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Abstract 

T h e  des ign  and implementation of a men.-or iented 
i n t e r f a c e  for personal computers is discussed. 
Fac to r s  per ta in ing  to the cognit ive limitations of 
u s e r s  are examined  an(l their impact on the design 
o f  t he  sys tem is descr ibed.  The major attr i l )utes of 
t h e  sys tem are (1)  all communication between the 
o p e r a t o r  a n d  the computer is through menus or 
forms (wh ich  are analogous to hard copy 
documen ts ) ;  (2)  ex tens i ve  help is available at all 
t imes ;  (8 )  the in te r face  can adapt to the 
e x p e r i e n c e  of  the user; (4) the display processing 
t ime is shor t ;  and (5) an externa l  data format 
e x i s t s  t ha t  comple te ly  def ines the interface. The 
va r i ous  coral)orients of the inter face are discussed 
in deta i l ,  fo l lowed by a discussion of the 
imp lementa t ion .  

1 .  I n t r o d u c t i o n  

Al though some research has been (lone on 

d e v e l o p i n g  in te l l igent  user in ter faces for large 

s y s t e m s  [2 ,  1 2, 1 4, 16, 20, 22] ,  very l i t t le 

i n v e s t i g a t i o n  has focused on the adaption of these 

i n t e r f a c e s  to a personal computer (also referred to 

in th is  paper  as a microcomputer sy~stem). One 

r e a s o n  is tha t  microcoml)uters impose a str ingent 

s e t  o f  res t r i c t i ons  on the resources available when 

imp lement ing  or execu t i ng  a program. These 

r e s t r i c t i o n s  concern the lack of a virtual address 

s p a c e ,  the  s lowness  and small capaci ty  of the disk, 

Permission to copy without fee all or part of this material is granted 
provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission. 

(~) 1080 ACM 0-89791-024-9/80/0900-0097 $00.75 97 

a n d  t he  low processing rate. They impose 

s e c o n d a r y  res t r ic t ions ,  such as a small symbol table 

in the  compi ler  (due to an excess ive  swapping 

o v e r h e a d )  wh ich  are of ten more limiting than the 

o b v i o u s  de f i c ienc ies .  Dealing with these 

c o n s t r a i n t s  seve re l y  complicates the design of 

s o p h i s t i c a t e d  user in te r faces  an(I makes research 

in th is  area d i f f i cu l t .  Another reason for the lack of 

r e s e a r c h  concern ing  microcomputer user interfaces 

is t h a t  personal  computers have only recent ly 

a d v a n c e d  to the point where e f fec t i ve  interfaces 

a r e  poss ib le .  

In sp i te  of  the many restr ic t ions that are present 

in microcQmputer  systems,  personal computers also 

h a v e  some a t t r ac t i ve  propert ies not shared by 

la rge  sys tems .  A personal computer us.a l ly  has a 

d e d i c a t e d  v i d e o  display which can contend with 

v e r y  high data  t rans fe r  rates (1000  characters per 

s e c o n d  is t yp ica l ) .  ~lso, although the processing 

p o w e r  is not overwhelming,  it is uniform, whereas 

u s e r s  of  large mult iproeessing systems get the use 

o f  a f a s t e r  CPU only for short periods of time at 

i r regu la r  i n t e r va l s ,  which sometimes results in 

annoy ing  behav io r  [8 ] .  A third advantage is the 

a v a i l a b i l i t y  of l ow- leve l  primit ives of the operating 

s y s t e m  and of  fac ih t ies  provided by the bare 

mach ine .  Personal  computers require less complex 

o p e r a t i n g  sys tems than conventional computers, 

s i n c e  mult iprogramming issues (protection, resource 

shar ing ,  synchron iza t ion)  are not present. Thus, 

m ic rocompute r  opera t ing  systems of fer  lower 

o v e r h e a d s  and d i rec t  access to t i le resources of 

t h e  sys tem [1 1],  

This paper  'descr ibes a user interface which 

e x p l o i t s  the  pos i t i ve  f ea t . r es  of a personal 

c o m p u t e r  whi le  deal ing e f fec t i ve ly  wi th its 



l im i ta t ions.  The system is designed to be employed 

w i t h  any appl icat ion I)rogram which requires a 

s u b s t a n t i a l  amount of interact ion with the user, due 

to  an extensive set of avai lable commands, a large 

amount  of  data ent ry  and display, or both. In 

pa r t i cu la r ,  packages  current ly marketed for small 

businesses tha t  handle accounting, data base, 

a n d / o r  management  functions are prime candi(lates 

fo r  the  approach examined here. As hardware 

b e c o m e s  less expens ive ,  the increased facil i t ies 

a v a i l a b l e  in a personal computer will allow the 

general sys tem to be ex tended  to incorl)orate more 

k n o w l e d g e  concerning the user and the environment 

p r o v i d e d  by the appl icat ion program. Thus, it is 

a p p r o p r i a t e  to a t tempt  to provide user interfaces 

fo r  p r e s e n t  microcomputers, even though more 

p o w e r f u l  sys tems will be avai lable in the future. 

2 .  Design Criteria 

There  are a number of design criteria which must 

be met  by a user in ter face [1, 10], whether oil a 

pe rsona l  computer  or on a large system. A 

pa r t i cu l a r l y  important  aspect  is the nature of the 

cons t ra i n t s  of the user's cognit ive I)r0cessi~g, 

Peop le  are heav i ly  constrained by the amount of 

in fo rmat ion  tha t  they can consider at one time and 

t he  leng th  of  time that  that information can be held 

in shor t  term memory (STM). tlence, the information 

a v a i l a b l e  from the system should be simple enough 

to  be qu ick ly  and easi ly assimilated. The system 

shou ld  also be fas t  enough so that the user's 

th ink ing  p rocesses  will not be impaired by the loss 

o f  in format ion in S IM due to delays caused by slow 

r e s p o n s e  t imes. An addit ional constraint is that t!~e 

r e t r i e v a l  process from long term memory (LTM) is 

a lso  s u b j e c t  to decay  over time. Therefore, the 

user  should be able to get help from the system at 

any t ime.  This information should be available at the 

p l a c e  the help is needed, and should refer to the 

s p e c i f i c  c o n t e x t  t i le  user was in when hell) was 

r e q u e s t e d  [ 8 ] .  The system should also exhibit  

un i fo rm i t y :  similar commands at di f ferent times 

should  invoke similar actions, in order to reduce the 

s t a t e - d e P e n d e n c y  of comhlands. The actions 

i n v o k e d  by a par t icu lar  command should be expl ici t  

and uriambiguous, result ing in a transparent system. 

Such a sys tem is c losely matched to the user's 

p e r c e p t i o n  of the system, requiring less mental 

w o r k  [21 ]. 

A second  considerat ion which is important in the 

des ign  of  i n te rac t i ve  systems is the exper ience of 
t he  user.  Typical  users of these systems vary 

w i d e l y  in both the degree of familiarity and the 

mo t i va t i on  to learn about the system. Many jobs 

wh ich  invo lve  using a microcomputer have large 

t u r n o v e r  ra tes,  so it is important for t i le system to 

c a t e r  to  nov ice users. It is important, however, not 

to  ignore the e x p e r t  user. The interface should be 

ab le  to  adap t  its character is t ics to the user's 

e x p e r i e n c e .  I low to imbed this abil ity in the 

i n t e r f a c e  is i tse l f  a hard problem [7, 17]; at the 

v e r y  l eas t  the system should I)e able to tailor the 

amount  of  e x p l a n a t o r y  t e x t  to the desires of the 

user .  Thus the novice would I)e given a significant 

amount  of  gu idance by the system, whnreas the 

e x p e r t  would be presented with a very fast 

i n t e r f a c e  tha t  spec i f ied  a minimum amount of detail. 

The remainder  of t i le  design criteria for a user 

i n t e r f a c e  stem from the character of the 

communica t ion  as perce ived by the user. The 

i n t e r f a c e  should be robust, in that it responds 

e f f e c t i v e l y  and unambiguously to any input, allows 

t he  user  to recover  froln simple errors, and 

d i scou rages  i l legal input. The user should have a 

s imple  means of giving commands to the system, to 

bo th  reduce  errors and increase the command input 

r a t e .  And f inal ly,  control over all aspects of the 

s y s t e m  must apl)ear to belong to the user. 

A l though it may seem reasonable to expect  all 

use r  i n t e r f a c e s  to adhere to the criteria given 

a b o v e ,  v e r y  f ew  ex is t ing systems meet evel~ a 

s u b s t a n t i a l  subse t  of them. The system described 

h e r e  meets  all of  the l isted criteria and can be 

imp lemen ted  and run e f f i c ien t ly  on a microcomlnJter 

s y s t e m .  
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3 .  Basic Design 

The de'sign is based on the ZOG system [15, 18], 

wh i ch  in turn was based on the PROMIS 

s y s t e m  [0 ,  23 ] .  In the ZOG system communication 

is v ia  nlel l i l  se lec t ion or] display terminals with 

s p e c i a l  t ouch -sens i t i ve  screens. A ZOG menu (or 

f rame)  is simply a list of commands with 

e x p l a n a t i o n s ;  each command is associated with an 

a rea  On the screen which t i le user touches, to 

s e l e c t  tha t  command. The result of the .,~election is 



a n o t h e r  menu wi th further selections. The network 

o f  menus is ve ry  larqe (on the order of 35,000 

f r a m e s  in the PFIOMIS frame library) so that all 

communica t ion  is by this means. Thus, 

communica t ion  from user to computer is by the 

d i s c r e t e  S e l e c t i o n  of semantically meaningful 

op t ions ,  and from computer to user by the 

p r e s e n t a t i o n  of information contained in frames. 

The dist inguishing character is t ics of ZOG are that 

t he  response  time for the next  display is 

e s s e n t i a l l y  ins tantaneous (ZOG is targeted for 0.05 

s e c o n d s  70% of the time) and that the total set of 

f r ames  is ve r y  large. This coupling of rapid 

r e s p o n s e  and a large network produces a 

q u a l i t a t i v e l y  d i f f e ren t  user-computer communication 

ph i losophy  from a standard menu selection scheme, 

o f  wh ich  there  are m a n y [ 1 3 ,  16]. Unfortunately 

s u c h  a sys tem requires very  expensive hardware, 

in t he  form of  touch sensi t ive terminals, fast disks, 

and power fu l  processors.  The approach taken in 

the  sys tem descr ibed here was to severely limit 

t he  know ledge  domain (thus lowering by two to 

t h r e e  orders  of magnitude the number of frames 

n e c e s s a r y  to cover  the (!omain), to relax the 

s t r i n g e n t  t ime constraints, to introduce verbosity 

l e v e l s  in the menus, and to propose an additional 

o b j e c t ,  analogous to a hnrd copy document, called a 

f o r m ,  which is more appropr iate for performing large 

amounts  of data entry and display. Thus, the 

s y s t e m  only approx imates  ZOG in its operation, but 

t he  a d v a n t a g e s  of being able to implement it on a 

pe rsona l  computer  make it a viable direction in 

wh i ch  to  pursue user inter faces.  

T h e r e  are f ive  major at t r ibutes that characterize 

t he  user  in te r face .  First, all communication 

b e t w e e n  the opera tor  and the computer is through 

menus if a simple command is adequate, or through 

forms if a more ex tens i ve  data entry and display 

c a p a b i l i t y  is nee( led.  Secon(I, extensive help is 

a v a i l a b l e  at  all times. This help ranges from a 

s ing le  message concerning a particular item in a 

form to al l  ent i re  subnet providing information on a 

an a s p e c t  of the system. Third, the interface can 

a d a p t  to the expe r ience  of the operator by limiting 

or e x p a n d i n g  the amount of information presented 

by  a menu. Fourth, the display processing time is 

shor t .  And last ly,  an ex terna l  data format exists 

t h a t  comp le te l y  def ines the interface (except  for 

the  connec t ions  be tween  the frames, either menus 

or forms, in the network,  since arbitrary processing 99 

by  the  app l ica t ion  program is possible any time a 

s e l e c t i o n  is made or data entered into a form). 

T h e s e  at t r ibu tes  preserve the advantages 

i nhe ren t  in menu select ion schemes. It is possible 

fo r  users who are tota l ly  unfamiliar with the progran! 

or the  i n t e r f a c e  to use the system. Menu selection 

a l l ows '  the  user to par lay basic knowledge about 

how m e n u  se lec t ion  works into detai led knowledge 

o f  the  system. Also, by locating the relevant 

k n o w l e d g e  at  the Site of action, menu selection 

e l im ina tes  the search for this information. However, 

m e n u  se lec t ion  has two disadvantages. First, in 

t y p i c a l  impleme'ntations, it is slow. Second, t heuse r  

is f o r c e d  to be shown a large amount of 

e x p l a n a t o r y  t e x t ,  which is annoyincl to the exper t  

user  who  a l ready  knows the information the menu 

con ta ins .  ZOG removes both of these 

d i s a d v a n t a g e s  wi th its rapid response time, since 

t he  e x p e r t  user can simply ignore the explanation. 

The sys tem presented  in this paper avoids the 

d i s a d v a n t a g e s  by exhibi t ing a moderately fast 

r e p o n s e  t ime ( the fas tes t  the hardware can 

suppo r t )  and by providing each menu with several 

ve rs ions ,  each containing more or less detail 

( rang ing  from one line to several  hundred lines of 

t e x t ) ,  Thus, the at t r ibutes described above, when 

t a k e n  as a whole, result in a powerful user 

i n t e r f a c e .  

The t o p - l e v e l  v iew of the system is i l lustrated in 

F igure 1. The ent i re user interface is implen/ented 

by  the  I n l e t f a c e  Module, and all maniptdations of 

t he  da ta  base are handled by the Database Module. 

In fo rmat ion  is t rans fered between the database 

and i n t e r f a c e  modules, and colnll lands are 

t r a n s f e r e d  b e t w e e n  the inter face module and the 

app l i ca t i on  program. In the sections that follow, a 

more prec ise  character izat ion of menus and forms 

wi l l  be given, fo l lowed by a discussion of the 

imp lementa t ion  on a personal computer and a 

compar ison of the actual  performance of- the 

i n t e r f a c e  wi th the design cri teria specif ied in the 

p r e v i o u s  sect ion.  

4 .  M o n u s  

A menu is a list of commands with explanations. 

A s e l e c t i o n  is made by typing t i le command, thus 

avo id ing  the need for touch-sensi t ive terminals. 

There  are th ree  levels of information associated 



w i t h  e a c h  menu.  Time abbreviated vers ion is a sma. 

n u m b e r  o f  l i nes  long, of  wh ich  only one is d isp layed 

at any t ime .  Ar'l e x a m p l e  ( see  the  alH~elldix for 

d e t a i l s )  is s h o w n  in Figure 2a.  This vers ion is used 

b y  e x p e r i e n c e d  use rs  w h o  w a n t  the maximum 

speed ( l e s s  t han  1 second  per  menu in the 

i m p l e m e n t a t i o n  d e s c r i b e d  b e l o w )  and are famil iar 

w i t h  t h e  c o m m a n d s  in a pa r t i cu la r  region of the 

frame n e t w o r k .  The standard vers ion  occul ) ies the 

e n t i r e  s c r e e n .  The top  l ine is c o n s t r u c t e d  by the 

Terminal I 
Display 

K e y / ~ o ~  

Menus 

' I ..... 
Interface 
Module 

l 
Forms 

I Application 

Pro,~ram 

D•ata Base 

Module 

Data 
Base 

F i g u r e  1: Time Top Leve l  Design 

system, and c o n s i s t s  of  the  nlentl name, the sys tem 

name, and t h e  d a t e .  Time rema inder  of the screen 

c o n t a i n s  a l i s t i ng  of  the  commands along wi th  

e x p l a n a t o r y  t e x t .  The same menu might have the 

standard v e r s i o n  s h o w n  in Figure 2b. 

T h e  t h i r d  v e r s i o n ,  the  detailed vers ion,  cons is ts  of 

one or  more  c o m p l e t e  s c r e e n s  of t e x t  going into 

more d e t a i l  a b o u t  t he  s u b j e c t  the menu per ta ins  to 

and the use of  t h e  commands  in the  menu. 

T h e r e  a r e  t w o  t y p e s  of commands assoc ia ted  

w i t h  e a c h  mel'lU. The generic commands apply  

u n i f o r m l y  to  all menus.  T i le  help command causes 

t h e  n e x t  v e r s i o n  to be d i sp layed  (i.e., the s tandard  

v e r s i o n  w h e n  v i e w i n g  t i l e  a b b r e v i a t e d  vers ion and 

t h e  d e t a i l e d  v e r s i o n  w h e n  v iew ing  the s tandard  

v e r s i o n ) .  W h e n  the  user  i nd i ca tes  to the sys tem 

t h a t  s h e  has  s e e n  m~ou£1h of the  de ta i l ed  vers ion,  

t h e  s y s t e m  r e t u r n s  to the  s tanda rd  menu. A '?'  

c o m m a n d  is e q u i v a l e n t  to the  help command. When 

v i e w i n g  t h e  s t a n d a r d  vers ion ,  the  less-detail I00  

command c a u s e s  time a b b r e v i a t e d  vers ion to be 

displayed. The quit  command also is a l lowed wi th in 

any menu. 

S p e c i f i c  c o m m a n d s  can be d i f f e ren t  for eve ry  

menu, and a r e  s l )ec i : f ied  along w i th  the t e x t  of the 

menus. In t h e  menu d e s c r i b e d  above,  the append, 

edit, remove, and search commands are spec i f i c  

c o m m a n d s ;  t h e  r e s t  a re  gener ic .  Unique 

a b b r e v i a t i o n s  of  all commands are a l lowed (one 

c h a r a c t e r  is usua l l y  s u f f i c i e n t  to  l ,n iquely iden t i f y  a 

command). 

5. Forms 

W h i l e  menus  are  ap l ) ro l ) r i a te  for communicat ing 

i n f o r m a t i o n  w h i c h  r e s i d e s  in the  framo, ne twork ,  and 

f o r  g i v i n g  t i l e  s y s t e m  simple commands via 

s e l e c t i o n s ,  t h e y  a re  not  a l )p rop r ia te  for the ent ry  or 

d i s p l a y  o f  l a r g e  amoun ts  of  da ta .  Ins tead,  the 

s y s t e m  e m p l o y s  forms, which  cons is t  of a se t  of  

f i e l d s  e m b e d d e d  in un in te r l ) r e ted  t e x t .  A f ie ld  

r e f e r s  t o  c o n s e c u t i v e  c h a r a c t e r  locat ions on the 

screen and  is d e s c r i b e d  by  four  a t t r i bu tes .  The 

p ic tu re  a t t r i b u t e  d e s c r i b e s  the s y n t a c t i c  form of 

t h e  i n f o r m a t i o n  t h a t  r e s i d e s  in the f ie ld  and is used 

d u r i n g  b o t h  d a t a  e n t r y  and d isp lay .  The explanation 

a t t r i b u t e  is a c h a r a c t e r  s t r in [ I  used when the user 

r e q u e s t s  hel l )  f rom the  sys tem.  The default 

a t t r i b u t e  is u s e d  w h e n  en te r i ng  da ta  into the form. 

F ina l l y ,  t h e  f i e l d  name a t t r i b u t e  is used in the 

i n t e r f a c e  b e t w e e n  the  form handler  and the 

d a t a b a s e  c o n t r o l  s y s t e m .  

Fo rms  w e r e  d e s i g n e d  to exp lo i t  the user 's 

i n t u i t i o n  r e g a r d i n g  d a t a  en t r y  and display.  Menus 

COLIId h a v e  l ) een  used  i ns tead  for these  fun(;t ions, 

w i t h  o n e  f i e l d  p e r  menu. l l o w e v e r ,  the c o n t e x t  

p r o v i d e d  by  t h e  o t h e r  in format ion  in the form is 

i m p o r t a n t ,  and  th is  c o n t e x t  is lost  if the f ie lds are 

spread a c r o s s  s e v e r a l  111enLls. For examp le ,  if there  

is a reco rc i  in t h e  d a t a  base  for  each  employee of a 

c o m p a n y ,  t h e n  olme mel l i l  might  be used to se lec t  

t h e  p a r t i c u l a r  e m p l o y e e ,  ano the r  menu would g ive 

h is  sk i l l s ,  and  a th i rd  menu wou ld  g ive his formal 

t r a i n i n g .  I f  al l  of  th is  in format ion  w a s  d isp layed at 

t h e  s a m e  t ime ,  t i l e  user  couhl  ge t  a m,Jch b e t t e r  

i d e a  o f ,  s a y ,  w h e t h e r  the  emp loyee  was  qual i f ied 

f o r  a p r o m o t i o n .  Also, forms are aPl~ropriate for 

n e t w o r k  d a t a  b a s e s  ( see  sec t ion  7); o ther  



C u s t o m e r  L i s t :  A( I )pend} E ( d i t )  R(emove) S(earch)  I I ( e l p )  Q ( u i t )  -> 

(a) 

C u s t o m e r  L i s t  

A ( p p e n d )  

E ( d i t )  

H ( e l p ) ,  ? 

Q ( u i t )  

Command ->  

E×ample System A p r i l  13,  1988  

T h i s  command a l lo rJs  9ou to add ne~4 cus tomers  to  the  C u s t o m e r  
L i s t .  

T h i s  command . . . .  

T h i s  command t e l l s  UOU more about  the use o f  t he  C u s t o m e r  
L i s t  and the commands tha t  a l l o u  9ou to  m o d i f g  o r  e × a m i n e  
t h i s  l i s t .  

T h i s  command r e t u r n s  you to the main menu f o r  the  s y s t e m .  

(b)  

F igu re  2: Sample Abbrev ia ted  

a p p r o a c h e s  migh t  be more su i tab le  for re lat ional  

data bases [4] .  

T h e  use  o f  a form for  da ta  en t r y  is as fo l lows.  

F i r s t ,  t h e  t e x t  in t he  farm is d isp layed (in 

h a l f - i n t e n s i t y  i f  poss ib le ) .  Then the cursor is 

p o s i t i o n e d  a t  t h e  beg inn ing  of the  des i red  f ie ld and 

a m a s k  is d i s p l a y e d  ( e i t h e r  in full in tens i ty ,  or, if t he  

t e r m i n a l  d o e s  not  suppo r t  hal l ' - intensi l .y,  then in 

i n v e r s e  v i d e o  or  in some o the r  form of high!igl-~til~£1). 

T h e  m a s k  is i d e n t i c a l  to  the  p ic ture ,  e x c e p t  tha t  a 

d i s t i n g u i s h e d  c h a r a c t e r  (such as ' - ' )  appears  

e v e r y w h e r e  t h a t  a user  SUpl)l ied cha rac te r  can go. 

I f  t h e  ENTER k e y  is t y p e d ,  then the de fau l t  is 

e n t e r e d  in to  t h e  f ie ld .  Any t ime a '? '  is t yped,  the 

e x p l a n a t i o n  s t r i ng  is d i s p l a y e d  on the hot lom line of 

t h e  t e r m i n a l .  The o i c tu re ,  .which is essent ia l l y  a 

COBOL PICTURE [ 5 ]  w i t h  an a l t e red  semant ics  to 

a l l o w  fo r  i n t e r a c t i v e  input,  is used to control  the 

c h a r a c t e r s  w h i c h  wi l l  be  a c c e p t e d  from the user. 

E a c h  c h a r a c t e r  pos i t ion  in the f ie ld is contro l led by 

a c h a r a c t e r  in t he  p i c tu re .  The e d i t  c h a r a c t e r s  

d e t e r m i n e  w h i c h  inl)uf c h a r a c t e r s  are accep tab le ;  

t h e  e d i t  c h a r a c t e r s  a re  A (a lpha l )e t i c ) ,  B (boolean, 

e .g . ,  ' t '  f o r  t r ue  and ' f '  for fa lse) ,  X (al l )hanumeric) ,  

a n d  9 (nun ]e r i c ) .  All o t h e r  c h a r a c t e r s  are noise, and 

a r e  a u t o m a t i c a l l y  p r in ted  whc:n they  are 

e n c o u n t e r e d  and b a c k e d  ove r  when process ing 

r u b o u t s .  The mask cons i s t s  of the p ic ture  wi th  the 

d i s t i n g u i s h e d  c h a r a c t e r  rep lac ing  all the edi t  

c h a r a c t e r s .  The p i c t u r e  ' ( 9 9 0 )  0 9 0 - 9 0 9 0  Ext.  

9 9 9 g '  r e s u l t s  in a mask ' ( - - - )  . . . . . . . .  Ext .  - - - - ' ,  I01 

and Standard  Vers ions 

and i f  t h e  c h a r a c t e r s  ' 1 2 3 4 5 6 7  e w e r e  typed,  the 

f i e l d  w o u l d  look l ike ' ( 1 2 3 )  4 5 0 - 7 - - -  Fx t .  - . . . .  , w i th  

t h e  s y s t e m  e x p e c t i n g  s e v e n  more dir j i ts. When a 

v a l u e  is d i s p l a y e d  in a f ie ld,  the  success ive  

c h a r a c t e r s  o f  t h e  va lue  r e p l a c e  the ed i t  cha rac te rs  

in t h e  p i c t u r e  a t t r i b u t e .  

6 .  E v a l u a t i o n  

I t  is a p p r o p r i a t e  to  r e v i e w  br ie f l y  t i le original 

d e s i g n  c r i t e r i a  to  i l l us t ra te  the  e x t e n t  to which 

t h e y  h a v e  b e e n  met .  1he s y s t e m  is f r iendly ,  and the 

u s e r  c a n  o b t a i n  hel l )  f rom the sys tem at any t ime. 

W i t h  ' c a r e f u l  menu des ign ,  the  informat ion cml  be 

k e p t  s i m p l e  enough  to be eas i l y  unders tood.  The 

v a r i o u s  l e v e l s  of  menus a l low the sys tem to ca te r  

t o  t h e  useres p r e f e r e n c e  of amount of  deta i l .  The 

s y s t e m  w i l l  i gno re  e r roneous  input, giv ing an error 

m e s s a g e  in t h e  c a s e  of an i l legal  menu se lec t ion  or 

r e f u s i n g  to  a c c e p t  an i l legal  c h a r a c t e r  during data  

e n t r y .  The  s y s t e m  e x h i b i t s  uni fornf i ty in that  the 

g e n e r i c  c o m m a n d s  a l w a y s  app ly  and a '? '  causes 

t h e  s y s t e m  to  r e s p o n d  w i th  an exp lana to ry  

m e s s a g e .  The  s y s t e m  is l a s t  s ince it requi res at 

m o s t  o n e  d isk  a c c e s s  to d isp lay  a menu (see 

s e c t i o n  7)  and s ince  the  d isp lay  cat] p roceed  at the 

m a x i m u m  r a t e  a l l o w a b l e  by  the terminal .  The user 

h a s  a s imp le  means  of g iv ing commands to the 

s y s t e m  by  s~dec t ion  f rom the s e t  offcr~.d by the 

c u r r e n t  menu.  And fin~dly, the  user fee ls  that  she is 

a l w a y s  in c o n t r o l  of  the  sys tem (al though the 

s y s t e m  m a y  c o n s t r a i n  the  range of opt ions avai lab le 



at  any  po int )  s ince the system is always waiting for 

a command (or data)  from the user. 

7 .  I m p l e m e n t a t i o n  

The s e v e r e  l imitat ions imposed by implementing 

t he  sys tem on a microcomputer necessitate a 

c a r e f u l  par t i t ion ing of the information which resides 

in memory and the information which resides on 

s e c o n d a r y  s torage.  Putting all the information in 

.main memory is infeasib le due to the large number 

o f  menus and forms in the frame network; putting all 

o f  t he  in format ion on disk results ill unacceptable 

r e s p o n s e  t imes. In addition, it is necessary to 

d e s i g n  the in te r face  module so that the complexity 

o f  handl ing help requests and of dealing with 

e r r o n e o u s  input is embedded within the module, 

w h e r e  it can be deal t  with, rather than forcing ti le 

app l i ca t i on  program to handle these conditions. In 

v i e w  of  t hese  considerat ions, the iml)lementation 

w a s  par t i t ionecl  into three components: a descriptor 

f i le ,  a p reprocessor ,  and the interface modtJle. The 

i n t e r a c t i o n s  b e t w e e n  these three components is 

i l l u s t r a ted  in Figure 33 and examples of the various 

f i l es  are g iven in the appendix.  Although this 

pa r t i cu la r  implementat ion was done using the UCSD 

Pasca l  sys tem [ 1 9 ]  on a Z-80  microcomputer, the 

d e s i g n  p resen ted  in this paper call be usefully 

a p p l i e d  on most microcomputer operating systems 

a n d  l anguages .  

The descr ip to r  f i le completely defines each 

f rame  used by the system. Included ill the 

d e s c r i p t o r  f i le is the t ex t ,  for each frame, the 

commands assoc ia ted  w i th  each menu (and their 

Pasca l  names, which are used by t i le application 

program to re fe r  to the command), and the 

a t t r i b u t e s  for  each f ield in each form, There are no 

a pr ior i  l imitat ions on the numbe; of commands, 

m e n u s ,  forms, or f ields that  can I~e declared in ~ 

d e s c r i p t o r  f i le. Although the descriptor fil9 is in a 

s imple  human-readable  format that is 

se l f - documen t i ng ,  the format is designed to be 

e f f i c i e n t l y  p rocessed by the interface module. 

Each menu is rep resen ted  by a command list, the 

a b b r e v i a t e d  version, the standard version, and the 

d e t a i l e d  vers ion.  Each form is represented by a 

b a c k d r o p  conta in ing the t e x t  of the form, with 

. consecu t i ve  '@'s whereve r  a field betongs, and a 

l is t  o f  a t t r i bu te  tuples, one t~or each field. All but 

t h e  command l ist are reacl by the interface module 102 
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F igure  3= Using the Preprocessor 

w h e n  process ing  a part icular frame. 

The p rep rocesso r  has two tasks: to veri fy the 

f o r m a t  of  t i le  ( lescr iptor  f i le and to generale an 

Include f i le  which is compiled with the application 

program. By using t i le  preprocessor to check the 

d e s c r i p t o r  f i le  for conformity with the format 

e x p e c t e d  by the in te r face  n~o(lule, t i le module cloes 

not  have  to tie any error checking. This reduces 

bo th  the  t ime it takes to display a frame and the 

s i ze  o f  the module's code, and allows the 

p r e p r o c e s s o r  to do ex tens i ve  checks which are 

i n f e a s i b l e  for  the in ter face module to perform. The 

s e c o n d  task of the preprocessor is to ex t rac t  

in fo rmat ion  from the descr iptor fi le which is too 

t ime-consuming  for th~ in ter face module to process 

a n d  to  put  this information in an include file. The 

inc lude  f i le  is a list of Pascal CONSTant 

dec la ra t i ons ,  one for each frame., and for each 

commancl de f ined  ill the descr iptor file (the same 

c o m m a n d  can be used in di.fferent I]lel'l(is). Note 

t h a t  i f  the  descr ip tor  f i le is changed, a new include 

f i l e  must be genera ted  by the preprocessor, and 

t he  app l i ca t ion  program must be recompiled. The 

i d e n t i f i e r s  dec la red  ill the include file allow the 

app l i ca t i on  program to refer  to the frames and 

c o m m a n d s  in the descr ipt ion fi le symbolically. Each 

commancl is equa ted  to a unique integer value by 

t h e  p reprocessor .  ConHilaads which are not 
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F igu re  4= The User In ter face During Execution 

t h e m s e l v e s  valid Pascal identif iers must have. an 

a s s o c i a t e d  ident i f ier  speci f ied in the description 

f i le .  Each menu name is equated with a string 

(ca l led  the m~;nu de.scriptor) that contains (in a 

p a c k e d  format)  the character  poniti~n (i.e,, the 

b y t e  o f f s e t )  of the star t  of the abhrcviated and 

s t a n d a r d  vers ion of the Illentl in the.', dc,~;criptor file 1 , 

t he  unique port ion of each command that can I-m, 

s e l e c t e d  in this menu, and the integer value of this 

command (s ince the value is a q:;igned by the 

p r e p r o c e s s o r  ~_Hl(I (l()es not al)pear in the descriptor 

f i le) .  The menu descr iptor  does not contain the 
c h a r a c t e r  posit ion of the detai led w:rsion since this 

ve rs ion  occurs  immediately af ter  the standard 

vers ion ,  and con only be displayed by giving the 

he lp  COllllllan(I whi le in the standard version. For the 

Cus tomer  List example given earlier, the illetltl 

( l esc r ip to r  would contain eight characters for the 

pos i t ion of the menu (four each for the abbreviated 

and s tandard  vernionn), twelve characters for the 

commands ( four commands, with a one character 

name, a one charac ter  value, and a (lelimiting 

c h a r a c t e r )  I?lU.-~ a fin4d sl)ac(; (to signal the (:nd or 

IEach byto off.~et require.'. 41 ch,~raclor.% enabling the descaiptor fdo 
to grow as largo as the UCSD file system allow:.. 

t he  command li.t;t) for a total of 21 charact(;rs. 

Each form name is equa led with a string (called the 

f o r m  desc r i p t o r )  which contains the character 

pos i t ions  of the s tar t  of the backdrop and the start 

,of the  f ie ld a t t r ibu tes  (eight characters total). 

Thus, the  amount of main memory space occupied 

by  the  menu and form deseriptc)rs is minimal. 

The organizat ion of the program during execution 

is shown  in Figure 4. An associat ive array (an array 
o f  s t r ings  indexed  by stringr;) is us(:d to pass data 

b e t w e e n  the in te r face  module and th{: data b~se 

c o n t r o l  system (DISCS). Aft~...r the u,'~er has entered 

da ta  into a f ield of a form, the interface n~odtde 

s t o r e s  the value of the fi{:l(l (without the noise 

c h a r a c t e r s  and trail ing blanks) in the associative 

ar ray ,  i ndexed  by the field name, which is one of 

t he  a t t r i bu tes  of the field. To display a field, the 

va lue  is re t r i eved  from the associat ive array atld 

d i sp layed  using the picture attr ihutc, Thus the 

noise c h a r a c t e l b  ,uways appear ill the fiel(l, ,)L,L (,,U 
not  s to red  in the data hase. 

]03 

The (Iota l)a,~e nlana(lemerM system ire based oil 

t he  CODASYL 1 .Q7,~3 proposal [6]. The schema 

a s s o c i a t e d  wi th  the data hose used by the 

app l i ca t ion  proflram descr ihes the records in tile 



d a t a  b a s e  and  t h e  f i e lds  t h a t  make Ul) each record.  

To  s t o r e  a r e c o r d  in the  da ta  base,  the DBCS 

r e t r i e v e s  t h e  a p l ) r o p r i a t e  f ie lds  from the 

a s s o c i a t i v e  a r ray ,  c o n s t r u c t s  the record,  and 

p l a c e s  i t  in t h e  d a t a  base .  The rev~:rse sequence  

o f  o p e r a t i o n s  o c c u r s  w h e n  a record  is re t r i eved  

f r o m  t h e  d a t a  b a s e .  All conve rs ions  b e t w e e n  data 

t y p e s  a r e  d o n e  by  the  DBCS, s ince the va lues of 

t h e  f i e l d s  a r e  s t o r e d  as s t r ings  in the  assoc ia t i ve  

a r r a y .  In p a r t i c u l a r ,  numer ic  va lues  are s to red  as 

s t r i n g s .  For v a r i a b l e  leng th  s t r ings,  the pier [ i re 

d e t e r m i n e s  t h e  maxin lum leng th  and tl~e str ing that  

is r e t u r n e d  to  t h e  DIt, CS from the a~soc ia t i ve  ar ray 

is o f  t h e  a c t u a l  l eng th  (s ince  t ra i l ing hlanks have 

b e e n  r e m o v e d ) .  This a s p e c t  of  the design makes 

t h e  i n t e r f a c e  modu le  as genera l  as possib le,  and 

g i v e s  t h e  DI3CS c o m p l e t e  cont ro l  over  all da ta  

r e p r e s e n t a t i o n  issuer . .  I t  is i n te res t i ng  to  note tha t  

t h i s  d e s i g n  cou ld  a lso  I)e success fu l l y  employed 

w i t h  a r e l a t i o n a l  or h ie ra rch ica l  da ta  base 

m a n a g e m e n t  s y s t e m .  

The i n t e r f a c e  module  suppo r t s  a slnall number of 

o p e r a t i o n s  t h a t  can I)e app l i ed  to a franle. The 

INITIALIZE o p e r a t i o n  is I.Ised to s p e c i f y  the desc r ip to r  

f i l e ,  t h e  in i t i a l  v e r b o s i t y  ( a b b r e v i a t e d  or sl .andard), 

and t o  p r e p a r e  t h e  module  for  the  oth~:r opera t ions .  

INITIALIZE s e t s  t h e  input  d e v i c e  to the user 's  

k e y b o a r d ,  and  t h e  log f i le to no f i le ( ind icat ing no 

l o g g i n g ) .  The  CIIANGEINI'UT and CIIANGrloG el )orat ions 

a l l o w  t h e s e  t w o  f i l es  to  be s e t  by the appl icat ion 

p r o g r a m .  S ince  t h e  inpu t  d e v i c e  is not cons t ra ined 

t o  b e  t h e  k e y b o a r d ,  i t  is poss ib le  to run the sys tem 

f r o m  a c o m m a n d  f i le ,  w i t h  the  res t  of the  sys tem 

b e h a v i n g  as  i f  t h e  inpu t  w a s  coming d i rec t l y  from 

t h e  u s e r .  By s p e c i f y i n g  a log f i le,  a sc r ip t  of the  

u s e r %  i n p u t  may  be r e c o r d e d .  If the da tabase  

b e c o m e s  c o r r u p t e d ,  i t  can I)e r e s t o r e d  by using this 

f i l e  as  a c o m m a n d  f i le  ope ra t i ng  on a backup 

v e r s i o n  o f  t h e  d a t a  base .  The DISPLAYMENU 

o p e r a t i o n  is p a s s e d  a menu desc r i p to r  and returns 

t h e  s e l e c t e d  command  as an in te( jer .  DISPLAYMENU 

h a n d l e s  al l  t h e  d e t a i l s  concern ing  the var ious I l leml 

l e v e l s  and  t h e  g e n e r i c  conlmands.  The re tu rned 

c o m m a n d  is g u a r a n t e e d  to be one of the commands 

t h a t  a p p e a r s  in t he  menu descr ip to r .  The 

DISPLAYFORM o p e r a t i o n  is p a s s e d  a form desc r ip to r  

and d i s p l a y s  t h e  c o r r e s p o n d i n g  form on the screen.  

DISPLAYFORM a lso  c r e a t e s  a f ie ld  desc r i p to r  record 

w h e n e v e r  a f i e l d  is or=countered;  th is record,  which 

c o n t a i n s  t h e  l e n g t h  and sc reen  posi t ion of the f ie ld,  

is c o m p l e t e l y  i n te rna l  to  the  module 2. The 

INPUTFIELD o p e r a t i o n  is p a s s e d  a f ie ld  desi~lnator (an 

i n t e g e r ) ,  and  r e t u r n s  a I )oolean s ta tus  ind icator  ( the 

e n t e r e d  d a t a  is p l a c e d  in the  assoc ia t i ve  array, as 

d i s c u s s e d  e a r l i e r ) .  The a t t r i b u t e  line in the 

d e s c r i p t o r  f i le  t h a t  pe r t a i ns  to thi.s f ie ld is 

r e t r i e v e d ,  and the  d a t a  e n t r y  i ) roceeds .  Analogous 

OUTPUTFIELD al l ( I  MODIFYFIELD opera t ions  also ex i s t ,  

as  d o ' o p e r a t i o n s  wh ich ,  among o ther  things, can 

i n p u t  o r  o u t p u t  e n t i r e  forms.  

All t h e  r o u t i n e s  in the  i n t e r f a c e  module are 

d e s i g n e d  to  Ol) t imi7e d isk  a c c e s s e s ,  which are the 

b o t t l e n e c k  in f l o p p y - I } a s e d  sys tems .  A nlaximum of 

o n e  d i s k  r e a d  is r e q u i r e d  to in i t i a te  a f rame d isp lay.  

W h e n  p e r f o r m i n g  d a t a  e n t r y  on an ent i re  form, 

s e y e r a l  d i sk  r e a d s  may  be necessa ry ,  but  these  
a r e  n o t  n o t i c a b l e  sin¢:e t h e y  occur  b e t w e e n  f ie lds.  

E n o u g h  s t a t e  i n fo rma t i on  is r e t a i n e d  b e t w e e n  cahs 

t o  t h e  i n t e r f a c e  module  to e l iminate  unnecessary  

r e a d s  f r om t h e  d isk .  Wi th  the  a d v e n t  of Winches te r  

t e c h n o l o g y  d i sks ,  a c c e s s e s  to s e c o n d a r y  s to ra0e  is 

l e s s  o f  a p r o b l e m .  Using th is  n e w  techno logy ,  an 

a b b r e v i a t e d  menu wou ld  t a k e  less than 0.2 secor lds 

t o  d i s p l a y ,  and  a s t a n d a r d  menu less than 2 

s e c o n d s .  At  th is  po int ,  the  proces.,; ing ra te  
I 

b e c o m e s  a s i g n i f i c a n t  f ac to r ,  espec ia l l y  when 

d i s p l a y i n g  f o rms  con ta in ing  many f ie lds.  
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2Since DISPLAYFORM ded~Jce~ the ~creen p,,:.ition of the fLeld~, 
directly from 1he b.~ckdlop, there i~ rio flood for the iml~lemcrltor to 
explicitly include thc.:,e po:,itions in the descriptor file. Al:-o, there are 
,constructs that make the picture altribulc ir~d(,lleI~dchl of the ler~glh at 
:lhe field (see the. appendi×), lhu~. allowif~g tl~e back(Ir,op ar,d 'lhe fie 
,..itlributes to be changed r~.lalively indep(,iH'letdly of each efller. 
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Appendix 

This examp le  i l lustrates the various components of a typical system. Comments concern ing  

t he  components  are in italics. A description of the format and use of these f i les may be found in 

s e c t i o n  7. 

Descr ip tor  File: 

Example System 
? t l l enu  
Customer L i s t  
CustL i s t  
append 
e d i t  
search  
r emove 
? 

Customer L i s t :  
? 

A (ppend) 

s y s t e m  n a m e  
the f i r s t  f r ame  in  t h i s  e x a m p l e  i s  a m e n u  

m e n u  n a m e  
m e n u  i d e n t i f i e r  

c o m m a n d s  

l i ne  separa to r ,  a b b r e v i a t e d  m e n u  f o l l o w s  
A(ppend) E ( d i t )  R(emove) S(earch) H(elp)  O (u i t )  -> 

s t a n d a r d  m e n u  f o l l o w s  
This command allous you to add ne~ customers to the Customer 
L i s t ,  

Q(u i  t) 
? 

T h i s  menu 
? 

CustForm 
Customer Name 
C u s t o m e r  Name 

Address :  
g i t 9  [Pa le  A l t o ] :  

This command re tu rns  gou to the main menu for the sustem, 
d e t a i l e d  m e n u  f o l l o w s  

dea ls  ~Jith the Customer L i s t ,  t41nich is ... 
nex t  c o m p l e t e  s c r e e n  o f  i n f o r m a t i o n  

( F i r s t )  : 

fLast )  : 

a f o r m  i s  n e x t  
f o r m  i d e n t i f i e r ,  f o l l o w e d  by  b a c k d r o p  

( ~.+ t ~ i;? I p  It+' t ~.' IZ,'I ;.'t ,.-?' (t ' l~  .~' i! .q;+~' t ~' t~..'l;:+ t:++ I:.' t ;/t;.~ t;.%:,' t~.~ {r~ ; :  ;~,+t~ i ~ t p  

S t a t e  [CA] : ~P Z ip  Code [gGgSG] : e,~P,~,~ 
Te lephone  Number ((415) 858-1234 Ext. 5G78]: 
~ ' "  

" A ( * )  . . . . . . ,  , CustFirstName, i f  not kno~n, press ENTER 
"A (*)  " ,  ,CustLastName. 
"X (¢t) " ,  ,CustAddress,  
" X ( * ) " , " P a l o  A l t o " ,Cus tC i t L j ,  
"XX",  "CA" ,Cus tS ta te ,  
"99999" ,  "9438g" ,  Cus tZ ip, 
" (999) 999-9399 Ext ,  9999", "41S85812345678" ,CustTelephone, 

{g nu 

a t t r i b u t e s  f o l l o w  3 

n e x t  m e n u  

3The attributes are in the order of picture, default, field name, and explanatory message. "A(~)" expands to "AAAA...", w i th  a 
length equal to the lenglh of the associated field. This construct allows tile' picture attribute to be independent of the f ield size as 
indicated in the backdrop. An empty default wil l allow the value to be the emply string; a nonexistent default wi l l  not. Defaults can 
be provided by the main program by specifying a field name for the default rather than a string, causing the interface modulo to 
re t r ieve  the default from the associative array, l~1£ 



Include File: 

CUSTLIST=',=; \ f=;  j ]A  
CUSTFORM='=;bB=:ep' :  

QUIT=B; 
APPEND=J; 
E O l l = 2 ;  
SEARCH=3; 
REMOVE=4; 

. o .  

1E 2R 4S 3 ' ;  the menu d e s c r i p t o r  
the form desc r i p t o r  

other forms and menus 

other  c o m m a n d s  

Appl icat ion Program: 

PROGRAM Examp I e' ; 
USES I n t e r  facerlr,du I e; 

EOt'~IST 
I NCLLIDE ' i nc I ude f i I e nat~)e' 

l n i t H e n u ( ' d e s c r i p t o r  f i t e  nal,le', 

C, ASE DisF, IoU[lr_,n,J(CustList} OF 
At)l)end: . . . 1  
E d i t :  BEOIN 

• • ° 

END. 

S t ,3ndar (1) ; 

° o °  

D i spl,%lForm(CustForm) ; 

Soc~I'c.h: . . . 1  
Rc:nlrJve; . . .  ; 
Oui t :  . . .  

END ; 

declares p rocedures  

the inc lude  f i l e  
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