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CUCTEM.

IIpeamer pgociaigkeHHss — BIUIMB serverless-cepenoBulll Ha  apXiTEKTypy
MIKPOCEPBICHUX CHCTEM.

MeTta po0d0TH — aHai3 apXITEeKTYPHHUX IIJIXO0A1B J0 peajizallii MiKpocepBiCiB

y serverless-cepeoBHILax.

Meroaum mocCaixKeHHS. 3acanvhonaykosi: aHami3  €BOJIOLIT  apXITEKTYp
OporpaMHUX CHUCTEeM 1 serverless-miaxoay, aHali3 apXiTeKTypHHX pIlIEHb
MIKPOCEpPBICHUX CHCTEM, CHHTE3 TEOPETUYHUX TIOJIOKEHb II0/0 TOE€IHAHHS
MIKPOCEpPBICHOI ~ apXITEKTypu 3  serverless-cepenoBuiliaM,  IMOPIBHSIHHS
TpaIuUIAHUX 1 serverless-miaXxoAiB 10 peaiizalii po3NOAUICHUX MHPOrpaMHUX
CUCTEM, y3araJlbHEHHs pe3yJIbTaTiB TEOPETUYHOIO Ta MPAKTHUYHOTO aHali3y;
mMemoou iHgopmayitinoco nowyky: 0101iorpadiyHUN TOIIYK, aHAIi3 HAYKOBUX 1
Crieriai3oBaHmX JpKepen, pedepyBaHHs Ta IUTYBaHHS 1HGOPMAIITHIX MaTepiaiB
3 TeMaTUKU JOCIIKEHHSI.

Pesyabtarn poGoru. IlpoaHanizoBaHO apXiTEKTypHI MIiAXOAM [0 peami3aili
MIKpOCEpBICIB Yy serverless-cepenoBuiiiax. PoO3TsiHyTO €BOJIOIII0 apXiTEKTyp
IPOrpaMHUX CUCTEM Ta y3arajibHEHO 0COOJIMBOCTI BIUIUBY serverless-cepenoBuil Ha
apXITEKTYpHI PIIMIEHHS MIKPOCEPBICHUX CHUCTeM. J[OCHiPKEHO aKTyalbHUN CTaH
HAyKOBUX TIJIXOJMIB JO BUKOPUCTAHHS serverless-TeXHOJOorid y KOHTEKCTI
MIKPOCEPBICHO1 apXiTEeKTypH Ta BUOKPEMIIEHO KIFOUOBI OCOOJIUBOCTI 1 OOMEKEHHS
poro miaxoay. Ha mpuknaai aeMOHCTpAIifHOI CHUCTEMHU MPOLTIOCTPOBAHO

MOXJIMBICTh 3aCTOCYBaHHS MIKPOCEPBICHOI MOJeNl y serverless-cepeoBuIlll Ta



IPOAHANI30BaHO BIAMOBIAHICT OOpPaHMX apXITEKTYpPHUX pilleHb 0a30BUM

IMpUuHOUIIaM H06y,IIOBI/I pOSHOIIiJIeHI/IX CHCTCM.

Knrouosi cnosa: mixpocepBicHa apXiTEKTypa, serverless, xMapHi 00YMCIICHHS],

PO3IOIIICH] MPOrPaMHi CHUCTEMH.



ABSTRACT
Popkov Y.P.
Topic: Architectural Approaches to the Implementation of Microservices in
Serverless Environments
Specialty: 121 “Software Engineering”.
Institution: Taras Shevchenko Luhansk National University, 2025.
Master’s thesis contains: 161 pages, 17 figures, 7 tables, 1 appendix, 32 sources.
Object of research: microservices architecture of distributed software systems.
Subject of research: the impact of serverless environments on the architecture of
microservices systems.
Purpose of the work: analysis of architectural approaches to the implementation of
microservices in serverless environments.
Research methods. General scientific methods: analysis of the evolution of
software system architectures and the serverless approach, analysis of architectural
solutions of microservice-based systems, synthesis of theoretical principles
regarding the integration of microservice architecture with serverless environments,
comparison of traditional and serverless approaches to the implementation of
distributed software systems, generalization of the results of theoretical and practical
analysis; information retrieval methods: bibliographic search, analysis of scientific
and specialized sources, abstracting and citation of information materials related to
the research topic.
Results of the work. Architectural approaches to the implementation of
microservices in serverless environments have been analyzed. The evolution of
software system architectures has been examined, and the features of the impact of
serverless environments on architectural decisions of microservice-based systems
have been generalized. The current state of scientific approaches to the use of
serverless technologies in the context of microservice architecture has been
investigated, and the key characteristics and limitations of this approach have been
identified. Using a demonstration system as an example, the applicability of the

microservice model in a serverless environment has been illustrated, and the
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compliance of the chosen architectural solutions with the fundamental principles of

building distributed systems has been analyzed.

Keywords: microservices architecture, serverless, cloud computing, distributed

software systems.



3MICT

BOTVIL ettt sttt et sat e st e bt e sanesaees 9
PO3 LI 1 EBOJIFOIIA APXITEKTYP ITPOTPAMHUX CUCTEM.................. 14
1.1. MOHOITHA QPXITEKTYPA .vvveeererreerereeessrreeesssseeesssesessseesssseessssssessssesesssseesnns 15
1.2. MoayJibHI Ta KOMITOHEHTHI TTIXOTH «..vvveeeeereeeeerreeeeerreeessreeeeneseeessssesessseeennns 16
1.3. [lepexin 10 poO3MOALIEHUX CUCTEM: KIIEHT—CEpBEpPHA Ta OararopiBHEBa
1Y (031 (11§ ES OO PSSP 17
1.4. CepBicHo-opieHTOBaHA apXITEKTYPA (SOA) ..cccviiiieiieeeieeeeiee e 18
1.5. TTepexia 10 MIKPOCEPBICHOT APXITEKTYPH ..vvveeerrrerrerreeerereeeaereeessaseeessseeenns 20
1337 (035 00):3:97 891 (03N oo c 1 hx 7 USSR 24
PO3/11JI 2 SERVERLESS SIK CEPEJJOBUILE PEAJII3ALIIT
MIKPOCEPBICHOI B3AEMOIL........ccoeeiiiiieieeieeieeieeeee e 25
2.1. AKTYaTbHUN CTAH JTOCTITIKCHD ...eeeuvvieeeereeesereeessreesssseeeesssseesssseesssssesesssseeens 26
2.2. Serverless sik cepeOBHIIE peati3ailii MIKPOCEPBICIB......cccveervreerereereveennrenns 28

2.3. Peamnizaiiist IpUHIIMIIIB MIKPOCEPBICHOI apXiTEKTypH y serverless-mozeni.. 29

2.3.1. Opranizaiiist Koay Ta IHQPACTPYKTYPHE YIPABIIHHS ...cccevvvereenereeenenennns 29
2.3.2. Opranizaiiisi Ta Tpa”yJIApHICTh QYHKIIN y MeXaX MIKPOCEPBICY .......... 30
2.3.3. Inrerpamiitaa iHGPACTPYKTypa serverless-CepeoBUIIA......................... 32

1337 (035 00):3:97 891 (038 o0 c 1 hx 70 USSP 34
PO3/I1J1 3 TIPAKTUYHA PEAJIIBALIISI MIKPOCEPBICHOI APXITEKTYPU Y
SERVERLESS-CEPEINOBHUILL .......c..coiiiiiieiieiieiteie ettt 35
3.1. IloctaHoBKa 3a7a4i Ta MIIXII IO PEATIBAIIT . eeeeveerrreeireeereerreenveesaeesreeens 35
3.2. JloMeHHa MOJIEITb TA MEKI MIKPOCEPBICIB.....uveerereeerreeieeeereesreenveesseesseeans 36
3.3. ApxiTekTypHa opraHi3aliisi MIKpOCepBiCiB y serverless-cepeoBUIIl .......... 40
3.3.1. Infrastructure as Code six ocHOBa opraHi3aiiii iHQpacTpyKTypH............ 40
3.3.2. [loxgin iHppacTpyKTypH HA CIIUTHHUAN Ta CEPBICHI AP ......ccevreenreeenne. 42
3.3.3. YmpaBninHsa KOHDIrypariero Ta CEpBICHOIO aAPECAIIEIO ......ccvveeenveeense.. 45
3.4. 3aranpHa apXiTEKTypa B3aEMOIT MIKPOCEPBICIB.....vveereveeeerieeeieeereenereenneens 47
3.5. CUHXpOHHA B3a€EMO/IISI MK MIKPOCEPBICAMU .....eeeeerieeeereeeenereeesereeesnseeenens 48
3.6. ACUHXPOHHA MOJIEITb B3AEMOIIT .. uuveeeeieieeeeiieeeeiieeesieeeenireeeessreeesssseeessneaens 50
3.6.1. TexHi4HA MOJETH ACHHXPOHHOT B3AEMOIT.c..uvveenvreeereenireeeieeeieeeeneeenes 50

3.6.2. Oprani3zaiiisi MOI€BUX KaHAIB Y XMAPHOMY CEPEIOBHIII ............u...n.... 51



3.6.3. 3B’s3yBaHHS MOJI€BUX KAHAJIB Ta QYHKIIH OOPOOKH .....cceveeenreenraneneee. 53
3.7. Y3romKeHICTh JaHUX Ta HAIIHHICTD OOPOOKH......cccuvveeeereeeeereeeriereeennareeenens 55
BUCHOBKH 710 POBIIITY 3 ooeeiviiieeiiieeeiiee ettt e eetee e et e e eevee e e aveeeestaeeesnsaeessnseaeensseeas 59

BUICHOBK ...ttt ettt ettt e e aa e snaaesnsaesnneas 60
CITMCOK BUKOPUCTAHUX JIXKEPEJL......cccooiiiiieiieeecieeeee e 62
JIOTATHKI ...ttt ettt ettt e et e e be e e e esaeesseennseesnsaesnseas 66

JomaTok A. BUXITHHI KO JOMATKY ...ccceuvvreerereeeaereeesssreeessseessseeessssessssseeesssseens 66



INEPEJIIK YMOBHHUX ITO3HAYEHb, CUMBOJIIB, CKOPOYEHb

API — Application Programming Interface
AWS — Amazon Web Services

HTTP — HyperText Transfer Protocol

[aC — Infrastructure as Code

IAM — Identity and Access Management
REST — Representational State Transfer
SNS — Simple Notification Service

SQS — Simple Queue Service

SOA — Service-Oriented Architecture
SOAP — Simple Object Access Protocol
XML — eXtensible Markup Language
RPC — Remote Procedure Call

gRPC — Google Remote Procedure Call
DDD — Domain-Driven Design

FaaS — Function as a Service



BCTYII

AKTyaJbHICTL JociiukeHHss. CydacHHM e€Tam pPO3BUTKY IPOTPAMHOI
1HXKEHEPIT XapaKTEPU3y€EThCS 3pOCTAaHHSAM MacIlITa0lB IPOrPaAMHUX CUCTEM, a TAKOXK
MIJBUIEHHSAM BHMOT JI0 iX THYYKOCTI, MAacimTabOBaHOCTI Ta HajgidHOCTI. I3
3pOCTaHHSIM HAaBaHTAXEHHs, KIJbKOCTI KOPHUCTYBayiB 1 (PYHKIIOHAJIBHUX
MOJKJIMBOCTEH CHCTEM JeAalll MIMpIIE 3aCTOCOBYIOThCS MIAXOAU 10 MOOYAOBU
IpOrpaMHUX CHUCTEM, 3a SKHX MPUKIAJHA JIOTIKA Ta OOYMCIIOBAIbHI pecypcu
pPO30CEPEIKYIOTECA ~ MK ~ OKPEMUMH  KOMIIOHEHTamMH. BojgHowac — Taka
PO30CEPEIKEHICTh aKTyali3ye HHU3KY apXITEeKTYpHUX BHUKIMKIB, MOB’SI3aHUX 13
KOOpPJIMHALIIEI0  KOMIIOHEHTIB, KEpyBaHHAM CTaHOM Ta  3a0e3MeyeHHsIM
y3TrOKEHOCT] TTOBEIIHKU CUCTEMH B IIJIOMY.

[TapanenbHO 3 IMMU TIpoliecaMy HaOyJIM MOIIMPEHHS XMapHI TEXHOJIOT1, sIK1
3aIPONIOHYBAJIM HOBI MOJICNII PO3TOPTaHHS Ta €KCIUTyaTallli IpOrpaMHUX PIIICHb.
[TomanpmuM eramoM 1ii€i eBoJOINT cTanmo ¢dopMmyBaHHsS serverless-mimxomy, 3a
SKOTO BUKOHAHHS TMPHUKJIAHOI JIOTIKK BIIOYBA€THCS 3 MIHIMAJIBHUM 3aTy4CHHSIM
pO3po0OHUKa A0 KEpyBaHHS 1HOPACTPYKTYPHUMHU pecypcamu. Taka MOjeNb 3MIHIOE
TpaIuLiNAHI YSABIEHHS PO KUTTEBUI LIUKJI IPOrPaMHUX KOMIIOHEHTIB 1 BIJTUBAE Ha
MIJIXO0/IH JI0 OpraHi3allii apXIiTeKTypH PO3MOILICHUX CUCTEM.

Ha cborogni nmutaHHs apXiTEKTYpH PO3MOJICHUX MNPOTPAMHHUX CHCTEM,
MIKpOCEpBICHOTO MiIXOy Ta serverless-cepeoBulll MPUBEPTAIOTh 3HAUHY YBary sik
HAyKOBOI CIUJIBHOTH, TaK 1 MPAaKTHKIB rany3i. Baromuii BHECOK y pO3BUTOK MiXO1B
JI0 MIKPOCEPBICHOT apXITeKTYpH Ta CHUCTEMATH3aIlil0 apXITEeKTYpHUX pillleHb
3p00JIEHO y Mpausgx BiIOMUX JOCTIAHUKIB 1 IPakTUKIB, 30kpeMa M. Richards, N.
Ford Ta S. Newman. [TapanensHo, y BITYM3HIHOMY HAyKOBOMY IPOCTOPI OKpeMi
aCIeKTH MIKPOCEPBICHOIO MiJXOQy, XMapHHX apXiTekTyp 1 serverless-mozeni
posrasiganucs y poborax T. Haymenko, A. Ilerpenka, T. Konapartioka, B.
Ionwrepa, A. Copokina, €. bopoBckoBoi, A. bamrosoro, A. deuana, B. JlecHoro,
C. Anrtonenka, O. YmiueBa, A. 3aropynbka, B. IlaBnenka, O. Konowmiiiniesa, b.

bynax, K. Xapuenka Ta iHIIMX aBTOPIB.
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Boanoudac HasiBHI JOCTIKEHHS, SIK MPABUIIO, 30CEPEIHKYIOTHCS HA OKPEMUX
acriekTax (PyHKI[IOHYBaHHsI TAKMX CUCTEM — 30KpeMa PO TYKTUBHOCTI, EKOHOMIYHIN
e(peKTUBHOCTI, MUTAHHAX 30epiraHHs Ta oOpoOKH JaHUX y serverless-mozeni, a
TaKOX OCOOJMBOCTSIX 3aCTOCYBaHHS KOHKPETHHUX TEXHOJOTIYHUX miatdopm ado
NPUKIAIHUX CIICHAPIiB (Hampukiiam, moOyqoBu okpemux serverless-pimens). Lle
dbopmye BaxkIMBY 0a3y pe3ybTaTiB, OJJHAK HE 3aBXK/IU 1a€ Y3TOIKEHE apXITEKTypHE
OadeHHs TOTO, K caMe MIKpOCEpBICHA MOJICNIb Ma€ THTEpPIpETyBaTUCS Y serverless-
CEpENIOBHUINl 3 YpaXyBaHHSIM 3MiHHM JKUTTEBOTO IMKJIY KOMIIOHEHTIB, MEXaHi3MiB
pO3rOpTaHHs Ta IHTETPaLIiHOI 1IHQPACTPYKTYPH.

Pa3oMm 13 TUM, TUTaHHS apXITEKTYPHOTO MOEAHAHHS MIKPOCEPBICHOT MOJIENI 3
serverless-cepeioBUIIaMM  Ta BIUIMBY TAaKOro TO€AHAHHA Ha  XapakTep
apXITEKTYpHUX PIIICHb 3aJUIIAETHCS BIAKPUTUM 1 TOTpPEeOy€e MOJATbIIOTrO
HAyKOBOT'O OCMHCJEHHS. 30KpeMa, HEJIOCTaTHbO BHUCBITIICHUMHU 3aJIMIIAIOTHCS
MIIXOAW JO IHTEpHpeTarii MIKpOCEepBICHOI MOJieJli B yMOBax Oe3cepBEepHOIo
Cepe/IOBUILla BUKOHAHHS, Y MEXaX SKOTO 3MIHIOIOTHCS TPaAULIIiHI YSIBICHHS MPO
MeX1 KOMITOHEHTIB, )KUTTEBUHN ITUKIT Ta MEXaHI3MHU PO3TOPTAHHS.

TakuM 4YMHOM, aKTyaJbHOI € HEOOXIAHICTh JOCHTIPKEHHs serverless-
CEepPEeNOBUIIl SIK OJHOTO 3 MOKJIMBHUX CEPEIAOBHIN peajizaiii MiKpOCepBiCHOI
apXITEKTYpPH 3 TOUYKH 30py iX BIUIMBY Ha apXITEKTypHI PIIICHHS Ta BIACTUBOCTI
MIKPOCEPBICHUX CUCTEM.

AKTyanbHICTh OOpaHOi TEMHM 3yMOBJIEHA TMOE€IHAHHSAM 3POCTA0YOi
CKJIAJTHOCT1 Cy4aCHUX MPOTPAMHUX CUCTEM, MPAKTUYHOrO 1HTEpecy A0 serverless-
TEXHOJIOTIM Ta MOTpeOM B apPXITEKTYpPHOMY OCMHUCIEHHI iX 3aCTOCYBaHHS Y
KOHTEKCT1 MIKPOCEpPBICHOI MOJIETI.

O0’ekTOM IOCJHIIXKEHH € MIKPOCEPBICHA apXITEKTypa pO3MOIITICHUX
IPOrpaMHUX CUCTEM

IIpenmer nocaigkeHHsi — BIUIMB serverless-cepefioBUI] Ha apXITEKTypy

MIKPOCEPBICHUX CUCTEM.
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Mera — aHani3 apXiTeKTypHHUX MIAXOAIB A0 peamisalii MIKpOCEpBICIB Y
serverless-cepenoBuinax.

[TocTaBnena meta nepeadavyae BUPIIEHHS HACTYTHUX 3aB/JaHb:

® [poaHaJI3yBaTH C€BOJIIOIIIO apXITEeKTYpHUX MIAXOJIB A0 T00yI0BU
IPOrpaMHUX CUCTEM Ta MepeayMOBH (POPMYBaHHS MIKPOCEPBICHOT MOJIENI

® JIOCIITUTH OCOOJIMBOCTI serverless-cepemoBuil sK MoOjAeNed BHUKOHAHHS
PO3MOIEHUX MPOTPAMHHUX CUCTEM

® [poaHaJI3yBaTH CyYaCHUM CTaH HAYKOBUX 1 MPUKIATHUX JOCIIKEHb Y cdhepl
MOEIHAHHS MIKPOCEPBICHOI apXiTEKTypH Ta Serverless-TexHoJIori

® PO3IJIAHYTH apXITEKTYpHI MIJX0U J0 peai3alii MiKpocepBiCiB y serverless-
CepeZIOBUILAX 3 ypaxyBaHHAM iX BIUIMBY Ha MEX1 KOMIIOHEHTIB 1 KUTTEBUIA
LIUKJI CEPBICIB

® CIIPOEKTYBATH Ta peajizyBaTh JIEMOHCTPAIHY CHUCTEMYy MJI LITIOCTparlii
MPAKTUYHOTO 3aCTOCYBaHHS MIKPOCEPBICHOT apXiTeKTypu y serverless-
CepeOBUIIT

® [poaHANI3yBaTH TMPUWUHATI  apXITEKTYpHI  pIIEHHS Ha  TMPUKIAJIL

JEMOHCTPAIIMHOI CHUCTEMH 3 TOYKH 30py BIJMOBITHOCTI MPUHITUIIAM

MIKPOCEPBICHOI apXITEKTYPH.

Meroan npociimkeHnsi.  HaykoBi MONOMKEHHS MaricTepchbkoi poOOTH
0a3yl0ThCs Ha CYKYITHOCTI 3arajJbHOHAayKOBHUX Ta CIICIiaIbHUX METOIIB 1 IMiIXO/IIB,
HEOOXITHUX /I JOCATHEHHSI TOCTABJICHOT METH Ta PO3B’sI3aHHS BHU3HAYCHUX
3aBJlaHb JOCIIIKEHHS, 30KpeMa:

® aHaji3 HAYKOBUX 1 TMPUKIATHUX JKEpEN, TMPUCBSIUYEHHUX apXITEKTYpl

PO3MOITIEHUX MPOrPAMHUX CUCTEM, MIKPOCEPBICHOMY MIIXOAY Ta serverless-

CEpeloBUIllaM, a TAaKOXX aHalll3 CyYaCHUX apXITEeKTypHHUX TMPaKTUK iX

BUKOPUCTAHHS,

® CHHTE3 TEOPETHYHHUX IIOJOKEHb 1 NMPaKTHYHHX IIIXOMIB 10 peajizarrii
MIKPOCEPBICHOI apXiTeKTypu y serverless-cepenoBumax s (HopMyBaHHS

IUJIICHOTO YSIBJICHHS MPO MPEAMET AOCIIKSHHS;



12

® T[IOPIBHSHHS PI3HUX apXITEKTYPHUX IMIJIXOAIB 10 MOOYIAOBU PO3MOILICHUX
CHUCTEM 3 METOI0 BUSIBJICHHS iX OCOOJMBOCTEH, mepeBar Ta OOMEXKEHb Y
KOHTEKCT1 BUKOPUCTaHHS serverless-TexHomoriif;

e y3arajbHEHHS pe3yJbTaTIiB aHalizy HAyKOBUX JUKEpesl 1 MpaKTHYHOI
peaizallii JeMOHCTpaIiiHO1 cucTeMu it (POPMYITIOBAHHS BUCHOBKIB 1100
apXITEKTYpHUX OCOOJMBOCTEM TOEIHAHHS MIKPOCEPBICHOI MoOJeNll Ta
serverless-cepenoBuIL;

® MOJEIIOBaHHSA, IO MOJIATAE Y MPOEKTYBAHHI apXITEKTypH JEMOHCTPALIMHOT
CHUCTEMH SIK CIIPOIIICHOTO BiJOOpa)KeHHs peaibHO1 MIKPOCEPBICHOI CUCTEMH,
peanizoBaHoi y serverless-cepeoBuIi;

® IMPOEKTYBaHHA Ta TMPaKTUYHA peai3alis MPOrpaMHUX KOMIIOHCHTIB
JEMOHCTPALIIIHOI CUCTEMHU 3 BUKOPUCTAHHSIM CYyYaCHUX XMapHUX CEPBICIB 1
M1IX0/1B 1O aBTOMAaTHU3alli IHPpacTpyKTypH;

® ApXITEKTYpHUI aHai3 peai30BaHOI IEMOHCTPAIMHOT CHCTEMHU 3 TOUKH 30PY
BIJIMOBIJTHOCTI 0a30BUM MPUHIIMIIAM MIKPOCEPBICHOT apXITEKTYPH;

e 0i0morpadgiyamnil momykK, pegepyBaHHs Ta IUTYBAHHS HAYKOBHUX, TEXHIYHUX
1 HOpMaTUBHUX JiKepen iH(opMarlii, 10 CTOCYIOThCSI TEMH JTOCIIKSHHS.
HaykoBa HOBH3Ha MaricTepchbkoi poOOTH TOJSITa€ B apXITEKTypPHOMY

OCMUCJICHHI TO€JIHAaHHS MIKPOCEPBICHOI MOJeNl Ta serverless-cepepoBunl 3
ypaxyBaHHSM OCOOJIMBOCTEH Oe3cepBepHOT MOl BHUKOHAHHSA. Y poOOTI
3alpONOHOBAHO y3arajJbHEHUN MIAX1A [0 pO3TIsny serverless-cepeqoBull sk
OJIHOTO 3 MOXJIMBHX CEPEIOBHII peajizalli MIKpOCEPBICHOI apXiTEKTypH, IO
JI03BOJISIE TIPOAHAIII3YBATH BILUIUB TAaKUX CEPEIOBHUII HA OpTaHi3aIliio MIKpOCEPBICIB,
iX MeXI1 Ta )KUTTEBUMA ITHKII.

VY mexax qociikeHHs: c¢hOpMOBAHO apXITEKTYPHUHN TOTJIS] HAa peati3alliio
MIKpPOCEpBICIB y serverless-cepeioBuIllax Ha OCHOBI MPAKTHYHOTO MPUKIATY, L0
Jaio 3MOTy KOHKPETH3yBaTH OCOOJMBOCTI 3aCTOCYBAHHS MIKPOCEPBICHHX
NPUHIUIIIB B YMOBaX KEPOBAaHOI XMapHOi 1HPpPACTpyKTypu 0O€3 HaIMIPHOTO

y3arajabHeHHs a00 a0COJIIOTH3Allli OKPEMUX TEXHIYHUX PILLIEHb.
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[IpakTH4HUM  pe3ynbTaTOM JOCHIPKEHHA € HaoyHa JIeMOHCTpaIis
MOXJIMBOCTI peaizailii 6a30BUX MPUHIUITIB MIKpPOCEPBICHOI apXiTEKTypH B yMOBax
serverless-cepegoBuia. Po3po6ieHa B Mexax poOOTH JEMOHCTpalliiHa cucTeMa
UTIOCTpY€E MIAXOIM 0 OpraHi3ailii MiKpOCepBICIB Ta iX B3a€EMOJIl 3 ypaxyBaHHSIM
0co0JIMBOCTEM O6€3cepBEPHOI MOIEI BUKOHAHHSI.

OtpumaHi pe3ynbTaTd MOXYTh OyTH KOPHUCHHUMH TIpU  PO3IIISAIL
apXITeKTYpHUX PIIICHb, MOB’SI3aHUX 13 BUKOPUCTAHHSAM serverless-TeXHOJorin y
KOHTEKCTI MIKPOCEPBICHOI apXiTeKTypH, 30KpeMa B YaCTHHI 1HTepHpeTallii 6a30BUX
NPUHIIMIIB MIKPOCEPBICHOI MOJIENl Ta iX ajganTallii 1o crneurdiku 0e3cepBepHOro
CepeOBHINAa BUKOHAHHS.

Oxkpewmi pe3ybTaTh MaricTepCchbKOTo JOCTIKEHHSI 00TOBOPIOBAIKCS Ta OYyJIn
Ope/CTaBieHl TMiJ] Yac MDKHApOAHOI HAyKOBO-MPAaKTHUYHOI KOH(epeHuii 3

myOJTiKalliero MaTepiaiiB y 301pHUKY KOoH(pepeHIii [22].
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PO3/ILI 1
EBOJIIOLISI APXITEKTYP ITPOTPAMHUX CUCTEM

P03BUTOK apXiTEKTyp MPOrpaMHOro 3a0€3MEUYEeHHs € MPUPOIHOI0 PEaKIlI€r0
Ha TIOCTIHE BJOCKOHAJCHHS TEXHOJOrIA Ta 3pOCTaHHS MaciuTabiB iXHBOTO
3acTOCyBaHHs. 31 30UIbIIEHHSIM OOYHMCIIOBAJIBHUX MOTY>KHOCTEH, MOSIBOIO HOBHUX
croco0iB 30epiraHHs i OOMiHY JTaHUMH, a TAKOX 13 IIABUIIICHHSIM HaBAaHTAXEHHS
Ha CHUCTEMH, TMocTana norpeda y OUIbII THYYKHX 1 MacIITaOOBaHUX MiAXOAaX JO
oprasizailii mporpaMHuX pillicHb.

[TutanHs eBoJIOLIi apXITEKTyp MPOrpPaMHOTO 3a0€3MEUEHHsI BUKIIMKAE
CTaJIui 1HTEpeC SK cepel MNPaKTUKIB, TaK 1 cepeJ HAyKOBIB. Y CydyaCHHUX
JOCIIKSHHSX 1 MpallsiX IPOBITHUX apXiTEKTOPiB, 30KkpeMa Mapka Piuapzaca ta Hina
®opnaa [1], 3a1CHIOETHCS CUCTEMAaTH3allls apXITEeKTYPHUX MIXO0/1B 1 Kiacudikaris
MoOJieJIel MPOEKTYBaHHA, IO BiJI0Opa)ka€ MparHeHHs rajay3i A0 BIOPSJIKYBaHHS
HAKOIUYEHOTO JOCBITY.

dopMmyBaHHSA apXiTEKTYpHUX TIIXOJMIB BIAOYBajaoCs TOCTYIOBO, dYepes
B3a€EMHUU BIUIMB 1 TpaHcPOpMallilo ICHYIOUHX pillieHb. BoHOYAaC MpOCTEXKYETHCS
ChilbHA  TEHJACHINS — TepeXii BiA  I[EHTPATI30BaHUX  CTPYKTYp IO
JCLICHTPAJII30BaHUX 1 PO3MOJUICHUX MOJENCH, CIPSIMOBAaHUX Ha IMABUIICHHS
THYYKOCT1, MaCIITA0OBaHOCTI Ta €(PEeKTUBHOCTI MPOrPAMHUX CUCTEM.

VY mopanbmux MiAPO3AUIAX PO3TIASHYTO OCHOBHI €Tany Ii€i eBOJIOMIT —
KJIFOUOBI apXITEKTYpHI MIAXOJH, L0 MepeayBaiv (POpMyBaHHIO MIKPOCEPBICHOI

MOJIEJII Ta 3aKJIaJIM MIAIPYHTS TS 11 TOSIBU
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1.1. MoHoJiiTHa apXiTeKTypa

Ha nouatkoBHX eTamax pO3BUTKY MPOTPAMHOTO 3a0e3MEeUeHHs MepeBaXKaiu
MOHOJIITHI apXITEKTypH, y SKHX ycs (YHKIIOHAIBHICTh 3aCTOCYHKY — BiJl
KOPHUCTYBAIbKOTO 1HTEep(eicy 10 O13HEC-JIOTIKM Ta JOCTyNmy J0 AaHUX — Oyna
30cepekeHa B €AMHOMY NIPOrpaMHOMY KOMIIOHEHTI. Taki cucTeMH 3a3BHuai
CTBOPIOBAJIMCS K IUTICHI 3aCTOCYHKHM 3 TICHO TIOB’SI3aHUMH KOMIIOHEHTAMH,
CHUIBHUM CEPEIOBUIIIEM BUKOHAHHSA Ta €IMHUM >KUTTEBUM IIUKIIOM PO3POOKH.

[Tormpu CBOIO MPOCTOTY, MOHOJIITHA apXiTEeKTypa He Mo30aBlicHa IMepeBar 1 He
BTpAaTUIIa AKTyalbHOCTi HABiTh CHOTOAHI. Ii IIICHICTH CHPOLIyE KepyBaHHS
KOJOBOIO  0a3010, TECTyBaHHS Ta BIJJIATO/DKEHHS, a TaKoX 3MEHIIYye
1H(GpPACTPYKTYpHI BUTpaTh. Y BHUIAJKaX, KOJM CHCTeMa He MoTpedye
TOPU3OHTAIILHOTO MaciTabyBaHHs a00 Mae cTabiIbHI BUMOTH JO0 HaBaHTAKCHHSI,
MOHOJTIT 3JIMIIIAETHCS [IIKOM BUITPaBIaHUM 1 €(peKTUBHUM BHOOpOM. Takui miaxia
0CO0JIMBO TOPEYHUI HAa PaHHIX eTanax po3poOKH, KOJM BaXJIMBUMH € IIBUIKICTbH
CTBOPEHHSI MPOTOTHIIIB 1 epe0auyBaHICTh MTOBEIIHKYA CUCTEMHU.

BonHowac 13 po3mmupeHHsIM (YHKIIIOHATBLHOCTI Ta 30UIBIICHHSM MaciiTaliB
IPOEKTY MOHOJITHAa CTPYKTypa IOCTYIOBO BHSIBJISIE CBOi OOMekeHHs. Bucokmii
PIBEHB 3B’S3HOCTI MK KOMIIOHEHTAMH YCKJIAHIOE JIOKATI3allii0 3MiH 1 MiABUIILYE
pU3UK MOOIYHUX e(EeKTIB MiJ Yac OHOBICHb. bynb-ska Momudikailis moTpedye
MOBTOPHOTO 30UpaHHS Ta PO3TOPTAHHS BCIE€T CUCTEMH, IO 3HIKYE MIBUAKICTDH
BIIPOBAPKEHHSI HOBUX (yHKII. MacmTaOyBaHHS B MeXaX MOHOJITY MOKIIUBE
JUILE HUISXOM MOBHOrO JyONIOBAaHHS BCI€l CHUCTEMHM, HaBITh SIKIIO MIJBUIICHE
HABaHTAXXEHHS CIIOCTEPIraeThCs JIMIIE HA OKpEeMOMY (PYyHKIIIOHAIbBHOMY CETMEHTI.

{1 oOMekeHHs CTaJi MOIITOBXOM J0 MOJAJIbIIOI €BOMIOLIT — MOLIYKY CIOCOOIB
CTPYKTYPHOTO BHOPSAKYBaHHS BHYTPIIIHBOI JIOTIKM CHCTEMU Ta 3MEHIIECHHA ii
3B’SI3HOCTI 0€3 BTpaTH IUTCHOCTI. HacTymHuUM eTanom IbOr0 pPO3BUTKY CTalld
MOIYJIbHI Ta KOMIIOHEHTHI MIIXO/H, SIK1 3aKJIaJId OCHOBY JIJISl TIOJUTY MPOTPaMHHX

CHCTEM Ha JIOTIYHO 130JIbOBAH]1 YaCTUHU 3 YITKUMH MEXaMHU BiIMOBIJAIbHOCTI.



16

1.2. MoayJibHi Ta KOMIIOHEHTHI MiAX0A1

Hactynaum etamom eBOJIIOIIT apXITEKTyp MPOTrpaMHOro 3a0e3MeueHHs CTal0Th
MOJYJIbHI Ta KOMIIOHEHTHI I1JIX0/1, OPIEHTOBAH1 Ha BMOPSJIKYBaHHS BHYTPIITHbOI
CTPYKTypu cuctemMu Oe3 BTpaTu 11 uuTicHOCTI. BoHM mnependaudaroTb MoAain
3aCTOCYHKY Ha YaCTMHH 3 YITKO BU3HAYCHUMH MEXKaMH BIJMOBIIAIBHOCTI Ta
KOHTPOJIbOBAHUMU B3a€MO3aJICKHOCTSIMH.

KonnenryanpHi OCHOBH Takoro MoAUTy 3akiajneHi y podorax JI. Ilapuaca [14],
AKUWA (OpPMYIIIOE TIPUHIIAI MPUXOBYBaHHS peanizailii (information hiding). Bin
BU3HAYa€, U0 3MIHU B OJIHOMY MOJIyJIi HE MOBHUHHI BIIMBATH Ha 1HII, SKIIO MIX
HUMHM JIOTPUMAHO YiTKO BU3HaueHi iHTepdericu. Llei miaxia ctaHoBUTh GyHIaMEHT
MOAAJBIIOI MOJTYJIBHOCTI y MPOTpaMHIN 1HXXEHEPII.

CTpyKTypOBaHUHN MOJALT CUCTEMH MOXKE 3[1HCHIOBATHCSA 3a PI3HUMH O3HAKaMHU.
bararomapoBa apxitektypa (Layered Architecture) mepenbadae BIOpSIKYBaHHS
KOMIIOHEHTIB 3a TEXHIYHUMU IIapaMu — iHTepdelic KopucTyBaya, 613HEC-JIOTIKa Ta
noctyn a0 ganux (puc 1.1). MoaynsHa apxitektypa (Modular Architecture),
HAaTOMICTh, IPYHTYETHCS Ha MO 32 MPEIMETHUMU 00JIaCTAMHU, /1€ KOXKEH MOYJIb

BIJIMIOBIJIa€ OKpemiit 613Hec-hyHKIii ado roMeny (puc 1.2).

Fresentation layer Component Component

Business layer Component Component

Service layer Component Component

Fersistence layer Component Component

Database layer

Puc. 1.1. baraTomapoBa apxiTekTypa
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nterface

Component Component

Module Module Module Module

Module Module Module Module

Component Component

Module Module Module Module

Module Module Module Module

Puc. 1.2. MonynpHa apxiTeKkTypa

3acToCyBaHHS TaKUX MPUHIIMITIB CTPYKTYPHU3AIIi] TOKJIAIIO OCHOBY TSI PO3BUTKY
PO3MOIIIICHUX apXITEKTypPHUX M1ax011B. BoHu cipusitoTh hOpMyBaHHIO KOHIICTIIIIH,
y SKUX 130JIbOBAHICTh KOMIIOHEHTIB 1 YITKICTb MEX BIAMOBIJAIBLHOCTI CTAalOTh

KIIFOYOBUMH YUHHUKAMH MACIITa00BAHOCTI Ta THYYKOCTI MPOTPAMHUX CHUCTEM.

1.3. Ilepexin a0 po3moalIeHMX CHCTeM: KJI€EHT—-CepBepHa Ta
OaraTopiBHeBa MojeJIi
HactymHuM etamoM pO3BUTKY apXiTEKTyp MPOTPaMHOrO 3a0€3MEUYCHHS CTae
nepexij Bij HEHTPaTi30BaHUX 3aCTOCYHKIB JI0 PO3MOAUIEHUX CUCTEM, Y SIKUX OKpeMI
KOMIIOHEHTH MOXKYyTh BHKOHYBAaTHCSl Ha PI3HMX BY3Jax 1 B3a€EMOJIISITH dYepes
MepexeBl NPOTOKOoJU. Takui MiAXiJ BIAKPUBAE MOKJIMBICTH BiJOKPEMIICHHS
iHTepdeiicy KopucTyBaua BiJl CEpBEPHOI JIOTIKU Ta JaHUX, 3aKJIaJJal0ul OCHOBY JJIst
MOJIAJIBIINAX APXITEKTYPHUX MOJICTICH.
OmHuM 13 HAWUTIOMIMPEHIMUX MIAXOIB MOCTA€ KIIIEHT—CEPBEPHA MOJETh (pHC
1.3), mo nependavae po3AlIEHHS CUCTEMHU Ha KIIEHTCHKY Ta CEPBEPHY UYACTHHH.
KiienT BiamoBizae 3a B3a€MOJIII0 3 KOPUCTYBa4eM 1 YacTUHY OOpoOku (Bin

JIOKaJIbHOT BaJIiJallil Ta KeUIyBaHHs O OKPEMUX OOYMCIICHb) 1 1HIIIIO€ 3BEPHEHHS
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no cepBepHHX pecypciB.  CepBep 30cepemkye O13HEC-JIOTIKY  CITUIBHOTO
KOPHCTYBaHHSI Ta JOCTYI JO JaHWX, 3a0€3MeYyroud Y3TOJKEHICTh, Oe3IeKy Ta
IIEHTpaJi30BaHl cepBicH. Takuil poO3MOIIT J03BOJIIE THYUYKO OajaHCyBaTu

HABAHTAKEHHS MK CTOPOHAMH Ta CIIPOITLY€E €BOJIOIII0 CUCTEMU [27].

-

Client

.

Client
T Server
-

Client

Puc. 1.3. KimienT—cepBepHa MoeIb

BararopisaeBa mozenp (N-Tier) po3BHBaEe M0 1A€t0, PO3AUISIOUN JIOTIYHI
YaCTHHU CHCTEMH Ha KUIbKa pPiBHIB — 1HTep(eiic KopucTyBaua, Oi3HEC-JOTIKY,
JOCTYT J0 JAHWX TOMIO — 1 3a MOTPEOH pO3ropTar0YH iX Ha Pi3HUX CEPEIOBHINAX.
Ile mnigBunrye MacmTaOOBaHICTh 1 KEPOBAHICTh, YMOXIIMBIIIOE HE3aJIE)KHE
OHOBJICHHS OKPEMHX PIBHIB 1 TOUKOBE OaJIaHCYBaHHS HaBaHTA)KCHHS.

Boanouac mepekeBa B3a€EMO/Iisl IPUBHOCUTH JIOAATKOBI BUKIUKU: 3aTPUMKH
HECTaOUIBHICTh 3’ €/IHaHb, TOTPEeOy B CTAaHJAPTHU30BAHUX MPOTOKOJIAX 1 MEXaHI3Max
y3rojkeHocTi nanux. [lompu 1e, Kii€eHT—cepBepHa Ta OaraTopiBHEBa MOJEII
CTBOPIOIOTH TEXHIYHE MiAIPYHTS JIJIs MOAATBIION0 PO3BUTKY PO3MOALIEHUX CUCTEM,
y SKUX B3aEMOJis MIXK KOMIIOHEHTaMHM HaOyBae OuIiblll (popmMalizoBaHOrO,

CTaHIapTU30BAHOTO Ta HE3AIEIKHOTO XapaKTepy.

1.4. CepgicHo-opieHTOBaHAa apxiTektrypa (SOA)
[Toganpmmii po3BUTOK PO3MOAUICHUX CUCTEM NPHU3BOAUTH 0 MOSBU MiAXOIB,
10 3a0e3MeuyoTh GopMasi3oBaHy B3a€MOJII0 MK aBTOHOMHUMH KOMITOHEHTaMHU.

OnHuM 13 HaWBIUIMBOBIMIMX PIIIEHb ILOTO €TaIlly CTa€ CEPBICHO-OPIEHTOBAHA
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apxitektypa (Service-Oriented Architecture, SOA) (puc 1.4). Ii mera nomnsirae y
CTBOPEHHI CUCTEMHU 3 HE3AJIC)KHHUX CEPBICIB, KOXKEH 3 IKUX BUKOHYE OKpeMy Oi3HeC-

(GYHKIIIIO Ta B3a€EMOJIIE 3 THIITUMU Yepe3 YITKO BU3HAUEHI 1HTepdeicH.

Third-party service Se orchestration

Enterprise Service Bus

- == un

Puc. 1.4. Ceppic-opieHTOBaHa apXiTEKTypa

Konnenuiss SOA axktuBHo QopmyeTbest 'y 2000-x pokax, KOJIM BEJIHKI
KOPIIOPaTUBHI CUCTEMU MOTPEOYIOTh €IMHUX MPUHIIUITIB IHTETpaIlli Ta MIOBTOPHOTO
BUKOPHUCTAaHHA Oi3Hec-QyHKIiN. BaxnuBuili BHeCOK y GopMyBaHHS TEOPETUUHHUX
3acaj] boro miaxoay 3poous Tomac Epi, uns npainst Service-Oriented Architecture:
Concepts, Technology, and Design (2005) ctana ¢pyHIaMEeHTAILHOIO Y BU3HAYEHH1
NPUHIIUIIB TO0YI0BU CEPBICIB, TOBTOPHOI'O BUKOPUCTAHHS, CIa0KOT 3B’ SI3HOCTI Ta
iHkancyssanii 6i13Hec-yoriku [Error! Reference source not found.].

B ocnoBi SOA nexarpb KJIHOYOBI NPHUHLMIIN: HE3AJEKHICTh CEPBICIB, YITKO
BU3HAUEHI KOHTPAKTH B3a€MO/Ii1, TOBTOPHE BUKOPUCTAHHSI Ta TIOCEPEIHUIITBO Yepe3
CrUibHY 1HGpacTpykTypy. s peanmizaiii KOMyHIKalli MK cepBicCaMH YacTo
3aCTOCOBYIOTBCSI CTaHAApTU30BaH1 poTokoyn, 30kpema SOAP a6o XML-RPC, a
takok 1mmHU JgaHux (Enterprise Service Bus, ESB), mo BUKOHYIOTH poOJIb
LEHTPaJII30BaHOr0 TMocepeaHuKka. Takuil miaxia Aae 3Mory yHipiKyBaTh OOMiH
JAaHUMH MDK PI3HOPIIHUMH KOMIIOHEHTAaMHU, HE3aJeKHO BIJl IUIATPOPMH YU

TEXHOJIOTIYHOTO CTEKY.
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Boanouac nenTpanizaliis KOMyHIKaIlil 4Yepe3 MIMHY CTBOPIOE HOBI OOMEKEHHS —
nosiBa “€IMHOI TOYKW BIJIMOBHM, CKJIQJHICTh MaciITaOyBaHHS Ta MiJABUIIECHA
3aJICKHICTD BiJl iHGpacTpykTypH. L1 PpakTopu CTUMYIIOIOTH MOJAJIBITY €BOJIFOIIIO
apxIiTEeKTyp Yy HampsMKy JeleHTpajizallli, Je KOXEH CEpBIC CTa€ MOBHICTIO
caMocTiiHUM enemeHToM. Came 19 1i7esd 3HaXOAuTh CBOE BTUICHHS Y

MIKpOCEpBICHIN apXITEKTYypi, IO PO3TIISIAE€THCS HA HACTYITHOMY €Talll.

1.5. Ilepexia 10 MiKpocepBICHOI apXiTEeKTYpH

[Topanpmia eBOMIOIIA apXITEKTYp MPOTpPaMHOro 3a0e3MeUYeHHsT CIpsIMOBaHA Ha
MOJ0JIaHHS 0OMEKEHb, OB’ A3aHUX 13 HAJIMIPHOIO LIEHTPAJII3aIl€l0 Ta CKIIAIHICTIO
KOOpAMHAIll YUCICHHUX CEPBICIB y PO3MOAUICHUX cucTteMmax. lle mpu3BoauTh 10
dbopmyBaHHS MiKpocepBicHOI apxiTektypu (Microservices Architecture) — cTuirO
MPOEKTYBAaHHS, IO IMependadae MOOyJAOBY CHUCTEMHU SIK Ha0Opy HEBEIUKUX,
ABTOHOMHHX CEpPBICIB, KOXKE€H 3 SKHX BHKOHYE OKpemy Oi3Hec-PyHKIlil0, Mae
BJIACHUMA OKUTTEBHA IMKI 1 MOXE pO3BUBATUCh, MacmTaOyBaTHUCS Ta
BIIPOBA/PKYBATUCh HE3aJIeXKHO BiJ 1HImUX (puc 1.5). B3aemomiss Mix cepBicamu
3MIACHIOETHCSL Yepe3 CTaHIapTHU30BaHl, JierkoBari iHTepdeiicu — 3a3puuait HTTP
APl abGo acuHXpOHHI MeXaHI3MH OOMIHY mMoOBigoMJIeHHsIMU. KoHIenTyalbHe
BU3HAUEHHS 1IbOTO Miaxony chopmynsoBane Maprinom daynepom Ta Jxeitmcom

JIsroicom y mpairi Microservices (2014) [2].

AP| Gateway

Microservice Microservice Microservice

Module Module Module

Module Module Module

Puc. 1.5. MikpocepBicHa apXiTeKTypa
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MikpocepBicd MPOJOBXKYIOTh 17Iei CEPBICHO-OPIEHTOBAHOI apXITEKTYpH, aje
poOJATh aKUEHT Ha JACUeHTpaii3auii YHOpaBliHHS, MiHIMI3alii  CHIIBHOI
1H(pacTpyKTypH Ta 130141111 cepeoBUIl BUKOHaHHS. KOXeH cepBic € caMOCTIMHUM
KOMIIOHEHTOM, SIKMM MOXK€ MaTh BJacHy 0a3y JaHUX, TEXHOJOTIYHUH CTEK 1
KOMaHIy po3poOku. Takuii migxin 3a0e3medye BHCOKY THYYKICTh, MPUCKOPIOE
pO3ropTaHHs 3MiH 1 MABUIIY€E MacIITabOBaHICTh cucTeMu [32].

[TpakTHUHE MOMIMPEHHSI MIKPOCEPBICHOI apXITEKTYpH MOYMHAETHCS Y BEITUKUX
TEXHOJIOTIYHUX KommaHisX. Amazon me y 1998 pori ¢opmyitoe TPUHIUNH
PO3MOIIIEHOT apXiTekTypu y AokyMeHTi Distributed Computing Manifesto [5], mo
mi3HIIe I B ocHOBY cepBicHoi moxeni AWS. Netflix y 2012 porti 3aBepirye
nepexijy BiJi MOHOJITY 10 MIKPOCEPBICIB JJIsl MIATPUMKHA MacIITaOyBaHHSI CBOE€i
wiatopmu MoToKoBOro Bifeo [6]. Lli mpukiaau cTaroTh 3HAKOBUMU ISl IHAYCTPI,
POJIEMOHCTPYBABIIIH nepeBaru JEUEHTPaII30BaHOTO X0y y
BHCOKOHABAHTAKEHUX CEPEIOBUIIAX.

VY ctucnomy popmymoBanui Paynep 1 JIbioic onucyoTh MiIKPOCEPBICH SIK CTUITh
noOyJ0OBU MPOTPAMHOI CUCTEMH, Y SIKIA KOXKEH CEpBIC:

® BHUKOHYETHCS Yy BJACHOMY IPOIIEC;

® B3aEMOJII€ 3 IHITUMU Yepe3 JIETKI MEXaH13MH KOMYHIKaIlii;

e c(OKyCOBaHHMI HABKOJIO YiITKO OKPECIICHOI 00J1acTi BiJIMOBIAAIBHOCTI;

e Moke OyTH 3MIHEHUH 1 pO3TOPHYTUH HE3aJIEKHO;

® KEpyeThes 3 MIHIMAJIBLHUM CTYIIEHEM LIEHTpalli3allii;

® [IOTEHIINHO peasli30BaHuil Ha PI3HUX MOBaX MPOTPaMyBaHHA YU 3 PI3HUMHU
06azaMu JaHUX.

i XxapakTepuCTUKH HE 3BOJISTHCS JIUIIIE 10 TEXHIYHUX aCIEKTIB, a B1I0OPAXKAIOTh
byHAaMEeHTaIbHI apXITEKTYPH1 IPUHIUIIN, IO BIAPI3HAIOTH MIKPOCEPBICHUM M1AX1]]
BIJI TpaJMIIIHHUX MOHOJITHHX CHCTeM. Mexi MDK cepBicaMH 3a3BHYAM
BU3HAUYAIOTHCA 32 JIOMEHHUMH O3HAaKaMH, BiIMOBIIHO MO CTPYKTYpH TPEIMETHOI

obmacTi. Takuil miaxig y3roJKyeThes 3 KoHienilieo bounded context y qoMeHHO-
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opientoBanomy npoektyBanHi (DDD) [Error! Reference source not found.], sika
nepeadavyae po3no/Il CHCTEMH Ha 130J1b0BaH1 00J1aCTi BiAMOBIIAILHOCTI.

[3071b0BaHICTh MPOIECIB BUKOHAHHS JIO3BOJISIE KO)KHOMY CEpBICY MaTH BiacHe
CEpEeIOBUIIE 3aITyCKy — MPOIleC, KOHTeHep abo (yHKIIito [25], mo 3abe3neuye:

e He3aJIeKHE MaclITa0yBaHHS;
® [IiJIBUINCHY BIIMOBOCTIHKICTB;
® TEXHOJIOT1YHY aBTOHOMHICTb.

Boanowyac Takuili piBeHb pPO3MOIUICHHS CTBOPIOE HOBI BHKIMKH, 30KpeMa
OB’ s13aH1 3 MIKIPOILIECHOIO B3a€MO/II€10, HECTAOIBHICTIO MEPEXK1, Bap1aTUBHICTIO
3aTPUMOK, BTpaTaMH MOBIAOMJICHb Ta MOTPEOO0IO B peaizallii CTpaTerii moBTOPHUX
BUKIIMKIB 3 YypaxyBaHHSM 1JeMIOTEeHTHOCTI. [l 3abe3nedyeHHs HaJaiiHOCTI
BUKOPHUCTOBYIOThCS IIA0JIOHU CTIHKOCTI, TaKi sk circuit breaker, bulkhead isolation
abo retry with backoff, mo mno3BossfAIOTH 3amobiraTé KackagHUM BiIMOBaM Yy
CUCTEMI.

BaxxnuBe 3HaueHHs Mae BUOIp MEXaH13MiB KOMYHIKAI[li MK cepBiCaMH. 3aJIEKHO
BIJl XapakTepy Oi3Hec-IpoIleciB 3acTOCOBYIOThCsl cuHXxpoHHi HTTP-Bukimku abo
ACHHXPOHH1 pIIICHHS Ha OCHOBI 4epr MOBIJIOMJIEHb 1 moaik. OOpaHuil CTUIb
KOMYHIKaIii BIUIMBAa€ HA Y3TOJDKEHICTh JaHUX, MPOAYKTHUBHICTh 1 HaAIHHICTb
CUCTEMHU.

OpHi€l0 3 KIIOYOBHX MepeBar MIKPOCEPBICHOI apXITEKTypU € MOKIIUBICTb
HE3aJIeKHOTO BIPOBA/DKEHHS Ta €BOJIONII OKpeMux KoMIoHeHTiB [26]. Lle
MO>KJIMBO JIMIIE 32 YMOBHM JOTPUMAaHHS CTAOUIbHHUX KOHTPAKTIB, CYMICHOCTI 3
MOTOYHUM HaBaHTaXXEHHSM 1 KopekTHoro BepcionyBanHs API. Taki BmactuBocTi
CYTT€BO TIJBUIIYIOTh THYYKICTh PO3POOKH i CIPOIIYIOTH CYyHpOBiJl y MaciiTadi
BEJIMKHUX OpraHizaliii.

[TomirnoTHICTh y MIKPOCEPBICHIA apXITEKTypi € HACIIJAKOM HE3aJIeKHOCTI
peaizallii OKpeMHX CEpBICIB Ta HAIBHOCTI (POPMasi30BaHUX KOHTPAKTIB B3a€MOJII.
BoHna nepenbavae MOKIMBICT BUKOPUCTOBYBATH Pi3HI MOBHU MPOTpaMyBaHHS 4d
TEXHOJIOT1YHI TuIaTGOpMU IS peanmizalli OKpeMUX KOMIIOHEHTIB, IO J03BOJISE

KOMaHJaM oOupaTH IHCTPYMEHTH, HaMKpalle MPUCTOCOBAHI [0 KOHKPETHHX
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Y3TOJDKEHICTh  CUCTEMH  3aBJSKA

OTxe, MIKpOCEpBICHA apXITEKTypa BiJloOpakae MOAANBIINN eTar eBOJFOIIT

IPOrpaMHUX CHCTEM Y HANpPSMKY MiJBHUIIEHHS THYYKOCTi, MaclITabOBaHOCTI Ta

TEXHOJIOTIYHOI aBTOHOMHOCTI.

Tabnuys 1.1
[TopiBHsTbHA TaOIHUIISI OCHOBHHUX apXITEKTYp MPOrPaMHUX CUCTEM
O3naka / MomnoJtiTHA CepsicHo- MikpocepBicHa
ApXxiTekTypa OpicHTOBaHa
(SOA)
OcHOBHA igesn Bcest cucrema — | Hezanexui ABTOHOMHI CepBiCH 3
€IUHUNI cepBicH, MIHIMQJIBHOIO IIEHTPAJTI3AIlIEI0
3aCTOCYHOK IHTErpoBaHi uepe3
CHUJIBHY IIHHY
Tun B3aemonii BuyTtpimini UYepes ESB HTTP API, noxii, acuHXpoHHI1
KOMIIOHEHTIB BUKITUKHU qepru
byHKIH
Cryninb 3B’s13H0cTi | Bucoka [TomipHa (uepe3 Husbka, cnabka 3B 3HICTD
CHUTBHY
iH(PacTpyKTypy)
MacmratoBanicTs | Jlume Bucoka, are Bucoka, rnyuke He3alIe:)KHE
BEpPTUKAJIbHA notpedye MacITadyBaHHS
[EHTPaATI30BaHOTO
KEepYBaHHSI
BigmoBocTilikicTh Husepka — 301 | 3ayieuTh Bij Bucoxka, 3aBAsSKy 130711
3YNUHSE mmman (ESB) CepBiciB
cCUCTEMY
Tun ganux / CmineHa 6a3a | Moxe OyTh He3zanexui 6a3u nannx Ha
CXOBHIIIE TAaHUX cnuIbHa abo cepBic
1HTEerpoBaHa yepes
ESB
IlepeBaru IIpocrora, IToBTOpHE ['HyuKicTb, HE3aJEKHE
IIJTICHICTD, BUKOPUCTAHHS, pO3ropTaHHs, MacIITAOOBaHICTh
JIETKE iHTEeTparis
TECTYBaHHS
Henmoustikn Baxxo LenTpanizoBana Koopaunarisi, DevOps-
MacimTabyBar, | ITMHA, BUCOKA CKJIQJIHICTh, CITIOCTEPEKYBaHICTh
3MIHIOBATH CKJIAIHICTD
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BucnoBkn 10 po3aiay 1

EBogtoriiss apXiTekTyp NpPOTpaMHOro 3a0e3MEeUeHHS BiJi MOHOJITHHUX JI0
MIKPOCEPBICHUX  MOJEJIECH  JEMOHCTpY€ TOCHIAOBHUUM pyX Tamy3l BiI
LEHTPaII30BaHUX, TICHO MOB’S3aHUX CTPYKTYp A0 OUIBII THYYKHX, MOJYJIBHUX 1
posnoaiieHux cucreM. KokeH eram 1ii€i TpaHcdopmarliii — BiJ BIPOBAIKESHHSI
MPUHITUIIB MOAYJIBHOCTI Ta PO3MEXKYBaHHS BIAMOBIMATBLHOCTI J0 (opmam3arrii
B3aeMogii cepmBiciB y Mexax SOA — 3akjajaB OCHOBY JUIsl TIABUIICHHS
MacITaObOBaHOCTI, HAAIMHOCTI Ta HE3aJICKHOCTI KOMIIOHEHTIB.

MikpocepBicHa apXiTeKTypa cTajia JIOTTYHUM Pe3yJIbTaTOM I[bOTO PO3BUTKY,
MOEHABIIM aBTOHOMHICTb, YITKE PO3MEXKYBaHHS JIOMEHIB 1 CTaHAapTHU30BaHY
KOMYHiKaIlio. BojgHoyac ii gerieHTpaitizoBada npupojia NpuBHecIa HOBI BUKIIUKHU —
HacamIepe]] IO0AO0 KepyBaHHS 1H(PACTPYKTYpOIO Ta CKJIaJHOCTI KOOPAMHALI]
BEJIUKOT KUIBKOCTI cepBiciB. IloganbIimii po3BUTOK apXITEKTYPHUX IMIXOIIB
30CEpPEKYEThCS  HA  TONIYKY  pIlIeHb, 3JaTHUX 30epertd  mepeBaru
MIKPOCEPBICHOCTI, MIHIMI3yIOUH CYIPOBIJHI BUTPaATH, IO CTAJO IEPEIyMOBOIO

MOsIBU serverless-mMoieni, po3risiHyTo1 Y HACTYITHOMY PO3ILIL.
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PO3JILI 2
SERVERLESS SIK CEPEJOBHUIIE PEAJIIBAIII MIKPOCEPBICHOI
B3AEMO/III

YIpoaoBK OCTaHHBOTO JECATWIITTA 3pOCTaHHS MacHITallB PO3MOALICHUX
CHUCTEM Ta YCKJIAQJHCHHS YNpaBIiHHSA IHOPACTPYKTYpOK CTHUMYJIOBAIU TIOSBY
HOBUX MOJIEJIE BUKOHAHHS MPOTPAMHUX KOMIOHEHTIB. OJIHIE€I0 3 TAKUX MOJCIICH
CTajla Tak 3BaHa serverless-mMozenb, siKa, MONPU Ha3By, HE O3HAYA€ BiJICYTHICTbH
cepBepiB. Sk BiayuyHo 3a3Hauae Ken ®pomm, aBTOp OJIHOTO 3 paHHIX OIKCIB
kounemnmii: “Tepmin serverless He o3Hayae, MmO cepBepu OUIBIIE HE
BUKOPHUCTOBYIOThCS. BiH Juie o3Havae, Mo po3poOHUKaM Oibllie He TOBOJAUTHCS
PO HUX 0COOJIMBO 3aMuCTOBaTUCS [9].

Tepmin serverless HaOyB mKPoOKOi momyJsipHOCTI micias aHoHcy AWS Lambda
Ha koH(epeHiii AWS re:Invent y 2014 poui [8]. BigToai HuM no3HavaroTh iaxii,
3a AKOr0 XMapHH TMpoBaiiiep TNOBHICTIO Oepe Ha cebe pO3ropTaHHs,
MaciiTa0yBaHHS, MOHITOPUHT Ta OOCIYroByBaHHsS 1HGPacTpyKTypH. Po3poOHUK,
HAaTOMICTh, 30CEPEKYEThCS Ha peai3allii MpUKIaIHOT JIOTIKM Ta BU3HAYEHHI
creHapiiB i aktuBarii. [le¥l miaxim OXOIUTIOE HE JIHINEe BUKOHAHHS TPHUKIAIHOI
JIOTIKW, a W 1HII KOMIIOHEHTH CHUCTeMH — 0a3u JaHuX, OpOKEpH IOB1JIOMIICHbD,
cepBicH ayTeHTU(IKaL] Ta MapLIPyTU3aLlii — SIK1 TAKOXK MOXKYTbh OyTH pealli30BaHi
y 6e3cepBepHOMY (hOopMaTi.

BukoHaHHS TpHUKIaIHOTO KOAYy B serverless-cepefoBUIax 3a3BUYAM
peamnizyetbcsi y (dopmati Function-as-a-Service (FaaS) — mopemi, y skiii Kof
3allyCKAa€ThCsl Yy BIAMOBIAL Ha moaii, Taki sk HTTP-3anuTu, noBimomieHHS 3
OpokepiB, 3MiHM y 0a3zax ngaHux abo TaimMepu. Taki QyHKIII MarOTh KOPOTKUU
KUTTEBUH ITUKJI, aBTOMATHYHO MACIITA0YIOTHCS Ta OTJIA9yIOThCs 32 (DaKTHUHUN Yac
BUKOHaHHS [24]. [ToaiOH1 cepBicH peali3oBaHi y MPOBIIHUX XMapHUX I1aTghopmax
— AWS Lambda (Amazon Web Services), Azure Functions (Microsoft), Google
Cloud Functions 1 IBM Cloud Functions [10, 11, 12, 30].
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[Tonmpu Te, mo serverless He € apXiTEeKTypHHM CTWJIEM Yy KJIAaCHUYHOMY
PO3YyMiHHI1, HOTO JeAal YacTille po3risaTh K e(heKTUBHY MO BUKOHAHHSI
N8 MIKPOCEPBICHHX pillleHb. 1i XapaKTepHi BIACTUBOCTI — 130JbOBAaHICTb,
HE3aJIeKHICTh PO3TOpPTaHHS, MAacIITa0OBaHICTh — J00pe y3roUKYIOThCA 3
MPUHIIMIIAMHA MIKPOCEPBICHOI apXiTeKTypu. BogHOYAC 1€ MoeTHaHHS MOPOIKYE i
HOBI NPAaKTHYHI MUTaHHS, SKI MOTPEeOYIOTh OKPEMOro aHajidy B KOHTEKCTI

KOHKPETHHX peajizalii.

2.1. AKTyaIbHUIl CTaH JIOCJHiIKEHb

VY cydacHiii HayKOBiM JliTepaTypl CHOCTEPIraeThCcs CTIMKHI 1HTEpEC 10 TeMHU
MO€EIHAHHS MIKPOCEPBICHOT apXiTEeKTypH Ta serverless-mojeni BukoHanHs. Po6otu
OCTaHHIX POKIB OXOIUTIOIOTH SIK KOHILIETITyaJIbHI OTJISJU, TaK 1 €KCIepUMEHTANIbHI
JTOCITIKEHHS, 1[0 aHATI3YIOTh MPOYKTUBHICTH 1 BAPTICTh TAKUX CUCTEM.

[Mpuknagom Takux gocmipkeHb € pobora Kundavaram [17], y skii
CcHUCTeMaTU30BaHO 0a30B1 KOHIEMIIT serverless-mojeni. ABTOp BHU3HA4Ya€ YOTUPHU
KJIFOYOB1 CKJIa/0Bl, 10 (OPMYIOTh 1i apXITEKTypHY OCHOBY: 1H(pacTpyKTypHa
abcTpakilisi, TUHAMIYHE YIPaBIiHHS pecypcaMH, MOJEbh OIUIaTh 3a (hpaKTUIHE
BUKOpPHUCTaHHSA Ta (POKYC Ha po3poOI1l MPUKIIATHOT JIOTIKH.

IndpactpykrypHa aOcrtpakiisi 3HIMae 3 poO3pOOHHMKA HEOOXITHICTH
0e3MocepeTHbOr0  aAMIHICTPYBAaHHSI CEPBEPIB, TOKIANAI0YM 111 3aBJAHHS Ha
aBTOMATU30BaHUN pIBEHb IUIATQOPMHU, SKHM BIANOBIZAE 32 OPKECTPALIIO
KOHTEIHepiB, MEpeKeBl HajalllTyBaHHS, OHOBJIIEHHA Ta Oe3meky. [luHamiune
yOpaBIiHHSA pecypcaMy Ja€ 3MOTy aBTOMAaTHYHO MaciiTadyBaTh CHUCTEMY B
peaIbHOMY 4aci 3aJIeKHO BiJl MOTOYHOrO HaBaHTakeHHs. [lnmatdopma Bincrexye
MOKAa3HUKMA BUKOHAHHS Ta aJallTUBHO PETYJIOE OOCIT pecypciB, MIATPUMYIOUU
CTaOUIbHY MPOIYKTUBHICTh MPU MIHIMAJILHOMY CIIOXHUBaHHI. Monenp omiatu 3a
(dbakTHYHE BUKOPUCTAHHS Peati3y€e MPUHIIUI BIMOBIIHOCTI BUTPAT PeaIbHOMY Hacy
BUKOHAHHS Ta 0OCATYy CIOXUTUX pecypciB. Baprticth obOuuncieHb ¢GopMyeThes
MPOTOPLINHO O TPUBAIOCTI POOOTH (YHKIIIH, BUKOPUCTAHOI MaM’ATi, KIIbKOCTI

3amuTIiB 1 00CITy TepelaHux JaHuX, IO JO03BOJISIE YHUKHYTH BHUTpPAT Ha
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HEBUKOpHCTaHl pecypcu. Dokyc Ha po3poOLl MPHUKIAIHOI JOTIKH 3MIIIy€E yBary
poO3poOHUKA 3 KepyBaHHS 1H(QPACTPYKTYpOIO Ha OINTHMI3aIlil0 3aCTOCYHKY Ta
peanizaiito Oi3Hec-pynkiii. [lnmarpopma Hamae BOyaoBaH1 3aco0U PO3rOpTaHHS,
TECTYBAaHHS Ta MOHITOPHUHTY, IO CIIPOLIY€ )KUTTEBUN LIUKIT PO3POOKHU Ta MiABUIILLY€E
IPOYKTUBHICTH KOMaH/,.

Oxpemuil HampsiM JTOCIIKeHb MPUCBIYCHUN aHami3y serverless-apXiTekTyp
y KOHTEKCTI €BOJIIOLIT TpaauIiitHIX Mojienel 30epiranHs Ta 00poOku faHuXx. Y 1ux
poboTax po3rIsAatOThCs (GaKTOPH, 10 BILIMBAIOTH Ha BUO1p O€3CEpBEPHUX PIIICHb,
cepell SIKUX aBTOMaTHYHE MaclITa0yBaHHs, THYYKe KEpYBaHHs pecypcami, Mo/ii€Ba
MOJIE/Ib B3a€EMOJIIT Ta €KOHOMIYHA MOJIEbh OIUIaTH 3a BUKOpUCTaHHA. Pazom i3
nepeBaraMM BiJ3HAYAIOThCA W BUKIMKH, TIOB’S3aHI 3 Y3TOJDKEHICTIO JaHUX,
0OMEKEHOI0 THYYKICTIO KOH(]ITypallii Ta ajanTami€r KJIACMYHUX IMiJIXOJIB 0
poboTH 3 TpaH3aKIlIsIMU B yMOBax serverless-cepenonuir [22, 23, 28].

Takox yBarm 3aciIyroBYIOTh €KCHEPHUMEHTAIbHI JOCIHIKEHHS, MPUCBIYCHI
BUBYCHHIO MPAKTUYHUX AaCIEeKTIB BUKOPUCTAHHs serverless-Mojeni y KOHTEKCTI
MIKPOCEPBICHUX apXiTekTyp. Y Husui pooit [18,19] mnpoeaeHo emmipuuHe
MOPIBHSHHS PI3HUX BaplaHTIB peami3aiii MIKpPOCEpPBICHUX CHCTEM — BIJ
TpaJAMILIHUX KOHTEMHEPU30BaHUX pO3ropTaHb A0 (GyHKHiHOT Momeni AWS
Lambda. ABTopu aHani3yBaJld Taki MapamMeTpH, sIK MacIITa0OBaHICTh, Yac BIATYKY,
BapTICTh Ta OCOOJIMBOCTI MEPEHECEHHS 3aCTOCYHKIB MK PI3HUMHU CEPEIOBHINAMU
BUKOHAHHS. Pe3yibTaTu AEMOHCTPYIOTh, L0 serverless-pilieHHs 3a0e3neuyroTh
THyYKEe aBTOMATHMYHE MAacIITa0yBaHHS Ta 3HIKCHHS OIEpaIliiiHUX BUTpAT, aie
noTpeOyIOTh ypaxyBaHHS BIIMIHHOCTEH Yy CTPYKTYypi 3aCTOCYHKIB 1 MOXYTb
MOCTYIATUCS 32 CTAOUIBHICTIO Yacy BIJITYKY.

[IpoBenenwuii anani3z JiTepaTypHUX JHKEPEN MIATBEPIKYE aKTyaabHICTh TEMHU Ta
HAsBHICTh CTIMKOTO 1HTEpecy 10 TMOE€JAHAHHS MIKPOCEPBICHOI apXITEKTypH 3
serverless-migxogamu. BonaHouac OUIBIIICTE  JOCHIKEHb  30CEPEIKYIOTHCS
MEePEeBAXXKHO HA TEXHIYHUX 200 €KOHOMIYHMX acIleKTaX, 3aJIMIIAI0UU 1032 YBaroko
apXITEeKTYpHUN BUMIp — NUTaHHS 30€pEKEHHS MEX CEpBICIB, 1301bOBAHOCTI Ta

KEpOBAHOCTI TMpPH TEPEHECEHHI MIKPOCEPBICHOI MoJeni A0 Oe3CepBEepHOro
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cepenoBuina. Lleit acnexT BU3Ha4Yae HAPsIM MOJANBIIOTO aHai3y, PeICTaBICHUNA

y HACTYyIHUX M1IpO3/iiax.

2.2. Serverless sk cepenoBuile peaJsi3auii MikpocepsBiciB

3HauHU BHECOK y (OpMYBaHHS AapXITEKTYpPHUX KOHLEMIIN 3aCTOCYBaHHS
serverless-miaxoiB poOsATh NPOBIIHI MPaKTUKU ranysi. 3okpema, Cem HpiomeH y
npyromy Bunansi Building Microservices [3] onmucye MOXITHBI BaplaHTH ajanTarii
MIKPOCEPBICHOT MOJIEJII IO CepeI0BUIIl BUKOHAHHS Ha 0cHOBI Function-as-a-Service
(FaaS).

ABTOp BUIUIAE JaBa 0a30Bl MIAXOAW M0 OpPTraHi3ailii MIKPOCEPBICIB Yy TaKUX
CepeIOBHINAX:

- Function per microservice (ogHa yHKIIisl Ha MIKpOCEPBIC).

[leit BapianT mepeadayvae, 1Mo MIKPOCEPBIC PO3rOPTAETHCS K €IMHA (QYHKINS Y
FaaS-cepenoBumii. Yci 3anuti a0o MmoAii MOTPAIISIOTh A0 CHUIBHOI TOYKU BXOY
GyHKIII, SKa BUKOHYE MapIIpyTHU3aIlil0 10 BIJAMOBIIHUX YAaCTHUH JIOTIKH CEPBICY.
Takuit miaxig 30epirae yctajeHe YsBISHHS MPO MIKPOCEPBIC K €IUHY OJIUHMITIO
pO3ropTaHHs i MOXKe OyTH pallioHaTFHUM BUOOPOM Ha MOYATKOBHX €Tarax.

- Function per aggregate (o1Ha QyHKIIisI Ha arperar).

VY 1upoMy miaxodl MIKpOCEPBIC MOAUIAETHCS HA KiJTbKA (PYHKITINA, KOXKHA 3 SIKUX
peanizye O13HEC-JIOTIKY OJTHOTO arperary — IUIICHOT TPYIU CYTHOCTEN MpeaMETHOL
obJsiacti BiAMOBiAHO 10 mpuHIUNIB Domain-Driven Design [Error! Reference
source not found.]. Taka cTpykTypa 3a0e3neuye 130JAL1I0 KUTTEBOTO IHKITY
KOXXHOT'O arperary Ta 3MeHIIIy€e pUu3uK B3aEMHOTO BILUIUBY JIOTIKH. MikpocepBic npu
bOMY PO3IJISIIAETHCA K JIOTIYHE 00’ €IHaHHS KUIbKOX (PYHKITIH.

PosrasuyTi migxoaum omucyroTh 0a30BI MOJEN MEPEHECEHHS MIKPOCEPBICHOT
JIOTIKM 10 (PYHKUIHHOT MapaJurMyd BUKOHAHHS. Y MOJANbIIOMY aHati31 1l MOAel
PO3IIIAAAIOTHCS JETABHINIE 3 TPAKTUUHOI TOUKH 30py — 3 YpaXyBaHHSM CIIOCOOIB
30epexeHHsT apXITEeKTYypHOI IUIICHOCTI CEpBiCy, OpraHizaiii Kooy Ta KepyBaHHS

GyHKIIAMU.
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2.3. Peanizanis npuHUUNIB MiKpOcepBiCHOI apxiTekTypu y serverless-
MoaeJIi
Po3rnssHyTi BUIE MiAXOAM OKPECTIOITh 3arajibHy JIOTIKY TE€pPEHECEHHs
MIKpPOCEPBICHOT apXiTeKTypH y cepeloBUIlIe 3 GYHKIIHHOIO MOAEIUTI0 BUKOHAHHS.
Ha mpaxkTuili sk mocTae HU3Ka JOJATKOBUX aCTEKTiB, 1[0 BU3HAYAIOTh €()eKTUBHICTh
1 IUTICHICTH TAKOTO TIEPEHECEHHS.
VY npoMy miapO3aiii yBary 30Ce€peKeHo Ha JeTami3allli apXiTeKTypHHUX PIIICHb,
MOB’s3aHUX 13 oOpraHizaiiclo (yHKIIA y MexXax MIKpOCEpBICY, IMiJITPUMKOIO
y3TOJIPKEHOCTI KOAy, 3aco0amMu 1H(PACTPYKTYPHOTO OIMKCY Ta B3aEMOIEI0 MIiX

KOMIIOHCHTaMH SCI'VGI'ICSS-Cepe,Z[OBI/IHIa.

2.3.1. Opramnizanist koay Ta iHppacTpyKTypHe ynpaBJIiHHA

Ha BimMiHy Big KJIacMYHOT MOJIETi, JI€ MIKPOCEPBIC € €IMHOI0 OJIMHUIICIO
BUKOHAHHS, y serverless-cepeoBuIlll MIKpPOCEpBIC MOXXe OyTH Mpe/ICTaBICHUN
HabopoM He3alexHuX (QyHkHii. Lle po3muproe MOXIMBOCTI MaciiTaOyBaHHS U
ONTHUMI3allll pecypciB, ajie BOAHOYAC YCKJIAJHIOE MIATPUMAHHS apXITEKTYPHOI
nuTicHocTi. J[ns 30epekeHHs Y3roJKEHOCTI HEOOXITHO 3a0e3MeYuTH €IHICTh
JIOMEHHOT Mojienl, KOH}irypauii cepeoBHIa Ta MOJITUK JOCTYIy MK yciMa
(GyHKLISIMU CEPBICY.

JlouiTbHUM CITOCOOOM 30epexeHHs LIITICHOCTI € 3aCTOCYBaHHS MIXOAY, 3a IKOT0
KOXXEH MIKPOCEPBIC MIATPUMYETHCI B MEXKaxX OKpPEMOro pemnosutopito. Taka
oprasi3ariis 103BoJisie 00’ € 1HaTH BC1 QYHKI, CIIJIbHI MOAEI JaHUX, 010J110TEKH Ta
KoHQIrypaiiiini ¢aiinu y couvibHy KoAoBy ©0a3zy. Y Xonl MIATOTOBKU [0
BIIPOBAKEHHS 3 HET MOXKYTh CTBOPIOBATHUCS KUIbKA HE3aNEKHUX (PYHKIIIH, KOKHA 3
AKX BIJANOBIZa€E 3a OKpeMuid Oi3Hec-mporiec abo arperar, aje BCl BOHHU
HIATPUMYIOTHCS CIIJIbHUMHU MEXaH13MaMH TECTYBaHHsI, 301pKHU Ta BIPOBAKEHHS.

JInst  y3roJpKeHOro KepyBaHHS 1H(GPACTPYKTYpOIO 3aCTOCOBYIOTBHCS MI1JIXOIU
Infrastructure as Code (IaC), sixi 103BOJIAIOTH ONMHUCYBAaTH PECYPCH CUCTEMHU SIK
YacTUHY KOJI0BO1 0a3u. Taki omumcH OXOIUTIOITH BU3HAaueHHA (yHkiid, API-

IIUTIO31B, YepT MOB1JOMIICHB, TAOJIUIb 043 JaHUX 1 MOJITUK JOCTYITY, 1110 3a0e3neuye
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ITICHE BIATBOPEHHS CEpEelOBHINA Ta KOHTPOJIb HOro Bepciii. Y pesynbrari
MIKpOCEpBIC 30epirae apxiTeKTYpHY €JIHICTh, HaBITh SKIIO (DI3UYHO CKIATAETHCS 3

0araTboX OKpeMHXx (PyHKIIIM.

2.3.2. Opraxizanis Ta rpaHyJsIpHICTb (PYHKIIN y MesKax MIKpocepBicy

Panime Oyno po3misiHyTo Mojeni, 3ampornoHoBadHi Cemom HproMeHOM, siki
OIKCYIOTH 0a30B1 BapiaHTH BIAOOpaKEHHS MIKPOCEPBICIB y (PYHKIIIIHIN mapaaurmi
BukoHaHHS — Function Per Microservice Ta Function Per Aggregate. L{i monemi
3a/1a0Th 3arajJbHUM HAIIPSM TSI TOOYI0BH apXiTEKTYPH, MPOTE Ha MPAKTHI[l TIOCTAE
MIMPIINKA CHEKTP NMPUHIUMIB IPpyNyBaHHS (YHKI[H, 1110 BU3HAYAIOTh THYYKICTD,
MacIITabOBaHICTh 1 KEPOBAHICTh CUCTEMHU.

OaHMM 13 KITIOYOBUX MHUTAHb € BUOIP PIBHA IPaHyJIIPHOCTI — TOOTO BU3HAUCHHS,
KU 00CAT (PYHKITIOHAIBHOCTI JOIUJIBHO peaTi3oByBaT B MeXaX OJIHI€l (hyHKIIII.
Y MikpocepBiCHIM apXITEKTypi XOPOIIOK MPAKTUKOK BBAKAETHCS Y3T0IPKCHHS MEXK
cepsiciB 13 bounded context BianoBigHO 10 migxoay Domain-Driven Design, mpote
(bakTHYHUN piBEHb TMOAUTY 3aJIEKUTh B TJIMOMHU MOJIEITIOBAHHS MPEIMETHOI
oOnacTi Ta creuudiku Oi3HEC-MpoIeCciB. AHAIOTIUHO, Y serverless-cepenoBull
ONTUMAJIbHUM pIBEHb MOAUTY (YHKIIM BHU3HAYAETHCS JIOMEHOM, XapaKTepoM
HABaHTAXXEHHS Ta TUIIAMHM B3a€MOJIIi MK KoMIOHeHTaMH. DYHKINT 3 BEJIUKOIO
KUIBKICTIO 3aJIe)KHOCTEH a00 3HAYHUM 00CSITOM KOJIy CTal0Th PECYPCOEMHUMH, ITI0
30uTeIye yac 3amycky (cold start) [20]. Menmi 3a po3mipoMm  QyHKITIT
3aBaHTAXYIOTHCS MIBUIIIE 1 3a0€3MEeUYIOTh BHUIILy PEAKTUBHICTH CUCTEMH.

OkpiM MPOAYKTUBHOCTI, TPAHYJSIPHICTh TAaKOX BIUIMBA€ Ha €(EKTUBHICTH
BUKOPUCTAHHSA PECypCiB 1 MOMIJIMBICTH TOHKOTO HaJIAIITYBaHHS CEPEAOBHILA
BUKOHaHH:. BogHouac HagMipHe ApoOsieHHs GYHKIH MTPU3BOAUTH J0 301IbIIIEHHS
KUIBKOCT1 apTedakTiB, CKIQJHINIOTO MPOIeCy 30IpKK Ta BIPOBAKEHHS, & TaKOK
YCKJIQAHIOE TECTYBAHHS W MOHITOPUHT. ONTUManbHUN OallaHC MK PO3MIPOM 1
KEpOBaHICTIO (YHKIIA JOCITAEThCA MUIIXOM apXiTEeKTypHOTO aHamizy 3

ypaxyBaHHSAM MPOAYKTUBHOCTI, BAPTOCTI BUKOHAHHS Ta CKJIATHOCTI CYIIPOBOY.
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Oxpemor0 mepeBaror0 OUIbII AETaTi30BaHOTO MOALTY (PYHKIIH € MOXJIHUBICTH
THYYKOTO KepyBaHHS pecypcamu. Serverless-miardgopmu, 3okpema AWS Lambda,
JTIO3BOJIAIOTH HAJIAIITOBYBATH OOCAT TaM’sTi, TaliM-ayTH Ta PiBEHb MapayieIbHOCTI
JUIs KOKHOI QyHKIIT okpeMo [21]. Lle BiaKkpUBa€e MOKIMBICT TOYHOTO PO3MOJALTY
pecypciB: BUIIJICHHS TOJATKOBUX IMOTYXHOCTEH ISl KPUTUYHUX oTmepaliid abo
OOMEXEHHsSI TMapaJiebHOCTI JJsi MEHII MPIOPUTETHUX. Taka 1307bOBAHICTD
JoTIoMarae yHUKHYTH CHTYyallid, KOJU OJHa IepeBaHTakeHa (QyHKIIs OJIOKye
00pOOKY BOKJIMBUX 3aAIUTIB y CUCTEMI.

CTpyKTypyBaHHS (PYHKIIIM TaKOK MOKE 31MCHIOBATUCS 3a pIBHEM JIOCTYIy a0
TUIIOM KOPUCTYBaYiB. Y MeKax OJHOT0 MIKPOCEPBICY JOIIJIBLHO BiIOKPEMIIIOBATH
byHKLIT, TpU3HAYEH1 17151 KJI€HTIB, B1J] aIMIHICTPATUBHUX (YHKIIIH, OCKIJIbKA BOHU
MOKYTh BIAPI3HATHUCS JIOTIKOIO aBTOPH3AIlil, MOJEJIAMU JaHUX 1 HABITh JDKEpEIaMu
iHopMmairii. Takull MOJAUT CHOPOIILYyE KOHTPOJL JOCTYyNy W MifBUILYE Oe3MeKy,
0CO0JIMBO B CUCTEMAX 13 PI3HUMHU CIICHAPISIMU B3a€MOII.

[Ile oquuM KpuUTEpieEM TpymyBaHHs € TUIT B3aeMoii. YacThuHa (QyHKIIIN MOXKe
00po0OsaTu cunxpoHHi 3anutu yepe3 REST abo GraphQL API, toai sx iHmi —
pearyBatd Ha TOJii 3 4Yepr MOBIIOMJIEHb, MOTOKIB 0a3 JaHWX YU TalMEpIiB.
Pozninennss ¢yHKIIN 3a TUNOM IHTErpallii MOJIETIIy€e HaNAITYyBaHHS TPUTEPIB,
JOTYBaHHsS Ta MacliTa0yBaHHS OKpEeMHUX KaHaliB KomyHikaiii. Kpim Toro, 1e
crpusic OUIBIIINA CTa0ITFHOCTI CHUCTEMHU: TOMHUJIKKA a00 TEepEeBaHTAXXCHHS B
ACMHXPOHHIH Tl HE BIUTMBAIOTH O€3MOCePEeIHhO HAa KOPUCTYBALIbKI 3aUTH.

Hesanexxno Bixg oOpaHoi cTparerii rpymyBaHHs (YHKIIIH, apXiTEKTypa CepBICY
Mae 3a0e3rnedyyBaTH 130JIbOBAHICTh JOMEHHOI JIOTIKM BIJI TEXHIYHMX AacIeKTiB
peanizaiii. YiTkuii moau1 Ha piBHI JaHUX, O13HEC-JIOTIKHU Ta 1HTEP(EUCIB T03BOJISIE
3MIHIOBAaTH CTPYKTYpy a00 KUIbKICTh (pyHKLINA Oe3 BTpy4aHHsS B OCHOBHI Oi3Hec-
npouecu. Takuii miAXiJ y3ro/uKy€eTbes 3 TPUHIIMIIAMU I'eKCaroHaabHOI apXiTeKTypU
(Hexagonal Architecture), y wmexax $KOi 30BHINIHI aJanTepyd MOXYTh
CBOJIIOIIIOHYBATH HE3aJeKHO BiA sApa. Y KOHTEKCTI serverless 1ie 3abe3medye

CTaOUIBHICTh JOMEHHOT MOJIEJI1 T CIPOLLY€ MOBTOPHE BUKOPUCTAHHS KOMITOHEHTIB.
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2.3.3. InTerpauniitna ingpacrpykrypa serverless-cepenouina

Tpaauiiiina MikpocepBiCHa apXiTEKTypa CIMPAEThCS HAa €(hEeKTUBHI MEpexKeBi
MEXaHI3MH B3a€EMOJIT Mk cepBicamMu. HaWmomupeHimuMu 3 HUX € CUHXPOHHI —
3acHoBaHi Ha BukiHkax uyepe3 HTTP/REST, RPC a6o gRPC — ta acunxponHi, 1o
BUKOPHUCTOBYIOTh Opokepu mnoBigomsieHb Ha kimtaatr Kafka, RabbitMQ uu
ActiveMQ. HeszanexxHo BiJf KOHKPETHHX TEXHOJOTIM, METOI0 LIMX MEXaHI3MIB €
3a0e3MeyeHHs! 3B’ I3HOCT1 MIJK cepBicamu NMpu 30epexeHH] IXHbOT aBTOHOMHOCTI.

Pazom 13 TuM, y TpaaMLIMHMX cepeloBHILAX MOOYJA0BAa TaKOi IHTErpariiiHOi
iH(ppacTpykTypu moTpeOye 3HauyHUX 3ycwib [29]. [[ns 3a0e3medeHHs HamiHOI
CUHXPOHHOI B3a€MOJIi HEOOXIJIHO HAaJAIlITOBYBAaTH MAapUIPYTH MEPEKEBOTO
Tpadiky, OanmaHCyBaJbHUKHM HABAaHTAXXCHHsI, CUCTEMM BHUSBJICHHS CEpBICIB Ta
MEXaHI3MH aBTOMAaTUYHOTO MacIITa0yBaHHsS. YCl III €JeMEHTH MaloTh OyTH
y3roJI>KE€H1 MI3K CO0010, MATPUMYBATHA BUCOKY JOCTYIHICTD 1 BIANOBIAATH BUMOTaM
Oe3nexwu.

ACHHXpOHHA B3a€MO/I1sl TAKOXK HE € MPOCTOIO Y peaizallii: miatgopMu Ha 3pa3oK
Kafka a6o RabbitMQ mnotpeOyrooTh peTesbHOI KOH(Iryparii, 0 OXOIUIIE
KEepyBaHHS KJIACTEPOM, PEILTIKAIIIIO TAHUX, KOHTPOJIb TOCTYITY, MATPUMKY BUCOKOI
JIOCTYITHOCTI Ta PO3MOALT HaBaHTAXKEHHS MK po3auiamu. J[0 bOro J0Jar0ThCA
NUTaHHS MOHITOPUHTY, BIAHOBJEHHS Mmicis 300iB Ta CYMICHOCTI KJII€EHTCHKHX
01010TEK. Y pe3yJsbTaTi 3HaUHA YaCTHUHA 3YCHUJIb KOMAHIU 30CEPEIKY€EThCs HE Ha
peanizalii O13HEC-JIOTIKHM, a Ha MIATPUMIII KOMYHIKAIIHHOT 1HQPACTPYKTYpH.

V serverless-mozeni OIIBIIICT WX 3aBAaHb BUPIITYETHCS HA PiBHI TUIATPOPMHU.
OOpaBiM HAIIMHOTO XMapHOro MpOoBaiijiepa, pO3pOOHUK OTPUMYE IHTErpalliHy
1H(PACTPYKTYpy SIK TOTOBUW Hallp CepBiCiB, IO HE MOTPeOYIOTh CKIIAIHOTO
po3roptanHs uu obciyroByBanHs. Hampuknan, noennanns APl Gateway Ta AWS
Lambda 3a0e3neuye MNOBHOLIHHY CHHXPOHHY B3a€EMOJi0 3 aBTOMAaTUYHUM
MacmTaOyBaHHSIM, KEPYBaHHSIM HaBaHTAXKECHHSIM 1 BOYJIOBAaHMMH MEXaHi3MaMU
oesmeku. AHanoriuyno, cepBicu SQS ab6o SNS HamarTh rOTOBUN MEXaHI3M OOMIHY
MOBIJJOMJICHHSIMH, 3JaTHUN OOpoOnsATH 3HAauHI 00csru Tpadiky Oe3 BTpyyaHHS

po3poOHUKa B iHGOPACTPYKTYpHI JETalIl.
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Pa3zom 13 TuM, Takuii piBeHb aOCTpakilii Mae 1 cBOI oOMexkeHHs. Y serverless-
cepeIoBHUIIaX PO3POOHMK M030aBICHUN TTTMOOKOTO KOHTPOJIIO HaJl KOH(ITypaIli€ero
MEPEKEBUX  KOMIIOHEHTIB, IapamMeTpaMu  OaJlaHCyBaHHS YU  JICTAISIMHU
MacimTadyBaHHs. MOXIMBICTD ONTHMI3allli MPOJYKTUBHOCTI a00 MOBEIIHKU
CUCTEMHM YaCTO BU3HAYAETHCS paMKaMH, BCTAHOBJIEHUMU ITpoBaiiiepoM. Ha Biaminy
BiJl BJIACHOPYY PO3rOpPHYTOI 1H(PACTPYKTypH, 1€ BCl €JIEMEHTH MOKHA THYYKO
HAJNAIITYBaTH, y serverless JOBOAUTHCS alanTyBaTH apXiTEKTypy IO JOCTYIMHHX
MOXJIMBOCTEH MIIaTHOpMH.

Takum unHOM, serverless-cepenoBulie 3a0e3neuye 3pity 1HPPACTPYKTYypy s
iHTerpamii MIKpOCEpBICiB, MpPOTE€ 3MEHIIYE KOHTPOJb PO3pPOOHMKA Haa ii
napamerpamu. OTpUMYyIOYM TOTOBI MEXaHI3MM MacliTa0yBaHHS Ta B3a€EMO/III,
KOMaH/M 3BUIBHSIOTHCS BiJ 1H(PACTPYKTYpHUX TypOOT, ajge BOJHOYAC 3MYIICHI
BpaxOBYBaTH MeXI1 THy4YKocTi atdopmu. Lle Bu3Hauae HEOOXiTHICTh YBAYKHOTO
apXITEKTypHOTO IUIAHYBaHHS Ta 3BaXEHOro BHOOPY CIOCOOIB iHTEerpaii

BIJIMOBITHO /10 XapaKTEPUCTUK 1 00OMEKEHb KOHKPETHOT'O Cepe/IOBUINA BUKOHAHHS.
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BucHoBKH 10 po3aiay 2

Y upoMmy po3aii OyJo MPOCTEKEHO €BOIONIK serverless-miaxomay Ta
OOTPYHTOBAHO HOTO MPUAATHICThH SIK CEPEAOBUINA I pealizallii MiKpoCEpBICHOI
apxiTekTypu. Oco0auBy yBary NpuAiJIeHO MUTAHHIO OpraHi3allii Ta rpaHyJIIpHOCTI
GyHKIIIA Yy MeX)ax MIKpOCepBiCy, III0 BH3HAua€ 3JIaTHICTh CUCTEMH 30epiratu
JIOT1YHY I[UTICHICTD 1 MEXI1 IOMEHHUX KOHTEKCTIB HaBITh 32 YMOB MOJILITY HA OKpEMI
¢ynkmii. Came 1€l acmeKkT € KIoYOBUM sl €(EeKTUBHOTO MEPEHECEHHS
MIKPOCEPBICHOT MOJIeNl Y PYHKIIMHY MapaJiurMy BUKOHAHHS.

3pobseHO BHUCHOBOK, 1O serverless 3a0esnedyye TeXHIYHE MIATPYHTS AJis
peaiizalili MiKpocepBiciB — 13 BOyI0BaHUMHU 3aco0aMu MacIITaOyBaHHs, 1HTETrparlii
Ta yNpaBIlliHHS 1HPPACTPYKTYPOIO, — OJJHAK BUMArae mpoyMaHoro OanaHCyBaHHS
MI>K aBTOHOMHICTIO CEPBICIB 1 0OMEKEHHSIMU TIIATPOPMHU.

VY HacTymHOMY PO3/ijIi HaBEJEHO MPAKTUYHY AEMOHCTpPAIlIIO IOTO MiIXOMY
Ha TpUKIagl moOyJoBH MiKpocepBicy y cepemoBuiiii AWS, 3 BUKOpUCTaHHSIM
Pulumi gyt onucy iHQpacTpykTypu K KOOy Ta 3a0€3MeUeHHs UIICHOTO MPOLECy

PO3TOPTaHHS.
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PO3JILI 3
MPAKTUYHA PEAJIBALISA MIKPOCEPBICHOI APXITEKTYPH ¥V
SERVERLESS-CEPE/TIOBHIIII

3.1. ITocranoBka 3a1a4i Ta miaXix 10 peasizamii

Y nomepenmHix po3aiiax  OyJo  pO3TJISHYTO €BOJIOIII0  apXITEKTyp
OpPOrpaMHUX CHUCTEM, MPHUHIMIM MIKPOCEPBICHOT apXiTeKTypH, a TaKOX
0COOJMBOCTI serverless sik cepeoBuIla BAKOHAHHS. AHaJI3 TOKa3as, 10 serverless-
X1 HAKJIaJa€e TeBHy creru@iky Ha crocio peaniszallii MiKpocepBiciB, IPOTE HE
CKacoBy€ 0a30BUX apXITEKTYpHHUX MPUHIINIIIB, a PaJIIIe TpaHCHOPMYE X TPAKTHUHE
BTLJICHHS.

MeTorw NpakTUYHOI YACTMHHU JaHOI POoOOTH € po3poOKa JeMOHCTpalliiHOL
CUCTEMH, sIKa JI03BOJISIE€ MIPOAHAI3yBaTH, SIKUM YHHOM IPU MEepexol 10 serverless-
cepe/ioBUIla MOXKe OyTH 30epekeHa MIKpOCepBICHA MOJelb Ta 11 KJIIOYOBI
apxiTeKTypHl o3Hakd. OCHOBHHMI aKIEHT 3po0JIeHO HE Ha IOBHOTI Ol3HEC-
GbyHKIIIOHATY, @ Ha JOCIIKEHH] apXITEeKTypHHUX PIIIEHb 1 MeXaH13MiB B3a€MOJIii
MDK CEpBICaMH, 10 J03BOJISIOTH MOETHATH CUHXPOHHY Ta aCHHXPOHHY B3a€EMOJIII0
MIX MIKpocepBicaMu 0€3 BTpaTH iX apXITEKTypHOI CaMOCTIMHOCTI y serverless-
peaizarii.

JUis JOCSATHEHHS 3a3HaueHuX Iied Oyno oO0paHO JOMEH pe3epBYyBaHHS
pecypciB, SIKUi MPUPOIHO Tiepeadavae po3no I BiAMOBIIATLHOCTEH MiXkK CepBICaMU
Ta HasBHICTb CUHXPOHHHUX Ta aCUHXPOHHUX O13Hec-mpoiieciB. [lia pe3epByBaHHAM
y MeXax JaHoi poOOTH PO3YMIEThCS MOTMEPEAHE 3aKPITIICHHST 00MEKEHOTo y 4aci
ab0 KUTBKOCTI pecypcy, HalpHUKIIaJ NEepPeroBopHOi KiMHATH B odici, CTOJMKA B
pecTopaHi, TpPaHCIOPTHOIO 3acO0y JIJIsl MpOoKaTy a0o 1HIIOro moaioHoro 00’exra. Ha
OCHOB1 00paHOro IoMeHy MOOYA0BaHO JEMOHCTPAIIHY CUCTEMY, IO CKJIAIA€ThCS
3 JIBOX MIKpPOCEPBICIB, BIAMOBIAAJIBHUX 3a YIOPaBIiHHSA pE3EpBYBAHHIMHU Ta
JIOCTYITHICTIO PECYPCiB BiJIIOBITHO.

Jlani po3risgaeTbcs JTOMEHHA MOJENb JEMOHCTpPAlifHOI CHCTEeMH Ta

OOTPYHTOBYETHCS PO3IMOILI BIAMOBIAAIBHOCTEH M1 MIKPOCEPBICAMH.
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3.2. lomeHHa MOJeJIb Ta MeXKi MiKpocepBiciB

JlomeH pe3epByBaHHsI PEeCypciB, OOpaHHil ISl JEMOHCTPAIIHOI CHUCTEMH,
OPUPOJHO Tepeadadae po3MOIia BiAMOBIAAIBHOCTEH MK OKPEMHMH YaCTHHAMU
CHUCTEMH Ta HEOOX1HICTh KOOPAMHAIIT MK HUMH. Y MEKaX TaKOTO JIOMEHY JIOT14HO
BUOKPEMJIIOIOTBCSL TMIPOLIECH  YIIPABJIIHHSA PE3€PBYBAHHSIMHM Ta  YIPaBIiHHA
JIOCTYTHICTIO PECYpPCIB, sIKI MalOTh pi3HY Oi3HEC-CEMAaHTHKY Ta Pi3HI BUMOTH JO
30€pEKEHHS CTaHy.

Jis  3a0e3nedyeHHs 3pO3yMiIol  CTPYKTYpH CHUCTEMH Ta 3MEHILEHHS
3B’S13aHOCTI MIXK 1i KOMIIOHEHTaMH 3a3Ha4yeHl MpoIecH OYyJIO pO3A1JICHO Ha OKpeMi
JIOT14H1 YyacTUHHU. Takui MOIIN JT03BOJISIE 130J1F0BaTH O13HEC-JIOTIKY, MOB’SI3aHy 3
KUTTEBUM LIUKJIOM pE3epBYBaHb, B/l JOTIKU yNPABIIHHS pecypcaMu Ta iX CTAaHOM.

BianoBigHo 10 1IUX MIpKyBaHb JOMEH OYJIO MOJIJIEHO Ha JBa MIKPOCEPBICH —
Booking Ta Inventory, kKoxeH 3 SKUX Ma€ BJIAcHY 00JIaCTh BIANOBITAIBHOCTI Ta
Mozenb manux (puc. 3.1). OOpaHa CTPYKTypa CIyIy€ OCHOBOIO JIJISl TTOJAJIBIIIOTO
aHaji3y B3aeEMOJIl MIX CepBicaMHM Ta CHOCOOIB iX peadizailii B pO3MNOJLICHOMY

CEPEIOBHIIII.

Booking lifecycle

Booking state

Resources lifecycle

Resources availability

Puc. 3.1. Mexi foMEeHHUX 30H

VY tabnuii 3.1 HaBeaeHo 30BHiMIHI Ta BHYTpinTHI API MikpocepBiciB cuctemu

pesepByBanHs. [lepenmik iHTepdeliciB BimoOpakae po3moaAlT (PYHKIINA MK
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cepicamu Booking Ta Inventory 1 moka3ye, fK KOpPUCTyBadl Ta CepBicU

B3a€EMOJIIOTH MK COOOIO.

Tabnuys 3.1
API mikpocepBiciB cucteMu
Cepsic Metona Hlnsax IIpu3navyeHHs CnoxuBay
Booking POST | /bookings CTtBOpeHHS pe3epBYBaHHS Kiient
Booking GET /bookings OTpumaHHS CIIUCKY pe3epByBaHb | KitieHT
Booking GET /bookings/{id} OTtpumanHs cTany pe3epByBaHHs | KiieHT
Inventory POST | /items CtBOpeHHs pecypey Menemxep
Inventory GET /items OTpuUMaHHS CITUCKY pecypcCiB Kient/
Menemxep
Inventory GET /items/ {type} OtpumanHs ciucky pecypciB no | Kiient/
THITY Menemxep
Inventory POST | /items/availability | IlepeBipka goctymHocTi pecypcy | Kmient/
MeHnemxep
Inventory POST | /items:lookup OTtpumanHs ccKy pecypciB no | Booking
CIUCKY 1IeHTU(]IKATOPIB

VY mexax nanoi poootu API mikpocepBiciB po3MIsiAalOThCs 3 TOUKH 30py iX
JIOTIYHOTO TPHU3HAYCHHS Ta THUIIOBHX CIICHApiiB BHKOPUCTAHHSA. Xo0o4a Ha PiBHI
peasizailii He BBOJIUTHCS )KOPCTKE PO3MEKYBaHHSI JJOCTYITY 0 OKPEMHX €H/IMOIHTIB,
KokeH API opieHTOBaHMIM HA TIEBHUH KJ1ac CIIOKUBAYIB, 1110 BIJMIOBIIa€ HOTO POJIi B
3arajibHii apXiTEeKTypl CHCTeMH. Takuil MiAX1J JO3BOJIE 30CEPEAUTUCS Ha
apXITEKTYPHUX DIMICHHSIX 1 B3a€MOJIII MIX cepBicamu, HE YCKIAIHIOIOYNA MOJIETh
JeTais MK peasti3altii.

Mikpocepsic Booking BiamoBimae 3a ynpapiiHHS MPOIECOM PE3EPBYBAHHS
pecypciB Ta cympoBij Horo xutTeBoro nukiy. Hamani aum API 30cepemxeni Ha
po0O0Ti 3 pe3epBYBaHHAMM SIK OKPEMUMHU JIOMEHHUMHU 00’ €KTaMU Ta OPI€EHTOBAHI Ha
B3a€EMOJII0 3 KIIEHTCHKOI YAaCTUHOIO CHCTeMH. Yepe3 BIJIMOBIAHI E€HINOIHTH
3MIIACHIOETHCSI CTBOPEHHSI HOBUX pE3€pBYBaHb, OTPUMAHHSI CIIUCKY pe3epBYBaHb, a
TaKOX 3aIUT MOTOYHOTO CTaHy KOHKPETHOTO pe3epBYBaHHS.

API wmikpocepBicy Booking He wMicTuTh ormepariif, MNOB’sI3aHUX 13
Oe3nocepeHIM YIIPaBIIHHAM pecypcamMu abo MepeBipKoro iX gocTymHOcTi. Take
OOMEXEHHS € CBIJJOMHM apXITEKTypPHHM PIIIEHHSM 1 3yMOBJICHE MparHeHHSIM

YHUKHYTH  AyOnioBaHHS ~ Oi3HEC-JOTIKM Ta  30€pertd  YiTKUA  pO3MOALI



38

BIJNOBIIATILHOCTEN MIXK cepBicamMH. YcCl omepailii, MoB’s3aHl 31 CTAHOM PEeCypCiB,
BUHECEHI 32 MEXI1 JJAHOTO CEPBICY.

Mikpocepgic Inventory BijnoBijae 3a ynpaBiaiHHSI pecypcaMy CUCTEMH Ta
36epiranns indopmanii npo ixHiii motounmii cran. Moro API 3ocepemkeni Ha
po0OOTI 3 MEpesiKoM pecypciB, a TaKOXX Ha HaJaHHI JaHUX, HEOOXITHUX IS
OPUMHATTSA pIilIeHb Yy Tpoleci pe3epByBaHHA. Uepe3 BIAMOBIIHI EHINOIHTU
3MIIACHIOETHCS OTPUMAHHS CIUCKY JOCTYIHHUX PECYPCIB 1 BUKOHAHHS JTOTIOMIKHUX
3aMUTIB, 1110 BUKOPUCTOBYIOTHCA IHINIUMU KOMIIOHEHTAMU CUCTEMHU.

Ha Binminy Bin mikpocepsicy Booking, API Inventory He mpusHayeHi ais
npsiMoi poOOTH 3 TpoliecoM pe3epByBaHHs. OCHOBHOIO POJUIIO JAaHOTO CEPBICY €
NIATPUMKA aKTyaJlbHOTO CTaHy PECYypCiB Ta HaJaHHs Y3TOIKEHOI 1H(opmalii mpo
HUX 32 3alMUTOM. TakuWil MiAXiJ JO3BOJISIE 30CEPEIUTH BCIO JIOTIKY, TOB’sI3aHYy 3
pecypcaMu, B OJHOMY CEpBICI Ta YHHMKHYTH PO3TMOBCIOJIKCHHS M€ JIOTIKH MIXK
IHIIMMHA KOMIIOHEHTaMU CUCTEMH.

Oxkpemi API mikpocepBicy Inventory BUKOPHUCTOBYIOThCS JIJIsI B3a€EMO/IIT MiXkK
cepBiCaMU Ta CIYTYIOTh JUIsl OTPUMAaHHS JAETallbHOI 1H(dOpMallli mpo pecypcu Ha
ocHOBI ix ineHTH]iKaTopiB. Lle mae 3Mory iHmmM cepBicaM, 30kpema Booking,
IpaloBaTH 3 PECypcaMH OMOCEPEAKOBAHO, HE MAIOYM MPSMOTO JOCTYMy IO
BHYTPILIHIX CTPYKTyp nAaHux Inventory. VY pe3yibTari 30epira€rbcs YiTKHUNA
PO3MOLT BIMOBIAAIBHOCTEN 1 3MEHIITYETHCA 3B SI3HICTh M1 MIKpOCEepBicamu, 110
€ BOXJIMBUM JIJIS1 IOJJATBIIIOTO PO3BUTKY Ta MacIITaOyBaHHS CHCTEMH.

[Tonii, maBeaeHi B Tabmuii 3.2, BiOOpaKalOTh KJIIOYOBI €Tamu MPOIECY
pe3epBYBaHHs Ta BHUKOPHUCTOBYIOTHCS IJIsi ACHHXPOHHOI KOOpAHMHAIII MIX
MmikpocepBicamu Booking Ta Inventory. KoxHa nogist gpikcye 3aBepuieHuil 6i3Hec-
dakT 1 He mepeadadae HeraitHO1 peakilii 3 00Ky CIoKHUBaya, 110 TI03BOJISIE CEpBicaM

3QJIMIIIATUCA CJ1a00 3B’ A3aHUMHU M1 COOO0I0.
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Tabnuys 3.2
ACHHXpOHHA B3a€MO/II MK MIKpOCepBiCaMU CUCTEMU PE3epBYBaHHS
IMonis H:xepeiio Onuc noxaii Cno:xupau
BookingRequested Booking CtBOpeHo HOBE pe3epByBaHHs | Inventory
BookingAccepted Inventory [TiaTBEpIKEHO MOXKIUBICTD Booking
pe3epByBaHHS pecypey
BookingRejected Inventory Pecypc HepocTynHuit 1uis Booking
pe3epByBaHHS

[Tonis BookingRequested myOmikyeThecst mikpocepBicom Booking micins
CTBOPEHHSI HOBOTO PE3EpPBYBaHHS Ta CHUTHANI3ye€ MpPO Hamip KOpPUCTyBada
3ape3epByBaTH MEBHMI pecypc. Mikpocepsic Inventory, oTpuMaBIIM 110 MOJIIO,
BUKOHY€E TIEPEBIPKY MOKIMBOCTI pE3epBYBaHHS PECYpPCY 3 ypaxyBaHHSIM HOTO
MOTOYHOT'O CTaHy.

[Tonii BookingA ccepted Ta BookingRejected myOmikyoThcst MikpocepBicOM
Inventory sk pe3ynbTaT 0OpOoOKH 3aMUTy HA pe3epBYBaHHs. Y BIJAIOBIIb HA 111 MOI1T
MikpocepBic Booking oHOBIIOE cTaH BIAMOBITHOTO PE3€pPBYBAHHS, B1IOOpaKa0un
pe3ynbpTaT TMEPEeBIPKH TOCTYIHOCTI pecypcy. Takuii OOMIH TMOIISIMU JO3BOJISIE
YHUKHYTH CUHXPOHHHMX BUKJIHKIB MK CEpBICAMH Ta 3MEHIIIY€ PU3UK OJIOKYBaHHS
a00 KacKaJgHUX BiJMOB.

3ampomoHoBaHa JIEMOHCTpaIliiHa MOJENb JOMEHY pe3epBYBaHHA Ta
B3a€EMOJIi MDK MIKpPOCEpBICAMH  JIO3BOJIAE HAa MPAKTUUYHOMY IIPHUKJIIAJI
IpoaHaNi3yBaTH KIIOYOBI MNPUHIUIN MOOYJOBH MIKPOCEPBICHOI apXiTEKTYpH,
30KpeMa po3MOAii BIAMOBIIAIBHOCTEH, 1301A111F0 O13HEC-JIOTIKM Ta BUKOPUCTaHHS
acCUHXpOHHOI B3aemojii. HaBMucHo crpomieHa npeameTrHa o0dacTb HE 3HUXKYE
IIIHHOCTI MOJIEI, a, HABIaKH, ]a€ 3MOTY 30CEPEIUTUCS HA apXITEKTYPHUX acleKTax
cucteMu 0e3 HaJMIPHOTO YCKJIAIHEHHS peati3allii.

OmnucaHi MeXi CepBICIB 1 MEXaHI3MHU iX B3aeMO/IIi POPMYIOTh 3pyUHY OCHOBY
JUIsL TIOJIaJIbIIOr0  JIOCHIIPKEHHS OCOOJMBOCTEN peai3alli MIKPOCEpBICIB Y
serverless-cepenoBunii. Taka Mozenb JO03BOJISIE PO3MIISIHYTH, SIKUM YHHOM
apXITEKTYPHI MPUHIUINN 30€piraroThCs MPU MEPEHECEHHI CEPBICIB Y CEPEIOBUIIE

Oe3cepBepHUX 0OUMCIIEHB Ta SIK1 epeBaru 1 0OMEKEHHsI PU [bOMY BUHUKAIOTb.
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3.3. ApxiTeKTypHa oprasi3zaiisi MikpocepsiciB y serverless-cepexoBuui

Y nanomy miapo3auTi Po3MIIIAAETHCS TPAKTUUHA OpraHi3allisi MiKpoCcepBiCiB
JIEMOHCTpallliHOT cucTeMu y serverless-cepeaopuiili. OCHOBHA yBara mpuIias€ThCs
TOMY, SIKHM YHMHOM JIOT14YHA MOJEJNIb MIKPOCEPBICIB BIAOOPaXKAEThCS y CTPYKTYpI
iHpacTpyKkTypH, HA0OP1 PYHKIIIH Ta KEPOBAHUX XMAPHUX PECYPCIB.

Onuc 30cepeKeHUH Ha apXITEKTypHUX pIIIEHHSIX, [OB’SI3aHUX 13
oprasizaii€ro iHQpacTpyKTypH, CIIOCOOOM 11 OMHCY Yy BUIJISIAI KOy, HOJIJIOM Ha
CIIUIbHI Ta CEPBICHI IIApH, a TAKOX YMHPABIIHHAM KOHQITYpalll€ro Ta aJpecarliero
cepsiciB. Takuil miaxix 103BOJISAE MPOAHATIZYBATH, SIK MIKPOCEPBICH PEali3ylOThCs
B serverless-cepeoBUIIl 3 TOYKH 30py iX MPAKTUYHOTO BUKOPHUCTAHHS Ta

HE3aJIE)KHOTO PO3BUTKY.

3.3.1. Infrastructure as Code sik ocHOBa opraui3auii iHppacTpykrypu

VY neMoHcTpaliiiHii cucTteMi oprasizaiis 1H(QPacTPyKTypu MIKpPOCEpBICIB
nobyoBaHa Ha ocHOBI miaxony Infrastructure as Code, 3a sikoro Bci XMapH1 pecypcu
OMMHCYIOTHCS y BUTJISAI MPOTPAMHOTO KOAY Ta CTBOPIOIOTHCS aBTOMATH30BAHO.
Takuit miaxig J03BOJISIE PO3MNISLAATH 1HPPACTPYKTYpy HE SK 30BHIIIHIO
KOH(DIirypairito, a K HeB1/I €MHY YaCTHHY apXITEKTYPH CUCTEMHU, [0 PO3BUBAETHCS
pPa3oM 13 MPUKIAJTHUM KOJOM.

Buxopucranns Infrastructure as Code € ocobmuBo momiibHUM y serverless-
CEPENIOBHIII, /1€ KOKEH MIKPOCEPBIC CKIATAETHCS 3 HAOOPY KEPOBAHMX XMAapHHUX
pecypciB.  Ilporpamuuii  onuc  1HQPACTPYKTYpH  JO3BOJISIE  3a0€3MEUUTH
MOBTOPIOBAHICTh CEPEIOBHUINA, SMEHIIIUTH 3aJISKHICTh B pydHOi KOH(DIryparii Ta
CIIPOCTUTU KOHTPOJIb 3MiH Y MPOILIECT PO3BUTKY CUCTEMH.

Koxen mikpocepBic y Mexax JEMOHCTPAIliHHOT CUCTEMH PO3TISAAETHCS SK
OKpeMa OJWHULA 1H(PpPACTPYKTYypHOI Oprasizaiii, 0 BKJIIOYAE€ BCl PECypCH,
HEOOX1H1 [y Horo (QyHKIioHyBaHHS: (yHKIIi 00poOku 3anutiB, HTTP-
iHTepdeiicu, CXOBUIIA CTaHy, POl JOCTYNYy Ta MEXaHI3MM IHTErpauii 3 1HIIMMHU

cepBicaMu.
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Jlisa  y3arallbHEHHSI TPAKTHYHOI CTPYKTYpPH 1HPPACTPYKTypH MIKpOCEpPBICIB
JIEMOHCTpALIMHOT cUCTeMU B TaOHIIl 3.3 MOIaHO TIepeTiK KIIFOUOBUX KOMIIOHEHTIB,

110 BUKOPHCTOBYIOThCS B peati3aliii.

Tabnuys 3.3
CknanoBi IHPPACTPYKTYpHU MIKPOCEPBICIB AEMOHCTPAIIMHOI CUCTEMU
KommnoneHT Poab y cucremi

AWS Lambda BukonanHs Gi3HEC-JIOTIKH y BiAMOBIIL HA
3aIUTH Ta HOA1T

Amazon API Gateway Hanannst HTTP-iaTepdeiicy mikpocepsicy

Amazon DynamoDB 30epiranHs CTaHy Ta JOMEHHHX JaHUX

IAM Roles OO6mexeHHs qocTymny GyHKIHN 10
XMapHHX pecypciB

Amazon SNS / SQS ACHHXpOHHA B3aEMOJTisT MixkK
MIKpOCEpBiCaMH

AWS Systems Manager Parameter Store | 306epiranas koH(pirypauiiHux napameTpinB

Omuc  iHGpacTPyKTYypu Yy BUIJISAL  KOIY J103BOJIsi€e  (hopMali3yBaTH
apXITEKTYpH1 PillIEHHS Ta 30epiraTH iX y perno3uTopii pa3oM 13 MpUKIATHUM KOJIOM
Mmikpocepsicy. Jns peamzanii migxomy Infrastructure as Code y maniit po6oTi
BUKOPUCTAaHO 1HCTpYMEHT Pulumi, sikuit gae 3Mory omucyBaTH XMapHi pecypcH 3

BUKOPHUCTAaHHAM MOBH IIPpOrpaMyBaHHs Ta IBHO 3aJaBaTH 3aJIC)KHOCTI MK HUMH.

newLambda(ctx *pulumi.Context, name, path string) (*lambda.Function, error) {
functionName := resourceName(ctx, name)
lambda.NewFunction(ctx, functionName, &lambda.FunctionArgs{
Role: lambdaRole.Arn,
Handler: pulumi.String("bootstrap"),
Name: pulumi.String(functionName),
Timeout: pulumi.Int(defaultLambdaTimeout),
MemorySize: pulumi.Int(defaultLambdaMemory),
Runtime; pulumi.String(lambda.RuntimeCustomAL20823),
Architectures: pulumi.StringArray{pulumi.String("armé4")},
Environment: &lambda.FunctionEnvironmentArgs{Variables: envVariables},

LoggingConfig: lambda.FunctionlLoggingConfigArgs{LogFormat: pulumi.String("JSON")},

Code: pulumi.NewAssetArchive( [stringlany{"bootstrap": pulumi.NewFileAsset(path)}),

Puc. 3.2. llpuknaa nporpaMHOTO OMKCY 1HPPACTPYKTYPHOTO PECYPCY
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Hapenenuit ¢parment koay (puc. 3.2). UIIOCTPYE MNPOrpaMHUNA  OIHKC
1HGPACTPYKTYPHOTO pecypcy, Y IKOMY BCi TapaMeTpH 3a1al0ThCs JCKIapaTUBHO Ta
30epiraroThCs pa3oM 3 IHIUMHA KOMIIOHEHTaMH CUCTeMH. Takuii miaxiy 3a0e3neuye
Y3rOKEHICTh MK (PAKTMYHMM CTaHOM XMapHHUX PECYpCIB 1 X OMUCOM Yy KO/, a
TaKOX CIIPOILIy€ NOBTOPHE CTBOPEHHS CEPEIOBUIIIA.

3acrocyBanns Infrastructure as Code cTBOpro€ nepeayMoBH JjIsl CTPYKTYPOBaHOT
oprasizaiii 1HQpacTpyKTypu MIKpOCEpBICIB Ta ii MOAAJBIIOr0 MOJAUIY Ha JIOTI1YHI
YacTHHU. Y JIEMOHCTpAIlfHINA CcHUCTeMi Iie JO03BOJII€E BHOKPEMUTH HE3aJIeXKHI
1HPACTPYKTYpPHI KOMIIOHEHTH 3 BIACHOIO BIMOBIIAJbHICTIO Ta JKUTTEBUM ITUKIIOM,

IO JETANbHO PO3TIISJAETHCSA Y HACTYITHOMY IT1IPO3LTI.

3.3.2. lHoain indpacTpykTypH Ha CHijILHUI Ta cepBicHI mapu

Y Mexax JeMOHCTpaliiHOi CUCTEMHU 1HQpPACTpyKTypa MIKPOCEPBICIB
OpraHi3oBaHa 3 ypaxyBaHHSM TPHUHIIMITY HE3aJEKHOCTI CEpBICIB Ta MiHIMI3aIlli
3B’SI3KIB M1 HUMH. 3 11€}0 METOIO BCl XMapH1 pecypcH 0yJio MOAIIEHO Ha OKpeMi
JIOTIYHI TPYIH, KOXHA 3 SIKUX Ma€ BJIACHY BIJAMOBIJAIBHICTH 1 KUTTEBUU LIMKI.
Takuii miaxig D03BOJIA€E YHUKHYTH CUTYaIliil, KOJIU 3MiHU B OJHOMY MIKpOCEpBICI
noTpeOytoTh Moaudikaliii abo MOBTOPHOIO 3aCTOCYBaHHS 1HOPACTPYKTYpPH 1HIIMX
KOMITOHEHTIB CUCTEMH.

[Ipaktuna peanizailisi 1[bOTO MIAXOMY 3HIMCHIOETHCA IUIIXOM BHKOPHUCTAHHS
KUIBKOX HE3QJIeKHHUX 1HPPACTPYKTYPHUX CTEKIB, OINUCAHUX 3a JOMOMOTOIO
Infrastructure as Code. KoxeHn crTek BIANMOBIa€ 3a CTBOPEHHS Ta YIPaBIiHHSA
MEBHUM HaOOPOM PECYpCIB 1 MOXKE PO3ropTaTUCS a00 3MIHIOBATUCS HE3aJIEKHO BiJl
1HIMX. Y JAEMOHCTpAIliiHIA CUCTeM] BHILJIEHO OJUH CHUTHbHUMN 1HQPACTPYKTYypHUN

CTEK Ta OKpPEMI1 CTEKH ISl KO)KHOTO MIKPOCEPBICY, 10 y3araJibHeHO B Ta0wilil 3.4.
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Tabnuys 3.4
CTtexu 1eMOHCTpalifHOT CUCTEMH Ta 1X MPU3HAYCHHS
Crek IIpu3navyeHHs
Infrastructure CTBOpEHHSI CIIUTLHUX PECYPCIB ISl MiXKCEPBICHOT
B3aeMoOIil
Booking Indpactpykrypa mikpocepsicy Booking
Inventory IadpacTpykrypa mikpocepgicy Inventory

Buninenns coinbHOro iH(QPACTPYKTypHOTO CTEKY 3YMOBIIEHE HASBHICTIO
pecypciB, K1 BAKOPUCTOBYIOThCS KIJIbKOMa MiKpOCEpBICaMHU OJIHOYACHO. JI0 Takux
pecypciB  HallexaTh, 30KpeMa, MEXaHI3MH AaCHHXPOHHOI B3a€EMOIi, IO
3a0€3MeuyoTh 0OOMIH TOAISIMA MDK cepBicamMu. Po3MillleHHS IMX KOMIIOHEHTIB Y
CIIUIBHOMY CTEKY JI03BOJISE YHUKHYTH JIyOJIOBaHHS PECYpCiB 1 CHpOIIye iX
LEHTPaII30BaHE YIIPABIIIHHA.

Oi3uyHUN po3noaLT 1HGPACTPYKTYPH JEMOHCTPALIMHOT CUCTEMHU Ta MEXI
KEepYBaHHs XMapHUMHU pecypcaMu LIIOCTPyE cxema, HaBeneHa Ha puc. 3.3. Cxema
MOKAa3ye, M0 KOXKEH PEro3uTOpii 1HPPACTPYKTYPH Ta KOXKEH MIKPOCEPBIC Kepye

BJIACHUM HA0OpOM XMapHHUX PECYPCIB y MekKaX CHIIBHOTO XMapHOTO CepeIOBHUIIIA.

Provision shared resources Provision service-specific resources

rd Y Provisicn service-specific resources Id hY
Infrastructure Inventory
Stack Stack

Booking
@ Stack

Infrastructure
Repository

Inventory
Repository

\ / Booking \ /
Repository

—

Puc. 3.3. Cxema posropTanss iHPpacTpyKTypu
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[HppacTpyKkTypa KOXKHOTO MIKPOCEPBICY 130JbOBaHA y BJIACHOMY CTEKy Ta
MICTHUTh JIMIIIE Ti PECYpCH, SIKi 0e3MOCEpeIHhO HaJleKaTh BIAMOBIIHOMY CEpBICY.
Takuit monin A03BoJsie 30€perTH 4YiTKi MeX1 BIJANOBIIAIBHOCTI Ta 3a0e3nevye
HE3aJIC)KHUN PO3BUTOK MIKPOCEPBICIB, HABITh Y BUMAJKy BUKOPUCTAHHS CIIBHUX
MeXaHi3MiB B3aeMojii. Posmonin xMapHHX pecypciB MiX 1HQPaCTPyKTypHUMHU

CTeKaMU y3arajibHeHo B Tabmui 3.5.

Tabnuys 3.5
Posmnonin xMapHUX pecypciB Mk 1HPPACTPYKTypPHUMHU CTEKaMHU
Pecypc Infrastructure Booking Inventory

AWS Lambda v v
Amazon API Gateway N4 N4
Amazon DynamoDB V4 V4
Amazon SNS Topics V4

Amazon SQS Queues V4 V4
IAM Roles N4 N4
AWS Systems Manager v v
Parameter Store

Hapenenuii po3nojina pecypciB BiioOpakae MpakKTUUHUM MIAX1A 10 OpraHizaiii
iHpacTpykTypu MikpocepBiciB y serverless-cepenoBuii. CHuibHI pecypcu
BUHECEHI JI0 OKPEMOIo CTEKYy, TOAl SK CEpBICHI KOMIIOHEHTH 3aJIMILIAI0ThCA
MOBHICTIO 130J1bOBaHUMH. lle 703BOJsi€e 3MiHIOBAaTH KOH(ITypaiio OKPEMOTo
MiKpocepBicy 0e3 BIUTMUBY Ha 1HII cepBicM Ta 0€3 HEOOXIIHOCTI MOBTOPHOIO
3aCTOCYBaHHS BCi€i IHQPACTPYKTYypH.

Takuit MO TaKOXK CIPOITYE KOHTPOJIb JOCTYMY J0 PECYPCiB, OCKIIBKH KOXKEH
CEpBICHHM CTEK MICTUTh BJIACHI POJII Ta MOJITHKH JOCTYIy, OOMEXKEH1 JIHIIe
HEOOXIITHUMHU HOMYy KOMIIOHEHTaMHU. Y pe3yjbTaTi 3MEHIIYEThCA PHU3HK
HEHaBMHUCHOTO JIOCTYITy JO PECYPCIB IHIIMX CEpBICIB 1 MIJABUIILYETHCS 3arajibHa

HaIHHICTb CUCTEMHU.
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Hampukinmi, BUKOpPUCTAaHHS OKpEeMHUX 1HPPACTPYKTYpPHHX CTEKIB CTBOPIOE
OCHOBY Il HAOYHOTO BiJOOpa)KeHHsI apXiTEKTypHOI OpraHi3ailii CUCTEeMHU Ta
B3a€MO3B’SI3KIB MK 1i KOMIIOHEHTaMH, 1110 Oyjie MPOLTIOCTPOBAHO Y HACTYITHOMY

T1APO3/ILTI.

3.3.3. YnpasiinHs KOH}Irypami€ro Ta CepBiCHOIO ajpecanicio

V serverless-cepenoBuIii MiKpocepBiCH HE MatOTh (PIKCOBAHUX MEPEKEBHX aJIPEC
1 MOXYTh PO3rOpPTaTHUCA HE3aJIEKHO OJIMH BiJ OJHOTO. 3a TaKUX YMOB >KOPCTKE
3alaHHs aJIpec CEPBICIB y MPUKIATHOMY KOJI1 € HEIPUUHATHUM, OCKUIBKU Oy ab-sKa
3MiHa 1HQPACTPYKTYpH OIHOTO MIKPOCEPBICY NPHU3BOAUTH J10 HEOOXIAHOCTI
Moau(ikallii Ta MOBTOPHOI'O PO3TOPTaHHS I1HIIMX KOMIIOHEHTIB cuctemu. lle
CyMepeUYuTh IPUHIIUITY HE3aJICKHOT €BOJIOIIT MIKPOCEPBICIB.

Jlnst BupimieHHS I1i€i TIpoOJeMH B JEMOHCTpAIIHINA CHCTeMi peai30BaHO
[EHTpaJi30BaHUM MiAX1]1 A0 YIPaBIiHHSI KOHPITypalli€ro Ta CEpBICHOIO aJpecalli€ro.
[Tin yac po3ropTaHHs KOXKEH MIKpOCepBIC MyOJiKye akTyalbHY aJpecy CBOIO
HTTP-inTepdeiicy B ciibHOMY CXOBHILI KOHDirypariii. Takum 4MHOM, CepBicHA
anpeca opmyeTbes Ta (IKCYEThbCSl HAa eTarl CTBOPEHHs 1HGPacTpyKTypH, a HE Ha
PiBHI MPUKJIATHOT JIOTIKH.

[Tin yac BUKOHAHHS CHHXPOHHUX BHUKIHMKIB IHIII MIKPOCEPBICH JUHAMIYHO
3UATYIOTh BIJMOBITHI 3HAYEHHS 31 CXOBHUIA KOHPITypaIiii 1 BUKOPUCTOBYIOThH X
st mooynou HTTP-3anutiB. lle mo3Bosisie BITOKPEMUTH 3aJIEKHOCTI MIXK
cepBicaMd Ha eTani BHUKOHAHHS BiJ 3aJ€XKHOCTEH Ha eTaml pO3ropTaHHs Ta
YHUKHYTH KOPCTKOTO 3B’ SI3yBaHHS MK OKPEMUMH KOMIIOHEHTAMH CHCTEMH.

Omnucanuii MexaHI3M CepBICHOI ajapecallii peamizye npocty ¢Gopmy service
discovery, amantoBany n0 serverless-cepemoBuiiia. Ha BinMiHy BiJl TpaauiiiifHUX
M17IX0/1iB, 3aCHOBAaHUX Ha JIOBTOXKMBYUYUX CEpBIcax abo CIeliali3oBaHUX pPeecTpax,
y JaHOMY BHUIAJKYy CEpBICHA ajpecallis IHTerpoBaHa O€3MOCEPEeaHhO B MPOIIEC
po3ropTanHHs 1HOPACTPYKTYpH Ta HE TOTpeOye OKPEeMHUX KOMIIOHEHTIB s

HIATPUMKHU aKTyaJbHOTO CTaHY.
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Deploy-time

1) Create AP Gateway———»

«——2) AP| Gateway URL: -«

inventofy stack inventary-api

3) Write inventory api URL

=

S55M

"
-

Runtime §

o

1) Get inventory api URL.

2) Call inventory apk

booking-htip-function

Puc. 3.4. Peanizariis cepBicHOI aapecarlii MiKpocepBiciB y serverless-

CepeOBUIIT

Ha puc. 3.4 HaBemeHo HaouHy cxemy peanmzamii service discovery vy
JIEMOHCTpalliifHIi cucTeMi, fKa BiloOpakae pO3MEXyBaHHS BiJMOBIAATbHOCTEH
MDK eTalmaMU pO3TOpTaHHS Ta BUKOHaHHs. Cxema UIICTpye Mpolec myOsikari
anpecu API wmikpocepBicy mijg 4ac CTBOpPEHHs 1H(PPACTPYKTypu Ta TMOJaJIbIlIe
BUKOPHUCTAHHSA 11€1 1HpOopMaIlii IHIIMMH cepBicaMu M1l Yac 0OpOOKH 3aluTIB.

3acToCyBaHHS TaKOTO MiIXO0Iy J03BOJISIE 30€PErTH HEe3AICKHHUHN KUTTEBUHN ITUKIT
MIKpOCEpBICIB 1 BOAHOYAC MIATPUMYBATH CUHXPOHHY B3a€MOJIII0 y THX CLIEHAPIsX,
Jie BOHA HEOOXiMHA. YTpaBiHHA KOH(ITYpaIi€l0 Ta CEPBICHOIO aJIpecalli€lo CTae
YaCTUHOIO 1HQPACTPYKTYpHOI Oprasizailii CHUCTEMH, W10 Y3TOJKYETbCS 3
BukopuctanHsaMm Infrastructure as Code Ta 3araapHOI0  apXITEKTYpPOIO

JIEMOHCTpAIIHOT peati3arliii.
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3.4. 3araqbHa apxiTekTypa B3aeMojii MikpocepBiciB

B3aemois Mixk MiKpocepBicamMu Y IEMOHCTpalliiHIN cucTeMi o0y oBaHa sK
MOEAHAHHS CHHXPOHHUX Ta ACMHXPOHHMX MEXaHI3MIB OOMIHYy, IO JO3BOJISE
peanizyBaTh HACKpIi3HUHM CLIEHapiil pe3epBYBaHHs pecypciB 0e3 MOpYyIICHHS MEX
BIJIMOBIAIBHOCTI OKpEMHUX cepBiciB. Takuii miaxia Ja€e 3MOTy pO3TJsiaTh CUCTEMY
HE JIMIIEe SK Hadlp 130JbOBAaHMX KOMIIOHEHTIB, a K Y3TO/KEHY apXITEKTYpHY
KOMIIO3UIIIIO, Y SIKii KOYKEH MIKPOCEpBIC BUKOHY€ YITKO BU3HAUEHY POJIb.

Ha BucokoMy piBHI apXiTeKTypa B3a€MO/I1i BKIIFOUA€ TPU OCHOBHI €JIEMEHTHU:
mikpocepsic Booking, mikpocepsic Inventory Ta iHppacTpyKTypHHii map 0OMiHY
MOBIJIOMJICHHSIMHU, SIKHA BUKOPUCTOBYETHCA Ui Tepenadl MOJIA MIXK HHUMH.
Kiro4oBi 6i3Hec-pilieHHsI 040 JOCTYIMHOCTI PECypCiB MPUIMaIOThC ACHHXPOHHO,
TOJIl IK CHHXPOHHI BUKIJIMKH 3aCTOCOBYIOTBHCS JIMIIE Yy BUMAJKaX, KOJU HEOOX1THO
OTpUMAaTH JOJATKOBY 1H(popMaIlito 6e3 BIIUBY Ha O13HEC-JIOTIKY.

Jlani HaBeJEHO y3araJlbHEHy CXeMy apXITeKTypu B3a€MO/Ili MIKPOCEPBICIB,
gKa 1TIOCTPYE€ OCHOBHI KOMIIOHEHTHM CHCTEMH Ta HampsMKH OOMiHY

MOB1IOMJICHHSIMU MIDK HUMHU (puc. 3.5).

|

booking-requested-topic . . . . .
booking-rejected-topic  booking-accepted-topic

Booking Service Inventory-Service

booking-accepted-queue  accept-handler db-
stream-handler

booking-requested-queue request-handler

=

inventory-table

booking-rejected-queue  reject-handler

booking-api hitp-handler inventory-api hitp-handler

Puc. 3.5. 3aranpHa cxema apxiTeKTypH B3aeMOJIii MIKpOCEPBICiB
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Hackpi3Huii crieHapiii pesepByBaHHS peCypCy IOUYMHAETHCS 3 OOpOOKHU
HTTP-3anmuty wmikpocepBicom Booking. Ilicma mnpuiiomy 3anuty Ta dikcarii
MOYaTKOBOT'O CTaHy PE3EpPBYBAHHS CEPBIC 1HIIIIOE MOJATBITY OOPOOKY IUISIXOM
nyOmikamii mozii, mo BimoOpaxae Hamip CTBOpPEHHs pe3epByBaHHA. Ll momis
nepeaeTbesa  uepe3 IHPPACTPYKTYpHHM 1m1ap OOMiHY TMOBIJOMJICHHSIMH Ta
ACUHXPOHHO 00po0IIsiEThCs MikpocepBicoM Inventory.

OTpuMaBIIM NOi10, MiKpocepBic Inventory BUKOHY€E MepeBIpKy JOCTYITHOCTI
BIJIMOBITHOTO PECYPCY 3 YpaxyBaHHSM YacOBUX OOMEXEHb Ta BJIACHOI'O CTaHy. 3a
pe3yibraTaMid O0OpOOKHM MpHUIMAEThCsA PIMIECHHS IIOJ0 MIATBEPKEHHS abo
BIIXUJICHHSI pE3€pPBYBaHHs, IMCJSI 4YOro IMYOJIKY€ThCS BIAMOBIIHA OIS, IO
BiloOpakae 3MiHy cTarycy pesepByBaHHs. Mikpocepsic Booking, y cBoro uepry,
pearye Ha I1i OJIii Ta OHOBJIIOE CTaH PE3epPBYBaHHS Y BIACHOMY KOHTEKCTI.

OkpiM aCMHXPOHHOI B3a€MOJii, Y CHUCTEMI1 BUKOPHUCTOBYETHCSI CHHXPOHHA
KOMYHIKAIlisl MK MiKpocepBicaMH ISl 30aradeHHsl JaHuX MiJ 4ac (opMyBaHHS
BIIMOBIZIEH KOpHUCTyBady. 30Kpema, MikpocepBic Booking moske 3BepTaTucs a0
Inventory mayigs oTpuMaHHS JOJATKOBOI 1HGoOpMalii mOpo pecypcu abo ix
XapaKTEePUCTUKHU. Taki BUKJIMKU MAalOTh BUKIIIOUHO 1H(GOPMAIlITHUN XapakTep 1 He
BIUIMBAIOTh HA MPUUHATTS O13HEC-PIIICHb, IO J103BOJISIE 30€PErTH aBTOHOMHICTD
CEepBICiB.

Takum ymHOM, 3arajgbHa apxiTEKTypa B3a€MOJii MIKPOCEPBICIB TOETHYE
MOA1€BUM IJIX1J] 1JI peatizailii KJII0u0BUX 013HEC-TPOIECIB Ta CHHXPOHH1 BUKJIMKU
Uit jonomikHUX omepariii. Ile 3abe3neuye crnabky 3B’sA3aHICTH MK CepBicami,
HNIATPUMYE iX HE3aJeKHUU PO3BUTOK 1 J0OpE Y3TOKYEThCA 3 OCOOJIMBOCTAMU

SCI'VGI'ICSS-CepCJIOBI/IHIa BUKOHAHHA.

3.5. CuHXpoHHA B3a€EMOis Mik MiKpocepBicaMu
CuHXpOHHA B3a€EMOJIIS Y IEMOHCTpALHIN cUCTEM] peani3yeTbCs y BUTIIAIL
HTTP-BUKIMKIB 1 BUKOPUCTOBYETbCS JJIsi B3a€MOIl 30BHIIIHIX KIIEHTIB 13

CUCTEMOIO, & TAKOXK Y MEKax OKPEMUX CLEHapiiB MIKCepBiCHOI koMyHikalii. Taka
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MOJIeIb JI03BOJISIE 3A1MCHIOBATH OOMIH JaHUMH Y PEXKHUMI 3alUT-BIANOBIAb Ta
dbopmyBaTu pe3ysbTaTi 00poOKH OE3MocepeTHbO 111 YaC BUKOHAHHSI 3aITUTY .

Y serverless-cepeoBHUIIII  CHHXpPOHHI  1HTepdeiicu  MiKpocepBiciB
peani3yloThCsl Ha OCHOBI KEpOBaHMX XMapHHUX cepsiciB. Jms mpuitomy HTTP-
3anuTIB BUKOpUCTOBYEeThCS Amazon API Gateway, sikuii BAKOHY€E POJIb 30BHIIIHBOT
TOYKH JIOCTymy A0 (QyHKIIOHAIBHOCTI MikpocepBiciB. OOpobOka 3amuTiB
3MIMCHIOETHCS 3a nonomoroo Gyskiin AWS Lambda, mo m103Bossie BUKOHYBaTU
MPUKIIAJIHY JIOTIKY 0€3 HEOOXITHOCTI PO3rOpTaHHS Ta aJMIHICTPYBaHHS BJIACHOI
CEpBEpPHOI IHPPACTPYKTYPH.

Y nemoHcTpaiiiiHii cucTteMi 3acTocoByeTbes miaxin API-first, 3a skoro
iHTEepeiicu MIKpOCEepBICIB TMONEpPEeHO ONUCylThea y Burisgl OpenAPI-
cnenudikamiii. Ha ocHOBI 1Iux onuciB aBTOMaTHIHO (popmyeThest KoHpirypariis API
Gateway, 1m0 3a0e3medyye Y3roJPKCHICTh MK BH3HAUYEHUM KOHTPAKTOM 1
¢daktuyHoro peanizauiero HTTP-intepdeiiciB. Takuil miaxia COpoILye €BOIIOLII0
API Ta poOUTH CTPYKTYpy CHHXPOHHOI B3a€EMOJIl SIBHOIO YaCTHHOIO apXITEKTypH
cucteMu. Ha puc. 3.6 HaBemeHo y3aranbHeHy cxemy ¢dopmyBanHs HTTP-

iHTepdericy mikpocepnicy Ha ocHoBl OpenAPI-crienndikarii.

1. Create http handler

2. Get handler ARN D
// http-handler

<«—————3. Get specification—__ .‘r‘o P E N API

L\

Pulumi ste}k\ API Specification
4. Create gateway using APl spec and handler ARNﬂ

AP| Gateway

Puc. 3.6. ®opmyBanus HTTP-intepdeticy mikpocepsicy 3a niaxoaom API-first
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OckibKH MIKpOCEPBICH Y serverless-cepeoBHILl pO3ropTaroThCs HE3aIEKHO
Ta HE MarOTh (DIKCOBAHMX MEPEKEBUX APEC, Y CUCTEMI 3aCTOCOBYETHCS MEXaHI3M
JWHaMI4HOI afpecaliii cepsiciB. 11 yac po3ropTaHHs KOKEH MIKpOCEpPBIC MyOJTiKye
anapecy cBoro HTTP-iatepdeiicy y 1eHTpani3oBaHOMY CXOBHIII KOH]ITyparliu,
3BIIKM 111 3HAYCHHS 3YMUTYIOTHCS I1HIIMMM CEepBICAMHU 1M1 4Yac BHUKOHAHHS
CUHXPOHHUX BUKIUKIB. Lle 103BOJIIE YHUKHYTH KOPCTKOTO 3B’S3yBaHHS CEPBICIB
Ha pIBHI aJpecallii Ta 30eperTi He3aJleKHICTh iX pO3rOpTaHHS.

TakuM 4YMHOM, CHHXPOHHA B3A€EMOJIS Yy JIEMOHCTpAIiNHIA CHCTEMI
peaizoBaHa K OJHH 31 CIIOCO0IB opraHizarlii 0OMiHy JaHUMH M1)K KOMITOHEHTaMU
y serverless-cepenoBuiiii. [Topsiy 13 HEIO B CUCTEM1 BUKOPUCTOBYETHCS AaCUHXPOHHA
MOJIEIb B3a€EMOJIl, 10 0a3yeThcsi Ha TMOAIEBOMY OOMIHI TOBIJIOMJICHHSIMU Ta

PO3TISAAETHCS Y HACTYTTHUX MIAPO3A1Iax.

3.6. ACHHXpPOHHA MO/eJIb B3a€EMO/Iil

VY neMoHCTpamiifiHI cHUCTeMi aCHHXPOHHA B3a€MOJIS MK MIKpOcepBicaMu
BUKOPHUCTOBYETHCS SIK 0a30BUU TEXHIYHUN MeXaHI3M OOMIHY IMOBIJIOMJICHHSIMU Y
serverless-cepenoBumii. BoHa 103Bojsie  opraHi3yBaTH  B3a€EMOJII0  MIXK
KOMIIOHEHTaMH CHUCTEeMH 03 TpsIMUX BUKJIHMKIB Ta JKOPCTKHMX YaCOBHX
3aJIEKHOCTEH, 0 € KPUTUYHO BAXKIMBUM JUJISl CEPEAOBUIIL 3 MOAIEBUM XapaKTEPOM
BUKOHAHHSI.

Y  Mexax  jga”Horo  miApo3aury — Ol3Hec-ClieHapid  pe3epBYyBaHHS
BUKOPUCTOBYETHCSI BUKJITIOYHO SIK KOHTEKCT JIJIs1 IEMOHCTPAIlil TEXHIYHUX ACTICKTIB
acCUHXpOHHOI B3aemojii. OCHOBHa yBara MNPUAUIAETHCA OpraHi3alii MOAIEBUX
KaHaJIIB, 3B’SI3yBAHHIO KEPOBAHUX XMAapHUX CEPBICIB Ta OCOOJMBOCTAM OOpOOKHU

MOBIJIOMJICHB Y serverless-apXiTeKkTypi.

3.6.1. Texniuna MogeJib ACHHXPOHHOI B3a€MOIil
ACHHXpOHHA B3a€MOJIsI MIX MIKpOCEpBICAMU Yy JEMOHCTpaliiHIi cucremi
peami3yeThCsi Ha OCHOBI CHUIBHUX TMOJIEBUX PECYpCiB, IO CTBOPIOIOTHCS B

OKpeMoMy iH(]pacTpyKTypHOMY cTeKy. Taki pecypcu BUKOPUCTOBYIOTHCS KIJTIbKOMa
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MIKpOCepBIiCaMU OJTHOYACHO Ta HE HaJeXaTh >KOJHOMY 3 HHX O€3MOCepenHbo, 110
JTIO3BOJISIE YHUKHYTH KOHIICHTpAIIii BIJIMOBIIAJILHOCTI 32 0OMIH MOBIJJOMJICHHSMH B
OJIHOMY CEpBiCl.

MikpocepBicu HE 3A1MCHIOIOTH MPSAMUX BHUKJIMKIB OJWH OJHOTO 1 HE MAalOTh
iHQopMallii Tpo KOHKPETHHX CroKuBaviB mofiid. Cepgic-iHimiaTop MmMyOiKye
MOBIJOMJICHHSI Y BIATIOBIAHWM TOIEBUNA KaHai, TOAl SK 1HIIN MIKpPOCEpBicH
CaMOCTIHHO BH3HAYAIOTh CIOCIO Ta MeXaHi3M HOro oOpOOKH LUISIXOM CTBOPEHHS
BJIACHUX YepT MOBIJOMJICHB 1 TPUB’A3KH 1X /10 TIOTIEBUX KaHAIIB.

3 TexHIYHOI TOYKM 30py Taka MOJeNb B3aeMOli mepeadavae HACTYIHY
IMOCJIIIOBHICTD J1ii:

1. MikpocepBic MyOIiKy€e MOBIIOMJICHHS Y CIIUIbHUN MOAIEBUIN KaHaT;

2. MIKpOCEpBIC-CIIO)KMBAaY CTBOPIOE BIACHY 4Yepry TMOBIJOMJIEHb Ta
MIJMACY€ETHCS HAa TIOIIEBUN KaHA;

3. MOBIAOMJICHHSI JIOCTAaBJIAETHCA Yy UEpPry CIHOXKKMBaya BIAMOBIAHO O
HaJalITOBAHUX MIPABUII,

4. ¢yHKI1g 00pOOKU BUKOHYETHCSI ACHHXPOHHO Y BIJMIOBI/Ib HA HAIXOXKCHHS

TIOBIJIOMJICHHS 3 YEPIH.

Ki1r0uoBo10 0COONMBICTIO TakOl TEXHIYHOI MOJEI € T€, II0 CHUIbHI ITOI1€B1
pecypcu He MICTATh O13HEC-JIOTIKH Ta BUKOPUCTOBYIOTHCSI BUKJITIOYHO SIK MEXaHI3M
JIOCTaBKUA TOBIIOMJIEHb. YCsl JOrika OOpoOKHM MOJiHd, a TakoX mpaBuia IX
IHTepIIpeTalii  3aIMINAIOTHCS  JIOKAJTi30BaHUMH B MeEXaxX  BIJIIOBIIHHX
MIKPOCEPBICIB, 110 30epirae iXx aBTOHOMHICTh 1 MATPUMYE HE3ICKHUHN KUTTEBUN

IIAKII.

3.6.2. Opranizanisi noai€eBUX KaHAJIB Yy XMapHOMY cepel0BHIII
Jns  peamizaiii  aCMHXpPOHHOT B3a€EMOJII Yy  JIEMOHCTpAIliliHIM  cucTtemi
BUKOPHCTAHO KEPOBaHI XMapHi CEpBICU, SIKI PO3AUIAIOTH BIAMOBIIAIBHICTh MIXK

nyOJiKalli€w, JIOCTaBKOK Ta o0poOkoro moBigomieHb. IlomieBl kaHamu
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Oprani3oBaHl TaKMM YHHOM, 1100 MIHIMI3yBaTHu 3B’S3yBaHHS MK MIKpOCEpBiCaMu
Ta 3a0€3MeYNTH KOHTPOJIb HAJl IPOIIECOM JOCTaBKH.

VY poni MexaHi3My myOJiKalii moBiJOMJIEHbL BAKOPUCTOBYEThCS cepBic SNS, sikuit
JI03BOJISIE OJTHOMY BIIMPABHUKY TEPEaBaTU MOBITOMIICHHS KUTHKOM HE3aJIC)KHUM
crioxkuBadyaMm. Ha puc. 3.7 HaBeieHO NepeNiK IMOJIEBUX KaHaJiB, CTBOPEHUX Y
XMapHOMY  CEpeIOBHINI JUIsl  peaiizamii acCHHXPOHHOI  B3aeEMOMii  MiX
MikpocepBicamu. KokeH KaHal BIANOBIZAE OKpeMOMY THIy TOmii Ta
BUKOPHUCTOBYETHCSI ISl  PO3MOBCIOPKCHHS TMOBIAOMJICHh MK HE3aJC)KHUMU

KOMIIOHCHTaMH CHUCTCMU.

Topics (3)

| Q search

Name A | Type v ARN

dev-booking-accepted.fifo FIFO arn:aws:sns:eu-central-1:992382639833:dev-booking-accepted.fifo

dev-booking-rejected.fifo FIFO arn:aws:sns:eu-central-1:992382639833:dev-booking-rejected.fifo

dev-booking-requested.fifo FIFO arn:aws:sns:eu-central-1:992382639833:dev-booking-requested fifo

Puc. 3.7. Iloxiesi kananu (SNS topics), CTBOpEHi JJIsI aCHHXPOHHOI B3a€MO/T1i

MIKpPOCEPBICIB

Jlns  jmocTtaBKM TOAINM 10 KOHKPETHMX MIKPOCEPBICIB Yy  CHCTEMI
BUKOPHCTOBYIOTBCSL OKpEMi Yeprd MOBIIOMJICHb, SIKI CTBOPIOIOTBCS B MeEXax
CepBICHUX 1HPPACTPYKTYPHUX CTeKiB. [Ipukiaa Takux yepr, HaJAIITOBAHUX IS
ACHHXPOHHOI B3a€EMOJIi MDK MIKpocepBicamMH, HaBelaeHO Ha puc. 3.8. KoxeH
MIKpOCEpBIC CaMOCTIHHO BHM3Hauae Hallp 4Yepr Ta MIAMHCYETbCS Ha BIAMOBIJIHI

[MOI1€B1 KaHAJIH.
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Queues (3)

| Q Search queues by prefix

Name A Type v Created v

dev-booking-booking-accepted-queue fifo FIFO 2025-12-26T19:06+02:00

dev-booking-booking-rejected-queue.fifo FIFO 2025-12-26T19:06+02:00

dev-inventory-booking-requested-queue.fifo FIFO 2025-12-25T719:00+02:00

Puc. 3.8. Uepru nosimomiers (SQS), BUKOpUCTaHI I JOCTABKH MOAIH 10

MIKPOCEPBICIB

Takuif moxmin 103BOJIsIE HE3aNEKHO KEpyBaTH IlapaMeTpamMH JOCTAaBKH
MOB1IOMJIEHb, MacIITaA0yBaHHIM OOPOOHUKIB Ta MOJITUKAMH MOBTOPHOI 00pOOKH,

HE 3MIHIOIOUH JIOTIKY IyOJTiKaIlii moii y MikpocepBicax.

3.6.3. 3B’s13yBaHHs MOAI€EBUX KAHAJIB Ta PyHKIiA 00poOKH

AcunxpoHHa 00poOKa MOBIAOMJICHb Yy JIEMOHCTpAIIiHINA cHCTEMI pealli3oBaHa
IUISIXOM 3B’ sI3yBaHHS MO1€BUX KaHAIIIB, YePT MOB1IOMIJICHb Ta (DYHKIIH BUKOHAHHS
y €IUHWN JIaHIIOr JIOCTaBKU. MexaHi3M myOsikaiii MoAid He B3aeEMOJIIE
oe3mocepenHb0 3  (YHKIISIMA OOpOOKH, IO JO3BOJIAE YHUKHYTH KOPCTKOI
MIPUB’SI3KK M1 BIIMPAaBHUKOM Ta OTPUMYBaydeM.

[TomieBuit KkaHaJ BUKOPUCTOBYETHCS BHUKIIOYHO JUIS  PO3MOBCIOKCHHS
MOB1JIOMJICHb, TOJ1 SIK YEPTU IMOBIJIOMJIEHb BUKOHYIOTH POJIb MPOMIDKHOIO IIapy,
AKUWA 3a0e3reuye 30epekeHHs IO/, KepyBaHHS TOBTOPHOKO JIOCTaBKOK Ta
KOHTPOJIb MapayieabHoCTI 00poOku. DyHKII{ BUKOHAHHA MIJKIOYAIOTHCS 10 YepT
K JDKEepelia MOJid Ta BUKJIMKAIOTHCS AaCMHXPOHHO Y BIAMNOBI/b HA HAJIXOJKEHHS
MTOBIJIOMJICHb.

Ha puc. 3.9 nHaBegeHo mnpukiIan NPAKTHYHOTO 3B’S3yBaHHS KOMIIOHEHTIB
ACHHXPOHHOI B3a€MO/I1i Ha eTari CTBOpEeHHS 1HPpacTpyKTypHu. Cxema UTHoCTpye, 110

MiJ] YaCc CTBOPEHHS YEPTH MOBIAOMIICHH (POPMYETHCS MIANMUCKA HA BiAMOBIIHUAN
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MOJII€EBUN KaHAJ, y PE3yJbTaTi 4yoro BCl MOBIJOMIICHHS 3 KaHally aBTOMATUYHO
JOCTABJIAIOTHCS 10 YEPTU MiKPOCEPBICY.

[Tonaneiie cTBOpeHHs (GYHKINT OOpOOKH CYHIpPOBOJKYETHCS HaJAlITyBaHHIM
3B’SI3Ky MK (YHKIIEI0 Ta 4YEpProl IOBIJOMJIEHb, SIKa BHUKOPUCTOBYETHCS SIK
JoKepeno nofdid. Takum ynHOM, acCHHXpPOHHA 00poOKa MOBIOMJICHb BU3HAYAETHCS
HE MPSMUMHU BUKIUKaMHU, a KOHQIrypami€ero 1HPPacTpyKTYpHHX 3aleKHOCTEH,

3aJlaHuX Ha eTari po3ropTaHHA.

_E e __Subscription

booking-reguested.fifo ¢ Event source

inventory-booking-requested-queue.fifo

inventory-booking-requested-handler

Puc. 3.9. 3B’s13yBaHHs NOI€BOrO KaHAly, YEPTH MOBIIOMJIEHD Ta (PYHKIII1

00poOKH

BuxopucTtanHs Takoro JIaHLiora JOCTaBKU J03BOJISIE 130JI0BaTH MIKPOCEPBICH
BIJl JeTaned peanizaiii oOpoOKM mojiid Ta 3a0e3nedye THydyKe MacliTa0yBaHHS
OoOpOOHUKIB 3aJe)KHO BiJ HaBaHTaxkeHHS. KpiM TOro, d4epru moOBiIOMIICHb
BUCTYMAIOTh MPUPOIHOIO TOUKOIO KOHTPOJIIO JJ11 0OpOOKH MOMUIIOK Ta TOBTOPHHUX
cnpo0 JTOCTaBKHU, IO € BAXKJIMBUM y serverless-cepeioBHUIIli 3 KOPOTKOKHUBYIUMHU
byHKIISIMH.

ACHHXpOHHA MOJIe/Ib B3a€MO/IIi Mepeadadyac MOXKIIMBICTh MOBTOPHOI JOCTaBKHU

MOBIJIOMJIEHb Ta 0araropa3oBOoro BHKOHAHHS OOpPOOHUKIB, IO € IITaTHOIO
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MOBE/IIHKOI0 KEPOBaHMX XMapHHX cepBiciB. [luTanns 3a0e3nedeHHs] KOPEKTHOCTI

00pOOKH TaKUX CIIEHAPIiB PO3IIISIAIOTHCS Y HACTYITHOMY IT1IPO3/ILII.

3.7. Y3romKeHicTb JaHUX Ta HaAIHICTH 00POOKH

[ToGynoBa pO3MOAIIEHUX CHCTEM, A0 SKHX HaJICKUTh MIKPOCEPBICHA
apxiTeKTypa, TMOB’s3aHAa 3 HHU3KOK BHKJIHMKIB, 30KpemMa 13 3a0e3medeHHsIM
y3TO/UKEHOCTI CTaHy MIX OKPEeMHUMH KOMIIOHEHTAMH CHUCTEMHU. Y KJIACHYHUX
MIX0AaX JUIsl BUPIIMIEHHS HUX MPoOJieM 3aCTOCOBYIOTHCS MEXaHI3MHU MOBTOPHHUX
cpo0® o0poOKM, 1AEMIOTEHTHA IMOBEAIHKA Omepariii, MmablloHu Ha KIITaIT
transactional outbox Ta iHIII TEXHIKH, COpPSIMOBaHI Ha MiJABUIICHHSA HAJIMHOCTI
B3a€EMO/IiT MK cepBicaMH. Y 3ampoIOHOBaHIN serverless-peanizaltii 111 MiaIxoau He
yCYBAaIOTbCS, a HAaBMAaKH — OTPUMYIOTh MPAKTUYHE BTUICHHS 3 ypaxXyBaHHAM
0COOJIMBOCTEM KEPOBAHOI XMapHO1 IHPPACTPYKTYpH.

VY nemoHcTpaliiiHii cucteMi 3a0€3MeUeHHs y3TroKEHOCTI CTaHy 10CSATA€ThCs
3a paxXyHOK MO€IHAHHS TMOA1€BOI B3a€MO/III Ta JIOKaJIbHOI OOPOOKU 3MIH Y MeXax
KOXHOT0 MikpocepBicy. KoxeH cepBic 30epirae BIacHUM CTaH y OKPEMOMY CXOBHIIII
JaHUX 1 pearye Ha MOJii, 0 HAJAXOASITh BiJ 1HIIMX CEPBICIB, 0€3 BUKOPUCTAHHS
CHIIBHUX TpaH3aKIid abo ILeHTpali30BaHOro KepyBaHHA. llepemaua 3MiH MiXK
cepBicaMu 3IMCHIOETHCA Yepe3 aCMHXPOHHI TOBIAOMIICHHS, K1 (PIKCYyIOTh (pakTh
3MIHM CTaHy, a HE BUKJIMKH KOHKPETHUX ONEpPaLIii.

V serverless-cepenoBuiili mOBTOpHa 00poOKa MOBIIOMIICHb € OYiKYBaHOIO Ta
IITaTHOIO MOBEIIHKOIO, @ HE BUHATKOBOIO CUTYAIlI€l0. Y JTEMOHCTpaIliiiHii cucteMi
y pa3l BUHUKHEHHS MOMWIKHU IiJI 4yac OOpOOKM ACHMHXPOHHOI'O MOBIAOMJICHHS
BUKOHAHHS (YHKIIT 3aBEPIIYETHCS 3 MOMUJIKOIO, IO MPHU3BOAUTH O MOBTOPHOI
JIOCTAaBKH ITOBIJIOMJICHHSI Ta TIOBTOPHOI cripoOr 00poOku. Takuii miaxia J03BOJISE
aBTOMaTUYHO KOMIIEHCYBaTH THUMYacoBl 300i, NOB’s3aHI 3 HECTAOUIbHICTIO
30BHINIHIX 3aJeKHOCTEH a00 KOPOTKOYACHUMH TIOMHIJIKAMH BHKOHaHHS, 0e€3
HEOOXITHOCTI JTOJATKOBOTO KepyBaHHA cTaHOM oOpoOku. Hikue HaBemeHui
NPUKIaJ TOBTOPHOI CHpoOM OOpOOKM 3amuTy Ha pe3epBYBaHHS peECypcy B

JeMOHCTpaiiHii cucremi (puc. 3.10).
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Attempt 2

inventory-booking-requested-queue

Booking Request <Id:1>%}
Booking Request <Id:1>—¢)
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/)

inventory-booking-requested-handlered

Puc. 3.10. IToBTOopHa cripo6a 0OpOKH MOBIOMIICHHS

OcCKUTbKM TIOBTOPHA JIOCTaBKa

[IOBIIOMJIEHh € IITATHOIO ITOBEIIHKOIO

ACHHXPOHHOT B3aeMOJi1, 00poOKa Mol y KOKHOMY MIKpOCEpBICI peanizoBaHa 3

ypaxyBaHHSM 17eMIIOTEHTHOCT1 omnepalliid. [loBTopHe OoTprMaHHS OMHIET U TI€T X

oAl HE MOBUHHO MPHU3BOJMUTH JO HEKOPEKTHOI 3MIHM CTaHy a00 1yOiroBaHHS

edexTiB 00poOKH. Y TeMOHCTpAIlIHIN CUCTEMI II€ TOCATAETHCS MIITXOM MTEPEBIPKU

MOTOYHOT'O CTaHy 00’ €KTIB Y JIOKQJIbHOMY CXOBHIIII JAHUX I11]] YaC BUKOHAHHS 3MiH,

10 J03BOJIsiE O0e3MeyHO 0OpOOISATH MOAIl HE3aJIeKHO BiJl KUTBKOCTI X MOBTOPHHUX

noctaBok. [lani HaBeACHO MPUKJIIA 1IEMIIOTEHTHOI OMepallii pe3epByBaHHS pecypcy

(puc. 3.11).

A

inventory-booking-requested-handlered

TransactWriteltemsinput a
TimeSlot 1 N
| If available Jf
M -
TimeSlot 2
| It avaiaoie )

A

Y

If available |

/

Idempotency flag ™
Requestld W|
. -

=

inventory-table

Puc. 3.11. InemMnioTeHTHA omeparliis pe3epByBaHHs PeCypcy
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OxpemMUM BUKIIMKOM Y PO3MOIIEHUX CUCTEMAX € HEOOX1IHICTh Y3TOKEHOTO
3amycy 3MIH CTaHy Ta nyOumikaiii mopid, mo BigoOpaxarwTh Ii 3MiHU. be3
JIOATKOBUX MEXaHI3MIB 1€ MOXeE TMPU3BOAUTH JI0 CUTYyallli, KOJIM 3MiHA CTaHY
30epexeHa y CXOBHWINI JaHUX, ajieé BIAMOBIAHA Toxis He Oyna mocTaBieHa, abo
HaBnaku. Jlns po3B’si3aHHSA 1i€i  mpoOiieMH Yy  JAEMOHCTpAIlidHIM  cHCTEMI
3aCTOCOBAHO Minxija transactional outbox, peayi3oBaHuil Ha OCHOBI JIOKaJbHOTO
CXOBHWINA JTAHUX Ta MEXaHI3My TOTOKIB 3MiH. Y MeXaxX IbOro MiAXOJy MOIii
(bIKCYIOTBCS pa30M 31 3MIHAMHU JOMEHHOTO CTaHy B OJHOMY CXOBHIIII, MICJISI 4OTO X
nyOJikalis BiA0yBa€eThCsl aACHHXPOHHO Ha OCHOBI MTOTOKIB 3MiH JaHUX. Taka MOJeIb
JIO3BOJIIE YHUKHYTH HEOOXIJIHOCTI PO3MOAUICHUX TpaH3akiik 1 3a0e3neuye
y3TOJIKEHICTh MIXK 30€pEeKEHUM CTAaHOM Ta OMyOI1KOBaHUMH MOAISIMU HaBITh y pasi
3001B mig yac o6pobku. Ha (puc. 3.12). HaBeneHo cxemy peaiizauii 11a0ioHY

transactional outbox y neMoHcTpalliiHii cucTeMi.

Write to single storage (DynamoDB}) N Write to single storage (SNS) b

A\ g &/ EERTIIEE )\ B (7

booking-http-function booking-table booking-table-stream | booking-ddb-stream-handier booking-requested

-
L
r
L

Puc. 3.12. Transactional outbox

3acToCyBaHHSI ACHHXPOHHOI B3a€EMOJIIi Yy TMO€JHAHHI 3 MeXaHi3MaMu
MOBTOPHOi OOpOOKH, 1IEMIIOTEHTHOI JIOTIKM Ta Y3TOJKEHOro 30€peXeHHS 3MiH
CTaHy 1 MOJIM J03BOJISE 130JIFOBAaTH 3001 MK MIKPOCEpBICAMHM Ta 3MEHIIUTH 1X
B3aeMHUN BIUMB. [loMuiku abo TMMYacoBa HEJOCTYMHICTh OJHOTO CEpPBICY HE
MPU3BOJATH 70 3YIMUHKH POOOTH IHIMUX KOMIIOHEHTIB CHCTEMH, a 00poOKa
MOBIJIOMJIEHb MOX€ OyTH BIJIHOBJICHA ITICJIS YCYHEHHsS MpoOiemMu 0e3 BTpaTu

y3TOJIPKEHOCTI MK JJOMEHHUM CTAaHOM 1 OMyOJIKOBaHMMH TOJIAMH. Taka MOJIEINb
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copusie 30€peKEHHIO AaBTOHOMHOCTI MIKPOCEPBICIB 1 BIJAMOBIAA€ NPUHIUILY

HEe3aJIeKHOI €BOJTIOLIT Ta pO3rOpTaHHS KOMIIOHEHTIB Y PO3IOIIICHIN CUCTEMI.
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BucHoBkmu 10 po3ainy 3

VY Mexax MNpakTHYHOI YacTHUHU OyJl0 MPOJEMOHCTPOBAHO, IO KIIFOYOBI
O3HAKW MIKPOCEPBICHOI apXITEKTypH MOXYTh OyTH 30epexkeHi mMpH peaizaiii y
serverless-cepenoBuii. He3pakatoun Ha 3MiHy MOJIeJll BUKOHAHHS Ta BIJCYTHICTh
JIOBFOKMBYYHMX TIPOIIECIB, MIKpOCEpBICH 30€piraloTh 4YITKO OKpECIeHI Mexi
BIJINOBIIAJIbHOCTI, aBTOHOMHICTh y MNPUUHATTI Oi3HEC-pillIeHb Ta HE3aJEe)KHICTb
AKHUTTEBOTO IIUKITY.

[IpakTyHa peamizaiis TmoKaszanda, M0 serverless-miaxiJy HE CKAaCcOBYE
MIKpOCEpBICHY MoOjeNb, a TpaHchopmye croci0 ii BrigeHHs. bi3Hec-norika
MIKPOCEPBICY PO3MOJAUIIETHCS MDK OKpeMUMH (QYHKIISIMEU Ta KEpOBaHUMU
XMapHUMH pecypcaMi, TPOTe 3 apXiTEeKTYpHOI TOYKH 30py CEpBIC MPOIOBKYE
ICHyBaTH SK €JWHA JIOTIYHA OJWHHUIIS 3 BIacHUM ctaHoM, APl Ta kanamamu
B3a€EMO/IiT 3 THIIIMMU CEepBiCaMH.

KnrouoBy pomnb y 30epekeHHI LUIICHOCTI  MIKpOCEpBICY  Biirpae
BuKopucTanHsa migxonay Infrastructure as Code. Onuc iHGpaCTPyKTypH y BUTJISII
KOJIy J03BOJISIE PO3IJISIAATH MIKPOCEPBIC HE sIK HaO1p 13071b0BaHUX (DYHKIIIM, a SK
€IMHY OJIMHUIIIO PO3TOPTaHHS, IO BKJIFOYAE BCl HEOOX1AHI pecypcH, KoHpiryparrii
Ta 1HTerpamii. TakuM 4MHOM, MIKpOCEpBIC y serverless-cepeoBHUILl 3aTUIIAETHCA
IIIJIICHAM, 3JJATHUM JI0 HE3aJIC)KHOTO PO3TOPTAaHHS Ta €BOJIOIII].

OTpumaHi pe3ynbTaTH MIATBEP/KYIOTh, IO 32 YMOBH CBIJJOMOTO
apXITEeKTYpHOTO TNpOoeKTyBaHHS Ta BukopuctaHHs [aC migxomy serverless-
CEpeloBUINlE MOXE BHUCTymatu eQEeKTUBHUM  CEpPEJOBHUINEM  peami3allii

MIKPOCEPBICHOT apXITEKTYpH 0e3 BTpaTH i 0a30BUX MPUHLMUIIIB Ta 1IEHTUYHOCTI.
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BUCHOBKHA

VY Xoa1 MpoBEIEHOr0 JOCIHIKEHHSI PO3MITHYTO apXITEKTYpPHI MIIAXOAH 0
peanizaliii MIKpocepBiCiB y serverless-cepeioBuilax 3 ypaxyBaHHSIM crHenu@iku
CEpeOBHINa BUKOHAHHS Ta OCOOJIMBOCTEH KEPOBAHOI XMAapHOI 1HPPACTPYKTYPH.
OCHOBHY yBary npuaiJICHO aHali3y TOTO, SIKUM YHHOM 111 OCOOJIMBOCTI BILJIMBAIOTh
Ha TMPaKTUYHY peani3aliio MIKpOCEpPBICHOI MOJEN, a TaKOXX Ha apXITEeKTypHI
pIlIEHHs, 110 MPUIMAIOTHCS MiJ] Yac MPOEKTYBAHHSA Ta PO3BUTKY PO3MOALICHUX
MpOTrpaMHUX cUCTeM. Takui miaxXiJ 103BOJIMB PO3TJISHYTH serverless He 130J1b0BaHo,
a B KOHTEKCTI €BOJIIOII] Cy4aCHUX apXITEKTYyP.

TeopernuHuil aHai3 €BOJIOLIT apXITEKTYp MPOrPaMHHUX CHUCTEM JI03BOJIUB
MPOCTEKUTHU MOCIITOBHUM Tepexi BiJi MOHOJITHUX PIIIEHBb JI0 PO3MOJIJICHUX Ta
MIKPOCEPBICHUX MOJENICH, M0 CYNPOBOKYBAaBCS 3POCTaHHSIM BHUMOT IO
MacIITabOBaHOCT1, THYYKOCTI Ta HE3aJIE)KHOCTI KOMIIOHEHTIB. Y 1IbOMY KOHTEKCTI
serverless-Mmiaxia po3MISIHYTO SK Cy4acHHMH eTal PO3BUTKY XMapHHUX CEpPEIOBHILL
BUKOHAHHSI, OpPIEHTOBAaHUN Ha 3MEHIICHHS I1HPPACTPYKTYpHOI CKJIAIHOCTI Ta
aBTOMATH3AIlI0 KepyBaHHS pecypcamu. Y TMpoIieci JOCTIHKEHHS MOKa3aHo, IO
BUKOPUCTAHHS Serverless-pillieHs Hakjaajae A0JaTKOBY crerudiky Ha crocid
peamizaiii MIKpOCEpBICIB, TIOB’s3aHy 3 IIOAIEBOIO MOJICJUII0O BUKOHAHHS,
JUHAMIYHUM MacIITa0yBaHHAM 1 OOMEXKEHHSMHU IUIaTHOpPMH, BOJHOYAC HE
3MIHIOIOUHA 0a30BHX apXITEKTypPHUX MPHHIMIIB MIKPOCEPBICHOI apXiTEKTypH,
TaKuX SIK aBTOHOMHICTb, 130JIbOBAHICTh 1 YITKE PO3MEKYBaHHS BiJIMOBIAAILHOCTEH.

Y Mexax NpakTHYHOI YacTMHH POOOTH HA MPHUKIAAl JEMOHCTpaIliMHOL
CUCTEMHU MIATBEP/KEHO MOXIIMBICTh peanii3alii KIIYOBUX XapaKTEPUCTHK
MIKPOCEPBICHOI apXiTEKTypH IPU BUKOPUCTAHHI KEPOBAHMX CEPBICIB XMapHOIO
npoBaiiiepa. [IpakTuuna peasizallis J03BOJIMJIA MPOAHATI3YyBaTH, SKUM YHHOM
apXITEeKTYypH1 MPUHITUIIA MIKPOCEPBICIB BiJoOpakatoThes y serverless-cepenoBuiiii
32 YMOBH PO3MOJILIY Oi3HEC-JIOTIKM M) OKpEeMUMHU (YHKIISIMU Ta BUKOPHCTAHHS
KEpOBaHUX XMapHUX pecypciB. OTpuMaHi1 pe3yibTaTH MPOJASMOHCTPYBAIH, IO 32

CBIIOMOTO TPOEKTYBAaHHA MIKPOCEpPBIC MO€ 30epiraTi BIIACHUM JIOMEH,
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HE3aJIKHUN KUTTEBUN IUKJ 1 apXITEKTYPHY I[UTICHICTb, 3aJIMILIAIOYUCH JIOTTYHO
CaMOCTIHHOIO OJTUHUIICIO CUCTEMH.

Oxkpemy yBary B poOOTI IPUAIJICHO MUTAaHHAM OpraHizaiii iHQpacTpyKTypu
Ta KEPYBaHHS 3aJIC)KHOCTSIMH MIX KOMIIOHEHTAMH CHCTeMH. BaxiuBy poib y
3a0€3MEeUEeHH]  IIUTICHOCTI  MIKPOCEPBICIB  BIJIIpa€e 3aCTOCYBaHHS  IMIAXOMIY
Infrastructure as Code, sikuii q03BoJIsI€ PopmaitizyBaTu 1HPPACTPYKTYPHI PIIICHHS
Ta IHTErPyBaTH iX y 3arajbHy apxiTeKTypy cuctemu. Bukopucranns [aC nae 3mory
PO3TIISIATH MIKPOCEPBIC K €IMHY JIOT1YHY Ta 1IHGPACTPYKTYPHY OJUHHITIO B MEXKaAX
serverless-cepenoBuiia, 3a0e3MeUy0UN y3roKEHICTh MK TTPUKJIATHOIO JIOT1KOTO,
KOH(}ITypalli€lo cepeoBUIla Ta MEXaH13MaMH 1HTerparlii.

VY3arasibHEeHHST pe3yJbTaTiB JIOCHIDKEHHS CBIAYUTH MPO JIOLUIBHICTH
po3risAny serverless-cepeloBuIl sIK OJTHOTO 3 MOMKJIMBHX BapiaHTIB peami3ariii
MIKPOCEPBICHOT apXITEKTypH B Cy4aCHUX XMapHUX cucTemax. BomHouac cnerudika
TaKUX CEpPEJOBHUII, PI3HOMAHITHICTh peanmi3aliii y XMapHUX MpOBalJepiB Ta
JIMHAMIKa PO3BUTKY apXITEKTYPHHX I1X0/11B 3JIUIIAI0Th MIPOCTIP JIJIsl TIOIAIBIIIOTO

aHaJi3y ¥ yTOYHEHHS 3alIPOINIOHOBAHUX PIIICHb Y MEXaX MallOyTHIX JTOCIiKEHb.
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JIOJIATKH

onaTok A. Buxituuii Koa 101aTKy

// Infrastructure/Makefile
# pulumi
STACK_NAME:deV

deploy:
cd ./infra && pulumi up --stack ${STACK NAME} --yes

// Infrastructure/infra/main.go
package main

import (
A\ fmt A\

"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/sns"
"github.com/pulumi/pulumi/sdk/v3/go/pulumi"
)

func main () {
pulumi.Run (func (ctx *pulumi.Context) error ({
return initTopics (ctx)

1)

func initTopics(ctx *pulumi.Context) error {

steps := []func (*pulumi.Context) error{
func (context *pulumi.Context) error { return
createFiFoTopic (context, "booking-requested") 1},
func (context *pulumi.Context) error { return
createFiFoTopic (context, "booking-accepted") 1},
func (context *pulumi.Context) error { return
createFiFoTopic (context, "booking-rejected") 1},
}
for , fn := range steps {
if err := fn(ctx); err != nil {

return err

}

return nil

}

func createFiFoTopic (ctx *pulumi.Context, name string) error {

topicName := resourceName (ctx, fmt.Sprintf ("$s.fifo", name))
topic, err := sns.NewTopic(ctx, topicName, &sns.TopicArgs{
Name : pulumi.String (topicName),

FifoTopic: pulumi.Bool (true),

})

if err != nil {



return err

ctx.Export (fmt.Sprintf ("$s.topicArn", name),

return nil

}

func resourceName (ctx *pulumi.Context, name string)

return fmt.Sprintf ("%$s-%s", ctx.Stack(),

}

// Infrastructure/infra/Pulumi.dev.yaml
encryptionsalt: <key>
config:

aws:region: eu-central-1

// Infrastructure/infra/Pulumi.yaml
name: infrastructure

name)

description: A minimal AWS Go Pulumi program

runtime: go
config:
pulumi:tags:
value:
pulumi:template: aws-go

// Booking/Makefile

# artifacts

ARCH = arm64

BINARY NAME=bootstrap
TARGET DIR = bin

# openapi specification
GENERATED_MODEL=api/generated
MODEL=${GENERATED_MODEL}/api

OPENAPI SPEC LOCATION=api/schemas//openapi-spec.yaml
GENERATED SPEC LOCATION = ${MODEL}/openapi-spec.json

# pulumi
STACK NAME=dev

clean:
rm -rf ${TARGET DIR}
rm -rf ${GENERATED_MODEL}

build: clean build-oas generate-doc-from-oas

GOOS=1linux GOARCH=${ARCH} go build -tags

./bin/http/${BINARY NAME} ./cmd/http/main.

GOOS=1linux GOARCH=${ARCH} go build -tags

./bin/ddbs/${BINARY NAME} ./cmd/ddbs/main.

GOOS=linux GOARCH=${ARCH} go build -tags
./bin/msg/booking/accepted/$ {BINARY NAME}
./cmd/msg/booking/accepted/main.go

GOOS=1inux GOARCH=${ARCH} go build -tags
./bin/msg/booking/rejected/${BINARY NAME}
./cmd/msg/booking/rejected/main.go

lambda.

go

lambda.

go

lambda.

lambda

norpc

norpc

norpc

.norpc

topic.Arn)

string {
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build-oas:

mkdir -p ${MODEL}

redocly bundle ${OPENAPI SPEC LOCATION} -o ${GENERATED SPEC LOCATION}

go run github.com/oapi-codegen/ocapi-codegen/v2/cmd/oapi-codegen --
generate types,skip-prune --package api ${GENERATED SPEC LOCATION} >
${MODEL}/model-spec.gen.go

generate-doc-from-oas: build-oas
redocly build-docs ${GENERATED SPEC LOCATION} -o ${MODEL}/spec-—
doc.html

deploy: build
cd ./infra && pulumi up --stack ${STACK NAME} -yes

// Booking/api/schemas/ApiError.yaml
type: object
required:
- code
- message
properties:
code:
type: string
message:
type: string

// Booking/api/schemas/Booking.yaml
type: object
required:
- id
- userld
- itemId
- Status
- from
- to
- createdAt
properties:
id:
type: string
userId:
type: string
itemId:
type: string
itemInfo:
Sref: "ItemInfo.yaml"
status:
type: string
reason:
type: string
from:
type: string
to:
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type: string
createdAt:
type: string

// Booking/api/schemas/BookingRequest.yaml
type: object
required:
- itemId
- from
- to
properties:
itemId:
type: string
from:
type: string
to:
type: string

// Booking/api/schemas/BookingsSearchResponse.yaml
required:
- data
- hasMore
properties:
data:
type: array
items:
Sref: 'Booking.yaml'
nextToken:
type: string
hasMore:
type: boolean

// Booking/api/schemas/ItemInfo.yaml
type: object
required:
- name
- description
- type
properties:
name:
type: string
description:
type: string
type:
type: string

// Booking/api/schemas/openapi-spec.yaml
openapi: 3.0.0
info:
title: Bookings API
version: 0.0.1
paths:

/bookings/{id}:



get:
tags:
- Bookings API
summary: Get user's booking by id
parameters:

- in: header
name: x-user-id
required: true

schema:
type:
- in: path
id
required: true

string

name:

schema:
type:
responses:
'200":
description:

string

"User's bookings"
content:
application/json:

schema:
Sref: "Booking.yaml"
'400":
description: Bad request.
content:

application/json:

schema:
Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server

unexpected error.
content:
application/json:
schema:
Sref:
x—amazon-apigateway-integration:

"ApiError.yaml"

70

encountered an

uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-

31/functions/{{.httpHandler}}/invocations"
responses:
default:
statusCode: "200"
passthroughBehavior:
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type:

"when no match"

"aws proxy"

/bookings:
get:
tags:
- Bookings API
summary: Get user's bookings
parameters:
- in: header
name: x-user-id

required: true



schema:
type:
- in: query
offsetToken
false

string

name:
required:
schema:
type: string
- in: query
name: ascending
required: false
schema:
type: boolean
responses:
'200":
description: "User's bookings"
content:
application/json:
schema:
Sref: "BookingsSearchResponse.yaml"
'400"':
description: Bad request.
content:

application/json:

schema:
Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server

unexpected error.
content:
application/json:
schema:
Sref:
x—amazon-apigateway-integration:

"ApiError.yaml"

uri:
31/functions/{{.httpHandler}}/invocations"
responses:
default:
statusCode: "200"
passthroughBehavior:
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"

type:

"when no match"

"aws proxy"

post:
tags:
- Bookings API
summary: Request a new booking
parameters:

- in: header
name: x-user-id
required: true

schema:

type:
requestBody:

string
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encountered an

"arn:aws:apigateway:{{.AWS_REGION}}:lambda:path/2015—03—
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content:
application/json:

schema:
Sref: "BookingRequest.yaml"
responses:
'200"':
description: "Created Booking"
content:

application/json:
schema:
Sref: "Booking.yaml"

'400"':
description: Bad request.
content:
application/json:
schema:

Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server encountered an
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
x—amazon-apigateway-integration:
uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-
31/functions/{{.httpHandler}}/invocations"

responses:
default:
statusCode: "200"
passthroughBehavior: "when no match"

httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws proxy"

// Booking/cmd/ddbs/main.go
package main

import (
"booking/cmd/ddbs/handler"
"booking/cmd/ddbs/handler/mappers"
"booking/internal/clients"
"booking/internal/properties"
"booking/internal/repository/mapper"
"booking/internal/service"
"booking/pkg"
"context"
"fmt"

"github.com/aws/aws-lambda-go/lambda"
"go.uber.org/fx"

func main () {
if err := getApp().Start (context.Background()); err != nil {



fmt.Printf ("Cannot start app: %s", err.Error())

func getApp () *fx.App {
return fx.New (
fx.Provide (pkg.NewClock),
fx.Provide (clients.NewSnsClient),
fx.Provide (mapper.NewDbBookingMapper) ,

fx.Provide (service.NewEventsPublisher),

(
(
(
fx.Provide (properties.NewEnvProperties),

fx.Provide (fx.Annotate (handler.NewDDBSHandler,
fx.ParamTags ( group:"entityChangeMappers" ))),

fx.Provide (fx.Annotate (mappers.NewBookingCreatedMapper,
fx.ResultTags ( group:"entityChangeMappers" ))),

fx.Invoke (start),

func start(lifecycle fx.Lifecycle, handler *handler.DDBSHandler)
lifecycle.Append (fx.Hook({
OnStart: func(context.Context) error {
lambda.Start (handler.HandleStream)
return nil

Hh

// Booking/cmd/ddbs/handler/handler.go
package handler

import (
"booking/cmd/ddbs/handler/model"
"booking/internal/domain"
dbModel "booking/internal/repository/model"
"context"

type EntityChangeMapper interface {

Name () string

HandledType () string

MapChange (ctx context.Context, record model.DynamoEventRecord)
([]*domain.Event, error)

}

type DDBSHandler struct ({

eventsPublisher domain.EventsPublisher

mappers map[string] []EntityChangeMapper
}

func NewDDBSHandler (entityChangeMappers []EntityChangeMapper,
eventsPublisher domain.EventsPublisher) *DDBSHandler {
mappers := make (map[string] []EntityChangeMapper)
for , m := range entityChangeMappers {
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handledType := m.HandledType ()
mappers [handledType] = append (mappers[handledType], m)
}
return &DDBSHandler{eventsPublisher: eventsPublisher, mappers:
mappers}
}
func (h *DDBSHandler) HandleStream(ctx context.Context, dynamoEvent
model.DynamoEvent) error ({
var mappedEvents []*domain.Event
for , record := range dynamoEvent.Records ({
if len(record.Change.NewImage) == 0 {
continue
}
entityTypeField, hasEntityType :=
record.Change.NewImage [dbModel .EntityTypeField]
if 'hasEntityType || entityTypeField.S == nil ({
continue
}
targetMappers, hasMappers := h.mappers[*entityTypeField.S]
if 'hasMappers {
continue
}
for , mapper := range targetMappers {
events, err := mapper.MapChange(ctx, record)
if err !'= nil {

return err

mappedEvents = append (mappedEvents, events...)

return h.eventsPublisher.Publish (ctx, mappedEvents)

}

// Booking/cmd/ddbs/handler/model/model.go
package model

import (
"github.com/aws/aws-sdk-go/service/dynamodb"

type DynamoEvent struct {
Records []DynamoEventRecord “json:"Records"’

}

type DynamoEventRecord struct ({
EventID string "Json:"eventID""
EventName string "json:"eventName" "
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Change DynamoEventChange ~Jjson:"dynamodb""®
}

type DynamoEventChange struct {

NewImage map[string] *dynamodb.AttributeValue
"json:"NewImage,omitempty""

OldImage map[string] *dynamodb.AttributeValue
"json:"0ldImage,omitempty"”

}

// Booking/cmd/ddbs/handler/mappers/booking requested mapper.go
package mappers

import (
"booking/cmd/ddbs/handler"
"booking/cmd/ddbs/handler/model"
"booking/internal/domain"
"booking/internal/properties"
"booking/internal/repository/mapper"
dbModel "booking/internal/repository/model"
"context"
"encoding/json"
"fmt"

type BookingRequestedMapper struct {
props *properties.Properties
dbMapper mapper.DbBookingMapper

}

func NewBookingCreatedMapper (props *properties.Properties, dbMapper
mapper.DbBookingMapper) handler.EntityChangeMapper {
return &BookingRequestedMapper {
props: props,
dbMapper: dbMapper,

func (b *BookingRequestedMapper) Name () string {
return "BookingRequestedMapper"

}

func (b *BookingRequestedMapper) HandledType () string {
return dbModel.BookingEntityType
}

func (b *BookingRequestedMapper) MapChange( context.Context, record

model .DynamoEventRecord) ([]*domain.Event, error) {

var result []*domain.Event

if len(record.Change.OldImage) != 0 || len(record.Change.NewImage) ==
0 {

return result, nil



dbBooking := &dbModel.Booking{}
err := dbBooking.FromDynamoDbAttributeValue (record.Change.NewImage)
if err !'= nil {

return nil, err

booking := b.dbMapper.FromDbModel (dbBooking)
if booking == nil || booking.BookingStatus !=
domain.BookingStatusRequested {
return result, nil

if len(booking.Id) == || len(booking.ItemId) == 0 {
fmt.Printf ("Skipping booking request. Booking id or item id is
empty: %+v\n", booking)
return result, nil

bytes, err := json.Marshal (&domain.BookingRequested{
UserId: booking.UserId,
BookingId: booking.Id,
InventoryId: booking.ItemId,
RequestedFrom: booking.From,
RequestedTo: booking.To,
})
if err !'= nil {

return nil, err

result = append(result, &domain.Event(
Id: booking.Id,
GroupId: booking.ItemId,
Topic: b.props.BookingCreatedTopic,

Content: bytes,
})

return result, nil

}

// Booking/cmd/http/main.go
package main

import (
"booking/cmd/http/handler"
apiMapper "booking/cmd/http/mapper"
"booking/internal/clients"
"booking/internal/properties"
"booking/internal/repository"
"booking/internal/repository/mapper"
"booking/pkg"
"booking/pkg/connector"
"context"
"fmt"

"github.com/aws/aws-lambda-go/lambda"

76



"go.uber.org/fx"

func main () {
if err := getApp().Start (context.Background()); err != nil {
fmt.Printf ("Cannot start app: %s", err.Error())

func getApp() *fx.App {
return fx.New (
fx.Provide (pkg.NewClock),
fx.Provide (properties.NewEnvProperties),
clients.NewHttpClient),
clients.NewSnsClient),

fx.Provide
fx.Provide
fx.Provide (clients.NewDynamoDbClient),
fx.Provide (clients.NewSsmClient),
fx.Provide (mapper.NewDbBookingMapper) ,
fx.Provide (repository.NewBookingRepository),
fx.Provide (apiMapper.NewHttpMapper),
fx.Provide (connector.NewInventoryConnector),
fx.Provide (handler.NewHttpHandler),

fx.Invoke (start),

(
(
(
(
(
(
(
(
(
(

func start(lifecycle fx.Lifecycle, handler *handler.HttpHandler)
lifecycle.Append (fx.Hook{
OnStart: func(context.Context) error {
lambda.Start (handler.Handle)
return nil

)

// Booking/cmd/http/handler/handler.go
package handler

import (
"booking/api/generated/api"
"booking/cmd/http/mapper"
"booking/internal/domain"
"booking/pkg"
"booking/pkg/connector"
"context"
"fmt"
"strconv"

"github.com/aws/aws-lambda-go/events"

"github.com/samber/lo"

const (
defaultSliceSize = 10

{
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type Request = events.APIGatewayProxyRequest

type Response = events.APIGatewayProxyResponse
const (
CodeNotFound = "NOT_ FOUND"
CodeInvalidRequest = "INVALID REQUEST"

CodelInternalError "INTERNAL ERROR"

type HttpHandler struct {
clock pkg.Clock
apiMapper mapper.HttpMapper
bookingRepository domain.BookingRepository
inventoryConnector connector.InventoryConnector

routs map[string] func (ctx context.Context, request Request) (Response,
error)

}

func NewHttpHandler (
clock pkg.Clock,
apiMapper mapper.HttpMapper,
bookingRepository domain.BookingRepository,
inventoryConnector connector.InventoryConnector,

) *HttpHandler {
handler := gHttpHandler({
clock: clock,
apiMapper: apiMapper,

bookingRepository: bookingRepository,
inventoryConnector: inventoryConnector,

handler.routs = map[string] func(ctx context.Context, request Request)
(Response, error) {
"POST /bookings": handler.CreateNewBookings,

"GET /bookings": handler.GetUsersBookings,
"GET /bookings/{id}": handler.GetUsersBookingById,

return handler

func (h *HttpHandler) Handle (ctx context.Context, request Request)
(Response, error) {

route := h.getRout (request)
f, ok := h.routs[route]
if ok {

return events.APIGatewayProxyResponse{StatusCode: 404, Body: "Rout
not found"}, nil
}
return f (ctx, request)
}



func (h *HttpHandler)
Request)

booking,
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(Response,

error) {
err :=

CreateNewBookings (ctx context.Context,

request
h.apiMapper.NewBookingFromCreateRequest (ctx, request)
fmt.Printf ("Booking request: $+v \n", booking)

if err != nil {

return h.apiMapper.ToApiError (400,
nil

CodeInvalidRequest, err.Error()),
}
err h.bookingRepository.CreateBooking (ctx, booking)
if err != nil {
return h.apiMapper.ToApiError (500, CodelInternalError,
nil
}

err.Error()),

fmt.Printf ("Booking creation return no error \n")

apiBooking := h.apiMapper.ToApiBooking(ctx, booking)
fmt.Printf ("Api booking response: %$+v \n", apiBooking)
enriched

h.enrichWithItemInfos (ctx, *apiBooking)
fmt.Printf ("enriched Api booking response:

%+v \n", enriched)
return h.apiMapper.ToApiResponse (200, enriched[0]), nil
}

func (h *HttpHandler)
Request)
userld,

if

GetUsersBookings (ctx context.Context,
(Response,

error) {
userIdSpecified

request
'userIdSpecified {

request.Headers["x-user-id"]
return h.apiMapper.ToApiError (400, CodeInvalidRequest, "User id not
specified.”), nil

}

var offsetToken *string
if token, ok

request.QueryStringParameters["offsetToken"];
offsetToken = &token
}

ok {

var ascending *bool

if ascendingValue, ok :=
ok {

request.QueryStringParameters["ascending"];
ascendingValueParsed,

err :=
if err

= strconv.ParseBool (ascendingValue)
= nil {

return h.apiMapper.ToApiError (400,
ascending query param value.")

CodeInvalidRequest, "Invalid
, nil
}
ascending &ascendingValueParsed
}
bookingsSlice, err h.bookingRepository.BookingsSlice (ctx, userId,
&pkg.SliceRequest(
Limit: defaultSliceSize,
Token: offsetToken,
Ascending:

ascending,
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})

if err !'= nil {
return h.apiMapper.ToApiError (500, CodeInternalError, err.Error()),
nil
}
apiSearchResponse := h.apiMapper.ToApiBookingSearchResponse (ctx,
bookingsSlice)

apiSearchResponse.Data = h.enrichWithItemInfos (ctx,
apiSearchResponse.Data...)
return h.apiMapper.ToApiResponse (200, apiSearchResponse), nil

}

func (h *HttpHandler) GetUsersBookingById(ctx context.Context, request
Request) (Response, error) {
userld, userldSpecified := request.Headers["x-user-id"]
if 'userIdSpecified {
return h.apiMapper.ToApiError (400, CodeInvalidRequest, "User id not
specified.”), nil

}

bookingId, bookingIdSpecified := request.PathParameters["id"]
if 'bookingIdSpecified ({
return h.apiMapper.ToApiError (400, CodelInvalidRequest, "Booking id

not specified."), nil
}
booking, err := h.bookingRepository.GetBookingById(ctx, userld,
bookingId)
if err !'= nil {
return h.apiMapper.ToApiError (500, CodeInternalError, err.Error()),
nil

}

if booking == nil {
return h.apiMapper.ToApiError (404, CodeNotFound, "Booking not

found."), nil
}
apiBooking := h.apiMapper.ToApiBooking(ctx, booking)
enrichedApiBooking := h.enrichWithItemInfos (ctx, *apiBooking) [0]

return h.apiMapper.ToApiResponse (200, enrichedApiBooking), nil
}

func (h *HttpHandler) enrichWithItemInfos (ctx context.Context, bookings

...api.Booking) []api.Booking {

inventoryItemIds := lo.Map(bookings, func(b api.Booking, _ int) string
{ return b.ItemId })

inventoryItemIds = lo.Unig(inventoryItemIds)

inventoryltems, err :=
h.inventoryConnector.GetInventoryltemsByIds (ctx, inventoryItemIds...)
if err != nil {
fmt.Printf ("Error getting inventory items: %$s \n", err.Error())
return bookings
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var enrichedBookings []api.Booking
for , booking := range bookings {
enrichedBooking := booking
if item, ok := inventoryItems|[booking.ItemId]; ok {
enrichedBooking.ItemInfo = g&api.ItemInfo{
Name: item.Name,
Description: item.Description,
Type: item.Type,

}

enrichedBookings = append (enrichedBookings, enrichedBooking)

return enrichedBookings

}

func (h *HttpHandler) getRout (request events.APIGatewayProxyRequest)
string {
return fmt.Sprintf("%s_ %s", request.HTTPMethod, request.Resource)

}

//Booking/cmd/http/mapper/http mapper.go
package mapper

import (
"booking/api/generated/api"
"booking/internal/domain"
"booking/pkg"
"context"
"encoding/json"
"fmt"

"github.com/aws/aws-lambda-go/events"
"github.com/google/uuid"

const (
CodelInternalError = "INTERNAL ERROR"

)

type HttpMapper interface {
NewBookingFromCreateRequest (ctx context.Context, request
events.APIGatewayProxyRequest) (*domain.Booking, error)

ToApiBooking (ctx context.Context, booking *domain.Booking)
*api.Booking

ToApiBookingSearchResponse (ctx context.Context, slice
*pkg.Slice[*domain.Booking]) *api.BookingsSearchResponse

ToApiResponse (code int, body any) events.APIGatewayProxyResponse
ToApiError (code int, messageCode, messageText string)
events.APIGatewayProxyResponse

}
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type httpMapper struct ({
clock pkg.Clock
}

func NewHttpMapper (clock pkg.Clock) HttpMapper |
return &httpMapper{clock: clock}
}

func (h *httpMapper) NewBookingFromCreateRequest( context.Context,
request events.APIGatewayProxyRequest) (*domain.Booking, error) {
userId, userIdSpecified := request.Headers["x-user-id"]
if 'userIdSpecified {

return nil, fmt.Errorf ("user id not specified")

bookingRequest := &api.BookingRequest{}

err := json.Unmarshal ([]byte (request.Body), bookingRequest)
fromMilliseconds, err := h.clock.ToMilliseconds (bookingRequest.From)
if err != nil {

return nil, fmt.Errorf("invalid 'from' date format")

toMilliseconds, err := h.clock.ToMilliseconds (bookingRequest.To)
if err !'= nil {
return nil, fmt.Errorf ("invalid 'to' date format")

if fromMilliseconds >= toMilliseconds {

return nil, fmt.Errorf ("'from' date must be before 'to' date")
}
id, err := uuid.NewV7 ()
if err != nil {

return nil, fmt.Errorf ("unable to generate booking id")

return &domain.Booking{

Id: id.String (),
UserId: userld,
ItemId: bookingRequest.ItemId,
BookingStatus: domain.BookingStatusRequested,
From: bookingRequest.From,
To: bookingRequest.To,
CreatedAt: h.clock.NowString (),
}, nil

func (h *httpMapper) ToApiBooking( context.Context, booking
*domain.Booking) *api.Booking {
return &api.Booking{
Id: booking.Id,
UserId: booking.UserId,

ItemId: booking.ItemId,
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From: booking.From,

To: booking.To,

CreatedAt: booking.CreatedAt,

Status: string (booking.BookingStatus),
Reason: booking.Reason,

func (h *httpMapper) ToApiBookingSearchResponse (ctx context.Context,

slice *pkg.Slice[*domain.Booking]) *api.BookingsSearchResponse {
var apiBookings []api.Booking
for , item := range slice.Data {
apiBooking := h.ToApiBooking(ctx, item)
apiBookings = append (apiBookings, *apiBooking)

return &api.BookingsSearchResponse{
Data: apiBookings,
HasMore: slice.HasMore,
NextToken: slice.NextToken,

func (h *httpMapper) ToApiResponse (code int, body any)
events.APIGatewayProxyResponse {

bodyJson, err := json.Marshal (body)

if err != nil {

return h.ToApiError (500, CodeInternalError, err.Error())

}

return events.APIGatewayProxyResponse{StatusCode: code, Body:
string (bodyJson) }
}

func (h *httpMapper) ToApiError (code int, messageCode, messageText
string) events.APIGatewayProxyResponse {

response := &apl.ApiError{Code: messageCode, Message: messageText}

jsonResponse,  := json.Marshal (response)

return events.APIGatewayProxyResponse{StatusCode: code, Body:
string (jsonResponse) }

}

//Booking/cmd/msg/booking/accepted/main.go
package main

import (
"booking/cmd/msg/booking/accepted/handler"
"booking/internal/clients"
"booking/internal/properties"
"booking/internal/repository"
"booking/internal/repository/mapper"
"booking/internal/service"
"booking/pkg"
"context"
"fmt"



"github.com/aws/aws-lambda-go/lambda"
"go.uber.org/fx"

)

func main () {
if err := getApp().Start (context.Background()); err
fmt.Printf ("Cannot start app: %s", err.Error())

func getApp () *fx.App {
return fx.New (

// Common
fx.Provide (pkg.NewClock),
fx.Provide (properties.NewEnvProperties),

// Dynamo DB

fx.Provide (mapper.NewDbBookingMapper),
fx.Provide (clients.NewDynamoDbClient),
fx.Provide (repository.NewBookingRepository),

//SNS
fx.Provide (clients.NewSnsClient),
fx.Provide (service.NewEventsPublisher),

// Handler
fx.Provide (handler.NewBookingAcceptedHandler),
fx.Invoke (start),

func start(lifecycle fx.Lifecycle, handler
*handler.BookingAcceptedHandler) {
lifecycle.Append (fx.Hook{
OnStart: func (context.Context) error {
lambda.Start (handler.Handle)
return nil

)

//Booking/cmd/msg/booking/accepted/handler/handler.go
package handler

import (
"booking/internal/domain"
"booking/internal/properties"
"context"
"encoding/json"
"fmt"

"github.com/aws/aws-lambda-go/events"
"golang.org/x/sync/errgroup"

nil

{
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type BookingAcceptedHandler struct {

props *properties.Properties
publisher domain.EventsPublisher
bookingRepository domain.BookingRepository

}

func NewBookingAcceptedHandler (
props *properties.Properties,
publisher domain.EventsPublisher,

bookingRepository domain.BookingRepository,
) *BookingAcceptedHandler {
return &BookingAcceptedHandler({
props: props,
publisher: publisher,

bookingRepository: bookingRepository,

func

(b *BookingAcceptedHandler) Handle(ctx context.Context, event

events.SQSEvent) error {
acceptedRequests, err := b.extractEvents (event)
if err != nil {

return err

}

acceptedRequestsJsonBytes,  := json.Marshal (acceptedRequests)
fmt.Printf ("Accepted booking requests received: %s \n",

acceptedRequestsJsonBytes)

var eg errgroup.Group

for , request := range acceptedRequests {
eg.Go (func () error {
err := b.bookingRepository.AcceptBooking(ctx, request)
if businessError := domain.AsBusinessError (err); businessError
nil {

fmt.Printf ("Non retrieble error occurred while processing

booking request: %$s \n", businessError.Error())

})

return nil

}

return err

return eg.Wait ()

}

func

(b *BookingAcceptedHandler) extractEvents (event events.SQSEvent)

([]*domain.BookingAccepted, error)

var result []*domain.BookingAccepted

for , record := range event.Records {
bookingAcceptedEvent := &domain.BookingAccepted{}
err := json.Unmarshal ([]byte(record.Body), bookingAcceptedEvent)
if err != nil {

}

return nil, err

result = append(result, bookingAcceptedEvent)
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}

return result, nil

}

// Booking/infra/main.go
package main

import (
"booking/internal/properties"
"booking/internal/repository/model"
"bytes"
"crypto/shal"
"encoding/hex"
"fmt"
"o
"text/template™"

"github.com/pulumi/pulumi-aws/sdk/ve6/go/aws"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/apigateway"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/dynamodb"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/iam"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/lambda"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/ssm"
"github.com/pulumi/pulumi/sdk/v3/go/pulumi"”

const (

defaultLambdaTimeout = 20

defaultLambdaMemory = 512

lambdaAssumePolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action":["sts:AssumeRole"],"Principa
1":{"Service":"lambda.amazonaws.com"}}]}"

snsPublishPolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action":["sns:*"],"Resource":"%$s"} 1}

snsToSgsPublishPolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow", "Action": ["sgs:SendMessage"],"Princip
al":{"Service":"sns.amazonaws.com"}, "Resource":"%s","Condition": {"ArnEqu
als":{"aws:SourceArn":"%s"}}}1}°

sgsToLambdaPublishPolicy = "~ {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action": ["sgs:ReceiveMessage", "sgs:D
eleteMessage", "sgs:GetQueueAttributes", "sgs:ChangeMessageVisibility"], "R
esource":"%s"}1}°

dynamoPolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action": ["dynamodb:*"], "Resource": ["

%s","%s/index/*"1}1}°

dynamoStreamPolicy “{"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action": ["dynamodb:*"], "Resource":"%
s" 1}

ssmReadPolicy “{"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action": ["ssm:GetParameter"], "Resour
ce":"km])”

)



var (
lambdaRole *iam.Role
dynamodbTable *dynamodb.Table
bookingCreatedSNSTopic *NamedArn
envVariables = pulumi.StringMap{}
infraStackRef *pulumi.StackReference

type NamedArn struct {
Name string
Arn pulumi.StringOutput
}

func main () {
pulumi.Run (func (ctx *pulumi.Context) error {

steps := []func (*pulumi.Context) error{
initCommonEnv,
initInfraStack,
initTable,
initTopics,
initLambdaRole,
initHttpApi,
initDDBStream,
initMsg,

for , fn := range steps {
if err := fn(ctx); err != nil {
return err

}

return nil

})

func initCommonEnv (ctx *pulumi.Context) error {

envVariables[properties.EnvKey] = pulumi.String(ctx.Stack())

return nil

}

func initInfraStack(ctx *pulumi.Context) error {

target := fmt.Sprintf("organization/infrastructure/%s",
resourceName := resourceName (ctx, "infra-stack-ref")
ref, err := pulumi.NewStackReference (ctx, resourceName,

&pulumi.StackReferenceArgs({
Name: pulumi.String(target),

})

if err !'= nil {
return err

infraStackRef = ref
return nil

ctx.Stack())
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func initTable(ctx *pulumi.Context) error ({

resourceName := resourceName (ctx, "table")
table, err := dynamodb.NewTable (ctx, resourceName,
&dynamodb.TableArgs{

Name: pulumi.String (resourceName),
StreamEnabled: pulumi.BoolPtr (true),
BillingMode: pulumi.String ("PAY PER REQUEST"),
StreamViewType: pulumi.StringPtr ("NEW AND OLD IMAGES"),
HashKey: pulumi.String (model.HashKey),
RangeKey: pulumi.String (model.RangeKey),

Attributes: dynamodb.TableAttributeArray({
&dynamodb.TableAttributeArgs{Name: pulumi.String(model.HashKey),
Type: pulumi.String (model.HashKeyType) },
&dynamodb.TableAttributeArgs{Name: pulumi.String(model.RangeKey),
Type: pulumi.String(model.RangeKeyType) },
3y
}, pulumi.RetainOnDelete (false))

if err != nil {
return err

dynamodbTable = table
envVariables[properties.TableNameKey] = pulumi.String(resourceName)
return nil

func initTopics(ctx *pulumi.Context) error {
resourceName := fmt.Sprintf ("$s-booking-requested-topic", ctx.Stack())
bookingRequestedTopicArn :=
infraStackRef.GetOutput (pulumi.String ("booking-requested.topicArn"))

envVariables|[properties.BookingRequestedTopic] =
bookingRequestedTopicArn.AsStringOutput ()

bookingCreatedSNSTopic = &NamedArn{Name: resourceName, Arn:
bookingRequestedTopicArn.AsStringOutput () }

return nil

}

func initLambdaRole (ctx *pulumi.Context) error
// Base Role
roleName := resourceName (ctx, "lambda-role™)
role, err := iam.NewRole (ctx, roleName,
&iam.RoleArgs{AssumeRolePolicy: pulumi.String(lambdaAssumePolicy) })
if err !'= nil {
return err

rolePolicyAttachmentName := resourceName (ctx, "lambda-basic-execution-
role™)
_, err = iam.NewRolePolicyAttachment (ctx, rolePolicyAttachmentName,
&iam.RolePolicyAttachmentArgs{
Role: role.Name,
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PolicyArn: pulumi.String("arn:aws:iam::aws:policy/service-
role/AWSLambdaBasicExecutionRole"),
})
if err != nil {
return err

// DynamoDB Access

ddbPolicyName := resourceName (ctx, "ddb-access-policy")

ddbPolicy := pulumi.Sprintf (dynamoPolicy, dynamodbTable.Arn,
dynamodbTable.Arn)

_, err = iam.NewRolePolicy(ctx, ddbPolicyName,
&iam.RolePolicyArgs{Role: role.ID(), Policy: ddbPolicy})

if err != nil {

return err

// DynamoDB Stream Access

ddbStreamPolicyName := resourceName (ctx, "ddb-stream-policy")

ddbStreamPolicy := pulumi.Sprintf (dynamoStreamPolicy,
dynamodbTable.StreamArn)

_, err = iam.NewRolePolicy(ctx, ddbStreamPolicyName,
&iam.RolePolicyArgs{Role: role.ID(), Policy: ddbStreamPolicy})

if err != nil {

return err

// SSM Read Access
ssmReadPolicyName := resourceName (ctx, "ssm-read-policy")
ssmReadPolicy := pulumi.Sprintf (ssmReadPolicy)
_, err = iam.NewRolePolicy(ctx, ssmReadPolicyName,
&iam.RolePolicyArgs{Role: role.ID(), Policy: ssmReadPolicy})
if err !'= nil {
return err

// SNS Access

policyName := fmt.Sprintf ("$s-write-policy",
bookingCreatedSNSTopic.Name)

policy := pulumi.Sprintf (snsPublishPolicy, bookingCreatedSNSTopic.Arn)

_, err = iam.NewRolePolicy(ctx, policyName, &iam.RolePolicyArgs{Role:
role.ID(), Policy: policy})

if err !'= nil {

return err

lambdaRole = role
return nil

}

func initHttpApi (ctx *pulumi.Context) error {
tplBytes, err := os.ReadFile("../api/generated/api/openapi-spec.json")
if err != nil {
return err
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tpl, err :=
template.New ("openapi") .Option ("missingkey=error") .Parse(string (tplBytes
))

if err != nil {

panic (err)

region, err := aws.GetRegion(ctx, nil, nil)
if err !'= nil {
return err

httpFunction, err := newlambda (ctx, "http-function",
"../bin/http/bootstrap")
if err != nil {
return err

renderedSpec := httpFunction.Arn.ApplyT (func (lambdaArn string)
(string, error) {
var buf bytes.Buffer
err := tpl.Execute (&buf, map[string]any{
"AWS REGION": region.Name,
"httpHandler": lambdaArn,
})

if err !'= nil {
return "", err
}
return buf.String(), nil

}) . (pulumi.StringOutput)

apiName := resourceName (ctx, "api")
api, err := apigateway.NewRestApi (ctx, apiName,
&apigateway.RestApiArgs{
Name: pulumi.String(apiName),
Body: renderedSpec,
})
if err != nil {
return err

specHash := renderedSpec.ApplyT (func(spec string) string {
sum := shal.Sum([]byte (spec))
return hex.EncodeToString(sum([:])

}) . (pulumi.StringOutput)

deploymentName := resourceName (ctx, "api-deployment")
deploy, err := apigateway.NewDeployment (ctx, deploymentName,
&apigateway.DeploymentArgs {

RestApi: api.ID(),

Triggers: pulumi.StringMap{"openapiSpecHash": specHash},
}, pulumi.DependsOn ([]pulumi.Resource{api}))
if err != nil {

return err



stageName := "api"
_, err = apigateway.NewStage (ctx, stageName, &apigateway.StageArgs({
RestApi: api.ID(),

Deployment: deploy.ID(),

StageName: pulumi.String(stageName),
})
if err != nil {

return err

apiUrl := pulumi.Sprintf ("https://%s.execute-api.%s.amazonaws.com/%s"
api.ID(), region.Name, stageName)

paramName := fmt.Sprintf ("/services/%s/%$s/url", ctx.Project(),
ctx.Stack())

_, err = ssm.NewParameter (ctx, resourceName (ctx, "apiUrlParam"),

&ssm.ParameterArgs{
Name: pulumi.String(paramName),
Type: pulumi.String("String"),
Value: apiUrl,
})
if err != nil {
return err

invokePermissionName := resourceName (ctx, "allow-api-gateway-invoke")
_, err = lambda.NewPermission (ctx, invokePermissionName,
&lambda.PermissionArgs{
Action: pulumi.String ("lambda:InvokeFunction"),
Function: httpFunction.Name,
Principal: pulumi.String("apigateway.amazonaws.com"),
SourceArn: pulumi.Sprintf ("%$s/*/*", api.ExecutionArn),
})
if err != nil {
return err

return nil

func initMsg(ctx *pulumi.Context) error
// Booking accepted handler

err := subscribeTopic(ctx, &subscribeTopicArgs({
featureName: "booking-accepted",
lambdaName: "booking-accepted-handlered",
lambdaPath: "../bin/msg/booking/accepted/bootstrap",
queueName : "booking-accepted-queue.fifo",
topicArn: infraStackRef.GetOutput (pulumi.String ("booking-
accepted.topicArn")) .AsStringOutput (),
})
if err !'= nil {

return err

// Booking rejected handler
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err = subscribeTopic (ctx, &subscribeTopicArgs({
featureName: "booking-rejected",
lambdaName: "booking-rejected-handlered",
lambdaPath: "../bin/msg/booking/rejected/bootstrap",
queueName : "booking-rejected-queue.fifo",
topicArn: infraStackRef.GetOutput (pulumi.String ("booking-
rejected.topicArn")) .AsStringOutput (),
})
if err != nil {

return err

return nil

}

func initDDBStream(ctx *pulumi.Context) error {

ddbStreamFunction, err := newLambda (ctx, "ddb-stream-handler",
"../bin/ddbs/bootstrap")
if err !'= nil {

return err

ddbStreamMappingName := resourceName (ctx, "ddb-stream-mapping")
_, err = lambda.NewEventSourceMapping (ctx, ddbStreamMappingName,
&lambda.EventSourceMappingArgs {
EventSourceArn: dynamodbTable.StreamArn,
FunctionName: ddbStreamFunction.Arn,

StartingPosition: pulumi.String ("TRIM HORIZON"),
BatchSize: pulumi.Int (100),

})

if err !'= nil {
return err

return nil

}

func newlLambda (ctx *pulumi.Context, name, path string)
(*lambda.Function, error) {

httpFunctionName := resourceName (ctx, name)

return lambda.NewFunction (ctx, httpFunctionName, &lambda.FunctionArgs{
Role: lambdaRole.Arn,
Handler: pulumi.String ("bootstrap"),
Name : pulumi.String (httpFunctionName),
Timeout: pulumi.Int (defaultLambdaTimeout),
MemorySize: pulumi.Int (defaultLambdaMemory),
Runtime: pulumi.String (lambda.RuntimeCustomAL2023),
Architectures: pulumi.StringArray{pulumi.String("armé64")},
Environment: &lambda.FunctionEnvironmentArgs{Variables:

envVariables},

LoggingConfig: lambda.FunctionLoggingConfigArgs{LogFormat:
pulumi.String ("JSON") },

Code: pulumi.NewAssetArchive (map[stringlany{"bootstrap":
pulumi.NewFileAsset (path) }),
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func resourceName (ctx *pulumi.Context, name string) string {
return fmt.Sprintf ("%$s-%s-%s", ctx.Stack(), ctx.Project(), name)

}

//Booking/infra/messaging.go
package main

import (
A\ fmt A\

"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/iam"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/lambda"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/sns"
"github.com/pulumi/pulumi-aws/sdk/v6/go/aws/sqgs"
"github.com/pulumi/pulumi/sdk/v3/go/pulumi"

type subscribeTopicArgs struct {
featureName string
topicArn pulumi.StringOutput
queueName string
lambdaName string
lambdaPath string

func subscribeTopic (ctx *pulumi.Context, args *subscribeTopicArgs) error
{
lambdaHandler, err := newlambda (ctx, args.lambdaName, args.lambdaPath)
if err !'= nil {
return err

queueResourceName := resourceName (ctx, args.queueName)

queue, err := sgs.NewQueue (ctx, gueueResourceName, &sgs.QueueArgs{
Name : pulumi.String (queueResourceName),
FifoQueue: pulumi.Bool (true),

VisibilityTimeoutSeconds: pulumi.Int (30),
})
if err != nil {

return err

snsToSgsPolicyName := resourceName (ctx, fmt.Sprintf ("sns-to-sgs-
policy-%s", args.featureName))
_, err = sgs.NewQueuePolicy (ctx, snsToSgsPolicyName,

&sgs.QueuePolicyArgs{
QueueUrl: queue.ID(),
Policy: pulumi.Sprintf (snsToSgsPublishPolicy, queue.Arn,
args.topicArn),
})
if err !'= nil {
return err
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sgsToLambdaPolicyName := resourceName (ctx, fmt.Sprintf ("sgs-to-lambda-
policy-%s", args.featureName))
_, err = iam.NewRolePolicy(ctx, sgsToLambdaPolicyName,
&iam.RolePolicyArgs{
Role: lambdaRole.Name,
Policy: pulumi.Sprintf (sgsToLambdaPublishPolicy, queue.Arn),
})
if err !'= nil {
return err

subscriptionName := resourceName (ctx, fmt.Sprintf ("%s-subscription",
args.featureName))
_, err = sns.NewTopicSubscription(ctx, subscriptionName,
&sns.TopicSubscriptionArgs{
Topic: args.topicArn,
Protocol: pulumi.String("sqgs"),
Endpoint: queue.Arn,

RawMessageDelivery: pulumi.Bool (true),
})
if err != nil {

return err

mappingName := resourceName (ctx, fmt.Sprintf ("$s-mapping",
args.featureName))
_, err = lambda.NewEventSourceMapping (ctx, mappingName,
&lambda.EventSourceMappingArgs {
EventSourceArn: queue.Arn,
FunctionName: lambdaHandler.Arn,
BatchSize: pulumi.Int (10),
})

return nil

}

//Booking/infra/Pulumi.dev.yaml
encryptionsalt: <key>
config: aws:region: eu-central-1

//Booking/infra/Pulumi.yaml
name: booking
description: A minimal AWS Go Pulumi program
runtime: go
config:

pulumi:tags:

value:
pulumi:template: aws-go

//Booking/internal/clients/dynamo.go
package clients
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import (
"context"
"strings"

"github.com/aws/aws-sdk-go-v2/aws"
"github.com/aws/aws-sdk-go-v2/aws/ratelimit"
"github.com/aws/aws-sdk-go-v2/aws/retry"
"github.com/aws/aws-sdk-go-v2/config"
"github.com/aws/aws-sdk-go-v2/service/dynamodb"

func NewDynamoDbClient () *dynamodb.Client {
cfg, _ := config.LoadDefaultConfig(context.Background(),
WithRetryer (), config.WithHTTPClient (NewHttpClient()))
return dynamodb.NewFromConfig(cfg)

}

func WithRetryer () config.LoadOptionsFunc {
return config.WithRetryer (func() aws.Retryer
return retry.NewStandard(func(so *retry.StandardOptions) {
so.MaxAttempts = 10
so.RatelLimiter = ratelimit.NewTokenRateLimit (1 000 _000)
so.Retryables = append(so.Retryables,
&TransactionConflictDetector{})
})
})

type TransactionConflictDetector struct {

}

func (t *TransactionConflictDetector) IsErrorRetryable(err error)
aws.Ternary {
if strings.Contains(err.Error (), "TransactionConflict") {
return aws.TrueTernary
}
return aws.UnknownTernary

}

//Booking/internal/clients/http.go
package clients

import (
"net"
"net/http"
"time"

func NewHttpClient () *http.Client {
transport := http.DefaultTransport. (*http.Transport) .Clone ()
transport.MaxIdleConns = 128
transport.MaxConnsPerHost = 128
transport.MaxIdleConnsPerHost = 128
transport.IdleConnTimeout = 0
transport.TLSClientConfig.InsecureSkipVerify = true



transport.DialContext = (&net.Dialer{
Timeout: 10 * time.Second,
KeepAlive: 15 * time.Minute,

}) .DialContext

return &http.Client({
Transport: transport,
Timeout: 10 * time.Second,

//Booking/internal/clients/sns.go
package clients

import (
"context"

"github.com/aws/aws-sdk-go-v2/config"
"github.com/aws/aws-sdk-go-v2/service/sns"

)

func NewSnsClient () *sns.Client {

cfg, _ := config.LoadDefaultConfig(context.Background(),
config.WithHTTPClient (NewHttpClient ()))

return sns.NewFromConfig(cfg)

}

//Booking/internal/clients/ssm.go
package clients

import (
"context"

"github.com/aws/aws-sdk-go-v2/config"
"github.com/aws/aws-sdk-go-v2/service/ssm"

)

func NewSsmClient () *ssm.Client {

cfg, _ := config.LoadDefaultConfig(context.Background(),
config.WithHTTPClient (NewHttpClient ()))

return ssm.NewFromConfig(cfg)

}

//Booking/internal/domain/errors.go
package domain

import "errors"

type BusinessError struct {
Message string

}

func (e *BusinessError) Error () string {
return e.Message

}



func AsBusinessError (err error) *BusinessError
var be *BusinessError
if errors.As(err, é&be) {
return be
}
return nil

}

//Booking/internal/domain/events.go
package domain

import "encoding/json"

type Event struct {
Id string
GrouplId string
Topic string
Content json.RawMessage
}
type BookingRegquested struct ({
UserId string “json:"userId"®
BookingId string “Json:"bookingId"®
InventoryId string “json:"inventoryId"’

RequestedFrom string " Jjson:"requestedFrom"'
RequestedTo string “json:"requestedTo""

}

type BookingAccepted struct {
UserId string “json:"userId"®
BookingId string “json:"bookingId""®
InventoryId string “json:"inventoryId"’

BookingStartTime string " json:"bookingStartTime""
BookingEndTime string “json:"bookingEndTime""

}

type BookingRejected struct {
UserId string “json:"userId"®
BookingId string "Json:"bookingId"®
InventoryId string " json:"inventoryId""®

RejectionReason string " json:"rejectionReason"’

}

type BookingCancellationRequested struct {
UserId string “json:"userId"®
BookingId string “Jjson:"bookingId"®
InventoryId string " json:"inventoryId""

}

type BookingCancellationAccepted struct {
UserId string " Jjson:"userId""
BookingId string "Json:"bookingId"®
InventoryId string " json:"inventoryId""
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type BookingCancellationRejected struct {
UserId string “Json:"userId"®
BookingId string " Json:"bookingId"®
InventoryId string “json:"inventoryId"’

RejectionReason string “json:"rejectionReason"’

}

//Booking/internal/domain/model.go
package domain

type BookingStatus string

const (
BookingStatusRequested BookingStatus = "Requested"
BookingStatusAccepted BookingStatus = "Accepted"
BookingStatusRejected BookingStatus = "Rejected"

)

type Booking struct {
Id string
UserId string
ItemId string

BookingStatus BookingStatus

Reason *string
From string
To string

CreatedAt string
}

//Booking/internal/domain/repository.go
package domain

import (
"booking/pkg"
"context"

type BookingRepository interface {
CreateBooking (ctx context.Context, booking *Booking) error
AcceptBooking (ctx context.Context, bookingEvent *BookingAccepted)
error
RejectBooking (ctx context.Context, bookingEvent *BookingRejected)

error

GetBookingById(ctx context.Context, userId, bookingId string)
(*Booking, error)

BookingsSlice (ctx context.Context, userId string, sliceRequest
*pkg.SliceRequest) (*pkg.Slice[*Booking], error)

}
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// Booking/internal/domain/service.go
package domain

import (

"context"

type EventsPublisher interface {
Publish (ctx context.Context, events []*Event) error

}

//Booking/internal/properties/properties.go
package properties

import "os"

const (
EnvKey = "ENV"
TableNameKey = "TABLE_NAME"

BookingRequestedTopic
)

"BOOKING REQUESTED TOPIC"

type Properties struct ({
Env string
TableName string
BookingCreatedTopic string

}

func NewEnvProperties () *Properties {
return &Properties/{
Env: 0s.Getenv (EnvKey) ,
TableName: os.Getenv (TableNameKey),

BookingCreatedTopic: os.Getenv (BookingRequestedTopic),

//Booking/internal/repository/booking repository.go
package repository

import (
"booking/internal/domain"
"booking/internal/properties"
"booking/internal/repository/mapper"
"booking/internal/repository/model"
"booking/pkg"
"context"
"encoding/base64"
"errors"
"fmt"

"github.com/aws/aws-sdk-go-v2/aws"
"github.com/aws/aws-sdk-go-v2/feature/dynamodb/attributevalue"
"github.com/aws/aws-sdk-go-v2/feature/dynamodb/expression"
"github.com/aws/aws-sdk-go-v2/service/dynamodb"
"github.com/aws/aws-sdk-go-v2/service/dynamodb/types"



"github.com/samber/lo"

type bookingRepository struct ({
dbMapper mapper.DbBookingMapper
dbClient *dynamodb.Client
properties *properties.Properties

}

func NewBookingRepository (
dbMapper mapper.DbBookingMapper,
dbClient *dynamodb.Client,
properties *properties.Properties,
) domain.BookingRepository {
return &bookingRepository({
dbMapper: dbMapper,
dbClient: dbClient,
properties: properties,
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func (b *bookingRepository) CreateBooking(ctx context.Context, booking

*domain.Booking) error {

dbModel := b.dbMapper.ToDbModel (booking)
avModel, err := dbModel.AsAttributeValues/()
if err !'= nil {

return err

_, err = b.dbClient.PutlItem(ctx, &dynamodb.PutItemInput {

Item: avModel,
TableName: aws.String (b.properties.TableName),
ConditionExpression: aws.String ("attribute not exists (#PK) AND

attribute not exists (#SK)"),

ExpressionAttributeNames: map[string]string{"#PK": model.HashKey,

"#SK": model.RangeKey},
})

return err

}

func (b *bookingRepository) AcceptBooking(ctx context.Context,
bookingEvent *domain.BookingAccepted) error {
_, err := b.dbClient.UpdatelItem(ctx, &dynamodb.UpdateItemInput {
Key: map[stringltypes.AttributevValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model.BookingPk (bookingEvent.UserId) },
model .RangeKey: &types.AttributeValueMemberS{Value:
model .BookingSk (bookingEvent.BookingId) },
by
TableName:
aws.String (b.properties.TableName),
ReturnValuesOnConditionCheckFailure:
types.ReturnValuesOnConditionCheckFailureAllOld,
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UpdateExpression: aws.String ("SET #Status =
:status, #From = :from, #To = :to"),

ConditionExpression:
aws.String ("attribute exists (#Status) and #Status = :expectedStatus"),

ExpressionAttributeNames: map[string]lstring(
"#Status": model.BookingStatusField,
"#From": model.BookingFromField,
"#To": model .BookingToField,
by
ExpressionAttributeValues: map[string]types.AttributeValue({
":status": &types.AttributeValueMemberS{Value:
string (domain.BookingStatusAccepted) },
":from": &types.AttributeValueMemberS{Value:
bookingEvent.BookingStartTime},
":to": &types.AttributeValueMemberS{Value:
bookingEvent.BookingEndTime},
":expectedStatus": &types.AttributeValueMemberS{Value:
string (domain.BookingStatusRequested) },
}y
1)

if err !'= nil {
if conditionalException := asConditionalCheckFailedException (err);
conditionalException != nil {

// Expected status mismatch case
if len(conditionalException.Item) > 0 {
dbBooking := &model.Booking({}
if mappingError :=
dbBooking.FromAttributeValues (conditionalException.Item); mappingError

'= nil {
return mappingError
}
booking := b.dbMapper.FromDbModel (dbBooking)
if booking.BookingStatus == domain.BookingStatusAccepted {

// Important retry. Booking already accepted

return nil

// Incompatible booking status

message := fmt.Sprintf ("Booking with id %$s cannot be accepted
from incompatible status %s", booking.Id, booking.BookingStatus)

return &domain.BusinessError{Message: message}

// Booking not found

message := fmt.Sprintf ("User's %s booking %s not found",
bookingEvent.UserId, bookingEvent.BookingId)

return &domain.BusinessError{Message: message}

}

return err

}
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func (b *bookingRepository) RejectBooking(ctx context.Context,
bookingEvent *domain.BookingRejected) error ({
_, err := b.dbClient.UpdatelItem(ctx, &dynamodb.UpdateItemInput{
Key: map[string]ltypes.AttributeValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model.BookingPk (bookingEvent.UserId) },
model.RangeKey: &types.AttributeValueMemberS{Value:
model .BookingSk (bookingEvent.BookingId) },
by
TableName:
aws.String (b.properties.TableName),
ReturnValuesOnConditionCheckFailure:
types.ReturnValuesOnConditionCheckFailureAllOld,
UpdateExpression: aws.String ("SET #Status =
:status, #Reason = :reason"),
ConditionExpression:
aws.String("attribute exists (#Status) and #Status = :expectedStatus"),
ExpressionAttributeNames: map[string]string({
"#Status": model.BookingStatusField,
"#Reason": model.BookingReasonField,
}y
ExpressionAttributeValues: map[string]types.AttributeValue({

":status": &types.AttributeValueMemberS{Value:
string (domain.BookingStatusRejected) },
":reason": &types.AttributeValueMemberS{Value:

bookingEvent.RejectionReason},
":expectedStatus": &types.AttributeValueMemberS{Value:
string (domain.BookingStatusRequested) },
I
})

if err !'= nil {
if conditionalkException := asConditionalCheckFailedException(err);
conditionalException != nil {

// Expected status mismatch case
if len(conditionalException.Item) > 0 {
dbBooking := &model.Booking({}
if mappingError :=
dbBooking.FromAttributeValues (conditionalException.Item); mappingError
'= nil {
return mappingError

booking := b.dbMapper.FrombDbModel (dbBooking)

if booking.BookingStatus == domain.BookingStatusRejected {
// Important retry. Booking already rejected
return nil

// Incompatible booking status

message := fmt.Sprintf ("Booking with id %$s cannot be rejected
from incompatible status %s", booking.Id, booking.BookingStatus)

return &domain.BusinessError{Message: message}
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// Booking not found

message := fmt.Sprintf ("User's %s booking %s not found",
bookingEvent.UserId, bookingEvent.BookingId)

return &domain.BusinessError{Message: message}

}

return err

}

func (b *bookingRepository) GetBookingById(ctx context.Context, userld,
bookingId string) (*domain.Booking, error) {
out, err := b.dbClient.GetItem(ctx, &dynamodb.GetItemInput/(
Key: map[string]ltypes.AttributeValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model .BookingPk (userId) },
model .RangeKey: &types.AttributeValueMemberS{Value:
model .BookingSk (bookingId) },
I
TableName: aws.String (b.properties.TableName),
ConsistentRead: aws.Bool (true),
})
if err !'= nil {
return nil, err

if len(out.Item) == 0 {
return nil, nil

dbModel := &model.Bookingf{}
err = dbModel.FromAttributeValues (out.Item)
if err !'= nil {

return nil, err

return b.dbMapper.FromDbModel (dbModel), nil

func (b *bookingRepository) BookingsSlice(ctx context.Context, userId
string, sliceRequest *pkg.SliceRequest) (*pkg.Slice[*domain.Booking],
error) |

keyCondition :=
expression.Key (model.HashKey) .Equal (expression.Value (model.BookingPk (use
rid)))

expr, err :=
expression.NewBuilder () .WithKeyCondition (keyCondition) .Build()

if err != nil {

return nil, err

paginator := dynamodb.NewQueryPaginator (b.dbClient,
&dynamodb.QueryInput {
TableName: aws.String (b.properties.TableName),
ExpressionAttributeNames: expr.Names/(),
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ExpressionAttributeValues: expr.Values(),

KeyConditionExpression: expr.KeyCondition (),
FilterExpression: expr.Filter(),
ScanIndexForward:

aws.Bool (lo.FromPtr (sliceRequest.Ascending)),
ExclusiveStartKey: TokenToKey (sliceRequest.Token),
Limit: aws.Int32 (sliceRequest.Limit),

})
if !'paginator.HasMorePages () {
return &pkg.Slice[*domain.Booking] {HasMore: false}, nil

page, err := paginator.NextPage (ctx)
if err != nil {
return nil, err

var data []*domain.Booking
for , item := range page.Items ({
tournamentDb := &model.Booking{}
err := tournamentDb.FromAttributeValues (item)
if err !'= nil {
return nil, err

data = append(data, b.dbMapper.FromDbModel (tournamentDDb))

return &pkg.Slice[*domain.Booking] {

Data: data,

HasMore: paginator.HasMorePages (),

NextToken: KeyToToken (page.LastEvaluatedKey),
}, nil

func TokenToKey (token *string) map|[string]types.AttributeValue ({
if token == nil {
return nil
}
sDec, _ := base64.StdEncoding.DecodeString (*token)
key, _ := attributevalue.UnmarshalMapJSON (sDec)
return key

func KeyToToken (key map[string]types.AttributevValue) *string {
if len(key) == 0 {
return nil
}
data, _ := attributevalue.MarshalMapJSON (key)
return lo.ToPtr (base64.StdEncoding.EncodeToString (data))
}

func asConditionalCheckFailedException (err error)
*types.ConditionalCheckFailedException {
if err == nil {



return nil

var e *types.ConditionalCheckFailedException
if errors.As(err, &e) {
return e

return nil

//Booking/internal/repository/mapper/booking.go
package mapper

import (
"booking/internal/domain"
"booking/internal/repository/model"

)

type DbBookingMapper interface {
ToDbModel (booking *domain.Booking) *model.Booking
FromDbModel (booking *model.Booking) *domain.Booking

}

type dbBookingMapper struct {
}

func NewDbBookingMapper () DbBookingMapper {
return &dbBookingMapper{}
}

func (d *dbBookingMapper) ToDbModel (booking *domain.Booking)
*model .Booking {
return &model.Booking{

PK: model.BookingPk (booking.UserId),
SK: model .BookingSk (booking.Id),
EntityType: model .BookingEntityType,

Id: booking.Id,

UserId: booking.UserId,

ItemId: booking.ItemId,

BookingStatus: string(booking.BookingStatus),
Reason: booking.Reason,

From: booking.From,

To: booking.To,

CreatedAt: booking.CreatedAt,

func (d *dbBookingMapper) FromDbModel (booking *model.Booking)
*domain.Booking {
return &domain.Booking{

Id: booking.Id,
UserId: booking.UserId,
ItemId: booking.ItemId,

BookingStatus: domain.BookingStatus (booking.BookingStatus),

105



Reason: booking.Reason,

From: booking.From,
To: booking.To,
CreatedAt: booking.CreatedAt,

//Booking/internal/repository/model/booking.go
package model

import (
n fmt n

"github.com/aws/aws-sdk-go-v2/feature/dynamodb/attributevalue"

"github.com/aws/aws-sdk-go-v2/service/dynamodb/types"
"github.com/aws/aws-sdk-go/service/dynamodb"

"github.com/aws/aws-sdk-go/service/dynamodb/dynamodbattribute"

const (
BookingPkTemplate = "User:%s"
BookingSkTemplate = "Booking:%s"
BookingEntityType = "Booking"
BookingStatusField = "bookingStatus"
BookingReasonField = "reason"
BookingFromField = "from"
BookingToField = "to"

func BookingPk (userId string) string {
return fmt.Sprintf (BookingPkTemplate, userId)
}

func BookingSk (bookingId string) string {
return fmt.Sprintf (BookingSkTemplate, bookingId)
}

type Booking struct {
PK string “dynamodbav:"PK""®
SK string “dynamodbav:"SK"®
EntityType string “dynamodbav:"entityType""

Id string “dynamodbav:"id""®
UserId string “dynamodbav:"userId"’

ItemId string “dynamodbav:"itemId""

BookingStatus string ~dynamodbav:"bookingStatus""

Reason *string “dynamodbav:"reason,omitempty"’
From string “dynamodbav:"from""
To string “dynamodbav:"to"’®

CreatedAt string “dynamodbav:"createdAt""



107

func (b *Booking) AsAttributeValues () (mapl[string]ltypes.AttributeValue,
error)
return attributevalue.MarshalMap (b)

}

func (b *Booking) FromAttributeValues (av
map [string]types.AttributeValue) error
return attributevalue.UnmarshalMap (av, b)

}

func (b *Booking) FromDynamoDbAttributeValue (av
map [string] *dynamodb.AttributeValue) error {
return dynamodbattribute.UnmarshalMap (av, b)

}

func (b *Booking) AsDynamoDbAttributeValue ()
(map[string] *dynamodb.AttributeValue, error) {
return dynamodbattribute.MarshalMap (b)

}

//Booking/internal/repository/model/fields.go
package model

const (
HashKey = "pK"
HashKeyType = "S"
RangeKey = "SK"
RangeKeyType = "S"
EntityTypeField = "entityType"

)

//Booking/internal/service/events publisher.go
package service

import (
"booking/internal/domain"
"context"

"github.com/aws/aws-sdk-go-v2/aws"
"github.com/aws/aws-sdk-go-v2/service/sns"
"github.com/samber/lo"
"golang.org/x/sync/errgroup"

type eventsPublisher struct {
snsClient *sns.Client

}

func NewEventsPublisher (snsClient *sns.Client) domain.EventsPublisher {
return &eventsPublisher{snsClient: snsClient}

}



func (e *eventsPublisher) Publish(ctx context.Context,

[]*domain.Event) error {

var inputs []*sns.PublishInput
for , event := range events {
inputs = append(inputs, &sns.PublishInput {

MessageDeduplicationId:
MessageGroupld:
TopicArn:

Message:

var eg errgroup.Group

var uniquelnputs = lo.UnigBy (inputs,

aws.

aws

aws.
aws.

String (event.Id),

(

(
String (event.Topic),
String(string(event.Content)),

{ return lo.FromPtr (pi.MessageDeduplicationId)

for , input := range uniquelnputs {

eg.Go (func () error {

_, err := e.snsClient.Publish(ctx, input)

return err

})

return eg.Wait ()

}

//Booking/pkg/connector/inventory.go

package connector

import (
"booking/internal/domain"

"booking/internal/properties"

"bytes"
"context"
"encoding/json"
"fmt"
"net/http"

"github.com/aws/aws-sdk-go-v2/aws"
"github.com/aws/aws-sdk-go-v2/service/ssm"

"github.com/samber/lo"

const (

lookupUrl = "/inventory/items:lookup"

type InventoryItemsLookupRequest struct ({

Ids []lstring “json:"ids""

type InventorylItemsLookupResponse struct {
Data []*InventorylItem "json:"data"®

}

type InventorylItem struct ({

1)

events

.String (event.GroupId),

func (pi *sns.PublishInput)
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Id string “Json:"id""
Name string “json:"name"’
Type string “json:"type"’

Description string " Jjson:"description"’

type InventoryConnector interface {
GetInventoryItemsByIds (ctx context.Context, ids ...string)
(map[string] *InventoryItem, error)

}

type inventoryConnector struct
httpClient *http.Client
ssmClient *ssm.Client
props *properties.Properties

}

func NewInventoryConnector (httpClient *http.Client, ssmClient
*ssm.Client, props *properties.Properties) InventoryConnector
return &inventoryConnector(
httpClient: httpClient,
ssmClient: ssmClient,
props: props,

func (i *inventoryConnector) GetInventoryItemsByIds (ctx context.Context,

ids ...string) (map[string]*InventoryItem, error) {
inventoryBaseUrl, err := i.getInventoryServiceBaseUrl (ctx)
if err !'= nil {

return nil, err

body, err := json.Marshal (&InventoryIltemsLookupRequest{Ids: ids})
if err != nil {
return nil, err

url := fmt.Sprintf ("%$s%s", inventoryBaseUrl, lookupUrl)

httpReq, err := http.NewRequestWithContext (ctx, http.MethodPost, url,
bytes.NewReader (body) )

if err != nil {

return nil, err

httpReq.Header.Set ("Content-Type", "application/json")
httpReq.Header.Set ("Accept", "application/json")

resp, err := i.httpClient.Do (httpReq)
if err !'= nil {
return nil, err

defer func () {
_ = resp.Body.Close()
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if resp.StatusCode != 200 {
return nil, fmt.Errorf ("unexpected status %d", resp.StatusCode)

var result *InventoryItemsLookupResponse
dec := json.NewDecoder (resp.Body)
dec.DisallowUnknownFields ()

if err := dec.Decode(&result); err != nil {
return nil, err

return lo.SliceToMap (result.Data, func(item *InventorylItem) (string,
*InventoryItem) {
return item.Id, item
}), nil

func (i *inventoryConnector) getInventoryServiceBaseUrl (ctx
context.Context) (string, error) {
out, err := i.ssmClient.GetParameter (ctx, &ssm.GetParameterInput{
Name: aws.String(fmt.Sprintf ("/services/inventory/%$s/url",
i.props.Env)),

})
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if err != nil {
return "", err
}
if out == nil || out.Parameter == nil || out.Parameter.Value == nil {
return "", &domain.BusinessError{Message: "inventory service url not
found"}

}

return *out.Parameter.Value, nil

}

//Booking/pkg/clock.go
package pkg

import "time"

type Clock interface {

NowString () string
NowDateTime () (date, time string)
NowMilliseconds () into64

ToString(milliseconds int64) string
ToMilliseconds (dateTime string) (int64, error)
ToSeconds (dateTime string) (int64, error)
IsValid(dateTime string) bool

Split (dateTime string) (date, time string)
Parse (dateTime string) (time.Time, error)



const (
defaultDatelayout = "2006-01-02"
defaultTimeLayout = "15:04:05.000"

defaultDateTimelLayout = defaultDatelLayout + "T" + defaultTimeLayout
)

type LayoutBasedClock struct {
dateTimeLayout string
timeLayout string
dateLayout string

}

func NewClock () Clock {
return &LayoutBasedClock({
dateTimeLayout: defaultDateTimelayout,
timeLayout: defaultTimelayout,
dateLayout: defaultDatelayout,

func (d *LayoutBasedClock) NowString() string {
return time.Now () .UTC() .Format (d.dateTimeLayout)
}

func (d *LayoutBasedClock) NowDateTime () (date, time string) {
return d.Split(d.NowString())
}

func (d *LayoutBasedClock) NowMilliseconds () int64 {
return time.Now () .UnixMilli ()

}

func (d *LayoutBasedClock) ToString(milliseconds int64) string {
return time.UnixMilli (milliseconds) .UTC() .Format (d.dateTimeLayout)

}

func (d *LayoutBasedClock) ToMilliseconds (dateTime string) (inté64,
error) {
if value, err := time.Parse(d.dateTimelayout, dateTime); err == nil
return value.UnixMilli(), nil
} else {
return 0, err

func (d *LayoutBasedClock) ToSeconds (dateTime string) (int64, error)
if value, err := time.Parse(d.dateTimelLayout, dateTime); err == nil
return value.Unix (), nil
} else {
return 0, err

func (d *LayoutBasedClock) IsValid(dateTime string) bool {
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_, err := time.Parse(d.dateTimeLayout, dateTime)
return err == nil

}

func (d *LayoutBasedClock) Split(dateTime string) (string, string) {
if value, err := time.Parse(d.dateTimelayout, dateTime); err == nil {
return value.Format (d.dateLayout), value.Format (d.timeLayout)
} else {
panic(err)

func (d *LayoutBasedClock) Parse(dateTime string) (time.Time, error) {
return time.Parse(d.dateTimelLayout, dateTime)

}

//Booking/pkg/slice.go
package pkg

type SliceRequest struct ({
Limit int32
Token *string
Ascending *bool

}

type SlicelT any] struct ({
Data [1T
HasMore bool
NextToken *string

}

//Inventory/Makefile
# artifacts

ARCH = arm64

BINARY NAME=bootstrap
TARGET DIR = bin

# openapi specification
GENERATED_MODEL:api/generated
MODEL=${GENERATED_MODEL}/api

OPENAPI SPEC_ LOCATION=api/schemas//openapi-spec.yaml
GENERATED SPEC LOCATION = ${MODEL}/openapi-spec.json

# pulumi
STACK NAME=dev

clean:
rm -rf ${TARGET7DIR}
rm -rf ${GENERATED MODEL}

build: clean build-oas generate-doc-from-oas
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GOOS=linux GOARCH=${ARCH} go build -tags lambda.norpc -o
./bin/http/${BINARY NAME} ./cmd/http/main.go

GOOS=1inux GOARCH=${ARCH} go build -tags lambda.norpc -o
./bin/ddbs/${BINARY NAME} ./cmd/ddbs/main.go

GOOS=linux GOARCH=${ARCH} go build -tags lambda.norpc -o
./bin/msg/booking/requested/$ {BINARY NAME}
./cmd/msg/booking/requested/main.go

build-oas:

mkdir -p ${MODEL}

redocly bundle ${OPENAPI_SPEC_LOCATION} -0 ${GENERATED_SPEC_LOCATION}

go run github.com/ocapi-codegen/ocapi-codegen/v2/cmd/ocapi-codegen --
generate types,skip-prune --package api ${GENERATED SPEC LOCATION} >
${MODEL}/model-spec.gen.go

generate-doc-from-oas: build-oas
redocly build-docs ${GENERATED SPEC LOCATION} -o ${MODEL}/spec-—

doc.html

deploy: build
cd ./infra && pulumi up --stack ${STACK NAME} -yes

//Inventory/api/schemas/ApiError.yaml
type: object
required:
- code
- message
properties:
code:
type: string
message:
type: string

//Inventory/api/schemas/InventoryItem.yaml
type: object
required:
- id
- type
- name
- description
properties:
id:
type: string
type:
type: string
name:
type: string
description:
type: string

//Inventory/api/schemas/InventoryltemAvailability.yaml
required:
- slots



properties:
slots:
type: array
items:

Sref: 'InventoryItemAvailabilitySlot.yaml'

//Inventory/api/schemas/InventoryltemAvailabilitySlot.yaml

required:
- slot
- available
properties:
slot:

type: string

available:

type: boolean

//Inventory/api/schemas/InventoryltemCreateRequest.yaml

type: object
required:

- type

- name

- description
properties:

id:

type: string

type:

type: string

name:

type: string

description:

type: string

//Inventory/api/schemas/InventoryIltemsLookupRequest.yaml

required:
- ids
properties:
ids:
type: array
items:

type: string

//Inventory/api/schemas/InventoryItemsLookupResponse.yaml

required:
- data
properties:
data:
type: array
items:

Sref: "InventoryItem.yaml"

//Inventory/api/schemas/InventoryltemsSearchResponse.yaml

required:

- data

- hasMore
properties:
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data:
type: array
items:
Sref: 'InventoryItem.yaml'
nextToken:
type: string
hasMore:

type: boolean

//Inventory/api/schemas/openapi-spec.yaml
openapi: 3.0.0
info:
title: Inventory API
version: 0.0.1
paths:

/inventory/items:
get:
tags:
- Inventory Items API
summary: Get Inventory Items
parameters:
- in: query
name: offsetToken
required: false
schema:
type: string
- in: query
name: ascending
required: false
schema:
type: boolean
responses:
'200":
description: "Inventory Items"
content:
application/json:
schema:
Sref: "InventoryltemsSearchResponse.yaml"
'400":
description: Bad request.
content:
application/json:
schema:
Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server encountered an
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
X—amazon-apigateway-integration:
uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-
31/functions/{{.httpHandler}}/invocations"



responses:
default:
statusCode: "200"
passthroughBehavior: "when no match"
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws_ proxy"

post:
tags:
- Inventory Items API
summary: Create New Inventory Item
requestBody:
content:
application/json:

schema:
Sref: "InventorylItemCreateRequest.yaml"
responses:
'200":
description: "Created Inventory Item"
content:

application/json:

schema:
Sref: "InventoryItem.yaml"
'400"':
description: Bad request.
content:

application/json:
schema:
Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
x—amazon-apigateway-integration:
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encountered an

uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-

31/functions/{{.httpHandler}}/invocations"

responses:
default:
statusCode: "200"

passthroughBehavior: "when no match"
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws proxy"

/inventory/items:lookup:
post:
tags:
- Inventory Items APIT
summary: Lookup Inventory Items by list of ids
requestBody:
content:
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application/json:

schema:
Sref: "InventoryIltemsLookupRequest.yaml"
responses:
'200"':
description: "Inventory Items"
content:
application/json:
schema:
Sref: "InventoryItemsLookupResponse.yaml"
'400":
description: Bad request.
content:
application/json:
schema:

Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server encountered an
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
x-amazon-apigateway-integration:
uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-
31/functions/{{.httpHandler}}/invocations"
responses:
default:
statusCode: "200"
passthroughBehavior: "when no match"
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws proxy"

/inventory/items/{type}:
get:
tags:

- Inventory Items API
summary: Get Inventory Items
parameters:

- in: query

name: offsetToken
required: false
schema:
type: string
- in: query
name: ascending
required: false
schema:
type: boolean
- in: path
name: type
schema:
type: string
required: true
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description: Item type
responses:
'200"':
description: "Inventory Items"
content:
application/json:
schema:
Sref: "InventoryltemsSearchResponse.yaml"
'400"':
description: Bad request.
content:
application/json:
schema:
Sref: "ApiError.yaml"
'500"':
description: Internal server error. The server encountered an
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
x—amazon-apigateway-integration:
uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-
31/functions/{{.httpHandler}}/invocations"

responses:
default:
statusCode: "200"
passthroughBehavior: "when no match"

httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws proxy"

/inventory/items/availability/{id}:
get:
tags:

- Inventory Items API
summary: Get Item Availability
parameters:

- in: query

name: date
required: true
schema:

type: string

- in: path

name: id
schema:

type: string
required: true
description: Item id

responses:
'200":
description: "Inventory Items"
content:
application/json:
schema:
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Sref: "InventoryltemAvailability.yaml"

'400"':
description: Bad request.
content:
application/json:
schema:
Sref: "ApiError.yaml"
'500"':

description: Internal server error. The server encountered an
unexpected error.
content:
application/json:
schema:
Sref: "ApiError.yaml"
x—amazon-apigateway-integration:
uri: "arn:aws:apigateway:{{.AWS REGION}}:lambda:path/2015-03-
31/functions/{{.httpHandler}}/invocations"
responses:
default:
statusCode: "200"
passthroughBehavior: "when no match"
httpMethod: "POST"
contentHandling: "CONVERT TO TEXT"
type: "aws proxy"

//Inventory/cmd/ddbs/main.go
package main

import (
"context"
"fmt"
"inventory/cmd/ddbs/handler"
"inventory/internal/properties"

"github.com/aws/aws-lambda-go/lambda"
"go.uber.org/fx"

func main () {
if err := getApp().Start (context.Background()); err != nil {
fmt.Printf ("Cannot start app: %s", err.Error())

func getApp () *fx.App {
return fx.New (
fx.Provide (properties.NewEnvProperties),
fx.Provide (fx.Annotate (handler.NewDDBSHandler,
fx.ParamTags ( group:"entityChangeMappers" ))),
fx.Invoke (start),

func start(lifecycle fx.Lifecycle, handler *handler.DDBSHandler) {
lifecycle.Append (fx.Hook{



OnStart: func (context.Context) error {
lambda.Start (handler.HandleStream)
return nil

Hh

//Inventory/cmd/ddbs/handler/handler.go
package handler

import (
"context"
"encoding/json"
"fmt"
"inventory/cmd/ddbs/handler/model"
"inventory/internal/domain"

type EntityChangeMapper interface {

Name () string

HandledType () string

MapChange (ctx context.Context, record model.DynamoEventRecord)
([]*domain.Event, error)

}

type DDBSHandler struct ({
mappers map[string] []EntityChangeMapper

}

func NewDDBSHandler (entityChangeMappers []EntityChangeMapper)
*DDBSHandler {
mappers := make (map[string] []EntityChangeMapper)
for , m := range entityChangeMappers {
handledType := m.HandledType ()
mappers [handledType] = append (mappers|[handledType], m)

return &DDBSHandler{mappers: mappers}
}

func (h *DDBSHandler) HandleStream(_ context.Context, dynamoEvent
model.DynamoEvent) error {

dynamoDbEventJson, err := json.Marshal (dynamoEvent)

if err !'= nil {

return err

fmt.Printf ("Received event: %$s \n", dynamoDbEventdJson)
return nil

//Inventory/cmd/ddbs/handler/model/model.go
package model

import (
"github.com/aws/aws-sdk-go/service/dynamodb"
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type DynamoEvent struct ({
Records []DynamoEventRecord "json:"Records"’

}

type DynamoEventRecord struct {

EventID string “Json:"eventID""
EventName string "json:"eventName""®
Change DynamoEventChange "json:"dynamodb""®

}

type DynamoEventChange struct {

NewImage map[string] *dynamodb.AttributeValue
"json:"NewImage,omitempty" "

OldImage map[string] *dynamodb.AttributeValue
"json:"0ldImage, omitempty" "

}

//Inventory/cmd/http/main.go
package handler

import (
"context"
"encoding/json"
"fmt"
"inventory/cmd/ddbs/handler/model"
"inventory/internal/domain"

type EntityChangeMapper interface {

Name () string

HandledType () string

MapChange (ctx context.Context, record model.DynamoEventRecord)
([]*domain.Event, error)

}

type DDBSHandler struct ({
mappers map|[string] []EntityChangeMapper
}

func NewDDBSHandler (entityChangeMappers []EntityChangeMapper)
*DDBSHandler {
mappers := make (map[string] []EntityChangeMapper)
for , m := range entityChangeMappers {
handledType := m.HandledType ()
mappers[handledType] = append (mappers[handledType], m)

return &DDBSHandler{mappers: mappers}
}

func (h *DDBSHandler) HandleStream(_ context.Context, dynamoEvent

model.DynamoEvent) error
dynamoDbEventJson, err := Jjson.Marshal (dynamoEvent)



if err != nil {
return err

fmt.Printf ("Received event: %s \n", dynamoDbEventJson)
return nil

//Inventory/cmd/http/handler/handler.go
package handler

import (
"context"
A\ fmt A\
"inventory/cmd/http/mapper"
"inventory/internal/domain"

"github.com/aws/aws-lambda-go/events"

type Request = events.APIGatewayProxyRequest

type Response = events.APIGatewayProxyResponse
const (
CodeInvalidRequest = "INVALID REQUEST"
CodeInternalError = "INTERNAL ERROR"

type HttpHandler struct ({

apiMapper mapper.HttpMapper
itemsService domain.InventoryItemService
routs map[string] func (ctx context.Context, request Request)

(Response, error)

}

func NewHttpHandler (apiMapper mapper.HttpMapper, itemsService
domain.InventoryltemService) *HttpHandler
handler := gHttpHandler({
apiMapper: apiMapper,
itemsService: itemsService,
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handler.routs = map[string]func(ctx context.Context, request Request)

(Response, error) {
"POST /inventory/items": handler.Createltem,
"POST /inventory/items:lookup": handler.LookupItems,

"GET /inventory/items": handler.ListItems,
"GET /inventory/items/{type}": handler.ListItemsByType,
"GET /inventory/items/availability/{id}": handler.ItemAvailability,

return handler

}
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func (h *HttpHandler) Handle (ctx context.Context, request Request)
(Response, error) {

route := h.getRout (request)
f, ok := h.routs[route]
if ok {

return events.APIGatewayProxyResponse{StatusCode: 404, Body: "Rout
not found"}, nil
}
return f(ctx, request)

}

func (h *HttpHandler) getRout (request events.APIGatewayProxyRequest)
string {
return fmt.Sprintf ("%s_%s", request.HTTPMethod, request.Resource)

}

func (h *HttpHandler) Createltem(ctx context.Context, request Request)
(Response, error) {
newltem, err := h.apiMapper.NewltemFromRequest (request)
if err != nil {
return h.apiMapper.ToApiError (400, CodeInvalidRequest, err.Error()),
nil

}

if err = h.itemsService.Createltem(ctx, newlItem); err != nil {
return h.apiMapper.ToApiError (500, CodelInternalError, err.Error()),
nil

}

return h.apiMapper.ToApiResponse (200,
h.apiMapper.ToApiInventoryIltem (newltem)), nil
}

func (h *HttpHandler) LookupItems (ctx context.Context, request Request)
(Response, error) {
ids, err := h.apiMapper.IdsFromLookupRequest (request)
if err !'= nil {
return h.apiMapper.ToApiError (400, CodeInvalidRequest, err.Error()),

nil
}
items, err := h.itemsService.GetItemsByIds (ctx, ids...)
if err !'= nil {

return h.apiMapper.ToApiError (500, CodeInternalError, err.Error()),
nil

}

return h.apiMapper.ToApiResponse (200,
h.apiMapper.ToApiLookupResponse (items)), nil
}

func (h *HttpHandler) ListItems (ctx context.Context, request Request)
(Response, error) {

sliceRequest, err := h.apiMapper.ExtractSliceRequest (request)

if err != nil {
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return h.apiMapper.ToApiError (400, CodelInvalidRequest, err.Error()),
nil

}

itemsSlice, err := h.itemsService.ItemsSlice(ctx, sliceRequest)
if err !'= nil {
return h.apiMapper.ToApiError (500, CodelInternalError, err.Error()),
nil

}

return h.apiMapper.ToApiResponse (200,
h.apiMapper.ToApiSearchResponse (itemsSlice)), nil

}

func (h *HttpHandler) ListItemsByType (ctx context.Context, request
Request) (Response, error) {

sliceRequest, err := h.apiMapper.ExtractSliceRequest (request)
if err != nil {
return h.apiMapper.ToApiError (400, CodelInvalidRequest, err.Error()),
nil
}
itemsSlice, err := h.itemsService.ItemsByTypeSlice (ctx,
request.PathParameters|["type"], sliceRequest)
if err !'= nil {
return h.apiMapper.ToApiError (500, CodelInternalError, err.Error()),
nil

}

return h.apiMapper.ToApiResponse (200,
h.apiMapper.ToApiSearchResponse (itemsSlice)), nil

}

func (h *HttpHandler) ItemAvailability(ctx context.Context, request
Request) (Response, error) {

var (
id = request.PathParameters["id"]
date = request.QueryStringParameters["date"]
)
slots, err := h.itemsService.GetItemAvailability(ctx, id, date)
if err != nil {
return h.apiMapper.ToApiError (400, CodeInvalidRequest, err.Error()),
nil

}

return h.apiMapper.ToApiResponse (200,
h.apiMapper.ToApiAvailabilityResponse (slots)), nil
}

//Inventory/cmd/http/mapper/http mapper.go
package mapper

import (
"encoding/json"



"inventory/api/generated/api"
"inventory/internal/domain"
"inventory/pkg"

"strconv"

"github.com/aws/aws-lambda-go/events"

"github.com/google/uuid"

type Request = events.APIGatewayProxyRequest
type Response = events.APIGatewayProxyResponse

const (
CodelInternalError = "INTERNAL ERROR"
defaultSliceSize = 10

type HttpMapper interface {
NewItemFromRequest (Request) (*domain.Inventoryltem, error)
IdsFromLookupRequest (Request) ([]lstring, error)

ToApiInventoryltem (*domain.InventoryItem) *api.Inventoryltem

ToApiSearchResponse (*pkg.Slice[*domain.InventoryItem])
*api.InventoryItemsSearchResponse

ToApiAvailabilityResponse ([]*domain.InventoryItemSlot)
*api.InventoryItemAvailability

ToApiLookupResponse ([]*domain.InventoryItem)
*api.InventoryItemsLookupResponse

ExtractSliceRequest (Request) (*pkg.SliceRequest, error)

ToApiError (code int, messageCode, messageText string) Response

ToApiResponse (code int, body any) Response

}

type httpMapper struct {
}

func NewHttpMapper () HttpMapper {
return &httpMapper{}
}

func (h *httpMapper) NewItemFromRequest (request

events.APIGatewayProxyRequest) (*domain.Inventoryltem, error)
itemCreationRequest := &api.InventoryltemCreateRequest{}
err := json.Unmarshal ([]byte (request.Body), itemCreationRequest)
if err !'= nil {

return nil, err

itemId, err := uuid.NewV7()
if err != nil {
return nil, err
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return &domain.InventoryItem({

Id: itemId.String(),
Name: itemCreationRequest.Name,
Description: itemCreationRequest.Description,
Type: itemCreationRequest.Type,
}, nil
}
func (h *httpMapper) IdsFromLookupRequest (request Request) ([]string,
error) {
lookupRequest := &api.InventoryItemsLookupRequest{}
err := json.Unmarshal ([]byte(request.Body), lookupRequest)
if err != nil {

return nil, err

var ids []string

for , id := range lookupRequest.Ids {

ids = append(ids, id)

return ids, nil

}

func (h *httpMapper) ToApiInventoryItem(item *domain.InventoryItem)
*api.InventoryItem {
return &api.InventoryItem({
Id: item. Id,
Name: item.Name,
Description: item.Description,
Type: item.Type,

func (h *httpMapper) ToApiSearchResponse(slice
*pkg.Slice[*domain.InventoryItem]) *api.InventoryItemsSearchResponse {

var apilInventoryItems []api.Inventoryltem
for , item := range slice.Data {
apiInventoryItems = append(apilnventoryltems,

*h.ToApiInventoryItem (item))
}

return &api.InventoryltemsSearchResponse
Data: apiInventoryItems,
HasMore: slice.HasMore,
NextToken: slice.NextToken,

func (h *httpMapper) ToApiAvailabilityResponse (slots
[]*domain.InventoryltemSlot) *api.InventoryltemAvailability {
var apiSlots [Japi.InventorylItemAvailabilitySlot
for , slot := range slots {

apiSlots = append(apiSlots, api.InventoryItemAvailabilitySlot({
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Slot: slot.SlotStartTime,
Available: slot.BookedBy == nil,
})

return &api.InventoryItemAvailability/{
Slots: apiSlots,

func (h *httpMapper) ToApiLookupResponse (items []*domain.InventoryIltem)
*api.InventoryItemsLookupResponse {

var data []Japi.Inventoryltem

for , item := range items ({

data = append(data, *h.ToApiInventoryIlItem(item))

return &api.InventoryltemsLookupResponse{Data: data}

}

func (h *httpMapper) ExtractSliceRequest (request

events.APIGatewayProxyRequest) (*pkg.SliceRequest, error) {
var (

offsetToken *string
ascending *bool

if token, ok := request.QueryStringParameters|["offsetToken"]; ok {
offsetToken = &token

if ascendingValue, ok := request.QueryStringParameters["ascending"];

ok {
ascendingValueParsed, err := strconv.ParseBool (ascendingValue)
if err != nil {
return nil, err
}
ascending = &ascendingValueParsed

return &pkg.SliceRequest{Limit: defaultSliceSize, Token: offsetToken,
Ascending: ascending}, nil

}

func (h *httpMapper) ToApiResponse (code int, body any)
events.APIGatewayProxyResponse {

bodyJson, err := json.Marshal (body)

if err != nil {

return h.ToApiError (500, CodeInternalError, err.Error())

return events.APIGatewayProxyResponse{StatusCode: code, Body:
string (bodyJson) }

}
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func (h *httpMapper) ToApiError (code int, messageCode, messageText
string) events.APIGatewayProxyResponse {

response := &apl.ApiError{Code: messageCode, Message: messageText}

jsonResponse,  := json.Marshal (response)

return events.APIGatewayProxyResponse{StatusCode: code, Body:
string (jsonResponse) }

}

//Inventory/cmd/msg/booking/requested/main.go
package main

import (
"context"
"fmt"
"inventory/cmd/msg/booking/requested/handler"
"inventory/internal/clients"
"inventory/internal/properties"
"inventory/internal/repository"
"inventory/internal/repository/mapper"
"inventory/internal/service"
"inventory/pkg"

"github.com/aws/aws-lambda-go/lambda"
"go.uber.org/fx"

func main () {

if err := getApp().Start (context.Background()); err != nil {
fmt.Printf ("Cannot start app: %s", err.Error())

func getApp() *fx.App {
return fx.New (

// Common
fx.Provide (pkg.NewClock),
fx.Provide (properties.NewEnvProperties),

// Dynamo DB

fx.Provide (mapper.NewDbInventoryMapper),
fx.Provide (clients.NewDynamoDbClient),

fx.Provide (repository.NewInventoryItemRepository),
fx.Provide (service.NewInventoryItemService),

//SNS
fx.Provide (clients.NewSnsClient),
fx.Provide (service.NewEventsPublisher),

// Handler
fx.Provide (handler.NewBookingRequestedHandler),
fx.Invoke (start),



func start(lifecycle fx.Lifecycle, handler
*handler.BookingRequestedHandler) ({
lifecycle.Append (fx.Hook{
OnStart: func (context.Context) error {
lambda.Start (handler.Handle)
return nil

)

//Inventory/cmd/msg/booking/requested/handler/handler.go

package handler

import (
"context"
"encoding/json"
"fmt"
"inventory/internal/domain"
"inventory/internal/properties"

"github.com/aws/aws-lambda-go/events"
"github.com/samber/lo"
"golang.org/x/sync/errgroup"

type BookingRequestedHandler struct {
props *properties.Properties
publisher domain.EventsPublisher
inventoryService domain.InventoryItemService

}

type BookingRequestProcessingResult struct {

Accepted *domain.BookingAccepted "~ Jjson:"accepted,omitempty”’
Rejected *domain.BookingRejected "json:"rejected,omitempty"’

}

func NewBookingRequestedHandler (
props *properties.Properties,
publisher domain.EventsPublisher,
inventoryService domain.InventoryItemService,
) *BookingRequestedHandler {
return &BookingRequestedHandler(
props: props,
publisher: publisher,
inventoryService: inventoryService,

func (b *BookingRequestedHandler) Handle(ctx context.Context,

events.SQSEvent) error {
bookingRequests, err := b.extractEvents (event)
if err !'= nil {
return err

}

bookingRequestsJsonBytes,  := json.Marshal (bookingRequests)
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fmt.Printf ("Booking requests received: %s \n",
bookingRequestsJdsonBytes)

processingResults, err := b.processBookingRequests (ctx,
bookingRequests)

if err !'= nil {

return err

}

resultsJsonBytes,  := json.Marshal (processingResults)

fmt.Printf ("Booking requests processed: %s \n",
string (resultsJsonBytes))

eventsToPublish, err := b.toEvents (processingResults)
return b.publisher.Publish (ctx, eventsToPublish)

}

func (b *BookingRequestedHandler) processBookingRequests (ctx
context.Context, requests []*domain.BookingRequested)
([]*BookingRequestProcessingResult, error) {

var (
eg errgroup.Group
results = make ([]*BookingRequestProcessingResult, len(requests))
)
for i, bookingRequest := range requests {
eg.Go (func () error {
result, err := b.processBookingRequest (ctx, bookingRequest)
if err !'= nil {
return err
}
results([i] = result
return nil
1)
}
if err := eg.Wait(); err != nil {

return nil, err

return results, nil

}

func (b *BookingRequestedHandler) processBookingRequest (ctx
context.Context, request *domain.BookingRequested)
(*BookingRequestProcessingResult, error) {
bookedSlots, err := b.inventoryService.BookItem(ctx,
&domain.BookingItemParams {

ItemId: request.InventoryId,

BookingId: request.Bookingld,

StartTime: request.RequestedFrom,

EndTime: request.RequestedTo,

})

if err != nil {
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if bErr := domain.AsBussinessError (err); bErr != nil {
return &BookingRequestProcessingResult{
Rejected: &domain.BookingRejected{

UserId: request.UserId,
BookingId: request.BookingId,
InventoryId: request.Inventoryld,

RejectionReason: err.Error (),
b
}, nil
}

return nil, err

return &BookingRequestProcessingResult{
Accepted: &domain.BookingAccepted({

UserId: request.UserId,
BookingId: request.BookingId,
InventoryId: request.Inventoryld,
BookingStartTime: b.minSlotStartTime (bookedSlots),
BookingEndTime: b.maxSlotEndTime (bookedSlots),
by
}, nil

func (b *BookingRequestedHandler) toEvents (results

[]*BookingRequestProcessingResult) ([]*domain.Event, error) {
var resultEvents []*domain.Event
for , result := range results {
if accepted := result.Accepted; accepted != nil {
messagedson, err := json.Marshal (accepted)
if err !'= nil {

return nil, err

resultEvents = append(resultEvents, &domain.Event{
Id: fmt.Sprintf ("accepted-%s", accepted.BookingId),
GroupId: accepted.Inventoryld,
Topic: b.props.BookingAcceptedTopic,
Content: messagedson,

if rejected := result.Rejected; rejected != nil {
messagedson, err := json.Marshal (rejected)
if err != nil {

return nil, err

resultEvents = append(resultEvents, &domain.Event{
Id: fmt.Sprintf ("rejected-%s", rejected.BookingId),
GroupId: rejected.Inventoryld,
Topic: b.props.BookingRejectedTopic,

Content: messagedson,

P
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return resultEvents, nil

}

func (b *BookingRequestedHandler) minSlotStartTime (slots
[]*domain.InventoryItemSlot) string {

return lo.Min(lo.Map(slots, func(item *domain.InventoryItemSlot,
int) string { return item.SlotStartTime }))

}

func (b *BookingRequestedHandler) maxSlotEndTime (slots
[]*domain.InventoryItemSlot) string {

return lo.Max (lo.Map (slots, func(item *domain.InventoryItemSlot,
int) string { return item.SlotEndTime }))

}

func (b *BookingRequestedHandler) extractEvents (event events.SQSEvent)
([]*domain.BookingRequested, error) {
var result []*domain.BookingRequested
for , record := range event.Records {
bookingRequestedEvent := &domain.BookingRequested{}
err := Jjson.Unmarshal ([]byte(record.Body), bookingRequestedEvent)
if err !'= nil {
return nil, err
}
result = append(result, bookingRequestedEvent)
}
return result, nil

}

//Inventory/infra/main.go
package main

import (
"bytes"
"crypto/shal"
"encoding/hex"
"fmt"
"inventory/internal/properties"
"inventory/internal/repository/model"
nos"
"text/template"

"github.com/pulumi/pulumi-aws/sdk/v7/go/aws"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/apigateway"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/dynamodb"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/iam"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/lambda"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/sns"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/sqs"
"github.com/pulumi/pulumi-aws/sdk/v7/go/aws/ssm"
"github.com/pulumi/pulumi/sdk/v3/go/pulumi”
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const (

defaultLambdaTimeout = 20

defaultLambdaMemory = 512

lambdaAssumePolicy = “{"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action":["sts:AssumeRole"],"Principa
1":{"Service":"lambda.amazonaws.com"}}]}°

snsPublishPolicy = “{"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action":["sns:*"],"Resource":"%s"}1}

snsToSgsPublishPolicy = “{"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action": ["sgs:SendMessage"],"Princip
al":{"Service":"sns.amazonaws.com"}, "Resource":"%s","Condition": {"ArnEqu
als":{"aws:SourceArn":"%$s"}}}1}°

sgsToLambdaPublishPolicy = "~ {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow","Action":["sgs:ReceiveMessage", "sqgs:D
eleteMessage", "sgs:GetQueueAttributes", "sgs:ChangeMessageVisibility"],"R
esource":"%$s"}1}°

dynamoPolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow", "Action": ["dynamodb:*"], "Resource": ["
$s","%s/index/*"]1}]1}"

dynamoStreamPolicy = " {"Version":"2012-10-
17", "Statement": [{"Effect":"Allow", "Action": ["dynamodb:*"], "Resource":"%
s"}1}°
)
var (

lambdaRole *iam.Role

dynamodbTable *dynamodb.Table

envVariables = pulumi.StringMap{}

infraStackRef *pulumi.StackReference

func main () {
pulumi.Run (func (ctx *pulumi.Context) error ({

steps := []func (*pulumi.Context) error{
initTable,
initInfraStack,
initLambdaRole,
initHttpApi,
initDDBStream,
initMSG,

for , fn := range steps {

if err := fn(ctx); err != nil {
return err

}

return nil
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func initInfraStack(ctx *pulumi.Context) error

ref, err := pulumi.NewStackReference (ctx,
fmt.Sprintf ("organization/infrastructure/%s", ctx.Stack()), nil)
if err != nil {

return err

infraStackRef = ref
return nil

}

func initTable (ctx *pulumi.Context) error ({

resourceName := resourceName (ctx, "table")
table, err := dynamodb.NewTable (ctx, resourceName,
&dynamodb.TableArgs {

Name: pulumi.String (resourceName),
StreamEnabled: pulumi.BoolPtr (true),
BillingMode: pulumi.String ("PAY PER REQUEST"),
StreamViewType: pulumi.StringPtr ("NEW AND OLD IMAGES"),
HashKey: pulumi.String (model.HashKey),
RangeKey: pulumi.String (model.RangeKey),

Attributes: dynamodb.TableAttributeArray{

// Main table key

&dynamodb.TableAttributeArgs{Name: pulumi.String(model.HashKey),
Type: pulumi.String (model.HashKeyType) },

&dynamodb.TableAttributeArgs{Name: pulumi.String(model.RangeKey),
Type: pulumi.String(model.RangeKeyType) },

// GSI1 key

&dynamodb.TableAttributeArgs{Name:
pulumi.String (model.GSI1HashKey), Type:
pulumi.String (model.GSI1HashKeyType) },

&dynamodb.TableAttributeArgs {Name:
pulumi.String (model.GSI1RangeKey), Type:
pulumi.String (model.GSI1RangeKeyType) },

// GSI2 key
&dynamodb.TableAttributeArgs{Name:
pulumi.String (model.GSI2HashKey), Type:
pulumi.String (model.GSI2HashKeyType) },
&dynamodb.TableAttributeArgs{Name:
pulumi.String (model.GSI2RangeKey), Type:
pulumi.String (model.GSI2RangeKeyType) },
}I
GlobalSecondaryIndexes: dynamodb.TableGlobalSecondaryIndexArray{

dynamodb.TableGlobalSecondaryIndexArgs {

Name: pulumi.String (model.GSI1),

HashKey: pulumi.String (model.GSI1HashKey),

RangeKey: pulumi.String (model.GSI1RangeKey),
(

ProjectionType: pulumi.String ("ALL"),
3y

dynamodb.TableGlobalSecondaryIndexArgs {
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Name: pulumi.String (model.GSI2),
HashKey: pulumi.String (model.GSI2HashKey),
RangeKey: pulumi.String (model.GSI2RangeKey),
ProjectionType: pulumi.String ("ALL"),

s

I
}, pulumi.RetainOnDelete (false))

if err !'= nil {
return err

dynamodbTable = table
envVariables[properties.TableNameKey] = pulumi.String(resourceName)
return nil

func initLambdaRole (ctx *pulumi.Context) error {
// Base Role
roleName := resourceName (ctx, "lambda-role™)
role, err := iam.NewRole (ctx, roleName,
&iam.RoleArgs{AssumeRolePolicy: pulumi.String(lambdaAssumePolicy) })
if err !'= nil {
return err

rolePolicyAttachmentName := resourceName (ctx, "lambda-basic-execution-
role")
_, err = iam.NewRolePolicyAttachment (ctx, rolePolicyAttachmentName,

&iam.RolePolicyAttachmentArgs{
Role: role.Name,
PolicyArn: pulumi.String("arn:aws:iam::aws:policy/service-
role/AWSLambdaBasicExecutionRole"),
1)
if err != nil {
return err

// DynamoDB Access

ddbPolicyName := resourceName (ctx, "ddb-access-policy")

ddbPolicy := pulumi.Sprintf (dynamoPolicy, dynamodbTable.Arn,
dynamodbTable.Arn)

_, err = iam.NewRolePolicy(ctx, ddbPolicyName,
&iam.RolePolicyArgs{Role: role.ID(), Policy: ddbPolicy})

if err != nil {

return err

// DynamoDB Stream Access

ddbStreamPolicyName := resourceName (ctx, "ddb-stream-policy")

ddbStreamPolicy := pulumi.Sprintf (dynamoStreamPolicy,
dynamodbTable.StreamArn)

_, err = iam.NewRolePolicy(ctx, ddbStreamPolicyName,
&iam.RolePolicyArgs{Role: role.ID(), Policy: ddbStreamPolicy})

if err != nil {
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return err

// SNS Access
err = writeToTopicPolicy(ctx, "booking-accepted",
properties.BookingAcceptedTopicKey, role)
if err != nil {
return err

err = writeToTopicPolicy(ctx, "booking-rejected",
properties.BookingRejectedTopicKey, role)
if err != nil {
return err

lambdaRole = role
return nil

}

func writeToTopicPolicy(ctx *pulumi.Context, topicName, env string, role
*iam.Role) error {

policyName := fmt.Sprintf ("$s-topic-write-policy", topicName)

topicArn :=
infraStackRef.GetOutput (pulumi.String (fmt.Sprintf ("%s.topicArn",
topicName) ) ) .AsStringOutput ()

policy := pulumi.Sprintf (snsPublishPolicy, topicArn)

_, err := iam.NewRolePolicy(ctx, policyName, &iam.RolePolicyArgs{Role:

role.ID(), Policy: policy})
if err !'= nil {
return err

envVariables[env] = topicArn
return nil

func initHttpApi (ctx *pulumi.Context) error {
tplBytes, err := os.ReadFile("../api/generated/api/openapi-spec.json")
if err !'= nil {
return err

}

tpl, err :=
template.New ("openapi") .Option ("missingkey=error") .Parse(string (tplBytes
))

if err != nil {

panic(err)

region, err := aws.GetRegion(ctx, nil, nil)
if err != nil {
return err
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httpFunction, err := newLambda (ctx, "http-function",
"../bin/http/bootstrap")
if err !'= nil {
return err

renderedSpec := httpFunction.Arn.ApplyT (func(lambdaArn string)
(string, error) {
var buf bytes.Buffer
err := tpl.Execute (&buf, map[stringlany({
"AWS REGION": region.Region,
"httpHandler": lambdaArn,
})

if err !'= nil {
return "", err
}
return buf.String(), nil

}) . (pulumi.StringOutput)

apiName := resourceName (ctx, "api")
api, err := apigateway.NewRestApi (ctx, apiName,
&apigateway.RestApiArgs{
Name: pulumi.String(apiName),
Body: renderedSpec,
})
if err !'= nil {
return err

specHash := renderedSpec.ApplyT (func (spec string) string {
sum := shal.Sum([]byte (spec))
return hex.EncodeToString(sum([:])

}) . (pulumi.StringOutput)

deploymentName := resourceName (ctx, "api-deployment")
deploy, err := apigateway.NewDeployment (ctx, deploymentName,
&apigateway.DeploymentArgs {

RestApi: api.ID(),

Triggers: pulumi.StringMap{"openapiSpecHash": specHash},
}, pulumi.DependsOn ([]pulumi.Resource{api}))
if err != nil {

return err

stageName := "api"
_, err = apigateway.NewStage (ctx, stageName, &apigateway.StageArgs{
RestApi: api.ID(),

Deployment: deploy.ID(),

StageName: pulumi.String(stageName),
})
if err !'= nil {

return err
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apiUrl := pulumi.Sprintf ("https://%s.execute-api.%s.amazonaws.com/%s",
api.ID(), region.Region, stageName)

paramName := fmt.Sprintf ("/services/%$s/%$s/url", ctx.Project(),
ctx.Stack())

_, err = ssm.NewParameter (ctx, resourceName (ctx, "apiUrlParam"),

&ssm.ParameterArgs{
Name: pulumi.String(paramName),
Type: pulumi.String("String"),
Value: apiUrl,
})
if err != nil {
return err

invokePermissionName := resourceName (ctx, "allow-api-gateway-invoke")
_, err = lambda.NewPermission (ctx, invokePermissionName,
&lambda.PermissionArgs{
Action: pulumi.String ("lambda:InvokeFunction"),
Function: httpFunction.Name,
Principal: pulumi.String("apigateway.amazonaws.com"),
SourceArn: pulumi.Sprintf ("$s/*/*", api.ExecutionArn),
})
if err != nil {
return err

return nil

}

func initDDBStream(ctx *pulumi.Context) error

ddbStreamFunction, err := newLambda (ctx, "ddb-stream-handler",
"../bin/ddbs/bootstrap")
if err !'= nil {

return err

ddbStreamMappingName := resourceName (ctx, "ddb-stream-mapping")
_, err = lambda.NewEventSourceMapping (ctx, ddbStreamMappingName,
&lambda.EventSourceMappingArgs {
EventSourceArn: dynamodbTable.StreamArn,

FunctionName: ddbStreamFunction.Arn,

StartingPosition: pulumi.String ("TRIM HORIZON"),
BatchSize: pulumi.Int (100),

})

if err != nil {
return err

return nil

}

func initMSG(ctx *pulumi.Context) error
return subscribeTopic (ctx, &subscribeTopicArgs{
featureName: "booking-requested",
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lambdaName: '"booking-requested-handlered",

lambdaPath: "../bin/msg/booking/requested/bootstrap",

queueName : "booking-requested-queue.fifo",

topicArn: infraStackRef.GetOutput (pulumi.String ("booking-
requested.topicArn")) .AsStringOutput (),

1)

type subscribeTopicArgs struct {
featureName string
topicArn pulumi.StringOutput
queueName string
lambdaName string
lambdaPath string

func subscribeTopic(ctx *pulumi.Context, args *subscribeTopicArgs) error
{
lambdaHandler, err := newlLambda (ctx, args.lambdaName, args.lambdaPath)
if err != nil {
return err

queueResourceName := resourceName (ctx, args.queueName)

queue, err := sgs.NewQueue (ctx, gueueResourceName, &sgs.QueueArgs{
Name : pulumi.String (queueResourceName),
FifoQueue: pulumi.Bool (true),

VisibilityTimeoutSeconds: pulumi.Int (30),
})
if err !'= nil {

return err

snsToSgsPolicyName := resourceName (ctx, fmt.Sprintf ("sns-to-sgs-
policy-%s", args.featureName))
_, err = sgs.NewQueuePolicy (ctx, snsToSgsPolicyName,

&sgs.QueuePolicyArgs{
QueueUrl: queue.ID(),
Policy: pulumi.Sprintf (snsToSgsPublishPolicy, queue.Arn,
args.topicArn),
})
if err != nil {
return err

sgsToLambdaPolicyName := resourceName (ctx, fmt.Sprintf ("sgs-to-lambda-
policy-%s", args.featureName))
_, err = iam.NewRolePolicy(ctx, sgsToLambdaPolicyName,
&iam.RolePolicyArgs{
Role: lambdaRole.Name,

Policy: pulumi.Sprintf (sgsToLambdaPublishPolicy, queue.Arn),
1)
if err != nil {

return err
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subscriptionName := resourceName (ctx, fmt.Sprintf("$s-subscription",
args.featureName))
_, err = sns.NewTopicSubscription(ctx, subscriptionName,
&sns.TopicSubscriptionArgs{
Topic: args.topicArn,

Protocol: pulumi.String("sgs"),
Endpoint: queue.Arn,

RawMessageDelivery: pulumi.Bool (true),
})
if err != nil {

return err

nwo

mappingName := resourceName (ctx, fmt.Sprintf ("%s-mapping",
args.featureName))
_, err = lambda.NewEventSourceMapping (ctx, mappingName,
&lambda.EventSourceMappingArgs {
EventSourceArn: queue.Arn,
FunctionName: lambdaHandler.Arn,
BatchSize: pulumi.Int (10),
})

return nil

}

func newlLambda (ctx *pulumi.Context, name, path string)
(*lambda.Function, error) {

functionName := resourceName (ctx, name)

return lambda.NewFunction (ctx, functionName, &lambda.FunctionArgs({

Role: lambdaRole.Arn,

Handler: pulumi.String ("bootstrap"),

Name: pulumi.String (functionName),

Timeout: pulumi.Int (defaultLambdaTimeout),
MemorySize: pulumi.Int (defaultLambdaMemory),

Runtime: pulumi.String (lambda.RuntimeCustomAL2023),

Architectures: pulumi.StringArray{pulumi.String("arm64") },

Environment: &lambda.FunctionEnvironmentArgs{Variables:
envVariables},

LoggingConfig: lambda.FunctionLoggingConfigArgs{LogFormat:
pulumi.String ("JSON") },

Code: pulumi.NewAssetArchive (map[stringlany{"bootstrap":
pulumi.NewFileAsset (path) }),

})

func resourceName (ctx *pulumi.Context, name string) string {
return fmt.Sprintf ("%$s-%s-%s", ctx.Stack(), ctx.Project(), name)

}

//Inventory/infra/Pulumi.dev.yaml
encryptionsalt: <key>
config:

aws:region: eu-central-1



141

// Inventory/infra/Pulumi.yaml
name: inventory
description: A minimal AWS Go Pulumi program
runtime: go
config:
pulumi:tags:
value:
pulumi:template: aws—-go

//Inventory/internal/domain/model.go
package domain

type Inventoryltem struct ({

Id string
Type string
Name string

Description string

}

type InventoryItemSlot struct {
InventoryItemId string
SlotStartTime string
SlotEndTime string

BookedBy *string
}

type BookingItemParams struct {
ItemId string
BookingId string

StartTime string
EndTime string

Slots []*InventoryItemSlot

type CancelBookingParams struct {
ItemId string
BookingId string

}

//Inventory/internal/domain/repository.go
package domain

import (
"context"
"inventory/pkg"

type InventoryltemRepository interface {
Createltem(ctx context.Context, item *Inventoryltem) error
GetItem(ctx context.Context, id string) (*Inventoryltem, error)
GetByIds (ctx context.Context, ids ...string) ([]*Inventoryltem, error)
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GetBookedSlotItems (ctx context.Context, itemId string, date string)
([]*InventoryItemSlot, error)

ItemsSlice (ctx context.Context, sliceRequest *pkg.SliceRequest)
(*pkg.Slice[*InventorylItem], error)

ItemsByTypeSlice (ctx context.Context, itemType string, sliceRequest
*pkg.SliceRequest) (*pkg.Slice[*InventoryItem], error)

BookItem(ctx context.Context, params *BookingItemParams)
([]*InventoryItemSlot, error)
CancelBooking (ctx context.Context, params *CancelBookingParams) error

}

//Inventory/internal/domain/service.go
package domain

import (
"context"
"inventory/pkg"

type InventoryltemService interface {
Createltem(ctx context.Context, item *InventoryIltem) error

GetItem(ctx context.Context, itemId string) (*Inventoryltem, error)
GetItemsByIds (ctx context.Context, ids ...string) ([]*Inventoryltem,
error)

GetItemAvailability (ctx context.Context, itemId string, date string)
([]*InventoryItemSlot, error)

BookItem(ctx context.Context, params *BookingItemParams)

([]*InventoryItemSlot, error)
CancelBooking(ctx context.Context, params *CancelBookingParams) error

ItemsSlice(ctx context.Context, sliceRequest *pkg.SliceRequest)
(*pkg.Slice[*Inventoryltem], error)

ItemsByTypeSlice (ctx context.Context, itemType string, sliceRequest
*pkg.SliceRequest) (*pkg.Slice[*InventorylItem], error)

}

type EventsPublisher interface ({
Publish (ctx context.Context, events []*Event) error

}

//Inventory/internal/properties/properties.go
package properties

import "os"

const (
TableNameKey = "TABLE NAME"
BookingAcceptedTopicKey = "BOOKING ACCEPTED TOPIC"

BookingRejectedTopicKey = "BOOKING REJECTED TOPIC"



BookingCancellationAcceptedTopicKey =
"BOOKING CANCELLATION ACCEPTED TOPIC"
BookingCancellationRejectedTopicKey =
"BOOKING CANCELLATION REJECTED TOPIC"
)

type Properties struct
TableName string

BookingAcceptedTopic string
BookingRejectedTopic string

BookingCancellationAcceptedTopic string
BookingCancellationRejectedTopic string

}

func NewEnvProperties () *Properties ({
return &Properties/{
TableName: os.Getenv (TableNameKey),

BookingAcceptedTopic: os.Getenv (BookingAcceptedTopicKey),
BookingRejectedTopic: os.Getenv (BookingRejectedTopicKey),

BookingCancellationAcceptedTopic:

os.Getenv (BookingCancellationAcceptedTopicKey),
BookingCancellationRejectedTopic:

os.Getenv (BookingCancellationRejectedTopicKey),

}

//Inventory/internal/repository/inventory repository.go
package repository

import (
"context"
"encoding/base64"
"errors"
"fmt"
"inventory/internal/domain"
"inventory/internal/properties"
"inventory/internal/repository/mapper"
"inventory/internal/repository/model"
"inventory/pkg"

"github.com/aws/aws-sdk-go-v2/feature/dynamodb/attributevalue"
"github.com/aws/aws-sdk-go-v2/feature/dynamodb/expression"
"github.com/samber/lo"

"github.com/aws/aws-sdk-go-v2/aws"
"github.com/aws/aws-sdk-go-v2/service/dynamodb"
"github.com/aws/aws-sdk-go-v2/service/dynamodb/types"

const (
conditionalCheckFailedCode = "ConditionalCheckFailed"
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type inventoryltemRepository struct {
dbMapper mapper.DbInventoryMapper
dbClient *dynamodb.Client
properties *properties.Properties

}

func NewInventoryItemRepository (
dbMapper mapper.DbInventoryMapper,
dbClient *dynamodb.Client,
properties *properties.Properties,
) domain.InventoryItemRepository {
return &inventoryltemRepository{
dbMapper: dbMapper,
dbClient: dbClient,
properties: properties,
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func (i *inventoryItemRepository) Createltem(ctx context.Context, item
*domain.Inventoryltem) error {
dbItem := i.dbMapper.ToDbInventoryItem(item)
avitem, err := dbItem.AsAttributeValues ()
if err !'= nil {
return err
}
_, err = i.dbClient.PutlItem(ctx, &dynamodb.PutItemInput {
Item: avlitem,
TableName: aws.String (i.properties.TableName),
ConditionExpression: aws.String ("attribute not exists (#PK) AND

attribute not exists (#SK)"),

ExpressionAttributeNames: map[string]string{"#PK": model.HashKey,

"#SK": model.RangeKey},
})
if err !'= nil {
return err

return nil

}

func (i *inventoryItemRepository) GetItem(ctx context.Context, itemId

string) (*domain.InventoryItem, error) {
out, err := i.dbClient.GetItem(ctx, &dynamodb.GetItemInput
Key: map[string]ltypes.AttributeValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryIltemPk (itemId) },
model .RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemSk() },
}I
TableName: aws.String (i.properties.TableName),
ConsistentRead: aws.Bool (true),

})



if err !'= nil {
return nil, err

if len(out.Item) == 0 {
return nil, nil

dbItem := &model.InventoryItem{}
err = dbItem.FromAttributeValues (out.Item)
if err != nil {

return nil, err

return i.dbMapper.FromDbInventoryItem(dbItem), nil

func (i *inventoryItemRepository) GetByIlds (ctx context.Context,

...string) ([]*domain.InventorylItem, error) {

var (
keys [Imap[string]ltypes.AttributeValue
items [Jmap([string]ltypes.AttributeValue
result []*domain.InventoryItem

)

for , id := range lo.Unig(ids) {

keys = append(keys, map[string]types.AttributeValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryIltemPk (id) },
model.RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemSk()},
})

var unprocessedKeys = map[string]types.KeysAndAttributes({
i.properties.TableName: {Keys: keys, ConsistentRead:
aws.Bool (true) },

}

for len (unprocessedKeys) > 0 {
out, err := i.dbClient.BatchGetItem(ctx,
&dynamodb.BatchGetItemInput {
RequestItems: map[string]types.KeysAndAttributes{
i.properties.TableName: ({
Keys: keys,
ConsistentRead: aws.Bool (true),
}I
}I
})

if err != nil {
return nil, err

ids
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items = append(items, out.Responses|[i.properties.TableName]...)
unprocessedKeys = out.UnprocessedKeys

for , item := range items ({
dbItem := &model.InventoryItem{}
err := dbItem.FromAttributeValues (item)
if err != nil {
return nil, err

result = append(result, i.dbMapper.FromDbInventoryltem(dbItem))

return result, nil

}

func (i *inventoryIlItemRepository) GetBookedSlotItems (ctx
context.Context, itemId string, date string)
([]*domain.InventoryItemSlot, error) ({

expr, _ := expression.NewBuilder().

WithKeyCondition (expression.Key (model.HashKey) .Equal (expression.Value (
model.InventoryItemSlotPk (itemId))) .

And (expression.Key (model.RangeKey) .BeginsWith (model.InventoryItemSlotS
k(date)))) .

Build()
paginator := dynamodb.NewQueryPaginator (i.dbClient,
&dynamodb.QueryInput {
TableName: aws.String (i.properties.TableName),
ExpressionAttributeNames: expr.Names|(),
ExpressionAttributeValues: expr.Values|(),
KeyConditionExpression: expr.KeyCondition(),
})
var slots []*domain.InventoryItemSlot
for paginator.HasMorePages () {
page, err := paginator.NextPage (ctx)
if err != nil {

return nil, err

for , item := range page.Items ({
slot := &model.InventoryItemSlot{}
err := slot.FromAttributeValues (item)
if err != nil {
return nil, err

}
slots = append(slots, i.dbMapper.FromDbInventoryItemSlot (slot))

return slots, nil
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func (i *inventoryItemRepository) ItemsSlice(ctx context.Context,
sliceRequest *pkg.SliceRequest) (*pkg.Slice[*domain.InventoryItem],
error)

keyCondition :=
expression.Key (model.GSI1HashKey) .Equal (expression.Value (model.Inventory
ITtemGSI1Pk()))

expr, err :=
expression.NewBuilder () .WithKeyCondition (keyCondition) .Build()

if err != nil {

return nil, err

return i.itemsSlice(ctx, &itemsSliceArgs({
indexName: model.GSI1,
expression: expr,
sliceRequest: sliceRequest,

})

func (i *inventoryItemRepository) ItemsByTypeSlice(ctx context.Context,
itemType string, sliceRequest *pkg.SliceRequest)
(*pkg.Slice[*domain.InventoryItem], error) {

keyCondition :=
expression.Key (model.GSI2HashKey) .Equal (expression.Value (model.Inventory
ItemGSI2Pk (itemType)))

expr, err :=
expression.NewBuilder () .WithKeyCondition (keyCondition) .Build()

if err !'= nil {

return nil, err

return i.itemsSlice(ctx, &itemsSliceArgs/{
indexName: model.GSIZ2,
expression: expr,
sliceRequest: sliceRequest,

})

func (i *inventoryItemRepository) BookItem(ctx context.Context, params
*domain.BookingItemParams) ([]*domain.InventoryItemSlot, error) {

preparedInventoryItemBooking := i.preparelnventoryIltemBooking (params,
params.Slots)

preparedInventoryltemBookingAv, err :=
preparedInventoryltemBooking.AsAttributeValues ()

if err !'= nil {

return nil, err

var writeltems []Jtypes.TransactWriteItem
// Make sure inventory item exists

itemExistsCheckIndex := 0
writeltems = append(writeltems, types.TransactWriteltem({



ConditionCheck: &types.ConditionCheck({
ConditionExpression: aws.String("attribute exists (#PK) AND
attribute exists (#SK)"),
Key: map[string]types.AttributeValue({
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryItemPk (params.ItemId) },
model .RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemSk() },
by
TableName:
aws.String (i.properties.TableName),
ExpressionAttributeNames: map[stringlstring{"#PK":
model.HashKey, "#SK": model.RangeKey},
ReturnValuesOnConditionCheckFailure:
types.ReturnValuesOnConditionCheckFailureAll0ld,
}y
1)

// Createltem a booking making sure it doesn't already exist
bookingDoesntExistCheckIndex := 1
writeItems = append(writeltems, types.TransactWriteItem{
Put: &types.Put{
Item:
preparedInventoryltemBookingAv,
TableName:
aws.String (i.properties.TableName),
ConditionExpression:
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aws.String ("attribute not exists (#PK) AND attribute not exists (#SK)"),

ExpressionAttributeNames: map[string]lstring{"#PK":
model.HashKey, "#SK": model.RangeKey},
ReturnValuesOnConditionCheckFailure:
types.ReturnValuesOnConditionCheckFailureAll01ld,
b
})

// Mark requested slots as booked, making sure they available
slotsAraAvailableCheckStartingIndex := 2
for , slot := range params.Slots {
dbSlot := i.dbMapper.ToDbInventoryItemSlot (slot)
slotAv, err := dbSlot.AsAttributeValues/()
if err != nil {
return nil, err

writeltems = append(writeltems, types.TransactWriteltem({
Put: &types.Put{
Item: slotAv,
TableName:

aws.String (i.properties.TableName),
ConditionExpression:

aws.String ("attribute not exists (#PK) AND attribute not exists (#SK)"),

ExpressionAttributeNames: map[string]string{"#PK":

model .HashKey, "#SK": model.RangeKey},
ReturnValuesOnConditionCheckFailure:
types.ReturnValuesOnConditionCheckFailureAll01ld,



149

by

// Commit transaction

_, err = i.dbClient.TransactWritelItems (ctx,
&dynamodb.TransactWriteItemsInput{TransactItems: writeltems})

if err != nil {

// Handle transaction canceled exception
if tce := asTransactionCanceledException(err); tce != nil &&
len (tce.CancellationReasons) == len(writelItems) {

// Inventory item does not exists
if lo.FromPtr (tce.CancellationReasons[itemExistsCheckIndex] .Code)
== conditionalCheckFailedCode {
return nil, &domain.BusinessError{Message:
fmt.Sprintf ("inventory item with ID %s was not found", params.ItemId)}

}

// Booking already processed
if
lo.FromPtr (tce.CancellationReasons [bookingDoesntExistCheckIndex] .Code)
== conditionalCheckFailedCode {
booking := model.InventoryItemBooking{}
err :=
booking.FromAttributeValues (tce.CancellationReasons[1l].Item)
if err != nil {
return nil, err

var result []*domain.InventoryItemSlot
for , slot := range booking.BookedSlots {
result = append(result, &domain.InventoryIltemSlot{
InventoryltemId: params.ItemId,
BookedBy: &params.BookingId,
SlotStartTime: slot.SlotStartTime,
SlotEndTime: slot.SlotEndTime,

return result, nil

for idx := slotsAraAvailableCheckStartingIndex; idx <
len (tce.CancellationReasons); idx++ {
if lo.FromPtr (tce.CancellationReasons[idx].Code) ==
conditionalCheckFailedCode {

slot := model.InventoryItemSlot{}
err =

slot.FromAttributeValues (tce.CancellationReasons[idx].Item)
if err != nil {

return nil, err



errorMessage := fmt.Sprintf ("inventory item %s is already
booked for the requested time slot (%s)", params.ItemIld,
slot.SlotStartTime)

return nil, &domain.BusinessError{Message: errorMessage}

}

return nil, err

var result []*domain.InventoryltemSlot
for , slot := range params.Slots {
result = append(result, &domain.InventoryItemSlot({
InventorylItemId: params.ItemId,
SlotStartTime: slot.SlotStartTime,
SlotEndTime: slot.SlotEndTime,
BookedBy: &params.BookingId,

})

return result, nil

}

func (i *inventoryItemRepository) CancelBooking(ctx context.Context,
params *domain.CancelBookingParams) error {
out, err := i.dbClient.GetItem(ctx, &dynamodb.GetItemInput{
TableName: aws.String(i.properties.TableName),
Key: map[string]types.AttributeValue({
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryItemBookingPk (params.ItemId) },
model.RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemBookingSk (params.BookingId) },
s
})

if err !'= nil {
return err

// Booking wasn't found, no actions required
if len(out.Item) == 0 {
return nil

booking := model.InventoryItemBooking{}
err = booking.FromAttributeValues (out.Item)
if err !'= nil {

return err

var deleteltems []types.TransactWriteltem

// Delete booking
deleteltems = append(deleteltems, types.TransactWriteItem{
Delete: &types.Delete(
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TableName: aws.String(i.properties.TableName),
Key: map[string]types.AttributeValue({
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryItemBookingPk (params.ItemId) },
model .RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemBookingSk (params.BookingId) },
}s
}I
})

// Delete booked slots
for , slot := range booking.BookedSlots {
deleteltems = append(deleteltems, types.TransactWriteItem(
Delete: &types.Delete(
TableName: aws.String(i.properties.TableName),
Key: map[stringltypes.AttributeValue(
model .HashKey: &types.AttributeValueMemberS{Value:
model.InventoryItemSlotPk (params.ItemId) },
model.RangeKey: &types.AttributeValueMemberS{Value:
model.InventoryItemSlotSk(slot.SlotStartTime) },
by
1y
1)

// Commit transaction
_, err = i.dbClient.TransactWriteItems (ctx,
&dynamodb.TransactWriteItemsInput{TransactItems: deleteltems})
if err !'= nil {
return err

return nil

}

func (i *inventoryItemRepository) preparelnventoryItemBooking (params
*domain.BookingItemParams, slots []*domain.InventoryltemSlot)
*model.InventoryIltemBooking {
var bookedSlots []model.BookedSlot
for , slot := range slots {
bookedSlots = append(bookedSlots, model.BookedSlot{
SlotStartTime: slot.SlotStartTime,
SlotEndTime: slot.SlotEndTime,
1)

return &model.InventoryItemBooking{
PK: model.InventoryIltemBookingPk (params.ItemId),
SK: model.InventoryIltemBookingSk (params.BookingId),
EntityType: model.InventoryItemBookingEntityType,
BookedSlots: bookedSlots,

type itemsSliceArgs struct {



indexName
expression

string
expression.Expression

sliceRequest *pkg.SliceRequest

}

func (i *inventoryItemRepository)
*itemsSliceArgs)

paginator

:= dynamodb.NewQueryPaginator (i.dbClient,

&dynamodb.QueryInput {

TableName:

IndexName:
ExpressionAttributeNames: args
ExpressionAttributeValues: args
KeyConditionExpression: args
FilterExpression: args
ScanIndexForward:

aws.String (args
.expression.
.expression.
.expression.
.expression.

.indexName) ,

Names () ,
Values (),
KeyCondition (),
Filter (),

aws.Bool (lo.FromPtr (args.sliceRequest.Ascending)),

ExclusiveStartKey:

Limit:

1)

aws.Int32 (args.sliceRequest.Limit),

if !paginator.HasMorePages () {

return &pkg.Slice[*domain.InventoryItem] {HasMore: false},

page, err

:= paginator.NextPage (ctx)

if err !'= nil {

return nil, err

var data [

]*domain.InventoryItem

for , item := range page.Items ({
tournamentDb := &model.InventoryItem{}
err := tournamentDb.FromAttributeValues (item)

if err !

= nil {

return nil, err

data = append(data,

return &pkg.Slice[*domain.InventoryItem] {

Data: data,

HasMore: paginator.HasMorePages (),

NextToken: KeyToToken (page.LastEvaluatedKey),
}, nil

func TokenToKey (token *string)

if token =

= nil {

return nil

}

sbec,  :=
key,  :=

return key

base64.StdEncoding.DecodeString (*token)
attributevalue.UnmarshalMapJSON (sDec)

itemsSlice (ctx context.Context,
(*pkg.Slice[*domain.InventoryItem], error) {

aws.String (i.properties.TableName),

nil

map[string]types.AttributeValue {
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args

TokenToKey (args.sliceRequest.Token),

i.dbMapper.FromDbInventoryItem (tournamentDb) )
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func KeyToToken (key map[string]types.AttributeValue) *string {
if len(key) == 0 {
return nil
}
data, _ := attributevalue.MarshalMapJSON (key)
return lo.ToPtr (base64.StdEncoding.EncodeToString (data))
}

func asTransactionCanceledException(err error)
*types.TransactionCanceledException {
if err == nil {
return nil

var tce *types.TransactionCanceledException
if errors.As(err, &tce) {
return tce

return nil

}

//Inventory/internal/repository/mapper/mapper.go
package mapper

import (
"inventory/internal/domain"
"inventory/internal/repository/model"

"github.com/samber/lo"

type DbInventoryMapper interface {
ToDbInventoryItem (item *domain.InventoryItem) *model.InventoryIltem
FromDbInventoryItem(item *model.InventoryItem) *domain.Inventoryltem

ToDbInventoryItemSlot (itemSlot *domain.InventoryItemSlot)
*model.InventoryltemSlot

FromDbInventoryItemSlot (itemSlot *model.InventoryItemSlot)
*domain.InventoryItemSlot

}

type dbInventoryMapper struct {
}

func NewDbInventoryMapper () DbInventoryMapper {
return &dbInventoryMapper{}
}

func (d *dbInventoryMapper) ToDbInventoryItem(item
*domain.InventoryItem) *model.InventoryIltem {
return &model.InventoryItem{
PK: model.InventoryItemPk (item.Id),
SK: model.InventoryItemSk(),
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GSI1PK: model.InventoryItemGSI1Pk(),
GSI1SK: model.InventoryItemGSI1Sk(item.Id),

GSI2PK: model.InventoryItemGSI2Pk (item.Type),
GSI2SK: model.InventoryItemGSI2Sk (item.Id),

EntityType: model.InventoryltemEntityType,

Id: item.Id,
Type: item.Type,
Name : item.Name,

Description: item.Description,

func (d *dbInventoryMapper) FromDbInventoryItem(item
*model.Inventoryltem) *domain.InventoryIltem {
return &domain.InventoryItem{

Id: item.Id,
Type: item.Type,
Name : item.Name,

Description: item.Description,

func (d *dbInventoryMapper) FromDbInventoryItemSlot (itemSlot
*model.InventoryItemSlot) *domain.InventoryItemSlot {
return &domain.InventoryItemSlot{
InventoryItemId: itemSlot.InventoryItemId,

SlotStartTime: itemSlot.SlotStartTime,
SlotEndTime: itemSlot.SlotEndTime,
BookedBy: &itemSlot.BookedBy,

func (d *dbInventoryMapper) ToDbInventoryItemSlot (itemSlot
*domain.InventoryItemSlot) *model.InventoryItemSlot {
return &model.InventoryItemSlot{

PK:
model.InventoryltemSlotPk (itemSlot.InventoryItemId),
SK: model.InventoryltemSlotSk (itemSlot.SlotStartTime),
EntityType: model.InventoryltemSlotEntityType,
InventoryItemId: itemSlot.InventoryItemId,
SlotStartTime: itemSlot.SlotStartTime,
SlotEndTime: itemSlot.SlotEndTime,
BookedBy: lo.FromPtr (itemSlot.BookedBy),

//Inventory/internal/repository/model/inventory item.go
package model

import (
" fmt n
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"github.com/aws/aws-sdk-go-v2/feature/dynamodb/attributevalue"
"github.com/aws/aws-sdk-go-v2/service/dynamodb/types"
"github.com/aws/aws-sdk-go/service/dynamodb"
"github.com/aws/aws-sdk-go/service/dynamodb/dynamodbattribute"

const (
InventoryItemPkTemplate = "InventoryItem:%s"
InventoryItemSkTemplate = "InventoryItem"
InventoryItemEntityType = "Inventoryltem"
InventoryItemGSI1PkTemplate = "InventoryItems"
InventoryItemGSI1lSkTemplate = "InventoryItem:%s"
InventoryItemGSI2PkTemplate = "InventoryItems:%s"
InventoryItemGSI2SkTemplate = "InventoryItem:%s"

func InventoryItemPk (inventoryItemId string) string {
return fmt.Sprintf (InventoryltemPkTemplate, inventoryItemId)
}

func InventoryItemSk() string {
return fmt.Sprintf (InventoryIltemSkTemplate)
}

func InventoryItemGSI1Pk() string {
return fmt.Sprintf (InventoryltemGSI1PkTemplate)
}

func InventoryItemGSI1Sk(inventoryItemId string) string {
return fmt.Sprintf (InventoryItemGSI1lSkTemplate, inventoryItemId)
}

func InventoryItemGSI2Pk(itemType string) string {
return fmt.Sprintf (InventoryltemGSI2PkTemplate, itemType)
}

func InventoryItemGSI2Sk(inventoryItemId string) string {
return fmt.Sprintf (InventoryIltemGSI2SkTemplate, inventoryItemId)
}

type InventorylItem struct {
PK string “dynamodbav:"PK""

SK string “dynamodbav:"SK""

GSI1PK string “dynamodbav:"GSI1 PK"®
GSI1SK string “dynamodbav:"GSI1 SK"®

GSI2PK string “dynamodbav:"GSI2 PK"®
GSI2SK string “dynamodbav:"GSI2 SK"®

EntityType string “dynamodbav:"entityType""
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Id string “dynamodbav:"id""
Type string “dynamodbav:"type"®
Name string “dynamodbav:"name"’

Description string “dynamodbav:"description"’

func (i *InventoryItem) AsAttributeValues ()
(map[string] types.AttributeValue, error)
return attributevalue.MarshalMap (1)

}

func (i *InventoryItem) FromAttributeValues (av
map[string]types.AttributeValue) error {
return attributevalue.UnmarshalMap (av, i)

}

func (i *InventoryItem) FromDynamoDbAttributeValue (av
map [string] *dynamodb.AttributeValue) error {
return dynamodbattribute.UnmarshalMap (av, 1)

}

func (i *InventoryItem) AsDynamoDbAttributeValue ()
(map[string] *dynamodb.AttributeValue, error) ({
return dynamodbattribute.MarshalMap (1)

}

const (
InventoryItemSlotPkTemplate = "InventoryItem:%s"
InventoryItemSlotSkTemplate "InventoryItemSlot:%s"
InventoryItemSlotEntityType

"InventoryItemSlot"

func InventoryItemSlotPk(inventoryItemId string) string {
return fmt.Sprintf (InventoryItemSlotPkTemplate, inventoryItemId)
}

func InventoryItemSlotSk(slotStartTime string) string {
return fmt.Sprintf (InventoryItemSlotSkTemplate, slotStartTime)
}

type InventoryItemSlot struct {
PK string “dynamodbav:"PK""®
SK string “dynamodbav:"SK""®
EntityType string “dynamodbav:"entityType"’

InventoryItemId string “dynamodbav:"inventoryItemId""
SlotStartTime string ‘dynamodbav:"slotStartTime""
SlotEndTime string “dynamodbav:"slotEndTime""

BookedBy string “dynamodbav:"bookedBy""
}

func (i *InventoryItemSlot) AsAttributeValues()
(map[string] types.AttributeValue, error) {
return attributevalue.MarshalMap (i)
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func (i *InventoryItemSlot) FromAttributeValues (av
map [string]types.AttributeValue) error
return attributevalue.UnmarshalMap (av, i)

}

func (i *InventoryItemSlot) FromDynamoDbAttributeValue (av
map [string] *dynamodb.AttributeValue) error {
return dynamodbattribute.UnmarshalMap (av, 1)

}

func (i *InventoryItemSlot) AsDynamoDbAttributeValue ()
(map [string] *dynamodb.AttributeValue, error) {

return dynamodbattribute.MarshalMap (1)

}

const (
InventoryItemBookingPkTemplate = "InventoryItem:%s"
InventoryItemBookingSkTemplate = "InventoryItemBooking:%s"

InventoryItemBookingEntityType "InventoryItemBooking"

func InventoryItemBookingPk (inventoryItemId string) string {
return fmt.Sprintf (InventoryItemBookingPkTemplate, inventoryItemId)
}

func InventoryItemBookingSk (bookingId string) string {
return fmt.Sprintf (InventoryItemBookingSkTemplate, bookingId)
}

type InventoryltemBooking struct {
PK string “dynamodbav:"PK""®
SK string “dynamodbav:"SK""®
EntityType string “dynamodbav:"entityType"’

BookedSlots []BookedSlot “dynamodbav:"bookedSlots"'®
}

type BookedSlot struct {
SlotStartTime string “dynamodbav:"slotStartTime""
SlotEndTime string “dynamodbav:"slotEndTime""

func (i *InventoryItemBooking) AsAttributeValues ()
(map[string]types.AttributeValue, error)
return attributevalue.MarshalMap (i)

}

func (i *InventoryItemBooking) FromAttributeValues (av
map[string]types.AttributeValue) error {
return attributevalue.UnmarshalMap (av, i)

}
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func (i *InventoryItemBooking) FromDynamoDbAttributeValue (av
map[string] *dynamodb.AttributeValue) error {
return dynamodbattribute.UnmarshalMap (av, 1)

}

func (i *InventoryItemBooking) AsDynamoDbAttributeValue ()
(map[string] *dynamodb.AttributeValue, error) {

return dynamodbattribute.MarshalMap (1)

}

//Inventory/internal/service/inventory service.go
package service

import (
"context"
"fmt"
"inventory/internal/domain"
"inventory/pkg"
"time"

type inventoryltemService struct {
clock pkg.Clock
repository domain.InventoryltemRepository

}

func NewInventoryItemService (
clock pkg.Clock,
repository domain.InventoryItemRepository,
) domain.InventoryltemService {
return &inventoryItemService(
clock: clock,
repository: repository,

func (i *inventoryItemService) Createltem(ctx context.Context, item
*domain.InventoryItem) error {
return i.repository.Createltem(ctx, item)

}

func (i *inventoryItemService) GetItem(ctx context.Context, itemId
string) (*domain.InventoryItem, error)
return i.repository.GetItem(ctx, itemId)

}

func (i *inventoryItemService) GetItemsByIds (ctx context.Context, ids
...string) ([]*domain.InventoryItem, error) {
return i.repository.GetByIds (ctx, ids...)

}

func (i *inventoryItemService) GetItemAvailability(ctx context.Context,
itemId string, date string) ([]*domain.InventoryItemSlot, error) {
item, err := i.repository.GetlItem(ctx, itemId)
if err != nil {



return nil, err

if item == nil {
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return nil, &domain.BusinessError{Message: fmt.Sprintf ("item with ID

%$s not found", itemId) }

}

dateMilli, err :=
i.clock.ToMilliseconds (fmt.Sprintf ("%$sT00:00:00.000", date))
if err != nil {
return nil, fmt.Errorf ("invalid date format")

slots, err := i.repository.GetBookedSlotItems (ctx, itemId, date)
if err != nil {
return nil, err

bookedByTimeSlots := make (map[string]*domain.InventoryItemSlot)
for , slot := range slots {
bookedByTimeSlots[slot.SlotStartTime] = slot

dateTime := time.UnixMilli (dateMilli) .UTC/()
tomorrow := dateTime.AddDate (0, 0, 1)

var result []*domain.InventoryItemSlot
for slotTime := dateTime; slotTime.Before(tomorrow); slotTime =
slotTime.Add (1 * time.Hour) {
if bookedSlot, ok :=
bookedByTimeSlots[i.clock.ToString(slotTime.UnixMilli())]; ok {
result = append(result, bookedSlot)

continue
}
result = append(result, &domain.InventoryItemSlot({
InventoryItemId: itemId,
SlotStartTime: i.clock.ToString(slotTime.UnixMilli()),
SlotEndTime: i.clock.ToString(slotTime.Add (1 *
time.Hour) .UnixMilli()),

})

return result, nil

}

func (i *inventoryItemService) BookItem(ctx context.Context, params

*domain.BookingItemParams) ([]*domain.InventoryIltemSlot, error) {
slotsForBooking, err := i.sliceSlotsForBooking (params)
if err !'= nil {

return nil, err

params.Slots = slotsForBooking
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return i.repository.BookItem(ctx, params)

}

func (i *inventoryItemService) sliceSlotsForBooking (params

*domain.BookingItemParams) ([]*domain.InventoryltemSlot, error) {
unixSecondsStartTime, err := i.clock.ToMilliseconds (params.StartTime)
if err != nil {

return nil, err

unixStartTime := time.UnixMilli (unixSecondsStartTime) .UTC ()
unixStartTimeTruncated := unixStartTime.Truncate(l * time.Hour)
unixSecondsEndTime, err := i.clock.ToMilliseconds (params.EndTime)
if err != nil {

return nil, err

unixEndTime := time.UnixMilli (unixSecondsEndTime) .UTC ()
unixEndTimeTruncated := unixEndTime.Add (1 * time.Hour) .Truncate(l *

time.Hour)

if unixSecondsEndTime < unixSecondsStartTime {
return nil, fmt.Errorf ("invalid booking time range: start time must
be before end time")

}

var result []*domain.InventoryItemSlot
for start := unixStartTimeTruncated;
start.Before (unixEndTimeTruncated); start = start.Add(l * time.Hour) ({
slotStartTime := i.clock.ToString(start.UnixMilli ())
slotEndTime := i.clock.ToString(start.Add (1 *
time.Hour) .UnixMilli())

result = append(result, &domain.InventoryItemSlot({
InventoryItemId: params.ItemId,
SlotStartTime: slotStartTime,
SlotEndTime: slotEndTime,
BookedBy: &params.BookingId,

})

return result, nil

}

func (i *inventoryItemService) CancelBooking(ctx context.Context, params
*domain.CancelBookingParams) error {
return i.repository.CancelBooking(ctx, params)

}

func (i *inventoryItemService) ItemsSlice(ctx context.Context,
sliceRequest *pkg.SliceRequest) (*pkg.Slice[*domain.InventoryItem],
error) |

return i.repository.ItemsSlice(ctx, sliceRequest)

}
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func (i *inventoryItemService) ItemsByTypeSlice(ctx context.Context,
itemType string, sliceRequest *pkg.SliceRequest)
(*pkg.Slice[*domain.InventorylItem], error) {

return i.repository.ItemsByTypeSlice(ctx, itemType, sliceRequest)

}



