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Saverio Giallorenzo

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages 1



mailto:saverio.giallorenzo@gmail.com?subject=

Vicroservices

Architectures

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages 2



mailto:saverio.giallorenzo@gmail.com?subject=

The Monolith

User Interface
- Web Server
- APls

Browser
Authentication \
D Authorisation
Resources /

Database

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages



mailto:saverio.giallorenzo@gmail.com?subject=

The Monolith

E User Interface

- Web Server
- APIs

Browser
Authentication \
D Authorisation
Resources /

Database

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages 3



mailto:saverio.giallorenzo@gmail.com?subject=

The Monolith

+Diftficult to scale;

+Each change requires
rebooting of the whole

User Interface

system and possibly - Dbl

. Authentlcatlon
also to re-deploy it; N @
+A crash of a component pp Fesourcs © L ol

can bring down the
whole system;

+Technology lock-in;
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Service-Orientation
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 Everything is a service;

* Aservice 1S an
application that offers
functionalities through
operations;

* A service can invoke
another service by calling
one of its operations.
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Service-Orientation

 Everything is a service; S : :
Service-Oriented  Object-Oriented

e A service is an
application that offers Services
functionalities through
operations;

RS

: : Operations RIS <
e A service can invoke

another service by calling
one of its operations.
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Microservices

+ API design is paramount;

+ Partition of work and parallel
development; Web Server

+ Breakdown of complexity into E R

“simple” and specialised services;

Browser /
<+ Minimalistic evolution of “bloated”

WS-* Service-Oriented Architectures:

Authentication

Resources

Authorisation

pp

+ Integrate ESB-like functionalities

+ Lightweight and human-oriented
protocols (REST, JSON, etc.)
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Microservices
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Jolie

Introducing Johe
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The Johie Way

output

sendNumber hort - -
medium

* Services communicate through ports.
 Ports give access to an interface.
* An interface is a set of operations.

* An output port is used to invoke interfaces exposed by other services.
* An input port is used to expose an interface.

B

sendNumber
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The Johie Way

A

sendNumber

output
port

Deployment:

- Location: socket:/ / myaddress.org:80
Protocol: json/rpc (xml/rpg, ...)
Interface: sendNumber( int )

Behaviour:
main {
sendNumber@B( 5 )
3
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T'he Johie Way

interface MyInterface {
OneWay: sendNumber( int )

h

include "MyInterface.iol" include "MyInterface.iol"

outputPort B { inputPort B {

Location: Location:
"socket://localhost:8000" "socket://localhost:8000"

Protocol: json/rpc Protocol: json/rpc

Interfaces: Mylnterface Interfaces: MylInterface

¥ ¥

main main

{ {
sendNumber @ B ( 5 ) sendNumber( x )

¥ ¥
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T'he Johie Way

interface MyInterface {
OneWay: sendNumber( int )

h

include nt include
{ inputPort B {
ii‘ Location:
'socket://localhost:8000" "socket://localhost:8000"
Pr&tocol: json/rpc Protocol: json/rpc
Inte&gfaces: Mylnterface Interfaces: MylInterface

sendNumber( x )

N \ A
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Architectural Composition

outputPort A {
Location: reeeneens
Protocol: soap topl:
Interfaces: InterfaceA — RS ;

¥
outputPort B { §<3g>lf pvq

Location: : : .
Protocol: xmlrpc : Op2 > op2 ¢

Interfaces: InterfaceB top3 '_»Op:% s = :

-----------

ks
outputPort C {

Interfaces: InterfaceC

}

crbedded | | Others:

}
inputPort M { = Redir ection

Location:

| Aggregates: A, B, C - Embedding
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Recap on Microservices

+ API design is paramount;

e Web S
+ Partition of work and parallel

development° Authentication

J
Browser @ Resources
+ Integrate ESB-like /
£ e Authorisation \
functionalities

+ Lightweight and human-
oriented protocols (REST,

JSON, etc.)
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Choreographies

Protocols,

Correct implementations
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Distributed programming

ATM Bank Card Issuer
| : |
[ [ :
Client ! : |
| withdrawal l l !
r | . [
, ! card_id ! |
| I : >| |
i ! pin >: |
| ! : validation |
: | [ i
| ' | approval |
' | approval :4 i
’ - : :
‘ : : :
! | | |
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Distributed programming

ATM process Bank process Card Issuer process
from Client : withdrawal;| from ATM : card_:id; from Card Issuer : validation;
to Bank : card_id ; from ATM : pin; to Bank : approval

to Bank : pin;
from Bank : approval

to Card Issuer : validation;
from Card Issuer : approval;
to ATM : approval

% ATM Bank Card Issuer
T T T

Client

| |
| |
| |
|
, withdrawal »i !
| ! card_id !
) L - > ]
I : pmn > I
|
[ : | validation :
: . >
! I | approval !
! : approval :4
! < -
1 ! ]
1 : :
! | !
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Distributed programming

Deadlocks

ATM process Bank process Card Issuer process
from Client : withdrawal;| from ATM : card_ud; from Card Issuer : validation;
to Bank : card_id ; from ATM : pin; to Bank : approval

to Bank : pin;
from Bank : approval

to Card Issuer : validation;
from Card Issuer : approval;
to ATM : approval

i ATM Bank Card Issuer
T T T

Client

withdrawal

card_id
pin

validation
approval

approval

\J

NP . S

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages 16


mailto:saverio.giallorenzo@gmail.com?subject=

Distributed programming

Deadlocks

ATM process

from Client : withdrawal;
to Bank : card_id ;

to Bank : pin;

from Bank : approval

Bank process

from ATM : card_id;
from ATM : pin;
to Card Issuer : validation;

from Card Is

to ATM : approval

)

Client

Race Conditions

suer : approval;

Card Issuer process
from Card Issuer : validation;
to Bank : approval

ATM

Card Issuer

withdrawal

card_id

pin

approval

validation

T
|
|
|
|
|
|
|
|
|
|
|

l
P

approval
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Choreography

Client — ATM : withdrawal;

ATM — Bank : card_id;

ATM — Bank : pin;

Bank — Card Issuer : validation;
Card Issuer — Bank : approval;
Bank — ATM : approval

Simple + free from %
deadlocks and
races by design — - —
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Correctness by design and by construction

Choreography EPP Endpoint Projection

~

(Correct by design) (Correct by construction)

ATM process

to Bank : card_id;

to Bank : pin;

from Bank : approval
ATM — Bank : card_zd;

ATM — Bank : pin; EP P Bank process

; , from ATM : card_zid;
Bank — Card Issuer : validation; Fom AT Do

Card Issuer — Bank : approval; to Card Issuer : validation;

Bank — ATM : approval from Card Issuer : approval;
to ATM : approval

2\

Card Issuer process
from Card Issuer : validation;
to Bank : approval
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Choreographies

User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);
AuthCtrl.validLogin = validate@Validator(usr, pswd);
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,” contacts”);
AuthCtrl.tkn — User.getT oken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
Reslng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.invalidLogin() 3}
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Dynamic Choreographies

User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);
AuthCtrl.validLogin = validate@Validator(usr, pswd);
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,” contacts”);
AuthCtrl.tkn — User.getT oken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
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Dynamic Choreographies

=g scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);

AuthCtrl.validLogin = validate@Validator(usr, pswd)
—p };
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,” contacts");
AuthCtrl.tkn — User.getToken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.invalidLogin() }

saverio.giallorenzo@gmail.com | DISI at Unibo | Sophia Antipolis | Workshop on Programming Languages

19


mailto:saverio.giallorenzo@gmail.com?subject=

Dynamic Choreographies

=g scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);

AuthCtrl.validLogin = validate@Validator(usr, pswd)
—p };
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,” contacts");
AuthCtrl.tkn — User.getToken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.invalidLogin() }
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Dynamic Choreographies

scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);

AuthCtrl.validLogin = validate@Validator(usr, pswd)
¥
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,” contacts");
AuthCtrl.tkn — User.getToken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.invalidLogin() }
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Dynamic Choreographies

scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);
AuthCtrl.validLogin = validateQValidator(usr, pswd)

¥
if AuthCtrl.validLogin {
AuthCtrl.tkn = generateT oken@TM(usr,”" contacts”);
AuthCtrl.tkn — User.getToken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.invalidLogin() }
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Dynamic Choreographies

scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);
AuthCtrl.validLogin = validate@Validator(usr, pswd)

¥
if AuthCtrl.validLogin {
AuthCtrl.tkn = generatel oken@TM(usr," contacts");
AuthCtrl.tkn — User.getT oken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.inwalidLogin() }
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Dynamic Choreographies

scope {
User.getlnput(usr) — AuthCtrl.username(usr);
User.getlnput(pswd) — AuthCtrl.password(pswd);
AuthCtrl.validLogin = validate@Validator(usr, pswd)
¥
if AuthCtrl.validLogin {
AuthCtrl.tkn = generatel oken@TM(usr," contacts");
AuthCtrl.tkn — User.getT oken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.inwalidLogin() }

// UPDATE

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)
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Dynamic Choreographies

Ser' s

. AuthCtrl.username(usr);
User.getlnput(pswt W s sword(pswd) ;

=

AuthCtrl.validLogin = validate O\ & al s U
s ——
if AuthCtrl.validLogin {

AuthCtrl.tkn = generateT oken@TM(usr,”" contacts”);

AuthCtrl.tkn — User.getT oken(tkn);

AuthCtrl.tkn — ResMng.getToken(authTkn);

User.tkn — ResMng.reqContacts(reqTkn);

if ResMng.(authTkn == reqTkn) {

ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.inwalidLogin() }

// UPDATE

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)
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Dynamic Choreographies

Ser' s

. AuthCtrl.username(usr);
User.getlnput(pswa W s sword(pswd) ;

S

AuthCtrl.validLogin = validate Qe s
s ——
if AuthCtrl.validLogin {

AuthCtrl.tkn = generateT oken@TM(usr,”" contacts”);

AuthCtrl.tkn — User.getT oken(tkn);

AuthCtrl.tkn — ResMng.getToken(authTkn);

User.tkn — ResMng.reqContacts(reqTkn);

if ResMng.(authTkn == reqTkn) {

ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.inwalidLogin() }

// UPDATE

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)
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Dynamic Choreographies

if AuthCtrl.validLogin {
AuthCtrl.tkn = generatel oken@TM(usr," contacts");
AuthCtrl.tkn — User.getT oken(tkn);
AuthCtrl.tkn — ResMng.getT oken(authTkn);
User.tkn — ResMng.reqContacts(reqTkn);
if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)
} else { ResMng — User.unauthorised() }
} else { AuthCtrl — User.inwalidLogin() }

// UPDATE

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)
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Dynamic Choreographies

// UPDATE

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)

if AuthCtrl.validLogin {

AuthCtrl.tkn = generateT oken@TM(usr,” contacts”);

AuthCtrl.tkn — User.getToken(tkn);

AuthCtrl.tkn — ResMng.getToken(authTkn);

User.tkn — ResMng.reqContacts(reqTkn);

if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)

} else { ResMng — User.unauthorised() }

} else { AuthCtrl — User.inwvalidLogin() }
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Dynamic Choreographies

Choreography EPP Endpoint Projection

~N-

(Correct by design) (Correct by construction)

User.getlnput(usr) — AuthCtrl.username(usr);
AuthCtrl.usr — OpenID.username(usr);
OpenID(usr) — User. forward(usr);
User.getlnput(pswd) — OpenID.password(pswd);
OpenID.validLogin = validate@Validator(usr, pswd);
OpenID.validLogin — AuthCtrl.result(validLogin)

if AuthCtrl.validLogin {

AuthCtrl.tkn = generateT oken@TM(usr,” contacts”);

AuthCtrl.tkn — User.getToken(tkn);

AuthCtrl.tkn — ResMng.getToken(authTkn);

User.tkn — ResMng.reqContacts(reqTkn);

if ResMng.(authTkn == reqTkn) {
ResMng.contacts = retrieve@ContactsBook(usr);
ResMng.contacts — User.getContacts(contacts)

} else { ResMng — User.unauthorised() }

} else { AuthCtrl — User.inwvalidLogin() }
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I Quick Acce

5 Package Explorer 23 = (& =] Purchase_Example.ioc 23 g *Purchase_Rules.ioc

BES v 1-include getPrice, getPaymentMethods from "socket://localhost:8000"

¥ (=5 Purchase Example =

=| Purchase_Example.ioc 3 preamble{

=| Purchase_Rules.ioc 4 starter: Buyer
5}
6
7 aioc {
8= price_ok@Buyer = false;
9= continue@Buyer = true;
10- while( !price_ok and continue )@Buyer {
11 prod@Buyer = getInput( "Insert product” );
12¢ priceReq: Buyer( prod ) -> Seller( order );
13e scope @Seller {
14 order_price@Seller = getPrice( order );
15 offer: Seller( order_price ) -> Buyer( prod_price )
16 } prop { N.scope_name = "price_inquiry" };
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Time for discussion!
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Appendix
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Jolie Composition Operators

include "console.1ol"
include "time.1o0l"

timeout = 250;
timeout.operation = "timeout”;
txt = "Beutiful”;
{
spellCheck@ ({ .text = txt, .location = mylLoc })
|
setNextTimeout@ ( timeout )
I 2
[ spellCheckResponse( text ) ]{ println@ ( text DO }
[ timeout() ]{ throw( TimeoutException ) }
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1 // USER PROCESS 1 // ACCESS MANAGER PROCESS

2 // inputs 2  wusername(usr) from User;

3 username@AuthCtrl(usr); 3 password(usr) from User;

4  password@AuthCtrl(pswd); 4  walidate@QValidator(usr, pswd)(validLogin) ;

5 [ getToken(tkn) from AuthCtrl I{ 5 1if walidLogin {

6 [ getContacts(contacts) from ResMng 1 6 generateT oken@TM(usr,”" contacts")(tkn);
7 [ wunauthorised() from ResMng ] F genToken@User(tkn);

B } 8 genT oken@ResMng(tkn)

9 9

[ invalidLogin() from ResMng ] } else { inwvalidLogin@User() }

// RESOURCE MANAGER PROCESS

getToken(authTkn) from AuthCtrl;

reqContacts(reqTkn) from User;

if (authTkn == reqTkn) {
retrieve@ContactsBook(usr)(contacts);
getContacts@User(contacts)

} else { unauthorised@User() }

J O) O I~ W N =
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AlOC] Choreographic Framework
(Advanced) Hello World example
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