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ABSTRACT

The design and implem entation of ar  i n t e r a c t i v e,
i n c r em e n t a l  a s sembly  sy s t e m  on ~n INTEL 80 8 0—ba sed
m i c r o c o m p u t e r  has been descr ibed.  I n s t e a d  of
r e q u i r i n g  separa te  e d i tin g ,  a s s emb l i n g  a n d  d e b u g g i n c
steps , the sy st em a llows entry , t r a n s lat i o n  an I  e r ro r
checking simultaneously. The implementa t i - n  is

comprised of an iate;rated set o~ mo&iles which

assemble  and  e x e c u t e  the  source code.  The des igi~
goals , sc iu t ion s , and recommenda tions ~cr fu r t .~er
expansion of the system have been presented . The

system was im~plem ented in ?L/M for use in ~
diskette—based environmen t.
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I. 
~~~~Q2U~~~Q~

Th e s o f t w a r e  deve lopm en t  process typically has been a
sequence  of th ree  steps.  F i r s t  the user would  c r e a te  his
p r o g r a m  on some m a c h i n e  r e a d ab l e  m e d i u m .  Secondly he woul d
assemble  cr compile  h is  source code , goi ng back to step one
as n e e d e d  to correct s y n t a x  e r ro r s  un t i l  a success fu l
assembly  cr compi l a t i on  was achieved . The th i rd  s tep  iould
i n v o l v e  debugg ing  and r u n n i n g  t he  r e s u l t a n t  object  code f:on
t h e  assembly  or co~up i la t ion.  Of course , if there  w e r e  any
p rog ra m e r ro rs  detected in the  f i n a l  s tep  the user  would
have  to r e t r ea t  to step one and repeat t h e  e n t i re  pr ocess
un t i l  he was satisfied that his program would perform in the

manner for which it was created.

During this typ ical three step process, the earliest

point at which the user had any feedback from the computer

as to the correctness  of the synta x of his source code was

a t  c omp le t i c n  of the f i r s t  a t t e m p t  at  conp i la t i cn  or
assembly. The user had no id ea at al l  as to how h i s  p r o g r a m
would execute until a complete assembly or compilation had

been achieved.

Ass~~mb lv System for Interactive Development (ASID) ~as
an attempt to demonstrate that the us~~t could begin to j
receive information regarding his source progra~ at ~he

earliest practica l point. Not only coul~ the us -e r receive

imm ediate feedback concerning the correctness of the syntax

of each program sentence , but it has been shown that he can

receive much helpful information conc~ rnina the lcgical

construction of his program at the same ti~’ie.

Q
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II. DECREASING SOFTW AR E DEVELOPMENT TIME

A. PHYSIOLOGICAL WE~~ NESSES OF THE HUN~ N BEING

The designer of an effective man—machine interface must

be aware of the basic weaknesses of the human physiology as

it affects the man— machine relationship. The designer

should also accoun t for the differences in experience levels

among the user population .

The computer , with its capability for exact recall over

potentially infinite periods of time , should be used to aid

the user in reconstructing events which he can not recall

precisely. Anothe r important factor is anxiety in the user.

The machine must respond with some sort of signal , either

aud io or visual, to reassure the user tha t it is workin g for
him. Without this periodic reassurance , the user can beco~ie

perplexed and lose his train of thought.

User attitude can also affect the man—machine interface .

Flexibility in the interface , allowing the experienced user

to take shortcuts or providing optional verbosity f o r  the

inexperienced user , caa help to promote a more relaxed

atmosphere which is conducive to the high level of

concentration need ed to develop and debug programs.

10
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B.  DEBU GGING TIM

I
Once the user has established ~n interface with the

machine and begins to use the computer to perform tasks, the

machine should - aid the user during all phases of the

software development process. If the user determines that

the tasks given the machine were not performed properly or

the machine determines that it does not know what the ta~~k

given to it means , then the computer should respond with a

set of helpful notices . That is, the machine must ai~ the

user in determining why the specific task was not performed

or why the task was not performed properly. This function

is collectively called debugg ing and separates into two

sections. The first portion is concerned with eliminatin g

assembly/comFile time errors or syntax errors. The computer

is generally quite profi cient at detecting and alerting the

use: to misuses of the input language.

The seccnd part of debugging has to do with run—ti m e or
111og1c 1 errors. These errors manifest themselves as

unexpected results from execution of the cbject prcaraa .

The aachine is not proficient at locating errors of this

type unless the machine or opera ting system is put into an

abnormal state, i.e. attempting to execute a data area.

Controlled execution monitors (debuggers) are t h e  most

effective tcols with which to confront logic or run—ti ne

errors.

Some of the most common run—time errors that occur are

grouped into the following categories: 1) initializaticn , 2)

a d d r e s s i n g ,  3 ) r e f e r en c i n g ,  4) c o u n t i ng  a n d  calculating , 5)

nasking dnd comparing, 6) e s t i m a t i o n  of t h e  r a n g e  of l im i t s ,

7) ordering cf code [ R e f .  1 ] .

71
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III. I~ E COMPUTER AS AN f~ID TO SOFTWARE DEVELOPMENT

A. INTERACTIVE MA N MACHINE INTERFACE

If a user is to make efficient use of his time while

utilizing a computer system , the system must be designed

with the reeds of the user in mind. Perhaps one of the best

statements of the recognition that considerable attention

should be given to the user co’iies from Dr. James Martin of

the IBil Systems Research Institute:

I n c r e a s i ng l y . .  ., man must become the prime focus of the
system design. The computer is ther~ to serve him , to
ontain information for h~ e and to help h~ m do his job. The
ease with which he communicates with ~t will determine theextent to which he uses it. Whethe r or not h C  uses it
powerf ully will depen d unon the ma n—m ach~ ne lancuagc
available to him and how well he is able to understand
it.”

Thus a system should interact with the user. ~ut how

does one discover the “best ” method for designing an

interactive system? Can the user simply be asked w h e t  he

would like to have happen when he sits down at a terminal?

Apparently nct , according to several recent writers on the

subject . Further , quite contrary to popular opinion ,

“arm chair ” intuitive desica techniques have not provided a

sufficient basis for system designers to use 
~ 

Ref. 2 ].

One approach is to allow the interface between the man and

the machine to be alterable by the user under operatinc

conditions withou t the necessity for repro cramm in~ the

system ( R-ef . 2 ). Therefore the user interface is

origir~~lly coded with the capability for making -1iffe ren~ ia1

_
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responses  tc  a v a r i e t y  of users  u n d e r  a w i d e  r a n g e  of

c o n d i t i o n s .  This  gives  t h e  in t e r a~~t i v e  sys t em i n t e r f a c e

flexibility. The question then becomes now much flexibility

is r e q u i r e d  by t h e  user.

1. 
~~~t2~X

T h e r e  are th ree  k inds  of i n t e r a c t i v e  h i g h — l e v e l
la n g u a g e  sys tems : 1) i n t e r a c t i v e  c o m p i l a t i o n  s y s t em s ,
2) interactive interpretation systems , 3) interactive direct

e x e c u t i o n  s y s t em s  [ Ref. 3 ]. The general nature of these

categories of interactive systems is shown in Table I.

An interactive compilation system is an interactive

h i g h — l e v e l  l a n g u a g e sys t em in w h i c h  a c o m p i l e r  is e m p l o y e d .

Table  I l ists t h r e e  t ypes .  The t y p e  1 (a)  sys tem a l l o w s  the

source  code to be i n p u t  at a t e r m i n a l  and a tex t  e d i tor  is

a v a i l a b l e  fo r  m a k i n g  changes  and  cor rec t ions .  A f t e r  t he
entir e sov~rce is entered , the c omp i l e r  is ca l l ed  to
translate the source code into a block of machine cc~ e.

During comp ilation , the syntax of the source code is checked

and  the  s y n t a x  e r ro r  messages  are l a t e r  p r i n t e d  o u t .  If
compilation is successful , t h e  m a c h i n e  code is l o a d ed  i n to

memory and executed. This entire process is repeate d until

the program is completely debugged of syntax or compilation

t i m e  er:crs.  Not e t ha t  t h e  level  of i n t e r a c t i o n  is limit-e d

such t h at  t h e  user  mus t  s u bm i t  his  e n t i r e  p r o g r am  to  t h e

transla tor before he receives any f eedback .

13 
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TABLE I

Types of Interactive High—Level Language Systems

1. In~~~~~~~~~ ~~~~~~~~~~ 2a ~~~~~~~~
Type 1 (a): inputinq arid text editing the entire source

cod e,

compiling and syntax checking the en t i re
source code ,

executing tee object code . 
-

Type 1 (b): inputing and text editing the entire source

code,

syntax checking the ~~~~~re source code ,

com p i l i n g  th e  ~~ t i~ e so ur ce code ,
executing the object code.

Type 1 (c): inputing and text editing and syntax checking

each line of source code.

compiling the accumulated source code ,

executing the accumulated source code.

2. I nt e r a c tiv e  Int e r~~~et a tio n S!stetn s

Type 2 (a): imputing and editing the e n t i r e  source code ,
int erpreting and syntax checking the entire

source code.

Type 2(b): tnputing and text editing each l ine of mource

cod e ,
interpretin g and syntax checkin~ a 1~~ e of

source code,

3. Interacti!e 
~~~~~~~~~~~~~~~~ 

Sistems

Type 3 (a): imputing each ~~~bol of source code ,

syn tax checking and executing the sImbol,

tex t editing the symb2l and the code if in

error.

14
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The t y p e  1 (b) sys tem is s i m i l a r  to the t y p e  1 (a)
sys tem excep t  tha t  the  t y p e  1 (b)  emp loys  a s y n t a x
interpreter for sy ntax checking before compilation . In this

system syntax errors could be detected by the computer and

corrected by the user prior to the first attempt at

compilation. In some compilers syntax checking is

acccmplished as the first pass of the comp ilation . This is

an improvement in the amount of inte raction allowed of the

user because most syntax errors would be found pricr to

• calling in the compiler. The entire program creation

process should require less time. However , the user has no

o p p o r tu n i t y  to interact  w i t h  r e g a r d  to s y n t a x  error
co r r ec t i on  un t i l  a f t e r  he has  t y p e d  in h is  en t i r e  p r o g r a m
and started the syntax checker.

The type 1 (c) system interacts with the user at the

level of one line. As each line of the source is entered ,

it is syntax checked and then put into the text fji~ .

Whenever the use r wishes to execute the source code in the

text file, the source code i~ then comp iled , linke~ and

executed. Alternatively, each line of the scurce code could

be entered , syntax checked and comp iled , a n d  then p laced  in

the text file.

An interactive interpretation system is an

interactive high level language system in wh icn an

i n t e r p r e t e r  is em p l o y e d .  The  hig h— level l a n g u a g e  is the
programming language. There is neither compilaticn nor

assembly. The user writes only high—level language

prc gram s.

Two t y p e s  are shown in Table I .  The type  2 (a)  s y s t e r n
allows the source code to be entered on the terminal and a

text editor is available for making changes and corrections

as the source code is being typed on the terminal. A f t e r

15
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the  en t i r e  source code is t y p ed , the i n t e r p r e t e r  is called
to check s y n t a x  and i n t e rp r e t  t h e  source . It is
concep tua l ly  s impl e, bu t  t h e  u n i t  of i n t e rac t ion  w i t h  t h i s
t y p e  of sys t em is again  t h e  e n t i r e  source  code.

The t ype  2 (b) sys tem is s i m i l a r  to the  t y p e  2 ( a )
system except tha t e n t e r i n g ,  s y n t a x  check ing  and
interpreting are carried out one line at a time. P~s a

result this system provides more interaction between the

user and the system.

An i n t e r a c t i v e  direct  e x e cu t i o n  s y s t e m  is an
i n t e r a c t i v e  hig h l eve l  l a n g u a g e  sys tem in  which  a d i rec t
execu t ion  i n t e r p r e ter is e m p lo yed.  As i n d i c a t e d  in Tab le  I ,
as each symbol of the source code is being en tered at th~
terminal , the symbol is syntax checked and executed. This

is ac co m pl i shed b y t h e  “ i n t e r p re t i v e  d i r ec t  execu t ion  loop. ”
An error message is printed out when an error is detected .

The r e wo u ld be no “error s n o w b a l l i n g ” as could happen  d u r i n a
a compilation rtm , whereby the compiler erroneously detects

errors in following statements that a:~ in fact

syntactically correct. This process of symbol—by—sy m ool

typing , checking and execution gives a m axim um interaction

between the user and the system.

The interactive direct—execution sy5tem also assists

/ t he  user in debu gg ing  logical errors by s h ow i n c  t h e  p a r t i a l
resul t  w h e n e v e r  it is r e q u e s t e d .  It also a l l o w s  t h e  u s e r  to

c c m m a n d  t he  s y s t e m  to execu te  the  ac c u i nu l a t ~ d so u:c~ code

from the beginning and to display the result at sr~ cifi .ed

places. When the source code is completely enter ed , it

could have already run once and could have been partially

dehugged. As with the interactive interpreter syst -em , the

user writes only high level language software. The system

could be ~es±gned so that once the source code is de~’ugge ~ ,

it could t h e r .  be r u n  w i t h o u t  a n y  f u r t h e r  s y n t a x  c n e ck i r i g in

16
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order to speed up the execution. It is conce ivab le  t h a t  the
system could be designed so that it  serves as a m e a n s  for
one to learn the high level l an g u a g e  a f t e r  a m i n i m u m  a m o u n t
of reading or instruction.

2. Incremental Translation and Execution as Aids to

~~g n 2

Referring to the conventional three—step software

development process mentioned in the introduction , the

authors suggest that the syntax checking process an d  t h e

first pass of the assembly or compilation could easily be

accomplished concurrently with step one , initial program

i n p u t . The sav ings  in t i m e  prior to comple t ing  t h e  f i r s t
successfu l  assembly or compi l a t ion  should  be s i g ni f i c a n t .
Sncwballing or cascading of syntax errors as is so common in

many language processors could be all but eliminated. If

t h e  user were u t i l i z i n g  a dedica ted  c o m p u t er  h a r d w a r e  sy st em
such as one of the increasingly popular microcomputer

development systems, t hen the CPU would be asked to perform

more  work  in the  same t i m e  f r a m e  t h a n  when  o n l y  a tex
editor is used for program creation.

The n~ost ob vious i m p r o v e m e n t  is tn at  t h e  user  has
continuous assurance tha t the work he has done is inie-~d

syntactically correct . If an error is detected i t  is
corrected b e f o r e  proceed ing.

A much more powerful extension of incrernent al

process ing  is to execu te  each e x e c u t a b l e  segment  of t h e
program as it is successfully parsed. Obviously some

restrictions would have to be m ade on this increm enta l

execution. A call to a non—exi stant subroutine woul d not be

allowed. Th~ logic that was to determine wheth er the

subrouti ne ~as ‘0 be called or not could be verified ,

17
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though. The display of intermediate results at the

termination o~ each incremental execution would give the

user a fairly detailed view of the logical flow of his

program. All of this is still happening at step one of the

conventional development cycle.

3. State  Qf The Art A~~~roaches

a. CAPS

An example of an interactive diagnostic

compiler—interpreter system is CAPS which is in use at th~
U n i v e r s i t y  of I l l inois  at U r b a n a — C h a m p a i g n  ~ R e f .  4 J . It

allows beginning programmers to prepare , debug and execute

fairly simple programs at a graphics display terminal.

Complete syntax checking and most semantic analysis is

p e r f o rm e d  as the program is entered and as  it is

subsequen tly edited. Analysis by the system is performed

character by character . • k  r emarkable feature of CAPS is ins

ability to automatically dia gnose errors both at compile

t im e  and at  run  t ime .  Errors  are not  a u t om a t i c a l l y
corrected .  Ins tead , CAPS in te rac t s  w i t h  t h e  user to  h e l p
hi m f i n d  t h e  ca us e of t h e  e r ror .  ~1ost of the  c om o o n e n t s  of
CAPS a r e  t a b l e  d r i v e n , both to reduc e the  space n e e d e d  for
i m p l em e n t a t i o n  and to inc rease  t h e  f l e x i b i l i t y  of trie
s y s t em .  CAPS suppo rts the b e g i n n i n g  p r o g r a m m e r  who is u s ing
e i t h e r  F o r t r a n , ?L/I or Cobol.

The p r i n c i p le n o d ules of t h e  C A P S  sy~ t e i~ a re  a
p r o g r a m  ed i to r , a s y n t a c t i c  and s t a t i c  s e m a n t i c  e r ro r
d i a gn o s t i c i a n , an i n t e r p r e te r  for  each l a n g u a g e  s u p p o r t e d , a
r u n  t i m e  e r ro r  a n a l y zer , a user  p r o g r a m  f i l e  m a n a g e r  a n d  a
sy s t em  t~~~le b u i lde r  a n d  -a f i l e  m a n a g e :  ( F i ~nire 1) . Con t : n l
of t h e  s y s t e m  is  i !st:ibut~ d t h r o u g h o i t  t h e  m o d u l e s .  The

is
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user , however , is never aware of this modularity and never

has to remember command synta x because each time the system

is ready for a command the module that will interpret the

ccmm and displays a menu of possible actions (Figure 2)

In CAPS , the interactive debugging session is

directed by the system and not by the user. This is

essentia l because the beginning programmer does not know

wnat questions to ask; he does not know how to debug. An

added benefit of this is that the user does not have to

learn a command language for the debugaing package.

Currently, since CAPS uses the Plato 17 system

and ~as severe time and space constraints imposed on it by
the Plato IV s y s tem , its capabilities are limited , a n~ it

has been only a qualified success. Over 500 people have used

CAPS while learning ?ortran and PL/I. The diagnostic

assistance in the interactive enviro nment is clearly

superior  to any  ba tch sys tem or i n t e r a c t i v e  sys tem f o r  the
beginning programmer. The problem that causes CA PS to be

only a qualified success is the time sharing system in which

it operates. When Plato IV is h-tndling 500 people

simultaneously , even if only 30 terminals run C? PS , the us-a:

g e t s  f r u s t r a t i n g l y  slow respoace — slow , even for t h e  “ h u n t
and peck” t y p ist w r i t i n g  in an u n f a m i l i a r  l a n g u a g e .

1Q 
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Y J U i ~ dC~ A& ... E I~ z~i 1PTY

T O . . .
N E . X T  W R I T E A C J E U r. ~R Ut .~~A M

N r X I  W RI TE IN A~ uTdh~ LA N [JAGE

EDIT ON~ OF YOUR OLD PRO

E r ~AS~ Ex~A~~E O N E  OF Y O U R  OLD PRGG~ AM~
LA ~ E X E C U T E  ONE OF Y O U R  P R O G I IA iI S

S~~E A L I S T  Of P R O O R A i ~S ON L IL c~

~~~ S~~A~ ’1IN~ TO WR ITE A PiRO Gi~A M

~~~ N S E A C E  C O N T A I N S  T E X T
( E S .~ ~i~TA FOR DETAILS)

pp .~ss .. .  T O . . .

N E X T  E D I T  Y O U R  ~O R K S P ~ L E S O N E  L~O~ E
LA~ EXECUTE YOU P W O RKS PAC E AS A O G R A M

b A L K CL E AR Y O U R W O R K S P A C E

COi~Y COPY WO RK SPA CE INTO A FILE

C O P Y  R E P L A C E  ‘ C O B O L K ’  W I T H  W O R K S P A C E

E~~A 3 E  E R A S E F I L E  ‘CO b O L K ~ F R O M  I d E  P I L E

b)  AF E1k l~ I~ (, “ L L D  ~~~ G R A ~~” ‘CO L B O L K ’

F i g u re  2 — Typical display of possible actions.
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b .  IHLLDE

IHLLDE is an example of an in teractive direct

execution system . It accepts a subset of Algol 60 [Ref. 3].

The system configuration of IHLLDE is shown in

Figure 3. There are seven system units: the monitor , input

processor , direct exec u t ion  i n t e r p r e t e r , text  edi tor ,
scanner , I/O processor and telet ype. The monitor controls

the operation of all system units directly cr indirectly.

All of the input s from and the outputs to the teletype are

handled by the I/O processor . The scanner is called by the

interpreter only. The monitor operates in four modes:

moni to r  mode , i n p u t  mode , edi t  rode and  r u n  mo d e .

The system has been i m p l e m e n t e d  on the Univac

1108 computer at the University of ~aryland. System

operation can best be -described by means of an example

- 
terminal session.The teletype output is shown in Figur e ‘4

where the user ’s input items are indicated by underscoring.

The user began his session by  t y p i n g  “I” to the m o n i t o r  to
en te r  t h e  i n p u t  mode .  Then t h e  user proceeded to e n ter  his
program at the terminal. The user misspelled “INTEGFR ”, and

the system responded by printing an asterisk und er the

offending symbol together with an error messace. The us’~r

retyped the line starting with the symbol in error. The

user next entered two “READ” statements; the system

requested the data by showing “DATA?” after each “REA J”

st a t em e n t , beca u se t h e  “ R E A D ”  st a tem en t h a d imm ed i a t e ly beer .
executed . The user next mistyped an assignment statement

and he , after the system responded , started the correction

from the symboi in error. The user next mistyped the

“WRITE” st a tmen t  t w i c e  and  t h — ~n corrected i t .  The  corrected
“ W R I T E ”  st a t e m e n t  was i m m e d i a t e l y  executed  and  th e  v a l u e  o~

~

.
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I N P U T  P R O CE S~~O~

E
~~~~~~~~~~~~~ /O P ~~ cESSOR~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T E L E T Y P E

Figure 3 — Configuration of an interactive ~irect—~~~~~utioa

high—level languag e system.

23

-~ -~ _ _ _ _



~ 
-
--- -- - - - -  

~~~~
-
~~~~~~

--—--— 
_ _ _

1~

~~~~~~~~~~~~~ ~~~~~~~

* U N D E C L A R E D  IL)
MISS.LNt~ “LN ’IEGEI~” iT~.j~-~j

*

~~~~~~~~~~~~~ -

UNDE CLAREI~ ID

A = 7

L A- r h ?  
~~~~~

PROGRAN DONE

* 0

1’~ISSING “ : = “

EDIT

$BEGIN

I N T E G E R  A ,~~;
READ(E )

REA D (A ) ;

W R I T E  (A

END S

*

F i g u r e  ‘4 — Teletype output of an example session w ith the

I H L L P E  s y s t em.  ( U n d e r s c o r i n g  and  hoxes a d d e d )
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A outputed. When the user finished his terminal session ,

the sys tem responded with “PROGRAN DONE. ” Finally the us~ r

called the tuxt editor and gave the command “L” ; a listing

of his program was printed as shown . at the bottom of Figure

4.

The IHLLDE system also has been designed and

imp l e m e n t e d  for  an IN TEL N CS 80 microprocessor  s y s t em , a n d

has demonstrated that the microprocessor systems are as well

suited for inter active , inexpensive , individual hi gh level

language ccmputer systems , as they are for specific uses

which  r equ i re  no f u r t h e r  p r o g r a m m i n g . I t  is known t h a t  one
can l e a r n  a p r o g r a m m in g  l a n g u a g e  f a s t e r  f r o m  an i n t e ra c t i v e
sy s t e m .  The exper ience of the  users of the  I H L L D E  sys tem
supports  t h i s  conclus ion .

LI . Selectable A m o u n t s  Of In t e rac t  ivit1

A n o n — l i n e  system designed fo r  i n t e r a c t i v e  use
should be equally attractive to b oth  exper ienced  and

i nexpe r i enced  users. ~ecause the computer has no methcd for

evaluating the exper ience lev~.i of the user this information

would need to be supplied by the user himself. The

implica tion is that the user should be able to mo~ ifv the

m a n — m a c h i n e  i nt er f a c e  du r i n g  his session wi th  t he  c o m p u t e r .

R esearch in the area  of i n t e r f a c e  f l c~x i bj l i - v
clearly indicates that, flexibility is not unifornly

e f f e c t i ve  w i t h  all users in o p t im i z i n g  p e r f o r m a n c e .  ifl a
single encounter wit h an on-line system , users were nore

prone to make syntax errors  if offered short—cut flexibility

op t i o n s .  Neve r the l e s s , al most all u se rs  of a f l e x i b l e
version of the system worked significa ntly faster than t~ cse
not having the options. The exceptions were ~he n ov i c e s  who
worked mcre rapidly without the op~ ions than with them

25
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[ Ref. 2 J.

The authors ’ .experiences with the Cambri dge

Monitoring System (CI~S) seems to support this concLision.

As a higher level of proficiency in pr og r a m m i n g, handling

the editor and monitor commands and in keyboard entry itself

were acquired , previously unannoying responses beca~ e

i nc r ea s ing ly  bothersome . For e x a m p l e  t h e  “Rea d y ” mess a ae

response after execution of each CMS command became

bothersome, especially when the terminal was communicating

with the computer at 110 baud. CMS allows the user to turn

this message off.

To efficiently cater to the general popilaticn of

users the nan—machine interface should be designed sc that

the user would be able to shape the details of the interface

for his own conven ience.

B. SUPPORT OF STP UCT EJRED ?ROGBA2flIING

In order to meet the needs of the  user and decrease the

time to develop reliable , efficient software a system should

not only be interactive and flexible b u t  it should also

suçpor t  t h e  use Cf s t r u c t u re d  p r o g r a m m i n g .

S t r u c t u r e d  p r o g r a m m i n g  is a technigue that em b r a c e s  t h e
go.ils of relia bility, maintainability and flexibility in

software design and implementation 
~ 

Refs. 5 and 6 ]. :n
the initial design stages , structured programming (SP)

b e g i n s  in t he  f c rm  of s t r u c t u r e d  f low c h a r t s  or pseudo
language macros. These in turn consist of and are

r e st r i c t-~ä to a sna i l , w e l l — d e f i n e d  set of p r o g r a m  f13w
cont ro l  b locks  or con t ro l  f u n c t i o n s .  T h e  “ f un c t i o n  nc ’d.~s”
of each cor.trol block may ir, turn be composed of o th e r

26
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blocks (see Figur e 5) . In fact , “top down ” strategy starts

the initial design with one bloc k, and further refines each

function into other blocks until the lowest level of

specification is coded. This  strategy allows for a ma ximum

integration of segments, modules and programs with a minimum

amount of design time. Each functiona l block has one entry

and one exit point which excludes the overlap of functions

and increases program reliability.

Along with reliability is the need for readability and

ease of debugg ing. In SP this is enhanced by grcuping

“chunks ” of code (5 to 9 functions limited to 10 to 120

lines of code) into segments which appea r on one to three

pages of source listing. These segments form a module which

in turn fcrms a program .

Deveio~ iaent proceeds top—down and breadth first in SP.

All segments of one level are developed in a left to right

process, based on sequential order or complexity, before the

next level is refined and tested .

- -~~-~ 
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Figure 5 — s-asic control s-’r u c t ur e s
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1. ~~~~ o Processi~~

An extremely useful and powerful tool that allows

for the support of str uctured programm ing (especially if the

language is assemb ler) is a macro. A macro is used to

extend some u n d e r l y i n g  l a n g u a g e  — to p er for ~n a t r a n sl at i o n
from one language to another. In assembly language a macro

is a means of specifying that a symbol appearing in the code

field- of a statement actually stands for a group of

instructions [ Ref . 7 3. The use of macros when the user is

writing in assembler can suostintially ease the user ’s task

in the followin~ ways : a) Often , a small group of

instructions must be repeated many times throughout a

program with only minor changes for each repetition. r’iacros

can reduce t he  tediu m (and the resultant inc:easef chance

for error) associated with these operations. b) If an error

in a macro definition is discov .~red , the program can be

corrected by cha ng ing the single occurrence of the

d e f i n i t i on  and r e c omp i l i n g/r e a s s e m b l i n g .  If t h e  sam e
routine had been repeated many times throug hcut t h e  program

without using macros, each occurrence would have to ~e

located an~ changed. Thus debugging time is decreased. C)

Duplication of effort between programmers car. be reduced .

Once the best and most efficient coding of a particular

function is discovered , the macro definition can be made

availamle to all other programmers . d) ~4ei and useful

instructions can easily be simulated. e) Macros assist in

program readability and docu .nentatiori ~ Ref. 7 3.

The user of a microcompute r system must often u.~e

assembler language as hi~ source larguage to ~c his

p r c g r a m m i n g .  T h er e f o r e  if the system is to allow for direct

s u p p o r t  of s t r u c t u r e d  p r o o : an m i n g  i t  must  h a v e  a m a c r n

c a p a b i l i t y .
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2. Stub ~andler

another feature which the authors felt would

complement an interact ive development system in support of

structured programming is a “stub handler. ” A stub handler

permits the user to define from the keyboard , or from system

default memory locations, identifiers and labels which were

referenced in the source orogram but which were not

evaluated or defined. An example would be a ~u m p

instruction to a label wnich has not yet appeared in t h~
program . At the point in the code generation phase of

assembly when a reference is made to an undefined identifier

or label , the user is notified and the terminal keyboard is

opened for a definition , allowing code generation to

continue with the user supplied value.

The urility of this mechanism becomes m o r e  apparent

wnen it is realized that the user may now write his Programs

initially using calls to m odules or subroutines which have

not yet been written. This allows the driver portions of

the program to assume their final form early on in the

development process. System default values for undefined

constants could be zero. For undefined subroutines , a call

to a location which contains a return instruction would

allow execution of the resultant code in most cases. The

user is now allowed to convert otherwise non—executable

comp ilationc into executable form whether the missing

symbolic definition was intentional or accidental.
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IV . T H E O R E T I C A L  3AS IS ?OR ASI D DESIGN

A.  F O R M A L  GEA1 ~M AR S A N D  P A R S I N G

A complete s~ ecification of a programming language must

perform at least two functions. First , it must specify the

syntax of the language. Second , it must specify the

semantics of the language; that is, what meaning or intent

should be a t t r i b u t e d  to  each s y n t a c ti c a l l y  ccrrect  p r o -~r a m

t Ref. 8 3.

A compiler for a prooranming linaua-ie must verify that

its i n p u t  obeys the  lexica l ar~ s y n t .i ct i c  c c n v e n t o o n s  of t h c
l a n g u a g e  spec i f i ca t ion .  I t  must also ‘ransiate its input

in to  an ob jec t  lam g u a g ?  in a m a n n e r  t h a t  i~ c~ a~ i~~ ~nt w i t h

the s e m a n t i c  spec i f i ca t ion  of f - he  lari~~~a~~e. T n i s
translation is referred to as code gen~~r~~ti or.. In ad~~iti:n ,

if the input contains syntactic errors , the compile: shou1~
announce their prer~€nce an~ try to pinpo int their locatiot1 .

To help perform these functions ~very compiler has a device

within it called a parser. Further discussion of parser s

requires a review of some basic defini tions. Tne
development below generally follows that of Aho and Johnson
[ R e f .  8 3.

A grammar is used to define a lan~ uag~ and to imocse a

st r u c t u r e  on each s e nt en c e  in t h e  l a n g u a g e .  A coritexr -fr~~e

g r a m m a n  can o f ten  be used to  h e l p  s~~ cif v the  syn t a x of a
p r o g r a m m i n ;  l a n g u a g e . In  add i t io n , if  t h e  g r a m m a r  is

d e s i g n e d  c a r e f u l ly , m uch ot ~~~ seia n t ic~ of ~he l~~n gu a ~~
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can be relat€d to the rules of the grammar.

In a context—free gramm ar , two disjoint sets of symbols

are uaed , terminal and nonterminal symbols (sometimes called

syntactic categories) . In the  g r a m m a r , one n o n t e r m i n a l
symbo l is distinguished as the start symbol.

A context—free grammar itself consists of a finite set

of rules called productions. A production has the form

lef t—s ide  =) t i g h t — side , wh ere l e f t— s i d e  is a s ing le

nonterminal symbol and right—side is a string of zero or

more terminal and/or nonrerminal symbols. The arrow is

simply a special symbol that separates the left and right

sides.

A grammar is a rewriting system . If aAb is a string of

grammar symbols and A => c, then aAb ~> acb can be written

and it can be said that aAb directly derives acb . A

sequence of strings a , a , . . . , a such that a => a
0 1 n i— i i

for 1 <~ j <= n is a derivation of a from a . That is a
n 0 n

is derivable from a • For each derivatio n in a gramm ar a
0

corresponding derivation tree can ~e constructed . A

derivaticn tree is a tree whcse outermost leaves form a set

of terminal symbols in a gra m mar, whose root is the start

symbol , and whose interconnecting nodes form a set of

productions of the grammar. Derivation trees are impc:tant

because they are associated with the parse of a sentence in

a grammar.

The start symbol of a grammar , or any string derivable

from the start symbol , is a sentential form. A sentential

form containing only terminal symbols is said to be a

sentence generated by the grammar. The langua~ e generated
by a ‘7ramrrar G, often denoted by L (G) , is tne set of

32
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sentences  gene ra t ed  b y  G.

A rightmost derivation is d’~fined to be a derivation in

which at each step in the derivation of a sentential form

the rightmost nontermina l in each sentential form is

rewritten to obtain the next sentential form. Each

sentential form derived in this manner is called a right

sentential form.

If aAw is a right sentential form in which w is a string

of terminal symbols, and aAw => acw , then c is the h a ni l e  of

acw.

A prefix of ac in the right sentential form acw is said

to be a viable prefix of the grammar. Restating this

d e f i n i t i o n , a via ble prefix of a grammar is any prefix of a

right sentential for m that does not extend past the right

end of a handle in that right sentential form . There is

always some string of gra~’mar symbols that can be appendei

to the end of a viable prefix to obtain a right sentential

form. Viable prefixes are important in the construction o

left—to—right scanning compilers with good error—detectine

c a p a b i l i t i e s ;  as long  as t h e  por t ion of t h e  i n p u t  t h a t  has

been seen can be derived from a viable prefix , no errcr ~as

yet occurred.

F r e q u e n t ly ,  t h e  in te res t  in a gramm a r is not only in the

language it generates , but also in the structure i t  i m poses

on the sentence of the language. This is the case because

gramm atical analysis is closely connected with other

prccesses, such as compilation and translation , and the

translaticn or actions of the other processes are f :~~g u e n t I y
defined ir. terms of the productions of t h e  g r a m m a r .

A parser fot a grammar is a device which when presente d

with an input string, att empts to construct a derivation

33
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tree that matches the input. If the parser  can c o n s t r u c t
such a tree, then it will, have verified that the input

string is a sentence of the language genera~ -~d by the

grammar. If the input is syntactically incorrect , then t~~~~

tree construction process will not succeed and the positions

at which the process falters can be used to indicate

possible error locations [ Refs . B and 9 3.

A parser can operate in many different ways. One parser

that is efficient for a context—free grammar an’~ hell suit~ d

for use in compilers for pro gramming i-.artgua~~ s is an LR

parser f Refs. 8, 9, 25 ‘.

An LR parser examines the input string from left to

r i qh t , o ne s ymb o l  a t  a t ime .  I t  a t t e m p t s to c o n s t r u c t  the
derivation tree tSbo#tom up I~; i.e. from the leaves of the

d~ rivation tree to the root . An LR parser operates by

r e c o n s t r u c t i n g  the reverse of a rightmost derivation for the

input. This is known as a right parse. An LR(1) parser

looks at Ofli~ the next input symbol before taking an action

ztep.

An L? parser deals with a sequence of partially built

trees during its tree cons t ruc t i on  process.  This sequence

of trees is r~ fe:red to as a forest. The forest is

constructed from left to right as the input is read .

There are four types of parsing actions that an LR

parser can make; shift , reduce , accept (announce conpietion

of parsing) , or announce error.

In a shift action , the next input symbol is removed from

the input. A new node labeled by this symbol is added to

the forest at the right as a new tree by itself.

In a reduce act ion , a production is specified. :~
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reduction by a productio n causes a r.ew node to be created

and labeled and the rightmost n roots in the forest (which

will have alread y been labeled ) to be made direct

descendants of the new node , which t h e n  b ec o m e s  th e

rightmost tree of the forest.

The parser operates by repeatedly making parsing actions

until either an accept or error action occurs.

In order to completely specify an LR parser for a

grammar , two tables need to be specified: the parse action

table which specifies which actions to take (shift , :tduce ,

accept , or error) with the input symbol depend ing upon what

state the parser is in, and the goto table which specifies

which state the parse: is to be in for the next parse

action.

A properly constructed LR (1) parser can parse a large

class of usefu l l anguages  called the deterministic

context—free languages. It has a number of notable

properties: (1) It reports error as soon as possible

(scanning input from left to right) . (2) It parses a strina

in a time ~roportional to th~ length of the string. (3) It

requires no rescanning of previously scanned input

(back tr a c k i n g )  • (~~~
) The parser can be generated mechanically

for a wide class of grammars , including all crammi rs which

can be parsed by recursive descent with no backtracking and

those grammars parsable by operator precedence techniques.

B. RELATION OF SYNTAX ERROR DETECTION AND C O R R E C T I O N  TO

PARSING

A properly designed LR parser will announce that an

error has occurred as soon as t h e r e  is no way to na~ e a
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valid continuation to the input already scanned.

Unfortunately, it is not always easy to decide what the

parser shculd do when an error is detected; in general , this

depends on the envir~nmeut in which the parser is o p e r a t i n g
( Ref . 8 3. Any schem e for error recovery must be carefully

interfaced with the lexical analysis and code generation

phases cf compilation , since these ope rations typically ha ve

“side effects” which must be undone before the error can be

considered corrected. In addition , a compiler should

recover graceft~ily from each error encoun tered so that

subseguen t errors can also be detected .

LR parsers can accommodate a wide variety of error

recovery stratagems. In ulace of each error entry in each

state , an error correction routine can be inserted which is

prepared to take some extraordinary actions to correct the

error f Ref . 8 3. Identification of the state frequently

provides enough context information to allow for the

construction of sophisticated error recovery routines.

Certain automatic error rec overy/correction actions are

also possible. In particular , the automatic error

correction methods described below can be incorporated

w i t h i n  a n  LE pa r se r .

C. AUTOMA TIC SYNT~.X ERROR DETECTION A~ D CORRECTION

A very substantial fraction of the time and effort

required to develop a program is devoted to the rem oval of

errors. ~ny compiler should , as much as possible , help the

program me r in this chore [ Ref. 10 3.

Early ccmoilers si~iply rejected programs as soon as an

error was de tect ed , vaguely describing the error an-I where
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it was discovered. At the preser~t time , many  com p ilers try

to find as many errors as poss ible .  The term error recovery

is used to designate the process of determining how to

continue analyzin g a soarce progra m when an error is

detected.

Several compilers , most notably the compilers for COEC ,

CUPL , and PL/C, try to “correct” all errors , generate code

and actuall y execute the program. The term error correction

is used to designate the process which , given an incorrect

program , transforms it into a correct one. The “goodness ” of

the process can be measured in some sense by the difference

between  the  correc ted  p r o ir a m  and w h a t  the  p r o g r a m r n e r
actually meant. Users of e r r o r - c o r r e c t i n g  comp i le rs  f i n d  it
substantially faster and easier to remove errors from

prog rams  than  w i t h  conven t i ona l  compi le rs , since , no m a t t e r
how many syntactic errors, they still have a chance to find

logical or run tine errors [ Ref. 10 ].

The advantag e of error correction over error recovery is

twcfold. First, error—correction techniques must be much

more precise t1~an error recovery in diagnosis of the error;

therefore they provide the programmer with a better

description of his errors. Second , minor errors b not stop

a program from executing, and there is a good chance it w i l l
be corrected in the righ t manner [ Ref. 10 ~.

Error recover y and e r ro r  correct ion are  concer r ~e3 w i t h
errors in syntax and in semantics. Log ic errors cannot be

detected and are therefore not subject to automatic

cor rec t ion .  As for semantic errors, only ad hoc recovery

techniques exist. Several are described in Gries t Ref. 111 .

Misspelling can lead to syntax or semantic errors. When

such errors are detected , some compilers try to determine if

a s p e l l i n g  er ro r  ac tua l ly  occu r red .  The first work on the
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subject is due to Freeman [ Ref. 12 3. F r eema n ’ s a lgo r i t h m  I
es t i m a t e s  t h e  p r o b a b i l i t y  t h a t  an i d e n t i f i e r  is th e
m isspel l in g ~f another . ?lorgan ( Ref. 13 3 has devised a I
more efficient , but less powerful , method which checks only

for the fcllowing errors: one letter is wrong, one letter is

missing, an extra letter is inserted or two adiac~nt

c h a r a c t e r s  are t r ansposed .

The synopsis below of the most characteristic nethods

for syntax error recovery is derived from summaries by Levy

[ Ref . 10 3 and Graham and Rho les r Ref. 22 3.

McKeeman [ Ref. 1L~ 3 describes an admittedly primitve

t e c h n i q u e  s imi la r to tech~i i;ues used in many bottom up

parsers. Ii~ uses special characteristics of particular

languages. The compiler writer gives a list of “impo:tant~
symbols , like “ ; “ and “end. ” when an error is detected , all

input symbols are examined and discarded until one is found

which is in the list. Then the symbol s on the top of t~ie

stack are successively examined and discarded until the

current input symbol can legally follow what remains of the

stack.

For simp le precedence parsers [ Ref. 15 3, two papers
cover the prcbiem of recovery. ifl these parsers , errors can

be detected in one of two cases: the incoming input symbol

is illegal, or the top of the stack does not constitute a

phrase.

-1
Wirth [ Ref. 16 3 has a strategy for each case. When

the incoming symbol is illegal, a list of “insertion

symbols ” is scanned. If some symbol of the list is legal

between the top of the stack and the incoming symbol , it  is
inserted . Other wise the input symbol is stacked. When a

reduction cannot take place because the toDmost symbcls of

the stack do not constitute parse, a table of errcneoqs
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product ions is scanned comparing the right parts with the

top of the stack. If a match is found , the reduction is

p e r f o r m e d  and  t h e  analysis can proceed . The choice of the

appropriate insertion symbols and erroneous productions

r equ i res  a t h o r o u g h  u n d e r s t a n d i n g  of the analys is  a l g o r i t h m
on the part of the compiler designer , as well  as a sub t le
f ee l i ng  to a n t i c i p a t e  f r e q u e n t  misuse  of t he  s y n t a x .  W i r t h
c la ims t h a t  this me thod  y ie lds  qu i t e  s a t i s f y i n g  r e su l t s .
While this technique handles expected errors well ,

unexpecte d errors can cause tro uble.

Leinus ~ Ref . 17 3 approaches the sane proble a more

systematically. 2he recovery proc edure consists of t h r e e

basic steps where the three—step sequence is executed

repeatedly until recovery is complete : (1)  I s o l a t e  a

potential phrase (2) Construct the set of possible

“reductions ” for the potential phrase (3) Recover by

selecting one of the nonterminal symbols in the set to

replace the phrase ; if the selection attempt fails, r e p s a r
frcm step (1). The actual process is complex. Leinus does

not thorou;hly justify the choice of his algo :athm , but i t
has the merit of being systematic.

Five more heuristic methods exist , none of which make

use of special features of a p a r t i c u l a r  l a n g u a g e .

Gries ’s scheme ~ Ref . 11 ~ work s for bcttom— up parsers

such that an error is detected when t h e  i n p u t  s yo b o l  is
i l legal  to f cl l ow  the  stack ( fo r  b o t t o m — u p  parses , the s tack
contains the head of the sentential form) . I t  t r i~ s ,
whenever an error is detected , to insert a substring in
froni- of the current input symbol , such that the substri~ c

is legal in the con text constituted by some stack symbols at

the ri~oht— hand side and by t h e  i n p u t  s ym b o l  a t  th e  l e f t . Lf
no such substrin exists , the current input sinbol is

d i s c a r d e d  a n d  t h e  process r e p e a t e d  w i t h  the  n - e x t  i n p - i t
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symbol . This technique has been successfully used in an

intuitive manner for error recovery in a compiler using

transiticn matrices

~ 
Ref. 18 3. The problem with this technique is that it

requires a subst antial amount of programming effort for the

error recovery port~ion of the compiler. Furthermore ,

a l t houg h su ch a m et h od ha n dles the expected errors

reasonably well, it can fail badl y on unanticipated errors.

Irons [ Ref. 19 3 has developed an error—recovery method

for a top—down parser. A top—down parser constructs a

derivation tree starting with the top node , or start symbol

and successively adds lower branches and nodes. In order to

avoid backup, Iron ’s parsing algorithm constructs several

candidate syntax trees in parallel. At any step luring t~ e

parse , one or more trees have been constructed; some

branches are incomplete. An error is detected when no

partial tree can be built further. Then all input symbols

are successively examined and discarded until one is found

which is a potential node of some incomplete branch. A

terminal string is determined such that , if inserted before

this input synbol , the continuation of the parse would cause

this symbol to be correctly linked to the incomplete branch.

The string is inserted an-i the parse continues. itOflS t S

technique uses much more context than that of Gries because

the parse is top—down and contextual information is easy to

extract from the incomplete trees.

LaFrance 
~ 
Refs. 20 and 21 3 describes a recovery

technique fcr parsers using Floyd Production Language. Wh en

an error is detected in a state where only one next action

is possi ble, this action is taken. Otherwise , a set of
intuitive and predetermined rules for t r a n s f o r m i n g  t h e  t op
of the stack and a fixed number of subsequent symbols is

used. Which rule to apply is determined by com~ arin~ the

actual symbols with the set of symbols which “could leg.elly
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be there. ” The process looks for a match according to a

predet erm ined set of patterns. With each pattern is

associated a transfor~ ation. For example , if the current

input string is abcd and if bacd is legal in the current

context , then ‘a ’ and’b ’ are transposed in the input string.

T hus , this process performs transformations which are more

complex than those performed by the methods of Gries and

Irons. The problem with this approach is that if multi ple

parsing cont~.nues for an unbounded number of steps, an

explosion in space and time ensues. LaFrance bounds the

ancun t of multiplicity. This improves efficiency, but can

yield insi~fficient information in some cases.

Levy [ Ref. 11 3 describes a model for error correction

for formal languages which have one—way deterministic

acceptors. This process makes “local” corrections over

clusters of errors, using the context around the errors to

determine the correction and to insure that the different

local corrections performed on the string do not interfere

with one another. The error—correction process is embedde d

in left—to—right recognizers. The parsing of correct

strings not slowed down ~y the presence of the

error—correction mechanism. This mechan ism uses the

reccgnizer bcth to detect errors and to find possible

correct icns .

Levy has attempted to find a theoretical basis for error

correction in all deterministic context—free parsing methods

having the correct prefix property. His method includes a

backward move on the input to determine the entire left

context of the error discovery point tha t could contain the

error and then parallel parses from the beginning cf the

left context to pursue all possib le minimal distance

corrections of a fixed bound distance . This method has the

same problem as LaFrance ’s method. Levy has proposed some

heuristics tc improve its efficiency.
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Graham and Rhodes [ Ref. 22 3 describe an error recovery

method which can be incorporated in ~ny bottom up parser

which does nct back up. The error recovery routines are

invoked when a syntax error is detected by tne parser.

Control is returned to the parser when the error state has

been removed . The method attempts to anal yze the conte t in

which the error occurs. There are two phases in the metho d ,

a condensation phase and a corr~ ction phase.

In the condensation phase , an attempt is first ma -ic to

make further reductions on the stack , preceding the poin t of

error detection. This attempt is a “backuar i” nove . A

“forward” move is an attemp t to parse the input ~ ~s beyond

the point of error detection . The forward move te~~ inatos

either because a second error is detected iu:rh~ r ~n in the

in put , or more likely, because the only possible next

parsing action is a reduction involving that ~a:t of the

stack containin g the detected error. The forwar-i and

backward moves are an attempt to summarize t h e  context

surrounding the point at which the error was detected.

The correction phase considers changes tc seguences -o~
sym bols , r a t h e r  t h a n  i sola ted changes  to  s imp le  s y m b o l s , so
that as much of the context that s u r r o u n d s  the e r ro r  can be
efficiently exploited . The quality of r ecove ry  can be
traded for efficiency in choosing a correction. The i~ ea is

to change the parsing stack , at the point of error , to a

right—ha nd side of a production of the grammar or to cne or
— more prefixes of right—hand sides which “fit in ” in the

sense that they can legitimately occur in the given context.

In general , there usually is more than one possible change

that appears locally to correct the error. To increase the

likelihood that the change really corrects the- error an-i o

provide helpful diagnostic information to the proara nmer ~n

effort is made to choose the “best” correction. T h i s  is

accomplished by determining which of the possible lcc~ l1y
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correct changes requires a minimum of symbol by symbol

modification of the parsing stack.

The Graham— Rhodes methc.d has been empirically tested

against the Wirt h method and the method used on he PL/C

compilers and it appears to be qualitatively better tia n

eith~ r the Wirth method or the PL/C compiler method .

Hopcrcft and h u m a n  ~ Ref. 23 3, and Smith f ~ef. 2~- 3

have studied formal error correction. The papers are highly

theoretical, examine only the very specific case where

errors are just substitution of symbols , a n d  t he i r
mechanisms are very complex and time consunin~~. if l

particular , the time needed to parse a correct string is

considerably greater than if a usual parser is utilized.
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V . ASID DESIGN

A. PURPOSE

The user can best be aided by the computer during t.~e

softwar e development process if the man—m achine interface is

such that the user can obtain imm ediate results from his

endeavors. In most systems the user writes his ~rocram or a

s i g n i f i c a n t  p c r t i c ri  of a p rogra m a n d  then  submits his code

to a languace processor to see if it is syntactically

correct. If the code segment was syntactically correct and

the code segment has all the necessary semantic parts to

make it a program , the user would then attempt execution of

his code .

The au thors ’ con ten t ion  was  t h a t  the user  w ou ld  be
better s~ rved during the initial entry of a program b~
directing the computer to analyse small portions of his co’e
for syntax immediately as each segment i~ i n p u t .  I f  a
syntax error is detected , the user is informed inmediatnl v

and ~ay wake the necessary changes before continuing . .~fter

syntactic analysis the user ’s input coul d be executed. For

this to be done a segment must be defined as so~e

arbitrarily small element of the source lan’juage . This

segment is determined by the grammar which is used to define

the language in which the user is writing . In t he  A’ S

system each character is analysed as it is introduced into

the input stream . Thus the user is constantly ~ssured that

his input up to the last segment is some valid prefix of a
source languaue program.
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A more  p o w e r f u l  e x t e n s i o n  of the  im m e d i a t e  parse would

be immediate execution of the source program as executable

segments appear in the input stream , with the results of

each such execution being displayed to the user . At this

point the user knows that his code is syntactically correct

and he has seen a detailed view of its execution to assist

him in detecting errors in the logic of his program.

The computer would now be much more able to assist t h ~
user in producing a running and logically correct program on

the first attempt.

As a realization of the need previously expressed for a

software development system which could aid the typica l user

to the fullest extent the authors have designed a support

program named ASID .

ASID accepts INTEL 8080 assembler language as defined by

the INTEL Ccr~oration [ Ref. 7 3 and emits machine code for

the 8080 microprocessor. ASID is written in PL/.~ and runs

in consonance with the C?/N operating system [ Ref. 30 3 on

an 8080 based micr ocomputer with at least 20 k i l o b y te s  of
memory and an auxiliary storage device capable of random

access of records of stored data .

B. ~1AJO R ~~J N C T I O N A L  BLOCKS

The basic structure of ASID is that of a two— pass

assembler as prese nted in 3arron f Ref. 29 3. Figure 6

shows the wor king relationships between the classical

functions of a two—pass assc~mbler and shows the integration

of th~ monitor , stub handler , error nodule , and execution

monitor .
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The desirability of a stub handler was ex~ ress~~
earlier. The user may select to toggle th .~ stub handler on

or off. If the stub handler toggle is off and a reference

is made to an undefined label or i~ entifier , the run is

abort ed . If the toggle is on then the stub handling module

of ASID is called f r o m  the code g e n e r a t i n g  p or t i o n  of the
assembler ’s secon d pass when a reference is ma- ~~ to an

ident ifier or label which is not defined in the program

segment currently being processed. When the stub handler

toggle is on then two sources of d e f i n i t i o n are available to

the program. One is selected constant values which are

provided by ASID. The other source is the user. The stub

handler prints the name of the identifier or label on the

terminal and opens the keyboard for input of a definition.

The monitor function is responsible for i n i t i a l i z i n g  the
program and allowing the user to change the system toggles

at any time. This allows the user to amend the amount of —

interaction and the type of products ASID provides. The

monitor function also includes the looping mechanisms which

cause the parsing action to immediately process each

sentence as it appears in the input stream .

The error hand ler, when the user has opted for the

incremental mode of operation , causes immediate notification

to the user cf the detection of a syntax error. The token

(or in the case of a scanner error , the character) which was

not a valid input is shown to the user and the keyboard is

opened to accept another attempt at a w~ ll—f~~rm ’~d in p e t
ilflC. In the noninteractive assembly mode , the entire line

in which the error occurred is deleted and ASID execution

continues to parse and check for syntax but - no attempt is

made to generate executable code.

The execution monito r is used in incremen tal ~ode only

L~ 7
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and performs d controlled execution of the source prcgran ,

line by line as each line completes a successful parse

action. ~~~ state of the machine as the user has formed it

is copie d and restored at the beginning and end of each

instruction execution. The stub handler provides the

mechanism to patch up forward references. 
-

Batch operation utilizing a previously created file is

also possible with or w i t h o u t  t h e  i n c r e m e n t a l  f e a t u r e .

Those i n s t r u c t i o n s  w h i c h  cause an alteration of the

program counter or which use register ~ as an operand must ,

in the present system , me interpreted rather than actually

executed as their execution would most likely result in

alteration cf a portion of ASID system code or data are-c.

Although this is not true execution of the user ’s source

code in the pure sense, it does provide the user with the

opportunity to view the results of all register and

accumulator operations as an aid to detection of loiic

errors.

At t h e  co mple t i on  of i n i t i a l  p r o g r a m  e n t r y ,  a
conventional code generation pass is run on the user ’s

program , creating an executabl~ file .

C. BASIC SYSTEM OPERATION

The dialect of aoeo assemble r langua ge wnich is

processed by ASID is described in a formal g:am~nar in

App endix A . The input stream is scanned for tokene by t h e

scanner nodule which is driven by a state transition matrix.

The tokens built by the scanner are processed by the r~arse:

section which operates from a set of tables generated by t1~e

LALR (1) ~‘arser algorithm [ Ref. 25 ]. ~oth the scanner a~ d
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the parser are able to detect syntactical errors in the

input . All error recovery action is initiated from the

parser.

Most assembler s form the actual machine code words for

those assembler mnemonics which have a register or t~o

reg isters as operands through some regular mathematical

combination of a base value (unigue for each instruction

type) an~ the numerical value associated with each regist er

designation . Such regular combinations are built into the

inner workings of the CPU. The INTEL 8080 is no exception

to this pattern. By following such a scheme , “lOV M ,M”

produces a “HLT” instruction. Also , “LXI A ,_” would prodace

an “LXI SP , _ .
“ The gramm ar for ASID does not allo~ the

parser to recognize such constructions. The parser signals

a syntax error if they appear in the ino ’at  stream.

Four files are maintained by the ASID system during

program creation. These files are a source file , a macro

reference file, an intermediate code file and an executable

code file. Although AS ID does not incorporate a text

editor , any files created by an ASID user can be edited by

the CP/~ Context Editor [ Ref. 31 . The editing fuucrio -.s

which are available to the user while creating a p:oqra~
with ASID are those console line editing functions provided

by C?/~. Specifically, th-~ user is limited to rem ovin q ~~e

last character or removing the entire line.

Macros are processed by ASID in line with the source

program . The requirenent for the user is that he define all

macros pric’r to their use in his program . A call to an

undefined macro will cause the ASID session to abort.

Presently, macro calls may not be used inside of mu cro

d e f i n i t i o n s .  Such use of a macro will cause ASI D to enter

an u n d e t e r m i n e d  s t a t e .  T h er e  is e f f e c t i v e l y  no l i m i t  to th e
number of formal parameters allowed with a macr o definition.

L~9



Formal parameters have “scope ” only within their declared

macro body.

The user may gain access to the monitoring routines in

ASID to alter any or all of the system toggles whenev er the

terminal key board is open for input. The user establishes

contact with the monitoring section by typing the attention

character “!“ immediately followed by the toggle number and

the value to which the toggle is to be set. Several toggles

may be set on the same command line , each toggle reference

separated from the next by a comma . A semicolon must

t e r m i n a te  an a t t e n t i o n  l ine.

Input to ASID is free form. Embedded blanks are

important as delim iters. Any numbe r of blank spaces is

treated as if it ‘were just one blank. Comments may he

freely inserted anywhere in the program text between t h e

beginning and ending comment delimit~ rs 
h I <  ... >. “ Each

ASID statement must be terminated by a semicolon. Multip le

statements may appear on one line, and statements may be

continued to the next line.

If the user has opted for incremental node operation of

ASID , each sentenc e of source code is scanned , parsed ,

converted to intermediate code form and executed. This

execution step may involve the stub handler if the s-o ’~rce

code s~.nk~~nce used an identifier or label which is a fcrwa:d

refer&~~c~~. This process will continue until the psuedo

operatiL.’ code “END” is processed. END causes the entire

i n t e r m e d i a t e  f i le  to be passed through the code generation

phase to build a complete executable file.

Upon completion of incremental execution of a line of
code, the user may access the copy of the CPU fcr his

machine and alter the values of the registers. Access is

gained by entering “$“ followed by the vailes the aser

:~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



desires to irsert. The order of input is significant ,

input s must be separated by commas and an input must be

present fcr each r~ gister pair. Ordering of inputs is as

follows: A and Flags , B an~ C, D and B , H and L. All inputs

must be in h€xadeciwai ra~ ix and the line must t e r m i n a t e
with a semicclon .
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VI. ASID I L E ~ E~ TATION

A. BASIC ASSE~fBLE E FUNCTIONS -

1. Scanner

The scanner is driven by a state transition matrix.

A state transition matri x requires two entering arguments ,

the current stat e of the process and the next item of

informaticn to be processed. These two arguments typirally

correspond to  the rows and colunns of a two dimensional

linear array. The data items in the array are used to

designate a specific action from a list of possible action

to be executed or accomplished.

One state must be designated as t he  initial state

from which all further processing ‘will take place. Once the

initial state has been designated the processing can

proceed. -

Primitives used by the scanner deliver the input

strea m one character at a time. Each cha rac te r  de l i ve r ed  is
used as the column index into the state transition matrix.

The row index is determined by the current state of the

process. The resulting data item extracted from the state

t r a n s i t i o n  m a t r i x  is used as an index  in to  a CASE statement

which will take one or a combination of severa l actions.

These actions include adding the character to a 32 byte

array used as an accumulator , modifying the current state of
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the process , recognizing and reading throug h comm ents ,

recognizing the monitor commands , detecting and reporting

malforme d tokens , and recognizing tokens.

The scanner has the ability to recognize and deliver

directly to the parser “special character ” tokens , “string ”
data items and “number ” tokens. All numbers are converted

to binary form before parsing action is initiated. 1l

other alphanumeric strings (identifiers) that tne scanner

recognizes are placed in the accumulator. The string L-t ~-~ e

accumulator also has had a hashing value computed. When the

scanner  has d e t e r m i n e d  it has  a val id t o k e n  it de l i ve r s  the

token to the parser and resets the current state cf the

scanner process to the initial state.

The scanner was implemented as a state tranaition

machine because the authors felt it would be fast , easily

modified and easily understood.

The speed advantage is realized due to the fact that

t he  n e x t  act ion to p e r f o r m  w i t h  a p a r t i c u l a r  i n p u t  cha rac te r
is n o t  d e t e rm i n e d  by a series of cond i t i ona l  t e s t s  hu t
rather a straight—forward index into a matrix and a CASE

statement.

During the development of ASID the authors noted

that the actions to be taken with a specific character could

be changed easily by just altering the entry in the state

t r a n s i t i o n  m a t r i x , t h u s  a l l e v i a t i n g  t h e  need  fo r  a m a j o r
change in the code of the scanner module itself. This

characteristic saved much development time and allowed

corrections to the original logic design to be easily

iaplemented .
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2. Symbcl ~~~~~

The symbol table stores attributes of program

ent i t ies  such as ident i f iers, labels and macro names . The

i n f o r m a t i o n  stored in the  s y m b o l  t~ b1e is b u ilt and
referenced by the assembler. The symbol table data

structure is a declared linear array whose first 780 bytes

are initialized to contain the reserved word list.

The user portion of the symbol table i.. an unordered

linear list of entries. Individual elements are accessed

through a chained hash addressing scheme. Each entry in the

h ash t ab le  heads  a l inked  list whose p r i n t n a m e s  a l l  e v a l u a t e
to the same hash address. A zero in the hash table

indicates no entries exist on that particular chain. turing

r e f e r e n c e s  t c  the  symbol table the accumulator , the global

variable ACCUN , contains the string of ASCII characters

which comprise the token with the first byte being the

length of the priritname. Th~ global variable HASH.~SUM is

set to the sum modulo 128 of the ASCII character s in the

p r i n t n a m e .  Ent : ies  are  c h a i n e d  in t h e  order  of t h e i r
occurrence ir the program.

Each entry in the symbol table consists of a

variable-length vector of four entries. These are

a t t r i b u te , col l i s ion p o i n t e r , va lue  a n d  p r in t n a m e .  ‘The

first item in the printname field is the length of the

strilig. The maximu m length of a printname in the symbol

t ab le  is e ig h t  cha rac te r s, a l t h o ugh 31 charac te rs  w i l l  be
accepted by the scanner . When a search of the symbol table

is being conducted , the first items to be compared are the

respective length fields. Only if the lengths are the same

w i l l  a c h a r a c t e r  b y  c h a r a c t e r  m a t c h  be a t t e m p te d .
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~1acro name s have the head—of-chain pcinter for their

parameter lists stored in the value field. When a macro

expans ion  is be ing  processed , a l l  sea rches for  t o k e n s  b e g i n
w i t h  t he  p a r a m e t e r  list c h a i n .  If  t he  i t em is not  f o u n d
then the symbol table is entered at the global level and the

search continues. This method establishes local scope for

macro  f o r m a l  pa rame te r s .

The f i rst / 80 bytes of t he  symbo l  table  c o n t a i n  al l
the assembly lanquage mnemonics. These entries appear iii

the hash list in the sa~ne manner as user defined

i d e n t i f i e r s. The reserved word e n t r i e s  con ta in , in the
a t t r i b u t e  word , i n f o r m a t i o n  conce rn ing  w h e t h e r  t h i s  is a
psuedo operation or an actual assembler instruction , if an

assembler instruction how many data bytes will follow the

word of machine code, the token number for that type of

instruction for information to the parser , and the method

w h i c h  mus t  be used to inco rpora t e  any reg is te r  o oer a n d s  ir .to
the machine code word. The value field of a reserved word

is one byte and contains the basic value needed to compute

the actual machine code word corresponding to that

i n s t r u c t i o n . The coll ision p o i n t e r  f i e l d  and p r i n t n a m e
field are identica l to user defined items , as all elements

p resen t  in the symbo l  ta bl e are searched in the  s am e  m a n n e r .

Whe n des ign ing  A SI D  the  au thor - s decided to  use a

declared l inear  a r r a y  w i t h  subscri pt s as p o i n t e r s  r a th e r
tha n “based  var iables  and po in t e r s ” wh ich  are aiso sup ~ orte’I
by PL/M . This choice was made to increase the readability

of the ASID source program.

with the reserved wor d list and the symbol table

combined  as one da t a  s t r u c t u r e , o nly o n e set  of pr ocedu r es
was needed to conduct all searching and informa tion

extraction functions.

55



, _ •~

3. Parser

The çarser used by A S I D  is a tabl e—dr iven  p u s h d o w n
automaton of the LR (1) type described in section IV A. It

receives a stream of tokens from the scanner and analyzes

them to determine if they form a sentence of the 8080

assembler language. The 8080 assembler grammar is designed

so that each statement parses to a complete sentence ,

causing a source prograni to appear as a series of sentences.

When an error is detected and ASID is in the incremental

mo de, the parser gives an error message to the user and

tells him with which token the error was discovered. The

sentence  in error is deleted and  the parse r  r e i n i t i a l i z ed .
The user is then allowed to reenter the line which was in

error with a correction. In the nonincremental mode the

line is simply deleted , the parser reinitialized , and the

n ex t  sentence (“ p rog ram ”) parsed.  The m a j o r  data s t ru ctu r e s
in the parser are the parse tables and the parse stack.

The reasons an LR(1) parser ias used in the ASID

sys tem w e r e  its e f f i c i e n t  opera t ion  w i t h  a c o n t e x t — f r e e
grammar , its error detecting capabilities ,its ability to

accowmod .ate a wide range of error recovery/correction

strategies, and its ability to be generated easily and

mechanically for the grammar the authors used to describe

the 8080 assembler language. The one disad vantage of using

an LR(1 ) parser with the ASID system is that it requires a

large amount of me mory.

4 .  ass 2,~ code ~~~~~~~~

In addition to verifying the syntax of source

s t a t e m e n t s , t h e  parser  also acts as a t r a n s d u ce r  by
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associa t ing  semant ic  actions wi th  r educ t ions .  Each t i m e  the
parser  d e t e r m i n e s  t ha t  a reduct io n should  take  p lace , the

procedure  CODER is called w i t h  the  p roduc t ion  n u m b e r  as a
p a r a m e t e r .  Some prod uct ions have no s e m a n t i c  act ions
associated wi th  t h e m .  Var ious  g lobal  var iables  con ta in
perti,~ient  i n f o r m a t i o n  c o n c e r n i n g  the  p rev ious ly  parsed
tokens .  This  i n f o r m a t i o n  is used by the  va r ious  p r o d u c t i o n
act ions  to m a n i p u l a t e  the symbol  table , b u i ld  a n
i n t e r m e d i a t e  code f i l e  and m a n i p u l a t e  the  macro r e f e i ence
file.

Because macros  and  the  psuedo o p e r a t i o n  SET a n d  EQU
are processed i n — l i n e  d u r i n g  pass one , several  log ica l  f l a g s
are  needed to coord ina te  the  actions of t h e  parser  a n d  the

CODER procedure. These flags control the redirection of
program products and source to and from the macro file.

If the user has opted for incremental node , then as

each s en t ence  of source  comple tes  pars ing (accept s ta te  is
reached)  t h e  i n t e r m e d i a t e  code for  t h a t  sentence is passed
to the  execu tab l e  code ge ne ra tor .  P rocedure  ~X ; E N

d e t e r m i n e s  w h e t h e r  or not t h e  last s en t ence  was an a s s emb l e r
i n s t r u c t i o n  or a psuedo o p e r a t i o n .  A s s e m b l e :  i n s t r u c t i o n s
are  r ep re sen ted  by the a p p r o p r i a t e  e i g h t  bit m a c h i n ~ coie
word. If a data value or address is needed to comple te an

i n s t r u c t i o n , the  expres s ion  is e v a l u a t e d  and t h ’~ sy m b o l
table  is consul ted  as n e e d e d .  If the  s y m b o l  t a b l e  e n t r y
indica tes  t h a t  t h i s  i tem is und e f i n e d  ( h a s  not been  g i v en  a
va lue)  the  s tub  hand le :  is ca l l ed .

Wh e n the COD~ R se~~ t h e  p suedo ope :at~~on ~N D  it

s ignals  the  a s semble r  to reset i ts  i n p u t  back to the

b e g i n n i n g  of the int e :~ e d i a t ?  code f i l e  a nd pass t h e  ent i ce
program t h r o u g h  ~X L E N .  T h e  r e su l t  is the  e x e c u t a b l e  v e r s i on
of the user ’s o r o g r a m .  Th e  s~~ir  ha ndler  is ev a i l an l .~ d u r i n q
t h i s  p or t i o n  of A S I D  e xe cu t i o n .
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B. ~AC PO PROCESSING

To m~ .:e f u l l y  support  the user  of 8080 a s se mb l e r
l anguage , ASID possess a macro processor.  The  macro
processor empl oyed by A S I D  is an i n — l i n e  processor , r a t h e r
than  a s epa ra t e  preprocessor.  This  was  made possible  by
i n c l u d i n g  the  macro  d e f i n i t i o n  and macro call in t h e  fo rma l
g r a m m a r .  W h e n  the  parser is in t~ e process of v e r i f y i n g
input and it discovers a macro definition or macro call then

cer ta in  logical f l a g s  are set to f a c i l i t a t e  the  r ed i r ec t i on
of  the intermediate code gen erated by procedure CODER.

When a macro de f i n i t i o n  is be ing  processed , t~ e
process inç  of the  macro  body  is hand led  in the s a m e  m a n n e r
as n o n — m a c r o  s t a t emen t s  w i t h  the exception t h a t  the
in t e r m e d i a t e  code is directed to t h e  macro  r e f e r e n c e  f i l e ,
and no inc remen ta l  execut ion is p e r f o r m e d .  This  r ed i r ec t i on
of i n t e r m e d i a t e  code t ern i n a t e s  w h e n  the  psuedo ope ra t ion
E N D M  is seen.  END M closes t h e  macro f i l e  fo r  t h e  d e f i n i t i o n
being processed and  red i rec t s  the  i n t e r m e d i a t e  code back to
the  i n t e r m e d i a t e  f i l e  associated w i t h  the  main  body of  the
p r o g r a m .

W h e n  a macro cal l is recogn ized , the  macro r e f e r e n c e
f ile is searched to locate the  c o r r e s p o nd i n g  macro
d e f i n i t i o n .  If the  search is successful , the  c o r r e s p o n d i n g
macro  d ef i n i t i o n , wh ich has a lr eady  been  c o n v e r t e d  to
i n t e r m e d i a t e  code f o r m , is copied in to  the  m a i n  p r o g r a m
i n t e r m e d i a t e  code f i l e .  If ASID is in i n c r e m e n t a l  mode ,
each s e n t e n c e  of the m acro  d e f i n i t i o n  wi l l  be execu ted
i n c r em e n t a l l y  as it is inser ted  in t h e  m a i n  progr ~ n
i n t e r m e d i a t e  f i l e .  If t h e  macro  d e f i n i t i o n  is not  f o u n d  a
f a t a l  e r r o r  cccur s and t h e  A S I D  session is a b o r t ed .
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C. E R R O R  t~O C UL E

The c u r r e n t  error  modu le  is very  c r u d e  in the  ASID
sys tem.  I t  is cal led by t h e  parser when  a s y n t a x  e r ro r  is
de tec ted .  Its m a j o r  f u n c t i o n  is to undo w h a t  has been don e
by the  CODER and  s y m b o l  t ab le  manage r  up t o  the  po in t  in the
parse w h e r e  the  e r ro r  was d iscovered . This  consists  m a i n l y
of r e se tt in g  po in te rs  and fl ags  back to t h e i r  p rope r  va lues
so t h a t  a g r a c e f u l  recovery  f r o m  the  error can be
accomp l ished and f u r t h e r  errors can be de tec ted .  If the
sys tem is in the i n c r e m e n t a l  m ode , “ error  s n o w b a l l i n g ” is
e l i m i n a t e d  as the  user  is asked to correct the  e r ro r  before
an c t h e r parse wi t h a d i f f e r e n t  s t a t e m e n t  is done .  As
m e n t i o n e d  in the  parser  sect ion of AS I D i m p l e m e n t a t i o n  and
in section IV B , an e r ro r  module  t h a t  is c a p a b l e  of
a u t o m a t i c  error recovery/ cor rec t ion  w o u l d  cer t a i n l y be

fea s i b l e  and  des i rable  in the  A S I D  s y s t e m .  The main
d i s a d v a n t a g e  of an  a u t o m a t i c  e r ror  r e c c v e r y / cc rr e c t io n
mod e le  w c u l d  be the  a m o u n t  of m e m o r y  needed to i n c o r p o r a t e
it in t h e  sys tem .

D. I N C R E L I E N T A L  E XEC tJ T I ON ~1ONiT OR

The i n c r e m e n t a l ex e c u t i o n  mon i to r  is o p e r a t i v e  on ly  if
t h e  user  has opted  to e m p l o y  A SI D in the  i n c r em e n t a l  mode .
When  enab led , th is por t ion  of A S I D  causes an a c tua l
execut ion  of the  l a tes t  l ine  of the  user ’s p r o g r a m .  C e r t a i n
i n s t r u c t i o n s, howe ver , canno t  be a l lowed  to  e x e c u t e  becau se
only  one l ine  of the  user ’ s object  code is loaded i n t o  t h e
execut ion b u f f e r . If  a j u m p  or call i n s t r u c t i o n  were
a c t ua l l y  execu ted , cont ro l  of the  c o m p u t e r  would be lost .
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At t h e  end of each e xe c u t i o n  cycle the  con t en t s  of the
CPU reg is te rs  m a y  be d i sp laye d at the  t e r m i n a l .  T h e  user
may t h e n  check  out the logic of his p r o g r a m  in s o m e  de ta i l
be fo re  e n t e r i n g  the  next  l i ne .

D u r i n g  inc rementa l  e x e c u t i o n  no a t t e m p t  is m a d e  to
preserve p rev ious ly  ex ecuted i n s t r u c t i o n s  or user  d e f i n e d
da ta  areas.  C o n s egu en t ly ,  i n s t ruc t ions  which  con t a in
re fe rences  to re g ister M invoke  the  s tub  h a n d l e r  p r i o r  to
execu t ion .  All i n f o r m a t i o n  stored in the  symbol  t ab l e  is
a v a i l a b l e  d u r i n g  i rc rern en tal  execu t ion .

If it is d e t e r m i n e d  t h a t  the  cu r ren t  i n s t r u c t i o n  can be
i n c r e m e n t a l l y  e xe c u t e d  then  the  machin e i n s t r u c t i o n  wor d  and
associated data  b y t e  or b y t e s  areloaded in to  a f o u r - b y t e
a r r a y  in  m e m o r y .  A EST 1 i n s t r u c t i o n  is execu ted , t h e  CPU
reg i s t e r s  a re  copied into m e m o r y  and the  c o n t e n t s  of t h e
reg is te rs  the  way the  user  lef t  the m at t h e  end of h is  last
execu t ion  is placed into  t h e  CPU.  The p r o g r a m  c o u n t e r  is
next  set to the address  of the  user ’ s in s t r u c t i o n . T h e  t w o
b ytes  set aside for  user i n s t r u c t i o n  da ta  were  i n i t i a l iz e d
to  zero  ( N C P  i n s t r u c t i o n s )  . The f o u r t h  b y t e  in  th e  user
execu t i on  b u f f e r  is a R ST 2 i n s t r u c t i o n  w h i c h  i n v o ke s  a
rou tine which copies the user ’s machine state into memory

and restores ASIJ .

If the user has requested the display of registers then

ASI D causes his m a c h i n e  s t a t e  to be p r i n t ed  at the  t e r m i n a l .
AS ID is now r eady  to accept the next  l ine of i n p u t .

It m i g h t  seem tha t there  h a v e  been  r a t h e r  severe
l i m i tat i c n s  placed on which  i n s t ruc t i ons  can be
i n c r e m e n t a l l y  e x e c u t e d .  The i m p o r t a n t  t h i n g  t o  be
r e m e mb e r e d  is t h a t  at t h i s  point  in p r o g r a m  c r e a t i o n  w i t h
most o t h e r  syst em s , all the  user has done is to c r e a t e  a
po r t i on  cf a source f i l e  or p u n c h  a deck of c a r d s .  H e has

60

—--

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



___-I---
~
--- -

~ 
,. -

no information whatsoever concerning the correctness of  h is

syntax let alone what the program will do when it is

executed. Using ASID , however , the user is assured of

correct syntax and has seen the results of controlled

execution of a portion of his program .
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VII. SYSTEM EVALUATION

A. AREAS OF APPLICATION

The authors felt that ASID would have a high degree of

a p p l i c a b i l i t y  in the  educa t iona l  e n v i r o n m e n t .  The  t im e
taken to learn any  p r o g r a m m i n g  l a n g u a g e  is significantly
reduced when an interactive system capable of immediate

feedback is utilized by the student. When contrasting

assembly language to a higher level language the user of

assembly language is not bound by detailed rules for

structuring segments of code. This attribute of assembly

language creates an environment in which it is difficult for

the user to continually co—ordinate the individual steps

involved in his program with the overall desired result.

ASID allows the user to receive immediate feedback

concerning the actual results of execution of each

instruction as it is entered. This enables a student user

to verify that his instructions are causing the opera~ ion

which he intended. ASID also eliminates such troublesome

instruction constructs as MOV ~,M an-I LXI A , 
—
.

The experience d user can also benefit from ASID because

it was designed to support structured programming technigues

and should reduc e initial program entry/assembly time.
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B. EXTENSIONS

ASID in its present form is a complete system. There

are certain additicnal features and functions which -the

authors feel woul.~ enhance the operation of the system.

A “mini ” text editor would be advantageous. This would

allow the user to correct only the token which is in error

rather than the present convention of requiring the entire

line to be re—entered . Insertion and deletion of tokens

would also be allowed .

The incremental execution monitor could be expande d in

function to includ e the building of a memory map of the

user ’s program as it is being processed in incremental mode.

This would enable the controlle4 execution of the presently

troublesome JUNP , CALL and memory reference instructicns as

long as the references and labels are defined in the program

prior to their us~ as an Operand . Forward referencing could

still be the responsibility of the stub handler .

The errcr module could be expanded to include one of the

automatic syntax error correction schemes presented in

section IV C. The authors specifically recommend the method

developed by Graha m and Rhodes [ Ref. 22 ~~. This method is

designed to be easily interfaced with an LR(1) parser .

The facility for modifying the user ’s CPU is somewhat

cumbersome in its present form. An .extentson could be to

provide selective modification of one or more of the

registers.

Another ext ension pertains to the macro processor.
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Specifically, ASID in its present form , does not allow the

nesting of macro definitions nor does it allow macro calls

withi n macro definit ions. Both of these features would

greatly enhance the overall utility of the system.

Presently ASID does not provide a cross— reference

listing of user defined variable names, nor does the source

code file receive an automatic formatting treatment , whereby

label , instruction and operand fields are aligned using

preset tab positions . Both of these features would be

useful to the user. A facility that allows the user to

specify a library routine and have it linked to his program

is another extension that the authors feel would be of great

value to the user.

5L4

~

-
‘ 

~~~~~~~~~~~~~~~~~ —- - -~~-~~~~~~~~~~~~~~~~ - 4



_ _  

.-
~~~

VIII . SUMMARY AND RECO :IMENDATIONS

ASID was an attempt by the authors to integrate state of

the art comp iler writing techniques , a highly interactive

environment and an 8080 based microcomputer mainframe. The

resultant system process es 8080 assembler language

incrementally with each complete line or sentence of

assembler code being the unit of interaction. ifl addition ,

ASID is capable of performing a controlled execution of each

instruction after a successful assembly of the line . ~
macro processor was included in ASID which processes macro

definitions and ma cro calls in—line on the first pass of the

assembly.

The authors have conclud ed that : -

1) Assembly language for the 80~ 0 can be described by a

context—free grammar which  is recognized and accepted by

an LALR— 1 parser .

2) Incremental comp ilation during initial program entry

on a dedicated hardware system is feasible. Nc endue

delays cr interruptions were perceived by the user -luring

progra m entry.

3) Macros can be processed effectively in—line.

£4) Incremental execution is feasible.

The present form of ASID , although runnable , is not

appropriate for public distribution. The source for ASID is

available through the Chairman of the Department of Computer

Science , Naval Postgraduate School, Monterey, California

939L~O. Several areas for further extensions of the syst~ n

have been mentioned and the authors feel that ASID is well

suited as the basis for further resea rch , particularly in

65 

- ._~~w T ~~~ - . 
.
-~ 

- ..
- -5 _ -~~_%_~~~~~~~~~

--__S
~~~-. --5- ----5- -~—-~-—--- - -5- . ,- -5 —-5——---5 —~~~-_- -



- __-5,.~~&- _ 5-5- - —7 — 
- 

—— - - - -

t he  areas of error r ecovery and in c r e m e n t a l  e x e cu t i o n .



- - —-—-5---- - _
~~~~~~~~~~~~~~~~~~ t~~~_ _  - -----.-- --S—----------5—-- -

~PPENJIX A

F ORMAL G R A M M A R  fo r A S I D

<START> := <PRIMA RY INSTRUCTION>

< P R I M A R Y  I N S ’ I P U C T I O N >  : := < LA B 2L E D I N S T R U C T I O N >
<~1ACRO DEFINITIO~J>

< M ACRO C A L L >
<BASIC INSTRUCTION>

<LABELED INSTRUCTION> ::= <LABEL>

<LABEL> <BASIC INSTRUCTION>

<BASIC INSTRUCTION> : <ASS EMBLRR ~NEUMONIC>

<A 3SEM3LE~ MNEU?IONIC> : := <MNCN ZERO>

<MNo:~ ONER>< GIST~~R~i>

<MNON ONER><REGISrER1>

<MN~ N ONER> <REGIS ERPS>

<MNON ONER> <REGISTERi~>

<MNON ONER~ ><REGISTER?S>

<NNON ONERP><REGISTERH>

<MNON oNERP><REGIs:EP~~P

<MNO N ONEST><REGISTEPPS>

<~ NON ONEST><REGISTERH>

<~ NON ONEST><PEGISTERPSW>

<MNON ONEA>< EXPRESSION>

<MNON ONEADEFN><DLIST>

<MNON ONEB><EXPRESS ION>

<MNON ONEBRST-><EXPRESSION>

< M NO N O N E L S > < R E G I S T E P P S >
<I~EFT PART><EXP RRSSION>

< MN O N T W O~i V > < R E G I S T E 9 ~~>
< R E G I S T E R  1>
< M N O N  T W O M V > < R E G I S T E R ~1>
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<REGISTERPS>

<MNON TWOMV><PEGISTERM> ,
<REGISTERH>

<~!NO N TWOMV><REGIST ER1>
<RECISTERM>

< M N O N  T W O M V > < R E G I S T E R H >
< R E G I S T E R N >

<MNO N ThOMV><REG ISTERPS>
< B E G I S T E R M >
< MN O ~ T W O M V > < R E G I S T E R 1 >  ,
< B E G I S T E R 1>
<MNON TWO~1V><REGISTERPS> ,<REGISTERPS>

<MNON TWOMV>< REGIS TERH>
<REGISTERH>

<~ NON TWOMV><REGISTERPS>
< R E G I S T E R 1 >

< NNO N T W O M V > < R E G I S T E R 1 )
<REGISTERPS>

< M N O N T W O N V > < R E G I S T E R P S >
<REGISTERH>

<MNON TWO~ V><REGISTERH>
<REGISTERPS>

<MNON TWOMV><REGISTERH>
< R E G I S T E R 1 >
< M N O N T W O M V > < R E G I S T E F 1>  ,
<REGISTERH>

< MN O : T T W m l I > < R E G I S T E F 1 >
<EXPRESSION>

<MNON TWOMI><REGISTIRPS>
<EXPRESSION )

<MNON TWOMI><REGIST R9>
< E X P R E S S I O N >
<MNON T~OM I><REGISTERM><EXPRESSION>

<~1NON TWOLI><REGISTERPS>
<EXPRESSION>

< M N O N  T W O L I > < R E G I S T E R H >  ,
< E X P R E S S I O N >
< M N O N  T W 0 L I > < R E G : S T E R s P >
(EXPRESSION>

<LEFT PART> : := <IDENTIFIER> EQtJ

< I D E N T I F I E R >  SET

<MACRO DEFINITION> : <IDENTIFIER> M A C B~)
- 

<IDENTIFIER> MA CRO <?LIST~
<MAC RO CALL> ::= <MACRO&>
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< M A C R O & >  < P A R M  LIST>
<REGISTER 1> := A

C

E
L

<R~ G I ST ERP S> : := B

D

<REGISTERSP> ::= S

<REGISTERPSW> : := P

<REGIS -rERH> : H

<R EGIST E R M >  : M

<DLIST> :: < E X P R E S S I O N >
<EXPRESS ICN> : <LOGICAL TERM>

< E X P R E S S I O N >  OR
<LOG I CAL T E R M >

<EXPRESSION> XOR
<LOGICAL TERM>

<LOGICAL T E R N >  ::= <LOGICAL FACTOR>

< L O G I C A L  T E R M >  A N D
< L O G I C A L  F A C T O R >

<LOGICAL FACTOR> <LOGICAL PRIMARY>

NOT <LOGICAL PRIMARY>
.

<LOGICAL ~PIMARY> ::= <ARITHMETIC EXPRESSION>

<ARITHMETIC EXPRESSION> <TERM>

<ARITHMETIC EXPRESSION ) +
<TERM)

<ARITHMETIC EXPRESSIO N> —

< T E R M >
— < T E R N >

+ < TE R M >

<TERM> ::= <PRIMARY>

<TERM> * <PRIMARY>

<TERM> / <PRIMARY>

<TERM> % <PRIMARY>

<TERM> NOD <PRIMA RY>

<TERM> SHL <PRIMARY>

<TERN> SHR <PRIMARY>

<PEIMARY> := <IDENTIFIER>
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< N U M B E R >

( <EXPRESSION>

<STRING>

<EQU NAME>

<SET NAME>

<DEFINED LABEL>

<PLIST> :: <IDENTIFIER>

( I D E N T I F I E R >

<PARN LIST> : := <OPERAND>

<OPERAND> , <PARN LIST>

<OPERAND> ::= <REGISTER1>

< R E G I S T E R P S >
< R E G I S T E R E >

<REGISTERM>

< R E G I S T E R S P >

<REGISTERPSW>

<EXPRESSION>
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