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i
I INTR ODU CT ION

1.1 General

W i t h  the  increase of w o r l d w i d e  c o m m ui t i c a t  ions bus iness , g rea t  i n t e re st  is

b e i n g  taken in the re i i  :tb ii  i t  y of comintin i ca t  ions hardw ar c  - Si t ic , ’  tie &-q u I ) Iitoll t

can be made comple t e ly  f r ee  f r o m  fa  l i i i  ro , methods  of nun I t o r in g  wh I cli  can

d e t e c t  t r ends  l e a d i n g  to  f a t  l u r es  are  of p a r t i c u l a r  i n t e r est  - Such a sy s t e m

should be able  to det oc  t equ i pmen I dt ~g~~ada I ion or fa  I l u r e  be for e  I h c v  can

cause c o m m u ni c a t i o n s  I on s .

Such a sys t em , known as a u t o m a t e d  t e c l t n i c a l  con t ro l  , or ATEC , was d ov e l —

oped fo r  a communi ca t  ions n e t w o r k  in Europe  ope ra t ed  I)y 1. lie ’ NA’I’O a l l i a n c e  -

This  ne twork  car r ie s  b o t h  vo i ce  and d a t a  commun icat  ion s and is f r e q u e n t ’~’ ( l i v  i —

sion m u l t i plexed ( FDM) - A p lan of the  ne twork  is shown in F igure  1 . W i t h

recent  deve lopment s  in d ig it a l ,  c o m m u n i c a t i o n  sy s t e m s  i t  was dc ’ ide d - t h a t  a

small p a r t  of t h i s  n e t w o r k  should  he conver ted  to pu l se  i -oth ’ m o d u l a t e d  (P CM )
- t tine d ivi  ~ j o l t  m u l t i p lexed (TDM) op er at  ion f o r  t e s t  p u r p o s e s .

S i nee t h e  m o n i t o r  i ii~~ r e q u i r e m e n t s  of a d ig i t a l  svs t e rn  a re  d i  f f e r e n t  f r o m

those of an ana logue  sys t e n t , a s t u d y  was c o m m i s s ion e d  on t l i o  changes wh i (- i t

would be r e q u i red  to t h e  ATEC sy s t e m  to meet these  needs I i — l i  . Because  c’t

t lie a d v a n t a g e s  of i n c r e as ed  cap ab j i l t  v and f 1 ex l  hI  l i t  v w i t  ii r educed  cost

o f f e r e d  by m i c r o p i ’ oc. ’ssor s - i st  i n l v  was ;ilse ‘111 1 t i n t e d  on t h e  t i n t ’  ‘I  a t i i i c r . ’—-

processor f o r  l i i i ’  m o n i t o r i n g  t a s k .  ‘lit i s  - t  t idy r e s u l t e d  in a t ;. ’ l i , ’i n. ’ I a l t o  11 od

M— ATEC w h i c h  i -t  d e scr ibed  in  RAI) C r ep o r t  T R — 7 7 — 2  [8 [4 ]  .

This  rope r t  desc r ibes  f i t  r t her work  on th e ’ M—ATE C svs I cm .  I t  w i l l  s

how the  capab j i l t  ics of  th e  M—A’I’EC o qu ip r n e n t  may be i n c r ea se d  w i t  b o u t  add t u g

si gn i f  icati  t ly  t o l i t ’ ha rdwa ri ’ cos t  s - Tb i’ s y s t e m  desc r i l iot i  i i i  t ii  is t~~’ ‘~‘1’ t - - i I i

be label led  M— A TF C I I  to k e t ’j t  in t i n e  w i t h  p r ev ious  n om e n c l a t  L u r e .
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1.2 Background

1.2.1 History of the Project

In 1974 the Frankfurt , Koenigstuhl, Vaihingen sectior, of the aforemen-

tioned NATO European defense communications network was converted to PCM TDM

operation . The control centre for this section is located in Stuttgart. The

geographic area of the section is shown in heavy outline in Figure 1.1 and

the Individual stations are shown in Figure 1.2. It has been undergoing con-

tinuous testing since then.

The proposed ATEC equipment consists entirely of special purpose hardware.

In 1975 the feasability study for the microprocessor based system was performed

by Clarkson College under the Rome Air Development Centre ’s (RADC ’s) post doc—

toral program. The study [4] was delivered in February 1977.

1.2.2 ATEC System Outline

The ATEC system is divided into two parts: monitoring equipment at the

individual stations and control and system monitoring equipment at the net-

work control centre. Figure 1.3 shows the equipment installed at each place.

The signals monitored fall into three categories: contact closures, TTL

voltages and slowly varying analogue voltages. The TTL level signals may be

further subdivided into three categories depending upon their speed of repeti-

tion. Slow TTL (STTL) signals are those with a repetition rate of less than

one per second . Medium speed TTL (MTTL) signals have a repetition rate greater

than one per second and less than one per fifty microseconds. Finally fast TTL

(FTTL) signals have a repetition rate greater than one per fifty microseconds.

The site equipment includes an alarm scanner which monitors up to forty

on/off alarm switches. This has Its own local display board which is a panel

having an LED indicator for each alarm monitored plus lamps indicating whether

or not any particular alarm is major. It also has an acknowledgement feature

which allows personnel at the station to indicate that they have noticed the

alarm. Until they have done so the lamps indicating which alarm has been trig—

gered will flash.

2
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The in te r faces to the CPU through the PJA ’ s are shown in Figures 1.6 and 1.7 .
Figure 1.6 shows the dev ices se rv ed by P1A number one . There Is a tim e—

base generator (TBC) which allows the  F.PUT c o u n t i n g  function to he perform ed

by providing an In t e r rup t  at preset i n t e r v a l s.  Upon rece’t pt of these In t er -

rup t s  a counter  Is read which  gives the number of events of t h a t  k ind  w h i c h

have occu red in that  t ime i n t e r v al .  For the FTTL si gnals  th e-r e  are ha rdwar e ’
counters  w h i l e  for  the MTTL si gnals the count Is per formed lii so f t war e  on an
in t e r rup t  basis .

This PIA also acts  as the i n t e r f a c e  for  the  contact closure and STTI s i g-

nals which are t reated ident teal  lv .  There are f i v e  t r i — s t a t e ’  h u f t ’ert ; , t~th ’t% of
which can sw i t c h ei ght signa ls onto a bus w h i c h  got’s t o  the ’ P IA and he~ne’t’ to

the  processor data bus . The’ processor enables eat -h hut f o r In but n and reads

the signals  which are prescat Two of the b u f f ers hav e I’ li p— I lops a th eir

inpu ts to la t ch  those s igna ls wh ich , though ha v ing  a tow r t~pet I t  ( c ii i  i i t o  • t in Iv

appea r momentar i ly .  The processor clears t hese flip—flops .it ’ tor t e - t i d i n g  t h e ’

data.

The MTTL signals are  counted through t h i s  P t A .  When a p t t l so  a r r I v e s  I t

causes an interrupt which reads which of the two MTTI. slgtlalH caused t h e  I n t e r —

rupt and then Increments an appropr i a t e  in te rna l c o u n ter .  ‘I’hese count  ors a re-

read when a TBG i nt e r r u p t  occurs .

Figu re 1.7 shows the dev l i ’es se rved by P I A  number two . ‘lhls  a g a i n  has

f ive t n — s t a t e ’  b u f f e r s  to sw i t ch  d i f f e r e n t  si gna ls  Onto a bus on command f rom

t he proc~ ssot . Four of these b u f f e r s  have e i g h t — h i t  coun ter s  at  t h e i r  In p u t s

for count  ing the  FTT 1~ si gnals whi le  the f i f t h  has an A/D conver ter  for r ead ing

the analogue voltages . Thirt y—two voltages can he selected by the processor

us Ing the  analogue, mu i t  I p 1 cxc r .  The analogue ’ vol t ages are reitcl ~~ p~ r t of t ho

regular  scanning rout Inc wh i l e ’  the counters  lur e ’ read on rece ip t  of’ the  TflG

I n t e r r u p t s .

As it was not part  of t h i s  s tudy , the  co n t rol  centre ’ hardware ’ is  unchanged .

I .  I Sç~p~ el i Wo rk

- I .  t t ;~~~-r ~~l

There are two ma in oH cot  (yes behind the cx i s tns  Ion of t h e ’  & ‘a p ahu  t i l t  los 
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- - the M—ATEC system w h i c h  w i l l  be d e s c r i b e d  in th i s  t hes i s .  ‘(‘lie f i r s t  is to  cx—

pa n d the  system to include those functions of ATEC w h i c h , t hough I m p or t a n t  in

a digital c o m m u n i c a t i o n s  n e t w o r k , are not f u l f i l l e d  by M—ATEC . The set’ond is

t.i reduce the q u a n t i ty  of da ta  be ing  t r a n s m i t t e d  to the  PATE , so t h a t  i t  can

control more sub—stations , or nodes , t han  before .

in  line  w i t h  these o bj e c t i v e s  sever al  new t a sks  were  proposed to RA I)(’ as

top ics f o r  inves t  iga t ion .  These were  g e n e r a t i o n  of t e s t  tones and l t ) o p h a c k  o t

dupI e~ l ines fo r  i t - s t i n g ,  local i m p l e men t a t i o n  of the  s t a t i s t i c s  c a l c u la t i o n s ,

local  c h e c k i n g  ~tf p a rame te r s  fo r  cor rec t  o per at i n g  I e~ e 1, t ippi  I ca t  ion oh a

un i t’ roprocessor to  t h e  b aseband m o n i t o r , ut  or l a c  log t l i € -  sy s tem t o  h~ P A l E  ant i —

p r o v i s i o n  of a lo ’al a l a r m  d i s p l ; t v  - In  add i t  ion , should more t han  one m i c r o —

processor  he u l c c e s s ; ir v  , t h e  d iv i s ion  of tasks be tween  them mu s t  be c on s id er o . l  -

1.3 .2  St a t i s t i c s  A r u t t l y s i s

In  t he  ATEC s vs t  em t he  va lues  of a ll ,  the  p a r a m e t e r s  me ’asured a no t rans—

m i t t e d  back to the  PATE where s t a t i s t  ical  a n a ly s i s  is  done . A p p r o x i m a t e l y

f o r t y  d i f f e r e n t  m e asu remen t s  a re  mad e ’ ov , ’t’ v thirt y st ’cs iu idi ’ , all ot  w h i c h  must

be t r a n s m i t t e d . The PA’I’E &‘a 1 ott I a t  t’s t lie mean and the  st and ;t rd dcvi  at  ion of

the  values of oaclt  pa l ’amct er ter e v e ry  h o u r .  When i t  has twenty—four hourly

values  i t  then c a l c u l at es  t h e  mean and s t a n d a r d  d e v i a t  ion f o r  t he  day - At  t i u c

end of cvc r ~’ mon th  i t  f i n d s  these  ~‘.t 1 t i cs f o r  t h e  m o n t h .

The mic rop roces so r  should  cas i i  v hi. ab le  to dl) b l u e  h o u r ly  s t a t  is t  ics cal-

cu la t ions  and t r a n s m i t  t h e  v a l u e s  t o  t he  PATE. In  o rder  to  prevent  t h e  a ccum —

ulat ing t ot a  Is of ’ th e’ parame t ~ rs re a c lu  log u n man a g e a b l e  p rop or t  Ions  • t l i e  ot  a—

t ist I .-s sh ou l d  he iup d a  t e d  con t I t i i i o t u s  lv  u-a t h o r  t har t wa I t i uu ~ uul t ii I i t -  cud o t

the  hou r .  Also , s [O t t ’ the  PA 1’E a l r e a d y  has a c lock , the  simplest mt ’tliod ot

t e l l i n g  t he m l cr o p r o c t ’ss tu  r t h a t  an hour  has e l a p s e d  w o u l d  hi ’ t o  t t ’ansnu i t s it

i n t e r r u p t  req u est ing  t he  s t a t i s t i c s  -

1.3.3 Pa ramete r  I.eve’ 1 Checks

I n addi  t I on tel t he  hard  w i r e d  a 1 arms ol ’ t h e  a l a rm  scanner , the  v~’ i t  ages

_ _ _  ______________ 
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and other parameters measured by the rest of the system must be checked to so.-

if they are within operating limits. At present this check is done by the PA’l’E ,

which consequently requires that all these measurements be transmitted to it.

In keeping with the effort to reduce the quantity of data on the telemetry

channel and to allow the PATE to handle more nodes , this test should be done

locally. In the ATEC system one of five operating levels is signalled for cacti

parameter. These levels are red high , amber high , green , amber low and red

low. These tests can easily be accomplished b y the microprocessor.

1.3.4. Baseband Monitor

The baseband or eye pattern monitor provides an important test of the

quality of the radio links in a digital system. The equipment at present

needed for this test Is complex and partly digital in nature . The present

circuit shown in Figure 1.8 and is described in detail in reference 2. As

can be seen In Figure 1.3 , the circuit consists of a fast parallel A/fl conver-

ter with additiona l circuits controlling the voltage levels on the comparators .

The received signal can have one of three levels at the sampling instants.

These levels are zero , a positive outer level and a negative outer level. The’

voltage levels on the comparators are controlled such tha t a certain percen-

tage of the outer level samp les fall either between the 2d and 2d—b or the ’ -2d

t i l i t !  ---2d+h levels shown . In addition the amplitude of t h e  received  si gn a l i s

controlled by the ACC such that f i f ty  percent of the  ou t e r  leve l samples  f a l l

outside the 2d and —2d levels.

The present circuit has th ree  ou t p u t s  which  are voltages represent lug re—

ceivetl signal level , average eye opening and number of t’xcessive noise  bursts

or hits (samples between the d and Nd levels). This circuit examine-s every

sample of the incoming data , hut the microprocessor does not have’ t h e  speed it ’

do this.  However , the only  purpose for  which  i t  is essent t e l  to look at e ’verv

samp Ic is the hit sensor. Therefore • t h e  p resen t  h i  t sensor  and t’t i n nt e r  shout  Id

be retained.

The microprocessor can sample the flip—flops and from these’ samples t i e ’—

te rni lne whether  or not the correct  percentag e ’ i-t falling between the 2d and

~~~~~ -~~----- ~—--~~~~—-  ~~~~~~~~~~~~~~~~~~~~~ -= —- ________  __
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2 DATA REDU CTION

2.1 RequIrements

The PATE in the ATEC system receives all the samples of every analogue

voltage and TTL counter parameter. It uses these values for statistical anal-

ysis and alarm level testing. With the intelligence provided at the  individ-

ual stations by the il—ATEC II system it is advantageous to do these things

locally . To do so the microcomputer must do three things . These are alarm

leve l testing, calculation of steam and variance for the analogue voltages and

calculation of the mean for the TTL counter values . The resultant data reduc—

- I tion from one value every thirty seconds to two values an hour for each para-

meter Is very large .

- 

- This data reduction has two advantages. At present. sluice every sample

is being stored , an enormous amount of data Is being col lec ted at the control

centre. It is so large that i t  Is leading to da t a  base management problems .

A recursive method of calculating the mean and var iance  based upon the hour ly

values to be received from M—ATEC II would l imi t  the size of the  data  base.

- In addi t ion , the comb ination of the reduction of data on the telemetry channel 
—

plus the reduced computational load on the PATE will allow the same control

centre hardware to handle more stations than was previously possible. The

reduction In bandwidth on the order wire also allows the same telemetry channel

to handle more nodes.

The M—ATEC II statistics routine must therefore provide values of the

mean and variance of the samples of the analogue voltages for each hour w h i c h

the PATE will then use to calculate the daily and monthly values. The trans-

mission of these values could be initiated either by the PATE or by the M—ATEC

II microcomputer. Since the PATE has a clock already It may easily be pro—

crammed to send an interrupt to the M—ATEC II microcomputer once an hour.

The alarm level testing function of the PATE must also he implemen ted on

the M—ATEC II microcomputer if the data reduction is to he achieved . The PATE ,

8
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as mentioned in section 1 .3 .4 , checks eve ry p arameter  fo r  one of f i v e  opera-

t i ng levels. The levels are green , which is the usu al ope ra t ing  level , red
and amber high , and red and amber low . This test is done s imp ly by storing

the alarm levels and making comparisons against these constants.

2 2 M—ATEC U Statistics Routine

2,2.1 A~ gor i th rn

The M—ATEC TI sy stem Is expected  to sample every parametc’r about  t h i r t y

times a second resulting in the  co l l ec t ion  of about 110 ,000 samples of ’ every

parameter in an hour .  The t r a d i t i o n a l  way of c a l c u l a t I n g  means and va r iances

is to use i-he express ions  in equa t ions  2 . 1  and 2 . 2  below .

n

~ x — ( 2 . 1 1
1=1tnt = —— 

i1
11

and
i-i -) n - )

~ (x ,)~~ ( ‘2 x )~ - (2 .2)
- 

- -  ~- j

2

F where  n is t h e  numb er  of samp les.

are t h e  values  of t u e  samples.

‘Ni t - s i ’ t ’ lu ; i t  io n s  r e q u i re  tha t f l u e  sums o l  t h e  samples  and ca t  t ut ’ s t ap le s  a q u u ~ u u ’ cd

he ma in t a ined .  I f  one hours w o r t h  of  samples were t a k e n  • the  r cs iu t t I u~ nun i i u o  rs -

would have to be handled by 11 t u t u  t ing p o i n t  ar  I t  l imot Ic  rout  Inc ’s .  1lc uus ’o~’,’t . t lie

same recurs i ve s vs tern proposed f o r  I hu e  PA TE won id p r e v e u t  t t h e  nuinb e i’s lu t ’c-,’uui I nu~

so large becau se on Iv  it ft ’w samp t es would  he’ c’O l l~~c ’ t i’d b e f o r e  a c ’S I c’t i  l ; u t  ic ’it c ’ I

mean and var iance  took p lace .

The opera t ion  of such a sv s t e nu  is  shown i t t  f t gu ro  2 .  1 • whi I t - I t  shows how t hi t ’

indi vidual  samp tes a re’ hand led t o  g ive  the  vs l u t e s  I o  r one  h o u r .  I I We) i-ks as

fol lows . K samples t i r e  t’ol I C(’ t ed and t h e  ap p r o p r  is to  scums a re  fotni d - The

mean and variance are then & ‘al .culated by equat ions  2 .  1 and 2 .  2 and t h e  va hues

() 

-. 
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are stored wh ile the previous sums are cleared. A new block of K samples is

then collected and the mean and variance of them are calcu lated . When N blocks

of K samples have been collected the mean and variance are calculated for all

N*K samp les and this  value is stored . Once an hour , upon receipt of an in-

terrupt from the PATE, the values of mean and variance for the blocks of N*K

samples will be combined to give values of mean and variance for the hour . If

N is 256 and K is 128 then values of mean and var iance  for approximatel y three

blocks of N*K samples will be available for calculating the mean and variance

for the hour . In order to use this recursive system expressions for the  mean

and variance of a number of samples , in terms of the previous values of these

quantities for smaller blocks of the same samples , must be derived . Suitable

expressions are shown in equations 2 .3 and 2.4 below .

q

- (2 . 3 )

L and

q 2 q 2 -,
E~~ + E m  - ( E  m 1 r

2 j—1 j—l~~ J~~~~~J 
— (2 .4 )

ov q q q

where q is the number of equal size blocks for whIch q
values of mean and variance were calcul ated.

The derivation of the expressions is shown in Appendix A.

The algorithm for the statistics routine based on these expressions Is

shown In figure 2.2. This gives the sequence of events e;’ic ’hu t i me a samp le of

one of the thirty—two parameters Is taken . Normally as each sample is taken

its value is added to the sum. Also , the value is squared and this square Is

added to the sum of the squares .

2.2.2 Implementation

The algorithm just described must be implemented in software for the

10
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c ’t  t i l t ’ (tu s t t’uc t t  on g I vs ’s t i l t ’ add I’t’5S it I’ a I Oc ’ ,i I I sun i i i  )u .t gs ’ .‘e t i ’ wit I c ’h i I s  a

p0 t i i t t ~ i t o  .1 b oat  ton ~‘ 1 st’wh~~t’c’ h u t  mentors’. i’ht’ Oc til t i’ll 1 5 s~ I t hi s’ I t o t  St 01’ ~It’ s’

~idiled bi t  t h u  Is I oca I ion t c’ ~ (V i ’  I I t s ’ ~t cIcI  rs ’~~ c’ t I it s’ t’t’qt i I ted cl.t I .~ -

I ndt ’xt ’d I nd I i t 5 &~ b add I’ess I ug t’t’qu I i’t’S ,i p o i n t  ‘i In  I’~ii~t’ ?e I s ’ I ot’ ~‘\‘ s’ t’\’

h~’ It’ of ~i.t t a wit I ~‘h i s  l i t hi ’ . lc ’ ~‘~‘ssed - ‘lit is c ’ , t t t 5 c  s gI ’ c ’ ’ I I c h i t  I ( c u l t  O t t  w i i t ’ui t f i t ’

t’t’qu I i’ ’d ri t’ s ’ s’ it I ~la I a Is more t han OUt ’ it\~ t t ’ 1 c’ItC~ . l’~ t f l i t  Ut ’~I 5 c t t t  I iii! I L ’ec ’

I ndexe ’d ,tdd to ssing  is b i t t ’ bet I el ms ’ste t~o r b it is  app I u s’.tt t o u t  i’t’c’ ttus t ’ .i s i n g  i t ’

p o i n t  or tii.u v be tt s t’d wit (oh i s  c l t a u t g t ’d each t (nut ’ t hi’ t ’ o t u b  I ui ~~ ( i i  ,- . t i i  i’d .tn~ I luen

I h ’  \ reg ist  t’t c’.lfl hi’ s~l~ liS t i’d I s ’ g i Vt ’ C h i t ~ t t ’s
~ t ’  I t~.~ci by t t ’ o t~ ti .t t a .

Ifs in ~ t i l t ’ nit’rno t’~ ’ i’t ’ il,~t tl  I ‘at  I on shown It t  F’ I gu I’o 2 .  i) au th i ni l I i’t’i’ I I tiilo~~e’d

~Llcl I’ t’ ss In g l i i i’ ass erni-’ l v  1 an guage 
~
‘ t’itgi’ains shs’uwn in Appen d  i ~

‘ es F — I l  c ’tut  iu o  w r i b  —

t ott . App~’nit i x  F’ is t h e  ins In st  . tI  1st i t ’S u- s’tu t  I tie . A ppt ’ncl I x ~: is  I lii ’ sIII’ I ’out I Ut ’

w It (ci t  httnit h i ’S t hi ’ t ’5 I ~‘u i a t  io’ts of  f i t s ’ fltt tifl tifli l :~p 1t ’t~il i x  U i s  h i s ’ I’c’C t t  tn t ’  t o

5.’ l’I’ i~~ t’ I lie i’-\ Fl- ’ ( i t t e’I’ i’t u p l  - 1-’~t~~it I (tIlt’ t hit ’ i’itt t t~~t’~~ I t s ’ c’ ,t i i  Oil .1 pd t n t  i’ I’ I i ’

t hi’ memo rv a u’e.u 1 ou ’ l iii ’ Ott  r r s ’tt I pa i’Sfltt ’ I ei’ is l’115 st’d - :\ I so a \‘ a l i l t ’ 1 5 ~~. l5  St ’,1

t o  stub Eon t t n t ’ MPA N I n  bi tt ’ \‘ i’ t’g t~~t t ’ r I 0 1 c’c’5 to wit i i’it pa r t i i’C t l , t  u’ cI~1 t a i t  i s  I t ’

ws ’ u k  w i  I i i  as i t  is  c.t I l~’d 1w ( c c ’ t i ’ ’  eac h ~~ Ii’ a t fl t ’t et. - l ’tie PA lS I l i t  e l ’rcupt  l’s ’1I

I C u l t ’ lt .is i t s  own po t n t  et’ in ~agt’ :‘i ’o b i t  I V i ’ Id  lI ~ u I ’  I ng I t ’ sa’,’ ’ I l ie ctt h o t ’ po It i t t ’t

when t in’ t n t  t ’ r r u p  I c’c’ s ’ it  t ’s

• 1 Al  at t n  1 OV t ’ 1 i t ’S I

a is  t’nt i s  V t ’ 1 est  i s utt ’ I t ’ l v  . t  se t  I i’S o I c’ ouipa i I sons a ~~ t i n s f  st 0 t’ t’il

i’OtlS I sit I s .  I’f u t ’iu~’ c Oil5 I si t  I S S Et ’ d i t  I t’i’t’lt I I s ’ t ’ s ’,ic ’hl pa rSituc ’ I i’i’ Sfls I may  i’ c’flV s’it~~

t en t  Iv ho s t  o i c ~cl i n  f i t s ’ 551110 ntt’morv , it ’c ’a as is tt st’d it’,’ I h i t ’ 51 at  1 ~ct C s ’S t ’ot t t  ( I t t ’ .
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m d i  t’io’t tnd t ’xi ’d t tdd t ’ t ’ss t i 1 i ~ uul.t v ,i i s o  b ’c ’ tust ’~h . A  I l c ’i,’ c’h u i u r t  or  t hu s ’ ~ u ‘ i t t  is

sitown in Fl gure 2 .9 .  by  st  or I ut~ t hit’ co ns tail 1 s iii b l u e  s.tuute lsI 5 ’5 k  01 li c tiS ’ t V S S

the st i l t is t i c s  dat  a t h e  sh ut’ pd j i l t  or may hi’ us t ’cl its is t ised h~ t ln’ i— b .1 !  i S !  i s t ’

rou b ins ’ . ‘lil t’ rout tue term inst t ’5 as soott hIS t h t t ’ ~ Is t’nt 1 c v i ’ 1 I 5 I ou u t d  - I t

i ul,irin levi ’ I is I outt d t lien a f~ 1t ’t ’1i coutd  i t  I s ’u l Is i-i l ~
.
~i t t  l i e d . ‘I ’btt ’ ~ t.s ’i’h ’ I v  I i uu

~ tu Ige l i s t  t u g  is g i v e n  in \ppend ix I

‘ritt ’rt’ t t ’ o t o u t ’  i t i  .i t ’ m E~ vt’ Is wi t  t s I t Coit  Id he -t i 5flu t t I t’d . ~c ’sh 1~
, l d ’I t u i l  t i i  t

and ambot - i s  for  hum I n e u t t  f a  j i t u  r o  - AdsI It I dma 1 ti l t t ’rma t i ott i uid los I 1 I t t ’. whet lt s ’l

t h e  f~ t t l t t i ’e I s  ~tbove  or  ito  1 Os’ t h~’ u to rmt t  I l e v e l  i s  1115, ’ ~‘, i \ c ’il . .l t u ~~ t as j u t  t i~ ’

}‘A1’l~ m t  t’ru’tupt ron t iui ’ t ito d~i I a di’s t i ltt’cl I t ’  I ’ ti l t ’ t’Otl I t’ c’ I ceit  C I t ’ i s  s I c ’ i cc! I t t

t t t t ’ memo t’ v it 1 ot’k o I I I t ’ appt ’ c~p t l a t e  pa Fltl tii ’ t 01’ I ’ ,‘causc ’ o f  flit ’ I ,o’ k 0 1  25 ’ 1 in  i t  io n

of Ilk’ I t lt~fltt~ I t ’’c’ (‘hIslilli t ’ I

2 . ~ ~
)vt’r.I 1 1 :\it~i l c t ~~t u~’ ~‘ol I as’- S5’,t i u Rc tt ut i t t e

~~~~ I. Ittt i’tti i ’t’

Thti’ 11t’t t i  I o c~it s ’ ‘,‘s’ I t ac~’ 5c ’~ t t t  ( i t t 01’ 1 ace  is  shown in  h-~ t’,u i u ’ s’ ~
‘ - I t ) . l u  i s  v5 ’t ’ v

similar to that ol  h i t ’ ~1 — A F h - ’ ’ s’,st cm. llowi ’vor boc’.t u u se t I u s  P I - \  I s  t o  h u t 5 !  It ’

fl101’ t’ di ’v C c’i’S 1111111 l’c ’ t c ’i’ c’ • 111 17110 i v  I hi’ Mi ll c’c ’i uu t t o t i t  • b lit ’ c e u lt 1’s’ I 5h ’~~5 ’,l u t i t ’~ ou s

to  be m o d i l  I t ’d .  l i st ’  the  n t i c r t ~Iu t’oc’ ei s c ct’ h ,us e d ovo m o u t h t o t  uc ’ i 1 I o i u t  ‘i t  a ~l ( c i —

I a 1 v i i  u&~ Is ~ I’ t i t i ’ eve o~’ett j u t  c_ , t 1151 011th s’ I
’ ,Iul h I n d  1051k’ \‘s’ it ~i ~~~~ • wIt i i’li s i l l  i c ’ -

qu I r e an add i t  I s’it .t  I t r i — s t  a t  0 l - ’tu t  for wIt i ot t  i s  s!tos’n in f l i t ’ I I g u n ’ .

The in t el ’  t S t ’ 0 c’ c’ l ls i st  S o f  C s’o S I X ( 0,1 11 pt tt i ns  I o g tu o  tuti It i~~’ 1 s’i~s i .
’ • a its

~
‘ Ic au t d  Ito Id • an \ ‘P s’ c ’tt ’,’ s ’ i t  ot’ ~iunI t w o  t t I — s t  a t  c l~tu f t  , n s  - ‘i \2~\ i s  ui t t ~’,l

stut put c’out 1’c’ I s (g t t a  is  wi t  j o l t  Sc ’ lOs ’ t t ilt’ mu i t  i p l  t ’xet ’ I I l p I t I  and c’uusi ’ Ii ’ t hc ’ i t ’ —

qtt I red dt ’V i i’ t ’S 1 o COl i l lOc ’ t I l ist  i itptu t to  t hu e  ox t i  t u t u  I ,ta Lu bu is w t i  I ch i ‘os ’s t o

P IA 1~\ and henot ’ to  b i t t ’ I i t t  o t’ntt 1 d a t  a bu~

2 - ~~~~ 2 l’ t ’o~~t’aun

The stt t i i t gu t ’ Is ’ it agi ’ Ss’~Iit 1 s ’t i( I ito c ’ c ’it t t O t s  liii ’ hit I ~ F t  t!s c ~i it d 
~~~~‘ ‘ ‘

‘ 1  i s  u s ’

read lu g  of the  s imi’ I i’5.  I t  I ltt’u , ‘ .i I is  t h i s ’ .i 1 s i t s  t i’S I and st at  1st  1 ~‘s st tl’roi u—

t i n e s .  I t  ii so ke’ t’ps t rs~’k 01 Clii’ i tttnti er of  s t I n t i t l O S  sc ’ t hi. t t I l~~- st i1 u _ st i , t ~
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routine knows when enough samp les have been taken to  make c a lcu l a t i o n s .  I t

the s t a t i s t i c s  routine were to  keep t h i s  coun t , an ind iv idua l  count wottld It t ’ , ,’

to be kept for each parameter.

A memory map for the rout ine is shown in Figure 2 . 1 2 .  Th is shows b o t h  l i i i ’

zero page regis ters  and the memory b l o c k  for  each p a r a meter .  Figur e 2 .  I i  shows

a flow chart for the program. Eac h t ime the program is run it incr emeu l t s  t h i s ’

number of samples count which  appl ies  to t i l l  the parameters . I t  a lso set s  t i ts ’

pointer  to tht ’ memory block for  the first parameter and then  s t a r t s  samp l i n g

the parameters and t’alling the alarm test and statistics sub routines m o d i f y i n g

the poin ter  a f t e r  each parameter has been sampled . A f t e r  al l  the  p a r a m e t e rs

have been sampled the number of samp les count is checked and if it is K then

the counter is cleared . The assembly language l i s t i n g  is g ivet i  In A p p en d i x  J .

2 .5 H T T L  and FTTL Signal P r ocessth~
2 . 5 . 1  TTL In t e r f ace

The I n t e r f a c e  for the TTL signals is shown in F igure  2 . 14 .  I t  is c o n t r o l le d

through PI A2 as is the  analogue voltage SCan i n t e r fa c e .  Both  med i um and f a s t

TTL si gnals are counted in external counters in the  same way t h a t  FTTL si gnals

were counted in M—ATEC . The interface consists of six eight—bit c o u n t e r s  c’ac ’h u

of which may be gated ont o the  data bus to PIA2A throu gh t n — s t a t e  b u f f e r s .

In addition there is a counter in the eye monitor w h i c h  coun t s  noise b u r s t s .

In ATEC and M—ATEC the value of this counter is represented by an analogue vo l-

tage level. In M —ATEC I I  however , the  output of this coun te r  w i l l  he read di-

r ec t ly  by the microcomputer .  An e x t r a  t n — s t a t e  b u f f e r  is needed fo r  t h i s  p i t is

a control line to clear the counter .

In order to obta in  a value per uni t  t ime for  ti te counts  t u e  seven c’oun tt ’rs

must be read at predetermined in t e rva l s .  A t ime base gene ra to r  w i l l  be used

as in M—ATEC . The TBG in H—A TEC provides an i n t e r r u p t  every 44 0, 00() m i c r o s e—

conc h s so that the counters  are read t’ver” 2 . 64  seconds~ W i t h  seven coun te r s

to be read the TBC in te rva l  w i l l  have to he redu ced to  380 , 000 microsec on d s so

that the counters are s t i l l  read every 2 . 6 4  seconds.

14 
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2 . ‘ . 2 F F  I I it t t’rt’ lip I Rotu t i Us-

On rs’ce [ p 1 of th is’ In t  s’ r i’ s ip  I 1’ ront t lie Til (~ b i t  Is rottt hut s’ reads and &~I ott  rs

t he next  coun t  or h u u  t u rut :u nsl  adds 11 s vtt  I t ie t o a situ l~~ i I it s  I s’o uut I t ’  i’ -

a la rm level  r e s t  su h i r ou t  (n o is t l i s ’ i u  ~~ 1 led t o  du _ ’lt ’ruti i uit ’ I t  ( i t s ’  v , u  h is ’  s i t  I ii , ’

counts — n is  sit a l a r m  I ov s ’l - Then  i t ’ K v t u l t u t ’ s  h i hu v s ’  been r oll s! t s ’ u  , t  ~, , i  t i c i u l . u u ’

s’ot u u t or I I  o t t  l u - t i  1 ; t t  es t hi t ’  uns ’Iuut  . W Iit ’ii  i t  hitt s N v a t  u s ’s o I nis ’ iui I t  c u  i s - u u  I t i t  s -s

the  ov er t t l  I i t is’ tui t . l ’ lus ’ P/l I E  i i t t  c ’r i ’ t u h t u  i’ titt t (i ts’ t h i n  tiss-s I I is ’ts ’  ‘,‘:u i t u t ’ t t  I t ’  i ’ , u i --

cuul~ t e t h e  mt ’h t u t  l o u ’ I_ hi’ h i t t u u l ’  -

‘l’ht is p r ogr an t  Is  vs’ ry m si c ’ii l i k e  I i t t ’ s t a t  1s t  los  r ou t  hits’ s ’xcep I l i s t  c iii I

bi t e  uns’an is ca i c ’ i u l  tt t s’d . I I  I s  u t s i t col ts l eht ’r i ’d  W siu ’ t huwhu  I I s ’  i t t  I i u i c l  this’ V S i’ I 1111c c ’ ,

as t in’ s’oun t s’rs w i l l  it;ive Vt’ rv ~ iuti t I u ’ettsl  I ngs w ite - ut  I stu n ’ I I t i l l  I u i t ~ rio r— u iu:u l I v i t u  I

w I l l  hav e I a r gs’ r t ’ad t u g s  wheui  l i i i  tt 55 s t  a 1’ t I ct 5~ W I’silt 5 - As w i t  it i l i t  - t i  t a t  u

t Ics rotut t i t i’  a st ’t  c i t  vti i t u os  must. i)s s t c i t ’ s’t h I sir  s ’a c lu  c’c iuu i t  t ’ r .  ‘l ’Iic ’ i’it ’tti (itV ut t .u% ’

t c i l ’ this ’ TTI. h u t  o r t u p t  r u n t  j u t s ’  I s  shown i i i  I -’ I g t i r s t  7 - t ’i . I t~cI i l ’ c t u uisit ’Xc ’ tl ~ si

di’ t’s~ t u g  i s  tiss’d Its iii t in’ s t a t  l o t  lc~ pr~ 5r.-~u~ I t )  , i c ’ t ’ t ’SS I lu ’su ’  vs I Ut ’s.

A I low ‘h i t t r ’ I, I s i t  t h i s ’  pt ’ 0g1’~~~t is  g i.v&’n u t  Fl I’~t ul ’ e’ 7 .  lb — lint I t ig  itt I t  i i  I I

ion sit’ t its ’ svs t I’m t his ’  po ( i t t  c’ i IS Si ’ t t o  t h i s ’ ults ’l’l(’ rv b l o c k  t o t  I l i t ’  I I I t i  I c l i t u l t  I -

c’r ansi I he c ’ci u u u lt ol’ ;uuich b u t ’  ‘i’Sitc u tu i n t h t ’ t ’ s  h i l t ’ a Iso t ot  — Uhs’u t I I ts ’ r o u t  I l l s ’ In

t ’:i 1 It ’& I t h i s ’  t ; t  :11 i t t  I I ts--i j io h i t  t~~i I t ; t~sv t ’ tI :insl f i ts ’  psi l i l t ,’ r t ot 1 lit ’ t i i  t c ’c ’ u u l u  I

Is  Io~ cIs ’d ( i t  [ t, s i tt t i c s . ‘ l ’ h i s ’ s ’s i t u u t  t s ’ l ’  I ;  l s ’ ;tc l ~u n t l  ‘ I s ’ t i t s ’ s I  t i l t s !  ( l i e  :t Iit’ut t I t ’ V s  1

t ’h& ’rk s t i b r i t u i t  ~u ts ’ i s  s ’ h% i i  c ’ ch - I I i ’ u i c i u t g l i  st iti t p l s ’t  I i h i V s ’ l ’c ’ t ’t t I 5ks ’~i t h i s ’ t’ts ’,I Ii I

s’,l 1 s’t i I at  c c l  — Vi  u t u  I I v  I I t t ’ t o ’  h i t  i Slu sh c ’Oi itit c i  u u ttu u t l c s’r .u u s ’ i t !  t I l l  I t  u I I t s ’ u s - ‘ 1

s’otu nr c ’ r t i n d  t h e  s l u t  l o t  I i ’s r u t u i t  j u t s ’  ~isi i n  c t  I s  r~’sI O I t ’ tI - Au , is ’~ s ’u 1 t I ’  I v  I tuu ~’ ti , i~’,~

l i s t  lu g  I c i u ~ t l i t ’ TI’! l u t t  5 ’!’ u ’t i p t  t o t i t  h u t s ’  I s  l v i ii I uu Ah ip s ’ui dl lx K.
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I ALARM SCAN 1~lSPLA Y

-~ .L uJ~~~~ats

The ATEC a larm scanner scans the  s iu t / ~~f f hi larm t’ond i t  louis  uiuid sI I sp  lay s

them bet it at t lts’ sI t e where t h e  scantw r is lot - t u t  ed ansI uut t l i t ’  s’tui t t ro I con I r s .

These d (t in t  avs consis t  of a lamp for each alarm , two lamps h tit h I t’a t I u ig e i t  it s’ r

m a ) o r  or any alarm and a lamp wh ich I i glt t s  unt  I I  the  ex I s t  t ’nct’ si t an a l a r m

has been ac know lod ged by personnel a t  the site s i t  t lit ’ a a rut - ‘l’h Is  Is dent ’ liv

c’los ing  a sw i t s ’it on the  a l a rm  d isp l ay . Tit is s wi t ch  Is  o u t l v  mounted on th i s’

displa ys  at til e remote si t  s’s and not t h e  ones at th ut ’ cent  ro l ccitt rt’ -

When an alarm is t r i ggered , the corre ’spond iitg lamp out t in’ d i sp l a y  flashes

together wi th  the non— a cknowledge Lamp and a lamp ind ien t  lug the type of a la rm

which has siccured . When t h e  acknowledge b u t t s u r i  Is  depre ’sse’tI at  t h e  SI t s ’  of

the al arm the non—acknowledg e lamp goes out  and bit t ’ oth er  lamps bet’oms’ st s’adv -

Any display designed for t t—ATE C must have these I t’ t i  t u r es - In  adsi l t Ion t hi s’

microprocessor sit ould he progr amm ed to Ou t p u t  the  data  I i i  f l i t ’  form a t r equ i r ed

by the alarm d isp lays  at t he contro l t’on t re Ss)  that I _ h  I s  dat  a s’ati he t ra i t s— - -

nU t ted  there.

The data forma t accepted b y these alarm d i sp l a y s  is  shown lit  Figurs ’ L i  -

The message consist s  of two types of ch ar a cters : begin and sla t a c h a r a c t e r s .

Each character is ten b i t s  long attd Is  sepa rated from th e prev ious  c h ar a ct s ’t-

by f i f t e e n  bi t  in tervals  of mark hold. The begin  eh n r a u ’ t e r  hut s  st  uu t ’t tt uisi s t o p

b i t s  and a non—ac knowledge (NACK ) it I t  wit I cii is set f rom this ’ t l int’ an a Is rm

os’cur s un t i l  the t ime i t  is acknowledged - Then there flt ’ t’ h i t s  spot ’ l i v i n g  t lt i ’

t ype of alarm , some f i  11cr h I t s  and th e  t ’h i ,tr i t ct s’r ends w i t h  t t t i’ s t r i n g  10 1.

The data charact s’r cons i st s  of sta rt and st op b i t s , h i t s  spool  I v in g  th s’ I _ V i l e

of alarm and f i v e  h i t s  g iv ing  t he  c o n d i t i o n  of l iV e  of this ’ alai’ms . This ’ me s—

sags’ consists  51 f e’ I gh t data ohs ra t ’ t er s • g l v i  itg f b i ’  esittd I I  lout s u t  t ilt’ lei’ t v

a’tarms , prs’t’eds’d by a beg in ch a r a c t e r .  Th i s  messutgs’ is he t utg updats ’d  and

transmit ted osin t in totts lv  -
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3. 2 I)isj ~lav ~ ys t em Dos~~~p

The alarm scau t disp lay hardwars ’ used at  t h e  cent  rt ) 1 i-en t r~’ l i t  t h e  : \ ‘ I ’ I ( ’

sys tem has all the  f u n c t i on s  r e q u i r e d  fo r  t he  l ocal  d i sp i i v  s ’xs ’ep l  t h i s ’ tuc k t i s tw—

ledgement swi t cli . A Ioi ’al d isp l ay  t ’ou l ti t i it ’r e  f o r e  hi ’ p~’o~ ’ I dod S i mp  I v  by  t u s i tig

control  ‘ent re d isp isv ha rdware  t u t  s’Vt ’ rv r emot 0 S i f t ’ . ‘I’h ut ’ s i l t  I v add u t u s i u t a  I

hia rdw a ro then  ns’qsu i ret ! wou 1 I hs ’ t i  pu sh—b i t  t I _ o n  t u oku tew  I s ’cIgs ’nic ’ ui  t ow i t  t ’li - ‘I’ h to

t of t h it ’ t ask  can ho fsi I f  i l l  t’d I n  so t  I _ w a r e  -

The ii i sp  I t iv  i uardw a  re I t ikes  c a t s ’ t t I I I ash I rig t h ut ’ I i t l l l ~~S wl ts ’ut  t I t s ’  N - \s i~ b i t

is set i t t  I _ i t t ’ beg iu i c h a ra c ter  551  I _ h u e  t a s k  s i f  t h e  ss’ I t w i l l i ’  I s I _ s t  u s t i d  f lue I I

~‘ i gh t — h i t  a larm words , t i5  was doute in t’t—ATEC , and t lioti  i s ’ I Si i~itIa I t It s ’ sI , i  t h u  l u l l s ’

ci gh~ ~ I j v e— h i t  words .  it  titus t I l i en ch eck any a is rms wit Ls ’ h i  a I’t’ O t t  I _ c l  Sot ’ i i

t hey are maj or t u i zu rms and tu s i ng  I _ l u  is in  ~ormt u I i out  i t  u ’ uuu s t l i s t  I id t h i t ’  ci~ i t t u  c h a t ’ —

t i c  ter s ready for  t rat ism iso t o n .  ‘I’r ansniiss lout s i t  the d,u t a must  I lien be lit  i t  is - -

ted ati d the beg in charac tot’ coits t rut’ I t’d he fort’ tias’ ~t b l ot ’ k c i t  c t . I  I _ t i  c hi tu  r:uc I ( ‘ Is

is t r a n s m i tt e d .

1’it~-’ da I _ t i  r a t e  of 75 h i t s  ps’ r i-c c ’cond siv e t I _ l i t ’ I~’ 1 s’nit ’ I i  v c It ~u u i t i s ’  I w i l l  a I I  ow

th r e e  charac t s’rs to  be t r’ansmi  I _ t e d  t ’v t ’ r v ot ’cs suic h - l ’li~’ c u l l  1 , 1 01 S 5~’ I l~ I h u t ’ t u’ ,u u u c -

m it  ted t h i r o u g !t the  ml  c r s lcompu to  t ’ ‘ 5 nc  i t s  I j u t  or  I ~it ’ c ’ c I t y I t s , I i t o  At ’ I 1. A l i i  Os ’ k

d iag ram s)I t ii is dcvi to is showul in Ft gu to I . 7 . I t  oh ic iws  t is ’ v i i  i s it s  l s ’i~ I oc t’l

w i t h i n  t h e  d cv i i ’s’ and I_ l i e  pi tt ass i gum ott t 5 ot  t i t s’ h i s s ’ k a g5 ’ . ‘t ’Itt ’ AC L I  w i  11 I r u t s

m i t  t he  e i g h t t — I )  I t word wt i  I s ’h i is 1i 1 tut ’t’d i i i  i t s  ou t  ptfl t o g  I t - ’ t  t ’ l  s ’ F  i 1 s - i l l  t u  i i ; - -

m i t sp tu c to- - i  depend l u g  out t h i s ’  coil t s’t t t o  o f  i t  cott t t’o I t og  ~~ i c t  - l I l c ~~~ s ’il I _ i  c i

s’i’gis lt ’t- cotttt’itt,s also  s~~ oi liv  how m ,iuu y st ,ui t su ch st 
~
‘
~

‘ h i t s  ~~t s ’ t i , u i i s i ’t i t  I t c h

b e f or e  and t u f t e r  t h e  c’ h i a t ’ , t c t t ’ r t iud w l t i c ’ h t  s i t  I _ itt ’ v t u u ’ I o u s  l u i t o u t u i p t o  d l i ’ 1 s t  t ’ , ’ i

t1’d. ‘I’iuc AC h il will give aut l i u t o i ’ r i u p t  wi teu t  i t  h i ;ts  ti’ t i t t s u i u i t t c ’ct t h i s ’ s t ’ i t t s ’ u l I ~

t lie o u t p u t  rs ’~ j s t  i’ 1’ . ‘l ’h io -\t I A (‘al t h i L O s ’ t’ 5 ’I ’ i’ IVi ’ Sc ’ i l  a I s l i t  ,t  i ’ su l  I _ i t  I I , I s  I I i t  v

w i l l  not  hi ’ used in t he  h r es t’ii t t i h i p l i  o t t  t i o n .

As I _ i t t ’  s h u t s  u a t t ’ i s  ssi s low c ’ ct mI~, u u s ’sI t s i  t I t s ’ sp s’s’d s i t  t h i s ’ ‘I  t ’ t t ’Si ~ ’i l It h I

t t ’ r r u p t  du’ iven  ot ’htc ’ nio lu t i st  h it ’ u t ss ’th Ii i t’ou it to I I_ h i s ’ t r , u u u n n u j 0 5 1  t ’l l  au t h a l  1 t ’5 I h I l t ’

f o r  s i t h i t ’r process i u t g .  ‘l’hs- t i p c ’r a t  ion  of t h i s ’ s \’st  c lii I i i ~ht c ’v’tt iii 1 r u t s ’ I .  I .

No ruts I I  y , I_ t h e AC I -I I s t us-in sm 1 1 1 1 1 1  Ii I ~unk s . h -~ ’ c i v  I / ~ s’ctt i td s I ~~l 1 
• 

(R ) ( 1 i t t  I

o root’conds an t n t  or rupt I s res t’ I vi’d i5’hi is’ it s ’~t sus t ’ s  t Ito s t i n t  o u t  s ti I t Ito Cc ii i  I s

I l

____ -

— — ‘~~~~~~~~~ -‘u~.~~~~ 
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reg ister to be i-hange d Ssi t iu ~~t t h e  ACIA stops t r an s m i t t i n g  b l a nk s  The next

ch aracter to be transmit ted Is t ltett placs’d in t he  o u t p u t  r e g i s t e r  and the ACIA

s t a r t s  t r a n s m i t t i n g  It  - Transmiss ion  cont inues  w i t h o s u t  any In t e r v e n t i o n  f rom

th e  processor and when it is complet ed  the ACIA genera tes  an I n t e r r u p t  - This

causes the  processor to load a new cont rol word i n t o  ths ’ AC IA wit h’h st  c u r t  s I t

transmittin g blanks again.

1 . 3  I n t e r f ace

To the process or the AC IA looks l i k e  two memor y b r at Ions , 0nt~’ t h e  con-

trol reg ister and one the o u t p u t  register , It hit- i s two c lock  I n p u t s  one’ w h i c h

governs the t r a nsmiss lout da t a  ra te  ansi I_ l ie  o t h e r  t h e  rs’s’eived da ta  r a t e ,  in

this case , as only the t ransmitter h a l f  o~ t h e ACIA is  being t i ss ’c ’, a sIngle

75hz s’lock must be provided at the  ap p r o p r I a t e  s- l ock  it ip t u t - The AC he’s Is con-

n ect ed  in th e sy s tem zus shown In Fi gure 1.4. i t  I s connect s’d to  this ’ procs’ssci r

5’dd ross and data  bu~ s’~ and has ext s’ m l  (‘Ohi fl t’(’ t I sins t o  thi s ’ t i l  arm d t sp isv , the

modem for the alarm te lemet ry  channe l and the 75hz c lot ’k.

An in ter rupt  is required every 130 ,000 mIcrose conds and ths ’ slni p ls ’St  wu ty

to provide I _ h i t s  is to have another time base gener al sir like ’ the one which pro-

vides the interrupt to read thìe TTL counters. Siri t’s’ a dlfft’ren l interval is

reqsulred between interrupts another TBC is required. Stuis’c both of the PTA ’s

currentl y in the system are fu l ly  u t i l i z e d  a third PIA mus t  he added. Since

there w i l l  be other uses for  t h I s , namel y i n t e r r u p t  p r i o r i t y  c o n t r o l , t h i s  Is

no disadvantage . The circuit of the TBC and I t s  m t  or I t i s~t ’ t o  this’ csimp ut s’r

throug h P I A I  Is shown in Fi gure 1 , 5 .

The I lutal p iers ’ of hardware is t h e  as -kn ow ls ’dge’ment s w l t s ’h.  Th is  is  s i m p l y

i n t e r f a c e d  to tint ’ ci I the por ts  for I_ ito a I arm ss-an ro su t lu te ’ - i t  sh otu Id  he t ’on—

nect ed to one of tht ’ ports w i t i l  a t l i p — f l o 1 i  t o  l a t c h  t h e ’  ocs’urre nct ’ n~ the

swi tch  c lostirs’ - The pa t h u to th e pr ot ’s’ssor dat  a hu~ for  t ht i s  swi I t ’h t I s  sh own

in Figure 3 . 6 .

L4 Di~ p 1av So ftw a r e

The so f tw a re  consists  of t h ree pr ogr uin t s . ‘i’ltese cure  :u m a in  ss’ u u u t n i n g  ro n—

18
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t i i - ’  ‘ l i l t ’ it rs ’cido t h i s ’ ei~t t  a at  I_ h it ’  a I t t t - tit pot ’ t h u tc h bu i Isi s  t h i s ’ sk i t a c ’ h u . u  t , t s  I s i

(sir I r an sml ssi on , an I ti lt ’ r rup  t r o t u t  j i l t ’  wIt  f e l t  let cites I he’ u ts ~X t  c l i s t  so I _ i ’  I c i

I r cuu ismi ss lon  and loads It i n to  the  AC IA o u t p u t  r eg i s t  ci suid  , u u t  l i t  t c i  u u u p t  I t ’ t u —

t lute which s’hittu tges the At : IA rout  mu I rs ’g 1st or c o n t e u t t  s so t h a t  I t  t i cu i u s rn it

blanks .

1’he I low ch a r t  f o r  t hit ’ m a i n  a ltui’uii  ss ’ c i l t  rout  liii’ is  g I V t ’t i  lit I t - - i t t  o 3 - 7 .

t hi s ’ p rogr am t’ s’tt d~ dt i  I s  I t’sini the a lai’rn p o r t s  ansi t ~ks’s t Ii I I rs 1 I I v~’ ~
- . u I I -

able  a l a r m  h i l l s  f t i t ’  I t t r I _ h t s ’ r p ros ’ t ’s si t l g.  I I  tm nv c u l a m n i  i s  ~~s ’t I t  t ’ hi c ’o k s I t ’ - - ‘

whi t ’  t h or  th is t a larut i  in  ma l  or • t bout c ’ s i u i 5  I t ’tlt ’ I_ S I I t t ’ coutse ’qu t s ’u t  1 s i t u  I a ~ l i i i  I t t , ’

wit ichi is  st ored t’ s’cu d y  fsi t’ t t ’aulom iss  ton - Th u 5 ’ p r og r cuuit  a I ti c ’ C t i c k  I s’ S c ’ ’ 
- I t

l ie itekusiw is’sl gt’me ’ttt ow i t  c i t  h a s  he s’ui c i  siss ’t l 1111(1 ~ I o tt ’s t h i I s In  f c ’  i’ u ’~ i 1 i c ’ i t  , u i~ - ,

a hog it t s’h t ,t r ac  t o  r ntis t lit ’ Itu I I I  h a t  t’ r , I l ags  I rid lost  lu g  it itu ict’  a l a  u .u u u s t ud  N ACk

titus t be Si’ I Or  5’ [( ‘hi  I’ o(t 55 I’t ’ ( I t u  I i’s’sl . Au t h is sem l)  1 Y I c , t t g t u c t g s ’  I i t  I u s~ I o u ’ t h u s ’

r ou t  Inc  is g i ven  in \ l i h ) e n ( lj x  L. A st u h, i’uiui t m c ’  I s  s t u o s h  t o  cii t ’c’k t c ’u ’ ins I c ’ i

a larm s . F i g t u r t ’ 3 .8 siuc iws I _ h i ’ I h ow u ’h;ty ’t l’uu ’ t It i s  su b i ’o iu t  j ut s ’ . I t  i s  c’,t I ( s ~s1

f rom C l u e  a lc t ru i i  st ’ h u l t  t ’ti t u t I u t e au td  t h i s ’ uiuuuhit ’t ’ oI t h e  hi t t t I ’ lui w5 ’i ’d wit  i s b  I ;  I ci

cht ’s’k~ si I s  paSse ’s1 i n  I its ’ X u t ’g 1st 5’ 1’ - T h e ’ t ’ cfli  I l i i i ’ I nip I v AN t ) ‘s t h i s ’ .t I a i - rn Sc ’ I d

pt ’ssed t o  I t  w I  I _ l i  ~u SI  t ’t ’ t’d Co ns t t u t u  I - :1 l I s ’t l  - ~s u s ~ i’osu I t  I nd  I t ’~ i I s ’ t ;  1 t i l l  c l

. u l a r m . ‘Fits ’ ct sst ’m hlv  l a t t g tuag s ’  l i s t  l u u i ’ . f o r  t h us ’ t ’ oeut  l i lt ’ I~ ; ~‘, l V s ’it i t t  \ t 1 c 1 ’ t s I  I \

F l g t u r s ’  1 . ’) shtow i-i I Its ’ tiow ‘hia i - t I sir thi s’  rou t  i t t i ’  w h i l o l t  I t ;  c’Xt ’s ’ u t t  c ’cI c ’ c i c I u

t i ntO a tis’W ch t t i  rae I s’t’ ii i t i5 t  l i t ’ t rhuu ls ul i I t  I t ’d. I t ’ t his ’ ch ~~u I d e  I s ’ i I ’ ;  ~u t h a t  , i  c ’ i l , l  t t O

I ci’ I he u t I _ l i t ’  u t t ’Xt sills’ In  t uit’ n I:: I s ’ c u c h i ’cl i i t t  c i t his ’ A ( I A  ou t  p i t t  t o g  l o t  c i  ~insh . i

l i c ’is ’ ccIt t t’c i l  wc ’i’ sl i s  l s i ,icl, ’cl till s’ I l t c ’ c ’ s ’ l t t  i c i l  i c ’ ’ u s t t ’ I  i5’b t kI t 1 S 1 1 c s  I i t t ’ ~- , i u  cl  Ic ’

hi s ’ railsm I t  t ~sl - I f th i s ’  I t s ’ X l  s ’ h i tu  t ’hI s’ C c’ t ’ is a l i e u ’, h u t  u ’ h i t u  l a s ’ 1 e i t i u s ’ u u  I I t  I 5 t u tu : ;  I ic c ’

s- s ’u t s t ru s ’t e e I  t u s t u i g  l i i i ’ I I , u c ~s liis ’i t l  i s i u t e d  • ~u i t I t i t s ’ui l t ’ , u c ls ’sl i t t  t h i s ’  A~ I I s ’ u  I i l l  -

nu Iss  lou t  I c i  t h e ’  t ’ t ’ u t  I I c i  I c ’ u ’ t i I  rt’. ‘l’ lt o  ,t ssi ’ u ’ ui ’ I v  I h i I i - ~~I t , i g s ’ 1 l o t  u u tg  c ’t  I ~us ’ 
~‘ 

I c i  ti l t

i s  slisiwit I t t  A ppe l i c l  I N  \

F igure  3 . I t )  t ; l u c ’ws t h u s ’ I I c t i ~ t ’ h a t t  I c ’I  t h i s ’  I c ’ ut t I l l s ’ ~s h i c h i  I : ;  c -~~s -o1I t s d  c ’I l  I c ~

c ’ s’ i pt  of th is ’ AC I .-\ j u t  I t ’  u’ t ’ u t h i  t - ‘I ’h i I i t :  I nip I v  Ic ’  ~h ~t 110w 0 out  t i s ’  I c,~~u ci h I l t ’ I h i s ’

AC IA s’ci u i l  to I r t’g l o t  t ’t ’ wit  I c l t  c ’ , i u i s s ’S i t  t o  t u , u u u o u u i  i t  l i t  i n k ’ ’ - ‘ I t s  t u - , ’;, ’:i:b l v  1 , u u t

g u u c i g t ’ l i s t  I utg  l o u  t h i s ’ ‘ t c i ? ’ t , i u t  I s  u u u  A p 1i s ncl  I ~ i ’ .

I 
~
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-
I
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4 EYE PATTERN MONI ’m R

4. 1. Int roduc t ion

~~-

The diagram of Figure 4.1 represents the eye pattern which would be seen

out an oscilloscope if a t ime exposure were taken of the voltage at the Input

to the decision circuit of the upper leve l TI 4000 multiplexer sunder ideal

conditions . At the sampling time s the voltage would be at one of three

distinct levels , hence this is called a three level eve . The decision cir-

cuit will sample the eye pattern at the sampling t ime and decide whether  the

received signal is an upper , centre or lower level signal. Additive noise

causes the received signals to deviate from the ideal levels thus widening

the lines in the vertical direction as shown in Figure 4.2. As the noise

increases the Images corresponding to the upper , middle and lower levels

widen until they become so wide that there Is no longer a clear separation

between levels. When this happens the decision circuit will begin to make

mistakes . The spaces between the various levels at the sampling instants

are called the eyes.

The size of the eye openings relative to the distances between centres

of the adj acent levels gives a good figure of merit  for  the performance of the

RF channels. Tilts measuremen t , because of its distinctive format , provides a

means of predicting performance as well as giving a measure ot ’ present t ime

performance . Also , since any eye monitor would be connected between the radio

receiver and the Ti 4000 multiplexer , it is usefu l  for  f a u l t  i so la t ion .

4 . L2  Measurin & the Eye 0penth~

The circuit of the presen t ATEC eye monitor is shown in FIgure 1.8. This

circuit is designed to measure the amp litude of the signal perturbations

relative to the signal level of the received radio hasehand , Thu s is t h e s’vs ’

opening. It also tests for bursts In si gnal p erturbations and cru et - to th e

burst coun t by use of a coun ter. This data is used to m o ni t o r  short  duration

20
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radio l ink  si i st iurbanc e s  - ‘I ’I ts ’ 111011 1 t o m  al Ssi pr’uvides di u uts ’ :u sur e 01 1 it s’ I c a s c ’ i i d u i i , h

si gtial amp l ( t u d e .

ru sih l a iu i  those  moasurs ’unct lt  s t h i s ’ out pu t  of  t h i s ’ i’ad t o  rs’cs’l vs. ’ r i s  I i t - s t

processed by 1.s~~ pass I t it eri ng . The osutput  of t h i s  f i l t e r  is in three ’ L s ’vs. ’ l

part I a I resputise f o r m a t  . ‘l’hi i s si gus I w i l l  have t h i s . ’ is i t  i t i t i t  s l c ’os ’ r i b  ~sI i t t

ss’s’ t I on 4. 1. 1 and stts iwii In Fi  gLuts ’ 4.  ‘ - ‘Fhie amp l i t  uds’ sit I hi s ’ o i i~i u, I I , i  I t h io

output of the t i  I t e t ’  is  csil ttrolls ’ct liv t i u t ’ A ( C  s u i c h i  t h a t  l i i i  I u t  t his.’ c ’ l i t  ci  k ’vc ’l

san t p [es w i l l  hft’ large  n’ I h~ ut I’ I xs ’th l i t  t s’ Z ’nt i I 1’ s’ I or en c t ’ ~‘ c’ I t  ,i~’,o -~ I ,tI’cc  I ott d ati d

— 2 c . I  Li t  F Igeur e 4. 2. ‘h’htt ’st ’ I s ’Vs ’ Is  c ’ c ’ l i c ’:t h i s i nch I s ’  t h i s ’ I s I o,t I tu l ips ’ F tind I sn~’ c.’ 1’ 1 s’\ 0 10

of tht ’ th ree  level  s i g na l

‘rite measut’outu s’nt 0 t t Its ’ sis’~~’ I at  ion c I t h i s ’ I t ’ s’s ’ I vs’d s I c ’, i i i in  I ron t ht t ’~~s ’

n o m i n a l  ou t  s’ r love Is is i1s’oomp ~l I shed by geut er t i  I h u t  p d t itt ’t I t s ’ u’ t h ii’ es h io 1 d I c i i ’ ~ :uc ’ hi

01 the  out s’ t’ love Is. For the pus I t  I vt ’ out  s’u’ I ev s ’ 1 t l i i  s I itr s ’shs-c Id  1 s I , uh ’ s .’ it ’d

2d—h in F I gture 4. 2_ It Is cout t t-ol’ cd S h e ’ll t list ti p i’s’ds’ t s.’ rmi tls’d po Ft ’ott  I , i t ’s ’ si t

t h i s ’ t in t er  love I santp I ‘s wi l l  Os’ctul’ h’ t \ s ’s ’oul t Iii (h i t’s’sItO Id suisi t h i s . ’ dc ’s’ t om on

t it roshisi isi ci. As th is ’ tflOti It s it ’s’sl Si  gtla I bs’s’otiie s h i s ’ is ’ hiS i u tg  i v  l i t ’ i t ; \ ’  , t h i s . ’ sis ’ V i ~l -

I i Ofl ot  t i t t’ s ignals I t’oni I_ hi.’ t in t  s ’l I t ’ve l~ ins’ ri ’ , t t i s ’ t t  .ttt5h t his’ s ’ vs c I coos - .- \ n  It

s IOs ’  S SO th i s’ 2 si—li Is’ Vt ’ I nioVs’ s t siws i’sl sI ~uit si huw i ~ ‘ I t c.ifll 2d - Flit ’ un u piu I I, t i d e’ c c I I’

t lie r e t  c i i s ’ , in s’ rs’ass’s w i  I _ l i  I u i c ’ t s . ’t ts I ui p is’ v i  t t  t I on c c l t h i s ’ s ,uin p los I i’cin i 2ci .

tie gt i t  \‘ t’ 0 1 1 ( 5 ’ 1 is ’ vs.’ h I s 111011 l t  0 ~‘s’d jut :i oh m l  1 dir illaltuts’ t’ -

I’ ht s .’ s’ I t’ t’ t t i  t of  F l  s’,Iu i c ’ 1 - ~ as’ht I s’Vs ’S I lii s i i i  t h i s ’ h ’o h o w  Iii c’, \,‘ d 4 ~ ’ - l il t ’

t’s’ct? I Vs’d si  P u S  I ;i f t c  I’ f l i t  s ’ i l i i  p . ,  i s  bitt Is’ red arid SUl’~’ I I  cc.td i s ’ s.’ 1 ph I Vs t I I  a

s’s.imphtrat c r 0  - h’ils’ ci S O d  —ci conll)hir,ut c c t ’s , u i s.’ tuss ’sI 1 o t I e ’ s’ r~t h i s ’ i,’h u I s’Iu ~t I Ils ’

t h t i s.’s.’ It’vs.’ Is is t s ’s s ’jvct,h. It u s.’c ,~s ’ic i s ’c ’u ut h ia u ,u( c ’l In tu ~ t’d I ~i hi , it ol I i l t I t u l c ~

i 5 ’5~O ’s t ’ t ’V — Flit ’ ciut psi I o I I Iii c ’d i l f l j i h u l ’ i I c i i  iS U Ss ’tj I 0 (is t s ’i’ itt I its I I  I h i s ’ - s I c ’

5’i5i ss lug was o~u n ’ l v  ot ’ l a t e  w i t  I t r t ’ops’C I I 0 this’ doi i Vs.’cl c ’ I s  ,‘~ i l l s 1  Iii I , ;

i i i  1 s t  t’una t ion is ui ss ’d i t :  t lie c’ F t’c’t s I pu i~u I I t ’l ’  S pl th i Ss ’ 1 ,c~-k es1 1 stop. lii I: ;

st u p p  I Is’s a c Ios’k i-i i gtial witlch i p h Vs’S I_ Itt’ 1,1
_
ch ic’ 1 I h u t ’  Is ’ 051111) 1 c. I his ’ p u  I i i i  

c -
I

respc ’tist ’ signal -

I guts 1 h ’v ’  1 t c ’ It t’ ‘sini 1i ,i u i l  c c i s is c’s’ul t i t ’ l l  Os1 Sc ’ I hi ,t t it~i l l  c i  I i i ’

slut t-’ t ’ s’Vs ’ I 551111) Is’s . 1  i i ’ p I s ’S t 01~ I t t h i l l  4 $sh c ci I s’ss ( Ittit i ~
‘ci i t ;  chs ’~~c ’ I k ’, c i

I __________________________________________________



The automat ic gain con t rol ci r s’u itrv has a long time c ’tMls t a t l t of approximately

2 seconds so as not to  respond to short  t erm sigttal leve l variat tons which &ire

measured by the noise b u rst  cowi ter. The out put of this ’ gain e’ont roller is

fed back t o  a variable gain amplifi er at  the  i n p u t  to  the f i l t e r  to  provide

gain controL

Tite ACC s’ trc sutt is showit in Figure 4. 11. ‘rite mode of o per a t i o n  I’ ; as

fo l  lows. The Q Ou t p u t s  of the  -I-2d Snd — 2s1 compara to r s  ai-e OR ’ ed t ogeth i eu ’  aii si

fed to thus ’ input to  the lutcrease gain counter and those of the sI and —d

s’omp:tratsirs are conuies- tod to the decrease’ gain counter. ‘l’huI s connection is

Inhibited b y the lns’reaso gain l i n t’ as a l l  f our  11 ip— flsips will be sot if tlte

sample should be above 2d sit below — 2 d .  Wheu -t of thor cii the counters reas’hes

a value of ei ght it triggers a pul se genera tor w h i c h  g iv os  a pu lse  e igh t  b i t s

wide. This pulse is used to con t rol oft he’ r the’ eha rg lug or d i s c har g in g  of a

capac i to r .  The voltage across t l t i s  c a p a c i tor  is  d l r s ’ c t l v  p r o p o r t i o na l  t o  t he

APC control voltage.

Similar circeul t s are app ar t ’n t l v  used t o  con t rol this ’ 2 h — b  and — ( 2 s 1 — b )

reference volt ages. For the ptis It lvi.’ ou ter  1 s’vc.’ 1 the re fe ron cc vu I t  ago Is

controlled so tha t  this’ predet ermined  per cet it ag s ’ of t he  samp les ot ’cur s between

2s 1—h and d. The vo l tags’ h Is averaged wi tlu t he  s i m i l a r  siguisi  for  the

n e g a t i v e  levs’1 and th i s  ou tpu t  Is t lu t ’  ms ’a shur t’ of the s.’vo op en i n g .  ‘1’his’ t i m e

cons tan ts of the cotu t rol, loops tire long enough fo r  a si gut i f !  c:uii t number si t ’

samples to  be s’sillected b e f o r e  a ehat ige is made in the rs’fct ’ t’ns ’s’ vo l tage .

An e i  gu t  ii s’simparstor is us~ sI to  det Os’ t nua l or dcvi  a t  It iul ~ I~rum the  pc is it tvs’

t int e r  level .  Tiuts Is done by d eI_ es’t t t ug  stint p is’s w i i i s’hi Oc ’s’IiI’ lit th te n ar row band

between the des’is ion th ir eoh t o  Id si ut flsl a r e f e r e n c e  leve l Nsl j u s t  he ’ low d . ‘I’hte

value of N is so Ii’ct ed 55) that , t indt’t’ normtt h c on d i t i o n s  • t his ’r e w i l l  hit ’ one’

t hi r eshsild v i o l  at ion eve rv few mit iu t  s’s. ‘h ’hit ’ss’ v i o l ~~t ions are s’(iufl t e’d suisi t It o

s’Vo pattern mouli tsi r prs ivtdcs a 1W v s i l t t t g s’ w h i c h  Is  a fnt i s ’t ion cif tttis Otituntor

value . The ot ht ’r  o u t  p t it  s of t ltt ’ ev~ p h i t  ts ’ t~n P io tu t t  ot Srt ’ I Its’ av sir ngt~ s’vs’ ti t S —

ps’rs i s in  tfli si the  u’c’o. ’ Ivs ’cI s i g n a l  levt ’l
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4 .1.3 Use of a Mi c rop~ ocessor

Since the d a t a  rats ’ of the  ret ’s’ ived s igna l  I s  a p p r ox i m at e ’lv  l~ .5 Mhl ~ a

microprocessor can not operate  fas t  enough to read every sample .  However  t h e

purpose of measuring the s’ve opening Is  to f ind  the mean of the dl ~~pt ’t ~~ i ou t  o f

the received si gnal at every s a m pl i n g  instant. ‘I’herefore ths-’ on l y  measitrs-menl

fo r  w h i c h  i t  is necessary to read eve ry  samp le is t h a t  of t he  l i l t  S005s’i lt d

dete ’ct  ing it o iso b u r s t s .  i t  should t l t o r s ’f o t’s’ be po ss ib le  1st t s p  Lus t’ I Its’ AP

and referetico vol tage con t rol c ir& ’ui  to w i t h  a lii i s’rop r os ’s’ssor as shown in  Fi gu l’ s ’

4 . 4 .  T h e  c o m p a ra t o r s , 111i ’— f l o p s  stud f i l te r s  s’t c. cI t h is ’ s i r  I g in a l  s vs t  s’m su ~ ‘

re ta ined along w i t  hi t h i s ’  t iaLud t f lu t i n g  t’u ’cov e rv aiid ii I t sc ’ u u s  1 t i p .  n u t  i t  s - I t u c . ’ n t I s ’ r c. ’—

processor  wi  11 samp I c ’ t h e  f l i p — f l o p s  a s f ast  as possi bic ’ and p .euus’r , t I  c ’ v a l  l uo t  I c ’i

t he  AGC and r e fe rence  voltages.  I t  w i l l  a lso p rov ide  a d i g i t  a ~ vs hit’ I’ucl thus’

dispers ion  of the  eve. The bu r s t  counter  (‘diii he ntod l I t t ’d so t h at  i t s i - u  l i m e  1 , 111

be read d i r e c t l y j u s t  l ike  the counte rs  fo r  the  ‘l”1’l~ leVc ’ l p t u l s o s .

The c’ a lculat  ion of the ’ con t ro l  vu itags’s is has i c a l  lv  a c o si t i t  i t t g  i s c I c  I s c i

wh ich  a mis ’r oprocs’ssc r is I d e a l ly  ~u l t s ’s1. T h e  t a sk  s’ din l ’s ’ d t t t s i I t l l ’  I I sh i s ’~h i~’ i t  ii

s ix c h i p s :  the  CPU , an l’ICS 6530 , w h i c h  has two P1 A t y p e  o u t p u t  t’ s ’ p i s t s’l ’ t ; , u t u s l

enough RAM and ROM to con ta in  t h e  luecess;iry work space ansi p rograms , a

and some D/ A conver ter s  - I t  s h t o t m i d  be emp has Id ~c’d t h a t  I li i :: i c t ’ c t s’ t S S oc c F  i s

ss’s’stid one w h i c h  is comp l e t e ly  sc ’p arats ’ f r o m  t h a t  wh i  oh is suse d Lii  t h i s ’ 1 l i i

and analogue v o l t a g e  s c a n n i n g .

.2 Us r dw jtnp he un eu t  at Ion

4 . 2 . 1  i n t e rf a c e  h i ov i cos

Because the  software for the s’’,’ s’ pa t  t e r n  mon (tc ’r w i l l  he’ q t t i t  s - ~ h i i ’ i I  Ii

w i l l  bs’ advan t~mgs’ouus to use’ t h e  r’hu~’~ t e ’ t ’h u i i c l s igv MCS 65 h) pt ’r i p l t s ’i ,u l lil t c ’l’ I Ss ’ c ’/

memory slevi cs’ f o r  th e’ I n t i ’ r f t c ’ i up .  ,-\ d i  ig r ant s i t  t h ut ’  s is ~v Is ’,’ i t-i p i v  ,‘ui i i i

Figuire 4. 5 wh I c ’hi  sh ows the’ var  t o n s  i ’og l o t s ’  I ’S d l i i  sI uls ’v i s o  s w I t  ht in I hi c ’ h i  10. It

ht a s two e !ght t  h i t  h i — d l r e s ’t lo t i a l  t O ut p it t  p o r t s  • s’ach w i t  It I t  own s la t  a ci i  i c ~~’t  i s ’~~

reg I s t e r  to set the  d i r ’os’tiout of th i s ’  c I t t a  t r z - t i it-utt ’r I s c u  ~~, i s ’i t  l i l t ,  It ~1 ltic ’ h i,i ’ ;

a programmable  I n ter v a l  t ime r • .i lO ,c4 x 8 ROM ~nsl a t ’-~ M st  at  I ~
- R ,-\” 1 . lii, ’
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chip has ten address l ines At) t o  A9 with internal mask program m ed decod ing  ts)

decide the addresses of t he  ROIl, RAM . t ime r and i/ O  ports. For the press’uit

app lication the RAM should be in page zero so that the zero page addressing

mode may be used and the ROM should he in pages 2 to  5 w i t h  the  t w o  1/ 0  P O r t  5

also in page zero between the RAM and ROM. The ititornal t imer will not he

used in this applicat ioti.

Since four 1/0 ports arc uteeded in this svste ’m an MCS652() wil l be used

for the other two ports. This is eust like the Motorola 6820 PIA. Both

t hese devices are fully described in 1 7 1 .

4 .2 . 2  
- 

Hardware Con~~~~ irat  ion

The confi guration of the b lss’k labeled MPU in Figure 4.4 is shown in

Figure 4.h. This shows all th e interfaces between the microprocessor and b o t h

the  remainder  of the eye moni to r  and th e M— ATEC 11 microcompute r .  The inpu t

to the processor is :i seven b i t  word made up of f l i p — f l o p  o u t p u t s .  The’ e i g h t h

flip—flop , for the zero crossing detector , is it ot  r equired  for  s ’ ; mle ’su l d i t l n g

the reference and control voltage levels.

Since th e flip—flops are clocked much f a s t e r  than the  microprocessor  can

read them , a latch is needed to hold the value of th i s ’ o u t p u t s  long enough f o r

the microprocessor to read it. The latch Is enabled by the Q output  of a .1—K

f l i p — f l o p  which is clocked by the complement of the recovered baud t inting

clock. When the processor wants to  read the flip—fl op s i t  o u t p u t s  a log ic 1

on the remaining line ~if the’ 1/0 port , which goes to the J input of the flip—

f l o p  wi th its co~ttplement going to the K input . Wh en the fli p—flop is clocked

the output becomes a one enabling the latch whi t cli will t hen fctllow the flip—

f lop  ou tpu t s  u n t i l  the  enable goes low . Because of the  s’s’ump iemeuu ted clock

the output  can only go low at a t ime when t h e  f l i p — f l o p  ou t p u t s  are s tab l e .

The microprocessor clears the  l ine to the .1 and K i np u t s  c: itm s i i i g the  l a t ch

enable to go low as described and then it reads the  value  at th i s ’ ou tpu t  cit

the  l a t ch .

The AGC and reference voltage values are s to red  in th is ’ two o u t p u t

24
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registers of  the 6520. Whs’ti th ese values are ted he changed t h i s ’ m lc’ropros - c’sss’m-

s imply  incr emetu t s  sir slecrenients these locat ions. The o u t p u t s  :irc c ’0u i l i ~ ’ c ’t od

d i r e c t l y  to thuree 0 /A conver ter s  the analogue o u t p u t s  sif w h i c h  are conu s’et&’ sI

to the  re fe rence  comparators and the var iable  gain amp l i f i e r .  I t  is assumed

t hat  the  positive ansi n e gat i v e  outer  level  d i spers ions  wi h i  he t h e  Odil luL ’ 00

titat the reference voltages will have the  saute m a g n i t u de  bu t  d i  fI c u c ti t s i gn s .

The si gn bit of the  posit  ive  s isi t’ 1)/A w i l l  lie f ) 0 i ’ I d u u i O l l t  lv  t it ’d t o  l o g i c  0

w h i l e  t h a t  of t h e  n e g a t i v e  side 0/A w i l l  he at l og i c  1.

This’ remainitig psi rt  o I t h e  Ii 530 will he uss’d to  sto re  this’ evs’ dl  sps’ rs i silt

measurement  value - Th u is val no cdiii bs’ read h-cs’ t h i s’ at ia lsigus ’ v o l t  age’ s ’at i

rs~sitine - At the  p resen t  t tine t h t  i s  v a l u e ’  is simply the’ magu-u i t tid e ’ of b ~t t s t  u s

in the  e c r i g in a l  m on i t s ir .  A ss’p ar - i t s ’ port Is used so tha t i f  In  t i t s ’ future

more ca l c eu l a t  louts  t ire  shine w i t  h l u i  the’ ove ’ m o n i t o r  di p o r t  w i l l  be ’ ; t v , u  i i  zibls’ t s ’

‘~ -!‘~ut this value .

4. 3 Eve Msun i lei r S o f t w a re ’

In programming t h e  ey 5 ’ m o n I t o r  i t  was dec ided t o  t o !  low ci s i S t ’ l v  t his ’

met host s used in th is ’  h t~ r dwdtr e ye’ r s ion ci f t his ’ d i n t  011151 ts,’ p. di  i i i  s’Ot’t t rsi 1 - l”osc

counters arc set up for this’ ACC and two t o  r t h5’ ro fo  ron s’e “i i i t  d igs ’ . (lilt’

s’oumfl ts’r is s t 5 e~sl t o  rs’csird s’vc ’ii t s t’e’qsu i ring an i i i t ’rs ’asc ’ u u u  t h i s ’ s’ouu t r ol  It’d

t i s i d i l i t  t V  stu d t h i s’ othts’ r t it le’ ~S for ovcii t  s t’equir iii 
~ 

di ds’c’ rt’du sc ’ - ~lu s t  d i S  w i t  Ii 11
th i s ’ ha rdware  .-\C( ’ beitht p o s i t  I v ’  ~t us h ule ’gat -i ye cu l t  s’r I c~~~’ Is w i l l  ice ’ t rs ’d i t s’sh I I ts ’

same .

In  t hu i ’ s’ai-u s’ ot  th i s ’ Ap .u, ’ t h i s ’ p u c i g r d s u u i  wsit’ks 55 101 1 ciW S . I I t h s ’ l u u p s t I  i t - ;

shove +2d or he low —2sh thts’n t hus’ decrease gafti csuututcu’ is i n c ,’ t ’s’ rne i t t  s’sh , t u i d  I I

t h e  i n p u t  is between d ansi 2d or —d and —2ei t hts’n thi s’ lns’i’eass’ ga in  cs it u itI c F

is increment t’d - Whte ’ n ~ it hot’ tu l  t h i s ’  s’outi t ers rs’~tchis’s a VS I lie 01 0I  g lu t  I hue

csintro I vs his’ iui the ou tpu t i’t’gi ot er is  inc  rems’ti t s’sl s’F ds’ci’s’itici’t t s’d t O

appr opr  la t e .  By W5 i t  ( tug  f o r  o i gh t  sam p l e ’S be’ fsu m’s’ ;it uv act  i oil i s  t ~ kei u st in ts ’

measure s i t  damp ing  I s t n t  r educed and t he-’ ovo t ern  w i l l  u su t  r e’spot u ci t c’ shou’t

t e rm f l u c t u a t i o ns .

For ~he rs’ t c’ rcns’o v o l t  ,tt ’~s’ I c’Ve ’ I , i  s im I I  d l i ’  s vs t ~‘uui i s  t i s , ’si . l b  i s  I c ’cock s

_ _ _ _ _  - -—5-- - —-—5 —- - dii, 
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io i t  age , .i e,’ t u a l  s ’V s ’ op e u u tm t g  t imid measured s’Vc ’ sip out ing digs  I n s t  t i m e  - T h i s

graph  t o  prosl uce ’sI on t h i e  h i  g~ ; speed t i n s ’ pr I u u t  or - Ii, ’ uuc ast t  i’ed s’Vc , c 1 c  C~ I 115

w h i c h  is plo t —t’sI is s i m p ly  1 ~‘ st s l t d i  t ’at ~on c i t  tIle .tsh- -h ’ and t i.’ — 2 — h ) I eve

ti e t o t  ci. u l  s’Vs’ op ening is this ’ ss’psu r a t  ion of t h e  posit lye auid u s’ , ; t  1 1 ‘~~~‘ o~si I c ’u-
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the eye monitor shows no sign suf instability.

A negative step change was tried next and the results of this test are

shown in Figure 4,9. in this test the reference level started dropping at

the step change and the AGC started increasing. The reference voltage shows

some overshoot but the AGC appears perfectly damped . Damping can he varied

by changing the numbers of samples which must be collected before changes are

made. Again in this test the eye monitor shows no sign of instability .

- A negative ramp change was tried next and these ressulto are shown in

Figure 4.10. They are very similar to those for the negative step change

with both AGC and reference voltages adjusting more slowly than with step

change and reference voltage showing some overshoot, Once again there is no

sign of instability.

Caussian noise with a variance of 0.25 was then added over the  ramp

change. The results shown in Figure 4.11 show the input plotted as a series

of discrete points. The eye closes at f i r s t  as the  moni tor  makes an initial

adjustment for the noise. Then it levels o f f  u n t i l  the  ramp s t a r t s  at wh ic h

point it starts closing again while the AGC increases. Otice again the r e f e r -

ence level exhibits some overshoot , though It is on ly very sma l l .  A f t e r  the

ramp ends the eye continues to close because , now that the input signal level

is reduced the effect of the noise is much stronger and it is swamping the

4 signal much more. However the monitor remains stable throughout this test.

Finally sinusoidal fading was tried to see if this ws uld make the system

become unstable . Thesc results are shown in Figure 4.12 . In this case the

AGC almost exactly follows the sinusoid while the reference voltage shows only

a slight tendency to follow it. The peak value or the reference voltage 5ic5’urs

somewhat after the peak of the sinusoid . It is very small and basically the

reference voltage yields a measured value of eye opening which is approxi—

matelv the mean of the sinusoid of the actual eye opening and the moni tor

shows no instability.

Other tests were made using three level inputs but the results were no
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different . The only effect was that the execution time of the simulator was

increased because more sauutp lt’s had t o  be generated. Various combination s or

changes were tried but no condit ion  was found which would cause i n s t a b i l i t y

in the eye monitor. It has, therefore , been demonstrated that the off;;et

threshold monitoring concept as used here gives a stable eye monitor with

reasonable results.

4.5 Further Development of the Eye Monitor

Further work remains to be done in several areas , such as selecting the

best values for the number of samples taker’ before changes are made to o b t a i n

the best damping. There has been very little previouts work done on this sub—

ject . No references were found w h i c h  were of any ass i s tance  except  for  12 1 .

Further work also remains to be done on possible uses of the  measured da t a .

Calculations which may be done include finding the bit error rate.

In the ATEC eye moni tor  the signal level is moni tored  to detect  degrada-

t ion in the received signal level (RSL) tha t  may not appear as eve ’ dispersion .

When the  monitor  is ins ta l led  an RSL versus eye d i spers ion  c a l i b r a t i o n  t ,’ib lc ’

is generated and s to red  in the PATE . The value of RSL cor responding  to t h e

eye dispersion is compared w i t h  the RSL va lue  corresponding t o  the  PCM

th resho ld  (—7 l dB in) .  The d i f f e r e n c e  is known as the  baseband eve marg i n .

The measured values of eve disp er ; ioui and RSL art’ combined to  p r o v i s l o

the ac tual  si gnal to  noise r a t io  s -i f  t h e  channel .  Kn o w i n g  th e ’  S/ N  r a t  io atid

assuming the a d d i t i v e  ulO i so  to  he’ ( asu ss  i an , the  b i t  e r ro r u ’a t ’ ( h E R )  s - i f  I t u e

d ianne 1 may he s’alcu t a t  ~sl .

A l l  t he  c ;u l cu l at  ions lu s t  descr ibed  can bç~ accompl i shed  w 1 di i n  a h u t s - v - i —

processor  based ovo m o n i t o r  instead of r e qu i r i n g  ihe PATE. A St .’ I f  s t u n t  ;iius ’d

m o n i t o r  could  be b u i l t  poss ib ly  r e q u ir  ing a second pro s ’ s ’ssor wh i t - l i w o u l d  p ro-

duce va lues  f o r  cha n uu& ’l s i g n a l  to  n o i s e  r a t i o , b i t  er r o r  r a t s ’ ~ti sI O’s’ c ’ I 1 I ; l r ’, I i i

Th ese measurement s  would  bs’ a very good m d i  ca t  i sun of the  s t a t e ’ u f  this ’

s’hannel. -
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5 SYSTEM CONFIGURATION

5.1 System Software

5.1.1 Pregrams

The software for the system consists of two main programs , four interrupt

routines and some subroutines. Table 2 lists all these programs . The routine

which initializes the system ends in a loop which then runs continuously calling

thie two main programs : the alarm scan routine and the analogue voltage scan

rs~utine . This program is described in section 5.3.

The i n t e r rup t  routine TTLINT services the TTL counters.  PATINT services

the PATE interrupt calculating and transmitting the hourly values of mean and

variance. ACAINT services the interrupt from the A d A , which requests more

data , resetting the control word in the ACIA so that it t r ansmi t s  blanks .

CHRINT services the interrupt from TBG2, loading the next character to be trans-

mitted into the ACIA output register and setting the control word so t h a t  the

character is transmitted . The subroutine CCRTN services the contact closure

and STTL alarms reformatting the eight bit alarm words into five bit alarm

words. The subroutine ANVSCN services the 32 analogue voltages doing alarm

level testing and calculating statistics.

The software requires 1536 bytes of RAN and 2411 bytes  of ROM . Figure  5.1

shows a memory map for the entire system showing the various storage locations

and program locations.  The map also shows the i n t e r r u p t  vec tors , the  sta ’k

pointer and the in t e r face  locations .

5. 1.2 I n t e r r u p t  Linking

The four interrupt programs must be linked in such a way tha t the  r i g h t

program is called for each interrupt w i t h i n  the  required time li uuul t. Table 3

lists the interrupt routines and the time by which each must be serviced.

The MCS 6502 processor has two i n t e r r u p t  inputs: a non—maskable interrupt

(NMI) and an input known as IRQ. The IRQ input may be disabled by a program

which must not be interrupted . Each input has a vec tor which points to the

program which is to be executed on receipt of an interrupt at that input. The

NMI input has priority over the IRQ input.
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5.2 System Hardware

Figure 5.4 shows the equipment required at  each s ta t i o n  of the  ne twork

for lim e M—ATEC [I monitoring system. There is the  micro computer which accepts

as inputs the 40 contact closure/slow TTL signals , the 32 siuluul slgue voltages

and the outputs of the  eye m o n i t o r .  Other  equipmen t includes  the  modems fo r

the  t e l e m e t r y  channels , the eye monitor and the  loca l  als rm display.

The ha rdware  of the  n i lc rocomputer  sys tem is shown lui  Fi gure 5 .5. I t  con—

s i s t~ of the  CPU , three P IA ’s and an ACTA in t e r co u iu ect e d  by da t su  and address

busses. The devices served by the  P TA ’s sure  shown in Fi gure ’s 5 . 6 — 6 . 8 .  Figure ’

5.6 shows t im e devices served by PTA 1.  Th ese su re -  the  t n — s t a t e  h u f f i - i r s  and

f l i p — f l o p s  f o r  the  contact closure alarms and TBCI which  is s’onnect ed t o  t h i i~;

port so tha t it may be loaded initially with the right time interval.

Figure 5.7 shows the devices served by PIA2 . Th ese are the analogue

voltage scan interface and the TTL pulse counters. This PTA also serves the

eye pattern monitor controlliu’ug the reading of the value of the  eye opeui h ui g

and the noise burst counter.

Figure 5.8 shows the  devices  served by P IA 3.  These’ sire TRG2 wh i ch  is

initially loaded through-u th i s  por t  and th i s ’  p r i o r i t y  encoder fo r  the  l u i t e r u - u p t s

which was described In sec t ion  5 . 1 . 2.

5.3 System I u i i t i a l i z a t  ion

When the  sy s t em 1’ 5 f i r s t  s t a r ted  up the re  are several  in i t  i a t  t asks  w h i c h

must be ca r r i ed  out be f o r e  commenc im ig mon i fo r  lug opera  t i on s .  ‘1’he~ s’ inc lu de ’

s e t t i n g  up the  NMI and IRQ ves’tors  , load ing  the  t int ’ base ge n e r s u ts l r s  w i t h  t h e ’

co r rec t  t ime in t e r va l s  and s o ft  lug the  various  P 1/i c o n t ro l  reg i s ter s  so t h a t

t h e  p ins are set as i n p u t s  or o u t p u t s  as desired .

Fi gure 5. 9 shows si f low e ’hua r t  su f  t he  s t a r t u p  rout tuis ’ uis ’cs ’ss sur v to  get

the  sys tem r u n n i n g .  The i n t e r r u p t s  are -i f i  ru-s t masked and t heu i t i m e  ACIs \  is

i n i t i a l i z e d  and programme d t o  t r a n s m i t  h i siuks .  Th e’ i at  er r t i p t  vs’s t ors sure t h is -in

set and the  t i m e  base gen e rat o r s  1 eu .ude ’sI antI e’nalu Is- i d .  ‘l’hie’ pr ogram t o 1 osid t l ie ’

TBC 1 5 a re-i then reset sis Inpu ts . Some s o r t  - i - i l  s vne ’hron i z:i t ton  v i  th  the  I’ATE

mus t be carr ied  out so that It knows when to  se— nd t l m s ’ h ou r ly  h i t  e r r iu p t  5 -

Finally all the storage’ lsn’~ut ions must  he c leared  ansi thi s- i s u l  arm I s’vc ’ l u-s and

other constants mus t  he ’ u - s t s i rs — el . Thus ’ cont  act  e’ 1 s - i s u r e-i r out  Inc  is th e-n  e ’ s u  I I s’d t o
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~ generate the first set of alarm words. The interrupt is then enabled and the

program enters the main loop calling the main scanning routines . An assembly

language program for this routine has not been written as this will be

dependent upon the PATE interface. lt may for instance be best to query the

PATE operator for the alarm levels so that they may be easily updated . There

are other Items which may require communications with the PATE as well such

as specifying which of the contact closure alarms are major.
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6 CONCLUSIONS

At the outset of this work several tasks were proposed for investigation .

These were generation of test tones and loopback of duplex lines for testing,

local implementation of the statistics calculations, local testing of para—

meters for alarm levels, application of a microprocessor to the eye pattern

monitor , interfacing the system to the PATE and provision of a local alarm

disp lay.

When two of these tasks were initially considered , a decison was made

not to proceed any f u r t h e r  wi th  them . The f i r s t  of these was the loopback of

duplex channels. In a d ig i ta l  system the only information which could be

gained from such a test would be the bit error rate of the channel. Finding

this requires a large amount of data to be statistically valid which , in turn ,

would r equ i r e  a long time. The same Information can be derived from the eye

pat tern  monitor  and also from the number of violations of the three level

partial response format which are measured in the TI 4000 multiplexer. These

tests are done on active channels whereas for loopback the channel must be

disconnected. It is, therefore , not worthwhile implementing such a test .

The second task which has not been investigated is tha t  of the  PATE

in te r face  simp ly because it is beyond the scope of this work. This interface

is involved mainly during the initializat ion of the system. During this time

it would be useful if the PATE operator  could specif y such th ings  as the alarm

levels and which alarms are to be considered major. It would be worthwhile

to wr i t e  a moni tor  program so that  th~ se items can be set by the PATE operator

a f t e r  which the system can be lef t  on its own. Another interrupt could be

included which  would make it possible for  the operator to stop the M—ATEC II

- system , alter these values and restart it remotely. All that would be required -

would be a jump to the  moni tor  program when th is  i n t e r r u p t occurs . I t  would

also be possible to query the system for particular values if desired . The

only o the r  communicat ion necessary wi t h  the PATE is the hour l y t r a n s f e r  of

the  s t a t i s t i c s  values which  Is also i n i t i a t e d  b y an i n t e r r u p t .  A da ta  fo rmat
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must be specified before this transfer can be finalized.

This report has described a system in wh ic h al l  the  o t her  t asks  m e n t i o n e d

have been implemented. This system replaces the digital ATEC with a reliable

di gital system offering reduced use of the orderwire bandwidth and the 1-iATE ,

which means that the same PATE and orderwire can be used to monitor more’

individual stations than was possible before. This system can a l so  p r o v i d e

remote selection of major alarms , unlike ATEC in which these we’ re hard wire

selected-i The inclusion of a microprocessor based eve-i monitor means t h a t

d i rec t  readings of t he  s ignal  to noise ratio and b i t  e r ror  ra te  of t h e  ch ann e l

could be produced which would give an ex~ s’llent l u i d i c a t  iou of  t h e  condit i - iu u i of

the  channel .

I t  is desirable’ t h a t  a test  syst em should provide some i u i d i s a t  I s lu  of  i t s

correct operation . A self  test  rou t ine  can be included in Ni-ATE C i i  w i t h  t i m e

provision of a special test  program and some’ a d d i t i on a l  h ia idwar e -i . For i i i —

• s tance e x t ra  o u t p u t s  would be needed to allow time m ic roprocessor  t o  s l e e k  f li t ’

TTL counters  to test  t h e i r  correct  opera t ion . F u r t her  i n t e r fa c i n g  w o u l d  su l u-s o

be necessary to al low o the r p a r t s  ot  the  sy s t em t o  hu e e x c i c  i sed l’v t his ’ mi s’ r s u—

processor . Such a t es t  rout  iuie could  he Inc lu ded  as h ) a - u~t of t h i s ’  iu i i t  i a h I

t ion program.  A s e p ala t e  program could su I so he In s’ lu dc ’d o pr ~~~ ’ I ds ’ t l~ ~s i - i c e  i i i

t e s t  s ignals  f o r  si g u l a t u r s ’ a n a l y s i s  so t h a t , In this ’ e v e n t  ~~t ,u b m c s u ksle~s’ii hi

?‘i—ATEC Ii , th e fasult could h e ’ t raced lap dlv e m s i n g  t i m  is rt ’ 1 ‘i t  I vs ’ l v  i m - i ’w t ~~-h—

a i que and the  sy s t e m  r ep sui  reel w i t  I io- i, mt t h e  uieed f om -  ho ard  s ’xe l i , m n t ~~’ -

The u nsu i t i  su u ’cau - ; i n  ~,- t i  I cli h u r t  lie m we i k  won I ci h-i ’ ~‘a l t u uh h -  I i - iS - m u  t he c~~~t

mciii i t o r  , as described in sec t ion “u .5 • and in ( l i e  area of  Sc ’ I t  t e ’S t  i t i c  t o  c’ii~ , S i i s ’

reliable monitoring and o htm l is! s- i 1u ei ’at or ~‘on f idencs ’ i n  thus- ’ s \ - s t  ‘ns .
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N O M E N C L A t U R E

ACA [N T . Data Rs’ques t Serv it ’s’ Pr ogra m(A CI  A i n ter r u p t ’)

ACIA Asynchronous  Commuui i cat ions lu t e ’ i-face Adapter

AID Analogue to Digital

ADD ITN A d d i t i o n  Program

ACC A u t o m a t i c  Cain Contro l

ALMTS’I’ Alarm Leve l Test Program

ANVSCN Analogue Vol tage  Scan Program

ATEC Automat  eel Techin is- a l , Csuuit rol

CCRTN .on t ,u c t  ( ‘1 su s u r s’ Rout lu l e’ (Al  at- un Scan Prsu gr am )

CHR INT B ( 2  m t  or rtupt Se rv ic e  I’ rogram ( C h a rac t e r  I n t e’ r r up  ~

CPU .entrai  Proces slu ig  U n i t

CRT -uthuod e Ray T ub e

D/r\ Dig i tal  t o  Analogue’

DIVIDE D i v i d e  Pr ogram

EPIIT Event per ~ln i t  ‘i ’iun e Csuuu i t er

EIEM ON Eve M o n i t or  P reu g ram

FDM Frequency l ) i v i s i s u u ’ m  Multiplexed

F/F  i i p — i ” ie p

FKV rank f s m r t  Koe ’iu i c, s t u ih I Va i l m inge ’ul

FT1’L as T’h ’L 1,~~vs’i Si g na ls

I RQ lu i t  e r r su p t  Request

LED l i g h t  E m i t  t iu i~ Di~~ds’

MAC .  , i sur eun eu i  t Ae spu i s  i t  lou  Coui t m e l  Ic ’  r

MAD Masts ’ r A l a r m  D t sp  I av 

Mis ’ rep roce’sso r Basest  Au t omat c’s! l’s’ e’hiu i I s’.i 1 ~
‘ es1  I

M — Al ’EC 11 ~‘hi cr o Iu r os ’e- i sss u u’ Based A l F i ’ , \‘e’rs I sun 2

MEAN Subrout  iu le ’ to C,u Ie’ti tat e M-i’ans

MJAC h 1K Mci~ ot A l a r m  Ch ies’k Su lu r ou t  ins ’

t ’ILTPLY Mtult Ip licat ion Pr ogr am

~fl’Tl Meet I sum Spec’s! ITt - l s ’~’ s -i I S i ~ u i~u h s
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TABLE 2

M-ATEC II System Programs

Mnemonic Use Size ( b y t e s )  Execut ion  t ime ( u s)

ADDITN Addition 16 31 + 21 for  each addi t ional
by te  of a rgumen t .

SUBTRT Subtraction 16 31 + 21

MLTPLY Multiplication 65 364 —
~~~~~ 1188

DIVIDE Division 131 1000

STATIS Statistics 419 39,600 3 97 ,000
Calculations

MEAN Mean part of 187 531 —> 567
statistics calculations

PAT INT Services hourl y PATE 449 18 , 800
interrupt

ALMIST Tests for alarm levels 68 37 —
~~~ 73

ANVSCN Analogue vol tage  scan 96 36 , 600 —-b 133 ,600
rout ine

TTLINT Services interrupt frs’sm 250 304 ~~ 505
TBG1 to read counters

CCRTN Con tac t  closure/STTL 220 267 —> 496
Scan r o u t i n e

MJACHK Checks for major 29 25 -
~~~ 

28
alarms in CCRTN

C}IRINT Services TBC2 interrupt , 55 63 —> 80
loading next character
AC IA

ACAINT Services A d A  reques t  7 19
for  more data
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TABLE_3

M—ATE C i 1 u it e r ru ~~ R o u t i n e s

i n t er r u p ~ 
Servi ce  Titus ’ R s o s m t i m u ’ l e hv E xe c ut t ’d

f rom TBC1 I mmediate 
- 

TTL IN T

f rom T8G2 Within 1,333 ~s CHRIN’I’

ft ’ sum AC IA W i t  h i n  1,333 ps A L\ I N !  ‘

f r om  PAVE W i t h i n  40 1118 P A l I N ’ t ’

-_ _-- 
_ _ _ _ _ _  _ _ _ _



______ 
- - - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-‘- ‘-- -

~~~~~
-‘

~~
--—- - -

~

‘ N

L_

a

42

_ _  
_ _ _  

—

~~ 

_ _

—4



- ~“— - -~~~~~~~~~ —- ---,--—~~- - - - — - -~ - —-,‘--- --- —‘---- ‘— -‘~~~~~ - - 
-‘-Ii

_ _  

r~~~~’i I i i

_ _ _  

[ 

IIj

-i i

~~~~~~~~~~
-

~~~~
-- --

~~~~~~~~~
-- --

- _ 
_  _ _ _ _ _



—~~~ ‘
~~~~

—.— - 

e~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ ‘

~~
- -

n n i
I~s~~ I I~~~ I

~~~~~~~~~~~~~~~~~ I-.----l~~~ . I ~~~~~~~~
:-. H 0 C ’  I I -~~ I l - i -~~~ I

51) 0
-.; o Iz. c’ sri
~% h—’ ‘-~t
‘—4 I

c ~ 1 1
“~~~~~ o:~~~>~ I I  o
.-4 0 I—4 E--4 I~~~~ _ _ _ _ _ _

I t

U U C ’~~~~~0 1—’
- 

~~~0 U a
“4

0

11~1

9

I 
_ _ _

_ _  
_ _ _ _ _ _  _

_ _  
_ _ _  

_ _

11 1 1 1 !  
_ _  

Jh~1 
_ _1 I ___ 

_ _  _ _  _ _  
Ti

- I T  I U

~~~~~

~jii F~~~~~I 

[~i F~J
‘I

____ ~~~~~~~~~~~



- .~~~~ — - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -

~~~~

- — - - -

~~~

-‘—-— - -

~~~~~~~~~~~~~~~~~~~~

-—--—- -—— —-

P ux~0
~~~ 1-4

0 0  ~/)

51~~Z~~4 0
0 ____

xcx~ 0~~~~~4 Z
SQ

0 0 1-4

O V I
1-4

0—  0 1~-m (f)
(1)
1/1 0 0

Ii-? U ,-~~ 1—’
—

~~~~~~~~~~z o-.
0

SN
U

—
0

I I

Li J

H- -i F~1~ H H

~ H] ~
‘II 

4 5

— -~~~~~~ -~~~~~~~~~~~~- - —  — ~~~~~~~~~~~~~~~~~~~~~~~~~



----
~~~~~~~~~~

- - —
~~~~~~~~~

-- - ~~ ‘ —-
- 

--- -

~~~~ 

—.,.—-

~~

‘——.— 

~~~~ 
— — — 

—,—--—- ‘—,- - —--‘----‘
~~

———-—— - - ------- - —~~~‘-

MPU ______________

-ii
_______ ROM

_ RAM

AC 1 A
_____ 

T Rx x CON TROl~

r 
I)ATA DA1’A LI NES

I” 4

_______ 
P t A  t~t

I - 1- 0 0 1-
A A R R It It —

I’ IA

I’ C 0 1) C C _____________

A A R B B 
________________

FIGU~~ 1,5: P1—AlEC MIC(()COtPUTE R RARDWAE€

- S t .

~~~~~~-~~~-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~
—-- -— - :

~~~~~~ :.. ~~~~~~ ~~~~~~



— 
— -——~~ — —-‘--

~~~~~~~~ 
-
~

- ---w-- —‘— ~~~~~~ ______ — -
~~~~~~ 

~~~~-- —--- ~~~~~~~r~

D~ 
[dM1 ~ CA2 

~

[.._[
_

COIIN ’l’E

~~~~~~ 
{

~~ATCIL ~~~~~~ —
~

I— --
~

--
1~

’.--— 
~

~~~~~~~~~~~~~~~~
‘1’ 

-

ENTER

c
~~~~~~~~~~~~~

TEII 

_—

- 

- —EEEE~ 
~~~~~~~~~~~~~ I~~~~~

_______ 
~~ - ‘

-
t y ’

— 

OS _

~
i1j1 _ _ _ _ _

FIGUI( 1,6: P1-AlEC PIAJ INTERFACE

- ‘~~~~~~~~~~~~~~~~~~~

-

~~~~~ 

~~~~~~~~~~~~~~



--

3 B I T
‘
B COUNTER

E 
CLR os f_ A

0 L M
T I 1 O U
s J 8 B 1 T  J j C X
B J COUNTER U
2 

L CLR~~~ I _ _

H
~ 6 BTT 

~~~~~~ 

s/ i i ~...... .. - -
— I I I  I I I  I I C X
B I I E I —1 sc EOC I L....~LJ — u

‘l ~ ~~~~~~~~~~~~

-

_ _ _ _ _ _ _ _ _ _ _ _  
P

[
CB2}~~~~~~~~~~~~

FIGtJF[ 1.7: 11-ATEC PI 1\2 I NTERFACE

48

L _____________
_ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _____

SQ
51) 0
H
(1) cr~~,r~SQ

4 -+
L~J L ~

Is,

5 / I

C’)

5,

_______
_ _  J



—~~~~~~~~
‘
~~~~~~~~

- —-
~~~

----‘--
~~~~~~~~~~~~~~~~~~~~ 

- -
~~~~~~

-
~~~~~

-
~~~~~ 

-— ---

FIGLJI~ 2,1: P1-AlEC II STATISTICS SM~I.E HANDLING
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FIGURE 2.2: P1—ATEC IL STATISTICS ROE ITI~’1E ALGORI IHP1
BEGIN

RECEiVE A SAMPLE
SUM THIS VALUE
SQUARE THE VALUE AND SUM THE SOUARES
IF K SAMPLES OF THIS PARAMETER HAVE BEEN MEASURED
Th EN D~3 BEGIN

CALCULATE THE VARIANCE OF THE K SAMPLES
SUM T H I S  V A R I A N C E
CALCULATE THE MEAN OF THE K SAMPLES
SUM TH E MEAN
SQUARE THE MEAN AND SUM THE SQUARE

CLEAR THE STORAGE LOCATIONS FOR THE K SAMPLES
END IF

IF  N BLOCKS OF K SAMPLES HAVE BEEN COLLECTED
T}L~ DO BEGJ~

CALCULATE THE VARIANCE FOR N B’ OCKS OF K SAf-I PLES
Su~i THE V A R I A N C E
CALCULATE THE MEAN FOR Ii BLOLK~ OF K S A M P L E S

SUM THE MEAN
SQUARE THE MEAN AND SUM THE SQ’JARE

CLEAR THE STORAGE LOCATIONS FOR THE N BLOCKS

EiID IF
IF AN INTERRUPT IS RECE IVED FROM THE PATE
T IEN DO BEGIN

CALCULATE THE VARIANCE UP TO THE TIME OF THE INTERRUPT

CALCUL ATE THE MEAN UP TO THE TIME OF THE INTERRUPT

TRANS frI T THESE VALUES TO THE PATE
CLEAR STORAGE LOCATIONS FOR THE N BLOCKS OF K SAMPLES

END IF
END
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FIGURE 2 ,9: M-ATEC II STAT ISTICS ROUTINE
MEMORY MAP

PAGE ZERO 
_______  

PAGES 2-5 
____________

ADDRESS ITEM ADDRESS ITEM ~S DDRESS ITE M
000L4 ADD 0200 CONSTANTS 021F CUMTOT

0005 ADD+1 LAT ED V A L U E S  
0220 CUWOT+1

0006 ADD+2 FOR PARAMETER 0221 S~ TOT

0007 ADD+3 
_______  

1 0222 soTo l-f i
0008 AUG 021B CONSTANTS ETC, 0223 SQTOT 2

0009 AUG+1 PARAMETER 2 022~ M N T O T

000A AUG+2 —- 0225 MNTOT +1
00DB AUG+3 0236 CONSTANTS ETC . 0226 S()MNS[I!1
000C MULP PARAMETER 3 0227 SI~ 1NSUM +1

000D MULP+1 — 0228 SOMNSUM+2
000F MSIZE 0229 OV P-INTOT

I I I -
~~~00010 S I Z E  022A OVNINTOT +1

— I I 022B OV~~ .SU~1

I (]22C OVS ’~SUM~ 1

I 
0220 o\- ’sQsu nf2 F

022[ VA R SIJ M
I I 022F vAR sur~-1
$ 0230 OVVAR ~ [Ir1

I 02~1 O\ ’ v ARS t ~-~ 1
0232 OVCNT

I I

I I

~~5L~~ CONSTANTS ET~~
3560 FOR MEASUR~ D I

P A R A M E T E R  )2j
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FIGURE 2,12: M-ATEC II ANALOGUE VOLTAGE SCAN
ROUT INE (ANVSCN) MEMORY MAP

PAGE ZERO 
________  

PAGES 2-5 
_______  ________________

ADDRESS ITEM ADDRESS ITEM 
- 

ADDRE SS I TE N
0000 TEMP 0200 CO NSTANTS AND 021B RED LOW LEVEL
0001 TEMP1 ACCUMULATED 021C AMBER LOW LEVEL

0002 TEMP2 PARAM ETER 1 021D RED HIGH LEVEL
000L4 ADD — 021E AMBER HIGH LEVEL

0005 ADD+1 021B CONSTA NTS ETC . 021F curiioi
0006 ADD+2 P A R A ME T E R  2 0220 cuMToT+1
0007 ADD+3 

— 022 1 SQTOT

0003 AUG 0236 CONSTANTS ETC . 0222 SOTOT ~~1

0009 AUG+1 PARAMETER 0223 soToT+2

000A AUG+2 022~4 MNTOT

0008 AU G~3 I ) 022 5 MNTOT+1
I I

000C MULP 022( SOMNSIJ M
- - 000D MULP+1 I 0~-?27 SQMNSU M’+1

000E MULP+2 3228 S[~~N SUM’ ~2
000F MS I ZE I I 022q DVMNT O1

0010 SIZE I 322!\ OVMN -~ f
3011 POINTLI I I 022i~ ovS~ suri
0012 POINTH 1 I 0221 ov sosw~+1
3017 SAMCN T I 022fl OV~~)SL l fl+2
0013 BLK CN r I I 02. ’L v-\ L~ un
0010 A N C T R  I I 112~ F \ ‘ARSU~1+1

02~~~0 OVV AR ~ LIM

I fl:H~~ ~)V \ ’ARS ~I~ 1

I I 1~’~
”
~ O V C N T

I fl23~~ A L R M S T

023~ H R V A R N C EI 
,023 HR~1EAN

05L45 CONSTA NTS ETC . 
—

FOR M EA S U R  -

PARAM ETER
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FIGURE 2,15: M-!\TEC II TTL INTERRUPT ROUTINE MEMORY MAP

PAGE ZERO PAGE 5-6 
________ __________

ADDRESS ITEI-1 
- 

AD DR E S S  
- 

ITEM A DDRESS ITEM

0003 TEMP 1I 056]. ACCUMULATED VALUES 056F C 1JM 1~~T

‘)013 POINTL2 FOR FTTL COUNTER 1 
— 

0570 C U MT O T ± J
1101/4 POINTH2 056F ACCUMULATED VALUES 057~ SAMCNT

OO1A TSBN FOR FTTL COUNTER 2 0572 MN SUM
OO1B C N T N  057!) ACCUMULATED VALUE S 

—

FOR rTTL COUNTER 3 95711 BLKCNT

0588 ACCUMULATED VALUES OVPINS JN
FOR FTT L C O U N T E R  14 11576 OVMNSU M+1

0529 A CCUMULATED 
‘
VALUES 0577 O V C N T

FOR MTTL COUNTER 1 9572 NTSBN

05A7 ACCUMULATED VALUES 0579 NCNTN
FO R 1’1TTL COUNTER 2 057A NPNTL

05B5 Accu~1uLAr ED VALUES NPNT H

F) R NOISE BURST 057~ HRfl EAN
05C2 COUNTER

i- I

‘—-  —- - ‘— 
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -



_______ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ----“--“‘~w -—-—--------” -

-

~~~~~~~ _ _ _

Disable
F u r t h e r

interrupts

Save
R e gi st e r s

Reload
TBG #1

I-
Enable

Curren t  TSR
- - Gi ven By

TS BN
1

Read Value
of Count er

Given  By
CNTN

I
Clear  J

C o u n te r  

j

Add New
V a lu e  t i~

Inc  t’t’lCCOfl
/b -‘ ,II’I~’ I ~~~

(‘ oul t t

( SAM CN I’)

FIGURE 2,16: !-1-ATEC II TTL COUNTER SERV ICE ROUTINE

7 - 4

--~~~~~~~~~ 
-
~~~~~~~~~~—~~~

- 
- —-- ‘------— --—- -‘— -~~~~ —~~~-,---—-



— 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~ -

A

YES SAl-IC NT NC)

Cal c u 1 at e
Mean of the

K Samples

Round Off

Add ti ~ Sum
I

Clear To t a l
01 Samp les

&

1nci’ t ’~~ ’nt
‘ i t  B lock s

(:i I~~~ t
(B~ \ C N

v t - I s Bl , R \ I  N C )

t , p  lt ’u Ia  Fe
~‘It ’ l I C  i~

N x ~~
- .~mple’~

Round 01

[
~JJ [)

F !GU!~ 2 , J t : T’~
— ’

~~fE C II T T L (‘I)H ’~ 1F I~ SER ’/ I ( ’
~ ~~( ! T I ~ E ( c - N I ’I

7

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘
~~~~~~~~~~~

-
~~~~~~~

,;
_ - - 

~~ —~~~~~ -—-“-~~~~~~~~ ~~~~—~~~•- —----- - ---~~~ ---- -



— -• - ~~~~~~~~ —.-
~~

- 
~~~~~~~~~~~~ -~1~~~”’~~ ”‘”~~~- ~~~~~~~~~~~~ -

- 
‘
~~~~~~~~~ 

-• 
~~~~ JJ1W~~~~~. - - —

LD)

Add Overall
Mean to

Sum

Clear
BLKCNT and

Sum of
Means

Increment
Overall
Count

(OVCNT )

Set TSSN
For Nex t

Call
TSBN .- NTSBN)

Set CNTN
For Next Call

• (CNTN — NCNTN

Set Pointer
For Next

Call

Rest or e
R e g i s ter s

Enable
I n t e r r u p t

Return
From

I n t e r r u p t

FIGURE 2,16 : M-ATEC II COUNTER SERVi CE ROUTiNE (coNT)
76



FIGURE 3.1: M-,4TEC I I  ALARM DISPLAY MESSAGE FORMAT

3,1,1: MESSAGE ORGANIZATI ON

The data  r a t e  is 7~ b it s . s e c
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~~~~~~ 
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- CLOCK

FROM DO -.D 7 
T DATA ______

DATA TRA}ISMIT DATA
BUS 

_____ 
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FROM — RS REGISTER
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FIGURE 3,2: ASYNCHRONOUS COM~1UN I CAT I ONS I N TER FACE ADAPTER
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FIGURE 3,3 : M-ATEC II ALARM SCANNER TRANSMISSION SEQUENCE

EVENT TIME (vs)

RECEIVE INTERRUPT FROM TiME BASE GENERATOR . 1)

COMMAND ACIA TO STOP TRANSMITTING BLANKS .

LOAD .4CI~ OUTPUT REGISTER WITH NEXT DATA OR

BEGIN CHARACTER AS APPROPRIATE .

ACI.4 TRANSMITS THE FIRST BIT OF THE NEW CHARACTER. 13,333

LAST BIT OF THE CHARACTER I S TRANSMITTrD J146,666
‘\CIA GENERATES INTERRUPT REQUESTING MOkE DATA .

PROCESSOR COMMANDS A CIA TO TRANSMIT BLANKS.

FIRST BLANK TRANSMITTED. 160,1)011
AFTER FIFTEEN BLANKS ARE TRANSMITTED ELAPSED TIME IS 33~.333

TIME ~1ASE GENERATOR GENERATES ANOTHER INTERRU PT 333,333
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APPENDIX A

DERIVATION OF STATISTICS EQUATIONS
n

~
By definition the mean, in i’~i — ( 1 )  here x~ are the samples

n is the number of samples

2
2 2 ( x 1

— m )
and the variance a = i=l

n

= 
E (x

1 
- rn) (x~ - in) -(2)

I 

- . = ~~~~ (x . )
2 
+ E ( m)2 — E 2mx 1

n — n nz 2 2
2 (x) r~ 

( x )  22 x
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Equation (3) is a useful expression for calculating the variance. The overall
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Since a -- ~. (x~ — m)

fl i— i
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no = E ( x 1
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i= 1

then the overall variance for N samples where N = n
1 
+ n
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+ +fl
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is given

by:
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APPENDIX B

— ADDITION SUBROUTINES

Cycles Label Mnemonic Comments Bytes

This routine can add numbers up to
four bytes. Addend is placed in lo-
cations ADD to ADD+31 The augend is
p laced in AUG to AUG+3, Size speci-
fies the number of bytes to be added ,
The X register is used for control.

2 ADDITN : CLC 1

2 LDX #OO 2

4 LOOP: LDA ADD , X Zero page indexed 2

4 ADC AUC, X 2

4 STA AUG, X 2

2 INX 1

2 TXA Can ’t use CPX because it affects
the carry 1

3 EOR SIZE 2

2 BNE LOOP 2

6 RTS 1

This routine requires 16 bytes ROM
+9 bytes RAM .
It takes 31 Microseconds for one
byte and 21 microseconds for each
additional byte.

B—i

It

1-i
.~~~~~~~~~~~~~~~~~~~~~~~
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APPENDIX C

M-ATEC II SUBTRACT ROUTINE

Cycles Label Mnemonic Comments Bytes

SUBTRT : This routine handles numbers up
to four bytes . The subtracter
is placed in locations ADD to
ADD+3. The subtrahend is placed
in locations AUG to AUG-4-3. The
result is placed in locations
AUG to AUG+3. The size of the
arguments is given in SIZE.
The X register is used for control

2 SEC Set carry 1

2 LDX #OO 2

4 LOOP: LDA AUG, X Load accumulator , zero page
indexed , with first byte of the
subtrahend 2

4 SBC ADD, X Subtract first byte of subtractor 2

4 STA AUG, X Store result in AUG 2

2 INX Increment X register 1

2 TXA 1

3 EOR SIZE Exclusive OR of X and SIZE 2

2 BNE LOOP Result is zero if (X SIZE) 2

6 RTS 1

SUBTRT requires 16 bytes ROM and
the same bytes of RAM as the  rou—
tine ADDITN. It takes 3it,~,s for one
byte numbers and 2l~s for each ad-
ditional byte.

C—i
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- - APPENDIX D

MULTIPLICATION SUBROUTINE

Cycles Label Mnemonic Comments Bytes

This routine multiplies any combin-
ation of 1 and 2 byte numbers . The
size of the multiplier is specified
in MSIZE and the size of the result
in SIZE. The multiplier is placed
in locations M{JLP and MULP+1. The
multiplicand goes into locations ADD
and ADD+l . The result will be placed
in AUG , AUG-I-i, AUG+2 and AUG+3. Sub-
routine ADDITN is called by this rou—
tine.

2 MLTPLY : TYA 1

3 PHA Save Y register 1

2 LDA #O1 2
- 

- 
3 CMP MSIZE Check for size of multiplier 2

2 BEQ 1BYTE 2

2 LDY #16 * 2

2 LDA #00 * Initialize for 2

3 STA AUG+2 * two byte 2

3 STA AIJG+3 * multiplier 2

3 JMP CONT1 * 3

2 1BYTE : LDY #08 @ 2

2 LDA #00 @ initialize for 2

3 STA AUG+l @ one byte 2

3 STA AUG+2 @ multiplIer 2

3 STA AUG+3 @ 2

2 CONT1: LDA #02 2

3 CNP MSIZE 2

2 CLC clear carry 1

2 ENE CONT2 2

5 ROR MULP-I-1 If multiplier is two bytes then 2
rotate right the M.S. byte
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Cycles Label Mnemonic Comments Bytes

5 CONT2 : T~OR MULP Rotate right L.S. byte 2

2 BCC CONT3 2

6 JSR ADDITN Add multiplicand to result If carry set 3

5 CONT3: ROL ADD 2

5 ROL ADD+1 2

2 LDA #04 
- 

2

3 EOR SIZE EOR not CMP because CMP affects thc
carry 2

2 BNE CONT4 2

5 ROL ADD+2 If four  b y t e  2

5 ROL ADD+3 Result specified 2

2 CONT4 : DEY 1

2 BNE CONT1 Branch back for  next s h i f t  2

2 PLA 1

2 TA? Restore I reg is ter  1

- - 
6 RTS 1

This rou t i ne needs 65 bytes ROM
I - 

+same 9 bytes  RAil as rou t ine  ADDITN
+3 bytes RAM ext ra .

A 1*1 byte takes a maximum of 748
mic roseconds
A 1*1 byte takes a minimum of 364
mu-r eseconds

A 2*2 byte takes a maximum time of 1188
microseconds
A 2*2 byte takes a minimum time of 530
microseconds

11

9-- 2

-
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I APPENDIX B

M-ATEC II DIVIDE ROUTINE

Cycles Label Mnemonic Comments Bvt~ s

DIVIDE: This routine will divide either
2 or 3 byte numbers by 1 byte
numbers. The dividend is placed
in AUG to AUG+3 and the divisor
is placed In ADD to ADD+3. The
result will appear in MULP and
MULP+2. The size of the dividend
is given In MSIZE and SIZE and both
X and Y registers are used for con—
trol.

2 LDA #03 2

3 CM? MSIZE Determine size of dividend 2

2 BEQ 3BYTE 2

2 LDA #24 2

3 STA SIZE Load size with check count 2

2 LDA #OO 2

3 STA MULP 2

3 STA MULP+l Clear quotient buffers 2

2 LDX #l6 2

2 LDX #01 Complete initialization for two
byte dividend 2

3 JMP CONT1 3

2 3BYTE : LDA #32 Start Initialization for 3 byte 2

3 STA SIZE dividend 2

2 LDA #OO 2

3 STA MULP 2

E—l

H;’
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Cycles Label Mnemonic Comments Bytes

STA MULP+l 2

3 STA MULP+2 2

2 LDX #02 2

2 LDY #24 In i t i a l i 7e  s h i f t  c o u n t  for  3
b y t e  d iv idend  2

2 CONT 1: IN? L e f t  j u s t i f y  d i v i s o r  and 1

3 C?? SiZE 
- 

check fo r  zero d i v i s o r .  2

2 BMI CONT2 I f  —y e d i v i s o r  ~ 0 2

2 DEl 1

2 M a ke s  divisor appear as a I i f
I t  should he zero . This is to
p reven t  crash of program 1

3 JMP CONT3 3

5 CONT2 : ASl~ ADD L e l t  s h i f t  d i v i s o r  2

2 - CONT3: BCC CONTI I f  c ar ry  c l e a r , d i v i s or is  not
vet l e f t  j u s t i f i e d . 2

S ROR A~~D Bring most s i g n i f i c a n t  d i g i t
h at -k i n to  ADD from carry . Divisor

- 
- i s  now left justifIed. 2

2 C IA ~ 

- 

1

2 LOOP : BCS CONT4 Bra nch i f  c a r ry  set  2 H

I 1):\ AUC+2 2

3 CMP ADD 2

2 BMI CONT S 2

2 SEC 1

5 ROL MUI P Left shift quotient making ish 2

5 ROL MULP+I equal to  1 1

~~~ ~~~~~~~ 
--— 

~~~~~~~~~~~~~~ - - -
~~~~~
—--—---- ~~~~~~~~~~~~~~~~~~~~~~~~ —~----~-— ~~~~~~~~~~
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5 ROL MULP+2 2

2 SEC I

4 LDA AUG , X 2

3 SBC ADD Subt rac t  divisor from most
significant byte of dividend 2

4 STA AUC , X 2

3 JMP CONT6 3 —

2 CONT5: CLC I

5 ROL MULP 2

5 ROL MULP+ 1 l e f t  s h i f t  q u ot i e n t  w i t h  I .s .b . 2

5 ROL MULP+2 becoming 0. 2

3 JMP coN-rb 3

2 CONT4 : SEC 1

5 ROL MULP 2

5 ROL MULP+l L e f t  s h i f t  qu o t i e n t  w i t h  1 .s .b .  2

5 ROL MULP+2 becoming 1 2

2 SEC 1

LDA AUC , X 2

3 SBC ADD 2

4 STA AUG , X 2

2 CONT6 : DEY 1

2 BEQ RETURN 2

2 LDA #03 2

3 CM? M S!ZE 2

E —3

r
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Cycles Label Mnemonic Comments By-tes

2 BEQ CONT7 2

2 CLC 1

5 ROL AUG S h i f t  two b y t e  d iv idend 2

5 ROL AUG+l to the left 2

3 JMP LOOP 3

2 CONT7 : CLC 1

- ; 5 ROL AUG Shift three byte dividend 2

- S ROL AUC,+l to the left. 2

5 ROL AUO+2 2

3 JMP LOOP 3

6 RETURI4: RTS Return from subroutine 1

Subrout ine DIVIDE requires 131
b y t e s  of ROM and uses 9 bytes
of RAM in the ar i t h m e t i c  reg i s te rs .
The routine takes approximately

- 

1OO0~Ls to execute.

E-4 
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APPEND iX F

— M-ATEC I I  STATISTICS_SUBROUT iNE

~~ çjes Label Mnemon t~ Comments B~jes

STATIS: This subroutIne handles all
the statistics according to equa-
tions 2.1 to 2.4. Before the sub-
routine is called , the pointer Is
set to point to the cu r ren t  para-
meter. The la tes t  value of the
cur ren t  parameter  is in location
TEMP 1 when the subrou t ine  is
cal led.  The I reg i s te r  is used
for ind irect indexed addressing.

3 LDA -rEMP1 Recover sample value 2

3 STA ADD 2

2 LDA #02 2

3 STA SIZE Specify precision of the  a d d i t I o n  2

2 LDA #00 2

3 5Th ADD-f l Clear ADD-I- i 1

3 STA AUG+2 Clea r  AUU +2 I

2 LD? #04 1 now points to CUMT OT I

S LDA (P OINT L 1 ~ ,I I

3 5Th AU C

2 IN? I

5 LDA (POINTLI) ,I -‘

3 STh AUC+1 Accumulated total is now In AUG -~

6 JSR ADDITN Add new val ue to  t o t a l

3 LDA AUG+ l

6 STA (POINTLI) ,Y -

i_ —I
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Cycles Label Mnemonic Comments Bytes

2 DEl I

3 LDA AUG 2

6 STA (POINTL1),? Replace new total 2

3 LDA ADD 2

3 STA MULP Place sample value in m u l t i p l i e r  2
register

2 LDA #00 2

3 STA MULP+l Clear second by te  of mul t iplie r
regis ter  2

2 LDA I/Ol 2

3 STA MSIZE Set size of mul t ip l i e r  2

6 JSR MLT?LY Square the sample value
Product is in AUG . 3

2 LDY #06 Set pointer  to SQTOT - 2

5 LDA (PO INTL I) ,Y ; 2 - 

-

3 STA ADD ; 2

2 INY ; 1

5 LDA (POINTL 1) ,Y ; Place old square to ta l  in 2

3 STA ADD-fl ; ADD register 2

2 INY ; 1

5 LDA (POINTL 1) ,Y ; 2

3 
- 

STA ADD+2 2

2 LDA #03 2

3 STA SIZE Set precis ion of the addi t ion  2

6 JSR ADDITN Add square of new value to total
of squares 3

F— 2
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( les Lab el  Mni ’ non Ic Con~mcnt s l~y t e H

3 Z.DA AtI4;+2

h SI’A (PO1NTI,l’) ,1

2 1W?

I WA AUG+ I ; Repi I ore new squar e  .‘

S I’A (P0 1 NIl . 1) , \ ; t o itl I

2 1W? 1

3 l,DA AI1G I

S 1’A (l’t) I N’II, I I , I ; -‘

I 1.DA #K K I s  no • o I samp It’s In a block -
,

1 CM1’ SAMCN’I’ I I K 
~~~~ 

1 a t%8v0 not been I

I lIN K R E T U RN ~(‘li (‘e I (‘d I )I(~I t rt ’ i u r n

S I I , DX / /K K -. .‘~~
‘ 

-
‘

2 I Dl #04 ~~i- t po In t t - t 1 o IIMTO’t - - ‘

3 SR MFA N Ca Ic  u l  at  o mean ot t In.’ K sanip lea ,
ft • and ot :11 hot Ii I ho un-a n

and I In.’ mt ’:Ifl sqint  red

-
‘ I .DA #1)0

S1A AU G -
,

I SVA AI I G I C I c i  ~
- ,\Ut: l og fat t-

3 STA A IIGI.’ - ‘

.‘ I,I)X ilK -

I I .°w ~: I Dl II Ol~ ~e I ~0 t n t  I ’V  I 0 S Q I O N  .‘ -
,

I ,UA t, P01 N I l ,  1)  1- .‘

I 1.SR ACIIUM I

I- ’ I

____ _  _ _ _ _ _ _ _ _  j



- — —--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____
~~~~-— - - - -- ---~ -— -- -  r

Cy cles  Label  t i n t -m an ic  ~~~~~~~~tj3 ~y t e s

6 STA (P01 NFL 1) .1 ; 2

I [WY

5 LDA (P01 N’L’L II . Y ; 2

2 ROR ACCIIM I

STA (P0 INt’l .t’ • I ; Thi s ioup d l v i  des 2

I 1)EY ; SQTOT ~~ 2
R by I

WA ( P O E N T L I )  ,l ; s h i f t  Ing it  to the 2

2 ROE ACCUM ; R i g ht . The I rac t inna l par t  1

STA (PO I NT L1) •y ; of the result appears in 2

I ROR AU G ; AUG 1

2 DEX I

2 tI NE I,00P I ; I

STA AUC +l AtTG+ I — SQ’rOT 2

S I DA (P0 1 NT!. 1) , Y ; Mov e SQTO t’+ 1 t o  API +2 2

5Th AUG -fl : ~~ (x
1

) 2 
/n Is now In AUG 2

I ft\ I’EMPI -‘

3 S’I’A ADI) ; TP.MP 1 I t ’  TE~I ’- ’ I were loaded w i t h  I

I ISD A I l - ~Mt’1 ; 1 he va 1 no at  (~ .x 1
/ n )  I In

S I - \  A1)D+ I ; sub r ou t  I ne- MEA N - Tb Is va lue  2

I I .DA TEMP 1 : ~ p l aced  In  AI)I ) re ’g I st e  r 2

I S I-\ ADD-fl 2

JSR SL I R T R l’ Calculate ’ var thnce . Rt’sul t is
p lac ed In AUG / AI1G+l I

F—4

r i
I t
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Cycles Label Mnemonic Comments Bytes

2 LDY #19 Set pointer to VARSUM 2

5 LDA (P0INTL1),Y 2

3 STA ADD Move VARSUM to ADD 2

2 INY 1

5 LDA (POINTL1),Y 2

3 STA (ADD+l ) 2

2 LDA #02 2

3 STA SIZE 2

6 JSR ADDTN Add new value to sum of variance 3

3 LDA AUG+l ; 2

6 STA (POINTL 1) ,Y ; 2

2 DEY ; Replace new total of variances. 1

3 LDA AUG ; 2

6 STA (POINTL 1) ,Y ; 2

2 LDA #32 2

3 CMP ANCTR Check if current parameter is 2

2 BNE CLEAR the last. 2

3 INC BLKCNT If it is increment BLKCNT 2

2 CLEAR: LDY 1/04 Set pointer to CUNTOT 2

2 LDA #00 2

6 STA (POINTL 1), Y ; 2

2 INY ; i

6 STA (POINTL 1), Y ; 2

-H F-S
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Cycles Label Mnemonic

2 IN? ; Clear  CUtITOT and 1

6 STA (POINTLI) ,Y ; MNTOT ready I

2 IN? ; for collection of the next

6 STA (POINTLI) , Y ; block of samples 2

2 INY I

6 STA (POINTLI),Y I

2 LDA #N N is the number of blocks
of samples which must be
collected before next cale ’ti—
lation of mean & variance is
made

3 CliP BLKCNT Check i f  N blocks ca l l ect ed  I

2 BNE RETURN I f  not then r e t u r n  to ANVS CN I

2 LDA #1-0 2

4 i)RA PIA3A Disable PATE in t er ru p t  signal I

2 LDY #09 Set points to CUNTOT I

2 LDX #11 where 2~ N I

6 JSR MEAN Calculate- mean etc. I

2 LDA //GO I

3 STA AUG 2

1 STA AIJC+l 2

3 STA AIJC+2 - ‘

2 LDX #11 2

2 LOOPS : LIlY 120 - ‘

S LI)i~ (PO I NTI1) , Y ;

2 LSR ACCUM 1

F—h 
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Cycles Label Mnemonic Comments Bytes

S STA (POINTL1),Y ; 2

2 DEY ; Divide varsum by 211 by 1

5 LDA (POINTL 1) ,Y ; shif t ing to the right 2

2 ROR ACCUM ; 1

5 STA (POINTL 1) ,Y ; 2

2 ROR AUG ; 1

2 DEX ; 1
N

2 BNE LOOP5 ; Now E 0
2
/N is in AUG 2

1
5 LDA (POINTL 1) ,Y ; register. 2

3 STA AUG+]. ; 2

2 LDX #H 2

-
‘ 2 LOOP6 : LDY #13 2

5 LDA (POINTL 1), Y ; 2

2 LSR ACCUM ; 1

6 STA (POINTL1), Y ; 2

2 DEY ; 1

5 LDA (POINTL 1), Y ; 2

2 ROR ACCIJN ; Divide SQMNSUM by N 1

6 STA (POINTL1) ,? ; by shifting to the right

2 DEY ; Result is placed in ADD 1

5 LDA (POINTL 1) ,Y ; It is ~ r4/N and is 
2

2 ROR ACCUM ; in ADD & ADD+l 1

6 STA (POINTL 1), Y ; 2

3 ROR ADD ; 2

.5 F-?

I
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Cycles Label Mnemonic Comments Bytes

2 DEX ; 1

2 BNE LOOP6 ; 2

S LDA (POINTL1),Y ; 2

3 STA ADD+1 2

2 LDA #03 2

- - 3 STA SIZE Set size of addition 2

2 LDA //OO 2

3 STA ADD+2 2

3 STA AUG+2 2

6 JSR ADDITN This puts ~ o~ IN + ~ m~ /N 3

in AUG regis ter

3 LDA TEMPI TEMP 1, 2 and 3 were loaded in 2

3 STA ADD subroutine mean wi t h the va lue  2

3 I.l)A TEMP2 of (EmN /N ) 2 I

3 STA ADD+1 2

- I 
3 LIlA TEMP 3 2

1 STA ADD+2 2

6 JSR SUBTRT Value of overall variance Is
now in AUG register 3

2 LDA #02 2

I STA SIZE Set size of next addition I

2 LDY #2 1 Set pointer to OVVARSUM I

S LIlA (POINTL 1) , ? 2

3 STA ADD 2

F-S 
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Cycles Label Mnemon ic Comments Bytes

2 IN? I

S LIlA (P0INTL1) ,Y 2

2 STA (ADD+].) 2

6 JSR ADDITN Add new overall variance to 3
total

2 LIlA AUG+1 ; 2

6 STA (POINTL1)-,Y ; 2

2 DEY ; Replace new value of 1

3 LIlA AUG ; OVVARSUM 2

6 STA (POINTL1) ,Y ; 2

2 LDY #23 2

5 LIlA (POINTL1) ,? 2

2 INC ACCUM Increment OVCNT 1

6 STA (POIN TL 1) , Y 2

2 LDA #00 2

2 LDY #09 2

‘-I
6 STA (POINT L 1), Y ; 2

2 INY ; 1

: 

STA (POINTL1),Y

6 STA (POINTL1),? ; Clear MNTOT 2

2 IN? ; SQSUM and VARSUM 1

6 STA (POINTL 1) ,Y ; ready for new values 2

2 IN?

F-.9
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Cycles Label Mnemonic Comments Bytes

6 STA (POINTL 1) ,Y ; 2

2 IN? ; 1

6 STA (POINTL1),Y ; 2

2 IN? ;

6 STA (POINTL 1) ,Y ; 2

2 LDA #$F7 2

4 AND PIA3A Clear bit 4 of PIA3A but 3
leave other bits untouched .
This re—enables the PATE in—
terrupt

6 RTS 1

This routine requires 419 bytes
of ROM and if only one group of
statistics calculations i s  done ,
then with K = 128 and N = 256 ,
the maximum execut ion time is 39 .hms .
If both groups of calculations are
done , then the maximum e x e c u t i o n  t ime
is 97ms

SYMBOL INTERPRETA TION

ADD: An argument reg is ter  fo r  the math routines

AUG : An argument register for the math routines.

BLKCNT : This records the number of blocks of K samples t aken  so t a r .

CUMTOT : This is the total of the sample values.

l-~ TOT: This is the sum of the means.

OVCNT: The number of groups of N*K samp les is recorded in OVCN T -

OVVARSUM : This is the sum of the variances of each group of N *X samples .

SIZE: This is used to set the precision of an a d d i t i o n  or subtraction .

SQMNSIJM: This is the sum of the means of each block of K samp les , squared .

SQTOT: This is the sum of the sample values squared .

TEMPl-~3: These locations are used for saving intermediate values.

VARSUM : This Is the sum of the variances of each block of K samp les.

F-b
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APPENDIX G

M—ATEC II MEAN SUBROUTINE

Cycles Label Mnemonic Comments Bytes

MEAN : This rou tine takes the accuinula—
ted total or the total of means
and calculates the mean or the
overall mean and adds the result to
a total. it then squares the mean
it has calculated and adds that to
4 total. Before MEAN is called the
Y register is set to point to either
CLJMTOT or MNTOT and the X register
with the power of two by which the
total must be divided to obtain the
mean.

2 LDA #00 2

3 STA ADD Clear ADD 2

2 LOOP1: IN? 1

5 LDA (POINTL 1) ,Y ; This loop divides the location ~

2 LSR ACCUM ; pointed to by Y, (Either CUMTOT 1

6 STA (POINTL 1) ,Y ; or MNTOT) by shifting 2

2 DEY ; them to the right the number of 1.

5 LIlA (POINTL 1), Y ; times given in the 2

2 ROR ACCIJM ; X register. 1

6 STA (POINTL1 ), Y ; The fractional part of the result 2

5 ROR ADD : goes into location ADD 2

2 DEX ; 1

2 BNE LOOP1 2

3 STA ADD+l place integer part of result 2

3 STA TEMP 3 in ADD+l 2

3 LDA ADD 2

G—1
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Cycles Label Mnemonic Comments B y t e s

3 STA TEMP2 Store full result for future use 2

5 ASL ADD 2
-

~~ 2 BCC CONT 1 2

5 INC ADD+l Round up the result. I

3 CONT1: LDA ADD+l I

3 STA ADD Move ADD+l to ADD 2

2 LDA #00 2

- 
- 3 STA ADD+1 Clear ADD+1 2

2 TYA

2 ADC #04 Set \‘ to point to either 2
MNTOT or OVMNTOT

2 TA? Res to re  Y r eg i s t e r  I

S LDA (POINTL1),Y ; -
,

3 STA AUC’

2 IN? Place t o t a l  in 1

5 LDA (PO INT LI) , Y ; AUG 2

3 STA AUG+1 2

2 LIlA #02 2

- 
- 3 - STA SIZE Set size of a rguments  I

6 JSR ADDITN Add value of mean squared 3
to total.

3 LDA AUG41 2

5 STA (POINTL1).Y I

2 lIE? I

3 LIlA AUG

C—I -‘
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Cycles Label Mnemonic Comments Bytes

5 STA (POINTL1),Y Replace new total 2

2 LDA #02 2

3 STA MSIZE Set size of multiplier 2

2 LDA #04 2

3 STA SIZE 2

3 LDA TEMP2 ; 2

3 STA ADD ; 2

3 STA MULP ; Set up registers for multiply 2

3 LIlA TEMP 3 ; routine 2

3 STA ADD+1 ; 2

3 STA MULP+1 ; 2

6 JSR MLTPLY Square the full value of the
mean 3

5 ASL AUG 2

2 BCC CONT2 2

5 INC AUG41 ; 2

2 BNE CONT2 ; 2

5 INC AUG+2 ; Round up result to 2

2 BNE CONT2 ; one byte of fractions 2

5 INC AUG+3 ; 2

2 CONT2 : LDA #00 2

3 STA AUG Clear least significant 2
byte of fractions

3 LIlA AUG+l 2

3 STA TEMP1 2

G—3 
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Cycles Label Mnemonic Comments

3 LDA AUG42 Save value of mean squared 2

3 STA TEMP2 ; which has one byte of 2

1 LDA AUG43 ; fractions I

3 STA TF.MP3 I

S ASL AUG41 Now round to an Integer I

I P-CC CONT3 2

5 iNC :U 1G+2 I

2 P.NE CON ’r I ; Round up 2

- 
- 

- 5 INC AUG4 3 2

3 CONT3 : WA AUG42 I

3 ~
‘
~A AUG S h i f t  AUG42 to AUG 2

3 LIlA AUG+3

3 ST:\ AUG-f l Sb it  t AUG+~3 t ~ AU G -f l  2

I I LIlA #00 I

3 STA AI 1G+2 I

I IN\ 1

S t l)t~ (PO I NT !5) ,? -
‘

3 STA ADD -
,

I TN?

S l.D\ (POINTLI),? ; 2

STA Al)D4-I Move total of means squared

2 IN? Into ADD

S LIlA (POINTIl) ,Y I

3 Sf1 ADD+ 2 I

G—4
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Cycles Label Mnemonic Comments Bytes

2 LDA #03 2

3 STA SIZE Set size of addition 2

6 JSR ADDITN Add value of mean squared 3
to total

3 LDA AUG42 2

6 STA (POINTL1) ,Y ; 2

2 lIE? 1

3 LIlA AUG-fl ; Replace new value of 2

6 STA (POINTL1).Y ; total in memory 2

2 DEY 1

3 LIIA AUG 2

6 STA (POINTL1),Y ; 2

6 RTS Return from subroutine 1

The subroutine requires 187
bytes ROM and uses the same RAN
as the statistics routine. With
K 128 the routine executes for a
maximum time of 567~ s and for a 

- 
-

minimum time of 53lp.s.

SYMBOL INTERP RETATI ON

ACCUM: CPU accumulator.

ADD : Maths argumen t register.

AUG : Maths argument register.

CUNTOT : Total of sample values.

MNTOT: Total of means of each block of K samples.

MSIZE: This sets size of multiplier in a multiplication .

MULP : Math argument register.

OVMNTOT: Total of means of each group of N*K samp les.

TEMP1— ’-3: Used for saving Intermediate results.

C,- 5
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APPENDIX H

PATE INTERRUPT ROUTINE -

Cycles Label Mnemonic Comments Bytes

PATINT: This routine services the in—
terrupt which comes from the
PATE once an hour. It returns
the mean and variance for the
preceding hour

2 CLI Enable interrupt 1

2 TXA 1

3 PEA Save X register 1

2 TYA 1

3 PEA Save Y register 1

3 LDA ADD 2

3 PEA Save AD !) 1

3 LIlA ADD+1 1

3 PEA Save ADD-fl 1

3 LDA ADD +2 2

3 PEA Save ADD+2 1

3 LDA AUG 2 H
3 PEA Save AUG 1

3 LDA AUG+l 2

3 PEA Save AUG+l 1

3 LDA AUG+2 2

3 PEA Save AUG+2 1

3 LDA SIZE 2

3 PEA Save SIZE 1

H-l
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Cy c it ’s l a b e l Mn emoni c  Comm ent s  ‘ -S

I l I l A  MS I ~ E -
,

I PII A Save MS I ZE I

I I,I)A 11111.1’ ‘ 
-

I P11A Save Mtt 1.P I

I l I lA MtIi,P+t - ‘

I PllI\ S:tvt’ M1 1I P+ I I

1,1)1 MUI P+2

I 1’liA Save MIII l’+I 1

1,1)1 ‘I ’EMI’ 1 -
‘

1 PII A save TEM P I

I t Ill ‘1-1:1-I UI

I J’Ib\ Save  ‘Ul - ~M t’2

I t -1) 1 ‘I I”.?-Il’ I

I ,‘lI,\ Save l E M I ’  I I

/t I I

I SI’A CONGN’1 Set up t e n t  t-o I et~t i l t t c t  I

-
‘ l I l A  1

~~$0 $  -‘

I 511 PO t N I h  I Si’ t up high po lo t er

I I .UA ~~0t-~ 
-
‘

I 511 P01 NTIS I Set up I ow p01 U t  ( ‘I t o  p o i n t
t t -t OVMNTO’1’ I

I l OtIP I I I)\’ /t$0 / Set V i ’t ’. i s t t ,  t o  p~’ I tO I
OVVARSI IM -

‘

I ) I i):\ ~ P01 N I l  I ‘1 , V

I 511 Ai l~: Tiove ov\’ARS IM t o  ttv ; I

II— .’
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Cycles Label Mnemonic Comments !ytes

2 IN? 1

5 LDA (P0INTL3),Y 2

3 STA AUG41 2

2 IN? - 1

5 LIlA (POINTL3) ,Y 2

3 STA ADD Move OVCNT to ADD 2

2 LDA #02 2

3 STA MSIZE Specify No. of bytes in 2’
division.

6 JSR DIVIDE Calculate OVVARSUM/OVCNT 3

3 LDA MULP 2

3 STA TEMP 1 2

3 LDA MIJLP+1 2

3 STA TEMP2 Save result of calculation 2

2 LDY #$02 2

5 LDA (POINTL) ,Y 2

3 STA AUG Move OVSQSUM to AUG 2

2 IN? 1 
- 

-

5 LDA (POINTL 3) , Y 2

3 STA AUG+l Move OVSOSUM+]. to AUG41 2

2 IN?

5 LDA (POINTL3),Y 2

3 STA AUC4-2 2

2 LDY #09 1

- - 
H—3
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Cycles Label Mnemonic c~~~~~s ~y~~es

5 LDA (POIN TL3) ,Y

3 STA ADD Move OVCNT to AD!) 2

2 LDA #03 2

3 STA MSIZE Sp e c i fy  no. of by t e s

6 JSR DIVIDE Calculate OVSQSIJN/OVCNT

3 LDA MIJLP ; 1

3 S1’A A1)D I

LDA MULP+ l Move r e su l t  t o  Al) !) regis ter 2

I STA AD1)+l I

L1)A MULP+2 2

I STA ADD+2 : I

3 LIlA ‘I’EMPl -~

I STA AUG - ‘

3 LIlA TEMP2 ; Move OVVARSUN/OVtIN’l’ to A uG -‘

STA AUC+2 ; reg ister - ‘

I LIlA #03 - ‘ 
H

3 STA SIZE I

tSR 11) 1)

3 1.1)1 Alit ; -
‘

I STA -rEl-IP 1 -
‘

3 LilA AUG4 1 ‘

I STA i I-I ! P2 -
,

3 1.1)1 AUG-f l 2

3 STA TEM P ~3

_

~t I - -i 
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Cycles La I~e1 Mnemonic Comments Bytes

2 LIlY #00 2

5 LDA (POINTL3),Y 2

3 STA AUG Move OVMNTOT to AUG 2

2 IN? 1

5 LIlA (POINTL3) ,Y 2

3 STA AUG+1 Move OVMNTOT to AUG+l 2

2 LDA #OO 2

3 STA AUG+2 Clear AUG42 2

2 LDY #$09 2

5 LDA (PO INTL3 )-, Y 2

3 STA ADD 2
-

- 
2 LDA #02 2

3 STA MSIZE Specify no. of bytes 2

6 JSR DIVIDE Ca1ct~late mean for one hour 3

3 LDA MULP+l 2

5 ROL MULP 2

2 BCC CONT1 2

2 CLC I

2 ADC #01 Round up mean 2

3 CONT1: ROR MULP Restore MULP 2

2 LDY #$19 Set pointer to Hill-lEAN 2

6 STA (POINTL3),Y Save value of mean in HRNEAN 2

3 LDA MULP 2

3 STA ADD ; Copy value of mean to ADD 2

H 5
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Cycles Label Mnemonic Comments Bytes

3 LDA MIJLP+1 ; 2

2 STA ADD+1 ; 2

3 LDA #OO ; 2

3 STA ADD+2 2

3 STA ADD+3 2

3 STA AUG 2

3 STA AUG41 2

3 STA AUG42 2

-
- 3 STA AUG-4-3 2

- 

- 
6 JSR MULT Square full value of mean 3

5 ROL AUG 2

2 BCC CONT2 2

5 INC AUG+1 2

2 BNE CONT2 2

5 INC AUG42

2 BNE CONT2 I

5 INC AUG+3 2

3 CONT2 : LDA AUG41 :‘

3 STA AU G 2

3 LDA AUG42 I

3 STA AUC+l I

3 LDA AUG43 -
‘

3 STA AUG42 2

3 LDA TEMP 1 2

1-1-6
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Cycles Lpbe l Mn emonic Comment By t es

3 STA ADD 2

3 LDA TEMP 2 2

3 STA ADD+1 2

3 LDA TEM P3 2

3 STA ADD+2 2

2 LDA #03 2

3 STA SIZE 2

6 JSR SUBTRT Calculate variance 3

- , 2 LDX #03 2

5 1.00P2 : ROL AUG 2

S ROL AUC+l 2

2 DEX 1

2 BNE LOOP2 2

5 ROL AUG 2

2 BCC CONT3 2

5 INC AUG41 2

3 CO NT3: LDA AUG41 Variance packed as 5.3 bits 2
is loaded into aecum.

2 IN? 1

6 STA (POINTL3 ), Y Save variance in HRV RNCE 2

2 LDA #O0 2

2 LDY #O0 2

6 STA (PO I NTL3) ,Y Clear OVMNTOT 2

2 IN? 1

H- 7
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Cycles L,abel Mnemonic Comment Bytes

6 STA (POINTL3) , Y Clear OVMNTOT+1 2

2 IN? i

6 STA (POINTL3) ,Y Clear OVSQSUM 2

2 IN? 1

6 STA (POINTL3), Y Clear OVSQSUM#l 2

2 IN? 1

6 STA (POINTL3) ,Y Clear OVSQSIJM+6 2

2 LIlY #$07 2

6 STA (POIN TL3), Y Clear OVVARSUM 2

2 INY 1

6 STA (POINTL3) ,Y Clear OVVARSUM+1 2

- ‘ 2 IN? 1

6 STA (POINTL3), Y Clear OVCNT 2

2 LDA #$1A 2

2 CLC 1

3 ADC POINTL3 2

2 BCC BRNCH 1 2

5 INC POINTH3 Set pointer for next variable 2

2 BRNCH1: DEC CONCNT 1

2 BNE LOOP1 2

2 LIlA #~O7 If all 32 parameters dealt with 2

3 STA CONCNT then set up control counter for 2
TTL count mean calculat ions

2 LDA #$61 2

3 STA POINTL3 2

H—8



- -- . 5 --  ‘__ _---w-____ ___ ---  - --5-—- -- ’- - - - -  - —-.5

--5 

— . 5 . 5—
- - --- --

-Cycles Label Mnemonic Comments Bytes

2 LDA #$O 5 2

- j 3 STA POINT H3 Set up pointer to QVMNS1JM 2

2 LDY #00 Set pointer to TTh CUMTOT 2

S LOOP3 : LIlA (PO INTL 3) ,Y 2

3 STA AUG Move OVMNSUM to AUG 2

2 IN? 1

5 LDA (POINTL 3) ,Y

3 STA AUG41 Move OVMNSUM+1 to AUG41 2

2 IN? 1

H 5 LDA (POINTL3) ,Y 2

3 STA ADD Move OVCNT to ADD 2

2 LDA #02 2

3 STA MSIZE 2

6 JSR DIVIDE Calculate mean of current counter
value 3

5 ROL MULP 2

2 BCC CONT4 2

5 INC MULP+1 2

3 CONT4: LIlA MULP+1 2

2 LDY #$OD 2

6 STA (PO INTL3 ) , Y Store mean in counter HIll-lEAN 2

2 LDY #$08 2

2 LDA #0O 2

6 STA (PO INTL3 ) , Y 2

11—9
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Cycles Labe l Mn emonic Comments Bytes

- t 2 DEY 1

6 STA (P OINTL3) ,Y 2

2 DEY 1

6 STA (POINTL3),Y Clear OVMNSIJM and OVCNT 2

H 2 LIlA #$OE 2

- ‘  2 CLC 1

3 ADC POINTL3 Set pointers to base for next
counter 2

- 
- 2 BCC BRNCH2 2

5 INC POINTH3 2

2 BRNCH2 : DEC CONCNT 1

2 BNE LOOP3 2

4 PLA 1

3 STA TEMP3 2

-~~ 4 PLA 1

3 STA TENP2 I

4 PLA 1

3 STA TEMP1 2

4 PLA 1

3 STA MULP42 I

4 PLA I

3 STA MULP+ 1 2

4 PLA 1

3 STA MULP I

H—b

L 
_____ _________________________  ____.5 - 

~~~~~~~~~~~~~~~~~~~~~IJ1~~L ~~~~



_____-— ~~~~~~~~ ~~~~~~~~~~ 
—‘- — T9L ,~~ — —— - -—~~~ ----- ~~~~~~~ -

Cycles Label Mnemonic Comments Bytes

4 PtA 1

3 STA M SIZE 2

3 PtA 1

4 STA SIZE 2

3 PTA 1

3 STA AUG42 2

4 PTA 1

3 STA AUG#1 2

4 PtA 1

3 STA AUG 2

-
~~~ 4 PTA 1

- 

‘ 

3 STA ADD+2 2

4 PtA 1

3 STA ADD+b 2

4 PtA 1

-
~~~ 3 STA ADD 2

4 PTA 1

2 TAY 1

4 PTA ’ 1

2 TAX 1

4 PtA Restore all registers 1

6 RTI Return from interrupt 1

This routine requires 449 bytes
of ROM and two bytes of RAM for a
pointer an~ one for a control counter.
It executes for a maximum time of l8.Sms.

11-1]. -
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~ SYMBOL INTERPRETATION

Maths argument register .

AUC : Maths argumen t register.

CONCNT : Control counter ; keeps track of current parameter.

HRMEAN : Location for hourly value of mean.

HRVRNCE: Location for hourly variance.

MSIZE: Sets size of multiplier in multiplication or dividend in division.

MULP : Maths argument register.

OVCNT: Keeps count of number of groups of N*K samples for both analogue
voltages & TTL counters .

OVMNSUM: Sum of means of each group of N*K samples of TTL counters.

OVMNTOT: Sum of means of each group of N*K samples of analogue voltages.

OVSQSUM : Sum of means, squared , of each group of N*K samples of analogue
voltages.

OVVARStJM: Sum of variances of each groups of N*K samples of analogue voltages
- 

- 
& TTL counts.

-~~ TE}lPl~ 3: Used for saving intermediate values.

11—12
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ALARI-l LEVEL j E ST ~~ RROU TIN E

Label. ~~~ uou i c  Comments

AIkITST~ U t i s  subrou t ine  compares the  s~im j u
value of the current parameter with
stored alarm levels.  The s u b r o u t i n e
is called from ANV SCN and the samp1c~
value is in location TEMP1. The pro-
gram uses a pointer , set to the cur-
rent parameter in ANVSC~~, to locate
the alarm level desired .

2 LIlY #00 Set po in ter to RED LOW level 2

5 LDA (POINTL1),Y 2

3 CMP TEMP1 2

2 BMI AMBLOW If —ye , branch and con t inue  tes t  2

2 LDA #01 else s ignal  red low alarm 2

3 STA TEMP 2 2

- ‘ 3 JMP END ~Jump to end of routine 3

2 AMBLOW : IN? Set pointer  to AMBER LOW level 1

5 LIlA (POINTL1) ,Y 2

3 CNP TEMP 1

2 BMI REDH~H If —ye branch and continue t e st
2

2 LDA #02 else ~igna1 amber low alarm 2

3 STA TEMP2

3 JMP END 3

2 RED HC H: IN Y Set p o i n t e r  to  RED HIGH level 1

5 LDA (POINTL 1) , Y I

3 CNP TEMPI I

1— 1
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H ~yç~ es Label. Mnemonic Comments By~~s

2 BPL AMBHGH If +ve branch and continue test 2

2 LDA #03 else signal red high alarm 2

3 STA TEMP2 2

3 JMP END -~

2 AMBHGH: INY Set pointer to AMBER HIGH level

5 LDA (POINTL1),Y I

3 CMP TEMP 1 I

2 BPI. GREEN tf +ve branch and signal green I

2 LIlA #04 else signal amber high I

3 STA TEMP2 alarm I

3 JMP END 3

I GREEN: LIlA #00 I

- 
I 3 STA TEMP 2 I

2 END : LDY i~24 Set p o i n t e r  to  a la rm st a t e  l o c a t i o n  I

3 LIlA TEMP2 I

6 ST:\ ( P O I N T L l ) , Y Store a l a rm  level in al a rm s t a te  -

6 RTS I

This subroutine requires 68 b y t e s  of
ROM and uses TENP1 and TEMP 2.  I t
also has 1 byte of RAN in the measured
parameter list. If there is iio a l a r m
the rout inc executes for 7I~~s. I f  t h e
red low a lar m  c o n d i tio n  i s  s i g n al l ed
the rout inc executes for 37~ s - Ot h e r
alarm levels result In execution t imes
between these l evels.
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APPENDIX J

ANALOGUE VOLTAGE SCAN ROUTINE

Cycles Label Mnemonic Comments Bytes

ANVSCN: This routine controls the analogue
voltage scan interface reading in
the samples of each of the 32 para-
meters and calling the statistics
and alarm check subroutines as ne-
cessary . The program uses several
control bytes. These are:
BLKCNT , SANCNT which keep track of
the number of samples and blocks of
samples read in.

ANCTR which keeps track of the num-
ber of the current parameter.

ANCSW which selects the input to
the analogue multiplexer

CR2B control register of PIA2B

2 LDA #32 2

3 STA ANCTR Load input port counter 2

2 LDA #Ol 2

3 STA ANCSW Set control word 2

5 INC SAMCNT Increment no. of samples count 2 H
2 LDA ItOO 2

3 STA POINTL 1 Set low byte of pointer to first
parameter 2

2 LDA #02 2

3 STA POINTH1 Set high byte of pointer to first
parameter 2

3 LOOP1: LDA ANCSW 2

4 STA PIA2A Select desired parameter 3

j— 1
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Cv~- l  e ;  l,ahei Mnemoi~ I c  Co m me nt s  I t v t  c-

- ‘ LIlA II L’ I

I t’MP ANCSW I I t ii is  i s  p a t o m e t  c~ II I I t e v e
open I %1~~) I

I REQ RF~A1) t hen tnup and t- cod In  v a I t ie

I I,DA 11$ ~ ci ~~ _ t A / I )  convers  I on I

4 S’I’A CR2 B E m i t  start convi -ta i on p u L t - 1

I IDA # $ 1 ’ ~ I

4 S’FA CR21 1 Cl  c i i-  s 1 -I r t  .t t t i v e r a  I ~t n 
~~ I a ’

1 .001’ .’ : Ri I CR1R Th i a c o t i s t ’ ;  b I t  1 i a b )  o I
to he loaded t n t  o I I i i ’  - - vt  ( N )  I I a ~-

. -
‘I’It I a h i t  I a s , ’ t wh eit  ~-ou~- e 1 a  I on I a

a comp I et o t h er e  I a i t ’  h r anc h  :ittd
- - 

‘ B1’I. LOOP_ ’ t ’ht ’t 1 ~ ago in  it I t I a not  a ct  -

-~ i , i ) A f l $ I 1  i t  t - t t i v - i a  i m  t -ompl  t~I a

— .~ ~ t’ -\ i~ ii \ _~,\ t ba i t  a u t h  1 ’  1~~~1~ I a t - .i n i  la~ t ti- n u i l
t I p t ~-xe t ’  I

4 REA l ) : I PA 1’ 1 A. ’ B Read In  v a t  i t t -  a I ;anp  I a

I S I A  TK~tt’  I SI a t  a c - i  I iu ’  I i i  l EN)’ I I

.I- ~R ,\l,~1 iSl Cheek I a a, ’, - I t  v o l  ~ic I a on i i  t i n t
I (‘\‘(‘i -

~

6 .t~~R ~~i A I i S  (‘ aiatti.i t e a t - i t  ( a t  ( k - ; ;  I

1 I I I ; .\N ( ’ ) I ~ I I i )  I I ’  ~~~~~~~~ i t  a l t i v t . ~~~~
S :iTt%p I ad -‘

I~i-~~ t-~X I I  t i t a n  i ’x I I I t o r n  i -ou t  in,-

- I N C  A N t I ~W ci at ’  t~~, a ct  can t i i ’  I wo rd I ,’ n e x t
j ’ O  1 ,11th ’ 1 V i

I I Il I

I APt  l’OI N i ’i .l ; Add •~~1 t o  i ’ ~ b~~t a at  ~a- t i t i  at

I i i i  t -
,

.1.- -’

— 
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Cycles Label Mnemonic Comments Bytes

2 BCC JUMP ; it points to next parameter 2

5 INC POINTU1 ; 2

3 JUMP : JMP LOOP1 3

- 
11 2 EXIT: LDA #K 2

3 CMP SAMCNT 2

2 BNE CLRBLK 2

2 LDA #0O 2

3 STA SAMCNT Clear sample count If it is K 2

2 CLRBLK : LDA #N 2

3 ClIP BLKCNT 2

2 BNE RETURN 2

-
~~~ 2 LDA #OO 2

3 STA BLKCNT Clear block count if it is N 2

6 RETURN: RTS Return from subroutine 1

This routine requires 96 bytes of
ROM. It executes for a maximum of
36.6 ins if no statistics calculations
are done. This includes time for
the A/D conversiOn . If the first
group of statistics calculations is
done then, with K = 128 and N = 256
the maximum execution time is 76.2 ins .

- 

- 
If both groups are done then the time
taken is 133.6 ins.

—,------— - .---- -———- —.5---. — —.— —---- -—- —---- 

J-3 

- -—.5---- - —.5- - --.5--- -.5-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~~~~~ -~~~~~~~~~~~ - - ~~~~~~ —--- - k—--— - - -  - - ----

.5- — .--~—-- 
.5— .- — -.5 ‘---.5



APPENDIX K

TTL INTERRUPT ROUTINE

Cycles Label Mnemonic Comments Bytes

FTTL/MTTL SERVICE ROUTINE
Use locations POINTL2, POINTH2

- - as pointer to constants for next
count to be read as with ANVSCN.
These are incremented as each in-
terrupt is serviced to point to
the next one.

2 TTLINT : SEI Disable IRQ 1
3 PHA Save accumulator 1

2 TXA 1

- , 
3 PHA Save X register 1

2 TYA 1

3 PHA Save Y register 1

3 LDA ADD 2

3 PHA Save ADD 1

3 LDA A~~-I-1 2

3 PHA Save ADD+l 1

- - 
3 LDA AUG 2

3 PHA Save AUG 1

3 LDA AUG+l 2

3 PHA Save AUG+l 1

2 LDA #$B0 2
4 STA PIA1A Reload TBG no. 1 3

3 LDA TSBN 2

4 STA PIA2A Enable TSB given by TSBN 3

4 LDA PIA2B Read in count 3
3 STA ADD 2

3 LDA CNTN 2

4 STA PIA2A Clear counter given by CNTN 3

K-i
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2 LDY #$0O 2

2 LDA #$OO 2

3 STA ADD+1 Clear ADD+1 2

5 LDA (POINTL2) ,Y Load accum . with CUNTOT 2

3 STA AUG 2

2 IN? 1

S LDA (POINTL 2) , Y 2

3 STA AUG+1 Load CUNTOT1 into AUG+l 2

2 LIlA #02 2

3 STA SIZE Choose precision 2

6 JSR ADD 3

2 IN? 1

5 IDA (PO1NTL2), Y 2

2 CLC Clear carry I

2 ADC #01 Inc. no. of samples count 2
(SAMCNT)

2 CMP #K No. of samples ~~‘ K? 2

2 BEQ CONT1 2

6 STA (POIINTL2),Y Restore SANCNT 2

2 DEY 1

3 LIlA AUC-+l 2

6 STA (POINTL 2) ,Y Restore CUMTOT1 2

2 DEY 1

3 LDA AUG 2

6 STA (P OINTL 2 ) , Y Restore CUMTOT 2

3 JMP SETPNT Jum p to set po in te r s  f o r  nex t  call
of t h i s  rou t ine  3

2 CONT1: IDX #J Where 2**J -
~ K I

2 LOOP1: CLC Clear carry 1

5 ROR AIJG+l I

5 ROR AEJG 2

K-2
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- Cycles Label Mnemonic Comments Bytes
2 DEX i

2 BNE LOOP1 Divide by K 2

2 BCC RNDDWN 2
5 INC AUG Round up 2

2 RNDDWN : IN? 1

5 LDA (POINTL 1) ,Y 2

3 STA ADD Load MN SUM into ADD 2

2 IN? 1

5 LDA (POINTL 1) ,Y 2

3 STA ADD+l Load MNSUM+1 into ADD+l 2

6 JSR ADD Add latest value of mean to total
of means (MNSUN) 3

2 LDY #OO 2
2 LDA #00 2

6 STA (POINTLZ) ,Y Clear CUNTOT 2

2 IN? 1

6 STA (POINTL2 ), Y Clear CUMTOT+1 2
2 IN? 1

6 STA (POINTL2 ) ,Y Clear SAMCNT 2

2 LDY #$O5 2

5 LDA (POINTL2 ), Y Load accum. with no. of blocks 2
(BLKCNT)

2 CLC Clear carry 1

2 ADA #01 Inc. accumulator 2

2 CMP #N Have N blocks of samples been 2
collected ?

2 BEQ CONT 2 2

6 STA (POINTL 1) ,Y Restore BLKCNT 2

2 DEY 1

3 LDA AUG+i 2

6 STA (POINTL 1) ,? Resto r e MNSUM+1 - 2

2 DRY

K-3
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Cycles Label Mnemonic Comments Bytes

3 LDA AUC 2

6 STA (POIN1 LI),Y Restore MNSUM 2

3 JMP SETPNT Jump to set pointers for next
call of this routine 3

2 CONT2: LDX #M Where 2**M N 2

2 LOOP2: CLC Clear carry 1

5 ROR AUC+l 2

5 ROR AUG 2

2 DEX 1

— - 2 UNE LOOP2 Divide by N 2

2 BCC RNDDWN 2

5 INC AUG Round up overall mean 2

2 IN? 1

5 LDA (POIN TL2 ) , Y 2

3 STA ADD Move OVMNSUM to ADD 2

2 IN? 1

5 LDA (POINTL2),Y 2

3 STA ADD-I-i Move OVMNSUM+1 to ADD+1 2

6 JSR ADD Add new overall mean to total 3

2 IN? 1

S LDA (PO INTL2 ) ,Y 2

2 ADC 1~Ol Inc. no. of overall values count
(OVCNT ) 2

6 STA (POINTL2) ,Y 2

2 DRY 1

K-4
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Cycles Label Mnemonic Comments Bytes

3 LDA AU G+l 2

6 STA (POINTL2) ,Y Replace new value of OVMNSUN+1 2

2 DEY 1

3 LDA AUG 2

6 STA (POINTL2) , Y Replace new value of OVMN SUM 2

2 DEY 1

2 LDA #0O 2

6 STA (POINTL2) ,Y Clear BLKCNT 2

- 
- 2 DEY 1

6 STA (POINTL2) ,Y Clear MNStJM+l 2

2 DEY 1

6 STA (POINTL2) ,Y Clear MN SUM 2

2 SETPNT: LDY #$09 2

5 LDA (POINTLZ ) ,Y 2

3 STA TSBN Set TSR no. for next call of this
routine 2

S IN? 1

3 LDA (POINTL 2) ,Y 2

2 STA CNTN Set TTL counter no. for next
call of this routine 2

5 IN? 1

5 LDA (POINTL2) , Y 2

3 STA TEMP 4 Fetch new low pointer value and
store in TEMP 4 2

2 IN? I

K-5
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Cycles Label Mnemonic Comments 
_____

5 LDA (POINTL2) , Y 2

3 STA POINTH2 Set new high pointer 2

3 LDA TEMP4 2

3 SrA POINTL2 Set new low pointer 2

4 PLA 1

- :  3 STA AIJC+l Restore AUC’.+l 2

4 PLA 1

- - 3 STA AUG Restore AUG 2

4 PLA I

3 STA ADD-l-l Restore ADD+l 2

4 PLA 1

3 STA ADD Restore ADD 2

- I - 
4 PLA

2 TAY Restore Y register 1

4 PLA 1

2 TAX Restore X register 1

‘~i PLA Restore accumulator

2 CLI Enable IRQ 1

6 RTI Return from interrupt 1

This routine requires 250 bytes
ROM and 9 bytes RAN including 5
bytes on the stack. It also uses
the registers for the arithmetic
subroutine.

;~ K-6
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The rou tine usually execu tes in
304 

~
s. If the mean is calculated

it takes 505 ~ s. If it calculates
mean and overall mean it takes 566

SYMBOL INTERPRETATI ON
ADD : Maths argument registers .

AUG: Maths argument registers.

CNTN: Keeps the number of the current counter.

CUNTOT : Total of the sample values of the TTL counters .

~~SUN: Total of means of each block of K samples.

NCNTN: Keeps the number of the counter for the next call of this re,utine.

NTSBN: Keeps the number of the TSR for the next call of this rout I~.e

OVCNT: Keeps the number of groups of N*K samples.

OVMNSUN : Keeps the sum of the means of each group of N*K samples.

SA}ICNT : Keeps the number of samples taken.

SIZE: Sets size of addition or subtraction .

TEMP4 : Used for storage of intermediate results.

TSBN : Keeps number of the TSB for the current counter.

K— 7 
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APPENDIX L

ALARM SCAN PROGRAM

cycles Label Mnemonic Comments

This program reads In the five
eight—bit alarm words and refor-
mats them Into eight five—bit
alarm words then checks for major
alarms and builds the data charac-
ters for transmission.

2 CCRTN: LDA #$08 2

4 STA PIA1A Enable TSB no. 1 3

4 LDA PIA1B Read alarm word (a) 3

6 INC PIA1A Clear flip—flop 1 3

6 INC PIA1A Enable TSR no. 2 3

3 STA TEMP1 Temporarily store word (a) 2

2 LDA #$lO This sets bit 1 which is the NACK
bit of the begin character 2

3 STA NACKFLAG Set non-acknowledge flag 2

3 LDA TEMP1 2

4 BIT CONTROL1 CONTROL1 contains 01 3

2 BNE CONT1 Branches if alarm not acknowledged 2

2 LDA #$0O 2

3 STA NACKFLAG Clears non—acknowledge flag 2

5 CONT1: LSR TEMP1 Drop acknowledge bit from alarm word 2

2 LDA #$1F 2

3 AND TENPI accumulator now has 5 least sig-
nificant alarm bits from TEMP1 2

2 BEQ STORE1 branches if no alarms 2

L— 1



Cycles Label Mnemonic Comments

2 LDX #Ol 2

6 JSR MJACHK Calls major alarm check sub— 3
routine

3 STORE1: STA CCLCN1 Store alarm word no. 1 2

2 LDA #$06 2

3 AND TENPI The 5 alarms of word 1 are
masked out 2

2 LSR ACCUM 1

2 LSR ACCUM 1

2 LSR ACCtJM 1

2 LSR ACCUM 1

2 LSR ACCU1II Last two alarms of word (a) are
right justified in accum. 1

3 STA TEMP2 2

- 

- 
4 LIlA PIA1B Read alarm word (b) $

6 INC PIA1A Clear F/F2

6 INC PIA1A Enable TSB no.3 3

3 STA TEMP1 2

2 LIlA #$03 I

3 AND TEMP 1 Accum.  holds f i r s t  3 a larms of
word (h)  I

2 ASL ACCUM 1

3 ORA TEMP2 Accum . holds first 3 alarms of
word (b) and last 2 word (a) I

2 REQ STORE2 I

2 LDX #$02 -
,

L— 2
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Cycles Label Mnemonic Comments Bytes

6 JSR MJACHK Check for  major alarms 3

3 STORE2 : STA CCLCN2 Store alarm word 2 2

2 LDA #$F8 2

3 AND TEMP1 Accum . holds remaining 5 alarms
of word (b) 2

2 LSR ACCUM 1

2 LSR ACCUM 1

2 LSR ACCIJM Right justify these alarms 1

2 REQ STORE 3 2

2 LDX #$03 2

6 JSR MJACHK 3

3 STORE3: STA CCLCN3 Store alarm word 3 2

4 LDA PIAIS Read alarm word (c) 3

3 STA TEMP1 2

2 LDA #$lF 2

3 AND TEMP1 Accum. holds first 5 alarms of
word (c), right justified 2

2 BEQ STORE4 2

2 LDX #$04 2

6 JSR MJACHK 3

3 STORE4~ STA CCLCN4 Store alarm word 4 2

2 LDA #$EO 2

3 AND TEMP1 Accuni. holds last 3 alarms of
word (c), left justified 2

2 ROL ACCUM 1

L-3
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Cycles Label Mnemonic Comments Bvt ’s

2 ROL ACCUM 1

2 ROL ACCUM 1
- 

- Remaining word (c) alarms now
2 ROL ACCUM right justified. 1

2 CLC Clear carry 1

3 S’~r\ TEMP2 Store remaining alarms of word
(c)  pending reading of next word I

6 INC PIAIA Enable TSB no. 4

4 LDA PIA1B Read alarm word (d) 3

3 STA TEMP 1 I

2 LDA #$03 2

3 AND TEMP1 Accum . holds f i r s t  2 alarms of
word (d)  2

2 LSR ACCUN I

2 LSR ACCUM 1

2 LSR ACCUM 1

3 ORA TEMP2 Accum . holds first 2 alarms of
word (d) and last 3 of word (c) 2

2 BEQ STORE 5 1 
—

2 LDX ~SO5 -~

6 JSR MJACHK 3

3 STORES: STA CCLCN5 S tore  a l a r m  word f i ve  I

2 LIlA #$7C I

3 AMI) TEMP t Accum holds  m i d d l e  5 a l ar m s
of word (d) I

2 ASR t\~~~t”t 1

L—4
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Cycles Label Mnemonic Comments j3ytes

2 ASR ACCUM Right justify the accum. 1

2 REQ STORE6 2

2 LDX #$06 2

6 JSR MJACHK 3

3 STORE6: STA CCLCN6 Store alarm word 6 2

2 LDA #$80 2

3 AND TF.MP1 Accum. holds remaining alarm of
word (d) 2

2 ROL ACCUN 1

2 ROL ACCUM Right justify accum. 1

3 STA TE.MP2 2

2 CLC Clear carry 1

6 INC PIA1A Enable TSB no.5 3

4 LDA PIA1B Read alarm word (e) 3

3 STA TEMP1 2

2 LIlA #$OF 2

3 AND TENP1 2

2 ASL ACCUM Accum . holds first four alarms
of word (e) with a 0 to the right 1

3 ORA TEMP2 Accum . holds first four alarms of
word (e) and final alarm of word (d) 2

2 BEQ STORE7 2

2 LDX #$07 2

6 JSR MJACHK 3

L— 5
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Cycles Label Mnemonic Comments By~~~s

3 STORE7: STA CCLCN7 Store alarm word 7 2

2 LDA #$FO 2

3 AND TE?IP1 Accum . holds last 4 alarms of
word (e) 2

2 LSR ACCUM 1

2 LSR ACCIJN 1

2 LSR ACCUM I

2 LSR ACCUM Right justify last alarms 1

2 BEQ STORE8 2

2 LDX #$08 2

6 JSR MJACHK 3

4
3 STORE8 STA CCLCN8 Store alarm word 8 2

3 JMP ANVSCN Jump to analogue voltage 3
scan routine

This routine requires 219 bytes
ROM and 11 bytes RAM.

The routine executes for 267 cycles
if there are no alarms and for 496
cycles if every alarm occurs.

SYMBOL INTERPRETAT ION

ACCUM : CPU accumulator.

CCLCN: Locations where the alarm words are stored.

CONTROL1: ROM location containing 01 for use with a BIT instruction .

NACKFLAG : This flag is set if an alarm has not been acknowledged .

TEMP1—2: Used for intermediate storage.

S

L~6
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APPENDIX M

MAJOR ALARM CHECK SUBROUTINE

Cycles Label Mnemonic Comments Bytes

MJACRK: This subroutine is passed an alarm
word in the accumulator and the
number of that alarm word is the X
register. The alarm word passed in
is checked to see if any of the

F alarms set are major.

3 STA TEMP3 Save accumulator during subroutine 2
4 AND CHKWDO, X AND accumulator with stored constant 3

indicating major alarm bits for word
no. given by X. (Zero page indexed
addressing)

2 BEQ ANYALM Branch to ANYALM if no major alarm 2
is set.

2 LDA #~Ol2 2

3 ORA AFLAG ; Set major alarm bit in 2

3 STA APLAG ; AFLAG without altering previously 2
set bits.

2 LDA #~2O Set bit 5 of accumulator 2

3 JMP CONT 3

2 ANYALM : LDA #$04 2

3 ORA AFLAG ; Set any alarm bit in 2

3 STA AFLAG ; AFLAG

2 LDA #40 Set bit  6 of accumulator 2

3 CONT: ORA TEMP3 ; this places th e bit  set in the 2

ACCUM along with the alarm bi ts .

This becomes the MA or AA bit of

the data character

6 RTS 1

This subroutine requires 29 bytes
ROM and it executes for a maximum
time of 28 ps.

M-l
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Symbol Interpretation

AFLAG: Th is is used to remember the occ urr ence of major  or any ala rms unt i l
the begin character is transmitted .

CHKWDO : This is the base address of the check words used to remember which
alarms are major .

TEMP3: This is temporary storage location #3.

I..
M-2
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APPENDIX N

TBG2 INTERRUPT SERVICE ROUTINE

Cycles Label Mnemonic Comments Bytes

CHRINT : This routine is executed on receipt
of the interrupt from TGB2 . It keeps
track of the character which is to be
transmitted next and loads this
character in the ACIA output register
and programs the ACIA to transmit this
character. If this character is the
begin character, then this routine
will build it.

2 LDA #~ lO 2
4 STA PIA3A Clear TBG2 3

2 TXA 1

3 P}1A Save X register 1

2 LDA #~ 54 2

4 STA CRAC Program ACIA to transmit character 3

3 LDA TXPNT Load accumulator with pointer to next 2
word to be transmitted

2 BNE CONT If TXPNT = 0 then assemble beg in 2
character else branch to load charac—
ter into ACIA

2 LDA #~ AO Set 101 in bits 5—7 of begin charac— 2
ter

3 ORA NACKFLAG pla ce NACK bit  in begin character 2

3 ORA AFLAG place MA and AA bits in begin charac— 2
ter

3 STA CCLTNO Store begin charcter 2

2 LDA #00 2

3 STA NACKFLAG Clear NACKFLAG 2

3 STA AFLAG Clear AFLAG 2

4 CONT : BIT CONTROL2 3

2 TAX 3

2 BNE RESET If TXPNT = 8 then branch to reset it 2

5 INC TXPNT else increment TXPNT 2

3 JMP TXNIT 3

N-i
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Cycles Label Mnemonic Comments Bytes

2 RESET: LDA #00 3

3 STA TXPNT Reset TXPNT 2

4 TXMIT: LDA CCLTNO , X Load character to be transmitted 3

4 STA OACIA Store in ACIA output reg ister 3

4 PLA 1

2 TAX Restore X register 1

4 PLA Resto re accumu lato r 1

6 RTI 1

This routine requires 55 bytes of
ROM and executes fo r a maximum time
of 83 is.

Symbol Interpretat ion

AFLAG : This byte contains the major alarm (MA ) and any alarm (AA ) bits of
the begin character.

CO~TROL2: This byte contains a constant value of ~O8 for use with BIT instruc—
tions.

CRAC : This is the ACIA control register.

NACKFLAG : This contains the NACK bit of the begin character.

OACIA: The ACIA output register .

TAPNT: A pointer to the next character to be transmitted.

N- 2
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APPENDIX 0

DATA REQUEST SERVICE ROUTINE

Cycles Label Mnemonic Comments Bytes

ACAINT: When the ACIA has transmitted the
data in its output register, it
generates on interrupt, requesting
more data. This routine services
that interrupt by programming the
ACIA to transmit blanks.

2 LDA H74 Set up control word. 2

4 STA CRAC Store control word in ACIA 3
4 PLA Restore accumulator

6 RTI Return from interrupt

This routine requires 7 bytes and
executes for 16 p5.

a Symbol Inte~~ retatio n

CRAC : This is the ACIA control register.

0~ l
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APPENDIX P

EYE MONITOR PROGRAM

Cycles Label Mnemonic Comments Bytes

EYEMON: This program controls the
AGC and reference voltages
for the eye pattern monitor.

2 LDA #AGCINIT 2

3 STA PA2O Set initial AGC voltage 2

2 LDA #BINIT 2

3 STA PB2O Set initial reference voltage 2

3 STA PB3O Set dispersion output value 2

2 READ : LDA #~80 2

3 STA PA3O Enable latch 2

2 LDA #~OO 2

3 STA PA3O Disable latch 2

3 LDA PA3O Read sample value 2

2 CMI’ #~09 If sample is zero level 2

2 BMI READ Then read another sample 2

a 2 CMI’ #~ 70 If sample < — 2d 2

2 BEQ DECRSE Then branch to decrease gain 2

2 CMP HOF If sample > 2d 2

2 BEQ DECRSE Then branch to decrease gain 2

5 INC INCGN Else increment increase gain 2
counter

2 CMP #~0E If sample > 2d—b 2

2 BEQ INCRSE Then branch to increase b 2

2 CMP #~3O If sample < — (2d—b) 2

2 BEQ INCRSE Then branch to increase b 2

5 INC DECB Else increment decrease b counter 2

2 LDA #03 2

3 CMP DECB If decrease b counter ~ 3 2
2 BNE GAIN Then branch to check AGC 2

5 DE~ PB2O Else decrement b reference 2

5 DEC P830 decrement eye dispersion 2

P—i
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Cycles Label Mnemonic Comments Bytes

3 JMP GAIN jump to check AGC 3

5 INCRSE: INC INCB Increment increase b counter 2

2 LDA #09 2

3 CMP INCB If increase b counter ~ 9 2

2 BNE GAIN Then branch to check AGC 2

5 INC PB2O Else increment b reference 2

5 INC PB3O increment eye dispersion 2

2 GAIN: LDA #08 2

3 CMP INCGN If increase gain counter ~ 8 2

2 BNE R EAD Then read in another sample 2

5 INC PA2O Else increment AGC voltage 2

3 ~NP READ read in another sample 3

5 DECRSE: INC DECGN Increment decrease gain counter 2

2 LDA #08 2
3 CMP DECGN If decrease gain counter ~ 8 2

2 BNE READ Then read another sample 2

5 DEC PA2O Else decrement AGC voltage 2

3 JMP READ read in another sample 3

The program requires 91 bytes of
ROM and 4 bytes RAM . If sample
is zero level execution time is
17 ~s. If sample is > 2d or < —2d
then execution time is 36 to 45 u s .
If sample isa> 2d—b or < — ( 2 d — b )
then executi~n time is 51 to 73 s
and if sample is < 2d—b or > — (2d — b )
then execution time is 57 to 78 s.

SYMBOL INTERPRETATION

DECB : Counter for dectease reference voltage events

DECGN: Counter for decrease gain events

INCB: Counter for increase reference voltage events

INCGN : Coun te r f or increase gain even ts

PA2O: A port of 6520. (Used for AGC)

PA3O : A port of 6530. (Used to read samples)

P820: B port of 6520. (Used for reference voltage)

PB3O: B port of 6530. (Used for eye dispersion output)

P—2
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I: APPENDIX Q

INTERRUP T REQUEST SERVICE PROGRAM

Cycles Label Mnemonic Comments Bytes

IRQ : This program is executed when an
IRQ interrupt is serviced . It
reads the priority encoder output
and uses this to j ump to the re-
quired interrupt routine after
clearing the f l ip—flop for that
interrupt.

3 PHA Save accumulator 1

4 LDA P1A3B Read priority encoder output 3

2 AND #$07 Mask out those pins which are 2
outputs

2 BEQ CHR If output is 0 then branch to CHR 2

2 CM? /fr02 If output is 2 2

2 BEQ ACA Then branch to ACA 2

2 LDA #$20 Else 2
4 STA P1A3B Clear PATINT flip—flop 3

3 JMP PATINT Jump to PATINT 3

2 CHR: LDA #$80 2
4 STA P1A3B Clear CHRINT flip—flop 3

3 JMP CHRINT Jump to CHRINT 3

2 ACA: LDA #$40 2
4 STA P1A3B Clear ACAINT flip—flop 3

3 JMP ACAINT Jump to ACAINT 3

This program requires 36 bytes
ROM and executes for 20 ps if
CHRINT and 24 us if any other.

Q- 1
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SYMBOL INTERP RETATION

P1A3B: The B part of P1A3 . Used to interface the interrupt priority
circuit to the CPU.

Q-2 
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MISSION
L~/

Rome Air Development Center

Rix plans and conducts research , exploratory and advanced
developaent p rograma in coargnand, control, and coszrnunications
(C3) activities, and in the C3 areas of informatioz~ sciences
and intelligence. The principal technical mission ar~kI
are co,rgriuflications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intellig~~ae
data collection and handling, information system t.cthholOgy,
ionoaph ric propagation, solid state scienceS, Micr~~avó
physics and electronic riliability, ,sa.intaindbility snd
compatibility.
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