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Abstnæt
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L a fntroduction

Simulation is often used for controller design. 'When the design is complete,
a real time implementation of the control algorithm may be desirable. This
can be more or less time consuming, depending on the tools available. The
program described in this report is an attempt to simplify important parts of
the implementation process by using automatic code generation. The control
algorithm is written in a high level design language, and is automatically
translated into the implementation language. This reduces the implementation
effort, and eliminates the risk of introducing errors during the translation. By
using the same language for simulation and design, the control algorithm can
easily be tested in simulation before the translation is done.

An important part of the real time implementation is the user interface.
When the controller is connected to the physical process, the user often wants
to adjust the parameters in the control algorithm. The values of input and
output v¿riables may also be of interest. The user refers to the different
variables, for example via their names, and the program reads or writes the
associated values. This means that certain facts about the variables, such
as parameter names, the number of inputs etc. must be embedded in the
program. When a neïv control algorithm is implemented, new facts must be
entered. When automatic code generation is used for the control algorithm,
it is easy to also generate code for reading and writing parameters and other
variables. By doing this, the control algorithm can easily be connected to
the user interface of the real time system, and the control algorithm can be
changed without modifying the rest of the real time program.

This report describes a compiler for translation of a discrete Simnon sys-
tem into a Modula-2 module. The compiler can be used to simplify the im-
plementation of control algorithms. The control algorithm is written in the
Simnon language, and translated into a Modul¿-2 module. The compiler an-
alyzes the source text, and errors are reported. The generated code contains
the control algorithm and procedures for accessing the variables defined in
the Simnon system. By using the Simnon language as design language, the
control algorithm can either be tested in simulation, or directly iranslated
into Modula-2. The modularization facilities of Modula-2 also gives advan-
tages. The translated control algorithms are separated in modures, and it is
for instance easy to build libraries of control algorithms.

The report is organized as follows. section 2 contains an example of a
translation, the compiler is described in Section 3, and the conclusions are
given in Section 4. In Appendix a simple user program for single loop control
is given. The program uses the generated code, and it is easy to change the
control algorithm without modifying the rest of the program.
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2. An Example

Some properties of the compiler will be demonstrated. The Simnon system
to be translated is a PID controller (Äström, 1g8z). Here, only parts of the
generated Modula-2 code will be shown. A complete listing together with a
main program is given in Appendix.

2.L Translation of the Control Algorithm
The controller is implemented as the following Simnon system.

DISCRETE Systen PfD

STÀTE i x
NEÌ{ ni nx
INPUT r y
0UTPUT u
TII,IE t
TSÂMP te

rrDiscrete tine PID regulator r¡íth anti-windup

u = if uIímon then us else ul
us = if ul(r¡nin then r¡nin else if ul(umax then ul else u:nax

ul = K*b,tr - K*y + í + x _ bi*y

ni=i+K*h*e/Ti+aw
e=r-I
aw = if awon then h/Trt (u - ul) else 0

nx = ai{,x + bi*(l - ai)'¡I
ai=Tdl(Td+ltt*1¡¡
bi=K*TdxN/(f¿+N*h)

ts=t+h

ulimon : 0 "switch for output saturation
aúron : 0 rrSr.¡itch for anti windup

unax : 1e3 rr0utput linits
umin : -1e3

rrRegulator gain
rrfntegration tine
itDerivative time
I'Derivative filter constant
rrFeedforward gain

1.

1

0

10

1

K

I1
Td
N

b
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0.1h trSânfling ínterval
I'AntÍ windup time constantTr : leS

END

Compiling the system gives two files as output, a definition module and an
implementation module. The definition module contains declarations of the
types and procedures accessible to the user of the module. The exported types
are the hidden type systenType, and the record types for the variables defined
in the Simnon system. A va¡iable of type systenType represents a system, in
this case a PlD-regulator, containing the current values of the system variables.
Each rr¿riable is regarded as having one of the six types: state, new, input,
output, par, or auxvaÌ. The system type and the parameters are declared as

TYPE

SyatenType;

ParType = RECÍIRD

ulinon, awon, umax, u.nin, k, ti, td, n, b, h, tr: REAL;
END;

The procedures rnit, upDate, and rncrementTime operate on variables of
type SystenType. These procedures are declared in the definition module as

PRoCEDURE fnit(VÂR S : SystenType);

PR0CEDURE UpDate(S : SystenType);

PROCEDURE IncremenrTine(S : SysrenType; VAR T : Tine);

Initialization of a system is done by rnit. The parameters are given the values
defined in the Simnon system, and all other variables are given the value zero.
The algorithm is executed once by calling upDate. The equations from the
Simnon system are then er¡aluated. A, call to IncrementTime, with the current
time as actual parameter to T, then gives the time for the next update. Note
that in the execution of the algorithm, no reading of inputs fron¡,outside the
system, for example from AD-converters, is done. A typical sequence in a
user program is to read inputs, write the input values to the system, call
upDate, read outputs from the system, write the outputs, for example to
DA-converters, and finally call rncrementTine to get the time for the next
update. All variable types are accessible by procedures. These are, for each
variable type, procedures for reading and writing variables, and procedures for
associating variable names to variables. The reading and writing is done either
by copying a complete variable record, or by accessing individual variables.
Here, only the procedures for accessing the parameters will be shown. The
other variable types are accessed by similar procedures.

PR0CEDURE ïlrítePar(S : SysrenType; VAR par : parType);
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PR0CEDURE ReadPar(S : SystemType; VÀR par : parType);

PR0CEDURE ülriteParVariable (
V.ÀR Par : ParType;
Name : ARR¡,Y 0F CEÀR;
Va1ue : REAL;
VÀR Nane0k : B00IEAN);

PROCEDURE ReadParVariable (
VAR Par : ParType;
Name : ÀRRÅY 0F CtÂR;
Vl,R Value : REÄL;
VÅR Nane0k : B0OLEAN);

Reading and writing parameters from a system is done by wrítepar and.
ReadPar. The complete parameter reco¡d is read or written. Iadividual pa-
rameter nariables are read and written into a parameter record by writepar-
variabre and ReadParvariabre. rn a typical application, the user program
reads parameter values from the keyboard, and writes the values to a param-
eter record. The complete record is then copied into the system by a call to
writePar. Accessing individual parameters requires the name of the parame-
ter. The following two procedures makes the connection between parameters
and their names.

PR0CEDURE cetNuüber0fParsO : CÅRDINÀL;

PR0CEDURE GetParNaae(
Number : CÅRDINIL; VLR Name : ÅRRAy 0F Cf,ÅR;
VÅR Nunber0k : B0OLEÅN);

Consider for example the problem of displaying the parameter names and
their values on the terminal. This is easily done by using the proced.ures
GetNunber0fPars and GetparName. A call to GetNumberOfpars gives the
mrmber of parameters. For each parameter the corresponding name is then
given by GetParName. A call to ReadParVariable finally gives the value of the
parameter. Note that the code for doing this can be made without knowledge
of the parameter names. This means that a user interface that is independeit
of the control algorithm can be constructed.

The pieces of Modula-2 code shown here are only a small part of the
generated code. A complete listing is given in Appendix.

2.2 A Simple LJser Program

rn Appendix, a simple user program is also listed. The program illustrates
how the chosen format for the generated code facilitates the construction of
a general single loop control program. The main module contains the code
for the user interaction. The code is independent of the control algorithm,
and the algorithm is changed simply by changing the module name ir orr" oi
the import statements. No attempt has been made to make a complete user
program. The interaction is simple and contains no graphics. The purpose
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is to demonstrate how automatic code generation can be used to simplify
the design of the real time control program. A more complete user program,
including graphics, mouse interaction, and data logging, is under development.
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3. The Compiler

The compiler can be divided into four parts. Three of them do analysis of
the source text, and the forth generates the code. The source text is a subset
of the Simnon language (Elmqvist, Åström and Schönthal, 1-g86), and the
generated code is Modula-2, using library modules from Logitech (Logitech,
1986) and from the Department of Automatic Control (Andersson, lgBZ). The
compiler can be modified to generate other types of code. This section briefl.y
describes the different parts of the program. The internal data representation
is illustrated by examples from the Simnon system used in the previous section.
The compiler is written in Scheme (Dybvig, 198?).

3.1- Lexical Analysis

The lexical analysis groups the individual characte¡s into tokens, such as iden-
tifiers, delimiters and numbers. The conversion is done according to the fol-
lowing syntax rules.

(unsigned:rumber) :== (unsignedjnteger) [ (real_part) ]

(real-part) :== [ (unsignedjnteger) ] (exponent)
(exponent) :=: € [ * I - ] (unsignedjnteger)
(unsignedjnteger) ,== { (digit) }+
(identifier) :-- (letter) { (letter) | (digit) }*
(letter) '== { a lb I ... 1 zl L lB 1... lz }
(digit) ,== { o I 1 I ... I g }
(delimiter) ,:= { * l- | *l / I = l> I < I ( I ) | : }
If s, sl ... sn denotes character strings, occuring in the syntactic rules, the
notations are defined by
(r) A non terminal symbol, e.g. (identifier).
s A terminal symbol, e.g. the character e.

I s ] The enclosed entity may be omitted.

{ r }* Repetition, zero or more times.

{ t }* Repetition, one or more times.

{ sl ls2 l...lr"} Alternatives, of whichonemust bechosen.
As an example, the assignment

nx=aÍ*x+bi*(1-ai)*y

from the simnon system is, after the lexical analysis, represented. as

(identifier rinxrr)

(space *\space)
(deliniter "=")
(space #\space)
(identifier "ai")
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(deLíniter t'*")
(identifier rrxrr)

(space #\space)
(de1inÍtêr "+")
(space #\space)
(identífier rtbirr)
(deliniter tr,¡tt)

(deliniter rr(rr)
(uneigned-numbsr rrl . Orr)
(space *\space)
(deJ-Íniter rr-")
(space #\space)
(identifier ilairr)
(deliniter ")")
(delimit€r 'r*")
(Ídentifier try*)
(newline *\newline)

3.2 Syntax Analysis

The syntax analysis is implemented as a recursive descent parser (Aho, Sethi
and Ullman, 1986). The input format is a list of tokens, generated by the
lexical analyzer, as shown in the example above. The syntax rules are

(syst-desc) ;=: (systemJreading) { (declaration) }* { (var-a,ssignment)
| (par-assignment) )* u|o

(systemleading) :== DISCRETE SYSTEM (identifier)
(declaration) :== { runur I ournur I TIME I suru I rvnw I TSAMn }

{ (variable) }+
(var-assignment) :-- (variable) = (arithm-exp)
(par-assignment) :-- (variable) : (number)
(arithmæxp) r=- { (simple-arithm-exp) | (if-clause) (simple-arithm-exp)

EISE (arithm-exp) )
(simple-arithmæxp)'=: [ + I - ] (term) { { * | - } (term) }*
(term) :-- (facto") { { *l / I (facror) }*
(factor) :-- (primary)
(primary) :-- {(unsigned:rumber) | (variable) 

|( (simple-arithm-exp) ))
(if-clause) :== IF (boolean-exp) THEN

(boolean-exp),=- (boolean-term)

(boolean-term) :== (booleanJactor) { 0R (booleanJactor) }*
(booleanJactor) :=- (booleansecondary) { llu (booleansecondary) }*
(boolean-secondary) :== [ NOT ] (boolean_primary)
(boolean-primary) :== { (variable) | (relarion) | ( (boolean_exp) ) }
(relation) :-- (simple-arithm-exp) { < I > } (simple_arithm_exp)

(number) :=: [ + I - ] (unsigned:rurnber)
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(variable) :-- (identifier)
The Simnon statement

nx=aÍ*x+bi*(l-ai)*I

is, after the syntax analysis, represented as

(variabte-assignnent
( (Ídentif Íer tfnx")
(dsLimitêr rr=rt)

( s inpl-e-expression
( (( (identifier "ai',) )

(deLimÍter tr*'r) ( (identÍf ier "xrr) ) )
(delÍnÍter rr+t')

(((identifier ilbÍ'r))
(d€limit€r tt*rt)
(((¿efinit€r il(rr)

( ( (unsigned-number ',1 . O" ) )
(deliniter ,,-',)
((identitier "air')))

(deliniter r') r') )
(deliniter rtlrt)
( (identitier "y") ) ) ) ))

(newtine S\newtine)))

3.3 Semantic Analysis

The semantic analyzer checks declarations and assignments. Multiple d.eclara-
tions and illegal assignmentsr e.B. assignments of input variables, are detected.
The parameter assignments and the variable assignments are then sorted. The
output from the semantic analysis is stored in a number of global variables.
These are

The system name.

A list of all identifiers.

A list of the state variables.

A list of the corresponding variables for up-
dating the states.

A list of the input variables.

A list of the output variables.

A list of the parameters.

A list of the auxiliary variables.

The y¿riable declared as tÍme.
The variable declared as tsanp.
The parameter used in the assignment of
the variable declared as tsamp. The as-
signed value must be the sum of a param-
eter and the variable declared as time.

Systen-name

Declared-identifiers
Declared.-states
Declared-news

Declared-inputs
Declared-outputB
Declared-parameters
Declared-auxvars
Declared-tine
Declared-tsânF
TsâÍrF-paranêt€r
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Paramete¡-Às s í gnment s

Variable -,[s s i gnment s

Sorted- Varíab1e - Âs s i gnment s

A list of the parameter assignments.

A list of the variable assignments.

A list of the sorted variable assignments,
represented as shown in the example on
syntax analysis.

3.4 Code Generation

The generated Modula-2 code contains the cont¡ol algorithm and the proce-
dures for accessing the variables defined in the Simnon system. Given the
global variables from the semantic analysis, the access procedures are easily
generated. The control algorithm, i.e. the sorted variable assignments, is
generated by translating the assignment expressions from their internal rep-
resentation into Modula-2 expressions. As an example, the Simnon statement

aw = if awon then h/Trt (u - ul) else O

is translated to

IF awon > 0.5 THEN

aw := h / tr * (u - u1);
ELSE

aw := 0.0;
END;

where the conditional Simnon assignment has been translated to a Modula-2
if-statement. The arithmetic expressions are also translated.

3.5 Error handling

rn each of the analysis phases, the compiler checks for errors in the source
text. When an error is found, the compilation stops, and an error message is
printed. In most cases, the source line on which the error was found is also
printed.

3.6 Possible Extensions of the Compiler

The compiler can be modified in several ways. One possible extension of the
analysis part of the compiler is to extend the source language to cover the full
simnon language, for example to include standard library functions, sin, cos,
etc. The code generation can also be modified. other types of code may be of
interest. One example is generation of C-code for the scheduler described in
(Brück, 1988). The generated code could be of the same structure as in the
Modula-2 case, including both the control algorithm, and access procedures.
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3.7 Controller Implementation Efficiency

The efficiency of the compiler when used as a tool for controller implementa-
tion has been measured in terms of code size. The size of the generated cod.e
is compared with the size of the Simnon system. Ä number of control algo-
rithms, including PI, PID, polynomial controller, and controller with feedbÀ-ck
from estimated states, was translated f¡om Simnon to Modula-2. The average
quotient between the number of lines in the Modula-2 implementation module,
and the Simnon system, was 10.8. This is of course only a crude measure, but
it illustrates how the implementation efficiency is improved compared to irand
translation.
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4. Conclusions

It is demonstrated how a compiler can be used to simplify the real time imple-
mentation of control algorithms. The compiler translates the control algorithm
from a design language to an implementation language. The algorithm is writ-
ten as a discrete Simnon system, and translated by the compiler to a Modula-Z
module. Besides translating the algorithm, the compiler also generates access
procedures for the variables defined in the Simnon system. The access pro-
cedures are used to read and write values, and to make connections between
variables and variable names. The chosen set of access procedures gives an
environment for controller implementation, where it is possible to design a
flexible program for real time control. The user interface can be made inde-
pendent of the control algorithm, and the control algorithm can be changed
without modifying the rest of the program.
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Appendix - Listing of the Example

DISCIETE Syrtcn PII)

STITE I r
fEI nl nr
IIPIIÎ r y
0UTPUI u
lIt{E t
18ÂllP tr
[Dl,ror¡t¡ tlu PID r.gr¡Iato8 rith antl-rindu¡r

u - if ulLuon th.tr u. o1¡¡ ul
ur ! Lf ul(r¡¡ln th.n üaL¡ ¡1"¡¡ ll ul(r¡ma¡ thcn ul cI¡o um¡r

r¡1 r f,*b*r - f,rt + I + r - bl*y

¡l-1,+tr*h*./Tl.+rr
a't-y
tr . il ¡ron th.¡¡ h/Tr*(u - u1) oI¡¡ O

an r ¡1,*r + bl*(l - rl),¡t
rl-TV(Td+l*h)
bi!f,*Td*r/(Ial+r*b)

t¡rt+h

ul.iua : O trs¡l,toh for output !¿turatl,on
rroa ! O rrssitoh :for rntl rlaitu¡r

r¡¡ar : 1¡3 'r0utput l'l,ul,tr
r¡.uin : -1c3

f,:1
Îi¡1

ÍBeguJ.ator gaJ,n
rrXntogratl,on ti.no
rrDr¡:lvativ¡ tLn¡
[Dc¡lv¡tiv¡ fi]-tcr conrtùnt
rrFordf,orrrrd, gaLn

'rSaop1l,ng into¡vrI
IÂntl, rl,ndu¡r tiu oon.t¿trt

Îd:O
l:1O
b¡1
h:O.1
1r : 1.8

EID
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DEFllrIIor ü0DllLE ptd;

FR0l{ f,o¡ncl I}|PORT Tinc;

EIPoRÎ QUÂLIFIED

Syrtonty¡ro, StatcTypr, trcrÎypc, InputTypc, 0utputÎypc,
ParType, ÂurVarÎypo,

lritoStrtr, lfrit.St¿t.V¡rl.ablo,
n.Êdsùat., R.rdstrt.V¡riùb1.,
C.tfunb.!0fsttt.., C.tstttofaur,

llritotror, TrLtoforVariablo,
Ror,d.trrr, RoadtrrrVarieblo,
oattr¡Db.rotf ar., C.tlar¡r¡.,

lfritrlnput, llrlt.Inputv¡rLablo,
Rcedlnput, RoadlnputVariabtr,
C.tlu¡b.lof Inputr, G.tlnputtra!.,

lflitöOutput, llritcOutt utvariablo,
f,oadOutput, R.¡d0utputv¡riablc,
G¡th¡¡br¡ofoutput., C.toutpr¡ttrae.,

lfritoPar, Ifel,toPrrVariablo,
Rrr,d,Prr, l,oadParVarirble,
C.tlr¡Ebcr0fP¡ra, G.tPrrtran,

Ilrit.ÂuxVar, IriteÂu¡VarV¡riabl.,
BcadluxVar, Read,Âu¡VarVariablc,
Gctlunber0fÀurVars, GctÂurVarXauo,

Inc¡cmsntTi.uc, Init, UpDatc¡

TYPE

Sy.t.BTyp. i

Stat.llrlr. = REC0RD

i, r : REÂL¡
EfD¡

f,crTypc - nEC0RD

ni, nr 3 REAL¡
EID¡

fnprtTJ¡trr. = RECORD

r, y : REÂL;
EID¡

outputÎyp. = RECoRD

u : REÂL;
Ef,D;

ParTyp. = REC0RD

ulimon, ason, üDax, unin, k, ti, td, n, b, h, tr 3 REÂL;
EID¡

lurVarTypc = RECORD

us, ul, o, Er, ai, bi : REÂL;
Ef,D¡

PnoCEDURE Lrit.Stat.(S : SyrtcuType; VÂR Stato : StateTypc)¡

PRoCEDITRB RoadSt¿tc(S : SyrtcnÎypo; VÂR Starc : StatcTypc)¡

PR0CEDInE Y¡it.g r¡t.Vrri¡blo (
VÂR Statc : StatcTypc;
tra¡o : ARRÂY 0F CEÂR¡

Va1uc : REIL;

L4



V^R l¡!.0Ì I B0oLElt);

PRoCEDURE R¡¡dStrtoVrri¡bto (
VÂR Etrt. 3 sttt.ÎJ¡Ir.;
tra¡o : ARRIT 0F CEÂR;
VÂR Valuo : REAL¡
VAR lan¡0h : BO0LEA[);

Pì.0CEDUR.E Gottrr¡¡bo¡0fSt¿tc¡O : CÂRDIIÂL¡

PROCEDITRE G¡tStat¡fa¡¡(
trr¡¡b¡¡ : CÅRDIIIL¡ VÅR fr¡¡ : ÂRRÂy 0F CIÅR¡
VÂR funbcrOk ¡ BOOLEÅ!) ¡

PR0CEDURE lf¡ftotros(S ¡ SyrùctûTyp.¡ VÂR Xcs : trevType);

PR0CEDURE Readtrcc(S 3 SysrcuÎyp.; VÂR Xec : ncrTypc);

PROCEDITRE ll¡itclcsVa¡iab1c (
VÂR trcr : [csTypc¡
fa¡c : ÂRRAY 0F CEÅR;

Valuo : REÄL;
VÂR traneOk : B00LEÂ[) ¡

PROCEDURE R¡adtrorVrrirbl¡ (
VÂR fc¡ : [crTypc¡
fa¡¡o : ÂRRÅY 0F CBÂf¡
VÂR V¡lue I REÂL¡
VAn hn.0k : BOOLEI!);

PR0CEDUÎ,E c.ttrr¡Db.¡0f,f,.ruO : CÂRDIXÂL¡

PROCEDURE GctIs¡[a¡c(
fr¡mbor : CÂRDIÍÄL; VÂR X¡¡c : ÂRRÂy 0F CüAR;
VAR tru¡bor0k : B0OLEÂf,) ¡

Pì'0CEDIJRE lritofnput(S : Syrt.BTypô; VAR Input : InputType);

PROCEDURE Rcadlnput(S : SystcuTypo; VÂR Input

PR0CEDITÎE Yritclnpuù Variabl. (
VÂR Input 3 InputTylr.;
¡alu. ! ARRÅY 0F CBÂR;
VaÌuc : REÂL¡
VÂB fauoOk : B0OLEÂf,) ¡

InputType);

PROCEDUIE Rc adlnputVariabtc (
VÂR Input : fnputTyl,.;
tra¡c : ÂÌRÂY 0F Cf,ÂR¡
VÂR V¡luc : REÂL;
VÂR fanc0k : BOOLEAI) ¡

PR0CEDUnE c.tf,ulb.r0tlnpur.O : CÂRDIf,ÂL;

PRoCEDURE c.tlnputt¡¡¡. (
lunb¡r : CÂR.DIIAL; VAB tran¡ : ARRÅT 0F CHÂR;
VÂB lr¡¡bo¡Ol¡ ¡ B0OLEÅ!) ¡

PR0CEDUnE Trltooutput(S s Sy¡t.nTyp.i VÂn Output : outputTypc)¡

PROCEDURE R.ad0uttrrut(S ! SyrtcnTypc; VÂn Outprt : OutputÎype);

PnOCEDURE ïrit oOutputVùliabl. (
VIR 0utput : outputTypo¡
[¡¡o : ARRÂY 0F Cf,ÅR¡
Valuo : REIL¡
VÂR faa¡0h ¡ BOOLEÂI) ¡

PROCEDITRE Rc ad0utputVariable (
VAn output : 0utputTypo;
¡aE : ¡RRÂY 0F CEÂR¡
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VÂR Vrluo : REÂL¡
VÂB la.uo0h ! B00LEÂI) ¡

PROCEDITRE GctIr¡nbc¡OfOutputsO : CÂRDIIÂL;

PROCEDURE Cr t0utput [¡Ec (
trr¡r¡b.r : CIRDXIÅI.¡ VAR trr¡¡ ! ÂRRÀY 0F C[ÂR;
VÂR fu¡b¡¡0k : B00LEÂ[);

PROCEDURE 9¡itcPar(S : SyatcuTypo¡ VÂR Pa¡ : parType);

PRoCEDURE n.adPù!(S : SyrtcETypci VÂR par : parType)¡

PnOCEDITRE Il¡itcPa¡Variabl¡ (
VAR Pa¡ : ParÎype;
fano : ARRÂY 0F C[ÂR;
Valuc : REÅL¡
VÂf,, Ea¡c0k ¡ B0OLEÂf,);

PnoCEDIJRE RoadPa¡Vari¡blc (
VÂR Par : ParÎypc;
tra¡e : Âf,RÂY 0F CIÂR¡
VÂR Valuc : REÂL¡
VÂR ¡an.0k : BO0LEÂÍ) ¡

PR0CEDURE G.tf,unbor0fParaO : CÂRDIIAL;

PR0CEDITRE GctPa¡[auc (
trumbc¡ : CÅRDIIIL¡ VÂR tramc 3 Ânf,,ly 0F CIIÂR¡
VÂn ñ¡Dbcr0k : B00LEAX);

PR0CEDURE llritrÂu¡Var(S : Sy¡tcEfypo¡ VÀB lurVa! : ÂurVarTypc)¡

PR0CEDITRE l,¡adÂurVa¡(S : SyrtcnTypo¡ VAR ÀuxVar

PRoCEDURE lÍrit.Âurv¡rvatiabt. (
Vln ¡urvrr ! ÂurvuTyp.¡
f¡¡o ¡ ARRAY 0F CBÂR¡

Vrlur ; REIL¡
VlÎ' l¡¡o¡0h : B00LEA!) ¡

ÀurVarType);

PROCEDURE RoadÂurV¡rVa¡iablc (
VÂR ÂurVa! : ÂuxVarÎypa;
tra¡o ¡ IRRÀY 0F ClÁR;
VAR Valur : REAL¡
VÂR fauo0k : B0OLEAI) ¡

PROCEDIIRE c.ttrunb.r0f,ÂurVa¡¡O 3 CÂRDIIÂL;

PROCEDITRE GctÂurVarlamc (
tru¡bc¡ : CÂRDIf,ÄL¡ VÂR famc : ÅRRAY 0F CHÂR;
VÂR trunbcr0k : B00LEÂI);

PR0CEDURE Inc¡emcntTi¡nc(S : SyttenType; VAR T : Tinre)¡

PR0CEDUÎ'E rnit(VÂR S : SystcuTypc)¡

PnoCEDURE UpDatc(S : SystcnTypc)¡

Ef,D pid.
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I!{PLB!,!EûTATIoI IIoDIILE pttr¡

F[Oll Storago IüPORT ILL0CÂTE¡
FR0ll Stringr IIíPORT Conparcstr, Copy;
FR0lÍ üathlib X!{P0RT round¡
FR0ll træno]. IüP0RT

Scnaphorc, fnitScu, Yait, Signrl, Tiuc, IncTime;

c0rsT

f,anolcngüh - 20;

trunb.r0tstùt.r - 2i

trr¡Eb.roftr.r. E 2¡

tuEb.rotlnpul. .2i

trunbcrof,outputr Ë 1;

¡u¡b.r0fParr = tl;

fi¡¡bcr0fÂu*V¡rr E 0;

TYPE

SystcuTyp. = POIûTER 10 RECORD

llut.r ! Senaphorr;
St¡t. : Stat.Typ.i
tror : trcrTypc;
InPut ! InputType;
output s outputTyp€;
Par : ParTypc;
Âr¡rVar : ÂurVarTypo¡

EXD¡

PRoCEDITRE ll¡ítoState(S : SyatcuTypo; VÂR State : StateType);
BEGI¡

llait(S'.üutcr);
S'.Stat. := Stato!
Signrl(S' . l{uter) ¡

EtrD llrit.Stat.t

PRoCEDUAE BcadStatc(S s Syót.nT'l,.¡ VtR Stat€ I StateTypc)¡
BBGIT

ï¡it (S' .ür¡t.r) ¡
Stat. := S-.St¡t.;
Signal(S- . llutrx) ¡

EID RcadStato;

PROCEDITRE Trit cStat. Variablc (
VÂR State : SùateIypc;
tra¡oo : ÂRRÂY 0F CEÂR;
Va1uo I REÂL;
VÂR faur0k : B0OLEÂf,) ¡

BECIT
traü.0k := TRIJE;

IF CoEpa!.Str([arac,tir¡ = O ÎIEX
Statc.i := VàIu.¡

ELSIF ConparoStr(f,aruc,rxr) = O Tf,EX
Stat..r != Valu.i

ELSE
tra¡oOk := FILSE¡

E¡Dr
Ef,D llrit.StatcVarl.ablo ;

PnOCEDlrnE RradStato Va¡irblc (
VÂf, St¡tr : Strt.Ty?.i
tra.uc : ÂRBÂY 0F C[ÂR;
VÂR' Va1uc : REÂL¡
VÂR trauo0k : B00LEÂ[) ¡
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BECII
V¡Iuo := O.Oi
fauoOh ¡r IRUE!
IF ConPal.Str(tra¡crrir) - 0 T[Ef

Valu. s- Strtr.l¡
ELSIF CoaprroStr(Ianrrrrr) . O Îf,Et

Vr,Iu. :- gttt..a¡
ELSE

la¡¡Oh ¡= FÂLSE¡
EtrD¡

EfD R¡adStat¡Varitblo;

PRoCEDUnE C.tnu¡¡b.rotgt rt.r ( )
BEGII

IETURI trunbo¡-of St at.! i
Ef,D C.ttrumb.rofstat.!;

CARDIIAL¡

PRoCEDITRE GotS tatctra¡c (
fumbcr ¡ CÂRDIIÂL¡ VÂR Xauc : ARRIY 0F CHAR¡
VÂR tru.nbr¡ok : BooLEÂf,);

BEGT¡

trr¡nbcr0k := TRUE;
Copy(r tr0r1,trauc);
IF (Xr¡¡ber (= nr¡¡bc¡OfStatcs) ÂÍD (nr¡nber > O) fHEn

CÂSE [r¡¡bo¡ 0F
1 : Copy(rir,O,tra¡û.L.ngth,tran¡) ; I
2 : Copy(rrr rOrtr¡ñ.Lcngthrtra¡¡) ¡

EXD¡

ELSE

lunb.r0k 8= FÂLSE;
EtrD¡

Ef,D C.tstÈt.traDci

PR0CEDURE rritotra¡(S ¡ SysróETypc; VÂL [ec : [orType);
EEGII

llait (S' . llutcr) ;
S-.trcc:= ncg;
Sigaal(S- . t{utor) ;

EID lritcler;

PRoCEDITRE R.¡dlos(S : SyatruTypo¡ VÂR [cc : f,euType);
BECIT

Ilait(S'.llutor) ;
trcs := S'.trcc¡
Signal(S- . lfutor) ¡

EnD Rcad[cr;

PROCEDI RE lf¡itclccV¡riablc (
VÂR trcr : trorTypo¡
Xa¡c : ÂRRAY 0F CEÄR¡

Valuo : REÄL;
VÂR f¡¡¡cOÌ : BOOLEÂf,);

BECXI
fartOk 3E lRlrEi
IF Conparcstr(f,amo,rnir) = O TtEtr

l¡c.nL := Valuci
ELSIF ConparoStr([arac,rnlr) - O ÎtEf,

las.nl :- Valur¡
ELSE

tra¡oOk := FILSE¡
BrD¡

EtrD ¡trit.tr.rVarirbJ'c ¡

PR0CEDURB Ro¡dtro¡Vr¡iabl¡ (
VÂl l¡¡ : trrrTypo¡
fr¡o : Âì,RAY 0F ClÂR;
VÀR V¡luo : REAL¡
VÂR tra¡c0k : B0OLEÂf,) ¡

BEGIf,
Valuc := O.Oi
f,ane0k := TRIIE;
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If Conp¡r.Str(lrmorr¡1r¡ ¡ O ÎlEf
Vr,In. s! for.nl;

ELSIF Co¡prro8tr(tranorrn¡r) ! O TEEf,
V¡Iua r. lor.nx;

ELSE
f!Dá0k := FALSE;

Ef,D¡
EID Rcad[c¡Variablc;

PnoCEDUnE Gctf,u¡bc¡off,cssO : CÂRDIIAL¡
BECIf,

RETURtr trr¡mb¡¡0flcra¡
EtrD Gotfi¡nb¡r0tf,orr¡

PROCEDITRE Gct!¡cfan¡(
trunb.r ! CÂRDIXAL; VÂR traur ¡ ÂRRIY 0F C[AR;
VAn luDbcrok ¡ Bool,Elf,) ¡

BEGItr
trünb.rOk 3= IRUE;
Copy(t r r0r1,f,aue);
IF (f,r¡mbe¡ (= trunbe¡oflocs) lnD (f,unbe¡ > O) THEr

CÂSE [¡¡¡bc¡ 0F
1 I Copy(tnir,O,tramolcngthrla¡c); I

2 : Copy(rnrr,O,nanclength,f,ane) ;
ErD¡

ELSE

fr¡¡b¡r0h := FÂLSE'
Ef,D¡

EtrD GottrorÍano;

PnoCEDUnE Yritclnput(S ! Syrt.nTypc¡ VÂR Inpur : InputType)¡
BECIT

fait(S-.!{utor) ;
S'.fnput := Inputi
Signal.(S'.lluter);

EID llritcfnput;

PR0CEDITRE Rcadlnput(S ! SystcBTJrIr.¡ VÂR Input : InputType);
BEGI¡

fait(S'.llutor) ;
fnput :É S-.Input¡
Signal(S' . tfutox) ¡

EXD Lordlnput¡

PR0CEDURE llrit clnpuüVa¡iablc (
VÂR Input ¡ InputTyp.;
tra.u¡ : ÂRRÂY 0F CIÂR¡
Valuo : RBÄL;
VÂn tr¡8.0k : B00LEÅ[) ¡

BECII
Ianc0k := IRIJE;
fF ConparoStr(trrncrrrr) = O Î[Ef

Input.r s- V¡lu.i
ELSIF Conpero3tr(fanrrryr) = O THES

fnput.t 3r VrIu.¡
ELSE

f¡¡¡Ok 3- F¡LSE¡
EtrD¡

EID llritoln¡rutVarlablc ;

PROCEDURE ReadlnputVariable (
VÂR Input : InputTypc¡
f,a¡c : ARRÂY 0F C[ÂR;
VÂR Valuc : REÅL¡
VÂR X¿ne0k : B00LEÂ[);

BECIf
Valuo ¡= O.O¡
f,a¡cOk := TRIIE¡
IF ComparcStr(nanc, r!,) = O TIEX

Valu6 := Input.r;
ELSIF Comparestt(f,amo,ryr) = O TEEû
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V¡Iuo ¡. Input.yi
ELSE

f¡¡¡Ok ¡- FALSE;
ErD¡

E¡D n.aaunputvaliabl. i

PR0CEDURE Gc tfunbcrOflnputr ( )
BECIT

RETURX fi¡¡bc¡offnputs ¡
Ef,D GctIu¡bcr0flnputÉ¡

CÂRDI[ÂL;

PROCEDITRE Gctlnputf, a¡o (
Xt¡ubrr : CÂRDIIÂL¡ VÂR [anr 3 ÂRRÂY 0F CIÂR¡
VÂì, lu¡bor0h ¡ B0OLEÂ!) ¡

BEGIT
fr¡¡borOh := IRUE|
Copy(t ,rorlrfaur)¡
IF (Iu¡bcr (= tr¡mbo¡oflnput¡) ÂfD ([u¡nbc¡ > O) TüEX

CÂSE truûbcr 0f
1 : Copy(rrrr0rfaoolcngth,Xa¡¿) ; I

2 : Copy(ry, ¡Orf,arnclcngth,Xanc) ¡
EtD¡

EI.SE

fr¡¡bcrOk := FÂLSE¡
ErD¡

EED Gctfnputnano¡

PROCEDUÎE ïrit.Output(S : SystonTypr; Vln Output : 0utputTypc)¡
BEGII

Ifait(S'.tlutcx) ¡
S-.output := 0utput¡
Sigaa].(S' . tlutor) ¡

EXD ïrit.outputi

PRoCEDIRE Roaaloutput(S : Syst.mTyp.¡ VÅR output : outputType);
BECIT

Tait (S' . tluter) ¡
output := S'.output;
Signal(S- . llutor) ¡

EID n.¡alOutpr¡t i

PnoCEDUnE lrit.outpr¡rvrriabk (
VAR output 3 outputÎyp.¡
Ia¡¡ ¡ ÅRIÂY 0F Cf,AR¡
Vrluo : BEAL¡
VÂR lr¡.0k ¡ BOOLEI!);

BEõIT
le¡cOk :- lRllE;
fF Con¡raroStr(trarncrr¡r¡ Ë O TlEtr

or¡tput.u:c Vr.luo;
ELSE

lancOh 3E FALSE¡
EtrD¡

Ef, D llrít.OutputVariÀbI. ;

pRoCEDIJRE RcatloutputVa¡iabLc (
VÀR output : outputTypc¡
tra¡¡ : ARRÅY 0F CEÂR;
VÂR Val.uc : REÀL¡
VÂR traD.ok : B00LEÂ[) ¡

BEGIf,
Va].uc := O.O;
Xanc0k := TRIJE;

IF ConpareStr(fa¡c,rur) = O TEEI
Valu¡ := output.u;

ELSE
fancOk := FÂLSE;

EXD;

EID Read0utputVariable ¡

PR0CEDURB Gctf,ubcr0f,0utputaO : CÅRDIIÅL¡
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BEGI¡
RETUBX f,unbc¡0f,0utputr¡

EtrD Gctnuubc¡ofoutputr ¡

PR0CEDURE C.t0utputlan. (
fu¡lb.r ! CÂRDIIII.¡ VÂR !¡n¡ : ÂRRIY 0F CHÅR¡
VÂR fu¡b¡rOk ¡ B00LEÂI) ¡

BECII
lu¡b.rok ¡= TRUE¡

Copy(, , rOrlrlanr) ¡
IF (trr¡nb¡¡ (- fr¡nbcrOfOutputr) ÅtrD (f,umbc¡ > O) T¡EI

CÂSE fi¡¡nbe¡ 0F
1 3 Copy(rurr0rtraacl..ntth,f,nus) ;

EXD;

ELSE

fu¡bcr0k != FÂLSE;
ETD;

EID Gct0utputlanc;

PROCEDURE gritcP¡¡(S : SyatcuTypr¡ VÂR Pa! : parTypc);
BECIT

llait(S'.lfuter) ¡
S-.Par !r Pali
Slgnel(S' . llutcr) ;

Ef,D llritcPar;

PR0CEDURE RoadPar(S : SyrtcnTypc; V.[R Par : ParType)¡
BECII

lait(S'.tlutcr) ;
P¡¡ ¡= S-.Pa¡¡
SitaaL(S' . rtut.r) ¡

Ef,D RoadPrr¡

PR0CEDURE ll¡it¡Pa¡V¡¡i¡bLo (
VÂR Pa¡ : ParÎypo¡
Ir¡o ¡ IRRAY 0F Cf,lR;
Vrlur r REll¡
Vlf, fr¡¡0h ¡ B00LEÂtr);

BEGI¡
tra¡¡0k :- TRIJE;

IF ConparcStr(tranorruliuonr) - O lBEl
Pa¡.uli¡oa 3= Valu.;

ELSIF ConparoStr(f,amerra¡onr) = O T[E[
Pa¡.acon 8= V¡18.;

ELSIF Coupar.Str(tan.,ru¡¡rr) = O TSEtr
P¡r.u¡ax ¡= Vtlus¡

ELSIF CoropalStr(famc, ¡r¡¡inr) = O TtE[
Par.r¡¡¡in != VaLuci

ELSIF CouparcStr(Xarncr rk,) = O T[En
Pa¡.k := Va].uc;

ELSIF CoupareStr(Xa:ncr rtir) = O TEEI
Par.tl,:E VaIu.;

ELSIF Con¡rarcStr(Íamcrrtdr) - O TEEI
Prr.td 3= Valu.;

ELSIF ConparcStr(f,a.urc, rnt) = O TEE¡
Par.n := Valur¡

ELSfF ConparoSt¡(Xane,,b,) = O T¡En
Par,b := Valuc;

ELSIF CoropareStr(nane,rh,) = O TEEf,
Pa¡.h ¡= Vrlu¡¡

ELSIF Con¡rrrrStr(trrmorr¡¡t) = O Î[Ef
P¿¡.t¡:¡ V¡1uoi

ELSE

la¡ook := FÀLSE'
EtrD¡

EnD ï¡ltcPa¡Vrriabl.c;

PÎ0CEDURE RcadParVariablc (
VÂR Pa¡ : ParType;
f,a¡c : ÂRRÂY 0F Cf,AR;
VIR V¡luc : lEÂL;
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VAR la¡c0k : B0OLEÂtr) ¡

BEGIT
V¡luo := O.Oi
tra¡¡Ok := IRIJE;
IF ComparcStr(f]nrr'ulinon,) = O lEEf

Vrlu¡ ¡- Par.uliuon;
ELSIF CoupanStr(tramc,ra¡onr) - 0 Î¡El

V¡Iu¡ :- Prr.¡ron¡
ELSIF ConparcStr(trarnc, rr¡¡¡¡r) = O TBEI

Valua 3= Par.rular;
ELSfF ConparcSür(fanor,uuin,) - O TIEI

VaIu. := Par.uuin;
ELSIF ConpareStr(lane,,k,) = O lEEl

Valuc := Par.ki
ELSIF Con¡rarcStr([ucr,ti,) = O TEEI

Valu. != Par,ti¡
ELSIF ConpareStr(ûa.ue,rtdr) = O Tf,E[

Valu. :- Pa!.td¡
ELSIF CouparrStr(tranc,,¡,) E O TtE[

Vr,Iu. 3! Par.¡r¡
ELSIF ConparoStr(tra.ne, rbr) E O TEEtr

Valuo :- Par.b;
ELSIF ConparoStr(f,ano,,h,) - O Î[Ef

Valuo :- Par.h;
ELSfF ConparoStr(Xa.ucr,tr,) = 0 1[8f,

VaIu. != Par.tri
ELSE

la¡¡0h !Ë FALSE'
ErD¡

EfD R¡¡dPrrVarLrbl.i

PR0CEDURE c.ttrurnb.rOfPar¡O : CÂnDIlALi
BECI¡

nETURtr ¡r¡¡b.rofÞrrr¡
Ef,D Gotnr¡¡bo¡ofParr;

PROCEDURE G¡tParf,a¡c(
Xrub.r : CARDIf,ÂI¡ VAR f,anc : ÂRRÂY 0F CHAR¡
VÂR Xu¡¡ber0k : B0OLEÅI) ¡

BEGIT
trunbcr0k 3= TIUE¡
Copy(, ,,0,1,f,aue);
IF (f,r¡mbe¡ (= [r¡nbc¡ofPar¡) AXD ([umbe¡ > O) TIÍEI

CÂSE numbcr 0F
1 : Copy(rulimont,O,Xamolongth,[arne)
2
3
4
6

6
7
I
I
10
11

EID;
ELSE

f,r¡mbr¡0k := FÁISE;
EtrD¡

EID OotPulanr¡

PR0CEDURE lf¡itoÂuxVar(S I SystcnTypc; VAR Âu¡Va¡ : ÂuxVarType);
BEGII

9ait(S-.llutcr);
S'.AurVar 3= Âurvari
Signal (S- . llutrr) ;

EID glitclusvar¡

PROCEDURE ReadÂurVa¡(S : SystcnType; VÂf,, ÂuxVar : AurVarType);
BECTT

IJait(S'.!{uter);

Copy(, rronr, O rXauolongth, [arnr ) ¡
Copy( , unar, , O, tæLrngth, tramr) ;
Copy( I urinr, O, X¿D.L.ntth, f, anc) ;
Copy(,kr rO,translrngth,f,ane) ; I

Copy( tti.t rorf,amalcngth,f,amc) ; I

Copy( tt¿r rO,f,amôL.ngth,trar¡c) ; I

Copy(,nr rO,fanel.cngthrnaroc) ; I

Copy( rbr rOrf,auolcngthrXanr) ; I

3 Copy(rhr rOrXaDol.cntthrXa¡o)¡ |

s Copy( rtr, ,0rXauolrngthrtraue) ¡
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ÂurVa¡ t- S'.ÂurVar;
Sign¡l(S^.üutcx) ¡

EID R.adÂurvar¡

PROCEDLTRE lfrl.toÂurVarVariablr (
VÅR ÅuxVar 3 ÂurVarTypc¡
fa¡c I ÂRRÂT 0F CtlR;
Valuc : REÂL;
VÅR fancOk : B00LEÅ[) ¡

BECIX
tra¡o0k := TRIJE¡
fF CouparoStr(Xanorr¡.r¡ = O TEEtr

ÂurV¡r.ur :- Valur¡
ELSIF ConparcStr(f,ame,t¡1t) = O Tf,Ef,

ÂurV¡¡.ul := Valuo¡
ELSIF Con¡raroStr(fanrr ror) = O ÎEEX

Âlrrvr¡.. ¡r V¡Iu.i
EL8IF CoDprro5tr(trr.uorrl?r) ¡ O ItEl

lu¡Vrr.rr ¡r VrIu¡¡
ELSIF Couprro5tr(ta.uor rrir) r O TBEI

ÂurVr¡.ri, s. VrIu.;
ELSIF ConprroStr(tranrr rbfr) r 0 ltE[

lurVar.bl t- V¡lu¡i
ELSE

fau.Oh !- FÂLSE¡
EtD¡

EID lf¡itcÂurVarVariablo ¡

PROCEDIJRE RoadÂuxVarVa¡i¡ble (
VÂE Âu¡Var : ÂurVarlypc¡
tra¡o : IRRAY 0F CEÂR;
VÅR Valuo : REÅL¡
VÂB Xa¡c0k : BOOLEÂf,);

BECIT
Valuc 3= O.O;
X¡nc0k := TRIJE¡

IF CoEpaÌcst!(nano, tusr) = O T[Ef,
Val.uc 3= Âu¡Var.us;

ELSIF ConpareSt¡(famc,rulr) = 0 1EEI
Va}¡o := lurVar.ul¡

ELSIF CouparcSt¡(na¡e,rcr) = O TIEÍ
Valuc := Au¡Va¡.c;

ELIIIF ConparrStr(laat,rrsr) = O fEEf
Vrlu¡ := ÅurVu.rr¡

ELSIF CouprrrStr([aucrrrír) = O TSEX
V¡Iur :- ÂurVer.ri¡

BLSIF ConparcStr(tranorrbir) = O TüEX
V¡Iu. 3- Aurvar.bi¡

ELf¡E

tra¡¿0k := FÅLSE;
EID¡

EID R.ad¡u¡VarVariablc ¡

PROCEDURE Gc tft¡nbcrOfÂurVarg ( )
BECI¡

RETURT f,u¡bcr0fÂurVara ¡
EID G¡ùf,umb¡rofÂu¡Vr¡¡ i

CÂRDIIÛAL;

PROCEDURE c.tÂurvartramc (
trr¡mbc¡ : CÂRDIXÂL; VIR f,a¡¡o s ÂRRÂy 0F CüAR;
VÂR f,u¡be¡0k ¡ B00LEÂ[) ¡

BECItr
trr¡¡bc¡ok != TRUE;
Copy(r t ro,1,tranc) i
IF ([uubc¡ (= trr¡¡be¡ofÂurVa¡¡) Â[D ([ube¡ > o) THEI

CÂSE trunbcr 0F
1 : Copy(rusr,Ortra.mclcngttrrf,a¡c); I

2 : Copy(ru1r,0rtranclcngth,f,amc)¡ I

3 r Copy(rer,OrXamel.onçh,nano); I

4 : Copy(rayr rO,f,amclength,f,a¡e); I

5 : Copy(rair,O,tramol.cntth,fa¡ne); I
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6 : Copy(rblr rOrtraurlongthrfauc) ¡
llD¡

ELSE
fr¡mbo¡Ok ¡= FILSB!

ETD;
EID GotÂurVarÍanc;

PROCEDITRE Ino¡oncntll¡¡o(S I SyrtonTypc; VAI I
BECII

lalt (S- .llutcr) ;
TITE S-.Pa¡ D0

InoTiar ( T, rorurd(looo. o*h) ) ¡
ETD;
Slgnrl(9- . llutox) ¡

EfD InororrntÎino¡

Tiuc);

PROCEDURE Init(VAR S r SyrtouÎypo)¡
EECII

tEï(s) ¡

InitSo¡(S-.lluto¡, 1) i
ïXTl 8-.Sr¡r. D0

l. := O.Oi
I :- o.oi

EXD¡

ïITE S-.f,c¡ D0

nÍ := 0.0¡
nr := O.0¡

Ef,D¡
fITf, S-.XnErt D0

r :- O.O;
y :r O.O;

E¡Dr
ÏITE S'.output D0

r¡, != O.O;
ETD;
ÏITE S-.P¿r D0

t¡ 3- 1.Oc5;
h:= O.1¡
b:= 1.O;
B :É 10.o;
td := o.oi
ti r! 1.O;
L:= 1.O¡
¡¡in ¡- - 1.Or3¡
u¡¡¡ :- 1.Oo3;
elon := O.O¡
u]'Lron := O.Oi

EXD;

TITE S'.Âu¡Var D0

u! s= O.0;
ul := O.0¡
¡ := 0.0;
ar := 0.0¡
¡1, ¡.
bi :*

E¡D¡
EtrD lait¡

PROCEDURE UpDato(S : SyrtcnÎypc);
BECIT

falt(S'.llut¡x) ¡
llllB 9-.Stat¡ D0 llll[ S'.Xcs D0 I|ITI S-.fnput D0
llITtr S-.output D0 ÌtITf, S'.Par D0 IIIT! S-.AuxVa¡ D0

.!*r-y¡
rl.!Étdllt¿+o*h);
bl ¡. L r td * n I Ga + a * h)¡
l¡ :- ri r r + bl. * (1.O - ¡l) * y;
ul :rk* b r r- L r y + I +r- bi r y;
IF ul < u¡in TEEf,

u¡ ¡= r¡¡in¡
ELSIF ut ( u¡ax 1[8f,

o. o¡
o.o¡
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ua r¡ r¡1 ¡

ELSE
ut != l¡,utai

Ef,Dr

IF ulimon > 0.6 TEEf,
u 3= u3i

ELSE
u := u1 ¡

E!D;
IF aron > 0.8 Tf,Ef

as3=h/tr*(u-u1);
ELSE

¡s ¡= 0.0i
EID¡
ni¡=i+h*h{,./ti+a¡¡
i :. ni¡
r 3= nx;

EID¡ E[D; EID; EID; EID¡ EID¡
Signal(S- . t{uter) ;

EID UpDatc;

EID pid
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!|ODULE lhln¡

(* Â rirqrk ptotrtD for ringlo loop control r,)

(t
(*

(*
(*

Thr progran iuplcncntr e gcncral ringlc loop controller
rlth rirplr u¡o¡ into¡actlon. It ir a¡¡u¡od that the
co¡rtro1 r,ltorl,thD ir c¡itton in r .tandalatfr.d foãürt.
thi¡ ¡¡rlor it orry to ch¡nt ootrtrol rl,gorithm, jurt
ohrngr tho rod,ul¡ nr¡r in th¡ fi*t Ltr¡port rtÀt.Dcnt.
thc ¡c¡t of th. aod. ir Lnitcpondcnt of thc particular
rl,gorlthn urcd. Thc i¡rù.raction Ls co¡mand driv.tr sith
comands for rcading anal sritint parÊEåt.rß tnd inputr,
ùnd to! rcading outputr. Th¡rr arc a].¡o conm¡nil¡ f,o¡
comôatint inputa antl o[tputs to ÂD and DÂ convert.rs.

*
¡t

*
*
't*

t
*

*)

t'

(*

FR0l{ pid IllPoRT
SyrtomTjrpc, f nputTyp., outputTypc, parTypo,
Ilritclnput, llritelnputVariabJ.c,
Readlnput, RcadlnputVariablc,
noad0utpr¡t, n. ad0utputvariablc,
llritcPar, IfrittParVariablo,
ReadPar, RcadParVariablo,
Inc¡o¡¡rntÎi¡o, Init, UpDato¡

FROI{ Toxttindoc¡ IIíPOBT
llindorTypc, tlak.T.rttfindor, lrl,t.Llnc, Rcadl.inc,
hl,t.Î.rt, Irit.Ln, llritcncal, Rcadncal¡

FR0l{ lli¡c I!{PORT
StringÅseign, StringEq;

trR0ü ü¡thlib IIIP0RI round¡

II{P0RT RTllouso;

FR0l{ f,orncl I!|PORI
Cr.Àt.Procaas, Sruaphorc, InitSem, Ilait, Sitnal,
S.tPriority, Tiuc, GetTinc, IncTime, gaituntil;

FROI{ ÂnaX.ogf0 IüP0RT ADIn, DÂOut¡

COXST llaxConnccùion¡ = 30;

TÏPE

Conn¡otionDatr È RECoRD

Xa¡¡¡ : ÂRRÂy tO..2Ol 0F CHÅR;
Channol I CÂRDIIÂL;
Con¡r.ct.d : B00LEÂ[¡

ETD¡

Conn.atiorv.ctor r ¡IiRÂY [1..t{arCon¡rcations] OF ConncctionData¡

l{onitorDat¡ -
NECORD

Runfng : BOOLEAtr;
CoB.at.dlnput.,
Conn.ot.doutput¡ : Con¡r¡ctLonv.atot¡

ETD;

ComandÎype - (R.adlnputVar, Irl,tolnputvr!, conn.ctxnputvar,
nard0utpr¡tVar, Conncc t0utputvar,
RordPrrVar, Irl,t.parVar,
nrurCoÀtro1l.r, StopControllcr,
Erit, troComand, ErrorComand) ;

C0trST fü¡bcs0fCo@nak = 12;

vÂR

ThoControllcr ! SystonTytr€;

26



Controll.rlnput. ! InputTyp.;
Controll.!0utput. : or¡tputTyp. i
Contloll.rPara¡¡ót.!! : ParTypc ;

Controllerl{onito¡ : RECORD

lfi¡t.r : Srruphore¡
Cont¡ollo¡Dat¿ : llonitorDatai

EnD¡

l{cnuTl,ndor, Co¡oandlfl,ndoc r tllndorTypc;
Com¡nd.Î¡¡tr : IRRIT Co@rnd.Typ. 0F ÂRnAy [0..3O] 0F CIIÂR¡

TheEnd : Somaphorc;

PR0CEDURE Initüain¡
VÂR k ¡ CÂBDIIÂI.¡
BEGIX

RTI{ouec . Init;
Init (ThoControllc¡) ;
InítS¡n(Controllerlfonitor. tlutcr, 1) ;
9ITE Control].orl{onitor. Co¡trol,l.rDatr DO

Ruaning := FÅLSE¡
FOR h s. I 10 llùrConn¡ctlon¡ D0

StrlntÅlri8r(,,,,, Conn.ct.dlnputs [k] . trano) ¡
S tringÂtel gn(,,,,, Conncctcdoutputs [k] . Xa¡no ) ¡
Connoct.dfnputs[k]. Ch¡nncl : = O;
Connoct.d0utputr[kJ.Clu¡nc1 := O;
Conncct.dfnputc [k] . Conncctcd, : = FÂISE;
Conn ct.d0utput¡[k].Corurcctcd := FÂLSE;

Ef,D¡
Ef,D;
l{cnul|indov : = lfakcTo¡tllindor(0. 1, O, 26, 0. 7, O. 9) ¡
Co¡nandllindon : = llakcTcrtlfindoc(0. 1, O. OE, O. Z, O. 2 ) ¡
InitConu¡ndTôrts;
Displayl{enu;
fnitS.n(ThcEnat,0) ¡
Cr.rrt.Pto o..r ( Cont roIIcr, 6 OOO) ;
Cr.at.Proc.Ér ( 0pCon, 5O0O) ;

EID Initllain;

(* Proccs¡ *) PB0CEDURE Controllcr¡
VÂR Inputr : InputTypc;

outputr : outputTypr¡
h : CÂRDXIÂI;
¡.rt : TiD.i
Cont¡ollerD¡t¡ : l{onítosDatai
Du@y s BO0LEÂft
outvr1u. : REÂL;

BEGII
SetPrlority(10);
C.tTir. (¡.rt ) ¡
100P

Talt ( Controllort{onlto r. t{utrr) ¡
Conüroll.rData : = Controllcrllonito¡. ControllorDat a ;
S lgnal( Controllc¡l{onitor, t{utc x) ;
IF Controll.rData. Rr¡nnint T[E[

IIITE Cont¡ollorData D0

Rcadf nput (lhcCont rollc r, Inputs) ¡
FOR k := 1 T0 llarCo¡rncctiorc D0

IIITE Co¡nectsdlnputs [k] D0

IF Connectcd TlEf
IfrítolnputVariablc (Inputs, [ane , ÂDIn(Channel) , Dmy) ¡

EtrD¡
EID¡

EnDr
Ilrit clnput ( Th.Contro].lcr, Inputs ) ;
UpDatc (ThcController) ;
Ìcadoutput ( ThoCont!ollcr, outputs ) i
FOR k := 1 T0 l{axConncctions D0

IJITE Con¡rscted0utput¡ [k] D0
IF Connocted T[Ef,
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R.adoutputvarLtbl. (outputr , Xa.¡t. , Outvaluc , Dunny) ;
DÂOut ( Ctra¡¡r¡I, 0utVa1ue ) ;

Ef,D;

EID;
ErD¡

Ef,D; (* llllE ControllcrData ,¡)
EID¡ (* fF ControllcrData.Rrurning ,*)
Ino¡¡¡¡ntTi.ue (Îh¡Cont¡oI1or, f, ert ) i
IhitUntiI.(!rrt) ¡

ExD; (* L00P *)
E¡D Contro].l.r¡

(* P¡ococg *) pRocEDunE opcon;
VÅR Com¡nd ¡ Corr¡nalTyp.¡
BEGIT

SctPriority(20) ;
LOOP

Com¡nd := GetCo¡m¿ndO;
DccodcComand(Comand) ;

EXD;
EfD opcoú;

PROCEDURE InitComandT.rts ¡
BEGIT

StríngÂss ign(rrroadinput'r, CouandTerts IReadf nputVar] ) ;
Stringlss ign("rritcinputtt, CoroandTerts [lfritclnputVar] ) ;
Stringkcign("conn.ct inputÍ, Co@andTorta [CorrnectlnputVa!] ) ¡
Stringltlign('rrcadoutputrr, Co@ÀndTort¡ [Read0utputVar] ) ;
StríngÂeaign("conn.ctoutputrr, ComandÎ.rt6 [ConnoctOutputVar] ) ;
StríngÅsaígn(rrread,parrr, Couo¡ndTcrts [RcadparVar] ) ;
StringÂss ign("sritopar,,, ComandToxts [T¡itopa¡Var] ) ;
S tríngÂss i gn ('rrulr", Cor@andToxt¡ [RunControllc¡] ) ;
Stringltr lgn( rtrtopÍ, ComnndTc¡ta [S topCont!o 11. r] ) ;
StringÅrtign("rrLtrr, ComandT.rt. tEritl ) ;
CouandTcrt¡ [[oCouoand,O] := CER(O) ¡

EtrD Initco&àndÎ.¡tri

PR0CBDURE GotCourndo : CouandTypo¡
VÂR Co@rrdl.rt : ÂRRÂY [O..90] 0F Cf,AR;

L, Comand : ComandTypo¡
lorurd s BOOLEI!¡

BECTI
R¡¡dt ino(Com¡ndïJ.adorr ") tt, CouandTcrt) ;
t :. VÂL(Co¡o¡ndlyporO) ;
Found :: FILSE;
Cooq¡d 3ã foCoeand¡
IIIILE (h <Ë VAL(Co@¡trdTy?.,trr¡Eb.r0fcoMrnd¡-2)) Â[D IOT Found D0

Forurd : = StringEq(ComandT.rt, Con¡!¡ndT.rtr [k] ) f
IF Forurd TBEtr

Com¡nd :c lr¡
EXD;
rrc(k) ¡

ETD;

IF Found TEEtr
REIlrRf, Comand;

ELSE

REflrnn ErrorComand;
EID;

Ef,D GctComand;

PROCEDURE DccodcCon¡¡and(Com¡nd : CounandType) ;
BEGIT

CÄSE Couand 0F
RoadlnputVar : D¡codcRoadfnputVa!¡ I

llrit.InputVar ¡ DccodclfritolnputVar; I
Con¡r.€tlnputVrr ¡ Doood¡ConneotXnputVar¡ |
R.Àdoutputvar ! D.cod.R.ad0utputVar; I
ConncctoutputvÀr : Dcaoal.Conncctoutputvar; I

leadPa¡V¡¡ : DccodoRoadPa¡V¡r; I

lfritoParVa¡ : DccodsllritcPa¡Var; I

RunCont¡o11or : DccodoRunController; I
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Stopcontrollc! ! Dcaodastopconttollor;
E¡it : DocodcErit¡ |

IoConq¡nd : DccodeloCoruand; I

Er¡o¡Conoand : DccodoE¡¡o¡Comand;
EtD¡

EXD DocotloCouand;

PROCEDURE D.aodoR.¡dlnputVar i
VÂR f.-c : ÂRRÂY [0..30] 0F CEÂR¡

fancOk : BO0LEÂf,;
Va1uo : REÂL¡

BECXI
Rcadl.inc(Conn¡ndlfindor, I'fnput rran )',,[a.mc) ;
Rcadf nput ( ThcController, Cont¡ol1orf nput6 ) ;
RcadlnputVariablc (Cont¡otlcrfnputs, ûamc, Va1ue, üanre0k) ¡
IF XOT trancOk TEEX

If¡ítcl.ino (Co¡¡¡nd$indor, rrERR0R : Illegal input name,' ) ;
ELSE

ll¡itoTcrt (Comandllindor, trano) ;
tl¡itcl¡¡t(Com¡ndllindor, rr = rr) 

¡
tl¡it c Rc al(Coro¡ndllintlor, Valuo ) ¡
l¡itol.n(Couandïindoy) ;

EID¡
Ef,D D.codcRcadlnputVar;

PÎ0CEDUIE Docodoll¡it clnputVar;
VÂR, lano 3 ÂRRÂT tO..30l 0F Cf,ÂR;

tr¡¡cOk I BOOLEÂf,¡
Valu. s RBÂL¡
V¡luo0k : BOOLEÂtr;

BECIT
Ro¡dl.inc (Co¡¡nandlfindor, I'Input nam. > il, [arno) ¡
f, cadlnput ( Th.Conttoll.r, ContlollorlnputÉ ) ¡
RcdfnputVtrirbb (Cont¡oll.rlnput., tr¡ñ., Vrlue, nenoOh) ;
IF tr01 f¡ueOh lHEf

Ilrit¡Linc (Coro¡ndllindorr'TERRoR : Illcgal input nanc,' ) ¡
ELSB

R¡rdRoal(Conu¡ndllindor r,' Val.uo ) ¡, Valuo, Valuc0k) ¡
IF f01 Valuooh Îf,Et

lftit.Lin. (Cornrandllindor, I'ERRoR 3 Rca]. nu¡rbc¡ crpcctcdr') ¡
ELSE

lr¡itolnputVariablo (Cont¡olLcrf nputs, ilame, Value, nue0k) ;
fritelnput ( TheControllcr, ControlÌorlnputÉ ) ;

E[D;
EID;

EID Dccodell¡itolnputvar;

PROCEDURE De codoCo¡ncctlnputVa= ;
VÂR ra¡¡ ¡ ÂRRÂy [0..30] 0F Cf,ÀR¡

fa¡o0k : BOOLEÂf,¡
Valuc : REAL¡
RcalChanncl I REÂJ.;

R.alchann lok : BooLEltr¡
Cha¡ncl : CÂRDIXÂL¡
Channoloh : BooLEA[;
K : CÂRDIf,ÂI.;
Forurd : B00LEAI;

BEGIf,
Bcadl.inc (Co¡oandlfindoyr "Input n¡m€ ) r', [ane) ;
Rcadfnput ( TtrcControllc!, Controllc!InputÊ ) ;
RcadlnputVariablc (Controllerlnputs , name, Va1ue , [ane0k) ¡
IF nOT f¡¡eOk TBEf,

lf¡itel.ino (Counrndllindor, I'ERR0R : Illegal input nmer ) ¡
ELSE

RcadRcal (Con¡¡andlfindor 
r 
rrChanncl ) rr 

r Rc alChannel, Re alChanne l0k) ;IF nOT Roa1ChannclOk TEEI
I¡ritolir.(Comandllindor,,,ERRoR : ReaI numbe¡ expected',) ;

ELSE

Cha¡¡e1 : = ¡ound(RsalChannel) ;
Channcl0k := (Channel ( 4);
fF nOT Chann€t0k TËEl
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lf¡ltclinc (Co¡manillllndor, "ERL0R : Illegal channelr,) ;
ELSE

lIIg Controllc¡llonl.tor D0
IIITE Controll.rData D0

k 3= li
Fountl := FÂLSE¡
9EILE (h ( llarConncction¡) Â[D [0T Found D0

Italt(üuter);
fF f01 Connectedlnput¡ [k] . Co¡rnectod TtE[

Fou¡d ¡= TRUE¡

Connectcrllnputs[k].Conncctcd := TRUE;
StringÂatígn(tra.uc, Conncctcdlnputs [h] . [a¡ue) ;
Conncctcdfnput. [k] . Cha¡¡rcl : = Channel;

Ef,D;
Signal(üutrr);
rrc(L) ¡

EID¡
IF fOT Found TEEtr

T¡ltol.ino (Comandlfindorr "ERRgR ¡ no availabÌo conncction'r) ;
8[D;

EfD¡ (* ïI1[ *)
EfD; (* ïIIE *)

EfD¡ (+ IF foT Ch¡¡nclof, *)
EID¡ (* IF fOT R¡¡lCh¡nn¡l0k *)

ErD; (,r IF t01 tanoOk *)
EID DcoodcCon¡rectf nputVar ¡

PROCEDITRE D¡cod¡Road0utpur Var ;
vAR fa¡¡ s ÂRnÂy [0..90] 0F CIÂR¡

tra¡eOh : BO0LEAtr¡
Va1ur : REÂL;

BECI¡
Rc¡dl.inc (Com¡ndgindorr't0utput n!.ma ) ", [anc) ;
Rcadoutput (ThrCont¡ollc¡, Controllcr0utput; ) ¡
Rcatl0utputVariabL¡ (Controll.r0utput!, f,mc, Valuc, ilane0k) ¡
IF nOT [aneOk ÎtrEf,

llritol.ino(Com¡ndllindov,"ERROR : Iltegal output na¡ne,') ;
ELSE

llritcTert (Com¡ndttindov, Xauc) ;
IlritoText(Conuandtlindor, tr = ") ¡
II¡itcRcaI( Comantlllindov, Va1uc ) ;
IJritcI¡r( Cormandl{indor) ¡

EID;
EID DecodcRcad0utputVa¡¡

PROCEDURE Dccodc Connec toutputvar¡
VÂR fa¡¡ : ÂRRÂY tO..3Ol 0F CEÅR¡

fa¡¡0k : BOOLEÂtr¡
Valuo : REAL¡
R.alchanncl : REÂL;
R.aICh¡nn.lok ! BooLEA['
Ch¡¡nol : CÂRDftrÂL;
Chamcl0k : BOOLEÂI¡
K : GARDIf,AL;
Forutd 3 B00LE¡¡¡

BEGI¡
f,cadl"inc (Conn¡ndllindor,'¡0utput nanc ) tr, fame) ;
R.ad0utput (Thc Cont ¡oIIer, ControllcrOutputs ) ;
Reail0utputVariabb (Controll.r0utputÉ, [ano, Va1ue, ûamo0k) ;fF f01 [¡¡c0k TEEI

lfritcLinc (Co¡n¡¡¡ndlfindor, ÍERRoR : Illcgal output name,') ;
ELSE

Rc adReal (Coumandllindo r, I' Oranncl )'r, RealChanne l, Re alCha¡¡c lOk) ;IF nOT RealChannolOk TIEX
Il¡itcl.inc (Corooandllindor, IIERR0R : Real nu¡nbe¡ erpected.r') ;

ELSE

Chan¡rcl s = lound(R.aLChannel) ¡
Channcl0k := (Chan¡rel ( 4);
fF fOT ChannsÌOk T[Ef,

Tritel.ino (Corunandllindot, ¡'ERRoR : f lIe ga1 chmnel',) ¡
ELSE
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IIITI Controllcrl{onito¡ D0
lXl[ Controll.rDatr D0

h := 1i
Forurd := FÂLSE;
TIILE (k ( l{arCon¡rcctionc) lilD [0T Found DO

Talù(llutor);
IF [01 Corrncctcdoutputs[k].Connected TEEI

Found := TRUE;
Contr.atcdoutput¡ [k] , Conncctod : = TRUE;
StringÂctign(f,anc, Conncctcd0utputr [k] . [an¡) i
Co¡¡.atoaloutput![I(]. Channol : = Chann l¡

ErD¡
Signrl(llutr:);
r[c(k) ¡

ErD¡
IF I0Í Found TEEtr

9¡ltol,ln¡ (Comandll,ndorr I|ERROR : no ¡vrLl¡b1¡ oonn.otl,onr) i
ErD¡

Ef,D¡ (r' ÏXTl *)
EID¡ (* rIÍ[ *)

EfD; (* IF I01 Ch¡nn¡lof, r)
EfD¡ (,r IF f01 RcalGrann¡l0k *)

EID¡ (* IF tr01 tra¡ncok 'r)
EtD DccodoConn.at0utputVar;

PR0CEDURE Dccodc ReadParVar ;
VAR tra¡¡ ¡ ÂnRÂY [0..30] 0F CEÂR;

Xauc0k : BO0LEÂX;
Value : REÂL;

BECIX
Roadline (Com¡ndtindor, i'Pa¡r ¡¡ue ) r, 

, [aare) ;
RoadPar (Ih¡ControIlcr, Conü¡o11¡rpararnotc¡¡ ) ¡
RoadPa¡Va¡iablc (Cont¡ollcrParanctcrt, f,uc, Va1uc, flue0k) i
IF tr01 [ueOk fEE!

If¡itel.inc (Co¡¡oandtlinclor, rtERn0n : IIIoEaI par narne,' ) ¡
ELSE

lritcTcxt (Coum¡ndllindor, f,ano) ;
Ifrit¡Tc¡t(Couahdlfindov,Í = rr) ¡
llritcRcal(Conuandllindor, Valuc) ¡
Ilríù cI¡r( Comandïindov) ;

END;

EnD DccodcRoadParVar¡

PROCEDITRE DccodrllriteParVar¡
vÂR ¡r!. ¡ ÀRRIT [O..30] 0F cEÂR¡

f¡¡¡Ok : BOOLBÂX¡

Valuc : REÂL;
V¿luc0k : BO0LEAtr¡

BECIT
Rcadl.inc (Conn¡ndllindorr "Par namó >'r, namc) ;
lcadPar (ThcCon troller, Controllc rparaoctcra ) ¡
RoadPa¡Va¡iabIc (ControIIorPalaeetorc, f,anc, Valuc, Isrne0k) ;
IF trOT Xano0k TIEX

Ifrítelíne(Cono¡ndllindorr"ERROR : IIIegal par namc'r) ;
ELSE

RcadReal(Co¡mandtlindor, t'Valuo )', Va1ue, Value0k) ¡
IF nOT Valuc0k ÎEEtr

llrltcl.lnc (CouruandlJindov, ItERR0R ¡ Real nr¡¡¡ber erpcctcd'r ) ;
ELSE

II¡itoParVariablc (ControlIc¡pa¡ams tc¡s, üamc , Valuc , ilame0k) ;
ll¡ i t e Pa¡ ( Thc Co nt ro lLc r, Cont rollc rpara.no te rs ) ;

E[D;
END;

Ef, D Dccodclf¡LtcParVar¡

PR0CEDURE DccodcRrurCont rollc r¡
BEGTi

IIITE Cont¡ollcrllonltor D0

Ilait (l{utor);
Cont¡o1le¡Data. Rrurning : = TRUE¡
Signal(l{uter) ¡
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EID¡
llritollno (Co¡oandtlindor, ¡Controll.r rtartcd.") ;

Ef,D D¡cod¡RunContlo11.r¡

PnoCEDURE D.ood.Stopcontrollrr ¡
BEGTI

IIITE Controll.rtlonltor DO

ïrit (üur.r) I
Contloll.lDrtr. Rr¡nnlnt 3 ¡ tr¡¡.gE¡
5tgnrl(üutrr) ¡

EID¡
tfritol.lnr (Co¡u¡ndlll,ndon, rrControll.! rtopprd',) ¡

EtrD DooodcStopcontroll.¡;

PROCEDURE DccodcExir¡
BECIT

Signal(ThcEnal) ;
EID DrcodcErit;

PR0CEDURE DecodeloComand;
BEGIT
Ef,D D.oodcf,oCouand¡

PRoCEDURE Dccotto Erro¡Comand¡
BECTI

flritcl.in (Coeandllindorr"ERROR : Illegal Comand.")¡
Ef,D DocodoE¡rorCouand.¡

PROCEDURE Dirplayl{onu¡
VÂR k : GomandTypc;
BECIT

I¡it clinc ( I{cnullindor, "Âvailable Comands " ) ;ll¡it ¡I¡r (llcnulf indo r) ;
FOR h != VÂL(ComqndTypc,O) T0 Vll(Com¡ndType,[unbor0fCo-and¡-3) D0

lf¡itcLi¡c(llonulfindor, CouandTort¡ [k] ) i
EtrDt

EID Diapl.aytlcnu¡

BEGIT
fnitllaÍn;
IIait(lheEntt) ¡

EXD l{ain.
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