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o PREFACE

The l inkage rout ines descr ibed in  th is  sect ion are those which

r e l a t e  t o  P D ? - 9  f a c i l i t i e s .  T h e s e  r o u t i n e s  m a y  b e  c a l l e d  b y  P D P - 9

stand-a lone FoRTRAN IV prograrns,  or  may be cal led for  addi t iona1 fac i l i -

t ies in  hybr id  FORTMN IV programs.  l , inkage rout ines re lat ing to EAI  593

(hybr id  in ter face)  fac i l i t ies are descr ibed in  the EAI  693 LINKAGE

s e c E i o n  o f  t h i s  m a n u a l .
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I.O O?EMTOR COMMI,'I{ICATION

The rou t ines  in  th is  sec t io l r  enab le  the  prograrnmer /ope ra  E  or  to

coamunica te  w i th  a  runn ing  program f rom Lhe PDP-9 conso le  in  an  e f f i c ien t

a n d  c o n v e n  i  e n t  m a n n e r .

l. l  ACCIJMULAToR (SENSE) SWITCHXS

T h e r e  a r e  l 8  t o p p l e  s w i t c h e s  l o c a t e d  i n

operator  console (under  the REGISTER disp1ay

accumu- l .a tor  swi tches,  numbered f rom /  to  I7 .

s w i L c h e s  ( u p  o r  d o w n ,  ' l  o r  f , ,  r e s p e c t i v e l y )

f h p  r i o h t  m i d d l p  o f  t h p  P D P - 9

T h e  s t a t e  o f  t h e s e

can be  mon i to red  by  the  PDP-9

under program contro l .  The ?D?-9

s e n s e  s w i t c h e s  a t  h i s  d i s p o s a l  .

(or  anaLogfhybr id)  user  thus has I8

o
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-PROGRAM: Read S ing le

NAME: RSAC

AC Switch (I 'unc t ion)

PUR?OSE: l .  Read the state of  an AC swi tch on the PDP-9 console.

CALLING sEguENqg: RsAc (IsliITcH)

+S.GIAGNTS:.  ISWITCH speci f ies the bi t  posi t ion (0- l7) of  the AC

RETTIRN :

s w i t c h e s  t o  b e  r e a d .

RSAC is  TRUE i f  the speci f ied AC swi tch ra 'as in  the UP
p o s  i t  i o n .

RSAC is I'ALSE if the specified AC switch wbs in the DOI^IN
posi t ion,  or  i f  an i l lega1 srr r i tch was requested.

E)GCIIIION TIME: 32 to 4l usec

STORAGE REQUISImMS.: 27 locat ions

PROGRAMMIN-9_H_INTS-: RSAC must be declared L0GICAL in the
FORTRAN IV calling program.

AUTHOR: C.  L.  Cros s
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1 .3 PRoGRAM: Read Bank of  AC Swi tches

MlE, RBAC

PURPOSE: l .  Read the state of  a l l  the AC sni tches on the
rur  -v  conso re .

A U T H O R :  C .  L .  C r o s  s

CALLING SEQLENCE: CALT, RBAC (IPATTERN)

ARGUMENTS: Bi ts  0-17 speci fy  the state of  the corresponding
swi tches :  i f  b i t  i  o f  IPATTERN is  r r ' l r r ,  then
s v i t c h  i  \ ^ / a s  i n  t h e  U P  p o s i t i o n ;  i f  b i t  i  o f
IPATTERN is rr0'r, then AC switch i was in the
pos  i t  ion  .

EXECUTION TIME: l8  ; lsec

STORAGE REQUIRXMEMS: |2 l-ocat ions

AC
AC

DOiiN
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2.0 AUOMI\TIC PRIORITY IIVIERRUPT CONTROL

The CMU Hybr id Conputat ion Laboratory ?D?-9 conf igurat ion inc ludes

the Auto inat ic  Pr ior i ty  In terrupt  (API)  opt ion.  This  opt ion fac i l iLates

t h o s e  a p p 1 i c a t i o n s  w h i c h  r e q u i r e  a  s o p h i s t i c a t e d  i n t e r r u p t  s y s t e m .

2,1 API HARDWAR-I DE SCR]PTION

The mul . t i level  automat ic  pr ior i ty  in terrupt  opt ion (APT) af fords

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

0f  the e ight  pr ior i ty  levels  added by th is  opt ion the four  h igher  levels

are ass ignbd to device (hardware)  use,  and the lower four  are ass igned

t o  s o f l w a r e  u s e ,  T h e  p r i o r i t y  l e v e l s  a r e  f u 1 l y  n e s l e d ;  i . e . ,  a  h i g h e r

pr ior i ty  request  can in terrupl  in-process serv ic ing of  a  lower pr ior i ty .

The API  ident i f ies the source of  an in terrupt  d i rect ly ,  through d is t inct

channel  ass ignments.  A lso inc l -uded in  th is  opt ion are prov is ions for

programmed ra is ing of  the act ive program segment  to  a pr ior i ty  leveI

h igher  than the normal-  ass ignment ,  when the s iEuat ion requi res exc lu-

s i o n  o f  i n t e r r u p t  r e q u e s t s  a t  s p e c i f i c  p r i o r i t y  l e v e 1 s .  A 1 1  A ? I  l e v e l , s

are ranked above the standard program interrupt  (PI  -  does not  automat-

ica l1y d is t inguish the cause of  the prograrn in terrupt)  ,  which is  in

turned ranked above normal  program segments of  nul l  pr ior i ty  (see

.  T a b l  e  l )

The API  operates in  the fo l lowing manner.  A hardware device

r e q u e s t s s e r v i c e  b y  t r a n s m i t t i n g  a n  i n t e r r u p t  r e q u e s t  s i S n a I  t o  t h e

c e n t r a l  p r o c e s s o r  o n  a  l i n e  c o r r e s p o n d i n g  t o  i t s  s p e c i f i c ,  p r e a s s i g n e d

p r i o r i t y  1 e v e 1 .  I f  t h i s  p r i o r i t y  1 e v e 1  i s  h i g h e r  t h a n  t h e  p r i o r i t y  o f

. the device which requested. the current ly  act ive program segment ,  an

i n t e r r u p t  j s  g r a n c e d  t o  t h e  n e w  d e v i c e .  U p o n  r c c e i p t  o [  t h e  g r a n t



s ignal . ,  the device t ransmits

The processor  then exec utes

always a j  ump - t  o  -  s  ubroul  ine

pr ior i ty  level  is  remembered

pr ior i ty  l .eve l .s  is  perrn i t ted

e x i t e d .

Th is

devices w 111

s E l L l  r o w e r

s e r v i c e d .

h ighes  t

A?I

n u 1 1
(no pr  ior  i ty)

PACE 7

i t s  c h a n n e l - a d d r e s s  b a c k  t o  t h e  p r o c e s s o r .

t h e  i n s t r u c t i o n  i n  t h i s  a d d r e s s ,  w h i c h  i s

to  the  dev ice  serv ice  subrout ine .  The new

and no fu r ther  serv ic ing  o f  th is  o r  lower

u n t i l  t h e  d e v i c e  s e r v i c e  s u b r o u L i n e  i s

p r i o r i t y  n e t w o r k  i n s u r e s .  t h a t  h i g h  d a t a  r a t e  o r  c r i L i c a l

a lways in terrupt  s lo \ rer  device serv ice rout ines whi le  hold ing

p r i o r i t y  i n t e r r u p t  r e q u e s t s  o f f  l i n e  u n t i l  t h e y  c a n  b e

TABLE 1.  CMU Hybr id Lab API  Ut i l izat ion

PRIORITY DEVICE

3

4 - - \
. t
Z T
7 J

P1

hybr id in ter face -  EAI  68/  over load
interrupL

DEC tape
real - t ime c lock

paper tape reader
h y b r i d  i n t e r [ a c e  -  g e n e r a l  p u r p o s e

interrup ts

( reserved for  dataphone to UNIVAC l118)

sof t rvare leve ls

paper  tape punch
te letype

normal program leve 1lowes t
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2.2 I\PI SOFTWARE UIII,IZAT ION

The ch ie f  advanta€ le  o f  th is  API  sys tem l ies  in  the  ProPer  use  o f  the

s o f t w a r e  l e v c l s .  I n  t h e  r e a l  - t i m c  e n v i r o n m e n t ,  i t  i s  n e c e s s a r y  t o  m a i n -

. l
t a i n  d a t a  i n p u L / o u L p u f  f 1 o r r ,  b u t  i t  i s  n o t  p o s s i b l e  f o  p c r l o r n  l o n g '

complex  ca lcu la t ions  a t  p r io r i t y  leve ls  r "h ich  shut  ou t  these da ta  t rans-

f e r s .  W i t h  E h e  A P l ,  a  h i g h  p r i o r i t y  d a t a  i n p u t  r o u t i n e  w h i c h  r e c o g n i z e s

the  need fo r  the  complex  ca lcu la t ion  can ca l l  fo r  i t  w i th  a  so f tware

lo r ra l  . in ta r r r rn l -  S inne the  ca lcu l .a t ion  is  per fo rmed a t  a  lo \ te r

p r i o r i t y  t h a n  L h e  d a E a  h a n d l i n g ,  t h e  l a t t e r  c a n  8 o  o n  u n d i s t u r b e d .

t r ' , r r thor  fhara  is  no  no . .d  to  in te r face  the  da ta  co l . lec t ion  rou t ine  w i th

the  lowest  p r io r i t y  (backgrounc t )  p rogram rvh ich  may run  independent ly  o f

f h -  ? a . 1  - l _  i m a  c t ' e 1 - a m

The A?I  a1so o f fe rs  p rograrnmed pr io r i t y  changes.  In  o rder  fo r  an

in te r rup t ib l .e  p rogram to  change parameters  in  an  in te r ruPt  serv ice

subro l l t ine ,  the  pr io r i t y  in te r rup t  sys tem is  normal ly  tu rned o f f  wh i le

t h e  c h a n g e s  a r e  e F f e c L c d .  U n f o r t u n a t e l y ,  a l l  i n t e r r u p L s  a r e  s h u t  o u t

dur ing  th is  E ime inc lud ing  those tha t  ind lca te  mach ine  erxors  o r  a re

v i t a l .  t o  c o n t r o l  r e a l  t i m e  p r o c e s s c s .  T h u s ,  t h e  A P l  h a s  b e c n  d e s i g n e d  s c

tha t  a  p rogram segrnent  may ra ise  iEs  pr io r i t y  on l .y  h igh  enough to  shut

o u t  t h o s e  d e v i c e s  w h o s e  s e r v i c e  r o u t i n e s  r e q u i r e  c h a n g e s .

S ince  the  Keyboard  Mon i to r  I /O hand lers  oPera te  a t  A?I  so f tware  1eve1

4 ,  p r o g r a m  s e g n e n t s  o f  p r i o r i t y  4  o r  h i g h e r  c a n n o t  i n i t i a t e  I / O  o p e r a t i o n s .

A I s o ,  n o  p r o g r a n i  s e g m e n t  c a n  i n i L i a t e  , f O  o n  a  d e v i c e  a s s i g n e d  t o  a  l o w e r

pr io r i t y  than the  program segrnent .

EXAMPLE I:

h r s  t h e  f o l  l o w i n 3  d i g i t a l  r c q u i r e m e n t  s :

i n t e r r u p t i n g  o f  t h e  d i g i t a l  p r o g r a m  t o  s a m p l e

u y  L L  ' c  d r L d I U 6  P ! u b r o u r r

both  the  ana log  and d ig i . ta l  Prograns  whenever

Suppose a  hybr id  p rob iem

1  .  P e r j  o d i c  ( s a y  1 0  c p s )
; , t r  h o i n o  o p n o 1 . r f F . l

2 .  R e - i n i t i a l i z a t i o n  o f
i h a  , n . 1 ^ o  ^ u 6 r l  ^ i r d c
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3.  Updat ing  o f  ana log  program parameters  by  the  d ig i ta l  computer  upon
n f  c n n a  e n n a i e l  e i r r ' . r ' i ^ n  i n  t h p : ' - - 1w '  J U " ' \  J P L !  d L r o r u b  P r w 6 r  a t r r r

S r r n n n c o  f " r F h a r  r h a r  A t  h r c  f h a  h i o h e s f  n r i . t r i l v  i n d  # l  h A s  f h pu u P P v s L

l o w e s t  p r i o r i t y .  A n  o u t l i n e  o f  a  d i g i t a l  p r o g r a m  w h i c h  w o u l d  s a t i s f y

these requ i rements  i s  as  fo l lo \ {s :

SUBROUIINE FAU1T
THIS SUBROUTINE WILL BE ASSOCIATED WITI1

c
c

c

c

ELT 68f, OVERLOAD INTERRU?TS
WHEN THE 680 OVERIOADS. T}lE RUNNING PROGRAM

SEGMENT WILL BE INIERRUPTED AND CONTRO]-
I^IILL BE PASSED TO THIS SUBROUTINE WITH API
IEVET, / ACTIVATED, hlHIClr WILL EFFECTIVEI,Y
SHUT OUT ANY OTHER INTERRUPTS

( r e - i n J  t  i a l  j  z e  a n a  I  o g / d i . g i t a 1  p r o g r a m s )
E)GCUTION OF THE TOILOWING STATEMENT RE1EASES

API LEVEL P AND RETiIRNS CONTROI TO TIIE
INIERRUPTED PROGMM SEGMENT

RETURN
END

SUBROUTIM TIME
THIS SUBROLIINE WILI, BE ENTERED ONCE EVERY

l/l MrLLrsEcoNDs upoN occuRENcE oF A
REAL-T]ME CLOCK OVERFI,OI^I ON API LEVEI I

EXTERMI, SA]"IPLE
THE FOLLOWING STATEI'IENT ENIERS A REQUEST

FOB EXNCUTION OF SUBROUIIM SA}IPLE
AT APl LEVEI, 5 (SOFTWARE) WHENEVER
TIIE DIGITAL }IARDWARE CAN GRANI AN
IMERRUPT AT API 1EVEL 5

CALL rsl-t (5, SAl@Lt , rtRROR)
THE FOI,IO'I^IING STATE}fiNT RELEASES API LEVEI, I
RETURN
END

SUBROUTIM GPII
THIS SUBROUTINE WILL BE ASSOCIATED WITH GEM1RAL

?URPOSE IN1'ERRUPT f rnOU rUr AMIOG PATC IIBOARD
TIIE SPEC]AL SITUATION IN THE ANALOG ?ROGMM W]Ll, BE

}ATCHED TO CAUSE TTIE GPIP HOLE TO GO HIGH ON THE
ANAI,OG PATCHBOARD WHICH WILL CAUSE AN API ].EVEL
2 IMERRU}T

(update analog progran paramet e l rs  )
T}18 FOI,LOWING STATEIIEI{I RELEASES APl I,EV}]L 2
RETURN
END

c

c

c

c

c

c
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SUBROIITI NE SAMPLE
THIS SUBROI]TIM SAMPLES THE REQUIRED DATA FROM

THE ANALOG COI@UTER AND IS INITIATED BY
SUBROUT INE TIMN

NOTE THAT IT IS EXECI,IED AT API 1EVEL 5
WHICH IS A I.OI,IER PRIORITY THAN
THAN +2 0R +3 CONDITr0N PROCESSTNG

(sample data f rom the analog program)
T1IE FOLLOWING STATEI"ENT RNLEASES API i,EVEL 5
RETURN
END

I"IAIN PROGMM
EXTERML FAULT, TIME, -GPIP
INITIALIZE THX IMERFACE AND LINKAGE ROUTINES
CAI.L, INIT ( IERROR)
ASSOCIATE SUBROUTIM FAULT WITH OVERLOAD INIERRU?TS
Ut  TJL IUV!  \TAULT, , '

ASSOCIATE SUBROTNIM TIME WITH REAL TIME CI,OCK INTERRUPTS
(6 x 16-2/3 MILLISECoNDS = 100 MI l , i , IsEcoNDS = l0  CPS)

CALL LTCH (6,TIME,IERROR)
ASSOCIATE SUBROUTINE G?If I,IITH SPECIAI, CONDITION (#3) IMERRU?TS
CALL IGPI (l,eprl, rup*or)
f n a i n  - r a  o r r - l

ENDa
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2.3 3rug34lL Init ial ize (PDP-9 only)

NAME: INIT9

PURPOSE: 1.
a n d  s o f t r v a r c  l c v e l  i n L e r r u p L  p r o c e s s j n g .

Ai . r f  HoR: C .  L .  Cross

CALLING SEQUENCE: CALL INIT9

ARGUMENTS: none

EXECUTION TIME :

To prov ide  the  necessary  cont ro l  and l inkage fo r  t imer

2 7  p s  e c

SToRAGE LEQUIREMEMS : I 22 locat ions

COIOENTS: 1.  INITS is  prov ided as an abbrev iated vers ion of  TNIT
(see hybr id  in ter face l inkage rout ines wr i te-up)  for  those
IORTRAN IV programs which use the l inkage rout ines in
t h i s  s e c t i o n  o n 1 y .  I n  s u c h  a  s i L u a t i o n ,  e i t h e r
t rNIT or  INIT9 (but  not  both)  may be used.

2 .  A  c a l l  I N I T 9  s t a t e m e n t  i s  r e q u i r e d  b e f o r e  e x e c u t i o n
of  I -TSH, LTRH, LTCH, DTIM, or  ISLI .

Havoc resu l ts  i f  a  user  a t tempts  to  load
INIT9 f rom onc  FORTMN IV program.

INIT9 may be  ca l led  more  than once:  each
c a l l e d , t h e  t i m e r  w i l l  b e  d i s a b l e d  a n d . t h e
w i l l  b e  r e - i n i t i a l i z e d .

both INIT and

t ime it is



2.4 PROGMM: Restore API

NAME : RAPI

PAGE 12

Pr ior i ty  In terrupt  (API)  systern.PURPOSE: L. Enable the Aut.omat ic

AI" I ' IHOR: C.  L.  Cross

CALL_ING SEQmIIqE: CALL RAPI

ARGWENIS : none

EXECUTIoN TIME: 8 pus ec

STORAGE REQUIREMENTS: 5 locat ions

COI4I IENTS: 1.  I f  the API  system is  a l ready enabled,  execut ion of  RAPI
! r i l1  have no ef  fect  .

o

o
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Pr ior i ty  In terrupt  (A?1)  systern.

Wt SAPI

PURPOSE: 1.  Disable the Automatic

AII IHOR: C.  L.  Cros s

c{LLIjlg SEQUEN0E: 0ALL SAPI

ARGWENTS : none

Eqqqug!_!4q: 7 p,sec

_SIORAGE BIQUIRIMENTq: 4 locat ions

COMMENTS: 1.  I f  the API  sysLem is  a l ready d isabled,  execut ion of  SAPI
.  w i l l  h a v e  n o  e f f e c t .

2 .  The t imer should be d isabled before execut ion of  SAPI:
uncoverable moni tor  errors wi l -1  resul t  i f  a  t imer
interrupt  occurs when the API  system is  d isabled.
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2.6 PROGMM: Read Act ive API  Level  ( l 'unct ion)

MME : LEVL

AUTHoR: C.  L.  Cros s

CALLING SEQL,ENCg: IEVL (DUI'IMY)

ARGUItsNTS: DU}4MY is any d rmwry argument - it is never referenced.

RETURN: LEVL = number of  current ly  act ive API
p r i o r i t y  l e v e l  ( 0 - 7 ) ;  o r

LEVL = - l  i f  no API  pr ior i ty  level  is
u u r r e r r L r J

EXECII|ION TII4E: for LEVL = 0, time = 16 psec

PURPOSE :

STORAGE REOUIREMETffS:

L Read the number of  the current ly
, . r i \ / a  A P T  n r i n r i r v  1 e v e 1 .

_ ,
= 3

_ 6

_ 7

' lB  locat  io  ns

= 2 6

= 6 6

=  89

prs ec
r t S e C

p,sec
t | S e c

| | S e c

p,sec
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2 , 7  P R O G M M : R a i s c  P r i o r j . t y  L e v c )  ( F u n c t  j o n )

NAME :

PURPOSE:

AUTHOR: C.

CALLING SEQLUN91:

ARGLTMENTS: ILEVEL

R a i s e  t h e  A P I  p r i o r i t y  o f  t h e  r c q u e s t i n g

P r  u 6 ! q ! '

T , .  C r o s s

RETURN: R?RI is  TRLTE and t rhe pr ior i ty  is  ra ised to ILEVEL i f
I L E V T L  <  L E V L  ( c u r r e n t  L t t  t e v e t ) .

RPRI is  FALSE and the pr ior i ty  is  unchanged i f
'  ILEVEL > LEVL (current  API  leve1) ,  or  i f  an

i l l . e g a l  p r j o r i t y  l e v e l  i s  r e q u e s E e d ,  o r  i f  t h e
A P I  s y s t e m  i s  d i s a b l e d ,

22 to 746 p"sec

RPRI (ILEVEI,)

s p e c i f i e s  t h e  n e r . r  p r i o r i t y  1 e v e 1  d e s i r e d .

on RPRI may be
ca l ls  of  RPRI

leve 1s .

E)GCU'IION Tli"IE:

ITORAGE REQUIRIJIEMS : 41 locat ions

COMMENTS_: 1.  Program segments which cal l
n e s t e d  a s  l o n g  a s  s u c c e s s i v e
request  success ive ly  h igh er

2 .  T h e  P D P - 9  w i l l  h a n g  u p  ( i n  a n  i n f i n i t e  l o o p )
i f  any I /O is  at tempted wi th in a program
s e g m e n t  o f  p r i o r i E y  4  o r  h i g h e r ;  o r  i f
h igh-speed punch or  te le type I /0  is  at tenpted

.  kr i th in  a program segment  of  pr ior i ty  5,  6 ,  o ' r  7 .

J .  l r  K r K r  I s  1 K U r 1 ,  L n e n  c n e  p r t o r r E y  w a s  r a l s e q  E o
I L E V E L  4  $ s e c  b e f o r e  R P R I  r e t u r n e d  t o  t h e  c a l l i n g  p r o g r a m .

PR0GR4,yMflql HINTS: RPRI must be declared LOGICAL in the FORTBAN IV
c a l l i n g  p r o g r a m .
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PROGRAM: Re lease Prior i ty  Level

MME : RELP

PURPoqE: 1.  Restore the pr ior i ty  of  the las l  program
segnent  to  ra ise i ts  pr ior i ty  back to norrnal  (nu11)
progr :am pr ior i ty .

AUIHOR: C.  L.  Cros s

CAI,LING SEQL,ENCE: CALL RELP

ARCUMENT.S: none

EECUTION TI lq :  6  psec

SToMGE REQUIBEIEMS: 3 1oc at ions

COI44ENTS: l .  RELP has no ef fect  i f  a l l  program segments
are current ly  at  normal  (nu11)  program pr ior i ty .

RELP should not  be used to debreak f rom the
HANDLER of ITSH, T,TRH, LTCH, IGPI., or IS1,I.

T h e  h i g h e s t  a c t i v e  A P I  p r i o r i t y  l e v e l  i s
re leased 4 p lsec af ter  in i t ia t ing
execut ion of  RELP.

t

3 .

:
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2.9 PROGRAII :  In i t ia l ize Sof t \ , /are I -eve1 Interrupt

NAI4E: ISLI

PI IRPOSE: I .  Request  a sof twar :e l_evel  in terrupt  and associate i t
wi th  a userr  s  subrout ine.

A U T H O R :  C .  L .  C r o s s

CALIING SEQUENCE: CAI,L ISLI (ILEVEi,, HANDLER, IEP.ROR)

ARGUMENTS: ILE\ryI, specifies the software 1eve1 interrupt to be
r e q u e s r e d  ( 4 ,  5 ,  6 ,  o r  1 ) ,

IIANDI-ER specifies the paraneEer-less F0P.TRAN IV user
subrout ine which is  to  handle the sof tware-  leve1

IERROR indicates errors as fo l lows:
I E R R O R = p n o e r r o r

= I  i l legal  sof t rvare leve1 requesEed
= 7 API  systen is  d isabled

(-IS1,I cannot proceed)

interrupi : .

EXEcurIoN r l l lE:  69(4),  73(6),  74(5),  or 76(7) prsec

STORAGE REQUIREMENT: 95 locations

CoIIMENTS: l. HANDLER is replaced by the sysrern halt routine afrer
occurence of  the sof tware in terrupt  and before

- execution of MNDLER.

Execution of MNDLER is initiated 2l pr,sec after the
sof tware leve1 in terrupt  request  is  granted.

Control is returned to the interrupted prograrn segmenr
l2 psee after IIANDT,ER RETURNTs.

The PDP-9 will hang up (in an infiniLe Loop) if any tfO
is  at tenpted r" r i th in  a program segaent  of  pr ior i ty  4;  or
i f  h igh-speed punch or  te le type I /0  is  at rempted wi th in
a program segment  of  pr ior i ty  5,  6 ,  or  7.

A CAII INIT9 (or CAII, INIT) statenent nust be executed
pr ior  Eo cal l ing ISLI .

PROGPGIMING HINTS : HANDLER rous ! be dec lared EXTERNAL in any FORTMN IV
program which contains a CAI-L ISI,I statement.
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PROGRAM: Read API St at us

NAMB: APIS

PURPOSE: 1.  Read the Status of  the API sy s t drn.

AUT119R: Christopher L, Cros s

CALLING SE9UENCE: CAI,L APIS (IPATTERN)

ARGUMEMS: 
'  B i ts  0 and 2-17 of  IPATTERN wi l l  speci fy  the status of

the API  system as fo l lor . rs :
b i r  9=1, t  API  is  enabled

=gz API  is  d isabled
bi t  2  + i= l  :  a  device is  request ing serv ice

A?I  leve1 i ,  p<i< l
=Vt  no devices are request ing serv ice on

A P I  l e v e l  i ,  W  i < 7
bi r  l0  + i=1 :  API  Level  i  is  acr ive,  0<i<7

- d .  a P r  1 - ,  '  -  a - '  '
- - -  -  - -  / e r  1  1 s  l n a c E l v e ,  y l t s /

Bit I of IPATTERN is unused.

F)GCUTION II!@: 2i pr, s ec

STORAGE REQUIRED; l2 loc at ions

COMMEMS: l .  A pr ior i ty  level  is  act ive i f
has comnenced at  that  leve1,
(see RPRI)  has been executed

interrupt  serv ic ing
or  i f  a  ra ise pr ior i ty
t o  t h a t  l e v e l .
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3.0 REAI,-TIME CLOCK

T h e  r e a l - t i m e  c l o c k  g e n e r a t e s  a  c l o c k  p u l s e  e v e r y  I 6 . 7  m s e c *  ( 6 0  c p s )

to increment  a t ime counier  s tored in  system memory.  The counter  in i t ia tes

a program interrupt  on API  level  1  when a programmed preset  t ime in terval  is

cornpleted.  The c lock can be enabled or  d isabled under  program contro l .  Tt re

console CI ,K swi tch musL be in  the down posi t ion (or  the ent i re  console L0CKed)

t o  p e r r n i t  p r o g r a m m e d  c o n t r o l  o f  E h e  f a c i l i t y .  T h e  c l o c k  r e m a i n s  d i s a b l e d

wi th the sr . r i tch in  the up posi t ion.  Depressing the 1/O RESET console key

. .a l s o  d l s a D l e s  c n e  t a c l I r t y .

Four  l inkage rout ines are prov ided for  contro l  o f  the c lock fac i l i ty .

LTSH prov ides a s ingle t ime per iod for  appl icat ions such as t ime delays.  I -TRH

and LTCH prov ide per iod ic  t ime in terval  markers for  appl icat ions such as

regular  data t ransferra ls .  DTIM disables the t imer,  0n ly  t ime per iods

w h i c h  a r e  m u l t i p l e s  o f  1 6 - 2 / 3  m s e c  c a n  b e  p r o v i d e d .

The PDP-9 wi l l  hang up ( in  an in f in i te  loop)  i f  any t fO is  at tempted

within the HANDLER of LTSH, LTRH, and LTCH.

*NOTE: The f i rs t  c  lock
anyr!'here fron 0

p u l s e  a f t e r  e n a b l i n g  t h e  c l o c k  f a c i l i t y  o c c u r s
t o  1 7  m s e c  l a t e r .
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J . l PROGRAM: Load Tirner Once and Set tlandler

NA}G: I"TSII

P U R P o S E :  1 .  T o  c a u s e  a n  i n t e r r u p t  t o  o c c u r  a f t e r  t h e  s p e c i f i e d  t i r n e
durat  ion .

AUTUoR: C.  ! ,  Cross

CALLING SIQIrENCII: CA].I, LTSH (ITIME, HANDLER, IERROR)

ARGUI4ENTS: ITIME speci f ies Lhe L ime duraLion before the in terrupt
as fo l lows:  E = ( ITIME):k( l  6-2/3 nsec) ,  where ITIME > 0.

HANDLER speci f ies the parameter- less F0RTMN IV user
subror i t ine which is  to  handle the c lock over f low
i  - t - 6 r r , , - r -  r ' ! ' ^ -  i  F  ^ - ,- _  c  u r s  .

IERROR indicates errors as fo l lows:
I E R R O R = 0 n o e r r o r

= 1 i11ega1.  ITI IE requested ( ITIME < 0)

E)GCU'f lON TIME: 64 p,sec

STORA.GE REQUIREI4ENTS: 51 locat ions

99U4EXIg: l. Calling LTSH, LTRH, or LTCH from subroutine IIANDI-ER
( d i r e c t l y  o r ,  i n d i r e c t l . y )  w i l l  r e s u l t  i n  u n p r e d l c t a b l e
errors i f  subrout ine HAMLER does not  RETLRN wi th in
one (nev)  t ine per iod af ter  ca l l ing LTSH, LTRH, or
L T C H .

2.  HANDLER is  replaced by the systern hal t  rouLine af ter
occurrence of  the c lock over f low and execut ion of
HANDLER "

3.  Execut ion of  FIANDLER is  in i t ia ted 24 gsec af ter  the
c lock over f low in terrupt  request  is  granted.

4.  Contro l  is  returned to the in terrupted program segment
20 psec after IIANDLER RETURNS.

5.  A CALL INIT9 (or  CA1,1,  INIT)  s tatenent  must  be executed
pr ior  to  ca l l ing I -T SH.

6.  I f  a  t imer in terrupt  occurs when the API  system is
d i s a b l e d  a n  u n r e c o v e r a b l e  m o n i t o r  e r r o r  w i l l  r e s u l t .

PROGRAMMING HINTS: HANDI,ER rlst be declared EXTERML in any FoRTR"\N
program which conta ins a CALI-  LTSH statenrent .
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3.2 PRoGMM: Load Timer RePet i t ive ly  and Set  Handler

NAME :

PURPOSE: l .  To cause the occurrence of  var iab le- f requency real - t ime
interrupts whose per iod is  dependent  on in terruPt
p r o c e s s  i  n g  t i m e .

AUTHoR: C,  L.  Cros s

CAi.I,lNc SEQIiENCE : CALL I,TRH (ITIME, HANDLER, ERRoR)

ARGUMENTS:  IT IME spec i f ies  the  t ime per iod ,be tween in te r luPts  as

fo l lo rvs :  t  =  ( IT l I tE) t '  (1  6 -2 /3  msec) ,  where  IT IME >  0 .

E)GCUIION TIME :

HANDI,ER speci f ies the parameter- less F0RTMN IV user
subroul ine which is  to  handle the c lock over f low
interrupts when they occur .

IERRoR indicates errors as fo l lows:
I E R R O R = 0 n o e r r o r

= 1 i1 lega1 ITIME requested ( ITIME < 0)

67 r r .s  ec

o

STOMGE REQUIREI'IENTS: 53 locaL ions

COMMENTS: 1.  The f i rs t  in terrupt  occurs one t ime Per iod af ter  ca l l ing
1TR11.  Subsequent  in terrupts occur  (14 microseconds *  I
time period) after HANDT-ER RETLIRNS.

2. Calling LTSH, LTRH, or LTCH from subroutine i{ANDLER
(di rect ly  or  ind i rect ly)  v i l1  resul !  in  unPredic table
errors if subroutire IIANDLER does not RETURN within
one (new) t ime per iod af ter  ca l l - ing LTSH, LTRH, or  I ,TCH"

3.  Execut ion of  HANDLER is  in i t ia ted 24 gsee af ter  the
c lock over f low in terrupt  request  is  granted.

4.  Contro l  is  returned to the in terrupted program segment
27 y,sec after IIANDLER RXTURNS.

5. A CALL INIT9 (or CALL INIT ) statement must be executed
pr ior  to  ca l l ing ] ,TRi1.

6 .  I f  a  t i m e r  i n t e r r u p t  o c c u r s  w h e n  E h e  A P I  s y s E e m  i s
.  d i s a b l e d  a n  u n r e c o v e r a b l e  m o n i t o r  e r r o r  w i l l  r e s u l t .

PROGRAI'MING HINIS: IIANDLER must be declared EXTERNAI in any FORTMN IV
program which conLains a CALL LTRH statenent .
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PROGRAM: Load Timer Cont inuous ly

NAME: I,TCH

a n d  S e t  H a n d l e r

PI'RPOSE : I  .  To cause the occurrence
interrupts whose p er  iod
proces s ing t ime.

of  var  iab  le  -  f requency  rea l - t i rne
is  independent  o f  in te r rup t

AUTHOR: C.  L.  Cros s

CAI,LING SEQUENCE: CALL LTCH (ITIME, HANDLER, IERROR)

$RGUMENT!:  ITIME speci f ies the t ime per iod.between in terrupts as
fo l lows:  t  =  ( ITIME)) ,  (16-2/3 rnsec) ,  where ITIME > 0

UANDLER speci f ies the parameler- less FORTRAN IV user
subrout ine which is  to  handle the c lock over f lore
interrupts when they occur ,

IERROR indicates errors as fo l lows:
^ 'U I K K U K = U n o e r r o r
I il legal ITIME requested (ITIME < 0)

E)GCU"IION TIIIE: 66 psec

STORAGE REQUIREMENTS: 52 loca t ions

COMMEI ' I IS:  l .  The in terrupts wi l l  occur  wi th a constant  per iod of  t ,
regard less of  the execut ion t ime of  I IANDLER. Thus,
resul ts  are unpredic tabl .e  i f  HANDIAR has an execut ion
t ime greater  than t .

2. Calling LTSH, LTRH, or I,TCH from subroutine IIANDLER
(di rect ly  or  ind i rect ly)  wi l l  resul t  in  unpredic table
errors if subroutine HANDLER does not RETURN r,rithin
one (new) t ime per iod af ter  ca l l ing LTSH, LTRH, or  LTCH.

3.  Execut ion of  1 IANDLER is  in i t ia ted 32 psec af ter  the
c lock over f low in terrupt  request  is  granted.

4.  Contro l  is  returned to the in terrupEed program segment
13 p,sec after IIANDLER RETURNs.

5. A CALL INIT9 (or CALL INIT) statement musL be executed
pr ior  to  ca l l ing LTCH.

6.  I f  a  t imer in t .er rupt  occurs r " rhen the API  system is
d isabled an unrecoverable moni tor  error  wi l l  resul t .

PROGRAWING HINTS : IIANDLER srus t
program vhich conta ins a CALL LTCH statenent .

be dec  la red  EXTERML in  anv  PoRTMN IV
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NAME : DTIM
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the var iab le- f requency real - t ime in t  e  r rup ts
by 1TRH or LTCH.

PURPOSE: l .  To d isab le
i n i t i a t e d

AUTHOR: C.  L.  Cros s

I

i
r
i

I

CALLING SEQIJENCE: CALL

ARGUMENTS: none

EIGCUIION TIME: 16 usec

STORAGE REQUIREmNTS: l0 loca t io ns

CQMMENTS: l .  I f  the c lock is  a l ready d isabled,  execut ion of  DTIM rv i lL
h a v e  n o  e f f e c t ,

2 .  D T I M  m a y  b e  c a l l e d  ( d j r e c E l y  o r  i n d l r e c t l y )  f r o m
HAMLER of  LTSH (redundant) ,  LTRH, or  LTCH. The
ef fect  o f  such a ca l l  on DTIM wi l l  be to Drevent
a n y  f u r L h e r  c  l o c k  j n t e r r u p t s ,
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ARITH}ETIC ROUTINES

NOR]4Ai,IZATION

The PDP-9 is  an l8  b i t  ord-or iented machine wi th f loat ing Point  ar i th-

met ic  mechanized by system sof tvare rout ines ut i l iz ing Lhe standard f ixed

point  ( in teger)  har-dware.  Due to the emphasis  on d ig i ta l  comPuter  sPeed

' inherent  
in  hybr id  progranuning,  the l inkage rout ines are designed to

fac i l i ta te use of  the fu1l  prec is i .on of  the 18 b i t  ?D?-9 rvord.  This  is

accomplished by encouraging a rroTmaLLzed mode of operation in which all

numer ica l  in format ion t ransmit ted f rom, or  to ,  the (h igh-speed)  l inkage

xout ines is  (or  is  assumed to be)  in  normaLized in teger  forn.

.  The use of  normal ized in teger  form in d ig i ta l  comPuter  progranming is

c losely  re lated to the rnachine uni t  scal ing of  analog comPuter  progranrn ing.

A11 var iab les are scaled between *  and -  one d ig i ta l  machine uni t  r , rh  ich is ,

in  the case of  the PDP-9,  131 ,012 ot  217.  For  hybr id  comrnunicat ion PurPoses '

one d ig i ta l  machine uni l  is  equi .va lent  Lo one analog machine uni t  (10 vol ts

f^r  rh-  6Ro\  Tn nro<o1yg the normal ized form, a l l  nu l t ip l icat ion and d iv i -

s ion must  be accompl ished wi th the MUI,T and DIVD l inkage rout ines.

4 . 0

4 . 1



4.2 PROGRAM: No rrna l ize d Integer  Mul t ip ly  (Funct  ion l

NAI,IE : MULT

PURPOSE: 1.  To per form a normal ized
integcr  argumen L s .

AUTHOR: C.  L.  Cross
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integer  mul t  ip l icat  ion of  two

integer  mul t  ip l icand,
in teger  mul t  ip  I ier .

of MPCAND and MYPER,RETURN:

CALLING qqqUENCE: MULT (MPCAND, MPYER)

ARGUMENTS: MPCAND specifies the normalized
M P Y E R  s n o c i f i p s  t h e  n o r m a l - i z e d

M U L T  -  n o r m a l i z e d  i n t e g e r  p r o d u c t
(MlJLr , (T4PCANDt MPYER) /131,072)

I&CUIION TIME: 50 (MULT > 0) or 52 (MULT

STORAGE REQUIR-EMEMS: 23 loc at r'-ons

(  0 )  p s e c .
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4.3 PROGRAM: Normalized Integer  Div ide

AUTttoR: C. I.

To per form a normal ized in teger  d iv is ion of  two in teger
argunencs.

Cros s

NAME: DIVD

PURPOSE :
'I 

.

CALLING SEQUENCE:

ARGUMENTS: IDIVND
IDIVSR
IQUOT

IERROR

EXECUTION TIME: 87 tO 89 r  r S e C

STORAGE REQUIREMENTS:

CALL DIVD (IDIVND, IDIVSR, IQUOT, IERROR)

speci f ies the normal ized in teger  d iv idend.
speci f ies the normal ized. in teger  d iv is  or .

speci f ies the norrnal ized in teger  quot ient
(rQuor = (13 1, O72:!rDrvND)/rDrvsR)
ind icates errors as fo l  lows :
I E R R O R = 0 n o e r r o r

= l I D I V N D < I D I V S R

46 l -ocat ions


