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Beryn

Cepianizauis — onepallis npuBeIeHHA 00’ €KTy a00 rpynu 00’ €KTiB y MOCTIAOBHICTh

0alTIB 3 MOKJIMBICTIO TIOIAJIBIIIOTO BiATBOPEHHS.

Cepiainizatiis € oJiHI€0 3 QyHIaMEHTAIBLHUX OTepalliil y mporpaMyBaHHi, IKHi OUIBIIICTh
3aCTOCYHKIB Y IEBHOMY BUIJIA/II TOTPEOYIOTh. Y 3B'3KY 3 IIMM 3’ ABHIIOCS Oarato
010J1i0TEK 17151 BAKOHAHHS [IHOT'O 3aBJaHHs 3a KOopHcTyBaua ik Boost.Serialization,
Boost.JSON, Cereal. binprricts ogiOHUX pearnizaliiii cipssMOBaHi Ha OJIHY MOBY
MporpaMyBaHH1 1 HE MOXKYTbh OyTH BUKOpPUCTaH1 11032 Heto. [1oa10H1 0OMeKEHHS CUCTEM
YCKJIAQJHIOIOTh X BUKOPUCTAHHS MPHU TOOYA0B1 MIKPOCEPBHUX apXITEKTYp Ta KIIIE€HT-

CEPBEPHUX 3aCTOCYHKIB, JI€ MOXKYTh OyTH BUKOPHCTAaHI JIEKUIbKa MOB ITPOrpamMyBaHHS.

Buxosuu 3 monyJISpHOCTI MOJI0HUX 3aCTOCYKIB 32 METY JAaHO1 poOOTH OyJI0 00paHo
CTBOPEHHSI CUCTEMH cepialiizailii, IKy MOKHa JIETKO aJIaliTyBaTH J0 OUIBIIOCTI 00’ €KTHO-

OpPIEHTOBAHUX MOB.
Merta nanoi poOOTH 3yMOBHMIJIa HACTYTIHE HAYKOBE 3aBIAHHS:

1. BusBuTy HE0OX1H1 BUIU aOCTpaKIIl NPUUHIATUX y BIAOMHX 010J110TEKaxX
cepiaizarii.

2. Ha ocHOBI po3rasiHyTHX a0CTpaKIlii moOyIyBaTH BIaCHY CUCTEMY cepiaizalii
3araJbHOTO MPU3HAUEHHS Ta peanidyBaT ii y MoBi C++ ctanmapty 20, sKy MOXHa
azanTyBaTH JJIsl 30€peKEeHHS 00’ €KTIB y 00’ €KTHO Opl€EHTOBAHUX MOBax sk C++,
Java, C#.

3. TlopiBHATH po3p00ICHY MOACIH TaHUX 3 IHITUMHU 010J1I0TEKaMu cepiaizaiii.
Po6oTa po3mineHa Ha 3 YaCTUHH.

VY nepiii po3rIsIaroThCs BUIU aOCTpaKIIiil cepiaiizaliii Ta BIUIMB CTHIIIB IPOTpaMyBaHHS

Ha MOXKJIMBOCTI CHCTEMHU cepiajizariii.

VY apyriii onrcana cucreMa Serene Ta ii peanizauis y MoBi C++ crangapty 20.



VY Tpertiii 3aJ0KyMEHTOBAHO PE3yJIbTATH BUKOPUCTAHHS CUCTEMU cepializallii s

nooynoBu HT TP cepBepy Ta mopiBHAHHS S€rene 3 iHIMMMHU 010 TI0TeKaMH.



Po3aia 1: 3arajgbHi KOHIEMIIil
1.1 Kareropu3amis cucreM cepiaJjizamii

Mapman KnaiiH po3pi3HUB TEXHIKH cepiajiizallli Ha ynuTa0elbHI Ta HeunuTabelIbH1, TPoTe
noxibHa KaTeropusallis 3aHaATO crpolnye nutanns.’ Boost.Serialization mixrpumye
0oOM/IB1 TEXHIKM cepiami3allii, ToOTO 3a UM IPUIYIICHHSAM 11 MOKHA BUKOPUCTOBYBATH Y
BCIX BHITaJIKaX, KOJM HEOOXiaHA cepiamizamis. Hacnpasai, mpumymeHHs He

cnpaBKyeThes 1 Boost.Serialization mocuts 0OMexeHUH y CBOTX MOYKIIUBOCTSIX.

[H1IIIMIM BapiaHTOM KaTeropu3allii MoKe CIyTyBaTH KaTeropusallii CHCTEM cepiajizaliii Ha
dbopmatu, ane gaHe pileHHs He MOSICHIOE TPUYKUHUA BUOOPY OHOTO (hopmaTy 3aMiCTh
iHIoro. bakaHo KaTeropu3yBaTH cepiaii3aliio 3a HaMipamu, sIKI HAMararThCsl BUPIIIUTH
KOPHUCTYBaul, 110 HAJITACTh MOXKJIMBICTh BUBHAUUTH 0a30B1 HEOOXI1THOCTI 10 KOXKHOTO

3aBJaHHS Ta I03BOJUTH BUMIPATH €(PEKTUBHICTh a0CTpaKIIii.

1.2 Hamip kopuctyBaya

[cHy10Th pi3HI IPUYUHU JJIs ceplajiizalii Ta qecepianizaili. J{eskumMu 3 HUX €:

36epiranHs iH(OpPMaILIii MiXK CECISIMU 3aCTOCYHKY.
KemyBannsi.
KomyHikartist M’ 3aCTOCYHKaMHU.

3aBaHTaXCHHS TECTOBUX JaHUX.

o k~ w0 Dd e

HanamryBanHs 3aCTOCYHKY.

Koxkna 3 npuunH mae 6a30B1 BUMOTH JI0 pO3MIPY JIaHUX, YUTA0ETHHOCTI. TaKkoX, AEsIKI 3
HUX MOXYTh 3’ SIBJIITUCS JIUIIE MiCJIA 3MIHA BUMOT, HAPUKIIAJl, HEOOX1AHICTh KEeITyBaHHS

JTaHUX.

B nmepy uepry, Hamipu KopucTyBada 0OMEXYIOTh BHOIp MOKIIMBUX Ceplali3aIliiHuX
0i6moTek. Boost.Serialization mpusnadena st 30epeKeHHS Ta BIATBOPEHHS JaHUX y MOBI
C++, 1110 YHEMOXKJIMBIIIOE BUKOPUCTAHHS 010J110TE€KH MPU KOMYHIKAIlii 3 3aCTOCYHKaMU
CTBOPEHUMHU IHIIMMK MOBaMH IporpamysadHs.? 3 inmoro 6oky, 6i6miorexu sk Protocol
Buffers npusnadenHi a1 KOMyHiKallii 3aCTOCYHKIB, ajie BOHH HE MiATPUMYIOTh i€papXii

KJ1aciB, 0OMEXYIOUM BUIIAIKH, KOJIM 1X MOKHa BukopuctoByBaru.’ Cereal, sika mopiBHAHO
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3 Boost.Serialization nogae nHosi ¢opmatu sik JSON, XML ta YAML, i, TeopeTrdHo,
HIATPUMYE Pi13HI HAMIPU KOPUCTyBaua BUMarae ocooauBoctet MmoBu C++, 1 uepes e He

MO>Ke OyTH BUKOpHCTaHa B IHIIMX MOBAX MPOTpaMyBaHHS.

[Toni6Hi ycxmagaenns: B C++ MoKHA MOPIBHATH 3 Serde — ¢ppeiiMBoOpKOM UTst cepiamizartii
y MOBI nporpamyBanHs Rust. Ha MmomeHnT Hanucanns 26718 6101i0Tek Ha crates.io
nocunaThes Ha Hei.l! PiseHs inTerpanii Moxna nobauntu y 6i6moreni Rocket, sxa
JI03BOJISIE HAIICIIATH TOBLIBHUM 06 €KT 3a gomomororo Serde.’ OcHoBHUMY prcaMu

naHoro GperMBOpPKY €:

1. IIpocroTa BUKOpHUCTAHHS
2. IligTpuMmka 6aratbox opmartiB
3. BijacyTHICTh 0COOIMBOI ITOBEIIHKHY.

4. MOXIMBICTh peaii3yBaTH BJIacHY ceplajizalliio 3a HEOOX1THOCTI.

[MomynsipHicTh Serde MokHa apryMEHTYBaTH ITiITPUMKOIO O1JTBIIOCTI HAMIPiB
KOpPHUCTYBauiB. SK Bke OyJsi0 3a3Ha4eHO, (PPEHMBOPK MOKHA BUKOPUCTOBYBATH IS
KOMYHIKaIlii 3 KopucTyBaueMm, ajie Serde, 101aTKOBO, MiATPUMY€ ONTUMI30BaHi (popMaTH
s 30epeskenns nanux: CBOR, MessagePack.Takox, hpeiiMBOpk Moxke OyTH

BUKOPHMCTaHHU 1711 KoH(DIrypallii 3acTOCyHKY 3a 1onoMoroo 6iomiorexu confy.®

Serde 10BOIUTH MOKIIMBICT CTBOPCHHS a0CTPAKIIil, IKa 3MOKE 33 JOBUTLHUTH
cepiaiizanito s O1IBIIOCTI HaMIpiB KOPUCTYBaya, aje 3’ IBJISEThCSA MUTAHHS BUPILICHHS

MOAI0HOTO MUTaHHSA JUIsl 00’ €EKTHO-OPIEHTOBAHUX MOB.

HesBaxatouu Ha Te, 110 HAMPSAMOK HAIIOT CUCTEMHU OPIEHTOBAHUMN HAa KOMYHIKAIIIIO Mk
3aCTOCyHKaMH, MOA1I0HEe 0OMEKEHHS 3HaYHO YCKIIAHIOE POOOTY KOpUCTyBaya. SIKIIo
po3po0bIcHa cUCcTeMa MATPUMYBAaTUME JIUIIIC OWH HaMip, KOpUCTyBad Oyje 3MyIICHHM
BUKOPHCTOBYBATH JOJIATKOB1 010TI0TEKH cepialtizallii, 110 CTBOPIOBATUME TYTUTIKAIIIO
KoZy. Y 3B’SI3Ky 3 OJAIOHMMU HEJI0JIIKaMH CIieliai3alii, cicTeMa MOBUHHA

MIATPUMYBATH P13HI HAMIPU KOPUCTYBaya.



1.3 IIpo6Jemu mpocToi peaJstizamii

Crepiry, BapTo po3MISIHYTH MPOCTY pealli3allilo Ha MOXJIMBICTh 33JJOBIIBHUTH Pi3H1

HaMipH1 KOpPHUCTyBada 1 mpoOJieMH, K1 BIICYTHICTh aOCTpaKIliii MOKE CTBOPHUTH.

JI1st MOXKIIMBOCTI 30epiraTv 3BUYaiiHui 00’ €KT HaM MOTP10€H JIMIIIE MOTIK OaTIB Ta
THCTPYKIIi puBeAeHHA 00’ €kTy. Bukopuctaemo nmpukiiag npoctoi cepiamnizamnii 3 C++

Cookbook.! [Pucynok 1, Ilpuknan npocroi cepiaizarii]

class Employee {
friend ostream& operator<< // These have to be friends
(ostream& out, const Employee& emp); // so they can access
friend istream& operator>> // nonpublic members
(istream& in, Employee& emp);
public:
Employee() {}
~Employee() {}
private:
string firstName_;
string lastName_;
};
// Send an Employee object to an ostream...
ostream& operator<<(ostream& out, const Employee& emp) {
out << emp.firstName_ << endl;
out << emp.lastName_ << endl;
return(out);
}
// Read an Employee object from a stream
istream& operator>>(istream& in, Employee& emp) {
in >> emp.firstName_;
in >> emp.lastName_;
return(in);

Pucynox 1, Ilpuxnao npocmoi cepianizayii
Omnepatopu << Ta >> BUKOHYIOTh (DYHKIIi1 cepiai3aliii Ta aecepiaiizarii BiAmoBigHO. Ak

rapaMeTpu NMPUUMarOThCs TOTOKH 3a JIOTIOMOTO0 SIKUX BIJIOYBA€ETHCS 30€peKEHHS



00’exTy. JlaHOi iMIuIeMeHTallii Moke OyTH JOCTaTHBO MPHU Majii KIIBKOCTI 00’ €KTIB

HEOOX1THUX 7151 30€peKeHHS CTaHy. B IHIIMX BUMaJKax BOHA CTBOPIOBATHME MPOOIEMHU:
1. BiacyTHicTh BU3HA4YE€HOI (hOpMHU.

[Ipu HeoOX1AHOCTI IepeTaBaHHs TaHUX 3aCTOCYHKY Ha IHIIIM MOB1 ITporpaMyBaHHS
MOBEIHKY cepiami3aliii moTpiOHo Oy/e BIATBOPIOBATH. Y PE3yJIbTaTi METOAH
cepiaizaliii MOXyTh KaTeTOPUIHO BIAPIZHIATHUCS, 110 YCKJIQJIHUTh TOIAJIbII 3MIHH
3aCTOCYHKY. SIKIIIO pO3pOOHHK Oa)kaTUME BUKOPUCTOBYBATH BXKE ICHYIOUUH (opMaT sSIK
CBOR a6o MessagePack, To BiacyTHicTh aOCTpakiliii MOKe IPUBECTHU A0 JOTTUHUX

MOMIJIOK Ta BEJIMKIM KIJIbKOCTI TOBTOPIOBAHB Y KOJI.
2. YcnaakyBaHHS Ta MOIIMOP]i3M.

Peanizaris He nepeadavae MOKIMBOCTI YCIaAKyBaTu kiac. Hampukian, sKiio kiac
Student 6yzae ycmagkoByBatu kiac Person, To morpioHo Oyje 1onaTH BipTyalbHUAN
METO/I, [0 HAJJACTh MOKIIUBICTh OOMPATH CTpaTerito cepiamazaitii. [Ipu BiaTBOpeHHI
3’sIBISIETHCS TIpo0JIeMa 3aj1eKHOCTI Kiacy Person Bin Student, amke mix gac
necepiaiizalii moTpioHO po3yMiTH, SIKHi 00’ €KT OyB 30epekeHui: 0a30BUI Yn
MOXITHUN. Y pe3ysbTaTi KOPUCTYBA4 CTBOPIOBATHME CAMOCTIMHO CUCTEMY

cepiamizarii.
3. CxiagHiCTh MIATPUMKH KOY.
Januii npukiaa Moxe NopoKyBaTu nomMuiiku. Hanpuknan, sikio iM’st abo damiis

MICTUTUMYTh TIPOO1IH, TO 00’ €KT OyJ1e 3UMTaHUN HEMPaBUIBLHO, IO CIIOTBOPUTH

MoJabINy Jecepiai3alliio.

[Toxibna cepiamnizailisi, TCOPETUUHO, MOKE 3aI0BUIHUTH JOBUILHUN HaMip KOpUCTyBaya,
aJie 3aHaJTO CUJIBHO YCKIJIAHIOE pOOOTY Ta BUMAraTuMe 3aBeNIUKy KiIbKICTh KOAY JJIst

MIITPUMKH JACKIIBKOX HaMIpIB.



1.4 AbcTparyBanHs cepiagizamii
MuHnyJie pileHHS MOXHA PO3TIITHYTH, SIK 00’ €KT 3 MOKIIMBICTIO TPUBECTH 10
MIOCJTIIOBHOCTI OalTIB Ta 3YMTATH 3 HEl 3a JOMOMOTO0 1HCTPYKIIIH KOpUCTyBaya.

[PucyHnok 2, cTpykTypa mpocToi cepiamizarnii]

OFexT 3 MoTik GanTie

IHCTPY KL
KOpWUCTYBaua

Pucynok 2, cmpykmypa npocmoi cepianizayii

HesBaxarouu Ha Te, 110 Moi10Ha peasizailis HaJa€ BEJIMKUI piBeHb CBOOOIH, B OLIBIIOCTI
BUIAJIKaX 00’ €KT BIAOKPEMIIIOIOTH BiJl TOTOKY OaWTIB 3a/J1s1 CIIPOILIEHHS. 3’ SIBISETHCS
NeBHa adCTpakiis MOBEpX MOTOKY OANTIB, sika Oepe NeKOTPY YaCTUHY BIAMOBIIAIBHOCTI
Ha cebe. MoxHa BUSBUTH TPU BUIM aOCTpaKIIii: cepiamizalig nmosepx Gopmary,

cepiaiizailisi MoBepx MOoJei Ta adioHHA ceplai3allis.

1.4.1 ®opmar

[Ipu cepiamizaiii noBepx opmaTy po3poOHUK 00Mpae MEBHUI cTaHAApT 00 BU3HAYAE
BJIACHUH JIJISI IHTEpHpEeTaIlii MocaioBHOCTI 0aiTiB. L{iyumr0 JaHOTO MMiIX0My € CTBOPEHHS
KJIaCiB, POJIb AKUX € TMIPUBEJEHHS (hopMaTy 10 MOTOKY OalTiB Ta BIATBOPEHHS QopMaTy 3
MOTOKY OaiTiB. 3aBJaHHs KOPUCTYBaya CKJIAA€ThCA Y HATMCAHH] IHCTPYKIIH, 1110 Oy 1y Th

NPUBOAUTH Ki1ac 10 Gopmary. [Pucynok 3, crpykrypa cepiamizaiiii moBepx popmaty]

O0'ekT ‘f Popmar

\.i MoTik GaiTie
IHCTpYELLT IHCTPY LT

KOpMCTYBaYa apxisaTopy

Pucynox 3, cmpyxmypa cepianizayii nosepx ¢oopmamy
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ITpuknagamu 610;110TEK, SIKI BAKOPUCTOBYIOTh MOIOHY CTPYKTYpYy € msgpack-C,
Boost.JSON. Takox, MO)KHa BUAUTUTH 010J110TeKH, ¢ (hopMaT CTBOPIOETHCS

KOPHCTYBa4eM 3a JIOIIOMOTOI0 cXxeMH: 0a3u jpanux, Protocol Buffers, Cap’n Proto.

PosrasaemMo cepiamizarito 3a monomororo 616mioTexku Boost.JSON mist kimacy Employee,
sKuil OyB BU3HAueHUH panime.? Merto save Ta QpyHKIis read BUKOHYIOTh IPUBENEHHS JI0
dopmary, skwuii 6i6mioreka miarpumye. [PucyHok 4, npukinan cepianizariii moBepx
opmary]

boost::json::value save() {
boost::json::object obj;

obj["first_name"] = _firstName;
obj["second_name"] = _lastName;
return obj;

}

static Person read(boost::json::value& v) {
boost::json::object& obj = v.as_object();
return Person(
std::string(obj["first_name"].as string().operator boost::json::string view()),
std::string(obj["second_name"].as string().operator boost::json::string view()));

Pucynok 4, npuxnao cepianizayii nogepx ¢opopmamy

[TopiBHSHO 3 IPOCTOIO cepiajizalli€ro, 1aHa peajizallisa 0e3neyHilia: METOIU He MOXKYTh
CIIOTBOPIOBATH Jieceplaji3allito NPy NeBHUX 3HAUCHHIX JaHUX, ajie BUOIp popmary
CKJIQJIHO 3MIHUTH. Y TaHOMY BUNAAKy Oyia Bukopuctanuil JSON, skuii 3a3Buuai
BUKOPUCTOBYIOTH ITiJT YaC KOMYHIKallii y Be0-3aCTOCYHKaX, aje, sIKIIOo JJaHl He0OX1THO
OyJie He JIMIle cepiaii3yBaTH JJI HaJCUJIaHHs JaHUX 1HIIOMY 3aCTOCYHKY, a 1 KeIIyBaTH,
TO KOPHUCTYyBau OyJie 3MyIIIEHU BUKOPUCTATH JOCUTh HeepeKTuBHMIA (popMmaT mpu
KeIllyBaHHI a0o0 fo/aTy 1HILy 010:110TeKy 3 GyHKIISAMH, 1110 OyAyTh pOOUTH Ti cami

omepalii 1y HOBOro gopmary.

Jana aGcTpakiiis Hajiae HaMBUIIMA PIBEHb KOHTPOJIIO, SIKILO HE BPaXOBYBATH MIPOCTY
cepiaizaliito, aJke KOpUCTyBad MOKE€ BUKOPUCTOBYBATH BC1 MOXJIMBOCTI (hopMaty st

30epexeHHs 00’ €KTY.
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1.4.2 Monenb manux

Cepiamnizaiiisi HoBepx MOJIeN1 J0J1a€ piBEHb a0CTPaKIlii M’k 00’ €KTOM Ta (hOpPMaTOM.
[IprunHOIO IJ1 IBOTO € 3aBEJIMKa KUTBKICTh (hOpMaTIB cepiailizallii Ta yMOBHA CXOXKICTh
MK HUMH. Pi3H1 popMaTH BUKOPUCTOBYIOTH MOAIOHY CTPYKTYPY 1 MalOTh MO10H1
MOXKIJIMBOCTI. Y 3B’SI3KY 3 IIUM Cepialli3aliifo MOXKHA BUKOHYBATH MoBepx «Mojeni TaHux»,
sIKa B CBOIO Yepry MOKe IMPUBECTH 00’ €KT J0 MeBHOTO opMmaTty. [PUCYHOK 5, cTpyKTypa

cepiaiizallii moBepx MO JaHUX |

< Mogens 1%
»  opaHmx  —

OGexT MoTik GaATie

IHCTPYRLIT
KopwcTyBaya

IHCTPY kLT
Mogeni

IHCTRY LT
dopmarTy

Pucynox 5, cmpykmypa cepianizayii nogepx mooeni 0arHux

[Toni6Ha peanizaiiisi HaJla€ MOKJIMBICTh KOPUCTYBaUy HE 3aJieXaTH Bij 0OpaHOTO
dbopmarty, 110 MOJIETIIYE Tepexia Mi>k HUMU. Harpukiaz, s KoMyHIKaii 3 1M
3aCTOCYHKOM KopucTyBad BUKOpUCTOBYE JSON, a /17151 KelIyBaHHS B)KUBAETHCS OLIBIII
ontuMmasibHuil popmart sik CBOR. KopuctyBau Moxe BU3HaUUTH (PYHKIIIT cepiami3anii

OJIMH pa3 1 30epiratl 00’ €KT B ACKIIBLKOX hopMaTax.

PosrnsHemo nozaidHy abcrpakiiito B 0iomioreni Serde. [nTepdeiic Serializer Buctymnae
MOJEJLIIO IaHKX, Ky (popMaT moBuHeH miarpumysaru.’? [Pucynok 6, yactkose

BH3HAUCHHs Mojienm ganux Serde]
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pub trait Serializer {
type 0Ok;
type Error: Error;
type SerializeSeq: SerializeSeg<Ok = Self::0k, Error = Self::Error>;
type SerializeMap: SerializeMap<Ok = Self::0k, Error = Self::Error>;
type SerializeStruct: SerializeStruct<Ok = Self::0k, Error = Self::Error>;

//
fn
fn
fn
fn
fn

fn
fn
fn

Required methods

serialize_bool(self, v: bool) -> Result<Self::0k, Self::Error>;
serialize_i64(self, v: i64) -> Result<Self::0k, Self::Error>;
serialize_ub4(self, v: ub4) -> Result<Self::0k, Self::Error>;
serialize_char(self, v: char) -> Result<Self::0k, Self::Error>;
serialize_str(self, v: &str) -> Result<Self::0k, Self::Error>;

serialize_seq(self, len: Option<usize>) -> Result<Self::SerializeSeq, Self::Error>;
serialize_map(self, len: Option<usize>) -> Result<Self::SerializeMap, Self::Error>;
serialize_struct(self, name: &'static str,len: usize) -> Result<Self::SerializeStruct, Self::Error>;

Pucynox 6, uacmrose suznauenns mooeni oanux Serde

Peanizaris cepiamizartii 1yt kiacy Person BigOyBaTuMeThCs 3a JOIOMOTOIO iHTEpdeicy

Serialize. KopuctyBau noBHHEH BKa3aTH IHCTPYKIIT /151 30epe)keHHs 00’ €KTY 3a

nonomororo Moaeni nanux y metoi Serialize. [Pucynok 7, mpukinan cepiaiizaiii moBepx

MOJICJIi TaHUX |

struct Person {

first_name: String,
last_name: String,

impl Serialize for Person {

fn serialize<S>(&self, serializer: S) -> Result<S::0k, S::Error>
where
S: Serializer,

{
let mut state = serializer.serialize_struct("Person", 2)7;
state.serialize_field("first_name", &self.first_name);
state.serialize_field("last_name", &self.last_name);
state.end()

}

Pucynox 7, npuxnao cepianizayii nosepx mooeni 0anux
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JlaHuX THCTPYKIIH AOCTaTHBO AJis 30epekeHHs 00'ekTy Person. KopucryBau 3mosxe
BUOpaTH OJUH 3 MIATPUMYBAHUX MOJIEIUIIO TaHUX (GOPMATIB Ta 30€perTu eK3eMIUIp. Y
MPUKJIAAl MU BUKOPUCTOBYEMO 0i0mioTekn rmp_serde Ta serde json 3ay1st 30€peKeHHS Y
dopmarax MessagePack Ta JSON BinnosigHo. [PucyHnok 8, npukian 30epexeHHs 00'€KTY

oiomioTexoro Serde]

let person = Person {
first_name: "Andrii".to_string(),
last_name: "Zahorulko".to_string(),

};
{
let mut msgpack_byte_buffer = Vec::<u8>::new();
person
.serialize(&mut rmp_serde::Serializer::new(&mut msgpack_byte_buffer))
.unwrap();
}
{
let mut json_byte_buffer = Vec::<u8>::new();
person
.serialize(&mut serde_json::Serializer::new(&mut json_byte_buffer))
.unwrap();
}

Pucynox 8, npuxnao s3oepescenns 06'ckmy 6ibniomexoro Serde

[TopiBHsIHO 3 cepiani3ali€ero MoBepx GopMary MU MOKEMO BUKOPUCTOBYBATH METOAM IS
cepiamizaii y nekiibpka GopmartiB. SKIIO TOBEPHYTUCS IO TEOPETUUHOI CUTYaIliT
KEIIyBaHHS JJAaHUX, TO KOPUCTYyBauy HE MOTPIOHO Oyie 10AaBaTH METOAM cepiaii3aliii s

HOBOTO (hopmary.

3 iH1I0TO OOKY, MOJEIb JAaHUX 00MEKY€E MOKIIMBOCTI cepiaiizallii, ajpke BOHA
y3arajbHIOE€ MOXKIIMBOCTI pi3HUX (hopmaTiB. Y pe3yabTaTi piBeHb CBOOOIM KOPUCTyBada

3MEHIIYEThCS MMOPIBHSIHO 3 cepiaiizallieto nmosepx hopmary.

1.4.3 I1la6nonHa cepiam3aiis
[ITabmonHa cepianizallis 3aCHOBaHa Ha cripo0i 3’€IHATH THCTPYKIIII KOpUCTyBaya 3
dbopmaToM 3a 1omoMororo «PyHKITN cepiami3alii», Kl Mpu3HAYeHH] 10 30€peKeHHS

MEBHOTO TUITY 00’ €KTY 110 IeBHOTO opmaty. JlaHuil miaxia 103BoJIsSIE pealizyBaTh
14



30epekeHHs y pi3Hl hopMaTu 06e3 HeoOX1THOCTI KOHKpeTHU3allii MoJIesb JaHUX. Y 3B’SI3KYy
3 BIZICYTHICTIO ()OpPMH TIOPIBHSHO 3 MUHYJIMMH BapiaHTaMU 1HCTPYKIli KOpUCTyBada HE
MOXKYTb OYTH CKIIQJIHUMU, 4epe3 HECTPYKTYPOBaHICTh (QDYHKIIIH cepiamizanii. [Pucynox 9,

CTPYKTYpa I1a0JIOHHOT cepiatizarii]

Morik GaiTie

OO
KOpWCTYBaUa Q

DYHELT
cepianizauii ]
IHCTRYKLT

opmary

Pucynok 9, cmpykmypa wabaounnoi cepianizayii

Posrissremo npukiaz cepiamszarii y C++ 3 6i0miorekoro Boost ta Cereal, sxi
BUKOPUCTOBYIOTH IA0JIOHY cepiaiizaiito. Y BOOSt aprymeHnTaMu € apxiBatop Ta Bepcis
00’exty, y Cereal nume apxiBatop.>!? ['onoBHa ifest — CIIPOCTUTH cepiaizaliiio 10
BKa3yBaHHs aTpuOyTiB HEOOXITHUX JJIs 30epekeHHs Ta BiaTBopeHHsa. Konmu kopuctyBau
Oyne Hamaratucs 30epertu 00'eKT 3a JOIOMOTO 00OpaHOTO apXiBaTopy 1 OyAyTh iICHYBaTH
GyHKLIT 17151 30€peKeHHS TUIIIB KOXKHOTO 3 aTpUOYTIB, TO KO Oy1€ CKOMIUIbOBAHUM.

[Pucynox 10, npukiana 1mrabIoHHOT cepiaizartii]
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template<class Archive>

void serialize(Archive& ar, unsigned int version) {
ar& BOOST_SERIALIZATION_NVP(_firstName);
ar& BOOST_SERIALIZATION_NVP(_lastName);

template<class Archive>
void serialize(Archive& ar) A
ar(_firstName, _lastName);

Pucynox 10, npuxnao wabnounoi cepianizayii

Jlana peaizariisi Ma€ JesKl MOKPAIICHHS MOPIBHSIHO 3 MOJICIIIIO IaHUX. TaK sSK BIACYTHS
CTPYKTYpa, GYHKIIIi MOKYTh BUKOPUCTOBYBAaTH OCOOJIMBOCTI IEBHOTO (hopMaTy y CBOIH
peanizauii. [Ipore, cucremMa HeMOXJKBa B OUIBIIOCTI MOB IPOrpaMyBaHHs 0€3 3HAYHUX
yckiaaHens. Cremianmizanis GyHKIiN y il aOCTpakIli € HEOOX1AHICTIO, aje 00’ €KTHO-

OpIEHTOBaH1 MOBH MporpamyBaHHs sik C# Ta Java He HaJal0Th TAKUX MOKJIMBOCTEH.

[TopiBHSHO 3 IHIIMMHU a0CTPAKIIIMA KOPUCTYBA4 Ma€ HaMEHIIY KIJIbKICTh CBOOOAN NpH
BUKOPUCTaHHI JaHOo1 abcTpakiii. [[puunHoIo € 3araibHa CKIaJHICTh Y3arajlbHEHOTO
nporpamyBanHs B C++ Ta 1iji SKi HAMararThes gocsartu 0iomoTeku. Boost.Serialization
HaMara€eThCsi MAKCUMAJIBHO CIIPOCTUTH Cepiani3alliio, 1 Mailke MOBHICTIO KOHTPOIIOE
npoiiec 30epexeHHs 00’ €KTIB. Y pe3yabTaTl SKIIo 010J10TeKa He MATPUMYE TTEBHY

orepariio, B KOpUCTyBaya MOKe He OyTH BapiaHTy MOTO BUPIIIMUTH.

1.5 Ctuab iHCcTPpYKIii
[Tpu nocmimkeHH1 crioco61B peanizailii cepiajizalii 0yJio BUSBIEHO ABa OCHOBHUX CTUJII

BU3HAYCHHS IHCTPYKIIIN JIJIs cepiajiizalii: iMIepaTUBHUM Ta JACKJIapaTUBHUIA.

IMniepaTuBHUY CTHIIH BUMArae BijJi KOpUCTyBaya IHCTPYKIIIH it TpUBEIAEHHS 00’ €KTY 10
dbopmaty. Munyni npukiiagu cepianizarii moBepx Gopmary Ta MOaeI JaHUX

BUKOPUCTOBYBAJIM IMIIEpaTUBHUMN CTWIb. DopMa TaHUX TIPU 30€pEKEHH1 3aJIeKUTh BiJl
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IHCTPYKIIIM KOPUCTyBaya, a He BiJl 00’ €KTy. 3a HEOOX1THOCTI, KOPUCTYBau MOXE 3aMiCTh

CTPYKTYpH 30€pertu 4uciio, abo 30epertu pe3yiabTaT y CIUCOK.

JlexnapaTUBHUMN CTHIIb BAKOPUCTOBYE OMKC 00’ €KTY IS cepialiizallii. 3aexHO Bij
peatizarlii onucoMm Moxke 0yTu chopMoBaHuil pedaeKkciero, CreialbHIMU TeHepaTopamMu
Koy abo kopuctyBadeM. bidmoTeku sk Boost.Serialization Ta Cereal BUKOHYIOTB
cepiamizaliito 3a JI0MOMOT0I0 TIPUB’I3yBaHHsI aTpUOYTIB 00’ KTy 10 cepiaii3aTopa,;

mraboHH1 GyHKIT Serialize moBHICTIO ONTUCYIOTh 00’ €KT.
JlaHuii maxija Mae IeKOTpl MOKPAIICHHS MOPIBHAHO 3 IMIIEPATUBHUM CTHUJICM:

1. KinbkicTh KOy HEOOX1/IHA JUIsl peajizallii IpoCcToro 30epekeHHs 3HAYHO MEHIIA 1
MO>K€ JTOJATKOBO 3MEHIIIUTHCS, SIKIIIO BUKOPUCTOBYETHCS pediekcis ado renepartis

KOJy.

2. 3MEHIIY€EThCS KUIBKICTh MICIb JIJI1 MOMKIUBUX ITOMUJIOK.

[Ipote momiOHMI MiAXia A0 cepiatizallii He MiIXOAUTh JUIs peasizailii 30epesKeHHs
CKJIaIHUX 00’ €KTIB. JlOUUIBbHICTh IMIIEPATUBHOI ceplanizalii mposiBisie cede, KOJIU BUTIISA

00’ekTy B 30epexkeHoMy (opMaTi BIAPI3HIETHCS BiJI BUTIISAY 00’ €KTY Y KOJI.

Posrasiuemo kiac Library, skuit MiCTUTh CIUCOK KHIKOK Ta aBTOPiB. KHIMKKHM MICTSTh
Ha3BY Ta CIIUCOK aBTOPIB, 5K 11 Hamucayu. SIKII0 aBTOPU MOCUIIAIOTHCS HA KHUKKH, SIKI
HaIucajiu, To JeKJIapaTUBHA cepiaiizailisi a00 YHEMOXKIIMBIIIOEThCA a00 BUMAarae
CTBOPEHHSI MEBHUX ocobmmBocTel cepiamzaiiii. Hanpuknan, Cereal 30epirae peectp Bcix

30epeKEHNX BKa31BHUKIB, 11100 PO3YMITH, YU TpeOa 00’ €KT cepiajii30BYyBaTH.
M b

Cratrs «C++ FAQ Lite» Mapmaia Kiaiina po3pi3Hsie 5 piBHIB CKJIQIHOCTI 00’ €KTIB JIJIst
cepiamizauii. HalicknaaHimMM BBaXaeThea NUKIYHEM rpadom.’ SIKImo posrsgaru
aNnropuTM 3anpornoHoBanui Knaitnom aiis cepianizaiii mogioHOro 00’ €KTy, TO MpU
BUKOPHCTaHHI IMIIEPATUBHOIO CTUJIIO KOPUCTYBa4 MaTUME MOXJIMBICTh 0/ipasy 30epiratu
BepirHu. Ha npotuBary, npu cepiamizaiiii B I€KJIapaTUBHOMY CTUJII KOPUCTYBady
MOTPIOHO CHIOYATKY BU3HAUYMTH CIIMCOK 00’ €KTIB, K1 NOTPIOHO 30€perTH, 1 JIMIIE MOTIM

BUKOHATHU cepiaizalliio.
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BaxxnuBo 3ayBaxuTH, 1110 610TI0TEKM MOXYTh MIATPUMYBATH OOUJIBA CTHIII cepiaiizailii.
Hamnpuknaz, 6161ioreka Serde miarpumye IeKJiapaTUBHY cepialii3alliio 3a JI0OMOT0r0
reHeparlii Koay, ajie I103BOJIsI€ 32 HEOOXITHOCTI CAaMOCTIMHO BU3HAYATH 1HCTPYKIII1

30epeKEeHHS.
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Po3aia 2. Onuc cucremu Ta peasizanis i y C++ 20
2.1 Bumoru 10 cucremu

[IpoananizyBaBiy criocoon abcTparyBaHHs cepiajizallii Ta 6a30B1i HaMipu KOPUCTyBaya,

Oy1o chopMyTbOBaHO MOAIOHI BAMOTH JIO CHCTEMH:
1. Monens naHux.

Mopenb naHuX HaJla€ IEBHUMA PiBEHb HE3AIECKHOCTI BiJl (hOpMaTiB, IO TO3BOJISE 32

JIOTIOMOTO10 OJTHI€T 010T10TEKH MIATPUMYBATH O1IBIIICTh HAMIPIB KOPHUCTYBAYiB.
2. IMmepaTuBHUIA CTUITH

PiBenb cB0OO M, SIKUIT HAJTA€THCSA KOPUCTYBaUy IMIIEPATUBHUM CTUJIEM ceplaizallii
3HAYHO OUIBIIMI MOPIBHSHO 3 AEKJIApaTUBHOIO ceplajizaiiero. Peanizaiis 000B'13K0BO
MOBUHHA MIATPUMYBATH IMIIEPATUBHUI CTHIIb, A€ MOXE, J10JJaTKOBO, MIATPUMYBATU

JEeKJIapaTUBHUM.
3. IliaTpumka iepapxii k1acy Ta moiaimMopdizmy.

CucreMa HaMaraeThbCs 3aJI0BOJLHUTH BUMOTH OUIBIIIOCTI KOPUCTYBAYiB, III0 BUMAarae

MATPUMKHU 30€peKEeHHS 1€papXiil KiIacis.
4. MoBHa arHOCTUYHICTb.

Cucrema cepiamizailii He TOBUHHA BUKOPUCTOBYBATH OCOOJIMBOCTEN TTEBHOT MOBH JJIsI
A1ipa peanizailii 1 TOBUHHA MaTH MOKJIMBICTh OyTH peasi30BaHOIO B OLIBIIOCTI

Cy4acHUX 00’ €KTHO-OpleHTOBaHUX MOB. Lle Bupillye HamMip KOpUCTyBaya KOMYHIKaIli
MK pI3HUMH CUCTEMaMH, 10 HAA1aCTh MOKJIMBICTh BAKOPUCTOBYBATHU JJaHy CUCTEMY

B MIKPOCEPBICHIN apXiTEKTypi.
5. BiacyTHicTh 0COOIMBUX TTPaBUIIL.

CucrteMa He NMOBHHHA J0JIaBaTH BJIACHUX IMIPABUII JI0 cepiaizallii Ta aecepiami3aliii.
Hamnpukinaz, 30epekeHHs IUKITIYHUX TTOCUIIaHb B1iI0YBA€ThCS 1IEHTUYHO 10

30epexeHHs 3BUYaiiHUX ocuiianb. CucTemMa He MOBUHHA BUKOHYBATH NIEPEBIPKY HA
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MOTIEPEHIO cepialtizalliio 00’ €KTy, JaHe 3aB/IaHH JISKUTh HAa KOPUCTyBaueBl. €1uHa

OCOOHUCTICTB SIKy CHCTEMa MaTUMeE — 30epeKEHHS MOJIMOPGHUX THUITIB.

[TopiBHsiHO 3 1LIsIMU, siKi Boost.Serialization peanizoBye, n1aHi BAMOTH CyTTEBO
BiJpiI3HSIOTHCA. 3 TiepeniueHnx y Boost.Serialization e Hane)xxHe BiJHOBJICHHS BKa31BHHKIB
710 CIIIBHUX 00’ €KTiB Ta MOKIIUBICTB 30epiraTu kiacu 6e3 qonoBHeHHs. 2 Hamma
peaizallis mopyuryBaTuMe Il BUMOTH, aJ[K€ BOHA HE CIIPSIMOBaHA ISl pOOOTY JIHIIIE B

OJIHIM MOBI Ta HE HAMaraeThbCs MOBHICTIO 3aMIHUTH HOX10H] 010110 TEKH.

[TprunHa BUOOpY Mo1I0HMX BUMOT — OakaHHS 3aJJ0BOJIBHUTH Pi3HI HAMIpPH cepiajizarlii 3a
JIOTIOMOTOI0 OJIHOT cucTeMHu. buibiicTh 010110TEK JIKIE CHEIiali3y0ThCsl HA OJHOMY
HaMipi, 1110 cIpoIiye poOoTy, alie pparMeHTye cepenonuiie. Haia peanizaris
HaMaraTUMEThCS 3a/I0BUTBHUTH MTOTPEOU KOPUCTYBaya y OUIBIIOCTI BUMIAJKAX, X0 1

YCKJIQIHUTH POOOTY 3arajioM.

[Tix yac HanucanHs 1iei podoTu Oy po3risiHyTi Boost.JSON, Boost.Serialization, Serde,

msgpack-c, Cereal, kotlinx.serialization, Jackson, 3 sikux >xomHa He peasi3ye BCi BUMOTH.

1. Boost.JSON, Msgpack-c Ta inmi 6i6gioTeku moBepx hopmaTy HOPYIIYIOTH BUMOTY
1. Takox, B OLIBIIOCTI BUMAAKaX, AaHl O10IOTEKH HE MATPUMYIOTh 30€peKCHHS
lepapxii KJIaclB Ta 3JIMIIAIOTH LI 3aBAaHHS JJI1 KOPUCTYyBaya.

2. Boost.Serialization, Cereal nopymiytots 1, 2, 4, 5. O6uaBi 6i0i0TeKr HaMararThCs
SIKOMOTa CIIPOCTUTH 30€pEeKEHHS 00’ €KTIB, 1110, 3arajioM, € TapHOIO 1/1€€10. 3 1HIIIOTO
00Ky, MO/110H1 CIIPOIIEHHSI MOXKYTh MPALIOBATH JIMILIE 32 PAXYHOK HEBUKOHAHHS
3a3Ha4YE€HUX BUMOT.

3. Serde mopymye 3, 4. Tak sik 6i0moTeka OyJia CTBOpEHaA JIJIsl MOBH IPOTPaMyBaHHS
Rust, BoHa akTHBHO BUKOPHCTOBY€E MOKJIMBOCTI, SIK1 BIICYTHI B IHIIUX MOBaXxX
nporpamyBaHHs. Takok, BOHa HE MIATPUMYE Cepiaii3allio iepapxii Kiiacis.

4. kotlinx-serialization nopyurye 4 Ta yactkoBo 3. Xo4, 0i0J1i0TeéKa BUKOPUCTOBYE
MOJICJIb TAaHUX 1 I03BOJISIE KOPUCTYBAady CTBOPIOBATH BJIACHI KJIaCH IS cepiamizarltii,
BOHA HE MICTUTh MOSICHEHB, 1110]10 30epekKeHHs 00’ €KTIB iepapxii kiacis. B

pe3yJbTaTi, KOPUCTYBau 3MYIIEHUH 00paTh MIXK cepiaji3alli€lo 3 yCnaJKyBaHHIM Ta
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IMIIEpaTUBHUM CcTHJIeM. BapTo 3ayBaKuTH, 1110 HaBITh SIKIIO O10J10TEKa
BUKOHYBAaTUME BUMOTY 3, i HaNpsM 3aJUIIaTUMEThCS cepiajizaiis 00’ €KTiB Y MOBI
nporpamyBanHs Kotlin.

5. Jackson mopyiiye 4. Bi0oTeka akTHBHO BUKOPUCTOBYE pedICKCit0, IKY MOBH SIK

C++ He mATPUMYIOTb.

2.2 Onuc cucremMu

Ha3ssa: Serene.

ImninemenTartist cuctemu Oyna Hanucana s C++ 20. Ilpu ctBopenHi peanizarii Oyma
BHUKOpucTaHa 616moTrexka Boost.JSON nist necepianizaiiii o0'ekriB 3 opmaty JSON Ta

cHcTeMa KepyBaHHs nakyHkamu VCpKg.> 12

2.3 Moaejb 1aHuX

3a51s1 MOXKIJIMBOCTI MIATPUMKHA MOJIEINI TAaHUX Y 00’ €KTHO OPIEHTOBAHUX MOBaxX OyiH
BUKOpucTanui iHTepdeiicu AbstractSerializer ta AbstractDeserializer. TToxinni knacu
CIIYTYIOTb aJantepamu ado peanizaTopamu, 0 MOKYTh IEPETBOPIOBATH 3alIUTU
«30€eperTy 4nciioy» Ha MPaBUIIbHUN BUKJIMK METOIY a00 Ha IHCTPYKIIi, K1 32 IEBHUM

dhopMaToM MPUBOJATH 00’ KT JI0 TIOCIIIIOBHOCTI OAMTIB.

«interface»

AbstractSerializer

_sMap(size_t size) : unique_ptr<AbstractMapSer>
_sSeq(size_t size) : unique_ptr<AbstractSeqSer>
_sStruct() : unique_ptr<AbstractStructSer>
_sLong(long long value)

_sULong(unsigned long long value)
_sString(const std::string& value)

_sBool(bool value)

_sChar(char value)

[ i

JSONSer BinarySer

-_out : Stream#&; -_out : Stream&;

Pucynox 11, cmpyxkmypa cepianizamopis
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Monens nanux Bu3Ha4ae 3 CKIAACHUX CTPYKTYPH, sIKi MOXKE 30€perTH: acoIliaTUBHUN
MacCHUB KJIIOYIB CTPIUOK Ta 3HaY€Hb, IOCIIIOBHICTb, CTPYKTYpa. Y TaHOMY KOHTEKCTI
CTPYKTYpa € BIOPSIKOBAHOIO ITOCITIIOBHICTIO €JIEMEHTIB 3 BIIOMHM po3MipoM. [PucyHok

12, cknajeHi cepiamizaTopu]

AbstractMapSer
_sKeyVal(const std::string& key, const Writer& value)

_begin()
_finish()

AbstractSeqSer
_sNext(const Writer& value)

_begin()
_finish()

AbstractStructSer
_sKeyVal(const std::string& key, const Writer& value)

_begin()
_finish()

Pucynoxk 12, cxnaoeni cepianizamopu
e AbstarctMapSer, AbstractMapDe —36epexeHHs ap KIH04iB-3HAYCHHS, 1€ KI0YeM
Buctynae std::string.
e AbstractSeqSer, AbstractSeqDe —30epekeHHS TOCITITOBHOCTEHA.

e AbstractStructSer, AbstractStructDe —30epeskeHHs BIIOPSIKOBAHOT MTOCTiTOBHOCTI

€JIEMEHTIB 3 MEePEIBU3HAYCHOIO KIJIBKICTIO.

JlecepianizaTop Mae MoJI0Hy CTPYKTYpY J0 cepianizaropa. BiiMiHHOCTI HasBH1 JIUIIE B
cepiaizaTopax IOCIiIOBHOCTEH Ta MHOXKHH KIIFOUiB-3HAYeHb. KiIBKICTh €IIEMEHTIB
JecepiaiizaTop He 000B’I3KOBO 3HATUME, TOMY KOPUCTYBad MOK€E J113HATUCH JIMIIIE
HAsBHICTh HE3YMTAaHUX eeMeHTiB. [Pucynok 13, ctpykTypa necepianizaropis] [PucyHok

14, cTpyKTypa CKIaIcHUX AecepiaiizaTopis]
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«interface»

AbstractDeserializer

_dLong() : long long

_dULong() : unsigned long long

_dString() : string

_dBool() : bool

_dChar() : char

_dMap() : unique_ptr<AbstractMapDe>
_dSeq() : unique_ptr<AbstractSeqDe>
_dStruct() : unique_ptr<AbstractStructDe>

[ h

JSONDe BinaryDe
-_in : ifstream; -_value : boost::json::valuef;
+JSONDe(boost::json::value& value) +BinaryDe(ifstream& value)

Pucynox 13, cmpykmypa oecepianizamopie

«interface»
AbstractMapDe

_hasMore() : bool

_nextKey() : string

_nextValue(DeserialzationScopeft, const Deserialize&)
_begin()

_end()

~AbstractMapDe()

«interface»
AbstractSeqDe

_hasMore() : bool

_nextltem(DeserialzationScope, const Deserialize&)
_begin()

_end()

~AbstractSeqDe()

«interface»
AbstractStructDe

‘ _next(DeserialzationScopeé scope, const std::string&, const Deserialize) : = 0; ‘
_begin()

_end()

~AbstractStructDe()

Pucynox 14, cmpyxkmypa ckradenux decepianizamopie

Moguenb miaTpumye 30epexxeHHst 00’ ekTiB 10 OiHapHoTO hopmary Ta JSON. Bapto

3ayBaXKUTH, 1[0 CUCTEMa CIIPOIICHA, 1 Y pe3yJbTari He mATpuMye Bcl MOXKIMBOCTI JSON.
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Jlns necepianizaii 06’ ety 3 JSON 6yB Bukopuctana 6i6;iorexka Boost.JSON Tta
ctBopenuit kiac JSONDe, saxuii ciyrye agantepoM Mojiel JaHuX 3 610J110TeKor0

cepiam3zariii popmary.

2.4 30epexeHHsA

Cepiamizartist BigOyBa€eThCs 3a IOTIOMOTOI0 CIeiaizamii GyHKIii Write 3 BAKOPHCTaHHSIM
koHIenTiB. ¥ C++ gana QyHKIIIA € CTpaTeTielo cepiaizailii, sika moBepTae asimo,1a-
(GYHKIIIO 3 IHCTPYKIISIMHU 7151 30€peKeHHsI 00’ €KTy. Y 1HIIUX MOBAaX MOKHA YHUKHYTHU
crieniam3anii GyHKII# 3a 10mMoMororo KiaciB abo aenerartis. [Ipu 30epekeHH1 CKIIaeHUX
00’€KTIB SIK CITUCKIB KJIACH MIPUHUMATUMYTh (paOpuuHy (PYHKIIII0, IKa CTBOPIOBATUME
30epiradi KO>KHOT0 OKpeMOoro o0’ ekTy cnucKy. [Ipuunnoto BuOOpy mo1i0HO1 CTpaterii €
HEOOXITHICTh JeJeryBaTh cepiami3alito npy 30epeKeHH] NOCI1JOBHOCTEM, CTPYKTYP,

acoliaTUBHUX MacuBiB. [PucyHok 15, Burisin ¢yHKIii cepiamizariii]

using Writer = std::function<void(AbstractSerializer&)>;

inline Writer write(std::same_as<long long> auto v) {
return [v](AbstractSerializer& s) {s.sLong(v); };

Pucynox 15, suenso yuxyii cepianizayii
Jliist 30epeskeHHs 00’ €KTIB MOYKHA, TAKOK, BAKOPUCTOBYBATH CIIeIliai3aliito Write, aie
3217151 MO>KJIMBOCTI TTOCUJIATHCS HA aTpUOYTH Ta 30€peKeHHS 1€papXil KIaciB 00’ €KT

MOBHMHEH ycnaakoByBatu iHTepdeiic SerializableObject, sikuit Mmictuth MeTos _Serialize
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JUIsl CTBOpEeHHs 30epiraua ta _getObjectName aJ1s1 BU3HAYEHHS TUITY 00’ €KTY MpH

noximMopdizmi.

JI1st MOXKIIMBOCTI 30epiraTu 00’ €KTH 3a JIOMOMOTor0 (DYHKINT write HeoOX11Ha
criemiai3allis, ska BUMaratuMe ycnaakyBaHHs iHTepdericy. [PucyHok 16, pyHKIis

cepianizanii 00’ ekty, sskuii ycnaakosye SerializableObject]

template<typename T>

requires std::derived_from<T, SerializableObject>
inline Writer write(const T& v) {

return v.serialize();

Pucynox 16, ¢pyuxuyis cepianizayii 06 'exmy, sxuti ycnaokosye SerializableObject

Takox, 30epe’KeHHs TUITIB 3 HEBU3HAYECHOIO (POPMOIO BUMArae 1HIIO1 peasizamii GyHKIIi
write, sika OyJie J0JaBaTH MEBHE MapKyBaHHS PO THIT 00’ €KTY, aJ[Ke TIiJI 4ac
aecepiaizanii NoTpiIOHO pO3yMITH, IKHI caMme Jiecepiani3aTop Tpeba BUKOPUCTOBYBAaTU. Y
HaIli peamizarii e 3aBaanHs BUkoHye meton _getObjectName, y sikomy 00’ ekt
BKa3yIOTh Ha3BY KJacy, sika Oy/ie BUKOPUCTaHa TPy cepiaizaiiii Bka3iBHuKa. [Pucynok 17,

cepiaizariisi moJIiiMOphIYHUX TUITIB]

template<typename T>
requires std::derived_from<T, SerializableObject>
inline Writer write(const T* v) {
return [v](AbstractSerializer& s) {
auto structSer = s.sStruct();
structSer->begin();
structSer->sKeyVal("type", write<std::string>(v->getObjectName()));
structSer->sKeyVal("value", write<T>(*v));
structSer->finish();

Pucynox 17, cepianizayis nonrimopghiunux munis
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Bapro 3ayBaxuTu, 1110 po3pi3HEHHS Ia0JOHIB 3a MOCUJIAHHSIM Ta BKa31BHUKOM
CIPSIMOBAHO Ha CIPOILEHHS poOOTH. SIKIIO KOpUCTYBayu Oaxkae 30epertu aTpuOyT, sSIKUn

MO3ke OyTH ToJiMOp(hiyHUM, TO TOTPIOHO Oye BUKOPUCTATH ONIEPATOp aAPECyBaHHS

«&».

2.5 3B’s130K i3 cepiagizaTopom

[Ipu 36epexxeHH] 00’ €KTy KOPUCTYBa4 MOXKE 00paTH MK MPSMHM BUKJIMKOM METO/IIB
MOJIETIl TaHWX Ta BUKOPUCTAHHAM ICHYI0UMX (DYHKIIIH cepiamizalii. Y pe3ynbTari
30epexeHHsT 00’ €KTYy MOKE MaTH Pi3HI BUTIISAH 31 CXOKUM 00’ €EKTHUM KOJOM.
Hamnpuknaz, kinac nis cepiamzaiiii kiacy Color kopuctyBad Moke a00 BUKIMKATH
¢byHKIi0 Write a00 BUKIIMKATH METOJT MOJIEITi JaHuX HanpsMy. [PucyHok 18, cepiamizaris
3a gormomororo cremiamizamii Gyukuii] [Pucynok 19, cepiamizaliis 3a JOITOMOTOK0 METOIB

MOZIEITI JaHuX]

Writer Color::serilaizeCurrent() const

{
return [this](AbstractSerializer& se) {
unsigned long long value =
(unsigned long long) _red << 16
| (unsigned long long) _green << 8
| (unsigned long long) _blue;
write(value)(se);
&
}

Pucynok 18, cepianizayis 3a 0onomoeoro cneyianizayii hyukyii
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Writer Color::serilaizeCurrent() const
{
return [this](AbstractSerializer& se) {
se.sULong((unsigned long long) _red << 16
| (unsigned long long) _green << 8
| (unsigned long long) _blue);
s

Pucynox 19, cepianizayis 3a 0onomozoro memooie mooeni OaHux

J1ist 30epekeHHs JEeKUIbKOX aTpruOyTiB BApTO BUKOPUCTOBYBATH Cepialii3aTop CTPYKTYPH,
acoLlaTUBHOTO MacuBYy a00 MOCIIIOBHOCTI. Y TaHOMY BUIIAJKy MU BUKOPHUCTOBYEMO

cepiamizarop cTpykTypH. [PucyHok 20, cepiaiizailis CKIaeHOro 00'exTy]

return [this](AbstractSerializer& se) {
auto structSer = se.sStruct();
structSer->begin();
structSer->sKeyVal("red", write(_red));
structSer->sKeyVal("green", write(_green));
structSer->sKeyVal("blue", write(_blue));
structSer->finish()

};

b

Pucynox 20, cepianizayis ckradernozo o6'exmy

2.6 BinTBOpeHHs TUIIB

Jlecepiamizariis, 3arajioMm, moaiOHa 10 cepiajizarliii, ajme 70 0a30BUX BUMOT J0IA€ThCS
MUTaHHS PO3TAllyBaHHs 00’ €KTYy B mam’sTi. BinTBOpeHHs 00’ €KTy MOXKe BiIOyBaTHCS 32
JIOTIOMOTO0 BUAUICHHS TIMHAMIYHO1 TTaM’ STl 1 OLIBINICTh 00’ €EKTHO-OPIEHTOBAHUX MOB

MaTUME MOXJIMBICTh peaizyBatu noaiony cucremy. [lpore, y Bunaaky C++, o0'extu
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MO’Ha CTBOPIOBATH 1 HA CTEIll, 1 Y TUHAMIYHIN 1am’sTi. Y 3B'S3Ky 3 MOAI0HOI0 CBOOOI0I0
peaizallis HaMaraeThCsl HaJaTi KOPUCTYBady MOXKJIMBICTh JIecepiali3yBaTh 00'€KT Yy
JOBUTHHO BHU3HAYEHE MICIIE B TTaM'aTi. [|j1s1 BUKOHAHHS IIHOTO 3aBAaHHS BUKOPUCTOBYETHCS
inTepdeiic BufferAlloc, 3aBaaHHs SKOTO BUAUIMTH MICII€ B TIaM’SIT1 JIJIs1 00’ €KTY.

[Pucynok 21, cTpyKTypa anokaTopiB mam siTi]

«interface»
BufferAlloc

getBuffer() : char®

HeapAlloc
StackAlloc<T>

-buffer : char*;
buffer[] : char;

+HeapAlloc(bufferSize size_t)

Pucynok 21, cmpykmypa anokamopie nam 'smi
«getBuffer» — meron, sikuii moBepTae Bke 3ape3epBOBAHE MICIIC B TIaM 'AITi, JIe MOXHA
CTBOPUTH 00’€KT. Y pe3ysibTaTl 3JIEKHO B1JI CTpATerii 00’ €KT MOXKHA CTBOPIOBATH 1 HA

CTelll, 1 Ha KYTIi.

BiaTBopeHHs 00’ €KTy BiIOYyBa€ThCs 3a JOTIOMOTOI0 criertiamizanii ¢ynkiii read. JIsmOma-
(yHKIIIS 3aXOIUIIOE MICLIE B TaM’sIT1, K€ Jaji OyJie BKazaHe IPU CTBOPEHHI 00’ €KTY 3a
JIOTIOMOT'OI0 KJTF0YOBOTO ciioBa New. ITapamerpamu iassmMOaa-PyHKINT CIIYTYIOTh
necepianizaTop Ta 00yacTh aecepiamizaiii. O0gacTh IpU3HAUYCHA JIJI1 MOXKIUBOCTI
nepeaaBaHHs 00’ €KTy OCHIIaHb HEOOXI1THUX JJI1 CTBOPEHHS 00’ €KTY, ajke (PyHKIIIS He
MOBWHHA MIPUITMATH T0JAaTKOBUX mapaMmeTpiB. [loai0He yCcKiTalHEHHS iICHY€ Yepe3

HEOOXIJTHICTh Jecepiai3yBaTH NOJIMOP(HI TUIIH.
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using Deserialize =
std::function<void(AbstractDeserializer&, DeserialzationScope&)>;

template<typename T>
requires std::same_as<T, long long>
Deserialize read(BufferAlloc& v) A
return [&v](AbstractDeserializer& de, DeserialzationScope&) {
new (v.getBuffer()) long long(de.dLong());

b

Pucynoxk 22, éiomeopenns muny

J1ist BIATBOpEHHS 00’ €KT MOBUHEH MaTH CTATUYHY MICTUTHU cTaTHYHy (yHKIi0 read abo
BH3HAYATH criemiaizaniro GyHkiii read. Busnauenns QyHKIIii, ska Oy/1e BAKOpHUCTaHA JIJIs
BIJITBOPEHHS, BIIOYBA€ETHCS 3a JOIMOMOTOI0 BHYTPIIIHROT peecTparlii kiaciB. 3 60Ky
KOpHCTyBaua HeoOXiHO Jiniie Bukopuctatu makpoc RegisterSerializeClass(Type), sikuit
noaae cratuuHuil atpudyT typeName, nepeBu3zHavae METO/I, 0 BKa3y€e TUM 00’ €KTY, Ta

A07a€ Kiac 10 PeecTpy.

[ITa6nona dyukiis registerClassDeserialize, nogae necepianizarop kiacy a0
TypeAccumulator, sikuii MiCTHTB acoIliaTUBHHI MacHB Ha3B 00’ €KTIB Ta (QDYHKIIIN, SKi

MO’KHa BUKOPHUCTATH MPH Jecepiaizaliii.

J1J1st MOXKITMBOCT1 pO3PI3HATH HOPMAJIBHY Jiecepiaiizailiio o0’ ekTy Ta mojaiMopdHy Oyia
nonana ma6snona ¢pyHkuig deserialize. Y Bunanky, Koiau QyHKIIi HaJaHUH BKa31BHUK
00'exTy B0y A€ThCS MoiMopdHa aecepiaizalis: Oye 3UnTaHuil TUI Ta 0OpaHa
npaBuibHa GyHKIS 3 TypeAccumulator, sika 3untae gadi Ta CTBOPUTH 00’ €KT. SIKIIO

¢bynkii Oyae nepenanuii 0ydep, BiI0OyneTbCcsl HOpMaibHa cepiaii3alis.

CraruyHa 1H1Lianm3aiis 0yiaa oOpaHa y 3B’ 513Ky 3 IPOCTOTOIO BUKOPUCTAHHS 11 31 CTOPOHU

KOPHUCTYyBaya Ta MiATPUMKOIO B IHIIUX 00’ €KTHO-OPIEHTOBAHUX MOBaXx, sik Java, C#. Bapto
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3ayBaXKUTH, 110 Y JAaHUX MOBax HEOOX1THO Oy/ie BUKOPUCTATH KJlac Mepe/ Jiecepiaii3allio

a00 caMOCTINHO 3aBaHTaKUTHU KJIac, TaK K CTaTUYHA 1HIIiadi3a1lis Bi10yBa€ThCs JIHUBO.

2.7 3B’s130K 3 JAecepiagizaTopom

31 CTOPOHM KOPUCTYBaya BEJIMKUX BIAMIH MIX Jiecepiajizalli€lo Ta cepiajizallieo Hema.
MoHa BUKOpHCTOBYBaTH a0o0 criemiarizanii ¢pynkmii deserialize abo HanpsiMy BHKJIMKAaTH
METOJIM MOJIEN1 JaHuX. Y JTaHOMY IMPHUKIIal BIIOYBAETHCS BIATBOPEHHS KOJIBOPY 31
cTpyktypu. KopuctyBau Buiise mMicie s Aecepiaiizaltii 3a JOTOMOT 00
DeserializeBuffer, 3untye cTpykTypy 3 MOI€Ii TaHUX 1 CTBOPIOE 00’ €KT 3 OTPUMAHUMH

naHuMU. [PucyHok 23, mpuKIiaja BiITBOPEHHS KOJIbOPY ]

Deserialize Color::read(BufferAlloc& buffer)

{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<char> red;
DeserializeBuffer<char> green;
DeserializeBuffer<char> blue;
auto structSer = de.dStruct();
structSer->begin();
structSer->next(scope, "red", deserialize(red.buffer()));
structSer->next(scope, "green", deserialize(green.buffer()));
structSer->next(scope, "blue", deserialize(blue.buffer()));
structSer->end( );
new (buffer.getBuffer()) Color(*red, *green, *blue);
s
}

Pucynox 23, npuxnao eiomeoperntsi koibopy
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Po3zaia 3. lemoncTpanis podoru
3.1 Onuc 3acTOCYHKY

Jlns npukiany 0yno oopano crBoputi RESTTul cepsic karanory me6iB. 3acToCyHOK
HiATPUMY€E TPH KaTeropii MeOJIiB: CTiJI, CTLIEIb Ta JbkKko. KoxkHa kaTeropis MiCTUTh
0CO0JIMBI XapaKTePUCTHKH, ajic BCl MalOTh Ha3BY 1A imeHTudikarii. [PucyHok 24,

iepapxist meOtiB]

SerializableObject

?

Furniture

-_name : string

Chair
Bed
, , Table
-_frameMaterial : string
. . . . -_includesMattress : bool
-_outerMaterial : optional -_material : string

-peopleCount : uint32_t
-_reclining : bool

Pucynoxk 24, iepapxis mebnie

3acTOCYHOK Ma€ JIB1 KIHIIEBI TOUKHU:

o «/furniture/(.+)» 3 merogom GET no3Bosisie oTpumaTi MeOJIi 3a Ha3BOIO.

o «/furniture» 3 meronom PUT no3Boiste nogpatu abo 3MiHUTH MeOJTi.
Jlanuii pyHKII1IOHAT CIIPSIMOBAHUN Ha IEMOHCTpALIIIO peatizailii HaMipy KOMYyHIKaIlii 3
kopuctyBauem. Dopmar, SKuii BUKOPUCTOBY€EThCS 117151 KomyHikaii — JSON.

Cepgep 30epirae nani y (aitoiii cuctemi, Keurye AaHi AJis YHUKAHHS 3YUTYyBaHHS
daiinis. Iy naHux ornepariii BAKOpUCTaHUN OiHapHUM popmat. DyHKITIOHAT IEMOHCTPYE
HaMip 30epeKeHHS TaHUX MIXK CECISIMU Ta KEITyBaHHS BAMOBIIHO.
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Jl71s1 TecTyBaHHS CEpBEp Ma€ MOMKIIMBICTh 3aBaHTaXUTH MakeTHI JaHi 3 JSSON ¢aitny, 1o
CIIPOIILY€E PO3POOKY.

Ha ocranoxk, cepsep BukopuctoBye JSON (haiin npu HalamTyBaHHI OPTY, HA IKOMY
cepBep OyJie O4iKyBaTH 3alHTH, Ta MOAY 3aCTOCYHKY. Tak sk y ¢haiiii MOKHa YHUKATH
1oJIst HEOOX1THI JIJIs1 HaJlallITyBaHHsI, iecepiali3aTop MOBUHEH OYTH TOTOBHUM JI0
MO>KJIMBOCTI B1JICYyTHOCTI 3Ha4eHb. Hampukias, sKIo KopucTyBad He BKa3aB MOPT,
3aCTOCYHOK BUkopucroByBatume 8080.

3.2 IlepeBipka npaune3aaTHOCTI

HanamtyBaHHs 3aCTOCYHKY MIiCTHTB 00’ €KT JIUIIIE 3 BKa3aHUM MOpTOM. [PrucyHok 25,

(aity HamamTyBaHHS 3aCTOCYHKY |

i
"port": 4300

¥

Pucynox 25, ¢atin nanawmysanus 3acmocyHKy

CepBep 3aBaHTaXyeThCs 31 3HaUeHHSIM TTopTy 4300 Ta MOIOM PO3pOOHUKA. 3UUTYIOTHCS
nani 3 mockData.json daiiny st TecTyBaHHS 3aCTOCYHKY. MeOJTi J01at0ThCs 10 TaKu

furnitures.

3.2.1 3anutu

Jlns nepesipku RESTTul cepsica OyB BukopucTanuii 3actocynok Postman.

HTTP 3anur Kouncoas/HT TP BignmoBiab
GET localhost:4300/furniture/Brimnes Using value from file
{
"hasValue": true,
"value": {
"type": "Bed",
"value": {

"name": "Brimnes",
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"IncludesMattress": false,

"peopleCount™; 1

}

GET localhost:4300/furniture/Noone

Couldn't read file
{

"hasValue": false

}

GET localhost:4300/furniture/
Eames%20Lounge%20Chair

Using value from file
{
"hasValue": true,
"value™: {
"type": "Table",
"value™: {
"name": "Eames Lounge Chair",

"material™; "wood"

}

10 cexyHn TiCast MUHYJIOTO 3alUTy
GET localhost:4300/furniture/
Eames%20Lounge%20Chair

Using value from cache: ETableTEames
Lounge Chair/[wood
{
"hasValue": true,
"value": {
"type": "Table",
"value": {
"name": "Eames Lounge Chair",

"material"; "wood"
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¥
¥
GET localhost:4300/furniture/ Using value from file
The%20Sitwell {
"hasValue": true,
"value™: {
"type": "Chair",
"value™: {

"name": "The Sitwell",

"frameMaterial: "wood",

"outerMaterial": {
"hasValue": true,

"value": "cotton

2

"reclining": true

}

PUT localhost:4300/furniture
{
"type": "Table",
"value™: {
"name": "Lolounge",

"material™; "metal"

¥

Status: 200 Ok

GET localhost:4300/furniture/Lolounge

Using value from file

{
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"hasValue": true,

"value™: {
"type": "Table",
"value™: {

"name": "Lolounge",

"material™; "metal”

}

3.3 llopiBHsIHHS 3 iHIIUMU peaJsi3anigaMu
Jlany cucteMy MOKHA IMOPIBHATHU 3 IBOMA IHIIMMU BaplaHTaMU: BUKOPUCTAHHS IBOX

010moTek cepiaizaiii moBepx opmaty adbo BukopucTanHs 0i0mioTeku Cereal.

S0 kopucTyBay BUOEpE BUKOPUCTOBYBATU 010J110TEKH JIJIst 30€pEKEHHS TOBEPX
(dbopmarty, TO BiH 3ITKHETHCS 3 HEOOXITHICTIO TyOJIFOBATH orepallli 30epexeHHs Ta
BIITBOPEHHS 1)1 BCiX 00’ ekTiB. JlaHa nmpobiiema Oyie yCckiIagHeHa yepe3 HeoOXiTHICTh
CaMOCTIHHO peanizyBaTu 30epekeHHs iepapXii kiaciB, amke 616miorexkn Boost.JSON ta

msgpack-C He miATPUMYIOTh YCIaJIKyBaHHS.

[MTopiusiaus 3 Cereal e ckinaaHimmM, apke 1aHa 0101i0Teka Mae 30BCIM THIIMN X1 10
30epexeHHs. Hama cucrema Mosxe OyTH ajanToBaHa JI0 1HIINX 00’ €KTHO-OPIEHTOBAHUX
MOB TpOTpamMyBaHHs, 00 BOHa HE BUKOPUCTOBYE ocobmmBocTel MoBu C++ y sizipi
cucTeMu. Y pe3yJibTaTi CUCTEMY MOKHA aJjanTyBaTH Ha CTOPOHI KJIIEHTY Ha MOBax sk Java
ta C#. Cereal aktuBHO BUKOpHCTOBY€E MA0I0OHHI (QYHKIIIT Ta MapaMeTpUyHI KJIACH TSI
30epexxkeHHs 00’ ekTiB. He3Bakaroum Ha Te, 110 1€ CPOoILye poooTy po3poOHuKam y C++,
il He MO>kHa OyJie peruIiKyBaTH 1IHIINX MOBaX, /i€ y3arajlbHeHe MporpaMyBaHHS

peanizoBaHO MO-1HIIOMY.

JIJ1st HalHTpOCTIIIOro 30epekeHHs 00'ekTy 3a qonmomMororo Cereal HeOOXiIHO 3HAYHO

MeHIIa KiJbKICTh kKoay. Hampukiaz, 30epexenns kiacy Chair morpedyBaiio 5 cTpidok
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KOy IOPIBHSHO 3 29 cTpivok Koay. [PucyHok 26, nmopiBHsHHS 3 cepiaizariiero Cereal]

// Cereal version
template<class Archive>
void serialize(Archive& ar)

{

ar(cereal::base class<Furniture>(this), frameMaterial, outerMaterial, reclining);
1
s

// Our version
Writer Chair::serializeCurrent() const

f
!

return [this](AbstractSerializer& serializer) {
auto stSer = serializer.sStruct();
stSer->begin();
stSer->sKeyVal("name", write(_name));
stSer->sKeyVal("frameMaterial", write(_frameMaterial));
stSer->sKey Val("outerMaterial", write(_outerMaterial));
stSer->sKeyVal("reclining", write(_reclining));
stSer->finish();

¥

}

Deserialize Chair::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {

DeserializeBuffer<string> name;
DeserializeBuffer<string> frameMaterial;
DeserializeBuffer<optional<string>> outerMaterial;
DeserializeBuffer<bool> reclining;
auto stSer = de.dStruct();
stSer->begin();
stSer->next(scope, "name", deserialize(name.buffer()));
stSer->next(scope, "frameMaterial", deserialize(frameMaterial.buffer()));
stSer->next(scope, "outerMaterial", deserialize(outerMaterial.buffer()));
stSer->next(scope, "reclining", deserialize(reclining.buffer()));
stSer->end();
new (buffer.getBuffer()) Chair(*name, *frameMaterial, *outerMaterial, *reclining);

35
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Pucynox 26, nopisnanns 3 cepianizayiero Cereal
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B inmomMy Bunaaky crpolieHHs, ki poouts Cereal yckimaaHiowTs Aecepiaiizaiito. Daitn
JUTs KoH(irypartii 3acToCyHKY He 3000B’s3aHui 30epiratu BCro iHGOpMaIlito, o y
Bumaaky Cereal mopomkye npobiemy, ajpke 0i0ioTeka He TATPUMYE TIOTIOHIX
MOJKITUBOCTEH. Y BHUMAJKY HAIIOI CACTEMH MO>KHA BUKOPUCTATH JieCepiaizaTop KIt0YiB-

3Ha4YeHb. [PucyHOK 27, mecepianizallisi HATAMTYBaHHS 3aCTOCYHKY ]

Deserialize Configuration::read(BufferAlloc& bufter)

f
1

return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<int> port;
bool hasPort = false;
DeserializeBuffer<bool> production;
bool hasProduction = false;
auto stSer = de.dMap();
stSer->begin();

while (stSer->hasMore())

{

auto next = stSer->nextKey();
if (next == "port") {
stSer->nextValue(scope, deserialize(port.buffer()));
hasPort = true;
j
else if (next = "production") {
stSer->nextValue(scope, deserialize(production.buffer()));
hasProduction = true;
b
b
int rPort = hasPort ? *port : 8080;
bool rProduction = hasProduction ? *production : false;
stSer->end();
new (buffer.getBuffer()) Configuration(rPort, rProduction);
K

1
s

Pucynok 27, decepianizayis nanawmysauHs 3acmoCyHKY

37



3.4 AHaJi3 pe3yJabTaTiB podoTH

CucreMa HajJlaja MOXIIMBICTh pealli3yBaTy cepialli3alliio JJIs pI3HUX HaMIpiB: 30epiraHHs
MiX CECiSIMH 3aCTOCYHKY, KEIITyBaHHS, KOMYHIKaIlisl, TECTyBaHHS Ta HaJallITyBaHHS.
Monenb naHuX Hazaga piBeHb CBOOO M, SIKU 3pO0OMB MOKIIMBHM JIecepiaizaiiio
00’€KTIB y BUITQ/IKaX, KOJIM HE BC1 3HAYEHHS MOXKYTb OyTH IPUCYTHIMHU, & TAKOX

aBTOMATUYHY MIATPUMKY AEKUIbKOX (hopMaTiB cepiaizaiii.

3 iH10ro 0OKY, KUIBKICTh KOy HEOOXiqHAa [Tl peai3allii mpocToi cepiamizalii €
3aBenuKoIo0. [IopiBHAHO 13 CUCTEMOIO crierianizoBaHoro i Moy C++ Hama peanizaiis

MICTUTD 3aBEJIUKY KUTBKICTh YCKJIaIHEHb.

Takox BapTO 3ayBaKUTH OOMEKEHICTh OTepalliii y MOJIeNl IaHUX Ta BIJICYTHICTh
MO>KJIMBOCTI BU3HAYUTH THI 1ToJis. Hampukitaz, 36epexenns std::optional moxe
ckimagaTucs 3i 30epexenns NUll y JSON ¢dopmari, ane noaioHa peamizartist 0y/e
HEMOKJIMBA Yyepe3 BIJCYTHICTh MOKJIMBOCTI BUSHAUEHHS 3UMTYBAHOTO TUITY ITi]1 Yac

necepianizarti.
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BucHoBku

VY nauiii poOOTI MpoaHaIi30BaHO HEOOX1IHICTh abCTpakLii cepiamizamii Ta ix Buau. Ha
OCHOBI aHaJI13y OyJI0 CTBOPEHO BJIACHY CUCTEMY cepiaiti3allii Serene, sika He 3aJIeKUTh Bl
0COOJIMBOCTEM MMEBHOT MOBH MTPOTPAMyBaHHSI.

CTBOpEHY CHCTEMY B)KE€ MOKHA BUKOPHCTOBYBATH 3aMiCTh TakuX 0i0mioTek, sik Cereal,
gyepe3 OUIbITy cBOOOAY HaJaHy MOJIEIUTIO TaHUX.

[TonaneIn JOCHIKEHHS Y 1i# chepl MOXKYTh OYTH 3yMOBJIEH] CIIPOIIICHHSM
KOPUCTYBaHHS MOJIEJIl, PO3IIMPEHHS ii Ta peari3alliio CHCTEMH 1HIIIMMHA MOBAMH
nporpamyBaHHs. Mojienb He miaATpuMye 0a30B1 TUIH JIaHUX SK YUCIIa 3 PyXOMOIO
Kpamnkolo, HyJIbOB1 3HAU€HHA Ta O1HApHI MacHBH, 110 CYTTEBO OOMEXKYE 11 MOKIMBOCTI.
Takox, BapTo Oys10 O CTBOPUTH 1€pAPX1I0 MOMUJIIOK, SIKI MOXYTh BUHUKATH IT1]T Yac
cepiaizalii, aJpke cucTeMa rmoBepTaTUMeE Pi3H1 TUITH TOMIJIOK 3aJIEKHO B1JT
BUKOPHUCTAHOTO cepiajizaTopa.
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Hoxarok A. LmrocTpaniiiHuii MmaTepiaJj ajs 101M0Biai

class Employee {
friend ostream& operator<< // These have to be friends
(ostream& out, const Employee& emp); // so they can access
friend istream& operator>> // nonpublic members
(istream& in, Employee& emp);
public:
Employee() {}
~Employee() {}
private:
string firstName_;
string lastName_;
}s
// Send an Employee object to an ostream...
ostream& operator<<(ostream& out, const Employee& emp) {
out << emp.firstName_ << endl;
out << emp.lastName_ << endl;
return(out);
}
// Read an Employee object from a stream
istream& operator>>(istream& in, Employee& emp) {
in >> emp.firstName_;
in >> emp.lastName_;
return(in);

kg

Pucynox 28, Ilpuxnao npocmoi cepianizayii

OGexT MoTik GanTie

IHCTPYELLT
KOpWUCTyBaua

Pucynoxk 29, cmpyxmypa npocmoi cepianizayii

42



) /.-\J
-

O0'ekT dopmar

MoTik GaiTie

IHCTpY LT IHCTPY KL
KopucTyeada apxisaropy

Pucynox 30, cmpykmypa cepianizayii nosepx ¢popmamy

boost::json::value save() {
boost::json::object obj;

obj["first_name"] = _firstName;
obj["second_name"] = _lastName;
return obj;

}

static Person read(boost::json::value& v) {
boost::json::object& obj = v.as_object();
return Person(
std::string(obj["first_name"].as_string().operator boost::json::string_view()),
std::string(obj["second_name"].as_string().operator boost::json::string_view()));

Pucynox 31, npuxnao cepianizayii nosepx gpopmamy

X | Moaenk XML Morik GariTie

AEHNK

O0exT

IHCTRY KT
KopuCTyEaUa

IHCTRY LT
Mmogeni

iHCTpYELT
dopraty

Pucynox 32, cmpykmypa cepianizayii nosepx mooeni 0anux
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pub trait Serializer {
type 0Ok;
type Error: Error;
type SerializeSeq: SerializeSeq<0Ok = Self::0k, Error = Self::Error>;
type SerializeMap: SerializeMap<Ok = Self::0k, Error = Self::Error>;
type SerializeStruct: SerializeStruct<Ok = Self::0k, Error = Self::Error>;

// Required methods

fn serialize_bool(self, v: bool) -> Result<Self::0k, Self::Error>;
fn serialize_1i64(self, v: 164) -> Result<Self::0k, Self::Error>;
fn serialize_ub4(self, v: ub4) -> Result<Self::0k, Self::Error>;
fn serialize_char(self, v: char) -> Result<Self::0k, Self::Error>;
fn serialize_str(self, v: &str) -> Result<Self::0k, Self::Error>;

fn serialize_seq(self, len: Option<usize>) -> Result<Self::SerializeSeq, Self::Error>;
fn serialize_map(self, len: Option<usize>) -> Result<Self::SerializeMap, Self::Error>;
fn serialize_struct(self, name: &'static str,len: usize) -> Result<Self::SerializeStruct, Self::Error>;

Pucynox 33, uacmkose eusnauennss mooeni oanux Serde

struct Person {
first_name: String,
last_name: String,

impl Serialize for Person {
fn serialize<S>(&self, serializer: S) -> Result<S::0k, S::Error>
where
S: Serializer,

{
let mut state = serializer.serialize_struct("Person", 2)7;
state.serialize_field("first_name", &self.first_name);
state.serialize_field("last_name", &self.last_name);
state.end()

}

Pucynox 34, npuxnao cepianizayii nosepx mooeni 0anux
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let person = Person {
first_name: "Andrii".to_string(),
last_name: "Zahorulko".to_string(),

};
{
let mut msgpack_byte_buffer = Vec::<u8>::new();
person
.serialize(&mut rmp_serde::Serializer::new(&mut msgpack_byte_buffer))
.unwrap();
}
{
let mut json_byte_buffer = Vec::<u8>::new();
person
.serialize(&mut serde_json::Serializer::new(&mut json_byte_buffer))
.unwrap();
}

Pucynox 35, npuxnao 36epesicenns 06'ckmy dioniomerxoro Serde

MoTik GaiTie

DYHELT
cepianizauil . -
IHCTRYKLT
hopmarty

Pucynox 36, cmpykmypa wabnonnoi cepianizayii
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template<class Archive>

void serialize(Archive& ar, unsigned int version) {
ar& BOOST_SERIALIZATION_NVP(_firstName);
ar& BOOST_SERIALIZATION_NVP(_lastName);

}

template<class Archive>
void serialize(Archive& ar) {
ar(_firstName, _lastName);

}

Pucynox 37, npuxnao wabnonnoi cepianizayii

«interface»

AbstractSerializer

_sMap(size_t size) : unique_ptr<AbstractMapSer>
_sSeq(size_t size) : unique_ptr<AbstractSeqSer>
_sStruct() : unique_ptr<AbstractStructSer>
_sLong(long long value)

_sULong(unsigned long long value)
_sString(const std::string& value)

_sBool(bool value)

_sChar(char value)

[ ]

JSONSer BinarySer

-_out : Stream§; -_out : Stream&;

Pucynoxk 38, cmpyxmypa cepianizamopis
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AbstractMapSer

_sKeyVal(const std::string& key, const Writer& value)
_begin()
_finish()

AbstractSeqSer

_sNext(const Writer& value)
_begin()
_finish()

AbstractStructSer

_sKeyVal(const std::string& key, const Writer& value)
_begin()
_finish()

Pucynox 39, cxnaoeni cepianizamopu

«interface»

AbstractDeserializer

_dLong() : long long

_dULong() : unsigned long long

_dString() : string

_dBool() : bool

_dChar() : char

_dMap() : unique_ptr<AbstractMapDe>
_dSeq() : unique_ptr<AbstractSeqDe>
_dStruct() : unique_ptr<AbstractStructDe>

[/ i

JSONDe BinaryDe
-_in : ifstream; -_value : boost::json::valuet;
+JSONDe(boost::json::value& value) +BinaryDe(ifstream& value)

Pucynox 40, cmpyxmypa oecepianizamopis
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«interface»
AbstractMapDe

_hasMore() : bool

_nextKey() : string

_nextValue(DeserialzationScopeft, const Deserializet)
_begin()

_end()

~AbstractMapDe()

«interface»
AbstractSeqDe

_hasMore() : bool

_nextltem(DeserialzationScopett, const Deserialize&)
_begin()

_end()

~AbstractSeqDe()

«interface»
AbstractStructDe

next(DeserialzationScopeé scope, const std::stringét, const Deserialize&) : = 0;
_begin()

_end()

~AbstractStructDe()

Pucynok 41, cmpyxmypa cknadenux decepianizamopis

using Writer = std::function<void(AbstractSerializer&)>;

inline Writer write(std::same_as<long long> auto v) {
return [v](AbstractSerializer& s) {s.sLong(v); };

}

Pucynox 42, euenso ¢pynxuyii cepianizayii

template<typename T>

requires std::derived_from<T, SerializableObject>
inline Writer write(const T& v) {

return v.serialize();

Pucynox 43, ¢pynruyis cepianizayii 06 'exmy, sikuti ycnaokosye SerializableObject
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template<typename T>
requires std::derived_from<T, SerializableObject>
inline Writer write(const T* v) {
return [v](AbstractSerializer& s) {
auto structSer = s.sStruct();
structSer->begin();
structSer->sKeyVal("type", write<std::string>(v->getObjectName()));
structSer->sKeyVal("value", write<T>(*v));
structSer->finish();

};

Pucynox 44, cepianizayis nonimopghiunux munis

Writer Color::serilaizeCurrent() const

{
return [this](AbstractSerializer& se) {
unsigned long long value =
(unsigned long long) _red << 16
| (unsigned long long) _green << 8
| (unsigned long long) _blue;
write(value)(se);
};
}

Pucynox 45, cepianizayis 3a 0onomozoro cneyianizayii pynkyii
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Writer Color::serilaizeCurrent() const
{
return [this](AbstractSerializer& se) {
se.sULong((unsigned long long) _red << 16
| (unsigned long long) _green << 8
| (unsigned long long) _blue);
s
}

Pucynox 46, cepianizayis 3a 0onomozor memooie mooeni OaHUxX

return [this](AbstractSerializer& se) {
auto structSer = se.sStruct();
structSer->begin();
structSer->sKeyVal("red", write(_red));
structSer->sKeyVal("green", write(_green));
structSer->sKeyVal("blue", write(_blue));
structSer->finish()

b

}s

Pucynox 47, cepianizayis ckradenoco 06'ekmy

50



«interface»
BufferAlloc

getBuffer() : char®

HeapAlloc
StackAlloc<T>

-buffer : char?;
buffer[] : char;

+HeapAlloc(bufferSize size_t)

Pucynox 48, cmpyxmypa anoxamopis nam ami

using Deserialize =
std::function<void(AbstractDeserializer&, DeserialzationScope&)>;

template<typename T>
requires std::same_as<T, long long>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {
new (v.getBuffer()) long long(de.dLong());
s
¥

Pucynoxk 49, siomeopenns muny
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Deserialize Color::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<char> red;
DeserializeBuffer<char> green;
DeserializeBuffer<char> blue;
auto structSer = de.dStruct();
structSer->begin();
structSer->next(scope, "red", deserialize(red.buffer()));
structSer->next(scope, "green", deserialize(green.buffer()));
structSer->next(scope, "blue", deserialize(blue.buffer()));
structSer->end();
new (buffer.getBuffer()) Color(*red, *green, *blue);

Pucynox 50, npuxnao eiomeopenms konvopy

SerializableObject

]

Furniture

-_name : string

Chair
Bed

) ) Table
-_frameMaterial : string

] i ; ) -_includesMattress : bool
-_outerMaterial : optional -_material : string

-peopleCount : uint32_t

-_reclining : bool

Pucynox 51, iepapxis mebnie
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"port": 4300
¥

Pucynox 52, ¢paiin nanawmyeanms 3acmocyHKy

HTTP 3anut

Koncoas/HTTP Bignosiae

GET localhost:4300/furniture/Brimnes

Using value from file
{
"hasValue": true,
"value": {
"type": "Bed",
"value™: {
"name": "Brimnes",
"includesMattress": false,

"peopleCount™: 1

}

GET localhost:4300/furniture/Noone

Couldn't read file
{

"hasValue": false

}

GET localhost:4300/furniture/
Eames%20Lounge%20Chair

Using value from file

{
"hasValue": true,
"value": {

"type": "Table",

"value": {
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"name": "Eames Lounge Chair",

"material"; "wood"

}

10 cexyH[ miciisi MUHYJIOTO 3aUTY
GET localhost:4300/furniture/
Eames%20Lounge%20Chair

Using value from cache: ETableTEames
Lounge Chair/[wood
{
"hasValue": true,
"value™: {
"type": "Table",
"value™: {
"name"': "Eames Lounge Chair",

"material™; "wood"

¥
¥
¥
GET localhost:4300/furniture/ Using value from file
The%20Sitwell {
"hasValue": true,
"value™: {
“type": "Chair",
"value™: {

"name": "The Sitwell",

"frameMaterial: "wood",

"outerMaterial": {
"hasValue": true,

"value": "cotton"

2
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"reclining": true

}

PUT localhost:4300/furniture
{
"type": "Table",
"value": {
"name": "Lolounge",

"material"; "metal"

¥

Status: 200 Ok

GET localhost:4300/furniture/Lolounge

Using value from file

{

"hasValue": true,

"value": {
"type": "Table",
"value™: {

"name": "Lolounge",

"material"; "metal"
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// Cereal version
template<class Archive>
void serialize(Archive& ar)

{

ar(cereal::base class<Furniture>(this), frameMaterial, outerMaterial, reclining);
1
§

// Our version
Writer Chair::serializeCurrent() const
{
return [this](AbstractSerializer& serializer) {
auto stSer = serializer.sStruct();
stSer->begin();
stSer->sKeyVal("name", write(_name));
stSer->sKey Val("frameMaterial", write(_frameMaterial));
stSer->sKeyVal("outerMaterial", write(_outerMaterial));
stSer->sKeyVal("reclining", write(_reclining));
stSer->finish();
|5
}

Deserialize Chair::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<string> name;
DeserializeBuffer<string> frameMaterial;
DeserializeBuffer<optional<string>> outerMaterial;
DeserializeBuffer<bool> reclining;
auto stSer = de.dStruct();
stSer->begin();
stSer->next(scope, "name", deserialize(name.buffer()));
stSer->next(scope, "frameMaterial", deserialize(frameMaterial.buffer()));
stSer->next(scope, "outerMaterial", deserialize(outerMaterial.buffer()));
stSer->next(scope, "reclining", deserialize(reclining.buffer()));
stSer->end();
new (buffer.getBuffer()) Chair(*name, *frameMaterial, *outerMaterial, *reclining);
K
}

Pucynok 53, nopisusnus 3 cepianizayicio Cereal
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Deserialize Configuration::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<int> port;
bool hasPort = false;
DeserializeBuffer<bool> production;
bool hasProduction = false;
auto stSer = de.dMap();
stSer->begin();
while (stSer->hasMore())
{
auto next = stSer->nextKey();
if (next == "port") {
stSer->nextValue(scope, deserialize(port.buffer()));
hasPort = true;
}
else if (next == "production") {
stSer->nextValue(scope, deserialize(production.buffer()));

hasProduction = true;

}
}

int rPort = hasPort ? *port : 8080;
bool rProduction = hasProduction ? *production : false;
stSer->end();
new (buffer.getBuffer()) Configuration(rPort, rProduction);
I
b

Pucynoxk 54, oecepianizayiss nanawimyeanus 3aCmocyHK)
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Honatok b, Ilporpamui koau peaJizanii cucremu Ha C++ 20
access.cpp

#include "access.h"
#include <fstream>
#include <format>
#include "BinaryDe.h"
#include "BinarySer.h"
#include "DeserializeExt.h"
#include <sstream>
#include <boost/json.hpp>

#include "JSONDe.h"

std::mutex cacheMutex;

std::map<std::string, std::string> cashedFurniture;

Configuration loadConfig()

{
DeserializeBuffer<Configuration> configurationBuffer;
std::ifstream configReader("./furnitureOther/config.json");

boost::json::value v(boost::json::parse(configReader));
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JSONDe de(v);
DeserialzationScope scope;

deserialize(configurationBuffer.buffer())(de, scope);

return *configurationBuffer;

void updateCache()

{
cacheMutex.lock();
cashedFurniture.clear();
cacheMutex.unlock();

}

std::shared_ptr<Furniture> loadFromCache(const std::string& name) {
std::cout << "Using value from cache: " << cashedFurniture.at(name) << std::endl;
DeserializeBuffer<Furniture*> furniture;
std::istringstream stream(cashedFurniture.at(name));
BinaryDe de(stream);
DeserialzationScope scope;
deserialize(furniture.buffer())(de, scope);

return std::shared_ptr<Furniture>(*furniture);
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void addToCache(const Furniture& furniture) {

cacheMutex.lock();

{
std::ostringstream stream;
BinarySer ser(stream);
write(&furniture)(ser);
/lauto str = stream.str();
//std::ofstream test(*'furnitureOther/test.txt");
[Itest << str;
cashedFurniture.emplace(furniture.name(), stream.str());

¥

cacheMutex.unlock();

optional<std::shared_ptr<Furniture>> getFurniture(const std::string& name)

{

cacheMutex.lock();

if (cashedFurniture.contains(name)) {
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auto v = loadFromCache(name);

cacheMutex.unlock();

return v;
¥
else {
cacheMutex.unlock();
¥

string path = std::format(*"furnitures/{}", name);

std::ifstream file(path);

if (*file.is_open()) {
std::cout << "Couldn't read file" << std::endl;

return optional<std::shared_ptr<Furniture>>();

std::cout << "Using value from file" << std::endl;
BinaryDe de(file);
DeserialzationScope scope;

DeserializeBuffer<Furniture*> furniture;
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deserialize(furniture.buffer())(de, scope);

std::shared_ptr<Furniture> result(*furniture);

addToCache(*result);

return result;

void insertFurniture(const Furniture& f)
{
cacheMutex.lock();
cashedFurniture.erase(f.name());

cacheMutex.unlock();

string path = std::format("furnitures/{}", f.name());
std::ofstream file(path);

file.clear();

BinarySer ser(file);

write(&f)(ser);
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void loadTestData()

{

DeserializeBuffer<std::vector<std::unique_ptr<Furniture>>> furnitures;
std::ifstream stream(*./furnitureOther/mockData.json");
boost::json::value v(boost::json::parse(stream));

JSONDe de(v);

DeserialzationScope scope;

deserialize(furnitures.buffer())(de, scope);

auto items = *furnitures;
for (auto& v : items) {

insertFurniture(*v);

Writer Configuration::serializeCurrent() const

{

return [this](AbstractSerializer& serializer) {

auto stSer = serializer.sMap(2);
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stSer->begin();
stSer->sKeyVal("port", write(_port));
stSer->sKeyVal("production™, write(_production));

stSer->finish();

Deserialize Configuration::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<int> port;
bool hasPort = false;
DeserializeBuffer<bool> production;
bool hasProduction = false;
auto stSer = de.dMap();
stSer->begin();
while (stSer->hasMore())
{
auto next = stSer->nextKey();
If (next =="port") {
stSer->nextValue(scope, deserialize(port.buffer()));

hasPort = true;
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¥

else if (next == "production™) {
stSer->nextValue(scope, deserialize(production.buffer()));

hasProduction = true;

¥

int rPort = hasPort ? *port : 8080;
bool rProduction = hasProduction ? *production : false;
stSer->end();

new (buffer.getBuffer()) Configuration(rPort, rProduction);

access.h
#pragma once
#include <memory>

#include "furniture.h"

class Configuration : public SerializableObject {
RegisterSerializeClass(Configuration);

private:
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int _port;

bool _production;

virtual Writer _serialize() const { return serializeCurrent(); }
public:

Configuration(int port, bool production) : _port(port), _production(production) {}

Writer serializeCurrent() const;

static Deserialize read(BufferAlloc&);

int port() const { return _port; }

bool inProduction() const { return _production; }

Configuration loadConfig();

void updateCache();

optional<std::shared_ptr<Furniture>> getFurniture(const std::string& name);

void insertFurniture(const Furniture& f);
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void loadTestData();

BinaryDe.cpp

#include "BinaryDe.h"

long long BinaryDe::_dLong()

{
/Nong long v = 0;
[[for (size_ t1=0;1<8;i++)
1{
Il char next;
I _in >> next;
I V = (V + next) << §;
I}
return (long long)_dULong();
by

unsigned long long BinaryDe::_dULong()
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unsigned long long v = 0;

char next;

_in >>next;

int currentPos = 0;

while ((next & 0x80) == 0) {
Vv |= ((unsigned long long)(next) << currentPos);
currentPos +=7;
_in>>next;

¥

V |= ((unsigned long long)(next & 0x7F) << currentPos);

return v;

std::string BinaryDe::_dString()

{

unsigned long long size = dULong();
char* ¢ = new char[size];

_in.read(c, size);

std::string s(c, size);

delete[] c;
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return s;

bool BinaryDe::_dBool()

{
bool b;
_in>>D;
return b;
by

char BinaryDe::_dChar()

{
char c;
_in>>¢;
return c;
}

std::unique_ptr<AbstractMapDe> BinaryDe::_dMap()

{

return std::unique_ptr<AbstractMapDe>(new BinaryMapDe(_in, *this));
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std::unique_ptr<AbstractSeqDe> BinaryDe::_dSeq()

{

return std::unique_ptr<AbstractSeqDe>(new BinarySeqDe(_in, *this));

std::unique_ptr<AbstractStructDe> BinaryDe::_dStruct()

{

return std::unique_ptr<AbstractStructDe>(new BinaryStructDe(*this));

bool BinaryMapDe::_hasMore()

{

return _size > 0;

std::string BinaryMapDe::_nextKey()

{

return _de.dString();

void BinaryMapDe::_nextValue(DeserialzationScope& scope, const Deserialize&
deserialize)

{
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deserialize(_de, scope);

_Size--;

void BinaryMapDe::_begin()

{

_size = _de.dULong();

void BinaryMapDe::_end()

{

bool BinarySeqDe:: _hasMore()

{

return _size > 0;

void BinarySeqDe::_nextltem(DeserialzationScope& scope, const Deserialize&

deserialize)

{

deserialize(_de, scope);
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--_Size;

void BinarySeqDe::_begin()

{

_size = _de.dULong();

void BinarySegDe::_end()

void BinaryStructDe:: _next(DeserialzationScope& scope, const std::string&, const

Deserialize& deserialize)

{

deserialize(_de, scope);

void BinaryStructDe::_begin()

void BinaryStructDe::_end()
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BinaryDe.h

#pragma once

#include "Deserializer.h™
#include <fstream>

#include "types.h”

class BinaryDe final : public AbstractDeserializer {
private:
InStream& _in;
virtual long long _dLong() override;
virtual unsigned long long _dULong() override;
virtual std::string _dString() override;
virtual bool _dBool() override;
virtual char _dChar() override;
virtual std::unique_ptr<AbstractMapDe> dMap() override;
virtual std::unique_ptr<AbstractSeqDe> _dSeq() override;

virtual std::unique_ptr<AbstractStructDe> _dStruct() override;

public:
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BinaryDe(InStreamé& in) : _in(in) {}

class BinaryMapDe final : public AbstractMapDe {
private:
InStream& _in;
BinaryDe& de;
Size t_size =0;
virtual bool _hasMore() override;
virtual std::string _nextKey() override;
virtual void _nextValue(DeserialzationScope&, const Deserialize&) override;
virtual void _begin() override;
virtual void _end() override;
public:

BinaryMapDe(InStream& in, BinaryDe& de) : _in(in), _de(de) {}

class BinarySeqDe final : public AbstractSeqDe {
private:
InStream& _in;

BinaryDe& de;
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size t_size =0;
virtual bool _hasMore() override;
virtual void _nextltem(DeserialzationScope&, const Deserialize&) override;
virtual void _begin() override;
virtual void _end() override;
public:

BinarySeqDe(InStream& in, BinaryDe& de) : _in(in), _de(de) {}

class BinaryStructDe final : public AbstractStructDe {
private:
BinaryDe& de;

virtual void _next(DeserialzationScope& scope, const std::string&, const

Deserialize&) override;
virtual void _begin() override;
virtual void _end() override;
public:

BinaryStructDe(BinaryDe& de) : _de(de) {}

BinarySer.cpp

#include "BinarySer.h"
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#include <bitset>

std::unique_ptr<AbstractMapSer> BinarySer::_sMap(size_t size)

{

return std::unique_ptr<AbstractMapSer>(new BinaryMapSer(size, *this, _out));

std::unique_ptr<AbstractSeqSer> BinarySer::_sSeq(size t size)

{

return std::unique_ptr<AbstractSeqSer>(new BinarySeqSer(size, *this, _out));

std::unique_ptr<AbstractStructSer> BinarySer::_sStruct()

{

return std::unique_ptr<AbstractStructSer>(new BinaryStructSer(*this, _out));

void BinarySer::_sLong(long long v)

{

_sULong((unsigned long long) v);
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/I _out

Il << char(v >> 56) << char(v >> 48) << char(v >> 40) << char(v >> 32) <<

char(v >> 24) << char(v >> 16) << char(v >> 8) << char(v);

¥

void BinarySer::_sULong(unsigned long long v)
{
long long vCur =v;
while (vCur > 0x7F) {
char next = vCur & 0X7F;
_out << next;
vCur >>=7;
b
_out << char(0x80 | vCur);
_out.flush();
/I _out

Il << char(v >> 56) << char(v >> 48) << char(v >> 40) << char(v >> 32) <<

char(v >> 24) << char(v >> 16) << char(v >> 8) << char(v);

¥

void BinarySer::_sString(const std::string& v)
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sULong(unsigned long long(v.size()));

_out<<v;

void BinarySer::_sBool(bool v)

{

_out<<v;

void BinarySer::_sChar(char v)

{

_out<<vy;

BinaryMapSer::BinaryMapSer(size_t size, BinarySer& ser, OutStream& out) : _size(size),
_ser(ser), _out(out) {}

void BinaryMapSer::_sKeyVal(const std::string& k, const Writer& f)

{

if (_size--==0)
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throw ExceededSize();

_ser.sString(k);

f(_ser);

void BinaryMapSer::_begin() {

_ser.sULong(_size);

void BinaryMapSer::_finish()

{
if (_size 1=0)

throw _size;

BinarySeqSer::BinarySeqSer(size_t size, BinarySer& ser, OutStream& out)

. _size(size), ser(ser), out(out) {}

BinarySeqSer::~BinarySeqSer()

{
if (_size 1=0)

throw _size;
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void BinarySeqSer::_begin()

{

_ser.sULong((unsigned long) size);

void BinarySeqSer::_finish()

{
if (_size 1=0)

throw _size;

void BinarySeqgSer::_sNext(const Writer& t)

{
if (_size-- ==0)
throw ExceededSize();

t(_ser);

void BinaryStructSer::_finish() {}
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void BinaryStructSer::_begin() {}

inline void BinaryStructSer::_sKeyVal(const std::string&, const Writer& t)

{
t(_ser);

BinaryStructSer::BinaryStructSer(BinarySer& ser, OutStream& out) : _ser(ser), _out(out)
{

BinarySer.h

#pragma once
#include "Serializer.h"
#include <iostream>

#include <fstream>

#include "types.h"

class BinarySer;
class BinaryMapSer;
class BinarySeqSer;

class BinaryStructSer;
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class BinarySer final : public AbstractSerializer {
private:

OutStream& _out;

virtual std::unique_ptr<AbstractMapSer> sMap(size_t);
virtual std::unique_ptr<AbstractSeqSer> _sSeq(size_t);

virtual std::unique_ptr<AbstractStructSer> _sStruct();

virtual void _sLong(long long);
virtual void _sULong(unsigned long long);
/Ivoid sWString(std::wstring);
virtual void _sString(const std::string&);
virtual void _sBool(bool);
virtual void _sChar(char);

public:

BinarySer(OutStream& out) : _out(out) {};

class BinaryMapSer final : public AbstractMapSer {
private:

size_t_size;
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BinarySer& _ser;

OutStream& _out;

virtual void _sKeyVal(const std::string&, const Writer&);
virtual void _begin();
virtual void _finish();

public:

BinaryMapSer(size_t size, BinarySer& ser, OutStream& out);

class BinarySeqSer final : public AbstractSeqSer {
private:

size t _size;

OutStream& _out;

BinarySer& _ser;

virtual void _sNext(const Writer& v);
virtual void _begin();
virtual void _finish();

public:

BinarySeqSer(size_t size, BinarySer& ser, OutStream& out);
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~BinarySeqSer();

class BinaryStructSer final : public AbstractStructSer {
private:
OutStream& _out;
BinarySer& _ser;
virtual void _sKeyVal(const std::string&, const Writer&);
virtual void _begin();
virtual void _finish();
public:

BinaryStructSer(BinarySer& ser, OutStream& out);

BufferAlloc.h
#pragma once

#include <concepts>
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class BufferAlloc {
private:

virtual char* _getBuffer() = 0;
public:

virtual ~BufferAlloc() {};

inline char* getBuffer() { return _getBuffer(); }

template<typename T>
class StackAllocBuffer : public BufferAlloc {
private:

char _buffer[sizeof(T)];

bool _waslnitialized = false;

virtual char* _getBuffer() {

return _buffer;

public:

virtual ~StackAllocBuffer() {
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if (_waslnitialized)

reinterpret_cast<T*>(_buffer)->~T();

inline T* getValue() {

return reinterpret_cast<T*>(getBuffer());

¥
T&& operator*() {

return std::move(*reinterpret_cast<T*>(getBuffer()));
}

void setWaslnitialized(bool waslInitialized) { _waslnitialized = waslnitialized; }

class HeapAllocBuffer : public BufferAlloc {
private:

char* _buffer;

virtual char* _getBuffer() {

return _buffer;
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public:

HeapAllocBuffer(size t bufferSize) : _buffer(new char[bufferSize]) {}

ClassDiagram.cd
<?xml version="1.0" encoding="utf-8"?>
<ClassDiagram MajorVersion="1" MinorVersion="1">
<Class Name="BinarySer" Collapsed="true">
<Position X="5.5" Y="4.75" Width="1.5" />

<Typeldentifier>

<HashCode>BWAAAAAAAAAAAABQAEABAAAAAAGAAAIAAAAAAAAAIAA=<
/HashCode>

<FileName>BinarySer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="BinaryMapSer" Collapsed="true">
<Position X="5.5" Y="1.75" Width="1.5" />

<Typeldentifier>

<HashCode>AQAABAAAAAAABAAAAAAAACAQAAAAAAAAAAAACAIAAAA=
</HashCode>

<FileName>BinarySer.h</FileName>
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</Typeldentifier>

</Class>

<Class Name="BinarySeqSer" Collapsed="true">
<Position X="0.5" Y="4.75" Width="1.5" />

<Typeldentifier>

<HashCode>AQAAAAAAAAAAIAAAAAAAAAAQAAAAAAAAAAIAGAIAAAA=<
/HashCode>

<FileName>BinarySer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="BinaryStructSer" Collapsed="true">
<Position X="2.75" Y="1.75" Width="1.5" />

<Typeldentifier>

<HashCode>AQAAAAAAAAAABAAAAAAAACAQAAAAAAAAAIAACAAAAAA=
</HashCode>

<FileName>BinarySer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractDeVisitor&lt;T&gt;" Collapsed="true">
<Position X="12" Y="0.5" Width="1.5" />

<Typeldentifier>
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<HashCode>AAAAIAAAAAAAAAAQAAAAAAAAACAAAACQABAAAAAAACA=
</HashCode>

<FileName>Deserializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractSeqgDe" Collapsed="true">
<Position X="10.25" Y="1.5" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAABAAAAQAAAAAAAAAAAAAAAAAAAAAAAAAAAA
=</HashCode>

<FileName>Deserializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractMapDe&It;MapValue&gt;" Collapsed="true">
<Position X="3.5" Y="6.5" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAA
=</HashCode>

<FileName>Deserializer.h</FileName>
</Typeldentifier>

</Class>
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<Class Name="AbstractDeAccess" Collapsed="true">
<Position X="10.25" Y="0.5" Width="1.5" />

<Typeldentifier>

<HashCode>IAAAABAAAAAAAAAAAAACAAAAAAAAAAAAAIAAAAAAAAA=
</HashCode>

<FileName>Deserializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractDeserializer" Collapsed="true">
<Position X="0.5" Y="6.5" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAQAAAAAA
=</HashCode>

<FileName>Deserializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONMapDe" Collapsed="true">
<Position X="3.5" Y="7.75" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
=</HashCode>
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<FileName>JSONDe.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONDe" Collapsed="true">
<Position X="0.5" Y="7.75" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAAAQAAAAAA
=</HashCode>

<FileName>JSONDe.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONSer" Collapsed="true">
<Position X="7.75" Y="4.75" Width="1.5" />

<Typeldentifier>

<HashCode>BWAAAAAQAAAAAABAAEABAAAAAAGAAAIAAAAAAAAAIAA=<
/HashCode>

<FileName>JSONSer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONMapSer" Collapsed="true">

<Position X="7.75" Y="1.75" Width="1.5" />
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<Typeldentifier>

<HashCode>AQAAAAAAAAAABCAgGAAAAACAAAAAAAAAAAAAACAAIAIA=<
/HashCode>

<FileName>JSONSer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONSeqSer" Collapsed="true">
<Position X="2.75" Y="4.75" Width="1.5" />

<Typeldentifier>

<HashCode>AQAAAAAAAAAEBAAAAAAAAAAQAAAAAAAAAAIACAAIAQA=
</HashCode>

<FileName>JSONSer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="JSONStructSer" Collapsed="true">
<Position X="0.5" Y="1.75" Width="1.5" />

<Typeldentifier>

<HashCode>AQAAAAAAAAAABAAQAAAAACAQAAAAGAAAAAAACAAIAAA=
</HashCode>

<FileName>JSONSer.h</FileName>

</Typeldentifier>
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</Class>
<Class Name="Node&lt;T&gt;" Collapsed="true">
<Position X="12" Y="1.5" Width="1.5" />

<Typeldentifier>

<HashCode>ABAAAAAAAACAAAAAGAAAAAAAAAAAAAAGAAAAAAEAAAA=
</HashCode>

<FileName>Node.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractSerializer&It;MapSer, SeqSer, StructSer&gt;" Collapsed="true">
<Position X="6.75" Y="3.5" Width="1.5" />

<Typeldentifier>

<HashCode>BgCAAAAAAAAAAABAAEABAAAAAAGAAAIAAAAAAAAAIAA=</
HashCode>

<FileName>Serializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractMapSer&lIt;S&gt;" Collapsed="true">
<Position X="6.75" Y="0.5" Width="1.5" />

<Typeldentifier>
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<HashCode>AAAAAAAAAAAAAAAAAAAAACAQQAAAAAAAAAAACAAAAAA
=</HashCode>

<FileName>Serializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractSeqSer&It;S&gt;" Collapsed="true">
<Position X="1.75" Y="3.5" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAAAAAQAQAAAAAAAAAAIACAAAAAA
=</HashCode>

<FileName>Serializer.h</FileName>
</Typeldentifier>
</Class>
<Class Name="AbstractStructSer&It;S&gt;" Collapsed="true">
<Position X="1.75" Y="0.5" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAAAAACAQAAAAAAAAAGAACAAAAAA
=</HashCode>

<FileName>Serializer.h</FileName>
</Typeldentifier>

</Class>
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<Struct Name="Person" Collapsed="true">
<Position X="12" Y="2.75" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAMAAAAAAAAAGAAAAAAAAAAAAAAAGAAAAAAAAAAAA
=</HashCode>

<FileName>Example.h</FileName>
</Typeldentifier>
</Struct>
<Struct Name="ExceededSize" Collapsed="true">
<Position X="10.25" Y="2.75" Width="1.5" />

<Typeldentifier>

<HashCode>AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
=</HashCode>

<FileName>Serializer.h</FileName>
</Typeldentifier>
</Struct>
<Font Name="Segoe UI" Size="9" />
</ClassDiagram>
ClassDiagram1.cd
<?xml version="1.0" encoding="utf-8"?>

<ClassDiagram />
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cpp.hint

// Hint files help the Visual Studio IDE interpret Visual C++ identifiers

I/ such as names of functions and macros.

Il For more information see https://go.microsoft.com/fwlink/?linkid=865984
#define __cpp_threadsafe_static_init

#define RegisterSerializeClass(type) static char type##Name[] = #type;
Staticlnit<registerClass<type##Name, type>>;

DeserializeExt.h
#pragma once
#include "Deserializer.h"

#include <list>

template<typename T>
concept PushDeserialize = requires(T t, const typename T::value_type & g) {

Deserializable<typename T::value_type>;

{t.push_back(qg) };

template<PushDeserialize T>

requires (Istd::same_as<std::string, T>) && (!std::derived_from<T,
SerializableObject>)

Deserialize read(BufferAlloc& buffer) {
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return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
auto seq = new (buffer.getBuffer()) T();
auto segDe = de.dSeq();
seqDe->begin();
while (seqgDe->hasMore()) {
DeserializeBuffer<typename T::value_type> buffer;
segDe->nextltem(scope, deserialize(buffer.buffer()));

seg->push_back(*buffer);

¥

seqDe->end();

template<typename V>
requires std::same_as<std::optional<typename V::.value type>, V>
Deserialize read(BufferAlloc& buffer) {
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<bool> hasValue;
auto st = de.dStruct();

st->next(scope, "hasValue", deserialize(hasValue.buffer()));
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if (*hasValue) {
DeserializeBuffer<typename V::value_type> value;
st->next(scope, "value", deserialize(value.buffer()));
new (buffer.getBuffer()) V(*value);

by

else {

new (buffer.getBuffer()) V();

template<typename T>
requires std::same_as<T, std::unique_ptr<typename T::element_type>>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<typename T::element_type*> value;
deserialize(value.buffer())(de, scope);

new (v.getBuffer()) T(*value);
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template<typename T>
requires std::same_as<T, std::shared_ptr<typename T::element_type>>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<typename T::element_type*> value;
deserialize(value.buffer())(de, scope);

new (v.getBuffer()) T(*value);

Deserializer.cpp

#include "Deserializer.h"

void* DeserialzationScope::read(const std::string& k) const

{

for (size_t i = scope.size(); i >=1; i--) {
if (scope[i - 1].contains(k)) {

return scope[i - 1].at(k);
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return nullptr;

Deserializer.h
#pragma once
#include <concepts>
#include <string>
#include <vector>
#include <iostream>
#include <iterator>
#include <map>
#include <functional>
#include <optional>
#include "Serializer.h"
#include "BufferAlloc.h"

#include "Staticlnit.h"

class AbstractDeserializer;

class DeserialzationScope {
private:

std::vector<std::map<std::string, void*>> scope;
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public:
inline void push() { scope.push_back({}); };
inline void pop() { scope.pop_back(); };
void* read(const std::string& k) const;

inline void write(const std::string& k, void* v) { scope.back().insert(std::pair(k, v));

using Deserialize = std::function<void(AbstractDeserializer&, DeserialzationScope&)>;

class AbstractMapDe {
private:
virtual bool _hasMore() = 0;
virtual std::string _nextKey() = 0;
virtual void _nextValue(DeserialzationScope&, const Deserialize&) = 0;
virtual void _begin() = 0;
virtual void _end() =0;
public:
virtual ~AbstractMapDe() {};
bool hasMore() { return _hasMore(); }

std::string nextKey() { return _nextKey(); }
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void nextValue(DeserialzationScope& scope, const Deserialize& de) {

_nextValue(scope, de); }
void begin() { _begin(); }

void end() { _end(); }

class AbstractSegDe {
private:
virtual bool _hasMore() = 0;
virtual void _nextltem(DeserialzationScope&, const Deserialize&) = 0;
virtual void _begin() = 0;
virtual void _end() = 0;
public:
virtual ~AbstractSegDe() {};
bool hasMore() { return _hasMore(); }

void nextltem(DeserialzationScope& scope, const Deserialize& de) {

_nextltem(scope, de); }
void begin() { _begin(); }

void end() { _end(); }

class AbstractStructDe {

private:
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virtual void _next(DeserialzationScope& scope, const std::string&, const

Deserialize&) = 0;
virtual void _begin() = 0;
virtual void _end() =0;
public:

void next(DeserialzationScope& scope, const std::string& key, const Deserialize&

de) { _next(scope, key, de); }
void begin() { _begin(); }

void end() { _end(); }

class AbstractDeserializer {
private:
virtual long long _dLong() = 0;
virtual unsigned long long _dULong() = 0;
virtual std::string _dString() = 0;
virtual bool _dBool() = 0;
virtual char _dChar() = 0;
virtual std::unique_ptr<AbstractMapDe> dMap() = 0;
virtual std::unique_ptr<AbstractSeqDe> dSeq() = 0;

virtual std::unique_ptr<AbstractStructDe> _dStruct() = 0;
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public:
virtual ~AbstractDeserializer() {};
long long dLong() { return _dLong(); }
unsigned long long dULong() { return _dULong(); }
std::string dString() { return _dString(); }
bool dBool() { return _dBool(); }
char dChar() { return _dChar(); }
std::unique_ptr<AbstractMapDe> dMap() { return _dMap(); }
std::unique_ptr<AbstractSeqDe> dSeq() { return _dSeq(); }

std::unique_ptr<AbstractStructDe> dStruct() { return _dStruct(); }

class DeserializationException : public std::exception {
private:

std::string message;

public:

explicit DeserializationException(const std::string& msg) : message(msg) {}

const char* what() const noexcept override {
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return message.c_str();

template<typename T>
concept Deserializable = requires(T t, BufferAlloc & buffer) {

{T::read(buffer)};

using PointerDeserialize = Deserialize(*)(HeapAllocBuffer& heap);

class DeserializationDescription {
private:
PointerDeserialize _deserialize;
unsigned long long _objectSize;
public:

DeserializationDescription(unsigned long long objectSize, PointerDeserialize&

deserialize) : _objectSize(objectSize), _deserialize(deserialize) {}
const PointerDeserialize& getDeserializer() const { return _deserialize; }

const size_t getObjectSize() const { return _objectSize; }
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class TypeAccumulator {
private:
std::map<std::string, DeserializationDescription> _map;
public:
static TypeAccumulator& getlnstance() {
static TypeAccumulator instance;

return instance;

inline void add(const std::string& s, const DeserializationDescription& d) {

_map.insert(std::make_pair(s, d)); };

inline const DeserializationDescription& find(const std::string& s) const { return
_map.at(s); };

};

template<typename T>

Deserialize read(BufferAlloc&);

template<typename T>
requires std::same_as<T, long long>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) long long(de.dLong());
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template<typename T>
requires std::same_as<T, int>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) int(de.dLong());

template<typename T>
requires std::same_as<T, unsigned long long>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) unsigned long long(de.dLong());

template<typename T>
requires std::same_as<T, unsigned int>

Deserialize read(BufferAlloc& v) {
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return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) unsigned int(de.dULong());

template<typename T>
requires std::same_as<T, std::string>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) std::string(de.dString());

template<typename T>
requires std::same_as<T, char>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) char(de.dChar());
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template<typename T>
requires std::same_as<T, bool>
Deserialize read(BufferAlloc& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope&) {

new (v.getBuffer()) bool(de.dBool());

template<typename T>
requires Deserializable<T>
Deserialize read(BufferAlloc& v) {

return T::read(v);

template<typename T>
Deserialize deserialize(StackAllocBuffer<T>& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope& scope) {
read<T>(v)(de, scope);

v.setWaslnitialized(true);
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template<typename T>
Deserialize deserialize(HeapAllocBuffer& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope& scope) {

read<T>(v)(de, scope);

template<typename T>
requires std::derived_from<T, SerializableObject>
Deserialize deserialize(T*& v) {

return [&V](AbstractDeserializer& de, DeserialzationScope& scope) {

StackAllocBuffer<std::string> type;
auto str = de.dStruct();

str->next(scope, "type", deserialize(type));

const DeserializationDescription& description =

TypeAccumulator::getinstance().find(*type);
HeapAllocBuffer obj(description.getObjectSize());

str->next(scope, "value", description.getDeserializer()(obj));
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Vv = reinterpret_cast<T*>(obj.getBuffer());

template<typename T>
concept HasRead = requires(T t, HeapAllocBuffer & buffer) {

{read<T>(buffer) };

template<HasRead T>
requires (!std::derived_from<T, SerializableObject>)
Deserialize deserialize(T*& v) {
return [&v](AbstractDeserializer& de, DeserialzationScope& scope) {
HeapAllocBuffer obj(sizeof(T));
read<T>(obj);

vV = reinterpret_cast<T*>(obj.getBuffer());

template<typename T>
Deserialize heapDeserialize(HeapAllocBuffer& buffer) {

return read<T>(buffer);
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¥

template<char const* name, typename T>

void registerClassDeserialize() {

auto de = &heapDeserialize<T>;

TypeAccumulator::getinstance().add(name, DeserializationDescription(sizeof(T),
de));

¥

#define RegisterSerializeClass(type) \

private: \

virtual const char* _getObjectName() const { return typeName; } \
public: \

static constexpr char typeName[] = #type; \

static inline Staticlnit<registerClassDeserialize<typeName, type>> init; \

template<typename T>

class DeserializeBuffer;
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template<typename T>

requires std::is_pointer<T>::value&&

std::derived_from<std::remove_pointer_t<T>, SerializableObject>
class DeserializeBuffer<T> {
private:

T _value = nullptr;

public:
inline T& buffer() { return _value; }
T& operator*() {
return _value;
}
h

template<typename T>

requires (!std::is_pointer<T>::value ||

Istd::derived_from<std::remove_pointer t<T>, SerializableObject>)
class DeserializeBuffer<T> {
private:
StackAllocBuffer<T> _buffer;
public:
inline StackAllocBuffer<T>& buffer() { return _buffer; }
T&& operator*() {

return *_buffer;
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Example.cpp

#include "Example.h”

Writer Person::serializeCurrent() const {
return [this](AbstractSerializer& s) {
auto structSer = s.sStruct();
structSer->begin();
structSer->sKeyVal("name", write(_name));
structSer->sKeyVal("age", write(_age));
structSer->sKeyVal(*"sex", write(_sex));

structSer->finish();

Deserialize Person::read(BufferAlloc& buffer)

{

return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {

DeserializeBuffer<std::string> name;
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DeserializeBuffer<unsigned int> age;
DeserializeBuffer<Sex> sex;

auto structDe = de.dStruct();

structDe->begin();

structDe->next(scope, "name", deserialize(name.buffer()));
structDe->next(scope, "age", deserialize(age.buffer()));
structDe->next(scope, "sex", deserialize(sex.buffer()));
structDe->end();

new (buffer.getBuffer()) Person(*name, *age, *sex);

void Person::show(std::ostream& 0)

{

0<< name<<" "<< age<<" " << sex;

Writer Student::serializeCurrent() const

{

return [this](AbstractSerializer& s) {
auto structSer = s.sStruct();

structSer->begin();

115



structSer->sKeyVal("Person”, this->Person::serializeCurrent());
structSer->sKeyVal("languages”, write(_languages));

structSer->finish();

Deserialize Student::read(BufferAlloc& buffer)

{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<Person> person;
DeserializeBuffer<std::vector<std::string>> languages;
auto structDe = de.dStruct();
structDe->begin();
structDe->next(scope, "Person", deserialize(person.buffer()));
structDe->next(scope, "languages”, deserialize(languages.buffer()));
structDe->end();
new (buffer.getBuffer()) Student(*person, *languages);
Y
b

void Student::show(std::ostreamé& 0)

{
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0 << (Person&)(*this) <<"';
for (size_ti=0;i<_languages.size(); i++)

{

0 << _languages[i] << ", ™;

Writer Color::serilaizeCurrent() const

{
return [this](AbstractSerializer& se) {
auto structSer = se.sStruct();
structSer->begin();
structSer->sKeyVal("red", write(_red));
structSer->sKeyVal("green™, write(_green));
structSer->sKeyVal("blue", write(_blue));
structSer->finish();
h
¥

Deserialize Color::read(BufferAlloc& buffer)

{
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return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<char> red,;
DeserializeBuffer<char> green;
DeserializeBuffer<char> blue;
auto structSer = de.dStruct();
structSer->begin();
structSer->next(scope, "red", deserialize(red.buffer()));
structSer->next(scope, "green”, deserialize(green.buffer()));
structSer->next(scope, "blue", deserialize(blue.buffer()));
structSer->end();

new (buffer.getBuffer()) Color(*red, *green, *blue);

Example.h

#pragma once

#include <string>
#include "Serializer.h"
#include "Deserializer.h"

#include "DeserializeExt.h"

enum Sex {
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male, female

Writer write(const std::same_as<Sex> auto& v) {
return [&v](AbstractSerializer& s) {
switch (v)
{
case male:
s.sString("male™);
break;
case female:
s.sString(""female");

break:

template<typename T>
requires std::same_as<T, Sex>
Deserialize read(BufferAlloc& v) {

return [&Vv](AbstractDeserializer& s, DeserialzationScope&) {
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std::string value = s.dString();

if (value =="male") {

new (v.getBuffer()) Sex(male);
by
else if (value == "female") {

new (v.getBuffer()) Sex(female);
b
else {

throw DeserializationException("Expected male or female string");

class Person : public SerializableObject {
private:
virtual const char* _getObjectName() const {

return typeName,

public:
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static constexpr char typeName[] = "Person”;

static inline Staticlnit<registerClassDeserialize<typeName, Person>> init;
private:

std::string _name;

unsigned int _age;

Sex _sex;
private:

Writer _serialize() const override { return serializeCurrent(); }
public:

Person(const std::string& name, const unsigned int& age, const Sex& sex)

: _name(name), age(age), sex(sex) {

Writer serializeCurrent() const;

static Deserialize read(BufferAlloc& buffer);

void show(std::ostream&);

inline const std::string& getName() const { return _name; }
inline unsigned int getAge() const { return _age; }

inline Sex getSex() const { return _sex; }
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inline std::ostream& operator<<(std::ostreamé& o, Person& p) {
p.show(0);

return o;

class Student : public Person {
RegisterSerializeClass(Student);
private:

std::vector<std::string> _languages;

Writer _serialize() const override { return serializeCurrent(); }

public:
Student(const Person& person, const std::vector<std::string>& languages)

: Person(person), _languages(languages) {

Student(const std::string& name, const unsigned int& age, const Sex& sex, const
std::vector<std::string>& languages)

: Person(name, age, sex), _languages(languages) {
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Writer serializeCurrent() const;
static Deserialize read(BufferAlloc& buffer);

void show(std::ostream&);

inline std::ostream& operator<<(std::ostream& o, Student& p) {
p.show(0);

return o;

class Color : public SerializableObject {
RegisterSerializeClass(Color);
private:
char _red;
char _green;
char _blue;

Writer _serialize() const override { return serilaizeCurrent(); }
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public:
Color(char red, char green, char blue) : _red(red), green(green), blue(blue) {}
static Deserialize read(BufferAlloc& buffer);

Writer serilaizeCurrent() const;

template<Serializable T>
class BinaryTree {
private:
struct Node {
T value;
Node* _left;
Node* _right;

Node(const T& value, Node* _left = nullptr, Node* _right = nullptr) :
_value(value), _left(_left), right(_right) {}

}

Node* _root;

public:
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BinaryTree() : _root(nullptr) {};

void add(const T&);

template<Serializable T>
inline void BinaryTree<T>::add(const T& v)
{
if (_root == nullptr)
_root = new Node(v);
Node* current;
while (true) {
if (v <current-> value && current->_left) {
current = current->_left;
}
else if (v > current->_value && current->_right) {
current = current->_right;
}
else {

return;
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if (v <current->_value) {

current->_left = new Node(v);

¥

else if (v > current->_value) {

current->_right = new Node(v);

furniture.cpp
#include "furniture.h"
#include "SerializeExt.h"

#include "DeserializeExt.h"

Writer Chair::_serialize() const

{

return serializeCurrent();

/ltemplate<class Archive>
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/Ivoid serialize(Archive& ar)

II{

Il ar(cereal::base_class<Furniture>(this), frameMaterial, outerMaterial, _reclining);

I}

Writer Chair::serializeCurrent() const
{
return [this](AbstractSerializer& serializer) {

auto stSer = serializer.sStruct();
stSer->begin();
stSer->sKeyVal("name", write(_name));
stSer->sKeyVal("frameMaterial”, write(_frameMaterial));
stSer->sKeyVal("outerMaterial™, write(_outerMaterial));
stSer->sKeyVal("reclining", write(_reclining));

stSer->finish();

Deserialize Chair::read(BufferAlloc& buffer)

{

return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {

DeserializeBuffer<string> name;
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DeserializeBuffer<string> frameMaterial;
DeserializeBuffer<optional<string>> outerMaterial;
DeserializeBuffer<bool> reclining;

auto stSer = de.dStruct();

stSer->begin();

stSer->next(scope, "name", deserialize(name.buffer()));
stSer->next(scope, "frameMaterial", deserialize(frameMaterial.buffer()));
stSer->next(scope, "outerMaterial", deserialize(outerMaterial.buffer()));
stSer->next(scope, "reclining”, deserialize(reclining.buffer()));
stSer->end();

new (buffer.getBuffer()) Chair(*name, *frameMaterial, *outerMaterial,

*reclining);

}

Writer Table::_serialize() const

{

return serializeCurrent();

Writer Table::serializeCurrent() const

{
128



return [this](AbstractSerializer& serializer) {
auto stSer = serializer.sStruct();
stSer->begin();
stSer->sKeyVal("name", write(_name));
stSer->sKeyVal("material”, write(_material));

stSer->finish();

Deserialize Table::read(BufferAlloc& buffer)
{
return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {
DeserializeBuffer<string> name;
DeserializeBuffer<string> material;
auto stSer = de.dStruct();
stSer->begin();
stSer->next(scope, "name", deserialize(hame.buffer()));
stSer->next(scope, "material”, deserialize(material.buffer()));
stSer->end();

new (buffer.getBuffer()) Table(*name, *material);
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Writer Bed::_serialize() const

{

return serializeCurrent();

Writer Bed::serializeCurrent() const

{
return [this](AbstractSerializer& serializer) {
auto stSer = serializer.sStruct();
stSer->begin();
stSer->sKeyVal("name", write(_name));
stSer->sKeyVal("includesMattress", write(_includesMattress));
stSer->sKeyVal("peopleCount", write(_peopleCount));
stSer->finish();
2
}

Deserialize Bed::read(BufferAlloc& buffer)

{

return [&buffer](AbstractDeserializer& de, DeserialzationScope& scope) {

DeserializeBuffer<string> name;
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DeserializeBuffer<bool> includesMattress;
DeserializeBuffer<uint32_t> peopleCount;

auto stSer = de.dStruct();

stSer->begin();

stSer->next(scope, "name", deserialize(name.buffer()));

stSer->next(scope, "includesMattress",

deserialize(includesMattress.buffer()));
stSer->next(scope, "peopleCount”, deserialize(peopleCount.buffer()));
stSer->end();

new (buffer.getBuffer()) Bed(*name, *includesMattress, *peopleCount);

furniture.h

#pragma once

#include <string>

#include "Serializer.h™

#include <optional>

#include "Deserializer.h™

/l#include <cereal/types/base_class.hpp>

/I#include <cereal/types/polymorphic.hpp>

using std::string;
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using std::optional;

class Furniture : public SerializableObject {
protected:
string _name;
public:
Furniture(string name) : _name(name) {}
Furniture() {}

virtual ~Furniture() {}

inline const string& name() const { return _name; }

/template<class Archive>

/Ivoid serialize(Archive& ar)

I

Il ar(_name);

In

class Chair : public Furniture {

RegisterSerializeClass(Chair);
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private:
string _frameMaterial;
optional<string> _outerMaterial,
bool _reclining;

virtual Writer _serialize() const;

public:

Chair(string name, string frameMaterial, optional<string> outerMaterial, bool

reclining) :

Furniture(name), _frameMaterial(frameMaterial),

_outerMaterial(outerMaterial), _reclining(reclining) {}

/ltemplate<class Archive>

/Ivoid serialize(Archive& ar)

II{

Il ar(cereal::base_class<Furniture>(this), frameMaterial, outerMaterial,

_reclining);

In

Writer serializeCurrent() const;

static Deserialize read(BufferAlloc&);
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class Table : public Furniture {

RegisterSerializeClass(Table);
private:

string _material;

virtual Writer _serialize() const;
public:

Table(string name, string material) : Furniture(name), _material(material) {}

/template<class Archive>

/Ivoid serialize(Archive& ar)

I

Il ar(cereal::base_class<Furniture>(this), material);

In

Writer serializeCurrent() const;

static Deserialize read(BufferAlloc&);

class Bed : public Furniture {

RegisterSerializeClass(Bed);
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private:
bool _includesMattress;
uint32_t peopleCount;
virtual Writer _serialize() const;
public:
Bed(string name, bool includesMattresse, uint32_t peopleCount) :

Furniture(name), _includesMattress(includesMattresse),

_peopleCount(peopleCount) {}

/template<class Archive>
/Ivoid serialize(Archive& ar)

I

Il ar(cereal::base_class<Furniture>(this), _includesMattress, peopleCount);

In

Writer serializeCurrent() const;

static Deserialize read(BufferAlloc&);

//ICEREAL_REGISTER_TYPE(Bed);
//CEREAL_REGISTER_TYPE(Chair);
/ICEREAL_REGISTER_TYPE(Table);

/ICEREAL_REGISTER_POLYMORPHIC_RELATION(Furniture, Bed);
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//CEREAL_REGISTER_POLYMORPHIC_RELATION(Furniture, Chair);

[/CEREAL_REGISTER_POLYMORPHIC_RELATION(Furniture, Table);

httpExample.cpp

#include <iostream>
#include <boost/asio.hpp>
#include <httplib.h>
#include "Deserializer.h"
#include "furniture.h"
#include <boost/json.hpp>
#include "JSONDe.h"
#include "JSONSer.h"
#include "access.h"
#include "SerializeExt.h"
#include "DeserializeExt.h"

#include "httpExample.h"

boost::asio::i0_service i0_service;

boost::posix_time::seconds interval(10); // 10 seconds

boost::asio::deadline_timer timer(io_service, interval);
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void task(const boost::system::error_code&)

{

// do something

updateCache();

I reschedule the timer for the next interval
timer.expires_at(timer.expires_at() + interval);

timer.async_wait(task);

void runHttpExample()

{

/l load configuration for the server

Configuration config(loadConfig());

loadTestData();

std::thread run_thread([&] {
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timer.async_wait(task);

io_service.run();

bk

httplib::Server svr;

svr.Get(R"(/furniture/(.+))", [J(const httplib::Request& req, httplib::Response& res)

auto name = reg.matches[1];
DeserializeBuffer<Furniture*> furniture;
try {

auto furniture = getFurniture(name);

std::ostringstream stream;

JSONSer ser(stream);

write(furniture)(ser);

res.set_content(reg.body, "application/json");

res.body = stream.str();
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catch (...) {

bk

svr.Put("/furniture”, [J(const httplib::Request& req, httplib::Response& res) {

DeserializeBuffer<Furniture*> furniture;

try {
boost::json::value v(boost::json::parse(req.body));
JSONDe de(v);
DeserialzationScope scope;
deserialize(furniture.buffer())(de, scope);
insertFurniture(**furniture);
delete* furniture;

}

catch (...) {

by

b;
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std::cout << "Port for server is: "' << config.port() << std::endl;

svr.listen("localhost", config.port());

httpExample.h

#pragma once

#include <boost/beast/core.hpp>
#include <boost/beast/http.hpp>
#include <boost/beast/version.hpp>
#include <boost/asio/connect.hpp>
#include <boost/asio/ip/tcp.hpp>
#include <iostream>

#include <string>

void runHttpExample();
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JSONDe.cpp
#include "JSONDe.h"

#include <iostream>

long long JSONDe::_dLong()

{

return _value.as_int64();

unsigned long long JSSONDe::_dULong()

{

//std::cout << std::boolalpha << _value.is_int64() << _value.is_uint64() <<

_value.as_int64();
if (_value.is_int64())
return _value.as_int64();
else

return _value.as_uint64();

std::string JSONDe::_dString()

{

return std::string(_value.as_string().operator std::string_view());
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bool JSONDe::_dBool()

{

return _value.as_bool();

char JSONDe::_dChar()

{

return _value.as_string()[0];

std::unique_ptr<AbstractMapDe> JSONDe:: dMap()

{

return std::unique_ptr<AbstractMapDe>(new JSONMapDe(_value.as_object()));

std::unique_ptr<AbstractSeqDe> JSONDe:: dSeq()

{

return std::unique_ptr<AbstractSeqDe>(new JSONSeqDe(_value.as_array()));

std::unique_ptr<AbstractStructDe> JSONDe::_dStruct()
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return std::unique_ptr<AbstractStructDe>(new JSONStructDe(_value.as_object()));

bool JSONMapDe::_hasMore()

{

return _current !=_last;

std::string JSONMapDe::_nextKey()

{
boost::json::string_view s = _current->key();
_currentValue = & _current->value();
returns;

}

void JSONMapDe::_nextValue(DeserialzationScope& scope, const Deserialize& d)

{

if (_currentValue == nullptr) {

throw DeserializationException("'Key/Value pair hasn't been read yet");
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¥

JSONDe deserializer = JSONDe(*_currentValue);
d(deserializer, scope);

++_current;

void JSONMapDe::_begin()

void JSONMapDe::_end()

bool JSONSeqDe:: _hasMore()

{

return _current !'=_last;

void JSONSeqgDe:: nextltem(DeserialzationScope& scope, const Deserialize& d)

{

JSONDe des(*_current);
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d(des, scope);

++_current;

void JSONSegDe::_begin()

void JSONSeqgDe::_end()

void JSONStructDe:: next(DeserialzationScope& scope, const std::string& key, const
Deserialize& d)

{
JSONDe des(_obj.at(key));

d(des, scope);

void JSONStructDe::_begin()
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void JSONStructDe::_end()

JSONDe.h

#pragma once

#include "Deserializer.h™
#include <fstream>
#include <optional>
#include <boost/json.hpp>

#include <boost/json/detail/value_from.hpp>

class JSONDe final : public AbstractDeserializer {

private:

boost::json::value& value;

virtual long long _dLong();

virtual unsigned long long _dULong();
virtual std::string _dString();

virtual bool _dBool();

virtual char _dChar();
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virtual std::unique_ptr<AbstractMapDe> _dMap();

virtual std::unique_ptr<AbstractSeqDe> _dSeq();

virtual std::unique_ptr<AbstractStructDe> _dStruct();
public:

JSONDe( boost::json::value& value) : _value(value) {};

class JSONMapDe final : public AbstractMapDe {
private:
boost::json::object::iterator _current;

boost::json::object::iterator _last;

boost::json::value* _currentValue = nullptr;

virtual bool _hasMore() override;
virtual std::string _nextKey() override;
virtual void _nextValue(DeserialzationScope& scope, const Deserialize&) override;
virtual void _begin() override;
virtual void _end() override;
public:

JSONMapDe(boost::json::object& map) : _current(map.begin()), _last(map.end())
{
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class JSONSeqDe final : public AbstractSeqDe {
private:
boost::json::array::iterator _current;

boost::json::array::iterator _last;

virtual bool _hasMore();
virtual void _nextltem(DeserialzationScope&, const Deserialize&);
virtual void _begin() override;
virtual void _end() override;
public:

JSONSeqDe(boost::json::array& arr) : _current(arr.begin()), _last(arr.end()) {}

class JSONStructDe final : public AbstractStructDe {
private:
boost::json::object& obj;

virtual void _next(DeserialzationScope& scope, const std::string&, const

Deserialize&);

virtual void _begin() override;
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virtual void _end() override;
public:

JSONStructDe(boost::json::object& obj) : _obj(obj) {}

JSONSer.cpp
#include "JSONSer.h"

#include <boost/json.hpp>

void JSONMapSer::_begin()

{

_out <<'{}

void JSONMapSer::_finish()

{

_out<<'};
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std::unique_ptr<AbstractMapSer> JSONSer::_sMap(size_t)

{

return std::unique_ptr<AbstractMapSer>(new JSONMapSer(_out, *this));

std::unique_ptr<AbstractSeqSer> JSONSer::_sSeq(size _t)

{

return std::unique_ptr<AbstractSeqSer>(new JSONSeqgSer(_out, *this));

std::unique_ptr<AbstractStructSer> JSONSer::_sStruct()

{

return std::unique_ptr<AbstractStructSer>(new JSONStructSer(_out, *this));

void JSONSer::_sLong(long long v)

{

_out <<y,

void JSSONSer::_sULong(unsigned long long v)
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_out<<v;

void JSONSer::_sString(const std::string& v)

{

_out << boost::json::serialize(boost::json::string(v));

void JSONSer::_sBool(bool v)

{

_out <<y,

void JSONSer::_sChar(char v)

{

_Out << ll\llll << V << Il\llll;

void JSONSeqSer::_begin()

{

_out<<'[};

151



void JSONSeqSer::_finish()

{

_out<<';

void JSONStructSer::_begin()

{

_out <<'{";

void JSONStructSer::_finish()

{

_out <<'};

void JSONMapSer::_sKeyVal(const std::string& k, const Writer& v)

{
if (addComma)

_out<<'’
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_ser.sString(k);
_out <<

v(_ser);

addComma = true;

void JSONStructSer::_sKeyVal(const std::string& k, const Writer& v)

{

if (addComma)

_out<<''
_ser.sString(k);
_out <<
v(_ser);

addComma = true;

void JSONSeqgSer::_sNext(const Writer& v)

{

if (addComma)
_out <<}
v(_sen);

addComma = true;
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JSONSer.h

#pragma once
#include "Serializer.h"
#include <fstream>
#include <memory>

#include "types.h”

class JSONSer;
class JSONMapSer;
class JSONSeqSer;

class JSONStructSer:

class JSONSer final
- public AbstractSerializer {
private:

OutStream& _out;

virtual std::unique_ptr<AbstractMapSer> _sMap(size_t);
virtual std::unique_ptr<AbstractSeqSer> _sSeq(size t);

virtual std::unique_ptr<AbstractStructSer> _sStruct();
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virtual void _sLong(long long);
virtual void _sULong(unsigned long long);
virtual void _sString(const std::string& v);
virtual void _sBool(bool);
virtual void _sChar(char);

public:
JSONSer(OutStream& out) : _out(out) {

out << std::boolalpha;

class JSONMapSer final : public AbstractMapSer {
private:

OutStream& _out;

JSONSer& _ser;

bool addComma = false;

virtual void _sKeyVal(const std::string&, const Writer& v);
virtual void _begin();
virtual void _finish();

public:

JSONMapSer(OutStream& out, JSONSer& ser) : _out(out), _ser(ser) { }
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~JSONMapSer() { }

class JSONSeqSer final : public AbstractSegSer {
private:
OutStream& _out;
JSONSer& _ser,
bool addComma = false;
virtual void _sNext(const Writer& v);
virtual void _begin();

virtual void _finish();

public:
JSONSeqSer(OutStream& out, JSONSer& ser) : _out(out), ser(ser) { }

~JSONSeqgSer() { }

class JSONStructSer final : public AbstractStructSer {

private:
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OutStream& _out;
JSONSer& _ser;
bool addComma = false;
virtual void _sKeyVal(const std::string&, const Writer&);
virtual void _begin();
virtual void _finish();
public:
JSONStructSer(OutStream& out, JSONSer& ser) : _out(out), _ser(ser) { }

~JSONStructSer() { }

main.cpp

#include "Serializer.h"
#include <vector>
#include <iostream>
#include <io.h>
#include <fstream>
#include "Deserializer.h"

#include "Example.h"

#include "Test.h"
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#include "httpExample.h"

using namespace std;

int main() {
IIserTestl();
runHttpExample();
by
Node.h
#pragma once

#include "Serializer.h"

template<typename T>
class Node {
private:
T value;
std::unique_ptr<Node<T>> next;
public:
Node(const T& value) : _value(value), next() {}

Node& connect(const T& nextValue);
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template<Serializer S>

void save(S& ser);

template<typename T>
inline Node<T>& Node<T>::connect(const T& nextValue)
{

_next.reset(new Node(nextValue));

return *_next;

[template<typename T>
[template<Serializer S>

/linline void Node<T>::save(S& ser)
11{

Il auto seqSer = ser.sSeq();

Il auto* current = this;

I

I}

resource.h
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/[{{NO_DEPENDENCIES}}
/I Microsoft Visual C++ generated include file.

I/ Used by SerTest.rc

I/ Next default values for new objects

I

#ifdef APSTUDIO_INVOKED

#ifndef APSTUDIO_READONLY_SYMBOLS

#define APS_NEXT RESOURCE VALUE 101
#define APS_NEXT _COMMAND VALUE 40001
#define APS_NEXT_CONTROL_VALUE 1001
#define APS_NEXT_SYMED_VALUE 101
#endif

#endif

SerializeExt.h
#pragma once

#include "Serializer.h"

template<typename T>
requires std::same_as<std::optional<typename T::value_type>, T>

inline Writer write(const T& v) {
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return[&v](AbstractSerializer& ser) {
auto st = ser.sStruct();
st->begin();
st->sKeyVal("hasValue", write(v.has_value()));
if (v.has_value()) {

st->sKeyVal("value", write(*v));

st->finish();

template<typename T>

requires std::same_as<std::unique_ptr<typename T::element_type>, T>
inline Writer write(const T& v) {

return [&v](AbstractSerializer& s) {

write(v.get()(s);

template<typename T>
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requires std::same_as<std::shared_ptr<typename T:.element_type>, T>
inline Writer write(const T& v) {

return [&v](AbstractSerializer& s) {

write(v.get())(s);

Serializer.h

#pragma once
#include <concepts>
#include <string>
#include <vector>
#include <iostream>
#include <iterator>
#include <map>
#include <functional>

#include <optional>

class AbstractSerializer;
class AbstractMapSer;
class AbstractSeqSer;

class AbstractStructSer;

162



using Writer = std::function<void(AbstractSerializer&)>;

class AbstractSerializer {

protected:
virtual ~AbstractSerializer() {}

private:
virtual std::unique_ptr<AbstractMapSer> sMap(size t) = 0;
virtual std::unique_ptr<AbstractSeqSer> sSeq(size t) =0;

virtual std::unique_ptr<AbstractStructSer> _sStruct() = 0;

virtual void _sLong(long long) = 0;

virtual void _sULong(unsigned long long) = 0;
virtual void _sString(const std::string&) = 0;
virtual void _sBool(bool) = 0;

virtual void _sChar(char) = 0;

public:

inline std::unique_ptr<AbstractMapSer> sMap(size_t s) { return _sMap(s); }

inline std::unique_ptr<AbstractSeqSer> sSeq(size_t s) { return _sSeq(s); };

inline std::unique_ptr<AbstractStructSer> sStruct() { return _sStruct(); };
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inline void sLong(long long v) { return _sLong(v); };

inline void sULong(unsigned long long v) { return _sULong(v); };
inline void sString(std::string v) { return _sString(v); };

inline void sBool(bool v) { return _sBool(v); };

inline void sChar(char v) { return _sChar(v); };

template<typename T>

concept Serializable = requires(T t) {

{write(t)};
3
class AbstractMapSer {
private:
virtual void _sKeyVal(const std::string&, const Writer&) = 0;
virtual void _begin() = 0;
virtual void _finish() = 0;
public:
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virtual ~AbstractMapSer() {}

inline void sKeyVal(const std::string& k, const Writer& v) { return _sKeyVal(k, v);

Y
void begin() { return _begin(); };
void finish() { return _finish(); };
Y
class AbstractSeqgSer {
private:
virtual void _sNext(const Writer& v) = 0;
virtual void _begin() = 0;
virtual void _finish() = 0;
public:
virtual ~AbstractSeqSer() {}
inline void sNext(const Writer& v) { return _sNext(v); }
inline void begin() { return _begin(); };
inline void finish() { return _finish(); };
o
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class AbstractStructSer {

private:
virtual void _sKeyVal(const std::string&, const Writer&) = 0;
virtual void _begin() = 0;

virtual void _finish() = 0;

public:

virtual ~AbstractStructSer() {}

inline void sKeyVal(const std::string& k, const Writer& v) { return _sKeyVal(k, v);

inline void begin() { return _begin(); };

inline void finish() { return _finish(); };

inline Writer write(std::same_as<long long> auto v) {

return [v](AbstractSerializer& s) {s.sLong(v); };

inline Writer write(std::same_as<unsigned long long> auto v) {

return [v](AbstractSerializer& s) {s.sULong(v); };
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inline Writer write(std::same_as<int> auto v) {

return write((long long)v);

inline Writer write(std::same_as<unsigned int> auto v) {

return write((unsigned long long) v);

inline Writer write(const std::same_as<std::string> auto& v) {

return [&V](AbstractSerializer& s) {s.sString(v); };

inline Writer write(const std::same_as<const char* const> auto& v) {

return [&V](AbstractSerializer& s) {s.sString(v); };

inline Writer write(std::same_as<bool> auto v) {
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return [v](AbstractSerializer& s) {s.sBool(v); };

inline Writer write(std::same_as<char> auto v) {

return [v](AbstractSerializer& s) {s.sChar(v); };

class SerializableObject {
private:

virtual Writer _serialize() const = 0;

virtual const char* _getObjectName() const = 0;
public:

inline Writer serialize() const { return _serialize(); }

inline const char* getObjectName() const { return _getObjectName(); }

template<typename T>
requires std::derived_from<T, SerializableObject>
inline Writer write(const T* v) {

return [v](AbstractSerializer& s) {

auto structSer = s.sStruct();
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structSer->begin();
structSer->sKeyVal("type", write<std::string>(v->getObjectName()));
structSer->sKeyVal("value", write<T>(*V));

structSer->finish();

template<typename T>
requires (!std::derived_from<T, SerializableObject>)
inline Writer write(const T* v) {
return [v](AbstractSerializer& s) {
auto structSer = s.sStruct();
structSer->begin();
structSer->sKeyVal("value", write<T>(*V));

structSer->finish();
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template<typename T>
concept Serializablelterator = requires(T t) {

T::reference;

Serializable<typename T::reference>;
{ ++t } -> std::same_as<T>;

{ *t } -> std::same_as<typename T::reference>;

template<typename T>

concept SerializableSeq = requires(T t) {
Serializablelterator<decltype(t.begin())>;
Serializablelterator<decltype(t.end())>;

{t.size()} -> std::same_as<size t>;

template<typename T>

concept SerializableMap = requires(T t) {
Serializablelterator<decltype(t.begin())>;
Serializablelterator<decltype(t.end())>;

{t.size()} -> std::same_as<size t>;
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typename T::key type;
typename T::value_type;

{*t.begin()} -> std::same_as < std::pair<typename T:.:key type, typename
T::value_type>>;

template<typename T>

requires (!std::same_as<T, std::string>) && SerializableSeq<T> &&

(Istd::derived_from<T, SerializableObject>)
inline Writer write(const T& v) {
return [&v](AbstractSerializer& s) {
auto seqSer = s.sSeq(v.size());
seqSer->begin();
for (auto iter = v.begin(); iter '= v.end(); ++iter) {
auto& current = *iter;
seqSer->sNext(write(current));

¥

segSer->finish();

template<typename T>
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requires (!std::same_as<T, std::string>) && SerializableMap<T> &&

(Istd::derived_from<T, SerializableObject>)
inline Writer write(const T& v) {
return [&v](AbstractSerializer& s) {
auto seqSer = s.sSeq(v.size());
seqSer->begin();
for (auto iter = v.begin(); iter = v.end(); ++iter) {
auto& current = *iter;
seqSer->sNext(write(current));

}
segSer->finish();

template<typename T>
requires std::derived_from<T, SerializableObject>
inline Writer write(const T& v) {

return v.serialize();
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struct ExceededSize {};

SerTest.vcxproj
<?xml version="1.0" encoding="utf-8"?>

<Project DefaultTargets="Build"

xmlns="http://schemas.microsoft.com/developer/msbuild/2003">
<ItemGroup Label="ProjectConfigurations">

<ProjectConfiguration Include="Debug|Win32">
<Configuration>Debug</Configuration>
<Platform>Win32</Platform>

</ProjectConfiguration>

<ProjectConfiguration Include="Release|Win32">
<Configuration>Release</Configuration>
<Platform>Win32</Platform>

</ProjectConfiguration>

<ProjectConfiguration Include="Debug|x64">
<Configuration>Debug</Configuration>
<Platform>x64</Platform>

</ProjectConfiguration>

<ProjectConfiguration Include="Release|x64">
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<Configuration>Release</Configuration>
<Platform>x64</Platform>
</ProjectConfiguration>
</IltemGroup>
<PropertyGroup Label="Globals">
<VCProjectVersion>16.0</VVCProjectVersion>
<Keyword>Win32Proj</Keyword>
<ProjectGuid>{34bfeb50-6034-4ce7-9d85-alce52a20522}</ProjectGuid>
<RootNamespace>SerTest</RootNamespace>
<WindowsTargetPlatformVersion>10.0</WindowsTargetPlatformVersion>
</PropertyGroup>
<Import Project="$(VCTargetsPath)\Microsoft.Cpp.Default.props” />

<PropertyGroup Condition=""$(Configuration)|$(Platform)'=="Debug|Win32™

Label="Configuration">
<ConfigurationType>Application</ConfigurationType>
<UseDebugL ibraries>true</UseDebugL.ibraries>
<PlatformToolset>v143</PlatformToolset>
<CharacterSet>Unicode</CharacterSet>

</PropertyGroup>

<PropertyGroup Condition=""$(Configuration)|$(Platform)'=="Release|Win32"

Label="Configuration">
<ConfigurationType>Application</ConfigurationType>

<UseDebugL ibraries>false</UseDebugL.ibraries>
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<PlatformToolset>v143</PlatformToolset>
<WholeProgramOptimization>true</WholeProgramOptimization>
<CharacterSet>Unicode</CharacterSet>

</PropertyGroup>

<PropertyGroup Condition=""$(Configuration)|$(Platform)'=="Debug|x64""

Label="Configuration">
<ConfigurationType>Application</ConfigurationType>
<UseDebugL.ibraries>true</UseDebugL.ibraries>
<PlatformToolset>v143</PlatformToolset>
<CharacterSet>Unicode</CharacterSet>

</PropertyGroup>

<PropertyGroup Condition=""$(Configuration)|$(Platform)'=="Release|x64"™

Label="Configuration">
<ConfigurationType>Application</ConfigurationType>
<UseDebugL ibraries>false</UseDebugL.ibraries>
<PlatformToolset>v143</PlatformToolset>
<WholeProgramOptimization>true</WholeProgramOptimization>
<CharacterSet>Unicode</CharacterSet>

</PropertyGroup>

<Import Project="$(VVCTargetsPath)\Microsoft.Cpp.props" />
<ImportGroup Label="ExtensionSettings">

</ImportGroup>

<ImportGroup Label="Shared">
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</ImportGroup>

<ImportGroup Label="PropertySheets"
Condition=""$(Configuration)|$(Platform)'=="Debug|Win32"">

<Import Project="$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props"
Condition="exists('$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props’)"
Label="LocalAppDataPlatform" />

</ImportGroup>

<ImportGroup Label="PropertySheets"
Condition=""$(Configuration)|$(Platform)'=="Release|Win32"'>

<Import Project="$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props"
Condition="exists('$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props’)"
Label="LocalAppDataPlatform" />

</ImportGroup>

<ImportGroup Label="PropertySheets"
Condition=""$(Configuration)|$(Platform)'=="Debug|x64"'>

<Import Project="$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props"
Condition="exists('$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props’)"
Label="LocalAppDataPlatform" />

</ImportGroup>

<ImportGroup Label="PropertySheets"
Condition=""$(Configuration)|$(Platform)'=="Release|x64"'>

<Import Project="$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props"
Condition="exists("$(UserRootDir)\Microsoft.Cpp.$(Platform).user.props’)"
Label="LocalAppDataPlatform" />

</ImportGroup>
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<PropertyGroup Label="UserMacros" />
<ltemDefinitionGroup Condition=""$(Configuration)|$(Platform)'=="Debug|Win32"">
<CICompile>
<WarningLevel>Level3</WarningLevel>

<SDLCheck>true</SDLCheck>

<PreprocessorDefinitions>WIN32;, DEBUG; _CONSOLE;%(PreprocessorDefinitions)</P

reprocessorDefinitions>
<ConformanceMode>true</ConformanceMode>
</CICompile>
<Link>
<SubSystem>Console</SubSystem>
<GenerateDebuglInformation>true</GenerateDebugInformation>
</Link>
</ItemDefinitionGroup>
<ItemDefinitionGroup Condition=""$(Configuration)|$(Platform)'=="Release|Win32"'>
<CICompile>
<WarningLevel>Level3</WarningLevel>
<FunctionLevelLinking>true</FunctionLevelLinking>
<IntrinsicFunctions>true</IntrinsicFunctions>

<SDLCheck>true</SDLCheck>
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<PreprocessorDefinitions>WIN32;NDEBUG;_CONSOLE;%(PreprocessorDefinitions)</

PreprocessorDefinitions>
<ConformanceMode>true</ConformanceMode>
</CICompile>
<Link>
<SubSystem>Console</SubSystem>
<EnableCOMDATFolding>true</Enable COMDATFolding>
<OptimizeReferences>true</OptimizeReferences>
<GenerateDebuglInformation>true</GenerateDebugInformation>
</Link>
</ItemDefinitionGroup>
<ltemDefinitionGroup Condition=""$(Configuration)|$(Platform)'=="Debug|x64"'>
<CICompile>
<WarningLevel>Level3</WarningLevel>

<SDLCheck>true</SDLCheck>

<PreprocessorDefinitions> DEBUG; CONSOLE;%(PreprocessorDefinitions)</Preproces

sorDefinitions>
<ConformanceMode>true</ConformanceMode>
<LanguageStandard>stdcpp20</LanguageStandard>
</CICompile>

<Link>
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<SubSystem>Console</SubSystem>
<GenerateDebuglInformation>true</GenerateDebuginformation>
</Link>
</ItemDefinitionGroup>
<ltemDefinitionGroup Condition=""$(Configuration)|$(Platform)'=="Release|x64"'>
<CICompile>
<WarningLevel>Level3</WarningLevel>
<FunctionLevelLinking>true</FunctionLevelLinking>
<IntrinsicFunctions>true</IntrinsicFunctions>

<SDLCheck>true</SDLCheck>

<PreprocessorDefinitions>SNDEBUG; CONSOLE;%(PreprocessorDefinitions)</Preproce

ssorDefinitions>

<ConformanceMode>true</ConformanceMode>

</CICompile>

<Link>
<SubSystem>Console</SubSystem>
<EnableCOMDATFolding>true</Enable COMDATFolding>
<OptimizeReferences>true</OptimizeReferences>
<GenerateDebuglnformation>true</GenerateDebuglInformation>

</Link>

</ItemDefinitionGroup>

<ItemGroup>
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<CICompile Include="access.cpp" />
<CICompile Include="BinaryDe.cpp" />
<CICompile Include="BinarySer.cpp" />
<CICompile Include="Deserializer.cpp" />
<CICompile Include="Example.cpp" />
<CICompile Include="furniture.cpp" />
<CICompile Include="httpExample.cpp™ />
<CICompile Include="JSONDe.cpp" />
<CICompile Include="JSONSer.cpp" />
<CICompile Include="main.cpp" />

</ltemGroup>

<IltemGroup>
<ClInclude Include="access.h" />
<ClInclude Include="BinaryDe.h" />
<ClInclude Include="BinarySer.h" />
<CliInclude Include="BufferAlloc.h" />
<CliInclude Include="DeserializeExt.n" />
<CliInclude Include="Deserializer.h" />
<CliInclude Include="Example.h" />
<ClInclude Include="furniture.h" />
<ClInclude Include="httpExample.h" />

<ClInclude Include="JSONDe.h" />
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<CliInclude Include="JSONSer.h" />
<CliInclude Include="Node.h" />
<CliInclude Include="SerializeExt.n" />
<ClInclude Include="Serializer.h" />
<ClInclude Include="StaticInit.h" />
<CliInclude Include="Test.h" />
<ClInclude Include="types.h" />
</IltemGroup>
<ltemGroup>
<None Include="ClassDiagram.cd" />
<None Include="ClassDiagram1.cd" />
<None Include="cpp.hint" />
</ltemGroup>
<Import Project="$(VCTargetsPath)\Microsoft.Cpp.targets" />
<ImportGroup Label="ExtensionTargets">
</ImportGroup>
</Project>
SerTest.vexproj.filters
<?xml version="1.0" encoding="utf-8"?>

<Project ToolsVersion="4.0"

xmlns="http://schemas.microsoft.com/developer/msbuild/2003">
<ItemGroup>

<Filter Include="Source Files">
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<Uniqueldentifier>{4FC737F1-C7A5-4376-A066-
2A32D752A2FF}</Uniqueldentifier>

<Extensions>cpp;c;cc;cxx;c++;cppm;ixx;def;odl;idl;hpj;bat;asm;asmx</Extensions>
</Filter>
<Filter Include="Header Files">

<Uniqueldentifier>{93995380-89BD-4b04-88EB-
625FBES2EBFB}</Uniqueldentifier>

<Extensions=>h;hh;hpp;hxx;h++;hm;inl;inc;ipp;xsd</Extensions>
</Filter>
<Filter Include="Resource Files">

<Uniqueldentifier>{67DA6AB6-F800-4c08-8B7A-
83BB121AADO01}</Uniqueldentifier>

<Extensions>rc;ico;cur;omp;dlg;rc2;rct;bin;rgs;gif;jpg;jpeg;jpe;resx;tiff;tif;png;wav;mfcri

bbon-ms</Extensions>

<[Filter>

<Filter Include="Header Files\httpExample">
<Uniqueldentifier>{2421e27b-e228-4119-a7a7-4bb2365307e9}</Uniqueldentifier>

</Filter>

<Filter Include="Source Files\nttpExample">
<Uniqueldentifier>{287c7eec-cf31-4f48-8194-5c5e268418ea}</Uniqueldentifier>

</Filter>

</IltemGroup>

<ItemGroup>
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<ClCompile Include="main.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="BinarySer.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="JSONSer.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="Example.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="JSONDe.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="Deserializer.cpp">
<Filter>Source Files</Filter>

</CICompile>

<ClCompile Include="BinaryDe.cpp">
<Filter>Source Files</Filter>

</CICompile>

<CICompile Include="httpExample.cpp">
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<Filter>Source Files\httpExample</Filter>

</CICompile>

<CICompile Include="furniture.cpp">
<Filter>Source Files\httpExample</Filter>

</CICompile>

<CICompile Include="access.cpp">
<Filter>Source Files\httpExample</Filter>

</CICompile>

</IltemGroup>
<ltemGroup>

<ClInclude Include="Serializer.n">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="BinarySer.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="Deserializer.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="Example.h">
<Filter>Header Files</Filter>

</ClInclude>
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<CliInclude Include="Test.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="JSONSer.h">
<Filter>Header Files</Filter>

</Clinclude>

<CliInclude Include="JSONDe.h">
<Filter>Header Files</Filter>

</Clinclude>

<CliInclude Include="Node.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="DeserializeExt.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="BinaryDe.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="BufferAlloc.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="Staticlnit.h">
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<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="httpExample.h">
<Filter>Header Files\httpExample</Filter>

</Clinclude>

<CliInclude Include="furniture.n">
<Filter>Header Files\httpExample</Filter>

</Clinclude>

<ClInclude Include="access.h">
<Filter>Header Files\httpExample</Filter>

</Clinclude>

<ClInclude Include="types.h">
<Filter>Header Files</Filter>

</Clinclude>

<ClInclude Include="SerializeExt.h">
<Filter>Header Files</Filter>

</Clinclude>

</ltemGroup>
<IltemGroup>
<None Include="ClassDiagram.cd" />
<None Include="cpp.hint" />

<None Include="ClassDiagraml.cd" />
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</IltemGroup>
</Project>
SerTest.vexproj.user
<?xml version="1.0" encoding="utf-8"?>

<Project ToolsVersion="Current"

xmlns="http://schemas.microsoft.com/developer/msbuild/2003">
<PropertyGroup />

</Project>

Staticlnit.h

#pragma once

template<void Func()>
class Staticlnit {
public:

Staticlnit() {

Func();

Test.h
#pragma once
#include <string>

#include <vector>
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#include "BinarySer.h"
#include "Deserializer.h"
#include "Example.h”
#include <boost/json.hpp>
#include "JSONSer.h"
#include "JSONDe.h"

#include "BinaryDe.h"

template<typename T>
inline void serTest(std::string path, const T& value) {
{
std::ofstream outBinary(path + ".txt");
outBinary.clear();
BinarySer s(outBinary);
write(value)(s);

outBinary.close();

std::ofstream outJSON(path + ".json");
outJSON.clear();

JSONSer s(outJSON);
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write(value)(s);

outJSON.close();

std::ifstream inBinary(path + ".txt");
BinaryDe de(inBinary);
DeserialzationScope scope;
DeserializeBuffer<T> value;

deserialize(value.buffer())(de, scope);

auto result = value.operator*();

std::cout << result << std::endl;

std::ifstream inJson(path + ".json");

boost::json::value v(boost::json::parse(inJson));

JSONDe de(v);

DeserialzationScope scope;
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DeserializeBuffer<T> value;

deserialize(value.buffer())(de, scope);

auto result = value.operator*();

std::cout << result << std::endl;

void serTest1() {

Person p("Andrii Zahorulko", 400, Sex::male);

serTest(*"./outl", p);

Student s("Andrii Zahorulko", 19, Sex::male, { "dart", "c#", "rust" });

serTest(*./out2", s);

types.h

#pragma once
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#include <fstream>

using OutStream = std::ostream;

using InStream = std::istream;
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