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

Tools  f o r  t h e  implementation of f o u r t h  gene ra t ion  languages  a r e  now a v a i l a b l e  

(SCHAU31. These t o o l s  f a c i l i t a t e  t h e  product ion  of i n t e r a c t i v e  systerns. A language 

i s  de f ined  by a  formal  grammar i n  which t h e  semant ic  a c t i o n s  a r e  embedded (MEI831. 

Th i s  p roces s  of irnplementation y i e l d s  so f tware  systerns f o r  unexperienced u s e r s  l i k e ,  

i n  t h e  rnedical f i e l d ,  d o c t o r s  and nurses .  The languages  a r e  problern o r i e n t e d  and 

b u l l t  t o  a v o i d  hardware o r  so f tware  r e s t r i c t i o n s .  A User exp res ses  h i s  dernands i n  

h i s  concep t s  and language and must no t  s p e c i f y  how a  job i s  executed  on t h e  rnachine. 

The systerns a r e  always s p e c i a l i z e d  f o r  t h e  s o l u t i o n  of de f ined  t a s k s .  It i s  assurned 

t h a t  an i n c r e a s e  o f  perforrnance of 7 : l  can be gained i f  cornpared t o  t h i r d  gene ra t ion  

so f tware  . 
Ths c r e a t i o n  of good i n t e r a c t i v e  systerns can be suppor ted  by a  c a r e f u l  des ign.  The 

a u t h o r s  develop systerns f o r  end Use r s  s i n c e  t e n  yea r s  and won a  l o t  of exper ience  

wiiich i s  p re sen ted  he re  i n  t h e  form of r u l e s  f o r  t h e  des ign of f o u r t h  gene ra t ion  

languages.  

The des ign  o f  a  language 

There a r o  b a s i c a l l y  on ly  t h r e e  ways of man-rnachine cornmunication, t h e  s e q u e n t i a l  

d i a l o g  ( q u e s t i o n  and answer l ,  t h e  rnenue t echn ique  ( p i c k  one o f  a  s e t  of cornmandsl 

and t h e  command languages.  The t h i r d  a l t e r n a t i v e  i s  t he rne thod  of choice  a s  i t  i s  

more powerful and  f l e x i b l e  t han  t h e  o t h e r  rnethods of i n t e r a c t i o n  (MEIB3l. The f o l -  

lowing i d e a s  can Support  t h e  des ign of comrnand c o n t r o l l e d  systerns. 

- s e t s  of cornrnands 

F u n c t i o n a l l y  c o r r e l a t e d  commands should be sampled a s  a  we l l  def ined subse t  o f  t h e  

language. A c o l l e c t i o n  o f  c o r r e l a t e d  commands i n  s e t s  a l s o  suppor t s  t h e  t r a i n i n g  

of u s e r s .  A User can concen t r a t e  on t h e c e  s u b s e t s  of h i s  Spec i a l  i n t e r s s t  and w i l l  

no t  be confused by t h e  o t h e r s .  

- a c t i v e  and pararnet r ic  comrnands 

It i s  a b s o l u t e l y  necescary  t h a t  every  comrnand has only very few pararneters,  two i s  

maxirnurn, z e r o  is b e s t .  Th i s  r e q u i r e s  t h e  p o s s i b i l i t y  f o r  t h e  d e f i n i t i o n  and update  

o f  d e f a u l t s ,  which i s  done by t h e  pa rame t r i c  commands. Act ive  [ o r  p rocedura l l  



commands i n i t i a l i z e  and execu te  a  t a s k  under t h e  c o n d i t i o n s  def ined by d e f a u l t s .  

Every S e t  o f  commands should be s p l i t  i n  a  l ist  of i t s  procedura l  and t h e  a s s o c i a -  

t e d  pararnet r ic  commands. 

inforrnat ion  commands 

There a r e  two groups of i n fo rma t ion  commands. The f i r s t  i n c l u d e s  answers t o  

q u e s t i o n s  l i k e  

- which f i l e  am I working wi th?  

- what i s  t h e  a c t u a l  va lue  o f  a  d e f a u l t ?  

- how d i d  I proceed t o  t h e  a c t u a l  s t a t e  of rny Sess ion?  

The commands can be named STATUS, DEFAULT o r  HISTORY. Other i n fo rma t ion  commands 

answer t h e  q u e s t i o n s  

- which commands a r e  a v a i l a b l e ?  

- what a r e  t b e  p o s s i b l e  pararneters f o r  a  c e r t a i n  cornmand? 

- what does  a  command do? 

These commands could be HELP ( o r  simply ? I  o r  EXPLAIN. Another ca t ego ry  of com- 

rnands suppor t  system rnanagement f u n c t i o n s .  These p a r t s  o f  a  language have a  rnore 

gene ra l  c h a r a c t e r  and should d e a l  wi th  t h e  f o l l o w i n g  f e a t u r e s :  

- ex tens ion  o f  a  language by a  User wi thout  changing t h e  grammar. 

- c r e a t i o n  o f  f i l e s  o r  procedures  t h a t  c o l l e c t  a  s e t  of cornrnands f o r  t h e  s o l u t i o n  

of a  g iven problern. It must be p o s s i b l e  t o  i n c l u d e  parameters  and c o n t r o l  s t r u c -  

t u r e s .  

- d e f i n i t i o n  of Synonyms and a b b r e v i a t i o n s  of commands under c o n t r o l  o f  a  User. 

- conca tena t ion  o f  commands t o  permi t  more than  one f u n c t i o n  pe r  l i n e .  Examples 

a r e  ' A N D ' ,  semicolon ';' and comma I , ' .  Thi s  a l l o w s  t h e  use o f  b a s i c a l l y  s imple  

commands t o  form longe r  and r a t h e r  ' n a t u r a l ' l o o k i ? g  i n p u t  l i n e s .  

- l i n e s  of comments u s u a l l y  make no sense  i n  an i n t e r a c t i v e  cornmand language. They 

a r e  very h e l p f u l  i f  procedures  o r  ba tch- jobs  a r e  developed. 

- conve r sa t iona l  and batch  rnode must use t h e  Same cornrnands. In  S p e c i a l  a p p l i c a t i o n s  

l i k e  e .g .  image p roces s ing  some r o u t i n e s  a r e  very  t ime consuming. I t  should be 

p o s s i b l e  t o  execute  them i n  batch  rnode. 

F e a t u r e s  o f  a  language 

Close c o n t r o l  of User y i e l d s  u s e f u l  h i n t s  on t h e  q u a l i t y  o f  a  system. Norman INORB31 

s t u d i e d  and c l a s s i f i e d  User e r r o r s  i n t o  f i v e  groups: 

- rnode e r r o r  

- d e s c r i ~ t i o n  e r r o r  



- c o n s i s t e n c e  e r r o r  

- c a p t u r e  e r r o r  

- a c t i v a t i o n  e r r o r  

From t h i s  c l a s s i f i c a t i o n  t h e  fo l lowing  des ign r u l e s  a r e  de r ived .  

1. Reduce t h e  number o f  modes. 

I d e a l l y  t h e r e  a r e  no modes. Users g e t  very  e a s i l y  confused, t h i s  r e q u i r e s  a  l o t  

of cornplicated exp lana t ions .  

2. Always c l e a r l y  i n d i c a t e  t h e  a c t u a l  rnode. 

As i t  i s  not  p o s s i b l e  t o  use no rnodes I a t  l e a s t  you need WAITING and R U N N I N G I  i t  

must be rnade obvious  where you a r e .  Bad systerns f o r c e  a  User t o  u se  t r i a l  and 

e r r o r  rnethods where he t r i e s  t o  r ecogn ize  a  mode by i t s  I d i f f e r e r i t l  e r r o r  messa- 

ges.  

3. Avoid arnbignlty,  

An exarnple can be t h e  e d i t o r  ' V I '  [UNIX, Berkeley Release1 where ' d '  and ' D '  and 

'CTRL-d' have d i f f e r e n t  rneanings. More bad exarnples a r e  t o  be found everywhere.  

Arnbignity can be very  harrnful a s  unwanted but harrnful d e c i s i o n s  a r e  poss ib ly  i n -  

i t i a l i z e d .  
1. 

4.  Design a  c o n s i s t e n t  language. 

Cons i s t ence  e r r o r s  occu r  i f  f o r  example t h e  sequence o f  parameters  o f  a  cornmand 

i s  not  obvious,  o r  worse changing frorn command t o  cornrnand. A User i s  rnislead by 

wrong a n a l o g i e s .  I f  a  new command i s  i n s e r t e d  i n t o  a  language i t s  c o n s i s t e n c e  

wi th  t h e  e x i s t i n g  ones rnust be checked both i n  r e s p e c t  t o  i t s  parameters  and i t s .  

narne and func t ion .  

5. Suppor t  t h e  u s e r s  memory. 

A nurnber o f  a c t i v a t i o n  e r r o r s  a r e  based on p e o p l e ' s  s h o r t  memory. An i n t e r u p t  o f  

a  s e s s i o n  [ e . g .  by a t e i ephone  c a l l )  r e s u l t s  i n  an un f in i shed  p roces s  [ o u t  of 

s i g h t  i s  out  of mindl. Incomplete sequences  o f  a c t i o n s  should be l n d i c a t e d ,  

q u e s t i o n s  t o  miss ing answers should be r epea t ed  wi th in  a  c e r t a i n  t ime. 

6. Avoid prompting.  

Prompts a r e  q u e s t i o n s  o r  rernarks o f  t h e  rnachine l i k e  

- do you r e a l l y  want t o  e r a s e  t h i s  d a t a s e t ?  

- t h i s  f i l e  a l r e a d y  e x i s t s ,  s e i e c t  ano the r  name. 

These p a r t s  of a  d i a l o g  a r e  popular  wi th  u s e r s ,  e s p e c i a l l y  with unexperienced 

ones. As t h e  remarks a r e  always t h e  sarne t h e  a t t e n t i o n  paid  t o  thern i s  reduced by 

t h e  t i m e  and t h e n  they  cause  t r o u b i e  aga in  because u s e r s  app ly  p o t e n t i a l l y  

dangerous s t anda rd  answers t o  t h e  s t anda rd  q u e s t i o n s .  I t  i s  bad t h e t  t h e  rnachine 

does  not  l e a r n  any th ing  but c o n s t a n t l y  r e p e a t s  t h e  sarne rnessage t o  t h e  Same e r r o r  

(NEI831. E s p e c i a l l y  d i s t u r b i n g  a r e  prornpts i f  t h e  language i s  used i n  a  procedure 



o r  b a t c h  j o b .  As t h e  a n s w e r  t o  a  q u e s t i o n  i s  r n i s s i n g ,  t h e  n e x t  command l i n e  i s  

t a k e n  f o r  t h c  a n s w e r ,  o f  C o u r s e  n o t  u n d e r s t a n d a b l e  t o  t h e  rnach ine .  W o r s t  c a s e  a r e  

r e p e a t e d  p ro rnp t s ,  t h e  w h o l e  p r o c e s s  e n d s  up  i n  a  mess .  

7 .  P e r r n i t  a n  UNDO 

Even t h e  f i n e s t  p rog ra rn  d e s i g n  c a n  n o t  rnake f a i l s a u e  s y s t e m s ,  i t  c a n  h a p p e n  t h a t  

a  User a p p l i e s  a  wrong  cornrnand. I n  t h e  c a s e  o f  a  p a r a m e t r i c  cornrnand t h e r e  i s  n o  

p rob le rn  a s  a  s e c o n d  i n p u t  c o r r e c t s  t h e  first. If a n  unwan ted  a c t i o n  was  e x e c u t e d  

r e a l  ha rm c o u l d  h a v e  b e e n  i n i t i a l i z e d  a n d  i n  t h i s  c a s e  a  f u n c t i o n  UNDO i s  v e r y  

h e l p f u l .  I n  a n  e d i t o r  e . g .  OELETE cornrnands a r e  c a n d i d a t e s  f o r  a  r e v e r s e  a c t i o n .  A 

n i c e  exarnple  i s  f o u n d  i n  t h e  LISA c o n c e p t  w h e r e  a f i l e  i s  f i n a l l y  l o s t  o n l y  a t  

t n e  e n d  o f  a  s e s s i o n .  No p h y s i c a l  d e s t r u c t i o ~  i s  e x e c u t e d  b u t  sorne k i n d  o f  l o g i c  

o p e r a t i o n  t b a t  c a n  b e  r e v e r t e d  ILISA q u o t a t i o n ) .  

8 .  P e r r n i t  a  S o f t w a r e  r e s e t .  

A  cornrnon j o k e  o f  c o r n p u t e r  p e o p l e  i s  t h e  r e m a r k ,  i f  n o t h i n g  e l s e  h e l p s  a n d  you a n d  

t h e  s y s t e r n  l o s t  c o n t r o l  o f  t h e  i n t e r a c t i o n  t h e n  u s e  t h e  ' h a r d w a r e  r e se t ' .  T h i s  

i n d i c a t e s  a  c o r n p l e t e  e l e c t r i c  c u t  o f f  o f  t h e  power  s u p p l y .  T h i s  i s  n o t  o n l y  n o t  

e l e g a n t  a n d  time ~ o n s u r n i n g  f o r  a  new s t a r t  b u t  a l s o  d a n g e r o u s  a s  i n c o r n p l e t e  a c t i o n  

o r  Open f i l e s  c a n  b e  t h e  r e s u l t .  We f o u n d  a  cornmand l i k e  RESET t o  b e  h e l p f u l .  It 

r e i n i t i a l i s e s  t h e  d i a l o g ,  a l l  d e f a u l t s  a r e  set t o  t h e i r  s t a n d a r d  v a l u e s .  The 

rnach ine  i s  p u t  i n t o  a  d e f i n e d  a n d  w e l l  known s r a t e .  

9 .  Use c c n c e p t s  o f  t h e  e n d  u s e r s .  

The s y s t e r n  m u s t  be a s  c l o s e  t o  t h e  c o n c e p t  a n d  l a n g u a g e  o f  t h e  u s e r s  a s  p o s s i b l e .  

T r a i n i n g  a n d  u s e  i s  f a c i l i t a t e d  a  l o t .  

1 0 . T a k e  s p e c i a l  c a r e  o f  e r r o r  r n e s s a g e s .  

E v e r y  prograrnrner c a n  t e l l  s t o r i e s  of r n i s l e a d i n g  o r  n o t  u n d e r s t a n d a b l e  e r r o r  rnes- 

s a g e s .  T e s t s  h a v e  shown t h a t  i rnproved e r r o r  m e s s a g e s  c a n  i n c r e a s e  t h e  s y s t e r n  p e r -  

f o r r n a n c e  by  f a c t o r  two  (BR082, BR083, SHNBO) n o t  t o  s p e a k  o f  t h e  s u b j e c t i v e  a c -  

c e p t a n c e  o f  a  sys t e rn .  T h e r e  a r e  t h r e e  rnain a s p e c t s :  

- r y n t a x  e r r o r s  

I n  a n  i n t e r a c t i v e  e n v i r o n m e n t  t h e  S y n t a x  e r r o s s  a r e  i d e n t i f i e d  by t h e  P a r s e r .  

The  l o c a t i o n  o f  t h e  e r r o r  i n  t h e  i n p u t  l i n e  c a n  b e  i n d i c a t e d  a n d  a  S u g g e s t i o n  

f o r  c o r r e c t  c o n t i n u a t i o n  c a n  b e  p r e s e n t e d .  A  s t a n d a r d  rnes sage  l i k e  "unknown corn- 

mand" i s  l e s s  u s e f u l .  

- s e r n a n t i c  e r r o r s  

A c t i o n s  u s u a l l y  d e p e n d  on  t h e i r  s e r n a n t i c  c o n t e x t ,  e . g .  a  c e r t a i n  comrnand o n l y  

rnakes s e n s e  if a n o t h e r  a c t i o n  h a s  b e e n  e x e c u t e d  b e f o r e .  If t h e  i n t e r a c t i v e  s y s -  

tern h a s  b e e n  d e f i n e d  by  i t s  grarnrnar a n d  t h e  c o r r e l a t e d  s e r n a n t i c  a c t i o n s  s p e c i a l  

e r r o r  c h e c k i n g  r o u t i n e s  c a n  b e  i n s e r t e d  a t  t h e  s e m a n t i c  l e v e l .  T h e s e  e r r o r  

a c t i o n s  s h o u l d  b e  g i v e n  p r i o r i t y  b e f o r e  e x e c u t i n g  t h e  o t h e r s .  On t h i s  l e v e l  v e r y  



s o p h i s t i c a t e d  e r r o r  d e t e c t i o n  can be implemented. An e r r o r  and a  p o s s i b l e  s o l u -  

t i o n  can be desc r ibed  i n  much more d e t a i l  a s c o m p a r e d  t o  t h e  syn tax  e r r o r s .  

- psychologic  a s p e c t s  

The n e g a t i v e  image of computers t o  a  g r e a t  d e a l  stems from t h e  nega t ive  e x p e r i -  

ence o f  User i n  t h e  c a s e  of e r r o r s .  A s  i n t e r a c t i v e  systems l e a d  u s e r s  t o  an  ex- 

pe r imen ta l  approach ( " l e t  us t r y  and See what happens") .  "The u s e r  l e a r n e  

weather a  system i s  a  f r i e n d  o r  a  f o e ,  when he rnakes e r r o r s "  (BR0831. 

Shneiderrnan desc r ibed  a  few Suggest ions  t o  message des ign  (SHN82). He a s k s  f o r  

r eadab le  and unders tandable  e r r o r  messages, t h e  e f f i c i e n c y  a f  which should be 

t e s t e d  thoroughly  by end u s e r s  under c o n t r o l  o f  a  system des igne r .  A l l  messages 

t h a t  urge  a  u s e r  o r  s co ld  him a r e  bad. Good message a r e  p o s i t i v e  i n  form and ac -  

t i o n .  Negative words l i k e  I N V A L I D ,  ILLEGAL, ERROR o r  INCORRECT should be avoided. 

An e r r o r  should be i n d i c a t e d ,  and a  p o s s i b l e  s o l u t i o n  exp la ined  i n  d e t a i l ,  A rnes- 

sage  must be i n  c l e a r  t e x t ,  d o n ' t  use  e r r o r  codes t h a t  have t o  be analysed wi th  

t h e  help  o f  a  r e f e r e n c e  manual. A u s e r  should f e e l  t h a t  HE c o n t r o l s  t h e  System 

and not  v i c e  ve r sa ;  

While developing and ma in t a in ing  l a r g e  end u s e r  sys tems we found an e r r o r  docu- 

menta t ion  f e a t u r e  very h e l p f u l .  The number and l o c a t i o n  o f  both s y n t a c t i c  and 

semant ic  & r r o r s  can i d e n t i f y  t h e  two d e f i c i e n c i e s  i n  t h e  concept of a  system. It 

i s  then p o s s i b l e  t o  update t h e  system, t h e  i n s t r u c t i o n  manuals, t h e  e r r o r  messa- 

ges  and t h e  educat ion  a t  t h e  r i g h t  p o i n t .  
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