


UpScale Project (FP7)

CWI, Imperial College London, University of Oslo and
Uppsala University

Study how an OO PL can support the development of
applications that seamlessly scale to the available
parallelism of manycore chips.

Take an actor-based concurrency model as a starting
point, rather than multi-threading, and use types to "open
up the actors' for turther parallelism, keeping the amount
of concurrency implicit in the language.

Capability types, Ownership types, Session Types, etc.
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Selected Publications 2015/2016 @

e [CC’16] Nicholas Ng, NY: Static Deadlock Detection for Concurrent Go by Global Session
Graph Synthesis.

e [FASE’16] Raymond Hu, NY: Hybrid Session Verification through Endpoint APl Generation.

e [TACAS’16] Julien Lange, NY: Characteristic Formulae for Session Types.

e [ESOP’16] Dimitrios Kouzapas, Jorge A. Pérez, NY: On the Relative Expressiveness of
Higher-Order Session Processes.

e [POPL’16] Dominic Orchard, NY: Effects as sessions, sessions as effects .

e [FSTTCS’15] Romain Demangeon, NY: On the Expressiveness of Multiparty Session Types.

e [OOPSLA’15] Hugo A. Lopez, Eduardo R. B. Marques, Francisco Martins, Nicholas Ng,
César Santos, Vasco Thudichum Vasconcelos, NY: Protocol-Based Verification of Message-
Passing Parallel Programs .

e [CONCUR’15] Dimitrios Kouzapas, Jorge A. Pérez, NY: Characteristic Bisimulations for
Higher-Order Session Processes .

e [CONCUR’15] Laura Bocchi, Julien Lange, NY: Meeting Deadlines Together.

e [CONCUR’15] Marco Carbone, Fabrizio Montesi, Carsten Schurmann, NY: Multiparty Session
Types as Coherence Proofs.

e [CC’15] Nicholas Ng, Jose G.F. Coutinho, NY: Protocols by Default: Safe MPI Code
Generation based on Session Types.

e [PPoPP’15] Tiago Cogumbreiro, Raymond Hu, Francisco Martins, NY: Dynamic deadlock
verification for general barrier synchronisation.

e [POPL’15] Julien Lange, Emilio Tuosto, NY: From communicating machines to graphical
choreographies.
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Ocean Observatories Initiative

» ANSF project (400M$, 5 Years) to build a cyberinfrastructure for
observing oceans around US and beyond.

»> Real-time sensor data constantly coming from both off-shore and

on-shore (e.g. buoys, submarines, under-water cameras, satellites),
transmitted via high-speed networks.
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Ocean Observatories Initiative

—_—

Science

Cyberinfrastructure




Vancouver

Seattle

I
Pacific Wave 2*10Gb »‘

National LambdaRail n*10Gb
Internet2-DCN n*10Gb \

UltraLight 10-20Gb

CANARIE n*10Gb

i TransLight 10Gb

WHREN-LILA2GDb

\_’r""i"‘;‘galon

Sl
= Wlnni'eg :

CANARIE-
GLORIAD 2.5Gb |
GLORIAD 1Gb

NLR n*10Gb-
GLORIAD 10Gb

2
National

ﬂ LambdaRail
| n*10Gb n 10Gb

LONI 10Gb

\ hnapoN

CANARIE n*10Gb

CANARIE n*1

Montreal
| — ————
k Toro& i/\\‘

y &
t 2.5( H

Qal™\ .
Ridge
.

D
iLsHTened 10Gb

\Inteme12 DCI™J10Ghb

National Lambam. s 10Gb

®\ Jacksonville

Houston  Rouge

Ocean Observatories Initiative

AtlanticWave 10Gb

AMPATH #
ET ]

Boston



Challenges

» The need to specify, catalogue, program, implement and
manage multiparty message passing protocols.
» Communication assurance
> Correct message ordering and synchronisation
> Deadlock-freedom, progress and liveness
> Dynamic message monitoring and recovery

> Logical constraints on message values

» Shared and used over a long-term period (e.g. 30 years in
OO0I).




http:/ /scribble.doc.ic.ac.uk:55000/

Scribble

. module examples;

3~ global protocol HelloWorld(role Me, role World) {
hello() from Me to Worldj
5+ choice at World {

6 goodMorning() from World to Me}
@  } or {
8 goodAfternoon() from World to Me}
9 }
10 1}
11
‘HelloWorld v | | Check | Protocol: examples.HelloWorld Role: Me | Project | | Generate Graph |






















Dynamic Monitoring
[RV'13, COORDINATION'14, FMSD’15]
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OOl agent negotiati

on1/5

Consumer Provider
Agent Agent
negotiale: requast(SAF_1) Tonhmm 15 The
Megotiation starting by & complementary accep
Co ki a ;
confimed by Canrsumar ; must accept for an
negotiate: confim(SAP 1) _.f""___-"'.__—l i i,
With a mutual accept, at
————————————————————————:S; least one commitment
AT g 2 on each side of the
- : negotiate: invitel SAP 1) araation resus
habon s2ari 1 -
il riiting i il negotiate: accept{SAP_1, details) (may be multiple). The
with a propasal, accepted by contract is as stated in
Consumer and canfrmed by negotiate; confirmiSAP_1)
Provider
ALT

negotiate: requast{SAP_1)

Megotiation staring by a
Consumes making a proposal.

negotiate: counter-propose{SAP_2)

] a counter-propose s a

e SAP, but it typically

The racipient {Previder) meakes
@ eounler-propossl. supplanling

negotiate: accept(SAP_2, details)

refines or partially
modifies the prior SAP,

SAP 1, which i then accepled
by Carsurmer aed canfirmad by
I Pravider.

neqotiate: confirmi(SAP_Z)

ALT

negotiate: request{SAP_1)

Any party can raject

MNegotalion stading by a
Consumer making & proposal,
rejeciad by the Provider erding

negotiate: reject(SAF_1)

———

instead of counter-
T propose (or accept)

the Megoliatian

» https://confluence.oceanobservatories.org/display/syseng/

CIAD+COI+0V+Negotiate+Protocol
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OOl agent negotiation 2/5

type <yml> "SAPDocl" from "SAPDocl.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

Negatiatian starting by a
Carsumar making a propasal
then accepted by Frovider and

wcanfimnad by Cansumar

Wegatiabion staring by the
Prewidar inviling & Cansumar
with a propasal. accepled by
Cansumer and candrmed by

Provider

Megolistion stariing by &
Consuries msking & proposal.
The racipienl (Provider) makes.

@ counler-propasal. supplanting
EAP 1, which i then accepled
Ly Carsumer snd eanfirmed by

Ihe Provides.

Consumer Provider
Agent Agent
negotiate: requast{SAP_1) i
complementary accept
negoliate: accept{SAP_1, details) by thF: other p;yrty {both
negotiate: confirm(SAP 1) ‘ﬁ:_——l st accept fa; LU

-a-\..:__‘ With a2 mutual accept, at

least one commitment

negotiate: invite(SAP_1)

on sach side of the
conversation results

negotiate: accept{SAP_1, details)

(may be multiple). The
contract is as stated in

negotiate: confirm({SAP_1)

negotiate: request{SAP_1)

negotiate: counter-propose{SAP_2)

,.-J—J A counter-propose is a

new SAP, but it typically

negotiate: accept|SAP_2, details)

refines or partially
modifies the prior SAP.

negotiate: confirm(SAP_2)

MNegodation staring by &
Consumer makirg & propoesl,
rejecied by Be Provider ending
the Negoliafon.

negotiate: request{SAF_1)

Any party can reject
instead of counter-

negotiate: reject(SAP_1) —-#___‘ propose (or accept)
|

12/ 42



OOI agent negotiation 3/5 (choice)

type <yml> "SAPDocl" from "SAPDocl.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {
propose(SAP) from C to P;

choice at P {
accept() from P to C;

Consumer Provider
confirm() from C to P; e | e
negotiate: requast{SAP_1) mis
} or { R ot accolSAP_1 detal) oo ey o
. C I A A negotiate: confim(SAP_1) .::i:_-—l mum;r -
reject() from P to C;
} or S . Y
R s ALT n.cgo.tiate_ invite(SAP_1) : tr%ﬁ;ﬁlfié?ﬁze
propose(SAP) from P to C; st reaRtale AP 1, el '

contract is as stated in
Cansumer and candrmed by negotiate: confirm{SAP_1)

Pravider
ALT negotiate: requast{SAP_1 =
got quash ) _.J A counter-propose is a
o ) it SAP, but it typlcally
Mesgotiati negotiate: counter-propose(SAP_2) fo
m..g.m::.'m"a"f.ﬂ:ﬂu. ot i refines or partially
Thes recipient (Provider) meakes iate. 7 madifies the prior SAP.
A sl St negotiate: accept(SAP_2, details) P
SAP_1, which i then accepied :
by C\;mml:r a:n:u“mu by negotiate: confirm({SAP_2)
b Provider.
ALT negotiate: request{SAP_1) Any party can reject
Megotalion starfing by a instead of counter-
Consumer making & propesal, negotiate: reject(SAP_1) —-=:__'.1___| coept
rejected by e Provider ending RRpOSR IO )
the Negoliafon. |

3
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OOl agent negotiation 4/5

type <yml> "SAPDocl" from "SAPDocl.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

propose(SAP) from C to P;

choice at P {

accept() from P to C;

confirm() from C to P;
} or {

reject() from P to C;
} or {

propose(SAP) from P to C;

choice at C {

accept() from C to P;

confirm() from P to C;
} or {

reject() from C to P;
} or {

propose(SAP) from C to P;

P r}

Consumer
Agent

negotiate: requast{SAP_1)

Provider
Agent

m s

negoliate: accept{SAP_1, details)

complementary accept
by the other party (bath

negotiate: confirm{SAP 1)

must accept for an
— agreement}

-a-\..:__‘ With a2 mutual accept, at

negotiate: invite(SAP_1)

least one commitment
on each side of the
conversation results

5ol B by
Previitdar inviling a Cansumar

negotiate: accept{SAP_1, details)

(may be multiple). The
contract is as stated in

with a propasal. accepled by
Cansumer and candrmed by
Provider

negotiate: confirm{SAP_1)

negotiate: request{SAP_1)

_.--—J A counter-propose is a

Megatiation starting by 3
Comsueines rnshing 4 proposal.

negotiate: counter-propose{SAP_2)

new SAP, but it typically

The recipienl (Provider) makes
@ counler-propasal. supplanting

negotiate: accept|SAP_2, details)

refines or partially
madifies the prior SAP.

SAP 1, which i then aceepied
by Carssumar snt eanfrmed by

negotiate: confirm({SAP_2)

Ihe Provides.

ALT

negotiate: request{SAF_1)

Any party can reject
instead of counter-

MNegodation staring by &
Consumer makirg & propoesl,
rejected by te Provider ending

the Negoliakon.

negofiate: reject(SAP_1) ——==———_  propose (or acoept)
|
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OOl agent negotiation 5/5 (recursion)

type <yml> "SAPDocl" from "SAPDocl.yml" as SAP;

global protocol Negotiate(role Consumer as C, role Producer as P) {

propose(SAP) from C to P;
rec X {
choice at P {
accept() from P to C;
confirm() from C to P;
+ or {
reject() from P to C;
} or {

propose(SAP) from P to C;

choice at C {
accept() from C to P;
confirm() from P to C;
} or {
reject() from C to P;

} or {

propose(SAP) from C to P

continue X;

}
+

negotiate: requast{SAP_1)

Provider

Agent

m s

negoliate: accept{SAP_1, details)

complementary accept
by the other party (bath

Consumer
Agent
Megatiatian starting by a
Cansumar making # proposal
then accegited by Provider and
canfimmad by Carsumar

negotiate: confirm{SAP 1)

must accept for an
— agreement}

-a-\..:__‘ With a2 mutual accept, at

negotiate: invite(SAP_1)

least one commitment
on each side of the
conversation results

5ol B by
Previitdar inviling a Cansumar

negotiate: accept{SAP_1, details)

(may be multiple). The
contract is as stated in

with a propasal. accepled by
Cansumer and candrmed by
Provider

negotiate: confirm{SAP_1)

ALT

negotiate: request{SAP_1)

_.--—J A counter-propose is a

Megatiation starting by 3

negotiate: counter-propose{SAP_2)

new SAP, but it typically

refines or partially

Comsueines rnshing 4 proposal.
The recipient (Provider) rakes

negotiate: accept|SAP_2, details)

madifies the prior SAP.

@ counler-propasal. supplanting
SAP_1, which i ihen accepied
Ly Carsumer snd eanfirmed by

negotiate: confirm({SAP_2)

Ihe Provides.

ALT

negotiate: request{SAF_1)

Any party can reject
instead of counter-

MNegodation staring by &
Consumer makirg & propoesl,

negofiate: reject(SAP_1) ——==———_  propose (or acoept)
|

rejecied by Be Provider ending
the Negoliakon.
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Local protocol projection (Negotiation Consumer)

// Global
propose (SAP) from C to P;
rec START A
choice at P {
accept() from P to C;
confirm() from C to P;
} or {
reject() from P to C;
} or {
propose(SAP) from P to C;
choice at C {
accept() from C to P;
confirm() from P to C;
} oor {
reject() from C to P;
} or {

propose(SAP) from C to P;

continue START;
3

// Projection for Consumer
propose(SAP) to P;
rec START A
choice at P {
accept() from P;
confirm() to P;
} or {
reject() from P;
} or {

propose(SAP) from P;

choice at C {
accept() to P;
confirm() from P;

+ or {
reject() to P;

} or {
propose(SAP) to P;
continue START;

P r}
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Scribble Community "\

» Webpage:
» www.scribble.org

» GitHub:
» https://github.com/scribble

» Tutorial:

» www.doc.ic.ac.uk/~rhu/scribble/tutorial.html
» Specification (0.3)

» www.doc.ic.ac.uk/~rhu/scribble/langref.html




Figure 5: A coordinated set of autonomous underwater vehicles




Figure 3: Observatory comprised of ships, aircraft and autonomous vehicles linked to assimilation
modeling capabilities on shore
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Applications
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Dynamic Monitoring
[RV'13, COORDINATION'14, FMSD’15]
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Type Checking [OOPSLA'15, POPL'16]
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Code Generation [CC'15, FASE'16]
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Synthesis
[ICALP'13, POPL'15, CONCUR'15, TACAS' 16, CC'106]

\ /
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http:/ /www.zdlc.co/faq/

) LWynicam Home ZDLC Solutions FAQ Resources Events Blog Contact Partners Cognizant

Professor Steve Ross-Talbot

Managing Director, ZDLC BU
Cognizant Technical Services
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From Communicating Machines to Graphical
Choreographies [POPL’1S5, CONCUR’15]
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Go and Concurrency

e Developed by Google for multi-core programming
e Concurrency model built on CSP (process calculi)

e Message-passing communication over channels

" Do not communicate by sharing memotry, instead, share memory by communicating. "
- Effective Go (developer guide)



Contributions

e Static deadlock detection tool dingo-hunter
e Deadlock detection based on session types
e Infer session types as Communicating Automata

e Synthesise global session graphs from CA
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2 | Convert E
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