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INTRODUCTION OF PEA R L

1. Programming qeguirements for Process Control

General Requirements

o Process control programming should not require too much
knowledge of the computer internals

o The programming language should allow economical writing
and testing of programs

a Source code should be ~~sy to read
o The programming language should support portability
o Open ended design of the computer control system should

be supported through a module oriented program structure
o The programming language should assist the construction

of correct programs and the development of reliable
control systems

o Object code should run sufficiently efficient

Special Requirements concerning Realtime Application

o Means to describe parallel activities of a program
o Possibility to describe configuration and capabilities

of the system resources to be used in the program
o Special data types and operators for realtime process

control
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INTRODUCTION OF PEA R L

2. History of PEARL Development

1969 PEARL workshop is founded composed from the startof users, process computer manufacturers, softwaresuppliers, research institutes, and representatorsof the German Society of Engeneers (VDI/VDE)..

1972 Project PDV (directed by a project staff at theNuclear Research Center, Karlsruhe, on behalf ofthe Federa I . M'i ni stry of Research and Techna logy )takes ?':ARL under its· wings.

1973 Prelimi.nary definition of PEARL is set up.'

1976 Final PEARL definition is completed.

1978 DIN Draft Standard of Basic PEARL is published.

1978 Basic PEARL is been submitted to the internationalworking group TC97/SC5/WG1 ~s candidate for ISOStandard.

1979 DIN Draft Standard' of Full PEARL will be publ isheduntil the end of the year.

::!
Mio· 18DM

12

6

-+ .. -_.+- -
until 1972 1974

.'--1- t .- -._-+.. --- l-----f- ..
1976 1978 1980

PEARL is sponsored by the project PDV on behalf of theFederal Ministry of Research and Technology
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INTRODUCTION OF PEA R L

Status of PEARL Implementation_s:

Firm

AEG'- Te I efunken

BBC

Siemens
Dietz
Krupp-Atlas
MBP
MBP

announced:

DIGITAL
Werum
Werum
TU-Berlin (Werum)

announced for microcomputers:

Dornies (GPP)

SEL (GPP)

1118 (Werum)
Uni Karlsruhe (GPP)
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Process Computer Family

80-20/40/60

DP 1000/1500,

330/340

Mincal 621
EPR 1100/1300/1500
HP :3000

Siemens 404/3

DEC PDP 11-Family
NorsK Data Nord 105
MODCOMP
HP 21MX

MUDAS-432
DEC LSI 11

Siemens 310
Zi.I og zao .



INTRODUCTION OF PEA R L

3. Characteristics a~d Standardization of PEARL

Basic Concept Qf PEARL

o Algorithmic language concept mainly based on ALGOL 68
and also influenced by PASCAL

o Syntax adapted to PL/1 where possible
o I/O·structure allows to deal with a large variety of

virtual devices (called DATIONs) and communication
methods

o Abstract data types (like TIME» DURATION, and BIT-string)
needed for realtime application

Principle Layout of a PEARL program

MODULE (module name);
SYSTEM;

- Description of hardware configuration
(connection)

- Introduction of freely chosen names for I/O terminals
and signals

PROBLEM;
Description of actions to be executed, practically
independend of environment» e.g.
- Declaration/Specification of data, tasks, procedures
- Start conditions (schedules) of tasks

MODEND;

Characteristics of PEARL

Algorithmic Features

o Block structured language with scoping rules for objects
known from the ALGOL family

o Comprehensive choice of data types and possible attributes
o Compound type STRUCTURE (similar to the PASCAL record)
a Communication between processes via GLOBAL objects with

optional assignation protection
o PROCEDURE declarations with parameter transfer call-by­

value or call-by-reference
o Definition of abstract data types by using TYPE and

o·p ERATOR dec 1ara t ion
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INTRODUCTION OF

Realtime Features

PEA R L

o Parallel processing by using TASK blocks and PRIORITY
o Declaration of events (INTERRUPT and SIGNAL)
o Synchronization of parallel activities by SEMAs and

BOLTs

Input and Output Featu~es

o Data-stations (DATIONs), generaliZing real or virtual
peripherals or I/O channels

o Interfaces, mapping data-stations with different proper­
ties onto each other to offer the possibility to define
formatting routines (object~ of type CONTROL)

o An object of type DATION represents in general a set of
one to four channels:
- Data channel (transfers values of PEARL objects)
- Control channel (transfers va~~es of type CONTROL)
- Interrupt channel (signals even~s of type INTERRUPT)
- Signal channel (signals event of type SIGNAL)

Standarization of PEARL

a DIN (German Institute for Norm Control, Berlin) is given
the task to care for a PEARL language description

o Means to describe semantics of realtime features of pro­
gramming languages are based on Petri Nets

a DIN Draft Standard for Basic PEARL written and published
in June 1978

a DIN Draft Standard for Full PEARL is scheduled for late
1979

Basic PEARL is the common and minimal subset of Full PEARL
which each implementations must contain. Some of the (Full)
PEARL features Basic PEARL does not have are:
- Objects of type Reference (pointers) and BOLT
- Extensibility (new data types and operators)
- LABEL variables
- Multi-dimensional STRUCTUREs

Nested tasks (subtasks)
- Dynamic priority change
.. Interfaces
- Graphic I/O
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INTRODUCTION OF PEA R L

Basic PEARL has been submitted by DIN to the international
working group TC97/SC5/WG1 "Programming languages for the
Control of Industrial Processes {PLIP)1t of ISO (International
Organization for Standardization) as candidate for ISO

: standard. Full PEARL is to follow in due time.

4. Experience with PEARL

o At present about 130 PEARL systems either in operation
(the majority) or being installed (app~ox. 100 systems
are truly industrial)

o Quantitative results published (up to 80 % savings)

Realtime application area

Metallurgical plants, rolling mills
Power distribution
Power generation
Prime materials, chemical
Water supply services
Other public services (television,
traffic, Spacelab etc.)
Other industrial
Warehouse, storage
PEARL R+D and education

P20-7
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INTRODUCTION OF PEA R L

5. PEARL on HP 3000

o PEARL subset on HP 3000 is Basic PEARL
+ multi-dimensional STRUCTUREs
+ objects of type Reference and BOLT
+ declaration of data types and operators'

o Machine-independend compiler
o Control of syntax analysis by a,l ist to minimize

expenses by changes of the language syntax
o Con~rol af'SYSTEM diVisi9" interpretation by a list

written in PEARL '
o Runtime routines using the HP 3000 FORTRAN-library
o Universal PEARL operating system written in GBL1

(.PL./1-subset.) .
a PEARL operating system implemented on MPE/II' and MPE/III

without modifications of the MPE operating system
o Three HP 3000 processes running for PEARL

- one process containing all PEARL tasks
- one process realizing I/O operati6ns
- one process for timing control

o five software interfaces betweeen MPE and the PEARL
operating system

o Code generator to produce riP, 3000 RBMs instead of FORTRAN
announced

~ARLJ

~~ __L
~ -.- Machirie­

independent
(Syst~ _..- Compiler

Module
library

~- -, IL1··"- IFORTRAN ~5T="l
L_ ~L~_ :-.- FORTRAN- .. Linker ..~

Principle of the PEARL compiler system on HP 3000
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INTRODUCTION OF PEA R L

0~-~~-J ~~~--

GBL1- GBL1-
Compiler Compiler

(jilL I [ . ..._.. .. (jUll

(-;L1-I,-. Transl ato ~ORTkAN I
·l. __ ... _ ..J

Gnl. ,

Method of implementing the PEARL compiler system
on HP 3000

LIIL 1 1)(' I\Rl lJlf)Ol

I · ._~
It1 -:-···~I (JI~Ti~At~-r='IP 3000

IUM 370r-r-I-- --J_.... i
Si 310 Si ])0 Si 40/./]111) 1000 t'J(Jf~O lOS.

Advantage of using machine independent compilers
by generating IL1 (Intermediate language) as
computer output
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6. PEARL on a Computer Network HP 3000 - HP 1000

IHP 2114

WahlanschluB

P20-10
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INTRODUCTION OF PEA R L

The Realtime-Computer-Network of t.he T'echni'cal 'University

Berlin consists of 11 realtime-systems HP 21MX and HP 1000

in star-configuration with a central computer HP 3000. The

satellites are used in various fields of process control

I ike p sy c hoI 0 gy, e.r g 0 nom i c s 0 r b r ewe.r y and can h ave mi c r 0 ­

com pute r s ass ubcomputer s. The c en t r a-1 HP 3·000 isma i n I y

used f.or program devel (}.p~~:·n..~ and·.·r..g~rnote file access. In

order to inc rea set he .ava.II a"t>i I i ty·:·::·(jf· :.{~ h.e ~y stem :a p ra j ec t

has been started in 19781:0' i n1:'r·o'd~c-~P E~'RLjnto the process
...... ..... ,- ) ..... '

computer network. . .. : ~
':,' .. ';, ..

The main characteristics of this PEARL irnp.l:eme·nt.ation are:

o Introduci-rig PEARL' into the process-computer~'·":·:n.~.·tw'ork is
done in th.r·ee ph,ases: ,.. -..:.:.. .

Implementi.ng the excisti'ng PEARL system !on~·:'.~·he,·central
HP 3000
Implementing a cross-compiler s.ystem for HP .·t~lO,O·:.pn

HP 3000
- Implementing a stand-alone compiler system O~·.;~\.HP··".10·OO

.0 For all three phases the same co~piler main part~is used;
a code generator is written to. produce HP 21MX ...~el.oca.table
code' ..'. .

o Sophisticated OS-features w·ill be incl'uded to ma::'k~e~ 'PEARl
applicable for realtime-computer-~etworks

o As a prospect it· is planed tq implement ·PEARl cros.s soft­
ware on HP 3000 for microprocessors to be con,fl.:gure'd a
subsys..tem under each satell i te computer ,.,..

References:
. .... -' . ..,. . ~:- . . .

T. Martin:

Full PEARL

• ' .', r";'

Re a I time Pro gr amm i ng Lang u~a~·-9~~i... pEAR.,l<'" Co nc ept s
. and Characteristics ··.:-/>7 .. :)·:.. ··:.::..

Proceedings of C.9MPS.A.C 78.·.. .'.,:~.ag.;e~:' 301
. .,

Language Oescriptio·n,·~··:

PDV-Report KfK-PDV 130,
Kernforschungsze~t~~m.Karlsruhe,GmbH, 1977

DIN 6625'3 Basic PEARL Draft Standard
Beuth Verlag GmbH, Berlin, Cologne 1978

K.Rebensburg: Real-time-computing with the Computer
network of the technical university Berlin
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INTRODUCTION OF PEA R L

Example of a simple PEARL application
A pipeline shall be pressure controlled and is
properly instrumented for this purpos~ (Fig. 1).

~
I~ LAMP

~~

ALARM Operator's
(High Umit) Pan"

I .

on/off

..

a
PRESSURE I

SENSfR.' I

+
Figure 1 Pressure·control scheme for pipeline

F19. 2 shows the funct ;on/data block structure ofthe planned computer control syst~ The next stepwould be to choose a hardware canfiguration and
connect tbe sensors, lamp, and control devices to
certain clamps of the CORPUter I/O de~ices (Fig.
3) •
There are t.o tasks: Task 1 controls the pressure
~ means or a simple on/off algorithm. The valve
is opened and closed by outpu.tting bit pattern
~10· or ·OI N

, respectively. Task 2. in addition.
takes measures to alanl and quietly release thepressure9 if a certain hip 1iArit is re.tebed. Nextthe PEARL program can be implemented. (In the fol­lowing text capital letters are used for desig­
natin; PEARL language elements.) Before this. thegeneral program structure of PEARL must be ex­
plained. PEARl programs are composed of indepen­dently compilable units. the so called MODULEs.Connections between MODULEs are established
through GlOBAl objects. In general, a MODUlE con­
sists of a part describing the hardware configur­
ation (especially the process I/O connections).
called SYSTEM di vision. and another one containi ng
the formulation of the probl~ called PROBUM
dl vision:

MODUL£ (Jmdule name) i

SYSTEM;
- Descript ton of hardware

conf i gurat1on (connect i ODS)
- 1ntroduct1on of (re!1y chosen

DaReS for I/O ter:rinals (DATIONs).
interrupts, and s~gnals

PROBLEi4i
Description of actions to be executed.
practically independent 01 environ­
~.ent9 e.g.
- Declarat1on/Spec1f1cltion of

data, tasks. procedu. ~s
- Start candit ions (schedu, ~:s )

of tasks

The purpose of tbt S separation is the fall aw­
ing: The PROBLEM division which contains the algo­rithmic and organizing part of the program becomesinvariant against har~are change5. Thus. port­ability of the control program is achieved!
The PROBlEM division is structured by means of
lASls and PROCEDUREs. TASKs are independently andsimultaneously runnable program parts. PROCEDUREs
(not used in the example) are, as usual. dependent
Oft the CALL i n9 program part.

With this info~at1on the redder should be al­
most able to understand the PEARL proyralll. gi yen
in F1CJ. 4. uti 1i zing the self-document.at i on fea­ture of PEARL. In the SYSTEM div;SlOR the transfer
di ~ct i on is def i ned by arrow syrnoo1s. Note howthe user names of the devices (i.e. DATIONs) are
introduced 1;ke label s. The other hard"are names
are s,)'sten names known by the compi ler.

P2D-t2

. ."1!=.lnt Application Proe-s~
~1gu~ Z Funct~on/Dlta block structure ~ C~­
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INTRODUCTION OF PEA R L

ALARM

INTERRUPT 2.
INPUT 1

o
CPU

LAMP
Figure 3 COmputer hardware configuration with

process cODnections

CPU-5,

NllTIPL£XGrO,
PlJlT IPlEXOR-9,

<- DI6ITAUIJT(O)-O.2,
<- DIGITAlOOT(OJ-3.1:
<- D16ITAUlJT(O)-6.1;

-)
--)

JIJlTIPlEXOI <.-)
DIGITAlOUT(O) <­
AHALOGIN(O) -)

fIlDULf, /-EXAPFl£ PRESSURE CONTROL-/
SYSTEIt,

VAlVE

lAPtP
DISCHARGE

PROBI..EMJ
SPECIFY VAlVE DATION OUT BASIC Dn,o TFU.

(lAPP. DISCHARGE) DATION ooT BAStC.

(PI£SSURESEH~R1. PRESSURESENS0R2) BATIOI II 8ASl'C DI"O TFU.
AlAIN INTERRUPT:

READY.
ALA,,:

PRESSURESENSORl: -). AHALOGIN(o)-l,
PRESSURESEHS0R2: - > AHALOGIN(O)-3,

DECLARE (PftESSl. PRESS2" IONPRESS) FLOAT"
OPEIVAlVE BIT(2) INITIAt( '10·!).
ClOSEVAlVE 8IT(2) INITIAte'Ol 'B)"
(TUfUIII. TURNOFF) BIT INITIAl('1 'B. 'O'B):

START: TASK GlOBAL: '-ACT IVATED FRCIt OUTSIJr'

•-EVERY 1 SEC ACTIVATE PRESSIfRECORTIOL
, VIlER ALARM ACTIVATE AlAMING:

END: '-rE TASk STAR,..'

PRESSURECORTROl: TASK PRIORITY 5: .

TAKE PRESSl FIlM PRESSURESf.tISORl:

TAKE PRESS2 FRm PRESSURESEnsnR2:
I't£ANPRESS • (PRESS! + PRESS2)/2;
IF M£AlPRESS ). 30

THEN SE:m OPENVAlVE TO VAlVf:

ELSE IF ftEARPRESS <20 THE.. SEND CLOSPVAlVf TO VAlVE:
fBI:

FRI;
Elm, leaf TASK PRESSURECONTROl-/

Al.AMING: TASK PRIORITY 3:
SEND TURQ TO LAMP:

SEND TUfr.iOff TO DISCHARG£:
VII IL£ f£ANP1IESS >at 20

REPEAT:
AFTER 2 'UN RESU1'1E:

END: I-Of lOOP-/
SEND TURfIlFF TO LA'1P:
SEND TURftlFF TO DISCHARGE:
ErcD: ,.~ TASK ALAR'U!IG-/

PIlDEftD:

Figure 4 PEARL source progr.n
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INTRODUCTION OF PEA R L Appendix B page 1

Collection of PEARL Features and Examples

M. TRANSFER-Of-CONTROl STATEI£NTS

Ra.ovE ALL ScHEDUUS PumlNG . PREVENT T,

Al. PEARL OBJECTS (DATA TYPES)

(1) PROBliM DATA

INTEGER FIXED (PREClSION)
FLOATING POINT FLOAT (PRECISION)
BIT STRING BIT (LENGTH)
CHARACTER STRING CHAR (l.£HGTH)
TIME INTERVAL DURATION
POINT IN Tl~E CLOCK

(2) DATA fOR PROCESS CONTROL

TASK TASK
INTERRUPT} INTEi{RUPT
SIGNAL • EVENTS SIGNAL
SEltAPttORE soo
BoLT BOlT

0) DATA FOP. I/O CONTROL

FILE
} DATA STATION DATIONDEViCE

STANDAR:J FORt\ATS F. E. A. B. T. D. LIST.
X. SKIP. PAGE. ETC.

C-CHANNEL VALUE CONTROL
REMOTE fORAAT FOR.'1AT
USER-DEFINED FORfltAT INTFAC

(JI> DATA REFERENCE

POINTER REF

(5) OPPOUND OBJECTS

ARRAY IDEMT. (BOUteD-PAIR-lIST)
STRUCTURE (DATA HIERARCHY) STRl!CTU~

(6) USER-DEFINED DATA TYPES TYPE

A2.EXWLES OF PEARL OBJECTS

II:CLARE I FIXED.
(F .G) fLOAT,
B BIT (16) INIT ('OOFF 'B:4>.
C CHAR (~) I" IT (' ABeD I >.
A (1:10.-5:5) FLOAT.
RF REF FLOAT.
TAG LABEL RAN~E(ru. "2>'
PIECE STRueT

[NR FIXED no) #

Wi CHAR (8L
DATE STRUC

[(DAY. MNTH. YEAR) FIXED (2)
]

]j

E
R

fW1E

PIECE
DAY

TE-Ef'.ONnt
YEAR

COI90NEMT ACCESS:· PiECLHN'i
PIECE.~T£. YEAR

(STRING SELECTION SUULIAR)

CoMO ITIONAl-STATEMENT
(ALTERfWATlVE)

CASE-STATEftENT
(SELECTlo,d

.PEAT-STATUlENT
(I TERATlord

Ail.TASKING AND SCHEDULJ NG

TASK DECLARATiON

T: TASK PRIO I:
locAL DEClARATIONS
STATEMENTS
END:

TASK EXEeUT lOll

AT ONCE

AT POINT IN TIME

'ERIODICAllY

AT INTERRUPT

AFTER 10 SEC

PERIODICALLY FOR S ..I ..

D£LAY FOR TI"E SPAN

DELAY TilL heTERRU'T

TEI90RARY STOP

CotrTIIlUE

IILL AcnvlTT

BEGIN, lDcAL DECLARATIONS
STATi"ENTS

IF BIT-o..£-Ex~£sslo"
THEN STATEMENTS 1
ElS£ STATlIUNTS ~

FIN,

CASE WR£SS ION

ALT STATEAENTS 1

AlT STAm.ENTS N
OUT STA~IITS ([AROR ExIT)

FIN:

FOR IDENTIFIER (Loop Ireu)
fRlJt ExPRESSION (INITIAL VALUE)
BY exPRESSION (STEP WIDTH)
TO exPREssION (E.~ VAWE)
WHILE BI T-oNE-txPRESSI ON
REPEAT l.ocAL DECLAAATIONS

STATEftiNTS

00:

ACTIVATE T:
ACTIVATE T PRIO (3-U:

AT 8:30:0 ACTIVATE T;
DeL TIP1E CLOCK.

PERIOD DUR:

TIf1E • 9:0:0:
PERIOD • 2 HRS:

AT TIP( All PERIOD DU~!NG 12 HRS
ACTIVATE T:

DeL FUU INTERRUPT:

VltEN FULL ACTIVATE T;
WEN FUll AFTER 10 SEC ACTIVATE T;

WHEN FULL All 2 SEC DURING S 'UN
ACTIVATE T:

AfTER 5 SEC RESUf1E;

VHfN ~SSAGE REStr!:

SUSPEND: OR SUSPENDT T;

CONTINUE T PRIO 3:

TER'UNATE: OR TERftIHATE T:

Note: Appendix A and 8 are taken fonn "Realtime PrografTITJing Language
PEARL-Concepts and Characteristics" by T. Martin (see references).
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