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Abstract

We show how the Scalas—Yoshida “Less Is More” benchmark examples
for multiparty protocols can be represented and typed within the Simple
Multiparty Sessions (SMPS) framework. We reconstruct suitable global
types for the relevant protocols and provide typing derivations for them.
The examples include service—client authentication, the recursive two-buyer
protocol, recursive Map/Reduce, and independent multiparty workers. These
derivations demonstrate that SMPS can type benchmark sessions that are
problematic or unprojectable in standard MPST settings, while retaining
the behavioural guarantees of the system, such as session fidelity and lock
freedom.

1 Introduction

In these notes, we show how the relevant examples from [[10], also known as the
“Less Is More” benchmark [3]], can be rephrased within the Simple MultiParty
Sessions (SMPS) framework of [2] as typable sessions. There is a basic mismatch
between the approaches in [10] and [2], since the former uses local-type contexts
and does away with global types. In contrast, sessions are typed directly by global
types in [2]. Nonetheless, it is possible to express the examples from [10] in the
type system of [2] as follows. First, we observe that when there is a unique session,
as in all the examples in Figure 4 of [10], local types in [[10] are akin to processes
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in [2]. In the setting of [2], the typing of messages in [10] is irrelevant, since only
values of ground types can be exchanged in a unique session. Then, we reconstruct
the global type of the resulting session in the terms of [2]].

The typability of the “Less is More” benchmark examples has recently been
shown in [3]] within a framework that approaches projectability from a typing
perspective. In that approach, global types are assigned to individual participants
(which, in the process calculus of [3], can carry values in messages), rather than to
entire multiparty sessions, as in [2].

The results of [10] have recently been rephrased in a setting with global types
and projections [8], where the projection operator is defined inductively to enable
feasible implementation. A coinductively defined projection would make the global
types of the benchmark examples projectable.

The benchmark examples, along with their representation and typing in the
SMPS formalism of [2], are presented in Section [3| after a brief review of the
formalism in Section[2l

2 SMPS calculus and type system

We briefly recall the main definitions of SMPS from [1]] and [2]. For the calculus,
global types, and type system, the following base sets and notation are used: labels,

ranged over by A, A, ... ; participant names, ranged over by p, q, 1, S, . . .; processes,
ranged over by P, O, R, S, ...; sessions, ranged over by M, M, .. .; global types,
ranged over by G, G’, .. .; integers, ranged over by i, j, [, h, k, . ..; (finite) integer

sets, ranged over by 1, J, ...

Definition 2.1 (Processes). Processes are defined by:

P =, 0|pYAi.Pilics | PHAPibicr
where I # 0 is finite and A, # Ay for h,k € I and h # k. We restrict the set of
processes to the regular ones, i.e., terms having finitely many distinct subterms.

The productions in the above definition are interpreted coinductively, as in-
dicated by the symbol ::=,. This means that the set of processes is the greatest
fixed point of the (monotonic) functor over sets defined by the grammar, restricted,
however, to regular processes. Thus, processes may be infinite.

Definition 2.2 (Multiparty Sessions). Multiparty sessions (sessions for short) are
defined by:

M = p][Pl] ” ” pn[Pn]
withn > 1 and p, # pi for any h # k. The set of participants of a session M,
prt(M), is defined as - pri(Ei[Pi1Il--- Ipl P ]) ={pi | P #0 & 1 <i<n}



Because of the condition p, # p; for any & # k, a session is essentially a
finite set of (not necessarily distinct) processes P; located at distinct participants p;.
To make this formal, over sessions we define the structural congruence relation
M = M’, which is the least congruence under which the parallel composition
is commutative and associative, and such that, for all M and fresh p, we have
p[0] || M = M. This implies that p[0] = p[0] || q[0] = q[ 0] for all distinct
P, g. In a sense, any session of the shape p[ 0 ] represents the empty session. We
omit writing trailing 0’s in processes and denote p!{1.P} and p?{1.P} by p!A.P and
p?A.P, respectively.

The (synchronous) operational semantics of sessions is formally defined by the
following labelled transition system.

Definition 2.3 (Session LTS). A communication action is a triple pAq, where p # Q.
The labelled transition system (LTS) for multiparty sessions, with communication
actions as labels, is the closure under structural congruence of the reduction
specified by the following axiom:

pLP1lal@11M 2% p[ P11 gl Q11IM (k€< ) [Comm]

where P = Q{A;.Pi}ic; and Q = p{4;.0} je.

Axiom [Comm] above is non-deterministic in the choice of messages and makes
the communication possible: participant p sends message A; to participant q.
The sender can freely choose the message because the condition / C J ensures
that the receiver must offer all sender messages and possibly more. This allows
distinguishing between internal and external choices in the operational semantics.
This condition is always satisfied in well-typed sessions.

Wheno =A;-...-A, (n>0), we write M Z, M as shorthand for
M 2L M, - 2 M, = M
where the A;s range over communication actions.

We write M 5 to mean that M - M’ for some M. Moreover, we define
prt(p4q) = {p,q} and pri(o) as its obvious extension to sequences of communica-
tion actions (traces).

Global types are usually represented by p-expressions, as in [6, 7] and in almost

all papers on “classical” MultiParty Session Types (MPST). Instead, we define
global types coinductively as potentially infinite regular terms.

Definition 2.4 (Global types). Global types are defined by:
G 1 p End | pP—qQ: {/li-Gi}iel
where I # 0 and A; # Ajfori,j € I and i # j. We restrict the set of global types

to the regular ones. Given a global type G, the set of its participants, prt(G), is
defined as the smallest set satisfying the following equations:



prt(End) = 0 pri(p — q: {A.Gi}ia) = {p, A4} U Ui pri(Gi)

Since the definition of G is coinductive, so is the definition of prt(G). Because the
syntactic tree of G is regular, prt(G) is well-defined and finite. In the following,
trailing End’s will be omitted, and p — q : {1.G} will be written asp — q : 4.G.

Now we recall the SMPS type assignment system, as defined in [1]]. The
(synchronous) calculus of SMPS, because of its simplicity, enables us to devise a
type system in which global types are directly inferred for sessions. Double lines
in the rules indicate that they are interpreted coinductively, following [9].

Definition 2.5 (Type System). Judgements of the form G + M are coinductively
derived by the type system below, by considering sessions up to structural congru-
ence:

End+ p[0] [T-End]

GirplPlllalQi] I M
pri(G) \ {p,q} = prtM) VielIcCJ

P — q:{4i.Gilies F PLAUAPiticr 1 1 QL P?HA;.Qj}jes 1 | M

[T-Comm)]

Rule [T-Comm] adds simultaneous communications to global types and to the
corresponding processes within sessions. This rule allows more inputs than corre-
sponding outputs, in agreement with the condition in Rule [Comm] (Definition[2.3).
It also allows more branches in the input process than in the global type, partially
mimicking local type subtyping [4]].

It is convenient to associate with a global type the set of communication actions
that could label its transitions. We call these the capabilities of the global type.

Definition 2.6 (Capabilities). Let G be a type. The set cap(G) of the capabilities of
G is the smallest set satisfying the following equations:

cap(End) =0
cap(p — q: {4;.Gilier) = {pAiq | i € I} U U, cap(Gy)

By regularity, the set cap(QG) is finite for all G.
The properties of the type system use the following LTS for global types.

Definition 2.7 (Coinductive LTS for global types).
4
P — q:{4.Glic A, G; (je ) [E-Comm]
G256 Viel
fp.a} N ir.s}=0  pAq e N cap(Gi)

[I-Comm)]

A
r—s:{4.Gilias ﬂ) r—s:{.Glie



Theorem 2.8 (Properties of typable sessions [2]). Let G, M be such that G + M.
1. Subject Reduction: I]‘M—FﬁiM’, then G L G’ and G'+M’ for some G'.

. s 1ye pAq , pAq ’ ’ ’ ’

2. Session Fidelity: I[fG — G’, then M — M’ and G’ + M’ for some M.

3. Lock Freedom: M 5 M’ and p € priM’) imply M’ A for some o’ and
A such that p € pri(A).

3 Typing the Scalas-Yoshida benchmark examples

The typings of the first two examples were already presented in [2]] and are reported
here for completeness. To improve readability, the conditions on participants will
be written only in the derivation for the first example.

Service, client and authentication protocol. This is the example in the Introduc-
tion of [[10], further detailed in Figure 4(1) of the same paper.

The service s sends to the client ¢ either a request to Login or cancel.
If Login is issued, then ¢ sends a password pwd to the authorisation
server a and then s receives from a the authorisation auth. In case ¢
receives cancel from s the interaction with a is aborted by ¢ sending
Quit to a.

This session is encoded by
Msea =[S 1llc[C]llalA]
where the processes are
S = c!{Login.a?auth, cancel}
C = s?vrogin.alpwd, cancel.alqQuit}
A = cpwd.s!auth, qQuit}
Then we derive Ggea F Mgy Where
Gsca = s —c:{Login.G{ , cancel.c —» a:quit}
G, = c—a:pwd.a— s:auth
as shown on the right of Figure where Q = Quit, p = pwd, and A = Auth.
We observe that G, is exactly the global type derived for this session in [10].
In that paper, it is shown that G, is projectable, but § and A do not have dual
input/output communications. The problem is that the input/output behaviours
between s and a depend on their inputs/outputs with c. More precisely, s and a
exchange the message auth only when ¢ sends Login to S. Hence, this example is
ruled out by the classical MPST system in [6, 7, 5]]. In this case, it seems that our
system addresses this inconsistency by directly embodying in Rule [T-Comm)] the
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Figure 1: Derivations for Ggca F Mgca (right) and Gggp F Mgy (left).

guarantee that any implementation of the protocol Mg, will be well behaved and
lock-free.

Recursive two-buyer protocol. This is the example in Figure 4(2) of [10]].

After Querying the store s for the price of some good, Alice, repre-
sented by role a, asks Bob, represented by b, to split the price. If Bob
replies by issuing ves, then Alice sends Buy to S; otherwise, she insists
by asking Bob for a different splitting (the fact that the subsequent



proposals by Alice are actually different is not explicitly represented
in the protocol below nor in the type of a in [10]]). At any time, Alice
might quit the protocol, sending Esc to Bob and no to the store.

The protocol is encoded by the session
Maso = a[A]lls[S 1] b[B]
where the processes are
A =sloue. s?rri. A’
9 ! '
A = b spl. b?{ves. s!Buy, No. A’}
ESC. S!INO
S = a%que. alrri. a?{Buy, No}
spl. al{ves, No. B}
B=a?
ESC
The session Mg, can be typed by

’
asb

Gasp =a — S:Que.s —» a:rri.G
where
! —aob- split.b — a: {ves.Ges,N0.G ),
esc.a — S : NO

asb
Gyes =a — S : BUuy

as shown on the left of Figurem where P = Pri, B = BUy, Y = yes, and N = No.

This example is interesting for two reasons. In [[10] it is argued that the typing
context corresponding to Mg, cannot be obtained by projecting any global type,
no matter whether one uses plain or full merging (see Definition 3.3 in Figure
3 of [10]]). Instead in our type system we can type Mg, With the un-projectable
global type Gagp. The other reason is that Gagp is a good example of an unbounded
global type [2] that is inhabited.

Recursive Map/Reduce (n = 2). This is the example in Figure 4(3) of [10]. We
consider only the case of two workers for the sake of readability.

The mapper (m) assigns one patum to both Worker1 (w;) and Worker2
(w,) for processing. Once completed, both w; and w, send their
rResults to the reducer (r). Then r informs m whether to continue
or to stop. If termination is chosen, the m also instructs w; and w; to
stop.

This protocol is implemented by the multiparty session

Mye = mMIM ]| [RT T Wi [ Wi 11l wa[ W]



End +m[O0] [ w2[0]]] -

m-—wy:skEmwa!s]|[wa[ Wall[wi[O]]---

D m— Wy :s.m—W,:skm{w!sw!s]||wi [W;]]r[0]]:--

cM
s.wj!s.wals

C.R
S
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Figure 2: A derivation of Gy + M.



patumb; — ¢, : patum.c; — a; : Result.G2,

GI{/IW = a; - by: 3
stop.b; — ¢ : stop.G;,,,
G2 = ayob: patum.b, — C, : patum.c, — &, : Result.G},,
MW | stop.b, — ¢, : stop.GY,,
G = a,—b: patum.b, — ¢, : patum.c, — a, : Result.GJ,
Mw " | stop.b, — ¢, : stop
G' = a b patum.b; — ¢, : patum.c; — a, : Result.Gy,,
MW " | stop.b; — c; :stop
: _ . |
Figure 3: Definition of G, .
where

continue.M

M = wq!patum.w,!patum.r?
stop.w;!stop.w,!stop

continue.R
R = w;7rResult.w,?result.m! {
stop
patum.r'result.W, )
Wi:m?{ " fori=1,2.
stop

The above multiparty session can be typed by the following global type:
Gy = M — W; : patum.m — w; : patum.w; — r: Result.w, — r: result.G,
where

continue.G

G=r-m: i

stop.m — w; : stop.m — w, : stop
as shown in Figure[Z], where p = patum, R = Result, ¢ = continue, and s = stop.
Notice that the implicit use of subtyping in the typing rule allows us to get simpler
processes for the workers than the corresponding local types in [[10]] and processes
in [3]].

Independent Multiparty Workers. (n = 2)
This is the example in Figure 4(4) of [10]]. For readability, we consider the case
of two workers per class (A, B, C).

A starter (S) participant tells to both Worker Al (a;) and Worker A2
(ay) to independently process a batum. The protocol then proceeds as
follows:

e 3, informs Worker B1 (b;) to either process the patum or to stop.
In the former case, b; tells Worker C1 (c;) to process the patum,
after which ¢; communicate the result to a,. Upon receiving
that, a; can either repeat what was described above and again tell
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Figure 4: Definition of D, for deriving Gy F Myy.

b, to process the patum or to stop. In the latter case, b; instructs
C; to stop, too.

e Workers A2, B2, C2 (a,, b, ¢;) follow the same sub-protocol as,
respectively, a;, by, C;, independently.

The above protocol is encoded by the following multiparty session:

Myw =s[STllai[Ai 1[I bi[Bi1llci[Cillla A1l b[Ba]1l c[ Cs



Ds
C2 > a :RGy F @l CRA2 | ba[ Bal |l cal@!R.Co ]| -
3 p.a'R.Cy
by = c2:p.c2 > @t RGy F @l A2 ] [ balCalp. By ] [l Cal 027 - Ds)
3 ' D.Cr’R.A» 9 D.C2!D.By )
st_.mmﬁcm.ﬁ q 11l b2[ @2? 5.l Il
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D.CITR.A| D.C;!D.B;
Q?S_E; . :_Emi sons I

Figure 5: Definitions of Ds; (right) and D, (left) for deriving Gyy F Myy.

where

a;!patum.a;!patum

S =

spatumb.! patum.c;?’rResult.A;
' ' stop

Ai:

patum.c;!patum.B;

stop.c;!stop

patum.a;'rResult.C;

{
{

B; = ;7

= b,?

1

C:



D,

D, =

- aR.C
bzacZ:s.Gfdwkazm]||b2[c2!s]||cz[bz?{‘S) S| IR
D3,
D3 = a;'lr.C
b1—¢1:5.Gly +ai[ 0] bl[cl!s]ncl[bl?{ SR

Endrs[0]|lai[0][[bi[0]]lci[0][[az[0]]b2[0]] cz[0]
D3,2= {D.az!R.Cz
S

by > cr:iskax0]]bafca!s] |l ca[bo?

End+s[0]1lai[0]1Ibi[0]llci[0] [ as[0][bs1[0][ci[0]

p.a;!'rR.Cy

by —cr:sra[0]] bl[Cl!S]”CI[bl?{ o I

Figure 6: Definitions of D,, D3, Ds,, Dy for deriving Gy - Myy.

fori=1,2.

The above multiparty session can be typed by the following global type:
Guw =S — @, : patum.s — a, : patum.G/,

where G, is defined in Figure
The typing derivation for this example is

D,
D.C; R.Aq
S

s —ay:p.Gly Fslap]| a[by!

A
1 az[s?D.bz!{]S)CZ R.A2

CaMW F MMW

where D is defined in Figure @, Ds; and Dy are defined in Figure 5] the other
subderivations are defined in Figure[6] In these figures we abbreviate b = patum,
R = Result, and s = stop.

We remark that by allowing a parallel composition operator between global
types with different participants as in [, (7] and the typing rule



G-M G +M
GG M| M

we could type this example with the simpler global type

S — a; : patum.s — a, : patum.(G; || Gy)

where
patum.b; — ¢, : patum.c; — a; : Result.G;
G,‘ =a —b;:
stop.b; — ¢; : stop.
fori=1,2.
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