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University of Seville

e 67/ bachelor degrees
e 91 master degrees
e 99 PhD programs

4.177 teaching staff

513 years of history
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High Technical School of Computer Engineering

725 new students annually
e 5 bachelor degrees

e 3 master degrees

e 1 PhD program

294 teaching staff
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ISA Research Group

+ 200 publications

+ 8200 citations

3 international patents
+ 16 software tools

+ 10 national projects
5 research networks
+ 35 ICT contracts

2 spin-offs

22 members

e 18 senior research staff
e 4 predoctoral researchers
e 8research assistants

5 european research projects
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ISA members

a Antonio M. Gutiérrez @ Bedilia Estrada

Antonio Gamez
g Predoctoral
researchers team!

and many international
co-advised PhD students

8 research assistants
and 24 former ones
now working for Amazon, as CTOs and other
important positions in national companies.
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ISA research areas

Business
process
management

Service
Governance

Software Software
product lines Testing
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ISA Research areas

Metaheuristics

Business
process
management

Service
Governance

Software Software
product lines Testing

Experiments
Support
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ISA Tools - EXEMPLAR

EXpEriments Management PLAtfoRm
A

' i
Online Repository Exp. descriptions & lab-packs  Automated Analysis
authoring Tools
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ISA Tools - SMARTEST

» Asuite of statistical analysis tools that comprises of:

— A web portal (that support online
analysis of datasets).

— A set XML/SOAP Web Services.

— A plugin for MS Excel

u? G)lsa_ Where do | come from? | SMARTEST
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Evolution of software architectures

lllustration by Kanban Solutions
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Evolution of software architectures

000000 lllustration by Kanban Solutions
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Evolution of software architectures

lllustration by Kanban Solutions
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Evolution of software architectures

lllustration by Kanban Solutions
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Software delivery evolution

Software as a Service

95
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Software delivery evolution
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SLAs in APIs

FREE $99 $199

Free (250 matches / mo) $99/mo Starter Plan $199/mo Basic Plan

Advanced SLAs

100k 15k each + $.001 overage 50k each +.001

Card Reader Card Reader Card Reader

50 (Low Quality) 25 cards + $0.15 overage 25 cards + $0.15 overage

Rate Limit Rate Limit Rate Limit

60 queries / min. 300 queries / min. 300 queries / min.

+ Basic Contact Information + Basic Contact Information + Basic Contact Information
+ Licensed for Business Use + Licensed for Business Use

Current Plan (O Select Plan (O Select Plan
AQ’QSIDAOO

Yaas?

e‘j
:'
y

G)lsa What is my research focus? | SLAs in APls llustration by FullContact

>

26


https://www.fullcontact.com/developer/pricing/
http://progress_bar_id

SLAs in APIs

FREE

Free (250 matches / mo)
Person APl Matches
250

AAAAAAAAAAAAAAAAAAAAN

Card Reader
50 (Low Quality)

Rate Limit
60 queries / min.

v Basic Contact Information

Current Plan
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$99

$99/mo Starter Plan

Person APl Matches
6k + $.006 overage

AAAAAAAAAAAAAAAAAANAAN

Card Reader
25 cards + $0.15 overage

Rate Limit
300 queries / min.

+ Basic Contact Information
v Licensed for Business Use

(O Select Plan

G)lsa_ What is my research focus? | SLAs in APIs llustration by FullContact
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SLAs in APIs

FRE

$99

Free (250 matches / mo) $99/mo Starter Plan
A A
Plan Plan
- Name: “free” - Name: “starter”
- Cost: USD 0.00 - Cost: USD 99.00
- Periodicity: 1 month - Periodicity: 1 month

Ll%‘ @lsa What is my research focus? | SLAs in APIs llustration by FullContact 28
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SLAs in APIs

Quota
- Amount: 250
- Over: “requests”
- Periodicity: 1 month

Person APl Matches ‘
250

Ll%f G)lsa What is my research focus? | SLAs in APIs lllustration by FullContact 29
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SLAs in APIs

Rate Rate
- Amount: 60 - Amount: 300
- Over: “requests” - Over: “requests”
- Periodicity: 1 minute - Periodicity: 1 minute
Rate Limit Rate Limit
60 queries / min. 300 queries / min.
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SLAs in APIs

Quota
- Amount: 25
- Over: “cards”
- Periodicity: 1 month
- Overage: 1 month
- Cost: USD 0.15
- Periodicity: 1 card

Person APl Matches
6k + $.006 overage

_> Card Reader

25 cards + $0.15 overage
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Research challenges - D1

D1: Establishing a sufficiently expressive specification for
the description of RESTful microservices regulated by
advanced SLAs

@ | Service
=\ properties

API 0 SLAs
Microservice | >

u%f G)lsa What am | currently doing? | D1

Pricing
models



http://progress_bar_id

Research challenges - D1

e A systematic analysis of 69 APIs in the industry from two

API data sources:

~~ ProgrammableWeb: largest API directory.
+ 137 KAPIs in 477 categories.

Mashape: largest APl marketplace.

\ + /.5K APIs in 18 categories.

\

J

e Generating an open dataset of 40 attributes distributed in

7 areas.

]jg G)lsa What am | currently doing? | D1
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Research challenges - D1

github.com/isa-group/SLA40AI-Specification

o

openapi: 3.0.0

info:
title: Scopus API
version: 1.0
description: See elsevier.com
x-sla: ./scopus-sladoai.yaml

paths:
/search/affiliation:
/search/author:

/search/scopus:
/abstract/doi/{doi}:
/abstract/eid/{eid}:
/abstract/pii/{pii}:
/abstract/pubmed_id/{pubmed_id}:
/abstract/pui/{pui}:
/abstract/scopus_id/{scopus_id}:
/affiliation/affiliation_id/{
affiliation_id}:
/affiliation/eid/{eid}:
/author/eid/{eid}:
/author/author_id/{author_id}:
/abstract/citation-count:
/abstract/citations:
/serial/title:
/serial/title/issn/{issn}:

components:
schemas:
scopus:
affiliation:

nor: SPAOPEN AP
4N

stream:
INITIATIVE )

¢QSID40

$~\
=1

& o
Mpas?

C-)lsa What am | currently doing? | D1

plans: C’)Isa\

non-subscriber:
pricing:
cost:
rates:

/search/author:

get:
requests:
- max: 3
period: secondly
quotas:

/search/author:

get:
requests:
- max: 5000
period: weekly
subscriber:

pricing:
cost:
rates:

/search/author:

get:
requests:
- max: 3
period: secondly
quotas:

/search/author:
get:
requests:
- max: 5000
period: weekly

35
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Research challenges - D2

D2: Develop a catalog of SLA analysis and management
operations to support the governance of microservice
architectures.

SLA
operations

U%R lea What am | currently doing? | D2 llustration by pivotiog 36
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Research challenges - D2

But... how can we make decisions without
having the full picture?

\

-/' 4 OPEN API

INITIATIVE

@ Software Institute E—— Comprehens“’e

RESTful APl modeling
G)isa

u%f G)lsa What am | currently doing? | D2
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Research challenges - D3

D3: Implement a SLAs management ecosystem to
support the government of RESTful microservices

APl [
Gateway

management
ecosystem

u%f G)lsa What am | currently doing? | D3
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Research challenges - D3

gateway.oai.governify.io

NON-SUBSCRIBER SUBSCRIBER

0 €/ month 9 99 €/ month

Governify gateway portal

Quotas Quotas
Manage all your SLA-Driven APIs with this gateway

SCO p us AP I 2 100 weekly 5000 Weekly

/[api-do.

Log In See https://dev.elsevier.com/api key settings.html for detailed information. 1000 weekly 20000 weekly
_ = 75 o 1000 i
HTTPS v

You are not logged in

Rates Rates
Scopus_Search scopus search API
1 secondly 3 secondly
‘ “ /scopus/search/scopus Scopus Search API
BUY BUY

Affiliation Search Affiliation Search API

‘ﬂ /scopus/search/affiliation Affiliation Search API

¢QSID40

uA,/
i o
77//\39 2

lea What am | currently doing? | D3 39
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Research challenges - D4

D4:. Consolidation of the Governify platform to validate
the proposal in industrial environments.

GOVE

DE ESPANA A

GOBIERNO ’ / \ '

RN

JUNTA Dt ANDALUCIA

u? lea What am | currently doing? | D4
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o My research stay in Lugano

1. What is the best APl usage plan given a
conversation?

2. How many instances of conversations can |
invoke until | reach the quota?

3. How much time should | wait to not to exceed
rates?

4. How to set limitations to my clients if | depends
on 3rd party APIs

uE C’)lsa Why am | in Lugano? | RESTalk

42


http://progress_bar_id

My research stay in Lugano

QO
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Request
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Response
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et i yé_ﬂ RESTaIk

Request .. .. ... 5
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Timeout
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Request

My research stay in Lugano

Response

Software Institute

AQ’QSIDAOO
S ©
=1 v

m

J <

| I ~
N
4

(7]

ponse
Timeout

Alternative Alternative
Response Response

Exclusive XOR gateway

Inclusive OR gateway

Q&

Parallel AND gateway

@

€) iHyperlink Flow

plans:
non-subscriber:
pricing:
cost:
rates:

/search/author:
get:
requests:
- max: 3
period:
quotas:

/search/author:
get:
requests:

period:

subscriber:
pricing:
cost:
rates:

/search/author:
get:
requests:
- max: 3
period:
quotas:

/search/author:
get:
requests:

period:

secondly

- max: 5000

weekly

secondly

- max: 5000

weekly

openapi: 3.0.0 /l

info:
title: Scopus API
version: 1.0
description: See elsevier.com
x-sla: ./scopus-sladoai.yaml

paths:
/search/affiliation:
/search/author:

/search/scopus:

/abstract/doi/{doi}:
/abstract/eid/{eid}:
/abstract/pii/{pii}:

/abstract/pubmed_id/{pubmed_id}:

/abstract/pui/{pui}:

/abstract/scopus_id/{scopus_id}:

/affiliation/affiliation_id/{
affiliation_id}:
/affiliation/eid/{eid}:
/author/eid/{eid}:
/author/author_id/{author_id}:
/abstract/citation-count:
/abstract/citations:
/serial/title:
/serial/title/issn/{issn}:

components :
schemas:
scopus:
affiliation:
author:
stream:

N/,

G)isa

G)1sa Whyam Iin Lugano? | RESTalk

OPEN API

INITIATIVE
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My research stay in Lugano

®Ex¢lusive XOR gateway)|
anclusive OR gateway

Governify gateway portal

Manage all your SLA-Driven APIs with this gateway

You are not logged in
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o
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Thank you

Questions?

Antonio Gamez Diaz
ISA Research Group

Depto. Lenguajes y Sistemas Informaticos

ETSII, Universidad de Sevilla, Espafia
@ >>agamez2@us.es
E >>personal.us.es/agamez2
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Extra slides

‘ Results of the ICSOC study

Q OAl in a nutshell

Q Governify in a nutshell
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programmableWeb

mashape

Results: conclusions

Q RQ-01 What are the most common business models?

Most APIs offer a tiered plan with or without
overage.

BMO5 - Business model

78%

55%

22% 21%
- 10% 10%
0% 9% 0% 0% .
FR PG-B PG-I T-01 T-02

Ui : G)1sa Extra slides | ICSOC 48
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|~

Q RQ-02

Results: conclusions

BMOG6 - Number of plans

7%
[B—

One

3%

Two

How are the plans
characteristics they have?

53%

44%

Three

30%

Four

U : ()1sa Extraslides | IcsoC

P02 - Billing cycle

0/ .
4% 0%

Day

in

programmableWeb

mashape

terms of the

0/
0% 3%

Minute

Most APls define between 2-4 plans, with a
monthly billing cycle.

96% 95%

Month

49
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programmableWeb

mashape

Results: conclusions

Which regulations do the providers state over
@ RO03 e RESTHII APIS?

9 Most APl providers apply limitations in

somehow:
93%
.. . 90%
- Type of limitations: . .
| —
- Free tier: restricting the BMOD FLO
allowed operations. / o
78% .
- Paid plans: both quotas and . AR
rates definition. -

Q01/R0O1

<RSP0

135" G)1sa Extraslides | ICSOC 50
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programmableWeb

mashape

Results: conclusions

Which regulations do the providers state over
@ RO03 e RESTHII APIS?

9 Most APl providers apply limitations in
somehow:

.« o . QO02/R02 - Limits over
- Limitations are usually scoped Requests

over the number of requests. \ 90I —i

QO02/R02

gggggg

S
>

%f G)lsa Extra slides | ICSOC 51
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@ RQ-03

Results: conclusions

Most API
somehow:

|~

Periodicity intervals:
- Quotas: monthly

- Rates: secondly.

U¥ : @)isa Extraslides|icsoc

providers apply

programmableWeb

mashape

Which regulations do the providers state over
the RESTful APIs?

limitations in

Q11/R11 Periodicity of request limitis

60%

74%
68%

|
ﬁ; 33%

Second Minute

i i

i § 19%

| |

| - B~
0% 0%| 0%0%| | [

| |

Day

7%
0% 10% 0%
Hour Month

52
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programmableWeb

mashape

Results: conclusions

Is there any difference between the APIs

9 Extra Selected from a marketplace and the ones
selected from a general directory?

API plans from general directories have a
higher level of expressivity.

- Forinstance:
- Rates definition.
- Combined business models.
- Mixing periodicity for limitations.
- Fine-grained limitations and billing.

Ui : G)1sa Extra slides | ICSOC 53
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Final remarks
What did we do?

e We have systematically studied, in an open dataset, 40
attributes in 3 main areas in 69 real-world APIs from the
2 main APl sources.

What did we find?

e There exists a wider expressivity in the plans when the
APl is not explicitly regulated by API marketplaces.

e The results can also be useful for practitioners who have
to design a new API plan.

Ui : G)1sa Extra slides | ICSOC 54
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Future work
What do we plan to do?

e |dentify a correlation between the plan offered and the

types of limitations.

e Extend the analysis and enlarge the open dataset.

Identify a specific set of requirements to
define a formal model to describe API
non-functional aspects

U : ()1sa Extraslides | IcsoC
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Extra slides

Q Results of the ICSOC study

‘ OAIl in a nutshell

Q Governify in a nutshell

SID4
N %,
S «
> »
us: S 1ISa
~
b AN
4

o6


http://progress_bar_id

» paths

v object {5}

openapi : 3.0.0
» servers [1]

. /

» components {1}

474 OPEN AP

¢QSID40

ur

o
77//\3 s?

INITIATIVE

OAl in a nutshell

v paths {2}
v /pets {2}

p get

v get {5}

G)lsa Extra slides | OAI
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OAl in a nutshell

v /pets/{petId} -{y v responses {2}
v get {5} v 200 {2}

summary : Info for a specific pet description : Expected response to a valid

operationId : showPetById v content {1}

» tags [1] v application/json {1}

v parameters [1] v schema {1}

$ref : #/components/schemas/Pets

v 0 {5}
name : petId p default {2}
in : path

required : ¥ true
description : The id of the pet
v schema {1}

type : string /

v responses {2}

A@‘KSIDAO
S
>

U G)lsa Extra slides | ICSOC

o
Mpas?
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OAl in a nutshell

OAIl Petstore @

[ Base URL: petstore.openapis.org/v2 ]

This is a sample server Petstore server.

pet Everything about your Pets Find out more: http://openapis.org ™
Sela . /pet Add a new pet to the store &
/pet Update an existing pet a

/pet/findByStatus Finds Pets by status

Fpet/findByTags Finds Pels by tags

e‘xson

U,

(3

Npas ?

G)isa Extraslides | ICSOC

b4
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Extra slides

Q Results of the ICSOC study

Q OAl in a nutshell

‘ Governify in a nutshell
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01/04/2017 - 30/04/2017
Incidencias cerradas

INDICADOR
INCIDENCIAS

FALSOS

PRIORIDAD POSITIVOS

UMBRAL SATISFACCION INCUMPLIDOS RESULTADO (media)

OCURRENCIAS EVALUADOS

Alcanzada x
Alcanzada Indicador x
Prioridad

Exigida

Tiempo de

Critica (P1)

8h /72h

Alta (P2)

30d (240h)

resolicion | Media (P3) | 40d (280h) | 20-00%
Baja (P4) | 40d (280h)
Critica (P1) 2h
Tiempo de Alta (P2) 7h
respuesta | Media (P3) 24h 90,00%
Baja (P4) 24h
Critica (P1) 3h
Pendiente de Mtl;a_ u(?;) 162hh 50.,00%
usuario .
Baja (P4) 24h

e Response time (TRS)
e Resolution time (TRL)
e Usertime (PU)

Extra slides | Governify

0h 13min (13min)

7h 50min (470min)

24h 43min (1483min)

32h Smin (1925min)

1h Smin (65min)

0h 46min (46min)

0h 41min (41min)

=IOIOI0|O|0|0|0

0h 53min (53min)

N/A

2h 58min (178min)

(7= B T 2 (7= B PR PO Ve B P
Q||| OO Nt 1t | O] S| ot | 4t

~N|IHO|IO|=O|0|0|0|0|0|0

233h 38min (14018min)

431h 54min (25914min)

e SCO_TRS
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ISA Tools - DESIGNER

Generate Govemily 10 POSTs / requests / minutely

console was cleared

Plan name

Over resource:

/api/v2/models/mzn/operations/executeDocument

1 GET / requests / secondly

1 POST /requests / secondly

DESIGNER

plans.oai-at 'El FORM

1 = ontext: -

2 id: plans -

3 slag: "1.0" 1

4 type: plans m PRO

5 api: >-

6 http://repo.designer.governify.io:10880/antgamdia/ag

7 provider: ISA Group

8 = infrastructure:

9 supervisor: 'http://supervisor.oai.governify.io/api/vz
10 monitor: 'http://monitor.oai.governify.io/api/vl’
11 - metrics:
il7 requests:
g} type: integer
14 format: int64
16 resolution: consumption
alr responseTime: + Over resource: +
18 type: integer . .
19 bad e /api/v2/models/mzn/operations/executeDocument
20 description: Time in ms spent by request
21 resolution: consumption
22  pricing:
23 cost: @
24 currency: EUR ° )
25 billing: monthly ~ 10 GETs / requests / minutely
26 PP I PO I Y TD /O .OAM.ANAT /1C .. ANAT "
27 4 »

FORM JSON YAML
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services ‘g

ﬁ 10¢ 1000
kﬂ /[ portal
{ gateway }
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............... N D@
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G

reporter

\
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\ logs }
= @
: -
[ designer } [uconnector}
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Thank you

Questions?

Antonio Gamez Diaz
ISA Research Group

Depto. Lenguajes y Sistemas Informaticos

ETSII, Universidad de Sevilla, Espafia
@ >>agamez2@us.es
E >>personal.us.es/agamez2
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