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HYBRID SOFTWARE SYSTEM 

LIBRARY AND MACROS 

The f o l  low ing pages g i v e  i n d i v i d u a l  desc r ip t i ons  o f  1 i b r a r y  r o u t i n e s  

and macros f o r  t he  h y b r i d  systems. The systems us ing  the  described s o f t -  

ware are: 

1. BNW - Hybr id  #1 PDP-7 

2 .  BNW - Hydrology Data D isp lay  System PDP-9 

3. WADCO - PDP-9 Hybr id  

The execut ion t imes g iven a r e  f o r  PDP-9 and cannot be converted d i r e c t l y  

t o  PDP-7 o r  15  execut ion times. In general, execut ion t imes do n o t  i nc lude  , ,- 

op t i ona l ,  set-up i n s t r u c t i o n s .  The programs e x i s t  i n  the  PDP-7/9/15 advanced 

sof tware systems and r e q u i r e  the presence o f  an A P I . .  Macro d e f i n i t i o n s  app ly  

o n l y  t o  the  HYMAC assembler. 



S:/s tem 
L i  b r a r  
( . LIBRJ 

No 

No 

Yes 

Yes 

Yes 

I Yes 

1 Procedure1 
Mnemonic i Descr ip t ion  

I 
! 

! 

. COEF I M u l t i p l y  by a  constant  
i f i x e d  p o i n t  c o e f f i c i e n t ,  
I CON. O.O</CON/<15.9999 ! - - 

/ . COEFD Mu1 t i  p l y  by a  constant  
I i f i x e d  p o i n t  c o e f f i c i e n t ,  
I [ CON. 0 . 0 ~ 1  - CON/ - <. 99999 
i 
I HMP1. j Hybr id scaled f i x e d  
! p o i n t  mu1 t i p l i c a t i o n  

, by a  constant,  CON. 
i O.O</CON/< - - 15.9999 
i 

w z 
E 
r 
I 
w 
I 
N 
tn 

HYMAC 
Macro 

Yes 

Yes. 

Yes 

Yes 

' Yes 

Yes 

No 

No 

No 

I 
N 
I 

HMP2 .. ! Hybr id scaled, f i x e d  
1 p o i n t  mu1 t i p 1  i c a t i o n  
t by a va r iab le ,  Y. 

HMP3. : Hybr id scaled f i x e d  / p o i n t  m u l t i p l i c a t i o n  

I I p o i n t  d i v i s i o n  

i I 

I 
1 

ILIM* 
1 L i m i t e r  

I 

Input  (s) 

X, CON 
(X o p t )  

X, CON 
(X o p t )  

X, CON 
(X o p t )  

x, y  
(X o p t )  

x, y 9  z 
(X op t )  

x, y  
(X o p t )  

X, A,  B  
(X op t )  

X, A, REF 
(X op t )  

X, A, REF 
Mode 
(X o p t )  

I and d i v i s i o n  
j i 

I 
~HDIV. I I Hybr id  scaled f i x e d  

Yes 

i i i 
BANG. Bang - Bang 1 Yes 

I i 
I 
i 
i 

HYSTR. f ~ y s t e r i  s i  s' Loop I yes 
i I I 
1 

Output ( s )  

.. Y = CON*X 
(Y o p t )  

Y = CON*X 
(Y o p t )  

Y = CON*X 
(Y o p t )  

I 
Z = X*Y 
( 2  o p t )  

W = X*Y 
Z 

( W  o p t )  

Z = X  
Y 

(Z o p t )  

Y = A;XIA 
Y=X;B<X<A 
Y = B;X<B . . I  

Execution 
Time (psec) 

18 

14 

40 

4  1  

6 0 

4  2 

, 
( Y  o p t r  

Y = REF;X>A 
I Y = REF;XTA 

(Y o p t )  

Y = HYS(X,a) 
(Y . o p t  

23 

4  2 
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Procedure 
System I ~i brary 

Macro . . .  Input(s) Mhemoni c 

t 
HYMAC , . I  1 ,  

. . .  Description \ i (.LIBR) 
Execution 

O u t p u t  ( s  ) I Time (usec] 
. I  I .  i - i 1 1 

CMP1. I Compare with cons tant  , I  y e s  1 Yes , X , C O N  NoSkip .X>CON 1 19 . .  

f and branch I j .  : 
i Skip 1 '. X=CON 1 2 2 
i 1 i Skip 2 X<CON . 

I 
2 3 

I i 
CMP2. I Compare with variable. . yes No Skip . X > Y .  " ' 1 and branch. (Xop t )  1 S k i p 1  X = Y  

3 . :  
1 t I skip 2 X < Y  

f t i 
FSQR. / Hybr idsca ledf ixed-  . i yes Yes ' X ; y = x 2  1 29, 1 point square t i i . (X opt) 5 (Y opt)  

I 5 
. f t f 3 . $ 

5 

f 
HSQRT. i Hybrid scaled fixed- {.  Yes j yes X .  

I . . 
1 . 82 3 point square-root . . . . . . { (Xopt )  t ; I . a f e i , (Y opt)  I 1 '  . 

? 
HCOS. 1 t i .  6 7 . .  j Hybrid s.caled fixed- i .yes Yes' Y-1 .O;.COS($ X )  i I . ,  

point cosine i (X opt) . .! (Y opt)  ' 1 '  ? , . 4 
1 .. 

HSIN. 5 Hybrid. scaled fixed- I Yes, i Yes 1 ~ = l  .0*sin($ X) - 1 ' 7 0 ,  .'. 
? 

a '  j; point s ine  f . ' .  (X  opt)  . 1 ( Y  opt)  @ 

5. 
; - ! ' I f t . I  x ! HCUBE. . ! Hybrid scaled .fixed- . i yes I 'yes ' ) Y = X 3  I '47 I - $ . I  . 1 point cube . . 

. . . . . . . . . . . .  
f 1 . . 1 .  4 (X opt) (Y opt)  ; 

1 ! .  I ' .  



Execu t i on 
Output(s) Time (psec) 

Y = I . O  loglox + 2.0 85 . 

!Y opt)  

HYMAC Procedure 
Sys tem 
Library 

3 
HEXP. Hybrid scaled f ixed-  Yes 

point exponent, base 

. . . . Input(s) . Mnemonic Description . 
1 

x Yes # 

(X opt) 

(.LIBR) Macro . . i 

X-2. < Y  = 10. 
' (Yop t )  . '  . . . 

1 

HLOG:. \ 1 Hybrid scaied fixed-. 
t 

yes . 
point common logarithm 

Y = FCN ( x )  . ,  " 

(Yopt )  . . . .  . where I = 
no. pts.  tf . . . l e f t  .of X .  

(N. .A.) . . (N. A.) 

. .  , 

Y = FCN (X) . . . 9 0 
(Y opt)  

. . 

ten 

FG1. 1 Function generator no. 1 I Yes Yes I x , F & .  

. yes x 
o( o p t ) . ' .  

. - 
Yes - 

Yes . 
. .  . 

. . 

no 

Yes 

a rb i t r a ry  X , Y  coord- 
i nates 1 inear  , i  nter- 
pol ation 

(X opt) 

N . 
/ 

. . 

X ,  FCN 
. .  .. (X opt) . 

. FGlT 
I 
P 
I 

. . 
FG2. 

 unction generator no. 1 
tab1 e .  set-up macro 

Function generator no. 2 
equally spaced X coord- 
inates a rb i t ra ry  Y 
coordi nates 1 i near 
interpolation 



procedure 
Mnemonic 

I .FG2T 

' FG3 

. COEF 

1 .COEF1 ! 

. ARGS 

I 1 . A D D  

i 
I .SUB 

Desc r ip t i on  

Funct ion generator no.2 
t a b l e  set-up macro 

Funct ion generator no.3 

M u l t i p l y  by a f i x e d -  
p o i n t  constant,  Con. 
O.O<IConl< - - 15.9999 

M u l t i p l y b y a f i x e d -  
p o i n t  constant,  Con. 
O.O<IConl< - - 0.99999 

Argument l i s t  macro 
Speci fy ,  i n  a l i s t ,  up 
t o  M arguments where: 

M = 10.0 PDP-9) 
= .5 [PDP-7) 

~ d d i  t i  on macro, ones 
complement 

Sub t rac t i on  macro, ones\ 

System I 
I npu t ( s )  

f (N. A.) 
I 

I 
.CALL 

L i b r a r  
(.LIBRf 

i HYMAC 
Macro Output ( s )  

I 
j 

.DA i 
I 

no 

yes 

90 

compl ement I 

PDP-9: c a l l  subrout ine / no 
macro 

Execu t i on 
Time(psec) 

(N. A.) 

I 
Z = F(N(X,Y)) 

, . Y = C o n * X  

I N, AX, i yes : 

X, Y, FCN 

yes Yes I X, Con 

(N. A.) 

280 

. . 

Yes 

12 
i 

1 1 

(N. A.) 

6 

8 

no 

n 0 

no 

. . 

PDP-7: C a l l  subrout ine 
macro 

conversion macro 
. . . . . . . . . . .  . . . . . .  . 

1 

Yes 

( Y  opt.) 

NAME, P 

no 

i i ( X o p t . )  (Y opt.)  

I ; 
! 

I 
! 

(N. A.) 

D i g i t a l  - to-anal og no Yes. N, X (X I  DA(N) 6 

i 

yes 

yes 

Yes 

NAME 

I 

(N. A.) 

XI, x2 - 9  Xnp 
N < M  - 

x, y 
(Y opt.) 

x, y 

(H. A.) 

(N. .A.) 

z = x + y  
(2  opt.)  

Z = Y - X  



Procedure 
Mnemonic 

.AD Anal og-to-di  g i  t a l  I convers ion macro 
I 

Restore t ime f r a c t i o n  yes 
Numerator i n  RINT. 

System 
L i b r a r y  
(.LIBR) Desc r i p t i on  

I oMX i PDP-7 on ly .  A t o  
D mu1 ti p l  exer  macro 

i I 

HYMAC 
Maw0 

no Yes 

no 

.TDLYS** 

.TDEND** 

Execut ion 
I n p u t ( s )  Time ( ~ s e c )  

I 

Yes 

Time delays setup no 
macro 

End t ime delays macro ' no 

W5BIT. 

/' 

(N. A.) 

NAME (N. A,) 
S.F. mantisa 
S.F. exponent 
Global 
switch** 

Wr i t e  .SIXBT t r i m  
code 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ 

(N. A.) NANE 
Global sw i tch  

yes 

NAME I ( N . A . )  

(N. A.) 

no 

- 1  (N.A.)  none I 9 I 

none 

none 

1 (TFN.) 

(N. A.) 

.* PDP-7 execut ion  ti,me 

** PDP-9 o n l y  

6 b i t  o s c i i  . 

t r i m  'code, 1 
word . . . . . .  

3 7 - b i t  a s c i i  
characters t o  
P57. 



Execut ion 
Time (psec) 

340 

340 

250-700 

200-625 

650 

620-800 

approx. 
1000 

approx. 
1000 

Procedur2 
Mnemoni c  

' 

D e s c r i p t i o n  . 

W r i t e  message ( t e x t ) .  
.ASCII fo rmat  

W r i t e  r c d i x  50 t r i m  
code. 

W r i t e  decimal number 

W r i t e  o c t a l  number 

W r i t e  o c t a l  (unsigned 
N d i g i t s )  number 

w r i t e '  sca l  ed- f  i xed-  
p o i n t  number as a  
decimal f r a c t i o n  

W r i t e  sca led- f i xed-  
p o i n t  number as a  
decimal f r a c t i o n ,  
un-scal  ed va l  ue. 

W r i t e  sca led- f i xed-  
p o i n t  number as a  
decimal f r a c t i o n ,  
un-scal  ed v a l  ue 

. , . .  . . . . . . . .  . .  . . .  . . .  

- ~ - - - - -  

I WMSG. 

WR5ld. 

. . 

WDEC. 

WOCT. 

WOCTP. 

WNV. 

, WNVS1. 

WNVS. 

. . . . . . .  

System 
L i  b r a r y  
(.LIBR) 

yes 

yes 

yes 

yes 

HYMAC 
Macro 

no 

no 

no 

no 

P 

I n p u t  ( s )  

message 
address 

Radix 516 
t r i m  codg, 
1  word 

18 b i t  b i n a r y  
number 

18 b i t  b i n a r y  
number 

N and 18 b i t  
number 
1<N <6 - - 

18 b i t ,  s igned 
sca led- f i xed-  
p o i n t  no. 
Ref.= 213 

Address o f  var-  
i a b l e ,  sca le  
f a c t o r  

Scaled va lue  
S.F. mant isa 
S. F. exponent 

Output  ( s )  
. . 

7 - b i t  a s c i i  
cha rac te r  s t r i n g  
t o  P57. 

3  7 - b i t  a s c i i  
cha rac te r s  t o  
P57. 

up t o  6  7 - b i t  
a s c i i  cha rac te r s  
t o  P57. 

up t o  6 7 - b i t  
a s c i i  cha rac te r s  
t o  P57. 

N 7 - b i t  a s c i i  
cha rac te r s  t o  
P57. 

Decimal f r a c t i o n  
cha rac te r  s t r i n g  
t o  P57. 

Decimal f r a c t i o n  
cha rac te r  s t r i n g  
t o  P57. 

Decimal f r a c t i o n  
cha rac te r  s t r i n g  
t o  P57 

yes 

'yes' 

Yes 

Yes 

. 

no 

no 

.no 

no 



Execut ion HYMAC 
1 
I 

'rocedure ; 
' System 

L i  b r a r  
lnemonic ! ' D e s c r i p t i o n  

I 
I 

i 

Output ( s )  . . , Time ( ~ s e c )  
! 

dat+(WDAT. ) i 40 + 
Bnfad+(P57L. ) j .ENTER 
fo rmat  ! 

Macro ( .LIBRy 

f 1 ag-+(P57F. ) 
P(P57C.  ) 
.ENTER i f  

- s w i t c h  = 1  

7 - b i t  a s c i i  
cha rac te r  

I n p u t  ( s )  

55 

GARG . 
RCHR. 

SCHR. 

. . 

.ENTER sw i t ch  . 

d a t  s l o t  no. 
P57. format  
f l a g  B u f f e r  
address f i l e  
spec. address 

B u f f e r  address 
cha rac te r  count  

7 - b i t  a s c i i  
cha rac te r  
B u f f e r  address 
cha rac te r  count  

.SEEK sw i t ch  
d a t  s l o t  no. 
B u f f e r  address . 

f i l e  spec, ad- 
dress 

addr $4 

none 

a s c i i  char  
Tab1 e address 

IWDAT. I n i t i a l i z e  .WRITE 
i .DAT s l o t  f o r  IOPS ! 

cha rac te r  + 
I 
i 85 + 

1  i n e  b u f f e r  I 
i .WRITE 
I 
j 
! 
I 

Bufed+(UPSTL. ) 1 40 + 

Get argument address 

Read cha rac te r  & de- 
code 

D i g i t  g-9 
L e t t e r  A-Z 
P.unct. a l l  o t he rs  ., 

search cha rac te r  
t a b l e  f o r  cha rac te r  

. . .  . .  

i 
i 

'JP57. 

P57. 

I RDAT . 

Yes no I 
I 
j 

i 

Yes no 
j i 

k 
,Yes no i 

I 

B +(UP57C.) 
.SEEK i f  s w i t c h  - 

a c t u a l  address 

a s c i i  o u t p u t  l i b r a r y  

Un-pack IOPS (5x7) 
a s c i i  l i n e  b u f f e r  

Pack IOPS (5x7) 
l i n e  b u f f e r  

I n i t i a l i z e  . READ Yes 
I . .SEEK 
: '  

i d a t  slo: and un- i 

Yes 6-1 3 

no 

I pack ing parameters 

no 

' 

I 

d i g i t  va l ue  
o r  L e t t e r  T r i m .  
o r  A s c i i  char .  

f o u n d l n o t  found 
va lue  word. 

80 

40 + 
13 N 

Yes no I 

Yes no 



System I Procedure ' I L i b r a r y  1 ~ n e m o n i c  ; Descr i  p t i o n  (.LIBR) 
I 
I . . i I 
! ! 

! RNUFI . / Read nuner ic ,  any 
I 1 r a d i x  eg: o c t a l ,  

decimal 
i 

RNV. i Read sca led - f i xed -  
i p o i n t  number, r e -  
i f e rence  = 213 

I 

RF59J. i I Read r a d i x  Ef18 
i t r i m  code 
I I yes I 

yes 

DVOV. 1 Doub le -p rec is ion  move i r e g i s t e r  / yes 

I 
rn 
I 

D1v. divide Un-signed i n t e g e r  

I 

DTAD . j Doubl e -p rec i  s i o n  twos 
' I complement a d d i t i o n  
I 

RSCN.* 1 Read & Scan IOPS a s c i i  
j l i n e  b u f f e r  and accumu- 
j l a t e  va lue:  

o c t a l ,  decimal i n t e g e r  
i o r  .Symbol i c  (Radix 516) 
1 o r  Punct, 

o r  f ixed-point -number  i 

Yes 

Yes 

DSIIB. 1 Doubl e -p rec i  s i o n  two ' s  
i complement s ~ b t r a c t i o n  
i 
1 

yes 

1 

HYMAC 
Macro 

no 

no 

no 

no 

rU 
m 

I n p u t  ( s )  

I O P S  a s c i i  
f rom UP57. 

IOPS a s c i i  
f rom UP57. 

IOPS a s c i i  
f rom UP57 .. 
x, y  

Outpu t (s )  

number va l  ue 

sca l  ed - f i xed -  
p o i n t  number 
va lue  

Radix t r i m  code 
word. 

(MUL.A), AC = 
X * Y  

AC = X /Y  
(DIV.R)=remainder 

V2 = V1 

V3 = V1+V2 

V S  = V,-V2 

i n t e g e r  va lue  
f i x e d  p o i n t  va lue  
Radix 50 t r i m  
a s c i  i c h i r a c t e r  

no 1 x , y  

i no v1 

no : 1 
vl' v2 

no I v 1 3 v 2  

no a s c i i  chara- 
c t e r s  f rom 
UP57. 

I I .  
I 

! 

Execut ion , 
Time (psec) I 

2 3 +  l l O N  1 
I 
i 
j 

1000 max. 

55 + 120N 

25 

25 

' 

1 
47-61 

85-1 05 

170-205 

1500 max. 

1 
l m  

1 g I 
m 
I 



*HYDDT global subroutine only 

**PDP-9 AD-4 only 

Execution 
Time (psec) 

100 per 
t e s t  

50 per 
t e s t  

10 

10 

17 

85-1 00 
, . 

23+23N 

N .  A.  or 
.37 

Procedure 
Mnenoni c 

DSTT . * 

DSTV. * 

DSPAT . * 

LAC1 . * 

SGCLK. * 

NVCI .* 

Sl .VE.  * 

AEDR.  * 

I System 
Library 
( .LIBR) Description 

DDT symbol table  t e s t  

DDT symbol table value 
t e s t  

~i spatc.her subroutine 

Local indirect on AC 
i e :  LAC* ( P X )  

Set HYDDT tack ground ' 
clock 

Convert mill i-sec.  to  
no. of clock inter-  
rupts 

Save sclftware regis ters  

Sel ec% analog computer 
address & AADR. soft-  
ware. **' 

H Y  MAC 
Macro 

r 

Input ( s )  I Output(s) 
; ,. 

no I no Tab1 e address 
symbol 

Tab1 e address 

N 

no 

no 

no 

no 

no 

no 

no 

four return 
points 

three return 
points 

return a t  
JMSPT+1 + N  

I 
no 

no 

no 

no 

no 

no 

no 

addr , (addr) 
1 
1 

none 

ms ./scale 
scale 

'Tahl e address 

anal og address 
code 

I 
current count-, 
(BCLK.)  ,(.BCLK.I ) 

double ptecision 

(Locati ons)-, 
Table 

 el ect  address' 
& AADR. F 



*HYDDT subrout ine  on l y  

**PDP-9/AD-4 o n l y  

> 

HYMAC 
Macro 

3rocedur.e 
Ynemonic 

ASO. * 

ADC .* 

NVBLO. * 

SPOT;* 

WPOT. * 

Desc r i p t i on  

Read analog computer 
AS0 l i n e . * *  

Read A-D converter** 

Convert f ixed-poi  n t  
B inary  t o  ,BCD. 

Set servo po t  and 
s e l e c t  SPOT. s o f t -  
ware. *Q 

Wait f o r  po t  s e t  
compl eted, ** 

Output (s )  

AS0 value 

,A-D value 

5 d i g i t  BCD 

Pot Servo & 
SPOT. F 

none 

Inpu t  ( s )  

i Sys tem 
L i b r a r y  
( .LIBR) 

no 

no 

no 

no 

no 

Execut ion 
Time ( ~ s e c )  

775 

40 . 

7 5 

N .  A .  or 
3 7 

servo t ime 

no i none 
i 

no MX channel 
i n s t r u c t i o n  

d 

no 

no 

no 

f i  xed-point  
binary,l3 
r e f  = 2 

BCD Pot 
coef  . 

none 



. COEF FIXED POINT COEFFICIENT 

Equation: (fix. pt.) 

Variables : CON = Scaled-fixed-point constant 
0.0<(CON1~15.9999 

X = InpGt location (optional) 
Y = Output location (optional) 

L i brary Form : None 

Macro Form: 

Macro Expansion: 

. COEF CON ,X ,Y 

LAC 
CLL 
MIJLS-1 . NVA CON 
LLS+4 
DAC Y $C$* 

Execution Time: 1 8us+optional instructions 

Description: .COEF mu1 tip1 ies the con~e'nts of location X 
of the accumulator by the fixed-point number 
CON. (eg: -3.0952). The result is optionally 
-deposited in 'location Y and is left in the 
accumulator. The output does not saturate 
on mu1 tiply overflow. 



Equation: ( f i x .  p t . )  

Var iab l  es : 

L i  b r a r y  Form : 

blacro Form: , 

Flacro Expansion : 

Execut ion Time: 

Descr ip t ion :  

FIXED POINT COEFFICIENT 

CON = Scal ed - f i xed -po in t  cons tan t  
0 . 0 ~  ICON 1 <.99999 

X = I n p u t 7 o c a t i o n  (op t i ona l  ) 
Y = Output l o c a t i o n  ( o p t i o n a l )  

None 

. NVREF 4168888 
LAC X$c$* 
CLL CON/288888&2 
MULS-1 
. NVA CON 
D AC Y $C $* 

14ps+optional i n s t r u c t i o n s  

.COEFP m u l t i p l e s  t h e  contents o f  l o c a t i o n  X 
o r  t h e  accumulator by t h e  f i x e d - p o i n t  number 
CON. (eg: +.66883). The r e s u l t  i s  o p t i o n a l l y  
deposi ted i n  l o c a t i o n  Y and i s  l e f t  i n  t h e  
accumulator. 



Equation: ( f i x .  p t . )  

Var iables:  

L i b r a r y  Form: 

FIXED POINT MULTIPLY 

Y = CON*X 

CON = Scal ed- f  ixed-poi lnt  constant  
0.O< ICON1<15.9999 

X = 1 n p u t ~ o c a t T o n  (op t i ona l  ) 
Y = Output Locat ion ( o p t i o n a l )  

. GLOBL HMP1. 

/ INPUT in -AC 
JMS* HMPl 
CON 
/ OUTPUT i n  AC 

Macro Form: HMP1. CON,X,Y 

Macro Expansion: . GLOBL HMP1. 
LAC X$C$* 
JMS* HMP1. 
CON 
DAC Y$C$* . 

Execut ion Time: 40ps+optional i n s t r u c t i o n s  

~ e s c r i p t i o n :  HMP1. Mu1 t i p 1  i e s  t h e  f i x e d  p d i n t  va lue o f  
t h e  contents o f  l o c a t i o n  X o r  t h e  accumulator 
by t h e  f i x e d  p o i n t  number CON. (eg:3.1416). 
The f i x e d  p o i n t  r e s u l t  i s  o p t i o n a l l y  deposi ted 
i n  l o c a t i o n  Y and i s  l e f t  i n  t h e  accumulator. 
The output  i s  saturated a t  +15.9999 and t h e  
l i n k  i s  s e t  i f  m u l t i p l i c a t i C n  ove r f l ow  occurs. 



HMP2. FIXED POINT MULTIPLY 

Equat ion: ( f i x .  p t . )  Z = X*Y 

Var iab les :  X = I n p u t  Loca t i on  ( o p t i o n a l  ) 
Y = I n p u t  Loca t i on  
Z = Output Loca t i on  ( o p t i o n a l )  

L i b r a r y  Form: . GLOBL HMP2 

/ X INPUT i n  AC 
JMS* HMP2 
LAC Y 
/ OUTPUT i n  AC 

Macro Fo'rm: 

Macro Expansion: 

Execut ion Time: 

Desc r i p t i on :  

. GLOBL HMP2. 
LAC X$C$*. 
JMS* HMP2. 
LAC 
DAC 

41 vs+opt ional  i n s t r u c t i o n s  

HMP2. Mu1 t i p 1  i e s  two f i x e d  p o i n t  v a r i a b l e s ;  
l o c a t i o n s  X and Y o r  t h e  accumulator and l o c a t i o n  
Y .  The f i x e d  p o i n t  r e s u l t  i s  o p t i o n a l l y  de- 
p o s i t e d  i n  l o c a t i o n  Z and i s  l e f t  i n  t h e  accumu- 
l a t o r .  The o u t p u t  i s  sa tu ra ted  a t  +15.9999 and 
t h e  l i n k  i s  s e t  i f  m u l t i p l i c a t i o n  o v e r f l o w  
occurs.  



HMP3. FIXED POINT 'MULTIPLY-DIVIDE 

  qua ti on: ( f i x .  p t . )  W = X*Y/Z 

Va r i ab les :  

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Descr i  p t i o n :  

X = I n p u t  Loca t i on  ( o p t i o n a l  ) 
Y = I n p u t  L o c a t i o n  
Z  = I n p u t  Loca t i on  
W = Output  Loca t i on  ( o p t i o n a l )  

. GLOBL HMP3. . 
/ X INPUT i n  AC 
JMS* HMP3. 
LAC Y 
LAC Z  
/ OUTPUT i n  AC 

. GLOBI HMP3. 
LAC x$c$* 
JMS* HMP3. 
LAC Y$* 
LAC z $* 
DAC W$C$* 

60ps+opt ional  i n s t r u c t i o n s  

HMP3.  Ca lcu la tes  X*Y/Z. Where 
Y and '2  o r  X and Z must have t h e  r a d i x  
p o s i t i o n .  ' The answer has t h e  r a d i x  o f  
X o r  Y r e s p e c t i v e l y .  The o u t p u t  i s  
sa tu ra ted  a t  t15.9999 and t h e  l i n k  i s  
' s e t  i f  d i v i  d e o v e r f  1  ow occurs.  



HDIV. 

Equat ion: ( f i x .  p t . )  

Var iab les :  

L i  b r a r y  Form : 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Desc r i p t i on :  

FIXED POINT DIVIDE 

X = I n p u t  Locat ion  ( o p t i o n a l )  
Y = I n p u t  Locat ion  
Z = Output Locat ion  ( o p t i o n a l )  

. GLOBL HDIV. 

/ X INPUT i n  AC 
JMS* HDIV. 
LAC Y 
/ OUTPUT i n  AC 

HDIV. y,x,z 

. GLOBL HDIV. 
LAC X$C$* 
JF4S* HDIV. 
LAC Y$* 
DAC z$c$* 

4Zus+optional i n s t r u c t i o n s  

HDIV. D iv ides  t h e  f i x e d  p o i n t  v a r i a b l e  Y 
i n t o  t h e  f i x e d  p o i n t  v a r i a b l e  X o r  t he  
accumulator value. The ou tpu t  i s  sa tu ra ted  
a t  +15.9999 and t h e  l i n k  i s  s e t  i f  d i v i d e  
oveFf1 ow occurs. 



LIM. 

Equation: 

Var iab les :  

L ibrary  Form: 

Macro Form: 

Macro Expansion: 

Execution Time: 

Descr ip t ion :  

LIMITER 

A = Upper Limit 
. B  = Lower Limit 

X = Input  
Y = Output 

. GLOBL LIM. 

/ ~ N P U T  i n  AC 
J MS* L I M ~  
A 
B 
/ OUTPUT i n  AC 

None 

None 

LIM. Ca lcu l a t e s  a 1 imi t ed  ' ou tpu t  from 
X, A ,  and B. 



BANG. 

Equat ion : 

~ a r i a b l  es : 

L i  b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Desc r i p t i on :  

BANG - BANG 

A = T r a n s i t i o n  P o i n t  
. . 

X = I n p u t  
REF = Reference v a r i a b l e  o r  Constant 
Y = Output 

.GLOBL BANG. 

/ INPUT i n  AC 
JMS* BANG. 
A 
LAC REF 
/ OUTPUT i n  AC 

None 

None 

BANG. Generates a referenced b i n a r y  ou tpu t  
(2-va l  ued) 



HYSTR. 

Equation: 

HY STERI S.1 S LOOP 

YN = Z N  * REF 

SIGN(ZN - ,) * 1.0 ; IxNI<S 

'N=/SIGN(X~) * 1.0 ; X N ~ S  

Var iab les:  X = I npu t  
REF = Reference v a r i a b l e  o r  cons tan t  
DELTA = S/2 H g s t e r i s i s  l oop  h a l f  w id th  

e MODE = (Problem Mode). = 0 % :  I .C. 
1  : HOLD 
2  : Operate 

Y = Output 

L i b r a r y  Form: . GLOBL HY STR. 

/ ~ N P U T  X i n  AC 
JMS* HY STR. 
LAC MODE 
DELTA 
P, / TEMP. STORAGE OF z(N) 
LAC REF 
/ OUTPUT i n  AC 

. . 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

nesc r i  p t i o n  : 

None 

None 

HYSTR. generates a  referenced h y s t e r i s i s  l oop  
as governed by t h e  above equat ion.  If  t h e  
mode i s  HOLD, t h e  l a s t  ou tpu t  i s  he ld  regard less  
o f  th'e i n p u t .  I n  I C  mode, t h e  s ign  o f  X i s  
used. 



CMP1. 

Equa t i'on : 

Var iab les :  

L i  b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Descr ip t ion :  

COMPARE AND BRANCH 

No Skip X>CON 
Sk ip  1 X=CON 
Skip 2 XiCON 

X = I n p u t  Locat ion  ( o p t i o n a l  ) 
CON = Constant ( f i x e d  p o i n t  o r  i n t e g e r )  

. GLOBL CMP1. 

/ INPUT x i n  AC 
JMS* CMP1. 
CON ..... / X>CON 
..... / X=CON 

/ X<CON 

CMP1. CON ,X 

. GLOBL GlviP1. 
LAC X$C$* 
JMS* CMP1. 

. CON 

CMP1. causes comparison w i t h  a cons tan t  and 
three-way branch. The ac i s  res to red ,  t h e  
l i n k  i s  l o s t ,  and t h e  mq i s  unused. 



Equation : 

Var i  abl  es : 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion : 

Execut ion Time: 

Descr ip t ion :  

COMPARE AND BRANCH 

No Sk ip  X>Y 
S k i p 1  X=Y 
S k i p 2  X<Y 

X = I n p u t  Locat ion  (op t iona l  ) 
Y = I n p u t  Locat ion  ( f i x e d  p o i n t  o r  i n t e g e r )  

. GLOBL CMP2. 

/ INPUT X i n  AC 
JMS* CMP2. 
LAC Y 
..... / X>Y 
..... / X=Y 
..... / X<Y 

. GLOBL CMP2. 
LAC X$C$* 
JMS* CMP2. 
LAC Y $* 

2 2 ~ s  ; X>Y Opt ional  . 

25ps ; X=Y + I n s t r u c t i o n s  
26ps ; X<Y 

CMP2. causes comparison w i t h  a v a r i a b l e  o r  
constant  i n t e g e r  o f  f i x e d  p o i n t  number and 
three-way-branch. The AC i s  restored., t h e  
l i n k  i s  l o s t ,  and t h e  mq i s  unused. 



HCOS . 
Equation: 

Var iab l  es : 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion : 

Execut ion Time: 

Descr ip t ion :  

FIXED POINT COSINE 

Y = 1.0 * cos ;* x 

X = I n p u t  Locat ion  (op t i ona l  ) 
Y = Output Locat ion  (op t i ona l  ) 

. GLOBL HCOS . 

/ INPUT x i n  AC 
JMS* HCOS . 
/ OUTPUT Y i n  AC 

HCOS . X ,Y 

.GLOBL. HCOS . 
LAC X$C$* 
JMS* HCOS . 
DAC y$c$* 

67-70ps 
average = 69ps+opti onal i n s t r u c t i o n s  

HCOS. ca l cu la tes  the  f i x e d  p o i n t  cosine o f  
t h e  f i x e d  p o i n t  . input  * n/2 .  ( i . e . ,  90 
degrees per  f i x e d  p o i n t  u n i t ) .  Table look-  
up w i t h  l i n e a r  i . n te rpo la t i on  i s  used by HCOS. 
The t a b l e  (HSINT.) has 36 segments between 
0 and n/2  resu l  t i n g  i n  a maximum e r r o r  i n  
Y o f  approximately two b i t s  (0.0002). 



HSIN. 

Equation: 

Var iables:  

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Descr ip t ion :  

FIXED POINT SINE 

Y = 1.0 * S in  $ *  x 

X = I npu t  Locat ion  (opt i 'onal ) 
Y = Output Locat ion  ( o p t i o n a l )  

. GLOBL HSIN. 

/ INPUT X i n  AC 
JMS* HSIN. 
/ OUTPUT Y i n  AC 

HSIN. X ,Y 

. GLOBL HSIN. 
LAC X$C$* 
JMS* HSIN. 
DAC y$c$* 

70-7411s 
average = 73pstopt ional  i n s t r u c t i o n s  

'HSIN. ca l cu la ted  'he f i x e d  p o i n t  s i n e  o f  
t he  f i x e d  p o i n t  i n p u t  * n/2. ( i .e . ,  90 
degrees per  f i x e d  p o i n t  a n i t ) .  Table l ook -  
up w i t h  l i n e a r  i n t e r p o l a t i o n  i s  used by HSIN. 
The t a b l e  (HSINT.) has 36 segments between 
0 and n /2  r e s u l t i n g  i n  a maximum e r r o r  i n  Y 
o f  two b i t s  (0.0002). 



HS INT,- 
- . -  

:- Equation: 

Var iables:  

L i  b r a r y  Form': 

\ 

Macro Form: 

Macro Expansion : 

Execut ion Time: 

Desc r ip t i on  : 

..FIXED POINT SINE TABLE 

None 

N = e n t r y  number 
0 - q: N - < 36 

. GLOBL HSINT. 

LA; (N  
TAD HSINT. 
/ AC = Locat ion  o f  Nth ENTRY 
/ o f  t h e  SINE TABLE 

None 

None 

Not appl i c a b l  e 

The e n t r i e s  i n  t h e  t a b l e  HSINT. a r e  used 
by HCOS. and HSIN. The e n t i r e s  represent  
f i x e d  p o i n t  s ines a t  angles between 0 and 
n/2  where the re  a re  36 segments such t h a t  

. ~ e  = 1/36 n/2 = 2.5 degrees. 



HSQR. 

, Equation: 

Variables: 

L ib ra ry  Form: 

FIXED POINT SQUARE 

Y = X  2 

X = Input  Location (op t iona l )  
Y = Output Location (op t iona l )  

. GLOBL HSQR. 

/ ~ N P U T  i n  AC 
JMS* HSQR. 
/ OUTPUT i n  AC 

Macro Form: HSQR. x , y  

Macro Expansion : 

Execution Time: 

Descr ipt ion:  

. GLOBL HSQR . 
LAC X$C$* 
JMS* HSQR. 
DAC Y$C$* 

29ps+optional i n s t r uc t i ons  

HSQR. ca lcu la tes  the square o f  the  inpu t  
va r iab le  X. .The output i s  saturated a t  
+15.9999 and the  l ' i nk  i ' s  se t '  i f  m u l t i p l i c a t i o n  
overflow occurs (/X/>4:0). - .  



Equation: 

Var iables:  

L i b r a r y  Form: 

FIXED POINT CUBE 

X = Inpu t  Var iab le  ( o p t i o n a l )  
Y = Output Var iab le  (op t iona l  ) 

. GLOBL HCUBE. 

/ ~ N P U T  i n  AC 
JMS* HCUBE. 
/ OUTPUT i n  AC 

Macro Form: HCUBE. x ,y 

Macro Expansion: . GLOBL. HCUBE. 
LAC X$C$* 
JMS* HCUBE. 
DAC y$c$* 

Execution Time: 47pstopt ional  i n s t r u c t i o n s  

Descr ipt ion:  HCUBE. ca l c lua tes  t h e  cube o f  t h e  i n p u t  
v a r i a b l e  X. The output  i s  saturated a t  
+15.9999 and t h e  l i n k  i s  s e t  i f  m u l t i p l i -  - 
c a t i o n  over f low occurs (/X/>2.5199). - 



HSQRT. 

Equation: 

Var iables:  

L i  b ra ry  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Descr ip t ion :  

FIXED POINT SQUARE ROOT 

Y = J r /  ; L i n k  = Sign (X) 

X = In'put Var iab le  ( o p t i o n a l )  
Y = Output Va r iab le  ( o p t i o n a l )  

. GLOBL HSQRT. 

/ ~ N P U T  i n  AC 
JVS* HSQRT . 
/ OUTPUT i n  AC 

HSQRT. X ,Y 

. GLOBL HSQRT. 
LAC X$C$* 
JMS* HSQRT . 
DAC Y $C$* 

82-96us+optional i n s t r u c t i o n s '  
average = 86utopt iona l  i n s t r u c t i o n s  

. HSQRT. ca l cu la tes  t h e  f i x e d  p o i n t  square 
r o o t  o f  t h e  i n p u t  X. Table look-up w i t h  
l i n e a r  i n t e r p o l a t i o n  i s  used by HSORT. T h e .  
t a b l e  has 48 segments f o r  X from 1. t o  45 
The maximum e r r o r  i n  t h e  ou tput  i s  6x10- fl o r  
.0001 which ever i s  l a r g e s t .  



HLOG. 

Equation: 

Var iab les  : 

L i  b r a r y  Form: 

FIXED POINT COFSMON LOGARITHM 

Y = 1.0 * loglO (100.*/X/) ; L i n k  = Sign (X) 

X = I n p u t  Locat ion  ( o p t i o n a l )  
Y = Output Locat ion  ( .opt ional ) 

. GLOBL HLOG . 

/ ~ N P U T  i n  AC 
JMS* HLOG. 
/ OUTPUT i n  AC 

Macro Form: HLOG. x,y 

Macro Expansion: 

Execut ion Time: 

Descr ip t ion :  

. GLOBL HLOG . 
LAC X$C$* 
JMS* HLOG. 
DAC Y8C$* 

83-90vs+optional i n s t r u c t i o n s  
average = 85is+opt ional  i n s t r u c t i o n s  

HLOG. c a l c u l a t e s .  t h e  common 1 o g a r i  thm 
of 100 t imes t h e  i npu t .  



HEXP. 

Equation: 

Var iables:  

L i b r a r y  Form: 

Macro Form: 

Wacro Expansion : 

Execut ion Time: 

Descr ip t ion :  

FIXED POINT EXPONENT 

X = I n p u t  Locat ion (op t i ona l  ) 
Y = Output Locat ion  ( o p t i o n a l )  

. GLOBL HEXP. 

/ ~ N P U T  i n  AC 
JMS* HEXP. 
/ OUTPUT i n  AC 

HEXP. X ,Y 

. GLOBL HEXP. 
LAC X$C$* 
J b1S * HEXP. 
DAC .Y $C$* 

78-85vstopt i  onal i nst ruc t ' ions  
average = .8Opstopt ional i n s t r u c t i o n s  

.HEXP. ca l cu la tes  t h e  exponential  (base 10.) 
o f  t h e  i npu t .  The' ou tpu t  i s  sa tura ted  a t  
+15.9999 and t h e  l i n k  i s  s e t  i f  X>3,2042. 



Equation: 

Var iab les : 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Desc r i p t i on  : 

ARBITRARY FUNCTIONS' GENERATOR # l .  

Y = FCN (X) 

X = I n p u t  Locat ion  (opt. iona1) 
Y = Output Locat ion  ( o p t i o n a l )  
FCN = A r b i t r a r y  t a b l e  o f  (X,Y) 
coord ina te  p a i r s  

. GLOBL FG1. 

/- ~ N P U T  i n  AC 
JMS* FG1 . 
. DSA TABLE$4 / Funct ion Table address 
/ OUTPUT i n  AC 

FG1. TABLE ,X,Y 

. GLOBL FG1. 
LAC X$c$* 
JMS* FG1 . 
. DSA TABLE$4 
DAC Y$c$* 

79+15 Ips+opt iona l  i n s t r u c t i o n s  

FG1. uses l i n e a r  i n t e r p o l a t i o n ,  t o  eva lua te  
FCN(X), between a r b i t r a r y  (X,Y) coord ina te  
pa i r s ,  i e :  

where I such t h a t  X1szI+l 
The f u n c t i o n  t a b l e  i s  setup by Macro .FGlT 
FG1. us.es auto index r e g i s t e r  No. 16. 



. FG1 T 

Equation: 

Var iables:  

L i b r a r y  Form: 

Macro Form: 

Macro Expansion : 

Execut ion Time: 

Desc r ip t i on  : 

Funct ion Table = { X i  ; Yi 1 i = 1.2.3 , . .  N I 
= i t h  - X coord ina te  : 

Yi = i t h  - Y coord ina te  

N = To ta l  No. p o i n t s  i n  f unc t i on .  

None 

TABLE . FGlT N 

. DEC 
-N+1 
x(1)  
y (1 )  
x(2)  
y ( 2  

Not appl i c a b l  e  

The .FG1T macro i s  used t o  setup a  f u n c t i o n  
t a b l e  f o r  FG1. An a r b i t r a r y  s e t  o f  (X,Y) 
coord ina te  p a i r s  may be spec i f i ed .  



FG2. - 

Equation : 

L i  b r a r y  Form: 

ARBITRARY FUNCTION GENERATOR #2. 

Y = FCN (X) 

X = I n p u t  Locat ion  ( o p t i o n a l  ) 
Y = Output 'Loca t ion  ( o p t i o n a l )  
FCN - A r b i t r a r y  t a b l e  of Y coord inates.  

X 's  a re  e q u a l l y  spaced. 

. GLOBL 

/ IPUT in .AC 
JMS* .,FG2. 
. DSA '-TABLE$4 
/ OUTPUT i n  AC 

Macro Form: FG2.' Table, X,Y 

Macro Expansion: . GLOBL FGZ . 
LAC X$C$* 
JMS* FG2. 
.DSA TABLE$4 
DAC y$c$* 

Execut ion Time: 87+.4Rps+optional i n s t r u c t i o n s  
Typ ica l  = 8 8 - 9 2 ~ s  
.Where. R = r i g h t .  s h i f t  count i n  
. FG2T setup macro expansion 

Descr ip t ion :  FG2. uses l i n e a r  i n t e r p o l a t i o n  between 
equa l l y  spaced p o i n t s  t o  eva lua te  
Y=FCN(X). i e :  

The setup macro. FG2T i s  used t o  s p e c i f y  t h e  
f u n c t i o n  tab le .  I f  XcXo, t h e  ou tpu t  i s  yo; 
i f  X>X = X + NAX, t h e  ou tpu t  i s  Yn FG2. 
uses auto iRdex l o c a t i o n  16. 



Equation: 

Var iables : 

L i  b ra ry  Form: 

Macro Form: 

Macro Expansion: 

Execut ion  Time: 

Desc r ip t i on  : 

\ 

FUNCTION GENERATOR NO. 2 SETUP 

Funct ion Table = {Yi} i = 0,1,2,.. .N 

Xo = I n p u t  v a r i a b l e  i n i t i a l  va lue 
D - : - Xi+l - Xi = constant  

N = Tota l  number o f  segments i n  t h e  f u n c t i o n  

Yi = ifi Y coord ina te  

None 

TABLE . FGZT N ,DELTAX, x , X$.,Yfl, (Yfl Opt. ) 

Y N 

Not appl i cab1 e 

The .FG2T macro i s  used t o  setup a f u n c t i o n  
t a b l e  fo r  FG1. An a r b i t r a r y  s e t  o f  Y co- 
o rd ina te  values may .be spec i f i ed .  



Equat ion : 

Var iab les :  

L i b r a r y  Form: 

Macro Form: 

Macro Expansion : 

ARBITRARY .FUNCTION GENERATOR #3. 

Z = FCN (X,Y) 

X = I n p u t  Loca t i on  (opt i ,onal  ) 
Y = I n p u t  Loca t i on  
Z = Output  Loca t i on  

/ ~ N P U T  X i n  AC 
JMS* FG3. 
. DSA TABLE$4 
9, 
/ OUTPUT i n  AC 

FG3. TABLE , X 
Y 
ID 
DAC Z$* 

. GLOBL 
LAC 
JMS* FG3. . 

. DSA TABLE$B 
Y 
b 
DAC 

Func t ion  Tab1 e Format: 
'TABLE . FG2T NX, AX,  Xd. 

. FG2T NY . AY., Y 0 

Zoyo; Z1 . . ; zNx,o / Values f o r  y=yO 

./ Values f o r  y=yl zOyl ; z1 ,1 ; ..*  i zNx,l 

Z o , ~ ~ ;  Zi ,~~; * * * ;  Z ~ ~ , ~ ~  
/ Values f o r  y=yNy 

Execu t ion  T ime:  278-290psec, 280ps t y p i c a l  

D e s c r i p t i o n  : FG3. uses l i n e a r  i n t e r p o l a t i o n  between 
equal l y  s,paced 1 i nes 
(X = Xi ' X=Xi+l y y= yj & y = yj+l ) t o  

eva lua te  Z = FCN (X,Y) i e : .  



FG3. (continued) 

The setup macro .FG2T i s  used t o  spec i fy  
the func t ion  tab le .  

I f  x>xNy y  = y  ( X N Y ~ )  

I f  y<y0, Y = z (X .Y~ )  

I f  y>yy z = z ( X Y ~ N )  

etc.  



RINT. - 

Vari ab l  es : 

L i b r a r y  Form: 

RECTANGULAR INTEGRATION 

Y = Output i n t e g r a l  value 
X = I n p u t  d e r i v a t i v e  (op t iona l )  

~t = Time s tep 
N = Power o f  two used' as ga in  

ICMAN = I n i t i a l  cond i t i on  mantissa 
ICEXP = I n i  ti a1 cond i t i on  exponent 

P = Parameter f l a g  
SFMAN = Mantissa o f  sca le  f a c t o r  
SFEXP = Exponent o f  sca le .  f a c t o r  

ICUALU = Scaled i n i t i a l  cond i t i on  value 
TFN = Time f r a c t i o n  numerator 
TFD = Time f r a c t i o n  denominator 

.GLOBL RINT. 

/ i npu t  X i n  AC 
JMS*. RINT. 
N+6 
0 

. y  0 
2*SFMAN & 777760 SFEXP & 17 . . 
ICVALU 
/Output Y i n  AC 

Macro Form: RINT. Y, ICMAN, ICEXP, N, SFMAN, SFEXP, X, P 

Macro Expansion: . DEC 
G - SFMAN 1.0.5 

I C = 0  
E = $FEXP+ICEXP 

.IFZER E-1 
I C  = ICMAN*5*G . ENDC . f 

.IFZER E 
I C  = ICMAN/2*G . ENDC . IFZER E+l  
I C  = ICMAN/IO*G/~ . ENDC . GLObi i  RINT. 

LAC X $C$* 
JMS* RINT. 
N t 6  

, fl 
.SCV Y, SFMAN, SFEXP, P 
I C 



RINT. - 
Execution Time: 

Descr ipt ion:  

RECTANGULAR INTEGRATION 

4 2 ~ s  I C  
3 4 ~ s  HOLD 

102-1 3 1 ~ s  OPERATE , 

RIr4T. ca l cu la tes  the  i n t e g r a l  Y w i t h  a 
va r iab le  ga in  t h a t  i s  a  power of two. 

. . I n t e g r a t i o n  over f low causes l i n k  t o  be 
s e t  and OVRf4T. becomes non zero. The 
address i n  RINT. i s  placed i n  OVRNT. 
Execution t ime can be improved w i t h  
c e r t a i n  user steps. See PS&A Memo 70-10 
f o r  complete d iscussion o f  t ime synchro- 
n i z a t i o n  and mode cont ro l .  



RIldT1. 

Equation: 

Variables  : 

Library  Form: 

RECTANGULAR INTEGRAT I OP.1 

Y = Output i n t e g r a l  va lue  
X = Input  d e r i v a t i v e  ( o p t i o n a l )  

a t  = Time s t e p  
N = Power o f  two .used as .  ga in  

ICMAll = I n i t i a l  condd7t:i-on.man-ti'ssa 
ICEXP = In i . t i a1  cond i t i on  exponent 

P = Parameter f l a g  
SRIAN = Sca le  f a c t o r  mant issa  
SFEXP = Sca le  f a c t o r  exponent 

ICVALU = Scaled i n i t i a l  cond i t i on  va lue  
!,I = Two's complement o f  minimum i t e r a t i o n  r a t e  

;input X i n  AC 
Jt:!S* RINT1 , 
M 
+ 1 /Counter r e s e t  
- 1 /Counter 
W+G 
0 

y a 
2*SFt,lAN 8 777760 SFEXP & 17 
ICVALU 

./Output Y i n  AC 

EItiT1. Y, IC?.IAl.I, ICEXP, N, SF!.lAN, SFEXP, 1.4, X ,  P 

Ilacro Expansion: . DEC 
G = SFFTAN/O. 5 

. IFZER E-1 
IC = ICFIAFI*5*G 

. ENDC 

.I,FZER E 
I C = ICi-:AN/ 2*G . ENDC 

. I f Z E R  E+l 
IC = ICF:AFI/lO*G/2 . ENDC 

, \ 
. GLOBL RIr,!T1 . 
LAC sscs* 
JP.1S * RINT1.. 
1.1 



RECTANGULAR INTEGRATION 

Macro Expansion: (Continued) 1 - 1 
14+6 
P! 
.SCV Y, SFMAN, SFEXP, P 

. I C  

Execution Time: 

Descr ipt ion:  

128 - 137 ps I C  
120 - 129 ps HOLD 
188 - 226 ps OPERATE 

RINT1. con t ro l s  t h e  t ime step used f o r  
i n teg ra t i ons .  For a complete d iscussion 
of t ime synchronizat ions and mode con- 
t r o l  see PS&A Memo 70-10 which discusses 
RINT. and Contro l  t Data Systems Memo 
70-3. 



Variables : 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: .TDL'YS: 

TRANSPORT DELAY 

Y ( t )  = X ( t - y )  

%-y 
W ( t )  = pV 

Y = Output o f  t ranspor t  delay 
X = Inpu t  t o  t ranspor t  delay 
.t = Time 
y = Transport delay t ime 
W = Mass f l ow  r a t e  
p = F l u i d  dens i t y  
V = F l u i d  volume 
N = Number o f  nodes i n  delay 
Q = Constant = P V  S/N ~t 
S = Scale f a c t o r  f o r  W 

~t = Time s tep s i z e  

None 

. TDLYS 

.TD . TD 
e t c  

. TDEND 

. GLOBL 
LAC 
SZ A 
LAC 
SAD 
JMP 
SZ A 

SI<F 
riot' 
DEC 

JPlP 
J1:lP 
LAC 
LP,SS+2 
ADD 
ADD 
SMA 
JNP 
ADD 
DA C 
,I t4P 
DAC 
LAC . 

ACS 
[jA C* 
I sz 
-41 - 

X l ,  Y1, W1, N1, Q1 
X2, Y2, W2, N2, 42 

TDMOD. $* 
/ t ime delay i n  IC? 

MODE. $* /no use MODE. 
(2 / i n  operate? . +4 /yes 
/ / i n  IC? 

G'JT1ILII. 
ICPART 
WS* 

LSTQ 
IEGQN 

. +4 
POSQN 
LSTQ 
?I ;TOP 
LSTQ 
x S* 

POINT 
PO I NT 

/ho ld  entry-do noth ing  
/ I C  e n t r y  
/operate en t ry-  (SF) LB/SEC 
/ [ (SF)*(l!I)/4] LB 
/ l a s t  value 
/ [KI*SF/4] neg o f  LB/!.~ODE 
/node f u l l ?  
/yes 
/ [ (blI*SF)/4] LB/FIODE 

/operate e x i t  

/ i n p u t  v a r i a b l e  

/ s t o r e  t a b l e  
/advance p o i n t e r  



~ a c r o  Expansion: (Continued) 

RET 

FIRST 

EX IT 

ICPART 

ADRl 
LSTQ 
I.IEGQ!.I 
POSQN 
PO I WT 
I tiSTl 
AD R 
TABL 

XX 
SMA 
JtIP EX IT 
LAC FIRST 
DAC INST 
LAC AD R 

'DAC PO I I\IT 
JClP IPIST 
LAC* POINT 
SPA 
JP!P RET 
LAC RAGL 
DAC , Y$+ 
J t r 1 P  OUTOP 
LAC I NSTl 
DAC INST 
LAC . ADRl 
DA C PO I NT 
LAC X$* 
DA C y$* 
ADS 
DAC TAGL 
JMP OUT IC 
TAEL+1 
0 
Q/4\262141 +I 
(3/4 
0 
JMP F I RST 
TABL 
.BLOCK b! - 1 

Execution Time: Time i n  Microseconds 
MACRO IC I.IOLD - - - . TDLY S 6-10 8-10 
.'l'ULNU 1 1 . TD 18 1 

/JMP f i r s t  o r  LAC* point  
/end of t ab le?  

,/no 
/(LAC* point )  

/ t ab l e  addr 
/ i n i t i a l i z e  pointer  

/output val ue 
/end of table?  
'/yes 
/no 
/ s t o r e  output var iable  

/(JMP f i r s t )  

/ input  var iable  
/ s to re  output var iable  

/hold e x i t  
/IC e x i t  
/operate e x i t  

OPERATE 

8-1 0 
0 
See Below 

Execution time of .TD in OPERATE 
15-16 i f  f l u i d  s l abs  don' t  move 
30-34 i f  s l abs  move 



Descr ipt ion:  The three b1ACROS .TDLYS, .TD, and .TDEND 
can be used t o  generate simulated t rans- 
p o r t  delays. A complete discussion i s  
contained i n  Control and Data Systems 
Memorandum 70-1. 



Equat ion : 

Var iab les  : 

L i b r a r y  Form: 

Macro Form: 

Macro. Expansion : 

Executi0.n Time: 

.Descr ip t ion :  

ADDITION MACRO 

X = I n p u t  
Y = I n p u t  ( o p t i o n a l )  
Z = Output ( o p t i o n a l )  

None 

LAC Y$C$* 
ADD X$* 
DAC z$c$* 

2 t o  9 psec. 

The .ADD macro 'per forms ones complement 
a d d i t i o n  o f  two l o c a l  o r  g l oba l ,  addresses. 



..SUB SUBTRACTION P.lACRO 

Equation: 

Var iables : 

Z = Y - X  

X = Neg. I npu t  
Y = Pos. I n p u t  (op t i ona l  ) 
Z = Output (op t i ona l  ) 

L i b r a r y  Form: None 

Macro Form: .SUB x y y  ,z 

Macro Expansion: LAC y$c$* 
CMA 
ADD X$* 
CMA 
DAC z$c$* 

'Execut ion Time: 4 t o  11 psec. 

Descr ip t ion :  The .SUE macro performs a one's complement 
sub t rac t i on  o f  l o c a l  o r  g loba l  addresses. 



. XIT - 

Equation: 

variables : 

Library Form: 

Macro Form: 

Macro Expansion: 

Execution Time: 

Description: 

EXIT SUBROUTINE MACRO 

NAME = Subroutine name 

None 

.XIT NAME 

JMP* NAME 

2 ~ s e c .  

The .XIT macro.estab3ishes a subroutine 
exit instruction. 



Equation: 

Variables: 

L i  b ra ry  Form: 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Desc r ip t i on  : 

CALL .SUBROUTINE MACRO (PDP-9 o n l y )  

NAME = Subrout ine  name 
P = Global sw i t ch  

0 a b lank = l o c a l  
1 = g loba l  (ex terna l  ) 

None 

.CALL NAME, P 

. I FNZR P 

. GLOBL NAME 

. ENDC 
J MS NAME $* 

The .CALL HYMAC macro .sets up a c a l l  
t o  a l o c a l  o r  g loba l  subrout ine.  . The 
parameter P i s  used t o  c o n d i t i o n a l l y  
assemble t h e  .GLOBL pseudo-op.. 



BN WL- B-'26 

Equation : 

Variables: 

L ib ra ry  Form: 

Macro Form: 

, Macro Expansion: 

Execution Time: 

Descr ipt ion:  

CALL EXTERNAL SUBROUTINE MACRO (PDP-7 o n l v l  

NAME = 'subrout ine name 

None 

.CALL NAME 

. GLOBL NAME 
J MS NAME$* 

N.' A. 

The .CALL HYMAC2 macro sets up the c a l l i n g  
sequence f o r  an external ,  o r  l o ca l  g lobal  
subroutine. 



Equation: 

Var iabl  es : 

L i  b ra ry  Form : 

Macro Form: 

Macro Expansion: 

Execut ion Time: 

Descr ip t ion :  

DIGITAL-TO-ANALOG CONVERSION MACRO (PDP-9 o n l y )  

X = I npu t  Locat ion ( o p t i o n a l )  
N = DA Channel No. (decimal ) 

None 

LAC X$C$* 
DA'N' 

The .DA HYMAC a.ssembler macro performs 
d i q i t a l - t o - a n a l o g  conversion o f  e i t h e r  
t he  AC o r  a l o c a l  o r  g loba l  address. 



Equation: 

Variables : 

DIGITAL-TO-ANALOG CONVERSION MACRO (PDP-7 on1 y ) 

X = Inpu t  Locat ion (opt iona l  ) 
N = DA Channel No. (decimal ) 

L i b r a r y  Form: None 

.Macro Form: . DA N ,X 

Macro Expansion: . DEC 
LAC X$C$* 
.TI = 64*N+N & 771*16 
N * 16*4 t o  TI  + 230402 

Execution' Tjme: 1.75 t o  7 psec. 

Descr ip t ion  : The .DA HYMAC2 assembler macro performs 
d i g i t a l  -to-anal og conversion o f  e i t h e r  
t h e  AC o r  a l o c a l  o r  g lobal  address. 



Equation : 

Variables : 

L ib ra ry  Form: 

, Macro Form: 
. . 

Macro Expansion: 

Execution Time: 

Descript ion: 

ANALOG-TO-DIGITAL CONVERSION MACRO (PDP-9 on ly)  

X = Output Location (opt iona l )  
N = AD Channel No. (decimal) 

None 

M X ' N '  
ADSF 
J MP . -1 
ADRB 
DAC. X$c$* 

The .AD HYMAC 'assembler macro performs 
ana log- to-d ig i ta l  conversion o f  A t o  D 
Channel N. The output  i s  o p t i o n a l l y  
stored i n  a l oca l  o r  global address o r  
l e f t  i n  the AC. 



Equation: 

Variables: 

L i bra ry Form : 

Macro Form: 

Macro Expansion: 

Execution Time: 

Descr ip t ion :  

ANALOG-TO-DIGITAL CONVERSION MACRO. (PDP-7 o n l y )  

X = Output Locat ion (op t iona l )  
N = AD Channel No. (decimal ) 

None 

. MX N 
ADS F 
JMP . -1 
ADRB 
DAC X$C$* 

The .AD HYMAC2 assembler macro performs 
ana log - to -d ig i ta l  conversion o f  A t o  D 
Channel N. The output  i s  o p t i o n a l l y  
s tored i n  a l o c a l  o r  g loba l  address o r  
l e f t  i n  t h e  AC. 



Equation: 

Variables: 

L ib ra ry  Form: 

Macro Form: 

Macro Expansion: 

Execution Time: 

Descri 'ption : 

A t o  D MULTIPLEXER MACRO (PDP-7 on ly)  

N = Mul t ip lexer  Channel No. (decimal) 

None 

. DEC 

.TI = 64*N+N*771*16 
N & 1 6*1@8+. TI  +23@g18 

The .MX HYMAC2 assembler macro sets up 
the hardware i n s t r u c t i o n  f o r  mu1 ti plexer 
Channel N. 



. SCV - 

Equation: 

Var i  abl  es : 

L i b r a r y  Form: 

'Macro Form: 

Macro Expansion: 
NAME 

Execut ion Time: 

Desc r ip t i on  : 

Exampl e : 

SCALED VARIABLE MACRO, NON-GLOBAL (PDP-7 on1 y)  

NAME = Var iab le  name 
M = Scale f a c t o r  mantisa 
E = Scale f a c t o r  exponent (base 10) 

\ 
None 

. SCV NAME ,M , E 

The .SCV HYMAC2 assembler macro es tab l i shes  
t h e  v ~ l u e ,  sca le  f a c t o r  word p a i r  requ i red  
by t h e  w r i t e  unscaled Subrout ine WNVS1: 
The PEP-7 .SCV macro should be used o n l y  
f o r  non-gl obai I o c a t i  ons . 
Same example as i n  



Equation: 

Variables : 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 
NAME=. ; 

Execution Time: 

Descr ip t ion :  

Exampl e: 

SCALED VARIABLE MACRO, GLOBAL (PDP-7 on ly )  

NAME = ' Var iable name 
M = Scale f a c t o r  mantisa 
E = Scale f a c t o r  exponent (base 10) 

None 

. SCV1 NAME ,M,E 

. GLOBL NAME 
8 - 

2*M&77776@ E&17 

.The .SCV1 HYMACZ macro es tab l ishes the  
requ i red  value, scale f a c t o r  word p a i r  
requ i red  by t h e  w r i t e  unscaled Subrout ine 
WNVS1.. The PDP-1 ..SCVl macro should on ly  
be used f o r  g lobal  l o c a t i o n  addresses. 

Same example as 

(.SCV PDP-9) 



. scv 

Equation: 

Var iables : 

e 

L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 
ARG 

Execut ion Time: 

Descr ip t ion :  

Exampl e  : 

SCALED VARIABLE MACRO (PDP-9 o n l y )  

NAME = .Va r iab le  name 
M = Scale f a c t o r  mantisa 
E  = Scale f a c t o r  exponent 

' (base 10) 
P = Global sw i tch  

fl o r  b lank = non-global 
1  = g loba l  

none 

. I FZER P 
0 . EHDC 
. I FNZR P  
. GLOBL NAME 
fl . ENDC 
2*M&777760 E&17 

The .SCV HYMAC macro es tab l ishes  the  
value, scale f a c t o r  word p a i r  requ i red  
by t h e  w r i t e  Unscaled Subrout ine, WNVS1.. 

The contents o f  1  c a t i o n  TEMP i s  t o  be - 9 ca l cu la ted  as 10 T where T  i s  t h e  ac tua l  
va r i ab le .  The macro form i s :  

. SCV TEMP,] .O,-3 



. SBRTN 

Equation: 

Variables: 

L i b r a r y  Form : 

Macro Form: 

MacFo Expansion: 
NAME 

Execution Time: 

Descr ipt ion:  

SPECIFY SUBROUTINE MACRO (PDP-9 on ly )  

NAME = Subrout ine Name 
P = g loba l  swi tch  

o r  blank = non-global l o c a l  
1 = g loba l  l o c a l  

None 

. SBRTN NAME, P 

. I FZER P 
b 
.ENDC \ 
. I FNZR P 
.GLOBL NAME 
b . ENDC 

The . SBRTN HYMAC macro es tab l  i shes 
Subrout ine e n t r y  address. 



Equat ion : 

Var iab les:  

L i b r a r y  Form : 

Macro Form: 

Macro ~ x p a n s i o n :  

Execut ion Time: 

D e s c r i p t i o n  : 

RESTORE TIME FRACTION NUMERATOR (PDP-9 o n l y )  

1 -+ (TFN.) 

TFN. = Time f r a c t i o n  numerator 
(RINT. parameter)  

None. 

. RSTOR 

. GLOBL TFN. 
LAC 
DAC* 

(1  
. TFN. 



. TDLY S 

Equation: 

Var iables : 

: L i b r a r y  Form: 

Macro Form: 

Macro Expansion: 

Execution Time: 

Descr ip t ion  : 

TIME DELAYS SETUP MACRO (PDP-9 on ly )  

MODE. Problem Mode 
b I C 
1 HOLD 
2 OPERATE 

None 

. TDLY S 

. GLOBL TDMOD., MODE. 
LAC TDMOD . $* 
SZA 
LAC MODE I $* 
SAD (2  
J MP . +4 
SZA 



Equation: 

Variables: 

L i brary  Form : 

Macro Form: 

Macro Expansion: 

Execution Time: 

Descr ipt ion:  

TIME DELAYS END MACRO (PDP-9 on ly)  

none 

none 

. TDEND 

S KP 
NOP 



Variables: 

L i b r a r y  Form: 

Execution Time: 

Descr ip t ion  : 

WRITE .SIXBT ASCII TRIM CODE SUBROUTINE 

None 

. GLOBL W6BIT. 

/AC = 3 char. a s c i i  t r i m  code 
JMS* W6BIT. 

Subrout ine W6BIT. sends th ree  a s c i i  
characters t o  P57.; each character  being 
t h e  character  t h a t  corresponds t o  a 
6 b i t  a s c i i  t r i m  code. 

Char. No. AC ~ o s j t i o n  

The poss ib le  t r i m  codes and t h e i r  co r -  
responding characters are: 

Tr im Code A s c i i  Char ( 7 b i t )  

0 0 ignored 
01 - 37 101 - 137 
40 - 77 040 - 077 



WMSG. WRITE MESSAGE (TEXT) SUBROUTINE 

Var iab les :  None 

L i  b r a r y  Form : . GLOBL WMSG. 

JMS* WMSG. 
.DSA MSG$4 / t e x t  l o c a t i o n  

MSG .ASCII . /TEXT/<177> 

Execu t ion  Time: 

~ e s c r i ~ t i o n :  

145 psec. p e r  cha rac te r  + .WRITE 

Subrou t ine  WMSG. sends a ' f o r m a t t e d  message 
( t e x t )  t o  t h e  IOPS a s c i i  pack subrou t ine ,  
P57.. The fo rmat  o f  t h e  t e x t  must be 
5 X 7 a s c i i  ( .ASCII) te rmina ted  w i t h  a 
177 a s c i i  code. Car r iage  r e t u r n s  may be 
i nc l uded  w i t h i n  t h e  t e x t  .:,only i f  P57.Ff2. 

... , . . I  .:. : , 



Var iables : 

L i  b r a r y  Form : 

Execution Time: 

Descr ip t ion  : 

WRITE RADIX 50 TRIM CODE SUBROUTINE 

None 

. GLOBL WR5fl. 

IAC = 3 char a s c i i  ( r a d i x  50) t r i m  code 
JMS* WR5D. 

Subroutine WR50. sends th ree  asc i  i characters 
t o  P57., each character  being the  character  
t h a t  corresponds t o  a r a d i x  50 a s c i i  t r i m  
code. I f  t h e  th ree t r i m  code values are  C1, 
C2, C3: 

2 TRIM = So8* C1 + 508 * C2 + C3 

The poss ib le  t r i m  codes and t h e i r  corresponding 
characters are: 

Tr im Code Asci i Char (7b i  t )  

ignored 
101 - 132 ( A - Z )  

045 (%) 
056 ( . )  

060 - 071 (0-9) 
044 ($1 

WR5fl. masks out  b i t s  0 - 1 o f  t h e  i n p u t  
before processing begins. 



WDEC. 

Var iables : 

L i b r a r y  Form: 

Execut ion Time: 

Desc r ip t i on  : 

WRITE DECIMAL (UNSIGNED) SUBROUTINE 

WDEC. F Format f l a g  
0  L e f t  adjusted 
1 R igh t  ad jus ted  (6  d i g i t s )  

. GLOBL WDEC. 

/AC = value t o  output  
JMS* WDEC . 

Subrout ine WDEC.. sends a s c i i  characters . 
. ,  

t o  P57. f o r  t h e  decimal i n t e g e r  represen- 
t a t i o n  o f  t he  accumula tor .a t  i npu t .  Locat ion  
WDEC. F  can be s e t  f o r  r i g h t  o r  l e f t  a d j u s t -  
ment o f  t he  ou tput  f i e l d :  

. GLOBL WDEC. F  
LAC (0 o r  1  
DAC* WDEC. F 

L e f t  zeros a re  suppressed. 



I 

WOCT. 

Var iab les  : 

L i b r a r y  Form: 

WRITE OCTAL (UNSIGNED) SUBROUTINE 

WOCT. F Format f l a g  
0  L e f t  ad jus ted  - 
1  R igh t  ad jus ted  ( 6  d i g i t s )  

. GLOBL WOCT. 

/AC = va lue  t o  ou tpu t  
JMS* WOCT 

Execut ion Time: 200-625 .psec. 

Desc r i p t i on :  Subrou t ine  WOCT. sends a s c i i  cha rac te r s  
. t o  P57. f o r  t h e  o c t a l  i n t e g e r  r e p r e s e n t a t i o n  
o f  t h e  accumulator a t  i n p u t .  Loca t i on  
W0CT.F can be s e t  f o r  r i g h t  o r  l e f t  a d j u s t -  
ment o f  t h e  o u t p u t  f i e l d :  

. . .  . GLOBL WOCT. F 
LAC (pl o r  1  
DAC WOCT. F 

L e f t  zeros a r e  suppressed. 



Var iables : None 

L i b r a r y  Form: . GLOBL WOCTD . 

/AC = value t o  ou tpu t  
JMS* . WOCTD. 
N 

Execut ion Time: 650 psec. 

Descr ip t ion :  Subrout ine WOCTD. sends a s c i i  characters 
t o  P57. f o r  t h e  .oc ta l  representa t ion  o f  
t h e  r i g h t  N o c t a l  d i g i t  ( 3  N b i t s )  o f  t h e  
i n p u t  value. 
L e f t  zeros a re  n o t  suppressed. 



WNV. 

L i b r a r y  Form: 

Execut ion Time: 

Descr ip t ion :  

WRITE NORMALIZED VARIABLE SUBROUTINE 

WNV. F Format f l a g  
0 L e f t  ad jus ted  
1 R igh t  ad jus ted  (8 char.)  

. GLOBL WNV. 

/AC = value t o  ou tpu t  
JMS* WNV. 

Subrout ine WNV. sends t h e  f i x e d  p o i n t  
representa t ion  o f  t h e  i n p u t  va lue t o  
P57.. The format  o f  t h e  ou tput  i s :  

SXX. XXXX 

where: 

S P SIGN = minus ( - )  o r  b lank(+)  

I f  [ i n p u t  1<10.0000, t h e  f i r s t  d i g i t  i s  
suppressed. The number o f  b i t s  r i g h t  
o f  t he  r a d i x  p o i n t  i s  13., i .e . :  

F.P.No. = 
In tege r  Value .- 

Negative numbers a r e  assumed t o  be 1 ' s  
complement. 



WNVS1. 

Var iables:  

L i b r a r y  Form: 

Execut ion Time: 

Descri  p t  i on : 

WRITE NORMALIZED VARIABLE UNSCALED SUBROUTINE 

Same as WNVS. 

. GLOBL WNSV1. 

JMS* WNVS1. 
. DSA X$4 

Approx. 1 ms. 

Subrout ine WNVS1. i s  i d e n t i c a l  t o  WNVS. ex- 
cept  f o r  t he  c a l l i n g  sequence. The macro .SCV 
sets up a two.wor s torage f o r  t he  scaled t v a r i a b l e  X = M 10 , t h e  f i r s t  i s  t h e  v a r i a b l e  
value, t he  second conta ins  t h e  mantisa and 
exponent o f  t h e  scale f a c t o r :  
B i t s  0 - 13.: Mantisa, r a d i x  p t .  between b i t s  
3 and 4. 

B i t s  14 - 17: Exponent, 2 ' s  complement 
f o r  negat ive exponent. 

The i n p u t  f o r  WNVS1. should be t h e  l o c a t i o n  
o f  t h e  two word s p e c i f i c a t i o n  f o r  X. 

Example: . The contents o f  l o c a t i o n  X conta ins  
2 x 10-3 where x i s  t h e  ac tua l  v a r i a b l e  
(unscale3). To w r i t e  t h e  ac tua l  va lue o f  x: 

LAC ( X  / l ocn  o f  .002X 
JMS* WNVS1. 



WNVS. 

Variables: 

L i b r a r y  Form: 

Execution Time: 

~ e s c r i ~ t i o n  : 

Exampl e  : 

WRITE NORMALIZED VARIABLE UNSCALED SUBROUTINE 

WNVS . F Format f l a g  
0  L e f t  adjusted 
1  R ight  adjusted (>8 - d i g i t s )  

. GLOBL WNVS. 

/AC = M* l o E  * Value 
JMS* WNVS . 
M /mantisa o f  S. F. 
E /exponent o f  S .  F. 

Approx. 1  ms. 

Subroutine WNVS. sends t h e  unscaled value 
of t he  i n p u t  t o  P57. packing subrout ine. 
M i s  t h e  ma i sa o f  t h e  scale f a c t o r  ( f  . p. P S w i t h  base 2  ) and E i s  t h e  exponent o f  t h e  
scale f a c t o r  base 10. (2 ' s  complement). 

The c o n t e n t i  o f  l o c a t i o n  X conta ins 2  x  1 0 ~ ~ ~  
where x i s  t he  ac tua l  v a r i a b l e  (unscaled). 
To w r i t e  the  ac tua l  va lue o f  x: 

LAC X /.002 x 
JMS* WNVS . 
2.0 /mantisa o f  S. F. 
-3 /exponent o f  S. F. 



IWDAT . INITIALIZE WRITE DAT SLOT 

Var iab les  : P57C. 
P57 L . 
P57F. 
W DAT . 

P57. cha rac te r  coun te r  
P57. L. B. l o c a t i o n  
P57. W r i t e  f l  ag 
W r i t e  d a t  s l o t  

L i b r a r y  Form: . GLOBL I WDAT. 

CLL f o r  d o n ' t  .ENTER 
or...  STL f o r  .ENTER 

LAW d a t  s l o t  f o r  w r i t e  
JMS* IWDAT . 
(P57F.)*100000 + BUFFER$4 / w r i t e  f l a g  and L.B. 

' FILE$4 1 ocn . 
/f i 1.e spec. address 

FILE . s 1 XBT /NAME/ 
.SIXBT /EXT/ 

Execut ion Time: 

D e s c r i p t i o n :  The purpose o f  IWDAT. i s  t o  i n i t i a l i z e  t h e  
a c t i o n  o f  P57., t h e  pack IOPS a s c i i  sub- 
r o u t i n e .  The IWDAT. ope ra t i ons  a re :  

d a t  s l o t  + W DAT . 
BUFFER + P57L. 
(P57F. ) -t P57 F. 

0 -t P57C. 



Var i  ab i  es : 

L i b r a r y  form: 

Execut ion Time: 

Desc r i p t i on  : 

UNPACK IOPS ASCII 

UP57C. charac ter  counter  
UP57L. . l i n e  b u f f e r  l o c a t i o n  
CHR. unpacked asc i  i charac ter  

. GLOBL UP57. , UP57C., UP57L. 

DZM* U P ~ ~ C .  / s e t  f o r  1 s t  char 
LAC (BUFFER /L.B. l o c a t i o n  
DAC* UP57L. 

JMS* UP57. 
/AC = 7  b i t  a s c i i  charac ter  

55 psec. per  charac ter  

The purpose o f  UP57. i s  t o  s e q u e n t i a l l y  un- 
pack t h e  i n d i v i d u a l  a s c i i  charac ters  s to red  
i n  a  standard IOPS a s c i i  l i n e  b u f f e r .  To 
i n i t i a l i z e ,  UP57C. should be s e t  t o  t h e  No. 
o f  t h e  l a s t  charac ter  unpacked and UP57L. 
should be se t  t o  t h e  s t a r t i n g  address o f  t h e  
l i n e  b u f f e r  t o  be unpacked ( i n c l u d i n g ,  l i n e  
b u f f e r  header word p a i r ) .  The i n s t r u c t i o n  
JMS* UP57. unpacks 7  b i t  a s c i i  charac ters  

' s e q u e n t i a l l y  l e a v i n g  t h e  charac ter  i n  ques t ion  
i n  l o c a t i o n  CHR. and i n  t h e  accumulator upon 
e x i t .  The charac ter  counter,  UP57C. i s  i n -  
cremented each t ime  UP57. i s  c a l l e d .  The mq 
i s  res to red  a t  e x i t .  



Var iab les :  

L i  b r a r y  Form: 

Execu t ion  Time:. 

Desc r i p t i on :  

PACK IOPS ASCII 

P57C. cha rac te r  coun te r  
P57L. l i n e  b u f f e r  l o c a t i o n  
P57F. . w r i t e  f l a g :  

0  N o o u t p u t  
1  .WRITE and .WAIT when C.R. o r  

a l t .  mode sent.  
2 .WRITE o n l y  when C.R. o r  a l t .  

mode sent .  

WDAT . Dat s l o t  f o r  .WRITE when C.R. o r  
a1 t. mode sent.  

P57H. A  sub rou t i ne  t o  c a l c u l a t e  and 
s t o r e  t h e  l i n e  b u f f e r  header. 
(L.B.H. and check-sum) 

.' 
DZM* P57C. / s e t  f o r  1 s t  char .  
LAC (BUFFER /C.B. l o c a t i o n  
DAC* P57L. 

/AC = 7  b i t  a s c i i  char .  
JMS* P57. 

85 ~ s e c .  + t i m e  f o r  .WRITE and .WAIT 

The purpose o f  P57. i s  t o  s e q u e n t i a l l y  pack 
7  b i t  a s c i i  i n  a  s tandard IOPS a s c i i  l i n e  
b u f f e r ,  and t o  i n i t i a t e  .WRITE and .,WAIT I/O 
commands when necessary. To i n i t i a l i z e ,  P57C. 
should be s e t  t o  t h e  No. o f  t h e  l a s t  
cha rac te r  packed, P57L. should be s e t  t o  t h e  
l i n e  b u f f e r  l o c a t i o n  ( i n c l u d i n g  l i n e  b u f f e r  
header word p a i r ) ,  P57F. should be s e t  t o  
0, 1  , o r  2  (see v a r i a b l e s )  , and WDAT. shou ld  
be s e t  t o  t h e  d a t  s l o t  No. on which .WRITE 
and .WAIT a r e  t o  t a k e  p lace.  The i n s t r u c t i o n  
JMS* P57. packs cha rac te r s  s e q ~ e n t ~ i a l l y  i n  
t h e  addressed b u f f e r .  The mq i s  r e s t o r e d  a t  
e x i t .  Subrou t ine  P57H. c a l c u l a t e s  and s t o r e s  
t h e  1  i n e  b u f f e r  header word p a i r :  

1. Word p a i r  count  
2. Data mode (2 )  
3. Check-sum. 

P57H. i s  executed a u t o m a t i c a l l y  i f  P57F. i s  
1  o r  2. 



Variables : 

L.i b ra ry  Form: 

INITIALIZE READ DAT SLOT 

UP57C. character  counter 
UP57L. l i n e  b u f f e r  po in te rs  

. GLOBL I RDAT . 

CLL f o r  d o n ' t  .SEEK 
o r  STL f o r  .SEEK 

LAW d a t  s l o t  no. 
JMS* I RDAT . 
. DSA BUFFER$4 
.DSA FILE$4 

\ 

.FILE . .SIXBT /NAME/ 
.SIXBT / E'XT/ 

Execution Time: 40 psec. + .SEEK 

Descr ipt ion:  Subrout ine IRDAT. i n i t i a l i z e s  t h e  unpacking 
subrout ine, UP.57., character  count and l i n e  
b u f f e r  po in te r  and performs a .SEEK i f  t h e  
l i n k  = 1 a t  en t ry .  



GARG . 

Var iahl  es : 

L i bra ry  Form : 

Execution Time: 

Descr ipt ion:  

GET ARGUMENT ROUTINE 

none 

. GLOBL . GARG. 

/AC = ARG$4 
JMS* GARG . 
/AC = r e a l  address 

Subroutine GARG. i s  used by t h e  IOPS a s c i i  
1/0 and o ther  software l e v e l  programs t o  
a l l ow  f o r  m u l t i - l e v e l  i n d i r e c t  addressing. 
The i n p u t  t o  GARG. i s  a t r a n s f e r  vector .  If 
t h a t  t r a n s f e r  vec tor  has b i t  fd set ,  one 
i n d i r e c t  addressing l e v e l  i s  assumed. By 
using t h e  $4 func t i on  o f  t he  HYMAC assembler, 
t h e  IOPS a s c i i  l i b r a r y  and o ther  rou t i nes  can 
have g lobal  s as arguments. 



RCHR. 
. - 

L i brary  Form : 

Execution Time: 

Descr ip t ion  : 

READ CHARACTER FROM IOPS LINE BUFFER AND DECODE 

CHR. unpacked character  

. GLOBL RCHR. 

JMS; RCHR. 
.... / D i g i t  D-9 . . . . / L e t t e r  A-Z 
. . . . /Punct. a l l  o thers 

80 psec. per character. 

The RCHR. subrout ine unpacks and decodes 
a s c i i  'characters from IOPS a s c i i  1  i n e  bu f fe rs .  

.The th ree  r e t u r n  po in ts  are: 
Character 

Return Type Accumla to r  

JMSPT+1 D i g i t  D i g i t  Value 0-9 
+2 L e t t e r  L e t t e r  Tr im 00-77 
+3 Punct. Asci i , 7bi  t, character  



SCHR. 

Variables: 

L i  b ra ry  Form: 

SEARCH CHARACTER TABLE 

none 

. GLOBL SCHR. , 

/AC = asc i  i character  
JMS* SCHR. 

TABLE$4 ' .DSA . . . . /found .... /not  found 

Character Table Format: 
TABLE TABLE-END 

Asci i (2-8) + Value 0 -  , 9-17) 
etc.  

END=. 

' . Execution Time: 40 psec+l 3psec*(no. characters)  

Descr ipt ion:  Subroutine SCHR. searches a  character  t a b l e  
f o r  t h e  7 b i t  a s c i i  character  i n  t h e  AC a t  
en t ry .  It 'found, t h e  value p a r t  o f  t he  
t a b l e  e n t r y  i s  i n  the  AC a t  e x i t .  A  t a b l e  
e n t r y  word has t h e  a s c i i  characters i n  b i t s  
2-8. A l l  o ther  b i t s  o f  t h e  e n t r y  word r e -  
present t h e  value p a r t .  



RNUM. 

Var iab les  : 

L i brary '  Form : 

READ IOPS LINE. BUFFER NUMERIC (any r a d i x )  

none 

. GLOBL RNUM. .. 
C L ~  

o r  LAC f i r s t  d i g i t  o f  s t r i n g  
JMS* RNUM. 
r ad ix  no. 
/AC = number 

Execution Time: 2 3 ~ s e c  + 110? (no. d i g i t s )  

Descr ipt ion:  Subrout ine RNUM. unpacks d i g i t  s t r i n g s  o f  
any r a d i x  from an IOPS b u f f e r  and conve r t s  
them i n t o  b inary  numbers. I f  the r ad ix  
number is  g r e a t e r .  than 1 0  =12 , then the 
l e t t e r s  o f  t h e  a lphabe t  a J 8  usgd a s  d i g i t s :  

A = io10 = 1z8~ 
8 = 1 l l 0  = 138 

. etc.  



RNV . READ SCALED FIXED POINT NUMBER 

Variables: none 

L i b r a r y  Form: .GLOBL RNV. - 

CLC 
o r  LAC f i r s t  d i g i t  

JMS* ,RNV. 
/AC = f i x 'ed  p o i n t  no. 

Execution Time: 1 ms. maximum 

Descr ipt ion:  Subroutine RNV. unpacks and decodes a 
scaled f i xed p o i n t  number from a decimal 
f r a c t i o n  a s c i i  s t r i n g .  The r a d i x  number 
f o r  RNV. i s  213 = 2gjJflflr 



RR5fl. READ RADIX 5flQ .I TRIM CODE 

Variables: none 

L i b r a r y  Form: . GLOBL RR5fl. 

CLC 
o r  LAC f i r s t  character  

JMS* RR5fl. 
Ib /word 1  
b /word 2 

P' ..... / r e t u r n  

Execution Time: 55psec + 1 2 0 ~ s e c  * (no. characters)  
-rl 

Descr ipt ion:  An IOPS a s c i i  l i n e  b u f f e r  i s  unpacked by 
RR5b. and s tored i n  the  two l o c a t i o n s  
f o l l o w i n g  t h e  JMS as r a d i x  50 t r i m  code. 
B i t  o f  word 1  i s  s e t  t o  1  i 8 t he re  are  

- more than 3  characters i n  t h e  s t r i n g .  
The character  codes are: 

Code Character 

00 Blank 
01 - 32 A - Z  

3  3  % 
34 

35 - 46 O - 9 
47 $ 



MUL . - 

Variables: 

L i  b ra ry  Form: 

Execution Time: 

Descr ipt ion:  

UNSIGNED MULTIPLY - SOFTWARE LEVEL 

MUL .A most s i g n i f i c a n t  18 b i t s  

. GLOBL MUL. , MUL .'A 

/AC = Inpu t  #1 
JMS* MUL . 
Inpu t  # 2 
/AC = Input  I* Inpu t  2 

( l e a s t  s i g n i f i c a n t  18 b i t s )  

25psec. maximum 

Subrout ine MUL. i s  used by t h e  IOPS a s c i i  
110 l i b r a r y  and o the r  sof tware l e v e l  programs 
t o  perform unsigned m u l t i p l i c a t i o n  o f  
two 18 b i t  numbers. 

The answer i s :  

(MUL.A), (AC) 

which i s  a 36 b i t  number. 



D I V .  - 

Variables: 

L ib ra ry  Form: 

Execution Time: 

Descript ion: 

UNSIGNED INTEGER DIVIDE - SOFTWARE LEVEL 

D1V.R Remai nder 

. GLOBL DIV. ,  D1V.R 

/AE. = dividend 
JMS* D I V .  
D i  v.i sor 
/AC = Quot ient  
/(DIV.R) = Remainder 
/L ink = 1  i f  divi .de over flow. 

25psec maximum 

Subroutine D I V .  performs unsigned in teger  
d i v i de  o f  two 18 b i t  numbers. The AC a t  
e x i t  i s  the quot ient .  The contents o f  the 

- global l oca t ion  D1V.R i s  the remainder. 
If the l i n k = l  a t  e x i t ,  d i v i de  overf low occured 
which means "d iv ide by zero" f o r  t h i s  sub- 
rout ine.  



DMOV . 

Equation: 

Variables : 

L ib ra ry  Form: 

Execution Time: 

Descr ipt ion : 

DOUBLE PRECISION MOVE 

none 

.GLOBL ' DMOV. 

JMS* DMOV . . DSA V1$4 . DSA V2$4 

DMOV. moves a  double p rec is ion  r eg i s t e r ,  
V , t o  another double p rec is ion  regis ' ter ,  V2. 
s ib rou t ine  DMOV. should on ly  be used a t  
the software 1 eve1 . 



DTAD . 

Equation : 

Var iables:  

L i b r a r y  Form: 

DOUBLE PRECISION TWOS COMPLEMENT ADDITION 

V3  = v1 + v2 

none 

. GLOBL .DTAD. 

J MS* DT.49. 
.USA V1$4 
. DSA V2$4 . DSA V3$4 

Execut ion Time: 65 t o  105 psec. 

Descr ip t ion :  Subrout ine DTAD. performs a double p r e c i s i o n  
two 's  complement addf t i o n  o f  r e g i s t e r s  
s p e c i f i e d  by V1, V . Subrout ine DTAD. 
should o n l y  be use8 a t  t h e  sof tware l e v e l .  



DSUB . 

. Equation: 

Variables: 

L i b r a r y  Form: 

Execut ion Time: 

Descr ip t ion :  

DOUBLE PRECISION TWOS COMPLEMENT SUBTRACTION 

none 

. GLOBL DSUB . 

JMS* DSUB. 
. DSA V1$4 . DSA V2$4 
. DSA V3$4 

The DSUB. subrout ine performs a two's  compl e- 
ment double p r e c i s i o n  sub t rac t i on  o f  V1 , V2. 
The DSUB. subrout ine  should be used a t  t h e  
sof tware 1 eve1 on ly .  



RSCN . 

Var iables:  

L i b r a r y  Form: 

Execut ion Time: 

Descr ip t ion :  

READISCAN IOPS - LINE BUFFERS & ACCUMULATE 
VALUE. (HY DDT Subrout ine) 

none 

. GLOBL RSCN. 

J M,C* RSCN . 
WD1 0 
WD2 0 ..... /Numeric i n tege r  ..... /Symbol i c ..... /Fixed-point  

..... / ~ u n c t .  char 

1.5 psec maximum. 

The HYDDT.globa1 subrout ine RSCN. reads 
and accumulates. an a r b i t r a r y  charac ter  
s t r i n g  from an IOPS a s c i i  l i n e  b u f f e r .  
The a c t i o n  performed by RSCN. i s :  

Char AC 
S t r i n g  Return WD1 W D2 e x i t  - 

Numeric i n t e g e r  JMSPT+3 Octa l  Decimal Decimal 
Symbol i c t4 Sym 1 . Sym 2 ------- 
Decimal F rac t i on  + 5 . NV N V N V 
Punct. +6 A s c i i  A s c i i  A s c i i  

char char char 



DSTT . SYMBOL TABLE TEST (HYDDT Subrout ine) 

Variables: none 

L i bra ry  Form : 

C 

. GLOBL 

JMS* . DSA . DSA 
..... . . . . . 
..... ..... 

DSTT . 

DSTT . 
TABLE$4 
SYMB$4 
/Real Time e x i t  requ i red  
/Symbol Tab1 e end 
/no t  i t  r e t u r n  
/ i t r e t u r n  . . 

Execution Time: Approx. 100 ~ s e c  per  t e s t .  

Descr ipt ion:  The HYDDT global  subrout ine DSTT. t e s t s  a 
DDT symbol tab1.e e n t r y  t o  determine i f  t h e  
symbolic p a r t  o f  t h e  e n t r y  i s . t h e  same as 
t h a t  s p e c i f i e d  by SYMB. The symbol s tored 
a t  SYMB should be a two word r a d i x  50;trim 
code. The symbol t a b l e  format i s  t h e  
HYDDT symbol t a b l e  e n t r y  format. i e :  

Symbol (1 o r  2 words) 
Value (1 word) 

The JMSPT+l should be i n i t i a l i z e d  t o  the  
s t a r t i n g  address o f  t he  tab le .  When t h e  
JMSPT+3 r e t u r n  occurs, t he  user program 
should execute an i d l e  r e a l  - t ime wai t .  



DSTV. 

Var iables :' 

L i  b ra ry  Form: 

Execut ion Time: 

Descr ip t ion :  

SYMBOL TABLE .VALUE TEST (HY DDT Subrout ine) 

none 

. GLOBL DSTV . 

JMS* DSTV . . DSA TABLE$4 . . . . . /Real-Time e x i t  r equ i red  ..... /Symbol Table end ..... /Normal r e t u r n ,  AC=val ue 

Approx. 50 vsec per  t e s t .  

The HYDDT g loba l  subrout ine DSTV. scans 
t h e  nex t  e n t r y  of a symbol t a b l e  and r e t u r n s  
w i t h  t h e  symbol va lue word i n  t h e  AC. The 
JMPT+I l o c a t i o n  should be i n i t i a l i z e d  t o  
t h e  s t a r t i n g  address o f  t h e  tab le .  

When t h e  JMSPT+2 r e t u r n  occurs, t h e  user 
program.should execute an i d 1  e r e a l  - t ime 
wa i t .  



HYDDT Global Var iables 

G l  obal 
Address 

Name 

DDT . 
DDTSA . 

DDTT F . 

NCLK. 

BCLK. 

Purpose 

HYDDT1s re1 ocat ion  f a c t o r  
.HYDDT1s manual r e s t a r t  address. The 
f o l l o w i n g  program sequence performs 
t h e  same f u n c t i o n  as t y p i n g  T  on t h e  
keyboard. 

. GLOBL DDTSA. 
JMP* DDTSA . 

HYDDT1s t e l e p r i n t e r  switch. 

DDTTF. Contents Resul t  

0 TTY may be used by u s e r ' s  
program. 

non-0 TTY may o n l y  be used 
by HYDDT. 

HYDDT1s c lock  se rv i ce  r o u t i n e  N 
N i s  t h e  number o f  c lock  pb\g66'per 
sSbBFEe r o u t i n e  i n t e r r u p t  and BCLK. count. 
The. c lock  frequency used by HYDDT i s  
5KHz 

(BCLK.) , (BCLK.l) i s '  t h e  double p r e c i s i o n  
HYDDT software l e v e l  t imer .  The count i s  
s tored i n  BCLK., BCLK.l on l y  by subrout ine 
SBCLK. which i s  on l y  executed when the  
execut ive releases con t ro l  t o  a  task.  



DSPAT . 

Var iables : 

L i  b ra ry  Form: 

Execution ,Time: 

Descr ip t ion :  

L i s t i n g :  

DISPATCHER (HYDDT Subrout ine) 

none 

. GLOBL DSPAT . 

LAC i~ 
JMS* DSPAT . 
/ r e t u r n  i s  a t  JMSPT+N+l 

The HYDDT g loba l  Subrout ine DSPAT. per- 
forms a .d i spa tch  on the  number i n  t h e  AC 
a t  en t r y .  The r e t u r n  address i s :  

Return - JMS + + - 
Addr. addr. 

. GLOBL DS PAT. 
DSPAT. 

TAD DSPAT . 
D AC DS PAT. 
CLA! CLL 
JMP* DSPAT . 



LACI . 

Var iables : 

L i b r a r y  Form: 

Execut ion Time: 

Desc r ip t i on  : 

L i s t i n g :  

LOAD INDIRECT ON AC (HYDDT Subrout ine) 

none 

. GLOBL LAC I . 

/AC = address 
JMS* LAC1 . 
/AC = (address) 

The LACI. subrout ine  loads t h e  accumulator 
w i t h  the  contents of t h e  address i n  t h e  
AC a t  en t r y .  

i e :  - 
Acexi t - iACen t ry  1 

. GLOBL LAC1 . 
LAC1 . fl 

DAC POINT 
LAC* POINT 
JMP* LAC1 . 

PO I NT Id 



SBCLK. 

I 

Var iables : 

L i b r a r y  Form: 

SET BACKGROUND CLOCK (HYDDT Subrout ine) 

BCLK, Clock, upper 18 b i t s  
CBLK. 1 Clock, lower 18 b i t s  

. GLOBL SBCLK. 

JMS* SBCLK. 

Execut ion Time: ., 17 psec. 

Descr ip t ion :  

L i s t i n g :  

Subrout.ine SBCLK. se ts  the  HYDDT sof tware 
l e v e l  c l o c l  t o  t h e  c u r r e n t  c iockcount .  
The SBCLK. subrout ine should be c a l l e d  
be fore  s e t t i n g  up a  . t ask  program r e a l  - 
t ime delay so t h a t  t h e  c lock  w i l l  con ta in  
the  c u r r e n t  t ime r a t h e r  than the  t ime a t  
which the  task  obtained c o n t r o l  from the  
execut ive. 

. GLOBL 
SBCLK. P, 

LAC 
DAC 
LAC 
DAC 
LAC 
SAD 
JMP* 
JMP 

SBCLK. 

BCLK 
BCLK. 
BCLK+1 
BCLK. 1  
BCLK 
BCLK. 
SBCLK. 
SBCLK.+1 



CONVERT MILLISEC ( f i xed-po in t )  TO NUMBER 
N V C I  . - OF CLOCK INTERRUPTS ( in teger ,  double p rec is ion )  

(HYDDT Subroutine) 

Variables : NCLK. HYDDT clock serv ice rou t ine  

N~~~~~ ' . 

L i  brary Form:, , . . GLOBL N V C I  . 

L nc 
JMS* 
Scale 
NI$4 . . . . . 

. (mi l l i sec. /sca le)  
N V C I  . 

/scale f a c t o r  
/no. i n t e r rup t s  storage 
/ re tu rn  

Execution Time : 85 t o  100 psec. 

Descript ion: The subroutine N V C I .  converts a f i xed-  
po in t  number o f  mi l l iseconds i n t o  a  
corresponding number o f  c lock i n te r rup t s :  

NI = [sle)* scale *(5k pulseslSec 1 

=(t ) ' N~ /s x S x 5 i n t e r rup t s  

N~~~~~ 

The'number o f  i n t e r rup t s  i s  stored i n  the 
double prec is ion r e g i s t e r  NP$4. 



' SAVE.. SAVE SOFTWARE REGISTERS (HYDDT Subrout i  ne) 

Var iables : none 

L i b r a r y  Form: . GLOBL SAVE. 

, JMS; SAVE. 
. DSA TABLE$4 

TABLE . Addrl ; 0 
Addr2 ; ld 

't' Execut ion Time: 23 psec + 23psec * ,  (no. saved l o c a t i o n s )  

Descr ip t ion :  The purpose o f  subrout ine SAVE.'is t o  save 
i n  the  table,'TABLE, the  contents o f  r e g i -  
s t e r s  Addrl ,  Addr *... . The SAVE. sub- 
r o u t i n e  can be used t o  save the  contents 
o f  r e g i s t e r s  t h a t  w i l l  be used by more than 
one task.  The IOPS a s c i i  1/0 l i b r a r y  ad- 
dresses UP57L., UP57L., e tc .  f a l l  i n  t h i s  
category; THe IOPS a s c i i  1/0 l i b r a r y  can 
be used by m u l t i p l e  tasks b u t  are n o t  r e a l -  

' .  t ime subrout ines. The corresponding 
r e g i  s t e r  r e s t o r e  program i s  RSTOR . 



RSTOR . 

Var iables : 

L i b r a r y  Form: 

TABLE 

Execution Time: 

~ e s c r i p t i o n :  

RESTORE SOFTWARE REGISTERS (HYDDT Subrout i  ne) 

none 

. GLOBL RSTOR . 

JMS* . RS'TOR . 
. DSA . TABLE$4 

Addrl ; Pl 
Addr2 ; 0 

23 usec + 18 psec *. (no. saved l o c a t i o n s )  

Subrout ine RSTOR. res tores  t h e  r e g i s t e r s  
from the  save t a b l e  tha t ,were  saved by 
subrout ine SAVE. 



AADR . 

Var iables : 

L i b r a r y  Form: 

Execution Time: 

Descr ip t ion :  

ADDRESS AD-.4,.ANAbOG '~C'OMPUTER. OOMPONENT 
(HYDDT r e a l  - t ime Subrout ine) 

AADR . F Software busy swi tch  
p) no t  busy 

-1 busy 

. GLOBL AADR. , AADR. F 

. ' 
JMS* AADR. 
fl /analog address ..... /HYSF f a i l u r e  
..... /normal r e t u r n  

The r e a l  - t ime subrout ine AADR. performs 
the  hardware addressing o f  an a r b i t r a r y  
analog computer component. - The a c t i o n  o f  
AADR. i s  rea l - t ime.  The busy swi tch  
i s  s e t  by AADR. and c leared by ASO. and 
WPOT. The analog component .'addresses are  : 

o c t a l  - 
address component 

. . 

OXXX + ~ r n ~ l  i f  i e r  X X X  
1 XXX -Amp1 i f  i e r  XXX 
2XXX DCV . X X X  
3XXX POT XXX 
4XXX SJ XXX 
5XXX DFG XXX 
6XXX TRUNKXXX 



ASO. - 

Variables:  

L i b r a r y  Form: 

Execut ion Time: 

Descr ip t ion :  

READ ANALOG COMPUTER AS0 LINE (HYDDT Subrout ine) 

AADR. F AADR busy swi tch  

. GLOBL AS0 . 
. 

JMS* AS0 . 
/AC = AS0 Value ( f i x e d - p o i n t )  

The ASO. subrout ine reads , t h e  analog 
computer AS0 l i n e  through the  A-D channel 
s p e c i f i e d  by the  HYDDT . r e g i s t e r  PIX$. 
The. normal i zed vo l tage on channel (MX$) 
i s  read 16 times and an average i s  computed. 
The r e s u l t i n g  normal ized vo l tage i s  then 
mu1 t i p l i e d  by the  scale f a c t o r  s to red .  i n  
SF$. Subrout ine ASO. c l e a r s  the  AADR busy 
swi tch  AADR.F. 



ADC . - 

.Vari,abl es : 

L i b r a r y  Form: 

.Execution Time: 

Descr ip t ion :  

SOFTWARE. LEVEL ANALOG TO DIGITAL 
CONVERSION (HYDDT Subrout ine) 

none 

. GLOBL ADC . 
. . 

JMS* ADC . 
MX(N) 
/AC = A-D channel' # N  f i xed-poi n t  va1 i e  

The ADC. subrout ine performs analog t o  
d i g i t a l  conversion a t  t he  sof tware l e v e l  
only .  i e :  I t  can n o t  be used by any 
hardware l e v e l  se rv i ce  r o u t i n e  such as 
the  r e a l  t ime c lock .  . The A-D p o r t i o n  o f  
t h e  subrout ine i s  non- interruptab. le  so 
t h a t  a l l  background A-D w i l l  be f i n i s h e d  
before  any hardware s e r v i c i n g  w i l l  occur.  
Th is  f e a t u r e  i s  used by ADC. so t h a t  two 
o r  more programs can n o t  use the  A-D 
mu1 t i p l e x e r  simultaneously. 



NVBCD. 

Variables : 

L ib ra r y  Form: 

Execution Time: 

Descr ipt ion:  

CONVERT FIXED-POINT TO BCD (HYDDT Subroutine) 

none 

. GLOBL NVBCD. 

/AC = p o s i t i v e  scaled-f ixed-point  number, 
reference = Z13 

JMS* NVBCD. 
/AC = 5 d i g i t  BCD (1248 BCD) 

Subroutine NVBCD. converts a scaled- 
f i xed-poi n t  b inary  number t o  1 -2-4-8 
BCD. The range o f  convertable numbers 
i s  +0.0 < i npu t  <+3.9999. The NVBCD. 
s u t j r o u t i ~ e  shoul8 only be ca l l ed  from 
the software l eve l .  



SPOT. 

Var iables : L. 

L i b r a r y  Form: 

Execut ion Time: 

Descr ip t ion :  

SET S.ERVO-POT (HYDDT Subrout ine) 

SPOT. F Pot s e t  busy sw i t ch  
0 Pot  'set  program f r e e  

- 1 Pot set.  program busy 

. GLOBL SPOT. , SPOT. F 

. '  
J MS* SPOT. 
fl /BCD P.ot S e t t i n g  ..... /ICSF f a i  1 u re  
..... /Servo underway 

SPOT. i s  a rea l - t ime  HYDDT subrout ine 
t h a t  causes servoibg , o f  an +addressed 
p o t  t o  t he  BCD c o e f f i c i e n t  s to red  a t  
JMSPT+1. The p o t  must have p rev ious l y  * 

been addressed w i t h  AADR. The SP0T.F 
swi tch  i s  s e t  by SPOT. Subrout ine WPOT. 
should be used ' t o  suspend task  c o n t r o l  
u n t i  1 servoing i s  completed; o r  SVSF 
can be used and l o c a t i o n s  AADR.F and 
SP0T.F c leared when the  SVSF i s  se t .  



WPOT . 

.Var iables : 

L i b r a r y  Form: 

WAIT FOR POT SERVOING COMPLETE (HYDDT Subrout i  ne) 

none 

. GLOBL WPOT . 

JMS* WPOT . 
/Task r e t u r n ,  servo i  ng complete. 

Execut ion Time: Maximum t ime = Servo time. 
1 

Descr ip t ion :  Subrout ine 'WPOT. t r a n s f e r s  c o n t r o l  t o  
t he  HYDDT ' s  r e a l  t ime execut ive  'and 
i s  suspends task  cont.ro1 u n t i l  such t ime 
as SVSF i s  se t .  WPOT. c l e a r s  AADR.F 
and SP0T.F before  re tu ' rn ing  ' con t ro l  t o  
t he  task. 
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