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ABSTRACT

We introduce a framework using session types for denoting the relationships between multiple

actors in a system. We prove that ascribing to this framework guarantees deadlock freedom,

and demonstrate tests of how an implementation of such would work in the SALSA language.
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1. INTRODUCTION

Session types [1] can be used as a way to reason about the communications between two

processes. For example, one process could send(a), send(b), then either receive(c)

or receive(d), then end. The process opposite it would, in turn, have the session type:

receive(a), receive(b), (send(c) or send(d)), end. One important point to note is that

these two processes have dual session types, meaning that for one process and any state it

is in, the other process is in the opposite state. This creates a number of useful properties,

including the guarantee of deadlock freedom [2].

While previous work has been done in adapting session types into Erlang [3], we seek to

show the benefits of using an actor language with a significantly different structure, namely

SALSA [4]. One of the largest differences is the fact that messages are received individually

by message handlers in SALSA, meaning you are guaranteed to be able to receive a message

of any type at any time, but are unable to restrict the types of messages you can receive.

Contrast this with Erlang, in which upon receiving a message, the language allows the code

to block until it receives another message only of a specific type. Additionally, SALSA uses

tokens to elegantly wait for multiple messages being processed in parallel.

Deadlock is an important problem, as code that potentially enters deadlock may enter

an erroneous state and be unable to inform the user that it is unable to process informa-

tion. Session types are a good solution to this problem, as they model the communication

topology between two agents, and deadlock is fundamentally a problem caused by badly

formed communication topologies. Furthermore, session types will type check at compile

time, meaning it can provide these guarantees without the user needing to run code.

The main contributions of this thesis are threefold. First, we introduce a language,

which we call Session Typed FeatherWeight SALSA, that models session types and executes

similarly to FeatherWeight SALSA [4]. Next, we define the semantics of this language and

demonstrate how such a model would be able to detect deadlock. Finally, we prove that

defining the program like so guarantees our type checker is sound, and finds any potential

deadlock at compile time.
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2. RELATED WORK

Mostrous and Vasconcelos [5] showed that it is possible to construct a program in an actor

language in a way that can use session types. To do this, they defined a featherweight version

of Erlang, and used the notion of unique references to verify the identity of the sender and

recipient. They explained how each function in their language would translate into session

types, and proved various properties about programs created under this framework. For

example, they defined how communications match, or become balanced, and that under

their environment this relationship would be preserved, thus guaranteeing type safety.

Neykova and Yoshida [6] showed how to use session types for a group of actors, rather

than just a pair. Their research hinges on establishing an overhead organization framework

that defines the session types between roles, and having the programs participating in the

session type choose the role they plan to fulfill.

Reynolds [7] introduced the notion of separation logic as an extension of Hoare logic,

specifically for reasoning about parallel programs. Separation logic denotes dependency on

certain portions of shared memory, and how interactions between those portions affects the

state of the other program threads.

Jacobs et. al. [8] used separation logic to form connectivity graphs based on a given

program. Each process was represented by a vertex, with directed edges marking dependen-

cies. From there, they were able to determine if the program had entered a deadlock state

by checking the graph for cycles, as that would indicate a cyclic dependency.

Carbone and Debois [2] proved that utilizing session types could prevent deadlock,

using the notion that a program that uses session types always maintains both progress

and preservation. They used � Calculus and the notion of dual types to show that the

dependency graph of a program would never enter deadlock if it adhered to session types.

Charalambides et. al. [9] introduced the notion of parameterized session types for multi-

party interactions. They showed how languages may be able to reason about asynchronicity,

while also verifying concurrent, parameterized programs. To do so, they created a language

of their own that could demonstrate such properties, and proved that every facet of session

types was upheld by how the language defined its interactions. From there, they formalized

their type checking and showed that the types were projectable, or able to be reduced to

simpler types, and proved the correctness of this result.
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3. MOTIVATING EXAMPLE

We explore a version of the dining philosophers problem with only two chopsticks and two

philosophers. The goal is for each philosopher to be able to continuously eat using the

chopsticks on either side of them, while also allowing the other philosopher to grab them

as well once they are finished. A common problem is for both philosophers to grab the left

chopstick first, then wait for the right chopstick, which will never be put down by the other

philosopher, causing both to starve. A common solution to this (per Dijkstra [10]) is to have

one philosopher prioritize their left chopstick, and the other to prioritize their right.

Section 3.2 shows the complete code for a well-written implementation of the dining

philosophers problem. The code as given ensures fairness between the two philosophers (one

philosopher will not eat over and over while the other is waiting for chopsticks), as well

as guaranteeing it is impossible for them to deadlock. We prove that this is the case, as

well as show that swapping the priority of the second philosopher’s chopsticks leads to the

possibility for deadlock.

Note that in a more minimal example, the chopsticks would act similarly to semaphores,

in that they would not queue up the next philosopher to grab automatically. However, the

communication topology of the more minimal example is more complex as a result, as at-

tempting to grab a chopstick results in either success or failure. Since our work focuses on

ensuring properties about the communication topology, our example focuses on the imple-

mentation of the problem with more straightforward session types (the fairness version), as

there is only one messaging result of attempting to grab a chopstick (success).

This program can be difficult to reason about, because it includes a variety of inter-

esting portions. For example, the program is designed to continuously loop, rather than

reach a terminal state; we will represent this in our session types using the Kleene star

(*). In addition, the program utilizes tokens, meaning we must find a way to denote that

the tokens have been received and the program can progress. This is done by treating the

tokens themselves as dependencies within the graphical representation, which unblock upon

reception of the corresponding message. Furthermore, the program features actors which

use internal variables to decide which control flow to take upon receiving certain messages.

We use Hoare logic [11] to guarantee each of these possibilities is accounted for. Finally,

the program is made up of four actors, rather than the two typical for session types. In

3
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order to reason about this, we represent the program as a whole using a multiparty session

type [6], which is set up within the initialization. Additionally, we model the changes in the

communication topology as a series of graphs where a cyclical dependency in one indicates

potential deadlock [2].

Figure 3.1 shows a simplified version of the program, where only one philosopher is

involved. Note that there is an ambiguous ordering of which chopstick is released first, yet

both traces lead back to the same state.

3.1 In Practice

Looking back at our dining philosophers example, we hope to see that a small change

in its setup (grabbing left instead of right) will lead to the type checker detecting deadlock

and vice versa.

When we initialize Philosopher p2, swapping the order of the chopsticks has no effect

on the session types themselves. However, when we check the initialization, we record the

state of the Philosopher with respect to its relationships to the Chopsticks. Specifically, it

records c2 as the first chopstick and c1 as the second (the opposite occurs in the well-written

case).

Additionally, the first get message sent as p2 must be to its first chopstick. The checker

asserts the message sent first is the same as the first message of the session type, and thus

will only be able to confirm a result if this is the case.

With this new setup, it will check all possible traces of the program. One such trace

is shown in Figure 3.2, which deadlocks. Hence, the type checker confirms the program

potentially enters deadlock, and can provide a trace that does so.

With the well-written setup, no such trace produces deadlock. A sample walk of the

well-written program is shown in Figures 3.3 and 3.4. In this case, it encounters a previously

cached state at every leaf node, meaning that no matter which trace it takes, it will always

be able to recurse.

3.2 Dining Philosophers Code

behavior Chopstickf
Phi losopher pa ;
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Phi losopher pb ;

boolean a ho ld ing ;

boolean b ho ld ing ;

boolean a wa i t ing ;

boolean b wai t ing ;

Chopstick ( ) fg

void s e tPh i l o s ophe r s ( Phi losopher a , Phi losopher b)f
pa = a ;

pb = b ;

a ho ld ing = f a l s e ;

b ho ld ing = f a l s e ;

a wa i t ing = f a l s e ;

b wa i t ing = f a l s e ;

r e turn nu l l ;

g

//@ r e qu i r e s SessionType [ pa ] get ;

//@ r e qu i r e s SessionType [ pb ] get ;

//@ ensure s r e c e i v e [ pa ] get ;

//@ ensure s send [ pa ] ho ld ing ;

//@ ensure s SessionType [ pa ] ho ld ing ;

//@ ensure s SessionType [ pb ] get ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] get ;

//@ r e qu i r e s SessionType [ pb ] ho ld ing ;

//@ ensure s r e c e i v e [ pa ] get ;

//@ ensure s SessionType [ pa ] ho ld ing ;

//@ ensure s SessionType [ pb ] ho ld ing ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] get ;
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//@ r e qu i r e s SessionType [ pb ] r e l e a s e ;

//@ ensure s r e c e i v e [ pa ] get ;

//@ ensure s SessionType [ pa ] ho ld ing ;

//@ ensure s SessionType [ pb ] r e l e a s e ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] get ;

//@ r e qu i r e s SessionType [ pb ] get ;

//@ ensure s r e c e i v e [ pb ] get ;

//@ ensure s send [ pb ] ho ld ing ;

//@ ensure s SessionType [ pa ] get ;

//@ ensure s SessionType [ pb ] ho ld ing ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] ho ld ing ;

//@ r e qu i r e s SessionType [ pb ] get ;

//@ ensure s r e c e i v e [ pb ] get ;

//@ ensure s SessionType [ pa ] ho ld ing ;

//@ ensure s SessionType [ pb ] ho ld ing ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] r e l e a s e ;

//@ r e qu i r e s SessionType [ pb ] get ;

//@ ensure s r e c e i v e [ pb ] get ;

//@ ensure s SessionType [ pa ] r e l e a s e ;

//@ ensure s SessionType [ pb ] ho ld ing ;

void get ( Phi losopher p)f
a ho ld ing = a ho ld ing j j (p==pa && ! b ho ld ing ) ;

b ho ld ing = b ho ld ing j j (p==pb && ! a ho ld ing ) ;

a wa i t ing = p==pa && b ho ld ing ;

b wa i t ing = p==pb && a ho ld ing ;

i f (p==pa && a ho ld ing )f
token t0 = pa <− ho ld ing ( ) : wa i t f o r ( ) ;
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re turn nu l l ;

g e l s e i f (p==pb && b ho ld ing ) f
token t0 = pb <− ho ld ing ( ) : wa i t f o r ( ) ;

r e turn nu l l ;

g e l s e re turn nu l l ;

g

//@ r e qu i r e s SessionType [ pa ] r e l e a s e ;

//@ r e qu i r e s SessionType [ pb ] get ;

//@ ensure s r e c e i v e [ pa ] r e l e a s e ;

//@ ensure s SessionType [ pa ] get ;

//@ ensure s SessionType [ pb ] get ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] r e l e a s e ;

//@ r e qu i r e s SessionType [ pb ] ho ld ing ;

//@ ensure s r e c e i v e [ pa ] r e l e a s e ;

//@ ensure s send [ pb ] ho ld ing ;

//@ ensure s SessionType [ pa ] get ;

//@ ensure s SessionType [ pb ] ho ld ing ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] get ;

//@ r e qu i r e s SessionType [ pb ] r e l e a s e ;

//@ ensure s r e c e i v e [ pb ] r e l e a s e ;

//@ ensure s SessionType [ pa ] get ;

//@ ensure s SessionType [ pb ] get ;

//@ a l s o

//@ r e qu i r e s SessionType [ pa ] ho ld ing ;

//@ r e qu i r e s SessionType [ pb ] r e l e a s e ;

//@ ensure s r e c e i v e [ pb ] r e l e a s e ;

//@ ensure s send [ pa ] ho ld ing ;

//@ ensure s SessionType [ pa ] ho ld ing ;
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//@ ensure s SessionType [ pb ] get ;

void r e l e a s e ( ) f
a ho ld ing = a wa i t ing ;

b ho ld ing = b wai t ing ;

a wa i t ing = f a l s e ;

b wa i t ing = f a l s e ;

i f ( a ho ld ing ) f
token t0 = pa <− ho ld ing ( ) : wa i t f o r ( ) ;

r e turn nu l l ;

g e l s e i f ( b ho ld ing ) f
token t0 = pb <− ho ld ing ( ) : wa i t f o r ( ) ;

r e turn nu l l ;

g e l s e re turn nu l l ;

g
g

behavior Phi losopher f
Chopstick f i r s t ;

Chopstick second ;

i n t s t i c k s ;

Ph i lo sopher ( Chopstick f i r s t , Chopstick second )f
t h i s . f i r s t = f i r s t ;

t h i s . second = second ;

t h i s . s t i c k s = 0 ;

g

//@ r e qu i r e s SessionType [ f i r s t ] ho ld ing ;

//@ r e qu i r e s SessionType [ second ] get ;

//@ ensure s r e c e i v e [ f i r s t ] ho ld ing ;

//@ ensure s send [ second ] get ;
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//@ ensure s SessionType [ f i r s t ] r e l e a s e ;

//@ ensure s SessionType [ second ] get ;

//@ a l s o

//@ r e qu i r e s SessionType [ f i r s t ] r e l e a s e ;

//@ r e qu i r e s SessionType [ second ] ho ld ing ;

//@ ensure s r e c e i v e [ second ] ho ld ing ;

//@ ensure s send [ f i r s t ] r e l e a s e ;

//@ ensure s send [ second ] r e l e a s e ;

//@ ensure s send [ f i r s t ] get : r e l e a s e [ s e l f , f i r s t ] : r e l e a s e [

s e l f , second ] ;

//@ ensure s SessionType [ f i r s t ] r e l e a s e ;

//@ ensure s SessionType [ second ] r e l e a s e ;

void ho ld ing ( ) f
s t i c k s = ( s t i c k s +1)%2;

i f ( s t i c k s==0) f
token t0 = f i r s t <− r e l e a s e ( ) : wa i t f o r ( ) ;

token t1 = second <− r e l e a s e ( ) : wa i t f o r ( ) ;

token t2 = f i r s t <− get ( s e l f ) : wa i t f o r ( t0 , t1 ) ;

r e turn nu l l ;

g e l s e

token t0 = second <− get ( s e l f ) : wa i t f o r ( ) ;

r e turn nu l l ;

g
g

I n i t f
//@ Actor c1 ;

c1 = new Chopstick ( ) ;

//@ Actor c2 ;

c2 = new Chopstick ( ) ;

//@ Actor p1 ;
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p1 = new Phi losopher ( c1 , c2 ) ;

//@ Actor p2 ;

p2 = new Phi losopher ( c1 , c2 ) ;

token t1 = c1 <− s e tPh i l o s ophe r s (p1 , p2 ) : wa i t f o r ( ) ;

token t2 = c2 <− s e tPh i l o s ophe r s (p1 , p2 ) : wa i t f o r ( ) ;

//@ SessionType (p1 , c1 ) send get ; r e c e i v e ho ld ing ; send

r e l e a s e ; ∗ ;

//@ SessionType ( c1 , p1 ) r e c e i v e get ; send ho ld ing ; r e c e i v e

r e l e a s e ; ∗ ;

//@ SessionType (p1 , c2 ) send get ; r e c e i v e ho ld ing ; send

r e l e a s e ; ∗ ;

//@ SessionType ( c2 , p1 ) r e c e i v e get ; send ho ld ing ; r e c e i v e

r e l e a s e ; ∗ ;

//@ SessionType (p2 , c1 ) send get ; r e c e i v e ho ld ing ; send

r e l e a s e ; ∗ ;

//@ SessionType ( c1 , p2 ) r e c e i v e get ; send ho ld ing ; r e c e i v e

r e l e a s e ; ∗ ;

//@ SessionType (p2 , c2 ) send get ; r e c e i v e ho ld ing ; send

r e l e a s e ; ∗ ;

//@ SessionType ( c2 , p2 ) r e c e i v e get ; send ho ld ing ; r e c e i v e

r e l e a s e ; ∗ ;

//@ Message (p1 , c1 ) get ;

c1 <− get ( p1 ) : wa i t f o r ( t1 , t2 ) ;

//@ Message (p2 , c1 ) get ;

c1 <− get ( p2 ) : wa i t f o r ( t1 , t2 ) ;

g
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Figure 3.1: The chain of events of a single Philosopher in the DP example; top
to bottom, left to right. The large blue nodes are actors, and
include an asterisk while processing. The smaller red nodes are the
session types between actors, with the label noting the type of
message in the session type. Directed edges model a dependency;
either an actor placing a message in transit, an actor waiting to
place a message in transit, or an actor waiting to receive a message
in transit. Note that due to multiple interleavings, the model splits
before returning to unified state, and thereafter looping.




