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APXUTEKTYPHAA MOLENb MNOCTPOEHUA BEB-NPUNOXEHUA CQRS

T'opmynos A.lI. ApxiTekTypHa Moaenb nodynoBu Bed-3actocynkiB CQRS.

VY cratrTi npornoHyeThbest 0a30Ba IMIIIEMEHTAllisl apXITEeKTYpHOI MOAeNi MOOYAOBH 3aCTOCYHKIB 3a
meropoinoricto CQRS (Command and Query Responsibility Segregation, monin BiAnmoBimanbHOCTI Ha
KOMaHJH 1 3allUTH), aHAJI3yIOThCS OCOOJHMBOCTI HMPOEKTYBaHH, Mpolecy PO3poOKH Oi3Hec-I0JaTKiB;
riepeBary i HeIoJIiKU TaHOI METOJOMOT .

Kanrouosi cnosa: apximexmypa, npoyec pospooxu, CORS, C#, npoepamue 3abe3neuenns.

Harshunou A.I. CQRS as architectural model web applications development.

The article proposes basic implementation of architectural model building applications using
CQRS methodology (Command and Query Responsibility Segregation), analyzes the characteristics of
design, business application development process; the advantages and disadvantages of this methodology.

Keywords: architecture, development process, CORS, C#, software.

I'opmyHoB A.H. ApxuTekTypHasi MoJieJib OcTpoeHus BeO-npuiiokenuii CQRS.

B crartee mpennaraercs 6a3oBasi peanu3anys apXUTEKTYPHOW MOJIETH MOCTPOCHUS MPHIIOKEHUI
no metogoioruun CQRS (Command and Query Responsibility Segregation, pazeneHue OTBETCTBEHHOCTH
Ha KOMaHJIbI ¥ 3aIIPOCHI), aHATM3UPYIOTCSI 0OCOOCHHOCTHU MPOSKTUPOBAHUS, TIpoliecca pa3paboTKku OU3Hec-
MPUIOKEHUH; IPEUMYILECTBA U HEJOCTATKU JAHHOM METOJIOJIOTHH.

Kniouesvie crosa: apxumexmypa, npoyecc paspabomxu, CORS, CH#, npoepammuoe obecneuenue.

IMocranoBka mpodaemsbl. [Ipomecc pa3pabOTKH NMPOrpaMMHOIO OOECIIEYEHUS] MU3MEHSIETCS C
pa3BUTHEM TEXHOJIOTHI MPOrPAMMHUPOBAHHS:  CUCTEMBI YCIOXKHSITCSA, KOJUYECTBO JIAHHBIX H
HIOJIb30BaTeNel PacTET, M3MEHSETCsl M POLEece pa3pabOTKU HEMOCPEACTBEHHO IPOrPaMMHUCTAMH.

3aKa3uvKd NPWIOKEHHH peIKO MOryT AaTh MOAPOOHOE ONHMCAaHHE BceX OW3HEC-TPaBWI H
(GyHKIMOHAIA TPUIOKEHUH, T.K. CAMU 3a4acCTyl0 HE 3HAIOT BCEX TPEOOBAHUN M OXUJAHHKA KIIMCHTA,
(hopMuUpys «ChIPOE» TEXHUYECKOE 3aJJaHUC U TIEPEKIIaIbIBasi OTBETCTBEHHOCTh U BBICHEHHE TPEOOBAaHUM
HEIMOCPEICTBEHHO HAa KOMaHly Pa3pa00TYMKOB BO BpeMsi dTana pa3padboTKH.

OCHOBHO# TpOOIEMOI  pa3pa0OTUYUKOB CTAHOBHUTCS TOJJICPKKA IMOCTOSHHO MEHSIOIIMXCS
OW3HEeC-TPaBwJI, UHTETPALIUH, ONTUMHU3AIUS MPOU3BOIUTEILHOCTH U paciiupeHue () yYHKIMOHATbHOCTH
MIPUJIOKEHUH, U, KaK CIEACTBHE, TPpo0dIeMa KauecTBa Koja.

B kpymHBIX OM3HEC-TPUIIOKEHUAX 3a4aCTYIO CYIIECTBYET MHOXECTBO MPEIMETHBIX 00JacTel M
CJIOKHBIX TPaBMil, KOTOpPbIE CIIOXKHO CIPOEKTHPOBATH M OMHUCATh €IWHON MOJENbIo. 3adacTylo Ou3Hec-
aHAJIMTUKA CAMHU HE B COCTOSIHUU OIKMCATh MOJENb U BBISBUTH CYIIHOCTH MPHIIOKEHHS JIMOO MPOBECTH
JIEKOMITO3UIMI0. B uTOre aHamuTHKa ¥ MOJEIMPOBAHHE MPEIMETHON O00JIACTH YacTHYHO (a MHOTAA U
TIOJTHOCTHIO ) TIEPEKIIAIbIBACTCS Ha TUICYU Pa3paOOTUHKOB.

Taroke camMu pa3pabOTYMKH MOTYT NMOHHUMATh W Pa3IesaTbh NMPUIOKEHHE HA KOMIIOHEHTHI H
CYUIHOCTH I10-pa3HOMY, CO3/IaBasi TEM CaMbIM MPOOIeMbl JyOIUpOBaHHS KOJIa, 3aIpOCOB, HHTEP(EHCOB 1
JIaXe epeMelInBaHue CIIOEB MPUIIOKECHUS, THPPACTPYKTYPHOIO KOJIa U KOJIa JJOMEHHON MOJIEITH.

Takum o00pa3oMm, Y4HTBIBasS OCOOSHHOCTH TIIpolecca pa3paloTKu OW3HEC-IPHIIOKEHUH,
pa3paboTuMkaM  HEOOXOAMMO  CIIPOTHO3HUPOBATh  BO3MOXHOCTh  W3MEHEHHH, YHH(PHUIIMPOBATH
TEPMUHOJIOTHIO U TOCTPOUTh APXUTEKTYPY MPHIIOKEHUS TaK, YTOOBI MUHUMH3UPOBAThH «aPXUTEKTYPHBIEH
pUCKH (BEPOATHOCTH TIOJHOI'O MEPEHUChIBAHUS TPHIOKEHHs) B CBSA3M C HM3MCHHBIIMMHUCS OW3HEC-
IIpaBHJIAMH.

Leas0o padoTsl sBIsieTcss M3YYCHHWE M JEMOHCTpAlMsl BO3MOXKHOCTEH IMPHMEHEHUS
ApXUTEKTYpHON MoJenu nocTpoeHus ouszHec-npminoxxkeHnit CQRS.
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OcHoBHBIe pe3yabTaThl uccaenoBanus. Mopens Command-Query Separation (CQS)
npeziaraer pasjeneHue padorel ¢ 00bekToM Ha 3ampockl (Query) u Komanasl (Commands). Ipu atom
HE00X0IUMO COOIOATh CIEAYIOIINE MPABUIIA;

- 3ampockl BO3BpAIIAeT JaHHBIC U HUKOT/Ia HE MEHSIOT COCTOSIHHE 00hEKTa;

- KOMaH/Ibl M3MEHSIOT COCTOSHUE OOBEKTa, B HACaIbHOM Cllydae, HE JODKHBI HHYETrO
BO3BpAIlaTh.

U3 atoro cnexyet, uTo BO Bpems oTcyTcTBUs Komann:

- OJIMHAKOBBIC 3aMPOCHl TapaHTUPOBAHO BEPHYT OJIMHAKOBBINA PE3yJIbTaT;

- T000€ KOJIMYECTBO JIIOOBIX 3aIpOCOB HE U3MEHST COCTOSHIE 00BEKTa;

- yaaneHue 3ampoca uU3 Koma aOCOITIOTHO NIpO3payHO ANsi OObEeKTa M HE MOXKET AaTh
MOOOYHBIX ACUCTBHI.

Otu cBoiictBa CQS HCMONB3YIOTCS B «IPOrPaMMHUPOBAHUM IO KOHTPAKTY». B HeM MeTonsl,
OCYIIECTBJISIFOIIAE TPOBEPKY COCTOSHUS OOBEKTa, SBISAIOTCS 3ampocaMd. OJTO TapaHTUPYET HX
MPO3PAvYHOCTh ISl OCTAJIBHOTO KOJa U BO3MOXXHOCTH O€30MAaCHOr0 ynajeHus 4acTu u3 HUX B Release
Bepcuu Koja (Hampumep, sl ontumm3zanuu). Kpome toro, moaxon, mpemiaraemerii CQS, mo3Bonser
chenath KOJ TMPHJIOXKEHHUs Oojiee MOHSITHBIM MMEHHO Onaromapsi pasneneHuto KomaHn u 3ampocos.
COOTBETCTBEHHO, B JaJbHEHIIIEM TaKOE MPHIIOKEHHUE JIerde MOAIEPKUBATh U MOAU(DHUIIUPOBATS.

HeoOxoaumo OTMETHTH, YTO B HEKOTOpHIX ciydasx CQS He Moxer ObIThb HCIONb30BaH B
npuHiune. B kauecTBe MpuMepoB MOXXKHO PACCMOTPETh pealu3alud ajrOpUTMOB CTEK M odepens. Mx
Meroasl Pop() u Dequeue() mo onpeneneHuio MOMKHBI U BO3BpallaTh JAHHBIE W U3MEHATH COCTOSHUE
camoro obbekTa. Kpome Toro, B ciiydae MHOTOIMOTOYHOTO MPOrpaMMHUPOBAHUS MHOTA YAOOHEe MMETh
MeTO/Ibl, MpoTHBOpeyamre npuniunam CQS.

O6nacts wucnonb3oBanuss CQS gocratouHo 1mmpoka. Hampumep, OH MNOAXOIUT AJS
B3aMMOJICHCTBHSI C DJIEMEHTAMH YIPaBJICHUs II0JIb30BATEILCKOro HMHTepdeiica. OmHako, B ciydae
MPUMEHEHHS JAHHOTO MPUHIUIA IS pabOThl ¢ HICTOYHUKAMH JaHHBIX UCHOb3yercs TepmMuH Command-
Query Responsibility Segregation (CQRS). 1o cyTu 3T0 CHHOHUM, YTOYHSIOIIUN 00JIACTH IPUMEHEHUS.
CQRS Hecer B cebe Bce npunuunbel CQS U He OrpaHHMYMBAET CIIOCO0 XpaHEHHs NAHHBIX. JDTO MOXET
opiTh CYB/JI, MaccuB B IaMsTH | T. JI.

TakuMm o6pa3oM, MBI ToTy4yaeM HaO0p 00HEKTOB, KOTOPBIE MEHSIOT COCTOSHUE CUCTEMBI, U Habop
00BEKTOB, KOTOPHIE BO3BPAIIAIOT JaHHBIC.  TUIMOBOM OU3allH CHCTEMBI, T/I€ €CTh IMOJIh30BaTEIbCKUM
uHTep(elic, On3Hec-IoruKa U 0a3a JaHHbBIX, T0Ka3aH Ha PUCYHKe 1:

MpunoxeHne

; Gyt | , Domain Model
Validation

Puc.1. Knaccuueckuii mpuMep apXUTEKTYpbl OU3HEC-TIPUITOKEHHS
CQRS npenmnonaraer, 4To He HY’)KHO cMelIuBaTh 00bekThl KoManaa u 3ampoc, a HyXHO UX SIBHO
BBIJICNUTD (CM. PUCYHOK 2):
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MpunoxeHue

Domain Model

Google

Ul Query Model

Puc. 2. ApxurextypHas moaens CQRS

Janbiie Mbl Oy1eM UCIOIB30BATh 3TH 0a30BbIC MOHATHS U CTPYKTYPBI, YTOOBI MPUIATH CHCTEME
BO3MOXXKHOCTh TOPH30HTAILHOTO Maciirabuposanus. Ho yxke ceiuac, siBHO BbixenuB Komanmy u 3ampoc
B BaIlleM KOjIe, BBI MIOydrTe OOJiee CTPOMHBIN qu3aiin cucteMsl. Ecu kimace siBisercs KoMam o, To:

- HU3MEHSIET COCTOSTHUE CHCTEMBI,

- HUYEro He BO3BpAIIACT;

- XOPOIIIO OMHUCHIBACT MPEAMETHYIO 00JIaCTh, KaK JCHCTBHUS MOJb30BaTEICH HAll CHCTEMOM;

- KOHTCEKCT KOMaH/Ibl XPAHUT HYKHBIC JJIA €€ BBIIIOJIHEH U JAHHBIC.

Ecnu knacc sBisieTcst 3ampocom, To:

- HE U3MEHSIET COCTOSTHHE CHCTEMBI;

- KOHTEKCT 3ampoca XpaHUT HYXXHbIE /15 €€ BBITOTHEHUS TaHHbIC,

- BO3BpalllaeT pe3ysbTaT

B kayecTBe qeMOHCTpaIiu ObLT BEIOpaH 361K CH.

OcuoBHble naTepdeiicel B CQRS MOryT BBITTISIIETH TaK:
public interface IQuery<out TOutput>
{

TOutput Ask();
}
public interface IQuery<in TSpecification, out TOutput>
{
TOutput Ask(TSpecification spec);
}
public interface IAsyncQuery<TOutput> : IQuery<Task<TOutput>> { }
public interface IAsyncQuery<in TSpecification, TOutput> : IQuery<TSpecification, Task<TOutput>> {
}

public interface ICommandHandler<in TInput>

{
void Handle(7Input input);

b

public interface ICommandHandler<in TInput, out TOutput>

{
TOutput Handle(TInput input);

}

public interface IAsyncCommandHandler<in TInput> : ICommandHandler<TInput, Task> { }
public interface IAsyncCommandHandler<in TInput, TOutput>: ICommandHandler<TInput,
Task<TOutput>>{}
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B srom cnyuae B orcyrctBum Komanj Bce 3ampochkl Bcerja BO3BpAIIAlOT  OJAMHAKOBBIC
pe3yJbTaThl HA OJIMHAKOBBIX BXOJHbBIX JaHHBIX. Takas opraHu3anus CUIbHO yIPOLIAET OTJIAJIKY, IOTOMY
4TO B 3aMpoce HET COCTOSHUS, KOTOPOE MOTJIO0 Obl H3MEHUTH BO3BPAIIAEMBbIi PE3YJIbTAT.

[lpuBeneM mpumep peasbHOro HCIHONb30BaHWs. OTYETHl — HE EIMHCTBEHHAs dYacTas 3ajadya
YTCHUs JaHHBIX. boiee oOliee omnpenerceHWEe THIIOBBIX OINEpaluid 4YTeHUs 3T0 — (QuibTpanus,
NIOCTPaHUYHBIN BBIBOJI, CO3IaHHUE MPOCKIHHA (MIPEICTABICHNE arperaTtoB B HEOOXOAMMOM Ha KJIMEHTCKOU
cTopoHe Buie). s MOCTpaHUYHOTrO BBIBOJAA M3 JII0O0OM TaOmuIel B 0a3e MAHHBIX M IOAIEPKKON
(GuIbTpaAIK MOXKHO UCIONB30BaTh BCEro OHY peanusanuio [Query:

public class ProjectionQuery<TSpecification, TSource, TDest>: IQuery<TSpecification,
IEnumerable<TDest>>

, IQuery<TSpecification, int>
where T'Source : class, IHasld
where T'Dest : class

protected readonly ILingProvider LingProvider;
protected readonly IProjector Projector;

public ProjectionQuery(ILingProvider lingProvier, IProjector projector)
{
if (lingProvier == null) throw new ArgumentNullException(nameof(lingProvier));
if (projector == null) throw new ArgumentNullException(nameof(projector));
LingProvider = lingProvier;
Projector = projector;
}
protected virtual IQueryable<TDest> GetQueryable(TSpecification spec) => LinqProvider
.GetQueryable<TSource>(). ApplylfPossible(spec).Project<TSource,
TDest>(Projector). ApplylfPossible(spec);

public virtual IEnumerable<TDest> Ask(TSpecification spec) =>
GetQueryable(spec). ToArray();

int IQuery<TSpecification, int>.Ask(TSpecification spec) => GetQueryable(spec).Count();
}

public class PagedQuery<T7SortKey, TSpec, TEntity, TDto>: ProjectionQuery<TSpec, TEntity,
TDto>,

I1Query<TSpec, IPagedEnumerable<TDto>>
where TEntity : class, IHasld
where T'Dto : class, IHasld
where TSpec : IPaging<TDto, TSortKey>
{
public PagedQuery(ILingProvider lingProvier, IProjector projector) : base(linqProvier,
projector) { }

public override IEnumerable<TDto> Ask(TSpec spec) =>
GetQueryable(spec).Paginate(spec). ToArray();

IPagedEnumerable<TDto> IQuery<TSpec, IPagedEnumerable<TDto>>.Ask(TSpec spec)
=> GetQueryable(spec). ToPagedEnumerable(spec);

public IQuery<TSpec, IPagedEnumerable<TDto>> AsPaged()
=> this as IQuery<TSpec, IPagedEnumerable<TDto>>;
}

Meron ApplylfPossible mpoBeput ocymiecTBisieTrcst (QMIbBTpalys Ha ypOBHE arperatra WIH
npoeKIuy (ObIBaeT HYXKHO U Tak, U Tak). Meron Project co3macT nmpoekuuio ¢ momoinsio AutoMapper.
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puamuner CQRS oudenp xopomo mnoaxoaT Uil peanusauumd 1o nporokony HTTP.
Crneuuduxauuss HTTP uerko rosoput GET-3anpockl 10/KHBL BO3BpallaTh AaHHble ¢ cepsepa. POST,
PUT, PATCH - wu3MeHATH COCTOsIHHE. XOpOIIMM TOHOM B Web-TporpaMMHpOBaHHHM CUYUTACTCS
nepenanpasienne Ha GET mocne Bemmonnenust POST-onepanuu, Hanpumep, oTnpaBku (GopMbl. Takum
obpazom: GET - sto 3anpoc POST/PUT/PATCH/DELETE — 3to Komanna.

[TonoOHass apXuUTeKTypa MOXET IIOKa3aThCs «IIeperpyKeHHOi». JleHCTBUTENbHO MOMO0OHBIN
MOJXOJ HAKJIAJBIBAET ONpPEACICHHbIC OrpaHHYEHHUS K KBATU(UKAMK pa3pabOTINKOB:

- TpeOyeTcs HOHMMaHKe MaTTEPHOB MPOrPaMMHUPOBAHMSI 1 XOPOILIee 3HaHUE MIaT()OPMBI;

- HIepBOHAYAJIbHBIE BIOXKEHHSI B KO HHPPACTPYKTYPHI.

IIpeumyecraa:

- YeTKOe OTJeNICHHE IOMEHa OT HHPPACTPYKTYPBI;

- MUHUMH3aIUs 00beMa KoJa B MPOEKTE, YCTpaHEeHHe TyOnupoBaHMs Koja, yCTpaHEHUe
OUKITHYECKUX 3aBUCHMOCTEH, YCTpaHEHHE PYTHHBI, HCIOIB30BAaHHE COTJIANICHUH, BMECTO M30BITOUHBIX
KOH(UTYpaLuii;

- perilaMeHTUpOBaHNe OU3HEC-TIOTUKU U O0IIed CTPYKTYpbI IIPOEKTa;

- a0cTpakuuss OT  CEpBEPHOH  HMHQPPACTPYKTYpHI, IOIJEPKKA  TOPU3OHTAIBHOTO
MacIITaOupOBaHHUS.

BeiBoabl. B pesynpraTe HccienoBaHUS Oblla M3ydeHa apXUTEKTYpHas MOJAEIb IOCTPOEHUS
ousHec-npunoxennit SQRS, mnpemnoxena 6a3oBasg peanu3anus  MOAETH, IPOAHAIN3HPOBAHEI
IpeuMyIecTBa U HEJOCTATKU AaHHOM Monenu. IIpuBeneHbl MpuUMepsl peaau3aliy 3a4ad MPOeKIUuU U
MIOCTPAaHUYHOTO BHIBOJA JAaHHBIX. JlaHHAs MOJENb XOpOIIO ceds 3a peKOMEHJ0Bajla Ha CYIIECTBYIOIINX
npoektax. OmnucaHHple B paboTe MOAXOABI K MPOEKTHPOBAHUIO HCIIOIB30BAHBI MPHU BBIMOJHEHUH psilia
MPOEKTOB MEIULIMHCKOW TEMaTHKH (aMEpPUKAaHCKUE BeO-CalThl, ~CIICHHATM3UPYIONIHEcs] Ha IOUCKE
JIOKTOPOB, JIOKAIIMHA TOCHUTalie, cepBUCOB: https://www.bannerhealth.com, https://www.eehealth.org,
https://blog.hap.org), mpu 3ToM mnpopeMOHCTpUpoBaHa HX 3P(GEKTUBHOCTH B IIpolecce pa3paboTKH,
THOKOCTh K M3MEHSIOMNMCS TpeOOBaHHUAM 3aKa3uhKa, CKOPOCTh Pa3paOOTKH, YHU(PHUKALUS apXUTEKTYPHI
Y TEpMUHOJIOTMH NTPEIMETHON 00JIacTH.
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TEXHOJNOIrmA BiMm B CUICTEMAX ABTOMATU3NPOBAHHOIO
NMPOEKTUPOBAHUA

B nanHOW pabGotre paccMmorpeHa TtexHomorus BIM (building information modeling -
WH()OPMAIMOHHOTO MOJICIMPOBAHUS 3JaHHI) B CHUCTEMax aBTOMATH3MPOBAHHOIO MPOCKTUPOBAHUS.
PaCCMOTpCHLI OCHOBHBIC IIPUYUHBI IO KOTOPBIM BHCAPCHHUC ,Z[aHHOﬁ TEXHOJOInu MOXKHO CUHTATh
HEOOXOAMMBIM. PaccMOTpeHBI 3Tambl U TPUHIMUIBI  MOACTHpOBaHUsA. Tarkxke B paboTe pacCMOTPEHBI
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