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Concurrent Programs are hard to analyze!

Types strictly enforce

No Shared Memory communication protocols

Deadlock Freedom
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What are Session Types?

' Implement message-passing concurrent programs
| Communication via typed bi-directional channels

| Curry-Howard isomorphism with intuitionistic
linear logic

bits = ! {bO : bits , b1 : bits }

bO/bl_
Channel

Provider Process Client Process
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Contributions 6

Type system to analyze timings of message
exchanges of session-typed programs
types debne thetiming of message exchanges
provides precisionand [3exibility
proved soundw.r.t. cost semantictracking time
conservativextension to typical session type system
applies to all standardsession types examples

can beparameterizedto count resource of interest
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How IS time debned?

Time Is dePned using a cost model

Cost modehassigns a time cost to each operation

R cost model RS cost model

Unit delay after Unit delay after each
each recelve recelve and send

Expressed by inserting appropriate delays in the
source code, only the delays cost time

Programmer specibes cost model, compiler
automatically inserts delays for type checking

7
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Track Message Rates

Input
Output

Input
Compute output rate given input rate

timing of messages! Parallel Complexity

Necessary: Sufbcient:

need exact input/
output rate to ensure
compositionality

span can be thought as
timing of Pnal message
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Enforcing Time In the Type *

bits = ! {bO :! bits,bl :! bits,$:!' 1}

Next Operator - expresses unit delay
al two ::(c: bits)

c" two=
c.bO ; delay ; c-1

c.bl ; delay;
c.$ :delay; close $ bl b0

close ¢ t=3 t=2 t=1 t=0
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Typing Rule ( )

applied TP (x:S)
pointwise
1 T delay; P:(x:! S)

breaks the locality property of type system!

IS\THISTSTILIYA

7SN

12
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Bit Streams &

R cost model

bits = ! {b0 :! "bits,bl :! "bits ,$:! "1}

= X
X :bits | copy ::(y :! bits) ‘x_m.y_

=x+1

X :bits I plusl :(y :! bits) .x_

- bit . ! Dbits
RELLN | RELLY |

X :bits ! plus2 ::(z:" bits)

Z ' Dbits
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Fork-Join Parallelism *

parity ™ bool

v t

(/ & Os and1s at the leaves
L2 L L Compute the parity
O]OI0I0INGIBIO
RS cost model tree [h] = & {parity :! °"*3bool}

Counting Xors tree [h] = & {parity :! "bool}
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Can we type the queue? =

— LA

Ins(e)

I want
candies
faster!

| Next operator only expresses constant insertion rate

| But rate of insertion at the tail depends on the size of
the queue N longer the queue, slower the rate

I To maintain a constant rate at the tail, new elements
must be Inserted at a faster rate than the previous one



The Next Operator

IS too precise!

Adding Flexibility
to the Type System



Providing Flexibility :

| The Box Operator (! )
| Provider Action: always be ready to receive token

I Client Action: eventually send the token

| Provider doesnOt know when the token will come,
only the client does

| Different from ! operator where both provider
and client knew the timing of message exchange

| The Diamond Operator ( S)
| Dual of the Box operator (provider and client 3ip)
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/T HBEREE
del

offers choice
of ins/del

N

send element
of type A

queug =& {Iins: Al queug,

send some
otherwise

del:! {none: 1,
~_some: A" queue }}
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offers choice
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N

send element
of type A
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send some
otherwise
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Typing the Queue

/™ B

some(a)

offers choice
of ins/del

N

send element
of type A

queug =& {Iins: Al queug,

send some
otherwise

del:! {none: 1,

behave asrl

gueue agal

N
/

~_some: A" queue }}

18
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queuep =! &{ins:! (I A" ' Squeuen)l,
' del : ! | {none“-.l:! 1,
somei:! (I A" ! queuea)}}

) Can always accept ins/del messagd

Response time for insertion: 3

Response time for deletion: 1788

Precision | Flexibility
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| delayed' ! ! P:(x:S)

I R
1 when?x ;P i (x:!S)

delayed' = O*! T # can be delayed indebnitel

1, x:S!1 Q:(z:T) L
xS now!x;Q:(z:T)
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Stacks vs Queues .

RS cost model

stacka = ! &{ins:! (I A" ! stacka)},

S del:! @ {none:! 1,
=% some ! (! A®!' stackp)}}

R
queuep = ! &{ins:! (1 A" ! 3queuen)},
del :* ! {none :! 1,

some :! (! A" ! queuea)}}

SOT
2

Which oneOs more efbcient?



Features of Type System =

I Parametric: time can be debned using a cost model

I Compositional: types describe individual processes,
not just whole programs

| Precise & Flexible: ! operator provides precision.
|, S operators provide [3exibility

I Conservative: only added 3 type operators
I General: works on all standard examples

| Automatic: supports automatic type checking, type
Inference future work
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Cost Semantics

proc (c,t,P)

Process P offering along
channel c at local time t

Soundness Theorem:

message timings realized by the local clocks
matches the timing predicted by the type system

23




What else is In the paper? *

| Interactionof ! , S with ! operators

| Sound and completesubtypingrelation

| Time Reconstructioil inserting delay, now!, when?
automatically from the program type

| Cost Semantichl each process stores docal clock
expresses timing at runtime, connected to the type
system by a proof of progressand preservation

I Connection to the standard cost semantics

| Typing a set of processes atlifferentlocal clocks
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Cost Semantics

local clocks at
each process

Type System
o Soundness
analyzes timing of
message exchangeF

Properties
conservative extension, added 3 type operators

| provides precision, ! , S provide Rexibility

Examples

throughput and latency of bit stream processors
response time of stacks vs queues
list examples: append, map, fold (many more in paper!)




