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a Coercive, Recursive, 
Block Structured Language 

with Deference to Reference, 
Attention to Retention, ~'< 

and Unification of Information 
and Control Structures, 

and ~,Vhich Has an Implementation Orientation 
in Its Definition and Specification 

A b s t r a c t  Introduction 

This paper introduces Oreganos a practical gen- 
eralization of A/LOOL 60. The semantic definition of 
the language is in terms of an information structure 
model for its implementation~ the contour model° 
Some of the major features are emphasized~ in- 
eluding that of retention (non-deallocation of still 
accessible cells)~ The contour model is briefly de- 
scribed as a cell-based, fixed program component 
model with a retentive deallocation scheme, Modes 
(data types) are described as cell templates. Then, 
blocks, declarations, assignments, and pointer 
handling are illustrated in terms of sequences of 
pictorial snapshots in the model. A wide variety of 
heterogeneous and homogeneous multiple values are 
described using the data structure models of their 
implementation° Labels and procedures, which can 
be called reeursively, are generalized to the full 
status of values. Coroutines and tasks are intro- 
duced as simple extensions of procedure callsfand 
various synchronization devices such as locking and 
events are illustrated, Finaliy~ the practicality and 
ease of use of the language are demonstrated~ 

~"~Pun effects here were developed in collaboration 
with Professor Peter ~WegT~er~ 

Oregano is a highly practical generalization of 
ALGOL 60 [22] which makes use of certain features 
of BASEL and ALGOL 68 [30, 2]. The desigT~ and 
semantic specificatien are based on an information 
(data) structure model[34~ 35, 37, 33], which 
specifies semantics of linguistic features in terms 
of their implementations. Oregano is a block 
structure language with recursive procedures, it 
provides an infinity of modes (data types) including 
those of pointers, labels, and procedures. "]'here 
is a uniform treatment of values and identifiers of 
any mode. Oregano has the usual declaration and 
assignment features as well as pointer handling 
operators. The language provides a wide variety of 
heterogeneous and homogeneous multiple values, 
differentiated by complexity of structure. In addi- 
tion, there is unification of control structures such 
as labels, procedures, coroutines, and tasks 
(parallel routines). There is one aspect of Oregano 
which differentiates it from most other languages, 
which makes some of the above unification possible~ 
and which follows from the information structure 
model] namely, the concept of retention: a cell is 
not deallocated until there is no access path left to 
the cell. We first discuss the need for and the basic 
details of the model. Then the features of Oregano 
will be presented. 

Need for Model 

The current state of the art of semantic defini- 
tions is best exemplified bythe ALGOl.., 68 Report [30] 

-172- 



and the UI,D VL/1  Def in i t ion  [].9], T h e s e  s p e c i f i c a -  
t ions  a r e  di f f icul t  to r e a d ,  p rov ide  l i t t l e  in tu i t ive  
b a s i s  fo r  u n d e r s t a n d i n g  the language,  and p rov ide  
a l m o s t  no b a s i s  for  f e a s i b l e  i rnp] .ementa t ions .  Nei-  
t h e r  the  u s e r ,  i m p l e m e n t e r ,  no r  d e s i g n e r  thinks in 
t e r m s  of copy r u l e s ,  r e n a m i n g ,  text  mod i f i ca t i on ,  
unique n a m e  g e n e r a t o r s ,  [38, 39] ete .  The language 
O r e g a n o  is an a t t e m p t  to hal t  th is  un fo r tuna te  t r end  
by p r e s e n t i n g  a def in i t ion  of the s e m a n t i c s  of the 
l anguage  in t e r m s  of a c e l l - b a s e d ,  f ixed p r o g r a m  
c o m p o n e n t ,  i n f o r m a t i o n  s t r u c t u r e  mode l .  

Such a model is certainly helpful, if not neces- 
sary, to the designer to assure consistency and the 
very possibility of ever implementing the language 
being designed~ It is clear that certain restrictions 
of ALGOL 68 and of PL/i stern from their probably 
intended stack implementations [7, 4]~ even though 
the reasons for the restrictions do not logically 
follow from the formal definitions. Quite obviously, 
an implementation model of this sort is necessary 
for the implementer, for he is faced with the actual 
machine and its data cells, The user can and does 
benefit greatly from the knowledge of such a model° 
He is able to see precisely what he is causing to 
happen~ Once the model is clear, what must be said 
to give the computer the necessary information 
becomes intuitively clear, so that the mastering of 
the syntax is made easier by the presence of the 
model. Thus it is this author's opinion that this sort 
of definition can be used as a vehicle for under- 
standing design of programming languages, can form 
the basis of a feasible efficient implementation, and 
has  in tu i t ive  appea l  to the u s e r .  

Some Features of the Model 

The  m o d e l  u sed  fo r  the s e m a n t i c  def in i t ion  of 
O r e g a n o  is JoB.  J o h n s t o n ' s  con tour  m o d e l [ l l ,  12, 
13~ 6], a cell-based model which uses a fixed pro- 
gram component and a retentive scheme for deallo- 
cation, 

The model and language specification recognize 
that the language is for specification of computations 
on a c o m p u t e r  which  s t o r e s  its data in m e m o r y  ce l l s .  
Hence, the language specification will use the con- 
cept of a cell. Identifiers will designate the loca- 
tions of cells, Assignments are made by changing 
the content of a designated cell. Pointers are values 
which are the locations of other cells, The imple- 
mentation independent notions of possession, refer- 
ence{30~ 36]~ etc.~ used to describe the relation 
between identifiers and their values will be discarded 
as being unilluminating and unintuitive. 

The model used consists of two components: the 
algorithm and the record of exeeution~ The algo- 
rithm is a fixed re-entran~ pure proeedurec0py 0f 
the program. The record of execution contains the 
variable data cells. It also e0n~inS se~er~l pr0des- 
sors which are cello that eontroleXeeutlonof the 
algorithm, Each processor has an k~strUction 
pointer, Ip, pointing to an instruction in the algo- 

r i t h m ,  Also  each  p r o c e s s o r  has an e n v i r o n m e n t  
po in t e r ,  ep,  which points  to an a c c e s s i n g  e n v i r o n -  
m e n t  conta in ing  data ce l l s  in the r e c o r d  of execut ion .  
Execu t ion  of the a l g o r i t h m  is a c c o m p l i s h e d  by 
having the i n s t r u c t i o n  p o i n t e r  scan  the i n s t r u c t i o n s  
in the a l g o r i t h m  s tep  by s t ep .  When an i d e n t i f i e r  

(location designator) is encountered in the algo- 
rithm, the processor uses the environment pointer 
to develop the designator into the address of a cell 
in the record in which the value assigned to the 
identifier is stored [13, 36]. 

Once a cell is allocated in the record of execu- 
tion it remains in existence so long as there exists 
a chain of pointers from some awake processor to 
the cell, This is known as the retentive dealloca- 
tion scheme. (In an actual implementation this 
would be handled by reference count management [32] 
and/or garbage collection [20]. ) With this scheme 
for deallocation in the model, it becomes possible 
to specify retention in the language. 

In the rest of this paper, we illustrate some of 
the features of Oregano using several example pro- 
grams written in the language, x~ Each example is 
accompanied by a verbal and pictorial description of 
the execution of the program using the contour 
model. The invariant algorithm component is 
represented by one copy of the source language pro- 
gram with lines numbered for reference purposes. 
There is also a sequence of schematic diagrams of 
the state of the record of execution at various 
strategic points in the execution (after each source 
language statements say). This sequence is called 
a sequence of snapshots of the record of execution 
and it corresponds to a sequence of states of an 
information structure as a result of transformations 
applied to the structure. 

Mode. . _ s 

Oregano has an infinity of modes which ~re con- 
structed both in the syn tax  and in the i m p l e m e n t a t i o n  

*The syntax for Oregano has not been fixed yet, but 
the intent is to have an easily used syntax which 
resembles that of well-known languages such as 
ALGOL 60, ALGOL 68~ EULER, and PL/I. The 
syntax used in the examples should be clear either 
from the discussions or from familiarity with 
other languages. 
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model, from five basic modes and a variety of con- 
s t r u c t o r s ,  A m o d e  c a n  be t hough t  of ' :ns a tempi{Ate 
w h i c h  i n d i c a t e s  the ce l l  s t r u c t u r e  r e q u i r e d  to s t o r e  
v a l u e s  of the g iven  m o d e ,  I~elow is  a b r i e f  l i s t i n g  
and d e s c r i p t i o n  of s o m e  of the  m o d e s  a v a i l a b l e  in 
O r e g a n o .  In m o s t  e a s e s ,  the  cel l  s t r u c t u r e  and u s e  
of the m o d e  wi l t  be d i s c u s s e d  in de ta i l  in the  a p p r o -  
p r i a t e  s e c t i o n  of th i s  paper< in s o m e  s i m p l e  c a s e s ,  
the ce l l  s t r u c t u r e  is  s h o w n  now so  that  we h a v e  s o m e  
va lue  types  to w o r k  wi th  in the e x a m p l e s ,  T h e  
c a s e s  m a r k e d  wi th  ~:~ a r e  m o d e s  w h o s e  d e s c r i p t i o n s  
a r e  o u t s i d e  the s c o p e  of t h i s  paper", but w h i c h  n e v e r -  
t h e l e s s  d e m o n s t r a t e  the p r a c t i c a l  p o w e r  of the  l a n -  
g u a g e .  The  " , ° ,  '~ a f t e r  s o m e  of the  m o d e  n a m e s  
b e l o w  i n d i c a t e s  that  the w o r d  i t s e l f  is  not  a m o d e ,  
and tha t  the w o r d  r e p r e s e n t s  a g e n e r a l  c l a s s  of 
m o d e s ,  a l l  of w h o s e  n a m e s  beg in  w i th  the w o r d .  

The  f ive b a s i c  m o d e s  d e s c r i b e  c l a s s e s  of v a l u e s  
which may be s t o r e d  in single cells: 

7,[ode D e s c r i p t i o n  

 nteger  umbers [-5975 ] 

real real number ~_~]3 14~ 

bool boolean values, F 
t r u e  or f a l s e  i t r u e  /, 

char single character 

l abe l  s t a t e m e n t  l abe l  

O t h e r s  a r e :  

~;: c o m p t  c o m p l e x  n u m b e r ' s  ( p a i r  of r e a l s )  

p t r . . .  a va lue  of m o d e  p t r  a n o d e  ( a n o d e  
an a r b i t r a r y  m o d e )  is  a p o i n t e r  to a 
ce l l  c o n t a i n i n g  a va lue  of m o d e  
a n o d e  

~ real 

~ O r O C .  , . procedure 
heterogeneous multiple values: 

t u p l e . . .  f ixed  l e n g t h - - a c c e s s i b l e  on ly  a s  a 
who le  

s t r u c t ,  . . 

s, r r a ~ . . .  

f ixed  l e n g t h -  - e l e m e n t s  a r e  s e l e e t a b l e  
h o m o g e n o u s  m u l t i p l e  v a l u e s :  

f ixed  length (at d e c l a r a t i o n  t i m e )  

f ixed  l eng th  (at a l l o c a t i o n  t i m e - -  
d i s t i n c t  f r o m  d e c l a r a t i o n  t i m e )  

f lex  . . . .  f l e x i b l e  l e n g t h  

~:: s p a r s e  . . . .  s p a r s e  m a t r i x  ([ la  Knu th  [15]) 

F O l t t i n e . .  , llili~t<~ o[" ~1 ~ ) : l t t [ (  t l / / -  ]nvo/l :[ t[[£)~l 

(cal l )  of a pr'oc~<h.n'c 

C V (' [I t, , , 0V[)]][ I'O[" CO[l/iIl~,i]l[C(lI[[)I]  L i ' [W[ ' [ ! I ]  

[ ) ; : l r a l ] c ]  ~'( [ / t [nc :~  

; interrup_![ p r o g r a m m e r  def'bt<,:l im[~ :'r~U~t ~ td  
a(tion upon intcr'rupt 

<: u n i o n . . .  v a l u e  w h i c h  c a n  b(! ~n> o f  s p m  i f  h,(]  

n ] O d e s 

< pointer 

: basic 

point©F to value of a.n S !~o(]c, i, <, , 

2 t r  un ion  a l l . , ,  

v a l u e  o f  o t t o  o f  f i v e  b a s ] (  i ~ l ( ) d e s  o r  

of m o d e  p o i n t e r  (can be  s t o r e d  in 
one ce l l )  

O r e g a n o  a l s o  p r o v i d e s  f o r  de f i n ing  new m o d e s  
in t e r m s  of e x i s t i n g  m o d e s  by u s e  of the  w o r d  
r e p r e s e n t .  F o r  e x a m p l e ,  l i s t  rc] /  s t r u c t  [ u n i o n  
[~kq.q c_~mr, i)t_r l i s t ]  (tar', p t r  list: cdr}  d e f i n ( s  the 
m o d e  l i s t .  Given  a va lue  of m o d e  l i s t ,  the f i r s t  
e l emen t~  s e l e c t e d  by c a r ,  is e i t h < r  a s e q u e n c e  of 
c h a r a c t e r s  or' a p o i n t e r  to a n o t h e r  l i s t ,  and the 
s e c o n d  e l e m e n t ,  s e l e c t e d  by cd~L is  a p o i n t e r  to yet  
another" l i s t .  Such  a de f ined  rhode  b e c o m e s  a [ e ra -  
p l a t e  j u s t  l ike a n y  o t h e r  m o d e ,  

In O r e g a n o ,  m o d e s  a r e  a s s o c i a t e d  wi th  i d e n t i -  
f i e r s  in d e c l a r a t i o n s .  E x e c u t i o n  of a d e c l a r a t i o n  
h a s  a t h r e e f o l d  e f fec t :  

1, A ce l l  of the p r o p e r '  s i z e  fo r  s t o r i n g  a va lue  
of the g iven  m o d e  is  a l l o c a t e d ,  

2. T h e  i d e n t i f i e r  d e s i g n a t e s  t h i s  a l l o c a t e d  ce l l .  

3. A s s i g n m e n t s  to the i d e n t i f i e r  a r e  r e s t r i c t e d  
so  tha t  on ly  v a l u e s  of  the  g iven  m o d e  a r e  s t o r e d  in 
the  ce l l  d e s i g n a t e d  by the  i d e n t i f i e r .  

F i n a l l y ,  it wi l l  be e m p h a s i z e d  tha t ,  in O r e g a n o ,  
al___l v a l u e s  of a n d  m o d e  a r e  t r e a t e d  u n i f o r m l y  wi th  
r e s p e c t  to a s s i g n m e n t .  J u s t  a s  t h e r e  i s  no  r e s t r i c -  
t ion  on a s s i g n m e n t  of  an i n t e g e r  b e c a u s e  of s c o p e  
r u l e s ,  t h e r e  is  no  r e s t r i c t i o n  to a s s i g n m e n t  of 
p o i n t e r s ,  l a b e l s ,  and p r o c e d u r e s  b e c a u s e  of s c o p e  
r u l e s .  T h i s  f r e e d o m ,  w h i c h  is  no t  a v a i l a b l e  in 
M U T A N T  0.5, A L G O L  68, BASEL,  P L / 1 ,  an(] 
E U L E R ,  [26, 30, 2, 19, 38] is  a d i r e c t  r e s u l t  of the 
r e t e n t i o n  a s s u m p t i o n  in O r e g a n o ,  

Blocks, Declarations, Assi~nment~, and 
Other Basics 

We wi l l  u s e  an  e x a m p l e  p r o g r a m  a s  the  v eh i c l e  
f o r  e x p l a i n i n g  s o m e  of the  m a i n  f e a t u r e s  of  O r e g a n o :  
b l o c k  e n t r y  and ex i t ,  d e c l a r a t i o n s ,  s c o p e ,  a s s i g n -  
m e n t ,  a l l o c a t i o n ,  i n d i r e c t i o n  and r e f e r e n c e s ,  
c o e r c i o n ,  and r e t e n t i o n ,  
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l 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

i ...... 
I_ 

(in_f[ x, ll~2 in_l y; 

x'-- 1; 

(inM y "  ~; 

x ~ x + y 

) 

y - a t l o ( ,  i O; 

(:ifl._i x: 

x ~ 2 ;  

yx: ~- X] 

y-@x 

) 

x-y 

) 

This program consists of an outer block {lines I 

through 13) declaring an integer ~! and a pointer to 

an integer ~{o (A block is delimited by a pair of 

parentheses.) The oute~" block contains two inner 
blocks, the first (lines 3 d~rough 5) declaring an 

integer 2, and the second (lines 7 through II) 

declaring an integer ki. The statement parts of each 

of these blocks contain several assignment state- 

rnents~ each using the assignment operator- . 
Blocks serve to govern allocation of storage for 
identifiers and %o define the scope in which an iden- 
tifieris known° For example, the i declared in 

line 1 is known in the outer block minus the second 

inner block. It will be emphasized that exit from a 
block does no ! govern deallocation of cells for iden- 

tifiers. 

To start with, we have just a processor ~:~ with a 

null environment pointer, ep, and an instruction 

pointer, ip, pointing to l i n e  I. 

Tr -tit ~ 

As a result of scanning line ]., the outer [)lock 
is entered, A contourT is allocated with a declara- 
tion arra Z containing cells for the declared identi- 

fiers~ /~ and 2- The ep of the processor is made to 

point to this contour so that the processor's environ- 

ment consists of this contour. Conceptually w e  say 
that the processor is nested inside this contour. 

Also~ the ip is moved to the next instruction in line 
2. This sequencing to  t h e  n e x t  instruction o c c u r s  
after each instruction except a ~ and will not be 
dwelled upon any more~ 

In line 2~ the assignment x ~ i, causes a i to 
be stored into the cell designated by the identifierz° 

In line 3~ a new block is entered resulting in a 
new contour with a cell for a news. The declara- 
tion ~ is an initializing declarations so the 
cell for i is initialized to contain 2o The new con- 

tour is nested inside the old one by having the new 

eontour~s static link point to the old eontour~ The 
processor is then moved inside the new contour. 

~:<See next column's foo<no<e~ 

TBoth a processor and a contour are cells. The 

processor is a cell whose subcells are copies of 
the processing units ~ re~isters, A contour is a 

cell, some of whose suheells are the so-called 

cells of the declaration array, We will refer to 
these subcells of the declaration array as cells 
while remembering that the contour ahd declara- 
tion array are all one cell 
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T h e  a s s i g m m e n t  in l ine  4, x "__3.f~Ji, i l l u s t r a t e s  
the u s e  of l o c a l  and n o n l o c a l  i d e n t i f i e r s ,  The  ce l l  
t ha t  i s  u s e d  i s  the i n n e r m o s t  ce l l  d e s i g n a t e d  by  the 
u s e d  i d e n t i f i e r  as  one  s t a r t s  at  the p r o c e s s o r  and 
w o r k s  o u t w a r d  on the  e n c l o s i n g  c o n t o u r s .  T h e  
s e a r c h  path can  be d e s c r i b e d  as  f o l l o w s ,  F o l l o w  
the ep  of [he p r o c e s s o r  to a c o n t o u r  and  s e a r c h  i t s  
d e c l a r a t i o n  a r r a y ,  If  no ce l l  f o r  the  d e s i r e d  i den -  
t i f i e r  i s  found,  fo l low the  s t a t i c  l ink  to the n e x t  
c o n t o u r  and r e p e a t  the  s e a r c h  un t i l  a ce l t  i s  found o r  
un t i l  the  s e a r c h  f a i l s . *  

So in t h i s  e x a m p l e  the  X of  the  i n n e r  c o n t o u r  
and the  x of the  o u t e r  c o n t o u r  a r e  u s e d  to c o m p u t e  
3 w h i c h  is  s t o r e d  90. the  ce l l  f o r  the  o u t e r  e o n t o u r ' s  
~io O b s e r v e  t ha t  the u s u a l  s e o p i n g  r u l e s  h a v e  b e e n  
t h u s  i m p l e m e n t e d  and  tha t  the  i n n e r  iX s h i e l d s  the  
p r o c e s s o r  f r o m  u s i n g  the o u t e r  X, 

T h e n  the f i r s t  i n n e r  b lock  is ex i t ed .  T h e  
e x p l i c i t  e f f ec t  of a b l o c k  exi t  i s  to r e m o v e  the  p r o -  
c e s s o r  f r o m  i n s i d e  the  c u r r e n t  c o n t o u r  to i n s i d e  the  
n e x t  o u t e r  c o n t o u r .  T h i s  is  a c c o m p l i s h e d  by r e -  
s e t t i n g  the ep of the  p r o c e s s o r  to be the s t a t i c  l ink 
of t he  c u r r e n t  c o n t o u r .  Of c o u r s e  the  ip of t he  p r o -  
c e s s o r  is s e q u e n c e d  to the  n e x t  i n s t r u c t i o n ,  

KUs3---- 

Observe that there is no access path from the 
executing processor to the inner contour. Hence, 
the processor can never regain the contour. This 
contour can thus be deallocated. 

__/ 

*A syntactically correct program is guaranteed 
successful searches by the scope conventions. 

Note  that  dea l . loca t ion  h a s  no t  t aken  p l ace  ex -  
plieitlybecause [l~e block w a s  exited, l)eallocn[ion 
h a s  taken place because the contour <<'as no h)n~.{c~ 
a e c e s s i b i e  by a n y  pa th  of  p o i n t e r s  fr 'om the p r o -  
c e s s o r ,  In t h i s  c a s e  t h e r e  w e r e  no patios left  a f ter '  
b l o c k  ex i t ,  but  we wil l  s e e  c a s e s  w h e r e  a pa th  h a s  
b e e n  left  and the c o n t o u r  is  not  d e a t k ) c a t e d  at b l o ( k  
exi t .  

C o n t i n u i n g  wi th  the e x a m p l e  in l ine  6, the 
a s s i g ~ u ~ e n t  y ~- a l i c e  0 c a u s e s  a t I o c a t i o n  of  a ce l l  
i n i t i a l i z e d  t~-iKe-TnTc.~£er ~0, A p o i n t e r  poin[ inff  to 
th i s  n e w l y  a l l o c a t e d  ce l l ,  i , e . ,  the  a d d r e s s  of the 
new ce l l ,  i s  r e t u r n e d  f o r  a s s i g n m e n t  to the ce l l  f o r  

X. 

In l ine  7, a n e w  b lock  is  en te rec l  r e s u l t i n g  in 
c r e a t i o n  of a new c o n t o u r  wi th  a ce l l  f o r  a new 
d e c l a r a t i o n  of x. T h e n  in l ine  8, x ~ 2 i s  e x e c u t e d  
and  2 is  s t o r e d  in t h i s  n e w  ce l l  f o r  x, 

W h e n  an a s s i g n m e n t  i s  to be p e r f o r m e d ,  the  
t a r g e t  ce l l  m u s t  he  e x p l i c i t l y  d e s i g n a t e d .  '['he 
i n d i r e c t i o n  o p e r a t o r ,  *, i s  u s e d  to d e s i g n a t e  c e l l s  
po in t ed  to by  p o i n t e r  v a l u e s .  

In l ine  
d e s i g n a t e d  
d e s i g n a t e d  

9, ~ _ _ : L ,  the  va lue  s t o r e d  in the  ce l l  
b y e ,  t h a t  is  2, i s  s t o r e d  in the  ce l l  
by y~:~, 

If the p r o g r a m m e r  w i s h e s  to po in t  to an  
a l r e a d y  e x i s t i n g  ce l t ,  he u s e s  the  @ o p e r a t o r  w h i c h  
returns the address of the cell designated by its 
o p e r a n d ,  
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T h e  a s s i f i n r n e n t  Wi++ @x in t ine  i0  assiD~.s  to the 
ce i l  ]o~' 2 a p o i n t e r  p o i n t i n g  to the emil f o r  x in the 
i~ner '  c o n t o u r .  ( ) b s e r v c ,  tha t  the eel]. conta in i .ng  2 
w h i c h  useci to be poin t~d  to by the  c o n t e n t s  of the 
ce i l  for '  ,y ~s no l o n g e r  a c c e s s : i b l e ,  so  ~t i s  d e a l l o -  
ca te el, 

F i n a l l y ,  in l ine  13 the  outer '  b l o c k  is  e x i t ed  and 
the  p r o c e s s o r  is m o v e d  out  into a nu l l  e n v i r o n m e n t  
s i n c e  the s t a t i c  l ink  of  the  outer '  c o n t o u r  i s  nu l l ,  
The  e n t i r e  e o n t o u r  s t r u c t u r e  can  be  d e a l l o e a t e d  
s i n c e  t h e r e  i s  no a c c e s s  pa th  to the s t r u c t u r e  fir'om 
the p r o c e s s o r .  

f-~+T+~T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 .... < ............ J 7 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

l 

fiTi U- . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

In l ine  1] ,  the s e c o n d  i n n e r  b l o c k  i s  ex i ted ,  
r e s u l t i n g  in r e m o v i n g  the  p r o c e s s o r  f r o m  i n s i d e  the 
i n n e r  c o n t o u r ,  

+Fhe p r o c e s s o r  t e r m i n a t e s  i t s e l f  b e c a u s e  t h e r e  
a r e  no  m o r e  i n s t r u c t i o n s ,  

l< U J J 
["he i n n e r  c o n t o u r  h a s  not  been  d e a t t o e a t e d  

s i n c e  the  c o n t o u r  is  s t i l l  a c c e s s i b l e  v ia  the p o i n t e r  
in the ce i l  f o r  X in the o u t e r  c o n t o u r .  T h e  ce l l  f o r  
~i in the  inner '  c o n t o u r  i s  no  l o n g e r  a c c e s s i b l e  by- u s e  
of  an i d e n t i f i e r ,  but  r a t h e r  t h r o u g h  i n d i r e c t i o n  on ~i. 

In l ine  12~ the  a s s i g n m e n t  x ~_X is  e x e c u t e d  by 
o b t a i n i n g  the i n t e g e r  va lue  ~, po in t ed  t o  by Z and 
a s s i g n i n g  it to the ce l l  fox' x in the o u t e r  c o n t o u r ,  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

'['he value referred to by y was obtained by a 
c o e r c i o n  o r  a u t o m a t i c  m o d e  c o n v e r s i o n  ca l l ed  
d e r e f e r e n c i n ~ ,  In O r e g a n o ,  the  only  c o e r c i o n s  
a l l o w e d  a r e  t h o s e  t ha t  o b t a i n  an  a l r e a d y  e x i s t i n g  
'value,  C o n v e r s i o n s  w h i c h  c o m p u t e  n e w  v a l u e s  s u c h  
a s  i n t e g e r  to r e a l  c o n v e r s i o n  m u s t  be  done exp l i c i t l y .  
(Generic functions are used to allow mixing modes 
in expressions rather than conversion; ) Further- 
m o r e ,  dereferencing a n d  Other coercions are per- 
formed only on the right-hand side of an assiga- 
c e n t ,  w h e r e  the  n e e d e d  m o d e  can  be  f i g u r e d  out ,  
D e r e f e r e n c i n g  d o e s  n o t  o c c u r  on the l e f t - h a n d  s ide  
w h e r e  the assignee must be explicitly designated. 

Y - - ~  O 
t 

POOF! 

In the f u t u r e ,  we wi l l  no t  a l w a y s  s h o w  the  ep of 
the p r o c e s s o r  and the s t a t i c  l i nks  of  c o n t o u r s  s i n c e  
the  t o p o l o g i c a l  n e s t i n g  a d e q u a t e l y  s y m b o l i z e s  t h e i r  
u s e .  H o w e v e r ,  the p r e s e n c e  of t h e s e  p o i n t e r s  is 
no t  to be f o r g o t t e n ,  p a r t i c u l a r l y  in view of r e t e n -  
t ion ,  O c c a s i o n a l l y ,  f o r  e m p h a s i s ,  t h e s e  p o i n t e r s  
wil l  be  e x p l i c i t l y  s h o w n ,  

Retention 

In the p r e v i o u s  e x a m p l e ,  we s a w  r e t e n t i o n  in 
o p e r a t i o n .  C o n s i d e r  th i s  e x a m p l e  w h i c h  s e r v e s  to 
i s o l a t e  the e f fec t  of r e t e n t i o n :  

7 
{o~tr i n t  y: 

(int x ~ I; 

y ~ @x; 

) 

p r i n t  (y<~) 

) 

In most languages which have pointers as data types, 
e . g , ,  M U T A N T  0.5, A L G O L  68, P L ' I ,  B A S E L  and 
E U L E R [ 2 6 ,  30, 14, 2, 4, 38, 6, 7], tile e q u i v a l e n t  o f  
t h i s  p r o g r a m  is  i l l ega l .  T h e s e  l a n g u a g e s  a p p a r e n t l y  
a r e  m e a n t  to be i m p l e m e n t e d  in a s t a c k  m o d e l [ 3 4 ,  4, 
14]o T h u s ,  a ce l l  f o r  an i d e n t i f i e r  i s  a l l o c a t e d  at  
e n t r y  to the  b lock  in w h i c h  the  i d e n t i f i e r  is  d e c l a r e d ,  
and t h i s  ~.eI1 i s  r e l e a s e d  a~ exi l  f r o m  t h i s  b lock ,  L e t  

-177-  



us  c o m p a r e  the  s t a c k  m o d e l  and  the  e o n t o u r  m o d e l  
s n a p s h o t s  . just  b e f o r e  e x i t  f r o m  the i n n e r  b l o c k :  

m__~ 

STACK 

. . . . . . .  

! "~ . . . . .  4 i 
[ . . . . . . . . . . . . . . . . .  i 

CONTOUR 

After b l o c k  e x i t ,  t h e  top s t a c k  i t e m  i s  d e l e t e d  
ieav£@g a p o i n t e r  p o i n t i n g  to an  n o n e x i s t e n t  c e l l .  
7 'he h ~ d i r e e t i o n  on Z in  the  prhr~ s t a t e m e n t  w i l l  fai l~ 
! t o u e v e r ,  the  c o n t o u r  m o d e l  d o e s  n o t  d e a l l o e a t e  i t s  
c o r r e s p o n d i n g  c e l l  ( fo r  91), 

l (!~t~_S£ L!L?i~:., ,%Lii t 1, t2, 

2 @!i:U£~IL,!.~.!:L~ r,, ~t{l:,; r i ,  !qL i n t  )1 r t  f~l , :<2; 

:~ t l  {- [ i . ,  2]; 

4 t 2  t ]  ; 

5 sl ~ t2;  

6 r e a l p a r t  p~[ s2 ~ 2, ; 

7 i n t p a r t  o:/~ s2  3 : i n t p a r t  p.~] s ] ; 

8 . . . . . . .  

T h e  f o l l o w i n g  s n a p s h o t  s h o w s  t he  c o n f i g n t ' a t i o n  of 
s t o r a g e  a f t e r  1Lne ? h a s  b e e n  e x e e u t e d ,  

[__S 

STACK 

zuueP-i 
7r--.~ 5 

. . . .  J 

CONTOUR 

i 
~] 17- 2 ' - I  

7 t " ~ 8  . 

Retention is not present for declared identifiers 
in ~'IUTANT 0,5, .ALGOL 68, BASEL, PL/i~ and 
EULER; retention is present in the heaps of BASEL 
and ALGOL 88 [14,30, 20] as it is for ceils in SLIP 
and LISP[21, 31, 32]° GEDANKEN has retention for 
all cells including those for declared identifiers, 
but the author expressed reservations [24] perhaps 
stemming from the lack of a good model. Oregano 
has retention for all cells and the retention follows 
quite logically from the model the specification is 
b a s e d  on. 

Multiple Values 

Oregano has a rather comprehensive set of 
modes describing multiple values, There are two 
groups of these modes: one of'multiples whose ele- 
ments are of heterogeneous modes and the other of' 
multiples of elements of homogeneous modes. 

T h e  two heterogeneous e l e m e n t  multiples are 
tuples and structures [2~ 14, 30]. They are both 
fixed length sequences of elements of possibly 
rnixed modes. Tuples are accessible and assign- 
able only as a whole, while structures have pro- 
grammer def£aed selector names to allow working 
with individual components, The following illus- 
trates the storage and manipulation of ~ and 
struetures~ <['he notation should be clear, 

Both  s t r u c t u r e s  a n d  .~}!~J_%~ a r e  s t o r e d  in p r e -  
c i s e l y  t he  s a m e  m a n n e r .  A s e l e c t o r  c a n  be t h o u g h [  
of  a s  a c o n s t a n t  i n d e x ,  s o  t h a t  a p p l i . e a t i o n  of a 
s e l e c t o r  to  a s t r u e t  i d e n t i f i e r  c a n  !De e o H ~ p l e t e l y  
r e s o l v e d  i n t o  a l o c a t i o n  d e s i g 7 l a t o r  a t  c o m p i l e  t i l n e .  

The other group~ that of collections of homo- 
geneous values consists of three mode sets: 
arran, ~_?_quenees, and flexible lists, They are 
distinguished by the time at which the size (bounds) 
of the multiple is set and the fSexibility of the 
length at run time. ArElgDi9 £ have bounds set at com- 
pile timer 8eg~uences and flexible lists have their 
bounds set a t  allocation time. Arranj{~ and 
i%iuences are fixed length after allocation, but  
flexible lists can be stretched, shrunk or inserted 
into. Storage for arrai_s is allocated at declaration 
time, but storage for i_i{uences and flexible lists is 
allocated by execution of an explicit allocation 
instruction that returns a pointer pointhqg to the 
allocated cells, 

Also, the re.ode of the elements may be any 
mode even other arrays, sequences, o r  flexes. The 
followhug illustrates some of the features of arrax, 
seA, and flee modes. 

1'5  in~ 1 (,K~:ZqP_.Z: [ • ] _  ~ a, 

~ [ 1 : 5 ,  2:3]  int  aa  

3 .seqin! s, 

4 ~ ~ S .  is,_i s s ,  
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5 fie× int f, 

6 int i; 

7 in-O; 

8 for j - i "to 5 do 

9 f o r  k ..... 2 'to 3 do  

i0 aa [j~ k] ~- j+k; 

l l  a'- aa  [ , 3 ] ;  

12 s ..... a I l o c s e q t  a; 

i3  ss ~ allocseq 
(S times alloeseq(i +-i+l times i)); 

14 ss [2 ]  [1 ]  ~- t ;  

15 s s  [ 2 ]  ~ s ;  

16 f ~ a l l o c f l e x ( 5  t i m e s  i +- i + l ) ;  

l '7 insert(allocfle:~ [2]) aft~f [2]: 

18 conc (allocflex [I, 2]) ,$~ f;  

].9 ....... 

In lines 1 through 6 there are declarations of 
all of these types. An ~ . 1  can be of arbitrary 
dimension but its bounds must be integer constants° 
This allows the size of the space for the array in the 
declaration array to be computed at compile time. 
At declaration time only a descriptor cell for s eqJs 
and flexes is allocated in the declaration array. A 
descriptor's size may be computed at compile time 
because it consists only of spaces for the upper and 
lower bounds and pointers to the actual ~uence or 
flexible list. 

I 2 3 45 r- y ............. 
'=T- ~ - -~ ...... { 

2i~ ~44 ! 5i6~7j 

r-i...r--- r - ~ - - m ~  

k ......... ! 2 2 L  

In the for statement, variable indexes have 
been used, The number of indexes, that is the 
dimensionality, can be checked for correctness 
against the mode at compile time. But, in general, 
there rnust be a run time check for validity of vari- 
able indexes° Eor arrays the value of the particular 
index is checked against the bound in the declara- 
tion. For sfefluences and flex's the bound stored in 
the descriptor is used for comparison against a 
possible index, in certain eases such as in the for 
loop where a variable is bound by the looping bounds 
a compiler might be able to forgo a run time check, 

Line Ii, a/i_~%f~j_~j3 j causes copying of a sub- 
array of aa into the cells for array ..a, specifically, 
the 3-row of aaz whose length is equal to thai of ~, 
and -whose element mode is 'the same. 

I 2 3 4 5  

I 2 3  ~ 5  

5 

5 g ~ 7  

The for statement in lines 8= 9~ and i0 assigns 
to each element of a~. the sum of its Lndexes. 

In line 12, s -allocsec i a allocates a sequence 
by creating c e l l ~ ~ o  a copy of i and 
returning to the cell for ~ both the pointer pointing 
to the newly created cells and the bounds of the 
sequence, Any array valued expression can be used 
as the argument of allocseqo 

2 3 4 ~  
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T h e  i d e n t i f i e r  s s i s  of  m o d e  ~ : ~  .~_q in_i] it c a n  
be  a s s i g n e d  a n y  s e q u e n e e  w h o s e  e l e m e n t s  a r e  a l l  
s e q u e n c e s  o f  i n t e g e r s ,  It c a n  be  a s s i g n e d  a s q u a r e  
m a t r i x  in  t r e e  f o r m ,  bu t  i t  i s  no t  r e s t r i c t e d  to a 
s q u a r e  f o r m ,  E a c h  of  t he  e l e m e n t s  of  s ~  m a y  be  a 
d i f f e r e n t  s i z e  s e q u e n c e  of i n t e g e r s .  T h e  a s s igu~-  
m e n t  in  l i ne  13 a l l o c a t e s  a t r i a n g u l a r  m a t r i x  to s s .  
( T h e  e x p r e s s i o n  n tiKg,.fL~ x r e t u r n s  a n  a r r a y  of  i! 
e l e m e n t s  e a c h  of w h o s e  v a l u e  i s  x , )  7 'he s t a t e m . e n t  
r e s u l t s  in f i r s t  a l l o c a t i n g  t h r e e  s e q u e n c e s  w i t h  
s u c c e s s i v e l y  i n c r e a s i n g  l e n g t h s  a n d  t h e n  a s s i g n i n g  
p o i n t e r s  p o i n t i n g  to t h e s e  t h r e e  s e q u e n c e s  to t h r e e  
s e q u e n c e  d e s c r i p t o r s ,  w h i c h  a r e  in t u r n  a l l o c a t e d  a s  
a s e q u e n c e  o f  s e q u e n c e  d e s c r i p t o r s .  T h e  p o i n t e r  
p o i n t i n g  to t h e  s e q u e n c e  of  s e q u e n c e  d e s c r i p t o r s  i s  
r e t u r n e d  to s~o  L i n e  14 h a s  an  a s s i g n m e n t  to t h e  
f i r s t  e l e m e n t  of  t h e  s e c o n d  e l e m e n t  o f  s s  in  

] 2 5 4 5 

2i~ ~ 

Notice also that passing a .Si~luence as a parameter 
results in passing only the descriptor. }<,[['ec[ively 
the!!!(luenee is passed by :~eferen<e. 'Io simulate 
true by-value passing one has to pass a copy of th< 
s_e_~!uene e, 

Flexible lists are allocated, assigned, and 
shared <n the same manner as j_~i_q~!enees are. l,ine 
16 has the statement, f ~- alloef].ex(5 rimes [ "- i4I). 
A singly linked list of II~iT'-[~i~7i~Y~7~Y~'Ii2~ array Ls 
created. The bounds and pointers to both the first 
element and the last element are returned to the cell] 
for f~ 

Furthermore, sequences need not be allocated 
all at once and in a nice pattern A jagged array is 
easy to construcL Line 15 shows assignment of an 
arbitrary ~ int as an element of a ~ seq int: 

~ 2 s 4 s  ( 
s s 7t81 ' ~ 

I~ ~ 

[ 

Observe that assignment results in copying that 
which is in the cell designated by the right-hand 
sides Since only the descriptor is in the declaration 
array only the descriptor is designated by s. The 
result of assignment is sharing of the array pointed 
to by the descriptor, When an array identifier is 
assigned to another array identifier as in line 1 i, 
there is copying, The entire array is in the decla- 
ration array so the entire array is designated. To 
copy a sequence one might write 

ss[2] - allocseq s or ss[2] - c_qp/i{s) 

The linked list arrangement allows stretching, 
shrinking, and insertion without reallocation of the 
entire array. Line 17 results in insertion of a 
newly allocated element initialized to 2 after the 
current second element° The upper bound is 
changed and the indexes of _~j through f~ are 
shifted one number up. 

The mon__catenation of [I~ t9 q fin line 18 makes 
use of the last element pointer to quickly locate the 
end of the flex where two new elements are adde<L 
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T h i s  h a s  b e e s  a m e r e  s a m p l i n g  of the m u l t i p l e  
s t r u c t u r e s  a l l o w e d  in O r e g a n o .  The  p h i l o s o p h y  of 
d e s i g n  h a s  b e e n  to d e s i g n  s t r u c t u r e s  of i n c r e a s i n g  
d i f f i c u l t y  of i m p l e m e n t a t i o n ,  to give d i f f e r e n t  
n a m e s  to e a c h  s t r u c t u r e ,  to t e l l  the p r o g r a m m e r  
w h a t  h a p p e n s ,  and  to a l low h i m  to p ick  the s t r u c t u r e  
e x p l i c i t l y  f o r  h i s  n e e d s .  C o n t r a s t  t h i s  wi th  
A L G O L  68 ' s  s c h e m e  of  c l a s s i f y i n g  a l l  of  the h o m o -  
g e n e o u s  m u l t i p l e s  u n d e r  one m o d e ,  r o w s ,  wi th  
f ixed  and  f l e x i b l e  bound  o p t i o n s .  T h e  p r o g r a m m e r  
h a s  no  idea  of  the e x p e n s e  he i s  c a u s i n g  w h e n  he 

uses flex, 

Labels 

In Oregano, labels are treated as any other 
value [16]. They can be assigned and can be passed 

as parameters; identifiers can be declared to be of 

mode label; and label identifiers follow the same 

scope rules of use as any other identifiers. An 

identifier which labels a statement is implicitly 
declared in the innermost block in which the labeled 

staternent occurs; and the identifier is assumed to 

be initialized and made read-only at declaration 

time, 

At any time, a processor is at some site of 

activity which is specified by pointers ~o each of the 

record and the algorithm in the form of the ep and 
the ip. A .Y%9!9 is thought of as moving the processor 

to a new site of activity, so a label must also con- 

sist of an ep and an ip. The following example 

illustrates label declarations, label values, and ~iPJaq' a 

(label n; 

i ( ...... 

n ~ n ~  ~ 

) 
%: ....... 

~92~n 
_ ) 

As the block beginning in line 1 is entered~ a 

contour' is created. There are cells for ~n, which is 

explicitly declared as a label, and for_,% which is 
implicitly declared as a label. The cell for.% is 

initialized to a label value consisting of an (ep~ i.p) 
pair. The ep of a statement label identifier is a 

copy of the ep of the processor at the assumed 
declaration time. The ip points to the labeled state- 
ment in the algorithm (represented by a pointer to 

the line number). 

7F~2 

Continuing with the block entry in line 2, a new 

contour is created. The contour has a cell for the 

implicitly declared and initialized label m~ 

Then n - m in line 3 causes copying the label 

value stored in the cell for m in the inner contour 

into the cell for n in the outer contour, The ep of 
the label value in n now points to the inner contour, 

Then ~oto % is encountered. The label value in 

the cell fo~-ZJ-~-accessed, The ep and ip of the 
processor are made to be copies of the ep and ip of 
%, respectively. Execution continues in the new 

~eeessing environment with the instruction pointed 

to by the ip of the processor. 
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S i n c e  t h e  e p  o f  t h e  l a b e l  i:n :% s t i l l  p o i n t s  t o  t h e  

i n n e r  c o n t o u r ,  t h i s  c o n t o u r  i s  z ' e t a i n e d .  \ \ h e n  a.  
io t ( ! ,  i s  p e z ' f o r z m e d ,  e s p e c i a l l y  w i t h  a n o n l o c a l  l a b e l  

there is a potential contour deallocation, ~{owev~r 

contour dealiocation hapDens n_fgj ~ hecRuse tlR £~fa.~// 
h.as exited the [)lock, but because there [s no access 

o&lfh fZ'OZlrl the  p r o c e s s o r  [o the' COll tour~ 

C o n t i n u e  t he  e x e c u t i o n  w i t h  po._~}~ n st l i n e  7'. r h e  
p r o c e s s o r  n o w  fbe, d s  i t s  s i t e  or" a c t i v i t y  b a c k  i m s i d e  
tl~e inner coniour and :it is ready ~o <,xecutt~ line 5. 

~) l ' ocedu res  

P r o c e d u r e s  a r e  a l s o  t r e a t e d  w i t h  the same  
g e n e r a ! i  b as o t l l e r  va l ues  in  O r e g a n o .  l > r o c e d u r e  
v a l u e s  ma, )  be a s s i g n e d  a n d  p a s s e d  a s  p a r a m e t e r s .  
T h e  c o n t e n t  e r a  p r o c e d u r e  v a l u e  i s  d e s e r i b e c i  i n  
detail later, 

Procedure variables may be declared. A pro- 
cedure value has the additional property that when 

it is accessed, it gives rise to a "block" activation. 

Let us consider an example with a rather simple 
procedure 

1 (f]/hoc tin_t] in~ p,  in__~b; 

2 (hat a ~ 0; 

3 p ~ ( i n !  i; 

,4 a ~- a +  1; 

5 a + i  

6 );  

7 (in~ a ~ 2; 

8 b ~ p ( 2 )  

9 ) 

] 0  ) 

11  b ~ p ( 2 )  

12  ) 

The i d e n t i f i e r  ~ i s  d e c l a r e d  to be  a p r o c e d u r e  i d e n -  
t i f i e r  w h i c h  m a y  be a s s i g n e d  the  v a l u e  of  a n y  p r o -  
c e d u r e  w h i c h  a c c e p t s  o n e  i n t e g e r  p a r a m e t e r  and 
r e t u r n s  one  i n t e g e r  r e s u l t  T h e  a s s i g z r i m e n t  b e g i n -  

n i n g  in  l i n e  3 [s  t h e  a,,-:-,: ;!/~ ~ < i t  o f  a t)r<)m:~dur{ 
! R e t ' a l ,  T h e  ] J t c r a ~  m a t c h ~ s  th< Tn<)du ~d ~ p; [[ h a s  
O~tC [llt(?tJ()U p[Irlilll<)tL:N i ~ i [i ['(~IUE[PS ~lll [~1 ( &~('[' 

r e s u l t  a + [, i'll{" t u x t u a ]  s cope )  r u l e s  <~xtc!l(i to fn 'o  .... 
<::~ du~:{' b o d [ ( s ,  s o  th~  N.onh)c:~l !:! i s  a u s t  el' t h e  ;[[ 

d e c l a r e d  in  l h k  2, 

70 (;:all a procedure, we lu,{d two pie<{s of 

i n f o ! u n a t k ) n :  t h e  t e x t  o f  []~< p r o < ( k d u r o  b o d y  hi t h e  
algorithm a n d  the ellvJro~InR-rlt [~1 [h( record of 

exe('ut(on eonta[nin~ the proper (ells for nonlo<:als, 

~{ence~ a p r o c t ~ d u r e  v a l u e  i s  a n  (<p, ip)  p a i r .  

In Oregallo, paraln<{<rs al'<) pa, ssc,[ ont] '(I: b> 

valtle. ()[her paran~eter initialization m<<han[sn~s, 

i. e,, by reference and by nanH (procedure), arc 

s i n ] u l a t e d  by expNx:J t ] )"  p a s s i n g <  r e [ c r e m e ( ( p o : [ n t e r )  
and pro(edure values by w~lue. 

The block be~{innin~ .... in l:ine ~ is <nt< < , ;  • 

e r e a t : k ~ g  a c o n k ) u r  w i t h  c e l l s  [ 'o r  i£ a n d  ]2, l h e n  
a n o t h e r  b k ) e k  i s  e n t e r e d ;  a c o n t o u r  i s  ( :reat~, ,d <,,ith a 
(,ell. for a initialized to O. 

rat 2722~£~2~ 

zr--~3 

The assigmrne~t of the procedure literal to ]2 in 
lines 3 through 6 causes computation of a procedure 

value and storage of this value into the cell fo~]i ! 
7'he ip points to the beginning of the text of the pro- 

cedure in the algorithm, ire., to the entry point in 

the middle of line 3 (represented as " -, P;.5"). The 
ep is a copy of the ep of the processor at this time, 

so the ep points to the eurrent contour. 

................... i i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Ill l i n e  7~ a new  block~ w h i c h  dec l}k re s  a n d  
b ~ i t i a / i z c s  ~! t o . 2 ,  i s  emte re<k  

[ ...................................................................... 

Now in l i n e  8, t h e r e  i s  a c a l l  o f / b  A c o n t o u r  i s  
c r e a t e d  wi th  c e l l s  f o r  b o t h  t he  f o r m a l  p a r a r n e t e r . i  
a n d  a r e t u r n  p o i n t e r ,  T h e  c e l t  for '  i i s  i n i t i a l i z e d  to  
the  v a l u e  of t h e  a c t u a l  p a r a m e t e r 2 .  T h e  c e l l  f o r  t h e  
r e t u r n  p o i n t e r  i s  a s s i g n e d  a p o i n t e r  p o i n t i n g  to the  
c a l l i n g  p r o c e s s o r .  T h e  n e w  c o n t o u r  i s  n e s t e d  in  t h e  
c o n t o u r  p o i n t e d  to by t h e  ep of  t he  p r o c e d u r e  v a l u e  
( the s t a t i c  l i n k  of t h e  n e w  c o n t o u r  i s  a c o p y  of  t h e  ep  
of  t h e  p r o c e d u r e  v a l u e ) ,  T h i s  p l a c e s  t h e  c o n t o u r  o f  
t he  c a l l  in  t h e  e n v i r o n m e n t  t h a t  h a s  t h e  c e l l s  f o r  t he  
nonlocals° 

A n e w  p r o c e s s o r  i s  c r e a t e d  n e s t e d  i n s i d e  t he  
n e w  c o n t o u r ,  i ° e . ,  i t s  ep  p o i n t s  to t h e  n e w  c o n t o u r .  
F h e  ip of  the  n e w  p r o c e s s o r  p o i n t s  to  t h e  e n t r y  p o i n t  
of  t h e  p r o c e d u r e  b o d y  w h i c h  i s  o b t a i n e d  f r o m  the  ip 
of' t h e  p r o c e d u r e  v a l u e .  F i n a l l y ,  t he  n e w  p r o c e s s o r  
is awakened and the calling processor is put to 
sleeps The sleeping calling processor, pointed to by 
the return pointer, has an ip pointing to the instruc- 
tion to be resumed with at return time, 

!<7: _<,.° if 
E 

] 

T h e  n e s t i n g  o f  t h e  c o n t o u r  f o r  a p r o c e d u r e  
i n s i d e  t h e  e n v i r o n m e n t  p o i n t e d  to  by t h e  ep of t he  
p r o c e d u r e  v a l u e  i n s u r e s  c o r r e c t  n o n l o c a l  l i n k a g e  
merely by the outward search algorithm that has 
already been used. 

Now executing a - a+ 1 in the body of the pro- 
cedure at line 4~ the value in a cell for a is incre- 
mented by ~ The cell used is the one corresponding 
to the f~ declared in line 2, in whose scope the pro- 
cedure body lies, Then in line 5, the result Of a+_i, 
n a m e l y  i! i s  c o m p u t e d  a n d  s t o r e d  in a n  a c c u m u l a t o r  
accessible to the executing processor (of the call), 

i \  i._LL i! . . . . .  _] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 1l, ] 
_f 

The end of the body is reached in line 6. So a 
return must be performed, The accumulated result 
is sent via the return pointer to an accumulator 
accessible from the sleeping processor at the site of 
call. The called processor is put to sleep and the 
processor pointed to by the return pointer is 
awakened. Now the executing processor is the one 
at the calling site. 

liT-D- 8, 5 

Since the asleep processor and the contour for 
the call are not accessible from the currently 
executing processor they may be deallocated. 

Now a t  t h e  c a l l i n g  s i t e ,  l i ne  8, t he  a s s i ~ . m e n t  
to 19 i s  c o m p l e t e d .  T h e  r e s u l t  of  t he  c a l l ,  s t o r e d  in  
t he  a c c u m u l a t o r ,  i s  a s s i g n e d  to t he  c e l t  f o r  ~9, 

J 

A b l o c k  i s  e x i t e d  a t  l i n e  9 m o v i n g  t h e  p r o c e s s o r  
f r o m  i n s i d e  t h e  i n n e r m o s t  c o n t o u r ;  t h i s  contour"  i s  
d e a l l o c a t e d ,  T h e n  in  l i n e  !0 ,  a n o t h e r  b l o c k  is  l e f t .  
T h e  p r o c e s s o r  m o v e s  f r o m  i n s i d e  t he  s e c o n d  to  
i n s i d e  t h e  o u t e r m o s t  c o n t o u r .  H o w e v e r ,  s i n c e  t h e  
s e c o n d  c o n t o u r  i s  p o i n t e d  to  by t h e  ep  of  p, t he  
s e c o n d  c o n t o u r  is r e t a i n e d .  
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[ 
I 
I 

J 

, _1 

. . . . .  _ J  

Now at  l i n e  11, ~ i s  c a l l e d °  A c o n t o u r  i s  
c r e a t e d  w i t h  a c e l t  f o r  i i n i t i a l i z e d  to 2 a n d  a r e t u r n  
p o i n t e r  to t h e  p r e s e n t  p r o c e s s o r ,  T h i s  c o n t o u r  i s  
p l a c e d  i n s i d e  of  t h e  r e t a i n e d  c o n t o u r  s i n c e  t h e  ep o f  
/~ p o i n t s  to t h i s  c o n t o u r °  A p r o c e s s o r  i s  t h e n  
c r e a t e d  to c o n t r o l  e x e c u t i o n  o f  t he  b o d y ;  t he  c a l l e d  
p r o c e s s o r  i s  a w a k e n e d  a n d  t h e  c a l l i n g  p r o c e s s o r  i s  
pu t  to  s l e e p ,  

T h e  b o d y  of  t h e  p r o c e d u r e  i s  c o m p u t e d ,  T h e  
n o n l o e a l  9. i s  i n c r e m e n t e d  b y  _1 to  2o T h e n  t h e  
r e s u l t ,  4, i s  r e t u r n e d ,  a n d  a s s i g n e d  to  t h e  c e l l  f o r  b. 

O b s e r v e  t h a t  t h e  c e l l  f o r  a i s  r e t a i n e d  e v e n  
t h o u g h  t he  b l o c k  in w h i c h  i t  i s  d e c l a r e d  h a s  b e e n  l e f t  
a n d  t h e  ce l l  f o r  a i s  g o i n g  to  b e  a c c e s s i b l e  o n l y  f r o m  
w i t h i n  a n  i n v o c a t i o n  o f  ]2o T h e  a c a n  b e  c o n s i d e r e d  
to be  p r i v a t e  to  ]2 ( s i m i l a r  to A L G O L  owin , C P L  a n d  
B A S E L  n o n l o e a l s  [14, 2, 3])o 

In . c l o s ing  t h e  s e c t i o n  on  p r o c e d u r e s ,  we  b r i e f l y  
m e n t i o n  t h a t  a n y  p r o c e d u r e  w h o s e  a c t i v a t i o n  e n v i r o n -  
m e n t  i n c l u d e s  i t s  o w n  i d e n t i f i e r  c a n  be  c a l l e d  r e c u r -  
sively from within itself. One example of a recur- 
sire procedure is the standard factorial routine: 

{P2_9_~ [~_~] in~ p, in__! b; 

p -  < in_! i; 

i f i ~  1 t h e n  1 

else i *p (i-1) ) ; 

b - p {3) ) 

S i n c e  a l l  c a l l s  on  t h e  s a m e  p r o c e d u r e  u s e  t h e  ep  o f  
the same procedure value, all contours for recursive 
activations -will be immediately nested inside the 
same contour and not in each other. The reader 

s h o u l d  v e r i f y  t h a t  t h e  s n a p s h o l :  al. /:i~{. ~i~;~e of th{:~ 
l h i r d  r e e u r s i v e  callofl/ i s  like so :  

...... °' .... :;?.?;i[ ........ !-i [ ............. ! 

It  i s  c l e a r  t h a t  t h e r e  wi l l  be  no  c o n f u s i o n  a s  to w h i c h  
~ s h o u l d  be  u s e d  in  a n y  g i v e n  a e t i v a ! i o n ,  b e c a u s e  the  
c o n t o u r s  f o r  t he  a c t i v a t i o n s  a r e  d i s j o i n t .  

C o r o u t i n e s  and  . C a s k s  

O r e g a n o  h a s  f a c i l i t i e s  f o r  c o r o u t i n e s  and  t a s k s  
( p a r a l l e l  r o u t i n e s ) .  T o  h e l p  m a n i p u l a t e  t h e s e  
c o n t r o l  s t r u c t u r e s ,  two m o d e s  a r e  p r o v i d e d :  r o u t i n e  
a n d  e v e n t .  Of  c o u r s e ,  i d e n t i f i e r s  h a v i n g  e i t h e r  o f  
t h e s e  m o d e s  fo l low the  s a m e  s c o p e  r u l e s  a s  a n y  
o t h e r s .  V a l u e s  h a v i n g  a n y  of t h e s e  m o d e s  m a y  be  
a s s i g n e d  a n d  p a s s e d  a s  p a r a m e t e r s  j u s t  a s  a n y  
o t h e r  v a l u e .  

C o r o u t i n e s  

T o  c o n t r o l  c o r o u t i n e s ,  i d e n t i f i e r s  a n d  v a l u e s  of  
m o d e  r o u t i n e  a r e  u s e d  to  n a m e  a n d  r e t a i n  a p a r t i e u - -  
l a r  c a l l  o f  a p r o c e d u r e  w h i c h  i s  s p e ~ i f i e d t o  he  
t r e a t e d  a s  a e o r o u t i n e .  T h e  r e t e n t i o n  i n s u r e s  t h e  
a b i l i t y  to r e s u m e  t h e  s a m e  i n s t a n c e  of  c a l l  of  a 
c o r o u t i n e d  p r o c e d u r e .  T h e  t e c h n i q u e s  a n d  v a r i o u s  
o p e r a t o r s  d i r e c t e d  a t  c o r o u t i n e  i m p l e m e n t a t i o n  a r e  
i l l u s t r a t e d  in t h e  f o l l o w i n g  s k e l e t o n  of  a p r o g r a m  
( a s s u m e  t h a t  t he  m i s s i n g  l i n e s  a f f e c t  n e i t h e r  t h e  
s e q u e n c i n g  n o r  t h e  c o r o u t i n e ) o  

1 ( l ~ o c  p, r o u t i n e  c, m ;  

2 p - (  . . . . . .  

3 resume m; 

4 ....... 

s ); 

8 p coroutine e this m; 

7 ........ 

8 resume e; 

9 ........ 

l o  9t!4i1 c, m ;  

11 ) 
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]u l i n e  1, t he  block d e c l a r i n g  ~ £ i ,  a n d ~ !  g i v e s  
r i s e  to a c o n t o u r  c rea t . ion~  ' r h e n  in t i n e  2, a p r o -  

c e d u r e  v a l u e  i s  a s s ig r /~  d to ]2. The  b o d y  h a s  b e e n  
c o , u p [ t e d  a s  an,!/ o t h e r  p r o c e d u r e  N t e r a l .  

~ 7r-~g 

L ....................................................................................................... 

In l i n e  6, t h e r e  i s  a c a l l  of.f!. [ [ o w e v e r ,  t h e r e  
i s  a d d i t i o n a l  i n f o r m a t i o n .  7 'he c a l l  i s  s p e c i f  ed to  be 
a c o r o u t i n e  c a l l ,  an(:[ t h i s  p a r t i c u l a r  c a l l  o r  i n v o c a -  
t i o n  [s g i v e n  the marne .£. F u r t h P r m o r e ,  the  ca tHmg 
r o u t i n e ,  e x e c u t i n g  [n t he  o u t e r  b l o c k ,  i s  g i v e n  the  
na rn~  m .  ' I ' h e s e  n a m e s  w i l l  be u s e d  w i t h  ~ ' e surne  
an(i  ~rl o t h e v  c o m m u n i c a t i o n  be twec .n  the  tv;o a c t i v i -  
t i e s .  

"l'he e f f e c t  on t he  r e c o r d  i s  a s  f o l l o w s .  A con- 
tour is created for the call nested in the contour that 

the ep of ]~ pok~ts to. Rarameters~ if any, are 

i n i t i a l i z e d  and  a r e t u r n  p o i n t e r  to the  c a l l i n g  p r o -  

c e s s o r  i s  s e t  A n e w  p r o c e s s o r  to c o n t r o l  the  
e x e c u t i o n  of t he  p r o c e c ] u r e  b o d y  i s  n e s t e d  in  t he  new 
c o n t o u r s  C o r o u t i n e  c r e s u l t s  in  a s s i g m . i n g  t o £ a  
p o i n t e r  t o ~ . ~ : ~ r o c e s s o r ,  T h i s  m r e s u l t s  in 

assigning to r~_Z a pohnter to the ca-Ling processor, 

Finally~ the called processor is awakened while the 

calling processor is put to sleep, 

L 

T h e r e  a p p e a r s  to be v e r y  l i t t l e  d i f f e r e n c e  
b e t w e e n  a e o r o u t i n e  c a l l  am~ a s i m p l e  p r o c c @ u r e  c a l l .  
T h e  o n l y  d i f f e r e n c e  [s t h a t  a p o i n t e r  [o the  c a l l e d  
p r o c e s s o r  [ s -~ass igned  ~o an  i d e n t i f i e r  o f  m o d e  
r o u t i n e .  ~3ecsuse  of r e t e n t i o n ,  t he  c a l l  m a y  De l e f t  
and  thE (:all{x] p r o c e s s o r  an<l i t s  e n w r o n m e n t  w i l l  

s t i l l  be  a r o u n d  f o r  r e s u m p t i o n .  

Now in the body of the proceuure, execu{:Lon 

proceeds tmtil resume m in line 3 is encountered, 

T h e  operand ol * resume ~]usi evaluate to a value )f 

modE routine which ~n turn is ~ pointer to some 

processor, l%esurne m merely causes puttmg the 
(;urrent (call~~sor i:o sleep while awakening 

tile processor pointed to by the vaiue in ~7_~, l'he 

processor just put to slee~ is lefl pointing to the 

i n s t r u c t i o n  to  be c o n t i n u e d  wi th .  A l s o ,  th.e c a l l e d  
p r o c e s s o r  and  the  c o n t o u r  of' the ca]]  a r e  r e t a i n e d .  

• ~ ~ ' ~ 4  

Now back in the main block, the/i! processor 
continues with the instruction after' the calk In line 

8, there is a resume c, 7'he current (calling) pro- 

cessor is put to sleep and the processor pointed to 

by £ is awakened, 

~#-<-I ............ :u~. Y ptr ijj 

Back in the body, the called processor continues 

with the instruction after the last resun~e, that is, in 

line 4. The execution finally arrives at the return 

bracket, ). The result is that the processor pointed 

to by the return pointer is awakened while the 

current (called) processor is put to sleep. It is as 

though a resume to the calling processor were 

executed. However, since there is no successor to 

the return instruction, >, the called processor 

terminates. 

The calling processor finally comes to line i0 

where u~ c, m merely erases the pointers ine and 

in, ]'hE terminated called processor and the con- 

tour for the call can be dealloeated, 
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The assumption of retention in the language, 
Oregano, makes eoroutine handling a trivial extem° 
sion of normal procedure calls° Note that the 
sharing of the environment between two eoroutines 
have been quite e].egantly taken care of by the normal 
scope rules eombh~ed with environmental nesting. 
]~ the literatur% two V stacks have been used to 
implement coroutines [5.. 33-p327] a n d  special con- 
ventions and tricks have had to be used to obtain 
sharing. 

The routine name serves to name a particular 
call of a procedure~ To regain or otherwise use 
this eall~ the routine name is used° A use of the 
procedure identifier would generate a new indepen- 
dent call of the procedure. Thus~ it is possible and 
quite easy for there to be reeursive eoroutines~ a 
procedure call within a eoroutine of the same pro- 
cedure, etc,, with no confusion as to which instance 
of a procedure call is w'hich coroutine and as to 
which instances are plain procedure calls, 

This N.exibility also extends to tasks as we see 
that tasks are really another simple (albeit a little 
less so) extension of procedure calls. 

Tasks 

A tasked procedure call is quite similar to a 
plaLn call or a coroutine callo The main difference 
is that in the tasked call both the calling and called 
processors are awakes The order of execution of 
the statements of the calling and called routines is 
unpredictable with subsequent unpredictable side 
effects° A means of synchronizing the tasks is 
needed. 

Procedures may be called with a task option 
and the resulting called activity optionally given a 
name of mode routine. 

A task may be set at a given orioritv and a task 
can wait until an event has occurred [i~ 4, 5, 8, 9~ 27]. 
Of course~ there must be facilities for locking and 
uun!ocking of resources to ~arantee that only one 
processor may manipulate data in potentially simul- 
taneously shared resources at any given times These 
facilities are necessary for setting up waits and 
event notices so that they can be completed without 
interference° Also~ the facilities for locking and 
~amlocking should be made available {o the programmers 
Oregano will have these features~ However~ at t~hi8 
time the author has not decided on the implementa- 
tion {and therefore the expression) of the features. 
Thus~ this paper avoids the topic° {Several possi- 
bilities for implementation of locking and unlocking 
can be found in the literature [5, 8, 9, ~7]o ) 

The followflug outline of a program illustrates 
these features of parallel processing~ 

l 

2 

3 

4 

S 

8 

7 

8 

9 

i0 

II 

12 

13 

-- (.p_LgS':(i/~!)p~ r!~ud.ne t, ,!_~£'~S,!, 

cause ej 

__ ); 

p(1) task t ~ 5] 

wait e; 

We introduce a new construct to the model 
which has always been present in the model but has 
so far been extraneous to the discussion. "fhere is 
a doubly linked list of the awake processors called 
the~list. The header of the ready list is 
known to the operating system, and the processors 
are maintained in the list in priority order, the 
scheduling algorithm, will he made explicit only to 
the extent that processors on the ready list are the 
only ones which may be executed, and that as many 
of these as possible are executed given the number 
of processing" maits in the machine, 

The block beginning at line 1 has declarations 
for a procedure £, a routine t~ and an event 2" The 
format of event cells will be discussed latex', but at 
this time the event is set at "~£ot happened". The 
ready list is shown containing the processor which 
executes this block. To facilitate the linking on the 
list, each processor has a pair of pointer cells and 
other registers containing the state and other infof 
marion, This processor is set at awake, 

In line 2, the procedure value is assigned in the 
usual manner, Then in l~e Ii~ there is a call of p 
with a task option~ p(1) task t ££igritj i 5. A contour 
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i.~; <v~,a/;((! ~,.,~d ,u(~;l~d in the c o n t o u r  po in ted  to  by the 
~:i~ ~)[' i>~ !h{ ~:i iI f'/~r l:h~ pa~ 'a r l i ( l : t~r  :b~ : i n i t ] . a ] i z e d  to  
l .  I;~.(.;~u4( ,:>[' t h [  1>~ ;k (>pt lon,  t he  r ( : t u r n  p o i n t e r  [.s 
c !  to u i{ .  ( i h c  /~ro<,~ ~iur(~ / o  )z i s  (:ode d in  s u c h  a 

.'~;C, } a t  i[  lh{. ~'(,1.u~'n [ )<) inter  i s  n i l ,  t h e  c . a l ] ed  p r o -  
<:{,. :~<>{, i:-; to  bc  t ( ~ l u ~ i n a h d ,  ( ) n (  c a n n o t  [ ) [ , ed ic t  a t  
(:~n ~[>il{ l;]tm~ wh(  [h( , r  o f  n o t  ~1 p r o c e ( h i r e  l i t e r a l  m a . y  
b{. ~[I ~d with th,' t ; I s k  o[)tlioIl ( t r i n ; ~  e x e ( : u t ] o n .  In 
[ a c C  ;~ },iv{,n p~'(~(e(h.~'(: m:ky  )~: u s e d  in  b o t b  a p l a i n  

( : a l l  am4 :[ t a s k  c~[[, So n g( :m)f ' a ]  me('b;~nism is 

n~ ~'<h:<i, ) A n e w  !)~'o(:( ,s~;or to  ( :ontr ,  o l  t h e  t a s k e d  c a l l  
[s cr<q{tc(] [{lid [l('st( (] in th(' n<,w contour. ~,~ pointer' 

[<> l]his fl{%,, [}F(){t()ss<)~ i[.~ ~9s!-<ign( d to the. ~-'outine 

[(h nti[ 'i{:~' t= V [ n a i i ) ,  th{~ n(~,~ p r o c e s s o r ,  h e r e i n -  
~t[t ~t ~,~ ['()rr'e([ t o  a:.-~ t h e  c~ i [ i ed  [ ) r ' o c e s s o r ,  i s  
....... ~ a , ~ h ~ . l  a n d  oD.tced hi  t h e  r e a d y  ]is[; a c c o r d i n g  to  
t h e  ~ r i o r i t y  [ n [ o c m a t i o n  g i v e n  :in the c a t [  s t a t e m e n t ,  

<ailinf~ processor is not put to sleep, 

~<e pick an order of execution which is consistent 

w i t h  t h e  t a s k i n g  a n d  w h i c h  i l l u s t r a t e s  s o m e  p o i n t s .  

Assum~ that the calling processor comes to 

wa.it e in line 12. The processor is to wait until the 

~cvent 9 has happened. ~Fhe status of the event is 

checked] ~t has not happened, so the calling pro- 

cessor ruust be put to sleep awaiting the event St. 

The processor must somehow be linked to the event 
so that the event can signal the processor when it 

has happ(;,,ned. The processor is put to sleep and is 

removed from the ready list. The two pointer cells 

use<[ for rea,'Jy list linking are used to link the pro- 

eessor to a doubly linked list of all processors 

awaiting St. The result :is that the calling processor 

is asleep ready to continue at line 13, and the called 

processor has been continuing to execute. 

[- ..... re~dg lis{ 
L ....... 

When the called processor scans cause e in line 

8, the eel] for £ Is ae~:essed and its s ~ s e <  <o 
' ~ [ ~ a p p e n e d  ~, ih{~ d o u b l y  l i n k e d  l i s t  i s  u s e d  zo v i s i t  

e a c h  p r o c e s s o r  w a i t i n g  f o r  e v e n t g .  W h e n  t h e  
s l t ,  e p i n g  c a l l i n g  p r ' o c e s s o ~ '  on  t h e  l i s t  i s  v i s i t e d ,  i t  

i s  a w a k e n e d  a n d  p u t  on  t h e  r e a d y  l i s t .  T h e  f~ 'esh l ,y  
w a k e n e d  p r o c e s s o r  c o n t i n u e s  w i t h  l i n e  13 w h i l e  t h e  
c a l l e d  p r o c e s s o r  g o e s  on  e x e c u t i n g  in  t h e  b o d y ,  T o  
a l l o w  a n  e v e n t  to  be  r e u s e d ,  t h e  p r o g r a m : m e t  m a y  
r e s e t  a n  e v e n t  to  "~]o t  h a p p e n e d "  b y  w r i t i n g  r e s e t  e ,  

I~I ! ...... lii ~ • I 
- ~ \~ M-7~}- I | 

Finally, in line i0, the return bracket is 

encountered by the called processor. Since the 

return pointer is nil , the prOCESSOr knows it should 

terminate itself. However, because of the pointer 

in the cell for t~ the terminated processor and the 

contour pointed to by its ep are retained. To get 

rid of these no-longer-useful structures, either a 

.quit t can be EXECUted to get rid of the pointer or 

else when p(1) was called as a task the routine 

identifier could have been left off--p(1) taskjg_riori! X 5. 

The purpose of using a routine name in the task case 

is to provide a means of communication between the 

processors in such statements as terminate t or 

priority (t)~7, 

Because of the perspicuity of the model, tasking 

has been described and implemented as a rather 
simple Extension of procedure calling. Further- 

more~ because of retention, the ad hoc !2L/l excep- 
tions and abnormal terminations have been eiilTll- 

nated. Consider the Oregano program on the 
following page and its PL l counterpart i~otice the 

nonlocal x in ~ x is declared in Bi, 
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4 

o 

6 
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8 

9 

10 

1i 

12 

13 

14 

8O 

~2 ( .... 

p task 

Bs (___ 

) 

- ) 

k £: --- 

) 

B0 

8 0 :  PROC O P T I O N S  ( M A I N ) ;  

--~i E ~']GIN',  D C i ,  X F I X H D /  

R ;  R R C ) C ;  . . . .  X - -- 

- - *-  E N D ;  

32. Bt{; (',-IN; . . . .  

CALL P TASK; 

B3 BEGIN; - - - 

GOTO L; 

E N D  

L .  
E N D ;  

_ E N D ;  

h :  - - - 

-- END; 

J u s t  a f t e r  the t a s k  i s  c a l l ed ,  the  u s u a l  P L / 1  
f o r k e d  s t a c k  i m p l e m e n t a t i O n  [4, 19] l o o k s  l ike  (the 
s t a t i c  l i nks  a r e  s h o w n ) :  

% 
Then, when the calling task enters block B3,  the 
stack assumes a forked shape 

T 
Suppose the £2~% in block B3 is reached before 
execution of the task call of £ has terminated. Since 
the label ! is in block BO, transferring to % from in 
B3 h a s  the  e f f ec t  of  e x i t i n g  b l o c k s  B3, B2, and  B1. 
T h u s ,  in n o r m a l  P L / 1  the  s t o r a g e  f o r  B3, B2, and  
B1 i s  d e a t l o e a t e d ,  T h i s  l e a v e s  a d i s a s t r o u s  [gap in 
the s t a c k ;  in p a r t i c u l a r ,  p a r t  of 2~s a c c e s s i n g  
e n v i r o n m e n t ,  n a m e l y  the  Kt in B1, h a s  d i s a p p e a r e d ,  

[ ..... ] 

\ 
\ \  

[ . . . . . . .  ] 

8 0  
[ ......... i 

F h e  ] ) [ , / 1  s e m a n t k : s  s a \ x s  rise s i<ua tk )n  )5 sa>qnf; 
tha t  the t a s k  ca l l  of £. is te~'n~inated a b n o r m a l  b . 

in Oregano, with [he contour mode], and :reh~m- 
t ion ,  a f t e r  the task .~  has )<en ( a i l e d  and 1.i1{ <:aJ.ling 
p r o c e s s o r  h a s  e n t e r e d  $3, ',,~e have  

~0 

- ' l .............. : z r : : : - < : : :  ......... i 
h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Now if the right-hand (calling) processor 
reaches the ~ % before the other pr'oeessor term- 
inates, the right-hand processor merely moves out 
into the contour for B0 

BO 

Only the contours for B2 and B3 can be deallo- 
cared, The contour for BI, containing the nonloeal 
in £'s accessing environment has been retained_ 

The ~ other processor can continue until it terminates 
norrn.a~, 

Practicalitx 

Oregano has been desig@ed to be compiled into 
efficient object code rather than to be executed by 
interpretation. Three features are particularly 
helpful .in this respect: static mode cheeki.ng, static 
scope checking, and retention. The mode structure 
of Oregano is such that all mode compatibility may 
be checked for at compile time except in cases 
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inw):!vi~/~: ~nodes .!:Ij!jj2_L\, .[$Aj~n._t~lrj. and bas:ic which a r e  
provi<h.d as  ~ s(.ap~ <]auses  f rorn  s t a t i c  mode 
(h~{kln~,:[]4, 2, 30]. P r o g r a m s  that  would o t h e r w i s e  
term]nat~ b~ c;.~use o[ mode  i ncompa t ib i l i t y  a r e  
caught  at  <o~r~p:f!e t i m e .  F u r t h e r m o r e ,  the need  for' 
t ime  c o n s u m i n g  run t i m e  checks  :for' mode c o m p a t i -  
bi l i ty  has  been e l i m i n a t e d .  The i n v a r i a n c e  of the 
mest<d dt e l a r a t i o n  s t r u c t u r e  in the a l g o r i t h m  and i ts  
p r e s e r v a t i o n  in the r{ co rd  of execu t ion  allow for  
compil< t ime  check ing  of scope  va l id i ty  and for' gen-  
e r a t i o n  of (i,:j) p a i r s ,  t o e . ,  ( ne s t ing  height ,  d i s -  
p l a c e m e n t  in d e c l a r a t i o n  a r r a y )  pair ' s ,  as the object 
r ' ep re sen l : adon  of i d e n t i f i e r s .  The ( i , j )  pa i r s  a r e  
used  Jn con junc t ion  with a d i sp l ay  [23, 11, 13] to p ro -  
vide r ap id  a c c e s s  of the con tour  of the p r o p e r  he ight  
and the p r o p e r  cel l  in the con tour  at run  t ime ,  ~; The 
a s s u m p t i o n  of r e t e n t i o n  a l lows po in te r ,  label ,  and 
p r o c e d u r e  value a s s i g n m e n t s  to be p e r f o r m e d  wi th-  
out a co s t l y  run  t ime  cheek  ( n e c e s s a r i l y  at run 
t ime [10]) on whether '  or' not the a s s i g n m e n t  will  
r e s u l t  in a. b lock exi t  at a t ime  when a cel l  in the 
con tour  f o r  the block is  s t i l l  pointed to.  

Conc lus ion  

This paper has presented the current state t of 
the development of Oregano. [['he prilmary vehicle 
for designing and explaining Oregano has been an 
information structure model describing its imple- 
mentation. The model has allowed discovery, inclu- 
sion, and explanation of' powerful new features such 
as retention. The model has helped in designing 
and describing the wide variety of multiple value 
structures. The model has assisted in unifying and 
simplifying the various control structures such as 
labels, procedures, corontines, and tasks. It is 
hoped that the model oriented specification makes 
these features palatable, transparenL and easily 
applied by showing the user' the precise effect of the 
execution of his programs, The definition used 
certainly makes Or'egano easy to implement, for the 
de:['inltion is but a description of a feasible efficient 
imp]emenlation. .Finally, the definition shown 
set'yes to help the computer scientist study these 
features with much more clarity than has been 
possible with other types of definitions. 

A c k n o w l e d g m e n t s  

The  au tho r  is indeb ted  to many people  fo r  t h e i r  
c o o p e r a t i o n  and a s s i s t a n c e .  Lynn G i m b e r ,  Steve 
Hobbs ,  John Hutch i son ,  Ph i l ip  Lewis ,  Ctem 
MeGowan,  and Diane l%iee w e r e  wi l l ing  (?) sounding 

<~The d i sp l ay  is  not shown in th is  pape r ,  but i ts  ap-  
p l i ca t ion  to the con tou r  m o d e l  is  shown in Ref. 13. 
Th is  p a p e r  has  used  an i n t e r p r e t a t i v e  s e a r c  h whieh is  
equ iva l en t  to the d i sp l ay  a c c e s s  m e t h o d  in picking a 
p a r t i c u l a r  ce l l  for  an i d e n t i f i e r  [39]. 

t T h e  c o m p l e t e  d e s c r i p t i o n  of O r e g a n o  will  a p p e a r  
l a t e r  as  the topic  of the  a u t h o r ' s  d o c t o r a l  t h e s i s .  

b o a r d s  to my c r i e s  of "Eureka!  " Wil l iam B e r r y ,  
[)an R o s e n k r a n t z ,  and Mike Rubens c o n s e n t e d  to 
r e a d  ea r l i e r '  d r a f t s  of" th is  paper ;  t h e i r  s l a s h i n g  
penci l  m a r k s  w e r e  p a r t i c u l a r l y  helpful .  P e t e r  
Wegner ,  in addi t ion  to doing the above,  p rov ided  the 
i n s p i r a t i o n  to tackle  the top ic .  This  s u m m e r ,  John 
Johns ton  did all  of the ahoy% provided  m i n d - b l o w i n g  
i n s p i r a t i o n ,  hours  of d i s c u s s i o n ,  n u m e r o u s  s u g g e s -  
t ions ,  and e n c o u r a g e m e n t  to use  h is  con tour  mode l .  
F ina l ly ,  the au thor  w i s h e s  to thank L i e s e  P f e i f f e r ,  
Donna Rhodes ,  and Mar ion  White fo r  their '  p e r s e -  
v e r a n c e  in d e c i p h e r i n g  m y  wr i t ing  to p ro d u ce  th is  
t y p e w r i t t e n  paper',  
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