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I am going to talk to you abou t the app lication of microprocessors to

process c ntrol. My perception is that of the end—user whose objective

is to increase the operating efficiency of flow processes in a refinery or

a batch chemical plant , etc . Our methods to increase operating efficiency

arc limited :

We may use wh ips , but those are going out of fashion.

. Mechanization — in other words , the rep lacemen t of muscle

power with machine power , is an alternative.

We may wan t to improve the econom y of scale thro ugh

increasing the size of prod uction units or increase

their integration by letting material flow from stage to

stage without being touched by human hands , and finally

We can increase the speed of operations.

All of these methods , with the excep tion of whips of course , imply some

l eve l of automation. That is, the use of machines to operate and/or control

other machines .

I’m sure many of you are familiar with the following definition of design:

Given a set of rules of behavior (“The Process”) and

a set, of components , find the “best compromise” in organizing

components into a system . (“The Plant”)

Computers as components of flow process plants fall into two basic

categories:

-~~
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App li cation independent (commercially available , no customiza—

tion required) —— in other words , using compu ters as hidden

componen ts in purchased  equi pment  wh ich  a re  t r a n s par e n t

to us as users.  (Fo r examp le , in c a thode  r a i  tubes , w r i s t

watches , e tc . )

App lica tion dependent (commercially not a v a i l a b l e , c ust o m i z a -

t ion req u i red)  —— that is , computcr.s used for new functions

suc h as direct di gi tal control of batch processes or as

rep lacement  at  t e rn at  ives f o r  l ami  1 t a r  lu n d  ions w h i c h  we

can now Imp I emeni elmeape r . (Fo r examp l t ~ , one may rcp l ac& ~

r,.~ lay i r r u  I t ~ wi tb siu .i ii com p ut e r s )

From t h i s  p a r t  I •u t a r  po t n t  of view , I w i l l  focus  on the use of s m a l l

c o m p ut e r s  as app l i c a t i o n  dependent  components  in the desi gn 01 a flow process

p l a n t  w i t h  the eye on In c r e a s i ng  o p e r a t i n g  e [u i c l c n c y .

Before  I go on w i t h  the  d i s c u s s i o n  of smal l  computer s , I would like to

d istingu ish between microprocessors and m i n i a t u r e  c o m p ut e r s .

A mini ature comput er is  s o met h i n g  I ike a very small IBM S3/O/1~~8 or a

Cl)C Cy be r I 15 w h i c h  w o u l d  l i l t  in  y o u r  I) r I ~ ‘ ic ast’ but otin’ rwise can do al l

the l u n c  lions ot it s bi gger brother. By tnic roprocessor I mean t he  “ch ip ”,

I ..‘ • a cii ii ec LI on of slow , p1. im it [ye , compute r  elements (reg iSters , a ci Lhmet Ic

Un I I , :i iiil coi l I ro I I ~g I i )  on i i,n’ mono I i t h i  I -  I I I ( 1) 114 s i ibs t  i i  Ic wit Ii o i-  w i t  h i i i i i l

memoi .y , opt  f o t ia  I I y l urehlasab Ic m o u n t e d  ‘‘ii a p r i n t e d  ‘ 1  rcii I t bnar,I

_____________ ___________
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Of course if somebody hands you a small box and you can ’t t e l l  w h e t h e r

i t is a m i n i c o m p u t e r  or a mi c roproce sso r  you may I ry ( ( I  run  co rpo r a t  c p ay r o l l

i n  t h a t  box. if  lim e p a y r o l l  runs , we a re  t a l k i n g  of a m i n i a t u r e  bu s i n e s s

c ompute r .  I f  not , i t  is a m i c r o p r o c e s s o r .  In  o t h e r  words , t r y  a b enchm ark

to d i s t i n g u i s h  between a m i n i a t u r e  compuLer  and .a mi c r o p r o c e s s o r .

End—users  t y p i c a l l y  j u s t i f y  mic roprocesso r s  on the  b a s i s  ot

• Small s ize ( f o r  examp le , one must  inc l ude a c o n t ro l l e r

in an a c t u a t o r ) .

• Low cost ( f o r  example , a more expensive  c l a s sic a l  min i -

computer  or large  amounts  of slow , spec ia l  purpose ,

logic would  o the rwise  be r e q u i r e d) .

N o t e  t h a t  wbm l i e  s i z e— t e l  a led spec t a t  p ackag i n g  cons I ( l er at  ions .it t ’

genera l  ly va I Id , cost c o n s i d e r a t i o ns  may v e r y  w e l l  I ;m vor  c las s  I c .i I m i n i  —

c ompute r s , ins tead of m i c r o p r o c e s s o r s .

Let  me show an example ( F i g u r e  1) .  Here we have compared the  u n i t  cos t

of au toma t ing  a labora tory  i n s t r u m e n t  us ing  e i the r a m i n i c o m p u t e r  or a micr o -

processor.  As the curve  shows we have found  t ha t  you must  b u i l d  at  l ea st

seven i den t i c a l  systems be fo re  mic roprocesso r s  s t a r t  to have an edge on cap i t a l

cost .

When we also compute the  t o t a l  cost at  ownership  i nc lud ing  spare p a r t s ,

m a i n t e n a n c e  documen ta tton , ma in t enance  t r a t n i n g ,  e t c . ,  we hnve found t h a t ,

L a k i n g  the t e c h n i c a l  r i sks  i n t o  accoun t , the  fo l lowing  r u l e  of thumb h o l d s :
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p r om t h e  t u t u  ~~‘st ot  o w ner s h i p  point of view micro—

prou -csso i s ‘~liou I d not  be used l o r  process contr ~l unless:

\ c u  need at  I c .t st  100 i d e n t i c a l  (h a r dw ar e/
~~o t I w.i l u  Uul  I I

2. S o t i t  u~~ . ot  i u — ’ ~u u t ~i I v ( I i .u t ’ d w a r v / s o t  t w i c e )  c ii i  be
p r o v i d e d  b r  •uh out  l~ v t . I r s .

L L o n g — I  erm i i i  I u t  e iu , i i *t c t ’ . i p .uh i  I i t  v i s  a s s u red .

lii i t e a t  i v V I I  \ I . t u i t  po : ;t  t i r e  i s t i p p u i l t  ed not on l y  b y cos t

i ’ .il cu l  . it  i o n ~; , h u t  i i  
;u ’ hv h~~t ~~~, e xp e t  l u ’ n u u .  I n  t a c t , it seems to me

h a t  m l  t ’ i O p I u ) I ’ ( ’s~ .u i i ~~
, i i , - i u . u u i u i l  lu I i i t u ’ uI t o  serve li t t ’ f a b r i c a t o r ’s con—

V e n i e u w e  nu ’t t I u . t t  ol  I U t , , u I — o s c t  . ~pec  i f  i ca l  l y :

• l~ ’ -
~ ~ y,~~ I -

~ s tnp I i t  I ed to  the ext reme ; I or examp I e

III . t  i ii I u . n ~. wit l u  It i u ’ u l li I u ~ u ontp I cx log ic are sd don

u i’i~ ’ I ~ i ii ~ - i i i . -

• Qii .l  I i t  v ,t a I r . l u % u  C I iii I n  I i i i  . e u t  l u ’  h o l d  t h e  t o S  t s dowmi

lit ’ u on ipe i I u y e  ma i L ’  t p I l i t - .

l I u c  p r o gr a m m I n g  ool  pI ’OV i dod wit ii m Ic roprocessors

ir e  ~t ’ner .u I I v  p r  i m i  I ly e .

P I i t  ;t ’ i lo t  o m i n e  n o t  .1 I one ye  L i e  i n  t lie w I I i~’ rut’ss • In  Toron to ,

dur i ng the  I n t e r n a L  i o u t . u l  t ’ u ’d er a t  ion l o u  t n t  or ina t t on  h’ ro t ’ess lu g ’s ( I F I P )

( . o n g u u ’ s s  71 , I • i % a r i e u i  pt )  i n t e ’d out h a t  h u t ’ cust  o m . u t v  8—b It word l e n g t h  i s

‘‘V c t V  s i i  l y ’’ . At t i l t ’  s, lmi’ mee t  t u g ,  I . .  1) 1 j k s t  r u  u u o t  i ’d t I t . i t  ‘‘m I t r o p r t ) t .ess(l rs

i n ’  , u t ~ t g r e a t ’’ • i i i u l i i i  I .1. 1 t i c  ‘‘V cF~ IIIi I ci  I ll ) h ’ ’’ .

II-
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IIow~•vc r , wi L i t  a l l  t h e  I r . t r t ’ Iu  I t e e t u r . u I  ,uiiii pi.ul i t y t u t u  t u i l  pr t i l i  I t ’un ~~,

m ic r op r esso rs r ep r esen t a s tep  fo rward In  the a r t  oI h ardw ar e  m a n u f a c t u r i n g .

What  is t r u l y  remarkable is tha t  t h i s  s tep  forward  is accompanied by a

twent y—year  regression in programming c a p a b i l i t y  and very few people seem

to take not ice .

What most of us overlook is t h at  In a d d i t i o n  to t h e  ar t  of h ardware

maim f a c t  ur I ng,  p rogramming  has a I so a d van c e d  d naun a t l u  t i  I ~ over  (li e l i s t

20 years .  The p rogrammin g  ~t I a ~-ur oces s wit i cii w o u l d  hav e u -o~~ t of t he  order

of $1 ,000 , 000 in the l a t e  1950 ’ s , cost about $200 , 000 i n  iiu ~’ m i d d l e

60’s , and as l i t t l e  as $10 , 000 now in the  l a te  70 ’ s.

In o ther  words , ti m e cost of con t r ol p r ogr amm ing dec l i ned  b y about

two orders—of—magni tude  in the last 20 years , p r i m a r i l y  due to the

evo lu t ion  of advanced programming tools .  I remember when , in  the  day

of m i l l i o n  do l l a r  programming lobs , end—user management i n s i s t e d  on

mach ine  la n guage p r og ramm in g , si nce computers  were too v a l u ab l e  to waste

Lh e i r t ime on fool ishness  suc h as FORTRAN. Of course , t i m e  proved t lmo m

wrong .

Today , we hear promoters of microprocessors argue that  end—users  should

program in machine language s ince microprocessors  are cheap. P resumab ly ,

cheap computers are what the “marke t ” wants  and micropressors are cheap

not only because their  design is s impl i f ied  and qua l i ty  assurance mini-

mized , but also because Lheir  programming tools are p r i m i t i v e .  Hence the
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I t r i es t o u t  t o  t lmt ’  t u i mp t i t  ing  moihods u t  a q u a r t e r  c e n t u r y  ago and the

t i t t  roduc t ion ot our b re ak—ev en  r u l e  t h a t  m ic  ropressors should  not be used

n ut  I es 5 .11 1 t . t s l  .t hundr e d  ident  i ( ‘a t  t in I t s  a rc  r equ  i ced.

The ap p ar en t  marke t I ng St r at eg y  ol  “ low p r i c e  a t  ; lu iv  p r i c e ” may be caused

by  t i m e  f l I t ’ roprocessor m a n u t . u c  t un e r s ’ geim e r a l  lv va t  Id pe r cep t  ion of t h e i r

c u s t o m e r s  as c o m p u t e r  h o b b y i s t s .  A h o b b y i s t  w a n t s  to  e l i m i n a t e  t i m e

i i dd lCf l l . t n .  t i i i ’  p r o g r a m m er ;  con s i der s  key boa rd ing  time k ey s k i l l  of

~ ro g r a m mi  um ~ ; and eq i t a  t e a  t h e  .i r 1 1) 1  pro g r anun i im g  w i t  it t o l l i n g  time maci t  In c

i i i  ~~
) s imp I t ’ i n s t r u c t I o u mo whta I to  (10.

W lm.i t t i t t ’  h o b b y i st  I a I I  a t o  r e t  I I Zi i s  t h a t  ml  c r o p  rot’essor p rogr~mmm i ng

I l i t ’ a r t  1) 1 comji h e l y  spec i t  y I umg t ime  hehm • i v i o n  ( l i m e  1 m id I ng e ri-or s t a t e s )  of

.1 u u u m p l ( ‘K , t ( i t t ~u U i t  t ) f l  w i  t h t  a VO( ’.tbtI l an y  of 40 wor d s  or less —— an ex p e n s i ve

hobb y wIt ( c i t  I r o q i icn  I I y t r u s t  m’a L os  even r ’xp e r icnc ed p no fo s s  ion~ Is.

l)o not  m i su n d er s t a n d : My t i t e s  is is  no t  t h a t  end—users  should not do

compute r  p r o g r am m i n g .  They s h o u l d , g iven the  r i gh t  e q u i pme n t  ins tead of

t oti.iv ‘a microproctssi ’rs.

In  e l  os fog, I t~t me sha rt’ w it ii v u u , u  my eon Jee t t i res as to  w h at  is  rea l I y

roquit red :

Ft rmwa r e/ha  rdw,u re 0~~Cl .11 i ng sys t ems

~le e t  a v e t  ems u omput  , ‘r s d i m  I ru  b u s t  c sot twa re , t u a t i a  1 I y (‘ .t 1 1 i t t

tIn’ ‘‘u p i ’  i i i  I i u ~’, evat eu ;u ’’ , t o  m , u k i ’  I l u i tui wt t’k . Wit I l e  l I t  i s  i r  I a u m g t ’m e i t t

l e e  i i  l e l  l i t  i l i  y l o t  t u r e t  l il t’ sy s t  t utiS , ( i m ( c gr . it  t O n  u~ I uRt ’ r

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~ .4
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program s w i t  it sm.t Ii t’omput  or op t  I at  I lug ‘;va I onus I s  t~
i u  I t c d l i  I eu  I i

and exp o t t s i v o .  ‘I’h t’r el o u u , eel I W t i  C t t p t ’t~ l t  1 1mg e v e l  ems ~i i t t u 1  ii go.

A t r a n s i t o r y  s tep  in  t h u  is  ( I i  roe t ion c o u l d  r ep I ac t  t ho rn  vi  l i t

firmware equivalents , followed by ,u fundamental reth inking of

small computer architecture , lead ing t o  an end—user  o r i e n t e d  genera-

t ion of ha rdware  not r e q u i r i n g  o p e rat i n g  sy s t e ms  at  a l l .

M u l t i — e n g ine A r i t h m e t i c  Mat -h i n e s

t~u r r en t  computers  a re  S i n g l e — e n g i n e  Ar i t h m t ’t ic M a c h i n e s :  t h e y

can do only  one t i m i n g  . m t a t ime .  H i s t o r i c a l l y ,  c o n s i d e r a b le  e f f o r t

w.u s spent on opo r a t  I img 5 V at  ellis Wit l i i i  ‘‘I i me siua cc ’’ or “mit I t  i — p  cog m’am ’’

process  c o m p u te r s , i .t’ . ma k e  I i t e m appt ’.ur  ,ua  i i  w o r k i n g  t in

several  sub t asks  si  m u l l  a im eom u s  1 v un i t  I imd t p enden  t I y . Ito r i ’ ccc e um t  1 v

t ime  “d i s t r i b u t e d  sy s t e m ” i ule a came I u m t o  vogue where  t in ’  sub t a s k s

of r u n n i n g  a process are  p er f o r m e d  by I n t e r c o u m n e t ’ t ed  c o m p u t e r s .

E i t h e r  of these •n l t e r n a t  Ives imp l y t ime need f o r  the  Hut  t i — e n g ine

A r i t h m e t i c  M a c h i n e , poss ib l y implemented  as a n ot w or k  o f m i n i a t u r e

computers, eacim of wh icim was desi~ ned to be a low—cost network

element capable of perform ing simple , specialized suhtasks.

• Superspeed computers

I know some end—users who would get ecstatic if 11mev could simp ly com-

pute trajectories of large chem ical processes and optimize them in

real— time using advanced linear programming met hods. To do this , one

would probably need a lmypo thetical super computer capable of speeds
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of around 10—100 HPS — people or micros just would not do

as shown in Fi gure 2.

Of course , to work w i t h  o p e r a t i n g  sys t em—free  superspeed M u l t i —  ; 
-

eng i ne A r i t h m e t i c  M a c h i n e s  we end—users  w i l l  need superb programming

t o o l s , i n c l u d i n g  perhaps new prob l e m — o r i e n t e d  languages and a f r e sh

approach to dc—bugging.

I

(1) 
A Hom er is about one million calculations , i.e. a mix of additions

subtrac tions, multi plica tions, and divisions. Therefore , Hornen/

second , or LIPS , is about one millions calculations per second. On -

t im i s subject , start with the chapter on “Superspeed Compu ters” of

“Future Facts” by St ephen Rosen (Simon ~ Simu ster , New York), p. 47,

- - - - - ~~~~~~~~~ - A
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)
F l t t J R~. .~

OIIP AR I SON U F COMPU l 1 NU S 1’ EFI ) S

—b —7i l um. mn beings with hm ,mnd calt - mi lat ors 10 — 10 UPS

• 1- I x i s t i n g  m i c r o s  .1 — 1 UPS

• iii pol a r I og i t ’ comp t u t  or  a I — 10 II PS

Ilyp othet ical super c o m p u t e r  10 — 100 II}’S
(possibly u s i n g  ~Josep imson Ca It ’ I og i t ’ )
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APPENDIX III

STANDARDIZATION EFFORTS IN WEST GERMANY

IN ThE FIELD OF SAFETY , RELIABILITY ,

AND SECURITY

A Tutor ial prepared by

Professor Richard Lauber

presented by

Dr. Rudolph Konakovsky

both of the
Institute fur Regelungatechnik und Prozessautomatisierung

University of Stuttgar t
Stuttgart 1, Germany

— -—-- - ~~~~ --~~- -~~~
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STANDARDIZATION EFFORTS IN WEST GERMANY

IN THE FIELD OF SAFETY , RELIABILITY ,

AND SECURITY

Prepared by

Professor Richard Lauber

presented by

Dr. Rudolph Konakovaky

- —  L1~
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1. S T A N D A R D I Z A T I O N  E F F O R T S

IN W E S T  G E R M A N Y  I N  IR E

F I E L D  O F  S A F E T Y ~ R E L I A B I L I T Y

A N D  S E C U R I T Y

2. D E F I N I T I O N  A N D  C O M P U T A T I O N

O F T H E  S A F E T Y  O F  A U T O M A T I C

C O N T R O L S Y Y T E M S

]
— —~~~ •----——-— .~~~—--, —
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)
STANDARDIZATION INSTITUTIONS

— AUTHORIZED FOR STANDARD ISATION : 
I 

-

GERMAN INSTITUT FOR STANDARD IZATION (DIN)

— ACTIVE FOR STANDARD-PROPOSALS

ABOUT 10 DIFFERENT COMMITTEES

IN THE FIELD OF SAFETY

WITHIN THE ASSOCIATION OF GERMAN
ENGINEERS (VD h yDE)

FOR COORD INATION OF ALL EFFORTS

IN THE FIELD OF SAFETY TERMS

COMM ITTEE: SAFETY TERMS (A 1.7)

PROPOSED BY PROF . LAI8ER

WILL BE FOUNDED ON OCTOBER 21, 1977

_ _ _ _ _  _  - -~~~ - -~~ - - - -~~~~~~~
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COOPERATION WITH
iNTERNATiONAL ORGAN IZATIONS -

PURDUE EUROPE IC 7
SAFETY AND ~‘ECIJRITY 

-

32 MEMBERS

17 CORRESPOND ING MEMBERS

~~~~TERMS AND DEFINITIONS

- ~- PROJECT MANAGEMENT
SOFTWARE

HARDWARE

DOCUMENTATION
E

l
-I !
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PE / TC 7 ACTIVITIES

— OVER 100 WORKING PAPERS

- SOME WP ARE ALREADY PUBLISHED
- GUIDELINES FOR THE DESIGN
OF SAFETY RELATED SOFTWARE
ARE ACCOMPLISHED

- GUIDELINES FOR THE DOCUMENTATION
OF SAFETY RELATED
COMPLEX SYSTEMS WILL BE
WORKED OUT

- WP CONCERNING POSSIBILITIES
IN THE DESIGN OF SAFE
COMPUTER SYSTEM HARDWARE
WILL BE COMPLET ED

- PANEL DISCUSSION IN THE FIELD
OF SAFETY IS SCHEDULED ON THE
IFAC - CONGRESS IN HELSI NKI / FINLAND
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FUR1II LR AC t IV I t  IH
IN 1IIL III LI) OF SA FElY

I NS1 ii lii IONS Si~ON SOR E 1)
1HL S[ AC FI V 1 ILS :

— RESEARCH PROMO I ION
I NST I JUl 1 ON [OR PROCESS CONT ROl
(PDV)

- GERNAN R[S[A RCH FOUNDA1 ION
(IJFG)

- GE RMAN [[1~[RAL RA 1 [WAYS
(Th3 )

- COM1~AN 1E- S

-- IINIVI RSIT I IS

- —
~~~

—
~~

- --
~~
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DEFINITION AND COMPUTAT ION
OF THE SAFETY OF AUTOMATIC
CONTROL SYSTEMS

LITERATURE :

KONAKOVSKY IP R.: DEFINITION UND
VON

AUTOMAT IS! ERUNGSSYSTEMEN
DISSERTAT ION I UNI STUTTGART I

& SOHNI BRAUNSCHWEIG OKT. 1977

THIS WORK WAS SPONSORED BY
GERMAN RESEARCH COMMUNITY (DFG)

-

~

-

~ 

- ——
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- ; SOME KIND S OF SAFETY / SAFENESS :

- FAIL-SAF E
- SAFETY OF OPERATION
- SAFETY IN TRAFFIC / FLY ING

- REACTOR SAFETY

COMMON FEATURE:

THE OCCURRENCE OF PARTICULARLY
UNDESIRAB LE EVENTS HAVE TO BE EXCLUDED

FOR ABOVE KINDS OF SAFETY :

- DANGEROUS FAILURE (-EFFECT)
- DANGERQUS OPERATION STATE
- TRAFFiC / AVIATiON ACCIDENT

- DAMAGES TO REACTOR THROUGH EXPLOSION

FOR ALL SUCH EVENTS

THE COMMON TERM

[iNADM I SSIBLE EVENTS J
WILL BE USED IN THE NEXT

- --—- I -~~
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SEQUENCE OF EVENTS OBSERVABLE
IN A SYSTEM WHERE AN ACCIDENT
OCCURES ‘ 

-

0 FAULT-FREE CONTROL SYSTEM

1 COMPONENT FA ILURE

2 FUNCTION CHANGE OF THE CONTROL SYSTEM

3 INADMISSIBLE FUNCTION CHANGE

L~ INADMISSIBLE CONTROL SIGNAL

5 INADMISSIBLE PROCESS STATE

6 INADMISSIBLE PROCESS EVENT
(ACC IDENT)

7 INADtIISSIBLE CONSEQUENCES
(DAMAGES)
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ILLUSTRAT IV E EXAMP LE

LOGIC FUNCTION OF A UNIT OF THE
CONTROL SYSTEM AND ITS CHANGE
THROUGH A COMPONENT FA ILURE :

0 0 0 0
0 1 0 L
L 0 0 0
L L L L

U1, U2 INPUT VARIAB LES

Y OUTPUT VARIABLE
-i

Y OUTPUT VARIAB LE IN THE

CASE OF A FA ILURE

CRITERIUM FOR ADM I SSIBILITY

Y~~~~Y
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DEFINITION OF SAFETY

SAFETY IS THE ABILITY OF A SYSTEM
(ITEM) TO AVOID THE OCCURRENCE OF

INADMISSIBLE EVENTS

UNDER STATED CONDITIONS FOR
A STATED PERIOD OF TIME

BECAUSE THERE ARE FIVE TYPES OF
INADMISSIBLE EVENTS (~J TO ~~~
THERE ARE FIVE TYPES OF
SAFETY, FOR EXAMPLE:

SAFETY WITH REGARD TO NON-
OCCURRENCE OF INADMISSI BLE
CONTROL SIGNAL (EVENT ~~

FOR EVENTS ~ TO 
~J THE

TERM “DANGEROUS” CAN BE USED TOO,

E.G.: DANGEROUS CONTROL SIGNAL



-442-

COMPUTATION METHOD

FROM THE ABOVE SAFETY DEFINITION
SOME FIGURES OF MERIT CAN
BE DERIVED I FOR EXAMPLE :

MTDF MEAN TIME TO DANGEROUS FUNCTION
MTDS MEAN TIME TO DANGEROUS SIGNAL

FOR COMPUTING MTDF I MTDS A
SO CALLED FAILURE-EFFECT-DIAGRAM
HAS TO BE BUILT

PROVIDED ALL TRANSITION RATES
ARE CONSTANTS MTDF / MTDS CAN
BE OBTAINED BY APPLY ING THE
METHOD OF MARKOV CHA INS TO
THIS DIAGRAM

~—



- - 
~~~~~~~~~ re- Z~~~~~~3 

~~~~~~~~

FAILURE - [IIECT - DIAG RAM

FOR SINGL.[ At~i) DOW LE FAILURES

FA I LU RE

~~~~Z~~
i4 
‘

~~~~~~~~~~~~
I} 

FAILURE

tiF NT ~. S[CUR I t~G

0 FAULT - FREE FUNCTION

6F DANGEROUS FUNCTIO N

SI SAFE FU NCTION

NT FUNCTION NOT YET CHANGED

MEAN TiME TO DANGEROUS FUNCTiON

~ + [
z 1 e N T  ~ z j

MTDF - - - 
~~~~~~~~

——  -——-

_ _

_ _ _  _ _ _  _ _  - L
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WHER E ~~~~
-.‘- ÷ + ÷ _L

z i ZI I

CONCLUS ION

- STANDARDIZATION IN THE FIELD
OF SAFETY IS POSSIBLE IN A FORM
INDEPENDENT OF THE APPLICATIONS
SUCH AS RAILW AY SYSTEM.
CHEM J CAL OR NUCLEAR REACTOR
SYSTEMS

- STANDARD IZATION EFFORTS IN
WEST GERMANY WILL SURELY
HELP TO SOLVE THE DISCUSSED
PROBLEMS
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APPENDIX IV

IB~ SERIES / i PL/1

A Tutorial by

Al ex J. Arthur
IBM Corporation

San Jose , California
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IBI I SERIES/ i PL/ i

Alex J. Ar thur

—



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

‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~~~~~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

-449-

IBM

SERIES/i -

PU’

AJA
77.06.16 -

Li
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SERIES/i PL/1

- A SUBSET OF ANSi X3 .53 - 1976

PLUS

- IBM EXTENSIONS

AJA
—I—, rir “/ I • UC~ •
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REFERENCES

1) IBM SERIES/i FL/I INTRODUCT ION,

GC34 - 008Li - 0,

FEBRUARY 1977

2) IBM SERIES/i PL/I: LANGUAGE REFERENCE

GC 3Li - 0085 - O

AUGUST 1977

3) AMERICAN NAT IONAL STANDARD

PROGRAMMING LANGUAGE PL/I,

ANS I X3,53 - 1976

AJA
77.09.30

________  - - - ~~~~~- — - - 4-~~~= -
~~
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)SUBSET CONTENT

- ATTRIBUTES

- STATEMENTS AND OPTIONS

- CONDITIONS

- BUILT -IN FUNCT IONS

AND

PSEUDO -VARIABLES

- CONSTRAINTS 
-

AJA
77 . 0€ 1€

ii —~~~~~~ -~
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ATTR I BUTES

ALIGNED/UNALIGNED POINTER
AUTOMATIC/STATIC/BASED PR I NT
BINARY/DECIMAL/ PREcISION RECORD/STREAM
BIT/CHARACTER/LENGTH RETURNS
BUILT IN VARYING
CONDITION
DIMENSION/MEMBER/STRUCTURE

DIRECT/SEQUENTIAL

ENTRY
ENV I RONMENT
EXTERNAL! INTERNAL
FILE
FIXED/FLOAT
FORMAT
INITIAL
INPUT/OUTPUT/UPDATE
KEYED
LABEL
PARAMETER

AJ A

77,06,16
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STATEMENTS AND OPT IONS

ASSIGNMENT , ELEMENT READ INTO
ARRAY IGNORE
STRUCTURE KEYBEGIN KEYTO , 

-

CALL
CLOSE REVERT
DECLARE REWRITE FROM
DELETE KEY
DO - ITERATIVE EVENT

SIGNAL
END
FORMAT WRITE FROM
GET LIST KEYFROM

ED I T
STRING
EXPRESSIONS
DO
SKIP
LI NE
PAGE

GOTO
IF
NULL
ON SYSTE M
OPEN
PROCEDURE

OPTIONS
RECURS IVE
RETURNS

PUT SEE GET

AJA
77.06.16

I-!
L -- A
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CONDITIONS

CONDITION
CONVERS ION
ENDFILE
ENDPAGE
ERROR
FINISH
FIXEDOVERFLOW
KEY
OVERFLOW
RE CORD
SIZE
STRI NGRANGE
STRINGSIZE
SUBSCR IPTRANGE
TRANSMIT
UNDEFINEDF ILE
UNDERFLOW
ZE RODIVIDE

AJA
77.06.16
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BU I LT IN FUNCTIONS AND PSEUDO VARIABLE S

STRING - HANDLING

BIT, BOOLJ CHAR , COPY, HIGH J LENGTH, LOW, SUBSTR &
PV, UNSPEC & PV

ARITHMETIC

ABS, BINARY , DECIMAL , FIXED , FLOAT, PRECISION , SIGN

MATH EMAT I CAL

ACOS , ASIN, AlAN , ATAND , COS, COSD, EXP, LOG, LOG2J
LOG1O, SIN, SIND, SQRT, TAN , lAND

ARRAY HANDLING

DIM, EVERY, HBOUND , LBOUND, SOME

CONDITION - HANDLING

ONCHAR & PV, ONCODE, ONFILE, ONKEY, ONLOC, ONSOURCE & PV

STORAGE CONTROL

ADDR J NULL

MISCELLANEOUS

DATE, TIME , LINENO AJA

77.06.16

L
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CONSTRA INTS

1) PREC ISION 
—

FIXE D BINARY P~~31, Q 0

DEC IMAL p
~~15, -128~~Q~~+ 127

FLOA T BINARY P~ 53
D E C I M A L P~~1E

2) No ADJUSTABLE STR ING LENGTHS OR ARRAY EXTENTS IN

AUTOMATIC , D IMENSION, BASED
3) Mo REFER OPTION IN BASED
LI) STR ING LENGTHS 255 BITS OR CHARACTERS

5) No INITIAL FOR AUTOMATIC
6) PARAMETER STRING LENGTHS AND EXTENTS OF ARRAYS

OF STRUCTURES MUST BE CONSTANTS, SIMPLE ARRAY

CAN HAVE *

7) AR ITHMETIC DATA MUST BE ALIGNED
8) STRUCTURE ASSIGNMENT ONLY FOR LIKE ATTRIBUTES

9) ON LY SIMP LE SCALAR EXPRE SSIONS ALLOWED AS CALL
ARGUMENTS

10) REMOTE FORMATS MUST BE IN SAME BLOCK

AJA
77 .06 .16

U
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REAL TIME

EXTENSIONS -

AJA -
77.06.16
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ATTRIBUTES

ACT IVAT ION

AFTER

AT

CONNECTED

EVENT

LOCK

PROGRAM

SOURCE

TRAN SIENT

AJA
77.06,16
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STATEMENTS

CLEAR/POST

DELAY

CONNECT/DISCONNECT

DISPLAY

LOCK/UN LOCK

PROCEDURE OPT IONS MAIN - -

STACKS IZE
TASK -

REPEATS -
READ/WRITE/REWRITE EVENT
READ/WRITE SENSOR I/O ( REQUIRES ENV IRONMENT ON FILE DCL )

RUN -

~

STOP TASK 1
ACTIVAT ION

TRANSFER TO

WAIT

UNSCHEDULE

AJA

77.06.16 
-

__________ L ~
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-

CONDITIONS

PENDING I 
-

-

I 

1 ’

I 

1

AJA 

-

_ _ _ _  - 
77.06.16 

-
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BUILT-IN FUNCTIONS AND PSEUDO VAR IABLES

COMPLET ION

COUNT

DAYNO

ONCOUNT

PRIORITY

STATUS & PSV

AJA
77.06 .16
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EXAMPLES

AJ A
77 .06,16
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DCL (Ti, 12) ENTRY EXTERNAL S
(Al, A2) ACTIVATION EXTERNAL ,
(El, [2) EVENT EXTERNAL ,
(P1 P2) PROGRAM ,

1(2), J(2)

RUN T i AC T IVAT ION (A D ,

EVENT E1),
PRIORITY (I),
Al ‘ 121Y

RUN 12 EVENT ft2’~,

AFTER (200);

RUN P1 ACT iV ATI ON (1\2 ) ,

EVERY (2OOO~;

RUN P2 PRIORITY J~’ ,

SOURCE LNV I RONMENT (DEVNBR (~4), PIBIT (6));

WAIF (El, L2 ) ( 1” ; / ’ W A I T  FOR LITHER TASK TI OR 12 10 COMPLETE ’!

- 

- UNSCH EDULL ACT IVATI O N tA 2 ) ; / L L . I M ~NAT E ~~ 4FDULE FOR rRO ;RAM P 1 /

STOP ACTI VA I ION (A2~ /‘Sroi’ I I IF IT  IS IN L\tCUTION ’/



-
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DCL (LI, L2) LOCK EXTERNAL,

(El, E2) EVENT EXTERNAL,

E3 EVENT EXTERNAL

SOURCE ENV I RONMENT (DEVNBR (LI), PIBIT (7)),

P3 PROGRAM;

LOCK (Li);

CONNECT (E3);

LOCK (L2) ELSE BEGIN:

UNLOCK (Li);

CLEAR (El);

POST (E2);

DISCONNECT (E3);

TRANSFER TO P3;
END;

UNLOCK ALL;

_
1 ~
LI
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DECLARE PCNTRL ENTRY ,
BATCH ENTRY ,
PC ACT IVATION EXTERNAL,

B ACT IVATION EXTERNAL,

El EVENT EXTERNAL,

DAYBEG EVENT EXTERNAL AT (‘0800’ ) ,
DAYEND EVENT EXTERNAL AT (‘1730’); 

—

CILLOOP:

WA IT (DAYBEG); /‘ WAIT UNTIL 8:00 A.M , */
CLEAR (DAYBEG ) . /‘ RESET EVENT VAR I ABLE*/

RUN PCNTRL ACTIVAT ION (PC)

EVENT (El); /4  START PROCESS CONTROL’!

WA IT (DAYEND,E1)(Jj ; /‘ WAIT UNTIL EITHER 5:30 P1M . OR

PROCESS CONTROL FIN ISHES 4!

STOP ACTIVATION (PC) ; /‘ Sio~ PROCESS CONTROL IF STILL

ACTIVE 4!
-

~ WAIT (DAYEND); /‘ WAIT UNTIL 5:30 P.M. UNLESS

THAT TIME HAS ALREADY PASS ED’!

CLEAR (DAYEND); /‘ RESET EVENT VAR [ABLE ’!

RUN BATCH ACT IVATION (B)

EVENT (E2); - /‘ START BATCH’!
WAIT (DAYBEG 5 E2) (1); /‘ WAIT UNTIL EITHER 8:00 A .M.

OR BATCH FINISHES ’!

STOP ACTIVATION (B); /‘ Sio~ BATCH’!
GO 10 CTLLOOP; /‘ START MORNING TASK’/
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APPJ’.NT)IX V

APL AS A REAL-TIME LANGUAGE

I~ Tutorial by

Janos Gertler
Case-West ern Reserve University

• Cleveland , Ohio

“The reported work was done at the Chemical Engineering
Department of Case Western Reserve University , Cleveland ,
Ohio , with the participation of Dr. Ad in J. Mann and Dr.
Robert V. Edwards under research grants from NIH (General
Medical) and ERDA .”

— ~~~~~~~~~~~~~~~~~~~~~~ 
—
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APL AS A REAL-TIME LANGUAGE

Janos Gertler

-
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APL AS A REAL-TIME LANGUAGE

WHY APL?

IT IS NOT A REAL-TIME LANGUAGE BUT

- IT IS INTELLIGENT (EXCELLENT ARRAY HANDLING FEATURES)

— IT IS INTERACTIVE

- EXPERIMENTING PEOPLE (PHYSICISTS, CHEMIST) USE IT TO
EVALUATE EXPERIMENTAL RESULTS: EVALUATION AND EXPERI-

MENTATION IS DONE IN THE SAME SYSTEM.

____  _____

I RI I COMM.
COMPUTER I 

~ 
MACHINE 

L 
PROC. HOST

FCONSOLE

CONSOLE
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SOME APL FEATURES

- LARGE SET OF CHARACTERS

- LARGE SET OF PRIMITIVE FUNCTIONS AND OPERATORS,
MOST DEFINED ARRAYS - -

- SYSTEM VARIABLES AND SYSTEM FUNCTIONS (~
j)

- USER DEFINED FUNCTIONS I

V NAME; VARIABLES 
-

BODY

V
- SHARED VARIABLES FOR DATA INTERCHANGE
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REAL-I I ME EXTENSIONS

NO BRAND NEW IDEA.

SOURCES:

- LTPL CANDIDATE LANGUAGES

- AN EARLY ALGOL EXTENSION

EXTENSION AREAS :

1. PROCESS I/O AND SYSTEM DEFINITION

2. TASKING

3. INTER-TASK COMMUNICAT ION

HAS TO BE CONSISTENT WIT h THE REST OF THE LANGUAGE :

1. SYSTEM VARIABLES AND FUNCTION DEFINITION

2. SYSTEM FUNCT IONS

3. SHARED VARIABLES

- - - - - ~~~ — - - _ _ _
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SYMBOLIC NAMES AS SPECIAL VARIABLES

PROCESS INPUT : R T[MPG

PROCESS OUTPUT : ~~ VALVE3

EXTERNAL EVENT : 
~~J SW ITC H~

PROCESS INPUT AND OUTPUT VARIABLES ARE USED IN PROGRAMS

AS ORDINARY VARIABLES .

RESTRICT IONS:

- NO VALUE ASSIGNMENT TO AN INPUT

- ONLY VALUE ASSIGNMENT TO AN OUTPUT

EXAMPLES:

‘(4- 3+ Kx ~~ TEMP6

~~~VALVE3 4- 1

VALVE3 4 TEMP6 > TL6

~~~ 

VALVE 4 - ~~ TEMP > IL

I/O OPERAT ION IMPLICIT 



— 
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)
DEFINITION OF I/O VARIABLES

ELEMENTS:

- SYMBOLIC NAME E.G. ~~ TEMP6 ~~ VALVE3 
—

- HARDWARE ADDRESS E.G. AM3 [~] , OM1I [6] 
$

- HARDWARE-LEVEL FUNCTION E.G. flHI3, ~~~HO4

- SOFTWARE-LEVEL FUNCTION E.G. CONy, REV 
-

FORMAT : LIKE FUNCTION DEFINITION -

EXAMPLES

‘ç7 ~ TEMP6

AM3 [g]

V

R TEMP6 -
-

E~I~ ~~~HI3 AM3 [9]
V -

~~ TEMP6 -

+ Cx r~ H 13 AM3 [g]

V 
-

Lt
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~~7 RTEMP~

E~J• — PAR CONV DH13 AM3 [~]
V $

V EVALVE3

OMLI [6]. 
_

~~~~~~

V

V ~~ VALVE3

OML4 [6].— EHOLI E
V

~7 ~~~VALVE3
OMLI [6]. EIIJ H04 K + Cx~~

V

~~ VALVE3

OMLI [6].- [] HOLI PAR REV ~~
V

V ~~ TEMP [~61

EJ~ 
Af 13 [d + iC]

V

VHTEIIP [16]

PAR [ib] CONV D1113 AM3 + i61

V
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TASKING

A REASONABLE SET OF TASK IN 6 FAC ILITIES

FORM : SYSTEM FUNCT I ONS

TASK ACTIVATION
PRIORITY 11111 TAN TNAME

CANCELLING ACT I VATION
TCA TNAM E

SINGLE SCHEDULE
PRIORITY DELAY ~JTSS TNAME

REPEATED SCHEDULE
PRIORITY INTERVAL REPETITION (DELAY) ETSR

BlAME

PERIODIC SCHEDULE
PRIORITY INTERVAL (DELAY) flTSP TNAME

CANCELLING SCHEDULE
IJTCS TNAME

OBTAINING SCHEDULE
T1JS INAME

L~



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

-478-

DELAYING
DELAY DTDT TNANE

SUSPENDING

EVENT TDE TNAME

TERMINATING

D TIE TNAME $ 

-

DEF INING A SEMAPHORE

TOP STA RT flSEM SNAME

REQUEST

LISRO SNAME

RELEASE

I ISRL SNAME

LINKING A ROUTINE TO AN EVENT

EVENT DREL RNAME

CANCELLING A LINK
EVENT []RCL RNAME

4



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

- • ~~~H

-479- )
TASK AND R OUTINE DEFINITION

DIRECT DEFINITION :

ROUTINE VVRNA IIEJ VARIAB LES

L
BODY 

~

VV
TASK V V V INANE; VARIABLES

L
BODY I

VVV
IND I RECT D EFINITION :

• V NAME; VARIABLES

BODY
________________________

V

— CODE 4——- []CR ‘NAME ’

LII EX ‘NAME’
- 

— 

CODE LII RD RNAME
CODE E JTD fl-lAME
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APPE N DIX VI

THE IMPACT OF NEW TREI4DS I~ HARDWARE

ON COMPUTER SYSTEMS INTERFA CES

A TUTORIAL ROUND TABLE

Dr. R. Warren GeLl ie , Chairman
National Research Counc il

Ot tawa , Canada

Mr. Anthony D. Deramo
Westinghouse Electric Company

Orlando , Florida

Mr. Charles Farmer
Honeywell , Inc .

Ft. Washington , Pennsylvania

Dr. Daniel T. W. Sze
IBM Corporation

Boca Raton , Florida

Writeup by Mr . Anthony Deramo

--
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THE I~-1PACT OF NEW TRENDS IN HARDWARE

ON COMPUTER SYSTEMS INTERFACES

Mr. Anthony Deramo

-

~~~~~~~~
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Dr . Ge I ‘ .- asked th.~t I hi jh i i  ght the ef for t ; of TC 3 ind review w i t h  you

the functiona l areas where there is potent ial  for support from other

technical groups wi thin the Workshop.

Industria l Process Computer Inter-Subsystem Communication has been the
primary concern of TC5 for the past two years and the coi im i tee has derived

a functional requirements document against which existing and proposed
communication subsystems can be evaluated . The discussions have been long
and not wi thout emotion. To some, many of the discussions have been redundant.
To the impatient , TC5 should have settled on a standard by this time based on
available methods and technology . To others , it has been i mportant to lay
some basic groundwork which may have a converging infl uence on the various
approaches to process computer communications in the future .

I personally have difficulty in extracting from the functional requirements

document , a practical subset for each process comunication requirement that

we now have.

I have selected a few examples from existing programs wi thin Iestinghouse

to further illustrate this.

The fi rst is a new microcomputer based product. In the memory of this unit
is process data in digital form that is required or could be used by other
control systems.

Second , is a new line of functional modules for use in distributed contro l
systems. This type of system offers the opportuni ty to extend and distri-
bute the digital base making it more flexibl e than was formerly possible.
Also distributing the data presents a di fferent set of coordination require-
ments than formerly was necessary.

The third example deals wi th the conventional process computer system and
the impact of LSI on this architecture. - -

The energy crunc h , env i ronmental pressures , and the need to make a profit
require that more sophisticated levels of control be added. These levels
In the form of conventional computers connected in a computer hierarchy
will require access to the available data base. 

-

~~~~~~IO p~ I ~ .A*
—
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It is at th is level that the great r’ajor i ty of TC5 dec i s - ons ~ fr - ui l-ie
future trends in software methods and there is a need to factor t~is
th ink inq into our dec ision making process.

~~~~ the firs t examp le. -

We recentl y concluded the design and development of an electron ics packa c~e
for our insi tu 02 sensor. This was done to support polut ion monitor
app lications , where the EPA requires that the sensor calibrat ion be checked

and recorded dail y.

t-!e incorporated a microcom puter in the package to provide a convenient means

to record calibration data.

The implementation was simple and straight forward because we k new exactly

what had to be done to gain wide spread acceptance for the product. tie

structured the log format, listed the data in ASCII form and provided an

RS232C port.

With the flexib ility of the microcomputer , we were able to add a self-

calibrating option , and severa l process controller options. The control

options support severa l applications rang ing from damper position contro l

to fuel or air trim control based on excess 02 in a boiler control system.

When doing air trim control for a boiler , the unit has most of the process

data in digita l form that is required to calculate boiler efficiency .

Plant l oad balance based on boiler efficiency is beyond the capability of

this unit but an additional serial communication port was added to the unit

to provide access to this process data.

The imp l ementation for this port was not simple and anything but straight-

forward because we did not know what had to be done to gain product

acceptance. No standard exists for serial process data commun ication of

this type.

This is obviously a case where those impatient with TC5 results to date

are ri ght. Base on available methods and technology , one of several

imp l ementations would do , so long as there was a genera l acceptance to the

selected approach.
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F4ew IH( ~prore-; 1or— base ~1 Contro ’ -,y-
~~ - ‘‘~~1ul I i i i  1 - I  ~~~~ ~II~ ~~t . - ‘ - - -n

deve1o ~- - d  by We~tinti hou se for u~e l’y th e ir s y~~~t ; I  - ‘ n n i ’ 1 t - .~i - - in d i -~ ~-~~‘w ’- - ’~

control syste ms appl ied to a broad ranne of pro~~~; cont rol appl ic a t i ons.

Desianed into the Q— l ine  architecture are severa l ( o- - ~- u n t c a t i o n  o; ’ t ions .

There is a reriotable share memo ry nodule which provides the mt~anc to esta bli sh

100” redundancy for the microproces sor-base control modules and to provide

h i gn speed data transfers required for contro l coordinat ion between unit
controllers .

There is a simp lex communicat ion l ink module whic ’ i provhit ’s a read only access
for process data when the contro l system is app li e d in a safe r~, and protect

application.

There a half-dup lex supervisory—type link modul e for the mo re genera l
process control appli cation. (By supervisory type I mean 32 bit fixed

format which includes start , and stop framing bits and a 5 bit Boise

Churdi Erroring code.)

There are more opti ons , but point is made , i.e. Communication requirements

for distributed microprocessor-based control systems of this type are

sensitive to application and the individua l suppliers architecture.

It would be very difficult for TC5 to select one supp lier ’ s method and

gain genera l acceptance to the selected approach.

The majority of process control computers are sing le computers which
provide a multiprogramming and multitasking environment to contro l the

concurrent execution of a thousand or more tasks .

We can take advantage of the inexpensive large scale integrated circuits

in this architecture in several ways without distur hina the basic app l i-

cat ion.

First , let ’s replace the central process ina unit electronics with ISI

being careful to preserve the origina l instruction set wh ich is required

If we are not going to disturb the basic appl i cation .

j ,

Li _ _
- Zt’ ’2~ ..~~~~~~ r2— ’~j? 

-~ —— — ——-— ,, -- - ~—_—_-_,r_ — -~~~~~~~~~
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What is oa ine~ .’

In the case of t1 ’ t ’ ~-i2~ -~O process cor-”,: jter , a dramatic redu ct ’~on i ’~
electr~ni c “a r d - - ia r e.

The LSI version occup ies less than ~ of the spare required by the
or iq ina l  central processing unit.

Less energy is required to o:~erate the unit.

Performance levels are generall y improved .

Now let ’ s add proura~ rT -a bl e LSI to selected units that are ccnnected to
the computer bus . This, obviousl y, lea ds to distributed process inc.

Process I/O scans which previousl y required central co~~uter core re’~ory
to store the scan app l i ca t i on  pr~crans and centra l processor time to
perform the actual scans can now be done in the process I/O unit. The
data is passed on to the centra l data base on a CPU cycle steal  basis
through the direct memory access bus. Distr ibuted processin ci has been
especia l l y hici h l ighted in the ser ia l  cormiunication interface area w i t h
announcements by several  semiconductor firms of LS I mul t ipr ,”toco l
commun ication ch ips.  (S iqnet ics  and SMC-Sta ndard ‘licrosysteris Corp).
These chips have computer -addressable protocols that enable then , by
computer command to handle IBM SDLC; BISYNC ; DEC’s DDCMP , A1)CCP and ~n

the case of the SMC chip, HDLC. These chi ps do not , however , comp lete l y

eli m ina te the software needed for comm unication and they do not perform

any of the hardware functions required to establ is h the point to point
communication channel.

What does this a ll mean from an appl icat ion point of v iew ? We l l , it means;
1. More avai lable proct -ssor time .
2. More ava i lab le  core memory space .
3. Less cost ,
4. Improved MTTR ,

5. Greater communicat ion fle xi bilit y , and

6. Hi gher performance.

• for the conventional s i na le  computer sys tem .
In contras t to thi s type of system , a variety of CPU ’s are available on

a s i n g le chi p. Add a l i t tl e  memory , process I/O , and a serial communica-

tion interface and essenti all y we have a similar architecture to the
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conventiona l si nq ie comput e r c y st  ‘!~~ but -~j t h  -~ :-in. h l.~ ~ r ’ ; - ’r t ’~~

level . T n i ;  ty pe of structure is .t l -;t) e ffe (t iv e it ~~~ ‘ ‘  • I - n - ~~~r : rndu~
and process controller leve l to provide added cont ro l  fle \i Hl ~ tv.

Lets look at some of the areas where future trends in soft’iare -e thodc

could effect T C 5 ef forts .

I have shown seve ral computers tied together throuoh a process inter-

computer subsystem. Depending on your own personal perspective, the

process computers may he microcomputers or conventional cor’~uters .

Paragraph 4.0 of the TC5 Functional Requirements docu~t’ri t de i l ; ‘di th

ARCHITECTURE . I quote;

“4.1 The communication subsystem shall be capable of
supporting centralized intelligence , distributed
inte llicience , hierarchical intelligence and com-
binations thereof. In particular , it shall be
capable of supporting distributed systems for

process measurement and control. ”

“4.2 The available architectures of the communicat ions
subsystem should not preclude direct data interchanne

between any two subsystems : it should be possible to
transmi t data directly between any two subsystem s on
the link wi thout necessaril y involving store and for-
ward at a third subsystem. ”

The hardware required to establish reliable distributed mastership is
not a trivial matter but lets forget it in favor of possib le software

ramafications.

The Data Base manager in this representation as part of its function

has responsibility to provide access to the communication system and

to establish access through the communication system to other data
bases in the system. Normally it is des i gned to prov i de access or to
limi t access only after specifi c security criteria has been satisfied .
In the hierarchy shown , a process data manager would have no need to

-~~
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access the energy ranarerent data Lase. If it did , the energy management
un i t would  not res pond .

On the othe r hand , any of the higher l evel computer systems may need to

access the unit process data base and the security overhead is not

required. The establ ish access function is required in the process unit
only for access to the other process unit data base. The process to
process access requirement is debatable.

If it Is required , then distributed mastership is required to eliminate

store and forward operations at the unit process level .

If it is not .requ ired , then distributed mastership is not required at the

unit process level .

Past experience with the conventional singl e computer system is that

coord i nation for basic control between two unit processes is minimum.

If required the signals needed would be wired to both computers.

There are both software and hardware issues involved here.

Software methods that deal wi th rules of access for a distributed data
base would establish appropriate overheads for;

1. providing access to the data base
2. providing security access , and

3. establishing access to the data base.
or should rules of access be Incorporated as part of the communication

subsystem?

In dealing with conventional computers , this Is still a trade-off
decision between hardware and software. W ith the reduced performance
microcomputer architecture , there is probably not horsep~ ier available
wi thin the basic unit to perform these tasks so it mi ght be advantageous
to incorporate these function s as part of the communication subsystem.

Is it practical to consider distributed mastership at the unit process

control level?
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Structure of the di st ributed data base is another area ~..r i ich could i ’~pa~ t

cOirr~un ication standard ;.

As an alternate to dist ributed nastership at the un it process level , a

“look at me” indication , would provide notification to the hiaher levels

of a change in configuration and initializat ion data permitting it to be

treated on an exception basis.

In some distr ibuted computer systems , global commands and global peri-

pherals are featured making the individua l operating systems act as one

unified system.

Again , this is certainly wi thin the performance scope of the convent ional

computer system. Within the reduced perfo rmance microcom puter architecture ,

there is probably not the requirement or the capability for this leve l of

performance.

CONCLUSIONS

TC5 has as an immediate objective the recommendation of a standard for

industrial process computer inter-subsystem communication . To do this ,

we must make sound , practica l , techn i cal judgements concerning the process

environmen t and the communication requirements . There are many more bases

to cove r if we are to succee d .

As a practical alternate to an immediate standard , I suggest we explore in
cooperation with other technical committees within the Purdue Workshop
meaningful levels of interface for computers , measurement and control sub-
systems which contain computers connected together by a serial communica-
tion subsystem so that a
standard interconnection method can become a reality .

What we are now able to do because of ISI technology is truly amazin g and

very definitel y Influences what we expect in the future.

IS! technology and the reduced cost of electronic hardware would tend to
support a hardware distributed network approach . Even if the communication
hardware cost is appreciab le, the cos t is fixed , it can be controlled and
maintained better than a system where the communicat ion functions are
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bundled back into the soft .iare sys tem .

From a con tro l p oin t of view , a dis tributed networ k is inherent .’ more

re l iable than a ceritra l~ zed network and may be more important; it keeos
rore options open to imp lement a large variety of indiv idua l custo me r
contro l st r a tea ies.

But , is it real ist ic to consider the many process comm unication require —
nents as practical subsets in one general functions/requirements docunent~

Many of our decisions in TC5. especially at the comp rehensive contro l and

optimi zing network leve l do involve future trends in software methods.
This th inking must be factored into our decision making process to fi rm-up
the TC 5 functional requirements and to make them more meaningful. 

- -- - -~~~~- ---- - -
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APPENDIX VII

TUTORIALS PRESENTED ON THE SUBJECT

INTERFACES AND DATA TRANSMISSION

The following tutorial documents are presented here:

1. Bockett-Pugh , C., Diefenderfer , C., and Farmer , C.,
Comparison of Honeywell TDC Data Hiw~y with ProposedGuideline for ImplementaET~n of Industrial Processcomputer Inter-Subsystem Communication.

2. Podlesny , C., Fiber Optic Communications, Galileo
Electro-Optics Corp .

3. Wipf ii, John , Yara, Ron, INTEL 8773 SDLC Protocol
Controller, Intel Corporation.

- - -
-
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I

COMPAR I SON

OF

HONEYWFLL TX DATA HTW AY

WITH

PROPOSED CU I DELI NE FOR I MI’LEMRNTATI ON OF I NI)USTR I A l.

PROCESS COMI’UTER INTER - ~t? HSYSTEM COHNIJN lCA -
~i ON

(I EC/SC6 SA/W C6 (J A PA N-2 ) )

Hon.yve1I/Proces.~ Contr~I Div t st sjn

( : .  Bnek~’Lt—P u*h
C’. D i cf e n c k r I c r
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FOREWORD

This pap er describes the characteristics of the Honeywell
TDC Dat~i H~~ay in the forma t of the proposed guideline.
The gu idt ~l t ne is based on both the Purdue Workshop Functional
Requirem ents (ISA SP72) and the TEC WC6 Func t iona l Requirements.

The paper ii intended to aid in the comparison of the TX Data
‘iwav with these functional requirem .nts.
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1.0 INTRODUCTION

The TUC Hiwa y is based on the proposed guidelines. The TDC Data Hiway
is optimized as a secure and efficient data link for process control
applic ation . Hence , the prot ocal is oriented toward 31 bit words includin g
S b Jt BCH check codes. A single 16 glt word of data can be read or
written with respectively 62 or 93 total bits of Informa tion tran sferred .

2.0 AP~LI CATt ON ENV IR ONMENT

The TDC Hiway is intended for use in the applications as outlined
in the proposed guideline .

3.0 FUNCTIONAL SPECIFICAT ION

3.1 Topolo gy

The TDC Hiway is a dual  (redundant ) cable system of the mult i—
drop, multiple branch type’.

3 .2  Mastershi p in Industrial Data way System

The TDC Hiway supports multiple mastership. “Preferred Access ”
devices (such as computers , and operator consoles) obtain
mastership from the Hiway Traffic Director.

The Hiway Traffic Director does not function as a maste r but
• as a p riority scheduler for the various masters.

3.3 Transmission Speed

The TDC Hiway oper ates at a raw bit rate of 250,000 bi ts per
second .

3.4 Transmission Distance

The Hiway Traffic Director supports three radial branches.
Each bran ch may be 1.5 km (5,000 ft.) long, so that a total
end to end distance of 3.0 km may be configured . Figure 1
ill ustrates the Hiway System.

I
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rr’ :CIRE- ’ 1: H I W A Y  CONF 1CURA T T ON

BRAN C H DL BRANCH

f

’

~~~~~~~~~~ BRANCH

j ( )I
1. 5 km CABLE LENGTH

- • 
NOTE : Each branch may have up to 1.5 km of cable , HTD

may be at the end , or anywhere in the middle of
the branch.

3.5 Number of Stations Per Dataway

The TDC Hi wa v supports 63 stations.

3.6 Number of Devices Per Station

The TDC Hiwa y supports stations having varyin g numbers of
devi ces (Sec . 3 . 7 ) .  Up to 1024 locations are d i rect ly
addressable in each device. Additiona l locations may be
addressed indirectly.

3 . 7  Types of Devices

H The TDC Hiw a v sup ports thes e type devices : 1) Process
Contro l lers ;  2) Process I nterface Units ; 3) Operator
Stat ions ;  and 4) Computer I nterfaces.

The c h . i r a c t e r t s t i c s  of these devices are :

1) Process Cont rollers : This device provides eight loops of
process cont rol , with sixteen analog inputs and eight analog

$ 
outputs .

2) Proces s Inter face Units: These devices provide analog 
I 

-

inputs (high level and low level), analog outputs , di gita l
inputs and dig i ta l outputs.

3) Operat or Station : This device performs the function s re—
quired for operator control of th. process . It inc ludes
a CR1 disp lay and functional keyboard . Spec ialized dis-
plays are provided for overview of control loops , group of
contro l loops , and detail of a single loop as well as other
conf igurat ions.

L -



‘

-50 3-

4)  C omputer T n t e r f ~i ce s :  Thes e dev ices a l low computers  to
.lt-, Oss i n f o r m a t i o n  f rom the other devices located on th e
H~ w a y .  The comp u ter  m~ty b~ performing d i r ec t  d i g i t a l
c o n t r o l  or M up c rv t~~ury con t ro l  type func t i ons .

3.8 Mode of Transmission

Bit Seri al
Half  Duplex

3.9 Pr ior i ty  Control of Trans mission

1) Bus Mast er devices such as Computer Interfaces and Operator
Stations obtain use of the Hiway by means of Preferred
Access lines connected to the Hiway Traff ic  Director.
Access is reassigned when t r a f f i c  is quiescen t for 80 i.*sec .

2) Asynchro nus Event Detection is communicated by the Process
Interface Unit  u t i l i z in g  polling and callup commands over
the Data Hiway from the Hiway Traffic Director. These
polling commands occur when c ommunications is quiescent
600 .us or is scheduled af ter  10 ma if t r a f f i c  does not
have 600 ..us gap.

3.10 Response Ti me

Asynchronu s events are serviced nominally at 10 ins intervals.

3.11 Modulation and Synchronization

Data is transmitted using the base band modulation technique
shown in Figure 2.

3.12 Type of Connection

Coaxial Cable with Tee Connector.

Three twisted pair for pre ferred access with screw terminal connections.

3.13 Expandab ility

The TX Hivay can be expanded with no effect  on operations.

3.14 Environme n ta l Conditions *

1) Temperature : —200C to 80°C

2) Humidity Full Weathe r Cable

3) Earth Potential : 250V

4) Voltage Breakdown : 250V

* Applie s to cable Syste m .

- A . 4



p.— ~- -~-~ v ~~ ~~ 
—--.-- - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~~_&~_~
._.- _ _ _ - —• •

~

___

~~
—
~
i— •—

i5Ø4.. 

-

~ 
)

FIGURE 2:  DATA MODULATION
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Syn chr on izdt  t on is develop ed f rom the received data on a per
bit basis.
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4.0  ARCHITECTURE

4 .1  System Structure

1) Physical Link : The ph ysical  link is 75.2. coaxial cable w i t h
associated BNC connectors. The coupler to the individua l
stations Is through a tee connector.

2) Communication link and logical connection are combin~xi in
the various interfaces to the TDC Data Hivay .

3) Netw ork Control : The TDC Hiway network , control furctions
are performe d by the Hiway Traffic Director.

4) Application: The TDC Hiway supports various application
pro tocols as exemplified by the TDC—2000 Basic Controller ,
and the TI)C-7100 Process Interface unit .

4.2 Frame Structure

1) Messages : The TDC Hiway uses messages made up of 31 bit
words. The words may be utilized to perform single word
read , or write messages; block read , or write messages;
and control (poll or callup) messages.

Figures 3, 4, 5 illustrate these messages.

2) Words: The format of the 31 bit words transmitted ove r
the TDC Hiway is shown in Figure 6. Note that S bits
are used as check bits (31, 26 BCH CODE) with the remainder
available for information .

A . i
~~~~A
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FIGURE 3: CONTRO L MESSAGE FORMATS

Polling LEGEND :
PL Poll

lire Pt —j WI Word time
HID. Hiw ay traffic director

3i . e ~shme~lOt s

A ceivers I I I I I I I j

I I I
WT i W Tz WT~ WTm WTs

cam.

P410 —Cu -I

Sinder I— cw wo—1

LEGEND - _____ OE
Receive’ CU ~

- Call up W

CW -~ Command word
WD Data word
WOE - Data word echo

WT . WT .. W I-. WT* wi~
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BLOCK READ MESSAGES

Send er

Receiver BD1 8D2 BDN WD

Legend
CR - Read Command —

BD — Block Data Word
WN - Data Word

I ?? I
WTI WT2 WT3 WTN+2

BLOCK WRITE MESSAGES

Sender cw BD 1 BD2 
~ 1? BDN WD 

-

&ecetver Legend Wp
CW — Write Command 

-

8D - Block Da ta Word
WD - Data Word

I I ? )  I 
.

—

WT1 WT2 WT3 WTN+l WTN+2 WTN+3

FI GURE 5 —

BLOCK MESSAGES

-
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FIG U R E 6: WORE ) FORMATS

I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS ~6 I? 18 IS ~o 21 22 23 24 25 26 27 20 29 30 3 1

tNtDority I 1 t ~~~~~
b 0 1 0 0 0 0 0  0 1 0 0 0 0 0 0 0 0  0 0 0 0 0  0~~~ 0 1  BCH

M Osslinetion
~ 

Calluo 1 1 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 1  OCH
~ l~4 DOIWy) address
0

W R.ad Source Destination Destination -
0 command I I I I hiwav I*way memory BCH -
R address add ress address

S
Source Oeslinatson Destinationrit e 

~ 1 0 I I hiway sway memo ry BCH
add ress add ress add ies~

Dat4 echc E Source i0 endotblock I I 0 0 I sw ay DsI~o ecrio BCH -

tEOB) j~ address — _______________

teiceptEOB) 0 1 

~ 1 DaIs j $CH

S Source I

Bus I i 0 0 0 hiway DonIcare ØCH

L address

Source I
UnuSed I 0 I 0 sway Undetined

L address

Op
code 

tiwly word for mat S
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5 .0 PRO FOCOL

5.1 Physical Link  Protocol

I) Transmission rate 250K bits/second

2) Data is transmitted utilizing baseband modulation , as
shown in Figure 2.  The data is self—c locking and contains
no D . C .  component.

3) B i t  Synchronization is obtained by extraction of a clock
signal from the transmitted bit waveform.

4) Transformer isolation is ut i l ized  between individ ua l stations
and the transmission line.

5) Separate cable driving and detection circuits are provided
for use in conjunction with the redundant cables.

6) BNC Tee Connectors are used to connect the coaxial cables
to every hiway device. Thus the tee may be disconnected
from the station without disconnecting the transmission
line .

5.2 Communication Link Protocol -

1) Data is transmitted as 31 bit words. A six bit f ield
(Destination Hiway Address) allows transmission to any
one of the 63 stations.

2) The 31 bit  words are formatted to include a Bose—Chaudhuri—
Hocquenghe m (BCH ) — 31,26 — check code. The characteristics
of this code are :

a) Detection of all burst errors of 5 bits or less.

b) Detection of all combinations of 2 random bit errors
or less are detected .

c) Detection of all single inversions of message .

d) Detection of 98.52 of all burst errors of length 6 bits.

e) Detect ion of 97% of all burst errors of length greater
than 6.

3) Error recovery is performed by retransmission under control
of progra m in device wh ich originated the message . Missing
response and incomplete response checks are included in the
hardware.
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4) All preferred devic es (masters) are responsible (or error
analysis and switching to backup transmission cable. Slave
stations perform error checks and take no action on messages
containing an error , they respond on the cable which is cur-
rently active .

5.3 Logica l Connection Protocol

The preferred device interfaces perform the functions of
requesting access to the Hiway automatically upon reccipt of
an instruction to transmit a message . A watchdog c im.~r is
included in the interfaces to detect failure to receive pre—
ferred access grant.

6.0 SAFETY AND SECURITY

6.1 TransmIssion Error Processing

1) BCII Check Code — generated and checked on all transactions .

2) Bi t Correla tor — receivers check all b its for p resenc e of
both pulses in every bit.

3) Start Bit — check that first bit of every word is a one .

4) Operation Code Checking - devices check that each word
has prope r OP CODE e.g. a data word response to a read
command .

5) Automatic Retry — software functions to retry transaction s
which result in an error response up to three t imes .

6) Timeout Functions — Time checks are performed on receipt
of Data Word or Echo within designated t ime period.

7) Dropout Detector — Missing bits are detected in the middle
of words to eliminate forming 31 bit word out of two
par tial words.

8) Jabber Halt — A fail safe circuit designed into each station
to prevent continuous transmission .

9) ECHO - a retransmission by receiver of DATA WORD (or last
word of a block of data words) is performed as part ot
every write message to positively acknowledge the receipt.

10) Redundancy — All functions of HTD are pertorme d in redunda nt
logic . Coaxial cables are redundant . Cable driver and
detector circuits are redundant in eve ry station .

_ _ __ _ _ _
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6.2 Systt~m Failure Detection , Protection , and Recovery .

1) Transforme r Isolation — All stations are isolated From
the transmission line so that a component failure does not
affect system opera t ion .

2) Switch to Redundant Hiway — The master stations :an decide ,
based on analysis of system performance , to switch to
the redundant hiway. Manual contro l is also provtded at
the HID .

3) HTD Alarm - The HI!) monitors its own polling activity
wh ich is indicative of Hiway load ing to determine if the
Hiway is overloaded .

4) Manual override of HID grant signals is possible to disconnect
a failed master device .

6.3 Other Features

1) Preferred Access Expander: This device allow s expansion
of a Data Hiway System beyond the four supported by the
basic FIT!).

2) H iway Repeater: This device -~allows expansion of a Data
Hiway System beyond the 1.5 meter limit.

3) Power Distribution : All TDC controllers and PIU 1 s operate off a 24VDC
power bus. This bus may be driven by redundant power supplies ,
and/or a battery backup system.

The FIT!) uses redundant regulators to power the separate
logic functions .

7.0 MAINTENANCE

7.1 On Line Maintenance

The operator station performs a~ on line maintenance func t ion
for the Data Hiway. A program runs periodically to determine the
status of all stations on the Hiway.

A display is generated , which ~an be initiated from the key board ,
to indicate which stations are not operable and the reawn .

The station retries all communication errors up to three time s
and logs those failures as a basis for the switch decision .

7.2 Off Line Maintenance

A Hiway Exerciser is available to manually perform opeiations

over the Data Hiway for the purpose of validation of the Hiway

operation , or main tenance of individual stations disconnected

from the Hiway.
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APPENDICIES

1. Comparison Sumary

2. Data Hiway TDC 2000

Technical Data HO-lO-Ol

3. Data Hiway Traffic Director

Technical Data H0-IO-02
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INTRODUCTION

THIS COMPAR I SON DESCRIBES THE CHARACTERISTICS OF THE HONEYWELL

TDC DATA HIWAY IN THE FORMAT OF THE JAPANESE PROPOSED GUIDELINE S

THE TDC HIWA Y IS OPTIMIZED AS A SECURE AND EFFICIENT DATA

LIN K FOR PROCESS CONTROL APPLICATIONS. THE PROTOCOL IS ORIENTED

AROUND 31 BIT WORDS INCLUDING 5 BIT BCH CHECK CODES. A SINGLE
16 BIT WORD OF DATA CAN BE READ OR WRITTEN WITH 63 OR 93 TOTAL
BITS OF INFORMATION TRANSFERRED .

______________________ - 
L ~
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III~ALIRAFFJ~ ..D1RECJOR 
C

PR IORITY SCHEDULER

PREFER RED ACCESS: REQUEST/GRANT POLLING & CALLUP

CABLE SELECTOR

MANUAL

REMOTE CONTROL

REPEATER

THREE 1.5 KILOMETER (5000’) BRANCHES
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11

[~R1l~)KI r~ COI~4tRC~.. Qr~TIAt ~StU~ 5.LQN

1) LINK MASTER DEVICES SUCH AS COMPUTI~ ENTERFACES

AND OPERAT OR STATIONS OBTAIN USE OF THL tII WA V BY

MEANS OF PREFERRED AccEss LINES CONN [Cr (t~ 10 1111

HI WA\ 1RA~FIC DIRECTOR , AccEss is ~t ASSI ,;N~ t~ WPII N

TRAFFI C IS QUIESCENT FOR 80 ,usrc.

2) ASYNCHRONOUS EVENT DETECTION IS COMMUNiCATED I~
THE r~OCESs iNTERFACE UNIT UTILIZ ING POLLING ANfl

CALL UP COMMANDS OVER THE DATA HIWAY FROM THE HI~ A’~
TRA FFIC DIRECTOR . 1HESE POLLING COMM1~NDS OCCUR
WHEN COMMUN ICATIONS IS QUIESCENT 600 ~ S OR IS SC~~~ t’1~~~

AFTER 10 MS IF TRAFFIC DOE S NOT HAVE 600 ps ~~r,

_ _  ~~
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BLOCK WRITE MESSAGES
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Rc4. ~ ~ r Lcgt ’nd
CW — W L i t e  Command
BI) - Block Dnta Word
WD - Ddta Wo rd

WT I 
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WT3 WTN+2 W IN+3
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Ru.id M,~~s .tJ eS

S,t~Jer CR - - ~~~~

I wo

_ _ _ _

~~

-——-- I ,d .

wT ~ W T~ WT ~

LEGEND
CR — Rt~adcommand

- WO ~ D~taw ord

WtiIQ Mesug.%

SolidiC — CW t WD —4

R.c~ ,vv ) WOE ‘ l

I I 1 1. I•

Wi’ . wT ~ WT .  w r~ WT S

LEGEND
CW — Wr ut~ com mand
WO — D.ala word
WOE — Dalawo rdecho

~~ -‘-~~~ .5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~
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TRANSMISSION !:RROR PROCESSI~ O

1) BCH CHECK CODE - GENERATED AND CHECKED ON ALL TRANSACTIONS .

2) BIT CORRELATOR - RECEIVERS CHECK ALL BITS FOR PRESENCE

OF BOTH PULSES IN EVERY BIT I

~) START Dii - CHECK THAT FIRST BIT OF EVERY WORD IS A ONE.

~) OPERATION CODE CHECKING - DEVICES CHECK THAT EACH WORD

HAS PROPER O~ CODE~ E.G. A DATA WORD RCSPONSF TO A

REAI ) COMMAND .

~) A U T O M A T I C  f l ET R Y  
— SOFTWARE FUNCTIONS TO RETRY TRANSACTIONS

WHICH RESULT IN AN ERROR RESPONSE UP TO THREE TIMES ,

6) TIMEOUT ruNcTioNs — TIME CHECKS ARE PERFORt’~ED ON R E C E I P T

OF DATA WORD on ECHO WITHIN DESIGNATEt TIME PERIOD S

7) DROPOu T DETECTOR — MISSING BITS ARE DETECTED IN THE

MIDDLE OF WORDS TO ELIMINATE FORI~ING ~i BIT WORD OUT OF

TWO PACTIAL WORDS.

8) JABBER MALT - A FAIL SAFE CIRCUIT rESIGNED I NTO EACH

STATiON TO PREVENT CONTINUOUS TRANSMISSION .

3) ECHO - A RETRANSMISSION BY RECEIVER OF DATA WORD (oR —

LAST WORE OF A BLOCK OF DATA WORDS) IS PERFORMED AS PART

OF EVERY WRITE MESSAGE TO POSITIVELY ACKNOWLEDGE THE

RECEIPT .

~J) ~F DLJNI)ANCY - ALL FUNCTIONS OF ~TD ARt I5ERFORMEI) IN

RLDUNI)ANT LO6IC. c oAx iA l  CABLES ARE REDUN DANT. CABLE

DRIV ER AND DFT I .CTO R CIRC UITS ARE REDUNDANT IN E VL I~Y

STAT ION .

~1
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DAT U

J1~~a . ER ~~ PR~~Iuu uJ” - (3L~ 2 B ~ 1LCQD~~~

Bir ERROR PROD . OF “WORST CASE ” WORD ERROR

PROBABILITY 3 OR MORE PROBABILITY PROBABILITY

(PE) BIT ERRORS (31,26) BCH (P)
________  — 

CODE FAILS To
DETECT ERRORS

-
~~~ -2

10 10 .03 10
-2 -3 -4

10 10 .03 10
-3 -6 

. 

7
10 10 .03 10

-4 -9 -1 0
10 10 .03 . 10

- S  - 12 -13
10 10 .03 10

-6 - 15 -16
10 10 .03 10

-7 -18 -19
10 10 .03 10

-8 -21 -22
10 10 .03 10

-9 -24 -25
10 10 .03 10 

‘ -

-10 -27 -28
10 10 .03 10

x 

~~~ 

~ E 
(1 - 

E 
3T-j

— L L~A
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M—H 9/23/77
R. Sander
C. Diefenderfer
S. Korouitz
C. Farmer
RSC

(1) Connections
(2) as given in IEEE 488

JAPAN IEC COMPARISON

1.0 1.0 Narrative

2.0 2.0 Narrative

3.1 4.0 Narrative + Schematic

3.2 4.2, 7.6.2 Narrative + Specific Answer to 4.2

3.3 3.4 Numbers + Qualification

3.4 3.4 Numbers + Qualification

3.5 4.3 Number. + Qualification

3.6 4.3, 3.1.1 Numbers + Qualification

3.7 3.1.1 List of Device Types + Descriptions

3.8 7.4 Attribute List

3.9 7.5.9 Narrative with Numbers

3.10 7.5.9, 11.2 Number + Qualification .5

3.11 7.4, 7.4.3 Diagram + Description - Redefine as
Transmission Media + (1)

3.12 List + Dcscriptiona

3.13 4.3 . 4.4 ,
7.5.6 Narrative + Specific Answer to 4.4

3.14 2.6. 2.5 ,
3.4.1, 3.4.2,
8.2, 8.3 Number. + Qualification + Statements

4.1 7.1 Block Diagram + Narrative

4.2 7.4, 7.5 Detailed Narrative + Diagram

SC L.-~
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JAPAN ZEC COMPARISON

5.1 7 . 3 , 7 .4  List of Attributes with Description-
including all elements of Japan
plus physical configuration 7.3 to
7.3.4 with explicit answers to
7.4.1 to 7.4.6 including state
transition diagram (2)

5.2 7.3 7.5 Same as 5.1 except 7.3.1 to 7.3.4 &
7.5.1 to 7.5.9

5.3 7.3 , 7.6 ,
7.7 , 7.8 List of Attributes with Description +

Specific Answers to 7.3.1 to 7.3.4 &
7 . 6 . 1  & 7 . 6 . 4

6.1 9.1 . 9 .2  List of Attributes with Descriptions
including all elements of Japan 2

6.2 10.0 List of Attributes with Descriptions
including specific answers to 10.1
10.4

6.3 8.0, 10.0 See below .5

7.1 6.1, 6.2.
3.1.4 Narrative & Philosophy

7.2 6.1, 6.2 ,
3.1.4 Narrative & Philosophy

3.1.2 List of Device Types & Description

3.1.3 List of Device Types & Description

3.1.5 Statement of any restrictions on
simultaneous operation of devices

5.0 State avoidability of translators
Co on carrier interfaces available

8.0 Narrative answers to 8.1 to 8.3

11.1. Specific example calculations for .5

shor t and long transfers from Master
to Slave and Slave to Master
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IEC/SC6SA/NC6 SECTIONS FOR WHICH NO RESPONSE IS REQUIRE D

1.1, 1.2 , 1.3

2.1. 2 . 2 , 2 . 3

3 . 2 . 3 . 3 , 3 . 5

7.1. 7.2 , 7.7 , 7.8

4.1 , 4 . 3

SPECIFIC OBJECTIONS TO IEC/SC

7.3.2 cannot apply to all aspects of physical protocols.

State explicitly the nature of all time/distance

dependencies.

7 . 6 . 5  The logical connection protocol must address

the question of data integrity on trans fers between

the app lication protocol and the co~ nunication link

protocol. An exampl. is check before oper ate.

11.2 Give examples calculations of response time s

under the assumption of various traff ic pattern s and

device response characteristics. 
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ADVANTAG ES ~ F FIBER ~~TlC
COMMUNICATION SYSTEMS

o IMMUNITY TO 5TQONG ELECTRIC *eIo/o~ M~~~JETIC NOISE FIELD5

o DIELECTRIC ISOLATIOM BETWEE 4 TR~~5MITTER ~WD RECEIVER
o WIDE FREQUEP’.JCY- It4DEPDJDENT ~A~JDWIDTH5

STEP INDEX GRADED IMD~X
2O..~~4O MH~/k~~. O.......1200

o 
~SECURE’T~A)45MI55O1J MEDIUM

o P’jEGLIGIBLE CRO55~TAU( 8ETWEEt& CHANN~L~5(4O~~)4.S)
0• AOVANTAGES OVER COMPARABLE COAXIAL 5Y5T EMS

SMALLER
LIGHTER
LOW ER L055

TEMPERATURE STABLE ~~~~~~~~~~~~~~~~~~
~O Ec~UALLZATIOt4
(LOWER cos-r)

o $iO~ MILLION TECHI~1OLO(~y BY 19B0
COMMUI’J%CATIOt~J5
COMPUTERS

~O5IME55 DATA SY5TE M
DLDU5TR.LAL. PROCESS

D RUMENTATI0I~J AND COWIROL

~ — -.5-.- —--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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CABLE CHA RACTERISTICS

OPTICAL 
.5

• SPECTRAL RESPONSE (ATT C NUATI 0 N~
• DISPERSION BANDWIDTH
• NUMERICAL APEPATURE

CALCULA TED
STEADY — STATE

• EQUALI ZATION LENGTH
• A CTIVE AREA
• FiBE R COUNT
• OPTICAL ISOLATION

NEAR - END
FAP .. END

• ‘CLA D MATERIAL

MECHANICAL
TENSILE STRE NGTW

•ftEXIBILITY (TWIST AN D BEND)
•CPUS H RE SISTANCE
• IMPACT RESISTANCE
• ABPAS ION PCSISTANCC
• CABLE DIAMETER
• MINIMUM BEND RADIUS
• FIBER BUFFERING
• EASE OF T ERMI~~ TION

£NV1PONMENTAL
•T EMP(RATU RE
•MOISTUR ( RESISTANcI

‘CHEMICAL RESISTANC E

- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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OPTICAL WAVEGU 1DE

NUMERICA L A PERTURE

P3INT
LI(~HTu.( coQc.
SOURCE ‘~~~..

‘7’ 2

WI4EN 
~~~ 9~ 

TOTA L INTERNAL T~CFLECT~ON OCCURS

P. CLAD
n (OR (

N.A.

~~~~ C~~o J

$

1 _ 
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FIBER TYPES

SINGLE- MODE

_ _ _ _ _ _ _ _ _ _

— MULTI-MODE

k — — 

cmii 
1
~~~~

_
~~~~ 1~~~~~ ~ I$(~

5O.3S
~~~
,, 

_ _ _

~~~~ C?~4 ‘O’~~~ ‘411 a.’~~e

~~~~~~~ 
_ _ _ _ _ _ _ _

p.4-lu

I ~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I -~~
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~ iv t.
CABL E NOMiNAL O4J TEI? D1A.

500 - 
RG/ U / ? 4  O.1 . 

I ~~~~~~~RG/ U213 0.403 -

PG/ U 219 0.945 ” 
--.1

’ I
SD CABLE 1.25 ’ L~—200 - 

FIBER OPTIC’ ._ Q~/ 5
M~~~~ 

A• .. . .5.—
.- 

,‘j j -__ I .,’-,
~ / 0 0  - 

...
.- 

. .~~~~~~~~ ~Cf’ 
~~ ~i2’

50 

~~
20 - ~~~~ 

/

~ -‘,P GALI TE A
600Q7

I I
2 . 5 10 20 50 100 200 500 100C

MODULATION BANDWIDTH ( M H z)
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GALITE
® 

FI BER ATT E NU AT I ON

1

.

~~~7 5—  I I / .5
I

2

2
LiJ 2 5 -~~I-
I-.

/
,

0 I I I I
500 600 700 800 900 ‘OOQ —

WAVCLE~NGfl-4 (v~m)

— 
~A L IT E  4300
GAL1T E~ ~~~OID O

— GALI TE~~ 3000
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SINGLE-FIBER rECHNOLOGY
(Q.NE FIBER-ON E QPT~CA L CHANNEL)

o GLAMOR TECHNOLOGY
o DIFFICULT TO IMPLEMENT
o 5WOWÔEST FI~ER5 — e,UT E~PEI4SIVE
o ~EASY’ TO E1JD -TERM1NAtE
o LOW LOSS - BUT LOW N.A.
o ~~Ok COUPLNG E F F K I E N C Y ( H I G H LL.~ )
o FEW CONNECTOR SUPPLIERS (EXPENSIVE L055
o Ill—LINE SPLICING TECHNIQUE POPUL..AR

EASY
LOW-COST
LOW -LOSS
REPEATABLE

• )4EDIUM TO VERI- 1416H BANDW IDTHS
5TEP INDEX GRADED INDEX

2O---4O MHa/I~n. 25Q---1400 MH~ /~tms..
o TYPICAL SINGLE FIBER CHANNEL CHARACTE~ 15TICS

POINT -TO-POINT TRA N5M ~55 ION
LONG HAUL (0.5 ip~ ~L ‘8 I~n~)
PE~MAlJEI~1T LONG-TERM INSTALLATIONS
DIGITAL
P16-TAIL ILDs

(PIG TAII.) APDs
o’STA NOAQD’ CABLE FIbER couNTs : I ) G) , (7 )
o EACH FIBER OPTICALLY ISOLATED (6O _~ Oc1B/~pi,~)
o APPROXIMATELY 15 MSer~/,’r 5IGP4AL DELM
o LIGHT, MEDIUM, AND HEAVY-DU TY CABLES ~WAILABL~o SEVERAL 5UPPLJERS:

CORNIMG/~ t ECOR — GALILEO/REVERE — VA LT EC
LTT/ EOPD T~ME5 FIBER

.5 - --.5- - ----_
-

~~~~~~~~~~~~~~~~~~~~~~~
•
- ~~~~~
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-
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•

BUNDLE T EC HNOLOGY
(~~ULT I-F BER OPTICAL CHANNEL)

o MATURE TECHNOLOGY
o EASIEST TO IMPLE MENT
o 

~~HCAPE ST TO IMPLEMENT
o REDUNDA NT PATH R ELIABILITY
o POoR FIBER-To -FIBER ISOLATION
o EASY TO END TERMINATE
o MJLTITUDE ~F CONNECTOR SUPPII IERS - •

o COMPATABL E w iTh Low COST L.~..D.s
o ADEQUATE BANDWIDT H FOR IlL. LOGIC SPEEDS
o CHARACTERiSTiCALLY HIGH N.A. (o.4o...o.66J
o THREE BASIC CLA 5SES~

DIS TANCE FIBER COUN T ATTEMJATION
/ME TERS) 

- ___________  

1dB/k a~)  
•

I.. . 30 
- 

200 4OO...~~~ 066
30.100 7, 1913?) 50...IO0 0.40.050

100...I 000 7 5 ._25 0.2 0-4

o LlGwr, MEDIUM, ~ HEAV Y DUTY CABLES AVAIL A BLE
o HYBRID CABLES AVAILABLE ( coAx , STP, FIBER)
o VARIOUS SUPPLIERS
o Tr PIcAL PRICING ( PVC JACKET)

GAu TE S/F r
1000/200 0.50... 0.18
2C00/200 0.90 .0.33
3000/7 I.2O...053

o WOR ST-CASE BW F0Mor 2OMHz-R~,o A PPROXIMAT ELY 1.5 ~ SEC/FT SIGNAL DELAY

— Tpit EMFFRt( COAXIAL CABL E

.5 -— -~~~~~~~ =~~~~~~~~- - - .5 ~~~~~~~~~~~~~~~~~~~~~~~~ —--
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EFFECT OF FIBER BREAKAGE
(BUNDLE TECHNOLOGY)

ASSUMPTIONS -

I. EACH FIBER HAS SAME N.A.
2. “ ATTENUATION

U H II II LENGTH
4. “ - I l  c/c—RATIO
5. I’ fi “ CORE SIZE

BREAKAGE EXCESS LOSS

L~~~IO (o9io (~~~ ) [dB]

~4=ORIGINAL FIBE R COUNT
m..:BROKEN ~IBE2 COU~4T

AT TENUATIO N I~CLUDIW6 B~EAKA6E LOSS
L = L +L rCASLI ot La B

Oct

EXAMPLE
GAL 1TE~ 3000/19 @ 880
Z a lOO METERS Or ~7O d.B/km~.FIVE BROKEN FIBERS~L~~7.O + 1.33

I

-___________________  - - .5 - -- —~~ -==- 
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Rh AN D OLM

RADIATION T~AN5FER INDEX 1055
— 100 Lo 9 0  (R u )  [d.BJ

~ Lpp +2L F+L~+L MA
TOTA L TRAN5MISSION LOSS (TOLM)

LTx Lc~~
L
~~ La 4 L~+L~0+L, [aBJ

~~~~~ LcI=L AM
4L,F+L,+L x+L~~

_
~ L

ALLOWABLE OPTICAL LOSS (OLM)
L~~~P~ — (NEPr+SMR +L7) [SB]

~ 
P
~A ’(L~~:

4 NEPT÷SN~)
TYPICAL OLMs

—DI G ITAL— — V I DEO —
LED (I-mw) LED (I,~w)
APP PIN
10Mbps 5.O MH~5I4R~ 45ci.B
NEPT~~- ~~d.B,n NEPT: 45d.,5,yi
5P4R~~~22c~.B L M I54.~
LM=3O d.B (RTx~o.~)

~~~~
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ALLOWA BLE OPTICA L LOSS
TO LM

OPT1CA L
P~~A LOSS PR(5N2z 1)

L~~~P~~~NEPT [cLB]
OLM

1~

OPT ICAL
1055
(LM) 

-

LM~~~~ A 5N
~~~ [ds]

LOSS FACTORS

L~X LE /
D 

_ _ _I-Co 
5NR

IL

~~~~~~~~~~~~~~~~~~~~~~
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COMMON MODULAflON TECHNIQUES
o CAQRIER(NON-PHASE COHERENT) 

.5

ANALOG IMTEN5~TY M0DULAT~ON
014-OFF KEYING COOK)

PCM
PFM(P IM) 

.5

PDM
PWM

o 5UBCARRIER (PHASE COHERENT)
AIM/ AMPLITUDE MODULA1ION (AI M/A M)
AIM/ FREQUENCY MODULATION (AIM/FM)

o BITS AND BAUDS

~1 ~ 5IGNALING RATEBAUD-L -.~CODING II4DEPENDEI4T
.5 ~ 

-~~tNFORMATION RAT EBIT L .CODIIiG DEPENDENT
0

o UNIPOLAR INFORMATION CARRIER (PH0T0,s,)
DATA CODING REQUIREMENT
DC BASELINE WANDER

COMMON MULTIPLEX I NG TECHNIQUES

0 TIME DIVISION MLJLTIPLEXINC, (TOM)
o FREQUENCY DIVISION MtJLTIPLE~I94G (FDM)
0 WAVELENGTH DIVISION MULTIPLE~ IP4~ (wDM)

~ SPAC E DIVISIOt4 MULTIPLE%ING
o COMBIP4A11ONS OF ABOV E 

.-•—~- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~
=— _—— .-~~
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.

FIBER O~iic OPICAL Loss MARGINS

— LAS€R SOURCE ____________MMERICAL APERTURE X).~ — 
.5

NA:O.2

0 —
UG+4T- EMIT T ING

— 0100€-SOURCE 
— - - -  —~~A: O3

— NA ;02

I ~ I I J I L  ii  L __ LJ .5

0.’ 5 ~~ 5~ 10.0 ~~~~ .5

ANALOG SIGNAL BANDWIDTH (MHz)

I

-~~~ ~
__

~~~~~
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REFLECTIVE STAR 
OPEN-LINE

CONNECTOR • T-COUPLER

STAR-COUPLER 
.5

TRANSMISSIVE STAR I
I

.

HYBRID
LOOP 

HYBRID POWE R
COUPL~~~~~~~~~ 

,/

DAur~ER

FIBER OPTIC DATA Bus CONFIGURATIONS 
.5

-
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MEDIUM COST/SPEED DATA LINK

• ~ATA~~ATE £1 0 ~.4$P~
a ROOM T~~~~~~~ RE (zS~ t2o c.)
~~ (0~~J& T~~N SP~REN T
~a OI~( MICWOWATT n~~c~~~~i (y-n out~’u1)
4 MI(R~ P otESc0g -TO — M*JI(fl,A~~rTIt
4 ELrCTRO IJsc s COt~T .~~~ s So &.t ~OV( LAOI) .5
4 CABLE COST f~~~ #?.! J rO0 r
d C~~~J(CT~R. C0~T 

~ ~ 
PCR PAIR

4 Di~TA~1C~ h 100 FtE T ~OO is ~~ • ~J .A.  —O.~~~
• (AL*JC~ 0 P*J PIO~ E LCAK AaE~ C(~t N 1

C3906 SWtELD

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~ .5

440 1N 91$ .1..
.5 (‘Tc$P. co... )

— CU~VDJT - !D- V0CTA~~ ~OIJV&RTER BkJQ~JIOTh (10 ~

I 0.35
f—3i& e~~ zlTRc t~,(b0~~0?)

C. ~~~~Øri ff

— PRE tMP TOTAL PULSE IISET%Mg’

- *,.Vt~ ~~~ ~~zs~ scc (I’ MM I  iw)

w~~ tE ~~

— ~~~IO4 COMPAR A TOR 5~PP~~~~~~5(~~ (OMM N -wo~~ ot~rr

-t ~Op’ ~~~ PU C I N ~V *ITIS %1k4 S3~~~(I

— I•ep v~~~i *r COMpARATO R (P * r~c ~*3LTA~~~)

.5- - _
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I -

HIGHER R~WER &/OR RAD IANc E
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-40 _ N
~~~

SE FL2~~~~~~~~~~~~~~~~~~~~~~~~

-50
IMPROVED RECEIVER SENSETIVITY

.5 

-60 -  V

0 0’ TRA NSMISSION DISTANCE (MCTER$~

I
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f
ANTI CIPATED FIBER OPTIC

CA BLE IMPR OVEM ENTS

0 REDUCED LOSS (cAeLE~ )

0 LAQGE~ I4.A~~ 
.5

0 WID~~P BAI4DWIDTHS .5

o Ii~4T2IN5IC MATERIAL Df5PERSIOt~J COMPE145ATkJ~J

o IMPROVED ~~T~~E)~.JGTH

o IMPROVED DIMENSIONAL TOL~~ ANC~~
0 LOP-JGER LE~4G’rHs 

.5

o LIGHT, MED IUM IAND HEAVY- DUTY CONFiGURATIONS 
.5

o HYeRID COP4F WAllOWS (FIBER,COAX,SIP)

— 
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.5 

INTEL 8273

SOLC PROTOCOL CONTROLLER

JOHN WIPFL J

RON YARA

INTEL CORPORATION
SANTA CLARA J CALIFORNIA

-.5 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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)
OUTLINE

OVERV I EW

I. SDLC PROTOCOL

II. 8273 LEVEL OF SDLC SUPPORT

III. MICROPROCESSOR TO DEVICE INTERFACE

IV . IMPORTANT FEATURES OF 8273

V. OPERATING CHARACTERISTICS ~

V I ,  AN INTELLIGENT PROCESS CONTROL NODE

VII. LSI IMPLEMENTATION

SUMMARY

- 
_ _ _~~

CLi
~
ZM
~ ~-~J1:

_

4

-—.5.-- --.-
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LAYERS OF A COMMUN ICATIONS SYSTEM

APPLICATION

DATA STREAM WITH DESTINAT ION (S)

NET WORK
CONTROL

DATA STREAN WiTH NETWORK ROUTING
AND CONFIGURAT I ONS

LOG I CAL
CONNECT I ON

_ _ _ _ _ _ _ _  - 
DATA STREAM WiTH SUBSYSTEM
ADDRESSING

COMMUNICAT I ON
L I NK

DATA STREAM WITH HEADERS,

________  ________  

TRA ILERS, AND ERROR CHECKS

LINK
COUPLER

PHYS I CAL INTERFACE

L.
- - ---.5-.-- 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.5—
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l . SYNCHRONOUS DATA LINK CONTROL (SDLC)

COMMUNICAT I ON DISC I PLINE USED BY IB M TO
IMPLEMENT SYSTEM NETWORK ARC HIIECIURE (SNA)

IBM, SDLC PROTOCOL CHARACTERISTICS

BIT OR IEN TED PROTOCOL

ZERO BIT INSERT ION/DEL ETION FOR DATA T RANSPARENCY

CYCLIC REDUNDANCY CHECKING (CRC) FOR ERROR DETECTION

VAR IABLE LENGTH DATA FIELDS

MULT IPLE MESSAGES MM BE SENT BEFORE ACKNOWLEDGEMEN T
IS REQU IRED

STATION ADDRESSABILITY AND CONTROL FUNCTIONS ARE
SPECIFIED

TIMEOUTS FOR LINK IMPASSE

MULT IPLE CONFIGURATIONS SUPPORTED:
DUPLEX
HALF DUPLEX
MDLI IP OINT
LOOP 

.5—-



_______

1 

- 5 7 2 -

8273 >} 8273 1
I HALF OR FULL DUPLEX

_ _ _ _ _  -

I I ~~1 1 8273 1 ~~
8273

1

MULTIDROP

- 

~~~~~~~~LOOP CONTROLLER ~~~~~~~~~~

I LOOP 1 [LOOP
LSTATION 0! 1 STATION N

.5 .5— .5 - .5 -~-~~~~~~ - - —~~~~~- - - - ~~~~~~~~~~~~~~~~~~~~~ -—~ ~~~~~~~ -



~~~~.

— 5 7 3 —

I
p -

~

SDLC FRAME STRUCTURE

(1) _ _ 
_ _  _

J FLAG J A 1 C 1~,pA~ FCS~ 1~~ G 1
TRANSMIT DIRECTION 

.5

FLAG : 01111110 ATTAIN BIT SYNCHRON I SM Cl)
TERM I NATE MESSAGE

A : ADDRESS FIELD (STATION ROUTING) 88115

C: CONTROL FIELD (CONTROL/SEQUENCING ) 8BITS

DATA : VARIABLE NUMBER OF BITS

FCS: 16 BIT CRC REMAINDER
CRC-CCITT POLYNOMIAL (X16 + + X5 +1)
VALIDATES A, C, DATA
FRAME CHECK SEQUENCE

_________________________
.5— - — - -~~ -~~~~L~~~~ - ~ -~ -— -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ -- —~~~~ ~~~~~~~~~~~ .1
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II. 8273 LEVEL OF SDLC SUPPORT

THE 8273 IS A HARDWARE IMPLEMENTATION
OF THE SDLC COMMUNICATION LINK LAYER .

LOG I CAL CONNECT iON AND NETWORK CONTROL
LAYERS MUST BE IMPLEMENTED W!TH ~P SOFTWARE.

DUPLEX.. HALF DUPLEX.. AND LOOP OPERAT ION
IS SUPPORTED.. ALLOWING COMPLETE
CONFIGURAT ION FREEDOM.

III. MICROPROCESSOR (UP) TO DEV ICE INTERFACE

CHARACTERISTICS

HIGH LEVEL COMMAND STRUCTURE

FRAME LEVEL OPERATIONS

DMA - BASED DATA TRANSFER ---4IAXIMUM SPEED (56K~AUD)
INTERRUPT - BASED DATA TRANSFER —--~MINIMUM SYSTEMS

MINIMIZAT I ON OF ~P INTERRUPTS (9600 BAUD)

PROG RAMMABLE MODES OF OPERAT I ON 

— - -~~~~~~~
-

- -

- -z- -—~~~--—--—-— - ----- - —,— -~~~- — -
.5

- — .5— 
_ i .5—
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~P BASED SDLC WITH USRT

SYSTEM BUS 
-

SDLC • -
~~ DMA MEN

MP USRT

USRT - UNIVERSAL SYNCHRONOUS RECEIVER/TRANSMITTER.

DMA - DIRECT MEMORY ACCESS
MEN - SYSTEM MEMORY .5

PROBLEM:
SDLC USRT REQU IRES CHARACTER TIME

RESPONSE BY ~P IN MANAGING
SDLC FRAMES .

L A ~ ..4



~~-
‘
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~‘~~~‘

.5 - 

-5 76-

.5 

~P BASED SDLC WITH 8273

SYSTEM BUS 
_ _ _ _ _ _ _ _ _

.5 

- 

PP 
S~~C 

~~~~~~ 
-, DMA MEN

.5- 

— i

—- .5 — _ _ _

SD LC
US RI

.5 8273

SOLUTION :
INTEGRAT I NG A SPEC I AL PURPOSE ~P
WITH THE USRT, REAL-TIME EVENTS

ARE BUFFERED FROM SYSTEM uP.

8273 CAN INDEPENDENTLY MANAGE

SDLC MESSAGE FORMA T

CPU I NVOLV EMENT MINIM IZED

I

.5 _______________________________________________________- - . 5 .5.5-——’—-- —---—.5-—- -,- —.= -----——-- - - — =-—---—--— - - --
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LAYERS OF A COMMUNICAT I ONS SYSTEM j 
.5

APPLICAT I ON .5

DATA STREAM WITH DESTINATION (S)

NET WORK
CONTROL

DATA STREAM WITH NETWORK ROUTING
AND CONFIGURATIONS

LOGICAL
CONNECTION

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

DATA STREAM WITH SUBSYSTEM

/

/

/ 

,
,
/

/

14)”,/’/”~~~~~~~~~~ 

ADDRESSING .5

COMMUNICAT I ON I
8273

)77 

DATA STREAM WITH HEADERS,

LINK 
TRA ILERS, A~’1D ERROR CHECKS

COUPLER

PHYSICAL INTERFACE 
‘ 

.5

i--I
—.5--—— —------- --—---- —.5--- ~~~~ ‘~~~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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IV. IMPORTANT FEATURES OF 8273

DIGITAL PHASE LOCKED LOOP (DPLL)

CLOCK RECOVERY TO 9600 BAUD
SINGLE LIGHT PIPE/WIRE PAIR

LOOP CONFIGURATION SUPPORTED
ALA - IBM 3650 RETAIL STORE SYSTEM

NUMEROUS PROGRAMMABLE MODES OF OPERAT I ON
NRZ I ENCODE/DECODE
DIAGNOSTIC DATA LOOP BACK
USER DEFINED MODEM CONTROL PORT P INS
EFFICIENT DMA IMPLEMENTATION

—---.5.5- ~—
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V. OPERATING CHAR ACTERISTICS

TA O C T O 7O C

V~ = 5.O V ~ 1O% 
.5

’

ALL INPUTS AND OUTPUTS TTL COMPATIBLE.

INPUT LEVELS
V IL  MAX = O.8V

V~ MIN = 2.OV

OUTPUT LEVELS
VOL M A X = O . 4V ~ 2.O MA

VOH MIN = 2.4V a -200uA

MOS TECHNOLOGY OFFERS TTL TERMINAL CHARACTERISTICS
AT GREATLY IMPROVED FUNCTIONAL DENSITY.

8273 REPLACES - 200 TTL COMPONENTS WITH 22,000 DEVICES 
.5

ON A SINGLE CHIP .5
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I

SUMMARY

MINIMUM COST I NT ELLIGENT NODE 
.5

• MINIMUM MICROPROCESSOR OVERHEAD

• PROGRAMMABLE NODES/SPECIAL FEATURES 
.5

• MULTIPLE CONFIGURATIONS

LSI TECHNOLOGY MAKES THE ENTIRE INTELLIGENT NODE POSSIBLE
USING A MINI MUM NUMBER OF PACKAGES :

• 8273 SDLC PROTOCOL CONTROLLER

• 8080/8085 INDUSTRY STANDARD J1~P

• 8253 INTERVAL TIMER

• 8259 INTERRUPT CONTROLLER

• RAMS & ROMS

U
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SERIAL flATA COMMUNICAT IfX~!S
I~ A MICROCOMPUTER SYSTEM

ENV I ROIMENT

I I

V JOHN WI PFLI

OCTOBER 3, 1977
— 

~~~~ WZG Pjag 
_ _ _ _ _ _
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.5 

SERIAL DA TACOt4I IN A MICROCOMPUTER SYSTEM ENV IRONMENT 
.5

.5 THE PROBLEM:

MOVE A BUFFER OF DATA FROM ONE MPU SYSTEM TO ANOTHER USING A SERIAL
TRANSMISSION DEVICE .

ASSUMPTI ONS:

COUNT
o SIMPLE DATA STRUCTURE POINT I .,~~~

DATA ~..1

• 2MHZ 8080 SYSTEM
• INTERRUPT CONTROLLER COSTS NO EXEC UTION TIME LOSS

• TRANSMITTER IS ONLY OPER A TING DEV ICE .5

• NO CHECKS ON TRANSMITTER STATUS

• HALF DUPLEX OPERATION

t1T~S FIND THE MPU’S LIMIT ASSUMING A HARDWIRED COt4IIJNICATIONS CHANNEL

~~~L ‘N’ .5

.5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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INT E RRUPT DEVI CE HANDLER FOR TRA NSM ITT E R

8080 “T” STATES 
.5

DINT :

PUSH D 11
PUSH H 11
PUSH PSW 11 CHANGE CONTE X T
LHLD COUNT 16 (69)
XCHG 4
LHLB POINT 16

NOV M A .  7

IN SDLC-DATA 10

INX H 5 TRANSFER BYTE
OCR E 5 (37)

.5 JNZ NEXT 10

.5 <SET COMPLETION FLAG>

NEXT: SHLD POINTER 16
XCHG 4
SHLD COUNT 16 RESTORE CONTEXT
POP PSW 10 (66 )

POP H 10
pOP 0 10

E l  4 RETURN
RET 10 ( 14)  

.5

8Q~0 “T” STATES REQUIRED: 186
93 .JLSEC AT 2 MH?

.5 . 5 . 5  - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
—r---~

-- 

~~~~~~~~~~~~~~~~~~~~ 
.5 -~ .5-
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IMPROVED INTERRUPT HANDLER

8080 ~‘T’~ STATES .5

DINT :

PUSH H 11
PUSH PSW 11 CHANGE CONTEXT 

.5

LHLD POINT 16 (33)

NOV A,M 10
OUT SDLC 7
INX H 5 TRANSFER DATA -
SHLD POINT 16 (69) .5

LHLD COUNT 16
OCR L 5
JNZ NEXT 10

<SET FLAG>

NEXT: SHLD COUNT 16

POP P5W 10 RESTORE CONTEXT
POP H 10 (36) 

-
.5 

.5

El 4 RETURN
RET 10 ( 14)

8080 “1” STATES REQUIRED: 157
78 J~.SEC AT 2MHZ 

“ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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.5 8257 DMA CONTROLLER

I

MINIMUM CYCLE Sj S~ S
~ S2 53 S4 .5

6 8080 ,‘T” STATES (3 JJSEC) 
1

MAX IMUM CYCLE = 6 1T”  + INSTRUCT I ON LATENCY

~ 6 “T 1 + 5 11114 I

11 “T” (5.5 J~SEC) .5

DEDICATED DEVICE HANDLER I

Mill STATES

DLOOP:

IN SDIC-STAT 10

AN ! RXBF 7 (27)

JZ DLOOP 10

MOV A,M 10 .5

OUT SDLC 7 .5

I NX H 5 ( 37)
OCR C 5
JNZ DLOOP 10
RET

.5 8080 11Th STATES REQUIRED : 64

32 AtSEC AT 2MHZ

- .5_.5.5~~~_ ~~~~~~~~~~~~~~~~~~ - _.4~.54~~_ ~~~~~~~~~~~~ . L  ~~~.— ~~~~~~~~~~
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EVENT TIME TABLE

HALF DUPLEX

BAUD RATE BIT TIME BYTE TIME

2.014 500145 4 J.~SEC

1.514 666145 5.33 J~SEC

1.014 1 kSEC 8 J~SEC

250K 4 J~SEC 32 JI~SEC

lOOK 10 4USEC 80 JISEC

64K 15.6 )tSEC 125 ~SEC

56K 17.8 J4SEC 142 kSEC

19.2K 52.1 J.~SEC 416.6 JLSEC

FULL DU PLEX EVENTS OCCUR TWICE AS OFTEN , OF COURSE

- . 5 -
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WULT I-PROTOCOL COMMUNICATIONS CONTROLLER (MPCC) ~
- -

~~ . .
.5 - ± -  2652

PML M NA ~~V ~~~~~~~~~~~~~~~~~~~~~~~~~ 2~~2 - I

DESCRIPTION • Automatic d.t.cllon and g.n.rai ion of PIN CONFIGURATION 
.5

Th~ ~~~ ‘.i~, Prøto ~~~l C~mm u n ’~ ,If’otls 
special BOP control seq uenc es , a.. .5

Contr - i’- ~~~~ ‘s a mo noinc ~ FLAG. A B O R T , GA WA 
.5

Cr~~~’- ’ . ’  M~~~S L S I~~ rc~ t t hat fo rm ats rans- • Zero IflsSflfOfl and di lation fo r BOP —

r n %  -i ” ~~ ‘c~~r- .” s s y ’~n’irr c~s ~~ r’~~l late S~O’~ CJ~Ir.Cle, detection 10, eat SOP C ‘.211 wu

wI~~IC ~~~~~ ‘~4 b t - o r - e n Pd or b y e  con- data character •.c C a ~~

1,0 ~~~~~~~ i~ “re chi p -s T TL  comp at ibl e. • SYNC gsnerafton , detec t ion, and strip. •.~~
ope~~~ s I,Jrfl a sn~ie “5 V Supp l y and can ping (Or SCP

interface lo a processor * trl ~~ 8 ~ 16-but 
• M&nt.nanc. Mod, ‘or uII.t.sttn g 

0 ‘.i
b i , ~~c )r aI ~~~ bUS Common parameter control reg isters

• Independent stat us and data regist ert for .o.

FE AT URE S receiv, and tra nsmfl

• DC to SOO h bps data rat e Statue ind icato r signa ls can be us.d .s - ‘~ ~‘

• protocol manag.ment 
CPU lnt.rrupts a sIbi -

.5

Sft-o ruen t .d pro toco ls (SOP): SOLC , • ITt. compatible swo C
AOCCP . HOLC 

• 40-._ ~~~~‘pe C
Byt e-control pro tocols (BCP) : I l -SYNC,  

• Single • SV supply rr7
DOCMP 

os~ L

• Programmable operation 
APPLICATIONS Os’s C :11 0503

S or 16-bit 1,1-state data bus • Int .Ilig.nt terminals os~ u C o.ou

Protocol s.l,ct ion—BOP or BCP • Line controllers rr.
Error contr o l—CRC or VRC or no 

• N,twork processors

chaC~ 
• Front end communications OslO Es .

~j  oeo

Character length—I to I bits for SOP 
• Remot. data concentractors Os,. os~

o, s to a bits for ~~~~ 
• Commun icatio n tes t equipment 

~~ [~
.

SYNC or secondary atiti on .ddre,s • Computer to computer links ,_ .5

comparison fo r BCP -SOP 
Is -Ji os i..

Idia IrsnW’u.SlOfl 01 SYNC-FLAG or 
AiD

MARK for BCP-SOP Eo
NOTE
Os is lOsS i’~~” (l4 t b’t ~‘ig I T  n~ fl~DI, ‘~~lI S

OSIS A ? - .5 moli S9S.I.C eS T 0 ?

MPCC BLOCK DIAGRAM
.5— . ‘I lifi I liii—

~~~~ 
‘
~~~~~- L~~::F°]~ ~~~~ [~~~~~ r~~ I ‘c-
L] 

_ _ _ _  

.5

.cs.~sm 1 1 t .,.sw,rr I 1
Os’~

j
~’~ ’ e I 05 I DATA,1Y.Tu. I ross

a iw u s r e s  asoirta

IN~IOsU
V5 ‘4 ‘4

‘owic

~:_
— 

~~~~~~~~ 

1

1 [ 

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

,,~ ,•,~

‘II —.5
.5 

-c--— 

.5

~gur. I

4— 

3

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~
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‘ IV I .j iLL. S OuUIevJ lu

Hauppau ge New York i t  787 COM 5025
4!’ TWX 510-227-8898 /.LPC FAMILY

( 
Preliminary Specul.Cafu& ns

Multi-Protocol
- 

- Universa l Synchronous Receiver/Transmitter .5

USYNR/T
PIN CONFIGURATION

FEATURES
Va. ( I 40 ) I4SEL

o Selectable Protocol—Bit or Byte oriented 2 39 VCP

o Direct TTL Compatibility sFR( 37 1

o Tn -state Input/Output Bus IKAC S 1 ? SA 
.5

o Processor Compatible—8 or 16 bit ~s A(  ,

o High Speed Operation—2.OM Baud—typical RIE 
: ____ 

.5

C Fully Double Buffered—Data, Status, and Control Registers osse to 3’

o Full or Half Duplex Operation—independent Transmitter and 
____

Receiver Clocks Oeu ( 13 35 ~~ aau

—individually selectable data
length for Receiver and oeu.
Transmitter oe , (  i~ 24 J ~s6’

Is 23 ) o~”ao Master Reset—resets all Data, Status, and Control Registers *4 ”  ~
( 0 Maintenance Select—built-in self checking a u( 20 Si  ‘4 

—

BIT ORIENTED PROTOCOLS—SDLC, IIOLC I ADCCP BYTE ORIENTED PROTOCOLS—BiSync , DDCMP
C Automatic bit stuffing arid stripping 0 Automatic detectIon arid generation of SYNC characters

Aut omat ic frame character detect ion and generation .5

0 Valid message protection—a valid received message is SELECTABLE OPTIONS: .5

protected from overrun 0 Variable Length Data—I to 8 but bytes
C Residue Handling—for messages which terminate with a 0 Var iable SYNC characte r—5 , 6. 7, or 8 bit s

partial data byte, the number of valid 0 Error Checking—CRC (CRC 16, CCIIT•O, or CCITT-I)
data bits is avai lable —VRC (odd/even parity)

—None
SELECTABLE OPTIONS: 0 Stnp Sync- -deletion of leading SYNC cha racters after
• Variable Length Data—I to 8 bit bytes synchronizatiOn .5 -

I Error Checking—CRC (CRCI6 . CCITT-O, or CCITT-I) 0 Idle Mode—do SYNC characters or MARX the line
—None

I Primary or Secondary Station Address Mode
C All Part ies Add ress—APA
• Extendable AddresS Field—to any number of bytes
I Eic tendab ie Control Field—to? bytes
C Idle Mod —,dle FLAG characters or MARK the line .5
t Point to Point. Multi-dr op, or Loop Configuration .5

APPLICATIONS .5

o Computer to Modem Interface 0 Peripheral to Modem Interface 
.5

o Modem to Computer Interface 0 Modem to Peripheral Interface
0 Terminal to Modem Interface 0 Serial Data Buso Modem to Terminal Interface 

.5 

‘
.5

.5 ~~~~~~~~ - — -~~~-~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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PROPOSED GUIDELINE

FOR
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.5 

OF .5

INDUSTRIAL PROCESS COMPUTER INTER-SUBSYSTEM .5

COMMUNICATION

SICS - JEIDA
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1. INTRODUCTION .5

The intention of this document is to describe a standard inter—

subsystem communication method in order to Increase the degree of 
.5

compatibility between subsystems from various manufacturers , thus

enabling them to be used together in more complete computer based

process measurement and control systems .

1.1 OBJECTS OF PROPOSED GUIDELINE

(1) This proposed guideline applies to information interchange 
.5~ .5

systems used to Interconnect both process control and pro-

cess computer apparatus with other apparatus and accessories

necessary to assemble Instrumentation and control system

including computer systems.

(2) ThIs proposed guideline describes the desi gn concepts and .5

the specifications for implementation of industrial process

computer  inter—sub sy st em communica t ion  (hereafter i t  is

called L-dustrial dataway system).

( 3) A primary foctis of t h i s  document is to set fo r th a

concept ual design guideline of indust r ia l  dataway system .

(Th is document deals only with reference for standardizing

promotion of Industrial dataway system).

1.2 SCOPE OF GUIDELINE (STANDARDIZATION)

(1) The goal of this guideline (standardization is to recommend

main features of digital data communication using bit  serial

techniques over single line sharing system .

(2) This data communication system (Industrial datawa y system)

Is capable of supporting centralized intelligence, dist r ibuted

intelligence, hierarchical intelligence and combinations

,~~
.5
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(2 )  ‘rh~’ .I~~’ I a I lens hot wt ’oit lb 1 ;  p it Itlo I ( i t t -  :tiul lii,’ I~i tt t ~ t ln t t , i  I

I’oqit I i’ t ’Il*t’Il t (I  1:1’ ~~~~ i~~A/w ( : t .104 1 1 ~~ ~;t ’ / :1) .114 ’ nltt iwn In 
.5

Appond I x .

&PPI. I CAT iON EN\’ 1 RONMENT~

.5 2 . 1 REV IEW OF DATA COMM(I N 1 CAT I o N

(11 The l i n e  sItar I op ~; t (‘11 11 I or I udust r Ia 1 ill ant s art ’ dove I ~pt ’d

and ut  I I I  :‘t ’d to va r  I t )Ll5 t V~~ t ’5 01 syo t ems Shown In Fl gu r o—  I

and Table—i .

(2) The t.
~~ 1st lop I Inc sharing sys t e’llt was d t’s I goed as t lit ’ above

requl t-ement , 00 1 licr~’ wer e InaIl\’ k I tid s of  1 I no sl,:i 1’! it~~ ~.\ 1 cm

that provid ed I or t I l t ’  d II f t ’ rcnt  gr- td t ’ ol ~at’li rt ,qul romt’nt s .

( a)  \‘o hone fo r  d a t a  t i- nnsm I ss Ion , and rot lu l ied  I hii’ iuig hoptt I

(li) Qu I (‘k rt’Sp000t’ In dii i a I 1-anon f o o l n i t  • and rcqti I rod

pt - t or i  tv i n t c r r t I I ) t hand I Inp.

(e)  Dis ta ne t ’ fo r  data  t r an s m I s s I o n .

(d) Con nec ted dcvi ocs In dat a t ransm Ins to n tie twoi ’k -

(e) t n t  e l i  igence f o r  dat a coinmun I cat i o n  support  a

connec ted d e v I c e , dev lco  I n r t ’r f a e e .  ot coininunicat ion

I n t er f a c t ’ .

(1) RelIabi 11 tv anti 1t~a I n t e nahI  1 ( t x ’

(g) Economics , reducing sy stem costs.

(3) The industrial process computer inter—subsystem c o mm i tn i c a t  Ions

syst ems of lEG SC 65A/WC 6 wil l  be app l i e d  for  l n t e r — c o n p u t t ’r

or thtelligent termina l communication for distributed (‘em--

puter control systems includ i ng process data  gat .ht ’r tng ,

control or sup ervtso r ~ logic processing , ma n—machine  c omm u n t —

cation supporting and other related intelligence.

— —‘--- - ~~~-- — -~~~~~ - - .-—-- tx ~~~~ . _ tx ~ n ;
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Fur t h i s  purpose , the Industrial datawoy sys tem shown In

Fi gu re — i  seems to ho suitable for data communIcations in

p rocess da ta  a c q u i s i t i o n  and control  -

2 ,  .~ APPl ICABLE FIFl.I) OF I N P U S T R I A L  DATAWAY SYSTEM

2 .  2 .  1 (fl1T1JNI’

( 1) The In d u s t r i a l  dat away  system for  on—line real time computer

co n t r o l  sy stem or d i n t r f h i i t c d  dig i t a l  contro l sy stem to he

used p r i m a r i l y , hut  not exo Iti I vo l v  • I n  t lie process I n du s  t r ios

( t t ’  i I hi.’ I r t ’ ( I )  t m uons ~iitI d I ~;t - i t ’  t o  processes)

(2 )  ‘I’Iic to I h o w l  op cond I t lono  slion ]~) ho I t i c ]  t i t i  ut i

— to  p r o v  I do t o  I I ab l e  and e - o i ~oin ft t i ; i  ( a  con mun I cat  1011

— t I  he t ’apah Ic ot ho! n~ I iit’ oL } l t ra t od wit Ii i n  oc fl t  r a i l  zed

. i i i t h  tAt  sl i t  b u t  ~t I i t t ’  ( w ~ rk col i t  ro I OVI  I titi

- t o  I~ ’ capab le ot ket ’p I n~ n It I mat t t - t I t L o c  t d:o t a  t’oniiuiin I t’at i t t)

undor I itt huotr  I a I ‘ I t t e n s  env I r o n m o n t  S.

I) It I 1; rt ’qIl I red In i-i I nip I II v thic SV l i  I (‘Ill .issenih It ’ , m a i n t e n a n c e

anti t r a i n i n g  ol I’n~ I ll -r and s t a t  I

~~pt ’t ’ ii b a  li v it  Is wan t e d  t o  av o i d  got  I lug  i nvo lve d w i t h  a

pro li t e l - a t  lO f l  of tilt I t ’ro’ iit t y p e s  01 equl pmcn ts .

‘.2 TYPICAL INIM?STRTES

(1) TIt Is go idol I tic ;tpp 11 ed gen era  ii ‘
~
‘ to process d at a  acqu I s i t  I 01)

and c o n t r o l .

1’li I I ndus I t i .o l  dat  -twa ~ iV ’ i  toni I~ I i t t  ended to  apply  a c I ~ud 
.5

l t t ~ t I t i l t  I. it ’ I OV I ( ‘ I I I  I )  I I io~Iti~ t i

( 2 )  ‘rvp I e t  I a pp  I I c at  I t ~ i ,~ r o an  a r t ’ :

— l i st  i thu toth dl g i t a  I o t i c i t  ro l ovnt em

— I’rt’i ’t ’n, I t~ t I I)n l  I t i  01 1 1 1  t t I  liv i t  t ill

I- - 
-- -1 _!~~ __________



‘rn — r -
~~~“~~ “ F”~~’ 

— -
- - - -‘—--b ~~~~~~ —~ ~~, - - - - — - - - - - -

-607-

For example:

“Industries whIch manufacture agricu ltural and In d u s t r i a l

chemicals; b i o l og ic a l s  and p h a r m a c e u t i c a l s ;  e las tomers ;

foods, paints , varnishes and pigments; petrochemicals an(I

petroleum products; pulp and paper ; soaps, glycerin , and

detergents; glass; cement: synthetics , such as films and

f ibe r s; and other associated and related materials; and

r e f i n e  and produce m e t a l s  and generate ele ctr ic power. Sti~~h i

p rocessing may invo lve  a change I n  compo ; I t  m u , shape , n i

s t a t e  of m a t t e r which may he a f f e c t ed by prt ’s~~ rc , t empera-

tur e , chemical  r eact ion , inix 1 n~ , separa t ion .”

2.2.3 TYPICAL CONFICIIRATTON

(1) The overall configuration of I n d u s t r i a l  da t  away system Is

to p rovide an e f f e c t i v e  communic at ion  l i nk over which

messages and commands are carried In an unambiguous way

among a group of interconnected devices.

( 2 ) The da ta t r ansmission has the capability to transport data

f rom one s t a t i on  to ano the r .  In d a t a  c om mu n ic a t  Ion l i n k ,

the maste r s t a t i on  due to  con t to] of a l i n k  d u r in g  a g iven

t ransmission .

The slave s t a t i on  dues to receive on ly  du r ing  a given

transmission.

( 3) Master/ Slave s tatus may be changeable. But at any given t ime , 
t -

master station has responsibi l i ty for link control and error

recovery during transmission.

(4) The data communications are carried among subsystems of the

following types:

~~~~~~~~~~~~~~~~~~~
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.5 .

Figure-2 Typical Configuration ST J : STATION

(a) Single branch : DEVICE

S

F ST I I S T I 1~1
I
-

(b) Multi branches -

.5
- 1 1

( S T I Isr I  - .5

3

D D D D  

-

(c)  Loop

ST ST

D 
~~~~~~~~~~~~ 

-

.5

ST __t i:1::__.
~~::::~

ST ST

D D r’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~- - -~~~~~~~~~-
-- —~~ ‘.--- ‘— 

_ 
- - -



— 
-
~~~~~

—-.-- - - - 
~~~~

-
~~~~~~—~~

--.
~~~~~~ -~~

-
~~~~~- -

~. - ~~~~
- 

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

-611-

(a) Process signal  Inpu t , output , and control subsysterro~

(b) Man/Machine Interfaces and Product rdentl rlcClt l o t n

Device Subsystems

(c) Supervisory computer systems

(d) Service , support and maintenance

(e) Combinations of any or all of above.

( 5) The t rans la tor  equipment viii  be avai l ab le  which make it

possible to imp lement  portions of the communication subsystem

with common carrier channels.

(6) Typical configurations are shown in Figure—2 .

3. FUNCTIONAL SPECIFICATION,

3.1 TOPOLOGY OF INDUSTRIAL DATAWAY SYSTEM

(1) The Indust r ia l  datavay sys tem is required to support

distributed system for process data acquisition and control ,

and field expandability.

The topology of I ndus t r i a l  dataway system is recommended as .5

branch type.

(2) In this industrial dataway system , si ngle line shared

communication is applied . In single line , data , control

frame and synchronization signal should be included .

(3) In more reliable system , loop type or redundancy like dual

or duplex system shall be applied .

(4) This system is not intended to handle message switching .

Note: Typical examples are shown in Appendix—l and 2 .5

respec tively.

—~~~~ — ~~~ — -=. — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3. 2 !‘~ASTERSHI P IN INDUSTRIAl. DATAWAY SYSTEM

( 1) The master  s ta t ion  which  cu r ren t ly  cont ro ls  the link Is

given to any station as multi mastership.

(2) Address and its related modifier shall be specified to be

applicable for n:n corresponded communication 
I -~

(3) The available architectures of the communications should not

pr eclude direct data interchange bctween any two stations :

It should he possible to tranf;mit data direct between any

two subsystems on the l i n k  withou t necessaril y involvinr,

store and forward at a third subsystem .

3.3 TRANSMISSION SPEEI)

(I) Tht’ ind u st r ial datawav system w i l l he optimized for a

r aw h i  t r a t e  of I MR1~ -~ ~ o tuor e

1. 4 ‘f~ ANSM E S~ ION I) I STAN CE

US I F i - I I d a t  . t w ; t V  i i V  S &‘UI should  he c ap ab I v of aecommod at 1_n t;

tWO ~ I ass ( i i  d l  S t CIU C C , 1) a c hi e V e  h. ~ad appl icab li l t  v

( 1)  R emote  sit e s  access ibl e over l eased l ines w i t h  r epea ter s :

Maximum 50 kin ( s t r a i ght  l ine)

(2) Between any two stations: Maximum 4 km (without repeaters)

3.5 NUMBERS OF STATIONS PER DATAWAY 
.5

( 1) The i nd u s t r ia l  dataway system shall be capabl e of having

s t a t  Ions per one da laway :

(a )  T’l i n  10011)4 1 s t a t  b u S

- : (h )  t ip  t o  2 ’ 9  s t a t  ions

~~. 6 NUMBERS OW I)EV I CES PER STATl~~N

( 1)  The 1 ndu s  t r I a 1 d~u t away  system sha I i  be capab 1 e o f hay I ni~

.5 
lol lowing do’v I (‘ o’~~ pet one s t a t  l o i n :
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(a) Process i n p u t/ o u t p u t  subsystem : max.  512 p t s .

(in case of ana log  I n p u t )  .5

.5 
(h) Process cant-roller : m ax .  128 p t s .

(in case o f 3 mode c o n t r o l l e r )

(c) Terminal device : max.  lb pt s .

.5 (in case of device subsystem)

3.7 TYPE OF DEVICE

Devices to be connected with station are shown in Appendix—3. .5

[See 2.2.3. (L i) ]

3.8 MODE OF TRANSMISSION

Bit serial techni que is applied to this system. And also h a l f —

dup lex transmission is good for  this app l i ca t ion , beca use of hi gh

transmi ssion speed . .5

3.9 PRIORITY CONTROL OF TRANSMISSION .5

(1) Asynchronous signals or events shall he served within a

definite interval that is short time interval to ignore an

effect on delay o asynchronous events.

(2) The communication system shall be served without delay when .5
-

a local devices or terminals  have errors or t roubles .

(3) Priority control down by hardware may not be necessary in

case of satisfaction of the above mentioned requirements.

3.10 RESPONSE TIME

Detection of asynchronous signals or events shall be served less -
.5

than 20 msec.

3.11 MODULATION AND SYNCHRONIZATION

Modulation technique for the industrial dataway system shall  be

enough to apply base—band . 
.5 

~~~~~~~~~~~~~~~~~~
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.5

Synchronization should he based on HDLC ’ s definition.

3. 12 TYPE OF COUPLING

( 1) The Indus t r ia l  datawny system shall be easy fo r i n s t a l l a t i o n

and maintenance , so that coupling of signal line of dataway

should he s tandardized  as f o l l ow s :

1) Coaxial cable : T—c onnector

2) Twisted—pair cable : Terminal strip

~~. 13 EXPANDA1UL1TY

(1) The In d u s t r i a l  d a t a w a y  s v s t  cill sh a l l  p rov ide  I l ex i b  j i l t s -  for

t h e  user  t o  e c o n o m i c a l l y  change or expand the sy s t e m  a f t e r

instal l a t  ion wit 11111 p rae t i cab le  address areas  and d i s ta n c e

1 .Iuii i I ,it i ~ins .

(2) The Industrial dat aw a y  s y s t e m  can he ex tended  or s t a t i on s

ot  d ev i c e s  added . Such changes may disturb th e exchange of

messages  as a t r a n s i e n t  ef 0 oct  p rov ided  t h a t  the sys tem is

a b l e  to d e t e c t  such d i s t u r b a n ce s  and recover fou l I operation

w I th in a t f lue . ippr opr  i~~tc t o  t h e  app 11 cat  ion.

1 . 14 EN V I R ONMENTA L CON DITION

11w Indu s  trial dat away svs tern is used for a pp Ii cat I otis of process 
.5

industries.

E n v i r o n m en t a l  condition of this system is recommendable as follows : - .5

1) Op er a t I ng  t e m p e r a t u r e  r .un ~ e : 0 to 5C’C

(Do not  include terminal device)

2) Operating humid i t v  : below 9~~ (withou t dew)

I )  E a r t h  p o I t  en t i i i l  : less  than 10 o!un s*

4) Withstand holtage : AC l ,SOOV I nun.

(for power line)

.-~-~~~~--~ _-~~~~~~~~ -~~~~__- -_ -~
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Application Application
(Devices) ~~ protocol

Network __ 

Network contro l

control protocol 

I _ _ _ _ _ _ _  
I

I 1~og tca 1 Logical connec-

connection ~~ tion protoc ol

I Communication i Communic ation
link i link ~~~~~~~~~~~~

I Physic!ll
4 I 

.

~~

— . .5 
.5

I _______________ 

I inter lace

Phy3i~ai J F~ ;sica1 1 i Phys~ ca1 1 __ 
PPys~ cal lx ~~k

l ink  
___j : 

~ 

link 
i : 

l ink  ~ nrot ocol

Station Station Station

.5 Figure-3 System ctructuro of the IncIustri~ l
dataway a~ stent

I

.5 

-
—

~~~~~~~~

—-.5 

~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DC 500V 1 m m .  
.5

(for signal l ine )

Note : *) The system must  he ab l e  to function normally with

extr eme static and dynamic differences of ground

potential between twO statlon~ on the link. 
.5

ARCH iTECTURE -

SYSTEM STRUCTURE

The in d u s t r i a l  d a t - a w a y  system is structured into five functiona l

i. \ e l  s Wi t b r e spec t  to d at a  t r an s m i s s i o n  shown in F i g u r e —3 .

I h e  se f i v e  1 eVe is I n c  I ude : I 
-

I~l )  P h y s i c a l  l i n k

( ~ ) Counnun icat I Oil l i n k  -

( 1) lo tea l coitoulee t ion

(~) N e t w o r k  c t i i i t r o l  .5

(5) App lication (Devices)

The functions and protocols of each l ev e l  are described in

S o c  t i On r) .5

.5 -~ . FRAM E STRI CTI T RI -

h u t  UU I I C ‘ I ornia t s ha l l  be adop t  eu as the t Fame s t r uc t u r e  o I

m t s s a i ~e for ~t~u t  a t r i n s mj  ssl on Is the  I n d u s t r ia l  da tawny sv st  em •

T h e  IIDI C ‘~~ t o u i iua  I I s

F DA c 
1 

SA I t  FCS F 1
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(1) F: Flag f i e ld  (8 b i t s )

F field designates t h e start and end of the f rame and has

the hit structure of

0 1 1 1 1 1 1 0

(2) DA: Des t ina t i on  address (8 b i t s )

DA field contains the destination address of the station to

be received message.

(3) C: Control field (8 bits)

C f ield defines type of control (ex. command/rep ly)

depending on the bit structure of this field .

(4) SA: Source address (8 bits)

Basically, SA field contains the source station address of

the message. This field Is necessary for data transmission

on the  n : n  co rr esponded communica t ion .

( 5) I : Info rmation

I field consists of Header , Control s tatus , Device address ,

.5 Test (data) and so on. Leng~th of this field is varied upon

amount of data to be transferred .

(6) FCS: Frame cheek sequence (16 bit s)

Each message contains the FCS field for the purpose of

detecting transmission error .

It is recommendable that checking is based on CRC.

5. PROTOCOL

The allocation of specific functional requirements for protocols is

def ined as follows:

H
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5.1 PHYSICAL LINK PROTOCOL

The detailed requirements of a physical link protocol are dependent

on link or line phy8lcs and must be transparent to and thdependent

of the message bit stream including coninunication link addresses,

checking codes , etc.

If message frame delimiter s are dependent on line physics, they

must be added and subtracted by the line couplIng unit. (For

examp le, the Modem in FSK carrier situatiens.)

Typical of existing standard s of this protocol are;

( 1)  C C I T I V .~~4 (ETA RS—232)

( 2 )  C C 1 1 1 X . 2 1

( 3 )  2 OmA current l oop

The physical interface is characterized in  terms as follows:

(1) The transmission data rate of I M bps or more.

(2) Bit synchronization .

(3) Clock extraction (Bit element timing).

(4) Base—band transmission .

(5) Electrical isolation from transmission signal line.

(6) Redundan t (Dual or Duplex) data transmission paths should

be optional.

(7)  BypassIng and disconnect capability.

5 .2  CO~fl4UNICATION LINK PROTOCOL

The communication protocol is s p e c i f i c  to the communication

subsystem but is Independent of the signalling techniques employed

In  the physical conununication link. This protocol is also

independent of the characteristics of the stations attached to

the c o mmu n i c a t  Ion s u b s y st em .
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The’ Communica t ion  l , lnk Protocol  of I ndu st  n a  I fl~t t  .~w.iv ~v~;I (‘n

should be organ I zed on the  basis of ISO lIflI.C aiid t h u  i n c  t er I ~‘ t ’d

in terms as f o l l o w s :

(I) n:n  ( or n:m) ct>,mnunirat Ion capahi  I It v .

(2) Frame structuring based on the IIDLC to t ransmit

unformatted binary data (data transparency).

(3) Transmission error detection by CRC .

(4) Error recovery by automatic retransmlsslons . No—response

timer and retransmission counter are required to prevent

from unduly delay other messages.

(5) More than one conuuun tca t Ion subsystems shoti Id he

responsible to recover from t he d I sappea rmw t~ of

cur rent  Inast or .

(6) Hroadcns ting command Is requl red to t ransmi t g I ob~i

messages t o  all subsystems .

(7) Initialization capability of communication subsystems .

5.3 LOGICA L CONN1~CTION PROTOCOL

This layer has to do with the synchronization of the t ransmit and

the receiving hardware’ on both s ides.  Since this hardware attaches

to the processor channel I/O Interface , a function must exist in

the hardware to reflec t to the processor a logical channel rend/

write interface.

(1) This level shall provide arbitration between the’ message

length capabilities of the communication subsystem and th e’

message length requirements at the application level.

Examples are rejection or blocking and deblocking of messages

which exceed the message length capabilities of the communi-

cation subsystem.

,._ .,.“~
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GLO SSttRY OF l’ROPOS Eli (‘ t’ I I)FI I. I N F

Terms Sect ion

(A) act lye ce utune%n IC ’ .u t t o n  It nk 6. .~ 
( ~ 

)
addr ess 3.2 (2 ) , 6.1 (1), 6.1 ( z,)
app l i ca tio n

(B) base hand 3.11

bi t serIal 1.2 (1), 3.8

branch 3.1 (1), Figure-c’

broadcasting command 5~~ ( (,,)

(C) clock extraction S. I

clock un it 6.1 (4)

command 2 i (1 )

common carrie’r e’hantit’ 1 ,‘ . ,‘ . (5)

communlcnt lot-i line 
. I ( 1) ,  Ii . I (I~

common I cat  ton l i n k  . I , I ( I )  , 4. , 7. 2 ( I)

c o m m u n i c a t i o n  subsys t em 2 . . ’ . ( 5) . ~~~, 1, 1.1

communica t ion  sy stem 1..’ ( 1) ,  1 . 9 ( 7 )

con trol frame Li ( 2)

(D )  
data communica t i on  1 .2  ( 2 ) ,  2 . 1 , 2 . 1 . 1 ~~ , 12.2.3 (4), 6.3 ( 1 )
dat a  sequen ce check 6 .1  (2 )
data  t ransmission 2 .1  ( 2 ) ,  2 . 2 . 1  ( 2 ) . 4 . 1 . 4 . ,~
da ta  t r ansmiss ion  pa th  5 ,
data transparencY 5.? (2)
destination address 4 2  (2)

device 1 .2  (5) , 2 . 1  ( 2 ) ,  2 . 2 .  1 ( l ’t
3.6, 1.7 , 1 .11 ( 2 )

device interface 2.1 (2 )

i F )  f l a g  4 . 2  ( 1)
frame 1.1 ( 2 ) ,  6 . ?
frame check sequence 4.2 (6)
field 4.2

L~
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Terms Section

(G)  global message 5.2 (6)

(H) header control status 4.2 (5)

(I) Industrial I)ataway System 4.2 (5)
i n f o rm a t i o n

(L) l in e  c o u p l i n g  un i t  5.1

line physics 5.1

line sharing system 2.1 (1), 2.1 (2)

l in k 2 .2 . 3  (1) , 3.2 ( 1) , 3.2  (3) ,
4.1 , 5.1

l ink  con t r ol 2 . 2 . 3  (3)

logical channel 5~ 3

logical  connect ion 4.1 , 5.3 (3)

loop 3.1 (3) , F igure— 2

mas te r  2 . 2 . 3  (3)
mLt st e ’r sh lp  3 ,2
mast er s t a t i o n  2 .2 . 3  (2 ) ,  2 . 2 . 3  (3) ,  3 .?  ( 1)
message 2 2 3  (1),  4 .2
message blocking (1)
message deblocking (1)
message switching 3.1 (4)

multi—mastersh ip 3.2 (1)

(~1) network control 1.2 (3), 2.2.1 (2), 4.1

n : n  corresponded communicat ion 3.2 ( 2 ) ,  4 .2  (4)

(ti) o f t — I  Ine ’ 6. 1 (‘1), 6. 1 ( 1) ,  6 .3  ( 7) ,
7 . 1

‘ i i i  l I n e  6 . 1  ( 7 ) ,  1.! (1)

(P ) pitys It~. I I uter I act’ s.

physical link 4.1

protocol Figure— i , 5
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Terms Section

(R) receiving 5 . 3

ne !me)t c  loophack 7 . 1  ( 1 )

repeater 1.4 ( 1) .  3 .4 (~‘)

(S) self loop checking 6.2 (1 ’)

signal line 1 .12 (1)

single line sharing 1..’ (1), Li ( 2 )

slave 2.2.3 (3)

slave station 2.1.3 (2)

source address 4.2 (4)
station 2.2.3 (2), 3.2 (1), 1..’ (I),

3.4 ( 2 ) ,  3. 5 , 3 .6 , 1 . 7 ,
3 . 13  ( 2 )

station bypassing 6.2 (1), 6..~ (2 )

subsystem i , 2 . 2 .3  ( 2 ) ,  3.t~, 1 .2 ~~
6 . 3  ( 2 ) , t, . 1 (7 )

synchron iza t ion  1.11 , 6 .1  (5)

synchronization signal ~.l (5) , 3.1 (2)

( r )  text 4. (5)

transmission 6.3 (6), 2.2.1 (:, 2 . 2 . 1 ( 1 )

transmi t 5.3
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APrFNDIX- 1

TYPICAL I~~~LF~4ENTA TION iN CASE OF CENTUM F—BUS

Ah’l’
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N P 1 N — 2

TYP T C.AL IMPLEMI:NTAT ION IN CASE OF TOSW A Y—l SO O

A P P E N D I ” -  I 
—

TYPE OF DEVICES TO BE CONNECTED INDUSTRIAL 
-

DATAWAY SYSTEM

A P P E N D I X — L u

LAYER OF PROTOCOL

APPENDIX— S

DEVIATION BETWF,EN FUNCTIONAL REQUIREME NT S

AN I) PROPOS ED GUIDELI N E (JA PAN )
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I . Ni’~~ it (‘- I. ION

b t , - . t ’ct  oU t l i t ~ P rope )sed g u i d e l i n e .

•1 • ,~h ’1’ t 1 C A I ’ I O N  EN V IhON ’ !ENTS

Bas ed on thu. ’ proposed g u i d e li n e .

3. i”t Nt ’t’ f I N A L SPEd F I CA TION

3. 1 TOPOLOc.Y OF ( :EN l ~Y F -

The F— l1 ’i ’S , which  is a c o m pon en t  of a l l  CENTU M s stem s , a l l o w s

d a t a  t o  hi’ t r a n s f e r r e d  around t h e  con t ro l  sys tem a t  a 250K bps

u i t  (‘

I t  I u l i ’or ! o r a t t ’s co~t x i . t l  cal~it ’s , coup ler  un i t s , b r a n c h  u n i t s ,

r t ’~’~’a t e rs , I ’ ow ’r  su p p l i e s  and c o mm u n i c a t i o n  c o n t r o l l e r s .

I t  ‘.i li bc U~ to 10 k i i  cu lt ’  tel’s I oug , and can  be c& ’u in ec  ted t hrnut~h

t’ t l l t ’ u  I c r .u d . tp  I ~
- r c  t o  v i  r I na I I v  wv c’ontput  t’F tuiv I i t s ’ , t lz t  ( a  common I ca— 

-

I t i ’ i i  c a p a h t  l I t  i c c .  (F i ~’ , — 1 )

( j lN’ I i ” l  I — I l l S l i t ’ ;  ,i branch t y p e ’  e t t i t t i g i t r a t  I t l i ) , and  t’acli s t a t  in n

I t ;  ‘t ’ i t n t ’e t ed t o  C O . 1 X I . t  I cable ’ with p.t~~~Ivt’ ( t r a n s f o r m e r )  coupler.

3 .2 MA~;’i’ER~ I l 1 P I N  CI-l N l’t~~I F—BUS

( I )  1~.t st’d on the  proposed g u i  d e l i  t i e .

Ma s t o r c h  ( p is sen t  and r eceived  one at t er  another by

‘‘ (hi t on  Pass ’’ command

2 ’ Based on t h e  proposed go ide l  m e .

H i t -  c t )u tmu. u t t  i ca  t m u  cotum ;ind f r a m e  and response f rame h .ive not

u , n!’i - t I& ’ s t  i iuu t b i t  1t(ti l &’;iS b i t t  ~uJ so  s o urce address .

I) tt , t , ,,’tI t~ ut I h ut ’ l’ i t’ I ’t ’~~t’ tI hit thu. ’ 1 t u t e ~.

I . I - c ~~~~~~~~~~ ;t’l -:I ’ P

2 50K l p c

~~~~~~~~
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Field Contro l Station

Field Control Station

Field Control Station

Coaxial Cable
(Branch l ine) TerminatorFi eld Control Stat ion

I:

F—Bus

Field Control Station -

- Operator ’s Statio n

1.5km max .

• CENTUMSuperv 1sory Co m puter
computer Adapte r

-r

~~~~~~~~~~~~~~~ Powe r 

--__ .-

~~m t

_j 

~~ U P p I v~~~~~ P~~~
t

,7
___ P—Bus 

Termina to r

Coaxial cable
: (Trunk l i n e )

10km max. —____________

Wide area communicat ion

Fig.—l Example of Inter—S tation Connection using F—Bus
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• I .‘ EX I’ANDAB 11, 1 ‘IV

Il~ seei ott I hue p ’ c l I l e i S O i l  p u t  I i t t ’  1 I in ’

I. I I ENV 1 R ( 1NM EN ’l ’AI. PO N D Ii ’ ) ON

( I ) Opt ’ i a I i i t g  I ~‘ l l I ( , i ’ I t i t u l  u ’  i , u l i p t ’  (I I o ‘til l -

( . ‘)  opt ’ t i t t  u tg  h u m  t e l l I v 1i t ) l i t  ‘ ) ( t ’~ 1111
(No .‘tu ~ t h t ’ns , i  t l o u t )

(I) C r ounti  I u t g ( E r u r t  hi )  I i’s t h ia t t  h O  e ’htn t s

(4) Wi t h a t  ant i  V o l t  ~t u ’,e

f o r  pOI4E’ r lint’ AC I K~’ , 1 ml i i

for  s igna l .1 tue DC SOOV . 1 m m .

4. ARCHITECTURE

4 . 1 SYSTF.N STRUCTu RE

From t he v Iewpo I i t t  of et innuti i u.’~i I I t in , ii I a t I n ns  a i.e t ’ lass  i t t  i’d l i i t t ’

the  p r i m a r y  ii Ia t ions line1 t he  secont lnr v at  at  t o u t s .  The pr t un a r v

s tat  i t in  f~ ,i s t a t  ton ia i v  L u g  t h u t  l i i i t 1.-it I vu ’  of t ’t ’nnnlun I e~.i I I t ’ l l  •

Common I t ’,u I I out I , ;  cu i uietuic I t’d by a t ’t imn t antl  I i’ ;umt ’ I mom I i t t ’ p t  I t i i . i i  ~
-

s ct t o u t  an t I  a rt ’s; ’t ’uiau ’  f t’;inte I t ‘iii  t h e  s, ’ t - t ’ i i t i , i  I’ v ci i t  I t ’ l l .

C~immunI t ’ .II t o n on t h e ’  I- ’ - Ib i s  I ’ ;  t ’t tn t luc I eti ou t  a c i  t ip  Ic  t i l l ~ t a t  t at lt I i ’

w Ii(t ’h e ’ t ’ I IV . ’ y ’ ;  .t e ’t ’it ttt i ; uu t t l  I t u i n t ’ an t i  a u ’ S I ’ t ’ t t a e ’  I l anu’ i ’ i u t ’  i t  t o t

;Inti t I t et  . ( “ I t ’ . . 2 11 h u t s  C ma I t t ;  ( i O ~ w . uv  t ’  I ,-t ulim titn I ‘nti on.

2 FPA~’F STRU CTURE .

LC~ 1 f 
If’~~.1 - _____________

[8~~~~s ~~r*bT Js ~i r~~~~~~ 

~~~~~ ~

(1) SYNC : SYN CIII-1O N ( ltTS Fl AC , 0 I 1 I I 1 1 0
- - ( .‘) LCW I , ~ l INK (‘,ON ’I’ROl, WORD

( 3) PEST : DESTINATI ON ADDRESS

(4)  C CONTROL (COMM AND/RESPO N SE )

(5)  SRC E SOUR CE ADD RESS

(6) MDF\’ M O D I F i E R

(7) DATA : MF.SSACE DATA

Message Dat a  has v ar i a b le  length e tC  t ip l e t  1(tO~
b i t s ,  anti 16 h I t  ( 1 word)  in cr e m e nt .

(8) FCS FRAME CH EC K TN C SEQUENCE

FCS I s  the 16 h I t  CRC elf y l f i  
~ 

~ l .  
~ ~ -+
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5. PR~ TOCOL

There are 4 levels of protocol for tt’te CENTUM F-BUS .

(1) Physical l i n k  protocol

(2) Communication link protocol

(~ ) Logica l C o n n e c t i o n  pro tocol

(4) Applica tion protocol

These p ro toco ls  are imp lemen te d  in F-BUS as Fig . —4 .

A p p l ic a t i o n  protocol
L S ta t ion

Logical connection
protocol

Coff,n~u n i t ’at ion l i n k  r [ FCA jp r o t c L ’e i  L
Fhysic~~1 l:k 

_ _ _ _ _ _

Coaxial  cable

Fi g.~-~+ Layers of p ro toco l  ii i  F—BUS

I

I
L
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5.1 PHYSICAL LI NK rk’¼~rt\ ’i~ .

SENt) ST lnnrnr” lrnnr  - ‘  -

F I M IN U LJ LJ LI J L J ~~~.LJ t_~~t - - , -

~~ 

_ _ _  

‘ 

S.__
I o1~

~ CL~.AR - —r- ~1 .;. ‘

~ ‘ro SCND — — — . - . . 
•__— _ _  _ _ _ _ _

SEND -. - 
DATA °t-” _ L  Lj...j .... L -

=E ~~~~ 
, , 

‘- •
~ 

:. 
~~

-
‘ — i.nn.ruuui..r

~ CARRIER . . . l~~~ I
~ DETECT CD 

“ - .  .~~~ ‘ , 19 L — _L  

‘

_ _  

‘
‘

S 
_ _

RFCE IV~ : 
~~~~~~.

‘ 

j : - ” 
~~L .i1•.ri~

1N1’rIALI -a.— ‘ •

:.;:r ?R 
.

‘ 
- 

-

r~ A N~ MI~~~IoN I•~~~
k- --—-— o~-~?.~,’1ND -- --------1 

___ ~ - - -~~~~~ r~~ J ~~~ P

- - - ‘ ~~~~~~~~ __________

RS COAX . CAI4 LE

I- -‘-—.- C5 -

SD
FCA 

________ 
CPL

NT
s——’—— CL’)
S —nfl 

-

ZR -—— - -

COUPLER 
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5.2 COMM~J N l C~~r~ ON L1~~h PRC1~OCCL

5.2 .1 CCN ’RL ) L P K ~ ’~~~k~~;

The F— t3t ’ .5 has the  I-’r i mir y/ ~ ecu:: t i ry  protocol .

The Prim ary station ~s re sponi~ib l e  for c o n t r o l  of the

l in k , i n c l u d i n g  i n i t i a l i za t i o n , or g a n iz a t ion  of data

t r ans fe r ’ , and l in k  e r ror  recovery .

Secon’iary ~;t : ct i o n ~i are r e sp on n i b e on ly  for  p e r f o rr in g

operat ol~~ , as i n s t ru c t e d  by the  Pr imary .

The ~ ‘ U~~tr ’ ,’ i~ i t  t on a e a i ~ a command fr ~~~e v : a  the phy~;ica l

l i n k , . a r - 1  the  ~cc o n d ar y  s t a ti o n , se lec ted by the  d e s t i n a —

t ~~~ ~td~ . t’ea.
; f ~~ -i of the ccr~ -cni fr~t~ o aer,j~ back a

reap )nse fr’,t-” , -
~n th e  m an n e r  of h a l f — d u i - l e x  mode t r a n s—

i~~~~~ on .

A co~ r ,n L’at ion l in k  is ou~~p ’~c t .~d by a pair of command and

re~~r -~r~ae

Pr i  ‘~~:‘y ~~ I Second~iry at at  ion a a ; ~~t- r a r c n t a  w i l l  be changed

~i yr i - i !1nc1 l1 y b y the t~~t~~n at”~ uer ;ce , b e i n g  d i f f e r e n t  from

~~

l’be ~r i n s try  a t a t an , w h i c h  h-- ca the B aton , i,~~
’. the  c u r r e n t

~_ ‘n’ e t ’ C l ’ r ~u lun ~ ~‘--i t i o n .

______________ - -  —~~ ‘ ~~~~~~~~~~~~~~ ______________ - - - - -~~~~~
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5.2 .2 COMMAND AND RESPONSE
- 

The set of Comaands and Responses are defined in Table-i.

COMMAND

CONTROL BITS
- MNEMONIC COMMAND

Co C1 C2 C-~ C4 C7 
_____________________

o 0 1 1 0 0 BRI) Buffer Read

O 0 1 1 1 0 RD Read

O 0 1 1 1 1 WT Write

O 1 1 1 0 0 EQ Enquire

o i 1 1 1 0 ~~ iJs’rs Poll/Sense Station Status
0 0

O 1 1 1 1 1 INZ I n i t i a l i z e  Re se t

1 1 1 1 0 0 BP R3ton Faa~
1 1 1 1 0 1 RB CR Rese t Broadcast  Re~ oc t

1 1 1 1 1 0 IP L  I n i t i a l  Progra:~i Load

1 1 1 1 1 1, BCR B r o a I c a a t  Re~ e~~t
-

~~~~~~~ w C L ltl~~I 
- 

~~~~~~~~ 
i_i_il_I_i

1 0 J ~( ‘kD COUNT EX C

I I ~~~~ COUNT EXT Command Ext ens i an ’) 
—

~~~

RESPONSE

CUN ’FRO L SIT E E~~~:oNi C REs~~~ss~:
Co C l C~~~~~~C~~~C~, C b CS.

~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 U 0 0 1 CA Comri~’urud Ac :ep t

C 1 1 1 0 0 Conman d R e t x ’~cna ~r i  ns ion  Re’~iue5t

1 0 0 0 0 1 IC I n v a l i d  Ctyrzand

1 0 C’ C 1 0 RBB E o c e i v ~ But ’fe i’ ~acv
0 0

• 1 0 0 0 1 1 BRR ~uff ’r }~ead Reject

1 0 0 1 0 0 MNR eMemclry No Respt lnse

1 0 0 1 0 1 MPE ~~ n’ary Pa t’ t y  Er ror

eD 1 1 0  L tR
J,
U~~~h ’ou’an~ e’

0 1 .iORD CO~~ T AC~ Ackr .ow l ed ge

C’ OPD L’L’J’~r 
- - -  

N AK Ne~ a t i v e Ackn ow1ed ~ o 
- -

1 
i ~( ‘- k t i  C~lUN l’ Ek.d~’ ( ‘:-t’~~~ne ~~~t e n ~ ~cn )

Table—i Commands and Responses

L1i
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5. 2 .3 ERROR RECOVERY PROCEDU RES

( 1) Non-e r ro r  Procedure s

Pr imary  Secondary

~~rt

C~ m~ and 

~~~~~~~~~~~~~~~~~~~rror: 
Yt ~~ :i~ - - 

—

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

-_

~~~~~~ 

— -  - --- - Ror .ponne  I Command

] 
I Error
I Rec cvt ’r’y

Err:r?

‘ ~~~~~~~~~eted

r ~ O- ,t ’ I21’O - 

I
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(2) Command Error Recovery Procedure

Pr imary Secondary

~~~~~ S~ar t

“Error”
/

I -
,

n — _______

Error~
a 

~~~~~~~ 

No operatioi]

Ere 

~~~~~~~~~~~~~~ 
—

Same :15 non-e r ro r  procedure a

RC: Retransmission Coun t

t- - l -A~
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(3)  Response ~rrar Recovery Procedure

Pr imary  Secondary
—\ I—

Cst;rtD 

I ~~
\

‘

~ E::::: 1
~~~~~~~ 1ure L C-o~m~nJ 

~ ~~~~~
‘th’sponse

—— 

_ 
_

_ ‘]Ret z’a ~ ~:“~ i ion

r~~~~~~ 
-_ -_

:i~~ nca —~’ t ’ror  p rocedur eL_ _ 
- - -_

: Ena ,i ~~:‘~~

t’e C ou n t

L
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S . i LOC.I C/U . CONN EC T ION I’Rr ) TOCO I ,

‘t ’i t  c ’ ( ’ t I t  t~O I . I I I t t  t ’ X t ’ Ih t Ia t ’~a ’ i’a,’ I i t t i ’ . .I.t a ha’ t wt’,’ i, , •,t ( tu t u , I” - I~ a i ~

I,~i’~ l i i ) ’ I i ’ , l I  Ii i  t I t ~~~ ’ I I i I t  I ” , , O ,

( I )  St ’nd

( 2 )  Send Sequence

(3) Send and Receive

(4) Send and Receive Sequence

(5) Send Walt and Receive —

(6) Send Wal t and Receive Sequence - ‘

(7) Read

(8) Read Sequence

(9) Wr lto

(10)  W r I t e  Sequence

( 1 1 )  I P L

( 12 )  P o l l i n g  and B u f f e r  Read

(13) Status Sense

(14) Tnittall ze Reset

(15) Baton Pass

(16) Broadcast Reject

(17) Broadcast Send

(18) Broadcast Send Sequence

(19) Broadcast Initialize Reset

L. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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“ . ~~~-\~~
‘
~~ Fl \N !~ ~E t’!~l -I’l 

I 

-

I )  ~:r r o r  d~- t  t-~ ’t io n ~v CRC and p a u l  t v check , and er ror  recovery

by au tom a t  i 1  r e t r a n s m l i b i o n  p r a~’ t ’~1u r e s

(.!) flu p i i  ~‘ . t t  ed I ,ctism j ssloit paths.

Lo~’ •t i i  at  i o n  o t t h e  t a  I led  ~ t a t  ion l~v au toma t i c and ntanu a I

d ‘-~~~‘, ‘ t l T R ’ ~ I Oi ~ •

(-i
’f ,N1 ’ ,II ’ f i V i ’ ‘ I t - ~i:t ’ f l t ~ , ( I  . . .  Ii ,’ , t r a n s i s t o r )  on t h e  t r a n s m i s s i o n

I tnt’. t x a i ’~~t f~’i t’t’po.ct t’l ’O and b r a n c h  n u t  t s

en t t ci I ;t’d ~ai I t I—mas t t~i a t a I i o n s .

“ \ l N l i  .~ -\ N I

I ) ~~~~~ I , -
~ a m,a I U t  O I 1 . i u l i ’t -  p~ I n t ’ I tot ’ ~,v stt ’m super’ v I si  Ofl

t, ,’ )  - , i t t ’ t t ’ h l ’ I ,  ( i n !  t L i i  P r ogr 1 t n i  1.o~L 1 I )  fuii~’ t (ott .

I) ~~ t ’na ( 0 i t ’,:t ,it t f u n c t i o n .  —

.
~~) Rt ’~~ 1 ’ i t ’  a av  I n~’ the program of f a i l e d  s t a t i on s , mak ing  easy

t o  , i i i , ,  I v  :o t hi ’ ~ausoa  a t  fa l  h are .

(~ 1 a , i i a a : : I s a i o a i  a 1 t ~a uc l  h ’ ~’ t ’l n ion! t o t ’ i ng .

L ~~~~~~~
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APPF :Nfll  x —

TYPICAL IMPLEMENTATION

IN CASE OF

TOSWAY — 1500

April  23 , 1977
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I . I N’I’!~Ol)I Ci’ I (IN

t i l l  P I l i I t t i i t ’ t I p t a  i t i t ’  1 I i i~’

API’! . I CA’!’ I ON ENV LIwNME1 -~t ’S

t i l l  ~~~~~~~~ ‘ i i  i t t , ’  I I l l ,’ .

I- ’ t :N( ’’I’ t~~NAl , SI ’F:( :IFIcA- i’ If iN

I. I - I ( l l t~i , t~(:\’ O F ‘I’( PW ,-\\’ - I f l ( f

(1) ‘I’ l~~wA\’ -‘ I ‘u H f  l a , i ’ ;  .1 i c i t i j i  t - ( i i i t  I ~-~i i i : i t  I on  I I ’  i i r i i v l  ~(~~‘ i t ’

1 . 1 1  au I~ 1.i I a l w , I ~ - ; v i t (  em.  ( I - ’!  p . I - a)

(.‘~ 
I( i~ t~’A’ i I t o i l  I Ol in  Ittl a i i i  t ’ ~ t ’ i i  , i l 1 t : n h f~~: ’; i , ’ i i  I l i i i - ’ ; , ‘ i i i ’

l o t  t h u  ,i I a , i r a t : l a i I t ; a  I d i n  anti , u a a , t  lint I or I i ’ a I  ‘: l~~u , , i  I Iii

i a t i I l i i , i  I t I l t  1 I i  . u i , ’ a i a l~ . . i u ’ u , . In 1 , 1 ,1 ’ i l  .-,t’,i,’i m a  I u ’ o u a i i  I f  l o u

‘ , l l i I i  , i ’ ~ t i i ’ t ’ l  ,i~i ,mI  l i t u t , i i i  t i m , ’  ‘ ‘ I  i i  h u m , f l u  i - - i ’  ~ i~’ t ’  I iuu ~’ .

in,i k , ’ I i i . ’ i t ’ I  l i t  i i  I ’ l l  Ii  a t  i i , €  ii,’! Ii a Iii. ‘ - u I  l ii i ’ t lI’i’ t , , t i , ’ i i

- I l int •i i t t 1  d ( i i i - u I i U O t ~ I I i  I I ‘‘iii I I i  t ’ , ; vit ( u - a u  t o  pm t v ,  - tat

Iii.’ nil I I I a v u .  I ciii I I tu tu  t a u t  - ~ I’ t ;t ’I vii i  t ’o~~t I I t i o t a .

(l- ’I p. I Iu ,c )

( I) ‘I ’OSWAY— I ’ 0 0  I i i  ia ~~I m l  ‘tuh ’ t I t o l u a t u l  I t ’ mt~u :ipc swi  t d a m p .

• , ‘ tu~\~- ’j’( .’ ,~~~ I I ’  i n  ‘I ’OSWI\’a’ — 1 tOo

( I )  ~-~. a I  I ni

( , )  ~~, l  I f a t  I i . i i

( I) I i  ; I  I i ’ il  .

I. I -I’P-\ N~;~1i ~~~ I O N  SI’t ’~t ’. T o

I , ‘‘“i .~ N hpa ;

a . “~ i’J~ANSN I ~~; I IO N 1) 1 ~;‘I’ANCI-:

( 1)  111 ( 1 Km w i t  Ii m ,‘pc.- II t ’~

.‘ ) I, Kin w i i  I tt i t i  I n i t  it  n F

L.A~
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I c ~ I CPU

Fig .  1-a Sy at e m  S t r u c tu r e of
TOSWAY-1500

L~
-
~~ ~~~

Fig. i— b Pi!a I’a- ,u at ,ma ~ aion in
Norma l C o n d i t i o n

MS’I’ th ’gz ’aded ST ~‘l’

fi g. j
~ c Data Trar,~,m ~~ti ion ii i

Abnorma l Cc~n i i t i o n

~
‘a : i t er  Stat  tor i  CPU Cen t r a l Fi’ou ’essor U t i  i t

ST .~t,~ t i ~ - a j  R : Rt’cei ve’r
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I i i  MODu LATION AN t ” DI ’MODIil. AT ION

(1 )  lIai se—b and Is .tjap 1 I,’tt at ; na t idi i  I .tt Ion t ec lu i t  I e~e ie’

( • ‘)  Sv u t ’ I t r o n (  . ‘ . u t  I t ’ l l  i t t  haset i  nit I1PI,C ‘ at d el l i i i I It ,mt

I. I .‘ TYP E 0)” COI I I u I .  1 NC

T w i s t e d — p a  I n  c ab le  I s  used for  s i g na l  11 He , so t h a t  t ermnln ;a t 1

s t r i p is adopted as coupling of n l gnal  l i n e

.1 .1 1 EXPANDAB ILI TY

( 1) Satisfied

(2) Satisfied

3.14 ENV IRO~*IENTAL CONDIT ION

(1) Ope r at  I ng t empe a ur e’ range () t a

( ! )  Opt ’ ra t i  up hunt I d !  I v Ii i’ low ‘1 ‘t ’~ ( w i t  hute, t t iew )

(I) Shock 1 n a n  t la in 0. I ut ’

at 10) t t ’ 50 l I t ’

( 4 )  E a r th  Imt e ’n t  l a l  h t ’ss t h a n  if) t a u n t

(5) WI thst and volt age

for power line AC 1501) V , I ml n .

for  signa l  lint ’ !)C 500 V , 1 an f mt .

4. ARCHITECTURE

4.1 SYSTEM STRI I CT HHE

TOSWAY— 1500 is s t r u c t u r e d  in to  f i v e  f u n e t  I on a i  l e v e l s  w i t  It respec t

to da ta  t ransmiss ion . (F ig . —3)

These f i v e  levels Inc lude :
in TOSWAY-1500

(1) Physical  l ink ~~~~ REP (Repeater)

(2)  Communicat ion l i n k  ~~~~~~~~~ DLC (Data l ink controller )

(3) Logical connection~~ --~~ STC ( St a t i on  t e r m i n a l  contr oller)

(4) Network control~~”~ Network control

(5) A p p l i c a t i o n  (Devices) ~~~~~~~~~~ Ap p l i c a t i on (De v ices)

L;,4
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4 KI lAME STRUCTL I I(l’

Ilatsi e ’aI I y  • the IIAI.C ’ s I t a a ’ ma t  I a . te l t upt e ’eI a:; liii’ I l .Inie a I l’ I I t ’ t i t l e ’

of lnessagt ~ f o r  da t , i  I raiisiiii as I on In Tl)SWAY I ‘till) . ‘i ’ Imt ’ l e t  i ium , l l  I a

T FT~~~J c I ’ ~ [ L . ~_ . I rcs j FJ

(1) F: Flag fIeld (8 bits)

F field designates the start and end of the  f rame  and has

the  bit s t r u c t u r e  of

0 1 I 1 1 1 1 (1

(2)  I)A : I)est  I na t  Ion  ~i dt I  , e’us (H bi t ~;)

DA f i e l d  c o n t a i n s  the ’ address ot I l i e ’  a t  i t  ion  l e t  I’,-

received the message.

(3) C: Control field (8 bits)

C field defines type of control  ( e x .  command / r ep ly )

depending on the hit structure of this f i e l d .

(4) LV: Priority l evel field (8 bits)

LV f i e l d  decides transmission order of messages In

accordance with processing priorities of them.

(5) SA: Source address (8 bits)

SA field contains the source station address of the

message . ‘

(6) I: Information field

I field consists of Header , Control status , Device address ,

Texts (data) and etc. Length of this field is varied

upon amount of data to he transferred .



-650-

(1) 1-’CS : Frame check sequ t ’ m’ e’ f I e ,’ld  (16 b i t s )

l-: ac !, messai’, e c o n t a i n s  th e  FCS f i e l d  f ur  the purpose of

dete ct lug transmission error

Checkin g adopted In TO SWAY—150 0 Is based on CRC .

S . rRoTocol,

a . 1 Ph Y SICAL L I N K  PROTOCOL

l n t e r [t u ’ n  ( I n  STc) can hi’ coupled  t o :

( 1 )  C C I T ‘I’ V . .‘ is a t  ; emid ; t rd  dcv I ce s

( ) )  C (‘ I ’I’ ’l’ . .i I ~-t attd ar,i tI ~ v f  - t ’a;

( I) .‘flTalI\ ecu i na’  I I t ac a p

( ‘u )  ‘I’ i~S f lAt ’ -- “ill t a t  h a  ~- eamaa Iaut cm ’

‘,) I)e ’\’ i t t ’’; w h I t — I s , u i t ’  t’tflh l ) l ee l t ut ‘J (”~-,fl~\~:~- 4(1

He I y ,s i c a  I h i t  cr1 t u e  of  ‘I’OSI~’AY— 1 ‘tOt)  ía  based ott I hat of

p riaposed guIde’ lin e

( 1)  The I ransnl I s s i o t i  d at  it r a t e :  1 , 5- ’s4 MBPS

— ( 2 )  B I t  sy n c h r o n i z a t i o n

( 1)  C lock  e x t  r a c t i o n  (B i t  e l e m en t  t I m l n g )

(4)  Ba s c—band  t r ausmi  as Ion

( 5 )  P I t ’ c t t i c a l  I s o l a t i o n  [ rum I ratism i ssiun si gna l l i n e

(b )  P t ’ d i i r i t l . t n t  ( I t mt ; i  I or I ) t ip l  e ’x) tI ;t  t , a  t ransin l as Ion p a t  It s

slae a ei Iit b e ’  ia~
a t~ I ta na I

( / )  B ypt i  a a-; lug  t h u 1  i l l  scannec t t-ap a b i i i  ty

~t COMMUNI CAT 1UN l INK PROTOCOL

Comnniu n I c at  I t ’ l l  l i n k  pro  t ot’o I of TOS WAY— 1500 is  based on

proposed gu l e l e l  I n c .

( 1)  n :  n cOmmtin I cat  I on c a p a b i l I t y
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(2 )  Frame at reict ur Ing based on t Iii’ hlDI.C to I rnnsm i

unf ormatted binary c h i t  a (da t  ii t i- . sn spa r ency )  —

(1) l’ransns t ss I on e t’ ror tic’ t c e t i  on by CRC

(4 )  Er ro r  recov ery by automa t Ic re’transmissions

No— response t imer  and re t ransmiss ion coun te r  arc r e qc i l r cd

to prevent from unduly delay other messages

(5) More than one communication subsystems should be

responsible to recover from the disappearance of

c u r r e n t  mas t e r

(6)  Tr a tu smi  t t tug  g l obal nue ’ssag t ’s  t o  a l l  s u b sy st em s

( 7 )  l u l l  I.el 1-za t it ati capabil i ty of c o m m u n i cat i o n  s u b sy s tem s

5. 3 LOGICAl. CONNECTION PROTOCOl ,

Logica l connec t ion  protocol  of ‘I’OSWA Y—l 50(1 Is hased on

p roposed gu i d e l i n e .

( 1) Es t ab l I sh  and release log ica l  da t a  channels

( 2) Watch Dog Timer to recover front han d —up of Logical

Connection

(3) IPL Capability for d i s t r i b u t e d  i n t e l l igence

6. SAFETY AND SECURITY

6.1 TRANSMISSION ERROR PROCESSING

TOSWAY—1500 Is capable of support ing fault diagnosing capabIlIt y .

Th is capabil i ty is classified into two ca tegor ies .  One Is

included In TOSWAY—1500, and the other is supported by outside

scope of TOSWAY—1500.

(Ex. processor coupled to TOSWAY—1500)

1-I~~~~
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1) ‘l’he’ fo r m e e  t’ ap , i lu  l i l t  \‘ I a-; a a f o l l o w s :

( I )  t r rc,r con t r e a l  he us I ui~ CRC c h i ck I n~ and a u t o ma t i c

Ye t I  i,u 1 [tine t b its

( t ~~ Se ’t uae ’ s t , i t a - a s  t a t  ti l l s tat  (eu

( I) Moit I t o i ’ t ug  r t ’sl’t ’nse t ime I n t e r ~’a 1

(4 )  S I u t t ’ t the  f rame  sy n c h r o n i z i n g  s t a t i o n  or c l~’~’k u n i t

In e’ ,i se ~a t  t a t  lu re ’

5)  (‘ca t ue~’ t b a - i  I ca r 1 tag u U syuchron I za t ion

( h )  P,t t - t  t~t’quL ’tte ’ c’ checking

2~ fla t ’ l a t t e r  ;la f e l l o w s :

( 1 Cod e ’ and ;s~l~1 a c’s:; oui’o r ch e c k i n g

1 Cen t  i’ .i I I ,~ ‘d aupe ’s’~’ I st ’rv  fo r  z s i  1 a-; t a t  I ot t  and contnnsnl c.i I i~ ’ a u

I i t o ’  s ’per.i I han

1) L’ t ’~~t e ’t dl,ut tios( lea - . for a l l  a- t ,u t lot u s under t a n — l i n e  o(~L - r .iI ion

SY~~’ L ’ I ’ ~ ’ l-’ \ l  I t R i -  l a l - ’ll: C’l ’ 1 ON • i ’ l O F h ’ C ’ I ’  I O~’4 AN D RECOVERY

1) A ct t om;1 t I c rome I c’ s t a t  I t ’fl hvlaass i ta g lay u s I tug au tomat  be

roesla I c’s auid crr oIa -~ de ’ t c’c t lug, aol I loop e l a - t ’ek lu g  ant i

f a t ’ 1.s I ne~ U roan at’ t Vi~ t ’ommun I e’a l i on  loop

( “ 1  ~‘. u i a - c a , a l  st at i on  bypassIng Iron activ e communication link

w i t l u n u t , ctav a\’ s tern dl st esrh auce  or er r ol ’

~, I’) t:c’~~,’ i t ’  in as I I Ian t ’  I e’ua mnlun I cat  It ’ll I In k

( ti-aol I I hiak t ’~ ’ u i t  h i ~ i a t ’ . t t  u t O l )

I c t’ I ’Iil- I~~
’
~

(I) ~;;h t I t . t  i t ’ui

( -
‘ ) •\ i’ e ’t, tot c’qu I P

t i )  .1 I S

__ L~
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(4) None

(5) Duplex s ta t ion is opt iona l  version

(6) Dual cabling is standard version

(7)  Satisfied

7. MAINTENANCE

7.1 ON—LINE MAINTENANCE

(1) Sat i s f ied

7~~2 OFF—LINE MAINTENANCE

(1) Sat is fied
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~A ’rA SHEET :

‘rEAFFIC t~’ L-\ I~1\~ ’l’l- t~l ST i C S

I I  T O S W A Y ’l S O O  ITt  I Ic ’ I cn c v  C a l c u l a t  Ion

FOt’f l h t lh t  t a t  i n f o r t a a , i t  I on  ‘I’ c a n a m i a s i t a u

-
‘ I For 1t xarnp i t ’
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1) TO~WA Y -I 5 OO EFFI CIENCY CA LC UI~~TION FORMTJ I~ - 
-

OF INF ORMATION TRANSMISSION

I S~~ [HD I ~CH~J transmission reception

_ _  
/ .._ NB _..~~~~

s
~__

I ACK J [~~a1 J
.

t~~~~

5B

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

B

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

_

5:;N around delay

wI’~— .re , SDN : 8USY,’READY ENQUIRE (5 BYTES )

ACM : SDM ACKNOW LEDGE (5 BYTES)

IF : INFORMATION FRAME (N + 8 BYTES )

RPi : IF P .ECE1VED ACKNOW LEDGE (5 BYTES )

B :  BYTE

TURN around delay

Translate  at By tes  No. ---- 10 BYTES

The eff ~cIertcy of in f or ma t i o n  t ransmission is

Ve 4~f 1-~ Ô
’t
~’ ~~

t = 5DM . ACK IF + PR1 , 3 x 1’ (TURN around delay )
= 1.5 + N BYTES

P : Bit error probability

o =  i - P

fl 100 BYTES
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.~‘) FOR EXAMP LE

_______ 

I

transmission reception

A~
’
~’ 1 [PR 1 I

t _____________

I —
~
— (o

1
. ~~

)

1- p P : ~ 1T Error  Pr obabi i~~ty

I 100

- t = - a ”  
~- I l~~’’ -“a’ ,’E

if  0 ,

ii ,~0x8
—

- f  ‘ ‘ ‘

, Soo -
- -, l — r bS .’ •o

- _j .

- 
t’ lO

_

I’ — ‘ - -i~~
’

- - --



- 

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

- - - - - —
~~

-

p

- 657-

- 

Fi gure X—1 Error Probability
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I V i’ ’ ’

. a)  I aip u I • tan I 1a11 I tenal e ’tu i t  t i e ’  1 d (‘V i t i ’ ~ ’

“el t ’~~~I t i i h i I I . i l i ’t ’ l t i ’ i t  I t ’t

-\auuI ~’a I iiptita - ; wi Itt .tiael w ith out a~~’t’ t i ; u l  a u i g i a t t I t ’ tunch i I t a ’ i a i i i g . a

h i t c h  I - u iat t’ cai ‘ , ~,‘ i I I i  i u a a l  w i t  t i t a t e t  e ’ h i : I au ~~e - c u t ‘ ‘ t i l t ’  u uu ’ t It I e ~ i t  t i ’ i i .

~\ii.i I a ’ i ~ a u ;  ‘ i i i

f i t  ~‘. i t  a I et a I pu~

;, ‘ , s i t t u  I ;t ~~ a n l  - u u a . u  I ‘~‘ I i i ’ l l  I i t s t  i t iua:c ’ i u t  t ail t i  I

a , ’ a i a t  i i u , s (  I, an ’ 01 I t a • ’ , u I ’e ’t -

i s a - i l  l , ’ ;a ’ . c a l  l i i i ’ . u t a , ’ ~ ’ i ’ l i s t ’ l a i d  t u g a a a u a i  a i l  , a i u d  u a u . e t s t t  a ’ u ; , a i I e s’

a )~~‘ a a i  I I  Iaia u a ,ss,al , i , ur . s t i  a t  t I ~~~a ’

1 1 1 , 1 %  i t a t s t  ‘~I i l l  ~ t I~~ I a a ’ ; ~ I i u u  I t i , v , , t t ’ t a i .

( I s )  ~ i,~~i u /
~~~, a i t s  l i la ’ h i t  c ’ i  I . l a ’ a ’ a- t  ai~ i l’i u ’ d i i i I f i ~ ’~ ’ i t t ’ ’ ,

I- ’, ’i a ’ \ ; i I I i I I h ( ’

~\ l t i t . I )~’, l i t ’ t  I t ’ at 1.1 l a l ’  I

1 .da t ’ I t t ’~t~I o a - ‘

Ic I a ’ j ’ i  h i t  o a ~
-

I a - a -  Ic ’ a , u  a , i  a e ’ a , I a ’ a ‘ , — f ’ t , i  a I, ‘ a - u n - a ’ ,\ t h ; I a i t ’ t i a ’ II

‘i’ i , i a ’ , ’ I i i  i a - I  u i _ u i ’ ,

t ’ l a , s i . a t ’ l t ’t ~ I t a a a

ala ~, k u ’t- 1’ , u t i ’ . . o ft ’

t ia~ I i t ’ l l  c ’,I i i i , t  - ‘ a a - i ‘ i~~~a ’ t I , u I p a i l  f I ~~I ? ; I ’ i ’ l l  ci ~‘ttl it ’ l u a ’ ’u

l il ac ’1 • I i a ’I ~t ’ I taitat ‘~~
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A l arm annunc I at t a r t ;  and t a t  Iis’t’ spot’ I a I d l  sp I .iva

(cain la I oat  tuna c ; f ’  ( l i e ’  t a l a u a t ’ a ’

(~suhat) I nat I ccitt -: c i  I lie ’ ;alaeve l iii ’ I cual I n a s’ e a l u (  r ca  I :inaI m u  t n t  e ’nant ’t ’

l o g i c , a 1 go r I t limf; and it at a a-; t e a ra 
~~

Note: These devices are recommendable to have st,indard interface

such as EIA RS232C inte rface , 2 OmA current loop and o t h e r s .

These sta nda rds ar e suitable for standardi~ ntIon of Network

control protocol .

(c) Supervisory computers which control and In t e r ro gat e  devices

described in 3.6.1, 3.6.7 and 3.6.4. These computers may eXChange

large blocks of da ta  and /or  progr ams wi th the other subsystems on

an Infrequent basis.

(d) Serv ice , suppo rt  and maintenance equipment

(e) Combi nat ions  of any or all  of the above
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1.0 SCOPE

This standard presents external procedure references for use in
industrial computer control systems. These external procedure
references provide mean s for task intercommuni ca tion and
cooperation through the orderly management of independent task
execution. The tasks are expected to be running in a multi—
tasking or a multi—processing environment. These procedures
usually will pass the information necessary for this orderly
management to an executive routine which will ensure the correct
operation of industrial computer control system. The method for
ensur ing orderly management is left to the processor .

The procedure references in this standard are intended to provide
methods by which the task can infor m the processor of the
relationshi ps between the task and other independent tasks under
the control of the same processor. The standard provides the
means to integrate independent tasks into a system of cooperating
tasks when used in conjunction with sound program design but the
implementation of this standard is no assurance that problems of
non—coopera tion will not arise.

1.1 DEFINITIONS

!IETUA ~~~~~~ Z,~~Q.~
A virtual processor is an environment in which an executable
program can run and in which all the resources needed for the
execution of the executable program are always available. A
particular implementation serves to map the set of virtual
processors on to the actual processor . This lapping may be
controlled by an execñtive routine and is processor dependent.
The virtual processor exists only when the set of pending
executives is not empty, or when an executable program is in
either the state Voluntary Suspend on the state Running .

cxcLzc.Juc~I.~2!
Cyclic execution is a set of executions of an executable program
by its virtual processor.

The computing language defined as full FORTRAN ISO R1539—1 972 
a

which is the same as American National Standard FORTRAN ANSI 13.9—
1 iø-6.

MULTI - PIQiLillilc*
A mode of operation that provides for the interleaved execution of
two as more com puter programs by a single processor.

IULTI—PR0CES~IIg*

- I A mode of operation that provides for parallel processing by two
or more processors of a multi—processor.

J~~C~~’NG P~~I k~.AI

- 
- - -
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A multiple operation that provides for the concurrent performance
or interleaved execution of two or more tasks.

P ROc~}~Q!*
In a computer a functional unit that inter prets and executes
instructions.

The execution of an executable program. The ISO/DIS 2382/I
definition of a task is more general , “A basic Unit of work to be
accomplished by a computer ”. In this standard the basic unit of
work is restricted to an executable program.

A program in a form suitable for execution .

____

A task whose existence at any time is independent of the existence
of any other task .

~1UJILfl ~ A

A task whose existence is dependent on the existence of another
task.

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

Cyclic execution overrun occurs when a task is a set of cyclic
executions of a program and the start of the execution of a - -

program is to occur before the completion of the previous
execution of the program. A cyclic execution overrun is an
occurrence within a real processor. Note that a cyclic execution
overrun can occur in a real processor when it will not occur in
the tasks virtual processor.

* Definitions taken from ISO/DIS 2382/1

i ~
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1 .2  BACKGROUND INFOR M ATION

In a computing system individual tasks may have various
relationshi pa .

——Tasks can be independent

——Ta sks  can be independent but interrelated

—— Task s can be dependent

Industrial systems usually consist of independent but interrelated
tasks and in these systems the tasks can have various features
such as:

—-T asks can be initiated either at a specified t u e  or by an
event and suc h initiation can be carried out repetit ively.

—-Task s can be initiated to be complete by a specified time.
This is frequently called deadlin e scheduling .

—-Tasks can be synchronized to clock time or with process
events.

— — I n i t i a t i o n  can be deferred depending on time or event.

—— Tasks  can be suspended voluntarily or involuntarily.

——Tasks can be terminated through normal completion or
through un forseen exception conditions.

——Task s may share information .

—-Tasks may send messages to other tasks.

——Tasks  can te rminate other tasks .

--T asks can suspend oth .~r tas k s .

— — T a s k s  can be resumed after suspension

‘1 — —Tasks  may set , clear or test event indicators.

——Task s may obtain unique cont ro l of a shared resource.

- I

1 -—J
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1. 3 TAS K FEATURES I N C L U D E D  IN THIS  S T A N D A R D

In industrial computer systems, tasks are independent but
interrelated. This standard does not address all the areas of
independent tasks interrelationships but is concerned with those
features that most commonly arise in industrial com puter systems.

Table I shows those features covered by the standard and those
excluded ; however , the excluded features may affect the result of
a request for cooperation from one independent task to another.
Such restrictions are processor—dependent and outside the scope of
this standard.

TABLE I

Indpendent but interrelated tasks
Initiation at a given time, upon even t,
after a period or repetitively

Suspens ion of a task by itself
Resumption of a task by another task
Resumption of a task by an event,

at a given time or after a period
Termination by a task of another task or itself
Setting/clearing/testing of event conditions

Dependent tasks
Process-dependent exception conditions such as

overf low /un de r f low
Task suspension by another task
Suspension s caused by the processor a-

Suspensions caused by the executive routine
All method s of sharing variables or arrays
All method s of sharing tiles
Sen d ing messages betwee n tasks
Ter m ination of tasks based on events in the

executive routine
All other functions of the executive
Deadline scheduling of tasks
Bool ean operations on events
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2. STATES OF A TASK

A task can exist in four states which define the operation of the
task. All procedure refere nces concerned with task
interrelationships involve the changta- of a task from one state to
another state.

The states of a task are defined in terms of a task’s virtual
processor. A virtual processor is defined in Section 1.1. A
virtual processor has all of it’s resources alw ays av aila ble for
the execution of the task. The executive performs the necessary
mapping of a set of virtual processors onto the actual processors.

• The mechanism used for this mapping is processor dependent.
Included in the resources necessary for task execution are: memory
space , central processor(s) t ime , and general computer peripheral
availability. The mapping of the virtual processors onto the real
processor frequently implies that the tine for a task to execute
to completion in its virtual processor is less than the time for

:1 the same task to execute to completion in the real processor.
Thus the mapping of the virtual processors onto the real processor
is a measure of system loading which is clearly both system design
dependent and processor dependent. -

Each separate initiation of a task creates a new virtual
processor. Each such virtual processor is identifiable to the
executive program and the mechanis m for identification is
processor dependent. A cylic or repetitive initiation of a task
b y a single procedur e re ference has on ly one v i r tua l  processor for
all the repetitive executions of the task and is identifiable as a
single entity to the executive program.

A diagram of the states is shown in Figure 1.

The definition of task interrelationships in terms of virtual
processors does not imply that a particular implementation must
include the concept of a virtual processor or require a virtual
storage executive routine , but the particular implementation must
ensure that the result of an execution of a reference to the
subroutine procedures given in Section Ii , follow the definitions
in that section.

A task can change the state of any other task except that a task
can only be changed from Running to Voluntary Suspend by itself.

2.1 Task State Definitions

The four states of a task are Non—existent , Pen ding, Running , and
Voluntary Suspension defined as follow s:

a- 2 . 1 . 1  1on—eiiste~~ . The task’s virtual processor does not exist and
the real processor is unaware of the existence of the task.
However, the executable program , whose execu tion woul d become the
task, can and usually does exist and the executable programs
existence is usually known to the processor.
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I VOLUNTARY 1< -I I
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F tqur .  1

TASK STATE DIAG RA M

A) DELAY , WAIT , W A I T E
B) i~-u r rence  of  the event or completi~~t~ of the ti me period
C) SKED , START , TRNON fot imm ediate ex e c u t i o n  or CON wh e r e

th. event h~ia •lready occurred
D) SEED , START , ~~NON , CON , CYCLE
K) A BORT , STOP
F) occurrence of the event or t im e
(;) D KKU , O(’ON , DCY (’LK
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2.1.2 
~~~~~~~ 

The t ask ’ s v i r t u a l  processor ex i s ts  and the task is
awaiting the occurrence ot an event  to be gin execution at which
occurrence the task will mov e to the state Running . The real
processor say or may not have load ed the task  into its memor y but
the tas k is know n and identifiable to the real processor. The
mechanisms for this identification are processor dependent.

2.1.3 
~~~~~~~ 

The task’s virtual processor exis ts and the task is
running in i t s  v i r t u a l  pr ocessor. At any t ime  the task may or may
not be running in the real processor depending on the mappin g
procedure of the virtual processors onto the real processor . The
mechanism s for this mapping are processor dependent.

2.1.q !2j~nt~~
x__ ~~~~~~~ The task’ s virtual pi ocessor ex i s ts and

task is suspended in its v i r t u a l  processor a w a i t i n g  t h e  occu r i ence
of an event to resume execution at which occur  i~~’Iiee the task will
move to the state Running.

3. E V K N T M A R K S

In the managem ent of independent Interrelated tasks , t h e r e are
numerous requirements to key actions to the occuirence of events .
The mechanism chosen t~o enable such action is t h e  ~~~~~~~~~
Eveatmarks are integer counters supported by the executive program
which must be non-negative . An event is noted by incrementing a
specific eventmark by one (1) which action is called “setting ” the 

- :

eventmark. The cventmark is decremented by one (1) by direct
progra. control or by the execution of a task which was keyed to
the occurrence of the event noted by the eventuark. This a c ti o n
is called “clearing ” the cv e nt maik . Event marks can only be
changed by the procedure references defined in th is standa rd an~by the execut ive rout ine .

If an eventiark is def-tned as zero (0) in a procedure icterence ,
no action will be taken and the execution routine will L g n o r e  a n y
actions dependent on that eventmark.

3.1 Eventmark Handl in~i

Eventmarks are properties of the processor which exist as only
zero or positive integer values where zero may be cons ide red  as
OFF and any positive value is consia-lered ON. Eveutmarks may he
cumulative , in that they may conu t the number of “sets” thus
requiring an equal number of “clears” before the condition will
ct~ange. Once the condition has been achieved no further
accumulation will occur; a single “set” will always establish an
ON condition .

- -~~ 
-
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L1.1 Setting an eventmark to the ON condition , SETEN

Execution of a reference to the subroutine SETEN shall cause the
specified eventmark to be set to the ON condition. If the
event ia rk  was already ON , the accumulation of such sets shall be
increm ented . Should the action of SETEM result in a change of
state from OFF to ON , any prog rams pending or delayed for the
occurrence of the event will enter their running state and the
evantmark will be decrement ed . The form of the CALL is as
follows:

CALL SETEN (e,m)

where:

e specifies the desire eveutmark; an integer expression

is set on return to the calling program to indicate the
disposition of the reque:~t as follows:

The value must be 1 or g reater

I - request accepted

2 or greater - request rejected

This argument shall be an integer variable or in teger
array element.

3.1.2 Clearing an eventmark , CLREM

Execution of a reference to the subroutine CLREN shall decrement
by one the count of sets to the specified event•ark. If the
eventaark was already at OFF , there will be no action . The form
of the CALL is as follows:

CALL CLR!M (e,.)

where:

a specities the desire .vent .ark; an integer expression

m is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 — request accepted

2 or greater - request rejected

T h i s  ar q ij men t sh iU  be an integer variable or integer
array e l em en t .
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3.1.3 Testing the eventuark condition , TESTEN

Ezecution of a referen ce to the function TESTEN shall return a
logical TRU E value it the specified event iark was ON (set) and a
logical FALS E value if the event mark was OFF (clear) . The
condition of the eveutmark shall not be affec ted . The form of
this function reference shall be as follows:

TEST EN (a , m)

where:

e specifies the eventmark , an integer expression

m is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 - request accepted

2 or greater - request rejected

This argument shall be an integer variable or integer
array element.

3.1. 14 Presetting an eventa ark count , PRESEN

Execution of a reference to the subroutine PRESEM will assign a
declare d value to the specified eventmark. Should the action of
PRESEM result in a change of state from zero to some positive
value , any progra ms pending or delayed for the occurrence of the
event will enter their running state and the eventm ark will be
decresented. The form of the call is as follows:

CALL PRESEN (e, v , m)

where:

e specifies the eventma rk ; an integer expression

v specifies the desired preset value of the eventm ark; an
integer expression which mus t be zero or positive in
value .
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m is set on return to the calling program to indicate the
disposition of the request as follows

The value must be 1 or greater

1 — request accepted

2 or greater - request re jected - 

-

This argument shall be an integer variable or an integer
array element. -

4. EXECUTIVE INTERFACE

4.1 Control of Task Execution

Executive interfaces provide the facility to control operation of
the tasks within the system. Through these external procedures,
one may start, stop, delay or synchronize the execution of tasks.

14.1.1 Exception Handling

The argument m , shown below in each of these executive interface
procedures, shall be set equal to or greater than two (2) in value
for all, instances in which the request was not accepted by the
executive routine . Individual implementations may specify unique
values of a within the allowable range to designate the specific
reason for which the request was rejected.

‘4.2 Starting a Task Immediately or After a Specified Time Delay or
Upon an even t occurr ence, SEED

Execution of a reference to the subroutine SKED shall, after the
expiration of t he specified time delay or a t the desired time of
day or upon the occurrence of a specified event, cause the
execution of the designated program. The program thus scheduled
becomes known as a task. The actual time resolution obtainable in
a specific industrial computer system is subject to the resolution
of that system ’s real time clock . Execution of the designated
task will commence at the pr ogram ’s first executable statement.
The task is placed in the state PENDING , the task’s virtual
processor comes into existence and the task is know n and
identifiable to the real processor. The form of this procedure
reference is:

CALL SEED (i, p, S , a ’, t 1 , n, t’, c, t’, e2, e3, •)
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where :

specifies the program to be executed.

The argument is either:

a) an integer expression , or

b) an integer array name , or

C) a procedure name

The processor shall define which of the above three
forms is acceptable.

p specifies the task priority ; an integer expression

s specifies the selection between event initiated
execu tion and tile dependent initiation ; an integer
expression evalua ted as follows:

= 1 start immediately

2 start at time of day indicated by t~

= 3 start when eventsark specifi ed by e’ becomes
ON

is start at time t’ or when the eventmar k
specified by et , becomes ON , whichever is
first

= 5 start after time period t1 has expired

= 6 start after time period ti or when the
eventiark specified by e’ becomes ON ,
wh ichever is fi~,st

e’ specifies the eventmark; an integer expression

t~ designates an integer array name whose first eight (8)
elements contain the time at which the specified pr ogram
is to be executed.

These elements are as follows:

First element — Hours (0 to 23)

Second element — Minutes (0 to 59)
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Thir d elemen t - Seconds (0 to 59)

Fourth element — Milliseconds (0 to 1000)

Fi f t h element — bas ic units of the system real time
clock.

Sixt h element - Day (1-31)

Seventh element — Month (1—12)

Eighth element - Year from AD 0

n specifies a time phasing by which the starting tile of
the designated task would be deferred from the time
stated in tI or the event specified by e’. This
variable must be an integer expression evaluated as
follows:

= 1 no deferred start

= 2 start at the next occurrence of the time of
day specified by tZ after the time or event
specified by t1 or e’ depending on s, occurs.

= 3 start after a period of time specified by t’
from the occurrence of time t’ or ev ent e’
depending on the value of s.

t~ specifies the time of day or incremented time for the
deferral of the star t of a task as specified by n; this
must be an integer array name as described in tt

c specifies the cyclic execution of the task; an integer
expression evaluated as follows:

1 no cyclic execution (run once only)

= 2 cyclic execution each time period as specified
in t3

3 cyclic execution each time the eventmark
specified by e2 becomes ON

t3 specifies the time period for cyclic execution; this
must be an integer array name as described in t~

e2 specifies the eventmark for cyclic execution ; an integer
expression .

L;~
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e3 specifies the eventmark to be turned ON upon a cyclic
overrun condition; an integer expression. Note: Cyclic
execution overrun can only be set by a cyclic SEED (or
other) request with c = 2 or 3.

is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 — request accepte d

2 or greater - request rejec ted

This argument shall be an integer var iable or in teger
array element .

~.2.1 Cause a program to cycle at a stated frequency, CYCLE (a
shortened form of SEED)

Execution of a reference to the subroutine CYCLE shall the
execu tion of the designated program immediately and cause
successive executions to occur after specified periods of time.
The cyclic period is defined as the period between successive
initiations of the specified program. Resolution of time is as
always subject to the limitations of the system ’s real time clock
and other processing which may be occurring. If a cyclic overrun
condition occurs, the action is processor dependent and no
eventmark is set. The form of this procedure reference is:

CALL CYCLE (i, p, t~, s)

where:

i specifies the program to be executed.

The argument is either:

a) an integer expression, or

b) an integer array name , or

C) a procedure name

The processor shall define which of the above three
forms is acceptable.
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p specifies the task priority;  an integer expression .
The definition and usage of this parameter is processor
dependent .

t3 specifies the cyclic time period; this must be an
integer array name as described in t’

m is set on return to the calling program to indicate the
disposition of the request as follows:

The value mus t be 1 or greater

1 - request accepted

2 or greater  — request rejected

This  a r g u m e n t  shall  be an integer variable or in teger
a r ray  element .

An execut ion of a reference  to CYCLE would have the same e f f ec t
as a reference to SEED with the fol lowing values of the
r e m a i n i n g  a rguments:

(d on ’t care)

n = 1

t ’ (don ’t care)

c = 2

eZ = 0

e3 0

14.2.2 Cause a program to execute each time a stated eventmark becomes
ON, CON

Execution of a reference to the subroutine CON shall cause the
designated program to become associated with the  specified
eventmark such that the task shall perform one execution each time
the stated eventuark changes from OFF to ON.  The task shall begin
from t h e  f i r s t  executable  s tatement .  If a cyclic overrun
condition occurs, the action is processor dependent and no
eventmark is set. The for m of t h is  procedure reference is:

- L1~~
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CALL CON (i, p, e’, m)

where:

i specifies the program to be executed.

The argument is either:

a) an integer expression, or

b) an integer array name , or

c) a procedure name

p specifies the task priority; an integer expression

e1 specifies the eventaark; an integer expression

m is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 - request accepted

2 or greater - request rejected

This argument shall be an integer variable or in teger
array element.

An execution of a reference to CON should have the same effect as
an execution of a reference to SEED with the following values of
the remaining arguments:

5 = 3

e’ = O

t1 = (don’t care)

n = 1

t~ = (don ’t care)

C = 2

t ’ = (don’t care)

e3 = 0
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4.3 Te rmina t ing a Scheduled Task , DSXED

Execution of a reference to the subroutine DSKED shall immediately
disassociate the execution of the specified progra m with either a
future time or an event or both . The task associated with the
progra. will be removed from the state PENDING ,the task’s virtual
processor wi l l  become n o n — e x i s t en t  and the task will become
unknown to the real processor . The form of the call is as
follows:

CALL DSKED (1, j, n , t, m)

where:

i speci f i es t h e  p r o g r a m  name to be descheduled.

The argument is either:

a) an integer expression , or

) b) an integer array name, or

c) a procedure name

The processor shall define which of the above three
form s is acceptable.

j specifies which of several possible pending programs
identified by the i parame ter shall be descheduled;
an integer expression ;

= 1 deschedule the next pending execution only ; allow
others to remain  scheduled (applies only to tile
scheduled programs)

= 2 deschedule a l l  f u t u r e  executions of the program
(applies to both time and event scheduled prog rams)

= 3 deschedule program i then currently pending after
waiting for a time period , t, to pass.

n specifies the choice of the content of t as follows:

= 1 deschedule program i after the time of day
specified by t occurs.

2 desched ule pr og ram i after the tile period
specified by t has elapsed .

—j ~~~~4
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t designates an integer array name whose first eight (8)
elements contain the time at which the specified program
is to be descheduled.

These elements are as follows:

First element — Hours (0 to 23)

Second element - Minutes (0 to 59)

Third element — Seconds (0 to 59)

Fourth element — Milliseconds (0 to 1000)

F i f th  element - basic units of the system real time
clock

Sixth element — Day ( 1 — 3 1 )

Seventh element — Month (1—12)

Eighth element — Year from AD 0

m is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 - request accepted

2 or greater - request not accepted

This argument shall be an integer variable or integer
array elemen t.

i s .3 . 1 Cancelling a task scheduled for future execution, CANCEL

Execution of a reference to the subroutine CANCEL shall
immediately remove the specified task from the time schedule of
pending executions. The form of the call is as follows:

CALL CA NCEL (i ,m)

where:

i specifies the task to be removed from the time schedule.
The argument is either:
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a) an integer expression , or

b) an integer array name, or

c) a procedure name

The processor shall define which of the above threP
f o r m s is acceptable.

a is set on-return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 - reques t accepted

2 or greater - delay as specified has not occurred

This argument shall be an integer variable or integer
a r r ay  element .

Execution of a reference to CANCEL shall have the same effect as
an execution of a reference to DSKED with the following values of
the other arguments :

1 = 1

n 2

t = 0 for all elements

5.3.2 Removing a task from cyclic scheduling , DCTCLE

Execution of a reference to the subroutine DCYCLE shall
immediately remove the specified task from the list of cyclic time
based executions but allows the execution currently in the RUNNING
State, if any , to be completed . The form of the call is as
follows:

CAL L D CYCLE (i , m)

where:

i specifies the task to be removed from cyclic scheduling .
T h e  argument is * ‘itht ’r:

a) ~n tIi tt’ger ezptession , or

b) an  in t e ger  a r r a y ,  or

c) a p rocedure  na m e

The processor shall specify which of the above three
forms is icceptable
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m is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater -

1 — request accepted

2 or greater — request rejected

This argument shall be an integer variable or integer
array element.

Execution of a reference to DCYCLE shall have the same effect as
an execution of a reference to DSKED with the following values of
the  other arguments :

j = 3

n 2

t = 0 for all elements

.3.3 Removal of a task from time or event based schedule, DCON

Execu tion of a reference to the subroutine DCON shall immediately
remove the specified task from all future scheduled execu tions
and/or association with any event occurrence. The form of the call
is as follows:

CALL PCON (i, m)

where:

i specifies the task name to be descheduled .

The argument is either:

a) an integer expression, or

b) an integer array name , or

c) a procedure name

The processor shall define which of the above three
forms is acceptable.
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m is set on return to the calling program to indicate the
disposition of the request as follows:

t’ designates an integer array name whose first eight (B)
elements contain the time at which the specified program
is to be executed . These elements are as follows:

First element — Hours (0 to 23)

Second element - M i n u t e s  (0 to 59)

Third element — Seconds (0 to 59)

Fourth element — Mill iseconds (0 to 1000)

Fifth element - Basic un i t s  of the system real time
clock Sixth element — Day (1—31) 

I -

Seventh element — Month ( 1 — 1 2 )

Eighth element - Year from AD 0

e specifies the eveutmark; an integer expression

m is set on return to the calling program to indicate the
disposi tion of the request as follows:

The value must be 1 or greater

1 - request accepted

7 or greater  - requested rejected

This argument shall be an integer variable or in teger
a r r a y  ele ment .

(5.4.1 Suspend execution of a program for event occurrence, WAITE

Execution of a reference to the subroutine WAITE will cause
suspension of the program execution until the specified event
occurs. Following the occurrence of the event, the program will
resum e execution at the statement following the call with the
value of the eventaark automatically cleared . The format of the
call is:

CALL W AIT E (e,m)

where :

L~



I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-69O~ dp S61-.3
J A N  1978

~;pecifies the eventm ark; an integer expression

a is set on return to the calling program to indicate the
d isposition of the request as follows:

1 - request accepted

2 or greater, request rejected

This argument shall be an integer variable or integer
array element name.

Execution of a reference to WA ITE shall have the same effec t as an
execution of a reference to DELAY w ith the value of S—3 and no
particular value of t’.

£ $ • ‘ Abort a Program , AUORT

Execution of a reference to the ABORT subroutine will cause the
named progr am to immediately terminate execution and to
disassociate itself from all forms of scheduled activity whether
based upon  e v e n t  occurrence or t im e .  The task is removed f r o m  the
sta te RUNNING or VOLUNTARY SUSPEND. The tasks virtua l processor
becoaes non-ex isten t and the task becomes unknown to the real
processor. The form of the call i~ :

CALL ABORT (i,m)

where:

i specifies the program to be aborted.

The argument is either :

a) an integer expression , or

b) an intoqt’r array name , or

C) a procedure name

The processor shall define which of the above three
forms is acceptable

a is set on return to the calling program to indicate the
disposition of the request as follows:

The value must be 1 or greater

1 - request accepted

2 or gr.’ateL — request rejected

• Thii- ; argument shall be an integer variable or integer
array ‘lement.
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APPENDIX A

This appendix is not part of the ISA Standard S61.2 but is included to
facilitate its use.

Considerations leading to Inudstrial Computer System FORTRAN
Procedures for File Access.

A .1 Historical Development

This standard is a d irect outgrow th of the International Purdue
Workshop on Industrial Computer Systems whose goals are:

To make the def inition, justification , har dware and sof twar e design,
procurement, programming, installa tion , commissioning, operation, and
maintenance of industrial com puter system more efficient and
economica l through the development of standards and/or guidelines on
an international basis.

The Workshop formed several committees to achieve its objectives. The
FORTRAN Language Committee was charged with the task of preparing a
set of Industrial Process standards compatible with standard FORTRAN.

This standard is the result of that committee ’s work.

A .2 Criteria Used in Developing FORTRAN Standards

The committee assesse d the status of FORTRAN as used in the industrial
environment and followed the guidelines below in the devlopment of the
standards :

(1) The standards whould cover features commonly used by existing
industrial computer systems.

(2) The standards should be easily implemented by most vendors.

(3) The standards should fol low the syn tax  and in ten t  of FORTRAN as
defined by ISO R1 539—1 972.

((I) The standards should not restrict the future evolution of FORTRAN
language.

The development of FORTRAN language standards is presently the
responsibility of &N SI/v333.  In order that  ISA standards compl y wi th
the A NS I standards as far as possible, external— procedure references
were used rather than direct changes or additions to the syntax of
FORTRAN. This does not imply that this is the only way to provide
these features, nor does it exclude the possibility or desirability
that A NSI will develop the language syntax to perform these and other
related forms .
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A P P E NDIX B

This Appendix is not part ot the ISA Standard S61.3 but is included to
tacil -atate its use .

NOTES BY SECTION

B. 1 Section 3 Notes

The eventmar k defined in this section provides capability for handling
events. The use of events is the responsibi lity of the system
1’- ’ iqner but two (2) common usu.iges can be envisaged .

An event can be considered to be an interrupt , either hardware or
software , which exist in most industrial compu ter systems. The
occu r r ence  of an interrupt can cause the executive routine to set an
eventmark and the procedure references defin€d in Sections 3 and ~$ of
t h i s  standard provide all the necessary features to control com puter
us~g ’ based on interrupts.

An event can also considered to be a Dijkstra P—V semaphore and can be
u’- ed for the control of critica l resources and the resolution of
contention for such resources. The well—known one-writer—many- readers
pt~~ t lem can he solved by using the eventaarks as semaphores.

I n  the use of eventmarks i t  is the system designers responsibility to
.‘nsu re that no lock—out conditions occur. There is no provision in
t h e  s t a n d a r d  to ensure  t h a t  i n a d v i s ab l e  use of t he  e v e n tm a rk s  wi l l  not
cause undesirable consequences.

There is no provision in the standard for BOOLEAN operations on
evei tm i rks. Such features may be provided by the executive program or
to available at system generation time and would be processor
dependent. The lack of such fedt.ure s is not inte nded to discourage
their inclusion by system suppliers but it is considered premature to

~tandardize on such features at this tine.

8.2 Section (5 Notes

This standard is a permissive standard in that it does not prescribe
how the executive will respond t o  external procedure references nor
does it describe how the information is passed to the executive
routi ne. In par ticular, the argument “i” in CALL SEED (‘5.2) , CALL
D S P E D  ( 4 . 3 )  and CALL ABORT (4.4) has three forms, an integer
expression , an intege r arra y name at a program name, only one of which
is permissible in any particular program. This restriction is a
n*’(:e ssa I y (-onsequence of the requirements of the FORTRAN l a n g u a g e  t h a t

-



~~~~~~~~~~~~~~~~
- 
N

—6 9 3—
dp S61.3

JAN 1978

any argu men t which is an external procedure reference be of a defined
type ; integer expressions , integer array names and program names are
different types (Section 8.4.2 of ISO—R1539—1 977) . It is also a
consequence of the FORTRAN language that if the argument is a program
name , this na me must  appear in an E X T E R N A L  s tatement  (Section 7.2 .15
of ISO— R1 539— 197 2) .

Examples of the use of the argumen t i as an integer expression are:

——CALL ABORT (7 ,11)

——DAT A J/7/
CALL ABORT (J,fl)

——DATA J/2HAB/
CALL ABORT (J,M)

An example of the use of the argumen t i as an integer array name is:

INTEGER X Y Z
DIMEN SION X!Z(3)
DATA XYZ(1),XYZ(2),XYZ(3)/2R&B,2R CD,2HEF/
CALL AB ORT ( X YZ ,M)

An example of the use of the argumen t i as a procedure name is:

E X T E R N A L AB CD
CALL ABORT (ABCD ,N)

Interchangeability of programs between different processors is reduced
by permitting three possible types for this argument but the committee
feels it is premature to standardize to achieve full
in te rchangeabi l i ty  in th is  area.

~ .3 Complex i ty  of Section 4 calls

The calls for  SEED and DSKED are very complex but  are provided to
enable the user to specify in one atomic function everything required
for either a scheduling or descheduling action. Obviously, not every
call needs to be this complex. Therefore , the simplier forms CYCLE ,
COW , DCYCLE, DCON and CANCEL are included as subsets of SEED and
~SKED. These are prope r subsets with the standard providing
information upon the “default” properties of the unspecified
arguments.

_
~-~

_4-J
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It should also be noted that several of the procedures of ISA S61.1-
1976 and the FORTRAN statement STOP are also subsets of SEED, DSEED
an d DELAY. The correspondence is shown in the following table:

____

CA LL STAR? CALL SEED
i i
:1 tI

It s 5
m m
— p
-

— n
— tz
- c
— t3
- e1
— e3

CALL TRN ON CALL SEED
i i
j ti

m m
— s=2
— p
- e1
— n
— ta
- C
— t~
- et
— e 3

CA LL WAIT CALL DELAY
j ti

k s~~1
a m
- e

STOP CALL ABORT
i= name of

current
program

m

U 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Kazirnierz Maliszewski September 22 , 1977

MERA-P lAP , WARSZAWA r

NEW SUBROUTINES PROPOSED FOR RT-FORTRAN

The present working paper written for the RT-FORTRAN

Committee of Purdue Europe contains description of several

new RT-FORTRAN references.

1. New definition of ATIME .

In current form the subroutine ATIFIE gives time of day as

integer value expressed in seconds. As 24 hours = 86400 s ec . ,

the maximal value would exceed capacity of 16 bit word , fre-

quently used in industriai~ installations . Besides , 1 second

unit seems too large for precise measurements.

I propose two alternative versions of ATIME.

Version 1.

Obtain time of ~~~ expressed in desired units.

The form of the call is:

CALL ATIME(a , k)

where:

a designates a variable or array element to receive the

time of day . The result shall be given in floating-point

form , including fractional par t . The type of this argument

is either :

a! real

or b/ double precision . ,-  -
~

PR GIDDG P~~I 
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The processor shall define which form is acceptable as

well as the accuracy of result.

k specifies the units in which the time should be p laced

in “a” as follows :

0 - basic counts of the system ’s real time clock

I - milliseconds

2 - seconds

3 - minutes

This argument shall be an integer expression .

Version 2.

Obtain the time of ~~ in seconds.

The form of the call j S :

CALL ATIME (a)

where a is defined as in Version 1 with the followine addition :

The time since the beg inning of day shall be expressed

in seconds with maximum accuracy available in the

system .

Commen ts :

1/ A real value is more suitable for computations than an

integer one .

2/ If real va lue  is stored on 48 b i t s , the result has 11-digit

accuracy. This  is enough to express on day in milliseconds

/86 ,400 ,000/ . Tn systems with smaller accuracy the double

pr ( c -  i s ion can be used

3/ Real Time FORTRAN .

4/ I prefer  the Version 2 .
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2. Connection of an event to a semaphore.

I submit for discussion a subroutine called SECON . It

connects a specified event to a specified semaphore. This

connection lasts till the event occurs or the calling activity

ends its execution . The executive system will not accept a

demand of connection if the specified event is already connected

to a semaphore . The occurrence of the event causes an action

equivalent to that of the SIGNAL. An activity can await the

event by calling the WAITS . Thus the subroutine AWAIT would

not be necessary .

The event can be accompanied by a transmission of da ta ,

so the implementor may restrict using the SECON to core-resident

programs.

The form of the call is:

CALL SECON (r , j ,  k , m)

where :

r is an in teger expression specif ying the semaphore .

j specifies the event to be connected . This argument shall

be an integer array name or an integer array element.

k specifie s a space in the calling program for input/output

data if the event signifies end of transmission . The

use b r  not/ of this argument depends on the nature of

the event. The argument shall be either :

a! an integer variable or an integer array element

j or b/ an integer array name

or c/ an integer expression /conditionally that data

are not input/
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in is an integer variable or an integer array element which

is set by the executive system to indicate the status of

the call:

in ~~ 0 - not defined .

in = 1 - the specified event has occurred , the transmission

to/from “k” h f  any/ has been finished and the

semaphore has been increased by 1. If new value

of the semaphore equals 1, an oppor tuni ty is

g iven to an ac t ivity wai t ing on the semaphore to

finish its suspension .

in 2 - request accepted , the specified event has not vet

oc curr ed.

in “ 3 - error conditions . The inipletuentor may specify a

number of error indicating values and state for

every of them if it is accompanied by an lncrementa-

t ion of the semaphore , or not .

Comment

A separate call for event description makes it possible

to wait for a logical sum of several events. If so , the wai t-

ing activity should search wh at hat; happened after every return

to state RUNNING . That is achieved by t e s t i n g  s t a t u s  va r i ab les

“
in
” used in calls for SECON .

The note concern ing  two k i ‘id~ of error /n’. ~ 3/ means tha t

errors in  d a t a  t r a i i~~m i s si on  i~houId increase the semaphore , so

that the activity may not wait endlessly. However if the 
—

system decides to rc~ ect. the c a l l  immediately after detec-

ion , the semap hore will not be touched .
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Ac tually SECON can be used for initiation of a transmission .

A simplified flow diagram for a section of an activity await-

ing one of three inputs is presented below .

3. Error handling in RT-FORTRAN .

In the current form of RT-FORTRAN a programmer must check

error parameter bin! after each call to be sure that all is

right. I propose a subroutine to make this work not necessary .

The subroutine is called COSER bConimon Service of Errors!.

The form of the call is:

fCALL COSER (m, i, j)

‘LStatement inspecting in.

Arguments:

in is an integer variable or integer array element . RT-

FORT RAN references  which will subsequently use in as

status parameter shall be handled in case of error in a

way described fur ther .

I is an integer expression having a value ~ 2. Err or

handling shall take place when m assumes a value greater

than or equal to “i” on return from a subroutine .

j is an integer array or integer array element name . The

error handling sys tem shall place there all information

necessary to identify the error .

Principle of work:

1/ Before the subroutine COSER is invoked in an activity , the

present error handling is not undertaken for the activity.

2/ When the COSER is called , it remembers addresses of “in”

and “j” as well as the value of “I” . The address of the



—  _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-702-

next statement after CALL COSER is also stored .

An error in COSER ’s parameters shall be signalled in

a system-dependent way .

3/ After acceptance of actual arguments a re turn from COSER

is made with m 1 .

4/ The value of in should be checked in calling activity.

Logicall y this check should be done immediately af ter

CALL COSER . Nevertheless no constraint exists whether ,

wher e and how to do a check.

The check should detect values in ~ i signalling error

conditions . This can be done with a statement :

IF (m.GE.i) GO TO e

where “e” is a label in the calling program .

Of cour se , ini tiall y rn= l , I > 2, so the j ump is skipped

and the activity proceeds farther to do its normal job .

5/ Only RT-FORTRAFJ subroutines using as status parameter a

variabli- previousl y specified as “
in
” in CALL COSER are con—

cerned . When r e tu rn  is made from such a subroutine with

in > i, the next executed statement is one which follows

CALL COSER with th is  “in” /and not the statement following

subroutine reference!. p has then an appropriate error

indicat ing value , greater than or equal to 2. Correspond-

ing array “j” contains more information about the error .

This information shall have a system-dependent form . At

least an identifier of the subroutine which failed is

necessary, I suppose.
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b/ After a cheek described in tern 4 the act lvii y proceeds o

its own em-oi- h an d l in g  / t o  label ‘‘e’’ In the examp le above !

7/ P ar t Icu l a r  processors  m ay dcc la r e  how much erroi . van  a bl e s

‘‘in’’ can be de c lar e d  b~ CALl . ~~ SEI~ i i i  an tic (1 v.1 t.y . N e v e r —

the less it should be possible to specify a number of pal rs:

in , I - This is essent i:i l as not always I . Each CAL!.

COSER should be followed by :i check of It s “in” .

On the othe’ hand r ep e at e d  calling COSI~R w [th t h e same

‘‘in’’ shall m t  t o t l i t ec  new val t ies  r e s u l t i n g  f rom i , j :~nd

I~
1
~~~~~~

un 1 oca ( Ion

l . ~aui1’~1 c

Here Is :m f ragm e n t  of :1 p r ogr a m  u s In g  t h e  ( ‘ )~ K R t~ o de t cc t :mn

(‘l~~1 O V  in icterenecs t o  START , WAIT fin 2 /  and C~ NCL , KT1.1.

urn ~ 3/.

C’ DECLARE ARRAYS FOR COSER AND KILL

DIMENSION J(’) , K (s)

C DECLARE VAR IAELF ; N FOR ERROR VALU E S . GE . 2

CALL COSER (M,.’,J)

IF (M .GE . 2) GO TO I

C DECLARE VARIAIII.E IN FOR ERROR VALUES .CE. 3

CALL COSER (N .3 ,J)

I F (N . GE . 3) (‘0 To 2 

/pr o g ram  body/

— 
~~~- --~-
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C REFERENCES WITH N

CALL START (ACT1 ,O ,O ,M)

CALL WAIT ( l 2 ,M)

C REFERENCES WITH N

CALL KILL (ACT 1 ,K ,N)

CALL CAWCL (ACT 2 , N)

C REFERENCE NOT USING COSER

CALL START (ACT 3,O ,O ,M l)

IF ( M l . N E . i )  STOP3

I error handling for START of ACTI or WAIT

2 error handling f or CANCL or KILL

4 . Continua tion of execution broken ~~ an error.

An activity may resume as execution broken by an error

service  r es u l t i n g  from use of the COSER. This can he done

with ~ Co’ro or IF statement. Sometimes however this  may be

imposs ib le  or inconvenient . A subrout ine  for this  purpose

is proposed. The form of the call ~~S :

- 

- 

CALL COBACK

with no arguments.

The activity shall continue its execution frot i statement

following the last RT-FORTRAN reference which have caused a

h t t - a 1  of e>ecut i ng sequent -c d ue t o COSER ‘ s action .
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If the COBACK is called without previous error service

originated by the COSER , the result is not defined /unless

defined by the processor/ .
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Exxon 
. Technology Departm ent

Engineerin g
E X X O N  R E S E A R C H  A N D  E N G I N E E R I N G  C O M P A N Y

DIGITAL CONTROL TECHNOLOGY R&D

TENTATIVE FUNCTIONAL REQUIREMENTS AND DESIGN GUIDELINES
FOR OPE RATOR INTERFACES

INTRODUCTION

The document describes the basic characteristics of current
operator interfaces used in Exxon plants and defines the functional
requirements and design criteria for future , centralized , multiscreen con—
soles , intend ed to be used as the sole operator interface with distributed
and/ot hierarchical control systems for process control of Exxon’s refineries
and chemical plants.

The purpose of this document is multifold and covers the fol—
loving areas:

• Explain and document the shortcomings of current systems

• Make instrumentation and computer vendors aware of our requirements
for future operator interfaces.

• Establish a constructive dialogue with interested vendors actively
involved in developmental effort  in the area of PMIF.

• Establish the feasibility and cost impact for implement ing designs to
satisfy these requirements and develop the basis for a stepwise
approach.

_ _ _ _ _ _ _  ~-—___________________________
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PART 1

CURRENT OPERATOR INTERFACES FOR COMPUTER BASED CONTROL SYSTEMS - 
- -

GENERAL

• Current operator interfaces consist of computer consoles and convention-
al control panels (“back—up ” panel).

• Computer consoles are driven by the process control computers and can
access and display all process inputs connected to the computer as well
as computer generated variables.

• Conventional panels can only display process input ~ ~nals connecteddirectly to the “back—up” instrumentation and data acquisition systems.

Usually not all the process variables displayed at or controlled from
the panel are accessible from the computer console. This is normally
dictated by lack of incentives to associated certain functions with
computer control and/or to duplicate all control functions of the
panel at the computer console.

Control or display functions which are usually not available at the
computer console include the following:

— Ded icated sequence controllers

— On—off controls (pumps, MOV’s, mixers, etc.) for onsites

— Emergency manual shutdown of major process equipment

— Certain process alarms (normally associated with the status of
utilities)

• The panel mounted instrumentation (displays and control stations) is
not only used during computer outages but also when computer control is
available. In the latter case , the panel instrumentation is mainly used
for:

— Handling process upsets

— Plant or unit(s) start—up (e.g., after turnarounds)

— Bmergency shutdown

A summary of the main reasons for the use of the “back—up” panel, when the
computer (and computer console) are available , is given below :

• Handling Process Upsets

— Proc edures to call display(s), select loop(s) and take corrective
action is slow and inadequate to handle most emergenc ies.

— No computer con ,~le h.ts sufficient overview capability to 
allow

surveillanc e during correc tive action.
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• Plant Or Unit(s) Startup

— Console operator alone cannot handle workload from console during
s tar t—up (senior f ie ld operators are also assist ing using the
panel).

— Console overview capability very limited .

• Emergency Shutdown

— Combination of the above.

BASIC CHARACTERISTICS OF CURRE NT NNIF

Console Operator -

• Position In Organization

Normally (but not always) is a first line supervisor, directing the
field operators via two way radio.

• Selection Criteria

— Very good knowled ge of process units assigned to his console.

- Good knowledge of process units assigned to other consoles.

- Good supervisory qualities (more stressed in certain plants than
others).

• Available Pool

- Senior field operators

- Senior field operators can replace console operators during scheduled
and/or unscheduled absence.

Number of Computer Consoles/Control Room

• Usually 2 or 3 consoles — Number , however , can be as high as 5.

• In highly centralized plants, several control rooms may exist in the
same control house.

• There may be an engineer ’s console in the same control room. This
console includes all the features of the operator console and can be
used by the operators if required .

Charac t e r i s ti c s  of Consoles

• Normally of the CRT type — (15” diag. black & white or 19” color).

• Most consoles have two CRT screens but number varies from 1 to 3.
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• Being supported by the same computer , all consoles can access the
entire data base.

• There is one operator  assigned per console. However , consoles wi th
mul t ip le  screens and keyboards can be used by more tha n one operator
if required .

• In some cases, all pen recorders are mounted on a credenza , installed
close to the computer console.

OPERATOR RESPONSIBILITIES AND WORKLOADS

Number of Control  Loops/Console

• Varies cons ide rab ly  ( f rom 70 to 250)

• Numbe r depends on:

— Nature of process

— Complexity

— Degree of process i n t e g r a t i on

Note that since the definition of “control loops” has become rather loose,
the above figures are only indicative and should be rather interpreted as
number  of controlled o u t p u t s .

Nt.mber of high l evel (4— 20 ma) inputs/console

• Varies from 1.6 to 2 times the number of “control loops ”

Number of low leveL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• Can be as high as twice the number of high level inputs.

• DTI readout is usually installed both at the console and panel.

Number of alarm windows (panel a n n u n c i a t o r s)  -

• Varies considerably but on the average is approximately 1.7 times the
number of control loops. A r a t io , however , of 24]. is not unusual.
More than 90% of these alarms can be disp layed at the~~mputer console.
(CRT and/or printer).

Software_Genera ted A l a r m s

• Add i t ion a l a l ar m s  ( co mp ut er  gen er at ed )  can onl y be d i sp lay ed on console —

CR1 or t y p e d  v i a  pr I n t ~ -r . A 1~a in  h e i r  numb er  varies considerably but
In genct - .il ( h e y  te l~r~~ t ’n t  t h e  t u i j o r  bulk of a lar m s
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Operator responsibilities

• It should be noted that although there is one console operator
assigned per console, other console operators or senior field operators
may be asked to assist if the s i tua t ion  d ema nds. - 

-

As mentioned before a console operator is required to know how to handle
process units not normally “assigned” to his console. This is translated
into the following requirements , generally met by existing consoles .

— Ability to take under control from his own console, process units
assigned to other consoles, installed in the same control room.

— Ability to monitor status of all alarms from his own console.

• Despite extensive use of control computers for logging different
process data and selected conditions, operators still maintain hand
written logs. This is mainly done in order to retain access to a
certain set of data when the computer memory banks are wiped out
by a system malfunction.

MAIN DISPLAY CHARACTERISTICS

Pen Recorders

• The number of variables simultaneously recorded on pen recorders
(both shared and dedicated) varies from 12% to 42% of all high
level inputs. The average is approximately 30%.

• Operator feedback indicates that above % can be reduced ~t.o
20% (rule of thumb).

• Almost all console operators use pen recorders only for monitoring
general trend of variable.

• Changing pen assignment on shared recorders becomes very unusual
after few months of operation . Shared recorders have normalized
scales, since each pen can be assigned to several process variables.

Indicators

Next to the recorders is the most easily scanned display. They ~re used
during unit surveillence and during verification of alarm conditions as

• part of the panel “overview” capabili ty.

Control Stations (Back—up)

• Indicating lights are displaying the status of the back—up instru-
mentation (absence of light ind icates that loop is under computer
control)

_ _  H
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• The type of back-up station (C/M/A—l , C/M/A—2, C/M/A—T, C/M/A—S)
is usually ind ica ted  (via “d ynot aped ” labels) when several back—up
types ~ :e used .

• Color coding is widely used to identif y :

— Loop function (flow level , etc.)

— Process unit or process area

• Control stations are mounted in high density arrays. Installation
dens i ty  of 10 r ovs by 10 columns per panel section is widely used
in all recent i n s t a l l a t i o n s, a l t hough actual occupancy rarely exceeds
60%. The d e n s i t y ,  expressed in term s of l oops / l i nea r  ft  of panel
varies f r - r n  7 to 11 loops/linear feet (includes spare space , recorders
etc.). ~~e higher densities are achieved with Foxboro minaturized
displays.

Alarms Annunci a to r s

• Dimensions of windows va ry  f rom fu l l  size down to 1 1/2” x 3/4”

• Identification by console opera tors  s i t t i n g  at console is via
p a t te r n  r e c o g n i t i o n.

• Shrill  audible  alarm signal I r r i t a t e  operators the most. In some
instances entire sections of annunciators are permanently silenced

• Different priorities of alarms are indicated by means of color cod ing
(colored celophane  placed behind a l a r m  window) and/or  d i f f e r e n t
audible signals.

• Extremel y useful is the use of different audible signals for different
console areas (within the saae control room).

Graphic p r e s e n t a t i o n  oLprocess

• Semi—graphic panels are not used anymore

• Only OM&S CRT con ;oles have extensive library of graphics (interactive)

• With few exceptions (mainly experienced operators), onsites operators
miss the grap hic ~r c s e n t a t i on. (In all plants  v i s i t ed—except  one—
P&ID’s were attach ed wi t h ce l lot ape  on spare panel spaces) .

CRT consoles

• Th e most w ide ly  used d i sp l ay  forma t is the multiloop format.

1 _
L
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• The following information is normally displayed with multiloop
formats

— Tag I.D. (or loop I.D.)

— Tag description

— Current value of variable (measured or calculated)

— Set point (or target)

— Tag status (control mode)

— Valve position (control output)

• The number of loops (or tags) displayed on nultiloop formats varies
fror 10 to a max . of 32. Usually is less than 16.

• Interactive graphic displays of process units or areas ar.e only
used in OM&S applications. For onsites applications, graphic
capabilities of computer consoles is not used (effort to built
displays appears disproportionate compared to usefulness).

• CRT trending capability is hardly used because

— Procedure to call—up (or built) display is t ime consuming

— Trending s tar ts  without  previous history

— It is much easier to scan the pen recorders

• Bar graph presentation of process variables is very useful when
variables are logically assoc iated and form distinguished patterns
(e.g. temperature profiles , flow balancing in multipass furnaces ,
etc.)

The majority of operators would prefer this type of presentation
also for mul t i loop  fo rmats.

Console alarming features

• Worst presentation of alarm messages is via printer -

• CRT alarming is prefc’red by operators over printed messages

• Only highest priority alarms are automatically disp]ayed on CRT
screen (no operator search). Usually, separate screens or dedicated
portion of screen Is used for alarm messages .

• Usually pattern recognition is not maintained with CRT alarm displays
(i.e., a larm messages do not appear  on predetermined screen area s but
as they occur in a push—up or push-down stack confi guration.)
Pattern recognition , however , Is somet imes maint ained on ahirm key-
boards (normally separa te from main operating key board).

~

-

~

- — 
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Other_CRT conso1e d1sJ~~~L (o nnats

A variety of other CRT disp lay fo rma t s  are being used such as

— Loop interconnection diagrams (block diagrams of multicascades)

— Logging of significant cha:i~ es Initiated by operators
(inhibited alarms , change s ci alarm settings etc.).

— Logs of process variables (measured or calculated).

— Plo ts

— Daily schedule of tasks (usually for  OM&S operat ion)

Reports

A var ie ty  of r epo r t s  can be oht . i ined  via p r in te r  (Histor ical  data ,
hour ly avera ges , daily averages, d a i l y  repor t s , month ly  averages , e t c . ) .

H UMA N OrERATINC MODES

In general , the operator functions in the following basic
mod es:

a) Process Survei l l ance

During this  mode , operators mon i to r  the overall status of the process
units  assigned to them using ope ra t ion  by exception techniques .  They
normally f u n c t i o n  in th is  mode when the units  are l ined— up and on
ta rge t .

Operators norm a l ly  m o n it o r :

— trend of key v a r iab l e s  (g lanc ing  at  pen recorders)

— sta tus  of v ar i ab l e s  .is~;ou i . ~ted w i t h  acknowledged alarms
(there .ir e a l w a y s  sevcr~i 1 ala rms in acknowledged condition)

— status of controlled var iab les  tha t control  is placed on manual .

The exceptions could be:

— New alarm cond i t ions  (but low p r i o r i t y  alarms are normally ignored )

— Wide devia t ions  of process variables from set points

— Computer generated messages

— Sudden chan~ t of trends
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During this mode of operation, they glance at the panel because:

— of its overview capability (no need for search, such as paging
through CRT disp lays)

— it is there (ha bit)

Most operators prefer to anticipate disturbances that can result
in tripping critical alarms. They don ’t want , however , to be
continuously reminded of the same abnormal condition (as it
happens when the same alarm message keeps repea ting itself even
when it has been acknowledged).

b) Unit Monitoring

Dur ing this mode , they take a “c loser look” at individual process
units. They normally enter this mode as a result of a noticed
exception , at the recovery stage of an upset or when they do expect
some problems as a result of changing conditions in other process
units.

During this mode they usually employ “pa tt ern recogn it ion” techniques
suc h as :

— Bar graph presentation of related variables (when available on CRT)

— Trend of key variables of that unit and relative postLion of trends

In addi tion they pay closer atten tion to dig ital values of key
variables (usually one or two multiloop displays).

Computer consoles ap pea r ad equa te for this type of opera tion (excep t
for trend monitoring) but improvements can be mad ’ in the following
areas:

— Data presentation for rnultiloop displays (searching for off normal
pa tterns in terms of dev ia tion f rom targe ts or set po ints is
difficult when data Is presented only digitally).

— Passing from on e disp lay to another. Preferred method is by
dedicated keys (single action). Other methods that definitely
assis t ope ra to r s are:

+ Ability to easily address displays associated with the one
under current observation and return to previous display.
(These displays may not be always in numerical sequence and
“paging” is not sufficient.)

+ Ability to page through inultiloop displays (forwards and back—
yards) ts useful when the tags-log icall y associated with a major
piece of equipment or paral lel trains-exceed the disp lay capacity
of a single multiloop format

LA
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Howeve’r • If I h t t t o t i  I s tu’ e,~ t v v I t 1.1 • ‘ I rum t he ~OflSO I i’ —

not v I lb a a I I -. vi’ i v  ~~ op ’i at  o w.t 1k to the panel

c) m t  ei :is’t lvi ’ Moth’

In th is  mod i’ he o pi’ at  ot I nt c i  ~~
‘ t U hi’ pi ot ’ t u  S which Is ‘ iii ~~ tug

sta tus in a i at her i’~ 
edt ’i Letui lned vay.  Opi’ i a t o r  cut ci in t U t u  modi’

usuall y under:
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d) ~aergenc~
This can be considered as a special case of the “in teractive” mode in
which one or several process uni ts have been placed in an ~a~~~ect ed
upset situa t ion , usually brought about by fa ilure  of a major piece of
process equipment , by activation of a saict shutdown system or by
partial failure of th. control instrumentation .

Recovery from a major upset condition is the most critical mode of
operation. The steps to recover from such an upset cannot be anticipat—
ed in advance except in those cases were the cause of th~ upset is a
predefined possible event (such as the activation of a safety shut-
down system tripping a major piec e of equipment) and the effects can
be pred icted to a large extent . Other upsets , caused for exam ple by a
tube rupture in a furnace or loss of control signals to several valves
must be handled as the situation demands.

During this operating mode, several loops are usually placed in a
manua l status and the operator ’s pr (neipa l attent ion is focused
on the current and near future course of plant operation with the aim
of:

— protec t the equipment from being damaged

— recover from the upset situat ion

— prevent the effects of the current upset to propagate to other
process units or group of equ ipment.

As men t ioned before , computer consol es are general ly inad equa te to
handle most process upsets. No operator has ever attempted to handle
a major upset from the console.

An analysis of “predicted” upsets In 9 dIfferent plants indicated that:

— the number of loops to be manipulated in fast sequence (worst
cases) varies front 2 to l~

, In must t’5 1 5 V 5  I s around ~-6.

— th. t ime available for correc t lvi’ action before the upset
propagates to other units , varies from 10-15 sec . to lO— .’O m m .

— the minimum number of trends t o  be displayed simultaneously
(“selec t ive” overview) to assess the inipat’ t of con cc l  lvi’ •i t ton
and/or status of key variables of other process unit s appears to
be 20.
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It is generally felt tha t handling upsets I ron consoles not only can
be made feasible hu t can .ils ut fer certain Iniprovements over the cur-
rent use of exist lug ‘con;h ir,it jo l t ’’ Inter C a ces  (computer console 

~~~back—up panel).

The basic requirements .ippe ’~;r to  be:

— The procedures to call requir ed .isj ~I avs should be as fast  and
simp le as pos-~ible (single a ct i on).

— A c c e s s i b i l i ty  t o  the loop leve l  (loop select ion and modi f icat ion
of its sta t  us or mani pu1~it ion ~1 hit ’ access lUte pa rameters) should
be at least equ iva lent to  t h e ’  degree’  of .icc ess  I hi I ity tha t operators
hav e from C O I )V t ’ l t t  ional P~l11Cls .

— “Assoc fated ” d Isp l av s  (trends , mult iioop, etc.) should be ca l led—up
quic kly for selec t lv i,’ e v e ;  v i ew  at t h e  same or d i f ferent  hierarchica l
disp lay leve l f rom i~ii I chi cut rei,’ hive at ’ t Ion Is being ta ken . Sd ect lye
overview should not oU st I lute hi gher lev e l s  of over~’ icw which are
lot ended to p;- u~’ ide t he ’ operator wit U :i “bird ’s eye ” view of
process ope’rt t ion .

The conside ’ r i t  ion of “~~pt ’t’hd” f e a t u t ’ i’s , such as special ly built mult i—
loop di sp 1 avs with i,’ommun or preset  .;c t ion may al so assist t he opera t or
in hand 1 log ‘‘pi e’d let .tl’ Ic ’’ upsets

The i s t ’ of r ’~’ 
I a I so ft ware’ r~ u c,r. ims to  di a gnu se abnorma l process con—

d it to;; ma V .1 1 ‘;o i; I st in h.;i;d I I t i c  c t ’ i i  a in ~‘a t ego r Ic ’S of u pst’t s
The’ i,lt ’t m u  ion of such pae ’ h t g e ’s , ht , ’wi,’vi ’r , is out side  the scope of th is
document

It should be not ed tha t in general , the cuurs ’  of upsets is by large
unpre ’d Ic t a b  1’  and r ci i, oct ’ on .; i t t  ~~;i.; I I on or pred cI er;; I ned action Is by
no mean s c~’n~. i~1ei e ’d tot Ic lent - The bas ic  design requirements therefore ,

~hou 1 d r e’nvi i it fI~. us ,‘j on tI;~ heim~; ii Opel’ ,; I or so tha t he can eat  ii v ass c
the situat lt ’ii , and in te i veme  at ,u;v t ime’ and wi t h a degree of freedom
at it’ 1st equivalent to that  o t t  ~‘; ~‘d t’y both levels of current inter—
f.1c es (panel and c an sa le )
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Pla nt A group of process units , integrated together with various de-
grees of interaction. A p i a n t inc l udes the manu facturing faci-
lities for intermediate or finished products , utilities for its
operation and facilities for receiving and de l ivering feed stock
or finished products .

Onsites : The part of the plant tha t is manufacturing basic ~nblend ed
components or finished products from natural feedstock (crude
oil, coal , brine , etc.) or preprocessed chemical feeds (naphtha
etc.) Blending of produced components may or may not be included .

Utilities: The part of the plant that generates and distributes basic utili-
ties required for the process equipment . It includes steam , com-
pressed air (instrument and plant), water (cooling , fresh) d cc-
tricity (high, medium and low voltages , including instrument power
supply systems) as well as other utilities such as inert gas.

OM&S : Oil movements and storage is the part of the plant that usuall y
contains the equipment for storing finished products or basic
components for blend ing. Blending may or may not be part of OM& S .

It also includes facilities for receiving or shipping products
(such as truck loading , car loading , ship loading e t c . )  Mo st
sh ipmen ts are under “custody transfer.”

Control : A building, norma lly of blastproof construction, where centra l ized
House contro l of severa l units is carried-out. The contro l house in-

cludes appropriate space for the installation of process control
computers and the ir peripherals , utilities (equipment power supply,
air conditioning and filtering) , termination for field wiring,
instrument racks , etc. It also includes the control room from
where process operators monitor the process and intervene as re-
quired . The numbe r of control houses in a plant may vary from
one (full consolidation) to several (partial consolidation) .
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)L!!~I.10~~L_R IR}’ME NTS FPR !~ITITRE OPE RATOR I NTERFACES

INTRODUCTION

The following requirements are addressing desirable features and
improvements over existing designs in order to:

— Overcome identified shortcomings

— Achieve more effec tive data presentation

— Allow total operation from a single working station under all operating
modes (surveillanc e, monitoring , Interactive emergency)

The requirements listed in this specification have been defined
without consider ing the limitations of current technology or the economic
impact for their implementation . As such , they represent a set of basic
features for future console designs and should be considered as a starting
point for further elaboration aiming at:

— Establish the feasibility, cost impact and t ime frame for implementing
such designs or alternates

— Establish the basis for a stepw ise approach

— Initiate a constructive dialogue with computer/instrumentation system vendors

Environmental_Considerations

The operator interface covered in this specification , is intended to
be installed in a control room type environment. This implies that
the room is expected to be air conditioned , wi ll be generall y f ree
f r om harmf ul gas concentrations and w ill have a “non—hazardous ”
electrical classification. Nevertheless, the hardware should be designed
to meet the following environmental requirements:

Normal Band Operative Limits

Ambient Temperature 15-35°C O—43 C
Relat ive Humidity (2) 10—SO 10—90
H2S Concentration 0.5 ppm 10 ppm

Control_ Conf I ~,urat ions

Control conf igurations appl icable In this specification could be one
of the following:

a) Computer based 1 centr al i zed

— Computer(s) and Inst runientat Ion installed in the control house

— Supervisory control done entir el y at the’ computer level
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- DX may be:

+ Done entirely at the computer level (role of instrumentation
is strictly for computer back—up)

+ Done also at the instrumentation level (degree of integration
may vary)

— The computer S stem may he of a distribu ted , multi processor type.
Processor tc~ pracessor and processor tc~ hulk memory communication is en-
visaged via a high speed di gi ta l communicat ion system (data rates are
expected to be several Mbyte/sec.)

— The computer system may be interfaced with the instrumentation
and other data acquisition systems (DTI’s, DV1 ’s,tank gauging,
etc) ,  via a medium speed , serial communication link. The
characteristics of this serial link are expected to meet the
ISA SP72 requirements. Direct inter face to the high speed bus via
1/0 devices is not exc luded .

— The instrumentation and data acquisition devices may be:

+ Digital , ~iP based (from one or several vendors)

+ Hybrid

b) Computer based, dispersed

Same as above, except that control and data acquisition instrumentation
may be totally or partially installed in locations remote from the
control house.

c) Stand Alone , Centralized

Same as (a), except for computer system. Control and data acquisition
devices may still be interfaced with a medium speed , digital com-
munication link.

d) Stand Alone1 flis~ erse d

Same as (b) except for computer control .

It should be noted that:

— Prevailing types w i~ 1 be either (a) or (b)

— In all cases , operat ion will be from a centra l location (control house)

— The data communication subsystem should he able to support remote ly
located consoles. These consoles n~ y not have all the interact h’&’
features of the cont rol room console hut. they w i l l  gene ra l ly h.IVe
access to the same data base, .klr es sa hi L’ over  the c ommun ii. at  Ion
subsystem. Other limitations may i’e app ! ic .it~ le (e .g .  ~‘ h.ing lug
contro l ioop pa rameters) but thc~ e should he implemented Via 501
ware interloc ks.

~~~~~~
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A ( 1  DEScRI PTI_O~

Cen~ ra 1

The purpose of the operator ’ s console covered in this specification
is to provide the process operator w i th the means of communication with the
process uni ts under his control as well as with all the components of the con-
trol system (computers and/or instrumentation) .

Since this console Is Intended to be the sole operator interface ,
the reliability aspects of the design assume primary importance. The design ,
therefore , should include the required hardware redundancy such that the
operator will be able to maintain both surveillance and manipulative contact
with the process at all times. Depending on ~he configura tion , degree of
sophistication and reliability of the distributed computer control system ,
the operator console could have one of the following configurations:

a) Stand alone system , independent from the process control system and
supported by its own processors , dedica ted exclusively to the task
of retrieving the required informntton and support the display formats
and other features covered in this specification .

b) Directly supported by t he di stribu t ed computer system and acting as
“shared ’ peri pheral. III is cost Igurat ion will oniy be acceptable if
the overall re li abilit y of the distributed computer system ensures
a console availability at least equal to that of the stand alone con-
figuration.

In either case , the operator console :

• should be capable of  communicating with ~~~ device (passive or active)
attached to the communication subsystem that may be used with any of
the possible control configurations described previously.

• should includ e the required degree of redundancy and modulari ty to
eliminate any possibility (at least statistically) of total failure.

• should be free of interactive failure modes tha t can affect either
the commun~~~tion subsystem or any control or data acquisition device
(computers, analog or d igita l iastrumenta tion , peripheral equipment
etc.) connected to the communiea~ ion subsystem.

• should be capable of maintaining all the mani pulative and display
features even in case of p arti al tailo r e .

Since a console confi guration of a stand-alone type poses certain
spec if ic design rt ~qu i rement s that is.iv be either non—exist ent or dealt ~ t h
by dii ferent .ipproac la’s fo r c~~flt i gu r it ionS Jeoc r i bed under ‘‘b” , t hi SN’ I it I ca—
t ton will m ,iinlv address the s t a n d — a l o n e  type . Althoug h dif ferent c o a t  t~~ & i t . i —

t ions a r c  ia’ t cxc 1 uded , t m v  ~hou Id pu’v I dc— as a mm imtim—t he same d e~ ree of

operab il itv , fl e x i bi l ity and c v t t a l l  r’’li ,ib i l ity of the stand—a lone type’
covered in this spec it I at ion.
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Figur e 1 shows schemat ic .illv an overa l l  system con! igurat Ion. It
is envisaged tha t the cont rot r onni ope i at  ot  c t ’f lsO I i s  slion Id he connected to
the ii igh speed bus us e’d by the it is r hii cit m u t t  t pi oc i ’s sO I c o n t r o l  v st cm ,
while remotely inst at  led ~~~~~~~ leo (when pi ‘v Itled ) may he c i t  her connv( ted to
the medium speed serial bus or connected to the’ high speed bus via modems .

In any case , the remote consoles should be able to access data
available at the high speed comznunic,iti~ ’n sObSvatCm . The reliabil i ty re-
quirements for remotely installed consoles may var~’ depending on how these
consoles will be uscd . As a minimum , and when these consoles are only
used for read—out purpose , no console tall ure mode will ever af fec t the
communicat ion subsystem or any control or data acquisit ion device connec t ed
to this subsystem.

Figure 1 also shows additional terminals intended for the use of
other groups such as engineering , control app l ications and maintenance.
This specification will not cover the requirements for such devices except
from a very general point of view .

It should be pointed out that the operator console should be
designed to satisfy primarily the needs of process operators and not those
of other working groups .

Overall Design Requtremei~ts
For Stand-Alone Consoles (Contro l Room)

The operator console shou 1(1 be made up ot at  least two compl t~ t t’

independent modules (or stations) such tha t failure of oat’ w i l l  not , if t e t ’t

the operation of the other . Each modul e should have its own CPU , memory,
dr ivers , etc., required to handle on an independent basis the total load . A
console data base should be siae’d on the basis of worst load conditions
sun~ arized in Table 1. Table 2 sumn~irizes the load conditions for a typic al
OM&S application .

As pointed out , the total number of tags given in Table 1, are
approx imately 11 t imes the corresponding number of control “loops”. For
example, the displayed tags associated with an extra—large plant are estima t-
ed on the basis of 1000 loops (defined as control points with “valve” output
to the process).

These load conditions , stated for sizing the data base of a con—
sole, should not be confused with the “normal” load assigned to a console

• operator . Based on current date , it is not expec ted tha t console operators
should ever be assigned more than 300 “loops”. On the other hand , the console
should be able to access all the tags meant to be displayed or manipulated
so that any process unit or group of units can be assigned to , or taken under
control from any of the operator consoles installed in the same control room .

- _ _ _ _ _
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TABLE 2

LOAD A NA LYSIS FOR OFFSITE S CONSOLE S

High Level Inputs 50 - 150

Additi onal Miscellaneous Inputs 500 - 800

On-Off Alarm Inputs 400 - 600

Other On-Off Variables (MOV ’s , 800 - 1600
Pumps, etc.)

Ca lculated Variables (Task Re- 25 - 100
lated)

Lab Inputs 200 - 400
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• The variety of plant si:”s as well as the requirement of unrestrict-
ed Lag assignment will be prot .a t i l y  out of the major factors in defining the
degree of modularity and expandabil ity of t’arh module. This sport! icat ion ,
however , does not intend to address the desi gn characterist ics of a module
but , rather the conditions dot Ining the design boundaries for a var iety of
alternative imp lementations that will be considered acceptable.

Min imum Data Ba se/~k”du I e

In the case  of minimum redundant configuration (two modules ),
sizing of the data base for each module should be based on the following
considerations:

• • Each module should be ab le  to acce ss  and process all tags for disp lay
and/or mani pulat ive purpose as wel l  as support the interactive
features described later on u n d e r  “I)isplay Charac teristics”.

• It is acceptable that only a portion of the data base (representing the
conso le “norma 1” load) may be active all the time . The m a c  t lye
port ion (rep~ osc nt Ing the rena ining load) may be act tvatvd on demand
but wi l l  neit her (lisp lace  or d ia c t iv a te  the “act ive” data base , nor slow
down the co nso le ’s res ponse time by more t han 25 %.

• Act ivat ion of the “inactive ” d at a bas~• should not exceed 5 sec.,  and
should be in it L~t ed from the runsol c key board by singi c act  ion

If the console Is made—up of severa l modules , distr ibut ion of the
data base over several modules  will a lso be acceptable , provided that:

. Avaflab!lIty of data for disp lay/m ani pul ativ purpose does not depend
exclusively on the avail ability of a particular module.

• On—li ne reallo cation of tasks is possible via program down —

load i ag, or o her t et ha I qu t :~ • a f t  cc t lug no more t kin one module and
not res t  r Ic ted 10 spec it Ic mutlul is; only.

• Download ing should be a;; simp le as possible , should be initiated from
t he keyboard and should be compl i t  i’d within 10 sec •

• Any “over loaded” modules w i l l  s t i l l  he able to perform its previou s
tasks in add it I on to the new ones , tinder no c i r c u m s t ance s  should the
response t ime increase by more than 50~ of i t s  norma l value.

As mentioned before , t h is  sp ecifi ca tion does not exclude al te rnate
method s of dealing w i th  t h e  basic r t ~~pl I reinin t s which can be sumniar I .~ed as
m l lows :

• The desIgn shoti id ;; t.i t I st I c.i I ly cxc i ode tot •il fa i l u re  of the operator
Inter face.
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• The display, Skill ipulat lye and inte rract  lye features ot each ce ’ uso le
should r erna in n tact  under part Ia 1 t at lures with a win tenum d egret’ o
degrada tion.

• Eac h console operator should be able to  take under his control any
process unit assign ed to othe r consoles.

Data ast’ S~~~~e C ~p~ c 1t~

A spare capacity of at least  10% should be provided .

!~~~ Defiuit ton

For the purpose of this spec If teat , ton , a “tag ” is def ined as
t he f irst level of logical division of the overall sys tem data base.

A tag is not necessari ly assos lated w i t h  a process unit colt rol
loop and in general may cent a in other tl.I t a such as miscellaneous dat a
shared by a number of control loops , add it tonal inputs or Informat ieee to
ca lculate cer ta in  process vat ta b I I S  not di i’d I v neeasur.el ’l t’ (e.g. , net
tank volumes) or t o  ~let tnt’ the’ s t a tus  of •e cont ro l  dcv ice ’  and it s phase
In a sequence c out ro 1 app I teat  ion e.g. , met ot opec at ~‘d valve’s)

Although a tag is log i~ cliv a sing le ent 1Ev , I t wil l he norma lly
composed of fune t ional sub—ent it It’s that  u,ev t es ide iii dii I ci out p 1 ac es

throughout the dist t ihuted nuil t (computer ‘ ,‘ st em. These stile -- out it I e ’s arc
assoc iated w i th  a var j e t  

~‘ of tune t tons that t;;av be pert otmed on a .eg , such
as for example f i l t e r  ing or other Input ~ FOd ¼ ’i. S tug , cont rol , his tory ,
association wi th other so f twa re  gi ograms , out put processing e t c .

In general , process tags that have no control funct i on a s s o c i a t e ~l w i t h
t hem are of the ‘‘ inteiw it  i o u — o n l y ’’ t y pe. If a cent rol t iene t  ion Is , e ’ ’ ’ e e ’ tat i’d ,
then the tag wil l  nornu 1 lv c or it ’s pond t o a t eedlbae k ice 

~ 
wi th an input and

out put assoe I a ted with it . It should he ~O I Ut ed out , Iiowev cc , that this I ~
a rather simplistic picture , since t he’ det a ils of tag  processing ai~~’ quite
comp lex

For the pur pose ’ of t his spec Iii c at  ion, it shou id he as sunee’el t lea t
tag processing is done by o t hot dov Ices o t the’ distil  but od coni c ol ~~\‘ st em.

The processors support ing a stand a lone c ’ui~-o it ’ will norma 11 v r et r levi’ the
already processed dat a assoc ta t  ed w ith  the tags and display t hem in t he’ de-
sired form ats.

Control and Data Pt e’se’ et .et ion I’ia uspat e’ucy

Undoubted lv , tag processing 1ev o t her de ’~’ it os tha t n.e v not he
avai l abl e 100% of the t tnt’ w ill have an imicac t on the ope ra t e e  I’ tnt e ’ t a~ I’

• This may involve (as w i t  11 todays cempei t c i  tease’d cotet t o t svst ems1 ,c t a l l  l’ac k
- • to a till ! ci en t and iisti,c ’tl y ~I egrad i’d t v pt of ~euI ro  I sit 01 e’pv . Ft on en

operator conso le’s point of v i ew , it is hi gh ly ile ’;~Ii a b le  t h .et Iee ’ t l t  t l . i t  .e
presdnta t ion ,inel con Li o 1 st rat  egv r en~e i n  OUt’ h.euge ’d • It sicote Id b~’ k opt In
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mind that one of the bas ic shortcomings of current operator interfaces is
the need to learn a var iety  of “back-up ” control strategies which are much
less effec t ive and in icost cases tot al ly different than the normal coeaputer
control strategies.

The solution to the problem would involve’ the overall architecture
of the control sys tem , the degree o f i ts  redundancy and the level of
integration betwe en the instrument a t  c i t  and the ’  d ist r ibuted computer sys tem
and Is therefore , outs ide the scope’ of this s p e c i f i c a t i o n .  It is important ,
however to emphasize that if the control sy s t em Includes one or more levels
of “back—up ” cout ro l ot r~e Leg ies t he’ operator conso le should meet , as a
minimum, t he fo l lowing requirements :

• It must automat ica l ly  recognize any condition tha t will force the control
system to a “back—up ” level of control strategy .

• It must revert au toma t icall - ,’ to  display formats compatible with the
degree of tag processing and level of control strategy performed now
by the back—up control.

• It should c lear ly  Indicute’ on any a f f e c t ed level of disp lay (by
symbolic cod i ng or ot her tee fin I qu i’s) Ia’ stat us of tags tha t may
eventua lly roqu i t t’  operator m t  e’rvdnt ion in order to he commissioned
for the type of control they have h~ e’n ass igned to.

Figure 2 illu:;t rates th is  concep t  w i t h  a very simple example of possible
hack—up contro l  st r ategy  of the typo used currently.

E~~ m~~ys of Tag~

This spec i f icat ion  does not intend to cover in detail neither
the tag structure ’  nor the p rocess ing  of the tags. The following, are
represen ta t i ve  ex.unp lcs of tags tha t should be disp layed on the console
opera to r .  A c c cs~~ibi1Ity to tag para meters  is d iscussed under “disp lay
c harac te r is t  ie’s ” .

• control led variable (control tag) usually Including

— input (eventually conditioned) C

— output

— set poin t

— cent ro 1 . m 1 gor I t hen

a ssoc fat eel w i t  I, each co nt ro l  tag, t be l o l l  ow I ieg pa rame t e’rs may be
inu ttided .
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— alarm l i m i t s  (deviation , input absolute , input rate of change , failed
input ,set point , output)

— opera ti ng limits (input , outpu t, set point , integral mode , etc.)

— operating parameters (ratio coe f f i c . ,  bias, input time constant ,
tuning constants , etc.)

• non controlled variables (informat ion onl y)

— input (eventually conditioned)

target (if applicable)

— input alarm limits (same as control tags)

• calculated variables (control or informa tion only).

• Alarm inputs, including

— input (two state)

— operating limits (e.g., adjustabl e dead band)

• Two state variables including:

— on—off type inputs (usually two or more)

— on—off output(s)

— operating limits (e.g., adjustable time limits for expected completion
of command)

— operating parameter (normal/abnormal/intermedlate status)

These tags .ire usually associated with the status of motorized equipment
such as IIOV’s, pumps , mixers , etc.

For the purpose of this specification , auxiliary calc ulat ions (such as
mult ipl ica t ion, division , inpu t dynamic compensation , signal selection ,
etc.) are not considered tags. These calculations are to be considered
a8 associated with the processing of tags.

Usually, elements performing auxiliary calculation (whether defined as
“blocks”, “slots”, “tags” or subroutines in current software paek.mgcs),
are not required to be displayed on the operator console, except in
spec ial “bloc k diagram” displays o f certain control configurations, or
when the information to be disp layed is only available from such
elements.

• • - •--- ~~~~~~-••
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O era11 D~~~~~~~/ Manf~ ti la t ive CJJ?abilitX

• Each module should he capable of supporting up to 4 screens , each wi th
its own independent keyboard .

• Each screen should he capable of disp lay ing all available formats with
the possible except ion of g r a p hic present .it ion of process units (i.e.
in general , they shall not be dedicated screens to specific type of
display forr~,ets).

• Special keyboards such as those eventually used for data base configura—
then , building grap hic dispi cv s c t ’ . tha t include ded icated functions
used very se ldom l v  process  ope r at em ’s , shou l d  he d et a c h a b l e  v i a p lug—
in connectors so t hat they are ’ used only when required and avoid clut-
tering of the working area .

• To the maximum extent possible , the operator console should be kept
free from any featu re r e q u i r e d  to satisfy the need s of other working
groups such as engineering, cent m l  app l icat ions and maint enance.
The operator , however , shote Id be g I ~‘e ’u warning concerning ahuornia 1
conditions of the  control equi pment so tha t he can initiate certain
actions under his responsibi l i ty or request the intervention of other
groups .

Ac tIons that the operator should eventuall y initiate without assistance
from othe r groups cou ld he the following :

— Switching to a redundant cor~mtinication bus (even when automatic
switchover faci l i t ies arc provided)

— Program downloading (e.g. ,  via cassette or diskette) associated
with the data base of his console

— Rcalocat lon of tasks of a failed module

— Restar t / re load of other processors belong ing to the distributed
control system.

Warning~ to the operator .ibout the st ,rtu~ of the control equipment should
be norm.i 1 ly general in eta ture bee t clea r enough to let him eva luate the
effec t of a failure en the proc i’ S  and the c orre ’c t ive act ion he need s to
take to recover f ranc  such failure (not~ to fix the failed equ ipment)
Examp les of such warnings - ‘c i  1 d h e :

— bad input (normally controlled outpu t freezes at last value)

— failu re of a device locall y or remotely install ed , used either
for control or data acquisiti on and list of tags affec ted by such
fa ilure.

— etc.
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Extensive on—line diagnostics are expected to be provided throughou t the
system but should be displayed elsewhere (e.g., “maintenance” con sole ,
local diagnostic panels, etc.)

• In general, the operator should be able to communicate with

— DX control functions

— Supervisory control functions 
- •

— Back—up instrumentation (if and when used)

— His toric al da ta base

The console must include all functions of currently used analog
back—up panels (even in the eventuality that such panel is still
provided).

• The console pr~ cedures must be simple and logical so that operators
should be Ireeu—to the maximum extent possible-from thinking about
the mechanics of performing console functions . This should allow them
to give maximum attention to process operations.

• Some functions , such as manual shutdown pushbuttons and critical
alarms will most likely continue to be imp l emented via hardwired
tec hniques (totally separated from digital , shared line techniques) .
These functions should , howev er , be arranged convenient ly and integrated
into the console area.

Scr eens

• It is envisaged that , because of considerable lead over com-
peting technologies , CRT ’s may continue to be used . Th is
specification, however , does not reject the use of different
technologies provided that they offer display capabilities (in terms .
of resolution , color , number of characters , etc.) at least similar
with high quality CRT ’s, available today.

• The basis for this specification are high resolution, 15” diagonal ,
color CRT. Other sizes are not exclud ed but it should be kept in
mind that space may be at a premium and screen dimensions should be
compatib le with the requirements of:

— Optimum viewing distance

— Operator ’s reach

— Total number of screens

• It 3s expected tha t the minimum viewing dist .mnc e will be 28” (approx.
71 cm) . Under this viewing condition the operator ’s “span of at tent ion”
(5 deg. visual angle) correspond s to 2 .44  In (6.21 cm) measured on the
screen face.
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This should be kept in mind so that multicharacter labels fit preferential—
ly into this field. Ideally, the information associated with a tag,
especially for multiloop formats , should fit into a screen sector
intercepted by the 5 degree solid cone of vision.

The numeric word size associated with this screen sector should not
exceed a max . of 12 ciia m’aceers and for textually coded information
should not exceed a m.ix of 8 chat act ers.

• The character size should be compatible wit h a viewing distance at least
1.5 t imes the m i n i m u m  one specified above. Compatibility of display
resolution and addressibi l ity  of the driving electronics is essential.
Whenever CRT ’ s are used , the addressihillty of the electronics should
be in general b et t e r  than that ot the disp lay so that dots can he writ-
ten to over lap one another in a manner that makes them look like lines
and not a string of dots.  Character size should not exceed 0. 5 cm (0.2 in.)

• Display loading (2 of active screen .ccea) should be optimized around
25%. In addition , change of status (e.g., alarm condition) , sele-
tion of a group of data by the operator (such as a loop) or marmip-
ulation of certain parameters (e.g., set point , output) should be always
highlighted on the screen (e.g. intensif ication of characters , “reverse
video” e tc . ) .  Blinking should be limited to Indicate a larm condit ions
and should be assoc iated with a portion of the displayed information
that is either added when the alarm condition appears or has secondary
importance ’ in relation to the t e x t  be ing highlighted (e.g. , in a hori zontal
tex t  orientat ion of an alarm message , the tag and descr ipt ion shou ld
only be i n ten s i f i e d ; bl inking  may be associated only with say the time
of occurance—appe .ir Ing on the r i gh t of the text—or wi th  a symbol or
character , such as an aster isk , added to either side of the text). It
should be remembered that blinking the entire text , makes it diff icult
to read . Blinking, however , of a symbol on a graphic presentation (line ,
pump, valve, etc.) is perfectly acceptable and may certainly be used.

In general , color coding should also be used to further highlig ht infor—
mat ion of interest and .cssist the opera to r  in focussing his at tention

Response Times

There are several  res pocc ~t ’ tinl’ s associated wi t h the operation from
“shared” type disp lay devices. These are discussed below :

• Call-up of new displays

Basic operating disp i.iys such as overview at unit level , mult itag control
di spl ays and alarm d e c p lavs should have response t imes of less than 1/2
second for new disp lay rcque~st . llcfs means th~er the new display w i l l  ap-
pear on the screen in cemp i et e  forma t w i thin I / 2 sec
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Other d isplays , such as overviews at multiunit leve l, mult itrend (plot)
disp lays or graphic presentation of process diagrams may have somawhat
slower response time. This time should normall y be between 1 and 2 sec.
During periods of high y stem loading, a response time in the range of
2 to 3 sec . will still be acceptable but this figure should not be con-
sidered as design objective . Whenever , the response t ime exceeds 1 sec .,
either an immediate feedback should be given to the operator (so that
he knows his request is be ing proce ssed ’ or the d isp l ay shou ld be built
gradually and completed within the stated response t ime .

• Updat ing of displayed information

Ideally, updating of the disp layed information should be consistent with
the frequency of tag processing . For example , from an operator ’s point
of view there is no point in retrieving and display ing a piece of inf~-
matiort say every 2 sec., if this information is processed every 16 sec.
On the other hand , syncornization of display updating with the frequency
of tag processing may add considerable complexity and should be considered
in connection with the other components of the control system and only if
there are advantages to be gained in terms of utilization of available
re sources.

Display updating in the range of 4 to 5 sec. has been found generally
acceptable even for tags being processed several times during this time
interval. If a fixed update frequency is used for all displayed informa-
t ion, the above figures should be used .

• Response time under direct manipulation

Dur ing the “interactive” mode, operators may change certain parameters
assoc iated with a tag such as for example change the control mode ,adjust
manually a set point or the output signal to a control valve.

Whenever the operator manua l ly changes an adjustable parameter , the new
value of this parameter should be updated on the screen within 1/2 to 1
Sec . of the change . These new values should represent confirmed “echoes ”
transmitted back from the device that will process the requested change .

The need for executing the requested change within the above stated inter-
val is a more complex matter and may not be generalized for all cases.

In general operator initiated actions for tags in automatic contro l such
as opening a cascade link or changing the hierarchical level of control
impleme nta ti on (e.g. , passing from automatic control performed by the
“bac k-up” instrumentation to automatic control performed by the computer
or vice-versa) should be executed immediate ly by the device that process
the tag . The same holds true when trans ferring a control tag to manua l
mode . On the other hand , a set point change may either he registered by
the device processing the tag ,to be used later on when the tag is scheduled
to be processed , or cause the tag to be processed immediately. The la t t e r

--
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case is not required if the tag processing frequency matches the lag
in system response and should have no effect on human operators (in
terms of “grow th of uncertainty”) since their behavior has been found
to quickly adjust to the particula r system lag.

For control tags transferred to manual mode, operator initiated changes
concerni ng the output should always he executed immedi ately , independ-
ent ly of any preassigned frequency for tag processing .

In addition , under manual control of a process variable operators ’ un-
certainty increa ses and ,consequent l y , also their need for more frequent
process feedback especial ly when the variable be ing manipulated is near

• the l imits of its tolerance range . The same holds true when in an emer-
geney the operator fully shuts a valve and expects an immediate feedback
from the process , to verify if his control action had the desired effect.
In manua l mode , therefore , and under d irect manipulation of the outputs ,
the process inputs associated with control tags directly outputting to
the process should be updated on the screen at least every second .

Ideall y, the frequency of this updating needs only to ma tch the system
t ime l ag aiid the r a t e  of growth of uncertainty of the operator for each
cond iti on. Howeve r , quite extensiv e knowledge of the factors contributing
to uncertainty is needed to form even approximately real ist ic est im ates.
The above figure , therefore , althoug h not øpt imfze d for “minimum samp ling”
condit io ns , wi l l  o t f e r t he freedom ot unrestr icted visual sampling .

S a f e t y  Inter locks and Pacing

It is envisioned that severa l interlocks will continue to be used ,
either to prevent accessibility to certain parameters or to force the operator

• to use certain console procedures.

This aspect should be carefull y considered since it has considerable
effects on the human operator . The operator is said to be “paced” by the machine
if he has little choice of what to do , how to do it and when to do it. On the
othe r hand , the oper.itor is said to be “pacing” the machine if he decides on
his own what to do , how to do It and when to do it. This leads to the follow-
ing considerations:

• To the maximum extent possible , ri gid procedures should be avoided by pro-
viding multiple choices for the execution of a task.

• The operator should be given the maximum possible freedom of building , al-
tering or adding displays as well as changing the way they are cross-re-
ferenced.

• Safety Interl ocks should never hi-’ designed as unmoveable blocks and their

conintssioni ng should be Ic f t  t o  the ~,se r.
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• Whenever the operator uses the wrong procedure causing the ac t i va t i on
of an inter loc k , a message should he generated telling him not just

• that he made an error but aist’ wha t to do or why it is not allowe d to

proceed . For example , if c hanging of alarm l imits is protected agains t
unauthorized changes, the message on the screen should not simp ly say,
“illega l entry” but should also explain why it is illegal , as for ex-
ample , “password is needed” or “access interlocked by key ”. The above
consideration should also be applicable to the design of other consoles
such as the engineer ’s console, etc .

Hard Copy

It should be possible to obtain at any t ime a hard copy of any dis-
play information. This hard copy should be pre ferentially an exact rep lica
of the information being displayed on the screens .

Time Indication

In genera l the time and date should be displayed with each display
format.

Reports, Logs, History and Messages

In genera l, logs ,reports ,history and various messages (such as histori- -:
cat data , hourly averages , daily averages , daily reports , etc.) should be stored
and generated by other devices of the distributed system. The user should have
the ability to generate his own formats to suit his specific needs using separate
a lphanumeric peripherals.

Unless specifically stated in this specif ication, the above data  are
not intended to be displayed on the operator console ’s screens. The operator ,

• however, should be able to request their presentation from his keyboard so that
they ca n be d isplay ed v ia other per ipherals of the system , such as high speed
pr inters .

The description and/or definition of the various types of logs , re-
ports , etc. , is outside the scope of this specification and in general is part
of the functional description of the distributed , multi processor system. As
far as this specification is concerned , it will only address console related
actions that should be logged , t he general nature of messages to be presented
to the operat or and the display format of relatively short term historical data.

• Conso le related logs

The purpose of the se logs is to enab le the reconstruction of events that
had involve d the human oper ator . In su mm ary, are t he following:

4 

-- _  _ _ _ _ _ _ _  L - -
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- General Alarm Log

Any alarm event , including ch i nges of alarm limit , inhibition of
alarms or set t ing of alarm c~ ndit io ns to “invalid” status should be
logged in sequence and kept in bulk memory . This log should retain
the last 5000 events. .-\ subset of this log should be available for
display on the consol e ’ s •eus (See “d i sp lay chara c ter is t t c s ” for
details).

- Console Log

A l l  keyboard i n i t ia ted  changes or entr ies should also be logged in
seque nce . This log should reta in as a minimum the Last 3000 key-
board m t  ij ted .‘c t i otis ta r  each console.

D I S P L A Y  dMA R.~CTERl STIC s

Generat ion, Processing m d  P rese n ta t i o n  of Alarms

Ala rms  are in  general a form of condensed information tha t is pre-
sente d to  the operator  in a manne r re1uiritig minima l search and ident i f icat ion.
Lenghty messages are not alarms and should  never be used to alert operators
of critical conditi ons . Alarms should he interpreted at a glance and shall
not require stud y of the text or exte~isive search by the operator .

• Alarm processing for display purpose

- It should be possible to assign up to 2 different levels of priority
to each alarm (whether indirectly or directly generated) for disp lay
purpose as follows:

Priority 1: Critical alarms , associated with immediate identific ation
of conditions that may result in injury to persona l , damage
to process equipment or large operating debits.

Pr iority 2: Important abnorma l conditions that must be acknowled~ t’d by
the operator ai~ l ass is t  him in initiating actions that
would prevent the development of serious upsets.

Generally, the condition being a larmed will not result in
an ininediate ~l i s a s t e r  on the unit and required react ion
may occasiona lly be slowe r than reaction to Priority 1
alarms .

For displ ay purpose , all other abnorma l conditions t o be d isp lay ed
should be consi dered as “message s” , discussed later on in this speci-
f ication .
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- It should be noted that other alarm prior ities may be associated with
j p _roc~ ss_ij~g but these should not be confused wi t h the d1spj~~ ~~

j
orities ment ioned above . The purpose of alarm prio rities associated
with tag pr~~css i ug is outs do the scope of this spec it icat ion , hut ,
in genera l , t-hey may be used t o  de te rm ine  which condi t ion , if any ,
should be displayed to thc operator. It should he also noted that
alarm conditions havi ng l i li ere n t pro esittig priori ties may very well
have the same “disp lay” priority, as defined in this specification.

- During configuration of the da ta base , alarm conditions associated with
any tag, should be individu ally coded for dlspl.m v priority level.

- It should be possible to change alarm priorities from the console ’s
keyboard on a single tag basis. Provisions to prevent free access
via interlocks should be included , but the decision to activate these
interlocks should be left to the user.

- Alarm priority should affect alarm presentation in accordance with the
guidelines listed be low (see alarm presentation) .

- Alarm limits , whenever adjustable , will be accessible from the console ’s
keyboard . The same holds true for adjustable dead-bands (or time delay)
associated with the change of state of non-adjustabl e contacts tsuch as
field switches) .

- Alarm inhibition should be possible for any alarm, independent of its
priority, either ind ividua l ly or in groups .

- Any change of alarm limits or alarm inhibition should be automatically
logged. This log should be available for display on a screen at any time
and should retain a history of the last 30 changes or at least sufficient
enough to cove r a period of 48 hours . Provisions should be made to clear
this log from the keyboard .

- Modification of alarm limits , inhibition of alarms and clearing of the
alarm status log mentioned above , should be in general protected by in-
terlocks to prevent free access. Activation of these interlocks , however ,
should be at the option of the user.

• Alarm messages

Any abnorma l condition that ,if not acknowled ged by the operator, may affect
optimum control ot the units or may lead in time to priority 2 or priority
1 conditions should he cons idered as “alarm message ”.

These messages may have variable formats to suit the specif ic type of info-
‘nation to be presented to the operator and in genera l they should not be
limited to text forms .

Alarms messagcs ,should be used pre ferenti all y to ind icate  to the oper.i t or
what sort of action is rcconsnended or what is time p r e d ic t e d  c i  f ec t  .mnd not
just describe the condition that is in abnorma l status.
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• Alarm generation

Figure 3 shows schematicall y how ala r’~s are generated in current , computer
based control conti~ mr atio ns w i th  analog “back-up ” instrumentation. The
use of  microproces sor - based , d i t~i ta l  ins tt umenta t .i on  may introduce new
options which may or mnay not be used , donomi d ing on the degree of so f tw a re
integration between c omputers and us t ume nt m~ ion and the use of the t ns t ru-
ment ation data base .

It should be assumed that in future co~ tr4 configurations a certain number
of process alarms , generated by on-at type sen,;ors , may s t i l l  be h’ndwi red
t o  indepe ndent a~ arm log ic cards driving dedicated windows. These alarms ,
however , shou ld also he d i s p l aye d  on the console ’ s scree ns . In ge neral , con-
t a c t  I - i p - a t  a s - S o c  ate ! with process alarms could be brough t into the console
either vi a a dxg i r .m l 1/0 box c~~nn~ ct ~ d to  the med ium speed bus or the high
speed !~ns or vi.i .i:i 1/0 peri pheral , s uppar t ed  d i rect ly  by the conso le pro-
c e s s o r ( s )  -

It is expected that all other alarms shc’u~ d be acct’ssihle via the dig ital
communi cation suhsvs tetn , us i ng. the comnuni cation pot ocol establi shed for
digi t a l t ra ns a c t i o n s  with other dev ices connected to the communication
subsvs em -

For so f twar e  ~c -em : ted alarms ~~~ the distributed multiproce ssor system ,
it should he noted that the inforiaatL~ n t o  he displayed may be uniquely
de te r m ined  ~v the leve ls  of p r i o r i t y  ass oc ia ted  with tag processinS or
other software programs .

To the m a x i m u m  e.stt ’ i t  possible , alarm generation , limits and status (i.e. ,
active or inh -mh it e - !) should be kept in one location of the system ’s distri-
buted data nose it’d aut omaticall y upd~~t~ d when changes are made from any-
where in the svstt ’m.

• Alarm present ation

As it has been p oint ed ‘ut be fore , several alarm l imits may be associated
with -m sing le tag. It v’as als o r’iade c l e a r  that imot all these conditions
should nece’ssari lv he pt ,‘sent  od to the operator as alarms . Several may not
be displ ayed it a ll and cnlv used 1w the control system to I iitiate control
actions or eventuall y to generate alarm mess .mge s. However , whenever more
than one of these conditions is to he disp layed to the operator (either as
an alarm or as a message), the present ation should  be consistent and logical
such as to:

- avoid redundant presentation if one condition is the logical consequence
of another.

- at t rac t  the at tent ion of the operator to the more severe condition.

- inform the opera tar about the ~a I i !  i tv of cert ain displayed conditions If
this becomes quest ionahle as a re -ult ci .mnot her eve nt .
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For examp le , if a bad i nput is detected during tag processing (e.g.,
transmitter failure causing the input signal to drop to zero), several
other alarm limits that may be associated with this tag, will be event-
ually violated , such as low input , race of change or deviation. In
this case , however , the detection of these abnorma l conditions is not
only the logical consequence of the first one (bad Input) but their
validity is at least questionable. The only information that the oper-
ator really needs is that theri~ is a suspected equipment faIlure and
should not be given process oriented alarms (which in fact may not be
true). Indeed , if an alarm is associated , say with the low input
condition , it should be set to “invalid” status and this should be clearly
indicated on all display formats on which this alarm condition may be shown.

It is envisioned that a niunber of screens (at least two) will be normally
used for display ing alarm conditions. The procedure to select a screen
for “dedicated” disp lays will be discussed later.

(a) Priority 1 alarms

- Priority 1 alarms should automatical ly ampear on a selected screen
or portion of this screen (no operator a ‘-an).

- If an alarm is also hardwired to a separate alarm system then:

+ this system should he either m ounted on the console or installed
close to the console (readily visible).

+ it should be acknowled ged liv the s~-nne keys or pushbuttons used
with the console ’ s screens.

+ it will not be affected by any console failure mode.

+ it will not a f f e c t  the operation of the console in case of total
or partial failure.

- - Such system could be ,for examp le , a miniature type annunciator pane l
(e.g., 3/4” x 3/4” wind ows), comp letel y divorced by the console
hardware and software except as mentioned above .

- Alarm message on the screen will not occupy more than one horizontal
line and will include tag I.D., descri ption of alarm , type of alarm ,
and time of occurrence.

- New alarms will .Ippear at the top, push ing down previous alarm s and
will be highli~~hte d as described previously (blinking, color coding,
etc . ) .

- Alarms will remain on the screen when acknowledged and wi l l  d isa ppea r
when alarm condition returns to normal. Empty spaces iii the s t o c k

- - will be occup ied by existing alarms that may he displayed at that t ime
(push-up).
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- The screen (or its used portion for pr f ority lalarms) should have a
disp l.my capabi lity optimized for 20 alarms . If overflow occurs ,
the a larm listing w i l l  cont inue on a next page and this should
be indic a ted on the screen (e .g. ,  page 1 of 2 ) .

- If the same milanu repeats its e lf , only the latest occurrence wi l l
he retained on the screen. The en t i re  sequence , however , shou ld
be kept in memory and presented as milarm log on demand (hard copy) .

(b) Both priorities

- Any alarm w i l l  a c t i v a t e  a mat r ix  of Individuall y address-
able elements such as a mat ri x of hackli ghted pushhut tons
Although this specif icati on does not exclude the use of any
spec i t  Ic methods I o imp i ement t h s mat r i x , the desi gn
should meet the basic ftitmct1 ~imm. ’l requirements described later on and
must be con sist cnt with the design crit eri a concerning the interaction
between the modules of each camiso le l i s ted  prev ious ly .  For s ’mpl ic i ty,
th is matrix Is rt’ t yr red t o  In this spec i f  icat I on as “pushb u tton
matrix ” . The “pushbuttons ” of the mat rix may have other functions

- 
when the . tssoc iated screens are not selected for alarm displays .

- The shove ma trix shou ld contain a number of active buttons consistent
with the alarm data base . Each b u t t o n  will correspond to an alarm
page and used to c a l l—up thzi t p.mge onl y. A minimum disp lay capaci ty

— of 20 alarms i>er page should be provided but hi gher densities are do—
finiti vel ydes ir .ih!ew hen dc.i liugw ith a large data base. The buttons
wil l  have an ISA-I flashing sequence (sOnme as pane l animunicators)

- The alarm pages will have the following characteristics:

+ will continuously disp lay all togs assigned to the page.

+ wil l  highlight the tag in a l ar m  condition (blinking, color cod ing,
e tc.)

+ will ind icate the prior i ty of the tag in alarm condition, pre ferab ly *

via co lor coding .

+ it will be possible to inhibit alarms , addressing the tag on the
page . InhIbited alarms should be clearly identif ied , pre ferably
bo th via tex ’-ua 1 and color coding (sugges i’d color: blue)

+ it should ind ica te “ i nvalid” s t a t u s  of alarms , again via textual
a nd color coding.

- - - ._-.. --o ~ ~~~~
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+ it wi ll indicate the code or page number of multiloop displays
assoc iated with each alarm as applicable.

+ the forTm t of each horizontal line should be the one described
for the pr ior ity 1 alarms .

- The matrix of lighted pushhuctons will act as “group” alarm dis-
play and will have realarum features (flew alarm s will always
initiate a flashthg sequence). Acknoiwed ged alarms will be in-
dicated by steady lights.

The priority of the alarm initiatiTig the alarm sequence will also
be indicated on the alarm matrix (same color coding as the one used
on the screen). Pages containi ng inhibited alarms should also be
identifiable at the “group” alarm matrix.

- The last row of the matrix should be normally associated with
special function keys . These keys will have the same functions
for all keyboard s and should normall y he used to selec t a screen
for special purpose displays (e.g. , priority 1 alarms).  One of
these keys should be used for immediate call-up of the multiloop
display, which is logicall y associated with the alarm condition.
This key will have the same function on any given keyboard .
and will always call-up on the corresponding screen the mulciloop
display associated with the first unacknowled ged alarm condition
that may exist at that t ime . if more than one alarm condition
exist , the multiloop display that will be called-up will correspond —

to the alarm condition having higher priority.

- Alarms will be acknowledged by pressing the corresponding matrix
button or the above mentioned special key . The audible signa l
will be silenced immediately hut the visua l coding associated with
unacknowled ged s tatus (such as blinking) will remain on the addressed
display for at least 4 sec. However , it should he also possible to
acknowledge priority 1. a larms appearing automatically on anothe r
screen from the keyboard of that screen. This acknow1ed gement will
not ca ll—up the alarm page conta in ing the same alarm hut will switch
to acknowledge status the corresponding matrix button(s).

- The alarm condition, whenever is direct ly assoc ia ted w i th  the pro-
cessi ng of a tag (e.g., PV of a control tag excec’ding its alarm
limits) will also be highli ghted at (a) the “overview” d isplay leve l
(if contains that tag) , (b) the multi loop disp lay containing that
tag and (c) the single tag d isplay level.

— If an alarm condition associated with a multiloop disp lay occurs
while this display is being shown on any screen , the ala rm status
at the multiloop display leve l should .mlso he highligh ted (blink iop ,
co tor coding e tc . )  Select ing ~~~ loop on this d isp lay w i l l  ackimow-
ledge the alarm , and no further acknowled geme n t will he’ required ,
provided that other alarm conditions d~ not  ex i s t ,
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- Simi larly, if the alarm condition occurs while an overview di.-
play containing the a~.s oc iato ml tag is bei ng displayed (on any
screen) the above condit ion should be indIcated by blinking the
group contaiim tng the t,1g in question. The alarm will again be
ac knowledged whe n passing from the “overv iew” level to the multi-
loop leve l with the same procedure mentioned be fore (audible
signal sile nced , visual coding changing to acknowleged status
after 4 sec.)

- The priority assigned to  each al.inu condition will be ind ica te d
not only v isually  but a lso au d i b l y  ( i .e . ,  different audible
signa ls for d i f ferent  a larm priori t ies) .

Id eally , it should be possible to ad lust the frequency, t one end
loudness ot the ~.udihlc signals.

Each console should have c lea r ly  distinguishable audible signals
from other consoles in the same contvo l room . These signals should
he a~~ ociated with each console ’ s “norma l” data base.

• Presentation of a la rm message s

- It should he possib le to  disp lay these messages on any screen by us i ng
the key board .icsoeiati’d with that scr een.  Th~ existance of a message
waiting to he disp lavi ’d should be visual ly ind icated on each keyboard .
In p.etwr.il , . m m , , I i b l e  signal s should be avoided for messages. Cal l—up
should be pre t t c r e i mt  iii ly v i a  single act ion .

- If a split screen is used for pr iority I alarms , the lower por t ion of
this screen may he used to (tt~~ *l 1 Y alarm messages.

— In general , mncssaw’s should not be disp layed automat ically ( operator
ca ll — u ~~ . It should hi’ p * ~~s tHe , however , to t i lt  t eront late between gen—
c rat a la nn me ~. a go s a mmd mm ’s s a go s as sac i at i’d w I tim i’qu ipn~ nt ía i lures
( t t s t ’~ of a f fec t ed  t ags , et c .~~.

• lnvnltd A larms

— I nva lid  .i l.irrn rend it ions shomi hI  be Indi cated on all display fonuats on
which ~nc h ii .mtm rood It r~ns -ii i’ norma 11 ~ dl s rtayod , In addition , a

~pocial lop., it  st I img ii i twa  lid a 1 ann e ondi t ions (not to he ~~~ fused
with I ith I b i t ed a 1 .m t ins ‘ P x I st I og .1 t a imy t tme milu-mu lii be’ ma I nt a i ned and
di~ plnyud on request.

— The ex i s t  a nrc of I mmv. - m l id  a I a rms simm -mu iii hi’ preferentia l ly I ud ic.i ted on
the a 1.1 rm mat n ix (5.1mm’ cal or cad I ag ,T S t lit ’ o~~e u sed ø~ thC 5Ct’Ci~fl~ . 1 f
no ot her warni mmg Is a v a i l  .ihl e , the a I arm ,- ,‘iiii i t  I on be ing i nv.m Ii dat ~‘iI

~bnu lit ( t i  i t mali ’ an a I arm ‘.c ~pu’ mit e t o  be at’know I edged as with va L t d
at .,rm c ~ u,i it I ‘ma ; ‘I

—
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Suum~ary of Alarm Handling

In conclusi on the main characteristics of alarm processing and
present ation can be summarized as follows :

• The alarm pushbutton matrix (group alarm) and the associated alarm
pages will be equivalent to scanning pane l mounted annunciators.
Pattern recognition is , there fore , maintained at both the matrix
and alarm page level .

• The priority of the alarm condition will always be indicated both
visually and audibl y.

• Color coding should be extensively used to highlig ht alarm conditions
together with other visua l coding such as intensification and/or
blink ing .

• A larm conditions may appear in several formats and should be acknou~ledged
in a logica l fashion, avoiding unnecessary steps .

• Maximum flexibility should be retained in assigning to any given screen
the role of displaying priority I or prearranged alarm pages. Time of
alarm occurrence will be indicated in both type of disp lays.

• Immediate access to the appropriate type of disp lay for verification
or action will ensure minimum time spent for search and identification.

• ~edundant presentation of alarm conditions should be avoided if one
condition is the logical consequence of another.

• Invalid alarm conditions should be clearly indicated as such.

Overv iew Capability

• Devia tion type

- Surveill ience o f a large number of variables shou ld be via “over-
view” type displays. The basic overview display should consist of
prearranged groups of variables - corresponding to multitag (multi-
loop) forma ts - that will be displayed in dedicated sectors of the
screen. The parameter used should be the deviation of a variable
from its set-point or target.
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‘the d iv  t.mt ion’ . sbt ’tt Id h~’ mown • m ~ ; ~‘e rt  teal bars extend imp. from
a h o t  m emi t  .m l .~ ~~i a - thy  .1 ii ‘~ I i t m o .  h it’ im .m x imuni number of
variables /group should correspond t o  the max number of tags that
should he .m S giu’d to  mul t It .mg fe rmium t s . Tb is number should be pre f—
ferab y ~ but c atm 1 ~1 be :ms lii g h m as 1 ( provided t hat viewing c la r i t y  1;,

not co~impm emised ami d tli.i t the m ul t ita~ tonnats contain all the
informa t ion (see mul l i t  .mg di .1’lays ’ without overloading the screen.

— It should he p.’ss i hie (a  as s i gn any mu l t i tag group to a deviation type
disp lay I ndepeim ~t cmmt Iv at it s sm -qu i nt to I number in the console ’s data
base. The pra~ edure tar hut I ding em modify ing this overview ci isplay
should he s imp 1~- anti .mva ii al’le it  am t lie keyboard for online reconfig—
uratt . ’ m - m Time ~

‘
. In da ’v i a t  to i i  requl red to  produce a given excursion

should he I mid ivi dual l y progr~unnmahl e for each variable from 0 t o  1007..

— A norm .m Ii :,‘.i bamni of a~
- t - e pt  .mI ’l e dt’vi at ion should be clearly identified.

Deviat tons i’xc ~ ’e~d i t ig t im i s  baud will cause the corresponding group to
change ci isp 1 .mv c a l  ‘i “ - g. , f roni g~~m ’t’ ii t o  amber) . However , none of the
c ha t . ,c t i ’ t m s t  u-S a t .mlmrm st. mtum s (stick .ms blinking e t c . )  will accompany
t his r.mt iii ig nit1 ,‘s s  t hi’ i~ x c t - i -dt ’d I t i n t  happens also to be an alarm limit.

— The :ir - ‘ ~Iev t i t  i ‘ii’’ re en,’ tmee ’i l i n e s  should he clearly separated one
fr om . m m ’ t  hi et~ t o iii ! C .i t e i’m t - lm g rotip . t~’ i thin a group , this line should
be I mir h’ r ~m it ,t i v i  .ied lii sm.i 11cr portions such that each portion should
cont .i in no mote  t ito n ~ v.1 r .ml’ 1’s . ‘

— It sImon Id b~ pass i i - m it ’ It’ .mss ig n  to  any screen the role of disp laying
deviat ton t y p e  ‘ ev i -m ~- iew ’’ d i sp l.mvs oi timer by using the standard key-
board or 1w usi mig ammo of t ime spec ial funct ion keys (last row of push—
button mat rix ’t . in th is t’ .iSi’ the screen wil l  “lock” to the “overview”
disp l.mv unless time ken is ag.m t n depressed . The key should be back i i—
lumtn.’itt’d wi th  t im e  I ight  “on” in the locked position.

— Each group on the evervi ow di sp i an w i l l  he addressable via the push—
butt on m atr i x do se i l’ ’d bet ‘c.- . Iii tb is cast ’ , the act ive keys should
he used to  ca l l  — U~~ 0.mc!i group in  the format described under multi tag
disp l.ivs -

If the screen I “locked’’ , t i m e  mu it i t ~m g I orm.u t should normally appear
on another i t  i t’i’Ii ass Ig ned  pee it i t o  l i v  t o  nut  t i t  .i~ ci isp l.iys (~ eai n
vi.t a spec i i i  t u m i t I 10mm 1~.-v ) am .ummv ‘‘ t i % l . m : - s  i g m m m d ’’ sci t’ i’mi by default
opt ion. Otherw i so , the n i t  I l it .mg d isp I on will appear on the sanc screen,
repl acing the overview di ’.p l.mv.

— fioth the groups on time sc ri’ i f l  ,m mmd t lie pumshhu It tins of the matrix should be
numbered for ‘a s i  er ident i i ca t  i ’  — (~rouIp dose t ip t  ion will emily .ippc.i r
on the sc m-~’t’ mm ( .mpprox . $ ~- 1i. m .m~ I c i  di ’ ~~, m- pt to ims /group~ , not on the mat r ix .
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- As mentioned before . certa i na larmn conditions wilt also appear on
the overview display.

Any group containing a tag in alarm condition will be highlighted
(blinking, change of color etc.) The correspond ling pushbutton on
the matrix will initiate an ISA-i flashing sequence .

- The deviation type “overview” is intended for the “unit surveillance ”
operating mode . Its overview capability may contain 2 50-350 key
variables , but should be optimized for 320 variables. The upper
limit should not exceed 400 variables .

- At least two pages should be available at this level of display,
selectable on demand . However, more pages may be required , depending
on the size of the data base.

• Bar grap h type

- This overview display is mainly intended for “unit monitoring” and the
level of detail should be between the deviation type “overview” and the
multitag format.

- This display should be optimized for 64 tags displayed as groups of vert ical

- 
bars representing the Input (i~t’istmred or calculated). The set point (or
target) and the operating mode (or control ta gs should also he indicated on
this format • The groups should .ippe.m r in preassigned sectors of the screen
addressable via ,-i set  of ded lt -at e ’d k & v s  tha t wil l also he used to address
the individual tags on mu lt i tag  d isp l .mve .  The addressed group should b~
displayed in the format described under nu lt i t ag  displays.

— Alarm conditions will also he shown at this level of disp lay (highUg ht ed
by color coding, blinking, etc.)

- The alarm condition will also be ackn owled ged when a group is addressed
via t his set of selection keys.

- At least 20 pages should be available at this level of display, but
eventua lly additional capacity may be needed , depending on the size
of the data base. Biderectional “pag ing” should be possible via paging
keys.

- It is expected that a certain number of pages should have a logical
association with the grouping of tags used in the deviation type over-
view. (i.e., the s.it’ o groups of tags arr .-inged in the same numerical
sequence). In genera l , howe ver, this association should not be rigid
and complete flexibility should be left to the user to arrange time
groupi ng of tags in any des ired way. Thc conso le software , howe ver ,
should allow the option of group association between the two hierorchial
overview levels , suc h tha t group al location for one is at the same time
implemented for the other.

in general, the disp lay capacity at this hierarchial overview leve l should
exceed the display capacity at the deviation overview level.
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- 
- The library of pages a t the “bar graph” overview level should also

be addressable via the pushbutton matrix. The matrix will automati-

-
~~ celly become a page directory whenever the associated screen is dis- -

playing this overview format. The active buttons should be clearly
identified and should maintain a logical relationship with the ar-

•rangement used for the 
“deviation ” type overview whenever the two

hiera rchical overview levels are assoc iated as mentioned be fore. —

- It should be possible to use any “unassigned” screen for display ing
this overview forma t using the associated keyboard . No s pecial
funct ion key is required to lock the screen to this overview level.

- Call-up of trend disp lays should also be possible via “display
association” with other display formats (see multitag and trend
formats).

Multitac~ Formats

• This disp lay format is intended to be the main working forma t for “in-
teractive” and “emergency” modes .

• The tags should be presented in digital/bar graph combination format,

• The tags shall he addressable by a set of dedicated keys, one for each
tag and located in such a way as to m~ke the correspondance between the
sector of the screen occupied by a tag and the key itself , unique and
unmistakable .

• As a minimum the follow i ng information should be shown in the graphlc
portion of the display :

- Input (vertical bar graph)

- Output (vertical her graph)

- Setpoint or target (vertical bar graph or horizontal marker)

The shape of these bars should be clearly differenti ated so that visual
interpretation of the disp layed parameter is facilitated..

In general, a larm limits (if app licab le ’) should not be dis p layed on thi s
format except upon request. If these data arc superimposed on the main
graphic portion, they should he presented in such a way as neither to
mas k nor confuse the displayed information. The superimposed information
should be visible as bac1~ground by us i ng appropriate display techniques
such as lew intensification and/or dark color . For superimposed data ,
the presentation should be as follows :

- Input alarm limits (horizontal markers or vertical bar next to the I nput).
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- Output limits (horizontal markers) .

- Set point limits (hor!zontal markers or ver tical bar , complemen ting
the set point presentation , i.e. , if the set point is shown as hori-
zontal marker, the limits should be shown as vertical bar and vice-
versa).

As a minimum the following information should be shown in the digital
portion of the display:

- Tag I.D. (6 alphanumeric characters , max.) .

- Description (8 charac ters - see also footnote).

- Engineering units (5 characters)

- Input , expressed in eng. units (7 characters max. including decimal point
and sign).

- Set point or target expressed in eng .-units (same as input).

- Ratio coefficient or bias coefficients (6 characters when applicable).

- Output in eng. units (7 characters, only when cascading a secondary loop).

- Output in 7. (6 characters , including decima l point and sign).

- Operating mode (Auto , Manual, Casca de , Computer) .

- Back-up function (if and when app licable).

The following information should also be indicated on, or easily deducted
from the display by using symbolic coding (shape) or color coding or other
appropriate techniques:

- The provenience of the set point for cascaded control tags, (such as from
a supervisory program).

- The degree of freedom for parameter manipulation under current operating
mode .

• The graphic portion of the multitag format , should be replaceable on demand
by a deviation type graphic disp lay. The deviation should be shown as a
ver tical bar , extending in two opposite directions from a reference (i.e.,
zero deviation) line.

Note : A full description (24 characters max.) should be usua lly provided. This
full description , howeve r , may only appear at a preassigned screen area
when a tag is selected , in order to keep the rest of thed isp lay ”clean ”.
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• The lower por tion of the screen should be used to indicate the associated
disp lays with the one being currently disp layed .

At least up to 4 associated displays may be used in connection with any
given multitag disp lay . The associated displays can have any of the fol-
lowing formats:

- Multitrend

- Bar graph overv iew
- Multitag

A set of 4 dedicated keys should be used to call-up any one of the “associated”
displays. The associated displays should be normally displayed on those
screens assigned to trend disp lays and by de fault option to any “unassigned~’
screen. However , they could also replace the multitag disp lay on the scree n
being used for their call-up if the operator chooses so. For this purpose
a 5th key should be used to lock or un lock the scree n from the d isplay be ing
current ly displayed. This locking func t ion  should only be appl icable in
connection with the presentation or “associated displays”. A 6th key should
be provided to al low inmiediate return to the “previous” d isplay. The “re-
turn to previous disp lay” key should be always active and should apply to all
types of display formats.

• Any a larm condition associated with a tag should be highlighted directly
on this display format. The pre ferred method sho u ld be to associa te the
a larm condition with the graphic portion by highlighting the parameter
caus ing the alarm; the digital portion, however , can also be used.

• Shared keys can be used for mode changes , set point , output etc., but they
should be kept well separated from any othe r cluster of keys.

• Changing of set point and output should he poseible by any one of the fol-
lowing methods :

- Slow ramping ( increment/ decre ment key)
- Fast ramping (separate increment/decrement keys)
- Full value (via alphanumeric portion of keyboard)

Full value changes should be shown on the screen next to the previous value
and after visual c~ nfirma t ion by the operator should be entered (“enter”
key) .
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• The multitag disp lays shou ld a lso be

- Configurable from the console ’s keyboard (add , delete or change a tag)
via simple procedures so that operators can build or change them as
they wish .

- Listed in special formats (library).

- Identified by general descri p tion and numbered .

• The number of mul titag pages to be provided should be consis ten t wi th
the size of the data base and as- a minimum should cove r the total number
of cont rol and information-only tags , inc luding calculatcd tags . In
addi t ion, a certain spare capacity should be provided to be used by the
opera tors to build dis p lays of their own choi ce as condi t ions may dic tate .

• Paging (both directions) should be provided (same keys as for bar graph
overview) .

• All mul titag displays , whether corresponding to overview groups (call-up
via push button matrix) or not , should be addressable for call-up at any
time via the console ’s keyboard . The procedure should involve one func-
tion key and the alphanumeric portion of the key board.

Multitag Formats For On-Off Control

Control of pumps, MOV ’s and other two state control devices will
be normally from a different display format having the following basic charac-
teris t ics:

• Both states should be indicated by textua l, symbolic and color coding - 
- 

-

(such as , for ex amp le , two squares , labeled and color coded) appearing
on the grap hic portion. The digit al portion may include : equipment tag .
number , rpm, amps , output pressure , suc t ion pressure ,etc. Except for the
equipme nt tag number , other information may or may not be disp layed but
provisio ns should be made to allocate appropriate screen space for their
inclusion if app l icable.

• Intermedia te state should be indicated with both states activated (e.g.,
both symbols colored) .

• Color cod ing should be in general as follows :

- Green : equipment running (pump, mixer etc.); valve open

- Red : equipment not running (or tripped ’); valve closed

- Both green and red: intermediate state (11)V ’s).
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- Blue : equipment not responding to remote cousnand ~ may or
} may not

- Amber : equipment under local control J be used

This format should be again optimized for 8 tags. Each keyboard
ihould include separate keys (shared by all tags) for the execution
of c onmiands such as start , stop, close, open. Operation of MOV ’s
would normally require 3 keys (open, close , stop). Operation of
a two state , motor driven equipment (such as a pump) ,will, only re-
quire two keys (stop, start) .

Single tag displays

These disp lay s are very seldom used by the opera tor and are
mainly intended for application engineers.

From this type of display, operators may ha~e access to data
such as:

- Alarm limits

- Applicable indexes for deviation type overview

- Tuning constants

- Loop parameters (ratio, bias , filter time constant, ou tpu t limi ts,
integral limits e tc . )

Interlocks preventing free access should be at least applicable to

- Alarm limits

- Tuning constants

- Integral limits

Specia l single tag displays should also be available as for example for tank
gauging applications. These displays should be normally limited to 30-40 for
onsites applications. In ge neral they will include more than one input (e.g.,
level and temperature of a tank) .~s well as calculated variables (total gross
volume, total net volume , specific gravity etc.)

Tre nd Formats

• Multitrend Displays

These disp lay formats .,. intended to replace pen recorders. The display
character ist ics of these formats can be surnarized as follows :



-
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- The forma t should be capable of supporting simultaneous trend dis-
plays of a number of variables at least equal to the max . number of
tags used in multitag formats.

- It should be possible to confi gure these formats in advance in the same
tanner as with the mu ltitag disp lays and with the same ease.

- Any screen could be selected for displaying trends , either by using
the standard keyboard or one of the special function keys of the
matrix. A second function key should be normally used to predispose
the screen to automatically accept requests for presentation of “as-
sociated” disp lays generated from other screens.

- Call-up of multitrend disp lay s should be:

+ Via the pushbutton matrix of the screen selected for trend disp lays
(single action) .

+ Via the keyboard (e.g. , “trend” function key & display code) .

+ Via association with other display formats.

- The same considerations , listed for the bar graph overview and con-
cern ing the group ing of tags , should also be applicable to these dis-
play formats . In general , however , a lower degree of association is
expected between the grouping of tags for overview or multitag format
and multitrend formats.

- The number of pages to be provided at this level of display should be
consistent with the size of the data base. As a minimum it should
cover 207. of the total number of control and information-only tags.

- The library of pages should be addressable from the pushbutton matrix
whenever the associated screen is disp lay ing a multitrcnd format. The
active buttons should be clearly identified .

- The “display association” feature (see multitag d isplays) should also
be app licable to multitrend displays .

- All variables disp layed on a multitrend format will always appear with
a minimum of 2 hours h istory and will rever t a utoma ticall y to real t ime
trending .

- In ge nera l, a 5 to 6 sec. updating is considered adequate for any vari-
able. Slower updating of the order of 10 or 20 sec c~ y certainly satisfya large number a proc ess var iabl es , but cannot be generalized . On the
other hand the need to display the entire history at a high sampling rate
is very seldom required.
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Ba sed on the above considerations , the fo llowing requirements repre-
sent a generalized attempt to satisfy a variety of cons iderations as-
sociated with a consistent presentation of multiple trends- of varfables
having different process lags.

+ The disp layed histo ry can be shown in two portions, having dif-
ferent resolution in terms of sampling rates .

+ The “high” resolution portion should consist of the last 10-15
minutes, where each disp layed point will correspond to a sample
taken every 5-6 sec.

+ The “low’s resolution portion should cons ist of the remaining time
interval (105-110 mm .); each disp layed point will now correspond
to samples at 20 sec. intervals.

+ The two portions should be c learly distinguished (e.g., by color
coding of the corresponding t ime scales on the horizontal axis).

- More than one trend can be disp layed on the same screen sector using
different color for each trend .

- It should be possible to change the disp lay content on-line by deleting ,
adding, or substituting variables to be trended .

Any variable available within the distributed data base could be assigned to
multitrend formats. It should be kept in mind , however , that the purpose of
this disp lay format is to present the operator with the type of information
he gets today from multipe n , shared recorders . For the same reason, the display
should be kept as simple as possible and should not emulate the characteristics
of recorder charts.

The information disnlnyed with each trend should include:

- Tag I.D.

- Short description (optional and not exceeding 8 character max.)

- Time marks (1/2 hr interval) on horizontal axis.

All scales should be linear 0 to 1007. (4 divisions only) and should correspond
to the measuring span of the field transmitter.

• General Purpose Trend s

It should be possible to disp lay the history of a variable , whether independent
(i.e. , having tag status ’ )  or associ ated w ith a tag (input, calculated variable ,
calculated targe t e tc . )  in trend format.

- -



_______________ _______________ ________________ 
- ~~ - -~~-~~~~~ -

-759-

The display requirements for such trends may be quite different from
those app licable for multitrend displays. In ge neral the display
characteristics should include :

- Possibility to use expanded scale (in engineering units).

- Different t ime scale options .

The digital information displayed with such trends may in general
include the following:

- Dig ital va lue of var iable (last samp le)
- Tag I.D. and description
- Scale in engineering units

- Time marks

More than one trend may be displayed on the same screen. However,
time scale syncronization is not a requirement.

Graphic Display Capability

As mentioned in Part I, graphic presentations of process flow
diagrams on video screens is extensively used in Oil Movement & Storage
(OM&S ) applications , It has proven a very powerful tool and significantl y
assists the console operator in preforming the assigned tasks .

This specification addresses graphic presentation of process unit s
and flow diagrams for onsites app lications. It is generally believed that
such presentations, if properly eng ineered, can certainl y assist the console
operator to better visualize the operating conditions of a process unit dur-
ing unit monitoring and to reach a better understanding of the impact of his
manipulations under “interactive” mode .

Because of certain specific requirements associated with these
d isplays , a separate screen may have to be used eventually . This is not,
however, a design objective and to the maximum extent possible , the require-
ment of maintaining total flexibility in using any available screen should
remain the basic design criterion.

In order for th is type o f d isp lays to be effective, the pr ocess
flow diagrams should be stripped down to a minimum leve l of detail and be
organized in a logical sequence. In addition , the disp lay should contain
enough information as to become self sufficient-at least to the maximum ex-
tent poss-1~ble. Figure 4 illustrates an example of simplified P&lI) used for
re ference by console operators and gives an idea of the degree of detail
that may be required .
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• l)isplay Rei1ii I .- i u t

Tb. has-ic requirements- for thu typ. of -~tsp lay form t are •u,’irtg.d

below~

— The d t sp I .iv s-hoi;itI he ft. I lv I i~tei :14 f t  ~~ , I . e . , t he op.rat or sh(.utd li.
able to  iii t .1 0 a it l i t  c i  vi’ n .ii ’ in th $ ~ sp lay at.’ i

— The proeost~ Input f u r  all ‘.i~~’. ,.Iu , ’ul,I he upda te  en ~
1.r scre.~~. ‘

to the justr,,mi’nt symbo l

— Sc I ccl. b i t  o I cot it rot I ~~~ liii nt i’ r.,, - t  vi’ mode shoti 1- I be pr. fe tab 1
v ia 1 t~~~ i i t —p , ’n u t  ~, (nit i.,r t ccliit ~p ‘s

— A so 1cc ted t out t o t  t ~~ i~ii iii 1 d ho ii Isp I aved on a dedicated s.c (or of
the screen (work :IVO:i for p ‘r~,ine t er m~in I put at inn (set point •

output etc . ‘I . Those eh:. ti~’e S ~.iuot; Id he c..rr ted— out from the as-soc I.’ i’d
koy board

— Tex tual , symbolic ~nd cclii i cod it~ should be used to th. maximum extent
poss I hi p ~~~

-i m intm i~e sc t’e.’n Over loading . In genera l

4 The m o p  futic t I tin (‘r ~pera t it t - c , Pros-sure, Flow , etc.) should be
tdeitt i t I i’d liv the shape rv1uroi ic i it  I ng the instrument.

f The tag 1.1) . s-hould he simp l i f ied (unit code ca n be shown with the
title ci the ii Isp i ; iy ;  b lip lutic tion can be idonti fled by the shape ’)

+ Color cod Ing ~houid be used to:

- reinforce symbolic cod ing
— I n d i c a t e  a la tus of equipment (e.g. , in service; out o f service’)
— indicate abitorma I cond I t Ions (Inc 111(1 1 ng alarm status)  —

+ 811 nk I n~ should hr .insoc in ted w ith alarm condit tons or equipment ma I —

fund I cnn .
— The It brary of .lvn I lab Ic pa~~i ~h1iit1 d he pre ferentia lly addressable via
two or more auc~~’~~ ye h triai ~-h l1 ’ -i l overview levels of increased detail ,
disp layed in schema I Ic hI ,ici~ di a~ ratn orni;,t . Pas sage from an overview
to vo l t o  the des I red ~ lu’ni i t I ~ d t agram she.. lit be .sga in via ligh t — pen
selection or simi tar tec hit i qut ’.

- Alt c rita t lvi met ho.I n f ne ic’ t iou alt’ not , ‘x e I tided , such as vi a the
pus-hhttt i-on mat rix in conthitta t (p u t  with ~.i u-eons L vi’ levels of avon/unit
dtr cct .oi- t i’n iii sp i ,~‘i’d on the scu - c~’n , ci v i .,  ii 1~u p1ay ItMsOr tat ion .

In ;inv cast ’ , each I ud lv Itlutil pa~ o of  the Ii bravy of schematic ;ir4icess
tit .ugrama niteti l il iii u~ ii lie au l uli .‘~O~ u l ’ ti ’ I i’ont (lit ’ t OflsOlO key boa rd , out i’rt ng
the app ropitat o code
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• Building and maintenance

It is recognized that building such display formats as well as maintain-
ing them up-to-date to reflect various alterations could represent a
significant effort to the user.

In general , building the schematics from a keyboard via a user defined
library of~~h.ipe s , is rather difficult compared to techniques where the
schematit. is drafted and automatically digiti~ od .uid stored in bulk
memory . On the other hand , the abilit y to alter the schematics from
a keyboard appe..rs to oiler .u’ Ivantages in terms of maintaining them
up-to-date. Consideration , there fore, should be given to a combination
of both methods.

• Ot her graphic displays

In general , the user hhotlld have the capabil i ty of building di f ferent
types of grapiic dlspLivs such as block diagrams of control schemes,
special bar graph profi les or other formats he might wish to experiment
with.

~~~hhut ton Matrix

The multipurpose role of this addressing too l requires that its
design is given special consideration. The general requirement is for a
flexible and self-adapta ble addressing system , having the purpose to simp l i fy
the console procedures from an operator ~5 point of view . As pointed out
before , it should not be viewed as a simple matrix o pushbuttons but as a
matrix of elements capable of adapting automaticall y to the disp lay format being
presented on the screen. This sel f  adaptation should be in terms of active/
inactive status , illumination , textual coding (labels) and color.

Summary of Basic Requirements

• The operator console , as def i ned in this specif ica tion , ii an integrated
work stat ion based on a modular and expandable system supporting a number
of identical display/manipulativ e sets. The design objective is that
each set , cons is t ing  of a screen and entry key board , shou ld he abl e to
support any type of display format. On the ot.t’er hand , the ability to
assign any screen to specific ty~ of disp lay formats should be provided.

• To the maximum extent possible , call-up procedures and pas sage f r om one
hierarchical  leve l o f d isp lay to the next should be by single action.
Passage from one display to another at the same leve l of display hierarchy
ahould be simple and fast and should also be based on display association .

• For a console intended to be used as the sole operator interface , the
reliability aspects of the design assume primary impor tance and shou ld
address the fo l low ing :

i i~~~
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- Interactive failure modes , grace ful degradation and fast recovery

- Communication with the outside world

- Conmtunication between components of the console

A total failure of the operator interface is unacceptable.

• The display and address capability of each console should be COflSi Bt-

ent with the total data base of the control system so that any process
area can be assigned to any console.

Additiona l Considerations

The design of a console should also take into account the follow-
ing considerations.

• Ease of maintenance

• Auxiliary space requirements for temporary storage of manuals, logs, etc.

• Protection of work area against accidential spills (soft drinks, coffee)

The design of the keyboard should be kept uncluttered and organized such that
seldom used keys are kept separate from often used ones. The keyboard must be
of rugged construction and keys should withstand rough treatment.

The screens should be , in genera l , protected against glare but this
protection should be designed such that :

• Does not interfere with the readability of displayed information or the screen
intt~raction with special addressing tools, such as light-pens.

• Matches the conditions of the control room interior illumination. The control
room illumination should be preferably adjustable from the console (ability
to dim the lights, turn on/off spotlights, etc.).

Engineer ’s Console

• The engineer ’s console is considered a special purpose tool -that should access
the entire data base and should be used for :

- File building

- Setting-up or modifying control strategies

- Testing the behavior of new control schemes

• This console should be . in general , a portable device able to coninunicate
- 

with the high speed bus over a distance of 300 ft (without modems). As
a tninimum ,it should consist of a keyboard and video screen, but in general
does not have to be a sel f-supported , “smart” terminal. It should rathe r
be considered as -a “shared” peripheral of the distributed c omputer system.

j  
-
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• The reliabil ity requirements should be similar to those listed for
remotely insta lled consoles.

• it is envisioned that several of these terminals (perhaps as many
as six or seven) will be used throughout the system.

• The engineer’s console should be totally independent from the operator ’s
console, it may eventually be used as the special purpose plug-in ter-
minal to conf igure the ope rator ’s console data base but this should not
be considered a must. In general, however , it should be able to access
the opera tor ’s co nsole da ta base , d irec tly or ind irec tly over the high
speed communication bus.

• As a minimum the engineers console should be able to display the basic
formats of the operator ’s console. It is not, however, required that this
console supports the interactive alarm features, special addressing tools
and cross-reference features of display association.

RRJI : smr
June , 1977
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CONTROl. STRATEGY
Under Computer Under “Backup ”
Control Con trol

___
~/~~)C /M/A-l

Fl

(A) (B)

CONTROL (A): - Temperature cascading flow
- Flow input may be linear ized and correc ted for

temperature and pressure

CONTROL (B) : - Under bac_~- ’ip control , temperature loop outputsdirec t ly to valve .
- Flow input becomes non-control and is not conditioned
- Temperature loop requires operator intervention to

— be commissoned in “au to” mode.

FIGU RE 2

EXA MPLE OF “BACKUP” CONTROL STRATEGY

~~~~~~~ i

L 4
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AUTOMATION AND MAN/MACHINF COMMUNICATIONS

AIMS AND A C T I V I T I E S  OF TC~

Trends in the  desi gn of industrial computer systems

There has been a gradual development in hig h-leve l auto-

mation of industrial production processes , starting in
electrical power generation , petroleum and chemical sac-

tors and spreading to, amongst others , the s tee l  industry,

assembly operations and public transport .

During the last few years, however , developments within
the scope of industrial computing exercise a consider-

able influence. A variety of devices , such as micropro-

cessors and visual display units , are now available for

industrial and non-industrial use. Their costs, compared

to the cost of labour, have become so low that widespread

application for enhancing productivity is unavoidable.

This dramatic development of technology has created a

situation in which automation systems are radically

different for new plants. New designs are being intro-

duces w i t h o u t  a thoroug h knowledge based on prior ex-

perience. This is clearly apparent in the application

of multiple cathode-ray tube displays for process super-

vision and the use of distributed computing networks .

A fun ~damenta1 gap is emerging between the revolutionary

rate ~ i change in machine technology, and  the incorpor—
ation of human factors. These encompass the existing

knowledge about human skills , proven methods for ana-
l y s ing  human performance and the understanding of human
attitudes towards automation .

~~~ H P~~~ R*  
_ _
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T he problem is aggravated by the upgrading of plants and

the increasing complexi ty of processes owing to energy

and material recycling. Narrowing profitability margins

put a heavy emphasis on production within tolerance li-

mits and on coping effectively with abnorma l conditions.

The safety aspect of plant operation is also gaining im-

portance. due to legislation in an age of growing public

awareness of and concern with the environment in the

widest sense.

The operator, whose main task is now to supervise process

operation , has a key ro le in this development. His  opera-

tional practices and procedure s are strongly i n f l u e n c e d
by the des ign of the man-machine interface. Careful desi gn
of the man-machine interface is therefore crucial to the

success of the operator-process system. Put conflict can
aris e between the natura l tendency to assi gn as much re-

sponsibi l i ty  and contro l to machines as technolog i c a l l y
possible against the need to enable the human oporator

to maintain meaning in an understanding of his job — to

provide for his interpretive skills in decision making and

f o r  his ultimate responsibility f o r  plant contro l and for
plant safety.

These various ractors mentioned above demonstrate the need

for:

- desipn procedur~ s which contribute to acceptab le  Lasks

r o r  human  operators

- techniques in d~ s ic~n i n g  interfaces to match huma n
.ibilitic ~

- u t i l i s at i o n  of ’ in-Formation describing human pe rformance .
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T~ie follow ing ilie du . w i l l  be U~;I~~U:

— Su rvey o f  ~ u esses  and fu i lure s in the du~; i~~n of MMII

- Uetermination of tee parameters and f ea tu res  c r i t i ca l
f o r  good MHC desi gn and the incorporation of t h e s e  in

a series of guide line documents , for  ,~xample on t h e
methodology ana tecnniqu es for desi gn , implementation ,

and for training,

- Cooperation wit l-i other TLs in matters conce rning ~~1C

at all levels of system uesi~~n , imrlem entrltion and

use,

- Ui~~semination u -f the results , an~~ouragin~. d iscuss ions
with dn d acce~~t an c e  b y us e rs , national and international

groups and standardisation uouies .

Past and current a c t i v i t i e s  are in thre e areas :

- Preparation of the results f rom d ques t ionna i re  wh ich

has b een ~ircu lateu to various european industr ies to

assess experience anu attituues to problems in in ter face

design , from bas ic philos oohy to rea l isat ion .  An analys is

of the common p roblem areas wi l l  ue used to formulate a

work ing remi t oased  on users ’ needs,

- Preparation , in cooneration wi th  the para ile l  Amc rican

IC , of a set of ~uiuel inus which will o t f e r  p roce~~ura l

an d substantive recommer,dations ,

- t.stablishment of  con tac ts  w i th  industry , na t ional  l ab-
oratories and unive rsities engaged in the field of —

MI C throughout Luroos.

Li -~~~~~ __________________________
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In some resi~ ’c t  s , human p~’rf r r manca is poore r thdn that -:

if a mac hinr , e.~~. in ;i~~’in ~ :on~~ist ent dnc~ sions or cal—

:ulatIons . P u t  design for complemontary functions of hu-

nan operators -~n~ equ ipn ent . ca n ; -x p lo i t  the best  fea tures
nf both.  In no indus t ry  is th is r-iore apparent than in that
n 4
~ nucle ar en~~rgy where risk analysis , s a f e t y reporting

and incident an al ysi ’ ar e  ~~ co rninc ~ increas ing ly important .
Many studies have been uni rrtaknn inve sti gatin g human

fa ll i t’ i l i t y  and ;ne.ins o~ a l l cw i n g  for  it throug h good de—

s i n  practice. Thus~- ~ons i dt~rit to ns ire e~~uul ly appropr iate

to the many other prnness industries for systems design

to b~ sa f e , acc c ’ p table i n  oper - at  ional requi rcments for

human s , and to L e  cost  e~~f ;’c t i ve .

Th p Role of the ig on Ma n—M a ch ine  Lomrnunicatj ons

H Th e Te ch n i c a l  Lom m1tto~ c o n s i s ts  of Furopean members from

a range of d is c i nl i n es :  sy s t e m  eng ineer ing ,  so f twa re  de-

Oi pn , and human factors . Thert~ are common in terests  w i t h
the other Purdue urope TC s and l inks w i t h  the paral le l

ICs in Amer i ca  and 3aprin under the Purdue International

t •nrks ho . Thro ug h its composition and formal relationships ,

th e Techni cal t’ or ni - ’it t ee is thun in a unique posit ion in

urope to i nvn:;t ig at e  and i n-t ’l uence man-machi no comniuni -

rat ions (t l Mt ) i n  ti ;~’ cunt ’~~t. of dnvnlopments across the

Fj a ld of in(tu’; t - r ia l  c nn;put inc .

A j o in t  a c t i v i t y  w i t h  the pa ra l l e l  American TC is in p ro-

cress , in order to dev o loo  an ae proach based on wor ld-wide
c~~pe r ience.  “no r  to presenting guidelines to professional

rroups an d st an l arciisation bodies, there is a need to

establish a common frame of reference and common termino-

logy for both vendors and users to imp rove specifications.
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T he a im of the T echn i ca l  Lommi t t eo  is to imp rove the incor-

porat ion of user c ha r a c t e r i s t i c s  in design , throug h t h e

co l lec t ion, evaluation and dissemination of information

and experience .

Plans and Future Activities - -

P l a n s

I’c3mbership of the Technical Committee is on a voluntary

basis and consequently the acitivies are limited by the
members ’ norma l working commitments. This results in

slower progress than desirable , with the risk that re-

sults and recommendations may be superseded by events.

The alternative is to seek support in order t o:

- imp rove communication on and to stimulate activities

in research and development in MMC activity in  Europe,

- f a c i l i t a te surveys , vi sits and seminars j

- formalise co-operation with the CEC to increase interest

and acceptance oF these issues in European industry .

A clerical support and administration centre is essential

to forming a focus for European MMC activity relevant to

the industrial rather than the academic sec to r .  Much of

- 
the university study in this f ield is industrial ly sponsore d

but resources are necessary for it to be presented in a

wider context of applicability across industries. Similarl y

resources are needed if data and in f ormat i on h e ld by var iou s

indus ’ ries are to be made available by their staff in a

suitable form.

I-
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ThR des ign of an information system should no longer be
ri’gardod as a naturally emergent occurrence . It  must be

ilanneci and monitore d throughout the design process. In
ti me , with Fjn1 -,ncj~ii suppnrt , it will be desirable to

s~~t tip an tnforma t ion service which can advise Industry

•inc i wh i ch  can act a’; in agency be twe en  i n d u s t r y , un iva r -
ii I. L~~ I5 ,init t i t h i i i~ nonsu l tant~~.

A u t i v i t i e ~

Throug h contacts with research and dev e lo pm e n t  funct ions

and w i th  users , current p rac t i ce  in industry w i l l  be
reviewe d and  w i l l  be related to the body of information

, I V r l I labia w i t h i n  the fo l lowing areas :

- The p ract ical  and theoretical const ra in ts  of equipment

used in Inter face design , and the software and pro-

r.edures which may be used in determining its appli-

cat ions and f lo x i bi l it yj

- The in format ion r e q u i rem e n t s  of processes and their

contro l and the impact of new techniques . e.g. pre-

dictiv e ti ds for cont ro lj

- The influence of h uman factors upon operational practice

procedures.

In order to further a growing aw areness of these issues

.in ii to p romote a ct i v e  inte rest  in their invest igat ion ,

seminars wi ll be organised for industrial users end f o r

representatives of nation al bodies.  The seminars  w i l l  he
used to ensure ipprnprt-a t.ri d i rect ion In t he  Technica l

t omm i t.tni ’ r. work for  the rl,’vtt lnpn;nflt . of g u i  tin ii nos • The
Ii r:; t. u m i  n t  i , propnsiirl i i; P .’ he 1 ci In Ilnremhe r I fl 7,’, is

t inder d i s r u~~n inn intl w i  I tie t lu ,t I  log wi t it thu siit ijnr.t of

how I he iutm ,n f t.: t ru-~
; in MM[ tins i go may he i nrcirpr~r.itnd

into ,i des i gn I’ rocns!; at. a r)r~iet ir ..l levnl.
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Development of a set of guideline documents w i l l  be the
principal continuing a c t i v i t y .  It is planned that their
structure will be suitable for providing information

to senior management and project personnel as appropriate.
The guidelines will be presented as a hierarch y of pro-

cedu res and Information in consultation with the other

Purdue Europe TC~ to establish needs and priorities with
feedback to be soug ht from national engineering societies.

It Is the Committee ’s view that only in this pa rtici-
pative style can a genuine understanding and commitment

be fostered in the complex field of man-machine corn-

munjcetions .
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