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N
e 2009-2016 e

Explore chemically-inspired programming to express
service coordination and enact it at large scale

A series of works at the crossroads of:
@ Autonomic computing
@ Chemically-inspired computing

o Workflow management

@ Distributed systems
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|
Autonomic Computing (2001-...)

Towards Self-organization

[Parashar &Hariri, 2004]

Conceptual research issues and challenges include defining appropriate abstrac-
tions and models for specifying, understanding, controlling, and implementing
autonomic behaviors.
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Autonomic Computing (2001-...)

Towards Self-organization

[Parashar &Hariri, 2004]

Conceptual research issues and challenges include defining appropriate abstrac-
tions and models for specifying, understanding, controlling, and implementing
autonomic behaviors.

Specification )

] _ Implementation

Study high-level programming
models, explore rule-based

languages
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Develop generic runtimes, make
them viable at large scale




|
Chemical computing (1988-...)

An implicitly parallel rule-based model

@ 1988: Gamma

@ 1988-1994: Implementation over parallel computers

1994:
1998:
2004:
2006:
2008:

Higher-Order (composition of rules)
Structured Gamma

Chemically-inspired autonomous systems
HOCL

Chemically-inspired service orchestration
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N
Workflows

Temporal, loosely-coupled composition of services
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Workflows

Temporal, loosely-coupled composition of services

voges

@ Centralized management J

@ Static reconfiguration
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@ Centralized management J

@ Static reconfiguration




|
e Open problems (2009) e

e How can the chemical model help specify coordination and adaptation?
e How to decentralise the coordination of workflow execution?

e How to reconfigure a workflow's structure on-the-fly ?

e How can the chemical model be made viable at large scale?
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Testing the model's
iability at large scale;

Exploring chemically-inspired
workflow management
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The best-effort way

Revisiting the
model's

complexity

Testing the model's
iability at large scale;

[®] Going distributed

N
The idealist way
(perfect but costly)

Chemically-inspired
workflow reconfiguration

Exploring chemically-inspired
workflow management

An architecture for
decentralized workflow
execution

Distributed
atomic capture

Gossip-based
molecule dissemination

Higher-order

Distributed discovery
and inertia detection
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Part 0

N
What is HOCL?
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HOCL programming (a.k.a. the usual getMax example)

int getMax (int tab [], int size) {

int max = tab[0];
for (int i = 1; i < size;
if (tab[i] > max)
max = tabl[i];
}

return(max) ;

i++) {

2 45921

212 47
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-
HOCL programming (a.k.a. the usual getMax example)

v

replace x, y by x if x >=y )
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N
HOCL execution model

The basic chemical analogy
@ Data are molecules floating around in a solution

@ When they meet, they react

o Reactants are consumed
o New molecules are produced
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N
HOCL execution model

The basic chemical analogy

@ Data are molecules floating around in a solution
@ When they meet, they react

o Reactants are consumed
o New molecules are produced

Implicit parallelism / non determinism
Any enabled reaction can be triggered provided:
@ the atomic capture (molecules are consumed only once)

@ liveness (to reach termination or inertia)
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-
HOCL programming model

Data left unstructured in a bag / multiset
Rewriting rules to be applied on the multiset

Sequentiality through solution nesting

Higher-order: rules applying on rules
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Revisiting the

Testing the model's
viability at large scale

Part |

model's

complexity

"

Going distributed
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Part |

Revisiting the
model's
complexity
Testing the model's | _ .

viability at large scale]

Going distributed

Joint work with
- Matthieu Perrin (M2 ENS Rennes)
- Marin Bertier (INSA Rennes)
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The reactants search problem

[Le Métayer (1994)]

Because of the combinatorial explosion imposed by its semantics, it is difficult to
reach a decent level of efficiency in any general implementation of the language.

v

@ Given a rule, find a set of molecules satisfying its condition
@ A kind of CSP problem
o The brute-force approach answers in O(n*), provided n > k.

replace X1, X2, ..., Xk by f(x1, X2, ..., Xg)

if C(x1, %2, ..., Xk) m’;‘?“mm

mz
Ms mes M1

Me7mas ms
12mn mis m,
Mmer Ms1
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The reactants search problem

[Le Métayer (1994)]

Because of the combinatorial explosion imposed by its semantics, it is difficult to
reach a decent level of efficiency in any general implementation of the language.

v

o Given a rule, find a set of molecules satisfying its condition
@ A kind of CSP problem
o The brute-force approach answers in O(n*), provided n > k.

replace xj, X3, ..., X) by f(x1, X2, ..., Xg)
s Mma4
if C(x1, X2, ..., Xk) e
m8m7me mi
Me7ms ms
Can we do better? Mt Mis

12
Me1 Ms1

Can we better characterize the complexity?
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Finding reactants (with no condition)

replace x,y,z,t,u,v by f(x,y,2)

z3~ Xats 13
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Finding reactants (with no condition)

replace x,y,z,t,u,v by f(x,y,2)

X5 z5
X2 y2 z2 t2 uz2
X1 yi z1 t ut
X4 X3 ys z4 73 ta s
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Finding reactants (with no condition)

replace x,y,z,t,u,v by f(x,y,z)

w2
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Finding reactants (with no condition)

replace x,y,z,t,u,v by f(x,y,z)

:. % w2
v7
X2 Z2 ve V2
X1 y1
X3 z4 23 ta t3 Va4 V3
When there is no condition, detecting inertia is linear. J
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Finding reactants (with a simple condition)

replace x,y,z,t,u,v by f(x,y,z) if ci(x,y)
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Finding reactants (with a simple condition)

replace x,y,z,t,u,v by f(x,y,z) if ci(x,y)

W1

z5 Vs V7
X2 y2 22 te u2 Ve vp

X1 yi
X4 X3 74 73 ta ts Va V3

When there is 1 condition on 2 molecules, detecting inertia is quadratic. J
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Finding reactants (with a composite condition)

replace x,y,z,t,u,v by f(x,y,z) if [ci(x,y) and
co(y,z) and
c3(z,t) and
c4(z,u) and
cs(t,v) 1]
or cg(x,t,u)

@ Any condition can be put into disjunctive normal form
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Finding reactants (with a composite condition)

replace x,y,z,t,u,v by f(x,y,z) if ci(x,y)
c2(y,z)
c3(z,t)
ca(z,u)
cs(t,v)

replace x,y,z,t,u,v by f(x,y,z) if cs(x,t,u)

@ Any condition can be put into disjunctive normal form

@ Each conjunctive clause can be explored independently

and
and
and
and
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Finding reactants (with a composite condition)

replace x,y,z,t,u,v by f(x,y,z) if ci(x,y)
c2(y,2z)
c3(z,t)
cs(z,u)
cs(t,v)

@ Any condition can be put into disjunctive normal form
@ Each conjunctive clause can be explored independently

@ The constraints can be displayed as a graph

and
and
and
and
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Finding reactants is a matter of graph comparison

The rule
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Finding reactants is a matter of graph comparison

The rule Building the graph of molecules

v

Reactants Searching Problem = Subgraph Isomorphism Problem
(We need to find the rule graph inside the molecules graph) J
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v
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Finding reactants is a matter of graph comparison

The rule
Reactants found

v

Reactants Searching Problem = Subgraph Isomorphism Problem
(We need to find the rule graph inside the molecules graph) J
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Towards more complicated rules

The molecules
The rule
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Towards more complicated rules

Reactants found!
The rule
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Towards more complicated rules

Reactants found!
The rule

Greedy selection does not seem to work anymore.
Are we falling back to the basic brute force search?
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Different graphs, different complexities

@ Trees are easy
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Different graphs, different complexities
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@ Trees are easy
@ Cycles may invalidate choices
o Orienting the graph
e 2-HEAVY nodes appear
e molecules whose initial choice may be invalidated
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Different graphs, different complexities

@ Trees are easy

@ Cycles may invalidate choices

Orienting the graph

e 2-HEAVY nodes appear

e molecules whose initial choice may be invalidated
e Goal: minimize the number C of such nodes
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@ Trees are easy
@ Cycles may invalidate choices
o Orienting the graph
2-HEAVY nodes appear

[}
e molecules whose initial choice may be invalidated
e Goal: minimize the number C of such nodes

Theorem
cC< k-2 J
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@ Cycles may invalidate choices
e Orienting the graph
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-
An algorithm for RSP

Algorithm
For each possible assignment of 2-HEAVY nodes

@ clean the graph
@ if the remaining graph is reactive, choose the other molecules greedily

Complexity
° O(nc+2)
@ C+ 2=k for Ky
@ C+ 2 < k otherwise (most of the time) )

20 / 48
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Part |l

The best-effort way
Revisiting the
model's
complexity

Testing the model's |
viability at large scale] ™

Going distributed

Distributed
atomic capture
N TN
The idealist way
(perfect but costly)
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Part |l

The best-effort way

Revisiting the
model's

complexity

Testing the model's |
viability at large scale ~

Going distributed

Distributed
atomic capture
— >
et N~
The idealist way
(perfect but costly)

-
)

Joint work with
- Marko Obrovac (PhD, U. Rennes 1) &
- Marin Bertier (INSA Rennes)
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-
Towards physical distribution

Acquiring molecules?

a8 o @ Single threaded
Y
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-
Towards physical distribution

Acquiring molecules?

Q
e Multi-threaded / shared memory
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Towards physical distribution

Acquiring molecules?

@ Distributed memory?
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Towards physical distribution

Acquiring molecules?

@ Distributed memory?

The phases
@ Finding matching molecules (through the discovery protocol)

@ Obtaining them (through the capture protocol)
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|
The problem

Looks like the drinking philosophers problem [Chandy & Misra (1984)]
@ philosophers = engines
@ bottles = molecules

@ cocktails = reactants

But ...

@ Molecules are interchangeable to some extent
(also close to the K-out-of-M problem [Raynal (1991)])

@ Molecules are dynamic

@ We need liveness but not starvation-freeness

@ The concentration of molecules varies
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Variability of molecules’ concentration
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Variability of molecules’ concentration
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Variability of molecules’ concentration

o
(W a. .
O a

©
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The capture protocol

We need a less restrictive but adaptive solution.
Entities
@ Molecule’s holder
@ Molecule's requester

@ FIFO reliable channels

Two protocols
@ An optimistic protocol to progress faster

@ A pessimistic protocol to ensure liveness

@ Decentralized and dynamic switching between protocols
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The optimistic protocol

t req holl hol2
— EET E i
| UOLESIE — -\FETCH\_\)

| yoLEQULE ———

BEACTION

For high reactants concentration

o )

For low conflict rates

NOILDV3

Ve
\

Simple and fast

Solve conflicts for one molecule (FCFS)
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The optimistic protocol

@ For high reactants concentration
t req holl hol2
| e @ For low conflict rates
e @ Simple and fast
| MOLEQULE ——1
on @ Solve conflicts for one molecule (FCFS)

,_w BEACTION .

I— @ Does not ensure liveness

(NoD7

I

.
A

()
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The pessimistic protocol

t req holl hol2
X I—
Ol
H’—._O_K—’—"
Conmr o @ For low reactants concentration
g]  WERT- . .
iz]T\TS @ For high conflict rates
oK. =
‘/_OL,—’—‘ @ Ensures liveness
= o @ A three-phase decision protocol
S P At | d d
| woLECUE—" @ At least one node gets its reaction done
| &
5
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Adaptation to concentration’s variability

Switching between protocols is a local decision based on observed success
rate, given o the observed success rate, k the rule's arity, a threshold k

- k . - k> .
optimist RAR S pessimist J pessimist RAESS optimist J
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Adaptation to concentration’s variability

Switching between protocols is a local decision based on observed success
rate, given o the observed success rate, k the rule's arity, a threshold k

. k - . k> -
optimist R pessimist J pessimist RS optimist J

After a certain amount of aborts, nodes become dormant for a little while
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Simulation results (overall performance)

10000 ¢
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Design of a distributed chemical machine

Node2| ua | Nodel | ... [
Distributed Chemical Platform

Going distributed
PhD Marko Obtrovac

Distributed
atomic capture Higher-order
v O——0—0—0
The idealist way =~ 1o Distributed discovery Software
(perfect but costly) and inertia detection protoype
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Node1]| [ Node2| ... [ Nodel | ... [ NodeN
Ao ™Y Distributed Chemical Platform

Going distributed
PhD Marko Obtrovac

Distributed
atomic capture Higher-order
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The idealist way o w Distributed discovery Software
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Design of a distributed chemical machine

Node1] | Node2| .. | Nodel | w. |
Distributed Chemical Platform

Going distributed <
PhD Marko Obrovac
Distributed

atomic capture Higher-order

v —Q—0—0

Distributed discovery
and inertia detection

The idealist way =~ 1o
(petfect but costly)
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Design of a distributed chemical machine

Node1l] [ Node2| ... [ Nodel | L. [ NodeN
ﬂ oy Distributed Chemical Platform

Going distributed <
PhD Marko Obrovac
Distributed

atomic capture Higher-order

v——Q—0—0

The idealist way 1w s Distributed discovery ——.——— Software

) A . Application
(perfect but costly) and inertia detection Soler protoype
L v Central Ll
7 X s\ U

nit Flow | —
Unit .
(Overloy Network ] "=
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Part Il

Chemically-inspired
workflow reconfiguration

Exploring chemically-inspired

workflow manageW Workflow management system

An architecture for
decentralized workflow
execution
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N
Part Il

Post-doc Javier Rojas Balderrama
-

Chemically-inspired -
workflow reconfiguration

Exploring chemicaﬂ@:’o\
workflow managew Workflow management system

O
. N 'l /<f1 ,}s
An architecture for GINFLOV/ -8 E &t/
decentralized workflow ‘
execution A

Inria ADT Matthieu Simonin

PhD Héctor Fernandez
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Scientific workflows

Workflows are common in computer-assisted scientific experiments. J

astronomy
medical imaging

bioinformatics
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astronomy
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Scientific workflows

Workflows are common in computer-assisted scientific experiments. )

astronomy

medical imaging

°
°
@ bioinformatics
°

Some workflow management systems are now mature and broadly used. J

o Galaxy
P o Kepler
e N
‘g @ Moteur
pagasvs
@ Pegasus
@ Taverna

Cédric Tedeschi Chemically-Inspired Runtimes for Large Scale Adaptive Computing Platforms 32 /48



Why another workflow execution manager?

O@f.o
F

GINFLOWV- @~

GinFlow does not ...
@ intend to compete with existing WMSs

@ address a specific scientific area
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Why another workflow execution manager?

O@f.o
F

GINFLOW -8~
GinFlow does not ...
@ intend to compete with existing WMSs

@ address a specific scientific area

GinFlow ...

@ specifically targets decentralisation and adaptativeness

@ intends to provide a proof of concept / validation playground
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|
Room for improvement in WMS? (1)

Decentralisation |

For the sake of:
@ removing the need for an orchestrator
@ horizontal scaling
@ resilience
o

enacting distributed coordination
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GinFlow's decentralised execution

@ a set of agents coordinating the execution
e pulling / pushing information into a shared space

@ and communicating directly intermediate data

O =

.~ _ 7
GINFLOW -8
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GinFlow's decentralised execution

@ a set of agents coordinating the execution
@ pulling / pushing information into a shared space

@ and communicating directly intermediate data
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GinFlow's decentralised execution

@ a set of agents coordinating the execution
@ pulling / pushing information into a shared space

@ and communicating directly intermediate data

-—=a
~
~

//
_______ .- Laeline
A

GINFLOW -8
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GinFlow's decentralised execution

@ a set of agents coordinating the execution
@ pulling / pushing information into a shared space

@ and communicating directly intermediate data

GINFLOW -8
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Room for improvement in WMS? (2)

Adaptiveness )

“... most scientific activity consists of exploration of variants and
experimentation with alternative settings, which would involve modi-
fying workflows to understand their effects and how to explain those
effects. Hence, an important challenge in science is representation
of workflow variants, which aims at understanding the impact that

a change has on the resulting data products as an aid to scientific

a

discourse.”

aGiI. et al., Examining the Challenges of Scientific Workflows. IEEE Computer, 2007

Cédric Tedeschi Chemically-Inspired Runtimes for Large Scale Adaptive Computing Platforms 36 / 48



-
Type of adaptiveness addressed by GinFlow

Dynamic adaptation of the workflow shape

g *)
.~ _ 7
GINFLOW -8
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-
Type of adaptiveness addressed by GinFlow

Dynamic adaptation of the workflow shape

@ guided by the user which tags some portion as supervised

supervised

g )
.~ _ 7
GINFLOW -8
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-
Type of adaptiveness addressed by GinFlow

Dynamic adaptation of the workflow shape
@ guided by the user which tags some portion as supervised

@ and either predefines an alternative

alternative
O

."_.O'O"

! supervised

g *)
.~ _ 7
GINFLOW -8
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-
Type of adaptiveness addressed by GinFlow

Dynamic adaptation of the workflow shape
@ guided by the user which tags some portion as supervised
@ and either predefines an alternative

@ or (partially) redesigns the workflow after some failure

alternative
O

."_.O'O"

! supervised

g *)
.~ _ 7
GINFLOW -8
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GinFlow's adaptation scenario (1)

Adaptiveness: predefined alternative (cold adaptation.)J

o) alternative

08

! supervised
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GinFlow's adaptation scenario (1)

Adaptiveness: predefined alternative (cold adaptation.)J

alternative alternative
%S /L
e iy A0
! supervised ... !/ supervised
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GinFlow's adaptation scenario (1)

Adaptiveness: predefined alternative (cold adaptation.)J

alternative alternative alternative
%S /L %S
! supervised ... !/ supervised ... ! /supervised

e & U oY
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GinFlow's adaptation scenario (2)

Adaptiveness: partial redesign at run time (hot adaptation.) J

o—Q
e = 00O

-
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GinFlow's adaptation scenario (2)

Adaptiveness: partial redesign at run time (hot adaptation.) J

o ii o=

s s
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GinFlow's adaptation scenario (2)

Adaptiveness: partial redesign at run time (hot adaptation.) J

é; o—

b
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GinFlow's adaptation scenario (2)

Adaptiveness: partial redesign at run time (hot adaptation.) J

é; o—

b

: user intervention
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GinFlow's adaptation scenario (2)

Adaptiveness: partial redesign at run time (hot adaptation.) J

: user intervention
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GinFlow's core: a declarative workflow engine

GinFlow's engine was developed using HOCL

@ data left unstructured in the multiset
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GinFlow's core: a declarative workflow engine

GinFlow's engine was developed using HOCL
@ data left unstructured in the multiset : the workflow

@ program as a set of rules

o identifying patterns in the multiset
e modifying the multiset
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GinFlow's core: a declarative workflow engine

GinFlow's engine was developed using HOCL
@ data left unstructured in the multiset : the workflow

@ program as a set of rules : the workflow engine

o identifying patterns in the multiset
e modifying the multiset
e concurrently applied by a set of service agents
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Specification of a workflow

rot
e 102 T1: (SRC: (), DST : (To, T3),SRv : s1,IN : (input)),
103 T2: (SRC: (T1),DST : (T4),SRV : s2,IN : (),
a @ 104 T3: (SRC: (T1),DST : (T4),SRV : 83,IN : ())
105 Ta: (SRC: (To, T3),DST : (), SRV : s4,IN : ()

b
o T 0, kv - 54,1 - ()
() 106 )

Each line is sent and locally stored on the engine responsible for the task.
Still, we need rules to execute the workflow (and modify its state)
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Generic rules to execute the workflows

Rules duplicated on each SA to:
e start the task (once all incoming dependencies are satisfied)

@ move data between tasks (once a result has been produced)
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Generic rules to execute the workflows

Rules duplicated on each SA to:
@ start the task (once all incoming dependencies are satisfied)

@ move data between tasks (once a result has been produced)

gw_setup = replace SRC: (),IN: (w)
by SRC: (), PAR: list(w)

gwocall = replace SRC: (),SRV:s,PAR: {pup, RES @ (W)
by SRC: (),SRV :s,RES: (invoke(s, lpsr), w)
gw_pass = replace RES : (wgps), DST : (T}, wper)

by RES : (Wres), DST : (wpsr), send(wres, T;)
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Specification of an (abstract) adaptive workflow
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Specification of an (abstract) adaptive workflow

201

202 T1: (SRC: (),DST : (T2),SRV : s1,IN : (input)),
203 Tp: (SRC: (T1),DST : (T3),SRV : s2,IN : (),
204 T3: (SRC: (T2),DST : {T4),SRV : 83,IN : ()),

205 Ty : (SRC: (T1),DST : (T3),SRV : 827 IN : ())
206 )
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Generation of specific adaptation rules

Specific rules to:
@ trigger adaptation
@ spread new information where needed

@ adapt locally with the new information
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Generation of specific adaptation rules

Specific rules to:

@ trigger adaptation

@ spread new information where needed

@ adapt locally with the new information

trigger_adapt7, = replace
update_dstr; = replace
update_srcts = replace

by SRC:

RES : (ERROR) by send(ADAPT,[Ty, T3])
DST : (), ADAPT by DST: (Ty)

SRC : (wsrc), IN : {win), ADAPT

(wsrc, Tar), IN 2 ()
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Towards GinFlow

/ Code
/S i S \

Command Line

Sk
o J
> ﬂ
L.
@ Development
Interface

e Refactoring of the initial prototype
GINFLOW API (JAVA) . .
S ; e Extension to different MQs
EXECUTOR ‘ o Executors (deployment)
o APIs (Java, JSON, GUI)

@ Validation over Grid'5000
@ Open-source release
e Binding with TIGRES (LBL)

Centralized

Distributed

SSH MESOS

HOCL II
interpreter

Local mumse(

start

! = ma
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Smart grouping
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Timeline
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