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PROV]DING THE USER WIT]I A TAII.OR-MADE INTERFACE

I '- Soroervil le !:. j , j

D€nt .  o f  Computer  Sc lence,  Un lvers i ty  o f  S t ra thc lyde,  G lasgow,  Scoe land

Ttr is  paper descr lbes a systeo for  generaEldg user lnter faces to

cooputJ.ng systel ls  and an associated archi tecture whLch can
support  aany di f ferent  lnter faces / runnlng s loul taneouely.  By

uslng a pat tern oatchLng systed,  cooplex and/or  Lnformal  user
lnter faces,  ta l lored to l rards dl f ferent  c lasses of  user carr

easl1y be generated.  The proposed archl teeture ut i l lses
prograrooable terolnals and has the slde effect of offerlng extra
systeo secur l ty  features.

IIJTRODUCTION

As coEputer hardlrare becoues cheaper,  l t  is  loevl table chat  cooputer appl lcat ions

w111 becooe oore dlverse aod tha!  aore and raore people s111 dl . rect ly  Lnteract  n i th a
co.rputer sysCeo as a oorr?1 par! of Eheir worklng llfe.

In sone cases,  these interact lons r l '111'be v1!h personal  cooputer syste$s,  h others,
the lnteract lon wlL1 be sr l th a dedleated l ransact lon processlng systen and ln yet

others,  the lnteract lon wl11 be w- l th a general  purpose operat lng system ol

applLcat lon sysreu,  of fer lng a range of  facl l l t les Eo oany dlverse users.  I t  ls  to
lh ls lat ter  group of  users,  that  is ,  those lnteract lng wlch a general  PurPose
systeo,  that  our sork ls  addressed.

Cooputer users in lerac!  n l th the coopucer v la a huaqn-cooputet  incerface r f i ich we

term the user inter face.  In ogerat lng systen terns,  rh ls is  the job contro l
language but ,  nore general ly ,  the user lntet face is  nade up of  those coooands which

al low the user to access and contro l  systen facl l l t les l r respect lve of  whether the
systen ls  an operat lng systeD, a dalabase nanagen€nt system, an inforal ,at lon

retr leval  systeE or any ocher applLcat ion system.

ExlstLng corDputer inter faces whlch involve the user lssulng systeE coanaands can be

classl f ied into l l ro broad categor les:-

(1 )  Those incerfaces ta i lored tovards the user who has sotBe comput ing
background and knowledge of conputing leralnology. .{n exanple of such an
in te r f ace  i s  t he  l n t e r f ace  t o  a  t i ne - sha i i . ng  sys ten  such  as  Un l x { l j .

( 2 )  T ransac t l on  p rocess leg  i n t e r f aces  qhe re  l he  sys ted  1s  ded l caced  t o  a
single appl icat ion.  The systan users are Erained in ehag appl j .cat ion and
in use cf  the cooputet .  An exanple of  such a systea olght  be an al r l lne

reservat lon systen.  Such cransacl ion processlng syster l l : l  aay run as
subsystens ,unr ier  a t loe shar lng systeo -  lu th ls case the use!  does aot
lnteract  d l rect ly  wl th the systeo but  ! r j . th the l ransact ioc proceeslng
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Ne l t he r  o f  t hese  l n ! e r f aces  ca te r  f o r . t he  casua l  use r  who  J "  no  spec la l l sed
t ra l n l og  yeL  l f  1s  a l oosc  ce rca ln  t ha t ,  as  app l i ca i i ons  d i ve r s i f y ,  t he re  v i l l  be
nore and roore users of  chls cype.  T 'he conputer systen w-111 become an everyday tool
Ln t .he saoe way as the pocke!  calculator  has done Ln the past  decade. We bel leve
that  exlst lng general  Purpose lnter faces cacnot sat is fy the needs of  che rnajor l ty  of
casua l  use rs  because  o f  t he i r  l e r seness ,  t he i r  spee ia l i sed  ce ra i no logy  and  ehe l r
unsynpathet ic  react . j .on to user error .

The range of  users and their  appl lcat lons is  so dl .verse that  we do noE bel leve that
any s lngle user inter face can sat j .s fy a l l  c lasses of  user.  An incerface designed to
be  ve rbose  and  sa t i s f y i ng  t o  sec re ta r l a l  s t a f f  say ,  i s  i r r i t a t i ng  t o  p rog rann l i ng
staf f .  A !erse "conputer or iented" ln!e l face l 's  confusing and f r ightenlng to
secretar la l  s taf f  yet  t tnatural"  for  a progranoer.  Each user oughc to be provlded
with a system ln!er face couched ln fani l iar  teroi .nology ra iher than in nachl .ne
teruj .nology.  lor  exarople,  a secrelar la l  systen should know about let ters,  nemos,
reports and other documents connonly handled ln the ol f lce.  The secretar ies should
no t  be  f o r ced  t o  t h l nk  i n  t e r ros  o f  wo rk f l l e s ,  d l . r ec to r i es ,  f i l e  i den t i f i e r s  and
other Eerms der ived f roo coEput ing jargon.

Eason et  a1[2]  have studled nan-conputer inter faces and
reacELons to an unsat ls facCory inter face wl t .h the coopuler .
o f  t he  use ! ,  t hese  reac t l ons  can  be  c l assL f i ed  as  f o l l ows : -

(1)  The user rer-uses Eo nake use of  Ehe cooputer
" t es t i ng " ,  he  deeas  i t  i oadequa te  i o r  h i s  needs .

have  l den r i f i ed  use r
Dependlng oo the status

sys ten .  A r t e r  i n i t i a l

( 2 )  The  use r  l ea rns  a  f ev  coo r l ands  "pa r ro t  f ash ion "  and  a lways  uses  Ehese  when
i n t e r a c l i n g  w : t h  E h e  c c n p u t e r  s y s c e r .  V a l u a b i - e  i a c i l i r i e s  a r e  n o t  u s e d
because  l hey  a re  no !  unde rs tood .

(3)  The user lnteracts wl th the conpuler  systed v la an internedlary.  Thls
oode of  interact loo ras Ehe only one possib le s j - th batch systens but  i t
hardly ut l " l lses the pocent la l  of  interact lve s: ls tens i f  indlv iduals cannot
use Ehe systen dl rect ly  to sat ls fy thel . r  requlrements.

l rJe bel leve that  the only way to oake' ' 'computer systens acceptable eo cany dlverse
users ls  co provide each user or  c lass of  user wl . th thelr  own systeo inter face,
ref lect lng the l . lork which they norrnai ly  do.  The provls lon of  such a systea 'dLth nany
d l f f e ren t  use r  l n t e r f aces  requ i r es  ca re fu l  ana l ys l s  o f  t he  needs  o f  each  c l ass  o f
cordputer  uset  and ehe lnpleoentaci .on of  a cai lored lnter face sui ted to ihose oeeds.
I f  t h i s  ana l ys l s  i s  r o t  ca r r l ed  ou t ,  t r r os t  use rs  w111  reacc  as  desc r i bed  above .

We have not  iackled ehe problen of  incerface desi .gn.  P\ather our eork has involved
the ccnstruct ion of  sof iware toois to a ld iater face inplecrentat loo.  in lhe next
secE lon  o f  t h l s  pape r  I t e  desc r l be ' a  sys teq  wh l - ch  aL iows  a  l a rge  c l ass  o f  ca i l o r - nade
ln te r f aces  l o  be  cons t ruc ted  a t  r 3asonab le  cos t .  Th l s  i s  f o l l owed  by  a  desc r i p t i on
o f  a  s y s t e r o s  a r c h i t e c t u r e  g e a r e d  i o  s u o p o r t i n g  o u l r i p l e  i n c e r r - a c e s  a n d  f i n a I 1 y , . , u e
dtaw sooe general  concluslons abouE our systern and assoclaLed archl teccure.

CONSTRUCTINC 1AI],CR-I'1ADE USER INTERTACES

A nuabe r  o f  d l s t l nc t  t ypes  o f  use r  i n t e r f ace  d . t h  a  coupu te f  sys ten  can  be
lden t l f l ed .  Tnese  l nc l ude  i nce r f aces  bu i . 1 t  a round  t e rn i na l s  r i t h  spec ia l  f unc t i on
keys  such  as  t hose  used  on  E tany  con tenpo ra ry  wo rd  o rocesso rs ,  g raph l ca l  i n t e r t - aces
us ing  a  l i gh r  pen  o r  l ab l e t ,  such  as  t hose  used  i n  CAD s - ys tems ,  and  i nge ra t i . ve
lnter faces wirere ihe user types conc.ands.  These coomands are interpreted by the
coeputer systeo.  Our work is  geared towarCs provid ing a systen whj .ch ' " r i1 i  a11ow new
iope ra t l ve  i n t e r f aces  t o  be  gene ra ted  f o r  ex l s t i ng  o r  p roposed  sys tens .
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I {e nake Ehe assunpcj-on ihat  Ehere exists some general  purpose for  sorae Part icular

. y " t u . - " i r i " h  a11ows  access  t o  t he  f u I l  r ange  o f  sys tem fac i l l t i e s .  Typ i ca l l y t  t h i s

l n t e r f ace  a l 1ows  access  i o  f ac i l l t l e s  w i t hou t  sa fegua rds ,  iE  i s  t e r se ,  o r i en ted

towa rds  t he  co f , l pu te r  spec ia l i s t ,  and  f r equen ! l y  un readab le .  E r ro r  nessages  a re

couched  i n  sys teo  ae rns .

To  use  a  p rog rann ing  l anguage  ana l - ogy ,  f o r c i ng  use rs  co  wo rk  w i t h  t h i s  gene ra l

p.rpo""  inrer lace is  "oJp. i r - l1e co- forc ing prograiue{.s to work exclusively in

assenb l y  coce .  ou r  p roposa l  i s  f o r  " h i 3h - l eve . l " "  use r  i n t e r f aces  wh i ch  concea l  r nuch

o f  Ehe  de ta i l s  o f  t he ' . y r r u *  and  a1 low :he  use r  Co  esp - rdss  h i s  de :nanCs  eas i l y '  Each

d i f f e ren t  use r  i n t e r f ace  i s  comparab le  t o ' a  h i gh -J .eve l  l anguage  i nd  i t  i s  E rans la ted

inEo  i he  l " ow  1eve1  i n t e r f ace  be fo re  be ing  l n t e rp reEed '

I e p l e o e n c i n g t h e u s e r i n E e r f a c e a s a ' ' h i g h - l e v e l l a n g u a g e ' ' o f f e r s t h e s a m e
ad tan t "ges  as  do  h i gh  l eve l  l anguages  ove r  asse rnb l y  code '  Sys tens  a re  eas ie r  t o

use ,  mo le  unde rs tand l . b l e  and  no re  po r t ab le .  I f  Ehe  unde rLy lng  sys i eo  changes , . t he

u s e r i n t e r f a c e c o r n p l l e r c a n b e r e l r r i i t e n s o | h a t E h e u s e r i s n o t p r e s e n t e d w i l h a
ne\ '  set  of  conoands ro l -earn.  obviously rh is is  only t rue i f  conparable systems have

comparab le  f ac l l i t l e s  and  ' * e  see  a  need  f o r  1ow- l eve l  l n t e r f ace  s tanda rd l sa t i on  f o r

eac i  c_Lass  o t .  s ysuen  such  as  re l a t i ona l  da ta  base  sys teos ,  ope ra i l ng  sysceos '

r e s e r v a ! 1 o n  s y s r a s s  e ! c  e : c '

C l e a r l y e a c h u s e r i n t e r f a c e r e q u i r e s i E s o F n s e P a r a t e , , c o a p i l e r ' ' a r : c L ' e h a v e
de r "e l opec  a  so i r va re  coo l  wh i ch  i s  e f i ec : i ve l y  a  "eonp i J -e r - conp i l e r "  De lE l i ; i ng

l - ow-cos t  Se i i e ra i l cn  o f  use r  i n : e r i ace  ! : ans iaLo rs .  Th j -S  i nce r ; ace  ge i l e i a !o r  a l " l ows

r h e u s e r c o s p e c i i ; a u s : r i i i c e r : : c e a l o a 3 i l l : l a s s o c i a : e i s l / s : € n c o n c a : ' d s ' T h e
c s s u a l  u s e r  c a n  E h e n  u s e  l h i s  i n i e l i a c e  a n d  a  g e n e r a l  p u r p o s e  l r a n s l a t i o n  p r o g r a n

conve r t s  h1s  comnanCs  r - o  t he  a rp rop r i a l e  s l / s ceo  cod iancs .  As  we l l  as  : h i s '  i he

i n te r i ace  i ! ans la t . o r  can  conve r t  s ys ten  repL ies  i o  a  f o ra  wh : - c t r  i s  no re  synpaEhe t i c

E o  E h e  u s e r .

B t i e f l y ,  ou r  sys !em oPe iacas  as  f o l - l ows '  Tne  s ; r s t en  des igne r  spec i f i e s  Ehe  use r

i n t e r f a c e i . n t h e i o r m a l c o c a . i c n i l l u s | ! a e e d ' b y e x a n p l e , b e ] . o g . T h i s i n t e r f a c e
s p e c i f i c a : i o n l s l n p u t i o a t a b l - e , g e n e r a i o r P r o g r a o w h i c h o u c p u t s a s e i o f r - a b 1 e s
r e p r e s e n t i n g i h e u s e r c o o m a n d s a l o n g ; d t h a s s o c l a t e d S y s E e d c o m m a n d s a n d r e p l i e s .
These  t abLeg  a re  Ldpu !  ! o  a  gene ra i j . sed  t e rn i na l  p rocesso r  D rog rad ' ; h i ch  accep t s

use r  counands ,  i ooks  up  t he  i pp :op r i . a l e  t ab le  and  gene ra tes  ! he  assoc ia i ed  sys te . '

coonand .  Th i s  l s  l - cneC ia teJ - y  passed  i c  i he  cpe ra i i l g  sys tem o r  a rp i i cac i oo  p rog lag l '

T h e : e p i y  g e n e r a i e d  f r c o  c h e  u s e r  c o { I o a n d s  c a n  a l s o  b e  d e t e c r e d ' l y  r h e  c e r a i n a l

' s r o c e s s o r , l c o k e d u p i n a | a b i e o f p o s s i b l e r e p l i e s a n d t l a n s i a t e d i n t o a f c r n
ua r i e r s l andab le  l o  t h€  use l '

Tne  d i s t i ngu j . sh i ng  i eacu re  o f  ou r  sys i e i n  ' ; h i ch  ; r akes  i l  ooss i c l e  Co  soec i i y  conp lex

and  j - n i o rna l  use r  t n i e r i aces  i s  che  : - nco rpo ra i i on  c f  a  Da t f , e rn  aa t ch : ' ng  sys i en  Th i ch

j - s  used  Eo  i aen r i r - y  use r  conoancs i3 ] .  Th : . s  paE ie rn  naLch ing  s : r sEe I t r  has  been

i inpl"eae:r tad on ?DP-i  l ,  ! ' -1. {  and ZB0 conpuEers and of  f  ers s: 'qni t -  1canrfy aore power

i ha l l  i ha t  ava i i ab l e  v i a  r egu la r  axp ress ion  nacch ing  o r  even  s : i cB0L4 i4 l '  a  w ide l y

u s e d g a c t e r : l E a t c h i n g l a T g u a g a ' T h e p a i i e r n r a t c h i n g i a c i l l c i e s t r a k e i i e a s y i o
s p e c l f T i l e x i b ] - e u s e r i n t e r f a c e s w h e r : s : 7 ] ] ' o n o n o u s c o r n . n a n d s . c e n ) e d e f l c e < i a s h a v l n g
e x a c i ' 1 y : h e s a n e n e a n i n g ' , , i e c a n a l s c ' r u i ] d i n E e . i a c e s g h e r e i h e l e a n j . n s o f a a o r d
' ' i : h l n a c o o n a n d : ' . s c e o e n c i e n c c n i i s c o o i e x t - l h e r e i s r . o r e q u i r e r r e n t i o r c o n i i n g a l

un iqueness  -  a  : r equen t l ; r  agg rava t : ng  f es i u re  o f  c cnouce r  sys i ens .  $ese  l ' a c i l l t i e s

a re  o f  i j i ] nense  ' 7a i ue  i o  : he  casua l  , : se r  vho ,  j - i  t ne  j - n t e r l ace  i s  p rope r l y  des i ' 3ned '

c a n t - v P e a n y i h i n g s e n s i b l e i n t o : l e s y s ! e o a n d : . t w l l l r e s p o n d ' i i h a s e n s l b l e
rep l y '  Th€ re  i s  no  need :o r  neno r : sa t i on  o f  exac i  connand  syn rax  o r  i o rna t s '

T h e l n t e r i a c e d e i j . c l " i i o n i s s c e c i i i a . j a s a S e q u e n c e o f o a c i e r r s ' c n e ? a t i e r : r l , o r
a a c h u s e r e o r . : r a n d . T n e s e c a ! : e r : l s a r e : r a n s j . a r : c i n : o e . . r e ] . o . . u ] - e . l e i i o r n u s e d l y
i he  pa f , : e rn  nacc i ' . e l  and  ou ipu t  as  a  se t  c i  t ab l es '  T l e  t 3 r x r rna l  ? r ccesso r  r zads  : n

' . hese  : ab les  aad ,  ; hen  a  use r  ccnnanc  i s  j - nDu t  t  ca l i s  : he  t ac i e rn  r a !oae r  t c

l ce r i l  j - : y  : i l €  co imand  i n  : - e  t ab le  : f  : a : i e rns  '  I i  l ne  use r  comand  i s  i ou rd '  : he

ap i r cp r : . a t e  syscec r  coo - "d  i s  " hen  se ieq r {  i r o r r  a  co r : ss rond i : g  r ab le  and  i s sueC '

1 1 :
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S in l l a r l y ,  when  t he  ce r t r l na1  p rocesso r  r ece l ves  a  r ep l y
can  be  l ooked  up  l n  a  t ab le  o f  poss ib l e  r ep l l es  and
i s s u e d .

rn  a  pa?e r  o f  t h l s  l eng th ,  i t  i . s  no t -  app rop r i a te  t o  p rov i de  a  f u1 l  f o rna l
spec l f l ca t i on  o f  che  no ta t l on  used  t o  de f i ne  l he  use r  Ln te r f ace .  Ra the r ,  we  p resen t
a  nunbe r  o f  exanp les  wh l ch  i l l u s t r a te  t he  power  p rov i ded  by  t he  pa tEe rn  de f l n i t l oa
f a c i l i t i e s .

A n  i n t o r F e n o  J a € { - { F J _ o n  h a s  E h r e e  d i s i l n c t

f r om the  sys tem,  t ha t  r ep l y
t he  use r  r e l l y  de tec ted  and

pa r t s  :  -

and  spec l f i . ca t l ons .  Th l s  l s  acconp l i shed

: lame a:rd :h e Ea Dl  e
naae each t lce t t  is
i he  above  decLa raE ion

D a t f e r n g  a s  3
e xa:oc.1e : -

-:-

, . :  
' : :  

? h a  . . ! g e :  t -- - t ' -  
J . . i r r r . : . -

- . : - . . , . ' ' g+ t l oos I

. - - :  - -  - ' -  : ; .1 : - - '. -  . . . : ' .  .
,  ' : t - r : . -  F : , - . . .- - .+= 
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t t change t ' ,  " nodJ .

The 1et  declara

1  ^  N  , .

de f i nes  a  pa t t e
T h a  c n a n i e I  c v r

1 e c  t

spec i f l e s  t ha t
counand.

The  1e t  Cec la r :

' !  p r  <

I n  a  sys tea  wh
oatches (noun)

- , - ^ . , t  j

Thereiora l f  v t
t n n l n n a t r l p  i f , ,

l ^ r {  ^ n  n : n n c r l r r -

a f  r h o  i a r ^ . f ^ .

t ha t  r e fe rence
1 o r  A a a J a r r t i n :

P d L  L e r  L r  L r d d s r

n n n n l o r r l v  r r .

p roced r : r a .  I i
and the racur: r

I"he exanole be.
naae. Tle nan.-
l e t  c i ec l a ra t i c :

h p c  i

- ^ )

h l . s  ac : i on  p :

l  - -

T h e  s t r l n g  r e :
l nc l uCes  - . i : e

s i, r1l'rg us e a . ..:.
! o : h e  a c t i - . :

. ]  " : ;' . . : ' _

( 1 )

( r \

T } r o  r l o i i n l  F { ^ -  ^ F  ^ - r+ r r e  u E ! r . u L ! u i l  o !  p a C E e f n  n a n e S

u s l n g  a  1 e t  d e c l a r a t i o n ,

(3 )  The  ce i r n l t l on  o f  t he  use r  ccn i ' , ands ,  i he  assoc j . a !ed  sys :en  connands ,  and .
sys ten  reo l i es  anc i  assoc ia tad  use r  r e : r i es .  These  c ; i : : ; nds  a l e  ce i : . nec
us ing  a  ce i : - ne  dec ia raE ion  and  w i l h j - n  ch i s  dec la ra t l on  re i e reoce  nay  be
naCe  t o  p - iT -e :n  naces  anc i  acE ion  o rocec iu res .

An  exaepLe  c f  a  1e t  comnand  r i gh t  be  t he  ce f i n i t l on  o f  a  pa t t e rn  r ep resen t i ng  a  f i l e
naEe I -

l e t  f l 1 e  =  { a - z l # 0 - 1 3

Th l s  spec l f i e s  a  pa t t e r r r ' " r h1ch  c r : s t  s ca r t ' r i t h  a  l e l t e r  and ' r h l ch  oay  coos1s t  o f  aLet ter  p lus any number of  charaEter-s up ro-  13.  The parrern t r -" i  " " rJru" " .y  . i "g l "
cha rac te r  l n  t he  range  a  co  z ,  : he  Da r te rn  #0 - l . 3  na t che "  " ny  r aa1 r : g  o f  cha rac te r s
f r oo  l eng th  0  t o  13 ,  na tu ra l l y  a lways  Ea rch lng  i he  i onges t  i oss i . . r r . e  s i r l ng .  va l 1d
i l l e  naoes  che re i o re  o i gh t  be  x ,  ny f r . J . e ,  i n ce r f ace . . f i r ,  i nd  ch i s . cocu rnen t ,

0 f  cou rse ,  t he  eacEa rns  dec la red  i n  a  l e t  dec la ra t l oa  aay  s1np l7  be  cha rac te r
s t r l n s s : -

The  de f l n l t l on  o f  ac t l on  p rocedu res .  These  a re  p rocedu res ,  cod .ed  i n  t he
language  o f  t he  i n t e r f ace  t r ansLaco r  wh l ch  ca r r y -ou t  r uo - t 1ne  ac t l ons  i n
t he  i n t e r f ace  E rans la . t i on .  l { t t h rn  t hese  p rocedu res ,  r e fe rence  Eay  be  oade
to  pa t I e rn  aanes  de f i ned  us l ng  a  l e t  dec la ra t i o i l .  Ace10n  p rocedu res  nay
recu rn  a  pa t t e rn ,  and  t h l s  pa tEe rn  can  be  assocLa ted  w l t h  a  nane  de f l ned
1 n  a  l e t  d e c i a r a t i o n .

1 e t  d : . r e c t o r y  = , / u s e r s / s e c r e E a r l a s

Th i s  de f i n l t l on  assoc la tes  t he  nane  c i r ec to r ; r  w i i h  t he  s i r i ng  , , / use rs / sec reEa rLes , , .

I f  oa l t e rn  nan€s  a ra  usec  i n  t he  de f i n lE l cn  o f  o the r  pa t t e rns ,  t ha t  Ls  on  t he  r l gh tnand  s i de  o f  l e t  dec la rac i oas ,  i he  na ine  nus t ' ce  encLo ied  i n  a r : g l e  b racke t s  t o  i n f J ru
the  i r ans ia to r  l ha t  t h l s  l s  a  pac te rn  nane  i a i he r  chan  a  s l np le  s t r i . ng : -
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Le t  i u l l aane  =  (< i i r ec ro r y ) , / ( naqe :

Sssen t i aL l y  t he  1e t  dec ra ra t i on  oo r ru . l - i - r r  ce f i nes  a  Ez rc ro
gene ra to r  ,D rog ran  subs t l t u t es  : he  "nac ro  body , '  f o r  t ha t
enccun te r ' 3C  oa  ; he  r i gh r  s iCe  o . f  a  dec la ra t i on .  The re io re
b e c o n e s :  -

i e !  f u l l nane  =  , / use rs / sec re ta r l es , /  l a - z  j #C -1 .3

The  l owe r  c f  t he  )a t l e rn  nacche r  i , s  such  l haE  i he  use r  cen  ce : i . r e
sequence  c f  a l ! e : r a i l ves  c r  as  ' ' any thLng  

u )  i o  so r se  de i i d t e r , , .  i o r
i g -

l e t  e a l l  c o o r , a n d  =  e a j . t  l e c j . : o .  l c t r . a n 3 e  j n o d i : 7 ! c c : l e c r' .  . , - - :  _ . : - .  .  . , .  . .
' i :  1  ' l
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T"n l s  spec l f i e s  t ha t  t he  nane  eC i t  coc rnand  shou ld  c : t ch :he  s t r i ngs  "edL t " ,  " ed l t o r " ,

t t c h a n g e "  
r  

t t n o d i f  y t t r  " c o r r e c E t ' .

T n e  l e t  d e c l a r a c i o n : -

l e t  u p . t o . b Y  =  ( b Y ) G

daf ines a pat tem qhich Ed11 natch anything up to but  noE includl .ng lhe str j .ng "by" '

The specia l  symbol  $ stands for  "end of  comnand" so

l e t  t h e . r e s t  =  ( $ ) G

spec l f l es  t ha l  " t he . res t "  shou ld  na t ch  eve ryEh lng  up  t o  t he  end  o f  t he  cu r ren t

coumand.

Tne  1e t  dee la ra t l ons  can  i n t r oduce  Pa t t e rns  wh j . ch  a re  con tex t  se l s i . t i ve :=

l e t  s u b ; e c t  =  ( r o u r ) ! ( v e r b ) !

i i :  a  s y s t e n  w i : e r e  ( n o u n )  a n d  ( v e r c )  a r  i e f i n e d  a s  l a i i e r n s ,  i h e  p a : t e r n  " s u b j e c t "

na rches  (noun )  on i y  i f  i t  i . s ; o i Lowec i  by  ( ve rb ) .  Ccnve rse i y '  3e  can  spec i f y  Eha t  a

?a l t e rn  shou ld  on l y  naCch  when  i t  does  no t  apPea r  i n  scme  Pa r t j - cu .La r  con les t : -

Le t  ob jec t  =  ( noun ) ! - ( ve rb ) l

Therefore i i  we had sLrople coomands nade up of  nouns ald ' rerbs we could ident l fy  the

aopropr lat .e oouns rePresent lng Ehe sub. ject  and object  of  the comnand'

AcC lon  p rocedu res  a re  spec l f l ed  by  t he  i n ! e r f ace  de fLne r  l n  t he  p rog rammlng  l anguage

o f  t he  l n t e r f ace  t r ans la i o r .  I n  t h l s  i np l ecenca i i on ,  t has  i s  a  c rog raco ing  l anguage

ca11ed  S -a l3o l i 51 .  They  a re  exac t l y  as  any  o the r  P rocedu res  i - n  t ha t  i anguage  excepe

that  refetence nay be oaCe wi th ln these procedures to the Pat ' -ern nanes Ce: i -ned : ' i l  a

l e t  dec la ra t . i on .  A  p rep rocesso r  scans  Ehe  p rocedu ie  coca ,  r ep laces  re fe rencgs  i o

pa t - . e rn  eanes  by  s t r i ng i  r e? resen t i . ng  l he  pa i t e r r  a l d  once ,  t he  D rocedu re  has  been

coopLe :e1y  p . "p ro . " " " * J  ca l l s  Ehe  S -a1go1  comp i , Le r  Lo  check  rhe  syn tax  o i  Ehe

p roced r re .  i f  an  ac !1on  p roceCure  reCu r r r s  a  I ' a i ue ,  i r -  r ' u s t  be  reEuned  as  a  s l r L rg '

i nd  che  re tuned  s t r i ng  i s  eocs ide red  eo  be  a  pa t t e r : l  Ce i1n l i i on .

The  exaop ie  be low  i i l u s t i aEes  a  s i np le  ac i l on  p rocedu re  uh i ch  asks  i he  use r  i o r  h l s

nane, The name j .s  re iurned as a str j .ng and che aci loo prccedure nay be cai led in a

l e t  dec la ra r i on  ' - o  ass i ga  t ha !  s t r i ng  i o  some  naoe '

a c t i o n  p r o c e d u r e  g e t . n a n e ( - ) s r r i n g )

beg in
w r i l e ' h e 1 1 o ,  p l e a s e  l y p e  : r o u r  n a n e ' n ' '

: e a d . a . l - 1 r e ( s . : )
end  l ge lnane

Th i s  acc i on  p roce< iu re  wou ld  be  ca i l ed  as  f o l l ows : -

l e t  u s e r . n a n e  =  a c l l o n  g e ! ' n a n e

Tne s- . r lng re:utred by get  '  nane roul-d be naneci  
' ry  user '  nane '  then a l -et  Cecf  arar ioo

inc l udes  cne  {o rd  ac : i on ,  Ehe  sys :e t r  assoc ia tes  a  "don ' t  ye t  kncw"  va l - ue  t l t h  t he

s i f j . n g  u s e r . n a i l e .  o r 1  c r e  i i r s t  r e f e r e n c e  t o  u s e r  l s n e  i l  e , l e f i n e  s i a c e n e n l ,  a  c a l l

t c  t h e  a c E l o n  p r o c e d u r e  l s ; 1 i l - e d  i n  i o  i i n d  L h e  a c t u a l  t r s e r  n a n e '

-". v

r? i ico. l l  repi ; r  9a: t  ; i : i :h ia i l :es _ ! : le s i -s:3:

r : s l : g  Ca i i ne  d€c l3 :a i l ons .  - {  Ce f i ae

t le :ssc: iate, l  i -vs le:  co 'x: iaai  ead:  aa

re; i ies : : : r i  i i te  cr t :esPsadi i lg use!
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t r ans laELons  o f  t hese  reP l l es .  Fo r  exanp le : -

def ine (edl t  cotuand) as
ed  wo rk f i l e

end

Le i1n .  i f  paEee rn  na rnes  a re  used ,  ehey  mus t  be  enc losed  1n  ang le  b racke t s .  Th i s

dJc la res  t - ha r '  ( eC l t  coomand )  i . s  i r ans la ted  i n t o  "ed  wo rk f i l e " .  . . . l l oweve r  ( ed i t

cOomand) natcheg a nunber of  st r ings so EhaE t .he user conoands "edi ' t " ,  "edl tor" ,

"correct" ,  "change" and "nOdl fy"  are synonooous and al l  have the Same ef fect .

Na tu ra l l y  use r  coEmands  nay  be  E rans la ted  i n t o  a  sequence  o f  sys l en  coonands .  Fo r

exanple I -

de f i ne  ge t  < f i 1e>  as
ca !  ( d i r ec to r y ) / ( f  i 1e )  ) ' ; o r k f  i 1e

ca t  wo rk f i i e
end

Thls def lnes a get  comand whj .ch r : :akes Ehe naned f i le  che current  workf i i .e and 1lsts

1 E  o n  i : e  u s e r ' s : 3 r - * j . n a 1 .  l i c : 1 : e - ! . 1 3 E  i n : h e  c a s e ,  : h e  u s e r  c y D e s  a  s i e l l e : l 1 e

: : ane  anC  l :  i s  2u tona :1 :aJ -1y  con ' ' ' e r t eC .o  i he  f u1 . l -  name  o f  t he  f j ' 1e '

. r .  r e r l - v  Da ra  . i tAy  be  assoc ia :eC  w l t h  a  de f  i ae  s i a i enen l '  Ln  : he  reP lT  l a r : ,  : he

; o s s i b i e  s y s c e n  r e s - D o n s e s  a r e  l : s c e c  . i l ; n 3  ; i : n  : l e i r  E : : n s - a t : o r : s .  i c r  : : < a : l p ; - e : -

def lne (edl-L connanci)  ( f i . ie , \  as
ed  (d i . r ecco ryX i i l e )

and reply:
t t n o  f 1 l - e "  : ' l

" l o  pe ro i ss l on "

end

I  am so r r y ,  I  can '
Could l :ou Please

l s  co r rec t "
.  I  I  ^ - . ^ ^ , - , .
t  L  4 d  > u ! ! J

you s;ly not

E  seeo  ro  f i nd  you r  docunen t

check ihat  Ehe nane

ih l s  i s
nodl fy

a pr iva te  docu i ien t

i  t ' r

^-  )

The  p resenc  s

coumunicatLng
p rov ld i ng  i n t '

s y s l e n  i s  n o L
we envisage t r

overhead invo-
f o l l ow ing  sec t
nu1 t . i - i n t  e r i  ac

the  ex i s t i ng  i

SYSTEX ARC]IITJ

As nicro cor

apProPr l a te  i

i n ce r f ace  t r a

ded i ca ted  t o
requ i  ! enen t s .

We assune ihe

oPe ra t i ng  o r

wh l ch  t r ans la

) iot  onlY doer

hence  : . nc : ' ea
deveJ-oPed. i  c

F u r t h e r ,  b e c ;

c i rcr fns tances
reduced  use r

Provid ing ) .c

9y9EeO Secu r :

/ 1 \  :
\ J  /

c
!

0 f  c o u r s e ,
p  r ov i dec  

' :

{ - F - ' r r c i ; -

t e rnl:rs is .

( l )

I n  each  case ,  i he  t e r se  sys l en  rep i ; r  i s  t r ans j . a t ed  i n t o  a  j o ra  Less  i i ke l y  Ec

in t l n i . da te  t he  casuaL  use r .  
r

I f  a n  a c t i o o  l s  E c ' r e  a s s o c i 3 : e d  w l t h  a  r e c l y ,  l h e  a c t i o n  p r o c e d u r e  r u s t  b e  p r o v i d e d

and  a  p rocedu re  ca i l  i n cLuded  1 r  t he  ce f i . ne  dec la ra !1on .  Th l s  2e r - r e i t s  a  no re

c n  n h {  c f ' . i f p d  i q s D o i l s e  : o  c e r t a i n  : e o i : e s  : h a n  s i m p i e  n e s s a g e  : : a n s i a c : - o n .  F o r
I

exar .o  ie :

Cef l ne  (ed l t  c comand )  ( i i l e )  as
e C  ( c i r e c i o r , ' ) / ( : i l e )

a n d  r e l l y :
' ' ao  f  i Le ' '  :  ' ' I  an  so r l ; r ,  i  can ' :  seen  t o  j  j . nd  you r  docun :en i " ;

a c :  i o n  i i r C r . e a r e s  c  (  ( C r r e c t c r y ) ,  ( ! i l e )  )
end

i f  " n o  f i l e "  i s  r e c u r n e C ,  a  n e s s a g e  i s  o u E p u t : n d : h e  r o u i : n e  i i ; r C n e a r e s t  c a l L e d .

I h i s  r o u c . l : l e  : a k e s  a s  ? a r a n e t e r 3  : h e : : r a c L c r y  a n d : i t e : i I e  a n C  f e r : a D s  m a y  s e a r : h

c h e  C i r e c t o r y  i o r  t h e  c l o s e s g  r € . t c h  i o  i n e  s o - e c 1 - f i e d  i i i e  a n d  s u g g e s t : o  - , h e  u s e r

i ha t  l h i s  ; i 1e  n j . gh t  oe  i he  f i i e  i n ren< ie r i .

a l e s e  e x a : : i . e s  : l l u s c ; : ; e  : : 1 e  f o t e n i i a L  : i  : 5 . e  : s e c  i n c e : : a c e  3 e i l e . a t o r  a n C  r e  : r e

? r e s € n : l ' t  e ' . ' : i u a c l r g  : h e  s 7 s : e s '  5 y  3 e r e : a : i : . g  a  s e c r s i 3 . r i a l  i r r : l : a c e  : c  I  - 1 i x

r i n o - c h : : i r s  - i s s t q a .  : n : s  1 n t 3 : i a c e  r i l l  a l j o s  a c c e s s  i o  ; o r d  p r o c e s s i n g ,
j .n jornat ioa retr leval  and eiectrcnic s, , : . .1-  proqrans avdl la, : le un<ler  Unix.
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T t ' p  n r p s p n r  s v s t : m  i n v o l ' r e s  i n p l e c e n t i n g  t h e  i n c e r i a c e  : r a n s l a E o r  e s  a  P r o c e s g
coonun . i caE ing ' ; i r h  boch  t he  cpe raL ing  sys l en  anc  l he  use r  Ee r r i na l .  The  cve rheaC  o f

n r ^ r ' i A { . d  i . r 6 r ; r . F  . r : r s i r t i o n  i s  a c c e o c a b l e  i n  o u r  e x i s c i n g  s y s - g e n .  I f  c h e
P r u w r u r r r S

sysEem i s  no t  heav i l y  l oaded ,  t he -use r  r esponse  E ine  i s  r ough l y  doubLeC.  Ho r reve r '

we  env i sage  t ha f  i f  we  we re  t o  t r y  and  suopo rc  : any  c i i f e ren t .  use r  i n t . e t r - aces ,  t he

ove rhead  i nvo l ved  i n  a  conven t i ona l  i np l enen ta t i on  wou ld  be  unaccep tab le .  I n  t he

fo l l ow ing  sec t i on ,  we  desc r i be  an  a l t e rna t i . ve ' sys te t r  a r ch i t ec t . u re  f o r  suppo r t i ng  a

nu l t l - i n i e r f ace  sysEam rh i ch  we  cons lde r  o f f e r s  Eany  advaneages  vhen  conpa red  v l t h

t h e  e x i s i i n g  i n p l e m e n E a E i o n  c e c h n i q u e .

SYSTEJ-{ ARCIIITECTURN

, 3

i r
t

c
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As  n i c ro  conpu te r  ha rdwa re  i s  no l t  r e l ac i ve l y

app rop r l a te  i nP i . enen ta t i on  o f  a  nu l t i - i - n t e r f ace

i n t e r f a c e  c r a n s l a t l o n  e l t h e r  d i r e c r l y  E o  E h e  u s e r

Ced l ca ted  Ec  a  : u l be r  o f  t e rm lna l s  usec  by  a

requ i r enen t s .

. r l e  assune  rha t  a  gene ra i  pu rpose  " co rnpu t i ng  o r i en t : i "  i n i e r i ace  i s  p rov l ded  b7  Ehe

oDeraE ing  o r  aop l l ca l i - on  s l r s t en .  Tne  use rs  t e ranna l  ccn ta i ns  a  P rep rocesso r  p i og ran

u h i c h  t r a n s l a t e s : i r e  u s e r  c c m a n d  E O  C h e  a p D r o D r i s c e  s e q u 3 n c e  O i  s ; ; ; C e e  c o e ; , a n i S '

No t  on l y  does  f h i s  app roach  reduce  rhe  Load  oa  i he  cen t ra l  cooPu te r  sys ten '  anC

hence  i nc rease  ove ra . l - 1  s ) ,S :9n  pe r f o rnance ,  j - t  a l s c  neans  t ha t  i . r t e : f aces  can  be

d e v e l o p e d  i o r  e x i s t i n g  s y s t e n s  w i i h o u t  d : s : . u p l i n g  i h e s e  s y s t e n s  i n  a n y  E a ' t .

Fu r t he r ,  because  sou :e  i n i e . l - l , i gence  i s  d : . s t r i buced  i o  t ne  i e rm ina l ,  unde r  ce r t a i n

cL rc r rns !ances ,  such  as  da ta  en t r y ,  i l .  ; ay  be  ; css i 3 l e  t o  p rov l de  sone  k i i d  o i

r educed  use r  se r v l ce  i f  che  cenEra l  s - vs ten  i s  unava i . l ab l e '

? rov l d l ng  l oca l  i n t e r f ace  p rocess lng  has  a  nusbe r  o f  i npo r t an t  i np l i cacLons  f o r

s y s a e n  s e c u r l E Y  a n d  i a t a  P r l v a c Y : -

( 1 ) The  use r  nay  be  pe : : n l t t ed  access  : o  i : 1ose  sys !em . ' ac l l iE i es  r a l evan i  i o

l . . i s  aoo l i ca i i on  and  i t o  oEhe rs .  t h i s  can  
' r e  

acconp l i shed  s i : oJ . y  by  : n l y

bu i l d i ng  i now ledge  o i  app rop r i acs  s l / s  i en  j ec l l iC j - es  i - : 1Eo .  Lhe  j . n t a i j ace

p rocesso r .  I t  shcu ld  be  j . nposs ib i e  i o  3ene raEa  conoands  us i ng  f o r ' : i d cen

f a c i l i t l e s  '

The  : e ro j . na l  p rocesso r  used  co  hand lg  a  pa r t i cu l , a r  i n t e r r - 3ce  ca l r  be

L O c a l e d  i n  e n  o i f i c e ; h e r e  o n i y  t . h o s e  p e r n i t t e d  t c  u s e  t h a C  L n t e r ; a c e  h a l / e

access .  - i ny  , : nau rho r i sed  use r  can  eas i i y  r e  Ce :ecced  5y  che  1 : r c : ' v i dua l s

1n  t ha t  o f i j - ce  and  i he  s :7s ten  can  be  l ock  up  wheo  che  o i f i ce  i s  uaused .  A

l o c k e d  d o o r  i s  a  ? o t e n l  ; e a ? o n  : - c r  d e E e r ; i n g  s n o o P e r s '

l f  an  unau r - : : o r i sed  i r d l l - i duaL  3a ins  accass  Eo :he  syscen '  he  q j . 1 j .  De

d e : e r : a d  : : o u t  . i c ; e s s : : . g  f r ' - " ' a a e  - r : o : r a ; 1 o n  s i : o l y  5 e c a t : s e  L e  h e  l s  n o c

f  an : . 1 i a i  t r i r - h  ahe  use r  : . nce l f  ace  '  I : e re  l s  no  need  i c r  use rs  ' ; ho  do  l o t

n e e d : o  u s e  r a r t i c , : i a r  i a c r i i : 1 e s : o  * r o v  h o w  i o  a c c e s s  l h e s e  f a c l l i ' : L e s .

T h e  u s e r  v a L l d a t l o n  s y s E e n  n a y  b e d l s t t l : u t e d  t o  t h e  C e r a i n a j ' : - n t a r i a c e  5 o

tha t  Ehe re  1S  no  neeC  co  keep  a  ca r ,E ra l : -Sed  oa  L i ne  reco rd  o f  ! se i '

va i i da t i ons .  l i r e ra fo re ,  i i  l s  i n ross l b l e ; - c r  u : r auc .ho r j - sed  use rs  Co  c rack

!h€  cen t ra i j - sed  va l i da : i on  sy3  t em i : on  a : r y  i e rn j - na l  '

/ r l

, ' c , ,

Of  cou rse ,  unCer  ex i sc l i r g  : ke  sha r i - ng  sys tecs ,  a  : : ' : l t i  i n : e : i ace  sysEen  ca f l  
' oe

: : c - r : : e d  ) y  : - e o 1 : : e r c : : g  j : : i e : : : . r  ' j s e r  c o m r - a n C  ' l r : e : : r e l e r s  a n i  r u ; r n 1 r g  : : e s e

j - ! 1 t e rp r3 te r s  a3  ) r ccesses  se r . r L l g  r , he  a l o rop r i a i e  use l  i e r : l i : l a i .  ) r  3 : ouP  o !

: e r -a i ; r a i s .  I t  aopea rs  : o  us  : ha t  l n l s  apPrcach  l - ' a s  i ' : 5  i npo r i an !  d j .Sadven tages  :  -

a

( i  )  I t  i n g c s e g  a : 1 .  p - x l r . a  i o a C  c a  a h e  c : i ' ! ! : 1 L  s : t s i e 3  
' : e c a u s e  

e x i r a  P r c c a s s e g

cheap, l re bel ieve that  a mote
s J - s E e B  i s  E o  d l s t r i b u e e  c h e  u s e r
's  ter l r inal  or  Eo a l r icrocoEPuter
g roup ' r ho  have  s lm l -La r  i n t e r f ace

' a
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have  ! o  be  suppo r ted  and  se rv l ced .

( : )  I t  i s  expens i ve  t o  i : c c i f ; ;  e : : i s l l i ' 3  cpe ra t i ' n3  s : r ' s ! es l s  o r  appJ - i ca t i ons

sys tens  t o  p i ov iCe  a  aunbe r  o . '  i 1e ;  : - n ' e r f aces '

As  we l l  as  t hese  abso lu te  d i saCvan tages ,  i . p  j : nen t i ng  t l ' . e  s ] - s t en  , t t 18 i i i  " t t  ex i s t i ng

ope ra t i ng  sys te l r  does  r l o t  o f f e r  t he  secu r i t y  and  p r i vacy  advan tagee .  p rov i . cec i  by  a

d i s t r l bu ted  sys te t r .

To  suo  up  t he re fo re ,  we  beJ - i eve  t ha t  t he  bes t  way  t o  i np l enen t  a  c ru1 t l - i nEe r face

sys teo  i i  t o  p rov l de  l oca l  f ac l l i t l e s  f o r  t r ans la t l ng  pa r t l cu l a r  i n t e r f aces  i o  no re

g "ne ra l  s ys teG  ca l1s .  Th l s  can  be  accon rp l i shed  e i t he r  by  us i ng  a  p rog ran ' ab le

te rn i na l  o r  by  us i ng  a  r l l c r oco t rDuce r  as  a  cone ro l l e r  f o r  a  3 roup  o f  Ee r : : Lna lS .

CONCLUSIONS

In  t he  cou rse  o f  Ceve lopmen ! ,  i t  has  becone  c l ea r  t o  us  t ha l  de f i n i ng  su l t ab le

we l l - t a i l o red  l n t e r f aces  i s  a  ve r y  d l f f i cu l - t  t ask  i ndeed ,  s i np l y  because  o f  uhe

c c n n u n i c a t i o n  p r o b i e a s  w h i c h  e x l s !  b e f , w e e n  c c n p u t e r ; 2 e c i a l i s i s  a n d  l h o s e  u n v e r s e d

i s  conDu t i ng  ; e rn i no iogy r ,  i , e  be l i eve  ! he ra fo re  i ha i  t 5e  i os t  : o r1 l - dab le  ccs i ac l e  ! o

! r e  d .eve io fne r t  o i  : a i l o : - r ad .e  i : i ce r ; : . c : s  i s  ae i t he r  ha r ' jwa : :  nc r  so i i ; a re

ca :a , ; i 1 : - t ; . ,  l u :  s i : p l ; , ' t he  hu :a . i  r r c i l e l s : nvc1 . ; : d  i l r  i s c3 : t a i . . i r g  r : , : . t  c l ns : : : u t es  a

we l l  des i . gned  i n t e r f  ace .

OL l r  s ys l en  nakes  no  a t t enp t  t o  so l - ve  l hese  p rob lens .  Ra the r ,  we  have  i np lenen teC  an

i c t e r f ace  t l ans i a to r  gene raco r  uh ieh  can  s l gn l i i can t l y  r eCuce  l he  ?c r k  i ; : vo i ved  i - n

deve lop ing  i npe ra t . i ve  use r  i n t e r f aces  f o r  ex i s t i ng  o r  p roposed  sys tess .  Th l s

reduc t i on -  l s  pa r t i cu i a r l y  na rked  whe re  ' . he  use r  i n t . e r f ace  i s  ccnp lex  and , / o r  f a i r l y

i nf o rroal .

The  p resen t  i np l enen ta t i on  o l  ou r  sys ten  appea rs  t o  Fo rk  r easonab l y  se i l  bu t  l t  has

becooe  c i ea r  t o  us  t ha t  i u r t he r  deve lopnen t  i s  r equ i r ed .  0 ' : r  s ys ten  re l l es  oa  use r

e t ro r s  be ing  de tec ted  by  r he  unde r l y i r g  sys teo  and  an  e r ro r  nessage  recu rned .  Th l s

nessage  1s  t hen  E tans13 ted  Eo  a  f o rm  unde rscandab le  by  t he  use r .  ' ^ ' n i 1s t  t h i s

: a " n r i q r "  j . s  f r e c u e n t l y  s u c c e s s f u l ,  i h e r 3  a r e  s j - i u a c i o n s ' * . | e r e  r t  b r e a k s  d o u n ,

Da r t l cu l a r l y  l f  one  ' : se r  connand  gene ra t3s  nany  sys i e f i  c cnnands .  I denc i r ' y i ng  l h i ch

comnand  i s  assoc j . a ted  ' r l t h  ' r h1ch  e r ro r  nessage  i s  a  C l i f i cu l t  r ask .  Fu r t he r

CeveJ .opnenEs  nus i  ane ta i o re  l nc l ude  Eo re  e r i o r  check ing  and  pe rhaps  co r rac t i oa  by

t h e  i r a n s l a t o r .

r , Je  be l i eve :ha t  one  o f  ; he  Dos i  i - : tDc r t an i  r esu l , t s  c f  ou t  wo rk  1s  t he  i c i enc i f l ca t i on

o f  r he  ac i vaneages  t h i ch  acc rue  i r on  C : . s t r i bu : j . : r g  E ;1e  use r  i n t e r f ace  i o : he  i em- i na l

i : s e i f .  W e  i n C e n d  L c  t i a n s - D o r t  o u r  S y s i e m  t o  a  2 8 0  ) a s e d  S y s t e d  1 n  l h e  n e a l : u a u l e

a i . l d  use  i h iS  Z80  es  a  Ea r r : l a1  con t ro i l e r '  
' ; i f h  t h i s  s l r sLes '  ve  i n i end  i o

i i v . s t i 3 3 t e  : 5 e  e x E e n i  o i  l h e  p : i v a c ' r  a i l c i  s e c u r : , : y  a C v a n c a g e s  c f  S e r e C  b y  a

i l s t r r b u t e d  l n t e r i a c e  s Y s l e n .

{  ^ ! ^ 1 ^ r i  = r a a r r r \ l f q

Des  f , a rd  o f  S t : a thc l yde  i n i . r e r s i rT  has  Ccne  r l cn  o i  t h=  coC ing  o i  i he  sys te$ '
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