PolaR SHUFFLES
MARIO ROMAN inc. juer. MATT EARNSHAW, CiAD NeSTER

TALLINN UNIVERSITY OF TECHNOLOGY
March. 18 ™ cHess.

ERC Buast project. ere
EU Estonian 1T Academy. T (53



PoLAR INTERLEAVINGS FOR DEADLOCK-FREE
MessAGE PASSING

MATT EARNSHAW, Ctap NeseR, MARID ROMAN

TALLINN  UNIVERSITY UNIVERSTITY
OF |ECHNOLOGY oF OXFORD



MOTIVATION

What ove the fundamenfal structures of concurrency?




MOTIVATION

A Jundamental. stucture for message passing: message. hearies.
1. Message Theories can be freely constiucted. over a sym.mon.cat.
Msg @ SymMon(at

2. Message thearies ore OE‘(“Lgebms 3. Have o concurrengy-style
peroct..
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Part 4 - Send./Receive. Duality.




CORNERINGS

The horizonbal Category of the free sugle object proaxow
equipmenk* repres% %o mZnurucahﬂg prgzgesses.) P

x° —>—
./
n:—el

A r<®
?—j[ ?

h 1d—@
\

*With puuwheels. 22| Nester



CORNERINGS

o)
(orttexings allow ws to spl monoicdal morphisms  along. ron- (purlel/sequentinl
decompositions.
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CORNER' NGS

Comumgs alow ws b splis monoidal morphiisis alorgg ron.- (purllel/ sequential)
decompositions. R
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SMooTH CORNERINGS

The horizontal category of the free comering (s the original

moroidol. cobegory plus freely odded dualibies.
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SMooTH CORNERINGS
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Part 2 Inter(mvi@




Two programs Qe funning concurrently: in how mony Ways
oo they inkerleave?
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SHUFFLES

Mix some words, preserving the relolive order inside the words.
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Invarionk 1o renaming, defined up to -equivalence
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Part 3 : Inkerlude - Duoidals




DuoibAL  CATEGORIES

Duoidol categories have two tensom ond. ore distributes over
the dther. We ixd:e.rprd:

* XaY, sequenkiol tensor “X, ond. then Vs
. X8y ol tensor, * X ond Y af the same tin’,

(X<Y)e(UaV) —= (Xel))a(YeV).

When the unit distribukor is an isomorphism, T=>N, ik is norfmal .
A rorial, -symmelvic dwoidal, is o physicol. duoidal .
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DuoibAL  CATEGORIES
Duoidol. citegories ore ot coherent, thete are tuo ormal. maps

[«T— 1.

However,  phusical. duoidal. categories ore. cohererd There is at most a. single

enm:hisn} beliveen. a tio objects whete every Type appenss eadly once with
vasuance.

Ae(B<C) > (AeB)4C,



PHYsIcAL DuoipAL  CATEGORIES

The free. phusicol. duoicol cokegory over o single object is ully-{aith
ko POSd:S oanal  bijeckive-on-objects inclusions.
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PHYsIcAL MONOIDAL MULTICATEGORIES

When only sequenkiol composibion is representoble., les
Mpmet'eq’ns. mposikion. LS rep e, we recover Shuff
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SHUFFLES

Tis is not o stuflle: ‘@ ond “b" change order.
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SHUFFLES

T AN Y perwmon. A shufle is o bijeckion
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PolAR. SHUFFLES
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PolarR. SHUFFLES
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Polor stuffles  mix programs et commuricate sending® and. receiving’
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PolaR. SHUFFLES

g

ﬁ' oK: i\ Protocol (rqwto: lﬂﬂmo: 9?13.) {
MK, o \i Y%fei:° ﬂuﬂ'y((pgmo, A F

= ¥ y = Serv (oK, 0K’ reguest’ gek")s

I ok ‘i/‘ gek ° 3
fequest +
et ©



Part D Message Theories




MESSAGE  THEORIES

Set: of Yupes, representing resource lupes = X, Y, Z,..

Two ackions for each resource: send. and receive,
X® means “send X"
X means “receive X”

Lists of actions represent sequencing of the ackions.

[= X0V W means “ask for X; send Y and then Z,
finally, receive W



MESSHGE THEO‘UES .0 monoidal mulicotegory.
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1. Doing rothing is a. session.
2. We can creake o, receive-send. “ecto” session..
3. We car link 0. Sewo bo o Recewe porl.

4. Events can be interleaved in ony order:



MESSAGE  THEORIES

perinirion. | message theoy M consisks of 0.5ek of Types, Mok, and, for each list
0f polnxized ’(ypes, 0 Set of sessions” typed. by Umlzpi'ssl:. J 1
MOXY, .., X8, for any list of objecks Xi€Maj and o: € {0, 03,
A message theoy must conbain (easorably axtomalized) opetations for
i. binasy shu g, swre: M(T)xM(A) - M(e(T'0);
ib. 0 no-opetion, Nop: M() ;

Bii.. 0. vecwe o send. chomel, sewk: M(T\ Q) = M(T) XX Q) ;
iv. liking 0. send 1o receive chomel, i M(TX2X50) = M(T. ),

M. Message theories are algebras or the monoidol operad. of stufles.
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PrREMoNoiDAL CATEGORIES
P(emonoiAn.\. mhegorizs exlend. moroidal 001290( 2S Wiﬂh eﬂects.
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MF_SSHGE THEORIES vs Process THEORIES

The 1ree message. heor The cofree process Theory on
%rmg extenc\eA. “ ng ;
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STRING DIRGRAMS + Senp/ ReceIvE
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We split . probocol into mulbiple ogents.
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PoLar. SHUFFLES FoR PRroTocoLs
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PoLar. SHUFFLES ForR PRoTocoLs

= do =do
i
send.%:% e obp (msg®, olfack®, decrypt®) {
(aypt® aypth cypt3) s
bob Ckey®, aypt?, decypt®)s
- do _ (msg®, key®, aypt®) s
K < rondom. m < gok (cypt?, oltack®)s }
send. (k) K <get
c<gek send.(mek)
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MOTIVATION

A Jundamental. structure for message passing: message. hearies.
4. Message theories can be freely constiucted. over a sym.mon.cat.
Msg @ SymMon(ak

7. Message theores Qre ;‘(Jgebras 3. Hove 0. concuriengy-shyle
perodt.
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NexT Steps
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