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Motivation

api.github.com

api.bitbucket.org/2.0

api.instagram.com/v1

wikimedia.org/api/rest_v1

www.googleapis.com/gmail/v1/users

www.googleapis.com/adexchangebuyer/v1.4

acceleratedmobilepageurl.googleapis.com

adexchangebuyer.googleapis.com

www.googleapis.com/adexchangeseller/v2.0

www.googleapis.com/admin/reports/v1

www.googleapis.com/adsense/v1.4

www.googleapis.com/adsensehost/v4.1

www.googleapis.com/analytics/v3
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HATEOAS & REST API Structure
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HATEOAS (for humans)

“Hypermedia as the Engine of Application State”



© Florian Haupt 6

R
e
se
a
rc
h

API Governance Support through the Structural Analysis of REST APIs

HATEOAS (for humans)
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GET https://www.googleapis.com/blogger/v3/blogs/2399953 

{

"kind": "blogger#blog",

"id": "2399953",

"name": "Blogger Buzz",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs/2399953",

"posts": {

"totalItems": 494,

"selfLink": "https://www.googleapis.com/blogger/v3/blogs/2399953/posts"

},

"pages": {…},

"locale": {…}

}

{

"kind": "blogger#postList",

"items": [

{

"kind": "blogger#post",

"id": "7706273476706534553",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553",

"title": "Latest updates, August 1st",

},

{

"kind": "blogger#post",

"id": "6069922188027612413",

…

}

]

}

{

"kind": "blogger#post",

"id": "7706273476706534553",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553",

"title": "Latest updates, August 1st",

"content": „…",

"author": {…},

"replies": {

"totalItems": „7",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553/comments"

}

}

{

"kind": "blogger#commentList",

"items": [

{

"kind": "blogger#comment",

"id": "9200761938824362519",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs2399953

/posts/6069922188027612413/comments/9200761938824362519",

"content": "elided",

"author": {

"id": "530579030283",

"displayName": „…",

"url": "https://plus.google.com/u/0/+Fran%C3%A7oisBacconnet",

"image": {

"url": „…"

}

}

},

{

"kind": "blogger#comment",

"id": "400101178920857170",

elided for readability

}

]

}

HATEOAS (for computers)
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HATEOAS (for computers)

{

"kind": "blogger#blog",

"id": "2399953",

"name": "Blogger Buzz",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs/2399953",

"posts": {

"totalItems": 494,

"selfLink": "https://www.googleapis.com/blogger/v3/blogs/2399953/posts"

},

"pages": {…},

"locale": {…}

}

{

"kind": "blogger#postList",

"items": [

{

"kind": "blogger#post",

"id": "7706273476706534553",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553",

"title": "Latest updates, August 1st",

},

{

"kind": "blogger#post",

"id": "6069922188027612413",

…

}

]

}

{

"kind": "blogger#post",

"id": "7706273476706534553",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553",

"title": "Latest updates, August 1st",

"content": „…",

"author": {…},

"replies": {

"totalItems": "0",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs

/2399953/posts/7706273476706534553/comments"

}

}

{

"kind": "blogger#commentList",

"items": [

{

"kind": "blogger#comment",

"id": "9200761938824362519",

"selfLink": "https://www.googleapis.com/blogger/v3/blogs2399953

/posts/6069922188027612413/comments/9200761938824362519",

"content": "elided",

"author": {

"id": "530579030283",

"displayName": „…",

"url": "https://plus.google.com/u/0/+Fran%C3%A7oisBacconnet",

"image": {

"url": „…"

}

}

},

{

"kind": "blogger#comment",

"id": "400101178920857170",

elided for readability

}

]

}
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REST API Structure
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Related Work

 Existing analysis approaches focus on 
request/response or URIs

 API description documents enable analysis
at design time

REST API

Client

re
q

u
e

st
/

re
sp

o
n

se

Human-Readable
API Description

Machine-Readable
API Description

provides

Automated
Analysis

12 3

Manual
Analysis

4
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Swagger / OpenAPI
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Canonical Metamodel for REST APIs

F. Haupt, D. Karastoyanova, F. Leymann, and B. Schroth, “A model-driven approach for REST compliant services”, ICWS 2014.
F. Haupt, F. Leymann, and C. Pautasso. "A conversation based approach for modeling REST APIs" WICSA 2015.

Resource

+name

Method

Relationship

+supports

+enables

+target

Navigation Creation

RestAPI

+consistsOf

Domain Model

Composite

Resource Model

Atomic

Resource Model

URL Model

Java

Code

Java

Code

Java

Code

JAX-RS

Application Model

JAX-RS

Application Model

JAX-RS

Application Model

WADL

Service Description

WADL

Service Description

HTML

Service Description

model-to-model

transformation

code generation

model reference
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Resource Structure
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Analysis Framework
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The Framework

Swagger

X X

REST API Models

Analysis

Metrics

… …

X

reusable

comparable

F. Haupt, F. Leymann, A. Scherer and K. Vukojevic-Haupt. "A Framework for the Structural Analysis of REST APIs" ICSA 2017.
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First Results

MIN MAX MEAN MEDIAN

#Resources 1 264 20,3 9

#ReadOnlyResources 0 227 10,4 4

#POST 0 93 6,5 3

#DELETE 0 40 2,6 1

#roots 1 227 8,1 4

#Links 0 248 12,2 4

maxDepth 0 7 1,8 1

0
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#resources (API size)

complete Set Azure APIs Google APIs other APIs
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ro = share of read-only resources

complete Set Azure APIs

Google APIs other APIs

“APIs.guru - Wikipedia for WEB APIs”
https://apis.guru/openapi-directory
286 APIs in total
105 from Google, 39 from Azure, 142 from others

F. Haupt, F. Leymann, A. Scherer and K. Vukojevic-Haupt. "A Framework for the Structural Analysis of REST APIs" ICSA 2017.
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API Governance Support
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API Governance Support

 Rule compliance

 Non-functional properties, best practices support, 
documentation quality, …

 Low-level metrics  higher-level aggregated metrics

 (API) Complexity

 Descriptive complexity

 Objective truth

 Perceived complexity

 Subjective

How can we determine the 

perceived complexity of REST 

APIs in an automated way?
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Methodology
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AHP – Procedure

9 Developers

http://bpmsg.com/new-ahp-excel-template-with-multiple-inputs/
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AHP – Results

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

D1 D2 D3 D4 D5 D6 D7 D8 D9 consolidated



© Florian Haupt 22

R
e
se
a
rc
h

API Governance Support through the Structural Analysis of REST APIs

Candidate Metrics (1)

𝑀1 = #𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠
𝑀2 = 𝐵𝑖𝑔𝑔𝑒𝑠𝑡𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒

𝑀3 = 𝑀1 +𝑀2

𝑀4 = 𝑀1 +𝑀2
2

𝑀5 = 𝑀1
2 +𝑀2

All metrics are 

normalized for 

comparability.
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Candidate Metrics (2)
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𝑀2 = 𝐵𝑖𝑔𝑔𝑒𝑠𝑡𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒
𝑀3 = 𝑀1 +𝑀2

𝑀4 = 𝑀1 +𝑀2
2

𝑀5 = 𝑀1
2 +𝑀2
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Summary
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Resource Structure
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The Framework

Swagger

X X

REST API Models

Analysis

Metrics

… …

X

reusable

comparable

F. Haupt, F. Leymann, A. Scherer and K. Vukojevic-Haupt. "A Framework for the Structural Analysis of REST APIs" ICSA 2017.
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Methodology
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florian.haupt@iaas.uni-stuttgart.de
www.iaas.uni-stuttgart.de
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Candidate Metrics (2)
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