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Abstract: 

In this paper i t  is argued that there is a strong 

connection between the issue of abstract types and 

the more general issue of information hiding in 

large program systems, since abstraction has to be 

enforced by the careful and controlled hiding of 

details. In the f i r s t  part of the paper, the no- 

tions of v i s i b i l i t y  and interface are discussed. 

In the second part, i t  is shown how, by careful 

control of v i s i b i l i t y  through interfaces, data ab- 

straction can be achieved. Finally a comparison is 

made between this approach and the class approach. 
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O. Types and Data-abstraction 

By a type, we mean a collection of objects (the 

instances of that type) characterized in some fa- 

shion, together with a name for that collection, 

the typename. Customarily the typename is used to 

denote the type. 

The instances of a type can be character ized by a 

common data representat ion for  instances o f  the 

type, as in ALGOL 68 or PASCAL, and furthermore 

by a set o f  operat ions,  appl icable to instances o f  

the type, as in CLU [L i skov /Z i l l es  1974]. This 

not ion o f  type can be used as a vehic le  fo r  data- 

abstract ion in the fo l low ing  sense: 

(naming) The typename serves as a name fo r  

the character iz ing data representat ion,  a l -  

lowing through that  name the dec lara t ion  

and further manipulation of objects with that 

representation. 

- (hiding) The type allows to forget details of 

that representation, in particular by provid- 

ing operations applicable only to instances 

of the type, and by forbidding operations 

based on knowledge of the representation of 

an instance of the type. 

The concept of mode-declaration or type-declara- 

tion, as in ALGOL 68 and PASCAL, in conjunction 

with the strong typ in  9 o f  those lanouages serves 

jus t  as wel l  fo r  character iz in~ a type as the 

SI~ULA class concept. 

Yet, most of the present discussion on abstract 

data types is concerned with the development, 

starting out from the class-concept of SI~ULA 67 

[Dahl/~hrhaug/Nygaard 1968], of special mechanisms 

for data abstraction, e.g. Clusters [Liskov/Zilles 

1974], Forms [Wulf 1974] and other variants of the 

class-concept, e.g. [Brinch Hansen 1974, Hoare 

1975], and ignores the essentially simpler mecha- 

nism of the type declaration. 

The reason for this preference seems to be in the 

fact that a class encapsulates the representation 

of instances of a type together with i ts  charac- 

terizing operations in a convenient fashion. Wheth- 

er this encapsulation is worth the introduction of 

a special language construct is an interesting 

question. A more important question is,  however, 

which of the two mechanisms (type-declarations or 

classes) is best suited for data abstraction. Both 

mechanisms fa i l  with regards to the hidinn of re- 

presentational details, and special language con- 
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structs have to be introduced for  that  purpose. 

We intend to show that the hid ing of  representa- 

t i ona l  de ta i l s  for  data abstract ion can be per- 

formed by the same mechanism that  is necessary for  

a lgor i thmic  abst ract ion,  v iz.  t i gh t  control  over 

the scope o f  named objects. We propose the use of  

type-declarat ions plus t i gh t  control  over the 

scope of  named objects rather than the introduc- 

t ion  o f  ever more baroque var iants of  the class 

concept plus separate mechanisms for  a lgor i thmic  

modular i ty.  

1. V i s i b i l i t y  

As a basis for  the discussion of  d e f l n i t i o n a l  

means fo r  abstract  types, we w i l l  introduce in th is  

chapter the notions o f  v i s i b i l i t y  and in te r face ,  as 

wel l  as some fu r ther  terminology and nota t ions,  

which a l low a genera l i za t ion  of  scope ru les,  su i ta -  

b le for  data abstract ion as well as for  a lgor i thmic  

abst ract ion.  

1.1.1. Units 

In the sequel we w i l l  avoid t a l k i ng  in terms of  

any spec i f i c  programming-language, and therefore 

w i l l  choose our terms e i t he r  vague or universal .  We 

v isua l i ze  a program as broken up in to un i ts ,  which 

each can have the property that  they may 

- def ine some objects and 

- apply some objects 

1.1.2. Objects 

By an object we mean, depending on the proqramming 

language used, anything which can be associated 

with an i d e n t i f i e r  or with some other symbol 

through a dec lara t ion.  A un i t  could therefore be a 

dec lara t ion or a statement, a la rger  uni t  could be 

a module or a block, and an object could be e.g. a 

value, a type or a rout ine.  

1.1.3. V i s i b i l i t y  of  Objects 

~ach object may be i d e n t i f i e d  in so~  context by an 

i d e n t i f i e r  with which i t  is associated. The commu- 

n ica t ion  o f  objects between units presupposes the 

knowledge of  t h e i r  i d e n t i f i e r s .  

Vie say that the ob ject ,  which in the uni t  A is 

i d e n t i f i e d  by a, is v i s i b l e  in the uni t  B, i f  any 

occurrence of a in B i d e n t i f i e s  the same object 

that  i t  i d e n t i f i e s  in A. 

We can ind ica te  th is  state of  a f f a i r s  in a p ic ture 

by 

Since the re l a t i onsh ip  between an object and i t s  

i d e n t i f i c a t i o n  is so close, we w i l l  use the i d e n t i -  

f i e r  to denote the object when no confusion ar ises.  

1.1.4. Inter faces 

By means of  an i n te r face ,  every uni t  ind icates 

- which objects,  v i s i b l e  w i th in  i t ,  i t  is w i l l i n g  

to make ava i l ab le  to other un i ts ;  these are 

termed the objects defined by the uni t .  

- which objects,  v i s i b l e  w i th in  i t ,  i t  has to ob- 

ta in  from other un i ts ;  these are termed the ob- 

jects  appl ied by the un i t .  

The i d e n t i f i e r s  associated with those objects are 

indicated in the defines part and the appl ies part 

respect ive ly  o f  the in ter face.  

• Depending on the p a r t i c u l a r  programming lan-  

guage, such an in te r face  may be e x p l i c i t ,  or i t  

may be i m p l i c i t .  

• As an example, Fig. 1 is t yp ica l  fo r  the v i s i b i -  

l i t y  s t ructure needed in compilers and other 

large programs. 

1.2. V i s i b i l i t y  Rules 

We want to study means fo r  r e s t r i c t i n g  the v i s i b i -  

l i t y  of objects between units (as a genera l i za t ion  

of  scope rules)  through the use o f  in ter faces.  De- 

not ing the set o f  i d e n t i f i e r s  of  objects defined by 

some un i t  A as aA and s i m i l a r l y  those appl ied by A 

as ~A' the v i s i b i l i t y  r e l a t i o n  

x  F-T- l 
means: x is v i s i b l e  in B < ~ >  x~6 A A x ~  BA 

x is v i s i b l e  in A 
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~dentifie~ 
b °~reading J~*~e" 

lharacter~read char] number l~eadnumb~ 

ymbol 

/ 

I reading I 

symbol 
reading read symb> 

We w i l l  ind ica te  the s i t ua t i on  where the defines 

part o f  A i m p l i c i t l y  passes a l l  objects v i s i b l e  in 

A by 

(x is v i s i b l e  in B < - - >  xE~ B A x is v i s i b l e  in A) 

S im i l a r l y  we w i l l  ind ica te  by 

the s i t ua t i on  where the appl ies part of  B i m p l i c i t -  

l y  passes a l l  objects defined by A, and by 

the s i t ua t i on  where there is no r e s t r i c t i o n  at a l l  

on the v i s i b i l i t y .  

In b lock-s t ruc tured languages, the v i s i b i l i t y  be- 

tween a block × and another block V nested d i r ec t -  

l y  in i t  is of  the type 

s ince,  apart from the p o s s i b i l i t y  o f  dec lar ing in Y 

objects wi th  the same i d e n t i f i e r s ,  a l l  objects de- 

f ined in X are v i s i b l e  in Y. The fac t  that  the de- 

f ines part  of  X i m p l i c i t l y p a s s e s  a l l  objects v i s i -  

ble in X, and.that the appl ies part of  V is also 

i m p l i c i t  is  at the heart of  a number of  problems 

associated wi th  b lock-s t ruc tu re  [Wulf/Shaw 1973]. 

The v i s i b i l i t y  between a block X and the heading of  

a procedure y nested d i r e c t l y  in i t  can be seen as 

an example of  

since of  a l l  objects defined in the heading only 

the procedure name is e x p l i c i t l y  made ava i lab le  to 

X, whereas in X there is no f u r t he r  r e s t r i c t i o n  on 

v i s i b i l i t y .  A s im i l a r  r e l a t i onsh ip  holds between a 

block X and a class Y nested d i r e c t l y  w i t h i n  i t ,  

some of  whose const i tuents  are hidden. 

• I f  % n ~ A  ~ ~ i t  makes sense to study ~, the 

con t ro l led  level  jumping. 

• I t  may make sense tot fo rb id  cycles in order to 

d isa l low recurs ion,  as e.g. in concurrent PASCAL 

[Brinch Hansen 1974]. 

1.3. Hodule Structure 

From here on, we w i l l  use the term module ~o denote 
t 

e i the r  a un i t ,  or a co l l e c t i on  of  uni ts  ahd modules. 

The reasons fo r  not in t roduc ing th i s  term e a r l i e r  

are 

the fact  that  the term module is so overloaded 

that  i t s  use may be very misleading i f  i t  is not 

spec i f ied  c l ea r l y  what meaning of  the word is 

intended 

the desire to focus f i r s t  on the re la t ions  be- 

tween smaller const i tuents of a program. 
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1.3.1. Structural  Archetypes 

We w i l l  discuss here two general forms of  module 

s t ructure from which others can be derived by nest- 

ing (see 1.3.2.)  

We now need the concept since we now want to dis- 

cuss the overall structure of programs "in the 

large" [DeRemer/Kron 1974]. 

1.3.1.1. Chaos 

Very widely used in assembly languages is a st ruc-  

ture where, p o t e n t i a l l y ,  objects are v i s i b l e  any- 

where, ~ .e , ,  objects defined by some module can be 

applied by a l l  other modules. We w i l l  term th i s  

state of  a f f a i r s  chaos, or at best contro l led chaos. 

As an example, the spec i f i ca t ions  

EXTE~AL ABC ENTRY ABC 

may establ ish the v i s i b i l i t y  re la t ionsh ip  

l,Hodule 11 abc >I Module 21 
We w i l l  term th i s  s t ructure chaos over .. 

• I t  can be argued tha t ,  because of  the close con- 

t r o l  over in te r faces ,  th is  s t ructure is prefer-  

able over b lock-st ructure fo r  large programs 

• Notice that  the directed graph of  the st ructure 

may be non-caherent, so that  i t  can be s p l i t  up 

into disjoint graphs. 

1.3.1.2. Hierarch Z - 

Very widely advoCated [Parnas 1972] is h ie ra rch i -  

cal s t ruc ture ,  where the v i s i b i l i t y  graph can be 

divided in to leve ls  such that 

a) from level  0 no object is v i s i b l e  

b) from level  i only objects on leve ls  < i - I  are 

v i s i b l e ,  and at least  one. object is in fac t  ap- 

p l ied from level  i - l .  

Such a weak hierarchy allows jumping over any 

number of  leve ls .  

• We can obtain a strong hierarchy by i n s i s t i n g  

that  from level  i only objects on level  i - I  are 

v i s i b l e .  This leaves open the p o s s i b i l i t y  of  

cont ro l led level  jumping through ~ (see f i g .  I 

in [Robinson et al 1975]) but is more d i f f i c u l t  

work, and such level  jumps w i l l  therefore hope- 

f u l l y  be minimized by the programmer. 

• Block-structure is a hierarchy o v e r , w i t h  the 

property that every module has only one ingoing 

arrow (but fo r  a root module). I t  allows the ex- 

pression of the s i tua t ion  where one module pro- 

vides the environment for  one or more other mo- 

dules. 

• From the point of view of information h id ing,  a 

very in te res t ing  st ructure is an t i -b lock -s t ruc -  

tu re ,  where each module has an arrow to only one 

module, as in the example 

~e¢~ ~z~z'~ ' 

~ reading lread idf~ 

~ dentifze~ 

I t  allows the expression of  the s i tua t ion  where 

many modules together equal ly contr ibute to the de- 

f i n i t i o n  of  a new one. This s t ructure can be mod- 

e l led  in ALGOL languages by declar ing the proce- 

dures read letter and read digit local to the pro- 

cedure reoz~idf ,  which shows that  ALGOL al lows, be- 

sides b lock-s t ruc ture ,  some measure of an t i -b lock-  

s t ructure.  

• Using block s t ructure instead, the two proce- 

dures read digit and read letter would have to 
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be global to read idf, with the consequence that 

they are visible wherever read idf is visible. 

Anti-block-structure clearly has some advantages 

over block-structure. I t  is conjectured that 

part of the success of the class concept comes 

from its use of anti-block-structure. 

Anti-block-structure is not, however, adequate 

for expressing the situation that both read 

dig i t  and read letter make use of a procedure 

read char which is used nowhere else, and should 

not be visible anywhere else. 

• ~ c ~  letters 
! 

• ,,, , 

~ o ~  reading 
"~ [ ~ g i ~  

Using ALGOL, the procedure read char would have 

to be local to both read ~etter and read digit, 
which would only be possible by copying. Mixing 

anti-block-structure with block-structure by 

making read char global to both makes its visi-  

b i l i t y  too large again. 

3.2. Nested Modules 

Various forms of structure can be obtained by nest- 

ing units or modules within modules. I t  is suggest- 

ed that the most profitable way of envisaging the 

structure of large systems is by seeing them as 

structures nested within structures. 

Block-structure can most simply be depicted as 

also anti-block-structure can easily be depicted 

[ I read digit ~ [read identifier> 

I 

I t  is possible to have a hierarchy within a 

hierarchy 

' ~ e a d  di~i~ Lead 
identifier ) 

which gives an adequate solution to the struc- 

turing problem used as a touchstone in the pre- 

vious sections. 

1.3.3. A Semantical t~del of ~dule Structure 

In this sectiQn one semantical model just i fying the 

choice of a specific module structure is outlined. 

We wil l  consider a program as an abstract machine 

[Waite + Poole], consisting of layers of units, e.g. 

r ' l  F - " l  layer 4 

I ~ 0 F - - I Q  layer 3 

D F-- I  F- I  [ ~ ]  r - l  layer 2 

F ' ] ~  ~ I-] F-'] F~ layer I 

In a compiler, these layers could correspond to the 

cfiaracter level, token level, symbol level and syn- 

tactic level respectively. The layers correspond to 

levels of abstraction: the units within one layer 

conspire in some fashion to present a more abstract, 

a higher level face than the underlying layer. One 

layer defines an abstract instruction set and ab- 

stract data. 

1.3.3.1. The CDL .~odel of ~dular i ty  

Units within one layer need access to 

- the immediately preceding layer 

- other units and data within one layer 

I f  the vertical direction in the diagram represents 

abstraction, the horizontal direction can be called 

extension,since the units within one layer incre- 

mentally extend the power of the machine whilst re- 

maining at the same level of abstraction. Notice 

that in particular recursion (on one same level of 

abstraction) may be necessary, which precludes a 

s t r ic t  hierarchical structure. 
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Between layers ,  in the d i rec t i on  o f  abs t rac t ion ,  a 

s t r i c t  h ierarchy is enforced w i t h i n  one laye r ;  in 

the d i r ec t i on  of  extension,  less r e s t r i c t i o n s  must 

be imposed on v i s i b i l i t y .  

r R 
D ' Iayer  2 
I J 
I I 
• I 

I , ! 

, , layer  i 
' I 

E x t e n s i o n  " 

As a consequence of  these observat ions,  we are pre- 

sen t l y  gather ing experience wi th  a model o f  modula- 

r i t y  based on the d i s t i n c t i o n  between ve r t i ca l  ab- 

s t r ac t i on  in te r faces  and hor izonta l  extension in -  

terfaces de l im i t i ng  very prec ise ly  the v i s i b i l i t y  

of  objects.  The modular i ty  s t ruc tu re  is  tha t  of  a 

s t r i c t  h ierarchy of  layers over ~ w i t h ,  w i t h i n  

one l aye r ,  chaos over ---. This is  an a l t e rna t i ve  

to the usual t ransparent h ierarchy.  

A next quest ion,  which should be answerable from 

the model i s :  what can be passed across an i n t e r -  

face. 

1.3.3.2.  Objects 

The f o l l ow ing  sorts o f  objects are to be considered: 

• algor i thms 

.c losed 
- procedures< 

func t ions  open 

- operators 

- macros 

• data 

- var iab les 

- constants 

• types 

The p o s s i b i l i t y  Of passing algori thms across i n t e r -  

faces is essen t ia l ,  as wel l  fo r  extension as fo r  

abs t rac t ion .  

Regarding constants,  i t  can be argued that  a con- 

s tant  (e.g.  17) hardly ever stands fo r  i t s e l f  ( v i z .  

the fo l l ower ,  in the sense of  Peano, o f  16) but has 

some spec i f i c  meaning as, e .g . ,  the encoding o f  a 

character.  By th i s  argument, a constant appearing 

at some leve l  of  abst ract ion cannot possib ly  mean 

the same th ing  at a d i f f e r e n t  level  o f  abs t rac t ion ,  

and therefore should not be passed between layers .  

Thus, the encoding of  the e n d - o f - f i l e - c h a r a c t e r  

should never bemade ava i lab le  to the symbol sec- 

t i o n ,  fo r  fear o f  some c lever  programmer "op t im iz -  

ing" by using the e n d - o f - f i l e - c h a r a c t e r  in the 

place of  the end-o f - f i l e -symbo l .  (This appl ies a 

f o r t i o r i  to va r i ab les . )  Thus, we might f o rb id  the 

passing of  constants between layers by not a l low ing  

them to appear in abst rac t ion  in te r faces .  

A f te r  extensive p rac t i ca l  experience, t h i s  argumen4 

to our present po in t  o f  view, seems pedan t i ca l l y  

r i g h t ,  but not p rac t i cab le  w i th  present-day pro- 

grammers, who have not the foggiest  not ion of  modu- 

l a r  programming. Only when a new programming s t y l e  

has been evolved, can such consequences be drawn. 

The argument is  given here to s o l i c i t  thought ,  res- 

ponse and f u r t he r  exper imentat ion.  

In the model which we ar r ived at in the language 

CDL, a f te r  many intermediate models, constants can 

appear in abst rac t ion  in te r faces ,  whereas var iab les 

cannot. In extension i n te r faces ,  any object  may 

appear. 

The passing of  types across in te r faces ,  which is  

analogous to the passing of  a lgor i thms,  w i l l  be 

studied more c lose ly  in the next chapter. 

2. Types 

A type is a c o l l e c t i o n  of  values, character ized in 

some way - be i t  by enumeration, ax ioma t i ca l l y ,  or 

through the set o f  algori thms appl icab le  to i n -  

stances (values) of  that  type and the proper t ies 

of  those algor i thms. I t  is the l a t t e r  a lgo r i thmic  

charac te r i za t ion  which we w i l l  adhere to.  The pur- 

pose of  the fo l l ow ing  discussion is to explore the 

re la t i onsh ip  between v i s i b i l i t y  and data abstrac- 

t i on .  
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2.1. Type and Real izat ion 

Ever since ALGOL W, programming languages o f  the 

ALGOL fami ly have contained f a c i l i t i e s  to declare 

types. We w i l l  wr i te  our examples in the experimen- 

ta l  programming language SLAN, which is an obvious 

descendant o f  ALGOL, so that  the examples should be 

se l f -exp lanatory .  

A type-dec larat ion associates a type-name with a 

f i ne -s t ruc tu re ,  e .g . ,  

type comp~ 

type complex 

type string 

type array 

= struct (real re, im); 

= struct (real im, re); 

= struct (int length, [1 : 128] 

char text); 

= [1 : 10, 1 : 10] real_____; 

type intmodthree = int; 

The fine-structure, i.e. the part after the equals 

symbol, serves two purposes: 

i t  specifies how an object of that type is re- 

presented 

i t  specifies the ~rimitive access alg.o.rithms to 

an object of that type 

As an example the given declaration for str ing 

makes the following primitive access algorithms 

available: 

string var t; ~ >  text 

text [ i ] 

On the basis of  the p r im i t i ve  access algor i thms, 

fu r ther  algorithms working on an object of  that 

type are constructed. In many s i tua t ions ,  i t  is im- 

perat ive that  the use of  the p r im i t i ve  access a l -  

gorithms is r es t r i c t ed  and loca l i zed  as far  as 

possible. This 

- s imp l i f i es  proofs of  correctness 

- is essential  fo r  data abstract ion 

is essent ial  fo r  secur i ty  

- is necessary for  un i formi ty  of  referents 

Thus, we want to r e s t r i c t  the v i s i b i l i t y  o f  f ine-  

s t ructure.  

2.2. Purposes of  a Type 

The purposes, for  which a type is used in a pro- 

gramming language, can be summarized as follows, 

giving examples of each: 

declaration of an object of that type 

- without generating a new object 

real oonst pi = 3.142; 

real var max = ifa>b then a else b 

- with generation of a new object 

complex v~z; 

denotation of an object of that type 

historical denotations for some privileged 

types 

217; "abo"; -1.3125 -9; true 
I0 

- general denotations for structure or row 

types 

~omplex (0. 712, -0. 712) 

row (I, O, O, O) 

identification of generic objects 

- generic operators or procedures 

declared expl ic i t ly  

op X = (matrix const a, b) matrix:~.., 

declared impl ic i t ly  

- visible 

== and [ ] 

invisible (~.g. coercions) 

real vat x; x := x + I; ... 

static check of domain 

- case clause, conformity case clause 

ease oolour in red: . . . ;  green= ..... esao 

or case l ispeel l  i_nn 

(atom x ) : ~ , , - ;  

( re f  ce l l  y ) : , , ~ -  

e s a o  

- static check of assignment- (or parameter-) 

compatibility 

Abstract types must be made available in such a way 

that i t  is possible to declare variables of that 

type, denote constants of the type, identify gene- 

r ic operations (for the very least the assignation) 

and perform static checks. 

2.3. Abstract Types and Interfaces 

The abstraction of a type from its realization can 

be done across an interface between a defining en- 
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vironment, where the name and the fine-structure of 

the type is fu l ly  known and can be made use of, and 

an applying environment where only the type-name is 

available, and any knowledge about the fine-struc- 

ture cannot be made use of, as in figure 2 

In SLAN, only in the reach of the type declaration 

is i ts  fine-structure visible; i t  cannot be made 

visible to other units, since i t  cannot be passed 

by means of an interface. Appropriate algorithms 

can be made visible instead. 

All questions of security, as well as the burden of 

the proof of correctness of the realization of type, 

are put on the shoulder of the man who writes the 

defining environment. The underlying attitude is 

that the definer of the type is an in f in i te ly  good 

programmer, whereas the applier is in f in i te ly  me- 

diocre, bad or malicious. Of course this argument 

is repeated at every interface. 

A corollary is that the user must never be forced 

to write something which depends on the realization 

of the type. As an example, the type'definitions 

type comp1 = struct (real re, im); 

type compl = struct (real im, re) 

di f fer  only t r i v i a l l y ,  and any program written for 

the one realization wi l l  work for the second real- 

ization except for one point: any denotations, 

whose value depends on the ordering of f ields, e.g., 
( 

compl (0.712, -.712) 

wi l l  be wrong under the other realization. 

All the purposes of a type, outlined in the pre- 

vious section, can be f u l f i l l ed  but for one - the 

general denotation, which is fine-structure depen- 

defi~ing environment 

type-name 

type~fine-structure 
! 

algorithms defin~ with fu l l  knowledge 

of the fine-structure 

dent. We therefore forbid the use of those general 

denotations outside of the defining environment. 

2.4. Denoting In.s.t.ances of Types 

We have to provide a way for the user to denote 

values (instances) of a type. Ultimately, al l  ob- 

jects are realized as a collection of values of one 

of the historical types ( in t ,  real, bool, maybe 

char and strin~ ) for which an obvious denotation is 

to be available. We can do this without the intro- 

duction of any new concept by making use of the 

concept of algorithm: for each type, supply a deno- 

tation procedure to denote new instances of the 

type, which can be parametrized to supply bounds or 

in i t ia l izat ions.  

Examples in the form of in i t ia l ized declarations: 

vector var t := vec (100); 

matrix var x := zeromat (n. n); 

stack var mystack := stack (200); 

This solution gives fu l l  algorithmic control over 

the creation of new instances. Since the denotation 

procedure can be an open procedure, no inherent in- 

efficiency is to be feared. 

I t  is in this fashion that mRtrices and vectors are 

introduced in SLAN, where their defining modules 

are part of the l ibrary. 

2.5. An Example: Matrices 

Let us consider the (somewhat rhetorical) question: 

What is a matrix? 

One answer is to say, a matrix M consists of a 

applying environmen~ 

algorithms defined without knowledge 

of the fine-structure 
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square array of elements M . .  selected by pairs of 

integers i ,  j c  [1 = n] through a subscription algo- 

rithm. The essential point is the existence and 

properties of the subscription algorithm, not the 

representation as a square array of elements. 

Of course the subscription algorithm can be obtain- 

ed very simply by declaring 

type matrix = [I :n, 1:hi real 

which will allow 

matrix m; ... m[i, j] ... 

However there may be situations, where this repre- 

sentation is unsuitable, such as: 

a) the matrix is large, but symmetric. Memory can 

be saved by declaring 

type matrix = [1 : n* (n+1)-2] real 

with subscription algorithm 

m[if j<_i then i,(i-1)-2+j 

else j ~ (j-l) - 2 +i 9~] 

b) the matrix is very large, but a band matrix of 

width width 

type matrix = [1 : n, -width : +width] real 

with subscription algorithm 

m[i, j-i] 

c) the matrix is very large but sparse 

type matrix = [I : n] column~ 

type column = struct (real elem, re~ column 

next) 

where the subscription algorithm is le f t  as an 

exercise to the reader. 

All of these are, under specific circumstances, 

adequate representations of matrices. The choice 

between one representation and the other must be 

possible without invalidating any programs using 

matrices, but this is impossible because of the 

widely varying subscription algorithms - unless 

care has been taken to separate the representation 

from the access mechanism. 

In all of these cases, subscription should take 

place by the use of suitable access operators, e.g. 

the pair 

op sub = (matrix const x, [1 : 2] index i) 

real const:~-; 

op sub = (matrix var x, [1 : 2] index i) 

real var:~; 

where only within the body of the operators, know- 

ledge of the fine-structure of the type m a t ~  is 

necessary. All programs using matrices wil l  sub- 

scribe by 

m sub (i, j) 

independent of the actual representation of matri- 

ces. Notice that this solution, besides allowing 

complete freedom in the realization of an abstract 

type, also satisfies the uniform referent princi~e. 

To answer the question at the start of this section, 

an American folk saying can be quoted (somewhat 

censored) 

" I f  i t  looks l ike sh.t, i t  smells l ike sh.t, and i t  

tastes l ike sh.t, then i t  must be sh.t." 

which is an admirable formulation of the concepts 

underlying abstract data types. 

3. Comparison with the Class Concept 

The ideas outlined in the previous sections reduce 

the adequate treatment of abstract data types to 

the question of v i s ib i l i t y ,  a problem which inle,ge 

systems has to be faced anyway. Data abstraction 

can be handled completely analogously to algorith- 

mic abstraction. The duality between those two 

forms of abstraction should be clearer in this ap- 

proach than in any approach which introduces a spe- 

cial language construct, viz. classes, to deal with 

data abstraction. Any program which can be formu- 

lated in terms of classes can quite simply be re- 

written in terms of type declarations and module 

interfaces, but the reverse is not true, as we hope 

to point out in the next sections. As an example 

for comparison, we show here declarations for a 

character stack in SIMULA and SLAN. (see Fig. 3) 

3.1. Some Problemswith the Class Concept 

As originally introduced in SIMULA, classes do not 

allow the (partial) hiding of fields and algorithms. 

The need for this mechanism was fe l t  only later, 

but is at the heart of our approach. In the given 

SI~IULA example, nasty side effects and bad program- 
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SIMULA: 

class charstack (length); integer length; 

begin character array cell [I : length]; 

integer pointer; 

procedure push (item); character item; 

begin if full 

then stack overflow; 

pointer := pointer + 1; 

cell [pointer] := item 

end of push; 

character procedure pop; 

begin if pointer = 0 

then stack underflow; 

pop := cell [pointer]; 

pointer := pointer - 1 

end of pop; 

boolean procedure empty; 

empty := pointer = 0 

boolean procedure full; 

full := pointer ~ length; 

pointer := 0 

end; 

ref (charstack)~stack; 

stack := new charstack(lO0); 

while i full.stack d_oopush.stack ('~"); 

SLAN : 

module charstackin 9 defines charstack, push, 

pop, empty, full, new charstack: 

type charstack = struct (int pointer, 

length, array char cell); 

alg push (charstack vat s, char const 

item) : 

if full (s) 

then stack overflow 

s.cell Is.pointer incr 1] := item 

end alg push; 

al~ pop (charstack var s) char: 

i f  empty (s) 
then stack underflow~ 

pop := s.cell Is.pointer]; 

s.pointer deer 1 

end alg pop; 

alg empty (charstack var s) bool: 

s.pointer = 0 

end alg empty; 

alg full (charstack var s) bool: 

s. pointer = s.length 

end alg full; 

alg new charstack (int const length) 

charstack: 

charstack (0, length, array (length) 

char) 

end alg new charstack 

end module char stacking; 

charstack var stack := new charstack (100); 

while i full (stack) d_oopush (stack, "x"); .. 

ming s ty le  can be the consequence o f  the v i s i b i l i t y  

o f  the f i e l d s  pointer and length. 

In SlMULA an instance of  a class is  a s t ruc tu re  em- 

bracing a l l  data f i e l d s  together wi th  a set o f  a l -  

gorithms. This l i m i t s  the possible r ea l i za t i ons  of  

"~ t ype  to s t ruc tu res ,  which is  unnecessar i ly  re- 

s t r i c t i v e  and obscures the essent ia l  s i m p l i c i t y .  I t  

is  by no means c lear  why 

type vector ~ array real 

o r  type intmodthree = count 3 

should be packaged as s t ruc tu res .  

Fields of  a class can be accessed by means of  the 

do t -no ta t ion  fo r  f i e l d - s e l e c t i o n  as long as they 

are data f i e l d s  or parameterless procedures, but 

fo r  f i e l ds  which are parametrized procedures sud- 
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denly brackets are needed, as in 

push.stack ('~") 

This can be seen as non-uniformity of referents 

[Geschke/Mitchell 1975]. 

The most serious problem with classes comes from 

the basic idea to encapsulate the definit ion of 

one type: I f  one wants to define two or more re- 

lated types, say ford and opel, as well as conver- 

sion algorithms between them, he cannot define the 

two classes by one declaration, hiding al l  intimate 

details. Neither can he define two separate classes 

ford and op,el each hiding their intimate details, 

because for the defini t ion of either, intimate 

knowledge of the other is needed. Making the i n t i -  

mate details of the one visible to the other makes 

them available to any user of the other, because 

of the block-structure. Defining the one local to 

the other also does not give a solution (unless 

one bends the scope rules unti l  this problem is 

solved [Hoare 1975]). An altogether different me- 

chanism giving very precise control over v i s i b i l i -  

ty is needed - which was our thesis. 

The v i s i b i l i t y  structure needed is either the one 

in Figure 4, or the simpler one in figure 5. 

f i ~ _ ~  

3.2. Conclusion 

We hope to have shown the important relationship 

between v i s i b i l i t y  and data abstraction, and to 

have demonstrated that, by providin~'a- general con- 

trol over v i s i b i l i t y ,  the need for special language 

constructs for data abstraction other than the type 

declaration can be obviated. 

In relation to the class concept, the use of which 

seems to become a consensus in the PASCULA tradi-  

t ion, the advantages claimed for our scheme are: 

• I t  is conceptually simpler and more general, be- 

cause i t  subsumes the treatment of module struc- 

ture 

• I t  allows a symmetric treatment of algorithmic 

abstraction and data abstraction which should 

lead to better programming style 

• I t  allows a solution of the uniform referent 

problem 

• I t  allows the simple and secure treatment of re- 

lated types and conversions betweenthem. 

• The use of parametrized denotation procedures 

allows a simple treatment of subtypes. 

definition 

of 
ope I 

definition 

of 
ford 

intimate details of opel 

"public details of opel 

intimate details of ford 

.... public details of ford > 

definition of 

conversions 

between 

opel 

and 

for4 

public dettails of opel and ford 

conversions between them 

f i ~ _ ~  

type opel = intimate details of opel; 

type ford = intimate details of ford; 

alg conversions: 

public details of opel and ford 

conversions between them 
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I t  is not the intention of this paper to deprecate 

the merits of the class concept, but to provoke 

an awareness of alternatives and the interest to 

investigate in a wider framework the concepts in- 

volved. 

Acknowledgements 

FLV thanks go to my colleages of WG 2.4, especially 

Jean Ichbiah, who seems to have coined the term vi- 

s ib i l i t y  for the systems implementation language 

LIS [Ichbiah 1974], to Frank DeRemer, whose ideas 

are closely related [Deremer 1975], and to Bernd 

Krieg-BrUckner [Krieg 1974] for many discussions. 

The CDL model was designed, implemented, evaluated 

and redesigned a number of times by Jean-Pierre 

Dehottay, the ideologist of abstract machines, and 

Michael Stahl, both from the Technical University 

of Berlin. SLAN is a common effort of a number of 

researchers at the Technical University of Berlin. 

R=E=F=E=R=E=__N=C=E=S 

Brinch Hansen, P.: Concurrent PASCAL, a Program- 

ming Language for Operating System Design; 

Information Science Technical Report No. 10, 

California Institute of Technology, 

April, 1974. 

Dahl, O.J., Myhrhaug, B. and Nygaard, U.: The 

Simula 67 Common Base Language~ Norwegian 

Computing Center, Oslo 1968. 

DeRemer, F. and Kron, H.: Programming-in-the-Large 

versus Programming-in-the-Small, Pro-ce~dings 

of the International Conference on Reliable 

Software; SIGPLAN Notices Vol. 10 No. 6, 

June 1975, presented to WG 2.4 in Dec. 1974. 

Geschke, C.M. and Mitchell, J.G.: On the Problem 

of Uniform References to Data Structures, 

Proceedings of an International Conference 

on Reliable Software; SIGPLAN Notices 

Vol. 10 No. 6, June 1975 

Hoare, C.A.R.: The Structure of an Operating Sys.. 

tem, working material for the International 

Summer School on Language Hierarchies and 

Interfaces, Munich, August 1975. 

Ichbiah, J.A.': V is ib i l i ty  and Separate Compilations 

Proceedings of the IFIP WG 2.4 Meeting in La 

Grande Motte, France, May 1974. 

Koster, C.H.A.: Using the CDL Compiler Compiler, in: 

Compiler Construction, an Advanced Course~ 

Springer Lecture Notes in Computer Science 

21, 1974. 

Koster, C.H.A.: Beating the Global, Proceedings of 

the IFIP WG 2.4 Meeting in La Grande Motte, 

France, May 1974. 

Krieg, B.: Increasing the Flex ib i l i ty  and Reliabi- 

l i t y  of the Class Concept; Bericht Nr. 7429, 

Technical University of Munich, presented to 

WG 2.4 in December 1974. 

Liskov, B.H. and Zi l les, S.: Programming with Ab- 

stract Data Types, Proceedings SIGPLAN Con- 

ference on Very High Level Languages; 

SIGPLAN Notices Vol. 9 No. 4, April 1974. 

Parnas , D.L.: On the Criteria used in Decomposing 

Systems into rbdules; CACM Vol. 15 No. 12, 

December 1972. 

Poole, P.C. and Waite, W.M.: Portabil ity and Adapt- 

ab i l i ty ,  in: Advanced Course on Software 

Engineering; Lecture Notes in Economics and 

Mathematical Systems 81, Springer 1973. 

Robinson, L., Levitt, K.N., Neumann, P.G. and 

Saxena, A.R.: On Attaining Reliable Software for a 

Secure Operating System; SIGPLAN Notices 

Vol. 10 No. 6, June 1975. 

Ross, D.: Uniform Referents: An Essential Property 

for a Software Engineering Language, in: Tou 

(Ed.), Software Engineering, AP 1970. 

Wulf, W.A. and Shaw, M,: Global Variable Considered 

Harmful; SIGPLAN Notices Vol. 8 No. 2, 1973. 

Wulf, W.A.: ALPHARD: Toward a Language to Support 

Structured Programs, Carnegie-Mellon Univer- 

sity, April 1974. 

190 


