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ABSTRACT 

A microcomputer has been used t o  measure power l ine  f r equency  w i t h  a 
p r e c i s i o n  of s i x  decimal d i g i t s  (0.0001 Hz) u s i n g  a n  a v e r a g i n g  time of 3 
t o  4 min. The a l g o r i t h m  for f r equency  measurement r e q u i r e s  no 
m u l t i p l i c a t i o n  o r  d i v i s i o n  o p e r a t i o n s ,  s o  a v e r y  s i m p l e  mic roprocesso r  
c a n  be used.  

The f r equency  measurement is s e n s i t i v e  enough t o  p e r m i t  d e t e c t i o n  
of  small, c o n t r o l l e d  changes i n  g e n e r a t i o n ,  hence  i n  power l ine  f r equency .  
Thus ,  t he  r e s u l t s  of  the f r equency  measurement can be a p p l i e d  t o  t h e  

load-management f i e l d .  Methods based on these p r i n c i p l e s  have the 

p o t e n t i a l  of p r o v i d i n g  a n  i n e x p e n s i v e  communications path between the 
power s u p p l i e r  and the  i n d u s t r i a l  user f o r  pu rposes  o f  shedd ing  l o a d  
d u r i n g  peak power usage .  

V 





1. I N T R O D U C T I O N  

I n  the  c o u r s e  of examining v a r i o u s  methods and t e c h n i q u e s  f o r  power 
sys t ems  load-management, i t  became a p p a r e n t  t h a t  a mic roprocesso r  cou ld  
p r o v i d e  t h e  basis  fo r  a p r e c i s e  y e t  i n e x p e n s i v e  way t o  measure power l ine  
f r equency .  P r e v i o u s  i n v e s t i g a t i o n s 1  de te rmined  the  character is t ics  of 
the power l ine  i n t e r c o n n e c t e d  sys t em f r equency  f o r  p o t e n t i a l  
load-management a p p l i c a t i o n s .  I n  these e a r l i e r  i n v e s t i g a t i o n s ,  v a r i o u s  
methods were used t o  measure and char*acterize t h e  power l ine  f r equency  t o  
d e t e r m i n e  whether system f r equency  cou ld  be used as a n  i n d i c a t o r  f o r  
di rect  l o a d  c o n t r o l .  Even though l a t e r  r e s u l t s  showed t h a t  system 
f requency  is n o t  a r e l i ab le  i n d i c a t o r .  for d i r ec t  l o a d - c o n t r o l ,  i t  was 
l e a r n e d  t h a t  a p r e c i s e  way t o  measure t h e  system f r equency  is a v a i l a b l e ,  
and t h i s  r e p o r t  describes its development.  

2 .  HARDWARE IMPLEMENTATION 

T h i s  f requency-measuring and direct  l o a d - c o n t r o l  demons t r a t ion  was 
implemented on a n  I M S A I  8048 s i n g l e - b o a r d  computer u s i n g  t h e  INTEL 8035 
mic roprocesso r .  The computer has on-board re lays  under program c o n t r o l  
w h i c h  a l l o w  d e m o n s t r a t i o n s  o f  load-management t e c h n i q u e s .  The 

load-management t e c h n i q u e  selected relies on the a b s o l u t e  v a l u e  of t h e  

power l ine  f r equency  for d e t e r m i n i n g  whether t o  shed load .  The 

g e n e r a l i z a t i o n  had been made t h a t  l o a d  s h o u l d  be shed a t  low v a l u e s  of 

system f r equency .  P r o v i s i o n s  were made f"or shedd ing  three loads a t  
three d i f f e r e n t  f r equency  s e t p o i n t s .  I n  p r i n c i p l e ,  the f i r s t  l o a d  t o  be 

shed  would probably be a water heater,  t h e  n e x t  would be the  washer or 
d r y e r ,  and the t h i r d  load would be the  a i r - c o n d i t i o n e r .  The three 

r e l a y s  i n  t he  I % A I  8048 computer were se t  t o  open under program c o n t r o l  
whenever the f r equency  dropped  below t h e  r e s p e c t i v e  s e t p o i n t s .  

Tes ts  of t he  measuring system were eondiicted d u r i n g  t y p i c a l  

day t ime ,  weekday, w i n t e r  c o n d i t i o n s  when power usage was high.  Whenever 
t h e  f r equency  dropped below a s e t p o i n t ,  t h e  p r o p e r  r e l a y  would open,  
i n d i c a t i n g  t h a t  t he  l o c a l  load would be removed from t he  l i n e .  The 

computer was l e f t  runn ing  f o r  a 6-month t e s t ,  and d u r i n g  t h a t  p e r i o d ,  
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the r e l a y  s ta tes  were obse rved  always t o  be c o r r e c t  as a f u n c t i o n  of t h e  

power l ine  f r equency .  However, t h e  sys t em f r equency  is n o t  a lways a 
r-eliable i n d i c a t o r  of the need t o  remove l o a d .  The i n t e r c o n n e c t e d  power 
s y s t e m  is made up of many l o c a l  systems or  areas. During abnormal o r  
emergency c o n d i t i o n s  i n  one area,  i t  may h e  desirable and h e l p f u l  t o  
remove l o a d  i n  t h a t  area. The dis t ress  i n  one area,  however, does n o t  
u s u a l l y  c a u s e  a s i g n i f i c a n t  r e d u c t i o n  i n  f r equency  i n  a l l  areas because  
the  power l ine  f r equency  is  t h e  same th roughou t  t h e  i n t e r c o n n e c t e d  s y s t e m .  
Thus,  d ropp ing  l o a d s  i n  a l l  o t h e r  areas would n o t  be  p a r t i c u l a r l y  
b e n e f i c i a l  o r  n e c e s s a r y .  Only if a m a j o r i t y  of  t h e  areas were i n  
abnormal o r  emergency c o n d i t i o n s  wau1.d the  f r equency  become 3 r e l i ab le  

i n d i c a t o r  for d ropp ing  load .  F o r t u n a t e l y ,  the p r o b a b i l i t y  of t h i s  

c o n d i t i o n  o c c u r r i n g  i s  low, and t h e  power system p rocedure  for  h a n d l i n g  
such  an emergency is complete  removal of power s e r v i c e  from selected 

l o c a l i t i e s .  The measuring s y s t e m  d e s c r i b e d  here would, however , p r o v i d e  
an a c c u r a t e  basis f o r  any under-frequency r e l a y i n g  need. 

3. POWERLINE INTERFACE 

To p rov ide  i n p u t  i n t o  t h e  computer f o r  f requency-measuring 
p u r p o s e s p  the l i n e  v o l t a g e  is s t e p p e d  down t o  9 V rms by a small 
t r a n s f o r m e r  and t h e n  s t e p p e d  down a g a i n  th rough  a r - e s i s t o r  
v o l t a g e - d i v i d e r  network t o  approx ima te ly  a 5 - V  peak. T h i s  s i g n a l  d r i v e s  
twa 71604 TTK. i n v e r t e r s  i n  s e r i e s ,  p roduc ing  a 5-V s q u a r e  wave a t  t h e  

power l ine  f r equency .  The o u t p u t  of t h e  second i n v e r t e r  is connected t o  
an i n p u t  of the IMSAI 8048 c o n t r o l  computer.  This  i n p u t  i s  tested by 
the camputer program. High-frequency n o i s e  r i d i n g  on the  power l ine  
v o l t a g e  is always a conce rn  because  e x t r a  zero c r o s s i n g s  may resu l t  from 
n o i s e  s p i k e s .  The time needed t o  e x e c u t e  a branch  i n s t r u c t i o n  t o  t e s t  
t h e  p o l a r i t y  of t h e  60-Hz s q u a r e  wave i n p u t  p r o v i d e s  a d e l a y ,  o r  dead 

t ime, which e f f e c t i v e l y  f i l ters  o u t  any t r a n s i e n t s  w i L h  f r equency  
components greater t h a n  30 kHz. The hardware se r ies  i n v e r t e r  s t a g e s  
p r o v i d e  s u f f i c i e n t  g a i n  t o  e f f e c t i v e l y  remove the  r ema in ing  n o i s e  
f r e q u e n c i e s  below 30 kHz. I f  the  system i s  t o  be used i n  an ex t r eme ly  
n o i s y  environment ,  a d e l a y  can be added t o  s u b r o u t i n e  O V E R ,  which w i l l  
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e n s u r e  t h a t  the e x t r a  zero c r o s s i n g s  caused  by the  n o i s e  w i l l  n o t  be 

coun ted .  

4. FREQUENCY MEASUREMENT AND APPLICATIONS 

The basic frequency-measurement a l g o r i t h m  is implemented by first 

making a p e r i o d  measurement t o  improve the a c c u r a c y  and r e d u c e  t h e  

v a r i a n c e  of t h e  f r equency  measurement. A set number of power l ine  cycles 
are coun ted  whi le  a n  i n t e r v a l  timer is runn ing .  The i n t e r v a l  time is 

d e r i v e d  from the mic roprocesso r  c r y s t a l - c o n t r o l l e d  c l o c k  f r equency .  
Because of the l a c k  of m u l t i p l y  and d i v i d e  i n s t r u c t i o n s  on t h i s  

m i c r o p r o c e s s o r ,  the  f r equency  canno t  be computed d i r e c t l y  from the 

p e r i o d  measurement. I n s t e a d ,  an approx ima t ion  is made (see Appendix A )  

which is q u i t e  a c c u r a t e  o v e r  the  l i m i t e d  f r equency  r a n g e  of these 

measurements.  The e s s e n c e  of  the approx ima t ion  i n v o l v e s  the b inomia l  
expans ion .  The e q u a t i o n  f o r  t h e  a c t u a l  f r equency  is g i v e n  by: 

ki 
I- 

f a c t u a l  T 
P 

where k i  is a c o n s t a n t  and Tp is p e r i o d  measurement. 
Using the  b inomia l  expans ion  and o n l y  t h e  s i g n i r i c a n t  terms, 

Eq. ( 1 )  becomes: 

= k 2  - 
fmeasured k T  

3 P  

where k 2  and k 3  are c o n s t a n t s .  

The e r r o r  ( fmeasured - f a c t u a l )  is q u i t e  low Over a l i m i t e d  r a n g e  
of v a r i a t i o n  f o r  Tp. 

m i c r o p r o ~ e s s o r ,  Eq.  ( 2 )  can  be implemented v e r y  e a s i l y  t o  y i e l d  

measurements of f r equency  p r e c i s i o n  t o  s i x  s i g n i f i c a n t  d i g i t s .  The 

accuracy  o f  t h e  measurement is d i r e c t l y  p r o p o r t i o n a l  t o  t he  a c c u r a c y  of' 
the m i c r o p r o c e s s o r  c l o c k .  

By u s i n g  the lookup- t ab le  r e a t u r e s  of a 

Appendix A i n c l u d e s  a d e r i v a t i o n  for the  f r equency  measurement as 
well as the  d e r i v a t i o n  for  the error i n  t h e  f r equency  measurement. 



F i g u r e  A . l  shows a p l o t  of t h i s  error.  Over t h e  f r equency  r a n g e  
59.94 t o  60.06 Hz, t h e  maximum error is 5.67 x lo-'% of  r e a d i n g  and 
o c c u r s  a t  the  e n d p o i n t s .  For a f u l l - s c a l e  r a n g e  o f  59.94 t o  60.06 Hz, 

t h e  e r r o r  a t  60 Hz i s  0.21% of f u l l  scale,  
Now t h a t  microcomputers on a s i n g l e  c h i p  are a v a i l a b l e ,  a very 

low-cost d e v i c e  can be used t o  detect  when the power l ine  fr>equency d r o p s  
below a s e t  v a l u e  o r  t o  detect  a coded sequence of c o n t r o l l e d  f r e q u e n c y  
changes.  I t  can be packaged i n  a small box which can  be i n s e r t e d  i n  t h e  

w a l l  p l u g  of  t h e  sheddable  l o a d ,  and t h e  l i n e  c o r d  a t  t h e  l o a d  can be 

plugged i n t o  an o u t l e t  on the  c o n t r o l l e r .  The c o n t r o l l e r  would c o n t a i n  
a m i c r o p r o c e s s o r ,  re lay,  l i n e - v o l t a g e  s h a p e r ,  and power supp ly .  If 

purchased and assembled i n  l a r g e  q u a n t i t i e s ,  t he  u n i t  c o s t  of  these 

c o n t r o l l e r s  would be q u i t e  low. 

5. SOFTWARE IMTLEMENTATION 

S t r u c t u r a l  charts (Nassi-Shneiderman diagrams) were used i n  t h e  

d e s i g n  of t h e  s o f t w a r e .  These char'ts are  shown i n  Appendix B. The 

o r i g i n a l  code was hand assembled because  no assembler was a v a i l a b l e  t o  
the p r o j e c t .  The s t r u c t u r e  char t s  made t h e  t a s k  r e l a t i v e l y  easy by 

minimizing l o g i c  e r r o r s .  Appendix C c o n t a i n s  t h e  l i s t i n g  of the  code 
g e n e r a t e d  by a cross assembler. These  l i s t i n g s  are complete  e x c e p t  f o r  
s u b r o u t i n e s  D I S P R G  and CLEAR, which are found i n  t h e  IMSAI monitor .  

6. CONCLUSION 

A microprocesso r  can be used t o  measure power l ine  f r equency  w i t h  a 

p r e c i s i o n  of 0.0001 HI, when ave raged  o v e r  a 3- t o  4-min p e r i o d ,  This  

p r e c i s i o n  is much g r e a t e r  t h a n  n e c e s s a r y  because  t h e  s t a n d a r d  d e v i a t i o n  
f o r  r e a d i n g s  o v e r  t h i s  p e r i o d  is abou t  two o r d e r s  of magnitude g r e a t e r  
t han  0.0001 Hz. The measurement a l g o r i t h m  r e q u i r e s  no m u l t i p l i c a t i o n  or  
d i v i s i o n ,  s o  a ve ry  s i m p l e  mic roprocesso r  can  perform the computa t ions .  
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A. 1 FREQUENCY MEASUREMENT A N A L Y S I S  

By a j u d i c i o u s  s e l e c t i o n  of the  number of power l ine  cycles t o  be 

counted ,  a n  over f low of  the  256-count timer r e g i s t e r  (256 a d d i t i o n a l  
c o u n t s  i n  t h e  timer register) can  be made e q u i v a l e n t  t o  a change i n  the  

power l ine  f requency  of 0.01 Hz a t  a nominal 60 Hz. The f requency  is 

found by : 

M 
(256N + r )  Tc f =  

where 
M = number of power l ine  cycles t o  be coun ted ,  
N = 8 - b i t  over f low from the  timer, 
r = 8 - b i t  timer v a l u e ,  

Tc = cycle time of the  c l o c k  (134.095 x s ) .  

Knowing the r e s o l u t i o n  desired (a A f  of 0.01 Hz equals 256 

a d d i t i o n a l  c o u n t s  i n  r ) ,  s imul t aneous  e q u a t i o n s  can be  set up t o  s o l v e  
f o r  M. When the  l i n e  f r equency  is 60.00 Hz i t  is desired tha t  r is z e r o  
and N i n  an  i n t e g e r .  When t h e  f requency  changes t o  60.01 Hz, one  fewer 
over f low i n  t he  timer ( i - e . ,  N-1 c o u n t s  of ove r f low)  is desirable. 
S i n c e  t h e  f requency  measurement is needed ove r  o n l y  a l i m i t e d  r a n g e  of 
59.94 t o  60.06 Hz, t h e  u s e  of 59.96 and 60.04 Hz i n  t he  f o l l o w i n g  
s imul t aneous  e q u a t i o n s  w i l l  h e l p  t o  minimize the e r r o r  ove r  the  selected 
range  : 

M 
256(N + 4)(134.095 x l o m 6 )  f = 59.96 = 

and 

f = 60.01 M 
= 256(N + 4)(134.095 x 
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S o l v i n g  these e q u a t i o n s  s i m u l t a n e o u s l y  y i e l d s  N = 6000 and 
M = 12,358.19. S i n c e  M must be a n  i n t e g e r ,  i t  s h o u l d  be rounded off t o  
the n e a r e s t  i n t e g e r ,  12358. T h i s  round ing  i n t r o d u c e s  a b i a s  of 
0,0009 Hz i n  t h e  f r equency  measurement, which can  be removed by 
a d j u s t i n g  the cycle time of the c l o c k  from 134.0950 MS t o  134.09294 us. 

After 12358 powerl ine c y c l e s  have been count-ed ( 3  min, 26 s ) ,  t h e  

timer is s topped .  The ove r f low accutnulat ion o f  t h e  timer addresses the 

l o c a t i o n  i n  memory c o n t a i n i n g  the b i n a r y  coded decimal (BCD) e q u i v a l e n t  
of the  t e n t h s  and hundred ths  p l a c e s .  The timer addresses the  l o c a t i o n  
i n  memory of t h e  t h o u s a n d t h s  and t en - thousand ths  p l a c e s .  These RCD 

v a l u e s  are shown on the e i g h t - d i g i t ,  seven-segment d i s p l a y  of the  

IMSAT.  8048 c o n t r o l  computer. The b i n a r y  v a l u e  of the timer and ove r f low 
are  compared t o  2 ' s  complement v a l u e s  of t he  f r equency  s e t p o i n t s  t o  
de t e rmine  whether a c o n t r o l  r e l a y  s h o u l d  be opened or c l o s e d .  

A . 2  E X A M P L E  OF O P E R A T I O N  

I f  the c y c l e  tinie of  t h e  clock is se t  t o  134.09294 us and t he  i n p u t  
f r equency  is v e r y  s l i g h t l y  ove r  60.01 Hz, the f irst  t a s k  is t o  coun t  o u t  
12,358 cycles of the  60-Ha waveform. When t h i s  has been accomplished,  
t h e  timer o v e r f l o w  register shou ld  r>ead 176F,, ( 5 9 9 9 , , ) ,  and the timer 
s h o u l d  read FF, , .  Only the  two l ea s t  S i g n i f i c a n t  d i g i t s  of t h e  timer 
ove r f low r e g i s t e r  are r e t a i n e d  ( i . e . ,  6 F , , ) .  T h i s  number is used t o  
look up the BCD e q u i v a l e n t  of the f r equency  a t  l o c a t i o n  096F,, ( t h e  

a d d r e s s  o f f s e t  is 0900, , ) .  
and r e p r e s e n t s  the  t e n t h s  and hundred ths  p l a c e s .  If  the address i s  
g r e a t e r  t h a n  6 F 1 6 ,  t h e  two most s i g n i f i c a n t  d i g i t s  ( 5 9 )  are d i s p l a y e d ;  

o t h e r w i s e ,  60 is d i s p l a y e d .  S i n c e  6F, ,  i s  L 6F, , ,  60 is d i s p l a y e d  as 
the  f irst  two s i g n i f i c a n t  d i g i t s  i n  this example. The timer regis ter  I" 

is used t o  address iiiernory beg inn ing  a t  OAOO, ,  t o  de t e rmine  t h e  BCD 

v a l u e s  f o r  t h e  two least  s i g n i f i c a n t  d i g i t s  ( t h e  t h o u s a n d t h s  and 
t en - thousand ths  p l a c e s ) .  S ince  the  timer register c o n t a i n s  FF, , ,  t h i s  

is o f f s e t  t o  compose t h e  address  OAFF,, t o  look up t h e  BCD v a l u e  for  t h e  

two l ea s t  s i g n i f i c a n t  d i g i t s .  Stoped a t  l o c a t i o n  OAFF,, is 00,b .  

The v a l u e  stored a t  t h i s  l o c a t i o n  is O l , ,  



Combining t h e  va lues  g i v e s  a d i s p l a y  r e a d i n g  of  60.0000 Hz. The l eas t  
s i g n i f i c a n t  d i g i t  t a b l e  r e q u i r e s  256 memory l o c a t i o n s  t o  ho ld  t h e  
decimal  d i g i t s  from 0 t o  9910. 

A .  3 FREQUENCY MEASUREMENT CALCULATION 

S t a r t i n g  w i t h  E q .  (A-1) and u s i n g  M = 12358 and 

T, = 134.09294 x l o v 6 ,  

59.96 x 6004 
N + 4/256 f =  

Normalizing N for its value  a t  a 60-1-12 f requency,  let :  

N = 6000 + AN 

where 

AN = ...-3,-2,-1,0,1,2,3,4 ... 

and s u b s t i t u t i n g :  

= 
6000 + AN + r/256 1 + AN + 4/256 ' 

f =  

6000 

Applying t h e  b inomia l  expansion, 

+ ... . AN + 4/256 
6000 

f = 59.99997.3 1 - 

( A-4 1 

( A - 5  1 

( A-6 1 

( A-7 1 
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Equat ion (A-7) r e p r e s e n t s  the f r e q u e n c y  as  a f u n c t i o n  o f  the number 
of o v e r f l o w s  i n  e x c e s s  of 6000. I t  is the e x a c t  r e l a t i o n s h i p  among t h e  

excess number of o v e r f l o w s ,  t h e  timer magnitude,  and t h e  f r equency .  To 

adapt  t h e  s o l u t i o n  of t h i s  e q u a t i o n  t o  t h e  l i m i t e d  computa t iona l  
c a p a b i l i t i e s  of m i c r o p r o c e s s o r s ,  we must make two a d j u s t m e n t s :  first,  

d r o p  the  higher-order terms i n  t h e  expans ion  and,  s econd ,  round the  

f a c t o r  59.999973 t o  60.00. The f irst  ad jus tmen t  i n t r o d u c e s  an error f o r  
large A N .  The second ad jus tmen t  c a u s e s  the  approx ima t ion  t o  y i e l d  t h e  

e x a c t  v a l u e s  of f r equency  w i t h  AN as p l u s  and minus 4. The 

approx ima t ion  is now: 

AN * 4/256 
6000- f = 60 1 -  ( A-8 

T h i s  c o r r e s p o n d s  t o  E q .  ( 2 ) .  

A. 4 ERROR CALCULATION 

The f r equency  e r r o r  can be made z e r o  a t  two p o i n t s .  For the  

pa rame te r s  se lected,  t h e  e r r o r  shou ld  be z e r o  a t  both 59.96 and 60.04 Hz. 
The magnitude of the  e r r o r  a t  o t h e r  p o i n t s  can be o b t a i n e d  by 

s u b t r a c t i n g  the  a c t u a l  f r equency ,  E q .  (A-71, from the  measured 
f r e q u e n c y ,  E q .  (A-8).  The r e s u l t  is 

E r r o r  = 0.000027 - 0.0000016667 ( A N  = r /256)  . ( A-9 

S i n c e  AN is related t o  f r equency  th rough  t h e  lookup tab le ,  t h e  

e r r o r  can be p l o t t e d  a g a i n s t  t h e  measured f r equency  as  i n  F i g ,  A . l .  

The t r u e  e r r o r  c u r v e  is z e r o  a t  t h e  p o i n t s  59.96 and 60.04 Hz. 
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APPENDIX B 

PROGRAM S T R U C T U R E  CHARTS 
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A P P E N D I X  C 

8048 CROSS-ASSEMBLER CODE LISTING 
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8048 CROSS ASSEMBLER VERSION 2 A ( 2 6 ) ,  F I L E  DSK:L.SRC 11:22:17 1 4 - Q C T - 8 3  

ADOR OBJ CODE SEQ SOURCE STATEMENT 

1 ;  
2 ; LOAD MANAGEMENT PROGRAM 
3 ;  
4 :PROGRAM ALLOWS THE I M S A I  8 0 3 5  MICROPROCESSOR TO MEASURE THE 

0800 
0800 F 5  
0801 1 4 C 6  
0 8 0 3  
0 8 0 3  85 
0804 27 
0 8 0 5  14CA 
0807 F 8  
0808 0 3 8 C  
0 8 0 A  E 6 2 7  
0 8 0 C  
0 8 0 C  BE00 
0 8 0 E  BFOO 
0 8 1 0  9621 

0812 42 
0 8 1 3  0 3 0 3  

0812 

0815 E b l B  
081.7 
0817 i 4 c i  
0819 0 4 1 f  

0 8 1 R  1 4 2 0  
0818 

0 8 1 D  0 4 1 F  
0 8 1  F 
0 8 1 F  0425 
082 1 
0821 1 4 C 1  
0823 0425 
0825 
0825 0426 
0027 
0827 l 4 2 D  
0829 0428 
082B 
0828 0 4 0 3  
0 8 2 D  

5 
6 
7 

9 
10 
1 1  

a 

1 2  
1 3  
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
2 3  
24 
25 
26 
27 
28 
29 
3 0  
3 1  
3 2  
3 3  
34 
35 
3 6  

;FREQUENCY OF THE POWER L I N E .  THE FREQUENCY IS INTEGRATED 
:OVER A PERIOD OF 3.24 MINUTES.  

bRG BOOH 
S E L  M B I  
C A L L  OPEN :OPEN A L L  RELAYS 
0001: ;DO UNTIL A RESET OCCURS 

CLR FO ;CLEAR UNDERFLOW FLAG 
CLR A ;CLEAR ACCUMULATOR 
C A L L  FREQ ;MEASURE FREQUENCY 
MOV A, RO ;GET T IMER OVERFLOW ( M S B )  AND 
ADD A, #8CH ;ADD TO TWO'S COMPLEMENT OF SETPOINT 4 
J N C  THEN01 

ELSEOI: ;FREQ I S  aECow OR EQUAL TO s p 4  ( M S B )  
MOV R6, #OOH ;CONSTANTS FOR RELAY SUBROUT I NE 
MOV R7, #0OH 
JNZ THEN02 

ELSE022 ; FREQ IS EQUAL. TO SP4 ( M S B )  
MOV A, T ;GET TIMER AND AOD 
ADO A, # 0 3 H  ;2'S COMPLEMENT O F  SP4 (LSD)  
JNC THEN03 

E L S E 0 3 :  ;FREQ I S  BFLOW S P 4  ( L S B )  

THEN03: ;FREQ I S  ABOVE S P 4  ( L S B )  

C A L L  RELAY ;CLOSE RELAYS 1,2,3, [ I  
JMP F 1 0 3  

CAL.1- SUB3 
JMP F 1 0 3  

F i 0 3 :  ;END OF I F 0 3  
JMP F 1 0 2  

C A L L  RELAY ;CLOSE RELAYS 1 ,2 ,3>4 
JMP F 1 0 2  

THEN02: ; FREQ I S BELOW S P 4  

3 7  F 1 0 2 :  ;END OF F102 
3 8  JMP F 1 0 1  
3 9  THENOI: ;FREQ I S  ABOVE SP4 
40 C A L L  SUB3 ;CALL SUBROUTINE SETPOINT 3 
41 J M P  F l O l  
b2 F 1 0 1 :  ;END OF IFO' I  
4 3  JMP DO01 
44 ODOI: ;END OF DO01 



23 

0 8 2 D  
0820 F8 
O82E 0 3 8 D  
0 8 3 0  E 6 4 0  
0 8 3 2  
0 8 3 2  BE00 
0 8 3 4  B F 0 8  
0 8 3 6  9647 

0 8 3 8  42 
0 8 3 9  0303 
0 8 3 8  E 6 4 1  
0 8 3 D  

0 8 3 8  

0 8 3 D  1 4 C 1  
0 8 3 F  0445 
084 1 

0 8 4 3  0445 
0845 

0847 
0 8 4 7  1CC1 
0849 0448 
0848 
0848 0451 
0 8 4 D  
0 8 4 D  1452 
0 8 4 F  0451 
0851 
0851 8 3  

0841 1452 

0845 0 4 4 ~  

0852 
0852 F8 
0 8 5 3  0 3 8 E  
0855 E 6 7 2  
0857 
0 8 5 7  BC08  
0859 BFOC 
0 8 5 8  9 6 6 C  
0 8 5 D  
0850 42 
0 8 5 E  0303 
0860 E 6 6 6  
0862 
0862 14C1 

0866 
0866 14177 
0868 0 4 6 A  
0 8 6 A  
0 8 6 A  04170 

0864 0 l n 6 ~  

0 8 6 C  
0 8 6 C  1 4 C 1  
0 8 6 E  0470 
0870 
0870 0476 
0872 

0 8 7 4  0476 
0876 
0876 83 

0872 14.77 

45 
46 
47 
48 
49 
50 
51 
52 
5 3  
54 
55 
56 
57 
58 
59 
60 
61 
62 
6 3  
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
7 7 
78 
79 
80 
8 1  
82 
8 3  
84 

86 
8 7 
88 
89 
90 
91 
92 
9 3  
94 
95 
96 
97 
98 
99 
100 
101 
102 
1 0 3  
104 
105 
106 
107 
108 
109 
110 

a5 

......................... 
# # # # 1 ? 8 1 # ) ~ ? # * , # ) ) 9 # ) ) ) ) )  

; SUBROUTINE SETPOINT 3 ; ...................... I . .  
, , , f , * , , , , , , , , , . . , , , , , 1 * ,  

SUB3: ;START OF SUBROUTINE SETPOINT 3 
MOV A, RQ ;GET TIMER OVERFLOW (MSB)  AND ADD TO 
ADD A. #8DH :TWO'S COMPLEMENT OF SETPOINT3 I M S B )  
JNC THEN10 

ELSE10:  :FREQ I S  BELOW OR EQUAL TO SETPOINT3 ( M S B )  
MOV R6; #OOH ;CONSTANTS FOR RELAY SUBROUTINE 
MOV R7, # 0 8 H  
J N Z  THEN11 

ELSE11 :  :FREQ IS EQUAL TO SETPOINT 3 ( M S B )  
MOV A, - T  ;'GET T I'MER ( LSB) AND 
A 0 0  A. # 0 3 H  :ADD TO 2 's  CQMP. OF SP3 ( M L S B )  
JNC T i E N l 2  

ELSE12 :  ;FREq IS BELOW SP3 ( L S 8 )  

THEN12: ;FREQ I S  ABOVE S P 3 ( L S B )  

C A L L  RELAY ;KEEP RELAY 4, CLOSE 1,2,3 
JMP F 1 1 2  

C A L L  SUB2 ;SUBROUTINE SETPOINT 2 
JMP F 1 1 2  

F 1 1 2 :  
JMP F I 1 1  

THEN11: ;FREQ I S  BELOW SETPOINT 3 ( L S B )  
C A L L  RELAY ;KEEP RELAY 4, CLOSE 1.2.3 
JMP F I 1 1  

F I 1 1 :  
JMP F 1 1 0  

C A L L  SUB2 ;SUBROUTINE SETPOINT 2 
JMP F 1 1 0  

THEN10: ;FREQ I S  ABOVE SP3 ( M S B )  

F l l O :  ;END OF SUBROUTINE 
RET 

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

SUB2: ;START OF SUBROUTINE SETPOINT 2 
MOV A. RO :GET TIMER OVERFLOW ( M S B )  AND AOU TO 
ADD A; #8EH' ;TWO'S COMPLEMENT OF SETPOINT2  ( M S B )  
JNC THEN20 

ELSE20:  ;FREQ I S  BELOW OR EQUAL TO SETPOINT2  (MSB)  
MOV R 6 ,  # 0 8 H  ;CONSTANTS FOR RELAY SUBROUTINE 
MOV R7, #OCH 
JNZ THEN21 

ELSE21 :  ;FREq I S  EQUAL TO SETPOINT 2 (MSB)  
MOV A. T :GET TIMER ( L S B )  AND 
ADD A; # 0 3 H  ;ADD TO 2 's COMP. OF SP1 (MLSB)  
JNC THEN22 

ELSE22 :  ;FREQ IS BELOW SP1 ( L S B )  

THEN22: :FREQ I S  ABOVE SP1 ( L S B I  

C A L L  RELAY ;OPEN RELAY 4, KEEP 3 ,  
J M P  F 1 2 2  ;CLOSE 1,2 

CALL s h i  .; SUBROUT I NE SETPO I NT 1 
JMP F 1 2 2  

F 1 2 2 :  
JMR FI21 

C A L L  RELAY ;OPEN RELAY 4, KEEP 3, CLOSE 1,2 
JMP FIZl 

THEN21: ;FREQ IS BELOW SETPOINT 2 ( L S B )  

F l 2 l :  
JMP F 1 2 0  

C A L L  SUB1 ;SUBROUTINE SETPQINT 1 
JMP F 1 2 0  

THEN20: ;FREQ IS ABOVE SP1 (MSR)  

F 1 2 0 :  ;END OF SUBROUTINE 
RET 



0877 
0877 F 8  
0878 0 3 8 F  
0878 E 6 8 7  
0 8 7 C  
0 8 7 C  BEOC 

0880 9691 
0882 
0882 42 
0 8 8 3  0 3 0 3  
0885 E 6 8 B  
0887 
0887 1 4 C 1  

0 8 7 ~  DFOE 

0889 0 4 8 ~  
0 8 8 B  
0 8 8 B  1 4 7 7  
0 8 8 D  0 4 8 F  
088 F 
0 8 8 F  0495 
0891 
0891 1 4 C l  
OR93 0495 

0895 0498 
0897 
0897 1477 
0 8 9 9  0 4 9 B  
0 8 9 B  

0 8 9 5  

0898 a3 

0 8 9 C  
089C F8 
0 8 9 D  0 3 9 0  
0 8 9 F  E6BC 
0 8 A 1  
0 8 A 1  BEOE 
O8A3 BFOF 
O8A5 96% 

0 8 A 7  42  
0 8 A 8  0 3 0 3  
0 8 A A  E6BO 
0 8 A C  
0 8 A C  1 4 C 1  
0 8 A E  0464 
0860 
08BO 1 4 C 4  
0 8 B 2  0 4 B 4  
0804 
0884 O 4 5 A  
0 8 B 6  
0886 1 4 C 1  
0 8 B 8  0 4 B A  
OB5A 
0 8 B A  04CQ 
08BC 
OBBC 1 4 C 6  
0 8 B E  04CQ 
08CO 
08CO 83 

0 8 ~ 7  

1 1 1  
112 
1 1 3  
114 
115 
116 
117 
118 
119 
120 
121 
122 
1 2 3  
124 
1 2 5  
126 
127 
128 
129 
1 3 0  
1 3 1  
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
1 3 9  
1 4 0  
1 4 1  
142 
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
148 
149 
150 
151 
152 
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
160 
151 
142 
1 6 3  
164 
1 6 5  
166 
167 
148 
169 
170 
171 
172 
173 
174 
175 
176 

......................... 
, , ) 1 1 ) D ) ) ) ) # , 1 , 1 1 1 , 1 , # , , 1  

: SUBROUTINE SETPOINT 1 : ......................... 
~ , 1 # # # ~ , 1 ~ ~ # 1 # # I ~ J 1 , ~ ~ ~ ~ P  

SUB1 : ; START OF SUBROU.1 I NE SETPO I NT 1 
MOV A, RO ;GET TIMER OVERFLOW (MSB) AND A D 5  TO 
ADD A, # 8 F H  ;TWO'S COMPLEMENT OF SETPOINT 1 ( M S B )  
JMC THEN30 

ELSE30:  :FREQ I S  RELOW OR EQUAL TO SETPOINT 1 I M S B I  
MOV R6; #OCH ;CONSTANTS .FOR RELAY SUBROUT IN€  ' 

MOV R?, #OEH 
J N Z  THEM31 

ELSE31:  ;FREQ I S  EQUAL TO SETPOINT 1 ( M S B )  
MOV A, T ;GET T I M E R  [L.SB) AND 
ADD A. # 0 3 H  :AQD TO 2'5 COMP. OF SP1 I M L S B l  
J N C  T h E N 3 2  . 

ELSE32:  ;FREQ I S  BELOW S P l  ( L S B )  
CALI.. RELAY ;OPEN RELAYS 3, 4, 
JMP F 1 3 2  ;KEEP 2, CLOSE 1 

THEN32: ; FREQ I § ABOVE SP1 ( L S B )  
C A L L  SUB1 ;SUBROUTINE SETPOINT 1 
JMP F 1 3 2  

F 1 3 2 :  
JMP F 1 3 1  

CALL. RELAY ;OPEN RELAY 3, 4, KEEP 2, CLOSE 1 
JMP F i 3 1  

THEN31: ;FREQ I S  BELOW SETPOINT 1 ( L S B )  

F l 3 1 :  
JMP F 1 3 0  

C A L L  SU81 ;SUBROUTINE SETPOINT 1 
JMP F 1 3 0  

THEN30: ;FREQ I S  ABOVE SP1 (MSB)  

F 1 3 0 :  ; END OF SUBROUT I NE 
RET 

; SUBROUTINE SETPQlMT HYSPERSIS ; 

SUBHYS: ; START OF SUBROUT I NE SETPO I PIT HYS 

................................. 
) . , , , , , , , , , 1 , , , , , 1 ) 1 ) ~ ) ~ ~ ~ B , 1 ~ ) ~ D  

................................. 
) ) , 1 , 1 , # , 1 , , , , , , , B # , , , , l ~ , B ~ ? # l ~ B  

MOV A, RO ;GET TIMER OVERFLOW ( M S B )  AND ADD TO 
ADD A, # 9 0 H  ;THO'S COMPLEMENT OF S E I P O I N T  HYS ( M S B )  
JNC THEN40 

MOV R6, #OEH ;CONSTANTS FOR RELAY SUBROUTINE 
MOV R7, #OFH 
JNZ THEN41 

ELSE4O: ;FREQ I S  BELOW OR EQUAL TO SETPOINT HYS ( M S B )  

ELSE41:  ;FREQ I S  EQUAL TO SETPOINT HYS (MSB) 
MQY A, T ;GET TIMER ( I S B )  AND 
ADD A, #03H 
J N C  THEN42 

;ADD TO 2's CQMP. OF SPHYS ( M L S B )  

ELSE42:  :FREQ I S  BELOW SPHYS (LSB) 
C A L L  R k L A Y  ;OPEN RELAYS 2,3,4, KEEP 1 
JMP F142 

TMEN42: ;FREQ I S  ABOVE SPHYS ( L S 5 )  
C A L L  OPEN ;OPEN A L L  RELAYS 
JMP F142 

F 1 4 2 :  
JMP F 1 4 1  

THEN41: ;FHEQ I S  BELOW SETPOINT HYS ( L S B )  
CALL. RELAY ;OPEN RELAYS 2,3,4, KEEP 1 
J M P  F 1 4 1  

F 1 4 1 :  
JMP F140 

THEN40: ;FREQ I S  ABOVE SPHYS ( M S B )  
C A L L  OPEN ;OPEN ALL RELAYS 
JMP F l 4 O  

F 140: ; END OF SUBROUT I N E  
RET 
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0 8 C 1  
0 8 C 1  FE 
0 8 C 2  8 D  
0 8 C 3  FF 
0 8 C 4  90 
08C4 83 

0 8 C 6  
0 8 C 6  2 3 0 F  
0 8 C 8  3 D  
0 8 C 9  8 3  

0 8 C A  
O8CA A 8  
0 8 C B  62 
0 8 C C  B A 3 0  
0 8 C E  B B 4 8  
0 8 D 0  
O8DO 
0 8 D 0  3 4 2 0  
0802 46DO 
0804 
0 8 D 4  3 4 2 0  
0806 
0 8 D 6  5 6 D 6  
0808 
0 8 ~ a  55 
o a w  
0 8 D 9  EBDD 
0 8 U B  0 4 F 5  
0800 
08DO 3 4 2 9  
0 8 0 F  4600 
0 8 E 1  
0 8 E 1  

0 8 E 3  5 6 E 1  
08 E5 
0 8 E 5  B 6 E 9  

08E7 0 4 F 3  

08E9 EAEE 

o a E i  3 4 2 ~  

0 8 ~ 7  

oa ~9 

0 8 E B  
0 8 E B  85 
0 8 E C  0 4 F 1  
O8EE 
0 8 E E  85 
0 8 E F  0 4 F 1  
O 8 F 1  
0 8 F 1  04F3 
0 8 F 3  
0 8 F 3  0 4 D P  
08 F 5  
0 8 F 5  95 
08F6 F A  
08 F 7  
08F7 65  
0 8 ~ a  3420 

177 
178 
179 
180 
1 8 1  
182 
1 8 3  
1 8 4  
185 
186 
187 
188 
189 
190 
191 
192 
1 9 3  
1 9 4  
195 
196 
197 
198 
199 
200 
20 1 
202 
20 3 
204 
205 
206 
207 
208 
209 
210 
21 1 
212 
21 3 
2 1 4  
2 1  5 
216 
2 1 7  
2 1 8  
219 
220 
22 1 
222 
2 2 3  
224 
225 
226 
227 
228 
229 
2 3 0  
2 3  1 
232 
2 3 3  
2 3 4  
235 
236 
237 

2 3 9  
240 
2 4  1 
242 
24 3 
2 4 4  
2 4 5  
246 

2 3 8  

.................... 
? ? , , , , , , , , , , , , , > 1 , * >  

; SUBROUTINE RELAY ; 

RELAY: 
.................... 
~ 1 > # ~ ~ D 9 P P J ~ # P b P P ? P #  

MOV A .  R 6  :ONES I N  R 6  OPEN RELAY 
ORLO P5? A -;AND ZEROS LEAVE THE REST THE SAME 
MOV A, R 7  ;ZEROS I N  R 7  CLOSE RELAY 
ANLO P5, A ;AND ONES LEAVE THE REST THE SAME 

RET .................... 
P P . , , , , P , , , , * , , 9 * # , ?  

; SUBROUTINE OPEN ; .................... 
P P , , , P , , , , , O f , 1 9 , 9 , ,  

OPEN: ;OPENS A L L  RELAYS 

RET 

MOV A, #OFH 
MOVD P53 A 

.................... 
, , , , , , , , , , , , Y , , , , , , I  

: SUBROUTINE FREQ ; .................... 
P,,.,,,.,l.,,9*?1I#9 

;SUBROUTINE FREQ IS D I V I D E D  I N T O  TWO PARTS. THE F I R S T  PART 
;MEASURES AND RECORDS THE L I N E  FREQUENCY. THE SECOND 
; D I S P L A Y S  THE FREQUENCY I N  S I X  D I G I T S .  

kREQ: ; SUBROUT I NE FREQ 
MOV RO, A ;CLEAR T I M E R  OVERFLOW REGISTER 
MOV T, A ;CLEAR TIMER 
MOV R2, # 3 0 H  ; I N I T I A L I Z E  CYCLE COUNTER REGISTER 
MOV R3, # 4 8 H  ;TO 1 2 3 6 0  COUNTS = 3 0 4 8 H  
D 0 1 0 :  ;DO WH I LE CYCLE COUNTER<>O 

D o l l :  ;DOWHILE T1=0 

OD1 1 : 

0012: :DOWHILE T1=4 

C A L L  OVER 
J N T l  DO11 

C A L L  OVER 

J T 1  DO12 
OD1 2 : 
STRT T ;START T 
D 0 1 3 :  ;DO W H I L E  

D J N L  R3, DO14 
JMP OD13 
0014: ;DO WH 

C A L L  OVER 
J N T l  0 0 1 4  

OD14: 
0015: ;DO WH 

C A L L  OVER 
J T 1  DO15 

OD15: 
J F O  THEN50 

ELSE50:  
JMP F 1 5 0  

THEN50: * 
DJNZ R 2 :  

M I N G  
Lsa's OF CYCLE COUNTEROO 

L E  T l = O  
;CHECK FOR T I M E R  OVERFLOW FLAG 

L E  T l = l  
;CHECK FOR TIMER OVERFLOW FLAG 

CC R 2  
THEN5 

E L S E 5 1  : 

THEN51 : 

CLR FO 
.IMP F151 

CLR FO 
JMP F151 

ONLY 

;CLEAR UNDERFLOW FLAG 

;CLEAR UNDERFLOW FLAG 

F151: 
J M P  F 1 5 0  

F 150: 
JMP 0 0 1 3  

OD13: ;END OF DO13 
C P L  FO ;SET UNDERFLOW FLAG I F  I T  IS ZERO 
MOV A. R 2  

ODlO! .  :END OF DO10 
STOP TCNT ;STOP T I M E R  I F REACHED COUNT 
C A L L  OVER ;CHECK FOR T l M E R  OVERFLOW 



O8FA E 5  
0 8 F B  3 4 3 5  
0 8 F D  F 5  
O8FE BCFF 
0900 
0900 
0900 ED00 
0902 
0902 ECOO 
09014 
0 9 0 4  2 3 0 9  
0906 3 E  
0907 80 
0908 53CO 
0 9 0 A  C 6 1 0  
0 9 V C  
0 9 0 C  2 3 3 8  
0 9 0 E  2 4 1 4  
0 9 1 0  
0 9 1 0  2 3 3 c  
0 9 1 2  2414 
0 9 1 4  
0 9 1 4  E 5  
0 9 1 5  3 4 3 5  
0917 F 5  
0 9 1 8  2 3 0 9  
0 9 1 A  3 E  
0 9 1 8  80 
0 9 1 C  E5 
0 9 1 D  3 4 3 5  
0 9 1 F  F 5  
0920 00 
0 9 2 1  00 
0922 4 2  
0 9 2 3  A 9  
0924 2 3 0 A  
0926 3E 
0 9 2 7  81 
0928 E 5  
0929 3 4 3 5  
0 9 2 8  F 5  
092C 8 3  

092D 
0 9 2 D  
092 F 
0 9 2  F 
0 9 3  1 
0 9 3 1  
0 9 3 2  
0 9 3 4  
0 9 3 4  
0 9 3 5  
0 9 3 5  
0 9 3 5  

2117 
248 
249 
250 
251 
252 
25 3 
2 5 4  
255 
2 5 6  
257 

259 
260 
2 6 1  
262 
2 6 3  
264 
265 
266 
267 

258 

2 6 8  
2 6 9  
270 
27 1 
272 
2 7 3  
274 
2 7 5  
276 
27 7 
2 7 8  
278 
280 
28 1 
282 
28 3 
284 
285 
286 
287 
288 
28 9 
290 
29 1 
292 
2 9 3  
294 
295 
296 
2 9 7  

1 6 3 1  298 
299 

2 4 3 4  3 0 0  
307 

18 3 0 2  
2 4 3 4  3 0 3  

3 0 4  
83 3 0 5  

3 06 
307 
3 0 8  

1 

; D I S P L A Y  OF FREQUENCY (SEQUENCE OF SUBROUTINE FREQ) 

:EL MBO 
C A L L  CLEAR 
S E L  M B I  
MOV R4, #OFFH ; I N I T I A L I Z E  F I R S T  DELAY REGISTER 
D 0 1 6 :  ;DO U N T I L  SECOND DELAY20 

D017: :DO U N T I L  SECONQ DELAXzO 
D J N L  R5, DO17 

OD1 7: 
DJNZ R4, DO16 

OD16: ;END O F  DOUBLE DELAY 
MQV A, # 0 9 H  ;SET UP ADDRESS BUS FOR 
MOVD P6, A ;LOCATION 9 0 0 - 9 F F  
MOVX A, &RO ;LOOK UP BCD EQIJIV. OF T IMER 
ANL A, #OCOH ;CHECK I F  LOOKUP I S  0.40 OR GREATER 
JZ THEN52 

ELSE52:  ; D I S P L A Y  59 

THEN52: ; D I S P L A Y  60 

MOV A, #59 
JPlP F 1 5 2  

MOV A, #60 
JMP F152 

F 1 5 2 :  
SEL MBO 
C A L L  DISPRG ; D I S P L A Y  59 OR 60 
S E L  MB1 
MOV A, # 0 9 H  ;SET UP ADDRESS BUS 
MOVD P 6 ,  A ; FOR TABLE LOOKUP 
MOVX A, QRQ ;LOOK UP BSD EQUIV. OF TIMER OVERFLOW 
S E L  MBO 
C A L L  DISPRG ; D I S P L A Y  TENTHS AND HUNDREDTHS OF FREQ 
S E L  MB1 
NOP 
NOP 
MOV A, T ;READ TIMER LSBS 
MOV R1, A ;STORE L S B ' S  O F  TIMER 
MOV A, #OAH ;SET-UP ADDRESS BUS FOR 
MOVO P6, A ;TABLE LOOK-UP OF 9,000TH AND 1 0 , 0 0 0 T H S  
MOVX A, B R 1  
S E L  MBO 
C A L L  DISPRG ; D I S P L A Y  THOUSANDS AND TEN-THOUSANDS 
S E L  MB1 
RET ;END OF SUBROUTINE FREQ .................... 
. . . . . . . . . . . . . . . . . . . .  
; SIJBROUTINE OVER ; 

;SUBROUTINE ACCUMULATES OVERFLOW OF 8-BIT T I M E R  
.................... 
I J S ? # t ~ # P # , # ~ # , > , > , ,  

6VER: 
J T F  THEN60 

; SU5ROUT I NE OVER 

ELSEBO: ;NO TIMER OVERFLOW 

THEN60: ;TIMER OVERFLOW 
JMP F 1 6 0  

INC RO ;INCREMENT T I M E R  OVERFLOW REG 
JMP F160 

F 1 6 0 :  
RET ;END OF SUBROU'I-INE OVER 
D I  SPRG: 
CLEAR: 
END 

NO ERROR(S) DETECTED 
ASSEMBLER RUNTIME 00:00:00.72 
HIGHEST 8048 ADDRESS USED = 0 9 3 4  ( H E X )  
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