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Several CSSA s c r i p t s  a s  so lu t i ons  o f  mos t l y  well known problems in
the area of parallel activities are doéumented.‘ All but two exam-
ples are compared with "equivalent" programs which are based on
t h e  concept of mOnitors; O n e  euample g i v e s  a d is t r ibu ted  sOLut ion
of t h e  N-queens p rob lem.  Bes ides  t h e  pu rpose  of demonst ra t ing  t h e
use of CSSA c o n c e p t s ,  t h e  last e x a m p l e  deserves  particular atten-
tion; Here, CSSA is used for s imu la t i ng  and t es t ing  the logie of
t h e  "window mechan ism"  wh ich  is a representative for the c l a s s  of
communication p ro toco l s  in c o w p u t e r  networks.
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_o. W
Th i s '  paper i s  a documentation_of my f i rs t „  npgrmmmfngJQÄperipnces
wi th  CSSA. The study o f ' the  examples o f fe  s _mn‚_opportunity to
deepen the  understanding o f  CSSA concepts ind the  Corresponding

;programming methodo logy .  Th i s  i s  even  more t rue ,  because ;a  com-
prehens ive  re fe rence  manua l  and  app l i ca t i on  gu ide  i s  cur ren t ly  be -
i ng  p repared .

Perhaps w i th  the  except ion o f  the  a la rm  c l ock  so lu t ion  in  sec t ion
5 ,  the  dec is ion  fo r  the  o rder ing  o f  the  examples  was based  bn ' ih—
creasing complexi ty .  There fo re ,  a CSSA greenhorn i s  advised to
pro f i t  f rom the  sequence g iven .  For  the  advanced reader  a
dev ia t ing  read ing  o rder  o r  p ick ing  up one spec i f i c  example  shou ld
cause  no  p rob lems .

I n  add i t ion  to  shor t  comments on  the  we l l  known synchron iza t ion
prob leps  d iscussed  in  Sec t ions  2 to  s ,  "equ iva len t"  so lu t ions  fo r
the  same prob lems  us ing  mon i to rs  a re  p resented .  For  sake  o f
coheren t  and unmis lead ing  re fe rence  a l l  these  mon i to r  so lu t ions
are  programmed us ing  syn tax  f rom the  programming language  CLU
[L is ,  Sny ,  A tk ,  Sch 77J 'and  a re  taken  f rom [B loom 79 ] .  Wi thout  in—
t end ing  a r igorous  compar ison  be tween  the  mon i to r  approach  and  the
CSSA approach ,  some h in ts  a t  spec i f i c  d i f f e rences  a re  g iven .

Due to  persona l  t ime  cons t ra in ts  I d id  no t  succeed in  mak ing  th is
paper  se l f  con ta ined .  I ra ther  dec ided  to  make the  fo l low ing
assumpt ions :

1 .  the?  reader  shou ld  have  some bas ic  knowledge about  the  CSSA
concepts  and programming cons t ruc ts .
I f ' th is  i s  not  the  case ,  he should f i rs t  read  [FRV 81 ]  o r
the  more conc ise  and comple te  pub l ica t ion  [ FRV  82 ] .

2 .  A fu l l  unders tand ing  o f  Sec t ions  2 .3 ,  3 .3 ,  4 .1 .3  and 5 .3  i s
on ly  poss ib le ,  i f  the  reader  i s  f ami l i a r  w i th  the  mon i to r
concept .  No fu r ther  comments a t  the  syn tax  and semant ics  o f
the  mon i to r  p rograms are  inc luded  in  th is  paper .

A l l  the  CSSA examples  have been ccmpi led  and executed  by  the  ens -
CSSA-S imula t ion  Sys tem,  wh ich  was des igned  and implemented  by  the
s tudents  C .  Be i l ken ,  F . .Ha t te rn  and H .  Spenke (BMS) .  Wi thout  the i r
g rea t  e f fo r ts  and pe rsona l  engagement programming in  CSSA would
have  rema ined  a paper  and  penc i l  exerc ise  fo r  an  inde f in i te  amount
of  t ime .
I n  the  s imu la t ion  sys tem,  t rans la t ion  f rom a CSSA source  scr ip t
in to  executab le  code  i s  a two  s tep  p rocess .  F i rs t ,  the  CSSA source
i s  compi led  in to  a .S IHULA program,  wh ich  in  the  second s tep  i s
embedded in  a SIMULA mul t i p rocesso r  s imu la t i on  sys tem.
A l l  bu t  one example  have  been  executed  w i th  the  de fau l t  p rocessor
conf igura t ion  dep ic ted  a t  the  beg inn ing  o f  the  f i rs t  sess ion
pro toco l  ( f ig .  2 ) .  For  the  window mechanism examp le  descr ibed  in
Sec t ion  ? ,  a p rob lem or ien ted  conf igura t ion  was des igned  by  s imp l y
‚changing the  de fau l t  pa ramete rs  o f  the  s imu la t i on  sys tem.

In  a l l  comments , l i nes  o f  the  source  programs a re  re fe r red  to  by
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enc los ing  the i r  numbers in  paran theses .

A one s lo t  bu f fe r  i s  an ob jec t  which may conta in  exact ly -one  ip -
fo rmat ion  e lement .  A‚new in fo rmat ion  can  be  pu t  in to  the  bu f fe r
on ly  v ia  a wr i te  opera t ion  and la te r  be  inspec ted  by a reed oper -
a t ion ,
The synchron iza t i _on  p rob lem is  spec i f i ed  by  the  fo l low ing  res t r i c -
t ions :

1 .  wr i te  and read  opera t ions  must t ake ‚ lp lace_ . in  a l te rna t ing
order .  .

2 .  The' f i r s t  operation' te;belexecuted must be a write oper-
at ion.  ‚ ‘  " ' '

1.2 W

A CSSA so lu t ion  fo r  the  one S lo t  bu f fe r  p rob lem is  s t ra igh t fo rward
( f ig .  1 ) .  The bu f fe r  i s  represented  by  : s t r ing ._var iab le  BUFFER.
I n  two  para l l e l  f ace ts  READ and  'HRITE the  on ly  opera t ions  RD and
HR are  de f ined  respec t ive ly .  Each  execut ion  o f  an  RD opera t ion
causes  a change  to  face t  WRITE ,  such  tha t  a HR opera t ion  must  be
executed  nex t .  The same is  t rue  v ice  ve rsa .  The in i t i a l  s ta tement
(25 )  guaran tees  the  f i rs t  opera t ion  to  be  . NR Opera t ion , .

MW ,.

The h is to ry  in fo rmat ion 'o f  a l t e rna t ing  reads ,_and  wr i tes ‚  can -  be
very  we l l  expressed  by  use  o f  the  face t t ing  mechanism. The CSSA
so lu t ion  appears  to  be  s imp le r  than  any  mon i to r  so lu t ion ,  s ince
the re  a t  l eas t  one ex t ra  (boo lean )  va r iab le  s to r ing  th is  h is to ry
in fo rmat ion  i s  needed .  However ,  mon i to rs  do  no t  have  face ts .  But
in  my op in ion ,  bes ides  the i r  p rac t ica l  impor tance  the  face t  s t ruc -
tu re  cont r ibu tes  m'uc'h to  a c lea r  documenta t ion  o f  the  CSSA solu—
t ion .  . , _ .
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“2-1 W

A bounded bu f fe r  can  be  regarded  as  a genera l i za t ion  o f  the  one
s lo t  bu f fe r .  I n  con t ras t  to  the  one  s lo t  bu f fe r  i t  can  s to re  more
than  one  e lement  up  to  a f i xed  maximum number .
Users  o f  the  bu f fe r  can_ s to re  and  inspec t  in fo rmat ion  v ia  two
opera t ions  ca l l ed  inser t  and remove ,
L ike  a one s lo t  buf fe r  agent ,  a bounded bu f fe r  agent  has  to  so lve
the  fo l low ing  synchron iza t ion  p rob lems:

1 .  New in fo rmat ion  may on ly  be  inser ted  in to  a bu f fe r  e lement
i f f

1 .1  e i the r  th is  e lement  never  has  been  used  fo r  inser t ion
be fore ,  o r

1 .2  the  l as t  in fo rmat ion  hav ing  been  inser ted  in to  th is
e lement  has  a l ready  been  removed .

2 . rA  bu f fe r  e lement  may on ly  be  removed i f f  i n fo rmat ion  has
been  wr i t t en  in to  th is  e lement  be fore ,  and a f te r  th is  in—
ser t ion  no  o ther  remove  opera t ion  fo r  th is  e lement  has
occured .

So ,  each  bu f fe r  e lement  can  be  in te rpre ted  as  a one  s lo t  bu f fe r .  A
bounded  bu f fe r  w i th  maximum e lement  number  1 shou ld  exh ib i t  the
same behav iour  as  a one s lo t  bu f fe r .

2 -2  Win

I n  each  c rea t ion  message fo r  a bounded bu f fe r  agent  the  bu f fe r
s i ze  MAX ( l ine  1 )  must be  inc luded  (c f .  f ig .  3 ) .  Accord ing  to  the
prob lem spec i f i ca t ion ,  . a t  each  t ime  the  bu f fe r  agent  i s  in  one o f
th ree  poss ib le  s ta tes :

1 .  In  f ace t  BUFFER_EHPTY,  the re  i s  no  bu f fe r  e lement  wh ich  can
be  removed  (opera t ion  REM) .
Th is  i s  the  case  in  the  in i t i a l  s ta te  (40 )  o r  l a te r ,  when
a l l  i nser ted  e lements  have  been  removed  and  a f te r  these
r emova l s  no  new e lemen ts  have  been  inser ted .  There fo re ,  the
on ly  messages  wh ich  can  be  p rocessed  in  th is  face t  a re  in -
ser t  messages (opera t ion  INS) .

2 .  when exac t ly  MAX inser t ion  messages have  been  processed
wi thout  an in te rven ing  remove opera t ion ,  the  bu f fe r  agent ' s
cur ren t  f ace t  becomes BUFFER_FULL.
In  th is  s ta te  the  enab l ing  o f  an INS message would  des t roy
the  in fo rmat ion  in  a bu f fe r  e lement ,  wh ich  has  no t  ye t  been
i nspec ted  by  a _REM opera t ion .  S ince  th is  wou ld  v io la te
res t r i c t ion  1 .2  o f  the  p rob lem spec i f i ca t ion ,  on ly  REM
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operations.are allowed_in th is  s ta te  (18 ) .

’3 . .1n facet NO_;ONSTRAINT there exists  both

. 3 . 1  a bu f fe r  e lement .  in to  wh ich  in fo rmat ion  has  been  in -
ser ted  bu t  no t  removed ,  and _: _

3 .2  a bu f fe r  e lement  wh ich  e i ther  never  has  been  used  for
' i nser t ion  or  wh ich  a l ready  has  been  inspec ted  and .a f te r

i nspec t ion  no  fu r ther  inser t ion  has  taken  p lace .

Because o f  3 .1  a t  l eas t  one REM message can  be  enab led ,
whereas  3 .2  a l lows  the  p rocess ing  o f  a t  l eas t  one INS
message.

In  o rder  to  dec ide  wh ich  o f  these  face ts  i s  to  be  chosen nex t ,  two
in teger  va r i ab les  INS_COUNT and REM_COUNT a re  inc remented  modu lo
MAX in  eaCh INS  and  REM opera t ion  respec t ive ly  (27 ,34 ) .
At each  t ime ,  INS_COUNT is  the  index  o f  the  nex t  bu f fe r  e lement  to
be  used fo r  inser t ion ,  and REM_COUNT y ie lds  the  index  fo r  the  nex t
REM opera t ion .  I f  REM_COUNT becomes equa l  to  INS_;OUNT,  the  nex t
cur ren t  f ace t  must e i the r  be  BUFFER_FULL or  BUFFER_EMPTY,
depend ing  on  what  opera t ion  was  executed  l a s t  ( 28 ,35 ) .

A genera l  comment on the  p rogram s t ruc ture  w i l l  c lose  th is  sec—
t ion .  Bes ides  the  na tura l  d is junc t ion  o f  f ace ts  the  bounded bu f fe r
so lu t i on  demonstrates how_the programmer p ro f i t s  from‘ the possi-
b i l i t y  to  de f ine  opera t ions  a t  the  top  l eve l  o f  a ' sc r ip t
(3 ,25—37) .  The advantage  i s  tha t  he  has  to  wr i te  down the  oper—
at ions  on l y  once ,  inc lud ing  them in  a f ace t  where needed
(14 ,18 ,22 ) .  I n  th is  spec i f i c  example ,  the  programmer has  to  pu t  up
wi th  a s l igh t  d isadvantage :  as  he  can ' t  dec ide  in  wh ich  face t  the
Opera t ions  w i l l  be  executed  a t  any t ime ,  each  enab led  message
causes  a new face t  ins tan t ia t ion  to  be  se t  up .  I . e . ,  a neu  in—
stan t ia t ion  o f  f ace t  N0_CONSTRAINT w i l l  be  se t  up ,  a l though
poss ib l y  the  agent  cou ld  have  s tayed  in  th is  ve ry  face t ;
Cer ta i n l y ,  th is  l i t t l e  ine f f i c iency  cou ld  have  been  avo ided  by in -
t roduc ing  a. fu r ther  va r iab le  remember ing  the  cur ren t  f ace t .  For
face ts  BUFFER_EMPTY and BUFFER_FULL, the re  i s  no  such prob lem,
because  each  opera t ion  execut ion  in  one o f  these  face ts  must cause
a change to  another  face t .

2 -3  £snnac1ssn_lish_she_nanitsc_591utien

I n  sc r ip t  BOUNDEO_BUFFER no event  cond i t ions  (bu f fe r .nonfu l l ,
bu i fe r .nonempty ,  c . f .  f i g .  5 )  a re  needed .  Ins tead  o f  s ta r t ing  the
execut ion  o f  an  a rb i t ra ry  opera t ion ,  and then  tes t ing  i f  the
s ta r ted  opera t ion  may cont inue ,  a lways  on ly  a l lowed  Opera t ions  a re
se lec ted  and executed  w i thout  in te r rup t ion .

Th is  s t ra tegy  ru les  ou t  a more genera l  d i f f e rence .  As a mon i to r

?



progra lnor  has  no  i n f l uence  on  the  sequence o f  s ta r ted  opera t ions ,
o f ten '  one o f  the  f i rs t  ac t ions  o f  a mon i to r  p rocedure  i s  to  check
i f  i t s  execut ion  may cont inue .  In  con t ras t ,  CSSA Opera t ions  a re
ind iv is ib te .  Once s ta r ted ,  t hey  must be  executed  w i thout  in te r rup -
t ion .  Hence ,  a CSSA programmer  i s  fo rced  to  ex t rac t  the  synchro—
niza t ion  code  f rom the  "Opera t ions"  and  pu t  i t  i n to  the  face t
s t ruc ture  and poss ib ly  in to  asser t ions  govern ing  the  se lec t ion  o f
messages in  the  ma i lbox .
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3 -1  B:2hL:n.§2221;151112n

I n  t he  bounded  buf fe r  so lu t i on  o f  sec t ion  2 .  t he  same agent  imp le -
men ted  bo th  t he  bu f f e r  and  t he  synchron iza t ion  code  f o r  t he
bu f f e r .  I n  other  words ,  t he  synchron iza t ion  code v i sua l i zed  i n  t he
spec ia l  f ace t  s t ruc tu re  and  pu re  bu f f e r  access  func t ions  have  been
mixed  up .
As  i s  d iscussed  i n  mo re  de ta i l  i n  [B loom 79 ] ,  mod i f i ab i l i t y ,
modu la r i t y  and  unde rs tand ib i l i t y  w i l l  be  enhanced when t he  bu f f e r
resource  ob jec t  i t se l f  i s  no  l onge r  pa r t  o f  t he  modu le  which  im—
p lemen ts  i t s  synchron iza t ion  scheme.  De f ined  i n  such  separa ted
modules ,  t he  imp lemen ta t i on  o f  t he  bu f f e r  may be  changed  wi thout
mod i f y i ng  i t s  synchron iza t ion  code .  Conve rse l y ,  t he  synch ro -
n i za t i on  scheme f o r  t he  buf fe r  can  be  a l t e red  wi thout  chang ing  t he
buf fe r  imp lemen ta t i on .

3 -2  W

I n  f ig .  6 ,  t he  synchron iza t ion  code  i s  de f i ned  by  sc r i p t
PROTECTED_BUFFER, whereas t he  de f i n i t i on  o f  t he  buf fe r  w i th  t he
buf fe r  access  func t ions  i s  g i ven  i n  sc r i p t  DATA_BASE (6 -35 ) .
An agen t  o f  t ype  DATA_BASE exac t l y  executes  t he  opera t ions  he  i s
o rde red  t o  by  i t s  ' p ro tec tor  agent  ( an  agent  o f  t ype
PROTECTED_BUFFER) .  Due  t o  t he  i nhe ren t  assump t i on  i n  t he  CSSA
model o f  compu ta t i on  t ha t  messages may pass each o the r ,  t he
p ro tec to r—resou rce  re l a t i onsh ip  mus t  be  " s t r ong l y  coup led " ,
guaran tee ing  t ha t  pro tec tor  o rders  a re  f o l l owed  i n  t he  sequence
g i ven .  Th i s  can  be  ach ieved  by  hav ing  each  execu t i on  o f  an  INS o r
REM ope ra t i on  by  t he  p ro tec to r  agen t  on l y  f i n i shed  a f t e r  rece iv ing
a r ep l y  ( 78 ,91 )  i nd i ca t i ng  t ha t  t he  co r respond ing  o rde r  t o  t he
r esou rce  agen t  ( 76 ,89 )  has  been  f o l l owed .

Sc r i p t  DATA_BASE does no t  seem t o  f i t  ve r y  we l l  t o  t he  requ i re—
men ts  R_COUNT a re  neve r  needed  i n  t h i s  env i r onmen t .  I n  sp i t e  o f
th is  i n conven ience ,  t he  database  i s  i nc l uded  i n  i t s  p resen t  s t r uc—
tu re ,  because  t he  same  sc r i p t  can  be  used  f o r  t he  reade rs_y r i t e r s
so lu t i ons  i n  t he  f o l l ow ing  sec t i on .  '
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Users  o f  the  bu f fe r  communicate on l y ‘  wi th  an  agent  o f  t ype
PROTECTED_BUFFER who de lega tes  reques ts  to  an  agent  o f  t ype
DATA_BASE. I t ' s  imposs ib l e  fo r  a user  to  ga in  d i rec t  access  to  the
rea l  resource  agent .

3.3 W

The  two  so lu t i ons  d i f fe r  w i th  respec t  to  the  in te rpre ta t ion  o f
where the  border l ine  be tween  the  synchron iza t ion  code and the

' bu f fe r  code should be de f ined .  "In the  CSSA so lu t ion ,  a bu f fe r  i s
s imlpy  a da ta  s t ruc ture  wh ich  can  s to re  and re t r i eve  in fo rmat ion
prov ided  an  un ique  key  i s  p resented .  In  the  mon i to r  so lu t iOn
( f ig .  8 ) ,  a bu f fe r  s t i l l  has  much s imi la r i t y  w i th  a bounded bu f fe r
in  tha t  i t  p rov ides  two func t ions  fu l l  and empty ,  As a con-
sequence ,  the  p ro tec ted  bu f fe r  mon i to r  no  more has  to  take  ca re  o f
the  counte rs  REM _COUNT and  INS  _COUNT.  In  my op in ion ,  these  coun-
t e rs  a re  essent ia l  e lements  o f  the  synchron iza t ion  code and no t  o f
the  bu f fe r  de f in i t ion .
Not  w i l l l i ng  to  go in to  the  pa r t i cu l a r s  of  these  a rguments ,  I on l y
s ta te  tha t  w i th  the  mon i to r  concept  and  the  CSSA concept  cor -
respond ing  so lu t ions  can  be  g iven  fo r  bo th  in te rpre ta t ions .
Cer ta i n l y ,  no lack  o f  express iveness  in  e i the r  o f  the  two concepts
cou ld  be  der ived  f rom such a d iscuss ion .

«Wahlen

The readers_wr i te rs  p rob lem is  par t i cu la r ly  in te res t ing  because
wi th  on ly  s l igh t  mod i f i ca t ions  o f  the  genera l  p rob lem (c f .  sec t ion
4 .1 .1 )  var ious  vers ions  w i th  d i f f e ren t  synchron iza t ion  aspec ts  can
be  f o rmu la ted .  I n  sec t ion  4 .1  the  readers_wr i te rs  p rob lem wi th
readers  p r io r i t y  i s  d iscussed  in  more de ta i l .  Sec t ion  4 .2  g ives
h in ts  a t  so lu t ions  o f  o ther  ve rs ions .  Two resu l ts  a re  espec ia l l y
no tewor thy :  whereas the  mon i to r  concept  cannot  succeed in  g iv ing  a
so lu t ion  fo r  the  genera l  readers_wr i te rs  p rob lem,  no  sa t is fy ing
so lu t ion  fo r  the  readers_wr i te rs  p rob lem wi th  pure
f i rs t_ in_ f i rs t_out  schedu l ing  can  be  g iven  in  CSSA.
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4 -1  BIIflIL§_HEllfl££_!JIh_Bfll§£LI_Efiiflnlil

4 -1 -1  WEB.

Given  a da tabase  w i th  read  and  wr i te  access  func t ions ,  the  genera l
readers_wr i te rs  p rob lem can  be  spec i f i ed  by  the  f o l l ow ing  con-
s t ra in ts :

(1 )  wr i te  opera t ions  a re  mutua l l y  exc luded  wi th  o ther  wr i te
and  read  Opera t ions .

( 2 )  read  opera t ions  may execute  in  para l l e l .

Spec ia l  ve rs ions  o f  the  genera l  readers_wr i te rs  p rob lem are
def ined  by  add ing  one or  more fu r ther  res t r i c t ions .  By s ta t ing

(S ) - read  reques ts  have  p r io r i t y  over  wr i te  reques ts

we ge t  a spec i f i ca t ion  fo r  the  readers_wr i te rs  p rob lem wi th
readers  p r i o r i t y .

4 -1 -2  W

I n  f ig .  9 ,  sc r ip t  DATA_BASE (3 -22 )  implements  the  read  and wr i te
access  func t ions .  The use  o f  the  th i rd  opera t ion  RD_ACKN (23—26)
wi l l  become c lear  soon .  No te ,  tha t  th is  i s  the  same da tabase  as
was used fo r  the  p ro tec ted  bu f fe r  so lu t i on .  I n  the  same sense as
descr ibed  in  3 .1 ,  the  p ro tec t ion  module RDER_PRIO de f ines  the
synchron iza t ion  code  spec i f i c  to  the  readers  p r io r i t y  res t r i c t ion .
An ins tan t ia t ion  o f  one par t i cu la r  da tabase  can  on ly  be  ach ieved
by send ing  a CREATE message i n c l ud ing  the  reques ted  s i ze  o f  the
da tabase  to  an agent  o f  t ype  RDER_PRIO (44—47) .  Read and wr i te
reques ts  can  on ly  be  adressed  to  th is  p ro tec tor  agent  because no
acqua in tance  to  the  da tabase  can  be  communica ted  to  the  ou ts ide
wor ld .

The func t ionn ing  o f  the  who le  system is  bes t  descr ibed  by  showing
tha t  r es t r i c t i ons  (1 )—(3 )  f rom 4 .1  a re  f u l f i l l ed .
To  th is  a im„  I f i r s t  want  to  in te rpre t  the  ra ther  in tu i t i ve  no -
t ions  in  these  asser t ions  accord ing  to  the  p resent  concre te
env i ronment .

I A read  o r  wr i te  reques t  occurs  when a RD or  HR message
ar r ives  in  the  ma i lbox  o f  the  p ro tec tor  agent .

I Read opera t ions  RD, ,RD, , . . . ,RD;  execute  in  para l l e l  i f f
the i r  reques ts  have  been  accepted  and executed  by  the
pro tec tor  agent ,  bu t  no "cor respond ing"  acknowledgement has
been  rece ived  a t  por t  R_ACKN i n  the  p ro tec tor ' s  wr i te  oper -
a t ion  HR.

Hence ,  f rom the  p ro tec tor ' s  po in t  o f  v iew ,  these  read  Opera t ions
are  e i ther
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' j us t  be ing  . t r ansa i t ted  between  the  p ro tec tor  and  the
da tabase ,

. i n  the  ma i lbox  o f  the  da tabase .
0 j us t  be ing  executed  in  the  da tabase ,
0 a l ready  executed  in  the  da tabase .

Be fore  rece iv ing  an  acknowledgement a t  por t  R_ACKN, the  p ro tec tor
has  no  in fo rmat ion  about  the  s ta te  o f  the  da tabase .  In  th is  case ,
we a lso  say  tha t  RD; ,RD, , . . . ,RD;  a re  in  f l i gh t  (be tween  the
pro tec tor  and  the  da tabase ) .

Hence ,  t h i s  def in i t ion  o f  pa ra l l e l  read ing  on ly  a l lows  fo r  read
reques ts  be ing  nondete rmin is t i ca l l y  executed  in  the  da ta  base .  As
the  execut ion  o f  opera t ions  i s  ind iv is ib le  and sequent ia l ,  the
da tabase  agent  can  on ly  accept  and answer read  reques ts  one a f te r
another .  The execut ion  i s  nondete rmin is t i c ,  because  no  one can
guaran tee  tha t  the  read  Opera t ions  a re  accepted  by  the  da tabase  in
the  same order  they  were  rece ived  in  the  p ro tec tor ' s  ma i lbox  o r
sen t  away by the  user  agents .

The  no t ion  o f  "mu tua l  exc lus ion"  i s  exp la i ned  more  p rec ise ly  as :

I Hu tua l  exc lus ion  be tween  read  and wr i te  reques ts  and be tween
wr i te  Opera t ions  themse lves  i s  guaran teed  i f f  no  o ther  oper—
at ion  ever  can  be  in  f l igh t  toge ther  w i th  a wr i te  opera t ion .

Proo f  o f  asser t ion  (1 )  [nu tua l  exc lus ion ] :

( 1 )  I t ' s  eas i l y  shown tha t  one  wr i te  opera t ion  exc ludes  o ther
wr i te  Opera t ions  because - i t  aus t  be  acknowledged [ wai t  H_ACKN
do . . . , ( 80 ) ]  be fo re  the  nex t  wr i te  reques t  may be  accepted .
Rece iv ing  th is 'acknowledgement  guaran tees  tha t  the  da tabase
has  accepted  the  wr i te  opera t ion .  So ,  a nex t  wr i te  opera t ion
never  can ' t  be  in  f l i gh t  toge ther  w i th  a p reced ing  wr i te  oper -
a t ion .  —

( 2 )  In  o rder  to  show tha t  “wr i te  exc ludes  reads '  we have  to  p rove
tha t  a wr i te  opera t ion  never  can ' t  be  in  f l i gh t  toge ther  w i th
read  Opera t ions .  Accord ing  to  the  acknowledgement p ro toco l
descr ibed  in  (1 ) ,  on ly  read  Opera t ions  have  to  be  taken  in to
account .

The p roo f  i s  by  induc t ion :

(2 .1 )  when a p ro tec tor  agent  i s  c rea ted ,  i t  f i r s t  must accept  a
CREATE message [ i n i t i a l  CREATION,90]  r esu l t i ng  i n  a change
to  face t  HRRS (46 ) .  Because  the  id le  opera t ion  has  no  e f fec t
when  enab led  be fore  the  f i rs t  wr i te  opera t ion  [F IRST_pPER =
t rue  in  l ine  85 )  the  p ro tec tor  s tays  in  face t  WRRS unt i l  a
wr i te  reques t  w i l l  be  accepted .  So ,  the  f i rs t  wr i te  oper -
a t ion  c lea r ly  i s  no t  in  f l i gh t  toge ther  w i th  read  oper—
a t ions .
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( 2 .2 )  Assume the  k ' t h  wr i te  opera t ion  was no t  in  f l i gh t  toge ther
wi th  o ther  read  Opera t ions .
As an  e f fec t  o f  i t s  execut ion  the  p ro tec tor ' s  RDER_£OUNT was
rese t  to  0 ( 78 ) .  Hav ing  rece ived  an  acknowledgement a t  por t
R_ACKN (77 ) ,  the  p ro tec tor  i s  aSsured  tha t  in  the  da tabase
RCOUNT has  been  rese t  to  0 ( 25 ) .
Then  the  comple t ion  o f  the  p ro tec tor ' s  UR opera t ion  resu l ts
i n  a change to  face t  RDERS (85 ) ‚ '  s ince  FIRST_MR and
FIRST_pPER have  been  se t  to  f a l se  ( 72 ,73 ) .
Now, two cases  have  to  be  cons idered :

( 2 .2 .1 )  No  read  opera t ion  i s  reques ted :
Then the  id le  opera t ion  in  face t  RDERS immedia te ly
l eads  back  to  face t  HRRS (59 ) .

( 2 .2 .1 .1 )  I f  no  wr i te  opera t ion  i s  reques ted ,  the  p ro tec tor
wi l l  l oop  back  to  face t  RDERS. These face t  changes
wi l l  cont inue  un t i l  e i ther  a wr i te  opera t ion
( 2 .2 .1 .2 )  or a read operation (2 .2 .2 )  w i l l  be
reques ted .  ‘

( 2 .2 .1 .2 )  I f  a wr i te  opera t ion  i s  reques ted  i t  wi l l  execute
wi thout  any read  Opera t ions  be ing  in  f l igh t .

( 2 .2 .2 )  A read  opera t ion  RD1 is  reques ted .
RD1 w i l l  be accepted and RDER_COUNT w i l l  be set  to  1
( 56 ) .  As “ long  as  fu r ther  read  Opera t ions  RD; ( i  > 1 )
are  reques ted  be fore  the  p ro tec tor  has  f in ished  execu—
t ion  o f  read  opera t ion  RD. -1 ‚  t hey  wi l l  be  accepted  and
sent  to  the  da tabase .

( 2 .2 .2 .1 )  VieN.
( i  > 0 =>  read  opera t ion  RD.  has  been
requested be fore  RD. - ‚  has f in ished  execution)

I n  th is  case ,  an in f in i te  number o f  read  Opera t ions
wi l l  be  t ransmi t ted  to  the  da tabase .  There fo re ,  no
fur ther  wr i te  opera t ion  w i l l  ever  be  executed  and
" the  (k+1 ) -s t  wr i te  opera t ion  i s  no t  in  f l i gh t  w i th
read  Opera t ions"  ho lds  t r i v ia l l y .
(Be ing  po l i t e  assume here ;  tha t  CSSA in teger
va r i ab les  can  s to re  any na tura l  number.  So our
program never  w i l l  abor t  w i th  in teger  ove r f l ow . )

( 2 .2 .2 .2 )  Assume RD; f in ishes  be fore  RD;+1 has  been
reques ted .  Then the  id le  opera t ion  w i l l  be  executed
caus ing  a change to  face t  HRRS.

(2 .2 .2 .2 .1 )  A wr i te  opera t ion  i s  no t  reques ted .
Then the  i d l e  opera t ion  l eads  back  to  face t
RDERS wi th  RDER;COUNT = j .
When new read  requests  have a r r i ved  they w i l l
be  executed  e i ther  ad  in f in i tum (case  2 .2 .2 .1 )
o r  un t i l  RD“K f in ishes  be fore  R05 .“1  _ is
reques ted .  In  the  l a t te r  case  we have  the  same
s i tua t ion  as  in  2 .2 .2 .2  w i th  RDER_COUNT = j +

13



k .

( 2 .2 .2 .2 .2 )  Te rmina t ing  the  induc t ion ,  we assume tha t  a
wr i te  opera t ion  ( the  (k+1 ) -s t  wr i te  opera t ion )
i s  reques ted .
RDER_COUNT > 0 i s  the  number o f  read  opera t ions
be ing  in  f l igh t .  when the  message
RD_ACKN(RDER_£OUNT) i s  sen t  to  the  da tabase
( 76 ) ,  i t  w i l l  on ly  be  accepted  when  RDER_COUNT
read  Opera t ions  have  been  executed  in  the
database  ( asser t  COUNT = RCOUNT, 23 ) .  There -
fo re ,  the  rece ip t  o f  an  acknowledgement a t  por t
R_ACKN guaran tees  tha t  a l l  r ead  Opera t ions  have
been  executed .  when the  wr i te  opera t ion  i s  sen t
to  the  da tabase  (86 ) ,  no  read  opera t ion - is  in
f l i gh t .  I

I n  th is  p roo f  we a l ready  descr ibed  a s i tua t ion  resu l t ing  in  more
than  one read  opera t ion  be ing  in  f l igh t .  So we have  asser t ion  (2 )
[ pa ra l l e l  read ing ]  au toma t i ca l l y .

Asser t ion  (3 )  [p r io r i t y  cons t ra in t ]  i s  eas i l y  shown:
H i thout  loss  o f  genera l i t y ,  assume tha t  bo th  a read  reques t  and a
wr i te  reques t  ex is ts  and a t  l eas t  one opera t ion  has  been  executed
before .  I have  to  p rove  tha t  wha tever  opera t ion  read  o r  wr i te  was
executed  l a s t ,  the  nex t  reques t  accepted  by  the  p ro tec tor  w i l l  be
the  read  reques t .  Now cons ider  the  two cases :

(1 )  The l as t  opera t ion  executed  was a read  opera t ion :
Then we s tay  in  face t  RDERS, and obv ious ly  the  read
reques t  w i l l  be  sa t i s f i ed  nex t .

( 3 )  The l as t  opera t ion  executed  was a wr i te  opera t ion :
Because FIRST_WR in  face t  WRRS is  fa lse ,  no  fu r ther  wr i te
reques t_  i s  . accep tab le .  There fo re ,  the .  p ro tec tor  w i l l
change  to  face t  RDERS and  execute  the  read  opera t ion .

4.1.3 W

I t ' s  ra ther  d i f f i cu l t  to  compare  two  so lu t ions  when  one  cannot
observe  much s imi l i a r i t i es .  The most s ign i f i can t  d i f f e rence  stems
from the  fac t  tha t  in  con t ras t  to  the  mon i to r  so lu t ion  ( f ig .11a
and  11b )  I don ' t  need  a queue  s to r ing  user 's  wr i te  and  read
reques ts  in  the  CSSA so lu t ion .
I n  the CSSA environment,  a request  was de f ined  to  occur when the
cor respond ing  message i s  rece ived  in  the  p ro tec tor ' s  mai l box .  I n
the  mon i to r  concept ,  a user  reques t  can  on ly  come in to  ex is tence
f rom the  p rogrammer 's  po in t  o f  v iew ,  when the  execut ion  o f  the
ca l l ed  mon i to r  p rocedure  i s  in i t i a ted .  Trans la ted  i n to  the  mon i to r
te rmino logy ,  th is  i s  the  t ime  stamp when the  reques t  en te rs  the
moni to r ,  However ,  f rom the  mon i to r  imp lementa t ion 's  po in t  o f  v iew ,
user  reques ts  a l ready  ex is t  be fo re  the  t ime  stamps o f  the i r
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procedure  en t r y  po in t s .  On t he  imp lementa t ion  l e ve l ,  incoming
reques ts  a re  reg is te red  and  s tored  i n t o  an  i n te rna l  queue ,  wh ich
the  p rog rammer  has  no  access  t o .  I n  some sense ,  th is  i n i t i a l  queue
and  no t  t he  p rog rammer—de f i ned  queues must be  regarded  as  t he
moni to r  da ta  s t ruc ture  co r respond ing  t o  t he  CSSA mai l box .
Hypo the t i ca l l y ,  a mon i t o r  so lu t i on  s im i l a r  t o  t he  CSSA sb lu t i on
cou ld  be  de r i ved  i f  t he  f o l l ow ing  cond i t i on  we re  me t :  The  i n i t i a l
moni to r  queue  i s  no t  a queue ,  ra ther  i t  i s  a data  s t ruc ture  w i th
a lmos t  arb i t ra ry  p rog rammab le  access  func t ions .  I n  CSSA we can
se lec t  nea r l y  arb i t ra ry  messages  by  def in ing  su i t ab le  f ace t  s t r uc -
t u res  and  asser t ions .

4.2 www

Const ra in ts  ( 1 )  [mu tua l  exc lus i on ]  and  (2 )  [ pa ra l l e l  reads ]  f o rmu-
l a ted  i n  4 .1 .1  a re  common to  a l l  ve r s i ons  o f  t he  reade rs_wr i t e r s
p rob lem.  There fo re ,  on l y  a t h i r d  cons t ra i n t  w i l l  be  s ta ted  t o  g i ve
spec i f i ca t i ons  f o r  t he  f o l l ow ing  spec ia l i za t i ons  o f  t he  gene ra l
p rob lem.

4—2-1  Wahlen

The reade rs_wr i t e r s  p rob lem w i t h  r eade rs_p r i o r i t y  a l l owed  w r i t e r s
to  s ta r ve  ( c f .  case  2 .2 .2 .1  i n  t he  p roo f  o f  asser t ion  (1 ) ) .
Subs t i tu t ing  asse r t i on  (3 )  [ r eade rs_p r i o r i t y ]  by

(3a )  even tua l l y  eve ry  r eques t  w i l l  be  se rved

a so lu t i on  i s  r equ i red  t o  be  f a i r  aga ins t  r eade rs  and  w r i t e r s .
Tha t  i s  wha t  I ca l l  t he  Fa i r_Readers_Hr i te rs  Prob lem,
Note ,  t ha t  r equ i remen t  ( 3a )  makes  no  spec i f i c  assumpt ions  about
t he  o rde r  o f  serv ing  reques ts .  Thus ,  t he  qua l i t y  o f  a so lu t i on
shou ld  be  measu red  by  t he  f r eedom tha t  i t  l eaves  f o r  se lec t i ng  t he
nex t  reques t  t o  be  se rved .  Fo r  examp le ,  a pu re  f i r s t _ i n_ f i r s t _ou t
schedu l i ng  o f  reques ts  f u l f i l l s  t he  requ i rements ,  bu t  i s  t oo
r es t r i c t i ve  t o  be  rega rded  as  a good so lu t i on .

A r ea l l y  sa t is fy ing  CSSA so lu t i on  can  be  de r i ved  f r om the
RDER_PRIO sc r i p t  by  s imp l y  p l ac i ng  t he  ope ra t i ons  RD and  HR i n to
on l y  one  f ace t .  The  p r i o r i t y  ensur ing  i d l e  opera t ions  and  t he
asser t ion  FIRST_HR f o r  t he  w r i t e  ope ra t i on  a re  no  more  needed .
W i th  Ope ra t i ons  RD-and  HR occu r i ng  i n  one  f ace t  t he  se lec t i on  o f
t he  nex t  r eques t  i s  t o ta l l y  Lef t  t o  t he  ma i l box  manage r .  From the
p rog rammer ' s  po in t  o f  v i ew  th i s  message se lec t i on  s t r a tegy  can
on l y  assumed  to  be  f a i r  and  no th i ng  more .  Hence ,  t he  proposed  CSSA
so lu t i on  f i t s  t he  p rob lem spec i f i ca t ion  i n  t he  bes t  poss ib l e  way .
Even  more ,  t h i s  so lu t i on  i s  pe rhaps  t he  mos t  na tu ra l  and  ce r t a i n l y
t he  s imp les t  among a l l  so l u t i ons  f o r  o the r  ve rs i ons  o f  t he
reade rs_wr i t e r s  p rob lem.

I t  shou ld  be  no t  su rp r i s i ng  t ha t  - i f  a t  a l l  — on l y  a r a the r  com—
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p lex  and no t  e f f i c ien t  so lu t i on  fo r  the  same prob lem can  be
programmed w i th  mon i to rs .  tHere ,  the  on ly  da ta  s t ruc ture  fo r
s to r ing  reques ts  i s  a queue .  Each  s igna l  s ta tement  can“  on ly
r e l ease  the  f i rs t  reques t  o f  a queue .  Hence ,  a mon i to r  p rogrammer
can  never  reach  the  s ta te  o f  f reedom o f  a CSSA programmer  who can
re ly  on the  more genera l  message se lec t ion  s t ra tegy  o f  the  mai l box
manager .

4-2.2 WM

Another  ve rs ion  o f  the  readers_wr i te rs  p rob lem is  g iven  by

(3b )  each  reques t  has  p r io r i t y  over  a l l  l a te r  reques ts .

Here ,  p r io r i t y  i s  en t i re ly  based  on  o rder  o f  reques ts .  Obv ious ly ,
th is  ve rs ion  pos tu la tes  a pure  F IFO po l i c y  fo r  »serv ing  read  and
wr i te  reques ts .  -

Accord ing  to  the  de f in i t ion  o f  a " reques t"  in  4 .1 .2 ,  a t  each  t ime
the  ea r l i es t  message rece ived  has  to  be  se lec ted  f rom the  ma i lbox .
However ,  in  CSSA there  i s  no  mechan ism wh ich  a l l ows  se lec t i on  to
be  based  on  rece ive  o rder .  There  i s  no  hope  to  g ive  a cor rec t  CSSA
so lu t ion  in  the  contex t  o f  the  de f in i t ions  es tab l i shed  in  sec t ion
4 .1 .1 .  Th is  contex t  i s  impor tan t ,  because  i t  i s  no t  genera l l y  im-
poss ib l e  to  p rogram a F IFO so lu t i on  i n  CSSA.  So ,  I cou ld  requ i re
tha t  each  reques t  i s  t ransmi t ted  w i th  a un ique  na tura l  number  in -
d ica t ing  the  t ime  stamp when i t  had  been  sen t  away.  Then the
pro tec tor  on ly  accepts  tha t  message  w i th  the  t ime  s tamp o f  the
p rev ious l y  se lec ted  message inc remented  by  one .  Cer ta in ly ,  users
would be  ob l iged  to  coord ina te  in  keep ing  the  t ransmi t ted  tags
un ique  and  success ive .  To  th is  a im,  be fore  send ing  a reques t  to
the  p ro tec tor  they  cou ld  be  fo rced  to  reques t  a t ime  stamp f rom a
g loba l l y  known "c lock  agent" .

A mon i to r  so lu t ion  fo r  the  FIFO_READERS_HRITERS prob lem is
presented  in  f ig .  12 .  A l though  the  mon i to r ' s  queue ing  p r i nc i p l e
f i t s  ve ry  we l l  to  the  requ i red  F IFO s t ra tn .  - the  so lu t ion  seems
to  be  ra ther  complex .  Th is  complex i ty  i s  essent ia l l y  due  to  the
fac t  tha t  a t  l eas t  the  convent iona l  mon i to r  cons t ruc t  p rov ides  no
means o f  i den t i f y i ng  the  p rocess  a t  the  head  o f  a queue o r  deter—
min ing  the  cond i t ions  fo r  wh ich  i t  i s  wa i t ing .  In  f ac t ,  r ead  and
wr i te  reques ts  a re  s to red  in to  a s ing le  queue  (m.users )  when  they
are  no t  immed ia te l y  sa t is f i ab le .  Bu t  i f  a wr i te r  i s  dequeued when
readers  a re  in  f l i gh t  ( readercount  > 0 ) ,  the  wr i te r  must  be  queued
aga in  on a second  queue  un t i l  i t  i s  re leased  by  the  l as t  reader  in
the  resource . -  A more p ro found  d iscuss ion  o f  these  p rob lems  i s
g iven  in  [B loom 79 ] .  *
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4 -2 -3  WW

Subst i tu t ing  asser t ion  (3 )  o f  the  readers_ur i te rs  p rob lem wi th
readers_pr io r i t y  by

(Sc )  wr i te  reques ts  have  pr io r i t y  over  read  reques ts

y ie l ds  a spec i f i ca t ion  fo r  the  readers_ur i te rs  p rob lem wi th
ur i te rs_pr io r i t y .  The cons t ruc t ion  o f  a CSSA so lu t i on  ana logue  to
scr ip t  RDER_PRIO is  Le f t  to  the  reader  as  a s imp le  exerc ise .
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5 -1 ! )m

5 -1  Wu

The a la rmc lock  i s  a ve ry  n ice  representa t i ve  o f  the  c lass  of
prob lems where synchron iza t ion  i s  based  on  the  a rgunonts  o f
reques ts .
I t  can  be  cons idered  as  an abs t rac t ion  o f  a system dev ice  a l low ing
users  to  fa l l  as leep  fo r  some spec i f i ed  t ime  per iod  and  to  be
awakened a f te r  th is  t ime  has  e lapsed .  The a la rmc lock  cannot  incre—
ment  the  t ime  by  i t se l f ,  i t  r a ther  wa i ts  fo r  a t i ck  reques t  to  be
rece ived  f rom some o ther  system fac i l i t y .

5 -2  W

I n  f ig .  13 ,  a CSSA so lu t i on  i s  p resented  wh ich  looks  very  e legant
bu t  un for tuna te ly  i s  wrong .  Notw i ths tand ing ,  I enc losed  th is  bad
so lu t ion  because  i t ' s  a good demonst ra t ion  o f  the  dangers  wa i t ing
fo r  a p rogrammer  in  the  d is t r ibu ted  env i ronment .  So  I admi t ,  tha t
a f te r  hav ing  programmed th is  so lu t ion  I accepted  i t  as  cor rec t  un -
t i l  the  l as t  moment be fore  pub l ish ing  th is  repor t .
Al though  perhaps  no t  v is ib le  in  the i r  sur face  s t ruc tures ,  the
ideas  beh ind  the  wrong so lu t ion  and the  cor rec t  one ( f ig .  14 )  a re
much the  same .  There fo re ,  I can  a f fo rd  some document ing  o f  the
wrong so lu t ion  w i thout  was t ing  t ime .

An agent  w ish ing  to  s leep  fo r  T t ime  un i ts  sends a message
HAKE_ME(T) to  an  agent  o f  t ype  ALARM_CLOCK [ALARH_CLOCK fo r
shor t ] .  When the  HAKE_ME message i s  accepted by ALARM_£LOCK the
s leepy  agent  i s  immedia te ly  resumed i f  DELAY_TIHE (=T )  s 0 (23 ) .
For  a DELAY_TIME > 0 , the  wake reques t  i s  reg is te red  by  send ing  a
pr iva te  message HAKE_UP(DELAY_IIME + NOW) to  se l f  ( 24 ) .  ‚ The
paramete r  DELAY_TIME + Now y ie lds  the  "abso lu te"  t ime  stamp when
the  s leep ing  agent  has  to  be  awakened.  La te r  the  ex is tence  o f  th is
HAKE_uP message in  i t s  ma i lbox  w i l l  r emind  ALARM_CLOCK o f  the
user 's  reve i l l e .  Because r ing ing  i s  symbol i zed  by  send ing  a rep ly ,
the  por t  address  imp l ic i t l y  inc luded  in  the  HAKE_ME message must
be t rans fe red  to  the  wAKE_UP message v ia  the  inher i t  - c lause .  Now
we a r r i ve  a t  the  c ruc ia l  po in t  o f  the  d iscuss ion .  Each  execut ion
of  a TICK reques t  inc rements  the  " rea l  t ime"  Now by  1 ( 28 )  and
se ts  up  a new ins tance  o f  f ace t  RESUME. The  idea  i s ,  tha t  in  th is
f ace t  a l l  HAKE_UP reques ts  fo r  the  cur ren t  t ime  ( asser t  TIME =
_Now‚ 11 )  shou ld  be  sa t i s f i ed .  when no  such f u r t he r  HAKE_UP
reques t  ex is ts ,  the  execut ion  o f  the  id le  opera t ion  (15 ,16 )  l eads
back  to  face t  REGISTRY.

At f i rs t  s igh t ,  th is  s t ra tegy  seems very  sound.  But  d id  you  ge t  on
to  the  problem? So assume fo r  example ,  tha t  a HAKE_ME message w i th
DELAY_TIME = 1 has  been  rece ived  and  in  response  ALARM_CLOCK has
sent  a HAKE_yP message w i th  paramete r  now + 1 to  i t se l f .  A f te r  the
nex t  execut ion  o f  a T ICK opera t ion ,  th is  HAKE_yP message  must  be
served  in  face t  RESUME. Now, we a re  faced  to  the  p rob lem tha t
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ALARM_§LOCK s tays  in  face t  RESUME on l y  un t i l  no ( fu r ther )  HAKE_UP
message  w i th  T IME = now ex is ts  in  the  l a i lbox ‚  when  the  cons idered
HAKE_uP reques t  has  a l ready  been  rece ived  in  the  mai l box ,  i t  wi l l
be  executed .  However ,  i f  i t  has  no t  been  de l i ve red  fo r  the  t ime
be ing ,  the  cur ren t  f ace t  w i l l  be  l e f t  v ia  the  id le  opera t ion  and
the  s teep ing  agen t  wi l l  s leep  fo rever .
A l though  f rom a p rac t ica l  po in t  o f  v iew ,  the  p robab i l i t y  may be
very  low tha t  a WAKE_UP message w i l l  no t  have  been  rece ived  when
i t  i s  needed ,  th is  p rogram must  be  re jec ted  as  a wrong  so lu t ion .
The compu ta t i ona l  mode l  of  CSSA on ly  requ i res  message pass ing
t imes  to  be  f in i te ,  bu t  inde f in i te .  Tha t ’s  even  t rue  in  th is  case
when messages  a re  passed  to  the  send ing  agent  i t se l f .

Obv ious l y ,  the  i d l e  opea t ion  i s  no t  the  r igh t  c r i t e r ion  fo r
l eav ing  f ace t  RESUME. I ns tead  i t  must be assured tha t  a l l  NAKE_UP
r eques t s  fo r  the  cur ren t  t ime  va lue  now a re  se rved  be fore  th is
face t  i s  l e f t .  I n  the  "hope fu l l y "  cor rec t  so lu t ion  dep ic ted  in
f ig .  14 ,  th is  i s  ach ieved  by keep ing  a r e l a t i on  CALL_LIST
record ing  the  number o f  agents  to  be  awakened (N0_0F_SLEEPERS) fo r
each  t ime  s tamp wh ich  ever  has  been  reques ted .
I . e . ,  a reques t  WAKE_ME(DELAY_TIME)  i s  se rved  as  fo l lows:  when
another  wakeup ob l iga t ion  fo r  t ime  DELALAY_IIME + now ex is ts ,  the
cor respond ing  ca l l  e lement  (o f  t ype  CALL_ELEM) i s  ass igned  to  the
imp l ic i t l y  dec la red  va r i ab le  CE1 , (33 )  and i t s  NO_OF_SLEEPERS' par t
i s  inc remented  by  1 ( 34 ) .  O therw ise ,  a new ca l l  e lement  w i th  ”key"
WAKE_UP_TIME = DELAY_TIME + now and NO_OF_SLEEPERS = 1 i s  inserted
i n to  the  re la t ion  (36—38) .
In  bo th  cases ,  ALARM_CLOCK sends a HAKE_yP message to  i t se l f  ( 40 ) .
These  p r iva te  messages  a re  s t i l l  necessary  s ince  fo r  reasons  no t
to  be  d iscussed  here ,  the  inher i t  c lause  i s  the  on ly  mechanism
ava i l ab le  fo r  sav ing  a rep ly  address  f rom one opera t ion  execut ion
to  ano ther .  In  th is  example ,  however ,  the  use  o f  p r iva te  messages
cou ld  be  avo ided ,  when r ing ing  would  be  implemented  by "norma l"
wakeup messages ins tead  o f  rep ly  messages.  Then ,  in  add i t ion  to
the  DELAY_TIME paramete r ,  a s leepy  agent  must inc lude  an
acqua in tance  to  i t se l f  in  the  WAKE_NE message ,  wh ich  l a te r  w i l l  be
used by  ALARM_CLOCK as  the  addressee  o f  the  cor respond ing  WAKE_UP
message.

Af te r  inc rement ing  the  t ime  (45 ) ,  a new ins tan t ia t ion  o f  f ace t
RESUME is  on ly  se t  up  when  a ca l l  e lement  fo r  the  new t ime  va lue
ex is ts  (46 ) .  Compared w i th  the  f i rs t  so lu t ion  th is  means a s l igh t
compensa t ion  fo r  the  overhead  we had  to  in t roduce  in  the  second
so lu t ion .  ALARM_CLOCK then  s tays  in  face t  RESUME, wa i t ing  fo r  the
f i r s t  WAKE_UP reques t  wh ich  even tua l l y  w i l l  a r r i ve  in  the  ma i lbox ,
i f  i t  was  no t  a l ready  there .  So ,  the re  i s  no  need  fo r  an  id le
opera t ion  in  th is  case .  Another  reason  is  tha t  the  c r i t e r ion  fo r
leav ing  face t  RESUME can  be  computed  dur ing  the  execut ion  o f  a
WAKE_UP opera t ion :  I f  NO_0F_SLEEPERS fo r  the  cur ren t ly  se rved  ca l l
e lement  has  the  va lue  1 ( 19 ) ,  then  no  fu r ther  wakeup  ob l iga t ion
ex is ts  fo r  the  cur ren t  t ime  va lue  and  face t  RESUME may be  l e f t .
Bes ides ,  the  cur ren t  ca l l  e lement  can  be  de le ted  (20 ) .  O therw ise ,
NO_0F_SLEEPERS is  decremented  by  1 ( 22 )  and no change o f  f ace t
takes  p lace .
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5 -3  W

I n  mon i to rs ,  queu ing  i s  the  on l y  means to  s top  serv ing  a reques t
which  l a t e r  sha l l  be  resumed.  Because in  th is  examp le  de layed
reques ts  have  to  be  resumed in  the  o rder  o f  the i r  a rguments ,  the
concept  o f  p r io r i t y  queues has  to  be  in t roduced  (c f .  f ig .  16 ) .
Most  o f  the  a la rmc lock  code  in  the  CSSA so lu t ion  i s  needed  to  im-
p lement  th is  da ta  s t ruc ture  wh ich  i s  a necessary  p re requ is i te  o f
a l l  mon i to r  imp lementa t ion  l anguages .  From th is  po in t  o f  V iew ,  the
seeming ly  more  complex  CSSA so lu t ion  doesn ' t  make  me so  unhappy ,
ra ther  i t  i nd ica tes  the  p rov i s i on  of  g rea te r  f reedom and f l ex ib i l -
i t y  in  the  CSSA concepts .

An unp leasantness  o f  th is  spec ia l  mon i to r  so lu t ion  i s  due  to  the
f ac t  t ha t  i t  i s  no t  poss ib le  to  examine  the  f i rs t  e lement  o f  a
queue  w i thout  dequeue ing  i t  f i r s t .  Thus ,  the  f i rs t  p rocess  in  the
pr io r i t y  queue  has  to  be  dequeued  in  each  t i ck  opera t ion .  then
t es ted  fo r  i t s  arguments  ( whi le  ac .now < a la rmset t ing  ) ,  and
poss ib l y  requeued  aga in .  As a l ready  ment ioned  in  5 .2 ,  th is
awkwardness can  be  avo ided  in  the  CSSA so lu t ion  by  no t
es tab l i sh ing  an ins tance  o f  f ace t  RESUME when no  makeup ob l iga t ion
ex is ts  fo r  the  cur ren t  t ime .  C lea r ly ,  th is ‘  shor tcoming  o f  the
moni to r  “so lu t ion  i s  no t  so severe  because  add ing  a tes t  fo r  the
pr io r i t y  o f  the  f i rs t  e lement  in  a p r i o r i t y  queue  as  an  add i t iona l
l anguage  fea tu re  i s  a l l  what has  to  be  done .
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The  f o l l ow ing  p rob lem has  t o  be  so l ved :
How can  you  p l ace  N queens  on  an  NxN chessboa rd  i n  such a way tha t
no  two  queens  can  capture  each  o ther  ( i . e .  no  two  queens  a re  i n
the  same  row ,  co lumn  o r  d i agona l )?
The  CSSA so lu t i on  descr ibed  i n  t he  nex t  sec t ion  i s  expec ted  t o
f ind  a l l  such  poss ib l e  p l ac i ngs  f o r  any  g iven  N.
In  gene ra l ,  t he  N -queens  p rob lem i s  a showboy  f o r  t he  c l ass  o f
p rob lems  of fe r ing  "na tu ra l "  recurs ive  so lu t i ons .  I n  some sense ,
t he  CSSA sc r i p t  t o  be  deve loped  a l so  def ines  recurs ive  behav iour .
I ns tead  o f  recurs ive  func t ion  ca l l s ,  agents  o f  a ce r ta i n  t ype  a re
c rea ted  dynam ica l l y  and  p rov ided  w i t h  pa r t i a l  so l u t i ons  which t hey
a re  o rde red  t o  expand .

6 -2  W

The scr ip t  NQUEENS i n  f i g .  17  i s  bes t  desc r i bed  by  se t t ing  an  ex -
amp le  f o r  one  spec i f i c  N ,  say  N=4 .
Af te r  hav ing  crea ted  an  agen t  NG o f  t ype  NQUEENS, a use r  spec i f i es
t he  command

send  FIND_SOLUTION(4) t o  N0

Because N does no t  equa l  1 (wh i ch  wou ld  l ead  t o  t he  immedia te
answer :  "Fo r  one  queen  so lu t i on  i s  : 1"  [ 75 -79 ] ) ‚  NG sends  a
message FIND_SOLUTION t o  each  o f  f ou r  new ly  c rea ted  anonymous
agen ts  o f  t ype  NODE [ 84 ] .  We wan t  t o  i den t i f y  these  new agen ts  as
N(1 ) ‚N (2 ) ‚N (3 )  and  N(4 ) .  Each  agen t  N ( i ) ‚  i =1 ‚ . . . ‚ 4  , i s  p rov ided
w i t h  t he  i n fo rma t i on  t ha t  a queen  has  been  p laced  by  NO i n  co lumn
i o f  t he  f i r s t  r ow .Th i s  i n f o rma t i on  i s  represented  i n  t he  CSSA
sc r i p t  by  pu t t i ng  t he  va lue  i i n t o  t he  f i r s t  e l emen t  o f  t he  a r ray
FIRST_Row [ 83 ] .  The  o the r  a r ray  e l emen ts  r e ta i n  t he  va lue  O due  t o
de fau l t  i n i t i a l i za t i on  [ 71 ] .

I n  t he  f o l l ow ing  cou rse  o f  execut ion  no th ing  rema ins  t o  be  done
fo r  NQ. One can  t e rm ina te  i t  by  send ing  a STOPQ message [ 89—93 ] ,
o r  l e t  i t  su r v i ve  when so lu t i ons  f o r  o the r  s i zes  o f  t he  chessboa rd
sha l l  be  gene ra ted .
The cu r ren t  s i t ua t i on  i s  ske le ton i zed  i n  t he  f o l l ow ing  t r ee  s t r uc -
t u re :
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For  example ,  N (3 )  i s  o rdered  to  f ind  a so lu t i on  fo r  the  4 -queens
p rob lem wi th  a l ready  one  queen  p laced  i n  co lumn  3 of  the  f i rs t
row.  ‘

The f i rs t  ac t ion  o f  each  agent  N l i )  i s  to  check  whether  i t  a l ready
was prov ided  w i th  a comple te  so lu t ion .  Th is  wou ld  be  the  case  i f  a
queen had been  p laced  i n  some column o f  the  l as t  (N - th )  row [ i f
no t  (Q(N)  = D) ‚19 ] .
The ac t ions  to  be  taken  in  th is  case  a re  descr ibed  l a te r  in  th is
sec t ion  when the  cond i t ion  w i l l  be  f u l f i l l ed  fo r  our  example  ex -
ecut ion .  Now, fo r  a l l  agen ts  N l i )  th is  cond i t ion  i s  no t  fu l f i l l ed .
So ,  they  t ry  to  f ind  a l l owab le  p l aces  fo r  the  nex t  queen to  be
p laced  i n  the  cur ren t  (second)  row.  Th is  computa t ion  i s  done in
th ree  separa ted  loops .

The f i rs t  loop [ 34 -36 ]  determines how many queens (ANZ_9) a re
already on the  board.  In  our example, ANZ_D w i l l  have the  va lue  1
a f te r  l eav ing  the  loop .

In  the  second  loop  [ 38 -46 ] ,  a l l  co lumns  of  the  cur ren t  row a re
computed ,  wh ich  a re  no t  a l lowed  fo r  the  nex t  queen .  To  remember
th is  in fo rmat ion ,  the  j—th  e lement  ( j e {1 ‚ . . . ‚ 4 }  o f  the  boo lean
ar ray  NOT_POSSIBLE w i l l  become t rue  i f f  no queen may be  p laced
i n to  the  j - th  co lumn o f  the  cur ren t  row.

I n  the  th i rd  loop  [48—53] ,  a new agent  o f  t ype  MODE wi l l  be
crea ted ,  one fo r  each  a l lowed  ex tens ion  o f  the  board .  I f  no  exten—
s ion  i s  poss ib le  ( i . e .  NOT_POSSIBLE (1 )  fo r  j =1 ‚ . . . ‚ 4 ) ‚  the  loop
has  no  e f fec t .

The  l as t  ac t ion  o f  each  MODE agent  i s  to  reques t  i t s  own te r -
minat ion  (56 ) .  Hence ,  a l l  MODE agents  a re  a l i ve  on ly  as  l ang  as
necessary .  A f te r  the i r  work has  been  done they  re lease  the i r
p rocessors ‘  fo r  the  execut ion  o f  o ther  NODE agents  wh ich  they
poss ib l y  have  c rea ted  dur ing  the i r  own l i f e t imes .
The  com ing  i n to  ex is tence  o f  new agents  in  our  example  execut ion
i s  represented  in  the  fo l low ing  t ree  s t ruc ture  wh ich  i s  an expan—
s ion  o f  the  p rev ious  one .

22



.„//"°\\N(1) N(2) "($) N(4)
[1‚O‚O‚O] [2 ,o ,o ,o ] ,  [ 3 .0 .0 .0 ]  [ 4 ‚0 ‚0 ‚O ]

«(s) N(6) "(?> "(a) N(9) N(10)
[ 1 I3ßo lo ]  [ 1 I4 IO IO]  [2 l4 lo lo ]  [ 3 ' 1 ' 0 ’ 01  [ 4 ,10010 ]  [ 4 ,2 IOPO]

l l l l
N(11) N(12) N(13) "(14)
[ 1 ‚4 ‚2 ‚O ]  [ 2 ‚4 ‚1 ‚0 ]  [ 3 ,1 ,4 ,0J  [4 ‚1 ‚3 ‚O ]

l l
N(15) N(16)
[ 2 ’41113 ]  [ 3 I 1 I4P2 ]

Dur ing  the  cons t ruc t ion  o f  the  so lu t i on  16  NODE agents  have  been
crea ted .  However ,  due to  the  se l f  des t ruc t ion  o f  NODE agents  th is
number shou ld  not  be  misunders tood  as  the  number o f  agents  ex -
ecu t i ng  s imul taneous ly  on  the  ava i l ab le  p rocessors .
Agents  N (S ) ,N (11 ) ‚N (14 )  and N(10 )  t e rmina te  w i thout  f ind ing  an ex -
t ens ion  o f  the  g iven  pa r t i a l  so l u t i on .  For  example ,  N (S )  i s
ordered  to  p lace  a th i rd  queen  in to  the  th i rd  row w i th  respec t  to
the  pa r t i a l  so l u t i on  dep ic ted  by  the  fo l low ing  board .

Obv ious l y ,  th is  board  cannot  be  expanded ,  and no new agent  w i l l  be
crea ted .  On ly  agents  N (15 )  and  N (16 )  a re  p rov ided  w i th  comple te
so lu t ions :
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2 * *

3 * *

4 * *

1 2 3 4 1 2 3 4

(boards fo r  [ 2 ‚4 ‚1 ‚33  and [3 ,1 ;4 ;2 ]

For  the i r  execut ions  the  p rev ious ly  ment ioned  cond i t ion
not  (G (N)  - 0 )  i s  f u l f i l l ed .  There fo re ,  the i r  on ly  task  i s  to  send
a message  o f  success  to  the  user .  The  enve lope  of  th is  message  i s
const ruc ted  us ing  the  s t r ing  var iab le  ASH and sen t  to  the  user
( i n te r face  ) by

send ANSHER<ASH) to  in te r face  rep ly  to  OK;

The rep ly  ob l i ga t i on  i s  no t  rea l l y  necessary .  I t s  on ly  purpose i s
to  enhance  the  a t ten t ion  o f  the  human“ user  observ ing  o r  no t
observ ing  messages be ing  d i sp layed  on  the  sc reen .
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7 .  i e a

7 .1  In :  uggg l

I n  th is  examp le  CSSA is  used  to  mode l  the  fo l low ing  computer  sys -
tem:

®< ‚@ o ‚Hosts
uzaa teways

Two host computers communicate v ia  two in te r face  modules which are
ca l l ed  ga teways .  H i  , i e {1 ‚2 }  , can  send  ( rece ive )  a comple te
message  to  ( f rom)  GUi  whereas  onLy  packe ts  a re  t ransmi t ted  and
rece ived  be tween  6H1 and GHZ.
In  the  mode l ,  messages a re  charac te r  s t r ings  o f  va r i ab le  l eng ths
and the  ind iv idua l  charac te rs  o f  the_s t r ings  a re  packe ts .

> 6H1  (___—__) GHZ <

Each ga teway  p rov ides  two fac i l i t i es :

o a t ransmi t te r  (T )  as  one par t  o f  the  ga teway  rece ives  a
message m f rom " i ts"  hos t  and sends the  charac te rs  o f  m to
the  co l l ec to r  in  the  o ther  ga teway .

o a co l l ec to r  (C)  as  the  o ther  par t  rece ives  packe ts  f rom the
t ransmi t te r  in  the  o ther  ga teway .  Hhen the  packe ts  o f  one
message a re  a l l  r ece ived  the  conca tena t ion  o f  the  packe ts
is  sen t  to  the  hos t  as  one message.

He assume tha t  severa l  packe ts  may be  s imu l taneous ly  in  f l i gh t
be tween  T and c .  Th is  ex tended  model i s  descr ibed  by  the  fo l low ing

\

p ic tu re :
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I n  the  CSSA so lu t i on  a l l  c i rc led  en t i t i es  w i l l  become agents which
communica te  v ia  the  Opera t ions  l abe l l i ng  the  a rcs .
So H1 can  send a message v ia  T1 and C2 to  H2 a t  the  same t ime  when
H2 is  send ing  a message v ia  T2 and C1 to  H1 .  There fo re  the  ‚most
e f fec t i ve  r ea l i za t i on  of  t h i s  CSSA agent  s t ruc ture  wou ld  supp ly
one  (mic ro - )p rocessor  fo r  each  o f  the  T i ' s  and  the  C i ' s .
Now we in t roduce  the  f o l l ow ing  rea l i s t i c  comp l i ca t i ons :

' packe ts  need  no t  reach  the  co l l ec to r  in  the  o rder  they  were
produced  by  the  t ransmi t te r ;  t ha t  means  packe ts  can  pass
each  o ther ;

0 the  t ransmiss ion  medium be tween  the  two ga teways  i s  unre l i -
ab le  so tha t  packe ts  can  be  t o t a l l y  l os t .
( I t  should be noted tha t  th is  second asssumption i s  in  con-
t ras t  to  the  CSSA model o f  computa t ion  wh ich  does no t  a l low
the  loss  o f  messages.  In  the  CSSA so lu t ion  we there fo re
s imu la ted  th is  unre l i ab le  t ransmiss ion  medium by  genera t ing
two agents  o f  t ype  FAULTY- CHANNEL (c f .  f ig .  19 ,  353 -—442) ‚
wh ich  rece ive  and no rma l l y  fo rward  a l l  messages t rahsmi t ted
between  a co l l ec to r  and a t ransmi t te r .  However ,  depend ing
on genera ted  random numbers ,  some messages a re  rece ived  bu t
not  t ransmi t ted ,  tha t  means  they  a re  los t ) .

I n  th is  s i tua t ion  the  communica t ion  be tween  a ‘ t ransmi t te r  and a
co l l ec to r  becomes most in te res t ing .
We a re  faced  w i th  the  p rob lem o f  p rov id ing  the  hos ts  H1 and H2
wi th  a re l i ab le  "v i r tua l " ' t ransmiss ion  medium wh ich  i s  based  on an
un re l i ab le  "phys ica l "  t ransmiss ion  med ium.

I n  a s imp le  so lu t ion  o f  th is  p rob lem the  t ransmi t te r  T would  send
a packe t  p1  to  the  co l l ec to r  C ,  then  wa i t  fo r  an  acknowledgement ,
then  send  a second  packe t  p2 ,  e tc .  Because  the  t ransmiss idn  med ium
is  unre l i ab le  no t  a lone  fo r  packe ts  bu t  a lso  fo r  acknowledgements ,
some t imeout  mechanism must be  used  when wai t ing  fo r  an acknowle
edgement .  when  t ime  is  exhaus ted  the  packe t  no t  ye t  acknowledged
must be  sen t  once more .  The imp lementa t ion  o f  rece iv ing  dup l i c s  i s
s t ra igh t fo rward  in  th is  case .  '

However ,  th is  so lu t ion  i s  no t  rea l l y  sa t i s fy ing ,  because - i t  does
not  u t i l i ze  the  who le  capac i ty  o f  the  t ransmiss ion  med ium (more
than  one packe t  may be  in  f l igh t  be tween  T and C) .

7 -2  W

The  CSSA scr ip ts  TRANSMITTER and  COLLECTOR imp lemen t  a mechan ism
which i s  described i n f o rma l l y  i n  [Cer f ‚  Kahn 74 ] .  Th is  so ca l l ed
window machanism works as  fo l lows .
The  t ransmi t te r  sends  packe ts  ( in  opera t ion  SEND_PACKET‚  71 -88 )  to
the  co l l ec to r .  Rece ived  packe ts  (opera t ion  COLLECT,  156—247)  a re
acknowledged by  the  co l l ec to r .  Ins tead  o f  wa i t ing  fo r  an  acknowl—
edgement  (opera t ion  ACKNOHLEDGE, 91—116)  be fore  the  nex t  packe t
can  be  t ransmi t ted ,  the  t ransmi t te r  can  hu r r y  on  ahead;  so severa l
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packe ts  can  be  in  f l igh t  w i thout  hav ing  been  acknowledged.
Obv ious l y ,  every  packe t  must ca r ry  a un ique  iden t i f i ca t ion
( sequence  number )  wh ich  a l lows  the  recons t ruc t ion  o f  a message
f rom the  i nd i v i dua l  packe ts .  In  o rder  to  guaran tee  the  percep t ion
of  l o s t  packe t s ,  the  t r ansm i t t e r  even tua l l y  must  s top  t ransmi t t ing
new packe ts .  There fo re  a common upper  bound  fo r  the  maximum number
o f  packe ts  in  f l i gh t  i s  agreed  upon  be tween  the  sender  and  the
rece ive r .  Th is  upper  bound w is  the  s i ze  o f  the  so ca l l ed  window,
I n  the  w indow appears  a par t  o f  the  packe t  s t ream wh ich  s ta r ts
j us t  beh ind  the  l as t  packe t  a l ready  t ransmi t ted  and acknowledged,
i f  any .  The  var iab le  LWE.T  i s  equa l  to  the  sequence  number  o f  the
Le f tmost  packe t  w i th in  the  t ransmi t te r ' s  w indow (Le f t  w indow
edge) .

r——— window-————1

1 . . .  b . . .  b+W-1  nee  . . .DOCket

“"‘Y“*“’ ““ ‘n'" J \—’ “v’ ‘4 stream
packe ts  LWE.T poss ib l y  t ransmi t ted  packe ts  no t  ye t
a l ready  bu t  no t  ye t  t ransmi t ted
acknowledged‘ acknowledged '

( the  t ransmi t te r ' s  w indow)

I f  a l l  packe ts  o f  the  cur ren t  w indow have  been  t ransmi t ted  a nex t
packe t  can  on ly  be  t ransmi t ted  a f te r  hav ing  rece ived  an  acknowl -
edgement a w i th  LUE.T < a < LwE.T + w. The rece ip t  o f  a ind ica tes
tha t  the  co l l ec to r  has  accepted  a l l  packe ts  w i th  sequence numbers
less_ than  a and now is  wa i t ing  fo r  the  packe t  w i th  number a .  Th is
a l lows  LWE.T to  be  sh i f ted  to  the  r igh t  ( LwE .T  :=  a ) ,  the reby  im-
p l i c i t l y  advanc ing  the  r igh t  window edge .
However i f  a packe t  -o r  the  acknow ledgemen t  i t se l f— is  los t ,  the
t ransmi t te r  never  would  ge t  the  chance o f  t ransmi t t ing  a new
packe t .  There fo re  some t imeout  mechan ism must  be  used  l ead ing  to
the  assumpt ion  tha t  a packe t  o r  an acknowledgement has  been  Los t .
Based on th is  hypothes is  the  packe t  a t  the  l e f t  window edge w i l l
be  t ransmi t ted  fo r  a second  t ime .
In  our  CSSA so lu t i on  the  re t ransmiss ion  o f  a packe t  i s  p rocessed
i n  the  id le_opera t ion  (60 -66 )  o f  f ace t  TRANSMISSIONZ in  sc r ip t
TRANSMITTER.
Here  we use  the  id le  opera t ion  as  a s imu la t i on  of  a t imeout
mechanism, s ince  no rea l  t ime  cons t ruc ts  a re  ava i l ab le  in  the
cur ren t  ve rs ion  o f  CSSA.
An immedia te ly  subsequent  re t ransmiss ion  o f  the  same packe t  due  to
the  t imeout  mechanism is  p roh ib i ted  by  se t t i ng  the  boo lean  var ia—
ble  IDLE_ENABLED to  t rue  and chang ing  to  face t  TRANSMISSION1. So ,
a nex t  ac t i va t ion  o f  the  i d l e  opera t ion  becomes on ly  e f fec t i ve  af—
ter  an use fu l  acknowledgement advanc ing  the  l e f t  window edge has
been  rece ived .  In  th is  imp lemente t ion ,  every  packe t  w i l l  be  t rans—
mi t ted  a t  most  two  t imes .  I t  shou ld  be  no ted  tha t  th is  number  i s
no t  the  resu l t  o f  a p r i nc i pa l  dec is ion .  A max ima l  re t ransmiss ion
ra te  o f  3 ,4  o r  100  t imes  cou ld  have  been  programmed w i th  the  same
ease .

27



I n  f ace t  TRANSMISSION * the  t ransmi t te r  works  accord ing  to  the
fo l low ingvru les

1 .  The t ransmi t te r  t ransn i ts  packe ts  w i th  sequence numbers be tween
LNE.T  and  up  to  LHE.T  + H - 1 .
Each  ac t iva t ion  o f  the  opera t ion  SEND_PACKET t ransmi ts  exac t ly
one packe t  ( 81 ) .  The whole  t ransmiss ion  mechanism is  in i t i a ted
by the  opera t ion  SEND_MESS (25 -38 )  in  f ace t  START_TRAN$MISSION
i n  wh ich  the  t ransmi t te r  sends  a "su f f i c ien t "  number  o f
SEND_PACKET—messages to  i t se l f  ' , ( v ia  p rocedure
ACTIVATE_TRANSMIT ‚  8 -15 ) .
Late r  new SEND_PACKET-messages a re  on l y  produced  in  opera t ion
ACKNOWLEDGE (98 ,99 ) .  The l as t  packe t  o f  the  cu r ren t l y  t rans -
mi t ted  "host -message"  i s  p rov ided  w i th  the  tag  ENDE = t rue
(77 ) .

2 .  The rece ip t  o f  an  acknowledgement w i th  number N ind ica tes  tha t
the  co l l ec to r  has  rece ived  a l l  packe ts  w i th  sequence numbers
less  than  N and the  packe t  w i th  number N be ing  the  f i rs t  one
not  ye t  rece ived .  No te  tha t  the  acknowledgement N imp l ic i t l y
acknowledges a l l  packe ts  w i th  sequence number l ess  than  N .  I f
LUE.T  < N S LUE.T  + v ,  the  l e f t  w indow edge  LHE.T  can  be  se t  to
N (103 ) .  Assuming the  res t  o f  the  message to  be  t ransmi t ted  i s
long  enough,  N-LWE.T new SEND_PACKET—messages can  be  p roduced
(98 ) ;  o therw ise  the  t ransmi t t ing  o f  a l l  r ema in ing  packe ts  o f
the  cur ren t  message i s  in i t i a ted  (99 ) .  I f  the  id le  opera t ion
was d isab led  be fore  rece ip t  o f  the  acknowledgement ,  now i t  w i l l
be  enab led  (104 -107 ) .  >
An acknowledgement  w i th  .N  S LNE.T  i s  poss ib le  i f  i t  was
over taken  by  a l a te r  one w i th  a h igher  number .  Such an  acknowl -
edgement can  s imp ly  be  d iscarded .  On ly  an  in fo rmat ion  message
wi l l  be  sen t  to  the  in te r face  in  th is  case .
An acknowledgement  w i th  N > LHE.T+U is  no t  poss ib le  because  a t .
most packe t  number LNE.T+u-1  can  have  been  t ransmi t ted  and
rece ived  be fore .

An acknowledgement fo r  a packe t  o f  an  o ld  message (MESS_ID <
CURRENT_MESS_ID‚ 92 )  has  no  e f fec t  a t  a l l .

3 .  On t imeout  (no  ACKNONLEDGE- o r  SEND_PACKET - message can  be
enab led )  the  packe t  w i th  sequence number LHE.T  wi l l  be
re t ransmi t ted  i f  the  cur ren t  f ace t  i s  TRANSMISSIONZ.

The l e f t  edge LHE.C o f  the  co l l ec to r ' s  window'  ( f ig .  20 )  denotes
the  l eas t  packe t :  number wh ich  has  no t  ye t  been  rece ived .
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rece ived  and  LwE.c  poss ib ly  rece ived  no t  ye t  rece ived
acknowledged ¢ _

not  ye t  rece ived

( the  co l l ec to r ' s  w indow)

Poss ib l y  rece ived  packe ts  w i th  sequence numbers g rea te r  than  LHE.C
up  to  the  r igh t  w indow edge  LHE.c  + H - 1 (w indow packe ts )  a re
s tored  in  the  re la t ion  R under  the i r  ( re la t i ve )  "w indow pos i t ion" .
Depend ing  on  the  rece ived  packe t  number  CHAR_NO in  opera t ion
COLLECT the  fo l low ing  ac t ions  take  p lace :

1 .  CHAR_NO = LHE.C  (179 -242 ) :
Le t  J be  the  un ique  number  w i th  0 < J < H such  t ha t  a l l  packe ts
wi th  sequence  numbers  l e ss  or  equa l  to  LHEgc  + J have  been
rece ived  bu t  the  packe t  w i th  number LHE.C + J + 1 no t  ye t  be ing
rece ived .  Then  the  cur ren t ly  rece ived  f i rs t  pa r t  o f  the  “hos t -
message" can  be  p ro longed  by  the  subs t r ing  de f ined  by  packe t
numbers LUE.C ‚LHE.C+1 ‚ . . . ‚ LHE .C  + J ( 194 -205 ) .
The  w indow is  ad jus ted  by  se t t ing  LUE.C  to  LHE.C  + J + 1 and
the  re la t ion  R i s  upda ted  as  an image  o f  the  new w indow
( 217 -236 ) .  '
As acknowledgement the  number o f  the  new le f t  window edge i s
sent  to  the  t ransmi t te r  ( 207 ) .  Th is  imp l ic i t l y  acknowledges
packe ts  w i th  numbers  l ess  than  the  index  o f  the  new le f t  w indow
edge .  When the  whole  "hos t -message"  has  been  rece ived  i t  i s
t ransmi t ted  to  the  des t ina t ion  hos t  ( 184 ,209 -210 ) .

2 .  LNE.C < CHAR_NO $ LHE.C + U - 1 :

The cur ren t ly  rece ived  packe t  i s  no t  ye t  acknowledged bu t
s tored  in  the  re la t ion  R (173—176) .  The  w indow is  no t  "moved" .

3. CHAR_NO < LUE.C:
The cur ren t ly  rece ived  packe t  i s ' a  dup l ica te  the  o r ig ina l  o f
wh ich  a l ready  has  been  rece ived .  From the  co l l ec to r ' s  po in t  o f
v iew  the  rece ip t  o f  a dup l i ca te  serves  as  a h i n t  tha t  the  ( im-
p l ic i t  o r  exp l i c i t )  acknowledgement  fo r  th is  packe t  m igh t  have
been  los t .  There fo re  the  cur ren t  l e f t  window edge LWE.C is  sen t
as  acknowledgement once  aga in  (243 ) .

4 .  CHAR_NO > LWE.C + H — 1 i s  no t  poss ib le .
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B H S - C 8 S A - C 0 fl P X L E I

A1.

DEFAULT-OPT IONS:  NOTERH‚NOTEST‚  CHECK,  OBJEC
opt ions  zu  USE: NOTERH‚NOTEST‚ CHECK, OBJEC

- - - -+ - - - - 1 -  # z e 3 4
1 type  0NE_SLOI_BUFFEI  i s  sc r ip t
2
3 va r  s t r ing :  BUFFER;
4
s fccc thcsd  READ; I
6
7 "cen t  URITE is
8 pub l ic :  HR;
9

1o  opera t ion  HRis t r ing :  MESSAGE) i s
11  BUFFER :=  MESSAGE;
12  rcp lnco  by  READ;
13  cndopers t icn
14  cndfcco t
15 I
16  «cent  READ is
17  pub l ic :  Ro ;
18
19  opera t ion  RD is
20  rep ly  (BUFFER) ;
21  rcp lncs  by  URITE;
22  cndopers t icn
23  ondfaco t
2:. |
25 in i t i a l  WRITE
za l
27  ondscr ip t

BHS-CSSA-COHPXLER - DATE 0F RELEASE:
END 0F COHPILING ON 1981 /32 /“1  AT 11 :16 :06 .00
COHPILE—TIHE (CPU) I 0 . 85  SEB.
NUMBER OF SOURCE-LINES READ I 27
NUMBER OF OBJECT-RECORDS GEIERATEO '

T:
T :

1981 / "2 /U1  11 :1 !

SOURCE‚NOSTRUCT‚ XREF,RESHD=A‚HAXPI 99 ‚NAXE-  99 ‚HAX° '
SOURCE, STRUCT, XREF‚RESUD'A‚HAXP' 99 ‚HAXE-  9 ’ ‚HAXD'

* 6 - - - -+ - - - - 7 - -  B L o c K u E s T I N B
+1

« w <

*2

30 SEP 19 .1»  IO ERROR DETECTEO
IETUINCODE I 0

EXECUTION-TIME I 15 .00  SEC.
"UNDER OF TOKENS . 62

302

t i t  cROSS-IEFERENCE-TABLE * * *

BUFFER VARIABLE:STRING
HESSAGE CONSTANTsRING
ONE_SLOT_ßUF-USER_DEFINED_TYPE:SCRIPT
RD OPERATION:OPER
READ FACET
UR 0PERATION:OPER
HRITE FACET

3
10

1
17

5
I
1 &

11
11

19
12
10
21

_1o
72 :

- IULTIPLE OCCURENCES ON THE SANE LINE ARE HARKED " IT"  {+ ' .

- TOTAL NUMBER OF IDENTIFIERS USED ! "  THIS PROGRAM: 7

f ig .  1 : One S lo t  Buf fe r  Scr ip t



A2.

C S S A - S I H U L A T I 0 l - S Y S T E I

r1 (xursnrncs)

___ ‚ ' noc  es :  an  .___
I ;: coufxounnrxou ps

| r4 | rs ro | !?
| _ .  _ ...... _

PROGRAN GENERATED ON 1981 /“2 /01  AT 11 :15 :51 .00
IV BHS-CSSA-COHPILER (VERS. 30  SEP 1901)

PROTOCOL OF CSSA SESSION ON 1981 /02 /01  AT 11 :40 :16 .00

>>> 0 .000  ! lTElFACE(1)  : ENTER CSSA COHHAND -
I . )  DISPLAY

IDENTIF IER  TYPE VALUE

OIE_3LOT_QUFFER SCRIPT 00£_3LOT_!0FFEI

>>>  0 .000  INTERFACE(1) : ENTER CSSA COMMAND -
' l>  VAR AGENT : 038  z -  NEU ONE_SLOT_00FFER
>>> 0 .000  INTERFACE(1) : ENTER CSSA COHHAID -
' ->  OPE!  : R0,HR;  PORT : P
>>> 0 .000  INTERFACE(1)  : ENTER CSSA COMMAND ' }
. . )  OBSERVE; SEND RD T0  088  REPLY T0 P
99¢  0 .000  F1:  INTERFACE(1) SENDS R0( ) ‚REPLY T0:  P T0 0 .E_;L07_SUFFER(1)
>>>  0 .000  INTERFACE(1) : ENTER CSSA COMMAND -
I . )  ‚ ION
o++  0 .000  P2:  ONE_SLOT_BUFFER(1) IS  IDLE
***  0 .100  P2:  ONE_SLOT_BUFFER(1) RECEIVES RD( ) ,REPLY T0:  P

FROM INTERFACE(1)
***  0 .100  P2:  0NE_SLOT_BUFFER(1) IS  IDLE
>>> 0 .100  SYSTEM TERMINATED
>>> 0 .100  INTERFACE(1)  : ENTER CSSA COMMAND -
- '>  SEND UR( 'A ' )  T0 0535RUN
O&O 0 .100  P1:  INTERFACE(1) SENDS UR(ST I IN6 : 'A ' )  T0 ONE_SLOT_00FFEI(1 )
***  0 .200  P2:  0NE_$LOT_BUFFER(1)  RECEIVES UR(ST I INO: 'A ' )

FROM INTERFACE(1)
***  0 .200  P2:  0N5_SLOT_0UFFER(1)  STARTING O'ERITXOI UI (STRIIG:

DA.)

‘944  0 .600  P2:  ONE_SLOT_BUFFER(1) PERFORMS FACETTING : "R ITE  - ->  READ
960  0 .400  P2:  0NE_SLOT_BUFFER(1) STARTING OPERATION R0( )
099  0 .500  PZ:  ONE_$LOT_BUFFER(1) SENDS *REPLY($TRING= 'A ' )

T0 XNTERFACE(1)
90¢  0 .000  P2:  ONE_SLOT_BUFFER(1) PERFORHS FACETTING : READ ")  "R ITE
400  0 .600  P2:  0NE_SLOT_BUFFER(1) IS  IDLE -
0NE_3LOT_BUFFER(1)
>>> 1 .100  SYSTEM TERMINATED
>>> 1 .100  „IMIE£££9€(1 )  : ENTER CSSA CONHAND -

f i g .  2 : One  S lo t  Buf fe r  Execut ion  Pro toco l
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- ->  nnbox
HAILBOX or lNYERFACEt1) :

( 1 )  flREPLY(STRTN6: 'A ' )

>>>  1 .100  INTERFACE(1)  : ENTER CSSA COMMAND -
- ->  SEND R0 T0  OSB REPLY T0  P )  SEND UR( 'B ' )  T0  080500"
+++  1 .100  P1 :  INTERFACE(1)  SENDS RO( ) ,REPLY To :  P T0  ONE_SLOT_!UFFER(1)
340  ' 1 .100  P1 :  INTERFACE(1)  SENDS HR(STRING: 'B ' )  T0  ONE_SLOT_BUFFER(1)
+40  1 .200  P2 :  0NE_§LOT_8UFFER(1) RECEIVES RD( ) ,REPLY T0 :  F

. FROM INTERFACE(1)
+++  1 .200  P2ä ONE_SLOT_BUFFER(1) IS  IDLE
04+  1 .300  P2 :  ONE_SLOT_BUFFER(1) RECEIVES UR(STRI I6 : 'B ' )

FROM INTERFACE(1)
++O 1 .300  P2 :  ONE_SLOT_BUFFER(1) ST IRT ING OPERATION U I (STRING:

'B ' )
09*  1 .500  PZ :  ONE_$LOT_ßUFFER(1) PERFORMS FACETTING : H I ITE  - ->  READ
++ .  1 .500  PZ :  0NE_SLOT_BUFFER(1) STARTING OPERATION RD! )
0+0  1 .600  P2 :  0NE_SLOT_BUFFER(1) SENDS iREPLY(STRING: 'B ' )

T0  XNTERFACE(1)
9+4  , 1 .700  P2 :  ONE_SLOT_BUFFER(1) PERFORMS FACETTING : READ - ->  WRITE
99+  1 .700  PZ :  ONE_SLOT_BUFFER(1) IS  IDLE '
0ME_5LOT_DUFFER(1)
>>>  2 .200  SYSTEM TERMINATED
>>>  2 .200  INTERFACE(1) : ENTER CSSA COHHAND -
I I )  HAILBOX
IAILBOX OF INTERFACE(1)  :

( 1 )  * IEPLY(STRING: 'A ' )
( 2 )  *REPLYCSTRING: 'B ' )

>>>  2 .200  INTERFACE(1)  : ENTER CSSA COHIAID -
i . )  DUHP 088

++ .  2 .200  RUNTIHE STACK OF 0NE_$LOT_BUFFER(1)

FACET URITE
ENV: SCRIPT ONE_SLOT_BUFFER
LINE:  7

I . I . b . I t loo t - I I I . sa tan ic - In tu i t . . -

SCRIPT ONE_SLOT_BUFFER
ENV:
L INE:  27  ' '

\ .n l .o . . . . . . . no . -n . . . . . . l onooc - lc loo
BUFFER I ' 0 '

>>> 2.200 INTERFACE(1) : ENTER cssa connnuo -
--> TERMINATE
coo äiäoo ALL EXISTING AGENTS:

AGENT I FACET I OPERATION I HAILBOX
P1: INTERFACE(1) * :nee  fiREPLY

P2:  0NE_SLOT_BUFF URITE

CSSA-SESSION-STATISTXCS

SESSION STARTED AT 11 :48 :01 .00
SESSION TERMINATED AT 11 :51 :08 .00  ON 1981 /12 /01
REAL-TIME USED : 188 .00  SEC.
CPU~TIHE USED : 0 .88  SEC.
SIMULATION TXHE USED : 2 .2000  SEC.
NUHBER OF AGENTS CREATED : 1
NUMBER OF MESSAGES SENT : 6

f ig .  2 —cont inued-
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t ypo  BOUNDED_§UFFEI I I  sc r le t t ln tu  Hk“)  asser t  HAX > 0

A‘}

A A , - A 4 - . - _v v ,  . w v

pub l ic :  !NS ‚REH)

funee lenheed  HOD( ln t :  P1 ‚P2 )  re tu rn :  In !  externe! )
ve r  a r ray  (0 . .HAx-1 )  I f  s t r ing :  BUFFER;
ver  In t :  lus_pounr ‚n£n_ ;oun1  : -  o ;

fecetheed BUFFER_ENPTY;
f ece theed  BUFFER_FULL; .
fecetheed N0_§0NSTRAINT{

f ece t  BUFFER_EHPTY Is
I nc lude :  INS;

endfece t

(acc t  BUFFER_FULL I :
inc lude :  REM;

endfece t

taco !  N0_§0NSTRAI IT  I :
inc lude :  INS ‚REH;

endfece t

opera t ion  INS( : t r lng :  HESSAOI) l e
BUFFER( INS_COUNT)  an  HESIAOI ;
xus_couu1 =-  noouus_couu'r . 1mm) ;
i f  INS_COUNT = nen_pounr  then rep leee  !! IUFFE l_ fULLJ
e lse  rcp t -co  by  N0_CONSTIAINT;  end l l )

endepere tflon  I

epere t l en  REM I :
rep ly  (BUFFEI lREH_;OUNT) ) l
REH_COUNT : l  HOD(IEH_£OUNY 9 1 , !AX) ;
I f  1NS_COUNT - REH_SOUNT then ro l l - ee  .! IUFFER_EHPTY;
e lse  rep lece  by  uo_§0NSTRA1 l1 ;  ca l l ! )

endepere t l en

I n i t i a l  BUFFER_EHPTY

endser le t

f ig .  3 : Bounded Buf fe r  Scr ip t
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>>>

AS

PROGRAM GENERATED ON 1901 /01 /76  AT 11 :25 :31 .00
EV BMS-CSSA-COMPILER (VERS.  30  SEP 1981)

PROTOCOL OF CSSA SESSION OM 1981 /11 /27  AT 11:11 :60 .00

0 .000  INTERFACE(1)  : ENTER CSSA COMMAND -
I I )  VAR AGENT : BB :=  NEU BOUNDEO_BUFFER(!)
>>>  0 .000  INTERFACE(1)  : ENTER CSSA COMMAND '
- - >  OPER : IN$ ‚REM;  PORT : P
>>>  0 .000  INTERFACE(1) : ENTER CSSA COMMAND .
I I )  ‚D ISPLAY

IDENTIF IER  TYPE VALUE

BB AGENT 0OUNDEO_BUFFER(1)
000NOE0_30FFER SCRIPT — 000MOE0_BUFFER
INS  LITERAL
P PORT
REM LITERAL

>>> 0 .000  INTERFACE(1)  : ENTER CSSA COMMAND -
I I )  OBSERVE; SEND INS( '111 ' )  T0  88 .  SEND INS( 'ZZZ ' )  TO BBJRUI

0 .000  P1:  INTERFACE(1) SENDS INS(STRIN6: ' 111 ' )  TO BOUNOE0_pUFFER(1)###
0+0  0 .000  P1:  XNTERFACE(1) SENDS INS(STRING= 'ZZZ ' )  T0  BOUMDEO_ßUFFER(1)
++o 0 .000  PZ:  BOUNDED_BUFFER(1) IS  IDLE
+++  0 .100  PZ:  BOUNDED_BUFFER(1) RECEIVES lMS($TRING='111 ' )

FROM INTERFACE(1)
++Q 0 .100  PZ:  BOUNDED_BUFFER(1) STARTING OPERATIOM IMS($TRIMG=

' 111 ' )
N0_£0N$TRAINT
99+  0 .500  P2 :  BOUNDED_8UFFER(1) IS  IDLE
9+9  0 .500  PZ:  BOUNDEO_BUFFER(1) RECEIVES INS(STRIN6= 'ZZZ ' )

FROM INTERFACE(1)
+++  0 .500  PZ:  BOUNDEO_BUFFER(1) STARTING OPERATIOM !MS‘STRIM‘ :

'ZZZ ' )
MO_CONSTRAINT
+++
>>>
>>>
" )  SEND REM TO 88  REPLY TO P ;
+++
+94
+++
>>>

0 .900  PZ:  BOUNDEO_BUFFER(1) IS  IDLE
0 .900  SYSTEM TERMINATED
0 .900  INTERFACE(1) : ENTER CSSA COMMAND '

0 .900  P1:  XNTERFACE(1) SENDS REM() ‚REPLY TO: P TO BOUNOE0_BUFFER(1)
0 .900  P1:  INTERFACE(1)  SENDS REM() ‚REPLY TO: P TO BOUNOE0_SUFFER(1)
0 .900  P1:  INTERFA€E(1)  SERDS REM() ‚REPLY TO: P T0  BOUNDEO_IUFFER(1)
0 .900  INTERFACE(1) : ENTER CSSA COMMAND -

" )  ROM) MAILBOX; MAILBOX BB
+44-

+++
0+0

###

1 .000  P2:  BOUNOE0_BUFFER(1) RECEIVES REM() .REPLY T0 :  P
FROM INTERFACE(1)

1 .000  PZ:  BOUNDED_BUFFER(1) STARTING OPERATION REH( )
1 .100  PZ:  BOUNDED_BUFFER(1) SENOS *REPLY(STRING: '111 ' )

T0  INTERFACE(1)
1 .100  PZ:  BOUNDEO_BUFFER(1) RECEIVES REM() ‚REPLY T0 :  P

FROM lNTERFACE(1)
NO_£0NSTRAINT
0-04-

900

‚ ++

1 .400  PZ:  BOUNDED_BUFFER(1) STARTING OPERATION REM()
1 .500  PZ:  BOUNDED_BUFFER(1) SENDS *REPLY(STRING: 'ZZZ ' )

TO INTERFACE(1)
1 .500  PZ:  BOUNDED_BUFFER(1) RECEIVES REM() ‚REPLY T0 :  P

FROM INTERFACE(1)
BUFFER_EMPTY
+00
06¢

++ .

>>>

1 .000  PZ:  BOUNDEO_BUFFER(1) IS  IDLE
1 .900  P1:  !NTERFACE(1) RECEIVES *REPLY(STRING: '111 ' )

FROM BOUNDED_BUFFER(1)
1 .900  P1:  INTERFACE(1)  RECEIVES *REPLY(STRING: 'ZZZ ' )

FROM BOUNOED;BUFFER(1) ‘
2 .000  SYSTEM TERMINATED

f ig .  4 : Bounded Buf fe r  €§éEfiEiOn Protocot
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MAILOOX OF INTERFACE(1) :

(1 )  *REFLY(STR!NG: '111 ' )
(2 )  *REPLY(STRING: '222 ' )

MAILBOX OF BOUNDED_BUFFER(1) :

(1 )  R£M()‚REPLY 10:  P

>>> 2 .000  !NTERFACE(1)  : ENTER (SSA COMMAMO °
I i )  SEMD IM$( '33 ! ' )  TO BB;  SEND lM$( '666 ' )  TO 80;  SEND XMS( '$$5 ' )  To  00520 .  ( "
***  2 .000  P1:  INTERFACE(1) SENDS INS(STRIMG:'333 ' )  T0  BOUMOE0_00FFEI(1)
***  2 .000  P1:  INTERFACE(1) SEMDS XN$($TRING: '666 ' )  T0  BOUNOED_BUFFER(1)
***  2 .000  P1:  INTERFACE(1) SENDS INS(STRIN6: ' 555 ' )  TO BOUNOED_BUFFER(1)
***  2 .100  P2:  BOUNDED_BUFFER(1) RECEIVES INS(STRING:“333 ' )

FROM INTERFACE(1)
o++  2 .100  P2:  BOUNDEO_8UFFER(1) STARTING OPERATION INS(STRINO=

'333 ' )
MO_COMSYRAIMT
«++  2 .500  P2:  DOUMO£0_BUFFER(1) STARIIMG OPERATION REM()
***  2 .600  F2:  BOUMDEO_BUFFER(1) SEMOS *REPLY($TRING: '333 ' )

TO IMTERFACE(1)
***  2 .600  P2:  BOUNDED_BUFFER(1) RECEIVES IM$(STRIMO='666 ' )

FROM IMTERFACE(1)
***  2 .600  P2:  BOUM050_BUFFER(1) RECEIVES IMS(STR1MG='SSS' )

FROM INTERFACE(1)
BUFFER_EMFTY
***  2 .  900 P2:  BOUMOEO_ßUFFER(1) STARTING OPERATXOM IMS(STI!MO=

'666 ' )
***  3 .000  F1:  lMTERFACE(1) RECEIVES *REPLY(STRING: '333 ' )

FROM 800NOE0_ßUFFER(1)
MO_£0MSTRMIMT
***  3 .300  F2:  BOUMDEO_BUFFER(1) STARTING OPERATION [ ISISt I I ICI

'555 ' )
>>>  3 .300  REAL-71H!  L IM IT  EXCEEDEO
>>> 3 .  300  IMTEIFAC2(1)  : INTER CSSA COMMAMD -
3 ' )  SEND IM$( '666 ' )  T0  BI ;  SEND INS( '777 ' )  TO BfliRUM ("
049  3 .  300  P1:1NTERFACE(1)  SENDS INS(STRING:  '666 ' )  TO IOUMOFO_IUFFER(1)
***  3 .300  P1= INTERFACE(1) SENDS INS(STRING:  '777 ' )  TO IO"M050__BUFF2061)

***  3 .600  F2:  BOUNOEO_BUFFER(1) RECEIVES !NS(STRIMG:'666 ' )
FROM !NTERFACE(1)

99¢  3 .600  P l :  BOUNOED_BUFFER(1) RECEIVES IMS($TRIM6: '777 ' )
FROM IMT!RFACE(1)

MO_£OM8TIA!MT
9+0  3 .700  'F2 :  000M0€0_00FFER(1)  STARTING OPERATIOM I I I ‘STIXIII

'666 ' )
IOFFER_FOLL
***  6 .100  P2:  BOUMOEO_BBFFBI(1) IS  IDLE
>>> 6 .100  SYSTEM YERHIRATED
>>> 6 .100  IMYERFACE(1) : I “ ! ! !  CSSA COHHAIO °
I I )  MAILBOX; MAILBOX BI  ("
MAILBOX OF INTERFACE(1) :

(1 )  *REPLY($TRING='111 ' )
(2 )  'REPLY(STRIM6: '222 ' )
(3 )  *REPLY($TRING: '333 ' )

MAXLIOX OF BOUNOEO_!UFFEI(1) :

(1 )  IMS($TRXNG: '177 ' )

>>>  6 .100  INTERFACE(1) : ENTER CSSA COMMAMO -
I . )  SEND REM T0  80  REPLY TO P3RUM ~ . ("
000  6 .100  P1:  INTERFACE(1) SENOS REM() ‚ I IPLY to :  P ‘To  .OU IDED_!UFFEI (1 )
***  6 .200  P2:  BOUMDED_BUFFER(1) RECEIVES REM()‚REPLY to :  P

FROM !MTERFACE(1)
***  6 .200  P2:  OOUMDEO_BUFFER(1) STARTING OPERATIOM REM()
***  6 .300  P2:  BOUNDED_BUFFER(1) SENDS *REPLY(STRIMG:'666 ' )

T0 xurenraczt1)
uo_cousrnAxut
. . .  4.600 !=: eouuoeo_purren(1) STARTING OPERATION lustsrnxno:

'771-)_
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A?
surr£u_roLL
* * *  jmfl'O P2 :  BOUNDED_§UFFEI(1) IS  IDLE

-o++ 3 .100  P1 :  I ITERFACE(1 )  iECEIV lS  *REPLY(STRING: '4“ ' )
FROM IOUNOE0_BUFFER(1)

>>>  5 .200  SYSTEM TERMINATED
>>>  5 .200  INTERFACE(1)  : ENTER CSSA COMMAND -
==>  HAILBOX
HAILBOX 0F INTERFACE(1)  :

( 1 )  *REPLY(STRING: '111 ' )
( 2 )  *REPLY(STRXNG: '222" )
(3 )  *REPLY(STRING: '333 ' )
( 4 )  iREPLY(STRING: '64£ ' )

>>> 'sfé66_'iü?änsncs(1) : ENTER cssn conHAuo -
- ->  nAcox an
naaox or aouuosn_aurreat1) :

>>> 5 .200  INTERFACE(1)  : ENTER CSSA COHHAND -
==>  DUHP BB

** *  5 .200  RUNTIHE STACK OF BOUNOED_ßUFFER(1)

FACET BUFFER_FULL
EMV: SCRIPT BOUNDED_BUFFER
LINE:  17

. . . . . -o . l . . . . . . ooo l lon . -10100} . . . -

SCRIPT BOUNDED_§UFFER
EMV:
L INE:  62

HAX = 3
ANONYH ' ( 0 . . 2 )
BUFFER(0) ' ' 777 '
BUFFER(1) : "sss '
BUFFER(2) - "saa-
1ns_couur = 1
nen_couur - 1

>>> 5 .200  INTERFACE(1) : sutza (SSA counAuo -
- ->  TERIIIAYE

coo 5 .200  ALL EXISTING AGENTS:

Assut [ FACET I OPERATION [ flAlLBOX

P1: INTERFACE(1) . I *REPLY *REPLY *REPLY i IEPLY

P2: aouuosn_purrs au r ran_ ru

(SSA-SESSXON-STATXSTICS

SESSION STARTED AT 11 :11 :19 .00
SESSION TERMINATED AT 11 :20 :26 .00  ON 1981 /11 /27
REAL-TIME USED : 547 .00  SEC.
CPU-TIME USED : 1 .88  SEC.
SIMULATION TIME USED : 5 .2000  SEC.
NUMBER OF AGENTS CREATED : 1
NUMBER OF MESSAGES SENT : 15

f ig .  4 -continued-
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boundedJaufi'er - monitor is create, append. remove;

am- arrayImessage];
rep - record[ slotszam. maxzint, nonempty. noni‘uil: condition]

create - proc(n:int) returns (cvt);
return (repflslotmmtne'wo.

maxm.
nonemptyponfullz‘condmonkmum .

end create;

append - proc(buffer:cvt. x:message); -
if aiizdbuffemlots) - max

then conditionSwait<buffer.nonfufl)‚
end;

amhddh(buffer.slots‚x);
conditiontsignal(buffer.nonempty);
end append; ‘

remove - proc(buffer:cvt) returns (message);
if  amtsizdbuffemiots) - O

then conditionSwait(buffer.nonempty)‚
end;

x:message :- aeemKslos);
conditionSsignaKbuffemanfull}.
return (x);
end remove;

end bounded_btiffer; ‘

f ig .  5 _3 Bounded Buf fe r Hpni to r
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# 1 # 2 # 3
typo  PROTECTEO_!UFFER in
scr ip t

o {\ 4

<
>

0

pue l ie  : INS , IEH ‘

type  DATA_BASE is  se r ip t i in t :  S IZE)

ver  e r reg i1 . . $ lZE)  e l  s t r ing :  F l tE ;

Inc - t  RD_0R_MR is
pub l ic :  UR‚RD‚RD_ACKN1
ver  in t :  RCOUNT : l  0 ‘

epere t i en  HR(s t r in | :  DATA; in t :  KEY) i e
rep ly ;
i f  KEY > 0 end  KEY < -  S IZE  then

F ILE(KEY)  = -  DATA; end iO;
endepere t i en

epere t i en  RDt ln t :  KEY) i s
RCOUNT :— RCOUNT + 1 ;
i f  KEY > 0 and  KEY <=  S IZE  then

rep ly  (F ILE(KEY) ) ;  In ! ! ! )
endepere t i en

epere t i en  RD_A€Kl ( in t :  COUNT) assor t  COUKT I RcOUIT i s
rfln lvß  . _ .
RCOUNT : -  0 ;

endepere t i en

ant i - cue

i n i t i e l  nn_pn_ynl

endser ip t ;  . |

( *  back  on  top  l eve l  o f  sc r ip t  PROTECTED_pUFFEl * )

ver DATA_BASE : pa.
ver  in t  : REH_COUNT‚INS_£OUNT|
func t ionheed  Hon i in t  : P1 ,P2 )  re tu rn :  in !  external ;
ve r  in t  : MAX;

fecetheed BUFFER_EHPTYJ
f eee theed  BUFFER_FULL;
f ace thead  NO_CONSTRA1NT:

E lec t  CREATION ie
pub l ic  : CREATE;

opera t ion  CREATE(—>HAX) in
i f  MAX > 0 then

DB :=  neu  DATA_BASE(HAX)1
rep lece  by  BUFFER_EHPTY;

e lse  p r in t ( "  Bu f fe r  s i ze  lus t  be  g rea te r  then  0 ' ) ;
end i l ;

f i g .  6 : P ro tec ted  Buf fe r  Scr ip t
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I H S - C S 8 A - C 0 H P 1 L E R

57
58
59
60
61
62
63
66
65
66
67
68
69
7O
71
72
7 !
76
75
76
77
7 |
79
80
I1
. !
63
86
IS
86
.?
I I
I 9
90
91
92
93
96
95
96
97
96
99

100

4 1 # 2
I nndopnrntinn
on l ine . !

'nen !  BUFFER_EHPTY ls
inc lude  : INS;

nndfncnt

fac t !  NO_CONSTRAXNT I :
l inclunn : xus‚nsn;
. l ‘ l l fflcfl ‘ !

inc - t  BUFFER_FULL is
Inc lud .  : REM;

nndfncnt

npnrntinn INS(s t r in '  : l )  i s
par t  : ACCEPTED;
npnr  1 IR ;

.

0

\. 0 0 ‘ . 7 - -u

“

0

n 1

send HR(H‚INS_;ouuT o 1 )  to  D. rnp l '  to ACCEPTED;
INS_;OUNT : -  noo(1us_;oulr # 1 ,  DAX);
un i t  ACCEPTED:
i f  lus_coUNT = REH_COUNT then  rep lac -  .! BUFFER_fULL;
n is .  rep lncn  by  NO_§OIST IA I IT ;
.nd l f ;

nndnpnrn t inn

opera t ion  nen  in
por t  : ACCEPTED:
var  s t r ing  : I ;
opnr  : RD;

sand  RD(REH_§0UNT o 1 )  en  D I  ra l l y  en  ACCEPIED;
REH_COUNT : -  H00 ( IE I_§OUNT + 1 ,  MAX) ;
un i t  ACCEPTEDifl ) ;
rnp ly  (H ) ;
i f  REH_COUNT - I IS_£OUIT  than ro l l -u .  Dy  BUFFER_£RPTY;
n lsn  rav ine .  by  NO_;ONSTIA IN1;
Ch i l l )

nndopnra t ion

in i t i a l  CREATION

nndser ip t

f ig .  6 - con t inued-
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PROGRAM GENERATED ON 1981 /«2 / “7  AT 16 :36 :49 .00
I ?  BHS-CSSA-COHPILER (VERS. 30  SEP 1981 )

PROTOCOL OF CSSA SESSION ON 1981/WZ/U7 AT 16 :56 :19 .00

>>> 0.000 INTERFACE(1) : ENTER cssa connauu -
--> DISPLAY "-

IDENTIFIER TYPE VALUE

0070_pAss SCRIPT 0010_puse ,
rnorsc700_purren scnrpr 7007:crso_0urrsn

>>> 0.000 1NTERFACE(1) = sures CSSA connAuo —
- ->  VAR AGENT : FB 3- neu Pnorsc150_purrsn <--
>>> 0.000 1NTERFACE(1) = ENTER CSSA connnuu -
-=> oven = CREATE,INS,REM; PORT : P <=—
>>>  0 .000  INTERFACE“)  : ENTER CSSA COMMAND -
- ->  cassava; ssno CREATE(3) TO PB;RUN <"
+++ 0.000 P1: INTERFACE(1) ssuos CREATE(INT:3) To rnorscren_purrsn(1)
+++ 0.000 P2: PROTECTED_BUFFER(1) zs IDLE
+++ 0.100 92: rnorecrso_00rren<1) ascsxvss cnenretxuras)

rnon xurenrAcs(1)
+++ 0.100 P2: PROTECTED_BUFFER(1) stanrrus OPERATION CREATECIIT:

3)
+++ 0.300 P2: PROTECTED_BUFFER(1) CREATES DATA_BASE(1)(INT:

_ 3) .
+++ 0.300 P3: DATA_8ASE(1) IS IDLE
surr£n_snrrv ,
+++ 0.400 ra :  Pnorecre0_0usrsn(1) rs IDLE
>>> 0.400 svsrsn TERMINATEO
>>> 0.000 INTERFACE(1) : euren cssA connnuo -
- ->  5000 neu 10 PB REPLY 10 9 ;  Run ( __
+++ 0.000 P1: INTERFACE(1) seuos REH(),REPLY 10: P 70 rao1sc700_purrea(1)
+++ 0.500 P2: PROTECTED_BUFFER(1) nscsxyss nen(>‚lEPLy To: !

rnon !NTERFACE(1)
+++ 0.500 P2: rnovec150_eurssn(1) IS IDLE
>>> 0.500 svsrsn TERMINATED
>>> 0.500 INTERFACE(1) = ENTER CSSA connnuo -
==> SEND INS('A') TO PB;RUN . <--
+++ 0.500 P1: INTERFACE(1) ssnns znstsrnxns=-A-) To vnotsc150_purrsn(1)
+++ 0.000 P2: PROTECTED_BUFFER(1) RECEIVES IN$(STR1NG:'A')

rnon INTERFACE(1)
+++ 0.000 72: rnorec750_surrsn(1) sTAnrxns orennrrou xus1srntuoz

”A“)
+++ 0.700 72: pnorzcrso_0usssn<1) ssnns UR(STRINB=‘A'.XHT=

- 1 ) ‚nse  To: ACCEPTED 10 DATA_BASE(1)
+++ 0.900 P2: rnorsc1£0_surssn(1) rs IDLE
00007750 snon PROTECTED_BUFFER(1) _
+++ 1.000 rs :  DATA_BASE(1) STARTING opsnnrxon uncsraxus:

'A' ‚ INT:1)
+++ 1.700 P3: DATA_8ASE(1) ssnos *REPLYl) TO rnorscrso_surr:a(1)+++ 1.900 P3: DATA_BASE(1) rs IDLE
+++ 2.000 92: Pnorsc150_purrsn(1) necsxvss cnevc )  rnon DATA_pASE(1)
uo_;ousraarur
+++ 2.000 72: PROTECTED_BUFFER(1) STARTING OPERATION REH()
+++ 2.900 P2: PROTECTED_BUFFER(1) ssnos 00 (1nrg1 ) ‚nee  To: ACCEPTED

10 DATA_BASE(1)
+++ 3.100 r2 :  Pnorscren;aurrsat1) IS IDLE
+++ 3.000 rs :  DATA_BASE(1) RECEIVES Rn(INT:1),REPLV To: accsprsn

rnon PROTECTED_BUFFER(1)
+++ 3.000 P3: DATA_BASE(1) STARTING oPsRArrou notxu1:1)
+++ 3.900 P3: DATA_BASE(1) ssuos +Rse(sfn1ns=-A-) To rnorscr£o_purrsn(1)+++ 3.900 rs :  DATA_BASE(1) rs IDLE
+++ 0.000 72: Pnorsc1s0_aurrsnt1) RECEIVES iREPLY(ST I I l 6 :

' n ' )  rnon 0A7A_pAs£(1)
+++ 0.700 r2 :  raorscrso_purreat1) ssuos *REPLY(STRXNG='A')

To rursaracs(1)
IUFFEI_EHPTY

f IQ .  7 : Pro tec ted  Buf fe r  Execut ion  Pro toco l
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+++ 4.900 r2 :  noncre0_aurrnm IHDLE
noncrso_aurr£nm
>»  5.600 svsrsn rennxunso
>»  5 .000  mrsnncsu)  ': ENTER es“  co'muuo -
I I )  MAILBOX; SEND INS( 'B ' )  T0  PB;  SEND 1M$( 'C ' )  T0  F i j i “ .
MAILBOX 0F INTERFACE(1)

(1 ) ' *REPLY($TR1NG: 'A ' )

* * *  5 .600
+++  8 .600
* * *  5 .700

* * *  5 .700

+++ 8 .000

* * *  5 .000

+++  0 .000
ACCEPTED FROM
+++  6 .700

+++  6 .000
+++  7 .000
+++  7 .700
00_COMSTRAXMT
** *  7 .900

+++  0 .000

+++  0 .200
ACCEPTED FROM
+++  0 .700

+++  0 .000
+++  9 .000
+++ 9 .700
MO_;0ICTRAINT
+++ 9 .900
>>>  10 .000
>>>  10 .  000
- ->  8000  XNS( '
+++  10 .  000
+++  10 .000
+++  10 .100

+++  10 .100

+++  10 .200

+++  10 .200

+++  10 .600
ACCEPTED FROM
+++  11 .100

+++  11 .200
+++  11 .600
+++  12 .100
0UFFEI_FOLL
* * *  12 .300
>>>  12 .300
>>>  12 .300 ‚

' ->  IOOBSERVE,

>>>  21 .400
>>>  21 .600
I I )  MAILBOX;

( . .

P1: INTERFACE(1) SEMDS IMStST l lflez ' l ' )  T0 PROTECT50_BUFFEO(1)
P1:  IMT IRFACE(1 )  SENOS INS¢ST I ING: 'C ' )  T0  PROTECTED_SUFFER(1)
PZ:  PROTECTED_BUFFER(1) RECEIVES IMS(STRIMG: 'B ' )

FROM INTERFACE(1)
PZ:  PROTBCTEO_£UFFER(1) STARTING OPERATION IMS(STMIMG:

IB .

PZ:  PROTECTED_BUFFER(1) SEMDS UR(STRlNG$ 'B ' ‚ IMT=
Z) ‚REPLY T0 :  ACCEPTSO T0  DATA_0A$E(1)

PZ: PROTECTED_BUFFER(1) RECEIVES IN$($TRIMO:'C')
FROM INTERFACEC1)

PZ .  PROTECTED _BUFFER(1) IS  IDLE
PROTECTED _BUFFER(1)

PS: DATA _BASE(1)  STARTING OPERATION " ! (ST I IMS:
"3" , !NT:  2 )

PS: 0ATA_BASE(1) SENOS *REPLY( )  T0  PROTECTED_BUPFER(1)
P3 :  0ATA_BASE(1) IS  IDLE
P2:  PROTECTED_BUFFER(1) RECEIVES *REPLY( )  FROM 0ATA_ßASE(1)

PZ:  PROTECTED_BUFFER(1) STARTING OPERATION INS(ST I ING:
'C ' )

PZ :  PROTECTED_BUFFER(1) SEND: UR($TRING: 'C ' ‚ INT :
3 ) ‚REPLY T0 :  ACCEPTED T0  DATA_ßA$E(1)

PZ:  PROTECTED_BUFFER(1) IS  IDLE
PROTECTED_BUFFER(1)

P3 .  DATA _BA$E(1)  STARTING OPERATION U I (STMIMO:
. 'C ' ‚ IMT:  3 )

PB: DATA_0A$E(1 )  SENOS *REPLY( )  T0  P IOTECTiD_ lUFPEI (1 )
P3: DATA _BASE(1) TS IDLE
PZ:  PROTECTED _BUFFER(1) RECEIVES iREPLY‘ )  FROM DATA _ lASE(1 )

PZ:  PROTECTED_§UFFER(1) IS  IDL ‘
SYSTEM TERMINATED
INTERFACE(1) ENTER CSSA COMMAMD '

0“ )  To PB; SEND INS( 'E ' )  T0 POJRUM ("
P1:1NTERFACE(1) SENDS INStSTRINGs'D') TO RROTiCTED_BUFFER(1)
P1:  IMTERFACE(1) SENDS I IS (STRI IGS 'E ' )  T0  PIOTECTED_BUFFÜR(1)
PZ:  PROTECTED_BUFFER(1) RECEIVES IMS(STRIMG: '0 ' )

FROM IMYSREACE(1)
PZ:  PROTECTEO_00FFEC(1) STARTING OPERATION I IS (ST I I I 6 :

' 0 ' )
PZ:  PRDTECTED_PUFFER(1) SEND: UR(STRIMG: 'D ' , IMT=

1)‚REPLY„T0=‚ACCEPTED.T0 0ATA_0ASE(1)
PZ:  PROTECTED_BUFFER(1) RECEIVES INS(STRINO: 'E ' )

FROM INTERFACE(1)
PZ:  PROTECTED _BUFFER(1) IS  IDLE

PROTECTEO_BUFFER11)
P l :  DATA_BASE(1) STARTING OPERATION H I (ST I IM6:

'0 ' . I .MT:  1 )
P3: DATA_BASEC1) SEND: *REPLYl) T0 PIOYECTED_IUFF£I(1)
PB: 'DATA _BASE(1)  IS  IDLE
PZ:  PROTECTED_BUFFER(1) RECEIVES *MEPLY( )  PRO“ OATR_DIO€(1)

PZ: PROTECTED_00FFE2(1) IS  IDLE
SYSTEM TERMTMATED 4
XNTERFACE(1) -ENTER CSSA COMMAMD -
SEND REM TO PB REPLY T0  P ;  SEND REM T0  Pl REPLY to  P;RUM ( "

SYSTEM TERMIMATED '
IMTERFACE(1) : ENTER CSSA COMMAMO - " -

.A IL IDX  OF INTERFACE(1)

( 1 )
(2 )
(3 )
(4 )

*REPLY($TRING:
OIEPLY($TRING:

*REPLY(STR1NG:
*REPLY(STRING: '0 ' )

'A ' )
'B ' )
'C ' )

f ig .  7 - con t inued-
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>>>  21 .400  INTERFACE(1) : ENTER CSSA COHHAND -
">  SEND REM TO PB REPLY T0  P ;  SEND REM T0  PB REPLY T0  ‚ 100 .
>>>  24 .500  SYSTEM TERMINATEO
>>> 24 .500  INTERFACE(1) : ENTER CSSA COHHAND -
- '>  HAILBOX
HI ILBOX OF INTERFACE(1) :

( 1 )  *REPLY(STRING: 'A ' )
( 2 )  *REPLY(STRING: 'B ' )
( 3 )  *REPLY(STRING: 'C ' )
( 4 )  *REFLY(STRING: '0 ' )
( 5 )  *REPLY(STRING: 'E ' )

>>>  24 .500  XNTERFACE(1) : ENTER CSSA COHHAHD -
I I )  DUHP 0ATA_ßASE(1 ) ;  DUHP P I

#00  24 .500  RUNTINE STACK OF 0ATA_BASE(1)

FACET no_pn_yn
env: SCRIPT DATA_pAss
L INE:  11

COO. . . l . I IDOC-DCOI I IQQODI I I IO IOO. . .

[COUNT ' 5

SCRIPT DATA_§ASE
EIV :
L INE:  35

. . . . . ! . ' . . . . . . . .O . . . ‘ . . . . . . . . . . . . .

SIZE  ' 3
ANONYH I ( 1 . . 3 )
FILE(1)  I 'D '
F ILE(2)  I 'E '
FXLE(3) ' 'C '

9+9  24 .500  RUNTIHE STACK OF PROTECTED_BUFFER(1)

FACET BUFFER_EHPTY
EMV: SCRIPT PROTECTED_§UFFER
LINE:  60

SCRIPT PROTECTED_flUFFER
ENV:
L INE .  100

. . . . ' . . . . . . . . . . .Q . . . ‘ . . . . . . . . . I I . .

0ATA_BASE ' DATÄ_BA$E
DB = DATA_BA$E(1)
REH_COUNT ‘ 2
XNS_COUNT ' 2
"AX = 3

>>>  24 .500  !NTERFACE(1)  : ENTER CSSA COHHAND -
>>>  24 .600  SYSTEM TERMXNATED
HAXLBOX 0F INTERFACE(1)

(1 )  iREPLY(STRlNG: 'A ' )
( 2 )  *REPLY($TRING: 'B ' )
( 3 )  *REPLY(STRING: 'C ' )
( 4 )  *REPLY(STRIN6:"0 ' )
( 5 )  *REPLY(STRING: 'E ' )

f ig .  7 —continued—
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>>>  2 ‘ . 600  INTERFACE(1) : ENTER CSSA COI IA ID  -
I . )  SEND I lS ( 'F ' )  TO PB;  RUN; NAILBOX ( "
>>>  29 .700  SYSTEM TERMINATED
HAILBOX OF lNTERFACE(1) :

( 1 )  *REPLY(STRlNG: 'A ' )
( 2 )  *REPLY(STRING: '8 ‘ )
( 3 )  *REPLY(STRIN6: 'C ' )
( 6 )  *REPLY(STRING: '0 ' )
(S )  *REPLY(STRING: 'E ' )
( 6 )  *REPLY($TRIN6 : 'F ' )

>>>  29 .700  INTERFACE(1) x ENYEI  CSSA CORHAND -
I I )  TERMINATE ( "

00 .  29 .700  ALL EXISTING AGEIVS:

AGENT | neu  I oreunon  l nuuox

P1:  INVERFACE(1) * iREPLY ‚REPLY *REPLY *REPLY
*REPLY ‘REPLY

PZ:  PROTECTED_BUF BUFFER_EH
P3:  DATA_8A$E(1) R0_0R_HR

CSSA-SESSION-S7ATISTICS

SESSION STARTED AT 16 :52 :59 .00
SESSION TERMINATED A7 17 :06 :62 .00  O I  1931 /12 /37
REAL-TIRE USED : 823 .00  SEC.
CPU-VINE USED : 3 .06  SEC.
SIHULATION TIME USED : 29 .7000  SEC.
NUMBER OF AGENTS CREATED : 2
NUMBER OF MESSAGES SENT : ‘ !

f ig .  ? - con t inued-
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protected_buffer - monitor is create. append. remove;

rep - recordl slots:buffer‚ nonempty. nonfull: condition ]

create - prod) return: (we).
return (repflslotsbuffertcreate().

nonemptymonfull: conditionkreatd)»;
end create;

append - proc(pb:cvt‚ xzmessage) ;
if  bufferßfulbslots) then conditionßwaiüpbnonmll) end;
bufferfla ppend(pb.slots‚ x}. .
conditionSsignaKpbnonempty).
end append;

remove - proc(pb:cvt) returns (message).
if buffertemptflpbßlots) then conditim'waiüpbnonempty) end;
xzmessage :- bufferSremovdpbßlots); '
condittonSsignaKpb.nonfull)‚
return (x);
end remove;

end bounded__buffer;

f ig .  8 : Protected Buffer Monitor
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t yoo  RDER_PRIO is  sc r ip t

type  DATA_ßASE is  sor ip t ( in t :  S IZE)

var  e r ray (1 . . $ {2 f )  o f  s t r ing :  F ILE;

«acc t  RD_OR_UR is
pub l ic :  UR‚RD‚RD_ACKN;
var  in t :  RCOUNI  :=  0 )

opera t ion  UR(s t r ing :  DATA; in t :  KEY) i s
7 .919 ;

i f  KEY > 0 and KEY < -  SIZE  then
F ILE(KEY)  2 -  DATA; un l i t ;

on lopera t ion

opera t ion  Rot in t :  KEY) i s
RCOUNT :=  RCOUNT + 1 ;
i f  KEY > 0 and  KEY <=  S IZE  then

rep ly  (F !LE(KEY) ) ;  on i i f ;
enoopera t ion

opera t ion  RO_ACKN(int= COUNT) l ssor t  COUNT ' RCOUNT
rep ly ;
RCOUNT : -  0 ;

enoopora t ion

enofaoe t
l I
I I

i n i t i a l  RD_0R_\IIRI

enosor ip t ;

va r  DATA_BASE: D I ;
va r  in t :  nosn_ ;ouur  zu  0 ,
va r  boot :  F IRST_0PfR : I  t rue ;

f l co thc ld  URRS;

face t  CREATION is
pub l ic :  CREATE;

operat ion CREATE(int: SIZE) i s
DB : -  neu  DATA_BASE(S!ZE) ;
rep l i ca  by  URRS;

ondooera t ion

ana l -co t

« ice :  RDERS is
pub l ic ;  RD;

opera t ion  R0 ( in t :  KEY) i s
send  RD(KEY) to  08  inner i t ;
RDER_COUNT := nosn_;ouur + 1 ;

f ig .  9 : Readers  Pr io r i t y  Scr ip t
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a n s - c s s A-- c o n P 1 L E R > 19:1/"2/b7 15:42

—--—+—-- -1———-o—- -oz___ ,+_ -_93 - - - - . ____ ‘ - - - ‚ocpuqs- - - - ‘ - - - - ‘ . -——4-—- -1 - -  g L o C K " E $ T ] . c
57 ondoporction [-12
so I [:11
59  opern t lon  lu lu  i s  rop laco  by  Ha ls ;  +13
60 ondopnration -13
61 | | t11
62  onufncot  —11
es | I n
aß "ne t t  HRRS | :  +15
65 pub l ic :  HR;
66  va r  boo l :  FIRST_HR : -  t rau ;
67  ‘
as  opera t ion  HR(s t r ing :  DAf tx ‘ !n1 :  KEY) ass-rt FIRST_HR | :  015
69  opor :  RD_ACKN;
70 port: R_ACKu‚u_Ac1<u‚
71  _ __ - - -  ____________  - - -
72 ! !  FIRST_0PER then F!RST_pPER == f l lS . )  un t l ! )  |016-16
73  FIRST_UR : I  f a ts . )  015

74
75  I f  RDER_SOUUT > 0 then . ‚ #17
16  sand  RD_ACKN(ROER_COUNT) to  an  rep ly  to  I_ACKI ;
77  un i t  R_ACKN ; _
18 RDER_COUNT : -  o .  .
79  cnd l f ;  - 11
so send UR(DATA‚KEY) !. O I  rep ly  to  “_ACKI) 915

81  un i t  "_ACKN; .
82  endopurn t ion  . :  . - 1s
a :  | ‘ ' | v1 ‘
84 operation lu lu  i s  > . I+1 I
as | i f  not rxnsr_orsn than ra i l - 00" !  RDERS; audit;  |+19-19
86 ondoporatlon ‚ _  [ -18
87  ' 1 ‘
as  l au f -en t  - 14
89 l . 1
90  in i t i a l  CREATION -
91  -
9! ondscrlpt „‘ -1
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PIOGRAI  GENERATED ON 1981 /12 /07  AT 15 :49 :41 .00
IV  BHS-CSSA-COHPILEI (VERS. 30  SEP 1981 )

PROTOCOL OF (SSA SESSION ON 1981 /12 /37  A? 16 :02 :06 .00
. I . . . - . I I  ' - . - - -  I . . -  —. - . . - I - - I - I - . - - -

>>> 0.000 1212292c2(1) : 22122 c332 0022220 -
- -> ‚0139121

1022119122 1192 VALUE

0212_0232 302191 0212_0232
2022_9210 302191 2022_9210

>>> 0.000 121229202111 : 22122 c332 0022220 -
--> v22 20221 : 921 := 222 2022_9210
>>> 0.000 121229202111 : 22122 0332 2022220 -
--> 0922 : 20,22‚c22212: 9021 : 9:
>>> 0.000 1212292c2(1) : 22122 0332 c022220 —
--> cassava; 3220 c22212(1) 10 921; 3220 22(-2-‚1) 10 9211202
+++ 0.000 91: 1212292c2(1) s220s 022212(121:1) 10 2022_921o(1>
+++ 0.000 91: 1212292c211) 32203 221312120:-2',121:1) 10 2022_921a(1)
+++ 0.000 92: 2022_9210<1> 13 10L2 v+++ 0.100 92: 2022_9210(1) RECEIVES CREATE(INT:1) 9202 121229222111
+++ 0.100 92: 2022_9210(1) 31221120 092221102 c22212(121:

1)
+++ 0.200 92: 2022_9210(1) c222123 0212_22s2(1)(121:1)
+++ 0.200 92: 2022_9210(1) 22c21v23 22(s12120:'2-‚121:1)

9202 1212292c2(1)
+++ 0.200 93: 0212_0232(1) 13 IDLE - '
+++ 0.300 92: 2022_921o11) PERFORMS 92c211120 : c2221102 - ->  2223
+++ 0.300 92: 2022_92xo<1) 31221120 092221102 221312120:

"21,121:1)
+++ 0.000 92: 2022_9210(1) 32203 221312120:-2-‚121:1)‚229Lv 10: 2_2cxl

10 0212_0232(1)
+++ 0.900 92: 2022_9210(1) 13 1012
+++ 1.100 93: 0212_0232<1) RECEIVES 22(312120:'2',121:1)‚22921 10: 2_2022

9202 2022_9210(1)
+++ 1.100 93: 0212_0232(1> 31221120 092221102 221312120:

-2",121:1>
+++ 1.200 93: 0212_023211) 32203 +229LV1) 10 2022_9210(12
+++ 1.400 93: 0212_0232(1) IS IDLE
+++ 2.100 92: 2022_9210(1) 22c21v23 +229Lvt) 9202 0212_0232(1)
+++ 2.100 92: 2022_9210(1) STARTING OPERATION IDLE
+++ 2.300 92: 2022_9210(1) 92290223 92c211120 : 2223 - ->  20223
+++ 2.300 92: 2022_921o<1) 31221120 OPERATION IDLE
+++ 2.400 92: 2022_9210(1) 92290223 92c211120 : 20223 - -> 2223
+++ 2.400 92: 2022_9210(1) 31221120 OPERATION IDLE
+++ 2.000 92: 2022_921o11) 92290223 92c211120 : 2223 - ->  20223
+++ 2.000 92: 2022_9210(1) 31221120 OPERATION IDLE
+++ 2.700 92: 2022_9210(1) 92290223 92c211120 : 20223 - -> 2223
+++ 2.700 92: 2022_9210(1) 31221120 092221102 10L2
+++ 2.900 92: 2022_921o<1) 92290223 92c211120 : 2223 - -> 20223
+++ 2.900 92: 2022_9210(1) STARTING OPERATION IDLE
+++ 3.000 92: 2022_9210(1) 92290223 920211120 : 20223 - -> 2223
+++ 3.000 92: 2022_9210(1) 31221120 OPERATION IDLE
+++ 3.200 92: 2022_9210(1) 92290223 922211120 : 2223 —-> 20223
+++ 3.200 92: 2022_9210(1) 31221120 OPERATION IDLE
+++ 3.300 92: 2022_921o<1) 92290223 92c211120 : 20223 —-> 2223
+++ 3.300 92: 2022_9210(1) 31221120 092221102 IDLE
+++ 3.300 92: 2022_9210(1) 92290223 92c211120 : 2223 --> 20223
+++ 3.300 92: 2022_921o(1) 31221120 092221102 IDLE
+++ 3.000 92: 2022_9210(1) 92290223 922211120 : 20223‚--> 2223
+++ 3.000 92: 2022_9210(1) 31221120 092221102 10L2
+++ 3.300 92: 2022_9210(1) 92290223 920211120 : 2223 --> 20223
+++ 3.200 92: 2022_9210<1) 31221120 092221102 10L2
>>> 3.000 2221—1122 LIMIT 2xc22020
>>> 3.300 121229202<11 : 22122 0332 2022220 -
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--> 5500 0011) 10 901 REPLY 10 P; SEND NRt'B',1) 10 901; <--444 3.000 91: 1015090c5<1) 55005 RD(XNT:1)‚REPLY 10: 9 10 0050_9010(1)
+++ 3.000 91: 1015090c5(1) 55005 001510100:-0'‚101:1) 10 0050_901o(1>
>>> 3.000 10150900511) : 50150 css0 c000000 -
--> 5500 0n(1) 10 901 REPLY 10 P; 5500 0011) 10 901 REPLY 10 9;  (--444 3.000 91: 1015090c511) 55005 001101:1)‚059Lv 10: 9 10 0050_9010(1)
444 3.000 91: 1015090c511) 55005 RD(INT:1)‚REPLY 10: 9 10 0050_9010(1)
>>> 3.000 10150900511) : 50150 0550 0000000 -
--> nun; <--
+++ 3.900 92: 0050_9010(1) 95090005 900511100 : 00505 --> 0005444 3.900 92: 0050_9010(1) 51001100 095001100 10L5
444 4.100 92: 0050_9010(1) 95090005 90c511100 : 0005 - ->  00505444 4.100 92: 0050_9010(1) 51001100 095001100 10L5
444 4.100 92: 0050_9010(1) RECEIVES RD<INT:1),REPLY 10: 9

9000 1015090c5<1>
444 4.100 92: 0050_9010(1) RECEIVES RD(INT:1),REPLY 10: 9

9000 1015090c5(1)
444 4.100 92: 0050_9010<1) RECEIVES 00(101:1)‚059Lv 10: 9

9000 1015090c511)
+++ 4.200 92: 0050_9010(1) 95090005 90c511100 : 00505 —-> 0000444 4.200 92: 0050_9010(1) STARTING OPERATION IDLE444 4.400 92: 0050_9010(1) 95090005 90:511100 : 0005 --> 00505
+++ 4.400 92: 0050_9010<1) 51001100 095001100 001101:1)444 4.500 92: 0050_9010(1) 55005 001101:1)‚059Lv 10: 9 10 0010_p055(1)444 4.500 92: 0050_9010(1) RECEIVES 00(510100:-0-‚101:1)

9000 10150900511)
444 4.400 92: 0050_9010(1) STARTING OPERATION 00(101:1)
444 4.700 92: 0050_9010(1) 55005 RD(!NT:1),REPLY 10: 9 10 0010_0055(1)
+++ 4.000 92: 0050_9010(1) STARTING OPERATION RD(INT:1)
+++ 4.900 92: 0050_9010(1) 5500s RD(INT:1),REPLY 10: 9 10 0010_0055(1)
444 4.900 93: 0010_a055(1) RECEIVES 00(101:1)‚059Lv 10: 9

9000 0050_9010(1)
+++ 4.900 93: 0010_005511) 51001100 OPERATION 00(101:1)
+++ 5.000 92: 0050_9010(1) 51001100 095001100 IDLE
+++ 5.100 92: 0050_9010(1) 95090005 90c511100 : 00505 - -> 0005‚ 444  5.100 92: 0050_9010(1) STARTING OPERATION 00(s10100:

-0-‚101:1)
+++ 5.200 93: 0010_p055(1) 55005 +059Lv1510100:-0-1 10 10150900511)
+++ 5.200 93: 0010_5055(1) RECEIVES RD(INT:1),REPLY 10: 9

9000 0050_9010(1)
+++ 5.200 93: 0010_5055(1) STARTING OPERATION 001101:1)
+++ 5.500 92: 0050_9010(1) 55005 RD_ACKN(INT:3),REPLY 10: 0_0000

10 0010_5055(1) —
444 5.500 93: 0010_0055(1) 55005 +059L1(510100:-0-) 10 10150900511)
+++ 5.500 93: 0010_0055(1) 15 IDLE
+++ 5.400 92: 0050_9010(1) 15 IDLE -
+++ 5.000 91: 1015090c5(1) RECEIVES +059LY(510100:'0') 9000 0010_0055(1)
+++ 5.000 91: 101509055(1) RECEIVES *REPLY(STRING:'A') 9000 0010_p055(1)
+++ 5.900 93: 0010_0055(1) RECEIVES RD_ACKN(INT:3),REPLY 10: 0_0000

9000 0050_9010(1)
+++ 5.900 93: 0010_5055(1) 15 IDLE
+++ 4.000 93: 0010_0055(1) RECEIVES RD(INT:1),REPLY 10: 9

9000 0050_901o(1)
+++ 4.000 93: 0010_0055(1) 51001100 OPERATION RO(INT:1)
+++ 4.300 93: 0010_5055<1) 55005 *REPLY(STRING:'A') 10 10150900511)
444 4.300 93: 0010_p055(1) 51001100 OPERATION 00_0c00(101:

3)
+++ 4.400 93: 0010_p055(1) 55005 +059Lvt) 10 0050_9010(1)
444 4.500 93: 0010_0055(1) 15 IDLE
+++ 4.000 91: 1015090cz11) RECEIVES +059LY1510100:'0-) 9000 0010_005E(1)
+++ 4.900 92: 0050_9010(1) RECEIVES +059LY1) 9000 0010_0055(1)
444 7.100 92: 0050_9010(1) 55005 001510100:-0-‚101:1)‚059Lv 10: 0_0000

10 0010_0055(1)
+++ 1.200 92: 0050_9010(1) 15 IDLE
+++ 7.900 93: 0010_0055(1) 05c51v55 HR(STRING:'B'‚IIT=1)‚REPLY To: 0_0000

9000 0050_901o(1)
444 7.900 93: 0010_5055<1> 51001100 095001100 001510106:

"51.101:1)
+++ 0.000 93: 0010_0055(1) 55005 *REPLY() 10 0050_9010(1)
+++ 0.200 93: 0010_p055(1) 15 IDLE
444 0.900 92: 0050_9010(1) RECEIVES +059LVt) 9000 0010_0055(1)
+++ 0.900 92: 0050_901o(1> 51001100 095001100 10L5
+++ 9.100 92: 0050_9010(1> 95090005 90c511100 : 0005 - ->  00500
+++ 9.100 92: 0050_901011) 51001100 095001100 IDLE
444 9.200 92: 0050_9010(1) 95090005 90c511100 : 00505 - -> 0005
444 9.200 92: 0050_901o(1) 51001100 095001100 IDLE
>>> 9.300 REAL-TIME LIMIT sxc55050
>>> 9 .300  INTERFACE”)  : ENTER CSSA COMMAND -

f ig .  10  -con t inued-



ALP

* * *  9 .400  PZ: RDER_PRIO(Q) PEI!OIHO'FlC'TTINO : 9005 - ->  00005
99+  9 .400  P l :  IUER_PRIO(1 ) ‘ 3TA IT ING OPEIAT IO I  10L !
* * *  9 .500  P2 :  RDER_PRIO(1) PEIFORHS-FACETTING : ROERS - ->  URI:
* * *  9 .500  P2 :  RDER_PRIO(1) SYARTIHG OPERATION IDLE
* * *  9 .700  P2 :  RDER_PRIO(1) PERFORMS FACETTING : HRRS - ->  00505
* * *  9 .700  P2 :  RDER_!RIO(1 )  STARTING OPERATION IDLE
+++  9 .000  P2 :  RDER PR10(1 )  PERFORMS FACETTING : RDER‘ - ->  UKRS
** *  9 .000  P2 :  RDER PRIO(1 )  STKRTING OPERATION IDLE
* * *  10 .000  P2 :  RDER
** *  10 .000  P2 :  RDER
** *  10 .100  P2 :  RDER
** *  10 .100  P2 :  RDER
** *  10 .300  P2 :  RDER
** *  10 .300  P2 :  ROER II

 
l 

I 
II

 
l 

!

>>>  10 .700  REAL-TIME L IM IT  EXCEEDED
>>> 10 .700  INTERFACE(1) : ENTER CSSA COMMAND °
I I )  TEIHINATE

++ .  10 .700  ALL EXISTING IGENTS:

AGENT ' l  FACET | OPERATION I

P1: I ITEIFACE(1) *
P2: IDEI_PRIO(1) * UR I !  ‘ IDLE
PS: 0ATA_BA$E(1) .n9‚on_yn

€StA—850510I°STATIIYICS
. . - - - - - - . -—I . - - ' - . . - - - -

SESSION STARTED AT 15 .  56 :03 .  00
SESSION TERMINATED AT 16 :  17 :13 .  00  OI  1901 /"2 /07
REAL- TIME USED : 1270.  00 &EC.
CPU- TIME USED : 2 .  07 SEC.
SIMULATION TIME USED : 10.7000 SEC-
NUMBER °F  AGENTS CREAIED = "2  -
IUHIER °F  MESSAGES SEIT s' 10

PR10(1 )  PERFORHS FACETTING
PRIO(1 )  STARTING OPERATION
PRIO(1 )  PERFORMS FACETTING
PRIO(1 )  STARTING OPERATION
PR!0 (1 )  PERFORHS FACETTING
PR10(1 )  STARTING OPERATION

** *  10 .600  PZ :  RDER_PRIO(1) PERFORMS FACETTING
** *  10 .400  P2 :  RDER_PRIO(1) STARTING OPERATION
+00  10 .600  P2 :  RDER_PRIO(1) PERFORMS FACETTING :
* * *  10 .600  PZ:  RDER_PR10(1) STARTING OPERATION
** *  10 .700  P2 :  RDER_FRIO(1) PERFORMS FACETTING
{* *  10 .700  P2 : ‘RDER_PRIO(1 )  STARTING OPERATION

: unas -—$ uncut
IDLE
: RDERS --> unns_
IOLE.
: unns --> RDEIS
IDLE
: RDEIS —-> vans
IDLE

HRRS -—> RDERS
IDLE .
= RDERS ->  an:
IDLE

HAELIOX

*IEPLY *l lPLY *lfiPLY

f ig .  10  ‘ con t inued-
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All

readers_priority - monitor is create,
startread,
endread.
startwrite.
endwrite;

rep - record[readercount: int,
\ busyzboolean,

readers, writerszcondmon];

create - proc() returns (cvt);
return(rep8{readercount: 0,

busy:false‚
readers,writers:€onditlonkreatemx

end create; ‘

startread - proc(mzcvt);
if  m.busy then conditionSwameaders) end;
m.readercount:- m.readercount . I:
condntionSsignaKmJeaders).
end startread;

endread - proc(mzcvt);
m.readercount:- m.readercount - !;
i f  m.readercount:-O

then conditionSsignaKmMtiters)
end;

end endread;

startwrite - proc(m:cvt);
if m.readercount > 0 l m.busy

then conditionSwait(m.writers)
end;

m.busy:=true;
end startwrite;

endwrite - proc(mzcvtk
mbusyzsfaise;
if conditionßqueudmxeaders)

then conditionSsignaKmJeaders)
else conditionSsignaKmmriters)
end;

end endwrite;

end readersgriority;

f ig .  113 : Readers Pr io r i t y  MonitOr



All

protected_data_base - cluster I: cramming „

rep - recordlm: mders_pribritj,d: database]

create - proc()nturns(cvt);
return (repflm: Radempflorlgykrateo.

d: danja's‘ekreatd»).
end create,

rad - proc(pdb: cvt) retuxns(data);
readempriority’startread(p;ib.m);
x:data z-data_base8read(pdb.d);
readersgriority'endread(pdbm);
return (x);
end read;

write - prodpdb: cvt, Xtdata). '
readers_prioritytstartwritdpdbm);
data_base8write((pdb.d, x),
readerxgriorltykndwritdpdbmk
end write;

end protectedjatLbae.

f ig .  11b : Readers Pr io r i t y  Pro tec ted  Resource Module



An

first_come_first_serve - monitor i s  create. startread. endread‚'startwrite‚ endwrite;

rep - record[ busy: boolean,
readercount: integer,
users. writer: condition]

create - procO returns (cvt). ‘
return(rep8{b_usy:fa.lse‚ readercountzo. users, writer: conditionßcreateO};
end create; ‘

startread - proc(m: cvt)
if m.busy | conditiontqueudmmriter) | conditiontqueudmmers)

then conditionßwait(m.users)‚ ,
end;

..m.readercount:-m.readercount . |;
aconditionSsignaKmusers); istart all readers
end startread;

endread - proc(m:cvt);
mxeadercount :- m.readercount - 1;
if m.readercount - 0

then if conditionflqueudmmriter)
. then condition8signa](m.writer)

else conditionßsignaKmmers)
end-.

end;
%anyone on the writers queue has been waiting longer than those on users queue
end endread;

startwrite - proc(m:cvt);
if m.readercount > O | m.busy

then conditionSwait(m.users);
end;

if m.readercount > 0
then conditionSwait(m.writer);
end;

m.busy : -  true;
end startwrite;

endwrite = prodmzcw),
m.busy:=falsc;
conditionSsignaKmusers);
end endwrite;

end first_come_first_serve;

f i g .  12  : F i r s t  Come F i rs t  Serve  Mon i to r
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- - - -9--- -1surety-é-EQQ;E§-hurz =
t ypo  ALAIH_CLOCK I !
ucr ip t

vor  In t :  uau .z -  0 ;

Fncoc  REGISTRY Is
pub l ic :  T ICK,VAKE_!£ }

‘s fit : ” '  744 n L o c K n E s T I I c

I . 1

r :
f ace t  RESUME ls  _ + !

pr iva t . :  unxs_yr ‚

operation UAKE_yP(Int: Tin!)  ass-re trfltinbu“ti +4
| rep ly ;

ondopura t lon  - (
hs

operation id ! -  I :  loavb; |+S
endopuraejon ”5

ondfncot 153K
) ' 2

operation unxe_nz(|ne= nsLAv_xxns) i i  u +6
opcr :  UAKE_pP;

cc DELAY_TIHE <- a than tool!) _ g:, , . a“ ,  |+7
.1:- send HAKE_UP(DELAY_IINE + how) to t i l !  Inhorlt)  on l i f .  - 7

onion-ration „ I - 6
I n

oporat lon  TICK ls  + .
now := neu + 1 ;
se tup  Resume;

Indaqprl t tpn - I
* !

ca l f -cot  l - z
*1

ln l ‘ io l  REGISTRY

ondser lpe  —1

f ig .  13 : AlarmcLock Script (Wrong Solubipn)
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- - - -O - - ' - 1 - " ' * " "Z - - - -O - - - - 3" - -O ' - -—‘ - -~ -+ - - - - § - - - -+ - - - - 6 - - - - § - - - - 7 - -
t ype  ALARH_CLOCK is
scr ip t

Focet  REGISTRY is
pub l ic  : T lCK.UAKE_nE;

type CALL_ELEH is  reoero in !  : vnxz_yr_11ne‚
- ->  in t  : no_pF_ßLEEPERS;

Char -cord ;  .
re le t i en  CALL_LIST o f  CALL_ELEH;
vor  in !  = N09  : -  0 ;

Fecet  RESUHE is
pr ive te  : BAKE _UP;

operat ion MAKE _UP( int  : T l IE )  eeeere TIRE I '0“  l l
rep ly ;
f ind  CALL_LIST(T1HE)  ->  CE ee

i f  CE .N0_0F_§LEEPERS I 1 then
oo le te  CE in  CALL_LIST1
leave ;

o ise  CE.  N0  _OF _SLEEPEIS : -  CE .  no_OF_§LEEPEI8 - 1 ;
end i f ;

enof ind ;
ondopere t ien

la i r -co t

opera t ion  HAKE_HE( in t  : OELAY_TIHE) ! :
oper  : UAKE_pP;
vor  CALL_ELEH : C ! )

i !  DELAY_T IHE  cu o then rep ly ;
e lse  f ind  CALL _L IsT(DELAY_TIHI  + non)  -> CE1 In

| CE1.  NO _OF _SLEEPERS . -  c51 .no _OF_SLEEPEIS 9 11
o therw ise  do

CE.HAKE_yP_I IHE : -  DELAY_T I IE  % low.
CE.NO_OF_SLE!PERS : .  1 ;
i nner t  CE in to  CALL_L is t ;

end f ind ;
send  UAKE _ur tosLAv _T lnE  & now)  to  se l f  inner i t ;

end i f ;
on ion - ra t ion

opera t ion  TICK ie
NON :=  now + 1 ;
f ind  CALL _L15Tt lou )  ->  C !  do
I setup RESUME,
endf ind ;

endopere t ion

enofeoet

in i t i a l  REGISTRY

endscr ip t

f ig .  14_ : Alahmclock Script (Correct So lu t i on )
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Au

PIOGRAH GENERATED ON 19 .1 / “2 /22  AT 11 :59 :3 ‘ . 00
IY  INS-CSSA-COHPILER (VERS. 30 SEP 1901)

PROTOCOL OF CSSA SESSION ON 1932 /01 /30  AT 11 :05 :29 .00

>>> 0.000 tursnsnc£(1) : ENTER cssA connAuo -
1-> .ozsrLAv _ (..

IDENTIFIER TYPE VALUE

ALAII_CLOCK SCRIPT ALAnn_;Locx

>>> 0.000 IflTEIFACE(1) : ENTER cssA connnno —
- ->  vun AGENT : AC . -  neu ALARH _CLOCK) (-1
>>> 0.000 INTERFACE(1) : euren cssa connauo -
- ->  070: . 11cx‚unxs_ns;ronr : r <-+
>>> ‚0.000 xursnrncet1) : ENTER CSSA connAnn -
- ->  onssnvs‚ <- '
>>> p.  000 xursnrAcs(1) : ENTER CSSA connAuo -
- ->  ssnn HAKE _n:(3) To ac REPLY TO P; Run <- -
+++ 0 .  000 71. INTERFACE(1) ssnns MAKE _ns1xnt : !1 ‚n£e  to;  r

. : to ALARn;CLOCK(1)
+++ 0.000 PZ- ALAIN _CLOCK(1) rs IDLE
+++ 0.100 P2. ALARM _CLOCK(1) RECEIVES unxeinsxlur. 31,0;PLV TU; r

FROM INTERFACE”)  _
+++ 0.100 Pz: ALARN_;Locx(1) STARTING orsuArrou w£_nE(1 l r :

3)
+++ 0.700 P2: ALARH_CLOCK(1) stuns qs_yP(x l r=s ) ‚nee  10: P

To ALAIH_CLOCK(1)
+++ 0.700 92: ALAnn_gL0cx(1) nscsxvss qe_ur (1n7=3 ) ‚use  70: P

. rnon ALAnn_;L0cx(1)
+++ 0.700 02- ALAnn_cLocx(1) IS xoLE
>>> 0.700 svsren t l lNAYID
>>> 0.700 1ursnrncst1> : ENTEI cssA connnno -
- ->  senn‘tzcx to  Ac;nuu <- -
+++ 0.700 r1 .  rutsnrnc511) ssuos rxcxt) T0 ALAIN_CLOCK(1)
+++ 0.000 P2. ALARM _CLOCK(1) RECEIVES TICK() raga xutearacscga
+++.-„ 0.000 PZ- ALAnn _CLOCK(1) SIARTING orsnartou 71cx(1‚.
+++ 1.000 pz- ALARM _CLOCK(1) as IDLE
>>> 1.000 SYSTEM TERMINATED
>>> _14000 „ ;nvsnrncs (1>  : guten css. 0000000 -
- ->  SEND UAKE _HE(2) TO AC REPLY TO P .  RUN " '+++ 1.100 P1.1NTERFACE(1) ssuos WAKE ne<xnr. -2)‚fliPLY to: P

To ALARM _CLOCK(1)+++ 1.200 P:: ALARH_CLOCK(1) nicexves~uaxs_nttxurr2).lsptv To: !
rnon INTERFACE(1)

+++ 1.200 PZ: ALARH_CLOCK(1) sranrzue OPERATION unxe_ne1xu7=
~ 2)

+++ ~ 1.000 P:: ALARH_CLOCK(1) ssnos unxz_up(q=s> ,nse  70: F
T0 ALARH_CLOCK(1)

+++ 1.600 P2: ALARH_CLOCK(1) RECEIVES HAKE_MP(INI:3),IEPLY To: 9
„ rnon ALARN_CLOCK(1)+++ ‘ 1.100 P2: ALAan_;Locx(1) IS IDLE

>>> 1 1.000 svsrsn TERMINATED
>>> 1.500 INTERFACE(1) = ENTER CSSA connAno -
- ->  szuo rxcx to AC - (--. . .  1.000 P1: INTERFACE(1) seuns TICK() To ALAnn_;Locx(1)
>>> 1.500 xnvsnr1cs<11 : ENTER cssn connnnn -
==> TRACE AC; ssno TICK TO AC; nun <"
+++ 1.100 P1: 1NTERFACE(1) ssuns TICK() To ALAnn_;L0cx(1) . —
+00  1 .700  P2 :  ALARH_£LOCK(1) RECEIVES T ICK! )  FRO" INTERFACE( ) )

315 .  1S 1 ‘A lä rmc lock  Execut ion  Pro toco l



>>>
>>>
. . )

>>>
cc )

#00
#90

>>>
>>>
zu )

1 .700

1 .700
1 .700

1 .700

1 .900

1 .900

1 .900
1 .900

1 .900

1 .900
1 .900

2 .600

A2?

TRACING ALARH_£LOCK(1) / REGISTRY
SEARCHING NEXT_flESSAGE
FOUND : UAKE_UP( INT:3 ) ‚REPLV To :  P
SEARCHING NEXT_HESSAGE
FOUND : UAKE_HP( INT=3) ,REP£Y To :  P
SEARCNING NEXT_fiES$AGE
FOUND : T ICK( )
STARTING OPERATION T1CK( )
L INE  65 :  NOV : I  Z
L INE  66 :  UAKE_BP_TINE : I  2
L INE  46 :  RECORD NOT FOUND

REAL-TIME LIMIT  EXCEEDED
INTERFACE(1) : ENTER CSSA COIIAND -

(..

INTERFACE(1)  : ENTER CSSA CONIAND - ( "

TRACING ALARN_CLOCK(1) / REGISTRY / TICK ___—___—

TRACING ALARN_£LOCK(1) / REGISTRY
SEARCHING NEXT_flES$AGE
FOUND : HAKE_NP( INT:3 ) ,REPLY To :  P
SEARCNING NEXT_HESSAGE
FOUND : HAKE_UP( !NT:3 ) ,REPLY to :  I
SEARCHING NEXT_NESSAGE - NO MESSAGE FOUNO

P2:  ALARH_CLOCK(1 )  IS  IDLE
P2: ALARH_£LOCK(1) RECEIVES TICK()  FRO" I ITEIFACE(1)

TRACING ALARH_£LOCK(1) / REGISTRY
SEARCHING NEXT_HESSAGE
FOUND : HAKE_UP( INT:3 ) ,REPLV to :  P
SEARCHING NEXT_fiESSA6E
FOUND : HAKE_UP( INT:3 ) ,REPLY To :  P
SEARCHING NEXT_flESSAGE
FOUND : T ICKI )
STARTING OPERATION T ICK‘ )
L INE  65 :  NOV : l  3
L INE  46 :  HAKE_UP_TIHE : I  !
L INE  ‘6 :  RECORD FOUND

REAL-T IRE  L IH IT  EXCEEDED
INTERFACE(1)  : ENTER CSSA CONNAND -

(..

TNACING ALANH_£LOCK(1) / REGISTRY / T ICK
LINE 47 :  FACETTING : REGISTRY - ->  NESUHE
SEARCHING NEXT_!ESSAGE
FOUND : HAKE_UP( INT:3 ) ,REPLY T0 :  '
L INE  16 :  TIME : I  3
STARTING OPERATION HAKE_pP( I IT :3 )

mucus ALARILCLOCKH) / Resume / HAKEJIP
LINE 17: ssuo memo To msnnceu)

TNACING ALARH_CLOCK(1) / RESUME / NANE_U'
L INE  18 :  UAKE_9P_TIHE : I  3 ’
L INE  18 :  RECORD FOUND
LINE 22 :  N0_0F_SLEEPERS : I  1

TRACING ALARH_£LOCK(1) / RESUME / NANE_”P ___—__—

TNACING ALARH_SLOCK(1) / RESUHE
SEARCHING NEXT_HESSAGE
FOUND : UAXE_UF( INT:3 ) ,REPLY T0 :  P
L INE  16 :  TIME : .  3
STARTING OPERATION HAKE_HP(INT=3)

f ig .  15  -con t inued-



AIR
REAL-TIN! LTNIT EXCEEDED
TNTERFACE(1) : ENTEN CSSA CORHAND ‘

P1: lNTElFACEl1) RECEIVES i IEPLY( )  ruou ILANN_$LOCK(1)

rucrua ALAnn_CLocxm / “sun: / UAKEJJP _______
LINE 17: ssuo tREPLY( )  T0 xursnrncs(1)

TNACING ALARH_FLOCK(1) / NESUNE / HANE_”P
LINE 10:  NAKE_0P_IXNE : I  3
LINE 18 :  RECORD FOUND
LINE 20: RECORD DELETED

___—___—

TRACTNG ALARN_CLOCK(1) / NEIUNE I NANE_”P
LINE 21: FACETTING : NESUNE -—> REGISTRY

TNACTNG ALA!"_CLO€K(1) / REGISTRY
SEAICNXNG NEXT_IESSAGE ' NO NESSÄGE FOUND

PZ:  ALARM _CLOCK(1) IS  IDLE
P1:  INTERFACE(1)  RECEXVES *NEPLY( )  FRO" ALARH_CLO0K( ‘ )
SYSTEM TENHINATED
INTENFACE(1) : ENTER CSSA CONHAND -

" )  SEND UAKE_flE(0) T0 AC REPLY T0 PJRUN

>>>  1 .600
>>>  2 .600
- ->  000
060  2 .600

___ 2 .700

___ 2 .700

___ 8 .100

___, 3 .100

o++  3 .100
+¢+  3 .600
>>>  3 .700
>>>  3 .700

99+  3 .700

+66 3 .000

___ 3 .000

___ 6 .000

6 .000

____ 6 .000

6 .000

664 6 .000
>>>  6 .000
>>>  6 .000
I I )  NOTNACE AC
>>> 4 .000
" )  TENHINATE

P1: INTERFACE(1) SENDS UAKE_!E(INT=0)‚NEPLY To: '
TO ALARM_CLOCK(1)

P2: ALAIN_CLOCK(1) RECEIVES NAKE _NE(INT. °)‚REPLY to :  P
FRO! INTERFACE(1)'

TRACING ALARN_£LOCK(1) / REGISTNY
SEARCHING NEXT_flESSAGE
FOUID : HAKE_HE(INT=0),REPLY T0: P
LINE 2 | :  DELAY_TIHE = .  0
STARTING OPERATION HAKE_HE(XNT=0)

TRACING ALARH_£LOCK(1) / REGISTRY / VAKE_HE
LINE 32 :  SEND *NEPLYl) To INTEIFACE(1)

TRACING ALARH_£L0€K(1) / REGISTRY / NAKE_IE ___—___—

TRACING ALARH_SLOCK(1) / REGISTRY / NAKE_”E

TRACING ALARN_$L0£K(1) / REGISTRY
SEAICNING NEXT_HESSAGE ' NO HESSAGE FOUND

PZ: ALARN_CLOCK(1) IS  IDLE
REAL-71H! L IH IT  EXCEEDEO
INTERFACE(1) : ENTER CSSA COHHAID -

INTERFACE(1) z ENTER CSSA COHNAND -

+++ mono ALL EXISTHIG assure:

AGENT r mer  | oPEaATxou | MIL“)!

m ruvsnncsm * ausm ‚ um

P2: ALARH_CLOCK(1 REGISTRY

CSSA-SESSTON-STATISTICS

SESSION STAITED AT 11 :05 :24 .00
SESSION TERMINATED AT 11 :15 :67 .00  OI  1902/01 /1 .
REAL-TIME USED : 623 .00  SEC.
CPU-TIME USED : 2 .02  SEC.
SIHULATION TIME USED : ( ‚ 0000  SEC.
NUNBER OF AGENTS CREATED : 1
NUNBER OF MESSAGES SENT : 11

f ig .  15  -con t inued—
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‚m

alarmclock - monitoris create, wakeme, tick;

pq_-priority_queue;

rep- recordEwakeup: pq, now: int];

create - procO returns(c'vt);
return (repflwakeupz pcreateO. now: 0»,
end create;

wakeme - proc(ac: cvt. time: int)
alarmseuing: int.  - timeoac.now;
while ac.now < alarmsetting do

pqaiKac. wakeup. alarmsetting)
end;

%:he while statement is necessary because the first process on the
%queue is awakened every tick.
pq85ignaKac.wake-up). “
%in case the next process has same wakeup nme.
end wakeme;

tick - procedure(ac:cvc);
ac.now :- ac.now + !;
pq8signai(ac.wakeup)‚
end tick;

end _ alarmclock;
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operat ion FXID_}OLUT10l(-> I ) “ I  04

vor In t :  ! ,  A l l _Q; '
var u f f - ‚ ( i . . l )  . !  too l :  no t_POSSXILEJ
por t  : OK)
npor : AHS! ! ! )
funetlnnnnnd osusrlxuo(lnc = u) rag-rub ätr luu acttriüi‚

l l  nnt( «(n) - o) los
then log in  O I

var  s t r ing  : ASH ;

Asa :-,'0np.go$lfitonVlgo-' & OiflitlllßllQ .
I I I  ' queen: in  x ' ;
l oop  fu r  ! I n  1 . . I - 1  In +7
| ASH a -  ASH + SENSYI I I 6 ( ° (1 ) )  + ' , ‘ 4
aud io -p ;  - 1
ASH : -  ASU + . l l ß f l l lfl tfl t I 395  i 6

son .  A lsu t l tAsv )  to  in to r 'ncn  rep ly  to  0 ! )
O i l !  OK)
and "ll I "

a ls .
long for ! I n  1 . . l  un i ] .  noc(  I l l )  - 0) +0
I « .  Auz_p : I  Anz_g + 1 ,
ana l -op  - .
| i l . !
con fo r  1 i n  1 . .A l2_fl  lo  " ,

IOT  _P0881 ILE(O¢ I ) )  x -  t ra t ,
I f  0(1) + (Al l  _a - I )  + 1 < -  ' tun. *10
| nor _ rossraLq(x )  + Auz_n — 1 o 1) ‚ .  tron;
ond i f ;  “10
! !  0( I )  - (A l l  _. - I )  - 1 >3  1 Chin ' °11
| nor rossxaL£(e(1) - (Auz_n — x) - 1) : -  trio;
nnd i f ;  ' 11

und loop  I - 9
1::

cap for x I n  1 . .fl  ‘. |012
I f  no t  N°T_ IOSSXBL£( I )  til. 01 !

0(ANZ_Q . 1 )  : I  I ;
sand FIHO;§0LUTIOI(O) I. n.. ounnodnt l ) ;

nad i r ;  ' 1 !
puiloop; I -12
ondlf; "5
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| onloporotlon
ana l - ea t

ln lflo l  onu_nc!n
onooer loc ;

Inca !  ONLY_fACET I l
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nooroe lon  rgun_soLurxout |ne=  ! )  ass -r t  I > o l o

vor In t :  ! ;
vor  orrou  ( 1 . .N )  o!  In t :  FIRSI_30H;
port  : OK;
opor  : ANSHER‘

I !  I - 1
tnon

sono  AISHER('For ono  quoon so lu t ion  io  n 1 ' )
to  In t - r i l e .  rep ly

uo l t  OK;

a l so
loop  Oor  ! In  1 . . l  lo

F IRST_noU(1)  :— 1 ;
sand  FIND_SOLUY!0I (F1RST_ non)

ond loon;
ana l ! )

ondoporot ion

ooorot lon  ST?PG | :

t oro lno ton

on ion-ra t ion .

onofooot

In i t ia l  ONLY_I?CET

ondocr lo t
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A32.

PROGRAM GEIEIATED OI 1902 /01 /1 '  AT 11 :26=3$ .00
IV IRS-CSSA-COHPILEI  (VERS.  30  SEP 1901)

PROTOCOL OF CSSA SESSION ON 1902 /01 /00  AT 11 :43 :19 .00

>>>  0 .000  INTERFACE(1) : ENTER CSSA COHHAND '
", ;DTSPLAY ( "

l 0fiNTlFIER TYPE = . VALUE

000€  , SCRIPT ‘~  IODE
0005003  SCRIPT "QUEENS

>>> 0 .000  !NTERFACE(1) : ENTER CSSA COMMAND °
I I )  VAR AQEIT | IO : !  NEU “QUEENS; OPER : FI00_SOLOT100  ("
>>>  0 .000  INTIRFACE(1)  : ENTER CSSA COMMAND -
I I )  OISERVI;  SEND FIND_SOLUT!ON(4)  TO N01RUN _ <. -
***  0 .000  P1:  INTERFACE(1) SENDS FIND_80LUTIOI( IÜT: ‘ )  T0  IOUEEIP(1 )
+++  0 .000  P2:  NOUEENS(1) IS  IDLE , «
+++  0 .100  P2:  NO0EEN$(1)  RECEIVES F INO_SOLUTION( INT=4)  FRO! INTERFACEI1)
+++  0 .100  P2:  NOUEENS(1) STARTING OPERATION F IND_§OLUYION( IHT:

4)  .
+++ 0 .500  P2:  IOU IENS(1 )  CREATE! 000E(1 ) ( !NT:6)
***  0 .500  P2:  NOUEENS(1) SERDS FIND_$0LUTION(IIT:1 ‚ INT:

. 0‚ INT:0‚ INT=0)  T0  NODE(1)
+++ _ 0 .500  PS:  NOOE(1) IS  IDLE
+++ 0 .700  P2:  IQUEENS(1)  CREATE! NOOE(2 ) ( INT :4 )
+++ 0 .700  P2:  IOUEENS(1)  SENDS FIND_SOLUT!0N(INI :2 ; INIJ

0 ,1NT:O , INT:D)  T0 IOB I (2 )
+++ 0 .700  " :  IODEIZ)  IS  IDLE  '
***  0 .000  P4:  NODE(2) RECEIVES F IND_SOLUTION( INT:2 ‚ I IT=

0‚ INT:0‚XIT:0 )  FROM NOUEENS(1)
***  0 .800  P4:  NODE(2) STARTING OPERATION FIND_SOLUTIOI( ! IN:

2 ,1NT:O , INT:O , INT:O)
+++ 0 .900  P2:  NQUEENS(1) CREATES IODECI) ( INT=‘ )
+++  0 .900  P2:  NflUEEN$(1)  SENDS F IND_SOLUTION( !NY=S, I IY=

_ 0 ,1NT:O‚INT:0)  To  NO0E(3 )
+++ 0 .900  P5:  NO0E(3)  IS  IDLE
+++ 1 .000  PS:  IODE(3 )  RECEIVES FIND_SOLUTXON(IIT: ! , I IT:

0 .1NT:0‚ INT:0)  FROM NGUEENSC1)
+++  1 .000  F5:_NODE(3)  STARTING OPERATION F IND_SOLUT10N( ! IT :

3 , !NT :O , I IT :O , INT :O)
+++ 1 .100  02 :  NOUEENS(1) CREATES NO0E(4) ( INT:6)
+++  1 .100  'PZ:  NOUEEIS(1)  SENDS FINO_SOLUTION(INT: ‘ ‚XIT=

0 ,1NT:0‚ INT:0)  TO NODEC‘)
+++  1 .100  -P6:  NODE(4) XS IDLE
***  1 .100  P2:  NOUEENS(1) !S  IDLE
+++ 1 .100  P3:  NODE(1)  RECEIVES FIND_SOLUTION(!NT=1 , I IT=

0 ,10T:0 , INT=0)  FROM IOUEENS(1 )
+++ 1 .100  P3:  000€(1 )  STARTING OPERATION F IND_SOLUTIO I ( I IT :

1‚ INT:0‚ INT:0‚ INT:0)
***  2 .300  PS:  000E(3 )  CREATES N00£($ ) ( INT:4)
***  2 .300  VPS:  NODE(3)  SENDS F IND_SOLUTION( INT:3 , I IT :1 , I IT :

0 ,XNT=0)  TO "005(5 )
+++  2 .100  P7:  NODE($)  IS  IDLE
+++ 2 .400  P6:  NO0E(2 )  CREAYES N005(6 ) (XNT=6)
***  2 .600  " :  IODE(2 )  SENOS FXND_$0LUTXON(INT=2‚I IT=‘ ‚ I ITS

0 ,1NT:0)  TO NODE(6)

f i g .  18  : N-Gueens Execut ion  Pro toco l
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+++ 2 .400  92:  monate)  I s  IDLE .
+++ 2 .500  92:  uoos te )  RECEIVES FIND_SOLUT!0H(!NT:2, I IT:

+.1NT:0‚1NT:0)  rnon noostz )
+++ 2 .500  94:  nons(z)  Tennxnnreo
+++ 2 .500  92:  Monate) SYARTING OPERATION FIND_50LUTIOI( INT:

, 2 ‚ INT :4 ‚ INT :O ‚ INT:O)
+++ 2 .500  93:  uoos(1) CREATES noos(7) (1u9++)
+++ 2 .500  93:  NODE(7) IS  IDLE
+++ 2 .500  93:  uoos (1>  ssuns 91N0_s0LUTION(1n1:1‚xuf:3‚xut:

0 ‚xu7 :0 )  TO nooet7)
+++ 2 .500  93:  NODE(7) RECEIVES 91N0_50Lu710u(xnr:1‚1u7:

3 ‚xNT:0 . INT :0 )  Fnon uons(1)
+++ 2 .500  93:  nons(7) STARTING OPERATION FIND_SOLUTIOI( I I7:

, 1 ‚ ru r :3 ‚ tnv :o ‚1nr :0 )
>>> 2 .500  REAL-TIRE L IMIT  sxcssnso
>>> 2 .500  INTERFACE(1) : ENTER CSSA connAun -
==> ‚STATUS ( ' -

+++ 2 .500  ALL sxxsrxus AGENTS:

AGENT l FACET - [ 09:0A710n l nAILaox

91: INTERFACE(1) +
92:  uouasus(1) ouLv_rAc:
93: nooet1> + ONLY_FACE 9190_50Lu u
95: uooet3) + ONLY_FACE F1ND_$OLU_ u
P6: uons(4) ONLY_FACE
97: u00£(5)  ONLY_FKCE
92:  MODE(6) + ONLY_FACE 91n0_30Lu u
93: NODE(7) + 0NLY_FACE Flnn_soLu u

>>> 2 .500  INTERFACE(1) : ENTER CSSA connAno -
- ->  ‚svssrnTus < . .
+++ 2 .500  svsrsn STATUS:

PROC. | UTIL.  | AGENTS

P1 1002 1MTERFACE<1>+
92 ox nons(¢ ) *  NOUEENS(1)
93 sex "005 (7 )+  uoos(1)+
94 sax
95 aux u005(3>+
95 1x uonst4)
97 1% "005 (5 )

aus I UTIL.  [ unsas | Ave-an  l MESSAGES

01 5% 4 0 .00
02 4x 2 0 .00
as 5% 2 0 .00
as 5x 2 0 .00
as ox 1 0 .00  91!0_50Luvxon
as 1x 0 0 .00

>>> 2 .500  rursnrncec1) : ENTER CSSA connAuo -
- ->  ;RUN , . <--
+++ 2 .600  95:  none(+) RECEIVES Fluo_soLurxou(1uT=4,rut:

0 ‚xnr :o ‚xn7 :0 )  9200 noussu3(1)
+++ 2 .600  90:  nons(4) STARTING OPERATION FIND_SOLUTIOI(IIT:

4 ,1NT:o ,xur :o ,q :o )
+++ 2 .700  95:  noos(3) TERHINATED
+++ 3 .600  97:  "00215;  RECEIVES rrno_50L0710n(1n7:3‚xur:

1 ,1nr :0 ‚1n7 :0 )  raon Hab i ts )
+++ 3 .000  97:  nonst5) STARTING OPERATIQN 91n0_50Lurrol(ruT:

3 ‚ ru r :1 ‚1ur :0 ‚xur :o )
+++ 3 .000  96:  N00: (4 )  CREATES none<a><rur:+)
+++ 3 .000  96:  N00£(+) ssuos 91n0_50Lur ton(1u7:4 ‚ lur :1 ‚ lu tz

0 .1nr :0 )  T0 nonet s )
+++ 3 .000  9+:  none t l )  1s IDLE

f ig .  18  -con t inued-



444
444
444
444
444

444

444

>>)

I . )

444
444

444
444
444
444

444
444

444

444

444

444
444
444

444

444

>>)
) ) )
. . )
444
444

444
444

444
444

444

444
444
444

444

444

>>>
>>>
n . )

444
444
444
444

444
444

444

444
444
444
444

5 .000
5 .000
6 .100
6 .100
6 .100

4.106

..1oo

6 .100
6 .100

1000
6 .200
6 .200

6 .600
6 .600
6 .000
6 .000

6 .900
5 .200

5 .600
5 .600
5 .600

5 .600
5 .600
5 .000

1000
6.600
6 .600

7 .000
7 .000

7.006.
7 .100

7 .100

7 .200
7 .200
7 .200

7 .200

7 .200

7 .200
7 .200

‚ 000
7 .500
7 .700
0 .000
0 .000

0 .000
0 .100

0 .100

0 .200
0 .600
9 .300
9 .300

l\1lq

rs :  l 00 ! (1 )  CREAYES noog(9 ) ( t l t : 4 )
rs :  uoo: (9 )  I s  IDLE
ro :  NODE(6) CREATE: nonE(1o) ( luT:4)
P6: ~00£(10) IS  IDLE
Pb: uooE(4) ssnos FIND_$0LUTIou( INT:4 ‚ lnT:2 ‚ ! l ts

o ,xu1 :0 )  To noost10)
ra :  uooz<1o) RECEIVES F IND_:0LUTIou( ! IT :6 , I I tn

2 .1NT:n ‚xn1;0 )  FROM uoo: (4 )  '
Ps: nonst1o> STAlTlNG OPERATION F!ND_§0LUTI°I (XIT:

6 .1MT:2 . INT:0 , INT:0 )
REAL-TIME L lH IT  EXCEEDED
INTERFACE(1) : ENTER CSSA connauo — <

. -

PZ: uooe(b) CREATES "005 (11 ) ( Iu1 :4 )
92:  NODE(6) ssuns F IND_§0LUTION( INT: : , I I 1 :4 . I IT :

1 ‚ INT :0 )  To non£(11)
P2: neuste) TERMINATED
P7: "005(11)  I s  IDLE
P3: “005(7 )  TERHINATED
P3: NODE(1) senos FIND_SOLUTIOI(INT=1‚lNT:6.l lTs

0.1NTzo) To N00£(9)
PS: uonE(1) TERHINATED
PS: nonE(9) RECEIVES FIND_SOLUTION(I IT:1, I IY:

6 ‚ INT:0 ‚ INT=0)  FRon nonst1)
rs :  uon£(9) STARTING OPERATION Fxnn_30Lurxou(I IT:

1 .1NT:6 ‚ INT :0 ‚ INT=0 )
r . :  uon£(s) RECEIVES FIND_50LUTION(INT:4,1IT:

1 ,1NT:0 , INT:0 )  Flon noost4)
rc :  uoos<a> STARTING OPERATION Ixuo_30LUTxou(!IT:

6 .1NT:1 ‚ INT:0 ‚1NT:0)
Pa: NODE(6) TERMINATED
r7 :  noos(5) CREATE: NODE(12)(XNT=6)
P7: u00E(11) RECEIVES FIND_SOLUTIOI( I IT:2‚ ! IY=

6 ,1NT:1 ‚ INT:0 )  FROH nonstb)
P7:  NODE(11)  STARTING OPERATION F IND_§0LUYIO I ( ! IT :

z ,1u7 :4 ,xnr :1 ,1uT :0 )
r z :  NODE(12)  IS  IDLE
REAL-TIME LlnxT EXCEEDED
INTERFACE(1) : ENTER CSSA connnfln -

(I.
Po: NODE(10) TERHXNATED
P7: uoo: (5 )  ssuos FIND_;0LUT!0I(1NT=3,1NT:1‚INY=

6,1NT:0)  T0 noost12)
PS: uooztv) CREATES uonE(13)( IuT=$)
PS: uoostv) SENDS F IND_§0LUTIou ( I IT :1 , I IT :6 , I IT :

2 .xur :o )  T0 NO0Et13)
PS:  NODE(13)  IS  IDLE
ra :  u00E(12) RECEIVES F1ND_;0LBT!0N(INT=3‚I IY:

1 ,1NT:4 ‚ INT :0 )  FROM N00£ (S )
P2: uooec12) STARTING OPERATION F1N0_$0LUTlou(!l tz

3 ,1nT:1 ‚ INT:4 ‚xNT:0 )
P4: NODE(8) CREATES NODE(16)(INT:6)
P6: NOOE(16) xs IDLE

_P6: NODE(0) SENDS F INO_50LUT!0N( I IT :6 ‚ INT :1 ‚ ! IT I
3,1NT:0) T0 NODE(16)

F6: NODE(16) RECEIVES FINO_50LUTIOI(I IT:6.XUT=
1 ‚ INT :3 ‚ INT :0 )  FROH NODE(0)

P6: NODE(16) STARTING OPERATION F IND_§0LUTI ° I ( I I T I
6 ‚ INT :1 ‚ INT :3 ‚ INT :0 )

REAL-TIHE L IH IT  EXCEEDED
INTERFACE(1) : ENTER CSSA COHIAID ° (

. .

P5: noos(9) TERHIMATED
P7: uoos(5) TERHINAIED
P7: uooet11) CREATES uooe<15)(1u1:t )
P7: "005(11) ssnns F1u0_30LuTxou(tur:2.xIT:4,xut:

1,1NT:3) To nonst1s)
rs :  nonst1s> xs IDLE
PS: noos(1s) Rscsxvss rxno_;OLurxou(1NT:1‚rlr=

6,1NT:2‚INT:0) Fnon noos(9)
p3: uonst13) STARTING opsnarxou rxuo_5oLurtou(1uTx

1,1u1:4,1ur:2,1ur:0)
r7:  uoo£(11) TERMINATED
r . :  sonata) TERMINATED
PZ: noos(1z) CREATES NODE(16)(!NT:6)
P2: noos(12) senos rxnn_soLurron(lur=!‚1lr:1‚1lts

. ‚ xnr  2) ro nonet1o)
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+++  9 .300  P6 :  "005 (16 )  IS  IDLE
+++  9 .400  PS:  NODE(15)  RECEIVES F lN0_50LUT10N( IuT=2 ‚ IflTz

4 , !NT:1 , INT :3 )  FROH N00£ (11 )
+++  9 .400  P5 :  "005 (15 )  STARTING OPERATION F IND_§0LUTIO I (X IT :

2 ,1NT:4 , INT :1 . INT :3 )
+++  9 .600  P2 :  NO0E¢12)  TERMINATED
+++  9 .900  P5 :  "005 (14 )  TERMINATED
One so lu t ion  fo r  4 queens  i s  : 2 . 4 .1 .3" ) ‚REPLY To :  OK To  INTEIFACEC1)
+++  10 .600  P5 :  NODE(15)  IS  IDLE
+++  10 .600  P3 :  NODE(13)  TERMINATED
+++  10 .700  P6 :  "006 (16 )  RECEIVES F IND_SOLUTION( INT:3 ‚ !NT=

1 ,1NT:4 ‚ INT :2 )  FROM NODE(12)
+++  10 .700  P6 :  NODE(16 )  STARTING OPERATION F IND_§0LUTIO I ( INT :

3 , !NT:1 . INT :4 ,XNT:2 )
One so lu t ion  fo r  4 queens  i s  : 2 .4 .1 .3" ) ,REPLY To :  OK FRO!  nons<15 )
One so lu t ion  fo r  + queens  i s  4 3 ,1 ‚$ .2 ' ) ‚REPLY To :  OK To  I ITERFACEt1 )
+++  11 .700  P6 :  NODE(16)  IS  IDLE
One so lu t ion  fo r  6 queens i s  : 3.1 .6 .2" ) ‚REFLY To: OK FRO! IODE(16)
>>>  12 .100  SYSTEM TERMINATED
>>>  12 .100  INTERFACE(1)  : ENTER CSSA COHHAID -
I n )  IAILBOX (--
IAXLBOX OF  INTERFACE(1 )  :

( 1 )  ANSUER(STRING: '0ne so lu t ion  fo r  4 queens  i s  : 2 ‚C ‚1 ‚3 ' ) ‚REPLY to :  OK
(2 )  ANSHER(STRING:'Ono so lu t ion  fo r  4 queens  i s  : 3 .1 ,4 .2 ' ) ‚REFLY TO: OK

>>>  12 .100  INTERFACE(1)  : ENTER (SSA COHIAID -
- ->  REPLY 1 (II
+++ 12 .100  P1 :  lM IE IF ‘CE(1 )  SENDS *REPLV( )  ro  nons t15 )
>>>  12 .100  INTERFACE(1)  ; ENTER CSSA COHHAID -
- ->  HAILBOX ,
HAXLBOX OF INTERFACE(1)  :

(un

( 1 )  ANSHER(STRIN6:'One so lu t ion  fo r  4 queen: i s = 2 .4 .1 .1" ) ‚REPLY To:  OK
(2 )  AnsuERlSTfl l ncz 'One  so lu t ion  fo r  6 queens  i s  : ! , 1 ,4 ‚2 ' ) ‚ IEPLY  To: OK

>>> 12 .100  INTERFACE(1) : ENTER CSSA COMMAND -
I I )  REPLY 2 <.-
+++  12 .100  P1= XNTERFACE(1) SENDS *REPLYI )  T0  IODE(16 )
>>>  12 .100  INTERFACE(1)  = ENTER CSSA COHIAND -
I n )  ;STATUS ' ( I I

+++  12 .100  ALL EX IST ING AGENTS:

AGENT | racer  | OPERATION I nnuox |

P1: ru tsancsm . “sun usua lr2 :  unueensm ONLY_FACE
rs:  uooeus» onu_rncs FlN0_80LU ||rg: uoouu)  ouLv_ncs nun_so|.u n

>>>  12 .100  INTERFACE(1 ) ' z -ENTER CSSA COHHAID ‘
' - >  ‚ IHK  ( "
+++  12 .300  P5 :  NODE(15)  RECEIVES *REPLY( )  FRO!  I ITERFACE(1 )
+++  12 .300  P6 :  NO0E(1b)  RECEIVES *REPLY( )  FROM I ITERFRCE‘1 )
+++  12 .400  PS:  NO0E(15 )  TERHXNATED 4
+++  12 .600  P6 :  NODE(16) TERMINATED
>>>  12 .400  SYSTEM TERMINATED
>>>  12 .400  INTERFACE(1)  : ENTER CSSA COHHAID -I I )  )STATUS ( "

+++  12 .400  ALL EXIST ING AGENTS:

mm | „cn  | opsnnou | ' uneox
Hz INTERFACE”) . ANSHER Ansuen
92 :  NGUEENS(1 )  0NLY_FACE ' .
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>>> 12.400 1072000c011) : su re :  cs00 c000000 -
- ->  stun FIND_SOLUTION(2) T0 00 .000  < - -
444 12.400 91: 10Tenrucet1y 05000 F!00_soL01100(107:2) To 000200011)
444 12.500 92: 0005505(1) RECEIVES FIND_§OLUTION(INT:2) FIOH INTERFAC£(1)
. . .  12 .500 92: 000000s11> STARTING 090007100 FIND_$OLUTION(INT:

2 )
. 4 .  12.900 92: 000020s(1) CREATBS uoost17>xrnr=23
. . .  12 .900  92: 0002505(1) seuns FIND_SOLUTION(XNT:1‚INT:

o)  70  0000(17)
++ .  12 .900  97: 000 : (17 )  rs  aa
... 13 .100  92: 0000203(1) CREATE: unos¢1 | ) (xu t rz l
. . .  10 .100  92:  0005110) 1s  IDLE . .
444 13.100 92: 000500511) senns Fxno_sOLuvxou(rut:a,xl1u

0 )  to  0onst10)
444 10.100 92:  0000110) nec51ves r :00_50L071001007:2‚107:

a )  rnon unuseus<1)
9+0 13 .100 92:  0000118) 51007100 095001100.F100_50L011001107:

2 ,101 :0 )
o4+ 13 .000 97:  0on£(17) RECEIVES Flun_soturxou(xut:1,xnrg

a )  rnon unusiust1)
09+ 13 .000 97:  000£(17) STARTING 092001100 FIND_SOLUTION(IIT=

1 ,101 :0 )
«+.  14 .100  92:  000000s<1) t s  IDLE
444 14 .300 92: 0000(10) 1000100100
449 14.000 97: 000£(17) 1000100150
>>> 14.000 svsvsn 1500100150
>>> 14 .000 INTERFACE(1) : ENTER c000 0000000 -
--> ‚STATUS ( "

. . 4  14.000 ALL EXISTINB 000013:

00:01 I r0c£7 ] 095007100 l 001L000

P1:  INTE IFACE(1 )  * . fl 000020 00300092: 000250511) 00Lv_f0cs

>>>  16 . l 00  INTE IFACEl1 )  : ENTI I  CSSA COHHAND '
I I )  HAILBOX
IA IL IOX  °F  INTERFACE(1) :

( 1 )  A lSHER(STRING: '0no  se lu t io ;  fo r  4 quotas  10  :“ 2 . .4 ‚1 ‘ ‚ ‘ .$ ' ) ‚R£PLY:  To :  OK
(2 )  ANSUER(STRING:'DnQ so lu t ion  fo r  4 queens  i s  : 3 .1 ,4 ,2 ' ) ‚REPLY To :  OK

>>> 14 .000 INTERFACEI1) : ENTER CSSA COHHAND -
I I )  TERHINATE ("

+++ 16 .000 ALL EXISTING AGENTS:

AGENT I 70001 ! 095001100 |_ “001Laox
91: 107enr0cs(1) « 000020 000000
92: 0nu££0sc1) 00Lv_FAc£ :

CSSA-SESSIOH°81AYISYICS

SESSION STARTED AT 11 :42 :59 .00
SESSION TERMINATED AT 11 :49 :31 .00  O I  1982 /31 /38
REAL-TIME USED : 392.00 SEC.
CPU-TIME USED : 6 .3 ‘  SEC.
SIMULATION TIME USED : 16 .0000  SEE.
NUMBER OF AGENTS CREATED : 19
IUNBER 0F MESSAGES SENT = 24
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A3?

# 1 # 2 t 3 -  # 4 c ; 7——
!!p. START_HETHORK Is
ser ip t ( |n t  r 0P1 ,GEN_ZUF1,UP2,6EN_ZUF2;

boo!  : SHOU1,SMOUZ) nssor t  UP1 > O und "P !  > °

&! 4

t ype  TRANSMITTER is
ßcr ip t (ggont  : CH; in t  : UINDOH; agent  : u)

rocodure  ACTIVATE_TRANSHIT ( in t :N )  l s
var  in i :  I ;
opor :  SEND_PACKET;

i con  fo r  I i n  1 . . »  do
send SEND_PACKET to  go l f ;

ond ioop;
ondprocoduro ;

vor  s t r ing :  HESS: - " ;
va r  in t :  LENGTH_0F_nEss, CUIRENT_pESS_ID s -  o .

l acocnond  TRANSMISSION1)

F lco t  START_TRANSHISS ION is
pub l ic :  SEND_HESS;

opera t ion  SEND_HESS(st r ing= " )  i s
func t ionnead  LENGTH (s t r ing :  P1 )  r - turns in !  oxtnrnl l ;
oper :  NEXT_HESS;

CURRENT_HESS_ID :=  CURRENT_fiESS_ID + 1 )
HESS :=  H ;
LENGTH_0F_HESS : -  LE IGTH(HESS) ;
i f  LENGTH_OF_HESS < WINDOW than  _
I ca l l  ACTIVATE_TRANSH1T(LENGTH_9F_jESS)J
e is .  ca l l  ACTIVATE_TRANSHXT(HINOOU);
ond i f ;  '
sond  NEXT_HESS to  H1
rop iacu  by  TRANSHISSION1;

gndopora t ion

ond iaco t

Inc . !  TRANSHlss lou i  l s
pub l ic :  ACKNOHLEDGE;
pr iva t . :  SEND_PACKET‚

func t ionheud  non  ( in t :  F i ,? ! )  re tu rn :  in t  ex te rna l ;
rune t lonhenu  SUBSTR (s t r ing : r1 ; in t : r2 ‚ r3 )  rn tu rns  s t r ing  a l t - run ! )
func t ionhead  GENSTRXNG(1nt:P1)  re tu rn :  s t r ing  ox io rnn l ;
t yp .  PACKET is  rocord  int:CHAR_No;—-> str ing:CHAR;Int= HESS_ID;

boo l :ENDE;  ondrgcor l ;
var  PACKET:  P ;
rc in t ion  UTNDOH_PACKETS
vor  In t :  S_NO‚LUE : I  1 ;
va r  too l :  IDLE_ENABLEO :=  fa lse ;
opor :  COLLECT;

of  PACKET;
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5 |
S9
60
61
62
63
64
65
66
67
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70
71
72
73
76
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76
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IO
81
82
I !
I t
05
I6
37
I8
69
90
91
92
93
96
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97
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100
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106
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10 .
109
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114
115
116

A38

Vic-t Tnausnxssxouz i s
Inenuu- : ACKNOULEDGE,SEND_!ICKEIJ
opera t ion  I ‘ l l  I :

f ind  HIIDOH_PACKETS(LUE) - ->  P to
l send COLLECT(P) to cu;
ondf ind ;
10LE_ENABLED : -  fa lson
I I IV I ;

ondopcra t ion

cu l l - co t

uporot lon  SEND_PACKET I I

P.CNAR =- suosrncness‚s_po‚s_po)‚
p.cHAn_uo : -  s_uo;
P.n£ss_1o : !  cunnen1_nzss_lnn
I f  S_N0 I LEIGIN_0F_HESS thin
I P.ENDE : -  true;
I IS .  P.ENDE : I  f a l l . )
end l f ;
I ns t r !  P In to  UINDOH_PACKETS;
send  COLLECT(P) to  CM;
$_NO :=  S_fl0 + 1 ;
I f  s_no - 2 then

IDLE_ENABLED : -  t r IO ‘
Sl tup  TRANSHISSIOMZ}

ond l f ;

un ion - ra t ion

"por- t ion  ACKNOHLEDGE(In!zfl‚HESS_ID) I s
' nsss_xo - cunasu1_nsss_ro than

I !  n - LENGTH_0F_HESS + 1 then
I r-placo hy srnar_rnnnsntssxon‚

‘ l l lS .
! LUE < u und n <- LUE + uxnnou en.»

I f  u + uznnou - 1 <-  Lensrn_pr_nsss then
I ca l l  ACTIVATE_TRANSHIT(N - LHE);
01 : .  ca l l  ACTIVATE_TRANSHIT(LENGTu_pr_n£88 -

(Lu: + urnoou - i ) ) :
I nfl l f l

LHE ; -  I ;
I f  no t  IDLE ‘ENAILED thfln

IDLE_§NABLED : -  t rue ;
se tup  TRANSMISSIONZ;

en l ;
a lso

i f  LHE - N then
| pr ine ( -u -  ' + aeusrnxno<n3 + ' ignorod');
a lso  p r lne ( 'n  - ' + GENSTRING(N) + ' out  o f  range ' ) !
ond l f ;

ond l f ;
ond l l ;

Ifld l f ;
ondoporp t ion
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175
176

An

ondfoeot

in i t i a l  STA!T_TRANSHISSIO

on lsor ip t ;

typo  COLLECTOR is
ncr ip t (ogont  : H;  in t  : UINDOU)

vor  in t :CURRENT_fiESS_ ID: -  1 ;
vor  in t :LUE_pLD;
vor  ogont :  CH;

foco thood  COLLECTING;

Foeot STARTING is
pub l ic :  SYARTC;

oporo t ion  STARTC(->CH) I :
rop loco  hy  COLLECTING;

ondopora t ion
onfl foco t

Foeot COLLECTIMG Is
pub l ic :  COLLECT)

vor  poo l :  F IRST_T!HE=- t ruo ;
vor  In t :  ! ;
vor  s t r ing :  HESS: -  " ;
type RECEIVED is  roeoro in t :  s_po ‚ - -> ‚

too l :  IEC;  s t r ing :  CHAR; onIVoeoro;
vor  RECEIVED : RC;
ro ta t ion  R o f  RECEIVED;
vor  in t :  LuE : -  1 ;
vor  in t :  LAST)

opera t ion  COLLECT( In t :CMAR_fl0 ;s t r ln I :CHAR1 In f : lE88_ jD ;boo l :E lDE)  I I
por t :  ACCEPTED;
opor :  RECEIVE_flESS,ACKN0ULEDGE1

i f  F IRST_T IHE  khan
l oop  fo r  I I n  1 . .U INDOH do

RC.$_NO =- x;
RC.REC : -  !o lso ;
RC.CHAR zu  “ *“ ;
Inser t  RC in to  R ;

end loop;
FIRSY_IIHE : -  folso;

ond i f ;

! n:ss_xo - cuansur_n£ss_xo thon
find R(CHAR_N0 — LHE + 1) ——>.n; ..

RC.CNAR : -  CHAR;
i f  no t  (CHAR_N0 - LUE) thon

RC.REC : -  t rue ;
insor t  RC in to  !;
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177
17 .
179
1 .0
1 .1
1 .2
1 .3
1 .6
1 .5
1 .6
1 .7
1 . .
1 .9
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19 !
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19 .
199
200
201
202
203
206
205
206
207
20 .
209
210
211
212
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21 .
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JÄWO

{ I  ENDE th in  LAST s -  CHAR_NO; aud i ! )
son !  ACKIOULEDGE(LHE,CURRENT_!ESS_ID)~to en ;

01 : .  ( *  CHAR_N0  = LHE * )
f ind  R11 )  - ->  RC1 do
10  ENDE than

sand  ACKNOHLEDGE(LHE o 1‚CURRENT_BESS_ID) to  CM;
HESS ‚ .  HESS + RC1 .CHAR;
send  RECEIVE_HESS(HESS) to  H rep ly  to  ACCEPTED;
cuansur_ness_10 ; -  cunnzur_n£ss_xn + 1 .
un i t  ACCEPTED;
LUE_OLD :=  LUE + 1 ;
rep lace  by  COLLECTING)
( *  EFFECT: new in i t i a l i za t ion  * )
( *  of  l o ca l  var iab les  * )

a lso  hug in
var  In t :  J ;

HESS : -  HESS + RC1.CHAR;
our  fo r  J1  In  2 . .U INDOU unt i l  EXITLOOP ‘ .

‚ i nd  R (J1 )  - ->  RC do
I f  RC.  REC than
| Hess  . -  HESS + RC.  CHAR;
a lso  s igna l  EXITLOOP;
ond lß ;

ondf ind ;
1 !  J1  = UINDOU th in  J a i  H I IDOH + 1 ;ond i f ;
ex i t  EXITLOOP is

J : -  J1 )
nuc leon;
LUE - -  LUE + J - 1 ;
sun!  ACKNOULEDG!(LUE‚$UIRENT_HISS_10) to  I t “ ;
1 !  LEE - LAST + 1 th in

send  RECEIVE_HES$(HESS)  ! .  M
rep ly  to  ACCEPTED;

CURRENT_nEss_ID :=  CURRENT_fiESS_ID 0 1 )
un i t  ACCEPTED;
LUE_pLD : -  LUE;
rop laco  by  COLLECTING;

a lso  Iog ln

I : -  2 ;
loop wh i le  I 0 J -_1  <. UIIDOU do
F ind  Rt ! )  - ->  RC: do

f ind  R ( I  + J — 1 )  - ->  RCS ‘.
da in t -  RC!  In  R ;
RC2.REC : -  RC3.REC;
ncz.cunn : -  Rc3 .a l ;
I : I  I + 1 )
in s - r t  Rcz in to  R ;
oudf lnd ;

ond l lnd ;
ond loop;

on. uni t :  I <-  U I IDOU I.
f ind  R1 ! )  —->  RC2  ‘ .

de lc t -  ne:  in  R ;
RC2 .REt  ‚ .  [ . 18 . ]
Inser t  RC2 In to  R ;

undf lnd ;
l = '  I * 1 )

ond loop;
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A‘H

| und;  l - 43
ond l l ;  I - 42

und; [ -37
nndlf; l-ss
cndflnd; l—ss

un l i t ;  [-33
"mm: -  an uns ACKNOHLEDOE(LHE,CURREI7JESS_ID) « cm in :
end l ind ;  - 32

I IS I  sand ACKNOWLEDGE(LHE_0LD.CURRENT_ME88_10 - 1 )  to  CH; 131

end l f ;  - 31
cndopnratiun l -zc

*26
ondfaqe t  - 26

i z !

I n i t i a l  STARTING;

. ndscr lp t ;  - 2S
I 1

t ypo  HOST ls
ßcr ip t  449

var  agent  : TRH;

fneo thood  HORKING;

F la - t  INXTH Is  oso

pub l ic  : START")

opera t ion  STARTH( ->T l l )  I s  051
rnp laco  by  unnxxus ;

ondopor l t lon  -51
Itso

ondfncc t  - so
*49

"neue  UORKING | :  +52

pub l ic  : TRANSI IT , lECElVE_flESS. IEXT_flESS;
pr iva t .  : THIST_AND_SEND;

vnr  in t  : 1 . J ;
var boo! : READ?_T0_TRH,READV_T0_IHIST : -  true;
var  s t r ing  : n;
typ .  REC_ELEH l s  record  In t  : xx ,  —-> s t r ing  : HESS: onlroeorl .  IOSS-SS
re la t ion  REC_HESS o f  REC_ELEH; *52
var  REC_ELEN : RE)

Ounct ionncad  LENGTH( s t r ing  : P1 ) re tu rn :  In t  ox to rna l ;

opnro t ion  TRANSMIT( ->H)  nssor t  IEADY_T0_TRH I I  I 054
| !  H = ' “  than  +5 !
I pr in t ( "  <e -p ty  message )  c lnnot  b .  t r lnsn i t tod ' ) ;
a ls .

I :=  O ;
READY_TO_TIH : .  I I I : . )
s ind  TUIST_AND_SEND to  so l l ;

inc l ! )  - 55
Inflow- ra t ion ;  l—s ‘
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eeere t i en  NEXT_fl !38  I n

A“.

| wmv  Jo  _wm - -  true;
endepere t l en ;

«pa r -C lan  TUIST _AND_SEND Inser t  READY_To_THXST I I
eper  : SEND _HESS;
func t ienhea l  SUBST l18 t r1n I :P111n21P211n t .  P3 )

re tu rn :

REAOY_T0_THIST
! : =  I + 1 )
send SEND_HESS(H) t e

I !  ! ( LENGTN1H) Chen

: I  f l i t . )

s t r ing  c i t - r a i l ;

TR" )

H : -  SUBSTR(H ‚2 ‚LENGTH(H) )  + SUBSTR(H ‚1 ‚1 ) |
send  TU!SY_AND_SEND ! .  ge l ! )

e lse  READY_TO_TRH : -
end l f ;

endepere t l en ;

Cru . )

upere t1on  IECE!VE_flE88(s t r I n I  : nass ;  18
TOP! ! )

J : =  J * 1 )
RE. IX  : -  J )
RE.HESS : -  HESS}
I nse r t  RE In to  RIC_ IESS;

f J > -  LEIBTN(HESS)
Inflnpn tzom

eper  : ACKN;
fune t lenneed
ve r  s t r ing  :

ill.“

GENSTIXI8(1nt : P1) return. ‚crime externe];
OUT;

gene  Acxu t ' uos t  rece ived  f u l l y  tw i s ted  eeesege')
t o  i n te r leee  rep ly  t e  OK;

l oop  (e r  J i n  1..LENGTH(HESS) de
! l nd  REC_HESS(J) ->  HS de

: -  OENSTRIN6(J)  * ' .  neeeege  : ' + H3.HESSJ
send  Acxu(our )  ee  I n te r vaeu ;
OUT

endf lne ;
end leep ;

J :II 0 )
ue l t  OK ;

end;
end l f ;

endenere t l en ;

en l fece t

I n i t i a l  I I I TN;

eneser ip t ;

t ype  FAULYY_ ;NA I IEL  l 8
Tc r i p t ( agan t  : C)

ver agent  : T ;
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An

vor  In t  : UP‚GEN_20F ‚ZUF ‚ I ;
vor  boot  : snow;

functionhoad nAuoont1ntzLou,UP) ro turos  i n t  oxeornol;

foeothood TRANSMITTING;

f l co t  IN IY IAL IZAT ION IS
pub l ic  : STARTCH;

opera t ion  STARTCH( ->T;—>UP) ->GEI_ IUF; ->8HOH)  18
i f  UP > 10  than  UP = .  10 ;  ond l f ;
l oop  fo r  I i n  1 . .GEN_ZUF do

zur  : -  RANDOH(1‚UP);
ond loop;
rop loce  by TRANSHITTING;

ondoporo t lon

cant -co t

Facoc TRANSHITTING l s
pub l ic  : COLLECT.ACKNOHLEOGE‚SEY_£HIL_!ARH83

func t ionhoad  GENSTRING( ln t :P1 )  ro tu rns  l t r ln l  ex te rna l ;
vor Int : COUNT :n 1 ;
vor  s t r ing  : nass ,

„por - t ion  COLLECT(Int:P1;str lng=Pz; lnts ?! ;boolgP4)  i s

I !  SHOH thon  .
HESS :=  “ ( '  + 6E lSTRIfl61P1)  + ' , ' o P!  + ' . '

+ GENSYRIN6(P3)  + ' . ' |
i f  PA than  HESS == HESS + ' T ) ‘  ;
a lso  nsss  : -  HESS + 'F ) ‘  ;
ond i f ;

ond i f ;

| !  COUNT I 1 thon  ZUF : I  8ANO0H(1 ‚UP) )  .n ‘ l f ;
I f  COUNT < ZUF than

send COLLECT(P1 ‚P2 ‚P3 ‚P4 )  to  C )
COUNT :=  COUNT * 1 ;
I f  snow than p r in t ( ' sends  COLLECT' + HESS); Chi l l ;

Olsn  COUNT : -  1 )
I f  snow than
| print( ' forgots COLLECT' + a ls : ) ;
I hd l f ;

ond i f ;

on ion - ra t ion

uporot lon  ACKNOHLEDGE(Int=P1‚P2)  i s

i f  SHOH th in
HESS : -  " ( '  + GENSTRING(P1) + ' ‚ '  + GENSTRIIOCPI) + ' ) ‘ J

ono i f ;

f f  COUNT = 1 th in  ZUF : -  RANDOI (1 ,UP) ;  on l l f ;

i !  COUNT < ZUF  thon
| sono ACKNOULEDGE(P1‚P2) to  1 ,
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414
419
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414
425
414
4:1
4:4
429
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451
454
439
440
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449
450
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451
455
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454
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443
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IHS-CSSA-COHPILER - DATE °F  RELEASE: 3 °  S IP  19 .1
END OF COHPILING 0H 1982 /b1 /21  AT 16 |2 |164 .00
COHPILE-TIHE (CPU) I
IU I IE I  OF SOURCE-LINES READ I 6 | .
NUMBER OF OBJECT-RECORDS GENERATED I

A“

COUNT : -  COUNT O 1 ;
| !  suou than  or ln t ( 'oondo  ACKIOHLEDOE' 4 HESS) ;  on ‘ lO f

o l so  couur  : -  1 ;
I f  SHOU thon
| pr1n4 ( ' fo rgo t4  ACKIOULEDGE' + HESS) ;
und l f ;

I l d l l )

ondoporot lon

uporot lon  SET_;HIL_PAInst—> UP‚O I I_10F ‚sn0U)  osoorv  UP > o I n

| !  UP  > 10  th in  UP  1 -  10 )  on l l f ;
l oop  fo r  1 In  1 . . 6E I_ZUF  do
I zur : -  RAnnon(1‚ur)‚
ondloop;
COUNT : .  1 ;

on‘oporot lon

ondfoco t

n l t lo l  IN IT IAL IZAT ION;

ondsor ip t ;

l ooo t  ONLV_FCT lo
pub l ic :  START_SVSTEN4
"par -c log  51441_4141£n( Inesv lnoou_; l z t )  ass-rt  H I IDOI_§ !1 I  > o I n

cons :  HOST : H1 : -  non "081 ;
Gunst  MOST : N2 : -  non MOST;

eons :  COLLECTOR : cz  : -  non COLLECYOR(N1 ‚H i lßOH_ß l l l ) ;
eons !  COLLECTOI : c1  : -  nou  coLLECTOI (H2 , I I IDOV_§ I I I ) a

cons t  FAULYY_;HANNEL : cn1  : I  noo  FAULTY_;HAI IEL (C1 ) ;
cons :  FAULTY_§HAIIEL 1 en:  1 -  non FAULTV_£HANHEL(CZ)4

cons !  TRANSMITTER : T1  : -  non TRANSMITTE l lcu1 ‚H I IDOU_SIZE ‚H1 ) ;
sons t  TRANSMITTER : 12 : I  non T lA l l l I TTER(cn2 ‚u1nnou_ j IZE ‚Hz ) ,

o 'e r :  STARTCH,STARTM,STARTC,A¢¢_Jo_fl08T;

sono  STARTCH(11 ‚UP1 ‚BEN_ZUF1 ‚8NOU1)  to  CH1;
oond  STARYCH(Tz.uP2.GEN_ZUF2,SHOHt)  to  cue ;

oond  STARTH(T1) to  "1 ;
oond  STARTH(T2) to  nz ;

oon l  STARTctcn1)  to  C1 ;
oond  $TARTC(CN2)  t .  C21

oond Acn_ro_n051(u1.nz.cu1.cuz) to  | n tor looo;

tor - lno to ;

ondoporot lon

ant i -cut

ln l t l l l  ONLY_FCTJ

ondscr lp t

l o  ERIOI DETECTED
RETURICODI I 0

EXECUTION-TIRE - 177 .00  SEC.
KURIER 0F TOKEIS ' 2171
$254

2 | . 3 ‘  SEC.
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C S S A ' S I _ I  U L A T I 0 N - S Y 8 T E 8

P1 | (INTERFACE)

PROGRAM GEHERATED ON 1981 /31 /37  AT ’1Z :27 :21 .00
BY BHS-CSSA-COHPILER (VERS. 30  S IP  1901) '

PROTOCOL OF CSSA SESSION 0“  1981 /12 /34  AT 12:00 :57 .00

>>>  0 .000  XITERFACE(1)  : INTER CSSA COflflAfib -
I I )  ‚D ISPLAY '

IDENTIF IER  TYPE VALUE

COLLECTOR SCl lPT  _ COLLECTOR
FAULTY_CNANN£L SCRIPT - FAULTY_£MANNEL
MOST SCRIPT ~ MOST
START_NETUORK SCRIPT START_]ETHORK
TRANSHITTER SCRIPT TRANSHITTER

>>>  0 .000  INTERFACEß1) : ENTER CSSA COHHAIB -
I t )  VAR AGENT : "TH : -  NEU START_NETUOEK(600 ,10 ‚500‚0 ‚TRUE‚TRUE)
>>>  0 .000  INTERFACE(1)  : ENTER CSSA COHHAND -
'n )  VAR AGENT : H1 ‚H2 ‚CN1 ‚CH2;  OPER : START_SYSTEN‚TRAISI IT .SET_£"IL_PARHS
>>>  0 .000  lNTERFACE‘1)  : ENTER CSSA COHHAND - '  ‘
I I )  SEND START_§YSTEH(2) TO MTV; RU” )  HAILBOX
>>>  10 .300  SYSTEM TERMINATED
HAILBOX 0F  INTERFACEK1) :

( 1 )  ACO_IO_MOST(AGENT:NOST(1)‚AGENT£HOST(2).AGENT:FAULTY_£“III£L(1)
‚A6!NT;FAULTY_$HANNEL(2))

>>>  10 .300  INTERFACE(1)  : ENTER CSSA COMMAND '
- ->  RECEIVE 1 (H1 ,H2 ,CH1 ,CH2)3  STATUS; DISPLAY

09+  10 .300  ALL EXIST ING AGENTS:

nenn [ nes t  I opennxou | nnuox

P1: rursnrncsc1) . nco_ro_nosr
r3:  "057(1) uonxtna
PA: uosrtz) uonxxusw
rs:  COLLECTOR(1) COLLECT!"
Pb:  COLLECTOR(2 )  COLLECTIN
P7:  FAULTY_CNANNE TRANSMITT
P I :  FAULTY_£HANNE TRANSMITT
P9:  TRANSMITTER(1 START_TRA
P2:  TRANSMITTER(Z $TAIT_TKA

f ig .  20  : Window Mechanism Execut ion  Pro toco l
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AVG

I nsuTxs l  TYP! VALUE

cn1 AGENT FAULTY_;MANNEL(1)
cu2 AGENT FAULTY_;HAMNFL(2)
COLLECTOR SCRIP‘I’ COLLECTOR
FAULTV_;NANMFL SCRIPT FAULTY_CHAINEL
uosr  SCRIPT HOST
N1 aseut "031 (1 )
a t  A6 ! ! !  nos t )
ITU  AGENT STAIT_flE7UORK(1)
5£T_;nlL_FAlns LITERAL
STAIT_p£Tuonx SCRIPT STA8T_nFT008K
STAIT_sYeH LITEIAL
TRAnsnxT LITERAL
TRANSMITTER SCRIPT TIANSHITTEI

>>> 10 .300 qERFACE(1 )  ENTER cssA connauo -
. . ,  S i lo  TRANSHIT('ABCO') To "1 ;  SEND TRAusat ' xvz ' )  T0 "2  ‚ 20 !  6°-
t t t  16 .700  FAULTY_;HANNEL(2) : fo rgets  COLLECT(1 , x , 1 , F)
t t t  16 .800  FAULTY_CHANNEL(1) : sends COLLECT(1 , A , 1 , F)
t t t  17 .800  FAULTY_CHANNEL(1) : send: COLLECT(2 , a , 1 , F)
t t t  17 .900  FAULTY_£HANNEL(2) : sends COLLECT(2 , v , 1 , F)
ttt 16 .600  FAULTY_;HANNEL(1) : sends COLLECT(1 , A , 1 , F)
t t t  16 .900  FAULTY_;HANNEL(2) : sands COLLECT(1 . x , 1 , F)
t t t  21 .900 FAULTY_CHANNEL(1) : sends AcxnouLEDGE(2‚1)
t t t  22 .300 FAULTY_CHANNEL(2) : nonds ACKuouLEoG£(1,1)
666  23 .500  TRANSMITTENZ)  ll- 1 ignored
666 26.000 FAULTY_;HANNEL(2) - sends AcxuouLEDGE(3,1)
t t t  26 .500  FAULTY_;HANN£L(1) : sends AcxnowLEDGE(3,1)‚.
I t .  25 .900 FAULTY_;HANNEL(1) : sends acxuouLEnGE(3.11 ‚_
t t t  27 .100  FAULTY_CHANNEL(1) : fo rge ts  COLLECT(3 . c , 1 , F)
t t t  26 .300  FAULTY_CHANNEL(1) : sends coLLecrcz , 0 , 1 , F)
t t t  28 .500 FAULTY_CHANNEL(2) : sends COLLECT(3 , z , 1 , T)
t t t  29 .300 FAULTY_;NANNEL(1) : sends COLLECT(6 , 0 , 1 , T)
t t t  29 .500 FAULTY_;HANNEL(2) : sends COLLECT(3 , z . 1 , T)
t t t  30.300 FAULTV_CHANNEL(1) : sands COLLECT(3 , c , 1 , F)
t t t  30.700 TRANSHXTTER(1) N -  3 ignored
t t t  32.000 FAULTv_sMANNEL(2) 1.66nds AcxuouLEOGEt6,1) -
t t t  32.600 fAULTY_FHANNEL(1) » lends AcxuouL506£(3,1)‚
t t t  33.800 FAULTY_CMANNEL(1) : sends Acxu00L206£(3,1)
t t t  36.000 FAULTY_5HAMMEL(1) : sends AcxuouL£06E(5,1)
t t t  36.800 TRAnsnTTTun(1) : u-  3 ignored
t t t  35.800 TRANSHITTER(1) : n-  3 ignored
t t t  36.600 FAULTY_;HANNEL(2) : I o rge ts  COLLECT(1 , Y , 2 , F)
666 37.900 FAULTY_CNANNEL(2) . sends COLLECT(2 , - z  , 2 , F)
t t t  39.800 FAULTY_;MANNEL(2) : sends COLLECT11 , Y , 2 . E)
t t t  60.300 FAULTY_CNANNEL(1) : sends COLLECT(1 , a , 2 , F)
t t t  41.400— FAULTV_;MANNEL(1) . send: COLLEcT(2 . c , 2 , F)
t t t  62 .300  FAULTY_CHANNEL(1) : forages coLLecT11 , 0 , 2 , F)
666 66.900 FAULTY_CHANNEL(2) : sends AcxuouL506516,1)
t t t  65 .900 FAULTY_CHANNEL(2) : sends ACKNOULEDGE(1‚2)
t t t  67 .100 1nAM5HItTERt2) u -  1 ignored
t t t  61 .500 FAULTv_cuAMNEL(2) : sends ACKNOULEDGE(3.2)
t t t  68 .300 FAULTY‘LHANNEL(1) ) send: AcxuovL206212,2)
t t t  50 .800  FAULTY_CHANNEL(1) : sends ACKNOHLEDGE(3,Z)
t t t  52 .000 FAULTv_aNNEL(2) : sends COLLECT(3 , x , 2 , T)
I t .  53 .000 FAULTY_;MAMN2L(2) : send:  COLLECT(3 . x w 2 , T)
.a t  53 .500 FAULTY_CNANNEL(1) g 'sends  c0LL5c7(2 , c , 2 , F)
t t t  56 .500 FAULTY_CHANNEL(1) : sends COLLECT(3 , 0 , 2 , F)
i i i  55.500 FAULTY_CHANNEL(1) : sends t0LLECT(6 , A , 2 , T)
6 .6  55 .500 FAULTY_CHANNEL(2) : sends ACKNOUL500£(6,2
t t t  56 .600  FAULTY_CHANNEL(1) : fo rge ts  COLLECT(3 , 0 , 2 , F)
t t t  57 .300 FAULTY_CHANNEL(1) : sends ACKuouLEDGE(3,z)
t t t  56 .500 TRANSMITTER(1) : I :  3 ignored
t t t  59 .000  FAULTY_CHANNEL(1) : sends ACKNOULEDGEt6,2)
t t t  60.100 FAULTV_;HANNEL(2) ; fo rge t :  c0LLEcT(1 , 2 , 3 , F)
Of t  61.000 FAULTY_CHANNEL(1) : sends AcxuouLEnGE(5,2)
t t t  61 .300 FAULTY_;HANN£L(2) : fo rge t :  COLLECT(2 , x , 3 , F)
666 62 .600 FAULTY_;HANNEL(2) : sends COLLECT(1 , z , 3 , F)
t t t  63.700 FAuLTY_;nANNEL(1) : sends c0LL£c7(6 , A , 2 , T)
t t t  65.700 FAULTY_£HANNEL(1) : send: COLLECT(1 . c , 3 „F )
i i i  66.800 FAULTY_CHANNEL(1) : sends coLLECT(2 , 0 , 3 , F)
Q i .  67 .700  FAULTY_;HANNEL(1) : t a rge ts  COLLECT(1 , c , 3 , F)

f ig . 20  ‘ con t inued—



SESSION STARTED AT 12 :  00 :27 .  00
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' 19  60 .600  FAULTY_;HANNEL(2)  : send:  ACKNOULEDGE(6.2)
i i i  70 .000  FAULTV_;HANNEL(2) : : end :  ACKNOULEDGE(2‚3)_
te t  72 .200  FAULTY_CHANNE£(1) : : end :  ACKNOULEDGE($,2)
tee  73 .700  FAULTY_;HANNEL(1) : send: ACKNOULEDGE(2,3)
d ie  76 .600  FAULTY_CHANNEL(2) : fo rge t :  COLLECT(3 . Y . 3 . T )
* * *  75 .600  FAULTY_$NANNEL(2) : send:  COLLECT(2 . X . 3 , F)
nee  76 .300  FAULTY_CHANNEL(1) : send:  ACKHOULEOGE(3‚3) .
t ee  79 .000  FAULTY_;HANNEL(1) : send:  COLLECT(2 . D . 3 . F )  ,
i i i  79 .600  FAULTY_COANNEL(2) : fo rge ts  ACKNOHLEDGE(3.3) -
t ee  00 .000  FAULTY_;HANNEL(1) : : end :  COLLECY(3 . A , 3 . F )
bee  00 .900  FAULTY_CMANNEL(1) : fo rge t :  COLLECY(6 , I , 3 , Y)
6 :6  02 .100  FAULTY_£HANNEL(1) : send:  COLLECT(3 , A ‚ . !  . F )
t i l  02 .900  FAULTY_CHANNEL(1) : send:  ACKNOULEDGE(3‚ I )
* * *  06 .100  VTRANSHITTER(1 )  : I I  3 ignored
t i t  ' 06 .600  FAULTY_£HANNEL(1) : send:  ACKNOHLEDGE(6‚3)4
00 .  05 .600  FAULTY_CHANNEL(1) z Send:  ACKNOHLEDG£(6‚3)
on  * 07.200 Tunsnxnenu)  - u-  4 ignored
eco 00 .500  FAULTY_CHANNEL(1) send: COLLECT(6 , 0 . 3 . ' 7 ) '
i n :  91 .000  FAULTY _CHANNEL(1) z : end :  ACKNOULEDGE(5,3)
ee :  96 .500  FAULTY_;HANNEL(1) : send:  COLLECT(1 . 0 . 6 . F )
ee ;  97 .500  FAULTY_;MANNEL(1) : fo rge t :  COLLECT(2 , A , 6 , F)
000 99 .700  FAULTY_CHANNEL(1) : : end :  COLLECT(1 . 0 , 6 , FL
ee :  103 .200  FAULTY_CNANNEL(1) x send:  ACKNOULEDGE(2‚6)
i i i  106 .600  FAULTY _CHANNEL(1) : end :  ACK000L2002 (2 .6 )
i t !  106.600 TIANSNITTER(1) : l -  2 ignored '
e tc  107.700 FAULTY_;HANNEL(1) : send: COLLECTt3 . B . 6 . F )
fi t !  100 .700 .  PAULTY_CHANNEL(1) : : end :  COLLECT(2 , A . 6 ' ,  F )
* * *  111.200. FAULTY_;HANNEL(1) : sends acxuofiLios£(z,¢)
. ‘ i i  112 .600  T IANSH!TTER(1 )  ; I I  2 ignored
100  112 .900  FAULTY_;MANNEL(1) : send:  ACKNOHLEDGE(6.6)
l ee  117 .600  FAULTY_CMANNEL(1) x send:  COLLECI (6  . t . 6 , T)
i i i  _ 110 .300  FAULYY_£NANNEL(1) : fo rge t :  COLLECT(6 , C . 6 , 7 )
tee  120 .000  FAULTY_£NANNEL(1) : send:  ACKNOULEDGE(S‚6)_
>>>  127 .600  SYSTEM TERIIMATED
>>>  127 .600  INTERFACE(1)  : ENTER CSSA COHHANO -
I n )  flAlLIOX ( . .
IA ILOOX 0F  I ITERFACE(1 )  :

( 1 )  ACO_T0_NOST(A6ENT."051(1) ,AOEMT:  N081 (2 )  .AOEUT:FAULTY_CNAI IEL(1 )
‚AGENT. FAULTY_CNANIEL(2 ) )

( 2 )  ACKN(STIING= "Host rece ived  f u l l y  tw is ted  dessege ' ) ‚ l !PLY  to :  OK
( 3 )  ACKI ( !TR IN6 : '  3 .  message . CD IB ' )
(6 )  ACKI (STRIN6 :  '6 .  message : DABC")
( l )  ACKN(SYRINO: '2 .  nossngo s ICDk ' )
(6 )  ACKI (STRING: '1 .  eeS I lge  : AICD ' )

>>>  127 .600  INTERFACE(1)  : ENTER CSSA COHIAID -
nn)  REPLY 2 ;  SEND TRANSHlT ( 'A ' )  TO "1520 !  <.-
t t i  131.600 FADLTY_CNANNEL(1) : fo rge ts  COLLECT(1 . A . 3 - ‚  T )  -
ee :  136 .700  FAULTY_CHANNEL(1) fo rge t :  COLL£CJ¢1 . A . $ . T )
>>>  136 .700  SYSTEM TERMINATED ‘
>>>  136 .700  !NTERFACE(1)  : ENTER (SSA COHHAID - >
I I )  T ‘ IH I IATE  (in
‚+. 136.700 ALL EXISTING assuts: ,

.nstux | racer | openntron I 'IAILBOX

P1:  I I 7E IFACE(1 )  t _ACO_10_M007 ACKI  ACKI ICKI
. Acxu  Acxl,

PS:  "081 (1 )  MORNING -
P‘ :  "087 (2 )  HOIK IflO
PS:  COLLECTOR(1) COLLECTI I
Pb :  COLLECTOI(2)  COLLECTI I
PT :  FAULTY_£HANNE TRANSMITT
PO: FAULTY_;HANNE TRANSHITT
F9:  70ANSHXTTER(1 . TRANSHISS

T IA ISHXTTER(2  TRANSHISS

täan-sessxou-stntxsrxcs

SESSION TERHIIATED A! 12: 10 .  17 .  00  OI  1901i02/06
REAL-f in!  US‘D :
CPU- TIRE USED :
SIHULAYXOH TIRE "SED—=

5-92. DH SEC.
12 .  27 000 .

HUNGER 0F AGENTS CREATED : 9
nahezu °F nessases sent = 226

Hg.

136.7000 SEC.

20 ‘continued—








