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EXER . MAN

The Reference Lanquages
We will describe tuwoe languages. the complete veference language zond the
proper reference language. The proper reference language is supposed bo
be easy to explain and the complete reference language is supposed to be
very readable.  We want to the relaticnship betwesen the proper and complete
reference language to satisfy two principals:
1Y The proper language 1s a "sublanguage” of the complete language.
&) Every construct of the proper language mesns the same when viswed
as a construct in the complete language.
3) Every construct in the complete language transletes EABILY into
a unigue construct in the proper language.

The UWhole Show

The language consists of a single supression. There are auxiliary things
like modules to aid in the writing down of that single expressicon.

Atoms

e want & larges, rvich set of atoms. In ocrder to achieve this, we will allow!
any arbitrary sequence of keyvstrokes to e an atom. We informally define
a kevstroke to be any voman letter or special symbol that can be typed.

Of coures., every atom is an object.

When writing down an atoms we need a way of distinguishing

atoms from punction markse. So we define an atom in the proper language to
be anvithing of the form ...! where ... represents any sequence of keystobkes.
Since we want to be able to have the ! to appesr in atoms. we nesd an oscape
mechanism for distinguishing the wse of | as a kevstoke in an atom from the

use of |oas the end bottomimiter of the stom. We use the kevetrobke N for this
purpoese.  To improve veadasbility in the complete language, we will allow

any atom that contains only letters and digits to be wriltten wsing italic
fonts.
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All characters are atoms. A character is mevely an atom that can be typed
with & single kevstroke, not counting the escape character N
There is a primitive fTunction Char that is the

characteristic predicate for characters.

Strings

A oehring is merely s seguence of characters, I the proper language 14 must
e written as such. In the cooplete language. we allow the shorthand " ...
wherse ... 18 any seguence of characters, L
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There are twoe primitive functicons StringToftom sand AtomTobBtring.
StringToeAtom converts strings into atoms (producing bottom 17 not given a
string) and AtoemToBString converts atoms into strings.

Note that the function String = and o alpha Chae.

Juet as with stoms. we want bto have s rich set
We allow & functicon name to be an arbiltrary segquence of |
bottomimited by . I the complete language, we allow Tunchtiorn names ho
be tvpod in Roman lettors 1 there are no speclial charactesrs in the name.
There are of course. no functions like StringTofAtom and AtomToString for
functicn names.

Complete LLanguage Example Froper Language Counterpart
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A pattern has one of the forms: el ) &
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pl and p2

vihere nl 1 & funchtion name. =1 is an expression (to be defined shorblv)a

and pl, pEs. ... pnoare patterns thet heve no function namess (immediately to

the left of & det) in commonm. Quan Yt NI ANV o il 0,1

(& pattern has two parts, a function part and & definition part. The

functicn part acts just like an crdinary fTuncticon.  The definiticn part

acts like a liset of definiticrns. We give the cases 1n the chart below.

We use the convention that fi1 1s funchtiorn part of pl and that DI is & tyvpical

elemncnt of the definiticon list of pi. di is the rnew definiticon asscclated

with the name given in Di. Alsc note that gl land @2 1s the funchtion

"length = 1" and gl and g2.

Fattern Functiocn Part Definition Fart

i .pg € def nl = id 4 d2 = D2
ni. ik def nil id

el el Mo definittions

el pl » «wuoa » pn 3] gl 1 s wsx » Tm J def .. i = DY © 1 wws
pl .9 p2 71 o 1 land ¥2 o tl def di = DI o 1 4 d2 = 02 o tl
pl @. p2 1 o €1y land T8 & =i det di = DI o tlv, d2 = D2 o
pl and p¥ fi and 2 det di = DI » di& = D2
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e just o a list of definiticns of the form:
det f1 = el
def f& = 22 ...
whers ely ... are arbitrary espressions and
Ly T2 vee are all distinct funchtion mames.

in the proper 1aﬁ&yﬁﬁ§ln§me_one of the {orms:
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This completes the description of the proper reference language.

fbbreviations

We present some constructs in the complete language and thelr
Ore construct that
conditiconal with definiticons.

in the proper language.
languaage 1s an infix
{ pl alsc deflist & e @3
a pattern. It has the prope
new definitions.
the deflist makes some
and the deflist definlitions
illegal for Function
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FRIMFUNC . MAN

He list the primitive functions and how they act.
In the follocwing., we assume that no @1 or vi 1s botitom.

A1l cwr functions have an implicit firet clavse

f 3 { bottem » b ) = { bottem » B ) so that all cur Ffuncticns are strict.
Furthermore, 1f the avgument coming in fails to meet the form specified, then
the result is ( bottom » b ) where b owas the lncoming history.
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where g ¢+ ( %3 » h3 ) = ul = #2 ¥ { %3 » h3 ) )
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cons #ox oa o h ) = { g » h ) where given y. hd
j & £

v » hij—-1 ) for © < 3 <= n and where
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vy a hO ) =
( bottom » hi ) if zi = bottom and zj NE bobtom for 3 < 1
( < 21 » waw » 21 ¥ 3 hn ) 1T 23 NE bottom for j <= n.

cond A s M3 F . b ) = (g 2 h ) where

n ho ) =

( bottom » Rl ) 1F u«i (v & h ) broebbom » R )
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DATATYFE . MARN
We briefly explain how to do datatyvpes.

OUTSIDE VISIELE section.

In this section, the data tvper writes the signatures sand axioms that

will ke visible to the cutside. The wser of datas types will be able to
use this information. Conceptusllys the user will kooos bthat semsobtically
an element of data tvpe X will be X9 scmething * but he will MOT krow what
that something is. Furthermore, he will not be able to do any operatlions
cn anything of the form X< ... * except as provided by the data typer.

INTERMASL DECLARATIONS secticn.

The data tvyper will write a declaraticon

LIKE stack 1s seq.
The svstem will automatically create twe funchtions BtackTeoebeg and Seqlobtack
that will be Rijective Tunctions from sequences to sequences labelled by
the atom stack. StackToSeq o SeqgToStack will be the identity on Sequences
and SeqToeBtack o StackToBeq will be the identity on Stacks.

EXTENSIONS. =
Here are some lssues. b
The data tvper may wish to sstend functicons like plus, times. eg. o=
Should we allocw this extension? (I we do. I propose that the data typer ==
say EXT instead of def). The problem with allowing these extensions is
that thoy might destroy certain algebraic laws., For example. plus is en=
commatative vet the extensicon given by the data typer might not bhe
commutative. Alscoy. the extension to eq might noet be transitive. eto.

A note about eq.
eq 1s treated like any other primitive functiorn (eg., al). Im particular. the
relaticnship between the furncticon eqg and the fundamental = on the underlving
semantic domain is & relatively wesk one. I particular, the following seem
to be the case:
1Y If ® = vy then eg 2 < ® » vy * is either < x » yv * or bhottom.
({Thise can be destroved by & bug in the data type causing
eq not to be reflexive.)
&) The language s referentially transparent with respect to =
Ies 1if = v then E(x) = E(y).
{This can MOT be destroved by the data tvpe.)
3) The language is WEAELY referentially transparent with respect to eg.
Ies 3f ©g @ < ® 2 ¥ * = & ¥ 2 ¥ ¥z then
[=1w .- E{x) o E{yd) » = 4 EAx) o E{y) * oo bottom.
{This can be destroved by & bug in the data tvpe.
For example. this will be destroved 1f the dats tvper
implements sets as sequences with duplicates alloweds
and the cardinality function just counts elements of
the sequence. I this case,
@mg o 4 aesbdlaly s setdls =

card 3 sehbdlalr = arnd cavrd

Slals 2 setdlk> o but
o= ) =m0 that

=g 4 card s ¢ sl 8 mard @ osetdl: o= del.
{Mote that referential transparency doee NMOT hold for the
language even without data tvpes. Fovr sxample.

ol
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OF . SEM

I this

sectilom. we owtline the cperaticonal semantics of the comnplete

s

Lanmquage .

Step 1=

Step

Step 3@

b )

[

Make suwre that all fuonchion neames have st most one definition.

la) For each use of & fTunction mnames identifty the cor el g
defimition. Frimitive Tunchions names soce NMOT allowsd
to e redefined so the vse of & primitive Tunction name
alwavs refers bto the wived-in definition.
If & primitive function is redefined, we sioply delete
the offending redeficniticr (with & warning) .  We use the
scope rwles fTor modules and conditionals to determine
what the defining ccoursnce 1s. IT & funchtion manse has
mice defining occouwrence, we add the new detining coourence
of botbom bDae.

i) Rename 11 the defining coccuwrences so that each ong ls unigque
This i1s easy to do by adding & creosshatch and & number.

o) Change all using cccwrences of function names so that they
have the same name a8 the defining cccurences.

1d) Change the scope of all functilon names so bthat they are all
global. i

Eliminate complete lamguage abbreviations by replacing them with ==
their proper language counterpart. =

Fut all the definiticons in the {(what 1s mnow one big) defimiticon list
inte normal form. During this process.

army I functiorns or disk opesrtions

are treatoed as bottom bar. Ie, during this process. § 1 o ——> ervor
Tor any such I0 function F

(where —- denctes vewriting) and eveor -3 svcor snd ecrcror has
meariirg ottom. I this process dess not bterminste. bthen the
meEaning of the expressicon (which le depending on this definition
ligt) is bobttom.

Those fivet three steps sre all thought to cocowr "atbt compille time". MNest

Step

iy

B

comes "ruan times'.,

Fewrite the syipression.
During the rewriting process we have the rewrite rules for the
primitive functicorns and the definition list provides us with &
new set of rewrite rules for the other function names.

| \ N i =
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EXFR.EG
He give examples.

This is an example of how to write a compesition operator that takes an
arbitrary mumber of arguments.  Just for fun we give twe different

ways of writing 1t. (It s interesting to note that these twoe definltions
are cowivalent even if the functicns that we sre composiog deo T00L0

def2 LongComp = ( mull —-> ™~id 3
Hae W@ Y = o LomngUomz 2 v )4
“mottom ).

def2 LongComp =

{ il =% 1d 3
Me @o e =2  LongQomp 3 0® ) ooy 3
Yootbtom ).

Dur next example is how to write apply-to-all. Once again we glive fwo
equivalent wavs {even in the presence of 10) of writing 1t.

defd AppAll = ( . =>
¢ vall - 1d 5 al o L f o 1 » § ApeAll @ F ) o 21 1 ) 3
“hrottom ).

def2 AppAll = ( f. =&

{ mull - id 3 ar o [ ¢ AppAll = f ) o t1r » f o -1 1 ) 3
“bottom ).

In manipulating & list of animals scorted by weight. the programmer might
write the following twoe patterns:
snallest .2 ( 1d @. largesst. )
i the pattern that reguires that the argument be a segquence
of length at least 2 and defines smallesst = 1. largest = -1,
Cgmallest. .2 id ) and ( id 2. largest )
i a pattern that makes the same definitions as the previcus
pattern but now only reguires that the segquence be of langth
at least ocne.

]

Data Type short edamples

Outside:
delta:stack o push o 20 1d » delta stack 1 = push
-kap o deltalstack = %Dp

Axilomss
pop o push = 1 - 2mlodd . deltay stack

Implementaticn:
LIKE stack 15 seq
def pop = 1 o StackToBeqg
def push = SeqToStack o &1 o L 1 4 BtackTeSeq o 2 1 o (delta:lend®)
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EXFR.WHY
e explain some of the choloes we made v defining edpresslons.

FPattorns are not closed under the ocperations nobt. or.

Basicallyy we made this choilce since Tist no longor malkes
zonse. We firset consider the cpesraticon "nob”. T this case, clearly
the definition were made on the assumpitilon that the aroumsnt had & cert
forms and we have just negated that. For example, consider the alleged
pattern not { 2. W2 v.e ). In this cases the pattern passcs the argument

1ff the argument 1s not 2 seguence of length at lesst one. I this instance
the definiticons of x and v oare tobally meaningless. I the case of oo

for example in the pattzen pl o pE. we don™t khow which of the patterns
passed the argument so we don’t know (at compile time) which of the patterns
fas meaningful definitions. We could rectify this by pubtting v runtime
checks but that seems like a complicaticon of patterns that le not woerth the
benefits. Fivnally. we note that the programmer can achieve the filter effects
of net and or just by writing mere predicates without using the definitional
characteristice of patterns.

o=
Infix notation 1 introducsd for => conditiconals. g}
In the proper language, there is no infix noetation for one kind of conditimn%ﬁ
but not the other. The basic reason is that the kind of conditional Wl
included in the proper language i1s essentially lambda and s there 1 no =
wpasy way of expressing 1t in the rest of the language.

Mo alse clauses are allowed in the =» conditional.

This docision was made since there were twoe pessible interpretations of
an also clause inside & => conditionsl and we couldn’t decide which 1t should
be. IT we carn’t decides then there ie no natwral choice and hence b might
indicate that this use of the also clause would tend to lead to programmer
errors.  Basically there are twe cholcoes.  Assume for example. we are
dialing with the conditional
{ el #. » vo 1 alec h = @lix.y) = @di.yah) 5 @3 ).
{In this ewample., we are even lgnoring the case where b ols recursive.)
1) Take aleoc clauses to mean the ssame as they do for - conditional.
In this cases the value of the eupression spplied to t
wearld be {(assuming that 1t passes the sieve) wonld be
@Rixstayrtah) where def 2 = 1 def v = 2 and def h = elit.y).
or more succinctlys e@{lit.drt.el{1.82)).
2) Take the also clauses to be more in the lambdsa spivit of =i,
In this case. the value of the expression applied to ©
wowuld be (sssuming that 1t passess the sieve) would be
ed{lst.Prtsel{lstsRet)).

ences for the proper 1a

i

The only way for a proorammer bto oreste a seguence labelled by an atom 1o
the proper lanquage is for him to use an operation like SeqTeX inside of

a data type construchtion. S labelled sequences DO exist in the semanbioc
doemain but the deo MOT exist v the proper language. MNote that this does not
exclude labelled constructiomns from the complets langua

By its very natuwre. e-constracticon is sieve orientod.  This is because

if an e-construction deoes ot sce a sequence oF sces a sequance of the wnong
length. it returns del and does NMOT return bottom (recall bottom indicates
Error).  Since 1F is slready sievepongeebed. it seems cight bo make it sieve
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