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©  High  capacity  timer  arrangement. 

©  A  device  for  providing  a  large  number  of  timers 
is  disclosed  which  comprises  a  random  access  stor- 
age  (11)  whose  locations  are  sequentially  addressed 
by  a  cyclic  counter  (19).  For  setting  a  new  timer,  the 
timeout  value  (13)  and  a  timer  tag  (17)  are  furnished 
to  the  high  capacity  timer.  The  timeout  value  is  then 
added  to  the  current  contents  of  the  cyclic  counter 
to  generate  an  address  at  which  the  timer  tag  is 
stored  thus  establishing  a  new  timer. 

When  during  cyclic  addressing,  it  is  detected 
that  the  location  just  addressed  is  not  empty,  a  timer 

*"has  expired,  an  interrupt  signal  is  generated,  and  the 
^stored  timer  tag  is  returned, 
(vj  A  specific  time  scale  register  (23)  and  a  clock 
"tf  divider  (25)  are  provided  so  that  the  resolution  of  the 
^high  capacity  timer  is  easily  selectable.  To  allow 
Ifj  existence  of  several  timers  expiring  at  the  same 
If?  time,  a  special  timer  service  with  chainable  timer 
CO control  blocks  (T-CB)  is  provided. 
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HIGH  CAPACITY  TIMER  ARRANGEMENT 

FIELD  OF  INVENTION 

Present  invention  relates  to  an  arrangement  for 
implementing  a  large  number  of  timers,  and  to  a 
method  of  operating  such  timer  arrangement.  A 
timer  is  understood  to  be  a  device  which  can  be 
set  to  furnish  an  interrupt  or  a  timeout  indication, 
plus  an  identification  of  the  timer,  at  a  specific  time 
instant  or  after  a  selected  time  interval.  The  timer 
arrangement  is  particularly  useful  for  communica- 
tion  systems  in  which  protocols  require  the  timed 
supervision  of  a  very  large  number  of  simulta- 
neously  occuring  tasks  such  as  data  transmissions 
over  a  network. 

BACKGROUND 

Timers  can  be  implemented  in  several  ways. 
Two  common  approaches  are  the  following: 

A  register  or  storage  place  can  be  provided  for 
each  timer  to  be  activated.  The  timeout  value,  i.e.  a 
numeric  value  representing  a  time,  is  stored  in 
each  activated  timer.  The  identity  of  the  timer,  i.e. 
the  event  to  which  it  is  related,  may  be  stored  in  a 
separate  list  "which  also  keeps  the  addresses  or 
names  of  the  respective  registers  or  storage 
places.  All  active  timers  are  read  out  on  a  regular 
basis,  and  their  contents  is  decreased  to  reflect  the 
elapsed  time;  simultaneously,  a  test  is  made 
whether  the  new  contents  has  reached  a  given 
value,  e.g.  zero.  If  this  is  the  case,  the  timer  is 
expired  and  with  the  aid  of  the  list,  the  using 
system  can  be  notified  of  the  timeout,  giving  the 
identity  of  the  respective  event. 

Examples  for  such  timer  arrangements  were 
disclosed  in  the  following  publications: 
-  M.D.  Schettl,  D.J.Thomforde:  Centralized  Interval 
Timer  and  Event  Counter.  IBM  Technical  Disclo- 
sure  Bulletin,  Vol.17,  No.5,  October  1974,  pp.1455- 
1459. 
-  G.R.Mitchell:  Interval  Timers  Implemented  with 
Virtual  Address  Translation  Apparatus.  IBM  Tech- 
nical  Disclosure  Bulletin,  Vol.23,  No.2,  July  1980, 
pp.751  -756. 

Because  of  the  necessity  to  regularly  read  out 
and  update  the  contents  of  all  timers,  this  solution 
is  not  feasable  for  systems  where  a  very  large 
number  of  timers  in  the  order  of  thousands  must 
be  active  simultaneously. 

Another  possibilty  for  implementing  timers  is  to 
have  a  list  of  events  for  which  a  timeout  is  to  be 
supervised,  which  list  is  ordered  in  the  same  se- 
quence  in  which  the  timeouts  will  occur.  For  the 

first  item  in  the  list,  an  actual  timer  is  provided 
which  is  temporarily  associated  with  this  list  item 
and  provides  a  signal  or  interrupt  when  the  timeout 
actually  occurs.  Thereafter,  the  next  item  in  the  list 

5  can  be  then  associated  with  the  timer.  There  can 
be  provided  also  a  plurality  (e.g.  4)  of  actual  timers 
which  are  then  associated  with  the  respective  num- 
ber  of  leading  items  in  the  list. 

Also  this  solution  requires  much  manipulation 
w  of  data  in  the  form  of  items  in  a  waiting  queue. 

New  items  must  be  inserted  in  the  correct  position. 
If  a  timer  is  to  be  cancelled  which  is  often  desir- 
able,  the  whole  queue  must  be  searched  for  the 
respective  item  to  delete  it. 

rs  Examples  of  time  supervison  arrangements  are 
also  given  in  the  following  patents: 
-  U.S.  Patent  3,451,520:  Time-Sharing  Arrangement. 
-Discloses  a  time-sharing  arrangement  for  a  mul- 
tiprocessing  system  in  which  there  is  provided  a 

20  time-sharing  queue  which  consists  of  component 
tasks  from  jobs  presented  to  the  system  for  execu- 
tion  and  placed  on  the  queue  in  chronological 
order.  A  demand  interrupt  list  is  included  which 
includes  a  list  of  time  slots.  A  first  pointer  is  pro- 

25  vided  to  indicate  the  current  time  slot  in  the  list.  A 
second  pointer  is  provided  to  indicate  a  slot  in  the 
list  which  is  a  chosen  multiple  of  slots  removed 
from  the  current  slot.  Further  pointers  are  provided 
to  indicate  the  oldest  slots  for  tasks  to  be  executed. 

30  -This  arrangement  is  suitable  for  ensuring  the  time- 
ly  handling  of  several  tasks  in  a  time-sharing  sys- 
tem.  It  does  not  provide,  however,  for  timeout  inter- 
rupts  at  specific  time  instants,  nor  for  the  storage 
of  a  timer  identifier  which  can  be  presented  when  a 

35  preselected  time  has  elapsed. 
-  U.S.Patent  4,144,447:  Interval  Timer.  -  Discloses 
a  device  control  circuit  which  includes  the  provision 
of  control  commands  at  precise  time  intervals  by 
gating  each  command  at  a  time  controlled  by  a 

40  continuously  running  counter  to  which  is  added  the 
next  event  delay  value.  -  The  disclosed  device 
provides  for  the  timing  of  a  single  (next)  event  at  a 
time  and  is  not  suited  for  the  simultaneous  opera- 
tion  of  a  large  number  of  independent  timers.  Each 

45  next  event  must  be  entered  into  the  device  after  a 
previous  timeout  has  occured. 

OBJECTS  OF  THE  INVENTION 
50 

It  is  a  primary  object  of  the  invention  provide 
an  arrangement  by  which  a  large  number  of  timers 
can  be  simultaneously  implemented. 

It  is  a  further  object  of  this  invention  to  devise 
a  high-capacity  timer  arrangement  which  needs  a 
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ninimum  in  overhead  operations  requiring  process- 
ig  time  of  a  system. 

Another  object  of  the  invention  is  to  enable,  in 
i  multiple-timer  arrangement,  simple  setting  of  tim- 
irs  and  cancelling  of  timers. 

A  further  object  is  a  multiple-timer  arrangement 
ifhich  can  be  increased  in  capacity  by  simple 
idding  another  storage  module. 

Another  object  of  the  invention  is  a  method  of 
iperating  a  high-capacity  timer  device  which  sim- 
jlifies  the  handling  of  timers,  and  which  also  allows 
he  handling  of  multiple  timers  expiring  at  the  same 
ime. 

SUMMARY  OF  THE  INVENTION 

These  objects  are  achieved  by  the  invented 
imer  arrangement  which  is  defined  in  Claim  1  ,  and 
jy  the  method  of  operating  this  timer  arrangement, 
vhich  is  defined  in  Claim  8. 

The  invention  allows  the  implementation  of  sev- 
sral  hundreds  or  even  thousands  of  timers  by  pro- 
dding  a  single  high-capacity  timer  chip  and  a  rela- 
ively  simple  software  timer  service  in  the  host 
jsing  the  timer  arrangement.  With  a  respective 
additional  feature,  the  time  scale  can  be  selected 
srior  to  usage  of  the  timer  by  simple  insertion  of  a 
ime  scale  factor.  Furthermore,  cancelling  of  active 
:imers  can  be  easily  effected.  Another  advantage  is 
:hat  the  total  time  of  the  timer  can  be  increased  if 
■equired  easily  by  adding  another  module  to  the 
imer  RAM  storage. 

Further  features  and  advantages  of  the  inven- 
tion  will  become  apparent  from  the  following  de- 
tailed  description  of  a  preferred  embodiment  in 
:onnection  with  the  accompanying  drawings. 

LIST  OF  DRAWINGS 

Fig.1  is  a  block  diagram  of  a  high-capacity 
timer  implementing  present  invention. 

Fig.2  is  a  schematic  representation  of  the 
interaction  between  the  high-capacity  timer  and  a 
user  process  or  application  program  in  the  host 
processor  through  a  software  timer  service  improv- 
ing  the  operation  of  the  high-capacity  timer. 

Fig.3  shows  the  format  of  a  timer  control 
block  used  in  the  software  timer  service  for  sim- 
plifying  operation  of  the  high-capacity  timer. 

Fig.4  is  a  schematic  representation  of  the 
operations  in,  and  data  transfers  between,  the  var- 
ious  units  involved  in  the  operation  of  the  high- 
capacity  timer. 

Fig.5  is  a  schematic  representation  similar  to 
the  one  of  Fig.4,  including  the  necessary  steps  for 
allowing  multiple  timers  having  the  same  timeout. 

i-ig.o  illustrates  tne  contens  ot  piurai  cnainea 
timer  control  blocks  for  enabling  the  existence  of 
plural  timers  having  the  same  timeout  instant. 

DETAILED  DESCRIPTION 

(A)  TIMbH  HfcUUIHfcMfclN  I  S  AINU  KI-lllNUIKLCO 
OF  HIGH  CAPACITY  TIME 

10 
For  effective  operation  of  a  program  there 

should  be  available  a  number  of  timers  which  can 
each  be  set  individually  to  a  target  time  (timeout) 
and  which,  when  the  timer  expires,  interrupts  the 

rs  respective  program  and  identifies  the  timer  which 
has  just  expired. 

This  is  usually  done  by  storing  the  target  time 
and  an  identifier  in  one  of  several  registers  used  as 
timers.  For  each  time  increment,  the  then  current 

io  time  value  is  compared  to  the  target  times  in  all 
active  timers  and  when  a  match  occurs,  an  inter- 
rupt  is  effected  and  the  identifier  is  read  out  and 
transferred  to  the  application  program. 

This  is  only  possible  for  a  resticted  number  of 
35  timers  because  the  frequent  and  numerous  com- 

parisons  are  very  time-consuming.  Present  inven- 
tion  suggests  the  following  novel  principle  which 
allows  a  large  number  of  timers  to  be  implemented 
without  heavily  burdening  the  processing  power  of 

30  the  host  processor. 
In  the  novel  solution,  a  random  access  storage 

(RAM)  is  provided  in  which  each  location  repre- 
sents  a  time  instant.  All  locations  are  accessed  in  a 
cyclic  sequence,  the  address  being  provided  by  a 

35  counter  which  is  sequentially  incremented.  To  set  a 
timer,  an  identifier  is  provided  as  well  as  the 
timeout  value  in  terms  of  the  number  of  time  incre- 
ments  of  the  advancing  clock  of  the  cyclic  counter; 
the  timer  is  established  by  generating  an  address 

40  which  is  the  sum  of  the  current  cyclic  counter  value 
and  the  provided  timeout  value,  and  by  entering 
the  identifier  into  the  thus  addressed  RAM  location. 
When  later  during  the  normal  cyclic  addressing 
procedure  the  respective  RAM  location  is  accessed 

45  again,  an  interrupt  is  generated  indicating  a  timer 
expiration,  and  the  stored  identifier  is  returned  to 
the  host  or  application  program.  A  more  detailed 
description  is  given  in  the  next  sections. 

50 
(B)  HIGH  CAPACITY  TIMER 

The  High  Capacity  Timer  (termed  HCT  in  the 
following)  is  a  peripheral  unit,  i.e.  a  special  hard- 

55  ware  unit  which  can  be  used  to  provide  a  large 
number  of  timers  to  an  application  program  running 
on  an  associated  processor  (host  processor).  The 
highlights  of  the  High  Capacity  Timer  architecture 

3 
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are:  (a)  minimal  processor  interaction,  (b)  flexible 
number  of  timers  provided,  (c)  programmable  reso- 
lution. 

In  the  following  sections,  first  the  structure  of 
the  HCT  will  be  described  and  then  the  operation 
of  this  unit  will  be  explained.  Thereafter,  the  capa- 
bility  to  manipulate  the  timer  resolution  and  dura- 
tion  will  be  described.  Finally,  an  example  of  how 
the  HCT  can  be  used  to  provide  a  general  purpose 
timer  service  will  be  given. 

1  .  Structure  of  High  Capacity  Timer 

The  architecture  (structure)  of  the  HCT  is 
shown  in  the  block  diagram  of  Fig.1.  Its  major 
•components  are: 
-  A  RAM  chip  11  (Timer  RAM).  The  number  of 
storage  locations  in  the  RAM  defines  the  maximum 
duration  of  the  timers. 
-  A  register  13  to  hold  a  new  timeout  value  re- 
quested  by  the  user  processor  (New  Timer). 
-  A  register  15  to  hold  the  reference  to  a  timer  (i.e., 
its  address)  which  is  to  be  cancelled  (Old  Timer). 
-  A  register  17  to  hold  the  tag  (i.e.  the  identifica- 
tion)  to  be  associated  with  a  new  timer  (Timer 
Tag). 
-  A  counter  19  which  cycles  through  the  RAM 
address  range  (CAC  =  Current  Address  Counter). 
-  An  adder  20  connected  to  the  New  Timer  register 
(13)  and  to  the  Current  Address  Counter  (19)  for 
adding  the  contents  of  both. 
-  A  multiplexer  21  for  selecting  one  of  three  possi- 
ble  address  sources  to  be  applied  to  the  Timer 
RAM  (Mux). 
-  A  register  23  to  hold  the  value  by  which  the 
master  time  clock  is  to  be  divided  before  being 
applied  to  the  CAC  (Time  Scale). 
-  A  divider  25  for  dividing  a  master  clock  signal  by 
the  contents  of  the  Time  Scale  register,  for  provid- 
ing  local  clock  pulses  (or  "ticks")  to  the  CAC 
(Clock  Divider). 
-  A  detecting  unit  27  for  receiving  data  read  from  a 
RAM  location  and  furnishing  respective  interrupt 
and  tag  signals  (Active  Timer  Detect). 
-  A  logic  unit  29  for  directing  the  operation  of  the 
various  HCT  components  under  control  of  the  mas- 
ter  clock  and  received  "external"  control  signals 
(Control  Logic). 

The  HCT  is  interconnected  with  the  host  pro- 
cessor  by: 

(a)  a  data  bus  31  (carrying  data  to  New 
Timer  13,  Old  Timer  15,  Timer  Tag  17,  Time  Scale 
23,  and  from  a  driver  unit  33  which  is  connected  to 
the  outputs  of  Mux  21  and  Active  Timer  Detect  27); 
and 

(b)  control  lines  35  (35A  ...  35H)  (carrying 
binary  control  signals  to  New  Timer  13,  Old  Timer 

15,  Timer  Tag  17,  Time  Scale  23,  Control  Logic  29, 
and  from  Active  Timer  Detect  27). 

The  data  bus  and  its  branches  are  shown  as 
solid  lines,  weheras  the  control  lines  ar  shown  as 

5  dotted  lines. 

2.  Basic  Operation  of  High  Capacity  Timer 

10  The  high  capacity  timer  operates  by  sequen- 
cing  through  the  address  space  of  the  RAM,  i.e.  all 
storage  locations  of  the  Timer  RAM  are  accessed 
sequentially.  When  a  location  with  non-zero  con- 
tents  is  acessed,  a  timeout  has  occured  and  the 

75  host  processor  is  interrupted  and  an  identification 
(Timer  Tag)  is  returned  to  the  host  processor. 
When  the  addressed  location  holds  a  zero  word, 
then  no  timer  has  expired.  Hence,  setting  a  timer  is 
performed  by  setting  the  contents  of  some  particu- 

20  lar  storage  location  to  a  specific  value.  This  value 
is  the  Timer  Tag  which  is  contained  in  the  respec- 
tive  register  17  when  a  new  timer  is  requested.  The 
most  significant  bit  of  each  timer  RAM  word  should 
always  be  set  to  a  logical  '1  '  in  order  to  prevent  an 

25  error  when  the  Timer  Tag  was  selected  to  have  the 
value  zero.  Thus,  the  number  of  possible  tag  val- 
ues  is  equal  to  2(N"1)  where  N  is  the  number  of  bit 
positions  in  each  Timer  RAM  word  (storage  loca- 
tion). 

30  When  the  HCT  interrupts  the  host  processor  by 
activating  the  Host  Processor  Interrupt  control  line 
35H  to  indicate  that  a  timer  has  expired,  increment- 
ing  of  the  CAC  is  suspended.  The  user  processor 
responds  to  the  interrupt  by  activating  the  IntAck 

35  control  line  (35F).  This  causes  the  contents  of  the 
currently  adressed  Timer  RAM  location,  i.e.  the  tag 
of  the  expired  timer,  to  be  gated  onto  the  the 
processor  data  bus.  At  the  end  of  the  interrupt 
acknowledge  procedure,  the  contents  of  the  re- 

40  spective  Timer  RAM  location  are  reset  to  zero. 
The  host  processor  can  request  the  setting  of  a 

new  timer  and  the  cancelling  of  an  existing 
(running)  timer  by  two  commands:  SET  TIMER  and 
CANCEL  TIMER.  In  order  to  update,  i.e.  to  change 

45  the  target  timeout,  of  a  timer,  the  user  processor 
must  explicitly  call  the  HCT  twice:  first  to  cancel 
the  previous  value  and  then  to  set  the  new  value. 

50  SET  TIMER 

In  order  to  set  a  timer,  the  user  processor  first 
loads  the  tag  (identifier)  to  be  associated  with  the 
timer  into  the  Timer  Tag  register  17  by  furnishing 

55  this  tag  to  the  data  bus  31  and  activating  the  Set 
Timer  Tag  control  line  35G.lt  then  loads  the 
timeout  value  (i.e.  a  number  indicating  after  how 
many  time  units  or  increments  the  timer  should 

4 
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xpire)  into  the  New  Timer  register  13  by  furnish- 
ig  this  value  to  the  data  bus  31  and  activating  the 
iet  New  Time  control  line  35B,  and  then  -activates 
ie  Set  Timer  control  line  (35D).  This  causes  the 
.ddress  of  the  currently  accessed  RAM  location 
i.e.  the  CAC  contents)  to  be  added  to  the  value 
leld  in  the  New  Timer  register.  The  contents  of  the 
"imer  Tag  register  is  then  written  into  Timer  RAM 
it  the  location  addressed  by  the  resulting  sum. 
tence,  the  value  furnished  by  the  CAC  can  be 
;een  as  representing  the  current  time.  Each  Timer 
ÂM  address/location  can  be  seen  as  representing 

i  future  instant  of  time  which  is  ahead  of  the 
:urrent  time  by  as  many  time  units/increments  as 
he  current  CAC  contents  and  the  respective  Timer 
WM  address  are  apart. 

In  order  to  give  the  host  processor  a  reference 
o  the  timer  which  has  just  been  set,  the  HCT  also 
jates  the  address  of  the  new  timer  onto  the  host 
>rocessor  data  bus  31  via  the  driver  circuit  33.  This 
'alue  will  be  required  if  the  user  wishes  to  utilize 
he  Cancel  Timer  facility. 

It  is  possible  that,  when  the  HCT  accesses  a 
rimer  RAM  location  to  set  a  timer,  it  finds  that  the 
espective  location  already  has  a  non-zero  contents 
i.e.  the  location  is  already  in  use  for  another  timer 
vhich  was  set  earlier  but  should  have  the  same 
jxpiration  time).  In  this  case,  a  special  procedure 
for  a  "multiple  timer")  takes  place  which  is  de- 
scribed  later  in  section  B3. 

The  normal  cycling/sequencing  of  the  CAC 
;ontents  is  of  course  suspended  during  the  setting 
3f  a  new  timer.  The  cycle  during  which  a  new  timer 
s  set  is.  interleaved  into  the  normal  incrementing 
jperation  of  the  CAC.  Because  the  contents  of  the 
3AC  is  not  altered  by  the  Set  Timer  operation,  the 
cycling  through  the  Timer  RAM  addresses  resumes 
at  the  point  at  which  it  was  suspended.  Hence,  no 
iimers  are  lost  during  a  Set  Timer  operation. 

CANCEL  TIMER 

In  order  to  cancel  a  timer,  the  host  processor 
must  load  the  reference  value  received  from  the 
HCT  at  the  time  of  setting  the  timer,  into  the  Old 
Timer  register  15  by  furnishing  this  value  to  the 
data  bus  31  and  activating  the  Set  Old  Timer 
control  line  35A..Then  the  host  processor  activates 
the  Cancel  Timer  command  line  (35E).  The  HCT 
then  uses  the  value  stored  in  the  Old  Timer  regis- 
ter  as  address  to  access  a  location  of  the  Timer 
RAM.  The  contents  of  this  location  is  set  to  zero, 
thereby  cancelling  the  timer. 

3.  Timer  Resolution  and  Maximum  Duration 

I  ne  resolution  ana  maximum  aurauuu  ui  me 
HCT  are  interrelated  and  depend  on  the  frequency 
of  the  clock  signal  which  is  used  to  increment  the 
Current  Address  Counter  (CAC)  and  which  is  fur- 

5  nished  on  output  line  37  of  the  Clock  Divider  25, 
and  on  the  depth  (number  of  storage  locations)  of 
the  Timer  RAM. 

The  resolution  is  defined  as  the  period  of  the 
CAC  clock  signal  on  line  37.  In  Fig.1  it  can  be  seen 

o  that  the  duration  of  the  CAC  clock  period  is  derived 
from  a  master  clock  which  is  divided  by  the  con- 
tents  of  the  Time  Scale  register  23.  (The  master 
clock  is  either  furnished  by  a  master  clock  gener- 
ator  39  in  the  HCT,  or  it  is  provided  on  a  separate 

5  clock  line  from  the  host  processor)  .  For  changing 
the  time  scale,  a  respective  value  is  furnished  to 
the  data  bus  31  and  then  the  Set  Time  Scale 
control  line  35C  is  activated.  Using  this  facility,  the 
host  processor  can  define  the  length  of  each  timer 

>o  tick  (the  value  of  the  time  increment)  prior  to  using 
the  HCT.  In  addition,  the  user  may  utilize  this 
function  to  "slow  down"  or  "speed  up"  time. 

The  maximum  duration  of  any  timer  is  given  by 
the  product  Dmax  =  (Nram  -  1)  x  (clock_period)  , 

?5  where  Nram  is  the  number  of  addressable  locations 
in  the  Timer  RAM  and  clock_period  is  the  tick 
duration  of  the  CAC  clock  signal  on  line  37.  There- 
fore,  the  maximum  duration  is  linearly  dependent 
on  the  value  stored  in  the  Time  Scale  register  23. 

30  The  maximum  timeout  is  proportional  to  Nram  -  1 
and  not  Nram  because  the  Timer  RAM  location 
with  address  zero  is  not  used  (as  was  briefly  ex- 
plained  above). 

35 
4.  Example 

As  an  example  of  the  capacity  of  a  High  Ca- 
pacity  Timer  implementation,  a  Timer  RAM  com- 

40  prising  64  k  word  locations  is  considered. 
The  number  of  independent  timers  which  the 

HCT  can  support  is  defined  by  the  number  of 
storage  locations  in  the  Timer  RAM.  In  this  exam- 
ple  up  to  65,535  independent  timers  can  be  sup- 

45  ported. 
If  the  period  of  the  master  clock  is  0.5  ms  and 

the  Time  Scale  register  holds  the  value  one,  in- 
dicating  no  division  of  the  master  clock,  the  maxi- 
mum  duration  of  the  HCT  is  ca.  32  seconds.  The 

so  minimum  time  between  timeouts  is  the  period  of 
the  CAC  clock  signal,  i.e.  0.5  ms  in  this  case. 

The  maximum  duration  can  be  increased, 
along  with  an  increase  in  the  minimum  time  be- 
tween  timeouts,  by  increasing  the  value  in  the 

55  Time  Scale  register  23.  By  setting  its  contents  e.g. 
to  16,  the  maximum  timeout  duration  rises  to  ca.  8 
minutes.  In  this  case,  the  minimum  time  between 
timeouts  is  8  ms. 
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(C)  IMPLEMENTATION  DETAILS  WITH  SOFT- 
WARE  TIMER  SERVICE 

1.  Principles 

To  achieve  the  best  possible  utilization  of  the 
High  Capacity  Timer  HCT,  a  software  Timer  Ser- 
vice  (STS)  is  provided  as  interface  between  the 
application  program  in  the  host  processor  and  the 
HCT.  The  respective  configuration  is  schematically 
shown  in  Fig.2. 

The  control  signals  shown  on  the  control  lines 
in  Fig.1  are  now  exchanged  between  the  HCT  and 
the  Software  Timer  Service  STS.  Furthermore,  data 
are  exchanged  between  the  HCT  and  the  STS  via 
the  data  bus  31  .  It  is  assumed  that  the  width  of  this 
data  bus  as  well  as  the  width  of  the  host  processor 
data  bus  is  the  same  as  the  width  of  the  storage 
locations  of  the  HCT  (i.e.,  the  control  or  data  words 
can  be  exchanged  in  parallel). 

The  application  program  in  the  host  processor 
can  issue  the  two  basic  commands  (which  were 
introduced  above)  to  the  STS  in  the  following  form: 

(1)  SET  TIMER  (timer_id,  ticks,  notifica- 
tion) 

(2)  CANCEL  TIMER  (timer_ref) 
The  three  arguments  in  the  SET_TIMER  com- 

mand  are  the  following: 
timer  id  =  The  name  (identifier)  which  the  ap- 
plication  program  wishes  to  associate  with  the  tim- 
er 
ticks  =  The  duration  of  the  timer  (expressed  in 
ticks  where  one  tick  is  the  duration  of  the  CAC 
clock  signal  cycle) 
notification  =  The  way  in  which  the  application 
program  wants  to  be  notified  when  the  timer  has 
expired  (This  could  be  e.g.  an  event  which  should 
be  posted  for  the  application  program) 

Upon  completion  of  the  SET  TIMER  com- 
mand,  the  STS  returns  to  the  application  program  a 
reference.  This  is  to  be  used  should  the  application 
program  want  to  cancel  the  timer. 

The  argument  in  the  CANCEL_TIMER  com- 
mand  is  the  following: 
timer  ref  =  The  reference  returned  by  the  STS 
when  the  timer  was  started  (This  may  be  the 
address  of  the  Timer  RAM  location  in  which  the 
data  of  the  respective  timer  are  stored) 

Essentially,  the  Software  Timer  Service  STS 
provides  a  Timer  Control  Block  (T-CB)  for  each 
timer  which  is  active  in  the  HCT.  The  format  of  the 
T-CB  is  shown  in  Fig.3..lt  comprises  six  fields  as 
follows: 
Timer  id  =  as  defined  above 
Notification  =  as  defined  above 
HCT_reference  =  The  reference  to  be  used  when 
the  timer  is  to  be  cancelled  (This  is  the  Timer  RAM 

address  of  the  respective  timer) 
Activity  =  A  bit  indicating  whether  the  status  of  the 
respective  timer  is  active  or  inactive 
Next_CB  =  STS  address  of  the  next  T-CB  if  more 

5  than  one  timer  is  associated  with  the  same  expira- 
tion  time,  i.e.  with  the  same  Timer  RAM  location 
Chained  =  A  bit  indicating  whether  the  status  of 
the  respective  T-CB  is  chained  to  another  one 

10 
2.  Normal  Operation 

Operation  of  the  Software  Timer  Service  STS 
is  schematically  illustrated  in  Fig.4  and  will  be 

is  explained  below: 
First  (a),  the  application  program  issues  the 

SET  TIMER  command  to  the  STS,  including  the 
three  parameters  timer  id  (T-ID),  ticks,  and  noti- 
fies  Thereupon  (b),  the  STS  allocates  a  Timer 

20  Control  Block  T-CB  and  enters  the  timer-id  and  the 
notification  into  the  two  respective  fields  of  the  new 
T-CB. 

Then  (c)  the  STS  issues  in  turn  a  SET  TIMER 
command  to  the  HCT.  It  sends  to  the  HCT  the  ticks 

25  value  as  the  new__timer  value  (NEW-T)  and  the 
address  of  the  new  T-CB,  i.e.  ADR(T-CB)  as  Timer 
Tag.  These  two  values  are  entered  into  the  respec- 
tive  registers  13  and  17  of  the  HCT  and  are  used 

•  for  establishing  (setting)  the  requested  timer  (d). 
30  Once  the  timer  has  been  set,  the  HCT  returns  (e) 

to  the  STS  the  address  of  the  Timer  RAM  location 
which  has  just  been  used  for  establishing  the  timer, 
ADR(T-RAM).  This  address  is  inserted  (f)  by  the 
STS  into  the  "HCT_reference"  field  of  the  T-CB, 

35  and  the  activity  bit  in  the  T-CB  is  set  to  "1  ".  The 
SET__TIMER  operation  terminates  when  the  STS 
returns  (g)  a  timer  ref  (T-REF)  to  the  application 
program.  The  value  of  this  timer  ref  is  the  ad- 
dress  of  the  Timer  Control  Block,  ADR(T-CB),  in 

40  the  Software  Timer  Service.  The  application  pro- 
gram  stores  (h)  this  timer  reference  for  subsequent 
utilization  (if  necessary). 

_  When  the  HCT  detects  that  a  timer  has  expired 
by  determining  that  an  addressed  Timer  RAM  loca- 

ls  tion  is  not  empty,  it  interrupts  the  STS  (i).  During 
the  interrupt  acknowledge  procedure  (j)  which  was 
described  above  already,  the  STS  receives  (k)  from 
the  HCT  the  timer_tag  stored  in  the  Timer  RAM; 
this  is  the  address  ADR(T-CB)  of  the  Timer  Control 

so  Block  associated  with  the  expired  timer.  The  STS 
then  accesses  the  T-CB  (I)  and  notifies  the  applica- 
tion  program  that  a  timer  has  expired  and  returns 
(m)  to  the  application  program  the  timer  id  (T-ID) 
from  the  T-CB  (and  a  notifier  if  such  was  stored). 

55  The  T-CB  in  the  STS  is  then  deallocated  (n). 
If  the  application  program  wants  to  cancel  the 

timer,  it  issues  (p)  the  CANCEL_TIMER  command 
to  the  STS,  furnishing  the  timer_ref  (T-REF)  which 

6 
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s  the  address  of  the  T-CB.  Thereupon,  the  STS 
;an  read  (q)  HCT_reference  (which  is  the  Timer 
3AM  address  of  the  respective  timer)  from  the  T- 
DB  and  it  issues  (r)  in  turn  a  CANCEL  TIMER 
command  to  the  HCT,  furnishing  this  address  ADR- 
T-RAM)  as  the  argument.  The  respective  Timer 
3AM  location  is  set  to  zero,  thereby  cancelling  the 
imer  (t).  The  T-CB  is  also  deallocated  (s)  in  the 
3TS. 

3.  Operation  With  Multiple  Timers  Having  the  Same 
Expiration  Time  (Chaining  Timer  Control  Blocks) 

The  STS  operation  occuring  when  multiple  tim- 
srs  have  the  same  expiration  time  is  schematically 
illustrated  in  Fig.5. 

Setting:  It  is  possible  that  when  the  Software 
Timer  Service  STS  issues  the  SET_TIMER  com- 
mand  to  the  HCT,  the  Timer  RAM  location  which  is 
to  be  used  to  store  the  timer_tag  is  already  in  use 
by  another  timer  (having  the  same  target  or  expira- 
tion  time);  i.e.,  contents  is  detected  to  be  non-zero 
(d').  In  this  case,  the  HCT  will  return  (e')  to  the 
STS  a  ZERO  instead  of  a  Timer  RAM  address.  The 
STS  then  activates  the  IntAck  control  line  (e  )  as  if 
it  were  interrupted  due  to  a  timer  expiration,  and 
will  receive  thereupon  from  the  HCT  (e'")  the 
timer_tag  stored  at  the  RAM  address  just  used, 
which  is  actually  the  RAM  address  ADR(T-RAM)  of 
the  existing  older  timer  which  is  due  to  expire  at 
the  same  time  as  the  new  timer  which  is  just  to  be 
set.  The  STS  now  chains  (f')  the  two  control 
blocks,  using  the  "Next_CB"  field  in  the  T-CB  of 
the  older  timer  and  setting  the  "chained"  flag  in 
both  T-CBs. 

Expiration:  When  later  the  Timer  RAM  location 
is  accessed  during  the  normal  sequencing  proce- 
dure  and  the  HCT  detects  non-zero  contents  (i),  it 
interrupts  the  STS  thus  indicating  that  the  first 
timer  has  expired.  Upon  interrupt  acknowledgement 
(j),  STS  receives  from  HCT  (k)  the  address  ADR(T- 
CB)  of  the  first  T-CB  associated  with  this  expiration 
time.  The  STS  then  extraxts  (I)  the  timer_id  (and  a 
notifier  if  stored)  from  this  first  T-CB  and  from  the 
second,  chained  T-CB  and  notifies  the  application 
program  of  the  expiration  of  both  timers  by  return- 
ing  (m')  the  two  timer_ids  T-ID  (and  any  notifier  if 
available). 

The  chain  of  Timer  Control  Blocks  can  be 
extended  as  far  as  necessary,  i.e.  any  number  of 
timers  can  be  associated  with  the  same  expiration 
time. 

Cancelling:  To  cancel  a  timer  whose  Timer 
Control  Block  T-CB  is  chained  is  very  efficient.  The 
activity  status  indicator  bit  of  the  T-CB  identified  in 
the  CANCEL  TIMER  command  (p)  is  simply  reset 
(q,  q')  to  indicate  inactive  status.  When  later  the 

chained  timers  expire  and  the  bib  steps  down  tne 
T-CB  chain  notifying  the  application  program  about 
each  timer  which  has  expired,  it  ignores  those 
which  have  been  marked  inactive.  The  "chained" 

5  flag  in  the  T-CBs  prevents  the  last  T-CB  in  the 
chain  from  being  interpreted  as  a  single,  unchained 
Timer  Control  Block. 

Fig.6  illustrates  the  contents  of  three  Timer 
Control  Blocks  T-CB  which  are  chained.  The  three 

10  control  blocks  T-CB1,  T-CB2,  and  T-CB3  are 
stored  at  locations  026,  084,  and  113,  respectively. 

The  first  box  in  Fig.6  (above  the  dashed  line) 
shows  the  initial  contents  of  T-CB1,  i.e.  when  it 
represents  a  single  (unchained)  timer.  It  contains  a 

75  timer_id  "abc",  a  notifier,  the  T  RAM  address 
207  (pointing  to  the  RAM  location  where  its  own 
address  026  is  stored  as  timer_tag),  and  a  "1  "  in 
the  activity  status  field.  The  other  two  fields  contain 
zeros  indicating  "no  chaining". 

30  The  three  boxes  below  the  dashed  line  in  Fig.6 
represent  the  chained  or  concatenated  T-CBs.  As 
can  be  seen,  T-CB1  now  contains  a  Next  CB 
address  084  pointing  to  T-CB2,  and  indicates  a 
chained  status  by  a  "1  "  in  the  last  field.  T-CB2  and 

25  T-CB3,  besides  storing  individual  T-REFs  and  noti- 
fies,  have  a  HCT  ref  of  zero  (because  only  the 
first  T-CB  of  a  chain  stores  the  associated  T-RAM 
address).  Both  indicate  "active"  status  and 
"chained"  status.  T-CB2  has  as  Next_CB  the  ad- 

30  dress  113  of  T-CB3,  whereas  T-CB3  contains  a 
zero  as  Next_CB  indicating  that  it  is  the  last  in  the 
chain. 

If  one  timer  is  to  be  cancelled,  e.g.  the  one 
represented  by  T-CB2,  only  the  activity  status  bit  is 

35  set  to  zero  (as  indicated  above  the  box)  but  nothing 
else  is  changed  so  that  the  whole  T-CB.  chain  is 
maintained  (as  described  above  already). 

40  Claims 

1  .  Timer  arrangement  for  furnishing  a  time  in- 
terval  expiration  indication  for  each  of  plural  individ- 
ually  identified  timers,  comprising 

45  -  random  access  (RAM)  timer  storage  means  (11) 
having  plural  storage  locations  each  for  holding  at 
least  one  timer  tag  identifying  a  timer; 
-  means  (19,  23,  25)  for  sequentially  and  cyclically 
addressing  storage  locations  of  said  timer  storage 

so  means  and  for  giving  a  timer  expiration  indication 
when  an  addressed  timer  storage  location  contains 
a  timer  tag; 
-  means  (13,  17)  for  receiving  in  connection  with  a 
timer  request,  a  timer  tag  and  a  timeout  value 

55  representing  a  desired  timeout  interval, 
-  means  (20)  for  deriving,  from  the  present  timer 
storage  location  address  held  in  said  cyclic  ad- 
dressing  means  (19,  23,  25)  and  from  said  timeout 

7 
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value  (17),  a  future  address  which  will  be  accessed 
by  said  cyclical  addressing  means  after  a  time 
interval  represented  by  said  timeout  value;  and 
-  means  (29)  for  storing  said  timer  tag  in  the  timer 
storage  location  having  said  future  address. 

2.  Timer  arrangement  in  accordance  with  Claim 
1  ,  characterized  by 
-  means  (27,  33)  for  furnishing  the  stored  timer  tag 
from  a  cyclically  addressed  timer  storage  location 
for  which  said  timer  expiration  indication  was  given, 
to  a  host  data  bus  (31  ). 

3.  Timer  arrangement  in  accordance  with  Claim 
1  ,  characterized  in  that 
-  said  cyclic  addressing  means  (19,  23,  25)  in- 
cludes  a  cyclic  counter  (19)  which  is  advanced  at 
regular  intervals  by  a  timer  clock  signal  (37), 
-  said  timeout  value  being  a  numeric  value  which 
represents  the  number  of  timer  clock  intervals  cor- 
responding  to  the  desired  timeout  interval. 

4.  Timer  arrangement  in  accordance  with  Claim 
3,  characterized  in  that 
-  said  future  address  deriving  means  (20)  com- 
prises  an  adder  connected  to  the  outputs  of  said 
cyclic  counter  (19)  and  of  a  register  (13)  holding 
said  timeout  value. 

5.  Timer  arrangement  in  accordance  with  Claim 
3,  characterized  in  that 
-  said  cyclic  addressing  means  (19,  23,  25)  com- 
prises  a  loadable  time  scale  register  (23),  and 
divider  means  (25)  connected  to  said  time  scale 
register  and  to  a  source  (39)  of  a  master  clock 
signal, 
-  said  divider  means  scaling  down  the  master  clock 
pulses  at  a  rate  given  by  the  contents  of  the  time 
scale  register  and  furnishing  the  scaled-down  pulse 
sequence  as  timer  clock  signal  (37)  to  said  cyclic 
counter  (19). 

6.  Timer  arrangement  in  accordance  with  Claim 
1  ,  characterized  in  that 
-  means  (21  ,  33)  are  provided  for  returning  a  future 
address  which  is  used  to  establish  a  new  timer,  as 
timer  reference  to  a  host  data  bus  (31),  that 
-  an  additional  register  (15)  is  provided  for  holding 
a  received  old  timer  reference  which  represents  the 
address  of  a  timer  storage  location  assigned  to  an 
active  timer  and  containing  a  timer  tag,  and  that 
-  means  (21,  29)  are  provided  for  addressing,  in 
response  to  a  cancel  timer  signal  (35F),  the  timer 
storage  location  identified  by  said  old  timer  refer- 
ence,  for  deleting  the  contents  of  said  addressed 
timer  storage  location  to  thus  cancel  the  respective 
timer. 

7.  Timer  arrangement  in  accordance  with  Claim 
1  ,  characterized  in  that 
-  active  timer  detecting  means  (27)  are  provided 
which  are  connected  to  the  timer  storage  means 
for  receiving  the  contents  of  an.  addressed  timer 
storage  location,  for  detecting  whether  said  con- 

tents  is  different  from  zero,  for  furnishing  an  inter- 
rupt  signal  to  a  host  signalling  line  (35H),  and  for 
furnishing  the  contents  of  the  addressed  location 
which  constitutes  a  timer  tag  via  respective  transfer 

s  means  (33)  to  a  host  data  bus  (31). 
8.  Method  of  operating  the  timer  arrangement 

of  Claim  1  ,  comprising  the  following  steps: 
-  providing  a  timer  service  as  interface  between  the 
timer  arrangement  and  a  user, 

10  •  for  setting  a  timer,  sending  a  timer  request  with  a 
timer  identifier  and  a  timeout  value  to  said  timer 
service, 
-  establishing  a  timer  control  block  (T-CB)  in  said 
timer  service  and  storing  therein  said  timer  iden- 

75  tifier, 
-  sending  from  said  timer  service  a  timer  request  to 
said  timer  arrangement,  with  the  address  of  said 
timer  control  block  as  timer  tag  and  with  said 
timeout  value, 

20  -  in  said  timer  arrangement,  storing  the  address  of 
the  timer  control  block  as  timer  tag  in  a  selected 
timer  storage  location,  and  returning  the  address  of 
said  selected  timer  storage  location  as  intermediate 
reference  to  said  timer  service,  and 

25  -  in  said  timer  service,  storing  the  received  timer 
storage  location  address  as  intermediate  reference 
in  the  assigned  timer  control  block. 

9.  Method  in  accordance  with  Claim  8,  com- 
prising  the  following  additional  step: 

30  -  returning  from  the  timer  service,  the  address  of 
the  respective  timer  control  block  as  timer  refer- 
ence  to  the  user. 

10.  Method  in  accordance  with  Claim  9,  com- 
prising  the  following  additional  steps  for  cancelling 

35  a  timer: 
-  sending  the  timer  reference  for  the  respective 
timer  to  the  timer  service, 
-  in  the  timer  service,  accessing  the  timer  control 
block  addressed  by  said  timer  reference  and  send- 

ee  ing  the  timer  storage  location  address  which  is  the 
intermediate  reference  contained  therein  together 
with  a  cancelling  request  to  the  timer  arrangment, 
and  then  deleting  the  contents  of  said  timer  control 
block,  and 

45  -  in  said  timer  arrangement,  upon  receiving  the 
timer  storage  location  address  which  is  the  inter- 
mediate  reference  and  the  cancelling  request,  de- 
leting  the  contents  of  the  respective  timer  storage 
location. 

so  11.  Method  in  accordance  with  Claim  8,  com- 
prising  the  following  additional  steps: 
-  in  said  timer  arrangement  when,  for  setting  a  new 
timer,  a  timer  storage  location  is  accessed  which  is 
already  occupied:  returning  to  the  timer  service,  a 

55  chaining  indication  and  also  the  timer  tag  which  is 
stored  in  the  respective  timer  storage  location  and 
which  represents  the  timer  control  block  of  an  older 
timer, 

8 
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in  the  timer  service,  concatenating  the  newly 
sstablished  timer  control  block  (T-CB2)  and  the 
jlder  timer  control  block  (T-CB1)  identified  by  said 
eturned  timer  tag,  without  entering  a  timer  storage 
ocation  address  as  an  intermediate  reference  into  5 
he  newly  established  control  block. 

1  2.  Method  in  accordance  with  Claim  1  1  ,  com- 
prising  the  following  additional  steps: 
■  setting,  in  each  timer  control  block  when  it  is 
astablished,  an  activity  indicator  to  active  status,  w 
■  for  cancelling  a  timer,  sending  the  respective 
:imer  reference  and  a  cancelling  request  from  the 
jser  to  the  timer  service,  and 
■  in  the  timer  service,  testing  in  the  respective 
:imer  control  block  whether  it  has  a  chained  status,  15 
and  if  yes,  only  changing  the  activity  indication  in 
said  timer  control  block  from  active  to  inactive. 

13.  Method  in  accordance  with  Claim  8,  com- 
Drising  the  following  additional  steps: 
■  addressing  the  timer  storage  locations  cyclically  20 
and  sequentially  at  regular  intervals,  and  when  an 
addressed  location  contains  non-zero  data,  sending 
an  expiration  indication  and  the  contents  of  said 
addressed  timer  storage  location  as  timer  tag  to 
:he  timer  service,  and  deleting  the  contents  of  the  25 
•espective  timer  storage  location,  and 
•  in  the  timer  service,  accessing  the  timer  control 
olock  designated  by  said  timer  tag,  sending  an 
3xpiration  indication  and  the  timer  identifier  stored 
n  said  timer  control  block  to  the  user,  and  there-  30 
after  deleting  said  timer  control  block. 

14.  Method  in  accordance  with  claims  11  and 
12,  comprising  the  following  additional  steps: 
•  in  the  timer  service,  when  receiving  an  expiration 
indication  and  a  timer  tag  from  the  timer  arrange-  35 
ment,  testing  in  the  respective  timer  control  block 
whether  it  is  chained,  and  if  it  is  chained,  accessing 
all  chained  timer  control  blocks,  returning  a  stored 
timer  identifier  to  the  user  only  from  those  timer 
control  blocks  in  which  the  activity  status  is  set  to  40 
active,  and  thereafter  deleting  all  chained  timer 
control  blocks. 

45 
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