Sci. Annals, Fac, Phys, & Mathem,, Univ. Thessaloniki, 21, 163 (1981)

A NEW VERSION OF MINUIT PROGRAM
FOR A PDP11/ 34A COMPUTER SYSTEM

by
DEDOUSSIS SP., CHARDALAS M. and CHARALAMBOUS STEF.

Atomic and Nuclear Physics Department
University of Thessaloniki, Greece.

Abstract: MINUIT is a package of subprogramns originally writien for o CDC compu-
ter. In this paper we present an implementation of this package on a PDP11[344 compu-
ter system and discuss the effecls on numerical computations involved of a mini versus
main fraim compuler.

1. INTRODUCTION

A large number of problems can be reduced to the problem of finding
the minimum value taken on by a function of one or more variable pa-
rameters. The classic example is the estimation of unknown parameters
in a theory by minimizing the difference (chi-square) between theory and
experimental data. In this kind of problems the theory is represented
by a function F(x,),where x, are the unknown parameters of the theory.

" Many programs have been suggested to solve problems like those
outlined above. The most of them have no general applications. A pro-
gram which can be used for a large number of different problems requiring
minimization is MINUIT (JR75).

The most of the programs like MINUIT have been written for large
computers. Programs which modified from large computers to work in
minicomputers generally occupy double space in memory because the
word of minicomputers is generally 16 bits while that of large computers
is 32 or 36 bits.

In this paper we present an implementation of MINUIT on a PDP
11/ 34A computer system.
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2. OVERVIEW OF MINUIT PROGRAM

MINUIT is a system of programs and is quite general. It incorporates
three different minimization methods, each of which may be used alone
or in combination with others depending on the behavior of the function
and the requirements of the user. The three minimizing subroutines are:

a) SEEK—a Monte Carlo searching subroutine,

b} SIMPLX—a minimizing subroutine using the Simplex method
of Nelder and Mead (NM65),

¢) MIGRAD—a minimizing subroutine using the variable metric
method of Fletcher (F70).

MINUIT in the original form consists of 52 subprograms. Control
of MINUIT resides in two subroutines, MINNEW and COMAND. MIN-
NEW takes care of all automatic initialization procedures, whereupon
it calls COMAND, according to the flow scheme in figure 1. COMAND
takes orders from the user in the form of command cards and executes
them.

Table I contains a summary of the recognized by the MINUIT com-
mands and their purpose and formats.

3. OVERVIEW OF IMPLEMENTATION

3.1. System description

The system hardware includes a PDP11/34A CPU with memory
management and 9% kW memory. The system hardware also includes
Extended Instruction Set, but not floating point processor. The operating
system is the RSX-11M wversion 3.2. The FORTRAN IV was used as
programming language.

The memory is logically divided into partitions where tasks are
loaded and executed. These partitions are presented in table II. The
partition GEN is a general use partition were any user task can be loa-
ded and executed.

3.2. Implemetation technique.

In order to reduce the memory requirements of MINUIT the over-
lay technique was used. Using this technique the program is divided
into a series of segments consisting of a single root segment, which
is always in memory and any number of overlay segments,which either:
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i) reside on disk and share virtual address space and physical me-
mory with one another (disk-resident overlays); or

ii) reside in memory and share only virtual address space with one
another {memory-resident overlays).

Segments are consisted of one or more object modules which in turn
are consisted of one or more program sections. Segments that overlay
each other must be logically independent; that is the component of one
segment cannot reference the components of a segment with which it
shares virtual address space.
Dividing a task into disk-resident overlays saves physical space, but
introduces the overhead activity of loading these segments each time
they are needed, but not present in memory.

In this work MINUIT was divided into disk-resident overlays be-
cause the main problem was the memory space limitation.

8.8. MINUIT overlay description.

MINUIT was divided into a root segment and 12 independent over-
lay segments. The overlay description chart is presented in fig. 2. As it
can be seen from this chart the physical memory space that is needed
for the whole task reduces to the space needed forthe root segment plus
the space needed for the largest of the twelve overlay segments. )

In overlay structure always a COMMON is used in order to save pa-
rameter values that have been computed by the execution of ait overlay
segment. Then these parameter values can be used by any segment.
This COMMON is included in the main program, which i in the root,
and ab least in one routine of each overlay segment.

The COMMON of the original form of MINUIT was used as the
«overlayy COMMON. Some additions were made for the overlay stru-
cture needs. In overlay structure of MINUIT the subroutine COMAND
18 not yet used. This routine in the original structure of MINUIT is the
drivingroutine and if used it was neccesary to be always in memory thus
inereasing the memory space requirements. Instead of COMAND nine
driving routines have been produced. These are named CARDRD, MI-
SIMI, PFRMHR, IMPRO, PARAM, SCAN, CNTOUR, LISPCF and
ENEX. The flow scheme of the new vertion of MINUIT is shown in fig. 3.

On entry, subroutine MIDATA is called from the main (MINNEW)
to read the parameter cards. Then every time a «cormmand card» is to
be read, the routine CARDRD is called. This routine reads the com-
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mand card and sets the value of an index I. According to the value of [
the appropriate command is executed through the new driving routines.
The commands, that executed through each of the above driving routi-
nes are shown in table IIL :

As can be seen from table III some commands are executed directly
by the main. Table IV represents the modules contained in each segment.
Each module ig referenced in table IV by its name in the program and,
in parentheses, by its symbol used in figure 2.

3.4. Modifications in MINUIT routines.

Some routines of MINUIT were modified for two mainly reasons;
a) for overlay requirements b) to reduce memory space.

- Subroutine MIDATA was modified in order to be able the program
to execute the command PARAMETER. Using the unmodified MIDATA
the above was able by simply calling MIDAT 2. MIDAT2 was an ENTRY
subroutine in MIDATA. Since the FORTRAN compiler of the system
does not recognize the ENTRY statement, after the modification of
MIDATA, the control passes to the first executable statement. of MI-
DATA or to the «MIDAT2 block statements» according to the value
of the variable WORD7(7). Whenever the value of WORD7(7) equals
to1 any call of MIDATA passes the control to the «<MIDAT2 block state-
mentan.

As input, for parameter values, may be used either the terminal or
the disk file « PUNCH.DAT».

Subroutine IMPROV was modified so that any call to SIMPLX from
IMPROV is made through the driving routine IMPROQ. That has as
effect the two routines IMPROV and SIMPLX to share the same vir-
tual space, thus reducing the total length of the segment. Figures 4a
and 4b represent simplified flow charts of segment 4 using the unmo-
dified and modified IMPROV respectively. In figure 5 is represented
the effect of the IMPROV modification in the branch D of the overlay
tree. Subroutine CONTOU was also meodified so that it, additionally;
executes the function of the routines FRAME, PAPER and NAMES
which are not yet used. The matrices of the routines MSCAN, PLTCON
CONT and CONTOU have been also modified because of the needs of
the overlay structure of the new version of MINUIT. The subroutine
FCN divided into two routines for memory space economy. The one, still
named FCN, is placed in the root.The other, named FCN{, is placed in
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segment 7. FCN1 is called from FCN, each time FCN is called with
IFLAG=1 or with IFLAG=3.

The subroutine MPUNCH was also modified so that the execution
of command PUNCH has as effect the output of the current values of
parameters in the disk file «tPUNCH. DAT».

3.5. Usage of new version.

The, new version of MINUIT can be used, as the ongmal inany pro-
blem that can be redused to the problem of minimizing a function F(x).
The number of indepented parameters x: that can be . estimated by this
version of MINUIT must be Jess than or equal to15 and the number of
depented parameters must not exceed the 30, All the. commands that
were recognized by the .original versmn can be executed from the new
yersion of. MINUIT. : f o

The new version has been used in our laboratory in many BXPBI‘]-
ments such as Positron annthilation (GDC 82); plastic detectors research
(ZC81), peak analysis in vy-spectroscopy (X82), (D82), etc.

& TESTS

The new version of MINUIT was tested with the same job as in
(JR75). The output of this test run is presented at the end of the paper
As it is clear the results are satisfactory closed to that comes from the
original form of MINUIT by the same test run on a main frame compu-
ter (CDC 7600). The very small differences that are observed, mainly in
parabolic and less in MINOS errors, may probably due, either to the bet-
ter precision of the CDC 7600, or to the fact that the minimum of the
function used is not very sharp. This latest is clearly shown in pages 6
and 7 of the test output where the scanning of the test function used,
versus the parameters 1 (page 6) and 2 (page 7) is represented. As it
can be seen from the tests the execution time on PDP11/34A is higher
than that on CDC 7600, The larger delay execution time rises from three
different type of sources. The first is from the difference in speed be-
tween the PDP11/34A and the CDC 7600. The second comes from the
fact that the new version of MINUIT ie a disk-resident overlay and, as
it was mentioned above, this type of structure saves memory space but
increases the execution time. The third is that the system has not
floating point hardware.

Many tests of the program have shown that the use of double pre-
cision for all variables and for the FCN arguments increases very much
the execution time without any significant change on the results.
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TABLE I
MINUIT commands.
COLUMNS (1-10) (11-20) (21-30) {31-40) ete
PURPOSE COMMAND ARG 1 ARG 2 ARG 3

Cause a call to FCN

Read in covariance matrix.

Trace contours of FCN.

Signals end of data block.

End of data block. Return
to calling program.

Set value of UP to define
parameter errors.

Bignals end of job.
Make parameter constant

Inticates that derivatives

CALL FCN IFLAG

COVARIANCE NPAR
followed by martix elements (7F10}

CONTOUR Param, No, Param. No. Size of
(x-axis) (y-axis) region
{dv=2.)

END
END RETURN

ERROR DEF UP value

will be calculated by FCN. 1=no check

List MINUIT commands.

Calculate and print
covariance matrix,

I minimum is found, look
for another one.

Reset parameter limits,
Print covariance matrix,

(if necessary, calculate),

Do MIGRAD minimization

Minimize FCN, using both

SIMPLEX and MIGRAD.

Do MINOS error analysis.

(dv=1.)
EXIT
FIX Param. No.
GRADIENT O=check
HELP
HESSE Max, Calls

(dv=1000)

IMPROVE Max. Calls No. Tries
(dv=1000) (dv=NPAR-+2)

LIMITS Param. No. Lo limit Up limit
(0=All)

MATOUT

MIGRAD Max, Calts Tolerance V-Stability
(dv=1000) {(dv=0.1) (dv=0.1)

MINIMIZE Max. Calls Tolerance V-Stability
(dv=1000) (dv=0.1) (dv=0.1)

MINOS Max, Calls Param,Nos. (in I2 format)
per param. (dv=all param}
{dv=1000)
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Read new parameter cards,. PARAMETER .
followed by parameter card(s)
~ lerminated by blank card
Set level of printout, . PRINTOUT Lavel P
L 5 (dv=1)
Write parameter values and PUNCH
error matrix to PUNCH, o

Restore one or more RELEASE " Param. No. “Padam.No ....{up to 6)
previcusly fixed =~ " or
parameters to varizble .  RESTORT. 0=All params
statug:: IR e 1=Last param. fixed
Show FCN value as function SCAN Param. No, Lo limit Up limit
of one parameter. (blank="~ of'sean -  of scan - -
aly .. ({dv=2std, dev. from
. S i)
Do Monte Carlo minimiza- SEEK No. Calls .
tion ) T 7 (dv=100*NPAR)

Bet parameter equal to a SET PARAM Param, Npo. Value
given value. T

Do SIMPLEX miuimization. SIMPLEX. Max. Calls  Tolsrance
(dv=1000)  (dv=04)

Call subroutine STAND, STANDARD Parameters available to STAND via
COMMON/CARD/ _—

b

TABLE I "~

The partil‘ifljlr.ls of the sysltem used. (Al values are in octal)

Partition Start .L - 'Bize Type

address -
LDR 000000 000000 MATN TASK o
FORBES 100000 C- 040000 0 MAIN COM -
FGSRES 140000 020000 MAIN COM
TTPAR’ 160000 7017000 MAIN, TASK
SYSPAR 177000 010000 . MAIN TASK
FCPPAR ‘207060':_‘)'_' 3 " 010500 C MAIN §vs T :
GEN 217700 360100 MAIN SYS
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The driving routines of the new version.

Driving COMMANDS
routine .
MISIMI MINIMIZE, SIMPLEX, MIGRAD

PFRMHR ' PRINTOUT, FIL, RESTORE, MATOUT, RELEASE, ERROR DEF
PARAM PARAMETER :

IMPRO IMPROVE

SCAN SCAN

CNTOUR CONTOUR

LISPCF . LEMITS, SET PARAM, CALL FCN .
ENEX END, EXIT §

= MINOS

—_ SEEK

e PUNCH

= . STANDARD -

TABLE IV~

o e
.. Names of the modules in cach segment.

Segment ’ - MODULES

ROOT MINNEW, FCN, MINOS; UCOPT, INTOEX, MPRINiT
SEG 1 MISIMI(A), SIMPLX(A1), RAZZIA(A11), MIGRAD{A2),

DERIVE(A21), MATOUT(A22), VERMIN(A221).

SEG 2 PFRMHR(B), HESSE(B1), FIXPAR(B11), VERMIN{B12),
RESTOR{B2), MATOUT(B3),, VERMIN(B31]. -

SEG 9 PARAM{C), MIDATA{C1), INTRAC(C11), PINTF(C12).

SEG 4 IMPRO(D), IMPROV(D2), VERMIN(D21), CALFCN(D22),
RNDM(D23), RAZZIA{D24), SIMPLX(D1), RAZZIA(D11),

SEG 5 SCAN(E), MSCAN({E1), PLTCON{E11), BINSIZ{E111), EXTOIN{E12),
PINTF{E121).

SEG 6 CNTOUR(F), CONTOU(F1), BINSIZ(F11), CONT(F12), ORDRE2-
D506FN(F121).

SEG 7 LISPCF(G), EXTOIN(G1), PINTF{G11).

SEG 8 ENEX(H}, FCN1{1).

SEG 9 MPUNCH().

SEG 10 STAND(J).

SEG 11 CARDRD(K).

SEG 12 SEEK(L), EXTOIN(L1), PINTF(L11), RNDM (L2).

WYnoiakA BiBAI0BAKkN Ogd@pacTos - TuAua MewAoyiag. A.MN.O.



472

—_—
MIDATA

read

parameter

cards
MAIN

PROGRAM MINNEW

Command

COMAND
reads
command
cards
and
calls
appro-
priate
routine

RESTOR|

EXIT
END

¢

INTOEX
TN
SIMPLEX  |SIMPLX ANTOEX
" FCN
TIXFAR
Hog MINOS
W HIGRAD
X
RESTORE
RELEASE

and other commands similarly

Figure 1. Flow scheme of the eriginal MINUIT program.
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M

CARDRD
Reads the-
command cards
and sets the

T

vatue of I

MIDATA.

Reads
parameter
cards _
I VALUES DRIVING CoMMAND:S
‘ ROUTINES - ;
“1,2,3
> —SMINIMIZE
MISTMI T *SIMPLEX _ vipan
45 B0 | or
ENEX ——*=
£,7,8,9,  PRINTOY ey RESTOR
'-].10,11,1.?‘ /)., “MATQUT HESSE
RELEASE hosn
FPRHAR * ERROR DEF
13 _
PARAM . |——» PARAMETER
14,15 16 - o
215,18 o Lmans
- LISP ——>»5ET PARAM
) e »CALL FCN
Y ‘
IMPRO L »TMPROVE
1@
“l cHTOUR —— CONTOUR ™
20
SCAN ————s SCAN
18,21,22,23

> Other commands
directly executed

Figure 3. Flow scheme of the new sersion of {VI{N vIT.
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SUBROUTINE SUBRQUTINE SUBROUTINE

IMPRG IMPROV SIMPLX
| -
| — >
S : \
CALL IMPROV — CALL SIMPLX

<! BETURN to MAIN je— e
[ RETURN

.
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SUBROUTINE SUBRCUTINE
IHPRO TMPROV
Ne
|
- |
| |
| i YES
A 4
> CALL IMPROV :
- I ——
|
|
1 ¥
= RETUEN
=~ ]
!
|
|
YES
CALL SIHPLX
LOOP NO
SUBROUTINE -
STMPLX <
¥
RETURN
.

[

Figure 4b. Simplified chart of segment 4 using the modified IMPROV.
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D11 p21 D22 D23 D24
D1 D2
1

ROOT

Figure 5b. The D segment with the modified IMPROV .
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MEPIAHYH

ITPOZAPMOT'H TOY TPOTMPAMMATOE MINUIT
I'NA TOYEZ TOOAOTIETEE TYIIOY PDP11/34A

Hmd
ABAOYEH ZI1., XAPAAAA M., KAT XAPAAAMITIOYY ZTEG.

*Epyaariipio *Atomxie wal IHvgnwmxijc Puawxis
Haveriothpo Osooalovizne

Hapovaraletar Wik Tpomomolnuevy popeyn Tob mpoypdppatog MINUIT
Ezgv dote va pmopel vi yprotuormonlel ot pixpodg Gmoloyioteg Tév 16 bits
drwg & PDPLL34A. T oy wetwtporh 1ol MINUIT yeonowwemoribie
7 weyvecy overlay. To mpdypappa ywplomxe of 13 segments & tdv dmolwv
10 &va, To0t segment, Beloxeton wavra omh pvhuy &vé Ta Ake 12, overlay
segments, Bploxovral of &va Sloxo xal Evedrdocovrar petald Toug oty pvi-
pn dvidoye pd THY pol) TOU TPOYPOLLLKTOG.

D tév &reyyo 108 mwpoypdppatog Snulovpyhbmoay 9 véeg poutiveg o
avrietdotacy THe poutivag COMAND.

"Dieg of commands tHe mTpwTHTURNG LopeTs Exterolvrat dmd THv via
wopgh yopls napie Siapopetin) dvépyeia Tol yphoTy.

Hapovowalovrar of Suvatétyree yohiowe Tob véou mpovpduuatog xal yim
vetol odyupto) ThY dmotehespdTwy dmd v dutéheon THE MpGTOTUTNG LOPGTG
ot Eve peydho dmokoytomh Wi adtd dwd Thv Extéhsoy Thg vEag popgRs aTéy
bmoroytoty) PDP1L/34A.
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