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pRE s

 ABSTRACT

' fT>i -'

'rh1- tho-la dcscrlhes tho de-lgn and lmpleibntntlon of

. Y

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

//ls [ sott'are sulto tor the contro
S v

’

and supervlalon or

'computers..rhe progrnms haée been deslgned for operatlon by

e taa- poasesslng skllla commonly tound 1n a modern,_—
’ 1ndustrba1 procesa controt group. o T “f'f» o : vA'. ;_'\\'_

DISCOrhas been designed us a very flexlble. general

N

m}pumpose con&rgi\aystem@ A modular structure has been

n ‘ . :
'.incorgpratedgjb eneure’%hat the system can be tailored and

v Y 2 , 5 - ‘
Afexpanded as requlred for. apeclflc appllcatlons and differlng

S operutlonnl envlrbnments. Thls deqign ensures thut DISCO

"}‘will not only exec ute’ conventlonal 'feedback 1oop"4\

-

'nlgorlthms but vill also provlde the means ron 1mplement1ng R

\

“.;'more sophlstlcated control schemes. The advanced category
; NN \ ¢
5lncludea multlvarlable, adAptlve and decoupllng control..All

’_ot theae can be processed ln true, table—driven DDC mode

Wne \

'under fhe direct;on ot the DISCO executlve. Software modules

a

-

qusedito 1mp1ement advanced schemes uqed 1n a unlversity

fresearch envlronment can, however, be omitted trom an*

. N . a 1 = "
[ / a

.‘Qrindustrlal implementQtion. The operatlon of the modules-'

W

constltuting the redufgd system would be unchanged.

St

9
’

SupervLsory prozrams may be 1ncorporated 1n the DISCO

%

,"x, -

msysfeq vhere the need for taSk«drlveﬂ r&thcr than‘tnbtéfff

- . '

. .
L . o . . . . LSO R o . . e "
o R e A LT L. R L . : M



driven software arises. Programs of this type could be:
lqplonontod to perform opereglon- such as: process

.optlpl.ntiog or pere-oter ;stliatloe,.The’-epervleory
eottvare.would exist in sattv.§.>1¢§§;; hlere;chlalyy above
gfhdbe of the DDC system bu; would, eeverfheiess{‘be:ellewedf
'a:eeqi toitho DDC datquaso; |

.

rhc thesls dlscunaes the cla-sea of prleeus handled by
DISCO and 1nportant obJoctives 1n the system synthee}e. The'

asteps taken in choosing a process data-baee sfructqre which
_takos into account both the needs of the application and the

BN

teofs>of the inble-entatlbn have been carefully decument'd;

Testlng of an exper;mental, stnéle—precessor. ln-memory
werslon of DISCO ls described and lmpllcatlons with respec
to a complete 1mp1enentatlon erefdravn from these first .i

_exper}encés;.

3

In carr?lnzvout the proJect every eftort has.been madeA
to tully exploit modern dlstrlbuted computer precesslng.
technology, meroved hardware’ speeds and hlgh—level renlixie‘:ﬁ
.time programming. Itis cqncluded that the use of state—ot—

‘ fhe—mrt toota and technlquee has ylelded a more ;Iexible,

'}hence, potentlglly"ere powertul system than

"-any codmercially avallahln._These obJectlves have been
. -
;achleved vithout sutterlng llmlted throughput or degraded

responae tlmes. : .

rhe.DISCO systembls underﬁoing continued development in

"fbo Department ot Chemical Englneering.’Thls thesls

,descrlbes aspects of the lmpleuentntlon to which actlve

v ERE
v T



¢
l’ftort is presently dlroctod and dl.cu-sos tho maln areas in

AR

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

dealgn.lt is proctod that thls work vlll. in the futuro,

retine DISCO to a stago ‘at vhlch lt con.titutos a foallstfc

prptotxpe for a con-crclal-co-putor control sche-e.

R

r

[
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. CHAPTER 1

\

.s

ot

INTRQDUCT ION o

1e1 Introduction to the Project: ' \\\

. e >~
-While computer control of chemical processes has been

.a uaJob»teachlg§~and reseaéch'lnterest in tpe‘depurtmentafor
_ ‘ ‘ ' e . 5

many yeéarsy the emphasis has\usualf& been dn the control
techniquea‘fnther{than the sotfﬁare and hardware requlred,fby’

implement them. The brlncipul tool for all{bt the 4§;x in

‘thls area since 1967 has been the IBM 1800 1n the

department'e DACS ( nata Acqulsltlon Qontrol and §1uulation)

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

a means for evnluatlon of advanced control schemes are

L

P

’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

cdmputers, microcomputers, qndidedlcnted intelligent C

-
4

"devices, which 1s curréntly 1n‘brogr§q$, Vlll reqpire a

AN

maJo} softvare developmeht efforf; Since Hewlett Packard
does not supply process control softwure, a dlgltal controlf

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

~

v*-.L

'serViéé'to the many resenrch.prodectgfln this area.
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< Even a qultg_puperflcial investigation of this field

/

\\:ould indicate, howovér, that a fqb greater contribution
han Just maintalnlng ln-house service can be mude. Tho rate

of progreas in computer hHardware technology is forever

widonlng thﬁ‘gap between modorg hardyare potentigl 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 devicee. The fuller utilisation of

,state-of-the-art hardwareArot process control services has

boen a maJor objec tive in the DISCO proJect.

L]

Schoeffler and Keyes [49] address the ptoblem of

1dent1fy1n¢ properties of computer languages and operatlng

' systems which result in quallties ot eftlciency ‘and machineA

lndependence. It follows thut software whlch simultaneously

N

\ .
“\\pogsesses.both these characteristlcs shdutd be easily

imple-ented on a prototype hurdvare product'and should glve
‘ good pertormaﬁce. Thls reference and several others (Dlehl

(17], Lallve d'Epl v (38] ) advocate modular sets of

“" N

?oufines arranged 1 1ayer;{in.6rdéf to achieve fhegeig;ﬁlé;
The highest level 1ayers are fotallya;pplicafion orlente&
whlle the. loweat level are eﬂtirely hardvare dependent. A
new appllcation may be supported by selectlng 'vertlcally'
the regquired layers and 'horlzontally"the requlred modules.
When this has been’ done, hopefully only a few gaps will h;ve
to be filled with custom-designed codes

The design of the software and data¥base lﬁ~D;SCO ré 

o _ . : P
compatible with a representation in terms of hierarchial
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. layers of gsoftware modules. This means not only tha¥
portablllty 0of the system is good but also_fhaf

modlflcations ot a gpaclflc hardva?e contiguratlon are

Thare ls ample provision for the DISCO user to

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

that vhen imple-ented on a dletrlbuted computer network, 7
" DISCO . should algo be capable of handllng sensor-based
applications ot arbltrary size.,The ultimate flexlblllty is
,aé&leved through handllng changea of operatlng envlronment

by adding or subtractlng software layers, changes in-

co-plexlty by ;adding or subtractlng sottvare modules and
changea in size by adding ore subtractlng processbrs. ‘\

The 1ndustr1al user of currently avallable commerclal

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

Ianguage for speclal purpose programs. His castam routines
cannot, howe;er, be lncorporated into a vendor's DDC (
Dlrect Dlgltal Qontrol) system such.as IBM IROO DDC {16] .
They have to perform their own qynchronisation vlth prograas

with whlch they lnteract and they cannot take advantage of

a

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

example, that extenslve advanced controltschemes whlch are -

-

—::;\\\ not deslgned on a loop basis become dlftlcult to 1mplement-‘
T —

——l

Adaptive sehemes otten need to be built uslng tricks which

,are not conducive to data—base lntegrlty. It is considered

1 . S -

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

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



\

difficultiese.

1.2 'DISCO in the Context of Other Work in the Fileld:
", DISCO, from 1its 1n¢ept13n, has.not been carried out .
1h the traditional style of unlveralfy research projécts.

The vork undertaken ln this theala has 1nc1uded

e S AR Y 1 AR A A R LR ¥ I T S 0 ST LTI MR 1 e T

comparltlvely llttle speculaflve lnvestlgatlon. The alms ot
the proJect are more concerned vith development~niManA__¢«V
.1ndustflal;process,ébntrol 3y4g tem wﬁich'wlll»take advantage
of new Oppoétﬁnltles,not yet 1mﬁlemenfed by commérélafif
,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 appLicutlons comparnble ln aslize
and complexity to those handled by commerclal sottware
sultes. Industrial control systems 1& this c;tegory havevA

2

been developed‘by:

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

‘General Electric . ... . -

(1i) ' process control 1nstbumentatf§n vendors \guch as

Foxboroy Fisher and Tgylor'

-~

a‘ypi)"sottiare_consultants such as Biles and Associates of

Houston and Schwartz and Aeéodldfes:ot Edmonton;‘“”;“” o

‘.
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‘

, ‘The value of standardisation has &f.n recognised by.
A ) ‘ : R N _ .
almost all users of process’contrbl_lnsfru;qytdfibn. Large

, ‘ , ‘ , \, -
petrochenical corporatlons '1th sophlstlcated\Sentrallsed
research facllltles eXpend considerable resourceg on

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

‘in jhe_}2§££Eﬁsgiatlon~proﬁlem belng solved ‘once rather %han

N P
N
S

many times for a npmper ot applicat!ons. I} meaqs that_

- perigonnel arp easily tranata#rod.t;ﬁh one plah& to anofhey.
a useful pool of knovledne'fr&@“qhich nev‘corpor;te usé#s
can benefit lé.crehteé aﬁd bh1k~pqr¢hasés’can lead to
conslderhhlejconcéasiong snbthe'part‘ot the Qendor.

B 'Exaﬁpleq o?ffhis’fip;_bt-sfaﬁdardlsation,with reségct

s

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

0y

by‘Exxon,‘fhé use of ‘HP 1000 computers by Hudson Bay oitl and

‘Gas for pipellne %ﬁytrol and the use ot the PDP 11 tamlly 61
computers by the CEGB ( Qentral Electrlclty Qeneratlng
A.ﬂoard) in. Englande. Aspecta of the latter‘proJect-are

dedcrlbéd.inwuarsh [40]-,»Entwlst1e @ndﬂoldtlelﬁ'[22] v

N

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

software .in the process 1ndustries gives rise to intensive

[

reseafch and development iork by commerclal organisationse.

Cooperntlon between vendor and user corporatlone has

’{:produced sottvare packages ‘such as PROSPRO 1800’[3] and DDC

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

/2600 [62] (Honeyvell and Exxon). The latter work is 11ke1y



to lead to the Honeyvall product boconlng dn industry

staﬁdard ln the next few years.

'yTDC 2000 is, however,/a\product dovelopdd over a
'slgditidqnt period of time }nd as such Inevitably undpruéda

“

technotoglég} advances which have taken place since its
‘ctheption-fnbﬁeyyell provides the control engineer with -

many of thi advantageshé dlstributed'dlglfai processing in

terms of improved rellahlfﬁty and modularity, but Iin the
aunthorf’s view, the Latest'dlsjrlputed technology has the

potenthlftor a far moré.flexlble scheme, Table»l.l
'summurlses some advantageous and dlaadvantngeous propertles

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

~ Computer_manufacturers are contrlhutlng to

distflbukéd'intelllgenee in proceesilx;trumehtatlon by
developlhg:hetﬁo;k software, microprocessor-based sefvlce-
mpduteé and high-level software tools for syétémi
‘Aeveiopment. The DEC PDP 11~ 03 19 an excellent exanple of a .
Aproduct whlch 1ncorporates these progressive design

concepts. Softwarevtor the PDE 11 03 can be prepared‘on a
‘coﬁéﬁt}ble PDP llbuslng 'big nuéhlne' develqpment aids and

- down-loaded to the_nlcrocombujéb for~gxécutlon.-True network

‘program aﬁhélng,.resource'sharlhg-and’communlcation can be 3 "

=53

/: '

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

The PDP. 11-03 mlcfncom uter can he/intertaced dlrectl to a
\Jl\\\_—///// 2 4

process or lt can operute lnstrunentatlon on an. IEEE 488"

(71] bus.‘Intertaces “to CAMAC bUSes as defined 17

(72 ({73], (74] and [75] are also avallable.

|
I

a



'Tahle 1}1 : Sum-ary Crithue ot Honeyvell TDC
- 2000 Propertles

\\

— , —

3

Improved reliabllity by dlstributlng control'

amounget a number of hafdvarq'devlSea;

Easy expansion due to a modulqr structuree
Interfaces to a conputer for aupervlslon
purposne. . L x

Single coaxlal cable as a bus mediPm.

" h

mﬂnnnnnxnua?_nmnha

No user programnlng/ot the. microcomputer'
unite. .

Complicdt6& bus,protoco1 discourages
"Interfacing of non-Honeywell components.

w

High cost for smai1~&pp11dations because of.
the need for an expensive bus controller. '




—

'Comnunlcatlon packages such as Dlgltal Equlpncnt'
N : ,

DECNBR and. Hevlett Pnckard'a DSIIOOO hre of consldcrahle

'«1mportance 1n tho dovelopment ot dl-trlbuted procesa control

Y

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

'modules 18 that they handle all levels ot protocol ln

progra- to progra- lnterchange in connected processors oach
of %hich ls operatlng ln a -ultl-programmlng envlronaent.
-Moreover, both DECNBT and DS/IOOO operate with arbltrar;

netvork topolozlos pernittlng almoat lntinite thxibillty in

connectlng processors.vBoth(aystema provldc a’ hlgh-level »gﬁjﬁ

- S o

language lntertace whlch mckes network communlcctlcp no- more

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

n'machine.

The prlnclpal standurds for the connectlon o! process'

. G
lnstrumenta to a computer are the HP-IB 1nterfcce (IEEE 488

-

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

cparallel and serial buses (IEBE 583 [72] 595 [73] f\596

v

[74] and 683 [75] Ya CAMAC systems have achieved some

T

acceptance tor process control in ‘the nuclear lndustry, but

general ly both husea have been designed tor talrly smcll

7

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

'convenlent user lnterface, it is 1anguage nnd computer

1ndependent and rcqulres very nlnlmal programmlng knowledge'

to operate. Severe problema are experlenced 1n Inrqer
ﬂappllcations bccauae of the nced for time-consumlng blnary

_to. ASCII converslons qnd the need for cooperatlon between

v

: programs accesslng the bus.c L/

t .
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In dealgnlng DISCO cons :eraﬁle attenjlon hes been

glVen to the advantages and dr vbacksfot'tﬁese'varlous
systeme- The advantgqes of uodularlty and rellablllty . .

denonstrated by TDC 2000 have been kept by supportlng

u

network operati.or Ln_DlSCOd The lack bf'tlexlbility in terma _
At T - == .

~

;f/user'pnogrammlné haa_beeh_pverqomegby‘wlloilng’custonf

dgsigped data—buse records-with custom~designed routines to

: . o - L ) B ‘ , . ) ) '

oper5;0~on theme Furthermore, b[SCO is edflrely lndepeﬁéent~
% ' } - : ’ o k

of the actual means ot'cemmunlcat;on'between processors and

as a result can take advantage 6°f Igﬁiovemenfs_ln_netverk'

softéare and instrumentation buses as they,occﬁr.

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

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

»concepts lnvolved in formulatlng obJectlves,vcarrylng ut e

'the deslgn and iuplementlng a wonklng 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 glve lnformatlon needed for eoftware maintenance and

(upgrading% Ihe minute detqils of the programvcode7are L"
,expthfnedhin the lowesf_level of documhntation,'fhat.ls, in

n

—— - - — S

1 Suite: a set or Iibrary of related programs and
subroutlnea. : . ‘ .
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comments within the pro source code.

,The thesis mayabe broadly dlivided into three
~“/.: ] o
sectlons. The first sectlon, ‘which lnpludes Chapters 1, 2

Adnd;J,‘specitiea;thawscopeAOI the work and defines

obJeétivealand réqulregents for the project unqertaken. The
remaining chapfqre deal with the design of DISCO}'schemes
devised to meet the objectives given the tools avallable and

the first experlmental implementation. Chapter 2, the
project overview, has been vfltten;as a 'stand-alone?

. . & ' . i . o
1ntroductlon to the DISCO system. As such 1t =should be

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

of the Structure and capgpllities of DISCQ, but has no. need
for the det&lled presentntlon offered by'the complete
thesis. A slmilar approach has been’ taken in vrltlng section

Se 2 It ls lntended that thls sectlon should also aerve as d\

users' gu{gg/io/data-base bulldlng tacllitlea and that it

should provide -an’ lntroductlon to the functions of each of

.
. PR "

the da t&-base 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 ag disk 11les on the Unlverslty s ANDAHL 470 V/6

!

computer uslng thevsoftynre package FMI [44] . chgr

_programs. requiring 1esévextehslve introduction and

explanation were documented by‘usefot;ihe software module
" PRDOC [4] on the department's HP )00 computeéer. PRDOC .

interactively requests the user for a description of a list

4

-
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of standard feéatures and attrlputes of a compute péogram.

‘. ‘ ’.’ e . ‘
It formats éhc user's reply to each question and stores the

questldna‘And 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 & gqlde to user manuals available for

programs in the,éoftware sultee.
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}l “Table 1.2 Bibliography of Documentation for
: DISCO Modules Implemented as Part
of the Thesis ProJect
Program Assqclated Operation focat;on_of Manu@l
BBILD Struc tural definition |On disk at Computing
: of a data—base,tablg Services, U of
by the teble designer. Alberta in FMT source
ﬁ ' T : - form.
SBILD Building of a data=~ .
base table by the
i DISCO users
{ . B
éHBILD ”Generatlon of a ‘Dochmented under
; memory-imaze for a PRDOC,ystored on disk
‘ DISCO table. ‘at Deptes Chem. Enges
. o U of Alberta, =
: ) J : ) :
iLBILD Loading of u\PISCO " f
" ' table. ‘ \ -
{ L K )
iDISCO AKT processlng, | L
';;:%5 Data—basejtétch/storg': "
‘ processor.
! ‘/
iGPWRD Data—-base dlsplay/edlt "
' ‘utilitye ’
GPACT . Da ta=-base dlsplaylcd{t "
' utilitye.
GPSEG Data-base display/edlt "
‘ utlllty._ a \I




THESIS B

Section Se2 3 !-p\'ntrnntlon of IanrActlva . Section 5.3 : Fesl-Time Programe In
Bullding of a DPISCO Data-Bame . the DlS(‘n Sul te

o RP 1000 / RTE IV o

<-----="  DOCUMENTATION < . >
ABILD Manual , #DISCO ||
BILD Manue | #ACCES |

;..\,\_/
]
#MBILD

#LBTLD | #GPWRD #GPSEG #GPACT

: ‘ . ; |

!
\

1.1, Documentaf!on ot DISCO Modules
_Implemented as Part of the Thesis ProJect

LY

Fige
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CHAPTER 2

AN

PROJECT OVERVIEV

2.1 * Principal Research Interests:
The prlnélpaf r;seafch 1nteresfs‘in the DISéO proJéct‘
haye been summarised below. L |
1) Industrﬁal’érocess éontrolf It lé“lntenaed thet DISCO
| will be de;eloped to’an acéept@ble‘iﬁdustriui
standard hé a general computer control;system{ The
incorporation o: innovative déélgn teaturés in-
sﬁéh.a system Qithout compromising 1ndus§r1a1
accepfabillty is one ﬁf_the mos¥ important

. . : o
research interests in the projecte.

(i) ,Ad;anged foytrpl‘caéﬁbllltyt Ifnls“éléa;ly a
| requirement forva computer cbnfroi ;ysfem éuch as
DISCO'th;t standa rd phocess qontroi aigorithms
should be exécuted efflclentlyfvthese would
typlcull&_lncLﬁde P+th fegdback contrgi}_
;eedforward coqtrol and some non-}lneaq‘controi

algorithme. It is intended that DISCO should .

14
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a&dlflonally handle.;ny t;fseeable_aqvgnced
coﬁtrol scheme. The advance&"control category will
include mdlﬁ;varlabie, adaptive aﬁd optfqiqlng
8uporvisory‘achemea.
: . o . ' » ‘ S
(ii1) Dlstributed_conputer control: The DISCprroJect is
,&oncerned with lnvestlgatién and application of |
dlatrfbﬁteq'computet'netvorkg in a process’

.

environment.

(1v) lﬂlgh-levqll_real~t1pe p:ogrammlng: The DISCO real- o k¢
- o . . . .
time software has been written in: a hlgh-level
1anguage. This has been tacllltated by fasgt

hardware speeds, an efficient compiler and micro-

coded, high-level instructions. ) . 2

2.2> | ihe'ProéegstétIVity and:tgé Aqf{fit& Recq?d:

Since the adveht of a;tdmatlé control of procéss
plants,.control systems 1n the process lndustrles have.been
descrlbed in te—ma of - loop- . Thle approach'w;é clear}y'
Justified by thg congtfudtlon of‘thé sfand;rd analég
controller whlqh'almost ;liays dgait,vlth Jusf.one:
mengu?ement.ana cae outguf in é 'feedback loop!
ébﬁtlgurﬁtlont

Dlgital co-puter control systems are notf\hovever,

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

T . ~ 0~
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loops, but aleo.euperwlaory control, dlsplay functlons,
renote‘manuel control aed advnneed control schemee. In
particular, multlvarlabie control and many types of adaptlve‘
control cennot be efficiently handled by a format vhlch is
etroegly tied to a loop structure. Therefore, the DISCO
_systen haa been designed around a baslc bulldlng block
called an 'actlvlty'g | .

' A ‘process activlty will be detlned for the purposes

.of this project as any servlce Operatlon which the dizltal.

( —" '
.computer control eyetem provldes to the process. The

operatlon is specltled by an actlvlty feeofd whicﬁ‘[s part

N

of the system data-base. _ o .

When designiné an activity the user is advised to

avoid any mechanisms whlch involve data-transter between
‘.actlvlty records- Thle, in eftect, constltutes an obJective

that aeparate actlvltles should be computatlonally

lndependent.
By the use of an actlvlty—based structure, DISCO has
been made considerably more poverful and flexlble than any

Ioop-structured syetem. The control englneer can choose any
. 3 . O .

‘-combinatlon of lnteractlng process lnputs. algorlthms and

process outpute to deflne his control echeme in an actlvity

4
record.

The data-lists which epecify components of the entire
, R T ‘

factlvlty operation are known as segments. E&ch type of

_aegnent 18 processed by a separ&te routine in the control

v s

eprogram- Each of these segnent proceesor routlnes pentorms a

Al
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selt-contalned; software proceés“servlce such'ab i nput
acqpléltio;. output transmission or alarm handlinge. The
1nte£tace beitween the DISCO executive and the segnent.
processors 1is8 1denf1ca1 for all eegnent‘fyéeé.4tn this way
the addition otlnei sog;ent types and tﬁelf assocliated

processors tofthe control system has been made very simple.
The organisation of a DISCO data-base in a large-

scale, pnocess'cont:ol upplléatibn such as a refinery is
illustrated in Fige. 2.1. The figure shows ﬁow'?ablé—qriven
brbcesélng of_;nput, control and oufput Operﬁt;ons~!orva
single feedﬁack control»schemé_nay.be {;tined by segmenfs in

the data—base. Thé.segments themselves are grouped in

activity records which implement self-contained services

éuéh ?s thqse'shovﬁ‘ln t
Since a seguent pbocessor’m_ ‘be dgsigned'to perform

any tuﬁction'ot whiéﬁ‘th; computer habdwa is capable,

operations ;i very muchvgreater complexlty th;n those shown

ln Fig. 2.1 are p;sslble. A selection of operatlons whlch

may be deflned by DISCO - seg-ents andbexecuted by table—

‘ drlvén segment processors'ls presented 1n table 2.1.

! The above descrlptlon vlewa ﬁISCO tavourably in.
comparlsoﬁ with DDC packages which are loop. structured and T
domina ted by ﬂ vgndor-supplledvprbgram yhlcQ,pr9v1des ﬁS
user entry polnté. E ' Lo

Clearly trade-otts have been made to achieve the

'dealred Ilexiblllty. The varlable format for the actlvity

record lmplles that the data-ltems can no longer be located-
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"Pomsible- Segment Processors

Table 2.1 A Representative Setection ot

(1)

(11i)

(111)

(iv)

(v)

(iv)

lvi),

" network buf!ere or othor activitiess.

- conditions detected during table—driven DDC

"a variety of input and output. processing

- variables which are frequently changed or

type of capability is of great value in the

Input. One or more segment processors may
acquire -inputs from instrumentation buees,
'front—-end? process interface microcomputers,

Output: Output processors may -be implemented to
perform output operations complementary to
the input operations listed in (1). '

Control:
standard
may al so
programs

Control segment processors may execute
or advanced control algorithmse. They
schedule higher—level supervisory
as a result ot timing criteria or

proceasing.

Filter: Filter segment procesqprs may carry out

operations. Since segments may be arranged in
arbitrary order, the filter may also operate
on several intermediate process variables
during activity processing.

Alarm: Alarn segment processors may check high

and low limits and other 1ogica1 criteria as L

required for specific upplications. Programs
may be echeduled or other activities enabled
as a result of the checks: made.

Procese Operators' Console: Process: operatorst
console segments may contaln pointers .to key

displayed. ﬂlternatiyely they may define the
handling of special console buttons, lights
or horn alarmse.

Arithmetic. ‘Arithmetic seg-ent processore vould
be essentially similar to high-level language
interpretors- They would. facilitate.

erithmetic afid logical operations on procéﬁg/a i

variables dugigg activity processing/ his

synthesis of decoupling, - teedtorward and
other advanced control schemes..

“
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\

~Ta519 2.1 seecontd.

(vii)

Note:

Data<1ccunu1atlon- A data accumula tion segment

may contain timing information and polinters

_which define periodicg logglng of key activity

variables on a porlpﬂbral storaae mediume

1

arithmetic segment has also been completed.
This work 1s descrlbed in Chapter 6 and
Appendlx Be

Prellmlnary versions d!\lévut, output and qu”'”w
control sog-ents have been: lmplemqnted as
‘part of the thesis projéct. A design for an
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Crehen ),

-alntabned for a conptete 1oop. These cﬁaracteristlca glve

N\ AR PERITE 4'.4'.4'.4'.:'.:'.4_'.1.'-4"r'

rise to kone *:Tery dverhead in storlng pointers, aegment
ID's and Additlonhl status words. The doalgn of DISCO reliea

conslderahly on the hypothesls fhat meuory and speed
\ N 3 .
optimlsatlon\at a cost to functional capahllity'of process

A\
\

software is no IOQgeb qﬁdnomggélly Justifiable. Gofdon and

. R S ;) : .
Spencer [27] support this view in an analysis of software

NP

de#elbpment costs in enalpeérlng dnd sdlentlflc‘_

appllcatléns;

i

2.3 Process Services Provided by DISCO'

It is lntended that in its tlnal rorm DISCO w111 be a

A

:complete prbcesg man;gement, monltorlng and control scheme.

- \
. AERY

Noast of ‘the compoﬁents neéessary for such a écheme have been

specltled aa pavt of thls proJect and a subset has been

\

implementeg to build a 'tlrst version' vorklng syetem.

\.

Fige 2-2»summarisee th§ services which vill be-.

a?aitgblé in a cdﬁplete DISCO gackage by show! .\g

. N ) X . ! ,

schematically all. the program modules which will operate on
the bpocqés_ﬂafa-base. The prog}#ms are broadly divided into
two categorles accdrdlng'to-thelrﬂsynChrohisatlbﬁ

~

prOpertles, The flrst gvoup, vhlch eftects the actual

process servlces and 1nteracts with the process operator is
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syncbronleed vlthln a DISCO poll to coopérato in sharlng tbo
data-base as a commoo resource. The programs in the sogoqd
group are of a background utlllfy nature. They are generally
.r&n ?t a much lower prlorlty than the first group andAare—h—h‘*
not, real-tlne prograns (as defined ln Wirth [67] ).

Fige 2+3 shows how the general organiaatlon of Fig.

3x2.2 any be extended for multlprocessof Operatlon. Eachv

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

- progbams. It is also 11ke1y that alnost all nodes would have

—

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

14

background utillty programs, such as’ the data-base bullder,
would however, be supported on. only a very llmlted subset of

processor 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 initlates activities
cnd'processcs'actlvlty'records when specie . flags

or timiog criteria dictqtc. érocosslng the -
"activity rccords ;nplcmcnts conf%ol and dafa—.
acqisition at the'moot direc%'ié;cl. For exomple,
'-the program may carry ouf coocade control oti

liquid lequ in a° procees N sel as a result of

-
"

processlng an activity record. o : v

N S

1) ACCES: This _program synshronlqes messages to activity’
. -F . Ll ! ) : )

Sy
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records in the data-base with activity processing
carfled out by DISCO. In its most commohly.ﬁsed
Qode, ACCES excludes reads{ and'updates to a
specltic actlvlty while the activity 1s‘being
procesaed. Conversely. ACCES also excludes the
procegsing.q; ;ﬁ aétlvlgy by DISCO_whlle 1‘ is
belng ﬁpdgted.

Process 6per&tqr Console Pfograns: These p;ograms
y;ll 1oryat'dlsplays anﬁllﬁterpret.rgquestsvfor

quclal-purpose_hardwareféonsoles.

Users' Display/Edit/Log/Plot Pfograms:_lt"is

envisaged thaf'this will grow to be a 1a:geﬂset of

.special purpose programée Some of these will

format displays on conpufer teéulnalé-ih a manner
-hich might be especlally convenientztbr a

partlcular proJect, others may. log values on dlisk -

" for trend analysis and others still wlll probably_

-

(v)*

be used to allow a general purpose computer

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

1 : \: "\
Netvork Communlcatlon Utllltles. The:node,connectlons

1n'a dlstributed net'ork 1mp1ementmtlon of DISCO

o

are made by the use of network communlcatlonfi

utllities. This group of prograns 1ncludes

'

N . wa .
vendor'a sottvare auch as DS 1000 and speclal




26

‘

‘purpose sof tware d;slgned to interface DISCO to

the netv@rk.‘The interface proghams may make data.

tfom other nodes dvallablgltor access durling

‘activity processing or-they mgy-acquire a ebmplete
: ' . .

ART which would be processed by the DISCO program

4 .

in the same way as the local ART.

(vi) Disk Copy Program: This ?rqgﬁi:;!Lll/;llev*ﬁi?fcfz;”//,f////j
‘ . rgcords tor‘;lov gctlvitlés to be st§red on ' v" J/V
perlpher&l._bulk stor&ge devices such as ab
-agnéfic_diék.‘Complete’ARI's on disk files will.
be copled igto an overlhy area und:ﬁlll'bé i :
periﬁélchllé prbéeséed ﬁy.DISCO. The poll tlme.
would normally‘be greater thgﬁ that for in;memqry

activities. - ' e

(vii) Build/Edit/Load Utilities: Thes» utilities permit

lnteractlie building of activity records and

= t
; .

editing of a source form of the dafa—base’tablés.‘,
The operational mo@ules for'¥hesé utilities hp?e.
ﬁeen vr;tten da ﬁdrt of thin prdJec% but further
work will beirequife? to'make them -available 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 handle all the process

services commdnly réqulfed 60f a modern computer control

systeme. These lnclude data acquisition, télecontﬁol,
telemetry, supervisory control and feedback DDC. Future

expansion, Ibr»whlch interfaces and entry points already

exlét in DISCO sottward, miy_be.carrléd out to lnclude the

folloilng addltlonallfeafures.

(1) “ﬁanagengnt;1ptormatlon»ser§1ceg and optlmléﬁtlbn
scheﬁés: Theg?\uuy:b;_incqrporatéd by adding
fh}gher-level' software iayérs to'tgg DI1ISco
sigtema. . | ; ‘ S ' ' - - ; ;/

(i1) 'Input cﬁd thpuf}trdm add1tiPnai devlqeé with

o ‘ﬁﬂeaentiy unkﬁown ﬁrotocoiésiNQW bus tyﬁesfénd
iﬁtertaéeg can b§~1nc;rporated by u&dihg arlvef

}mddulealln low-level software layers.

“~,

27
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(111) Batch and aequentlal_Qperatlona: The DISCO data-base

| anq data-baﬁo‘bulidor-deslgns are.su?flclently
tlexibie to accommodate tablp—drlven sequ@ntlal
cont;ot.'ThiuAtyp§Aof control would ha;e‘to_be
governed by a sequenglal‘gctlflty exécutlve whlchl'”’ N
‘would probably be separate from th? DISCO
executive implemented as part ot‘the’theéla
panoct. Add1t1onql}y, s#eclul segmeﬁt_processors
wéuld have\to bé wrlttenito han@ie fhe seémenté

deflnlng sequential opérationsa

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

:(operatlonal reqﬁlre-ents-nuitlpfled rapidly as. each new

' aspect of the system was considered. Kany considerations

\dqalt with reigtively minor details of the éeslgn- Some
‘deﬁislqns, such as f@ése,go;ernlng program décumentatlon,
‘were eubJectivegand might'not‘apply>1n a dlt;erent vork14g
‘environiént. - L

.This section of the thesls attempts to!ﬁele;t the §g¥¢? -
.opqectlves which reeulteﬁ'1n'4ef1n1tlon 6f tbé tqnddﬁent@lF
charactgfiétlgsvéf the DISCQ\systeﬁ- The obJectlves'hqve'
been'divlde&-lnto écvefal cate;orles[_éach ;gtegoéy‘relatln;
fo‘a purticutar aspect ot DISCO operationse.

The cutegorlé; of advanced cbntrol ahdvDDC include -

facilities for 1np1em9nt1ng any pfeaenfly_térseeahle
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expcri.ehtalvcontiol qcﬁomeo These faclllflcs-are necessary‘
in the Departnent of«Chenlccl Engineerlhg to cupport‘vcrk on
the development ot nultlvarlablc and adaptlve control

technlqucs which 'ould be accoptablo to 1nduatry (Shah (51 ]
Ty Johns tone [36] )..The same teaturea of DISCO vhich en;cle
evaluatlon ot experlmental schemes nay, however, be used for.
lcplementation ot decoupllng or ccnatralnt control

technlques whlch havc clready.zulned vldespread acceptance

in lndustrlnl appllcatlons (Shlnskey [54] Wade (801] ).

At a more basic level‘than the'categcrlsed

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

' DISCO design. @ - S

Ia Flexlbllify:‘Allbaspectarot sbtt;are design are
dominated by the desirability of making the system

versatile cnd“éultable for future modlflcatlop..

o ' ) } : ) X N " £
. . Dt . \
I1. Uscr-orlented design: ALl aspects of the design and -

.lmplementation have been strongly 1nfluenced by c.
“the deeirablllty o! maklng teatures of DISCO
.:compatlble with developnent anq‘openatlon~by the
‘humdn.dser.‘ | o
'III.}‘Indusfc;dl,cccé;tabillfyg.The~DISCO¢deélgc'ﬁaa ct cil
| fimea bécn‘lnfiuenced<cﬁd ccnsffained by‘the'
intended vlabillty ot the end product as an

industrial ‘computer control system..
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p

'_3{?-1 Objectives with Respect to Conventional DDC

\DTSCO operatlon as a conventional co-puter COntrol system.

Capabllity:

Table 3.1 llsté in dotaly the key objectives for

The process services suppll.d by such systens are dlscussed
in detail by Smith (58] . The obJectlves of table 3.1 will
be integprotgdvln tofus qffainumber ot_exaﬁplesg

The first e;gmple 15 thgt of_a.slmple f§e¢pa¢k
control 1o§p oﬁ.a proceéﬁ plaht. Typically a levglrmdy be

o

controlled byvsensing with some kind of level transducer And

v

setting alilov control vclve,accordlnglyr(Figv 3e1)e AlLl

A

combinations 7: P+I+D atgorithms'had to'ge'handlfd bva(SCO
and swltchfnd fgo;‘nanual'éontrol to dutomatlc.had'fo be
straightforiardm~siﬁplé'incorpqratlon of new algorlthms'vas
also a requiremqﬂt, If.“tor‘exaibLe, the level 1locop

describ ed déménqed‘a sﬁeclal‘nonfllnear séheme théh-bISCQ
would havé to 5ccomodu£§ it without major piogrﬁh réflslons.

DISCO also had to be compatible with the use of a

typical process operatér's,consble with functions such as

thosge shown‘ln Fig. 312; Formatting} séheduling'and.

processlng of termlnal-oriented displays could be done by a

_sottvare layer at a higher level than DISCO. The only

requlrenent here was a tidy 1ntarface between DISCO and such
hlgher layers. lany,cohﬁole activities, however, require
dlgital and analog process I/O. Heﬂce,'if‘was avrequlrenent

that such Iunctlonl as responae to operator push-button

”panelsj mimic dldgrals and computer-genera ted qnalog»!dlal'

Ph R
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. Table 3.1 Sumhary-of Ob jectives for

' Conventional DDC Capability

1)

2)

3)

4)

5)

6)

1)

8).

sequences ( reverse data accumulation).

controle A variety of control algorithme had

‘A wlde variety of iInput and output processlng =

The system had to support all Dept. of Chem.
Enge appllcatlons which were at the time
driven by the IBM 1800. Performance and user
interface had to be at least as good as
11800 capabliltity.

The system had to give versatile support for a
variety of data acquisition requirements.

This support had to cover. such operations as
telemetry, monltoring and data-logging.

The syqtem had to glve versatile support for a
variety.of output services. These ‘included
telecontrol and output of predetermined

The syatem had to eupport comblnatlon of lnputs
with outputs to permit loop-based teedback

to be supported.

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

had to be supported. This included digital
fllterina of arbl\rary order and simple
arithmetic operatlons such as those required
for ratlo control or decoupllng control.

DISCO rad to permlt 1ntertaclng of hlgher Level'
sottvare layers to carry out?

(1)'logglng ‘
{11) trend recording
(1i1) plotting
(iv) console support

Accompanying uttllties had to support bullding
of data-base tables in an interactive, user-
oriented manner, Modiflcations ln'the format
of data<base tables were to requlre only ‘
minlual adJustments in the bullder
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Table 3«1 eeecontde

- .

utililities.

’ 9) Accompanying utilities had to support\listing of
the. data-base in a user—oriented forma ’

10)‘ Synchronous clock—inltlated processlng
interface with aeynchronous, 1nterruptfd iven
routiness ’ ) _ B |

=

11) The data—basevdeslgn had to be compatible with ‘ .
future implementation of table~driven batch

‘and sequential confrol systemse.

B PR
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dlsplayl could all be . handled by the DISCO softwaro.

A thit-d oxampl.e of 'a DISCO appllcatlon -1ght b. a

_conputtrisod'teleuetry apd telecontrol syate-.‘Such schemes

are cbépopiln the pdvefigiatflbu¥10n and water di-trlgﬁtlon
1kdﬁ§t;lo§ an& hdv; $¢on ddhcrlbe& by ka;sﬁ [40]‘aqdzﬂovaf§
‘et al. [32] . A slmpiltted.llluagfafion of such a scheme is
sAowp 1n.F1¢..Q.3-'The rqgulregont,her; is f?r lhdependent
remoté mogltbrlngvang remo te éontrot. Any 1eéd?ack is

supplied by the human oJperator according . to tooselj de*  -ed,

qualftaflve rules which may be changbd wlthout access to the
) . f

¥ control sysfém. The lmpllcatlon for DISCO was that memory '

/
and- executlon ettlciency had to be good whether or not
feedback wvas supplied by the control systgmg

\fhe=tast exambie 1s’fhat dtvlabofdtory automation.

Consider an experlment in which an ampllfler in a luboratory.

.cllmatic cabinet la being evaluated for operatlon 1n

o femperuturo extremes~{F1g. 3.4)s The 1nput_an¢ output from- - .

v _ . C v L SRV
the a-pllfien may be contpolled'and moni tored respectively

by a poﬁervsupply:and digital voltmeter, both‘dt wh1ch are -

connec ted to'ah IEEE 488 instrumentation bus. Thétmocouples

or resistance thermometers may be used to moni tor the

temperature in the cabinet and it ls“efan:p098lb1§,thdt the .. °

‘féﬁpergture'sef-bolnt may be suppliédfby the é@mputer;.A

variety of éxpir}ﬁénts'should hé‘pdsslble Qtth such 67
‘éontlgubatlon; DISCO vould be responslble for supplylng
prodatermlned outputa to the power supply nnd cablnet 'hlle

5

mon;torlnd tenperaturq,and ampllfler putput. Repont

.
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. generation, data storage and plotting could be/luplementedl

by sottvare'laiers'at»a‘mlgherélevel than DISCO. It was,

"however, a ﬁéq&irﬁuont that bISCQ itself should efficiently

i

handle all the real-time lnsfrumentation support Iin such a .,

control systeme. ya

N \\) |

3.2.2 Distributed Computer Network Operation:

A fprmal descrlptlén of DISCO objectiﬁesvgith respect
to operation on a dlstrlbufed cqmpufer nefwork is présen%ed
1nvtaer'3.2.‘Thevtollovlng dLscuséion deals_ilth some
exaup}es of 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 the DISCO design must be adapted.

At the highest level the local/real time system is

connected by.a‘data-llnk to a 1arge,'batch-or1ented, data-

'proceséing computer. DISCO must be capablé oL»acfldg as a
'-éeang ét data-collection for sdphlsticated angt&gie in  a
'‘maxl? size computer such as the ANDAHL 470/V6 at the

'Untversltf ot.Alberfb.

~  Within the Departqpnt of Chemlical Engineerlng,. three
. . ¢ 'y g -

HP 1000 systems are connected by serl&l undfserlal-mddem

. ) ., 17 - R o
llnks. The. comﬁhfera also share 4wo 50 MB dis

‘vla-d common .
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Summary of Objectives for the
Operation of DISCO on a :
Distributed Netvork of Computers

1)

2y

3)

4)

6) .

DISCb must be compeatible with lmplementatlon’oh
a multiprocessor distributed computer system.

_ The roles of individual processors in such a

s¢heﬁe would be functionally distincte.

‘DISCO should be compatlble '1th network

connectlon of the processors or nod
a way as to permit cooperatlon and
conmunlcation. :

in such

o
B

The topology of the network should be 11m1ted
only by the communication software and :
hardware« DISCO itself must be compatlble

‘with any network configuration. -

Resource allocatlon,software must be
incorporated eilther in real-time operating
gystems or in DISCO itself. This software
must be capable of arbitrating between
processors, at the same hiérarchial level,

Mhich.TplmuLtaneously' require the same

regources.

E}

- DISCO operatlon on a dlstrlbuted network must be

suppor ted by‘a distributed data—base.

Jervis [35)} describeés how a centralised data-

base degtgdgs the.benetits‘of distributions

DISGO ﬁﬁét be designed in such a way as to take
advantase of the benefits of distribution

fwhlch*nre provided by the particular software

and : hardware system on which 1t 'a
i-pleuented. Some examples of such vegetits

k ai‘ey

gl)vaprove¢~re11ab1}1ty by distribution of

services among a number of hardware

e devices.

(11) Sharing of resources such as dlsks, RSy
N . line-printers and plotters.
(1i1) Easier malnt’ﬁance, upgrading and
i : expangione. :
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'couqunicatlod, resource sharing and program loading and

schoduling. DISCO systems 1in separa te processors'euch as

'these HP 1000‘s had to be capable of cooperating and

.conqunugktlng to supply coordlnated process servicese. The

LA

»actu&ﬁicdnnunlcatlon sof tware was assumed to be in a lLayer

belov that of %%?CO, thus making the control system

‘independent ot comuunlcatlon protocol at even the user-

level. (A dlséusslon ot protdcol 1evels.1nc1ud1ng the 'user—

level! may be found in Sloman et al. [55]

Goldsack [26] states that computational processes in.

" the nodes of a network may be +preated in the same way as

'cooperatlng~aequéntlal processes in a single machine. This.

me ans that eynchronlsatlon and deadlock problems may arise

nd can be- handled by techniques such as *hose in Di jkstra

‘4

(18] ‘and Havender [31]. The deadlock problem arises when

’bseveral nodea at essentlally the ‘seme hlerarchlal Iével are

all walting for each other to release resourcee. Deadlocks

may either be avolded by followlng speclflc rules (such as

those gfgp}'by Havender) or by detectlng t+he deadlock and
i

\&\‘ .

‘recovering from it. It was a requlrement for DISCO thet

¢

sultable resource arbl tration should be available to

vfacllitate shared ‘use of network resources without

preJudiclng the lntékrlty of the dlstrlbuted system{

¢

One ot the most lmportant features of a dletrlbuted
cohputer netvork.is the ease of expansion thtough additlon

of processors (nodes) and connectlons (arcs)o Thle'mlzht

occur 1n'the systen ot Plge 35 if an additlonal HP 21 MXE



B T I e e e A i R et . AR o 6 L e

43

processor was required for a new application. Conversely,

one of the three exlstlng processora mlght hQ rqmq#ed for a-

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

DISCO had to be etructurcd ln such a. way as to facllltate
g

‘addltlon or removgl of procegsors in the network.

3.2.3 Objectives with Respect tofSupport of Advanced

Control: . ‘: -

~Table 3.3 lists in detail the pb;nclpal obJacflves in
»prondlng shpport for advgnced'éoh;rol_;h DISFO.'

.A:Fiﬁher_qqd'quofg‘[23J,pfésent a number of proJecfs_.
underfak€n at fhe pépartment,ovahemlcal Englneérlng_jhich)
‘Qafe”evaluated appifcatlon of rocéntv¢é§%109ments,{n coﬁfrol
gngineerlng”theOry; u#at of these were DDC applléaf!ons lﬁ
na ture, but ver; 1qpleméﬁ;ed in supervisory proérams because
of “the iimltatlons~o! IBN 1800_DDC.’It vas-;n important
op&ectlve in thié'proJ;cf fhat such limltqtioné\should not
be ppesent,lﬁ the.new_controlusyétem. fhe DISCQ data—base

" ‘and sqttﬁnre structure had to provide flexible,

s

comprehensive, table-driven support for multlvarlable

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

>“3.3 , Tools andluedla ot'thd Imblementdtlbd: ) =

The obJoctlves or !unctlonal spﬁcitlcatlons tor DISCO

as deflned at the start of. tho proJect have been stated and

A




%y,

J 3 .
iable-a.s Summary of Objectives for
‘Advanced’Control Capability.

N

1)

2)

3)

- 4)

Multlvarlable direct digital control had to be
easy. to l-plement in DISCO. .

‘"It had to be posslble to dlrect”outpuf.troﬁ

control calculations to any datedditem in the
data-base, This facilitated 1mp%¢htdtloh ot
couplex adaptive. contr&l achemes and made the
control calculntlons 1ndependent of the

output - destinatlongv s

Supervlsory'control achbmés of arbitrary
complexity had to be allowed for.

The complexity of a feusiﬁle control scheme was

to be limited only by the computing resources'
available. The structure of DISCO was not to
be a limiting fagipr in determining -
feasibllity. .
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discussed in section 3.2. The speclifications leave a great
. . . - @ k‘\

deal ot trogdpm<w1th'roapect to fho‘cholce of computer

systems, prog%ag-lng languuge- and procéss control

inﬁtr‘umentatl ;to bo uued ln the im%d@ntatl‘on. DISCO

could be lmple-egﬁéd 03 g;,”J data=~ 'ocegslnd ma

connecte& to satelllte, renl tlh

1t could equally geglmplementod on a nlqgnu-hﬁ%fer nét'ork;

Sy

s

. This sectlon descrlbes the equlpnent and programming tools

used in the thesis proJect to lmplement a DISCO system.

w *
v 5
h ’ » R

©
3.3.1 Computer System Hardware:.

 The conputép systqm{used for the implementation was
the network of HP 1000 computers at the Department of

Chemical Englneerlnﬁ. 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 F;sh;r in [ 24]

The lnstallation conslsts ot three HP 21 MXE
‘proces;ors runnlng under the RTE IV real -time,
multiprogramming opera ting. system. A varlety of etandard
peripherals are avaflable includlng disks. plottlng CRT's
qnd aiprlnter/plotter. The system supports a dafa-llnk to
fhe unlveréitY's AMDAHL 470/V6'computqr, thgé_permltlng uée’
ot ﬁore expeﬁélve devlées such as multt¥§olour:plotters,
n&puacrlpt prlntora and an optlcal mark reader. Access t§

non—Unlveralty ot Alberta systems is. avallable via the

AMDAHL computer by use of thc:DATAPAC network.
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3.3.2 Network Software: ' - . - o ‘ﬁé
Aﬂdlstributed computer netvorkiqqnaiqts.otbirlthﬁetlc
an& logical program;able processors which communicate by J
means of sbﬁe physical connection betiegn themes The
) communlc@tlon is tacllltéted by the a&opfion of a étandard wy
;whlch def ines §1ectr}ca1 characteristics, mgchanlcal
srargctefistlcs and a ﬁrotoéol for fhe’connectlon; The
p;ggagé—leVQl-;ﬁd transm1eB1on-1;vel protocols are qually
cloéély related and the%her'speéLfy the cpntrol slgnais,
timing slgn;ls'anq message format t%r the 1nte¢changé.
There are two common technléues which,are used for
‘coﬁnegtlon‘of,ccmmunicatlng proceggors. These Are listed

«20‘,\

(i) Data-links: These use a communications protocol which
is uéualiy lnpyemented lp soffWaré- The link is
terminated at lntertaces-vhlch are similar to
those normally ugsed for a atandafd pefiéhern} an&

the connection is usually serial.

"(115 Datafbusesf The iow level_protocéis for thlsvtypé ot
| connectloﬁ are uSuall&flmplemented‘in hardyaré.A |
Commonly there is ﬁp 1ntérta¢e as éuch_bécuuse the
bus mqykbe an thensloﬁ_of an lpternallproceesor
buse At least control an& tlmlng-ihfo;;utlpn.and‘

frequently the data itself is transmitted on a

parallel connection.
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A dlstlnctlon ahould be mad. betvoen distributed

“m

'

processlng in the context of the thesls and paratllel
executlon of a glngle computatlonal procose. Thq sequentlal

computatlonal process 1s defined by Shaw [52] as:

"the actlvity resultlng from the executlon of &u

‘progfam with lts data by a seqhentlal processor//
Spang [57] ;;k?s the'polnt that the r}quirement'ln‘
industrlal real ~-time appllcatlons is for lndependent ~
procesglng of quctlonally dlstlnct, sequentlal,
compututlonul procegses which together make-up,@ taske ﬁISCO
has tho-éapaplllty to support thlise typé;ot operatione.
' Igt€?conmunlc§tion betipgn the HP 1000 systems 1; the
Department of Chemlcﬁl Endine#rlng'lé handled by Hewlett -
Packar&'s DS/1000 softw;fé..Thebpackage"bernits progtum—to—q
program comnunlcatlon, remo te program,loadlﬁ@; femote
program schedullng and access to remote tlleé and
peflpherals; The physical cqnneptlon is made by sef;a1 and
serial~modemllinks whlcb,,in'the lattér case eapeclaltjy
"permit arbltrary Bpatlal aeparatlon ot th§ proceséoré. The
”cbmmunlcationS'softvaie hag_a user—levq} protocol which
allows aécess from a number of" high—level }anguages and
makes the ‘network topology transparent “to the;user. A mlnor.
vdlsadvantage of DS/1000 is that routlng through.the‘net'or#

is not'dynamlc,so that automatlc subayltution of redundant”

_pathslls‘nof posalble'lh'case ot,a,cbmmunlcatlon;xklluroo

o]

I
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3.3.3 The Programaing lLanguage of the'Isplenentatlbn:
Recent lib;oéement- in perfornance of computer

hardware bhave resulted in conslderuble 1nterest 1n use  of

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

48

. one tlne all codlna had to0 be done 1n assembler 1n order to

satisfy real—the-rosponse'requlrements, the emphusls today

is on maximleing the efficlency otwthe’programﬁer by

'prondlpg\Spphlstlcdted‘sofﬁvare‘development tools.r

Schoeffler and ke&es (49] present convfﬁélng economic

[y

o ' s .
Aurguements to Jjustify memory utillsatlon,and program

executlon overheude assoclated with the use ot hlgh-level

lnterpretlve and compiler—based systems and present

,speclflcatlons for a hlerarchlal language proeescor whlch

.

1ncorporates-both technlques.

 Williams (64] descrlbes the jolnt ISA, I_'_FI[P.,.an&-

ilanguage programmlng. They dlscuss the respectlve merits of

Purdue Laboratory tor Applied Industrial Control proJect to-

' ¢ ~"‘ -

n\J

a

#nppllfgwébns. Thls is a very large 1nternationa1 proJect

s o

S~ - -
I

are strlvlng to aohieve/«\dgflnltion of what 13 a* present

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

‘.,r‘

4

develop a standard hlgh-level language for real—tlme  :,5”

elnvolvlng commlttees from the U S., Europe,vnnd Japan whlch
g .

Wllllaps presents thlrty perTormance requirements for the”

i

lanuuage and elghteen necessary features ot the

melenentatlon._ J's_ o f{l\:; L ,,T/g\ -

: . . . \—,
In chooelng a 1anguage tor the . D[SCO system there

\

. were several posslblllt{es. It~vas.undesjrable-to progrqm

¢

lﬂ ,"'. .



:‘W eQ@leed languages thore was conslderable lncentlve to

:have been lnvolved ln.wrltlng,ahpompller~and dosignfﬁt\\ C

?executlve. Slnce these calls are supported 1n vendor—

vchooee one’

6onalstont wlth\industrlal gractlce slncq FORTRAN ls
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aseombler becnuao ot tho longer developnent tlmn, because
progrum errors could attoct othor uaers ln tho

multlprogrammlng anvlronmont and bocause vory tev ot tho

»people 1nvolvod wlth DISCO had a strong background in.

assombler prozramnlngg Although ther. was lnterest in the
Fi-Y

"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 probloms. COnplder e c!tort vould”

1nterfacea to the operatlng system- uch~igtd¥taces would

i~

have had ﬁo bo updated by the DACS centre when ayetem :”*“4"

updates were réleased by HP. o E , ,‘;_ !

An 1mportant conslderntlon wvas that excelLent support

Tl : .

S 4.3 o real—time operatlons is provided by the RTE IV. operatlng¢

T~ e

‘S"Qf;ﬁhctiggj‘ae program-tOﬂprogram wommunlcation,
B C v ) /- P

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

f those already avallable. ' g__‘;".f'

‘Wlth  ho“abovo conslderatlona in vlev FOQTRAN IV vas

‘l. -\'.\" -

_almost lnevitably chosen tor the D!SCO 1mplementatlon- In '

fAddltlon to thq\po'erful oper\*LQE\system calle, standard

\ T

'}ISA extenslons [76]~v re accesslble as. a\llbrary package and

W

o

 7 a micro-coded IastbFORIRAN procesaor ln the HP 21. MXE

ensured ottlclanf executlon. Tho cholce vua coneldered to be

n

_\_y\“. e\ B

2

;:-»;:: S A
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avallable on a. nu-bor of comnorclal conputer controt -y-tems

\;‘and 1t wa s alao convenlent becauso ot the good tamlllarlty

ot DACS\personhel and etudenfa with , tho languagek :

.'3.3-4 Services Provided by the Roal—Time'Operatlnd Systém:Ag
- Real-tlme and general-manugemeht runctionsfrdqulred

- by DI?GO couLd be aupplled by custom-vrltton software or by

\" i
0

a real tlme executive. It hae been - partlcularly convenient

) .” T

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

>

"provlded almost all the necessary servlces of -this type. -

Dlehl [171/preaents the lmportant feaxures«ot“a rea l-
Y /' - -~ Bt .
tlme operatlng system ‘and those\of a real-time progrnmmlnz
e \\ -
1anguage. Diehl's dlscussion on/the d_fgzloﬁ//i dﬁtles

between use§$prograus and the executlve are partksularly

e

pertinent 1n vlev of hls attillatlon wlth Hewlett Packard.

 _\ e Table 3.4 shows features of the real-time ogeratlng
. N

Tsystem whlch have been usetul ln the lmplementation of

L

« DISCO« Bnd,thésg'iegtggee,nof\begg‘avallablé ff'voutd“haie

" been necesagéy,_ln-ﬁBSt\gaééS{ to develop software to -

proiide.thpm\betore'vork on DISCO 1ts§1£”comuéncqﬁQ 

' i T T T
T . ’ o . . \\,

2 - ~— Lo e c " . ST
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Table 3.4

- i

Features of the Real-Time )
Operating System Which Have Been
Used tao Advantage in DISCO

Resource

RTE IV Management Functions

CPU

‘Membry

1/0 nglceé

Peripheral Stordge

| requeste.

| Instrumentation bus handling,

Progrem scheduling by operator

Progream gchedullng ﬁy another

. programe ‘ e
Program scheduling by an external.
evente. -

Partitioning of memory with
hardvare»mapplng including some
dynamlc mapvinge.

‘Mapagement of buffers and
communication areas.

Program tO'program“gommunlcatlon
via the communication areas.

Provision ot regﬁtrant libraries.
1/0 bufferinge

Quouéing'ot&requests@

;

Facility for locking I/0 devicese.
Conéurrent I/0 operations.

Parity checking.

v

File manazé;entg

Loading from péglpherai storage.
T R
Background gsoftware development by
use of editors, compilers, and
Ltoaders., . -
N B
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CHAPTER 4 B
. ;"..‘
p : DESIGN OF THE DATA-BASE ’
, S O U
- I‘ s
4.1 IablefDr1Ven Prqcesalﬁg: ’ i ]

i ' , n

In keeping with the ddmlnntlnz obJectlvq of

«

- flexibility in the péoJect, DISCO_has been designed in such

a way that all opgrcfions of the control system are table-

,drlveﬁ. While table-driven pro¢ésslé§ is a common feature of

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

conventional process cqhtrol calcuiatloné. DISCO‘eomblnes'
special-purpose, software modules with a tlex;blevdata—base

structure to permit fable—drlven control of any operation

B
'

that the computer hardware 1is capable of. Typical process

services which may be implemented in this way are presehfed
in table 4‘{1- : T ) ’ o .'“,

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 display

program would not be able to find the operands for its own
purposes.vFurthermore,’passlng ot parametefs betwedn

-1nﬁlv1¢ua1'rout1nesvof the control program could -~ itself
(-4 z .
T e
\.

52
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Table 4.1 Tyglcalf?rocéss Services VWhich
- May be Implemented by Table-
Driven Software insDISCO

*1’

2)

3)

4)

5)

" the thesis projectes)

Polling of continuous érocesses and execution of
control calculations. (Implemented as part of

. . " v
. v )

Asyhchronoua computation og'controt[procedures
for batch and sequgntgal\processea.

Interrupt_proceéalng.

Process I/0. (Implemented as part of the thesis-.
projec t.) - ’ ) -

I/0 from/to local and network accesslblé.storage
medias ) . h"_ . » \
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pose a probleme ThQVVe}y 1§ast t1m1tkt1on in such a case
'  ydulﬁ be tﬁgt all  the g;¢rap;; and pa?amétors,detlnlng
iprdéoss,fervlcés‘wbuid have to be coﬁfained:ylthlh thq
iorkspace of the program. The mixed mode OperdtIOh“be;omea_
downright lmpoasible when one considers that alteration of
p;rameters vogld requirg'racémpllatlongf tﬁe program
jltséit; On thg ofﬁer han&, a erarate, éhafeﬁ dat;—ﬁéé: ‘
allovs‘qccess;by-a huﬁbéilot pfogfamﬁ cérfyingjéﬁf.a v#rlety:
bf“proceés services. Any‘program'may be ilth&raih from the 8
:system causing 1055 of ohlyha subset of the avallable
functionse. Modularity is enhanced by allowing lndlvldual
noutlneg of a program lndependent acpgss fo the‘qqta—basé
ylth minimal 1nternglvgqséinglbt.pﬁramqteye.-

_Thghgsd of'a.;qurafed q&ta;sas; iﬁ;g.tablé-drlven

scheme also facllitates certaln 1ntgé§1ty ﬁeasqqug

. - . . . . : I

G <

Idehtitlcatiod of a‘degamlgf c?mpqhéﬁt'ég(fhe‘céntnol
syste@ definltlon aselsfs pfé%e;tibg 6! ;ﬁe syéteﬁ. The
. o .
‘data-basge can\he backed-up on‘a aecurd storage medlum,
checkpolntlng of\\iterations can be implemented and the 4

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

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

be reconstructed lnvkaée:oimfa4luré.'The'foed component,

thatviskthe ﬁrpgram code, may alwa be reconstiucted quite }““

simply by reloading.
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4.2 " Choice of-q Data#Baae,Stbuéture:
Table 4,2 lists a sdlpcf!dn of crlforln presentod by
o . o _
Dédd {20] ; wﬁicﬁ attect the cholce of a data—-base
‘structure- One af the most ;lznlflcant conelderatlons in the
design of the DISCO data—base has been the optlula;tion of
flxed-period, cyclic processing of control calculatlons tor

a contlnuous procesa. The distinguishing characterigtics ot

-thls of rocessln are that most or all activities are
*%ﬁ,z »5“’ ¢ -

iy ¢
pol*ﬂd o».i@ch periodic scan, retrieval and updating both

" "J”‘ -
need to bé equally ;aét and gtflcleﬁt anq keys are nét used
by the cyclic controi programe | /
‘\; To deal with these requlrements the %gxa-basé was
organised as a- sequential tlle’ot records which ar;
processed, also'ln_sequence,'by the ma;n'control programe.
The s@hene permits the use of dlrecto;iqé to speed up access

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

console eupport but, in. general, it va% conaldered that

& Sy ~‘3, o

type. Adst&on ot tecorde to the da ase is quite slmple.

However, lnsert/remqve operations will necessarily be less

.efflcient than they would be with random or list
organisations. Such operatlons will be required only

boccaslonally and therefore may be carrled out'by a 'copy and
-pack! utll&ty.
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Table 4.2 Criterjia Which Affect Cholice of a
: Structure in Data-Base Design .

1)

2)

3.

4)

5)

6)

Required speed of retrieval.
_ : N
Required speed of updating.
Typical nunbef of records procegsed per accesse
Ndmber of keys used to access the data.

Frequency of 1nsert/r9nove operations,.

Similarity of recordse.




4.3 - Compromises Made in Meeting the Deslgn ObJoctlvAs:
. . . . ) =2 .
Table 4.3 shows the most significant data-base design

decisjions resultlng.trom the doslgn obJectlves o!'chdpt.r‘ac

Itens 1 and 2 of the table have already bqen dlscussed and

justiftied in previous sections. Thls soctlon will deal vlth‘
% i - L

the remalning points and‘attempt to pregent tho,yaasong tor‘n
. ks f o :

structuring the data—-base in the manner ohosen-

Item 3 is related to the fucllfty in DTSCO vﬁfbhf%ﬁﬁ

4

allows dltierenf process actlvities to pqrtorm ﬁlaequf““*

ditterlng roles. The stobage of like data~ltems in a record

could be_aerlously.coneldered if a ltarge ﬁuﬁbervot identicﬁl f<

operations were being undertaken by the control system- In

;),

*%%}? & case a conventlon would be posslble whereby the 1 th

data—ltem in each record was’ assoclated wlth a apecific.
operation. DISCO pfecludes the use of a conventlion because
anlactlvlfy‘may use an arbitrary.number of any type ot

operand oflparamgter. The only)aiternatlve to a convent;on

"would be the uéo<ét-dn absurdly large number of polinters and
h;nce, the logical.solution was éonsrdered to be the
collection of all data*relating to a particular activity

within an acflvlty records .

”S;gmeﬁts'ot aﬁ'actlvlf& bec§rd will be desé;lb;q in
 more-deta;l in secflon.4.4, #t thlsjpdlnfilt will be astated
simply fyat tbey detino,somo‘fgncthn, such as input or
- output, which is part of the process acflvlty. Item 4 of the

table states that 1ntérnal segieﬁf térmattlng conventlons

may allow variable format dnd_varlabie segmdnt lengthe The

.t

o : | : ‘;



Table 4.3 Summary of Data-Base Design

Features Chosen to Satisfy the
Objectives of Chapter 3 '

1)

4)

5)

6)

1)

' (] ' ~ oy '(1) on/oftf, slnile bilt

(A= oppqsed to a record containing all

"aﬁplléatlon i1s permitted. The following
" representations are recommended and have been

The process activity o not:thg control ltoop: is
the record basim. . K

The data—-base 13’3 sequential filee.

A variety of types of data-item related to an
actlvlty~hre7atored in an activity records

setpoints, a second containing all 1lnputs
etce) '

Subsets at an activity record which define
specific functions are known as segménts.
'Segments are variable-length and contaln no
redundant fieldse. ' '

. . r
Communication between segments 1is effected by:

(1) directed'labels.
(ii) a stack
. Ty

Future development may.gdditionglly'allow:

(411) structured pbutfers
' (1v) input/output operationg on
the data—-base ’ ' ‘

‘Commun ication between activities wlli pe allowed
by the use of input/output operations on the
data-base.

Any data répresentntlon requlred by & specitic

used in the part—-lmplementation carried out
to date:l '
- : (11) posmsitive iInteger, by te
(1ii) signed integer, word
(1iv) real data, 2-wvord
(v) strings and vectors, N-word
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Table 4.3 ;--contd.

s
T

8)

) v
? . -

The data-base design 1s consistent with
processing by*programq having a top-dévn)

.modular structure.
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;’fornat,'nd length in a specific application may begéetlned

‘data-base 1s built by the cholce

seleetlgﬂ@i

ot apeélmlc‘

ny choice made by the user should,'howover, ceaus e
£ all space allocated as a result of his

e alternative -to this policy would have been

“the inclusion ot all posalble flelds for a glven function in

°

the segmentes In such a case, selection of
merely indicated which fields were in use
applicatione. The alternative approach was

1nteaslble becausge of the large number of

options would ha ve
for a given
considered

options which were

‘deslred_tor each aépect ot'DISCO‘s operatlon. The number of

redundant fields and 'asted space associated with unused

options vould have 1ed to crippling storage inefflclency.

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

segnent processlng ot results, parameters and operands from

a segment other than that belng processed. A typical example_

of the need for such an operntion would be the accesslng ot

an input as an operand in a control caiculatlon. In this

case the lnput acqulsltlon and control calculatlon would

/
/

!

uaually»be defined by di fferent, separate segnents. DISCO -

. allows several means of reference ot data-

segment bdundany.

{tems beyond the

The first of these, the directed label, is simply a

"pointer to the data=item required in the remote segment.

York is currently cdntinulngﬂln the_gACS centre'to'provide

automatic generatlon of such polnters durlng activity record

bulldlng{ The second method, namely the stack, is simply a
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‘Pirgt-In-Last-Out!? qu.ué.dt 1nfe¢er data-1ltems. Segment
processors may perform 'PUSHf and *POP!' operations on the‘
stack ag the segments are proceasea in sequenco,TTﬁo éathod
works well for typicﬁlvfeedback control operations 15 which
operands, such as‘ﬁroéoas 1nputa, can be used in

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

RIS

~

acquired.
Future work iill 1nclude the 1mplementqtlon‘ot an
addltlonul:tvo.communléatlon schemes. The stru?tg;ed buffer
wou@h bé a etorhge area in which speclfic data-iteus Lp a
fypical‘activlty wogld have.partlgular iocﬁtiéns.'Pob
 ex§mple, the program varlable.'SETPT"couid represent a
1ocat;on ln which the currenf aét1v1ty's setpoint w?é

¢

stored. The structured buffer could be paseéd from ohe‘
‘séémeht processor to the ngxf Just ;P the stack can be
passed.'Hervdr. unlike fhe stgék, the‘bufter 'o;1d perhit
‘rendom accessrto variables vfthln 1t.

‘ The laat data—base-ébﬁmunlcaf;on.iécility envlsage¢
wouid be 1n§ut/oqtput Opefdtlon on ‘the dafafbasé ltselt; For
rénsonq ot déta—baaé'lntegplfy,iany commuﬁlc#tlon befween

: adtlvttlgs will be fesfrlctqd to use of this chility only. 
Tﬁe fechnlqué Qlll involve exteqsioq'of ofdlnary I/Q
‘routlneg'tolop§ﬁatloq oq_tgo.activlfy‘recordg rathqr.fhan
i/O buffers. A cémpatlplé addressingischeme'vlll be used ¥o
speé;ty.the:ID of thénactlilty éé;ord to be referencea andi
the requilired data%lteh within it. | |

« Item .7 of table 4.3 recommends the use of data



ropresontatlons,mhlch are easlly handlbd_by PORTRAN or by

typlcal FORTRAN callable library routlnes. It is an.

-

'1-portunt point, however, that DISCO imposes no llultatlons
on data‘ropresentatlons used in the data-base. Par t~word
t;etus. blnary-coded de imal, Gray code representation andJ' 

.anyvqther format vhich can oe encoded-in blnary-dlaits moy
bb used in the data-base it aporopriate processlng_soduigs

_are 1nc1uded in the DISCO software sulte.

The data-—~base has been deslgned ln such a way tha& »
. o ﬁ\\\ ' 7
subsets of decreasing order-are processed by progresslvely

~—
~

lower~level software layerse. This satisfles the‘statement,ln

~ 5

\ . . .
ltem 8 of table 4.3 for the entire data-base structure even
to the lndlvldual data-ltem level: In the‘gktreme oase”the
data—ltem as the lowest order subset ot the da ta-base is :

intaerpreted directiy by'hardware.
N

4.4 The Data-Base Structure. §
The data-base in each processor lnvolved 1n the

ﬁglgltdl caontrol schq-e‘contalns;

(1) operands and par&ueters shared by synchronised
programs running in that processor or in

processors having network access to thevtablo

(1i) operands and parameters stored berween subsequent runs
. o : _ _ . :
- of a single programe
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:4,4.1 fTh. Acti#lty"Rocord:

Tho actlvlty record contalna datn\vhlch

‘ i \\
for 1mplenent.tlon of the process actlvlty ns doacrlbed ln
/ I T
/ | ST

sectlon 220 DISCO recognises saveral 'typos‘/or CIQESQS\Of

actlvity ln order to facilitate sinple handling of com-only
/ . -7 |

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

~

l

. N |
deslgnation would be the continement/ot the operation of a ,

1oop—or1ented, process operator's c#;sole to slngie-lnput,
single- utput actlvltlos. By/adopjang dlf!erent type |

-ldentlfiers for nultlvarlable and slngle vnriable actlvltles"
" /

a drivlng program'tor a cqngd{e'such as that descrlbed/éopld

discr;miﬂefe'bétweqn §aifd’§ﬁ§¥ln§a11d>aberutlons./ // 

:The coﬁtfol ;ystem also allows cqllecflon Jt

\\ . —~ \\\ . //
activities 1nto 'groups' to carFy\th tasks iﬁich areA-ore
. \\\ R /,/' \
convenlently executed by several cooper nu\actlvltlesle -

typlcal exanple of a case 'hera this might be deélrable . T
”vould be the'lnplementatlon of cqscade control yhare the,

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

master loop. In_such a case two acflviftes could"ﬁb'used to

lmplement the two loops wlth a group designatlon being .

//
vspeclrled for tho pair. Special propertlea of anvactivity,/////

. group would be toatures such as use of dlrectedmlabels for

R4

//‘/

'_ 1nien-&cfiv1ty communlcatlon, [oadlng or deletlon of the“

group as an lntegrgl uni t and contlgubus storage of the Lo

_activlty records comprleing'the group;
The tormat ot the actlvlty record header 1s shown 1n

tuble 4.4. The header containst1n£ormatlonIsué£,as‘the;lpu



Table 4.4 The Activity Header

Word . Description

S

Fleld-~Length (bits)

g ¢ Activity ID
2 Activity length. :
'3 Activity enable/disable
o Local edit :sync/unsync
~--  ‘Global edit sync/unsync.
: Clock initiated .yes/no
Data stack in use ‘yes/no
~=== unuysed bltg —=== %
Proceesor néetwork node ID
4 ‘Number of segments '
’ Activity type
Poll count ;
ling interval

of ectivitiea ID
ty input diwmension
1ty output dimension

16

16
1

0000 00 0000 00 00 00 00 (O it +o 4t pua

€
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4,4.2 ‘Subsets of the Activity Record:

' : : e 65

i . o
K3

nuﬁbor, 1ength. status and tlning intornatlon. The activity

ID is network globally unlque, it is alvaya ‘a posltlve

'Lntoger,‘and ;ts lowest order octal digit is always *1', The

length data-item é:tactlvely constitutes a pointer to the

next activity record. Since there are no g€aps between
L] ' . . .
activity records and the logical order of records is the

same as the physical order, the activity record table  (ART)

r )
(g

is, nevertheless, considered to have a sequential
. T 3.

orsaﬂlaatégp‘gs defined in Dodd [20]

w2

e

i,{_\‘The_subiae't's, of an actlvity'record are shown ¢

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

1

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

record vhlch defined the operatlon ot a slngle—varlable,

P f\&ﬂ . “ - >

teedback lo&%?‘separate segments vouiﬂ typlcally specify
input acqulsltion, fllterlng, glarn processing; control*and

output transmLss}on. The o*der"bf egments deterﬁlneqrthe_‘<

Y . - - \

Eordéf of perforhlng the spécltiéd functions and more than

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

record. Since addltion ot new segment fypes and alteration
~ s . d B \_/ . . - 1.

Qf‘seg-ent iornata ls‘extrepely eaey in DISCO, the»fuhctions“

W

1pgrtorhed'by Seeueqf'procbssorsfmay'alwa}sVMake'fhll use ofv

the capahlllt!es,ot thevﬁva11able h&rdwéré;

S.aller subaets ‘of the actlvlty record may’ &e deflned

S

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

L

ENA
.t
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subsets, #nown as func tional plocks, may be used to provide

. { .
a variety of formats Oor a multiple apeci!lcatlon within a

single éégment. An example of thli would bo.a'seguent which
defined a number of filters in aerles.'it each filter
epecltléation required a different format, functional Slbcks
rin avégntlguoﬁs éequence could be uaed to achleve the

multliple filter definltione

4,443 Organisotlgn of the D;tq;Base:A

Fige 42 Llluetrateé schqiatlcally the Iayo?t of the
éomponéht tables yhlch cdnstltute the DISCO data—gase In
fhe cﬁrrent lnplementatlon, the da ta-base ls stored 1n the
'Real—Tlme Conmon' area of naln -emory in one ot the °
departnent's HP 1000»systen9.

Three 1-portant data areae exist apart !romkfhe ART

-

'descrlbed above. The tiré&, the overlay ART area;'is

available !or perlodic superlmposltlon of ART's from local

\

or netvork acceeelble storazé ‘medla. It 18 the

»

 r¢sana1b111ty of the progran loading thle area to

. i

" A
synchrdnise vlth the ART processor and to obtaln the overlay

3

'ARI_from the deslred sourcé locafloﬁc The Iocat ART

_processor scane thln area odter compldtlng 1ts oberations on

'L

the .local ART. One of the most, 1mportant uses ot the overlay

¢

area wlll be in processlng of dlsk-resldent actlvlty -t

rccords. , ’ ' ‘

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

g -

o
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(\,
! ﬁlgh Address
Non-=ART Tables

1/0 Buffer Area

Overlay ART

' o
¥
LART '
1 t}
‘ ! :,‘-;’4 Y T - T ” ‘
. i DISCO Pointers’ Polnters to )
" .various DISCO
\ S P . areas :
Y k /"
v
- - | Real=~Time. Common-Polnters, — el
Fow.AddteS?,-‘--A . e ‘ N ~“'Pointer to
e T T gtere ofDESA0
B oo : : 3 - ’ ’ IR DPata-Base:
: o
ERA A
. - N

-

+

Fige 4.2 Layout of the DISCO Data-Base -

:.i—t o P
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of the ART, This area will be used to store buffers for
) - | | R
operands of DISCO input and output operations. The data

records in this area will include buffers obtained from

‘

other network nodes as well as locally connected
‘instrumentation. Filge 4.3 shows how buffered and unbuffered

1/0 may'be‘organisgd in a DISCO, system. The butteée-may be

processed byv:

.

(i) speclﬂ‘ly triggdered DISCO scans which occur when new '

data arrives in the buttgr‘ ' . . ST

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

.qcflvlty'record progesslné _ S
o )

(111) requesting the filling of a buffer, waiting and

anulyélng the confents of the buffex on arrival,
/ . N . .

all as part of processing of a single segment

\

n.(poéelble for fast I/0 devices only)

B N Pra
i

N

(iv) asynchronously updating tﬁe”buf!er more often thaﬁ it
) N . . \ B 4

" 18 processed.

A

. : Ihe 1ast anor non-ART area 19 the general areu ahown

. . . . Ve T
¥ . ; o oL

in th. 4.2 at hlgh«CONMON adaresses. quf area contalne

[N e

PUES
w

~tablee reterencod by the control system sottvare from time !

to tine, but not perlodically acanned and processed llke the

. ART. Typlcal examples ot non-ART tables are glven below.

. . .
kd i ) .
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(1), I/0 tables, which provide hardware-orien ted

information required for lnstrumentitlon handling:
» : o ‘

These allow thd~usér to-sp@clty an abbreviated
. : P

logical reference to an inatrument»dr.part which
would be used as a 'look up* key by DISEO when

& ~“actually executing the I/0 operation.

&

‘"

(11) Engineering un1t§ taﬂies:42ero And span Qalues
rgqulred for convéréion'of interface units t§
englneering units are commonly ¥he same for a
number of activities. Althoqu_these values may bé

included ‘In input and output segments, memo ry

efficiency can be improved by storing them in a

noanRT table which may be referenced when

reqdlredJ

4.4.4 Diatrlbution of tbo Data-Baae.

A_number or obJectlves have been formulated whlch

L

relate to’the processlng of activity records by a .
dletrlbuted network of computers. These afe'a réffﬁiment and
ext;nslon of th; general dlstrlbuted processlng obJectlves
prese;ted in. chapter 3. Limitatlons%§ny be 1mposed by the

'characterlstics ~of computer hatdvare or communlcaflons

softvare 1n & partlcular 1uplementatlon, but ‘the Btructure

fae

“of DISCO and the daya-baso ‘are compatlble with a rull ¢

realisatlon. ObJectlves for - dlstributed computer network

®
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prdcnsblng qt‘actlvlty,recbrdq ane‘brapenféd bpelow,

N

s
H_(i) Edlt/f.tch opofatlon- on thvdataébage 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 pdr;'odo’
| [}
(11)/’110 operations using dntanrocqssing or process‘I/O
peripherals attached to remote nodés‘must be
. possible as part of ART procgéslng-
_ _ \
(iii) Processing of actlilty records obtalined froﬁ.a remo te
node must bgﬁ?pgg%ble.‘
7
(1v) ‘Iqeally the system should- be cab;ble 6t|éxecufing
7 parts gi.; slnéle activity on several netwgﬁk.
;.nodes.

The tlrst three obJectives nay qultg eaally be

.achievod by talrly atrulghtfor'ard expansion ot the- present

slngle-procesaor scheme. It 1s expected that mos t detalle ot -

1nterprq§essor co--unlcatlon vill bo succeeafully handled by
R F ’

Hewlett Packard's HP 1000 ao!tware. The fourth obJoctive can

be realised only vhen lnter¢segnent communicatlon 15 v

speclfied for’thg dlst:ibutod case. Several obvious



»

extensions of the single processor techniques presented in

»

section 4.3 may, however, be used for thld-purpoae.‘These

»

b eg}ddalons are as follows.

N J..

(1) Directed labels could be used 1f ﬁllisegi;nts

previogsly processed in other nodes were made

'
.

available at thQ\tlne of processlhg.

. ;i 7

2 L
(1i) The stack could be' used if it was pamsed from node. to
KN

nodo.aa‘processina‘ot'the apLI{ aé{lvlty_

progressed.

(iii) The structured buffer could ‘& used if it was passed

frbm node to node as proce of fﬂe sbllt
[ 3 N -

activity progressed.

o

e | o \ o
4,5 A Compearison with Data—-Base Design Procedures in a

let?rent Working En?lbﬁnment:

An 1ntefest1ng combaris&h caﬁ be made between the‘
&esldn deételonsfmaé; to meet thé DISCO obJectlvés and a
somevhat[giﬁlt%;:exorclao undqrtakqn'atvfhé Europeén»

Orgénluatibq'féb-xu¢lmar.Raéqahch;‘Danoé}s and Meaduflﬁ],’
de?éribe theilipleéqﬁtafioniofug‘ﬁiétrlb&téd compuférb‘
lnefiork %qFédntrol a Boo;f;r accelerator a;d a llpoaf’" ‘ \
gcce[erg}ofjét CERN lnvGéneva; The_proJecﬁ involved fhe

g N N ; ,

>dbslgn of computer coptrolréottware from first principles

& S~y
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including the structuring of a real-time data-base. The
o ' ¢
result of this work was, nowever, considerably different

tsﬁm the result of the DISCO deaign exercise. This section

will attempt to attribute .the differences between ‘E&CO and

Y

'

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

7N

designed. o

Table.455 summafiees.the pertogiynce requlre@ents of
the control gystems 1p’the CERN proJécf aﬁd in DISCOf It ls‘
1mmedlate1y,obvld§s that'vhlle themCERﬁ syéteﬁ leaves scope .
for modlficafloq; upgiading and giéanélon,'lt does not claim
to be a general purp§s¢ conputqé cbntrol package., THe éﬁtq-
dcqﬁléltlon and control'opéhatiops afefunltorm and well
defined in fhg accdleratof app11cAé1on. henég their
specltlcatlon_vas'cqnﬁeniéﬁtly achleved by flqu—torm@t,

fixed-length records. A}i the lnatrumeﬁtatlon could be

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

need of prodelng'ofhef types of connectione The opeéator

console support also did not require a sophisticated

.

solution because the pfoceag conslisted of large numbers of

very siomilar mechnisms all of ihlch codld:be-handled\ﬁy‘a
. aslmilar format. There wag no need for speclal-purpose e

R e
"consoles.

The accelerator control syg¥9m, therefore, did not

o

. - . ) . . . 7
negd the flexibillity thch~DLSCO provides. by porm{tting\§
variety of single-variable and multlvaflgblp.algor!tﬁms{ 

IIOQICal referencing ot lnstruﬁentathn, contfot.schomea ot

3
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. CERN

Table 4.5 Pertormancb Redﬁirements of'the
CERN Control Scheme and of a
General DISCO Scheme )
I D!SCO

| Several thousand process.

variables

Many operator tgrnipals

CAMACllnstrumentatlon
only

_wany variables to be
igrocessed every S500ms

1} 5

| control gchemes limited

to well defined aingle
variable feedback

.Several hundred process
‘varlablea

A few variables to be

Contnol_schemé complexity

Few operator terminals
Several types of process

interface

processed every secovd;
most others on )

]

-5

conslderably longer scan

unlimited

e

Table 4.6 Design F
Control

. DISCO Sc

\

N

ea tures of the CERN
Scheme and of a General
heme —

CERN

DISCO

Varlabfes'referenced'by
name and always located
vie directorles . '

ﬁlerarchlal network
con_ﬂ.zuratlonw
Fixed=-format, fixed-length
data record .

L

vVariables referenced

directly bYy location
address :

Arbitrary topology
v:%lable‘torhnt,"

varieble~length activity
record with ngsets_ '

|
|

4
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arbltrary}st;ucfurq and cddables of arbltrary{@truqturc.

~

There vere,‘hov;QQ;.vstlff‘ipiélflcattonsvto meet in terms
of thg nunberiof varlahlgs hahdled, the speed 61 proéelalhd
dem;nded gnd'the'nuanQIOI operators accessing the data-
baée."Théag led to the use og.a sophisticated dafa—baie
maﬁagenent sgheme opgrqtlng‘in real-time. The scheme
supports-the_accéaslnn of all dhta-base yar;ab1es by namo:

the location belng found'trom'dlrbctorles by parsing.tho

'u(f . . . —
nﬁme and using its components as keyse The speed
..' . .') . . O

1

trqd@lrements were ﬁet by limiting the Appllcatlon-of any
pr@égséorvto a single, aelt4conta1ned task, In effect, a

schemé veby'slmllar to a DISCO system contlgured'vlth one "
N . LY - )

)
L

activity per processore ‘

¢ The question n)iﬁé%’wﬁbtheb DISCO could be applied:to

oA i

fgé'control ot th§ CERN‘ﬂcceyérator. Since this is an . \

. ' o I
application very much on the periphery of the field DISCO is.

P
1

&egldned.to_cover; the-problei poses a realAtest.for the
flexibility of the con%rot software. Téblo 4.5 reveals that:

€,

the dittiéultleékllqiﬁn‘the ;re§ of red#lred-speed of
procgsqlng,an& &hta—baseVé{zé.'Iﬂp:ovlng the progeselng'.
‘speod ot!DISéO for thié gp§é1flé:ap§llcﬁtlbp coﬁid be
Aéhleved by: | |

I

1) adopt;ng'a fixed, feedback-~loop structure with ;npuf

l

.and output segmenté Jplcp assumed a CAMAC

A

interface P N s

i
LY
RN

o

pe
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(14) Iimitlng thb number of activities per processqr node

: ' ,/,\
A .
2 i
&

(iii) use ot assenﬁler-coded>segﬁént proceagofe-

»

Since DISCO interfaces easily with higher level

software layers, a dafu—baqe management scheme such as that

-

in tﬁe CERN deelgﬁ could be 1n¢orporated. The scheme would

VhaVQ to béjcapable of operating on records‘in the shared

*COMMON* area of main memori in whlékﬂﬁhé‘data—baee was '
stored. The ART proceasor or cyclic control program would
stl%l expect to reterence process varlables lkdéiiﬁgzgzly o¥
dny?dlcectorles put if a fixed format actlvlfy were assumeé d,
then a dlrech;mnpplhé between varlable type and 1ocatianiﬁ
would be pﬁss1b1e. It 1s conéiuded that creatlon ot s
superset of DISCO hy addltlon of'sottvare Iayers and ‘¢  s
streamlinlng of DISCO by selectlou of subsets of sott;ure
modules vltbin exlatlng Iayers would make 1t feasible to

controt’?ﬁa CERN accelerator with a system such as that

des!gnod in thl-_theais’?rodect.- \ o
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CTHAPTER 5

.

EXPERIMENTAL IMPLEMENTATION AND EVALUATION OF DISCO

&

0
e : \,- . < ) ) 0

Sel Introductlon to the Implehentatlon{

B _ A ‘
lTho component\vodulealvhlch make up a complete»DISOO

&N

'systemahaVe been &escglbed“ln‘section 243, This chapter

'

descrlbes hov a partlal—lnplementatlon has been carried out

- to condtruct a flrst—verelon WOrking systeu. Further vork,
N ?

”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 basle for the

-':*full realisatlon in the Iollovlng waye - J

\

(X )

o ' (1)_‘The partial lmplenentatlon wlll\provlde a practical

most of the tuture addltloggi

N

./_ .I‘. ’V- b., 5 | v ; 'c . | ‘
(1i) Overall aottﬁure dealgnﬂiork carried out ag part of

;the theaiq proJect vlll mean that only structurlng

and codlng of lndlvldual progpamslwlll ° requl/pd/J-
/

a2 / T -

.tor several of the outetundinz sottvafe modules.

"~

R



. tetrnms of fh.jtéfnl vor;.nécc@iiiy to lmplement a DISCQ

n control system. P S - -

qiip;thhtlédustrlal dnviron-ent_but_han not.beeh studied in '~

'Jhas been"

-Vaccess hy hlgher order softvure luyers exlsts egen at the

Tables 5.1 and’5;2'-u-nqbfdontho‘-cdpc of this project 1n

', A tew areas of interest have been omitted from
""‘ ‘ ) '\ » : “ . - \ -

‘extonilvg cddsldergflon in the project. Design ot’dpératof

. L ‘ S, _ ' _ | .
',?gqnqqlégdisplaya,ﬂtoryoxanplc, is of considerable importance

t

”.ﬁﬁetitl here. In ‘the unlvérslty’fhe"Bperator'ilq.usuﬁlly

”f also 'control englncer‘ and 'Progran-or‘ the appllCatléna

;'ard lnhcrently sate and thero are relatlvely few control

v
oV

,_”‘varil.bl'oiso n.th these opgp,,gu;‘g: churacterlstlcs, .
W 0 ' | ' \

%3sophksticated speclaﬁ'purpohe consoles are not’ Justlfled and

‘)’;, . ;54

nhence, thoir denlgn hae not b.on consldered. Slmllarly, as

stated ln sectlon 4.5, data-basg management schemes

k b

A3
R

' _ iy '  ,,” L hh
ln -ost computer control systems tpey Qre'qqt requlred.ﬁ;

It ls5lmportaﬁi to note,fhbweven% tbat considerable '

-

>

, ,_4

very earliest stages.&The ACCES program which vlll be

;described later ln thls chapter provldes sate,:tlexd le and

S,

'frellable processing ot tetch/ch&nge operut%sns on the data+

.xﬁbase. These operatlons may origlnate from'gny program such

PR
v . -

as. & conaole drlver, data—base nanagor or supervmry

~ . x At

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

'  any linltntionu ariaing trou the structure ot DISCO sottwane

ﬁ"wtor handling process variablfgrhave not been studled because'

:etfort hae been nade ‘to- enaure that Bupport for data-baee"bh

oo

Wprogruﬁr ACCES ﬁrovldcs a cloan lntortaco vhlch ensures that .

fs' -



Table S.l{ﬁ P-aturo- bt tho Pabt-f - “‘*' :
- S Inple-ontatlon of DISCO . - g
-a_Undortaken bn the Thesls ProJ.ct '

-y

5)
.6)

1)

1)
2)

3)

Inplo-entatlon of tho control syaton on a slnglo‘

proccesor onlye. - ' '(' ) - N
DISCO data—bnse resldent in brocesaor -aln
memo only ‘ :

oy only.

«Threo segment types 1mplemcnted, na-ely those

speclfylng 1nput, output and control.

—

A limited number of algorlthma avalluble to

fseg-ent\b{\pessora;

‘o -

Process 1/0 assumed to be -on’ aﬂ IEBE 488 SR

1nstru-entatlon bus.

Limlted supporx tor process operator lnteractlon

<iw1th the data-bane.s . I -;5.«

Support for’duta-base bulld;ng comprlslng most
of the necessary soff'are moiples tor this
tasks: ot ‘

ORI . EEN . S .

'Table 5 2»,,°unmary ot Ialn/Lreas ot Puture

Work tn Implénenting o Complete v

2)

'”:5);5Intertacln¢ ot appllcatlonaoii:ﬂvs

6)

X

'*»Dlsco System\

‘-Expanglbd_to{-ultgprocessof obérdtldnw

Dévelopqgﬁj“of'guppén#.topfpéoéésé_qbefa#qré‘

consolesg,. -

'-'.'ub.

Developmenf ot a dnta—base operatlona exec&tive.

;Developnént ot additlonal segnent typea.

Incorporution ot-data—base lntegvlty and systeu
recovery meazures.;ig}’_ : ‘

:80‘
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f}_ - - N *

: - ’ - 5 8L

s , -

e W ‘,..,
" or the data-base. .7 T e T s e e &
N ey ; - Ty I .
o _ “

Se1le¢l Softvgro ProJect Plannlng.' L o N KRR .

At an onrly 'tage in. th. DISCO proJoét 1t{vg§:

> 3

) reéognlsed-thatvtho_Izplegentatlon"iogld bgcone.avlafii"

scale software developuent effort. This ptoqp&qﬁwhfpfﬁ@yfét¢4”.

VR . . s B

”-odern’aottvare orghniaﬁtiodal.toéﬁhlques. In particular,a‘f“

structured progran-ingyphllosophles as dlscuesed by Dlestra

{19], ;;urdon‘[6é], and ygrth_[65]~havo'bpenvo£ gfoat'vaLge__L5.
in c;nﬁtrucfiﬁ;fﬁéxlhhle sét*y#r@ ;Qcy:nlaﬁs.fk.DISCO |
gogramp;? )
. -hi',f Thelmaln advantaze ot the structgred approach ls theat
1t tacllltates verltlcation ot the expocted program vb -

_performanqe by‘lnspectlonq_Thlsihecomgs possible as a ‘result

_ SRS ) ~ o ¥
of- the foll@v;pgngéaturoac . e ”
: - ol :
P (i)  Code forﬂa éomp1cx_pf9grin’ls-veduced to a:large
o '.: ) \ o . . . ) . . L : 3 . x ) e
number of very simple modules, each of which can e
b S "  ._' . L
- be evaluated for correct logic at a glances '
2 7C14) The modulea are constralned to 1nteract by a slngle
. s ce NN . . B . -
E&yf._ R rentry polnt and. a’ alngle exit polnt ln each. ' .
« o v‘:- &"




Al
:
)

'  QE 3~ﬁ P:ogru- clnrlty l- turthcr onhnncod by u.ll-'

. ’.

consldorod docudontntLOn. hu-an-orlont%d .yntcx nnd l tldy

‘.

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

) 'atructurod progran.lng hut novortholo-- a--lst consldorahly -

:‘1. ‘1n nsklna\tho codo/clonr to tho huﬂan rocdor. Botoro codlns
.‘§i " of any DISCO sottvaro va- co-noneod, ‘tandnrda for tho
a ~ | |
»;y.r«proiontatlon ot tho FORTRAN aourco cod. wer. agroed vlth tho
) :.‘ v - : .
' DAQSfC.ntrQ- Theuo utandard- coverod points such~aqp <
" (1) etatements téfb.ggﬁédgldVQOhgirQCt}on ot'logicgtH .-xA
néch‘ani..sn,s"_. ) . Lo <. e S \\‘ .
R : o R T . ‘\
. . T T T I |
'74-, (11)_ use'gtflahelﬁf.. ‘ ;"
: _ " K . \ .“
‘(lllyf-uso;pt nachlnd_depen@én‘ tg@fdéeﬁ S
o \\\:tlv)' Iﬁyout'and contoht of-dééugentgtion. :“
- . R & i ) L ‘;..v ”f oy o e
o 'lA'vahlefyﬁ6; q;ror-reco@ery an&fhdti-bugglﬁg"

mechaniems havé'beeh‘dnéd throughout.thé P1ISco éoftdare.;d

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

" - -1;,

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

normal executlon. It'has.beon pn»obJoctlveAthat no apuse_ot

-

. any pnrt ot DISCO should ever result ln the generation ot

error nessages vhlch cannot be trapped and ncted upon hy the

- P

.“*DISCO soﬁ@ﬁ@fe‘{‘sohfﬁw
- N S



5.2 vxuptie-.dt.t}.r.c;n‘ of Intepsctive Building of s DISCO

f crlthnctlc oporanda at nny tlnc._ v *;'),. ’
ocord-,

‘1Aand hardvaro orlqntod 1ntornatlon. Bxanplen of a data— !

\

D.t.—B;-..-"

A- a tsblo~dr170n .ottvare .ysto- nlgco has 1t-
'operstlon dotlncd hy a dcta—ba-o. Thls -ean. th-t oach
 pro¢ru- in tho -y.to- dopend- on common d.ta tablo-, a- v.ll

.as 1ts OVn tlxed code, - to dotor-lno logical flov and

i . . . -

Tho tables contaln D[SCO actlvlty -ogucuf-y

. - b
seguence whlch -icht Ior- a logncnt and ono vhlch -lght for-
: g

an /0 table are shovn 1n Flgs. 5 1a and S.Ih.

o

“-

The purpo e of the butlder/edltor/loader utillflej’is
3

o

L

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

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

/

'5.2.1 The Need for Sottvare Support'

The simplebt conceivable scheme for enterlng a data—;

s

. o
<haso vould bo one in vhlch thgﬂuaer/bonetructed each table

"ln memory—lnage tot- on some peripheg\l storace nedlum. All

vdata valuea vould havo to be entered 1n a machine-compatlble
Iormnt (eg- octal) and vhere more than one fleld was stored
ln a slngle word. tha user vould have to ussemble the tlelds

lnto a vholo word r.presentatlon._Each ot the many ateps

: - . : ‘_:‘_ .

betwoen an englnee#lng pvpblem descrlptlon and a computer
¢ i

orlentod task spocltlcation would have to be carried out

manually. Due to the complexlty o
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) . N e . T
Segment ID . - (8 bits)"  Buftfer ID- (8 bita):

 s¢gnqnf_Length(8 b1ts{ . | Start Location (8 bits)

Status = (8 bits) ' Length (8 bits)

)

| | Atgoritha 1D (8 pita) . | | status © (8 bits)

P;rqmeter 1 (lﬁjhjtq) . o “Buffer ID

SR ¢ .
Pargpefer 2 (16 bits)

A

2t

S N
RS

Fige '50‘ la. A . ) :
Sehemmatic Representation Schemmatic Représentation
of the Data Format.of a of the Data Format of a

Typical DISCO Segment. © " Typlcal DISCO I/O.Table.

1@0’ S.lb

-




" needed to C;ko nrsco .ult.ble for a vldo varloty4ot-

o

‘applfratlpn-. a -anual .pproach to datu-ba-o buildlng 'opld
-

‘ be prohlhltlvoly error—prono and todlous. oo s 1

. At an- oarly -taso ln the ﬂo.lgn ot ntsco 1f was
: X

_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 data-base operations aottware support ‘are as
o

fbllovq{

1nfoger, dcclial_tractléﬂ.br ASCII).

-~

) (il) ’Thc)sottvape pfovldes a hser-érﬁénted;gource'vefétod
bf;tﬁe;datg-baee\tron the user's lnbﬁt. This

éburce’verslon ( the definlflonvéable) contains a -

' description and fhe uapé‘s data<values térﬂqach

-

vf.flelﬁqqt'the t@ble- : : o

s - L o= : 2 - o ‘ : o L
/

R A
!

 (111) The software :Qéiiiéatééfaéfivlty'sheéxftcatign'by

2y ,
conversatlonal promptlng in a '1111 ln—the-blanks'

rormgt. Thls ueans that the builder progran tells

O

tho uacr in 'plain English' whlch?data-iteﬁ values

.hre requlrod for the tablee he needs to buitd.'

b(iV)fiThe softvaro prévidea top»sforagé df'&itu-tnble

v

g

(1) The sstfiarelptoyldes for task specification in terms

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

TN



N ’,

'-pocltiénflon- in & -erlo- of steges which

;cpro-ont tho convor.lon from tho u-or—orlcnt-d
-ourco 1nput to tho loudod llst ot blnary--achlno
opernnds. Con.ldorablc tloxlhlllty 1. cchiovod
tron the avalla?llity ot tho-o lntor-edlato forms.

Tho advantagea ;t‘thlu schcno nrc very  '
. I .slnllar to tho-o accrucd tro- relo;;tabl§ ohJect-
’codo llbrarles 'hlch can be lncorporatod dutlng
Ioadlng o! a prograQ whlch has been complled from
hlgh—level Iangucge source code. Inillke—-anner.
‘tables from a Ilbrary can ‘pe added to those bullt
by the DISCO user at any atagc of the bul[dlng
proceas.‘Tho llhrary tablea do not have to hndergo
-T&g‘ '-thd:entlro translat;on.process to whlch the user's.
o i;puf‘laéaubJocfed.~‘ - ‘ | .

1 !
o

(v)- The sott'are provides for symbollc reference to data—
'lte- values durlng bulldlng. Thls means, for

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

V“by the nhemOnlc 'SET?* throughout the
i K] ) \

3ﬁ conversat1ona1 lnte change- The reterences arﬂ

Iater resolved tron ymbol tables vhlch can be

‘.

gcnoratod or edited at nﬁy stazo betoro the

2]

memory-lmage lu papducod.

RN

(vli The sottvare provldes 2or the use ot labels for data—

‘1 tems that nre pointors to oth-r data—ltoms 1n the



v

" ; i \

‘data—ba.e. A, typlcal oxs-plo vould bo the
ldentltlcatlon ot an oufput tlold in an output

'-sognont by the nnbnonlc 'OUT' !OUT' could thon be

‘.u-ed vhon bhlldlng a control segnent to polnt to
'tho tlold 1n vhlch the output should ‘be place#.

LWhon tho synbols were resolved the output naemonlc"

.

) b d
ln the control segnont vould be replaced by the
\ . S
actlvlty address of tho output fleld, thus‘

A

N Y ‘conplotlng the lmplomentatlon of the polnter.'

§
o
7
“+

e

5;2.2_vDItterent Sources and Di!torent Typep-otiintonmgflon:
Indlvlduals vlth a varlaty ot skills and hackgrouud
>need to be’ lnvolved in data—baae operatlons in order to make

‘DISCO work. Representatlve dematcatlons are shown in Plg.b

———
—

. 5.2'and the types ot anornatlon supplled by euch speclalist

; are summarlsed below.

v

/(1) Data Table‘Deslgneri . 1‘> : ,‘ “

Thls vould be -, person whose main 1ntereat_
\

’,vas s&ftware develop-ont o! the realbtime pfograma
1n DISCO. For axanpie. he might be wrlt&ng a
‘seg—ont procttoor ot an I/o 1ntcrface drlver. it

»the snttware that ho produced fequlrod s new’ typa

vot aegment or non-ART table then he would huve to
Jdescribo that tablo to tho builder' Thla

'descrlptlon bthe 'vorklnz tahlo') vould be
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acco-.-d vhonevor a genr nooﬂod to bulld fbo'hov

i ."4 . - [ . - / ’
tablo to drtvc thc do-lgnor‘s loft'&r!.ﬂ -

,- . v BRI
s“""j’ SO 2 » ‘

DISCO U-er. %,// A N R

(111)

"dctg:hago- - lﬂf t§ v

*PrOnranner/landgér: .

. Tho DISCO user, in thls contcxt._li:ds
Tl

person nhoso only Lnterost 1s tp use DISCO tor ‘a

R R

x

8

~
pcclflc control or da@a acqulsltlon appllcatlon.

Tho uéer '111, therotore, take udvantago ot ‘the f

conVersatlonal data entry facllltios ottered by

the hullder ‘to supply control and data acqulsltlon

pcrameters to be lncorporated in segments of the

ke

. The programner/-anager would be soneone who~'f V

) 'sottwu:e.,ne muy wish to~c0nstmuct 11brary tables

-

]

_ more apeqiallaed role rebatlng to non—ART tablea.

pocltying activlfy records tor conmonly used

_appllcatdons but, ln uddltlon, he vould havo a

The non-ART tablea usually contaln.‘

1ntornatlon vhlch 1s requlred to lntertace vlth

y

. has vlde ranglng responglbllltles for tho DISCO ﬁ;?n”

n#DISCO softvare (eg. operutlng systen, network

sottware) and to 1ntortace vlth hardwnre

perlpherals (eg. proceus lnferface,v onsoles)- Thé

tables nay hnvo ‘to bo edited vhen tbe operatlng

'gystcn 1s rpgonprqted, whon haedvare changes ere

N L



L St s~
) ‘made, or when DISCO is updatedi - L

a

: | : TN : : SO .
5.243 .Introductlon to tn- Operatlon or Data-Bcao nu11d1n¢.,
. Tho docuuentatlbn o! data-base utllltlos in thl-
o

B

tho-l. do-crlbo- a: conplote de-lgn and partiat  , '  \X

lmplenentatlon undertnken as Qart of the thesla proJect. Thq?'
C - \ .
subaet of facllitlca chosen for u !irst staga lnplouontstlon

reprcsonts a. mlnlmal schone vblch-vas adequate to onablel _ff”'”'
‘convenient and error—tree data-baso bulld!ng.#~

o

N

A slnplltlod lllustratlon of the 1ntornatlon raqulncdf
.'7to construct a DISCO data—baso 1a ahovn Ln Plg;'5a2. A uore

"fdetalled overvlew 15 ropresanted schematlcally by Flg- S.G.Y
‘”f’;Thls 111ustration !hov: tho programs und duta—tablcs uaed by.
S B T ) .
 !300PE € nata-baso onratlona Executlve) to provlde the uaer el e
\\\%;\\;%‘ ; ,

wlth the'roqulrediéata-base—gjiliiiggpz//

n'

Even betore a uaer attempts- bulld a. data-base'

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

f;the routlnes whlch vlll bo i_en by 1t;ﬁAt thls stage/fhe'sr

‘f  pﬁozra- BBILD to descrlbe to tho bulla.r the structure otw

S .

= hls nev tnble. Once the bullder has thls 1ntorma£iggLilqu_§“‘“\
/—‘/”_.-

'wlll be ablo to pronpt tuture usern fbr thg data requ red to ,mn

4 "\V
,,build c;\iea ot the deslgnor's toblo !or specltic S

i

fappllcations. - ’"' ','_ o :;ji‘. ]\;f‘w-ff

"‘,.,\.. .

The structuval 1ntoruatlon ln fhe vovklng table

Tem ,]-

‘1nc1udcs ltema auch as bit—lengtﬁ”vf dach tuble fleld.‘

B
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52.

'detdult valuoi, datc-typo (lntodrr. real or Ascir) and

rtor-at ot vaﬁ}ahlo—lencth voctor . Included»atso, i1s a

description ot cach'tield'lnvtho itable for use in
5 k] . : . \ .
interactive d;hpl@is- This information is common to all the

data-base tgblos'ét-a partlcular type. Information required ™
: 1 v
tor a apecltlc appllcatlon such an actual da ta values, must

- . o .

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

“sollcited by . SBILD durinq_the constructlon of a detlnitlon

’\

tah_le .

Plate S. 1. illustrates a typlcal exaqple of jf

|
interchange with SBILD via an HP 2648 A terninal. Al

1 s ' A

rlnioruatlon vhlch may be changeﬁ by the user appears in ) ot
. * . - . . .

inverse-video on the screenrfotén displaying such

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

quifse—vldeo’fleld to atlow the uaer'to perfdrm.vlsual

edlfing. This syatem allovs nodlflcatlon of the- data-ltem

descriptions as well as the data-ltem values in a partlcular

detlnitlon table. Foc xample, fleld 10 in. the plate could‘
3

be descrlbed as 'LEVBL SETPOINT' for a specltlc appllcatlon_

N

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

.

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

'paftlcular dgtinttlonltable was edlted, ‘  S i

. gachv&gt;ﬁltxon table has a ‘one-to-one*
,JéoerQ§qnaeﬁge with a databp;sa taﬁié bet§£.bQ§1€i£or a

‘ spéclfic apblﬁcaf19g.'Thé ;oflhlflo; *aﬁlé n@f inyléohfa;hé
allhthi qtrdcfdi;t‘iﬁfor-qtlon ot-;he vorkiggttablé,.but

ialao'&atg-vatdea to be léaded.into evenyda%a-ltem tiqlﬁ}



CONSTANT

FROFOFTIOHAL

TImME

THTEFAL

-
[—
—
—
I
o
=
pelt
o

CONTTHUED

AL

ITHTE




93

-

'*if
A Typical In;erchang. Botweqn SBILD and a

'  DISCO User Via ‘the KP2648 A Tor-lnai

Ve,



;j:‘ The dctinltlon tahle is usually nergcd lnfo a. til. of
detlnltion tablo- by progran CBILD . 'hcn the tllo 1-, .

R S kY :
‘fconplete, lt tcrn- a repne'ontatlon of a convenlont sub-et

of the dataﬁbaic (oa. n group of actlvlties). In purhllel

‘with theac oporatlons,‘symbolc cnn bo

ofined Io tha‘ tb¢

i

gymbol table .ventually contains valuos tor all sy-bollc

v

refcrences ln the dothitlon tablo rile. ‘At ‘this point, ‘the
'synhols nnd 1abe1- can be replaced by program YBILD,

jf ylelding a conpleted detinltlon tablo.'

The conpletcd dotlnitton table 15 the last stage ot>

Vo . .
S 3

-‘"processinz for the user-orlohted adufée}verslon 01 the data-'
'.baae tables. Tt is also the last representatlon‘;f the data
whlch can bo.edlted by SBILD. |
: Once the completed detléitlon table has been'_,

:produced, a nenory 1mago ot tho table can be generut?d b;
progran MBILD. Slnco the luaga has to be nanlpulated on disk>.
.tll;é,'it i created in an ABCII-coded octal torm- Thls
'makos it Qaeier.to.o;anlne>tho lnage and to 1nc1ude control
‘ roéords (such as aﬂ end—ot-lmaze maiker).‘

- !

The. 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 loadad to. the data-ba-elarea ln the

: computer memorys Vhen thls ims complete, the taﬁl% is ready

- y B 3 T~

for usc.vLoading of data-baso tables 1a carried out bx
- progrem LBILD.‘_ ; . \\”



RCEP : iy o e
5.2r4 DOPE tho nata-Bal. ngratlon- Exocuf!ve.. '; ;5f
Tho data—baqp bulldlng oporations as lllustratod
schematlcally ln.Flga'S.S will, 1in tho conplot. DISCO
isysggn!.be govorned by an- oxocutlve. Tho deslgn for thld
exjclcvutt;v‘o,’ :vhilgt_‘x'v‘l»ll‘.vbo ﬁnom as DOPB, has hqon carrl.d ‘out
’ ¢§“par§ ofithd’iheuli‘projoct. The lnple-entation ot DOPE ‘is
"vcuffcafly Lh}progreqi Lq the DQES-qenfre.r
| | ‘When éohpléfe. DOPﬁ»v111.£§ciiLtﬁt? menu-driveny
intor;;tlvé selectlon4and.usé of'dutabbase utli{tlSB. Thé.
Qtllltlos thenselves are conpletely lnteractlva and hence"

i~

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

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

n‘ L

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

c

-EN\\ are provlded by the utllltlos themsetves.

14

. Table 5.3 sumnarlses the servlces vh}chMDOPB wi}i;
" offer to the uaer of - d;ta-base bulldlng utllitles.‘Af
“\\}esent theae servlces are carrled out by the operatlng
system, tho,tllo -qnngr. ' the edltor and ma;uclly hy zhev

I N
——

.Qsér himself. o -~ : _ o #\\g

,$§2ﬂ§> A Partlal I-plenqntuglon.
| ’ Tho programs descrlhod 1n éectlon 5 2. 3.vt6§eth¢r-
vlth DOPE, constltute the complete softvare support scheme"
. tor DISCO data—baae opo?atlons. The partlal lmplementatlon
I 1 1 ;dertakon tor the thccls proJect onltted programs whlch

fcould be e-ulated hy~a colenatlon ot exlstlng opernting‘
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Table 5.3 Sorvicos Provided by~the Data-.
. . * . Base Oporutlons Executive

1)

2) 1

a)

4)

S)
&)

1 7y

data-baso ‘bullding operutlona. .x/V

Godifttlon of menus for va&%ou- aspects of data-

base bulldlng oporatlonn.u \
. \ -
Ihterpretatlon ot user requests.

~Recovory tron meanlngloss or 1nconslatent

[

requesta. : ‘ o . 1

Creatlon and deletion of 1llea assoclated vlth

: 1" N

-

ualntenance of directorles of tiles assoclated

Qvith data-baeo bullding operatlons.

L ‘ 1

Genoratlon ot activlty ID's for new activlty
'records.

W

Ma.lnteqanco of a load mhpeZs , . g
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-

_Téhlev5.4 Interinm ld‘turei for Features of

the Data-Base Bulldlng Utilities
not I-plo-entod as Part of the
Theslis ProJoct ' .

PROGRAN

PRBSENT INTERII*KEASURE

DOPE

-~

‘TEILDx
| YBILD

CBILD

-

The data—baao oporatlons exocutlve is not
avullahle in the first lnplementatlon- All
the deta-base. utlllty programs can be
exqcuted directly by commands to the
operating system. Logic governing the

~

‘sequence and conditlons of execution of

available programs is entlrely the
responaibﬁl!ty of the user.

Symbolic references nay be supplied by the
user when, for eéxample, building a segment.
fg‘suppltod they will be'incbrporated in
the definition table. There is, however, no
sottvaro ‘support for replaclng the symbols
and labels. If used, they must be replaced

by the editing facility in SBILD before a
‘ -emory-iuaga 1% buillt. . '

: Thero are, at the time of vrltlnx thls

thesis, no- facilities for sorting

|definition tabless Sorting 1s at present

and file mpAnager co-mands.

. o~
-

qcco-pllsﬁ}d by a combinatlion ot editor




file manager and editor éog-in&s. Tablo‘5-4 lists-

the programs tr9- Fige 5p3'ih1ch have NOT boen lnplonogtdd.‘ .
s Lo - , o : ‘ . _ N .
. £ o . A . . . . - v N
The table also outlines how functions carried out by these
. . \ :
. BN °

programs \ro'prqsonfly effected by interim hiapurqu.

|

5.3 : Roal-Tldh Programs in the DISCO Sulto.
- A 'real-tTﬁe\\Progran' is detlncd by erth [67] as

one whose validity dopends

-1ts cxecutlon speed. Th}a.Le_a
N .

\partlcu arly good deflnltlon chau.ev~

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

_excludes from the

v i . _ ,
”economlc‘or.conveplonco raasons. Thlsvsoctlgn willvdeal'wlth (

software in the DISCO suite whlcﬁ operates on éxtefnul . .
o C o R ] \
stlmull.anq'must react to-thoseuettmullfy%thln‘a specitlc‘

time in order to produce valid results.

. T
\ - B ~
\

N

A . :
5.3\i\:1he DISCO Executive: .

The DISCO pxecuflﬁe-handlos res curce management of -

@
-

;.data-base int;grity ecks, ;ctlvit§‘heh&er
‘procesai & and lnltlation of ;eal;tine sottware nodulos on
the basia\ft lntormnt!on sfored fn the ART. The latter
funqtion_is\glf}ipd ogt by thinﬁT ppoééssor ihich is.a‘pﬁnt
‘of the adie program. The ART proceﬁslné task may be |
 des1gnated a. renl-tlne computatlonal process becaus; 1t

1nvolvon rosponee to oxternal events vhose tlmlng 18 not

pdeterntned by the cqmpufer. Fallure to negpoqd 'lfh
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sufficlient speed'to'these events'sould-tead fo'stlesing 1n¥

1nput sespllng and- 1nstab111ty ot the ssnpled-dste control S

-

hemes . 'lrth [67] glvee an lnterestlng dlscuesion of ho' a

reel—tine. conputstionel process such as DISCO snd an
externel real— time processq such as a che-lcal plsnt. mey bef"

ftreated as cooperstlnx sequentlel processes ior the purpopesuf

of analysls. The analysis -lght include grsphlcel or
! .
pseudocode representetlon of the pgnsllel processes for the

Ldestftlcofion of crltlcs13sections which should be nufusttf
excluded.'
Flgo 5.5.111ustretes the top-dovs sott'are structure‘
,ot the ART processor. The perlodlc scan is 1n1tisted by the
) prozrsm scheduler in RTE IVe. Thls occurs every‘second in the

present lmplementstlon but the porlod 1tself is a DISCO

varlable snd may be specltled as requlred- Scannlng consists
. Ny, 1

cof sequentlal processing ‘of the contlguous sctlvity records

in the ART. Tlnlng crlteria are evaluots* tor actlvltles'

vhlch are. nerked as clock—inltlated. It ths crlterla are

satlstled, then processing of segments ot the actlvlty

.

'record is carrlqd put.-.

' \\ It is an 1mportant Ieeturs of DISCO that the
AN . | 5 .
lntegtsce to segsont processor subroutlnes is ldenthal for

stl a gnent types. This means that a programmer co cerned

soisr )

exlsts would. noed to knov only a bare ulnlnum about the
. ~

>vwlth provldlng a. ne' segment or modltylng one. whlcﬁ\

oporat on of the overall sottvsre systeu. Slnce segments snd-.

. r

thelr processors are slnple to syntheslse and edlt. the‘ﬁ

S
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T T e T 102
. . :cApublllty of DISCO ahould be con-tralnod only hy the
,hardvare avallahle. _ g"';
, - R " - . “v . . o ‘:‘
| 0 '
Se3e2 YSuporvLiornyrograns=. '
Supervlsory procran- vhlch nay be lmplenentod as part
'of the ' control syat.n are lntor-ally ldontlfled ae thoao’
having one or more»ot thg tollovlnd propé%ﬁles: Lo o
_ o v o vM . ‘ o
(1) progran- whlch'aéjuat coﬁtrol'scheme éet¥polnfs_‘
’:according to ebanglng process condltlona and‘
: econonlc obJectlves
(11)  §rograﬁdfvh1chf§p§ 1n1¥lutéd,ai,grga#pr’inter?ais
' (minutes) than typlctl'DDC_perlqu (meconds) .
(111) _ppodrapé wthhﬂimblen@pt.c§nteoi‘s¢hemes5thqt gre"foq
) 7c6mplox'to deacrlbe;vlfh aténddrd>ISAipropess and S
7 : N : o - ’ B N ’ iR : - -
.ldstrpmqngtlgp;ﬂypbolsffvjj:~r~' i} S
L _; e ',\\ ’ -( o o -~ (: .
— < : - | T
' (1v)1=prograns whlch are predoninantly
P y S . } e
Supervisory procrana nay bo lnltlatkd aa part of ,:
3 ' segment proccsslng or they nay exlut entfrely ln hlgher-:'”
levelusottvurc,layora. Progrumc ot the Iatter varrtty ‘would ',55;“;“f
B \ . X
' ‘ he cxpocted to uso the data-baao nesaage pbocesaor program

ACCBS for. tetch/odlt operation- on the data—haao-ﬁf 
. | | v N

TN



5.3.3 ACCBS (rho D&ta-Ba-o Con?unlcati#ﬁ Proco--or)’ v  >
T Goldd.ck [26] do-cribe- ov'fho u-o ot . ;,751
cou.unlcctlon proco.-or whlch i -ynchronisod vlth a control‘f 5
i progrs- -uch‘a- DISCO,.-nnurcs con:istdntg!ntch[qdit ﬁ;] f_.;;/;}} 
oporutl;ns on a roal—tlno daéu-bsso. Si?chfb#ldaf!éﬁ S v.‘i;lféjf‘
: - | 2 R R P
guax‘ntooa that valuo- takon !ro- the data—bu:o in n slnglo ,‘;) #~'
“‘conmuﬁlcation #re obtulned bet'oeﬁ\conseenilvcyiéén;jgﬁd‘" ' ’{
vslnllarly that aovcral parcnot;r cpgngcs may‘ﬁ. nade vlthtn   ;L§;f#
.a slngte -a-pllnc lntarvalo ";537 ‘< —**fL“5~i{i”»3f;%?' |
o Gold-ack suggosts that ;ho inplcu ntatlon bf“httcctod
 -bf?nutua1 excluaion of tho control p;;§ ‘ -t :

vcomuunlcntlon pfoceasong Since tho proceasor's operatlon

ﬂéébérlpgq‘llf#lo;hotgfjhgn/moqopy—to—-euory‘poye\opcratlonérx$

- o - . o Dal T VR
its exocutlon tj-vcry.taut and*docs not holﬁ ap tho oontrol

.procram ln the case ot contentlon. Thll scheme was rurther;"/'

: \ . . T

‘. uuned m ‘the duign ot ACCES by provldlng tof -7
\ N
.- -V ” “/>0
eynchronls&tlon’ln throa -odes. : P
5 . / ':1: ({:_
L n“ACCBS are mutnttly oxcludod/durlng any e O
— T LT
R data—base operatgon by elther program. This ls'the ’////“f/v'
:ag;che-o orlglnally propo-od hy Goldsack. (Sp 1ed_‘ aff
: | Aaip . Sret o
by a tlaé\ln the hoader o! thn/rif/ronced o
L /' actlvity- )_:'_//_—’f"’—_/.- - OGS /
L B i » / : T . b K . L //’T/

f:(ll)v DISCO and AOCES are uutually\excluded tron‘procqss;ng

\

thc sane actlvlty rocord. (Specltlod by a flag ln'vf

i
th. hcader of thd'r.! fiﬁtid‘acﬁlvlty-)“,' SN
e _ SR ’*/ o ‘ B - A



~
¢ 4111) No mutual exclusion.- .. o= .
g Ny » : if, k .' B E .‘ ,:- o l - ‘ /' r“" .
— e o i .u:-_”._ 5 R S S _;";.r R
' Tho tir.t nodo ensuren that conslstonqy lt ntintalnod

-

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

».contpql sphggﬁ,ﬁqu‘oxauplp, ‘tn thqaqugp.thn~a nuqbpr ogz -{;u

71ﬂcct1viffe§ are jlven'a*kiodp5d;hi¢nuflon}'Thd adédnd'io&i;iﬁ
,{the nost commonly naod and asquue- thaf tho rotdrenced

N‘ “-,.

'factlvity {a solf~coﬁtalned.‘Thls nodo requiros fﬁo uso of’

'tvo DiJkainaﬂpnlmitlves [18]' the tirst to govern ‘access t; (‘_
. _ o -
O .‘the actlvlty rccord ’nd ‘a -econd to govorn accoss to :Lpair ";
‘ 'of polnte;s. Tho polntors speclty thc actlvltlcs bclﬂg ;“ ;4
jproéessed by D!SCO and ACCES at any glvan<tlme. i! eithei 5”~-
,program rcquesta an acti;ity record whlch tho polntora
) R L

. B rotd ,-"1}“'. |
‘lndlcate ls ln use by the other, then the torner prozram 13  -

‘ suspendeﬁ untll the 1at*er rofousea tho requlred actlvlty.9? f

::\\“\\s¢ng\\pct1v1ty proceaslng takes nuch 1083 tine thun
\

\

\\
-processlng of tho ontlﬁo IET““the—ftsk_nt qontention 18

'conslderably lover*thun 1n the tlrat mode.

.0

' Slnco thc eocoad mode ot excluslon lnvolvea ffﬁﬁ*f}ﬁw¥f
'overlﬁpped allocatlon otPtWo resourced} namely the acthvity

o ”record and the polntera, conslderatlon was glvon to the
LT [ L

‘ _poaslblllty of doadlock. Havonder [311 presenta several

_»mothoda of reaource allocatlon vhlch.vlolate the noeessary

",eonditLona tor a deadlock. DISCO and’ ACCBS requbst:and

'.\. :
aroloase thelr roaources ln the sume ordet thus satlstylng

”thogtgrus'ot.qne'pt ngvendor'qpmethoqs. It vas c ncluded,

o

;;3 ;fthiédiﬁro“fhit’th§-brogé@qéftah.névor;ﬁeco-d deaqkrcked_and
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LR by o&her programa 'hich need to operate on the data-heee and

i

105
.j

that the synchronllatlon would operete satlsfectorlly.

The third -odo 'hlch provldes Jﬂsynchronlsed access

to the;dnta-haee 1:»used for cq-nqnlcatlon with data records

A -~

which are outside the ART.

Since ACCQS is only. a éou-unlcafion ﬁrocessor lf.

cannot be 1n1tiated direktly hy an operator. ACCES is celled
: Y .

it 6bta1na buttera containlng values and control 1nf utlon

o
el

//;:;n such programa. Fetch and edlt operetlons which H&y,

)

‘vreference fields of a:bltrary,blf—lencth‘in thefentlre'deﬁef-'

base are supported in this waye

>

3

~ -

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

' Bese lanlpulatlon-> I : ‘»_A » J ‘ o }'g;ﬁ

Corruptlon ot the data—bese could leed ta- expenslve‘

and dangerous naltunctione of tbe plant connected to a DISC@

’

control syaten. Cowslderable attentlon has been pal?:to :

\

checklng ot valldity of real—tlne operatlone. This Bection

9

vlll doscrlbe sone lntegrity -easures 1ncorporated and

others vhlch ney become pert of the couplete DISCO system.

‘Some teatures of ACCES whlch ensufb that tetchfedlt

peratlons on the dete-base are. conslstent heve alreadx.been

Ly

described ln the preceding sectlon. The use ot a
. IO A )

co--unication proceesot aleo enhunces/iﬁtegrlty ln eeverul
other 'ays. ACCES checke that data-ltems addressed ln

T - 4 .
traneter operatlone are within tho addreseed seg-ent. It

A P ) . L L . /_ .
: Y



'lndopeh&ontly also checks khutlthe data-item lafwlthin_tﬂg/;///f“

specified actl?lty rocordszhorQ is also scope for the use

£

i:qt nultlplgdco--uqlcatlon procecsor;_such'aa ACCES{ each of

which would be dqdﬁcafﬁd to a spdclilc portion of the data=

‘base. By ensuring that calllng'ﬁrdgra-s_uqevthe correct
R . s . e _ A o
processor,y one “could also ensure that a data-area beyond
that allocgted~tofihe procéssor would not be accldontaily

.. corrupted.

In ﬁroccsqing the ART,'the DISCO executive also makes .

. nuEerous chedﬁs to ensure that it is processing gennlnq,

‘uncorruﬁted activltyvrecordé. Table 5.5 shovs'hov,the

compounded ettect "of asuch checks results in a Iikellhood of

»only slx 1n ten ulllion that bad data will be- mlslnterpreted

am an activlty record. Further 1nte¢r1ty checks lncluded in
~ ;

segment procesaors are expected to ensure that any

'accidental overwritlng ot the data-buse can be’ lnnediately.

dotectqd and renodled.u

'SchQQttler'[48] describes a number of techniques

. which may be uééd.to'rbhtart distributed proééssingninkthe.

gvent ot;a_fa11ugeq His discussiorn 1s oriented towards the

gntqgrlty.of dlstrlhﬁted.data‘basg manﬁgénent'séhenes_buf

‘Also‘hasblmportabt implications tbr'roalétime,SChqheq such

as DISCO-

Schoettler proposes that the lntegrlty problo- ehould

g<.

be'ditided<jnto two cqnponentg. The flrst would be co/cefned

with'lntedrlty"ot operatibns -hlch-upgate»data 1n»rpnote

prbqeqsor#. ¥ithin a single pro¢essor"node; operoﬁyons would -

K

R . . 106
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. Probability that random dat
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. . : :
Table.5.5 Probability of Processing an
: . .. Actiwvity Record Corrupted hy Bad
Data

Probability that random data can be :
interpreted as an activity ID' ' o .

will A
be pOﬂlthé is - eeseeee 09004-0000001/2

~Activity ID has a lowest o

., octal digit equal to "1°%. !

Probability that random datn '111
have a lowest order octal digit .
;equ;l to *'1°¢ 18 ‘.o-ocoo.oooo.ooooooolls

Probability fhat random data can be
interpreted as'an actlvlty 1en¢th

~Activity. lenath is poaltlve.
Probablility that randon data will
" be posltlve 15 . onooo.ooo.ooocoooo{}llz
-Actlvity enda’ withln the ART.
- Assuming an ART of 1000 words,
the prohahillty that a random
length will terminate the activity
record,thhln thO ART ims .o.qc.oooooolOOO/32767

Probability that random data can be
interpreted quan 'activity enable' bit

-grobability that a r@nd@n bit is 'on'esel/2

Probablllty that random data can be
lnterpreted as conslatont tinlng criterla

. =Poll time -ust be greater than phase
- timee ' ’
. Assuming a typlcal potl time of 10 secs" ' .
. the probahll;ty that random data (1 byte)

'/‘ '11l be in the range Ofe is 000000000100039

1



108

¥

Tﬂblﬂ S.5 esscontdes : . SR R

Probability that random data can be - o (I
interpreted as the first segment ID v ,\. v
 ‘Af present valid segment ID's are -

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

87255

TKE PROBABILITY THAT RANDOM COERRUPT DATA IS
MISINTERPRETED AS A~ GENUINE AC‘IIVITY IS) THE PRODUCT
OF THE ABOVE PROBABILITIES s _

. .oTHE PRODUCT IS«.0. 00000
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be chockpolnted und crltlcol updatcs ot tho 49ta-bo-e could

be logded in onvaudlt trall -tored on a socuro peripheral
>

mediume A re-tart of the systo-, torcod by sono sottiaro or

hard'are talluro vould lnvolvo repoutlng oll edlt- uaé:,,_

slnce the last succosstully oxecuted chockpolnt. Tho-o\odltn

could, ot course. bo rotrloved tro- th. audlt trall.
A scheme such as this could be the basis ot a falluro
recovery asyatem ln DISCO.’ It‘each.actlvlty record'were .

~

copled to a butfer for processing and then reatored when

\orocesslng of all sognents was couplefe; the ART processor
vouldbpertorm Just one edlt operation per actlvlty. These

' updotes could be’ checkpolntod thus pormlttlng a restart ln
‘Case of a 1allure ln the -anner that Schoettler describes.
‘Care. wouid havo to be taken to ensure that the strategy
adu'ted acbleved a ;ultablc conpromlse between‘a heavy
overhead ot treouent checkpointlng and slow restarts doe to'
1nadequatevcheckpointing. A Ilmltation would: havelto bc";

imposcd that actlvlty processlng should involve only

.repeatable operatlons ‘on. aystens and data outslde of the;
‘ h

DISCO data-base.'Tholllnitatlon ls necessary because
r startlna an activlty -lght lnvolve ro-executlng some ot

‘ / tHe éegments whlch ‘were conplotod -uccossfully betfore tho"
m Ifunction occurred. For example; 11 a segnent processorA

~

had set a posltlonol valve output then rope*tlng the
A . .
operation would still lcovo tho valvo in the uame, correct

_ poqlt{on. if, hovever, the volve 1ncluded an lncrenental

sohmation dovlce th.n_refoxccution'voulo double the latest
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change 1in the vﬁlve's'pblltlon. !

Audit trails of changes made by the process operator
would ensure that the data-base could never be in an

anblguous;condltlon as a result of fallure during pfocesslné

of an update- R.-tart routines could ensure that all chshgya.

ma de slnce the Iast successtully passed checkpoint 'ere

-

repOated. In the case'ox a Eompttte rc-lnLtlatlon of

activity processing, all edits logged ;h the audit tfall»b

since the last ART backup was made could be repeated on the -

~ . . i

restored data-b@seo

Updatlng of data %ﬁ remote proceesora may be carriedv

out with the aid ot lntentlon lists as 11iustrated in Fig.

5.6 These 1nvolve a mechanism proposed by»Schoeffler to
guarantee tﬁe.unambigubus condltlon of a'remofe‘data—bése in

the cage ot co--unlcatlon failure. The%renote edit starts

"wlth transmlesion of the 1ntention llat which fully

specd1t¢s all values anﬁ[gdd:easqa rqqulreq tor‘a particular
ﬁﬁdaté. It 1s‘a¢know1edged by thg reclhienf'proceesor (o:‘

elae lt'ié éetrans-ltted) which fh@n proceodé to éxecute‘thé

. changeé. If this procd;slng 1s checkpolnted, the upda te may_v‘

%

‘be restarted in the event ot a fullure. If the intenflbh

A

llst 1tselt is to be marked as an audit trull then lt must

be stored on'u secure nodlund The edltlng operation ls

carrled out to completlon and then acknovledged to the'

. Ve . .
source proéeesor. ) & 4 this»acknbvloﬁge-ent.talla to grrive

_then it may Be.subsequeﬂfi& prpqpted’by com-andlnd a reétgrf_'

.-

of the intention Ll-tllﬁ_thj rdana nodglég'
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‘._A;conputer control system differs {n ee-e respec ts

froﬁ ¥he genef£1f&1u€t}buted hetvorklno“el esnnmed‘by
‘Schoetiieeo Scheneeeeueh aq‘fhoee de5crlb_8 above vogl& heve
to be cqmblned with sonme speclel considerations related to
reutartlng'apecltlc'proce-s‘servlces. An e;krple 1: the
reste;ting’dt cehfrbl.algprlthns vhleh_use d ttefence'
‘eqﬁafgon.epprexlgefions to continuous time de ivatlves,
'These reiy.on tﬁe uee of dafa p61ntp’equa11y s_gééa Lhktlne
and 'ouid.not 6§efa£e'cofrect1y it fhe{p-precea 1n§ vasr
vveimélfere60qnenﬁed a:ter ﬁvtaiiure pee}qd.ffhe reqngremenf
{‘hefeleoﬁld Se torvtﬁe aldgrlthn to be'refufned fo'a éfartfup’
mo de lniwhlch it vould collect as nany evenly seaced data~-
;polnts as the order of the ditterence equation. Only when
these had been collected could the calcﬁlatlon ot val!d
‘oufputs\be,nesumed. It‘ls>¢onc1udéd tberefere, that any ”
”res?art(sffategy.wou}d'havevfo-interact-wffh-segment
epfoéeésors to enaure thatithe épeciallneedé o: the prdcesg

application were met.



CHAPTER 6

LY

EXAMPLES OF DISCO APPLICATIONS
ST . ; o N

6:1  Introductlion to the Chapter:
_ .

Tﬁe éiemehta ot‘g 'rlrst.;orklng vebalon"ot DISCO s
whlch have been lmplemented as R;rt of thls thesls project
‘“‘hava been deacrlbed in Chaptor é This chapter documents ‘an
exanle applléatlon used to demonstratc.simplo DDC and
_‘slmple supervlsory control using DISCO. A qetglled
dlscusslon of hov a more deuandlng,ﬁlndustrlalﬂéqnf;OL

4 ‘
problen could{be-handled,ls also presented.

6e2 | The Exaﬁple-Apﬁllcatiop:

 ‘, A schemmatlc dlagram of procea§ eéulpment used for
instrunent evaluatién at the Departmen% of Chemlcal
Englneering is shownvln Flg. 6.1. The equ1pmant;pses twoh N
pumps to cquulqte vqte:.ln a‘tlov‘cycl;.wyiéh includes

.faﬁkév'Yalvea'éndﬁpneunatlc tr@nsdﬁceré. All of the -
‘transducers and ac tuators cgn,be'lhterfaced,fo:the;HP_2240:‘
. measurement and control subsystem,. thus making them

accessible to DISCO. L ?A" -

113
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Tho Inptrunonfatlon -hovn ln/Flgo 6.1 lnplcnonts‘the

N

tollovlngvt'o procosa actlvltlc-. - A""”ff“w\;

. ‘ - - . / : .. . S : N
(i) level control in tank 2 by manipulation of the

outflow from tank 2

ii) xﬁopltorlngbot the inflow. to tank 2./

b4

. ®. . ‘ ‘

- The Layout and content of the actlvlty records whlch dotlne
these actlvltiee are shovn in Appendlx A.‘

The: tirst nctlvlty llplements slngle—lnpuf, single-

lvoutput teedback control of the Ievel and tacl taiee the,

evaluation of manual, proportlonal and proportlonal p

lntegral control'algorlthma. The esecond actl&ity monltors

v

‘,thé‘maln:sburcéAot'diafurbanco in the processﬂ namely the

lntlov to tank 2..Inp1ementatlon ot addltlonal\algorlthma

'would permlt the latter lntor-atlon to be used hp o ' e

, \,—-—«

vteedtorward control schemes,

‘;and supervlsory pgograma ‘may comuunlcate wlth the aﬁ:-hase_

'by ualng the comuunlcatlons processor ACCES. Table‘

51 shows

..l o B : | ) . /
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Table

. The Sequence of Control options

6e1
' .7 Exercleed by the Program DENO

Description

option

~-Level loob on nanual
) -Valvo tully cloécd

v--Dlsplay level and flowrate o

' -D1sp1ay level and tlovrate
~-Level loop on auto

—Actlvitiit onablod

~Display. level and tlowrate

~Level loop on manual
—Valve fully open -

'—Diaplay level and flowrato
~-Love1 loop. onrauto

control Props thn@ ' ‘10

-Prop. -
» ' - Setpolnt "'aA‘

-Lovol loop o

n ‘auto
on rof/——’—gz; setpolnt

~

‘—Prop.+tnte¢ral control ‘ L
Prdbn Giln

" Setpolnt: _

Integral Tlme'

*ul(u,

e

V-Dlsplay level ‘and tlowrate.if'
‘~Level loop on.auto - .« o
{v-Prop.*Integral control

New Setpolnt -

‘—Dlsplay level and glovrate'
7_-Exlt. o

2. 875

30868 ’

'ior‘”'fb
2 875 AERR

1;554;2' ‘




Q(ii) ‘set algorithm to ppbéof{ldnal control

}'A(Li;)h‘:ét ﬁfopo:tionhl.gpln'tolldf

spoci!iod chanao- tor a purtlcular opt!on .nd allov. tho fw:2/f a.~
F’Opcratot to run tho 0ptlon for any lcnath of tll.t/rh. noxt i A
optlon ln -equonce is lnltigﬁgg/by/tululns a’ con-and vhlch
/// \

_ renoves-DElO“f’”i tho_'-uspbnd lllt' ‘ 1-”'. ',;,f ~J%jf

ThQ~uuta~halQ chgnao- 1n£t1atod by DEM aho'.tho

' value ot uslng a co-nunicatlons/pnoéi;;;;.such as ACCES.

v cOnprlsos tbun. stlnct operatlonl. g

(‘

7(1) ‘ oOp on uutomatlc iif;’

B4

(iv) set setpoint fo 22875+

PSS L ..

It synchronlsatlon vere not guaranteed by ACCBS then

'  ogerationu (11).(111) and (1v) vould have “to be carriod out

ln a prellnlnury %ult. Only then vould lf be* poaslblo to setf ,
the 1oop on autonatic and to be certain that old control

algorlthm apoeltlcations were not used. Since ACCES is

ot

cynchronlsed vlth DISCO, all ot tho abowl/operaflonszcan'bé

L
carrled out 1n ono updat.. Thl- may bo dono vlth conplete

contldonco that tho cntlro-sot of edlts 7111 be 1np1e-onted

v

betveen conaecutlvo DISCO scans ot thc actlvlty cdncern.d.',:

’.

'". fgj Flg- 6 2 showu a annotat‘d rocordar plot ot tho lovoli

T
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“

\su--arlsed as tollova.

a (111) vThe level sottlnd to a steady’ equllibrium value Jvder

.

ey

vclrcular, vertical cyllnd.r, there is o 11noari

cofr.-pondenco vlth levol. The s!x modes exorclsed.hy DBIO
%

are narked on the plot of Plg. 6e2. It -ay bo seen that each,

-od. oxhiblted the expectod bohavlou# The reaults may be

I

% - I

e : ' ' e

'.(;),_Tﬁ‘ lov‘ifrane at a‘c;gstant rPte in respéhs?’té
| ”T été?ur;-;f the tank Oﬁtiét vglv;.}

v‘ii)“Th; le;elifgli gt Q;cohit;nt raf; ;;lrespé;gq-fo

.6pen1ng,ot'thQ'tanquuflbt‘valvo;’ S ;ﬂ | o /u

L ‘ L : )

A - . . o
! . A
\

1

proportlonal control. A tlnlte offgset was . N

..‘é

obaervod.

.(iv).vA change in setpoint moved the level to a new steady

egulllbflbn value. Again there was a finlte
offset.” N

.(v)n Chnnging to proportional plus integral control

‘eliminated the ottsetm DENO chow%ﬁi@he process

o 7‘
ey

. vat1ablo to be i&thin 0 16% Ofﬁﬁbl sbtpolnt.

T A——

(vi) A -atpolnt change under’ prqpoptlonal plus 1nte¢ral
o . , w2 .
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control moved the level to a hov'equlllbrlu-. Once
more there was no ottsct. the Process varlablc was
'lthln 1.5% of the ‘setpolint.

’, [ ) ~

It weas concluded that DISCO input, output and control
{ : : o T . a
ncchanls-- lqplc-enfed as part'ot the thesis proJecf are

operatlng correctly. Building the data-haae for the cxample'Vp

appllcatlon vlth tho hclp ot lnteractlve utllitles was tound

e )
~ . 1]

;highcr-lovcl sottvare laycrs for superﬁlscry and. ccncolc.

_to bc conv‘nlont and staighttorvard. Tho consfructlon ot,

’pcrvLcesualco poacd no diftlcultlos. Addltionally it vas
concluded that the com-unléatlons processor ACCES provlded
bcttor ettlcioncy ln cdnslstont fetch/change opcrations than

-schemes pcrnittlng trec data—base access for ull programe-

<,

ACCES also constituted a sate and’ clean intcrtaclng p

-

_nechunls- whlch algnitlcantly 1nproved “the lhtegrlty of

“data-bnsc updatc operutiona.

. [

>

,6e3 . Deslgn and I-plenentatlon of DISCO Segmenta.'”

<

Throc segnont typea have bcon deslgned and - R T
NN o .

\Eple-ented for u 'ftﬁ’DISCO ‘as part of thc thesis

*proJoct. These providod tho.mcuns tor luplementatIOn of thc‘

fexsnple appllcation of section 6.2. Tho sezments detine
1nput. control and output operaflona ln a varlety ot nodes
y ,
- and contiguratlons. Tho‘-eg-entﬁfcrmcts are shovn“ln tables

o

‘602, 60 °,9d 6.4. o ,3!\_.

/
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'.Tahle'6.2 InputASegngﬁt Por-atvposignod and
: . Implemented for Operation 1in the
. DISCO Data-Base :
| wora - pescription Field Length(bits)|
T 1 Segment ID . - B |
- Segment length ' 8
2 | Segment enabliidls#pte _ 1
Input operatlonal/non~ops 1
Input from process yes/no :
Input 'from butfer yes/no 1
3 Zero 32
5 °| Span 32
N : -
7 | Label .32
g | 5
9 | Input raw value (1) 16
. . S
° 4
N+8 Input raw value (N) 16
:'N+8+1 Input address (1) 16
‘ I . . :
.
-2N+8+1 Inpht'addpeaa‘ (N) ’ .16
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. Table 6.3 " Control Segment Format Designed

and I-plo-entod for Oporatlon in
ftho DISCO Data-Base

o

Yord . Description - .~ |Pield Length(bits)
1 Segment ID : . ] R 8 , R
Segment length =~ = ' v ’ 8
2 Control enable/disable .1
Loop startup yes/no ' . 1
Reset windup flag ‘ 1.
Algorlthm is subroutlne v
/progrem . N v 1
Setpoint change perult
) yes/no - ST 1
-~ spare 3 status bits'— ‘ '
. Algorithm ID : 1 .8
3 Setpoinf, : . . 16
4 beﬁortlbnél constant B 16
[ -Intégral time . _1§'
,_/ 6 ‘Derivative time . . ‘ 16
7 Integral continued sum | 16
8 Inputbpolntgr a (1Y .16
N+7“ Iﬂput‘polnter o (N) . . .
N+7+1 ,Output pointer 1y : - 16
N . .v‘ . N H .
R
DI*N+7+1 Output pointer (M) 16
'»NOTE : The. lnput and output polnters aro not needed

when operating with the data stack. Slnce
this 1is generally tho<cas!, the scgnont le
normally Jjust 7 words long. »

fl

o




. Table 6-4"'0utput Sagnént Format Doslﬁned
: ' yiyand Iwplemented for Operatlon ln
" the DISCO Data-Base

Word 8 bescrlptlon - : Fleld Length
, T | Segment ID . o 8
‘ ‘Segment longth‘ o . : 8

2 Segment enabled/dlsahlod 1

' Output operatlonal .
“/non-op , 1

Output poslt{pnal R o '
o _ 1ub:\-enta1 1
Output to process . : v

interface yes/no .
Cutput to buffer yeg/no _ N |
‘Output on manual yes/nO' D |
3 Output top liamit S : 16

4 .Outbutvbottou llnlt _ ! 16
‘sv - Output r‘fe‘llm!f,' . o l16

6 | zero - | a2
8 | span- . o ez

10 'LApeL f o 32
11 R ' : ‘ ~

12 | output value (1) 16
x>

 N+11 | Output value . (N) ' | 16.
N+11+1 Output'addféga"; 1) , 16

2N4il+1- .Oﬁtput address (N)  . “ o 16T
2N+11+1 | Output origin 1y o 16
S 2 S Y t : S : :

E}:i

*f
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. i .
. Table 6.4 ssscontd,

AN+11+1 | Output origin  (N) - | 16
- NOTE : The output origin address is not needed

when operating with the data stacks

Since this is generally the case, the

seguent is normally just 2N+11+1 words

longe (¥here N-is theinunberfot outputs)
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p . T |
Vhile the megments have been qt:uctnrdd'io dotln? a
wide variety of DISQOvoporaflog; if Llcby no nqan-'oxpoétcd
th@t they will be adQQuot? to;'all‘tutﬁtd tﬁﬁlic;tion-, It
is verf strongly eqphasl;od th@f}the formats shown lﬂ_tdbloé
'+ . 602y 643 and 6.4 do NdT répfon?nt“¥he inhereﬁt
 character1st1ca of ntsco vith rospect to input, contr&l and
output tunc*ions. The mstandard lntertace betveen DISCO an;
segnent processqr.noutines”and the -tructure‘og-fhe.dgfaf
,bas; bqiidﬁr.a116§ ;ny of these segment formats to be.quttq-
slﬁply alteréd_or replaced. Nevfségﬁent types may be,a&déd
Just as sinply aﬁ& fhﬁ- ahy.change in hard'are capahlllty or
any change in the‘nature o£ the application may ‘be handled.
| The lnput segment of tahle 6 2 haa been dealgnod to
;hap¢le any nquer of 1pputs.uslngvaqy,ngmber of,retyiqvgl
Aléorlthﬁa vith‘paﬁdom:aeresa{ng of:fhé_nource”d§§1ce.VTheﬁ
dgta—acquiqlf{ﬁn routlﬁeﬂipﬁigféaft;cuiﬂy_lnpﬁt is-specltledJ
iéipurt'of'fﬁé addreéﬁ';ord. 'hlldithe seﬁ;énf 15,':
vsuftlclently general purpose. to be capable ot hdndllng
Valmoat,gll 1npuf servlceg. there will be a number of
,tuncflons.iﬁlch vlllﬂpé handled;pore Q:tlcientlyAby a

modified format. The tollévlﬁd éfe,somé ex;nplés.‘

(1) vInput ot data-ltena vhlch do not fit in a élngle
word. Such data nlght be blnary—coded-declmal, 2;
‘wo rd tlontlnz polnt o uultlplc preclslon. In_
thgsé cases un”addte-l.for euqh 1nput wo;¢ 1g'nof

' necessary and the operation would be hdndl¢d”&ore
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_ o _ . S o ) . .
The above examples show 11m1tqttons.yhlch:pay be overcome by
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;ttlclonfly:by a -egmqn{ format which usedAJqqf\
oﬁ.'ad@ro-s for each nﬁltgélo—vord Qntry; |
(llf’ fhput o:la npibor of:data—lté;n from sbqueﬁthl.
addresses Ln a ainglc devlce; In thlsvcasé only
tho flrat addrees ‘and the nunbor of t;unstors needir
to be dpeciflqd; The format bf table 6.2 vould‘
- RY ‘ . : : .
" therefore be 1n§f}iclpnf in phdvidinz qddressea\v;v
 ' fcr §il the lnputﬁ\vhén mos t co#ld be aﬁsumed’by.
coq#éntibn.

L

Ly

~very ﬁlnor‘moditldhtione‘gpd ;ddttioné.‘IE it ever becomes

'necesharyato acquire'a largo 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,r

‘segment to-perfbrm the aervlce.

The control aegment of tublo 6. 3 is clearly orlented :

.

towards slngle—lnput. single-output feedback control. It is

lmportant to lnclude a segment whlch deflnes thls operatlon

etflclently alnce even when advunced confrol schémes are

‘used there wlll still be many 1oops of this nature. A‘vefy .

general segment could simply apeclfy the control algorlthmv

~

and a para-eter vector. .The tornat.and length of the

pérumeter_vector"ould‘bn dhﬁendent on the choibe ot

‘algorlthn. Thls typo of segnent deslgn would clearly be

2

capablo of deflnlng all concelvable control actlons. .The
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echene'doee, howe?dr, have llgnlflcnﬁtvdlledGAntagouyfor'the

average single-variable application since the ﬁull¢dr would

- no leﬂgor pfo-ptvtheru-dr for algorlthn puea-etere'by name.
The output -eanent of table 6.4 ‘has a tormat slnllar
.to thst ot the lnput eeg-ent. Since “the segnent‘organlsgttoe;
"seppoet- rendom aeeese to procoenfoefpufs,velnllar
_1ln;tationevend:aéventqéps fe”thdseedlecueeed for the 1nput/
",eednent;applyj Suhnarielﬁd, the segment le capable ot

handllng alnost any. output eervlce but some typee ot output.

o

1 g )
a slngle operation, vould be handled more ettlclently by a

partlcularly thoee whe re many transtere are made as nyt of

: ‘\/.‘ ¢
‘cuetomiaed tormat.

6.4 An.Industrlal Advenced Contrel“nbpllc&tlonﬁ

It hae been etated that DISCO has been deelgned to

hY

handle advanced control algorlthms auch ag those used in
‘unlvereity”reaearch and sophletlcatedrlndustrlal

uppllcations. This msection vlll doacrlbe how a difticult

- -
i
1nduetr1¢l control proble-\can be si-ply and convenlently

handled. Whlle the problem ls hypothetlcal, it ls hoped that ‘
- A :
the: deecrlption of . DISCO 1n the precedlng chapters and

operatlon ot the exenple eppllcatlon wlll persuade the.

reader thnt the solutlon presented would be a valid one.'

_6i4§i 'Descrlptloneot'theﬁzxempleﬁ "<W : I ; ) . \
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Decoupllnalcentrol of dlstlllafioe cotunne.le one of
thevmoet '1dely accepted advanced eonteol techniﬁuee fo be
us ed 1n che-ical procees plants ( 'ade [80]). The exa-ple,

" which vlll be presented here is taken ‘from Shinskey [54],
.wnere it 1ev1ntro¢ueed as a ¢enu1ne.lqduetrtal‘cg-euetudy.ve?
‘The deeoupliﬁg conieol 1; redulred.to ellmlnete interactlons
caused by poor peocese deelan rather than to lmprove
regulatlon or responsJ’ The exanple is nevertheless a valid_
one toe-the pqrpoeee of thls,thesle-

Flgo_éoa'ehows,fﬁe 1nte;ectlné eystem‘ef.tyo p@rallel”“
" reboilers on e~dlsdllleflon.c0‘unn- fye ¢p§trol obJectlvee

—

P

ares

(1) regulate the bottoms composltion as Indicated by tray

tempefetdre T
(i11) regulate the reboller_level L

"(111) regulate the reboiler .level L',
Tﬁetevallhble cppt?ol,variabl@e aref
(1)  repboiler heat input Q

-(11) reboiler heat input Q* . ’

Liil)‘ bottoms tloeeu¥e B.

-3
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SYMBOLS '3
T ’

L,L?

Q, Q"

Tray temperature from -
which compo sition is
inferredes '
Reboiler levels.

Reboiler heat inputs.

Bottoms product flo

/M

Example'ot Intdra@tlﬁg Reboilers

Taken from Shinakey (54}.



Shln-key analysea in so-u dotall,'tho naturo ot the

’lntoéactlon. Slnce the diucusalon horo lu not léncern.d wlth; 

control schcmo doaizn, thc analysln lu

.however, of lntere-t to- brlntty conslder why interaetlona

' exlstoilgmlp« ear tro- lnspectlon ot Flg. 6 3 that no .

xme

I

aatlstactory palrlng of lnputa and outputs 13 posslbln-_’rhe~

product tlovrute B, equally attecta both 1evela and hence

cannot bc used to control olther of then 1ndopendently. Botﬁ:

heat lnputs atfect all three of the output varlahles. As a

result, they cannot bo usod tor lovel control bocause thc

compo-ltlon vould then becone a tunctlon of level eetpolnt.‘

Shlnsk.y presenta decoupllng control as a. slmple cure’
tor the poor process design whlch caused such catastrophlc‘

lnteractlons. It la obvloualy poaslblo to remedy the

N

:pr.sontod. It 1:'5 

~

“Tslfuatlon bx restructurlnz the - plplng conflguration ot the Q&'

‘rebollers but thls ls much lesn couvenlent than a elmple

e

modl!lcation of. the control algorith-. The decoupllng

control ia based on synthesls ot new lnpuf and output"

varlablea tron Ilnear comblnatlons of the real process

lnpufs and outputa.
| Shlpakey descyiﬁgéfthﬁnbroposed gcheﬂe aSviolio1é:
. 57 ; .
'The ievel elgnals were averaéed ;nd used
;to contrél the dr;;-otf v;lve. The tempernture
'coﬁtroller uanlpulated both heat-lnput valves,'

‘-.

'biaeed by tho dittorontlal lovol controltor'  '
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‘ Plko‘6Q4'sho§- tho control scheme lh.blockddlagrai-toru.

Y

Shlnskny pres.nt- an 1ntaractlon anclys - for the aysten

'unqor cdntrol gtﬁthq ﬂocoupllngﬂlchb-o. Am provlounly

N
L

,‘statodi fbelcdnfrél_schéni ddi;‘n l-’not rcldvant‘tp thié

: m..u an'd-mnco'tm a‘:'{al‘yus will ‘not be 'dis'cuaaod. It i’

vﬁho'over,\posalble to see hy inspectlon that the syaten ls.

1'11ke1y to behavo ln a more satlsxactory mnnner-.Tha bbttons

“flowrute 1- now uoed to control the conblned holdup ot the.

"two reboilors. Thla ghould ye no nore dlttlcutt than level

Z‘.;control wlth a aingla tank unlt. Actual level regulatlon 13

Jeitectcd hy ellhinating the level dlfference hetwcen the two

_6.4 2 A Propoaed DISCOwﬁctlvlty éonflguratlon.

,‘tanka. Although this is done by nunlpulatlng hoat lnputs,"u
-_"the total heut -upplled durlng any level control acti‘n ls

';constant and honce the bottona compoaltlon ahould remaln

A

_4unattected. Conposltlon renulation is carried out by equal,

synnotrical manlpulatlon of. the heat: lnputs. There 18 an

1nferaction with the reholler holdup control hut thls

A'

' i
~ap_pears as B load to the level control sys&em and hence the',

 ﬁth 1ﬁ%?ot deetahillaed.

a8 e

w - : . \

A DISCO anlementatlon of the control schene ot Flg..

.6.4 vould require only an arlthmet&c segment 1n addltlon to

T

'ieatures whlch already ﬂxlst. Such a segment vould.pe userul

vtor nany operatlons and will probahly be made a part ot

-DISCO duq$ﬁ¢ cqntlnnlﬁg'vork in thé“nqyf tu?uféd A poaaible

-
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'for-at for such a segment is sho'n ln Appondlx Be
It 1- 1-portant to noto that the dlscus:lon here. .

relata- to true DDC, tabto—drlven operation of the .chene.

Cloarly 1t 1- possible vith al.ost any conputor c0ntrol

’4 system to yrite a su ervlsory progra- to pertorm the ¢ealred

& , i 4—9 ‘ | | _
functions. The advantages o: a,DDC‘&nplonentatlon are
pées@nted-belov.

(1) The control scheme is 1-p1é-ented,wlth exis'ting

l
@

-const:uctlons and no additional programming is

. \\ e . : )
necessaryes. -
v : : \‘ A & : : ’ . e .~ EX
. X - N ’ - . ) ¥
(‘ ) . ) R .

(1i) The scheme Léldetineduln a standard manﬁer‘ln.the
data-base and all the advanfuges ot‘fablé-drlven

) proceesiﬁg are available. ( These aqvantadég wére

descfibe&,ln Chapter 4),.

: (Ili)- standard console eupport deelgned to work with the

data—base may be used.

I

(1v) Standa§§ dataobaae utllitles may ;be used .for
specltlcatlon ot the control scheme parumeters.'g  : oL
- . : : ) e .
Ihe linear equations which must b apecltied ln the Ca

{éICJsegnent and vhlch ne :d to be evaluated as part ot

' the control schone aro.
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'L“=L'L' 0..6 14
TQA=i¥L”' 3006 2 B .
Q'=X‘L““. " 0006 3"*'_ i ‘ . ‘ °

h 4 =(L+L.),2 00-604W’.

(where x la'the output of the

' tenporature controller and y is tho~

-

lnput to the level controllor).

‘The specltlcationhot théso‘equntlons'ln-tho arithmetic.

$ae¢ment is presented 1n Appondlx Be

.

b
Fige 6.5 shows a possible actlvity contiguratloni
8

which vould handle the achene. The method ot dlrectod labels

'as'descrlbed in sect¥on 4.3. vould be used for 1nter—se§ment
‘}communlcatlon. The use of, polnters speclfied by the olrécted
labels‘woold allow the Iollowlna uﬂfef-s%gment acceases to.'
be é9d9;~ - B . ' : TR i
(1) T#é;bonfrol segment pfoceosor ioold fetch thoff%ayv
v‘temperafuro vuloe toom the precodlng 1nput
seﬁngnt.' |

' . ’ ) . " ) | h .‘ . . : . .

(11) . The control Segment processor vopld atore the’
tomperuture ntroller output (x) in the dntaAa:ea

ot the arithnetlc segment. -ﬂ» . - ':o' 5

(11@), Tho arithmetlc seguent processor vould fetch the

<

:104015 L and L* trom thelr respectlve 1nput

—-~-,;,;," . /

.--v . A
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Lt ‘ 2
segment storage locatloas.

-

(Iv)ffThe control -og-ent processor would fetch tho level

controller anut (y?) from the aélth-etlc segment

a

#
‘data area. It would than store the co-puted output

ini the output segment 1or_B.

b
N «

‘(v) - The output segment processor would fetch the values

. of Q’and Q‘ tro- the ¢a$a area of. the arlthuctlc

3 . o o

i 5

sedpent."

’

The precedlng dlscuslen has presented7a simplified
« g R E

approach to a’ real DISCO 1-plemontation ot Shlhskey'e’

control-scheme. The. purpose has been. to perauade the reader

. \,»,.'
b ! . 2

that DISCO could be used to luplcment the acheme as part ot

Y7

standard tablo-drlven, .DDC peratlon. 'Real plant' aspects

vhlch would also have to ‘be. consldercd in J tull deslzn
. - . B ) . (; -
‘study are as tollows:. '

-
3

)

(.1)  1ncorporat1on‘of-Illtcr,seg-ents‘to'emooth noise~

-

corrupted.lnpute;

© (11) 1incorporation oi‘alorn,segments to dcﬁiné action in

‘caseﬁotrout-ot—llnlwa COndltlohs

(iii) 'additlon.ot gain and offset terms in equations 6.1,

642y 643 and 6.4 to facllitate tuning of the
_ e ite inlng 1
. “ ’
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CHAPTER 7

<

S CONCLUSIONS AND CONTINUATION OF THB PROJECT

4

A deeign tor a dlstrlbuted dlaltal computer control

‘v

.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 engineerlng processes,
_‘l

»Bpecltlcctlon ‘of design obJectlvea for the DISCO. scheme and

a partlal 1mplementatlon of the scheme on-® eystem of"HP

74
1000 conputers. The. expanelon and dovelopnent.ot‘the

plementatlon is a continulng proJect in the Department and

good progress ls bo~ng\\gde towards a full realisatlon ot

 the DISCO desl&no'
X:‘Jl:* S ' .
As a fesult of the vork carried out in the thesls

'_proJect, a number of innovative tcatures'hcve been’

1ncorporated tn a very general copgufer?confrcl systeme. The

devclopment ot theso propertion ln tho dcslgn atudy ‘and

¢

their Justlticntlon 1n the particl 1mp1ementation has been

'thé main contrlbutlon ot thln proJoct. Thls sectlon vlll
v ¥ )

attempt to sumncrise the new and dlstlngulshlng teaturos

hlch are lntendod 1o make DISCO nore povertul than prevlous

T ~

138
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schemes..x'f : ' g ' o o L
Tho tlexlblllty of the DISCO'Achéne ls’attributablo,

- to ‘a large extont, to the data-baao de-lgn. Tho Kbtlvlty

‘record ‘which 1- the basls of tablo-drlven proceallng may
v a .

contain data which define ;uyﬂgp&ratlon ol vhlch the , ‘
- . . . L | . - . ‘
‘computer hardware is capabl e, These operations, defined by

aegmontg, mu& be'éarrled:out ln'any ordof and vith aﬁy
nu-ber ot repe;ltlona aé apecltled by tﬁe arranéeagnt ot tho
segnonts theméelveg. The use of non-ART tables facilltates
the loglcalyretere;qlng of lnqtrumeqtation.gnd butters- As a
" result DiSCO is lndépendént éf-lnstruménta116ﬁ proto;élé aﬁd
‘network sqfqufe. Tabie 7;i éﬁmﬁaflsps d;gtipgu;shlng“qnd
1nn9vat1fi Iédfﬁres 61‘thevDISCO duta—ﬁ;ee deslgﬁ,

The operatlon ot the DISCO aottvare has been
’Y B
successtully de-onstroted by the part-lxplementatlon. The

\

lnteractlve data‘bnse hulldlng utllltles were exercLsed

cthrahenelvely during thevdevelopment_of éﬁgnent foruats
tor the. ffirst w&fking Qérslon'.-The spéclflchtion'ot data—
S\ T

r
base table structuro and toruat in dlsk-based vorklng ﬁables

was a pgttlchlarly cohveqlent feature of the bulldér./rhis
feature allowed numerous modificatlons of the QQte—bqie

tables to be m;dé wlthout an&féhanges to’Tﬁi_BGTTEI;;J

“utilities. Table 7.24sum@ﬁrlses disflnguishlﬂz.and‘“ -

innovative features of the DISCO data-base bullding

utilities.

e

, The. operatlon of the real-tlme DISCO control ao!tvar\\}‘

.haa beon demonatratod by tho example doscrlbed ln Cnaptev 6. ST
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Tabls/4:t» Dlétinaulshing Features of the .
// - DISCO Data-Base Design '

1)

(i)

(i1i)

H(ivi

A variety o! operatlond de;lned by ggimehts of

‘accessed during actlvlty processing--One of

Av)

. stack is particularly convenlent when
'handllna ‘input-calculation—-ocutput!’

The data-base recordg which govern table-driven
procoseing in’ DISCO are based on the process
activitye. Thla contraats with most commercial
DDC asystems vhlch use conventional ! feedback
controlxloops' ‘a8 a record basis.

the activity record may bedincorporated in a
procoss activitye. ’
' ‘ ’

Sogmenta may be varlable-tength and may aleo

have a variable—-formate.

Non—ART ‘tables contain’ 1n£ormatlon vhlch may be

the applications for this type of table is to

allow logical refer ing of buffers and
inatru-ontatlon. - ‘ S '

A memory stack ls used as one ngkhod of passing
dafa between processing operatlons defined by
sudcesslve aegnents. It hags been found that a

mechanisms such as those common . in process
control structures. . -
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Table -‘,” Dl-tinzu!shlng Peatu es of tho

D[SC ata-Base del ng

(11i)

(1)

ii)

" The conversatlonal table—specltlcatlon results

- be edited by the buildlnz utilities.
Modifications to the source version do not,
- therefore, require rebulldlng of the table.

Civ) _
" variable names and symbolic labelas will

Utll , -
Addltion of new typos éqﬁ ,-'ba._se t:W;

o {modltlcatlon of oxlt&l'c-fype-
require thé hlteratlon’o! any - préﬁ
This is because the structure and’ )
all the data-base tables is stored In disk-
f£iles which themselves -ay be npdated by the.
building utilltlest

Building of DISCO Mta-hase tables ' 'is tully
interactive. Specification of data—itea
values is carried out in a "£ill-in' the~-
’blnnks' mode. - - @

in a user-orionted source version which may

Proilsldn tor;handling of mnemonic procdssA

simplify construction of linksfbetveen 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 programe.
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Althouéh the-part-ieplementatlon was restrlcted-to qo in-
. memory data—base and elngle processor operation, the nain
features ot DISCOJreal-tlme sottvare could etlll be
rlgorously tes ted. The synchronlsation hetween the DISCO
executive and the comnunlcatlone processor ACCES wue
obéerved to‘bo vooklng vell. The example eppllcatlon.
“demonstreted‘hov the use of § comnunlcatlons processor
tacllifqﬁ}d oowertul and conclise process operator commqnds
whlch were executedyln a controlled, predlctable manner.l

Table 7 3 suumarlses dlstlngulshing and. lnnovetlve featubea

of the real-tlme DISCO softvare.

7.2 vThe Contlnulng Pfgdect‘

AB, steted in the prevlous sectlon and ln precedlng
chapters‘the lmple-entatlon of a complete DISCO system is a
'contlnulng proJect in fhe Departnent ot Chemlcel

_Englneerlng. Thls section diecusses the maJor areas ot

‘outstandlng vork and descrlbes hov~the,developnent of each

"area wlll contrlbute to the tull renllsetlon‘ot'the'DISCO

s

- designe 27

- . ) oy

Te2el Futune'Wogk'ln Expanding the Data-base Building
Utltfties:
‘The most llportant task 1n the expansion of the data-

.baee utllltiee 1s the development ot the DOPE program
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Table 7.3 Distinguishing’ Peaturea of tho
DISCO Real-Tlne So!tware

ot

1)

(11)°

(111)

Synchronised access to the réal-tlne data-base
for fetch/update operations is guaranteed by
the comntuinication processor ACCES.

A atandard,lnterf;cd between ¢the DISCO/éxecutlva
and segment processor subroutines has been
provided. This feature facllitates simple
addition of new segment types and thelr
procesgsgorsay Tho author of a processor .

subroutine is able to deal with a glngle
documented interface and would never have to

 ;mod11y any existing code to incorporate his

routinee. .
x N v | ) A\ ) ‘

The basic period of cyclic ART processing may be
set arbitrarily when scanning is Initiated.

This is one of many features which allow

"DISCO to be adapted to the capabilities of

speﬁitlc computer hardware in a partlcular
working envlronuento
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A

de-crlbcd ln .octlon Se 2-4. This progran vill be ‘an

o

e*echtligvvhlch 111 guido the user in a conversatlonal

no&o. thrbugﬁ thL proéoss of building, edltlng and Iond&pd a
data-base. The oxecutlvo will alao -anago all dlsk filos
associated wlth bullding and -alntaln a 1oad map to enaure
that new tabloa do not ovorurltc cxlstlng rocorda.

The completlon ‘60t DOPE has been given high prlorlty

o #

1n the contlnulng proJect because of the organlsatlonal

improvemonts it vlll ‘effect. These 1mprovements wlll permlt
. . : 3 ‘

new users to sately experiment wlth the data—base bulldlng

utilities vithout fear of overvrltlng dlsk-flles or the
real-tiﬁe data;bdse. In some cases DOPE vlll make the.use of
- dlsk—!lles transpar;nt to thé user. The automutlc allocatlog
ot uctivlty iD's ahd the autqpatlc calculatlon of actlvity
record lengtha vlll make data-base. bulldlng and real—time
opergtlond.more rellablo.>
| when tﬁe Data-Base Operatlons Executlve ls

'lnplgnented, attontlon wlll be gliven to completlng aupport

o

. for aynbolic rqﬁeronces durlng conversatlonal hulldﬂng. The
‘ )
bullder andfed¥tor progran SBILD alteady accepts users"

vafhpble names for data-itcntvalues ‘and dlrected Iabels. To

mako thls foaturq.tubl? operatlonal, DOPE wlll have to

L b
e . ‘_‘

Lo . create flles tor gtorage ot synbol tables and a dlrectory of»
theae tlles wlll have to be malntalned. An addltlonal
utlllty wlll bs required in the sulte to bulld the tables

\ R o S
and to resolva synbols botoro loadlnga SR "
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7;252 Future Iork ln Development of\Proéi:a Opera tor -

~

. . v Connole Support.
| It hal bocn -tstod in soctlon Se 1 that nupport ior“;
1ndustrial stundard operators' qonsolas will not be doqtcnqdié

.,or.iiplohgntod;ln tﬁq DISCO ﬁ;odqct;;Sugpdft of tﬁli type
~would constitute a sfther-lévpt ao:ticéé layet.vh;eh{.lf_Q
req&l;ed, couldAalwayé be nlmp{y'infqrtﬁqu by ﬁoans of ‘the:
communications prbg@a#or ACCES;-“‘ |
There is hoievér; a QQQul;énent tor”slﬁ;le proceég
: operator utllltles whlch are baaed on. conventlon%} ASCII
‘compqtor terminals. Dovelopment of these utllltiee is
v il . ) W

‘ currenﬁly‘ln-qrogreug in the‘Depdrtmept.'Vhen'compléte;'tmg

[ a

prdcoss\operitor éupporf bottiare wtll‘tacllltath ’ Tl hy
Aapecltléafloh of tefcb_nﬁd.chahge 6pefatipns’on fh§ déta—
A . - : ; - , . hete

The utilities w1t1'gtad allow .

3.

i?nt&d 4 ta-tor;ut; such as declmal 1nteger,i&epihal
'tloatlngvpoilt'or ASCII characters to be used, The‘coﬁsplél
_‘commahde wilL,.vhere posslble,‘make hardware—orlented'data;_
lgﬂﬁﬁﬁddresslng tfansparent to thg'usefo Aa a resulf; wor&

&.adﬁreéﬁ; hlt pOsitlon and tield-length vlll have to be

‘spe;&tt!ﬂ ln only very exceptional clrcumstances.
E 'ﬁ , o »4‘ . o )
SR It 13»1ntqnqea$phat desplte rqstri¢t1on of console. -
e v o ST . , ' R = o
support to computer terminals the man‘machine‘lntertace\gﬁll W

:So:tléxlblevddd‘hunanforieﬁted. Co-nunlcatlop vlth ‘the "
'operational datn-base should be as slmplo aa manlpulatlon of

e By

© the dlsk~based source veral dh by bulldlng utllltlos- Thq»

”procoss operatov couqole sottvare '111 be adequate tor




L e 146
Lo o - _ T\/,‘ e

oporntldnftn\zgi\unlvertlty envlron-ont and wlll deuon-truto
hov a special purpone lnduutrlal qtandarq\con-olo could be

1ntortaced to DISCO. ) 1

s ’ . P

- Ta2e3 Puture 'ork in Davelopment of Nov Sezment Types. : L
.:\$\, The input, R fﬁ

output and control sognent doaigna

J

1mplem nted aa part ot the thesla proJect have been

doseflbed ln Chapter 6. Extenslve lntevtacing of pllot-plant

appllcatlona vlll roqulre at least alarm and tllter segmenta -

»

to be 1mplemented. Other seguent types such as the

arithmetlc seguent doscrlbed ln Appendlx B wlll be added asA'

DISCO 19 expanded to et a varlety of operatlonal needa.

In some lnstanceg cbmpronlses will. he nade betveen

fhe use ot segmeg}a and non*ART tables. Th&? sltuatlon wlll‘

arlso where the. segnent contalna data which is asaoclated
vlth an activlty but is notgproceased oach time the actlvlty «——‘§*$

N

is polledp A typlcal example of such usage vould be, a:

"a.

process diaplay spn-ent vhlch stoved addreéses ot key
variubles 1n the activlty tor dlaplay purposes. Addresses‘ :.  7

'such ag these could alternatlvely all be stoted in a. slngle

-
-

: ,non—ART table. The organlsatlon‘of the data-base vlll be.,
Ca
-,1ntluencod in this respect by.

n

(1) ‘the circumstances of noémal‘dééess'fo.tho_dafn
g R ' ‘ N R S i
concerned .

.
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'(11) . memory and processing overheads

e

"(111) clarity of the organisation trom theé point-of view of
the user -
(1iv) compatibili ty with use of peripheral sfofage'hedlq“

for less\freauently accéssed data.

’

T——

. ' : " . ' BN o
L Te2ed - Future Work ‘in the Development of the DISCO Real-tlmg

. Software:
K

.i% T The_DISCO'qontrpl‘ﬁpttvare is ;t prebeﬁt Il;itcglxé¥a“

x srngle;proceasor,vln-memori’scheme using thé HP 2240
.subsystom aa nwprocess interface. As a part ot tuture“vork
DISCO vlll bo extended to handlo ovorlay_ARILs—ttpm IQQALﬂ’/’

and network accessible storaae medlu. A priorlty “in this

n

J;spect vlll be the lmplenontutlon ot overlay svapplng to‘

and from the local diske Thls will allov actlvlty ‘records
) : / .
for slover activities to he stored on qisk and thus extend

& ya

the capacity of the control syste-. .
The I/0 facilities proposed for the DISCO scheme were
presented in section 4.4.3. Future work In this area will

anolvo”fhéfimplementatlon ot buf:er trapétef”brograhs for

r o

handllng local and netvork I/O{ Both syncﬁronous and

asynchronous putfer operETT?EE‘?TIt/ﬁGTFQEGI}ed and there
fa)
may alsoc be a’ need for speclal scans of the ART ‘to be

trlggqred:by arriving datuo'Thls’vorkiwIIL expand the

Y

-
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: T f S A S
capabilities of DISCO to permit tho use of ft@’&t-dnd'. s
.v»/—" L ‘ ‘ ‘ 5“’“
. ‘Process interface microcomputers, multiple 1n-trumentntlon T
buses and.netvqu;pxgggnndllef'”‘\-. . f_v f i
; L o gf,‘ $
5 : - / : M
’7.2.5 Futuro 'or# in Expanslon of DISCO ﬂo Multlprocgl-pr ‘“ @€
\ . ~ . . . :,,~‘=
e b . C
\

Opefatlon:r

Tho 1nplouontation of DISCO on a Jlatrlbutcd notvork

|
of dggltal computers '1E1_22£~D¢‘ the tlexlbllity,

\f-————"

reliability and capaclty ot the control‘sche-e. This work

will involve.

/
/
/

i) extension of the 1/0 facllltles for nptwork operatlon

&3
* .:j .

as dlscussed in the previous sectlon S

(1iy) designf&nd:1npﬁe-entatlon'ogwgpttwgbqvto perform .

!

lhtegrltyfchockq and error recoverxﬁdu}lng
.conmunlcdtldqﬂvlthfrCnote data-bases ,

|
i
|

(11i) extenslon oi}dataibase'buildlng and .process
vopoggtofs'-qﬁngole utilities for éendte SN
‘-operatioﬁiév

el

' : v_y . ‘ . "
S uodlticatlén ot the data-base building and process

operator consolo utllltles tor dlatrlbuted operations should

v
Sk

be mninly concerned -with design of a user 1ntertace.rrha

(?co-munlcations procol-or ACCES nay, in its presqnt torm, be

& . , e
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used for fetch/edit operations from a remote node. [t will

-

' therefore, only bc necessary to.bnplémént a higher—-level:

progra- capable of lsauing the remote .chedullng calle
‘/.

y,  A slnilar approach could be fuken to l-plenent ro-oto
ﬁgﬁta:babe loadlng.’Actlvlfj rocords and noqrART tables could
be loaded ﬁy a program sche&uleﬁ;by local or remote dqta-
bﬁgefﬁﬁ}lding,ufllltle; in much thevsane wa& hu‘ACQBS'in
scheduled by t#é conéol?'utll!tles._The ACCES proqrag itselt
could.'in‘tact. be used but slnc§ it iﬁbdesigned to edlt'a”

small number of data-fields in a‘flexlﬁle manner its

~ operation as a loader would not be very efficlent,

o

It is expectﬁd thaf use of bS/lOOO sottware‘and fhé
assoclated high—level languago netwo?k lntertace wlbﬂ
greatly slmpllfy synthesis of reliable information transfer
-eeh&nisme-jlntearlty ;n¢ eror”rogovery at tho message

level will be handled by the nefwork“spttwore. Thlé means

. that attention need only be given to ensuring the lntegrity

of_éémplote upqates‘cohslsflng ofispveralvnessagéé.
Restarting of opéf&ttdns toilowlng‘a tqllur@ in a particular
node illl‘hﬁve fb allbw_to; fﬁe»spéclel‘requlréﬁenta»of
restarting control algorlth-s as’ dlscuased in. sectlon 5‘3 4.
7 aIt is llkely that edlt operatlons carrted out by the
ACCES progrnn and. loader wlllvbe recorded 1n‘an aud1t“t;a1l.
Ih§ data-base c;n thén sq,fo-éypthesgged from a bgék-up copy

if any 1075 of data occurs as a result of computer hardware

'tailuros.j

! :
| : DI
i
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APPENDIX A

MEMORY-IMAGE LISTINGS OF THE ACTIVITY'RECORDS FOR THE

EXA!PLE’APPLICATION OF CHAPTEﬁ 6

ﬁﬂ.l | Introduction to Appendl* A'

Thls appondlx contains listings ot the output from
the nenory—lmase bpuilding program NBILD. The llstlngs (Figse.
A.la to A.lf) docu-ont the contlguratlon and contents of the
t'o.actlvlty records usﬁﬂ to lnplement the example
appllcution descrlbed ln Chapterv6.»The sequence of memo;y~
“lnagoa shown in the tlgurea of thls appendlx corresponds to.
the aequence of contlguous records londed into the . data-‘
baso. Each listlng -ahowsa’ deacr;ptlons and values ot all the

datdfltens"ln'n pdrticular actlv}ty header or segment

togqtﬁer with ankoctnl mgmory-lmdﬁeg

'
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/f o - APPENDIX B

A PROPOSED FORMAT FOR A DISCO ARLTHNMETIC SEGMENT

Aol Introduction to Appendix B:

——

arithoe tic segment such as that pedulre¢ for the dqcoupighg‘

! )

control example of goctlbn 6,4. The proposed segment format .

ls shown ln table Bele o et

) .

Compromlses need to be made, whon doslgnlng such

segments and thelr procesaore, to. ensure that that adequato

operatlonal CQpabillty Is'acconpunied by roasonable

~

slmpliclty in procoselng- It 1- clearly. poaalble, but in
general undealrable, to makd the seament 80 povertul that 1t
constltute- sourwﬂ\bodo to a hlgh-level sclentltic

lntorpretor. In such a case the sogment procosuor would

v

become -the lntorpreter program.v

Propos.d proceaalng teatures tor tho arlth-ctlc

aeangtggre-a- zolloyn. ' 3? i

i

IS

This appendix describes a proposed d;;lgn.{orua DISCO

1) PnbcesslnffVouid follq! # af;ict éoquentlﬁl,ordqro YR

i -1 !

s z‘Parslnz ot cxprosaions ln brackets would not be

‘undéftakonq Nestod oxprcssions could, howeveru be

170




(i1)

C(1ii)

i,

SIS}t

BT
dealt with by storing intermediate results in tho'%ﬁ

segment data arod.

Any number of expressions could be defined in a

slnglé segment. The end of an expression would be

[}

marked by thoi'=' opdgatorq

Integor,floglcal or tlbatlng‘polnt modes iould be

\ Sas

'épecltled by the control byte preceding each

-

.expressione Sinilarly the lust expresslon to be

1nt6rpreted vould be flagged as such by 1ts

con:rol bytes o ; _ o ‘ )

/ T~

(iv) Operands and results wogld”bc cpbblgldd by pointers ‘in

(v)

gréqtest, uolecfllddst, eANDe,y «ORi,y «NOT.,

. - :
the arithasetic expression.

Typical operators would be }

*: =y Xi '/, exponentiate, i th root, select

'vexcluétvc ;@RQ

Table B.2 shows a specific exahhte of the use of the:

arithmot4c_segﬁpnt, ?hlékpprtlcuicr ségment h@s been

formulated to deal with the arithmetlc requirements of the

proposed decduﬁling coutroL schemejotﬁsoctlon'6.4.

-

Bulldlng of a segment such al thut shown in - tho table:v‘

/

§5 .  vould put to good use’ a nunber of teatures of the data~baso

e
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builder. Symbollc handling ot the dlrectcd labols Vould
vallov the user to :pcclty his own names for thc oporand-
ra ther than'actual pointers or nétlvlty ad#rossea.ff
Facllltlé;-tbr ynhollc'roprduéktatloﬁ of-nﬁhcrléai‘value;
mprovldod ‘by the bulldlnz utllltlea vlll pornlt th- use of
’;nemonlc nanen tor conltants 1n the arlthnetlc operutlﬁna.
In au-mary. tho bulldlng of a -egnont such as the proposed

arlthnetic eegnent 'ould be very much llke entering

equatlgﬁq'ln FPORTRAN source code.
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Y v " . . {
R o
; fablo B.1:  Pothaf pt‘tho Proposed Arithmetic Segment
» - - . — ’ I 4 5. A - -
' i - . \ :
Word v " Description Fiold-chgih(bltg)
1 | Segment ID o 8 W
Segment length 8"
. S -
2 Sta tus byte 8
: Control byte 8
3 Address of operand o _8.
| Operator ‘ 3 _ 8 -
- 4 | Address of operand /;;_/,//1f ',
ra " N . . : : ’ .
Y . - ‘. e .
) .I.. . ) e RN ..
' Address of operand 8
‘| Operator =7 '8
ST  Address for result i . 8
- Control byte . 8 0
_ - Adﬁ?éss ot.opernnd 8
v N .V ";_
. ..
- o VAddrisp for result -8
—— | Control hyte - 8
S g N
. DATA AREA -

gt
.mﬁ
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Table B.2 Exa-ple of, Use "o’ the Pro ‘Arithmetic

Segment ln th

le of'Sectlon 6.4-

/ A 1‘ .‘ d.
Word ; O Description
1 | Segment ID - . ‘ - L
s.gmont langth (= 18 words%*
2 _Statua ) ' :
‘ Control byte(tloatlng pt. &peratlon on
i variablea atored ln 1ntbg.r
| ;é%‘:, tovmat) -
3 | Address of x .
+ - .
Moo : . S
, 4 Address of L g . ‘
. : 5 éddtesp of L e icfszx 2
6 Addross'nt Q - f
Contro‘,byto(floa 1nB pt. operatlon on oL
o Lo " wvarlables stored in. 1nteger.
- o L for7at) .
7 A&drﬂdi,of x ’( \ _ .
' '8 -Addresg»btbLn ' %x‘/;‘;
Pogy ‘ IR
9. Address of L' ‘
10 'Addrdsgiot Q' o
s - Control byte(floatlng pt. ogerqtlon on
- b vtrlahlea a ored in lntagar
.. F I " . }[.
" 11 | Address ot L
; 1 & v P 2
.12 | Address ot L*
, /.” = ' o — 1 ’
v K
T
X -/
‘ /
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.
Table Be2 sesecontde -
) .
) ] )\
13 Address of const. =2
= . -
14 Address of y v .
Control byte (end of expressions)
15 Data (const. =2) .
16 Data Q). )
17 Data Q") Y
18 Date

oo

(y) |




