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A Simple Web Service

service {
global counter: int = 0;
document ThePage {
You are visitor number <var name="num">.
3
session Readme {
counter:=counter+1;
show ThePage[num < counter]

}

session Reset { counter:=0 }

¥

Problem: Need concurrency control.
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Low-level Semaphore Programming

service {

global counter: int = 0;
document ThePage {

You are visitor number <var name="num">.
b
session Readme {

take counter {

counter:=counter+1;

¥

show ThePage[num < counter]

}

session Reset { counter:=0 }

¥

Suffices for simple services — what about complex services?
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The Standard Solution

Language constructs for concurrency control

(e.g., monitors and semaphores).

Advantage:
Well-known concepts.

Disadvantages:
Lack of expressiveness.

Hard to use and maintain.
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Alternative Idea

e Allow high-level specification.
e Synthesize controller.

e Runtime system without performance loss.
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General Setup

safety

. service code
requirements

compiler
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— Labeled Services and Safety Requirements

e Runtime System
e Improvements on the Runtime System
e Implementation

e Conclusion
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Labeled Services

service {
global counter: int = 0;
document ThePage {
You are visitor number <var name="num">.
b
session Readme {
take-counter:
counter:=counter+1;
give-counter:
show ThePage[num < counter]

¥

session Reset { counter:=0 }
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Safety Requirements — Example

Vtime t,t": (t<t” A start-A(t) A start-A(t"))
—> dtime t": t<t'<t” A end-A(t').

At most one A thread at a time.
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Synthesizing the Controller

e Allow only runs ¢ = ggo102 ... for which
AQ.D...Q.SIH cF _3 > Oww mﬁﬁmﬂﬁvvu

where pre(¢) is the prefix closure of L(¢).

e How?

Mona: Safety Requirements — DFA.
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Example — Revisited

Vtime t,t": (t<t” A start-A(t) A start-A(t"))
— dtime t": t<t'<t” A end-A(t').

!
Mona

!
DS:- . 8: >

m:a A
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e Labeled Services and Safety Requirements

— Runtime System

e Improvements on the Runtime System

e Implementation

e Conclusion
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Combining Labeled Services and
Safety Requirements

e (Given
— a service S and

— a controller A..

e We want L(S)N L(A,.).
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Runtime System

Safety Controller Queues Session Threads

rtq(or) k | Session A 7

thread id: 47

.. ..mommwoc \»
thread id: 69

thread id: 117

Session B 7

Distributed Safety Controllers for Web Services, FASE’98, Anders Sandholm.



e Labeled Services and Safety Requirements

e Runtime System
— Improvements on the Runtime System
e Implementation

e Conclusion
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The State Explosion Problem

e Globals X1,...,X,,.

e Safety requirements

Vtime t,t": (t<t” A take-X;(t) A take-X;(t"))
—> dtime t": t<t'<t” A give-X;(t');

Vtime t,t": (t<t” A take-X,(t) A take-X,(t"))
— dtime t": t<t'<t” A give-X,(t');

e Size of state space: 2™ + 1

Distributed Safety Controllers for Web Services, FASE’98, Anders Sandholm.

16



Distributed Automaton

~

e Distributed alphabet, ¥ = (31,...,XK).
(Notation ¥ = |, 1 x 2i)-

e Distributed automaton, A = (Aq,..., Ax) with
\r. — Aaf @s.u Ms.u 74 .mﬂ_sv

e Behavior of A

AQHX...X@NQAQHQ...U%NVQMulfﬁHX...XNHWA‘Y

where (q1,...,q5) — (¢}, ..., q%) if and only if

— when o € ¥; then ¢; >, q; and
—if o € 3; then ¢q; = ¢..
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Example — Revisited

Safety Controller Queues Session Threads

riq(take X)) || Dot S 7

rtq(give-X,) ,A ) &rmmwmww»%i

| - Session B
rtq(take-X,,) thread id: :L

£

i_ﬁm?m-x:v 7
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Inference of Independence Information

qg = ¢ is state preserving if ¢ = ¢'.
o is dead if all o-transitions are state preserving.
A o-transition is dead if o is dead.

Observation: It is OK to remove locally dead labels and

transitions.
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Dividing the Central Controller

Consider G = (V, E) with nodes
V={A;,..., A}
and edges
E={(A,4;) % n%; #0}.

Observation:

Connected components can be run completely in parallel.
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Example — Re-revisited...

Safety Controller

Queues

rtq(take-X1) T

<o

rtq(give-X;) ’A

Session Threads

Session A 7

| thread id: 47

) __ Session A
thread id: 69

rtq(take-X,,) _

P

rtq(give-X,,) 7

Session B 7

thread id: 117
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e Labeled Services and Safety Requirements

e Runtime System

e Improvements on the Runtime System

— Implementation

e Conclusion
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Implementation

Central part of the domain specific language
Wig (Web Interface Generator).

e Typed dynamic HT' ML documents
e Relational database

Concept of user state

Support for work-flow
e Enhanced input forms, etc.

(See http://www.brics.dk/"mis/wigindex.html.)
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Labeled Services and Safety Requirements

Runtime System

Improvements on the Runtime System
e Implementation

— Conclusion
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Conclusion

Web programming environment
e rapidly changing code
e fast machines
e slow networks
Therefore runtime controller is ideal
e High-level specification of concurrency constraints
e Synthesize controller automatically

e No performance loss
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Standard Alphabet

e global X: take-X and give-X
e session A: start-A and end-A

We get

Ys = labels(S) U
{take-X | X € globals(S)} U {give-X | X € globals(S) } U
{start-A | A € sessions(S)} U {end-A | A € sessions(5) }.
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Labeled Services are Automata

o Automaton: A= (Q,q,%,—, F), where
() set of states,
g € () initial state,
>, labels,
—C @ x X X @ transition relation, and
F' C () acceptance states.

e Service S, As = (Qs,{s,>s, s, Fs), where transitions
correspond to passing a label, and Fs = )g.
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Monadic Second-Order Logic on Strings
(M2L-Str)

1,V over positions and position sets,
boolean connectives: A,V,—, =, ...,
t+ 1, Ty UTs, t €T, a(t),...

w = ¢ if ¢ is true over w.

Language of ¢
L(¢) = {wes |wk ¢}
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Product Automaton

e Given A1 = AQHQQTM“iH“ﬁHV and A, = AQM“@vauivaﬂwv.

e We define the product

A x Ay = (Q1 X Q2, (G1,G2), =, F1 x Fy),

where (g1,¢2) = (¢1,¢5) 1 (g1 =1 ¢ and g2 =3 q3).

e bserve that L(A; x Ay) = L(A;) L(As).
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Compiling Labels

assing label

e ush thread id onto rtq( ).

e Wait for per ission to continue.
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The Sa et Controller

frtq( ) is none pt and is enabled then
e re ove thread fro rtq( ),

e ake -transition, and

e wake up thread corresponding to

Runti e S ste now behaves as Ag x A .
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