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FOREWORD

This computer program package is designed to assist manufacturing companies in

éonverting to the metric system. The starting point of the manufacturing process
is the engineering drawing, and it is at this point that metric conversion should
begin. Accordingly, the package is devoted to the specialized area of converting

between metric and U.S. customary units on engineering drawings.

Were it not for the rounding of converted quantities, the mathematics of conver-
sion would be trivial. Even with rounding, the mathematics is simple. However,
rounding is extremely important, since it affects the tolerances of parts pro-
duced; and the controlling of tolerances is at the heart of the manufacturing

process.

The computer programs that comprise this package were developed by Caterpillar
Tractor Cos and General Motors Corporation and turned over to the Wational
Bureau of Standards for distribution for public benefit to anyone who wants
them. It is hoped that by making them available to the public the processes

of metric conversion in all U.S. manufacturing companies will be facilitated.

Ruth M. Davis, Ph.D.
Director, Institute for Computer
Sciences and Technology
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DISCLAIMER

The National Bureau of Standards (NBS) has tested each of the programs in this
package on several computers and found them to be functioning as described in the
documentation that follows. Machine dependence was largely eliminated by restrict-
ing the programs to American National Standard FORTRAN. No amount of testing can
anticipate, however, flaws that may not show up, except under very special circum-
stances, or may be caused by pecul.a, input conditions.* Therefore, neither NBS
nor the companies whose programs are included in the package can assume responsi~
bility for loss or damage due to‘(l) malfunctioning of the programs, (2) erroneous

answers, or (3) errors in documentation.

*Computer systems consist of hardware and sdftware and seldom are two systems
completely alike. NBS tested each of these three programs on several systems.

For details see Section I - INTRODUCTION.



PACKAGE MAINTENANCE
It will be appreciated if reports on malfunctions and suggestions for
improvement are sent to NBS in order that purchasers of the package
may be notified of necessary or desirable changes in either the tape
or the manual. This applies both to malfunctions resulting from the
programs alone and to those due to possible mismatches between the

program and the computers or operating systems upon which they are run.

Other programs for metric conversion may be added to the package in the
future. Eligible programs would be ones that (a) differ significantly
from those already on the tape, and (b) have beeg used by their parent
companies enough to insure that they are practical for their intended use
and free of obvious bugs. If additional programs are added, an additional

charge to cover NBS costs may be necessary.
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Computer Program Package for Metric Conversion:

Reference Manual

Ruth K. Anderson and Joseph O, Harris, Jr,

The programs in this package are designed to convert
dimensions and other quantities appearing on engineering
drawings from metric to U.S. customary units and vice versa.
They were developed by Caterpillar Tractor Co., and General
Motors Corporation., In addition to the programs themselves,
the package contains documentation explaining how to get the
programs running on different computers and how to use them,
and test problems to permit users to verify that the programs
run correctly on their own computers. The Caterpillar program
converts 31 different metric units to their U,S. customary equive
alents. In contrast, the General Motors programs convert in both
directions but work with millimetres and inches only. The General
Motors programs also use rounding conventions differing womewhat
from those employed in the Caterpillar program. Both the Cater-
pillar and the General Motors programs are written in American
National Standard FORTRAN and are suitable for use on a wide
range of computers with little or no modification. The Caterpillar
program is operated in batch mode while the General Motors pro-
grams are interactive,

Key words: Caterpillar Tractor Co.; computer program; docu-
mentation; engineering drawing; General Motors Corporation;
metric conversion; rounding; test problem; tolerance.

I INTRODUCTION

In order to assist engineers and manufacturers in the transition from the
traditional U.S. customary system of measurement to the metric system of meas-
urement, NBS is making available a computer program package to perform the con-
version from one system to the other with carefully controlled accuracy. Control

of accuracy is necessary in order to maintain required tolerances at minimum cost.



The package consists of computer programs developed by Caterpillar Tractor Co. and
General Motors Corporation, documentation explaining how to get the programs run-—
ning on different computers and how to use them, and test problems to permit users

to verify that the programs run correctly on their own computers.

The programs' main advantage is in providing the design engineer with control over
the accuracy of the conversion process and the tolerances to be maintained. In
this way, errors and costs that would be unavoidable in a shop where everyone
makes his own conversions are eliminated. Control at the design level also
increases productivity by speeding up the manufacturing process and providing

an automatic self-checking system that is essentially error-free.

The Caterpillar part of this package consists of a single program that converts
31 different metric units to their U.S. customary equivalents. There are two
General Motors programs, however. One of them converts from millimetres to

inches while the other converts in the reverse direction. Dimensions other than

millimetres and inches are not converted. The General Motors programs use
rounding conventions somewhat different from those employed in the Caterpillar
program. Both the Caterpillar and the General Motors programs are written in
American National Standard FORTRAN[l] and are suitable for use on a wide range

of computers with little or no modification. The Caterpillar program is operated

in the batch mode while the General Motors programs are interactive.

The NBS role was to assemble the documentation from material supplied by Cater-

~

pillar Tractor Co. and General Motors Corporation, to validate the programs, and

to distribute the package. The NBS validation consisted of testing to determine



that the programs run correctly on different computers and that they perform in

accordance with the documentation.

More specifically, the programs were tested with the Béll Telephone Laboratories'
Verifier Program[Z] for compliance with standard FORTRAN, and in addition, each
program was compiled and executed on several different computers with test data.
In particular, the Caterpillar Program was tested on an IBM 370/165 under 0S and
on a CDC 6400 under SCOPE 3.0. The GM Programs were tested on an IBM 370/165
under TSO, and all three programs were tested on a UNIVAC 1108 under EXEC VIII

and on a PDP-10 under DECsystem-10.
II  CONVERSION PACKAGE COMPONENTS
This package consists of two parts—-a magnetic tape and this document.

A. TAPE

The tape is a standard 1/2 inch wide 600 foot long reel. It is recorded in
FORTRAN and is available in six versions so far as numbers of tracks, code,

density and parity are concerned:

No. of

Tracks Code Density Parity
9 ASCII 800 odd
9 ASCII 1600 0dd
9 EBCDIC 800 0dd
9 EBCDIC 1600 odd
7 BCD 556 Even
7 BCD 800 Even

The printed label on the tape reel identifies the version. Hexadecimal or octal
representations of the FORTRAN Characters in ASCII, EBCDIC and BCD as used on

the tape are given in Appendix II.



The tape contains 6 files. The first is a description of the contents and logi~
cal organization of the tape. The second contains Caterpillar's METCO program;
the third contains test data for that program; the fourth gives test results

based on this data. The fifth file contains the GMMETR program and the sixth

GMINCH,

Each file except the last is terminated by one tape mark, while the last file is
terminated by two tape marks. Programs and test data are organized in 80-
character card images,blocked 9 card images per physical rane 2lock, and test

output is organized into three 132-character print line images per physical

tape block,

A listing of the tape is given in appendix TII.

B.  DOCUMENTATION .

This report constitutes the documentation portion of the conversion package. The
information was, for the most part, provided by the program developers, Caterpillar
Tractor Co. and General Motors Corporation. In contrast to the Caterpillar program
which operates in batch mode, the General Motors programs are run in an on-line
interactiveimode. This difference is reflected in the varying approaches taken

in developing this documentation.

The salient characteristics of each program have been summarized using the recently
developed Federal Information Processing Standard Software Summary (SF185). See
figures 1, 2,/and 3. More detailed descriptions of each program, including some

examples and program listings, will follow in the remainder of this report.



FEDERAL INFORMATION PROCESSING STANNARD SOFTWARE SUMMARY

O1. Summary date{ 02. Summary prepared by (Name and Phone) 03. Summary action

yr. | Mo. ipay | Ruth K. Anderson, (301) 921-3551 New Replacement Deletion
i 7141 o[ 5121 1] 05 software titte ' @ O 0
04, Software date;  Cgterpillar Tractor Co..Metric Conversion Progran Previ [ Software 1D

Yr. | Mo. | Day
7[ 0! 5 2] 1 07. Internal Software ID

06. Short title METCO

08. Software type 09. Processing mode 10. Application area
General Specific
Automated Data Compqter Systems Management/
System D interactive D Support/Utility |: Business
S Computer Program m Batch Scientific/Engineering E Process Control
D Sub ine/Modul D Combinati D Bibliographic/Textual O Other

11. Submitting organization ana address

12. Technical contact(s) and phone

Washington, b.C.

20234

Institute for Computer Sciences and Technology
National Bureau of Standards

(301) 921-3551

Dr. Joseph O. Harrison, Jr.

13. Narrative

equivalent dimensions in U.S. Customary units.
select rounding conventions, output format and to replace or augment the 31 built-in
metric units with others more applicable to his requirements.
FORTRAN, the program is essentially machine independent.
1108, the PDP-10, the IBM 370 and the CBC 6400

The program converts dimensions in any ot 31 different metric units to
Input parameter cards allow the user to

Written in Standard
It has been tested on the UNIVAC

14, Keywords

Metric Conversion

15. Computer manuf'r and model

16. Computer operating system

17. Programing language(s)
American National Stand
ard FORTRAN X3.9-1966

18. Number of source program state-
ments

;pproximately 1200

1-3-08-)

See narrative n/a
19, Comp y req 20. Tape drives
12,000 words (UNIVAC 0

21. Disk/Drum units

0

22. Terminals

0

23. Other operational rtdt:ﬁgdents

24. Software availability

25. Documentation availability

Available Limited in-housa only Available Inadequate In-house only
0
26. FOR SUBMITTING ORGANIZATION USE
Standard F 185
185-101 FIGURE 1 S Sty

g uly
U.S. Dept. of Commerco—~NBS
{FIPS, Pub. 30)
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11. Submitting organization and address 12. Technical contact(s) and phone

Institute for Computer Sciences and Technology
National Bureau of Standards
Washington, D.C. 20234

Dr. Joseph 0. Harrison, Jr.
(301) 921-3551

13. Narrative Program was developed by General Motors Cor
dimensions to inches. The user has the option of requesting instructions from the program

in entering data from the termipal. The program is written in a. portable version or FORTRAN
ang ii e;se?giglly machine-independent. It has been tested on the UNIVAC 1108 the PDP-1C
and the IBM .

poration to convert millimetre

14, Keywords

METRIC, MILLIMETRE CONVERSION

15. Corﬁputer manuf'r and model 16. Computer operating system 17. Programing language(s) | 18. Number of source program state-
American National Stani  ™ents
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19. Computer memory requirements | 20. Tape drives 21. Disk/Drum units 22, Terminals
12,000 words (UNIVAC 1 (or other scratch 0 1
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24. Software availability 25. Documentation avaitability
Available Limited In-house only Available Inadequate tn-house only

26. FOR SUBMITTING ORGANIZATION USE
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u
U.S. Dept. of Commerce—NBS
HENT ok I




sTNFRAL INFORMATION PROCESSING STANDARD SOFTWARE SUMMARY

01. Summary date] 02. Summary prepared by (Name and Phone) 03. Summary action
Yr. | Mo. | Day Ruth K. Anderson, (301) 921-3551 New Replacement Deletion
214 10]5 12 I1] 05 Software titte ® O O
04. Software date General Motors Corporation Inch to Millimetre Previous internal Software ID
Yr. | Mo. | Day Conversion Program
7l4lols 211} 07. internat Software ID
06. Short title GMINCH
08. Software type 09. Processing mode 10. Application area
General Specific

Automated Data Computer Systems Management/
D System alnleractive Support/Utility E Business

Computer Program D Batch Scientific/Engineering [: Process Control

Subroutine/Modul D Combinati Bibliographic/Textual E Other

11. Submitting organization and address

institute for Computer Sciences and Technology

National Bureau of Standards

Washington, D.C.

20234

(301) 921-3551

12. Technical contact(s) and phone
Dr. Joseph 0. Harrisom, Jr.

13. Narrative

inches to millimetres.
in entering data rrom the terminal.
FORTRAN and is essentially machine-independent.
-he IBM 370.

the PDP-10 ana

Progeam was developed by
The user has the option

General Motors Corporation to converﬁ dimensions in
of requesting instructions from the program

The program is written in a portable version of
It has been tested on the UNIVAC 1108,

14. Keywords

METRIC. INCH CONVERSION

15.. Computer manuf'r and model

1 16. Computer operating system

17. Programing language(s)
American National Stand

18. Number of source program state-
— ments

See narrative n/a ard FORTRAN X3.9-1966 Approximately 400
19. C y requi ts | 20. Tape drives 21, Disk/Drum units 22. Terminals

12,000 words (UNLVAC 1 (or other scratch

1108) external devices) 0 1

23. Other operational requirements

24. Software availability

[. 25. Documentation availability

Available Limite in-house only Available inadequate In-house only
] Kl
26. FOR SUBMITTING ORGANIZATION USE
185-101 ’ Standard Form 185
FIGURE-3 lazs Ju

Y
U.S. Dept. of Comms’r‘ce—-NBS




III  METCO PROGRAM

A.  ABSTRACT

A computer program which accepts metric units and converts them to U.S. Customary
units has been developed by Caterpillar<Tractor Co. The program is written in
American National Standard FORTRAN and is being made available to the general
public through the National Bureau of Standards. Both the input metric units and
the output equivalent U.S. Customary units are printed in tabular format conven—

ient for attaching to or copying on an engineering drawing.

The units and methods in the program are specialized to the needs of mechanical
design and manufacture. Even though the designer and the man in the shop may be
able to work in metric measure, others in the process flow, such as material
control groups, data processing groups, purchasing groups, etc., will require a
conversion'chart in order to be able to conveniently intermix requirements for

metric and U.S. Customary designed parts.,

B. BACKGROUND INFORMATION*

This computer program was developed by Caterpillar Tractor Co. to generate metric
drawing conversion charts. The Company has turned the program over to the National
Bureau of Standards for distribution to the general public. While Caterpillar
Tractor Co. and the National Bureau of Standards believe that the information con-
tained herein is complete and correct, they disclaim any and all liability that

may still exist or any responsibility for updating any of the information.

*This section was written by Joseph G, Langenstein of Caterpillar Tractor Co.



In industry, an engineering drawing triggers a chain of events that ends in a
product that can be sold to a customer. When Caterpillar Tractor Co. management
decided to change to the metric system, they reviewed the experience of their
overseas plants in the United Kingdom which were making the change to the metric
system. They also reviewed the experience of other companies in the United States
which were dual dimensioning engineering drawings. From this review, they noted
that organizations using the dual dimensioning practices described in Society of
Automotive Engineers J390[3] had not achieved a change in their staff's thinking
from the U.S. Customary to the metric system. The engineer making the drawing

and the man in the shop making the part were no closer to thinking in metric units
after years of dual dimensioning than they were prior to dual dimensioning. As

a result, Caterpillar has taken a different approach.to providing dual capability
on engineering drawings. This approach entails completing the engineering drawing
in metric units and then generating a chart to provide conversion from the metric
units back to the U.S. Customary. Society of Automotive Engineers (SAE) Off Road
Vehicle Council (ORVC) Report HS J1066[4] further describes metric drawing

practices.

This program was written only for generating the conversion chart used on metric
engineering drawings. Experience has shown that if provided with the proper tools
designers can design new parts in metric measure and the man in the shop can make
parts from the metric drawing. Then the question arises, "Why do we need to pro-
vide any conversion?" The following conditions justify the need for the conver-—

sion chart:



1. Many parts are procured from suppliers who are still operating in U.S.
Customary units. At their option they may produce parts to the U.,S.
Customary units shown in the conversion chart.

2, Engineers need to know the conversion equivalents whenever a metrically
defined part interfaces with a U.S. Customary defined part.,

3. Tooling and gauging people need the chart for quick reference to exist~
gauges and tools that may be applicable to the new metric part.

4, Data Processing systems such as those used in inventory control may not
accept both units of measure and have to be fed U.S. Customary units
until the systems are modified.

5. Service literature may be dual dimensioned and should continue to

provide U.S. Customary units.

It was decided to use a computer to generate the conversion chart in order to ,
obtain dual capability at minimum cost. It was also desired to be able to use
personnel other than engineers to feed the information into the computer. The
computer program in this package is the third one developed and used by Cater-
pillar Tractor Co. since January 1973. The two previous programs did not suf-

ficiently fulfill the goal of making the program operable by clerical personnel.

One way to initiate a program of metrication is to begin designing all new or
redesigned products in metric measure starting in the layout drawing stage. The
term "new product" does not necessarily mean all new parts. Many existing parts

are carried over from current to new products, particularly if the new product

is a redesign of a current product. These parts are already in production using

10



tooling and gauging in the U.S. Customary units. To change or define these parts
in metric units would accomplish nothing and result in an unnecessary expense with
no return. Therefore, existing drawings can remain in inches until the last
stages of the conversion program; when most drawings and manufacturing equipment
are in metric. It may then be desirable to convert the drawings of inch designed

parts that are still being manufactured.

New parts, assemblies and groups are designed and dimensioned in metric units.
Tdeal metric modules can be used unless the dimension defines a size or interface
requirement that originated in U.S. Customary units; then direct conversions of
the U.S. Customary units must be specified. The end result of this practice is

a "new product" consisting of parts defined in both U.S. Customary units and
metric units. However, neither the part nor the customer can tell the difference

since one can manufacture and measure anything in either measurement system.

C. PROBLEM DEFINIT! ‘N

1. Conversio. capability

The METCO program converts dimensions in any of 31 different metric units to
equivalent dimensions in U.S. Customary units. Column 1 of Figure 4 lists the
units that the program will accept. Column 2 lists the corresponding U.S.
Customary units of the output. These 31 "standard" conversions are built into

the system.

Several options exist for changing or adding metric units to the program. The

user may:

11



INPUT
in
Metric Units

MILLIMETRE
BAR
MILLIBAR
MEGAPASCAL
DEGREE CELSIUS
DEGREE C TOLERANCE
NEWTON
KILONEWTON
NEWTON METRE
10. GRAM METRE
11. NEWTON/MILLIMETRE
12. MICROMETRE
13. CENTIMETRE
(2) 14. DECIMETRE
15. METRE
16. KILOMETRE
17. SQUARE MILLIMETRE
18. SQUARE CENTIMETRE
19. SQUARE METRE
20. CUBIC CENTIMETRE
21. CUBIC CENTIMETRE

(1)
1

.

O 00~ ~WN

LIQUID
(2) 22. DECILITRE
23. LITRE
24. CUBIC METRE
25. GRAM

(2) 26. HECTOGRAM
27. KILOGRAM
28, MEGAGRAM
29. KILOGRAM/SQUARE

METRE
(3) 30. GRAM/CUBIC
CENTIMETRE
31. KILOGRAM/CUBIC
METRE

(1) In July 1974 Caterpillar Tractor Co.
nating pressure from bar to kilopasca
changes will be reflected in subseque

package.

(2) These units have special usa

eral use.

OUTPUT
in
U.S. Customary Units

INCH

PSI

PSI

PSI

DEGREE FAHRENHEIT
DEGREE F TOLERANCE
POUND (FORCE)
POUND (FORCE)
POUND (FORCE) FOOT
OUNCE (MASS) INCH
POUND (FORCE) /INCH
THOUSANDS OF INCH

INCH

INCH

FOOT

MILE

SQUARE INCH
SQUARE INCH
SQUARE YARD
CUBIC INCH

OUNCE (LIQUID)

OUNCE (LIQUID)
QUART
CUBIC YARD
OUNCE (MASS)
OUNCE (MASS)
POUND (MASS)
POUND (MASS)
OUNCE (MASS)/
SQUARE YARD
GRAM/CUBIC
CENTIMETRE
POUND (MASS)/
CUBIC FOOT

changed the units that it uses for desig-
1 and from millibar to pascal. These
nt editions of the metric conversion

ge at Caterpillar and are not recommended for gen-

(3) At Caterpillar this unit is used in both the metric and the U.S. Customary

system of measurement., In applying the conversion program it is simpler to
enter it into the computer than to make an exception of it.

FIGURE 4

BUILT-IN METCO CONVERSION CAPABILITY
12



a. Replace any of the 31 units listed in Figure 4 with other units that
may be more applicable to his requirements.

b. Augment the list of metric units by an additional 18 to a total of 49
units. This may be done in two ways. One is to add the additional
units on a permanent basis by changing the program. The other is to use
special identifier cards and add additional units for an individual run
as explained in Section D, in the paragraph entitled Special Identifier

Card.

The program is specialized to the conversion of millimetres, the most commonly
used unit of measure on engineering drawings. It assumes that any input dimension
not accompanied by an identifier is in millimetres (default condition), and it

also applies a special rounding convention to all millimetre conversioms.

2.. Input Identifier

Except for millimetres, each dimension to be converted by METCO is entered into
the program with a label identifying its metric unit of measure. As noted earlier,
the absence of a label indicates to the program that the dimension is in milli-
metres., This label is called an "Input Identifier'" and is used by the program

to select the conversion factor to operate on the dimension, to determine the
rounding convention to be applied and to control the labelling of the output.

Shown in Figure 5 is a list of the 31 metric units the program will handle, along
with their input identifiers, conversion factors, U.S. Customary units and the
rounding method used by the program. The input identifier must be entered
exactly as shown in the figure observing the presence or absence of blanks. In-

correct identifiers will be printed at the beginning of the output as errors.
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Rounding

Input Conversion U.S. Customary Method
(3) Metric Unit Identifier Factor Unit Used
1. MILLIMETRE 1) 1/25.4 INCH )
(4) 2. BAR BAR 14,504 PSI 3
(4) 3. MILLIBAR MBAR .014504 PSI 1
4, MEGAPASCAL MPA 145.04 PST 3
5. DEGREE CELSIUS DEG C 1.8 + 32 DEGREE FAHRENHEIT 3
6. DEGREE C
TOLERANCE DEG TOL 1.8 DEGREE F TOLERANCE 3
7. NEWTON N .22481 POUND (FORCE) 1
8. KILONEWTON KN 224 .81 POUND (FORCE) 1
9. NEWTON METRE NM - .73756 POUND (FORCE) FOOT 1
10. GRAM METRE GM 1.3887 OUNCE (MASS) INCH 2
11. NEWTON/MILLIMETRE N/MM 5.7101 POUND (FORCE)/INCH 1
12, MICROMETRE M .039370 THOUSANDS OF INCH 2
13. CENTIMETRE CM .39370 INCH 1
(4) 14. DECIMETRE DM 3.9370 INCH 1
15. METRE M 3.2808 FOOT 1
16. KILOMETRE KM .62137 MILE 2
17, SQUARE MILLIMETRE MM2 .0015500 SQUARE INCH 1
18. SQUARE CENTIMETRE CM2 .15500 SQUARE INCH 1
19. SQUARE METRE M2 1.1960 SQUARE YARD 2
20. CUBIC CENTIMETRE (M3 .061024 CUBIC INCH i
21, CUBIC CENTIMETRE
LIQUID CM3 LIQ .03381 OUNCE (LIQUID) 1
(4) 22, DECILITRE DL 3.3810 OUNCE (LIQUID) 2
23. LITRE LITRE 1.0567 QUART 2
24, CUBIC METIRE M3 1,3080 CUBIC YARD 1
25, GRAM G .035274 OUNCE (MASS) 1
(4) 26. HECTOGRAM HG 3.5274 OUNCE (MASS) 2
27 . KILOGRAM KG 2.2046 POUND (MASS) 2
28. MEGAGRAM MG 2204 .6 POUND (MASS) 1
29, KILOGRAM/SQUARE OUNCE (MASS)/
METRE KG/M2 29.494 SQUARE YARD 3
(4) 30. GRAM/CUBIC GRAM/CUBIC
CENTIMETRE G/CM3 1.0000 CENTIMETRE 3
31. KILOGRAM/CUBIC POUND (MASS)/
METRE KG/M3 .062428 CUBIC FOOT 1

(1) No input identifier is necessary for millimetres.
(2) Rounding method for millimetre conversions is explained in Section IIIC3.

(3) These identifiers do not necessarily represent approved symbols for the units to
which thgy refer. Recommended representations in upper case letters for most of
these units are given in 1S0/DIS 2955061,

(4) See notes to figure 4.
FIGURE 5. METCO SUMMARY TABLE
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3. Rounding Conventions

The METCO program uses four different rounding conventions for built-in con-
versions. These are summarized below. It should be pointed out that the user
may modify these rounding conventions by making simple changes to the program.

a. Millimetres
Conversions of millimetre dimensions to inches are rounded to one decimal place
more than indicated in the input but to no less than three decimal places. The
minimum number of decimal places in the output can be increased or decreased by

program modification.

Example: Input in Millimetres Qutput in Inches
.020 .0008
.5 .020
50.0 1.969

b. Other Units

Rounding Method 1 (Code -1)

Converted dimensions are rounded to three significant figures.

Example: Computed Value Rounded Value
.0034864 .00349
.34864 «349
3.4864 3.49
34864, 34900.

Rounding Method 2 (Code 1)
Converted dimensions are rounded to one decimal place but retain a maximum of

three significant digits. Zeros are used as required.

Example: Computed Value Rounded Value
.0034864 .0
.34864 .3
3.4864 3.5
34864, 34900,

15



Rounding Method 3 (Code 0)

Converted dimensions are rounded to whole numbers but retain a maximum of three

significant digits. Zeros are used as required.

Example: Computed Value Rounded Value
.0034864 0.
.34864 0.
3.4864 3.
34864, 34900.

In the program itself, these three methods are referred to by the codes -1,

1, 0 respectively.

D. APPLICATION INFORMATION

1. Input

Data is entered in units of data sets consisting of 500 or less dimensions each.

Normally a data set will consist of all the dimensions on a single drawing.

Punched cards are used as input and there are three different card types for each
data set:

Header Card

Special Identifier Card (optional)

Data’Card
If the user is entering dimensions in any of the 31 metric units ordinarily
accepted by thé program, he will use one header card followed by one or more
data cards. If he is inputting dimensions in metric units not included in the
list of 31, he must complete a special identifier card for each unit. A typical

deck set-up for a single data set would appear as in figure 6.
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Data Cards

Is

Special Identifier Cards

Header Card

FIGURE 6. INPUT CARDS
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a. Header Card
The first card of each set of data must be a header card. It contains identifica-
tion information and format specifications and indicates to the program the number
of special identifijers being used. The contents of the header card (with appro-
priate substitution of default values) is stored by the program and printed with
each data set being processed. The information items on a header card are

described below and the card format is illustrated in figure 7.

Item Column No. Description

Part Number 1-8 Used for data set identification only.
Not processed by program. May vary
from blank to 8 characters.

Change 10-17 Used for data set identification only.
Not processed by program. May vary
from blank to 8 characters.

Additions 19 Enter "1" if data are to be added to an
existing chart. Otherwise leave blank.

Output Columns MM 28 Output format for millimetre conversion
may be printed in 1, 2, 3 or 4 pairs of
columns. Enter number of pairs desired.
If left blank, output will be printed in
1 pair of columns.

Output Columns 37 Non-millimetre conversions can be printed
Other in 1 or 2 parallel sets of 4 columns each.
Enter number of sets desired. If left
blank, output will be printed in 1 set of
4 columns.

Added Identifiers 46-47 Enter the number of special identifiers
being added for the set. METCO can
accommodate 18 special identifiers for
a total of 49.
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a., Header Card

1« 8] [10-17 19 28 37 4647 55] %
parf;‘t ne, l l
change , added plet
additiens identifiers
eutput
¢ol. MM
eutput cel
ether

b. Special Identifier Card

metrie A '
identifier l ! g:zz::sion l
U.S. Custemary
Unit Round Unit
Reurd
Technique
Cede

c. Data Card

18110 =17 }19-26]

DimeXsien 1 |
Identifier 1 )
Dimensien 2 )
Identifier 2
Dimensien 3 .
Identifier 3

‘\\,J\'\

28 = 35| {37 - 4| (46 - 53

FIGURE 7

CARD FORMATS
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Item Column No. Description

Plot 55 A special option can be added to the
program to provide output through a
plotter. This option is not included
in this version of the program.

Remarks 56~72 Enter any remarks to appear on output.

b.  Special Identifier Card

If additional metric units are being added for an individual run, a special identi-
fier card must be furnished for each unit. The information items to be on a
special identifier card are described below, and the card format is 1llustrated

in figure 7b.

Item Column No. Description
Metric Identifier 1-8 Input identifier (metric). Maximum
of 8 characters.
U.S. Customary Unit 10-17 Output identifier (U.S. Customary).
Maximum of 8 characters.
Round Technique Code 19-27 Code Rounding Technique
-1 3 significant digits
0 whole numbers
1 1 decimal place
2 2 decimal places
3 3 decimal places
4 4 decimal places
5 5 decimal places

With codes 0-5 a maximum of 3
significant digits is retained.
Examples of the use of codes -1,
0, 1 are given in section IIIC3b.

Conversion Factor 28~36 Enter the constant (in fixed decimal
format) by which the metric unit is
multiplied to convert it to a U.S.
Customary Unit. See figure 5, column
headed Conversion Factor (items 2
through 31) for format examples.
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Item

Rounding unit

Column No.

37-45

Description

Indicate the smallest increment that the
program should recognize in the rounded
dimension. This will normally be one unit
in the last place retained, but not
necessarily so. It could, for example, be
5 units in the last place retained which
would permit rounding to 1/2 of the next
larget unit; or 25 units in the last place
retained which would permit rounding to 1/4
of the next after the next larger unit.

The rounding must be an integral multiple of
one unit in the least significant decimal
place retained. It should be left blank
with round technique code -1 but always
used with round technique codes 0-5.
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Duplicate metric identifiers are not recognized by the program. Duplicates are
accepted as input and each occuples a storage position in the identifier table.
Only the first definition of an identifier is ever accessed by the conversion

portion of the program.

The number of special identifier cards should be as specified in the added
identifier field of the header card. If it is not, the following anomalies will

occur.

If the number of special identifier cards in the input deck is less than that
specified by the added identifier field, the data cards which follow are inter-
preted as special identifier cards until the special identifier count agrees with
its specification. The program then executes normally. The dimensions on the
data cards which have been interpreted as special identifier cards will not
appear on the output. This situation can be recognized by noting the appearance
of garbage in the last temporary entry (or entries) of the table of conversion

factors.
If the number of special identifier cards in the input deck exceeds the number

specified,. the cards in excess of the specification are interpreted as data cards.

The misinterpreted special identifier cards will each result in an illegal
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identifier printout. Furthermore, each dimension which requires an unaccepted

special identifier card will cause an illegal identifier printout.

If the number‘of special identifiers to be added plus the number of identifiers
resident (thirty one plus those added in previous problems of the same run)
exceeds forty nine, the fiftieth and each succeeding special identifier card
are printed with an appropriate error message. Each dimension which requires

an unaccepted special identifier card will cause an illegél identifier print.

c. Data Card
The data card contains the dimensions to be converted and their associated identi-
fiers. Up to three pairs of dimensions and identifiers may be entered per card.
If a dimension is in millimetres, the identifier must be left blank. The infoi-
mation items for a data card are described below, and the card format is illus-

trated in figure 7c.

Item Column No. Description

Dimension 1 1-8 Enter dimension to be converted. Accep-
table characters are 0 through 9, ., +,
-. Leading or trailing blanks have no
meaning but blanks must not appear imbed-
ded within the characters of the dimensions
field. Significant zeros must be entered
because round-off is based on the number
of digits to the right of the decimal.
The dimensions may be placed anywhere
within the field. The number of charac-
ters including decimal point and sign
cannot exceed 8 characters.
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Item Column No. Description

Identifier 1 10-17 This item must be chosen from the list of
acceptable identifiers and entered exactly
as shown on the list in figure 5 or in the
jdentifier field of the Special Identifier
Card. The first character of the identi-
fier must be in the first character
position of the field.

Dimension 2 19-26 Same as Dimension 1
Identifier 2 28-35 Same as Identifier 1
Dimension 3 37-44 Same as Dimension 1

Identifier 3 46-53 Same as ldentifier 1

Any number of data sets, each containing as many as 500 dimensions, may be proc-
essed as a single run. Data sets must be separated by STOP in an identifier
position. The run is terminated when $EOP is detected in card columns 1 through

4. No more data will be accepted.

If, by mistake, there are more than five hundred dimensions in a set, the five
hundred and first and all subsequent dimensions are printed with appropriate
error messages. The program executes normally with the five hundred accepted

dimensions.
The output’ of this program can be used in one of several ways depending on the

system selected by the user. (1) Used as a separate document or Page 2 of a

drawing. (2) The information could be copied by a desk copier onto an adhesive
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backed plastic sheet and then put on the engineering drawing. (3) The output could be
typed directly onto the adhesive backed plastic sheet and then put on the drawing. The
option depends on the equipment and the required distribution of the conversion

chart.

A special option can be added to the program to provide output through a plotter.
This option, however, is not‘included in the program being furnished. Such

hookups vary too greatly to provide this option.

2, Output

Output from the METCO program consists of:
(1) metric to U.S. Customary conversion tabLes (Tables showing U.S.
Customary units and their corresponding metric values for specific drawings.)
(2) identification, error messages and (under certain conditions) a

table of conversion factors employed.
These two items are addressed in the order given in this document for expository

reasons. They appear on the computer printout in reverse order. All of this

material is referred to collectively on the computer printout as '"Metric--U.S.
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Customary Conversion Table". The pagination of the output is oriented to
these two types of information and they appear on separate output pages. A brief

description of the components of each type of output appears below.

a. Metric to U.S. Customary Conversion Tables

This is the output to be attached to or dssociated with an engineering drawing.
If a data set contains both millimetres and other metric units, two tables will
be printed - each on a separate page and each properly identified with "part
number" and "change'. - A blank line appears after each 5 lines of output in the
table. A string of asterisks (*#*%*k%%*) in the U.S. Customary units field means
that the converted dimension overflows the 8 characters permitted by its output

format.

Millimetres to Inches - The table is printed in a 2 column array (input milli-

metres and output inches respectively), and sorted in ascending order by input
millimetre dimension. As many as four 2-column arrays may be printed across the

page depending on the value specified for "output columns MM" on the header card.

Other Units - Table is printed in a 4 column array consisting of (1) input dimen-
seion, (2) input metric unit, (3) output dimension, and (4) output U.S. Customary
unit, Data is sorted first by input dimension and then by input metric unit. A

maximum of two 4~column arrays may be printed across the page.
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b. Identification, Error Messages and Table of Conversion Factors

The program prints "METRIC - U.S. CUSTOMARY CONVERSION TABLE" followed by the
fields-of the input header card with appropriate column headings. Default values

are substituted for blank fields on the header card.

Error Messages - This information appears only if there has been an illegal
entry in one or more of the input data items. Error messages are of two types:
"{llegal identifier'" and "illegal character in dimensions".

-

Table of Conversion Factors - This table is printed only if special identifiers

have been added for the data set. It is preceded by a count of the number of
units that it currently contains. The count covers 30 of the 31 built-in
conversions (millimetres to inches are not counted) and any special identifiers

in either the current data set or previous data sets for the run.

The table is comprised of the current version of the conversion table with

headings. Special identifiers are labeled as temporary entries.

3. Sample Computations

Eleven sample computations are given in files 3 and 4 of the conversion package
tape. The first three of the samples are reproduced and briefly commented on

here.
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Sample 1

Input

Output

Output

Conments

Non-millimetre dimensions only. One set of data per

data card. No added identifiers.

Identification and Errors
Illegal identifier "GRAM" was used. Should have been

"G". See figure 5.
Conversion Table

One 4-column array called for. Dimensions associated

with the illegal identifier were not converted.
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INPUT

959721 13. SAMPLE 1 121700
+«85 GRAM 121800
8.5 LITRE 1219n0
14, LITRE ) 122000
17. LLITRE 122100
2245 LITRE 122200
=315 DEG C 122300
20 DEG TOL 122400
=40.0 DEG C 122500
29,5 LITRE ' 122600
34, LITRE 122700
170. LITRE 122800
65.5 LITRE 122900
68, LITRE 123000
75. LITRE - 123100
75.5 LITRE 123200
3060, GRAM 123300
106. LITRE 123400
148, LITRE 123500
519. LITRE 123600

STOP 123700

Sample 1
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OUTPUT - 1OENTIFICATION AND ERRORS

METRIC = U.S. CUSTOMARY CONVERSION TABLE

NUMBER OF NUMRER OF
PART QUTPUT COLUMNS ADDED
NUMBER CHANGE ADDITIONS MM OTHER IDENTIFIERS PLOT
959721 13. n 1 1 0

LISTED BELOW ARE THE INPUT DATA CARD(S) WITH SOME TYPE NF ERROR(S).
DIMENSION IDENTIFIER ERROR TYPE

+85 GRAM ILLEGAL IDENTIFIER
3060. GRAM TLLEGAL IDENTIFIER

OUTPUT - CONVERSION TABLE.

PART 959721 CHANGE 13.

DIM UNITS DIM UNITS
=40.0 NEG ¢ 40, DEG F
=31,5 DEG C ~25. DEG F
2.0 REG TOL 4, DEG TOL
8.5 LITRE 9.0 QT
14, LITRE 14.8 [
17, LITRE 18,0 QT
255 LITRFE 23.8 QT
28,5 LITRE 31,2 QT
LR LITRFE 35,9 GT
$5.5 LITRE 69.2 QT
68, LITRE 71.9 QT
75 LITRE 79.3 QT
7545 LITRE 79,8 QT
106. LITRE 112, QT
148, LITRE 156, QT
170, LITRF 180. QT
519, LITRE 548, QT

Sample 1 (Continued)
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Sample 2 Comments

Input A combination of millimetre and non-millimetre dimensions.
The number of sets of data per card data Varies from one
to three.
No added identifiers

Output Identification and Errors
Output calls for 4 sets of output data for millimetres and
2 sets of output data for other units.

Errors in both identifier and dimension fields are flagged.

OQutput Converted Data in 2 tables. Millimetres to inches and

"Other".
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3F1341
1000,
100.
19.35
« 0025
77.0
2e

4.

2
20,
10.
5.6
35,
30.860
Seb
14.25
1.5
11.00
75.0
5.
2.0
3.0
5.0
=315
~-40.0
2.0
P=,0
4.0
840
12.0
240
3.0
8.0
11.25
22,55
22,0
17.50
50,
10.
57.0
2.40
128.0
38,10
32,0
447.22
25.17
21.8
20.83
19.8
16.0
6435
1.5
76
50,0
17.0
18,0
19.0
19.0

15
MPA

DEG C
N/MM

BAR
LITRE

DEG C
N M

ML

DEG ToOL

DEEP

SToP

INPUT

100. 0.

621 47.33
85.0 154.0

7.0 DEG TOL 20.00
1.5 ML

12,25 =12.00+

0.5
0.05
0.051
0.050%

Sample 2

32

DEG

ToL

SAMPLE 2

123800
123900
124000
124100
124200
124300
1244900
124500
124600
124700
124800
124900
125000
125100
125200
125300
125400
125500
125600
125700
125800
125900
126000
126100
126200
126300
126400
126500
126600
126700
126800
126900
127000
127100
127200
127300
127400
127500
127600
127700
127800
127900
128000
128100
128200
128300
128400
128500
128600
128700
12880n:
128900
12900nN
129100
129200
129300
129400
12950n
129600



OUTPUT -~ LDENTIFICATION AND ERRORS

METRIC = U.S. CUSTOMARY CONVERSIOM TABLE

NUMBER OF NUMRER OF
PART OUTPUT COLUMNS ADDED
NUMBER CHANGE ADDITIONS MM OTHER IDENTTFIERS PLOY REMARKS
3F1341% 15 1.0 4.0 2.0 0 SAMPLE 2

LISTED BELOW ARE THE INPUT DATA CARD(S) WITH SOME TYPE OF FRROR(S).

DIMENSTON IDENTIFIER ERROR TYPE

100. 0. ILLEGAL TIDENTTIFIFR
10. N M TLLEGAL IDFNTIFIER
35, ML ILLEGAL IDENTIFIER
75.0 REF ILLEGAL IDFNTIFIER
2.0 ML TLLEGAL IDENTIFIER
1.5 ML TLLEGAL IDENTIFIFR
3.0 ML ILLEGAL IDENTIFIER
5.0 ML TLLEGAL IDENTIFIFR
P=e0 DEG TOL TLLEGAL CHARACTER IN DIMENSTOM
8.0 ML TLLEGAL IDENTIFIER
12.0 ML TLLEGAL IDENTTFIER
2.40 A ILLEGAL TDENTIFIFR
447,22 DEEP TLLEGAL IDENTIFIER
12,25 =12,00+ ILLEGAL IDENTIFIER

OUTPUT ~ CONVERSION TABLES

PART 3F1341 CHANGE 15

MM INCH MM INCH MM INCH MM INCH
«0025 «00010 .76 «030 17.50 689 38.10 1,500
<013 <0005 1.5 «059 18.0 . 709 47.33 1.863
«05 +002 2. .079 19,0 748 50.0 1,969
« 0505 +00199 3. .118 19,8 . 780 57.0 2,244
«051 «0020 5.6 220 20.R3 820 77.0 3.031
o1 <004 6435 «250 21.8 +858 85.0 3,346
«35 .014 11.00 433 22.0 866 12R.0 5.039
ol .. <016 14425 +561 25.17 .991 154.0 64063
5 .020 16.0 630 30.860 1.2150

621 0244 17.0 +669 32.0 1.260

PART 3F1341 CHANGE 15

DIM UNITS DIM UNITS DIM UNTTS DIM UNITS

2. BAR 29. PSI 10. N 2.25 LRF

1000, MPA 145000, PSI 19,35 N/MM 110, LR/ZINCH
-4040 DEG € =40, DEG F 2.0 KM 1.2 MILE

=31.5 DEG € «25, DEG F 2, KM 1.2 MILE

20, DEG C 68, DEG F 3.0 KM 1,9 MILE

100, DEG € 212. DEG F 840 KM 5.0 MILE

2,0 DEG TOL 4, DEG TOL 11.25 KM 7.0 MILE

4,0 DEG TOL Te DEG TOL 22.55% KM 14.0 MILE

S DEG TOL 9, DEG TOL 4e LITRE 4,2 oT

7.0 DEG TOL 13. DEG TOL 50, KG 110. LB

20,00 DEG TOL 36, DEG ToOL

Sample 2 (Continued)
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Sample 3

Input

Output

Comments

This sample contains mixed millimetre and non-millimetre
dimensions and various numbers of sets of data per data card
as does sample 2. 1In addition, it centains two special
identifier cards -- the second and third on the input list.
These cards provide the capability for converting from
metres to inches and from dekametres to inches respectively.
The sample also contains data cards employing each of these

added conversions.

Care must be exercised in reading the special identifier
cards. Specifically, the 1's in the quantities 139.37 and
1393.7 are in card column 27 and are therefore not part of
their respective identifiers since they are not in the
conversion factor field. They represent round technique
codes instead. The last two lines of the output table

of conversion factors clarifies this.

The added identifier cards trigger the printout of the table

of conversion factors.

34



953184
METER
DECA M
57.0
5.6
19.35
30.8360
56
200.0
300.0
4300.0
500.0
135.44
14,25
7.0
1.5
11.00
12.35
75.0
20.0
10,0
n.01
12

12,

1) ¥4
n0123
225
13.1
27.691
36.0
522
Al.15
0123.5
1200.
1600,
22.0
17.50
50,
10.
35.

L X
=100.22+
10,

2
50.0
12840
38.10
32.0
25.17
21.8
20.83
19.8
16.0
6435
1.5
76
17.0
18,0
19.0
19.0

01
INCH
INCH

N/MM

D#
CHM
HG
DL
N/MM

DECA M
GAGE
REF
DEG C

P A

ML
LITRE

BAR

N M
KM

STOP

1.0

0.013

1000.00

4.68
15.22
29,9
4n.15
54,755
85,65

1300.
1700.

0.5
0.05
0.051
0.050%

INPUT

3.0 2.0
139,37 N1
1393,7 N1

METER

1100.0

.9

23,35
X1.0
4y, uy
69,75
405,92

140n.
1800,

Sample 3
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1.0

SAMPLE 3

129700
129a00
129900
130000
130100
130200
130300
130400
130500
130600
130700
13n800
130900
131000
131100
131200
131300
131400
131500
131600
131700
131800
131900
13200n
132100
132200
132300
132400
132500
132600
132700
132800
13290n
133000
133100
133200
133300
133400
133500
133600
133700
133800
133900
134000
134100
134200
134300
134400
134500
134600
134700
134800
134900
135000
135100
135200
135300
135400
135500
135600
135700
135800



OUTPUT - IDENTIFICATION,TABLE

METRIC - U.S. CUSTOMARY CONVERSION TARLE

NUMBER
PART oUTPUT
NUMBER CHANGE ADDITIONS um
953184 01 1.0 3.0
NUMBER OF ENTRIES IN CONVERSION TARLE = 32
IDENTIFIER IDEMTIFIER ROUND CONVERSTON
IN ouT TECHNIQUE FACTOR
BAR PST 0 14,50400
MBAR PST -1 .01450
MPA PST 0 18%5,04000
DEG € DEG F 0 -1,180000
DEG ToL NEG TOL 0 1.80000
N LBF -1 .22481
KN LBF -1 224.81000
NM LB FT -1 +73756
GM 0Z INCH 1 1.38870
N/MM LB/INCH -1 5.71010
um MILS 1 02937
cM INCH -1 .309370
oM INCH > 3.91700
M FT -1 3.23080
KM MILE 1 «62137
MM2 IN2 -1 L00155
cM2 o -1 .15500
M2 Yo2 1 1.19600
cm3 N3 -1 .06102
CM3 LI 02 LIQ -1 .03381
DL 0z L1 1 3.32100
LITRE QT 1 1.05670
M3 Y03 -1 1.30800
6 0z -1 .03527
HG 02 1 3,52740
K6 LB 1 2,20460
MG LB -1 2204,60001
KG/M2 0Z/Y02 0 29.49400
G/CM3 | G/CM3 0 1.00900
KG/M3 LB/FT3 -1 .04203
METER INCH 1 39,37000
DECA INCH 1 391,70000

OF CONVERSION FACTORS AND ERRORS

oF NUMRER OF

COLUMNS ADDED
OTHFER TDENTIFIERS PLOT REMARKS
2.0 2.0 1.0 SAMPLE 3

ROUNDTNG
UNIT

1.00000
«00000
1.00000
1.00000
1.00000
00000
«000N00
«N0NCO
+10000
«00000
.10000
»00000
«00000
«00Nn00
«10000
«00000
«N0000
«10000
«00000
+00000
«10000
«10000
+N0000
«00000
«10000
«10000
.00000
1.00000
1.00000
«00000
«10N000  *%k% THIS TS A TEMPORARY ENTRY #¥&x
«10000  **%x% THIS IS A TEMPORARY ENTRY ##%x

LISTED BELOW ARE THE INPUT NATA CARD(S) WITH SOME TYPF NF ERROR(S).

DIMENSION IDENTIFIER FRRO® TYPE

12.35 GAGF ILLEGAL JIDFNTIFIFR
75.0 REF TLLEGAL IDENTIFIER
35 L. ILLEGAL IDENTIFIFR
=100.22+ ILLFEGAL CHARACTER 1IN
10. N oM TLLEGAL IDENTIFIER

DIMENSTIOM

Sample 3 (Continued)
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OUTPUT - CONVERSION TABLES

PART 9S3184 CHANGE 01

MM INCH MM INCH MM INCH

«013 +0005 17.50 «689 62,2 2+055

«05 «002 18.0 «709 S4.75% 2.1557

«0505 «00199 19.0 <748 57.0 2,244

«051 «0020 19.8 «780 69.75 2.7T46

5 «020 20.83 «820 81.15 3.195

«76 «030 21.8 «858 85.65 3.372

1.5 «059 22.0 +866 123, 4.843

2425 »089 23+35 919 123.5 4,862

4.68 «184 25,17 991 128.0 5.039

5.6 «220 27.691 1.0902 405.0 15,945

6.35 «250 29.9 1.177 ~ 1000.00 39.370

8.9 «350 30.860 1.2150 1100.0 43,307

11.00 2433 31.0 1.220 1200, 47,244

12, 472 32.0 1.260 1360, 51.181

13.1 «516 36.0 1.417 1400, 55.118

14.25 «561 38,10 1,500 1600, 62.992

15.22 «599 40.15 1.581 1700, 66,929

16.0 «630 LLTLLS 1.750 1800, 70,866

17,0 +669 50.0 1.969
PART 953184 CHANGE 01
DIM UNITS DIM UNITS DIM UNTTS DIM UNITS
2. BAR 29. PS1 2. KM 1.2 MILF
«01 MPA 1, PSI 500.0 nL 1690, 0z LIQ
20.0 DEG C 684 DEG F 4o LITRE 4.2 T
10. N 2.25 LBF 10.0 6 «353 0z
19,35 N/MM - 110. LB/ INCH 400,0 H 1410, 0z
135.44 N/MM 773, LB/ INCH 50. K6 110. LB
300.0 CM 118. INCH 7.6 METER 299. INCH
200.0 DM 787, INCH 7.0 DECA M 2760, INCH

sample 3 (Continued)
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E. PROGRAMMING INFORMATION

1. General
The program is comprised of a main program, six subroutines called ENCODE, DECODE,
DASORT, SETUP, SIGNIF and READER; a function subprogram DROUND; and a BLOCK DATA
subprogram. The main routine and subroutines are liberally interspersed with

comments.

Modifications in the dimensions converted and their conversion factors may be

accomplished by changing the appropriate values in BLOCK.

The program is written in American National Standard FORTRAN[l] and is essentially

machine independent.

The source program consists of about 1200 FORTRAN statements. When tested on the

UNIVAC 1108 it required approximately 12,000 words of memory.

2, Accuracy and Size of Numbers

The program uses double precision arithmetic so as to minimize the limitations of
computer word length. Of the computers upon which the program was tested the
smallest mantissa in the double precision floating point number representation
was 54 bits for the PDP-10 under DECsystem 10 with KA1Q "long mode" number
representation.

Word length should not be a limitation on any computer with equivalent double
precision floating point representation. This includes virtually all large scale

computers and some minicomputers.
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The rounding technique employed in millimetre to inch conversions is essentially
the same as that recommended in American National Standard Z25.1-1940 reaffirnfd
1961[7]. Specifically:
(a) Remainders less than 1/2 are rounded downward,
(b) Remainders greater than 1/2 are rounded upward,
(c) Remainders exactly equal to 1/2‘are rounded to the nearest even digit.
In this program, exactly 1/2 is defined to be any number within the

range .5 + .0001 to .5 - .0001 inclusive.

If the quantity 1/2 used in the nearest even digit routine were defined exactly,
this procedure would result in a maximum rounding error of 1/2 unit in the least
significant place retained. Actually, however, the maximum error is .5001 in the
least significant place retained. This difference is of no practical importance

and will be neglected in the subsequent discussion.

Non-millimetre conversions, both those that are built in and those that are
introduced by means of added identifier cards, are rounded according té one, two
or three procedures applied serially in order as follows:

(a) The special rounding unit, if any, is applied. The quantity 0.5 is
added to the quotient of the unrounded converted dimension divided by
the special rounding unit. The result is truncated to its integral
part and multiplied back by the special rounding unit to give the
rounded dimension to the nearest allowable increment.

(b) The result of operation (a) is rounded to three significant figures
using the same procedure that is used for rounding from millimetres to

inches.
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(¢) 1If the number of decimal places is specified (round technique codes
1-5), the result of operation (b) is rounded again. The same procedure

that is used for rounding from millimetres to inches is again employed.

Undesireable interaction among the several serial rounding operations may be
avoided by applying the restrictions specified under the rounding unit item in
the table in section III D1b. The subsequent discussion assumes that they have

been applied.
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a. Millimetres to Inches

Although the input card format for millimetre dimensions permits eight characters,
the largest unsigned number that can be processed is controlled by the print
format of the inch equivalent output - decimal point and a maximum of seven
numeric characters, at least three of which must lie to the right of the decimal
point. The largest unsigned dimension that can be handled, therefore, is
9999.999 inches or, conservatively, 250 000 millimetres. For all input values

no larger than 250 000 millimetres, the inch equivalent will be printed with an
error no larger than one half unit in the last place retained. Since at least
three decimal places are retained in all circumstances, the error is always less

than or equal to 5 ten-thousandths of an inch.

The program also accepts signed millimetre dimensions. The purpose of this is to
pefmit the entering of positive and negative tolerances. The output print format
for a signed dimension is sign, decimal point and six digits, at least three of
which must lie to the right of the decimal point. The largest signed, dimension
that can be handled is therefore +999.999 inches or, conservatively, 25,000

millimetres. The maximum error is the same as in the unsigned case.

b. dthér Built-in Conversions

Conversions of units other than millimetres (figure 5) use the same input card
format and output print format as do millimetre conversions - eight characters in
each case. The maximum unsigned dimension that can be processed is limited by
either the input or the output format depending upon the magnitude of the conver-

sion factor. Dimensions with conversion factors equal to or less than one—~tenth
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are limited by the output format. The dividing point is one-tenth rather than
unity since a decimal point is mandatory in the output format but not in the inpu
format. The magnitude of the dimension that can be processed depends also on the
rounding rule employed since this dictates the number of places to the right of

the decimal point.

It will be noted from figﬁre 5 that most built~in conversion factors have been
rounded to five significant digits. This does not affect the accuracy of the
computed results, however, since converted dimensions are rounded to at most

three significant digits.
Other built-in conversions handle signed numbers in”a manner similar to the way
that millimetre conversions do. In all cases, the magnitude of a signed number

must be decreased by a factor of ten, but the error is unaffected.

C. Numerical Values

Based upon these considerations the maximum permissible magnitudes of the input
dimensions and the maximum errors produced have been calcﬁlated and verified and
are presented in figure 8 for both millimetre and built-in non-millimetre dimen-
sions. In the table the maximum dimensions are conservative approximations -

i.e., rounded downward from their true values.
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3)
(3

(3)

(3)

Figure 8

MAXIMUM PERMISSIBLE DIMENSIONS AND MAXIMUM ERRORS

CONVERSION
1 MILLIMETRE TO INCH
2. BAR TO PSI
3. MBAR TO PSI
4. MEGAPASCAL TO PSI
5. DEGREES C TO DEGREES F
6. DEGREES C TOL TO DEGREES
F TOL
7. NEWTON TO POUND
8. KILONEWTON TO POUND
9. NEWTON METRE TO
POUND FOOT
10. GRAM METRE TO OUNCE INCH
11. NEWTON/MM TO POUND/INCH
12. MICROMETRE TO INCH/1000
13. CENTIMETRE TO INCH
14, DECIMETRE TO INCH
15. METRE TO FOOT
16. KILOMETRE TO MILE
17. MM2 TO INCH2
18. CM2 TO INCH2
19. M2 TO YARD2
20. CM3 TO INCH3
21. CM3 LIQ TO 0Z LIQ
22. DECILITRE TO 0Z LIQ
23. LITRE TO QUART
24, M3 TO YARD3
25. GRAM TO OUNCE

MAXIMUM
PERMISSIBLE

DIMENSION (1)

90

40

10

250
700
000

60
000

000
000
40

000
700

1 000
9 000

20

30

90
60

90
90

90

000
000
000
000
000
000
000
600
600
200
900
000
000

000
000
000
000
000

000
000
000

000
000

000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
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MM
BAR
MBAR
MPA
DEG C

DEG C

GM

N/MM

LITRE
M3

MAXTMUM ERROR (2)

.0005 INCHES

MAX (.5 PSI, 5 PARTS IN 1 000)

5 PARTS IN 1 000

MAX (.5 PSI, 5 PARTS IN 1 000)
MAX (.5 DEG F, 5 PARTS IN 1 000)

MAX (.5 DEG F, 5 PARTS IN 1 000)
5 PARTS IN 1 000
5 PARTS IN 1 000

5 PARTS IN 1 000

MAX (.05 0Z INCH, 5 PARTS
IN 1 000)

5 PARTS IN 1 000

MAX (.05 INCH/1000, 5 PARTS
IN 1 000)

5 PARTS IN 1 000

5 PARTS IN 1 000

5 PARTS IN 1 000

MAX (.05 MILE, 5 PARTS IN 1 000)
5 PARTS IN 1 000

5 PARTS IN 1 000

MAX (.05 YARD2, 5 PARTS IN 1 000)
5 PARTS IN 1 000

5 PARTS IN 1 000

MAX (.05 0Z, 5 PARTS IN 1 000)
MAX (.05 QT, 5 PARTS IN 1 000)

5 PARTS IN 1 000

5 PARTS IN 1 000



CONVERSION

(3) 26.
27.
28.
29.
30.
31.

HG TO OUNCE

KG TO LB

MG TO LB

KG/M2 TO 0Z/YARD2
G/CM3 to G/cM3
KG/M3 TO LB/FT3

Figure 8 (Continued)

MAXTMUM
PERMISSIBLE
DIMENSION (1)

200 000 oz
400 000 KG
4 000 MG
300 000 KG/M2
9 000 000 G/CM3
90 000 000 KG/M3

MAXTMUM ERROR (2)

MAX (.05 0Z, 5 PARTS IN 1 000)
MAX (.05 LB, 5 PARTS IN 1 000)

5 PARTS IN 1 000

MAX (.5.0Z/YD2, 5 PARTS IN 1 000)
MAX (.5 G/CM3, 5 PARTS IN 1 000)
5 PARTS IN 1 000

(1) Dimensions exceeding the exact numbers from which these figures are rounded will
cause input or output overflow.

(2) Maximum error for the computers on which the program was tested. See text,

(3) See notes to figure 4 for use of these units,
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IV  GMMETR AND GMINCH PROGRAMS

A.  ABSTRACT

GMMETR and GMINCH are metric conversion programs developed by the General Motors
Corporation. GMMETR converts input dimensions in millimetres to equivalent output
dimensions in inches while GMINCH performs the reverse conversion. The programs
operate in -~ on~line, interactive mode. They give the user the option of
selecting prompting assistance from the program while entering information at

the terminal.

B. BACKGROUND INFORMATION

This pair of programs was developed by the General Motors Corporation for com—

puting a conversion table going from millimetres to inches to attach to a metric
drawing and a tablé going from inches to millimetres to attach a customary draw-
ing. The programs have been made available to General Motors Corporation design

engineers through 400 remote terminals.

C. PROBLEM DEFINITION

The General Motors Corporation conversion programs GMMETR and GMINCH are essen-—
tially ideﬁtiéal in structure and in logic even though they convert in opposite
directions. The remainder of this documentation will address both programs
collectively or GMMETIR specifically. GMINCH will be referred to only when it

differs from GMMETR.
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The programs are capable of converting an unlimited number of tables, however
each table may contain no more than 1000 measurements. For each table processed,
the user enters drawing identification, format specifications, and the measure-
ments to be converted. Output consists of a pair of values for each input
measurement, i.e., the original input measurement and the equivalent converted
output measurement. The number of pairs of values printed on a line are optional
(up to a maximum of 6) and are indicated to the program in the format specifica~

tions.

GMMETR is capable of converting input dimensions between 25,000 and 0.001 milli-
metres while GMINCH is capable of converting input diménsions between 1000 and
0.0001 inches. GMMETR output in inches contains one more decimal place than

the input millimetre measurement while GMINCH output in millimetres contains

one less decimal place than the input inch measurement. For either program a
measurement may not exceed 8,000,000 times its tolerance. In this context
tolerance means one unit in the least significant decimal place retained.
Because of word length differences among various computers, the user must

exercise caution when exceeding the above limitations.
GMMETR and GMINCH have been tested on the UNIVAC 1108, PDP 10 and IBM 360. For
machines with smaller word lengths the above statements regarding acceptable ranges

of input numbers and accuracies of output results may not apply.

Output is sorted in increasing order of magnitude and duplicates are eliminated.

The programs edit the input and print out various diagnostic messages. All of
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the above characteristics of the General Motors programs will be addressed

specifically in the following section.

D. APPLICATION INFORMATION

This section describes program characteristics from the user's point of view.

1. Annotated Illustration of Program Application

A sample problem for GMMETR is illustrated in figure 9 and is described below.
The lower case letters in parentheses queued onto the figure identify those
portions of the sheet printed by the computer and those by the user. The sec-

tions of the write-up are cross referenced to the figure.

Al Having logged in and called the program, the user has the option of request-
ing "more information'" by entering a plus sign*,

A2 The user has exercised this option.

Bl The program asks for drawing identification and maximum width of the input
conversion table in millimetres. These two items must be separated by a
comma and may not exceed 80 characters collectively.

Drawing identification - This entry will be used as the title of the draw-

ing. Any alphanumeric characters may be used.

Maximum width - Program output is comprised of a pair of columns or values

for each input measurement, i.e., the input measurement and the equivalent

converted output measurement. The program can accommodate six pairs of

*0n most interactive terminal systems every entry is followed by a carriage

return which signals to the computer that the input line is completed.
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GMMETR ON UNIVAE
SAMPLE PROBLEM - MILLIMETERS TO INCHES (user)

ENTER A SINGLE PLUS SIGN, +, . @ (computer)
FOR MORE INFORMATION. ELSE, HIT CARRIAGE RETURN. P

+ @ (user)

ENTER THE DRAWING IDENTIFICATION AND THE MAXIMUM WIDTH ON THE DRAWING
FOR THE MILLIMETRE-INCH CONVERSION TABLE (IN MILLIMETRES). PUT A COMMA
BETWEEN THE TWO ENTRIES. A PAIR OF COLUMNS IS 53.34 MILLIMETRES WIDE.

(computer)
TEST DATA FOR GMMETR,200 (user)

ENTER THE MILLIMETRE DIMENSIONS ON A LINE WITH COMMAS IN BETWEEN.
THE COMPUTER WILL KEEP ASKING FOR ANOTHER LINE OF INPUT UNTIL YOU

INDICATE THAT YOU HAVE NO MORE INPUT BY ENTERING 0. (ZERO> AS THE
LAST NUMBER.

SHOW THE DECIMAL POINT EVEN WITH INTEGERS.
BE CAREFUL IF YOU ENTER A DIMENSION LARGER THAN 25 000 MILLIMETRES

DO NOT ENTER A TOLERANCE SMALLER THAN 0,001 MILLIMETRE ( ter)
A DIMENSION CANNOT EXCEED & 000 000 TIMES ITS TOLERANCE. computer

+001,.010,4100,.254,2,54,.254,2.540,25.4,25.40,254.,2540.,
254.0,254.00,254.000,254.01,2540.0,25400.,25400.0,25400.00,
al’ozgo.3,.4,.5906’07’08’-9,100,0-

(user)
DUPLIGATE MEASUREMENT(S) REMOVED.
(computer)
TEST DATA FOR GMMETR
MM C INCH) MM CINCH) MM ( INCH)
.001 .000 0 010 .000 4 o1 .00
<100 .003 9 .2 .01 . 254 L010 0
.3 .01 ” .02 .5 .02
6 .02 o7 .03 .8 .03
.9 .04 1.0 .04 2, o1 (:)
2,540 .100 0 25,4 1.00 25,40 1.000
54. 2.1 254, 10.0 254, 0 10.00 (computer)
254,00 10.000 254,000 10.000 0 254,01  10.000
2 540, 100, 2 540.0 100.00 25 400. 10000

25 400.0 1060.00

ENTER THE IDENTIFICATION (COMMA)> AND VWIDTH FOR ANOTHER TABLE.
TO END PROGRAM, ENTER ANY ALPHABETICAL CHARACTER.

S @ (user)

(computer)

Figure 9
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B2

cl

c2

values across the page. A pair of values is 53,34 millimetres wide. For
simplification, the user may round this value and enter integers. A recom-
mended convention is the following:

1 pair of columns = 60

120

2 pairs of columns

360

i

6 pairs of columns
Care must be exercised in specifying a number eompatible with the width
of the paper that the table is being printed on and the space available on.
the drawing to which it will be attached.
User types in both items separated by a comma.
The user is asked to enter the measurements to be converted. These are
entered on a line with commas in between. Every measurement must have a
decimal point. A final zero followed by a decimal point indicates that no
more measurements will be entered for this table. Legal characters are the
decimal point, comma, and numerics. Range of permissible values is as
follows:

GMMETR: between 25,000 and 0.001 millimetres

.GMINCH between 1,000 and 0.0001 inches
Data is entered. Note (1) decimal point with each dimension, (2) separating
commas, (3) final zero followed by period. (Some systems accept integers
without decimal points and several numbers were‘so entered in the example

in figure 9 without error.)
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D Program removes duplicate measurements, if they exist, and prints a line to
indicate that it has done so.

E Drawing identification is printed followed by conversion table. Table has
been formatted with 3 pair of columns as specified in B2, Duplicates have
been removed. Program sorts on the output data and prints the entries
of the table in increasing order of magnitude in rows rather than columns.
The millimetre values always appear first., This is true in both programs,
GMMETR and GMINCH. One more decimal place>a1ways appears in the inch
measurement than in the millimetre measurement.

F The user may process another table by entering a new drawing identification
and table width or alternatively he may terminate the run by entering any
alphabetic character.

G The character S was entered to terminate the run.
A similar example for GMINCH is given in figure 10,

2, Program Limitations

a. Accuracy of GMMETR

On the computers tested, the program is valid for input measurements between 0
and 25,000 mm. Measurements less than or equal to 8000 mm should be entered with
3 or less decimal places while those greater than 8000 mm should be restricted
to at most 2 decimal places. Under these conditions the error in the converted

measurement is not more than one-half unit in the last place retained.
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GMINCH ON UNIVAC
SAMPLE PROBLEM - INCHES TO MILLIMETERS

ENTER A SINGLE PLUS SIGN, + ,
FOR MORE INFORMATION. ELSE, HIT CARRIAGE RETURN.

-+

ENTER THE DRAWING IDENTIFICATION AND THE MAXIMUM VIDTH ON THE DRAVING
FOR THE MILLIMETRE-INCH CONVERSION TABLE (IN MILLIMETRES). PUT A COMMA
BETWEEN THE TWO ENTRIES. A PAIR OF COLUMNS IS 53.34 MILLIMETRES WIDE.

TEST DATA FOR GMINCH, 200

ENTER THE 1NCH DIMENSIONS ON A LINE WITH COMMAS IN BETWEEN.

THE COMPUTER WILL KEEP ASKING FOR ANOTHER LINE OF INPUT UNTIL YOU
INDICATE THAT YOU HAVE NO MORE INPUT BY ENTERING 0. (ZERO)> AS THE
LAST NUMBER. -

SHOW THE DECIMAL POINT EVEN WITH INTEGERS.

BE CAREFUL IF YOU ENTER A DIMENSION LARGER THAN 1000 INCHES

DO NOT ENTER A TOLERANCE SMALLER THAN 0.800 1 INCH

A DIMENSION CANNOT EXCEED & 000 0080 TIMES ITS TOLERANCE ,

1000.,1060.,100.0,100.00,100.000,t0.,10.0,10.00,10.000,10.000¢8,
1o,100,1000’1'000;100990’10,100,100.’100000,001’0001300031’
1.01,1.0061,2.002,2.0002,3.003,3.0003,4.4,4.04,4.004,4.0004,0.
DUPLICATE MEASUREMENT(S) REMOVED.

TEST DATA FOR GMINCH

MM C(INCH) MM (INCH> MM CINCH)
003 «+000 1 .03 001 3 .01
25. 1. 25. 1.0 25.4 1.00
25.40 1.000 25.400 1.000 0 25.43 1.001
25.7 1.01 50.805 2,000 2 50.85 2.002
76.208 = 3.000 3 76.28 3.003 101.6180 4.000 4
101.70 4.004 102.6 4.04 112, 4.4
254. 10. 254. 10.0 254.0 10.00
254.00 10.000 254,000 10.000 0 2 540. 100.
2 5490. 100.0 2 540.0 100.00 2 540,00 100.000
25 400. 1000. 25 400, 1000.0

ENTER THE IDENTIFICATION (COMMA) AND WIDTH FOR ANOTHER TABLE.
TO END PROGRAM, ENTER ANY ALPHAEBETICAL CHARACTER.

Figure 10
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In other words, for input entered with the maximum number of decimal places,
measurements less than or equal to 8000 mm will be converted to within 5 hundred-
thousandths of an inch and those between 8000 and 25000 mm to within 5 ten-
thousandths of an inch. Input measurements with fewer decimal places will be
converted with correspondingly less accuracy but still to within one-half unit

in the last decimal place retained in the output.

b. Accuracy of GMINCH

On the computers tested, the program is valid for input measurements between 0
and 1000 inches. Measurements less than or equal to 800 inches should be entered
with 4 or less decimal places while those greater than 800 inches should be

restricted to at most 3 decimal places. Under these conditions the error in the

converted measurement is not more than one-half unit in the last place retained.

In other words, for input entered with the maximum number of decimal places,
measurements less than or equal to 800 inches will be converted to within 5 ten-
thousandths of a millimetre and those between 800 and 1000 inches to within 5
thousandths of a millimetre. Input measurements with fewer decimal places will
be converted with correspondingly less accuracy but still to within one-half

unit in the last decimal place retained in the output.

c. Compuiers with short word lengths

The computers upon which these programs haye been tested included one with a 32-

word length and a single precision floating point mantissa of 24 bits. The
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above described accuracy should be obtained on any computer with equivalent or
greater fixed and floating point word length. The programs are not intended to

be run on computers with lesser capability.

3. Rounding Conventions

GMMETR output in inches contains one more decimal place than the input milli-

metre measurement.

GMINCH output in millimetres contains one less decimal place than the input

inch measurement.

4, Error and Other Special Conditions

Diagnostics are printed immediately following an incorrect line of input, If
multiple errors occur on the same line, only the first will be recognized and
flagged. The program stops examining the input after the first diagnostic and

requests the user to reenter the line,

Each of the following conditions generates a diagnostic message and a request to

reenter data.
1. Illegal character in input dimension

a. alpha character

(l)b. two consecutive commas

(2)2. Two consecutive decimal points not separated by a comma.

(1) Two comsecutive commas at the end of a line are not detected.

(2) Some computers automatically append decimal points to integers.
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3. Error in entering maximum table width.

4, Number of dimensions entered exceed maximum 1000 allowed.

Various other conditions are recognized and compensated for without requiring
that the data be reentered.
1, Duplicate input measurements are eliminated, a message to this effect
is printed, and the program proceeds automatically.
2, Imbedded blanks are detected and the program proceeds Qithout a diag-
nostic message.
3. Blanks appear when input values that are too small are processed.
4, Asterisks are printed on the output table. in lieu of quantities which

are too large for the print format specification.
A sample run exercising many of these conditions is illustrated in figure 11.
As in figure 9 lower case letters in parentheses queued onto the figure identify

those parts of the sheet printed by the computer and those by the users.

E. PROGRAMMING INFORMATION

Shown in Appendix 3 are program listings for GMMETR and GMINCH, They are essen-
tially the same with the exception of the key subroutine at the end of each pro-
gram, the subroutine CONVMM in GMMETR and the subroutine CONVIN in GMINCH.
Detailed comments are generously dispersed throughout the programs and are
identified by the letter "C" as the left most character in the line explaining

the operation of the program.
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The programs are written in American National Standard FORTRAN and are essentially

machine independent.

Each source program consists of about 400 FORTRAN statements, when tested on the

UNIVAC 1108. Computer memory requirements were approximately 12,000 words.
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GMMETR ON UNIVAGC
ILLUSTRATION OF PROGRAMMED DIAGNOSTICS (user)

ENTER A SINGLE PLUS SIGN, =+,
FOR MORE INFORMATION. ELSE, HIT CARRIAGE RETURN. (computer)

(user)
+
ENTER THE DRAWING IDENTIFICATION AND THE MAXIMUM WIDTH ON THE DRAWING
FOR THE MILLIMETRE-INCH CONVERSION TABLE (IN MILLIMETRES). PUT A COMMA
BETWEEN THE TwWO ENTRIES. A PAIR OF COLUMNS 1S 53.34 MILLIMETRES WIDE.

DIAGNOSTICS FOR GMMETR,200 (yger) (computer)

ENTER THE MILLIMETRE DIMENSIONS ON A LINE WITH COMMAS IN BETWEEN.
THE COMPUTER WILL KEEP ASKING FOR ANOTHER LINE OF INPUT UNTIL YQOU
INDICATE THAT YOU HAVE NO MORE INPUT BY ENTERING 0. (ZERQ) AS THE
LAST NUMBER.

SHOW THE DECIMAL POINT EVEN WITH INTEGERS.

BE CAREFUL IF YOU ENTER A DIMENSION LARGER THAN 25 000 MILLIMETRES
DO NOT ENTER A TOLERANCE SMALLER THAN 0.00!1 MILLIMETRE (computer)
A DIMENSION CANNOT EXCEED 8 000 600 TIMES ITS TOLERANCE.

A'A’B'B’I‘I,.IOO’IOO"TO.’9 9e 9,2 5 . 4,90’,250080000,00 (user)
THERE IS AN ILLEGAL CHARACTER IN THE INPUT LINE. (computer)
ONLY POINTS, SINGLE COMMAS, AND THE TEN DIGITS MAY BE USED.
PLEASE REENTER THE LINE.

1-1.1.1,1.1,1.0 100,7-0,9 9 9’25 » 4,9.,,250000000’0- (user)
THE LINE HAS TWO DECIMAL POINTS WITHOUT A COMMA IN BETWEEN. (computer)
PLEASE REENTER THE LINE.

lelylelylalylelylel,7¢ 49 94 9,2 5 449.,,25000000.,0.

THERE IS AN ILLEGAL CHARACTER IN THE INPUT LINE. EZigr)t ;
ONLY POINTS, SINGLE COMMAS, AND THE TEN DIGITS MAY BE USED. puter
PLEASE REENTER THE LINE.
101,1.1,101,100,100,7} ’9 Qe 9,2 S 4,90,25[}000000000,00 (user)
’ (computer)

DUPLICATE MEASUREMENT(S) REMOVED.
DIAGNOSTICS FOR GMMETR

MM CINCH) MM CINCH) MM CINCH)?

1.0 .04 1.1 « 04 Te «3 (Computer)

9. o4 99.9 3.93 254, 10.0
e IR RNNNE #*
ENTER THE IDENTIFICATION (COMMA) AND WIDTH FOR ANOTHER TABLE.
TO END PROGRAM, ENTER ANY ALPHABETICAL CHARACTER. (computer)

Figure 11
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Character

WNHON MM Ega Hhwvxo " oZRXHNR GHDNOE mOOwW>

0~ Oy B

REPRESENTATION OF FORTRAN CHARACTERS

APPENDIX II

IN ASCII, EBCPIC AND BCD

ASCII
(Mixed*)

41
42
43
44
45

46
47
48
49
4A

4B
4C
4D
4E
4F

50
51
52
53
54

55
56
57
58
59

5A
30
31
32
33

34
35
37
37
38

59

EBCDIC
(Hexadecimal)

Cl
c2
C3
Ch
C5

C6
c7
c8
c9
D1

D2
D3
D4
D5
D6

D7
D8
D9
E2
E3

Eb
ES
E6
E7
ES

E9
FO
F1
F2
F3

F4
F5
Fé6
F7
F8



Character ASCIL EBCDIC BCD

(Mixed#*) (Hexadecimal) (Octal)
9 39 s F9 11
Blank 20 40 20
= 3D 7E 13
+ 2B 4E 60
- 2D 60 40
* 2A 5C 54
/ 2F 61 21
( 28 4D 34
) 29 5D 74
. 2C 6B 33
. 2E 4B 73
$ 24 5B 53

*Left digit is OCTAL, right is HEXADECIMAL.
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APPENDIX III

LISTING
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CONTENTS OF TAPE

FILE 1  DOCUMENTATION 63
FILE 2 METCO PROGRAM 64
SUBROUTINE ENCODE ' 74
SUBROUTINE DECODE 76
SUBROUTINE DASORT 77
SUBROUTINE SETUP 78
SUBROUTINE SIGNIF 79
SUBROUTINE READER 80
FUNCTION SUBPROGRAM DROUND 81
BLOCK DATA SUBPROGRAM 82
FILE 3 TEST DATA FOR METCO PROGRAM 87
SAMPLE 1 87
SAMPLE 2 87
SAMPLE 3 88
SAMPLE 4 89
SAMPLE 5 90
SAMPLE 6 91
SAMPLE 7 91
SAMPLE 8 95
SAMPLE 9 96
SAMPLE 10 96
SAMPLE 11 96
SAMPLE 12 96
FILE 4 TEST OUTPUT FOR METCO PROCRAM 97
SAMPLE 1 97
SAMPLE 2 98
SAMPLE 3 100
SAMPLE 4 102
SAMPLE 5 106
SAMPLE 6 107
SAMPLE 7 108
SAMPLE 8 112
SAMPLE 9 115
SAMPLE 10 116
SAMPLE 11 117
SAMPLE 12 118
FILE 5 GMMETR PROGRAM 119
SUBROUTINE CONVMM 125
FILE 6 GMINCH PROGRAM 127
SUBROUTINE CONVIN 133
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THIS IS FILFE 1 OF A MAGNETIC TAPE CONTAINING PROGRAMS FOR
CONVERSION RETWEEN METRIC AND U,S, CUSTOMARY UNITS. PLUS TES?
DATA AND TEST OUTPUT FOR ONE OF THEM, THFE PROGRAMS» TEST DATA
AND TEST OUTPUT EXIST AS SEPARATE FILES On THE TAPE, FACH FILE
IS TERMINATED BY A TAPE MARK (END=OF=FILE MARK), EXCFPT THE
LAST FILE IS TERMINATED BY TWO TAPE MARKS, PRNGRAMS AMD TEST
DATA ARE REPRESENTED BY 80-CHARACTER CARD IMAGESe 9 CARD IMAGES
PER PHYSICAL TAPE BLOCK. TEST OUTPUT IS REPRESENTED RY 132-
CHARACTER PRINT LINE IMAGES» 3 PRINT LINE IMAGES PER PHYSICAL
TAPE BLOCK. THE CONTENTS OF THE FILES ON THIS TAPE ARFese

FILE 2. PROGRAM...METCOr METRIC TO U,S. CUSTOMARY CONVERSIONM,
SOURCE . ¢ « CATERPILLAR TRACTOR COMPANY,
LANGUAGF « « s AMERTCAN NATIONAL STANDARD FORTRAN.

FILE 3. TEST DATA FOR FILE 2.
FILE 4. TEST OUTPUT FOR FILE 2.

FILE 5. PROGRAM.+.GMMETRy MILLIMETRE TO INCH CONVERSION,
SOURCE .+ » « GENERAL MOTORS CORPORATION,
LANGUAGE « »  AMERTCAN NATIONAL STANDARD FNORTRAM,
FEATURES.» s DESIGNED FOR DEMAND TERMINAL USAGF.

SOURCE + ¢ « GENERAL MOTORS CORPORATION.
LANGUAGE « » « AMERICAN NATIONAL STANDARD FORTRAM,
FEATURES .« «DESIGNED FOR DEMAND TERMINAL USAGE.
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TIT

1
2

1

CATERPILLAR TRACTOR COMPANY
100 NORTHEAST ADAMS STREET
PEORIA,» ILLINOIS 61602

PROGRAM BY= R, J, PRATHER

LE= METRICATION=METRIC TO U. S. CUSTOMADY 0/121=-545 3 1n/19/7=

PROGRAM 0545
IMPLICIT INTEGER ( I = N )

COMMON DIN(2s 500), TNRIN(2)

COMMON  INOUT(16), INCARD(30)r INDEXRs NCe NP, NOHEK, IN(4L),
IDCARN(72)y LISTER(6U) s  TIDOUT(H)sr KINDX(500), MLTIST»

ININ(500)

DOUBLE PRECISION DIN» TPIN» ADNCHGr VALUE, PLOT, TYDF,
NIMe  ROUNIT, RCOMST» NROUIND

DIN(2,» 500)
~ STORAGE FOR TDIN = UP TO $00 UNIAUE NIMENSTOMS

TDIN(2) REAL TEMPORARY STORAGE
WORD 1 TYPE OF CONVERSION (INDFYX OF ILABFL)
WORD 2 DIMENSTION VALUE

INOUT(16) 16A1
WORDS 1= 8 INPUT LaMENSION
WORDS 9=16 OQUTPUT DIMENSINN (CONVERTED)

INCARD(30) 2a4s 8A1s 2A4, BAls 244, nAl
WORDS 1 = 2 INPUT IDFENTIFIER
WORDS 3 - 10 INPUT DIMENSION
WORDS 11 =~ 20 TAKE THE SAMF PATTFRN, AS wWORDS 1 - 10

INDEXR = INDEX OF THE 3 PAIRS OF INPUT “IMEMSION FOR REANER
SURROUTINE

NC =~ UNIT NUMBER FOR THE CARD RFADER

NP = UNIT NUMBERP FOR THFE LINE PRINTTR
NCHEK = CHECK VARIARLE FOR THF PRINTING OF FRROR HFEARTNG
ID(4) 4Ay

WORDS 1=2 INPUT INENTIFIFR
WORDS 3=4 OUTPUT IDENTIFTER

ITDIN INTEGER TEMPNORARY STORAGE
NUMBER OF DIGYITS TO THFE RTGHT OF THF NFECTMAL POTHT
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500

/00

70n

a0n

ann
100n
1100
1200
130n
lunn
1500
140N
1700
1200
1ann
20060
2100
220n
2200
2400
250N
2600
2700
2800
2000
30nn
310n
3200
3z0n
3u)n
3500
3600
270N
3a0n
3ann
uonn
4i0n
420n
4z00
4upn
as0n
4s0n
470n
uapn
uann
5060
s10n0
520n
5300
5400
5500



OO0 OOO0N

O OO0

50

60

70

ao

90

100

110

IN THE DIMENSTONM
IDCARD(72) 72A1
WORDS 1= 9. ART NUMBER
WORDS = 10-18 CHANGE NUMRER
WORDS 19-36 TITLE BLOCK TOLERANCFS
WORDS 37-45 CONVERSION TO METRIC OR t1,S. CUSTAMARY
WORDS 46=72 IDENTIFICATION

IDIN(500)
STORAGE FOR ITDIN = UP TO 500 UNIQUE DIMENSTONS

KINDX(500)
ARRAY GIVING THE LOCATION OF THE SORTEN DIM ARRAY

LISTER(64) = OUTPUT ARRAY FOR NIUMERTIC DATA
IDOUT(8) = OUTPUT ARRAY FOR INENTIFIFRS
NLIST = NUMBER OF UNIQUE DIMENSIONS

COMMON /7 DATA / KTBL(42)» MESAGIH0)s LARFL(S, 50),
1 TABLE(2s 50)» NLSAVFE,» NUMLAR, ISTOP(4)s TIRLAMK

ZERO OUT ALL OF COMMON

CONTINUE

INDEXR = O

NC = O

NP = O

NCHEK = O

NLIST = 0

TDIN{(1) = 0.0D0
TDIN(2) = 0.0DO

DO 60 1 = 1» 500
IDINCI) = O
KINDX(I) = ©
CONTINUE

DO 70 I = 1r 16
INOUT(I) = IBLANK
CONTINUE

DO 80 T = 1. &4
In(I) = 1IBLANK
CONTINUF

Do 90 I = 1, 72
IDCARD(I) = IBLANK
CONTINUE

po 100 1 = 1, 30
INCARD(I) = IBLANK
CONTINUE

DO 110 I = 1. 64
LISTER(I) = IBLANK
CONTINUE

165

50N
570
5800
s5ann
ANNo
H100
a200
AZ0N
640N
650N
AACNH
8701
aO0N
6apn
7000
7100
7200
7700
u0n
7500
74500
770N
7a00
74300
annn
8100
az0n
82xen
aynan
3e0n0
260N
a700
8AGn0
fgann
ann
210n
Q200
azon
aunn
QSQ"!
9NN
a7nn
as0n
agnn
inopon
10100
10201
10200
1nuon
1050n
10600
10700
10A0N
10onn



OO0

OO0 (]

130

200

300

400

500

PO 120 1 = 1, 8

IDOUT(I) = TRLANK
CONTINUE

DO 130 1 = 1, 50N
DINC(1, I} = 0.0D0

DIM(2y I) = 0.0D0
CONTINUF

NC = CARD READER UNIT MNUMRFR
NP = PRINTER UNTIT ptIMRER
NC=5

NPZ=6

CONTINUE

READ PART NUMBER,» CHS NUNSERe AND COMMENTS

READ ( NC» 200 ) TIDCARD

FORMAT (  72A1 )

IF ( TJOCARDI(1) JEG. ISTOP(1)
+AND. IDCARD(2) .FQ, ISTOP(2)
+AND., IDCARD(3) .EAR, ISTOP(3)

NX=0
DO 300 I = 1, 8
INOUT(I) = IDCARD(I + 18)

IFr ( INOUT(I).EQ. KTRL(14)) MX = Y + 1
CONTINUE

IF ( NX o EQ o 8) IDCARD (23) = KTRL(1)
CALL DECODE ( 1» 8 ADDRCHG, J )
NX=0

DO 400 I = 1, 8

INOUT(I) = IDCARD(I + 27)

IF  ( INOUT(I).EQ. KTRL(14)) NX = NX + 1
CONTINUE

IF ( NX « EQ + 8) IDCARD (29) = KTRL(2)
CALL DECODE ( 1» 8y VALUF» J )
NCOLS1T = IDINT ( VALUE )

IF ( NCOLS1 JLF. 0 ) NCOLSYT = 1

IF ( NCOLS1 .GT. & ) NCOLSYL = &
Nx=0

DO 500 I = 1, 8

INOUT(I) = IDCARN(I + 36)

IF  ( INOUT(I).EQ., KTBRL(14)) NX = NY + 1
CONTINUE

IF ( NX « EQ o, 8) IDCARD (39) = KTni (2)
CALL DECODE ( 1» 8s VALUE» J )
NCOLS2 = IDINT ( VALUF )

IF ( NCOLS2 JLE. 0 ) NCOLS2 = 1
IF ( NCOLS2 .G6T. 2 ) NCOLS2 = 2
NX=0

DO 600 I = 1, B8
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11000
1110n
11200
1130n
11400
1150n
11600
1179n
11200
11950
12000
12190
12200
123200
124900
12600
120N
12700
120N
1200n
13000
13100
13200
1320n0
13400
134580
1350n
13600
13650
13700
1375n
13800
13880
139Nn
14n0n
14n5n
14100
14150
14200
14200
14400
tus0n
14550
14600
14700
14750
14800
14850
1490n

15090

15100
15200
15250
1530n



OO0

OO0

600

700

INOUT(I)

= 1IDCARD

(I + 45%8)

IF ( INOUT(I).EQ., KTBL(14))

CONTINUE
IF ( NX .
CALL DEC
NUMID =
Do 700

INOUT (1)

CONTINUE
CALL DEC

EQ « 8)
ODE ( 1.
IDINT «

I = 1
= IDCARD

ODE ( 1,

IDCARD (50)

NX = NY + 1

= KTRL(1)

8 VALUE, J )

VALUE )
8
(I + 54)

8s PLOT»

PRINT OUT PART NUMBER CARD

WRITE (

900 FoRMAT (

1200
1210

®NOUFE G -

45H MET
53H

52H
534 PAR
52HNS
S3H NUM
52HOTH
1H » 8

READ IN A

IF ( NU
ITEMP1
ITEMP2
ITEMP3
ITEMPy
ITEMPS
ATEMP1
ATEMP2
DO 1300
IF (NUMLA
READ (NC»
WRITE (NP
FORMAT (2

NP» 900
1H1»
RIC - U.S.

T

BER
FR
( O9A1,

DDITIONAL

MID JEQ.
LABEL (1,
LABEL (2
LABEL (3
LABEL (4.
LABEL (S,
TABLE (1,
TABLE(2,

J = 1

BeLE.49)

}  INCARD
CUSTOMARY
NUMBER OF

ADDED
CHANGE

J )
CONVERSINON TABLF / /
MUMRER OF
OUTPUT CoLLUM
ADDITIONSG pps

IDEMTIFIERS PLOT

4x )y 7

)

OFMAPKS

IDENTIFIERS AND COMVERSION FACTORS

n ) 60
NUMLAR)
NUMLAR)
NUMLAR)
NUMLAR)
NUMLAR)
NUMLAR)
NUML AR)
NLIMTD)
6O TO 1000

T0 2100

1200) (LISTER(I)»I=1,20)
01210) (LISTER(I)I=1,20)

0A4)

FORMAT (20H EXCESS IDENTIFIER

GO TO 130

1000 READ

1

TABLE(1

1100 FORMAT (

1300

NUMLAB =
CONT1NUE
LABEL (1,
LABEL (2
LABEL (3.
LABEL (4,
LABEL (5,
TABLE(1»
TABLE(2»
NX = NUM

0

NC» 1100

» NUMLAB) »
2Au,  1X
WUMLAB

NUMLARB)
NUMLAB)
NUMLAR)
NUML AR)
MUMLAR)
NUMLAB)
NUMLAR)
AB- 2

} ( LABFLA(I»

TABLF (2,

v 2A4y 11Xy Y9, 2F2,0

+ 1

ITEMPL
ITEMP2
ITEMP3
ITeMPU
TTEMPS
ATEMPY
ATEMP2

1 2NA4)

NUMILAR)
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NUMLAS) »

N T NT N,

O D> D> >>

15400
15480
15500
15550
15400
15700
15800
1500n
16000
1610n
16200
16300
15400
1650n
1hA0N
16700 .
16800
1600n
17000
17100
17200
17300
171400
17500
17600
17700
17a0n0
170nn
128000
18190
1820n
18200
13400
1250n
18600
1310
18620
19430
1t8aun
12650
108660
18700
188n0n
1300n
1o0nn
10100
19200
1970n
taunn
19800
1950Nn
1a97nn
19ann
1921



(o

OO0

o000 OO0

1500

1700
1800
1900

2100

3700

3800

NMX = NX + 1
WRITE ( NPy 1500 ) nX

FORMAT  (  L4OHONUMBER OF ENTRIES IM COMVEQSIOM TAPLE =

1 I8 7 7 /

2 73H IDEMTIFIER TDENTIFTER ROUND  CONVFRSINN ROLINDTNG
3 /

4 73H IN ouT TECHNIAUE FACTOR UMIT
5 /7 )

Do 1900 J = 2, HNMX

WRITE ( MNPy 1700 ) ( LAREL(TI» J)» T = 1» 5 ),

1 TABLE(1e J)» TARLE(?2» )

FORMAT ( 1H » 2A4s u4Xe 2A4e 44Xy T10y 2F12.5 )

IF { J «GFEs HNLSAVE JAND.  J  oLT. NUMLAR )

1 WRITE ( NPe 180C )

FORMAT (  1H+s 60Xe 35HX¥%% THIS IS A TEMPrRARY EMTRY sked )
CONTINUE

WRITE ( MPy 12300 )

COMTINUE

N = 1
CONTINUE

CLEAR ALL TEMPORARY STORAGE REFNRE READI.IG IN DIMEMSIOM DATA

DO 3”00 I = 1, 15
INOUT(I) = KTRL(14)
CONTINUE

TDIN(Y) = 0,000
TDIN(2) = 0.0D0
ITDIN = 0

ID(1) = 1IBLAMK

ID(2) = IBLANK

IN(3) = TIBLANK

ID(4) = TBLANK

READ DIMFNSION AND IDFNMTIFIER ( 3 PATIRS AT A TTMF )
CaLlL READER
SEARCH LAREL ARRAY FOR PRCPER IDENTIFTER

DO 4400 I = 1 NUMLAG
DO 43200 J = 1, 2

IF  ( ID(J) WME. LAREL(J» I) ) 63 T 4400
CONTIMUE

GO0 Tco 5100

CONTIMUE

INDEX = 1

CONT INUE

IF ( NCHFK ) 4909 4700, 4900

CONTINUE

PRINT THIS HEADING IF A LEAST OME ERPOR IS FOUNN
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1982n
1990n
20000
201090
20200
20200
20u0n
2050n
20600
20700
20800
2n90n
21n0n
2110n
2120n
21300
21u0n
2180n
21600
2170n
2180n
21900
2200n
22100
2220n
22300
22400
228nn
22600
227nn
22800
2290n
23ngn
23100
2320n
23300
2340n
238500
22A0N
2370n0
23a0n
23900
2400n
24100
24200
24300
2440n
24500
24500
24700
24p00
24900
aA500n0
25100



c

4200

4300
c
c
o

5600

5100

OO0 OO0

OO0

8500

8400

8700

OOO0

WRITE ( HNP» 4800 )

FORMAT ( T7OHOLISTED RELAYW ARE THE IMPUT DATA CARD(S) WITH SOMF T
1YPE GF ERROR(S). /  H1HODTMERSTON INENTTIFTER FRROP TYPE

2 /)

NCHEK = NCHEK + 1

CONT IMUE

PRINT 8a0 CARD AND IDFENTIFY ERROR

INQEX = (C TMDEXY - 1 ) % 8
T1SINPEX+L
IAZINDEX+A

WRITE ( NPy 5000 ) ( TIMOUT(T), T = 1¢ 8 )
1 I10(1)y ID(2)y  MESAGC 1 Yo 1T =

FORMAT ( 1H » 8ALl, U4Xe 284y AX, 82k )

60 TO 3700

CONTINUE

DETERMINE TYPE OF IDENTIFIER

IF (T LEQ. NUMLAR ) GO TO 95120
TOINCL) = 1

DECODE DIMENSTION IMTO TnIN AND TTDIN

CALL DECODE ( 1r 8y VALUEs, TITHIMN )
TDIN(2) = VALUE

CHECK FOR ILLFGAL CHARACTFRS IN QTMENSION

IF (C ITRIN + 1 ) 6100, 3700, /200

CONTINUE
INDEX = 2
G0 TO 4600
CONTINUE

WRITE DIAGNOSTIC IF MORE THAN 500 UNIAUE TNMPUT CARDS APE GTVFN

IF (N = S00 ) 86002 8A0Ny AS500

CONTINUE

INDEX = 3

GO TO 4&00

CONTINUE

IF (N = 1 ) 8700, 8700, RAQQ
CONTINUE

TRANSFER ALL TFMPORARY STORAGE T9O PERWANENT STORAGF AND THWFN .GO
BACK AND READ ANOTHER CARD STOP MUST RE LAST IDFNTIFIER

DIN(1, N) = TDIN(1)
DIN(2, N) = TDIN(2)
IDIN(N) = ITDIN

N = N + 1
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25200
253200
25400
25500
25600
25700
2580n
25ann
26000
26100
26200
26210
26220
26300
26000
26500
26600
26700
PHRAON
26900
27900
27100
27200
2730n0
27400
2750n0
27a40N
27700
27e0n
2700n
2800n
2810n
2820n
2820n
28400
28500
2860n0
28700
28300
saagn
2900n
2910n
29200
29200
29400
2950n
29600
29700
29a0n
29900
x0000
3010n
20200
3030N



aAOOO0

8900

9000
9100
9200

o000

9500

OO0

9400

9700

9800

93900

OOOOO00

GO TO 3700

BEGIN EDIT OF DATA
THROW OUT DATA WHEN SAME PREVIOUS DATA HaS ALTFALY BEEM
ENCOUNTERED

CONTINUE

L = N = 1

DO 9200 I = 1, L

DO 9000 J = 1, »

IF ( TDIN(JY = DIM(J, I) ) 9200, 9000, 9200
CONTINUE

IF ( ITDIN = IDINC(I) ) 9200, 9100, 9200
CONTINUE

G0 TO 3700

CONTINUE

G0 TOo 8700

BEGIN SORT OF DATA
NUMBER KINDX ARRAY FROM 1 TO 500

CONTINUE
NLIST = N = 1

NLIST = THE NUMRER OF OUTPUT ITEMS

IF ( NLIST JE. 0 ) 60 To 5p

DO 9600 I = 1, 500

KINDX(I) = I

CONTINUE

CALL DASORT

DO 9700 K = 1, NLIST

I = KINDX(K)

TYPE = DIN(1, I)

IF ( TYPE .6T. 1.0D0 ) GO TO oan0j
CONTINUE

NTYPE1 = NLIST

NTYPE2 = O

60 Tn 9900

CONTINUE

NTYPEL = K = 1

NTYPE2 = NLIST = NTYPE1

CONTINUE

BEGIN PRINT OUT OF INPUT DATA AND ANSYWERS
BEGIN TYPE 1 PRINT OUTS (MILLIMETRE TO IMGCH CONVERSIOM)

CONVERT FROM METRIC TO ENGLISH UNITS

CON = 1.,0D0 / 25.4D0

IF ( NTYPEL JLE. O ) GO TO 12600

NLINES = ( NTYPE1L + NCOLS1T - 1 ) / WNCOLSH
Kount = 0
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20unn
RORNON
9400
070N
2nann
z9onn
x1nan
1100
1200
113rm
iynn
21500
z1A0nN
z170n
R1ann
=100n
z2n0n
22100
r2o0n
23RN
2400
2500
260N
2700
R2e0N
220010
3a0n
310N
3200
330N
A340N
38NN
23600
370N
380N
23900
L4000
Y100
200
U300
Auygn
Aq50n
RLA0N
34700
yann
G4ann
25000
25190
520N
3530n0
5400
RB50N0
35600
25700



10000
c

C
c

10010
10020
10040
10060
10080
10120
10140
10160
10180
101990

10400
10500

10600

OO0

10700

OO0

DO 12500 NLINE = 1+ . MLINES

KOUNT = KOUNT + 1

IF ( NLINE - 1 ) 10500, 10000, 10500
CONTINUE

SKIP PAGE AND PRINT HEADING FOR MM TO IN CONVFRSICOMS

WRITE (NP»10010) (IDCARD(L)» L=1+12)
FORMAT ( 6H1PART ,8A1»10H CHAMGF »411)
60 To ( 10020, 10060, 10120r 10160 )» NCCOLS]
CONTINUE

WRITE (NP,10040)

FORMAT ( 1HO» 1 (2HMM»8Xs»4HINCH»10X))

G0 TO 10190

CONTINUE

WRITE (NP»100&0)

FORMAT ( 1HO» 2 (2HMMeSXs4HINCHr10X))

GO TO 10190

CONTINUE

WRITE (NP»10140)

FORMAT ( 1HO» 3 (2HMM»8X»4HINCHs10X))

Go TO 10190

CONTINUE

WRITE (NP,10180)

FORMAT ( 1HO» 4 (2HMM» 83X+ 4HINCHs10X))
CONTINUE

CONTINUE

CONTINUE

DO 10600 I = 1+ 64

LISTER(I) = IBLANK

CONTINUE

DO 12100 NCOL = 1+ NCOLSHI .
K = ( NCOL =~ 1 ) *x NLINES + MNLINF
IF ( K «GT. NTYPF1 ) GO TO 12100

I = KINDX(K)

CLEAR ALL TEMPORARY ARRAYS REFORE LOANINSG WITH CHARACTFRS For

PRINTING

DO 10700 J = 1» 16
INOUT(J) = KTBL(14)
CONTINUE

TDIN(1) = 0.0D0
TDIN(2) = 0.000
ITDIN. = 0O

TDIN(1) = DIN(1, I)
TDIN(2) = DIN(2, 1)
ITDIN = IDIN(I)

INPUT DIMENSION PREPARATION

VALUE = TDIN(2)
CALL ENCODE ( 1» 8» VALUE, ITNIN )
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35800
5000
26000
6100
6200
6300
26400
26450
2H6UAN
EH0NN
2HAH0N
237NN
TARNN
27100
z7200
27200
27400
37700
2730nn
2790n0
r8nnn
TRZINN
zZR0N
28500
33A0N
RRo0n
on0n
x950n
20N
29790
zaann
000N
ngooo
ug10n
nas0n
no3zon
aQuon
nns0an
upe0n
w700
npron
nnogn
ninon
#n110n
tiponn
n1izon
uiyen
01500
91600
n17an
glann
uniann
na2onn
n2100



o000

IPLACE = ITDIN + 1

IF ( LPLACE - 3 ) 11900,
11900 CONTINUE
c
c MINIMUM OF 3 PLACES ROUND OFF
C

IPLACE = 3

12000 CONTINUE

(o
C CONVERT DIMENSION, ROUND TO PROPER NU™BER OF PLACES AMND PLACT TN
(of ARRAY READY FOR PRINTING
c
DIM = TDIN(2) x COM
DIM = DABS ( DIM )
DIM = DROUND ( DIM, IPLACE )
CALL ENCODE ( 9, 16» DIMs IPLACE )
MYLINE ‘= ( NCOL =- 1 ) % 1a
DO 12050 J = 1+ 16
JUSMYL INE+J
LISTER( JJ ) + = INOUT(Y)
12050 CONTINUE
12100 CONTINUE
c .
c PRINT ORIGINAL INPUT DATA AND CONVERTED DATA
IF ( KOUNT « £Q « 1 ) WRITE ( NPy 12300 )
(o
WRITE ( NP» 12200 ) ( LISTER(J)» J = '1s A4 )
12200 FoORMAT ( IH » BA1lr 2X» B8Als 6AXr»r 8Ale 92X A1y 6Y ]A1
1 2X» B8Al1lr 6Xe 8ALr 2Xe¢ 8A1 ) .
IF ( MOD ( KOUMT, 5 ) «EQ. 0 ) WRITS ( NP» 12200 )
12300 FORMAT ( 1H )
12500 CONTINUE
12600 CONTINUE
(o
C GREATER THAN TYPE 1 CONVERSION DATA ( OTHFER THAN MM Th IN )
(o
IF ( NTYPE2 , LFe 0 ) 60 TO 15000
KOUNT = 0
NLINES = ( NLIST = NTYPEL + pNCOLS? - 1 ) /  NCoLSs?
DO 14000 NLINE = 1» NLINES
KOUNT = KOUNT + 1
IF ( NLINE - 1 ) 13000r 12800, 13000
12800 CONTINUE
Cc
(o SKIP 2 LINES AND PRINT HEADING FOR OTHFR THAN MM T0 IM COMVERGINAIG
Cc
WRITE (NP»10010) (IDCARD\L)» L=1¢12)
IF { NCOLS2 +.EQ., 1 )
1 WRITE ( NPy 12850 )
12850 FORMAT (  1HO»
2 2 ( 3HDIM» 7Xe SHUNITS: 66X ) )

12000

72

12000

ROUND TO 1 MORE PLACE TO THE RIGHT oF THE NECTMAL POIMT TiAM
GIVEN IN THE DIMENSION VALUE WITH A MINTMiM O =2

[eNe]

u2a20n0
n2znn
uanan
u25nn
2600
n27en
200
a2ann
nignn
u310nn
uionn
nixznen
n3unn
u3s50n
u3ann
43700
niI’Nn
nAann
uainnn
n4ine
hyz2nn
nyo8n

S u43I0n

nugon
nasnn
a460n
uy7on
ny7sn
uggagn
h4agn
ns0gn
a5inp
us20n
I4‘33(\ﬂ
asu0n
us50n
uSagn
45700
ns5a0n
nsann
n6p0n
4610n
n6200
46300
usuon
uas50n
uba0n
u670n
u6agn
ueasn
4690n
a700n
47100
n7300



OO0

OO0

OO0

o000

IF ( NCeLS2 Ef. 2 )
WRITE ( NP» 12900 )

12900 FORMAT ( 1HO»

2 2(3HDIMe» 7X e SHUNITS »6X 9 IHDIMy 7N/ SHUNITS e OY) )

12975 CONTINUE
13000 CONTINUE

Do 13025 I = 1» 732

LISTER(I) = TIBLANK

CONTINUE

DO 13050 I = 1. 8

IDOUT(I) = TIBLANK

CONTINUE

DO 13800 NCOL = 1¢ NCOLS?2

K = ( NCOL - 1 ) * NLINES + HMLIME + NTYPE1
IF ( K +GTe NLIST ) 60 T0o 13800

I = KINDX{K)

CLEAR ALL TEMPORARY ARRAYS BEFORF LOATING WITH CHARACTERS FOR
PRINTING

DO 13100 J = 1r 16
INOUT(J) = KTBL(14)
CONT INUE

DO 13200 J = 1» 4
ID(J) = IBLANK

CONT INUE

TPIN(1) = 0,000
TDIN(2) = 0.0D0
ITOIN = 0

TRIN(1) = DOIN(1, I)
TDIN(2) = DIN(2, I)
ITDIN = IDIN(Y)

INPUT DIMENSION PREPARATINN

VALUE = TDIN(2)
CALL ENCCDE (1. 8¢ VALUE, TITDIN )

SETUP INPUT AND OUTPUT IDENTIFIERS
CALCULATE CONVERSION CONSTANT
SETUP TYPF OF PRIMT OQUT

N = TDIN(1)

In(1) = LABEL(1., N)
IN(2). = LABEL(2, N)
ID(3) = LABEL(3» N)
INn(4) = LABEL(4, N)
IPLACE = LARFL(S» N)
CON = TABLE(1,» N)
RDUNIT = TABLE(2, N)

CONVERT UIMENSION AND CHECK SPECIAL CASF FOR NFEGRFF C 7O DFEGNFR

NDIA = TPDIN(?2) *x DARS ( cCoOM )

73

DO

a740n0
u750n
47600
ua7a0n0
4A30n
n8aynn
48850n
ug8s60n
ngzon
nRANN
uRQON
uanaon
49100
ug920n
uozon
uguQn
3osNN
09600
na7nn
nagnn
n9gpn
s000n
S0109
|0200
S030N0
50400
50500
S0&0N
sS0700
s080n
s090n
s1o0n
51100
s120n

R1z0n

staQn
51500
s1600
]1700
51800
s1ann
s2000
s2100
52200
52300
B2400
e2580n0
R2A0N
R270N0
R2A00
52001
530NN
83100
53200



13500

134990

1300

13400
13800
c
C
c

c

13900

14000
15000

16000
16001

-

DO ONOOOOOO

IF ( COMN  LLT. N GD0 ) NIM = DTN 3 35,.00n
IF ( RUUMIT ) 13400, 13400, 13300

CONTInUF
RCONST = 0.5D0
IF C DIM JLTe 0,0P0) RCOMST = =0,.57n
IDIM = DIM / RDUNIT + RCOMST
DIM = IDIM :
NIM = DIM % RDUMIT
CONT IMUE
CALL SETUP ( JIM, TPLACE )
MYLINE = ( NCOL - 1 )} x 14
NO 13500 J = 1. 16
JUSMYLINE+J A
LISTER( JJ ) = INOUT(Y) (of
CONT INUE
MYLINE = ( NCOL. - 1 ) * 4
DO 13600 J = 1 4
JJUEMYLINE+J ’ A
INOUT( Jd ) - IN(YD) C
CONT INUE
COMNTINUE
PRINT QUT ALL TMPUT DATA AND ALL CONMVFRTEN VALUFS WITH APPRRNADRTIATE
INENTIFIERS
IF ( KOUNT « Q@ + 1 ) WRITF ( MP, 12300 ) A
WRITE ( NPy 13900 ) ( LISTER(W) e J = 1y 8 ),

IDOUT(1)» IDOUT(2)e ( LISTFR(D Y J = ©p 14 ),

IDOUT(3) e TIDOUT(4)y ( LISTFR(MD)e J = 17 24 ),

IDOUT(S) e IDOUT(R)y ( LISTFR(MN» J = ps, 32 ),

IDOUT(7)» TINDOUTI(R)
FORMAT ( 1H » RALler 2Xe 2A4s  3Xr 831 2Ye 2AlU, C

6X ¢ BALy 2Xe 2ALs  EX» AAle  2Xe 2A4 ) C

IF C MOD ( KOUNT» 5 ) E0Q., 0 ) WRITC ( MP» 12300 )
CONTIMUE
CONTINUE
GO TO 50
WRITE ( NPe 16001 ) A
FORMAT ( 10H1L ) A
STOP A
END

SURROUTINE ENCODE ( I» Jr Ry NOP )

THIS SUBROUTINE TAKES & REAL NUMERTC WORD AND FXAMINES EACH
CHARACTER. IT THEN TAKES THE REAL WORD AMD BUILNG UP AN
ALPHABETIC CHARACTER ARRAY (Al)

INOUT ALPHARBETIC CHARACTER ARRPAY
I = BEGIMNING WORD IN INOUT ARRAY

J = LAST WORD IN INDUT ARRAY
R = PREAL NUMBER
NDR = NUMRER OF PLACES TO THE RIGHT nF THF DECTMAL POTMT
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83200
3400
|S350n
R3600
|S370n0
53200
s3ann
s400n
54100
s4n2nn
54300
s440n
|S4n8n
S450n0
R|460N0
54700
54800
‘-'\L}R_l_;ﬂ
s4009n
85000
s510n
s520n
R530N0
s540n
S545n0
55800
55600
5700
K580n
5590n
|600n0
S610N0
5620N0
56300
s640n0
5650n
56600
R6A1N
56620
56630
S6700
57100
g720n
57300
s7400
5750n
57600
R7700
|7/0N
s790n
s5800n0
s810n0
58200
583an



(s N9} (o) OO0

100

200

300

400

500

600

700

800

900

1000

1100

1200

I» Jr» Re AND NDR MUST BE GIVEN
INOUT IS OUTPUT

IMPLICIT INTEGER ( I - N )
COMMON DIN(2s 500)» TDIN(2)

COMMON INOUT(1e)

DOUBL.E PRECISION DIN» TDINe Ry AR

COMMON / DATA / KTBL(42)r MESAG(40)s LAPEL(S, 5N),
1 TABLE(2, 50)¢ NLSAVE» NUMLAR,» ISTOP(u4)r TBRLAMK

DO 100 N = I, J

INOUT(N) = KTBL(14)

CONTINUE

IF ( NNDR ) 200, 300, 300
CONTINUE

RETURN

CONTINUE

IF ( R ) 500, 400s 500
CONTINUE
INOUT(I)
RFTURN
CONTINUE
NTC = o
NDL = O
IDCML = 1

N = I

AR = R

IF ( R ) 600, 700s 700

CONTINUE

AR = =R

NTC = 1

N = N + 1

INOUT(I) = KTBL(12)

CONTINUE

IR = AR

CONTINUE

IF ( IR = IDCML ) 1000r ©9y0s 900

CONTINUE

NDL = NOL + 1

IDCML = IDCML « 10

GO TO 800

CONTINUE

NTC = NTC + NDRDL + wNDR + 1

IF ( NTC - ( J = I 4+ 1 ) ) 12005 1200 1100
CONTINUE

RETURN

KTBL(1)

CONTINUE
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S8unn
KR8RON
58600
5870n
58800
ERQ0N
5a0p0n
s910n
Raa20n
K92anNn
sagon
"o8nN
39/0N
R965N
5970n
59Aa0N0
sQann
A0000
A0L0N
/020N
0300
A0u0N0
ANSCN
ANANN
RO740n0
ANE0N
A0Qpn
Al00n
/110N
ql2nn
A130n0
100
AL1500
c1lenn
AL1T70N
Alonn
Alo0n
A2000
A210N0
A220N
A2Z0N
A2L0N
A250N
A2A0N
A~A270N
A2ann
620(\(\
A3NNN
A3100
A32Nn
A3ZON
AALNN
A35NN
A3ANN



(o] 'O () OO0 OOOOOO0

INCP = NTC -~ NDR + T - 1 A3700

INOUT(IDCP) = KTBL(13) A330n0
IR = AR % 10.0D0 *%x NDR + 0,1n0 &3a9n
IDCML = 10 *x ( NDL + NDR = 1 ) auanan
1300 CONTINUE AL1on
IN = IR / 1IDCML AP
IR = IR - IN == IDCML ALIN
IF ( N = IDCP ) 1500, 1400, 1500 Ahunn
1400 CONTINUE altsnn
N = N + 1 AlENN
1500 CONTINUE an7an
INOUT(N) = KTBL(IM + 1) AlRNN
N = N + 1 Algnn
IDCM = IDCML / 10 ABNNN
IF ( IDCML ) 130Ne 1600 1300 AS10N
1600 CONTINUE a%onn
RETURN A530N
END ARunn
SUBROUTINE DECODE ( TI» Je Re NDR ) ASR0n0
~A5aan

AANOD

THIS SUBROUTINE TAKES AN ALPHABETIC ARRAY TN (A1) AMD FXAMINFS ARLION
FEACH CHARACTER TO DEVELOP A REAL WORD ABPON
FARA0NN

INOUT == ALPHABETIC:ARRAY 640N
I - BEGINNING WORD IN IMOUT ARRAY HERON
J = LAST WORD IN INOUT ARRAY ABALON
R = REAL WORD ) A6T70N
NDR - NUMBER OF DFCIMAL PLACES TO THE RIGHT OF THFE DECTIMAL ABANN
POINT ALONN

AT0ON

InOUT» I AND J ARF INPUT DATA AT7100
R AND NDR ARE OUTPUT DATA | &£720n0
AT3060

A7400

IMPLICIT INTEGER ( I == N ) A750N
ATARON

COMMON DIN(2» 500)e TDIN(2) ATT70N0
' ATRNN

COMMON INOUT(16) R7900
ARODN

DOUBLE PRECISION DIN» TDINs Ry SEYEGH, DCML C #A810N
AR20N

COMMON / DATA / KTBL(42)» MESAG(10)y LARFL(Ss 50)¢ C  AA30N
1 TABLE(2» 50)¢ NMNLSAVE: NUMLAR, ISTORP (1) IRLAMK A AB35N
i ABUNN

IR = o ARSRNN
NDR = 0 ABAQGN
K = 0 8700
IDCML = 1 A8RNN
NSW = O ARANON
SEYEGN = 1.0D0 #3900N
KTBL1i1 = O 62100
KTBL12 = 0 A9200

76



OO0

250

400

500

550

600

700

00

900

950

975

1000

1100

1200

KTBL13 = O

DO 1000 N = I, J

NC = INOUT(N)

IF ( NC JE®. KTBL(14) ) GO ToO 1000
IF ( NC LEQ@. KTRL(13) ) GO TO 9ng
IF ( NC WNE, KTBL(12) ) GO TO 400
SEYEGM = =1.0D0

IF ( KTBL11 ) 550s 35C» 550

CONTINUE

KTBL12 = KTBL12 + 1

IF ( XTRLi2 - 1 ) 550, 100N, S50
CONTINUE

Do 500 K = 1, 11

IF ( NC JEQ. KTBL(K) )} 60 TO A00
CONTINUE

CONTINUE

NDR = =2

R = 0.0Dn0

RETURN

CONTINUE
IF ( K = 10 ) 700y 700, 9590
CONT INUE

IR = IR % 10 + K - 1
IF ( NSw ) 800, 1000, 800
CONTINUE

IDCML = IDCML * 10

NDR = NPR + 1

G0 To 1000

CONTINUE

NSW = 1

KTBL13 = KTRL13 + 1

IF ( KTRL13 = 1 ) 550y 1000» K50
CONTINUE

IF ( KTPL1I2 ) 550r 975, 550
CONTIMUE

KTBL11 = KTRL11 + 1

IF ( KTeLl1l - 1 ) 550, 1000, S50
CONTINUE

DCMLL. = IDCML

R = IR

R = R / DCML * SFYEGN

IF ( K ) 1200, 1100y 1200°
CONT IMUE

NDR =7 =1

CONTINUE

RETURN

END

SUBROUTINE DASORT

THIS SUBROUTINE SORTS THE LARGE ARRAY OF TMPUT NIMENSTIOMG TNTO

ASCENDING ORDER

717

A9300
69unn
$950n
69600
670N

‘6980n

A990n
7000N
7010N0
70200
70200
70400
70500
70600
70700
70800
70900
1000
71100
712060
71300
7140n
71500
71600
71700
71800
719nn
72000
7210n
72200
72300
72400
72500
72600
72700
72A00
72900
73000
7310n0
73200
73300
73400
73500
73600
73700
73800
73000
r4000
74409
74500
74600
74700
4000
74900



O OO0

OOOOOO0O

100

200

300

100
500

a00

700

AU0
300

1000

DIN - ARRAY QOF TMPUT DATA
KINDX = ARRAY SHOWIMG THE SORTED QRNAER nF DHTM

IMPLICIT INTEGFER (1T - N )

COMMON  DIN(2y 500)»  TDIN(2)

COMMOM  INOUT(16)s INCARND(3C)» INPEYRe, MNCy NPy NFHEK, TN(W),
INCARND(T72) s LISTER(AKLYy  IDOUT{s)e  HTIMDXISONY, M_TIST,

IDIN(SN0)

~CJBLFE PRECISION  DINe  TDIN

MMM =  NLIST
CONTINUE

MMM = MMM /2

IF ( My = 1 ) 210, 300, 300
CONTINUE

RETURM

CONTINUE

Moo= MMM+ 1

DO 1000 I= M » NLIST
J = I - MW

KT = KIMDX(Y)

KJd = KINDX(S)

DO 400 NN = 1, 2

IF  ( DIMINNs KI) = DIMINHy KJ) ) 550 400, 1000
CONTINUE

G0 To 1000

CONTINUE

L o= I

CONTINUE

KINDX(L) = KJ

L = J

J = J = MMM

IF ( J = 1 ) 90nr 700s 700
CONTINUE

Kd = KINDX(J)

DO AN0 NN = 1, 2

IF  ( DIN(NNs» KI) - DIMINNy KJ)Y )} /00y 800, 900
CONTINUE

CONTINUE

KINDX(L) = Kt

CONT INUE

6o TO 100

END

SUBROUTINE SFETUP (  DIM, IPLACE )

THIS SUBROUTINE EXAMINFS THE TONVERTED VALUES OF DTMENMSIOM
AND ALOMG WITH THE eRINT OPTIOM (IPLACE) DECTIDES HNYW
MANY PLACES TO THE RIGHT OF THE DECIMAL PATNT TO PRINT OUT
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75000
75100
75200
75300
75400
75500
75A0NN
75700
75800
75900
76000
76100
74200
76300
7640n
76500
76600
76700
76R00
7690n0
77000
77100
?720N
77200
77400
7750n
77600
77700
77200
77900
78000
78100
7820n
78300
78400
78500
78600
7R70N0

. 78R0N

789NN
79000
7910n
79200
79300
7ou4nn
79500
79600
/0000
/0100
f020n
80300
RO40ON
ROS0N
afe00



(g} O O O0O00O00O000

300

400

500

600

700

800

<00

1000

OO0

1

NO MORE THAN 3 SIGNIFICANT DIGITS ARE PRINTED OUT

D™ = CONVERTED DIMENSION
IPLACE = PRINT OPTION

IMPLICIT INTEGER ( T - N )
COMMON DIN(2y 500)r TDIN(2)
COMMON  INOUT(16)

DOUBLE PRECISION DINes TNDINs DIMe nDROUND

COMMON / DATA / KTRL{u2)» MESAG(U0)s LARFL(S,
TABLE(2s S0)e NLSAVFE, NUMLAR, ISTOP(4)s TRLAMK

IF ( DIM .EQG, 0.,0N0) GO To 1000
CALL SIGMIF ( DIM» LARGE, NMNPLACE )
IF ( LARGE ) 300, 300, 100
CONTINUE

Do 200 J = 9y 15

INOUT(J) = KTBL(41)

CONTINUE

RETURN

CONTINUE

IF ( NPLACE ) 400, 500, 500
CONTIMUE

IVAL = ¢

GO TO 600

CONTINUE

IVAL = NPLACE

CONTINUE

NDR = IVAL

IF ( TIPLACE ) 70n, 900 900
CONTINUE

DIM = DROUND ( DIM» IVAL )
CONTINUE

CALL ENCODE ( 9 16y DIM» NDR )
RETURN

CONTINUE

NDR = MINO ( NDRe IPLACE )
IVAL = NDR

Go To 700

CONTINUE

NDR = G

GO TO 800

END

SUBROUTINE SIGNIF ( VALUE» LARGEs, TIPLACE )

THIS SUBROUTINE DETERMINES THF MUMRER OF QIGMTFTCAMT NTGITS

GIVEN A DIMENSION VALUE

79

an7oer
a0e0n
a0ann
21000
fi1nn
a12an
1200
L1400
f150n
1a0n
a170n
g1o00
n1ann
a200n
a2NRN
a2inn
]220n0
A220N
f200n0
A2809
22600
aR7AN
e2ann
azann
a3znnn
nA1nn
S32nn
23300
23nnn
azman
TN
azxINN
_AANN
R3ann
aALNanN
al1nn
auopn
anzReN
einnn
onsnNn
auane
ayTnn
ol ana
anonn
asnnn
Ps1nr
anoann
ABRGN
RESHE G
N5 ann
a50gnn
26000
/1IN
NARP NN



(] OOOOOOO0

O OO0

300
400

500

600
70C
800

900

1
2

VALUE CONVERTFD NDIMEMSIONM
LARGE = CHECK FOR TOO ILARGE A NUMBIrR Tn PRINT oUIT
IPLACE NUMBER OF PLACES FNR ROUMD OFF SURBRPOUTTHNF

IMPLICIT INTEGER ( I =~ N )
DOUBLE PRECISION VALUFs VAL, FACTORs DROINP

IPLACE = 0

LARGE = 0

VAL = DABS (  VALUF )

NL = 8

FACTOR = 10000000.0D0

CONTINUE

IF ( VAL = FACTOR ) 200, 200, 300
CONTINUE

FACTOR = FACTOR / 10.0D0D

NL = NL = 1

G0 To 100

CONTINUE

IF ( VALUE ) 400, 90u0e 700

CONTINUE

IF ( NL =~
CONTINUE
LARGE = 1
RETURN

»

} 60N, 9002y 500

CONTINUE

IF ( NL + 5 ) 500, 900, 900
CONTINUE

Ir ( NL = 7 ) 800, 900 500
CONTINUE

IF ( NL + 6 ) 500, 900r 900
CONTINUE

IPLACE = =1 *x ( NL =~ 3 )
VALUE = DROUND ( VALUE,» IPLACF )
RETURN

END

SUBROUTINE READER

IMPLICIT INTEGER ( I = N )

COMMQN DIN(2» 500)y TDIN(2)

COMMON  INOUT(16)» INCARD(30)» TNDEYRs MCe MNP, MAUFK, T4,
IDCARD(72)r LISTER(BU)» TNOUT(8)y KINDX(S500), NLTGT.
IDIN(500)

DOUBLE PRECISTIOM OIN» TDINM

INDEXR = INDEXR + 1
60 Tn. ( 1000, 4000r 6000 )» INDEXR
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a”znN
o6a0N
NARMNO
RAEAND
26700
258NN
asana
a7nnn
aT71¢n
a7z200
a7znn
a7uprn
Q7500
27600
e770n
n7ann
a7ann
RANNN
aR10N
QRZGN
an3nn
agnon
AQR"”/0N
RBAON
ar79e
a8”ANN
RAANN
eangn
agipn
a920n
aaxnn
AL QN
aasnn
29400
fQ7NN
agein
f29ann
apnnn
agion
onagn
a0a0N
20700
anann
agagn
o1n0n
al110n
al120n
a13nn
n1a0n
01500
2160N
a170n
2la0n
alagn



1600 COMNTINUE 22000

READ  C MCy» 20060 ) T#HCARD o21nn

2000 FORMAT ( 3 ( ang . 1X 204, 1% ) ) azonn
Do scoD I = 1. R az2ann
INOUT(I) =  INCARD(I) a240n

3000 CONTINUE o250n
IN(1) =  INCARD(9) apann

In(2) = INCARD(17) az70n
RETURM ar2pnn

Cc azann
4300 CONTINUE a3zngn
DO 5000 I = 1 & 03100
INOUT(I) = TIHCARO(I + 10) o32nNn

5000 CONTINUE N33R00
mni1) = INCARD(19) A3u0n

ID(2) = INCARD(20) ' azgnn
RETURM AZann

C az7nn
6000 CONTIMUF a3znan
Do 7TNG0 I = 1, i3 azgan

INOUT () = INCARD(I + 2n) agnnn

7000 CONTINUE MmN
IC(1) = INCARD(Z29) anzan

Ine2) = INCARD(30Q) agzrAn
INDEXR = O aguon
RETURM aysan

END anann
DNUBLE PRECISTION FUNCTION DROUMD  ( VALNIF, ~TIOLACE ) C o590n

C a51nn
C TMPLLICIT INTEGER T - ) asa2nn
c a530n
NOUBLE  PRECISION  VAL''FE, FACTOR UTAH, ALASK A HAWATT asuge

1 TEXAS C 25=0n

c asgsan
C ValUE = MUMRER TO BF ROUNDED R/Y CATERPIILAR STANDARNS (+ "B =) an7an
C OROUNIY = ROUMDED MUMBER ( + NR =) aseqn
C IPLACE = NUMRER OF PILACES TN THE RIFHT nF TuFE DECIMAL POTNT ICT asann
c POSITIVE: OR NUMRER NF ZFRO5 TO THFE L EFT NF THE a6n0n
C NECIMAL POINT IF NEGATIVFE a2/100
c ap20Nn
FACTOR = DSIGN ( 10.,09n0 **x TIDBLACF, VALUE ) a630n

UTAH = VALUF % FACTNOR aaunn

IDAHO = IDINT ( UTAH ) ’ apsaN
ALASKA = 1DAHO a66Nn
HAWAIL = UTAH + 0.500 ART7ON

IOWA = IDINT ( HAWATIL ) 6300

TEXAS =  I0Wa aeann

IF ( DARS ( UTAHM = ALASKA - 0.5"n ) - D.000100 ) 1 1 2 aTnon

1 DROUND = ( ALASKA + DMOD ( ALACKA 2.00N ) ) / FrCTNR 097140
RETURN a7ann

c 07300
2 DROUND = TEXAS / FACTOR a7gnn
RETURN Q7500

EMD 9740N0

81
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OOO0O0n

OO0

BLOCK DATA

IMPLICIT INTEGER ( T = N )

COMMON / DATA / KTBL(42)» MESAG(U0), LARFL(S, SN),

1 TABLE(2e 50)» MLSAVE, NUMLAR, ISTOP(fn)s IRLANK

coMMOn  / DATA 7/ KTBL(#2)s» MESAG(HD)

COMMON / DATA / LAROL(25)e LABN2(25), LARO3B(25), LAPAL(25),
1 LAROS(25) e LAROK(25)s  LARDT7(28), LARPOR(2S),
2 LARQS(25)s LAR10(2%)

coMMON  / DATA / TBL1(25)» THBL2(25)r TRLI(?2S)), TRLL4(25)

COMMON /7 DATA / NLSAVEes MNUMLAR, ISTOP(4)s TRLAMK

KTBL(42) A1l

CHARACTER TABLE USED I3 DECONE AND EMCODE QURRGUTIMES AS wiELL
AS INITIALIZATION OF ARRAYS
DATA KTBL(O1)» KTBL(02)s» KTBL(0O3)y KTRL(OH)» XTBL(05),
1 KTBL(Q6)» KTBL(O7)» KTBL(NR), KTRL(0O9)y WTIRL(10),
2 KTBL(11)r KTRL(12)» KTBL(13)e KTRL(1N)s KTRL(15),
3 KTol.(16)r KTBL{17)» KTRL(18)r KTRL(10), KTRL(20),
4 KToL(21) 7/
5 THP 1HY» 1H2, 143, 1HY4, 145, THG
6 1H7» 1H8., 149, 1H+, 1H=» 1t TH
7 1HA» 1HB 1HC 14D THE» 1HF, 1He  /
DATA  KTaL(22)y KTBL(23)s KTBL(2%)» KTOL(25)s VTR (26),
1 KTBL(27)»  KTBL(28)» KTRI(P9)r KT2L(30n)y ¥TRL(31)s "
2 KTBL(32)r KTRL(33), KTBL(34)s KT (35), HTRLI36),
3 KTBL(37)» KTRL(Z8)» KTBL(39)y YT3L(4N)y KTRL(41),
4 KTBL(42) 7/
5 THHy  IHI»  18Jde 1HKe  1HL,  11M, 11N,
6 1HO» 1P, 1HG 1'1Ry 1HS., 1HT, 140
7 THVe  1HW»  14Xe  1MYe  THZs 11y 1)/
MESAG(40)
ERROR MTSSAGES TO BF PRINTED 01T WITH DAD TNPUT CARRS

DATA  MESAGUOL)» MESAG(O2)y MESAG(O®) e MESAC(OLY )y MESAG(NS),
1 MESAG(. A)» WESAG(G7)s MFSAG(0R) sy MESAG(09Y, MESAG(IN),
2 MFSAG(11), MESAG(12), MESAG(1R), MESAG(10Yy MFCAG(1S),
3 MESAG(1A)r MESAG(17)e MESAG(1R)r MESAG(1Q), MFGAC(20) 7
4 4GHIILE» 4HGAL » 4HINENe HBHTIFT, 4uEr  , uy s UH y UM ’
5 U4HItLE» UHGAL » GHCHAR, ULHACTF, 442 IM, 4l NIM, HHEMGT, BHOM
6  4HMOREY 4H THA» 4HMN S0 4HO UM/

NDATA  MESAG(21)e MESAG(22) )y MFSAG(23) s MESAG(2L), MEGAR(DR),
1 MESAG(26)r MESAG(27), MESAG(2P)» PFSAG(2G)Y, MESAR(Z0)
2 MESAG(31)e MESAG(3D)y MESAG(33)e MESAG(3A4Yy MESAR(3R),
K] MESAG(35)y MESAG(37)r MFSAG(22), MESAG(3C), MEGAR(ULUD) 7
) SIS, L NAT, BHA CAe LHPNS
5 4H » UM » 4H v UM v U4 r HH v UM y U ’
5 4H v 4H r UM r 4H [N S e LK v DK v UH /
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asoon
a810n
a820n
Q8200
agunn
agson
98600
ag7on
agann
agann
aannn
2910n
29200
o9znn
aqunn
Q950N
A940N
9700
agann
agangn
1n000n
1In010n
1eQ200
1n030n
1nguon
1n0500
100600
110700
1n080N
1nn9on
101000
inlinn
1ni20n
1n1z0n
1niunn
1ntson
101400
ni70n
intaon
1n1onn
1n2n0n
1n210nN
1n220n
102300
10240n
102500
102600
1n270n
1n2a0n
1n2qg0n
103nan
1n310n
103200
103300



OO0

VNN F W ODNOAEF OGN OONPNE OGN

N FUNP

LABEL(

S¢ 100)

4AYL,

110

THIS ARRAY STORES THE FOLLOWING-
(FIRST 4 CHARACTFRS)

LAB
LAR
LAR
LAB
LAB

17T

DATA

4H

4HBA
4HMR
4HMP
4HDE

DATA

4HDE
4HN

4HKN
GHNM
HHGM

DATA

4HN/
4HUM
4HCM
HHDM
HHM

DATA

HHKM
4HMM
HHCM
4HM2

EL(1)
EL(2)
EL(3)
EL (%)
EL(S)
-1

0 ROUND
0 5 ROUND

LABO1(01),

LABO1(06)

LAB0O1(11),

LABD1(16) .,

LABOL(21)
r  4H

R ¢ 4H
AR» 4H
A » U4H
G ¢ U4HC

LABO2(01)»
LABO2(06) »
LABO2(11) .,
LABO2(16)
LABC2(21)»

G » 4HTOL
v U4H
»  4H
v 4H
v 4H

LABO3(01)
LAB03(06)
LABO3(11),
LABO3(16) s
LABD3(21)

MMs  4H
r  4H
» 4H
v 4H
» U4H

‘LABO4(01)»

LABO4(05)»

LABO4(11)

LABN4(16)

LABOL(21)
v 4H

2 ¢ 4H
2 v U4H
r  4H

INPUT IDENTIFIER
INPUT IDENTIFIFR
OUTPUT IDENTIFIER
OUTPUT INENTIFIER
ROUND TECHNIQUE CODE

3 SIGNIFICANMT DIGITS OMLY

(LAST

TO NFAREST WHOLE. NUMRER

TO NFEAREST 0410

- . w w w - w w w e

.- % w w e

LAROL1(02)»
LABOL1(07)
LARDI(12)
LAROL1(17),»
LABQ1(22)»
LHBL AN
HHPST
4HPST »
4HPST »
GYHDEG

LABN2(02)
LARBN2(07)
LABO2(12)
LARO2(17)
LABRN2(22)
QHNEG »
LHLAF
GHLBF
4HLR Fo
aHOZ To

- w v e w

LABNA(D2)
LABO3(0T)
LABO3(12)
LABO3(17)
LABO3(22)
4HLB/ T
LHMILS,
HHTINCH
HHINCH
YHFT

- e w e .

LABNL(02)
LARON(NT7)
LLAROU(12)
LAROL(17)
LARNYL(22)
GHMILE»
UHINZ »
GHIN2
4HYN?2

- w v e -

NDs01

LAROL(OR)
LABOL(0NR)
LABNL(12)»
LABOT(1R),
LABR1(23)

YHK ’ 0
uH ’ n
4H r -1
4H ’ 0
uHF ’ 0

LARBO2(03)
LABN2(0N)
LABO2 (13}
LABN2(12),
LABO2(23)
UHTOL n

4H r =1
uH y =1
4HT r =1
UHNCH 1

LABO3(D3) »
LABO3(OR)
LABN3(13%)
LABRA(1R) .,
LABN3(23)

GHMCH » =1
4H ' 1
aH e =1
4H y =1
4H v -1

LAROU(NZ)
LARDG (N2)
LABOY(1X)
LABoL (1),
LABOS(23)

uH ’ ]
aH y =1
uH y =1
4 ’ 1

83

- . w w

- ® w e

- e ® w

4
14
’
’

4 CHARACTERS)
(FIRST 1 CHARACTEFRS)
(LAST 4 CHARRCTERS)

ETC.

LARNT (GH)
LLABN1(09)
LABD1(1L),
LABNI (1),
LABNI(24)

/

LARO2 (04,
LARN2(NOY,
LARQ2 (1),
LARN2 (19),
1LABN2 (20,

/

LARAZ(0G) »
LARNZ(90)
LARO3(10)
LABAZ (1),
LARCZ(2U)

/

LARNG (0L
LABNG (0O)
LARAG (16,
LABNL (1),
LARDL (20,

Pl

LABDT(0S)
LABPI(I0)
LABNT1(15) .,
LABNYI(20)
1 ARAY (2R)

AHND (15 )y
ARND(1IN),
ARDD(15),
| AROD(E0)
AAD (2R)

ARDR(NS)
ATR(IN)
ABOR(TR)
ARNT(R0),
ARAR(?R)

LARNLL(rS)
VABNL(I0) .
VARNG(1R),
L AR (20,

/

1n340n
1n38nn
1n3/00
103700
1n3ann
1n3ann
1ngnopn
nu1nn
1n420n
1043200
inftunn
1nusnn
10600
104700
inann
1nbapn
1nS00n
1In5100
1n82p00
105200
105400
1nR&ann
1n5a00
1n570n
1n5apn
105000
1npNnn
1n61nn
1nhk200
1n5200
1n6une
1nARNON
1n6A00
1np700
106000
1060900
107000
187100
1n720n
1n72nNn
10700
107%w0n0
1NnN7A00
17760
107200
1n70on0n
1aro0n
1neqnn
1nR20N
]nqan
1nag )N
108500
1NRANN
1nR7RN



9  4HCM

DATA

4HCM
4HRL
GHLT
4HM3
4HG

WENOALE GN =

DATA

LHHG
4HKG
4HMG
4HKG
4HG/

OONOUAE LN

DATA

4HKG
LHST
4H
44
4H

COENDNFOND=

DATA

OO NIULE LN
+
X

4H
4H
4H

NO FGN e

3 v 4K

LABCS(01)»
LABOS(06)
LABOS(11)
LABNS(16)»
LABOS(21)

3 v 4HLIQ
r  4H
TRy U4HE
» 4K
r 4H

LABN6(01)
LABO6(06)
LABO6(11)
LABOG(16)
LABOE(21)

v  4H

r 4H

v UM
/My 4H2
CMe  4H3

LABO7(01),
LABO7(06)
LABO7(11)
LABO7(16)
LABO7(21),
/My 4H3

OP» 4H
v 4H
v 4H
v 44

LABN8(N1),

LABOB(06)

LABOBR(11),

LABDB(16)

LAB0B(21),
¢+  U4H

[
v 4H
v 4H
v 4H

LAB09(01),

LABO9(DR)
LABDO9(11)
LAB09(16)
LABO9(21) .,

r  4H

r  4H

v 4H

- »w e w w - @ ®w w w - w e w w

- ® w w e

14

’

OHTM3

LAROS(02)»
LARNS(07)»
LARNS(12)»
LAROS(17)»
LAROS(22),
4HOZ Lo
4HOZ Lo
HHOT
4HYN3
UHOZ o

LARNDG6((2)
LAROA (D7)
LARDA(12)
LARNS(17)
LARDA(22)
4HNZ
GHILLR
4HLR ’
UHOZ/Y
QHG/CMy

- w % w =

LABO7(02)
LABO7(07)
LABD7(12)
LABN7(17)
LARN7(22)

GULB/F

4H ’

. » e w e

4H -

’
4H ’
4+ ’
LAROR(02)
LABNR(G7)
LABOR(12)
LABRNAR(17)
LAROR(22)
44 ’
44 ’
uH ’
44 ’
44 ’

- % w e w

LABN9(02)
LARDS(O7)
LABNA(12),
LABND(17),
LABOO(22),

4H ’
4+ ’
4H ’

uH r =1
LABOS(3R),
LABNS(A)
LABOS(13)
LAROS(197),
LABOS(23),

UHTO » =1,
4HIG ty
aH ’ 1.
O e =1
4H r =1
Lagosa(n3),
LAGNA(ND),
LABOA(12)
LABOA(12)
LABNA(23)
uH ’ 1
uH ’ 1
L‘H [ -‘! 14
uHN2 O
4H= ’ N

LLABQ7(03),
LABG7(0R),
LABOT7(13),
LABO7(12),
LABQT7(23)
BHT3 » =1
4H ’
4H ’
4H ’
4H ’

DO D
- w e w

LABRNR(NTI),
LABOB(0R),
LaBoa(13),
LABNA(19),
LABQR(23),
UH ’

D
- . % w

D DDD

[ 4
uH ’
’
’

LABO9(N3)
LABO9(0R)
LABNO(1%),
LABDOO(1R),
LABOO(23),

4H ’ Ny
UH » Ne
aH Ne
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/

LARNS (Na ),y
LARNS((0),
LABOS (14,
LABAR (10,
LARAR (20,

/

LABNA(RN)
LATNG (0aY,
LARCE(LL)Y,
LABOAR(19)Y,
LARNA({20L)

/

LABNT7(OR)Y
LABNT7 (N9,
LABRT7(1u),
LABNT7(19),
LABAT7(20),

/

LASNAR (D),
LARNR(D)
LABNA (1LY,
LABNA(19),
LARNAR (21,

/

LABRNO QL)
LA3NG (o),
LARNG (14,
LARPO (1),
LABNA(20),

LAROS(0PR),
LABOR (1),
LARNR(IR),
LARAS(T0)
LARNE(725)

LABRAA(0R),
TARNA(10),
LARAA(LIS)
LARPA(DN)
LAHNA(DR)

LARDT(RY,
EARRT(1Nn),
VARAT(15),
LABN7(7R),
LABNT7(2R)

LASBNR(NS),
LARNA(1Nn),
LASOR(15)
LABNR(D0),
AR (PR)

I ARNA(RR) .,
LARAO(IN) »
LARRO(15),
LARAC(20),
LARGN(25)

/

1nrane
108900
1nr0nnn
1no1nn
1n02pn
1r9zgn
109400
1nasnn
1negqrn
1nrQ70n
1nannn
1nannn
1190nn
110100
110200
110200
110u0n
119500
110an0
110700
1100ne
119900
111000
11110an
111200
111200
111unn
111800
111400
111790
111860
111ann
112000
12100
112000
1123xhn
112000
112500
112407
11276n
1128nn
1172ann
113000
11310n
11320n
113300
113400
113500
113Aa00
113700
113agn
112900
11400n
114100



OO0 0O0n

8
9

VOINOTAFOUND-

CXTNOU FE LN DN AFGMND

OO NN FEUNND—

1
2

4H
4H

DATA

4H
4H
4H
H
4H

»r U4H
r 4H

LAB10(O1)
LAE1IN(0R)
LAB10(11).,
LAB10(16) .,
LAB1D(21)

’ 4H
r 4n
v 4H
v 4H
v U4H

TABLE(2s S50) -

v U4H
v hH

LABLO(C2) »
LARLID(O7)
LARIN(12),
LAR1D(17)
LABIN(22)

14
14

aH ’
UH ’

LABLIO(NR),
LAB1D(0R)
LAB10(13),
LAB10(17),
LABIO(23)

r UM v 4H ’
Y y 4H ’
¢ 4 v UH ’
»  4H ’ 4H ’
y  4M v U4H ’

Ne
e/

O
D
N
(AN
n 7/

LAB1O(NN)Y,
LAB1O(0D)
LABINC1L)
LARTO(19),
LAB1O(24)

ARRAY FOR CONVERSTION FACTORS AMD POUMDTING

( 5 SIGHIFICANT FIGURES )

( 5 SIGNTFICAMT FIGURTS )

WORD 1 = CONVERSION FACTOR
WORN 2 =~ ROUNDIMNG UNIT
DATA  TBL1(OL)e TRL1(02)y TRL1(N3),
TRL1(06)y TRLI(NT7)y TRLI(OS)
TBL1I(11)»  TBL1(O12)y TRLI(13).
TRL1(16)Yr» TRL1(17), TRLI(IR).,
TAL1(21), TBL1(22)y TRBLI(23)
OaNe 0.0 1“0"30’4! 1000
0.0 14504y 100 -1eR»
1.8 1.00 N.22481r Oe00
000 073756 N0 1.3R827,
5.7101r 000 NeN3937r Coly
DATA TRL2(01)» TRL2(02), TEL2(03).,
TBRL2(06)r TRL2(NT7), TRL2(0R)
TaL2(11)y  TaL2(12)e  TRL2(13),
TBL2(16)» TBL2(17), TRL2(18)»
TRL2(21)Y» TRIL2(22), TBRL2(23).,
0ey 34937 N0 3. 2808
0.62137¢ 0.1 N.0015%r 3.0
Ce00 1.1960¢ 0.1 0.06102%
0.03381¢ 0.0 3e3810 Qely
Oelr 1.3080 NeGor 0-03%?7’4'
DATA  TRL3(01), THLIN2), TPL3I(03).,
TBL3(06) e  TRLZ(OT)» TRLR(NB) .,
TRL3(11) s TRL3(12)y  TRLI(13)
TBLU(16)y TRLU(17), TRLL(1R),
TRL3(21)» TRL3(22)s TRLR(2%),
3.5274r 0Oels 2,206 Dely
DeNy 20.491&9 1._00' 1-0'
0-06?’428'0.0! N0 0e0r
DeD» DeQy N0 Dl
NeOe 0eNr 000! Qe00
DATA  TRLA(01)y THL4(N2)Y, TRLLU(DD),
TALL(0H)r  TRLU(NT7)y TRLU(NR),
TRLA(11)»  TRLH(12)»  TRLH(13)
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TeL1(on) .,
TRLA(0O)
T 1 (1),
Tisi 1(10),
T 1 (20)
Ben145n04,
1..0'
?2"-081'
Nale
0.3%037 /

araion),
TEL2(00)
TeL2(10)
T 2 (10)
THip (20 )
N,Ny
O"xqq'
NDeNy
1.0567
N.N /

TH.3(00)Y,
THL2(09)
TELA(10)
T u(10)y
T 2 (20)
2200 .60
1-”-'

NebGo

GQP'
N0/

T (0u) e
T4 000)
Tt (1),

TRL1ING) »
TRL1(10)
TRL1(15)
TRL1(20)»
TAL1(25)

TRL2(05),
TRL2(10)
TRL2(15) .
TRL2(20)
TRL2(2%)

TRLA(NG)
TRILZ(10)»
TRLEC1G)
TRL4(20)
TRLI(25)

TRLA(NS)
TRLU(IC)
TELL(15)

LAR1O(NS)
LAgsIN(1O),
LARB12(15)
LABIN(20)
LABIO(2R)

114200
1143200
114400
114500
114400
114700
114300
114900
11500n
11510n
11520n
1153nn
115400
115500
115600
115760
115800
11590n
116000
116100
116200
116300
116400
116500
11RA0N
116700
116800
1169000
117000
117100
117200
117300
117400
11750n0
117400
117700
117800
_1_17cmr~
11800n
118100
118200
11830n
118u00
118500
118400
11870n
118800
118an0n
119nn0n
119100
119200
119200
119000
1195n0



CPNITAF W

1

TRL3(1
TaLs (2
Oale
000'
(L)
Onﬂ'
Dee
DATA  NLSPVE
DATA  NUMLAB
DATA ISTOP(
1HS
NATA  IBLAMK
END

6)

1),

D00
0s00
Q.00
Cel»
DeNy

/
/

1)
1HF,

/

TRL3(17)y  TRLI(1A8),
TRLL4(22)r  TBLU(23)
NeNy 0.0
NeNey Qe
N0 GeOo
n.ﬂv U‘O'
NeQe 0.0

32 /

2/

ISTOR(2)s 1STPP(3),
1HO»  1HpP /

4H /

86

T 2(10) TRLA(20),
Tiin(2e), TRLLE(25)  /
0.0

Dey

00”!

TeNy

nl” /

ISTOP (Y /

119400
119700
11930n
119ann
120000
120100
12n2pn
12030n
1206000
129501
120600
12070n
1200n0n0
120900
121000
12110n
121200
121300



959721 13, SAMPLE 1 121700

+85 GRAM 121800
8.5 LITRE 12190n
14, LITRE 122000
17. LITRE 12210n
22.5 LITRE 122200
=31.5 DEG C 122300
2.0 DEG TOL 122400
-40,0 DEG C 12280n
29.5 LITRE 122400
34, LITRE 122700
170. ILITRE ‘ 122800
65.5 LITRE 122ann
68. LITRE 123000
75. LITRE 123100
75.5 LITRE 123200
3060, GRAM 12330n
106. LITRE 12340n
148. LITRE 12350n
519. LITRE 123600

SToP 123700
3F1341 15 1.0 4,0 2.0 SAMPLE 2 123A/00
100G, MPA 100. O 123000
100. DEG C 3 124n0n
19.35 N/MM « 35 124100
«0025 «621 47,33 12420n
77.0 85.0 154.0 1247300
2e BAR o4 - 1244n0
4, LITRE o1 ) 12450n
2e KM el 124400
20. DEG C 2e 128700
10. N M 2e 1248n0n0
Se6 124ann
35. ML 125000
30.860 0,013 125100
S5¢6 ' 12520n
1“025 .5 1?5300
1.5 125400
11.00 125500
75.0 REF 125600
5. DEG ToL 7.0 DFEG TOL 20.00 DEA TOL 1257an
2.0 ML 1.5 ML 125800
3.0 ML 125a0n
5.0 ML 12600n0
=-31.5 DEG C 126100
-40,0 DEG C 126200
2.0 DEG TOL 12630n
P=.0 DEG TOL 12AU0N
4,0 DEG TOL 126500
8.0 ML 126600
12.0 ML 126700
2.0 KM 126800
3.0 KM 126900
8.0 Ki4 127ngn

81



11.25
22.55
22.0
17.50
50,
10.
57.0
2.40
128.0
38.10
32.0
447,22
25.17
21.8
20.83
19.8
16.0
6435
1.5

o 76
50.0
17.0
18.0
19.0
19,0

953184
METER
DECA M
57.0
5.6
19.35
30.860
5.6
200.0
30040
400,0
500.0
135.44
14.25
7.0
1.5
11.00
12,35
75.0
20,0
10.0
0.01
12

12.
012
00123
225
13.1

KM
KM

DEEP

SToP
INCH
INCH

N/MM

DM
(o]
HG
N/MM
DECA

GAGE
REF

DEG C

MPA

M

12.25

0.5
0.05
0.051
0.0508

1.0

0.013

7.6

1000.00

4.68
15.22

-12.00+

3.0
139,37
1393.7

METER

1100.0

8,9
23.35

88

SAMTLE R

127100
127200
127200
127400
127enn
127400
127700
127900
127200
1728000
128100
128200
128200
123400
128500
128400
128700
12A8M0N
1280900
129000
129100
1209200
1729300
129400
1290800
129890
19209700
126300
129900
1x0Nnnn
1201400
13020n
12030n
130unn
1320500
120600
120700
1320800
130090n
1321000
121100
1X1200
131300
131400
12150n
131600
121700
121a0n
121901
122000
122100
132200
122200
1z22u0n0



27.A91
361
52.2
81.15
0123.5
1200.
1600,
22.0
17.50
SO.
10.
35.
4,
=-100.22+
2e
10.
2
50.0
12840
38.10
32.0
25.17
21.3
20.83
19.8
16.0
6e35
1o

o TAH
17.0
18.0
19-0
19.0

6So878
MJ/KWH
KG/H
.52
2,40
12.5
70.0
28.0
325.0
26540
2200
160.0
66.0
47.0
18.0
34.0
90.0
14040
0001

KG

ML
LITRE

BAR
N
KM

SToP

0
BTU/HPHR
POUND/HR
REF

29.9
40,15
54,755
85.65

1300,
1700,

2.0
=1706.79
=12.2046

«N002
0005

3.0
Gu . uy
69,75
40540

1u00.
1809.

«N0N3%
«N0NA

89

122500
1%2&0nN
12270n
132800
122900
133000
123190
123201
123300
1334500
12350n
133600
12370n
133800
133a0n
134000
134100
13u2nn
124300
124u00
12450n
1%4A0N0
1x2470n
134800
134ann
12500n
12510n
135200
125320n
135400
1255400
135400
135700
135800
135000
1326000
13610n
126200
126300
136400
136500
1x6600
128700
136800
1369010
127000
137100
137200
137300
137400
127500
127500
127790
127a0n



007
0610
<065
cOO("‘)
«N09
02

00:)

«03

.1

oH

7

1.0

25

17.5
17.5
85C.001
850,004

850.007

16%.0
19,0
701.0
42.%
81.0
2362
255.0
37.7
41.2
56,7
725
10.5
125
100.0
55.55
10.00
100.0
545,0
100G
10,05
5eU
Al12.358

amM7107
85.
4,5

L
®

8ed
14.
17.
22.5
98.5
24.5
29.5
48.5

KG/H
MK /K Wk
MJ/KWH

REF
BAP
MPA

N

N/ MM
D
Ci2
C3 LT0
LITRE
HG
G/CM3

STOP
35.
GRAM
LITRF
ALD -
LITRE
LITRE
LITRE
LITRE
LITRE
LITRE
LITRE
LITRE
LITRE

.0008
.001
A0
.007
«010
.03
.06
)
el

.

5
o R
s}

17

850.002
850.005
850,008

0,0
160.0
1000.0n
100.0
120.
25,

100
10.005
1900.0

KG/H
KR/

NEG €

N
[BLY

KM

Mo

nL

M3

KG
KG/u3

«NDN3

«N07

.noq

.OUQ

N1

o M)

« N7

«10

3

«f

, 0

1.0 [ WA ]
75 MUKW

880.903
8R0.006
850,009

5.0 nEe ToL
200.0 oo
10.50 Il
1000¢. M
100.0 cuz
100 o

10. KG /M2

SAMDLE &

90

127900
128n0n
13310nn
18200
1%830n
133u0n
133500
178/00
138700
128p0n
128000
1zan0n
129100
1329200
139320n
13Qunn
129800
129600
129700
129ann
139ann
itnoocn
140100
10200
140300
180400
1u0s50n
140N
1n070n
1un/0n
innoon
1tula0n
101100
1n120n
lu13nn
1n1unn
141500
luleon
1417an
141800
lulann
1u200n
142100
142200
112300
le2un0n
1u250n
102600
1e270n
1u2ann
1a290n
1u3onn
143100
143290



51.
53.
81.5
2780.
322.
368.

9A3099
0.5
100.0
47.55
50.00
16.45
40.45
29.39
8.20
0.25
7.0
120.0
0.8
11.1
50.0
57.15
0.02
480,

953144
METRE
57.0
Se6
19.35
30.860
5.6
200.0
300.,0
400.0
500.0
1000.0
10.0
1.00
135.44
14.25
1.5
11.00
75.0
1.00
10.0
20.0
10.90
0.01
12

12'
012
00123

LITRE
LITRE
LITRE
GRAM

LITRE
LITRE
SToOP

MPA

STOP

1 4.0
TNCH 139,57

N/MM
0.013

DM
cM

DL

MPA 10.0 MP A
0.1
1.0

N/MM
5

REF . 1000.C0
1200.0
0.1

DEG C

MPA

5.0 NEKA M

2,55

1100.0
130C.0

91

SAMPLE 6

SAMPILE 7

143300
103400
1n3s50n
103500
143700
143800
143000
la400n
1ngion
1u4p2nn
1n43znn
1n449n
1nys0n
ihga0n
1u4700
14800
1u0uann
1us50nn
108100
145200
1h539n
1454000
1us5nn
145a0N
18700
145800
105000

lapnne

1uA10On
106200
14A30N
146400
1n6500
Iu6600
1Rs700
1u680n
146900
107000
147100
1u7200
107300
1n7unn
107500
ITUuT7ADN
147700
17NN
1u7enn
1nROON
108100
14R20N0
1883200
198400
108500
1rB8ANN



0123.5
18.95
«05
1.65%
22.0
17.50
10.
50.
35.
4,
-100-22"'
2.

2.
50.0
128.0
38.10
32.0
25.17
21.8
20.83
19.8
16.0
6.35
Se0
0.5
1.5
76
37.00
17.0
18.0
19.0
19.0
17.00
19.0
19.0
10.
12.5
Se
100000.
1100.
0.Nn01
100.0
10.0
100.0
100.0
15.88
11.25
64625
3.75
3./23
12
7.50
1,00
1.56

MAX
MIN
1E526

DECA - ™
KG/H

BSC

NM
M3
M3
MPA
MPA

DEGREF C

1.0

0.5
0.05
0.051
0.050%
0.08
0.049
0.05
17.88
55.55
10.00
100.
15.
0.00001
5.0
20.0

5.0

KG/H 10.N MU /Z1WH
0.03
NM 25455 Na:
M3 ‘101, M3
CcM3 15.55 cmx
50.
3.0
0.00002
GM 100.0 Gw
MM
NEG TOL

92

1nR70n0
1agnann
1nrann
1nanna
teaynn
149200
149z20n
1uoynn
1rasnn
100600
109700
1u9Qann
1uqaqn
1800060
18n10n
180200
150300
150000
170500
180A00
1En70n
150200
159000
151000
151100
151200
11300
151400
181501
1851600
151700
151a00
151900
182000
1852100
182200
182300
15200n
152500
1E2/00
1=270n0
182800
18200n
153000
183100
153200
153300
1]3u0n
15350n
1RZa00N
183700
153800
153000
1s400n



3459
1.00
«812
1.28
7.75
5.75
3.875
1.81
26300
+ 56
9,25
20.125
2400
«7H
3.62
5.83
«50
600
62
.19
18.%0
2,12
1.2:‘-'\
«0110
.15
Ioﬁ
25
Lo7n
1.5875
.81
1.12
« 718
« 7417
«0008
«BA
4,00
2.(‘79
1.75
15.50
20.125
27.500
74.250
3,75
1l.818
1.15
.3)‘
1e%6
5600
17.00
Re 0N
567
«Qun

93

154100
154200
1543200
AR4u0n
154500
154800
184700
154a0n
1542n0n
155000
185100
185200
155300
155400
188500
155600
155700
185a0n
15590n
18600N
156100
156200
186300
186400
156500
156600
1567601
156800
156900
187000
157100
187200
187300
18740n
157800
1857600
1857700
187800
1587a0n
1|800N
1£8100
158200
15830n
1584400
158500
158600
158700
158800
158ann
189000
15910n
159200
15920n
189400



1.575
«812
<781
.31
13,40
12.50
7.365
24510
2658
212
1.3)?\

)
250
020
3,38
o2
3.06
44
27
4,50
2.7%
2.02
l.06
.06
512
«8::
4.88
Hets3
Teiil)
25
21
.qq
635
102n.0
1025.0
5580
762.0
1279.0
915.0
1873.0
5335.0
50~0.0
S54.0
510
1473.0
1824.0
1535.0
16- n
15.
60.8
un.o
He9
14.0

1.3
13,0
13.0

D
DM

DM
D

94

159500
189/00
159700
159ann
1594an
140n0n
1/a010n
1(\0?“(‘
1£030n0
1A040n
1A080n
1£060N
1A0700
1/0R0N
1A0900
1/100n
1at10n
1A1p0n
1/1200
1A4140n0
141500 -
161600
141700
161200
141000
142000
1R2100
142200
162300
1A2400
128NN
162600
142700
1A220n0
1r200n
1A3n0n0
1A310n
163200
1A3300
1AL 0N
13500
1/3600
163700
163200
1£390n
184000
1A410N
le420n
164300
144400
1a450n
1ALA0N
1A4700
1AU480N



3.0
4.0
46.0
2.0
20.0
26.0
16.0
7.0
3.05
6l
3.05
14.0
20.0
8.0
4.0
15.0
12.0
20.0
41.0
580.0
2.46
2.57
3.02
3,07
2.74
54.23
2.77
282
2.74
53.82
41.0
38.0
9.5
73.0
67.0
40.0
32.0
25.0
6.0
3.0
19.0
14,0
57.0
45.0
«79
S0

6J3135

198.431
198.432
198.433
19a8.434
198.435
1944436

SToP
NBS

«15

19843.1
19843,.,2
19843,3
19843.4
19843,5
19843,.6

1984,33

10843.8

764.3 MPA
7644 NEe C
764.5 nEs TO!
Th4.6 N

95

CANMPLF 8

1alo0n
145000
145100
145200
165300
145000
165500
1ASA0N
145700
1/500n0
15000
1460n0N
146100
146200
1A630N
1A6L40N
1A6500
1A660N0
1AKT7ON
166800
1A600Nn
167000
187100
157200
1A7200
1ATLON
147500
167600
167700
187800
167000
1cE80NNN
148100
1AR20NN
1ABZON
1A8u40n
1AREN
1ABKAON
1~8700
1A880n0
18800n
169000
162100
149200
14930N0
1 nn
1RO5 1N
1A9ANN
1A9700
1A9R0N
14990n
17000n0
170100
170200



196.437
198.438
198.439
198.440
19R4.31
1984.32
1984.33
1984,34
1984.,35
1984.36
1964.37
1984.38
1984,.,39
1984.40
76.1

76.2

76.3

T6.4

76.5

1X1111
«002
24540
25,400
2540,

2X2222
25.4
25.43
25443

3X3333
25.4
27.40
27.41233

4xu44y
254
28.52
28.53578

$EOP

DL
LITRE

HG
STaP

SToP
0

SToP

SToP

SToP

19843.7
19843,8
19843.9
19844,0
764.21
764,22
764,23
764,24
764 .25
764426
764,27
764.28
764429
764,30
76443
764 .4

«025
25.40
25.4
25400,

27.94
25.003
25,403

26.84
27.411

27.94

28,534

LM
cM
M

KM

MM2

cM2

M2

CHM3

CM3 L IQ
MPA
DEGC

754.7
764.9
7A5.0
TAe1
T6.?
763
76.0
7A.5
764.1
T764.2
764.5

« 254
254,
254.,0
2541,

25.65
25.000%2
25.4003

27.33
27.4122

28.45
2R.5356

96

K

[S13]

[Tt

N/ AN
K5

MG

KG /M2
5/CM3
KG/M3
RAR
MIZAR
NES TOL

niEsc
RAR

SAMDLE ©

EaMPLE 1n

SAMDLE 19

SAMDLE 12

1703n0n
170400
170%0n
170a0n0
170700
17nagn
170000
171000
171100
171200
171300
171400
171500
171600
171700
171800
17100n
172000
17210n
172200
172400
1728nn
17260n0
172700
172a0n
17290n
173ngn
173100
173200
173300
173400
173500
173600
1737nn
173p0N
173000
174000
174100
17u20n
174300
1708400
1745800
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PART 3F1341 CHANGE 15

MM INCH MM INCH MM TMCH Mra TNCH
.0025 .00010 .76 <030 17.5¢0 «689 38,10 1.500
.013 .0005 1.5 «059 18.0 .7n9 47,33 1.363
.05 .002 2, .079 19.0 .748 50.0 1,960
0505 .00199 3. .118 19,8 .780 57,0 5,080
.051 .0020 5.6 e220 20.83 .R20 77.0 2,031
o1 <004 6.35 +250 21.8 .£58 85,0 3,306
.35 .014 11.00 o433 22.0 . 866 128.n 2,030
ol +016 14.25 «561 25,17 .001 158,0 A NGR
5 .020 16.0 <630 30,860 1.2150

.621 .0244 17.0 «669 32,0 1.260

PART 3F1341 CHANGE 15

DIM UNITS DIM UNITS nm UMITS DM UMNTTS

2. BAR 29, PS1 10, N 2,95 LRE

1000. MPA 145000, PSI 19.35 N/ M 110, LR/ THOH
-40,0 DEG € -40, DEG F 2.0 vMm 1.2 MItE

=31.5 DEG C =25, DEG F 2, “M 1.2 MI1LE

20. DEG C 68 DEG F 3,0 p 1.0 MTIE

100, DEG C 212, DEG F 840 KM g0 MTLE

2.0 DEG TOL 4. DEG TOL 11.25 KM 7.0 MILE

4.0 DEG TOL 7. DEG TOL 22.55 KM 14,0 MTLE

5. DEG TOL 9, DEG ToL 4, LITRF 42 aT

7.0 DEG TOL 13. DEG TOL Sn. X6 110, Lk

20.00 DEG TOL 36, DEG TOL

99



METRIC = U.S. CUSTOMARY CONVERSIOM TARLE

NUMBER
PART ouTeuT
NUVBER CHANGE ADNITIONS My
953184 01 1.0 3.0
NUMBER OF ENTRIES IN CONVERSION TABLE = 22
IDENTIFIER IDENTIFIER ROUND  CONVERSION
IN ouT TECHNIQUE FACTNR
BAR PSY 0 14,50400
MRAR PSI -1 01450
MPA PS1 0 1u5.04000
DEG C DEG F 1] =1.80000
DF6 ToL DEG TOL 0 1.87000
N LBF -1 «220481
KN LBF -1 224,81000
NM L8 FT -1 « 72756
GM 0Z INCH 1 1.38870
N/MM LB/ INCH -1 5.71019
UM MILS 1 0937
Cm INCH -1 «32370
DM INCH -1 3.93700
M FT -1 3.270R0
KM MILE 1 .62137
Mm2 IN2 -1 00155
cM2 IN2 -1 15500
M2 YD2 1 1.19600
Cv3 IN3 -1 L0R102
cM3 LIG 0Z LIQ -1 63381
DL 2Z LI 1 3.3R100
LITRE a7 1 1,05679
M3 Y3 -1 1,39300
G 0z -1 03527
HG 0z 1 3.52740
KG Ls 1 2.20460
MG L8 =1 220u4.60%01
KG6/M2 0Z/YD2 0 2Q,49400
G/CM3 G/CM3 0 1.00000
KG/M3 LB/FT3 ~1 06243
METER INCH 1 39,3700
DECA M INCH 1 393,70000

LISTED BELOW ARE THE INPUT DATA

DIMENSION

12.35
75.0

354
~100.22+
10.

IDENTIFIER

GAGE
REF
ML

N M

FRROR TY

TLLEGAL
TLLEGAL
TLLEGAL
TLLEGAL
TLLEGAL

PE

TOENTIFIFR
IDENTIFISR
IDENTIFIFP
CHARACTER T
TOENTIFICR

oF HUMRER  OF

COLI!MNS ARDED
OTHFR TREMTYFIERPS oLoT
2.0 7 2.0 1.0

ROUND ING
uMIT

1.00000
«00n00
1.00000
1.00000
1.00000
«00N00
«000900
«0N000
10000
« 00000
10000
+00000
. 30000
.00000
«10000
«O0N00
«NON00
«10000
06000
«I0000
10000
«10000
«00NN0
.00N00
«10000
«10000
«00000
1.201000
i.00000
30000
J10A0G kkrx THIS TG A TEUNOQRAPY
10000 rkay THIS TG A TFMDORACY

CARD(S) WITH SOME TYPE OF FPROM(R),

NIMFMNSTON

100

AR S
SAMPLE 7

TEHTOV 4k
FMTOY d+%x



PART 9S31A4

MM

o113
«05
« 0505
051
5

76
1.5
2.25
4.68
5.6

6.35

11.00
12.
13.1

14,25
15.22
16.0
17.0

INCH

+ 0005
«002
«00199
«0020
+«020

«030
«059
« 089
«184
220

+250
+350 .
U433
472
+516

«561
«599
«630
+669

PART 953184

DIM

2.
<01
20.0
10.
19,35

135.44
300.0
200.0

UNITS

RAR
MPA
DEG C
N
N/MM

N/MM
CMm.
DM

CHANGE 01

MM

17.50
18.0
19.0
19.8
20.83

21.8
2200
2335
25417
27.691

29.9
30.860
31.0
32,0
3640

38.10
40415
44,4y
5040

CHANGE 01

INCH

«689
«709
748
«780
«820

«858
866
«919
«991
1.0902

1.177
1.2150
1.220
1.260
1.417

1.500
1.581
1.750
1.969

UNITS

PSI

PSSl

DEG F
LBF
LB/INCH

LB/ INCH
INCH
INCH

101

MM

52.2
54,755
57.0
69.75
81.15

A5,.6%
122,

122.5
12R.0
40%.0

1000.00
1100.0
12n0.
13e0.
14no.

lé6no.
17¢0.
1800.

nIM

2
500.0

10.0
4a00,0

50,
7'6
7.0

THCH

2.055
215687
2.200
P74

X.19%

3,370
n.au3
44862
5.030
15,908

RO, 37N
L. 307
n7.,2nn
51.121
58,118

62,902

hAR.920
T0LRAR

HUNTTS

KM

nL
1LITRF
A

HG

K6
METER
NECA M

nm

1.7
16906,
0.2
« 353
1410,

119.
2909,
2760,

UMTTS

MTLE
0Z LIn
eT

0z

0z

LR
INMCH
TNCH
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200.0 5 M TLLEGAL  TDFNTIFISR
Al12.358 TLLEGAL CHARACTER 1Ur, DIMFMSIOM
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PART AS687&

MM

« 1001
« 1002
L0003
« 0004
+300%

«UN06
<0007
.0008
«0009
« 001

«03010
«002
«003
<004
.G0S

+ 006
007
.08
« 309
<010

ofil
02
«03
HL
05

<06
«07
.08
«09
«10

ol
2
«3
i

5

s
o7

INCH

n

«00001
00001
00002
«00002

«00002
«000n3
.00003
00004
0

«00004
0001
0001
«0002
.0002

«0002
«0003
«0003
<0004
«0004%

]

+001
001
«002
«002

«002
+003
«003
004
.004

004
.008
.012
.016
«020

«024
028

CHANGE

104

0
Mg

8
9

o BN S

N
.5
Vo 49
12.5
13.0
13.0
23.6
28.0

34.0
37.7
41.2
42.5
47.0

56.7
6640
70.0
81.0
90.N

140.0
169,.,0
165.0
220.0
259.0

26540
325.0
7n1.0
850,001
850.002

850.003
850,004
850.00%
850.00M6
850.007

850.008
850,009

INCH

«(%1
« 035
«039
059
«370

492
$709
$7u3
.929
1.102

1.339
1.484
1.622
1.673
1.A50

24232
2.598
2.756
3.1892
3.543

£.R12
6.299
AelU96
8.601
10.197

10,433
12.795
27.598
33.4A46
33.46464

33.4A47
33.4647
33.4648
23.4A48
33.4648

33,4649
33,4649



PART 656878 CHANGE O

DIm UNITS DIM UNITS
1.5 BAR 152. PSI

125 MPA 18. PSI

0 DEG C 32, DEG F
5.0 DEG TOL 9. DEG ToOL
100.0 M 22.5 LRF
55.55 N/MM 317, LB/INCH
1000.00 UM 39.4 MILS
10.50 cM 4.13 INCH
10.00 DM 39.4 INCH
100.0 KM 62.1 MILFE
10000, MM2 15.5 IN2
100.0 CcMm2 15.5 In2

120. M2 144, YD2
100.0 cM3 6.10 IN3
5450 CM3 LIA 18.4 0z LIn
25, DL 845 0z LIn
100. LITRE 106, QT

100. M3 131. ‘YD3

100. G 3.53 0z

10.05 HG 35.5 . 02
10.005 KG 22.1 LB

10, KG/M2 295, 0z/Y0?2
S«0 G/CM3 5. G/CM3
1000.0 KG/M3 o2.4 LB/FT3
17.5 MJ/KWH 12400. BTU/HPHR
75 MJ/KWH 53000, BTU/HPHR
5 KG/H 1,000 POUND/HR
1.0 KG/H 2.25 POUMD/HR
17. KG/H 37.5 POUND/HR
25. KG/H 55.0 POUND/HR
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05

1'65

35.
-100022+
37.00
100,0
160.0

MIN
1EB2¢€
ML

B5C
PEGREE. C
ML

TLLEGAL
TLLEGAL
ILLEGAL
TLLERAL
TLLEGAL
TLLEGAL
ILLEGAL

109

TOFENTIFIFR
IDENTIFIER
TCENTIFIFP
CHARACTER In NIMFNSGICW
TOENTIFIFP
TDENTTIFICR
IDFNTTIFIFR



PART 9S3144 CHANGE 1

MM INCH MM INCH MM TMCH MM TACH
«00001 0 1.3 «051 S5eh « 220 21.8 «AS3
«00002 +000001 1.375 «0541 S5.62 221 22,0 « 866
«0008 «00003 1.38 <054 5«69 224 25.0 « ORY
.001 0 1.5 «059 5.75 « 226 25.17 091
«010 0004 1.53 « 061 5.8 «231 26.0 1.0n24
«N13 «0005 1.562 «064 A.00 « 236 27.500 1.0827
«020 «0008 1.75% <069 60 «236 30.860 1.21580
«03 «001 1.81 «071 6435 «?50 32.0 1.260
<040 «0016 1.86 «073 6ot 252 38.0 1,494
<049 .0019 1.875 «0738 6.A25 2607 38.10 1.R00
N5 «002 1.88 « 074 6.9 272 40,0 1.57%
«0505 «00199 2.00 «079 T.00 «276 41.0 1.614
«051 « 0020 2.0 «079 TeN « 276 45,0 1.772
06 + 002 2.06 +081 74365 « 2900 46,0 1.811
«08 «+003 2,12 « 083 7.50 « 295 S0.0 1.969
ol «004 2.46 « 097 7.75 « 205 50. 1.969
12 «005 2.50 008 8.0 315 53.82 2.,11¢@
15 «006 2455 «100 8.00 « 215 54,23 2,135
.19 «007 2.57 101 : Q.25 « 364 57.0 2.Phu
21 »008 2.62 +103 9.% « 274 60,8 24394
22 «009 2.69 106 10.0 « 294 63.5 2,500
«25 010 2.74 «108 11.00 N33 6740 ?.h 30
31 .012 2.75 +108 11.25% 443 T73.0 P ATH
«38 .015 2.77 «109 12.0 B72 74,250 P.O272
ol 017 2.82 111 12. 72 100, 2027
5 «020 2.88 0113 12.50 JU92 123, hoR47
50 « 020 3.0 +118 13.0 512 123%.5 h,0562
«56 .022 3.02 «119 13.40 « 528 1280 S.NZC
62 024 3.05 «120 14,0 551 55R.0 21,7269
«718 «0283 3.06 +120 14,25 561 58n,0 22.835
« 7417 02920 3,07 «121 15.0 <591 TA2.0 N, 000
75 +030 3.50 «138 15, «591 915.0 36,020
«76 «030 3.62 145 15.50 «A10 1on0.o0n 29,370
«781 «0307 3.623 «1426 15.A8#8 «F25 102C.0 4n, 187
79 «031 3.75 «148 16.0 630 1025,.0 noe 380
.81 «032 3.875 e 1526 17.0 «ARHS 11n0.0 4=z, 307
«812 « 0320 3.88 «153 17.00 + AR 1209.,0 47204
68 « 035 4,00 « 157 17.50 589 1270.0 =n,ann
1.0 «039 4.0 157 18.0 «709 13n0.0 51, 1R1
1.00 039 4.50 177 18.50 728 1473,0 R7,900
1.06 <042 4,75 187 19.0 e 748 1524.,.0 an, NN
1.12 044 4.88 «192 19.8 780 1525.0 ANLLAZ
1.16 <046 5.0 197 20.0 « 727 1829,n 72.008
1.19 047 5.00 «197 20.125% . 79272 SNA’0.0 200,000
1.25 « 049 5.12 202 20.83 «A20 5335.0 21N, N3¢



PART 9S3144

DI

2.

01
10.0
1000.,0
1100.

100000,
20.0
100,.0
5.0

10.

1é.
17.88
25455
1040
200

100.0
138.35
135.44
30,0
15.

16.0

UNTTS

BAR
MPA
MPA
MPA
MPA

MPA

DES €
NEG ©
DEG TOL
N

M
M
MM
GM
GM

GM
N/ M
N/MM
™
nM

M

CHANGE 1

oM

29,

1.
1450,
145000,
is00n0,

o ok Kok K ok
68

212.

9.

2.25

7.38
13.2
18,8
13.9
27.8

139,
110,
773,
118.
59.1

630

UNT

PSI
PSTY
PSI
PS1
PSI

PSI
OEG
DEG
DEG
LRF

LR
L
LR
0z
0z

0z

Lo/
Lo/
INC
INC

InC

TS

F
F
oL

FT
FT
FT
INCH
TNCH

INCH
INCH
INCH
H
H

H

11

DM

51.0
5440
2n0.0
2

1.1

3.
10,00
15,55
500.0
4.

12,5
5555
1nm,
1n0.0
490.90

50,
540
19.0
5
1.0

UMITS

nM
M
nM
KM
M2

M3
M3
M3
L
LITRF

M3
LIk
A 3
-

e

6

PECA ™
MU/
KG/H
wG/w

PI™

261,
217,
7a7.
1.2
.NN170

«305
617
Lonn
1690,
4,2

1Al
72.7
132,
353
1410,

10.
1970,
7070,
1.000
?.25

INTTS

INCH
INCH
THCH
MIIE
IMn

=
=
Nz
02 LIn
oT

YD=
yn=
Ynz
0z
0z

LR
INCH
AT/ HPUHP
POHIND /4R
PO IND /1R
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PART 643135 CHANGE NAS
MM INCH

198.431 7.8122
198.432 7.8123
198.433 7.8123
198.434 T.8124
198.435 T.8124

198.436 7.8124
198.437 7.8125
198.438 7.812%
198.439 7.8126
198.440 7.8126

1984,31 78.122
1984.32 78.123
1984,33 78,123
1984.34 78.124
1984.35 78.124

1984, 36 78.124
1984,37 784125
1634, 38 78125
1984 ,39 78.126
1984.40 78.126

19843,.1 781.224
19843.2 781.228
19843.3 781.232
19843,4 781.236
19843.5 781,240

19843,6 781.244
19843.7 781.248
196843.8 781.252
19743.9 781.256
19844.0 781.260
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PART 6J3135

DI

7-(:‘1

Z7o4.1
76442
764.3
Téaielt

Tole5
T64.6
764.7
7!5“ L ] 8
76449

76540

To4e21
Tone22
764.23
764.24

T6L 25
76426
T64.27
764.2R
764629

764430
Toel
T6.2
T76.3
76-4

765
76).1
Tire2
T6e3
Teol4

7645

UNITS

BAR
BAR
MBAR
MPA
NEG C

DEG TOL
N
¥N
NM
GM

N/ WM
UM
Cm
nM
]

K
M2
cM2
m2
cM3

CM3 LIAQ
DL
LITRE
M3

6

HG
K&
MG
KG/M2
6/CM3

KG/M3

114

CHANGE NAS

DM

110.
11100,
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PROGRAM GMMETR CONVERTS FROM MILLIMETRES TO INCHES = JHINE 1974
ROBERT DAVIES

ROOM 1-14 R-AoBo

EXTENSION 5-2745

GM RESEARCH LABORATORIES

6M TECHNICAL CENTER

WARRENs MICHIGAN 48090

DIMENSION AM(1000)L(130)oL1(80)/LL(114),MN(1000),1ISCI100N)
DIMENSION IBUF(20)
THE TWO PREVIOUS LINES CONTAIN ALL REFFREMNCES TO ARRAY SI7FS
EXCEPT FOR SOME FORMAT STATEMENTS AFTFR STATEMENT 36.

AM = THE METRIC MEASUREMENT IN MILLIMETRES

L = THE INPUT DATA» HOLLFRITH

LL = THE OUTPUT DATA, HOLLERITH

NN = THE NUMBER OF DIGITS TO THE RIGHT OF THE NECIMAL POIMT
IN THE US CUSTOMARY OUTPUT

USC= THE US CUSTGHAARY MEASUREMENT IN INCHES

DATA LMsNHeNM/T72919,1000/7

DATA IBUF(1), IBUF(2)s IRUF(3)s» TBUF(4), TBUF(5),
IBUF(6)» IBUF(7)y IBUF(R)s» IBUF(9)» IBUF(10).,
IBUF(11),IBUF(12),IRBUF(13),IBUF(14),TRUF(15),
IRUF(16) » IBUF(17) v IBUF(18)» IBUF(19), TRUF(20)
ZIH e1H 21H »1H o tH 2 IH 21H 21H 21H 21H »

IH »1H vIH »1H »1H v1H o1H »1H v1H »1H /

DATA IBLANK» IPLUS,ICOMMA»IPOINT,»IZERO IMINF/

11H v 1449 1Hr 2 1H,. s 1HO» 1HO/

DATA IREAD¢IWRITE, TUNIT/5,5,1/

e e

THE ABOVE DATA STATEMENT SETS THE INPUT UNIT NUMRFR, THE nUTDIIT
UNIT NUMBER AND THE SCRATCH UMIT NUMBER,

LMISLM+]

ISwWi=1
ISW1 IS A SWITCH THAT IS USED TO SUPPRESS PRINMTING OUT CERTAIM
INSTRUCTIONS UNLESS ASKED FOR THE FIRST TTIME THROUGH.

WRITE(IWRITE,37)
97. FORMAT (30H ENTER A SINGLE PLUS SIGN, + »/2H FOR MCRE,

140H INFORMATION. ELSEr HIT CARRTAGE RETURM./)

READ(IREAD»3) 1

IF(I.EQ.IPLUS)ISW1=0

IF(ISW1.EQ.0)WRITE(IWRITE,1)
1 FORMAT(49H ENTER THE NRAWING IDENTIFTICATIOM AMD THE MAYTMUIM,
121H WIDTH ON THE DRAWING/24H FOR THE MIILLTMETRE~IMCH.,

148H CONVERSION TABLE (IN MILLIMETRES). . PUT A COMMA/8H RETWEF™,
157H THE TWO ENTRIES. A PAIR OF COLUMMS IS 53.34 MTLLIMETRFS,
16H WIDE./)
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100 IF(ISW1.EQ.1)WRITE(IWRITE,»S2)

2 CONTINUE .
RETURN TO STATEMENT 2 IF THERE IS TO AE MORE THAN ONF TARLF
CALCULATED.

THE VECTOR L1 IS TO CONTAINM THE DRAWINMG IDENTIFTCATTON At
MAXIMUM TABLE WIDTH WITH A COMMA IN BETWEFN. TN ORBER TD
SEPARATE THE TWO. THE COMMA IS LOCATED (BY 1.11) AFTER Tyr
TRAILING BLANKS ARE DROPPED GFF.
READ(IREAD»3) (L1(TX) s I=1,LM)
3 FORMAT(136A1)
DO 4 TI=1sM
JoiMl-1
IF(L1{J) «NEJIBLANK)GOTO 5
4 CONTINUE
S CONTINUE
DO 6 L11=1,J
IF(L1(L11).EQ.ICOMMA)GOTO 7
& CONTINUE
STOP
7 CONTINUE
L11z=i11+
CHECK FOR NONNUMERIC CHARACTERS AFTFER COMMA
DO 70 I=L11,»J
IF(LI(I).GTLININE) GO TO 5S4
IF(L1(I).LT.IZERO) GO TO S4
70 CONTINUE
THE MAXIMUM WIDTH OF THE PRINTOUT IN MILLTMETRFS 7S IN THE VELTOR
L1 FROM L11 TO J AS HOLLFRITH CHARACTERS. T0 RECOVER TIT
AS A FLOATING POINT NUMBERs IT IS WRITTEM TNTN CHANNEL . TUMIT Arn
READ RACK OUT. EVENTUALLY IT IS CONVERTED INTO TW, THE
NUMBER OF COLUMN PAIRS. EACH COLUMM PAIR REQUTIRES 21 SPACFES nR
53.34 MILLIMETRES» AND THERE CAN RE NO MORE THAN 6 PATRS,
15=20~J
DO 71 II=L11.J
IJ=IS+IT
71 IBUF(TJI=L1(IT)
WRITE (IUNIT»72) IBUF
72 FORMAT(20A1)
DO 73 II=L11,J
IU=IS+1I1
73 IBUF(IJ)=IRBLANK
REWIND IUNIT
© READ(IUNIT»76)W
76 FORMAT(F20.0)
REWIND IUNIT
Li1=L1i=-2
IWSINT (W/53634)
IW=MAX0(1,IW)
IW=MINO(6sIW)
IF(ISW1.EQ.O)JWRITE(IWRITE »8)
8 FORMAT(54H ENTER THE MILLIMETRE DIMENSIONS ON A LINE WTITH COMMAG,
112H IN BETWEEN./42H THFE COMPUTER WILL KEER ASKING FOR ANOTHER,
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124H LINE OF IMPUT UNTIL YOU/31H INMDICATE THAT YOU MAVE NO MARE,
135+ INPUT BY ENTERING 0. (ZFRO) AS THE/1734 LAST NUMBER, /
143H SHOW THE DECIMAL POINT EVFN WITH TNTEARFRS./
157H BE CAREFUL IF YOU FNTER A DTMENSION LARGER THAN 95 gop
112 MILLIMETRES/
158H DO NOT ENTER A TOLERAMCFE SMALLER THAM 0,001 MILLTMETPE /
1594 A DIMFNSION CANNOT EXCEED & 000 700 TIMES ITS TOLFRAMCE,/)
IF(ISW1.EQ«1)WRITE(IWRITEZ,»9)

9 FORMAT(53H ENTER THE MTLLIMETRE DIMENSIONSe INMDICATING LAST OME,
1184 BRY 0. (ZERO)./)
N1=1

10 CONTINUE
RETURN TO STATEMENT 10 IF MORE THAN ONE LTNE TS NFEDEP FOR THr
INPUT DATA FOR ONE TARLE,
READ(TIREAD»3) (L(I)»Ix=1oL )
READ THE INPUT DATA AS HOLLERITH CHARACTERS AMD THEN RFJECT
TRAILING BLANKS,
121 DO 11 I=1,LM
JzIM1-1
IF(L(J) «NE. IBLANK)GOTO 12
11 CONTINUE
12 CONTIMNUE

REJECT A TERMINAL COMMA,
Mz0 :
IF(L(J) eNF.ICOMMAYGOTN 13
L (J) =TBLANK
J=d-1
IF(J.6GT.1) GO TO 121
ELIMINATE LEADING COMMAS
INSPECT THE INPUT FOR ILLEGAL CHARACTFRS, IMiLENNER RLAMKS (REJCET
THEM) » CONSECUTIVE DECIMAL POTNTS WITHOUT A COAMMA RETHOEM,
AND CONSECUTIVE COMMAS WITHOUT MUMERICAL CHARACTE®S SETWEFM,
FINALLY» COUNT THE NUMRER OF DIGITS AFTER THE DECTMAL POTMT,
13 CONTIMUE
M=INM+1
IF(M.GT.J)GOTN 15
TF(L(M) oNF o IBLANK (AND L (1) JNEL,ICOMMA) ROTH 13
J=Jd=-1
DO 14 K=MedJ
L{K)=L(K+1)
14 CONTINUE
M=M=1
. GOTO 13
15 CONTINUE
ISWC=1
ISWP=0
N=N1-1
DO 22 I=1,Jd
IF(L(I) JERLIPOINT)IGOTO 14,
IF(L(I).EQ. ICOMMA)GOTO 19
IF(L(T) LT.IZERO)GOTO 20
IF(L(I)GT.ININE)GOTD 20
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ISWC=n
GOTO 22

16 CONTIMUE
IF(ISWP.EQ.1)GOTO 17
NP=1
ISWP=1
ISWC=0
GOTO 22

17 CoNTINUF
WRITE(IWRITE»1R)

18 FORMAT(51H THE LINE HAS TwO DECTMAL POATNTS WITHOUT A O0MMA T,

19H RETWEEM./254 PLEASE RIENTER THFE LIVE./)
GOTO 10
19 CONTINUE
IF(ISWC.EQ«1) GO TO 20
N=N+1
ND(N)=I=NP
IF(ISWP.EQ.0)ND(N)=1
ISWC=1
ISWP=N
GOTO 22
20 CONTINUE
WRITE(IWRITE,21)

21 FORMAT(49H THFERE IS AN ILLEGAL CHARACTER TM TuE IMPUT LINF,./
161H OMNLY POINTS: SINGLE  COMMAS, AMD THE TFN PIGITS MAY 3F USED,/
125H PLEASFE REFNTFR THE LINE./)

GOTO 10
22 CONTIMUE
N2ZN+1
ND (N2) =J=NP+1
IF(ISWP.EQ.0)MD(N2) =1
IF(N2GTNMELIWRITE(IWRITFE » 23 ) NMy MM
23 FORMAT(SH ONLY»IS.244 MUMRERS CAN RE FMTERFD./
115H ONLY THE FIRSTe1592244 ARE BFING PROCESSSEN,)
N2=MINO (N2 ¢ NM)
C
C LRITE THE DATA AS HOLLERITH CHARACTFRS ON CHAMMEL TUNTT AMD READR TT
C BACK FREE-FIELD FORMAT (AS MON-~INTEGER NUMAFPRS),
Ki=1
JPi=Jd+1
REWIND IUNIT
DO 245 K=1,JP1
IF (KolLTeJP1l +AND, L(K)NFEICOMMAY GO TO 245
K2=K-1
15=21~K
DO 241 II=K1.,K2
I1J=1IS+11
241 IRBUF(IN=LIIID)
WRITE(IUNIT»3) IRUF
DO 243 T1I=K1,K2
IJ=IS+11
243 IRUF(TJ)=IBLANK
Ki=K2+2
245 CONTINUE
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REWIND IUNIT
DO 247 I=N1/N2
READ (IUNIT»246) AM(T)
246 FORMAT(F20.0)
247 CONTINUE
IF(AM(N2) .EQ.0.)GOTO 25
IF{N2.EQ.NM)GOTO 26
N1=N2+1
GO BACK TO GET ANOTHER LINE OF DATA.
GOTO 10

25 CONTINUE
THE LAST NUMBER WAS ZFRO SO ALL THE DATA IS IM ANDR REJFCT THE
ZERO» OR
N2=N2-1
26 CONTINUE
NM NUMBERS WERE FED INs THE MAXIMUM,
N1=N2+1

PUT THE NUMBERS IN ORDER» FIRST BY NUMBER OF NIGITS TN THE RIAMT
OF THE DECIMAL POINT, ND.
DO 28 I=1,N1
J1=N1-1
IF(J1.LT.2) GO TO 28
DO 27 J=2,J1
K=J=1
IFIND(K) .LEJND(J))GOTO 27
A=AM(K)
AM{K)=AM(J)
AM(J) =A
M=ND (K
NP (K)=ND (J)
ND(J)=M
27 CONTINUE
28 CONTINUE

THEN PUT THEM IN ORDER BY SIZF OF THE MEASUREMENT SO THAT ANY
DUPLICATE MEASUREMENTS WILL BE TOGETHER.
DO 30 I=1,Ni
J1=N1=-I
IF(J1.LT.2) GO TO 390
DO 29 J=2,J1
K=J=-1
IF(AM(K) sLE.AM(U)IGOTD 29
A=AM(K)
AM(K) =AM (J)
AM(J) =A
M=ND (K)
ND(K)=ND(J)
ND(J)=M
29 CONTINUE
30 CONTINUE

REJECT ANY DUPLICATE MEASUREMENTS, ISWP IS THF SWITCH THAT TFLLS
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C WHETHER THAT HAS BEEN DONE. FOR REJECTIOM» S0TH AMe THE ST7E,
C AND NDr THE TOLERANCE, MUST BE THE SAME,

ISWP=0
I=0
J=1

31 CONTINUE
IZI+1
JzJd+1

32 CONTINUE
IF(J.GT.N2)GOTO 34
IF(AM(I)JNE.AM(UJ)IGOTO 31
IFIND(I)NEJND(J)IGOTO 31
N2=N2~-1
ISwP=1
DO 33 K=JdeN2
K1=K+1
AM(K)=aM(K1)
ND(K)=ND{(K1)

33 CONTINUE
60TO 32

34 CONTINUE
IF(ISWPLEQ. ) WRITE(IWRTITE»35)

35 FORMAT (/34H DUPLICATE MEASUREMENT(S) PEMOVED,./)

THE PAUSE IS NEEDED TO PUT IN THE SPECIAL TRANSPARFNT “RINTOUT
PAPER, THE C IN COL, 1 SHOULD RF REMOVED TIF THIS OPTICM IS WAMNTEN
PAUSE ;
REWIND IUNIT
WRITE(IWRITE»3)YIBLANK» (L1(I)eI=1eL11)
WRITE(IUNIT,36)
36 FORMAT(6(7Xe2HMM,SX»6H(INCH) »1X))
REWIND IUNIT
NC=21%IW
READ(IUNIT»3)(L(I)eI=1»NC)
WRITE(IWRITE»37)
37 FORMAT(1H )
WRITE(IWRITE»3) (L(I) e I=1,NC)
WRITE(IWRITE»37)
REWIND TUNIT
N1=(N2+IW=-1)/1IW

OOO0OO0

C THE NEXT DO LOOP PRINTS THE OUTPUT.
I=0
DO 51 I1=1,N1
‘Ki=1
K2=NH

THE NEXT DO LOOP PREPARES OME LINE OF THE TARLE, EACH TIME
THROUGH ONE PAIR OF COLUMNS IS PREPARED.

DO 47 I2=1,1IW

I=I+1

IF(I.GT.N2)GOTO 44

CALL CONVMMUIAM(T) ,ND(I)USC(I))

IFIND(I) LT L IWRITE(IUNIT,38)AM(T) »USC(Y)

(e XeN2]
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38 FORMAT(F7.00FR.0p4X)
IF(ND(I) eEQe L)WRITE(TIUNIT,39)AM(I) »US~(T)
39 FORMAT(F7.0¢F941»3X)
IF(ND(I) «EQe2)WRITE(TUNIT»40) AM(I) »USC(T)
40 FORMAT(F8.1¢F9.,202X)
IF(ND(I) e FEQe3IWRITE(TUNIT 41 AM(I) »SC(T)
41 FORMAT(F9.2¢F9¢3¢1X)
TF(ND(I) FQUWIWRITE(TUNIT»42) AM(I) »uySCLT)
42 FORMAT(F1N.3,F9.4)
IFIND(T) o GTLRIWRITE(IUNITH43)
43 FORMAT(19(1H ))
60TO 45
4y CONTINUE
WRITE(IUNTIT43)
45 CONTINUE
REWIND TUNIT
READ (TUNIT46) (LL(K) +K=K1,K2)
REWIND TUNIT
46 FORMAT(19A1)
K1=ZK1+NH
K2=K2+NH
47 CONTINUE
K2=K2=NH
K3=K2+1
DO 48 J=1,K2
K=K3=J
IF(LL(K) JMEIBLANK)GOTD 49
48 CONTINUE
49 CONTINUE
WRITE(IWRITE»S0) (LL{(J)»J=1,K)
S0 FORMAT(6(3A1,1X»15A1,1X»A1))
51 CONTINUE

C THE TABLE HAS BEEN COMPLETED SO ASK IF THERF IS AMNOTHER ONT,
WRITE(IWRITES52)
52 FORMAT(//37H FEMNTER THE IUENTIFICATION {(CCMMA) AMD,
125H WIDTH FOR ANOTHER TARLE./
1504 TO ENN PROGRAM, ENTER ANY ALPHABETICA!. CHARACTFR./)
53 ISWi=1
REWIND TUMTIT
GOTO 2
54 CONTINUE
WRITE(IWRITE»S5)
55 FORMAT (48H THERE HAS RBEFEMN AN ERROR IN FMNTIRING THFE MAYTMUM,
1134 TABLE WIDTH,/42H PLEASE RFENTFR THE INENTIFICATION AND THE,
1134 TABLE WIDTH./)
REWIND TUMIT
GOTO 2
END
c
SUBROUTINE CONVMM (AN Q)
C SUBROUTINE CONVMM CONVERTS MILLIMETRES Ae THTO INCHES, 8,
C o IS THE NUMRFR OF (SIGNTIFICANT) DIGITS THERFE SHOULD RE Tn Tue
C RIGHT OF THE DECIMAL POINT I B. FIRST A TS CONVERTED 70
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C INCHES MULTIPLIED RY THE PROPFR POWFR OF 19 SO THAT AS AN
C INTEGER IT WILL HAVE THE CORRECT MUMUER NF NISITS, RDUNDING TS
C THEN CARRTED 0OUT.
R.—_lo.**N
S=R*xA/25.4
K=ZINT(S)
T=FLOAT(K)
N=5=7 :
IF(D.FQ.,.5)G0TO 1
IF(D.GT«eB)IT=THI,
6070 2
1 CONTIHNUE
K=MOO (K 2)
IF(K.EQel)T=T+1.
2 CONTIMUE
B=T/R
RETURM
END
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PROGRAM GMINCH CONVERTS FROM INCHES TO MILLIMETRES = JUNE 1974
ROBERT DAVIES ‘

ROOM 1-141 R.A.B.

EXTENSION 5=2745

GM RESEARCH LABORATORIES

GM TECHNICAL CENTER

WARREN» MICHIGAN 48090

DIMENSION AM(1000) »L(130) L1(80Y»LL(114),0N(1000),1ISC(1000)
DIMENSION IBUF(20)
THE TWO PREVIOUS LINES CONTAIN ALL REFEREMCES TO ARRAY SIZFS
EXCEPT FOR SOME FORMAT STATEMENTS AFTER STATEMFNT 36.

AM = THE US CUSTOMARY MEASUREMENT IN INCHES

L = THE INPUT DATA» HOLLERITH

LL = THE OUTPUT DATA, HOLLFRITH

ND = THE NUMBER OF DIGITS TO THE RIGHT OF THE DECTMAL POIMT

IN THE US CUSTOMARY INPUT
USC= THE METRIC MEASUREMENT IN MILLIMETRES

DATA LMyNHINM/7291901000/

DATA IBUF(1)» IBUF(2)» IBUF(3) »TRUF(U4), TRUF(5)
IRUF(6)» IBUF(T7)» IRUF(8)s IBUF(9)» TRUF(10).,
IBUF(11)» IBUF(12) o IRUF(13) » TRUF (14) » IBUF (15)»
IBUF (16) » IBUF (17) » IRUF(18)» IRUYF(19) » TBUF (20)
J1H o1H o1H »1H e2H o1H 21H o1H »1H o1H »

1H »1H #1H »1H *1H p1H s1H o1H 21H »1H /

DATA TBLANKsIPLUS, ICOMMA, IPOINT, IZERO ININE/

11H s1H+91Hr r1H. » 1HO»1HSG/
DATA IREAD IWRITE»TUNIT/5.5,1/

e

THE ABOVE DATA STATEMENT SETS THE IMPUT UNIT NMUMRER, THF QUTPUT
UNTT NUMBER AND THE SCRATCH UNIT MUMBER,

LM1=LM+1

ISwi=1
ISW1- IS A SWITCH THAT IS USED TO SUPPRESS PRIMTING OUT CERTAIN
INSTRUCTIONS UNLESS ASKED FOR THE FIRST TTME THROUGH.

WRITE (IWRITE»97)
97 FORMAT(30H ENTER A SINGLE PLUS SIGNs + »/0H FNOR MORE,
140H INFORMATION., ELSF» HIT CARRIAGE RETURM./)
READ(IREAD?3) Y
IF(I.EQ.IPLUS)ISW1=0
IF(ISW1.EQ.0)WRITE(IWRITE 1)
1 FORMAT(49H ENTER THE DRAWIMG IDFNTIFICATIAN ANMD THE MAYTIMUM,
121H WIDTH ON THE DRAWING/24H FOR THE MILLIMETRE=INCH,
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148H CONVERSION TABLE (TN MILLIMFTRES). PUT A COMMA/SI RETWEEN,
157H THE TWO ENTRIES. A PAIR OF COLUMMS 1S §3,Xu MYLLTvETReC,
16H WIDE./) \ : ‘

100 IF(ISW1.EQ.1)WRITE(IWRITE,52)

2 CONTINUE
RETURN TO STATEMENT 2 IF THERE IS TO RF MARE THAN OME TARLF
CALCULATED.

THE VECTOR L1 IS TO CONTAIN THE DRAWING INFNTIFTCATION At
MAXIMUM TABLE WIDTH WITH A COMMA TN BFTWEEN. IN ARPER T60
SEPARATE THE TWO» THE COMMA IS LOCATED (BY (11) AFTFP THE
TRAILING BLANKS ARE DROPPEN OFF,
READCIREAD»3) (L1(I)yI=1,LM)
3 FORMAT(136A1)
DO 4 I=1,LM
J=LM1-1
IF(L1(J) .NE.IBLANK)GOTN S
4 CONTINUE
5 CONTINUE
DO 6 L11=1sJ
IF(L1(L11).EQ.ICOMMA)GOTO 7
6 CONTINUE
STOP
7 CONTINUE
L11=L11+1
CHECK FOR NONNUMERIC CHARACTERS AFTER COMMA
DO 70 I=L11sJ
IF(L1(I).GT.ININE) GO TO 54
IF(L1(I) LT+ IZERO) GO TO 54
70 CONTINUE
THE MAXIMUM WIDTH OF THE PRINTOUT IN MILLIMETRES TS IN THF VECTOR
L1 FROM L11 TO J AS HOLLERITH CHARACTERS. Tn RECAVEP IT
AS A FLOATING POINT NUMBERs IT IS WRITTEN INTO CHANMEL TUNTT Asn
READ BACK OUT. EVENTUALLY IT IS CONVERTEN INTO TW, THE
NUMBER OF COLUMN PAIRS., FACH COLUMN PAIR REQUTRES 21 SPACFS np
53.34 MILLIMETRESs AND THERE CAN RE NO MORE THAN & PAIRS.
15=20=-J
DO 71 II=L11,J
T1JSIS+II
71 IBUF(TJ)=L1(II)
WRITE (IUNIT,72) IBUF
72 FORMAT(20A1)
DO 73 II=L11,J
TJ=IS+IT
73. IBUF (1J) SIBLANK
REWIND IUNIT
READ(IUNIT,»76)W
76 FORMAT(F20.0)
REWIND TUNIT
L11=L11-2
IWSINT(W/53,34)
IWSMAXO (1 IW)
IWSMINO (6 IW)
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IF(ISW1.EQ.0)WRITE(TWRITE,8)
8 FORMAT(48H ENTER THE INCH DIMENSIONS ON A LINF WITH COMMAS,
112H IN BETWEEN./42H THE COMPUTER WILL KFE® ASKING FOR ANOTHER,
124H LINE OF INPUT UNTIL YOU/31H INDICATE THAT YOU HMAVE MO MORE,
135H INPUT RY ENTERING 0. (ZERO) AS THF/13H LAST NUMBER,/
143H SHOW THE DECIMAL POINT EVEN WITH TNTEAFRS,/
161H BE CAREFUL IF YOU FNTER A DIMENSION LARGER THAM 1000 TNCHES,/
155H NO NOT ENTER A TOLFRAMCE SMALLFR THAN 0.000 1 INCH /
160H A DIMENSION CANNOT FXCEED 8 000 000 TIMFS ITS TOLERAMCE /)
IF(ISW1.EQ«1)WRITE (IWRITE»9)
9 FORMAT(51H ENTER THE INCH DIMFNSIONS, INOTCATTNG THE LAST ONF,
114H BY 0. (ZER0)./)
N1=1

10 CONTIMUE :
RETURN TO STATEMEMT 10 IF MORF THAN OMF LTNE TS NEEDED FOR TH
INPUT DATA FOR ONF TARBLE.

READ(IREAD» 3} (L(I) s I=1,L M)
KREAD THE INPUT DATA AS HOLLFRITH CHARACTERS AnND THFEM RFJECT
TRAILING BLANKS.
121 DO 11 I=1.,LM
J=LM1~-1
IF(L(J) «HEIBLANK)GOTO 12
11 CONTINUE
12 CONTINUE

REJECT A TERMINAL COMMA,
M=0
IF(L(J) o NF.ICOMMAYGOTO 13
L (J)=1BLANK
J=d~1
IF(J.6TL1) GO TO 121
ELIMINATE LEADING COMMAS
INSPECT THE INPUT FOR ILLEGAL CHARACTERS, TMAENDEDN PLANKS (REJFCT
THEM) » CONSECUTIVFE DECIMAL POTINTS WITHOUT A CHAMMA RETWFEN,
AND CONSECUTIVE COMMAS WITHOUT NUMERICAL CHARACTERS BETWEFRM,
FINALLYs COUNT THE NUMBER OF DIGITS AFTFR THE NECTMAL POIMT,
13 CONTINUE
MZM+1
IF(M,GT.J)GOTO 15
TF(L(M) JNFcIBLANK  AND L (1) NELICOMMAYROTY 13
J=J=1
DO 14 K=MeJ
LIK)Y=L(K+1)
14 CONTINUE
Mz=M=1
GOoTO 13
15 CONTIMUE
ISwC=1
ISWP=0
N=N1=-1
NO 22 I=1.J
IF(L(T) EQ.IPOINTIGOTO 16
IF(L(TI) EQ. ICOMMAYGOTOD 19
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IF(L{T) JLTLIZERO)IGOTO 2N
IF(L{T) «3TLINIME)GOTO 20
ISWC=n
GOTO 22

16 CONTIMUE
IF(ISYWP.EQ.1)60TO 17
NP=T
1SWP=1
ISWC=0
GOTO 22

17 CONTIMUE
WRITE(IWRITE»1R)

18 FORMAT(51H THE LINE HAS TwO DFCIMAL POTMTS WITHOUT A CAVMA Thie
19H BETWEEN./25H PLFASE REENTER THF LIME./)
GOTO 10

19 CONTIMUE

IF(ISWC.EN.1) GO TO 2D
N=N+1

ND(N)=I=NP=-1
IF(ISYPEQ.0)nND(N)=0
TSWC=1

ISWP=n

GOTO 22

20 CONTINUF
WRITE(IWRITE»21) :

21 FORMAT(49H THERE IS AN ILLEGAL CHARACTER TN THF INPUT LIMT ./
161H ONLY POINTSy SINGLE  COMMAS, AMN THE TFN NIGITS MAY A USED, /
125H PLEASE REFNTFR THF LIME,./) : E
GOTO 10

22 CONTINUE
N2=N+1
ND{N2)=U=-NP

IF(ISWPLEQ.OIND(N2) =0
TF(N2eGTNM+HL)WRITF(IWRITE 1 23)NMp M

23 FORMAT(SH ONLY,I5,24H NUMBERS CAN BE FNTEDRFD,./
115H OMLY THE FIRST»IS5¢22H ARE RBFING PROCFSSSEN,)
N2=MINO (N2 »NM)

C
C #RITE THE DATA AS HOLLERITH CHARACTFRS OM CHAMMEL IUMIT AMD READ IT
C RACK FREE=-FIELD FORMAT (AS NON=INTEGER MNUMRERS),
Ki=1
JP1=ZJU+1
REWIND IUNIT
DO 245 K=1/,»JP1
IF (KoL TeJPl AND. L(K)'NF.ICOMMA) GO TN »usg
T K2=K=1
15=21-K
DO 241 TI=K1.K2
TJ=IS+IT
241 IBUF(IWN=L(II)
WRITE(IUNIT»3) IBUF
DO 243 TI=K1lsK2
IJRIS+II
243 IRUF(TJ)=IBLANK
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C
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Ki=K2+2
245 CONTINUE
REWIND IUNIT
DO 247 I=Nl1sN2
READ (IUNIT.246) AM(I)
246 FORMAT(F20.0)
247 CONTINUE
IF(AM(N2) ,EQ.0.)GOTO 25
IF(N2.,EQ«NM)GOTO 26
Ni1=N2+1
GO BACK To GET ANOTHER LINE OF DATA.
GoTO 10

25 CONTINUE
THE LAST NUMBER WAS ZERO SO ALL THE DATA IS IN AND PEJFCT THE
ZERO» OR
N2=N2=-1
26 CONTINUE
NM NUMBERS WERE FED INe THE MAXIMUM,
Ni1=N2+1

PUT THE NUMBERS IN ORDER, FIRST BY NUMBER OF NIGITS TO THR RIGHT
OF THE DECIMAL POINT.» ND.
DO 28 I=1.N1
J1=N1=-1
IF(J1.LT.2) GO TO 28
DO 27 J=2+J1
Kzd=1
IF(ND(K) LE.ND(J)IGOTO 27
A=AM(K)
AM(K) =AM{J)
AM(J) =A
M=ND(K)
ND(K)=ND(J)
ND (J) =M
27 CONTINUE
28 CONTINUE

THEN PUT THEM IN ORDER BY SIZE OF THE MEASUREMENT SO THAT AMY
DUPLICATE MEASUREMENTS WILL RE TOGETHER,
DO 30 I=1i,N1
J1=N1-1
IF(J1.LT.2) GO TO 30
DO 29 Jz=2,J1
K=dJd=1
IF(AM(K) .LE.AM(U))IGOTO 29
A=AM(K)
AM(K)=AM(J)
AM(J) =A
M=ND (K)
NP (K)=ND ()
ND(J) =M
29 CONTINUE
30 CONTINUE
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C : .
C REJECT ANY DUPLICATE MEASURE«FNTS, ISWR TS Tur SUTTCH THYAT Tri o c
C WHETHER THAT HAS RFEN'DONE, FOR REJECTIONs HOTH Ay TUE STPE,
C AND ND» THE TOLERANCE, MUST AF THE SAME, :
ISWP=0
1=0
J=1
31 CONTINUE
I=I+1
J=Jd+l
32 CONTINUE
IF{J.GT«N2)GOTO 34
IF(AM(I) JNEJAM(N))G0TY 31
IF(NG(I) o NESND(D)IGOTO 31
N2=N2-1
ISWP=1
NO 33 K=JiN2
KiZK+1
AM(K)=AM(K 1)
MD(K)=ND(K1)
33 CONTINUE
GOTO 32
34 CONTIMUE
IF(ISWPLEQLIWRITE(IVRITE ) 35)
35 FORMAT(/34H DUPLICATE MEASUREMENT(S) »Frwven, /)

THE PAUSE IS NFEDED TO PUT Y& THE SPECTAL TRAMSPAREMT ORI TEUT
PAPER. THE C IN COL. 1 SHOULD BFE PEMOVEN IF THTS APTIr [G wpmTer
PAUSFE
REWIND IUMIT
WRITE(IWRITE»3) ISLANK» (L1(I) e T=1,111)
WRITE(IUNIT»36)
36 FORMAT(6(7X 0 2HMM, 85X o 6H(THICH) 9 1X) )
REWIND IUNIT
MC=21%Iw
READ(TUNIT3) (L(I)»I=1+NC)
WRITE(IWRITE»37)
37 FORMAT(1t )
WRITECIWRITE»3) (L(I)»I=1+NC)
WRITE(IWRITE»37)
REWIND TUNIT
N1=(M2+Iw=1) /1w

eNoNgNe]

C THE NEXT DO LOOP PRINTS THE OUTPUT.
I=0
DO 51 I1=1.N1
Ki=1
K2=NH

THE NEXT DO LOOP PREPARES ONE LINF NF TUF TANLE, E:rM Trew
THROUGH ONE PAIR OF CNALUMMS IS PREPARCMN,

DO 47 I2=1¢1IW

I=ZI+1

IF(I.GT.N2)GOTO 44

OO0
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CALL CONVINCAM(I)ND(T),USC(I))
IFIND(I) LT, 1)WRITE(IUNIT-3H)US'(T)' (1)
38 FORMAT(F7,0¢F8.00r4X)
IFIND(I) JEQe1)WRITE(TUNIT+39)USC(T) AM(T)
39 FORMAT(F7.0¢F9.1»,3X)
IF(ND(I) «EQe2)WRITE(IUMIT »40)USC(T) yAM(T)
40 FORMAT(F8.1¢,F9,2,2X)
TF(ND(I) eEQe3IWRITE(IUNIT,41)USC(T),,AM(T)
41 FORMAT(F9.2¢F3:391X)
IF(ND(I) sEQeUWIWRITE (TUNIT,42)USC(T) pAM(T)
42 FORMAT(F1N«3¢F9.4)
IF(ND(I) o GTJ4IWRITE(TIUNIT,,43)
43 FORMAT(19(1H ))
GOTO 45
44 CONTINUE
WRITE (IUNTT,43)
45 CONTINUE
REWINN IUNIT
READ(TUNIT»46) (LL(K) /K=K1,K2)
REWIND IUNIT
46 FORMAT(19A1)
K1=K1+NH
K2ZK2+NH
47 CONTINUE
K2=K2-NH
K3zK2+1
NO 48 J=1,K2
KZK3=J
IF (LL{K) «NE. IRLANK)GOTO 49
48 CONTINMUE
49 CONTINUE
WRITE(IWRITE»SO) (LL () rJ=1rK)
50 FORMAT(6(3AL»1Xe15A1,1XrA1))
51 CONTINUE

C THE TABLE HAS BEEN COMPLETFN S0 ASK IF THERF 16 AMOTHED OniF,
WRITE(IWRITE,S2)
52 FORMAT(//37H ENTER THE IDENTIFICATION (COMA) AMD,
125H WIDTH FOR ANOTHER TARBLE./
150H TO END PROGRAMy ENTER ANY ALPHARETICAL CHARACTTR./)
53 1Swi=t
REWIND TUMIT
GOTO 2
54 CCNTIMUE
WRITE(IWRITE»S55)
55 FORMAT(48H THFRE HAS RFEN AN FRROR IM l_NT""’I'\V‘ THF MANTMLP,
113H TABLE WIDTH,/u42H PLEASE PEFEMTFR THE INENTTIFTCATION AND T1iF,
1134 TABLE WIDTH./)
REWINN TUNIT
GOTO 2
END -
c
SUBROUTINE CONVIN(A,MR)
C SURBROUTINFE CONVIN CONVERTS INCHESe Ay TNTO MIILLIMETRES. 3,
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OOOOOO0O0

N IS THE NUMBER OF (SIGMTIFICART) DIGTTS TO 14T RIGHT AF Tue
DCCIMAL PeInT IN A, A TS CONVERTFD TO ANTUTEGIR . Y WY TOM
COMTATINS FXACTLY THE SIGHIFICANT NIGITS OF &, NOCMARE Ann NN
LESS. K IS TO BF MULTIPLIED BY 254, BUTs DECALUSE THE HOMFEY WL |
COMPUTER CANNOT HANDLE NIRTCTLY AN TNTFGEPR LARGER THARM R 288 AN7,
Ky  BFFORF BEING MULTIPLIFD KY 254, COULD BE N LARGER THAM
33 026. THERFFORE K IS RROKEN INTO Kls THT RICHT FAUR PIGTITS
ANND K2 THE REST OF K.

MzMAXO(N» 1)

KZIMT(AR10. %%kM4,5)

K1=MOD(K»1000N)

K2=(K=K1) /710000

L1z258%K1

L2=254%K2

L3=MOD(L1,100)

L1=L1/100

IF(L3.£E2.50)60T0 1

TF(L3.6T.SUML1=L1+1

GOTO 2

1 CONTIMUF
L3=MON(L1s2)
TF(L3.ER.1)L 1= 141
2 CONTINUE

RZFLOAT(L2) /10 x%k (=3)

A=BAFLOAT(LL) /10 k% (M=1)

RETURY

E:D
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