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N . 77 m Thll tho-la d.acribes tho

’

daslgn and lmpleibntntlon of

Y

a, Dlgtrlbutod Supérvlalon and QQntrol (DISCO) qyste-. DIsSCO
/

//ls a . sottvare sulto tor the contro

-and,supervlston;ot
e

i'” 'qpmputger.rhe progrnms haée been deslgned for operatlon by

._a tua- poasesslng Bkllls commonly found 1n

"‘..

a modern,.'

) lnduqtrbal process controt group. o R ' _T. Nt

’ DISCO*

has been deslgned us a very floxlble, general

'm}pumpose con&rol aystem@ A modular structure has been
A . N S
L : ’ hL—

T '.incorgpratedgjb eneure’%hut the syatem can be tallored and
v ¢ 7. , N b

:1expanded as requlred for. apeclflc appllcatlons and differlng

»

IR operutionnl envlrbnments. Thls deqign ensures that DISCO

"7‘w111 not only exec ute’ conventlonal 'feedback 1oop"4\

'nlgorlthma but vill aleo provldo the means ror lmplementlng

\

‘Tn;:more aophlstlcated control schemes..The advunced category

\

5lncludea multlvarlahle, adAptlve and decoupllng control..All

.,f_ot theae can be processed ln true, table—driven DDC mode

Wne \

-W”aj"L 'under ihe direct;on ot the DISCO oxecutlve. Software modules

'fused to 1mp1ement advanced schemes uqed 1n a unlversity
e jﬁffresearch envlronment can, however,
Py ) : N / . a (

be omitted trom an*
.‘Qrindustrial lmplementgtion.

The operatlon of the modules-'

constltuting the reducpd system would be unchanged.
‘.

9
- I ’.
PO

SupervLsory prograns may be 1ncorporated ln the DISCO

‘v' s

. ol
e T

msysfem vhere the need for taSk«drivaﬂ rathgr thah.tabtéffﬁ

T £ 4 PR SN
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driven .oftiurb arises. Prograno of this type could be: ' e
lmplo-cntcd to portor- operutlon- such as: process

.optlnl.ntion or para-oter estlnatlon. The -upervlaory

sott'nr. would exist in sottvqro 1ayor. hlerarchlally abovo
gthose of the DDC system but vould, neverfheléss{ be'allpwed.

— . . ‘ 4 ‘ :

acceq-;tobtho DDC data-base.

rho thesls dlscunaes the cla-sea of prleeus handled by‘m
DISCO and 1nportant obJoctives 1n the system syntheﬁ}s. The'
- stepu taken in chooslng a procees data-baae sfructure whlch
. . .

_takos lnto account both the noeds of the appl!catlon and the

tools of the inple-entatlon have heen caretully document'd.

Testlng of an exper;mental, stngln—processor. in-memory
wbrslon of DISCO ls described and lmpllcatlons with respec
to a.complete 1mp1qmentatlon arefdravn from these first .i

_gxperﬁgncés;.

In carr?lnzvout the proJect every eftort hus‘been made'

to tully explolt modern dlstr!buted computer processing  ‘ S
technology, meroved hardware’ speeds and hlgh-level ren1:<w
.time programming. Itis cqncluded that the use of state—ot—

‘ fhe—mrt toota and technlquee has yielded a more xlexible,

religp nd'hence, potentlglvy u;te'powertU1 system than

E any coﬂmercialty avallahln..These obJectlves have been
R
;achleved vithout sutterlng llmlted throughput or degraded

responae tlmes.
rhe DISCO eystem 13 undergoing continued development in
"fbo Department ot Chemical Englneering. Thls thesls

,descrlbes aspecte of the lmplauentatlon to which actlve

v, ST

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



¢
/ottort is presently dlroctod and dl-cus-o- tho ualn areas ln

N,

whith worf‘l. requlrod to achleve a full redilsztlon of the

dealgn.lt is proctod that thls work will. in the !uturo,

retine DISCO to a stage at vhlch lt con.titutos a foallsti—c

pr_o_tot_y)pe for a con-crclnl-co.putor control sche-e.

R

r

[
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> if : | ;  CHAPTER 1

-

\

INTRQDUCT ION o

1e1 Introduction to the ProJject: ' » \\\

. . i N e . \\
-While computer control of chemical processes has been

e uaJof-teachlpE~§nd reseaéch'lnterest in tbe‘departmentafor

. ., . 7,

many yearsy. the’emphaeis has usually been dn the control

technlquea rather than the sottware and ha rdwa re requlred toy’

1mplem8nt thems The prlnclpul tool for all’bt the 4§}x jn'

‘thls area since 1967 has been the IBM 1800 1n the
department'e DACS ( nata Acqulsltlon Qontrol and §1nulationl

-centre. A number of proJects vhich have used the IBM 1800 as

a means for evnluatlon of advanced control schemes are

. e

\’deécrlbed'iﬁ Plsher and Seborg [23] and in a guide to the
. DACS centre [12]

“The replqcement of the '1800' by a s&stém of HP1000

0 )

cdmputers, microcomputers, and’dedlcnted intelligent C

;
4

"devices, which 1s curréntly 1n‘brogr§q$, will require a

AN

maJo} softvare developmeht efforf; Since Hewlett Packard
does not supply proces- control software, a digital controlf

ﬁpackage has to be wrltten in order to. maintaln ‘an effective

-

A L
'serV1ce'to the many resenrch.proJecthln this areae.
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< Even a quite guperficial investigation of this field

;-

\\:ould indicate, however, that a tqp greater contribution
han Just maintalnlng ln-house service can be made. Tho rate

of progreas in computer hardware technology is forever

widonlng thﬁ‘gap between modorg hardyare potentiel and

“~.current software capability. This phenomenon is analysed by

Gordon and Spencer [27] in terms of the high"man-tlme"cost

T

of programming a new device. The fuller utilimation of _

.state-of-the-art hardwareArot proceas control services has

boen a maJor objec tive 1n the DISCO proJect.

L]

N ; ' Schoeffler and Keyes [49] address the ptoblem of
1dent1£y1n¢ properties of computer languages and operatlng
' systems which result in quallties ot eftlciency ‘and machineA

lndependence. It tollove thut software whlch simultaneously

N

~ .
“\\poesesses.both these characteristlcs shdutd be easlly

NI 1mp1e-ented on a prototype hurdvare product'and should glve
‘ good pertormadce. Thls reterence and several others (Dlehl

(17] 4 Lalive d'Epinay [38] ) advocate modular sets ‘of

" N

poufines arranged 1 1ayere{in.prdep to achieve fpeeeig;ele;
The highest level 1ayers are fotallya;pplicafion orlente&
whlle the. loweat level are eptirely hardvare dependent. A
new appllcatlon may be supported by selecting"vertlcally'

the required layers and 'horlzontally"the requlred modules.

N

When this has been’ done, hopefully only a few gaps will have

A

to be filled with custom-designed codee

The design of the software and data-base in~D;SCO rép
compatible with a representatlon in terms of hierarchial
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. layers of software modules. .-This means not only tha¥
portablllty 0f the system is good but also_fhaf

modltications ot a gpgclflc hardwaée contiguratlon are

There is ample provision for the DISCO user to

incorporate his- code at a number of levels thus allowlng ther
\
\
handling of problems of arbitrary co\\T‘xifyﬁkli\\s intended
\\\

that rhen imple-ented on a dletr!buted computer network, 7
" DISCO should alsgso. be capable of handling sensor~based

applications ot arbitraty size. 'The ultimate flexibility ig
’,aémleved through handllng changea of operatlng envlronment

by adding or subtractlng softwure layers, changes in-

co-plexlty by addlng or subtractlng sottvare modules and

changea in size by adding or subtbactlng processbrs. ‘\

- The 1ndustr1u1 user of currently avallable commerclal

systems usually has the benetlt of a high-level, real-tlde

Ianguage 1of speclal purpose programs. His cﬁstom routines
cannot, hove;er, be 1ncorporated 1nto a vendor's DDC (
Dlrect nlgltal Qontrol) system such as IBM IROO pDC {16] .
They have to. perform their own qynchronisation vith prograés

with whlch they lnteract and they cannot take advantaze of

a

routlnes already 1n the DDC pgckage. Thls means, for

example, that extenalve advanced controltschemes whlch are -

-

f::a\\\ not designed on a loop basis become dlftlcult to 1mplement-.
T

el

Adaptive sehemes often need to be built uslng tricks which

-,are not conducive -to data—base lntegrlty. It 1s considered

‘ . -

that the provlslon ot a standard interface Ior user-wrltten -

eoft'are in DISCO ls a slgniticant step in overcomlng these:
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difficultiese.

1.2 ‘DISCO in the Context of Other Work in the Fleld:
'..DISCO, trom its 1n¢ept13n, has not been carried out .
1n the traditional style of unlveralty research proJects.

The vork undertaken ln this theala has 1nc1uded

comparltively?llttle specuqulve'lnvestlgaflon. The a;msmot
thé project ;ré moré concerned with devélopment:niwan;__;ﬂ_
1ndust§1qlﬁprocess,pbntrol aystem which will take advantage
of new Oppoétﬁnltles,not yet lmﬁlemenfed by commérélafi?
,deslgners- These opportunitles ‘arise from hardware advances,
modern software englneerlng theories and lnnovatlve deslgﬂ
phllosophles. It 1sf1ntended that the cﬁmplete DISQQ system,
wlll be capable of handling appLicatlons comparnble ln slize
and complexity to those handled by commerclal software
sultes. Industrial control systems 1§ this c;tegory have-:

2

been developed‘by:

i) -computer manutaéturefs'such as IBM, Honeywell and

‘General Electric . ... . o

(1i) ' process control lnstbumentat{bn vendors \guch as

Foxboroy Fisher and Tgylor'

~

%éypi)‘Asoftiare consul tants such as Btleé and Aséociates of .

Houston and Schwartz and Assoclates of Edmonton-‘“”;"”" )
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) The value of standnrdlsation has &e.n recognised byr
i .y .
almost all users of process control lnsfru;thation. Large
. . N \ . -
petrochenical corporatlons '1th sophlstlcated\fentrallsed

research facllltles ekpend considerable resourceg on

- , . . : v N !
choosing a single flexible instrument which can bé\uaod for
all their appllcatloua ot a glven type. Th&s.pollcy»results

I \ :

‘inlthe7i§§££25£giatlon’proﬁlem belng solved ‘once rather %han

s
N

-many times for a numper of appllcatlons. Tt meuqs that_

.pegsonnel‘arg easily tranafﬁéred.t;ﬁh one plahk to anofhey.
a useful pool of knovledne'frA@thich nev.corpor;te usé#s
can benefit lé.crehteé aﬁd bh1k~p9r¢hasés’can lead to
consldorhhlejconcéasiong snbthe'part‘ot the Qendér.

| Exaﬁpleq o?ffhis’fip;'bt-sfggdardlsation,with reségct

DR

to contgol.conputeta are the wldespread uée of the IBM 1800

Y

by‘Exxon,‘fhé ﬁse ot ‘HP 1000 computers by Hudson Bay oit and

‘Gas for pipellne %gytrol and the use ot the PDP 11 tamlly 61

computers by the CEGB ( Qentral Electrlclty Qeneratlng
A.ﬂoard) 1n.Englgnd. Aspecta of the }atter proJect»are
descflb%d 1ana;sh [40]-,»Entw}st1e @nd 01d!1e1§f[22] '

N

Wells [63] and Jervls [as] .
The need for standardlsatlon of control computers and

software .in the prOcees 1ndustries gives rise to intensive

reseafch'dnd development iork by commerclal organisations.
Cooperatlon between vendor and user corporatlons has.

’fzproduced sottvare packages ‘such as PROSPRO 1800’[3] and DDC

1800 [16] (IBM and Exxonl,and conplete systems such as TDC L

/2600 [62] (Honeyvell and Exxon). The latter work is tikely
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to lead to the Honeywell product becoming dn industry

§¥;ﬁdard in tﬁe next few yearse.

TDC 2000 is, however, LR product dovelopod over a

/

;/r'slgnlticant pcriod of time hnd as such 1nev1tahly undoruses

b

technotoglcg} advancds which have taken place glnco its
‘cthept;on-fnsﬁeyygil provl&os the qontroi~en31nger v;th'
thyof\;ﬁq\advanfA;éshdxwdlstrlbgted‘dlglfai procesé%ég-tn
: f?

terms of improved reliabi {fy and modulaTity, but in the

aunthor®s view, the Latest‘dlsjriputad technology has the
ﬁotenthlftor a far moré flexlble scheme, Table»l.l
'summurlses some advantageous and dlaadvantngeous propertles

of the TDC 2000 plant control " system.'— . _ o 7

~ Computer_manufacturars are contrlbutlng to

distflbu¥€d 1nteL11gen;e in procees‘lxgtrumehtathn by
developlbg:hetﬁo;k sotfvaret microprocessor-based éefvlce-
mpdute§ and high-level software tbols for syétémi '
‘Aevetopment. The DEC PDP 11~ 03 is an excellent exumple of a .
Aproduct whlch 1ncorporates these progreesive design

concepts. éoftw#re;tor the PDE'llfOS CQn be prepared bn a
‘coﬁéﬂtlblé PDP.ilbuéing 'ﬁig nﬁéhinb"dev§iquedt aids and

- down-loaded to the_nlcrocombu}éb for~gxécutlon.-True network

%

‘program Bﬁhélng,.resourée'sharlhg-and'communléation can be 3 —

achleved by operatlng the DBCNET package on such a- system-'

The PDP- 11-03 mlcfncom uter can ha/inte;taced directl to a
\g\\\_//// 2 4

process or lt can operate lnatrumentatlon on an IEBE 488"

\ . 2l
!
|

(71] buse. Intertaces ‘to CAMAC buses as defined 17
' 1

(721 (73], (74] and [75] are also available.
d" b { _ il.‘ M ,r
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Table 1}1 , Sum-ary Critique ot Honeyvell TDC
« 2000 Proportlea

Improved reliabllity by ﬁlqtrfbuthg cpntrol'
amounget a number of hafdvarq'devlgea;

Easy expansion due to a modulqr structurée

- ~

Interfaces to a conputer for aupervlslon
purposne. . ? *

Single coaxial cable as a bus mediPm.

mmﬂnnxnuznmﬂha

No user programmlng/ot the microcomputer'
unite-

Complicdtédlbusnprotocol discourages
, interfacing of non-Honeywell components.

High cost for smai1~&pp11¢ations because of.
the need for an expensive bus controller.
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. - 'Comnunlcatlgn packaaes such as Dlgltal Equlbnenf'
DECNBR and. Hewlett Packard'a DSIIOOO aro of consldorahle

«1mportance 1n tho dovelopment ot dl-trlhuted procesa control

systons. The lmportant polnt to note about these aott'are

'modules 1s that they handle all levels ot protocol ln

progra- to progra- lnterchange in connected processors oach

of %hich is operatlng ln a -ultl-programmlng envlronaent.
-Moreover, both DECNBT and DS/IOOO operate with arbltrur; ‘ e
netvork topologlos pernitting almoat 1nfln1te thxlbillty in

connectlnz processors.‘Both(aystema provldc a’ hlgh-level e

1anguage intertace whlch mckes network communlcctlcy no more

dlfticult than acceas ot tlles ‘or . I/O devlces on a slngle-'

n'machine. - ;

d .
Toaa

The prlnclpal standurds for the connectlon ot process'
. \ - 7,’4 .
lnstruments to a: computer are the HP-IB 1nterfcce (IEEE 488

-

[71] ) and the four CAMAQ atandards for parullel. byte-’*

(o

]parallel and serlal buaea (IEBE 5§83 [72] 595 [73] f\596

v

[74] and 683 [75] )e CAMAC systems have achieved some

r

acceptance for process control in ‘the nuclear lndustry, but

general ly both husea have been designed tor talrly smcll

lnboratory—type applications. The BP—IB has a. partlcularlyv“.

'convenlent user lnterface, it is language nnd computer

1ndependent and rcqulres very‘nlnlmal progracmlng kcowledge'
to operate. Severe problems are excerlenced 1n larger
ccppllcations beccuse of the need for time*ccnsumlcc binary‘
.to. ASCII converslons qnd the need tor cooperatlon hetweén

v

programs accesslng the bus.; W,

o
/
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' In deatgnlng DISCO consv:eraSle aftenjion has been

glVen to the advantages and dr ?backsfof'tﬁese'varlous
systems- The advantgqes ot uodularity and rellablllty . .

denonstrated by TDC 2000 have been kept by supportlng

) u

, network operat:or Ln_DlSCOd The lack bf'tlexlbility in terma _
4 N ' " /’———’—‘3 N - S . -

;f/user'pnogrammlné haa_beeh_pverqomegby‘wlloilng’custonf

dgsighed data—buse recordS'vltﬁ euetom-deslgned hdutlnes to
N . . ¢
oper5;9~on theme Furthernore, DISCO is entlrely 1ndependent

e 4
of the actual means ot communlcation between processors and

as a-result can take advantage 6f lgpiovemenfs_ln,netvork'

softéare and instrumentation buses as they,occﬁr.

1.3_ .Documentation of the ThesisJProject' .
. Documentation of the proJect has been carrled out at

two levels. This thesi s, at the hlghest level, describesvthe

~concepts 1nvolved in formulating obJectlves, ‘carrying Qut. e

'the deslgn and 1up1ement1ng a vonklng version ot DISCO- At
- the next lower_level, user,-anuals diascuss detalls oi
“ ‘executing the‘prOQrams in the DtSCO suite! on the HP 1000

computer under the RTE IV operatlng,system. These nanuals

also give lnformatlon needed for software maintenance and

(upgrading% Ihe mlnute detqils of the programvcodetarg L"
,expthfnedlln the lovesf_level of documentation, fhat.ls, in

"

—— - - — - -

- . 1 Suite: a set or Iibrary ot related programs and
subroutlnea.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



10

comments within the pro source code.

7The thesis maynbe broadly divided into three

-

‘,./

sectlons. The first sectlon,'vhich 1nplude§‘Chapters 1, 2

,w-mtdndga,‘spgcitiea;thawscopert the work and defines

obJeétiﬁesland réqulrements for the project undertaken. The

remaining chaptqre deal with the design of DISCO}'schemes
devlsgd to meet the objectives given the tools avallable and

the first experimental implementation. Chapter 2, the
project overview, has been 'flttenias a 'stand-alone?
. . 4 ' . ‘ o
1ntroductlon to the DISCO system. As such 1t =hould be

_userul {o the reader who wishes to have some underst?ndlng‘

of the structure and capnbllities of DISCO, but has no. need

for the detalled presentntlon offered by the complete
2y thesis.”& slmilar approach has been" taken in vrltlng section

Se2e It is intended that thls sectlon should also aerve as d\

)

users' uide dnta-base bulldln tacllitlea and that it
e/’u} 8/

—

should provide an lntroduction to the functions of each of

.
. .. . -

'the datk-bnse utllity programs.

Production of user nanuals was carrled ou't with

r ) -

extenslve uge ot computer alds for text processlng. The

e
-

'maJor manuals descrlblng the programs BBILD and SBILD vere

formatted asg disk 11195 on the Unlverslty s ANDAHL 470 V/6

!

compgter uslng thevsottyare package FMI [44] . chgr

nprégtums.requlrlqg less-extensive introduction and

explanation were documented by'usefof.the software module
" PRDOC [4] on the department's HP H)0O computer.. PRDOC
" “ . ' . . . " ) e
interactively requests the user for a description of a list
. . . ) . : N % .

4

-
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of standard features and attributes of a compute péogram.

' "» ' T '—“. . . . ) . ‘ .
;It~£ormats éhc uger's reply to each question and stores the

questldnplﬁnd answers on a disk ‘file which may later be
listed “y anyone interested in the particular program. Table

1.2 and Fige l.f are & gqide to user manuﬁls.availqble for

programs in the,éoftware sultee.

e

———T e

N4

er. Further reproduction prohibited without permissionyaw\w.manaraa.com
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}"‘ " Table 1.2 Bibliography of Docu htatlén for
: "DISCO Modules Implemented. as Part
of the Thesis ProJect
- Program Assoclated Operation Eocat;on_of Manu&l
BBILD Struc tural definition [On disk at Computing
of a data—base,tablp Services, U of
by the teble designer.{Alberta in PMT source
ﬁ ' T : - forme.
SBILD Building of a data=~ "
base table by the
- ; DISCO user.
{ -
| MBILD ‘Generation of a Documented under
P memory-imaze for a PRDOC,ystored on disk
i DISCO table. ‘at Depte Chem. Engey
f . o U of Alberta.
: , . :
iLBILD Loading of u\PISCO " |
’. ’ table. \ - :
t \
iDISCO AKT processlng,_ ) "
: ';;:gs Data-basejtétch/storgi "
‘ processor.
! ./
- { GPWRD Data-base dlsplay/edlt "
' ‘utilitye.
GPACT . Da ta=-base dlsplaylcdlt b
' utlllty.
GPSEG | Data-base display/edlt "
* ’ utlllty._ a )
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THESIS e

Sgction S.3 : Feel-Tire Programa In

Sectlon 5.2 3 Twplementation of Interactive
the DISCO Sulte.

Building of a DISCO Data-Base

- B RP 1000 / RTE IV o
<--=--==  DOCUMENTATION < , >
ABILD Manual _ #DISCO I
BILD Manue | #ACCES  |— .
= -
]

. N -
#MBILD

#LBTLD #GPWRD #GPSEG #GPACT L

!
:
. .

Docut;\e_ntaflon of DISCO Modules

Fige 1e1 : SR
Implemented as Part £ the Thesis Project

LY
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CHAPTER 2

AN

PROJECT OVERVIEV | | .

2.1 * Principal Research Interests:
The'prlnélpafrreseafch 1nterests‘in the DISéO proJéct_
haye been summarised below. ® |
1) Industrﬁal’érocess éontrolf It lé“lntenaed thet DISCO
| will be de;eloped to’an acéept@ble‘iﬁdustrlui
standard hé a general cohpﬁter control;syStem{ The
incorporation o: innovativé déélgn teaturée in-
sﬁéh.a system Qlthout cqmpromlslng lndus§r1a1
accepfability is one 6t,the mosf important
. . . : toa
research interests in the project.
(ii) .Ad;anged foytrpl‘caéﬁbllltyf Ifnls“éléa;iy a
| requirement forva computer_cbnfroi ;ysfem éuch as
DISCO'th;t standard process qontroi aigorithms
should be exécuted efflclentlyfvrhese would
typlcull&vlncﬁﬁde P+tfp fegdback contrgl}‘
;eedforvard coqtrol and some non-}ineup'controi

algorithme. It 1s intended that DISCO should .

14
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(iv)

L g COMTE O I, T My gt

aédljlonally handle.;ny t&fseeable_&#vqnced
coﬁtfol scheme. The advance&'control category will
include mdl};varlabie, adaptive aﬁd optfqiqlng
supervisory schemes. ‘

RN

Dlsfributéd_conpufer control: The DISCO project is

‘concerned with investigation and application of

dlatrfbuted'computet'networks in a process’

.

environment.

]

lﬂlgh-levqll>real~t1ye programming: The DISCO real-

3

‘time software has been wrltten in'a high-level

language. This has been facilitated by fast

hardware speeds; an efficlent compiler and micro-

coded, high-1level instructions. ) . 2

The Process Activity and theé Activity Record:

Since the advent of automatic control of process

plants,

control. systems 1n the process lndustrles have been

descrlhed in te—ma of - loop- . Thle approach was clearly

Justified by the constructlon of the standard analog

g ' controller which almost alvays dealt,vlth Just one

measurement and one output in a 'reedback loop?

contlguvatlon.

Digital computer control aystems are not;\however,

v - like the analog controller. They can handle not-only single-

1 . ~ N

el e e
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loops, but also auperrlaory control, dlsplay runctlons,
renote‘manuel controllaed advnneed control schemee. In
partlculer, eultlvarlable control and many types of adaptlve'
control cannot be efficiently handled by a formut vhlch is
atrongly tied to a loop structure. Therefore, the DISCO
_systen haa been desixned around a baslc bulldlng block
called an ‘activity*, .
B A process actlvlty will be detlned for the purposes
.of this projec+t as any servlce operatlon which the digltal‘
.computer(control syetem pr;vldes to the ‘process. The
operatlon is specltled by an actlvity feeofd whicﬁ‘ls part
N - of the system @afa—base. _ o 5 ‘ l— “.
When designiné an activi'ty ;he user'is adv1sed to
avoid any mechanisms whlch lnvolve‘data-transtee betweeni
‘Tactlvlty recerds- This, in eftect, coestltutes an obJective
Tthat separate actlvlties should be computatlonally
1ndependent. n
By the use of an actlvlty—based etructure, DISCO ‘has
N . been made eonsiderably more poverful and flexlble than any
loop-structured syetem. The control englneer can‘ﬁhoose any
. % . p .
‘-combinatlon of lnteractlng process lnputs. algorlthms and
process outpute to deflne his control scheme iIn. an actlvity
. B :
record.
The data-lists which speclfy,eompoﬁents ef the entire
. v . . . ‘

factlvlty operetlon are known as segments. Each type ot

segment is processed by a separ&te routine in the control

AN 4

eprogram. Each of these segnent proceesor routlnes pentorms a

. \
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self-contained, software procéss“servlce such as input
acquléltion. output transmisaion or alarm handlinge. The
1nte£tace beiween the DISCO executive and the segment

proceaaofe is identical for all eegnent*tyéeé.4tn this way

S

the addition otlnei segment types and their assocliated

processors tofthe control systenm has:begn made very simple.
The organisation of a DISCO data-base in a large—

scale, process'cont:ol applléatibn such as a refinery is
illustreated in Fige. 2.1. The figure shows ﬁow'?ablé—Qriven
brocesslng or lnput, control and odtput Operﬁtions-for a
slnele feedback control scheme wmay be défined by segments in

the data—base. The.segments themselves qre grouped ln

actlvity'records;whléh implement self-contained services

such as those shown in ¢t
Since a segaent pbocessor me ‘be designed to perform
any tuhction ot whieﬁ'the computer hardwa is capable,

operations Jf véry much gréater complexlfy than those shown

- N

ln Fige 2.1 are possible. A selection of operatlbns‘Wchh
may be deflned by DISCO - seg-ents and executed by table—
‘ drlven segment processors 1ls presented 1n table 2. 1.

! The above descrlptlon vlewa ﬁISCO tavourably in.
comparlsoﬁ with DDC packnges which are loop. structured and.f
domlnated by ﬂ vgndor;supplledvprogram yhlcQ,pr9vides n§
user entry polnté. K ' Lo

Clearly trade-otts have been made to achieve the

‘desired tlexiblllty. The;varlable formgt for the activity

record lmplies that the da ta-1ltems can no longer be located .
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. Table 2.1 A Representatlve Setectlon ot
‘"Possible- Segment Processors

(1) Input. One or more segment procesgssors may
acquire -inputs from instrumentation buses,
!front-end' process interface mlcrocomputers,

' network buitere or othor activities. '

(1i) Output: Output processors may -be implemented to
‘ perform output operations complementary to
the input operations Ilated in (1),

(111i) Control: Control segment processors may execute
standard or advanced control algorithms. They . : s
may also schedule higher-level supervisory
programs as a result of timing criteria or E

- conditions detected durlng table—drlven DDC T~
proceaslng.

(iv) Filter: Filter segment procesqprs may carry out
"a variety of input and output. processlng
operations. Since segments may be arranged in .
arbitrary order, the filter may also operate . v
on several intermediate process varlables
durlng actlvlty processing.

(v) Alarm: Alarm segment processors may check high
and low limits and other loglcal criteria as v
required for specltlc uppllcatlons. Progranms
may be scheduled or other activities enabled
as a result of the checks: made.

(iv) Procese Operators' Console: Process: operators!?
’console segments may contailn pointers .to key
2~var1ab1es which are frequently changed or .
:displayed. Alternatively they may define the
handllng of special Eonsole buttons, llghts '
or horn alarmse.

(vi) Avithmetic. Arithmetic seg-ent processors vould " ‘x)

' be. essentlally similar to high=level language |-
1nterpretors- They would. facilitate. L :
arithmetic afd loglcal operations on procéﬁg//
variables during actlvlty processlng//fais
type of cupabillty is of great zatﬁ; in the
synthesis of decoupling, - teedtorvard and
other advanced control schemes..
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ﬂT&ﬁlQ 2.1 .pocontd.

{vil) Data<1ccunu1atlon- A data accumulatlon segment
may contain timing information and pointers
_which define periodicg logging of key activity
variables on a porlpﬂbral storaze mediume
Note: Prellmlnary versions d!\lévut, output and.w¢~W“““
‘control sog-ents have b?em ‘{eplemented’ as
‘part of the thesis projéct. A design for an
‘ arithmetic segment has also been completed.
S This work 1s descrlbed in Chapter 6 and
' Appendlx Be
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KRR

// . -alntabned for a conptete 1oop. These cﬁaracterlstlca glve

: i . e A
/ SN Neden el

rise to Qone *:70ry dverhead in storlng pointers, segment

ID's and &#ditlonhl status words. The design of DISCO relies R

conslderuth‘on the hypothesls'fhat ﬁeuory and speéd
\ . .
optimlsatlon\at a cost to tunctlonal capahllity of proceaev

\
\

soft'are is no longer economically Justlflable. Gordon and

Sbanqgr [27] sdpport thisAvlew in an analysis of sottware

NP

de#elbpment costs in enelpeérlng dnd sdlentlflc‘_

appllcatléns;

. . i
2.3 Process Services Provided by DISCO'

It is intended that in its tlnal rorm DISCO wlll be a .
. ' 4 :
:complete process manggement, monltorlng and control echemer
’ L :. - . - .\\‘ * - :

Nost of the compoﬁents neéessary for such a écheme have been

specltled aa pavt of this proJect and a subset has been

\

1mplemente€ to build a 'tlrst version' vorklng syetem.

\.

Fige 2. 2 summarisee thé sarvlces which vill be.'

\

a?aitgblé in a cocplete’DlSCO gackage by show! g = » R P

schematically éllf%he brogfam néguygs Vhichzwill bperate_dn
\ fhg bfoceéé_#a{a-hase. fhé prog}#p; ;fe broadly alvided‘Lnto
- | ‘t;; cateéorigé aécdrdlng'to-¥hel; synchro6isaf1bn
p;bpértlea, The’flrsf grouﬁy vhlch ettects the actual

~

\v  process servlces and lnteracts with the process operator is
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eynchronlsod within a DISCO poll to coopérato in sharlng tbo

Y23

data-base ags a common rosource. The progrems in 1ho aogoqd
group are of a background utlllty nature. They are generally

.r@n ?t a-muéh lower prlorlty than theTflrgt group andAare—__%‘*

not, real-tlne prograns (as defined ln Wirth [67] ).

Fige 2.3 shows hov the general organiaatlon of Fig.

3x2 2 any be extended for multlprocessor Operatlon. Each

<.processor node vould execute its own set ot the real-time
- . \

: progbams. It is also 11ke1y that almost all nodes would heve

-

some’ support tor 1ﬂteractlon vlth the proceSS Op?rator..The

4

background utillty programs, such as’ the data-base bullder,

would however, be supported on. only a very llmlted sgbset of

prdcessor nodes- In most forseen jmplementatlons this subget.
would be Just a stngle node.

The tollovlng is an abrldged descriptlon of functiona

carried out by each programs

-

(1) DISCO Executive: This program inltlates activltles
qnd'processes nctlvlty ‘records when spectic . tlags

or timing criteria diﬁtqtéo Processing the -
‘activity records inplements control and dafa—
acqisition at the'most direct iévél. For example,

'-the program may carry ouf caacade control of

liquld levq} in a° procees
¢ A RS . }
processlng an activity record. - - v

A S

.(1i) ACCES: This progranm s}%bhrohiées messages to activity’
; 3 ' _ ’ S o L _ .
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(iv)

25

records in the data-base with activity processlng
carried out by DISCO. In its ‘mos t commonly used
Qode, ACCES excludqs»yeaqs{ and updetes to a
specitic actiyity while thé actl#if&.isibeiné
proéesaed. Convérsely. ACCES also excludes'thé
procegsing.q; ;ﬁ aétivlgy by DISCO-whlle 1‘ is

being updated.

'

. ~

Process'OperAtqr Console Prograns: These programs
will format displays and 1nterpret.rpquests for

spgc{al-purpose_hardwareféonsoles.

Usersi DlsplaylEdit/Log[Plot Pfograms:_lt"is
envléuge& thaf.this ﬁili grbw to be a 1atgefset of
,spgclal purpdsé progrdmé- Somevo: these witL.
tqrpat dléblays on coapufer tefainalélih a mannér
hich mléhf be especlally.convenientztbr a

particular proJect, others may log values on disk -

" for trend analysis and others still wlll probably_

-

be used to allow a general purpose computer

'terminal to. be ueed a8 an Operators' coneole.

) . . t ’ Vo N
(v) * Network Communlcation'ﬂtilltles: The:node,connectlons

in a  distributed net-oéx 1mp1gment¢t16n of DISCO

are made by the use of network <:ommunlca‘!:.lon'~i

utllities. This group of prograns 1ncludes

vendor'a sottvare auch aas DS 1000 and speclal

'
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‘

'purpose sof tware d;slgned to interface DISCO to

. | ) the netv@rk.‘The interface prodrams may make d;ta.

tfom other nodes.dvallablgltor access durling

activity processing or-they mgy-acquire a ebnplete
: ' . :

ART which would be processed by the DISCO program

4 .

in the same way as the local ART.

(vi) Disk Cop}'Prbgran: This ?rqgti2;:Lll/;llev/ﬁé?fzf;;ff//’fg’/,j
‘ . r?cords tor‘;low gctlvitlés to be st§red on ' v" 4/i
perlpher&l._bulk stor&ge devlceg such as an
-agnéfic_diék.‘Complete’ARI's oﬁ disk files will
be copled igto gh overlhy area und:ﬁlll'bé i S
periﬁﬁlchllé ppbceséed ﬁy.DISCO. The poll tlme.
would normally‘be greater thgé that for in;memqry

activities. - ' e

(vil) Build/Edit/Load Utilltles: Thes> utilities permit

lnteractlie building of activity records and

= «
; .

editing of a source form of the dafa—base’tablés.‘,
:ﬁe operational mo@ules for'¥hesé utilities hp?e.
5eén vr;tten de ﬁdrt of thin pédJec% but further

- work vill beirequife? to'make themuavgiiable from

a more user—oriented executive.
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CHAPTER 3 .

—

SCOPE AND CAPABILITIES OF DISCO

3.1 Problems Hardled by DISCO:

~

DISCO has been designed to han&te all the proceés
servlce; commdnly requlfed 6f a modern computer control
sysfen. Theeg lnctude data acquisition, téleéontfol,
télepefﬁ&.‘euper;léory control and_toeabﬁck DQC? Fﬁtﬁbe
vexp@ng;ﬁﬁ, fbr}whlch lptertgces and enfrf points already
ex ist 15 PISCO sottwgrd; éii_ﬁe.carrlgd'out fo'idélude the

folloilng addltlonalifeafures.

1) uuanagenent.1ptormatlon»services and optlmlsatlbn

(-

scheﬁés: Thege‘uay:bé_incqrporat;d by adding
ﬂh}gher-level' software iayérs to'tgg DISCO
; | . s&gtema. . | ; ‘ . ' ' k - ; i/
(il):"Input cﬁd thpuf}trdm add1ti9nai devlqeé with
o véﬁesentiy unknown ﬁrotocoiééqNéw bus tyﬁeé’ﬁnd
iﬁtertaéeg can hg'lnc;rporated‘by u&dihg arlvef

_mdduleavln low~level software lgyérs{'

. -

27
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(i111) Batch and aequential‘Qperaflons: The DISCO data-base

[y

anq data-baﬁo bulidor-deslgns are.su?flclently
tlex;bie to accommodate tablp—drlven sequ@ntlal
cont;ot.'ThiuAtyp§_of control would ha;e‘to_be
governed by a sequenflal‘gctlflty exécutlve whlchl'
‘would probably be separate tron-th? DISCO
executive implemented as part of the’theélq
pnoJect. Add1t1onql1y, sﬁeclal segmeﬁt_processors
wéuld haveito be written to hunqie the seémenté

deflnlng sequential opérationss

3.2 Design Objectives:.
.‘ ’ . R '.A . B
In devqloplnﬁ a deslgn‘baslé for DISCO the number of

-

:(operatlonal reqﬁlre-entsvnuitlptled rapidly as each new
3 . . {

‘ aspect of the system was conslidered. kany considerations

dealt &lth relatively minor details of the design. Some

\ | v S - , -

‘decislqns, such as those governing program documentation,
‘were eubJectlvegand might‘not‘apply'1n a different working

environment.

This section of the thesis attempts to_select the kg¥¢? -

7

-opJectlves_vhlch reaulteﬂ'in'deflnltlon‘of the tqnddﬁental_

characteflétlés of the DISCO system:« The objectlives have

been'divlde&-lnto several categorles,,qach category relating
to a pu:ticutar-aspect of DISCO operationse.

The categorlé; of advanced cbntrol ahdvDDC include -

facilities for 1np1em9nt1ng any pfeaenfly_térseeahle
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.
exporlnental control achene. These tacllltles are noceasae;
in the Departnent of Chenlcal Englneerlng to support work on
the development ot nultlvarlable and adaptlve control
technlqucs which 'ould be accoptablo to 1nduatry (Shah (51 ]
. Ty Johns tone [36] )..The same teaturea of DISCO vhich ee;ele
| evaluatlon ot experlmental schemes uey, however, be used for.
leplementation ot decoupllng or cdnstralnt control
technlques whlch ha;e already.znlned vldespread ncceptance
in lndustrlal appllcatlons (Shlnskey [54] Wade [(80] ).
.ét a more basic level‘thaq the'categqflsed

‘obJectives,'three prlnciples,have setcthe theme for the

' DISCO design. & - o

Ie’ §lex1$1}1fy:‘Atl'gspeeta;ot sbtf;aee eeslgn are
dominated by the'deglgeblllty‘ef making the system 
versatile eed“eultabie.for_fqtuee medlflcatlon..

. : ‘ R ,5“‘ | . \
IX1. User-oriented design: All aspects of the design and
.implementationAhave ﬁeen strongly 1nfluenced by e.
“the deeirablllty o! maklng teatures of DISCO
‘_compatlble with developnent dnq‘operatlonvby the
_humen.dser.‘ | o
"IIXe 'Indpsfeiel,ecéeetabillfyg,The~DISCO¢deélgb'ﬁae et eil
e | fimaa been’lnfiuenced'dﬁ& censfrained.py the
intended ylebillty 6f_£he end pro&uct eg an

1ndustr1elleomputer control system. .
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- . }\ ‘ . - .
‘_3{?-1 Objectives with Respect to Conventlonal DDC

Capabllity:

Table 3.1 llsté in dotaly the key objectives for

—

‘\DTSQQ operaflon as o éohventlonal computer Cpntroi system.
The'proceap services suéﬁll.d by Quch sysf?isvnre d1§cusse;‘
in datailvby Smith (58] .'éhe ébJthlyeé ot'table‘351 will '
be into;pretgdvln to?ué qffainumber ot‘exaﬁplés,

The first e;qmple lé thgt of}a‘slmple f?edpack
control loép oﬁ.a proceeé pldgt.'Typically a Ievgl.mdy be -
o s . . _

controlled byvsensing with some kind of level transducer And

Iy

A}

setting afélov contro} vclve,accordlnglyy(Figv 3-1). All | A
combina tions 9t P+I+D algorithms had to;se'handlfd bva(SCO
A;q& swltchfnd 1@0;‘nanual'éontrol to dutomatlc.had(}o be
straightforiardm~siﬁp1é'incorpqratlon of ﬁev algdrlthms'vas
also a requiremqgtp It.”tor‘exaiblp, the level 1loop

described dédénqed'a sﬁeclal‘nonfllnear séheme thén.bISCQ

would have to ;céomodafe lg wlfhout ma jor p;ograh réQisloné;

DISCO{aLso had fb be compatible with the use of a S

typical pchésé'opératbr's,conssle with tuncftons‘such as

those Qhown in'fjgoyaa2a Forﬁatting} séheduling'ané.
,prdéeéslng:ét—ferﬁi;élfokieﬂted digb}gyslcould'be'dQﬂe bi a
_software layer at a hignher levéi fhan DISCO. The only
requlrgnén&lhere waéaa tidy 1nt;rrace between DISCO and such
hlgbervlayéés..laﬁy,cqﬁﬁole Qctlvftles, howe&ér,lreqnlfe
di;italiand'analog pr¢cese I/0. Heﬂce;]ii-was a requirenegt
that such Iuﬁcflbﬁ; asg régponaé.tb épérator pﬁsh;butfoﬁ

“panels, mimic dldgra-s’and'computgr—generated qnalog»!dlall

/‘
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. Table 3.1 Sumhary-of Ob jectives for
: 'Conventlonal DDC Capablllty

1) The system had to support all Depte of Chem.
Enge appllcations which were at the time
driven by the IBM 1800. Performance and user _ o
interface had to be at least as good as ‘
11800 capabiltity.

"'2) The system had to give versatile support for a ,
variety of data acquisition requirementse.
This support had to cover such operations as
telemetry, monitoring and data-logginge.

The syqtem had to give versatile support for a
variety of output services. These included
telecontrol and output of predetermined
sequences ( reverse data accumulatdon).

4) The syatem had to eupport comblnatlon of lnputs
with outputs to permlt loop-based teedback
controle A variety of control algorithme had
to be supported.

5) Svitching from feedback control mode to input
only (monitoring) or output only . ( manual
control) had. to be simpln to effect,

6) A wlde variety of input and output processlng =
- had to be supported. This included digital
»fllterina of arbl\rary order and simple
arithmetic operations such as those required
' for ratlo control or decoupllng control.

"7) DISCO tad to permlt 1ntertaclng of hlgher Level'
. sottvare layers to carry out?

(1)'logglng
{11) trend recording
(ii1) plotting
(1iv) console support

8) Accompanying utilities had to support bullding
" of data-base tables in an interactive, user- '
I oriented manner. Modiflcations ln'the format
S ' of data<base tables were to requlre only ‘

: ’ : ) minlual adJustments in the bullder
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Table 31 ¢esecontde

-

1 9

utililities.

p
B
vt

7
B
3
b
¥
B
i
&
o
L]
P
d
3
!

Accompanying utilities had to support llstlng of
the. data-base in a ueer-orlented forma .

10)‘ Synchronous clock—inltlated processlng ed to
interface with aeynchronous, 1nterruptfd iven
routiness _ ) _ i . | 3

'11) The data-base design had to be compa tible with
future implementation of table~driven batch
and sequentlal confrol systemse.

- \/ . Fa s
. <
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displays could all be.handldd;by th? DISCO ﬁoftvgro.

A third example’ of & DISCO apéucumn_ might be &
_conputt;iﬁo;'teleuetry aéﬁ téleéontéol éy;te-.‘Such sche@gs;
are cbépopiln the pdvefi;iatf1b§¥10n and water distrlgﬁtlon

o 1kdﬁ§t;lo§ an& hdv; $¢9n ddhcrlbe& by ka;sﬁ [40]‘aqdzﬂovaf§
| et al. [32] « A slmpiltted.llluagfa{ion of such a scheme is
sAowp 1nvF1¢..Q.3-'The rqgulregont,her; is f?r 1ﬁdepend¢nt
\” remoté mogltbrlndvan? remo te éontrot. Any 1eéd§ack ism
supplied by the hu-an‘Gpergtor accbrding.t;.iooseli de*‘-ed;
‘qualftafive rules which may be changed without aécesé to tﬁe
U.co;tro} syﬁf&m.;Tbexlmpllé;tlon fof'DISCO was thaf.meﬁo§yf
zahd.;xeéﬁtiodgettlciency.hdd to be good wh;ther OE hot
.feggbﬁck was supplied by the.contrbl s&stgmg_
| iiﬁeutast4e;;mbie ;é’fha?.§%vlab;f§tory qutomatlon;-
Considér an &xperlment in whlch ah anplifier-in a 1abora§or& 
.cllmatic'cAbiﬁet 1; being eviluated fordbperaflohv1n .
‘ .femperat§t; éxtrémes»{?lg._3-4)ﬂ,Thé 1nputjan¢vou{pﬁt ;;oéxi’ﬂ
‘.thq a-plifien may be bonffolléd'#hd Qonitored reséectlféi&
by a poﬁe}vsupply and‘d1g1ta1 voltm?ter, both‘61 yh}c£ age ."‘
¢onnect§d to'ah IEEE 488 thtrumenfatlon bus. Théf@ocdﬁples
W,df feslafancg fherﬁoﬁeters mny.be uaed;fo mbhlfor fh@n
'f;uperafure in th; ?ahlnet ;ndzit 1$ ;§Qan0S8¥b1§,thdt thef:A 

‘féﬁpergturevsef-bolnt may be suppliedfby the CQmputer;.A s

~

variety of experiments should be possible with such a -
‘éonflguéatlon;,DISCO would be rgébonsibl§ 16%Jsupﬁtying
prodateéminedvoutputgAtojfﬁequwgrjsupply;nnd.cgbinef'ihlie

monitoring tenpefnturq,&nd ahpllfldr’putpuf.'Repoct
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Computer iInterprets operator '\\
commandsy, formats dlsplays. . . , ‘ v
_monitors. lnputa (tlowrates,levelsﬁ. ‘ _ :

‘eends. outputs ( pump on/off, valve open/closed)

o . ‘Computer Control
l S System
'f 'hlgh;level L N
T - reservoir ‘ -
,J“““ 1 -
| (_ e
_ : . . L | b - i
—_————n distribution SRR o -
- L d _J ‘ o

lntebmedla}e-level-

*—ué——“ Jreservoir ‘ c ‘

Vater Digéridution System ST

| -\_\_»MM;,._VW:...&'J\__...
. L]treatment| . a ! ) - ' IOY“ngeI
. { worke - ' Dq, ' ' rqservd{ﬁ : _
} .
: {lg._a 3\\Schemnaf1c Illuatratlon ot a’ Typlcal Appllcatlon
: .0f Computerised Telemetry and Telecontrol in a
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Labora - Digital Control, Applicatlion
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. generation, data storage and plotting could beﬁﬁuplemented‘
by sottware'laiers'at»a h1gher+leve1 than DISCO. It was,
"however, a ﬁéq&irﬁuont that bISCQ itself should efficiently

handle all the real-time lnsfrumentation support in such a ,

control systeme. ya

N \\) |

v3.2¢2‘ Distributed Computer Network Operation:

LA fprmal descriptldn of DISCé obﬂeqtiiés gith respect
to operation on a distrlbufed cqmpu¥er network 1s présenkad
1nvtaer‘S.Z.‘Thevtollovlng dLscuséion deals_ilth some
exaup}esbot p&éslble schemes. | W

Fisher [24] descrlbes the dlstrlbuted network used
for real—time applicatlons at the Unlverslty of Alberta ‘DACS
centre (Flg. 3¢5)« The network denonstrates ; number of
important featurea vhlch have 'lde-ranglng appllcablllty and

‘to vhlch tho DISCO design must be adapted.
| At the highest level the local/real.tlme system is

]

connected by.a‘data-llnk to a }urge;'batch-orlented, dataf ¢
'proce6;1n¢ computerf‘Dlscd must bé capablé oL»acflﬁé as a
'-éean; éf‘data;éollection for sdphlsticatéd analysis in a

'maxl? size computer'sucyias the AK#AHL 47Q4v6 at fhe
'6ntverslt§ ot.Alberfb.

~Within the ﬁepartqpnt offbﬁemlcal Eng;ﬁe9?10W@ﬂthree
v I
HP 1000 systems are connected by seriél andiéerlal-modgm

0

. ~ (7 " . «
. llnks. The. comﬁhiers also share two 50 MB dis

i3 ~

via a common
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.T&btﬁ 302

o ..
u

Summary of Objectives for the
Operation of DISCO on a :
Distributed Netvork of Computers

1)

2)

3)

4)

. which

6) .

DISCb must be compatible with lmplementation’oh

a multiprocessor distributed computer system.

_ The roles of individual processors in such a

s¢heﬁe would be functionally distincte.

‘DISCO should be conpatlble vlth network
in such

connectlon 0of the processors or nod
a way as to permit cooperatlon and
conmunicatlon. ;

o
B

The topology of the netvork should be 11m1ted

only by the communication software and

hardware. DISCO itself must be compatlble

‘with any network configuration. -

Resource allocatlon,sottware must be

incorporated either in real-time operating
gystems or in DISCO itself. This sof tware
augst be capable of arbitrating between
processors, at the same hiérarchial level,
.TpimuLtaneously' require the same
reeourées.‘ - 5 .

’

- DISCO operatlon on a distributed network must

suppor ted by‘a distributed data—base.

Jervis [35} describés how a centralised data-

base degtgdgs the benefits of distributions

be

DISCO ﬁﬁét be designed in such a way as to take
advantase of the benefits of distribution
“whlch*nre provided by the particular software
'and hardware system on which 1t s
i-pleuented. Some examples of such vegetits
‘ades

services among a number of hardware

Ly devices.

(;1) Sharlng of resources such as disks,
; line-printers and plotters. -
(1i1) Easier malnt’dance,

upgrading and
expangione. :

'Imprb;e¢~re11abl§1ty by disteibution of
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g Table 3.2
4 N ;'é'. A )
. S

.»!; . ' f‘ ’ "o"

¥ (1v) Reduction in softvare complaxlty by use
: ot dedlcated processorse
S ) . .
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Line Printer/Plotter
Magnetic Tape

41

' DATAPAC

U of A

Cerd Reader
Teletypes - . AMDANL
Drcwriters . 470/v6
CRT's -
HS 232 modemn
Craphlcn Termlinale ’ .
with Carsettea Drives /
' Disk v
— Contretller
‘WP 21 MXE L WP 21 MXE s KP 21 MXF
- 64 XV. 7777 64 XV T 128 k¥
= ( ' N .
871000 08/1000
Software Software
Connection to CPU Input/Qutput Buses :
p— e — e —— n——— — — — —— ———
. ( )
4 .
4
. " wp ror ' INTEL
suacs | 11-03 " . Other Micro's 8080 -
: - Network : o
Precess . Proceas
| { S $3.2 44 Beckman Lo - /o
oc 488  ascII peocess
Leep Bus Bus rdy1z0
. i ,' ry
. . ‘Cennected as Required for Applicatien B
[ | | ! B t
e . Servl
Research Pilot~Plant Bducatlon rvice
‘Expevriaeante " valte ogs OC
Y
5
i
Fige 3.5 Schemmatic Representation of the Dlistributed Network

‘of Digltal Computeras Operated by the DACS Centre S

LA .
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gwi 'couqunicatlod, éeaourco'sharlng and program toadlng and
schoduling. DISCO systems 1in separa te processors'auch as
these HP 1000‘s had to be capable of cooperating and
.conqunugkting to supply goordlnated process services. The
»actuaficbnnunlc;;ionvsott'are was assumed to be in a layer g@
belov that of %%?CO, thus making the control system
 indepéndent,ot comuunlcatlon protocol at even the user-~-
level. (A discussion of protdcol levels.lncludlng the 'user-
1e§el' may be found in Slomaﬁ\:f al. [55]
éolasack (26] states that computatlonai processes in.
fthe nodés qi'a network may be +reated in the same ia& as
'*"cooperatlng~aequéntlal processés in a single machine. This.
,‘meané_that éyhchronlsatlon and deadlock problems may arlse
‘anﬁ can se'h;ndled by techﬁiéues such as *hose in Dijkstra
(18] ‘and Havender [31]. The deadlock problem arises wheni
'_several nodes at essentlally the ‘seame hlerarchlal level are
all wnltlng for each other to release résourcee. Deadlocks

may eithor be avolded by followlng Bpeclflc rules (such as

. . those gfzvg'by Havender) or by detectlng t+he deadlock and
2 . ¥«

\&\‘ .

‘recovering from it. It was a requirement for DISCO that

[

sultable resource arbitration should be avallable to
facilitate shared use ot’network resources vlthout

preJudiclng'the 1nté§r1ty of the dtstrlbuted’system{

¢

- : One ot the most lmportant features of a dietrlbuted
cohputer netvork 1s the ease of expanslon through additloﬁ :./'
o!-processors (nodes) and connectlons (arcs)o Thls ‘might

v

occur ln‘the systen ot Pige 3.5 if an additlonal HP 21 MXE

R i i .
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processor was required for a new application. Conversely,

one of the three exlsting processora mlght hQ rqmqﬁed for a-

apeclal demonatratlon or IOr dedlcatlon to q¢ne' experlnent.

DISCO had to be etructurcd ln such a. wuy as to facllltate
R A ¥

‘addltlon or removgl of procegsors in the networke.

3.2+3 Objectives with Respect to Support df’Advanced:

Control: . T

~ Table 3.3 lists in detail the pb;nclpal obJecflves in
»proVidlng shpport !or advanced'éoh;rol 1h DISCO.
| Fisher and Seborz [23] present a number of proJects_.
undertaken at the Department of Chemlcal Englneerlng which
‘Qave”evaluated applicatlon of recent &evélopments.in control
gngineering”theOry; M#st of these were DDC applléatlons lﬁ | '
na ture, but ver; 1qpleméﬁ;ed ln.supervlsory proérams because
of the iﬁmltatloné>ot IBM 1800_DDC.'It was-;n important
op&ectlve in thié’proj;cf fhat such llmltqtioné‘ghould not
be ppesent,lﬁ the.newAcontrolusyétem. fhe DISCQ data—-base
" ‘and sqt{ﬁnre structufe had ‘to provlde flgxible;

s

cdmprehenslve, table~driven support for multlvarlable

control, adaptlve‘cbntrol and ‘othher advanced ﬁQC séhemeq{

3.3 Toolg and Media of the Imﬁlement@tlbd: ‘ o

The obJoctlvea or !unctlonal spﬁcitlcatlone tor DISCO

as derlned at the start of . tho proJect have been stated and ot
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J 3 .
iahle-a.S Summary of Objectives for
Advanced’Control Capabilitye.

)

1) Multlvariable direct digital control had to be
easy. to lnplement in DISCO..

2) It had to be posslble to dlrect”output.troﬁ
control calculations to. any date4jtem in the
data-base, This faclilitated 1mp%¢htatloh ot
couplex adaptive contr&l achemes and made the
control calculntlons 1ndependent of the
output - deatinatlong~ "

3) Supervisory control achbmés of arbitrary
complexlty had to be‘allowed for.

~4) The complexity ot a feasible control Bchemo was
B to be limited only by ¢the computing resources -
available. The g ,:cture of DISCO was not to
be a 1luit1ng.1-a¢”r in determinlng.1
feasibllity.
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discussed in section 3.2. The speclfications leave a great
. . . - & <

PR deal ot freedom with respect to the choice of computer

systems, prog%ag-lng 1anguuge- and process cdntrol

1n§trumentat1 ;to bo .used in the im edgntation. DISCO
' &b , S , ,
" could be lmple-egﬁéd 03 QJf ) aata- ocessing mag

connect§§ to‘satelllte, renl tlh
1t could equally geglmplementod on a mlq;:--hghfer nét'ork;
- This sectlon descrlbes the equlp-ent and‘programmlng tools
used in the thesls proJect to lmplement a DISCO system.

w ) ¥
v »
h ’ 5 R

o
3.3.1 Computer System Hardware:.

. The conputép system, used for the implementation was
the network of HP 1000 computers at the Department of

Chemical Englneerlné. This system was used As an example in

section 3.2.2 and is illustrated schematically in Fl&.‘S-S.

—

Thé syst;m has also been descrlbéd by Fish;r in [24]

The 1nstallation conslsts ot three HP 21 MXE
‘proces;ors runnlng under the RTE IV real -time,
multiprogramming opera ting. system. A varlety of etandard
perlpherals are avaflable includlng disks. plottlng CRT's
qnd aiprlnter/plotter.vThe system supports a dafa-llnk to
fhe unl{ersitY's AMDAHL 470/V6'computgr; thgé_perﬁltlng uée’
of ﬁore expehélve devices such as multL;éolouriplottens.
Q&puscrlpt-ppihtora and an optlcalvmgrk r;ader- Access t§
non=-University ét Aibérta sy§£éﬁs Iq‘ﬁvallabie via the

AMDAHL computer by use of the DATAPAC network.
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3.3.2 Network Software: ' . o e ‘ﬁé

Ajdlstributed computer netvorkiqqnalqts.ot Arlthﬁetlc
an& logical program;able processors which communicate by J
neané of sbﬁe physical connection betiegn themes The

*“ communication is facilitated by the adopfion of a standard iy
= : , : ‘ Ty
. which defines electrjcal characteristics, mechanical

oY

message-LeVelland'tranemléslon-level protocols are usually i

characteristics and a protocol for fhe’connectlony The

cloéély related and tdge%her'speclfy the control signals,

L

timing slgnals'anq message format for the 1nte¢changé.
There are two common technléues which,are used for
'coﬁnegtlon‘of,ccmmunicatlng processors. These Are listed

(i) Data—-links: These use a communications protocol which ‘
is uéualiy lupyemented lp sorfwaré- The link is
terminated at 1ntebtacés‘vhlch are similar to
those normally used for a gtandafd pefiéhera} an&

the connection is usually serial.

"(115 D#tafbusesf The iow level_prdtocéis for thisvtypé ot
| connectloﬁ qre'uSuall&flmplemented‘in hardya;é.A |
Commonly there is @o 1ntérfa¢e as éuch_bécause the
5us mgykbe an éxtensloﬁ.of an 1pferng1lproceesor
buse At least control an& tlming-ihfo;;atlon»and‘

frequently the data itself is transmitted on a

‘ ‘parallel connec tion.
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A dlstlnctlon should be qu. between distributed
um .

)

processlnz in the context of the theéla and parallel
execution of a glngle computatlonal procose. The sequentlal

computa tional process is defined by Shaw DSZ] as:?

*the actlvity resultlng from the executlon of a

‘program with its data by a seqhentlal processor// *
Spang [57] makes the.polnt that the r’qulrement'in'
industrial r al time applicatlons ig for lndependent .~
procesglng of quctlonally dlstlnct, sequentlal,

compututlonul procegses which together make up a taske. DISCO

has tho7égpap111ty to support this type;ot operation.

' IAt&?conmunlc#tion betipgn the HP 1000 systems 1; the
Department of Chemlcﬁl Engineﬁrlng'ls handled by Hewlett -
Packarﬁ's DS/1000 softw;féc.Thebpackage“bernits progfum—to—q
program communlcatlon, remo te programqloadiﬁ@; remote
program schedullng and access to remote tlleé and
peflpherals; The physical cqnneptlon is made by sefialtand
serial~modemllinks which,,in'the lattér case eapeclaltjy
"permit arbltrary Bpatlal aeparatlon ot the processors. The

”cbmmunlcations sof tware has a user-le?é} protocol which
allows aécess from a number ot high-level }anguages and

akes the network topology transparent “to theiuser. A mlno#,
vdlsadvantuge of DS/1000 is that routlng through the netvork

;s not dynamlc so that automatlc subatltution of redundant”

aths'ls‘not posalble inh case ot,a,communlcatlon.:hlluroo

P

R i i .
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3.3.3 The Pnogran-lng‘Language'et the‘Isplenentatlbn;
Recent libEOVement- in performance of computer
hardware have resulted in conslderuble 1nterest 1n use - of

high-level languazes for real tlne programnlna. 'hereas at

. one tlne all codlna had ‘to be done 1n assembler 1n order to

<.

sutlsty real—tlne response requlrements, the emphnsls today -
is on maxlmlsing the efficlency ot the programﬁer by
. : . . B
\prondipglsgphistlcdted»sotﬁvare‘development tools.“

Schoeffler and Keyes [ 49] present convfsclnz economic

Aarguesents to!Jusfify memo ry utillsatlon,and ppegram
executlon everheude assoclated with the use ot hlgh-level
ilanguage psogrammlng. They dlseuss the>respect1ve merits.ot

1nterpret1veband compiler—sased systems and present‘

,speclflcatlons for a hierarchlal language proeescor whlch

.

, ' 1ncorporates-both technlques.
wuuams (64] descrlbes the Joint ISA, [FIP a.nd

Purhue Laboratory tor Applied Industrial Control proJect tof'

éi e develop a standard hlgh-level language for real—time  :.5n
» ;’\ ¢ -". '.‘.

#nppllf;flbns. Thls is a very large international pfoJect

~

?’

'“lnvolvlng commlttees from the U S., Europe,vnnd Japan whlch
“3;{.:' » S R 7
are strlvlnz to aohieve/\\dgflnition of what 13 a% present

§ 2 ' retereq -to as fhe 'Long Tern Procedurqt/Language' (LTPL)-

Wllllaps presents thlrty perTormance requirements for the
P ;

language and elghteen necessary features ot the

‘lmplenentatlon-‘ ,>-A o ffi P e »~~**\ o
. _ el ST i \’A‘
In chooelng a. language tor the . D[SCO system there

. were several posslbllltles- It vas undeslrable to program ln

i
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aseombler becauoo ot ?ho longoo dovolopnont tlmo, boéaueo.
orogrum arrors oould aitcct ofhor users ln tho
multlprogrammlog onvlronmont and bocause vory tev ot tho
»people 1nvolvod wlth DISCO had a strong background in.
aseomblet prozramnlng. Although thero was lnterest in the
“@fﬁ'lnstallatlon ot a modern, block-structured Innguage auch as

PASCAL on the HP systen, lts use ln the DISCO proJect vould
\

have created a- nunber of problems. COnslder e e!tort vould’

i . -

S :have been lnvolved in wrltlng a. compiter~and dosignfﬁg\\ NN

1nterfacea to the operatlng system. Such~igtd¥taces yould

have had to bo updated by the . DACS contre when aystem T

updates were réleased by HP. L _: o, R A

An 1mportant conslderntlon was that excelLent'shpport7

ety : .

'-Qtor real—time operatlons is provided by the RTE IvV. operatlng¢

T X

,vs' Q\;Ehctlgzj\ae pPOgram-tooprogram mommunlcation,
- v ) /-

, procesees are avallable as subroutine calla to the real-tlme

%executlve. Slnce these calls are supported 1n vandor—

e

eQ@leed languages there was conslderable lncentlve to

vchooee one of those already avallable. ' e ; '.J';T_SY S T

‘Wlth the’above conslderatlona in vlev FOQTRAN IV vas

. l. . . - \'.\ . , - N
R i
)

! ?_almost inevitably chosen tor the DISCO 1mplementatlon- Inl',; j?\
faddltlon to thq\powerful o;;r\*ina system calle, standard
‘JQISA extenslons'[7;a voro a?cessiblo as, a\llbrary-packa;e ond
'”ia\?icro—coded IastbFORi AN procesaor 1n the HP 21. MXE
';;3&5ffﬁf'en§;;ed ettlclanf\execution. Tho choice was" considered to be
PR ‘ »
jf;/] o 'conalstont wlth\industrlalb. actlce slnco FORTRAN ls
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avallable on a. nu-bor aof comnorclal conputer controt -y-tems

*\;‘and 1t was alao convenlent becauso ot the good tamlllarlty

R

ot DACS peraonhel cnd etudenfa with tho languagem

'3¢3.4 Servlcea Prdvlded by the‘Real-Tlme'Operatlnd Systém:'g 

'L 'v’_><_Rea1-t1me and general management runctlons requlred

RO by DI?EO couLd be supplled by custom-vrltton eottware or by
\
. . - \ . ‘ B + ‘.s. -
;///// S a renl tlme executive. It hae been - partlcularly convenient ,

br/' .
) R

jln\thlé proJect ‘that’ the RTE 1V openatlng Bystem has

>

/provldod almost all the necessary servlces of this types

Dlehl [17]/preaents the important feaxures«ot“a rea l—-
‘ b /' - . .
i ’,,:tlme operatlng systen ‘and those\of a real-time progrnmmlnz _ .
= - . \ - . !
‘ .,Ianguage. Dlehl'a dlacuasion on,the d_z{/ioﬁ//i d&tles

between use§$prograus and the executlve are partksularly

i

pertinent 1n vlev ot hls attillatlon wlth Hewlett Packard.

Table 344 shows features of the real-tlme ogeratlng

. . B
Tsystem whlch have been usetul ln the lmplementation of

— —=

. DISCO. Bhd,thesg'iegtggee,nof\bqu'avallablé It'voutd“haie

L

" been necesagfy,_ln'JESt\gaééS{ to develop software to -

provide them before work on DISCO 1ts§1£”comnencqﬁQ 

e . g o . . \\

4 . ~ oo L S " . T~
. , .
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N

Table 3.4 Features of the Real-Time
4 . Operating System Which Have Been
" ___ . Used ta Advantage in DISCO

Resource RTE IV Management Functions

CPU - - Progrem scheduling by operator
: request. S '

Progream schedullng ﬁ& qnother

. programe . ' —_
) ' B Program scheduling by an external.
' ° evente .

Memory N Partitioning of memory with
.- o : _ . hardware mapping including some
: dynamlc mapvinge.

; ‘Management of buffers and
L .| communication areas.

) Program toiprogram“gommunlcatlon
L L o via the communication areas.

Provision ot regﬁtrant libraries.

1/0 nglceé ' 1/0 bufferinge

Ququéing'ot&requestsy
Facility foy}loéklng 1/6 devicese.
Conéﬁprent I/0 operationse |

. . L "7 : : P@r;ty chgékfngo B ) 1
'rInstrumenfqtloﬁ bus handllﬂé,

v

Peripheral Storage File managemente.

T Loading from péglpherai storagee.

. - Kd

P ' ‘Background ebttwaré'dovelopﬁent by
’ ‘ use of editors, compilerse, and
Ltoaders., . -
. N : ~
A — 4
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CHAPTER 4 B
. ;&."';, .
B : \’A\‘..l'l- ‘ y' Mgl
p : DESIGN' OF THE DATA-BASE Tt e
) . TN ..,{‘.\-_,“, . . ’ ’
- 5A~ ,
‘ 4.1 Table~Driven Processing: T |

~— . Nl

'

In.keepigg wlth.thevddmlnating équctlvq of
- flexibi lity 1ntthe ééojgct, bISCO_has beén dgsigned in eucﬁ
a way that‘all opgrafions of the éogtrql systém are table—
,drlveﬁ._Vhlle tablé-dflvén procégsi&% is a coﬁﬁon teatu#e of

DDC systems, the ptihcihle has been extended in DISCO‘beydnd

conventional process cqhtrol calcuiatloné- DISCO‘eomblnes'
gpecial-purpose, software modules with a tlex;ble'data—base

structure to permit table-driven control of any operation ®

>

that the computer hardware is capable of. Typical process

services which may be;lnptementedljn this way are presented
in table 4‘{1- : T ) ’ o _v"'

Tbgfﬁﬂf;hﬁageé of table-driven operations in a nulti-

prograhhlﬁiiriﬁﬁl—time environment are very clear. If the

"

code and operands of a>control program were mixed in a
. . . .

single workspace then, for example, an independent displaey
program would not be able to find the operands for its own o
2y

purposes.'Furthermore,‘passlng ot paraﬁetefs betwedn

-1nﬁlv1dua1'rout1nesvor the control program could '~ itself
[ z .

Qo

G
~
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s Table 4.1 Typlcal Proceéss Services Which
: : - May be Implonented.by Table-
Driven Software insDISCO

"1) Polling of continuous ﬁroceeses and execution o¥!|
control calculations. (Implemented as part of
- the thesis projects) : T

. . . ¥
. ) "

L. . 2) Asyhchronoua computation og'controtlprocedures
for batch and sequgntgal\processea.

3) Interrupt processing.

4) Process I/0. (Implemented as part_ot-tbe fheslg-,
projects) - ’ ' :

5) I/0 from/to local and network accesélblé'atorage
" medias -"!v,; ‘ \
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pose a problems. The v€}y léast t1m1thtion in such a case
'  ydulﬁ be tﬁgt all  the ;;érap;; and pafamétors,detlnlng
iprdéoss,fervlcés‘wbuid Auve to be coﬁ&ained:ylthlh th
iorkspaée of the program. The mixed mode OperdtIOh“be;omea_
downrlght 1mpoasib1e when one considers that alteratién of
purameters vould requlr;,racémpllatlonnof tﬁe program
jltséit; On the other h;nd, a erarate, éhafed dat;-ﬁ;ée“
allovs accesa‘by a number ot‘programa carrylng ouf a varlety
pffprocess servlceé. Any'program'yqy be qlthQravn from the )
:éystem causing 1055 of o;ly.a éubset of the avallable
functionse. Modularity is enha;ced by allowing lndlvldual
noutlnes of a program lndependent access to the‘data—base
ylth minimal 1ntern91 gassinglof.pﬁramqteye.-

The use of'a.;quiafed q&ta;ﬁgge iﬁ;g tablé-drlven
scheme also faéilitafes gert;tﬁ 1ntpé§;ty ﬁea§q§qs3
Identitlcation ot a 'd&namléf'éo:pohéht';t;fhe,céntrol
s;stem detlnltion aselsta prote;tioﬂ ot the system. The

N o .
‘data-basgse can\he backed-up on a aecurd storage medlum,
checkpolntlné of\\iterations can be implemented and the <

. \ - .
malntenance of an audlt‘frnll ps descrlbed by Schoeftler

[48] wmay be used. to éd@ur;}jhat'the (dynamlc'-component can

be reconstructed lnvkaée:oimfa”luré.vThe'foed component,
thatvis;the brpgram code, may alwa

N

be reconstiucted quite

simply by réloadlng.

Ve
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4.2 [ Choice of a Data-Base Structure:

Table 4.2 lists a sdlpcf!dn of crlforln presented by

&

Dodd [20] , which attect the choice of a data-base

- /
structuro- One af the most significant conelderatlons in the

design ot the DISCO data—base has been the optlulaation of

N

flxed-period, cyclic processlng of control calculatlons for

a contlnuoue process. The distinguishing characteristics ot

- "thls g(%?e
%

,\‘ . " ¢

lo{gprocesaing are that uost or all actlvltlea are

pol*hd,on, Qch periodic scan, retrieval and updating bofh f

it

-~ . need to be equally ;aét and gtflcle6t anq keys are nét used
by the cyclic controi programe. | ’

‘\; To deal with these requlrements the %&&a-base was

organised as a- sequentlal tlle’ot records which are

processed, also'ln_sequence,'by the ma;n'control programe.

The s#hene permits.thg use of dlreeto;iqé to speed up access

by other programs such as those used for process operator ;w”

console eupport but, in. general, 1t wa% conaldered that

type. Adstkonfolafécqrde tb the da ase is qulte»slmple.

. : : : ) . .
However, insert/remove operations will necessarily be less

efficient than they vould be with random or list
organisations., Such operatlons will be required only

'occaslonally and therefore may be carried out'by a 'copy and
- pack! utllgty.
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Table 4.2 Criteria Which Affect Cholce of a
, Structure in Data-Base Design N

1) Required speed of retrievat.

_ _ : N

2) Required speed of updatinge.

3) Typical nunbef of records procegsed per accessge

4) Number of keys used to access the data.

S) Frequency of ingert/remove operations,

6) Similarity of recordse.
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4.3 : Compromlées Made in Meeting the Deslgn ObJoctlvAe: ' o
Table 4.3 shows the most significant da ta-base design

decisions resulting from the design ob jectives o!'chdpt.r‘ac

Items 1 and 2 of the table have already been discussed and

justified in previous qectlona{ Thls‘aécﬁbod §;LI'd§al;vitﬁ‘
% : EE T P A DR
the remalning points and‘attempﬁ to Pngedt fhozyehsong tor‘n

- - o) U I
a0 ) i S
. L - :

structuring the data-base in the mannoflohbﬁgn;‘ &
Item 3 is related to the fucllrtyjfn‘ﬁ1$CO&yﬁfbhf%ﬁﬂ .

allows different process actlvities to pqrfdrm'ilﬁclx¢f“ff
ditterlng roles. The storage of like data~1tems in a record

could be seriously considered if a large.ﬁuﬁber,ot identicﬁl f<
operations were being undertaken by the contqol.sygfém;lln

%ﬁ h a case a convention would be possible wherebygthe~1 th -
R : .

da;;—ltem in eggh record wa}’assoclate?.iltﬁ_andpéciffé.
Operatlonﬁ DISCO éfecludes'theAuse of a convention ﬁgéause
anlactlvity-may us; an‘arbitraryiﬁumber.o!many t&pé ot
operand or parameter. The onlyyﬁiternatIQe to a convént}on
‘wouldlbe the ué;<ét-dn absur&ty large number ot.polntefg and
h;nce, &he loglcqlﬁsolutiqn was éonsid§f§d to be the
coiiedtlbh of all dafa‘p;iaflng‘tﬁ a parf;gulﬁr activlty

within an acflvlty record. .

”S;gmeﬁts'ot aﬁ‘actlvlf& bec§rd will be desc;lb;d in
 more-deta£l in secflonv4.4, #t thlsjpdlnfilt will segétated
simply tYQt tbey detino.somo‘fgncthn, such as input or-
‘5gfput,rvh1ch is part of the hro¢ess acflvlty. Item 4 ot'the‘
fableAstateé that 1;fernal segﬁéﬁt térmdttlng conveétlons
may ulior varlablevtormat dﬁd_varlable segmdnt lenéth. fhe

Ry
y »

o . | : ‘;
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Table 4.3 Summary of Data—-Base Design
. Features Chosen to Satisfy the
Objectives of Chapter 3 B :

1) The_procesa'ggjlxl;x ' not:thg control loopy i=
the record basis. : K

2) The data—-base 13’3 sequential filee.

1:3) A variety of types of data-item related to an
" actlvlty~aro7atored in an activity recorde.
(As opposed to a record containing all

setpoints, a second containing atl 1lnputs
etce) '

4) Subsets aof an activity record which define
specific functions are known as segménts.
‘Segments are variable-length and contaln no
redundant fieldse. ' ‘ .
. . r
5) Communication between segments 1is effected by:

(1) directed'labels.
(i1i) a stack
. s

Future development may,gdditlonglly'allow:

(111) structured butfers
‘(lv) input/output operationg on -/
the data—-base’ '

6) Communication between activities wllt pe allowed
by the use of input/output operat!qns‘on the
data-based :

7) Any data fepresentntlon,requ;red by a speciftic
' "aﬁplléatlon ie permitted. The tollowing
' representations are recommended and have been
used in the part-lmplementation carried out
to date:l '
o o S ‘
SOy Sy . (1) on/off, single blt
/M’ : (11) positive Iinteger, byte
L (1ii) signed integer, word
(1v) real data, 2-word
(v) strings and vectors, N-word
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Table 4¢3 cee contd.

. ¢

8)

.nodular structuro.

) v
? S . - v

The data-base design 1ls consistent with
processing by programs having a top-dovn.

er. Further reproduction prohibited without permissionyaw\w.manaraa.com
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e
’fornatmhnd length in a specltlc application may be ‘defined

data—bnse ims built by the cholce ot speciftic

Qy cholce made by the user should,'hpwover; ceaus e
&{ot'all space allocated.aa a result of his
eélectlsn

e

fie alternative  to this policy would have been
“the {nclusﬁéniot ;11 posglble fields for a glven function in
the‘segmept. In éuch abcaéeyos;igcfion of optlions vbuld,have
merely indiceted which fields were in use for a given

application. The alternative approach was considered

1nteaslble becausge of the lhrge number of options which were

‘deslred_tqr each aépect ot'DISCO‘s operatlion. The numbér of
redundant fields and 'asted.Space assoclated w1th unused
options vould have 1ed to crippling storage inefflclen;y.

Items 5 and 6 of table 4.3 deal with the use during

segnent processlng of results, parameters and operands from
e segment other than that belng processed. A typlcal example_

- ot the need for such an operation would be the accesalng ot
an input as an operand in a.control calculatlon. In this

case the input acqulsition and control calculatlon wpuld

4 . ) /
!

uaually»be dgflpe@ by difterent, separate segnents. DISCO -
-allowé several meané ot refe?§nce of data-items beyond the
segment bdundan&.

The first of these, the:dlreéfed labél, is simply ;
'poihter to the dafaflteq requl?edvin the remote segment.
.vofk is currently.cdntinulngfln the gACé centre to provide
automatic ggneratlon of such polnterg du;lng activity record

bulldlng{ The second method, namely the stack, is simply a
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cPlrst-ln—Last—Out"qupué.ot 1nfe¢or data-1items. Sognoaf
processors may perform 'PUSHf and *POP!' operations on the‘
stack as the segments are proceasea in sequenco,TTﬁo éathod
works well for typicﬁl‘teedback control operations 15 which
operands, such as‘ﬁroéoas 1nputa, can be userd in

calculations in the same order as that in wt 'h they are

RIS

~

acquired,
/ Future work iill lnclude the implementqtlonlot an
addltlonalit'o‘communléation Qchemes. The structu;ed buffer
wou@h bﬁ a etorhge area in which specific data-~items Lp a
fypical'activlty wogld have.partlgular iocﬁtiéns.APob
 ex§mple, the program varlable.'SETPT"couid represent a
1ocat;on-1n which the cbrrenf aét1v1ty's setpoint w;s

¢

stored. The structured buffer could bg paseéd from ohe‘
‘séémeht processor to the ngxf Just ;glthe stack can be I -i”‘
passede. However, unlike fhe stgék, the‘bufter 'ogld perhit
‘rendom acceeerto.varlubles vfthln it.
‘ The laat data—base-ébﬁmunlcaigon.iécility envlsage¢
would be 1n§ut/oqtput opefdtlon on the dafafbasé 1tselt; For
rénsonq of déta—baaé'lntegplfy,1any.commuﬁlc#tlon befween
: adtlvttlgs will be festrlctpd to usé of this fgcility onlye. -
Tﬁe fechnlqué Qlll involve exteqsioqrof ofdlnary I/Q
‘routlne? to.op§ﬁatloq oq_tgo.actiVIfy‘recordg rather than
i/o buffers. A cémpatlplé addressingyscheme'vill be used ¥o
speé;ty‘the:ID of thé‘actlilty féé;rd to be referencea andb
the required data%ltem within it. |

‘

» Item 7 of table 4.3 recommends the use of data
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ropresontutlon-.mhlch are easlly handlhd_by PORTRAN or by

typlcal FORTRAN callable library routines. It is an

-

'1-portunt polnt, however, that DISCO imposes no llultatlons
on data rcpreaentations used in the data-baae. Par t-word

fielus, b;nary-coded de imal, Gray code representation and

any other format which can be encoded in blnary-dlgits may N
bb used ln'thd data-base if appropriate processing modules

. are 1nc1uded in the DISCO software sulte.

The data~base has been deslgned ln such a way that /;//
o~ . /
- ) _ o .
subsets of decreas ing order\agg processed by progrosalvely

-
~

. . \ N v
lower~level software layers. This satisfies the‘Statement,ln

~ o

\ . . .
ltem 8 of table 4.3 for the entire data~base structure even
to the lndivldual data—item level. In the extreme 6&se”the
data-1tem as the lLowest order subset of the data-base is :

interpreted directily by hardware.
N\

4.4 The Data-Baae Structure. X
The data-baae in each processor lnvolved 1n the
ﬁglgltdllcontrol schq-e‘contalns;
(1) operanda and par&ueters shared by synchronised

proarame running in that processor or in

procesaors having network ‘access to thevtable

(11)’opqrahds and parameters stored berween subsequent runs

o

hat N\bt a single programe
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63 #

:4,4.1 fTho Actiitty"Rocord:

Tho actlvlty reeord contalna datn\vhlch
}1 - \
for 1mp1enent.tlon of the process actlvlty ns doacrlbed ln

/ | ST

sectlon 22 DISCO recognises saveral 'typos‘/or clusSQS\ot

actlvity ln order to facilitate sinple handling ot com-only
/ T

.encountereq"de-ands. A typlcul exa-ple ot use of a type

~

deslénatlon would be the continement/ot the operation of a ,

100p—or1ented, process operator's cﬁ;sole to slngie-lnput, L o

single-output actlvltles. By/a&opjﬁng dif!erent type‘ ‘
.1dent1£1ers fQP multivariable and sinzle’variable actlQI#Leé“*
. J .
a drivlng program tor a consd{e such as that described/éopld
.discriminate between Qalld and lnvalld/operutlons./ // 

'The control system also allowa cqllecflon ot

T~ . ~ . e
. \\ y

activities 1nto 'groups‘vto carry\gpt tasks vhtch areA-ore
T . /,/' \
convenlently executed by several coopev nu\activitlesle —

typicnl exnnple of a case where this might be: deélrable - ST
“vould’be the-l-plementatlon of cqecade control yhere the,

,.slgvelloop requires a much faster sampling tlme‘than the -

master loope. In_such a case two acflviftes could"bé'used to

lmplement the two loops wlth a group designatlon belng.
///
vspeclrled for tho pair. Special propertlea of anvactivity,///’

_ group would be toatures such as use of dlrectedmlabels for

R4 o
T

1niev-&ctiv1ty communlcntlon, [oadlng or deletlon of the“
~group as en lntegrgl uni t and contlgubus storage of the“ o
_activlty records comprielng‘the group;

The tormat of tho actlvlty record header 1s shown 1n

tuble 4.4. The header containst1n£ormatlonIsué£,as\tho_lpu
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Table 4.4 The Activity Header

s

| word . Description Fleld-Length (blits)

Activity ID B 16
Activity length. T - 16 - ~ S
Activity enable/disable 25 T 7
o , Local edit :sync/unsync
IR KU ‘Global "edit sync/unsync .
' o : Clock initiated .yes/no
Data stack in use ‘yes/no
-—-== unysed blts —--- %
Processor network node ID
4 ‘Number of segments
’ Activity type
S Poll count S
' oL ing interval

W0 -

00 00 00 0000 00 00 00 00 (D it bt ub et
LY
%

€
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J 3 o 3
2

ﬁuhber; length. status and tlnlng lntornatlon. The activity
ID 15 ne twork globally unlque, it is alvaya ‘a positlve
'Létoger,,and ;ts Ipvest order octal digit 1s always *1', The
klength>d;t;-item é:tactlvely constitutes a pointer to the
next actl&lty re;ovd. Since theré afe no gaps between
Sha activlty.;ocords and fhe 1oglcal order of records is the’

same as the physical order, the activity record table. (ART)
v _— : | o

1s, nevertheless, considered to have a sequential
. T 3.

orgahlaat&&p-gs defined in Dodd [20] .

VAN
-t

4,4,.2 ‘Subsets of the Activity Record:

)

e

“nThe_subseté,ot an actlvity'record are shown °*

schematically in Flg. 4, 1Y The record comprlees an activlty

1 ) e

header and an arbitrary number of segments. In an actlvity.

record vhlch defined the operatlon of & slngle—variable, T
% . - L

FRya

teedback lo&;?‘separate aeaments vouid typlcally specify o ' ‘
input acquisltion, tlltering, glarn processing; control*and

output transmLss}on. The o*der"bf egments deterﬁlneqrthe_‘<
- ~ . \‘ - -‘ -' ‘ -‘X \
Eordéé of pertorhlng the specltiéd functions and more than

one segmgnt of a glven type may appear in the same activlty

record. Since addltion ot new segment tfypes and alteration - o
~ s B K ‘ B \_/ ’ d - Y.

- Qf‘seg-ent iornata ls'extrgmely eaey ln DISCO, the-fuhctions“
Com T T g : i . “

o 1pertorned by seeuent processors ‘may always make tull use ofv r

v

the cupabllltles ot the avallable hardware-

Smaller subaets “of the actlvlty record may’ ﬁe deflned

kY

as part of the convgntlon for a given. segmenf tormat. These

, .
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¢

subsets, #;own as functional blocks, may be used t0 provide

o variety of formats or a -ultlple apeclflcatlon within a

single ségment. An example of thlu would bo a segment which

defined a number of tilters in aerles.'lt each filter

epecltlcatlon required a difterent tordut, functional Slbcks
'Wkin avégntlguous sequence could be uaed to achleve the

multiple filter definltione

4,443 Organisation of the Datq;Base:.

Fige 4.2 Llluetrateé scheiatlcally the_layo?% of the

éomponent tables yhlch cdnstltute the DISCO data—gase In

the current lnplementatlon, the da ta-base ls stored 1n the

'Real—Tlme Cénmon' area of naln -emory in one of the °
departnent's HP 1000 systens.

Three i-portant dnta a?eaa exist &pQPt !ro;\fhe ART
'descrlbed abovees Tho tiré&, the overtay ART area, 1s
available !or perlodic superlmpoeltion of ART's from local

or netvork accesalble'storazé'medla. It is the
 respona1b111ty of the progran loading thle area to

! A

synchronlse vlth the ART processor and to obtaln the overlay

3

! 'ART from the deslred sourcé locafloﬁ- The Iocat ART
_processor scans this area otter compldtlng 1ts oberations on

'6

the .local ART. One ot the most, 1nportant uses ot the overlay

¢

area wlll be in proceaslng of dlsk-resldent actlvlty -

recordse 7 : ' '

The I/0 buffer area is the second major area outside

o : . LN o
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»
. ‘" High Address .
Non=ART Tebles
!
- N h Ay
. 1/0 Buffer Area
Overlay ART ’
‘ P
h
LART '
. o .
' o ¥ — _ , Lo
PR DISCO Pointers’ Polnters to .
" .various' DISCO
“ o . o aréas ‘
A A i 6
N . . s
P : | Real=Time Common-Pointers, — e
Fow.Addresg_ e i : : : . " Pointer to R
SIS : _ . 7 start of.DUSCO
Y o ‘ R o ’ ’ R Data-Bage:
) o
ERANNY A
. = ) N
L ’ )
Fige 4¢2 Layout of the DISCO Data-Base - :
e

. .
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of the ART, This area will be used to store putférs for
Operandl of DISCO lnpgt And output op;ratlone. The dafd
.;ecor&e in‘thls area vlll-ihclude buffers obtained from
other net&ofk’nodee as well as locally connected
‘instrumentation. Fige 4.3 shows how buffered and anpftered
I/0 may'be organ1s9d in a D[Séonystem. The butte%s-may be

processed by:

N g

i) specia}ly triggered DISCO scans which occur when new

data arrives in the burtgr‘

(11) polling the buffer for arrival.of new data as part of

.qéflvlty'record'progesslng ) 'V
o )

(111) requesting the filllng of a buffer, vaiting and

anulyslng the contents of the buffer on arrlval,
’ - .

»all as part of procégslngfot a single sezment

".(poéelble for fast Ilopdévlces only)

. .+ .
‘ 3

~(iv) asynchronously updating tﬁe”buffer more often thaﬁ it
) N . . \ B 4

" 18 processed.,

A

'§5 ;'1 S : Ihe Iast anor non-ART area 15 the general areu ahown

in Fig. 4.2 at hlgh~COMMON adaresses. Tqﬁp areu containe

I - \

2t g

Sty

tablea raterenced by the control systen sottvare trom tlme !

.

. e

to tine, but not perlodlcally acanned and processed llke the

. ART. Typlcal examples of non=-ART tables are glven bvelow.

.
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(1), I/0 tables which provide hardware—oriénted
information required for lnstrumentitlon handling:

»
These allow the user to specify an abbrevliated
. ‘ ‘ ! I
logical reference to an inatrument»dr part which

would be used as a 'look up! key by DISEO when

& ~“actually executing the 1/0 operation.

&

‘"

(11) Engineering units tables: Zero and span Qalues
rgquired for convéréion'or interface units to
englneering units are commonly ¥he same for a
number of activlties. Althoqu_these vglues may bé
lncluded-Lnilnput and output segments, memo ry
efficiency can be improyed.py storing them in a
noanRf table which may bevréferenced vﬁen

Vo,

reqdlredJ

4.4é4i Dlatrlbutlon ot tbo Data-Baae.

| A_number or obJectlves have been formulat?d whlch

relate to’the processlng—of activity records by a . L ‘ . ‘

dlatributed network of computers. These afe'a réffﬁiment and

ext;nslon of th; general dlstrlbuted processlng obJectlves

prese;ted in. chapter 3. Limltatlons%ﬁay be 1mposed by the
“characterlstics ~of - computer hardvare or communlcutlons
softvarevln a‘partlcular 1nplem§ntution, but ‘the structur;
ot DISCO and the da¢a-baso hre‘compatlble with a tu11 .

realisatlon. ObJectlvea for - dlstrlbuted computer network
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prdc.shlng qtuactlvity)recbrdq ane’ergenféd bpelow.

1

o
H_(i) Edlt/f.tch opofstlon- on th'dntaébage in a remote
node muat be poaslblo as pnrt of ART processinge.

» - %

 The ad?resslng of remote data-buses ln thls manner
must be‘lmplbmented in. a way yhlch does not ", ‘ '
'suspen& real—tlme operations in the local ﬁode'
during the I/0 wait pe'r.!.'odo'
| (]
. ‘(115/’110 operations using dnta¥proc¢ssing or process‘ilo
| peiipherals attached to remote nodés‘must be
possible as part of ART procgéslng-
' \
(iii) Processing of uCtlilty rocor&a obtained froﬁ,a remo te
node nuat»bg%?p¢§%ble.‘
%
(iv) vlqeally the system sﬁou1d°be cab;ble.dt‘éxecuting
7 parts gi.; slnglo qctlvlfy qn severa} netwpﬁk.A
© nodes.
The tlrst three obJectives nay qultg eaally be
.achievod by talrly atralghtfor'ard expansion ot the- present
slngle-procesaor scpeme- It is expected that mos t detalle ot -
° s 1nterprq§esaor co--unlcathn vill be succeeafully handled by

o \
Hewlett Packard's HP 1000 ao!twaro. The fourth objective can

=

be reallsed only vhen 1nter¢segnent communicatlon ls v

speclfied for’thg dlst:ibutod case. Several obvious
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T A e AT e T ST

: e T3
A : P
e extensions of the single processor techniques presented in

»

section 4.3 mayy, however, be used for thld-gurpose.,These

»

Y eg$ddalons are as follows.

. J..

(1); Dlreétod labels could be used 1if ﬁllisegi;nts

previogsly processed in other nodes were made

'
.

available at the, time of processing.

: 3 o
(1i) The stack could be used if it was passed from node. to
R0

node.aa‘processing‘ot'the ap11{ aé{lvlty_

progressed.

(i11) The structured buffer could. B# used it it was passed

from node to node as proceﬁf"'g of the aplit
i ; .

activity progressede.

- B o

i » o \ o
4,5 A Comparison with Data-Base Design Procedures in a

D;ft?rent WOrklnﬁ En?lbﬁnment:

An 1ntefest1ng combaris&h caﬁ.be made between the‘
&esldn deételonsfmaé; t0 meet thé DISCO obJectlvés and a
somewhat §1ﬁ1t%;:exorqlae undqrtakqn‘a{ fhé Europeén»

Orgénlnatlbq'féb-xu¢lnarlnaéquhchg'panoé}s and Nead [14].°
aeQér;be thejliple#qﬁtafiontofug'ﬁlétrlbﬁtgd computér_‘
:nefiork %ngdntrol a boo;f;r accoler;tor a;d'a llpoa}’“ . \
gcce[erg}ofjét CERN ln‘Géneva; Thé»proJecﬁ involved the

o N, - ; ,

>dbslgn of computer controlréottware from first principles
! : ) d : z L —
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.

including the structuring of a real-time data-bases The
L ' [
result of this work was, nowever, considerably different

tsﬁm the result of the DISCO design exercise. This section

will attempt to attribute .the differences between ‘ﬁgeo‘and

Y

'

.the CERNlconfrol syatqm:to“apﬁaltlc‘chﬁragteéistlcs of the
i = o ' > o
respective working environments for which the schemes were

7N

designed. o

Table.4;5 summafiees.the pertognynce requirements of
the control gystems 1p the CERN proJ{cf aﬁd in D[SCOf It ls‘
1mmedlately,obvld§s thnt‘vhlle themCBRﬁ syéteﬁ leaves scope . _
for modlticafloq; upgﬁading and giéanélon,'lt does not claim
to be a general purp§s¢ conputqé cbntrol package. The éﬁtq-
dcqﬁléltlon and controt'opéhatiops afefunltorm and well
defined in fhg accdleratof app11cAé1on, henég their
specltlcatlon_was'cqnieniéﬁtly achieved by flqu-formﬁt,
fixed-}enéth recordse. Ali thé }nsxrumeﬁtatlon could be

assumed to be.acceaslbié via a CAMAC bus, thus removing any

need of prodeing‘ofhef types of connectione The opefator

console support also did not require a sophisticated

.

solution because the pfoceag conslisted of large numbers of

very similar mechnisms all of ihlch could  be handled by a
) - ) . e - < .T- Yoo N . . B ‘ . ) . ‘. ;. . ;:\:t. - C

. similar format. There wag no need torvspeclal-purpose -
. A_“ ! » S u ) ’ ” ’
“consoles.

The accelerator control system, therefore, did not
}‘. . . S . . , -

need the flexibillty which DISCO provides. by permitting a
‘variety of single-variable and multlvaflgblp.algoritﬁms{ 

. v
s

; .‘lOEICQL referencing of lnstruﬁentatIOn, contfot.schemea oft

o
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Table 4,5 _Pertormancb Redﬁirements oifthe
CERN Control Scheme and of a
General DISCO Scheme

. CERN ' - . DISCO
|/several thousand process_:Severalshundred process
variables ' variables
1 . /_/‘ . ' N .
Many operator tgrnipals | Pew operator terminals
- 1" ”

CANACllnstrumantatlon . Several types of process

only ' o interface

~<any variables to be | A few variables to be

igrocessed every S500ms processed every secov¢§ ,

most others on -
N considerably longer scan

lcontrol gchemes limi ted Contnolfschemé complexity
to well deftined single unlimited
variable feedback a

. Table 4,6 Design Features of the CERN
. Control Scheme and of a General
. DISCO Scheme -

con_ﬂ.zuratlonw

CERN S ‘ DISCO
Varlabfes'reterenced'by Variables reterehéed
name and always located directly bY location
via directories . ’ address :
. 3 ‘ Hierarchial network Arbitrary topology ! %Q
!
I

Fixed-format, fixed-length Vs%lable‘forﬁat," -
data record . | varisble-length activity &-
. record wilth qpbsets‘ '

L
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arbitrary)st?udfupq and cddables of arbltrarygatruqturc.

~y

There vere,‘hov;vé;,‘stlff‘ipiélflcattonsvto meet in terms
of thg nunberiof varlahlgs hahdled, the speed 61 pvoéelalhd
dem;nded gnd'the'nunbe£.ot operators accessing the data-
baée."Thésg led to the use og.a sophisticated dafg—baie
management sgheme opgrqtlng‘in real-time. The schéme
supports-the_acc&aslng of all dhta-baao yar;ab1es by namo:

the location belng found from directories by parsing'tho
.:y._' 5{-' ' - . . : ‘ . ‘ i o _
rame and using its components as keys. The speed’

1

trqﬁ@lrements were ﬁet by Llplting thelépéllcatlon~of any
ph@;gséor.to a eihgle, self-contained f;ék. IA effoct,*a | “af g
schemé‘veEy-slmllar to g Dlggb system conflguredeIth one "
activity pEr processore. .f : : ‘ ‘ . | ‘ , N
¥ The question n?i&é%’wﬁbthef DISCO Eo@ld‘be applied to o
A : : i

fgé'control of th§ CBRN‘ﬂcceyérator. Since this is an \

) . : I
application very much on the periphery of the field DISCO |is

&egldned_to_cover, the'problei poses a real‘testAfor the
flexibility of the con@rot software. TAbIo 4.5 reveals that:

€,

fﬁh dittiéultleékllqtﬁn‘the ;re§ ot red#lred-speed 61 "~>4
procgsqlng,an& &hta—baseVé{zé.'Iﬂp:ovlng the progéselng'.“
‘speod ot!DISéO for thié gp§é1flé:ap§llcﬁtlbp coﬁid be
Aéhleved,by: | |

o

fn(l)» adopt;ng.a fixed, feedback~loop structure with input

.and output segmenté Jplcp assumed a CAMAC

interface B -v\:‘ - o
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(14). 11m1t1ng thb number of activities per processqr node

. : {s\
AR

(iii) use ot aésenbiet-éoded:sezﬁént proceago;s-‘“r
S;née DISCO intertfaces oaélly vith'higheruipvel~

sdtt;are laQers; a dafaODaqevnanagqmént qch;ﬁe such as;that.

in tﬁe{CERN deelgﬁ could be lnéoéporatedg TheAscheme wﬁuld

Vhaﬁ;/fo:p;yéapaﬁlg‘ot operating on records‘in_the shared 

*COMMON* aréa‘ét main memori in whléhﬂﬁhé‘dat;—baae was’ v_ ’

stored. The ART processot or éycllc'contrql proargm vouLd.

stl%l expect to reterence process varliables lkdéi?ﬁ&ggzlx o;

dny*dlrectorles but 11 a 11xed format actlvlfy were assume d¢

thep a dtrechymnpplng between variable type and 1ocatianﬂf

would be p;sslble. It is conéiuded that creatlon ot a

superset of DISCO by addltlon of'soft'are Iayers and ‘¢  s

streamlinlng of DISCO by selecthn ot subsets of sott;ére

modules vltbin exlatlng Iayers would make 1t feasible to

controt/?ﬁa CERN accelerator with a system: such as that

‘ deslgned in thl- thesls ?rodect.-
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CTHAPTER S

.

EXPERIMENTAL IMPLEMENTATION AND EVALUATION OF DISCO

&

0
- : \, . . <L o ) Q

Sel Introductlon to the Implehentatlon{ S i

xTho component\voduLea‘vhlch make up a complete-DISOO

'systemahaVe Sbch &escslbed'ln‘sectlon 2.3, This chaptqr

descrlbes hov ‘a partlal—lnplementatlon has been carried ou.t ’ o

- to condtruct a flrst—verelon working systeu. Further vork,
: R )

R

”currently in progresa in the Department, vlll reflﬁe and.

,ﬂ;eXpand the exlstlng DISCO sottware to a full reallsatlon.

_‘fgi_ f This theaia proJect vlll conatltutP a basls for the

V“T*full reallsatlon in the tollovlng waye J
N e T . N ’

v 2

ﬂ: ’ (i)__The partial 1mpleaentatlon wlll\provlde a practical
w . s

‘ tramevork whlch already contalne 1nterfacea for - ’

mosg of the tuture addltlogg; ff ,H‘ ,

Lo o E . R o b

- E SR T RS v . g

(1i) Overall aottﬁuré dealgnﬂiork carried out ag part of = ..

;the theaiq proJect vlll mean that only structurlng j-///r

and codlng of lndlvldual progyamslwlll e réqul/pde
/ e

a /

. o
,xor aeveral of the outetanding aoftva#e modules-

RN
"~
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‘. Tables 5.1 and-5Q2'-u-nqr£dontho‘-cdpe of this project 1n

- RN ' SOl I . ' ‘
tetms of fh.jtéfnl 'orx!Léccg-aFy to lmplement a DISCO

L Cont?dl system. P LT - oo
', A few areas of interest have been omitted from
" ""‘ . ) '\ » : “ - ~ . \ B . v
‘ext.nilvg'cdnsldergflon in the project. Design of operator

',?gqnqqlegditplaya,ﬂtoryexanplc, is of considerable importance

f,qiip;thhtlﬁdustrlal dnviron-ent_but_hau not.beeh studied in ' -
'.ﬁaetitl here. In ‘the unlvérslty’fhe"Gperator'ilq.usuilly

g also 'control englnoer' and 'Prograuuor' the'applicatiéng

ard lnhcrently sate and thero are relattvely few control

v
oV

_1variublos. '1th these operatlnzicharacterlstlcs, ) . <
R . | : v

%3sophksticated speclaﬁ'purpohe consoles are not’ Justlfled and
3 . ;’ v -

nhencq,.thoir denlgn hae ‘not b.on consldered. Slmilarly, as

'Jhas beeg stated ln sectlon 4.5, data-basg management schemes

>'wfbr hanalfny'ﬁrpgéég?vatiablfﬁahnve not been'studled‘hecause'

. T ) : DR 4 s T T Sl
in most computer control systems they ure'ﬁot required.ﬁ;

It is lmportant fo note, however@ that consideruble
:etfort haa been nade ‘to- enaure that support for data—baee" ’
. L ‘ . . . . ‘ : q
-Vaccess by hlgher order softvure luyers exlsts egen at the
. ,_4

very earllest stages.&The ACCES program which vlll be

P

;described later ln thls chapter prov!des sate,:tlexdble and
ellable processing ot tetch/ch&nge operut%sns on the data+
.xﬁbase. Tbese operatlons may origlnate from'gny program such -

P
¥ -

as. & console drlver, data-basevnunagorwor supervgipry

vaoarnmr ACCES provldes a cloan lntortaco vhlch enauves that o

~ N x S

developnent of such programs could be carrled out vlthout"“
f

'  any linltationu ariaing trou the structure ot DISCO sottwane_*luf'
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. s btablo S.l{ﬁ P-aturo- of tho Phbt;f - “‘>' .
: - S Inplc-ontatlon of DISCO . - o
-agvndortaken bn the Thesls ProJ.ct ’

1)  Inplo-entatlon of tho control syaton on a slnglo‘
proccesor only. . - a ( . E &?'

-y ' o~

2) DISCO data-base resldent 1n brocesaor -aln
' memo only :
Ty, on- L

3) wThreo sogment types lmplomcnted. nuncly those
s speclfylng 1nput, output and control. .

—
. 4) A limited number of algorlthma avallubte to
’ iseg-ent\b{\gessora.' <
, ~. oe - A
§) Process I/0 assumed to be -on aﬂ IEBE 488 LA
instru-entatlon bus. : -

.6) Limlted supporx tor process operator lnteractlon
4 fwith the data-bane.j - S R

7) Support for’duta-base bulld;ng comprlslng most
. of the necessary soff'are moiples tor this
taske IR

R o . . L -

L L ey . C e -

Table 5.2»,,ﬂunmary ot Huin‘lreas of Future
. o 2 Work:kn Inpl*nenting 3 Complete v

TR I ' - o ’*DISCO System\ : g

X

R N ‘ o TS 12 IR
i»‘-Expanglon_t@'-ultgprocessor operation, . o R
2) Dévelopqgﬁj'of'gupp&nﬁ,fo:fpéocéeé_qbefaxqrst
R - consolesgy . T co : T

P A e T

f:é)_ Developmenf ot a dnta—base operatlona exec&tive.

1?4331Developnént ot additlonal segnent types.

'”:SJQfIntertaclnd of appllcatlona.yt;g‘" : I“ R

6) Incorporation o!-dnta-baae lntegvlty und systeu
: recovery meaeures.;ig}_, :
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. ‘ . e _y R
) : -0 : _ - 8%
. o T SN . ‘.‘."//. ey “-,v o T
‘or“tho‘ﬂdta-bcuo. N N ﬁ v :
; o T - o
: ' . T T e Loy :
Sele¢l Softvgro ProJect Plann1n3.>- Lt N e .
At an onrly 'tage ln th. DISCO proJoét 1t val
) recognlsed that tho lnplenentatlon vould becone a lardb
scalo -dftvafo ¢070lop-ont'ettor$q Thia proqp&q#wa §tuqy_6t¢4'
'sodern software pbgénigﬁflpdql.tbcﬁhlqﬁqs.fIn~part;¢Plafijmﬂ"
structured pr§¢raq§;ng/bh1loséphlesias‘dlaéﬁéﬁéﬁ by Dleé%r§  i
{19], Yourdon [68], and ¥Wirth [65] have been of great value -~
in cénstructingtﬁéflﬁble softwaré mechanisms 1% DISCO
. S . ) FN it e :
gogramg-?

. - _',J The‘maln advantaze ot the structured approach ls theat
‘1t tacllltates verltlcation ot the expocted program .
_performanqe by‘lnspectlonq_Thlsihecomgs possible as a ‘result

. S ‘ P _ R T ' ¥

... of‘ the follbv;pgngéétures. . A s

L. (i)  Code férﬂa éomp1cx_pf9grin’ls~reduced to a large
. L ;, —' l‘/ c . . . “ . . EO : * ) T ) o
ﬁupher'oi vaery simple modules, each of which can et
- be evaluated for correct logic at a glance. '
. - . L. . , DL s R : .
S ‘ -
S0 414) The modulea are constralned to 1nteract by a slngle
. s ce N . R S . -
F%yf- S Ventry polnt and\a alngle exlt polnt ln each. : )
. : - ,F &V

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



’, _:..‘v - .; - ‘. 'v»-, vv . :
" v T n. Vv :
D . s . »82
- '.JV ‘ A - : . . N v . L
.  ¢F ‘;  Pcogr‘- °1"1*y ll turthor onhnncod by uoll-‘

consldorod docudontntlon. hu-an-orlont%d .yntcx and - tldy

IQYout. Thole concopt. are not p;rt ot tﬁo thoory ot

) 'structurod progran.lng hut novortpolilu a-.lst consldorahly i

}(;‘7:‘1n nuklna\tho codo/clour to tho huﬂan rocdor. Boforo codlns

. L
B . N . . -

l%ﬁ “ot_any;DISCO sottvaro wa- co-noneod, ‘tandnrda for tho

;.r«?ro(é@tgf!on-ot tho FORTRAN aourco codo wer. agrood vlth tho'
. HE L " e

: bAQS*é&ntrq;'Theso stqndardq_cqvgroﬁwpoiqts such as:

v (1) statements tbfboggﬁédgldVQOh;}rQCtlon otllogicgtH .-x‘
mechanisms .. o < R S Voot o T
- : v R U N ‘\

e (11)_ use'gtflahelﬁff. ‘ ;"

. '.hl . . -‘.' . 1 i . \ ‘ i B

‘(111)f~uaoépt nachlnévdepenﬁénk tgdfdéeﬁ CY

\\\:tlv)' layout and content of documentation. R SR e
o ':AAvahletyﬁb; q;ror'reco@ery an&fﬁdti-bugglﬁg"

mechaniesms havé'been{diéd throughout.thé p1ISco édft&are.;d

These on-ure that any abnornal oparation 13 detected and"” ;

clearly noiitlod to the usere In nany cases the user‘ls ' f/.
,alloved to nake adJustnents vhlch return the program to

normal executlonsvlt'has<beon gn obJoctlve.thut no apuse.ot

CN

. any pnrt of DISCO should ever result in the generatlon of

error -essages vhlcb cannot be trapped and ncted upon hy the

- L

:“*DISCO sot@vave‘ﬁ\sokt”“
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5.2 :Inpl;ncﬁ:tpf:.llo;n-b"l;f‘_":‘.x,n‘_itudréi;'f:!..vi 's;i\tding ot - nrsco
o ' Dnt.-B;-..- ' f»{?‘ - 7~1_3  ,"v:_" .kJ,‘ff5§£
A- a tsblo~drlvcn .ottvare .ysto- nlgco has 1¥- ‘
;operstlon dotlncd hy a dcta—ba-o. This -ean. th-t oach‘
fprogru- 1n tho -y.to- dopend- on co--nn d.ta tahlo-, as. '.lta; :Fuf

.as its own tlxed code, - to dotor-lno Iogical flov and
f:crlth;-tic opor;nda at any tlnc._ | 1MT,)v“ ’
B Tbo tables contaln DISCO uctlvlty ocord-, uégnddénb'
‘ fﬂjand hnrdvnro orlqntod lntornatlon. Bxanplen of a data-A ﬂ |
' seg;enc:)whlch -ight Iof- a logncnt and ono vhlch -lght for-
) £

 < -.an /0 table are shovn in Flgs- 5 1a and S.Ib.

“-

o

The purpo e of the butlder/edltor/loader utllltlcs 1:
3

o

(o

to bulld, 1oad and 1:1nta1n all the fables, auch as thoae lnlb

f .
Flgs- 5. la' S lb, vhlch togothep form the D!SCO data—base..

/

'5.2.1 The Need for Softvare Support'

The simplebt conceivable scheme for enterlng a data—;

s

. L
<haso vould bo one in vhlch thgﬂuaef/bonetructed each table

:ln memor&—lnace tﬁfnlon some peripheg\l storace nedlum. All
.vdata.valuea vould have to be cntered 1n a macgi;é-coméatlble
Iormnt (eg- octali‘and vhere more than éne tleid was stored

ln a slngle‘word. the user vo#ld have.to ussemblé the tields
'L 1nto a vhole word r.pvosentatlon.,ﬂach otAthe many steps
:befwoen aﬁ englneoilné ﬁapﬁiem descrlptlon and a computef

/ . RN
orlentod task spocltlcation would have to be carrlad out

manually. Due to the complexlty ot“the d@ta—base struc%ure 3
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. : : - I -84
AN
.' T’
. . .‘ ‘ . o \\ . ' . I 3 R ‘ .|_ " ~ v
Soa-ent ID. ~ (8 bits)  ‘Buffer ID- (8 blts):
- '.chnen'f L.ngth(s bits) . | start Location(8 bits) B
smtua' (8 bits) ' Length (8 bpits)
| Atgorithm ID (8 bits) | Status © (B bits)
P;rumefer 1 (16 bits) . o “Bufter ID
Parameter 2 (16 bits) o
c . : .
Q)
. | .
N |
4
Fige Sela ,?Fxg. 5 1b
Sehemmatlc Representatlon Schemmatic Représentatlon
of the Data Format.of a . of the Data Format of a
" Typlcal DISCO Segnent s Typical DISCO I/0. Table.
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‘88

' needed to c;ko DISCO .ultable tor a wldc vorl.ty_o£<
‘applfratlpn-. a -anual .pproach to datu-ba-o bulldlng 'opld-
be prohlhltlvoly error-prono and todlous. .o 1 _fi' S,

. At an- oarly -tazo ln the ﬁo.lgn ot ntsco 1f was -
. §
. _docldod that a con.lder.blo n-oun% ot so!tvaro dovolopnent

@ et!ort should bo dedlcathd to auto-atlnd‘the data—bss.

‘bulldlng operatlon. The prlnclpal ndvant&nos to tho unor

from the dutn-base operatlonu aottvare aupport ‘are as
S

fbllovq{

(1) The sottware provides for task specification in terms

. ¢

of user orliented data representhtionf(lea‘déclu&L »

1nfoger, dcclial_tractléﬂ.br ASCIT). -

~

‘ (il) 'Thc)sottvaro pfovldes a nSOr-brﬁénted;gource'vefétod
bt;tﬁe;dat§~base\1ro- the user's 1n§ﬁt. This

éburce'verslon ( the definlflon‘{able) contains Ai .-

description and fhe uapéfs data-values tdrfqach
C* 7. field of “the tebles . |
- R ) » s L E I ) ) 7

RS ;

R
!

. (111) The software :Qéiiiéatééfaéfivlty'sbeéxftcatign'by
5, . iy R
conversatlonal promptlng in a '1111 ln—the-blanks' :

toxmgt. Thls means that the bullder prograu tells

O

the uscr in 'plain English' whlchfdata-iteﬂ values

7N

»hro roqulred for the tables he needs to buitd.'

v

(iv)  The software provides for atorage df'&itu-tpble
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AN ’,

'-pocltlc.tlon- in a -erlo- ot -tago- vhlch

-

}-pro-ont tho convor.lon from tho u-or—orlcnt.d o | j ”
-ourco 1nput to tho loudod llst ot blnary--uchlno
opornnds. Con.ldorablc tloxlhlllty 1. cchiovod
tron the avallajllity ot tho-o lntor-edlato forms.
Tho advantagea ;t thiu schcno nrc very
Sy B .siullar to tho-o accrucd tro- relo;;tabl§ obJect- T
code Ilbrarles vhlch can bo lncorporatod dutlng
Ioadlng o! a progran whlch has been complled from
hlgh—level Iangucge source codee In llke—nanner.
3 ﬁables from a Iibrary can ‘be added to those bullt “
y the DISCO user. at any atagc of the bul[dlng
proceas.-Tho llhrary tablea do not have to ﬁndergo
g " the entire translatlon process to whlch thevuspr‘s.
o lhpuf 1a¥aubJected.~‘ - ' | L |

1 !

'(v)» The sottvare provides for symbollc'réterence t0 data-
’lte- values durlng bulldlng. This means, tor

é&&,{(o, that the user could refer to0 & setpolnt

'“hy_thé nhemOnlc SSET?* throughout the
i . l ) \

]ﬁ conf3rsat1ona1 lnte change- The reterences arﬂ

- N flator resolved tron ymbol tables vhlch can be

‘.

genoratod or edited at nﬁy utazo betoro the

memory-lmage !t pspduc.d. EEREPR ;'lﬂ” T ;'jﬂfff

LN

, (vi) The sottvare provldes 2or the usé.btflébeih,tor data~-

‘1 tems that nre pointors to oth-r data—ltoms 1n the
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: \
. _ ™ ! ' .
 data-base. Artypl¢¢l 'x‘-plo vould be the

ldoAtitlcatloﬁ of an oufput tlold in an output
'-sognont by the nnhnonlc 'OBT' !OUT' could thon‘bo
‘.u-od vhon bhllding a coétrol segnent to polnt to~w
'tho tlold 1n vhlch the output.should ‘be placo#.

C - . ,LWhon tho synbolu were resolved the output nnemonlc"

b
1n the. control segmont vould be replaced by the

N N o PEN
actlvlty address of" tho output fleld, thus_

N 2/ _conplotlng'tho implomentation ot the pointer.'

e

5;2.2_vDItterent Sources and Di!f.rent Typep of Informgflon:
Indlvlduals vlth a varlaty ot skills and hackgrouud
eed to be’ lnvolved in data—baae operatlons in order to make

‘D{SCO'vofk. Representntlve dematcations are shown in Plg.b

—

. 5.2'Qnd the:types ot ﬁhfopuatlén bupplled by each speclalist

| are su;mqueed'helow.

-

.(I) Data Table‘Deslgneri T S 1‘ : ,‘7“
: Thls vould be~a person whose maln 1ntereat‘
\

’_vas s&ftware develop-ont o! the realbtime pfograma
1n DISCO. For axanpie. he might be wrlt&ng a
'aes-ont prochuoor ot an I/O lntcrface drlver. it

_the snttware that ho produced requlr.d a new: typa””

,ot segment or non-ART table then he would huvo to.
fdescribe that tablo to tho huilder' Thls .

'descrlptlon bthe 'vorklnz tahlo') vould be
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" ; A . [y \
K A 4 5 B | ‘89
i;_*‘}' “; aceos..d vhonevor & ganr noéno¢‘tdﬂbulldu$h0;§"
Loy T NN /o
) seted o
N tahlo ‘to drlva thc oslgnor‘a -o!tvara.ﬂ - ,
A o . S : oo T ey . "
(14), DISCO Uler. . ‘,/ e e |
W ‘f 1A'; Ky Tho DISCO uncr, in thls contcxt..ii:‘:’ -

. _
person nhoso only Lnterost 1s tp use DISCO tor a

"spoclflc 20ntrol~4t-da¢a acqulgltlon appllcatlon.
The déef '111, therotore{ take advantago ot thoﬂﬂ
”conVersatlonal data entry facllltiea otforod by
the bullder ‘to nupply control and data acqulsltlon:
;/'-_] »\f parameters to b: lncorporated in segments o! the

42 e
R dﬂt%’b“'- R h-f*;’i'

(111) Progranner/lanazer. E~  ,Fk~
| | The programner/.gnagef would ﬁelSOneone”iho;r
has vlde r;nglng responglbllltles for tho DISCO:{;!;%
)  sottwu:e.,He may wieh to~constmuct 11brary tables
spocltying activlfy records tor conﬁonly uaod
_appllcatdons but, ln uddltlon, he 'ould havc a 
‘“more apeqiallaed role rebatlng to non—ART tablea..
“ o The non-ART tablea usually contaln.'
1ntornatlon vhich 1s requlred to lntertace vlth.n
non—DISCO sottvure (eg. operatlng systen,vnqywofg.  2
softvare) and to 1ntor1;ce vlth hardware N
perlpherals (eg.‘pfocess lntorf;ce, consol§s).‘Thev

bles nay havo ‘to: bo edited vhen tbe operatlng

-;:*’. : systcn 1s reaencruted, whon haedvare chanaes are

7 2 . K B . W . S - . . -
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fJ"Qddé;qu‘vh‘h.DISCO‘ls‘updato4{ S T R
. ;,"f’_‘: o . : . H . -
N ) B ’ % )

5.2.3 ._Introductlon to tn- Opouuon or Data-Bcao nuncung. ‘.
[} - - R L ) .
' . Tho docuuentatlbn o! data-base utllltlos in thl-

© : s : oL

tho-l. do-crlbo- a: conplete de-lgn and partiat  , B jx

!mplenentatlon undertnken as Qart of the theala proJect- Thqf'
- \ .
subaet ot facllitlea chosen tor u 1irst stago lnploucntatlon,’

represonts a. mlnlmal schona vblch~was adoquate to enable J,ﬁfvf

: v W .
‘convenlent and error—tree data-baso bulld!ng.#~

o

A slnplltlod lllustratlon of the 1ntornatlon raqulncdf
.'7to construct a DISCO data—baso 1a ahown Ln ?1‘;.5120 A uore

"fdetalled overvlew 15 ropresanted schematlcally by Flg- S.G.Y
“f’;Thls lllustration !hoc: tho programs and duta—tablcs uaed by.
'!FDOPE « nata—baso onratlona Executlve) to provlde the uaer ST e

\

,wlth the roqulred “‘t°'b‘3°_gj£liii,gtz//

Bven betore a uaer attemptS» hulld a. data-baso'

L.

'table; the table has to bo desl¢n~d qnd made'to work vlth  '&,_uf

f;the routlnes whlch vlll bo

’ hls new tnble. Once the bullder has thls 1ntorma£iggLilqu_§“‘g&

red to ,w%

i

fappllcations- . f" ',“ :ﬂ ifA]-  \3f?, &"

. .__““ .

The structuvnl 1ntoruatlon ln the vovklng table

R

S

ncludgs ltema auch as bit—lengtﬁ”vf dach tuble field.“"”

(Y
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92
'detdult valuoi, datc-typo (lntcder, real or Lscil) and

rtor-at of vaﬁ}ahlo—length voctor . [ncluded»abso, is a

description of cach'ttcld'lnvtho itable for use in
N k) P : ) \ - .
- interactive d;hplAis. This information is common to all the

data-base th1°"6f-° Dartlcular type. tntbranlon—fequlroi‘i"
. p |
f°’ a SP°°111¢ ﬂppllcatlon such as actual date values, must

- o .

“be suppliod by the uger at bulld-tlne. This user input is “

“sollcited by . SBILD durlnq_the constructlon of a’ detlnitlon

e
»

table.

Plate S. 1. illustrates a typlcal exaqple of ﬂf

. |
interchange with SBILD via an HP-2648 A’terulnal. All

R . - . ) ' -

rlnioruation which may be chaﬂgeﬁ by the user appears in ) -t
, . ) ‘ _

inverse-video on the screenrfotén displaying such

informa tlon the cursor is.returned to the gtdrf of the

quifse-vlqeo’fleld to ailoq the user to pqrtdrmvvleqal

edlftnz.'Thls syatém nllovs nodiflcatloh of theidata-lfem

deecriptions as we11 as the data-ltem valuea in a partlcular

detlnltlon table. For xanple, fleld 10 in. the plate could‘
3

be described as 'LEVBL SETPOINT' for a: specltlc appllcatlon_

N

simply by over-typing the existlng text. The new descrlption

.

" woulld appear on all future occaslons when ‘this tleld 1n thls 

. 'paftlcular dptinttlonltable was edlted, S l' ?
I ‘Eachv&et;‘tllti;on table has a ‘one-to-one*
.. _.JéoerQ§qnaeﬁge with a databb;se tablé bet§E bqalfifor a
‘Sp?§ltic abbllc@f!on. The deflnltlon +table not only éontaing

all the structural lnfor-atlon ot the vorking table, but

- ialao'datg-vatuea to be Loaded into eyefyfdata-ltem thlﬁ}
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'Plate 5:.'1_ A ‘l'yplcal Injorchang. Botwoqn SBILD ‘and o
" DISCO User Via ‘the KP2648 A Tor-lna'l.
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. ; e < LA : LT e : . |
‘ ‘ o L ‘ N o Ee T L

e e . Vo

;j:‘ The dctinltlon table is usually nergcd lnfo a. !110 of

/‘-:

detlnltion tablo- by progran CBILD . 'hcn the tlle 1m

R S 3 .
?i.¢-
‘u-t{?conplete, lt tcrn- a repnesontatlon of a convenlont aub-et

of the dataﬁbaic (oa. n group of actlvlties). In purhllel
'vith theac oporatlons, symbolc cnn bo dofined so tha t" the

i

gymbol table .ventually contains valu;;‘tor Qil.sy-b;lic
v
refcrences ln the dethitlon tablo tile.,At this point, ‘the
'aynhols und 1abels can bc replaccd by program YBILD,
 ?‘y1e1d£n¢ a conpleted detlnltlon tabla.  .
| | The conpletcd dotlnitton table 15 the last staze otw
-‘”proc;ssinz for‘the ﬁser-orlohted.aourceﬂverslon 01 the data-'
;Baae tablea.‘[t is also the last ;epresentatlon‘gf‘the data
whlch can bo.edlted by SBILD. |
: Once the completed detléitlon tnble h;s been"v
:produced, a nenory 1mage ot tho table can be generutéd by
progran MBILD. Slnco the luaga has to be: manlpulated on dlsk>
‘tli;é,'it i created in an ABCII-coded octal torm. Thls |
'makos it Qasier.tﬁ.o;anlne>tho lnage and to 1nc1ude control
iroéords (such as aﬂ end—ot-lmaze maLk?r)-" vf o >  _ 2:'.'5

“ !

Tho tlnal operatlon requlred betove the new table can

‘he used by control and data acqulsitlon programs,ls Ioadlng.7
9

o l
The ASCII—coded oc tal meuory-lmage must be convemted to

lntornal nu-ber torn and loaded to the data-ba-elarea ln the

: computer memory. Vhen this 1; conplete, the tuﬁl% is ready
for use. Loadlng of data-baso tables is carrled out by

- program LBILD.‘_ : ' - \\”
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5.2-4 DOPE tho natn—aalc ngratlon- gxocuflve., ,:'35 
Thc data—baqp bulldlng oporations as llluntratod
_ schematlcally in. Flg- 5.3 will, 1in tho conplot. DISCO
isysggn!.pe govorned by an - oxocutlve. Tho deslgn for thld
exicuéi;;j whicb vlll bo knovn as DOPB, has hqon carrl.d out
3  ¢9 part of the‘theul: proJoct. The lnple-entation ot DOPE ls
“vcurrently ln progress ln the DJCS-cenfre.» A
| ‘When complete, DOPB vlll facllltate nenu-driven,
intera;tlva selectlon and use of data-base utllltios. The.
Qtllltlos thenselves are conpletely 1nteract1ve and hence"

-

e 'the entlro systen will be hlghly user orlonted- Fig. Se4

;shovs the tvo-level nenu structure supported by DOPE,

n‘ L

"addltlonal lo'er loveln are preaent in sone caaes where they,

c

~E\\\ are provided by the utllltlos themselvee.

14

Tahle 5.3 sumnarlses the servlces vh}chMDOPB wlll
offer to the uaer of- d;té-base bulldlng utllltles.‘At
,fm;}esent theae snrvlcea are carried out by the operatlng
system, fho,tilo -gnngr. ' the edltor and ma;uclly by zhev

! LN

.Qsér himselfe - : _ . f\\\fl

,$§2ﬂ§> A Partlal I-plenqntuglon.
| ’ Tho programs descrlbod 1n éectlon 5 2. 3. tdéether-
vlth DOPE, constltute the complete softvare support scheme.
&'tor DISCO data—base opofatlons. The purtlal lmplementatlon
'_undertaken tor the the-ls proJect onltted programs whlch

fcould be e-ulated hy—a colenatlon ot exlstlng opernting‘
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et

>_ . Table 5.3 Sorvlcos Provided bysthe Duta-
: ’ e > Base Operatlons Executive

1) Gerneration of menus for vaA%ou- aspecta of data-
/ base bulldlng oporatlonn.-,& ‘ s
-\ -

2) Ihterpretation ot u;er reque%ts;

3) ~Recovory tron meanlngloss or inconslatent

‘ requesta.' : R 1 '

4) Creatlon and deletion of tiles assoclated with .
data-baso ‘building operutlona. x/' ,/'
: ' ) L

S) Malntenance of directorles of tiles assoclated
'with data-baeo bullding operatlons.

‘fﬁu ,46)' Genoratlon ot actlvlty ID': for new activlty
'records. i . .
. . . : . s ) ) T \{:_:‘,v i ) . .

A Ma.lnte qanco of a load ﬂhp."f_‘é; . , S g
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_Téhlev5.4 Interim ld‘lured_to;:Peaturo- of .
' the Data~Base Bullding Utilities

not Implemented as Part of the
Theslis ProJoct ;

PROGRAMN ' '-Pn'lssan‘r I-N'-r'z_nm MEASURE _ s

. DOPE - | The data—baac‘oporaflons executive is not
) _ : available in the first lnplementatlon- All
: the data-base. utlllty programs can be

exqcuted directly by commands to the
qporatlnd system. Logic governing the
‘'sequence and éondltlona of execution ot
available programs 1is entlrely the
responaibﬁl!ty of the user,

~

. TBILD . Symbolic references may be supplied by the
e YBILD ugser when, for éxample, building a segmente.

- ; {’.auppliad they will be incorporated in
the definition table. There ls. however, no
sottvare ‘support for replaclng the symbols
and labels. If used, they must be replaced :
by the editing facility in SBILD betore a
‘ -emory-l-aga 1% built. . ’
. , CBILD . Thero are, at the tinme of vrltlnx thls
U o thesis, no facillities for sorting

: | definition tabless Sorting 1s at present
S _ , accomplishdd by a combination of' edltor
—_ _' and tlycuﬁ}nager co-mands.

. o~
-
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file manager and .ditOr;éo?gdnasy Table S.4 lists-

the-progrdl. trd- Flg- S-S'thch havo NOT bo:n luplonontdd.‘ \
/ S o
£ b .
The table alno outllne- how functlons carrled out hy these '
\,
BN
prosrans \ro ptesontly ctfoctod by intorlm noauurcu.

|

5.3 : Roal-Tldh Programs in the DISCO Sulto.
- A 'real—trhe\\?rogran' is d.flned by erth (67] as

. ‘6ne.&hose valldlfy dopenda -lts 0xocut1¢n spoed. Th}axts,u
L A .

\partlcu arly good definltlon chau.e‘~

o \ . .
real-tlme category, programs whohe apeed is op ised for

N
_excludes from the

} : '
economic’ or.convenlonca raasons. Thia section will deal with (

software in the DISCO suite which operates on external B \

o - Coe S .
stimili. and must react to those.stimull within e specific

time 1§'br4ér to produce valid results.

\ o -

5.3\{\:Ih¢ DISCO Executive: = =~ ST LT

The DISCO gxocuflﬁe-handlos res curce managéuqnt of -

@

f‘data-base int;grity ecks, ;ct1vit§‘he£&ér
‘procesai a and lnltlation of ;eal;tlne sottware nodulos on
the basic\ft lntormnt!on sfored in the ART. The latter
funqtion_ié\clf?lpd ogtvby thinﬁT proéésﬂdr ihich is.a‘pﬁnt
‘of the pqie program. The ART_procgéslné tagk qey be |
 ¢§51¢n§€8d a,rgg};tlné cqnput&flonq} proéessvbe§§u6§jlf
vlnvﬁlf;n»régbéﬁee to §xfefﬁai bvoﬁts vﬁ§sé’t1m1n3vﬁc §ot

pdetefnihcd by the ¢9h§ufdr. Feilure to respond ;lih
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sufficient epeed'to'theee evente'eould‘leed-fo'eileslng 1n?

1nput ne-pllng and- 1netab111ty ot the eenpled-dete controllb

-

hemes . 'lrth [67] glvee an lntereetlng dlecuesion of ho' a

reel—tine. conpututional process uuch as DISCO and an
externel real—tine procesaq such as a che-lcal plent. mey bef"

ftreated as cooperatlng sequentlel processes ior the purpopee

- e

of analysis. The analysis -lght include grephlcel or
! .
pseudocode representet;on of the perallel processes for the

( ideqtftleaﬁlon of orlticolraectiona which should be nufuet}y°
excluded.‘ . |
Flgo 5.5.111uatretee the top-dovn eott'are structure.
,ot the ART processor. The perlodlc scan ia 1n1tlated‘by the
,vprozrem scheduler in RTE IVe. Thls occurs every‘eecond in the

(present lmplementatlon but the perlod 1tself is a DISCO

varlable und may be specltled as requlred- Scannlng consists

N, 1

jof aequentlal processing ‘of the contlguous actlvlty records
in the ART. Tlnlnz crlterla are evaluateQ for ectlvltles'
vhlch are. nerked as clock—initlated. It the crlterla are

sotlstled, then'prodessing of eegnents of the ectLvlty’

E J

2 o 'record is carried put.-.

' \ It is an 1mportant :!ee.ture of DISCO that the
, , . v _
lnté@tace to seg-ont processor subroutlnes is ldentlcal tor

atl - gnent typea. This means that a programmer co cerned

-regay‘/=

exlate would. need to knov only a bare alnlmum about the'

>vwlth provldlng a. nev segment or modlfylng one. vhicﬁ\

. -~
oporat on of the overall sottvere gysteu. Slnce segmente and:‘

thelr proceasors are alnple to syntheslse and edlt. the‘ﬁ

N
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o ‘.‘n f4j' T‘>\;7: ;%w d- L s i v  : r_éi;v‘°4.
. _capability of DISCO should be constrained only by the
rhaéd!drc ivailahlg.' _ A c"'; S v ‘
, B T . ; - -  ,., o ’ _; C
Se3e2 vSuporvLiornyrograns=. '
Supervlsory progran- vhlch nay be 1mplenentod as part

'of the ' control syat.n are lntor-ally 1dont1£1ed ag thoao’

having one or more»ot fhg ;qlpov;ng proﬁ‘%&igss if V ' 
1) pfogran- whlch addust cont?ol scheme sef-poléts
’:according to cbancing process condltlona and‘
. gcgnoq;q obJect;vesf‘ - |
(;1)‘ §r§§raﬁ§%;h1chf;p;_1n1¥lutéd,ai,g}9§¢§r i;t;f§ais
| '_(ﬁiputeq)-tﬁﬁﬂ typl#él'bbc_peyyéds (s@éonds) -"

(111) »ppodrags.whlthﬂimblon@pf,géntcol aéhemes;thqt gre“foq

7cbmp§ex'to descrlbe;vlfh st£ndard ISA process and

. ihstfpmqngtlpp;ﬂypboiﬁsf77j;2f" o  J )

L : - h N / R . . . e
' (1v)1=prograns whlch are predoninantly not table—drlven.
RS - Vo _ . I

Suporvisory prosramn nay bo lnttlat‘d aa part ofy
: ' segment prOcesslng o they nay exlut entfrely ln hlgher-:'”
flevelhsottwurc_luyera. Progrumc ot thc latter ;;Br!ty would ',55;“;“f
. \
' ‘ he ¢xpect¢d to uso the data-baao nesaaze pbocessor program
ACCBS for. tetch/odlt oporation- on tho data—haso-ﬁf 
' : - : ' v BN
- .

N
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5.3 3 ACCBS (Tho Dnta-nalo Co--nnlcation Proco-uor)‘ i
_ Goldd.ck [26] d.-cribe- ‘how tho u-o ot .
co--unlcntlon proco.-or whlch ls -ynchronisod vlth a conttol

’ progrs- -uch a. DISCO, onnurcs con:iatont tetchlodlt f;f . 7"’;“1

NI

op.rutlons on a roal—tlno datu-bsso. Synchronlsatlon S ‘), RS
. . . . S o - - \v‘
guax‘nteoa that valuo- takon !ro- thc data—bu:o in n slnglo

_»_

‘ bf?nutual excluaion of tho control pro:‘ m and the“'

4-~.v- - e

vcomuunlcatlon pfOQG!lan Since tho proceasor's operatlon

ﬂcémérlpggfllftle;hotgfihqn/moqopy-to~-euory‘poye\opcratlondrxf
LT S I s e et T
its execution is very fast and does not hold up the control

.prbcrdﬁﬁiﬁ?tﬁéuciSe ot*coﬁfddtlbnw Thli'scheme w&ﬁ_gurfﬁer;"/"

N e

B —_—_—

retlned in the dcsizn ot ACCES by provlding_f

=" LA ‘ L
jf”ff:;w' 4 data—base operatgon by elther program. Thln ls the ’////Q

n“ACCBS are mutnttly excludod/durlng any

T —

sche-o orlglnally propo-od hy Goldsack. (Sp 1ed_"
// : [

acthi. t)'- ’__/’/ Lo

by a tlaé\ln th. hoader of the/rif/ronced_'.
f/ — L /

oo i) DISCO and AOCES are nutually\excluded tron‘procqasgng

thd sane actlvity rocord. (Specltlod by a tlag ln'v

-

» x T S
’j/ u L th. hcader of thd'r.! fiﬁéid‘acﬁlvlty-)‘_A- N
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$3.5 .9*'
" 4 (411) " No mutual exclusion.- .’ R AT .
B A f' ‘;u ¢ L 3”‘ Lo N ;; AT
' Tho tir.t nodo onsuren that conslstonqy lt ntintalnod

”vhen ecveral actltlty rccord- sre u-od to lnpldnent a- ninglc S

s
o . -

’-control schen..‘?or oxauplo, ln tho cuse whon a’ nunbor of -{‘}

:2f&ct1vitlos aro given a- aroup do-lgnutlon. Thc accond -odo 1!

 ,{the nost commonly nsed and asquue- that th. rotéronced o ot

N‘ v

v'factlvlty Is solf~codta1ned.‘Thls nodo requiros fhc uso of’

'tvo DiJksizaﬂpnlmltlves [18]' the tlrst to govorn ‘access to'
. » o
o ‘the actlvlty rccord 4nd‘a -econd to govdrn acé.sa to a paié .

- i .

of polnters. Tho polntors speclty tho actlvltlcs b”lﬂﬂv

- ; ."V' p
:processed by D!SCO and ACCES at any glvan tlme. I!;e!ther

,program rcquesta an actlvity record whlch tho polntora

1‘, ;- o
. S
‘lndlcate ls ln use by the other, then the torner prozram 13  o

‘ 9“59°“d°¢ “0*11 the 1ut*er rofousen the requlred actlvlty.»¥ f"V
::\\%\‘Slns\\pctlvlty proceaslnz takes nuch leaa tine thun
N\—“_\

\

\‘\M"—N—\
-processlng ot tho ontlto IET*‘thv~fLsk‘nt qontontion is

'conslderably lover*than in the tlrat mode. B Afﬁ,‘v_f,_- IO U

) ' - T . 5l1«#~m,wﬁ,“~;A_' _ - S ;‘1.1‘. &
Sinq.vthczeocond node °t'°*91“51°“ 1“V°1v°3‘fﬂ'ftpgﬁfpx,i__\

R oL -
A

'overlhpped Aiiocaflon ofStWo éesﬁurbéd} namely the acthvity

e ”record and the polntera, conslderatlon was glvon to the
[ [ i

: _poaslblllty of doadlock. Havonder [311 presenta several

_»mothods of reaource allocntlon vhlch.vlolate the nocessary
.Evconditlons for a deadlocks. DISCO and’ ACCES requesttand o SR
. ‘ - N . \ oo ; ' . " - N
ﬂroloase thclr roaourcee ln the samo ordot thus satlatylng . e

" ‘the terms ot.qne'of Havendor'qpmethods. It vas c ncluded,

;;@ ;fthiédigro“fhiy’tu§-brogé@qéftah.névbé;ﬁeco-d db&qkfcked_and
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" _ | - o . :
T that the synchronisation would operate satisfactorilye.

’ : Tho th1r& -odogvhlch‘provldén mnsynchronlaed access
to thc;dnta-ha-e.1s>us§d for communication with data records

- -~

s which are outslddvtho ART.

~ Since ACCBS is only a cou-unlcation processor lt

cannot be 1n1tiated direktly hy an operator. ACCES is called
: NV . B
< D by o&her programa vhich need to operato on the data-hase and

it 6btelna butters containlng values and control 1nt utlon

//;:;u auch programso Fetch and odlt opovatlons which Kéy,
)

‘,referenco fields of agbltrary,blf—lencth‘in the*ent;re'dgﬁaf>“

base are supported in this waye

>

3

' Se3¢4 Integrity leasﬁreé}Associated with Real-Time Data- .

~ -

' Base lanlpulatlon.: e L - J .
: Corruptlon of the data—base could lead ta- expenslve‘

and dangerous ualtunctions ‘of ‘the plant connected to a DISC¢

’

control syaten. Cowslderable attention has been paifato :

checklng ot valldity of real—tlne operatlons. This Bection

9

vlll doscrlbe sono integrity -easures 1ncorporated and
' others vhlch nay become part of the couplete DISCO system.
Some teatures of ACCES whlch ensufb that tetchfedlt

oporatlons on - thc data-base are. conslstent huve alroadx.bean

descrlbed ln the preceding sectlon. The use of. a W
. o . , IR LAY

con-unlcation proceesor aleo thances/iﬁtegrlty 1n scvorul
other ways. ACCES checks that data-ltems addressed ln

A ,
transtor operatlons are within th. addressed seg-ent. It

: . PR S L . /_ .
’ Y
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- . A: ' B i oo . : . "'/
independently also checks that the data-item is wlthin_tﬁg/;///”

specified actl?lty rocordszhorQ is also scope for the use

L

:qf -ultlplgdco--unlcatlon proce.sori_such'aa ACCES{ each of-
which vould b. dodﬁcafcd to a spdcltlc portlon o! the data-~

,bano. By ensurlng that calllng'ﬁrogra-s use. the correct

]
proée-sor, one‘bould also onnuro that a datq-arqa boyond
that allocgtedutoffho procéssor would not be accidentaily

» .

- corfuptedq

;In grocdssingvtho ART;Tth§ DISCO executive also makes .

- numerous cﬁedﬁs to éﬁsuré that lf‘is,ﬁfoéeﬁslné gehﬁlnq, ﬁ, .
;uncorru;;ed activlty‘recobdé. Tﬁble’s.s sﬁovs £o;.the

v compounded ettect ‘of such checks results in a,likellhood of .
fonly slx ;ﬁ ten ulllion that bad dnta will be‘mlalnterpreted
'aa an activlty record. Further 1nte¢r1ty checks 1nc1uded in
h;egment procesaors are expected to ensure that any
'accldental over;§it1ng of the data-buse can be luuediately}
detected ‘94 cemedled. " | |
Scthttler'[48] d?scrlp?é»a:number qf:te;hnlqugs
- which gay'§e uééd.té{fbﬁtart dlstéiﬁutéd proééssing 1n the.
gveqt ;fﬁa_¥;1iugeq His dischgslod‘ls,orl?hfed tévardaiihe‘
gntqg;lt;.of‘distrlﬁated.data‘basg manﬁgémeﬁt'séhengé_buf
. » ‘Also has>1mp§rtapt lné{lqatloﬁs tbr'roalétime:SChqheq.suéh‘
'as DISCO. | | |
SChoettler proposes that the 1ntegr1ty problo- ehould
sé'dividod<4nfo ;;9 cqnponentg. The flrst would he co/gefned 
wlfhglnteérlfy"ot operatibns -hlchAupqate»data ln-rgqote
§?3§§Fsor§f‘f1fhin g’singlo pr9¢eﬁq§r"node;”opegoﬁgqnﬁ would -

K
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- ' ’ } T : !

. ' ' . Y

) _ // S i=f ' . . . | | f»
o (/‘ | . ‘ o ' ‘ )

. . } :
Table.5.5 Probability of Processing an
: . . Activity Record Corrupted hy Bad
Data

Probublllty that random data can be
interpreted as an activity ID

‘ )/=nsaix}ty ID must be positiv
'_ Probability '

be posi tive 18 - eeeceee

—~Activity ID has a lowest o
., octal digit equal to '1°%. !

: Probability that random datn '111

have a lowest order octal digit . :

_-equal to *1°¢ 18 ‘ oo-.coo.oooo.oooooool/g

will N

0?00;000000.1/2‘

7

Probability fhat random data can be
interpreted as'an actlvlty length

. =Activity. lenath is poaltlve.
, Probability that randon data will ‘
j ’ "be posi tive 15 o onoonoooo.ooocoooovllz
-Actlvity endg within the ART.

- Assuming an ART of 1000 words,

the probahillty that a random

length will terminate the activity

record wl.thln thO ART s nc01000000001000/32767 ?

.\,§4 - : . i

Pgohqbillty‘thﬁt.random data can be
interpreted qz;an 'activity enable' bit

, : b -grobablllfy that a r@nd@n bit is 'on!.o.1/2

-Probablllty that random data can be
1nterpreted as conslatont tinlng criterla

} "~ =Poll time -uat be greater than phase : :

! o L o timee : .
' Assuming a typlcal poll time of 10 secs" ‘

. the probahll;ty that random data (1 byte)

: / will be in the ra.ngo_OfS 18 eeceesecea04,039

-1 .
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X g il -
Tﬂblﬂ 5-5 Qoacontd. : . ' . .

Probability that random data can be B o (U
1ntorprotod as the tlrst segment Ip v ,\. v
 ‘At present vulld segnent ID's are -

in the range 1-8. Probability of ‘ ‘ ;
raudon data (1 byto) being in this - S :
range is . .oooooo.ooooooo*o :

8/255

TKE PROBABILITY THAT RANDON COBRRUPT DATA IS
MISINTERPRETED AS A~ GENUINE AC‘IIVITY IS) THE PRODUCT
OF THE ABOQVE PROBABILITIES .. E

’ ooTHE PRODUCT IS.«0. 00000
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be chockpointod und crltleal updates of thb q;ta-baaé‘coqld’

be logged in envaudlt trall -tored on a s.curo peripheral
[ ‘ N

mediume. A re-fart of the hysto-, torcod by sono sottiaro or

tardwvare tailuro vould lnvolve repeatlng ull edlt- made

slnce the last succosstully oxecuted chockpolnt. The-o\cdltn
could, of course. bo rotrloved tro- th. audlt trall. -
A ;che-e such as ¥his c;uld bpe the pasis ot a falluro
recovery system ln DISCO; It‘eachvactlvlty record'were .

~

coplod to e buffer for processlna and then reeforedeheﬁ‘ ""
- | \érocesslng of all segnents was conpletc; the ART procesﬁor
vouldbportorm Just one edlt operation per actlvlty. Tﬁé;é
' updates could be’ checkpolntod thus pormlttlng a restart ln

‘case of a 1allure ln the -anner that Schoettler desctibes.
_Care»wouid havc to be’ taken to ensure that the strategy
ada'ted acbleved a ;ultabla conpromlse between‘a heavy
overhead ot treéuent checkpointlng and slow’ restarte dﬁe té'
llnadequatevcheckpolntlngo A llmltation vould have to be’ E
imposcd that actlvlty processing should lnvolve only
.repeatable operatlons ‘on. aystens and data outslde ot the'
DISCO data-base. ThoAllnitatlon ls necessary becaus;
r startlna an activlty -lght lnvolve ro-executlng some ot
‘ / the segments whlch were conplotod -uccossfully before the
m Ifunction océurred. For example; lt'a segnent processofA

o~

had set a posltlonal valve output then rope#tlng the
A : :
operatlon would still leavo th. valvo 1n the same, correct

_posltion. It, hovever, the velve included an lncrenental

sunmatlon dovlce then. re—oxccution ‘wou ld double the 1qtoqtl
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W _ : _ .
| change 1in the v@lvo'u.poi{tlo;}/‘ . ' ‘ L
- .' - Audit trails of chaﬁges nake+yivthe procesa'operatqi
would ensure that the data-bg;o_could.neyer-be'ih_gn
gnbl(uous;éondlflon as ; ro;ﬁlt ot»talluré duflng pfocoésin&
o ‘ , . _ o L , A
og an.hpdate. poutar{ routines could ensure that alL chstha.
Qdde sihc@'the Igst‘aucéésstulty passed checkpoinf were
fepéatod; In the‘casé'ox a>¥om§P§te‘bc-ith1a;lon of
. activity progesglng, 111 0&1ts loggéd ih fﬁ; QUd;t trall
| sinbé‘the Lasf ART bacﬁup vué pade,éould:be repéatod on the
_ S R A . . .
'fesfobed data¥b@sé.
. Updatlng of data %ﬁ remote proceesora ﬁay be carriedv
out with the aid of intention lists as 11iustrated in Figs
5.6.*rhesq 1nvolye a mechaniam proposed_by»S§hqeffler to
ﬁqaranfee tﬁe.unaﬁb;éubus condltloﬁ of a'reméf;'data;bése in
th?icﬁae.ofnc;--uﬁléation;fhilure. The%rgnbfe edit'starts
n'wlth transmleslon ot the 1ntentlon llat which fully
J“"‘.specdtles all values and addresses requlred tor a partlcular
update.‘lt 15 aékﬁpyledged by thg reclpienf proceeso: (or
ele;‘1f £é éetrans-ltfed) which fh@n‘proceogé t; éxeqqte‘thd
. changeé. If this procd;slng 1s checkpolnted, tﬁe updufe‘mai_;}
‘be rzétarted in the event ot a failure. If the.iﬁtenflbh
llst itselt ls'to be marked as an audit trull then lt must‘
bé stored on'u sccure nodlund The edltlng operation ls
éarrled out to coupletlon and then acknovledged to the‘
 ;ource pro&qegor, It thisuackn;;ledgqupt,ggllsvto ;rgive
,fhen Lt_may Be.sﬁﬁsequ?ﬂfiy p}bqptgd’by>com-§n81nd a feétgff»l

of the intention Llst,tﬁ_th@ rdane nodglég'

.-
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_A;conputqr control system differs in ddne respec ts

froﬁ ¥heh¢onof£1f&10€t}but.d hetvork}no“Ql gsnnmod'by
‘Scho.tfiofc Schone§ §u§h aq‘fhose désérlb_& above voul& hﬁvo
to bo cambln.d with some speclal considerations related to
roatartlng‘apecltlc'procq--‘sorvlcqs. An o;krple 1¢ tho
rdst;;ting‘dt cphfrblbalggrlfhns vhléﬁ use d ttefence_
‘eqﬁaftbn~dppr§x1g¢fions to continuous time de ivatlves,
'Thgso reiy.on tﬁo uﬁ@ of dafa p61ntp:oqua11y s,nééd Lhktlng
and vouid.not 6§§fa£QVCOrrectly it fhe{t-précea 1n§ vasr
: . ) : . o : \ )
vvéimé1f re§oqnenﬁed a:ter ﬁvtaiiure pefﬁqd.ffhg féqugremenf
:‘hefelioﬁld_ﬁe togvtﬁ;-alkgrlthn to bé'refufngd fo a éfartfub>
mode'lnnihlch‘lt vdﬁld'collect as nany evén1y s;Ac¢denta-
’;polnts as the order of fhe dlfterence equation. Only when.
these had been collected could the calcﬁlatlou ot valid
‘oufputs‘be,nesumed. It»ls»éoncludéd thorefqre, ‘that any ”
”rés?artisffategy.wou}dihuvﬁvfo-intef&ct~wffh-sé¢m§ht
 pfoceésof§ to enaure thatithi épecial‘néedé o: the prdcesg

application were met.
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CHAPTER 6

b

EXAIPLESIOP DISCO APPLICATIONS

R . S L ¢

6+1  Introduction to the Chapter:
D v \

The élemeﬁtb ot';‘*tlrst'vorking vebalon"ot DISCO > R
whlch have been lmplemented as R;rt of thls thesls project
‘“‘hava been deacrlbed in Chaptor é This chapter documents ‘an
exanle applléatlon use& to demonstrate.simplo DDC and

Kslmple supervlsory control using DISCO. A qetglled
dlscusslon of hov a more deuandlnlvjlndustrlalﬂéqnf;OL

4 ‘
problen.could{be-handled.18 also presented.

6.2 | “The Exaﬁple.Apéllcatiopf
 ‘, A achemmatlc dlagram of procesé eéulpment used for
instrunent evaluatioﬁ at the Departmen% of Chemlcal
Englneering ls shownvln Flg. 6.1. Ihe equ1pmant;pses twoh‘
pumps to clrculqte vqte:.ln a'tlov_cycl;.wpiéh inc}udea'
_t#ﬁkd,»valiea'qnd}pneung¥lc trqnsd@ce;é.:Allvdfffh§=*"

‘transducers and'adtuators cgn,bo'lnterfaced_fo:the;HP 2240 -
S - o . s N o = , . :
.‘mé#iugencht'and'¢optrol3éuh§ygfim.,fhus making them

v

accessible to DISCO. - R

113
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Tho lnptrumen*atlon shovn ln/Fla. 6.1 1-pleuonta the

s

tollovlng't'o proco-a actlvltlc-. . ST

. ‘. - . S /. ) ,. . - B .
(i) level control in tank 2 by manipulation of the

outflow from tank 2

(i1) xﬁopltorlngbot the inflow to tank 2./

14

;.The layout and content of the actlvlty records vhlch detlne

these actlvltiee are shown in Appcndlx A.‘

The: tirst nctlvity llplementa alngle—lnpuf, single-

“a

lvoutput taedback control of the Ievel ‘and tacl taiee the,

evaluation of manual, proportlonal and proportlonal p
lntegral control'algorithma. Theoseqond actl&ity monltors

‘,thé‘ualn:sburcéAot'disfurbanco in the processﬂ namely the

lntlow to tank 2..Inplementatlon of addltlonal\algorlthma

'would permit the Iatter lntor-atlon to be used hp o e

vteedtorward control schemes. : A 3 1\
. A

A simple eupervisory ptogra- called DEMO\wme vrltten

‘;and supervlsory pgograma ‘may comuunlcate wlth the aﬁ:-hase_

'by ualng the comuunlcatlons processor ACCES. Table‘”

51 shows

LT o - L. ) /

. ) | e
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IRE AN

Table

. The Sequence of Control options

6e1
' . Exercleed by the Program DENO

Optiou

‘Deseription

1

. -Valv. fulty cloecd

—Actlvit{it onablod
"=Level loop on nanual

~Display. level and tlowrate
~Leve l loop on manual
—Valve fully open -

'—Diaplay level and flowrato
~-Love1 loop. onrauto Co ) -
-Props control . Props thn@ - =10
T : ’ - Setpolnt "'aA‘= 2

v--Dlsplay level and tlovrate o
-Lovol loqp o

n ‘auto
on rof”—~’~§:; setpolnt

 -D1sp1¢y level and tlovrate
-Level loop on auto
'—Prop.*lntenral control S
' Prdbn Galn
" Setpoint:
Integral Tlme’

......... o T
=

1

=
= 2

-Dlaplay level ‘and tlowrate."l
‘~Level loop on auto - - ' B
{v-Prop.*Integral control
o o New Setpolnt L=
—Dlsplay level and glovrate'
7_-Exlt_.-

+875
B

0 '”_»
2 75
O :

20412 |




 sp0c1!t.d chango- tor'a partlcular option .nd allo'- tho —fN:2/f/Q.~
//» ;

' opcrutor to run tho optlon for. any longth of tll.g/!h. noxt

/,«

optlon ln -equonce is initigﬁgg/by/tbculns a’ con-and 'hlch

// .

/ N . " . . N 7—'v
‘renovos-DB!O“f’”i tho.'-uspbna lllt' E 'x:~ f1~

ThQ~uuta~halQ chpnao- 1n£t1atod by DE!O/;;;' tho

.value ot uslng a co-nunlcatlons

Step‘S. ’ ¢0nprlst tgni

'ossor such as ACCES.

_utlnct opgration-. W";

Nemely: . -

‘_(i) : oop on autonatlc T?f;"

B4

Q(ii) “‘set algorithm to ppbéof{ldnal control

3'4(L11)-‘:ét ﬁfopo:tionhi.gbln'to‘ldf"

(iv) set setpoint fo 2.875. _
N - . . ; o . ‘_ ’2‘“' . . - , | -

Lo

‘AIf synchronlsatlon were not guaranteed by ACCBS then

't'ogerationa (11).(111) cnd (1v) vould have “to be carrlod out
ln a prellnlnury %ult. Only then vould lf be* poaslblo to setf ‘
¥#f - “the 1oop on autonatic and to be certain that old control

”':;algorlthm apoeltlcations were not used. Since ACCBS is
’~7cynchronlsed vlth DISCO, all ot tho abowl/operatlonszcan'bé

‘carrled out 1n ono updatc.-rhls may bo dono vlth conplete

 contldonco tbat tho ontlro-sot of edits vlll be l-ple-onted

~ .

betveen conaecutlv. DISCO neanc ot thc actlvlty cdncern-d.

*f[é;g Fig. 6 2 shown a annotat‘d rocoedar plot ot tho lovol\

T
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-
clrcular, vertical cylind.r, there is s linear.
cofr.-pondenco vlth levol. The s!x modes exorclsed.hy DBIO
]

are narked on the plot of Plg. 6.2. 1t -ay bo seen that each

-od. oxhiblted the expectod bohavlou7 The reaults may be
\su--arl:ed as tollovs. S e .
i B : : R

‘(1) The 1ovolfr6ue at a cogstant‘rpte in respohse'to
',étbsure-df the tank outlet valve..
Pe s N e ’ . . . ' . e ’

“

(ii) The leielifcli_at a constant rate In respé;sq-to
,openlng,ot'thc‘tanquuflbt valves. = - -: T S /u
) PR i s : [

o PR . £ . o - . o o
. o : ST - ! . N

- (111) The level scttled to a steady’ equllibrium value Jvder

proportlonal control. A tlnlte ottset was R

obaorvodo

'(iv),‘A change in aetpolnt moved the level to a new s teady

equlllbrlun value. Again: there was a- tlnlte . o .7
qtt:et,“ “

.(v)n Chnnging to proportional plus integral control

‘eliminated the ottsetm DENO show%ﬁi@he process-

“ %
» 2 o

gvarlablo to be iithin 0 165 otnﬁbe s&tpolnt.

Cani

(vi) A -atpolnt change under’ pr?portlonal plus 1nte¢ral

.:g.
3 v

e
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120 .

control -oied the level to a ﬁcv'équlllbriu-. Once
more there was no ottsot, the process variahlc was

‘vithln 1:5S% of the setpoint. | S 3.':1 ;

. s ~

: It vt-‘concluded that DISCO input, output and control
p ,

-cchanlunl lnple-ented as part ot the thesls proJect are
operatlng correctly. Building the data-hqae for the example'
appllcatlon vlth tho help of lnteractlve utllitles was tound

. to be convonl.nt and stulghttorv&rd. The consﬁructlon ot,

e . )
~ . s

;highcr—le;ulysottware Laycrs tor’superéls;ry‘ahd éénéoi;.
’pe?vLcesualio poaddjné dlfticultlos; Addltionally it wvas
.concluded that the com-unléatlons processor ACCES provlded
bettor ettlcioncy lnAcdnslstont fetch/change operations than

-achones pcrnittlng trec data—base access for ull programe-

<,

ACCES ulso constituted a sate and’ clean intcrtaclng .

-

_nechanls- whlch algnitlcantly 1nprovod “the lhtegrlty of

“data-base update operationa.

P [

>

. 663 . Deslgn and I-plenentatlon ot DISCO Segments.'”

R

Throc segnont typea have beon deslgned and - R T
NEEEES o ..

\Eple-epted for u '&tﬁ’DISCO ‘as part of the thesis

*proJ.ét. These providod tno.meuns for luplementatldn of the

fexsnple appllcation of section 6.2. Tho sezments define
‘ 1nput, control and output operationa in a vurlety of -odes . —
’ " and contiguratlons. Tho‘ﬂeg-entﬁfprmat: are shown in tables .

L

.602, 6. "ed 6.4. i »',3‘,_. . ; : . | | . . .-. N

I
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| \
/
'.Tahle'6.2' InputASogngﬁt Por-atvposlgnod and
: . . iImplemented for Operdation in the
. DISCO Data-Base _ :
word |  pescription | Fleld Length(bits)|
T iy Segment ID _ . . 8 B |
- Segment .length v . 8
2 | Segment enabl@idlsgplo '_ . o1
Input operatlonal/non-ope 1 _
Input from process yes/no e T
Input 'from buffer yes/no R ‘ -
3 | Zero . ' L v'.t a2
4_ . ) . R R
| s | span .- B R
o . 6
7 | Label IR .32
g | . . .
9 | Input raw value (1) | L 16
. : . . ' !
L ] N B
R N+8 Input raw value (N) . ‘16
e . N+8+1 Input address 1) - _ 16 -
. . . e - . ! N B - :
[ .
-2N+8+1 Inpﬁt'addpeaa”' (N).jj ‘ ; 16
B 4 2 - ~ . . N -
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, o B Table 6.3 ' Control Segment Format Designed
S - o and Implemented for Oporatlon in
° _the otsco Data-Base
Word . | Description .~ | Pield Length(bits)
1 Segment ID - . 2 1 B 8 R
Segment length .= ' v ’ 8
2 Control enable/disable ‘ 1
Loop startup yes/no - ' , 1
Reset windup flag T 1.
Algorithm is subroutine ' _
/progrem i , 1
Setpoint change petnlt
) o : yves/no SRRTN 1
) -~ spare 3 status bits . —| -
. Algorithm [ID . 1 .8
3 Setpoint. : o .16
4 Proportional constant B 16
[ ..-Intﬁgral time I _1§'
../ 6.‘.:Der1vat1ve time . _.A ‘ 16; :
7 'Ihtegral continued sum | 16 .
8 Input'polntgr a 1y - 16
N+7“ Iﬂput‘polnter K (N)' . .
N+7+1 .| ,Output pointer 1y , . 16
- X B ) .“ . . . : .
8
leN+7+1 Output pointer (M) 16
. NOTE : The . lnput and output polnters are not needed
when operating with the data stack. Slnce
this 18 generally tho‘cas!, the scgnont 18
normally Jjust 7 words long. :
o ’-r‘.
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. Table 6-4>"0utput Sagndnt Format Dosiﬁned
- + ' and Iwplemented for Operatlon ln
" the DISCO Data-Base

Yord 2 bescrlptlon - : Fileld Length
. T | Segment ID . o 8 -
‘ ‘Segment longth‘ - . : 8

2 Segment enabled/dlsahled 1-
' Output operatlonal ‘ :
“/non-op R 1
output poslt{pnal R o '
_ o /1ﬁbg\-enta1 1
- . Output to process .
’ s interface yes/no , 1
Cutput to buffer yeg/no _ R
‘Output on manual yes/nO' ' 1

.3 Outputitop limit S : 16

4 | Output bottom limit ' 16
S " Output ra’.t‘el.'l.].m‘lt.l,_ v . o -. 16 - - -

6 | zero a2
8 | span .- | 32

10 | Lapet 32
11 o ' ' | ‘

12 | output value (1) 16
) \  $¥11- ~bu¥§ut'valuo_f_ (N : T 16
N+11+1 Output*dddféga"; (1) , 16

23*11{1- .Oﬁtput addrqs- ' ,(N)  4(2'1'T 16f
2N+11+1 | Output origin (1) | = 16
5 R ’

b7}
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. ) ¢ . i
. Table 6.4 ssecontd,

AN+11+1 | Output origin  (N) . | 16

- NOTE : The output origin address is not needed
when operating with the data stacke.
‘Since this is generally the case, the
'segment is normally just 2N+11+1 words
longe (¥Where N-is thefnunberfot outputs)
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Vhile the megments have been qt:udtutdd}%o de;ln? §
wide variety of DISCO,oporaf!og§ it Ql;by no means oxpoétgd
th@t they will be ad§quat€ to;'a11 £tht§ nﬁﬁlic@tionn, It
is verf strongly eqphasl;od th@f}thc formats -hoyﬁ lﬂ_tdbloé
':6.2. 6&5 and 6.4 do NdT répfon;nt“¥he inhereﬁt
| haracterlstlca of ntsco ith rospect to input, contr&l and
output tunc*ions.,The standard lntertace betveen DISCO and
segnent processor routlnes and the ltructure ot the data-

X .baao buildor allov uny ot these eeguont tormats "to be qulte
sl-ply altered_or roplaéedy Ne"sognent typgs may»bf,added‘
Just as aipply‘aﬁg fhu- ahy.cﬁ;ngelin har&iare éabablllfy or
any c6dp¢e in the‘néfufé.o£ the application may be - handled.
| -Tﬁc 1nput-sé3§enf ot tahle 6 2 haa been dealgnod to
;hap¢le Any nque; of 1pputs.uslngvuqy,ngmber of,retyiqvgl
Aléorlthﬁa vith‘?aﬁdom:aeresa{ng of:fhé_nource d?¥1ce.VTheﬁ
dgta-acquiqlf{ﬁn routlneﬂipﬁigfbaft;cuiﬂy_lnpﬁt is-apecltledi
is;purt'ot'fﬁé addreéﬁ'?ord.'ihlléﬁthe seg;énf lé,"
vsuftlciently general purpose. to bo capable o! hdndllng
Valmoat 411 1npuf servlceg. there will be a number of
,tuncflons.iﬁlch vlllﬂpé handled;porc Q:tlciently%by a

modified formate. The tollévlﬁg'Afe;somé ex;npléq.‘

(1) Input ot data-ltena vhlch do not fit in a slngle
word. Such data -1¢ht be blnary—coded-declmal, 2=

‘wo rd tloutlng polnt o nultlple preclslon. In :-
those cases an“addte-l tor eaqh 1nput word 1g.nof

' necessary and the operation would be hdndl@d”&ore
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}ttlclonfly’by a -egmqn{ format which used.ant\

“v‘~> one address for each nultlplo—vord entrye.

if o (llf’ Input of .a npibor ot:data-lté;n from sbquegthl
| addresses in a ainglc devlce; In thlsvcasé only
the ftrgt addrgys»and the nugbqr of t;uhsfors needir
to be dpiciflqd: The format ;f table 6.2 voﬁld‘
: ¥ ‘ . : .

" therefore be lnéf}iclpnf in providing qddresses\va
itor @11 the lnputs\vhéﬁ ﬁds{ coqld be aésumed‘by‘
coq#éntibn.

“a '

. v _ i
. X . . . . : - . . B A
The above examples show limitations which may be overcome by
v : o _ : RS ; | .
~very ﬁlnor\moditldhttbne'gpd ;ddttldns.‘lk it ever becomes

';necesharyﬂto acquire'avlargo number of inputs in an unududi

mode, DISCO vlll stlll be capable of’ handllng the problem

¥

:because it will be posaible to generate a special purpose,u»
‘segment to<pertbrn ‘the aervlce.

The control segment ‘of tublo 6. 3 is clearly orlented :

towards slngle—lnput, single-output feedback control..lt is
lmportant to lnclude a segment whlch deflnes thls operatlon
etflclently alnce even 'hon advunced control schémes are

‘used there wlll still be many 1oops of this nature. A‘vefy .

general eegment could aimply apeclfy the control algorlthmv

S

and a para-eter vector. .The formatvand 1ength of the.
e pdrameter,vector‘iould'bn dhpendent on the’cholCe of

Lo ea

‘algorlthn. Thls typc of gegnment design would clearly be

2
N

capablo of deflnlng all concelvable control actlons. .The
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schoné‘doci, howc#dr, have llgnlflcant.dlldd%#ntacosyfor'the

avorsge‘elhglc-varlablo application since the ﬁullddr vould o

- no longor pro-pt the u-or for algorlthn para-etera by name.
Tho output -egnent of tablo 6.4 has a tormat slnllar
.to thst ot the lnput seg-ent. Slnce “the segnentvorganlsgttoq;
"stpofti fandom aqqqss to procoas;oﬁfpufs,vslnllur
_1ln4tation§vind:aévdnfnéps fb”thOGQlescuéaed for the input.
",sédnont;apptyu Suhnariélﬁd, tho segment 15 capablo of

handllng alnost any output servlce but some types ot output.

o

partlcularly thouo whe re many tranafers are made as nyt of
;o E )J‘
1// B ¥ slngle operation, would be handled more ettlclently by a
: A P S o
‘customlaed tormat.

6.4 An. Industrlal Advancod Control Appllcatlon.

It has bcen stated that DISCO has been deelgned to e

\

handle advanced control algorlthms such ag those used 1in
j ‘unlversity”reaeatch and sophlatlcatedrlndustrlal

uppllc&tions. This msection vlll doscrlbe how a dlfficult

- -
i
1nduetr1¢l control proble-\can be. si-ply and convenlently

handled. Whlle tho problem ls hypothetlcal, it ls hoped that
- A
the: descrlption ot DISCO 1n the precedlng chapters and

operation ot the exanple nppllcatlon wlll persuade the.

reader that the solutlon presented would be a valid one.'
_6;4qi Description of the Example: - e N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



128

Dccoupllng céntrol ot'dlstlllafloﬁ cotunns.1- one of
the most '1doly accepted advanced éontrol tochnlquo- to be
us ed 1n cho-ical procees plants ( 'ade [80]). The exa-ple,

" which vlll be presented here is takcn ‘from Shinskey [54],
.wner. it 1gv1ntro¢ugod as a ¢onu1ne.1qdustrtal‘cg-ou-tudy.v ?'
‘The deébupliﬁg conifol 1; redulredvto Qllmln;te intéractlons
caused by po§r pfocosa deslan rather than to lnprove
regulation or responsJ’ The exanple is nevertheleas a valid'
onq tor<tﬁ; pQrpopos of thls,thogls.

Flgo_6.3'8h0w34fﬁ; 1nté;§ctlné gystem‘qf-tyo p@rallel"ﬂ

- reboilers on @~dlsdlilatlon.c0lunn. T@a ¢9ntrol objectives

P

ares

(1) regulate the bottoms composlition as indicated by tray

tempéf@tdre f
(11)‘ reéﬁ}até the reboller_lévei L N
.(111jf‘,.gglafgjthe;feho{ler.1e#ei L.
Tﬁotﬁva}lhblg gppf?ol:yaria§yge areﬁ
(1)v:feboile;‘heaf input Q

(11) reboiler heat input Q' . ’

(111) bottoms flowrate B. I R

-3
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T Tray temperature from
which compo sition is

inferreds

LeyL* Reboi ler le velse

Q, Q" Reboiigr heat inputs,
S o B _ Bottoms producﬁ flovfatqQ;;gﬂﬂﬂ

= e
o L R
C , '
7

;IVF1“0;6.3 Example'ot Int@ra@tlﬁg geboilgrg
- " Taken from Shinskey (54}
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Shlnekey enelysea in some.- detell,'the neture ot the

’lnteéactlon. Slnce the discuselon hebe le not lencerned wlth

:preeented. It leff

control echeme dealgn, the anelysle le

.however, of lntereet to- brletty conelder why intereetlona

-
fodal d
‘

'exlsto It Le» ear tro- lnepectlon ot Flg. 6 3 that no

eatlstactory pelrlng of lnpute and outputs 13 poeelble-_The

-

product tlovrete B, equally ettecte both 1evela and hence
cannot he ueed to control elther of then 1ndependently. Botﬁ'

heat 1nputs affect all three of the output varlahtea. As a 'ﬂ/e

/ |

result, they cannot be used tor level control because the _/

composltlon vould then becone a runctlon of level setpolnt.‘

Shlnskey presente decoupllng control as a. slmple cure’

tor the poor procese design whlch caused such catastrophlc‘

lnteractlons. It le obvloualy poaelble to remedy the

B

“Tslfuatlon bx reetructurlnz the - plplnz conflguration ot the QX'

‘rebollers hut thls ls much lese couvenient than a elmple

N modlflcetlon of. the control algorlth-. The decoupllng | ”
‘control le based.on synthesls ot new 1npuf end outputl  ;, beﬁ 
lvarlablea tron Ilnear comblnatlons of the real procese R "" E»
1n;§£s and ou;puta.l

| Shlpakey descyieeéfthe“broposed gcheﬂe asv¥olio1é:
. ;) ; .
'fﬁefiefeleelgneie vere.evereéealehdﬁused
‘ | 'v;fo contrel the dre;-otf velve. The temperature
'controller uenlpuleted both heat-lnput valves,A

‘~.

'biased by the ditterentlal level: controller'  '
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Fla. 6.4 ahov- tho control scheme 1n block-dlagra- torm.

AN [

Shlnskoy pres.nt- sn intaractlon analyu for the syctenn
'unqor cbntrol ot'thc doCoupllngﬂlchi-o. Ams provloully

‘statod; the control schon- doslgn ln not relevant to thie

. thenl- and honcc tho analysls wlll not be discuuaod. It 1-

,Jho'over, posalble to see hy inspection that the - eyaten ls.

;'llkely to behavo ln a uoro satla!actory mnnner-.The bbttons.x
“flowrute 1- now used toﬂcOntrol the conblned holdup ot the.
‘two roboilers. This ahould 9e no moro dlttlcutt than level
‘.;control wlth a. ainglo tank unlt. Actunl level regulation 13 _ :?.1
?eitectcd hy ellhinatlna the level dlfterence hetween the two
; ,‘tanka. Although this. ls done by nunlpulatlng hoat 1nputs,i
| :_;the total heut -uppllod durlng any level control acti‘n ls
'Jconstant and honce the bottona composltlon ahould remaln
4unattected.>Conposltlon renulation is carried‘out hy.;qual,
v synnotrical manlpuiatlon of . the he;t 1nputs. There'lsdau:1 
‘inferaction with the rehoiler holdup control but thls

I

i .
~ap_pears ‘a8 a load to the level control sys&em and hence the’

: D
0\ . - X
An‘- .

’yathm iﬁ%?ot deetahillsed.

- '_6.4 2 A Propoaed DISCOwﬁctlvlty éonflguratlon.

A DISCO anlementatlon of the control schene ot Flg..

.6.4 vould require only an arlthmetic eegment 1n addltlon to

e

tgieatures whlch already axlst. Such a sogment vould.pe userul

vtor nany operatlons and will probably be made a part ot

' DISCO duridg contlnulng work in the neés future. A possible

-
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'for-ut ior such a -iglont ls‘uhovn 1n Appon&lx Be

| It 1- inportant to noto that the dlsc;salon here.
relata- to true DDC,‘tablo—drlven oporation of the .cheﬁe.
Cloarly 1t 1- possible vith al.ost any conpﬁtor control

’4 _ ‘ system to yrite a su ervlsory progra- to pertorm the ¢ealred
4 , » er .
functions. The advqntazea ot a,DDCxlnplonentatlon are

pées@nted-belov.

. . v > . .
: (1) The control scheme is implemented. with exis'ting

@ v “

-cdnst:dctlonn and no additional programming is

v _ :
necessarye.. - o
‘s . : v A b : : ) . e - N
<

11) The scheme ls detlned in a standard manner in the

data-base and all the advantuges of table-drlven

-

) proceeslng are available..(These anantazég wére

described in Chapter 4).

‘ (Ili)- Standard consolo eupport deaigned to work with' the

data—base may be used.

Ia

(1v) Standaﬁy dataobaae utllitles may :be used for

specltlcatlon ot the control scheme parumeters.'g  ' o
. . ) : ) s .
The linear equations whiich must b apecltled ln the T

(%1CJsegnent and vhlch ne :d to be evaluated as part ot

' the control achone are.
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' L"=L"L' 000601
"QA=X.‘+L"' ;000602 B )
Q._x-L“..‘ . ‘~ ee :‘)6.3/ ’

R
Y ‘( L"’L. ),2 00-6..'4_‘

(vhere x 1is the output of the - .
tenporature controller and y is tho

lnput to the level controll.r).

‘The specltlcationhot these equatlong'ln.thp arithmetic.

“megment is presented in Appondli Be

Fige 6.5 shows a possible activity contigurationf
8

which vould handle the achene. The -ethod ot dlrectod labels
‘as - descrlbed in sectlon 4.3. vould be used for 1nter—seqment
L ‘¢¢oﬁmun1catlon. ‘The use of, polnters'specltled by the dirqcted

. r _
labels would‘allo' the followlna hﬂ{ef-s%gment acceases to.

be made. . ' : : R i
P R v '

'(1’ fﬁé:éonfrél aeg-ent pfocessor would tetch thq‘fbayv
b‘temperafuré valﬁe t;om the precodlng 1nput
 ; _ : i ‘ ieﬁmgnt.' | |
(11) . The control segment processor would atore the’
Lfﬁmpérhfure ééntrollef 6utput,(x).1n the dﬁtaAa:ea
ﬂot the agithnétlc ;egﬁéﬁt. ﬂ  : -  ':  5

(11@), The arithmetic aeguent processor vould fetch the'

[

:104015 L and‘L' trom thelr respectlve 1nput 
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segment storage locatlioas.

Lo (Iv)ffThc control -og-cnt processor would fetch tho level

controller anut (y?) from the aélth-etlc segnont

el

. f.
data area. It would than store the co-puted output

o . N
in the output segunent 1or_B.

. t,

‘(v) - The output segment processor vould'tetch the_voiues;

‘,o: Q and: Q* tro- the daya area of the arithnetlc

s
. 3 oY

o

segqent." - ' . - R o

P

»

The precedlng dlscuSalOn has presented7a simplitled-

o

approach to a real DISCO 1-plemontation ot Shlnskey'e’

control scheme. The. purpose has been. to perauade the reader

that DISCO could be used to luplcment the acheme as part ot

standard toblordriven, .DDC operatlon. ‘Real plant' aspects

"which would also have toibe.cOnsldero&'in'J full dealzn'
_ o ] » , e R
‘study are as follows: ‘

oy

’: ‘f.

(1) ,1ncorporat1on‘of-Illtcr,seg-ents‘to.smooth noise-

-

corrupted.lnpute;

© (11) 1incorporation oi‘alorn’segments to dcﬁiné action in
case of out—of-limi'ts conditions

(11i) addition.of gain and offset terms in equations 6.1,

642y 6.3 and 6.4 to facilitate tuning of the
| e fecilitate Tumii A
| o

—
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S S . CHAPTER 7

— Fan

<&

—— CONCLUSIONS AND CONTINUATION OF THB PROJECT

. _'7.1‘ Concluslona of the'Thosls ProJect‘

g

_ ‘ o . A design tor a dlstrlbuted dlgltal comhhter c§ntr6ib
.aysten has been completed as part of the thesls proJect.-
'This work has 1nctuded a atudy of the genernl prlnclples of
Adlgltal conputer control ot engineering processes,
»Bpecltlcatlon ‘of design obJectlvea for the DISCO. scheme and

a partlal 1mplementatlon of the scheme on-® eystem ot HP
1000 conputer3¢ The. expanelon and dovelopnent ot “4he §
lmplementatlon is a contlnulnz proJect in fhe Department and
good progtess ls bo~ng\\gde towards a full realinatlon ot
 the DISCO desl&no' | |

: : ‘ As aﬁfzgult of the vork carfiéd oﬁt.iﬁ?the thesls

'mproJect, a ﬁumber of lnnovatlventqatures'have beqn
1ncorporoted tn a very general co-pﬁter?éonfrbl systeme The
. ”developnent ot theso propertion ln tho dcslgn atudy ‘and
their Justlticntlon ln the partlul implementatlon has beeg
'thé main contrlbutlon ot thln proJoct. Thls sectlon vlll
, : xol

attempt to sumnarise the new and dlstlngulshlna featuros

whlch are lntendod to make DISCO nore povertul than prevlous

el ~

138
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s?heneso. ‘~ : | Cw | o o L
The flexibility of the DISCO scheme 1-'attr1butablo,

‘to"n large extont}»to tho’data-baae de-lgn. Tho &btlvlty

record which is the basis of" tablo-drlven proceellng may
N . L kN a“

contain data which define g;y\ oparation ot vhlch the , ‘
S ‘ _ e ,
'conpﬁter.hardvare is Edp;blo. These operations, deflnod.by '
aegmonts, mu& be carrled:out.ln any. ordor and vith any
nu-ber ot repetltlons as- specltled by tﬂe arranéenent ot tho
-segnonts theméelvop. Tho use of non-ART -tables facilltates
the loglcat r?teré;qlng of lnqtrumeqtatlon.gnd butters- AQ a
" result DiSCO is lndépendént éf-lnstruménta116ﬁ protb;élé aﬁd
'netvork,sqfqufe. Tabi¢ 7;i éﬁmﬁaflsps d;gtipgu;shing“qnd
1nn9vat1€5 fédfﬁres 61‘thevDISCO duta—ﬁ;ee deslgﬁ,

The - operatlon ot the DISCO aoftvare hﬁ? been
successtully de-onetrgted by the purt-lxpleme:tatlon. The
lnterqcflvq &gta‘bage hu¥i¢1ng'utillgies were cxebcLsed

.cq;prehenelvely‘dﬁpink tﬁe:aevélobmenf ot éQément tor&afé
o utor the. 'flrst working Qérslon';-Tge spéélflchtion ;f‘data— )
- “-L base tablo structuro ang.toruat in dlak-based working ﬁé;les .
was a pg:tlcﬁlarly cohveqlent‘fgatQpe-of.th§ bulldér./rh;s
featﬁroialloqu ;ﬁherous'modliiégtioh;.b! the qatQthie
tables tb-b? m&dé wlthéqt an§{é&§nges fé’fﬁ?fﬁﬁTfﬁI;;J

‘utilities. Table 7.2,sum@ﬁrlses disflnguishlﬂz.and A

innOQatLve-featurés of the DISCO -data-base bullding

utilitiese.

yd

, The. operatlon of the real-tlme DISCO control ao!tvar\\}

.haa beon demonatratod hy tho example doscrlbed ln Cnaptev 6. PR
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Tabls/4:1> Dlétinaulsh{ng Features of the .
// D[SCOVData-BasovDoalgn '

1) The data-base recordp which govern tahle-drlven
: procoselng in” DISCO are baaed on the process
activity. Thla contrauts with most commercial
DDC aystems 'hlch use conventional ! feedback
controlﬁloopn' ‘as a record basis.
(ii) A variety ot operationd de;lned by ments of
S the activity rocord may beSincorporated in a
procoss actlvlty. ’ -
(iii) Sogmenta may be varlable-tength and may aleo
: have a variable—-formate.

.(Lv)f Non—ART ‘tables contain’ 1ntormatlon vh!ch may be
' ‘accessed during actlvlty processing--One of
the applications for this type. of table is to
allow logical refer ing of buffers and
instru-ontaflon. B @‘ ' S '

Av) A memo ry stack 15 used as one ngkhod of passing

i dafa between processing operatlons defined by
sudcesslve segnents. It has been found that a

. stack is particularly convenlent when

'hgndllna ‘input-calculation—-output’

mechanisms such as those common . in process
control structures. o - _ _ , .
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. Vol

-

(é

Table ﬂ Dl-tinzu!shing Peatu es o‘t tho
D[SC ata-Base B ding

a , : Utll :

(1) A,&dltion of new typo TG iq,‘i: -base t:W:
‘ o*‘moditlcation ot oxlb&;'g-frpe-h hs oo
require thé plteration”of any - pro
This is because the structure &nd#un
all the data-base tables 1s stored In dlsk-f
f£1iles which themselves nay be npdated by the.
building utilltles.

,.w"

- : (i1) Bullding of DISCO Mta-base tables ' 'is tully ~ Co
: ' o interactive. Specification of" da ta-1tea ’
P - o values is carried out in a "£ill=-in' the-

: ’blnnks' modo.‘« -2

(11i) The conversatlonal table—specl!lcatlon results
E in a user-oriented source version which may
 be edited by the buildlng utilities.
‘Modifications to the source version do not,
therefore, require rebuilding of the table.

(iv) Provision for handling of mnemonic process
" variable names and symbolic labels will '
simplify construction of 1inksfbetveen data=-
base records. When the symbol utilities are
comple te, such links should be as easy to
handle as 1abels and varlable names ln a
"FORTRAN program.
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»

Atthoukh thc<part-1nplementatlon was restricted to an 1in-
. memdry dﬁta—base and alngle processor operationy the nain

- , o

foaturos ot DISCO roal-tlmo sottvaro could -tlll be
rlgorously tes ted. The synchronlsation hetween the DfSCO
executlve and the comnunicatlons procasﬁor ACCES wqab
obeerved to‘be vorklng w?ll. Tho exanplo4hpp11catlon.
“demonstrated‘hov the use of 3 comnunlcatlons processor
taclli?ﬁi}d poiertul and ‘concise process operator commands
which were executed in a controiled, predlctablevmannerol

Table 7.3 suumarlses dlstlngulshing and. lnnovutlve featubea

of the real;flme DISCO softvare.

2

Te2 _Tbe.antlnulng éﬁggect:. _ : _ C ' J_
AB, state& in the preilous section and in preceding
chapters the lmple-entatlon of a coupiété_nlsco'system is o

'contlnulng proJect in *he Departnent ot Chemlcal

_Englneerlng. Thls section diecusses tho maJor areas ot

‘outstandlng vork and descrlbes how thq developnent ot each

ar ea wlll contrlbute to the tull renllsatlon of the DISCO

- designe

- . ) oy

Te2el Futune'Wogk'ln Expanding the Data-base Building
Utitfties:
‘Tho most laportant task ln the expansion of the data-

‘pase utllltiesvls'tpe development ot the DOPE program

Reproduced with permission of the copyri
pyright owner. Further reproduction prohibited wi isSi
ithout permission
www.manaraa.com



143

4%\}"\; ] | -. | . . - .

Table 7.3 Distinguishing Features of the B
DISCO Reul-Tine Sottvare '

(i) Synchronised. access to the real-tlme data—baae
for fetch/update operations is guaranteed by
the comntuinication processor ACCES.

(11) A atandard,lnterf;cd between ¢the DISCO/éxecutlva
" and segment processor subroutines has been l
provided. This feature facllitates simple
v addition of new segment types and thelr
. procesgsorssy The author'ofv3'9$0cessor.
subroutine is able to deal with a single
documented interface and would never have to
- ‘modify any exlisting code to incorporate his
' routinee. ’

ot

: v C . T\ - .

(111) The basic period of cyclic ART processing may be
. set arbitrarily when scanning is lnitiated.

This is one of many 1¢At&rea which allow

"DISCO to be adapted to the capabllftles of

speﬁitlc computer hardware in a partlcular

working envlronuent. . . » L
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de-crlbod in .octlon Se 2-4. This progéan will be’an

executlv. which 1111 guid. the user in a convefsatlonal .
no&o. thrOuah thL procoas of bulldlng, edltlng and lond&pg a
data-baso. The oxecutlvo will alao -anago all dlsk filos
'associatod wlth‘bullding and -alntaln a 1oad -ap,fo.ensuge

that new tables. do not ovorurltc .xlstlng records.

he completlon 0t DOPE has been given high priorlty

o P

1n tho contlnulng proJect hecause of the organlsational

improvemonts it vlll ‘effect. Theso lmprovements vill permlt

new users to sately experiment wlth the data—base bulldlng

utllitlos vithout fear of overvrltlng dlsk-flles or the

real-tiﬁe data;bdse. In some caées DOPE vlll make the use ﬁt
: dlsk—!lles transpar;nt to thé user. The automutlc allocatlog

ot uctivlty iD's ahd the autqpaglc calculatlon of actlvity

record 1on¢tha vlll make data-base. bulldlng and real—time

operatlons more rellablo--

Vhen tﬁe Data-Baae Operatlons Executlvé ls

'lnplgnented, attontlon wlll be given to completlng eupport

o

. for aynbolchrqgeronces durlng conversatlonal hulldﬂng. The
S é; A7

bullder andfed¥tor progran SBILD already accepts users"

vafhpble names for data-it

mako thla foaturq.tuLl? operatlonal, ‘DOPE wlll have to

Lo
e . ‘_‘

e create flles tor gtorage ot synbol tables and a dlrectory of»

'9va1ues ‘and dlrected Iabels. To

“’Q%

theae tiles wlll have to be malntalned. An addltlonal
utlllty wlll bs required in the sulto to bulld the tables

and to rosolva synbols botoro loadlng._ SRR .
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7@252 Future Work ln Development o!_Prociis-Oporator é

~

e : v Con-ole Support.

It hal bocn -tated in soctlon Se 1 that nupport for Z LT
1ndustriul stundard operators' qonsoles will not be doqtcnqdié
_or 1.ploh9ntod;1n the DISCO prquct;'Suppdft of thli type

~would constitute a higher-level ao:tiuré layer which, if

required, couldAalwayé be nlmp{y'intortaced by means of the:
communications processor ACCES.
Thore is hovovér; a requlre-ont tor slmple process - -

s operator utllltles whlch are baaed on. conventlon%} ASCII

compqtor terminalss Dovelopment'ot thosq utllltiea is
. - i . i - ) ' ‘ - . . [ A.L; ‘ o
‘ currenﬁly‘ln-qrogreug in the‘Depdrtﬁéht.'Vhen'compléte.'tmg
S [ .. . .- . . . . v ;;

ﬁrdcoss\bperitor éupporf software will facilitate N -1 5'

speclification of tefcn_aﬁd.chahge operations on the data-
) : - ’ . o B ®

in ter;a ot ﬁnegonics. The dtillf!ed’wltllAtsd alléy .
:&a-tér;ht; sdch':;\dec;maibLntegéé;.dep;hal
‘tioa&lng‘bq‘n?fb;:ASCII‘charaéfqré to be.ﬁqedd The_conspléE
_‘éomﬁ;hdé wilL,fvhere poisibie,‘m;ke ﬁardﬁgre—orlentod'data;_
lgﬂﬁﬁﬁddresslng transparent to thg'uaer- Aa a result; word
&.adﬁreéﬁ, hlt pOsitlon and tield-length vlll have to be

'spQngt!d ln only very exceptional circumstances.
f‘ﬁfﬁ It ie 1ntonded‘that desolte restriction ot conaole
qupportmto computer terglnilg,the man*machine‘lnterface\glll

PR . ; ' S

A

‘So:tléxible.ddd‘human—oxieﬁted. Co-nunlcatlop vlth ‘the
‘operationat data-base ahould be aa simplo aa manlpulatlon of

2t By

jtho dlsk-haeed source vorai dh by buildlng utllltloa. thq»

=

" \
prpcoss;operator.cpmaole spttvarevvlll-be adequ;tokror‘

& - PR o)
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opornflon?}n\zti\unlvoralty envlronnent and vlll donon-truto
hov a spocial purposge 1nduutr!al ntandarq\con-olo could be

1ntortaced to DISCO. ) i

y s

. : o LRl o . o R
- Ta2e3 Puture 'ork in Davelopment of. Nov Sezment Types. : .
f§\$\ T e input, output and control sognent doaigna o  =‘f$

J

doseflbed 1n Chapter 6. Extenslve 1ntertacin¢ of pllot*plant

appllcationa vlll r.quire at least alarm and tllter aogmenta B

»

to be 1mplemented. Other seguent types such as the‘

o arithmetic seguent doscrlbed ln Appendlx B wlll be added asA‘

DISCO 19 expanded to et a varlety -of operatlonal needa.

In some lnstances cbmpronlses vlll he nade betveen

fhe use of segmeg}a and non*ART tables. Th&? sltuatlon wlll‘

arlso where the. seguent contalna data which is’ asaoclated

. vlth an activlty but is notvprocessed oach time the activlty ‘w—*§*$

is polled; A typlcal exanple of such usage vould be. a:

"a.

process diaplay spn-ent vhlch stoved addreéses ot key
variubles 1n the activlty tor dlaplay purposes. Addresses‘ :.  i

'such ag these could alternatlvely all be stoted in a. slngle

-
-

'} i, non-ART tnble. The organlsatlon‘of the data-base vlll be.,
Lt S
-,1ntluenced in this respect by.

B

5 - (1)  the circumstances of'noémal'ac¢ess'fo-tho,dafa
concerned .

-
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/—

N '(11) . memory and processing overheads

JESUUEUS NRS

o * L |
"(111) clarity of the organisation trom the polint-of view of
the user ~
(1iv) compatibili ty with use of peripheral sfofage'hedlq“

for less\freaugntly accéssed data.

’

—_—— .

| ' ; . BT o
> Te2e4  Future VWork 'in the Developuent of the DISCO Real-Time

. Softwares:-

R

- .i% S The_DISCO'qontrpl‘ﬁpftvare is ;t prebeﬁt Il;it04.$6¥a“
x srngle;proceasor,vln-mepori’scheme using thé HP 2240
.sﬁbbyst;m'aﬁ ;T;;ocess interface. As a part ot tuture‘vork
DISCO vlll bo extended to handlo ovorlay_ARILs—tnpm IQQALﬂ’/’

and netvork accessible storaae medla. A priorlty “in this

N

J;spect vill be the 1mp1enontutlon of overlay svapplng to‘

and tron the local diske Thls will allow actlvlty ‘records
) : / g
for slover activities to he stored on 418k and thus extend

& y:

the capacity of the cqntrol syste-. .
The I/0 facilities proposed for the DISCO scheme werée
presented in section 4.4.3. Future work 1n this area will

anolve"fhérimplementatlon ot buf:or trapétef”brdgrahs for

{‘ “

handllng local and notvork I/O{ Both syncﬁronous and

asynchronoue butfer operE?T?ﬁE‘?Tlt/ﬁi“FQEGI}ed and there
RS
may also be a’ need for spoclal scans ot the ART ‘to be

s
triggered by arriving datuo This work wlll expand the

Y

-
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: L
Jx Q‘., ‘o

e ? ;‘ . ) ¢ . \“
e e e capabilltle- ox-DISCO to permit tho use of 't@ﬂﬁf-dnd"
. :“;v‘ ¢

Opefatlon:r

-proco-s 1ntertacc nlcroconputers, -ultlplo 1nstrununtntlon ﬁ‘:
< o T ' Tt gl
buses and.netvqu“pxgggnndlleff:-_»- ’ Lo )
J / W
“ \ ! r "_..;.
. i . b o b
" Te2.5 Future 'or# in Expansion of DISCO to Multlpfocﬁisﬂr ‘ﬁfgf
. | : . ) “ | } . ‘ ° ’ ,,,‘
‘- b St
\

The 1nplouontatlon of DISCO on a Jlatrlbuted notvork

f
of dggltal computers lelﬁigggnce the tldxlhllity,

v T——

reliability and capaclty ot the control‘ache-e. “This work

will 1nvolve.

;
/
/

I

(i) extension of the 1/0 facllltles for ngtwork operatlon

( 2
- © 2ot
Lo

as dlscussed in the previous sectlon S
j , . S

~

(1i) deslgnf&nd:1npfe-entatlon'ogwqottwgbqvto perform . °

lhtegrlty'chockq and error recovery during

conmunlcdtldnﬁwith rCmote data-bases ,

(111) ‘exteﬁglon oi}dataibase'build{ng and .process

,opoggtofs'-qﬁnsole utilities for rendte o .j. o >

e
Lo B4

‘.operatioﬁiéi_”
" ) ! ’ v B 4 : ‘ N . - L
S uodlticatlon ot'the data—~base building and process

operator consolo utllltles tor dletrlbuted operations should

be mainly concerned -with design of a user 1nter!ace.-Tha

co-municatlons processor ACCES nay, in its presqnt torm, be

3

& . o
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/ ) . . C [T _.._._,.,.'-'"--w- e

used for fetch/edit operations from a remote node. It will

. . : v
' therefore, only be necessary to. implement a higher-level'

program capable of issuing the remote scheduling calle
) . . S A : .

y,  A similar approach could be t‘ﬁin?to implement ro-oti
ﬁgﬁta:bcﬁe loﬁdlng.’Actlvlfj roc;rdsf;n& hoq;gni'tﬁbleg could
be loaded ﬁy a progranvsche&uleﬁjby.locAI or‘reuofe'dqtg-
bﬁgefﬁﬁglding,ufllltlea in much thevsane wa& hu.ACQBS ;a
scheduled by t#é conéolé'utll!tles.vfhe ACCES proqraq iteselt

could, in fact, be used but since 1t is designed to edit a

small numbeﬁ'&tAggta-tlelds lﬁ qlflexlﬁle manner its
. operation as a lo§d§b would ﬁét be very efficlent,
| It is expectﬁd thaf‘use'of DS/1000 qo?tware‘aqd fhé
assoclafod high—}eve} lgnguaéo qetio;k\intertice ﬁlbﬂ -
‘éfeatly s;ﬁ}llfy sj;thesig of‘rellable ln!brmatloﬁ tradster
-éoh&nisﬁe.xintearlty ;n4 ér}or”ropovery at fhe message
S ‘/ ieVel’will bg haﬁdled‘yy fbe nefwork'soitwore. Thlé means
;that attentidp‘need'only be givgn to eﬁgpring the‘lntegrity
of éémplotg- updates co'ngls'tlng of " sgve:{ai vnessagefs. - / .
Restarting of opéf&tléns toilowlng‘a fqllurb in a particular
node illl‘hﬁveifo a11§w_to? fﬁe»spéclgl‘requlréﬁeqta»of
reetsrting‘cohtrﬁl atéoéith-s aé'dlscﬁase¢‘Ingsgctlon_5;3'4;
7 'ait is'ilﬁel&,tﬁ;tsédlt operafldns.carrtéd 6ﬁtvby the
ACCEé pfogr&n andlloader illlvﬁe récorded 1n‘§n aud1t“t;a1l;
Ih§ d,ta;bhae c;n thén sq,fo-éypthéslged from a bgék-up copy
if any Io#s‘ot_datgboccuré‘as a result of ¢onput§r hdrdwgre.

"tailurQSq{ o ' . g S oL

! .
O : DI
i
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APPENDIX A

MEMORY-IMAGE LISTINGS OF THE ACTIVITY'RECORDS FOR THE

EXAMPLE APPLICATION OF CHAPTER 6

v:- A.1 | Introduction to Appendl* A'

Thls appondlx contains listings ot the output from
the nenory—image bpuilding program NBILD. The llatlngs (Figse.
A.la to A.lf) docu-ont the contlguratlon and contents of the
‘t'o.actlvlty records usﬁﬂ to lnplement the examplc
appllcution descrlbed ln Chapterv6.~The sequence ot memory-
lnagoa shown in the tlgﬁrea of thls appendlx correéponds to.
the aequence 6! contlguoua records 1oaded into the,data—\
baso.lEucb 1ist1n¢ -showa’ deacr;ptlons and values ot all the

datn-ltens ln a partlcular actlvlty header or seguent

togqther with ankoctnl mgmory-lmaget

oy
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/f o - ' APPENDIX B

A PROPOSED FORMAT FOR A DISCO ARLTHNETIC SEGMENT

Aol Introduction to Appendix B:

This appendix describes a proposed dgglgn.tor\a DISCO

( —_ \ . . : . . .

arithmetic segment such as that pedulreq fob the decoupl%hg‘
. v o ) )

control example of qoctlon 6,4. The proposed segment format

ls shown ln table Bele o Tl b

' —

Compromlses need to be made, whon doslgnlng such

segments and thelr processors, to. ensure that that adequato

operatlonal capabillty ls acconpunied by roasonable

~

slmpliclty in procosalng- It 1- clearly. poaalble, but ln
general undealrable, to make. the seament 80 povertul that 1t
constltute- sourwakbodo to a hlgh—levol sclentltic

lntorpreter- In such a case the sogncnt procosuor vould

v

become -the lntorpreter program.v

Propos.d proceaalng teatures tor tho arlth-ctlc

-

FOGQOQtQQrO*a-vzolloyg,. ' 3;
PR { \

(“ P""’c"'lﬂf'-'Ollid flollo‘! 6. st\'rnl,ct ;oquentlﬁl, orde‘x;-, v <'§

.  ‘j _»fp;;anz ot cxprcssions ln brackets ;ould not be : IR

undoftakon. Nostod oxprcssions could, however“ be

170
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N

I T - | -t T
g . . . . . ™
. . . A
A . . § ‘ . . ) o ) 3’\./‘
dealt with by storing intermediate resulte in the ﬁ‘

segment data arod.

(1i) Any number of expre-sldnn could be d.glnod in a

slnglé segment. The end of an expresslon would be-

i

marked by thoi'z' opdgatorq

C(1ii) Integer, logical or floating point modes would be R

. .
gépecified by the control byte precedihg“éiéh
.oxpreasloni.é;ngﬁa;ly the l¢s¥ agpressiqp;to be
1ntdrpr§te&.v6u1dbpe flhéged as sucﬁ by 1fs

con: rol byte. e . | _ o - 3.

/ T~

(lv)IOpqrgnd- and results wogld”bc cpbblgldd by pointers ‘in e
the arithmetic expression. ‘

(v) Tyﬁical operatofs would be ?
| *i'fl I}LI. oiponﬁnfiate{ l,thlréot, selgct‘
gréqtest; uolecf‘l;;st, ;AND.,‘.ORaQ «NOT.
”vexcluéivc ;@RQ | | .
TablofBoé shows a epecitic example of fhe‘uue ot the
afithmothvseg@;ﬁt; This pprt;cuicr ségment h#s b;on
jfdfqﬁla;éd fo\deul‘iitg ihe arithmetic ré&@érgﬁéﬁéi-Qt the

‘proposed Qchupling controlAschemo.ot“eoct;on'6.4.
Quildtn¢30£ a segment such as that shown in the table ° '
N L | L R SRR A - B L
¥ - ‘would put to good use a number of features of the data-base

Ceral - ) - ) -

&4 CEN -
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~builder. symbolic handling ot_fho klrec{od iabci.tvould,‘
lﬁtlov the uadr to ipocgty hlcjovﬁ nanoé for ;givbﬁorand-
ra ther than.gétuaf pointers on.nétlvlty hd#eosséao.i
Facllltlé;-tbr ynhollc'reprduéktntloﬁ of-nﬁhcrléai‘value;

‘provldod ‘by the bulldlnz utllltlea vlll pornlt th- use of

o

’mnemonlc nanen tor conltants 1n the arlthnetlc operutlona.

In summary, tho bulldlng of a -egnont such as the proposed

>

arlthnetic'segnent 'ould be very much Ilke entering

oquatl@%q'ln FORTRAN source codee.
Ttk . N

BN
vyl

R
) . ] ‘ o . : . .
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Y,
o o
A A
N .
Sy ot
[ . &
ki . R
/
-
'S

TabloB.l

Format of the Proposed Arithmetic Segment

. ) N ) ) [ /v “v ‘\\ .o -
Word , " Description Flold»chgih(bltp)
1 | Segment TID - 8
Segment length 8"
2 Sta tus byte 8
: Control byte 8
3 Address of operand o _8.
| Operator ; ‘ : 8 -
) 4 | Address of operand - /);_/,/21f ',
L v'.~ n' . . . : ' ’ . &
’ . ._’o e e
_.'l. . ) e e . K
| Address of operand 8 -
- | _Operator t=¢ . -8
e Address for result i . 8
- Control byte ; . 8 B »
_ - Addreéss ot.opernnd 8 R
v N .v '.c. .
. ..
_ xo VAddrisp for result -8
_——— | Control hyte - '8
. & N
. DATA AREA TR
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')M b '.
\
T
. - // >.
Table B.2 Exa-ple of, Use "o’ the Pro, ‘Arithmetic
: Co Seapent ln th e ot 'Sec tion 6.4-
- / L 4 .] . .‘ ‘ . ‘.
Word ; « Description
1 | Segment ID - . T : -
s.gmont langth (= 18 words%*
'<j¢t 2 _Statu- ) :
e Control byte(tloatlng pt. &peratlon on
. var ablea atored in lntbg.r
S tovuat) o
ﬁ 3 | Address of x .
y +. - > .
L b »
, 4 Address of L g . ‘
0 ) - o o .
. 4 /5 Addtﬁ S8 O b o L' : R i ) % s o
6 Addréss'nt Q o f
Controp,byto(floa 1nB pt. operatlon qpﬁ‘ﬁ_
S Lo " wvarlables stored in. 1nteger.
- - L for7at) L
7| Addréss of x ; v .
' '8 -AddreagbctbLn ‘ ;;‘/;‘;
; S ’ S
: 9 | Address of L
- ) . ‘»U ] .|. A — .. / |
: 10 'Addrdsgiot Q' SO
s - Control byte(floatlng pt. ogerqtlon on
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