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Introduction

Lock freedom in interleaved sessions

Lock freedom = each communication can be completed

e global types assure lock freedom inside a single session
e interleaved sessions are needed (for example for delegation)

e global types do not assure lock freedom in presence of interleaved
sessions
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Introduction

From binary sessions to the linear w-calculus

e Dardha, Giachino, Sangiorgi, Session types revisited,
PPDP 2012

Session Linear m-calculus
y1(45).y?(x) (vb)al(45, b).b?(x)

y 1 lint.?bool a: ![int x ?[bool]]
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Informal Overview

The linear m-calculus

Each linear channel is used exactly once
Each unlimited channel is used without restrictions

benefits:

e specialised behavioural equivalences for reasoning about
communication optimisations

o cfficient implementation of linear channels

e communications on linear channels are deterministic and confluent

Kobayashi, Pierce, Turner, Linearity and the pi-calculus, TOPLAS
1999
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Informal Overview

Deadlock and lock freedom

Definition (deadlock freedom)

no pending communications on linear channels in irreducible states

a?(x).bl(x) | b2(y).al(y) X

Definition (lock freedom)

each pending communication on a linear channel can be completed

cl(a) | #c?(x).cl(x) | al(1984) P ¢
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Types of channels

1 m
p[t]i
+ level (= deadlock freedom)

levels m enforce an order on the use of channels: channels with lower
levels must be used before channels with higher levels
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Informal Overview

Types of channels

1 m
pltl",
|
+ tickets (= lock freedom)

tickets n limit the number of travels that channels can do: each time a
channel is sent as a message, one ticket is removed from its type; a
channel with no ticket cannot travel and may be used only for performing
a communication

p is the polarity: ? or ! or both or nothing
Lt is the multiplicity: 1 or w
t is the type of the message
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Informal Overview

Types of channels and channels

plt]y plt]

linear channel unlimited channel

p is the polarity: 7 or ! or both or nothing
t is the type of the message

m is the level

nis the tickets

no multiplicity
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Conditions for deadlock freedom

Inputs

u has lower level than all the channels in P

u?(x).P is well typed

Outputs

u has lower level than v

ul{v) is well typed
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Informal Overview

Examples of deadlock freedom

< %
2+ {2, i)™, b {7, bool]” F a™2(x) B1(x) | b"2(y).a"1(y)

%
a: {2 [int]" F a™7(x).a"1(x)

%
a: {7, }ua.?[o]™™ - a"1(a™)

nnnnnn
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Informal Overview

Lock freedom

Condition
v's tickets > 0 (and 1 unit is consumed)

ul{v) is well typed

E I .
xampie any channel sent on ¢ must have n+ 1 tickets

c: {7, !}w[?[int]mn]n cla™ ) [#cT(xn).clxTy | aTo!(1984)

1 unit consumed <—‘

a is sent on ¢ infinitely many times and so it would ideally need infinitely
many tickets

111111
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Spot the differences

c?(x®).y"1(x®) c?(x®, y 7).y "1(x®)

* y free e y bound

o x'slevel =7 ) )
e x's level > y's level

e ¢ monomorphic « ¢ polymorphic
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Informal Overview

When is a channel polymorphic?

e input on ¢ has free linear channels in continuation
= ¢ monomorphic

e input on ¢ has no free linear channels in continuation
= ¢ polymorphic

Mx:tEP un(T)
I'E*u?(x).P

Every replicated channel is polymorphic in the linear m-calculus
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Informal Overview

Back to fact and stream

*fact?(x,@.if x =0 then y°1(1)
else (va D)(fact!(x — 1,43) | a 12(2).y 1 (x x 2))

xstream?(x, )@.(ual)(yONX, a') | stream!(x +1, Q)

these processes can be declared well typed since fact and stream are
replicated channels, i.e. polymorphic channels

111111



Calculus

uz=ab, ..., x,y, ...

names channels variables

16/40



Calculus

ex=nl|ul(ee)|inle|inre

expressions

nnnnnn



Calculus
Syntax

u:z=ab, ....x,y, ...

ex=nlul(ee)|inle|inre

P =0 u?(x).P | xu?(x).P | ul{e) | (P| Q)| (va)P |
let x,y=ein P } case e {/ X; = Pi}i—inl,inr

processes
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Calculus

ex=n|u|(ee)|inle]inre
P =0 u?(x).P|*u?(x).P|ule) | (P|Q)]| (va)P |

let x,y =ein P ‘ case € {/ X = P;}i=inl inr

u?(x, y).P abbreviates u?(z).let x,y = z in P for some fresh z

nnnnnn
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Calculus

Semantics

al{v) | a?(x).P — P{v/x}
al{v) | xa?(x).P — P{v/x}|*a?(x).P
let x,y =v,w in P — P{v,w/x, y}

case k v {/ Xj = Pi}i:inl,inr — Pk{V/Xk}

closed by reduction contexts

C:u=[]l(C|P)[(va)c

and structural congruence
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Pending communications

def

in(a, P) <—

def

xin(a, P) <—

P = Cl[a?(x).Q] A a & bn(C)
P =C[*a?(x).Q] A a & bn(C)

replicated input on a
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out(a, P) <% P =Clal{e)] A a&bn(C)
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Calculus
Pending communications

o
)
-

in(a, P) <= P =C[a?(x).Q] A a & bn(C)
«in(a, P) <% P =C[*a?(x).Q] A a & bn(C)
out(a, P) <% P =Clal{e)] A a&bn(C)
sync(a, P) <= (in(a, P) V *in(a, P)) A out(a, P)
wait(a, P) <= (in(a, P) V out(a, P)) A —sync(a, P)

communication but not

immediate synchronisation on a
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Pending communications

(a, P) <= P =Cla?’(x).Q]Na¢bn(C)

(a, P) <= P =([*a?(x).Q] A a¢& bn(C)
out(a, P) <= P =C[al{e)]Na¢bn(C)

(a, P) < (in(a, P) V *in(a, P)) A out(a, P)

(a. P)

< (in(a, P) Vout(a, P)) A —sync(a, P)

for deadlock freedom irreducible processes cannot contain pending
communications, but for replicated inputs (they play the role of
persistently available servers)
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Calculus

Pending communications

(a, P) <= P =Cla?’(x).Q]Na¢bn(C)

(a, P) <= P =([*a?(x).Q] A a¢& bn(C)
out(a, P) <= P =C[al{e)]Na¢bn(C)

(a, P) < (in(a, P) V *in(a, P)) A out(a, P)

(a. P)

< (in(a, P) Vout(a, P)) A —sync(a, P)

for deadlock freedom irreducible processes cannot contain pending
communications, but for replicated inputs (they play the role of
persistently available servers)

for lock freedom
e all non-replicated inputs should be able to receive their messages
e all outputs should be able to deliver their messages
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Deadlock and lock freedom

Definition (deadlock freedom)

P is deadlock free if, for every Q such that P —* (v3)Q -, we have
—wait(a, Q) for every a
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Deadlock and lock freedom

Definition (deadlock freedom)

P is deadlock free if, for every Q such that P —* (v3)Q -, we have
—wait(a, Q) for every a

e Kobayashi, A New Type System for Deadlock-Free Processes,
CONCUR 2006
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e Kobayashi, A New Type System for Deadlock-Free Processes,
CONCUR 2006

Definition (lock freedom)

P is lock free if, for every Q such that P —* (¥3)Q and wait(a, Q),
there exists R such that Q —* R and sync(a, R)

e Kobayashi, Sangiorgi, A Hybrid Type System for Lock-Freedom
of Mobile Processes, TOPLAS 2010

(va)a!(1984) and (va)a?(x).P are deadlocks X
(va)xa?(x).P is lock free
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Type System

Types and type environments

t = int}oz

type variable
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Type System

Types and type environments

t = int}a’txs

pairs inhabited by values (v, w)

nnnnnn



Type System

Types and type environments

tu=int|a|txs|t@s

disjoint sum of t and s inhabited by values:
(inl v) when v has type t or
(inr w) when w has type s
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Type System

Types and type environments

t = dnt|a|txs|t@s|pl]]

linear channel with polarity p, message type t, level m and tickets n
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Type System

Types and type environments

t w=int |a|txs|t@s|plr| ol

unlimited channel with polarity p and message type t
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Type System

Types and type environments

t = int |a|txs|t@s|plt]y | plt] | wet

recursive type
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Type System

Types and type environments

t = int |a|txs|t@s|plt]y | plt] | wet

type environments I" are finite maps from names to types

nnnnnn



Type System

Typing rules for expressions

zzzzzz



Type System

Typing rules for expressions

[t-const]
un(T")
I'n:int

un(T") if all the types in the range of I" are unlimited
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

level of types

1 if t =p[s]and ? €p

t] =

unlimited channels with input polarity have the lowest level L
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

level of types

1 if t =p[s]and ? €p
m if t = pls]; and p # 0

t] =

linear channels with pending operations must be used according to their
level
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

level of types

1 if t=p[s]and ? €p
PE: m if t=p[s]) and p#£ 0
min{|t1|,|t2|} if t = i Xthort=1t Db

the level of compound types is the minimum of the levels of the
component types
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

level of types

1 if t=p[s]and ? €p
. o m
PE: m if t=p[s]) and p#£ 0
min{|t1|,|t2|} if t = i Xthort=1t Db
T otherwise

numbers, unlimited channels with only output polarity, and linear
channels with empty polarity have the highest level T

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

level of types

1 if t=p[s]and ? €p
. o m
PE: m if t=p[s]) and p#£ 0
min{|t1|,|t2|} if t = i Xthort=1t Db
T otherwise

|1[t]3 x 2[s]al = min{| ! [t]5], |?[s]E]} = min{3,2} =2

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

composition of types
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

composition of types

t+t=t if |t| =T

types with T level compose with themselves without restrictions

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

composition of types

t+t=

t if [t =T
plt] + qlt] = (pU q)[t]

the composition of two unlimited channel types has the union of their
polarities

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

composition of types

t+t=t if [t =T
plt] + qlt] = (pU q)[t]
plsly +alsly = (pUQ)[slix  ifpng=10

two linear channel types can be composed only if they have the same
level and disjoint polarities, and the composition has the union of their
polarities and the sum of their tickets

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

composition of types

t+t=t if [t =T
plt] + qlt] = (pU q)[t]
plsly +alsly = (pUQ)[slix  ifpng=10

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T)
I'Fn:int Nu:thu:t

composition of type environments
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Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

composition of type environments

FT+T"Err  if dom(T)Ndom(I") =0

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

composition of type environments

Fr+TEr 1 if dom(T)Ndom(I") =0
def

Tu:t)+ T u:s)=(T+T)u:t+s

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name]
un(T") un(T")
I'En:int Nu:tku:t

composition of type environments

Fr+TEr 1 if dom(T)Ndom(I") =0
def

Tu:t)+ T u:s)=(T+T)u:t+s

I+ T is undefined if there is u € dom(T") N dom(T") such that
I'(u) + T’(u) is undefined

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name] [t-pair]
un(T") un(T") M-e:t Me-e:s
F=n:int T,u:tku:t Fr+T'k(eé€):txs

zzzzzz



Type System

Typing rules for expressions

[t-const] [t-name] [t-pair]
un(T") un(T") M-e:t Me-e:s
F=n:int T,u:tku:t Fr+T'k(eé€):txs

[t-inl]
—e:t
Finl e:t®s
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Type System

Typing rules for expressions

[t-const] [t-name] [t-pair]
un(T") un(T") M-e:t Me-e:s
F=n:int T,u:tku:t Fr+T'k(eé€):txs

[t-inl] [t-inr]
—e:t N'-e:s
Finl e:t®s Finre:t®s

zzzzzz



Type System

Typing rules for processes |
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Type System
Typing rules for processes |

[t-idle]
un(T)
=0
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Type System
Typing rules for processes |

[t-idle] [t-par]
un(F) Fl F Pl F2 F P2
=0 N+ PP
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Type System

Typing rules for processes |

[t-idle] [t-par]
un(T") NEPL EP
=0 N+ PP

[t-let]
l-e:txs Mx:ty:skP
F+T"EFlet x,y=€ein P

zzzzzz



Type System

Typing rules for processes |

[t-idle] [t-par]
un(T") NEPL EP
=0 N+ PP

[t-let]
l-e:txs Mx:ty:skP
F+T"EFlet x,y=€ein P

[t-case]
lFe:t®s Mx:tEP My :skFQ
I'+T"Fcase e {inl x = P,inr y = Q}

zzzzzz



Type System
Typing rules for processes Il

[t-newl]
Toa:p[t]h+ P p={?21Yorp=10
Nk (va)P
[t-newU]

ra:p[t]-P p={?1}torp=10
Mk (va)P

zzzzzz



Type System

Typing rules for processes Il|

[t-in*]
Nx:tFP un(T")
I+ u:?[t] F *u?(x).P
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Typing rules for processes Il|

[t-in*]
Nx:tFP un(T")
I+ u:?[t] F *u?(x).P

e 1 must be an unlimited channel with input polarity
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Type System

Typing rules for processes Il|

[t-in*]
Mx:tEP un(T")
I+ u:?[t] Fxu?(x).P

e 1 must be an unlimited channel with input polarity

e the residual environment I' must be unlimited, because the
continuation P can be spawned an arbitrary number of times

aaaaaa



Type System

Typing rules for processes Il|

[t-in*]
Mx:tEP un(T")
I+ u:?[t] Fxu?(x).P

u must be an unlimited channel with input polarity

the residual environment I' must be unlimited, because the
continuation P can be spawned an arbitrary number of times

?[t] + p[t] = {7} U p[t] allows u € dom(T")

aaaaaa



Type System

Typing rules for processes Il|

[t-in*]
Nx:tFP un(T")
I+ u:?[t] F *u?(x).P

shift
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Type System

Typing rules for processes Il|

[t-in*]
Mx:tHP un(T")
I+ u:?[t] F*u?(x).P

shift , .
plsInix if t = p[s]; and p # 0
def ($£ tl) X ($Z tg) ift=t X to
$rn)e($in) ft=tnob
t otherwise

$pt

$Q t is t with all levels/tickets in the topmost linear channel types
transposed by h and k, respectively

aaaaaa



Type System
Typing rules for processes Il|

[t-in*]
Mx:tEP un(T")
I+ u:?[t] Fxu?(x).P

shift , .
plsInix if t = p[s]; and p # 0
def ($£ tl) X ($Z tg) ift=t X to
$rn)e($in) ft=tnob
t otherwise

$pt

$2 (int x ?[int]3) = ($3 int) x ($] ?[int]3) = int x ?[int]3

aaaaaa



Type System
Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

aaaaaa



Type System

Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

e an unlimited channel with input polarity cannot be communicated
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Type System

Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

e an unlimited channel with input polarity cannot be communicated

e the level of the channel can be shifted by an arbitrary amount m

aaaaaa



Type System

Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

e an unlimited channel with input polarity cannot be communicated
e the level of the channel can be shifted by an arbitrary amount m
e one ticket is consumed

aaaaaa



Type System
Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

a: pa.!a] - al(a)

aaaaaa



Type System

Typing rules for processes Il|

[t-in*] [t-out*]
Mx:tkP un(T") M-e:$7"t 1<t
M+ u: ?[t] F *u?(x).P M+ u: t] F ul(e)

shift implements polymorphism: an unlimited channel of type ![t]
accepts messages of type $” t for any n

aaaaaa



Type System

Typing rules for processes IV

[t-in]
Mx:$5tH-P m < |T|
I+ u:?[t]) Fu?(x).P

zzzzzz



Type System
Typing rules for processes IV

[t-in]
Mx:$gtHP m < |T|
M+ u:?[t]) F u?(x).P

IT| = min{|"'(v)| | u € dom(T")}
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Type System

Typing rules for processes IV

[t-in]
Mx:$5tH-P m < |T|
I+ u:?[t]) Fu?(x).P

e the type of x is not just t, but t with level shifted by m

zzzzzz



Type System

Typing rules for processes IV

[t-in]
Mx:$gtHP m < |T|
M+ u:?[t]) F u?(x).P

e the type of x is not just t, but t with level shifted by m

e the input on u does not block operations on other channels with
equal or lower level

zzzzzz



Type System
Typing rules for processes IV

[t-in]
Mx:$5tH-P m < |T|
M+ u:?[t]) F u?(x).P

a:?[int]d, b: 1[int]] I/ a?(x).bl(x)

zzzzzz



Type System
Typing rules for processes IV

[t-in]
Mx:$5tH-P m < |T|
M+ u:?[t]) F u?(x).P

a: {2, }[int]? i/ a?(x).al(x)

zzzzzz



Type System
Typing rules for processes IV

[t-in]
Mx:$gtHP m < |T|
M+ u:?[t]) F u?(x).P

a:?[int]}, ¢ : ?[int] I a?(x).xc?(y)

zzzzzz



Type System
Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

zzzzzz



Type System

Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

e the type of e is not just t, but f shifted by m

zzzzzz



Type System

Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

e the type of e is not just t, but f shifted by m
e the tickets are shifted by 1

zzzzzz



Type System

Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

e the type of e is not just t, but f shifted by m
e the tickets are shifted by 1

e the level of the message is greater than that of the channel on
which it travels

zzzzzz



Type System
Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

a: '[?[int]3]3, b : ?[int]3 F al(b) (?[int]; = $7 ?[int])

zzzzzz



Type System
Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

a:?[[int]3]3, b '[! [int]3]s V¥ a?(x).bl{(x)

zzzzzz



Type System
Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

a: {7, 1} ua?[a]i]; I/ al(a)

zzzzzz



Type System

Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

e a linear channel of type ![t],h accepts messages of type $/ t

zzzzzz



Type System

Typing rules for processes IV

[t-in] [t-out]
Mx:$gtHP m < |T| N-e:$"t 0 < |t
M+ u:?[t]) F u?(x).P I'+u: '] F ul(e)

e a linear channel of type ![t],h accepts messages of type $/ t

e message types are ‘“relative” to the level of the channels on which
they travel

zzzzzz



Type System
Soundness

e If = P without taking into account the conditions
on tickets, then P is deadlock free

e If= P, then P is lock free

zzzzz



Type System

Lock-free alternating bit protocol
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Type System

Lock-free alternating bit protocol

>
z
()
1
vy]
(o]
o
=
N
[vy)
(o]
o
1
>
z
[e]
=
E:

merging points (+ nodes) forks (| nodes with two outgoing arcs) joins (| nodes with two incoming arcs)
Alice sends alternated messages M and My to Bob, and Bob answers with corresponding acknowledgments A; and Ap
Alice waits for both A; and A, before sending the next message

27/40



Type System

Lock-free alternating bit protocol

l
I
g

|

oo
|

Alice — Bob : M;

Alice — Bob : Mp Bob — Alice : Ay

TQ H+<>

Bob — Alice : A5

T

e Deniélou, Yoshida, Multiparty Session Types Meet
Communicating Automata, ESOP 2012
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Type System
Lock-free alternating bit protocol

def

Bob = xbob?(xJ, yO)
(va3b3) (x5 7(%)-(Xg {(a3) |
Y5 ?(75)-(75(b3) | bobl(a?, b7))))

Alice; = xalice;?(xS, zo)
(vaici)(xoWai) | zH(cP) |
357(X1) 7( 7)).alice1 (%7, Z{))

Alice; = xalices?(y3, zO)
(vb3c3)(252(25)-(v5 1 (b3) | Z5 (S5 |
bg?(-f) a//ce2.<y1 )

(vab)(Bob | Alicey | Alices | bob!(a, b) | (vc)(alicei!(a, c) | alicez!(b, c)))

zzzzzz



Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
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Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
¢
€=p—q

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)
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Global types

global types guarantee lock freedom by design within sessions
¢
En=p—q G =

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)
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Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
¢
En=p—q G:=¢eG
p LN q represents the communication of a message from participant p

(the sender) to participant q (the receiver)
€ may occur before all the other events in G

zzzzzz



Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
6:::p£>q G:=¢G ‘E.{G, G}

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)

€ may occur before all the other events in G

the sender decides between G; and G in €.{G1, Go}

zzzzzz



Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
6:::p£>q GZZZE.G‘E.{G,G}‘O(‘/LOL.G

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)

€ may occur before all the other events in G

the sender decides between G; and G in €.{G1, Go}

recursive protocols end is short for ua.a
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Back to Sessions

Global types

global types guarantee lock freedom by design within sessions

6:::p£>q GZZZE.G‘E.{G,G}‘O(‘/LOL.G

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)

€ may occur before all the other events in G

the sender decides between G; and G in €.{G1, Go}

recursive protocols end is short for ua.a

Unsensible protocol

def

G, =A — B.{C —D.end,D — C.end}
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Back to Sessions

Global types

global types guarantee lock freedom by design within sessions
6:::p£>q GZZZE.G‘E.{G,G}‘O(‘/LOL.G

p LN q represents the communication of a message from participant p
(the sender) to participant q (the receiver)

€ may occur before all the other events in G

the sender decides between G; and G in €.{G1, Go}

recursive protocols end is short for ua.a

Unsensible protocol

def

G, =A — B.{C —D.end,D — C.end}

neither C nor D are aware of the decision of A

zzzzzz



Back to Sessions

Realisable global types

I B2 0% Dend
Gp = A = B. & L
C—D.B — A.end
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Realisable global types

I B2 0% Dend
Gp = A = B. & L
C—D.B — A.end

OK: B is aware of the choice taken by A, C and D are unaware of the
choice taken by A, but behave in the same way in the two branches
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Back to Sessions

Realisable global types

I B2 0% Dend
Gp = A = B. & L
C—D.B — A.end

OK: B is aware of the choice taken by A, C and D are unaware of the
choice taken by A, but behave in the same way in the two branches

def V21 E e—2> F.C 4_3> D.end
GC — A — B e3 62
C —D.E — F.end
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Back to Sessions

Realisable global types

I B2 0% Dend
Gp = A = B. & L
C—D.B — A.end

OK: B is aware of the choice taken by A, C and D are unaware of the
choice taken by A, but behave in the same way in the two branches

def V21 E e—2> F.C 4_3> D.end
GC — A — B e3 62
C —D.E — F.end

NO: there is a circular precedence between the labels £, and ¢35 (we
cannot take different labels since C, D, E and F are unaware of the choice
taken by A)
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Back to Sessions

Realisable global types

I B2 0% Dend
Gp = A = B. & L
C—D.B — A.end

OK: B is aware of the choice taken by A, C and D are unaware of the
choice taken by A, but behave in the same way in the two branches

def V21 E e—2> F.C 4_3> D.end
GC — A — B e3 62
C —D.E — F.end

NO: there is a circular precedence between the labels £, and ¢35 (we
cannot take different labels since C, D, E and F are unaware of the choice
taken by A)

All global types of dyadic sessions are realisable

nnnnnn



Back to Sessions

Characteristic participants

Gy E uaA BB —CC— Aa
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Back to Sessions

Characteristic participants

Gy E uo.A - BB—CC— Ao

P(Gqg,A) =
(vea)(Cat{xap, Xac) |
*Coc?(XABv XAC)-
Ca! (XaB, XAC>))
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Back to Sessions

Characteristic participants

Gy E uoa.h BB —CC— Aa

P(Gqg,A) =
(vea)(Cat{xap, Xac) |
*Co ?(Xap, Xac)-(Va)(xap!(a) | let xpp = a in
Ca ! (XaB, XAC)))
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Characteristic participants

Gy E uaA BB —CC— Aa

P(Gqg,A) =
(vea)(Cat{xap, Xac) |
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Back to Sessions

Characteristic participants

Gy E uaA BB —CC— Aa

P(Gqg,A) =
(vea)(Cat{xap, Xac) |
*Co ?(Xap, Xac)-(Va)(xap!(a) | let xpp = a in
XAC?(XAC)-COL! (Xag. XAC)))

333333



Back to Sessions

Main result

Each characteristic participant of a realisable global type is well typed.
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Back to Sessions

Tracking dependencies between sessions

@ associate processes with dependencies a < b
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“an action of service a blocks an action of service b"

a process is well typed if it yields
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Back to Sessions

Tracking dependencies between sessions

@ associate processes with dependencies a < b

“an action of service a blocks an action of service b"

@® a process is well typed if it yields no circular dependencies



Back to Sessions

Computing service dependencies

a(y).b(z).y?(x).zI(x) a<b

a(y).b(z).2?(x).y"(x) b<a

333333



Service names as MeSsages

a(y).b(z).y?(x).zI(x) a<b

o

()82 X(y)-B(2).27(x) . (x)

c(t).tl{(a)
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Service names as MeSsages

a(y).b(z).y?(x).zI(x) a<b

o

£7(0).X(1) B(2).27(x).7 1 (x)

t!(a)
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Back to Sessions

Service names as MeSsages

a(y).b(z).y?(x).zI(x) a=<b

a(y).b(z).27(x).yNx) b<a

333333



Back to Sessions

Service names as MeSsages

a(y).b(z).y?(x).zI(x) a=<b

Idea
e identify a class of safe services even if mutually dependent

e restrict messages to services in this class

333333



Back to Sessions
Nested services
Definition
a is a nested service if A < a implies that X is a nested service

Nested?
a(y).3(z).22(x).y?(x') a<a 4
a(y).b(2).22(x).y?(X) b=<a v
| b(z).a(y).y?(x).z?(x") a=<b

a(y).b(2).y?(x).22(x") y<b X

nnnnnn



Back to Sessions

Boundable services

a(y).(vb)(b(z).2?(x).y(x))

e no parallel process can help starting the session on b
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Back to Sessions

Boundable services
a(y).(vb)(b(z).2?(x).y(x))

e no parallel process can help starting the session on b

Definition
a is boundable if it is never followed by free channels

e b is nested but not boundable

333333



Back to Sessions

Interaction type system

B-Pw» 7 acH

BEP Y T ae N

{INITR}

INITN
Falpl(y).P » Z{a/y}* {INITN}

. #-alpl(y).P » Z2\\y

BN B-P > D ac B fc(P)C {y}

1)
{INITB } {INiTV}
;Z Eapl(y)-P > 2\
N BEP Y D e S mec NUR
{SEND} {Rev}
;4 Bt c(ILe).P » 7 1At c2q,x).P » (pre(c,fc(P))U2)t
%N BFP > T TN BEP e T F\S C{A(c) <y}
{DELEG} {SRcv}
N BE N(p, )P v ({A(c) < A()}UD)* @@ N BE N(ay)-P » 7\ {y}
o: (BEPY D ach
{Inact} {NREs}
c} 0> 0 \{a}F (va:G)P » 2\{a}
RN BEPL > Dy N BEPy > Dy RN BEP > Dy O.RN BEP > Dy
{PAR} {1r}
O %N B P Pw (D1UT) ©:%;./ B+ if e then Py else P, » (21U %)"
. Z:N BEP > D AN BEPw D Niel
. {seL} o — {BrANCH}
Feo(ILI).P > 7 O 5N 5 B = c&(p,{li: Pier) » (pre(e, Ufe(P) LU 7)

iel iel
ceS =ec NUA

{Var}
(ABEX(e.c) » P{A(c)/y}

0,X)y] » Z:

,X[y] »

N B-P o D 0.Xp] » 2

BEO» 7

{DEF}
. %:

Z+def X(x,y) =PinQ » 7'
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Summary

Before: two ways of assuring (dead)lock freedom:
e refined type systems for process calculi
e + are compositional
e - do not deal well with recursive processes and cyclic network
topologies
e global types
e + deal well with recursive processes and cyclic network topologies
e - are not compositional
Now: the new form of polymorphic typing:
e + deal well with recursive processes and cyclic network topologies
e + is compositional
anyway
xC?(x,y).x?2(z).y?(z) | *xc?(x, y).y?(z).x?(2)
is not typable here but it is typable in
e Kobayashi, A New Type System for Deadlock-Free Processes,
CONCUR 2006
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