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Motivation

Typical Servers

TIMESERVER

DATESERVER

rec Y. getTime?x. xltime. Y

rec Z. getDate?x. xldate. Z
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1. We want to show that the clients are behaviourally equivalent
wrt. well-behaved servers.

2. We want to order these clients, based on their channel usage.

3. We want to determine these relations compositionally
(without concerns of the specific server implementations.)
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Towards a Behavioural Equivalence

rec X.alloc x;. alloc x». rec X.alloc x.
getTimelxy. x17y. getTimelx. x?y.
getDate Ixo. x0?7z. Fetxt getDate Ix. x?z.
report!(y, z). X report!(y, z). X

Generic Servers

rec Y. getTime?x.(x!time. Y || x!time)
rec Z. getDate?x. xldate. Z

GIDDYTIMESERVER
DATESERVER

1> 1>
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Towards a Behavioural Equivalence

First Requirement
We need to express our assumptions about a well-behaved server.

Implicit Assumption
We want to reason about well-behaved clients.

rec X.alloc x.
getTime!x. free x. x?y.
getDate Ix. x7z.
report!(y, z). X

RAVINGCLIENT £
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Type language

w  (unrestricted)
1 (affine)

o
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Describing Well-Behaved Servers
I 2 getTime:[[Tume]']”, getDate: [[Tyate]*]*

I = CLIENT; =it CLIENT,
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A Substructural Type System

Type language

a = w (unrestricted)
| 1 (affine)
| (e,7) (unique after i steps, i € N)

Typing Clients

CLIENT3 = recX.
alloc x.
getTimelx. x?y.
getDate Ix. x7z.
X [Tdate](”o) N\, free x.report!(y, z). X
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= TREV
Mu [T O+ P
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Structural Rules
T=T10T, Mu:T,uTHP
u:TkHP

TSPL

= S — PUNR ——— = — PUNQ
[T]° = [T} o [T]° [T1) = [T]" o [T)(* 4
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Typing Rules for Channel Usage

M rFP HFQ
TPAR
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—_—
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A Substructural Type System

Typing Rules for Channel Usage

M

1
(D ¢ ['IH']1 consistent
T AR i = (. 0) . — 1 . ”
L, FP|Q c.['[]( Pl ¢:[T]* not consistent!!

rerp MoxTFP
= — TOTA — TINA
MouT)H v:T Fulv.P r, u;[T]l F u?x.P

rou: [T - P

——— TOTU
O[T v T Fulvp
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Configurations
<P implies 3 I such that:
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» [ is consistent with I’

Transitions

Mo g adQ  —2— 1T, d:T < Q
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Bisimulation Equivalence

First Attempt
I 'Z P bis Q If
» <P and '« Q are configurations.
»TaP % "aP'  implies T<Q = Ma@  such that
M E P ~pis Q

» the dual case.

Theorem (Subject Reduction)

[ < P is a configuration and T <P = [’ <P’ thenT’ <P’ isa
configuration
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Bisimulation Equivalence

Example (Comparing the two basic Clients)
For I = getTime:[[Ttime]']“, getDate: [[Tgate]']*

(r , CLIENT; , CLIENT; )
(r ,getTimelcy. ¢17y.P{c:@2/q,x}, getTimelcy. c1?y. Q{1 })
<F, C1: [Ttime]1; Cl?y.P{Cl’ C2/x1,x2} R Cl?y.Q{Cl/xl} >
(r ,getDatel . P’ {1, @2/, %, } ,getDatelcy. Q{ct/xi } )
( yee b )



Bisimulation Equivalence

Renaming Modulo '

Let or : NAME — NAME range over bijective name substitutions
satisfying the constraint that

¢ € dom(I') implies cor = caFl =c
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Second Attempt
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Bisimulation Equivalence

Second Attempt
I ': P bis Q if
» <P and <@ are configurations.
> TaP % ["aP' implies T<Qor = M@
that ' = P’ ~pis Q'
P FTaQ % MaQ  implies [<aPor = MapP
that I ): P’ Rbis Q'

Equality

I = CLIENT] ~pis CLIENT, ~pjis CLIENT3

such

such



Partial Order

Costed Actions

¢ not allocated
ALL

L
[aallocx.P ——,; [<P{ckx}

= LFREE
<freec.P —_1 <P

LOuTU

Mo [T acdp <4y oo [T]*), d:TaP
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Partial Order

Amortised Typed Bisimulation
rePLp. Qif
» <P and I <@ are configurations.
» TaP 5, <P implies T < Qor :ﬁ>/ "< Q where
r/ E PI Eg;srlfk Ql
»TaQ 25 4@ implies T < Por =, ' <P where
e P il @

Ordering

I = CLIENT3 5y CLIENT; Epi o CLIENT,



Compositionality

Theorem
rrreE PS5, Q@ and T'ER implies:

> EP|REL QIR
>r':'l'?H'DNblsR”C\)



Conclusions

Main contributions

» A compositional framework for reasoning about resource
usage in a concurrent setting.

» A justification of such framework in terms of an independent
behavioural contextual peorder on processes.

Future work

» Apply theory to analyse protocol refactoring.

» Extend the theory to a Higher-Order Resource w-calculus.
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