiATPUMYIOTH iX B Oyab-
kit ¢popmi. JloriuHo mpunyctutn, mwo GopMar gaHMX,
He3aJIe)kKHNH Big MOBM NPOrpaMyBaHHS, MOBMHEH OyTH
3aCHOBAHUM Ha LIUX CTPYKTypax.

OCHOBHMM  HEIOJIIKOM BHWINE PO3TIISTHYTHX
MPOTOKOJIIB € Te, 1O BCi 3aco0u, 10 HAaalOThCS Ui
po6oTH, HampukiIag 3 JSON wuym XML, e
HU3bKOPIBHEBHMHU iHCTPYMEHTaMHU. Oxkpim  TOTO
KiHIIeBMIi po3Mip cepiali3oBaHMX HAaHMX XOTijnocs O
3MEHIIUTH, OCKIIbKM poO0Ta KOMYHiKallifHOro MOayns
SCADA-cucremn MoB’s13aHa 3 BEJIUKOIO
iHopMaLiliHOIO 3aBaHTaXEHICTIO Mepexi. Benuke
3HaYeHHS] TaKOo)XK Mae€ IUTICHICTh Ta 3aXWILIEHICTbH
JaHWX, o Tmpu pobOTi i3 BUIle HaBEeACHUMHU
MPOTOKOJAMH HE MOXe OyTH rapaHTOBaHAa, OCKUIBKH

nepejavya JOaHUX OCHOBAaHA JIMIIE HA TEKCTOBUX
NEePEeTBOPEHHAX.
OcraHHil MeTOon, sKkud HaOyB UHIMPOKOTO

MOLIMPEeHHA - L ynakoBka B OiHapHuii Burnig. B
LbOMY BHUMNAAKy MM MPAaKTUYHO IMOBHICTIO BTpPayaeMo
YyuTabeNnbHICTh cepiajli3oBaHuX JaHMX, aje 3aTe 3HaYHO
BUIPaeMO B IUBUAKOCTI iX MNapcUHra i BUXiTHOMY
00ca3i. Bee ue 3BuvaitHo nobpe, ane B pasi OaiiTtoBoro
noaaHHs iHopmMauii Mu oTpuMyeMo 6arato mpobsem 3
CYMICHICTIO TIpM 3MiHI CTPYKTYp AaHUX B MpOrpami, a
TAaKOXX BUTpavYaeMo 0arato 3yCWiib Ha MiATPUMKY KOIy
YNaKOBKH i PO3MIaKOBYBAHHS B aKTyaJlbHOMY CTaHi.
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Leti HeJOJiK Ta BCi HeJIOJiKU
BHUIIETIEPEPAXOBAHUX METOMIB TMOKIUKAaHUN YCYHYTH
nportokon Protobuf Bix Google . Protocol Buffers - ue
crieliaJbHUN MeTOJ KOJAYBaHHA CTPYKTYp AaHUX, AKUH
J03BOJIsIE MBHUIKO i 03 pobiieM cepianizyBaTtu Bce 10
3aBrogHo. Protocol Buffers mae o¢iniliny minrpuMky
Bin Google nis Takux MoB, sik C ++, Java i Python. s
MiATPUMKA BUPAXKAEThCSA B HAABHOCTI KOMMIJIATOPA 1
CreliaJbHOi MOBH, MLIO ONUCYE CTPYKTYpU HaHUX.
CTpykTypa  [HOaHMX  BU3HAYAETbCA  3aroJOBHUMHU
¢aitnamn *.proto. Komminsrop renepye 3 HUX 00'ekTH
Ha pIi3HMX MOBax MporpaMmyBaHHs, MO 3abe3nedye
BIIACTUBICTH KPOCTUIATHOPMEHHOCTI.

Takuii migxig, 3 oxgHOro OOKy, JO3BOJISE
3aMiHUTH OyIb-sIKUIl KOMIIOHEHT CHCTEMM Ha ioro
peanizaunito Ha iHImIA MOBi, a, 3 IHIIOro, O3BOJISIE
3py4YHO MiATPUMYBATH pi3Hi Bepcii 00'eKkTiB, HonaBaTH
HOBi monst i 3MmiHIOBaTH icHyo4i. Google po3pobOuB
Protobuf nns BuKOpUCTaHHA B CBOIX BHYTpilUHIX
ciayx06ax. lle OinHapuumit ¢opmat KOmyBaHHS, SKHUHA

IO3BOJIAE  3agaTH  cXeMy  JUis  JaHuX, 10
cepiaizyroThcs, 3 BUKOPHWCTAaHHAM CIICIiaJIbHIX
crienudikamiii.

Protobuf  mo3Bosse OTIMCYBATH MPOCTi

CTPYKTYpH HAHWX Ha CHeliajdbHi MOBi, sKa MOTIM
KOMIIMIOETbCA B KJacu, L0 MPeACTaBIAlOTh L
CTpYKTypu. Pazom 3 kjlacamu iiie ONTUMi30BaHUN KO
X cepianizauii B koMnakTHuil opMar npeacTaBieHHs.
A Hailikpale Te, 110 JOCTYN A0 AaHUX MaKCHUMajbHO
CHPOLIEHO, OCKIIBKK I AOCTYNY OO0 KOXKHOTO MOJs Y
knaci e BiamoBigHi Mmertomu "get" i "set", a A
cepiamizamii o0'ekTa B MacuB OaiiTiB abo mMOTIK
BBE/IEHHS/BUBENIEHHS] MOTPIOHO 3pOOUTH BCHOrO OOUH
BHUKJIWK (QyHKIT.

Protocol Buffers nosBomse mnepeBectm naHi i
ob'ektu B mporpami B OiHapHuii Bum 1 Oe3medHo
nepecnaTy X mo Mmepexi abo 30epertm y ¢ain ans
MOJAJIBIIOT0 BUKOpPUCTAaHHA. OCHOBHOIO MepeBaroo
Protocol Buffers € mpocrora BukopucraHnHs. J[ocuTb
3po0UTH MeTaonuc o006'ekTa, MicAs 4YOro BUXOIUTb
roroBuii  kon  ob'ekta i Horo  cepiamizauis.
KopuctyBaueBi MOTpPiOHO NPOCTO BUKOPUCTOBYBATH
otpumanuit koa. CranmapThi 3acobu Protocol Buffers
Jal0Th MOXJMBICTh He TiJbKM BUKOHYBAaTH IUIOCKY
(mocniioBHY) cepiamizaiiro, a it cepiaiizaimiro B TOTIK,
IO J03BOJISIE BiApa3y BUBECTH AaHi B Qailn, Mepexy
abo Kyauch Iie i 103BOJIA€ MIATPUMYBATH HOPMAaJbHI
C++ moTtoku Tumy std::ostream i std::istream.

[Mouatn poboty 3 mnportokosom Protobuf myxe
npocto. Crepury ciii omucatu NaHi B proto-daiii.
Posrnsgnemo po0oTy i3 JaHMM [POTOKOJOM Ha
NpUKIaai MporpaMy IO MpaLloe 3 CIUCKOM Jroaeil i
HOMepaMu iX KpemuTHUX KapT. Moot protobuf
HEOOXiHi CTPYKTypW JdaHWX OYyIyThb BHIJISAAATH
MpUOIU3HO TaK:

package CardsApp;

message CardHolder {

required string firstName = 1;
required string lastName = 2;
required int32 id = 3;

enum CardType {
VISA =0;
MASTERCARD = 1;
AMERICANEXPRESS =2;

}

message CreditCard {
required string cardNumber = 1;
optional CardType type = 2 [default = VISA]J;

}

repeated CreditCard card = 4;

message CardHoldersList {
repeated CardHolder person = 1;

}

Ha nepmwmii nornsg kox AyXke CXOXHIA Ha
nporpamy HamucaHy Ha C++. [ miiicHo, cuHTakcuc
oyxe cxoxuil. Ha mouaTtky ¢aiimy 3HaXoquTbes psAaoK
3 iM'aM makeTa. BiH BU3Ha4Yae 30HY BUIAMMOCTI JaHUX i
CIY)XWTb AJisl 3anmo0iraHHs KoH(uikTy imeH. Jani iige
00K 3 TMOBIIOMJEHHAMM, fAKi TOYMHAIOTbCA 3
KJIo4oBOro cioBa message. Lli KoHcTpykuii e
aHajoramu cTpykTyp B C ++. Tlojs moBimoMJeHHs
MiATPUMYIOTh TaKi THIH AaHUX, K bool, string, int32 i
tak pani. Hanpuknaa, mose firstName € cTpokoBoro
3MiHHOlO. Ha mouarky orosomeHHs wie€i 3MiHHOT
3HAXOIUTHCA KIIOYOBE CII0OBO required. 3 HasBu
HEBaXXKO 3J0TaJaTHCs, L0 e Mojie MOBHHHO OyTH
3aBXKIM iHiLianizoBane. Bevoro Taknx cneuudikatopis
Moxxe OyTu Tpu: required, optional i repeated. Optional
roBOpUThH protobuf-koMminsTopy, mo nojie Moxe OyTH
He iHiumiamizoBaHe, a repeated mMOBiZOMISE TIPO
MOJKJIUBICTh HEOJHOPA30BOr0 MOBTOPEHHS 3MiHHOT,
omMcaHoi 3a JOMOMOrolw 1boro cneuudikarop B
CTPYKTYpi AaHux. KpiM Toro, koxeH eJeMeHT Mae Tak
3BaHI Tery.

VY mpuknani BUAHO, MO, KPiM MOBiIOMJIEHb, MU
MOJKEeMO BHU3Ha4yaTH MepepaxyBaHHS, a caMi messages
MOXYTh OyTH BKJIaJeHi OJHa B Apyry. Bce me obimse
HaM BUCOKY HYYKICTb i JIETKICTb MpH poOOTi 3 KOJAOM.

[Micng NpaBUIIBHOTO OMUCY BUKOPUCTOBYBAHUX
HaMM JaHUX HaJaeMO Hawl npoTodailn crneuialbHOMY
komminsaTopy. Ockinbku Google odiuiiiHo migTpumye
LiMMX TPU MOBU MPOrpaMyBaHHA, TO KOMIINATOPY
Tpeba 3HaTH, MiA AKy MOBY MU reHepyeMo Koi. SKIio
Ham ¢aitn HasuBaerbes cardholders.proto, TO s
YCHIIIHOTO 3aBepLIeHHS omepalii KOMaHAHWN PAOOK
Oyzne BUrasAaT NpUONHU3HO TaK:

protoc  -I=§SRC_DIR
$SRC_DIR/cardholders.proto

--cpp_out=$DST DIR
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Tyt BapTo 3BEepHYTH yBary Ha mapameTp -cpp
out, caMe BiH BU3HAua€, 1[0 MU TEHEPYEMO KOA s
CH+.

Koxen kinac Protocol Buffer wmae dynkuii
cepiamizanii B OiHapHe MpenCTaBICHHA 1 NapCHHTa
LbOTO MOJaHHA.

bool SerializeToString(string* output) const;
bool ParseFromString(const string& data);

bool SerializeToOstream(ostream™® output) const;
bool ParseFromlstream(istream* input);

Tyt cnin
BUKOPUCTOBYIOTh

3ayBakWTH, IO serialize-meromxn
STL-psimok  nume B SIKOCTi
KoHTeliHepa ans OiHapHux JaHux. He Bapro
cnofiBaTMcs, 110, 3arjsHyBIUM BCepeauHy string-
3MiHHO{, MOXHa Oyxe BUSABUTU XOY SKUH-HEOYIb
TEKCT, 110 YHTAETHCS.

BukopucTaHHS OTpUMaHMX KJIaciB Ha MPaKTHI
€ nyxe mpoctuMm. 11]o6 nmepexoHaTncs B [boMy, 10CUTh
MOTJISTHYTH Ha KOJ HIDKYE.

int main(int argc, char* argv[]) {
GOOGLE _PROTOBUF_VERIFY_ VERSION;
CardsApp::CardHoldersList card holders;
AddToCardHolders(card holders.add_person());

fstream output(argv[1], ios::out | ios::trunc | ios::binary);
if (laddress_book.SerializeToOstream(&output)) {

cerr << "Failed to write file." << endl;

return -1;

}

fstream input(argv[1], ios::in | ios::binary);
if (linput) {
cout << argv[1] << ": File not found. Creating a new
file." << endl;
}
else if (!card_holders.ParseFromlstream(&input)) {
cerr << "Failed to parse file." << endl;
return -1;

}

ListCardHolders(card_holders);
google::protobuf::ShutdownProtobufLibrary();
return 0;
b

[Mepme, mo mu 6aunmMo B main-QyHKOIi, - 1€
MakKpoc nepeBipku Bepcii nportobaga -
GOOGLE_PROTOBUF_VERIFY_VERSION. Jlani mu
orosomyemo 3MiHHy card_holders, sika Oyne micTuTu
BCi 3alMcu Mpo BJIACHUKIB KapT. Ha moTouHuii MOMEHT
TaM TMOPOXHBO, 1 MM [0JAa€EMO TyAM OAHMH 3aluC
puinkoM ¢Qynkmii  AddToCardHolders, kom sxoi
PO3TJIIHEMO TPOXM HUXK4Ye. J[ns 30epekeHHs BChOTO Lie
B (aiini wmum BigkpuBaemo ¢aiioBuil TOTIK i
Bukynkaemo SerializeToOstream.

1106 nepexoHaTHCAd B TOMY, LIO BCE MPOMIIIO
HOPMAaJIbHO, TPOYUTAEMO Cepiajli3oBaHe MOBiIOMIICHHS

3i mOHHO cTBOpeHoro mpotodadom ¢aiimy. Jns mporo
CTBOPMMO 1€ OJAWH TOTIK 3 aTpubyTamy YWTaHHS i
BukianuemMo Meton ParseFromlstream. Ilicnga wworo
BHBEIEMO Ha €KpaH TNpOoYHWTaHe 3a JOMOMOIOI0
Hanucanoi Hamu ¢yHkuii ListCardHolders. Hy a B
KiHLi HE 3abyBaeMo BUKJIMKATH
google::protobuf::ShutdownProtobufLibrary () ans
3ano0iraHHs BUTOKY MaM'sTi.
void ListCardHolders(const
CardsApp::CardHoldersList& card holders) {
for (inti=0; 1 < card_holders.person_size(); i++) {
const CardsApp::CardHolder& person =
card_holders.person(i);
cout << "Person ID: " << person.id() << end],
cout << "First Name: " << person.firstName() <<
endl;
cout << "First Name: " << person.lastName() <<
endl;
H
b

void AddToCardHolders(const CardsApp::CardHoldert&
card_holder) {

cout << "Enter person ID number: ";

int id;

cin >> id;

card holder->set _id(id);

cin.ignore(256, "\n');

cout << "Enter first name: ";
getline(cin,*card_holder-mutable_firstName());

cout << "Enter last name: ";
getline(cin,*card_holder->mutable_lastName());

§

Hy i HaocTaHok mOrNsHEMO Ha KOA (YHKIIii
ListCardHolders i AddToCardHolders. [loctym mo
eJIEMEHTIB MOBiAOMITEHHS 3AiHCHIOETHCS 3a
nonoMmororww GET-MeToniB, iMeHa sSKuxX 30iraroThcs 3
iMeHaMH ~ caMUX  €JIEeMEHTiB.  3amuc  3HadeHb
MPOBOAUTHCS 32 IOTIOMOTO0 Set_ METOJiB.

BucHoBkH

I3 onmcanux BHIE NPOTOKONIB cepianizamii
JaHNX, MOXHA 3pOOWTH BHCHOBOK, IO AJIA TOrO 1100
3a0e3neunT e(ekTUBHy poOOTY KOMYHiKaliifHOTO
Monynsi SCADA cuctemu (TUM caMuM 3a0e3TMeYUBIIU
WBUJAKY, MapajieibHy 1 HaJiiiHy nepenauyy AaHHX),
JOLIIBHO i 0OTpYHTOBaHO Oyle BUKOPUCTOBYBATH MPHU
po3pobui  mporpamHOro  3abe3mevyeHHs  MPOTOKOJ
Protobuf. 1leii BUCHOBOK MiATBEPIKEHO MPU CTBOPEHHI
MPOTOTHUITY KOMYHiKalilfHOTO MOy JIst HOBOT
BiTun3HsaHoi SCADA-cucremu.
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AHHOTALHA B oannoii cmamse paccmompenvi cO8pemMertbie NPpOmOoKObl Cepuaiu3ayun OanHuix. B vacmuocmu paccmomperio
npomoxonvt XML, JSON , ynarxosxa ¢ ounapnwiil 6uo , Protobuf u npeocmaenenue oanneix 6 ¢ude cmpox. Ilposedeno cpagnenue
O0aHHbIX CNOC0008 cepuanusayuy OAHHLIX 0151 OAIbHeUWe20 UCNONb306AHUSL 6 pa3pabomKe HPOSPAMMHO20 00ecneyeHus
kommynurxayuonnozo mooyis SCADA -cucmem. Onucaner 0cHOBHbIC NPEUMYWecmea it HeOOCMAamKU GolUleYKA3AHHBIX NPOMOKOL06
cepuanuzayuu . Coenanvl 6bi600bi NO YeaecoodbpazHocmu ucnonv3osatus Protobuf.
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