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Abstract

Concurrency is becoming an ever-more important part
of achieving efficiency in programs, but the standard
method of handling concurrent programming, locks, is
error-prone and plagued with difficulties. This paper
looks at a transaction-based approach to handling con-
currency, and in particular the software transactional
memory capabilities of Concurrent Haskell. Haskell’s
STM abstractions allow atomic operations to be com-
posed, and provides operators for choice and conditional
blocking. The report illustrates the STM capabilities us-
ing a two-queued producer-consumer problem.

1. Introduction

Concurrency has become a corner-stone in modern ap-
plications. Whether dealing with user interfaces requir-
ing multiple threads to achieve fluent user interaction or
writing a server dealing with any number of requests
simultaneously, programmers need to split their appli-
cations into smaller pieces of logic (referred to as pro-
cesses or threads/light-weight processes) with the abil-
ity to run side-by-side. With the growing use of multi-
processor and multi-core processor computers, concur-
rency has grown even more in importance if an applica-
tion is to make efficient use of the resources available.
Unfortunately for the programmer, creating concurrent
applications is far from straight-forward in many cases.
How does one ensure all threads have the same view of
memory and resources external to the application, and
that the various reads and writes are interleaved in such
a way that the threads don’t interfere with each other?

This report looks at a promising technique for en-
suring thread-safety in concurrent environments using he
concept of memory transactions, with focus on the soft-
ware transactional memory (STM) capabilities of Con-
current Haskell. It gives details of how Haskell’s STM
solves the concurrency issue, looking at some of the
available features, as well as instrumenting a simple ex-
ample to show a transactional memory approach to a
producer-consumer problem.

The report concludes that Haskell’s approach to

transactional memory offers a well thought-out abstrac-
tion that greatly simplifies the use of shared variables in a
multi-threaded environment, making it more flexible and
modular without losing out on thread-safety. However,
it also suggests that further research into the efficiency
and scalability of Haskell’s STM would be useful, and
questions whether the approach taken here is really the
right way to go.

2. Background

Over the years, a number of techniques have been
created specifically for the purpose of ensuring that
threads can communicate and share information in a
safe manner. These techniques can be split into two
general groups: shared-memory communication, by
which threads communicate by writing to and reading
from memory locations visible to the threads involved;
and message-passing communication, where the threads
share no resources but have mailboxes to which other
threads can send messages containing information or
commands. The former is the standard method of com-
munication in languages like Java and C, whereas the
latter is used mainly in functional programming lan-
guage, having originated in Erlang[4]. The message-
passing style of concurrency mechanisms is beyond the
scope of this report, as the nature of the software trans-
actional memory method of handling concurrency lies in
the shared-memory domain. Should the reader be inter-
ested in finding out more about message-passing concur-
rency, a good overview and pointers to further informa-
tion can be found at [3].

Shared-memory concurrency is based on the idea of
a lock: if a process wishes to use some shared resource,
it needs to acquire a lock for it, ensuring that it is the
only process currently working with that resource. If a
resource’s lock is being used by some other process, the
process wishing to obtain it must wait, or block, until the
lock has been acquired before proceeding. Locks can
be implemented using mutual exclusion, semaphores or
monitors, and ensure that only one process is ever manip-
ulating shared data, i.e. that only one process is access-



ing its critical section. Using locks to achieve thread-
safety is a way of directly mapping which resources the
developer wants to keep safe with how the application
behaves. However, as applications grow so does their
complexity, potentially making it difficult for developers
to ascertain that thread-safety holds.

The lock-mechanisms listed above ensure that data is
accessed in a safe manner, but do nothing to avoid issues
of deadlock, which occurs when two (or more) processes
holding some lock but requiring the other process’ lock
to proceed, leading to them both blocking forever; and
livelock, which can occur when processes react to each
others actions, e.g. when processes defer ownership of
a lock to each other, never progressing. The problem is
that although access to memory locations are kept safe,
it is up to the programmer to ensure that the right locks
are taken at the right time in the right order, while at
the same time keeping the number of locks taken to a
minimum to avoid hampering performance. Further to
this, lock-mechanisms are not composable, meaning that
although two pieces of code may be thread-safe there
are no guarantees that running them both in sequence
is. The non-compositionality requires the programmer
to explicitly ensure that all sections of code are thread
safe, not just the lower-level methods that actually per-
form the memory alterations, which in turn causes more
overhead for the developer and increases the complexity
of the code as a whole.

3. Software Transactional Memory

The previous section makes it clear that writing concur-
rent programs using shared-memory concurrency is far
from easy, and that although the lock mechanisms al-
low memory to be accessed in a way that guarantees
threads do not interfere with each other, it is up to the
programmer to ensure that threads do not dead- or live-
lock. Recent research[9] has introduced a novel way of
dealing with the issue of shared-memory concurrency
using atomic transactions in what’s known as transac-
tional memory. This section looks at the ideas driving
transactional memory, and explores its use in Concurrent
Haskell. For readers unfamiliar with Haskell, or func-
tional programming in general, good resources can be
found in [5].

3.1. Transactional Memory

The idea of using transactions to deal with sensitive op-
erations is not new. In fact, it has long been used for
database management systems to deal with the issue of
concurrent data access. The driving force behind trans-
actional memory is that of atomicity, i.e. that there exists
some mechanism allowing a process to perform a num-

ber of operations (referred to as a block) with only the
final result being visible by other processes, not any in-
termediate states. The use of atomic transactions for han-
dling concurrent memory access abstracts the implemen-
tation of thread-safe memory operations, allowing pro-
grammers to simply specify which operations are to be
performed atomically, relying on the programming lan-
guage implementation to deal with the low-level mecha-
nisms that make this possible.

One method of implementing atomic transactions it
through the use of optimistic synchronisation, by which
each process assumes that there will be no memory con-
tention during execution, and that it therefore can per-
form its critical actions safely. The processes perform
their actions tentatively, either retaining ordered local
logs of any memory reads and writes made during the
execution of an atomic block, or by making use of an
update buffer. In the case of logged actions, a log is
validated once the owner-process’ block has finished to
ensure that the process’ view of memory has been con-
sistent (i.e. that no other process has made memory ac-
cesses during the block’s execution); if buffered updates
are used, the process attempts to commit the changes af-
ter the block’s end, failing on inconsistencies. In both
cases, any inconsistencies require the results of the block
to be discarded, and the whole transaction to be re-run.
This is in contrast with resource locking, which is a pes-
simistic approach to handling concurrent memory access
and assumes that there will be memory contention dur-
ing execution.

The method of working with a whole block under
the assumption that it will succeed, and re-running the
entire block on failure, may seem like a waste of re-
sources. Indeed, a well-written concurrency algorithm
using low-level mechanisms is likely to perform better
than its abstracted equivalent[1]. Transactional memory
does, however, have the distinct benefit of not requir-
ing locks to be taken at any point, making it, by design,
safe from dead- and livelocks caused by lock-taking.
Furthermore, the pessimism of lock-based concurrency
mechanisms means that only one process can access its
critical section at any one time, whereas in transaction-
based mechanisms it is often possible for multiple pro-
cesses to be in their critical sections simultaneously[1].
However, transactional memory by itself does not solve
all the issues of concurrent programming. In particular,
atomic transactions do not solve the issue of composi-
tionality, nor do they guarantee that the operations per-
formed within the block are appropriate for re-execution.
Consider the following block of pseudo-code:

atomic {
print "Atomic access\n";



lSharedvar = 3

}

where 1 Sharedval is a shared memory location. If the
atomic transaction fails because some other process has
caused changes to happen to the memory we are want-
ing to modify, the entire block of code will be re-run,
meaning that the print-statement will once again out-
put text. While in this case the effects are trivial, one
can easily imagine situations where some piece of code
should not be run more than once due to its side-effects,
i.e. irrevocable changes of state.

The issue of side-effects being re-run can be solved
by disallowing such code in the atomic blocks, but it
is unclear how one would go about deciding whether
or not a particular operation would result in a change
of state. Achieving compositionality is also less than
straight-forward due to blocking not being composable.
Consider the following method (inspired by a similar
example in [9]):

Void put (Item i) {
atomic (num_items < MAX) {

// code to insert into some buffer

A condition variable is used to ensure that the code
in the atomic block is executed only if there is space in
the buffer. Placing two items into this buffer and ensur-
ing that they are neighbours is difficult, as two consecu-
tive calls to the put-method does not guarantee that an-
other process does not place an item in between the calls.
Wrapping the calls in an at omi c-block does not neces-
sarily help unless the programmer checks that there is
enough space in the buffer for both items, which breaks
abstraction — synchronising on some condition requires
the programmer to be aware of the internals of the atomic
method.

3.2. STMs in Haskell
3.2.1. Haskell and Monads

Haskell is a pure, strictly typed functional programming
language, with features such as lazy evaluation, currying
and list comprehensions. In its purest form, beyond hav-
ing no concept of state, side-effects are completely disal-
lowed in Haskell: a programmer cannot modify memory
locations or perform any kind of input/output. Further-
more, the purity of the language means that the program-
mer cannot control exactly in what order functions are
called, as no execution order is enforced by the language.
While these features are beneficial for the programmer,

as the former guarantees that a function will always re-
turn the same output for a given input and the latter aids
execution speeds as any program can be parallelised,
they are not helpful when it comes to concurrency. For
shared-memory concurrency, the lack of side-effects is
obviously problematic, as writing to and reading from
memory is how threads communicate with each other.
Similarly, even if side-effects were possible, the lack of
an explicit execution order means that concurrent pro-
grams needing events to occur in a particular sequence
(e.g. a money transfer requiring the source account to
be debited before crediting the destination account) are
difficult to write.

Fortunately, Haskell is able to circumvent these
restrictions using monads[6], a mathematical concept
taken from category theory. The details of how mon-
ads work are far beyond the scope of this report; for the
purpose of this discussion it is enough to know that mon-
ads allow a programmer define operations that might be
unsafe in respect to program purity. Monads are used
to model state, side-effect operations etc, where the ac-
tion the programmer wants to perform can be evaluated
without being executed. Monads also allow function
calls to be ordered explicitly, solving the sequencing is-
sue described previously. Haskell’s monads require pro-
grams and programmers to be explicit about which func-
tions are pure and which use side-effects, keeping a code
which might cause side-effects separate from pure code.

One of the main monads in Haskell is the IO monad,
which is used to handle input and output, both of which
inherently require side-effects. In order to achieve con-
currency, Concurrent Haskell (an extension to Haskell
98, see [7]) makes use of the TO monad to perform
a given action asynchronously. The forkIO function
takes an IO a, and spawns a new thread which will
perform that action, returning a thread identifier which
can be used to contact the thread at some later stage. To
ensure that threads spawned can work with shared data
without interfering with each other, Concurrent Haskell
uses synchronised mutable references, MVars. These
can contain a value of some (defined) type, or be empty.
Concurrent Haskell also provides two operations with
which to modify the MVars: takeMVar, which returns
the value in a given location, blocking if it is empty; and
putMVar, which puts a given value in the given loca-
tion, blocking if the location is non-empty.

3.2.2. Software Memory Transactions

Although the shared-memory concurrency mechanism
in Concurrent Haskell works, it is a lock-based approach,
and is therefore vulnerable to lock-induced dead- and
live-lock. To work around this, software transactional
memory has been introduced to the Concurrent Haskell



extension[9], giving programmers more flexibility for
concurrent programming. Haskell’s implementation of
transactional memory makes use of the optimistic meth-
ods described in section 3.1, with no changes to mem-
ory being made unless a transaction’s view of memory
is consistent throughout. The library is written in C, and
is built in to the Concurrent Haskell part of the Glasgow
Haskell Compiler (GHCI[8]). A thorough run-through of
the library’s implementation can be found in the original
Haskell STM paper, [9].

The focus in Haskell STM lies on the ideas of trans-
action variables (TVars), which hold some value that
we wish to share between threads, and the separation
of the modifications of these variables and other I/O ac-
tions. In addition to the transaction variable type, trans-
actional memory in Haskell is exposed to the program-
mer through the STM monad which, similarly to the IO
monad, allows programs to distinguish between pure op-
erations and operations that may modify a memory loca-
tion. STM’s interface includes the following functions:

newTVar a —> STM (TVar a) This func-
tion creates a new STM action, i.e. something that
may change program state, with a transactional
variable of type a. This transactional variable can
then be used to reference a mutable memory loca-
tion.

readTVar TVar a -> STM a Given a
transactional variable, this function returns the
value of the memory location described by that
variable.

writeTVar TVar a —=> a —> STM a
Given a transactional variable of type a and a
value of that same type, this function writes the
value in the given location.

retry :: STM a Calling this function within an
STM transaction aborts the whole transaction and
begins again, without affecting any parts of mem-
ory.

orElse STM a -> STM a —> STM a
This function is a choice operation, attempting to
perform the transaction in the first argument, re-
verting to the second on retry. If both transactions
retry, the call to orE1lse retries too.

atomically STM a -=> IO a The most
important part of the interface, this takes an STM
action and returns an IO action of the same type.
When the IO action is performed, any memory
transactions made are guaranteed to be atomic
with respect to any other transactions.

From the interface, it should be clear that with the
functions defined it is straightforward to create other
functions that perform a given memory transaction in
an atomic manner. The TVar functions makes it easy
for a programmer to create and access shared memory
locations; retry makes it possible to abort transac-
tions completely if some condition doesn’t hold; and
orElse gives the programmer the option of specifying
back-off options in case the primary option fails. Since
the only way of exposing these transactions is through
the atomically function, Haskell enforces transac-
tion atomicity and ensures that the operations are kept
free from interference. However, the interface itself does
not give any indication of whether or not the implemen-
tation is safe from side-effects other than memory trans-
actions, or if transactions can be sequenced in a safe
manner. Thankfully, Haskell turns out to be the ideal
setting for transactional memory. The type system has
a clear distinction between pure and non-pure functions,
as well as between different non-pure functions — an IO
operation cannot be performed inside atomic, as it is
not of type STM. The type system effectively takes away
the whole issue of unwanted side-effects happening dur-
ing transactions. Furthermore, because the transactional
memory is modelled as a monad in Haskell, composi-
tion is easy: monads allow a programmer to specify a
sequence of operations that are to happen within a single
code block, meaning that any number of STM-operations
can be composed to a single atomic transaction without
the need for any external locking by the programmer.

The STM abstraction provides a well thought-out
way of giving the programmer very fine-grained control
over which parts of a program that need to be protected
and which do not. Haskell’s STM also provide valu-
able guarantees that unwanted side-effects cannot oc-
cur within a transaction ([13] uses the example of an
IO function launchMissiles), meaning that even
if a transaction fails, no change of state occurs. De-
spite all the fanciness of STM, however, it is not clear
that software transactional memory is the be all and end
all of concurrent programming. In particular, there are
times when the transactions’ roll-back-approach causes
more overhead than it is worth, especially if there are a
large amount of processes accessing the same data[2].
Transactions are an abstraction of low-level concurrency
mechanisms — while the programmer does not need to
worry about making memory reads and writes safe, the
compiler does. The fact that transactions allow fine-
grained control over which atomic operations also means
that the program needs to make a greater number of
low-level transactions, causing more overhead. Recent
research suggests that Haskell’s STM has issues with
scalability, despite this being one of its major selling



points — increasing the number of processors in a ma-
chine increases the number of rollbacks needed for a
transaction[2]. Furthermore, although ensuring access
to shared data is kept atomic is straight-forward when
using transactions, it is still a shared-variable approach
to concurrency, making it more difficult to reason about
and, in some cases, debug.

4. Example

To illustrate how software transactional memory works
in Haskell, this section contains a small example of a
concurrent program. For reasons of brevity, some as-
pects of the code is not discussed here; the full code
can be found in appendix A. Based on the clas-
sic producer/consumer-problem, the example models a
passport control at some arrivals hall, with two passport
control booths servicing a never-ceasing stream of trav-
ellers. Each control booth has a separate queue, capable
of containing three people at any one time, and only peo-
ple in the queues will be serviced. As is standard in ar-
rivals halls, there is no order outside of these queues —
if a person finds both queues to be full, he will attempt
to access them again at some later point, but there are no
guarantees that some other person arriving later has not
already queued up.
Queues are modelled and created as follows:

data Queue = MkQueue Int (TVar Int)

—-— Create a queue
newQueue :: Int -> STM Queue
newQueue n =
do { var <- newTVar 0;
return (MkQueue n var) }

Queues are datatypes consisting of an integer stat-
ing its capacity and a transactional variable of type Int
holding the current number of people in the queue. Be-
cause the newQueue-function returns an STM Queue,
we can be certain that it cannot be executed outside of an
atomic transaction. Once a queue has been created, we
can create a booth to service that queue:

—-— Create a passport control booth
-— to service queue J.
newBooth :: Int -> Queue -> IO ()
newBooth n g =
do
{
putStrLn ("Queue " ++
show (n) ++ " open..");
forkIO/(
forever (

do
{

service n qg;
sleep 5;

)
)i

return ()

—-— Service a queue

service :: Int -> Queue —-> IO ()
service n (MkQueue cap queue) =
do

{
putStrLn ("Queue " ++
show(n) ++ " servicing..");
atomically (
do
{
—-— Get the current value
1Num <- readTVar queue;

—-— Ensure queue isn’t empty
when (1Num == 0) retry;

—-— Update value
writeTVar queue (1Num - 1);
}
) i
putStrLn "Serviced!"

}

newBooth creates a booth with the (possibly non-
unique) name n by forking a process that services the
given queue forever, sleeping between one and five sec-
onds between each call to service. The service
function gets the number of people in the given queue
using readTVar, and checks to see that there is some-
one to service. If the queue is empty, retry is called,
causing the statement to restart; if there is someone in the
queue, service services that person by decrementing
the value of queue using writeTVar. The type signa-
ture of service states that it is to return an IO action,
meaning that the transactions must occur in the function
itself using atomically. The definitions of forever
and sleep are given in A.

Just like it needs booths to service people, the pro-
gram needs people for the booths to service.

—-— Create a person

newPerson :: Int —-> Queue —-> Queue —> IO

newPerson n gl g2 =
do

0



forkIO(
do

{
putStrLn ("Person " ++

show(n) ++ " wants to join.");

atomically (

(joinQ gl) ‘orElse‘' (joinQ g2)

)
putStrln ("Person " ++
show (n) ++ " joined!")
}
)

return ()

—-— Attempt to join a queue

joinQ :: Queue —-> STM ()
joinQ (MkQueue cap queue) =
do

{
1Num <- readTVar queue;
when (1Num >= cap) retry;
writeTVar queue (1Num + 1)

}

Similarly to newQueue, newPerson creates a new
thread symbolising a person. However, unlike the booths
the people do not stay around forever — they just want
to get into a queue to be serviced. newPerson re-
quires there to be two (possibly non-distinct) queues for
the person to join, so that if one queue is full the per-
son can try the second one. As described in section
3.2.2, this choice is achieved using orE1lse which calls
joinQ on the first queue, and if this retries does the
same for the second queue. joinQ works in a way sim-
ilar to service: the current value of the given queue
counter is read using readTVar and compared against
the queue’s capacity, retrying if the queue is deemed full.
If there is space left, writeTVar is used to increment
the queue counter. Unlike the implementation of the
booths’ service function, joinQ does not perform
any IO, returning instead an STM action to be performed
elsewhere, which allows it to be called by orElse.

Finally, these functions are glued together using a
main function:

main :: IO()
main =
do
{
—— Create queues
gl <- atomically(newQueue 3);
g2 <- atomically (newQueue 3);

—-— Create booths
newBooth 1 qgl;
newBooth 2 g2;

—— Create people forever.
loopIncr
(\x —>
do
{
newPerson x gl g2;
sleep 3
}
) 0;
return ()

}

Where loopIncr is a function that calls a given
function forever, passing it an ever-increasing integer
value. As is to be expected, main creates two queues,
each serviced by a separate booth, before creating people
randomly every one to three seconds.

Figure 4 shows screenshots of part of the code, the
compilation and the passport queue example in action.
1(c) shows the program during execution, with both
booths serving queues and a number of people waiting
to get in the queue. It is obvious from the figure that the
program follows the high-level description given, with
people joining the queues as space becomes available,
out of order, with whichever person thread attempts to
access the queue variable first when it is decremented by
a booth thread getting to queue up and exit.

5. Resources

This section lists a number of resource regarding trans-
actional memory in Haskell.

Composable Memory Transactions[9] was the paper
the first introduced the implementation of STM
in Haskell, and provides a good overview of the
background of transactional memory, as well as
a relatively detailed description of Haskell’s STM
semantics and implementation. The paper also
looks at how the lock-based MvVars can be re-
expressed using STM, and how these can be ex-
tended to provide more advanced communication
methods.

Beautiful Concurrency[13] is taken from the book
Beautiful Code, and is a less formal look at
Haskell’s STM, describing its features while at
the same time introducing Haskell as a language.
The chapter gives examples of some issues found
when using lock-based concurrency mechanisms,
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and concludes with an STM-based solution to the
Santa Claus Problem[18] in Haskell.

Lock Free Data Structures using STM in Haskell
compares the implementation of Haskell versions
of Java’s ArrayBlockingQueue, one using a
lock-based approach, the other STM. Although
quite heavy on code-use, the paper is an inter-
esting comparison of how the code for the two
versions differ, and what the strengths of STM is.

Transactional Memory and Concurrency[14, 15] isa
presentation by one of the implementers of
Haskell’s STM, describing the background of the
problem STM wants to solve, why locks are an is-
sue, and what the features promises of STM are.
The presentation is not specific to Haskell, but
rather a general introduction to transactional mem-
ory.

6. Related Work

As discussed in section 2, there are two main meth-
ods of dealing with concurrency: shared-memory and
message-passing. With the former, lock-based mecha-
nisms for ensuring accesses to shared data are achieved
synchronously has been the standard method for over 30
years[14]. The latter is more modern, stemming from the
extreme concurrency and parallelism needed in telecoms
applications whereby no threads or processes share any
data at all.

Software transactional memory has been imple-
mented for a number of languages, including C[16],
C++[10], C#[12] and OCami[11]'. However, the major-
ity of STM implementations are external libraries rather
than extensions to the language. The main difference
between these and the implementation discussed here is
the issue of compositionality: although they all perform
concurrent memory access using transactions, the trans-
actions cannot be composed into larger ones®. Further to
this, no other implementation includes a choice opera-
tor, and not all include a retry mechanism for cancelling
transactions on some condition.

7. Conclusion

This report has focused on the implementation of soft-
ware transactional memory in the functional program-
ming language Haskell. Transactional memory allows
programmers to write applications that atomically mod-
ify data in a lock-free manner, removing the need for

' A more complete list can be found on Wikipedia’s page on STM:
http://en.wikipedia.org/wiki/Software_transactional_memory

2The one exception from this is Concurrent ML[17] (CML), in
which actions can be composed in a limited fashion.

explicitly acquiring access to a resource in order to be
able to work with it. This in turn removes the danger
of taking too many, too few, or the wrong locks, making
lock-based deadlock a thing of the past. Haskell’s im-
plementation of STM goes one step further by adding
compositionality and banishing other side-effects (e.g.
I0) from within a transaction. Haskell STM makes it
trivial to write applications that are not only thread-safe,
but modular — larger transactions can be built out of
smaller ones without having to expose to the program-
mer any of the internals of the functions. The use of
a choice operator and the ability to cancel transactions
based on some condition gives the programmer a great
deal of flexibility in terms of how to access shared data.
Furthermore, Haskell’s type system’s strictness when it
comes to separating side-effect functions from pure ones
means that transactions cannot be performed inside pure
code, thereby discouraging the performing of side-effect
operations unless it is actually necessary. However, it
should be noted that the use of greater abstractions does
not necessarily lead to better code or the complete elim-
ination of bugs.

Haskell’s STM makes use of optimistic transactions,
which make the implementation more straight-forward
and allows it to be completely lock-free. Unfortunately,
judging by the results in [2], it appears that the this
comes at the cost of efficiency in some cases, with roll-
backs happening to often or too slowly. However, other
research suggests that with certain compiler optimisa-
tions Haskell STM can be made more efficient, allow-
ing the fine-grained atomicity while sacrificing only a
small amount in terms of efficiency[15]. Furthermore,
these optimisations allow for greater scalability, giving
Haskell STM a possible edge over lock-based concur-
rency mechanisms. These conflicting stories suggest that
it would be beneficial for the Haskell and concurrency
community to look further into the efficiency and scala-
bility of the STM solution.

Finally, while it is probable that software transac-
tions will become more common in the future, it is un-
clear whether the transaction-based concurrency mecha-
nisms are the right direction to go in. As scalability be-
comes more and more important, it seems as though con-
current programming should be looking at sharing less
and less data, not just working around thread-contention.
While the use of transactions is definitely an improve-
ment over lock-based methods in terms of ease of im-
plementation for the programmer, Erlang-style “share-
nothing” concurrency feels like a much better approach
to take, as it minimises the possibility of threads con-
tending in the first place.
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A. Sample Code
{ —

STM version of a producer-consumer problem using two queues.

The general layout of the problem is this:
* A passport control at an airport has two queues
The queues have a fixed capacity of 3 people.
People attempt to join the queues at random times between 1-2 seconds.
The service time at the control booths is between 1-5 seconds.

* ok o

-}

module Main where

import Control.Concurrent
import Control.Concurrent.STM
import Control.Monad

import IO

import Random

data Queue = MkQueue Int (TVar Int)
—-— Create a queue
newQueue :: Int —> STM Queue

newQueue n = do { var <- newTVar 0; return (MkQueue n var) }

—-— Create a person

newPerson :: Int —-> Queue —-> Queue —> IO ()
newPerson n gl g2 =
do
{
forkIO(
do
{
putStrLn ("Person " ++ show(n) ++ " wants to join.");

atomically( (joinQ gl) ‘orElse‘' (JjoinQ g2) );
putStrLn ("Person " ++ show(n) ++ " joined!")
}
) ;

return ()

—-— Create a passport control booth to service queue g.

newBooth :: Int —-> Queue —-> IO ()
newBooth n g =
do
{
putStrln ("Queue " ++ show(n) ++ " open..");
forkIO(
forever (
do

{
service n q;
sleep 5;



)
)

return ()

—-— Attempt to join a queue

joinQ :: Queue —-> STM ()
joinQ (MkQueue cap queue) =
do

{

1INum <- readTVar queue;
when (1Num >= cap) retry;
writeTVar queue (1Num + 1)

—-— Service a queue
service :: Int -> Queue -> IO ()
service n (MkQueue cap queue) =
do
{

putStrln ("Queue " ++ show(n) ++ " servicing.

atomically (
do
{
—— Get the cap and the queue
—-— (MkQueue cap queue) <- qg;

—— Get the current value
1Num <- readTVar queue;

—— Ensure gqueue isn’t empty
when (1Num == 0) retry;

—-— Update value
writeTVar queue (1Num - 1);
}
)i

putStrLn "Serviced!"

main :: IO()
main =
do
{
—-— Create queues
gl <- atomically(newQueue 3);
g2 <- atomically (newQueue 3);

—— Create booths
newBooth 1 gl;
newBooth 2 g2;

¥



—— Create people forever.
loopIncr
(\x —>
do
{
newPerson x gl g2;
sleep 3
}
) 0;
return ()

{__

Utility functions

-}

—— Loop forever.

forever :: IO () -> IO ()
forever a = a >> forever a

—-— Loop on a function, passing it an ever-
—-— increasing integer.
loopIncr :: (Int -> IO ()) —-> Int -> IO ()
loopIncr a n =

let np = n + 1 in do {a np ; loopIncr a np}

—— Sleep between 1 and n seconds.
sleep :: Int —> IO ()
sleep n = do {1lTime <-randomRIO (1, (n % 1000000) :: Int);

threadDelay 1Time}



