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A PROCESS CONTROL SOPTWARE PACKAGE FOR THE 5.R.S.

¥. R, Atkins, B. E. Poole and W. R. Rawlinaon

1. ERTRODUCTION

The- computer control asystem of the Daresbury Synchrotron WHadiation
SouCce empioys 8 network of Interdets computers coupled as shown in  Flg.
t. The site central computer, em 18M J70/165, 18 alac iscluded 1in  the
contrel system network, belng umed for programme preparation, bulk data
atorage and applicaticons requiring lasvger processing pover than the

Interdara machines cen handle.

The opersting saystem aoftwsre used in the costrol aystem computers
wes anpplied with the machinea. The model 7732 runs under US/32-HT and the
model 7/i16s run under O8/16-HT. HBoth operating mysteme have heen
considerably enhanced at Daresbery, in order te add featuren eszential to
the production of an 1ntégrated control system. A major part of this vork
was the production of the network intercowsunication scftware to conform
with the Daresbury network prokocol, for hoth mechine types. Another large
development was the software to give high level access from applicatica
programmes for wonitoring and control of the sceelersbor plont on a
network-wide hasls. This latter package which includes the design and
{mplementation of the control system datsbsse, a speclal superviaor call
and ‘executive’ type task handling all process inputfoutput services For

the 7732, and process control “device driver” software for the 7/i6%s

forms the aubject of this report.

. SYSTEM ORGARISATION

A bBlock diagrem showing the organimstion of the proceags comntrol
asoftware ie shown In Flg 2. The aystem datsbase in defined by u source
file containing s complere definition of every parameter to be controkled
ot monitored. Thia 18 used as inmput data to progrenme “DATABASE” which
builds four working £iles and comstructe polnters for cross—referencing
batween them. These four filee ceaide on s T/3E disc pack, amd it i
necesaary to produce a sebser of the malo databese for each of the /16
winfcomputers, which mupt be capable of operating with wvomewhat reduced
facilitiea in stand-alone mode. ALY the 7/16 goftware i3 core-restdent,
aud two means of establishing their database are provided. Prograume
*MINIRASE” cen produce cither an sasesbler source version which, after
mesewbly, can be linked into an 05/16-MT system as part of the norsal
system generatios process, or a core image vhich can he loaded dnto a

vorkloeg 7716 via the nertwork communicatlon system.

On  completion of the datsbsse generation, the execubive task
"PROCESIO” fs foaded and sterted In the 7/32. This estshlishes calla to
g1l 77}16°8 1in the syetem visg the network and sesigns the datsbase filee.
A1l application tasks in the 7/32 make their process contrel requests via
the apeclal aupervisor call SVC8 to PROCESYG, which carrles oot databsse

sccegases and network operstions on thelr behnlf,

At the 7/16%a, process control vequeets asre received from the
network by taak ‘REMPIO” uhieh makes 170 requests vis the sormal QS/16-MT
asupervisor call S¥W1 tu three apecial device drivers, one handling all
anslogue iaput, the sucond sll analogue output and the third all plant

status contTol sad monitoring. Theee drivers all sccess the plant via



CAMAGC modules in & CAMAC serial highway system, obtaining the appropriste

¢rate, station and pubsddress codes from the 7/16 database subaset.

The dstabage suhset may be accessed divectly by spplicstion tasks
within the 7/16%s, and process control operations may be performed via
SVC1 calls, althouph the repertolre of proceas contvnl Eunctions 1e more

restricted than those aveilsble in the 7/32,

3. DATARASE

The structure of the control system databace wae determined by the
methed chosen for grouplog and neming the mschine parameters. Fach
pavameter 1s defined by =a three part name, the parte belag tevmed the
agction name, group name and item number. The section neme conaists of two
alphabetic characters, the first defining the plant srea, and the second

the syastem within that sres. The present alloustlons for these are i~

L ~ Linear Accelerator V ~ Yacuwn
F ~ Flight path to booater G ~ Blectron gun
B ~ Booater Synchrotron R =~ K.F.
T - Transfer path to storege tving € ~ Contyol Bystem
§ ~ Storage Ring ¥ -~ Hagnets
¥ - Beam exit pore 1 « Injection
I - Yser beam linea E - Extraction
B ~ Beam

The group name conplsta of Ffour characters, the first must be

alphsbetic, the remalnder alphanumeric, and defines the name of a group of

fdentfcal plant items, for example BY.IONT defines Booster Vacuum Ion
Pumpé- The Jtem number, in the range 01 to 99 {8 appended to define
uniquely s aingle parametnr. There are eight fon pumps on the hooster,
identified aa BV.IONP.OL te BY.IONP.O8 , the otder Cor alloceting the ites
nombers being thst 4n which the beem passes them during its trassport

thyrouph the machine complex.

‘The dstabase stracture 4¢ wphown in Fig 3. A directory to the
database fx bullt up as the asource data 18 processed hy programme
“DATABASE® snd saved in a contiguous Eile on dise. This contailns sn  entry
for esch section name, a polanter to the first group eniry for that
section, sad the number of groups within that section. It also contalns a

ilst of g1l the group names.

At aystem Initfaliwstion, the directery is read by programme
TEROCESIO" and retained In core to ensure Eapt look-up time. Civen &
parameter name, the aection directory 18 searched until the sectios name
ip found, then the sppropriste group file pointer and wunber of groups are
used Eo search only the relevant portion of the group name tahle, snd the
index at which the group name ig found 1; uged as the random sddress to
#ecess the grouvp dats dise file which containa all the dats common to that
group plus & pointer and renge For accesa to the dota for all individual

{tems contained in the item file.

The structures and definitions For the group and Stes file records

sre as follows 11—
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where :

Unita

Decpl

Intype

Qutype

Almtype

Feclow

Fechigh

Hitems

I unica I
I decpl I intype I outype I almtype I
. . r
1 feclow I fachigh I
+— + +
I nitema I I
+ + —+

Group record - 16 bytes

= Unite of measurement, % ascil characters
~ Number of significant decimal places

~ Used to define calihration algorithm for converting digital

input to engineering units. {

- Used to define algorithm for converting engineering unite to 2

digital outpuk.

- used to select type of alarm check to be applied to this group

hy data logging software (0 = no alarm check)
= minimum allowsble value for digital output
= maximum allowsble value for digital output

= number of plant items in this group.

Indexi

Itemno

Flaga

Parsmid

I index{i 1 itemno I flaga I
+- + + -+
I paramid I atatua 1 refsts I
4+ + t -+
I nmesgs I I mesgprr 1
I cnkval I I
1 value I
+ -—
1 refval I
+ +
I allolim L
1 alhilim I
+— +
1 calinp I
I calout I
+: + -+
1 aiaddr 1 aocaddr I
I ataddr I I

~ random address of thie record in item file, used when

Item record - 48 bytes

it back to disec.

plant item number

low order hex digit describes attributes

writing

of parsmeter,

order hex digit used for accees flsgs as followa:-

Xees «os. parameter is o

ffline

sXes+ +sss control reserved for 7/16 syatem via

portable cona

ole

sess +X»» parameter has status control
«sss o= parameter has analogue control
s+rs +esX parameter has analogue monitoring

parameter identifier,

allocated

at da

Hexadecimal quantity, numbers atarting at

parameters in Linac 7/16

system,

numbersa

high

tabase generstion.

1000 allocated

atarting

at

to

2000



Status

Refnty

fizesga

Mesgper

Cntval

Valus

Refval

Allobim

Alhilim

allocated Lo parameters In Booster 7T/I6 uaystem, nunhers
starting at O0 allocated to parometers in Storage Ring 7/1%
system, wnumbers estarting at 4000 allocated to parameters In
the besn linea system, numhgcn‘trem SO0 npuardn reserved for
R & B system, snd numbers with the sign bir set allocated to
“wirtual® parsmeters which provide control vis groups of other

paranetatd.
current status of payameter

refergnce status, f.e. expected stuius Lor normal accelerator

operation.

the number of .status Encerlock messsgyes relevant to  thls

parameter.

random address of the first message in the message Eile. This
ia glways the parameter title. Any further wesseges relate to
interlock contacts connected via the atatvs centeol  and

monitoring aystem.
current control value applied to digital ocutput.
current value in engineering unitsa.

Reference value, normally contains a “atandard setting” for

that parameter.
alarm low 1imit value.

alarm high 1imic values

Calinp ~ calibration factor for analogue iaputb.

Calout = ¢nalibration factor for analogue output.

Aladdr « encoded analopue input sddress.

Acaddr = encoded analogue output address.

Staddr - encoded atatus sddraen,

Application taska use the procees 1/0 procedures to access the
datsbaae vin task "PROCESID® and dats from both group ssd item files {s
combined Into a third record structure {mode PARAM in RTL2Z} shiich all  the
application Ievel procedurea use. In sddition to datsbase information, the
structure contalns space for volatlle faformatlon shout the plant Ltems to

be held. The structure 1a @



1 pacsmid 1 nanlenth |3
1 TEme )4
I none i
H nagme I untienth i
1 unita 1
k + t + +
1 1temno 1 attribe 1 modifier I comp 1
+ + t .
1 reqatat 1 status 1 itlkpatn 1
I entval 3 drodate t
A b
1 value T
¥ ealinp i
s + 4 ¥ +
1 decpl 1 intype I almtype I naesgs 1
EY Pt A
8 mesgptt I I
e +
|4 allolinm 1
1 alhilin 1
o +
1 calout 1
+ +
i rafval 1
} + 3 ¥ +
1 outype I knobine 1 refates I 1
+ + -+
1 enlolim 1 enhilin I
R + +

Varisbles with nemes appesring in the growp and ftem vecorda ghove

are copied from the database to the user parameter record whes procedure

Parom tecord - 72 bytes

dbopan is calied. Definitions of new variables aver

Fame - the psrgmeter name In an RTL2 type array-

Batta

Attytha

Madifiey

Gomp

Regatat

Stoatua

Itlkpatn

Entval

Drodata

unita are aow in aw RTLZ type array.

tha conteats of the flaga byte in the database.

weed for ensble/diasble of control. Normally set up by task

‘PROGESIO”.

the Individual completion code set by noy process 1/0 call.
Procedure DBOPEN mpeta Lt to sero normally end hex 40 Lf that
parameter has alvendy been opened for control by another task
in the 7/32. ALl other calle return codes set by the dyivers

in the 7/164, see chapter §.

requested statun to be get on next call to SETSTS.

plant atatus returned from last call to READSTS.

atate of interlocks returned from last call to READITLK.

eontrel setting for enalogue cutput to be set on next call Eo

SETVAL.

digital reading from laat call to REANVAL.

When DBELOSE 1a called, only €ntval, Value and Statws asre copled

back to the datsbase files.

4. THE 7732 PROCESS 1/0 SYSTEM

Procese 1fc to S.R.§ plant ta avsileble to the INTERDATA 7/32

programmer

ty meana of a superviaor call,SVC 8. The fucility conslats of
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the SVC B handler and an executive tesk, PROCESIN. The process i/o task
currently occupies 10.5 k bytes of core and handles database snd network
operations In response to user requests. An overhead of approximately lk
bytes {s Incurred for each task sllnued.to pecform concurtent process i/o
operationa. The precent implementetion allows 1 tasks te ba concurreatly

ugting PROCESIO.

The SVC B handlea wser requests by making uyse o©f the OS3IMT tapk

handled trep facility. Requests to PROCESIO are added to ite task queue.

A set of interface routines have been provided for the WIL/Z uvser.

These routines conatruct the SYC 8 paramweter block snd ispue SW 8.

A user task in the 7/3Z. has n#ccess to any plant ftem vis the
guperviser call, SVC %. He may issue SVC 8 to OPER g table of parametecs
which he intends to resd-only(i.e. monitor}) or centrol by setting
appropriate bits in the SYC 8 cosmand byte. Opervstions goan be performed on
an 1fo sud welt or 4fo end proceed basie. Having OPERed a table of plant
ftems for process 1fo the user may vequest that the table be URPACKed inte
aetwork boffers in veadlmess for the execution of various process ifo
operationa. The EXECUTE/PACK facility allows the uper to gpecify a number
of process ifo operations such as read value, set value; read status etc.
by setting appropriste bite in the $¥W 8 function code byte.When the
network trananctione for the EXECUTR/PACK functiom have completed, the
user buffer is PACKed with the returned vaglues in the network buffers. The
LNPACK~-ERECUTE/PACK wechonism operates on the vhole of the user buffer. If
the user intends to perfotm a control operation on wnly one of his tahled

parampters he may uwe the ENABLE/DISARLE functinn of SYC 8 tn selectively

131

dinghle control on those parameters for which the opecration {s not to be
perforaed, This facility works at the user level only, the actusl control
or wmonitor status f£or all parsmeters hoving been established st OPEN
time.Control operatlons on paramatera which have been disabled nt the user
level result in the return to the user of cutrrent veluen held in the /16
datahase. This provides a mesno of setting up the 7/32 databaee from the
7f16, When the user no longer requires control or monitorlng access to one
or wmore of the parameters in bis buffer, he may CLOSE those pavametera by -
teguing on SYC B with the mppropriate Bit set in the SYC 8 command byte.
The CLOSE function copies the control value, curremt value, status end
reference status from the user’s buffer to the datsbaese ftem file 1f the

user had control asccess bo the parameter.

The following describes the individusl Functiona aveilahle f{n 5VC 8

ia more detsdl:

4.1 Fanctions Supported

Open = Cives the wuser access bp one ot more dstebsse parameters. A
request Lo open can be made for monitoting oaly or for sontrol
and monitoring access. The openr function completes entries in
the user prowided buffer for each opened parameter gad in the
case of controllad accesn sets bite in & bit mep to {ndlcate

contrel of parameter{s)} by this tssk.

{lose - par&ﬁetars previously opened by the uper wey be freed for use
by other tasks by a call to CIOSE. The cloee Ffunchlon
indicates 4 parameter I8 closed to the uset by zeru-ing the

Paramid for that watry Lo the uset’s huffet. in the cose uf &



Unpack

Execute and pack ~ the FExecute and Pack function carries out a

Clogeall

pavameter which haa been aasigned for controlled acceae the

are reset to Indicate Lo

relevant bir{e) 1ia the bit mnapa

PROCESIO thatr the parameter 1am no longer under control.

~ fallowing an OFEN operation, the wuser may {ieaue an UNPACK

vegueat 1 he fintends to monitor or control cthe opened

paraneters. The unpack function searchea the user‘s buffer for
non-zero Paramide. For entriea with non-zero Faramida an entry
booster or

1o made in  the relevant network buffer{linac,

storage ving).

The UNPACK Function fe performed in two passea. In the

Eirst pass entrles sre searched for psrameters for which

controlled sccess has bheea pranted. The asecond pass saarthes
for pavameters which have monitoring access only. The two-pass
allows network buffers with

appreach ardering of the

controlled porsmeters placed firast. Any subsequent axernte

operation, which {2 allowed for controlled parasetera only,
can he carried out wirh ne re-sarrangement of the network

huf fers.

plant ifeo
epevabien on behalf ¢f the user for either monitor or countrol
operations, Thia functlon performa network operations to the
returns the

relevant mini compurer{s) and resultas to the

uoer’s buFfer.

=~ This Euncetlon 18 not accegaible to the uger. It 1s provided

for use by the ave 7 executor when & task haa gone to

13
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*end~of-task”. Parameters which the user has fefled to close

are clonred.

Enable/Dlanble - thie facility is provided to give the user the sbility to

enable or disable control of parsmeter(s} AT HIS LEVEL. It

does NOT alter contral or monitoring status st the procesia

task level.

4.2 8YC B Parameter Block

forwm:

The

where:

CHD

,.r.

sve B parsmeter block 1s 24 bytes long and has the following

4 + -t +
IeMp I FC I LSTS IRSTS I
ILW IERH I NUM I LREG I
I SECT I SITM I EITH I
¥ GRMP I
+ +
I SADR I
+ +
1 LPTR I HLS 1
+ + +

= {ommand byte -bite have following meaning:

Keaw vens Open
unpack

execute and pack
enablef/dinnble contrel
cloae

‘walt only’

teat 1/o complete

not aped

wKas muwe
neXs sawn
veeX ceae
DL
asae wXes
txws nals

sarw week

FC ~ ¥Funetlon Code~blits have following meaning:

ifo and wait
database group boundary croasing

Xeea 201y

aKes taes

14



enghle
veXs »:er  databese asection boundary croesing
enable
«waX «ev. goutrol of perameter{a) required
sres XAEx  encoded part - uaed In execute end pack
anlytw
Gmpog
I=resd analogue binary
2=rend soslogue calibrated
3mread status
4=read interlocks
Swurite acslogue binsry
Gwwrite analogoe calibrated
I=urize atatus
Bmurite referpnce value
Jeurite reference stotus
10=write increment

L8T8, RST§ ~ Local snd remote status respectively. Lets is set to indicate

L8

ERN

an ervor detected during processing of o requested proceass i/o
oparation. Rets is set ouly by network read operstions in the
execute fonction. The stetos retorned on a netvork read s

Logivally “OR"ed dnto reta.

Logical wnit number of process ifo “device”. in order to make
uge of the event co~ordination structure of O8/732-MT, process
i/o operattons are trveated iike #/o operations to & device.s
DER axista for the "device” amd & faak wighing to perform a
process £/o oparation connecta to the procesa 1/o “device”

4

leaf.

Error number. This number ie set by the process ifo teek to
indfcate the last succesaful process 1/n  operation
wecomplished  Ln o mulvl-function commpnd. The value of this
numbar i the number of the command byte bit apecifylnpg the

funetion performed, 1.a lwopen, Zwunpack etc.

N

LREC

SECT

SITH,

GRUP

BABR

LPTR

ELITH

-

-

The nymber of parameters in the wser huffer.Alsc referred to

an the “oumber of lines” in the ueey buffer.

The record length of the uner buffer. The wnlwe of Lrec fie

fixed presently at 2 bytes.

Section name—-refers to the database mection name for uee in

the OPEN function, e.g LV linac vacout.

~ Start and end item numbera for  parametera  in  the

database.lUged in OPEN functlon only.

Databgse group name-used in OPEN fonctlon, e.g LOWP

sddress of uveer buffer.

Line polnter-pointe to the parmweter In the user’s buffer at

which the ppecified process 1/o operstion(s} fa to bepln.

flumber of iines. Specifies the oumher of parameters In  the
user’s buffer for which the requested process L/o operstion{s)

is to be performed.

4.3 SYC B Executor

The SY¥C 8 executor resembles an O5/312-HT device driver haviog

initialisation,{interrupt service and termination phsses. The Fenctions of

the three phases are as followa:

4.3.1 tnfgfalisation phasee

Thie phase 1s entered in RS gtate, aand the Following checks are

maded



<Fresence of PROCESIO task

»Command byte nan-zero

«Sectlon name non-zere for OFEH request

.Stert and end addresses of uaer’s buffer relocatasble and in the ¢

same logical sagment

+Validiry of specified loglcsl unit number

«Yalidity of DGB address

For & valid request, the following actiona are tzken:~

-For "walt only” end test ifo complete a check 19 wade to see 1f the
raquesting task i connected to the procesa 1foc “device” leaf. If

it is wot, the condition code 13 set to gerc and A retury la made.

.For test ifo complete, the conditlon code in der tn x"f” hefore
returning to the user.For ‘wait only”, the f/o walr pending bit ta

get prior Lo exir.

seonnection of the task to the process 1o ‘device’ lesf 1s

[T

attempted vis EVOCON

.

For /o and wait the 1/0 walt pending bit ia set in the TCH

+The entry point of the interrupt service phsee is put inte ISPIAR

»The DCB address 1s added to the timeosut chain

+The DCB address ia ndded to the process L/o task’s gqueus

In addicion sn entry polnt SVC.CLA exista for the CLOSE ALL funcikion

which 18 csiled Erom the sve? executor «hen the taak has gone o

’endw-of-rask” .

4.3.2 Interzupt gervice phaae

This phese is entered in IS state, snd the following actlona are

tokant~
-The ISPTAD 48 set to ignore further iInterrupts

«A check 1a made for DOB pime~out. If the DCD hes timed out, an exit
is made fFrom the iaterrupt service phsae since the termination

phase will automatically have heen ochedulad

-Hoemal terminstion is Lndicated and cthe lesf sddress 15 added to

the aystem queue

%.3.3 Termipstion phase

This phasgse is entered in ES state, and the following actions sre

made -

«& check ie made for DCE time-out. If the DCB has t¢lued out then Bn

error is indicated in the local atatus {avB.lsts)

+A check 18 made fFor 1/0 and wait or 4/o and proceed. For ifo and
weit the 1/o0 wair pending bit in the TCB 1s reset. For 1/o and
proceed the wunrelocated parsmeter block address is added to the

taak’s queue



<The dob addreas ia removed from the time-out chsin

-The task 19 ddecosnected from the proecess 1/o "device” leaf.

4.4 PROGCESIO Task

When PROCESIO 4n first stareed, it goes throwgh as inltialisatico

procedure which consinte of the following:-
-Beading the dstabase divectory from disc into core
SAegigning the databsse filea:
DATA: DATARASE.GR? group £flle
BATA:DATABASE.ITH  frem file

<Inftialtsation of PCB"s, process control blocks (wee leter)

«Setting up calla to the plaat mini cosputers. These cells remaln

permsnently aet up
Logpging & message to che ayatem console
Setting wp a 3 second timer interval

Following the initialisation procedure, PFROCESIO goes Inte trap wait
and becomes a completely trap driven tssk. At this polnc its tagk status

word (TSK) specifies the folloving state:~

»Task queue service {s enabled

»The 1/0 completion trasp is enshled
+The timesut cowpletion trap is eadbled

«Sve 8 rraps are ensbled ’

On the occurencve of 8 trap, the task status word apecifles task
queue service disabled with all the above traps enshled so that further
trape eccurring during trap servicing are gueued. Up o 10 trups may be

quewed .

On completion of every trap service routine, 8 test is made to see
if there $s sn entry on the tssk’s guene. If there ig an eatry, the
appropriate pervice routine s called. If no entry exipts, the task eaters

terap walt.

The 1/o completion trap fa present to cater for the powssibility of

asynchronous network 1/c operations being added at g later dake.

4,5 Timeout Completion Trap

Byary 5 aevonds, a time inrterval expliry cauvses s trap which is

derviced by the timeout completion trap service routine.

A check 19 made of Flags within the tneak to see 1 sny of the calls
te the plant sini computers hae gone down, An attempt 1s made to set up

any cs8lls vhich have gone down.

A new 5 nsecond time interval im set up prior to exiting the service

toutine,



426 SVCB Trap

The main body of the process i/ task is conceraed with gervieing

the sve 8 trap.

The number of tasks whick may concurrently be engaged in process /o

operations 1a determined by the number of process ¢ontrol blocks{PCe)

swhich have been et up in PROCESIO. At pregent there ave 3 PCB%a,80 J

fasks can be lovolved in comturreant operativea.

The 0B 18 52 bytes loog aznd Has the following form:-

+- + b +
I TN 1 TYe i GRP 4
1 8IiT 1 FIT I ¥7C 1 NGP 1
[ — +
1 SAD 1
et = $
I HRA I
4 b
I LB 1
e e +
1 UBE I NG 1
+ - $ +
X LIN Ires. 1 PFLG I
A + +
4 sLe 1 SNL I
4 e
I HES 1
o +
) 4 HBl I
+ e
I WCL 1
+ 1
T £RB I
I ALR 4
pr—— -4

wheret

pa |

TIR

TY?

GRP

1T

BIT

FC

SAD

KBA

Task id. of task sllocated vo this peb
Used in OPEN function. It specifies the type of OPEN requesl msde.

Psed ia OPEN processing. It s & polnter to the group f£ile

pointera asrray held in the dstabase dirvectory.

Uped in OPEN processiog. 1t is the start item number requested by

the user.

Uaed 4n OPEN processiag. It fo the end ltem nuzber rvequested by

the user.

The function code specified by the user is hia swved psrameter

block.

Used in OPEN processing. The pointer to the number of groups array

in the dstsbase Jdirvectory.
The relocsted stert sddress of the wasr”s pavsmeter buffer.

The asetvork buFfer ares addyess.Fach PCB 12 asuipned three network
buffere, each 236 bhytes long, when PROCESIO 18 initialined. The
netwark boffers ars filled by the UNPACK fonctlon and transmitbed
to the 7/16 pomputers {in the EXECUTE/PACK function. A network
buffer is allocated to a apecific 7716 during the URPACK funcrion.
The allocation ia purely dependent on the plant itemu {n the

parsseter bof fer.

The local bit map. Bach PCB 18 sllocaved & locsl bit wep of 100
bytes, duriag PROCESID initislisstion. EBach bit fn thizx area
rapresents & plant item 1in the Adatsbase. In  the preseﬁt

implementation 1200 parameters can be thus represented. A set bit
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UgL

NGR

LIN

PFLG

SLe

IRL

HBS

-

t

indicates that the task curreatly sssigned to this PCB has

controlled asccess to the represented paremeter- A global bit map
of the gnme slze exists to indicate to PROCESID which paramerers

ave curreatly assigned for contrelled access.

The umer parsmetetr buffer length, i.e. the nusber of parameters in
the user”s buffer as specifled in the HUM field of the SVYC 8

;arama;er blocka

Ulged in OPEN processing. Specifies the number of the group reguard

in the datahase, ;

The user specified line pointer from the LPIR fleld of the SVC A
paremeter block. This is saved in the PCE a0

reatored in multiple funcrion commands.

Used 4n UNPACK Functlon procesming. It fa the pasa flsg uwed to

apecify whether the monitor or control pass is being executed.

Used in UNPACK Functlon processing to atore the user’s line

pointer over the monitor paas.

Yned {in DRPACK function processing fto store the user &pecified

nusber of Lines over the monitor pass.

aed in UNPACK and EXECUTE/PACK function processlng. Consisting of

foug bytes, the most aignificant three bytes dencribe the statua i

of enéh of the three network buffera. Note is made here of whether

the buffer has been unpacked and executed sad to shdeh F/16

computer the buffer has been pllocated.

23

that 4t can he \'

HBL
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Used in UNPACK snd EXECUTE/PACK Functien processing. Consisting of
four bytes, the moat significant three bytes are used to lndicate
the length of, i.e.the number of parameters unpacked into ench of

tha three netvork bof ferg.

HCL = Uaed in UNPACK amd HXECUTE/PACK functlon processing. Conslstimg of
Eouyr bytea, the most significant three bytes are used to Indicate
the number of parameters, granted coentrol access by OFEN, unpacked

inte =seh of the three netvark buffers.

CHE ~ Hoed in UNPACK and EXECUTE/PACK functlons. Congleting of four

bytes, tha most significant three bytes are used to indicate the

intended destination of esch of the three network buffers.

AL — Uged in UNPACK and BXECUTE/PACK functions. Consiating of Ffour

bytes, the most significant three bytes ate used to iodicete the

actual length of data in esch of the three netvork buffers for

trongmisaion over the nutwork.

user tagk fo the

A facility has heen Implemented by which &

Interdsta 7731 can accens the CAHAC systems of sll the 5.R.§. computers.

It does not really belong to the process control packege, hut 1t i

briefly deacrihed here for completeness, since 1t shares the setwork with

the proceas 1fo aystem.

The method adopted for weev tasks to agcess CAMAC 19 wia  another

Daregbury writken avperviser cail S5VCTO. the CAMAC branch numbers (hex)

uged within the 7/32 arve sa follows:

Branch 00 ~ /3% Syestem crate

a4



Branch 01 - 7/32 Coatrol room Psrallel hranch

Branch 10 = Linac T/16 Syatem crate
Branch {1 ~ Linsc 7716 Serisl branch
Brench 20 ~ Booster 7/15 Systen crate
Rrench 21 - Booater 7716 Serial branch

Branch 30 — Storege Ring 7/16 Syatem crate
Branch 31 — Storage Ring 7716 Serlal hranch
Branch 40 - 3ess Lines 8716 System crate
Aranch 41 ~ Zesn Lines /16 Serlal hranch
The S¥CO executor carries out directly say camac cycles for which
the high order hex digit of the branch code fas zerc, and rowtes all eother
requatks via & trap to taak PRUCESYO. The high order lex digit is now uned
te select the appropriate T/16 and the request 18 seat via the sams

necwork call ss process Lo requests, smd the CAMAC cycle 48 finally

performed by 7/16 rvapk REMPIO {see chapter 3} waking an SVCD call.
5. THE 7716 PROCESS 1/0 SYSTEM

2s1 Datshase Subset

The 7/i6 computers heve no diec storage, sod need a datsbase of
their own Iin order to deal efficiently with requests from the 7/32, aad to
be able to operate in stand alone mode with the SRS porteble contrel
congoles. Thia datebsse 18 core-resfdent amd must be as compact as
possihle in order to minfmise storage requirpmants. Only part of she data
held in the 7/32 is repested in the 7/16 database. The slarm Limit dats 49
omitted, and the aufyut calihration dacs t; onicted, so that parsmeters
canmet he pet to a value given in engineering wunits, but cas he
incremented by modifyisg the control wvalue. The portable consoles ars

therefore restricted to this mode of operatinn.
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An  addivional feature is the pyovision of yeverse poilnters within
the item snd group records to allow backward refersncing to the group and
section dsts From the item data. Thns sy call from the 7/32 need only
tdentify paraneters by their Paremid, which is effectively a displacement
inte the item dats table, and the 7/16 van sccess the relevant gronp and

item date using these reverae polnters.

The group neme codes and the units of measurement are not held &s
Agcli characteryg aeyings, but as aingle bytes containing the displacements
into tablea of Ascil atrinpga, so that duplicacion of the dats in Aacil 1e

avolded.

three agpecial pracess 1/0 drivers wure produced which work directly
intae  the databsse. This reduces the amount of dats movenment neceasary and
gives automstlc palntensnce of the variable, data within the database. A
standsed table format for 4ll process 1/0 operations wae sdopted. This
same table formar i3 uwsed as the data packetr format on the network and

thus svoide the need for tshle tranmlations.

Process 10 addresses apeciffed In the database contain s fleld
which identifies the conkrol ﬁ:ation to which they belong wed rhus the
CAMAC addresses lnvolved may be obtained from the lock-up tablea. At flrst
the simple approsch of operating on each proceas I/0 address in turn wag
adopted with ne attempc o overlap opevacions In different conteol
stationg. I[ gpeed subsequently becowus nn embarvasment then overlasp can
be sccomplished by maincaing control station pointers for the 1/0 tables.
These being driven down the 170 table in parallel to control operationa in
their respective enntrol statlons. The 170 terminating when all poinrera

reseh the bottom of the table.
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3:3.1. Structures Eor 7/16 dagabnae

Hhere SBCT = Two ASCII charscter section name
GRUP = Group file vevord pointer
HGRP = Humber of groups ia thils sectlon

1 GRUP 1

Fo - “
+ ! 1 1APR 1
1 SECT 1 y $
— ¥ 1 OADR 1
1 GRUP 1 g -
— ¢ I SABR 1
I HAGP 1 o —p
+ ¥ I FLC8 1 CSTA 1
Section Record {5 bytes} H CYAL I
Hoe +
1 ICAL 1
1 I
* +

Item Record (1& bytes)

1 SECT I
M M + Where ORUP » Group record reverne pointer
1 GRUM 1 PRUM I TADR = Anelogue fnput sddreas
Fme + + AR = Analogue output sddress
oIy @ omr 1 SADR = Status address
* + i FLOS = FPlogs
1 TTEN 1 C8TA = Current states (Eap. stepping motors)
Rintma ¢ VAL » Current control value
1 FSILL X ICAL = Input calibration Factor
1 PSL0 I
4= +
5.2 Process 1{0 Addresses
Croup Record {14 bytes)
Where SECT =~ Section record veverse pointer
GUUH = Group number (Button Number) Each parameter item has in generel three 1/0 sddrecses sasocinted
UNUM = Number of unidt in unit srray
1TYP = Input type nusiber with it, viz analogue wmonitor sddress, enalogee control address and status
OTYP = Qutput type number
5TYP = Status type number sddress. These sddresses oceupy 16 birs esch ia the detebasse and ars of
NITM = Number of items in this group
ITEM = Item fille recerd pointet the following format.
PSHE = High full scale kimie
F510 = Low full scale limit
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DDDS SSMIT MR HAMMN

where

I w Device Code
§ = Control Station Number
¥ = Hulpiplexet Address {format

device code.}

Input, output and status

eontext.

addrennesn

are

Device codes which have been glloceted so

Status

t

Tavice code
Device code
Bevice cade
Pevice code
Tevice code

H

- B e 3
H

{

Analogue Inpst

Device cade
Device code
Pevice code
Pavice code

B e T
L

£

Analogue Cutput

Device code O
Davice code |
4
i

L}

Device code
Device code

i

SRS Status Control Syatem
~ §83 Status Confre) Syaten
8KS Status Coatcol Syatem
SRS Status Control System
Stepping Motors

CAMAC imput uaing F{0)
CAMAC 1input using f£(1)
Solartron Anelogue Scanner
Read database control value

~ CAMAC ocutput using P{i6)
CAMAC output using £(17)
~ Stepping Hotor
Set databpse costrel value only {so LA))

dependent on

d

istingulshed by

far are:

Norma) spdale

Ion pump module

Yalve module

Extra interlocks nodule

(no 1f0)

There ie one snd optlonally two QAMAC crates in  esch

vontrol station. The mandatory CAMAC crute has

the same crate

number as the number of the contrel stablon which houses it and

ta called primary CAMAC.

The other

CAMAL

<

rate {8 called

secomiary CAMAC, and has a crate number obtalned by adding 8 to

the contrel station number. Thus control station

f has crates

numbered 1 and 9, coutrol ststion 2 crates numbered 2 apd 18 oto.

411 potentisl LAM sources are is primary CAMAE. CAMAC device

28

drivers wlll,

whenever posalble be housed in the sawe CAMAC

station im all Contrel satations, and the statlon numbera then

pecowe aystem conatanls.

Hultiplexer address [ormate which have already been defined

~

are listed below.

Status

Bevice ¢ode 0,1,2,3 ~ SRS Status Control systenm

systen

XCCCCNNRNS

X = DNUSED
C = Scatus ¢rate wunber
N = Status antation number

Device Code 7 -~ Stepping Motor

Hutiplexor addresa wnused

Anslogue lonput

Bevice code 0,1 ~ CAMAG using P{O) £(1)}

GHHRNNHAAAA

G = 0 -~ Primary CAMAC
€ = 1 = Secondary CAMAG

H=

CAMAC station



A CAMAG subaddress or set a li{at of up to %l parametecrs, whose Parazlds ere contained in

the data packet received from the 1/32. The hepder containa the

Bevice code T ~ Solartton Anslogue Scanner logical pnit number for REMPIO to uwse in a normal S¥C1 call to

oue of the three process ifo drivers detailed below. The driver

cc&xﬁaaaag updates the table with any dsts required, and with the completion

code for each parameter, and the task fills in the overall
& ~ Seanner crate number

H = Scanner atation number coupletion code and returns the table to the 7/32. The loglual
& = Scanney polnt number

unit assignmenta uwsed by the task sre:

Logical uait 3 = Device (0 ~ Analogue laput
Analogue output Logical unit & - Devige 71 « Analegue Output
Logiesl unit 5 = Device 68 ~ Status

HEMPID tests for a process {fo packer by checking that all hite in
Device code (,1 ~ CAMAC using F(L6) . E(1L7)
the status sod device sumber fields ars sget. IF not, the packet ia

anoumed to be a global camac requeat { gee 4.7) and is used as the

CHRNNEAAAAN )
paramater block for an SVCO ecall.
€ = U Peimary CAMAC ’
= 1 Secondary GAMAC
W= CAMAC Ststion 6. THE 7/16 PROCESS 1/0 DRIVERS
A = CAMAC subaddress

6.1 Teble Formate
Pavice Code I ~ Seepper Hotor

Varicus tehle formats ore used = different for interasl and

00000nannn external progess 1/0 calls. ALY these tables are of horiszontsl

format, vhere paraneter ID"s and data areas are futerlasved. The

H = CAMAC atation various table formate can be premented in a wniferm way to the

driver by supplylag the start addresa of the parameter 1/D tahle,

3.3 REMPIO tank the grart address of the data table, the data table lacrement and

the numbeyr of entries.
Remote process 170 18 handled by this task {n the 7/16. The task

satts to be called from the 7732 via the network, and, having The format of process 1/0 data tables which are trdnamitted

astablinhed its call, can recelve & request from tha /32 to read glong the netwoerk i9



I PID I OB T ComMP 1 DATA 1
S + + —+ +
I 1 1 I 1
+ 4 + + +
I i 1 1 1
+— 4 + ¢ #
1 i 1 1 I
- + + + + -
1 1 1 I I
- ot o + et

PID = Parameter 1/D

HOD = Funebion wodifier

CONP = Completion code (individusl)

BATA = Data ares — verlea with function sad device

A vell for chis table format would therefore look lfke

PTABLE DB function, loglesl unit
DB status, device number
BC O TABADA
e TABADR + &

hadi} 8, number of entries
e ECB

#n overall completion code {n provided which ie the logleal OR of

the individual completion codesn.

Tue bits are rederved in the HOD byte which sllow the user
to iabibit control operations on one or more of the 1/0 table
entries to a control driver (one bit for snalogue, oane bit for
status}. This proves useful {f a tehle of paremeters is befng
monftored by a programme but only one is being controlled.
Carrect manipulstion of the contrel imhibir bite allews this te
be done with po medificstions to the parsmeter tahle between
reading and setting. The control drivers check theae control
inkibit bite as the £inal check before carrying out the requested
contrel operation, so that all other checks sre msde und errora

repocted even 1f comtrol inlibit 18 ser.

33

6.2 Analogue Input Drjiver

Functions: READ

Table format:

PID PRO

e Pl e
2
1~
-
g
b}

whe i e

L L

ﬁ»H-E-

o

Addreasing

Wichia the Linsc and Booster aystems is seema likely that
only one aenalogue input system will bde wused, wheresas 1n  the
Stovage Ring aysten two or wmore may be present. Therefore, the

drivers will pe different within these eystems.

Solartron Relay multipiexer « Linac and Booster syatems

*

Address to multiplexer

This has capacity of 1000 points addresses with Chree BID
digice 12 bits. Three BCD digits correspond to erate, station
gubaddress. We limit our address epsce to 10 bits giving capacicy

for 4 crates (l.e. B00 pointa} per centrol stetion.
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BODGOOCO HNKKAAAA

Address from datshsae

DOISSSCONNENAAAA

§ « Control atation
€ - Crate number

H - Station

-
]

Subpddrewn

8.3 Analogue Output Priver

Fuoctions — SET

THCREHENT

+ ! ' T ¢
I 4 91 T MOD I CoMe 1 1 YAL i
e + + + + +
E FED T MoR L CoMP X 1 ING 1
+ + ' e -

Three types of analogue nutput womodoles are in wse, viz. DAQ
modules {DAC 1081, DAC 1016V, ecdl8) and stepping motor drivers
(E161, 11623. All DAC modules £it the definition of device code
G, thst 41p CAMAC addressed by [{16). Addresses are therefove of

the CAMAC format.

0008 SSCH BHNN AAAA

vheres—
5 = Control Station Humber
L= 0w Primacy Camsc
1 -~ Secondary Camac
H o= JAMAC Station

A = CAMAC Subaddresa

6.3.1 Stepplog motors

Stepping Motor driver addreasea take the €form of CANAC
atation numbers but as the modulea are LAY sources they muat be
in the prisery crste. Iu order to aveld deleya within the control
system, the driving of stepplag  wotors fs carried out
agynchronously to the controlling programme. The controlling
task, by its c¢sligs to the aanslegue output driver, wsimply
manipulates the required destination value within the ftem record
for the atepping sotor. Contyol of the stegging moter 1%  then
cartied out by iatervupt service routines  which  run
asynchronoualy to any task within the syatem. Om a resd from a
arepplng motor the poaldcion information 18 derived from the
contrel value and therelfore keeps pace with the control programme
and nob with the motor. The async. Toutines manipulete the stetuy
of the gtepping motor so thet an operator may know when the motor
hss reached the required set point. Thus vhes the mobtor has  been
started the read status will fndicate HOVING wuntil the motor
astops when BLANK status will be read. As the porivion reading in
provided by thip "desd reckoning” process, at system stattup the

datum point has to be peteblished. This s  accomplished by

e



driving the motor until the home limit awitch 18 hit. During chia
procesa the read status will iodicate RESETTLING. When the home
limit awitch has been hit the motor is then driven out te the
current aet point aa indicated by the control value in the
database. The control value may be changed during the resetting
proceaa by the set or increment function. The RESET function of
the sgtatus driver, if directed at a steppiég motor, also causes
this aeek home-reset poasition cycle te be executed. Thie 1ia
uwaeful 1f it iA auspected that the “dead reckoniog” poaition may
be incorrect. 1f a stepping motor is already resetting when a

RESET command 1a recelved the command i1a ignored.

Addicional data required for stepping motor control ia held
in motor control blocks. Theae reside 1in the 0S5-16/MT
configuration module and the number of motora for which apace 1s

reverved (s a system generation option.

+ += +- + +- ===+
1 PID 1 DN 1 PLGS L DEST 1 BCH - L
+ -+ + + + +
Notor Control Block (B bytes)
where:
Pid = Parameter identifier am already defined
Dn - Device number for vectoring interrupts £rom CAMAC.
Set up when ayatem 13 initialised.
Flgs - Flags byte allocated aas follows:

Xeew aass Motor 1is resetting

+Xeo «eas Hotor ie moving
+sXs .o-e External fsult

Dest = The total atep count from home at the end of the

current movement.

Ben - The CAMAG branch, crate, and station of the stepping
motor control wmodule. Set up when ayatem 1is

initialised.

For both the SET and INCREMENT functions of the analogue
output driver the updated control value ia returned to the user
in the value field of the I/0 table. This providea for bumpless
tranefer of control between the 7/16 and 7/32, and also Ffor
automatic maintenance of the control value aa contained on cthe
7/32 diac baaed database. It ia alao poaaible by this mechanism
to move the current control value from the 7/32 databasae to the
7/16 database and vice versa. Thus enahling control settinge to
be preserved through a database re-generation {providing no items

have been added or deleted).

B.4 Status Driver

Functiona: SET/READ STATUS
READ STATUS
READ INTERLOCKS

Table formats

SET/READ STATUS

L PID I HOD I COMP I.....I REQ 1 READ I
1 I 1 I I STAT I STAT 1
+ + t e e it &
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READ STATUS

t + + + 4 ! +
1 PID 1 MOD T COMP I.....T 1 READ 1
1 1 | § 4 1 I STAT 1
L o — 4 + L SOV SO

READ ENTERLOCKS
o 4 S RO — 4 *
I o T MOD 1 COMP L.uw.of INFERLOGK 1
I 1 i 1.-v.. PATTRRN 1
: S— } S ——— "

Statuw address snd commaad word to modale.

TCCCONIRNNXSTRINE

1 ~ SET READ INTERLOCK
RESET = DO COMMARDS

CRATE

STATION

BHUSED

START

TEST CORTINUETY
RESEY

sRLICH oW
BWLTCH OFF

‘e D el G5 o0 X

2N 2N I 2 I 2 A

Bravus sddress from davahase
BINSSSBCCHCNNIIY

« DEVICE Cupe

w CONTROL STATION {(=QXHAU CRATE ADBRESS)
= STATUS CRATE ADODRESS

BTATION

3

wOED

Status codes retorned to caller are of the following forsmat:
XD AAAA
Where % = Upugel

D o= Device Code

Ao Staus Code

Statua floder are!-

H

Bo eatatus
- OFEldne
Hegerved
Tnvplid
= Unplugped

A L B e O
3

g

~ Off ,fault
- Qff

~ Jff ,ready
~ On

= On,tining
- Hot used
~ Hot uaed
~ Hot used
~ Hot used
- Not used
- Kot used

B - R - - BRI A

Status requenta from caller

Command Rex

0 -~ Set Offline

I -~ Set Opline

2 -~ Reserve

3 ~ Reset o
4 ~ Switeh On A
5 - Switch Off 09
& = Stact i8
7 ~ Reeet and On 0E

Status from module

6 bita XSCFRO
Set Reaet
X Unuged
S =~ Start
C -~ Coneected Pl aconaec ted
F - Yault Ko Fault
R~ TLeady Not Ready
g = On OEE

6.5 Retwork Considerations

Each task within the 7/16 aysten 1s gliven the attribute
of local or remote. & remote task fw one which cavries out
oparations oa behslf of gsome process externsl to the 7/16. In
the present system only task REMPIO {a given the attribute
remote. The flege Fleld of the {tem descriptor {(ITH.FLGS)

contdaing 8 hit indicator which Lo reset 4F thet Lten s vo bo

controlled by g remote process only snd set if it is to he
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controlled by & local proceas only. The two control drivera
BACDYR and STADVR check 1f the calling task has the correct
artribyte to contrel the veguested ftem. XIf 4t hes nob ihen
the vrequested contrel operation ia nob carried sut and the
reserved bir {a set in the completion code. The anglogue read
driver ABCDVR alac makes thie check and sets the reserved hit
it control La aot posalble so thac advenced caraing 1a given
te the calling process that control i{s not possihle, although

the requeated resd operation ia completed.

Under normal eivcumabances the only control acurce interasl to
the 7/16 aystea 1ia frup n portable coatral conacle and
external coantrol egources ere in the 7/32. This mechaniss
thevefore preveats control conflicks between an eperator walng
a porgable console and a control programme in the 7/32 (this

includes an operator at s meln console}.

7. BUTURE DEVELOPMENT - VIKTUAL PARAMETEAS

&n important enbancement to the ayatem fa planned, in
order to provide a method of including in the coantral system
parameteras which are caleulated from geoups of  other
porameters, and which may only be controlled hy atmultansously
varylng Aevernl parameters< We define thaue as  vittual
parametera, and a typlcal example La the enerzy of the booater
aynchrotron, and the field gradlent at fntection. These can he
caleulated from the a.c and d.c. magnet currents (MM AGPL.DL &

BH.DCPEL L), and the injection Fleld level (BM.BINJ.OLY. ‘The

e

procedure  for monitering and controlling virtual pavameters

will be as followa.

On recelving en open request for a virtual parameter,
the new PROCESID taask will access the database as notaal  and
E1ll the approprlate line in the user”s buffer, but, acting by
its negative Parawmid that Lt is 8 virtwal, will alan read o
from a file a virtmal parameter descriptoy {VPD) containing
code for caleulating the value of the virtusl paremeter Erom
ita component paremeters, coda for caleulating the settings of
the component parameters for a required velue of the virtual
purameter, ant! parameter Huffer apace for the component
parametera. On recelving & read request from the wumer tmak,
PROCESTO will carry out a two stage operation, flrst veading
the real paraseters into Lts V¥D buffer, and then uslng the
algorithm &n the VPD to calenlate the value of the vwirtuyal
pavameter, Wwhich will be wrltten into the uswr task’s buffer.

A reverse procedure will operate to set virtusl parameters.

The wvirtusl parameter ephancement Ls designed ao that
the user taske do not need te know when virtual pavsmeters are

belag processed, thus making a very yeneral purpese facility.

Probably the moat importaat set of wvirtusl peramelers
@ikl be those controlling the storage rinp Hulripole Hagnets.
By varyliapg the excitatlon patitarn of 13 individusl windlngs,
the Multipole La capshle of producing any correction field
from dipole tec ectupole. In order te mske senalhle correctlon
field control avallable, the operator will be presented with s

set of “virtual’ dipoles, quasdrupeles, sextupoles ets which
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witl act upoan the Tesl winding cavceats win the virtunl

perancter software.

Thus Lt @111 he ponsihle to (ntroduce Inte the systee
control of any of the physics parsmetocy of the scesierators
sthase algorithme in tsrms of veal parameter wvaluea can be
deflaed , and quantities Iike heam energy, <« vsluas, and
chromat lefties will be dirvectly coatrellable nander the hand of

the operater.
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Core
resident -
directory

Section | Group | Number
name fite of
pointer | groups
LV 0 6
LG 6 4
LR 10 20
LC 30 1 '
% LM 31 6 %
/
-

Group | 1tem | Number
name file of Database group file
pointer | items
L -
One entry per group
containing data common
to allitems in that group
AUXL 40 1 Data entry for LM. AUXL
PSUP 41 1 Data entry for LM. PSUP
BFCI 42 2 Data entry for LM.BFC |
FCSI 44 4 Dataentry for LM.FCS|
VSTR 48 3 Data entry for LM.VSTR
HSTR 51 3 Data entry for LM.HSTR

Disk

» resident data

records

Database item file

%

AN

AN

Fig.3

One entry per item
containing data unique
to each item

Data entry for LM. HSTR.O1
Data entry for LM. HSTR.02
Data entry for LM. HSTR.03
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