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1. Introduction

This memorandum summarizes aspects of usage of the PORT Mathematical Subroutine Library of For-
Iran programs.

The following section provides a general description of the library, including something of its history
as well as an overview of its contents, portability, size and so on. The relationship of the library to
other Fortran mathematical libraries is also discussed there, especially with regard to the Bell Labs
environment. The section ends with an account of the current PORT installations on computers both
within and outside Bell Labs.

Section 3 deals specifically with the use of PORT on the Honeywell computer at Murray Hill. Dawa
have been gathered on the usage of a kernel of the more heavily uscd programs — the names of the
routines calicd und the user identification were recorded. Tables summarizing these data are included.

A linal section cvaluates the current and potential position of the PORT Library.

2. A General Description of the PORT Library

The PORT Mathematical Subroutine Library of portable programs for numerical computation has been
under development at Murray Hill since 1974, The first version ol the library was released in the sum-
mer of 19750 This edition was o small library of 151 subprograms, many of them lower-leve! routines

without user documentation. However, at this release the portability and all the basic structure of the
hibrary wuas established and implemented.

The library is made portable by two features:
All programs are written in the portable subset of ANST Fortran specified by the PFORT verifier 1],

Adl programs imv olving machine-dependent quantitics use PORT {unction subprograms to access the
values.

The almost literal portability of the library is attested to by the fact that a single version of the tape is
maintained. When a copy of the library is requested, this tape is copied (in the appropriate character
format) and sent out together with an installation manual explsining how 1o activale the machine-
dependent constants appropriate o the computer at hand.

These approuches to portability have proved very successful. In fact a recent book on programs for
digital signal processing published by the 1EEE [2] specities as a standard for the published programs
the PFORT languuge subset of ANSI Fortran and the use of the PORT functions for obtaining
machine-dependent values used in the programs.
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PORT is based on an automatic dynamic storage scheme simulated by a stack in named COMMON,
and errors are automatically handled. These capabilities permit the calls to PORT programs to be free

from parameters for scratch storage or for error flags, so that usage is simplified. More detail on these
topics can be found in [3] and [4].

PORT 2

The second (and current) edition of PORT was released in the summer of 1977. This version con-
tains 550 subprograms, of which 125 are documented in user reference sheets. The other subprograms
are lower-level modules. There are 41.000 lines of Fortran in the library source. The first printing of
the user referenee manual for PORT 2 was 700 copies: an additional 400 manuals were printed in July
1978. There are 475 pages of documentation in the manual.

The majority of the programs in PORT 2 have bzen writtien by people at Murray Hill. A few pro-
grams from the open literature have been adapied to PORT, but always with the permission of their
authors. At the moment, no statistical programs are included in the PORT Library.

Relationship of PORT to other program libraries

Of the many numerical libraries that have been developed both in this country and abroad by com-
puter manufacturers, industry, government and universities, the best known ones probably are the
IMSL (International Mathematical and Statistical Libraries, Inc.) library [5], and the Brilish NAG
{Numerical Algorithms Group) library [6]. Then, aside from statistical libraries which are not dis-
cus.>d here. there are some important special purpose libraries developed by the NATS project (7],
funded and staffed by governmental and university groups at Argonne National Laboratory. These
include EISPACK [8] containing programs for finding the eigenvalues and eigenvectors ol various
classes of matrices, FUNPACK [9] which contains programs for computing special functions. LIN-
PACK [10] which is a collection of subroutines for analyzing and solving systems of simultaneous
linear algebraic equations, and MINPACK, a package of minimization routines under development.
Some of the NATS packages are more portable than others. The programs in EISPACK and in LIN-
PACK can usually be adapted to a specific machine by changing certain machine-dependent constants.
FUNPACK, a highly accurate set of routines, is only available in editions hand-tailored to a few large-
scale machines: IBM 360-370, CDC 6000-7000, UNIVAC 1108-1110.

EISPACK has been installed on the IBM/Amdahl computers at Holmdel, and on the Honeywell
computer al Murray Hill. The IMSL library is also installed at Murray Hill, and sees some use for pro-
grams covering areas not available in PORT. However the programs in that library are less robust and
not always state-of-the-art, The NAG library would be useful to have, but there has been an impasse
since 1974 between our lawyers and theirs.

Incidentally, the IMSL Library costs S$1400/year and NAG between S$1200 and $1400 per year.
PORT is a licensed product with a one-time charge, currently $3500/year, to industry or government
centers, bul availuble 10 universities for a handling charge of $100.

Computer systens on which PORT is installed

The PORT Library has been installed on 20 computers within Beil Labs. The first table, Exhibit la
in the appendix, lists, for each of these computers, the instaliation date for PORT, the location of the
computer and the person in charge. The large-scale computers include the Cray, Honeywell,

IBM/ Amdahl. iBM 3033, CDC, and UNIVAC. The smaller ones include the PDP 11, VAX. Interdata,
Datu General Eclipse and Harris.

Exhibit 1b lists the 50 sites outside of the Labs to which PORT has been sent. Of these. 40 are
educational institutions, 19 of which are not in the United States. Six governmental/commercial
licenses have been signed for PORT — two at the National Center for Atmospheric Research at
Boulder, Colorado, one at Xerox Corporation in Webster, New York, one at the International Institute
of Applications and System Analysis, Laxenberg, Austria, one at the Telecommunication Laboratory in
Taipei, Taiwan, and one at the National Burcau of Standards in Washington, D.C.
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Exhibit 2 lists the 37 different machine/system configurations at PORT sites.

3. Usage of the PORT Library on the Honeywell Computer at Murray Hill

Usage of the PORT library has been studied on the Honeywell computer at Murray Hill. The GCOS
operating system on the Honeywell 6000 series of computers keeps a running tally of the number of
accesses to a file. Since Junuary of 1976 a monthly check of PORT usuge has been recorded by reading
these access counts for the PORT library files (both the BCD and the ASCII versions). This usage,
translated into accesses per day, is shown in a graph, Exhibit 3, in the appendix. The number of uses
per day has been oblained by dividing total use by the number of days in the month, not simply work-
ing days, becausc a good deal of computing occurs over weekends. The curve is rather jagged, but vari-
ous trends are discernible. There was a steady climb in usage up to a peak carly in 1977. Then a
decline set in, some of which was due to the installation of PORT on a number of smaller computers
within the Labs. Since people tend to keep on using programs to which they have grown accustomed,
we presume that usage was merely tranferred 1o the smaller machines, but we have no way of measur-
ing actual usage clsewhere. Also, and again there is no way to check the fact, many people tend to run
programs directly from load moduics (H* files in GCOS terminology) into which library subroutines
have been bound. Such usage is not monitored by our procedures. During 1978 usage seemed to level

off at about 150 accesses per day to the library. but in the summer of 1979 it grew to 200 accesses per
day.

Earlier this year a project was undertaken to monitor the PORT library on the Honeyweli computer
in somewhat more detail, by finding out, for a selected set of programs, how often they were used and
by whom. In each selected program a trap with a first-time switch was used to escape 1o a recording
program. and a file of usage statistics was accumulated. The user id and the name of the called pro-

gram were obtained and tallied. Our experience in the monitoring process and a discussion of the data
obtained are reporicd below.

Programs monitored

Not all 5§25 subprograms in the library were monitored: rather a subset was sclected by the principal
contributors ol PORT programs, J. L. Blue, P. A. Fox, N. L. Schryer and D. D. Warner. The selection
process was bascd on the modulars structure of the library:  in many cases PORT programs which are
documented and scen by the user represent the upper level of a multilevel calling structure. In such a
case only the lowest-level subprogram wus monitored. Exhibit 4a in the appendix lists the names of the
monitored subprograms, and, in the case of a lower-level routine, also the names of the documented
higher level calling routines.

Exhibit 4b shows the grouping of the various monitored subprograms into general areas of numeri-
cal computation. Sometimes it is not possible to know if a given routine was used for say interpolation
or quadrature, bul the grouping represents the most probable partitioning.

Gathering the daia

The data discussed below were gathered during the months of March, April, May and June 1979, How-
ever, since usage of the library tends to vary over time, any set period of monitoring can be misleading.
Of1en one or two particular users call heavily upon a set of PORT routines for a certain time period and
then depart to write up their results, and another group of people and programs become active.

The reader should be aware that the data represent only the usage of available programs; there is a
very strong demand for programs covering areas such as least-squares [fitting, optimization, solution of
stiff ordinary differential equations, solution of partial differential equations. etc., which are not covered
in PORT. Somec of these needs are met by packages built over the PORT library, such as the excellent
partial differential equation solver POST, but an cffort must be made to fill the gaps in PORT.



What programs are used?

During the period under study a total of 9736 calls were made to the monitored programs in the PORT
Library. The names of the programs called and the number of culls to each are listed in Table 1, sorted
by miost used first.

Before discussing these data, a few caveats should be made. As noted in the table, not all double-
precision versions were monitored. In the case of the Fast Fourier Transform subprogram, FFT, and
the quadrature program, BQUAD, the authors were interested initially only in seeing if there was some
usage in these arcas. Particularly for FFT's, the bulk of the use at the Labs (and there is a lot) is with
individually tailored routines or special purpose use on dedicated smaller computers. Another caveal is
in order on the monitoring of the trigonometric functions: if a user who uses PORT calls a trig func-
tion, the function will be obtained from the PORT library which is scarched before the system library,
so the counts for trig funclions ar¢ not necessarily PORT-related.

The arcas of numerical representation represented by the subprogram calls given in Table 1 are dis-
cussed under Patterns of use below.

Who uses PORT and how much

Data accumulated during the four spring months provided a list of 86 individual users of the PORT
library on the Honeywell computer over that period. More than 60% of the users came from Area 10,
and 17% from area 20; the rest of the usage came mostly from Areas 30 and 40. Now if we consider
these users vis-d-vis the number of calls to PORT made by peopie in the various areas, we find that
72.7% of the usage came from Area 10, som—~ 14% from Area 20, and the rest from Areas 30 and 40.
These data are shown in Table 2. (One user from Area 60 is not included in the tabular data.)

Panerns of use

Since the monitoring process provided information both on the location (Area) of the user and the
name of the culled subprogram, it was possible to study the particular type of numerical computation
being carried out, using PORT, by users in each Bell Labs Area during the monitored period. The sub-
programs were grouped by computational type (as given in Exhibit 4b), and then the number of calls to
each subprogram within each given category were summed. The ratio of the sum of calls in each
category to the overall number of calls is the percentage of use shown in the last column of Table 3.
To lind the use within Arcas 10, 20, 30 and 40, the same procedure was applied within these groupings.
These percentages are shown in the corresponding columns of Table 3.

Quadrature is cicarly the winner, with zero-finding a strong second. Calculation with splines is a grow-
ing sector. It may be a misrepresentation, in fact, to separate the categories of quadrature and splines
— in a certain sense both of these areas fall under *‘approximation.’”

During the period in question, the large number of programs in linear algebra which are to be included
in PORT were in usc but not monitored. The figure given in the tables represents use of the only two
subprograms in this arca in PORT 2. Also the category of eigenvalue-cigenvector computation, as
represented in the table, is not representative of real use in this area; the EISPACK package of subpro-
grams provides a very good general source of programs for serious ecigenvalue-finding programmers.

One of the surprising statistics in Table 3 is the relatively low use of ordinary differential equation pro-
grams. When the first edition of PORT was being put together in 1974 there was a great deal of ODE
computation being done. Now the major interest is in partial differential equation packages. one-
dimensional as in POST, und going into two-dimensional developments.
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Yet another caveat on the data: the category of optimization as included in the tables represents only
the program FMIN to find a single minimum of a single function between two given points. PORT 2
does not satisfy the current demand for all kinds of optimization — constrained and unconstrained,
least-squares or general linear or nonlinear, with or without derivatives provided by the user. We hope
to be able to provide programs covering most of these areas.

4. Sunuuary

In this first summary report on usage of the PORT library (again, only for the Honeywell computer —
we have no access to patterns of use of the library at other sites), we have noted that the most heavily
used programs are in the numerical areas of quadrature and spline approximation. This is not surpris-
ing because these are the two areas in which PORT has been strongest; the programs are exceptionally
good and have been in use for many years. We will soon add to the library the almost 200 high-caliber
programs written by Linda Kaufman for the solution of linear equations. There are programs for gen-
eral, banded, symmetric. and sparse systems. Future surveys undoubtedly will show heavy use of these
programs. kFrom inquiries we also know that there is a demand for linear and nonlinear programming
routines, for least-squares approximation of various sorts, for stiff differential equation solvers. and for
various roulines [or the solution of partial differential equations. All these areas are under study and
will give rise 1o useful programs. Finally there is the question ol statistical routines. We have been
reluctant to get into this area for a number of reasons. We know there is a demand for portable pro-

grams in standard areas of statistical computation, but this may fall outside of PORT's domain. We
welcome suggestions.

5. Acknowledpments

Almost all of the programs in PORT have been contributed by James L. Blue, Phyllis A. Fox, Linda C.
Kaufman, Norman L. Schryer and Daniel D. Warner. Much of the framework of PORT. the parts
dealing with crror handling and storage management were designed by Andrew D. liall, and both he
and W. Stanley Brown have made further valuable suggestions improving the course of PORT's
development. A. D. Hall also provided a crucial program used in the actual monitoring process.
Finally, the sifling and studying of the collected data was facilitated by the database inquiry language Q
being developed by Alfred A. Aho and Brian W. Kernighan.
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EXHIBIT ia

PORT installations within Bell Labs

Installation
Date Computer Org/Loc Person in charge
8/75 Honeywell 373/MH Phyllis Fox MH X4747 1D-231
4/76 1BM 370 372/HO  David Muir HO X7640 2G-432
6/76 CDC Cyber 423/MV  B. F. G, Fink MV X6325 1D-51
6/76 PDP 11/70 127/MH M. D. Mcllroy MH X6050 2C-526
8/76 UNIVAC 1110 373/MH  Arthur G. Gross MH X5331 5A-133
9/76 Lclipse 122/MH Curolyn Schmidt MI1 X5342 2D-517
12/76 Harris $220 153/MI1 T. A, Weber MIT X2249 1 A-364
1/71 UNIVAC 1108 622/WH  H. T. Balch WH X2669 4A-302
8/77 Harris /7 227/MH B, R, Chawla MIT X3555 2B-414
11/77 cnce 439/7HO P, Bulaban 110 X3249 3F-224
12/77 Interdata 127/MH A, G, Fraser MH X3685 2C-561
3/78 Harris /7 227/MH B. R. Chawla MH X33555 2B-414
9/78 PDP 11745 113/MH M. F. Robbins M1 X3325 1E-428
9/78 PDP 11745 152/M11 - B. C. Wonsiewicz MH X3751 1A-121
9/73 VAX 11/780 135/HO  T. B. London 110 X2006 41-624
1779 Amdahl 474 376/1H Anthony J. Gaseor HO X3780 1C-235
1779 Eclipse 211/MH Do McE. Boulin MH X3103 2A-240
7719 IBM 3033 378/PY  R.L.Rosen PY X6715 2A-225
10/79 VAX 11/780 211/MH  Wollgang Fichtner X7628 2A-325
1780 Cray-1 373/MH Phyllis Fox MI1 X4747 2D-235



EXHIBIT Ib

PORT installations outside Bell Labs

PORT 1
Type
G = Government
E = Educalional
C = Commercial Location/
I = Foreign Date Computer
E 5/1/76 Johns Hopkins Univ., Baltimore, MD
PDP 10/KI]
E RYAVAL) U. of Piusburgh, Piusburgh, PA
IBM 370/158
E /1776 Millersville State College, Millersville, PA
UNIVAC 70
E 9/1/76 Clemson Univ., Clemson, SC
IBM 370/1358
EF 9/1/76 U. of Toronto, Toronto. Ont. CANADA
IBM 370/165
EF /1776 Laurentian Univ., Sudbury, Ont. CANADA
IBM 360740
E 1071776  Clarkson College, Postdam, NY
IBM 360/65
k 1/1/77 Culifornia Polytechnic Siate Univ., San Luis Obispo, CA
PDP 11745 (19 branches of the university)
I: 1/1/77 Georgia Inst. of Tech.. Atlanta, GA
NOVA-830, NOVA-820
EF 2/1/77 The American Univ. in Cairo, EGYPT

Century 201
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Univ. of Salzburg, AUSTRIA
IBM 370/145

Academisch Computercentrum, Utrecht, NETHERLANDS
CYBER 73

Katholieke Univ. Leuven, BELGIUM
1BM 370/158

Vassar College, Poughkeepsie, NY
IBM 370/125




PORT 2

Location/
Type Date Computer

EF 12/1/717 Heriot-Watt U., Edinburgh, SCOTLAND
Burroughs B1726

EF 1/1/78 U. of Alberta, Edmonton, CANADA
Amdahl 470v/6

E 2/1778 U. of North Carolina. Chapel Hill, NC
IBM 360/75 and 360/155

EF 2/1/18 U. of British Columbia. Vancouver, CANADA
IBM 370/168

EF 2/1178 Bar-llan U., Ramat-Gan, ISRAEL
IBM 370/168

E 571778 City College of City Univ.. New York, NY
PDP 10/KA

E 5/27/178 Johns Hopkins Univ., Baltimore, MD
PDP 10/KI

I 6/1/78 Harvard Univ., Sch. of Public Hcalth, Boston, MA
PDP 11/70 and PDP 10

E 7/1/78 Kansas State Univ., Manhattan. KS
PDP 11/34

LF 7/1/78 U. of Bristol, Bristol. ENGLAND
PDP 11/10

E 7/27/178 Georgia Inst. of Tech., Atlanta, GA
NOVA-830, NOVA-820

E¥ 8/1/78 Laboratoire D'Automatique de Grenoble, FRANCE
IBM 360

E 8/1/78 Manhattan College, Riverdale, NY
PDP 11/70

EF 8/1/78 U. of Auckland, NEW ZEALAND
PRIME P400, Burroughs B6714



EF

EF

G

EF

EF

¢t

11/1/78

11/1/78

1171778

/1718

11/26/78
12/1/78
12/1/78
12/1/78
1/24/79
3/8/79
179
3179
6/18/79
6/18/79
1716/79

82/

U. of Wollongong, Wollongong, AUSTRALIA
INTERDATA

U. of New England, Armidate NSW, AUSTRALIA
ICL 1904A, PDP 11/34, DEC2050

Towa State U. of Science and Technology. Ames, [A
VAX 11/780

Argonne National Laboratory (study only)
IBM

Sandia Labs., Appl. Math Div., Albuquerque, NM
CDC 6600, CYBER 176

U. of Minnesota. Minncapolis, MN
[{oneywell 66

U. of Western Ontario, London, Ont. CANADA
PDP 10

Capricornia Inst. of Adv. Educ., Queensland. AUSTRALIA
Hewlett Packard 3000 Series |l

NCAR (2 copies), Boulder, CO
CRAY. CDC 7600

Western Electric Engineering Research, Princeton
unspecified computer

Duke Univ., Durham, NC
PDP 11/70

U. of Texas System Cancer Center, Houston, TX
CDC CYBER 171

Xerox Corp., Webster, NY
unspecified computer

Int. Inst. of Applic. System Analysis, Laxenberg, AUSTRIA
unspecified computer

California Institute of Technology, Pasudena. CA
IBM 3032

Univensity of California, San Francisco, CA
13M 370/ 148 and PDP 11/70



E

E

8/9/79

9/10/79

9/20/79

10/4/79

10/12/79

Purdue University, West Laluyetie, Indiana
PDP 11/70

Regionales Rechenzentrum Erlangen, GERMANY
CYBER 172 and TR445

Australian National University, Canberra, AUSTRALIA
PDP-10 (KA-10 processor)

Telecommunication Labs, Taipei, Taiwan
unspecified computer

National Bureau of Standards. MD
unspecified computer

Rockefeller University, New York, NY
PDP 11/70



EXHIBIT 2

Compulter systems represented by PORT users !

BURROUGHS B6700 DEC VAX 11/780

CDC 6600 HEWLITT PACKARD 3000
CDC 7600 HONEYWELL 66

CDC CYBER 171 IBM 3032

CDC CYBER 172 IBM 360

CDC CYBER 176 IBM 360/40

CDC CYBER 73 IBM 360/65

CENTURY 201 IBM 3707125

CRAY-] IBM 370/145

DATA GENERAL NOVA-820  IBM 370/148
DATA GENERAL NOVA-830 [BM 370/158

DEC 2050 IBM 370/165

DEC PDP 10 IBM 370/168

DEC PDP 10/KA ICL 1904A

DEC PDP 10/KI INTERDATA 8/32
DEC PDP 11/10 PRIMEL P400

DEC PDP 11/34 TELEFUNKEN TR445
DEC PDP 11/45 UNIVAC 70

DEC PDP 11/70
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A3PLNN
called by:

(D3PLNN

BISLR
called by:

BQUAD

EXHIBIT 4a

PORT programs monitored on the Honeywell computcer

BSPL1 - basis spline evaluation with selected derivatives
BSPLD - basis spline evaluation. with derivatives

BSPLI - integrate basis splines

BSPLN - basis spline evaluation

EEBSI - estimate B-spline error over selected intervals
EESFI - find absolute error in B-spine fit over selected intervals
SPLNI1 - spline and selected derivatives evaluation
SPLN2 - tuned spline evaluation

SPLND - spline and derivatives evaluation

SPLNE - spline evaluation

SPLNI - spline integration

double-precision version of AJPLNN)

BESRI - Modified Bessel function, I, real argument, integer order
BESRJ - Bessel function, §, real argument, integer order

- integrate piccewise-smooth function

BURMI - best uniform rational approximation (given an initial one)

called by:

BURAM - best uniform rational approximation on a mesh

(DBURNMI double-precision version of BURM)

CISPET
called by:

(DCISPF

C25PHT

called by:

CSPDI - cubic spline differentiation
CSPFI - cubic spline fit

CSPIN - cubic spline interpolation
CSPQU - cubic spline quadrature

double-precision version of CISPFT)

CSPDI - cubic spline differentiation
CSPFE - cubic spline evaluation
CSPIN - cubic spline interpolation



(DC2SPF  double-precision version of C2SPFT)

C25PQU
called by:
CSPQU - cubic spline quadrature

(DC2SPQ  double-precision version of C2SPQU)

EIGEN - eigenvalues and eigenvectors of a general real matrix
(DEIGEN double-precision version of EIGEN)

FFT - Singleton’s mixed radix Fast Fourier Transform
calied by:

FFTC - Fast Fourier Transform (complex data)

FFTC! - inverse Fast Fourier Transform (complex data)
FFTR - Fast Fourier Transform (real data)

FFTRI - inverse Fast Fourier Transform (real data)

FMIN - local minimum (one dimension)
(DFMIN  double-precision version of FMIN)

GAUSQ - abscissae and weights for Gauss quadrature
called by:
GQOIN - Gauss-Laguerre quadrature
GQMI1 - Guuss-Legendre quadrature
L2SFF - B-spline fit to a function
L2SFH - B-spline fit to the derivatives of a function

(DGAUSQ double-precision version of GAUSQ)
L.LPPH2
catled by:
BURMI - best uniform rational approximation
(DLPPH2 double-precision version of LPPH?2)
1L.ST2D
called by:
LINEQ - solution of linear equations

LSTSQ - least-squares solution of lincar equations

(DLST2D  double-precision version of LST2D)



ODES2
called by:
ODEQ - integrate a set of integrals
ODES - ordinary differential equation solution
ODES! - ordinary differential equation solution

(DODES2 double-precision version of ODES)

RIQINT
called by:
QUAD - integrate a function, absolute error
RQUAD - integrate a function, relative error

(DIQINT  double-precision version of RIQINT)
UNI - uniform random deviate

Z1ONE
called by:
ZONE - zeroes of nonlinear equations
ZONE]J - zeroes of nonlinear equations with Jacobiun provided

(DZ1ONE double-precision version of ZIONE)
ZERO - single real root

(DZERQ  double-precision version of ZERO)

Trigonometric routines:

ACOSH
ARCOS
ARSIN
ASINH
ATANH
COSH
DACOSH
DARSIN
DASINHI
DCOSH
DSINH
DTANH
SINH
TAN
TANH



EXHIBIT 4b

Monitored programs grouped by computational type

(Double-precision names are not listed)

Splines - including approximation, evaluation, diflerentiation
AJPLNN
CasPIT
Quadrature
BQUAD
CISPFT
C25PQU
GAUSQ
RIQINT
Trigonometric and special functions
trigonometric functions as listed in Exhibit 4a
BISLR
Zero finding
ZIERO
Z1ONL:

Linear equation solution and least-squares fiting

LST2D

Diflerential equation solution
! Yy

ODES2

Fast Fourier transform

FET




Figenvalue and eigenvector problems

EIGEN

Optimization

FMIN

Random number generation

UNI

Rational approximation

BURMI
LPPH2




PORT programs: number of calls

TABLE |

Single-precision || Double-precision || Total
Name Calis Name Calls Calls
rlgint 492 | dlgint 1136 1628
alplnn 212 || d3plnn 1173 1385
zero 1014 || deero 215 1229
zlone 907 || dzlone 63 970
Ist12d 619 | disi2d 59 673
gausq 141 deausg 495 636
odes?2 383 | dodes?2 171 554
clspft 332 || delspl 68 400
asinh 0 |l dasinh 392 392
arsin 101 darsin 156 257
c2spqu 170 || de2spq 68 238
tan 205 4 * 205
c2spfi 203 || de2spf 0 203
fl 201 * 201
eigen 152 || deigen 2 154
Arcos 138 || © 138
fmin 87 || dfmin 0 87
uni 75 H| (none) 75
burml 0 || dburml 66 66
Ipph2 0 i dipph2 64 64
cosh 52 || deosh 5 57
blsir RT N 36
sinh 14 i dsinh 16 30
atunh 24 * 24
bquad 21 || * 21
tanh S5 || dtanh 8 13

9736

*Double-precision version not monitored.



TABLE 2

PORT Librury

Distribution by Arca

of number of users and number of calls to subprograms

Number | Percentage f| Number | Percentage
Area || of users of users of calls of calls
10 53 61.6 7077 72.7
20 15 17.4 1409 14.4
30 7 8.1 i 7.3
40 10 11.6 334 34




TABLE 3

PORT Library

Type ol numerical computation

performed in different Bell Labs Areas

Percentage of calls

Type
Area 10 | Area 20 | Area 30 | Area 40 || Overall
Quadrature 355 18.8 24 .6 30.
Zero tinding 29.8 53 1.8 1.5 22,6
Splines 12.3 37.8 10.8 18.6 16.3
Trig and Bessel 6.1 21.6 46.3 18.6 11.8
Lincar algebra/lcast-squares 6.7 2.6 0 49.4 6.9
Differential equations A 3.8 13.5 0 5.7
FFT .6 5.8 10.4 .6 2.
Eigenproblem 4 0 13.2 10.2 1.6
Rational Approximation 1.6 1.0 0 6.1 1.3
Optimizition 4 3.3 .6 0 .9
Random numbers .9 0 1.0 0 .8
100 100 LOn 100 100
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