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Services using the HT TP protocol
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Asynchronous Event-loop based solution

Eon(‘request’, function(req,res) {
A/
1)

on(‘response’, function(req,res) {

D o

Asynchronous nonblocking I/O
No locks/synchronization
Sequential composition: nested callbacks
Callbacks need to be short: never block

Master worker parallelism
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High-level architectural abstractions

Services compose resources
No threads/processes, no synchronization/locks
Stateful services

Simple, clean programming model

Allow blocking function calls
Synchronous |/O + parallel constructs
Uniform interface and URlIs

6

Monday, February 27, 12



Universita Faculty

della of Informatics
Svizzera

S: Architecture

S service

7

Monday, February 27, 12



Universita Faculty

della of Informatics
Svizzera

S: Architecture

S service
S resource S resource % S resource

7

Monday, February 27, 12



Universita Faculty
. gs:lzi era of Informatics
S: Architecture

S service
S resource S resource % S resource

Node & Node 38 Node & Node & Node
JS JS JS JS JS |

Monday, February 27, 12



Universita Faculty
. gs:lzi era of Informatics
S: Architecture

S service
S resource S resource % S resource

Node & Node 38 Node & Node & Node
JS JS | JS JS JS

S IPC Communication framework

Monday, February 27, 12



Universita Faculty
. gs:lziera of Informatics
S: Architecture

S service

S resource % S resource

Node & Node 38 Node & Node & Node
JS JS ' JS ! JS ' JS )

S IPC Communication framework

S resource

Nonblocking I/O

Monday, February 27, 12



Universita Faculty
- gs:lzi era of Informatics
S: Architecture

A
Synchronous
blocking

Node & Node 3 Node & Node 3 Node
JS S & S JS JS
S IPC Communication framework
Nonblocking 1/O

Monday, February 27, 12



Universita Faculty
. gs:lzi era of Informatics
S: Architecture

A
Synchronous
blocking

S code
S B S B S B S B S Asynchronous
nonblocking
S IPC Communication framework NodeJS code
Nonblocking I/O
v

—> €

Monday, February 27, 12



Universita Faculty
. gs:lzi era of Informatics
S: Architecture

A
NG
processes/threads

locks/sync
S W WS WS WS | Multiple Node.JS
processes
S IPC Communication framework (|PC + shared state)
Nonblocking I/O
v

—> €

Monday, February 27, 12



Universita Faculty
della of Informatics
Svizzera

e O Italiana

res ‘/hello’ on GET ({
respond ‘World!’

9

Monday, February 27, 12



Universita Faculty
della of Informatics
Svizzera

e O Italiana

Request

Handler B i |
\\\\*gres ‘/hello’ on GET {

respond ‘World!'

9

Monday, February 27, 12



Universita Faculty
della of Informatics
Svizzera

e O Italiana

\\\\*gres ‘/hello’ on GET {

respond ‘World!’

Request \\\\\
Handler

9

Monday, February 27, 12



Universita Faculty
della of Informatics
Svizzera

e O Italiana

Request \\\\\ ////

Handler e S |
\\\\*gres ‘/hello’ on GET {

respond ‘World!’

Monday, February 27, 12



Universita Faculty
della of Informatics
Svizzera

e O Italiana

Request \ /

Handler e S |
\ res ‘/hello’ on GET {
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respond ‘World!'’

HTTP EE— 5
Client Service

GET /hello HTTP/1.1
User-Agent: curl
Accepts: */*

Host: your.host
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res ‘/hello’ on GET {é
respond ‘World!'’

HTTP _— 5
Client — Service

HTTP/1.1 200 OK
Content-Type: text/plain

World!
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res ‘/resl’ on GET {

//

// CPU/bound blocking call
var a = foo()
respond a

res ‘/res2’ on GET {

//

res r = ‘http://www.google.ch/search=@Q’

// I/0 bound operation
boo = r.get(’‘key’)
respond boo
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Atomicallyé
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blocks

éres ‘/res2’' on GET {
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'

res ‘/resl’ on GET {

// CPU/bound blocking call Parallel 5
var a = foo() resources

é respond a

res ‘/res2’ on GET {

//

res r = ‘http://www.google.ch/search=@Q’

// I/0 bound operation
boo = r.get(’‘key’)
respond boo

Monday, February 27, 12



Italiana

Universita Faculty
della of Informatics
Svizzera

Concurrency & Parallelism

....................................................................................................................................................................................

res ‘/resl’ on GET {

//

// CPU/bound blocking call Synchronogus
LS OC0Y operations

respond a

res ‘/res2’ on GET {

7

res r = ‘http://www.google.ch/search=@Q’

// I/0 bound operati
boo = r.get(’'key’)
respond boo
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Request Handler Processor

-------------------------------------------------

. Ires ; - To clients
E ! 5 (HTTP response)
¥ Router E

--------------------------------------------------

From clients
(HT TP requests)
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From clients
(HT TP requests)

(1) CPU-bound Operations I |
(2) 1/0O-bound Operations

Request Handler Processor

-----------------------------------------------

. Ires . Worker #| )
® Router 3 '

‘--

Parallelism degree
controller (Pl)

To clients
(HTTP response)
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To external resources

Request Handler Processor .~ (through HTTP)
From other ... e L

workers
“ i res Py Worker #1 S e— > To clients
-5 (HTTP response)
' A Router & a5
To internal resources

S ; (through IPC)

Parallelism degree
controller (Pl)

From clients
(HT TP requests)
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(2) 1/0-bound Operations |ma |
Event-based compilation output targeting Node.JS

* Synchronous I/O operations are desynchronized
by the compiler using multiple callbacks

e Callbacks are scheduled by the runtime using an
event-based approach.
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res ‘/example’ on GET {

var a = get ‘www.google.com’
var b = get ‘www.bing.com’
var ¢ = get ‘www.yahoo.com’
respond atb+cC
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...................................................................................................................................................................................................................................................

éres ‘/example’ on GET { http.createServer (function(creq,cres){ 5
’ - — SRS OOGTCREUTT if(creq.method=='GET’ &&creq.url=='/example’) {:

var b = get ‘www.bing.com’ e e ]
r~r -

var ¢ = get ‘www.yahoo.com’
: respond a+tb+c i startGet(‘www.google.com’,
) 3 function(req,res) {
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" a = res.body
startGet (‘www.bing.com’,
function(req,res) {
b = res.body
startGet ( ‘www.yvahoo.com’,
function(req,res) {
Cc = res.body

cres.end(atb+c)

})
})
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Sync to Async Compilation |?t2‘.?§?,;"’ |

S vs. Node.JS

.........................................................................................................................................................................................

res ‘/example’ on GET ({

~ par {
var a = get ‘www.google.com’
var b = get ‘www.bing.com’
var ¢ = put ‘www.a.b/2d='+b
respond a+tc
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res ‘/example’ on GET { http.createServer (function(req,res) {
BT . 1f(creq method=='GET’' &&creqg.url=='/example’) {
var a = get ‘www.google.com’ i: e = £}
var b = get ‘www.bing.com’ :
b o gut rwww.a.b/?d="+b . on(’donel’, function(result) {
respond a+c ;g G.a = result; emit(‘done3’)})

on(‘done2’, function(result){
G.b = result;
startPut(‘www.a.b/d?='+G.b, ‘doned’)

o O 1 &
§ on(‘done4’, function(result) {
§ G.c = result;
§ emit(‘done5’)

onAll([ ‘done3’, ‘done5’], function() {

res.end(G.a+G.c)

})

é startGet (‘www.google.com’, ‘donel’)
5 startGet (‘www.bing.com’, ‘done2’)
respond ;
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Sync to Async Compilation
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Ehttp.createServer(function(req,res) {
. if(creqg.method=='GET’&&creqg.url=='/example’) {
var G = {}
on(‘donel’, function(result)/{
G.a = result; emit(‘done3’)})
on(‘done2’, function(result)/{
G.b = result;
startPut(‘www.a.b/d?='+G.b, ‘doned’)

})

on(‘done4’, function(result) {
G.c = result;
emit(‘done5’)
})
onAll([‘done3’,‘done5’], function() {
res.end(G.a+G.c)
})
startGet(‘www.google.com’, ‘donel’)
startGet(‘www.bing.com’, ‘done2’)
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Callbacks

registration http.createServer (function(req,res) {
if (creq.method=='GET’'&&creq.url=='/example’) ({
var G = {}

......................................................................................................................................................

startGet (‘'www.google.com’, ‘donel’)
startGet(‘www.bing.com’, ‘done2’)
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registration http.createServer (function(req,res) {
. if(creq.method=='GET’&&creq.url=='/example’) {
var G = {}
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......................................................................................................................................................

Ehttp.createServer(function(req,res) {
. if(creqg.method=='GET’&&creqg.url=='/example’) {
var G = {}
on(‘donel’, function(result)/{
G.a = result; emit(‘done3’)})
on(?ddﬁ”Z’, function(result) {
'G.b & result;
startPyt(‘www.a.b/d?='+G.b, ‘doned’)

})

on(‘done4d’, nction(result) {
G.c = resul\;
emit(‘done5’

})

onAll([ ‘done3’, ‘done
res.end(G.a+G.c)

], function() {

})

startGet (‘www.google.com™, ‘donel’)
startGet (‘www.bing.com’, Qdaﬁﬁi?)
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Ehttp.createServer(function(req,res) {
. if(creqg.method=='GET’&&creqg.url=='/example’) {

var G = {}

on(‘donel’, function(result)/{

G.a = result; (EmMIE(*done3 )

on(‘done2—5—Tfunction(result){
G.b = result;
startPut(‘www.a.b/d?='+G.b, ‘doned’)

})

on(‘done4’, function(result) {
G.c = result;
emit(‘done5’)

})
onAll([ ‘done3’, ‘done5’], function() {

res.end(G.a+G.c)

})

startGet (‘'www.google.com’, ‘donel’)
startGet (‘www.bing.com’, ‘done2’)
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Ehttp createServer (function(req,res) {

' 1f(creq method=='GET' &&creq.url=='/example’) {
var = {}

on(’donel’ function(result) {
G.a = result,\emlt( done3’ )})

on( ‘done2*~—function(result) {

G.b = result;

startPut(‘www.a.b/d?='+G.b, ‘doned’)

})

on(‘done4’, function(result) {
G.c = result;
emit(‘done5’)

. 1)
respond 4*>/onAll([ done3’, ‘done5’], function() {
res.end(G.a+G.c)
})

startGet (‘'www.google.com’, ‘donel’)
startGet (‘www.bing.com’, ‘done2’)

23
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pfor res creation

......................................................................................................................................................................................................

‘res ‘/pfor’ on GET { g ‘res ‘/example’ {
: var L = [1,2,3] g E state s = 0

var a = ‘' g E on POST {

res r = ‘www.a.b/val=@’ § E s++

pfor (var i in L) { g E res '/newResource’+s ({

a += r.get(L[i]) g § on GET { respond s }
} ; § on DELETE {}
respond a g E }
} | : }
. AR B o ——————
24
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Stateful Services
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res ‘/helloState’ ({
~ state s = ‘world-’
on GET {
respond ‘hello’ + s

}
on PUT {

S req.name

25
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Stateful Services

...........................................................................................................................................................................................................................

res ‘/helloState’ ({
 state s = ‘world’ <« - Shared state

on GET {
respond ‘hello’ + s

}
on PUT {

S req.name

25
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...........................................................................................................................................................................................................................

§res ‘/helloState’ {
RSN TEETT™ — Shared state

on GET {
respond ‘hello’ + s

}
on PUT {

S = redg.name

.—Read-only operatibns

25
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Stateful Services |i“a‘.?:i:’ |

...........................................................................................................................................................................................................................

§res ‘/helloState’ {
RSN TEETT™ — Shared state

on GET {
respond ‘hello’ + s

}
on PUT {

S = redg.name
} T Write operation

.—Read-only operatibns

25
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HTTP’s Uniform Interface

HTTP Verb Properties Parallelism
HTTP GET |dempotent, safe, Yes
stateless
HTTP PUT | ldempotent,Side-| ¢ o0 teless
effects
HTTP DELETE | ldempotent,Side- | ¢ - reless
effects
HTTP POST Side-effects If stateless
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........................................................................

state s
on GET {
// read s

}
on PUT {

// alter s

Universita - 1d1113Y
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Guarantees:

* Eventual (C)onsistency
* (A)vailability
* (P)artition Tolerance

Worker #|

Worker #n
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Versioned State Management e

........................................................................

gres ‘/res s
state s Guarantees:
5 on GET { i
} AR S | e Eventual (C)onsistency
 on PUT { * (A)vailability
} // alter s * (P)artition Tolerance
\"AY
Worker #1
GET /res
p—
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Versioned State Management

........................................................................

state s
on GET {
// read s

}
on PUT {

// alter s

Universita - 1d1113Y
della of Informatics

Guarantees:

* Eventual (C)onsistency
* (A)vailability
* (P)artition Tolerance

Worker #l

Worker #n




............

PUT /res

Universita - 1d1113Y
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Versioned State Management

‘/res’ s
state s Guarantees:
on GET { g
} // read s * Eventual (C)onsistency
oy T * (A)vailability
: // alter s * (P)artition Tolerance
V.n-|
Worker #1
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GET /res

Universita
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' /res s
state s Guarantees:
on GET { i
} // read s | * Eventual (C)onsistency
oy T * (A)vailability
: // alter s * (P)artition Tolerance
© v+
Worker #| V.n
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Example: // Crawler

‘service crawl {

' res ‘/crawl’ on PUT {
var filter = require(’'HTMLparser.js’).filter
res store = ‘/store?value=@’
res crawl = ‘/crawl?list=@"

pfor(var i in req.list) {
var list = filter(get req.list[1i])
par {
store.put(list)
crawl.put(list)

res ‘/store’ {
state s = ‘'
on PUT ({
s += reqg.value

}

on GET {
respond s

}
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res ‘/crawl’ on PUT {
var filter = require(’'HTMLparser.js’).filter

aScri
res store = ‘/store?value=@’ $\\\\\\\J§Y?SC: pt

res crawl = ‘/crawl?list=Q’ ImPOI”t

pfor(var i in req.list) {
var list = filter(get req.list[1i])
par {
store.put(list)
crawl.put(list)

res ‘/store’ {
state s = ‘'
on PUT ({
s += reqg.value

}

on GET {
respond s
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Example: // Crawler o

'service crawl {

res ‘/crawl’ on PUT i

of Informatics

pfor(var i in req.list) {

var list = filter(get reqg.list[1]) E

el » Ext;ernal
store.put(list) resources
crawl.put(list) dECléI"&tiOﬂ

} |

}

res ‘/store’ {
state s = ‘'
on PUT {
s += req.value

}

on GET {
respond s

}
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Example: // Crawler

service crawl {
res ‘/crawl‘

on PUT

\JavaScrlpt
External
resources
declaration
} \
res ‘/store’ {
state s = ‘' Parallel
on PUT { .
s += req.value recursive
} crawling
on GET {

respond s
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Example: // Crawler

'service crawl {

res ‘/crawl‘ on PUT

\JavaScrlpt
b o mport
External
resources
declaration
J \
res ‘/store’ {
e Parallel
recursive
crawling
respond s
} Result
} accumulation
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Crawler Runtime

res ‘/crawl’ on PUT { res ‘/store’ on PUT {.

D o //

Worker #|

[crawl

SLR

----------------------

--------------------------------------------------------
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Crawler Runtime

res ‘/crawl’ on PUT { res ‘/store’ on PUT {é
' W o - :
| )
[url |
______________________________________________________ / [url2
5 Worker #l| ;

[crawl

SLR

----------------------

--------------------------------------------------------
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Crawler Runtime

res ‘/crawl’ on PUT { res ‘/store’ on PUT {é
' W o - :
| )
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5 Worker #l| ;

[crawl

SLR

----------------------

--------------------------------------------------------

Monday, February 27, 12



Universita Faculty

della of Informatics
Svizzera

Crawler Runtime

..................................................................................................................................................................

‘res ‘/crawl’ on PUT { res ‘/store’ on PUT {
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..................................................................................................................................................................

‘res ‘/crawl’ on PUT { res ‘/store’ on PUT {

D o D o

-------------------------------------------------------

L=[ ]
Worker #| 5
/crawl /

Worker #n

‘I% Jurl|

........................................................ ‘ /url2
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8 workers

—a— Requests
—e— Responses
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What is S ?
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What is S !

Simple language for composing RESTful services
Scalable parallel runtime system
JavaScript compatible
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What is S !

Simple language for composing RESTful services
Scalable parallel runtime system
JavaScript compatible

Safe parallelism is possible for scripting stateful VWeb
services if they are RESTful
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Future work

JVM (Rhino Engine)
REST + Streaming services
Distributed deployment (Cloud)
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Thank You

http://sosoa.inf.usi.ch/S

daniele.bonetta@usi.ch

Daniele Bonetta
Achille Peternier, Cesare Pautasso, Walter Binder
Faculty of Informatics

University of Lugano - USI
Switzerland
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