





(?1 Introduction ‘ o - i e e

G A program code of real-time system software has to :beﬂ'of?fhigh
f~eff101ency in sp1te of the ‘fact that 'this software is- difficult,. to -

debug and there is a lack . of c¢learance “0f . program. ‘souree i(vcode.e"

+ because of its dependence on hardware conflguratlon.
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Fig 1. The compller structure

: «Conventlonal programmlng languages have no tools for effective

data acquisition system programming. An assembler is usually used to -

desoribe the software interface to reach “an efficiency - and. the
assembler routines are mixed “with some .. conventional
.-language . (Basic,Fortran,Pascal). But this way . does .not ”lead’ to a,
:‘readable source code and a program code effigiency.. :

To ‘solve these problems 'we have. designed the problem—orlented o

compiler:for the Pascal-subset language with extensions: taking: /i

~into’ account characteristic ‘properties of system hardware  (Fig. 1)
-We disouss the compiler itself and describe an example "~~~ of

oompller application for a real-time data acquisition - system.

. Bystem hardware comprises a iransputer module as a base element
‘of . the system, a parallel CAMAC ‘branch and a personal computer”
'.oonneoted to the transputer via a transputer link. :
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2. Scheme of compiler designing :

To desoribe the syntax of the programming language,; we

following meta-symbols: used the

1:= means 'is’', A
XYZ (uppercase) means 'reserved word XYZ'
abe (lowercase) means - *syntactical varlable abe!',
| - means ‘or',
{1} means 'list of elements’.
To reach . more readablllty of specificaticns we used the

uppercase for terminal symbols instead of usual brackets.
a part of Pascal language syntax definition.

program: :=program_heading block.
program heading::=
PROGRAM program identifier flle 1dent1f1er 11st
‘block::=deocl part stat_part
deol_part::={decl sect}
decl sect::= _ L coe
lab decl _part | cons_def part | type def part i
. var_decl part | proc_and_func_ decl part
stat_part::= comp_ stat
comp_stat::=BEGIN stat{; stat} END.
stat::= struc stat ! simp_stat : o
simp_ stat::= -goto_stat™ | assig_stat | proc stat |
inline stat | empty_ stat
struc stat::= rep_stat - oomp stat “cond_ stat |
w1th utat / :

Flg.a Part of Pascal 1anguage syntax def1n1t10n

- The: notatlon of thlu type is known as Bacus normal form (BHF)/1/
One: needs approximately.80 BNP-formulae to describe the ALGOL syntax
and 150 ones for the PASCAL syntax. Another well-known form to
define programming language syntax is syntax graphs, but the
advantage
similar to Prolog/e/ clauses.
The approprlate Prolog clause for the definition of the
heading 1is shown in Fig.3, where P1 .and P2 are the parameters‘to be -
find, Si and So are- 1nput and rest strings of the p program text to

be parsing, fronttoken.is-. reserved word recognizi
redicat 2
53 are temporary variables enlzing p e, 32 and

program

is_program_heading(program head1ng1(P1 P2),01,uo):wb
fronttoken(51,"PROGRAM“ 2 )
»is_program 1dent1f]er(P1 $2,83) . )
»is file 1dent1f1er llst(PZ S3,50).

Pig.3 Ppolog clause. for definition of,program heading;
The BNF-converter developedrtranSfonns a Syntaf

of the BNF-definition to the form similar Pig.3.
BNF .gives one Prolog clause:  (

Fig.2 shows

of :BNF-definition consists in that it hae a structure very

specification rfile
Each alternative in-- -
For parser-developing puzpose in:.

w?jt'3, Hardware dependent language 9Xt9n51°n

i o S

~/some reallsat10n° of- Prolog there are

- parts of the compiler. are

‘ 1n01ud1ng a

"ubmpller after parslng

{L‘system of ‘the
instructions to- create, rT™Un,

~and. to - provide

1mplemented Lra sp-oalled
Def1n1te blauve urammar mechanlsms/h/ ) ) - S .
-~ In this way we convert 150 'BNF-formulae into the parslng “program -
and use it.to build a compiler of 'a -Pascal-like . language. -Other .
assembler code fgenerator,~,a’Vtransputer"
-code database, and a menu-driven integrated " environment
text-editor, debugging tools and a loader(Fig.1).
. Pig.4 shows a simple program and a tree-like’

program 1is 1nput

from it.

The syntax tree of the'
assembler

data -for the
code generator. o
. PROGRAM xxx(a,b,c);
- :VAR x,y:integer; ; : R .
- BEGIN ‘ L e L
Coxs3H; yi=Y ‘ - : B

prbgram1(program_heading1(prdgram*identifier1("x
cooxx"),file identifier list2(file identifieri ("a")
i [flle identifiert1("b"),file 1dent1fler1("o")J))
) block1(decl_part1([deu1 sect4 (var decl parti(va
'L»rmdeb11(1den_11st1("t" tryml), type1(51mp1e_type3,_wu
ﬂ(type'1den1("1nteger")))) []))]),stat_part1(comp
- stat{ (stat2(simp_ stat2(as51g stat1 (vari(entire_
var1(var ident ("x"™))) yexpri (simple. expr1 (terml1 (¢
ompl._ factorl (signed factor1(faotor1(un51g cons1 (
un51g numb2 (unsig_int1 (digit_sequence1 ('37,[{1))).
- 1))+ [1); [adding operterm(adding opert, term1(com R
o pl factor1(51gned factor1(factor1(un51g ‘gonstl(un . i 0
‘ numb2 (unsig int1(digit sequencet('17,{1)))))"
B ) T]))]) (1)), [stat2(51mp stat2(ass1g stat1(v:
R ar1(ent1re _vari (var_ideni ("y"))): ,exprl (simple_ex
Lol pr1(term1(compl faotor1(s1gned faotor1(fautor1(u . f .
- nsig uons1(uns1%Inumb2 unsig int1(digit sequence' P R

10197, (1)) []) LD

Flg 4. Slmple proeram and 1ts 1nternal

representation on “the

Now it 1s posslble to. extend the desnrlptlon of a lanpuage Wlthfi

‘.dedluated features of a data acquisition. system and a transputer :to

;reach a more efflulency of on~line programs and their readablllty as: -

7" well. A transputer is . an
~real- t1me appllcatlon because of

: ' real- t1me kernel and ‘high-speed uommun}oatlon facilities

suitable:
1nterrupt
/37 The

extremely
submlcrosecond

transputer machine code /41 includes spe01al

suspend or stop tasks
time-sharing between the tasks.’
distribute system processes - in accordance with

a fast response. to external events.

their. . latency:
Fig.5 ' shows.:

structure generated *°

‘chip*- “for.
1atency,~ -

and supportsﬁgy;
These features make it possible - to. |




i : -

task prlorltlzatlon -and 'sohedullng in the transputer.

- -Tasks in'two lists differ ih priorities: high and low ones. Thereuf
. .-is no limitation-on the number of tasks in a list. Processor time is

- shared between the tasks in the low prlorlty list by “~the - time
quantization with.a maximum quanta value -equal to 1 -millisecond.
We define the task  in 'a similar  way as a
‘following formula: . |

*- 7 program::= PROGRAM :
" declaration_section . .
" TASK task { ;TASK task } , '
" statement sectlon . - R
task ::= block i

TASK1 (PRI) o : . TASK1
(EXECUTED) |71} { INTERRUPTED )

LOW PRIORITY LIST

HIGH PRIORITY LIST .
el _ (TIMESLICING.1 MS) | .

TASK3 (PRI) TASKQ

. TASK2(PRI) . fem—|.

Flg 5. Hardware' 1mplemented mult1task1ng in a transputer

Calllng a task, we activate the scheduler and add the task. veotorg,‘ L

in the appropriate 1ist-of tasks,waiting to get control.
2. The described method gives 'us--'an opportunity to. include “in
“the - description of = the: language such . features . of transputer

- architecture as a speclal type of memory-that representis in thls case[

oells of CAMAC devices. in.the data acquisition system. .
- .To read out data we define the following variable:
; " VAR TDC ':INTEGER CAMAC C=1 N=1 A=0 F=0;
o S ADC. :INTEGER CAMAC C=1 N=2 A=0 F=0;
: and plaoe the code in the procedural part of the program:
Lo EVENT(1]:=TDC; -
: EVENT[2]:=ADC; L
We find this way of programming more readable than conventional.

CAMAC(C,N,A,F,D24,D16,Q)

CAMAC(C,N,A,F,D24,D16,Q) T
‘Communication fa0111t1es are presented as a spe01a1 type of device:
or a-file,so the calling B
N . . READ( -LINKO, ARO ),

WRITE( LINK1 ART )3

means that the array of data ARU will be read via transputer llnk O’jtlyA‘

: and the array AR1 w1ll be written via transputer llnk 1.

procedure with

“ﬂv,aoqulsltlon system using the described tools. The system

: l1nks with external systems and via a:.shared memory = with
. Thetask d1str1but10n for the system under consideration is shown
in Flg.6 :

4. Example oI application v

simple data”
/5/ oonsists -
parallel branch and

We discuss the program development for - a

of a transputer module, IBM. PC, a  CAMAC.

intended to control a spectrometer during 'a -nuclear physios .
" experiment. The - system must accepti . data on - - primary and -
“'secondary beam parameters ~ from different other data acquisition .

computers and 'data from a polarized -target control subsystem. .

During the experiment PC accepts data from . transducers /. through

CAMAC and writes them into PC RAM.
perform preliminary, data processing; PC transmits. the 1nformatlon'
-to a TV monitor and writes it on a magnetic tape unit. A number 'of
tasks must be exeouted in the system, we 1ist only some .of them.:
-~ 'to0 accept data  from an acoelerator control . system and from‘
a beam transport control system
"~ to read data. from. CAMAC modules of the experlmental setup
'~ to.build an.event-record and send it to the host computer
j— to-display periodically the data for an operator. I
We describe each task.as a task in: transputer: communmatmgt via -
others.

v

EVENT READOUT(PRI)
(EXECUTED) ~

HIGH PRIORITY LIST

DISPLAY DATA
(INTERRUPTED)

‘LOW PRIORITY LIST. -

‘BEAM CONTROL(PRI)

PROCESS_DATA (PRI)
(WAITING)

KEYBOARD_ CONTROL
(WAITING )

(WAITING )

v Fig;6.‘Datafacquisition system‘under'multitask control . -

this task .

o The corresponding . program - structure - implementing,m
/distribution 1is shown in fig.7. v
' .5, Conclusion ' _ ‘ :
- We used Prolog. to de51gn system ' software fbr t a data

acquisition system containing a transputer module, PC and a CAMAC

.-parallel branch. We used the hardware operatlon system kernel in a.
‘transputer to provide effective process execution in the real-time -

data aoqu151t10n system of the spectrometer.

The ) application of PROLOG gives an opportunlty to S add
purpose deslgned operators to standard hlgh—level languages defined

. 1n the BNF form. , _ !

. ="The . desoribed approach can afford us  a o possiblllty ln

‘particular to program real-time systems in terms - of a. high level
}conventlonal language~w1th no losses-in. system efficiency.

Then the transputer and PC .




{——— Slmple data acqulsltlon program"—}
v : program DAQ; " R
“’H{——- Readout the . CAMAC dcv1oes ___},“ : . . '
R AP T task Event.’; " BN TN
-'g ﬂ**#‘ “var. TDC 1nteger CAMAC’ C 1 N= 1°4=0 F 0.5 s s
e 1‘/1“ var EVENT array’ [1..10] of 1nteger, s
e Tt o begin o '
L EVENT[1]'-TDC-.
e . end; i o ' ‘ .
. {—— Communlcatlon with a remote beam control system -1
© . - task ‘Beam’ ‘Control; =
i Y yar BeamData '1nteger ABSOLUTE $1000-’ L
'begin
read( LINK1 BeamData) e IR PP et
cend; : - :
task Process_Data;
e begintov. ends
task Display_Data;
b ‘begin i ... end; ©
task Kearbord Control;
begln T end' 7

g

{-— Start =}
L ‘begin :
“vgf“”', Event(prl), Beam Control(prl), Prooeus Data(prl)
- Dlsplay Data, Kearbord Control .
-‘end. B

5; Flg 7 Program skPleton for the: data acqulsltlon syqtem.
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