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Choreographies
® Pomsets

® Branching pomsets

Choreographies as branching pomsets
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Choreographies

(a—b:int ; b-»c:bool) || a—c:int

Alice communicates an integer to Bob, after which Bob
communicates a boolean to Carol. Simultaneously, Alice
communicates an integer to Carol.
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Choreographies

c:::0]a—>b:x]]c;c\c+c\ch\c*
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Choreographies

c:::0]a—>b:x]]c;c\c+c\ch\c*

Semantics are mostly standard:
(a—b:int ; b-»c:bool) | a—c:int
aclint, (a—b:int ; b-c:bool) || ac?int
2blint, (ab?int ; b—c:bool) || ac?int
2bTRY L erbool || ac?int
Efgfgg-bc?boolllac?int

ac?int

——5 bc?bool
bc?bool
—0
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Choreographies

Sequential composition is weak:
a—b:int ; b—c:bool ; a—c:int
blint . .
227 ab?int : b—c:bool : a—c:int
lint . .
20, ab?int : b—c:bool ; ac?int

%?int
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Choreographies

Partial termination (Rensink and Wehrheim 2001)
v l L
If c1 ~ ¢} and co — ¢} then c1; 0 — ¢ ; ¢

® |f ¢ is independent of the subject of £ then ¢ —/"7—> c.

® |f ¢c1 can resolve choices to be independent of the subject of ¢
then c; — c].

. Vi
e Otherwise ¢; 7.
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Choreographies

Partial termination
a—b:int ; b—c:bool ; a—c:int
blint . .
2D ab?int : b—c:bool : a—ciint

lint . .
2%, ab?int ; b—c:bool ; ac?int

%?int

® ab?int ; b—c:bool
Vac?in
® ab?int ; b—c:bool A%

‘/ in .
Saclinty 5b?int ; b—c:bool
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Choreographies

Partial termination

Vad?
® a—bix+a-cx =5 a—b:x+a—cx
balx

vi
® y—bx+a—cx — a—Cx

Vhars
® asbix+a-cx 25

8/23



Choreographies

a—b:x;a—b:x;a—=b:x;a—bx

ab!x ab!x ablx ab!x
,( ) ) () ) O

O
15 5 [ 1Y
o o o o
ablx ablx A~ ablx /)
O .
> = >
oy y > y ] # states:
abx C: ab:x :)
2
R O(n%)
g, g
] bl ]
(: abn:x C)
[
g
>

©
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(m-wy:t; wi—m:d) || (m->wa:t ; wp—m:d)

# states:
o(5")

mwy !t \JBEmwd)ENBE )Ew:_wa
O—0) O—0
° o ° ) °
o~ o~ o~ o~ o~
g g g, g g
: N 3<<m_ww\/, BEmfhw SmSEw\J <<N_.3..~aw\
m\ ./ ./ N4 //U
= = sy st =
g g g, g g
WAH EEN_HWHH BEN:WHH s\wq:_awm” S\N_.:wawmu
& & & & &
3 £ 3 £ £
£ 1 E .. E 1o E 24E
m/, mwoplt N mwp 7t N womld Y wpm?d \U
\ N L/ N \
L » L L e}
H h R H B
£ £ 5 £ , £ 5 £
AN mwp 7t N womld ~ ENE.QQ
/ / /
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Partially ordered multiset (Pratt 1986)

({el, Ce

{ei<e|i<jA(jiseven Viisodd)},

a—b:x;a—b:ix;a—b:ix;a—bx

, e},

ablx if i is odd
€ —
ab?x if / is even
€1 €3 €5 €7
€2 €4 €6 es

O(n)

o(n?)

O(n)
ab!x ablx ablx ablx
N
ab?x ab?x ab?x ab?x
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-
ab!x ab!x ablx ablx
ab?x ab?x ab?x ab?x

N Y,

e N

ablx —— ablx —— ablx

= T

ab?x ab?x ab?x ab?x
N Y,
e N
ablx —— ablx
ab!x
- L
ab?x ab?x ab?x ab?x
N Y,
P

ablx — ablx

= 7

ab?x —> ab?x ——> ab?x
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(m-wi:t; wi—m:d) || (m-wo:t ; wo—m:d)

<{€1,...,€8}, O(n)
{ei<ei|i<jni=jmod 2}, 0(n?)
{e1 — mwilt, ..., eg i—)ng?d}> O(n)
€1 €3 €5 er mwilt — mw;?t —> wim!d — wim?d
() €4 €6 €g mws !t — mwy?t — wom!ld — wom?d
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(a=b:y +a—b:n); (b—c:y + b-cn) ; (c—d:y + c—>d:n)

O(n) states
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(a—b:y +a—bm); (b—c:y + b—cn) ; (c—d:y + c—d:n)

s B
ably —> ab?y
bcly —> be?y

cdly —> cd?y
L J

s N
ably —> ab?y
bcly —> be?y

cdln —> cd?n

s N
ably —> ab?y
bcln —> bc?n

cdly —> cd?y
L J

e 2
ably —> ab?y
bcln —> bc?n

cdln—> cd?n

IS N
abln—> ab7n

bcly — be?y

cdly —> cd?y
L J

abln —> ab?n

bcly —> be?y

cdln —> cd’n
L J

s N
abln —> ab?n

bcln —> bc?n

cdly —> cd?y
L J

ab!ln —> ab?n

bcln —> bc?n

cdln —> cd’n
L J

O(2") pomsets
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Branching pomsets

(a—b:y +a—=b:n); (b—c:y + b-cn) ; (c—d:y + c—>d:n)

N )

r(_ CHOICE ————

—~ CHOICE ——
€1 €3 ably abln
Branching pomset: pomset l l l
with a branching structure B €2 €4 ab?y | | ab?n
g -V‘ \; v _))
B .= {Cl,...,C,,} r'C S ) r'/CLICE )
Ci=e | {81782} ef ef bl!y bcl!n
Here: B = {C1,(C2,C3}, where % €8 | b’y | | betn
(. J
C1 = {{e1, &2}, {e3,ea}}, - - g
Co = {{es, 5}, {e7, es}} and (<A

d! !
C3 = {{eg, €10}, { €11, €12} }. cdly | | cdln

cd?y cd?n
-/
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Branching pomse

((-CHOICE—\ (
abln
ab?n
)
¥
bcln
bc?y bc7n bc?y bc7n
— . J J
\ & J
) —— — CHgicE —
[ VR W SRR BN v
cdly cdln cdly cdln
cd?y cd?n cd?y cd?n
N ~—
& & J
L L

abln

ab?n
— CHOICE ——
¥
bcly bcln
bc?y bc?n
- N J
\

— CHJICE —
fj BN v
cdly cdln
cd?y cd?n

-/
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Branching pomsets

((a=b:y || a=ciy || a=»d:y) + (a—b:n || a—cin || a—d:n))

I ((d=a:y || d=b:y || d=cy) + (d—amn || d—»b:n || d—cn))

Finite state machine: huge
Pomsets: 16 pomsets x 24 events each (= 384)

Branching pomset: ...
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Branching pomse

((a=b:y || a=ciy || a=d:y) + (a—=b:n || a—cmn || a—d:n))

Il ((d=a:y || d=b:y || d=cy) + (d—am || d—»b:n || d—cn))

Branching pomset: 48 events

((- CHOICE

ably —> ab?y

acly —> ac?y

abln —> ab?n

acln—> ac’n

— CHOICE
baly —> ba?y baln —> ba?n
bcly — bc?y bcln —> bc?n

caly —> ca?y
cbly —> cb?y

cdly —> cd?y

caln—>ca’n
cb!ln —> cb?n

cdln —> cd?n

dbly —> db?y

dcly —> dc?y

s 2
daly —> da?y

adly —> ad?y adln —> ad?n bd!y —> bd?y bdln —> bd?n
-
L \
— CHOICE — CHOICE
s M

-
daln—>da’n
dbln —> db?n

dc!ln —> dc?n
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Branching pomse

Refining: resolving (any number of) choices

((-CHOICE ~ )
(-Cx-lolcra—N
—balx —> ba?x
ablx —> ab?x l
bd!x —> bd?x dalx —> da?x
)
J
[ac!x —> ac?’x—>calx—> ca?xa—
L J
N J
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Branching pomsets

Refining: resolving (any number of) choices

((- CHOICE ~

— CHOICE —\\

T balx—>ba?x
ablx —> ab7x l
L— b bdlx —> bd?x dalx —> da?x

—
[ac!x —> ac?x —> calx —> ca?xa—

- J
k J

— CHOICE —————

e o)l

ablx —> ab7x

L— b bdlx — bd?x ++—> dalx —> da?x

~——
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Branching pomsets

Refining: resolving (any number of) choices

((-CHOICE ~ )
(-Cl-lomx-:—N
—balx —> ba?x
ablx —> ab?x l
L—bdlx —> bd?x dalx —> da?x
|
J
[ac!x —> ac?’x —>calx—> ca?xa—
| J
\ J
CHOICE

~N

[ab!x —> ab?x ——> bdlx —> bd?x}ﬂ dalx —> da?x

[ac!x —> ac?’x —>calx—> ca?xa—
J
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Branching pomsets

Refining: resolving (any number of) choices

((- CHOICE

— CHOICE —\\

ablx —> ab?x
L— 1> bdlx —> bd?x dalx —> da?x

——
[ac!x —> ac?x —>calx—> ca?xa—

- J
k J

1 balx —> ba?x l

[ab!x —> ab?x — bd!x — bd?7x ——>dalx —> da?x]
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Branching pomse

Enabling: ‘maximal’ refinement s.t. event e is minimal and top-level

((-CHOICE ~ )
(-CHOICE—\
—balx —> ba?x
ablx — ab7x l
L——>bd!x —> bd?x dalx — da?x
J
[ac!x —> ac?x —> calx —> ca?xa—
| J
L J
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Branching pomse

Enabling: ‘maximal’ refinement s.t. event e is minimal and top-level

((-CHOICE ~ )
(-CHOICE—\N
—balx —> ba?x
ablx —> ab?x l
bd!x —> bd?x dalx —> da?x
y,
[ac!x —> ac?’x ——>calx—> ca?xa—
L J
. J

Enabling e; (A(e1) = ab!x)

— CHOICE —————————

—Ew =)

ablx —> ab7x

L— 1> bdlx — bd?x ++—> dalx —> da?x

—
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Branching pomsets

Enabling: ‘maximal’ refinement s.t. event e is minimal and top-level

((-CHOICE ~
(-CHOICE—\\
1 balx —> ba?x
ablx —> ab?x l
L— > bdlx — bd?x dalx —> da?x
y,
[ac!xﬂac?x%ca!xﬂca?xa—
| J
\
Enabling e11 (A(e11) = dalx)
CHOICE

~N

[ab!x —> ab?x ——> balx —> ba?xa—

[ac!x —> ac?’x —>calx—> ca?xa—

J

dalx —> da?x
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Branching pomsets for choreographies

[a—b:x; ((b—c:x + d—ex) || c—ax)]

[ab!xﬂab?x] ; [bc!xﬂbc?x] + [de!dee?x] H [ca!xﬂca?x]

N\

CHOICE

,
bclx bc?x

CHOICE
calx —> ca?x

v
calx —> ca?x

CHOICE

ablx —> ab7x
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Branching pomsets for choreographies

Theorem
If [...] then choreography c is bisimilar to branching pomset [c].
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Branching pomsets for choreographies

Theorem
If [...] then choreography c is bisimilar to branching pomset [c].

Lemma

If[...] and EN ¢} and 2] 4 [c5] then ¢ “, c; if and only if
[c1; 2] can enable the corresponding event e.
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Conclusions and future work

Summary
® Branching pomsets
e Compact for both concurrency and choice

® Can express the same behaviour as choreographies

Future work
® Framework improvements: n-ary choices, partial order, loops

e Static analysis: realisability

https://arca.di.uminho.pt/b-pomset/
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