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Electrical engineer

| would not drive the car | just designed :-(

Apply formal methods

| wish these tools were more helpful :-(

Do a PhD in logic
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Encoding into higher order logic

e ot seen Morers Folding Vi Ui s Pugns b
JERE S be XT0 G TEAE A & 0 es
Ay s
e e e )T Ree (bt e = €
| Coubst type (Recrvariable 5)  x = (1f 2 = t then x else Recrvariable 315
| Gibet type (Recbvariable 2) - Recovariable >

[subsection «session subtyping:

Fie Browser Documentation <@

[tenma mono]: ox =y
b npa 7. xa = Internal ¢ mpa A xb = Internal r apb A farel on fset (fadom mpb) (\(s, s') (T, 1'). X t 5 A x s* T') apa mpb) V xa = Terminated A xb = Terminated v (3s 1. xa
Pb mpa . xa = Internal r mpa A xb = Internal r apb 4 farel on_fset {fndom mpb) (A(s, s') [{t, ©'). y t 5 Ay s' T') apa mpb) V xa = Terminated A xb = Terminated v (3s t. xa = R
lproot
> <(npb

assune ox 8 - 70 = Internal  opa 450 = Intermal  ogh 1, forel on_fset (mdon spb) (A, ) (6, €00 x € " 1) s o) ¥ s = Terminsted ) xb = Terinated (-
then'show N Y S el T S SR e
B0 et (030 Cova prodanto1a dosovder refy rel_on sel hona 15 fond \e-funt prediciero)

NN

[Lemma [mono]: ex £ y = (M, 5) (£, £1). X s TAXS' £ ab) — ((As, ') (T, ). ysTAYS t)abl
by blast

o = [ PASTESESABESL, where
EEERER LI (o T (i) el o o T
«[frelon fset (fndom mob) (A(s,5') (£,t'). subtype t 5 & subtype 5° ') mpa npb]
csubtype Terminated Terninated>
B e
| SubRecR: <subtype s (opening_type t (Rec 1)) — subtype s (Rec ©):

coinductive suo
s subtype (External r mpa) (External r rpb)>
subtype (Internal r mpa) (Internal r mpb)>

[subsection (Typing contexts

[type_synonym ('r, ", 'p, '¥) proc_type ctx = «('p, ('r, 'm, 't} type list) faaps
[type_synanyn (v, 'r. ‘c. ‘s, m, 1) chan type_ctx = <(('V, <) chamel, ('r, 'n, 't) type) faps

= bools where

[definition chan_not_in_ctx :: <('v., untable, ‘s :: countable, ', 't) chan_type_ctx
R G o S B g

countable,

“6) chan_type_ctx + s = bools whers

ietinition unique_chantrcox . EUIEENE T s
jue_chan_in_ctx [ 5 = fapred (A . 3r. c = FRole s 1) [»

[definition sub_chan_ctx :: <('w, 'r, ‘c :: countable, 's :: countable, ‘m, 't} chan_type_ctx = (v, ‘T, countable, ‘s :: countable, ', 't) chan_type_ctx = bool: where
b_chan_ctx I' I = farel subtype I' I'
[subsection (Typing context reductions
0 transition uabet =
types
e
table, 'k, 't) chan_type ctx = ('r ) sransition tabel = (v 5 m 0 chan type ctx = boo o
= fnap_of List [(FRole = p, 5') 1 o0 = Soe (3, 5] = transition type ctx I (iLInternal s b g 8 $) T
Tasp_of List [(FRole s p: $1)1; fatookup mps 1 = Sone (5, S'1] —» transition type cux I (TLExternal < p a1 ) I o)
ransition type_ctx Iy (TLExternal = alp n T) Tu': subtype S T transition_type_cox (T sor T2) (TLConm 5 3. ) (11! oo1 T
nsition_type_ctx (fmgd ¢ (Rec S) ) o
| Teare: Ciramtition. pacon T T ot ion type- ctx foupd & 5 10 1 o
ldefinition chas_transition I' o = 2r". transition type ctx I o I's
ldefinition «reduction_ctx I' I = 3s p q m. transition_type_ctx I (TLComn s p g m) ['» I
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Encoding into higher order logic

Issues:
¢ Barendregt convention
¢ Having to provide actual algorithms
* What works in text does not necessarily work in Isabelle

Formalizing multiparty session types 10

September 30,2022 DTU Compute



(=]
—
=

M

several agents

authorization

server

September 30, 2022 DTU Compute Formalizing multiparty session types 1



(=]
e
=

M

several agents having conversations

login

authorization

server

September 30, 2022 DTU Compute Formalizing multiparty session types 12



(=]
e
=

M

several agents having conversations

authorization

server

passwd(“hunter2”)

September 30, 2022 DTU Compute Formalizing multiparty session types 13



(=]
e
=

M

several agents having conversations

authorization

server

auth(true)

September 30, 2022 DTU Compute Formalizing multiparty session types 14



(=]
e
=

M

several agents having conversations

authorization

server

September 30, 2022 DTU Compute Formalizing multiparty session types 15



(=]
e
=

M

several agents having conversations

cancel

authorization

server

September 30, 2022 DTU Compute Formalizing multiparty session types 16



(=]
e
=

M

several agents having conversations

authorization

server

quit

September 30, 2022 DTU Compute Formalizing multiparty session types 17



(=]
e
=

= following a structured protocol
o login.a&auth(Bool) & login.a @ passwd(String)
cancel cancel.a & quit

authorization

server

& passwd(String).s&auth(Bool)
quit

Formalizing multiparty session types 18

September 30,2022 DTU Compute



(=]
e
=

M

following a structured protocol

. login.a&auth(Bool) & login.a @ passwd(String)
| cancel login cancel.a @ quit

authorization
server

& passwd(String).s&auth(Bool)
quit
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following a structured protocol

a&auth(Bool)

authorization

server

auth(true)

s&auth(Bool)
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following a structured protocol

. {login.a&auth(Bool) & {login.a @ passwd(String)

cancel cancel.a @ quit

cancel

authorization
server

& passwd(String).s&auth(Bool)
quit
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following a structured protocol

a® quit

authorization

server

quit

& passwd(String).s&auth(Bool)
quit
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> - N
= multiparty session types
@(X) =5,...,5, (TX] S<S [Tsus] Viel.n ¢;:S;i+ c,-:end [Tend]
OFX:Si,...,5 c:St+c:S end(cy:Sy,...,¢n:Sn)
end(r) ©,X:51,...,5, - x1:51,...,xp:Sp v+ P G),X:Sl,...,S,,-FkQ (T-def]
— _0 -
orro " © T F def X(x1:51,--,%n:5,) = Pin Q ¢

OFX:Sy,...,5, end(Fo) Viel.n I Fci:S; [

T-X]
G)-FO,FI,...,I‘n FX(C],...,Cn>

I+ c:q&ielmi(Si).S{ Viel ©-T, yi:Si,C:Si’ + P;

[T-&]
© - I.T1 Fcq] Xiermi(y:) . Pi
I l—c:qEBm(S).S’ le-d:S O-T,c:S'+P (Lo] O -1+ P O-Ih+P, (]
O -I,I1, L +c[q]®m{d).P O -I,IL+rP | P,

r’={s[p]:5p}pd o(I') s¢I' ©-T,I'+P
©-Tr (vs:I")P

[T-v] where ¢ is a typing context property

Scalas & Yoshida, POPL19, https:/doi.org/10.1145/3290343
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