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Autonomic Service Computing?

* The Service abstraction
* Autonomous
* Network-enabled
* Service-Oriented applications
* Built as temporal compositions of services (workflows)
* Loosely-Coupled, dynamic composition
* Need for autonomic execution
* Self-adaptation, self-healing, self-organization...
* = Decentralized Workflow execution
* = Self-coordination
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Service Coordination: background

* Workflow engines
* One coordinator
* Managing all data and control flows
* Scalability?
* Reliability?
* Workflow execution languages
* Data / Control driven
* Implicit / Explicit parallelism
* BPEL, XPDL, SCUFL, MoML, DAX
* Designed for centralized, static coordination
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Towards autonomous coordination

* High-level abstractions...
* Self-adaptation
* Self-healing
* Self-...
* Self-coordination
* ...To help designing autonomic service-oriented application

“Nature-inspired metaphors have been shown to be of high interest
for service coordination.” [Viroli et al., 2009]

* = Workflow execution as a succession of chemical reaction
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Chemical Programming Model

* An execution model
* A program's runtime envisioned as a succession of chemical reactions
* Reactions taking place (implicitly)
= In parallel, autonomously, non-deterministically
= Until no more reactions can take place (state of inertia)
* Writing a chemical program
* Data: define the solution as a multiset
* Program: define a set of rules rewriting the multiset
* Languages
* GAMMA [Banatre et al., 1990]
* HOCL (Higher-Order Chemical Languages) [Radenac, 2007]
= Rules can apply on rules = program is able to change dynamically
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A Basic Chemical Program

* A specification

* A possible execution (amongst others)

replace x.y by x if x> yin (2,3,5.8,9)

(2,3,5,8,9) —* (3,5,9) —* (9)
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Workflow as a molecular composition

I h’u&-—“ Workflow through Molecular Composition Fernandez, Tedeschi, Priol 7/



Defining a molecular workflow

‘!'* "J, ll"sz.'-"i S

* Express all data and control flow (reaction rules and molecules).

Parallel split Synchronization

( // Multiset (Solution)

WS1:(CALL:S1, PARAM:(inl),DEST:WS2, DEST:WS3), // WS1 Sub-solution

WS2:(DEST:WS4, replace RESULT:WSI:valuel by CALL:S2, PARAM: ((valuel)} ),
S3:(DEST:WS4, replace RESULT:WS1:valuel by CALL:S3, PARAM: {(valuel)) ).
S4:(replace RESULT:WS2:value2, RESULT:WS3:value3 by CALL:S4, PARAM: ((value2))

S
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Molecular workflow: design & runtime

* At runtime
* Interactions between services modeled by reactions
* Molecules react in chain following the patterns of the workflow
* At design time
* Workflow defined using specific reaction rules and molecules (multiset)
* Each Service is a sub-solution with specific molecules
* Each Service is provided with a library of generic rules
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Chemical rules for distributed execution

* Independent from any workflow
* Chemical rules to ensure the execution

let invokeServ — replace ChWSi: (CaLL:Si, Paran:(ing,....in, ), Frac  Invoke:l, w ),
by ChWSi: (Resurr:ChWSi: (value) , w )

let preparePuss — replace ChWSi:(Resvrr:ChWSi: (value) , DesT:ChWSj, w )
by ChWSi: (Pass:ChWSj: (CompLeTED: ChWSI: (value) ) )

* Control and data transfer among ChWSes.

let passinfo — replace ChWSj: (Pass:ChWSi: (w1 ), wo ), ChWSi: (w3 )
by ChWSj:( wa ), ChWSi:( wy, ws )
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Workflow patterns: Parallel Split

let passinfo — replace ChWS§Sj: (Pass:ChWSi:(wq ), wo ), ChWSi: ( w3 )
by ChWSj:{ wa ), ChWSi:({ w1, ws )

A: passinfo X: other rules
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Sorkflow pattern: Synchronization & MLy,

WAt g
let synchronize = replace Syne  Sroi(ChWSL, wy ), CompLeTen:ChWSi: (value),

Synce  INpox:( wa )

by Syne  Inpox:{ CompLeTED:ChWSI(value), we ), Syne  Sro:( wy )

B: synchronize C: sync_setFlag X: other rules
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Workflow pattern: Discriminator e
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let discr preparePoss — replace Desm:ChWsj, ResuimChWsi: (value)

by Pass:ChWSi(CompLeren:ChWsi: (value), Discrivinator: Yes)
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Architectures

* Coordination mechanism built upon HOCL

* Two architectures, two software prototypes
* Centralized
* Decentralized
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Centralized Architecture

* Central node coordinating all data and control flows
* A chemical encapsulation per Web service participating in the workflow

* Multiset containing the workflow definition
* Chemical engine processing the content of the multiset

Chemical
@ Workflow Service @ let invokeServ = replace ChWSi: (CALL:Si, PARAM: (ing, ..., in,, ), FLAG_INVOKE, w ),

4 v by ChWSi: (RESULT: ChWSi: (value), w )

let sm_preparePass = replace DEST:WSj, RESULT:WSi: (value)
Chemical .\
engine

by PASS:WS;j:(RESULT:WSi: (value), MERGE: Yes)
Multiset

let sm_setFlag = replace-one MERGE: Yes by FLAG_INVOKE

( // Multiset (Solution)
WS1:(CALL:SI, PARAM: (in1),DEST:WS2, DEST:WS3), // WS1 Sub-solution

WS2:(DEST:-WS4, replace RESULT:WS1:valuel by CALL:S2, PARAM: ((valuel)) ),
WS3:(DEST:-WS4, replace RESULT:WS1:valuel by CALL:S3, PARAM: ((valuel)) ),
(

WS4: (replace RESULT:WS2:value2, RESULT:WS3:value3 by CALL:S4, PARAM: ((value2))

s ®
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Decentralized Architecture

* The multiset becomes a reliable shared address space
* For nodes to communicate together

* Reading and writing the multiset for coordination

* Workflow executed in parts by each Chemical Web Service
* Data and control transfer through this shared space
* Each node co-responsible of the execution

|[Workflow parts | Chws3 @

B i i il -
| ——»| Task | @
o
'“Q“; Chemical
engine
X Storage
space
Multiset ChwWs4
Shared address space ®
Chemical
engine
Storage
space ~ @
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Experimental
Evaluation
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Experiments

*

* *
Both prototypes experimented +» Grid’5000
* *

*

Patterns tested
* Parallel split
* Discriminator
* Synchronization merge

Size of patterns 5, 15, 30, 45, 60 nodes
* Experiments conducted on the Grid'5000 research infrastructure
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Results (I1)
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Conclusion & On-going works

* New chemically-inspired abstractions for workflow self-coordination
* Molecular composition
= Autonomic behavior
= Decentralization / Self-coordination

* Proof of concepts
* Two architectures and software prototypes (centralized, decentralized)
* highlighting the feasibility of such a concept

* On-going studies
* Towards a P2P multiset
* New applications envisioned:
= Workflow scheduling
= Broader scope — Social networking, Agile Programming Networks
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Thank you!
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