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Using TLV for Service Composition

1. How to represent a service composition
problem instance as a safety game?

2. Using TLV to solve the safety game.
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Reduction to Safety-Games

PROBLEM
INPUT: a service composition problem instance
. Community of available services: C={S,,...,
SH}
. Target service specification: S,

OUPUT: Safety-game G “equivalent” to above instance

G =< V,X,y, apeapsaD(p>

oEamivalence: OG extragted from Qs WINNING set.

Composition
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Reduction to Safety-Games (2)

Assumption: TSs have infinite runs

Ifnot... ——02—02-Q
... do this SR Y nop

States have always a successor!
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Reduction to Safety-Games (3)

GAME STATE VARIABLES
o V={8,8),...,5,,0,ind}
- s (over S)) target service state
- s;: (over S,) i-th service state
- ind: (over {1,...n}) selected service
«  AX={s,si,...,S,0} (environment)
- Y={ind} (system)
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Reduction to Safety-Games (4)

INITIALIZATION

» Estates that all services are in their initial state

 Actually, an artificial “init” state is introduced
(see Lecture Notes for details)

Reduction to Safety-Games (5)

GAME STATE TRANSITIONS
. p.() defines how, given a complete current state,

. The community changes state

. The target service changes state and selects next op
Move Changes
>

Current Community State

s, TS S 0. 1nd

) G

Target Service Current Service Selectiox 9 ;
S iS5 S E A5 IS5 O
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Reduction to Safety-Games (6)
GAME STATE TRANSITIONS
. p,() defines how, given a complete previous state and a current
environment state (community + target service), the system chooses next
C‘ind”.
SES L R eR Gy
ST S e 0. 1nd
2 b
S 65575555 8 4y 5y S0
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Reduction to Safety-Games (7)

p,() defines how, given a complete previous state and a
current environment state (community + target service), the
system chooses next “ind”

. p,() can choose any ind at each step
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Reduction to Safety-Games (9)

GAME STATE TRANSITIONS

Observation: target operations moved into states!
o)

b &
»¢®
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Reduction to Safety-Games (8)

GAME INVARIANT

© = /\ = fail; A (final; — /\ final;)
i=1 i=1
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Reduction to Safety-Games (10)

For general rules, see Lecture Notes

(soon available online)
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Reduction to Safety-Games (11)

Once we encoded our service composition problem in a safety-
game...

Theorem:
1. A composition exists iff the maximal winning set contains
all initial game states

2. Compute the maximal winning set and you get the
composition generator, i.e., the whole set of compositions
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TLV

The environment TLV (Temporal Logic Verifier)
[Pnueli and Shahar, 1996] is a useful tool that

can be used to
automatically compute the orchestrator generator,

given a problem instance.
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Reduction to Safety-Games (12)

“2. Compute the maximal winning set and you get the composition
generator, i.e., the whole set of compositions”

Good! But...
... how to compute the maximal winning
set?
Use TLV!
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How to write this?
file .smv:
Community 4—— Instance dependent
+
Target
Comp-inv.pf ) Cq or
w ‘unrelizable
Synth-inv.tlv
- Given
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TLV and SMV

* TLV is the software system
* SMV is the language used for input

SMYV Specifications

* SMV specs are composed of modules:

- modules are sorts of TS which may share
variables with other modules

- modules may contain submodules, running in
parallel

- special module main is mandatory and contains
all relevant modules
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Composition

specification
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>
SMV Modules
A module:
name parameter(s)
‘ internal variable(s) ‘
"o | MoDULE Targetcopy
~{yam
“~agtate : {start_st,t0,t1,t};
.. . INIT
initialization [---1----+state = start_st & op = start_op
TRANS

case
state = start_st & op = start_op : next(state) = tO & next(op) in {a};
state =t0 & op = a: next(state) =t1 & next(op) in {b};

‘ transition relation } ----- > state =t1 & op =b :next(state) = t& & next(op) in {b,c};

state =t& & op =b : next(state) =t & next(op) in {b,c};
state =tR & op = c: next(state) = t0 & next (op) in {a};

esac

DEFINE
initial := state=start_st & op=start_op; ,_____ + q
final = state n (t0.42); . boolean expressans
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SMYV specification structure

- A specification is structured as follows:
- 1 module main representing the specification
- 1 module Sys representing the orchestrator
- 1 module Env combining C and S;
- 1 module Target representing the target service
- 1 module Service, per available service S;
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Module Interconnections

main
o Env(index)
Sys B 7
- o o et B R e o e | N
index ,’_ v
Al Al
Service1(index, operation) Service2(index, operation)
Do t
state ... ~ state ...
T~ it 1
~ Ay I
-——— ~
. o ~ ~ 7/
main’s state: =iz N B
Target(operation) operation
Sis Spseees Sipdoees $,,0,ind state ...
[
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Module Transitions

* main’s submodules run in parallel

» At each clock tick they all move, according to their
current state and specification

* We constrain non-selected modules to loop in their
current state

» The whole module main is itself a transition system

SMYV encoding by examples

C
e
(5o )

Cc
b
b c
@@) a
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Module main
. Instance independent
Parameter:
Keywords 1 variable index of
- - /| submodule sys
Camm il g MODULE majry )/
Target TSs ~ < VAR w2/ 'g
env: systerg Env(sys.index);
Orchestrator |= = ~ ~|" sys: system Sys;
DEFINE
4 ¥good := (sys.initial & env.initial) | | (env.failure);
’
’
‘ condition of “good” state
December, 2008 Fabio Patrizi - Using TLV for Service 24
Composition
4




. Depends on number of available services.

December, 2008

Module Sys

MODULE Sys Number of
VAR _ _|available
index: 0.8~ = Services

case
index=0 : next(index)!=0;
index!=0 : next(index)!=0;
esac
DEFINE
initial := (index=0);

Fabio Patrizi - Using TLV for Service
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INIT
index=0% = —~ _
TRANS 0 used for init
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Module Sys (2)

MODULE Sys
VAR
index : 0..8;
INIT
index=0
TRANS
case
index=0 : next(index)!=0;
index!=0 : next(index)!=0;
esac
DEFINE
initial := (index=0);

A

U

MODULE main
VAR
env: system Env(sys.index);
sys: system Sys;
DEFINE
good := (sys.initial & env.initial) | ! (env.failure);

The goal is to restrict env transition
relation so that “good” is always
satisfied.

env is affected by sys through
parameter sys.index

Module Env

Operation alphabet + special

]

operation start_op used for init
Target MODULE Env(index) = —— K
service M |var _ -
> | operation : {start_op,a,b,c}; 4= -
A target : Target(operation); -- "produces" operations
Available [~ = s1 : Servicel(index,operation); -- "consumes" current index and operation
services | =» S8 : Servicel(index,operation); -- same as above
DEFINE
initial := (s1l.initial & sR.initial & target.initial & operation=start_op);
Jw failure := (s1.failure | sR.failure) |
Ve (target.final & !(s1.final & s2.final));
/
Fail if:

*S1o0rS2(... or SN) fail, OR
* T1is in a final state when S1 or S2 (... or SN) are not.
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Module Target

. Think of Target as an operation “producer’

bl

il vaR
State ™ = state: (start_st,t0,61,62};

INIT

N : _ + = Pstate = start_st & op = start_op WV
Init section TRANS
case

state = start_st & op = start_op : next(state) =t0 & next(op) in {a};
state =t0 & op = a: next(state) =t1 & next(op) in {b};

MODULE Target(op) --op is an output parameter

O
() b
(t)

b

state =tl & op =b :next(state) = t& & next(op) in {b,c}; ¢
state =t2 & op =b : next(state) ®tQ & next(op) in {b,c}; ~ ~
state =t2 & op = c: next(state) = t0 & wext (op) in {a}; .
L = esac N N
Initial/final DEFINE \ Next operation
™ - initial := state=start_st & op=start_op; \ - inicti
states > malr stats i (03], ~ ol aratace) N (non-deterministic)
Next state J
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Modu

MODULE Target(op) --op is an output parameter
VAR L3
state : {start_st,t0,t1,t2});
state = start_st &c:'op = start_op
s
case b
state =t0 & op

state =t1 & op
state =t2 & op

esac
DEFINE H

initial := state=start_st & op=start_op;

final := state in {t0,t2}; - ﬁ.rjal state(s)

state = start_st& op = start_op : next

MODULE Env(index)

VAR
operafion : {start_op,a,b’
target}: Targgifoperation);

s1 : Sexyjeel (index,operation);
s8R : ServiceR(index,operation);
DEFINE

failure := (s1.failure | s2.failure) |
(target.final & !(sl.final & sR.final));

initial := (s1l.initial & sR.initial & target.initial & operation=start_op);

ile Target (2)

b
4
(state) = t0 & next(op) in {a};
next(state) =t1 & next(op) in {b};

next(state) = tR & next(op) in {b,c};

next(state) = t2 & next(op) in {b,c};
state =tR & op = ¢: next(state) = tO & next (op) in {a};

start_st, start_op

Controlled by
System

December, 2008
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Available Service Modules (2)

MODULE Servicel (index,operation)
VAR
state : {start_st,s10,s11,512};
INIT
state=start_st
TRANS
Cast

If not selected,
remain still

Fail if selected and
operation not
executable

\
\

esac
DEFINE

\ failure :=

\ index =1 & !((state = s10 & operation in {a,b})|
(state = s11 & operation in {b,c})|
(state = s18 & operation in {b,c})

N -V

— -

final := state in {s10};

Initialization

4

next(state) in {s10};
) : next(state) in {s10};
) : next(state) in {s1R};
next(state) in {s10};

initial := state=start_st & operation=start_op & index = O;

|

‘ ND state transition ‘

state=start_st & operation=start_op & index=0: next(state)=s10; 1
"~ (index != 1) : next(state) = state; -- if not selected, remain still 1
(state=s10 & operation = a) : next(state) in {s11,512}; <+ — — _ _| 4

(state=s10 & operation =b) : next(state) in {s10};
(state=s11 & operation=b) :
(state=s11 & operation:
(state=s12 & operation:
(state=s12 & operation=b) :

N
(o)

b
J
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Available Service Modules

 Strong dependence on instance (same as target
service)

* Nondeterministic in general
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Encoding summary

MODULE main
VAR

: indem);  [yeslEbardvesent
ony: yotom Bov(eys index) « ‘ Always the same ‘

DEFINE
good := (sys.initial & env.initial) | |(env.failure);

MODULE Sys
VAR

index : 0..2;
INIT
index=0 - ——— - - -
TRANS

‘ Number of available services ‘

case

index=0 : next(index)!=0;
index!=0 : next(index)!=0;
esac
DEFINE
initial := (index=0);

MODULE Env(index)
VAR

operation : {start_op,a,b,c};
target : Target(operation);
sl : Servicel(index,operation);
s2 : ServiceR(index,operation);
DEFINE
initial := (s1.initial & s®.initial & target.initial
& operation=start_op);
failure := (s1.failure | s2failure) |
(target.final & !(s1.final & s2.final));

*Operation alphabet
e e *Available services

«Initial expression

*Failure expression
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Encoding summary (2)

MODULE Target(op) --op is an output parameter
VAR

state :
INIT
state =
S

case

esac
DEFINE

initial

final :=

:= state=start_st & op=start_op;

*Keep name and interface

{start_st,t0,t1,t});

«Change states and transitions

start.st & op = start.op *Define final/init expr’s
state = start_st & op = start_op : next(state) = t0 & next(op) in {a}; L

state =tO & op = a: next(state) = t1 & next(op) in {b}; 4

state=t1 & op =D :next(state) = t2 & next(op) in {b,c}; » 4

state =t2 & op =b : next(state) = t& & next(op) in {b,c}; - ———— - -

state =tR & op = c: next(state) = tO & next (op) in {a};

state in {t0,tR}; -- final state(s)

December, 2008
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Running TLV

Comp-inv.pf State 1

env.operation = start_op,
env.target.state = start_st,
env.sl.state = start_st,

MODULE
MoDuLE
MODULE
MoDuLE
MODULE
MODULE

main env.sR.state = start_st,
sys.index =0,

Sys
State 2
env.operation = a,
Target env.target.state = tO,
) env.sl.state =510,
Servicel env.s2.state = s20,
sys.index =1,

Env

Service2

Automaton Transitions

December, 2008

From 1to 2
From2to 34
From3to 567

Synth-inv.tlv
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Encoding summary (3)

MODULE Servicel (index,operation .
VAR (indexoperation) *Keep interface
state : {start_st,s10,s11,5s12};
INIT

state=start_st

case

«Set (standard) name
TRANS *Set states and transitions
state=start_st & operation=start_op & index=0: next(state)=s10; ‘Define ﬁnal, init and failure

(index != 1) : next(state) = state; -- if not selected, remain still
(state=s10 & operation = a) : next(state) in {s11,518}; 7z
(state=s10 & operation =b) : next(state) in {s10}; i e %

(state=s11 & operation=b) : next(state) in {s10};
(state=s11 & operatio; : next(state) in {s10};
(state=s12 & operati ) : next(state) in {s12};
(state=s1R & operation=b) : next(state) in {s10};

esac
DEFINE
initial := state=start_st & operation=start_op & index = 0;
failure :=
index = 1 & !((state = s10 & operation in {a,b})|
(state = s11 & operation in {b,c})|
(state = s12 & operation in {b,c})
s

final := state in {s10};

Fabio Patrizi - Using TLV for Service
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Running TLV (2)

Automaton States

State 1
env.operation = start_op, env.target.state = start_st,
env.sl.state = start_st, env.s.state = start_st,
sys.index =0,

State
env.operation = a, env.target.state = tO,
env.sl.state = s10, env.sR.state = sR0,
sys.index =1,

State 3
env.operation = b, env.target.state =t1,
env.sl.state = s12, env.s2.state = sR0,

sys.index = 1,

ate 4
env.operation = b, env.target.state =t1,
env.sl.state = s11, env.s2.state = sR0,
sys.index =1,

Automaton Transitions
E From 1 to

From3to 567
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Lecture Notes

* Lecture Notes about first part (Reduction to
Game Structure)

+ Slides (for SMV encoding)

* Online before next week’s practice. Bring your
laptop!

» See course website

www.dis.uniromal.it/~ degiacom/didattica/software-services/
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