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MERLIN-2.1 is anadaptationof the MERLIN-2.0 package,mainly designedto run on computersusing 32-bit floating
point arithmetic.The standardMerlin-2.0 on suchmachines,achievesa precision of 7 significant digits at most. This is
insufficient since in many real problemsa higher precision is required. MERLIN-2.1 treats this inadequacyusing double
precision operations,enhancingso the precision up to about 14 significant digits, in the standarduser-friendly Merlin
environment.

ADAPTATION SUMMARY

Title of adaptation: MERLIN-2.1 DOUBLE PRECISION Nature ofphysicalproblem
A lot of problemsin physics, chemistry,appliedmathematics

Adaptionnumber:0001 as well as in engineeringand in other fields, are quite often
reduced to minimizing a function of several variables.

Program obtainablefrom: CPCProgramLibrary, Queen’sUni- MERLIN-2.1 is a programmablesystemdesignedto minimize
versity of Belfast, N. Ireland (see application form in this a multi-dimensionalfunction.
issue)

Methodofsolution
Referenceto original program: Title: MERLIN-2.0 — enhanced Six algorithms are implemented.Threeof them make use of
and programmableversion; Cat.no: ABHB; Ref in CPC: 52 the function’s gradientand henceare suitablefor minimizing
(1989)241 differentiablefunctions,the other threedo not usederivatives

at all and so areapplicableto non-differentiablefunctions as
Authors of original program: D.G. Papageorgiou,C.S. Chassa-

well [2].
pis andI.E. Lagaris

Reasonsfor the adaptation
Computer for which the adaptation is designedand others on

The insufficient precision (7 significant digits) obtained when
which it is operable: the adaptationis mainly designed for
computersusing32-bit floatingpoint numbers,but it will work runningon computerswith a word of about32 bits.
on any machineequally well, since all changesare in ANSI Restrictionson the complexityof theproblem

Fortran77
Currently MERLIN is dimensioned to handle up to 150

Computer: VAX 8350; Installation: INFN, Sezionedi Pisa, vanables.However, by redimensioninga few arrays it can
Universityof Pisa, Italy easilybeenhancedor reducedaccordingto theuser’sneeds,as

describedin the provided manualof theoriginalprogram.
Operatingsystem:VMS 5.1

Typical running time
High speedstorage required: dependingupon the maximum Heavily dependingon thecomplexityof theobjective function.
numberof variablestheobject canhandle(47000wordsfor 30 Note that since all the calculations use double precision
variables,90000 wordsfor 150 variables), arithmetic, this version of the program is slower than the

original release[1,2]. The test run took 6.30 cpu secondson a
No. of bits in a word: 32 VAX 8350 under VMS 5.1.

No. of lines required to effectadaptation: not applicable;a new References
sourcecodeis providedwith a total of 7502 lines [1] D.G. Papageorgiou,CS. Chassapisand I.E. Lagans,Corn-

put. Phys.Commun.52 (1989) 241.
[2] G.A. Evangelakis,J.P. Rizos, I.E. Lagaris and IN. De-

E-Mail: Merlin @ GRIOANUN.BITNET metropoulos,Comput.Phys.Commun. 46 (1987)401.
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LONG WRITE-UP

1. Introduction no point having the programto operatein double
precision,while FUNMIN performs the function

MERLIN is an optimizationpackage,that has evaluationin single. A typical FUNMIN declara-
beenprovedvery effective in lots of problems,in tion shouldbe like:
physics,chemistry,engineering,etc.Both, its origi-
nal release[1] and the programmableversion [2], DOUBLE PRECISION FUNCTION FUNMIN
are written in ANSI Fortran77, usingsinglepreci- (X,N)
sion arithmetic. When using the program in a IMPLICIT DOUBLE PRECISION(AH,0Z)
computerwith 32-bit floating point numbers,the DIMENSION X(N)
sevensignificantdigits offered,may proveinsuffi-
cient in some caseswhere increasedprecision is 2.3. Derivativecalculation by GRANAL
required. This version of the program cures the
problem, offering double precision operations.
Note that, since this version is also written in If you decide to use your own derivativecode,
ANSI Fortran 77, onemay use it in a computer you must supply the GRANAL subroutine as
with 64-bit floating point numbers,to increasethe describedin ref. [1]. All the derivativesshouldbe
numberof significantdigits to about28. calculated using double precision. A typical

GRANAL declarationshouldbe like:
2. Detailed description SUBROUTINE GRANAL(N,X,VAL,GRAD)

IMPLICIT DOUBLE PRECISION(A-H,O-Z)
The following paragraphsdescribethe changes DIMENSION X(N),GRAD(N)

madeto the programof ref. [2] and discusshow
the user written part (FUNMIN, GRANAL, 2.4. The main program
MASTER) shouldbe. It is assumedthat the reader
is familiar with the MERLIN packageas de- MERLIN is called as a subroutine, and the
scribedin refs. [1,2]. usermay want to write his own main programto

do this. The call now involves double precision

2.1. Doubleprecision variables variablesand shouldbe of the form:

In order to achieveincreasedaccuracy,wecon- PARAMETER (NMAX = 30, NMAXW =

vertedall singleprecisionvariablesto doublepre- NMAX * * 2 + N MAX)
cision. This was done by meansof the following DOUBLE PRECISIONVERSIM(NMAXW)
implicit statementthat wasaddedin almostevery
subprogram: CALL MERLIN(N,VERSIM,NMAXW,IQUIT)

IMPLICIT DOUBLE PRECISION(A-H,O-Z)
2.5. The input—outputunits

In additionwe replacedall intrinsic functionswith
their genericnamesand all function subprograms The unit numbers assignedto the standard
were declaredas DOUBLE PRECISION func- input and output (defined in the Block Data
tions.Wealso convertedeveryrealconstantto the EQUIP) havebeen set to 5 and 6, correspond-
D-exponentrepresentation.E.g 5.0 is now written

ingly; theseunit numbersare usedby many ma-
as 5.ODO.

chinesfor interactiveI/O. To run the programin

2.2. Theobjectivefunction FUNMIN batchmode, just changethesevalues to the de-
sired ones,or use the appropriateoperatingsys-

The user written objective function, namely tem command to assign these units to your
FUNMIN, shouldbein doubleprecision.Thereis input/outputfiles.
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2.6. The randomnumbergenerator the positioning of the incorrect line during the
modificationprocess.You mustset this parameter

The randomnumber generator(used in sub- to thenumberof charactersprinted on the screen
routineRANDOM) is the only non-standardpart as prompt, by your local system. Currently this
of the programandwill work only in VAX/VMS parameteris set to 0, implying that no promptis
machines. You should replace the call to RAN printedduring a FortranREAD.
with your local randomnumber generator.The
value returnedmust be uniformly distributedin 2.8. A noteon MCL
(0,1).

MCL is the programminglanguagedeveloped
2.7. The macroeditor to drive MERLIN and help the user construct

efficient minimization strategies[3]. The newver-
MEDIT, the macroeditor has beenmodified. sion, MERLIN-2.1 presentedhere, is absolutely

No commandother thanE (Exit) andI (Insert) is compatiblewith the object codegeneratedby the
allowed when the macrofile is empty. (See the MCL compiler. (Thecompileritself doesnot need
Merlin User’sguideof ref. [1]) WhenusingMEDIT to be modified to handledouble precisionoper-
to modify a line of the macrofile, the incorrect ations)
line is printed on the screenand the userenters
modification characters,below. Thesecharacters 2.9. Other improvements
are input from the terminal,by a Fortran READ
statement.This processhas been proved to be Severalparts of the program have been im-
non-portable,since some systemsissue a prompt proved in order to make it respondin a more
when reading data from a terminal, while others friendly manner.SubroutineCHANGE has been
do not. A parameter(namedINDENT) hasbeen modified to handleblank linesandincorrectinput
addedto SUBROUTINE MODIFY, to control indices in a better way. Function FACT is now

Table 1
Objective function

DOUBLE PRECISIONFUNCTION FUNMIN(X,N)
IMPLICIT DOUBLE PRECISION(A-H,O-Z)
DIMENSION X(N)
Xl = X(1)
X2 = X(2)
X3 = X(3)
FUNMIN = (Xl —3)* * 2+5*X2* *2 *(X3 — X1)* * 4+10*X3 * * 2 *(100— Xl * X3) * * 2
RETURN
END

SUBROUTINEGRANAL (N,X,VAL,GRAD)
IMPLICIT DOUBLE PRECISION(A-H,O-Z)
DIMENSION X(N),GRAD(N)
Xl = X(1)
X2 = X(2)
X3 = X(3)
GRAD(1)= 2 * (Xl —3)— 20 *X2 * *2 *(X3 — Xl) * * 3—20* X3 * * 3 *(100— Xl *X3)
GRAD(2)=10*X2*(X3—X1)* *4
GRAD(3) = 20 * X2 * * 2 * (X3 — Xl) * * 3 + 20 * X3 * (100— Xl * X3) * 2

> —20*X3* *2*Xl*(lIJlJ—X1*X3)
RETURN
END
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written so as to allow factorials to be calculated FOROO5.DAT, while the output is containedin
within the accuracyof the particular machine.A the file FOROO6.DAT. The test run took 6.30
parameter(which currently is set to 100, but may CPU secondson a VAX 8350.
assumedany desiredvalue) controls the rangeof
the factorials.SubroutineDETUNT will now con-
sideronly units numbersin between1 and99.

References

3. Test run description [1] D.G. Papageorgiou,CS. Chassapisand I.E. Lagaris,Corn-
put. Phys. Commun.52 (1989)241.

[2] G.A. Evangelakis,J.P. Rizos, I.E. Lagaris and IN. Dc-
The objective function (listed in table 1) is the metropoulos,Comput.Phys. Commun.46 (1987) 401.

sameas in refs. [1,2], wntten, however,in double [3] C.S. Chassapis,D.G. Papageorgiouand I.E. Lagaris,Corn-
precision. The input deck should reside in file put. Phys.Commun.52 (1989) 223.
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TEST RUN INPUT

I AF

P01 HI

I 30 2 30 3 33.86

GODFATHER

SHORTD IS
ROLL

5 0 I 600 2 0
SHORTD S

SI FIPLEX

5 2000 6 0

SHORTOIS

BFGS

I 2000 6 0

DFP

1 2000 6 0

SHORTDIS

STOP

TEST RUN OUTPUT

ENTER ~ OF VARIABLES

IIERLIII—2, I DOUBLE PRECISION VERSION

ADAPTED BY

D.C. PAPAGEORGIOU & I.E. LAGRAIS
PHYSICS DEPARTMENT

UNIVERSITY OF IORHIIIIIR

P.0.8011 1186

IOAHNIIIA — 0 R E C C C , 45110

N E A L I H 2.1 (DOUBLE PRECISION)

IORHHIHA, AUGUST — 1989

TO OBTAIN OH—LINE IHFORIIRTIOH, MAKE SURE THAT

FILE: HELP , IS PRESENT

ESTIMATED MACHINE’S ACCURACY: O.IOE—I4

ENTER PROCESSING MODE OPTION. I BATCH / IAF

URRIIIND
INITIALIZE VARIABLES

MERLIN IS AT YOUR COMIIAHD III

POINT
POINT

/\/\/\/\/\/\ MERLIN IS AT YOUR COMMAND III
GODFATHER

VARIABLE I

VARIABLE 2

VARIABLE 3

I) .... II
2) . . . . Y

3) . . . . 2
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MERLIN IS AT YOUR COMMAND III

SHORTDIS

TOTAL NU, OF CALLS — I

AU. OF CALLS SINCE LAST RESET I

I) H 30.000000000000

2) Y 30.000000000000

3) 2 33.880000000000

VALUE 9639759228.5377

MERLIN IS AT YOUR COMMAND III

ROLL

ROLL — PANEL

INDEX DESCRIPTION VALUE MENU

1) NUMBER OF CALLS 300 ANY INTEGER

2) TOLERANCE 0. IOOE—02 ANY REAL IN 10, I)
3) STEP FACTOR 0.3OE.OI ANY REAL

1) FAILURES ALLONED 4 ANY INTEGER

5) PRINTOUT SELECTION I 0/1/2

6) hALL—PARAMETER 3 ANY INTEGER

7) CANCEL—BUTTON I 1 0/1/2

ENTER CHANGES

ALL VARIABLES FIXED

ALL VARIABLES FIXED

ALL VARIABLES FIXED

NUMBER OF ROLL CALLS: 221

MERLIN IS AT YOUR COMMAND III

SHORTOIS

TOTAL HU. OF CALLS — 225

NFl. OF CALLS SINCE LAST RESET 225

I) X 3.0000000000000

2) V ....,., —O.78958705969O91E—38

3) 2 O.5O873126O74991E—39

VALUE 0.309306761 37554E—73

/\/\/\/i,/’.,/\ MERLIN IS AT YOUR COMMAND III

SIMPLEX

SIMPLEX — PANEL

INDEX DESCRIPTION VALUE MENU

I) INITIALIZATION SCHEME I (1/2)
(SYSTENATIC/RANDOM)

2) INITIALIZATION TOLERANCE 0.100 ANY REAL

3) INIT. CALLS/VARIABLE tOO ANY INTEGER

4) SIMPLEX TOLERANCE O.OOOE~OO ANY REAL

5) SIMPLEX CALLS 500 ANY INTEGER

6) PRINTOUT SELECTION I (0/1/2)

7) CANCEL—BUTTON I 1 0/1/2 )

ENTER CHANGES

NUMBER OF SIIIPLEX CALLS: 2028

/\/\/\/\/\/\ MERLIN IS AT YOUR COMMAND III

SAOATDIS

TOTAL NU. OF CALLS — 2253

NM. OF CALLS SINCE LAST RESET 2253

I) II 3,0000000000000

2) Y 0,40658440073078—133

3) 2 O.5872294482OB20—135
VALUE 0.16838565116755—264
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/\/\/\/\/\/\ MERLIN IS AT YOUR CONMAND III

BFGS

DFOS — PANEL

INDEX DESCRIPTION VALUE MENU

I) NUMBEROF CALLS 300 ANY INTEGER

2) TOLERANCE 0. IOOE—02 ANY REAL IN 10,1)

3) ERROR—BOUND O.IOE—OI ANY REAL <

4) USC/RECALCULATE OAADIENT 0 (I/O)

5) USE/RESET HESSIAN 0 (I/O)

6) PRINTOUT SELECTION I 0/1/2

7) MALL—PARAMETER 3 ANY INTEGER

8) CANCEL—BUTTON 1 1 0/1/2 1

ENTER CHANCES

RLL VARIABLES FIXED
ALL VARIABLES FIXED

ALL VARIABLES FIXED

ALL VARIABLES FIXED
NUMBER OF BFGS CALLS: 18

MERLIN IS AT YOUR COMMAND III

DFP

DFP — PANEL

INDEX DESCRIPTION VALUE MENU

I) NUMBER OF CALLS 300 ANY INTEGER

2) TOLERANCE O.IOOE—O2 ANY REAL IN (0,1)

3) ERROR—BOUND 0. IODE—Ol ANY REAL IN 10,1)
4) USE/RECALCULATE GRADIENT I (I/O)

5) USE/RESET HESSIAN 1 (I/O)

6) PRINTOUT SELECTION I 0/1/2

7) MALL—PARAMETER 3 ANY INTEGER
8) CANCEL—BUTTON I 1 0/1/2 1

ENTER CHANGES

ALL VARIABLES FIXED

NUMBER OF DFP CALLS: 0

/\/\/\/\/\/\ MERLIN IS AT YOUR COMMAND III

SHORTDIS

TOTAL NO. OF CALLS — 2271

NU. OF CALLS SINCE LAST RESET 2271

I.) H 3.0000000000000

2) V O.40658440073078—I33

3) 2 0.58722944620820—135

VALUE O.I6836565116755—264

/\/\/\/\/\/\ MERLIN IS AT YOUR COMMAND III

STOP


