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INTRODUCTION 

The documents i n  t h i s  c o l l e c t i o n  have been ga the r ed  t o g e t h e r  
and r e p r i n t e d  i n  o r d e r  t o  p rov ide  i n fo rma t ion  p e r t a i n i n g  t o  
BLISS-10 n o t  found i n  t h e  BLISS-10 Reference  Manual (DECUS 10- 
118,  PDM 001-326-002-01). These documents s e r v e  t h r e e  pr imary 
purposes .  They p rov ide  a g e n e r a l  d e s c r i p t i o n  of t h e  language and 
e x p l a i n  some of t h e  b a s i c ,  r a t h e r  unique  f e a t u r e s  of  BLISS-10. 
They p rov ide  t h e  background f o r  a number of c r i t i c a l  de s ign  
c h o i c e s  i n  t h e  language. F i n a l l y ,  t h e y  i n c l u d e  examples and 
d e s c r i p t i o n s  of  some of  t h e  suppo r t  so f twa re  w r i t t e n  f o r  BLISS-10 
as an a i d  t o  u s i n g  t h e  language.  

The m a t e r i a l  p r e sen t ed  i n  t h i s  document i s  f o r  i n fo rma t ion  
purposes  only .  D i g i t a l  Equipment Corpora t ion  makes no 
commitment t o  suppo r t  any of  t h e  so f twa re  a s  d e s c r i b e d  h e r e i n .  

Our t h anks  go t o  P r o f e s s o r  W i l l i a m  A. Wulf, professor:  
D. R u s s e l l ,  and P r o f e s s o r  A. N. Habermann; a l s o  C. Geschke, 
J. Apperson, D. Wile and o t h e r s  a t  Carnegie-Mellon U n i v e r s i t y  
th rough  whose e f f o r t s  t h e  BLISS language was s p e c i f i e d  and 
implemented. 
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ABSTRACTS 

Wulf, W. A. et. al., "BLISS - A Language for Systems Programming" - - 
This paper discusses the design considerations in 
constructing a language especially suited for use in 
writing production software systems, e.g., compilers, 
loaders, and operating systems. BLISS, a language 
implemented at Carnegie-Mellon University for use in 
implementing software for the PDP-10, is described to 
illustrate the result of these considerations. Some 
comments are made on early experiences using BLISS for 
implementing various types of systems. 

Geschke, C. - et. - al., "BLISS Examples" 

This section contains a set of examples which illustrate 
the use of Bliss. Each example is intended to be fairly 
complete and self contained, and to illustrate one or 
more features of the language. 

Wulf, W. A,, "Programming Without the GOTO" 

It has been proposed by Dijkstra and others that the 
use of the GOT0 statement is a major contributing factor 
in programsxch are difficult to understand and debug. 
This suggestion has met with considerable skepticism 
in some circles since GOT0 is a control primitive from - 
which a programmer may synthesize other, more complex, 
control structures which may not be available in a given 
language. This paper analyzes the nature of control 
structures which cannot be easily synthesized from simple 
conditional and loop constructs. This analysis is then 
used as the basis for the control structures of a' 
particular language, BLISS, which does not have a - GOT0 
statement. The results of two years of experience programming 
in BLISS, and hence without GOTO's , are summarized. - 

Wulf, W. A., "Why the DOT?" 

An explanation of the pointer and contents concepts in 
BLISS justifying the semantic meaning of the dot operator. 
The current meaning is compared to possible alternative 
interpretations. 



Wile, D. A. and C. M. Geschke, "Efficient Data Accessing in 
the Programming Language BLISS" 

The specification of data structure in higher-level 
languages is isolated from the related specifications of 
data allocation and data type. Structure specification 
is claimed to be the definition of the accessing (addressing) 
function for items having the structure. Conventional 
techniques for data structure isolation in higher-level 
languages are examined and are found to suffer from 
a lack of clarity and efficiency. 

The means by which data structure accessors may be defined 
in BLISS, the specification of their association with 
named allocated storage, and their automatic invocation 
by reference to the named storage only, are discussed. 
An example is presented which illustrates their efficient 
implementation and their utility for separating the 
activities of data structure programming and algorithmic 
programming. 

DDT may be used to debug programs written in BLISS; 
however, the use of DDT alone requires a fairly detailed 
knowledge of the run-time stack and other run-time 
characteristics of BLISS programs and is not especially 
convenient. In particular, DDT cannot exploit any special 
information about the structure of the object program. 
A module called "HELP" has been written to augment the 
facilities of DDT. This module may be loaded (along with 
DDT) with any BLISS program -- although recompilation of 
HELP is necessary if the user is not using the standard 
BLISS system registers. HELP is wricten in BLLSS and 
therefore the facilities described below may be called 
directly from the user's source program even though 
they are primarily intended for use from DDT. 

This is the BLISS-10 source listing for the debugging aid 
described in HELPeDOCe 

Newcomer, J. M. , "TIMER.DOC" 
This is the reference document and user manual for a package 
written in BLISS-10 which gathers a number of timing 
statistics for programs written in BLISS-10. 
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BLISS 
A LANGUAGE FOR SYSTmS PROGRAMMING 

W. A. Wulf, D. B. Russell, A. N. Habermann 
Carnegie-Mellon Univer~ity'~ 

Pittsburgh, Pa. 

ABSTRACT 

This paper discusses the design considerations in constructing 
a language especially suited for use in writing production soft- 
ware systems, e.g., canpilers, loaders, operating systems, etc. 
Bliss, a language implemented at Carnegie-Mellon University for 
use in implementing software for the PDP-10, is described to 
illustrate the result of these considerations. Some comments 
are made on early experiences using Bliss for implementing 
various types of systems. 

INTRODUCTION 

In the fall of 1969 Carnegie-Mellon University 
acquired a PDP-10 from Digital Equipment Corporation 
to support a research project on computer networks. 
This research will involve the production of a sub- 
stantial number of large systems programs of the 
type which have usually been written in assembly 
language. At an early stage of this design effort 
it was decided not to use assembly language, but 
rather some higher level language. This decision 
immediately leads to another question: which lan- 
guage'] In turn this leads to a consideration of the 
characteristics, if any, which are unique to, or at 
least exaggerated in, the production and maintenance 
of systems programs. The product of these delibera- 
tions was a new language which we call Bliss. 

We refer to Bliss as an "implementation lan- 
guage", I L ,  although we admit that the term is some- 
what ambiguous since, presumably all computer lan- 
guages are used to implement sanething. To us the 
phrase connotes a general-purpose, higher-level lan- 
guage in which the primary emphasis has been placed 
upon a specific application, namely the writing of 
large, production software systems for a specific 
machine. Special purpose languages, such as compil- 
er-canpilers, do not fall into this catagorization, 
nor do we necessarily assume that these languages 
need be machine-independent. We stress the word 
'implementation' in our definition and have not used 
words such as 'design' and 'documentation'. We do 
not necessarily expect that an implementation lan- 
guage will be an appropriate vehicle for expressing 
the design of a large system nor for the exclusive 
documentation of that system. Concepts such as 
machine-independence, expressing the design and 
implementation in the same notation, self-documenta- 
tion, and others, are clearly desirable goals and 
are criteria by which we evaluated various languages. 
However, they are not implicit in our definition of 
the term "implementation language". There are a few 
extant examples of languages which fit our defini- 
tion: EPL (a PL/I derivative used on MULTICS~) , 
B5500 Extended A1 01 (Burroughs corporation2), 8 ~ ~ 1 3 6 0 3 ,  and BCPL . 
*mis work was supported by the Advanced Research 
ProHcte Agency of the Office of the Secretary of 
Defense (F-44620-67-C-0058) and is monitored by the 
Air Force Office of Scientific Research. 

The various arguments for and against the use 
of higher level languages to write sy.stems software 
have been discussed at length. We do not intend to 
reproduce them here in detail except to note that 
the skeptics argue primarily on two grounds: effi- 
ciency, and an assertion that the systems programmer 
must not allow anything to get between himself and 
the machine. The advocates argue on the grounds of 
production speed (and cost), maintainability, re- 
design and modification, understandability and cor- 
rectness. The report of the NATO Conference on 
Software Engineering held in Garmish (October, 1968) 
contains several discussions on these points, and 
the reader is urged to read that report. 

It is our opinion that program efficiency, 
except possibly for a very small number of very 
small code segments, is determined by overall pro- 
gram design and not by locally tricky, "bit-picking" 
coding practices. 

Many, if not all, systems have experienced sub- 
stantial performance improvements from redesign or 
restructuring resulting from understanding or in- 
sight after the system has been running for some 
time. This redesign is frequently done by someone 
other than the program's original author. This 
argues for good documentation - but also for under- 
standability of the code itself. Understandability 
is a function of many things, not all of which are 
inherent in the language in which a program is writ- 
ten - a ~rogramner's individual style for example. 
Nevertheless, the length of a program text and the 
structure imposed upon that text are important fac- 
tors and argue strongly for the use of a higher lev- 
el language. 

Presuming the decision to use an implementation 
language, which one should one choose? An argument 
might be made for choosing one of the.existing lan- 
guages, say Fortran, PL/I, or APL, and possibly ex- 
tending it in some way rather than adding to the 
tower of Babel by defining yet another new one. We 
have chosen to do the latter and some justification 
is required. The only valid rationale for creating 
a new language is that the existing ones are inap- 
propriate to the task. What then are the special 
characteristics of systems programs which existing 
languages are inappropriate to express? (Later we 
shall discuss how these manifest themselves in 
Bliss.) The two special characteristics most 



f r e q u e n t l y  mentioned a r e  e f f i c i e n c y  and access  t o  
a l l  hardware f e a t u r e s  of t h e  machine. We add sev-  
. e r a 1  t h ings  t o  these ;  t h e  r e s u l t i n g  l i s t  forms t he  
de s ign  ob j ec t i ve s  of Bliss. 

Requirements of Systems Programs 
- space/time economy 
- access  t o  a l l  r e l evan t  hardware f e a t u r e s  
- ob j ec t  code should no t  depend upon e l ab -  

o r a t e  run-time support  

C h a r a c t e r i s t i c s  of Systems Programming P rac t i c e  
- c o n t r o l  over  t h e  r ep r e sen t a t i on  of d a t a  

s t r u c t u r e s  
- f l e x i b l e  range of c o n t r o l  s t r u c t u r e s  (no- 

t a b l y  inc luding  r ecu r s ion ,  co- rout ines ,  
and asynchronous processes )  

- modular iza t ion  of a  system i n t o  s epa ra t e ly  
compilable sub -modules 

- parameter iza t ion ,  e s p e c i a l l y  cond i t i ona l  
compilat ion 

Overa l l  Good Language Design 
- encourage program s t r u c t u r i n g  f o r  under- 

s  t a n d a b i l i  t y  
- encourage program s t r u c t u r i n g  f o r  debugging 
- economy of concepts  ( i nvo lu t i on ) ,  genera l -  

i t y ,  f l e x i b i l i t y ,  ... 
- u t i l i t y  a s  a  de s ign  t o o l  
- machine independence 

Not a l l  of t h e  goa ls  mentioned above a r e  com- 
p a t i b l e  i n  p r a c t i c e ,  nor i s  t he  order  i n  t he  above 
l i s t  a cc iden t a l .  Those found e a r l y  i n  t he  l i s t  we 
cons ider  t o  be  abso lu t e  requirements  whi le  those  
occur r ing  l a t e r  i n  t he  l i s t  may be  thought of a s  
c r i t e r i a  by which a l t e r n a t i v e  des igns  a r e  judged 
once t he  more demanding requirements  a r e  s a t i s f i e d .  

For example, e f f i c i e n c y ,  access  t o  machine f ea -  
t u r e s  and machine independence a r e  c o n f l i c t i n g  
goa ls .  I n  f a c t  t he  de s ign  of B l i s s  is  =machine 
independent, a l though t h e  underlying philosophy and 
much of t he  s p e c i f i c  de s ign  a r e .  The machine f o r  
which t h e  language was being designed,  t he  PDP-10, 
was ever  p r e sen t  i n  t h e  minds of t he  des igners .  The 
code t o  be generated f o r  each proposed cons t ruc t ,  o r  
form of a  cons t ruc t ,  was considered before  t h a t  con- 
s t r u c t  was included i n ,  o r  excluded f r a n ,  t he  l an -  
guage. Thus t h e  c h a r a c t e r i s t i c s  of t h e  t a r g e t  
machine pervade t h e  language i n  both ove r t  and sub- 
t l e  ways. This i s  no t  t o  say  t h a t  B l i s s  could no t  
be  implemented f o r  another  machine, i t  could. It 
does say t h a t  B l i s s  i s  p a r t i c u l a r l y  we l l  s u i t e d  t o  
implementation on t he  PDP-10 and t h a t  it could 
probably not  be a s  e f f i c i e n t l y  implemented on 
another  machine. We th ink  of B l i s s  a s  a  member ( t h e  
only one a t  p resen t )  of a  c l a s s  of languages s i m i l a r  
i n  philosophy and mi r ro r i ng  a  s i m i l a r  concern f o r  
t he  important  a spec t s  of systems programming, b u t  
each s u i t e d  t o  i t s  own h o s t  machine. 

As another  example of t h e  i ncompa t ib i l i t y  of 
t he se  goa ls ,  cons ider  t h e  requirement f o r  minimal 
run-t ime support  and t he  use  of t he  implementation 
language a s  a  de s ign  t oo l .  I n  some sense  a  des ign  
t o o l  should be  a t  a  h igher  l e v e l  than  t he  ob j ec t  
be ing  designed - t h a t  i s ,  t h e  t o o l  should r e l i e v e  
t h e  des igner  from concern whichever d e t a i l s  t he  
des igner  deems app rop r i a t e  on ly  f o r  l a t e r  considera-  
t i on .  Any language r e l i e v e s  i t s  u s e r  f r a n  concern 
over  c e r t a i n  d e t a i l s ,  even assembly language f r e e s  
t h e  coder  from t h e  need t o  make s p e c i f i c  address  

a s s i g m e n t s .  Assembly language i s  no t  a  good des ign  
t o o l  p r e c i s e l y  because t he  c l a s s  o f  such f a c i l i t i e s  
i s  f i n i t e  and narrow, a  h igher  l e v e l  language i s  
b e t t e r  because t he  c l a s s  i s  l a r g e r  and broader. 
There i s  a  p o i n t ,  however, beyond which broadening 
t h e  c l a s s  of d e t a i l s  which a r e  handled au toma t i ca l l y  
in t roduces  s u b s t a n t i a l  c o s t s  i n  run-time e f f i c i e n c y  
and r e q u i s i t e  run-time support .  The des ign  of B l i s s  
walks a  very  f i n e  l i n e  between g e n e r a l i t y ,  e f f i c i -  
ency, and minimal run-time suppor t .  A t  t h e  time of 
t h i s  w r i t i n g  B l i s s  programs r equ i r e  run-time support  
t o  t h e  ex t en t  of one subrout ine  c o n s i s t i n g  of t en  
i n s  t ruc  t i ons . 

DESCRIPTION OF BLISS 

B l i s s  may be charac te r ized  a s  an  A ~ ~ O ~ - P L / I  
d e r i v a t i v e  i n  t h e  sense  t h a t  i t  has a  s i m i l a r  expres-  
s i o n  format and ope ra to r  h i e r a r chy ,  a  block s t r u c -  
t u r e  wi th  l e x i c a l l y  and dynamically l o c a l  v a r i a b l e s ,  
s i m i l a r  cond i t i ona l  and looping c o n s t r u c t s ,  and 
( p o t e n t i a l l y )  r e cu r s ive  procedures. As may be seen 
from the  two simple examples shown below t h e  genera l  
format of B l i s s  code i s  q u i t e  Algol - l ike ;  however, 
t he  s i m i l a r i t y  s t ops  s h o r t l y  beyond t h i s  g l i b  com- 
parison.  

func t ion  f a c t o r i a l  (n )  = 
i f  .n leq 1 then 0 e l s e  .n;kfactorial ( .n -1) ;  - 

f unc t i on  QQsearch (K)  = 

do i f  .ST[.R] eql .K -- 
then r e t u r n  .R -- 
e l s e  (R + .R + .A; A + .A + .Q)  - 

u n t i l  . R  eql .E - 

The f i r s t  of t he se  examples i s  t he  f a m i l i a r  r e cu r -  
s i v e  d e f i n i t i o n  of f a c t o r i a l .  The second example i s  
t h e  "quadrat ic  quot ien t"  hash search  descr ibed  by 
J. Be l l  i n  t h e  February, 1970 CACM. 

We w i l l  now desc r i be  t h e  major f e a t u r e s  of B l i s s  
i n  terms of i t s  major a spec t s :  (1)  t he  underlying 
s t o r age ,  (2)  c o n t r o l ,  ( 3 )  d a t a  s t r u c t u r e s ,  and f i n a l -  
l y  mention some o the r  miscel laneous f ea tu r e s .  

1. Storage 

A B l i s s  program ope ra t e s  w i th  and on a  number 
of s t o r age  "segments". A s t o r age  segment c o n s i s t s  
of a f ixed  and f i n i t e  number of llwords", each of 
which i s  composed of a  f i xed  and f i n i t e  number of 
"b i t s"  (36 f o r  t he  PDP-10). Any contiguous s e t  of 
b i t s  w i th in  a  word i s  c a l l e d  a  "f ield".  Any f i e l d  
may be "named", t h e  va lue  of a  name i s  c a l l e d  a  
"pointer"  t o  t h a t  f i e l d .  I n  p a r t i c u l a r ,  an e n t i r e  
word i s  a  f i e l d  and may be  named. 

I n  p r a c t i c e  a  segment gene ra l l y  conta ins  e i t h e r  
program o r  d a t a ,  and i f  t he  l a t t e r ,  i t  i s  gene ra l l y  
i n t e g e r  numbers, f l o a t i n g  po in t  numbers, c h a r a c t e r s ,  
o r  po in t e r s  t o  o t h e r  da ta .  To a B l i s s  program, how- 
ever ,  a  f i e l d  merely conta ins  a  p a t t e r n  of b i t s .  
Various opera t ions  may be appl ied  t o  f i e l d s  and b i t  
p a t t e r n s  such a s  f e t ch ing  a  b i t  p a t t e r n  (value)  from 
a  f i e l d ,  s t o r i n g  a  b i t  p a t t e r n  i n t o  a  f i e l d ,  i n t e g e r  
a r i t hme t i c ,  comparison, boolean ope ra t i ons ,  and so  
on. The i n t e r p r e t a t i o n  placed upon a  p a r t i c u l a r  b i t  
p a t t e r n  and consequent t ransformat ion  performed by 
an opera tor  i s  an i n t r i n s i c  proper ty  of t h a t  ope ra to r  



and not  of i t s  operands. That i s  to say,  t he re  i s  
no ' type1 d i f f e r e n t a t i o n  a s  i n  Algol. 

Segments a r e  introduced i n t o  a B l i s s  program by 
dec l a ra t i ons ,  f o r  example: 

g lobal  g; 
own x,y  P I ,  z ;  
l o c a l  p [ loo];  - 
r e g i s t e r  r l ,  r2 [3];  
funct ion  f ( a , b )  = .a t .b;  

Each of these  dec l a ra t i ons  introduces one o r  more 
segments and binds t he  i d e n t i f i e r s  mentioned (e.g.,  
g,  x ,  y ,  e t c . )  t o  t he  name of the  f i r s t  word of the  
associa ted  segment. (The funct ion  dec l a ra t i on  a l s o  
i n i t i a l i z e s  t he  segment named ' f l  t o  the  appropr ia te  
machine code.) 

The segments introduced by these  dec l a ra t i ons  
conta in  one o r  more words, where the  s i z e  may be 
spec i f i ed  (as  i n  l l l oca l  p[100]"), defaul ted  t o  one 
a s  i n  "global g; ") , o r  defaul ted  t o  whatever length 
i s  necessary f o r  i n i t i a l i z a t i o n  (as  i n  the  funct ion  
dec l a ra t i on ) .  Exp l i c i t  s i z e  dec l a ra t i on  ( a s  i n  
" loca l  p [100]") a r e  r e s t r i c t e d  t o  expressions whose 
v a l u e c a n  be determined a t  compile time so  t h a t  run- 
time s to rage  management i s  not  required.  The iden- 
t i f i e r s  introduced by a dec l a ra t i on  a r e  l e x i c a l l y  
l o c a l  t o  the  block i n  which the dec l a ra t i on  i s  made 
( t h a t  i s ,  they obey the  usual  Algol scope ru l e s )  
wi th  one exception - namely, l lgloball l  i d e n t i f i e r s  
a r e  made ava i l ab l e  t o  o the r ,  separa te ly  compiled 
modules. Segments c rea ted  by 9, g loba l ,  and 
funct ion  dec l a ra t i ons  a r e  c rea ted  only once and a r e  
preserved f o r  t he  du ra t ion  of  t he  execution of a 
program. Segments c rea ted  by loca l  and r e g i s t e r  
dec l a r a t i ons  a r e  c rea ted  a t  the  time of block en t ry  
and a r e  preserved only f o r  t he  dura t ion  of the  exe- 
cu t ion  of t h a t  block. Register  segments d i f f e r  from 
l o c a l  segments only i n  t h a t  they a r e  a l l oca t ed  from - 
the  machine's a r r ay  of 16 general  purpose ( f a s t )  
r e g i s t e r s .  Re-entry of a block before i t  i s  ex i ted  
(by recurs ive  funct ion  c a l l s ,  f o r  example) behaves 
a s  i n  Algol, t h a t  i s ,  l o c a l  and r e g i s t e r  segments 
a r e  dynamically l o c a l  t o  each incarnat ion  of t he  
block. 

It i s  important t o  no t i ce  from the  d iscuss ion  
above t h a t  i d e n t i f i e r s  a r e  bound t o  names by these 
dec l a ra t i ons ,  and t h a t  t he  value of a name i s  a 
poin ter .  Thus the  value of an  ins tance  of an iden- 
t i f i e r ,  say x ,  i s  5 the  value of t he  f i e l d  named 
by x ,  bu t  r a t h e r  is  a po in t e r  t o  x. This i n t e rp re -  
t a t i o n  r equ i r e s  a "contents of" opera tor  f o r  which 
t h e  symbol 'I. has been chosen. (Which expla ins  t he  
occurrence of t h i s  cha rac t e r  i n  the  e a r l i e r  examples. 
This w i l l  be discussed i n  much g rea t e r  d e t a i l  under 
t h e  sub jec t  of d a t a  s t ruc tu re s . )  There a r e  two ad- 
d i t i o n a l  dec l a r a t i ons  whose e f f e c t  i s  t o  bind iden- 
t i f i e r s  t o  names, but  which do not c r e a t e  segments; 
examples a re :  

ex t e rna l  s ;  
bind y2 = y+2, pa = p+.a; 

An ex t e rna l  dec l a r a t i on  binds one o r  more iden- 
t i f i e r s  t o  t he  names represented by the  same name 
declared g loba l  i n  another,  separa te ly  compiled 
module. The bind dec l a ra t i on  binds one o r  more 
i d e n t i f i e r s  t o  the  value of an expression a t  block 
en t ry  time. This w i l l  be  discussed i n  g rea t e r  
d e t a i l  i n  t he  s ec t ion  on d a t a  s t ruc tu re s .  

2 .  Control 

B l i s s  i s  an "expression language", t h a t  i s ,  
every executable cons t ruc t ,  including those which 
manifest  con t ro l ,  i s  an expression and computes a 
value. There a r e  no statements i n  t he  sense of 
Algol o r  PL/I. Expressions may be concatenated wi th  
a 11. , 11 t o  form compound expressions,  where the  value 

of a compound expression i s  t h a t  of i t s  l a s t  compo- 
nent expression. Thus "." , may be thought of a s  a 
dyadic operator  whose value i s  simply t h a t  of i t s  
righthand operand. The grouping symbols "begin" and 
llendll or 11 (11 - and 11)" may be used t o  embrace such a 
compound expression and convert i t  i n t o  a simple 
expression. A block i s  merely a spec i a l  case of 
e i t h e r  of these cons t ruc t ions  which happens t o  con- 
t a i n  dec l a ra t i ons ,  thus the  value of a block i s  
defined t o  be the  value of i t s  cons t i t uen t  compound 
expression. 

The assignment opera tor ,  "*", i s  a dyadic oper-  
a t o r  whose l e f t  operand i s  i n t e rp re t ed  a s  a poin ter  
and whose r i g h t  operand i s  an unin terpre ted  b i t  pa t -  
te rn .  The r i g h t  operand i s  s tored  i n t o  t he  f i e l d  
named by the  l e f t  operand, the  value of the  expres- 
s ion  i s  t h a t  of i t s  r i g h t  operand. Recall ing the  
i n t e r p r e t a t i o n  of i d e n t i f i e r s  and the  ". l1 opera tor ,  
the  expression 

causes the  value of the  f i e l d  named by x t o  be i n -  
cremented by one. The value of the  e n t i r e  a s s ign -  
ment expression i s  t h a t  of the  incremented value. 
The compound expression 

causes a poin ter  t o  x t o  be s tored  i n t o  y ,  then 
computes t h e  value of t he  f i e l d  named by x (accessed 
i n d i r e c t l y  through y) p lus  one and s t o r e s  t h i s  value 
i n  z ;  t h i s  value i s  a l s o  t h a t  of the  compound expres- 
s ion. 

There i s  the  usual  complement of a r i thmet ic ,  
l og i ca l ,  and r e l a t i o n a l  operators.  Logical opera- 
t o r s  operate on a l l  b i t s  of a word; r e l a t i o n a l  oper- 
a t o r s  y i e ld  a value 1 i f  the  r e l a t i o n  i s  s a t i s f i e d  
and a value of 0 otherwise. 

We w i l l  descr ibe  s i x  forms of con t ro l  expres- 
s ions:  condi t ional ,  looping, case-se lec t ,  funct ion  
c a l l ,  co-routine c a l l ,  and escape. For t h i s  d iscus-  
s ion  i t  w i l l  be convenient t o  use the  symbol €, pos- 
s i b l y  subscripted,  t o  represent  an a r b i t r a r y  expres-  
s ion. 

The condi t ional  expression i s  of t he  form 

i f  El then E2 e l s e  Ej - 
and i s  defined t o  have t h e  value 
t h a t  t he  r ighhnost  b i t  of E l  i s  a 
value of q otherwise. The abbreviated form "if  El 
then 'I i s  considered t o  be i d e n t i c a l  t o  "if - 
then 2 e l s e  0". - - 

There a r e  four  bas i c  forms of looping expres-  
s ions : 

while El E 
do E whlle E, - 



incr <name from El to 5 9 % $0- E - 
deer <name> from El +o 3 b~ E3 E - 

Each form of looping expression implies repeated 
execution (possibly zero times) of the expression 
denoted E until a specific condition is satisfied. 
In the first form the expression (while. ..do) E is 
repeated so long as the rightmost bit of E remains 

1 1. The second form is similar to the first except 
that E is evaluated before E thus guaranteeing at 
least one execution of E. d e  last two forms are 
similar to the familiar "step.. .until1' construct of 
Algol, except (1) the control variable is local to 
E, (2) E1,5, and € are computed only once (before 
entry to the loop) ,3and (3) the direction of the 
step is explicitly indicated (increment or decre- 
ment). Except for the possibility of an escape ex- 
pression within € (see below) the value of a loop 
expression is uniformly taken to be -1. 

We shall treat somewhat simplified versions of 
the case and select expressions here, these forms 
are: 

case e of set Eo; El; ...; E tes - -- P -  select e of nset EO: El; 3 :  C3, O $n: %n+l tesn - -- 
The value of a case expression is h, that is, the 
expression e is evaluated and this value is used to 
select one of the expressions Ei (0 2 i 5 n) whose 
value, in turn, becomes the value of the entire case 
expression. The select expression is somewhat sim- 
ilar to the case expression with the distinction 
that the value of e is not restricted to the range 
0 S e 5 n. Execution of the select proceeds as fol- 
lows: (1) the value of e is computed, (2) the value 
of the expressions . (0 5 i S n) are evaluated, 
(3) for each i such Bat e = 2 the expression 
Eii+l is evaluated. Thus, in he event that more 
t an one value of i exists such that e = 3., each 
of these expressions is evaluated; in this kase the 
final value of the select expression is undefined. 

A function call expression has the form 

This expression causes activation of the segment 
named by E as a subprogram with an initialization of 
the formal parameters named in the declaration of the 
function to the values of the actual parameters 
El, . . . , En. Only call -by -value parameters are allowed: 
however, call-by-reference is available since names, 
pointer values, may be passed. The value of a 
function call is that resulting from execution of 
the body of the function. Thus, for example, the 
value of the following block is 3628800. 

begin 
function factorial(n) = 

if .n leq 1 then 1 else .n*factorial(.n-1); 
factorial (10) 
end - 

Note that a function call need not explicitly name a 
function by its associated identifier; all that is 
required is that E evaluate to the name of a segment. 
Thus expressions such as the following are valid and 
useful. 

(case.x of set Pl;P2;P3 ~)(.z) 

Also note that the occurrence of a parameter list 

enclosed in brackets triggers a function call. An 
identifier by itself merely denotes a pointer to the 
named segment; thus in the example above PI, P2, and 
P3 are the names of functions and thus the value of 
the case statement is the name of one of these 
functions (not the result of executing it). Function 3 
calls with no parameters are written "€(  )". 

The body of any function may be activated as a 
co-routine and/or asynchronous process. An arbitrary 
number of distinct incarnation of a single body are 
allowed. In order to permit any of several realiza- 
tions of co-routine mechanisms only two primitive 
operations are provided. 

create €(E1, E2,. . . ,E~) $ length E j  then E 
exchi( E5 , E6 4 

The effect of the create expression is to create an 
independent context (that is, a stack for the 
function named by E with parameters El,. . . , En. The 
stack is set up beginning at the word named by 
and is of size E words (to provide overflow 3 
tion). The activation record for the newly created 
co-routine is set to the head of the function named 
by E. The value of the create expression is a "pro- 
cess name" for the new co-routine. Control then 
passes on to the expression following the 'create' - 
in particular the expression C4 is not executed at 
this time and the body of E is not activated. When 
two or more such contexts have been established, 
control may be passed from the currently executing 
one to any other by executing an exchange jump, 
exchi, expression. An expression "exch j (E5, $,)Iv 
wlll cause control to pass to the co-routine named 
by E (the value of an earlier create expression). 5 The value E becomes the value of the exchj opera- 
tion which Past cause control to pass out of the 
co-routine named by E 5 ' 

3 
The familiar "goto ... label" form of control has 

not been included in Bliss. There are two reasons 
for this: (1) unrestricted goto's require consider- 
able run-time support due to the possibility of 
jumping out of functions and/or blocks, and (2) the 
authors feel strongly that the general goto, because 
of the implied violation of program structure, is a 
major contributor to making programs difficult to 
understand, modify and debug. There are "good" and 
"bad" ways to use a goto and there are restrictions 
which could be imposed which eliminate the need for 
run-time support. Consideration of the nature of 
"good" ways and the restrictions necessary to elim- 
inate run-time overhead led us to eliminate the goto 
altogether, and to the inclusion of conditional, 
looping, and case-select expressions. These alone, 
however, are not sufficiently general, or convenient, 
and consequently the 'escape' expressions were intro- 
duced. There are six forms of escape expressions: 

EXITBLOCK E EXITCOND E 
EXITCOMPOUND E EXIT E 
EXITLOOP E RETURN E 

Each form of escape expression causes control to 
exit from a specified control environment (a block, 
a loop, or a conditional expression, for example) 
and defines a value (E) for that control expression - 
(EXIT exits from any form of control expression, 
RETURN exits from a function). 

Consider a linked list of two word cells, the 
first of which contains a link (pointer) to the next 



cell (the last cell has link=O) and .the second of 
which contains data. The following expression has a 
value which is the pointer to the first negative data 
item, or a value of -1 if no such item is found. The 
address of the head of the list is contained in a 

-- field called 'head' . 
I 

L 
(register t; t + head; while (t + .t) 9 0 do if . ( t+l) 0 then break . t) ; 
Note that the initialization of t, i.e., 't + head', 
sets the value of 't' to a pointer to 'head', not 
the contents of 'head'. 

3. Data Structures 

One of the outstanding characteristics of sys- 
tems programs is their concern with the wide variety 
of data structures and schemes for representing 
these structures. Observation of what systems pro- 
grammers do reveals that a very large fraction (near- 
ly 50% in our experience) of their design effort is 
spent in designing representations for efficiently 
encoding the information they will process. It is 
frequently the case that the most difficult task in 
making a modification to an existing program is that 
of representing the additional new information re- 
quired (e.g., the infamous "find another bit" prob- 
lem). Consequently the issue of representation was 
one of the central design considerations in Bliss. 

Two principles were followed in the design of 
the data structure facility of Bliss: 

- the user must be able to specify the accessing 
algorithm for elements of a structure, - the representational specification and the 
specification of algorithms which operate on 
the represented information must be separated 
in such a way that either can be modified 
without affecting the other. 

The first principle follows simply from the 
fact that non-algorithmic specifications are inade- 
quate to express certain important representational 
schemes. By a non-algorithic specification we mean 
one which statically specifies the layout of a 
structure in terms of primitive structures (words, 
fields, etc.), other defined structures, and (pos- 
sibly) pointers. By an algorithmic specification we 
mean one which, given a set of parameters (indices) 
computes a pointer to the appropriate structure ele- 
ment. Algorithmic specifications have the advantage 
of generality, but some disadvantage of verbosity 
for simple structures. This latter type of specifi- 
cation will be amply illustrated below. 

In order to achieve a language in terms of 
which it is possible to write large systems that may 
be easily modified, it is imperative that the speci- 
fications of the representation of a data structure 
be separated from the specification of algorithms 
which manipulate data in that structure. This prin- 
ciple is severely violated in assembly languages 
where, typically, the code to access an element of a 
structure, for example, simply a contiguous field of 
bits within a word, is coded "in line" at the point 
where the element is needed. A comparatively triv- 
ial change which alters the size or position of the 
field and may require locating and modifying all 
references to the field. This simple problem could 
be solved by following good coding practice and, 
perhaps, by the use of macros; not all changes are 

of such ,a trivial nature, however. 

The concept of a "pointer" to a field (of bits 
within a word) was mentioned earlier.. Actually in 
Bliss a pointer is a five-tuple consisting of: 
(1) a word address, (2) a field position, (3) a 
field size, (4) an (index) register name, and (5) an 
"indirect address'' bit. These five quantities are 
encoded in a single word and as such are a manipu- 
latable item in the language (a prerequisite of 
algorithmic representational specification). For 
simplicity we shall discuss only the first three of 
these quantities; the reader is referred to the 
Bliss reference manual6 for more detail. The "word 
address", way field of a pointer designates the 
physical machine address of the word; the 'posi- 
tion', p, and 'size', s, designate a field within a 
word in terms of the number of bits to the right of 
and within the field. 

wo'rd word wo*d 
I 

word 
'Iwa - 11' "wa+ll' "wa+Zn 

The notation used in Bliss to specify a pointer 
(taking only the simple wa,p,s case) is "wa<p,s>". 

Assume that the declaration 

own x[100] - 
has been made. The identifier x is bound by this 
declaration to a pointer to the 36 bit field which 
is the first word of this 100 word segment. That 
is, the word address of the pointer "x" is that of 
the location allocated to the segment and the posi- 
tion and size fields have values of zero and thirty- 
six respectively. If we denote the address of the 
segment by a , then an occurrence of "x" in a Bliss 
program is iaentical to an occurrence of "a <0,36>". 
If Eo - 3 are expressions, then the syntactic form 

is by definition a pointer whose word address is the 
value of E (modulo 218) and whose position and size 0 s ecificatlons are the values of El and 3 (modulo % 2 ) respectively. Thus "X<3,4>" is a pointer to a 
four bit field three bits from the right end of a 
word named X. The word address, position, and size 
information are encoded within a p nter in such a 
way that adding small integers (<2") to a pointer 
increments the word address only. Thus "X+ll' is a 
pointer to the word following X. 

The definition of a class of structures, that 
is, of an accessing algorithm to be associated with 
certain specific data structures, is made by a dec- 
laration of the form: 

structure <name>[<formal parameter list>] = E 

Particular names may then be associated with an 
accessing algorithm by another declaration 

map <name>: <name list> 



Consider the follarfng example: 

begin 
structure ary2 [i, j] = (.ary2+(.i-l)*l0+(. j -1)) ; 
own x[100] ,y[100] ,z [loo]; - 
map ary2: x,y,z; 

. 
end; 

In this example we introduce a very simple structure, 
ary2, for two dimensional (10x10) arrays, declare 
three segments with names 'x', 'y', and 'z' bound to 
them, and associate the structure class ary2 with 
these names. The syntactic forms "x[E1,$l~ and 
"y[E3, E4]" are valid within this block an enote 
evaluation of the accessing algorithm defined by the 
structure declaration (with an appropriate substitu- 
tion of actual for formal parameters). Within the 
expression defining a structure class, the name of 
the structure class, ary2 in this case, denotes the 
name of the "zeroth" fonnal parameter - and is re- 
placed by the name preceding the "[" at the call 
site. Thus, ".ary2" denotes the value of the name 
of the particular segment being referenced. In the 
example 'x[.a,.b]' is equivalent to: 

The value of this expression is a pointer to the 
designated element of the segment. 

In the following example the structure facility 
and bind declaration have been used to efficiently 
encode a matrix product 

10 

In the inner block the names 'xr' and 'yc' are 
bound to pointers to the base of a specified row of 
x and column of y respectively. These identifiers 
are then associated with structure classes which 
allow one-dimensional access. 

begin 
structure ary2[i,j] = (.ary2+(.i-l)*lO+(.j-I)), 

row[i] = (.row+.i-1), 
col[j] = (.col+(.j-l)*lO); 

own - x[lOO] ,y[lOO] $ 2  [loo]; 
map ary2: x,y,z; 

incr i f r w  1 to 10 do - 
begin bind xmx[.i,l],zr=z[.i,l];map row:xr,zr; 
incr j from 1 to 10 do 
begin 
register t; bind yc=y[l,. j];m= co1:yc; 
t +- 0; 
incr k from 1 to do t + .t+.xr[.k]*.yc[.k]; - 
z[.j] + .t; 

&; 
end ; - 

e nd - 
Suppose now that one wishes to alter the repre- 

sentation of the structure 'aryZ1, and access to the 
array is to be made through an Ilife vector (or, 
"dope" vector) to define the relative base of each 
row. The major change required is to replace the 

current structure declaration for "ary2" by 

own i1[10]; map row: il; 
structure ary2[i,j] = (.ary2+.il[.i-l]+.j-1); 

With this representation, the use of a special ac- 
cessing algorithm (structure) for accessing columns 
becomes 

structure col[j] = (.col + .il[.j-11); 

As can be seen, these fairly simple changes to the 
program completely changes its representation of the 
data. No changes to the processing algorithm are 
required. 

4. Miscellaneous Features 

Finally, we shall now describe two features of 
the language which are important to the goal of 
parameterization of programs. The first is simply 
that constant expressions are evaluated at compile 
time. This is a common feature of compilers and not 
particularly exciting by itself. Note, however, 
that since the value '1' is interpreted as true, and 
'0' as false, expressions such as 

if 1 and 1 or 0 then ... else ... ; - 
are constant in that only the then part will be 
executed. The compiler notes this and does not 
emit the code for testing the condition or evaluat- 
ing the else part. Similarly, only the third ex- 
pression of the following case expression will be 
evaluated at execution time, and consequently the 
compiler only generates code for that expression. 

case -1+2+1 of= Eo; El; 5; ... E; 

The second feature is a fairly elementary 
string replacement macro capability. A macro name 
and its associated text are introduced by a declara- 
tion of the form: 

macro ntapes = 3$, 
ndrums = 5 $ ,  
loop(i,n) = incr i Zrom 1 E n  do $; 

This particular declaration defines three macro 
names ('ntapes', 'ndrums', and 'loop') and defines 
a text string which is to replace the macro name 
(and its parameters, if any) where it (they) is 
(are) mentioned in the scope of the declaration. 
The end of a text string is delimited by '$I, and 
may mention formal parameter names - these are re- 
placed by actual parameter strings used at the call 
site. 

One may combine these two features to para- 
meterize a system. Consider the following skeletal 
code : 

begin 
macro ntapes = 3 $ ,  

ndrums = 5$, 
descsize = 2$, 
cloop(i,n) = if n gtr 0 then incr i 

from 1 to n $; - 
own - devicedesc [ntapes~:ndrms*descsize]; 
structure devary [i , j ] = ( . devary + ( . i-l)*desc- 

size + . j); 
map devary: devicedesc; 



The declarations above define a table of device 
descriptions for magnetic tapes and drums. The num- 
ber of entries for tapes and drums, and the number 
of words per description entry are controlled by the 
macro definitions 'ntapes', 'ndrums', and 'descsize'. 
Suppose the number and size of fields within the 
device description for tapes and drums are differ- 
ent. The following structure and bind declarations 
allow one to access these fields conveniently: 

structure tapeary [i,j] = 
case (. j-1) of 

set - 
( . tapeary + (. i-l)*descsize)<O, 36>; 
(.tapeary + (.i-l)*descsize)<l8,18>; 
(.tapeary + ( . i - l )~~descsize)<l8,18>;  
e; 

structure drumary [i, j ] = 
case (.j-1) of 

set - 
(.drumary + (. i-l)*descsize)<0,36>; 
(.drumary + (.i-1)*descsize+l)<18,18>; 
(.drumary + (. i-l)~~descsize+l)<l7,1>; 
(.drumary + (.i-l)*descsize+l)<l6,1>; 
( .drumary + ( . i-l)~descsize+l)<O, 16>; 
x; 

bind tapedesc = devicedesc [O, 01, - 
drumdesc = devicedesc [ntapes,O]; 

map tapeary: tapedesc, drumary: drumdesc; 

These declarations make it feasible for the 
programmer to refer to 'tapedesc [.i,2I1, for 
example, as the second field of the description of 
the it& tape without regard to the size or location 
of that field. The following code uses the constant 
expression evaluation feature to selectively include 
only relevant code. 

global function initialize = 
begin 
cloop (i,ntapes) 

' c o d e  to initialize tape description goes 
here$ 

&; 
ci oop (i , ndrms) 

b T o d e  to initialize drum descriptions goes 
here $ 

&; 
% other initialization code goes here % 

&; 
if ntapes gtr 0 then - 
benin 
Y 

global function tapehandler = 

-ode for body of tape device handler $ 
&; 

global function tapeopen = 

b*ode for special file-open actions on 
magnetic tape $ 

end; 
$ other specialized tape functions declared 
here % 

end - 
Since the body of an "if E then " expression is 
not compiled in the case that the21 is a constant, 
and false, the global functions 'tapehandler', etc., 
are not compiled unless 'ntapes' is greater than 
zero. One can imagine more complex expressions, 
such as 'if (ndrms gtr 0) or (ndisks gtr 0) then', 

controlling the inclusion of, for example, file- 
directory handling code. 

EVALUATION AND CONCLUS IONS 

As of this writing the Bliss compiler is in its 
final stages of completion, and consequently experi- 
ence using the language is somewhat limited. To 
date only one major project has been undertaken in 
Bliss, namely the compiler itself. The language 
has evolved as a consequence of this experience, and 
we expect it will evolve further as it is used. 

In spite of the relative lack of experience in 
using the language, it would be very nice to have 
some objective measures of the language - measures 
of such things as efficiency, appropriateness (to 
the systems programming problem), readability, con- 
sistency, etc. Such measures are, of course, very 
difficult to define objectively. However, we have 
attempted to supply some data from which the user 
may draw his own conclusions. One of these data 
points indicates the quality of code produced by the 
Bliss compiler - and is therefore an indirect mea- 
sure of the suitability of the language for one 
system's programming problem. The second bit of 
data is an annoted table comparing features of some 
implementation languages. 

The measure chosen for code quality of the 
Bliss compiler is simply that of code size. Three 
sections of the compiler were chosen as a basis for 
comparison in an attempt to factor out those things 
which (1) are intrinsic to the structure of the 
language, (2) are a function of the current optimiza- 
tion strategies of the compiler (which can always be 
improved), and (3) are a function of a particular 
programmer's "style". The sections are named 10, 
LEXAN, and SYNTAX and are respectively the i/o 
interface, lexical analyzer (symbol table routines, 
etc.), and syntax analyzer. Of these, I0 was orig- 
inally written in "clever" assembly code and later 
translated into Bliss, while LEXAN and SYNTAX were 
originally written in Bliss and then translated by 
hand into assembly code. The translation of LEXAN 
was done in such a way as to mirror the functional 
structure of the original Bliss code at the sub- 
routine level but internally was coded for maximal 
efficiency. SYNTAX, on the other hand, was trans- 
lated with the aid of a number of general purpose 
macros and mirrors exactly the structure of the 
original Bliss text. The results are as follows: 

I0 
LEXAN 
SYNTAX 

approximate 
size 

40% larger 
7% larger 
20% smaller 

relative size of 
compiled version 

From this small sample one can draw sane tentative 
conclusions : 

1. I0 is something like a worst case. It is 
small (which tends to exaggerate the over- 
head for recursion, etc.) and it was orig- 
inally written in assembly code. The pen- 
altty in such a case appears to be on the 
order of 50%. 

2. Since the hand coding of LEXAN obeys the 
subroutine calling conventions of compiled 
Bliss programs, but is otherwise coded 



f a i r l y  t i g h t l y  - t h e  p e n a l i t y  f o r  t h e  c u r r e n t  
o p t i m i z a t i o n  techniques appears  t o  b e  on t h e  
o r d e r  of 10%. 

3 .  The compiler  does cons iderab ly  b e t t e r  than  
macro e x t e n s i o n  of assembly code. 

Table I and i t s  a s s o c i a t e d  no tes  compare c e r t a i n  
f e a t u r e s  of implementation languages a s  descr ibed  by 
t h e  most r e c e n t  documentation a v a i l a b l e  t o  t h e s e  
a u t h o r s ,  and speaks f o r  i t s e l f .  Ne i ther  t h e  l i s t  of 
f e a t u r e s  nor t h e  l i s t  of languages i s  exhaus t ive ;  
both r e f l e c t  t h e  p r e j u d c i e s  of t h e  au thors .  Numbers 
i n  t h e  lower r i g h t  c o r n e r  of e n t r i e s  r e f e r  t o  t h e  
no tes  fo l lowing  t h e  t a b l e .  

The comparisons of  code s i z e  and language f e a -  
t u r e s  g iven  above h o p e f u l l y  p rov ide  some i n s i g h t  
i n t o  t h e  u s e  of B l i s s  a s  a n  implementation t o o l ;  
u n f o r t u n a t e l y ,  they  do no t  g i v e  a b s o l u t e  measures of 
i t s  u t i l i t y .  I n  p a r t i c u l a r  t h e r e  seems t o  be no way 
a t  p r e s e n t  t o  measure t h e  b e n e f i t s  of m a i n t a i n a b i l i t y  
and m o d i f y a b i l i t y  - and t h e s e  a r e ,  i n  t h e  op in ion  of 
t h e  a u t h o r s ,  i t s  major advantage. 

NOTES ON TABLE I 

1. Of course  no language i s  e x p l i c i t l y  designed t o  
produce l a r g e ,  slow programs. The e n t r i e s  i n  
t h i s  row r e f l e c t  t h e  e x t e n t  t o  which e f f i c i e n c y  
was a  prime goa l  and t h e  e x t e n t  t o  which con- 
c e s s i o n s  were made. 

2 .  B l i s s  and Espol have l i m i t e d  macro f a c i l i t i e s  
when compared t o  most macro assemblers ,  namely, 
s imple s t r i n g  replacement (with parameters) .  
PL/I has  e x t e n s i v e  macro f a c i l i t i e s  , b u t  t h e s e  
a r e  no t  d e s c r i b e d  a s  p a r t  of EPL. 

3. A l l  of t h e  languages l i s t e d  e i t h e r  have t h e  
a b i l i t y  t o  embed assembly code o r  t o  c a l l  machine 
language subrout ines .  The e n t r y  relate::  p r i n c i -  
p a l l y  t o  t h e  former f a c i l i t y .  

4 .  The e n t r i e s  a r e  coded a s  fol lows:  

M machine d a t a  types  
C conceptua l  d a t a  types  

op type i n t e r p r e t a t i o n  i s  der ived  from 
o p e r a t o r  

V type  i n t e r p r e t a t i o n  i s  der ived  from 
v a r i a b l e s  

D type  i n t e r p r e t a t i o n  i s  der ived  from d a t a  

5. ' n a '  denotes  ' n o t  a p p l i c a b l e ' .  

6 .  F o r t r a n ,  Espol and EPL provide  no c o n t r o l  over  
t h e  r e p r e s e n t a t i o n  of d a t a  s t r u c t u r e s .  Macro, 
BCPL, SAL, and ~ ~ / 3 6 0  prov ide  such c o n t r o l ;  how- 
e v e r  t h e  access  t o  elements  of  s t r u c t u r e s  must 
be programmed " in- l ine"  . 

7. Macro, SAL, and ~ ~ 1 3 6 0  permit  r e c u r s i o n s  i n  t h e  
s e n s e  t h a t  t h e  programmer may choose t o  e x p l i c -  
i t l y  code a  r e c u r s i v e  c a l l i n g  sequence. 

8. The fo l lowing  code a r e  used t o  denote  v a r i o u s  
parameter  p a s s i n g  o p t i o n s .  

9. The fo l lowing  codes a r e  used t o  denote  v a r i o u s  
c o n t r o l  s ta tement  forms : 

IO F o r t r a n  i f - s ta tement  
I1 A l g o l - l i k e  " i f  - then-e l se"  
D Do-s ta tement  
F A l g o l - l i k e  f  o r - s  ta tement  
C case  s ta tement  
SF simple-for  (corresponds t o  Algol s t e p -  

u n t i l  case)  
W whi le - s ta tement  
G go t0  
SO BCPL "switchon", s i m i l a r  t o  B l i s s  

" se lec t"  
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TABLE I 

COMPARISON OF IMPLEMENTATION LANGUAGES 

GOAL 
FEATURE BLISS 

space/ t ime goal goal 

MACRO-loFORTRAN 

economy 

machine no no Yes no Yes no no 
independence 

Macro Yes Yes no Yes no no , no no 
i 

access  t o  Yes Yes no Yes no no Yes Yes 
hardware 

no Yes some Yes some no no 

d a t a  types 

automatic con- 
vers ion  of da t a  na Yes yes . yes na na no 
types 1 2 I I I I I I l 

use r  user  h i e r  - user  user  
d a t a  s t r u e  tures/ def i n e q l e f  ined/ arrays/ arrays larchicaf ,  vectors/ def incd/ defined/ 

con t ro l  of repre-  
Yes Yes no no no Yes Yes Yes sen t a t i on  of 

es I I I I 

Yes Yes no Yes Yes Yes no Ye* 
recurs ion  

co - rout ines  Yes Yes no no no no no no I 

I / / 
V 9 R na R V s N s R  V,R V y R  V,R VYR parameters 

I1lSF,W, I I Y  SFlW, 
na / 10,D,G/I1,F,C,Gj I1,D,G/ C,SO,G/IpSF,W,? C,G 1 

References [6 1 [7 1 [2 1 [1 1 [4 1 [8 1 [3 1 

goal  

B5500 
ESPOL 

goal  

EPL 
(PL/I) 

no no 

BCPL SAL ~ ~ / 3 6 0  
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SECTION VI 

BLISS EXAMPLES 

This sect ion contains a s e t  of examples which i l l u s t r a t e  t h e  use 

of B l i s s .  Each exainple i s  intended t o  be  f a i r l y  conplete and self con- 

tained, and t o  i l l u s t r a t e  one or more features of the language. 

The authors would like to  i n v i t e  others  t o  c o n t r i b u t e  f u r t h e r  ex- 

amples for inclusion i n  t h i s  section.  New examples w i l l  b e  included 

i f  they clearly i l l u s t r a t e  features and/or usesSof t he  language which 

are not already adequately i l lustrated.  



FXAMPLE 1: A TT-CALL 110 PACKAGE 

Con t r i bu to r s :  C. Geschke and W. Wulf 

The fo l lowing  s e t  of  d e c l a r a t i o n s  d e f i n e s  a  s e t  of t e l e t y p e  i npu t /  

o u t p u t  r o u t i n e s  u s i n g  t h e  PDP-10 moni tor  TT-cal l  mechanism. The s e t  0 5  

f u n c t i o n s  i s  no t  complete,  b u t  adequate  t o  i l l u s t r a t e  t b c  approach. 

The d e c l a r a t i o n s  below prov ide  t h e  fo l lowing  func t i ons :  

INC Inpu t  one c h a r a c t e r  - w a i t  f o r  EOL be fo re  r e t u r n i n g  

OUTC Output one c h a r a c t e r  

OUTSA Output ASCIZ-type s t r i n g  beginning a t  s p e c i f i e d  add re s s  

OUTS Output ASCIZ-type s t r i n g  s p e c i f i e d  a s  t h e  parameter 

OUTM Output m u l t i p l e  cop i e s  of a  s p e c i f i e d  c h a r a c t e r  

CR Output c a r r i a g e  r e t u r n  

LF Output l i n e  f e d  
f 

NULL Output n u l l  c h a r a c t e r  

CRLF Output c a r r i a g e  r e t u r n  and l i n e - f e e d  followed by 2 n u l l s  

TAB Output t a b  

OUTN Output number i n  s p e c i f i e d  base  and minimum number of d i g i t s  

OUTD Output decimal  number w i t h  a t  l e a s t  one d i g i t  

OUT0 Output o c t a l  number w i t h  a t  l e a s t  one d i g i t  

OUTDR Output decimal  number w i t h  a t  l e a s t  s p e c i f i e d  number o f  d i g i t s  

OUTOR Same as OUTDR excep t  o c t a l  



I M)DULE TTIO (STACH)=BEGIN 

MACRO I N C t  (REGISTER Qf TTCALL(4rQ)J eQ)f, 
0UTCCZ)a (REGISTER Qt Q * C Z ) I  TTCALLC l , Q I  IS, 
OUTSA< Z )P TTCALL( 33 Z )%, 
0UTSCZ)t OUTSACPLIT A S C I Z  Z ) S s  
OUTM<C.N)= DECR I FROM ( N ) - l  TO 0 W OUTC(C)$r 
C R m  OUTC(U 1 S ) S a  LF= OUTC<ll2)S* NULL= OUTCC O l b r  
CRLi73 OUTS( '?M?J? 01 O')B* 
TAB= OUTCC # 1 1 ) S; 

F O U T I N E  OUTN<NUMaBASE*REQD)= 
BEGIN 0 W NIB* R D I T ~  

ROUTINE XN= 
BEGIN LOCAL R3 

IF * N  EQL 0 THEN RETURN OUTM( "Om, eRD-• 7 ' ) ;  
R*eN MOD eBi N-eNleBi T*eT+I; X N O i  
OUTC< eR+"O") 

EN Dt 

I F  eNUM LSS 0 THEN 0UTCC"-"1; 
&*BASE; RDceREQDi T*OJ N*ABS(eNUM)I X N O  

EN Di 

MACRO OUTD<Z)a OUTNCZI 1011 )Sr 
OUTO(Z)= OUTNCZa8a 1)br 
O U T DR~Z~N)P OUTNCZ* 101N)Sa 
OUTOR(ZrN)* OUTNC2,BtN)SI 

I THE PROGRAM BELOk PRINTS A TABLE OF INTEGERS* THEIR SQUARES* AND 
I THEIR CUBES: 

OWN NsC; I 

C R L F i  OUTSC 'INPUT AN f NTEGER PLEASE l ' ) t 
N@O; WHILE ( C - I N C )  GTR "Ow' AND eC LSS "9" DO N~.N*lO+CeC~"O")i 

CRLF; OUTS( 'A TABLE OF THE SQUARES AND CUBES OF 1 - ' > i  OUTD(eN); 

CRLF3 INCR I FROM 1 TO 3 DO (TABS OUTSC ' X t  ' )i OUTD( l 1 ) )J 
CRLFi INCR 1 FROM 1 TO 3 DO <TAB$ 0UTMC"-"r5))i 

INCR I FROM 1 TO eN DO 
BEGIN OWN XJ 

X@eI; C R t F i  

(3 DECR 3 FROM 2 TO 0 DO (TAB; OUTD(eX); XceX*.I) 
END 

END ELUDOM 



Altllough t h e  example i s  q u i t e  s imple ,  t h e r e  a r e  s e v e r a l  t h i n g s  about  

i t  which should be  noted:  

1. The u s e  of a  MACHOP d e c l a r a t i o n  and embedded assembly code. 

2. The use o f  macros t o  add a l e v e l  of " s y n t a c t i c  sugar t '  and 

g e n e r a l  c l e a n l i n e s s  t o  the code. 

3 .  The use of  t h e  escape  c h a r a c t e r  " ? "  in t h e  CRLF macro t o  

o b t a i n  c o n t r o l  chaxac t e r s  (e.g., c a r r i a g e - r e t u r n )  i n  s t r i n g s .  

4. Parenthes iza t ion  of  macro parameters ,  as  i n  OUTM, t o  i n s u r e  
; 

proper  h i e r a r c h y  r e l a t i o n s  i n  t h e  expansion. 

5 .  The u s e  of "DECR-+TO--ZEROM i n  OUTM because i t  produces b e t t e r  

code t han  ftINCR-TO-EXPRESSION". 

6 .  The u s e  o f  own v a r i a b l e s  and the  paramete r less  procedure  XN 

i n  OUTN i n  o r d e r  t o  avoid pas s ing  redundant  parameters  through 

t h e  r e c u r s i v e  l e v e l s  of XN. 

7. The f a c t  t h a t  t h e  l o c a l  v a r i a b l e  "K" i s  l o c a l  t o  each r e c u r s i v e  

l e v e l  of XN and hence its va lue  i s  preserved a t  each l e v e l .  
I 



EXAMPLE 2: QUEUE MANAGEMENT MODEL 

Contributors: C. Geschke and W. Wulf 

This module contains routines to insert and delete items on doubly- 

linked queues. In addition it contains space managesncnt routines imple- 

menting the "Buddy System" (cf: Knuth: Vol. 1). 

Buddy System 

This is not intended to be a detailed description of the buddy system 

model of space management. We will simply give a brief description of 

this implementation of the scheme. The vector of allocatable space is 

called MEM. Space is allocated and deallocated from MDI by the routines 

GET and RELEASE, respectively. The basic unit of allocatable space is an 

item. Items are of size 2*7kITDISIZE where 0 < ITEMSIZE S LOG2MEMSIZE. 

The first two words of an item are formatted: 
b 

ITEMS I Z E  RLINK 

Available items of size N are elements of a doubly linked list whose 

header is the two word cell SPACE[N], The routines LINK and DELlNK are 

called to enter and remove items from lists. The routine COLLAPSE is 

used to compactify two adjacent available items of size 2**N into an item 

of size 2**(N+1). The COLLAPSE routine iterates this process until no 

more compactification can take place. 



Queue Model 

I n  t h i s  model a queue i s  def ined  t o  b e  a doubly- l inked l i s t  suspended 

from a header  whose f i r s t  t h r e e  words a r e  format ted a s  fo l lows :  

The f i e l d s  R M O V E  and ENTER c o n t a i n  t h e  add re s se s  of t h e  r o u t i n e s  t o  

HEADERSIZE 

<NOT -US ED> 

REMOVE 

be invoked when removing and e n t e r i n g  i t ems  on t h e  queue. To e n t e r  itern X 

RLINK 

LLINK 

ENTER 

on queue Q, one simply makes t h e  c a l l  EMQ(X,Q), ENQ then  invokes  the  

e n t e r  r o u t i n e  i.n Q's header  which r e t u r n s  t h e  address  of t h e  i t em  i n  Q 

after which X i s  t o  be  i n s e r t e d ,  I n  a similar manner one removes t h e  
'7 

"next" i t em from queue Q by; t h e  c a l l  DEQ(Q). DEQ then  invokes t h e  remove .J' 

r o u t i n e  i n  Q's header  t o  r e t u r n  t h e  address  o f  t h e  "next" i tem. The ad-  

vantage of this scheme i s  t h a t  t h e  queueing d i s c i p l i n e  is  queue s p e c i f i c ,  
r 

and t h e  same p r i m i t i v e s  (EN2 and DEQ) may be used independent of t h e  

d i s c i p l i n e  used f o r  t h a t  queue. Examples of t h e  e n t e r  and remove r o u t i n e s  

. f o r  LIFO, FIFO, and PRIORITY type  queues appear  a t  t h e  end of  this example 

module. 



1 BUDDY SYSTEM !-*----..------. 
BEGIN 

BIND MEMSIZE=lt 123 

GLOBAL VECTOR MEMCMEMSIZEJt 

BIND LO G2MEMSf ZEs35-FI RSTONECMEMSI ZE)3 

STRUCTURE I TEMC I ,J,P~SIS 
CASE * I  OF 
SET 

(*ITEM)*.Pr*S*t ' 

( e m  I T E M + ~ J ) < ~ P I ~ S > ~  
< $8. ITEM+* J><eP,oS>i 
CeC@.ITEM+l )+eJ)<ePa.S* 

TESl 

0 STRUCTURE VECTOR2fIJ= 
C2*13 (rVECTOR2+2t* 1)<0,36>; 

MACRO BASEaOr Or Or 18S, 
RLINK=IrOaO, l8Sr 
LLINKslr 1000 l8Sr 
ITEMSIZEmlr 0rl8r 185, 
NXTRtINKm2r Or 0 a  188, 
NXTLLINKt2, lr Or l8Sa 
PRVRLINKm3,Oa 0,18160 
PRVtLINK~3,l.Oa 1863 

GLOBAL VECTOR2 SPACEtLOG2MEMSIZE+131 

BIND VECTOR SIZE = 
P L I T C ~ ? O + ~ ~  1 ~ 1 t 2 r l t 3 r l t 4 r l t 5 ~ 1 t 6 r l t 7 r 1 t 8 r l t 9 ~ 1 t  10, 

It 1 lr I t  12); 

MACRO PARTNERCBlrB~rS)~ ((C(BI>-MEM<OIO+) XOR CCB2)mMEM<OaO*)) 
EQL mSIZECS3)Sa 

REPEATa WILE 1 DO S0 
BASEADDR(BaS)m MEMC(CB)-MEM<OaO*) AND NOT *SIZECSl3~OrO*%r 
ERRMSGCS)= ERAOR(PL1T ASCIZ S)St 



! SPACE-MANAGEMENT-ROUTINES 
!--------------------------.- 

FDRWARD EMPTY+ ERROR, LINK, DELINK* COLLAPSE) 

GLOBAL ROUTINE GET(NW 

!RETURVS THE ADDRESS OF AN ITEM OF SIZE 2**N 

BEGIN REGISTER ITEM R3 
IF ON LEQ 0 OR ON GTR LOG2MEMSIZE 
THEN ERRMSG( ' INVALID SPACE REQ' 1.' 

IF NOT EMPTY<SPACEC.NI~OIO*) 
THEN RtBASE3*DELINK<.SPACECoNI> 
ELSE 

BEGIN 
RtBASEl*GET<oN+1>3 
COLLAPSE(*RCBASEI+~SIZECoN3r.N) 

EN Di 
RC ITEMSIZE3@*Ni 
l RCBASEJ 

EN Di 

ROUTINE COLLAPSECAIN)~ 

!CALLED BY RELEASE AND GET TO ATTEMPT TO COMPACTIFY SPACE 
!IF ADJACENT ITEMS ARE FREE 

BEGIN MAP ITEM A; REGISTER ITEM LI 
REPEAT 

BEGIN 
LCBASEI*SPACECONI~O,O,~ 
WHILE oLtRLINK3 NEQ SPACECoNJ<OsO* DO 

IF PARTNER( .LCRLINKlr oACBASElarN) 
THEN 

BEGIN 
ACBASEItBASEADDRtDELINK< eLCRLINK3), * N ) 3  
N-.N+lI 
EXITCOMPOUNDC 23 

END 
ELSE LtBASEI*oLtRLINK3 3 

RETURN (ACITEMSIZE~CON; LINK( oACBASElr oLCBASE3)) 
EN Df 

END; 

GLOBAL ROUTINE RELEASECA)= 

!CALLED TO RELEASE ITEM A 

BEGIN 
MAP ITEM A; 
COLLAPSE( ACBASEI, oAtITEMSIZE1) 

END; 
2-8 



L1 
! SIMPLE-LI ST-ROUTINES 
~ - ~ - ~ ~ ~ ~ o ~ - ~ ~ ~ ~ - o - - - ~ o ~ ~  

!REMOVES ITEM A FROM THE LIST TO WHICH IT IS APPENDED 

BEGIN MAP ITEM At 
. AC PRVRLINKJ~~AtRLINKJ i ACNXTLLINKI~e ACLLINKJi 
ACRLINK3-AtLLINK3c l ACBASEJ 

EN Dt 

! INSERTS ITEM A INTO A LIST IMMEDIATELY AFTER THE ITEM TOO 

BEGIN 
MAP ITEM ASTOO$ 
ACLLINK3~aTOOCBASEli ACRLINK3me TOOCRLINKIi 
TOO CNXTLLINK3~TOOCRLINKI~eACBASEI 

END3 

ROUTINE RELINKCARTOO )= 
Ci I REMOVES ITEM FROM ITS PRESENT LIST AND INSERTS IT AFTER TOO 

!PREDICATE INDICATING EMPTY LIST 

BEGIN MAP ITEM Lt 
eLCBASE3 EQL eLCRLINKJ 

END; 



1 QUEUE-HANDLING-ROUTINES 
! - - - -m-m- - - - - - - - - - - - - - - - - - - -  

MACRO QHDR=I TEM$; 

MACRO ENTER=lr 20 0,l8$, 
REMOVE=l+2s 180 188; 

GLOBAL ROUTINE ENQCAaQ)= 

! ENTERS ITEM A ON QUEUE Q ACCORDING TO THE INSERTION DISCIPLINE 
! EVOKED BY Q ' S  ENTER ROUTINE 

BEGIN 
MAP QHDR Q; 
RELINK(~AI(*QCENTER~)C.QCBASEI~*A)> 

END; 

O B A L  ROUTINE DEQ(Q)=r 

! REMOVES AN ITEM FROM QUEUE Q ACCORDING TO THE REMOVAL DISCIPLINE 
I EVOKED BY Q ' S  REMOVE ROUTINE 

BEGIN 
MAP QHDR Qi 
DELI:NK( (.QCREMOVEl ) C  eQCBASE3 > 

END; 

1 MISC SERVICE ROUTINES 
! - - - - - - - - - L I I I I - C I I . . . - - - - -  

I KIUTINE ERRCIRCA)= 
BEGIN MACHOP TTCALt=#OSl i 

TTCALL(3r .A)  
END; 

!INITIALIZES THE SPACE MANAGEMENT DATA 

BEGIN REGISTER ITEM X t  
XCBASEJ*MEM<O* 0,; 
X C R L I N K ~ * X ~ L L I N K ~ ~ S P A C E C L O G ~ M E M S I Z E ~ ~ O ~  0 > 3  
XC ITEMS1 ZE3cLOG2MEMSIZEi 
DECR I FROM LOG2MEMSIZE-1 TO 0 

SPACEC. 1 I*(SPACEC. I3+1><0136*~sPACE[:e f 3<08 0'3 
SPACECLO GBMEMSIZEJ*(SPACECLOG2MEMSIZEJ+i )40~36*-MEM4010> 

END; 



! EXAMPLES 0 F VARIOUS QUEUE MODELS 
~ ~ ~ ~ o ~ m ~ ~ o o m m ~ ~ ~ C ~ ~ m ~ m ~ ~ ~ " . . I , ~ m ~ ~ ~ ~ o  

! LIFO QUEUE 
!-om-m-o--..-- 

rnUT1NE LIFOREMOVECQ)= 
BEGIN 

MAP QHDR Qi 
IF EMPTY( QCBASEJ THEN 

ERRMSG< ' INVALID DEQ REQUEST ' ); 
QCRLINKI 

END; 

FOUTINE LIFOENTER( QaA1.r 
BEGIN 

MAP QHDR Qi 
QCBASEJ 

END3 

L ! FIFO QUEUE 
f--..--..mmo--- 

ROUTINE FIFOREMOVE( Q)o 
BEGIN 

MAP QHDR Qi 
IF EMPTYCeQCBASEJ) THEN 

ERRMSGC ' INVALID DEQ REQUEST' ) t  
QCRLINKJ 

END; 

FQUTINE FIFOENTERC Q 0 A ) z  
BEGIN 

MAP QHDR Q;' 6 " . QCLLINKJ 
END; 



! PRIORITY QUEUE 
~o..--o..o-----....o- 

MACRO PRIORITY~1als 18,185; 

RDUTINE PRIREMOVEC Q)= 
BEGIN 

MAP QHDR Qj 
IF EMPTY(eQCBASE3) THEN 
ERRMSGC 'INVALID DEQ REQUEST')) 

l QCRLINKJ 
END; 

FDUTINE PRIENTERt QsA)= 
BEGIN 

MAP QHDR Q3 MAP ITEM A; REGISTER ITEM L) 
IF EMPTYC l QCBASEJ ) THEN RETURN QCBASEJ; 
LtBASE3~eQCLLINKli 
UNTIL eLCPRIORITY3 GEQ eACPRIORITY1 DO 

LCBASEJ*eLCLLfNK33 
oLCBASE3 

EN Di 

- 
END ELUDQM 



Comncnts on t h e  Use of B l i s s  i n  t h e  Itnnplementation 

(1) The s t r u c t u r e  ITEM i s  p a r t i c u l a r l y  i n t e r e s t i n g  and perhaps  a t  

f i r s t  a b i t  obscure,  

To i l l u s t r a t e ,  cons ider  a v a r i a b l e  X s t r u c t u r e d  by item: 

Assuming t h a t  t h e  r i g h t  h a l f  of X con ta in s  a: 

and t h a t :  

Then: 

.X[BASE] r cr .X[NXTRLINK] = 6 

.X[RLINK] .X [NXTLI,INK] = a 

.X[LLINK] y .X[PRVRLLNK] = 

.X[PRVLLINK] = 7 

The s t r u c t u r e  ITEM uses  t h e  "constant  case" expression t o  d i s t i n g u i s h  

between t h e  pointer, t h e  po in t ee ,  and the p o i n t e e ' s  predecessor and successor .  

(2) The s t r u c t u r e  VECTOR2 has a s i z e  express ion  [2*I] which i s  used 

i n  t h e  a l l o c a t i n g  d e c l a r a t i o n :  

.- 



GLOBAL VECTOR2 SPACE[LOG2MEMSIZE+l]; 

(3)  S i n c e  t h e  a d d r e s s e s  o f  t h e  'remove' and ' e n t e r '  r o u t i n e s  a r e  

s t o r e d  i n  t h e  queue header ,  t h e  e x p r e s s i o n  

i s  a c a l l  o f  t h e  r o u t i n e  whose a d d r e s s  i s  .Q[RENOVE] and p a s s e s  i t  t o  

t h e  b a s e  a d d r e s s  of t h e  queue o r  i t s  parameter .  

(4) The macro 'REPEAT = WHILE 1 DO' d e f i n e s  a n  i n f i n i t e  loop - 

i t s  only e x i t  i s  d e f i n e d  by t h e  RETURN e x p r e s s i o n  i n  i t s  body. 

( 5 )  Not ice  the 'BIND VECTOR SIZE = P L I T ( l t O , l t l , l t 2  ,. . . ' i n  the 

space  a l l o c a t o r .  The v a l u e  of SIZE i s  a p o i n t e r  t o  t h i s  sequence of 

N 
v a l u e s ,  and i n  p a r t i c u l a r  t h e  v a l u e  o f  '.SIZE[.N]' i s  2 . 

t 



EXAMPLE 3: DISCRIMINATION NE'I' 

Cont r ibu tor :  D. Wile 

A d i s c r i m i n a t i o n  net i s  a mechanism used t o  a s s o c i a t e  "information" 

w i th  "names1'. The n e t  i s  a c t u a l l y  a t r e e ,  each node of which c o n s i s t s  

of a name and t h e  in format ion  a s soc i a t ed  w i th  t h a t  name, as w e l l  as a 

set of p o i n t e r s  t o  o t h e r  nodes. To look. up a name i n  t h e  n e t  we s ta r t  

a t  t h e  root  node and s e e  i f  t h e  name i n  t h e  node matches our  t a r g e t  name. 

I f  i t  does ,  we r e t u r n  t h e  a s s o c i a t e d  informat ion.  

Otherwise,  we use  a "d i sc r imina t ion  func t ion t '  which determines  

which subnode t o  examine next  (u sua l l y  as a func t i on  of t h e  t a r g e t  name 

and t h e  name of t h e  c u r r e n t  node). I f  t h e r e  i s  no corresponding subnode, 

a new node must be  c r ea t ed .  

For example, a b i n a r y  ne t  (two subnodes/node) w i th  a d i s c r i m i n a t i o n  

f u n c t i o n  which chooses t h e  l e f t  branch i f  t he  t a r g e t  name i s  a l p h a b e t i c a l l y  

sma l l e r  than t h e  name i n  t h e  node, i s  i l l u s t r a t e d  below: 

# 

Name: j , g , l , a , b , r , p , n , s , k  

, 
In f :  4 , 7 , 9 , 8 , 5 , 2 0 , 3 , 9 , 7 , 1 2  



I n  t h e  implementation which fo l lows ,  t h e r e  a r c  three g l o b a l l y  de f ined  

r o u t i n e s :  

1. DSCINIT ( S t r i n g  address )  -- r e t u r n s  a p o i n t e r  t o  t h e  i n -  

fornlation f i e l d  o f  t h e  node a s soc i a t ed  w i th  t h e  s t r i n g .  

This  must b e  c a l l e d  f i r s t  t o  i n i t i a l i z e  t h e  ne t .  (The 

i n f o m a t i o n  f i e l d  w i l l  be zeroed when . the node is  new.) 

2. DSCLKP ( S t r i n g  address )  -- the "lookup" rou t i ne .  Value 
Z 

r e tu rned  a s  above. 

3 .  DSCPNAME ( Informat ion f i e l d  address )  - -  r e t u r n s  a p o i n t e r  

t o  t h e  p r i n t  name a s soc i a t ed  w i th  t h e  p a r t i c u l a r  informa- 

t i o n  f i e l d .  

The implementation i s  designed t o  a l low t h e  u se r  t o  c r e a l e  a module some- 

what " t a i l o r e d "  t o  h i s  needs. The module i s  c r ea t ed  by passing:  

# 

1. t h e  es t imated  number of e n t r i e s  t o  b e  i n s e r t e d  into t h e  t a b l e ;  

2. t h e  average  number of words each name w i l l  occupy; 

3. t h e  number of words i n  t h e  " informat ion f i e l d f ' ;  

4. the number of subnodes o f  each node (e.g., binary example 

above, 2 )  ; 

5. a s t r i n g  which executes  an error r o u t i n e  

i n  t h a t  o r d e r ,  t o  a macro "DSCRIMINETff. Two macros must  be def ined  

p rev ious  t o  t h e  DSCRIMINET expansion: 



1. DSCIMINATE (Target s t r i n g  address ,  current  node string 

address)  must have a value of -1 i f  the s t r i n g s  match. 

Otherwise, its value  must be between 0 and 1 l e s s  than 

the  number of subnodes. 

2 .  DSCCOPY (To address ,  From address) c o p i e s  the s t r i n g  from 

the  l'from address1' t o  the "to  addressf' ,  returning the 

number of words occupied by the  copy. 



M)DULE NETCSTACKrGLOBALCSTABKa#400)>= 
BEGIN 
MACRO 
DSCRIMINETCMAXNUMENTa AVNAMESIZE* INFSIZEINOSUBNODESIERW)R)= 

BEGIN 
XN*B*r ALL VECTOR ACCESSES ARE INDIRECT, THROUGH THE BASEX 
STRUCTURE VECTORCI3~CB*VECTOR+eIl~O~36,1 

X NET SPACE ALLOCATIONI STRUCTURE DEFINITION AND 
INITIALIZATION DEFINf TIONS % 

BIND TABLELENPMAXNUMENT*~ CNOSUBNODES+lI/2+INFSIZE+AVNAMESIZE) i 
OWN BASENODECTABtELEN3t 

, BIND MAXADD=BASENODE+TABLELEN; 

BIND SUBNODE=O+ I N F s l ,  PNAMEs2r 
INFQFFSET~CNOSUEkVODES+1)/2r 
PNAMEOFFSET=INFO FFSET+INFS IZEi 

STRUCTURE NO DEC SUBFI ELD+ INDEXJtCASE SUBFI ELD OF 
SET *NODEC*INDEXtC-l)J<ltF *INDEX THEN 18a18*; 

NODEC fNFDFFSETl3 
*NO DEE PNAMEXI FFSETJ TESJ 

GLOBAL ROUTINE DSCPNAMEC INFPX3.r 
( *  INFPOS+INFSIZE)<OI~~>~ 

OWN NODE NEXTCELL3 

ROUTINE INI?TSODECCELLaSTRING)~ 
BEGIN 
DECR 1 FROM PNAMEOFFSET- I TO 0 DO CELLC 4 13*Ol 
I F MAXADD LEQ C NEXTCELL& NEXTCELL+PNAMED FFSET+ 
(MAP NODE CELL3 DSCCOPYCCELLCPNAMEJ+*STRING)>) 

. . 
THEN ERROR ELSE CELL 

EN Di 

- a o B a  ROUTINE DSCINIT(STRING)- 
BEGIN 
LOCAL NODE RETVALt 
NEXTCELL-BASENO DEi 
RETVALCINITNODE(BASEN0DEa *STRING); 
RETVAL C XNFJ 

END; 

ROUTINE NEWCELLCSTR1NG)~INI TNODEC oNEXTCELLr STRING)$ 

X THE LOOKUP ROUTINE ITSELF X 
GLOBAL ROUTINE DSCLKPCSTRING>= 
BEGIN 
LOCAL DISCIND, NODE CURRENTgNEXTt 
NEXTc BASENO DEt 



C 
DO 
BEGIN 

CURRENT* *NEXT$ , 
I F  < D I S C I N D c D S C I M I N A T E C  S T R I N G B C U R R E N T C P N A M E  1 ) LSS 0 
THEN RETURN CURRENTC I N F I  i 

NEXT@* CURRENTCSUBNODE* D I S C I N D I  
END 

UNTIL .NEXT E Q t  0 3  

NEXTcCURRENTCSUBNODEr l DISCIND3cNEWCE: '?,( S T R I N G )  5 
NEXTC I N F I  

END; 
END3 $3 

R O U T I N E  D S C I M I N A T E ( L , R ) =  
B E G I N  

STRUCTURE VECTORC 1 3 ~ (  Be VECTOR+* I )<O, 36s: 
I N C R  I FROM 0 

DO BEGIN 
BIND L E F T ~ a L C e I I r  R I G U T = * R C * I l i  
I F  LEFT NEQ R I G H T  THEN E X I T L O O P  (LEFT LSS R 1 G H T ) i  
I F  ( L E F T  AND 51376) EQL 0 THEN E X I T U O P  - 1  

END 
END) 

r 
L R O U T I N E  DSCCOPYC INTO* FRO )= 

BEGIN 
STRUCTURE VECTORC 1 3 a C  8 .  VECTOR+* I )<OB 36>; 
INCR I FROM 0 DO 

I F  C C I N T O C e I 3 ~ * F R O C . I 3 )  AND 1376) EQL 0 
THEN E X I T L O O P  * 1 + 1  

END3 

EXTERNAL ERR0 R i  
DSCRIMINETC 500+3r 1 r 2 r E R R O R C P L I T  'LOOKUP TABLE OVERFLOW ') ) 

BEGIN 
BIND NAMESsPLf TC 

PLIT A S C I Z  'FIRSTNAME',  
P L I T  ASCIZ 'SECOND'* 
P L I T  A S C I Z  'SSo* 
P L I T  A S C I Z  'A  L O N G I S H  N M E ' B  
P L I T  A S C I Z  'L'r 
P L I T  A S C I Z  '77788C )34')3 

EXTERNAL DSCLKPI DSCIN I T 3  
D S C I N I T ( P L 1 T  'ZEROTH NAMEo)*-33 
INCR I FROM 0 TO eNAMESC-13-1 DO D S C L H P < e N A M E S C o I J ) * * I f  
INCR I FROM 0 TO *NAMES[-13-1 BY 2 DO DSCLKPC*NAMESC*13)~oI+lt351 

C END3 
END ELUDoMf i 



Notes on t h e  Implementation -- 
The Bliss module above implements t he  example descr ibed  a t  t he  be- 

ginning of t h i s  s ec t i on .  The t e s t  program p o r t i o n  of t he  module simply 

i n i t i a l i z e s  t h e  t a b l e ,  i n s e r t s  t h e  s i x  s t r i n g s  i n  t he  p l i t  i n t o  t he  

t a b l e  ( a s s o c i a t i n g  a s  i n fo rma t io~ l ,  t h e  index i n  t he   lit), and runs 

through t h e  evenly indexed i tems i n  t h e  p l i t ,  t u rn ing  on t h e  s ign  b i t  i n  

t h e  in fonnat  ion word. 

Of i n t e r e s t :  

1. The vec tor  s t r u c t u r e  (which d e f a u l t s  a s  t h e  s t r u c t u r e  

f o r  a l l  urunapped v a r i a b l e s  and express ions)  is' redef ined  

" i n d i r e c t l y t t ;  t h i s  i s  f a i r l y  dangerous i n  any program, 

and r e p r e s e n t s  a n  a f t e r - t h e - f a c t  programming dec is ion .  

2. The phys i ca l  s t r ~ r . t u r e  of t h e  t a b l e  i s  kept  independent 
t 

of t h e  l o g i c a l  s t r u c t u r e  a s  used by t h e  lookup r o u t i n e ;  

no r e f e r ence  i s  made from t h e  laokup r o u t i n e  t o  t h e  s t r u c -  

t u r e  o t h e r  t han  through t h e  s t r u c t u r e d  nodes. 

3 .  The b inds ,  s t r u c t u r e s ,  own d e c l a r a t i o n s  and even t h e  

i n i t i a l i z a t i o n  func t ion  - r e q u i r i n g  knowledge of t h e  

phys i ca l  s t r u c t u r e  a r e  kep t  grouped and separa te .  Note, 

f o r  example, t h a t  INITNODE uses  both a  vec to r  mapping on 

contiguous f i e l d s  of CELL and t h e  NODE s t r u c t u r e .  

4. The phys ica l  s t r u c t u r e  of t h e  t r e e  i s  kept  i s o l a t e d  from 

t h e  u s e r  qf t h e  r o u t i n e s  t o  t h e  e x t e n t  t h a t  on ly  knowledge 



t h a t  t h e  mcchanisrn i s  a s s o c i a t i v e  i s  of importance -- 

t h e  p a r t i c u l a r  lookup a lgor i thm and s to rage  management 

a r e  independent of t h e  func t iona l  use of t h e  module. 

5, . Bliss programming " t r icks" :  

a. Use of  t h e  cons t an t  case  express ion  f o r  sub- 

f i e l d s  of s t r u c t u r e s  (NODE i n  t h i s  ca se ) ;  

b. Defau l t  u se  o f  0 f o r  t h e  omit ted e l s e  i n  t h e  -- 
* 

s t r u c t u r e  ca'se de f in ing  the  ,SUBNODE f i e l d ;  

c, CELL remapped i n  t h e  INITNODE r o u t i n e  t o  t ake  

advantage of  knowledge of t h e  phys i ca l  l ayout  

of  t h e  NODE'S s to rage .  

d.  "Dynamic" b inds  of LEFT and RIGHT insi-de t h e  

loop i n  the t e s t  ve r s ion  d isc r imina t io-1  func t ion ;  

e. The bind t o  a p l i t  (of NAMES) i n  t h e  t e s t  por-  

t i o n ,  t o  prevent  d u p l i c a t e  s t o r a g e  a l l o c a t i o n  

f o r  t h e  twice-used p l i t ;  

f. S t o r e s  i n t o  r o u t i n e  c e l l s  i n  t h e  t e s t  program loops;  

g. Use of t h e  p l i t  l eng th  word preceding t h e  p l i t  

(NAMES[-11) . 
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ABSTRACT 

It has been proposed, by Di jks t ra  and o thers ,  t h a t  the  use of t h e  

goto statement i s  a major contr ibut ing  fac to r  i n  programs which are 

d i f f i c u l t  t o  understand and debug. This suggestion has met with con- 

s ide rab le  skepticism i n  some c i r c l e s  s ince ~ o t o  i s  a cont ro l  pr imi t ive  

from which a programmer may synthesize o ther ,  more complex, cont ro l  

s t r u c t u r e s  which may not be ava i l ab le  i n  a given language. This, paper 

analyzes the  na ture  of con t ro l  s t ruc tu res  which. cannot be e a s i l y  syn- 

thesized from simple condi t ional  and loop~cons t ruc t s .  This ana lys i s  

is  then used a s  the bas i s  f o r  t h e  con t ro l  s t r u c t u r e s  of a p a r t i c u l a r  

language, Bliss, which does not have a goto statement. The r e s u l t s  of 

two years of experience programming i n  B l i s s ,  and hence without go to ' s ,  
* 

a r e  summarized. 



INTRODUCTION 

I n  1968 E. W. D i jks t ra  suggested, i n  a l e t t e r  t o  the  ed i to r  of t h e  

Communications of the  ACM [I], t h a t  use of the  goto cons t ruct  of Algol 

was undesirable,  and i n  f a c t  was bad programming prac t ice .  The r a t i o n a l e  

behind t h i s  suggestion was simply that i t  i s  poss ib le  t o  use  the g o t o  

i n  ways which obscure the  log ica l  s t r u c t u r e  of a program, thus making i t  

d i f l i c u l t  t o  understand, debug, and, u l t imate ly ,  t o  prove i t s  correctness.  

O f  course, not  a l l  uses of t h e  goto a r e  obscure, but the  conjecture i s  

t h a t  these  s i t u a t i o n s  a r e  adequately handled by e x i s t i n g  condi t ional  (e.g., 

the i f- then-else)  and looping (f  -- or-do) constructs .  

This paper presents  an ana lys i s  which lead t o  the  design of t h e  

cont ro l  f ea tu res  of Bliss [ 5 ] ,  an implementation language designed a t  

Carnegie-Mellon University. This ana lys i s  reveals  t h a t  the  Algol condi- 

t i o n a l  and looping const ructs  a r e ,  while adequate, not convenient when 

C the  goto  i s  eliminated. The contro l  f ea tu res  of B l i s s  a r e  described and 

same comments are  made concerning our experiences using a goto-less,  

Algol - l i k e  language. 

Before proceeding i t  i s  worth noting an add i t iona l  benef i t  of removi.ng 

the  p t o  - a benef i t  which the author d i d  not fully apprecia te  u n t i l  the  

Bliss c m p i l e r  was designed - t h a t  of code optimization. It is clear t h a t  

the  presence of goto i n  a block-structured language with dynamic s torage  

a l l o c a t i o n  forces  a c e r t a i n  amount of run-time support (and overhead) 

associa ted  with the  p o s s i b i l i t y  of jumping out  of blocks and procedure 

bodies. Eliminating the goto obviously removes t h i s  overhead. Far more 

important,  however, i s  t h e  f a c t  t h a t  the  scope of a cont ro l  environment 



i s  s t a t i c a l l y  defined i n  a program without go to ' s .  The Fortran-M compiler 

[2], f o r  example, does considerable ana lys i s  and achieves a  l e s s  p e r f e c t  

p i c t u r e  of t h e  o v e r a l l  con t ro l  s t r u c t u r e  of a  program than t h a t  i m p l i c i t  

i n  the  t e x t  of a  B l i s s  program. Since ana lys i s  of con t ro l  flow i s  pre-  

r e q u i s i t e  t o  any form of global  opt imizat ion,  t h i s  bene f i t  of e l iminat ing  

the  goto must not be underestimated. 

It i s  not su rp r i s ing  t h a t  a  language can be devised which does not  

use  the  go to  cons t ruc t  s ince :  (1) seve ra l  of the  formal systems of 
* 

computability theory, e . g . ,  recurs ive  funct ions and the  A-calculus,. do 

not c0ntai.n the  concept; (2) LISP does not  use i t ;  and (3) Van Wijgaarden 

[3], i n  at tempting t o  de f ine  t h e  semantics of Algol, eliminated l a b e l s  

and goto ' s  by systematic  s u b s t i t u t i o n  of procedure bodies and c a l l s .  

Thus, the ques t ion  :is not whether i t  i s  poss ib le  t o  remove the  goto ,  

only whether i t  i s  des i r ab le .  I n  p a r t i c u l a r  the re  i s  considerable suspi -  

c ion  among programmers t h a t  t h e  advantages described by Di jks t r a  a r e  out -  

weighed by inconvenience, and poss ib ly  by ine f f i c i ency  (dupl ica te  code, e t c . ) .  

The goto  may be viewed a s  a con t ro l  p r imi t ive  with which a  programmer 

synthes izes  more complex con t ro1 , s t ruc tu res .  In t h i s  context  D i j k s t r a ' s  

arguments can be phrased i n  terms of t h i s  pr imi t ive  having "unwanted 

general i ty".  The p r i n c i p l e  concern of t h i s  paper i s  t o  inves t iga te  a l t e r -  

na t ive  pr imi t ives  which a r e  equally convenient f o r  the  th ings  which pro- 

grammers a c t u a l l y  do. 



ANALY S IS 

I n  o rde r  t o  determi-ne t h e  nature of the  con t ro l  p r imi t ives  t o  sub-. 

s t i t u t c  f o r  the &%tot9 we s h a l l  f i r s t  consider  t h e  nature of prog-i.an~s 

which u s e  t h e  go to  -- and wlii.ch canllot be e a s i l y  b u i l t  from simple coildi- 

tional and looping cons t ruc ts .  To do t h i s  w e  w i l l  u s e  a f l o ~  chart rep- 

r e s e n t a t i o n  of programs. Flow charts a.re convenient f o r  this becausc of 

t h e  e x p l i c i t  way i n  which con t ro l  i s  manifest in them. We assume two 

b a s i c  bloclcs from which our f low charts are t o  be b u i l t  - process blocks 

and n-way cond i t iona l s .  

process box n-way condi t ional  

, 

These boxes are connected by directe.d line segments i n  the u s u a l  way. We 

shall  fu r the r  be interested i n  two s p e c i a l  "goto-less1' cons t ruc t ions  b u i l t  

from these. conponcnts - s i r i ~ p l e  loop and n-way "ca.seU cons t ruc t s  . 

I 
s imple  loop 

t 
case 



We cons ider  t hese  two fo rn~s  "goto-less" s i n c e  they con ta in  a s i n g l e  e n t r y  

po in t  and a s i n g l e  e x i t  po in t  and hence could have reasonable corresponding 

I 9; 
s y n t a c t i c  cons t ruc t s  i n  some higher-level  language (and indeed do) .  -- Now, 

cons ider  t h r e e  t ransformat ions :  

1. any l i n e a r  sequence of process  boxes may be  transformed 

i n t o  (or  replaced by) a s i n g l e  process  box 

2. any simple loop may be replaced by a process  box 

3. any n-way case  c o n s t r u c t  may be  replaced by a process  box 

J; 

The simple loop considered h e r e  c l e a r l y  does not  correspond t o  a l l  p o s s i b l e  
v a r i e n t s  of i n i t i a l i z a t i o n ,  t e s t  before  o r  a f t e r  the loop body, e t c .  These 

v a r i e n t s  would not  change t h e  arguments t o  fol low i n  any e s s e n t i a l  way and 
hence have been omitted. . 



Any graph which may be derived from a given graph by a sequence of 

t hese  t ransformations we  s h a l l  cal.1 a "reduced" form of t h e  o r i g i n a l  

graph. A graph which has  a reduced form cons i s t ing  of a s i n g l e  process 

box we s h a l l  c a l l  a s i n ~ p l e  "goto-less" graph. The sequence of t r a n s -  . 

formations . i s  sa id  t o  de f ine  a s e t  of nested "control  environments". 

Not a l l  graphs a r e  of t h i s  type; these  a r e  of s p e c i a l  i n t e r e s t  t o  

us  s i n c e  they t y p i f y  t h e  c l a s s  of con t ro l  s t r u c t u r e s  which cannot be 

r e a l i z e d  by simple condi t ional  and looping cons t ruc ts .  In  looking a t  such 
* 

graphs we a r e  pr inc: ipal ly i n t e r e s t e d  i.n t h e i r  I1minirnal i r r e d u c i b l e  form"; 

t h a t  i s ,  a reduced form t o  which no more t ransformations of t he  type 

descr ibed  can be applied.  Examination of these  graphs w i l l  both r evea l  

techniques f o r  de r iv ing  simple goto- less  graphs from them, and a l s o  pro-  

v ide  i n s i g h t  leading  to  t h e  con t ro l  p r imi t ives  t o  be described l a t e r .  

Before proceeding i t  i s  perhaps i n s t r u c t i v e  t o  remark b r i e f l y  on 

D i j k s t r a ' s  objec t ions  t o  the  noto i n  terms of t h i s  cha rac te r i za t ion  of 

programs. By d e f i n i t i o n ,  a goto- less  program (flow c h a r t )  i s  suscep t ib l e  
I 

t o  a sequence of simple t ransformations which reduces i t  t o  a s i n g l e  pro- 

ces s  box. This sequence can serve  a s  guide t o  understanding and/or 

proving t h e  cor rec tness  of t h e  program. Imagine a sequence of graphs, 

derived from t h e  o r i g i n a l ,  i n  which each i s  l i k e  i t s  predecessor except:  

(1) t h e  c o r r e c t ~ l e s s  of t he  replaced cons t ruc t  has  beerr v e r i f i e d ,  and 

(2)  t h e  new process box conta ins  a more m a c r o s c o ~ i c  desc r ip t ion  of what 

t h e  replaced por t ion  does ( r a t h e r  than the  d e t a i l s  of how i t  i s  done). 

This sequence forms both a proof of t h e  v a l i d i t y  of t he  e n t i r e  o r i g i n a l  

program a s  we l l  a s  documentation of what i t  does ( a t  many l e v e l s  of d e t a i l ) .  



This  i s  not  t o  say t h a t  programs that use goto cannot be  unclerstoocl o r  

proved c o r r e c t  [ 6 ] ,  only t h a t  programs wi th  t h i s  s t r u c t u r e  permit  a 

specific methodical approach t o  understanding and proof.  

Now, r e t u r n i n g  t o  an ana lys i s  of programs which use goto ,  cons ider  

two cases  .- those  w i t h  loops and those  without .  Programs without  loops 

have, a t  most, a l a t t i c e - l i k e  s t r u c t u r e .  For example, cons ider  t h e  fol low- 

ing  i r r e d u c i b l e  form ( i n  t h i s  example, and t h e  remainder of t h e  paper,  we 

s h a l l  u se  c i r c l e s  t o  r ep re sen t  sub-graphs whose f i n e - s t r u c t u r e  we cEloose 

t o  ignore)  : 

Br ie f  cons ide ra t ion  of such graphs r evea l s  t h a t  i t  i s  always p o s s i b l e  

t o  c o n s t r u c t  a new graph us ing  only t h e  goto- less  p r imi t ives  which are 

s i m i l a r  t o  the o r i g i n a l  graph except f o r  a f i n i t e  number of "node s p l i t t i n g s "  
- - 



(i.e., c r e a t i o n  of dup l i ca t e s  of e x i s t i n g  nodes i n  sepa ra t e  c o n t r o l  pa ths) .  

T h i s  foll.ows from t h e  observa t ion  t h a t ,  s i n c e  there are no loops,  t he re  

a r e  a t  most a f i n i t e  number of pa ths  through t h e  graph and each node occurs 

on only f i n i t e l y  many of them, Hence at most a f i .n i te  nunber of repli.ca- 

t i o n s  of each node ~ a i l l  guarantee t h a t  each node w i l l  occur on only one path. 

For example, the  graph above becomes: 

And t h i s  graph can not7 

<4,6'> into: 

be  transformed by co l l aps ing  <2.,5'>, <3,5,6>, and 



This i s  one of t h e  p r i m i t i v e  forms and may i t se l f  b e  collapsed - and hence 

i s  a go to - l e s s  program. 

Node s p l i t t i n g  i s  something which we would 1:ike t o  avoid s i n c e  i t  

involves  d u p l i c a t i n g  code. Nevertheless ,  node s p l i t t i n g  i s  one technique 

by which a n  e x i s t i n g  prograin u t i l i z i n g  t h e  go to  may b e  converted i n t o  one 

which does no t .  A second technique,  which a l s o  might have been used above, 

w i l l  be d i scussed  i n  conjunc t ion  wi th  loops below. 

The second major c a s e  t o  be considered i s  t h a t  of i r r e d u c i b l e  graphs 
* 

i nvo lv ing  a  loop. Of t h e s e  w e  can no t e  t h a t  such loops must involve  more 

9< 
than  one e n t r y  o r  e x i t  po in t .  Otherwise t h e  loop would be reduc ib le .  

Floyd and Knuth [ 4 ]  have proven (us ing  flow c h a r t s  as s p e c i f i c a t i o n s  

f o r  r e g u l a r  express ions)  that node s p l i t t i n g  i s  not an  adequate  technique 

f o r  d e r i v i n g  go to - l e s s  graphs from i r r e d u c i b l e  ones i n  t h e  presence of 

m u l t i p l e  e n t r y / e x i t  loops.  

That node s p l i t t i n g  i s  inadequate  becomes c l e a r  by simply observing 

t h a t  t h e  number of pa ths  l ead ing  from t h e  llsecond" e x i t  po in t  is  unbounded. 
I 

Therefore  no f i n i t e  number of  r e p l i c a t i o n s  of t h i s  node i s  s u f f i c i e n t ,  and 

we must search  f o r  another  technique. Consider t h e  fol lowing i r r e d u c i b l e  

program : 

* 
We r e i t e r a t e  our e a r l i e r  foo tno te  - w e  have only  considered one form of 

s imple loop - i n t roduc ing  v a r i e n t s  on t h e  i n i t i a l i z a t i o n  o r  r e l a t i o n  of 
t h e  t e s t  t o  t h e  loop body would no t  a f f e c t  t he se  arguments i n  any e s s e n t i a l  
way. 



Notice t h a t  t h e r e  are two e x i t  pa th s  from the 0-0 loop - t h a t  leading  

from @ t o  @ t o  @ and t h a t  leading  from @ t o  @ d i r e c t l y .  This 

i s  a simple. example of a program where node s p l i t t i n g  w i l l  not  work. 
t '  

However, one can in t roduce  a new v a r i a b l e ,  c a l l  i t  a, and o b t a i n  t h e  

f o l l o ~ 7 i n g  graph : 
, 



I n  t h i s  graph t-he node @ i s  l i k e  node @ except  t h a t  t h e  e x i t  

cond i t i on  of t h e  loop has  bccn augmented w i t h  "or - = 0" and nodc @ 
i s  l i k e  node @ except  t h a t  the e x i t  t o  node @ has beer1 rep laced  by 

t h e  ope ra t i on  "a +- 0". Node. i s  t h e  n u l l  operati-on. Conceptual1.y 

what we have done i s  t o  i.ntroduce a v a r i a b l e  which behaves as a "prograin 

counter1'  and wlzich, whelz the  loop te rmina tes ,  s p e c i f i e s  whether o r  n o t  

i t  i s  necessary  t o  execute  @ 

That t h e  technique i l l u s t r a t e d  above i.s completely genera l  may be 

seen  e a s i l y .  Consider any graph w i t h .  nodes l abe l ed  @ , @ , . . . , @ . 
Now c o n s t r u c t  a new graph a s  fol lows:  

1. i f  @ i s  a process  box cons t ruc t  @ by adding t o  @ 

"a + k" where @ i s  the successor  of @ . 
2 .  i f  @ i s  a d e c i s i o n  box, then  r e p l a c e  i t  by a process  

,box of t h e  £ o m  "a + En, where E i s  a n  express ion  which .. 

dynamically eva lua t e s  t o  t h e  app rop r i a t e  successor  l a b e l .  

3 .  cons ider  a l l  e x i t  p o i n t s  a s  l abe l ed  by @ 
4. c o n s t r u c t  t h e  f o l l o ~ ~ i n g  graph 



e x i t  

A s  wi th  node s p l i t t i n g ,  t h i s  technique i s  odious because of t h e  

implied ine f f i c i ency .  But a l s o ,  i t  i s  a technique which may be app l i ed  

t o  convert  any e x i s t i n g  programs wi th  gotos i n t o  ones without  them. And, 

i n  p a r t i c u l a r ,  t h e  techniques may bc a p p l i e d  l o c a l l y  t o  i r r e d u c i b l e  sub- 

graphs. 



The Bl. i s  s ConLrc.11 S t r u c t u r e  

The previous scc t io i l  p o i n t s  o u t  t h e  nature of progranls wIlic11 may be 

cons t ruc ted  wi th  only condi t iona l  and looping cons t ruc t s  - and those  ~vl~j-clz 

cannot be  cons t ruc ted  without  d u p l i c a t i n g  some nodes o r  adding du~nn~y 

va r i ab l e s , .  c t c .  The p re sen t  s e c t i o n  addresses  i t s e l f  t o  t h e  ques t ion  of 

. whether the  c l a s s  of cons t ruc t s  i n  a  p r a c t i c a l  language (which w i l l  not  

con ta in  an e x p l i c i t  g-) should be extended beyond simple condi.t ional 

and looping f a c i l i t i e s .  And, i f  t h e  d e c i s i o n  i s  t o  extend t h e  c l a s s ,  then 

what should t h e  ex tens ions  be? The answer t o  !he f i r s t  of t hese  ques t ions  

depends i n  p a r t  on a  judgment as t o  t h e  frequency with which m u l t i p l e  e x i t s  

from loops,  e t c . ,  a r e  used, and i n  p a r t  on t h e  answer t o  the  second quest ion.  

Whether t o  add cons t ruc t s  o r  no t  depends upon wl~e the r  i t  can be done i n  

such a way a s  t o  preserve  t h e  s t r u c t u r a l  advantages which prompted u s  t o  

cons ider  a go to - l e s s  language i n  t he  f i r s t  p lace .  Hence w e  m u s t  answer 
f ,  

the ques t ion  of a s p e c i f i c  language proposal.  P a r t  of t h i s  s e c t i o n  w i l l  

, be  devoted t o  a d e s c r i p t i o n  of t h e  f a c i l i t i e s  i n  B l i s s  t o  g ive  some back- 

ground f o r  d i scuss ing  t h i s  ques t  ion. 

Note t h a t  we a r e  p r i n c i p a l l y  i n t e r e s t e d  i n  programs which a r e  i n i t i a l l y  

w r i t t e n  i n  such a  go to - l e s s  no ta t ion  r a t h e r  than i n  t r a n s l a t i n g  ex is t i .ng  

programs i n t o  t h e  nota t ion .  Consequently, w e  a r e  w i l l i n g  t o  accept  some 

r e s t r i c t i o n s  on what can be  w r i t t e n  - so long a s  t h e  "con-unon" th ings  a r e  

expressed convenient ly.  Even the g o t o  i s  not  coinpletely genera l  i n  most 

languages - one may not  jump i n t o  t h e  scope of a DO s ta tement  nor ou t  of 

a  subrout ine  i n  FORTRAN, and jumping i n t o  t h e  middle of a  block from out -  

s i d e  i t  i s  p roh ib i t ed  i n  Algol. Nei ther  of t hese  r e s t r i c t i o n s  i s  a s e r i o u s  

one i n  p r a c t i c e ,  



The t h r e e  "probLem a reas"  d i scussed  i n  the  f i r . s t  st:ct:iorr rircre: 

(1)  lat t i c e - l i k e  d e c i s i o n  s t r u c t u r e s ,  (2)  m u l t i p l e  en t r y  point-s t o  a loop,  

and (3 )  m u l t i p l e  exi.1:~ from a loop. Without any hard e v i d e ~ ~ c c  a t  our  

d i s p o s a l  we a r e  l e f t  w i t h  on ly  our i n t u i t i o n  and er-periencc t o  \ :eight t11e 

importance of t h e s e  cons t ruc t s .  I n  p ~ r t i c u l a r ,  t h e  au tho r  be l i eves  t h a t  

(1) and (3) a r e  both q u i t e  important ,  and only one subcase of ( 2 )  i s  

important  - namely, t h a t  c a s e  involv ing  s e l e c t i o n  of one of s e v e r a l  inj.tj.-• 

a l i z a t i o n  sequences. One might make a d i f f e r e n t  eva lua t ion  and a r r i v e  a t  

a d i f f e r e n t  s e t  of f a c i l i t i e s  thail those  t o  be.  descr ibed  bclow. 

The f i r s t  a spec t  of the B l i s s  c o n t r o l  s t r u c t u r e  i s  simply the f a c t  

t h a t  i t  i s  a b lock - s t ruc tu red  "expression language". That i s ,  every 

executab le  c o n s t r u c t ,  i nc lud ing  those  which mani fes t  c o n t r o l ,  i s  an  expres-  

s i o n  and computes a value. There are. no s t a t u n c n t s  i n  t he  sense  of Algol 

o r  PL/I. Expressions may be  concatenated w i t h  se~a ico lons  t o  form expres -  

s i o n  sequences. The value  of a n  express ion  sequence is  t h a t  of  i t s  l a s t  

( r igh tmos t )  component express ion  and i s  evaluated in s t r i c t l y  l e f t - t o - r i g h t  

o rder .  Thus ' I ; "  may be thought of  a s  a  dyadic ,  l e f t  a s s o c i a t i v e  ope ra to r  

whose va lue  i s  simply t h a t  of i t s  r ighthand operand. A p a i r  of symbols 

&$z and c&, o r  l e f t  a11d r i g h t  paren theses ,  may be  used t o  embrace such 

an exp re s s ion  sequence and convert  i t  i n t o  a s imple expression.  A block 

i s  merely a s p e c i a l  c a s e  of t h i s  c o n s t r u c t i o n  which happens t o  con ta in  

d e c l a r a t i o n s ,  t hus  t h e  va lue  of a  block i s  def ined  t o  be  t he  va lue  of i t s  

c o n s t i t u e n t  express ion  sequence. 

The f a c t  t h a t  B l i s s  i s  an  express ion  language i s  re levant  t o  the g o t o  

i s s u e  i n  t h e  fol lowing way: the most genera l  method descr ibed  i n  the f i r s t  



sec t ion  f o r  t r a n s l a t i n g  programs ill to goto- less  form was t h a t  involvi-ng 

a durmny va r i ab le  which e x p l i c i t l y  ind ica te s  the  successor.  The value of 

an expression (a block, f o r  example) fonns a na tu ra l  impl.icit  node of 

expressing t h i s  idea.  This w i l l  be i l l u s t r a t e d  a f t e r  some of the  e x p l i c i t  

con t ro l  expressions have been discussed.  

There a r e  s ix  e x p l i c i t  con t ro l  expressions i n  Bl iss :  condi t ional ,  

loop, case - se lec t ,  funct ion,  co-routine,  and escape. We have avoided 

cons idera t ion  of subroutines i n  the  previous ma te r i a l  and so s h a l l  omit 

funct ions and co-routines from this discuss ion ,  

The condi t ional  expression 

i f  El then e l s e  E3 - E 2 -  

i s  defined t o  have t h e  value of the. expression % j u s t  i n  t h e  case t h a t  

E evaluates  t o  the  Bliss r ep resen ta t ion  of t r u e  and has the value  of 1 

E3 otherwise. The abbreviated form " i f  - El - then 5" i s  considered t o  be 

i d e n t i c a l  t o  "if El then 3 e l s e  0". 

The condi t ional  expression provides two-way branching, t h e  case  and 

s e l e c t  expression provide more general  n-way branching: 

case  - eo,al,  .. . ,e of s e t  Eo; El; . . . ; E t e s  
k - -  n- 

s e l e c t  eo,el, .  . . ,e of set  EO: El; 5: %; ... , 
k - -  %n:%n+l tesn 

The case expression i s  executed as follows: (1) a l l  of the expres- 

s ions  eo,.  . . ,e a r e  evaluated,  ( 2 )  t h e  value of each ei (0 s i s k)  i s ,  k 

i n  turn from l e f t  t o  r i g h t ,  used as an index t o  choose one of the E ' s  
j 

(0 S j n) t o  be  executed. Obviously, each of the e i ' s i s  constrained 



t o  lie i n  t h e  range 0 5 e n i f  oae of the  E's is t:o be esr:cutcd. 1x1 
i 

t he  curre i>t  inlplernentati.on i f  e = -1 none of t h e  E 1 s  will be cxecutcd a11d 
i 

executioil i s  undefined f o r  al.1 o the r  values of e . The va luc  of t h c  e n t i r e  
i 

case  expressioil  i s  E . The spec ia l  case where 1<=1 i s  of sycc ia l  i r ~ t c l  e s t  -- e k 
and has appeared i n  several other  lanzuagcs,  AT-,C,OZ-W a13.d E?JLF:R , 

. f o r  example, 

The - s e l e c t  expression i s  s imi la r  to  t h e  case cxpression except t h a t  

the  e i '  s are not  uscd a s  indices.  Rather, t h e  e ' s  a r e  uscd i n  c.onjunction 

with the ' s t o  choose among the 5j 5 j+l's. 
Execution proceeds as f o l l o t ~ s :  

(1) a l l  of t h e  e i l s  are evaluated,  (2)  Eo i s  evaluated,  (3)  i.f the value 

of Eo i s  i d e n t i c a l  t o  the  value of oilc (or  more) of the  e ' s  t hen  E 1 is 

executed, (4) 5 i s  cvaluated,  (5) i f  t h e  value of E;! i s  i d e n t i c a l  to the 

value of one (or more) of the e ' s  then 5 i s  esccuted,  ctc. The value of 

the e n t i r e  select expression i s  simply t h a t  of the last 5 j+l t o  bc executed - 
f ' 

o r  -1 i f  none of them i s  executed. 

The utility of t h e  f a c t  t h a t  Bliss i s  an expression language may be  I 

i l l u s t r a t e d  using t h e  case expression i n  an  e a r l i e r  example, namely the  

flow cha r t :  



This graph may be  thought of a s  a c t u a l l y  of t h e  form 

where @ i s  formed from @,a, and @ as  follows : 



Which means t h a t  one might w r i t e  i n  (pseudo) B l i s s :  
I '  

L 
case  case  @ of s e t  (0 ; 0) ; (0; OV1) ; (0 ; 1 )  t e s  of -- -- 

-I -- 
s e t @ ;  @ t e s ;  -- 

This provides a nea t ,  conceptual ly simple, and e f f i c i e n t  a l t e r n a t i v e  

t o  node s p l i t t i n g ,  

Returning now t o  t h e  d i scuss ion  of Bliss con t ro l  forms, t h e  loop 
a 

expressions imply repeated execution (possi.bly. zero  times) of an expression 

u n t i l  a s p e c i f i c  condi t ion  i-s s a t i s f i e d .  There a r c  seve ra l  forms, some of 

which a r e :  

whi le  El E 

do E while El - 
- i n c r  <id> from El E;! b~ q d o  E - C 

In  t h e  f i r s t  fonn the  express ion  E i s  repeated s o  long a s  El s a t i s f i e s  t he  
f 

Bliss d e f i n i t i o n  of t rue .  The second form i s  s i m i l a r  except t h a t  E i s  

evaluated be fo re  El thus guaranteeing a t  l e a s t  one execution of E. The 

l a s t  form i s  s i m i l a r  t o  t h e  f ami l i a r  "step.. .un t i l1 '  -.- cons t ruc t  of Algol, 

except (1) t h e  c o n t r o l  va r i ab le ,  <id>, i s  l o c a l  t o  E, and (2) E1,E2 and E3 
a r e  computed only once (before t h e  f i r s t  eva lua t ion  of t h e  loop body, C) . 
Except f o r  t h e  p o s s i b i l i t y  of an escape expression wi th in  € ( see  below) 

t h e  va lue  of a loop expression i s  uniformly taken t o  be  -1. The p a r t i c u l a r  

choice of -1 a s  t h e  value of a loop expression i s  not  important except t h a t :  

( I )  i t  i s  uniform, and (2)  t h e r e  a r e  some small advantages t o  t h i s  choice 

i n  connection wi th  t h e  d e f i n i t i o n  of t h e  case  expression and zero  o r i g i n  

(- - d a t a  s t r u c t u r e s .  



The c o n t r o l  mechanisms described above a r e  e i t h e r  s i m i l a r  t o ,  o r  

only s l i g h t  gene ra l i za t ions  o f ,  t h e  condi t ional  and loop cons t ruc t s  of 

many o t h e r  languages. Of themselves they do not  so lve  t h e  problenls 

discussed i n  t h e  f i r s t  s ec t ion .  Another mechanism is  needed - t h a t  mech- 

anism i s  c a l l e d  t h e  escape expression. An escape expression provides a 

- h igh ly  s t r u c t u r e d  £ o m  of forward branch. The branch i s  cons t ra ined  t o  

te rminate  co inc iden ta l ly  wi th  t h e  termillus of some con t ro l  envirolment 

i n  which t h e  escape expression i s  nested. The general  fonn of a n  escape 

express ion  i s  

where <escapetype> i s  one of th.e (reserved)  words l i s t e d  below and <levels> 

i s  e i t h e r  a n  i n t e g e r  enclosed i n  square brackets ,  e . g . ,  "[3]", o r  e l s e  i s  

empty (which implies  [ I ] ) .  

t 

e x i  tb lock  e x i t c a s e  

e x i  tcompound e x i t s e l e c t  

e x i  t loop - e x i t  

ex i t cond i t iona l  r e t u r n  

An escape expression causes con t ro l  t o  immediately e x i t  from a spec i f i ed  

con t ro l  environment (a block, a compound, o r  a loop, f o r  example) skipping 

any subsequent expressions i n  t h a t  environment. The <levels> cons t ruc t  

permits  e x i t  from seve ra l  nested loops, f o r  example, wi th  a s i n g l e  ex i t loop  

expression. The < e x p r e s s i o o  value i n  an escape expression de f ines  t h e  

value of t h e  environment from which con t ro l  passes.  



The u s e  of t h e  escape express ion  i s  i.llu.stratcc1 by a t y p i c a l  p roblen~ 

C involv ing  m u l t i p l e  e x i t s  p o i n t s  from a loop. Suppose a vec to r ,  X, i s  t o  

be searched f o r  a va lue ,  x. If a n  element of X i s  equel  t o  x, t hen  the  

v a r i a b l e ,  k ,  i s  t o  b e  s e t  t o  the index of t h i s  element. If  no element 

of X i s  equa l  t o  x, t hen  t h e  value of x i s  t o  be  i n s e r t e d  a f t e r  t h e  l a s t  

element of X and k set t o  t h i s  index. Supposillg t h e r e  a r e  N elements 
.L 

c u r r e n t l y  i n  X. The  fol lowing B l i s s  program" w i l l  perform t h i s  t ask .  

i 

i f  (k + i n c r  i from 1 Jm- N b-~ 1 1 do X[i . ]  = x then  e x i t l o o p  i )  < 0 - -- t 

then  X[k + N 4- N t - 1 ]  + x; 

We can  now r e t u r n  t o  t h e  o r i g i n a l  ques t ions  r a i s e d  i.n t h i s  s ec t i on .  

We know t h a t  t h e  mechanisms a r e  "adequate", b u t  a r e  they s u f f i c i e n t l y  

convenient and do they p re se rve  t h e  d e s i r a b l e  p r o p e r t i e s  of go to- less -ness .  

The answer t o  t h e  f i r s t  of t h e s e  ques t ions  l i e s  p r i .nc ipa l ly  i n  t h e  expe r i -  

C ence of t hose  who have used t h e  language. These experiences  a r e  summarized 

i n  t h e  next  s e c t i o n  and e s s e n t i a l l y  answered i n  t h e  a f f i r m a t i v e .  Some 
I 

confidence t h a t  t h i s  i s  t h e  ca se  may be gained by simply viewing t h e  escape 

mechanj-sm a s  a s p e c i f i c  device  f o r  handl ing  rnu l t ip le  e x i t  p o i n t  loops ,  and 

viewing t h e  d e c i s i o n  t o  make B l i s s  a n  express ion  language a s  a s p e c i f i c  

t o o l  f o r  implementing t h e  dummy v a r i a b l e  technique. I n  f a c t ,  of course ,  

both i d e a s  a r e  more gene ra l  than  t h i s ,  

The second ques t i on ,  whether t h e  B l i s s  s t r u c t u r e s  r e t a i n  the d e s i r a b l e  

p r 0 p e r t i . e ~  of s impler  go to - l e s s  no t a t i ons ,  r e q u i r e s  a  l i t t l e  more cons ider -  

a t i o n .  F i r s t ,  i t  i s  only t h e  escape mechanism which v i o l a t e s  t h e  go to- less  

c r i t e r i a .  Returning t o  t h e  flow c h a r t  n o t a t i o n s ,  we now thi& of our  flow 

c h a r t  p r i m i t i v e s  a s :  

* 
Actua l ly  t h e  g iven  program i s  not  Bliss, bu t  t h e  d i f f e r e n c e s  a r e  n o t  

e s s e n t i a l  t o  t h e  d i scuss ior l  of con t ro l .  



where t h e  do t t ed  l i n e s  r ep re sen t  a p o t e n t i a l l y  i n f i n i t e  s e t  of fl-ow 1j.nes 

one of which may be followed i f  t h e  escape mechanism is  invoked. Dotted 

flow l i n e s  a r e  cons t ra iued  t o  connect d i r e c t l y  t o  t h e  terminus of a 

c o n t r o l  environment i n  which t h e  i n i t i a l  po in t  of t he  l i n e  i s  tota1.l.y 

nested.  

b e  previous  s e t  of t ransformat ions  i s  s t i l l  app l i cab l e  i f  t h e  d o t t e d ,  

I I escape", f low l i n e s  are  ignored and w e  a r e  guaranteed t h a t  t h e  escape 

l i n e s  w i l l  be t o t a l l y  enclosed a t  some s t a g e  i n  t h e  r educ t ion  process .  

I n  t h i s  s ense  t h e  d e s i r a b l e  p r o p e r t i e s  of go to- less  graphs a r e  r e t a ined .  

The simple technique f o r  understanding a flow c h a r t  and proving i t s  co r -  

r e c t n e s s  i s  no longer  p o s s i b l e ,  however, because c o n t r o l  i s  no longer  

cons t ra ined  t o  e x i t  through a s i n g l e  path.  Nevertheless ,  a s i m i l a r  t ech-  

nique i s  e a s i l y  cons t ruc ted .  It simply must ope ra t e  i n  more g loba l  con tex t s .  

One can c l e a r l y  apply  t h e  former s t y l e  of reasoning t o  subgraphs from 

which no d o t t e d  l i n e s  emanate. Af t e r  t h i s  has  been done on a l l  p o s s i b l e  

subgraphs a t t e n t i o n  must s h i f t  t o  a s  small  a subgraph a s  p o s s i b l e  which 

wholly con ta in s  i t s  escape l i n e s ,  and ~ n d e r s t a n d i ~ g  be gained and v e r i f i c a -  

t i o n  done on t h i s  subgraph a s  a whole, and reduced a s  a whole. This may 



o r  may not  lead t o  the  simpler form of graph, but  i n  ci thev case the  
1- c, process can be i t e r a t e d .  

Some Experiences 

B l i s s  has been i.n acti .ve use f o r  near ly  two years  a l~d w e  have the re -  

f o r e  gained considerable experience i n  progralmning without t h e  goto - both 

i n  w r i t i n g  new programs and i n  t r a n s l a t i n g  previously e x i s t i n g  ones. This 

experience includes seve ra l  compilers, p a r t s  of a n  operat ing system, i /o  

support  rou t ines ,  a s  we l l  as numerous app l i ca t ions  programs. As one might 

expect,  w r i t i n g  new programs presents  no d i f f i c u l t y .  J u s t  a s  one adapts  

t h e  lack  of recurs  ion  i n  For t ran  o r  the  i n a b i l i t y  t o  i n t o  the  
, 

middle of an Algol block, one a l s o  adapts  t o  the  Bliss con t ro l  s t r u c t u r e .  

But i t  i s  not t h a t  one merely survives i n  t h l s  mode; q u i t e  the  contrary.  

One develops a  mode of thinking whihc i s  roughly the  inverse  of the  reduc- 

t i o n  t ransfonnat ion  sequence discussed i n  the f i r s t  sec t ion .  1%at i s ,  one 
t 

th inks ,  and w r i t e s  from t h e  more macroscopic t o  the  most d e t a i l e d  l eve l s .  
I 

# 

W e  have not conducted cont ro l led  experj-mcnts, but  I ap convinced t h a t  

programmer product iv i ty  has s i g n i f i c a n t l y  improved duk t o  t h i s  enforced 

s t y l e  of programming. 

In some sense our experiences i n  t r a n s l a t i n g  e x i s t i n g  prograras are 

even more i n t e r e s t i n g  than  those i n  wr i t ing  new ones. These l a t t e r  experi- 

ences f a l l  i n  two sharply  defined ca tegor ies  - t he  times when it  was easy 

and t he  times when i t  was hard. Most of the  time i t  was easy,  because most 

of t h e  time progranuners apparently use  go to ' s  i n  non-essential  ways; t h a t  

is ,  ways which mir ror  one o r  more of the cons t ruc ts  a l ready i n  B l i s s . '  On 



t h e  o t h e r  hand, when the  t r a n s l a t i o n  was d i f f i c u l t  t he  r e a l  problem was 

understanding what the  o r i g i n a l  programmer had intended the  con t ro l  

s t r u c t u r e  t o  be. Once t h a t  was done, i n  every case ( t o  my knowledge) 

there was a n a t u r a l  mode of expression i n  Bl iss .  There were su rp r i s ing ly  

few cases ~7here  node s p l i t t i n g ,  o r  any of t h e  o the r  devices mentioned, 

were necessary. I f  we assume t h a t  the programs we have t r ans la t ed  a r e  

r ep resen ta t ive ,  and I do not  know t h a t  they a r e ,  then we must conclude 

t h a t  programmers do not  use  t h e  gene ra l i ty  of the  goto. 

We have found two aspects  t o  the  B l i s s  s t r u c t u r e  which a r e  inconveni- 

ent and should b e  changed. One i s  a  t r i v i a l  s y n t a c t i c  change and i s  e a s i l y  

accomplished; the  o the r  i s  more fundamental. The "<levels>" cons t ruc t  i n  

escape expressions embodies an important semantic notion, but  t h e  syntax 

should be changed. As a program i s  modified the  number of l e v e l s  through 

which' a n  escape should execute may be changed - by the in t roduct ion  of an 

a d d i t i o n a l  dlock l e v e l ,  f o r  example. One would l i k e  t o  i n d i c a t e  t h e  t a r g e t  

of  the escape symbolically. Which i s  t o  say l a b e l s  should be reintroduced 

as names of e n t i r e  con t ro l  environments. The o the r  cons t ruc t  I should l i k e  

t o  have i s ,  i n t u i t i v e l y ,  one which allows e x i t  through seve ra l  l eve l s lo f  

subroutine c a l l  - e i t h e r  to  a  s p e c i f i c  p lace  o r  u n t i l  a spec i f i ed  condi t ion  

i s  m e t .  

Whether o r  not a language includes the  goto cons t ruc t  i s  immaterial. 

  here a r e  c e r t a i n  types of con t ro l  flow which occur i n  r e a l  programs and 

if cons t ruc t s  a r e  not  e x p l i c i t l y  provided f o r  these  then the  goto must be 

provided so  t h a t  t h e  programmer may synthesize them f o r  himself.  The 

danger i n  permi t t ing  t h e  goto i s  t h a t  the  programmer w i l l  synthesize them 



i n  weird and obscure ways. The advantages i n  e l iminat ing  the  go to  are 

t h a t  these  same con t ro l  s t r u c t u r e s  w i l l  appear i n  regular  and well-defined 

ways and consequently both the  human reader and the  compiler w i l l  do a 

b e t t e r  job of i n t e r p r e t i n g  them. 
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WHY THE DOT? 

The i n t e r p r e t a t i o n  of t h e  occurrence of i d e n t i f i e r s  i n  B l i s s  i s  
F 

d i f f e r e n t  from t h a t  i n  most programming languages - and t h i s  d i f f e r e n c e  

has  g iven  rise t o  ques t ions  and sugges t ions  from almost  everyone who i s  

f i r s t  in t roduced  t o  t h e  language. The purpose of t h i s  memo i s  t o ,  o r  

a t  l e a s t  a t t empt  t o ,  exp la in  t h e  reason f o r  t h e  chosen i n t e r p r e t a t i o n .  

The chosen i n t e r p r e t a t i o n  i s  q u i t e  fundamental t o  t h e  i n t e n t  and s t r u c t u r e  

of t h e  language and was decided upon on ly  a f t e r  ex t ens ive ,  heated deba te  

and is  n o t  merely a whim of t h e  des igners ;  t o  change it would do substan- 

t i a l  v io l ence  t o  t h e  language and could on ly  be accomplished through 

t h e  i n t r o d u c t i o n  of a l a r g e  number of ad hoc r u l e s  i f  t h e  o t h e r  i n t en -  

t i o n s  of t h e  language were t o  be preserved.  

F i r s t  l e t  m e  review t h e  i n t e r p r e t a t i o n ,  a l though I ' m  assuming some 

acquaintence wi th  t h e  language. An i d e n t i f i e r  i s  in t roduced  i n t o  a B l i s s  

("- 
program by a d e c l a r a t i o n ;  f o r  example 

'- 
own x; - 

There are scope r u l e s  a s  i n  Algol ' 6 0 ,  b u t  l e t ' s  ignore  them and assume 

t h a t  x i s  n o t  re-declared a t  an inne r  block l e v e l .  Now, anywhere i n  t h e  

scope of t h i s  d e c l a r a t i o n ,  independent of t h e  con tex t  i n  which it occurs ,  

an  occurrence of  t h e  i d e n t i f i e r  i s  i n t e r p r e t e d  t o  mean a re fe rence*  t o  

t h e  memory cel l  a l l o c a t e d  by t h e  d e c l a r a t i o n .  Thus t h e  va lue  of t h e  

express ion  "x+lW i s  one l a r g e r  t han  t h e  address  of x r a t h e r  t han  t h e  va lue  

conta ined  i n  t h e  memory c e l l  x. Thus, one may t h i n k  of t h e  occurrence 

*A r e f e rence ,  o r  p o i n t e r ,  i n  B l i s s  i s  a f a i r l y  complex o b j e c t ,  b u t  f o r  
t h i s  d i s cus s ion  it i s  adequate t o  t h i n k  of it merely a s  t h e  address  of a 
memory cel l .  The remainder of t h e  d i scuss ion  presumes t h i s  simple 
i n t e r p r e t a t i o n .  



of an indentifier, x ,  as the occurrence of a literal (the address of x) 

where the value of the literal is bound at load (or possibly execution) 

time . 
Clearly one wants to obtain the value stored in a memory cell as 

well as its address. For this purpose the unary dot, ".", operator is 
introduced. The value of the dot operator applied to an expression, 

, is that of the memory cell whose address is &. Thus, " .xl' is the 

value contained in the memory cell x, ".(x+l)" is the value of the memory 

cell whose address is one greater than that of x, "..x" is the value 

of the memory cell whose address is stored in the memory cell whose 

address is x (i.e., indirect addressing), etc. 

Closely associated with the interpretation of identifiers and the 

dot operator is that of the store operator "e", which is also different 

from that usually given in the description of conventional languages 

(though not different from its implementation). The store operator is a 
-\ 

dyadic, infix operator whose operands may be arbitrary expressions, -1 

say and E2= 

1 4 2  

The value of lefthand operand El is interpreted as a pointer (address) 

which names a cell into which the value of the righthand operand, e2r 

Before turning to the issue of "why" the interpretation is as it is, 

I'd like to make three comments. First, the only people who have ob- 

jected to the interpretation are those who first encounter it; to my 

*The value of the store operator i,s but that's not relevant to this 
discuss ion. 2 

-) 
-3 



knowledge no one who is using the language objects. That only proves 

that it's possible to learn to live with it. Second, while the inter- 

C pretation may be unique among higher level languages, it is precisely 

the interpretation adopted in assembly languages. Third, the interpre- 

tation is entirely consistent, the interpretation of an identifier is 

exactly the same independent of the context in which it occurs. (May- 

be we could coin a phrase: "context-free semantics".) 

Now, let me finally turn to why the interpretation is as it is. One 

of the fundamental design objectives of Bliss was to permit the user to 

define arbitrary representations of data structures by permitting him 

to define the accessing algorithm (expression) for elements of the 

structure. This implies not only that the user must be able to mani- 

pulate pointers as flexibly as values, but also that the value of an 

arbitrary expression must be able to stand as a name. This implies, 

f - for example, that the assignment operator must permit arbitrary expres- 
L- 

sions el and E2 in the context C et  
1 2 '  

An alternative to the Bliss interpretation of identifiers and dot 

operator is to assume that identifiers always represent the value of a 

variable and introduce another operator, say 4, which means "the address 

of". One would still need the dot for several levels of indirection, 

but simple expressions such as (in current Bliss) 

would be written 

Since, presumably, thre are fewer instances of addresses than values, 

there should be considerably fewer 6's to write with this scheme than 

C dots in current Bliss programs. Carrying this reasoning further, why 



n o t  presume 4's on t h e  l e f t  of  assignments ( o r ,  a lmost ,  e q u i v a l e n t l y  

d o t s  on t h e  r i g h t ) ?  Then one could w r i t e  

X r -  x+1 

which i s  more f a m i l i a r .  Under t h i s  scheme one could ,  of course ,  w r i t e  

A ' S  o r  ( e x t r a )  d o t s  t o  o v e r r i d e  t h e  s tandard  i n t e r p r e t a t i o n .  Thus 

. x+ 1 

would s t o r e  i n d i r e c t l y  through x ,  and 

would s t o r e  t h e  address  of y i n  x. O r  would i t ?  L e t ' s  examine some 

of t h e  d i f f i c u l t i e s  t h a t  a r i s e  from such an i n t e r p r e t a t i o n .  None of 

t h e s e  d i f f i c u l t i e s  i s  insurmountable;  however, they l e a d  t o  a l a r g e  co l -  

l e c t i o n  of  ad hoc i n t e r p r e t a t  on r u l e s .  

Above I sugges ted  t h a t  x-y would s t o r e  t h e  address  of y i n t o  x. 

One may t h i n k  o f r a s  e i t h e r  an o p e r a t o r ,  o r  merely a s  a compile t ime 

n o t a t i o n  which o v e r r i d e s  t h e  suggested "value  o f "  i n t e r p r e t a t i o n .  I f  

one chooses t h e  f i r s t  of t h e s e  i n t e r p r e t a t i o n s ,  then  i*y ought - t o  mean 

t h e  address  of  t h e  va lue  o f  y ( i . e . ,  O C ( * Y )  1 -  which i s  n o t  unique 

( t h e r e  may be  many l o c a t i o n s  whose c u r r e n t  va lue  i s  t h e  same a s  t h a t  

o f  y ) .  Moreover, t h e  express ion  # c ( w h e r e e i s  an a r b i t r a r y  exp re s s ion )  

seems t o  have no u s e f u l  i n t e r p r e t a t i o n  un l e s s -one  i s  w i l l i n g  t o  s t o r e  C, 

c r e a t e  a r e f e r e n c e  t o  t h i s  l o c a t i o n ,  and suppor t  t h e  garbage-co l lec t ion  

t h a t  t h a t  imp l i e s .  The "compile-time ove r r ide"  i n t e r p r e t a t i o n  of  d has  

i t s  own s e t  of  problems; it makes 'dy' do something reasonable ,  bu t  A C  

i s  nonsense and an a r b i t r a r y  r u l e  would have t o  be in t roduced  t o  pro- 

h i b i t  it. (What does d ( 1 + 2 ) '  mean?) On t h e  o t h e r  hand,*eis e x a c t l y  what 



you want in an expression such as 

x+Xy [i] 

in which you wish to store the address of a structure element into x, 

so you must allow this case, too. It gets worse, as you'll see 

below. 

Suppose, for the moment, that you've contrived some interpretation 

rules which handled the problems mentioned above, and that you move on 

to the implied6's (or dots). You are now faced with the problem of 

deciding what's on the left and what's on the right of an assignment 

operator. There's no problem with xcy, but what about 

Given the initial assumption that accessing is specified by an arbitrary 

algorithm, this is hardly an implausible thing to write. But what does 

C it mean? It must be one of (in Bliss) 

(a) (x+i)+5 

(b) (x+.i) + 5 

(d) (.x+.i)t-5 

Relying on accumulated experience with respect to the usual way of 

storing vectors one might like for the interpretation to be (b), but 

I can find no rational reason for adopting this one; (a) or (d) seems 

more plausible, and (a) the most plausible. O.K., suppose you try to 

be consistent, and so you adopt (a) and then you write a 

(x+.i) + 5 

to explicitly indicate that, even though i appears on the left of an 

assignment, you want its value, not its address. You're now in trouble 

with another design objective of Bliss; namely, that the same accessing 



function be usable everywhere. If you write 

which means (in Bliss) 

you do not get what was intended at all. 

Again, you can gin-up a rule to cover this case. However, suppose 

that an accessing algorithm is specified by a function, f, and the body 

of f contains the expression "return x". Should this expression re- 

turn the value or the address of x? In the expression 

f o e  fO+l 

both are needed. Of course f could return both, but then consider 

g o  4- gO+l 

where the body of the routine g contains 

return f ( )  

Must g now return (1) the address of the address of x, (2) the address 

of the value of x, (3) the value of the address of x, and (4) the value 

of the value. WOW! 

Having examined the consequences of some of the alternative pro- 

posals, let's now consider the reasons behind them. There are two: you 

are forced to write a lot of dots, and it deviates from the "standard", 

or "conventional". The first of these arguments has merit, and in fact 

was the rationale for choosing an inconspicuous, easily written and typed 

graphic for the "contents of" operator. In practice, however, users 

of the language have found little difficulty in either reading or writing 

the dot. The second argument is simply absurd. There is no standard 

since there are no other languages which deal with the same issues, 
7, 

except possibly assembly language, and Bliss uses the same convention as -J 



assembly languages. 

As for the virtues of the convention, it is simple and completely 

C consistent, it permits accessing algorithms to be written and used 

in all contexts, and it covers all the cases. The distinction between 

name and value is a fundamental one, and in my opinion it is far more 

important to treat it explicitly and consistently than to provide 

minor convenience to the uninitiated. 
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ABSTRACT 
I 

The s p e c i f i c a t i o n  of da t a  s t r u c t u r e  i n  h igher- leve l  languages i s  i s o l a t -  
ed from t h e  r e l a t e d  spec i f i ca t ions  of d a t a  a l l o c a t i o n  and da ta  type. S t ruc tu re  
s p e c i f i c a t i o n  i s  claimed t o  be t h e  d e f i n i t i o n  of t he  accessing (addressing) 
func t ion  f o r  items having the  s t ruc tu re .  Conventional techniques f o r  da t a  
s t r u c t u r e  i s o l a t i o n  i n  h igher- leve l  languages a r e  examined and a r e  found t o  
s u f f e r  from a lack  of c l a r i t y  and ef f ic iency .  

The means by which d a t a  s t r u c t u r e  accessors  may be defined i n  Bliss, 
t h e  s p e c i f i c a t i o n  of t h e i r  a s soc ia t ion  with named, a l loca ted  s torage ,  and t h e i r  
automatic invocat ion  by reference  t o  the  named s torage  only, a r e  discussed. An 
example i s  presented which i l l u s t r a t e s  t h e i r  e f f i c i e n t  implementation and t h e i r  
u t i l i t y  f o r  s epa ra t ing  t h e  a c t i v i t i e s  of da t a  s t r u c t u r e  programming and a l g o r i t h -  
mic programing.  

INTRODUCTION 

Since the  management and r ep resen ta t ion  of da t a  a r e  of prime i n t e r e s t  
i n  programming, we wish t o  present  the  view of d a t a  s t r u c t u r e s  t h a t  has been 
adopted i n  t h e  implementation language Bliss. Bliss [l] is  a h igher- leve l  
language designed f o r  wr i t i ng  l a r g e  software systems f o r  the  PDP-10 [2]  and 
i s  current- ly being implemented a t  Carnegie-Mellon University.  Our paper i s  
divided i n t o  two pa r t s .  F i r s t  we d iscuss  the  i s sues  which a r i s e  i n  de f in ing  
and implementing d a t a  s t r u c t u r e s  i n  higher- level  languages, Then we present  
t h e  f a c i l i t i e s  i n  Bliss which a r e  designed t o  handle t h e  r ep resen ta t ion  of 
da t a ,  



THREE ASPECTS OF DATA SPEC I '  - I  ! ;ATION 

We begin by considering t h r e e  aspec ts  of d a t a  s t r u c t u r e s  which a r e  not  
separable  i n  most h igher- leve l  languages, but  which can be separated i n  Bliss 
t o  al low g r e a t e r  f l e x i b i l i t y  i n  d a t a  spec i f i ca t ion :  

1. Type s p e c i f i c a t i o n  - t h e  name of a  p iece  of d a t a  s p e c i f i e s  i t s  
i n t e r n a l  format and the  c l a s s  of opera tors  f o r  which i t  i s  a  
v a l i d  operand. 

2. ~ l l o c a t i o n  - t h e  presence of a  named d a t a  item requ i re s  t h a t  
we be a b l e  t o  a s s o c i a t e  t h i s  name with i t s  value;  presumably, 
t h a t  value w i l l  r e q u i r e  space i n  t h e  underlying l o g i c a l  niachine. 
The format (and perhaps the  s i z e )  of t h e  a l loca ted  space depends 
on the  d a t a  type spec i f i ed  f o r  t he  name. The scope r u l e s  of a  
language de f ine  t h e  domain of v a l i d  access  t o  a  value v i a  i t s  
name. The l o g i c a l  machine manages t h e  a l l o c a t i o n  of space f o r  
s t o r i n g  t h e  value and i s  f r e e  t o  overlay non-contemporaneous 
a l loca t ions .  

3.  St ruc tu re  - t h e  a b i l i t y  t o  s t r u c t u r e  regions of s to rage  allows 
us  t o  genera te  i n  a  simple way a l a r g e  c o l l e c t i o n  of names and 
t o  r e t a i n  t h e  l o g i c a l  c l a r i t y  of a  generic  name. Indeed we 
want the  a b i l i t y  t o  compute a  name (e.g., a r r ay  subsc r ip t  compu- 
t a t i o n )  and t o  sequence through a c o l l e c t i o n ' o f  names. 

Taking Algol [3] a s  an  example, t he  t e x t  

procedure P(A,B) ; r e a l  a r r a y  B [I: 1001; . . . 
provides a  s t r u c t u r e  f o r  B and types the elements of t he  s t r u c t u r e  (named: 
B [ l ] ,  B[2], ..., B[100]). Furthermore, i n  add i t ion  t o  s t r u c t u r i n g  and typing, 

begin r e a l  a r r ay  B[1:100]; ... 
I 

a l s o  a l l o c a t e s  space. We emphasize: two d i f f e r e n t  Algol implementations mayl 
phys ica l ly  s t r u c t u r e  t h e  same l o g i c a l  s t r u c t u r e  d i f f e r e n t l y  (e.g., dope vec tor  
VS. by column o r  row). 

IMPLEMENTING A FOREIGN DATA STRUCTURE 
1 

We consider  i n  some d e t a i l  how we bu i ld  a  d a t a  s t ruc tur ' e  i n  a  h igher-  
l e v e l  language whose inherent  da t a  s t r u c t u r e s  may be q u i t e  d i f f e r e n t  from those 
t o  be  implemented. I n  p a r t i c u l a r  consider  a  p a r t i a l  implementation of Lisp [4] 
i n  Algol. A t o m s  w i l l  be  s to red  i n  an a r r ay  wi th  negat ive  indices  f o r  non-null 
atoms and the  ze ro  index w i l l  i n d i c a t e  NIL, Cel l s  w i l l  be s to red  i n  a  two 
dimensional i n t e g e r  a r r a y  wi th  p o s i t i v e  indices.  

Now w e  examine two ways of implementing the  Lisp accessing funct ions  
CAR and CDR. 



1 

(1) i n t e g e r  a r r a y  ATOMSPACE [-1000: 01 ; 
i n t e g e r  a r r a y  CELLSPACE [1:10000,1:2]; 
i n t e g e r  procedure CAR(1); i n t ege r  I; 

CAR := CELLSPACE[I,l]; 
i n t e g e r  procedure CDR(1) ; i n t e g e r  I ;  

CDR := CELLSPACE[I,Z] ; 

(2) i n t e g e r  a r r a y  ATOMSPACE [-1000:Ol; 
i n t e g e r  a r r a y  CAR [ I :  10000], C D R [ l :  10000]; 

Note t h a t ' i n  both implementations the  Algol a r r a y  bounds checking w i l l  handle 
t h e  e r r o r  r e s u l t i n g  from at tempting t o  access  t h e  CAR o r  CDR of an atom. 

Several  th ings  a r e  t o  be noted about these  two implementations. Both 
(1) and (2)  impl.ement the  same l o g i c a l  s t ruc tu re .  The accessing s t r u c t u r e  i s  
l o g i c a l l y  independent of t he  a l l o c a t i o n  s ince  the  dec la ra t ions  could appear i n  

I any Algol block a t  any l eve l .  The fo re ign  types atom and p o i n t e r  had t o  be i n -  
( corporated i n t o  the  s t ru l c tu re  of t h e  implementing language. Implementation (1) 
1 has an advantage over (2) i n  t h a t  i t  can be modified more e a s i l y .  We can c h a n ~ e  

t h e  body of t h e  accessing funct ions  CAR and CDR without changing t h e  program's 
I r e fe rence  t o  them. On t h e  o the r  hand ( 2 )  i s  c l e a r l y  more e f f i c i e n t  than (1) 

, s i n c e  i t  employs the  b u i l t - i n  accessing mechanisms of the  Algol machine whereas 
(1) r e q p i r e s  execution of the  expensive procedure c a l l i n g  mechanisms of Algol 
procedures. Of course,  ne i the r  implementation is  as e f f i c i e n t  a s  a d i r e c t  
machine language implementation of Lisp. Hence we can i s o l a t e  a major d i f f i c u l t y  
t h a t  a r i s e s  from spec i fy ing  a d a t a  s t r u c t u r e  i n  a higher  l e v e l  language. In  
genera l  we p a y , a  high p r i c e  i n  l o s t  e f f i c i ency  by implementing a d a t a  s t r u c t u r e  
i n  a h igher- leve l  language unless,of course, t h a t  language i s  designed t o  make 
such implementations e f f i c i e n t .  For example, i f  po in te r  o r  address  were a n  
Algol type, we could probably improve t h e  above implementation t o  a po in t  where 
t h e  c o s t  would be  to lqrable .  

JSOLATING DATA ACCESS 

We examine the  motivat ion f o r  i s o l a t i n g  access  t o  data .  Consider t h e  
fol lowing Algol s tatement:  

X := (Y[I] mod 2 t (WORDLENGTH - 14) i (Zt(W0RDLENGTH - 22) ) ;  . 
The code e x t r a c t s  b i t s  14 through 22 of Y [ I ]  and s t o r e s  i t  i n t o  X (where 
"WORDLENGTH" i s  the  number of b i t s  i n  a machine word and b i t s  a r e  numbered 
from t h e  l e f t ) .  It seems evident  t h a t  we would not want t o  w r i t e  t h i s  r a t h e r  
cumbersome p iece  of code f o r  each access  of t h i s  sub f i e ld  Y [ I ] .  A major con- 
s i d e r a t i o n  i n  having s t ruc tu red  i d e n t i f i e r s  i n  a language i s  t o  improve t h e  
c l a r i t y  and r e a d a b i l i t y  of t he  program. It i s  a l s o  t r u e  t h a t  most programs 
a r e  s u b j e c t  t o  f a i r l y  s u b s t a n t i a l  modif icat ion a s  they a r e  being b u i l t .  Quite  
obviously the  d e c i s i o n  t o  change the  format of t he  v a r i a b l e  Y [ I ]  so  t h a t  t h e  
subf i e ld  of i n t e r e s t  was no longer b i t s  14 through 22 bu t  7 through 15 would 
mean a labor ious  change of a l l  t he  code t h a t  accessed t h a t  information. 

A t  p resent  most higher- level  languages al low a t  bes t  two ways of i s o l a t -  
i ng  accesses t o  d a t a  items whose s t r u c t u r e s  a r e  not b u i l t  i n t o  the  language- 



macros and procedures. Weacan def ine  one procedure a s  an accessor  f o r  a whole 
c l a s s  of d a t a  items by passing i n f o m a t i o n  v i a  parameters. A l t e rna t ive ly  w e  
can d e f i n e  a procedure a s  a n  accessor  f o r  a p a r t i c u l a r  d a t a  item by a l l o c a t i n g  
space f o r  t h e  d a t a  a s  an o m v a r i a b l e  of the  procedure. 

For example, assume t h a t  a l i n e a r  a r ray  is  being used t o  represent  the  
elements of a symmetric matrix. The symmetry of the  a r r a y  allows the  overlay 
of elements o f f  t h e  main diagonal.  We d e f i n e  the  following procedures f o r  
reading f r m  and w r i t i n g  i n t o  a r rays  of t h i s  form: 

r e a l  procedure LOADSYMMETRIC(A,I,J); r e a l  a r ray  A[1:100]; - 
i n t e g e r  1,J; 

LOADSYMMETRIC := if I > J 
then A[I*(I-l)i2+J] 
e l 6  A[J*(J-l)t2+I]; - 

procedure STORESYMMETRIC(A,I,J,V); r e a l  a r r ay  A[1:100]; 
r e a l  V; in t ege r  1,J; - 

i f  I > J  - 
then A[I*(I-1)+2+J] := V - 
e l s e  A[J*(J-1)+2+I] := V; - 

The i n t e n t i o n  i s  f o r  these  accessing procedures t o  serve  f o r  seve ra l  such ar rays .  
I f  we wish t o  apply t h i s  s t r u c t u r e  t o  only one symmetric a r ray ,  then the  formal 
parameter A can be  omitted (and A declared an  own va r i ab le  wi th in  the  procedure). 

We can avoid the  expense of the funct ion  c a l l  mechanism by using s t r i n g  
replacement macros. . 

macro LOADSYMMETRIC(A,I,J) = 
i f  I > J  - 

then A[I*(I-l)i2+J] - 
else A[J*(J-1)+2+I]; - 

macro STORESYMMETRIC (A,I,J,V) 
i f  I >  J - 

then A[I*(I-l)f2+J] := V 
7 

e l s e  A[J*(J-l)f2+I] := V; - 
Both these  so lu t ions  have drawbacks: 

(a )  A s  mentioned previously,  funct ion  c a l l s  a r e  u n a t t r a c t i v e  
because of t h e i r  inef f ic iency.  

(b)  The presence of two accessing funct ions f o r  one l o g i c a l  a 

s t r u c t u r e  i s  required because of t h e  l e f  t / r i g h t  d i s t i n c t i o n  
i n  assignment statements.  

(c) I f  a macro o r  procedure i s  defined f o r  a whole c l a s s  of da ta  
items and we decide t o  change t he  log ica l  s t r u c t u r e  of one 
of the  d a t a  items, then we must search the  e n t i r e  program 
f o r  c a l l s  on the  macro o r  procedure t o  change i t s  s t ruc tu re .  

(d) Macros have t h e i r  own problems. Consider: 

macro A(B,C) = if GLOBALBOOLEAN then B [C+3] e l s e  B[C-31; 

I f  "GLOBALBOCNJ~AN i s  redeclared i n  an i nne r  block, subsequent use 
of the  macro w i l l  have the p o s s i b l y  u n d e s i r a b l e  e f f e c t  of t e s t i n g  
the  new var i ab le .  Another unpleasant f ea tu re  of the  macro i s  the 
handling of ac tua l  parameters. Consider the macro c a l l :  



The expansion of t h i s  c a l l  produces i n e f f i c i e n t  and p o t e n t i a l l y  
s ide-effect-producing r e s u l t s  because of the  mul t ip l e  c a l l s  on 
the  func t ions  F and G. 

Having pointed out sane of the  i s sues  t h a t  a r i s e  when cons ider ing  h&w 
t o  implement d a t a  s t r u c t u r e s  and having considered seve ra l  of the  problems 
a s soc i a t ed  wi th  implementing d a t a  s t r u c t u r e s  i n  h igher - leve l  languages, we 
next  d i scuss  how Bliss enables  t he  programmer t o  spec i fy  h i s  d a t a  s t r u c t u r e s  
and s t i l l  maintain e f f i c i e n c y .  

BLISS DATA STRUCTURE SPECIFICATION 

. NOTES ON BLISS -, 

I Bliss i s  p r imar i ly  an Algol - l ike  expression language with a d d i t i o n a l  
I c o n t r o l  express ions  t o  circumvent problems encountered removing the  "go to", , 

I and wi th  d e c l a r a t i o n s  ( fo r  a l l o c a t i o n )  t o  f a c i l i t a t e  independently compiled 
modules and spec ' ia l  machine f e a t u r e s  (e.g., r e g i s t e r s ) .  The only anomaly 

I which is  r e l e v a n t  t o  t h i s  d i scuss ion  i s  t h a t  names s tand  f o r  machine addresses .  
i If we want t h e  contents  of a named loca t ion ,  we must use a conten ts  opera tor  
I ( t he  'I.!'); e.g., 
i 

y t x+l ; adds 1 t o  the  address  of x and depos i t s  i t  i n  t he  
word addressed by y 

I ( x + ~ ) & Y ;  depos i t s  the  contents  of y i n t o  the  word 1 p a s t  t he  
I address  of x. 
I 

The PDP-10 has t h r e e  types of da ta :  i n s t r u c t i o n s ,  addresses ,  and 36- 
I 

t b i t  words upon which machine operat ions may a c t .  These types a r e  determined 
I dynamically by the  i n t e r p r e t i n g  hardware, and type checking i s  of a nega t ive  

i 
n a t u r e  (e.g., " t h i s  i s  not  a v a l i d  address"). The necessary inc lus ion  of 

I address  manipulat ion f a c i l i t i e s  i n  any system implementation language would 

I e n t a i l  dynamic type checking i f  t h e  l o g i c a l  type "address1' were included. 
Visions of i ne f f i c i ency  thus  lead t o  the  inc lus ion  of a s i n g l e  d a t a  type i n  
B l i s s :  t h e  36-bi t  word. A11 opera t ions  a r e  v a l i d  on t h i s  s i n g l e  d a t a  type. 

Data a l l o c a t i o n  i s  by words i n  the  machine; although f i e l d s  w i th in  a 
word a r e  addressable ,  t he re  i s  no e f f e c t i v e  way of a l l o c a t i n g  a p a r t  of a 
word. Again, f o r  e f f i c i e n c y  reasons,  B l i s s  a l l o c a t e s  s torage  t o  programs i n  
contiguous words. Al loca t ion  i s  done v i a  e x p l i c i t  a l l o c a t i o n  dec l a ra t ions ;  a 
s p e c i f i e d  form of a l l o c a t i o n  i s  made, and the  dec lared  name i s  bound t o  t h e  
machine address  of t h e  beginning of the  a l l oca t ed  s torage .  For example, 

own A [200] ; - 
r e s e r v e s  200 words of core  ( s t a t i c )  and binds t h e  name "A" t o  the  address  of 
the  a l l o c a t i o n .  The o ther  s t a t i c  a l l o c a t i o n  dec l a ra t ion  i s  f o r  g l o b a l  s t o r -  
age. The e f f e c t  of the  a l l o c a t i o n  i s  the  same a s  f o r  owns, bu t  t h e  name 
becomes a v a i l a b l e  t o  independently ccmpiled modules which r e fe rence  t h e  v a r i -  
a b l e  v i a  a n  e x t e r n a l  dec l a ra t ion .  

Local v a r i a b l e s  a r e  l o c a l  t o  the  block i n  which they a r e  declared.  - 
They a r e  a l l o c a t e d  dynamically from the  normal Algol implementation run-time- 
s tack .  The l o c a l  v a r i a b l e  name i s  dynamically bound t o  an address;  



b i n  l o c a l  Q, R [30] ; . . . end 

C a l l o c a t e s  one word f o r  Q, 30 f o r  R and binds t h e  names Q and R dynamically 
t o  t h e i r  r e spec t ive  s t a c k  addresses .  Recursive en t ry  t o  a  block causes r ecu r -  
s i v e  l o c a l  a l l o c a t i o n ,  un l ike  the  - form.  h his i s  simply the  d e f a u l t  form 
of a l l o c a t i o n  f o r  Algol dec l a ra t ions ;  e.g. i n t ege r  A ,  ...) The r e g i s t e r  
a l l o c a t i o n  d e c l a r a t i o n  r equ i r e s  compile time binding of addresses ,  but causes 
a  r ecu r s ive  saving mechanism t o  be invoked; e.g. 

begin  r e g i s t e r  ~ 1 ;  . . . 
causes t he  contents  of the  compile-time bound r e g i s t e r  named "Rl" to. be saved 
i n  the s t a c k  (and t h e r e a f t e r  upon r ecu r s ive  en t ry  t o  the  block) and r e s t o r e d  
upon e x i t .  

BLISS STRUCTURES 

There a r e  no s t r u c t u r e s  "bui l t - in"  t o  B l i s s  a s  t he  a r r ay  s t r u c t u r e  i n  
Algol  or  t he  c e l l  i n  Lisp. However, address  a r i t hme t i c  al lows the  use of any 
of the  s tandard  s t r u c t u r e s .  For example, we can s t o r e  the  con ten t s  of C [ . i ,  .j] 
i n t o  y (where C i s  a  7 x  9 a r r ay )  by wr i t i ng :  

(where we have presumed zero-origin indexing i n  both arguments and contiguous 
row s to rage  a l l o c a t i o n ) .  

STRUCTURE DECLARATION- -SIMPLE CASE 

Natu ra l ly ,  expressions of t h e  above form a r e  q u i t e  common and t h e i r  p rog raming  
would becane q u i t e  ted ious  without  t he  s t r u c t u r e  dec l a ra t ion .  I t s  form i s  
e a s i e s t  i l l u s t r a t e d  by example of a  7x9 ar ray :  

own C[63]; - 
s t r u c t u r e  rowof9array[i ,  j ]  = .rowof9array+.i*9+. j; 
map rowof garray C ;  , 

The f i r s t  d e c l a r a t i o n  a l l o c a t e s  7 * 9 = 63 words of core  and binds the  address  
of t h e  a l l o c a t i o n  t o  t he  name "C". The s t r u c t u r e  d e c l a r a t i o n  def ines  an " a c c e ~ s -  
ing  template" f o r  those names onto which i t  i s  mapped; i t s  format is  s i m i l a r  t o  
t h a t  of a  r o u t i n e  (procedure, func t ion) '  dec l a ra t ion  i n  which the  body may r e f e r -  
ence the  name of the  s t r u c t u r e  a s  a  formal parameter. The map d e c l a r a t i o n  
a s s o c i a t e s  t h e  s t r u c t u r e  "r owof garray" with the  name "C" . Thereaf te r  , whenever 
t he  name "C" i s  used followed by a  bracketed l i s t  of expressions,  t he  e f f e c t  i s  
a s  i f  the  s t r u c t u r e  were c a l l e d  a s  a  rou t ine  wi th  "C" a s  t he  a c t u a l  correspond- 
ing  t o  t he  r o u t i n e  name (which i s  used a s  a  formal i n  the body) and the  expres- 
s i o n s  a s  the  a c t u a l s  corresponding t o  the  formals of t he  s t r u c t u r e .  Consider 
the  r o u t i n e  d e c l a r a t i o n  below: 

r o u t i n e  rrowof 9array(rowof garray., i, j). = .rowof garray+. i*9+. j ; 



The e f f e c t  of the  use of C [3 ,5]  i n  a program would then be the same a s  i f  we 
had (declared and) c a l l e d  rrowof9array(C,3,5). A Bliss r o u t i n e  i s  analagous 
t o  a valued procedure i n  Algol;  however, the  value of t h e  r o u t i n e  i s  the  va lue  
of t h e  expression which i s  the  body of t h e  rout ine .  A r o u t i n e  r e t u r n s  a 36-bit  

3 
word, and hence, the  re turned  va lue  of a rou t ine  may be s t o r e d  in to .  

a s s igns  t h e  va lue  4 t o  a r r a y  element C[3,5]. Remembering t h a t  C (without t h e  
do t )  i s  an address ,  i t  should be c l e a r  t h a t  t h e  above e f f e c t  i s  the  des i r ed  
one. 

Note t h a t  t h e  B l i s s  conten ts  operator  removes the  l e f t / r i g h t - s i d e  d i s -  
t i n c t i o n  between s t r u c t u r e  accessing f o r  s t o r i n g  and access ing  f o r  r e t r i e v a l  

. (drawback (b) above). Also, macro s i d e - e f f e c t s  a r e  not  introduced (drawback 
(d) ) ,  f o r  the  s t r u c t u r e  i s  e f f e c t i v e l y  equiva len t  t o  a rou t ine ,  i . e . ,  a c t u a l  
parameters a r e  evaluated only once and i d e n t i f i e r s  i n  the  s t r u c t u r e  body remain 
i n  t he  context  of t h e  s t r u c t u r e  d e c l a r a t i o n  s i t e ,  

However, we have introduced some a d d i t i o n a l  drawbacks (soon t o  be 
removed) : 

(e) Although we have allowed the  f l e x i b i l i t y  of choosing t h e  access ing  
I method, we must now w r i t e  a d i f f e r e n t  s t r u c t u r e  d e f i n i t i o n  f o r  

I each length  row we have; e.g., rowofl2array, or  rowof7array. 

( f )  To a l l o c a t e  s to rage  f o r  the  a r r ay  C ,  the  own above simply a l l o -  
c a t e s  t he  number i n  bracke ts  of contiguous words--we must i n  
sane sense know how the  s t r u c t u r e  works, Hence, i n  the  a b w e  
we had t o  know t o  a l l o c a t e  7*9=63 words. 

STRUCTURES AND MAPP LNG DECLARATIONS 

Both (e) and ( f )  a r e  so lved  i n  Algol by the  a r r ay  dec l a ra t ion :  

" in teger  a r r a y  C [ 1 :  7 , l :  91;". 

Via t h e  above, an Algol compiler knows t o  s u b s t i t u t e  9 f o r  t h e  row length  i n  
t h e  access ing  expression and t o  a l l o c a t e  7*9 words of core  f o r  the  a r ray .  

Bliss extends t h e  s t r u c t u r e  mechanism t o  f a c i l i t a t e  t h i s  by t h e  use 
of " incarna t ion  formals", Use of t h e  incarna t ion  formals t o  a s t r u c t u r e  i s  
ind ica t ed  by not  "dotting1' the  formal t o  a s t r u c t u r e ;  e.g., i n  

s t r u c t u r e  a r r ay2[ i ,  j ] = .array2+.i*jfa j ; 

t h e  f i r s ' t  occurrence of j i n  the  body r e f e r s  t o  t he  incarna t ion  formal. It 
i s  bound t o  t he  corresponding "incarnat ion ac tua l"  when the  v a r i a b l e  i s  
mapped: e.g., m x  a r ray2  C[7,9]; ( i n  t h i s  case ,  9). 

Hence, the  s t r u c t u r e  and rou t ine  correspondence: 

s t r u c t u r e  a r ray2[ i ,  j = .array2+.i*j+. j ; 
r o u t i n e  rarray2(incformali,incformalj,array2,i,j) = 

a p p l i e s ,  wi th  the access ing  expression for-C[3,5]  ( in  t h i s  case)  having the  
e f f e c t  of t he  r o u t i n e  c a l l  rarray2(7,9,CY3,5).  - 



Ihe  s t r u c t u r e  w r i t e r  knows b e s t  the  a l l o c a t i o n  s i z e  requi red  f o r  v a r i -  
a b l e s  onto which h i s  s t r u c t u r e  w i l l  be mapped; hence, the  "s ize  expression" 
and "mapping dec lara t ions"  were introduced i n t o  Bliss. The s i z e  expression 
i s  spec i f i ed  along with the s t r u c t u r e  dec la ra t ion  (preceding i t ,  enclosed i n  
brackets )  a s  a  funct ion  of the incarna t ion  formals f o r  the  s t r u c t u r e  and of 
compile- time cons tants .  A l l  a l l o c a t i n g  dec la ra t ions  allow the  mapping of a  
s t r u c t u r e  along with i t s  dec la ra t ion ;  

emg4 3 s t r u c t u r e  a r rayZ[ i ,  j ] = [ i* j  ] .arrayZ+.i*j+. j ; 
own array2 C[7,9]; - 

The s t r u c t u r e  dec la ra t ion  def ines  a  s i z e  expression,  " [i*j ] ", and -accessing 
template,  " .array2+.i*j+. j". The own declara t ion:  

1. Maps "array2" onto "C1'; 
2. Binds incarna t ion  a c t u a l  7 t o  the  incarna t ion  formal i, and 9 t o  j ;  
3. Evaluates  the  s i z e  expression assoc ia ted  with the  mapped s t r u c t u r e  

with the incarna t ion  a c t u a l s  s u b s t i t u t e d ;  i .e .  7 * 9; 
4. Al loca tes  the  number of words re turned  a s  the  va lue  of the  s i z e  

expression;  i . e ,  63; 
5. Binds the  name "C" t o  the address returned by the own a l l o c a t i o n  

mechanism. 

AN EXAMPLE 

The u t i l i t y  of t h e  Bliss da ta  s t r u c t u r e  mechanism i s  i l l u s t r a t e d  by 
cons ider ing  a so lu t ion  t o  the  following problem:, 

We wish t o  solve systems of l i n e a r  equat ions with normalized upper- 
' 

t r i a n g u l a r  c o e f f i c i e n t  mat r ices ;  i , e . ,  
n  

f o r  i = 1,2,...,n 

We must read  t h e  . coe f f i c i en t  mat r ix  and then solve the  system f o r  seve ra l  
s e t s  of c o n s t r a i n t s .  We a l s o  know we w i l l  be using a  paged machine and t h a t  
the  c o e f f i c i e n t  mat r ices  may be large.  

Noting: 
(a) x = b 

n n I 

def 
(b) Xi + C c i j  x j  = bi - c i n  b n = bit f o r  i = l , .  . . ,n-1 ' 

j=i+l 

(b) is  a problem wi th  the  same spec i f i ca t ions  a s  (1) i n  one l e s s  va r i ab le .  
Thus, a s o l u t i o n  technique i s  t o  i t e r a t i v e l y  sub t r ac t  t he  product of the  l a s t  

w i th  the column vec to r  (tfy cgi.. . ckOiek ) from the (modified) 
vec to r  (b ' b ' ... b s then comes b' f o r  the next s t ep ;  

i.e., new b' = (bl i  - elk ... bkOl1 - bkl C k-1 ,k) 

The algori thm por t ion  (exluding I/O and dec lara t ions)  i n  Algol might 
be: 

f o r  k := n s t e p  -1 u n t i l  2 & - 
f o r  i := k-1 s t e p  -1 u n t i l  1 - 

B [ i ]  := B [ i ]  - C[i,k] .* B[k]; 

The s o l u t i o n  i s  l e f t  i n  the  o r i g i n a l  constant  vec tor ,  B, 



A Bliss implementation (with da ta  s t ruc tu res  and s torage  a l l o c a t i o n  
spec i f i ed )  which mir rors  the Algol program a b w e  is: 

begin 
s t r u c t u r e  vec to r [ i ]  = .vector+,i  - 1;  
s t r u c t u r e  ar ray2[ i ,  j ] = [i*j ] .array2+(.i-1) *j+(. j-1) ; 

own vector  B[n], - 
array2 C[n,n]; 

, 
INPUT 

deer k from n to 2 
-C- 

decr i from .k-1 1 - 
B[.li] + .B[ . i ]  - .C[ . i ,  .k]* .B[.k]; . 

OUTPUT & LOOP . 
I. end - 9  

Now, note t h a t  the  above so lu t ion:  
(a) wastes space f o r  the known zero  and unity elements of the  co- 

e f f i c i e n t  matr ix;  
(b) thrashes considerably ( i f  n  i s  la rge)  i n  a  paged machine, f o r  

t h e  c o e f f i c i e n t  matr ix i s  accessed by columns i n  decreasing index 
order ,  but  i s  s tored  by row i n  increasing index order.  

It can be seen t h a t  replac ing  the array2 s t r u c t u r e  with: 

s t r u c t u r e  upperdiag[i, j = [i*(i-1)/2] .upperdiag + (. j-I)*(.  j-2)/2 + .i-1; 

and changing the  mapping of "C" from "array2" t o  "upperdiag" , modifies the 
program i n  such a way t h a t  i t  wastes no space f o r  the known constant  elements 
of "C1' and e l iminates  thrashing by accessing elements i n  the same column of 
the  c o e f f i c i e n t  matr ix contiguously. The log ica l  s torage  map of f igu re  1 may 
he lp  t o  see  t h i s :  

Figure 1 , 

The above change preserved the "algorithm portion1' of the program--it 
continues t o  appear much the  same a s  the  Algol algorithm--however, the increase  
i n  o v e r a l l  e f f i c i ency  i s  s i g n i f i c a n t  (presuming, for  the moment, t h a t  the  
s t r u c t u r e  mechanism i s  e f f i c i e n t ) .  The s impl ic i ty  with which the  change was 
accomp l i shed  ind ica te s  t h a t  "drawback (c) " has been removed. 



SUBSTRUCTURES 

Continuing t o  postpone the  e f f i c i ency  drawback, note t h a t  we would l i k e  
t o  use a subs t ruc tu re  on the  columns of the c o e f f i c i e n t  matr ix.  We know t h a t  
w i th in  the  inner  loop, each of the  elements i s  taken from the same column, and 
thus the  same m u l t i p l i c a t i o n  ((. j -1~(.3-2)/2)  i s  repeated f o r  each element i n  
the column. We can ind ica t e  t h i s  subs t ruc ture  i n  Bliss v i a  t h e  bind dec lara-  
t i o n .  This dec la ra t ion  i s  dynamic i n  the  sense t h a t  the  expression bound t o  i s  
evaluated a t  execution time, upon ent ry  of t h e  block i n  which the  bind occurs.  
For example; i n  

bind x=.y; - 
wherever x occurs i n  the block i n  which it i s  declared,  the  value of the 
con ten t s  of y w i l l  be considered i t s  address.  

The bind dec la ra t ion  allows i t s  symbol t o  be mapped i n  a manner s imi l a r  
t o  the  a l l o c a t i n g  dec la ra t ions .  Hence, we may wri te :  

bind ar ray2  X [ 7 , 9 ]  = .y+3; 
.-L---- 

This i n d i c a t e s  t o  the  compiler t h a t  the  name "X" s tands  f o r  the  address  which 
i s  the  contents  of y plus 3. I f  "X" i s  used a s  a s t r u c t u r e  access  i n  the  block 
i n  which the  bind occurs ,  t h i s  address i s  t o  be considered the  base of a 2- 
dimensional a r r ay  wi th  a t  most 7 rows and 9 columns ( the  semantics of t h e  
"array2" s t r u c t u r e  defined a b w e )  . 

Binding t h e  name ''COLUMNK" t o  the base of the  k th  column of "c" i n  the 
ou te r  loop i n  the  a b w e  program, w e  produce the  more e f f i c i e n t  and s l i g h t l y  
more i n t u i t i v e  program: c, 

beRr? s t r u c t u r e  dec la ra t ions  f o r  I) and C $ 
s t r u c t u r e  vec tor [ i ]=  . ~ e c t o r + ~ i - l  ; 
s t r u c t u r e  upperdiag[i,  j ]=[i*(i-l) /2]  

I 

g l o b a l  vec tor  B[n], 
upperdiag C[n,n]; 

(% Here we would begin the  outer  loop & t o  read  the  
c o e f f i c i e n t  matrix,  "C". 

Here we  would begin the  inner  loop t o  read ..the 
cons tant  vec to r ,  "B". (k 

decr  k from n 2 - 
begin 

bind vec tor  COLUMNK=C[l, ,k]; - 
deer i from .k-1 to 1 & - 

B[.i]+ .B[.i]-.COLUMNK[ .i]*.B[ .k); 
end - 

(k Here we would output o r  save the  so lu t ions  which have 
been left  i n  "B". Then we would continue the inner  
and outer  loops. $ 



EFFICIENCY 

Clea r ly ,  t he  e f f i c i e n c y  of s t r u c t u r e  access ing  mechanisms h ighly  a f f e c t s  - 
t h e i r  u t i l i t y  i n  a  language which i s  designed f o r  e f f i c i e n t  implementation, A 

3 
b r i e f  note  about t h e  compiler i s  necessary. The compiler f i r s t  breaks program 
t e x t  i n t o  "1e~emes'~--atomic symbols f o r  opera tors ,  reserved words, and i d e n t i -  
f i e r s .  The lexeme f o r  an i d e n t i f i e r  i s  unique wi th in  i t s  scope; hence, 

begin own b ;  begin own b ;  ... end; end;  

causes the  c r e a t i o n  of two d i f f e r e n t  lexemes f o r  "b". 
A s t r u c t u r e  access  may bes t  be understood a s  a  lexeme-stream macro 

s u b s t i t u t i o n  mechanism," where the  s t r u c t u r e  body de f ines  the lexeme-stream 
. (with d o t s  preceding formals removed). A t  a  s t r u c t u r e  access ,  t h e  a c t u a l  

parameters a r e  evaluated (code i s  produced f o r  t h e i r  eva lua t ion)  and t h e  incar -  
na t ion  a c t u a l s  a r e  r e t r i e v e d .  The compiler input  i s  then taken f r m  t h e  s t r u c -  
t u r e  lexeme-stream wi th '  a c t u a l s  subs t i t u t ed .  

Thus, under t he  a r ray2  s t r u c t u r e  above, 

w i l l  compile as i f  we had w r i t t e n  

which, because of compiler op t imiza t ion  w i l l  compile a s  i f  we had w r i t t e n  

which w i l l  genera te  t h ree  machine ins t ruc t ions!  The code compiled f o r  our 
example i s  included a s  an appendix. 

CONCLUSION 

Bliss f a c t o r s  the sepa ra t e  i s sues  of a l l o c a t i n g  s torage ,  binding names 
t o  addresses  and s t r u c t u r i n g  the  s torage  referenced by a  name. Although a l l  
a l l o c a t i n g  dec l a ra t ions  a l s o  bind names t o  the referenced s t o r e ,  names may be 
bound t o  addresses  dynamically v i a  t he  bind dec l a ra t ion  which presumes t h e  
s to rage  has  been a l l o c a t e d  f o r  t h e  contents  of t he  named s torage .  A name may 
be s t r u c t u r e d  using the  map dec l a ra t ion  independent of i t s  a l l o c a t i o n  and 
binding.  Because r e l a t i o n s h i p s  o f t en  do e x i s t  between these three  aspec ts  of 

, 
d a t a  s t ruc tu r ing - -a l loca t ing ,  binding and mapping--conmunication i s  allowed 
v i a  " incarna t ion  ac tua ls" ,  "s ize  expressions" and " incarna t ion  formals". 

Use of the  mapping, a l l o c a t i n g  dec l a ra t ions  i n  Bliss permits  t h e  ease  
of use of o ther  h igher - leve l  language dec l a ra t ions  ; t he  f ac to r ing  of the 
i s s u e s  of a l l o c a t i o n ,  binding and s t r u c t u r i n g  he lps  t o  separa te  the a c t i v i t i e s  
of d a t a  s t r u c t u r e  programming and algori thmic programing,  while  maintaining o r ,  
i n  f a c t ,  improving program e f f i c i ency ,  

*Structures  a resomet imes  more e f f i c i e n t l y  accessed a s  rou t ines .  The c u r r e n t  
(unsa t i s f ac to ry )  s o l u t i o n  i s  t o  cmp ' i l e  those s t r u c t u r e s  wi th  dec l a ra t ions  
(other  than  t h e i r  formal parameters) a s  rout ines .  .I 



1 The concept of the s t r u q t u r e  d e c l a r a t i o n  i? B l i s s  i s  due t o  W. A. Wulf , (1 who a long  wi th  A.  N. ~ a b e r n n n n '  end D. 8. R u s s ~ l l  designed Bljss. We a l s o  
wi th  t o  thank our co-irnplementors, J. Apperson and R e  Brender . 
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BEGIN 

% MUST BIND AN UPPER BOUND FOR M&TFUX DIM1ENSIa % 

BIND W 1 5 0 ;  

% S m  DECLARATIONS FOR B AND C % 

s- VECTOR[I]= .mcmR+.I-1;  
sTRUCrURE UPPERDIAG [ I ,  J] = [P (1-1) /21 . UPPERDUG+ ( J-1) * ( J-2) /2+/I-1; 

% HERE WE KWLD BEGIN THE OUTER SXX>P TO READ "THISN" (THE 
1 SIZE OF THIS ARRAY) AND THE COEEFICIENT MATRIX, "C". 

D E X X K F R O M * T H I S N T O 2 D O  
B S I N  

BIND VECTOR COLUMNK=C[1, .K] ; 
DECR I FFOM OK-1 TO 1 DO 

B [ . I ] + ~ B [ . I ] - . C O ~ [ ~ I ]  *.B[.K] ; 
EM); 

% HERE WE WMlID OUlPUT OR SAVE THE SOLUTIONS ViHICH HAVE 
B E m L E E T I N " B " .  T H E N W E m m I M I E T n E I N N E R A M )  
OVL;ER Imps. % 



LINE o m  LABEL OPaDE- 

Mow 
CAIGE 
JRST 
ADD 
mVE 
SWBI 
Mom 
SUBI 
IMUL 
ASH 
HRRZI 
J!4ovEM 
MOVE 
SUBI 
CAI= 
JRST 
MOVE 
ADD 
MOVE 
IMUL 
SUB 
I!xmJM 
SWA 
SUB 
SCUA 
smz 

REGISTER, ADDRESS (TNDEX REG) 
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BLISS DEBUG G I N G  SUPPORT 
~ ~ ~ = a r = = ~ ~ a ~ s r ~ a ~ r a a ~ ~ ~ ~ ~  

#+a**  V E R S I O N  T W O  C ) O O + *  

UM', A ,  WULF 
A P R I L  231  1 9 7 1  
MODIFIED 2 SEP 71 Y G  M A N U G l A N  

D D T  M A Y  BE USED T O  DEBUG P R O G R A M S  W R I T T E N  I N  B L I S S ,  HOWEVER,  
THE U S E  OF D D T  ALONE R E Q U l R E S  ' A  FAIRLY OETAILEO KNOWLEDGE QI: WE 
R U N - T I M E  REPRESENTATION OF B L I S S  P R O G R A M S  ( S T R U C T U R E  OP 
THE S T A C K ,  E T C . )  AND I S  NOT ESPECIALLY CONVENIENT, IN 
P A R T I C U L A R ,  DDT CANNOT EXPLOIT  ANY S P E e I A L  I N F O R M A T I O N  ABOUT 
THE S f R U C T U R E  OF THE OBJECT P R O G R A M e  THE S E R I O U S  B L I S S  P R O G R A M M E R  
1s WELL ADVISED TQ LEARN THE BLISS R U b f X M E  S T R U C T U R E  *a 
N E V E R T H E L E S S D  T H E R E  A R E  S T I L L  A NUMBER OF D E B U G G I N G  A I D S  
WHICH D D T  DOES NOT PROVIDE; I N  O R D E R  T O  IMPROVE T H E  SITUATION, 
A MODULE CALLED "HELPv HAS BEEN W R I T T E N  TQ AUGMENT THE F A C I L I T I E S  
aF D O T .  THIS MODULE M A Y  BE LOADED ( A L O N G  W I T H  DDTI WITH A N Y  
0iISS P R O G R A M  -a ALTHOUGH R E C Q M P I L A T I O N  OF YELP I S  NECESSARY 
IF T H E  USER IS NOT U S I N G  THE S T A N D A R D  B L I S S  SYSTEM REGISTERS, 
W E L P "  IS W R I T T E N  I N  BLISS AND THEREFORE ?HE F A C I L I T I E S R I B E D  BELO 
BELOW M A Y  BE CALLED D I R E C T L Y  F R O M  THE USERS SOURCE P R O G R A M  EVEN 
THOUGH THEY ARE P R I M A R I L Y  !N?ENDED F O R  USE P R O M  OD?, 

HOW T O  USE HELP 
m m r  r w  rrr rrrr 

i t T H E  R O U T I N E ( S )  T O  BE L O A D E D  NTH HELP MUST C O N T A I N  THE 
T I M E R  S W I T C H  I N  THE MODULE HEAD AND BE COMPILED W I T H  7% I T  SWITCH', 
WITHOUT I T  THE T I M E R  SWITCH IS I N G N O R E O  O U R l N G  CDMPILAfIQN AND, 
THEREFORE, M A Y  BE A PERMANENT P A R T  OF A MOOULE HEAD W I T H  N O  HARM', 

2 * THE HELP MODULE MUST NOT BE COMPILCD W ~ T H  I T ,  

3 t THE MODULE6 TO BC DEBUGGED MUST B t  LOADED W I T H  OD7 AND HELP 
SUCH THAT DDT I S  LOADED JUST ABOVE J O B D A Y  I N  THE LOW SEGMENT, F O R  E Y A M P C E ~  

( D E B  FOOIHCLP 
WORKS JUST F I N E *  

4 9 N O T E  T H A T  THE F I R S T  C O U R  W O R D S  oc E V E R Y  R O U T I N E  A R E  D E B U G G ~ N G  
OVERHEAD AND T H A T  A C T U A L  c o o t  FOR THE R O U I ~ N E  ~ T S C L F  STARTS A T  THE 
F I F T H  WORD,  T O  T R A C E  A CALL TO A P A R T I C U L A R  R O U T I N E ,  A B R E A K P O I N T  MUS? 
BE I N S E R T E D  AFTER WORD 4 OTHERWISE THE NECCESSARY HOUSEKEEPING DCJNL 

ANO THE S T A C K  WILL NOT BE SE? UP rOR PROPER TRACING; 
L I K E W I S E  THE ( L A S T ~ S I X ) T H  W O R D  TO c ~ ~ s t m o ~ r ) r n  waRn OF E A C H  ROUTINC 
ARE DEBUGGING OVERHEAD AND B R L ~ K P O N T S  INSERTED I N  THIS A R E A  
WILL G I V E  UNPREDICTABLE R E I U i T S ,  N O T E  THAT THCRE ARE NO RESTRICTIONS 
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C O N S i D E R  AN EXAMPLE: n X S T A K u  IS ONE OF THE ROUTINES 
P R O V I D E D  -- ITS EFFECT IS TO P R I N T  A DISPLAY OF THE 
USERS S T A C K ,  SHOWING THE R O U T I N E S  CALLED,  WHERE THEY WERE C C A L i E C  FROM,  THEIR A C T U A L  PARAMETERS,  AND T H E I R  LOCAL V A R I A B L E S .  
THE F Q R M A T  OF THIS DISPLAY W ~ L L  BE D E S C R I B E D  BCLOWa NOW, 
SUPPOSE Y O U  H A V E  A R O U T I N E  NAMED I t n u o w  AND y o u  S E T  A Dor 

B R E A K P O I N T  BY T Y P I N G :  

A T  S O Y E  LATER T I M E ,  WHEN YOUR P R O G R A M  IS R U N N I N G  A CALL WfLL 
B E  M A D E  ON T H U D ?  THE ~ R E A K P O I N ' I '  WILL O C C U R ,  AND DDY WILL 
T Y P E :  

A T  T H I S  P O I N T  Y O U  M A Y  DISPLAY THE CURRENT $ T A C K  B Y  USING 
f fXSTAKqq 4 N D  ENTERJNG I T  V I A  THE $ X  FEATURE w *  l E r  TYPE* 

[ B E  SURE T O  USE THE PROPER VALUE FOR "SREG" -- NORMALLY 
I T ' S  @ . I  AFTER THE O I S P L A Y  IS FINISHED YOUILL BE B A C K  
I N  D D T  AND M A Y  PROCEED V I A  AN 5 P ,  O R  00 WHATEVER E L S E  
SUITS YOUR F A N C Y ,  

AN A L T E R N A T I V E  TO THE EXAMPLE ABOVE IS T O  USE THE 
CONDI'IQNAL B R E A K P O I N T  FEATURE OF D O T ,  FOR EXAMPLEI SUPPOSE 

(- . -. Y O U  SET B R E A K P O I N T  #I A T  THUD B Y  T Y P I N G  

THUC+2$lB 

AND S E T  THE C O b D I f I O N A L  BREAKPOINT I N S T R U C T I O N  A T  S I B + &  
T O  THE SAME OLD PUSHJ:  

S18+1/ X X X X  PUSMJ SAEG, X S T A K  

NOW, AS SOON AS THE CALL O N  THUD IS MADE THE S T A C K  WILL 
A U T O M A T I C A L L Y  G E T  T H E  S T A C K  D I S P L A Y  w r  THEN TWC BREAKPOINT  WILL 
O C C U R ,  T H I S  MODE OF U S I N G  HELP 1s M O R E  USPFUL W I T H  SOME 
OF THE OTHER HELP ROUTINES TO BE DESCRIBCD BELOW, 

ALL OF THE GLOBAL R O U T I N E S  f N  HDLP HAVE N A M ~ S  OF THE 
F O R M :  

THAT IS, THEY ALL S T A R T  W I T H  THE LETTER " X "  FOLLOWED 
B Y  A FOUR CHARACTER NEHON1C4 COLLOWED BY A BLANK, A "Ctt 1 

A " e r ,  a R  A t f ~ t l .  ROUTINES uIin A co-MMQN 
~ t t 2 2 ~  ALL PERFORM THE SAME ~ U N C T I O N I  THE !5UrP!% DETERMINES C. WHAT HAPPENS AFTER THE F U N C T ~ O N  IS cOMPLE~E ' ,  IN PARTICULAR 
THE FOLLOWING TABLE S U M M E R ~ Z E S  THE MEANING OC ?HR V A R t O U S  
S U F F I X  L E T T E R S :  
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%CALL.  
X C A L L C  
XCALLB C XCALLP 

X A R E A  
X A R E A C  
X A R E A B  
X A R E A B  
XAREAP 

X A L T X  

THESE R O U T I N E S  D I S P L A Y ,  IN A FORMAT L I K E  THAT 
A B O V E  THE MOST RECENT R O U V N E  CALL,  ONE U S E F U L '  
A P P L I C A T I h l  OF THESE R O U T I N E S  IS T H A T  
OF T R A C I N G  THE E X E C U T X O N  OF ONE 
P A R T I C U L A R  ROUTINE', B Y  P L A C I N G  A C O N D I T I O N A L  
B R E A K P O I N T  AT THE MEAD OF THE R O U T I N E  T O  BE 
TRACED AND A U P U S H J  S R E G 4 ~ ~ ~ ~ ~ ~ v  XN THE 
A P P R O P R I A T E  CONDaBP L O C A T I O N  A T R A C E  Or THE 
R O U T I N E  W I T H  I T S  ACTUALS W I L L  BE O B T A I V E D a  

THESE R O U T I N E S  D I S P L A Y  A N U M B E R  ( C U R R E N T L Y  8 )  
OF CONTXGUOUS AREAS OF MEMORY I N  H A L F  WORD 
O C f  AL FORMAT: 
THE A R E A S  TO BE D I S P L A Y E D  A R E  D E F I N E D  
B Y  N I N E  TABLES CALLED X A R E A B ,  Y A R E A l r a r r r  
X A R E A B ,  E A C H  OF THESE T A B L E S  IS E I G H T  WORDS 
LONG - T H E  FORMAT O F  E A C Y  W O R D  IN T H E S E  
TABLES IS1 

, ~ * * ~ w ~ m ~ - m w m ~ m ~ U ~ + - m ~ ~ ) a m o ~ ~ ( . m a R I , m I R ( I  I 

! f ! 
! S X 2 E  I B A S E  1 
! . . 1 I 
, ~ ~ - ~ ~ ~ ~ ~ r m r w ~ r m r n + ~ - . c w w ~ ( r ~ w ~ ~ * w ~ - . ~ r ) ,  

I F  ONE OP THESE R O U T I N E S  IS ENTERED F R O M  
CONDITIQNAL B R E A K P O I N T  # N I  THEN T H E Y  W I L L  
P R I N T  THC R E G I O N S  DESCRIBED B Y  T H E  T A B L E  
~ ~ X A R E A N " ;  

I F r  FOR EXAMPLEI YOU WANT TO D I S P L A Y  
A FIVE-WORD R E G I O N  WHOSE B A S E  A D D R E S S  IS 
f t ~ ~ ~ ~ f t  E V F R Y  T !ME THE R O U T I N E  ' 'THUD' I S  
CALLED Y O U  Y f C H T  T Y P E 1  

T H U D i Z S l R  
B & B + l /  X X X X  PUSHJ S R E G r X A R E A P  
xAREAI/ X X X X  S I B G L O P  

THEN SIT B A C K  AND WATCH,  
T H I S  R O U T I N E  IS A G E N E R A L I E A T I O N  Or 
THE nSX'f  FEATURE O C  O D T  I N  THE SENSE T H A T  
IT P R O V I P E S  A N  I N T E R F A C E  BETWEEN ODT AND ANY 
R O U T I N E  W R I T T E N  I N  BLISS; I T  U O R R I E S  ABOUT 
A L L  THE MESSY D E T A I L S  OF S A V I N G  R E G I S T E R S ,  
E T C , ,  N E C E S S A R Y  TO GET F R O M  D O T  I N T O  A 
BLISS R O U T l N E  AND B A C K  A G A I N  WfTHOVT D E S T R O Y I N G  
T H I N G S  ALONG THE W A Y ;  THE ADDRESS OF THE 
BLISS R O U T ~ N E  f ' O  BE C A L L E D  IS S P E C I F I E D  B Y  
THE C O N T E N T S  OF ONE OF THE W O R O S I  X A L T X 0 r  
X A L T X L  .;, X A L ? X ~ ;  I F  X A L T X  I S  CALLED FROM 
CONDITIONAL B R E A K P O I N T  # N  (NIB IF DIRECT 
O R  E X P L I C I T  l t S Y N  CALL) THEN THC 
CONTENTS OC xALTXN WILL BE USED T O  S P E C I F Y  
THE R O U T I N Q  I'D BE CALLED,  

THE R O U T I N E  CALLED I N D I R E C T L Y  THROUGH 
X A L T X  IS EYPEC?ED TO RETURN A VALUP Or 0 8 1 4  O R  2 

THESE VALUES ARE INTERPRETED L I K E  T H E  
C a B ,  AND P ~ u P C I X S  RESPECTIVELY: 

6-5 
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THE FACILITIES DESCRIBED A B O V E  A R E  A P R E L I M I N A R Y  S E T  
W H I C H  WILL BE EXPANDED I N  THE CUIURE; I HOPE, NAY EXPECT, 

* Y ' 4 J ~ ~ ~ ~  OF HELP To SUGGEST A D D i T i O N A L  AND/OR R C V t S E D  
P E A T U P E S .  



HELP. BLI 

William A. Wulf 





HELPER 
( t U 0 0 9  V E R S I O N  T W O  ~ ~ O O O O  

I T H I S  MODULE C O N T A I N S  S E V E R A L  R O U T I N E S  W H I C H  M A Y  a €  LcIADEO W ~ T H  
I A N O R M A L  B L I S S  ~ O O W L E  T O  P R O V I D E  O E B U G C ~ N C  SUPPORT m- IT 
I PRESUMES T H A T  ' C D T c  I S  ALSO LOADEDI 
I 

3 1 W  0UFFLENCTM:lSI  
S U F F C B U F F L E N G T C 3 1  

~ W W  P B U F F j  ! P O I N T E R  I N T O  T H E  O U T P U T  BUFF 

M A C R O  E B U F ~ S  ( B u F F * B U F F L E N G T W ,  
BSUFF. BUFF43617>$c  
SIVRECS. R E G I S T E R  1 1 1 . 1 5 1 0 0  P u S Y ( S R E G ~ B , I )  W l d ! ~ E ( l * ~ I ~ l )  G T R  0 1 9 ,  
R E S R E G S e  Ic115100 P ~ P ( S R E ~ , # ~ ~ , I ) W H I L ~ ( ! * ~ ! ~ ~ ~ L S S  0 1 $ r  
S U B R E T ( L , V ) ~  I F  ~ ( L I < E , ~ ~ > L S S ( D O ~ E N D  AND#777777) T H E N  

C L ) * , ( L ) * ( V ) J % ,  
ERITERa S A V R E G S  1 s t  
L E A V E ( L L , V V ~ ~  R E S R E C S ~  S U B R E T ( L L # V V ) J  ,VREG $ 1  

S T R U C T U R E  SATCI,JI 8 I I * J ~ ( ~ S A T + * ~ * A R E A S ~ ~ F : * I J ~ < ~ I ~ ~ ) ~  
GLpBrL X A R E A ~ ~ X A R E A ~ I X ~ S E A Z ~ X A R E A S I  

X A R E A ~ ~ X A R E A ~ I X A R E A ~ ~ X ~ R E A ~ I  
XAREABEAREASZIJ  

B I k D  S A T  X A R E A S  8 X A R E A Q ;  

! F I X  UP T H E  S T A C K  THE W A Y  ~ E L P  EYPECTS I T  10 BEl  

C I ,  I N S U R E  THAT THE FREG I S  PROPERLY PUSHED ONTO THE 
ISTACK A T  T H E  B E G I N I N G  AND PDPPEO OFF AT THE END OF E V E R Y  
! R O U T I N E  A S  IT WAS I N  T H E  G O O D  OLD D A Y S ,  



R E G I S T E R  R I  

Rb0 1 ! T U R N  OFF H I G H  S E C  W R I T E  P R O T E C T  
CALL! ( R / s E l ' U W P h  
JRST (J,0)I ! H A L T  ON SETUWP E R R O R  

INCR I F R O M  , S T A R T  TO IFINISM - l 1  DO 
I F  , ( @ ! ) < l B t S 8 >  E Q t  # 5 5 1 ? 9 + # 1 2 + 5  AND @ ( @ ! + A )  E Q L  P u S H S ~ ~  

THEN I F  a ( @ I * 4 ) < 2 7 r 9 >  EQL #265  X J S P X  
THCN 

B E G I N  
( @ f l < 0 , 3 6 > c ~ b ~ H P ~ 4 1  
l J N T I L  ' , ' ( @ 1 ) < l 8 , 1 8 >  EQL 1 5 6 i * 9 * # 1 2 ? 5  D O  I b 1 I + $ ;  

IP ?(@i * I )  E O L  P u S W S ~ Z  
THEN (@Iml I<0 /36>*JRSTWPL61  

ENC 
ELSE 

BEG 1 N 
( c ~ ) < D ; ~ ~ > * J R s T H P L ~ ~  
( @ 1 + 2 ) ~ 0 , 3 6 > ~ ~ u S w S P ~  
( @ I * ~ ) < ~ , ~ ~ > * M R R ? F S J  
U N T I L  ','(P1)<I8~18> EQL # 5 6 1 ? 9 * # 1 2 + 5  D O  I*tI+I1 
I F  @ ( @ ! + l a  E Q L  P u s u S l 2  

THEN 
B E G I N  

( @ I - I ) ( @ ~ ~ Q > * J R S T H P L W  
( @ I + 4 ) ~ 0 , 3 6 > f l b P S F l  

EN0 
ENG 

1P , X  EQL O THEN 0 ELSE 
I F  , X  LEO ~ 1 2  T H E N  ,x+ri7 ELSE 
!F LEO # 4 4  THEN , % 4 1 2 6  E L S E  
I F  , X  PQL 1 4 5  THEN X i 6  E ~ S E  
t P  . X  EQL Y46 THEN X04 ELSE # 0 5 1  



R O u T r N E  8 5 0 T 6 ( X ) 1  
R E G I N  R E G I S T E R  R I  
X r . X  AND X377777777771 R e 0 1  
Q E C R  1 F R O M  5 70 0 DO 

C ( R e 0 R t ( - 6 ) J  R<30,6)*p50~6(,~ M O O  # 5 0 ) 1  X * , X  D f V  #50)1 
, R 
E N o r  

R O ~ J T I N E  RPNz 
t T H I S  R O U T I N E  MUST BE C Y A N G E D  FOR E A C H  V E R S I O N  OF D D T  r-  
! O R 8  B E T T E R  Y E T ,  DOT SHOULD BE CHANGED TO M A K E  THE M O S T  
! R E C E N T  B R E A K  P O I N T  NUMBER A V A I L A B L E ,  
R E G I N  B I N D  ~ C O K 3 8 1 1 5 3 6 ,  B i A ~ R @ Y 3 6 2 7 1  
t ( ( @ B C o ~ s = l )  AhD # 7 7 7 7 7 7 ) - ( ~ 1 A 0 ~ - 3 ) ) / 3  
€NO I 

ROIJTI NE S D D T S T  ( x 1s  
SECIN R E G I S T E R  R , N I  OWN ~ N I Z ~ I  Z t * E N + O I  
R ~ , J O B S Y M * O ;  N ~ t t l  
W I L E  (~..R+W2~000@2) L S S  0 D O  

IF ( @ @ R m , X )  LEQ 0 T H E N  
1F ( @ @ R - @ @ N )  C E O  0 WEN N*,RJ 

8 N m l  
END I 

ROI !T  T NE DUMP@ 
R E G I N  MACHOP C A L L I * # 4 7 1  R E G I S T E R  R I  
RhRUFFI C A L L ! ( R , # ~ ) I  R * B u F ~ L E N C T H X  
DO B u F F C ~ R ~ * Q  k W I L E  t R w 8 b 1 )  GBQ 01 
PBUFFtBBUFF 

C END 1 

R O U T I N E  INITHELP. (BUFFcf l l  D U M P ( ) ) !  

R O u T f N E  P U T ( X ) a  
I F  , X  NEQ O T H E N  

B E G I N  
I F  .PBUFr EQL THEN I N I T Y E L P O  ELSE 
I F  ,PBUFP GEQ EBuFV THEN D U Y P O I  
R E P L A C E I ( P B U I F I , X )  
END 1 

~ Q u Y ! N E  P R I N T 6 ( X ) a  
B EGIN L O C A L  L 1  
D E C R  ! FROM 3 7 0  0 D O  

(~*.%<30r6>1 % * 1 X 9 4 1  .L NEQ 0 THEN r U T t e ~ * # 4 0 ) ) !  
r N b t  

L/ 
ROYTINE P M O C f X I o  

B E G I N  LOCAL TI T * 0 4  
nECR I F R O M  11 T O  i DO 
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I F  . X < J * , I , 3 >  N E 3  T H E N  E X I T L O O P  (T*.I)I 
7EC4  I F R O M  I T  T O  @ 00 P J T ( " O " * # X < 3 @ a 1 1 3 > ) 1  
EN?  1 

9 0  ) T I N E  PDISP(X,r)r 
I F  . Y < 0 8 1 8 >  L S S  ( D D T E N D  A N D  # 7 7 7 7 7 7 )  THEN P M O C ( , X < B , l 8 > )  ELSF 
Q E C I N  LOCAL b l  
c ~ S O D T S T ( ~ X < ~ I ~ ~ > ) I  P R I N T s O ( @ O L ) I  
I F  ,T  AND ( L * ~ @ ( @ L * l ) + , X < 0 r l B ~  G T R  fl T H E N  

( P U T O q * " ) I  P M O C ~ , L ) ) I  
m?; 

RO'JTINE P W D 2 t X ) z I F  , X  GEQ !J T H E N  P d D ( e X )  E L S E  ( P U T t " - ' t ) I P M Q C ( m , X ) ) I  

q O ~ ~ r r r \ r c  P R G ( B A S E , F , T ) =  
t N C R  1 F R O M  , F  T O  e T  DO 

B E G W  
PMOC(,I)l P U T S ( " :  " ) I  P W ~ ~ ~ @ ( I B A S E + , I - I ) ) I  S P h l ( 4 ) I  
I F  NOT , 1  T H E N  ( C R L F O I  T A R O ) ;  
END;  

R O ~ T I N E  P R C ( F , C A L L E D ) g  
S E t I N  LOCAL N P , L P # C A L L E R I  
C A L L E R " , ( , F - ~ ) < O ~ ~ ~ > * ~ J  
v P *  I F  , ( @ ( , F - 1 ) 1 < 2 7 , 9 )  V E O  X 2 7 4  THEN Q E L S E  

I F  ,(@[,Fll)-2)<27,9> N E O  #261 T q E N  O E L S E  
, ( @ @ t , F * L ) ) < g p I 8 > ;  

L P ~  a F-1-  0 NP 1 
P D I S P ( ~ C A L L E D , L ) I  T A R O ?  P U T S ( " ( * " ) I  I F  ,CALLER V E G  *1 
THFhJ p D I S P t , C A L L E S , l ! l  P J T f " ) " ) !  
T A 9 0  j P H G (  , L P , l r  eNP!  1 
, C A L L E R < ~ , ~ ~ > + ~ N P ~ I B  
E N 9 1  

R O ! j ? !  NG P S T K c  
R E G I N  LOCAL F,CALLEDBVALILLBNLI 
V A L + , V R E G j  F.@@@FREGJ N L * Q ~ F R E G - . F - ~ I  L L * , F + ~ ~  
t ~ ~ ~ E D ~ , O ( . F = 1 ) - 1 ) < 0 , 1 8 > j  C R L F O I  
U N T I L  I C P L L E D < ~ , I ~ )  EQL Y777777 D O  

B E G I N  ~ ~ * r F * l l  C R L F I ? ]  
C A L L E D ~ P ~ C ( . F , . C P L L E O < ~ ~ ~ ~ ~ ) J  C R L F O I  T A B O I  P R G ( Q L L , I ~ , N L ) I  
U L ~ @ F - @ C F ~ , C A L L E D < ~ B , ~ ~ > - ~ I  
F*@@F I 
E N D 1  

, V A L  
e r ~ n r  3 



P E G I N  L O C A L  J , ~ , N , B N I  B N ~ B P N ( ) I C R L F ( ) I  
I N C R  1 F R O M  O T O  A R E A S ? - 1  D O  

B E G I N  BIND A R E A ~ , ' x A R F A S C , B W , , I ~ < Q I , ~ ~ > I  
C P L F O !  J ~ ~ X A F E A S C , B V , ~ I I < ~ ~ I ~ ~ > ~ N * ~ ~ ! I  
I F  A R E A  NEC fl T H E N  
D O ( C R L F ( I I P D I S P ( A R E A C ~ ~ J , ~ ~ ; P U T ( ~ ~ I ~ ~ ) ~ T A B )  P W D P ( F A R E A C . N I ) )  

~ H J L E  ( N @ , N + l ;  J * @ J - ~ )  G T R  0 )  
END; 

FNO; 

GL70hL R O U T I N E  x C A L L ( X ) = ( E Q T E R I  P F Y C O ;  L E A v E ( X * I , I ) ) ;  
G L 7 0 n L  R O U T I N E  x C A L L C ( ~ ) = ( E N T E R I  P F R c O ~  L E A V E ( X * 1 , 0 ) ) 1  
~ L ? B I L  R O U T I N E  X C A L L B ( X I = ( € N T E H ;  P F R c O ;  L E A V E t X * 1 , 1 ) ) J  
CLTBAL R O U T I N E  X C A I L P ( X ) : ( E N ? E R I  P F R C O I  L E A V E ( X + l , 2 ) ) 1  

ELPRAL R O U T I N E  X A R E A ( X ) = ~ E N T E R ~  P A R E A O I  L E A V E ( X + 1 , 1 ) ) 1  
OL?RIL ROUTINE X A R E A C ( X ) ~ ( E N T E Y ;  P A R E A O ;  L E A V E ( X + $ , ~ ) ) ;  
E L ? B d L  R O U T I N E  x A R E A E ( X ) = ( E N T E R I  P A R E A O J  L E A V E ( X + I , ~ ) ) ;  
~ L ~ B A L  R O U T I N E  x A ~ E A P ( X ) = ( E N T E R ;  P A Q E A ( 1 ;  L E A V E ( X + 1 , 2 ) ) 1  
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THE BLISS T I M E R  MODULE CONSISTS OP A S E T  OF ROUT!NCS 
WHICH ENABLE THE USER TO GATHER TIMING STATISTICS O N  B L l S S  
P R O G R A M S  D U R I N G  E X E C U T ) O N ' ,  THE TIMING S Y S T E M  C O N S I S T S  OF 
T H E  B L I S S  MODULE " T I M E R t '  AND THE M A C R O m 1 0  MODULE " T I ~ J I ! N T ~ ~ ' ,  

I N  ORDER FOR THE TIMING ROUTINES T O  FUNCTION, THE T f M L R  
R O U T I N E S  AND THE S Y S ~ E M  TO BE MONITORED MUST BE LOADED W I T H  
D O T  ( T H E  / D  S W I T C H  T O  THE LOADER, X D  SWITCH T O  CCL, OR THE 
DEBUG C O M M A N D  4LL ACCOMPLISH T H I S ) ;  A S S U M I N G  THE USCR 
WISHES 70 MODIFY  AN^ RECOMPILE H I S  M A I N  P R O C R A M  ( A  WAY ?O 
A V O I D  THIS IS DISCUSSEO BELOW) J HE MUST A D O !  

T O  HIS DECLARATIONS, AND THE CALLS I N  THIS M A N N E R 1  

< B E G I N N ~ N G  OF M A I N  P R O G R A M  > 

< M A I W  BODY OP M A I N  P R O G R A M  > 

< END O F  M A I N  P R O G R A M  > 

THE < B E C I N N I N O >  M A Y  INCLUDE S T A C K  I N I T I I L I i i A f l O N  f F  NOT 
DUNE IMPLICITLY B Y  THE S T A C K  DECLARATION I N  THE MODULE HEAD, 
PLUS ANY PROCESSING THE USER WISHES T O  DO B E F O R E  T I M I N G  
BEGINS, ALL CODE EXECUTED BETWEEN T f M S e T O  AND T I M E N D O  
W I L L  BE WONITORED: THE < m a >  M A Y  C O N T A I N  A N Y  OTHER 
PROCESSING, I N  P A R T ! C U L A R ~  THE <END> M A Y  CONTAIN CALLS ON 
THE OUTPUT R O U T I N E S  Dl3CUSSEP BELOW, 



I l - w m . . C I I I  T I M I N G  O U T P U T m m m m m * m -  

THE C O L L E C T E D  STATISTICS ARE S O R T E D  B Y  THE R E P O R T I N G  3 
R O U T I N E S  A N D  O U T P U T  I N  THE FOLLOWING FORM471 

LOST T I Y E  ***+**+* ***% 
M E T E R E D  T I M E  + * * * * * * a  r * *a% 

O V E R H E A D  R A T I O  * * * a %  

DEPTk i  OF' C A L L S  + w + u w  

STACK L E F T  oawaes* 

T a T A L  CALLS ****+##** 

N A M E  - - -CALLS- -  W - - R O U T I N E - -  - C U M U L A T I V E -  R T N  A V G  CUM i v t  
A A A A A A  *uau*+i+u * * e x  #+*+**+* *+uu**w * * i t %  UU*****U 44*0#+*** 

" L O S T  T I M E "  I S  THE PERCENTAGE OF T O T A L  E X E C U T I O N  T I M E  
T ~ A T  W A S  SPENT A C C U M U L A T I N G  S T A T I S T I C S ,  T H I S  IS P R O V I D E D  
FOR I N F O R M A T I O M  ONLY1 f T  DOES NOT INDICATE T H A T  T H E  A C T U A L  
FIGURES H A V E  AN E R R O R  INTRODUCED B Y  ?YE F A C T  THE ROUTINES 

3 
HAVE B E E N  T I M E D ,  

"METERED  TIME^ IS THE ACTUAL T I M E  SPENT I N  E X E C U T I N G  THE 
USEY'S C O D E ,  

" T O T A L  TIME!!  I S  THE SUM OF THE T W O  A B O V E  T I M E S  AND f S  
TNE T O T A L  E X E C U T I O N  T I M E  OF THE P R O G R A M  B E I N G  MEASURED,  F R O M  
THE RETURN F R O M  T I H S E T ~ )  T O  THE CALL O N  T I M E N D O ,  

w~~~~~~~~  RATIO^? IS THE PERCENTAGE B Y  w 1 e W  E X E C W ~ I O N  
T I M E  I N C R E A S E D  A S  A RESULT  O F  THE SYsTrn B E I N G  T I M E D ;  T H I S  
IS THE COST OF M A K I N G  THE MEASUREMENTS; 

"DEPTH OF C A L L S "  I S  THE nAXIMUY D E P T H  10 WnlCW C A L L S  
WERE D Y N A M I C A L L Y  NESTED6 

 STACK L E F T n  IS THE M I N I M U M  NUMBER OF WORDS 
( A P P R O X I M A T E L Y )  LEFT AT THE TOP OF T H E  S T A C K  A t  THE DEEPEST 
CALL, TO COMPUTE THE M A X I M U M  DEPT-H OF THE S T A C K 1  S U B T R A C T  
TqIS VALUE F R O M  YOUR S T A C K  SIZE8 

" T O T A L  CALLS"  IS THE T O T A L  NUMBER OF R O U T I N E  ENTRILS  
PERFORMED, 

3 
THE R E M A I N I N G  F i G U R E S  COME OUT T A ~ U L A T E D  I N  COLUMNS, AS > 

F3LLOWS: 

THE COLUMN C O N T A I N S  THE NAME OF T H E  BLISS R O U T I N E  
O R  F U N C T I O N .  

8-2, 



THE "CALLS" COLUMIJ C O N T A I N S  TNO F I G U R E S I  T H E  NUMBER OF' 
T I M E S  THE R O U T I N E  W A S  C A L L E D ,  AND T V E  PERCENTAGE OF THE 
T W A L  CALLS WHICH THIS CONSTITUTE3', 

T H E  " R O U T I N E w  C O i U n N  C O N T A I N S  TWO F I G U R E S 1  THE T O T A L  
AMOUNT OF T I M E  S P E N T  I N  THE R O U T I N E ,  E X C L U S I V E  OF I T S  
S U B U O U T I N E S  AND T H E  PERCENTAGE OF THE T O T A L  METERED T I M E  
W H I C H  T H I S  C O N S T ~ T U T E D ;  

TWE " C U M U L A T I V E "  COLUMN C O N T A I N S  TWO F l G U R E S l  THE T O T A L  
AYOUNT OF T I M E  S P E N T  I N  THE R O U T I N E ,  I N C L U D I N G  ALL ITS 
S U B R O U T I N E S  c w m n  M A Y  INCLUDE I T S E L F ) ,  A N D  THE P E R C E N T A C E  
OF TOTAL METERES T l M E  W H I C H  T H I S  C O N S T l T U T E D l  

THE " R T K  A V G M  T I M E  I S  THE R O U T I N E  T I M E  D I V I O E D  B Y  THE 
NUMBER OF CALLS1 THE " C U M  A V G w  T I M E  i S  T H E  C U M U L A T I V E  T I H E  
D I V I D E D  B Y  T H E  NUMBER OF CALLS. 

ALL T I ? l E S  G I V E N  ARE I N  wTICKS", WHERE A TICK I S  i 0  
VICHQSECONDS, 

T H E  OUTPUT M A Y  BE SORTED I N  A N Y  OF THE A V A I L A B L E  F I G U R E S  
STORED B Y  THE T I M E S O R T O  R O U T I N E 1  HOWEVER, SEVERAL S O R T S  A R E  
P R E - S P E C I F I E D  4 V D  I N C L U O E  O U T P U T T I N G  OF T H E  S O R T E D  D A T A #  
THESE A R E t  

T I ? I S T l  S O R T E D  B Y  NAMES,  A S C E N D I N G ,  

TIMST2 SORTED B Y  T O T A L  CALLS8 D E S C E N D I N G ,  

TIM ST^ S O R T E O  B Y  R O U T I N E  T I M E S ,  D E S C E N D I N G ,  

T I M S T 4  SORTED B Y  C U M U L A T I V E  TIMES, D E S C E N D I N G l  

T I n S T 5  S O R T E D  B Y  A V E R A G E  R o U T ~ N E  T I M E ,  DESCENDING: 

TIM ST^ SORTED B Y  A V E R A G E  C U M U L A T I V E  T I M E S ,  
DESCENDING' ,  

A L T H O U G H  T I M S T 7  DOES NOT APPEAR OBVJOUSLY USEFUL8 
CONSIDER T h E  PROBLEY OF F I N D I N G  O U T  WHICH M E M O R Y  AREAS ARE 
M O S T  H I G H L Y  ACCESSED I N  A S Y S T E M  R U N N I N G  O V  A P A G E D  MACHINE: 

T H E S E  R O U T I N E S  M A Y  BE CALLED F R O M  THE U S E R ' S  M A I N  
P R O G R A M  B Y  D E C L A R I N G  THEM " E X T E R N A L " r  OR F R O M  D O T  ( S E E  
BELOW 1 ,  

THE COLUMN DN WHICH THE O U T P U T  IS S O R T E D  1s I N D I C A T E D  BY 
A A S T E R I S K  A B O V E  THE COLUMN. N O T E  T H A T  THE N U M B E R  OF THE 
S Q R T  (1-6) C O R R E S P O N D S  T O  THE COLUMN P O S I T I O N  OF THE D A T A  
S O R T E D ,  

I N  A D D I T I O N  T O  TUESE R E P O R T I N G  R O U T I N E S ,  A ROUTINE 
v T I M A L L O t 9  I S  A V A I L A B L E  U H I C H  CALLS ALL THE T I M I N G  R E P O R T S  
(TIMST1-TIMST71 AS WELL AS THE L O C A L I Z A T I O N  REPORTS 
(TIMST8-TIMST9 CSEE B E L O W > ) ;  

8-3 



OUTPUT M A Y  BE D I R E C T E D  TO ?HE L I N E  PRINTER B Y  C A L L I N G  
THE R O U T I N E  t t T ~ f l ~ P T O t t ;  ALL FURTYER OUTPUT WILL BE C I R E C I E D  
T O  THE L I N E  P R I N T E R  i L P T )  U N T I L  R E D I R E C T E D  70 THE 7 T Y  B Y  A 
CALL T U  w T I Y T T Y ( ) V ,  T I M L P T O  SHCULD NOT BE CALLED UNT!L 
AFTER T I M E Q D O  I S  CALLED, T H E S E  TWO POUTINES M A Y  ALSO B E  
CALLED FROM DDT, 

A L L  I/O I Y  THE U S E R ' S  P R O G R A M  SHOULD BE C O R R E C T L Y  
T E R Y I N A T E D ,  S I N C E  A "CALL CSIXBIT / R E S E I / ~ "  UUO IS EXECUTED 
P R I O R  10 E A C H  P R I N T I N G ,  NOTE T F l S  A L S O  R E S E T S  JOBFF 1 0  
, JOBSA<18,18>  A V D  S E T S  THE W R I T E w P R O T E C T  Q I T  I N  THE H I G H  
SEGYEMT,  I F  ANY OF THESE H A V E  AN 'OVERSE EFFECT QN THE 
P R O G R A M  OR C A T A  B A S E ,  THEN P R I N T E R  C U T P U T  M A Y  W O T  BE USED; 

IF SPOOLING I S  I N  O P E R A T I O N ,  EACH S E T  OF STATISTICS 1s A 
S E P A R A T E  LISTING: 

THE CHANNEL USED FOR L P T  OUTPUT IS SPECIFIED B Y  A M A C R O  
IN T Y E  B E G I N N I N G  OF THE P R O G R A M '  I T  M A Y  BE CHANGED B Y  T H E  
USER ( S E E :  S f A N D A R O  MOBIFICATIONS)', 



T H E  T I M E R  MODULE CURRENTLY C O N T A I N S  I T S  OWN D A T A  A R E A S  
AS "OWN" S T R U C T U R E S ,  T H E  SIZES COMPI L E D  INTO I T  A T  T H E  
MOMENT M A Y  NOT BE S U I T A B L E  FOR ALL S Y S T E M S !  THEY M A Y  BE T O 0  
SbdPLL ( O R  E V E N  TOO L A A G E [ ) ' ,  1 A Y  E R R O R  OCCURS W H I L E  
R W N N I Y G  B E C A U S E  THESE AREAS ARE TOO SMALL1 A MESSAGE WILL BE 
OUTPUT I N D I C A T I N G  WHICH TABLE O V ~ R F L O W E S ,  THE TWO P A R I M E ' I E R S  
A9E M A C R O S  I N  THE FIRST FEW L I N E S  OF S O U R C E  P R O G R A M !  
" Y A X R T h "  IS THE N U M B E R  OF R O U T I N E S  W H I C H  C 4 N  BE T I M E D  ( E ' , G ' , ~  
IT CUHRE'NTLY IS S E T  TO "200"); I F  M O R E  THAN " M A X R T N f f  
R D U T I N E S  ARE I N  THE SYSTEM T O  BE TIMED, A MESSAGE W I L L  BE 
P R I N T E D  I N D I C A T I N G  HOW MANY APE R E Q U I R E D ,  THE VALUE OF 
" H A X R T N "  MUST BE CHANGED*  AND THE T I M E R  MODULE RECOMPILED; 
THE OTHER PARAMETER,  vMAXDEEP"r IYDICATES T H E  D E P T H  TO W H I C H  
R O U T I N E S  M A Y  B E  D Y N A M I C A L L Y  NESTED' ,  A S T A C K  IS U S E D  TO KEEP 
T R A C K  OF N E S T I N G ,  AND "MAXDEEP" D E C L A R E S  T H E  SIZE OF T H f S  
S T A C K ,  

IF DECLARED REGISTERS OR R E S E R V E D  R E G I S T E R S  A q C  USED B Y  
THE SYSTEM B E I N G  T I M E D ,  THEN T H E  MODULE H E A D  O F  T H E  T I M E R  
MODULE MUST BE ALTERED AND THE MODULE R E C O M P I L E D ,  

I F  T H E  SYSTEM BEING T E S T E D  I S  B E I N G  L O A D E D  W I T H  A H I G H  
SEGMENT ADDRESS OTHER T H A N  # 4 0 0 0 8 8 ,  THE M A C R O  " H J S E G A D  " MUST 
BE CHANCED T O  REFLECT T H I S ,  

IF THE L O C A L I Z A T I O N  MEASURES A R E  D E S I R E D  FOR B L O C K S  OF 
M E M O R Y  OTHER THAN 1 0 2 4  WQRDS I N  S I Z E  ( N O  LESS THAN T H I S ,  
H O M E V E R ) ,  THE M A C R O  ' ' C O R E B L O C K "  MUST BE CHANGED T O  REFLECT 
T H I S .  THE VALUE OF COREBLOCK IS N F O R  A BLOCK O F  S I Z E  2 + + N  
( € . G e t  1 E 2 4 =  2a*i04 SO C O R E B L O C K S ~ ~ ) ' ,  

T H L  CHANNEL NUMBER USED FOR L P T  O U T P U T  I S  #16@ T H I S  !S 
T Q  PREVENT CONFLICTS W I T H  THE D D T  P A T C ~  F I L E  110 WHICH U S E S  
CHANNEL NUMBER $17; I F  I T  IS D E S ~ R E D  TO CHANGE T H f S  
A S S I G N M E N T ,  C H A N G E  TAE M A C R O  uLPTCHNL'f  I N  THE B E C I N N l N G  OF 
THE HODULE AND R E C ~ M P I L E ;  



0al0i: I a N O N S T A N D A R D  M O D I F I C A T I O N S a m  
091283 
0?302 
0840d IF THE D E F A U L T  VALUES OF FREG,  SREG, AND V R E C  ARE NOT 
025iIQ USED, T H E N  THE YODWLE HEAD OF THE T I M E R  M 3 0 U ~ c  MUST B E  
8 @ 6 @ a  CHANGED T O  REFLECT T H I S ,  AND T H E  T I f l E p  MODULE REcOM?ILED: 
o a 7 o a  IN ADDITION, THE D E C L A R A T I O N S  IN THE M A C R O - i s  MODULE 
0080B ""TIMINT" MUST BE CHANGED TO REFLECT THE NEW VALUES,  AND T H I S  
0D9iJD MODULE REASSEMBLED' ,  
43100a 



T H E  P R O G R A M  Y A Y  NOT BE R E S T A R T E D  AFTER T I M S E T 0  IS 
ALLEDm THIS WILL BE FIXED WHENEVER THE L O A D E R  BUG W H I C H  
C C I D E N T L Y  O V E R L A Y S  "OWN" D A T A  ( I N S T E A D  OF L E A V I N G  I T  
E R O E D )  I S  F I X E D ;  

ANY R O U T I N E  W I T H  A NAME S I X  ( O R  M O R E )  C H A R A C T E R S  !N 
L E N G T H  WHOSE F t R S T  TYREE C H A R A C T E R S  ARE ' ' T I M *  WILL NOT BE 
T I M E D  E X P L I C I T L Y ,  T H I S  T E S T  I S  USED 7 0  DIFFEREWT!A 'TE 
R O U T I N E S '  OF THE T ' I M ~ N G  PACKAGE F R O M  THOSE OF T H E  USER; 
SHOULD THE USER HAVE ANY R O U T I N E S  JF T H I S  NATURE,  THE T I H E  
S P E N T  I N  THEM WILL BE CHARGED TO T H E I R  CALLER,  

IF D O T  IS USED T O  S T A R T  T H E  T I M I N G  OFF ( S E E  BELOW),  
B R E A K P O I N T S  MUST NOT BE PLACED AT ANY R O U T I N E  E N T R Y  P O t N ? S  
BEFORE T I M S E T 0  IS CALLEDT8 IF O N E  1 S  PLACED IN SUCH A 
P O S I T I O N ,  T H E  R O U T 1 N E  W I L L  NOT BE T I M E D  E X P L I C I T L Y l  BUT 
R A T H E R  AS DESCR 1 ~ E b  A B O V E  (FOR ''7 I M X X X "  ROUT I NES); 
E S P E C I A L L Y  ONE SHOULD NOT PLACE A B R E A K P O I N ~  A T  T H E  POPJ 
W H I C H  LEAVES THE R O U T I N E ;  THE S I D E  E F F E C T S  THIS COULD H I V E  
ARE T O O  H O R R I F Y I N G  T O  C O N T E M P L A T E ,  

THE HIGH SEGMENT USED MUST BE PRIVATE, S I N C E  THE 
T I M I N I T O  R O U T I N E  ( C A L L E D  B Y  P I M S E T O )  E X E R C I S E S  W R I T E  
P R I V I L E G E S  I N  T H E  Y I G H  SEGMENT.  

THE R O U T I N E S  K U S T  N O T  C O N T A I N   SPUR^ ous P O P J  INSTRUCT!  ONS 
(WHICH CAN BE GENERATED BY USE OF THE M A C H O P  F E A T U R E  IN 
BLISS), ONE,  A N D  O N L Y  ONE,  POPJ I S  P E R M I T T E D  I N  A ROUTINE: 

IF A M A C R O - 1 0  SUBPROGRAM IS U S E D ,  I T  MUST ADHERE T O  THE 
B L I S S  L I N N A G E  D I S C I P L I N E S  IF IT IS T O  B E  E X P L I C I T L Y  TIWED', 
I N  P A R T I C U L A R ,  IT M A Y  CONTAIN  O N L Y  ONE "PUSH S R E E , F R E G W  
I N S T R U C T I O N  W 1 TH A LABEL, E l f  HER I N T E R N A L ,  04 E X T E R N A L ;  
( N O T E  THAT SUCH I N S T R U C T I O N S  W I T H O U T  LABELS ATTATCHED ARE 
V A L I D ) ,  I T  YUST ALSO C O N T A I N  ONE AND ONLY ONE POPJ 
I N S T R U C T I O N  ( S E E  A B O V E  PESTRICTI ON); V I O L A T ~ O N  OF T H I S  RULE 
WILL RESULT I N  ABSOLUTELY U N P R E D I C T A B L E  BUT CERTAINLY 
I N C O R R E C T  B E H A V I O R  OF THE PROGRAM B E I N G  T I M E D ,  

THE L O C A T I O N  OF THE HIGH SEGMENT MUST NOT BE CHANGED i T  
RUN T I M E  W I T H  A C O R E  OR REMAP WUO I F  ANY R O U T I N E S  B E I N G  
TIMED A R E  I N  H ~ G H  SECPENT; ?HE CHANGE WILL N O ?  BE 
D E T E C T E D  B Y  THE T I M I N G  PACKAGE A N D  C O N F U S I O N  AND CATASTROPHE 
WILL ENSUE,  THE S I Z E  OF E I T H E R  ?WE LOW OR HIGH SEGMENT M A Y  
BE CHANGED, AS LONG 4 s  T H I S  DOES NOT QCSULT I N  C H A N G I N G  THE 
O R I G I N  OF THE WIGH SEGMENT; 

IF OUTPUT IS TO BE D I R E C T E D  TO THE L I N E  PRINTER, ALL I?O 
I N  I H E  U S E R ' S  P R O G R A M  MUST BE C O R R E C T L Y  TERMINATEDI  SINCE A 
"CALL CSIXBIT / R E $ E T ~ ~ ~  UUO IS EXECUTED P R I O R  T O  EACH 
P R I N T I N G ,  NOTE T H I S  ALSO RESETS JOBFF TO ; J O B S A < & B @ ~ B >  AND 
S E T S  THE WRITE-PROTEC? 0 1 7  I N  THE HIGH S E G M E N T ,  IF A N Y  OF 
THESE HAVE AN ADVERSE EFFECT ON THE P R O G R A M  O R  D A T A  B A S E #  
THEN PRINTER OUTPUT M A Y  NOT BE USED; 
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3 
THE T I M I N G  PACNAGE M A Y  BE CALLED FRQM D O T  ( R A T H E R  THAN 

3 

H A V I N G  T O  RE-ASSEMBLE TH E  M A I N  F R O G R A M  MODULE)  B Y  P L A C I N G  A 
B R E A K P O I N T  I N  T H E H A I N  P R O G R 4 M .  T a I S  B R E A K P O I N T  MUST BE S E T  
S O M E P L A C E  AFTER T H E  STACK HAS BEEN I N I T I A L I Z E D #  BUT B E F O R E  
T H E  F I R S T  CALL O N  A R O U T I N E  TO BE TIMED: THE C A L L  TO T I M S E T  
F R O M  D O T  M U S T  BE M A D E  F R O M  T H E  C O N T E X T  OF T H E  M A I N  PROCRAH', 
A B R E A K P O I Y T  MUST ALSO BE PLACEG SOMEWHERE I N  T H E  M A f N  
P S O G R A M  WHERE T I M I N G  IS TO CEASE', 4 G O O D  PLACE, FOR 
EXAMPLE, 'IS THE ''UUO 1 2 "  A T  THE END OF THE C O R E ,  

WHEN THE F I R S T  B R E A K P O I N T  IS REACHED,  T Y P E  " P U S H J  
T I M S E T B X " ,  T H I S  WlLL C A L L  T H E  T I M S E T O  R O U T I N E ,  U H E N  
C O N T R 3 L  RETURNS,  T Y P E  "$P"  TO P S O C E E D I  WHEN THE S E C O N D  
B R E 4 K P O I N T  IS REACHED, T Y P E  "PUSM J T I M E ! J D I X "  T 3  T E R M I N A T E  
T I M I N G ,  THIS WILL M A R G I N A L L Y  I N F L U E N C E  THE T I M I N G S  OF T M E  
MAW P R O G R A M ,  SINCE THE T I M E  SPENT IN O D 7  AFTER THE R E T U R N  
F R O M  T I W S E T  AND BEFORE T H E  CALL CF T I M E N D  ARE C H A R G E D  70 THE 
M A I N  P R O G R A M ,  

4FTER C O N T R 3 L  RETURNS FRQM THE SECOND PUSHJ,  T Y P E  "PUSHJ  
TIMST#BX" (WHERE # IS ONE OF THE NUMBERS 1-91 TO O B T A t N  
OUTPUT OF T H E  S T A T I S T I C S ,  A L T E R N A T I V E L Y ,  ONE M I G H T  T Y P E  
" P U S H J  r 1 M 4 i L $ X u  T O  O B T A I N  OUTPUT OF ALL T H E  S T A T I S T I C S ,  

T O  D I R E C T  OUTPUT T O  THE L I N E  P R I Y T E R ,  T Y P E  "PUSHJ  
T I M b P T B X q V ,  ALL OUTPUT WILL BE G I R E C T E D  TO T H E  L I N E  PRINTER 
U Y T I L  R E D I R E C T E O  T O  THE T T Y  B Y  "PUSHJ YIMTTYOX", THESE 

3 
CALLS SHOULD NOT BE G I V E N  U N T I L  T I M E N D O  HAS S E E N  CALLED; 

T O  A I D  I N  S E T T I N G  UP A PROGRAM T O  B E  T I M E D #  A " P A T C H  
F I L E w  HAY BE USED: T H I S  C O h T A I N S  ALL T H E  007 COMMANDS 
NECESSARY T O  S E T  UP T I M I N G ' ,  GENERALLY THESE C O N S I S T  O N L Y  OF 
S E T T I N G  UP BREAKPOINTS A N D  E X E C V T  ING THE I N I T I A ~ I ~ A T I o N  
COMMANDS, BUT Y O R E  COMPLEX O P E R A T I O N S  M A Y  BE N E C E S S A R Y ,  THE 
P R O T O C O L  BELOH SHOHS HQW T O  S E T  UP AND U S E  A P A T C H  F I L E !  

,MAKE P A T 1 , D D T  
& @ I \  DRIV,F+40B D R I V ' , F * ! ~ $ B  % G  PUSHJ TIMSETS% OP\$$  
* E X $ $  
E X I T  
t :: 

, G E T  DSK T I M I N G  
J O B  SETUP 
t C  

, D D T  

$ v l ,  P A T ~  . $ Y  O R  1 V', F4490 D R I v ,  F+5$B $ 6  
$ 1 B > > D R I V a F + 4  PUSMJ T I M S E T E X  

NOTE T H A T  AFTER T Y P l N G  s " , P P T ~ ' , S Y  T H E  C O M M A N O S  IN THE 
F I i E  A R E  T Y P E D  OUT AS I F  THEY HAD BEEN TYPED FROM THE T T Y ;  

8-8 
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06100 THE SY ( n Y A N K w )  C O M Y A N O  IS M O R E  FULLY QOCUMENTED I N  THE C m M U  
062P0 DDT MODIFIEATIONJ WRITEUP, IT IS RECOMMENDED T H A T  THE L A S T  
06380 C O M M A N D  I N  THE P I L E  BE S P ,  AND T H A T  T H E  CALLS T O  " T I M E N D "  
06400 AND THE REPORTING R O U T I N E S  BE PERrORMED FROM T H E  T T Y b  THE 
06500 M A I N  R E A S O N  FOR T H I S  IS T H A T  I F  DDT IS RE-ENTERED A T  ANY 
0660a P O I N T  BEFORE T Y E  D E S I R E D  B R E A K P O I N T  Q C C U R S ~  TME R E M A I N D E R  OF 
fl6780 THE FILE WILL B E  READ W I T H  U N D E S I R A B L E  SIDE E F F E C T S ,  
0680'9 



J 
THE T I M E R  IS R E A D  B Y  USE OF A CALL AC,CSIXBIT / R U N T I M I 1  

UUO, Y O D I F I E D  A C C O R D t N G  TO T H E  M E M O  C I R C U L A T E D  D E S C R I B I N G  
T q Z  H I G H - R E S O L U T I O N  T I M E R  I M P L E M E N T A T I O N  AT C m M U ,  I N  O R D E R  
T O  OPERATE C O R R E C T L Y  ON SYSTEMS WHICH 00  N O t  HAVE T H E  
HARDWARE AND SOFTWARE M 0 0 1 F f C A T I Q N S  PO9 THIS, THE " T I Y t N T ' f  
P R O G R A M  WILL qAVE TO BE CHANGED T O  T H E I R  S P E C I F I C A T I O N S ,  AS 
A W A R N I N G I  T H E  " J I F F Y  TIMER" OF THE S T A N D A R D  O E C  SOFTWARE 
HAS T O O  C O A R S E  A R E S O L U T I O N  (1/60 O R  1 / 5 a  OF A SECOND]  T O  
M A K E  T I ~ I N G  SHORT R O U T I N E S  P O S S I B L E ,  AND ALSO SUFFERS F R O M  
TdE F A C T  T H A T  I N T E R R U P T S  F R O M  D E V I C E S  GET C H A R G E D  TO T H E  
RUW?JING JOB, R E G A R D L E S S  OF WHLTHER THAT JOB GENERATED THE 
R E Q U E S T  OR hOT, 

ALL T I Y I N G  F I G U R E S  G I V E N  ARE I N  " T f C K S " ,  WHICH ARE j.0 
M I C R O S L C O N O S  E A C H ,  HENCE T H E  3 5 1 B I T  I N T E G E R  W H I C H  
R E P H L S E N T S  T I M E  C A N  COUNT 3 4 # 3 5 9 , 7 3 8 , 3 6 8  TICKS4 OR 3434597  
SECONDS,  MORE T H A N  ADEQUATE FOR A N Y  T I M I N G $  DONE,  

T Y E  T I M I N I T O  R O U T I N E  I S  CALLED F R O M  T I ? I S E T O  A N D  
P E R F O R M S  T h E  F O L L O W I N G  A C T I O N S !  1) 17  TURNS OFF T H E  
W R I l E - P R O T E C T  B I T  I N  THE Y I G H  SEGMENT! 2 )  I T  IMITIALIZPS 
C E R T A I N  COURTERS A N D  CREATES A N  E N T R Y  I N  THE T I M E  V E C T O R  F O R  
THE M A I N  P R O G R A M 1  3 )  SCANS T H E  DOT SYMBOL TABLE SEARCHING 
FOR R O U T I N E  NAMES ( A  NAME W H I C H  S ~ T I S F ~ E S  C E R T A . I N  C R I T E R I A ,  
B E S T  D I S C O V E R E D  B Y  E x A M I Y I N G  THE C O O E I I  4 1  C R E A T I N G  AN E N T R Y  
1 1  THE T I M E  VECTOR FOR EACH R O U T I W  FOUNDI 5 )  REPLACING T H E  
"PUSH S R E C , F R E G v  INSTRUCTION 4 7  THE B E G I N N I N G  OF E A C H  

3 
H O U T I N E  B Y  A "PUSUJ S R E C , T I M E N T "  l N S T R U C T I O N  AND E V E R Y  "POPJ 
S S E G r "  I N S T R U C T I O N  AT THE END B Y  A " J R S T  T I M E X ? "  
I N S T R U C T I O W :  AN3 F I Y A L L Y  6 )  I T  Q E S f O R E S  THE H I G H - S E G M E N T  
W R I l . E ~ P R O T E C 7  B I T  T O  f f S  P R E V I O U S  S T A T U S ,  

T H E  T I M I N G  UPON P O U T I N E  ENTRY I S  C A L C U L A T E D  A S  F O L L O W S I  

C R A B  T I M E R  (DONE I N  T I M E N 7 1  
COMPUTE LOST T t H E  
A D O  T I M E  I N C R E M E N T  T O  ALL A C T I V E  ROUTINES, TOTAL 

T I M E  
ADD T I M E  INCREMENT TO CURRENT R O U T I N E  T I M E  
PUSH T H E  NEWLY*ENIERED R O U T I N E  T I M E  V E C T O R  ON70 T Y E  

T I M E  $PACK 
ADD 1 T O  THE NUMBER OF CALLS 
GRAB T I M E R  ( A G A I N  DONE IN TIMEN?') 

THE T I M I N G  UPON R O U T l N E  E X I T  IS C A L C U L A T E D  AS FOLLOWS) 

GRAB T I M E R  (DONE I N  T I M E X T I  
COMPUTE LOST T f M E  
ADD T I M E  INCREMENT TO ALL A C T I V E  R O U T I N E S ~  T O T A L  

T I M E  
ADD T I M E  INCREMENT TO CURRENT R O U T I N E ' S  R O U T I N E  TIHE 
POP T H E  T I M E  VECTOR OF THE CURRENT R O U T I N E  

3 
G R A B  T I M E R  (DONE I N  t l M E X T 1  

L O S T  T I M E  IS THE T I M E  BETWEEN T H E  " C R A B  T I M E R "  B E G I N N I N G  
A T I M I N G  R O U T I N E  AND TI447 AT I T S  END; 

8-10 



061G70 THE T I M E  V E C T O R  IS THE TABLE C Q N T A ~ N I N C  ?'HE NAMES OF ALL 
06280 R O U T I N E S  I N  THE  SYSTEM^ AND ASEAS TO ACCUMULATE $TATISTlCS 
063am FOR T H E M ,  I T  IS CURRENTLY 6 WORDS PEP E N T R Y  TIMES THE C 06400 NUMBER OF E N T R I E S  ( M A X R T N )  I N  SIZE; 
06500 



L O C A L I Z A T I O N  M E A S U R E S  PROVIDE I N F O R M A T I O N  ABOUT THE 
D Y N A M I C  B E H A V I S R  OF P P R O G R A M  W I T H  R E C A Q D S  T O  ITS E X E C U T I O N  
W I T H I N  C E R T A I N  R E G I O N S  OF H E M O R Y  AND ITS D A T A  A C C E S S E S ,  THE 
T I H E R  P A C K A C E  CANNOT O B T A I N  STAfISTfCS ABOUT ITS B E H A V I O R  
W I T H  R E G A R D  T O  D A T A  A C C E S S E S ,  B U T  I T  C M O N I T O R  THE 
I N S T R U C T I O N  L O G A L I Z A T ~ O N ' ,  THESE MEASURES ARE USEFUL FOR 
D E T E R H I M  T H E  PROPER G R O U P I N G  OF R O U T I N E S  O R  MOOULES FOR 
P A G I N G  OP OVERLIYING: 

THE LOCALIZATION STATISTICS O B T C I C E D  A R E  SOWEWHAT 
A P P H O X I M A T E ,  S I N C E  T H E  R O U T I N E  IS A W A R E  ONLY OF THE ELOCK OF 
M E M O R Y  W H I C H  C O N T A I N S  THE R O U T I N E  E N T R Y  POINT, I F  THE 
HOUl I N E  CROSSES A BLOCK B O U N D A R Y ,  THIS SH@UCD COUNT A S  A 
B L O C K  CROSSING, B U T  DOES N O T ,  I T  WOULD BE HOPED T H A T  A 
BLISS V E R S I O N  FOR A PAGED PDP.18 WOULD HAVE A F A C I L I T Y  T O  
FORCE HOUTINES T O  THE N E X T  PAGE S O U N D A R Y ,  R A T H E R  THAN S P L I T  
THEM,  

THE L O C A L I Z A 1 ) O N  M O N I T O R  R E C O R D S  1) THE NUMBER OF T I M E S  
A BLOCK WAS E N T E R E D  ( A  R O U T I N E  N I T H I N  THE BLOCK WAS CALLED) 
F R O M  A O I F F E R E N T  BLOCK AND 2 )  T H E  NUMBER O f  TlMES A R O U T I N E  
W I T q I N  THE BLOCK CALLED A R O U T I N E  I N  A D I F F E R E N T  B L O C K ,  FROM 
THE R E M A I N D E R  OF THE T l M I N G  I N F O R M A T I O N ,  T H E  T O T A L  NUMBER OF 
C ~ L L S  W H I C H  W E R E  M A D E  T O  R O U T I N E S  wiww THE Y E M O R Y  B L O C K  
AND THE T I M E  S P E N T  IN THESE R O U T l Y E S  IS O B T A I N E D ,  A SUPPORT 
R O U T I N E  P R I N T S  OUT A P E M O R Y  M A P  LISTING TME R O U T I N E S  W I T H I N  
EACH BLOCK. M O R E  SOPHISTICATED A N A L Y S I S  IS POSSIBLE B Y  
E I T H E R  P R O G R A M  O R  HUMAN, 



THE L O C A L I Z A T I O N  OUTPUT C O N S I S T S  OF T W O  R O V T I N E S I  TIYST8 
A N D  TIMST9, WHICH Y A Y  BE CALLED F R O M  THE U S E R ' S  M A I N  P R O G R A M  
O R  V I A  ODT I N  T q E  SAME MANrJER T H A T  THE OTHER R E P O R T I N G  
R O U T I N E S  ARE C A L L E D  ( S E E  "USE F R C M  D D T w  A B O V E ) ,  

T I M S T B O  O U T P U T :  

BLOCK I N  GUT CALLS T I M E  
U W + ~ ~ U  u u u +  s w r * ~  ****** * * * * * a  

"BLOCK"  IS T H E  Y E P O R Y  A D D R E S S  OF THE M E M O R Y  B L O C K ,  I F  
NO T R A N S F E R S  I N  OUT WERE M A D E ,  T H E N  THIS IS THE ONLY 
I A F O R M A T I O N  ON T H E  LJNEl  

"INt' IS T H E  NUMBEQ OF CALLS M A D E  T O  R O U T I N E S  I N  T Q E  
B L O C K  F R O M  R O U T I N E S  OUTSIDE T H E  BLOCK; 

" O U T w  I S  T H E  NUMBES O F  CALLS MADE 70 R O U T I Y E S  OUTSIDE 
THE BLOCK F R O M  R O U T I N E S  NI'fHIN THE BLOCK,  

"CALLS" IS THE T O T A L  N U M B E R  OF CALLS MADE T O  ALL 
R O U T I W E S  W I T H I N  THE BLOCK, F R O M  ALL OTHER ROUT!N&S 
( v C A L L S w - N I N N  GIVES SOME M E A S U R E  OF THE I N T R A m B L O C K  
A C T I V I T Y ) ,  

" T I M E N  IS THE T O T A L  T I Y E  SPENT E X E C U T I N G  ALL R O U T I N P S  
W I T H I N  THE BLOCK', T H I S  !S THE SUM OF ALL  SOUT TINE^' T I Y E S  
F O R  THE R O U T I N E S  W I T H I N  THE  BLOCK'^ 

BLOCK R T N S  
*+**+* * u *  +**#** * +*#*** * * * * a *  

errrrr  r*.*re ETC',  

vtBLOCKw I S  T H E  M E M O R Y  ADDRESS OF THE M E M O R Y  BLOCK,  

l lRTNSv IS T H E  NAMES OF ALL R O l J T l N E S  CONTAINED 1 Y  ? H A T  
B L O C K ,  



T I M E V T :  A I L  R O U T l N E S  LINK T O  T H I S  R O U T I N E  UPON R O U T I N E  
E N T H Y ,  T H E  C L O C K  IS R E A D  AND I T S  VALUE IS P A S S E D  T O  
T I Y E I N O ' ,  ON R E T U R N  T O  T I M E N T  THE C L O C K  IS R E A D  
A G A I N  T9 PREVENT T H E  T I H E  S P E Y T  I N  7 %  T I M I N G  
R O U T I N E S  F R O M  B E I N G  COUNTED I N  THE R O U T I N E  TIMES',, 
T H I S  V A L E  I S  STORED I N  THE GLOBAL V A R I A B L E  
v ~ ~ ~ ~ e ~ s ;  T I M E N T  I S  CONTAINED I N  T I M I N T , M A C  A N D  
U S E S  14 WORDS,  

T I M E X T :  ALL R O U T I N E S  L I N K  TO THIS R O U T I N E  UPON R O W ' I ' I ~ ~ E  E X I T ' ,  
T H E  C L O C K  IS READ  A N D  ITS V A L U E  IS PASSED TO 
TIYEOUT(), ON RETURN TO T I M E X T  THE C L O C Y  IS W A D  
A G A I N  T O  PREVENT WE I S P E W  I N  THE TIMING 
R O U T I N E S  FROM B E I N G  COUNTED I N  T H E  R O U T I N E  TIMES; 
T H I S  VALUE I S  STORED I N  T H E  GLOBAL V A R I A B L E  
w ~ ~ ~ ~ ~ ~ v f ;  T I M E X T  IS C O N T A I N E D  I N  T I M I ~ J T , M A C  A N D  
U S E S  11 WORDS, 

T I V E I N :  THIS R 0 U T 1 V E  IS CALLED F R O M  T I M E t d T  AND IS P A S S E D  T H E  
S O U T I N E  ADDRESS ( P L U S  ONE) AND THE C U R R E N T  T I M E g @  
THE I N C R E M E N T  OF T I W E  S I N C E  THE C A S T  R E A D I N G  OF THE 
CLOCK I S  COMPUTED AND T I M A C C O  IS CALLED T O  ADD ! T  
TO ALL T Y E  C U M U L A T I V E  T I M E S  O f  ALL O U T S T A N D I N G  
ROUTINES; T H E  INCREMENT IS A L S O  A D D E D  T O  T Y E  
R O U T I N E  T I M E  OF T H E  C A L L I N G  ROUTINEI A T I M E  V E C T O R  
POINTER T O  THE TIME V E C T O R  OF T H E  CALLED R O U T I N E  f S  

3 
PUSHED ONTO T H E  T I M E  S T A C K  AND T H E  NUMBER O F  CALLS 
IS INCRE Y E N T E D ,  ASSORTED S T A T I S T I C S  ABOUT STACK 
DEPTH, NESTING D E P T H ,  4N3 B O U R b A R Y  CROSSINGS ARE 
OBTAINEO; U S E S  71 W O R D S ;  e u s  T S M A C C ,  T I M T R X ,  
T I M E R R ,  T I M L O C ;  

T 1 ME(1UT : T H I S  R O U T I N E  I S  C A L L E D  F R O M  T I M E X 7  A N D  IS 
P A S S E D  T H E  CURRENT T I M E ;  THE I N C R E M E N T  OF T I M E  
S I N C E  T H E  L A S T  R E A D I N G  OF THE C L O C K  I S  C O M P U T E D  AYD 
T I M A C C O  IS CALLED TO ADD I T  T O  THE C U M U L A T I V E  T I Y E S  
OF ALL O U T S T A N D I N G  ROUTINES; T H E  I N C R E M E N T  IS ALSO 
ADDED T O  THE ROUTINE TI M E  O F  THE CURRENT ROUTIN!?, 
THE T I V E  V E C T O R  P O I N T E R  OF THE CURRENT R O U T I N E  ! S  
POPPED FROM THE TIME S T A C K ;  USES 23  W O R D S ,  CALM 
T I M A C C ,  

T I M A C C :  THIS R o u T ~ Y E  IS CALLED F R O M  T I M E I N  AND T I M E O U T  AND 
I S  PASSED T H E  T I M E  I N C R E M E N T  T O  BE A D O E O ,  THIS 
I N C R E M E N T  I S  ADDED T O  THE C U M U L A T I V E  T I M E  OF A L L  
R O U T I N E S  POINTED TO B Y  POINTERS I N  THE TIME STACK, 
f A K I N G  C A R E  N O 1  T O  ADD ?HE VALUE T W I C E  TO R O U T I N E S  
CALLED R E C U R S I V E L Y ;  USES 26 WORDS1 

T I M L O C :  THIS R O U T I N E  19 CALLED 70 L O C A T E  THE T I M E  V E C T O R  OF 
THE R O U T I N E  B E I N G  CALLED', If RETURNS AS I T S  VALUE 

3 
THE INDEX OF T H I S  R O U T I N E  I N  T H E  TIMEVECTOR 
S T R U C T U R E ,  U S E S  B I N A R Y  SEARCH T E C C N I Q U E l  USES 2 5  
W O R D S ,  

T I M T R X :  T H I S  R O U T I N E  I S  CALLED FROM T I M E I N  T O  R E C O R D  
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BOUNDARY C R O S S I N G S ' ,  T4KE0S T W O  PARAMETERS,  THE 
ADDRESS OF THE C A L L E D  R O U T I N E  AND THE ADDRESS OF THE 
C A L L I N G  R O U T I N E ,  I F  THEY A R E  IN D I F F E R E N T  BLOCKS, A 
T R A N S I T I O N  OUT OF THE CALLERS B L O C K  AND ONE I N T O  THE 
CALLED BLOCK ARE RECORDED; USES 1 7  W O R D S ,  

I N I T I A L I Z A T I O N  R O U ~ I N E S ~  

TIMSET: CALLS T ! M I N ! T O ;  ON RETURN f T  READS T H E  C L O C K  A V D  
STORES THE VALUE I N  THE GLOBAL V A R I A B L E  "TIMPRE"', ,  
 HIS R O U T I N E  IS C O N T A I N E D  I N  T I Y I N T , M A C  AND USES 0 
W OQiIS, 

TIMINIT: THIS R O U T I N E  IS CALLED B y  T I M S E T ( ?  A Y D  
I N I T I A L I Z E S  T H E  SYSTEM B E I N G  TIMED, I T O B T A I N S  
W R I T E  P R ~ V ~ L E G E S  I N  THE H I G H  SEGMENT,  PREPARATORY TO 
P L A C I N G  TRAPS I N  THE R O U T I N E S ,  I T  THEN C S E A T E S  A 
D U Y M Y  E N T R Y  F O R  THE M A I N  P R O O R A M  (FROM W H I C H  f T  
ASSUMES 17 WAS CALLED)  SO WE M A I N  P R O G R A M  LOONS 
L I K E  A C A L L I N G  ROUTINE; S E V E R A L  COUNTERS AND 
S W I T C H E S  ARE I N I T I A L I F E ~ ;  T H E  D D T  S Y M B O L  TABLE f S  
SCANNED, AND EACH SYMBOL S E F E R R I N G  TO A L O C A T ~ O N  f N  
THE ADDRESS SPACE IS E X A V I N E D ,  I F  THE S Y M B O L  AND 
THE WORD I T  P O ~ N T S  TO S A T I S F Y  C E R T A I N  C R I T E R I A #  THE 
S Y Y B O L  I S  C O N S I D E R E D  A R O U T I N E  NAME; T I M F I X  I S  
CALLEO T O  P L A C E  ROU T I N E  E N T R Y l E X T t  T R A P S 1  AND AN 
ENTRY i N  T H C  T I M E V E C T O R  S T R U C T U R E  I S  CREATED',  
F I N A L L Y ,  THE OLD VALUE OF THE H I G H - S E G M E N T  
WRITE-PROTECT 817 IS RESET;  USES 1 7 9  WORDS', CALLS 
T I M F I X ,  TIMMAK, TIMSRC, T 1 ~ 5 0 x ;  

T I M F I X :  T H I S  R O U T I N E  IS CALLED FROM T I M I N I T  TO S E T  T ~ M I w G  
T R A P S  I N  THE ROUTINE', I T  I S  P A S S E D  T H R E E  
PARAMETERS! THE ADDRESS OF THE R O U T I N E f i  THE NAME OF 
THE ENTRYITRAP R O U T I N E I  AND THE N A Y €  OF THE 
E X I T - T R 4 P  ROUT~NE', THE C I R S T  I M S T R U C T l O N  I N  TuE 
R O U T I N E  IS REPLACED B Y  A "ClJSHJ (ENTRY R O U T I N E ) '  
I N S T R V C T I O N j  T H E  POPJ T E R M I N A T I N G  THE R O U T I N E  !S  
R E P L A C E D  B Y  A J R S T  <EX I T  R O U T I N E > "  INSTRUCT ION', 
USES 2 9  WORDS', 

T I M M A K :  THIS R O U T I N E  If CALLED TO CREATE A NEW ENTRY I N  THE 
T I M E V E C T O R  STRUCTUREl  i t  1 s  PASSED THE ADDRESS OF 
THE R O U T t N L  AND I T S  SIXBIT NAME, IF ADDING TH!S 
R O U T I N E  WQULD C A U S E  THE TIMEVECTOR S T R U C T U R E  T O  BE 
E X C E E D E D I  AN E R R O R  FLAG IS SET 4 N D  N O  ENTRY IS 
C R E A T E D ,  uses 33 W O R D S ,  

TIMSRC: T H I S  R O U T I N E  IS CALLED BY T I n I N l T  TO O B T A I N  THE NAME 
OF THE M A I N  P R O C R A M ' ,  I T  SEARCHES THC DOT SYMDOL 
TABLE FOR EXACT E Q U A L I T Y  OF I T S  PLRAMETER, USES 25 
WQRDS 

TIMSIX: TAKES A RADIx50 SYMBOL A DOT SYMBOL1 AND 
RETURNS 4S I t 9  VALUE THE S I Y B I T  NANEI R I G Q 7  
J U S T I F I E D ,  USES 25 WORDS; 

TIM506:  T A K E S  A R A D I X 9 0  C H A R A C T E R  AND C O N V E R T S  I T  T O  A 
S I X B I T  C H A R A C T E R ;  USES Z? Y o R D S ,  
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T E R M I N A T I O N  R D U T l N E S j  

T I M E N D :  R E A S S  THE C L O C K  AND CALLS T I M E O U T 0  T O  FINISH THE 
T I M I N G  OF THE M A I N  R O U T I N E ;  T H E N  C A L L S  T I M T O T I )  70 
F I N I S M  COMPUTATION OF C E R T A ~ N  VALUES', USES 7 

T I M T O T :  CALLED B Y  T i K E N D  TO COMPUTE A V E R A G E  T I M E S  FOR E A C H  
R O U T I N E .  ALSO C O W U T E S  T O T A L  E X E C U T I O N  T I M E  AND 
T O T A L  NUMBER OF CALLS,  U S E S  57  WORDS, 

R E P O R T I N G  R o U T I N E S I  

T I M L P T :  S E T S  THE L P T  S W I T C H  7 3  D I R E C T  OUTPUT TO T H E  L I N E  
P R I N T E R .  

TIMTTY: R E S E T S  T H E  L P T  SWITCH TO D l R E C T  O U T P U T  TO THE T T Y ;  

T I M W L P T :  C A L L E D  BY T I M P U T  TO W R l l E  A C H A R A C T E R  ON THE 
L P T ,  TYD PARAMETERS ARE PASSED1 A F U N C T I O N  CODE AND 
A C H A R A C T E R ,  THE F U N C T I O N  C3DES A R E 1  01 OPEN THE L P T  
AND W R I T E  T H E  CHARACTER G I V E N ' ,  I/ W R I T E  TWE 
C H A R A C T E R  GIVEN', 2 1  CLOSE T H E  LPT ( C H A R A C T E R  
IGNORED); USES 6 8  W O R D S ,  

T I M P U T :  W R I T E S  T H C  S I N G L E  CHARACTER PASSES TO I T  OW T Y E  L P T  
OR THE T T Y ,  A S  D I R E C T E D  BY THE L P T  SWITCW, USES i4 
W O R D S ,  

T I M S P U T  : W R I T E S  THE S T R I N G  PASSED 10 1 ( A S  
5 - C H A R A C T E R  GROUPS)  ON THE L P T  QR T T Y ,  V I A  TIMPUT', ,  
USES 37  W O R D S ,  

T I  MCRLF : W R I T E S  A C A R R ~ A C E - R E ~ U R N / L I N E - F E ~ : O  P A I R  ON 
T H E  OUTPUT D E V I C E ;  U S E S  10 W O R O S ,  

T I M T A B :  W R I T E S  A T A B  ON THE OUTP'JT D E V I C E ,  USES 7 WORDS; 

TIMPR6: W R I T E S  THE L E ~ ? ~ J U S T I F I E D  S I X B I T  CHARACTER S T R I N G  
G I V E N  ON THE OUTPUT DEVICE', USES 2 1  WORDS,  C A L L S  
T I M P U T ,  

TIMDE2: T H I S  R O U T I N E  IS CALLED T C  00 N U M E R I C  OUTPUT,  I T  !S 
P A S S E D  3 PARAMETER& THE NUMBER T O  OUTPUT, THE WxDTH 
70 3 U T P U T  l T ,  AND THE B A S E  TO CONVERT I T  B Y  ( 2 4 ~  
B A S E  < =  10); CALLS T f M D E 2  AND T t M P u T ' ,  USES 31 
W O R D S ,  

TIMDEC: T H I S  R O U T I N E  IS CALLED 70  DO DECIMAL OUTPUT,  I t  1 3  
P A S S E D  TWO PARAMETERSr THE VALUE AND THE WIDTH; 
CALLS TIMDCZ AND T I M P U T ;  USES 40 WORDS, 

T I M O C T I  T H I S  R O U T I N E  IS CALLED T O  D O  O C T A L  o u r p u t ;  I T  I S  
P A S S E D  TWO P A R A M E T E R S ,  THE VALUE AND THE WIDTH; 
CALLS T I M O E Z  AND TIMPUT, USES 4 0  W O R D S ,  



TIMHEZ: P U T S  OUT THE STATISTICAi ~ N F o R M A T I O N  ABOUT T O T A L  
P E R F O R M A N C E  A N D  I N D I V I D U A L  R O U T I N E  PERFORMANCE;. 
USES TIPIPUT, T I M S P U T r  TIYDEC, TIMPR6a TIMcRLF, 
T J n T A B ,  t l t I W i P f ,  USES 284  N O R D S ,  

TINSTI: S O R T S  D A T A  B Y  NAYE A N D  C A L L S  T I M R E P ,  USES T I M E S O R T  
AND TIMREZ; USES 1 2  WORDS; 

T I M S T Z :  S O R T S  D A T A  B y  C A L L S  AND C A L L S  T IMREZ,  U S E S  T I M E S O R T  
A N D  TIMRE?; USES 12 W O R D S ;  

TIwST3: SORTS D A T A  B Y  R O U T I N E  T I Y E  A N D  CALLS TIMREO',  U S E S  
T I H E S O R T  AND T I M R E 2 ,  U S E S  12 WORDS', 

T I M S T 4 :  S O R T S  D A T A  B Y  C U M U L A T I V E  T I M E  AND CALLS T I M ~ E Z ;  
USES T I M E S O R T  AND T I M R E 2 ,  U S E S  1 2  NORCIS, 

TIMSTS: S O R T S  3 A T A  B Y  A V E R A G E  R O J T I Y E  T I M E  AND CALLS T I M R E 2 ,  
USES TIMES O R T  A N D  T I M R E Z ' ,  USES 1 2  W O R D S ,  

T I M S T 6 :  S O R T S  D A T A  B Y  A V E R A G E  C U M U L A T I V E  T I M E  AND C A L L S  
T I M R E Z .  U S E S  T I M E S O R T  AN3 TIWREP, U S E S  1 2  W O R D S ;  

TIMST7: SQRIS D A T A  B Y  ADDRESS A Y D  C A L L S  T I M S E ~ ,  USES 
T I V E S O R T  A N D  T I M R E P ,  USES 1 2  W O R D S ,  

TIMST8: C A L L S  T T M S C N r  S P E C I F Y X N C  T l M T P P  AS THE PROCESSING 
R O U T I N E ,  USES 8 WORDS, 

T I M S T 9 :  CALLS T I M S C N ,  S P E C I F Y I ! i G  T I N P R T  AS '!'HE P R O C E S S I N G  
R O U T I N E ,  U S E S  0 N O R P S I  

T I M A L L :  CALLS T I M S T l  tnRu f I M S T 9 ' ,  USES 1 4  W O R D S ,  

TIMSCN: CALLS T I M E S O R T  TQ S O R T  D A T A  B Y  ADDRESSES,  SEQUENCES 
THRU WE A D D R E S S  SPACE IN B L O W S  OF 
2* *COREBLOCK,  C A L L I N G  THE REQUESTED R O U T I N E S  
( P A S S E D  B Y  ITS C A L L E R ) ,  USES T I M S P U I ,  T ! M C R L T ,  
T I M W L P T ,  U S E S  68  WORDS, 

T I M T R P :  FOR E A C H  C O R E  B L O C K  FOR WYlCH THERE I S  A T R A N S I T I O N  
I N  OR O U T ,  P R I N T  T H E  NUMBER OF EACH K I N D ,  T H E  T O T A L  
T I M E  SPENT IN THE B L O C K ,  AND 'THE T O T A L  NUMBER OF 
CALLS T O  R O U T I N E S  I N  T H E  BLOCK,  C A L L S  T I M S P U ? ,  
T I M D E C ,  T I M O C T 1  T I M C R L F ,  USES 7 9  WORDS, 

T I M P R T :  FOR E A C H  B L O C K 4  P R I N T S  OUT THE KAMES OF T H E  R D U T I N C S  
I N  T H A T  BLOCK',  USES T I H O C T ,  T I M T A B ,  T l M P R 6 ,  
TIMCRLF.  USES $0 WORDS,  

MISCELLANEOUS R Q U T ~ N E S ~  

T I M E S O R T  t SOF?TS ?HE T I M E V E C T O R  DATA BY C R E A T I N G  A 
S O R T E D  I N D E X  VECTOR INTO THE T I M E V E C T O R ,  THE SQRT 
F I E L D  IS S P E C I F I E D  B Y  ?HE PARAMETERS,  THE 5 
P A R A M E T E R S  RhQtJfREO A R E 1  i )  NUMBER OF ENTRIES TO BE 
S O R T E D ;  2 1  W H ! ~ H  WQRD OF THE T I M E V E C T O R  TO SORT QNI 
3 4 4 )  THE POSITION ( 3 )  AND S I t E  1 4 )  F i E L D  
SPECIFICATIONS OF THE B Y T E  OF THE WORD T O  SORT ON1  
5 )  THE D ~ R E C ? I O N  TO SORT' ,  TWF ALGOQITHM IS A 
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G E I Y E R A L I ~ A T I O N  OF F L O Y D l S  T R E E S G R T  3 ( A L G O R ~ T H M  245 ,  
C A C Y  D E C ,  1 9 6 4 1 ,  IT C 0 b l T A I N S  FOR 17s E X C L U S I V E  USE 
THE R O U T I N E S  T!MSIFT(Se W O R D S )  1 T I Y C Y P  t 3 a  WQRDS), 
T I M X F R  (li Y O R D S ) ,  T I H E Y C H  ( 1 9  W O R D S ) ,  T I M E S O R T  
ITSELF IS 53 HQSDS LONG, 

T I M S I V  1: S E E  T I M E S O R T ' , ,  

1 I M C Y P :  SEE TI MESORT' ,  

' T I M E M :  A G E Q E R A L  E R R O R I C A T C H E F ,  A N Y  E R R 0 2  D E T E C T E D  C A L L S  
T I M E R R !  P A S S I N G  IT A N  E R R O R  C O D E ,  T H E  CODE IS USED 
I N  A S E L E C T  E X P R E S S I O N  T O  CHOOSE THE APPROPR!A'?E 
A C T I O N ,  U S E S  4 8  W O R G S ,  
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