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Languages with implicit concurrency: e.g. functional programming

Implicit concurrency in some programming schemes
Quicksort in a functional language (here: Haskell):

qsort [] = []
qsort (x:xs) = qsort [y | y <- xs, y < x] ++ [x] ++ qsort [y | y <- xs, y >= x]

Pure functional programming is side-effect free
 Parameters can be evaluated independently  could run concurrently

Some functional languages allow for lazy evaluation, i.e. sub-
expressions are not necessarily evaluated completely:

borderline = (n /= 0) && (g (n) > h (n))

 If n equals zero then the evaluation of g(n) and h(n) can be stopped (or not even be started).

 Concurrent program parts should be interruptible in this case.

Short-circuit evaluations in imperative languages assume explicit sequential execution:

if Pointer /= nil and then Pointer.next = nil then …
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UNIX processes

In UNIX systems tasks are created by ‘cloning’
pid = fork ();

resulting in a duplication of the current process

… returning ‘0’ to the newly created process (the ‘child’ process)

… returning the process id of the child process to the creating process (the ‘parent’ process) 
… or returning ‘-1’ as C-style indication of a failure (in void of actual exception handling)

Frequent usage:

if (fork () == 0) {
… the child’s task …
… often implemented as: exec (“absolute path to executable file“, “args“);
exit (0); /* terminate child process */
} else {
… the parent’s task …
pid = wait (); /* wait for the termination of one child process */
}
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Process states

• created: the task is ready to run, but 
not yet considered by any dispatcher

 waiting for admission

• ready: ready to run
 waiting for a free CPU

• running: holds a CPU and executes

• blocked: not ready to run
 waiting for a resource

blockedblocked

ready running

blocked

dispatch

timeout

block

release

created

admit

terminated

finish

m
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Summary

Concurrency – The Basic Concepts
• Forms of concurrency

• Models and terminology

• Abstractions and perspectives: computer science, physics & engineering

• Observations: non-determinism, atomicity, interaction, interleaving

• Correctness in concurrent systems

• Processes and threads

• Basic concepts and notions

• Process states

• Concurrent programming languages:

• Explicit concurrency: e.g. Ada, Chapel

• Implicit concurrency: functional programming – e.g. Haskell, Caml

198

Introduction to Concurrency

© 2020 Uwe R. Zimmer, The Australian National University page 198 of  758  (chapter 1: “Introduction to Concurrency” up to page 202)

UNIX processes

Communication between UNIX tasks (‘pipes’)
int data_pipe [2], c, rc;

if (pipe (data_pipe) == -1) {
 perror (“no pipe“); exit (1);
}

if (fork () == 0) {
 close (data_pipe [1]);
 while ((rc = read
  (data_pipe [0], &c, 1)) > 0) {
   putchar (c);
 }
 if (rc == -1) {
  perror (“pipe broken“);
  close (data_pipe [0]);
  exit (1);
 }
 close (data_pipe [0]); exit (0);

} else {

 close (data_pipe [0]);
 while ((c = getchar ()) > 0) {
  if (write(data_pipe[1], &c, 1)== -1) {
   perror (“pipe broken“);
   close (data_pipe [1]);
   exit (1);
  };
 }
 close (data_pipe [1]);
 pid = wait ();
}
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Process states

• created: the task is ready to run, but 
not yet considered by any dispatcher

 waiting for admission

• ready: ready to run
 waiting for a free CPU

• running: holds a CPU and executes

• blocked: not ready to run
 waiting for a resource

• suspended states: swapped out of 
main memory 
(none time critical processes)

 waiting for main memory 
space (and other resources)

blockedblocked

ready running

blocked

dispatch

timeout

block

release

created

admit

terminated

finish

blockedblockedblocked, susp.

suspend (swap-out)

ready, susp.

suspend (swap out)

release

reload (swap in)
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Concurrent programming languages

Requirement
• Concept of tasks, threads or other potentially concurrent entities

Frequently requested essential elements

• Support for management or concurrent entities (create, terminate, …)

• Support for contention management (mutual exclusion, …)

• Support for synchronization (semaphores, monitors, …)

• Support for communication (message passing, shared memory, rpc …)

• Support for protection (tasks, memory, devices, …)
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Process states

• created: the task is ready to run, but 
not yet considered by any dispatcher

 waiting for admission

• ready: ready to run
 waiting for a free CPU

• running: holds a CPU and executes

• blocked: not ready to run
 waiting for a resource

• suspended states: swapped out of 
main memory 
(none time critical processes)

 waiting for main memory 
space (and other resources)

 dispatching and suspending can 
now be independent modules
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Concurrent programming languages

Language candidates

 Explicit concurrency

• Ada, C++, Rust

• Chill

• Erlang

• Go

• Chapel, X10

• Occam, CSP

• All .net languages

• Java, Scala, Clojure

• Algol 68, Modula-2, 
Modula-3

• …

 Implicit (potential) 
concurrency

• Lisp, Haskell, Caml, 
Miranda, and any other 
functional language

• Smalltalk, Squeak

• Prolog

• Esterel, Lustre, Signal

 Wannabe concurrency

• Ruby, Python
[mostly broken due to 
global interpreter locks]

 No support: 

• Eiffel, Pascal

• C

• Fortran, Cobol, Basic…

 Libraries & interfaces 
(outside language 
defi nitions)

• POSIX

• MPI (Message 
Passing Interface)

• …
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Process states

CPU
creation

ydaerhctab

ready, suspended

blocked, suspended

blocked

pre-emption or cycle done

terminationn

block or synchronize

executing
admitted dispatch

unblock suspend (swap-out)

swap-in

swap-out

unblock

suspend (swap-out)




