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Ween processes an eir e standard pi-calculus.
Psi-calculi can capture the same phenomena as other nsions of the pi-calculus

such as the applied pi-calculus, the spi-calculus, the fusion calculus, the concurrent
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1. INTRODUCTION

®sa multitude of extensions where higher-level data struc-
u o I S ® !iven as primitive. To mention only two there are the

(G99 focusing on cryptographic primitives, and the ap-
Wﬁf&:alcu us o et [AF01] where agents can introduce statically scoped
aliases of names for data, used e.g. to express how knowledge of an encryption is restricted.
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Psi by Example

pi-calculus (Informal)

nil

output
input
parallel
replication
restriction
match
summation




Psi by Example

pi-calculus (Informal)

/) ramunasgutkovas — bash — 80x24

nil 0
output ‘a<b>.P
input a((x).p
parallel P | Q
replication 'P
restriction (new a)P
match caseaa==bbhP: P
summation casePtxu@ : P
[] true : Q




Psi by Example

Explicit Fusion (Inf

e 00 A /) ramunasgutkovas — bash — 80x24

Inﬁut Ereflx not blgdlng '

a b P | ‘a<e>.Q

communication yilelds explicit fusion
R ———




Psi by Example
Crypto (A Closer Look)

Structured data: tuples
with prOJectlon equatlons

fst( =
snd =
FFacts about data:

(new s)

‘a<t (M, x) secret s and message M
l/———///hashes to x

(|jhash (t |

a(y).1f hash(t(s,fst(y))) = snd(y)

then ‘Ch (b)<fst(y)>
— J

Structured. Equation as condition: checks if message
channels and hash received via a i1s hashed with s




Psi-calculxl
Parameterized Calculi

Gomusatocsbshais T teoerms

C conditions
——

.case cnd:1:P; || ... ]| end,: Py,

S

Assertion: (‘PSi‘) A assertions
W




Psi-calculxl
Parameterized Calculi

) ramunasgutkovas —bash—80x24

P, Q ::= (processes in ASCII notation)

‘M<N>.P M(x) .
case cnd;:P; []|...[] end,: P,

(|Psil)

Nil:

Parallel:
Replication:

Restriction:




Psi-calculil
Defining a calculus

/3 ramunasgutkovas — bash — 80x24

'('0‘6

enta:Ll \ _Ar X C - bool ]

compose : A X A - A T terms
C conditions

unit : A A assertions




Example Psi-calculus
the pi-calculus (1)

/3 ramunasgutkovas — bash — 80x24

terms are [ust names
*—-—-—-—J- —“d

{a == : a, b 1n names}

conditions are equalities between names;

{funit} = {1}

no facts in the environment
a1 the environment




Example Psi-calculus
the pi-calculus (2)

/3 ramunasgutkovas — bash — 80x24

Ala,b) .a ==

channel equivalence is formation of -

equality conditions

entails = A(y,a == b).a =D
name equality is entailed whenever the names are

the same
Cmem— e O




Example Psi-calculus
the pi-calculus (2)

e 00 ’ | /3 ramunasgutkovas — bash — 80x24

chaneq = A(a,b) .a ==
channel equivalence is formation of -

entails = A(y,a == b).a = Db
name equality is entailed whenever the names are

the same
L ee——— ST T

compose = A (y1,V2) .1
assertions are trivial
WD -~ ““""3-'-‘
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Example Psi-calculus
Fusion Calculus

/3 ramunasgutkovas — bash — 80x24

a,b € names}
= b : a,b &7

compose =
unit

eguivalegge closure




Example Psi-calculus
crypto

/3 ramunasgutkovas — bash — 80x24

{hash(e), enc(e,e*), dec(e,e*),
pk(e), sk(e), ..}
{dec (enc (x,V),V)

{ f (Ml, ...,Mn) .
(M=N _:7
pow ({

charieq
entails

compose =
unit




Psi-Calculil

Expressiveness

A K Qs (Huttel, CONCUR'TT) |
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Psi-Calculsi ¢
Workbench
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i Losding module “pwb/pp™ resolved as the Tile “/Users/ranusasquiiovas/pw/owd/pp. M"

i Loading modele “pwb/sert™ reselved as the file “/sers/rasunasgutiovas/pwi/pwb/sors ML"

: Losding modele “pwb/nominal™ resclved as the file "/Users/rasurasgutiovas/pewd/pwb/noninal, m™

: Loading modele “pwb/oav™ resolved a3 the file “/Users/ramenssgutkeves/pwd/pwd/env. ML

t Loading modale “pwbd/psi™ resolved a3 the file “/Users/ramenasguthovas/pwd/pul/psali mL"

! Loading modele “pwb/psi-parser™ resolved as the file “/Users/ranusasqutiovas/pwd/pwd/psi-parser . ML*

I Losding module “pwb/pp-nan™ resolved as the flle “/Users/ramunasgethovas/pwh/ pwb/pp-nom, ML*™

i Loading modele “pwb/pp-psi™ resolved as the file “/Users/ramenasgetkovas/pwh/pwb/pp-psi. ML*

: Losding modele “pwb/derivation-tree™ resolved as the file "/Users/rasusasgutkovas/ped/pwd/der ivat lon-tree

o

t Loading modale “pwd/sinulator” rcsolved as lk fille “Misers fravmasguthovas/pwd/pwd /s inulater . NL*
t Loading modele “pwb/pp-sin” CAavas/owd/ peb/ppesin MLt
I Loeding module “pwb/weak-s DasPethovas/pwd/ pwb/weak-s inulater .M

: Losding modele “pwb/bisin” St/ pe/bis in NL”
: Loeding modele “pwbicr™ r /pwb/cr.m*”
: Loading modsle “pwbd/comman 3/ o/ pwb/ conmand L™
t Loading modele “pwb/werkl vas/ v/ pwb/workbench ML*
I Loeding module "gpi2.M"
‘dot { .
Initix) «» xi{n) . Replex o»;
| Replia,m) «= "aems . Replea,me;
L
idet { 1
- Tool for Psi-:
I+ p
| Replla, m) <= P
b

'pu- satep Initiy)?

ba1> 22r6b TUTL(A)N
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Pwb Uses: Loading module “pwb/pp™ resolved as the file "/Users/ranusasquiiovas/pvl/owh/pp. ML" o
b Uses: Loading modele “pwb/sert™ reselved as the file “/Users/rasunasgutiovas/pwl/pwb/sort ML"

Pwb Uses: Loading modele “pwb/nonlisal™ resclved as the file "/Users/rasurasgutiovas/pewd/pwb/noninal m™
L)

L)

Pan

: Loading modele “pwb/osv™ resolved a3 the file “/Users/ramenasgutkoves/pwd/pwd/env. L™
t Loading modale “pwbd/psi™ resolved a3 the file “/Users/ramenasguthovas/pwd/pul/pal mL"
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Psi-Calcul1i ¢
Workbench
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Psi—Calculi

Workbench

e N0 D ramunasgutkovas — bash — 80x24 e

Framework for implementing - 3
Psi-Calculi 1instances )
ﬁgﬁé}iméhtal Platform for
experimentation with semantics and
pli-calculus extensions

O ee— ~
Free 3 .
w— Implemented in SML (PolxMLi'

For every PSl Transition simulator
. : LR Eee— e ————
implementatlon weak bisim generator

includes :"""




Psi-Calculil Workbench

Archi tecturgo‘\%3 3

| /D ramunasgutkovas — bash —

Implementef]

T CA
chaneq
— | entails
Supp compose Transition |
Norlr:ilr:al unit Constraint
PP ‘ subst h’ Solver ‘
sz;ke)r | Psi Symbolic
J c Evaluator
. ore ‘

T —

T R —




Psi-Calculil Workbnc

Constraint Solver

2 ramunasgutkovas — bash — 80x24

Pwb 7 }
Transition
Implementer] Transition . Derivative

Derivative Constraint
Constraint Solution
—— -
: » | Transition
SOl > | constraint g
I? > | Evaluator > | ~ODS >
> Solver ‘

T —



Psi—Caluli Workbench
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Pwb ]

lImplemente:?] £
N \.-_—J Parser 7
rca Pretty Printer7
chaneq
_ | entails
Supp compose Transition | |Bisimulation]| CIorr:nand
L:!'b unit Constrailint Constraint HLELP
Nomplpnal subst h Solver ‘ Solver ‘
Piz;ke)r | Ps1i Symbolic Bisim Cnstr
J Core ‘ Evaluator‘ Generator J

T e e







Psi-Calculil

Extensions (in progress)

e 00 ’ p—— /3 ramunasgutkovas — bash — 80x24

+ Nominal Free Algebras ]

+ Broadcast communication
O e—— e

Johannes Borgstrom -
--———"“““”£L~'--J

+ Huttel’s Types 3
Amin Khorsandi, MSc Thesis:
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