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ADSIEEQI

This repor t  describes a module concept fo r  In te r l i sp  which
evo lved  dur1ng seve ra l  years of 1mplementat1on experience. Far
f rom c la iming  any t heo re t i ca l  contr1but1on to  L1sp  the  concept
1s meant to  be a p rac t1ca l  tooL which fac i l i t a tes  the des1gn and
implementation of  Large software systems 1n In te r l i sp  and which?
has establ1shed 1 ts  use fu lness  during a l ong  time of appl icat ion.
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A Large program i s  no rma l l y  pa r t i t i oned  i n to  sma l le r  un i t s
ca l l ed  modules, which a re  sepe ra te l y  implemented and t es ted  and
then  i n teg ra ted .  I n  o rde r  t o  c l ea r l y  d i s t i ngu i sh  t he  modules and
t o  avo id  c l ashes  i t  i s  use fu l  t o  adop t  some conven t i ons  f o r  t he
cho i ce  o f  i den t i f i e r s .  Th i s  i s  pa r t i cu l a r l y  impo r tan t  i n  langua—
ges  l i ke  I n te r l i sp  [E75 ] ,  [ 881 ] ,  [ T74 ] ,  whe re  a l l  f unc t i ons  and

atoms a re  f r ee l y  access ib l e  i n  t he  en t i r e  system.

As a resu l t  o f  these convent ions  and because o f  t he  a t tempt
to  w r i t e  t he  programs as se l f  exp la i n i ng  as poss ib l e ,  i den t i f i e r s
tend  t o  become somewhat Leng thy ,  which renders  them prone t o
misspe l l i ng  e r ro r s .

A long  w i t h  m isspe l l i ng  er rors  L i sp  p rog rams  o f t en  con ta i n  a
number o f  o the r  t r i v i a l  e r ro r s ,  l i ke  om i t t ed  quo tes  o r  m i sp laced
pa ran theses  i n  f unc t i ons  w i t h  nons tanda rd  syn tax  (e .g .  COND,
SELECTQ, PROG). I n  L i sp  such  e r ro r s  canno t  be  de tec ted  s ta t i ca l l y
bu t  r esu l t  i n  r un  t ime  e r ro r s ,  t yp i ca l l y  "unbound a tom"  o r  "unde—
f ined  f unc t i on " .

I n  t h i s  paper we describe a concept which

( a )  f ac i l i t a t es  t he  g roup ing  o f  L i sp  f unc t i ons  and  va r i ab les
i n to  modu les ,

(b )  a l l ows  f o r  mach ine  suppo r ted  de tec t i on  o f  t r i v i a l  e r ro r s .

The concep t  i s  a by—product  o f  t he  deve lopmen t  o f  a l a rge
theo rem p rov ing  sys tem [BEHSSH81] imp lemen ted  i n  I n te r l i sp .  I n
the  cou rse  o f  seve ra l  yea rs  o f  imp lemen ta t i on  e f f o r t s  i t  was
cons tan t l y  adap ted  t o  t he  needs a r i s i ng  f r om day  t o  day imp lemen-
t a t i on  prob lems.  Th i s  means t ha t  t he  ideas  presented here have
been  imp lemen ted  and  used  f o r  qu i t e  some t ime  and t ha t  t he  empha-
s i s  i s  more on  p rac t i ca l  me r i t s  t han  on  t heo re t i ca l  f ounda t i ons .

Ye t  ano the r  consequence i s  t ha t  t h i s  r epo r t  does no t  p resen t
t he  wo rk  o f  an  i n i d i v i dua l ,  bu t  r a the r  t he  co l l ec t i ve  expe r i ence

o f  a l a rge  resea rch  g roup  wh i ch  evo l ved  du r i ng  a l ong  pe r i od  o f

t ime .
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Hi th  each modu le  we assoc ia te  a modu le  i nd i ca to r  cons i s t i ng
o f  a f ew  (usua l l y  two  o r  th ree )  a lphanumer i c  charac te rs .  Th i s
i nd i ca to r  i s  used as a p re f i x  t o  i den t i f i e rs  deno t i ng  f unc t i ons
o r  va r i ab les  o f  t he  modu le .  The p re f i x  i s - sepa ra ted  f r om the
res t  o f  t he  i den t i f i e r  by  a spec ia l  charac te r  depend ing  on  t he
rO le  t he  i den t i f i e r  p l ays  w i t h i n  t he  module.

The mos t  impo r tan t  i den t i f i e r s  i n  a modu le  a re  t he  names o f
i t s  f unc t i ons .  He d i s t i ngu i sh  between in tec fagg  f unc t i ons  which
may be  ca l l ed  f r om ou t s i de ,  and  i n tecna l  f unc t i ons  wh i ch  a re

used  on l y  i ns i de  t he  modu le .  A l l  f unc t i on  names beg in  w i t h  t he
modu le  i nd i ca to r  f o l l owed  by  a hyphen f o r  i n t e r f ace  f unc t i ons  o r
an  equa l i t y  s i gn  f o r  i n t e rna l  f unc t i ons .

To make ma t te r s  more conc re te ,  l e t  us cons ider  a f i c t i ve
modu le  ca l l ed  PROTOCOL. As modu le  i nd i ca to r  we choose the  s t r i ng
“PR“ .  Fo r  t h i s  modu le  we m igh t  de f i ne  some i n te r f ace  f unc t i ons ,
say PR—OPEN()‚ PR-CLOSE()‚ and PR—PROT000L(DATA>. The l a t t e r
migh t  ca l l  some i n te rna l  f unc t i ons ,  say  PR=PRINT.HEADER<DATA) ‚

PR=PRINT.COMPONENT:1(DATA), and PR=PRINT.COMPONENT:Z(DATA). As
can  be  seen  f r om these  examples  we use  do t s  and co lons  f o r  f u r -
t he r  s t r uc tu r i ng  t he  i den t i f i e r s .

Hi th  t h i s  conven t ion  each f unc t i on  name i nd i ca tes  t he  module
i t  be longs t o  and t he  way i t  i s  used by t h i s  module. I n  pa r t i cu -
l a r  t he re  can be no name c lashes between f unc t i ons  o f  d i f f e ren t
modules (un less ,  o f  cou rse ,  t he  module i nd i ca to r s  a re  no t  un ique ;
but t h i s  should be easy enough to  overcome). '

The nex t  impo r tan t  c l ass  o f  i den t i f i e r s  i s  t ha t  o f  va r i ab le
names. Many modu les  need  va r i ab les  whose va lues  rema in  unchanged
be tween  ca l l s .  These va r i ab les  can  be  cons ide red  as  rep resen t i ng
t he  module s ta te .

The obv ious  L i sp  so lu t i on  i s  t o  use  t he  t op  l eve l  va lues  o f
a toms f o r  t h i s  pu rpose .  He i n t r oduce  t he  no t i on  o f  a common
va r i ab le ,  i . e .  a L i sp  atom assoc ia ted  w i t h  a module,  whose top
l e ve l  va lue  may be  man ipu la ted  by  f unc t i ons  o f  t h i s  module (and

on l y  by  t hese ) .  The names o f  common va r i ab les  beg in  w i t h  t he





module i nd i ca to r  fo l lowed by an as te r i s k .

I n  our  PROTOCOL module,  f o r  i ns tance ,  we might  use a common
va r i ab le  PRXPRINT.FORMAT‚ whose va lue  i s  de f i ned  by  PR—OPEN and
used by PR=PRINT.COMPONENT:1 AND PR=PRINT.COMPONENT:2.

Now the re  a re  f ou r  d i s t i nc t  types  o f  va r1ab les  tha t  can
occur 1n a function def ini t ion: '

( a )  Loca l  va r i ab les ,  wh i ch  a re  used  w i t h i n  an  embrac ing  LAMBDA
o r  PROG exp ress ion  de f i n i ng  t he  i den t i f i e r ;

(b)  common va r i ab les ,  which are f r ee  var iables i n  conformity
w i th  the above conventions;

( c )  nbaL  va r i ab les ,  which a re  non common f r ee  va r i ab les  and
which a re  de f i ned  i n  another  module f unc t i on  ca l l i ng  the
g i ven  one ;

( d )  ex te rna l  va r i ab les ,  wh i ch  a re  f r ee  va r i ab les  t ha t  a re  ne i t he r

common no r  g l oba l .

Globa l  va r i ab les  a re  very  unp leasant  t o  have around and we
t r y  t o  avo id  them.  I n  mos t  cases  t hey  can  be  e l im ina ted  by  p rov i -
d i ng  su f f i c i en t l y  many arguments f o r  sub func t i ons .

The d i s t i nc t i on  between t he  remain ing  two types -of f ree
va r i ab les  (common and  ex te rna l )  i s  pu re  conven t i on .  As we access
common va r i ab les  on l y  f r om i ns i de  t he  modu le  t hey  be long  t o ,  and
s ince  i n fo rma t i on  be tween  modu les  i s  passed  by  ca l l i ng  i n te r f ace
f unc t i ons ,  ex te rna l  va r i ab les  need no t  occur very  o f t en  e i t he r .
The i r  major source i s  t he  I n te r l i sp  system i t se l f ,  which con ta ins
p len t y  o f  va r i ab les  and  f unc t i ons  f o r  va r i ous  con t ro l  pu rposes .
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I n  gene ra l  a modu le  phys i ca l l y  corresponds t o  a f i l e .  Hence
we chose  t o  ex tend  t he  I n te r l 1sp  f unc t i on  MAKEFILE i n  order  t o
implement t he  suppo r t i ng  system o f  our  module concept.

MAKEFILE t akes  as  i t s  f i r s t  argument t he  name o f  t he  f i l e  we
want  t o  crea te  and  as  a second  argument an  i nd i ca to r  whether  t he
f i l e  con ten t  i s  t o  be f as t  o r  pre t ty  p r i n ted .

The i n fo rma t i on  as t o  what ac tua l l y  cons t i t u t es  t he  f i l e
con ten t  i s  de te rm ined  i n  a somewhat t r i c ky  way :  The atom ob ta ined
by conca tena t i ng  t he  f i l e  name w i t h  "COMS" i s  expected t o  have
as i t s  t op  l eve l  va lue  a l i s t  o f  MAKEFILE commands. These i n
tu rn  a re  l i s t s .

Examples o f  MAKEFILE commands a re :

(FNS f i  . . .  f n )  save  t he  de f i n i t i ons  o f  f unc t i ons  f 1  . . .  f n ;

(VARS v1  . . .  vn )  save  t he  t op  Leve l  va lues  o f  atoms v1  . . .  vn .

Thus  i f  we wan t  t o  c rea te  a f i l e  ca l l ed  TEST.EXAMPLE—1 con—

t a i n i ng  t he  de f i n i t i ons  o f  f unc t i ons  Foo and F IE  and t he  va lue
o f  t he  a tom VEE,  we w r i t e :

(RPAQQ TEST.EXAMPLE-1COMS ( (FNS F00 F IE )  (VARS VEE) ) )
(MAKEFILE (QUOTE TEST.EXAMPLE—1) (QUOTE PRETTY))

Fo r  de ta i l s  conce rn ing  MAKEFILE re fe r  t o  [T74 ] .

Now fo r  ou r  modu le  concep t  we ex tend  t he  MAKEFILE mechan ism„
He use  a f unc t i on  ca l l ed  SAVEFILE wh i ch  t akes  t he  name o f  a f i l e
as  i t s  f i r s t  a rgumen t .  The f i l e  con ten t  i s  de te rm ined  i n  t he
same way as  w i t h  MAKEFILE ,  bu t  bes ides  t he  MAKEFILE commands

some add i t i ona l  commands a re  ava i l ab le .

The most  impo r tan t  o f  t hose  i s  (FCT f1  . . .  f n ) .  Phys i ca l l y
i t  has t he  same e f f ec t  as (FNS f i  . . .  f n> ‚  bu t  l og i ca l l y  i t
de f i nes  f 1  . . .  f n  as  f unc t i ons  o f  a modu le .  I n  pa r t i cu l a r  f unc -
t i ons  saved w i t h  FCT can be analysed be fo re  sav ing ,  i f  des i r ed .
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I n  order to  de f ine  common var iables  of  a module we use the
command (COMMON v1 . . .  vn ) .  Hhen Loaded the  v i  a re  in i t i a l i zed
with N IL ,  r ega rd less  of the va lues  they  had a t  save t ime. Other
i n i t i a l  va lues  may be  de f ined  by wr i t ing  (v i  exp i )  ins tead  o f
v i ,  i . e .  the  syntax i s  s im i la r  to  the  va r iab le  de f in i t ion  par t
o f  PROG.

Thus the  express ions  tha t  save the  above mentioned PROTOCOL
module on a f i l e  ca l l ed  EXAMPLE.PROTOCOL are  the fo l lowing:

(RPAQQ EXAMPLE.PROTOCOLCOMS
((FCT PR-OPEN PR-CLOSE PR-PROTOCOL)

(FCT PR=PRINT.HEADER
PR=PRINT.COMPONENT:1 PR=PRINT.COMPONENT:2)

(COMMON PR*PRINT.FORMAT)>)
(SAVEFILE (QUOTE EXAMPLE.PROTOCOL))
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Functions whose names occur  1n an FCT command may be analy—
sed. This means tha t  before each funct ion a header i s  pr in ted
conta in ig ,  among o thers ,  the fo l lowing informat ion:

(a)  The usage, i . e .  interface or in te rna l ,  depending on the
character af ter  the module indicator.

(D )  The names o f  the  module func t ions  ca l l ing  the  g iven  func t ion .

(c)  The names of the module functions called by the given func—
t ion .

(d )  The names o f  a l l  ex te rna l  func t ions  ca l l ed  by the  g iven  one.
Ex te rna l  func t ions  a re  those  tha t  a re  ne i ther  par t  o f  the
module nor o f  the  In te r l i sp  system i tse l f .

( e )  A l l  g loba l ,  common, and ex te rna l  va r iab les  used by the  g iven
func t ion ,  fu r ther  c lass i f i ed  as read  on ly ,  wr i te  on ly ,  or
read /wr i te  access.

( f )  Var ious  warn ings ,  e .g .  i f  an in te rna l  func t ion  i s  no t  ca l l ed
by any o ther  func t ion ,  o r  i f  an incor rec t  number o f  arguments
i s  used ,  o r  i f  RETURN is  used  ou ts ide  o f  PROG, e tc .

I n  addi t ion to  th is  a cross reference l i s t  can be computed
and pr in ted  on the  f i l e  toge ther  w i th  the  module. For each com—
mon,  ex te rna l ,  o r  g loba l  va r iab le  the  c ross  re fe rence  l i s t  ind i -

cates the names of a l l  module functions using i t  and fo r  global
var iables  a lso the name of  the function where i t  i s  def ined.

This information i s  very useful  to  f ind  the t r i v ia l  errors
mentioned a t  the  beg inn ing .  I t  tu rns  ou t  tha t  they  almost inva -
r i ab ly  cause some unexpected external  var iables or external
func t ion  ca l l s  to  occur .  In  genera l  a quick g lance  by the  p ro -
grammer to  the headers and the cross reference l i s t  w i l l  su f f i ce
to  ind ica te  whether o r  no t  something went wrong.

I t  should be mentioned tha t  v io la t ions  to  the  conventions
have no e f fec t  o ther  than  warnings in  the  func t ion  headers .  The
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whole i dea  i s  no t  t o  enforce anything bu t  t o  prov1de a means
tha t  f ac i l i t a t es  p rog ramming .  Those u i sh ing  t o  c i r cumven t  t he
conventions do no t  have t o  go th rough  much t r oub le  t o  do so .

Another remark concerns t he  hack ing  t r i c ks  exper ienced L i sp
programmers among t he  readers u i l l  undoubtedly have come up
wi th .  Of cou rse ,  t he re  a re  a rb i t r a r i l y  cumbersome ways t o  ca l l  a
f unc t i on  o r  t o  access  a va r i ab le  i n  L i sp ,  and  o f  cou rse  i t  i s
v i r t ua l l y  hope less  t o  t r y  t o  s ta t i ca l l y  de tec t  a l l  o f  them. Bu t
t he  cases tha t  can be analysed by our  present implementat ion
cove r  mos t  o f  t he  p rac t i ca l l y  r e l evan t  p rob lems  and  a re  no t  t oo
r es t r i c t i ve  t o  a reasonable  programming s t y l e .

Here  a re  some examples  o f  func t ion  ca l l s  and va r i ab le  acces -
ses  t ha t  a re  no t  p rope r l y  de tec ted  and  shou ld  be  avo ided  (Foo i s
a f unc t i on ,  VAR a va r i ab le ) :

(SET (PACK (QUOTE (V  A R) ) )  5 )
(EVAL (L IST  (QUOTE SETQ) (QUOTE VAR) S) )
(APPLY (QUOTE F00 )  VAR)
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I n t e r l i sp  p rov ides  th ree  types  o f  macro  de f i n i t i ons :  open
macros ,  subs t i t u t i on  macros ,  and  computed  macros .  The  mac ro

de f i n i t i ons  a re  s to red  unde r  t he  proper ty  MACRO o f  t he  f unc t i on
names. For de ta i l s  re fe r  t o  [T74 ] .  '

Now i t  j u s t  so happens t ha t  v i r t ua l l y  a l l  open macros o f  a
t yp i ca l  module a re  equal  t o  t he  respect1ve f unc t i on  de f i n i t i on ,
and  mos t  subs t i t u t i on  macros a re  equa l  t o  t he  CDR o f  t he i r  func—
t i on  de f i n i t i on .  I n  o the r  words ,  i f  we save bo th  f unc t i on  and
macro de f i n i t i on  on a f i l e ,  t he re  w i l l  be a s i gn i f i can t  degree
o f  redundancy.

The major problem w i t h  t h i s  redundancy,  however, i s  no t  t he
inc reased  s to rage  requ i remen t ,  bu t  r a the r  t he  tremendous d i f f i -
cu l t y  t o  ensu re  t ha t  changes t o  t he  modu le  a re  pe r f o rmed  i n  a
cons i s ten t  way .  M ino r  changes t o  f unc t i ons  a re  necessa ry  ve ry
f r equen t l y .  I f  a programmer changes a f unc t i on  w i t hou t  simulta—
neous l y  upda t i ng  t he  co r respond ing  macro de f i n i t i on ,  t he  whole
modu le  becomes i ncons i s ten t .  Un fo r t una te l y  such  i ncons i s tenc ies
a re  ha rd  t o  de tec t  and  cause  e r roneous  system behaviour  on l y
a f t e r  comp i l a t i on .

I n  o rde r  t o  a l l ev i a te  t h i s  p rob lem we dec ided  t o  au tomat i ca l—
ly  de r i ve  macro  de f i n i t i ons  f r om func t i on  de f i n i t i ons .  Fo r  t ha t
pu rpose  we i n t r oduced  some add i t i ona l  SAVEFILE commands:
(OMACS f 1  . .  f n )  i nd i ca tes  t ha t  t he  f unc t i on  de f i n i t i ons  o f
f i  . . .  f n  may be  used as  macro de f in i t ions  f o r  t hese  f unc t i ons .
The on l y  e f f ec t  t he  command has  on  t he  f i l e  con ten t  i s  a message

in  t he  respec t i ve  f unc t i on  heade r .

S ince  t he  mac ro  de f i n i t i ons  a re  no t  saved ,  t hey  do  no t  ex i s t

un less  exp l i c i t e l y  c rea ted  by  t he  use r .  Fo r  t h i s  pu rpose  we
p rov ide  a spec ia l  se r v i ce  f unc t i on  wh i ch  s imp l y  pe r f o rms

(PUT f i  (QUOTE MACRO) (GETD f 1 ) )

f o r  each f i  occu r i ng  i n  an OMACS command. Normal ly  t h i s  happens
on l y  r i gh t  be fo re  comp i l a t i on ,  such  t ha t  t he  macros ex i s t  on l y
when t hey  a re  rea l l y  needed .  Thus we save  t he  s to rage  t ha t  wou ld
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otherw ise  be  requ i red  fo r  the  macros,  and ,  more 1mpor tan t l y ,  ve
ensure tha t  the  macro  def in i t ions  correspond to  the  La tes t  ver—
sion  o f  the  func t ion  de f in i t ions .

For subst i tu t ion  macros an analogous command i s  provided,
namely  (SMACS f1  . . .  fn ) .  The d i f f e rence  to  (OMACS f1  . . .  fn )  i s
on l y  t ha t  the CDR of  each funct ion de f in i t ion  const i tutes the
macro de f in i t ion .

Computed macros and the ra re  cases uhere open or subst i tut ion
macros d1f fe r  from the function de f in i t ion  are covered by the
command (MAGS f i  . . .  fn ) .  The macros have to  ex is t  a t  save t ime
and are  stored on the f 1 l e .  A message in  the function header
reminds the  programmer t ha t  updates have to  inc lude  the  macro
def in i t ion .
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Every programmer knows 1n p r inc ip le  t ha t  a program to  be
used in  a l a rge  system i s  useless without documentation. But i t
requires an enormeous amount of goodwill and d isc ip l ine  to  wr i te
and update the documentation in  para l l e l  with the program i tse l f .
Th is  i s  par t i cu la r ly  t rue  in  a un ivers i ty  env i ronment ,  where
software development depends La rge l y  on s tuden ts  and research
ass is tan ts  and no t  on permanent ly  employed  pro fess iona l  program—
mers. In  order to  lower the psychological t h resho ld  for  constant-
Ly updating the documentation we decided to  keep the documenta-
t ion  and the program together.

The func t ion  headers resu l t ing  from the  module ana lys is .  a re
regarded as par t  of the documentation, although they are created
automat ica l l y .  Th is  syn tac t ic  in fo rmat ion  i s  ve ry  use fu l  fo r  the
unders tand ing  o f  a module ,  bu t  no t  su f f i c ien t .  He a lso  need
semantic information l i ke  the funct ional  spec i f ica t ion  which has
to  be provided by the programmer.

For  th is  purpose we use comments in  a fa i r l y  s tandard ized
format .  A comment in  In te r l i sp  i s  a l i s t  whose f i rs t  element i s
an as te r isk .  He wr i te  comments in  the  format

( *  " . . . . .  . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " * ) ,

where the  do ts  represent  a rb i t ra ry  charac te rs .  The usage o f
s t r ings  fac i l i t a tes  the  fo rmat t ing  o f  the  comment tex ts  by the
programmer.

For  each module func t ion  we have severa l  comments which can
be  cons idered  as paragraphs o f  a t ex t  and which descr ibe  var ious
aspects  o f  the  func t ion .

The LMEQI paragraph descr ibes  a l l  da ta  used by the  func t ion .
I t  s ta tes  the  admiss ib le  va lues  o f  the  func t ion 's  arguments as
we l l  as expected  va lues  o f  f ree  va r iab les  o r  o ther  da ta  used by
the  func t ion .

The ygtug pa rag raph  descr ibes  the  va lue  the  func t ion  re tu rns
depend ing  on the  input  va lues .  The descr ip t ion  i s  su f f i c ien t ly
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de ta i l ed  to  make the syn tac t i c  structure of  the value obv1ous.
I f  the value o f  the func t ion  i s  not  re levant  ( i . e .  i t  works by
s ide  e f f ec t  on l y ) ,  t he  comment i s :

( *  "VALUE: UNDEFINED. "

The  EEEEQI paragraph  desc r1bes  a l l .  s i de  e f f ec t s  caused

the  f unc t i on .

The BEMABK paragraph conta1ns add i t i ona l  h i n t s  t ha t  may
r e l evan t  f o r  t he  programmer ,  e .g .  wh i ch  o the r  f unc t i ons

a f f ec ted  i f  t he  g1ven one i s  mod i f i ed .

I f  these descr ip t ions are too abs t rac t ,  please re fe r
appendix 8 .  The examples given there should help t o  c l a r i f y
commenting conventions.

* ) .

by

be
a re

t o

t he
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The major convention wi th  respect t o  programming s t y l e  i s
tha t  t he  readab i l i t y  and  unde rs tandab i l i t y  o f  t he  programs have
h ighe r  p r i o r i t y  t han  any th i ng  e l se .  Consequently ue  avo id  t r i c ks
l i ke :  '

(a )  usage o f  operators f o r  con t ro l  purposes, e .g .  (AND x Y)
i n s tead  o f  (COND (X  Y) ) ;

( b )  usage o f  de fau l t  values,  e .g .  (SETQ X) i ns tead  o f
(SETQ x NIL ) ;

( c )  usage o f  g l oba l  va r i ab les  i ns tead  o f  f unc t i on  arguments;

( d )  access  t o  modu les  by  other  means t han  ca l l s  o f  i n t e r f ace
f unc t i ons .

A very  use fu l  t oo l  f o r  t he  t es t  phase i s  a parameter check
f o r  i n t e r f ace  f unc t i ons .  Fo r  each  module  we have a spec ia l  f unc -
t i on  sv i t ch i ng  t he  module 's  check mode on o r  of f .  Hhen the  check
mode i s  sv i t ched  on ,  a l l  i n t e r f ace  f unc t i ons  o f  t he  modu le  a re

mod i f i ed  such  t ha t  t hey  pe r f o rm  ex tens i ve  adm iss ib i l i t y  and
p laus ib i l i t y  checks on t he i r  arguments whenever i nvoked .  Any non
admiss ib l e  argument w i l l  cause an e r ro r  b reak .

Hi th  t h i s  f ac i l i t y  e r ro r s  can  be  de tec ted  a t  a ve ry  ea r l y
s tage ,  l ong  be fo re  subsequent errors  would cause a L i sp  b reak .
Consequently t he  errors  a re  much eas ie r  t o  t r ace  back t o  t he i r
r ea l  o r i g i ns .

The f unc t i on  mod i f i ca t i ons  a re  based  on  t he  I n te r l i sp  ADVISE
package ,  such t ha t  no  e f f i c i ency  i s  l os t  wh i l e  t he  check mode i s
t u rned  o f f .  The check mode can  be  swi tched on o r  o f f  by  ca l l i ng
( (modu le  indicator>—CHECK ON) o r  (<modu le  i nd i ca to r> -CHECK OFF)
r espec t i ve l y .  Thus i n  t he  PROTOCOL example  t he  f unc t i on  ca l l s

would be (PR-CHECK ON) o r  (PR-CHECK OFF).

Another use fu l  debugging a i d  i s  a t race mode. Using the
ADVISE package we mod i fy  ce r t a i n  module f unc t i ons  such t ha t  they
p r i n t  a l l  i n f o rma t i on  necessa ry  t o  unde rs tand  t he  dynamic beha—
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v iou r  o f  t he  modu le .

The reason f o r  hav ing  an add i t i ona l  t race  bes1des t he  s tan -
da rd  L i sp  t race  i s  tha t  i t  a l l ows  f o r  a be t te r  se lec t i on  and
fo rma t t i ng  o f  t he  data  t o  be  p r i n ted .  Furthermore t he  module
t race  has  t o  be  cons ide red  f r om the  ea r l i es t  des ign  s tages ,
wh ich  t ends  t o  imp rove  t he  ove ra l l  s t r uc tu re  of t he  modu le .

The  modu le  t r ace  i s  sw i t ched  on  o r  o f f  i n  a s im i l a r  way as

the  modu le  check ,  i . e .  f o r  t he  PROTOCOL modu le  t he  ca l l s  wou ld

be  (PR-TRACE ON) o r  (PR—TRACE OFF) .
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I n  add i t i on  t o  a l l  MAKEFILE commands t he  f o l l ow ing  commands
a re  ava i l ab le :

(FCT f 1  . . .  f n )

(COMMON V1 . . .  vn)

(EXPR s1  . . .  sn )

(MACS f 1  . . .  f n )

(OMACS f 1  . . .  f n )

(snAcs f1  . . .  fn)

Defines f i  . . .  f n  as. module funct ions
that may be analysed.

Def1nes  v1  . . .  vn  as  common va r1ab les  o f

t he  modu le .  The  v i  a re  i n i t i a l i zed  w i t h

NIL ,  i f  they  a re  atom1c. Other i n i t i a l
va l ues  can  be  def1ned us ing  ( v i  exp r i )
i n s tead  o f  v i .

The S -exp ress ions  s1  . . .  sn  a re  p r i n ted
on  t he  f i l e  and  eva lua ted  a t  l oad  t ime .
Equ i va len t  t o  t he  MAKEFILE command
(P 51 . . .  sn ) .

The macro de f i n i t i ons  o f  f unc t i ons
f 1  . . .  f n  a re  saved on t he  f i l e  and a
message i nd i ca t i ng  t he  macro type i s
p r i n ted  i n  t he  respec t i ve  f unc t i on  header.
Except f o r  t h i s  message t he  e f f ec t  i s
l i ke  w i t h  t he  MAKEFILE command
(PROP MACRO f 1  . . .  fn ) .

I nd ica tes  t ha t  t he  f unc t i on  de f i n i t i ons
o f  f 1  . . .  f n  a re  a l so  used  as  open macro
de f i n i t i ons .  The only e f f ec t  on the f i l e
con ten t  i s  a message i n  t he  f unc t i on
heade r .  The i n fo rma t i on  i s  used  by  t he
se rv i ce  f unc t i on  CREATE.IMPLICIT.MACROS
wh ich  ac tua l l y  c rea tes  t he  macro de f i n i—
t i ons .

S im i l a r  t o  (OMACS f 1  . . .  f n )  bu t  us i ng
CDR o f  t he  f unc t i on  de f i n i t i ons  as  subs t i -
t u t i on  mac ros .
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Poss ib l e  ca l l s  o f  SAVEFILE a re :

(SAVEFILE f i l e )

(SAVEFILE f i l e  T)

(SAVEFILE f i l e  T T )

(SAVEFILE f1 l e  T T T )

Save and  ana l yse  modu le ,  pr in t  c ross
re fe rence  l i s t  and  func t ion  headers ,

pre t ty  p r in t  a l l  s -exp ress ions .

Suppress cross reference l i s t .

Suppress c ross  re fe rence  l i s t  and analy—
s is .

Suppress cross  re fe rence  l i s t ,  ana l ys i s ,
and pre t ty  p r in t ,  i . e .  save t he  f i l e  as
fas t  as poss ib l e .
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(FILEHEADER EXAMPLE.RANDOM.GENERATORS
(DATE "18-AUG-82 16 :43 :03 " )
(FORMAT PRETTYDEF)
(FILENAME EXAMPLE.RANDOM.GENERATORS)
(SOURCE-DATE "18-AUG-8Z 16 :43 :04" )
(PREVIOUS-SOURCE—DATE “18-AUG-8Z 14 :28 :34“ )

(PRETTYCOMPRINT EXAMPLE.RANDOM.GENERATORSCOMS)
(RPAQQ EXAMPLE.RANDOM.GENERATORSCOMS

((COMMON RND*RANDOM)
(FCT RND—INIT)
(FCT RND-EQUAL.DISTRIBUTION

RND-EXPONENTIAL.DISTRIBUTION)
(FCT RND=EQUAL.DISTRIBUTION:0‚1:)))

( *  xxxxxx txxxxxxxu:xxxxxxxxxxxxxxx ; :xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

*

CROSSREFERENCE L IST

TABLE OF ALL G L 0 B A L - VARIABLES
C 0 M M O N - VARIABLES
E X T E R N A L - VARIABLES

HHICH ARE USED IN  THIS MODULE.
X

'X
 

X
X

- 
xx

x-
x-

 
N

'

**
)t

-N
X

-X
'X

-X
')

‘

—— -— —-—x

COMMON VARIABLES:

VARIABLE: RND*RANDOM

ACCESS: “RITE-ONLY
USED IN :  RND-INIT

ACCESS: READ-WRITE
USED IN :  RND=EQUAL.DISTRIBUTION:O‚1:
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xxxxxxxxxxxxxxxxxxxxx txxxxxxxxxx :xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

*

*

*

END OF CROSSREFERENCE—LIST
*

X

*

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

* )

*

(RPAQ RND*RANDOM NIL)
( *  xxxxxxxx:xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

RND-INIT

INTERFACE

COMMON VARIABLES
HRITE-ONLY: RND*RANDOM

18—AUG-82 NORBERT EISINGER
NIL  OR A REAL NUMBER IN  [0 ,1 ] .
IN IT IAL IZES  RNO*RANDOM HITH THE STARTVALUE,
I F  IT  IS  NOT N IL ,  OTHERWISE NITH A REAL
IN  [0 ,1 ]  DEPENOING ON THE CPU TIME USED
BEFORE THE CALL OF THIS FUNCTION.

*

*

x USAGE:
x

X

X

X

*

)
(DEFINEQ

(RND—INIT
(LAMBDA (STARTVALUE)

(* "EDITED:
(x "INPUT:
(x "EFFECT:
(a "
(x "
(x "
(x "VALUE:

)

UNDEFINED.
(RPAQ RND*RANDOM (COND

((NULL STARTVALUE)
(ABS (S IN  (CLOCK 2 )

(T  STARTVALUE>>

X
X

X
-*

) ‘
X

'X
'N

N
-

* )
* )

* )
* )
x ).
* )

* )

( *  XXXXXXXXXXXXXXXXXX** *XXXXXXXXX**XXXXX** *XXXXXXXXXXXXXXXXXXXXXX

x

*

*

*

X

USAGE:
CALLS:

RND-EQUAL.DISTRIBUTION

INTERFACE
RND=EQUAL.DISTRIBUTION:O,1:

x

x

*

X

*





)
(DEFINEQ

- 22—

<RND-EQUAL.DISTRIBUTION
(LAMBDA (A B)

( *  "EDITED: 18—AUG-82 NORBERT EISINGER “

)

( *  "INPUT: THO REAL NUMBERS, A NOT GREATER THAN B.  "
( *  "VALUE: A PSEUDO RANDOM NUMBER OBEYING A PSEUDO ”
( *  ” [A,BJ-EQUAL DISTRIBUTION. “

(PLUS A (TIMES (DIFFERENCE B A)
(RND=EQUAL.DISTRIBUTION:O‚1:>)

* )
* )
* )
* )

( x  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

x

”I
N

N
”!

)
(DEFINEQ

USAGE:
CALLS :

RND-EXPONENTIAL.DISTRIBUTION

INTERFACE
RND=EQUAL.DISTRIBUTION:O‚1:

(RND-EXPONENTIAL.DISTRIBUTION
(LAMBDA <LAMBDA>

"EDITED: 18-AUG—82 NORBERT EISINGER "

"INPUT: A REAL NUMBER. “
"VALUE: A PSEUDO RANDOM NUMBER OBEYING AN "
" EXP(LAMBDA) DISTRIBUTION. "
"REMARK: USES THE INVERSE FUNCTION METHOD. "

(MINUS (QUOTIENT (LOG (RND=EQUAL.DISTRIBUTION:0‚1:))

)

( x

(x

(x
(x
( :

LAMBDA>>

xx
xx

x -
xx

-

* )

* )
x i
* )

* )

( *  * * *XXXXXXXXXXXXXXXXXXXXXXXX*XX*XXXXX** * *XXXXXXXXXXX*XXXXXXXXXX

*

” )
( -

* *
* !

-

USAGE:
CALLED BY:

RND=EQUAL.DISTRIBUTION:O,1:

INTERNAL
RND-EQUAL.DISTRIBUTION
RND-EXPONENTIAL.DISTRIBUTION

) }
X

'X
'X

'X
-X

' )
‘





**
)}

!-

)
(DEFINEQ
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COMMON VARIABLES
READ-HRITE: RND*RANDOM

<RND=EQUAL.DISTRIBUTION:O‚1:
(LAHBDA N IL

"EDITED: 18-AUG-82 NORBERT EISINGER
"INPUT:  NO ARGUMENTS. THE VALUE 0F RNDXRANDOM IS

( *
( x

( x

( x

(x
( x

( x

( x

( x

(x

EXPECTED TO BE A REAL NUMBER IN  [ 0 ,1 ] .
"VALUE: A REAL NUMBER IN  [0,1], SUCH THAT REPEATED

CALLS PRODUCE A SEQUENCE OF EQUALLY
[0,1J-DISTRIBUTED PSEUDO RANDOM NUMBERS.

”EFFECT: VALUE OF RND*RANDOM IS  CHANGED TO THE
FUNCTION VALUE.

"REMARK: USES THE MULTIPLICATION METHOD HITH A
FACTOR 0F 5* *7 .

(PROG ((FACTOR (TIMES 5 5 5 5 5 5 5 O.1E-5 ) )

STOP

HELP)
(SETQ HELP (FTIMES FACTOR RND*RANDOM))
(RPAQ RND*RANDOM (FDIFFERENCE HELP (F IX  HELP) ) )
(RETURN RND*RANDOM>>

* 
I)

. 
)l'

* )
* )
* )
* )
* )
* )
* )
* )
* )
* )




