


Contents

Foreword by Dr. TOm Janoshalmi ......cccccviiiiiiiiniiiniieceseccciesecse e se s
PrEIACE ittt ettt ettt st aen

PART | Getting Started

1 Introduction to SAP Business Technology

Platform ..o
1.1  Transformation Flywheel ............ccoovioiriiniiiieeeeeceeeee e
1.2 Cloud Platforms ......cc.cooeiiiiiieiiecneeeereeeet ettt
1.3  Pillars of SAP Business Technology Platform ..........c..cccoccorviniiniincnnenn.
1.3.1  Agentand Application Development .......cccoevvevirenienenenenenieneneneenes
1.3.2  INEEEIatioN weoeeeieieieeieees ettt
1.3.3  Artificial Intelligence and Data Foundation .........c.ccceceeveevcnencrnnenennee
1.3.4  Deployment MOELS ...ccccuvereriinieieiniinienieieteesesre et esre e s e enes
1.4 SAPBusiness Al Platform ..ot
1.5 SUMMAIY oottt ettt s st e e s s bte e s saba e e sssstaessssaaessssnaessssaessnnns
2 Development Environment ...
2.1 INErOdUCHION .ot
2.1.1  SAP Business Technology Platform Architecture ......cccceveverieennenene.
2.1.2  Development ENVIFONMENLS .....cciveerierieieriieieeienieeeesiesieeeessesssesseseeas
2.2 SAPBTP, Cloud Foundry Environment ...........c.cccoeuevvevienienienienienienienienieneennas
2.2.1  Characteristics of Cloud FOUNIY .....ccccovevenieieinienenenienieesesesienieene
2.2.2  How SAP Business Technology Platform Has Adopted
ClOUd FOUNAIY «oviiiiiieietetctsicsretest ettt st ssesbesseseesessessasseneens
2.2.3  Cloud Foundry Services Offered by SAP Business Technology
PLALFOIM ettt
2.2.4  SAP JOUle fOr DEVEIOPELS .c.veveeieeeriirieieietriestesienteeee e sre st e e s seens
2.3 SAP BTP ABAP ENVIrONMENT .....ooviriiriiiiniiniiinieeieeeiteeeeetet ettt
2.3.1  Multitenancy in SAP BTP ABAP Environment ........ccccevevvevienenriennenneen
2.3.2  Key Cloud-Specific FEAtUIES .....ccvveverierieiririerieietetsenesie et

2.3.3  SAP Joule fOr DEVEIOPENS ....ccvceeeeeieietetceeteeteste ettt



2.4

2.5

2.6

2.7
2.8

SAP BTP, Kyma Runtime

241 OVEIVIEW ettt ss s b
2,42 Creating SEIVICES ..c.ccceirerierieirinienieteteitereete ettt sae st e sre e s
2.4.3  Creating FUNCHIONS ..ooieieiiieieeetccetct ettt
Deployment Based on Development Environment ..........ccccocevvienerviennenne.
2.5.1  Deployment on SAP BTP, Neo ENvironment .....c.ccccecveveeercenenvereeennenne
2.5.2  Deployment on SAP BTP, Cloud Foundry Environment .........c.c.c......
2.5.3 Deployment on SAP BTP, Kyma RUNtiMe ......ccccevvvvievieneecienieeieienens
2.5.4  Deployment on SAP BTP ABAP Environment ......c.ccoceeevvevevcenenieniennne
Use Cases Based on Development Environment ..........ccccoccevviinieneniennennen.
2.6.1  Application Development Use Cases Supported by SAP BTP,

NeO ENVIrONMENT ....ooviiiiiiiiiictcicereetceee s
2.6.2  Application Development Use Cases Supported by SAP BTP,

Cloud Foundry ENVIFONMENT ..c..eeivierieniiieneeienenteiese st
2.6.3  Application Development Use Cases Supported by SAP BTP

ABAP ENVIronmMent .......cocovveviiiiinininiiiiiiicicncnccnceneneesesenne
2.6.4  Application Development Use Cases Supported by SAP BTP,

KYMa RUNTIME ..ottt ettt
Estimating the Cost of SAP BTP Projects .........ccccevevvevevererenereseseseeeenn
SUMMAIY .ottt et e e seiee e s sttt e s sateesssbaaessssaeessssaaesessaeesssssaesssnsansssnns

PART Il Backend and Frontend Cloud Application

3.2

3.3

Development

Designing Cloud Applications for SAP ......................
Cloud-Native Applications ...........cceoviriiiniiiiniieceececee e
3.1.1  What Are Cloud-Native Applications? .....cccccccevvervienervienenienrieneneeniene
3.1.2  Microservice Architectures
3.1.3  Container ArChit@CtUIES ......ccevuieieieiecee e
Clean Core fOr SAP BTP .......oovvivieieeeeeteeeee et
3.2.1  CONCEPL ettt et ettt e e st ss e e s s bae s ssraaessrseessnnaesssbeesnnee
322 MEChANISM ittt
3.2.3  BeNETIES ottt ettt n
MICIOSEIVICES ...ooviiiieieiieie ettt sttt st e e e sae s e s te e e e sbe e beesbassaessasssassean
3.3.1  What Are MiCrOSEIVICES? ...uviviieieeieeciecteeete e e te e ee et ebe e nesaaeeanas
3.3.2  How Does SAP Business Technology Platform Enable

MICTOSEIVICES? oiivveieuieiieeireentesteesreeseesseeseeessaesseesseessaesasasssaesssessessees
3.3.3  Finding the Right MiCroSEIViCe ........ccceoirerenieneeineneneneeeeeeeseesienes

57
57
58
59

60
60
62
64
64

65

65

66

66

67
67
71

75

76
7
7
79

80
81
82
84

84
85

86
91

Contents



3.4

3.5

4.1
4.2

4.3

4.4

4.5

4.6

51
5.2
5.3

3.3.4  ConsSUMING MIiCrOSEIVICES ...cceevueruerieieneeienieetenneseeresaeseessesaeeseesaeens
3.3.5  Microservices in SAP BTP, Kyma Runtime ........ccccoveevviercieineeniieninennne
Integrating Cloud-Native Applications ..........cccocoveriniininninnnnnnenieneene
3.4.1 Introduction to SAP Integration SUite ........ccceeeveeerenenenenieenereeneee
342  SAP Data Intelligence .....ccccvirivieiieninininieieieteeeeestetee e
3.4.3  SAP Business Accelerator HUb ........ccocoeoneinincinenennecnecneeneeienenne
3.4.4  Migrating SAP Process Integration or SAP Process

Orchestration Content to SAP Integration Suite .....cccccceceveeerenennenen.
3.4.5 Scenario-Based Recommendations for Integration Tools .........c..c.....
SUMIMAIY ..ottt ettt see et e st e st e st e st e e sate s beesseesaseesnteesaseesseesssaesans
SAP Business Application Studio ...
Capabilities .......ccccceeiiiiiiieiece et s
Setting Up SAP Business Application Studio ...........ccccecevceviiriinninniinieniinennns
421 PLANS ettt
4.2.2  Setup INSTIUCHIONS .ooviierieieeieieecteeete et
4.2.3  TYPES Of DEV SPACES vvvvirieieeiriiriiieteesiesiesietesseseesessessessesseseesessensensens
4.2.4  Creating Dev Spaces in SAP Business Application Studio ...................
4.2.5 Workspaces INsSide DEV SPACES .....cccevererrierierienieneenienieseesiesieeseesae s

Developing Your First Cloud Application Using SAP Business

APPLICAtioN StUAIO ....ceoeviiiiiiiceecee e
4.3.1 Creatinga Project Using the Wizard ........ccccocevueverinenenenennencncnnennee
4.3.2  Creatinga Project Using the Terminal ....c..cocceeveevirverienenenienenrenennenes
4.3.3 Creatinga Projectin a Local Workspace by Cloning a Repository .....
4.3.4  Creating a Project by Importing a Project ......cccccceeeveeenenenennencnennene

Leveraging SAP Build Code and Joule ...........cccoevirerininniniinnieicieicene
441  WhatIs SAP BUild COEY ..ottt
442  SetUp SAP Build Code 0N SAP BTP ...cccoveieirerenienieieenesenienienseennens
4.4.3  Create a Project Using SAP Build COode ......ccecurerevenenieninenenenieienne

Migrating Projects from SAP Web IDE to SAP Business
APPLICAtioN StUAIO ....c.eeeeiieiieececeee e

SUMIMATY .ottt ettt srt e st e et e s bt essee s b e sseesaseesnseesnseesneessnaesane

SAP HANA ClOUM ....ocooorrrecerreeesieeeessssieenssss e

Features of SAP HANA CLoUd ..........oovuviiiiieiiceeeeeeeecceeeereeee et
Medallion Data ArchiteCture ...........ccooovieeviieiieiieeeeeceeeee e

SAP HANA Cloud €Central .........oooeveeiieiiiieiieeeeeeceeeeectee ettt eenree e

92
93

93
94
108
110

Contents



Contents

5.4  SAP HANA Cloud Knowledge Graph Engine ...........ccccocevievienienieneneneneniennes 168
54.1  Knowledge Graphs ......covevievrininienietetneniestentee et see s 168

5.4.2  Features and Capabilities of SAP HANA Cloud Knowledge
Graph ENGINE c.ccoueeirieieieteesieetet sttt sae st et sbe b nae e ene 169
5.5  SAP HANA Cloud Vector ENGINe .........ccccocevvvrerieeeerieeeeeeeeeeeeeeeneeeesnenees 171
5.5.1  Journey from Unstructured Data to VeCctors ........ccccvveveneneerirverennens 172
5.5.2  Benefits and Use Cases of SAP HANA Cloud Vector Engine ................ 174
5.6 SUMMAKY ..iiiiiiiiiiiieieiiteeniieeeeriteeesireeesraeessasaeessssaeesstesssssaesssssseesssssesssnsaesssnns 174
6 SAP Cloud Application Programming Model .............. 175
6.1 Overview of SAP Cloud Application Programming Model ........................... 175
6.2 PrOJECt SELUP ..c.oouveeieiieieieieietete ettt sttt et et ettt st et et e sbe s et e saensanes 176
6.3 Understanding Domain Modeling .........ccccoeevviiniinienieenieniienieneeneneeseseenns 178
6.4 Using the Default SQLite Database ...........ccccoeveneiinienenenenicerceeeene 183
6.5 Using the SAP HANA Cloud Database ............cccoouevueievienienienienieienienieieneene 186
6.6  Generating SAP Fiori User Interfaces ..........ccccooevevievienienienenieienieieienienns 189
6.7 Deploying Applications to SAP BTP, Cloud Foundry Environment ............ 193
6.8 Consuming External SErvices .........cccocomineneninenineneceeeeeeeeee e 195
6.9  Additional TOPICS ...ooveviiriiriirieeettrctetreteee ettt 197
6.9.1  Localization of SAP FiOri APPS ..cceeeererierieiereeresieieeeeesessessesseeesessenns 198
6.9.2  Authentication and Authorization 199
6.9.3  ANNOLAtioNS ...ooerieiee e 205
6.9.4  SAP Cloud Application Programming Model LLM Plugin .................... 206
6.10  SUMMAIY ..oueiiiiiiiieieeeetee et serte et e e s ree e s beessbaeessasaee s sseesssnsaesssssaessssnes 207
7 Developing Node.js Applications ... 209
7.1 Creating a Project Using SAP Business Application Studio ........................ 209
7.2  Connecting to SAP BTP, Cloud Foundry Environment ..........c.ccccccceereennee. 213
7.3 Installing Node.js MOdULES ..........ccceeieriiiiiriiinienertcecteceee e 216
7.4 Creating Core Data Services Resources for Our Sample Project ................ 218
7.4.1  Creating Files for Domain Models .......ccccoveineennenineenecneecrieene 218
7.4.2  Creating Files for Service Definitions .....c.coceevevieverenenenienenienenenienene 219
7.4.3  Creating Data Files ......ccovvveeineiniiiiirciccecetcrceeeerene e 220
7.5 Creating SAP HANA Cloud Artifacts .........cccocevieviinieiiiinniiieneieieeeeeeene 221
7.5.1  Binding Resources to the HDI Container Service ........cccecevevuevernennene. 222
7.5.2  Deploying Artifacts in SAP Business Application Studio .........ccce........ 223
7.5.3  Viewing Database Artifacts Using SAP HANA Database Explorer ........ 224

10



7.6
7.7
7.8

8.1
8.2
8.3

8.4

8.5
8.6

9.1
9.2
9.3

9.4

9.5

Deploying Applications to SAP BTP, Cloud Foundry ..........cccccevvevenuenuennene. 225
Generating Artifacts Using Joule ..........ccocooieireninineniniceceeeeeeeeeeans 228
SUMIMANY oottt srt e st e st e s b e s see s bt e sseesaseesnteesnseesneesanaesane 233
Developing Java Applications ... 235
Creating a Project from a Template ..........cccooceririninininininceieeeens 236
Creating a Java Application ...........ccccocevevenininenincneneeeeet et 239
Creating a Service Instance and Binding It to an Application .................... 244
8.3.1  Creating an SAP HANA Deployment Infrastructure Container

SErVICE INSTANCE ..veiiiiiiieieertee et 245
8.3.2  Deploying Artifacts in a Backend Database in SAP Business

ApPLIcation STUAIO ..ccveevieieieeeceeeecee e 246
8.3.3  Viewing Database Artifacts Using the SAP HANA Database

EXPLOTEI ettt ettt ettt st et b aesse e s e aeennan 246
Creating Core Data Services Domain Models and Services Based
0N SAP HANA Artifacts .......cocoiviriniriiintetectectse et 247
8.4.1  Creating a Calculation VIEW ......cccoevevienieirinenenieieincseneseeeeeeeeeene 247
8.4.2  Creating a Domain Model Based on a Calculation View ...................... 249
8.4.3  Creatinga Service Definition ........ccccoeeeveienvennierneeeeseeseeennes 250
Deploying Applications to SAP BTP, Cloud Foundry ...........ccccceeuevienuenuannene. 250
SUIMMAIY .ceiiiiiiiieieite ettt errte e setee e s sttt e s sbteessbaaessssaeessssaeesessanesssssaesssnsaesssnns 254
Developing ABAP Applications ... 255
SAP BTP ABAP Environment Architecture and Overview ............ccccceeuenees 255
Provisioning an SAP BTP ABAP Environment Trial .........cccccocevveneninenenene 257
ABAP Development Tools for EClIPSE ........cccovivienieneeienieneeeeeeseeseeiens 261
9.3.1  Installation and SETUP ....ccevveieiirinenieictereree e 261
9.3.2  SAP JOULE fOr DEVEIOPELS ...veuveeeriiriiieieeeierieniesietee e sresse e e e sseseens 265
9.3.3  ABAP Al Capabiliti€s ...ccccevercienienieienienieieneeresieet et 266
ABAP RESTful Application Programming Model ...........ccccvevevererecrerennnne. 268
9.4.1 DataModeling and BEhaVior .......ccccceverenenienieninieninenienieesesesesieeene 269
9.4.2  BuUSINESS SErvice ProViSiONIiNg ......cccceceeriererreenieneesieneneenieseeseesseeeenes 270
9.4.3  Service CONSUMPLION ..ccuiriiiierieiireeteteee ettt sttt sbe e 271
Developing a List REPOrt APP ....oveeviviiviieieecccceeeeecse et 271
9.5.1  BuUSINESS REQUIFEMENTS ...oovuviiiiiriiiieeiierteeieeie ettt 271
9.5.2  Creating an ABAP Package and Database Table ....c.ccccccevevveneneneeenne 272
9.5.3  Building an ABAP RESTful Application Programming Model

APPLICALION ettt 276

11

Contents



9.6
9.7
9.8
9.9
9.10
9.11
9.12

10

10.1
10.2
10.3

10.4

11

11.1
11.2
11.3

114

12

12.1
12.2
12.3

Managed Versus Unmanaged Transactional Apps .........cccccevevvevirvinneeneenen. 286
Developing a Managed APP .....cccevvieriiniriienienieeieneestesteseeestessesseessessessaenees 287
Adding Draft Capabilities to Managed AppS ........ccccoevenenenineneneneneienes 294
Developing an Unmanaged APP ......cccocvveviririenienenieeneeeeeeneeseeeeeeeeenees 298
Developing aWeb AP ..o 310
Transport Management ..........ccccooiiiiiiiiiiiiiinicnt e 312
SUMMATY .oiiiiiiiiiiiiiteeeree et e est e e e sae e s sssbae e s bbeessssseessssaesssssaessssssessssseessssessas 318

Developing Python Application Using

SAP Business Application Studio ... 319
Python Overview and Libraries ..........ccccocvverievieieninenenieeeeeeeeeeeeeeenees 319
Jupyter NoteboOoK ..........cocuoiiiiiiiiie e 321
Creating a Python Application ..o 323
10.3.1 SEEUD weoveeeeeereeeseeseseeessesesssse s s ases s ss s sss s sse s ss s ss s 323
10.3.2  Creat@ @ Project .ociviiieeerieiesieeteiect ettt sttt sae e s 328
10.3.3  Install Python EXEENSION ....ccceevieriiieirinienietetntsese et 330
10.3.4  InStall Flask LIDrary .....ccooeeieeeeeeieceeecsecteieecete e eve e s 332
10.3.5 DEPlOYMENT ..ooiiiiiieiteteseeteste sttt ettt st et sae st et sae et st san e e s 336
SUMMATY .ottt ettt e st e e st e s et e e e bt e e seabeeesbeeeseseeeesaneeean 341

Developing Applications in SAP Business

Technology Platform, Kyma Runtime ... 343
SAP BTP, Kyma RUNLIME ......cccoeeiiiieieceeeciecteeete ettt sveeae e 344
USE@ CASES ..ottt ettt sttt e r e s st s 346
Building with Kyma ........c.coooiriniiiieieceecee et 347
11.3.1 Prerequisite CONfiguration .........coccveereeineinieenneeeereeseeeeeenes 347
11.3.2 Configuring SAP BTP, Kyma Runtime, and Service Deployment ........ 349
11.3.3 Creating Pairing and Application Programming Interface Rules ........ 357
SUMIMATNY oottt ettt st e st st e st s se e saeeesme e sneesaseeenteennesaneean 358
Developing SAP Fiori Applications ..............ccccccccooveeeeen 359
Overview and Architecture ..o 360
SAP Fiori Tools in SAP Business Application Studio .........c.cccoecveviercienennnn. 361
Freestyle SAP Fiori versus SAP Fiori Elements ..........cccccocevviniininnenienennen. 364

12

Contents



124

125

12.6
12.7
12.8
12.9

Developing Complex Freestyle SAP Fiori Applications ..........cccccevvenuenene. 366
12.4.1 Developing List-Detail Applications ........cccverevievirerenenenierieenennenne 367
12.4.2 Basic Filesin SAPUI5 Applications .......ccccvveverienieenienenenienieneeeseneens 375
Developing Complex SAP Fiori Elements Applications ...........c.ccccceenenene. 375
12.5.1 Determining FlOOrplans .......c.cccoveivieiecneinncninrerccneeeeecieneennes 376
12.5.2 Determining Data Sources and Other Details ........ccceverevirverereneenenne. 378
12.5.3 Guided DeVeloOPMENt ....coueieiiirireieieeeesestetetee ettt re e e 379
Deploying an Application ..o 386
Extending Freestyle Applications ..........ccccocevvevirinininienineeeceeeene 387
Extending SAP Fiori Elements Applications ...........ccccocovirviiiiiininencnenne. 388
SUMIMATY .ottt et srt e st e st e st e s e e s be e sse e saseesnbeesnseesneessnaesans 390

PART Il Operating Applications

13
13.1

13.2

13.3
134
135

14

14.1

DevOps Implementation ..., 393
DevOps FUNAAaMENTALS .........cceevieiiieeiececeeeee et 394
13.1.1  Core Tenets Of DEVOPS ..coveveeeeiririenieieeeesiesiesieteeeresressessessessesessessenes 394
13.1.2  DeVOPS INNEI CIFCLES ..oocvireieiirieeieieeieetese ettt sttt se e essenaeen 398
13.1.3 Continuous Integration/Continuous Delivery .......cccoceeevevrvenerennene. 399
Implementing Tooling for DEVOPS .........cceceveeerenereneneneeeeeeeeee e 401
13.2.1  ContinUOUS EVEIYENING .occvvveieiiiriinieietcesienrenietee et sse s 401
13.2.2 Requirements Management .......ccccceveveeerierierienenenenenieneeneeeesesseneens 403
13.2.3 Collaborative Development TOOLS ......cceceeveviereeriineeieneceeieseeeeeeen 407
13.2.4 Deployment Optionsin the Cloud ........cocvvevievirvirenenenenieieeeeseenes 409
13.2.5  QUALItY ASSUIANCE uvvuiriirieieienieesiesiestetet e stestestese e sressessessessesaesessenes 414
13.2.6  Monitoring and FEedback ........ccceerverienieeninenieieieenenese e 417
13.2.7 Continuous Delivery Optionsin SAP BTP .......cccevevveverrenenenenneneeennenne 418
Best Practices for DEVOPS iN SAP .......ccooveeiiiieiieceeeeie ettt eee e 423
DevOps Tooling Integration for SAP and Hybrid Landscapes .................... 425
SUMIMATY ..ottt et st st e st e s bt e s e e s b e s st e saneesnbeesnseesneessnaesans 428
SECUNTEY .oooovovriee s 431
SAP BTP Authentication Options ...........ccceviiiiiieiiececceccceeee e 431
14.1.1  Identity AUthentication .......ccccceveerenenieninineneeceere e 432
14.1.2  Solution Overview for User Authentication via the

SAP BTP USEI STOIE ...ttt ettt ettt 434

13

Contents



14.2

14.3

14.4

14.5

14.6
14.7

15

15.1
15.2
15.3

15.4

14.1.3 Solution Overview for User Authentication Using a Corporate

L L= ] (o <SRN
14.1.4 Solution Overview for User Authentication Using Your Own

1ENEitY PrOVIAEr ..couveiieirieieietctseseetet ettt
SAP BTP Single SigN-0N ......ccccovviiieieirieteeeeeteeeeeeee e ee e eseenes
14.2.1 Application-to-Application Single Sign-0n .......cccecevveverereninnenenennene
14.2.2  ASSErtion SSO ...
14.2.3  Principal Propagation ........c.ceceevevieninenenenienieineneseeseeneeesesee e
Access Management on SAP BTP ...
14.3.1 Key Concepts in User Authentication in SAP BTP ......ccccecevvveriervennennenn
14.3.2 User Account and Authentication Service ........cccevevevevnnnencncenne.
14.3.3  WED ACCESS ..cueviriieieieieieeiestestetet ettt et svesre sttt sae e e
Authorizations for Applications on SAP BTP, Cloud Foundry
ENVIFONMENT ..ottt ettt ettt seesae st b saens
14.4.1  ACCESS CONLIOL .ottt
14.4.2  Security Artifacts for AUthorizations ........cccceceeevieeevenenenieceeeeeseee,
14.4.3 Authorization ENforcement ........cocoveeviveienieieninennecneeceeeseeieeeeenes
14.4.4 Scopes, Role Templates, and Attributes .......cccccevvvviinenienincnnienenen.
Web Security for Applications in SAP BTP .........ccccevievivvenienenieneesieeiennens
14.5.1 Protection Against Cross-Origin Resource Sharing .....c..ccecevevverveneene.
14.5.2 Protecting Against Cross-Site Request FOrgery .....c.ccoceeveevenenvienucnnen.
14.5.3 Protecting Against Click-Jacking Attempts ...cccccevvevervenienienieneneeeenenn
14.5.4 Protecting Against Cross-Site Scripting ......ccocceveverveenieneeieenenieseenens
14.5.5 Setting Up Timeouts for Application User Sessions ........ccceceeevveuenennes
14.5.6  Securing Node.js AppliCatioNns .....cccccerveereenenenenieeneeeneneeneeeeneeeeeees
14.5.7 Securing Your Java Applications .........ccccceererenneneneneneneenenenenes
JOULE SECUINIEY .ooviiiiiiiicecetet ettt s e e b ens
SUMMATY .ottt et e e e st e e st e e et e e e bt e e senbeeesseeeseseeessaneeeen
Application Monitoring ...,
Monitoring Java Applications ..........cccceviriininienieeneniencceeeese e
Monitoring Database Systems ...........ccccocivviininiiniiinenrice e
Monitoring Cloud Foundry Applications ..........ccccceevvrviervininnenneneenenienne
15.3.1 Activating Application LOZ ..c.ccveeverienieieinenienieieeeesrenesie e
15.3.2  Visualizing Application LOZ ......cccevuevvevirerenenienieineneneeneeieeseseeseeneenes
MONIEOTING APIS ...ttt ettt e b ettt et saesaaseneas
15.4.1 REST APIs for Java Applications ........cccceeeeveeeveviecierieeeeceseeeeeeevenns
15.4.2 REST APIs for Database Systems and SAP HANA Extended

APPLICAtioN SEIVICES ..oviiriiriirieieertrerietee ettt sees

14

Contents



15.5 Monitoring Applications with Notifications ............cccococivnininnininininn. 461
15.6  SAP Automation Pilot ..........cociriiiiiiiiiiniiecececccest e 462
15.6.1  CONCEPES ittt ettt ettt et st e st s st e s e aeeseeeas 462
15.6.2 How SAP Automation Pilot WOIKS .......ccceceeeieverienienecieneceeiesreeeenenn 464
157 SUMMANY oottt ettt et et e st e s seesbe e saae s st e e nne e neesneesaneesaneenn 465

PART IV Supporting Tools and Services

16 SAP Workflow Management ... 469
16.1  OVEIVIEW ..ottt ettt et stesbe st st sbesbesbesbesbesbesaeeatest et et eneensensens 470
16.1.1  Key Capabilities ....ccccecieverieiinieienientciest ettt 470
16.1.2 Limitations and Considerations .........ccceceeevereeninenienenenieneneseneeneenes 471
16.1.3  Process MOdel .......cccoecirieiniiuininiininicinieiicictnretnrecneret e 471
16.1.4  USEI INTEITACES .uivvivveeeieiieiesiesieeee ettt ettt se e ve e be st e e e e seseas 472
16.1.5 Configuring WOrkflow STEPS .....ccevevierieieerinierieietcenesie st eeesreseene 473
16.1.6  Triggering the WOrKflOW ........cccocevevieinieuininieineereeeeeeseese e 474
16.1.7  Configuring the RULES .....cccoveueviriiririiieiceee et 475
16.1.8  Process ViSibDility .....cceevevevieieniinienienininisesieteteesese e seeessesseseenis 477
16.2  INtEEIAtioNS ....ccueiiiiiiiiieeiectcrt ettt ettt ae st eas 478
16.2.1 Integration Specific to Workflow Steps ......ccceevevervevienenieninenieniennne, 479
16.2.2 Integrating Intelligent SErvices .....coevevveninenienieieneneneneeeeeeeenne 479
16.3 Model Architecture for Workflow on SAP Business Technology
Platform ... e 480
16.4 WOVKFIOW PACKAEZE ....cceeoveeeeeeeeieieteeee ettt aesa e eaenens 481
16.5 WOrkflow MONItOriNg ......ccccooeeiiiiiniiiiiireeereeee ettt 482
16.6  SUMMAIY ...ooiiiiiiiiiiiiieieiiteeeieee sttt e estreesssteesesseeessssseessssseessssaaesnssseesssssaesssnes 483
17 SAPBuild Work Zone ..., 485
17.1 Introduction to SAP Build Work Zone ..........ccccoeiveincnninccncnneeeeeene 486
17.2 K@Y CONCEPLS ...ttt ettt et e et e st e et e e s e bt e e s s sneeesnteeeeanee 486
17.3  SAP Build Work Zone Editor ...........cccoeeirinieiinenininiciniccniceeeeeeeeene 488
17.3.1 Spaces, Pages, Cards, Widgets, and Content Packages ..........ccocucu..... 489
17.3.2  Users, Roles, and PErmiSSIONS .....ccceeeeirvieiiereeiireenneeceineecsnveeceaveeennnees 491
17.3.3  Content INtegration ......ccccceeevererienineeereetereeeeee e 492
174 SUMMANY ..oeiiiiiiiieeie et eiteete st e st e et e e saee e beessstesseesateesabeessaeesseesseessaesaseens 494

15

Contents



18
18.1

18.2
18.3
18.4
18.5
18.6

19

19.1
19.2
19.3
19.4
19.5

20

20.1
20.2
20.3
20.4
20.5
20.6
20.7

20.8

SAP Build Process Automation ... 495
Basics of SAP Build Process Automation Design .........c..cccecereeencnencncnnen. 495
18.1.1 Tenant Setup for SAP Build LOBDY ....cccveveiririeieicineceseseeeeeeeenns 496
18.1.2  PrOJECES ettt ettt ettt st sb e s 500
18.1.3  AZENTS ittt 505
18.1.4  RECOIMUEN ittt ettt s sa ettt sbe e s 506
18.1.5  PACKAZES .iveuereirtirienieieieetstesteste ettt st et sbesbe st e s e e e e ssasbassansennesessas 507
18.1.6  DEPLOYMENT ..ootiieiiieeiieteeeeteste ettt sre ettt s te et s ae et e sbeeaenaeen 508
Orchestrating Automation ProcCesses ...........ccevieverieneeniennieneenenieeneenienns 508
Attended and Scheduled Bots ...........cccooererieirienneninieeneeceeeeeeeeeeeeenes 510
Imbuing Intelligence in BOtS ........cccocevivivinininirrencrceceeeeeee e 510
INTEEIAtioON ...ooiiiiiieeeeceeeee ettt et s en 512
SUMMAIY ..ottt ettt ettt e et e s te e st e s st e steesateeseesasaesstessseesaseesssesnnsesaseenn 514
JOULE .ot 517
Introduction to JOULe .......cccouiiiiriiiiiiieee e 517
Capabilities ......coooeieieeeeeeee e 519
Key Process and COMPONENLS ..........ccocevviirienienienieenieniteneeniesseseessessseseennes 523
Joule Extensions and AgENnts ...........ccovieiiiiiniinienininne e 524
SUMMANY oottt ettt et ssee s st e st e e st e s se e st e e smeesseesaneesnsesnnesaneenn 528
SAP Business Data Cloud ... 529
AFCRIEECIUIE ...ttt 529
Capabilities .......ccccevviiiieeeee e e 531
SAP Business Data Cloud Cockpit ........ccccceviiciiniecieciecececeeeeeceeeeine 533
Data Products ..ottt et 534
Intelligent ApPlications ..........cccooevieririnininereee e 536
SAP DatabriCKs .......cccevieiriiniiiiieiicteeteeeee ettt 538
USE CASES ..c.eeiiiiiiiiiiiiiictte e 540
20.7.1 Modernizing SAP Business Warehouse with SAP Business

Data CloUd ..ottt 540
20.7.2  Supporting SAP BUSINESS Al ....cccuruirrerienieirienienienieteenienresre e seene 542
SUMMATY .ottt eete e e sttt eesrte e seabee e s beesssbeessssaesssssaeessssaessssaesssnsessan 543

16

Contents



Contents

21 Conclusionand Roadmap ... 545
21.1 The Autonomous ENterprise ........ccccocevienieiiincienicieseesccceeesee e 545
21.2  Cloud PLlatforms ........cccoeoiriivirinieincinttctetee ettt 547
21.3 Digital INnovation ..o 550
21.4 SAP BTP ROQAMAP ..c.eooiiiiiiieciieieeie ettt eteete st stestesaeesveetessae s e esbessaesananseen 552
215 SUMIMAKY .oiiiiiiiiiiiiteieiieeeesrteeeesiteessireeesssseeessssaesssssaessssseesssssasesssssesssssansssssnees 553
ThE AULROIS ...ttt s 555
INAEX ettt ettt b e bbb sbe bbb s et se e e e entens 559

17



Chapter 6

SAP Cloud Application Programming
Model

SAP Cloud Application Programming Model is an application development approach
for creating cloud applications. The model provides developers with tools, lan-
guages, and libraries that can help reduce development overhead by simplifying the
development process. This chapter will introduce you to the model and its use in
detail.

In this chapter, we’ll explain the concepts behind SAP Cloud Application Programming
Model and its unique capabilities. We’ll describe the technical components available in SAP
Cloud Application Programming Model and then go deeper into various implementation
concepts through simple examples. At the end of this chapter, you should have a fair under-
standing of this application development approach and its related steps for building enter-
prise-grade applications. Let’s begin our journey by understanding the concepts behind
SAP Cloud Application Programming Model.

6.1 Overview of SAP Cloud Application Programming Model

A programming model is one level higher than programming languages and describes best
practices when building applications in a standardized way. A programming model com-
prises of one or more programming languages, tools, libraries, templates, and more. A well-
defined programming model will help you develop your applications quickly and help you
test, debug, and troubleshoot. SAP Cloud Application Programming Model guides the
developer down a golden path to developing applications based on best practices through
the use of out-of-the-box content. The key differentiator of SAP Cloud Application Program-
ming Model is its domain models that focus on domains instead of technical disciplines.
Before we describe domain models in detail in subsequent sections, let’s first explore the
various technical components of SAP Cloud Application Programming Model, as shown in
Figure 6.1.

As shown in Figure 6.1, SAP Cloud Application Programming Model is based on many open-
source technologies (e.g., Java, Node.js, etc.). However, it also contains many SAP specific
technologies, such as core data services (CDS), SAP Fiori, SAP HANA, and more. CDS is the
definition language for building domain models and for defining services. SAP Fiori is the
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set of design principles for achieving a better user experience (UX). SAP HANA is the data-
base where all database artifacts are created behind the scenes. You can also use any other
UX technology and other databases as well; however, building SAP Cloud Application Pro-
gramming Model-based applications always starts with domain modeling using CDS.

SAP Fiori and Other
Development DS Service SDKs Platff)rm
Tools Services
SAP HANA and Other
Infrastructure
Node.js Express Java Spring

Figure 6.1: SAP Cloud Application Programming Model: Technical Components

SAP Cloud Application Programming Model provides two runtime choices (Java and
Node.js), and its service software development kits (SDKs) provide various platform ser-
vices to handle repetitive tasks in a platform-agnostic way. As mentioned earlier, SAP Cloud
Application Programming Model also contains best practices out of the box. You also have
multiple options when selecting development tools as it has dedicated tools support for
SAP Business Application Studio, Visual Studio Code (VS Code), and Eclipse. All behavioral
aspects of SAP Cloud Application Programming Model are based on services and events.
Services are stateless, declared using CDS, and can be accessed by other services using
application programming interfaces (APIs). Services react to various events.

Now, you have some basic ideas about SAP Cloud Application Programming Model and its
technical components. Before we dive into further details and build an application, we’ll
shift our focus to development tools. Even though multiple tool choices are available, we’ll
primarily focus on SAP Business Application Studio. Since Chapter 4 already covered the
setup of SAP Business Application Studio and creating your project, we’ll only cover a few
SAP Cloud Application Programming Model-specific pieces of project setup in the next sec-
tion.

6.2 Project Setup

As soon as your project is created, it’s visible in SAP Business Application Studio, as shown
in Figure 6.2.

You can now open the project workspace by clicking on the project’s name. Once the work-
space is open, you'll find three primary folders (app, db, and srv), as shown in Figure 6.3.
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Figure 6.2: SAP Cloud Application Programming Model Project Available in
SAP Business Application Studio

Figure 6.3: Folder Structure of an SAP Cloud Application Programming Model Project

You user interface (Ul) content should be stored in the app folder; the domain model and
database-related artifacts should go to the db folder, and the service definition and imple-
mentation should be maintained in the srv folder. The package.json file is your project’s
description in JavaScript Object Notation (JSON). We’ll explore the significance and usage
of all these folders and files in the following sections.

While you’re in your project workspace, you can open the terminal window by following the
menu path Terminal « New terminal. You should see the current folder is your project
name, as shown in Figure 6.4.

Figure 6.4: Terminal Showing Project Name as the Current Folder
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Now, you can enter the command cds env get folders to review your current folder struc-
ture, as shown in Figure 6.5. This folder structure can be changed via configuration in the
package.json file, but we’ll keep it simple and go with the default folder structure. Keeping
this default project layout will also help in the easy execution of other cds commands.

Figure 6.5: Command to View the Folders

Our project has now been created with the basic structure, and further code can be added
under various folders. Although mentioned earlier, let’s now explain domain modeling in
greater detail since this primary concept will be used throughout the rest of this chapter.

6.3 Understanding Domain Modeling

A domain model is a key element when building SAP Cloud Application Programming
Model-based applications, where the focus is on the domain level, defined in a business-
centric way, rather than defining the finer details of a technical implementation. The
domain model is the starting point when building any application using SAP Cloud Applica-
tion Programming Model. As shown in Figure 6.6, database artifacts are created from a
domain model either directly or through a persistence model. Domain models can also be
exposed as services for Uls. Domain models can also be reused by other SAP Cloud Applica-
tion Programming Model projects.

Reuse Domain Direct
Models
Expose Map
\ 4 i 1 A\
Other Service Persistence | Deploy Database
Projects Models Models -

Figure 6.6: Central Role of Domain Model

The purpose of domain modeling is to enhance collaboration between developers and
domain experts by providing a shared language. Technically, a domain model is like an
entity relationship model, with many more additional features.

Let’s now create our first domain model and add various features to it. Your domain models
must be created in your defined db folder. Open SAP Business Application Studio and open
your previously created project workspace, right-click on the project workspace, and select
New File from the context menu. Create a file with the name “schema.cds” under the db
folder, as shown in Figure 6.7.
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Figure 6.7: Creating a schema.cds File to Define the Domain Model

Once thefileis created, you can add the code for the domain model. Listing 6.1 shows some
basic CDS code that describes one entity for a sales order with a bunch of attributes.

namespace company. orders;

entity Header {
key ordernum : Integer;
customer: String(10);
salesorg: String(4);
distchan: String(2);
division: String(2);

}

Listing 6.1: Initial Code for Building a Header Entity

Listing 6.1 shows just one entity with the name Header, which is the order’s header infor-
mation with five different attributes. The key for this entity is ordernum. The namespace is
optional, but normally, you would add a namespace directive on top of your domain model
(e.g., the entity Header can be referred to as company.orders.Header outside of your
domain model).

Let’s now try to understand entity association with the enhanced source code shown in Lis-
ting 6.2.

namespace company.orders;

entity Header {

key ordernum : Integer;

itemno: Association to many Items;

customer: Association to Customers on customer.customerID =
CustomerID;

salesorg: String(4);

distchan: String(2);

division: String(2);

CustomerID: String;
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entity Customers {
key customerID: String(10);
name: String(40);
parent: Association to Header;

entity Items {
itemno: Integer;
product: Association to Products;
qty: Integer;
price: Decimal(15,2);
parent: Association to Header;

entity Products {
productno: String(40);
name: String(50);

}

Listing 6.2: Entities with Associations

Associations define the relationships between entities. As shown in Listing 6.2, the Header
entity is associated with the entities Items and Customers. Similarly, the Items entity is
further associated with products and so on. When you define a service on top of this model,
the service can generate complex join conditions based on these defined associations to
fulfill any query operation. These associations can also be used to create or update com-
plex hierarchical data. If you carefully look into the nature of the associations for the
Header entities, you’ll find two different patterns of association: one with the on clause and
another without the on clause. Any association with the on clause is called an unmanaged
association because you can use any arbitrary elements to join two entities. Managed asso-
ciations, on the other hand, always use the primary key of the associated entity and thus
don’t need the on condition. Additionally, as shown in Listing 6.2, some associations have
one-to-many relationships. Maintaining many-to-many relationship is also possible but is
not shown in Listing 6.2.

After defining the domain model, let’s define a service to expose this model as an OData ser-
vice. Our service should ideally be created in the srv folder, as shown in Figure 6.8.
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Figure 6.8: Service File ord-service.cds

Listing 6.3 shows the source code of the ord-service.cds file, where we’ve exposed all four
entities as a part of the OData service.

using { company.orders as ord } from '../db/schema’;
service CatalogService {

entity Orders as SELECT from ord.Header {*,
customer.name as name

b

entity Orderitems as select from ord.Items{"*};
entity Customers as select from ord.Customers;
entity Products as select from ord.Products;

}

Listing 6.3: Service Exposure of the Domain Model

We’ll now open a new terminal window and run the command cds watch, as shown in
Figure 6.9.

Figure 6.9: cds watch
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As shown in Figure 6.9, by default, SAP Cloud Application Programming Model connects to
an in-memory SQLite database to create all the necessary database artifacts. In later sec-
tions, you’ll learn how to switch this connection to an actual SQLite database and an SAP
HANA database separately. However, let’s now explore the exposed service. The cds watch
command will display the popup window shown in Figure 6.10.

Figure 6.10: Popup Window for Testing Your Service for the Domain Model

Clicking on Open in a New Tab will open a new browser tab where you can see your service
details, as shown in Figure 6.11.

Figure 6.11: Exposing Service and Entity Set Details

Clicking on $metadata will open the OData metadata that you can explore further to under-
stand your service, its entity sets, its associations, and its elements as defined by your
domain model and as exposed by your service definition CDS. Figure 6.12 shows a glimpse
of the metadata file, in the Entity Data Model in XML format (EDMX) file format.

Now, you’ve created a domain model with various elements, key attributes, and associa-
tions and have exposed this domain model as an OData service. As mentioned earlier,
domain models serve as the primary design element for building a persistence model (i.e.,
database artifacts) and your service model. In the following sections, you’ll learn how to
add different databases (e.g., SQLite and SAP HANA) to a project so that database artifacts
can be created persistently in the database. So, let’s start with using SQLite as a database
as the persistence medium for our project.
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Figure 6.12: OData Metadata in an EDMX File

6.4 Using the Default SQLite Database

Earlier, you saw how an SAP Cloud Application Programming Model project by default pro-
vides an SQLite in-memory database if you do not want to persist the data while restarting
the service. Thus, every time you load the service or a related app, the data will be reset to
its initial state. This feature is a good way to check and verify your initial service or applica-
tion without connecting to a database. If you want this database connection to change to
an SQLite database, run the command cds deploy --to sqlite, as shown in Figure 6.13.

Figure 6.13: Deploying CDS Artifacts to an SQLite Database

As shown in Figure 6.13, the CDS command also updated the package.json file. Your proj-
ect’s package.json should now contain the code shown in Listing 6.4.

”CdS“: {
"requires": {
Hde: {

"kind": "sqlite",
"credentials": {
"database": "sqlite.db"
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}
Listing 6.4: package.json Content for Deployment to the SQLite Database

You can now run the command cds deploy --to sqlite: memory, and you’ll see your
package.json file has been updated, as shown in Listing 6.5.

”CdS“: {
"requires": {
Hdbll: {

"kind": "sqlite",
"credentials": {
"database": "memory"

}
Listing 6.5: package.json Content for Deployment to In-Memory SQLite

So, now you understand how to select an SQLite in-memory database using the cds com-
mand. You may also need some default data for your database so that you can quickly test
your application. SAP Cloud Application Programming Model provides an easy way to
update your database from CSV files. The first step is to create a folder called data under
the db folder, as shown in Figure 6.14.

Figure 6.14: Test Data Folder Under the db Folder
Create a CSV file with the correct element name as the column header, and your test data in

the rows shown in Figure 6.15. Then, drop the CSV file into the data folder. The name of this
file must be in the format <namespace>-<Entity Name=>.csv.
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Figure 6.15: Sample Test Data Content for the Header Entity

Once your file is loaded, run the command cds deploy --to sqlite again to check for the
successful loading of the data, as shown in Figure 6.16. In our case, we deployed the data
for just one entity, but you can create other CSV files for other entities and load them
together.

Figure 6.16: Deploying an SQLite Database with Test Data

Now, use the cds watch command again and then open the Orders entity to review its test
data, as shown in Figure 6.17.

Figure 6.17: Test Data for the Order Entityset of Service

You should now be comfortable adding SQLite databases to your applications and loading
test data. Test data can also be loaded in a similar way for an in-memory SQLite database.
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However, we generally use an SAP HANA database as the persistence layer for enterprise-
grade applications, and thus, you might be curious about switching this SQLite database
for an SAP HANA database. Let’s tackle that scenario next!

6.5 Using the SAP HANA Cloud Database

Since the option of adding an SQLite database is provided by default with any SAP Cloud
Application Programming Model project, getting set up doesn’t require much effort. But
remember that the SQLite database is part of your project and can be seen in the project
structure. The database will be deployed to SAP BTP, Cloud Foundry environment together
with the other artifacts. If you want to develop an enterprise-grade application, however,
you should use an SAP HANA Cloud database provisioned in SAP BTP, Cloud Foundry envi-
ronment. Chapter 5 already covered SAP HANA Cloud in some detail, so we’ll only walk
through the steps specific to using SAP HANA as your database for your SAP Cloud Applica-
tion Programming Model application here.

Before you can add SAP HANA as the database to your application, you’ll need to log on to
SAP BTP, Cloud Foundry environment, via SAP Business Application Studio by following the
menu path View « Find Command. Once logged on to SAP BTP, Cloud Foundry environ-
ment, click the Cloud Foundry link in the toolbar on the left in SAP Business Application
Studio, which should display details about your SAP BTP, Cloud Foundry environment,
along with your SAP HANA Cloud instance, as shown in Figure 6.18.

Figure 6.18: SAP HANA Cloud Instance in SAP BTP, Cloud Foundry Environment from
SAP Business Application Studio

Now, go back to the project explorer and open the terminal window again. If you created

your project previously using the terminal window, you may be lacking the required multi-
target application (MTA)-specific features in your project. In this case, use the command
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cds add mta. This step is not required if you created a SAP Cloud Application Programming
Model project using the wizard and selected the MTA Based SAP Business Technology
Platform Deployment option. After optionally adding mta features, you can now run the
command cds add hanain your terminal window, which will perform two primary changes
to your package.json file:

m The command will add an hdb driver for SAP HANA as a dependency.
m Adata source of type sql will be added to the cds.requires. db block.

Use the command cds deploy --to hana to deploy the database artifacts to your SAP
HANA Cloud instance, as shown in Figure 6.19.

Figure 6.19: Deploying the Project’s Database Artifacts to SAP HANA

Deployment triggers the creation of an instance of SAP HANA Schemas & HDI Containers,
as shown in Figure 6.20. Service keys will be created, and then all the SAP HANA database
tables/views in the SAP HANA deployment infrastructure (HDI) container will be deployed.

Figure 6.20: SAP HANA Deployment Infrastructure Schemas in SAP BTP, Cloud Foundry
Environment

Note [«]

In our example, we added an extra record to our test data file(s) before deploying to
SAP HANA, as shown in Figure 6.21.

Figure 6.21: Extra Record in the Test Data File Before Its Deployment to SAP HANA
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If you want to run your application from SAP Business Application Studio but need to see
data from your SAP HANA database, you must change the kind property of the pack-
age.json file to hana, as shown in Figure 6.22, and then run cds watch.

Figure 6.22: Changing the kind Property to hana

Now, when viewing your order data, you’ll see the extra record is now available because the
data is coming from the SAP HANA database, as shown in Figure 6.23.

Figure 6.23: Additional Record Coming from the SAP HANA Database

Switching the kind property to sql will show only three records, which means your SQLite
database has three records, but SAP HANA has four records for the Header entity (i.e.,
Order Entityset) of the OData service.
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6.6 Generating SAP Fiori User Interfaces

SAP Cloud Application Programming Model provides out-of-the-box support for SAP Fiori
elements applications, driven by annotations. Figure 6.24 shows links to several SAP Fiori
elements applications, listed under Service Endpoints.

Figure 6.24: SAP Fiori Preview

These links are for previews of possible SAP Fiori applications, as shown in Figure 6.25.

Figure 6.25: SAP Fiori App in Preview Mode

To build a full-fledged SAP Fiori app, you’ll need to add annotations for your domain model
or your service model. Annotations are additional metadata that you can use to instruct the
SAPUI5 framework how the Ul should look. Based on your defined annotations at runtime,
the SAPUI5 framework will derive the necessary Uls for you. Thus, through annotations, you
can create low-code/no-code SAP Fiori applications. We recommend adding separate
annotation files to the app folder, but you can technically put annotations anywhere in a
model.

SAP Business Application Studio provides another powerful feature, SAP Fiori tools, for
building SAP Fiori applications on top of your SAP Cloud Application Programming Model
service. To create an SAP Fiori app, follow the menu path File « New Project From Template
and then select SAP Fiori Application. On the next screen, select SAP Fiori Elements and
List report object page. Then, you’ll select an SAP Cloud Application Programming Model
project by its project path and select a service, as shown in Figure 6.26. Once you complete
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these steps in the project, your SAP Fiori-related files should be visible in the app folder, as
shown in Figure 6.27.

Figure 6.26: SAP Cloud Application Programming Model Project Details

Figure 6.27 shows a separate annotation file added to the app « orders folder.

Figure 6.27: Annotation File in the app/orders Folder

Some annotation features include the following:

® Annotations start with @; for instance, @UI . LineItemis for table fields.
B You can annotate service entities, entity elements, and more.
® Annotations support internationalization (i.e., i18n for supporting multiple languages).

®m Through annotations, you can define the draft functionality for editable entities.

SAP Business Application Studio supports code completion for annotations so that you can
create annotations more quickly. Listing 6.6 shows a generated annotation file with several
different types of annotations created.

using CatalogService as service from '../../srv/ord-service';
annotate service.Orders with @(
UI.LineItem : [
{

$Type : 'UI.DataField',
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Label : 'ordernum',
Value : ordernum,

¢

{
$Type : 'UI.DataField',
Label : 'salesorg',
Value : salesorg,

¢

{
$Type : 'UI.DataField',
Label : 'distchan',
Value : distchan,

¢

{
$Type : 'UI.DataField',
Label : 'division',
Value : division,

H

{
$Type : 'UI.DataField',
Label : 'CustomerID',
Value : CustomerID,

H

);
annotate service.Orders with @(
UI.FieldGroup #GeneratedGroupl : {
$Type : 'UI.FieldGroupType',

Data : [

{
$Type : 'UI.DataField',
Label : 'ordernum',
Value : ordernum,

I

{
$Type : 'UI.DataField',
Label : 'salesorg',
Value : salesorg,

H

{
$Type : 'UI.DataField',
Label : 'distchan',
Value : distchan,

},
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{
$Type : 'UI.DataField',
Label : 'division',
Value : division,
H
{
$Type : 'UI.DataField',
Label : 'CustomerID',
Value : CustomerID,
}
1,
I
UI.Facets : [
{
$Type : 'UI.ReferenceFacet',
ID : 'GeneratedFacetl',
Label : 'General Information'
Target : '@UI.FieldGroup#GeneratedGroupl',
¥

)

Listing 6.6: Annotations for SAP Fiori Apps

The UI.LineItemannotation is responsible for creating table fields in the list report, while
UI.FieldGroups is responsible for displaying fields on the object page, and UI.Facets is
responsible for organizing object page fields. Many other different Ul annotations are avail-
able, which you can explore at cap.cloud.sap. If you again enter the cds watch command,
you’ll see that your test screen has been changed to display the newly created app, as
shown in Figure 6.28.

Figure 6.28: Test Screen Updated to Test the Newly Created SAP Fiori App

At this point, our SAP HANA database is available, the domain model is complete, a service
has been exposed, and a Ul will be generated through SAP Fiori elements. Now, everything
can be tested via SAP Business Application Studio, but we’ll deploy our application to SAP
BTP, Cloud Foundry environment.

192



6 SAP Cloud Application Programming Model

6.7 Deploying Applications to SAP BTP, Cloud Foundry
Environment

An SAP Cloud Application Programming Model application can be deployed in various
ways, depending on your use case, for instance, in the following ways:

® Deploy to SAP BTP, Cloud Foundry environment: For simple use cases.

m Deploy to SAP BTP, Cloud Foundry environment as a multitenant software as a service
(SaaS) application: For applications where a cloud service provider will deploy the app,
and multiple customers will use the app with their own data.

m Deploy to the continuous integration (Cl)/continuous delivery (CD) pipeline: For deploy-
ment automation.

® Simple SAP BTP, Cloud Foundry environment deployment: Using Cloud Foundry’s native
cf push command.

In this book, we’ll focus on the first option, deploying to SAP BTP, Cloud Foundry environ-
ment. First, however, let’s explore some key tools essential for deployment:

m Cloud MTA Build Tool: This tool creates the .mtar file, which is an MTA archive file, from
the deployment descriptor (i.e., mtad.yaml) of the SAP Cloud Application Programming
Model application.

® The Cloud Foundry CLI plugin

® The MTA plugin for the Cloud Foundry CLI plugin: This tool is used to deploy the .mtar file
created by the Cloud MTA Build Tool to SAP BTP, Cloud Foundry environment.

With these tools in place, to execute the deployment process, follow these steps:

1. If you created the project using the wizard in SAP Business Application Studio, then the
Cloud MTA Build Tool and the Cloud Foundry CLI with the MTA plugin have already been
installed for your project. Run the commands mbt and cf to ensure these tools are avail-
able in your project.

2. If you used an SQLite database for testing and now you want to switch to an SAP HANA
database for deployment, run the command cds add hana --for production. In this
context, production means the production landscape that has the SAP HANA database
as a persistence.

3. Now, add extended services for user account and authentication (XSUAA)-based authen-
tication using the command cds add xsuaa --for production. You'll learn more about
XSUAA authentication in Section 6.9.2, but for now, simply run the command.

4. Add the AppRouter as a gateway. You can make your app available to users in two ways
after deployment: using the AppRouter as the entry point or using the SAP Fiori launch-
pad. We’ll use the AppRouter option in this scenario, so we’ll run the command cds add
approuter --for production.
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5. If you previously used the cds add mta command, then your project folder already has
the required deployment descriptor; otherwise, run this command to add the mta.yaml
file to your project structure.

6. You should now freeze dependencies using the command npm update --package-
lock-only. Freezing dependencies will create a file called package-lock.json. This file
may also be present in your project hierarchy depending on how you created the project
or how you added some other tools.

7. Use the Cloud MTA Build Tool to build and assemble everything into an mta.tar archive.
Usethecommandmbt build -t gen - -mtarmta. tar to create the mta.tar file under the
gen folder.

8. Make sure your SAP HANA database instance is up and running, which is particularly
important if you’re using a trial account because this instance is stopped automatically
when not used.

9. The final step is to deploy the mta.tar file to SAP BTP, Cloud Foundry environment. You
can now runthe command cf deploy gen/mta. tar to deploy the mta.tar file. Make sure
you are logged on to SAP BTP, Cloud Foundry environment, using the command
CF:Login to Cloud Foundry via the menu path View « Find Command in SAP Business
Application Studio prior to running this command.

Once you complete the deployment process, your app should be visible under the Routes
menu of the SAP BTP, Cloud Foundry environment space you selected before deployment,
as shown in Figure 6.29.

Figure 6.29: Deployed App in an SAP BTP, Cloud Foundry Environment Space

At this point, you’ve seen how a complete full-stack SAP Cloud Application Programming
Model application, with all its database artifacts, service components, and SAP Fiori Uls,
can be built and deployed to SAP BTP, Cloud Foundry environment. However, you may also
encounter a situation where you need to consume external services for your application
(e.g., consuming SAP S/4HANA services to build a side-by-side application for your core ERP
system). We’'ll cover the steps for consuming external services next.
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6.8 Consuming External Services

So far, we’ve described the steps for building an application from scratch and running its
database artifacts either on local SQLite database or on SAP BTP/SAP HANA Cloud. How-
ever, in many situations, you may need to consume external services from one or more on-
premise and/or cloud-based systems, for instance, from SAP S/4HANA, SAP S/4HANA Cloud,
SAP Sales Cloud, SAP SuccessFactors, and others. Your requirement might be a simple con-
sumption step or might be complex enough to extend a service with additional fields for
calculation, aggregation, etc. In this section, we’ll walk you through the steps for consum-
ing an external service, starting from design to deployment, as shown in Figure 6.30.
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3. Define a
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A

Figure 6.30: Steps for Consuming External Services

Let’s briefly go over each step next:

1. The first step is simple: identify the related backend system(s) that will provide the
required services. Note that your backend service can be from an on-premise SAP system
(e.g., SAP S/4HANA); an on-premise non-SAP system; an SAP cloud system like SAP Ariba
or SAP Sales Cloud; or even a non-SAP cloud system like Salesforce. Depending on the
type of system, your configuration will be slightly different. For example, you can use the
cloud connector to consume any services from SAP S/4HANA on-premise.

2. The next step is to identify one or more APIs and related services from the backend sys-
tem(s). You may need to consume different services from multiple systems and mash up
the data in your SAP Cloud Application Programming Model application. If your backend
system is SAP S/4HANA, then you can explore the available APIs from SAP Business Accel-
erator Hub at https://api.sap.com.
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. Enable this service in your backend system. For example, you must define a communica-
tion arrangement for that specific communication scenario for SAP S/4HANA Cloud, and
for SAP S/4HANA, you’ll need to activate the OData service (OData API).

. Inthe next step, define an SAP BTP destination in your predefined subaccount to connect
to the previously enabled backend system APlIs.

. Test the connection to the SAP BTP destination and make sure it’s reachable.

. Get the API’s service definition in EDMX format. For SAP APIs, you can export the EDMX
file from SAP Business Accelerator Hub. SAP Cloud Application Programming Model also
works with OData v4 export.

. Import the API service definition using the cds import command.

. You can now update the package.json file of your SAP Cloud Application Programming
Model project, as shown in Listing 6.7.

"cds": {
"requires": {
"API_BUSINESS_PARTNER": {
"kind": "odata",
"model": "srv/external /API_BUSINESS_PARTNER",
"[production]": {
"credentials": {
"destination": "S4HANA",

"path": "/sap/opu/odata/sap/API_BUSINESS_PARTNER"

}

Listing 6.7: Updating the package.json File with External Service Details

As shown in Listing 6.7, you can use destination for production testing after deployment
or use the local testing option without the destination.
. Next, you’ll expose, extend, and project your service, as shown in Listing 6.8, which is

similar to exposing a local service.

using { API_BUSINESS_PARTNER as bupa } from '../srv/external/API_
BUSINESS_PARTNER';

extend service RiskService with {
entity BusinessPartners as projection on bupa.A_BusinessPartner;

}

Listing 6.8: Exposing, Extending, and Projecting Your Service
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10. You can now use Node.js or Java code to query your external service for calculating
additional fields and logic.

11. Update your mta.yaml file to add details under the resources section, as shown in Lis-
ting 6.9.

- name: cpapp-uaa
type: org.cloudfoundry.managed-service
parameters:

service: xsuaa

service-plan: application

path: ./xs-security.json

- name: cpapp-destination
type: org.cloudfoundry.managed-service
parameters:
service: destination
service-plan: lite

Listing 6.9: Resources in the mta.yaml File

12. If you’re connecting to an on-premise system, you must add a connectivity service as
well, as shown in Listing 6.10.

- name: cpapp-connectivity
type: org.cloudfoundry.managed-service
parameters:
service: connectivity
service-plan: lite

Listing 6.10: Connectivity Service for On-Premise Systems

13. Now, you can deploy your application in the usual way and test your remote service or
additional query logic.

We’ve now covered both the provisioning for and the service consumption of an SAP Cloud
Application Programming Model application. Before we wrap up this chapter, we’d like to
explore four additional topics that are critical for developing enterprise-grade SAP Cloud
Application Programming Model applications—localization, authentication and authoriza-
tion, annotations, and the SAP Cloud Application Programming Model LLM plugin for build-
ing SAP Fiori applications.

6.9 Additional Topics

We’re almost at the end of this chapter explaining how to build SAP Cloud Application
Programming Model applications and running them on SAP BTP, Cloud Foundry environ-
ment. To enhance this chapter, we’ll go further, starting with localization and showing
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you how to make an app available in multiple languages. Then, we’ll describe XSUAA-
based authentication, followed by discussion about some common annotations required
for building fully functional SAP Cloud Application Programming Model applications.
Last, but not least, we’ll discuss the SAP Cloud Application Programming Model LLM
plugin that lets you create advanced SAP Cloud Application Programming Model applica-
tions powered by Al/ML services.

6.9.1 Localization of SAP Fiori Apps

The localization of an app is nothing but the translation of various texts in your application
into target languages. In the localization process, you must indicate which texts need to be
translated. This step can be achieved by removing hard-coded texts and externalizing your
texts as i18n texts, as shown in Figure 6.31.

Figure 6.31: i18n Texts for Translations

As shown, these texts are indicated by the 118n> prefix in curly braces, and each word next
to that prefix serves as a key to uniquely identify that text. Next, you’ll create i18n files to
contain the translations for each key. A typical i18n file is shown in Figure 6.32, with default
language (English) texts.

Figure 6.32: i18n File Content (Default)
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When you created the SAP Fiori elements module for your SAP Cloud Application Program-
ming Model project, a default i18n file might have already been created with the name
i18n.properties, in the app/<app name>/webapp/i18n folder. You can edit this file further to
add additional texts, as shown in Figure 6.32.

Other options for storing i18n files include in the _i18n folder or in the _assets/i18_ folder.
Using the property cds.118n.folders in the package.json file, you can change the folder
path as needed. In this way, you can create multiple files for different languages, as shown

in Figure 6.33.
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Figure 6.33: i18n Files for Different Languages

Figure 6.33 shows three variations of i18n files: The file without any language specification
will be applied first and then language-specific i18n files will be applied depending on the
user’s preferred language. The user’s language is determined in multiple ways (e.g.,
browser settings, sap-language URL parameter, HTTP request header’s accept-lan-
guage parameter, default language configured at app level, and so on).

We hope you have a good sense of how the localization concept can be applied for your SAP
Cloud Application Programming Model projects. Let’s now shift our focus to another area—
XSUAA-based authentication and authorization.

6.9.2 Authentication and Authorization

SAP provides various authentication strategies for use with SAP Cloud Application Pro-
gramming Model applications. By default, SAP Cloud Application Programming Model uses
mocked-auth in development (in SAP Business Application Studio) and jwt-auth in pro-
duction (in SAP BTP). You can override these settings by specifying a different authentica-
tion strategy in the package.json file. Some options include the following:
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® Dummy authentication: This type of authentication creates a user that passes all autho-
rization checks.

B Basic authentication: Authentication with user ID and password that can be used for test-
ing.

m JSON Web Token (JWT)-based authentication: Authentication is performed using tokens
(JWT) in the authorization header of the incoming HTTP request.

®m XSUAA-based authentication: This option is also based on JWT and additionally offers
SAML attributes. This choice is commonly used for SAP Cloud Application Programming
Model applications.

®m Custom authentication: You can implement your own authentication using a JavaScript
file and referencing that file in your package.json file.

In most cases, you’ll probably use XSUAA-based authentication for SAP Cloud Application
Programming Model development. Figure 6.34 shows the steps for implementing authenti-
cation and authorization using XSUAA to provide a high-level overview of authorization
concepts.
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Figure 6.34: Steps for Setting Up Authentication and Authorization

Let’s go over each step shown in Figure 6.34 in sequence:

1. Add the AppRouter, which is the central entry point through which a calling component
can access your SAP Cloud Application Programming Model application. If you haven’t
added an AppRouter to your project, doing so is the first step you should perform. The
AppRouter can be added either using the command cds add approuter --for produc-
tion orusing the wizard available via the menu path View « Find Command and select-
ing the option MTA Module from Template. Opening the wizard will display the
AppRouter option, as shown in Figure 6.35.
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Figure 6.35: Adding an AppRouter Using a Wizard
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Using the wizard will help you create the AppRouter for your SAP Cloud Application Pro-

gramming Model project.

2. Whenyou add an AppRouter in the first step, the xs-security.json file is created in the proj-
ect’s root folder. Using the wizard will also add some sample content to this file, as

shown in Listing 6.11.
{

"xsappname": "firstcapdev",
"tenant-mode": "dedicated",

"description": "Security profile of called application",

"scopes": [
{
"name": "uaa.user",
"description": "UAA"
}
1,
"role-templates": [

{

"name": "Token_Exchange",

"description": "UAA",
"scope-references": |
"uaa.user"

]
}

Listing 6.11: Default Content of the xs-security.json File
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The scopes element enables various authorization concepts and implements them
using Node.js or Java. You can update the name of the role template and its description
to meet your requirements. To test your security setup in SAP Business Application Stu-
dio, before deploying the application to SAP BTP, you’ll need to append the content
shown in Listing 6.12 to your xs-security.json file. This step will allow a request from SAP
Business Application Studio to be processed as a wildcarded SAP Business Application
Studio URL maintained as the redirect-uris parameter value.

"oauth2-configuration": {
"redirect-uris": [

* k1

"https://".applicationstudio.cloud.sap/

}

Listing 6.12: Redirect URI to Test from SAP Business Application Studio

. In the next step, create an XSUAA service instance by using the command cf create-
service xsuaa application firstcapdev-uaa -cxs-security.json.

. Now, create the service key for the XSUAA service instance using the command cf cre-
ate-service-key firstcapdev-uaa firstcapdev-key. Here, the firstcapdev-key
is the service key of the service instance firstcapdev-uaa, created in the previous step.
After successful creation of your service instance and service key, you can view them
from your SAP BTP cockpit.

. Next, add the content shown in Listing 6.13 to your default-env.json file.
"xsuaa": [{

"name": "firstcapdev-uaa",

"label": "xsuaa",

"tags": ["xsuaa"],

"credentials": {

[...]
1
Listing 6.13: Initial Content for default-env.json

. Then, go to the SAP BTP cockpit and open the service key details of your XSUAA service
instance and copy the entire content, as shown in Figure 6.36.

. Paste this content to the default-env.json file for your project in the specified path, as
shown in Figure 6.37.

202



6 SAP Cloud Application Programming Model

Figure 6.36: JSON Content for the XSUAA Service Key

Figure 6.37: Final Content of the default-env.json File
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8. Youshould also update the package.jsonfile, under the cds: requires section, with the
content shown in Listing 6.14.

"uaa": {
"kind": "xsuaa"

}

Listing 6.14: Content for package.json Under cds.requires

9. Add @requires: 'authenticated-user' to your ord-service.cds file, as shown in
Figure 6.38.

Figure 6.38: Adding the Annotation to Authenticate the Service

10. Now, add the additional node modules to your package.json by running the command
npminstall --save passport @sap/xssec @sap/xsenv @sap/audit-logging from
the project’s root folder.

11. You can now go to the SAP BTP cockpit and create a role collection. Then, add the roles
created through xs-security.json and assign the role collection to the required users.

12. Adjust xs-app.json to add the statement "authenticationMethod": "route".
13. Adjust the mta.yaml file to bind the XSUAA module to your service module.
14. You can now test your SAP Cloud Application Programming Model application’s authen-

tication by using cds watch, oryou can deploy the application to SAP BTP and test from
there.

So, you now understand how authentication works with an SAP Cloud Application Pro-
gramming Model project and how to set up authentication using SAP Business Application
Studio.

We’ll now briefly explain how you can add authorization concepts along with authentica-
tion for your SAP Cloud Application Programming Model application. An authorization con-
cept can be implemented using various annotations in your service definition. Let’s explore
some key authorization-specific annotations next:
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B @requires adds authenticated users or adds specific custom roles for any entities.

B @restrict restricts or allows certain actions (e.g., read/write access) to specific custom
roles. You can add various other conditions as well.

m @readonly restricts certain entities as read-only for all users.

Once your role and authorization design is complete, run the command cds compile ser-
vice.cds --toxsuaa> xs-security.json,which will update the xs-security.json file with
additional scopes and attributes.

With this brief look at authentication and authorization, let’s move on to the next topic:
annotations.

6.9.3 Annotations

As discussed in Section 6.6, SAP Fiori Uls are generated automatically through annotations.
You may already be familiar with the annotation concept in SAP Fiori, but let’s now look at
annotations in more detail.

An annotation is additional metadata that enriches a service; annotations are understood
by consumers that interpret the annotations in a meaningful way. Various annotation con-
sumers exist. For instance, the ABAP platform interprets ABAP-related annotations, the
SAPUI5 framework consumes SAP Fiori Ul-related annotations, and the SAP S/4HANA ana-
lytics engine consumes embedded analytics annotations, among others. SAP Cloud Appli-
cation Programming Model supports annotations, but these annotations are interpreted by
different runtime engines. Annotations start with an @ symbol and can have multiple lev-
els, (e.g.,@UI.LineItem). In this section, we’ll focus on the most common Ul- and OData-
related annotations. SAP Cloud Application Programming Model uses annotation vocabu-
laries following the OASIS standard as well as some SAP-specific annotation vocabularies.
Some examples of annotations in SAP-specific vocabularies include the following:

m @Common: This annotation is common for all types of vocabularies.

m @Communication: This annotation carries communication related information (e.g.,
contact, address, email, phone, etc.).

B @PersonalData: These annotations represent personal and/or sensitive data.

m @Analytics: These annotations represent various analytical resources (e.g., dimen-
sions, measures, aggregations, etc.).
®m @UI:These annotations are related to SAP Fiori Uls. Some key Ul annotations include the
following:
- HeaderInfo: Thisannotation helps you define the various Ul properties of the header
section of an object page. This annotation can have further subannotations (e.g.,
Title,Description, ImageUrl,etc.).
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- LineItem: Line-item annotations are responsible for defining various Ul properties
for the fields of a list report (e.g., Labels for column headings, Criticality to repre-
sent values in different colors, and IconURL if the field is an icon, etc.).

- Identification: Identification annotations similar to LineItems but responsible
for defining various properties of an object page’s fields.

- SelectionFields: To define the selection/filter fields for list report applications.

- SelectionVariant: To bundle all your filter selections together, similar to ABAP’s
selection-screen variant.

- PresentatationVariant: To bundle the result of the queried data along with their
Ul positions, sorting criteria, and more. This annotation is similar to an SAP List Viewer
(ALV) variant.

- SelectionPresentationVariant: If you want to bundle SelectionVariant and
PresentationVariant together using asingle variant name, then you need to define
the SelectionPresentationVariant.

- MultilineText: This annotation will identify the fields that can have unlimited num-
ber of characters (string) represented by multiple lines of texts on the screen.

- Facets: To organize the header area of an object page into various sections and sub-
sections.

Refer to http.//s-prs.co/v550408 for more information on the available annotations—the
possibilities are endless!

6.9.4 SAP Cloud Application Programming Model LLM Plugin

So far, we have covered the process of creating SAP Cloud Application Programming Model
applications using SAP Business Application Studio. However, SAP Cloud Application Pro-
gramming Model applications, in the context of today’s autonomous enterprise, can
become significantly more sophisticated and advanced—especially when addressing com-
plex Al/ML or enterprise integration scenarios. The SAP Cloud Application Programming
Model LLM plugin is a major step toward enabling these applications to connect to the gen-
erative Al hub and SAP HANA Cloud vector engine to perform tasks such as anonymization,
embeddings, similarity search, chat completion, and end-to-end retrieval-augmented gen-
eration (RAG) flows. The plugin lets you connect to LLMs via SAP Al Core/generative Al hub
using SAP Cloud Application Programming Model configurations (for example, model set-
tings in .cdsrc.json) and SAP BTP destinations. However, it remains a separate SAP Cloud
Application Programming Model-side component rather than an SDK module of SAP Al
Core. As depicted in Figure 6.39, the SAP Cloud Application Programming Model LLM plugin
offers key features, including the following:

® Data anonymization: The plugin enables you to leverage SAP HANA Cloud’s advanced
data anonymization techniques to seamlessly protect sensitive data using simple anno-
tations such as @anonymize, as well as algorithms like k-anonymity and l-diversity,
ensuring data integrity and compliance.
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® Enhanced Al-powered functionalities: The plugin lets you integrate SAP Cloud Applica-
tion Programming Model applications with SAP Al Core, facilitating the generation of
vector embeddings and performing similarity searches, which are especially crucial for
applications that require precise and insightful data analysis.

m Simplified access to LLMs: The plugin also offers streamlined access to LLMs for tasks
such as chat completion, which deliver contextually appropriate Al-generated
responses, enhancing user interaction.

m Effective RAG: The plugin optimizes the RAG process by integrating the functionalities of
both SAP Al Core and the SAP HANA Cloud vector engine into a single, streamlined
method. This integration enables dynamic data fetching and utilization in Al operations,
significantly boosting efficiency.

SAP Cloud Application Programming Model Application

SAP Cloud Application Programming Model LLM Plugin

- . Similarity Chat RAG
A E
nonymization mbedding Search Completion Response
Generative Al Hub SAP HANA Cloud

on Business

Technology Platform Vector Engine

Al Ecosystem Partnerships and Investments

IBM | Microsoft | Google Cloud | Anthropic | AWS | DataRobot | Cohere | Databricks | Aleph Alpha

Figure 6.39: SAP Cloud Application Programming Model LLM Plugin

For more information related to the SAP Cloud Application Programming Model LLM plugin
and APIs, refer to https://github.com/SAP-samples/cap-llm-plugin-samples/blob/main/docs/
api-documentation.md.

6.10 Summary

Building a simple SAP Cloud Application Programming Model application is easy, but
building an enterprise-grade one is not as simple because you’ll need to handle all
aspects of building a service, including service consumption from external systems, local
persistence, complex Ul development, authentication and authorization, and so on. SAP
provides extensive ready-to-use content for faster application development, and more
and more businesses are implementing this content to quickly see the benefits of using
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domain modeling and wizard-driven application development features. We hope to see
more customers adopt SAP Cloud Application Programming Model as SAP continuously
improves its features and functionalities. Concluding this chapter on SAP Cloud Applica-
tion Programming Model, let’s now turn to building Node.js applications in SAP BTP.
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