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printout of online manual pages
manual pages | ast revised 16 Apr 1991

Copyright 1990, Research Software Linmited. Holders of a Mranda(tm |
rel ease two software license are pernitted to copy this docunent, or
any portion of it, as necessary for licensed use of the software,
provided this copyright notice and statenent of pernission are

i ncl uded, and provided that such copies are for licensee's internal
use only and not for distribution outside the |license site.

The manual is nenu driven, and is a separate subsystem that can be
i nvoked fromthe Mranda command interpreter. To access the manual from
M randa, type

/ man
followed by return. To access the nmanual directly from UN X,  wthout
entering Mranda first, type the line

mra -man

as a UNI X command.

On entering the manual system a contents page is displayed listing
nunbered sections. In response to the question at the bottom of the
page you should type the nunber of the section you wish to see (and, as
al ways, your response should be entered by pressing the return key).

The contents of that section are then displayed to you. When you are
ready to | eave the manual, press return, instead of a section nunber, in
response to the question at the foot of the contents page - typing (¢

(for "quit") will have the sane effect.



If the section is nore than one page long, you should press the space
bar when you have finished reading a page, in order to see the next page
(or press return to see one nore line). At the end of the section, you
may press return to go back to the contents page.

The manual is organised in short sections, each at nost two or three
pages (i.e. screenfulls) long. Where a section would otherwi se be too
long to fit in with this philosophy, the manual is organi sed recursively
and will display a subsidiary contents page, with a |Ilist of nunbered
subsections, which you nmy read, as before, by typing the appropriate
nunber. To return to the main nenu froma subnenu, press the return
key, instead of a selection nunmber, in response to the question at the
bott om of the page.

The manual is intended to provide online docunentation of the Mranda
programm ng | anguage and the conmand systemin which it is enbedded. It
is not intended to be a tutorial on functional programm ng. |t does not
provide information about the UNI X operating system for which separate
docunment ation is avail abl e.

Sunmary of manual behavi our:

Whenever the nmanual system pronpts the user for input - by asking for
"next selection" - the conplete repertoire of possible responses is:
o} qui t the manual

<return> exit one |evel of menu structure
(i.e. if at foot of section, return to

nmenu

if at submenu, return to master
nmenu

if at main nmenu, quit the nanual)
<nunber > di splay section fromcurrent contents page
. (dot) same again, i.e. redisplay last requested
section
+ di splay next section in numerical order
- di spl ay previous section
I conmand tenmporary escape to UNI X, executes shell conmand
I repeat |ast shell command

Sunmary of the behaviour of ‘nore’:

I ndi vi dual sections of the manual are displayed to you wusing the UN X
program “nore' (unless you have an environnent variable VIEWER set to
sonething else(*)). The “nore' program has a |arge nunber of features,
nost of which are not relevant here (see UN X nmanual page for ful
information). The “nore' programhas its own pronpt - the responses you
can give to "nore' usually include

[ SPACE] di spl ay next screenfu
[return] di splay one nore |ine
a (quit) cease showing nme this file

(single quote) go back to beginning of file being displayed



b (back) scroll backwards by one screenfu

(*) See the section on Environment Variables under UN X/ Mranda system
i nterface.

The word "M randa' is not an acronym It is a proper name (like “ADA").

"Mranda (f). Fromthe Latin neaning "to be admired'. This nanme was
first used by Shakespeare for the heroine of “The Tenpest', a young girl
bl essed with many admirable qualities. Like other unusual Shakespearean
nanes it has been used quite frequently in the 20th century."

- Collins Dictionary of First Nanes,
WIlliamCollins and Son Ltd, London, 1967

"O wonder! How many goodly creatures are there here! O brave new world."

- “The Tenpest' by WIIiam Shakespeare
(froma speech by Mranda, Act 5, Scene 1)

| mportant Note. Wen used as the nanme of a functional programm ng
system “Mranda' is a trademark (tn) of Research Software Ltd.

Note that only the first letter of Mranda is upper case - it should
never be witten all in capitals.

This is release 2 of the Mranda system It has the following nmain
additions, conpared with release 1
the library directive %ree (for paranetrised scripts)
unbounded precision integers
| ocal pol ynor phi sm
Both compiler and run tine systemare also significantly faster (overal
i mprovenent about 25% but rmuch greater in sonme specific cases) and al
reported bugs have been fixed. Many thanks to the people who sent in
bug reports fromrelease one. Mranda is now running at over three
hundred sites and is beconing accepted as one of the standard vehicles
for functional programing

The opportunity has al so been taken to tidy up the |anguage definition
by renoving two features that with the benefit of hindsight now seem
questionable - nanmely “laws' and strictness annotations on algebraic
data types. The compiler still accepts these (for a transitiona
peri od) but they now attract an “obsolete feature' warning and wll
cease to be supported at the next release. One other mnor change has



been nade, for conpatibility with Bird and Wadler - introduction of an
(optional) keyword ‘if’ before guards.

All the differences between release 1 and release 2 of Mranda are
listed in the CHANGES section of the manual. |If you are new user you
can safely ignore the CHANGES section

Users with existing scripts, prepared under rel ease one, should read
part 1 of the "~~CHANGES' ' section carefully to see if they will need |
to make any alterations to their scripts to get them to conpile
under the new rel ease.

The online manual pages are prinmarily intended to docunment the system at
the level required by an expert user (neaning soneone who already knows

quite a |l ot about programm ng and programi ng | anguages in general, and
has sone previous experience of functional programing in particular.)
There is a certain amount of tutorial nmaterial, but if you are a

begi nner to functional programmng you nay find parts of the nmanual hard
to follow, and will need to seek hel p el sewhere.

The foll owi ng paper gives a useful summary of the features of Mranda:
D. A Turner "An Overview of Mranda", SIGPLAN Notices, Decenber 1986
A copy of this paper is included in the nanual pages.

The following introductory text book is recommended for use wth

M r anda. It is a tutorial text ained at undergraduates learning a
functional |anguage as their first programm ng | anguage, w th nunerous
wel | chosen exanples and exercises. It is equally suitable for a

graduate course on functional progranming. The notation used in the
book is closely based on Mranda(*): -

"An Introduction to Functional Programmi ng" by Richard Bird and Philip
Wadl er, published by Prentice Hall International, March 1988.
| SBN 13-484189-1 (d oth)
| SBN 13-484197-2 (Paper)

Al'l the standard functions listed in appendix B of Bird and Wadler are
present in the Mranda standard environnent with the sane nanes and the
sane definitions. (Note in particular that the Mranda function "foldl
is now the sane as that in Bird and Wadl er, renoving what used to be a
source of confusion.)

(*) Apart from some mnor typographical considerations, the notation
used in Bird and Wadler is a subset of Mranda. The nmain typographica
points to note are (i) the book uses letters of the greek al phabet for
type variables - in Mranda type variables are witten * ** **x |
(ii) the book uses a mathematical font for the arithnmetic and |[ogica
operators - Mranda, for obvious reasons, uses the ascii character set -
see section 8 of this manual for a Iist of operators used in Mranda.



4 The Miranda command interpreter

The Mranda systemis invoked fromunix by the conmmand

mra [file]
where “file' (an optional paranmeter) is the pathnane of a file
containing a Mranda script (i.e. a set of definitions). If no fileis
given a default filenane “script.m is assuned. The paraneter of the
mra command (or script.m by default) becomes your current script,
during the ensuing Mranda session

Note that a file containing a Mranda script nust have a name ending in

.m and the “mra conmmand will add this extension automatically if
absent. That is if you say "mra thing', it will be interpreted as a
reference to the file "thing.m. It is a UN X convention (which often
turns out to be useful) that files containing program sources should
have nanes indicating which | anguage they are witten in.

The set of names in scope at any tine are those of the current script,
together with the names of the standard environment, which are always in
scope.

The pronpt "Mranda' indicates that you are talking to the Mranda
command interpreter. This activity is called a Mranda "~ session''
Each command should be typed on a single line, followi ng the pronpt, and
is entered by hitting return. Any comrand not begi nning with one of the
special characters “/', “?', or “!' is assuned to be an expression to be
eval uated. The follow ng conmands are avail able during a session

exp
Any Mranda expression typed on a line by itself is evaluated, and the
value is printed on the screen. |If the value is of type [char] it is

printed literally, otherwi se the special function ~_ s_h_o_WwW is
applied to
it to convert it to printable form Exanple

M randa sunf 1..100]

5050 (response)

There is a special synmbol $$ which is always set to the |ast expression
eval uated. So after the above command $$ will have the val ue 5050, and
this can be used in the next expression - e.g. ~$$/2' wll produce the
response 2525 (and the value of “$$' is now 2525).

exp &> pat hnane
A background process is set up to evaluate exp, and the resulting
out put (including error nmessages, if any) sent to the designated file.

exp &> pat hnane
As above, except that the output is appended to the designated file,
instead of replacing its previous contents.

exp::
Print the type of the expression (instead of the value). Useful for
i nvestigating the type structure of a script.

?



Lists all identifiers currently in scope, grouped by file of origin,
starting with the standard environnent.

?identifier(s)

G ves nmore information about any identifier defined in the current
environnent (nanmely its type and the nane of the file in which it is
defi ned). This command wll also accept a Ilist of identifiers,
separ ated by spaces.

I command
Execute any UNI X shel | comand.

Il
Repeat |ast shell comand.

Note that the character "% can be used in any Mranda session command,
including a °!'" command, as an abbreviation for the pathnane of the
current script. So for exanple

we %
does a word count on the current script. (If for some reason you need
to include a literal %character in a command, you can escape it with a
precedi ng backsl ash.)

All  the remaining commands begin with /', Each of the follow ng
conmands can be abbreviated to its first letter

/edit (also /e)

Edit the current script. Calls up the screen editor “vi'. (This is
the default, but another editor can be substituted - see nanual section
on UNIl XY Mranda systeminterface). On quitting the editor, if changes

have been made to any relevant source file, the Mranda system
automatically reconmpiles the current script before returning you to the
M randa conmmand interpreter. This check is performed after all /edit
conmmands and al so after each shell escape.

[An alternative node of operation, possible on a wi ndowi ng system is to
keep an editor w ndow and a Mranda session w ndow both open, rather
than using the /e command. |In this case you should set an environment
variable RECHECKM RA (to any non-enpty string) - this will cause the
M randa system to check for source file updat es before every
interaction, instead of only after /e and ! comands. ]

/edit pathnane (al so /e pathnane)
Edit arbitrary script. Note that the pathnane should end in ~.m and
that this will be added if nissing.

Note by the way that (if you are using a Berkeley UNI X, or a derivative)
M randa understands the «cshell's ~ convention in pathnanes. That is
~/file neans file in your hone directory, and ~jack/file nmeans file in
jack's home directory. This doesn't work under system5 (sorry).

/file (also /f)
Print the nane of file containing the current script.

/file pathname (also /f pathnane)
Change to new current script. Equivalent to quitting the Mranda
system and reinvoking it with a new sourcefile. Like /e, /f adds ".nf



to the end of the filenane if you omt it.

| mportant special case - reselecting the current script, eg by saying

If %
forces the current script to be RECOWILED - this can be wuseful if
script has errors and you wi sh to see the error nessages again.

/help (also /h)
Di splay summary of nmain avail abl e commands.

/man (also /m
Enter online manual system

/quit (also /q)
Quit the Mranda system Typing the end of file character (control-D)
al so has this effect.

Finally note that $- and $+ are allowed as notations for the standard
input in Mranda expressions. The standard input as a list of
characters is denoted by "$-'. As a sinple exanple, evaluating the
expr essi on

reverse $-
causes everything typed at the keyboard upto the next control-D to be
echoed backwards.

The notation ~$+' also denotes the standard input, but as a sequence of
M randa expressions (one per line), and returns their values. For
exanpl e
sum $+

reads a sequence of nuneric expressions from the standard input, and
returns the sumof their values. See the manual section on reading with
interpretation (under UN X/ Mranda system interface) for further
i nformati on.

exp eval uate a M randa expression

exp & file send val ue of expression to file (background
process)

exp &> file append val ue of expression to file
(background process)

exp: : print type of exp

? list all identifiers currently in scope
?identifier(s) give nore information about identifier(s)
I conmand execute any UN X shell conmand

I repeat |ast shell command

/edit edit current script (default

editor=vi)

ledit filename edit filenane

/file di splay filenane of current script
[file fil ename change to new current script

/ hel p di splay this command summary

/ man ENTER ONLI NE REFERENCE MANUAL (menu



driven)

/ qui t quit the Mranda system

Abbr evi ati ons:

each "/" command can be abbreviated to its first letter - /e /f /h/m/q
% is shorthand for the nane of the current script (in commands)

Special case - note that “/f % forces reconpilation of current script
$$ is shorthand for the |last expression evaluated (in expressions)

For a list of auxiliary commands say /aux

/ aux print this list of auxiliary conmands

/cd [dirnane] change directory (defaults to hone directory)

/count (/nocount) switch on (off) statistics followi ng each eval uation
/dic report size of dictionary for storing nanes etc

/ edi tor report name of resident editor (used by /e command)
/editor PROG change resident editor to PROG

/find id(s) like “?ids' but |ook under original nanes of aliases
/gc (/nogc) switch on (off) garbage collection reports

/ heap report size of heap

/ heap Sl ZE set heap to SIZE cells

/ hush (/nohush) switch off (on) pronpts and ot her unnecessary feedback
/1ist (/nolist) (dis)enable listing of script to screen when conpiling

/Imralib report absolute pathname of the directory mralib
/settings print current settings of flags

/strictif enforce “if' in guards (/nostrictif to cancel)
/version print version information

??identifier open source file at definition of identifier

[]... lines beginning in “||' are ignored (conment facility)

In Mranda an expression denotes a val ue. Expressions occur in two
contexts, but have the sane(*) syntax in both situations. First, the
basi ¢ node of operation of the Mranda command interpreter is that it
eval uat es expr essi ons typed at the ternminal (these are called
“command- | evel expressions'). Second, expressions are an inportant
syntactic conponent of scripts (because scripts are collections of
definitions, and the right hand sides of definitions are conposed of
expr essi ons) .

Expressions typed at the terminal are volatile - only by being nade part
of a script can an expression be saved for future use.

An expression is either sinple, or a function application, or an
operator expression, or an operator

A di npl e expression is one of the folloing:




Identifier, e.g. "x' (see separate manual entry)

Literal, e.g. 136" (see separate manual entry)
An operator section (see separate manual entry)
The keyword ‘show or ‘readvals' (see separate manual entries)

Alist, such as "[1,5,7,9]' or a "dotdot' list or a I|ist conprehension
(see separate manual entry on iterative expressions).

A tuple, such as " (True,"green",37)'. Tuples differ fromlists in that
they can have conponents of mxed type. They are always enclosed in
round parentheses. The enpty tuple, which has no conponents, is witten
(). O herwi se, a tuple nust have at | east two conponents - there is
no concept of a one-tuple. Tuples cannot be subscripted, but their
conponents can be extracted by pattern matching. Since there is no
concept of a one-tuple, the use of parentheses for grouping does not
conflict with their use for tuple formation.

Any expression enclosed in parentheses is a sinple expression.

Function application is denoted by juxtaposition, and is left
associ ative, so e.g.

f ab
denotes a curried function application of two arguments. (So f is
really a function of one argunent whose result is another function -
thus "f a b' is actually parsed as "(f a) b' - the advantage of this

arrangenent is that “f a has a neaning inits owmn right, it is a
partially applied version of f.)

Oper at or _expressi ons

e.g. 5*x-17
There are a variety of infix and prefix operators, of various binding
powers (see manual entry on operators). Note that function application
is more binding than any operator

An operator on its own can be used as the nane of the corresponding
function, as shown in the follow ng exanpl es

arith2_ops = [+, -,*,/,div, nod, "]

sum = foldr (+) O

both of which are legal definitions. Note that when an operator is
passed as a paraneter it needs to be parenthesised, to force the correct
parse. An anbiguity arises in the case of “-' which has two nmeani ngs as
an operator (infix and prefix) - the convention is that "-' occurring
al one always refers to the infix (i.e. dyadic) case. The nane "neg" is
provided for the wunary nminus function, as part of the standard

envi ronnent .

A formal syntax for expressions can be found in the nmanual section
called "Formal syntax of Mranda scripts'.

(*) Note: There is one exception to the rule that comand
| evel



expressions have the sanme syntax as expressions inside scripts — the
notation “$$', neaning the |ast expression evaluated, is allowed only in
conmand | evel expressions.

Here is a list of all prefix and infix operators, in order of increasing
bi ndi ng power. Operators given on the same line are of the sane binding
power. Prefix operators are identified as such in the coments - all
others are infix.

oper at or comment s

++ - - rlght
associ ati ve
\/
associ ati ve
&
associ ati ve
prefix
> >z = ~= <= < conti nued rel ati ons
al | oned, eg 0<x<=10
+ -
| eft associative
prefix
* d i_ v m o_

d | eft associative
N

right associative

associ ati ve

#

prefix

!
| eft associative

$identifier $IDENTIFIER right associative

Bri ef explanation of each operator
: prefix an element to a list, type *->[*]->[*]

++ - - list concatenation, list subtraction, both of type [*]->[*]->[*]
A formal definition of list subtraction is given bel ow

\/ & logical “or', “and', both of type bool ->bool ->boo

~ | ogi cal negation, type bool ->boo

> >= = ~= <= <

conpari son operators, all of type *->*->boo
Note that there is an ordering defined on every (non-

function)type. In the case of nunbers, characters and
strings the order is as you would expect, on other types it
as an arbitrary but reproducible ordering. Equality on

structured data is a test for isonorphism (i.e. in LISP



ternms it is "EQUAL" not "EQ'). It is an error to test
functions for equality or order
+ - pl us, mnus, type num >num >num
- unary mnus, type num >num
Note that in Mranda unary mnus binds |less tightly than
the multiplication and division operators. This is the
usual al gebraic convention, but is different from PASCAL.

times, divide, integer divide, integer remnainder,
all of type num >num >num
/' can be applied to integers or fractional nunbers, and
always gives a fractional result, so eg 6/2 is 3.0 div and
mod can only be applied to integers and give integer results,
eg 7div2is 3 7nmd?2isl
div and nod obey the following laws, for a b any integers
with b ~=0
(i) b* (adivb) +anodb
(ii) if b>0 then 0 < a nod b
if b<O then b < a nod b
n “to the power of', type num >num >nu
. function conposition, type (**->***)->(*->%*)_>%_>x*x*
# length of list, type [*]->num
list subscripting, type [*]->num >*
note that the first elenent of a non-enpty list x is x!0 and the
| ast element is x!(#x-1)
$identifier $IDENTIFIER
do-it-yourself infix, “a $f b' is equivalent in all contexts
to "f a b'. Also works for constructors of two or nore

argunents.

= a

b
0
m

Note on list subtraction

Here is a fornal definition of the “--' operator in Mranda. It is
defined wusing an auxiliary function "renpve' which renoves the first
occurrence (if any) of a given itemfroma |ist.

x -- [l =x

X -- (b:y) = (renove b x) -- vy
renove b [] =[]

renove b (a:x) = x, if a=b

= a:renove b x, otherw se

An infix operator can be partially applied, by supplying it wth only
one of its operands, the result being a function of one argument. Such
expressions are al ways parent hesised, to avoid anbiguity, and are called
“sections'. Two different Kkinds of sections (called presections and
postsections) are possible since either the first or the second operand
can be suppli ed.

An exanpl e of a presection is
(1/)
whi ch denotes the reciprocal function. An exanple of a postsection is



(/3)
whi ch gives a concise notation for the “divide by three' function. Note
that both of these exanples are functions of type (num>nunm). Wth one
exception (see below) sections can be forned using any infix operator
Further exanples are (0:) which is a function for prefixing lists of
nunbers with zero, and (~2) which is the square function

Sections may be regarded as the analogue of currying for infix
operators. They are a mnor syntactic convenience, and do not really
add any power to the |language, since any function denoted in this way
could have been introduced by explicit definition. For the first two
exanpl es given above we could have witten, say

reciprocal y = 1/y

divide_by three x = x/3
and then used the function nanmes, although this would have been sonewhat
nore verbose

To sumari se the conventions for infixes, taking infix division as an
exanpl e, note that the foll ow ng expressions are all equival ent.

al b

(/) ab

(al) b

(/ b) a

The usual rules about operator precedence (see nanual section on
operators) apply to sections. For exanple we can wite (a*b+) but not
(a+b*), because "*' is nore binding than "+ . The latter exanple should
have been witten ((atb)*). As always when witing conplicated
expressions, if there is any possibility of ambiguity it is better to
put in extra parentheses.

Speci al case

It is not possible to forma postsection in infix mnus, because of a
conflict of neaning with unary mnus. For exanpl e:

(-b)

is a parenthesised occurrence of negative b, not a section. As a way
round this there is a function “subtract' in the standard environnent
with the definition:- subtract xy =y - x. This is a normal curried
function, so we can wite (subtract b) to get the function that
subtracts b fromthings.

Presections in infix mnus, such as (a-), cause no anbiguity. There are
no problens wth infix plus because Mranda does not have a unary plus
operator.

Acknowl edgenent :

The idea of sections is due to Richard Bird (of Oxford University
Programm ng Research Group) and David Wle (of USC Informati on Sciences
Institute).

An identifier consists of a letter followed by zero or nobre additiona



characters which may be letters digits or occurrences of _ or
(underscore and single quote) Exanples:
x vyellow plid y' GROSS | NCOVE

Note that both upper and |lower case letters are allowed, and they are
treated as different, so x and X are not the same identifier. There is
no restriction on the length of identifiers, and all the characters are
signi ficant in deci di ng whether two identifiers are the sane.
Identifiers fall into two different classes (called in the formal syntax
“identifier' and "I DENTIFIER ) depending on whether their initial letter
i s upper or |ower case.

Identifiers are used for three different purposes in Mranda - (i) as
variables, i.e. names for values (note that the names of functions are
al so considered to be variables), (ii) as typenanes, such as “bool' and
“char', and (iii) as constructors (see section on algebraic types). The
nanes of constructors nmust begin wth an wupper case letter, while
vari abl es and typenanmes nust begin with a | ower case letter

Reserved words - the following are special synbols of the Mranda
| anguage.

abstype div if nbd otherw se readvals show type where with
(10)

These are often shown as underlined (or bold) in published docunents,
but in prograns they are typed as ordinary | ower case words (whi ch neans
that these words cannot be used as identifiers).

Predefined identifiers

The following identifiers are normally predefined, and thus always in
scope. They constitute the “standard environment'. They are defined in
the script "stdenv.ni, contained in the directory /usr/lib/mralib.

(a) predefined typenanes
bool char num sys_nessage

(b) predefined constructors
Fal se True :: boo
Appendfile Cosefile Exit Stderr Stdout System Tofile :: sys nessage

(c) predefined variabl es

abs and arctan cjustify code concat const converse cos decode digit
drop dropwhile e entier error exp filenode filter foldl foldl1l foldr
foldrl force fst getenv hd hugenumid index init integer iterate
last lay layn letter limt lines ljustify log | ogl0 map nmap2 nax
max2 nenber nmerge min min2 nkset neg nunval or pi postfix product
read rep repeat reverse rjustify scan seq showfloat shownum
showscaled sin snd sort spaces sqrt subtract sum system take
takewhile tinynumtl| transpose undef until zip2 zip3 zip4 zip5 zipb6
zip (88)

See nmanual entry "~ Standard environnent' for nore detailed information.
[NB There ought to be a way of suppressing or nodifying the inclusion of

the standard environnent, in case you want to use one of these
identifiers for another purpose - a nechanismfor doing this wll be



provided in |ater rel eases.]

There are three types of Iliteral constant - nunerals, character
constants, and string constants.

Nureral s are witten in the follow ng style

12 5237563 24.6 4.5el13 0.63e-6
A nuneral containing either a decimal point or a scale factor (°.' or
“e') is fractional, and is stored internally as double precision
floating point (accuracy approximately 17 decimal digits). Integers are
hel d in a different internal representation, and have unbounded
preci si on.

The two ki nds of nunber, integer and fractional, are both of type “nuni,
as far as the type-checker is concerned, and can be freely mxed in
calculations. There is automatic conversion frominteger to fractiona
when required, but not in the opposite direction. To convert from
fractional to integer, use “entier' (see standard environment).
Negative nurmbers are denoted by applying the prefix “-' operator to a
nuneral , thus:

-12 -4.5el3
but note that the notation -12 is an expression, not a literal, so if
you wish to apply a function to it, you nust wite f (-12), not f -12,
whi ch woul d be read as an attenpt to subtract 12 fromf.

Character constants are witten using single quotes, thus
Ial IOI I\nl

String constants are witten using doubl e quotes, thus
"hell o dolly" " "\ n\ n\ n"

Escape conventions in character and string constants are as in "C,
usi ng the backsl ash character.

\'n new i ne

\ 't tab

\ f fornf eed

\r carriage return

\b backspace

\\ t he backsl ash character itself
\' singl e quote

\ " doubl e quote

\ddd wup to three decimal digits, arbitrary asci
character code

Note that literal newines are not allowed inside character or string
guotes, unless escaped by backslash, in which case the newine is
i gnored. Thus

"hello \
dol ly" neans the same as "hello dolly".



These conventions are exactly as in "C, except that we wuse decinal
rather than octal for nuneric specification of an arbitrary asci
character code (the use of octal numbers in conmputing now seens a
curious anachroni smwhich there is no need to perpetuate).

A Mranda script or expression is regarded as bei ng conmposed of tokens,
separated by |ayout.

A token is one of the following - an identifier, a literal, a type
variable, or a delimter. ldentifiers and literals each have their own
manual section. A type variable is a sequence of one or nore stars,
thus * ** *** etc. (see basic type structure). Delimters are the
m scel | aneous synbols, such as operators, parentheses, and keywords. A
formal definition of the syntax of tokens, including a list of all the
delimters in given under “Mranda | exical syntax'.

RULES ABOUT LAYOUT

Layout consists of white space characters (spaces, tabs, newines and
fornfeeds), and coments. A comrent consists of a pair of adjacent
vertical bars, together with all the text to the right of the bars on
the same line. Thus
|| this is a coment

Layout is not permtted inside tokens (except in char and string
constants, where it is significant) but may be inserted freely between
tokens to make scripts nore readable. Layout is ignored by the conpiler
except in two respects:

1) At l|east one space (or other Ilayout characters) must be present
between two tokens that would otherwi se forman instance of a single
| arger token. For exanple in
f 19 'Db'

we have a function, f, applied to a nunber and a character, but iif we
were to omit the two intervening spaces, the conpiler would read this as
a single six-character identifier, because both digits and singl e-quotes
are legal <characters in an identifier. (Where it is not required to
force the correct tokenisation, or because of the offside rule, see
bel ow, the presence of |ayout between tokens is optional.)

2) Certain syntactic objects (roughly, the right hand sides of
declarations -- for an exact account see those entities followed by a
“(;)" in the formal syntax) obey Landin's o f_f_ s i_d_ e _r_u
I e [Landin 1966].

This requires that every token of the object lie either directly bel ow
or to the right of its first token. A token which breaks this rule is
said to be “offside’ wth respect to that object and termnates its
parse. For exanple in

X =2<a

y =f
the 'y' is offside with respect to the right hand side of the definition
of 'x' (because it is to the left of the initial '2'). |In such a case



the trailing semcolon may be omitted fromthe right hand side of the
equation for x.

It is because of the offside rule that Mranda scripts do not normally
contain explicit semcolons as termnators for definitions. The sane
rule enables the conpiler to determ ne the scopes of nested where's by
| ooking at their indentation |levels. For exanple in
f x=9gvyz
wher e
y = (x+1)*(x-1)
z=px(qy)
gr = groo (r+1)

it is the offside rule which makes it clear that the definition of g
is not local to the right hand side of the definition of 'f', but those

of 'y' and 'z' are.

It is always possible to terminate a right hand side by an EXPLICIT
sem colon, instead of relying on the offside rule. For exanple the
above script could be witten all in one line, as

f x =gy zwerey = (x+t1)*(x-1); z=px (qy);; gr =groo (r+l);

Noti ce that we need TWO sem colons after the definition of z - the first

termnates the rhs of the definition of “z', and the second tern nates
the larger rhs of which it is a part, nanely that of the definition of

. If we put only one senicolon at this point, the definition of g
woul d be local to that of “f'.
This exanple should convince the reader that code using | ayout

information to show the block structure is much nore readable, and this
is the nornmal practise.

[ Reference P.J. Landin "The Next 700 Programm ng Languages", CACMvol 9
ppl57-165 (March 1966). ]

Note that an additional conmment convention applies in scripts whose
first character is a °>'. See separate nmnual entry on ‘literate
scripts'.

1. Dotdot expression
2. List conprehensions
3. Diagonalising list conprehensions

The followi ng abbreviations are provided for denoting lists, of type
[nunj, whose nenbers forma finite or infinite arithnetic series. Let
“a', 'b', "c¢' stand for arbitrary numeric expressions.



[a..Db] list of nunbers froma to b
inclusive, interval =1
[a..] infinite list starting at a and increasing by 1
[a, b..c] arithmetic series, first nenber a, second
nmenber b,
| ast nenber not greater than c (if
b-a non-negati ve)
or not less than c (if b-a negative).
[a, b..] infinite series starting at a, interval = (b-a)

So the notation [1..10] has as value the list [1,2,3,4,5,6,7,8,9, 10].
Here are sone nore exanpl es

nats = [0 ]
evens [0, 2. ]
odds Iess_ than_100 = [1, 3..99]
neg_odds = [ -3. ]
tenths = [1 .1 .. 2.0]
13/2 List comprehensions
............. té%b'i'dﬁalifiers]
List of all “exp' such that “qualifiers'. |If there are two or nore

qualifiers they are separated by sem colons. Each qualifier is either a
generator, of which the allowed forns are

pattern-list <- exp
(first fornm

pattern <- exp, exp .
(second form

or else a filter, which is a bool ean expression restricting the range of
t he variables introduced by preceding generators. The vari abl es
i ntroduced on the left of each “<-' are local to the list conprehension

Sonme exanpl es
sqs = [ n*n | n<-[1..] ]
factors n =[ r | r<-[1l..ndiv 2]; nnmodr = 0]

knights_nmoves [i,j] = [i+a,j+b] | a,b<-[-2..2];
an2+bn2=5 ]
Notice that a list of variables on the Ihs of a "<-' is shorthand for
nmul tiple generators, e.g. i,j<-thing' expands to “i<-thing; j<-thing

The variables introduced by the generators cone into scope fromleft to
right, so later generators can nake use of variables introduced by
earlier ones. An exanple of this is shown by the following definition
of a function for generating all the permutations of a given list.



perns []
perms X

[[]]

[ aap | a<-x; p<-perms(x--[a]) ]

The second form of generator allows the construction of lists from
arbitrary recurrence relations, thus

X <- a, f x ..
causes x to assunme in turn the values "a', "f a', °“f(f a)', etc.

An exanmple of its use is in the following definition of the fibonacc
series

fibs = a| (a,b) < (1,1), (b,a+b) .. ]

Anot her exanple is given by the follow ng expression which lists the
powers of two

[ n| n<- 1, 2*n .. ]
The order of enuneration of a list conprehension wth nmul tiple
generators is like that of nested for-loops, wth the rightnost
generator as the innernost | oop. For exanple the value of the
conprehension [ f x y | x<-[1..4]; y<-[1..4] ] is
[ f 11, f12 f13, f14 f21, f22, 23, f 24,
f 31, f 32, f 33, f 34 f 41, f 42 f 43, f 414]

As a consequence of this order of enuneration of multiple generators, if
any generator other than the first (leftnost) is infinite, sone
conbi nations of values will never be reached in the enuneration. To
overconme this a second, _d i_a g o n_a | _i_s_i_n_g, form
of list conmprehension is

provi ded (see separate nanual section).

Note that |ist conprehensions do NOT renove duplicates from the result
list. To renove duplicates froma list, apply the standard function
“nkset'.

[ exp // qualifiers ]

Syntax and scope rules exactly as for standard |ist conprehensions, the
only difference being the use of "//' in place of the vertical bar. The
order of enuneration of the generators is such that it is guaranteed
that every possible conbination of values will be reached eventually.
The di agonal i sation algorithmused is "fair" in the sense that it gives
equal priority to all of the generators.

For exanple the value of [f x y//x<-[1..4]; y<-[1..4]] is

[

f11 f12 21, f13 f22 f31, f 14 f 23,
f 32 f41, f 24 f 33, f 42 f 34 f 43, f 44]



The al gorithm used used is "Cantorian diagonalisation" - inagine the
possi bl e conbinations of values fromthe two generators laid out in a
(perhaps infinite) rectangular array, and traverse each diagonal in turn
starting from the origin. The appropriate higher-dinensional anal ogue
of this algorithmis used for the case of a list conprehension wth
three or nore generators.

As an exanple of an enumeration that could not be defined at all using a
standard |ist conprehension, because of the presence of several infinite
generators, here is a definition of the Ilist of all pythagorean
triangles (right-angled triangles with integer sides)

pyths = [(a,b,c)//a,b,c<-[1..];ar2+b"2=c"2]

In the case that there is only one generator, the use of “//' instead of
“|" nakes no difference to the nmeaning of the |ist conprehension

In Mranda the script is the persistent entity that is saved from
session to session (i.e. it plays the role of what is called a program
i n conventional |anguages). Associated with a Mranda session at any
given tinme is a single current script, identified by a UNI X pat hnane
ending in ~.nl.

A script is a collection of declarations, establishing an environnent in
which you w sh to evaluate expressions. The order of the declarations
in ascript is not significant - for exanple there is no requirenent
that an identifier be defined before it is used.

An identifier may not have nore than one top-level binding in a given
script.

Here are the kinds of declaration that can occur in a script:

1) a definition (of a function, data structure etc. - see nanual entry
“definitions' for nmore details). Exanple
fac n = product[1..n]

2) a specification of the type of one or nore identifiers, of the form
var-list :: <type>
Exanpl e
fac :: num >num
See 'Basic type structure' for an account of possible types. Note that
these type specifications are nornally optional, since the compiler is
able to deduce them from the definitions of t he cor respondi ng
identifiers. It is however possible to introduce an identifier by neans
of a type specification only, without giving it a defining equation
(such identifiers are said to be “specified but not defined and are
useful in program devel opnent). A special case of this is the
introduction of an otherw se undefined typename - see separate manual
entry on " placehol der types'



3) the definition of a user defined type - these are of three Kkinds,
synonyns, al gebraic types, and abstract types (see separate manual entry
on each).

4) a library directive (%export, %nclude or %ree) these are used
specify the interfaces between separately conpiled scripts - see
separate manual entry on the library nechani sm

There is a manual entry giving the formal syntax of Mranda scripts.

Not e

A directory called “ex' (short for “exanples') containing a collection
of exanple scripts is supplied with the Mranda system and will be
found under the "mralib' directory (usually kept at /usr/lib/mralib -
the Mranda session conmand “/mralib' will tell you where it is on your

system.

A convention which the Mranda system consistently understands (in

M randa session comands, library directives etc.) is that a pathnane
encl osed in <angle_brackets>, instead of "string _quotes"” is relative to
the mralib directory. In particular note that the Mranda session
command

/cd <ex>
wi | | change your current directory to be "..../mralib/ex". You can

t hen say, e.g.

I'l's
to see what's in there. 1In fact there is a READVE file, so a good thing
to say next would be

I'vi README

The purpose of a definition is to give a value to one or nore vari abl es.
There are two kinds of definition, “scalar' and “conformal'. A scalar
definition gives a value to a single variable, and consists of one or
nore consecutive equations of the form

fnform= rhs

where a “fnform consists of the nane being defined followed by zero or
nore formal parameters. Here are three exanples of scalar definitions,
of “answer', “sqdiff' and “equal' respectively

answer = 42

sqdiff a b = a*2 - b"2

equal a a = True

equal a b = Fal se

When a scal ar definition consists of nore than one equation, the order
of the equations can be significant, as the | ast exanple shows. (Notice
that “equals' as defined here is a function of two argunents wth the

sane action as the built in =" operator of bool ean expressions.)

A conformal definition gives values to several variables simultaneously



and is an equation of the form
pattern = rhs

An exanple of this kind of definition is
(x,y,z) = ploggle

For this to nake sense, the value of “ploggle' nust of course be a
3-tuple. More information about the pattern matching aspect of
definitions is given in the manual section of that nane.

Both fnformand pattern equations share a comon notion of “right hand
si de'

Ri ght hand si des

The sinplest formof rhs is just an expression (as in all the -equations

above) . It is also possible to give several alternative expressions,
di stingui shed by guards. A guard consists of the word "if' followed by
a bool ean expression. An exanple of a right hand side with severa

alternatives is given by the follow ng definition of the greatest common
di visor function, using Euclid' s algorithm

gcd a b = gcd (a-b) b, if a>b
= gcd a (b-a), if a<b
= a, i a=b
Note that the guards are witten on the right, following a coma. The

layout is significant (because the offside rule is used to resolve any
anbiguities in the parse).

The | ast guard can be witten "otherwise', to indicate that this is the
case which applies if all the other guards are false. For exanple the
wel I known rule for recognising a | eap year can be witten:

leap y =y div 400 = O, if y nmod 100 = 0
=y div 4 =0, ot her wi se
The ot herwi se may here be regarded as standing for if y nod 100 ~= 0.

In the general <case it abbreviates the conjunction of the negation of
all the previous guards, and may be used to avoid witing out a 1|ong
bool ean expressi on

Al though it is better style to wite guards that are mutually excl usive,
this is not sonething the conmpiler can enforce - in the general case the
alternative selected is the first (in the order they are witten) whose
guard eval uates to True.

Note that for conpatability with earlier versions of Mranda the keyword
“if' is optional - but its use is strongly encouraged, for readability.
There is a Mranda comand “/strictif' which causes the conpiler to
treat missing "if' as a syntax error (say “/nostrictif' to undo).

Bl ock structure

A right hand side can be qualified by a _w_ h_e r_e clause. This is
witten
after the last alternative. The bindings introduced by the where govern
the whol e rhs, including the guards. Exanple

foo x =p +q, if p<q



=p-q, if p>=q

wher e
p=x"2+1
q=3*x"3 - 5

Notice that the whole where clause nmust be indented, to show

that it is

part of the rhs. Following a where can be any nunber of

definitions,

and the syntax of such local definitions is exactly the same as that for
top level definitions (including therefore, recursively, the possibility
that they may contain nested where 's).

It is not permtted to have Ilocally defined types, however. New
typenanes can be introduced only at top | evel

The notion of “pattern' plays an inportant role in Mranda. There are
three contexts in which patterns can be used - in function definitions,
in conformal definitions, and on the left of the “<-' in [Iist
conpr ehensi ons. W first explain the general rules for pattern

formati on, which are the sane in all three contexts.

Patterns are built fromvariables and constants, using constructors.
Here are sone sinple exanpl es

X

3

(X,y,3)
The first pattern is just the variable x, the second is the constant 3,
the last exanple is built fromtwo variables and a constant, wusing the
(,,) constructor for 3-tuples. The conmponents of a structured pattern
can thensel ves be arbitrary patterns, pernmitting nested structures of
any dept h.

A pattern can also contain repeated variables, e.g. “(x,1,x)'. A
pattern containing repeated variables matches a value only when the
parts of the value corresponding to occurrences of the sane variable are
equal .

The constructors which can be used in a pattern include those of tuple
formation “(..,..)', list formation "[..,..]"', and the constructors of
any user defined Algebraic Type (see separate manual section). In
addition there are special facilities for matching on lists and natura
nunmbers, as foll ows.

(Lists) The ":' operator can be used in patterns, so for exanple the
following three patterns are all equivalent (and will match any 2-list).
a: b:[]
a: [ b]
[a, b]
Note that ":' is right associative (see manual section on Qperators).



(Natural nunbers) It is pernmitted to wite patterns of the form ~p+k'

where p is a pattern and k is a literal integer constant. This
construction will succeed in matching a value n, if and only if nis an
integer >=k, and in this case pis bound to (n-k). Exanple, "y+1'
mat ches any positive i nt eger, and Ty gets bound to t he

i nt eger - ni nus-one.

Note that the automatic coercion frominteger to floating point, which
takes place in expression evaluation, does not occur in pattern
mat ching. An integer pattern such as “3' or "n+l1' will not natch any
floating point nunber. It is not permitted to wite patterns containing
floating point constants.

Case anal ysis

The main use of pattern matching in Mranda is in the |left hand side of
function definitions. |In the sinplest case a pattern is used sinmply to
provide the right hand side of the function definition with names for
subconponents of a data structure. For exanple, functions for accessing
the elenments of a 2-tuple may be defined,

fst _of two (a,b) a

snd_of _two (a,b) b

More generally a function can be defined by giving a series of
equations, in which the use of different patterns on the |eft expresses
case analysis on the argunent(s). Sone sinple exanples

factorial 0 =1

factorial (n+t+l) = (n+l)*factorial n

reverse [] =[]
reverse (a:x) = reverse x ++ [a]

last [a] = a
last (a:x) = last x, if x~=[]
last [] = error "last of enpty list"

Many nore exanples can be found in the definition of the standard
environnent (see separate nmanual section). Note that pattern matching
can be conbined with the use of guards (see Ilast exanple above).
Patterns in a case analysis do not have to be mutually exclusive
(although as a matter of progranming style that is good practice) - the
rule is that cases are tried in order fromtop to bottom and the first
equati on which “matches' is used.

Conformal definitions

Apart fromthe sinple case where the pattern is a single variable, the
construction
pattern = rhs

is called a "conformal definition'. |If the value of the right hand hand

side matches the structure of the given pattern, the variables on the

| eft are bound to the correspondi ng conmponents of the value. Exanple
[a,b,3] =11,2,3]

defines a and b to have the values 1 and 2 respectively. |f the match
fails anywhere, all the variables on the left are _u_n_d_e_ f_



i_n_e_ d. For
exanple, within the scope of the definition
(x,x) =(1,2)

the value of x is neither 1 nor 2, but _u n_d e f_ i _n_e_d(i.e.
an error message
will result if you try to access the value of x in any way).

As a constraint to prevent "nonsense" definitions, it is a rule that the
pattern on the left hand side of a conformal definition nust contain at
| east one variable. So e.g. "1 = 2' is not a syntactically wvalid
definition.

Patterns on the left of generators

In a list conprehension (see separate nmanual entry) the bound entity on
the left hand side of an “<-' synbol can be any pattern. W give two
sinmple exanples - in both exanples we assune x is a list of 2-tuples.

To denote a simlar |list but with the elenents of each tuple swapped
over we can wite
[(b,a)]| (a,b)<-x]

To extract fromx all second elenents of a 2-tuple whose first menber is
17, we can wite
[ b [(17,b)<-X]

Irrefutable patterns (*)
(Technical note, for people interested in denotational senantics)

DEFI NI TION: - an al gebraic type having only one constructor and for which
that constructor is non-nullary (ie has at least one field) is called a
product type. The constructor of a product type is called a " product
constructor'.

Each type of n-tuple (n~=0) is also defined to be a product type. In
fact it should be clear that any user defined product type is isonorphic
to a tuple type. Example, if we define

W bney ::= WB num boo
then the type wibney is isonorphic to the tuple type (num bool).

A pattern conposed only of product-constructors and identifiers, and
containing no repeated identifiers, is said to be "irrefutable". For
example "WB p q', (x,y,2)' and "(a,(b,c))' are irrefutable patterns

We show what this neans by an exanple. Suppose we define f, by

f :: (numnum bool) -> [char]
f (x,y,2z) = "bingo"

As a result of the constraints of strong typing, f can only be applied
to objects of type (num num bool) and given any actual paraneter of that
type, the above equation for f MJST match.

Interestingly, this works even if the actual paraneter is an expression

whi ch does not term nate, or contains an error. (For exanple try typing
f undef

and you will get "bingo", not an error nessage.)



This is because of a decision about the denotational semantics of

al gebraic types in Mranda - nanely that product types (as defined
above) correspond to the domain construction DI RECT PRODUCT (as opposed
to lifted product). This neans that the bottom el enent of a type such

as (num num bool ) behaves i ndi stinguishably from (bottom bottom bottom

Not e that singleton types such as the enpty tuple type “()', or say,

it =0T
are not product types under the above definition, and therefore patterns
containing sui-generis constants such as () or IT are not irrefutable.
This corresponds to a senmantic decision that we do NOT wish to identify
objects such as () or IT with the bottomelement of their type.

For a nore detail ed discussion of the semantics of Mranda see the
formal | anguage definition (in preparation).

(*) A useful discussion of the semantics of pattern-nmatching, including
the issue of irrefutable patterns, can be found in (chapter 4 of) the
foll owi ng

S. L. Peyton-Jones "~ The Inplenmentation of Functional Progranm ng

Languages'', Prentice Hall International, March 1987.

| SBN 0-13-453333- X

Certain keywords, beginning with %, nodify the action of the conpiler
when present in a script. These are called “conpiler directives'. The
directives currently available are as foll ows.

%ist %moli st

If the "/list' feature is enabled (switched on and off by /list,
/nolist at comand |evel) the conpiler echos the source to the user's
term nal during conpilation of a Mranda script. The directives %ist,
%olist may be placed in a file to give nore detailed control over this
behaviour. If the conpiler is in an echoing state then encountering
"Oolist' causes it to cease echoing fromthat point onwards in the
source, until the next occurrence of '%ist' or the end of the source
file in which the directive occurs, whichever is the sooner. These
directives may occur anywhere in a script and have no effect on the
semantics (i.e. they are just Iike coments, apart from having a
side-effect on the | ex anal yser).

If the “/list' feature of the conpiler is not enabled these directives
are ignored. Since the default state of the conpiler is now “/nolist

these directives are of marginal value and retained only for historica
reasons.

% nsert
A directive of the form
% nsert "pat hnane"
may occur anywhere in a Mranda script, and is textually replaced by the



contents of the file "pathnane" during |exical analysis. The pathnane
nmust be given as a literal string, enclosed in double quotes. ( Most
uses of this directive are now better handled by % nclude, see bel ow).

If the % nsert directive is textually indented in the file in which it
occurs, the whole of the inserted text will be treated as bei ng i ndented
by the same ampunt as the initial “% of the directive.

Insert directives may be invoked recursively, to a depth linmt inposed
by the operating system typically about 16, which should be enough for
any reasonabl e pur pose. Note that the pathnames are resolved
statically, not dynamically, so that the meaning of an % nsert directive
is conputed relative to the file in which it occurs, NOT relative to the
directory from which the compil er was invoked.

The use of static rather than dynam c pat hnane resolution is a departure
from normal UN X conventions (both the “C conpiler and the UN X shell
resol ve pat hnanmes dynamically) but is much nore convenient in practice.

Note that if the subject of an % nsert directive is a conplete Mranda
script it is always better to use % nclude (see nmanual section on the
library mechanisnm, since this avoids needless reconpilation of the
definitions of the subsidiary script. The use of % nclude al so i nposes
a hierarchical scope discipline, and is nore likely to lead to well
structured code.

A point to beware of when using % nsert is that unlike % nclude, it does
NOT add a missing ~.m extension to its pathname argunent automatically.
This is because the argunent file may contain an arbitrary piece of text
(e.g. an expression or a signature) and need not be a conplete Mranda
script, so it would be inappropriate to insist that it is pathname end
in " .m in all cases.

% ncl ude %export %ree

These directives control the identifier bindings between separately
conpiled scripts. See separate manual entry on “the library nechani sni
for details.

The M randa programmi ng | anguage is strongly typed - that is each
expression and each variable has a type that can be deduced by a static
anal ysis of the programtext.

Printive types
num bool char

Val ues of type "num include both integer and floating point nunbers,
e.g.

23 o -17 1. 26el1
They are stored using different internal representations, but can be
freely mxed in calculations, and are both of type “num for type
checki ng purposes. There is automatic conversion from integer to



floating point when required (but not in the opposite direction - use
“entier', see standard environnent). Floating point nunbers are held to
doubl e precision, integers to unbounded precision

The val ues of type “bool' are the two truth val ues:
True Fal se

The val ues of type “char' are ascii characters, e.g.
Ial I% I\tl

Li st types
[t] is the type of lists whose elenments are of type "t'

Thus [num is the type of lists of nunbers such as [1,2,3,4,5]
[[num] is the type of lists of lists of numbers, such as [[1,2],[3,4]]
[char] are lists of characters - this is also the type of string

constants, so e.g. ['h',"¢e ,"I","I","0"] and "hello" are interchangeabl e
objects of this type.

Tupl e types
(t1,...,tn) is the type of a tuple with elenents of type "t1' to "tn

Exanple - the value (1, True,"red") is of type (numbool,[char])

The type of the enpty tuple, “()', is also witten “()'.

Notice that tuples are distinguished fromlists by being enclosed in
par ent heses, instead of square brackets.

There is no concept of a 1-tuple, in Mranda, so the use of parentheses
to enclose subexpressions, as in say a*(b+c), does not conflict with
their use for tuple formation

Function types
tl->t2 is the type of a function with argunent type “t1' and result
type "t2'

The '->'" is right associative, so e.g. ~num>num>nuni is the type of a
curried function of two nuneric argunents.

In addition to the built-in types descri bed above, user defined types
may be introduced - these are of three kinds, synonymtypes, algebraic
types and abstract types - see separate nanual entry for each

Implicit typing
In Mranda the types of identifiers do NOT normally need to be decl ared
explicitly - the conpiler is able to infer the type of identifiers from
their defining equations. For exanple if you wite

plural x = x ++ "s

the conpiler will DEDUCE that “plural' is of type [char]->[char]. It is
however pernmitted to include explicit type declarations in the script if
desired, e.g. you could wite (anywhere in the same script)

plural :: [char]->[char]



and the compiler will check this for consistency with the defining

equation (the synbol “::' nmeans "is of type'). Mire generally the type
decl ared may be an instance (see below) of the type inplied by the
definition - in this case the effect of the declaration is to restrict

the type of the identifier to be |l ess general than it would otherw se
have been.

Note that only top-level identifiers nmay be the subject of type
decl arations, and that the type of an identifier may be declared at nost
once in a given script.

Pol yror phi sm
The final feature of +the type systemis that it permts polynorphic
types. There is an al phabet of generic type variables, witten

* * % * k% etC

each of which stands for an arbitrary type. W give a sinple exanple -
the identity function, which may be defined
idx = x

is attributed the type “*->*'. This neans that “id" has nmany types -
‘num >num , “char->char', “[[bool]]->[[bool]]' and so on - each of these
is an instance of its nost general type, ~*->*',

Anot her sinple exanple of polynorphism is the function “map' (see
standard environnment) which applies a function to every elenent of a

list. For exanple “map integer [1,1.5,2]' is [True, Fal se, True]. The
type of map is

map i (*->**) o> [*] -> [*¥]
The nost pol ynor phic possible object is “undef', the identifier which

stands for the wundefined, or error value (undef is defined in the
standard environnent). Since every type has an undefined value, the
correct type specification for undef is

undef :: *

Many of the functions in the standard environnent have pol ynorphic types
- the text of the standard environnent (see separate nmnual entry) is
therefore a useful source of exanples.

These pernit the user to introduce a new nane for an already existing
type, e.g.

string == [char]
type synonynms are entirely transparent to the typechecker (it best to
think of them as being just nmacros). For obvious reasons, recursive type
synonyns are not permtted.

It is also possible to introduce a synonymfor a type fornm ng operator
by i ntroduci ng generic type variable as paraneters of the definition

e.d.



invt * ** == (*_>**)_>(**_>*)

So within a script containing the above two “==' definitions, the type
“invt numstring' will be shorthand for
(num>[char])->([char]->nun

The sinplest method of introducing a new data type into a Mranda scri pt
is by nmeans of an algebraic type definition. This enables the user to

i ntroduce a new concrete data type wth specified constructors. A
si mpl e exanpl e woul d be

tree ::= Nlt | Node numtree tree
The “::=" sign (pronounced “conprises') is always used to introduce an

al gebraic data type. This definition introduces three newidentifiers -
“tree', a typenane - "Nilt' a nullary constructor of type tree (i.e. an
atomic tree) - and "Node', a constructor of type num>tree->tree->tree.
Now we can define a particular tree, using the constructors Nilt and
Node, for exanple

t = Node 3 NIt Nilt

It is not necessary to have nanmes for the selector functions because the
constructors can be wused in pattern matching. For exanple a function
for counting the nunber of nodes in a tree could be witten

size NIt =0

size (Node a x y) =1 + size x + sizey

Note that the nanes of constructors nust begin with an upper case letter
(and conversely, any identifier beginning with an upper case letter is
assuned to be a constructor).

An al gebraic type can have any number (>=1) of <constructors and each
constructor can have any nunber (>=0) fields, of specified types. The
nunber of fields taken by a constructor is «called its ‘arity'. A
constructor of arity zero is said to be atomic. Algebraic types are a
very general idea and include a number of special cases that in other
| anguages require separate constructions.

One interesting case that all of the constructors can be atomc, giving
us what is called in PASCAL a “scal ar enuneration type'. Exanple
day ::= Mon| Tue| Wed| Thu]| Fri | Sat | Sun

The union of two types can al so be represented as an al gebraic data type
- for exanple here is a union of num and bool
bool num :: = Left bool | R ght num

Notice that this is a “labelled union type' (the other kind of union
type, in which the parts of the union are not distinguished by tagging
information, is not permitted in Mranda).

An al gebraic typename can take paraneters, thus introducing a famly of
types. This is done be wusing generic type variables as formal



paranmeters of the “::=" definition. To nodify our definition of “tree
to allowtrees with different types of |abels at the nodes (instead of
all “num as above) we would wite

tree * ::= NIt | Node * (tree *) (tree *)

Now we have many different tree types - “tree nunmi, “tree bool"',
“tree([char]->[char])', and so on. The constructors "Node' and "N lt'
are both polynorphic, with types “tree *' and "*->tree *->tree *->tree
*' respectively.

Notice that in Mranda objects of a recursive user defined type are not
restricted to being finite. For exanple we can define the follow ng
infinite tree of type “tree num

bigtree = Node 1 bigtree bigtree

bsol et e Language Feat ures

Al gebraic data types in Mranda originally ((*)see Turner 85) supported
two additional features, which have now been dropped from the definition
of the | anguage. These are laws (equations on constructors witten
usi ng "=>'") and strictness (witten using “!') on fields in “::=
definitions.

The rel ease-two conpiler continues to support these features, so forner
users of Mranda rel ease one do not | ose working prograns at the change
to release two. However, they will eventually cease to be supported by
the Mranda conpiler (sorry!). An "“obsolete feature' warning given at
each conpilation of a script using them A nethodology for translating
out these features is given in the CHANGES section of this nanual.

Laws and strictness annotations are no longer part of the Mranda
| anguage, and should not be taught to new users.

(*) DD A Turner ~“Mranda: A Non-Strict Functional Language wth
Pol yror phi ¢ Types' ', Pr oceedi ngs IFIP Conference on Functional
Progranmi ng Languages and Computer Architecture, Nancy, France,
Sept ember 1985 (Springer Lecture Notes in Computer Science, vol. 201, pp
1-16).

These enable a new data type to be defined by data type abstraction from
an existing type. W give the classic exanple, that of defining " stack'
as an abstract data type (here based on |ists)
abstype stack *
with enpty::stack *
push::*->stack *->stack *
i senpty::stack *->bool
top::stack *->*
pop::stack *->stack *

stack * == [*]
enpty =[]



push a x = a: x

isenmpty x = x=[]
top (a:x) = a
pop (a:x) = x
The information given after ‘with' is called the signature of the

abstract type - the definitions of the identifiers in the signature are
called the “inplenmentation equations' (these are the six equations given
above) . Qutside of the inplenentation equations the information that
stacks are inplenented as lists is not available - [] and enpty for
exanpl e are inconparable objects of two different and unrel ated types (
[*] and stack * respectively). Only inside the inplenmentation equations
are t he abstract objects treated as being equivalent to their
representations.

The i npl enentati on equati ons do not have to appear i mediately after the

corresponding abstype declaration - they can occur anywhere in the
script. For readability, however, it is strongly recommended that the
i mpl enent ati on equati ons appear i medi ately after the abstype

decl arati on.

Note that in Mranda there is no runtinme cost associated with
adm ni stering an abstract data type. The responsibility for enforcing
the distinction between stacks and lists, for exanmple, is discharged
entirely at conpi l e time (by the type checker). The runtine
representation of a stack does not require any extra bits to distinguish
it from a Ilist. As a result the Mranda programrer can freely use
abstract data types to structure his prograns w thout incurring any |oss
of efficiency by doing so.

Notice that the nechanismused to introduce abstract data types in
M randa does not depend on the hiding of identifiers, and in this
respect differs fromthe traditional approach. A fuller discussion of
the Mranda abstype nechani smcan be found in [*Turner 85].

(*) DD A Turner “"Mranda: A Non-Strict Functional Language with
Pol yror phi ¢ Types' ', Pr oceedi ngs IFIP Conference on Functional
Programm ng Languages and Conputer Archi tecture, Nancy, France,
Sept enber 1985 (Springer Lecture Notes in Conputer Science, vol. 201, pp
1-16).

The print representation of abstract objects
("advanced feature" - onit on first reading)

Val ues belonging to an abstract type are not in general printable. |
the val ue of a conmand-1level expression is of such a type it wl
normally print sinply as

<abstract ob>

This is because the special function _ s h_o_ w (which is actually a
famly of

functions, see el sewhere) has no general nethod for converting such
objects to a printable form It is possible to extend the definition of
show to include the ability to print nenmbers of an abstract type, using



sone appropriate fornat. The convention for doing this is to include in
the definition of the abstract type a function with the nane " show oo
(where “foo' is the name of the abstract type involved).

We illustrate how this is done taking “stack' as the exanple. Suppose
we decide we wi sh stacks to print - using a syntax such that the output
could be read back in (e.g. by readvals - see el sewhere) to generate the
same st ack.

enpty is to print as "enpty"
push 1 enpty is to print as "(push 1 enpty)"
and so on.

Note that we decide to fully parenthesise the output for safety - since
we do not know the larger context in which our stack output may be
enmbedded.

Because “stack' is a polynorphic abstraction, showstack will need to
take as a paraneter the appropriate show function for the elenent type
(which is numin the above exanpl es, but could have been any type). W
add to the signature of stack the follow ng function

showst ack: : (*->[char])->stack *->[char]

To obtain the output format illustrated above, an appropriate definition
of showstack woul d be,

showstack f [] = "enpty"
showstack f (a:x) = "(push " ++ f a ++ " " ++ showstack f x ++ ")"

If this definition is included in the script, stacks becone printable,
using the specified format. The effect is to extend the behavi our of
the special built-in function show to handle stacks, and all data
structures built using stacks (such as list of tree of stacks, stack of
stacks and so on).

The general rule is as follows. Let “foo' be an abstract type nane. To
nake foo's printable, we need to define a “~showfoo' thus:

if foois a sinple type (not pol ynorphic)
showfoo :: foo -> [char]

if foo is polynorphic in one type variable (foo *)
showfoo :: (*->[char]) -> foo * -> [char]

if foo is polynorphic in two type variables (foo * **)
showfoo :: (*->[char]) -> (**->[char]) -> foo * ** ->
[ char]

and so on. Note that the show function nust be declared in the
signature of the abstract type, and that the nane of the function is
significant - if we change its nane from “showfoo' to " gobbledegook',
its definition wll cease to have any effect on the behavi our of show.
It also needs to have the right type, and if it does not, again its
presence wll have no effect on the behaviour of show (in this case the
conpiler prints a warning nessage).




[Note on library directives: |If you %export an abstract type, foo say,

to another file, it 1is not necessary to %export the showfoo function
explicitly to preserve the correct printing behaviour - if an abstract
type comes into existence wth a show function in its signature the
conpiler will “renenber' how to print objects of the type even in scopes

where the show function has no nane.]

A pl acehol der type has no values belonging to it (apart from the
undefined value, undef, which is a nmenber of every type). Pl acehol der
types are useful in program devel opnent. Pl acehol der types are decl ared
as follows:

wi dget :: type

declares “widget' to be a "placeholder type'. This enables us to give
type specifications involving widget, for exanple

f :: num >w dget - >w dget
g :: w dget->w dget

The sol e purpose of this setup is (as the nane suggests) to “hold a

pl ace' during program devel oprent. At a later stage the above
decl aration of w dget as a placehol der type will be renoved in favour of
sone specific type definition for widget (using ::=, abstype or ==

Pl acehol der typenanes can have any arity, eg we could have said:

wi dget * ** :: type
This creates a fam |y of placehol der types, such as ~w dget num bool'
and so on. They are all “enpty' (nmeaning they have no val ues except
undef). The general formof this kind of specification is

tformlist :: type
where “tform consists of a typenane followed by zero or nore generic
type variables (and it is permtted to declare several placehol der types
si nul t aneousl y, separated by commas, whence “tformlist').

The phil osophy behind all owi ng pl acehol der types is that when devel opi ng
a conplex piece of software it is often helpful to declare the types of
a group of functions and data structures, and have this type information
checked for consistency, before taking representation decisions, such as
whet her a given type is going to be abstract or algebraic etc.

A pl acehol der type nay be considered as equivalent to an algebraic type
with no constructors.

The need often arises to convert an arbitrary Mranda value to its



printable representation as a string. For nunmbers the function

“shownunm (of type num >[char]) can be used for this purpose. To be
able to do this conversion for any type of object would seem ngly
require an infinite number of functions, one for each type. As a

solution to this problem M randa provides a special keyword, ‘show .

For any object x

show x
is a string containing the printable representation of x. For exanple,
if x is a nunber the above expression is equivalent to ~shownum x'. In

the general case, however, x could be a structured object of arbitrary
conplexity. Note that show is a reserved word, not an identifier

In fact ‘show behaves under npbst circunstances as though it was the
nane of a function, of type *->[char]. For exanple it can be passed as
a paraneter, so that say,

mp _ s_h_o_wfla,b,c,d,e]
is a legal expression of type [[char]].

There are three inportant restrictions on the universality of show.

(i) You cannot “show functions in any useful sense. (That would be a
violation of referential transparency.) The result of applying show to
any kind of function is just the string "<function>"

(ii) You cannot “show an abstract object unless an appropriate
showfunction was included when the type was defined (see nanual section
on Abstract types). The result of applying showto such an object

is by

default just the string "<abstract ob>"

(iii) Wien it occurs in a script the context in which showis used mnust
be such as to deternmine its type nononorphically. An exanple:

nmy_show x = "hell o\ n"++ show x++"goodbye\ n"
In the absence of any other type information, the conpiler wll infer
that ny_show has type *->[char], and that x is of type “*'. The use of
show is therefore polynorphic, and will be rejected as illegal

I f however we intend that ny_show will be used only on objects of type
“tree', say, and we add to t he scri pt t he decl aration
“my_show :tree->[char]', then the above use of show becones

nononor phi c,

and will be accepted.

The essence of restriction (iii) is that showis not a true

pol ynmor phi ¢

function of type *->[char], but rather a fanily of nononorphic functions
with the types T->[char] for each possible nonotype T. The context nust
be sufficient for the conpiler to deterni ne which nenber of the famly
is required.

(For technical reasons this restriction applies only in scripts. In
conmmand- | evel expressions show behaves as if it were a genuine
pol ymor phi ¢ function.)



24 Syntax of Miranda scripts and expressions

script:= decl* rhs: = simple_rhs(;)
cases
decl : = def
t def simpl e_rhs: = exp whdefs?
spec
[ibdir cases: = alt(;) = cases

| ast case(;)
def:= fnform= rhs

pat = rhs alt:=exp, _i_f? exp
tdef:= tform == type(;) | astcase: = |l astalt whdefs?
tform::= constructs(;)

abstype tformlist with sig(;) lastalt:= exp , if? exp
exp , otherwi se

spec: = var-list :: type(;)

tformlist :: type(;) whdef s: = where
def def*
si g: = spec spec* exp: = el

prefixl
constructs: = construct | constructs i nfix
construct
el: = sinple sinple*
construct: = constructor argtype* prefix el
type $constructor type el infix el

( construct ) argtype*
sinmpl e: = var

type: = argtype constructor
typenane argtype* litera
type -> type readval s
type $typenane type show
infixl el)

tform= typenane typevar?*
typevar $typenane typevar

exp | qualifs ]
exp // qualifs ]

(
argtype: = typenane (el infix)

typevar ( exp-list?)

( type-list?) [ exp-list? ]

[ type-list ] [ exp .. exp? ]
[ exp, exp .. exp? ]
[
[

fnform= var formal* qualifs:= qualifier ; qualifs
pat $var pat qualifier
( fnform) formal*
qualifier:= exp
pat: = formal gener at or
- numer al
constructor formal* generator:= pat-list < exp
pat : pat pat <- exp , exp .
pat + nat
pat $constructor pat var: = identifier

( pat ) formal*
constructor: = | DENTI FI ER
formal : = var



constructor typenane: = identifier
literall

( pat-list?)

[ pat-list? ]

The syntax equations given express the syntax of Mranda scripts insofar
as this can be done by a context free grammar. It therefore does not
attenpt to express the scope rules, nor the requirenent that a script be
wel | -typed, both of which are context sensitive restrictions on the
syntax given here. The formal definition of Mranda [in preparation]
will deal with these matters and al so give a denotational semantics for
t he | anguage.

Nevertheless, if the syntax is read in conjunction wth the infornal
description of the |anguage (see other manual sections and referenced
papers) it should be found fairly informative, especially if the reader
has some previous exposure to this style of |anguage.

Key to abbreviations in syntax:-

> alt=alternative

decl =decl arati on def =definition

> el=oper at or _expr essi on exp=expr essi on
fnformefunction_form

> libdir=library directive pat =pattern

qual i fs=qualifiers
> rhs=ri ght _hand_si de

si g=signature spec=speci fication
> tdef =type_definition
t for mrt ypef orm var=vari abl e

> whdef s=wher e_def s
Conventi ons

We use a variant of BNF, in which non-ternmnals are represented by

| ower case words, “:='" is used as the production synbol, and alternative
productions are witten on successive |ines. (These departures from
convention are adopted because "::='" and “|' are concrete synbols of the
| anguage. )

For any non-termnal x,

X* neans zero or nore occurrences of x

X? nmeans the presence of x is optiona

x-list nmeans one or nmore x's (separated by commas if >1)

x(;) nmeans that x is followed by an optional senicolon and
is subject to the off side rule (see section on Layout), so that every
token of x nust lie belowor to the right of the first. Provided the

| ayout nmakes it clear where x termnates, the trailing sem colon nmay be
omtted.

Not es

The syntax of the library directives (denoted by the non-term na



“libdir') is given in a separate nanual entry.

Anbiguities in the syntax for “type' and “construct' are resolved by
noting that “-> is less binding than " $typenane' or "$constructor' and
that all three are right associative.

In connection with the productions for argtype, note that type such as
"[numbool]" is an abbreviation for “[(numbool)]' and represents the
type of a list of tuples - the Mranda system itself never wuses this
abbrevi ation when printing a type, but accepts it in user scripts. (Use
of this abbreviation is not recormended - it will probably be renoved
fromthe syntax at the next rel ease.)

Anbiguities in the syntax for "fnformi and “pat' are resolved by taking
into account the relative binding powers of the infix operators
i nvol ved. Specifically that ":' is right associative and |ess binding
than " +', which is left associative, and that $constructor, $var have a
hi gher bi ndi ng power than either of these, and are right associative.

The productions given for “cases' correctly describe the concrete syntax
of these entities, including the way the offside rule is applied to
them This concrete syntax is in one sense nisleading, however. Nanely
in that if a ‘lastcase' with a trailing “wheredefs' is preceded by a
series of alternatives, the scope of the nanes introduced by the where
'S THE WHOLE “cases' IN WHICH I T OCCURS, AND NOT JUST THE °| ast case'

Note that for conpatibility with earlier versions of Mranda the use of
the keyword “if' is optional

The ambiguities in the syntax given for “el' are resolved by taking into
account the relative binding powers of the operators (see manual section
on Operators).

The syntax of identifier, IDENTIFIER, literal, literall, numeral, nat,
infix, infix1l, prefix, prefixl, and typevar are given under Lexica
Syntax (see next manual section).

In this section square brackets are used to enclose a set of litera
characters, using lex-style conventions, so eg [a-z] neans a | ower case
letter. As usual * and ? are used to nean zero-or-nore, and

zero-or-one, occurrences of the preceding entity. Parentheses are used
for grouping, and subtraction of one syntactic entity from another neans
set difference. W also revert tousing “|' for alternatives, as in
standard BNF.

script:= (token | layout)*

layout:=nl | tab | fornfeed | space | comrent

conment : = vertical bar vertical _bar (any - nl)* n



token:= identifier | IDENTIFIER | literal | typevar | deliniter

identifier:= ([a-z] [a-zA-Z0-9 ']* ) - deliniter

IDENTIFIER = [A-Z] [a-zA-Z0-9_']*

literal:= nuneral | charconst | stringconst
literall:= literal - float

nuneral ;= nat | float

nat:= [0-9] [0-9]*

[0-9]* [.] nat epart? | nat epart

float:
epart:=1[e] [+ -]7? nat

charconst:= ["'] (visible-[\]]|escape) [']
stringconst:=["] (visible-[\"]]|escape)* ["]
escape: = [\] ([ntfrb\""]|nl|ascii_code)

typevar:= [*][*]*

delimter:= - | prefixl | infix1l | other

infixli=++ | -= | : |\ | & ~| >| >=| =| ~=| <=| <| +|
*|1 /| div] md]| ~| . | ! | $identifier | $IDENTIFIER

infix:=infixl | -

prefixl:= ~ | #

prefix:= prefixl | -

other:= abstype | if | otherwise | readvals | show | type | where
with | %export | %ree | %nclude | % nsert | %i st

%ol ist |
=| == c:=1 1| => ] vertical _bar | /] | ->| ;| ,
-
> Ll rreryl <1 .. 08| % | $+] &
vertical bar: =
Not es
vi si bl e means any non-control character, including space (but not

including eg newline), nl neans literal newine, and ascii_code is a nat
in the range 0..255 (maxi mumlength 3 digits).

Notice that the syntax of “nuneral' does not include negative nunbers.
Negative constants, such as -3 or -5.05e-17 are parsed by Mranda as
applications of the prefix operator "-' to a positive nuneral. This has
no semantic significance.

QOmission - the definition of “layout' does not include the additiona



conment rules for LITERATE SCRI PTS (see separate nanual section).

1. Syntax of library directives

2. The % ncl ude directive (basic infornation)

3. About library directives (nore detailed information)
4. The %ree directive and parametrised scripts

5

Separate conpilation and ~.x' files

[ibdir:= % nclude env(;) parts:= part part*
Y%export parts(;)
%Bree{ sig } part:= identifier
fileid
env:= fileid binder? aliases? +
-identifier
bi nder: = { bi nding bi ndi ng* }
fileid:= "pathnane"
bi ndi ng: = var = exp(;) <pat hnane>

tform== type(;)
Note For the definition of “sig

aliases:= alias alias* (=signature), “var', “exp', " tforn

and “type' see the main manual page

alias:= identifier/identifier on formal syntax of Mranda. For

| DENTI FI ER/ | DENTI FI ER the definition of “identifier' and
-identifier "I DENTIFIER  see | exical syntax.

Suppose the file "nmylib.m' contains sonme Mranda declarations (which
could be any kind of |legal Mranda declaration, eg function definitions,
type definitions etc). To nake these in scope in another script, the
latter will contain the directive

% ncl ude "nmylib"

This can conme anywhere in the script (there is for exanple no
requirenent that %.include directives cone at the front)

but must be at

top level - you may not place a %nclude directive inside a where

clause. The subject of a % nclude directive may itself contain % ncl ude
directives, and so on (to any reasonabl e depth).

By default, the nanes “exported' froman included script are all those
defined in it at top level, but not those of subsidiary % nclude's.



This can be nodified by placing a ~%xport' directive in the included
script. For a discussion of this and other ways of nodifying the effect
of % nclude see the manual section giving a detailed account of the
library directives.

If the filenane in a % nclude directive is enclosed in angle brackets
instead of string quotes, this is understood to be a pathnanme relative
to the miralib directory. So for exanple putting in your script

% ncl ude <ex/ matri x>
brings into scope the definitions exported fromthe nmatrix package in
the Mranda exanples directory “ex'. (*See note bel ow.)
Finally, note that that the relationship between includor and includee
is unsymetrical. |If file A %include's file B, then the declarations of
B are visible to A but not vice versa.

There is a sinpler (purely textual) directive

% nsert "file"
whi ch causes the contents of "file" to be substituted for the % nsert
directive during lexical analysis. This can occur anywhere in a Mranda
script. See nmamnual section on conpiler directives.

(*) Note to system adnministrators: an enpty directory “local' s
provided under the mralib directory, in which you can place additiona
libraries which you wish to nake available to all Mranda users at your
site.

The three directives % nclude % export %ree constitute the Mranda
library mechanism which controls the sharing of identifiers between
separately conpiled scripts. The % ree directive is <covered in a
separate nmanual entry and will not be discussed further here.

% ncl ude "file"

The presence of this directive, anywhere in a Mranda script, causes al

the identifiers exported fromthe Mranda script "file" to be in scope
in the containing script. Note that "file" should be the name of a
M randa source file (by convention these all have names ending in ~.m).

The followi ng conventions apply to all filenanes in library directives:

1) Afileid can be an arbitrary UN X pat hnane

2) If the fileid given does not end in ~.m this is added.

3) If the fileid is surrounded by angle brackets instead of string
gquotes it is assuned to be a pathnane relative to the ‘“niralib’
directory, otherwise it is taken to be relative to the directory of the
script in which the directive occurs. (Exanples, "pig" nmeans "pig.nf,
<stdenv> neans "/usr/lib/mralib/stdenv.m)

In addition (if you are using Berkeley UNIX or a derivative) the ~



convention of the cshell nmy be used to abbreviate hone directories.

That is ~~' abbreviates your own hone directory, and ~jack abbreviates
jack's home directory, at the front of any pathnane.

The file mentioned in a %nclude directive nust contain a CORRECT,
CLOSED Mranda script. (That is it nmust have no syntax or type errors,
and no undefined nanmes.) An attenpt to % nclude a file which violates
these conditions wll be rejected by the conpiler as a syntax error in
the script containing the % ncl ude statenent.

It is also illegal to % nclude a script which causes nanecl ashes, either
against top-level identifiers of the including script or those of other
% ncl ude directives in the script.

The effect of an % nclude directive can be nodified by following it with
one or nore aliases (which are used to renove nanecl ashes between
identifiers exported fromthe included script and those of the current

script or of other %nclude files). There are two forms of ali as,
"new/ old which renanes and “-old" which suppresses an identifier
al t oget her.

For exanpl e suppose we wish to include the file "mke" but it contains
two identifiers, f and g say, which clash with top-Ilevel bindings of
these identifiers in the current script. W wsh to use the "nmke"
definition of “f', but his g is of no interest. The follow ng
directive could be used.

% ncl ude "m ke" -g mke_f/f

Any other identifiers exported from"mke", not specifically nentioned
in the aliases, will be accepted unchanged.

It is pernitted to alias typenames, and constructors (say "NEWOLD ) but

typenanes and constructors cannot be suppressed by a “-nane' alias.
Note that if you alias one or nore of the constructors of an al gebraic
data type the behaviour of "show on objects of that type will be

nodi fied in the appropriate way.

A file which has been % ncluded nay itself contain % ncl ude directives,
and so on, to any reasonable depth. A (directly or indirectly) cyclic
% nclude is not permtted, however.

The “?identifier' conmmand can be wused to find the ultimte place of
definition of an inported identifier. Wen aliasing has taken place the
“Ridentifier' command wll give both the current and the original nane

of an aliased identifier. If your installed editor is “vi' the
“?%identifier' command wll open the appropriate source file at the
definition of the identifier. (There is also a conmand “/find
identifier' which is like “?identifier' but will recognise an alias

under its original name.)

Every script behaves as though it contained the directive
% ncl ude <stdenv>

It is therefore illegal to % nclude the standard environment explicitly,
as this wll Jlead to huge nunber of nane clashes (because it is now
present twice). As a consequence there is currently no way of aliasing



or suppressing the names in the standard environment. (This will be
fixed in the future by providing a directive for suppressing the
inmplicit inclusion of <stdenv>.)

Y%export parts

Any (correct, closed) Mranda script can be % ncluded in another script
(there is no notion of a "nodule" as sonething with a different syntax
froman ordinary script). By default the nanes exported from a script
are all those defined init, at top level, but none of those acquired by
a % nclude of another file. This behaviour can be nodified (either to
export nmore or to export less than the default) by placing a %xport
directive in the script, specifying a list of “parts' to be exported to
an including file.

The presence of a %export directive in a script has no effect on its
behaviour when it is the current script of a Mranda session - it is
ef fective only when the script is %ncluded i n anot her. A script nay
contain at nost one % export directive. This can be anywhere in the
script, but to avoid nasty surprises it is advisable to place it near
t he top.

Each “part' listed in the export directive nust be one of the follow ng:
identifier (variable or typenane)

fileid (in quotes, conventions as descri bed above)

the synmbol ~+

-identifier

Notice that constructors need not (and cannot) be listed explicitly in
an %xport directive - if you export an algebraic typenane, its
constructors are AUTOVATI CALLY exported along with it. The consequence
of this is that you cannot use %export to create an abstract data type,
by "hiding information" about how an al gebraic type was fornmed. |I|f you
want to create an abstract data type you nust use the abstype nechani sm
- see separate nanual entry.

If afileid is present in the export list, this nmust be the nane of a
file which is %ncluded in the exporting script, and the effect is that
all the bindings acquired by that % nclude statenent (as nodified by
aliases if present) are re-exported. Allowing fileid s in the export
list is nmerely a piece of shorthand, which can be used to avoid witing
out long lists of nanes.

The synbol "+ is allowed in an export list as an abbreviation for al
the top-level identifiers defined in the current script.

The default %export directive (i.e. that which is assumed if no %export
statenent is present) is therefore

Yexport +
This wll export all the top-level identifiers of the current script,
but not those acquired by % ncl ude directives.

Finally, the notation "-identifier' is allowed in an export list to
indicate that this identifier NOT to be exported. This is useful if you
have used a fileid or the synbol "+ to abbreviate a list of nanes, and
wi sh to subtract sonme of these names fromthe final export list.



An exanple - the follow ng export statement exports all the top-Ileve
identifiers of the current script, except "flooby'.

%export + -fl ooby

The order of appearance of the itenms in an export |list is of no
significance, and repetitions are ignored. A negative occurrence of an
identifier overrides any nunber of positive occurrences.

It is possible to find out what names are exported froma given Mranda
script (or scripts) by calling, fromUN X the conmand

"mra -exports files' (the extension ".m wll be added to each file
nane if mssing). This will list (to stdout) for each file the exported
nanes together with their types.

Sone exanpl es

(i) There are two scripts, called "liba.nm and "libb.n say, containing
useful definitions. For convenience we w sh to conbine theminto a
single larger library called say, "libc.m. The following text inside

the file "libc.m will acconplish this.

%export "liba" "libb"
% ncl ude "Iliba"
% ncl ude "Ii bb"

You wll notice that when "libc.m' is conpiled, this does NOT cause
reconpilation of "liba.m and "libb.m' (see section on separate
conpilation - the conpiler is able to create an object code file for
"libc.m', called "libc.x", by combining "liba.x" and "libb.x" in an
appropriate way). This econony in reconpilation effort is one reason

why % nclude is a better mechanismthan the sinpler textual directive
% nsert (see section on conpiler directives).

W could if we wshed add some definitions to "libc.m - if the
correspondi ng names are added to the %export statenent these bindings
will then be exported along wth those of the two sublibraries. O
course if we don't add the nanes of the locally defined objects to the
%export directive they wll be “private definitions' of "libc.nl, not
visible to includors.

Recall that if no % export is directive is present, then ONLY the

i Mmediate definitions (if any) of "libc.m wll be exported. So a
script which contains only % nclude directives and no %xport cannot be
usefully % ncluded in another script (it is however perfectly acceptable

as a current script).

(ii) [More technical - omt on first reading]
Qur second group of exanmples is chosen to bring out sone issues which
ari se when exporting types between scripts. Suppose we have the

followi ng script, called "trees.nt

tree * ::= NILT | NODE * (tree *) (tree *)

reflect :: tree *->tree *

reflect NILT = NILT

reflect (NODE a x y) = NODE a(reflect y)(reflect x)



(a) If in another script we wite ‘%nclude "trees"', the follow ng

bindings will be inported - tree NILT NODE reflect. Now suppose we
nodi fy the "trees.ni' by placing in it the following directive — ‘' %xport
reflect'. Wen the nodified "trees.ni' script is included in another, we

will get the following error nessage from the conpilation of the
i ncludi ng script:

M SSI NG TYPENAME
the following type is needed but has no nane in this

scope:

"tree' of file "trees.n', needed by: reflect;

t ypecheck cannot proceed - conpil ati on abandoned
Explanation - it is illegal to export an identifier to a place where its
type, or any part of its type, is unknown. |In this situation we cal
reflect a “type-orphan' - it has lost one of its parents!

(b) Readoption of a type-orphan (a nore subtle exanple). Assuming the
"trees.ni' script in its original form as above, we construct the
following file "treelib.nt

%export size
% ncl ude "trees"

size :: tree *->num
size NILT = 0
size (NODE a x y) = 1+size x+size y

If we %nclude the above script in another as it stands, we wll of
course get a mssing typenane diagnostic for “size' - consider however
the follow ng script

% ncl ude "treelib"
% ncl ude "trees"
(etc)

Everything is now ok, because a nanme for size's missing parent is
i nported through another route (the second % nclude statement). The

M randa conpiler recognises the “tree' type inported by the second
% ncl ude as being the same one as that referred to inside "treelib.nf,
because it originates (albeit via different routes) fromthe SAVE
SOURCEFI LE. A “tree' type inported from a di fferent ori gi na

sourcefile, even if it had the sane constructor nanes with the sane
field types, would be recognised as a different type.

[Note: the Mranda conpiler is always able to recognise when the sane
source file is inherited via different routes, including in cases
involving files with nultiple pathnanes due to the presence of (hard or
synblic) links.]

[Further note: the lexical directive % nsert (see conpiler directives)
shoul d be regarded as naking a textual copy of the nmaterial from the

inserted file into the file containing the % nsert directive - if the
text of a type definition (in ::= or abstype) is copied in this way, the
conpiler wll regard the % nsert as having created a new type in each

such case, not identical with that in the inserted file.]



(c) Last exanple (typeclash). Finally note that that it is illegal for
the sanme original type to be inported twice into the same scope even
under different nanes. Consider the follow ng script

% ncl ude "trees" shrub/tree Leaf/ NILT
For k/ NODE -refl ect
% ncl ude "trees"
(etc)

The first % nclude taken on its own is perfectly ok - we

have inported

the “tree' type, and renaned everything in it by using aliases. However
we have also inherited the “tree' type under its original nanme, via the
second % nclude. The conpiler will reject the script with the foll ow ng
nessage:

TYPECLASH - the following type is nultiply naned:
‘"tree' of file "trees.ni', as: shrub,tree;
typecheck cannot proceed - conpil ation abandoned

The rule that a type can have at npbst one nane in a given scope applies
to both al gebraic types and abstract types (it does not apply to synonym
types, because these are not “real' types but nere nmmcro's - you can
have any nunber of synonyns for “tree' in scope at the sane tine - as
long as the underlying “real' type has a uni que nane).

Typecl ashes are illegal in Mranda in order to preserve the follow ng
two principles. (i) In any given scope, each possible type nust have a
uni que canoni cal form (obtai ned by expandi ng out synonyns, and renaning
generic type variables in a standard way). (ii) Each object of a
“printable type' nmust have, in any given scope, a unique externa
representation (ruling out mltiply named constructors). The first
principle is necessary to the functioning of the typechecker, the second
i s denanded by the requirenent that the function “show be referentially
transparent.

It is permtted to construct a script containing definitions which are

dependent on information which will be supplied only when the script is
made t he subject of a % nclude directive. Such a script is said to be
paranetri sed. This is indicated by the presence in the script of a

directive of the form
%ree { signature }

where “signature' is a list of specifications of the identifiers for
which bindings will be provided at % nclude tine. A script nmay contain
at nost one %ree directive, which nust therefore give

all the

identifiers on which the script is paranetrised. The %ree directive
may appear anywhere in the script, but for <clarity it is recomended
that you place it at or near the top




For exanple a script (called "nmatrices" say) defining the notion of
matrix sum and matrix product, for matrices of as-yet-unspecified
el ement type, could be witten as follows: -

%export matmult mat add

%Bree { elem:: type
zero :: elem
mult, add :: elem>elem >el em
}
matrix == [[elen]
matadd :: matrix->matri x->matri x

matadd xx yy = [[add a b|(a,b)<-zip2 x y]|(X,y)<-zip2 xx
yyl

matnult :: matrix->matrix->matrix
mat mult xx yy = outerprod innerprod xx (transpose yy)
innerprod x y = sum[nult a b|(a,b)<-zip2 x y]

wher e

sum = foldr add zero
outerprod f xx yy = [[f X y|y<-yy]| x<-xX]

Note that the identifiers declared under % ree nay denote types

as well

as val ues. When we wite a % nclude directive for the above script we
nmust provide bindings for all of its free identifiers. The bindings are
given in braces follow ng the pathnanme (and before the aliases, if any).
Thus: -

% nclude "matrices" {el emr=num zero=0; nult=*; add=+; }

In the scope of the script containing the above directive t he
identifiers “mat mul t and “addnult'  will be available at type
[[num]->[[nunl]->[[num] and will behave as if their definitions had
been witten wusing 0, (+), (*) in place of the identifiers zero, add,
mul t.

The order in which the bindings are given is immterial (it need not be
the order in which the identifiers occurred in the %ree directive) but
a binding nmust be given for each free identifier of the % ncluded
script. Note that the binding for a type is given using "=='" and for a
value using "='. If the types of all the bindings (taken together) are
not consistent wth the information given in the free directive of the
% ncl uded script, or if any required binding is nissing, the conpiler

will reject the % nclude directive as incorrect.

The main advantage of a paranetrised script is that different bindings
may be given for its free identifiers on different occasions. For
exanple the sanme script "matrices" may be invoked wth different
bindings to provide a definition of matrix addition and multiplication
over matrices with elenents of type bool. Thus:-

% nclude "matrices" {el emr=bool ; zero=Fal se; nult=& add=\/;}



It is even possible to % nclude the sane paranetrised script twice in
the sanme scope (presumably with different bindings for the free
identifiers) but inthis case it will be be necessary to alias apart the
two sets of exported identifiers to avoid a nameclash. So we mi ght add
“b_matadd/ matadd b_matnult/matnult' to the above directive if it were
being used in the sane script as the previ ous one.

M scel | aneous points

By default the identifiers declared %ree in a paranetrised script are
not exported from the script. As always this can be overridden by
explicitly listing themin an %export directive.

Free typenanes of non-zero arity are declared in the follow ng style.

%ree { stack * :: type
table * ** :: type

}

The correspondi ng bindings could be as foll ows
% nclude... {stack * == [*]; table * ** == [(*,**)]; ... }

When a paranetrised script exports a locally created typenane (other
than a synonymtype), each instantiation of the script by a % nclude is
deermed to create a NEWtype (this is relevant to decidi ng whether or not
two types are the same for the purpose of readopting a type orphan, see
previ ous manual section). This is because the conpiler assunes that an
abstract or algebraic type defined in a paranetrised script will in
general have an internal structure that depends on the free identifiers.

Finally note that the bindings for the free identifiers of a
paranmetrised script nust always be given EXPLICITLY. For exanple
suppose we wish to % nclude the file "matrices" in a script already
containing a type called “elem over which we intend to do matrix
multiplication. W nust wite

% nclude "matrices" {elenr=elem etc. }

The binding “elemr=elenm is not redundant, nor is it cyclic, because the
two “elems involved refer to two different scopes (on the left of the
bi ndi ng, that of the includee, and on the right that of the script
containing the directive).

The Mranda conpiler conmpiles to an internediate code, based on
conbi nat or s. When a M randa expressions are evaluated in the course of
a session this code is executed by an interpreter

Since conpilation is a conplex process (involving Ilexical analysis,
parsi ng, type checki ng and code-generation, as well as a number of other



m nor steps) it is undesirable that the results of conpiling a script
should just be "thrown away" at the end of a session. To avoid
unnecessary acts of reconpilation the Mranda system maintains an
object-code file in association wth each source file containing a
M randa scri pt.

For each source file, called say “script.m, the Mranda system wll
create an object code file, called “script.x'. No action is required by
the user to keep these files up-to-date, since this is taken care of
automatically by the Mranda system The .x files are never referred to
directly by the Mranda user, and you should not try to edit them (they
contain binary data).

You may however safely renove any .x file (if for exanple you don't w sh
it to use up filespace) since this will at worst cause the Mranda
conpiler to do sone extra work later to recreate it.

If you select a script as the current script of a Mranda session, and
it has an wup-to-date .x file, this will be | oaded instead, avoiding
reconpilation. |If the .x file does not exist, or any rel evant source
file has been nodifyed since the .x file was created, the script will be
reconmpil ed (and a side effect of your having selected this source file
as the current script will be to bring into exi stence an up-to-date .Xx
file for it).

[ nductive definition - source file Bis "relevant' to source file Aiff
file A %nserts or % ncludes B or any file to which Bis relevant. For
a discussion of "%nclude' and the other library directives see nmanual
sections on “The Library Mechanisn .]

Note that conpiling a script containing % nclude statenents wll have
the side effect of triggering subsidiary conpilation processes for any
rel evant source files which have been nodi fied since their correspondi ng
.x file was created. Users famliar with the UNI X program " make' wil|
recogni se this process as essentially the sane as that which happens
when a “nmakefile' is obeyed. |In the case of Mranda however, the " make'
process is fully automated by being built into the conpiler.

More advanced i nformation

If you want to check that a given Mranda script has an up-to-date
object code file wthout entering a Mranda session
this can be
acconplished fromUNI X by calling mra with a special flag, thus
mra -nmake script.m

will force the existence of an up-to-date “script.x', performng al
(and only) those conpilations which are necessary. Any nunber of source
files can be given after the -nake flag (and as wusual iif a ~.n

extension is omtted it will be added automatically).

Exanple:- to nake sure every Mranda source file in your current
directory has an up-to-date object code file, say "nmira -nmake *.ni.

Applying mira -make to a ~.x' file is equivalent to applying it to the
corresponding ~.m file. So another way to nmake sure everything in your
current directory is up-to-date is to say mra -make *.x'. This has



the advantage that it will also renove any ~.x' files whose ~.nm files
no | onger exist.

In the best UNIX tradition mra -make does its work silently unless
sonething is wong. |If the source files are all correct closed scripts
with up-to-date “.x' files, mra -make says nothing at all. | f
reconpil ati ons are necessary it informs you which source files are being
conpiled, and, as a last step, the nanmes of any scripts which contain
errors or undefined nanes are |listed, to stdout.

The exit status of a "mra -nake' (relevant if you are a shel
programer, or wish to include a "mira -make' comrand in a nakefile for
a larger setup) is as follows. |If (AFTER any necessary reconpilations
have been perfornmed) all the source files have up-to-date ".x' files,
and do not contain any syntax errors, type errors, or undefined nanes
(these facts are recorded in .x files) the exit status will be zero
(=ok), otherwise it will be 1.

It is possible to find out what nanes are exported from one or nore
M randa scripts wi thout entering a Mranda session by using the conmmand
mra -exports files

(as always the ".nml extension is added automatically to each fil enane,
if mssing). This command first calls "mira -make' on each file, to
make sure everything is uptodate, and then lists to standard output the
exported names together with their types (one per line). |If nore than
one file 1is specified each group of names will be preceded by the nane
of the file to which they appertain.

Note that the export profile of a script includes information about its
free identifiers (if any).

It is also possible to find out the nanmes of all files on which a given
set of Mranda scripts depend, via % nclude and % nsert statenents, by
using the comand

mra -sources files
This lists to standard out put, one per line, the nanes of all relevant
source files. The standard environnent, <stdenv>, is always omtted
fromthe list.

Effect of ‘mv’ and ‘rni

A .x" file records (inter alia) the names of all relevant source files
relative to the directory in which it is stored, together with their
“date and time last nodified'. Note that the UNI X command " mv' does not
alter the tine-last-nodified of the file being noved. So it is possible
when noving a miranda source file (or a group of interdependant source
files) from one directory to another to save nmira the bother of
reconpiling them sinply by noving all the relevant ~.x' files into the
new directory along with the sources. (This doesn't work however if you
change the nane of any of the source files during the nove.)

[Note that “tar' has the same property, so the up-to-date-ness of
Mranda .x files is preserved across a tape dunp.]

If you use “rmi to renbve a Mranda source file, the next tine you
invoke mra wth the (now non-existent) file as its current script, it
will pronptly renove the corresponding ~.x' file. The logic of this is



as follows:- “.x'" files nust be kept up-to-date with their sources, and
the way to nake a ~.x' file up-to-date with a non-exi stent source is to
make it too non-existent. As a consequence it is not possible to send
someone a Mranda object code file wthout the corresponding source
(mra will delete it as soon as they try to use it!).

From some points of viewthis |last feature might be regarded as a bug -
a way round it may be provided in a later rel ease of the Mranda system

(O Research Software Linmited 1989

W give here, in al phabetical order, a brief explanation of all the
identifiers in the Mranda standard environnent, each followed by its
definition (except in a few cases where the definition cannot
conveniently be given in Mranda). The lines marked with a ">' in
colum one are formal programtext, the other lines in the file are
conmmrent . Note that a nunber of the functions given here are defined
internally (for speed) even though their definitions could have been
given in Mranda - in these cases the Mranda definition is given as a
comment. This is the standard environnent of Mranda rel ease two.

Note that this environment includes all the functions of Appendix B in
Bird and Wadler ~ " An Introduction to Functional Programing''

“abs' takes the absolute value of a nunber - e.g. abs (-3) is 3, abs 3.5
is 3.5

> abs:: num >num
> abs x = -x, if x<0
> = X, otherw se

“and' applied to a list of truthvalues, takes their |ogical conjunction

> and: : [ bool ] - >boo
> and = foldr (& True

“arctan' is the trigononetric function, inverse tangent. It returns a
result in the range -pi/2 to pi/2. See also “sin', "cos'

> arctan::num>num | |defined internally
“bool' is the type conprising the two truthval ues.
bool ::= False | True ||primtive to Mranda

“char' is the type conprising ascii characters (e.g. a', '\n).

char::type ||primtive to Mranda
“cjustify' applied to a nunmber and a string, centre justifies the string

in a field of the specified width. See also “ljustify', “rjustify',
“spaces’.



> cjustify::num>[char]->[char]

> cjustify n s = spaces | margi n++s++spaces rmargin
> wher e

margin = n - # s

lmargin = nmargin div 2

rmargin = margin - Imargin

vV V V

“code' applied to a character returns the integer which is its asci
code. E.g. code 'a' is 97. See also "decode'

> code: :char->num ||defined internally

“concat' applied to alist of lists, joins them all together into a
single list with "++ . E. g. concat [[1,2],[].,[3,4]] is [1,2,3,4].

> concat::[[*]]->[*]
> concat = foldr (++) []
“const' is a conbinator for creating constant-valued functions. E g.

(const 3) is the function that always returns 3.

> const:; *->**.>*
> const Xy = X

“converse' is a conbinator for inverting the order of argunents of a
two- argument function

> Converse (*_>**_>***)_>**_>*_>***
> converse f ab=f b a

‘cos' is the trigononetric cosine function, argunent in radians.

> cos::num>num ||defined internally

“decode' applied to a nunber between 0 and 255 returns the correspondi ng
val ue of type char.

> decode: : num >char ||defined internally

“digit' is a predicate on characters. True if the character is a digit.
See also “letter'.

> digit::char->boo
>digit x = '0" <=x<="9'

“drop' applied to a nunmber and a list returns the list wth that nmany
el ements renmoved fromthe front. |If the list has less than the required
nunber of elenents, “drop' returns []. Exanple

drop 2 [1,2,3,4] = [3,4]
See al so "take'.

> drop::num>[*]->[*] ||defined internally, as bel ow
drop (n+1) (a:x) = drop n X

drop n x =x, if integer n
= error "drop applied to fractional nunber", otherw se



“dropwhile' applied to a predicate and a |ist, renoves elenments fromthe
front of the list while the predicate is satisfied. Exanple:

dropwhil e digit "123gone" has val ue "gone"
See al so “takewhile'.

> dropwhil e:: (*->bool )->[*]->[*]

> dropwhile f []1 =[]

> dropwhile f (a:x) = dropwhile f x, if f a

> = a:x, otherw se

‘e' is a transcendental nunber, the base of natural |ogarithns.
> e::num

>e =exp 1l

“entier' when applied to a nunber returns its integer part, neaning the
| argest integer not exceeding it. E.g. entier 1.0 is 1, entier 3.5 1is
3, entier (-3.5) is -4. Notice that for Mranda the nunber "1' and the
nunber 1.0 are different values - for exanple they yield different
results under the “integer' test. However “1=1.0" yields True, because
of the automatic conversion frominteger to float.

> entier::num>num ||defined internally

A useful fact about “entier', which relates it to the operators div and
nmod, is that the following |law holds for any integers a, b with b~=0 and
a/lb within the range for which integers can be represented exactly as
fractional nunbers

adivb=entier (alb)

“error' applied to a string creates an error value with the associated
nmessage. Error values are all equivalent to the undefined value - any
attenpt to access the value causes the programto termnate and print
the string as a diagnostic.

> error::[char]->* ||defined internally

“exp' is the exponential function on real nunbers. See also “log
> exp::num>num || defined internally

“filenode' applied to a string representing the pathnane of a UNIX file,
returns a string of length four giving the access perm ssions of the
current process to the file. The permi ssions are encoded as (in this
order) "drwx", any pernmission not granted is replaced by a '-'
character. |If there is no file at pathnane p, filennde p returns the
enpty string. Exanple

menber (filenmode f) 'w

tests f for wite permission. See also “getenv', “read', “systeni.
> filenmode::[char]->[char] ||defined internally
“filter' applied to a predicate and a list, returns a |list containing

only those elenents that satisfy the predicate. Exanple
filter (>5) [3,7,2,8,1,17] has value [7,8,17]



> filter::(*->bool)->[*]->[*]
> filter f x =[a | a<-x; f a]

“foldl' folds up a list, using a given binary operator and a given start
value, in a left associative way. Exanple:

foldl opr [a,b,c] = (((r $op a) $op b) $op c)
But note that in order to run in constant space, foldl forces "op' to
evaluate its first paraneter. See the definitions of " product',
“reverse', “sum for exanples of its use. See also “foldr'.

> foldl::(*->**->*)->*->[**]-> ||defined internally, as bel ow

foldl opr [] =7
foldl opr (a:x) = strict (foldl op) (op r a) x
wher e
strict f x = seq x (f x)

WARNI NG - this definition of foldl differs fromthat in older versions
of Mranda. The one given here is the sane as that in Bird and Wadl er
The old definition had the two args of “op' reversed. That is:-

old foldl op r = new foldl (converse op) r
the function “converse' has been added to the standard environnent.

“foldl1' folds left over non-enpty lists. See the definitions of "~nax',
"mn' for exanples of its use

> foldl 1::(*->*->*)->[*]->* ||defined internally, as bel ow

foldll op (a:x) = foldl op a x
foldll op [] = error "foldl 1l applied to []"

“foldr' folds up a list, using a given binary operator and a given start
value, in a right associative way. Exanple:

foldr opr [a,b,c] = a $op (b $op (c $op r))
See the definitions of "and', “concat', “or', for exanples of its use.

> foldr::(*->**->**)_>x*_>[*].>** || defined internally, as bel ow

foldr opr [] =1
foldr opr (a:x) = op a (foldr op r x)

“foldrl' folds right over non-enpty lists.

foldrl:: (*->*->*)->[*]->*

foldrl op [a] = a

foldrl op (a:b:x) = op a (foldrl op (b:x))
foldrl op [] = error "foldrl applied to []"

V V VYV

“force' applied to any data structure, returns it, but forces a check
that every part of the structure is defined. Exanple

hd(force x)
returns the hd of x, but fully evaluates x first (so x nmust be finite).
See also "seq'. Notice in particular the idiom seq (force a) b' which
returns “b' but only after fully evaluating "a'.

> force::*->* ||defined internally



“fst' returns the first conponent of a pair. See also "snd

> fstri(*,**)->*
> fst (a,b) = a

“getenv' |looks up a string in the user's UN X environnent. Exanple
getenv " HOWE"

returns the pathnane of your hone directory. [If you want to see what

else is in your UNI X environnment, say “printenv' as a UN X command. ]

> getenv::[char]->[char] | | defined internally

“hd' applied to a non enpty list, returns its first elenent. It is an
error to apply "hd" to the enpty list, []. See also “tI'

> hd::[*]->*
> hd (a:x) = a
> hd [] =error "hd []"

“hugenum is the largest fractional nunber that can exist in this
i mpl enentati on (should be around 1e308 for | EEE standard 64 bit floating
point, will be around 1e38 for the VAX). See also "tinynum.

> hugenum :num ||defined internally

“id is the identity function - applied to any object it returns it.

“index' applied to a (finite or infinite) list, returns a list of its
| egal subscript values, in ascending order. E.g. index "hippopotanus"
is [0,1,2,3,4,56,7,8,9, 10, 11].

> index::[*]->[ nuni
> jijndex x = f 0 x

> wher e
> fonl] =1]
> f n(a:x) = n:f(n+l)x
“init' is dual to “tl', it returns a list without its last conponent.
Exanpl e
init [1,2,3,4 =11,2,3].
See also 'last'. [Note, by the “dual' of a list processing function we
mean t he function which does the same job in a world where all lists

have been reversed.]

[1, if x=[]
a:init x, otherw se
o]

[
init (a:x) =
; r "init []"

VV VYV

init [] = e

“integer' is a predicate on nunbers. True if and only if the nunber is
not fractional

> integer::num >bool | | defined internally



“iterate' - iterate f x returns the infinite list [x, f x, f(f x), ... ]
Exanple, iterate (2*) 1 yields a list of the powers of 2.

> jterate:: (*->*)->*->[*]
> jterate f x = x:iterate f(f Xx)

“last' applied to a non enpty list returns its last elenent. Thi s
function is the dual of “hd'. Note that for any non-enpty list x
(init x ++ [last x]) = x

> last::[*]->* | | defined internally, as bel ow
[ast x = x!(#x-1)

“lay' applied to a list of strings, joins themtogether after appending
a newl i ne character to each string. Exanple

lay ["hello","world"] = "hello\nworld\n"
Used to format output thus,

| ay(map show x)
as a top level expression, causes the elenents of the list x to be
printed one per line. See also "layn', “lines'

> lay::[[char]]->[char]
> lay [] =[]
> lay (a:x) = at++"\n"++l ay x

“layn' is simlar to "lay', but produces output with nunbered lines.

> layn::[[char]]->[char]

> layn x = f 1x

> wher e

> fon[] =1]

> f n(a:x) =rjustify 4 (show n) ++") "++a++"\n"++f (n+l) x
"letter' is a predicate on characters. True if the character is a
letter.

> | etter::char->boo
> |letter ¢ = "a'<=¢c<="z" \/] "A <=c<='Z

“limt' applied to a list of values, returns the first value which is
the same as its successor. Useful in testing for convergence. For
exanpl e the followi ng Mranda expression conputes the square root of 2
by the Newt on- Raphson met hod

limt [x | x<-1, 0.5*(x + 2/x).. ]

limt::[*]->*
limt (a:b:x) =
=limt (b:x), otherw se

or "incorrect use of limt"

VV VYV

a, if a=b
[
limt other = err

“lines' applied to a list of characters containing newines, returns a

list of |lists, by breaking the woriginal into Ilines. The newine

characters are renoved fromthe result. Exanple, “lines' applied to
"hello world\nit's me,\neric\n"

returns ["hello world","it's me","eric"]. Note that “lines' treats

newline as a terminator, not a separator (although it will tolerate a



mssing '\n'" on the last line).
> lines::[char]->[[char]]
> lines [] =[]

> |ines (a:x) [T:1ines x, if a="\n'

> (a:x1):xrest, otherw se

> wher e

> (x1l:xrest) =1lines x, if x~=[]

> = [1:[]1, otherwi se

> | |this handles missing '\n" on last |ine
Note that the inverse of “lines' is the function “lay', in that applying
“lay' to the output of “lines' will restore the original string (except
that a final newine will be added, if mssing in the original string).

“ljustify' applied to a nunber and a string, left justifies the string
ina field of the specified w dth.

> |justify::num>[char]->[char]
> |justify n s = s++spaces(n - # S)

"log' applied to a nunber returns its natural logarithm(i.e. logarithm
to the base "e'). It is the inverse of the exponential function, “exp'.
See also 1 0gl0. Note that the |l og functions use a different algorithm
when applied to integer argunents (rather than just converting to float
first) so it is possible to take Iog, or |10gl0, of very large integers.

> | 0g: : num >num | | defined internally
"1 0ogl0' applied to a nunber returns its logarithmto the base 10.
> | 0g10: : num >num | | defined internally

“map' applied to a function and a list returns a copy of the list in
whi ch the given function has been applied to every el ement.

> map:: (*->*%)->[*]->[**]
>mp f x = [f a | a<-X]

“map2' is sinmlar to "map', but takes a function of two argunments, and
maps it along two argunent lists. W could also define “map3', "~ nmap4
etc., but they are much | ess often needed.

> m&lp2::(*->**->***)_>[*]_>[**]_>[***]
>map2 f xy = [f ab]| (ab)<-zip2 x y]

Note: the Bird and Wadler function “zipwith' is just an wuncurried
version of “map2', that is “zipwith f (x,y)' neans "map2 f x y'.

“max' applied to a list returns the largest el enent under the built in
ordering of “>'. Exanples
max [1,2,12,-6,5] = 12
max "hi ppopot armus” ="'
See also "min', “sort'.

u

> max: [ *]->*
> max = foldl 1 nmax2



“max2' applied to two values of the sane type returns the larger under
the built in ordering of '>'. See also “~mn2

>mx2 ab =a, if a>=b
= b, otherw se

“menber' applied to a list and a value returns True or False as the
value is or not present in the list.

> nenber::[*]->*->boo
> menber x a = or (map (=a) Xx)

“nerge' applied to two sorted lists nerges them to produce a single
sorted result. Used to define “sort', see |later

> nmerge :: [*]->[*]->[*] ||defined internally, as bel ow
merge [] y =y
merge (a:x) [] = a:x
nerge (a:x) (b:y) = a:merge x (b:y), if a<=b

= b:nerge (a:x) y, otherwi se

"mn' applied to a list returns its |east nenber under “<'.
> mnic[*]->*
>mn = foldl 1l nmn2

"mn2' applied to two values of the sane type returns the snaller under
the built in ordering of '<'.

> mon2:;;%->%->%
>mn2 ab b, if a>b

> a, otherw se

“nmkset' applied to a list returns a copy of the list from which any
duplicated elenents have been renpved. A list without duplications can
be used to represent a set, whence the nane. Wrks even on infinite

list, but (beware) takes a time quadratic in the number of elenents
processed.

> nkset []

> nkset::[*]->[*]
=[]
> nkset (a:x) =

a:filter (~=a) (nkset x)

"neg' is a function of one nuneric argunent, with the sane action as the

unary “-' operator.

> neg:: num >num
> neg x = -X

“num is the type conprising both integer and fractional nunbers (such
as 42, -12.73e8).

num:type ||primtive to Mranda



“numval ' converts a nuneric string to the corresponding nunber - can
cope with sign, decimal point and scale factor (uses sane rules as
M randa conpiler). Strings containing inappropriate characters cause an
error (exception - |leading white space is harmless).

> nunval ::[char]->num || defined internally

“or' applied to a list of truthval ues, takes their |ogical disjunction

> or::[bool]->boo
> or = foldr (\/) False

pi' is the well known real nunber (the ratio of the circunference of a
circle to its dianeter).

> pi::num
> pi = 4*arctan 1

“postfix' takes an elenent and a |ist and adds the el enent to the end of
the list. This is the dual of the prefix operator, *:'

> postfix::*->[*]->[*]
> postfix a x = x ++ [@]

“product' applied to list of nunbers returns their product. See al so
“suni .

> product:: [ nunm - >num
> product = foldl (*) 1

“read' returns the contents of file with a given pathnane. Provides an

interface to the UNIX filing system If the file is enpty "read
returns [], but if the file does not exist, or lacks read permssion
“read' causes an error. See also “filenonde', “getenv'.

> read::[char]->[char] ||defined internally

‘rep' applied to a nunber and a value, returns a list containing the

specified nunber of instances of the value. (The name is short for
“replicate'.) Exanple

rep 6 'o' = "ooooo00"
See al so “repeat’.

> rep::num>*->[*]
>rep n x = take n (repeat x)

‘repeat' applied to a value returns an infinite list, all of whose
el ements are the given val ue.

> repeat::*->[*]
> repeat X = Xs
> where Xs = X: XS

“reverse' applied to any finite list returns a list of the sane el enents
in reverse order.

> reverse::[*]->[*]



> reverse = foldl (converse(:)) []

“rjustify' applied to a nunmber and a string, right justifies the string
ina field of the specified w dth.

> rjustify::num>[char]->[char]
> rjustify n s = spaces(n - # s)++s

scan op r' applies “foldl opr' to every initial segnment of a list.
For exanple “scan (+) 0 X' conputes running suns.

> scan: : (*_>**_>*)_>*_>[**] _>[*]
> scan op = ¢

> wher e

> gr =(r:). rest

> wher e

> rest [] =[]

> rest (a:x) =g (opr a) X

There is another way to explain “scan', which nmakes it clearer why it is
usef ul . Let s0 be the initial state of an automaton, and
f::state->input->state, its state transition function - then “scan f sO'
is a function that takes a list of inputs for the automaton and returns
the resulting |ist of states, starting with sO.

“seq' applied to two values, returns the second but checks that the
first value is not conpletely wundefined. Sonetines needed, e.g. to
ensure correct synchronisation in interactive prograns.

> seq::*->**->** ||defined internally
show is a keyword denoting a family of operators for converting values

of different types to their print representations. See manual section
on “show for nore details.

“shownumi applied to a nunber returns as a string a standard print
representation for it. A special case of the operator "show . Applied
to fractional nunbers “shownumi gives 12 decimal places (less any
trailing zeros), using a format appropriate to the size of nunber. For
nore detailed control over number format see “showfloat', ~showscal ed'

> shownum : num >[ char] || defined internally,

“showfloat p x' returns as a string the nunber x printed in floating
point format, that is inthe form"digits.digits", where the integer
p (>=0) gives the nunber of digits after the deci nal point.

> showfl oat:: num >num>[char] || defined internally,

“showscaled p x' returns as a string the nunber x printed in scientific
format, that is in the form"n.nnnnnne[+/ -]nn", where the integer p
(>=0) gives the nunber of digits required after the decimal point.

> showscal ed: : num >num >[ char] || defined internally,

sin' is the trigononetric sine function, argument in radi ans.



> sin::num>num |]|defined internally
“snd' returns the second conponent of a pair.

> snd:: (*,**)->**
>snd (a,b) = b

"sort' applied to any finite list sorts the elenents of the list into
ascendi ng order on the built in'<' relation. Note that you cannot sort
a list of functions. Exanple

sort "hi ppopot anus” = "ahi noopppst u"
The follow ng definition uses nerge-sort, which has n log n worst-case
behavi our.

> sort::[*]->[*]
> sort x =x, if n<=1

> = nmerge (sort(take n2 x)) (sort(drop n2 x)), otherw se
> wher e

> n = #x

> n2 = ndiv 2

“spaces' applied to a nunber returns a list of that nany spaces.

> spaces: : num >[ char]
> spaces n =rep n ' '

“sqrt' is the square root function on (integer or fractional) nunbers.
The result is always fractional

> sqrt::num>num ||defined internally

“subtract' is a name for (converse) infix mnus. Needed because you
cannot form postsections in ~-'. (See manual entry on “sections'.)
Exanpl e

subtract 3
is the function that subtracts 3.

> subtract:: num >num >num
> subtract x y =y - X

“sumi applied to list of nunbers returns their sum

> sum : [ nuni->num
>sum= foldl (+) O

"sys_nmessage' is an algebraic type containing a famly of constructors
used to control output to UNIX files. See manual section on Qutput to
UNI X files for details.

> sys _nessage ::= Stdout [char] | Stderr [char] | Tofile [char] [char] |
> Closefile [char] | Appendfile [char] | System[char] |
> Exit num

“system applied to a string causes the string to be executed as a UN X
shell comand (by “sh'). The result returned is a 3-tuple, conprising
the standard_output, error_output, and exit_status respectively,
resulting fromthe execution of the UNI X cormand. See nmanual section on



Input fromUN X files etc for nore details.
> system:[char]->([char],[char],num ||defined internally

“take' applied to a nunber and a list returns the specified nunber of
elenents from the front of the list. |If the list has |less than the
requi red nunber of elenments, "take' returns as many as it can get.
Exanpl es

take 2 [1,2,3,4] =1[1,2]

take 7 "girls" = "girls"

> take: :num>[*]->[*] ||defined internally, as bel ow
take (n+l1) (a:x) = a:(take n x)

take n x =[], if integer n
error "take applied to fractional nunber", otherw se

“takewhile' applied to a predicate and a list, takes elenents from the
front of the list while the predicate is satisfied. Exanple:
takewhile digit "123gone" has val ue "123"

takewhil e:: (*->bool)->[*]->[*]
takewhile f [] =
takewhile f (a:x)

—
[a—

VV VYV

a.takewhile f x, if f a
[1, otherw se

“tinynum is the snallest positive fractional nunber that can be
di stinguished fromzero in this inplenentation (should be around le-324
for IEEE standard 64 bit floating point).

> tinynum:num ||defined internally

“tl' applied to a non enpty list returns the list wthout its first
el ement. Exanple, tl "snow' is "now

> tlii[*]->]%]
>tl (a:x) =X
>tl [] =error "tl []"

“transpose' applied to a list of lists, returns their transpose (in the
sense of matrix transpose - rows and columms are interchanged). Exanple
transpose [[1,2,3],[4,5,6]] =1[[2,4],[2,5].[3,6]]
The following definitionis slightly nore subtle than is at first sight
necessary, in order to deal correctly with “upper triangular' natrices.
Exanpl e
transpose [[1,2,3],[4,5].,[6]] =1[2,4,6],[2,5],[3]]

> transpose :: [[*]1]->[[*]]

> transpose x =[], if x'=[]

> = map hd x':transpose(map tl x'), otherw se

> wher e

> x' = takewhile (~=[]) x

It might be thought that this function belongs in a specialised library

of matrix handling functions, but it has been found useful as a genera
purpose list processing function, whence its inclusion in the standard
envi ronnent .



“undef' is a nane for the conpletely wundefined value. Any attenpt
access it results in an error nessage. Note that “undef' belongs to
every type.

> undef::*
> undef = error "undefi ned"

‘until' applied to a predicate, a function and a value, returns the
result of applying the function to the value the smallest nunber of
times necessary to satisfy the predicate. Exanple

until (>1000) (2*) 1 = 1024

> until::(*->bool)->(*->*)->*->*
>until f gx =x, if fx
> =until f g (g x), otherw se

“zip2' applied to two lists returns a list of pairs, formed by tupling
t oget her corresponding el ements of the given lists. Exanple
zip2 [0..3] "type" =[(0,"t"),(1,"y"),(2,'p).(3 "€)]
This function is often useful in list conprehensions, where it provides
an idiomfor accessing two generators simltaneously. For exanple the
foll owi ng expression returns the scalar product of x and y (x,y::[num)
sum[ a*b | (a,b) < zip2 x vy ]

> zip2::[*]->[**]->[(*,**)] ||defined internally, as bel ow

zip2 (a:x) (b:y) = (a,b):zip2 x vy
zip2 x y =[]

Note that if the lists being zipped are of different | engths, the length
of the result is that of the shortest list (this holds for zip2 and al
the following zip functions).

The function “zip3' is analogous but takes three lists and returns a
list of 3-tuples. Simlarly for “zipd4', “zip5', “zip6' - zip functions
above zip6 are not provided in the standard environnent.

zip3 (a:x) (b:y) (c:z) = (a,b,c):zip3 xvy z

zip3 xy z =1]]

zipd (a:w) (b:x) (c:y) (d:z) = (a,b,c,d):zipd wx y z

zipd wxy z =[]

zip5 (a:v) (b:w (c:x) (d:y) (e:z) = (a,b,c,d,e):zips5 v wxyz
zipsvwxyz=]]

zip6 (a:u)(b:v)(c:w(d:x)(e:y)(f:z) = (a,b,c,d,e,f):zip6uv wxyz
zip6 uv wxyz=/]]

VVVVVYVYVYV

The following is included for conpatibility with Bird and Wadl er. The
normal Mranda style is to use the curried form zip2'

> zipio([*], [**])->[(*,**)]
> zip (X,y) = zip2 xy
End of definitions of the standard environnent



29 Literate scripts ( an alternative comment convention)

The standard comment convention for Mranda scripts is that anything
rightwards froma pair of vertical bars to the end of a line is taken to
be conment and ignored by the conpiler, thus

|| This is a comrent

Everything else in the script is taken to be formal program text. An
inverted style of commenting is also available in Mranda, permtting
the construction of a "literate script" (the nane is taken from
Prof essor Donald Knuth's idea of "literate programming”"). In a literate
script EVERYTHING i s assuned to be comment, except for lines marked with
the formalising synmbol '>" in colum 1. For exanple the follow ng Iines

> fac 0 = 1
> fac (n+l) = (n+l)*fac n

would be taken as formal programtext - and could be preceded and/or
foll owed by sone narrative explaining what the factorial function is and
why we define it in this way.

To mininse the danger that you will accidentally omt the '>" from one
line of your formal text without the conpiler noticing that sonething is
wrong, the followi ng additional rule applies to Mranda literate scripts
- whenever a group of lines of fornmal programtext is preceded or
followed by sone lines of "narrative", the two types of text nust be
separated by at |least one blank line. You will see that this has been
done for the definition of factorial given above. (Definition - a
"blank Iine" is one containing only white space.)

Wthin the formal sections of a literate script the standard coment
convention still works. For exanple

> result = sum[fac n| n<- [1..50]] ||NBthis is a |arge number!

The conpiler takes a decision on which coment convention applies by
| ooking at the first line of a script. |If this has a'> in colum 1,
then it is a Iliterate script, otherwise the conpiler assunes it is a
conventional script. Typically the first line of a literate script wll
just be a coment, eg

> || This is aliterate script
In fact this manual section is a legal Mranda script, defining °fac'
and “result' (see first line).

An alternative convention is based on the name of the file - if this
ends in “.lit.m then it is assuned to be a Iliterate script,
i ndependently of the formof the first Iine. This makes it possible to
have literate scripts which begin in “narrative' node.

As an aid to nmaintaining good layout in literate scripts, a sinmple text
formatting program called “just' (short for justify), is supplied with
the Mranda system This |eaves untouched the formal sections of the
script and formats the narrative parts to specified width (default 72).



If you use "vi' to edit your scripts note that the “just' programcan be
called fromwithin the editor by saying, e.g.

11, $!j ust
[Warning - do NOT use “just' on non-literate scripts, it wll make a
mess of them]

There is a UNI X manual page for “just' which gives details of its
behaviour - to see the nanual page fromw thin Mranda say "!man just'.
Note that “just' is a general purpose text formatting tool, and is not
in any way M randa-specific.

As an additional aid to the wuse of docunent preparation tools in
conjunction with Mranda scripts, the Mranda conpiler will recogni se
underlined keywords. This applies both to reserved words, such as "diV'
and "nod' and to directives such as ‘% xport’ (underlining of the
initial "% is optional). The style of underlining accepted is
“backspace-underline-character' as generated by nroff/troff. It wll
al so recogni se the underlined synbols > and < as being equivalent to >=,
<= respectively. This works in both literate scripts and scripts using
the standard comrent convention

Note on % nsert and lite rate scripts

An % nsert directive in a literate script will be effective provided it
occurs in aline beginning with "> (otherwise it is a comment and will
be ignored). The inserted text may itself use either the standard or
the literate comment convention (decided by the nane of the file and
whet her or not its first line begins with '>").

Simlarly, text % nserted into a non-literate script may use either the
standard or the literate comment convention (again decided by the nane
of the file and the formof its first line).

Using LaTeX with Mranda literate scripts

Because of the “.lit.m convention it is possible for a file to be both
a Mranda script and a LaTeX source file. In such a case the sections
of formal Mranda text (recognised by the Mranda conpiler by the "> in
colum 1) will be surrounded by the LaTeX conmands

\ begi n{verbatint

\end{verbatin
A simlar arrangenent can be nade for troff.

This works fine - but you may wi sh to do even better, and have reserved
words in the Mranda text underlined in your printed docunent. The

program “motex' takes a ~.m file containing an ordinary Mranda
literate script, and creates a “~.tex' file of the sane nane, in which
various LaTeX conmmands have been inserted, including to wunderline

reserved words in programtext. See UN X nanual page for “ntotex' for
details. Note that the “.tex' file created by ntotex is not itself a
| egal Mranda script.

Acknowl edgenent s
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“nmtotex' programwas supplied by John Cupitt of the University of Kent.




Functi onal programming is still at an early stage of developnent and
some heterogenity of progranming style is therefore inevitable (and
desirable). Nevertheless a certain amount is known, and there is no
need for every newoner to functional progranmng to discover all the
pitfalls by trial and error. W give here a series of suggested
gui del i nes for good programmng style in Mranda. The list is not neant
to be exhaustive.

These rules are also not intended to be followed rigidly in all cases,
regardl ess of conflicting considerations. That is why they are only
suggestions for good style and not grammar rul es.

Avoi d the indiscrininate use of recursion

A Mranda script that consists of |arge nunber of functions which cal
each other in an apparently random fashion is no easier to understand
than, say, a piece of FORTRAN code which is witten as a rat's nest of
GOTO statements. An excessive reliance on recursion (especially nutual

recursion) can be an indication of a weak progranmng style. Sone
poi nters:
Use I|ist conprehensions, ' lists, and library functions, in

preference to ad-hoc recursion. For exanple it is probably clearer to
define factorial by witing
fac n = product[1..n]

than to define it fromfirst principles, as
fac 0 = 1
fac (n+l) = (n+l) * fac n

and to define the cartesian product of two lists by a list
conpr ehensi on, thus
cp x y = [(a, b)|a<-x;b<-y]

is certainly a lot clearer than the recursive definition
cp (arx) y =f y ++cp xy
wher e
f (b:y) =(a,b): fy
f 1 =11
cp [1 y =[]
The standard environnment contains a nunber of wuseful [|ist processing

functions (eg map filter reverse foldr foldl) with whose properties it
is worth beconing famliar. They capture comon patterns of recursion

over lists, and can often be used to sinmplify your code, and reduce the
reliance on "ad-hoc' recursion. Prograns using |ist conprehensions and
standard functions are also likely to run faster (on the current

i mpl enent ati on) than equival ent progranms using ad-hoc recursion

The standard environment is only a basic collection of wuseful genera
pur pose functions. As you get used to programming in Mranda you will
probably begin to discover other useful functions that express conmon



patterns of recursion (perhaps over data structures other than lists).

It is a good practice to collect such functions in |libraries (together
with sone explanations of their properties) so that you can reuse them
and share themwith others. Not all of themw Il survive the test of

time, but it cannot hurt to experinment.

To cause the definitions fromsuch a library to be in scope in another
script you would use a “%nclude' directive (see manual section on
library directives).

Avoi d unnecessary nesting of definitions

Scripts that get deeply nested in where-clauses are harder to
understand, harder to reason about formally, harder to debug (because
functions defined inside where's cannot be exercised seperately) slower
to conmpile, and generally nore difficult to work wth.

A well structured script wll consist of a series of top-Ievel
definitions, each of which (if it carries a where-clause at all) has a
fairly small nunber of local definitions. A third level of definition
(where inside where) should be used only very occasionally. [And if you
find yourself getting nested four and five levels deep in block
structure you can be pretty sure that your program has gone badly out of
control .]

A function should normally be placed inside a where clause only if it is
logically necessary to do so (which will be the case when it has a free
variable which is not in scope outside the where clause). If your
script consists, of say six functions, one of which solves a problem and
the other five of which are auxiliary to it, it is probably not a good
style to put the five subsidiary functions inside a where clause of the
main one. It is usually better to make all six top level definitions,
with the inportant one witten first, say.

There are several reasons for this. First that it nakes the program
easier to read, since it consists of six separate chunks of information
rather than one big one. Second that the program is nuch easier to
debug, because each of its functions can be exercised separately, on
appropriate test data, wthin a Mranda session. Third that this
program structure is nore robust for future devel opnent - for exanple if
we later wish to add a second "main' function that solves a different
problem by wusing the sane five auxiliary functions in another way, we
can do so without having to restructure any existing code.

There is a tenptation to use “where' to hide information that is not
rel evant at top-level. This may be m sguided (especially if it leads to
code with | arge and conpl ex where-clauses). |If you don't wsh all of
your functions or data structures to be "visible" fromoutside, the
proper way to do this is to include a “~% export' directive in the script.

Note also that (in the current inplenentation) functions defined inside
a "where" clause cannot have their types explicitly specified. This is
a further reason to avoid putting structure inside a where clause that
does not logically have to be there.

Specify the types of top level identifiers
The MIner type discipline is an inpressive advance in conpiler
t echnol ogy. It is also a trap for the unwary. The fact that the




M randa conpiler will accept several hundred lines of code wthout a
single type specification, and correctly infer the types of all the
identifiers does NOT nean that it is sensible to wite code with no type
i nformati on. (Compare: conpilers will also accept large progranms with
no conments in, but that doesn't make such prograns sensible.)

For other than fairly small scripts it is good style to insert an
explicit specification of the type of any top level identifier whose
type is not immediately appar ent from its definition. Type
specifications ook like this
ack: : num >num >num

says that “ack' is a function taking two nunbers and returning a nunber.
A type specification can occur anywhere in a script, either before or
after the definition of the corresponding identifier, but conmon sense
suggests that the best place for it is just before the corresponding
definition.

If in doubt it is always better to put in a type specification than to
leave it out. The conpiler may not need this extra type infornmation but
human beings definitely do. The extra type information becones
particularly inmportant when your code reaches the | evel of conplexity at
whi ch you start to nake type errors.

If your script contains a type error it is unreasonable to expect the
conpiler to correctly locate the real source of the error in the absence
of explicit type declarations. A type error neans different parts of
your code are inconsistent with one another in their use of identifiers
- if you have not given the conpiler any information about the intended
use of an identifier, you cannot expect it to know which of severa
conflicting uses are the "wong' ones. |In such a case it can only tel

you that sonething is wong, and indicate the [ine on which it first
deduced an inconsistency - which may be many lines later than the “real

error. Explicit type declarations make it much nmore likely that the
conpiler will spot the "real error' on the line where it actually
occurs.

Code containing explicit type information is also inconparably easier
for other people to read.

Use safe | ayout

This is a point to do with the operation of the offside rule. It is
nost easily explained by neans of an exanple. Consider the follow ng
definition, here assuned to be part of a larger script

hi ppo = (rhino - swan)/pi gl et

wher e
piglet = 17
rhino = 63
swan = 29

Sonme tine after witing this we carry out a global edit to expand
“hippo' to "hippopotanmus'. The definition nowlooks |ike this.

hi ppopotamus = (rhino - swan)/ pi gl et
wher e
piglet = 17
rhino = 63




swan = 29

t he where-cl ause has beconme of fside, and the definition will no |onger
conpi |l e. Wrse, it is possible (with a little ingenuity) to construct
exanpl es of |ayout where changing the length of an identifier will nove
a definition from one Ilevel of scope to another, so that the script
still conpiles but now has a different neaning!!! Repl acing an
identifier by a shorter one can cause simlar difficulties with layout.

The | ayout of the “hippo' definition was unsafe, because the |level of
i ndentation depended on the Iength of an identifier. There are severa
possi bl e styles of “safe' layout. The basic rule to follow is:

Whenever a right hand side goes on for nore than one |ine(because it
consists of a set of guarded cases, or because it carries a where | ause,
or just because it is an expression too big to fit on one line), you
shoul d take a newl ine BEFORE starting the rhs, and indent by sone tandard
amount (not depending on the width of the | hs).

There are two nain styles of safe |ayout, depending on whether you take
the newine before or after the "= of the definition. Here are two
possi bl e safe layouts for the "“hippo' definition

hi ppo =
(rhino - swan)/pigl et
wher e
piglet = 17
rhino = 63
swan = 29

hi ppo

= (rhino - swan)/pigl et

wher e
piglet = 17
rhino = 63
swan = 29

The reason that either style can be used is that the boundary, for
of fside purposes, of a right hand side, is set by the first synbol of
the rhs itself, and not by the preceding =" sign

Both of these layouts have the property that the parse cannot be
affected by wedits which alter the lengths of one or nore identifiers.
Ei ther of these layout styles also have the advantage that successive
| evel s of indentation can nove to the right by a fixed step - this nakes
code easier to read and | essens the danger that your layout wll “fall
off' the right hand edge of the screen (although if you follow the
advice given earlier about avoiding deeply nested block structure this
is in any case unlikely to be a problem.

It woul d be convenient if there was a programfor reformatting M randa
scripts with a standard |ayout. Apart fromensuring that the | ayout was
“safe' in the above sense, it mght nake it easier for people to read
each other's code. A layout programof this kind may be provided in
| ater rel eases of the system

Acknowl edgenent: The " hi ppopot anus' exanple (and the problem of unsafe



| ayout) was first pointed out by Mark Longl ey of the University of Kent.

Wite order independent code

When defining functions by pattern matching it is best (except in a few
cases where it leads to real clunsiness of expression) to nake sure the
patterns are nutually exclusive, so it does not nmatter in what order the
cases are witten.

For the sanme reason it is better style to use sets of guards which are
conposed of nmutually exclusive boolean expressions. The keyword
“otherwi se' sonetines helps to nmake this | ess painful

By way of illustration of some of the issues here is a good definition
of a function “nerge’ which conbines two already sorted lists into a
single sorted result, elin nating duplicates in the process

merge [] y =y

nmerge (a:x) [] = (a:x)

nmerge (a:x) (b:y)
a:nmerge x (b:y), if a<b
b:nerge (a:x) vy, if a>b
a:nmerge x y, if a=b

First note the use of mutually exclusive sets of patterns (it was
tenpting to wite "nmerge x [] = x' as the second case, but the above is
probably better style). Note also that we didn't use “otherwi se' as the
| ast guard here because it would have spoiled the synmmetry of the three
tests.

Arelated issue to these is that where a function is not everywhere
defined on its argunent type, it is good practice to insert an explicit
error case. For exanple the definition given in t he st andard
environnent for “hd', the function which extracts the first elenent of a
list, is

hd (a:x) = a

hd [] = error "hd []"

O course if a function is applied to an argument for which no equation
has been given, the Mranda systemw Il print an error nessage anyway,
but one advantage of putting in an explicit call to “error' is that the
programer gets control of the error nessage. The other (and perhaps
mai n) advantage is that for sonmeone else reading the script, it
explicitly documents the fact that a certain use of the function is
consi dered an error.

Note by the way, that for reasons of upwards conpatability with earlier

versions of Mranda, the keyword "if' in guards is optional - but it is
definitely better style to put it in. You can tell the conpiler to
treat missing "if' as a syntax error by using the command /strictif
(/nostrictif to undo) in a Mranda session. Once set this flag is

renmenbered for subsequent sessions.

bsol et e Language Features

Laws and strictness annotations (see nanual section on algebraic data
types) are no longer part of the Mranda | anguage. They will continue
to be supported by the conpiler for a transitional period, but should
not be taught to new users.




1. Input fromUNIX files etc

2. Qutput to UNIX files etc

3. Reading with interpretation ( readvals' and $+)
4. Using Mranda to build UNI X commands

5. How to change the default editor

6. How to alter sizes of workspaces

7. Flags, setup files etc

8. Environment variables used by Mranda

The following Mranda functions provide an interface to the UNIX file
systemfromw thin Mranda expressions:

read :: [char]->[char]

This takes a string valued argunent, which it treats as a UN X pat hnane,
and returns the contents of the file or device of that name, also as a
string (i.e. as a |list of «characters). There is no end-of-file
character, the term nation of the file is indicated sinply by the end of
the list of characters. The Mranda evaluation term nates with an error
nmessage if the file does not exist or the wuser does not have read
perm ssion for it.

A special case - the notation “$-' denotes the contents of the standard
input, as a list of characters. Note that nultiple occurrences of ~$-'
al ways denote a single shared input stream So for exanple ($ ++ $-)
reads one lot of data fromthe terninal and duplicates it.

filemode :: [char]->[char]
Takes a pathnane and returns a string representing the access
perm ssions of the current process to the file of that nane. The string
is enmpty if the file does not exist, otherwise it is of length four

containing, in order, the follow ng characters - 'd" if the file is a
directory, 'r' if it is readable, 'wW if it is witeable, "x'" if it is
execut able. Each character not applicable is replaced by '-". So for
exampl e "drwx" is the filenode of a directory wth all access

perm ssions, while "-rw" is the filenmode of a normal file with read and
wite but no execute perm ssion

getenv :: [char]->[char]
Looks up the string associated with a given nane in the current UN X
environnent (see nman (2) getenv in the UNI X manual systenm). For exanple
get env " HOWE"
returns the nane of the current hone directory. Returns the enpty

string if the given nane not present in the environnent.

system:: [char]->([char],[char], num



The effect of “systemstring' is that a UNIX process is forked off to
execute “string' as a shell comand (by "/bin/sh'). The result of the
call to "systeml is a triple containing the standard output, error
output, and exit_status, respectively, resulting fromthe execution of
the UNI X command. (The exit_status of a UNI X conmand is a nunber in the
range 0..127, wth a non-zero exit status usually indicating sone kind
of abnormal event.) Note that inspecting the exit_status will force the
Mranda process to wait until the execution of the shell conmand has
conpleted - otherwi se the two processes proceed concurrently.

If the attenpt to set up a shell process fails, “system returns the
result ([],errmess,-1), where errmess i s an error nessage.

WARNI NG - the function “systeml provides a very general interface to
UNI X. Qoviously, this can be abused to cause the evaluation of a
M randa expression to have side effects on the state of the filing
system It is not intended to be used in this way - “~systeml should be
used only to obtain information about the state of the world. If you
wi sh to change the state of the world, this should be done by placing a
"System nessage in your output list (see next nmamnual section).

Since reading data fromthe term nal would constitute a side effect, the
background process created by “systeni conmes into being wthits
standard i nput cl osed.

| mpl enent ati on Restriction
“read', “filenpde', “getenv', and “systeml all require their argunent
to be at nobst 1024 characters |ong.

Note on systemreading functions and referential transparecy

Al though “read', “filenpde', “getenv' do not have side effects, they are
not referentially transparent because it cannot be guaranteed that an
expression |ike

read "file"

wWill return the sane result if evaluated twice. Sone external event may
have changed the state of the filing systemin the meantine. Cearly
the sane problem applies to “systenmi - —consider for exanple the

expr essi on

system "dat e"
which gets date-and-tine as a string. Evaluating this twice in
succession is unlikely to produce the sane result.

Strictly speaking all calls to "read' and the other functions in this
section ought to be evaluated with respect to the state-of-the-world as
it existed before the evaluation of the given Mranda expression
conmenced. O herwise referentially transparent behaviour cannot be
guaranteed. Enforcing this would appear to require, anbng other things,
t aki ng a copy of the whole filing system before each Mranda
conmand- | evel evaluation. For obvious reasons this is not inplenented.



Since Mranda is a functional |anguage, the evaluation of an expression
cannot in itself cause a side effect on the state of the world. The
side effects occur when the value of the expression is printed. The
value of a command Ilevel expressionis alist of “system nessages'
where the possible forns of nmessage are shown by the following type
decl arati on,

sys_nessage ::= Stdout [char] | Stderr [char] | Tofile [char] [char] |
Closefile [char] | Appendfile [char] | System[char] |
Exit num

The system “prints' such a list of nessages by reading it in order from
left to right, evaluating and obeying each message in turn as it is
encountered. The effect of the various nessages is as follows.

Stdout string
The list of characters “string' is transnmtted to the standard out put,
which will normally be connected to the user's screen. So for exanple
the effect of obeying

[Stdout "!11"]
is that three exclamati on marks appear on the screen

Stderr string

The list of characters “string' is sent to the standard error output.
[ Expl anation to those unfamiliar with UNI X stream phil osophy: all normal
UNI X processes come into existence with a standard input stream and two
out put streans, called standard out and standard error respectively.
Under normal circunstances standard error and standard out are both
connected to the users screen, but in principle they could be connected
to different places.]

Tofile fil string
The characters of the string are transmtted to the file or device whose

UNI X pathnane is given by "fil'. Successive "Tofile' nessages to the
same destination are appended together (i.e. the first such nmessage
causes the file to be opened for witing, and it remains open until the
end of the whole nessage list). Note that opening a file for output

destroys its previous contents (unless preceded by an " Appendfile'
nmessage, see bel ow).

Closefile fil

The stream which has been opened to the file "fil' (presumably the
subj ect of sone previous “Tofile' nessages) is closed. If “fil' was not
in fact open this command has no effect (i.e. is harmess). Al
open-for-output streans are automatically closed at the end of a
nessage-list evaluation, so it is only necessary to invoke “Closefile'
explicitly if you wwsh to termnate output to given file during a
nmessage-list eval uation. (One reason why you might want to do this is
SO0 as not to have too nmany output files open at one tinme, since nany
UNI X systenms place a linmt on the nunber of streanms which a process can
have.)

Appendfile fil
I f obeyed before any "Tofile'" nessages to destination "fil', causes the
file to be opened in "append-npde', so its previous contents are added
to, instead of being repl aced.



System string
Causes “string' to be executed as a shell command (by “/bin/sh') at this
point in tine. Enables arbitrary UN X comands to be invoked from
within a Mranda output list. The shell process cones into being wth
its streans (standard input, standard output, standard error) inherited
fromthe Mranda process.

Exit num

Causes the UNI X process evaluating the nessage list to termnate at this
point with exit status “num (an integer between 0 and 127). The
remai ni ng nessages in the list (if any) are discarded. The exit status
of a Mranda evaluation which term nates other than by a call to Exit
will be Oif it term nates successfully or 1 if it encounters a runtine
error. The exit status is only relevant if you are using Mranda to
i mpl enent a stand-al one UNI X conmand (see separate nmanual page about
this).

[ Expl anation: the exit status of a UNIX conmmand is a one byte quantity
which 1is comunicated back to the calling shell and can be tested by it
- the usual convention is that 0 exit status means all ok, anything el se
means something was amiss. |If you are not into shell progranmm ng you
can safely ignore the whole issue.]

The default nmessage wr apper

W have stated above that the value of a command [|evel expression is
expected to be of type '[sys_nessage]'. Oherwise it is converted to a
list of messages by applying the default nessage w apper,

wrap x = [Stdout Xx]
This requires that x be a string - if not, the operator “show s
applied to x to convert it into a printable representation

This explains how the Mranda systemis able to function in its standard
“desk-cal cul ator' node. Wen you type, say " 2+3', the conpiler notices
that this is not of type [sys_nessage] and silently converts it to

[ Stdout (show(2+3))]
bef ore obeying it.

Qut put redirection

A Mranda command of the form
exp &> pat hnane

causes a background process to be set up for the evaluation of “exp',
with both the standard output and the standard error output of the
process redirected to “pathnane'. The expression is coerced to be of
type [sys_nessage] using exactly the same rules as in the standard case.
If the value of “exp' is an explicit list of nessages, the destination
of “Tofile'" nessages are unaffected by the global redirection (only
messages which would otherwise have gone to the screen are sent to
pat hnang').

If two (blank separated) pathnanes are given after the “&', standard
output is redirected to the first file and standard error to the second.
Thus:

exp & outfil errfil



If the "&' is replaced by a "&>', instead of overwiting the previous

contents, the relevant output is appended to the end of the file. Thus:
exp &> pat hnane(s)

As with the “&' comuand, either one or two pathnanes can be given

dependi ng on whether you wi sh standard error to be nerged with standard

out, or separated fromit.

Not e that a background process created by a ~&' or “&>' conmmand has no
standard input - if the expression contains '$-', the latter wll
evaluate to "[]'

| mpl enent ati on Restrictions

Argurents representing pathnanes (to Tofile, Appendfile, Cosefile) are
restricted to 1024 characters in length - pathnanes |onger than this
cause an error nessage. The shell command supplied to System is also
restricted to 1024 characters in | ength.

There is a function readvals which takes a string representing a UN X
pat hname, and returns a list of values found in the file of that nane.
The val ues may be represented by arbitrary Mranda expressions, witten

one per line. Blank lines, and Mranda style coments (|]|...) are
ignored. If the input file appears to be a teletype, readvals reacts to
syntactically incorrect or wongly typed data by pronpting the user to
repeat the line, and such bad values are onmtted fromthe result |[ist.

If the input file does not appear to be a teletype, bad data causes
readval s to abort with an error nessage.

Note that, simlarly to show

(i) readvals is a reserved word, not an identifier

(ii) the context in which it is used nust be such as to determine its
type nononorphically. Extra type specifications may be needed in the
script to nmeet this condition

Here is a sinple exanple of how r_ e a d_v_a |_s mght be used in

a script
X i [ num
X = readval s "data"
The file “data' should contain expressions of type num (one per line).

The readval s function provides Mranda wth a sinple

form of data

persistence - data can be witten to a file (e.g. using "show )and read

back using readvals in a later session. Data objects saved in this way
nmust of course be finite. Notice also that if you wish to save data
contai ning functions, you will have to set up sone special arrangenent,
since such data cannot be witten out using ~show .

Data of abstract type can be witten to file using show and read back
with readvals - provided that an appropriate show functi on was i ncl uded




in the signature of the abstract type (see manual section on abstract
types).

Finally note that $+ behaves exactly like an application of readvals to
the nanme of the file to which the standard input is connected. For
exampl e

sum $+
read a sequence of nuneric expressions fromthe keyboard (one per |ine)
up to the next control-D, and then returns their sum

FI RST METHOD (using a " here docunent')

Create a file ("prog' say) containing the follow ng
mra [script] <<!

expl

exp2
Remenber to nake the file executable (by saying “chrmod +x prog'). Now
when “prog’ is executed as a UNI X cormmand, the result will be that the
mranda expressions “expl', ‘“exp2' ... wll be evaluated in the
environnent defined by “script', and the results sent to the standard
output. As usual, if “script' is onmitted, a default nane “script.m is
assuned. The text following the special redirection "<<!' is called a
"here-docunent”. The contents of the here-docunent are fed to the mra

command in place of its standard input. (So anything you would type to
the mranda systemat top | evel can appear in the here docunent.)

Her e- docunents are a nornal feature of UNI X, not sonmething special to

m r anda. Mranda's only contribution to making this work smoothly is
that it detects when its input is not conming from a terminal, and in
this case suppresses pronmpts and other extraneous feedback. Note also
that lines beginning °||' are ignored by t he M r anda command

interpreter, which gives a way to include conments in the text of the
her e- docunent .

The program “prog' mght be invoked with one or nmore argunments, for
exanpl e,

prog big 23
In the here-docunment, ~$1' <can be used to denote the first argument,
"$2' the second and so on - in this case “bhig" and "23" respectively
will be textually substituted for these before the here-docunment is fed

to mra as input. Argunents not present are replaced by enpty text.
O her replacenents carried out on the text of the here-docunent are -
"$*' is replaced by all the argunments together, as a single piece of
text, “$# is replaced by the nunber of arguments present (2' in the
case shown above), and "$0' is replaced by the name of the program being
executed (in this case "prog'). |If the here-docunment contains instances
of *$ which you don't want replaced by sonething (for exanple inside a



Mranda string), you have to escape them by preceding themwth a
backsl ash character

The drawbacks of conmands built in this way are two - (a) they have no
way of taking information fromthe term nal during execution (because
t he here-docunment replaces the standard input) and (b) the nethod of
access to conmand |line argunments is clunmsy. These problens are overcone

by:
SECOND METHOD (using a "magic string')

Create a file (" prog' say) containing a normal miranda script, but wth
the first two [ines in the follow ng form

#! Jusr/local/mra -exp

<expressi on>
The renmminder of the file can be any legal mranda script, including
that it can be enpty. Renmenber to give the file execute perm ssion (by
saying “chnbd +x prog'). Now when “prog' is executed as a UNI X conmand,
the result wll be that the mranda expression ~<expression> s
evaluated in the environnent defined by the rest of the script, and the
results sent to the standard output. Note that only a single expression
is permitted, and it must occur entirely on the second line of the file.
The formof the first Iine is rigid - the three initial characters nmnust
be “#', '!'" and space, followed by the absol ute pathname of the niranda
interpreter. The flag "-exp" 1is necessary and no other flags are
al | oned here.

[Warning: if you omt the “-exp' flag you can get sone very strange
errors when you try to execute the file, e.g. a spurious conplaint that
the "mira' programhas been installed with the wong pernissions.]

A command of this formcan take data fromthe terminal. The notation
"$-' can be used anywhere in the second and later lines of the file to
denote the list of characters taken fromthe standard input. (That is

“$-' behaves like a Mranda identifier of type [char].)

The conmand can be invoked with argunments, eg

prog pig 23
and the notation “$*' can be used in the script as a Mranda identifier
of type [[char]] denoting the argument list, with the convention that
the initial (zero'th) argument is the nane of the coormand. So in this
case the value of “$*' would be

["prog”, "pig","23"]
O course, if there are no arguments, " $*' will be a singleton |ist
contai ning just the comand nane.

Expl anati on
The Iine beginning "#!' is a standard UNI X i ncantation, called a “nagic
string', indicating that the following pathname is to be used as a

conmmand interpreter with the nanme of the file in which it occurs as its
argunment (see under “execve' in section 2 of the UNI X manual). The flag
"-exp" advises the Mranda systemto expect a special script, of the
above form containing an expression to be evaluated as its second |ine.

[Notes to system admini strators:
(1) In some versions of UNI X “execve' places a linmt (typically 32
chars) on the total length of the “magic string'.



(2) Because the UNX “execve' programpernits at nost one flag in a
magi ¢ string, it is not possible to give a “-lib' flag to mra in
conjunction with a "-exp' flag. This is a possible source of difficulty
if you keep the miralib directory at a non-standard place. One  way
round this is to set the environment variable MRALIB, instead of using
a -lib" flag. See nmanual section on flags etc.]

Exanpl e
The following script is a Mranda version of the UNIX “cat' command -
if it is invoked without argunments it sinply copies its standard input
to its standard output, otherwise it concatenates the contents of its
argunent files to the standard out put.

#! Jusr/local/mra -exp

out put
output = [Stdout $-], _ i_f tI $ =[]
= [Stdout (concat(map read(tl $*)))], i _ f badargs=[]

= [Stderr (concat(map errness badargs)f], ot herw se
badargs = [f|f<-tl $*; ~nenber(filenmode f)'r']
errness f = f++": cannot access\n"

See al so the manual pages on input from UNIX files, output to UNX
files, for the explanation of “read', “filennde', and the constructors
Stdout, Stderr etc.

The rule that Mranda source files nust have names ending in ".ni' does
not apply to scripts in this special form (in keeping with the UN X
convention that the nanes of executable prograns require no special
ext ensi on) .

Enbarrassi ng Pause
A drawback of the way Mranda #! scripts are currently inplemented is

that such a script is reconpiled each tine it is used - if the script is
large this can lead to an irritating delay each tine the program is
execut ed. This can be mninsed by placing as many as possible of the
definitions needed by the #! file in a separate script and % ncluding
them (see section on library directives). These definitions will then
not be reconpiled at each invocation, but retrieved from the

correspondi ng object code file.

The Mranda /e conmand (see nanual page on command interpreter) invokes
an editor. By default this is the standard UNI X screen editor "vi". |If
you don't like "vi", or would prefer to use another weditor, this is
easi |y arranged.

The M randa conmand
/ edi tor

reports the editor currently in use by the Mranda system To change
it, just say



/editor foo

where "foo" is the name of the editor you wsh to use instead.

Alternatively, when next invoking the mranda system from UNI X you can

supply it with a flag requesting a specific editor by nane, as follows:
mra -editor foo ..

In either case it is only necessary to do this once, since the Mranda
system stores such information permanently. (It does this in a file
called ".mrarc" in your hone directory - you should not renobve or
tanper with this file).

More advanced i nformation
The interface between the Mranda systemand the editor is inproved if
there is a way of telling the editor to open a file wth the cursor
positioned at a specified line nunber. For exanple to nake the editor
vi' open a file at line 13, the UNIX conmand is

vi +13 file
the Mranda systemhas built in knowl edge of this, so if the installed
editor is “vi' and the conpiler has found a syntax error in the script,
the Mranda "/e' conmmand will open the script at the |ine containing the
error.

To retain this ability when substituting another editor for “vi', you
must supply the “/editor' conmand with the tenplate of a UNI X comand
for invoking your editor at a given line nunber. In this tenplate the
line nunber is represented by the character "!' and the filenane by the
character "% . For exanple the full tenplate for “vi' would be supplied
to Mranda in the follow ng way

/editor vi + %

If the "% character does not occur in your tenplate, Mranda wll
assune that the name of the file is to be added to the end of the
conmand, as its final argument. So the tenplate for “vi' could equally
wel | be given as

/editor vi +!

As anot her example, the appropriate command for installing mcro-enacs
as the resident editor is
/editor ue -g!

If you install an editor without the <capability to be opened at a
specified line nunmber (i.e. you cannot give a tenplate for it
containing the "!' character), the /e comand loses its ability to "go
to the right place" after an error, and the “?? command wll be
disabled ("??identifier' asks the Mranda systemto open the relevant
source file at the definition of the given identifier.)

The Mranda systemw ||l work perfectly well wthout either of these
features, but there is a significant loss of power in the user
interface. If you intend to use the Mranda systema lot, you should

either contenplate learning an editor wth an open-at-I|ine-nunber
feature (such as vi, or mcro-emacs), or else |obbying the person who
mai ntains your usual editor, if you have access to him to enhance its
interface to UNI X by adding an “open at line nunber' flag to its conmand
l'ine.



If your installed editor lacks the "open at line nunber' feature, you
may find it convenient to have the script listed to the screen during
conpilation (this feature of the conpiler can be switched on and off by
the commands “/list', “/nolist'). As an assistance to naive users, the
M randa systemturns on /list' for you if the “/editor' comand is used
toinstall an editor without the “open at |ine nunber' feature.

[ Pat hol ogi cal case:

"What do | do if the name of ny editor contains a '!' or a "%
character?" You escape it with a backslash, so if the nanme of your
editor is “ohlcalcuttal', to install it in Mranda you nust say

/editor oh\!cal cutta\!

end of pathol ogi cal case]

The M randa systemuses two nmin internal workspaces called "heap" and

"dic". If either overflows during a session, a self explanatory error
nmessage is given. The sizes of both areas may changed by the wuser if
required. Any change nmade is remenbered thereafter and for subsequent

sessions until counternanded.

The heap contains alnost all the data structures created both by the
M randa conpiler and the evaluation system To conpile and/or run very
| arge scripts you may need a bi gger heap. To find out (change) the
current size of the heap say

/heap (or /heap newsize e.g. / heap 50000 )

The heap size nmay also be altered by using a flag (see below. You
should be aware that running Mranda processes with a very |large heap
may give you slower responses, and in a nulti-user virtual nenory
environnent is likely to be regarded as anti soci al

The dictionary is used to store identifiers and file names by the

Mranda conpiler. It is unlikely that you will need to change the size
of the dictionary. The current size of the dictionary can be
ascertai ned by the conmand

/dic

it cannot be changed dynamcally, fromwithin the Mranda system To
alter the dictionary size use a flag (see next para).

The sizes of either or both areas may be set by flags when invoking the
m randa system The foll owi ng shows both possibilities
mra -dic 50000 -heap 100000 [script]

Note that the size of the heap is given in “cells' (acell is 9 bytes,
currently) and the size of the dictionary is in bytes.

The nost recent settings of the workspace sizes are stored in the file
"“.mrarc" in the users hone directory, and autonmatically carried over to



t he next mranda session.

(This section may be of particular interest to installers and system
adm ni strators)

The full formof the "mira" conmand is
mra [flags...] [script]
this conmand causes a Mranda session to be entered with the given file

as current script. If no script is specified a default filenane
“script.m is assunmed. The specified file need not yet exist - in this
case you wll be starting a Mranda session with an enpty current
script.

Note that “.m is the standard extension for Mranda |anguage source
files - the mira command always adds the ".m extension, if missing, to
any filename argunent denoting a Mranda script.

The avail able flags are:

-li b pat hnane
Tells mra to look for mralib (the directory containing libraries,
manual pages etc.) at “pathnane' instead of in the wusual places,
“fusr/lib/mralib'" or “/usr/local/lib/mralib'. Can also change this by
setting an environment variable, see bel ow.

_gC
Swi tches on a flag causing the garbage collector to print information
each tinme a garbage collection takes place. This flag can also be
switched on and off fromwithin the mranda session by the commands
“/gc', “/nogc'.

- count
Switches on a flag causing statistics to be printed after each
expression eval uation. This flag can al so be switched on and of f from

within the mranda session by the comands “/count', °/nocount'.

-1i st

-nol i st
Switches on (off) a flag causing Mranda scripts to be listed to the
screen during conpilation. This flag can al so be switched on and off
fromwi thin the mranda session by the commands “/list', “/nolist'.

-strictif

-nostrictif
Swi tches on (off) a flag causing the Mranda conpiler to enforce the
presence of the keyword "if' in guard syntax. By default the presence
of the "if' is optional, for wupwards conpatability wth earlier
versi ons. This switch is also available fromwi thin a niranda session
by the commands “/strictif', “/nostrictif'.

- hush



- nohush

The mranda system decides whether or not to give pronpts and ot her
feedback by testing its standard input with “isatty'. |If the standard
i nput does not appear to be a ternminal it assunes that pronmpts would be
i nappropriate, otherwise it gives them |In either case this behaviour
can be overriden by an explicit flag ("-hush" for silence, "-nohush" for
prompts etc). This switch is also available from within a niranda
session by the commands “/hush', °/nohush'.

-dic SIZE
Causes the dictionary (used by the conpiler to store identifiers etc.)
to be set up with SIZE bytes instead of the default 24kb

-heap SIZE
Causes the heap to be set up with SIZE cells instead of the default
(currently 20k). This can also be done fromwi thin the mranda session
by the command “/heap SIZE'. A cell currently occupies 9 bytes.

-editor nane
Causes the resident editor (initially “vi', unless the environment
variable ED TOR was set to sonething else) to be "name' instead. This
can al so be done fromwi thin the mranda session by the conmand "/editor

nane .

SPECI AL CALLS

In addition the followi ng special calls to "mra' are available which
do not enter a Mranda session but acconplish another purpose, as
descri bed bel ow.

mra -man
To enter the mranda online manual systemdirectly fromthe UNI X shell.

mra -exp
Special call permitting the use of mranda script as a stand-alone UN X
conmand. See separate nmanual page for details.

mra -make [sourcefil es]
Forces a check that all the nmiranda source files |isted have up-to-date
obj ect code files, triggering conpilation processes if necessary (see
manual section on separate conpilation).

mra -exports [sourcefiles]
Sends to stdout a list of the identifiers exported (see manual section
on library directives) fromeach of the given niranda source files,
together with their types (nay also force reconpilation if needed).

mra -sources [sourcefiles]
Sends to stdout a list of all the Mranda source files on which the
given source files directly or indirectly depend (via % nclude or
% nsert statenents), excluding the standard environnent <stdenv>.

mra -version
Prints version information. This information can al so be obtai ned from
within a Mranda session by the conmand “/version'.

SETUP FI LES



The current settings of dic, heap and editor are saved in the file
“.mrarc' in the users hone directory, and are thereby carried over to
the next niranda session. The settings of the conmpiler flags which
control whether or not source is listed to the screen during conpilation
(toggled by the conmands /list/nolist during a Mranda session), and
whet her or not the keyword "if' in guards is enforced (toggled by the
conmmands /strictif /nostrictif during a Mranda session) are also saved
in the users “.mrarc' file.

The default settings of these entities, which will be picked up by new
users, executing "mra'" for the first tine, are dic 24000 (bytes), heap
20000 (9-byte <cells), editor _ v_ i, nolist, nostrictif. The
current

settings can be interrogated, during a Mranda session by the comrand
“/settings'

The defaults can be changed, on a system w de basis, by nobving a copy of
a ~.mrarc' file containing the desired settings into the "mralib
directory (normally found at /usr/lib/mralib). The wuser's loca
.mirarc file, once created in his hone directory by the first call to
mra, will override the global one, however.

The behaviour of the "mira'" programis also sensitive to the settings of
certain environnent variables - see separate manual entry about this.

OQUTPUT BUFFERI NG

Qutput fromthe Mranda systemto the user's ternminal should not be
line buffered, or sone things will not work as they are intended. There
is no problem about input being |line buffered, however.

(This section may be of particular interest to installers and system
adm ni strators)

The behaviour of the "mira" programis sensitive to the settings of
certain environnent variabl es.

An alternative location for the miralib directory may be specified by
setting the environment variable "MRALIB'. An explicit -lib flag, if
present, overrides this.

The first time it is called (i.e. if no .mrarc file is present, either
in the home directory or in mralib) the mranda system picks up the
nane of the resident editor fromthe environment variable EDITOR - if
this is not set it assunes “vi'

If the environment variable RECHECKM RA is set (to any non-enpty string)
the Mranda system rechecks to see if any relevant source files have
been updated, and performs any necessary reconpilation, before every
interaction wth the user - this is the appropriate behaviour if an (eg
emacs) editor window is being kept open pernmanently during the Mranda
sessi on. If this environnent variable is not set, the check is



perfornmed only after “/e' commands and "!' escapes.

To decide what shell to use in "!' escapes, mra looks in the
environnent variable SHELL (this will normally contain the name of the
user's login shell). If no SHELL is entered in the environment, /bin/sh

is assuned.

For displ ayi ng pages of the manual mira uses the programentered in the
environnent as VIEWER - if this variable is not set it uses either
“fusr/ucb/nmore -d' (Berkeley UNIX) or “/usr/bin/pg -e' (systemb5).

The manual reading systemis also sensitive to the settings of two other
envi ronnent variables, MENUI EVER and RETURNTOVENU. |f you set VIEWER
to something else, you may also need to set the environnent variable
RETURNTOVENU. More infornmation about this may be obtai ned by typing ???
to the "next selection" pronpt of the manual system

The manual systemclears the user's screen before displaying a contents

page and before each invocation of VIEWVER - it finds out how to do this
by looking in the terntap (Berkeley UNIX) or termnfo (system 5)
dat abase. If there is no appropriate TERMCAP/ TERM NFO entry in the

envi ronnent a warni ng nessage is printed each tine you enter the nanual
system

How to set an environnent variable in your UN X shell
(Remi nder/tutorial infornmation)

Exanpl e, setting the environment variable VIEWER to /usr/l ocal/view

(i) if you use the Bourne shell (usual on system 5)
say at the UNI X command | evel (i.e. before calling Mranda)

VI EWVER=/ usr /| ocal / vi ew; export VI EVER
to nmake it pernanent add this Iine to your .profile

(ii) if you use the C shell (usual on Berkeley UN X)
say at the UNI X command | evel (i.e. before calling Mranda)

setenv VI EVWER /usr/ | ocal /vi ew

to undo the above say "unsetenv VI EVER ,
to make it pernanent add the setenv line to your .login

This section catal ogues the main changes to the Mranda system between
rel ease one (of April 1987) and this release, which is rel ease two (of
August 1989). Al relevant sections of the manual have been revised to
take account of these changes.

1. Non-upwards conpatibl e changes <-- PLEASE READ!
2.  New | anguage features



3. New system features
4, Howto rewite scripts containing |aws and strictness annotations
5. Release history

Rel ease two has a nunber of significant new features - see next two
sections - but nost release one scripts should reconpile and run with
none or only trivial changes needed. The small nunber of non-upwards

conpati bl e changes are |listed here.

1) Algebraic data types with |laws (equations for constructors in ~=>")
and wth strictness annotations ("!' witten after some of the fields)
are no longer officially a part of Mranda. Language sinplification
For a transitional period (ie at least until release three) the compiler
will still conpile these correctly, but an “obsolete feature' warning is
now given. A separate manual section sketches you how you can rewite
your scripts to renove these features, if you wish to do so.

2) For conpatibility with Bird and Wadler(*) an (optional) keyword ‘if'
has been introduced after the guard coma. Thus
abs x = x, if x>=0
= -X, otherw se

Since the "if' is optional, the change is upwards conpati ble - except in
one respect, NAVELY THAT “if' HAS BECOVE A RESERVED WORD (sorry!). | f
you were wusing "if' as the name of a conditional function in your
scripts, we suggest you change its name to “cond', or “test'.

3) Changes to the standard environnent.
i) The definition of "foldl' has been changed to be the sanme as that in
Bird and Wadl er, renmpving a serious cause of confusion. Uses of the old

foldl will be picked up by the conpiler as a type error. The change
needed is trivial - the operator supplied to foldl now takes its two
argunents in the opposite order. The quickest way to fix this is to
repl ace each occurrence of “foldl op ..." by “foldl (converse op) '

ii) The foll owi ng new nanes have been added to the standard environnent.
converse foldl 1l foldrl fst hugenum | ogl0 nmap2 nax2 nerge
nm n2
scan showfl oat showscal ed snd systemtinynum zip
See standard environnent for docunentation. |If you are have defined one
of these identifiers at top-level in a script the conpiler will report a
nanecl ash. There is also a new reserved word, “readvals' (see ~New
| anguage features').

4) A missing °, otherwi se' now generates a syntax error, rather than
a war ni ng.

5) Mranda now stores integers in a different internal representation
from floating point nunbers. Bot h ki nds of nunber are both still of
type “num for typechecking purposes, and there is an automatic runtine
coercion from integer to floating point when required. This nmakes the



change upwards conpatible in alnost all cases. However, °“div', ~nod
and °"!' (subscripting) nowgive a runtine error if applied to floating
poi nt arguments: “fractional nunber where integer expected

If you get unexpected errors of this kind, the nost |ikely cause is
witing /' (fractional division) where you should have “div' (integer
division). Exanple: “8/4' is 2.0, whereas "8 div 4' is 2. Since there
is now a distinction between 2.0 and 2, you can no |longer use “/' where
“div' was intended.

6) The default nunber printing function, ~shownuni, now prints
fractional nunbers to 12 decimal places, but wth trailing zeroes
suppressed, instead of a fixed 6 places. (Since Mranda uses double

precision real arithmetic, it seenms misleading to show only six places.
You can always say "showfloat 6' if you want the ol d behaviour.)

Nurrer ous mi nor bugs have also been fixed, including all the bugs
reported by user sites. These are not listed here, since we assune that
failure to preserve bugs will not be regarded as a violation of upwards
conpatibility (!)

Note that a quick way to reconpile all the Mranda scripts in the
current directory is to say

mra -make *. m
as a UNI X command. Reconpiling your scripts will be sufficient to pick

up all instances of problens 1) to 4) above, as syntax or type errors.
Problem5), if present, will show up as a runtine error

(*) Richard Bird and Philip Wadler "~“An Introduction to Functiona
Programming'' Prentice Hall International, March 1988.

1) The %ree directive, supporting paranetrised scripts, has been
i mpl enent ed. See new nmanual page in the manual section on the library
mechani sm

2) Local definitions can now be pol ynorphic, and used at nore than one
type in the body of the where clause. That is, there is now no
di fference between |ocal definitions and top-level ones, as regards
their right to wuse polynorphism This change is conpl etely upwards
conpati ble, but renpves a long standing anomaly in the type system
whi ch several people have conplained about. As a side effect of the
changes to the conpiler made to bring this about, the conpilation of
large where clauses is now nore efficient (i.e. takes less tine, and
produces better code, than before).

3) Integers are now held in a distinct internal representation from
floating point nunbers - integers can be of unbounded size and are not
subj ect to rounding error. The internal representation of floating
poi nt nunbers is double precision (circa 17 decimal digits of accuracy).



A nuneric literal is integer if it contains neither a decinal point nor
a scale factor, otherwise it is floating point. Both kinds of nunber
are still of a single type, "numi as far as the typechecker s
concerned, and there is an automatic run-tine conversion frominteger to
floating point when required.

The change is upwards conpatible except in the following two respects.
(i) It is now a (run-tine) error to use a floating point nunmber for
subscripting a list (x!n), or as an argunent to the integer division
operations “div', "mod'. (ii) The fractional division operation /' now
al ways produces a floating point result.

In connection with the inmprovenents to Mranda's arithmetic t he

foll owi ng have been added to the standard environment
hugenum ti nynum | 0g10 showf | oat showscal ed

See coments in standard environment for explanation

4) The definition of irrefutable pattern has been nodified, to treat
user-defined single constructor types honbgenously with tuple types.
(So any type with only one constructor is now a product type.) See
paragraphs on irrefutable patterns at end of section 16 in the nmanual
for a description of Mranda's anended policy on product types.

5) There is an additional convention for literate scripts - that if the

nane of the file containing a Mranda script ends in “.lit.m, it mnust
contain a literate script. This nakes it possible to start a literate
script in “narrative node' - so it could be eg a LaTeX source file.

6) The % nsert directive now works in literate scripts as well as in

scripts using the standard comrent convention. The % nserted text need
not use the same comment convention as the containing script.

7) The additional notation “-identifier' is nowallowed in an % export
list. It has the effect of subtracting the identifier fromthe |ist of
t hi ngs exported (see manual section on library directives).

8) The interface to UNI X has been nmade nore powerful by the addition of
two new functions - “systeml and “readvals'. These are docunmented in
the manual section on UNI X/ M randa systeminterface.

The function “systeml takes a string and returns the result of executing
it as a UNl X shell command. See manual section on Input fromUN X files
etc for details.

The function “readvals' which takes a string denoting a UNNX file, and
reads from the file a list of Mranda values. Note that for technica
reasons "readvals' is a reserved word, not an identifier. Special case
- the notation ~$+' reads values fromthe standard input. See nanual
page on "readvals' and “$+' for details.

9) The notation $- for the standard input is now permtted in scripts as
well as in conmand | evel expressions. (Likew se $+).

32/3 New system features



The conpiler's treatnment of undefined nanes has been nodified - they are
now reported wth Iine nunbers, as encountered during the typecheck

instead of nerely being listed at the end of conpilation. This is in
response to the observation that many undefined names are actually
spelling nmistakes. |In order to avoid an excessive nunber of warnings,
if there are mutiple occurrences of the same undefined nane, only the
first is reported.

The conpiler now reports definitions included under a “where' and not
used, directly or indirectly, in the body of the where, as redundant
(this is a warning, not an error).

Two new commands are allowed in a Mranda session

/strictif

/nostrictif
To make the conpiler treat "if' after the guard comm as conpul sory
(/strictif), or optional

The following additional flags are now accepted by the "mira' program
-li st
-nol i st
-sour ces
-strictif
-nostrictif
-version
See under "Flags etc' in UNI X Mranda systeminterface.

"mra -exports' now accepts nultiple file names. Exanple, the shel
command “mira -exports *.m gives the export profiles of all the Mranda
scripts in the current directory.

The "!' escape in mra (and in the manual system) now shows nore
intelligence about which shell to use. |If your login shell is "“csh'
(normal for users of Berkeley UNIX) it wuses that rather than "sh'

Al'l Mranda conmands involving fil enanes now use C-shell conventions in
interpreting filenanes beginning with "~ . This also works for library
directives (% nsert, % nclude).

[Note: the "~ convention does not work in Mranda systens running under
system 5. ]

The convention (in library directives) that filenanes surrounded by
angle brackets are relative to the mralib directory now al so works in
M randa comuands. Specifically “/e', "/f' and “/cd" now understand this
convention. Exanple the comand

/T  <ex/prinmes>
in a Mranda session selects for the current script the file “prines. n
fromthe directory of exanples "ex', stored under the miralib directory.

The exit status of a Mranda process (other than one which terninates
with an explicit call to Exit) is now 1l if the process terninates with a
runtinme error, O otherwise. This is a change of policy, to nake it nore
convenient to wuse programs witten in Mranda in shell scripts and



makefiles. (Fornerly exit status was always 0, unless Exit called.)

A bug in the |l ex analyser causing it to reject with an OFFSIDE error a
Mranda script whose last line ends in EOF rather than a newine
character, has been fixed. This was a nuisance for people whose
installed editor is enmacs, which does not automatically add a newine to
the last Iine of a file.

One ot her change has been made for the benefit of people using enacs.
If the environment variable RECHECKM RA is set, the mira program checks
to see if any relevant source file has been wupdated before every
interaction with the user, instead of only after /edit commands. This
is useful if an editor window is being kept open permanently during a
M randa session

There is a new nanual section on environment vari abl es (under
UNI X M randa systeminterface).

It has been decided to renove the followi ng features fromthe definition
of the Mranda | anguage

al gebraic types with laws (=>)

al gebraic types with field annotations for strictness (!)
These features have been found to be of rather nmarginal value, and they
i ntroduce significant and undesirable conplications into the semantics.

For the tinme being they are still supported by the conpiler, so no-one
loses a working script, but they are no longer officially part of
M randa and their use now attracts an "obsolete feature' warning at each
conpilation. At sonme stage in the future (probably at the next rel ease)
they will cease to be supported by the conpiler.

Laws

Here is a nmethod for translating Mranda code using |laws into equival ent

code not wusing this feature. W take an exanple fromthe Nancy
paper (*), of self-ordering lists, for illustration
olist ::= Onil | GCcons numoli st

Ccons a (Gcons b x) => Ocons b (Ccons a x), if a>b

For each constructor which has |aws associated with it (in this case
QCcons) we introduce a new function name (" ocons' say). Now we make two
changes to the script

1) Throughout the script (including the rhs of the laws) replace al



ri ght-hand-si de occurences of the lawful constructors by the associated
function nanes. Only the “left-hand-side' uses of the constructor, i.e.
in pattern matching, are |left alone.

2) Turn each law into a function definition, by replacing the
outernost occurrence of the constructor on the |hs of the I aw by the
associ ated function nane, and replacing each "=>" by "='". W nust also
add a last case to the function definition, stating that it is equal to
a call of its associated constructor on the sane arguments if no earlier

case applies.
The definition of olist now |l ooks like this
olist ::= Onil | GCcons numoli st

ocons a (CGcons b x) = ocons b (ocons a x), if a>b
ocons a x = Qcons a X

and throughout the rest of the code any occurences of “~Ccons' other than
in pattern matching is |ikew se replaced by the function “ocons'. This
transl ati on nmust preserve the behaviour of the script (because it
corresponds exactly to the way in which |aws are inpl enented).

[A conment on this translation:-

Notice that the fact that objects of type “olist' are ordered now
depends on a voluntary discipline by the progranmer - that he al ways
builds his olists by calling the function ocons, and never by using the
raw constructor Ocons. So the original script using |aws had a security
about it that the translation no |onger expresses - if we cone back
| ater and add new code, we nmight “forget' the discipline and
accidentally build a non-ordered olist, by calling Ccons directly.

The proper solution to this is to make olist into an abstract data type
(although this will involve a nore radical rewite of your script). In
fact the nmain reason for dropping lawful types from Mranda is the
observation that the abstype declaration is a cleaner and nore genera
mechani sm for introduci ng unfree types.

For exanple here is a possible definition of ordered lists as an
abstract type

abstype oli st

with onil :: olist
ocons: : num >ol i st->ol i st
ohd: : ol i st->num
otl::olist->olist
oenpty::olist->boo

olist == [nun] ||constraint: the list is kept ordered,
see bel ow

ocons a (ocons b x) = b:ocons a x, a>b

ocons a X = a:Xx, otherw se

ohd = hd



otl = tl
oenpty = (=[])

In the rest of the script we can manipulate olists ONLY by calling the
functions declared in the signature of the abstype (that is, the
information following the "with'). It is therefore logically inpossible
to create a non-ordered olist. One thing has been lost - in the rest of
the script we can no longer do pattern matching on olists - but that is
a small price to pay for security.

end of conment]

Strictness annotati ons

The senantic effect of a strictness annotation (!) on a field in an
al gebraic type definition is to nmake certain expressions evaluate to
BOTTOM (error or non-termnination) that would otherwi se have had a val ue.
It therefore follows that renmoving all the strictness annotations nust
be senantically harmess - it cannot introduce an error into a working
program

A secondary purpose of strictness annotations was to gain sonme control
over space behaviour by forcing some constructors to be call-by-value in
sone of their argunments. However, if you are interested in nodifying
t he space behaviour of your prograns by changing the order of
eval uation, you can always use "force' and “seq to do this explicitly.

For exanple, if you wish data structure x to be fully evaluated before

bei ng passed to function f, you can wite
seq (force x) (f x)

(*) DD A Turner: “~“"Mranda: A Non-Strict Functional Language wth
Pol ynor phi ¢ Types' "', Pr oceedi ngs IFIP Conference on Functional
Progranmi ng Languages and Computer Architecture, Nancy, France,

Sept ember 1985 (Springer Lecture Notes in Computer Science, vol. 201, pp
1-16).

Novenber 1985 - prel ease version (version 0.292 for VAX, 0.293 for SUN)
April 1987 - release one (version 1.009 or 1.016 or 1.019)

Cct ober 1989 - release two (versions 2.0xx for various nmchines)

Not es: -

A free upgrade to rel ease one was offered to all sites running the

M randa prerel ease. There should be no renmaining copies of this in use.

The rel ease nunber of a Mranda version is the integer part of the



version nunber - e.g. version 1.016 is a rel ease one system Snmall
increnents to the decimal part of a version nunber repr esent
reconmpil ations for different machines, and are of no significance - i.e.
if you have version 2.006 and soneone el se has version 2.008 this does
not mean that your version is out of date.

The Mranda systemis a |licensed product of Research Software Limted,
and may be wused only on conputers for which a currently valid |license
has been obtained. Two kinds of license are avail abl e:

Educational licenses, permitting the use of the software in teaching,
and in not-for-profit research carried out by teaching institutions and
funded fromtheir own internal resources.

Conmercial licenses, needed for all other purposes (including University
research funded by external grants).

The Mranda systemruns on a variety of conmputers wunder the UN X
operating system including (at the tinme of witing) VAX, M crovax,
DECst ati on 3100, SUN 3, SUN 4, Apollo, HP 9000 series, ORION 1/05, MPS.
Ports to sone other UNI X systens are planned in the near future.

Further information about the Mranda system including the conputer
systems for which it is available, and current 1license fees, my be
obtained by nmail, electronic mail, or tel ephone, from

Research Software Linmited
23, St Augustines Road,
Cant er bury

Kent CT1 1XP

ENGLAND

t el ephone (24 hours) +44 227 471844
emai | : nira-request @kc. ac. uk
uucp: nctvax!ukc! mra-request

(tel ephone callers fromwithin the UK should dial "0 and not "44")

Li cense hol ders of earlier versions of Mranda can obtain release two
for a small upgrade fee - contact Research Software for details.

Fut ure devel opnents

The follow ng are planned (no dates as yet)

(i) A version of Mranda for the Mcintosh

(ii) Native code versions of Mranda, giving nuch greater speed than
the current interpretive system

Exi sting |license holders will be notified when either of these becone
avai | abl e.



If you find a bug, please report it to Research Software

| NTERNET: mi ra-bugs@ikc. ac. uk

USENET: ntvax! ukc! m ra-bugs

First check the Iist below, however, in case it is already known. Al |

bug reports wll be gratefully received. Suggestions for inprovenents
to the |l anguage or system or their docunmentation, are also welcone.
When sending a bug report, please renenber to state the version nunber
of your Mranda systemand the type of nmachine that it is running on

Note on error nessages: -

The error nessages fromthe Mranda systemare nostly self explanatory.
Note however that any nessage of the form "inpossible event "
i ndi cates that a serious, and unexpected, internal error has occurred.
Messages of this formshould al ways be reported to Research Software as
bugs. Any segnentation faults or core dunps should al so be reported, as
these too shoul d not occur.

Li st of known bugs, deficiencies, and uni npl enented features

There ought to be a directive which can be placed in a script to
suppress or nodify the automatic inclusion of the standard environnment -
this will be attended to in the next rel ease

It is not currently permtted to give a type specification for an
identifier defined locally, as part of a where clause. That is (see
formal syntax) “spec' is not allowed after where. There is no strong
reason for this restriction and it will be lifted in later rel eases.

When abstract objects are tested for equality or order (under <, <= etc)
the result is that obtained by applying the operation to the underlying
representation type. |In sone cases this will be what you want, but in
others it will be wong - there ought to be a way of controlling this

The standard i nput cannot be accessed both as a list of characters (with
$-) and as a list of values (with $+) at the sane tinme. |If $+ is in
use, an occurrence of $ wll evaluate to [], and vice versa. This is
not referentially transparent - uses of $+ and $- ought to share data.

Scripts with nultiple occurrences of $+ also behave opaquely - each
occurrence of $+ reads fromthe term nal independently, and they do not
share data with each other. (Miltiple occurrences of $+ in a single
conmand- | evel expressi on behave transparently, however.)

There is a subtle issue concerning “show and %export. |If you define a
function which, internally, uses “show on an object of algebraic type,
and then %export that function to another scope, the format used by the
“show depends on the status of the algebraic type in the NEW scope.
Thus if the type has been aliased the new constructor names wll be
used, and if the algebraic type is no longer in scope, it will show as
"<unprintable>" (this latter case can arise if an abstract type based on



the algebraic type is exported, and one of the signature identifiers
i nvokes “show on the base type). Al t hough this behavi our is

defensible, it mght be better for each use of "show at al gebraic type
to be frozen to use the constructor nanmes in the scope where it occurs.
This wll probably be fixed in a later release. [An anal ogous issue
arises with “readval s'.]

| mpl enentation restrictions not nentioned el sewhere in the manual:- A
shell command called frommra using '!" is limted to 1024 characters
in length after any inplied expansions (eg of “%) have been perforned.
The sane restriction applies to the result of expanding out a “/e

command. The pathnanes of Mranda scripts are limted to 200 characters
in length, including the “.nm extension. The name of the editor
supplied for the “/e' command, and the absol ute pathnanes of the miralib
directory, and of the user's hone directory, are also each linmted to
200 characters in | ength.

Thi s manual contains a description of a commercial software product, the
M randa programm ng system avail able under |icense from Research
Software Limited. The information supplied in this manual is believed
to be accurate but is given without warranty. Research Software Linited
reserve the right to alter the specifications of this software w thout
noti ce. The information contained in this manual is supplied for the
use of license holders of the Mranda system and their students and
staff, and may not be published without the prior witten perm ssion of
Research Software Linmted
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