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The Reference Lanquaqes 

~'-'c ~-Ji 11 describe ti.Jo la·nguc."ige=:-, the comp l etr:; re·fere-.--1ce 1 c:•·,-,c:iuage .:::1nd the 
proper reference languaqe. The proper reference lanquage is supposed to 
be easy to explain and the complete reference language is supposed to be 
very readable. We want to the relationship between the proper and complete 
reference l angua ge to satisfy two principals : 

l) ThE2 p ·c opE~-,-- lc.~nguE.,iCJc:! i~,;; a ••~,; ublangui.':<qe'' of thE• completr::: l E~nqua.qe. 
2) Ever y construct of the proper language means the same when v i~wcd 

as a construct in the complete language. 
3) Every construct in the complete language translates EASILY into 

a unique construct in the proper language. 

Th e language consists of a single expression. There are auxiliary things 
like modules to aid in the writing down of that single expression. 

e!> .= 
en= c.n.:-

a large, rich set of atoms. In c,rder to achieve this, we will a llow_·_ 
any arbitrary sequence of keystrokes to be an 
a keystroke to be any roman letter or special 

c.~tc:,m. lrJe inform,3lly det·inf.?. ~ 

symbol that can be typed. -
Of course, every atom is an object. 
When writing down an atom, we need a way of distinguishing 
atoms from punction marks. So we define an atom in the proper languaqe to 
be anything of the form ! ... , where ... represents any sequence of keystokes. 
Since we want to be able to have the I to appear in atoms, we need an ~scape 
mechanism for distinguishing the USQ of I as a keystoke in an atom from the 
use of t as the end bottomimiter of the atom. We use the keystroke\ for thi s 
purpose. To improve readability in the complete language, we will allow 
any atom that contains only letters and digits to be written using italic 
·fonts. 

1 Thi s is an atom! 
! l23abc ! 

! 

! \ ! 

All characters are atoms. A character is merely an atom that can be typed 
with a single keys troke, not counting the escape character\. 
There is a primiti ve fu nction Char that is the 
charRcteristic predicate for characters. 

St,-· i nq<:::. 

E ;; 21mp 1 E?!::- : 

I f~, I 

! \ I 

A s+ring 1s merely a sequence of characters. In the proper 
bG written as such . In the complete lanquaq2, we allow the 

is anv sequence of characters . 

l 2nguacJe it mus; t 
<:::he,,-· tha.nd ' 
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There are two primitive functions StrinqToAtom and AtomToString. 
StringToAtom converts strings into atoms (producing bottom if not given a 
strinq) and AtomToStrinq converts atoms into strinqs. 
Note that the function String= and o alpha Ch ar . 

Fune ti on<:: . 

. Just a. s ht i th Et tom<::;, He 1,.•Jc:'<.nt t c, h-::\VE! i=.t. r· i ct-·, sset (:i ·f ·f u ·,1c ti,:, r, c, ,,~ff,F:!S;. 

Ws allow a f unct ion name to be an arbitrary s0quence of keystrokes, 
be, t tom i m :i. ted b·:,1 '' . Ir, t; he c c,mr-:-i 1 et e:? l Einqu.21g E·, ,.--J(~ a 11 c, ~•J f1...1nc: ti,::, r--, c,,,-,inc-<::=.. t c, 
be typ □d in Roman lett 2 rs if there are no special characters in the name. 
There are of course, no functions like StringToAtom a nd AtomToString for 
1'"unction nc-:1mes. 

Complete Language Example Proper Language Counterpart 

Pa.ttE--rns 

abc 
"X-l'!·y" 

A pattern has one of the forms: 
r , .L n 1. P1 

n1. 
el 
e[ pi pn J 
p1 .;j) p2 
p1 ;j). p2 
p1 and p;::! 

11 ctbc u 

II X*:tll 

d1..-
(' LJ J -~ 

YI,;,-, , \ ) 

r,.J., s \ J 

~.., 
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where n1 1s a function name, e1 is an expression (to be defined shortly), 
and p1 ,_ p;~,_ ... pn c:li-e patter··ns that hi:PI-E! nrl ·function na.mc~'.::- ( :i.mrnc:•(~:i.ateJ.y to 
the 1 e"?i t c, -f E•. d c, t > 1 n co mmc, n. <'... I r ~ "' "' ~ , ' , 

/r~ pattern hi::!S ti,ic, pi::1rts, E, t-ur,ctio·n part -::1nd -:'1 definit:i.Ctr·, part. The 
f·unct:i.on pa·i-·t i::\Cts just like i::•. n 01-d:i.nary 1°·1 .. 1nctic,n .. The de·f:i.nit:i.on pa,-t 
acts l i ke a list of definitions. We gi v e the cases in the chart below. 
We use the convention that fi is function part of pi and that Di is a typical 
elem~nt of the definition list of pi. di is the new definition associated 
with the name given :i.n Di. Also note that q1 land g2 is the function 
11 le-r1gth >== 1 11 c1.r··,d g1 a}1d g2. 
Pattern Function Part Definition Part 

n1 .p2 
n1. 
e1 
eL p 1 pr1 J 

1
7 2 

.,, 1 

e1 
e[ f1 fn J 

def n1 °= id 
def n1 = id 

dE~ -·· D2 

c, 1 

pl .;j) p 2 
p 1 ;;il. p 2 

f1 o 1 land f2 o tl 

Ne, def in it i c,n5. 
def ... di :c-= Di 
cJef d 1 -- D l ei l d2 := D2 c, 

d2 = D:.:'. c, 
tl 

p 1 a.nd pf.'.! 

Defl... i<:::.t 

fl o tlr land f2 o -1 
f. 1 ,?.nd ·f2 

def d i --­
d<-?f d 1 

(1 d 10: ·f l i '.:, t i '.=; _j u '=• t i:~. 1 i s t c, f d 1:2 ·f :i. n :i. t i c:, 1 ·, ·,=- c, ·f t h r:: f c, y- m : 
dE··f ·f l = e:1 
de·f fE'. ·== e2 

wher 2 c1, are arbitrary e x pressions and 
·f :I. , f 2 , .:,1 ·, - F::! a. l l d i s t i n c t f ur, c: t; j_ c, ·n n .:::, mes . 

D:l c, ·t; l r, --- l 



E,: 1 e2 
<. e:t 

pl 0-=> el 
en> 
e2 

where e1, e2, en are expressions, pl is a pattern. 
Atoms, of course, mean themselves. The meaninq of the function names 
for the primitive functions are given in the section on primitive functio11s. 
The meaninq of all other function names are given either b y patterns 
or the module (cf. the definition section). Tho meaning of 
el e2 is just the applications of the meanings. The meaning of a sequence 
is the sequence of the meanings. 
ThE: mcaninq o·f the condi.tion,:;~.l 1s ,::1 ·functic,n sL1.c h thi:'1t ~-,iht-:-:n 
applied to x yields a value by first computing the function part of pi 
applied to x and then based on that 
value returning bottom if pl x = bottom, e2 x if pl x - del, and 
a val.1 .le ba~5ed c,n el c:1nd >: other~--ii::oE:. 
Assume the pattern pi defines the names vl vn 
to be f1 fn respectivel y . Also assume that el is E' vl 
the v i::1 l l le o ·f th E! = .::- c c, n d i t i c, n E:\ l i s, E f. 1 ;-: , ·fr, : ;-: ) . 

This completes the description of the proper reference language. 

, vn ) . 

We present some constructs in the complete language and their abbreviations 
in the proper language. One construct that has been add2d to the complete 
language is an infix conditional with definitions. It has the form 
( pl also deflist ·-> e2 ; e3 ) ~-Jhen::i e2 c~nd e3 an::i E·>:pi-essions and pl is g~ 
a pattern. It has the proper language form given below. It also makes some 
new definitions. The pattern pl makes some definitions (cf. patterns) and 
the deflist makes some new definitions. The scope of both the pattern 
and the deflist definitions is the deflist and e2 (NOT e3). As usual, it is 
illegal for a function name to be defined twice (in the union of the 
pattern and deflist definitions). 

Complete language expression 

·f O g 
[ f1 fn J 
( pl also deflist -> e2 e3 

e[ ·f 1 ·fn J 

-. 

Proper language representation 

comp ., __ f g > 
< ·f 1 , ·fn > 
< ·f 1 , er.2 , r.~'.:3 > 

where fl is the function part 
of the pattern pl. 

see section on Filters. 
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PR I MFUNC . MP,N 

We list the primitive functions and how they act. 
In the following, we assume that no xi or y i is bottom. 
All our functions have an implicit first clause 
f ( bottom , h ) = ( bottom , h ) so that all 
Fi.,. ·,- ther .. mc,r f':!! 1, i ·f 
the 1-es;u]. t is ( 

thEi E1rgum.-:!'.··, .. ,t 
bottom , h 

cc,mi r,g in f.'::<. i 1 s 
~-J h e ·,- E: h 1,.•J a•.==· t h E,: 

t c, 
our functions are strict . 
meet th~ form specified, 

al ~ 

a1-

i 
i 

tl : 

tlr 

app : 

id : 

comp 

cons 

cond 

null 
null 

and 
and 
and 

,,.. :-: 1 

< >: l 

< :-: 1 

. .. .. , >:n '> 
>:n _::. 

h 
h 

h 

y .. ,. , h 

h 
h 

h ) = ( < :-:2 , 

incoming histor y . 

h 

h 

it- 0 .,· i <= n 

if 1 ~ 0 ~ j - n + l + i 

xn > , h ) if 1 < n 

h ) = h if O <= j = n .. -. 1 

:d 

< >: 1 

hi. 

< ::-: 1 
wherEi g 

< ::-: 1 

>:2 > h 

g hl 

:-:2 > hi ) --
:-:3 h3 

:-:n > 

h 

, h2 ) ::::: h2 

g , h l 
::::: >: 1 : N2 h3) 

h g h hO 
~-Je def· i r,e Z.j hj ) = ( y 

) vJt-·,e1-e given y, 
h_j--1 ) t-or O < .j <= 

g ( y hO ) = 
beittom, hi 

q 

< > 

>: h 
<. :-: i 

:-: l 

:-: , h 
< ;-: l 

;,; 1 

< zl 

y !I hO ) = 
( bot tc,m 
>:3 y 

y 

L.. 
!f I I 

hi 
h1 
h1 

omeqa 

::::: ( bottom 

::::: ( 

-. 

bc,tteim 
:,-: n > 
::-:n > 

h 
, h 

h 
h 

h 

h 

h 

if zi = bottom and zj NE bottom for .j 
zn hn ) if zj NE bottom for j <= n. 

h 

::::: g 

i -f >: l 
if ;,: 1. 
i 1" ;-: i 

and 

h t,1 h e ·,- E· 

·,, 
1 hO -
y hO ·--
y hO = 

) -- ·=.. >: 1 

if 
) = 

:i.f 

del 
< ;-: 1 

not 0. SE:quencr.:: 
, h ) i 1" ar,y of 

>: n > 

x is not a sequence 

bc,ttc,m , h1 
c,meqc,\ , hl ) 

c, the1-· t,,1 i se hi 

h i·f 0 n 

thf-2 

h ) 
::-: i = de· 1 
c, th<::~1-v-.J i s;e 

= omega , h if al l of +; h E" :,-: i. ::::: d E: l 
c, th E)l- !.•/]. Sf::) = ( xi , xn > , h 
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FI l... TEf~S. Mt..:,1•1 

Formally, every function is a predicate. When a speaker us~s the word 
11 p1··ed:i.cc:1tr,) 11 hE,) :i.s-, d:i.~splr:1ying his ~-;t ,,:1tE,: c:,·f mind ·c·athf:!!r thc,\n :=.; ometh:i.nq 
inherent about functions. In particular, when he :i.s thinking off as a 
predicate, he is thinking of f:x = bottom mc~ns the answer is bottom, 
·f : >: =- de 1 me .,":\ r,~::- th Ee i=i r,<=.;t,.JE.~r-- i ~, 11 ·f iJ 1 SE! 11 , <0

: \ r,cl f :: >: == D. ·ny th i r--,q E'• 1 ~:'-i':.'! me- i=.1 r--,~; th E:· 

i,:1ns~-H~r i<::. "ti-ue" .. 

A siev e 1s a function such that f 
1°·0·,- all VE1l1 .tf::is o ·f >; and such thc:1t ·f 

Filtecs 

A filter is a function such that f 
a J. J. v ,,;d. 1.1es cd:- :,-: . 

======== 
id -·> id "'bottcim ) . 

x is an element of { 
dt~l 0--0 del. 

xi~ an element of { x 

def2 dt?l ta = f. ::.~> ( f" -> id 'ubottc,m 

E-Cc1·nst1--uc ti on 

clEi 1 bottom .)· 

bottom} for 

For each integer n, e-constcuction is in the complete language and is an 
abbreviation for the proper language expcession that abbreviates the 
expression below. 
e[ fl fn J = 

Seq --> 
length - ~n -> and o [ fl o 1 

"'cfr,:· l. ) . 
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We briefly explain how to do datatypes. 

OUTSIDE VISIBLE section. 
In thi s section, the data typer writes the signatures and axioms that 
will be visible to the outside. The user of dat B types will be able to 
use this information. Conceptually, the user will know that semantically 
an el~ment of data type X will be X< somethinq > but he will NOT know what 
that somethinq 1s. Furthermore, he will not be able to do any operati ons 
on anything of the form X< > except as provided by the d ata typer. 

INTERNAL DECLARATIONS section. 

The data typer will write a declaration 
LIKE stack is seq. 

The system will automatically create two functions StackToSeq and SeqToStack 
that will be bijective functions from sequences to sequences labelled by 
the atom stack. StackToSeq o SeqToStack will be the identity on Sequences 
and ScqToStack o StackToSeq will be the identity on Stacks. 

EXTEt-.lSIONS. 
Here are some issues. 
The data typer may wish to extend functions like plus, times, eq. 
Should we allow this extension? (If we do, I propose that the data typer 
say EXT instead of def). The problem with allowing these extensions is 
that th2y might destroy certain algebraic laws. For example 1 plus is 
commutative yet the extension given by the data t y per might not be 
commutative. Also, the extension to eq miqht not be transitive, etc. 

A note c:1bout eq. 

(!)__; 
en:: 
Ul.:-

co:: 
~ 

eq is t1-eated like ar,y other primitive fu.nctic,r, (eg, c:"tl). Ir, particular· , the 
relationship between the function eq and the fundamental= on the underlying 
semantic domain is a relatively weak one. In particular, the following seem 
to be the c,:'\se: 

1) If x = y , then eq : < x y > is either x , y > or bottom. 
(This ca.n be destroyed by a b1 .tq in tht~ dctta type causing 

eq not to be reflexive.) 
2) The language is referentially transparent with respect to -

le, if x = y then E(x) = E(y). 
(This can NOT be destroyed by the data type.) 

3) The language is WEAKLY referentially transparent with respect to eq. 
Ie, if cq < x , y > = < x , y >, then 

eq : < E(x) , E(y) > = < E(x) , E(y) > or bottom. 
(This can be de::.t1-oyed by E:i b1.tg in the data type. 

For example, this will be destroyed if the data typer 
implements sets as sequences with duplicates allowed, 
E:<.nc! thf2 cardir1i.-:il:1.ty ·fur,ctior, _ju5.t cc,unts e1(=:-mc- ·,·,ts. c, ·f 

th E~ ':'-eq uenc E: • In th i =c• c €<. ~:;e:-i , 

i:'.~ q : S (·? t < :I. , 1 > ~; i=:- l < :I. } > ::a •:.. ,,. (:ct < :l , 1 > , S -C.• l -::· 1 .:: bl l t 
card : set<1 ,1> = 2 ~nd card set< 1> = 1 so th~t 
eq < c ;':ircl : st:·t:<1,1>, card~ SE•t<l> > =: ;Jt=:]. 1 

(Note that referential transparency d oes NOT ho ld for th~ 
I. i::tr,quaq,.?. 

::::q 3 
E:q < K 

_, 

even without data tvpes . 
3 > - 3 , 3 but 

: 3 K : 3 >= bottom. 

90 • W81 - S96 . I 



DF·. SEM 

In this section, we outline the operational semantics of the complete 
1 angu,,~qr=:. 

1 : Make sure that all 
1 ,':\) For (?c.~.ch u<:.;e: of 

dE~f in it :1. c:,r,. 

function names have at most one definition. 
a function name, identify the corresponding 
Primitive functions names are NOT allowed 

to bE: r·f.::d(?.·fir-1ed !c,-O the u.c-:;e o·f ,,~ pr-imitiv<c:~ func:tior, n ,,1 mE~ 
always refers to the wired-in definition. 
If a primitive function is redefined, we simpl y delete 
the offending redefinition (with a warning). We use the 
scope rules for modules and conditionals to determine 
what the defininq occurence is. If a function name has 
no defining occurence, we add the new defininq occurence 
o·f b(:ittom ti01 ·,-. 

lb) Rename all the defining occurences so that each one is unique. 
This is easy to do by adding a crosshatch and a number. 

1c) Change all using occurences of function nam~s so that they 
have the same name as the defining occurences. 

1d) Change the scope of all function names so that they are all 
glob;;~l. 

Step 2: Eliminate complete language abbreviations by replacing them with 
their proper language counterpart. 

Step 3: Put all the definitions in the (what is now onE big) definition list 
:i.nto normal foi-m.. Duri·ng this i::n-oc::es!5, 
any IO functions or disk opeartions 
are treated as bottom bar. Ie, during th:i.s process, f 
for any such ID function f 
(where--> denotes rewriting) and error--> error and error has 
meaning bottom. If this process does not terminate, then the 
meaning of the expression (which is depending on this definition 
l i !5 t ) i i;;, b c, t.: t ci m .. 

Thc,sc ·first three ~.stt'::'p~_; i:.,rE'~ all theiu<_::iht tc, cicc::ur ''a.t cc,mpile· time''. 
c::om<:,:s "rur-1 time". 

Rewrite the expression. 
During the rewriting process we have the rewrite rules 
primitive functions and the definition list provides us 
new set of rewrite rules for the other function names. 

" 
vv (\ -

J . 
\~ \ 

l_j.J(J ,{ ._. .,, -o < 

for- the· 
~•Ji th c:i 

<·,.b J-'(. e.. \ ~ e '\r\.o'-',,...,., 

~ e . e., ')_ 
r 

<).,. e, \,,. "' 
,,i.., 

I 'J ~1'4 

I r 0 
y- e. 

'"'I. 'VI 
--=> 
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EXF'F:. EG 

Wo give examples. 

This is an example of how to write a composition operator that takes an 
arbitr~r y number of arguments. Just for fun we qive two different 
~•Jc:~y,,_; c,f ~1rit:i.nq it .. (It is :i.r,tr~-.--estinq to nc:,t E• that thei:.~e t 1.,\10 dE·fir-·,itieo·,-,<.::­
are equivalent even if the functions that we are composinq do IO.) 

def2 L.c,nqCc,mp = r,u l l - > "' i d 
x .. @ y. = > x o ( LonqComp y 
'"bot t c, m ) . 

null:::) id 
L.c,-.-,gComp 

Our next example is how to write apply-to-all. Once again we give two 
~quivalent ways (even in the presence of IO) of writing it. 

def2 AppAll = < f. => 
(null - > id 
·"'bottom ) . 

def·2 AppA 11 f. ==> 

P,ppAl 1 ·f ) c, t l J 

(null-> id , ar o [ ( AppAll 
~, b c, t to m > . 

f o tlr f O -1 ] 

In manipttlating a list of animals sorted b y weight, the programmer might 
write the following two patterns: 

=-mallt:c-st .::i) ( id :il. l a.rgest. 
is the pattern that requires th a t the argument be a sequence 
of length at least 2 a nd defines smallest= 1, l argest= -1. 

smallest .. @ id ) and id@. largest 
is a pattern that makes the same definitions as the previous 
pattern but now onl y requires that the sequence be of length 
a.t l i?.as t one. 

Data Type short example : 

01 .1 ts i de: 
delta:stack o push o e [ id 

-pop o delta :i;; t -::1 ck = . op 
delta stack J = push 

pop o push -·- 1 e[ id , delta:stack J 

I mp J.ement;::1 ti eon: 
LIKE stac k IS seq 
def pop= 1 o StackToSeq 
def push: ScqTeoStack o al o [ 1 StackToSeq o 2 7 o (do lt3:len2) 

·• 90 - LAJ 81 - 996 . i 
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EXPF:. ~-JHY 

We explain some of the choices we made in defining expressions. 

Pattorns are not closed under the operations not, or. 

Basically, we made this choice since the definition list no lonq~r makes 
~~ens<-::.•. l-Je t· i ·1- s;; t c c,r1s i der th E, c, p E!r i::\ ti c,r1 11 r·1c• t '' . I r1 this c a\,,..c:• '.' (: l ,,~a·1·· l v 
the definition were made on the assumption that the argument had a c ertain 
form, and we have just negated that . For example, consider the alleged 
patt€-?rr·1 nut >: .. ;j) y. ) . In thii:; ci::1':',e, the· patte,-n pi::,.f,.f,-C:)S thE·' ;,n·q1 .. 1nH2rd; 
iff the argumont is nut a sequence of length at least one. In this instance 
the dofinitions of x and y are totally meaningless. In the case of or, 
fo1· example in the pat~~rn pl or p2, we don't know which of the oatterns 
passed the argument so we don't know (at compile time) which of the patterns 
has mPaningful definitions. We could rectify this by pLttting in runtime 
checks b11t that seems like a complication of patterns that is not worth the 
benefits. Finally, we note that the progr-ammer can achieve the filter effects 
of not and or just by writing mere predicates without usinq the definitional 
characteristics of patterns. 

Infix notation is introduced for=> conditionals. 

In the pi-ope:!1- language, the·1-e is no int·i>: notation f·or one~ kind o·f conditio·n~ 
but not the othei-. The bc\Sic reasc,r1 is that the kind o·f conditieinE.11 . 
includE:d in the p1-oper· J.anguagE! is essentially lambda a.nd ~-o thei-e is no g~ 
easy way of expressing it in the rest of the language. 

No also cla1 .1ses are c~l J.01tJE•d in tht2- => conditionc:\J.. 

This docision was made since there were two possible interpretations of 
a11 also clause inside a=} conditional and we couldn"t decid~ which it should 
be. If 11'-Jf::! ca.n't df:?cidc•, thc:n thE':l""<';: i~,- no nat 11r·c:°ll choic:F: ,'~nd hc':nc:li:,: it miqht 
indicate that this use of the also clause 
errors. Basically there are two choices. 
d~aling with the conditional 

would tend to lead tei programmer 
~ssume for e xample, we are 

( e[ x. y. J also h = e1(x,y) => e2(x,y,h) ; e3 ). 
( In this example, we are even igneiring the case where his recursive.) 

1) Take also clauses to mean the same as they do for-> conditional. 
In this case, the value of the expression applied tot 
would be (assuming that it passes the sieve) would be 
e2(x:t,y:t,h) where def x = 1 defy= 2 and def h = el(x,y). 
or more succinctly, e2(1:t,2:t,e1(1,2)). 

2) Take the also clauses to be more in the lambda spirit of=>. 
In this case, the value of the expression ap plied tot; 
would be (assuming that it passes the sieve) would be 
e2(1:t,2:t,e1(1:t,2:t)). 

- ·--- ···--------- - - ------·--- - ----------=~-----~= 
Tho only way for a programmer to create a sequence labelled by an atom i11 
the proper languaqe is for him to use an operation lil:e SaqToX inside of 
,::• cli.:i!t:::1 type c<:ir-,s;t;-,-·uct:i.c,r·1. !:=-iei l i::<bE•ll,-=.•cl s;t:?CfLIE:r1cE•<:-~, DU e>:i,;;t 11 -, thi.,! !::!-"'! lfl ::,·,·1t·1, .. 

domE1i,-i b11.t the de:, NOT E~:-:ii:::-t :i.n thEJ propf,,:r l ,,HH]'-·1·'"'·<:-JE~. !\Iott::• tha.t thii,~ doE'!':'- c·,r:ot 
E~>: cl 1. id(-,~ l ,:,be l l E•d c c,·1·,s; tr uc ti or·,i::=, ·fr· c, m t hE· c: c, ,np 1 E•t E.• 1 -::1r1g '-'--=" t] f2. 

E-cc:,ns+.:r1 ,.c: t :i. on is sieve o ,- i ented. 
------- ·---------====~=~============= 

if ctn E,· -c onstruct1c,r, clo<'2S not see a sequer1cE:• c,·,- =-CC'=· 2 ~,c·qu•'.~nc .. ~ .-::of t:h t2 1;, 1 o·,,q 
lcnqth, it returns del and does NOT return bottom (recall bcittom indic~t0s 
P rreir) • Since it; is 3J.1·ec1dy siE••./gn-q,AJgfE!-·,-sood. it SE::ems ·c l qht t;c, mCt.kE· j_ f: sir~-.-c 



if the answer for any of the components is del. 
does pr eser ve sieves. 
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This mea...-1 s that e-const;-11ctic,r 

(!).,; 
en :: 
u,.::-
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