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MCL is an optimizationcontrol languageassociatedwith the recentlypublishedMERLIN optimization package.It is
developedso as to aid in constructingeffectiveminimization strategies.It is very simple and easy to master. Supports
Fortran-like operations,conditional and unconditionalbranching,multidimensionalarrays,loops,statementfunctions,I/O
operationsandoffersquitea fewintrinsic functions.MERLIN hasbeenfurtherdevelopedtoo, so thatnow it canbedrivenby
theobjectcodeproducedby theMCL compiler.
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LONG WRITE-UP

1. Introduction

MCL standsfor MERLIN Control Language,and is a special purposeprogramminglanguage.The
recently publishedMERLIN package[1], is a portable optimization program with six minimization
algorithms and a friendly operatingsystem. MERLIN acceptscommandsthat determineits route of
action.The usermay preparean input file to MERLIN, containingcommandsthat are to be executed
sequentially.Thishoweveris a static,ratherthana dynamicway of usingMERLIN. A moreefficient way
is to useit interactively,enteringthe commandsthrougha terminal. For example,one mayrealizeduring
execution,that oneof the implementedalgorithmshasa superiorperformanceandso may decideto useit
repeatedly,or (sinceMERLIN commandsare parametric)onemay determinethe valuesfor the so called
Panel-parametersthat seem to be most effective. On the other hand, this requires quite some time of
on-line experimentationin front of a terminalwhich is highly undesirable.MCL is built to dealprimarily
with this problem. It is a comprehensiveand easyto learn languagethat controlsMERLIN dynamically,
in the sameway a userwould from a terminal, yet it doesnot requirethe user’sattentionor intervention.
MCL supportsbranchingstructures,arithmeticoperationsand other featuresdescribedin detail in this
article. To make this possible, we constructedthe MCL-compiler and we added to MERLIN an
appropriate“interface” packageof subroutinesthat perform the additionalnecessaryproceduresrequired
by the language(seeref. [2]). The MCL objectcode(MOC) is input to MERLIN anddictatesits execution
at run-time. The MCL compiler is namedMCLCOM 1.0 andthe new MERLIN code is referredto as:
“MERLIN 2.0 — Enhancedand ProgrammableVersion”. This new 2.0 version [2], apartfrom being
programmable,offersto the interactiveuseraswell, somenew capabilities.For a betterunderstandingof
this article and for immediateuse of MCL, oneneedsto be familiar with the MERLIN optimization
system,at the userlevel.

2. Descriptionof thelanguage

Only floating point arithmetic is supported.Each number must have at least one digit before the
decimalperiod. For example:

0.15 is anacceptablenumber,while 0.15 is not.

Therearethreetypesof operatorsin MCL. Arithmetic, relationalandlogical. The arithmeticoperatorsare
the usualones:

+, —‘ *,/and **

standingfor addition, subtraction,multiplication, division andraiseto a power. The relational operators
are:

>, <, >=, <=,:=: and~

and they areequivalentto the Fortran,.GT., .LT., .GE., .LE., .EQ. and .NE. operators.
The logical operatorsare: NOT, AND, OR and XOR, standingfor the usuallogical operationsin an

obviousnotation. The associativityof all of the aboveoperatorsis from left to right. The rules for
evaluatingexpressionsinvolving the aboverelationalandlogical operatorsare given in table 1. Note that
an MCL expressionis consideredby conventionFALSE if its value is zeroand TRUE otherwise.
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Table I

(1,if expression= 0NOT expression=
~0,otherwise

(Exprl, if Expr2 * 0Expri AND Expr2=
~0,otherwise

(1,ifExpr2*0
Expri OR Expr2=

Expri, otherwise

(Exprl, ifExpri * 0 andExpr2 0
Expri XOR Expr2= ~Expr2,if Expr2* 0 andExprl=0

0, otherwise

Exprl RelOpExpr2= f1~if Exprl RelOpExpr2is true
l~O,otherwise

RelOp is anyof therelationaloperators:
>, <, <=, >=, ::

All operatorsarelisted belowin order of descendingpriority:

NOT (highestpriority)
**

—

>,<, >=, <=,:=:,*

AND
OR
XOR (lowest priority)

A valid MCL line can be up to 80 characterslong; longer linesaresubjectto truncationandmay leadto
inexplicableerrors.Line continuationtechniquesare not supported.Blanklines, as well as leadingblanks,
are ignored. However, they maybe used,so as to improve the readabilityof a program.MCL supports
commentlines. A commentline is specifiedby the specialcharacter>, at the first non-blankposition of
an MCL line. Commentsmay also be appendedat the end of any MCL line following the percent
character%.

Symbolic namesare alphanumericstringsof up to 30 characters,the first of which mustbe a letter.
Underscorescanbe usedanywherein between(eveninto keywords),for the sakeof clarity andareignored
by the compiler. For example,the symbolicname:

THIS- IS - AN - ACCEPTABLE.NAME. BY - MCLCOM

is avalid 30 characterlong symbolicMCL name,andequivalentto:

THISISANACCEPTABLENAMEBYMCLCOM (underscoresdo not count).

All MCL keywordscanbeusedas symbolicnameswith theexceptionof the following:

JUST,THEN, FROM, BY andTO.

MCL supportsarrays,statementfunctions and offers to the usera numberof intrinsic functions and
MERLIN variables.

Thereare two kinds of statementsin MCL. Declarationandcontrol statements.In every programthe
declarationstatementsmustprecedethe control statements.
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2.1. Declaration statements

MCL offers two distinct types of declarations,through the VAR and the FUNCTION declaration
statements.VAR declarationsmustprecedeFUNCTION declarations.

i) The VARstatement
All variablesandarraysusedin anMCL programmustbedeclared.An arrayis a sequenceof numbers

referencedby onesymbolicname.Whenan arraynameis qualifiedby oneor moresubscripts,depending
on the array’s dimensionality,it refers to an individual elementof the sequence.Subscriptsmay be any
valid expression.An arraycan be of any dimensionality,the only limit is imposedby the length of the
MCL line. For simplevariablesthe declarationis as:

VAR A; B; C;...

where A, B, C,... are symbolicnamescorrespondingto simple(not array)variablesusedin the program.
Forarraysthe declarationis as:

VAR W[LI:U1,L2:U2,...];...

whereW is a symbolic namethat will be used to referencethe elementsof the array. Li, UI, L2, U2,...
arecalleddimensiondeclarators.The L andU specifiersin a dimensiondeclaratorL: U are the lowerand
upperdimensionbounds,respectively,andthey musthaveintegervalues(negative,positiveor zero). Both
simplevariablesandarrayscan be declaredin a singleVAR statement.

Someexamplesof valid VAR statementsare

VAR A;PRINCIPIA;NEW_STUFF[i :8,— 1: 1,— 11:100]

VAR VOLUME[ -1: + 8] ;ROOT;MINIMUM ;PISA

One can haveany number of VAR statementsin a program, according to his needs.There are a few
variablesandarraysthat canbe usedin a programwithout declaration.Theseare all intrinsic MERLIN-
variablesusedto monitorthe optimizationprocess.They shouldneverbe declared.Their symbolicnames
are MCL-reservedkeywordsandare listed in table 2, along with their significance.

ii) The FUNCTION statement
The FUNCTION declarationstatementoffers the possibility to referencean expressionthrough a

symbolicname.A statementfunction is definedin the following manner:

FUNCTION Fname [Argl, Arg2,...] = Expression

whereFnameis thesymbolicnameusedto referencethe function, Argi, Arg2,... is thedummyargument
list and Expressionis any valid MCL expressionusingthe argumentsfrom the dummyargumentlist. A
statementfunction must notcontain a forward referenceto anotherstatementfunction and its symbolic
nameshouldnot coincidewith anyof the reservedkeywordsor with any othersymbolic namepreviously
declared.Array elementsand intrinsic variables are not allowed into the dummy argumentlist of a
function. Someexamplesof valid FUNCTION statementsare given below:

FUNCTION G[A,B,C] = A * * B - B * * C

FUNCTION ROOT[A,B,C] = (—B + SQRT[B * * 2—4 * A * C])/(2 * A)

FUNCTION F[A,B] =3. * A — X[3] + B * * VALUE + FFF/2

Sincethe usermay find a bit confusingthe useof bothcommasandsemicolonsas separatorsandthe use
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Table2

X[1 : DIM] Current valuesof theminimization parameters
L[l : DIM] Lower boundsfor theminimization parameters
R[l : DIM] Upperboundsfor the minimizationparameters
FIX[1 : DIM] Fix-statusfor theminimizationparameters,zeroscorrespondto fixed variables
GRAD[1 : DIM] Partialderivativesof theobjective function
MARG[1 : DIM] Bound-statusfor theminimization parameters,thevalues: —1, 1, 2 and0, indicate theexistenceof:

lower, upper,lower andupper,and no bound, correspondingly
STEP[1 : DIM] Current valuesfor thesearch-steps
TCOUNT Total numberof calls to theobjective function
PCOUNT Number of calls to the objectivefunction, countedsince thelast issueof a RESET statement
VALUE Thecurrentvalue of theobjectivefunction
DIM Thenumberof theminimization parameters(i.e. thedimensionalityof the objectivefunction)
PRECISION Equalsto: l0”, whered is theestimatednumberof significant digits usedby themachine
BACKUP Equals1, 2, 3 for theBACKUP options:NOBACK, LASTBACK, FULLBACK
DERIVA Equals1, 2 for theDERIVA options:ANAL, NUMER
PRINTO Equals1, 2, 3 for thePRINTO options:NOPRINT, HALFPRINT, FULLPRINT
USERSO Equals1, 2 for the USERSOoptions:ROOKIE, EXPERT
CALLBY Equals1, 2 for theCALLBY options:NAME, INDEX
PROCES Equals1, 2 for thePROCESoptions:BATCH, IAF
PANEL Equals1, 2 for thePANEL options:PANEL-OFF,PANEL-ON

of bothparenthesesand squarebracketsas grouping marks,the following simplerule shouldbe kept in
mind:

Array subscripts,as well as function arguments,are separatedby commasand groupedby brackets, while
statementparametersare separatedby semicolonsandgroupedby parentheses.

MCL offers a numberof intrinsicfunctionswhosenamesare reservedkeywords,andneedno declaration.
They are all listed in table3 along with their meaning.

Whenreferencingan intrinsic or a statementfunction, the argumentscanbe eithersimplevariablesor
valid MCL expressions.

2.2. Control statements

Theseare divided in the following categories:Assignment, I/O, Conditional and Unconditional
flow-control, Loop and MERLIN statements.

2.2.1. Assignmentstatement
Theassignmentstatementsare used to storea valuein a given variableor arrayelement.The syntaxis

as:

V= Expression

whereV is the symbolicnameof a simplevariableor arrayelement,whosecontentsare to be replacedby
Expression.We must point, that V cannotbe any of the intrinsic MERLIN variablesor arrayelements.
For thesetherearespecialstatementsthat oneshoulduse.

Expressioncanbeany valid MCL expression.A few examplesareshownin table4.
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Table 3
Intrinsic functions(all namesarereserved)

ABSEX] lxi
TRUNCEXI integerpart of X
ROUND[X] nearestintegerto X

SQRTTX]
LOGIO(X] log

10(X)
LOG[X] ln(X)
SIN[X] sin(X)
COSIX] cos(X)
TAN[X] tan(X)
ASIN[X] arcsin(X)
ACOS[X] arccos(X)
ATAN[X] arctan(X)
SINH[X] sinh(X)
COSH[X] cosh(X)
TANH[Xl tanh(X)
ASINH[X] arcsinh(X)
ACOSH[X] arccosh(X)
ATANH[X] arctanh(X)
MOD[X1,X2l X1 moduloX2
MIN[X1,X2 XN] min{X1,X2 XN}

MAXIX~,X2 XN] max(X1,X2 XN}
MEAN[X1,X2 XN] (X1+X2+ ... +XN)/N
FACTEX] factorialof thenearestintegerto X

2.2.2. Input/outputstatements
MCL handlesits input via the GET statementandits outputvia the DISPLAY statement.

i) The GETstatement
The syntaxis either:

GET A;B;...;D

or

GETA; B;...; D FROM FileName

whereA, B,..., D are symbolicnamesof simplevariablesor arrayelements.FileNameis the nameof the
file, where the correspondingvaluesreside. For every GET statement,all the correspondinginput data
mustbe in a singleline.

Table4

Plainexpressions MCL-expressions

Tri=ax
2+bx+c TRI=A*X**2+BsX+C

z=m+I/a Z=M+I/A
a,=x,—I A[I]=X[I]—I
y = arctan(x) Y= ATAN[X]

y=V~ Y=SQRTIX]
(x<0)U(y�I) (X<0)OR(Y>=1)
(x>0)fl(y�1) (X>0)AND(Y<1)
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Whenthe first format is used,MERLIN’s defaultinput file is assumed.Uponexecution,thecontentsof
A, B,..., D assumethe input values,in an oneto one correspondencefrom left to right. A few examples
follow:

GET A;I;B[I - 2];PRESSURE;FIRSTROOT

GET C;D FROM SPECIALFILE

ii) The DISPLAYstatement
Thesyntaxis either:

DISPLAYA;B;...;D

or

DISPLAY A; B;...; D TO FileName

whereA, B,..., D are eitherexpressionsor character-stringsdelimited by singlequotes.Character-strings
may contain any characterexcept the single quote (‘) and can be at most 60 characterslong. Each
arithmeticexpressionis evaluatedand its valueis output.For eachdelimited character-stringthe output
consistsof the stringitself. Notethat underscoresdo appearin the output if they arepartof a string.

FileName is the name of the file, to which the output is directed.When the first format is used,
MERLIN’s defaultoutput file is assumed.In the examplesbelow

DISPLAY ‘FINAL - VALUE IS’; FF ;‘CENTIMETERS’

DISPLAY ‘NEW PERIOD’;SQRT[4 * X[i]] TO FILE1

we obtain the following output in the defaultoutput file, andin FILE1, respectively(assumingFF = 13.0
and X[1] = 1).

FINALVALUE IS 13. CENTIMETERS

NEW PERIOD2.

As you may observe,the output format for numbersis fixed.
It shouldbe keptin mind that the following filenamesare reservedby MERLIN andcannotbeusedfor

I/O:

HELP, DATA, STORE, INIPO, DISPO, BACKUP andMACROF.

2.2.3. Conditionalflow-controlstatements

(i) The Block-If
A Block-If consistsof the IF conditionTHEN, ELSEandENDIF statements.EachIF conditionTHEN

statementmustbebalancedby an ENDIF statement.A Block-If providesfor the selectiveexecutionof a
particularblock dependingon the validity of the condition. The syntaxof the Block-If is:

IF conditionTHEN
Blockof: statements,label-lines, comments

ELSE
Block of: statements,label-lines, comments

ENDIF

with conditionbeing any valid MCL expression.
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The ELSE statementand the secondblock are optional. If condition is true, the first block is executed
andthe control transferto the statementimmediatelyfollowing theENDIF statement.If condition is false,
then,if a secondblock exists,it is executedandthe control transferto the statementimmediatelyfollowing
the ENDIF statement.

Nojumpsare allowedinside an IF-block from a point not belongingto that block (via a MOVE statement
describedlateron).

Eachblock may containmorethanoneBlock-If constructs.SinceeachBlock-If mustbe terminatedby an
ENDIF, thereis no ambiguityin theexecutionpath. Note that bothENDIF andEND IF are acceptable.

The following is part of an MCL program,that may serveasan exampleof a Block-If structure:

IF (X[K] <= 77.9)AND (VALUE <= 1.OE-3)THEN
SIMPLEX (NOC = 100 * MEAN[RATE[1],RATE[2]])
SHORTDIS

ELSE
ROLL % useROLL with thedefaultparameters.
GRADDIS (ERR = 0.00094)

ENDIF % end of Block-If structure.

(ii) The WHENstatement
This is a one-lineconditional statement.Its syntaxis:

WHEN conditionJUST ncnlcs

with ncnlcs beingany control statementbesidesthe LOOP andthe conditional statements.
If condition is true, then the ncnlcs statementthat appearsimmediately after the JUST keyword is

executed.If the condition is false, the control transfersto the statementof the next line and the ncnlcs
statementare ignored.

As an exampleonemay have:

WHEN TRUNC[J} :=: ii JUST MINIMAL = VALUE

2.2.4. Unconditionalflow-controlstatements
Thesereferto the statementsMOVE, FINISH and PAUSE.
The MOVE is the only unconditionalbranchingstatementsupportedby MCL andits syntaxformat is:

MOVE TO word

where word is the symbolicnameof the labelat which the control is to be transferred.A label-linehasthe
form:

word:

whereword is the label name,andit canbe any valid MCL symbolicname.Note that it has to be followed
by a colon.Labelsareusedinsidea programas addresseswhere the control maybe transferred.Duplicate
label namesare notallowed.

The FINISH statementresults in program’s termination. The control is transferredto MERLIN’s
operatingsystem.The syntaxformat is:

FINISH

If an MCL programendswithout a FINISH statement,eventhoughthis is not aestheticallypleasing,it
will not causeany problems,since the compilerplacesa FINISH at the end of the objectcodeanyway.
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Table5

> This programcalculatesthe sumof the tenelementsof arrayA
VAR I;SUM;A[1 :10]
SUM=0
1=0
START:

1=1+1
> Reada value for ALl] from thefile: MYFILE

GET ALII FROM MYFILE
SUM = SUM+A[I]

> Checkif all tenelementsareadded.
WHEN I <10 JUST MOVE TO START % repeattheprocedure

> Output;themessage:SUM
> andthevalue of thevariableSUM, to file RESULT.

DISPLAY’SUM =‘;SUM TO RESULT
> Terminateprogram’sexecution:

FINISH % Control is transferedto MERLIN.

The PAUSE statementresults in execution’s suspension.This command is only for interactive
MCL-use. Onecanresumeexecutionwith anentry from the keyboard.The syntaxformat is:

PAUSE

An exampleillustrating the usefo MCL featuresdescribedso far, is shown in table5.

2.2.5. Loop structure

A) The LOOP statement
This statementprovidesthe meansfor repeatinga block of statements.Its syntaxis:

LOOP Var FROM mit TO final BY step
Block of statements,label-linesor comments

ENDLOOP
or

LOOP Var FROM mit TO final
Block of statements,label-linesor comments

ENDLOOP

where Var is a simplevariable usedto control executionof the loop statement,referredto as the loop
controlvariable,and mit, final andstepare expressions.UponLOOPentry, the expressionsmit,final and
step are calculated.If the secondform of the statementis used(wherestep is omitted), stepdefaultsto 1.
Var is thenassignedthe valueof mit andthe programproceedsnormallyuntil the ENDLOOPstatement
is reached.Var is then incrementedby the value of step and checkedagainstthe value of final. If this
valuehasbeenreachedor exceeded,the programproceedswith the statementimmediatelyfollowing the
ENDLOOP. Otherwisethe control transfersto the statementfollowing the LOOP statement,and the
aboveprocessis repeated.
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NestedLOOP structuresare allowed. For examplethe following is an acceptablepart of an MCL
program.

LOOP A FROM i TO 10
LOOP B FROM 4 TO 19 BY 0.1

XT = XT * B + A
END LOOP

END LOOP

EachLOOP statementmusthavea correspondingENDLOOP statement,which canbe writteneitheras:
ENDLOOPor as: END LOOP

If a variableis usedas a loop control variable, it shouldnot be usedas a control variable in another
loop nested inside the first one. Loop control variables should not he assignedany value, via an
assignmentor GET statementinsidethe loop they control. The only way to entera LOOP is by its initial
LOOP statement.Attempting to transferthe control inside the loop-block,from the outside,will result in
an error.

Block-ifs andloops shouldbe properlynested.This meansthat:
i) all block-ifs inside a loop-block must be terminated(by an ENDIF statement),before the corre-

spondingENDLOOPis encountered,and
ii) all loopsinsidea block-if mustbe terminated(by an ENDLOOPstatement)beforethe correspond-

ing ELSEor ENDIF is found.

B) The EXIT statement
This statementis used to exit a ioop and transfer programcontrol to the statementimmediately

following the correspondingENDLOOP. Its syntaxis simply:

EXIT

An exampleof its usefollows:

LOOP I FROM 1 TO 10
XT = XT * I
WHEN I :=: A JUST EXIT

ENDLOOP

EXIT canbe usedonly insidea LOOP-block.

2.2.6. MERLIN statements
Thesestatementsinstruct MERLIN for the route of action and are in direct correspondencewith the

synonymousMERLIN commandsan interactiveuserwould issue to guide the minimization process.
Thereare parametricandnon-parametricMERLIN statements.The EXECUTE statement,thathasno

synonymity with any of the MERLIN commands,is in closeconnectionwith the MERLIN macrosandit
is describedat the endof this section.

a) Non-parametricMERLIN statements
These are: ADJUST, FULLBACK, HALFBACK, NOBACK., ANAL, NUMER, FULLPRINT,

HALFPRINT, NOPRINT, INDEX, NAME, MODEDIS, SHORTDIS, VALDIS, CATALOG, MEMO,
LOOSALL, STEPALL, RESET, REVEAL, PANELON, PANELOFF, STOP and RETURN.

The syntaxformat is:

CommandName

where CommandNameis any of the abovestatements.
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b) ParametricMERLIN statements
Thesestatementsuseorderindependentparametersandare distributedamongthe following catagories:

(i) simpleparametricstatements,
(ii) specialparametricstatementsand
(iii) specialassignmentstatements.

Eachparametermay be specifiedat mostonce.

(i) Simpleparametricstatements
Theseare the statements:RANDOM, CONGRA, DFP, BFGS, ROLL, SIMPLEX, GRAPH, AUTO

(associatedwith panels)and
GRADCHECK, GRADDIS, ACCUM, PICK, REWIND, HIDEOUT, DISCARD, QUIT (associatedwith
input parameters).

Their syntaxformat is:

CommandName(K1=V1 ‘~2= ~ ,; KN= VN)

CommandNamecanbe any simpleparametricstatement,K1, K2,..., KN are keywordsidentifying either
the panelor other input parameters,V1, V2,...,VN are eitherexpressionsor filenamesdependingon the
natureof the keyword.

For the panel-associatedstatementsas well as for the GRADCHECK andGRADDIS statements,one
needsnot to specifyall of the keywordssincethereexist default values.For the restof them all keywords
haveto be specified.

In table6, we list the identifiersfor thepanel-associatedstatements,in the sameorderas they appearin
the MERLIN-Panels. Similarly in table 7, we list the identifiers for the statementsACCUM, PICK,
GRADCHECK, GRADDIS, REWIND, HIDEOUT, DISCARD and QUIT along with their allowed
values.

A few examplesfollow:

ACCUM(NOC = 1000;NOP= 3;TARGET = 1.OE_18)

DFP(NOC = 300;TOL = 0.06)

For statementsassociatedwith only one input parameter,the correspondingkeywordmay be omitted.For
examplethe statements:GRADCHECK(0.00018)andGRADCHECK(ERR = 0.00018)are equivalent.

Table6

Statement Keys

RANDOM NOC,VEX,STEP,CSIZE,FAIL,LINE,PRI,CANCEL
CONGRA NOC,TOL,ERR,USEG,PRI,WALL,CANCEL
BFGS NOC,TOL,ERR,USEG,USEH,PRI,WALL,CANCEL
DFP NOC,TOL,ERR,USEG,USEH,PRI,WALL,CANCEL
ROLL NOC,TOL,STEP,FAIL,PRI,WALL,CANCEL
SIMPLEX INITJNITOL,INCALL,TOL,NOC,PRI,CANCEL
GRAPH VAR,NOP,FROM,TO,LINES,COLS,CANCEL
AUTO NOC,TARGET,CANCEL
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Table 7

Statement Keys Type

ACCUM NOC,NOP,TARGET Expression
PICK REC Expression

FILE File name
GRADCHECK ERR Expression
GRADDIS ERR Expression
REWIND FILE File name
HIDEOUT FILE File name
DISCARD FILE DISPO,STORE,BACKUP
QUIT FLAG Expression

As a further illustration,a portionof an MCL programinvolving the GRAPH statementfollows.

LOOP I FROM 1 TO DIM
AROUND = X[II/1000.
GRAPH(VAR = I;FROM = X[I] - AROUND;TO = X[I] + AROUND)

END LOOP

(ii) Specialparametricstatements
Theseare the statements:DEMARGING, FIX, LOOSE and INIT. They obeythe following syntax:

CommandName(K
1~V~K2~V2... K,,. J/~)

The specifiersK1, K2 K,,., canbe:
X for the FIX andLOOSE statements,
L or R for the DEMARGIN statement,and
X or L or R for the INIT statement.
V1. V2 V,,., are expressionsfor DEMARGIN, FIX and LOOSE, while for the INIT valid filenames.

Note that in the INIT statementeachspecifier can be used only once. For examplethe statement:
INIT(X. FILl; X.OTHER) is illegal.

A few examplesfollow:

FIX(X.1 ;X.5) % FixesthevariablesX[1] andX[51
DEMARGIN (L.2;R.4) % Removesthe left margin for X[2} and the right margin for X[4]
LOOSE(X.7;X.1) % LoosesvariablesX[7] nandX[1]
INIT(X.STARTX;L.LMAR) % The arraysX andL are assignedvaluesresidingin the files

% STARTX andLMAR correspondingly

(iii) Specialassignmentstatements
These are the statementsPOINT, STEP, MARGIN and GODFATHER, and obey the following

syntax:

CommandName(K1. V~= E,~1K2. V2 = E~2 K,,.. = E~v)

K1, K2 K~,are:
X, for the POINT andGODFATHER statements,
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L or R, for the MARGIN statementand,
5, for the STEP statement.
V1, V2,...,VN, are expressions.
E~1,E~2 E~N,are eitherexpressionsor, in the caseof the GODFATHER statement,valid MERLIN
names.

Onemay wonderwhy insteadof usingsimple assignmentstatements,we employthe POINT, MARGIN
and STEP statementsto assign values to the correspondingintrinsic arrays X[1 : DIM], L[l : DIM],
R[1 : DIM] and STEP[1 : DIM]. The reasonis that changingvalues of the intrinsic arrays X[1 : DIM],
L[l : DIM] andR[1 : DIM] is quite dangerous.MERLIN hasseveralsafeguardsto protect the userfrom
such traps.In thecaseof arraySTEP[l : DIM], thereis no danger,andit couldhavebeendonethrougha
simple assignmentstatement.However, the philosophywe followed throughoutwas to drive MERLIN’s
operatingsystem,without affecting its internalstructure.

Someexamplesfollow:

GODFATHER(X.1 = PRESSURE;X.2 = VOLUME; X.3 = TEMPERTUR)

POINT(X.1 =7; X.2 = SQRT[4 * 2+ l]/3)

MARGIN(L.1 = 8; R.I * * 2 = 19)

STEP(S.1 =5; S.2=0.00l)

c) The EXECUTEstatement
This statementis in closeconnectionwith the MERLIN macros.Embedsa preconstructedmacroin the

codeat compile time. Thesyntaxis as:

EXECUTE macroname

or

EXECUTE macronameFROM FileName

wheremacronameis a MERLIN macro-nameas describedin ref. [1] and FileNameis the nameof the file
wherethe macroresides.

In the first format, wherethereis no filenamespecification,MERLIN’s file MACROF is assumed.
MCL programmersdo not really needto usepreconstructedmacros,sincethey candevelopeasierand

more efficiently any strategy that may be included in a macro. However, in extended versions of
MERLIN, in which a userhasaddedhis own commands,the EXECUTE statementis the only way to
embedthesecommandsin an MCL program.

2.3. An MCL programfor automaticminimization

Theprogramshownin table8, is the MCL implementationof MERLIN’s automaticprocedureinvoked

by the AUTO command.The strategyfollowed, whoseflow chart is shown in fig. 1, is describedbelow.
The methodsBFGS, ROLL, SIMPLEX and RANDOM are invoked oneafter the other. For eachof

them, a rateis calculatedby dividing the relativedropin the function’s valueby the numberof calls spent.
The methodwith the highestrateis theninvoked again.The sameprocedureis appliedrepeatedly.If all
ratesassumevanishingvalues,thenall the methodtolerancesare set to zeroand the methodsare applied
in the following succession:

ROLL,RANDOM,BFGS,SIMPLEX.
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Table8

> AN MCL ALTERNATIVE TO THE AUTO STRATEGY.
VAR TOTAL CALLS; TARGET VAL; CALLS; VAL BEFORE; WORK POSITION
VAR MEAN RATE; RATE[1 :4]; BEST RATE; DENOMINATOR
DISPLAY ‘.. ENTER TOTAL CALLS ALLOWED AND TARGET VALUE’
GET TOTAL CALLS; TARGET VAL
VAL BEFORE VALUE
CALLS = TCOUNT
RESET
LOOP:

BFGS(NOC= 300)
WORK POSITION = 1
MOVE TO DETAILS
RATE1~READY:

ROLL(NOC = 300)
WORK POSITION =2
MOVE TO DETAILS
RATE2 READY:

SIMPLEX(NOC =300)
WORK_ POSITION =3
MOVE TO DETAILS
RATE3 READY:

RANDOM(NOC =300)
WORK POSITION =4
MOVE TO DETAILS
RATE4 READY:

BEST RATE = MAX[RATE(1],RATq2],RATE{3],RATE(4]] % GET HIGHEST RATE.
WHEN BEST RATE :=: RATE{1] JUST BFGS % INVOKE AGAIN,
WHEN BEST RATE :=: RATEI2] JUST ROLL % THE METHOD WHICH,
WHEN BEST RATE :=: RAT~3]JUST SIMPLEX % SEEMS TO WORK IN
WHEN BEST RATE :=: RAT~4]JUST RANDOM % THE BEST WAY.
WHEN VALUE <=TARGET..VAL JUST FINISH
MEAN RATE = MEANLRATEE1],RATEE2],RATEI3I,RATEI4]I
IF MEAN RATE <=0.00005THEN

ROLL(NOC = 350;TOL =0)
RANDOM(NOC = 5000;FAIL = 20)
BFGS(NOC = 350;TOL =0)
SIMPLEX(NOC = 350;TOL =0)

ELSE
WHEN TCOUNT-CALLS < TOTALCALLS JUST MOVE TO LOOP

ENDIF
FINISH % MCL PROGRAM USED ALL CALLS ALLOWED, OR RATES TOO LOW.
>

DETAILS: % THE RATE CALCULATIONS ARE PERFORMED HEREIN.
WHEN VALUE <=TARGET...VAL JUST FINISH
DENOMINATOR = ABSEVAL. BEFORE] * PCOUNT+ PRECISION
RATEIWORK POSITION] = ABS(VALUE-VAL. BEFORE]/DENOMINATOR
RESET
VAL BEFORE = VALUE
WHEN WORK POSITION:=:4 JUST MOVE TO RATE& READY
WHEN WORK POSITION:=:3 JUST MOVE TO RATE3..READY
WHEN WORK...POSITION:=:2 JUST MOVE TO RATE2 READY
MOVE TO RATE1 - READY
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start by entering
TOTAL_CALLS and

~

I I ROLL]

Calculate ROLL rate .1
Calculate SIMPLEX rate

L~rJ
Calculate RANDOM rate

Determine method with highest
rate and use it again

target YES
reached FINISH

NO

NO II rates YES
near zero ROIL

RSNcOM

NO all calls YES
exausted

FINISH SIMPLEX

Fig. 1. Flowchartof theMCL implementationof MERLIN’s automaticprocedure.

One may observe that the MCL programis considerablymore compactand easierto follow than the
correspondingMERLIN’s Fortran-code(subroutineMAGIC). This is a generalrule. It is much easierto
write MCL programs,than FORTRAN additionsto MERLIN.

2.4. A tactic in MCL handlingconstraints

Thefollowing is a naiveMCL program,for a three-variableproblemwith oneequality constraint.We
follow the suggestiongiven in Merlin’s [1] manual.If the problemis:
Minimize f(x, y, z), subjectto: g(x, y, z) = 0,
we constructthe function: F(x, y, z, t) = f(x, y, z) + t * (g(x, y, z))2
Fix the t-parameterto a positivevalueandminimizeF with respectto x, y, z. Thenenhancet andrepeat.

> SIMPLE-MINDED MCL PROGRAMFOR ONE EQUALITY CONSTRAINT
VAR I; SUM
POINT(X.1 = 3;X.2 = 2;X.3 = 55;X.4 = 0.1) % initialize variables
PANELOFF % disablepanelprompting
EAT:
LOOP I FROM 1 TO 10

POINT(X.4 = 10 * X[4]) % set the fourthparameter
FIX(X.4) % fix the fourth parameter
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BFGS(NOC= 500) % invoke the BFGS method.
SIMPLEX % invoke the SIMPLEX method.

ENDLOOP
> Calculatethe sumof the absolutevaluesof the gradientcomponentsto useit as a terminationcriterion.
SUM = 0.
LOOP I FROM 1 TO 3

SUM = SUM + ABS[GRAD[I]]
ENDLOOP
>

IF SUM < l.E-3 THEN
SHORTDIS % print results
FINISH % done.

ELSE
STEPALL % calculatesearchsteps
ROLL(NOC = 500) % invoke the ROLL method
DFP(NOC = 500) % invoke the DFP method
MOVE TO EAT % repeat

ENDIF

3. Description of the MCL compiler

A detaileddescriptionof the MCL compilerpackage(MCLCOM 1.0) canbe found in the developers
manual(seeappendix).Only somegeneralfeaturesare discussedhere.

The compiler is written in ANSI-FORTRAN 77 and it is truly portable. It can be consideredas a
two-passcompiler. During the first pass,four operationstake placeon eachline of the MCL program,
with the exceptionof commentsandblank lineswhichare skipped.Packing,that eliminatesirrelevant (to
the compiler) blank spacesand underscores;lexical analysis, that transforms each line into tokens
(syntacticentitiesthat easethe codegeneration);parsing,that performs syntax-checksand arrangesfor
appropriateerror-messages,andassembling,that createsthe basicobjectcode,which howevermaynot be
executableat this stage(assemblingandparsingareclosely interrelated).The secondpass,takescareof the
loops,of thejumps andof theassociatedlabels,checksthevalidity of thenesting structuresandgenerates

the MERLIN ObjectCode(MOC), which is executablefrom thenew MERLIN-2.0 package[21.
Threefiles areassociatedwith thecompiler

(i) The file wherethe MCL-program resides.
(ii) The file wheretheMOCis disposedat.
(iii) Theerror list file.

The error list file, containsthe incorrect lines (if any)of an MCL program,along with a brief explanation
of the errors.When incorrect lines havebeendetected,MOC is not generated.

The file-namesfor thesethreefiles may be specifiedwhen MCLCOM is invoked, togetherwith some

additional parameterswhich define the compiling environment.The additionalparametersare:

(i) BOUNDS

which if selected,thegeneratedobjectcode,performsspecialchecksto preventarray boundaryviolation.

(ii) DEBUG
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which if selected,eachtimea run-timeerror occurs,MERLIN 2.0, apartfrom theerror message,will issue
additional information concerningthe line of the MCL sourceprogram,which causedthe error.
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Appendix. Description of the developersmanual

This manualis a technicalreferenceto bothMCL andits compiler.Thecompletesyntacticdefinitionof
MCL (in ExtendedBackusNaur Form) canbe found there, togetherwith a detaileddescription of the
compiler, andwith modification and installation directives.All routinesare describedoneby one. An
informal description of the MOC instruction set is given. Furthermorea complete list of the error
messagesis given togetherwith their meaningandcorrectionhints.
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