






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































390 CHAPTER 9 BATCH

A. Sign on at a terminal.

B. Create a control file using an editor. Save the file and name it
with an extenison of CTL.

C. Run the OPRSTK program by either of the following two monitor
command forms:

R OPRSTK
ENTER FILE SPECIFICATION > NAME. CTL

or simply, .OP NAME

If the control file has an extension of CTL, the extension part may be omitted
in the command format. The System will respond with the job card identification
and assign a sequence number for identification.

Example: We will now repeat the program used several times in this book
as illustration, a problem to solve for a real root of a cubic equation by
Newton~Raphson method: i +bx* +Cx +D=0 with an initial trial
value x=X1, ©Program in FORTRAN is written and stored as NEWITON.FOR. The
program listing is shown below:

NEWTON.FOR

READ(5,10)A,B,C,D,X1
10 FORMAT(5F)
1 X2=X1~- ((A*X1**3+B*X1**2+C*X14D) /(3. *A*X1**2+42, *B*Xl-lC)
IF (ABS ((X1-X2)/X2)-0.001)3,3,2
2 X1=X2
GOTO1
3 WRITE(6,11) X2
11 FORMAT(/' THE REAL ROOT =', F20.7)
STOP
END

In the example shown below, we will attempt to solve the equation:
x3 - 16x% + 65% - 50 = 0 with X1=16

Thus, the input data are 1, -16, 65, -50 and 16 respectively for A,B,C,D,X1.
The control file made up is FORT.CTL::

FORT.CTL:

$JOB[115103,320571]

SDATA

1.0 -16.0 65.0 -50.0 16.0
$EOD

.EXECUTE NEWTON.FOR

SEOJ

Note that the $PASSWORD card is omitted in the control file because it is
unnecessary when the batch jobs are submitted from a terminal.
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Once this preparatory work is done, submitting a Batch job is simply
issuing a monitor command of OPRSTK (abbreviated as "OP") at the user's
terminal:

$JOB[115103,320571}
33; END OF JOB AFTER 6 CARDS / SEQUENCE NUMBER IS 3678

The output is just a one-liner:"THE REAL ROOT = 10.0". The log file
showing the job time history is attached here with comments and annotations.

REFERENCES

1. BEGINNERS GUIDE TO MULTIPROGRAM BATCH (DEC number DEC—~10-OMPBA-C-D), third
edition, Digital Equipment Corporation, Maynard, Massachusetts;
December , 1974.

2. DEC SYSTEM-10 OPERATING SYSTEM COMMANDS (DEC number DEC-10-OSCMA-A-D),
Chapter 3: "Batch System Commands", pp. 3.1-3.54, Digital Equipment
Corporation, Maynard, Massachusetts; 1974.

3, OPRSTK, DEC-10 NOTES, Computer Center, University of Pittsburgh,
Pittsburgh, Pennsylvania; May, 1980.
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CHAPTER 9 BATCH

BATCON version 13(1071)-2 running JOBAAA seq:6839 user:*SZE

Time:00:00:30 Core:12K Unique:YES Restart:YES Priority:2

L.LOGIN 115103,320571/LOCATE: 6

JOB 5 PITT DEC-1099/B 63A.45B TTY35f Mon 28-Jul-80 1639

[LGNJSP Other jobs same PPN]J Bateh logs in tke_dob.

Last login: 28-Jul-80 1629

Usage ratio: 0.00 Units used: 19.0

SYS B DOWN 0000-0800 MON AUG 04 FOR REGULAR HARDWARE MAINTENANCE
SYS B DOWN 0000-0300 TUE JUL 29 FOR REGULAR SOFTWARE MAINTENANCE

DUE TO HARDWARE PROBLEMS THERE 1S ONLY ONE DISK DRIVE AVAILABLE
FOR PRIVATE USER PACKS.

FEH KKK I I I KKK I NI I IR NN N

* PLEASE READ THE FOLLOWING INFORMATION: *
* FILE SUBJECT ¥
* SYS: NEWS No fee for 1022 usage *
* NEW: TEKLIB.HLP New Tektronix software *

KK NI I I KT KNI I I KKK NN NN

$J0B[115103,320571]/0UTPUT:5/L0C:6 “—— Fivst line in the conbl file
$DATA
.SET CDR QAA jcreated by OPRSTK Store input dota

— Mon*m/(twuma:éb
. eneraled ATH
$E0D d >3 _
.EXECUTE NEWTON.FOR «—  Evecubion
LINK: Loading
[LNKXCT NEWTON execution]

16:39:30 USER  STOP

End of execution FOROTS 5B(1001)
CPU time: 0.13 Elapsed time: 0.65

EXIT

$E0J € e Qn‘t,Jr\« off the batey 505.
9F IN:

.DEL SPL:QAA.COR < jcreated by OPRSTK

Files deleted: T R

QAA.CDR T Moni by Commands a}enem&_&

18 Blocks freed " by #Eoer

‘,//

533 END OF-4OB AFTER 6 CARDS ;;;

.KJOB “SPL : JOBAAA.LOG=/W/B/Z:5/VR:2/VS:6839/VL:15/VC:0/VT:0/VD:R/VJ:
Total of 1 block In 1 file in LPTS6 request / Sequence number 6839
Other jobs same PPN

Job 5 [115103,320571] off TTY357 at 1639 28-Jut-80 Connect=1 Min
Disk R+W=66+28 Tape 10=0 Saved all files (18 blocks)

CPU 0:00 Core HWM=13P Unlts=0.0079 ($0.59)

TOG File for the JOB FORT



CHAPTER 10

_TAPE HANDLING

10.1 Magnetic Tape

The simplest and the least expensive medium for mass storage is the
magnetic tape. It is a plastic tape coated with iron oxide which may be
maghetized to record information. A typical 10.5-inch reel of magnetic tape is
one-half inch wide and up to 2400 feet long. The width of the tape is divided
into either 7 or 9 tracks, one of which is reserved for parity bit track to
detect transmission error. Hence, a 7-track tape has six information tracks and
a 9-track tape has eight. Characters are written across the width of the tape.
Figure 10.1 shows the present industry standard of the magnetic tape format.

To read from or to write onto a magnetic tape, the tape reel is first
mounted on a tape transport, also called a tape drive. There is a take-up reel,
and a capstan pulling the tape past the read/write heads. Information is
written on the tape by sending current through the write-heads to magnetize the
tracks; information is read from the tape by sensing the induced voltage as the
read-heads pass over the recorded (and magnetized) tracks.

Access speed is essentially a function of the tape speed and the packing
density of information. Tape speeds of commercially available tape drives range
from 10 to 200 IPS (inches per second). The standard packing densities of a
7-track tape are 200, 556 and 800 BPI (bits per inch), and those of a 9-track
tape are 800, 1600 and 6250 BPI. High tape speed coupling with high packing
density result in a requirement for higher-speed synchronization, both
mechanically and electronically, and such tape drives would be more costly.
Typical recording and access rates are 30 to 320 kilo-characters per second.

Magnetic tapes are not inherently designed for a specific packing
density, but is usually certified by their manufacturers at a particular BPI.
The certification implies that the manufacturer has recorded test patterns at
that density and successfully read back the data at or below an allowable error
rate. Seven-track and nine-track recordings can be made on the same type of
half-inch wide tapes. However, tapes recorded on a 7-track tape drive cannot be
played back on a 9-track trape drive, and vice versa. On the other hand, once a
tape is erased, it may be used again on either type of drive.

Generally, there are two techniques for synchronization of writing
characters on a tape. One requires that the tape has a pre-recorded timing
track, which is a track containing all 1's to indicate each character position
in the tape. The other is to use an internal clock generator during the write

393
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data

| ___data
7-track data
tape data
[ data
i:ﬁ,ikﬁakﬁ,, .

lateral parity track

OB NN —

data 4 !
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_datal . y
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__lateral parlty track . ,,,_AA,.,,A,.“-__,.__{

data 3 S

data 5

9-track
tape

end of tape beginning of tape
refiecting strip reflective strip
/

\
==

record| irecord rec record |record

—+| t«—— record gap
.75" in 7-track tape
.6" In 9-track tape

Records have variable lengths. The Industry standard
format has 7-track tape records containing from 24 o
4008 characters, and 9-track tape records from 18 +o
2048 characters.

Figure 10.1 Magtape Format

operation., When a clock generator is used, it is nearly impossible to guarantee
that the tape moves at exactly the same speed between two successive operations,
and hence inserting a modified record between two existing records is normally
not possible. This necessitates strictly a sequential use of the tape, and
modifying a tape really means copying the material with changes onto another
part of the tape or onto another tape.

As shown in Figure 10.1, at the beginning of each reel of tape, there is
a sensing strip to denote the start of information; at the end there is another
strip signaling the end of tape, which prevents the drive mechanism from pulling
the tape off its reel. These are respectively the beginning and the end of tape
marks (BOT/EOT). Files written on a tape are separated by an end-of-file
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mark (EOF) which may be written or sensed by program. In addition, a gap about
.75" (for 7-track tapes) or .60" (for 9- track tapés) is inserted between two
successive records, not only to delimit two records, but also to allow time for
the tape to accelerate or decelerate before the heads reach the beginning of a
record.

Many operating system requires that the files be delimited by identifying
records, called header labels and trailer labels. These labels are in addition
to the end-of-file marks., A typical header label would contain the name (or
number) of the file and certain physical characteristic of the file. Programs
can be designed to check and verify that the correct tape and correct file have
been mounted on the tape unit for use.

10.2 DECtape ®

During the early sixties, one nonstandard tape system was developed for
small computer systems by the Massachusetts Institute of Technology. Digital
Equipment Corporation adapted this system and call it DECtape. It is a highly
successful magnetic tape and is used extensively on all DEC computers as well as
in many minicomputers. It provides a low-cost and highly reliable auxiliary
memory. DECtape utilizes a 10-track read/write head. Reliability of storage is
accomplished by redundant recording of all data. As shown in Figure 10.2, the
track format shows two identical sets of tracks. Redundant recording of each
characters bit on non-adjacent tracks greatly reduces bit dropouts and minimizes
the effect of skew. The timing and mark tracks are pre-recorded, and they
control the timing of operations within the control unit and establish the
format of the data contained on the information tracks. Since the tape drive
operations and many control function lock-step with the timing-track signals,
wide variations of tape speed do not affect its performance.

The data tracks of a DECtape are located in the middle of the tape, where
the effect of skew is minimum. The data is one bit position of each track is
called a line or a character. Since twelve lines make a word, the tape can
record 36-bit data words. During normal data writing, the system disassembles a
36-bit word and distributes the bits so that they are recorded as twelve 3-bit
characters.

B 260-foot reel of DECtape is divided into three major areas: end zones,
extension zones, and the information 2zones. The two end 2ones, each
approximately 10 feet, mark the physical ends of the tape and are used for
winding the tape around the heads and onto the take-up reel. These zones never
‘contain data. The extension areas mark the end of the information region of the
tape. Their length is sufficient to ensure that once the end zone is entered
and tape motion is reversed, there is adequate distance for the drive to come up
to a proper tape speed before entering the information area. The information
area consists of blocks of data. The standard length is 578 blocks, each
containing 128 data words nominally. In the DEC System-10 applications, part of
the information area is used as file directory, and total usable information
area is 574 blocks. The file directory can accommodate a maximum of 22
filenames. Therefore, the capacity of a DECtape used in DEC System-10 is either
22 files or 574 blocks, whichever limit is reached first. Since each block
format is symmetric with the block number at both ends, search of blocks may be
done in either direction. the DECtape serves not only as a data storage medium,
but also as a random access device.

®Registered trademark, Digital Equipment Corporation, Maynard, Mass.



396 CHAPIER 10 TAPE HANDLING

3/4"

_.data track 2. . .

_.data track 3. . .

_mark track . .
timlng frack

«—emm-—e total tength = 260 feet — o)

—p—

end ex’renslon]block block| block block| block] extension] end
| zone area | area zone

| |
i*« information area - 240 feet —— i

N

DECtapes used for DEC System-10 have a capacity
of 574 information blocks, and its file directory
has a capaclty of 22 fllenames. A DECtape
reaches the |Imit of Its capacity when elther of
these two |imits Is reached.

Figure 10.2 DECtape Format

In comparison, DECtape has higher-performance, and is more reliable and
convenient to use than the magnetic tape., Being a directory device, it may be
used in the same way as the disk, but with more storage capacity for individual
users. On the other hand, it storage capacity is puny by comparison: A
2400'~-reel magtape at 6250 BPI can store about 125 millions characters, while a
DECtape reel can only store about 300,000 characters.

10.3 Preliminary Procedures

After a user acquires reels of magtape (coined word for magnetic tape) or
DECtape, there are certain preliminary procedures that should be performed. A
typical Computer Center installation stores at its premise hundreds or thousands
of reels of tapes. Among the magtapes, some are 7~track tapes, and some are
9-tracks., Even for the same type of magtapes, they may have different packing
density. Although the system installation can handle all various combinations,
it will be extremely important to reduce the chance of human error of mounting a
wrong tape, however rare the chance may be.
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Each computer installation will generally develop a security verfication
procedure for tape mounting. These procedures vary from one installation to
another, The procedure described below is implemented at the University of
Pittsburgh. Users at other installations should inquire at their Computer
Center.

Two preliminary steps are involved:

(1) Registration of tapes This is a clerical step of registration of
tapes with the personnel of the Computer Center., A Pitt VID (Visual
Identification) is issued upon registration. The VID is a serial number with
either an A-prefix or a B-prefix. They are respectively for DECtapes and
magtapes, For example, Al004 and B31l3 are the VIDs of a DECtape and a magtape
respectively. Once a VID number is assigned, it is displayed outside of the
tape reel. The VID is an essential part of identification that must be given in
a MOUNT command.

(2) Labeling of tapes For DECtapes and 9-track magtapes, an
additional means of safeguarding the identification of tapes is available. The
numerical part of the VID is recorded in the first file of the tape. When the
tape is mounted, not only the operator will seek the right reel with the
specified VID, the system will read the first file to get the recorded VID and
verify that against the VID given by the user in his MOUNT command. The
labeling process does not apply to 7-track tapes. The process of labeling tapes
is accomplished by calling a program named TAPLBL, after the tape has been
mounted. Call for the TAPLBL is done by a monitor command:

R TAPLBL
When a prompt symbol returns, apply a labeling command of the format:
DVNAME: /density switch

where DVNAME:

physical or logical name of the tape drive;
/density switch = a switch to specify packing density.

Acceptable density switches are:

/8 = 800 BPI for MTI8:
/1 = 1600 BPI for MT8: or MI9:
/6 = 6250 BPI for MT9: only

The density switch is not applicable to the DECtapes or 7-track magtapes.
One caution should be exercised in using the TAPLBL program: It will write the
label onto the first file on the tape. If the tape is a DECtape or a blank
magtape, it does not matter. If the tape contains some stored information
already, using the TAPLBL would destroy the first file. Therefore, in labeling
a magtape with stored information, a scratch tape should be used to copy the
files. After the labeling process, the contents of the scratch tape may be
copied back. These are now illustrated by three examples below:
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Example: To label a DECtape whose VID is Al004 which is already
mounted on the DECtape drive with a logical name of Tl:

.DRIVES DTA

. MOUNT DTA:T1/WE/VID:A1004/NL
.R TAPLBL

*T71s

» DISMOUNT

. UNDRIVE

Example: To label a 9-track blank magtape for 800 BPI. Assume the
VID to be B31I3 and the logical name of the tape drive to be Tl:

«DRIVES MT8

.MOUNT MT8:T1/WE/VID:B313/NL

«R TAPLBL

*71:/8

« UNDRIVE (UNDRIVE will force a DISMOUNT.)

Example Magtape Bl23 has prestored information, and magtape B124 is a
scratch tape. The following shows first to "park" the content of B123 in Bl24.
After the label is made, the information is copied back:

DRIVES MT9(2)
MOUNT MT9:T1/WE/VID:B123/NL
MOUNT MT9:T2/WE/VID:B124/NL

R MTCOPY

*T2:=T1: Park infor. of Tl in T2 temporarily
R TAPLBL

*T71: Make label on TI

B MTCOPY

*T1:=T2: Copy back info from T2 to T1.

 DISMOUNT T1:
.DISMOUNT T2:
UNDRIVES

With a tape thus registered and labeled, the user is now ready to process
his tape.

10.4 Allocation of Tape Drives and Mountiné of Tapes

The reservation for tape drives and the mounting of a user's tape
precedes the actual tape processing. Tape drives are restricted devices and are
made available to user only at a reservation request (by the command DRIVES).
Mounting of a tape requires a physical effort from the machine operator, since
these tapes are stored off-line at the Computer Center premise. A monitor
command MOUNT, along with its associated switches, will tell the operator. to
mount the user's tape. Details of the two important commands DRIVES and MOUNT,
and their companion commands UNDRIVES and DISMOUNT, have been covered in
Chapter 8 (Sections 8.8,8.9,8.10)
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10.5 Sequential Processing of Magtapes

The DECtape is a directory device, in which files are represented by the
standard file specification of DEV:NAME,EXT. The users need not be concerned
with the physical location of the read/write heads with respect to the tape
track at any time. From the user usage point of view, a file on a DECtape is no
different from one on disk. There is a difference in access time, of course.
But as far as commands and instructions are concerned, what can be applied to a
disk file can also be applied to a DECtape file, that is, once the DECtape is
mounted.

The magtape unit, however, is quite different. There is no directory or
filenames. Records are separated from each other by the end-of-record mark, and
the files are separated from each other by the end-of-file mark. The only
identity a tape file has on a tape is that it occupies a certain sequential file
position, such as file No. 4. Therefore, the principal way of locating some
information on a magtape is to start at some reference point (such as at the
beginning of a tape) then to go forward (or sometimes go backward) certain
number of records or certain number of files. Hence, processing of tapes deals
a great deal with the sequential positioning of the tape. The following are
several PIP commands with magtape switches and their monitor command
equivalents:

Equivalent Monitor

PIP Command Function Command

*MT9: (MENA) = Advance the tape N files .SKIP MT9: N FILES

*MT9: (M§ND) = Advance the tape N records | .SKIP MT9: N RECORDS
*MT9: (MNT) = Advance to the end of tape | .SKIP MT9: EOT

*MT9: (MiNB) = Backspace N files .BACKSPACE MT9: N FILES
*MT9: (M§NP) = Backspace N records .BACKSPACE MT9: N RECORDS
*MT9: (ME;) = Mark end-of-file .EOF MT9:

*DEV: (MW) = Rewind the device, where ~REWIND DEV:

DEV = DTA,MT7,MT8,0r MT9

If the command indicates "MT9:", that command also applies to MI7: and
MI8: In a typical application, a magtape is used only as a means of mass
storage. Data on tape will normally be transferred to the disk first for
processing, and results will then be copied back to the tape.

10.6 FORTRAN-10 Execution-Time Tape Control

The foregoing discussions dealt with sequential tape processing using a
processor such as PIP to handle file management tasks. If the tapes are used as
the data files for input/output, there must be commands in the language
processor to perform these tape handling tasks at execution time., FORTRAN-10
has a subroutine RMOUNT (developed at Pitt) to mount the tape and a group of
tape handling FORTRAN statements, They are outlined below:
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Subroutine:

Effect:

Example:

CALL RMOUNT ( w , VID , WE , Label , Serial )

Logical unit number ,J
(integer constant)

VID, string constant
or variable —

Write-able, 'WE' (or 0),
or write-lock, 'WL'

Standard label ‘SL' (or 0), or
no label, 'NL' - -

Used only if Label='NL'

This is a run-time instruction for MOUNTing a magtape or a
DECtape.

CALL RMOUNT(1, 'B313',0,0)

This is equivalent to issuing two monitor commands before the

start of the current FORTRAN program:
. DRIVES MT9
MOUNT MT9:1/WE/VID:B313

Once the

tapes are properly mounted, the FORTRAN~10 tape control
statements may be applied to control these devices.

The device control statements are now summarized below which has

presented before

in Chapter 3 as Table 3.22.

Statement Function
REWIND u Move and re-position the file back to the first record.
UNLOAD u Rewind the source reel so that the tape is complely off

the take-up reel. The tape will be ready for unloading.

BACKSPACE u

Backspace one record except if it is already at record
No.l. This statement cannot be used for files set up
for random access,list-directed,or NAMELIST-cont:rolled

I/0 operations.

ENDFILE u

Write an endfile record in the file located on device u.

SKIP RECORD u

Skip one record on device u.

SKIP FILE u

Skip one file which follows immediately the current one.

BACKFILE u

Backspace to the first record of the file preceding the
current one.

In all above statements, "u" = specified logical unit number.

been
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TAPE SERVICE PROGRAMS

Several tape service programs will be included here in summarized forms.
In the cases where a magtape or a DECtape is involved, it will be assumed that
the proper preliminaries of getting a tape drive, mounting the tape and
assigning a logical name have already been done. In the examples, we will use
the VID of Al003, Al004, ..., B313, B314, etc., as the tape registry numbers.
The logical names used will be Tl:, T2:, etc., except in the case of the UARC
program.

10.7 The UARC Program

The UARC (User ARChive) program is a service program for maintaining disk
files by copying them onto a user's UARC tape for safekeeping. When the user's
magtape is being MOUNTed, it is required that its logical name be given as UARC.
Thus the preliminaries of using this program should be two monitor commands as
given below:

.DRIVES MT9
MOUNT MT9:UARC/WE/VID:B313
The UARC program may be called by the monitor command:

LR UARC
(message)
*

After a brief message, the terminal types out a prompting "*" and UARC is ready
to accept commands. Use CTRL~Z to exit.

Example: *DIRECTORY *,FOR
Function: List on the terminal all FORTRAN files on the UARC tape.

Example: *DIRECTORY LPT: = *,FOR
Function: List on the line printer all stored FORTRAN files on the
UARC tape.

Example: ADIRECTORY UARC.DIR = *,*
Function: Prepare a disk file UARC.DIR that has a directory of the
UARC tape.

Example: A*FREEZE *,FOR
*THAW NEWTON.FOR

Function: Copy all FORTRAN disk files onto the tape. If the tape
already stored certain FORTRAN files with the same names,
copying will not be done if the disk files are older (in
creation dates). The THAW command recalls to the disk a
tape file named NEWION.FOR.

Example : The following sequence shows how to “"clean up" a UARC tape
by erasing all oldet versions of the same program. Two
tape drives and two tapes are required.
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Items Explanations and Examples

Program Name UARC

Calling Sequence | .7 UARC
*command/sw1tches

Functions (1) To store backup coples of disk flles on user's UARC tape.
(2) To recall UARC back coples of files back to the disk.
(3) To report the content of the UARC tape. ]

Commands *¥CLEAR SERNO = Bxxxx

To clear the tape of all previous files and write a +tape
label of MUARC"™ 1In the first file. This Is required
preliminary of tape preparation for UARC application.

Bxxxx = tape serial number,

DIRECTORY output file spec = inmput file list

Similar to the monitor DIRECT. Wild card construction Is
permitted for the input flile Ilist.

¥ FREEZE list
To copy the dlisk files In the "list" onto the UARC tape
without deleting them. If there Is already a file of the
same name on the UARC tape, copying will be done only If
the creation date of the disk file Is more recent.

k3

* THAW 1ist
To restore files from the tape to the disk. If there Is
already a file on disk with the same name, restoration will
be done only If the creation date of the tape file Is more

recent.

* UPDATE
To store on the UARC tape all new and newer versions of
disk flles.

COPY SERNO = Bxxxx

When a second tape Is MOUNTed and Is named as UCOPY:, +this
command will make it a UARC tape and further commands copy
all current files onto It. This Is the only way a UARC
Yape may be cleaned up and old useless flles amy be erased.
See example below.

*

SAVE TAPE.DIR
% RESTORE TAPE.DIR

To save the current UARC directory on disk for thawing.

x*

*

DIRECTORY/ALL nclude all old verslons in the report.
#» FREEZE/CHECK ATHAW/CHECK *UPDATE/CHECK

Report the files that would be transferred.
« FREEZE/VERIFY *UPDATE/VERIFY *COPY/VERIFY

Report successful transfers

Switches

Table 10.1 Summary of the UARC Program
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.DRIVE MT39(2)

MOUNT MT9:UARC/WE/VID:B313
MOUNT MT9:UCOPY/WE/VID:B314
.R UARC .

*COPY SERNO = B314 -

*+Z

.R MICOPY

*UARC: = UCOPY:

7

DISMOUNT UARC:

DISMOUNT UCOPY:

“UNDRIVE

10.8 The ACCESS Program

The ACCESS program is a tape maintenance program developed at the
University of Pittsburgh. Tt allows the owner of tapes to specify and modify
the access protection, to add or delete PPNs for authorized access, to attach
comments to any tape, to request removal of tape from the library either
temporarily or permanently, and to report the status and directory of tapes.

Calling and execution of this program does not actually involve
physically with any tape. Therefore, no preliminaries of reserving a tape drive
or mounting a tape is required.

The calling sequence for the program is as follows:

.R ACCESS

(message)

*command/ switches
Use CTRL-Z to exit from the program.

The commands and the switches of the ACCESS program are summarized in
Table 10.2. Note the notations used for PPN:

PPN
AUXPPN

owner's PPN under which  the tape is registered.
PPN authorized by the owner to have access to the tape.

nou

The tape directory has wide print format. If the directory will be
listed on the terminal, a monitor command of "TTY WIDTH 132" should first be
applied.

Example:  *DIRECTORY
Function: List on the terminal all tape status registered to the PEN.

Example: *DIRECTORY/ON:LPT:
Function: Print the status report on a line printer.

Example: *TAPE/ADD/AUXPPN: [123456,654321) /PROTECT : PPPP/VID:A1003
Function: Add an auxiliary PPN [123456,654321] to have access to the
DECtape Al003 with an access authorization of PPPP.
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Items Explanations

Program Name ARCHIVE

Calling Sequence | .R ARCHIVE

*command/switch

Functions (1) To store a disk file on the ARCHIVE tape and remove the
disk file from the disk.
(2) To restore a frozen file on the ARCHIVE tape back to the
(3) ‘?;Stépor’r the directory of the frozen files.
Commands *DIRECTORY output = input list
To list the directory of frozen files. Similar format as
the monitor command DIRECT.
* FREEZE list
To move the disk files in the "list" to +the ARCHIVE
system.
*THAW 1list
To restore as dlisk files those in the "list".
*DELETE 1list
To delete the listed files from the ARCHIVE tape.
% PROTECT file<xyz>
To change protection code of a frozen file to< xyz>.
Switches /LIST Used with THAW , FREEZE , PROTECT and DELETE +to

list the pending request.

/KILL Used with THAW , FREEZE , PROTECT and DELETE +o
delete the pending requests.

Table 10.3 A Summary of ARCHIVE Commands and Switches

10.10 The CHANGE Program

The CHANGE program is a tape-translation program that converts the files
on a magtape of one format to an output (usually a disk) of another format., The
program is called by a monitor command:

RUN PRG:CHANGE

After the CHANGE program is called, command may be applied which has the format

of:

Output spec/output switches = Input spec/input switches
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/NOINDUSTRY

Turn off INDUSTRY switch.

Switch  |Argument Explanation
/BUFFERS in n = number of buffers fto be set up
/ADVANCE H Advance or backspace n files before processing.
/BACKSPACYH :n
/BLOCK in n = blocking factor In number of records per block
/RECORD Hl n = number of characters per record
/DENSITY :BPI |BPI = tape density In BPi: 556,800,1600,0r 6250
/LABEL targ |The argument "arg“:ls one of the following: none, DIGITAL,
BURROUGHS, 1BM, or, GE635.
L .
/MODE targ |The argument "arg"‘ls one of the following:
ASCI1 7-b1t ASC!I1 code
HPASCI|  8-blt ASCII
IMAGE 36-bit DEC~10 word
EBCDIC EBCDIC code
/PARITY :arg |The argument "arg" is either ODD or EVEN.
/ INDUSTRY Initiallze for industry compatlible 9-track tape.

/SCAN Scan file for flle named

/NOSCAN Turn off SCAN switch.

/ERROR Report parity and checksum errors.

/NOERROR Turn off ERROR switch

/REWIND targ [The argument "arg" is one of the following:
BEFORE Rewind before processing.
AFTER Rewind after processing.
ALWAYS Rewind always
OMIT Rewind neither before nor after.

/LIST List the device directory.

/NOL1ST Turn off the LIST switch.

/FLIST List the device directory, flle names only.

/NOFLIST Turn off the FLIST switch.

/CRLF ASC!1 file has CR-LF after every record.

/NOCRLF Turn off the CRLF switch.

Table 10.4 A Summary of Selected CHANGE Switches
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The magtape is the most frequently used low-cost portable bulk storage
medium.  Unfortunately, there are many different tape formats and tape produced
on one type of computer generally cannot be directly run on another type. There
are differences in coding method, block sizes, word sizes, tape density, parity
system, etc. When a tape containing data or program is obtained from another
installation that has a different type of computer, the tape must be first
translated to the local format before it may be used. Thus, when the CHANGE
program is used for the translation, the input would be the MOUNTed "foreign"
tape, and the output would frequently be a disk file. The same set of switches
is applicable for both the input and the output. Selected switches are
tabulated in Table 10.4. A complete description of the CHANGE program, with
commands and switches, is given in Reference 6.

Example: .DRIVE MT8
MOUNT MT8:7T1/WL/NL/VID:B313
.RUN PRG:CHANGE
CHANGE 08:44 11/18/80
READY,
> DISK.FOR/MODE:ASCII/RECORD:80/BLOCK:10-
# MT8:/MODE:EBCDIC/RECORD: 80/BLOCK:10/INDUSTRY~
# /LABEL:IBM

Function: This procedure will convert a foreign tape produced from an
IBM/360 or 370 to a ASCII disk file named DISK.FCR. A dash
at the end of a CHANGE command line indicates that the
command is to be continued on the next line. 1In response,
CHANGE returns a different "§" prompt symbol on the next
line.

10.11 Tape Transfer and Comparison Programs - MICOPY, DTCOPY and FILCOM

Three service programs associated with tape-to-tape transfer and
comparison tasks are included here:

MTCOPY: magtape-to-magtape transfer
DICOPY: DECtape-to-DECtape transfer
FILCOM: Verification of transfer by file comparison

They are summarized in Tables 10.5, 10.6 and 10.7.
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Items Exp lanatlons
Program Name MTCOPY
Calling Sequence | .R MICOPY

*outtape:/outswitches = intape:/inswitches/funcswitches

where outtape: physical/logical name of destinatlon tape.

Intape: = phylscal/logical name of source tape.
outswitch = switch for output tape characteristics
Inswitch = switch for Input tape characteristics

funcswitch = function switch

Function

To copy the contents of an Input tape onto an output tape.

Input switches
Output switches

Function Switches

Must be placed on the proper side of the command.

/6 6250 BPi (9-track tape only)
/1 1600 BPI (9-track tape only)
/2 200 BPI (7-track tape only)
/5 556 BPI (7-track tape only)
/8 800 BPI (7 or 9-track tape)
/A:N Advance N files before operation

Backspace N files before operation

/E even parity

/1 IBM compatible mode

Rewind before and after operation (default)

/U Unload after operation

Suppress monitor error recovery on READ errors

May be placed on elther side in the command.

/C:N Copy N files
/C Copy to double end-of-file marks
/G Proceed on errors

/M:NNNN Set maxImum blocksize permitted to NNNN
/N Suppress automatic rewind
/V:iN Verify to double end-of-flile marks

Default
conditions:

What will happen 1f no switch is placed on the command:

1

Density is 6250 BP| for 9-frack, 800 BPI for 7-frack
uniess there Is a SET DENSITY monitor command applied.
2, 0dd parity, DEC-compatible, maximum blocksize=1024.

3, Copy and verify tape. Rewind before copying and
verifylng. Stop on errors.
Examp les ¢ *TP1: = TP2:/8
Copy & fTape at 800 bpi. New tape is on TP1:
*NEW:/R/A:3 = OLD:/R/A:2/C:3/V
Copy files No.3,4,5 on OLD: onto the NEW: tape as flles
No.4,5,6.
Table 10.5 A Summary of MICOPY Program




410

CHAPTER 10 TAPE HANDLING

Items Explanations
Program Name DTCOPY
Calling Sequence | .R DTCOPY

*OQUTPUT: = INPUT:/switches

where OUTPUT: = physical/logical name of the destination DTA.
INPUT:, = physical/logical name of the source DTA

Function 1. To copy the entire content of one DECtape onto another.
2. To clear the output DECtape.
3. To compare word by word two DECtapes.
4. To load a boofstrap loader.

Switches /C Copy all blocks.
/N No directory !isting.
/N Comapre two DECtapes (verifying) word by word.
/7 Zero out the output DECtape.
Table 10.6 A Summary of DICOPY Program

ltems Explanations
Program Name FILCOM
Calling Sequence | .R FILCOM

*output = inputl, inputl/switches

where OUTPUT = output file specs; default is TTY:
inputt, input2 = two input file specifications

Function

To comapre two versions of a file and output the differences.

Switches

/Q Print out the message "?FILE ARE DIFFERENT," but do nof
list the differences.

/A Compare two files in ASCI! codes.

/B Do not disregard blank lines.

/S Ignore spaces and tabs in the comparisons.

Table 10.7 A Summary of FIICOM Program
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A SUMMARY OF PIL LANGUAGE

PIL ("Pittsburgh Interpretive Language) is a conversational language
which contains extensive man-machine interactive facilities to provide
assistance in error diagnosis and error recoveries., It is much more
error-tolerant than the conventional algebraic languages such as FORTRAN. PIL
was included in the First and the Second Editions of this book (two chapters).
With the rise in computational maturity of the user community, even for the new
users, PIL becomes less important than before. Therefore, only a summary will
be included in the Third Edition of the book. Users interested in more details
should consult either Reference 5 or Reference 6.

The PIL processor may be called by a monitor command:

R PIL

The computer will respond by typing out at the terminal:

READY:
*

The PIL processor is now ready to process the user's program or commands.

A.1 Rules on PIL Variables, Constants and Expressions

(1) PIL variables:
a. Variable name must begin with a letter, and must not be longer than
ten characters.

b. Upper and lower cases are different variables. (FORTRAN users,
beware)

c. All numerical variables are real variables.

(2) Constants
a. There are 3 types of PIL constants, numeric, string and Boolean.

b. Numeric constants are real constants, ranging from E-42 to E+34 with
8 decimal digit precision.

c. String constants are enclosed in quotes, such as "TIME-SHARING"

d. Two values for Boolean: THE TRUE and THE FALSE.
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(3) Subscripted variables:

a. There is no practical limit of dimension of subscripts.

v

Subscripts may be positive, zero, or negative.

c. No declaration statement is needed for dimension.

(4) Expressions:

a. Arithmetic expressions: PIL arithmetic expressions follow the same
rules as those for the FORTRAN language. The PIL library functions
are tabulated in Table A.1l.

b. Boolean expression: Expressions that are really true-false
questions. Boolean operatiors are tabulated in Table A.2.

c. String expressions: String variables may have the following
operations:
Concatenation: For example, "ABC"+"xyz"="ABCxyz"
Masking: By use of SUBS function.
String multiplication: Same as multiple concatenation.

Table A.3 shows a list of PIL string functions.

A.2 Statement Labels

In a stored PIL program, each statement carries a numerical label for
identification. The 1label has a format of "mmmm.nnnn" where mmmm is a four
digit part number and "nnnn" is another four-digit step number. Thus the label
takes on a form of a decimal number, and as in conventional practice, the
leading and the trailing zeros are omitted. For example, the label of 1,25
means Part 1, step 2500.

A.3 Some Basic PIL Statements

Substitution: SET X=E
SET X1=E1,X2=E2,X3=E3,...

where X=variable, and E's=expressions.

Transfer: TO step m.n
TO part m

where m.n is the statement label.

Execution: DO step m.n
DO part m
Termination: DONE
STOP
EXIT

LOGOUT



Exomples
Subprogram Format Meaning
Format Value

ABS OF x, \X\ Absolute value of x ABS OF =-3.12, \-3.12\ 3.12

SORT OF x VX SQRT OF 2.1 1.4491376

SIN OF x sin X SIN OF 0.32 0.31456656

COS OF x CcOS X COS OF 0.32 0.95923542
_SINOF x/COSOF x | tan x SIN OF 0.32/COS OF 0.32 0.33138940

ATAN OF x tan~' x ATAN OF 1.5 0.98279374

LOG OF x 1od,q X 10G OF 2 0.30102998

IN OF x loge X IN OF 2 0.69314718

ANTILOG OF x 10* or antilod,. x ANTILOG OF 2 100.0

EXP OF x e* EXP OF (-2) 0.13533528

IP OF x Integer part of a number x IP OF 3.21 3.0

FP OF x Fraction part of a number x FP OF 3.21 0.21

XP OF x - - Exponent_of x XP OF 12,34 . . _._. 1.0

DP OF x Digit of x DP OF 12.34 1.234

MAX OF (a,b,c,...) Maximum value of a set of MAX OF (1,2,3) 3.0

numbers a,b,Cye.s
MIN OF {a,b,c,...) Minimum value of a set of MIN OF (1,2,3) 1.0

RN OF x

Assign a random number between
0 and 1 to the variable x

RN OF x

x=0.65302564

The argument of the subprogram RN OF must be a variable.

any other
expression.

The argument of

above subprogram may be a constant, a variable or an arithmetic

Table A.1l

PIL Arithmetic Library Functions

iy

Y XIANIddY

XIYWNNS 1Id
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PIL Operators
Meaning Examples
short Form Long Form
< SLT < A<B
=< or <= SLE | < ASIEB |
Z e SEQ = A=B
SNE #_ A SNE B
=> or >= SGE 2 A SGE B
> __saGr > R Y - v - B
& SAND n X>3 $AND X<10
SOR U X<3 SOR_X>10
SNOT - X . L_SNOT X>3 ]
$XOR @® A $XOR B
Table A.2 PIL Boolean Operators
String Functions
Meaning Examples
short Form Long Form
L OF X LENGTH OF X length of a string L OF "ABCDEF" = 6.0
UPPER OF X |UPPER CASE OF X | Force all letters in | UPPER OF "abcde" = "ABCDE"
X to upper cases.
LOWER OF X |LOWER CASE OF X | Force all letters in | LOWER OF "ABCDE" = "abcde"
X to lower cases.
n $FC X THE FIRST n masking 2 $FC "ABCD" = "AB"
CHARACTERS OF X
n $IC X THE LAST n masking 2 SLC "ABCD" = "CD"
CHARACTERS OF X
THE VALUE OF X | To convert a string |THE VALUE OF "3.1" = 3.1
of numer ical
characters to
numerical values.
THE BCD VALUE To converta string off THE BCD VALUE OF 3.1 = "3.1"
OF X numerical value to a
numer ical character
string.
SUBS OF SUBSTRING OF To mask a string S |SUBS OF ("TIMESHARING",3,4)
(s,A,L) (S,A,L) from its Ath char.
for @ length of L = "MESH"
characters.
Table A.3 PIL String Library Functions
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Conditional: m.n IF b, OS
where m.n=statement label of this statement
b=Boolean expression
OS=an object statement
Variations:

m.n IF b, OS1; ELSE 0S2
m.n IF b, 0S1; 052

A.4 Loop Statements

(1) Specified indexes: FOR i=ml,m2,...,mn: OS
(2) Unity increment: FOR i=m to n: OS
(3) Specified increment: FOR i=m to n by p: OS

(4) specified decrement or special terminating condition:

FOR i = m by p UNTIL b: OS

FOR i = m by p WHILE b: 0S

A.5 Input/Output Statements

(1) General form:
Demand list
TYPE list
(2) Input with free format:
DEMAND IN FREE FORM, list
where "1list" contains the variables in the input list.

(3) Input/output with format

DEMAND IN FORM i, list

TYPE IN FORM i, list

A.6 Input/Output Format

Format specification:

FORM 1i.
(Specify format field on the second line.)

PIL SUMMARY
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F-type and I-type: _._

E-type:  e....

Combined format: e

String field:  ###f##4#

Field

separation and termination: "\" symbol, for example:

SRS W

Variable field length:

S 5.

A.7 Subprogram Statements

Subprogram defining statement:

PROCEDURE XXXXXX[X1,X2,...,Xn] = PART m

where: PROCEDURE

XXXXXX

= a PIL keyword to specify a subprogram

name of the subprogram, and also the name of the variable
whose value is computed by the subprogram, and after
execution of subprogram, returned to the main program.
All intermediate results are deleted after the execution
of subprogram.

If the subprogram is to return multiple value answer, for
example,roots of an equation, XXXXXX will then be an array
and represented by a subscripted variable.

[X1,X2,...,Xn] = a set of dummy parameters passed to the subprogram.

PART m

Use square brackets.

= the part specified as the subprogram. Part m must be so
written that X1,X2,...Xn are the input parameters and
XXXXXX is the computed result.

Subprogram execution statement:

DO PROCEDURE XXXXXX[Al,A2,...,An]

where Al,A2,...,An are the input parameters to be passed to the subprogram.
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A.8 File Management Statements

where:

To save a program:
SAVE as "FINAME", list

To delete a file:

DELETE FILE "FLNAME"

To edit a program:
CHANGE "OLD" TO "NEW" IN STEP m.n

CHANGE "OLD" TO "NEW" IN FORM i

To change a step or a part number:

REDEFINE STEP m.n TO p.q
REDEFINE PART m TO n

REDEFINE FORM M T0 n

To delete items in the program:

DELETE list

To load a program:
LOAD "FLNAME.EXT [m,n]"

FLNAME = file name
EXT = extenison of file. Default extension is PIL.
[m,n] = PPN of file owner. Default is user's own PPN.

To attach a file:
ASSIGN "FINAME.EXT[m,n]" AS "FN"
ASSIGN "SCRATCH FILE" AS "FN"

ASSIGN DEV-NAME AS "FN"

To delete an assignment:

DELETE ASSIGNMENT "FN"

DELETE ALL ASSIGNMENTS

PIL SUMMARY
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A.9 File Input/Output

File Input:
READ FROM "FN", list
READ FROM "FN", IN FORM i, list

READ FROM "FN", IN FREE FORM, list

File Output:
WRITE ONTO "FN", list

WRITE ONTO "FN", IN FORM i, list

A.10 File Control Statements

To mark the end-of~-file on a file:

MARK FILE "FN"

To rewind a file:

REWIND "FN"

To forward or backspace a file:

FORWARD SPACE n RECORDS ON "FN"

BACK SPACE n RECORDS ON "FN"

To specify end-of-file action:

ON FILEMARK "FN", DO PART m

To cancel an end-of-file action already specified:

ON FILEMARK "FN"

To store an assignment:

CATALOG "FN" AS "FLNAME.EXT"
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A.11 Execution-time Function and Program Step Input

To furnish a program step at execution time, such as the step "m.n SET
X=A":

ENTER "m.n SET X=A"

or, DO STRING "SET X=A"

A.12 PIL-FORTRAN Linkage

PIL language provides the advantage of conversational mode and free form
input format. Error recoveries and error diagnostic provisions further enhance
its uses. Consequently, a PIL program is very suitable for the input phase of a
program, where the man-machine interaction is at its highest.

Once execution starts, PIL program exhibits an excruciatingly slow speed
of execution. It is primarily because PIL is an interpretive language. Every
time a PIL statement is to be executed, it must first be translated. Thus in a
PIL program, the program 1is interpreted and executed at the speed of one
statement at a time. Error detection for debugging becomes simple because the
program will stop at the step where error occurs.

On the other hand, the entire FORTRAN program is compiled at one time,
and execution takes place after the compiling. If a FORTRAN program is already
compiled, the compiling stage is omitted. Thus a FORTRAN program is denerally
much faster to run than a PIL program. FORTRAN, however, has its drawback.
Man-machine interaction can be implemented only at the expense of core storage
for many printout formats, and an interactive program tends to be larger. Also,
formats in FORTRAN are more restrictive.

All of these adds to the fact that PIL is superior in interaction but
inferior in speed, while FORTRAN is just the opposite. Thus, a compromise is to
use a PIL program for the data-input phase, store the data as disk files, and
then switch to a FORTRAN program for execution, which will read the stored data
file as inputs.

The PIL statements for the PIL-FORTRAN linkage are:

EXECUTE "FLNAME"

or, RUN "PRGM"

where FINAME = the name of the FORTRAN (with FOR or REL extension) program, and

PRGM = the name of the execution file with EXE extension.

One such application is the Interactive Engineering Program Library. The
Programs in the Library are so structured that the PIL phase handles the input
of data and problem definition, and the FORTRAN phase handles the execution.
The details of the Library are given in Appendix B.
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INTERACTIVE ENGINEERING PROGRAM LIBRARY

A time-sharing interactive program library has been set up and in
operation successfully to serve the faculty and the students in the School of
Engineering since 1967. It has been one of the major tools in the
computer—-aided analysis/design instructions and research in the School. These
programs were all designed to operate in the conversational mode, in modular
form, and they are application-independent. Thus a differential equation solver
program can serve those who are doing work in a wide variety of fields, such as
circuit analysis, control system, vibration, structural analysis, process
control, etc. In this regard, these programs should also be useful to those in
natural, medical and social sciences who require the same type of mathematical
techniques but in a different field.

For the Interactive Engineering Program Library, a user with little or no
prior computer experience can select and use a program in the Library to solve
his problem after a short practice session at a terminal., All instructions of
using a program, once its execution begins, will be supplied at the user's
terminal during execution. Thus there is no need for the user to study
voluminous manual materials in order to use the program.

The structure of each of the Library program utilizes the PIL-FORTRAN
linkage technique discussed in Appendix A. - Using one of the Library program
REALEQ (Simultaneous Linear Equations with Real Coefficients) as an
illustration, the linkage works this way:

(1) The user calls for the ENG:REALEQ.PIL program.

(2) Interacitvely the user inputs the data, defines the problem and
selects the options, if any.

(3) PIL program then stores these data and options in a disk file
QZXZQ.DAT. If there is a user-defined function in some programs (for
example, a numerical integration program), the PIL program writes a
FORTRAN subprogram and store it as QZXZQ.FOr.

(4) Using the PIL command EXECUTE or RUN, the PIL program automatically
passes the control to the monitor to execute a designated program
ENG:REALEQ.REL. If there is a QZXZQ.FOR prepared for a user-defined
function, it is compiled and included. The PIL program function is
now completed, and the execution file automatically takes over.

(5) The execution program ENG:REALEQ.REL reads the data and options
stored in QZXZQ.DAT.

(6) Based on the input data and option selected, ENG:REALEQ.REL executes
and outputs the results on the user's terminal.

(7) The Library program will generally allow the user to repeat the same
problem but using a different method. If the user declines to
repeat, the execution is concluded.

A memorandum by the author was distributed to the faculty and the students in
1969 concerning the Library. The memorandum has been revised and updated many
times, most recently in 1980. The text of the memorandum of the most recent
version is given in the following pages to complete the details of the Library.

423
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University of Pittsburgh

SCHOOL OF ENGINEERING
Department of Electrical Engineering

MEMO TO: Faculty and Students, School of Engineering
FROM: T. W. Sze
DATE : June 1, 1969;

First Revision, November 1, 1970;
Second Revision, January 18, 1972;
Third Revision, July 1, 1974;

Fourth Revision, January 31, 1977;
Fifth Revision, September 1, 1980.

SUBJECT: Interactive Engineering Program Library on Device ENG:

INTRODUCTION

The use of computers in the Engineering curriculum is now a standard
practice.

One serious problem, however, has always been the time-consuming work of
preparing computer programs, debugging and executing them. Although libraries
of subroutines of general interest are available, such as the IMSL package, the
process of incorporating them in a course is a major task. It usually involves
a search through a thick catalog for a program fitting the problem, learning the
algorithm, finding out the particular input and output requirements and types.
In some cases, special arrangements of large memory authorization, long
execution time, or special periperal equipment are necessary in order to use
these programs. Such laborious procedure has a discouraging effect to faculty
and students using the computer effectively and extensively.

Thus, when the computer usage is included in a course, a very undesirable
situation may sometimes emerge. Homework and projects can often be degenerated
into long programming exercises that force the students (and instructors) to
spend more time and efforts in getting their programs to run than to try to
understand the course materials.

348 BENEDUM ENGINEERING HALL. PITTSBURGH. PA. 15261 (412) 624-5387
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The Interactive Engineering Program Library was set up to overcome these
limitations. In general, the Library will attempt to accomplish three
objectives:

1. The programs are designed efficiently so that the core assignment
and execution time stay within those authorized for the student
users, even for relatively large size problems. Therefore, no
special arrangement or authorization is necessary. With the easy
use of the Library, the computer will indeed become an important
day-to-day tool.

2. The user will not spend time in preparing programs. He will not be
required to study lengthy program documentations; and thus there
will be no distraction from the course materials.

3. When the time and effort on the "dog work" 1is drastically reduced
(see the Appendix section of this memo), it will then be possible to
upgrade the quality and the level of all engineering courses.

The Library is currently installed on-line in all three systems (A, B and
C) and 1is given a device name of ENG: It contains a group of programs of
general interest to engineering faculty and students. By man-machine
interaction, a problem is shaped as the user specifies the data and the option.
Suitable instructions and comments are printed out as prompting remarks along
the way to guide the user. All programs, regardless of their programming
languages, are written in "conversational mode" so that the user will be guided
in how to use the program. Hence, it is not essential for a user of the Library
to have any in-depth knowledge of the program, the language, or the algorithm
once he learns the simple procedure of calling and executing the Library
program.

Furthermore, these programs in the Library are mathematical-technique
oriented rather than problem- and application-oriented. For example, a
differential equation solution program can be used for circuit analysis, process
control, vibration and stress analysis, material and energy balance equations
for chemical dynamics, system stability studies, etc.

Although helpful, an in-depth knowledge of any programming or programming
language is not a prerequisite to be a user of the Library.* A user will have an
option to choose which algorithm and program for his problem. If he does not
have any opinion, the program will pick up one that has proven general utility.

When a Library program begins its execution, the user's function will be
to enter numerical data and to answer YES/NO to the computer's inquiries. When
any input data are called for, prompting information of what sort of data and in
what format will be printed out at the user's terminal to guide him. The user
will then supply data as asked, or answer questions posed.

* As a matter of information, a Library program consists of an interactive
problem-defining and input stage in PIL language, but will switch
automatically to a REL or an EXE file for execution. The REL file or the EXE
file is prepared from a FORTRAN program.



426 APPENDIX B ENGINEERING LIBRARY

LIBRARY USAGE PROCEDURE

Currently, all Library programs are stored in the device "ENG:" in
Systems A, B and C. Procedure for Library usage includes three simple steps:

Step 1: To get on the computer, either System A, B or C.
Step 2: To call and execute a chosen Library program.
Step 3: To get off the System.

If there is more than one problem or more than one run, Step 2 is
repeated. thus, only the step-2 will be explained in some details.

To Call and Execute a Library Program

Suppose the name of the Library program chosen is WXYZ. Call and execute
the program by entering a command*: (must be entered right after the prompting
symbol) .

.PIL ENG:WXYZ

The computer will respond with a printout of "READY:", and will then load the
chosen program and start the execution. The memory requriement is
self-adjusting (another built-in feature of the Library programs) and the user
need not be concerned with it, unless he attempts to enter a problem too large
for the program. Once the execution of a program begins, the user follows the
printed instructions to enter numerical data and to answer YES-NO questions to
complete the input phase, after which computer switches to a machine program
execution to a completion.

* The old way of ".PIL WXYZ[33,33]" will still be valid for some period of time
in order to allow orderly transition and revisions of departmental
instructional materials.
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A CONDENSED CATAIOG OF THE LIBRARY

Basic mathematic techniques of the following areas are included in the
Library:
Polynomial equation solution, real and complex roots.
Transcerdental equation solution, real roots only.
Linear simultaneous equations, real or complex coefficients.
Basic real/complex matrix operations: +,-,* or inversion.
Generalized inverse of a matrix.

Other matrix operations, including determinants, Eigen values,state
transition matrix, and characteristic equation.

Numerical integration, with user—specified accuracy.
Least square fits: ’ linear, quadratic, cubic, and exponential fits,

Ordinary differential equations, first order and second order,
linear or nonlinear.

Ordinary differential equations, nth order, max n=8.

Optimization of a nonlinear function, constrained or unconstrained
Linear programming

Fourier analysis

Fast Fourier Transform

Computer-aided logic design

Simulators and cross assemblers of microprocessors.

Graphic plots. '

Course grade management (an information management system)

General utilities

In each of these, options of methods are available for  the user's choice.
At the. conclusion of a solution, the programs are usually recycled so that the
user may repeat the problem with a different method without repeating the input

phase.
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PROGRAM NAME PROGRAM FUNCTIONS

BASMAT Matrix operations to calculate any of the following:
determinant, inverse, Eigen values, state transition matrix,
characteristic equation, and state resolvent matrix.

BODE To calculate and plot the frequency response (Bode diagram)
from a transfer function given as a ratio of two polynomials.
Output in tabular plus plot form.

CMIS To prepare class roster, enter test grades, calculate test
statistics, grade opti-scan exams, determine final term grades
according to an instructor-specified formula.

COMEQ Solution for 1linear simultaneous equations with complex
coefficients, 10 complex unknowns maximum, double-precision
computation. Crout's elimination method.

COGGIN Coggin's method for maximum/minimum search of a single variable
function, unconstrained.

CSMP To prepare a control file and submit automatically as a batch
job.

DF1 Solution of first order ordinary differential equation.
Algorithm options:

(1) Modified Euler's method
(2) Runge-Kutta method, 4th order
(3) Milne's method
(4) Adam-Moulton method
(5) Hamming's method
Output print options:
(1) Output in tabular form only
(2) Output in tabular form and plots

DF2 Solution of a second order ordinary differential equation.
Same algorithm and output options as the program DF1.

DFN Solution of an nth order (max n=8) ordinary diff equation.
Algorithm options:

(1) Modified Euler's method
(2) Runge-Kutta method, 4th order
(3) Adam—Moulton method
Output print options:
(1) Output in tabular form only
(2) Output in tabular form and plots
DIRECT To type out the most recent directory of the Library.
EZLP To solve student-oriented linear programming problems. Help

file available as ENG:EZLP.HLP




Library Catalog 429
FFT Fast Fourier Transform for a set of samples, using the
Cooley-Tukey algorithm.
FIBON Minimization of a single variable, nonlinear function by
Fibonacci search algorithm.
FIT Least square fit for n data points. Options available are:
(1) Linear fit: y=a*x +b
(2) Quadratic fit: y = a*x**2 + b*x +c
(3) Cubic fit: y = akx**3 4+ brx**2 4+ c*x +d
(4). Exponential fit: y = a + b*exp(c*x)
FOUR Fourier analysis on a periodic waveform.
HELP To print out a copy of the file ENG:ENG.HLP
HOOKE Hooke-Jeeves method of pattern search optimization
IMAGE Utility package of image processing to a standard 128x128x8
image file. Options include image print, image pixel value
listing, transpose, linear combination, noise mixing. More
options are in preparation. !
M8080 A simulator for a multi-processor system employing INTEL|
8080's. Help file available as ENG:M8080.HLP
MATOP Basic operations for real or complex matrices: addition,
subtraction, multiplication and inversion.
MINILP Linear programming, interactive input phase.
MUX A computer—aided logic design program of using multiplexer IC
chip in a combinational circuit design.
NI Numerical integration, Simpson's Rule, with user specified and
controlled accuracy.
PLOT To plot a curve on rectangular coordinates.
Input options for y=f£(x):
(1) £(x) to be specified by the user as a FORTRAN expression.
(2) f£(x) data points already stored as a disk file.
(3) £(x) data points to be entered via the terminal.
Output options:
(1) Output on the terminal or the line printer.
(2) Output from the Calcomp plotter.
POLY Real and complex roots of a polynomial equation.

Algorithm options
(1) Mairstow's method

(2) Modified Newton—-Raphson's method
(3) Lin's method
Normally, option 1 is recommended.
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QUINE Quine-McCluskey's method of Boolean function minimization, 12
var iables maximum. Output options of either
summation-of-products, or product-of-sums, or both.

REALEQ Linear simultaneous equations with real coefficients, 30
var iables maximum. Double-precision calculations in all cases.
Algorithm options:

(1) Gauss elimination
(2) Gauss-Seidel iteration
(3) Matrix inversion
(4) Crout's elimination
(5) Cramer's rule
Input data may be entered via a disk file or the terminal.

RECO Generalized inverse of a matrix with real elements, Maximum
number of rows is 9.

58080 A single INTEL 8080 simulator program, including a built-in
editor. Help file available as ENG:S8080.HLP.

SCAMP A simulator and cross assembler for the National Semiconductor
SC/MP microprocessor trainers. Help files available as
ENG:SCAMP1.HLP and ENG:SCAMP2.HLP.

SEARCH An optimization package of search methods to find the optimal
values of a constrained or unconstrained, single or
multiple-variable, nonlinear function.

]

STATUS Same as the program DIRECT

——— ol

TRANEQ Newton-Raphson method of transcendental equation solution, real
root only. Use Stirling formula for numerical differentiation.

TRUTH To generate a truth table, or a Karnaugh map, from a given
Boolean function in the form of summation-of-products or
product-of-sums,

CALPLT To plot a curve on the CalComp plotter.

FORTRAN-CALIABLE SUBROUTINE LIBRARY

A group of FORTRAN-callable subroutine packages are also available in the
device ENG:

EE45

IMPROC

Their names and their current status are outliend below:

Subroutines from the EE45 text: COMPUTER METHODS  FOR
MATHEMATICAL COMPUTATIONS, by G. E. Forsythe, M. A. Malcolm,
and C. B. Moler, Prentice-Hall Inc., 1977.

An image processing package, including image filtering,
transformation, transpose, etc. Applied to 128x128x8 image
file size. Developed by T. W. Sze. Help file available as
ENG: IMPROC .HLP.
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SUBSET A utility subroutine set developed by Ronal K. Nicholas,
included in the Engineering Library by permission. For
reference, see: SUBSET MANUAL, by Ronal K, Nicholas,
University of Pittsburgh, 1977 (available at the Book Center).

SIPROC A group of signal processing subroutines. For reference, see:
PROGRAMS FOR DIGITAL SIGNAL PROCESSING, Edited by the Digital
Signal Processing Committee, IEEE Acoustic, Speech, and Signal
Processing Society. Published by IEEE Press, Institute of
Electrical and Electronics Engineers, New York, 1979.

GRAPH A group of data plotting and tabulation subroutines. For
reference, see ENG:GRAPH.HLP.
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APPENDIX ILLUSTRATIVE EXAMPLES

Several examples are included here to illustrate the procedure of using
the LIBRARY programs, On the reproduction of the printouts, those text that
were typed by the user were underlined, and those typed by the terminal were not.
In addition, comments are added as brief explanations.

Example 1 Given the following polynomial equation, find all roots, real
and complex:

x7 -80x® + 20x5 -2200x* +1350x3 + 1350x2 - 1200x + 800 = 0

The program chosen was POLY, and all three methods were run. The modified
Newton's method turned out to be divergent, but the other two methods worked

okay for this problem, It took 3 minutes on the terminal for this problem.
Example 2 Solve for the solution of a system of simultaneous equations with

complex number coefficients. The equations in matrix form are:

20+j30 -5-j3 -15+j16 0+j0 0-j43 X 100+j0
-5-j3 11-j3 0+j0 -6+j8 0+j0 %, 200+j100
-15+j16 0+j0 42-332 8+j16  =15+j10 |e X3 - 0+j0

0+j0 -6+j8 -12+j16 23-jh2 -5+j18 xy, 0+j0

0-j43 0+j0 -15+j10 -5+j18 20+j15 X5 0+j0

Observe particularly the error-recovery procedure built in the program COMEQ.
When certain input data were incorrectly entered, the program allows the user

to check the data and make corrections, This avoids repeating the input of
large amount of data, which would have to be done if the problem must be aborted.

Example 3 Plot a curve represented by

X

y = .359 e-o'] sin (0.1x) sin(0.5x)

for the range from x=0 to x=30 with an increment of unity. The program PLOT

was used for this example, and the plot was reproduced on the terminal. Total
time consumed on the terminal for this problem was 6 minutes. The same problem,
using an increment of 0., was also plotted on the Calcomp plotter, and the result
is also shown.



Example 1 .

LOGIN 1345103/132311
Furooi FLTODLG-1077
cenTdd

e ainlis TeRdining Last losin! 1112 4-Jan-77
1 7 fea

. [PiL_EnGi poLY }* Stp3 1 To cad end catcle o

Sl 7L progres.

Step1: To get on the sycem

o SIR. 728 TTY&S

CQUATION, INTERACTIVE PRGGRAM

FROOGEAR - -

ROMIAL EQUATION (N)3

< THC ORDER OF i

¢ IN TIC ORLUK OF CUSCENDING COPURG, COEFFECIENTS (F EACH TERM
L0 FOR HILOTHG TERM. USE TRUE TORNA
;o 20 ¢ 134 1350 1200 800

ALL COLECICIENTSS
AR 1.6G000
20.0600
20,0000 T eaber dobe and
=2200,0660
1350.0000
e b Underlined Texks are datn

= 800.0000 or answer Lyped by the
wser,

aniwee guestans.

L COEFFICIENTS OK?
< NO? “YES

1N BETHONS ARL AVATLARLLY
GUrLeR 1= RAalRS £ HETHOD
GETIGN 2 = HONIV ICD NCWTON S MCTHOD
GUTION 3 = LIN‘S HETHOR
POR PORMATL CTRCUNSTANCESs OPTION 1 IS RECOHMMENLED.
Rt 1
SiNG

AR CORE S"'?"".“J Homati fy o mashs ‘ Yy pragres

LAY CUITOoN

M LLI0ON BY BAIRSTOWYS METHODS

&

KOOT NO. RLAL F4RT 144G PART
3 0.9644E400
2 0.1011E+01 Resatts
3 0.2817E+00 0.5213E100
4 0.2C17E400 ~0.HI13E100
5 ~0.2493C400 0.53040401
4 ~0,3493C400  -0.5304E401

0.3007E102

WANT TO TRY ANOTHER METHOD FOR THE|SaAME FROBLEM?
IF YES» TYPE NEW OFTION NUMBCR. F NGy TYPE O

NEWTON’S METHOD IS DIVERGENT. TRYJANOTHER METHOD,

Option J0 reyeat #he proliam
WAHT TO TRY ANOTHER METHOD FOR THE| SAME FRODLEM?

JS YES» TYPE NEW UFTION NUMBER. F NO» TYPE O3

1

SOLUTION BY ILIN‘S METHGD?

RUOT NO. REAL PART IMAG PART
1 0.,2017E1+00 0,5313E+00
2 0,2817E+00 ~0.5313E+00
3 =0, Y6L3E100
4 0.1011E+01
S -0.3492E400 0,5306E101
é ~0,3492E400 ~0.5306E+01
? 0.3009£4102

WANT TO TRY ANOTHER METHOD FOR THE SAME PRODLEM?
IF YES, TYPE NEW OFTION NUMBER. IF NO, TYFE 0%
20

STOP

END OF EXECUTION
CruU TIME? 1,08 ELAFPSED TIMES 43,23
EXIT

Shas T geb off fe sycbm

Job 31 [115103,1323411 otf TIV63 at 1122 7-Jan-77 Connect=3 Har
Disk R+W=210+33 Tare [0=0 Saved all files (12 blocks)
CFU 0304 Core HWH=10F Units=0,0130 ($0.93)

Three metheds were fried for o qree-] pelyromial equctin.
Totd time ot the terminal ‘= 3 miaufes
Computer time used = 4 Seconds

soTdueXd

[ 2354
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Exa~ole 2

tt\' 1: To get e e K,n!m

ST AT
Fajeunrnt

4 units resatring  Last lasini 1644 27-tan-77

451 - 27-Jare?? Thur
Step 21 To cal and @ueeits
Kwanat TPL libwry Py

SIMR.TANEOUS EQUATIONS WITH COMFLEX COEFFICIENTS OF FORH AX«B
MAX SIZF IS5 17 UNKHOUNS. QPTION OF FRINTING OUT A INVERSE

LOALING THE FRUCKAR NOW, .o

HOU MANY UNMNOUHS, N=?

N

U0 CPTIANS OF LATA INFUY ARE AVATLARLE:
BEYIOR © % A AN B MATRICES SUPPLILD FRON| THIS TERMINALS
QPTION 2 « A At R AATRICES SUPPLIED FROMA STORED FILE

INFUT DATA OFFION = 33

1M FOEE FORMs FUTER THT VALLES OF COMPLFX ELEHENTS OF THE A-MATRIX
BY R 1+

1 THE STONCICE OF FEALLY TPAGL P RERL2 THAGD +KEANNy IMAGN.
S UF 8-RAWIX { 50 YALUES)
o

[5HTER

Trcormet tnpat
dath entend,

IN FREE FORMy ENTER THE VALUFS OF COMPLEX ELENENTS OF THE B-nATRIX.
ONE ELEMENT (2 VALUES) FER LINE ONLY.

ENTER 5 ELEMENTS OF R-MATKIX (10 VALUES):
cLee o

2080400

Sl

e

&a —

b0 YOU WISH TO CHECK AND CORRECT THE TNPUT UNTAT YES OR NO)
ANGSWIR=>(FE

|~ Enter input data

44% INFYT DATA CHECK

L— Chack gad comect
inp

¢ data.
A-HATRIXI
L REAL has RERAL nng
1t 2,00000£401  3.00000E£+01 =5,000DOE +20 =3.G0000E+00
=1,300036+08  1,50000£401 0.000hOE+Q0  0.0GOCOE +00

0.00U0DE+00 ~4,30000E401

23 +5,00000E400 =3,00000€400 1410000E£401 =3,00000E+00
0.00200£400  0,00000E +00 ~6.000DQEIQ0  B.00000F+00
0.,00000E400 J.000G0£+00

3t =1.50000E401 1.40000E+01 0,00GN0E+Q0  0.00000F +00
4,20000E+01 =3,20000E+01 8,00C[0E400  1.60000E+0L
=2, S000UE+01 V. 00000E+00 .

a 0,00000E430  0.00000E+00
“B.20000E401  1,60000E 401
25, 009008 130 1. ADI0IE 401

~6.000D0E+00  8.00000€+00
2.30CPOE+A1 =4.3000CE 0L

52 0.90000E+00 -4.30000€401 0.000H9€400  0,00003E +50
=1 MO I0DEIOL 1. 0000CH+0T =3.00000F400  1.80000€ +O1
2000000EF0L  1.50000C402

L ELEMENTY OF A-RATRIX CORRCST? ANEUEIJ YES 0R NGP

;b

foay

MUY AANY NIMIERS ARE URONGT
HIAPRCR 2 Y3

£ 1ZLuN IN FRCE FOKAe THE ROW AND COLUAN NURBERS OF EACM INCORRECT 4|

MENT
i) AND GOLUMN NURSER FAIR PER LINE
.

44
1

FHICR CORRTCTED A-ELERENTS BELOWE
AL 10) w10,
Ataen) = >oad
Alael) = 228

AT InE CORRESTE
YET GR KGT
At ubTa ey

A-8ATRIX KETYPER GUT FOR [CHECKING Now?

B-MATRIX CHECRS

KOW KEAL 116
i3 1,00050C+02  0,00000L+00
23 2.00060F 102 1,00000E 402
L @.00006E400  0,00000E $00
ar 0.00000K +00  0,00000E+00
3t 0.00000E+00  0.00000£400

AKE ALL P-LLEWCHTS CORKECT? ANSWER YES [OR NOZ
ANSUER=YYFS

10 YOU WANT THE INVERSE OF A-HATRIX PRIJTED OUT? YES OF NOT
ANSWER=> 1)

HOW SWITCHING TO FORTRAN EXECUTION.+s |

LOADING Adtimatic Linrge
frow PIL Te Bl
COMED 3K CORE §
EXECUTION Crecution
A-HATRIXS
ROM 13 ©0.27000E402  0,3000€402 =0,%000E+01 -0.3000T 10t
“0.1500E402  0.1600F+02 0.0000E400 0.000CE+00
0.000GE+00 -0.4300E+02
ROW 28 -0.5000€+01 ~0.3000¢ 01 0.1100E 102 ~0.3000€ $91

0.0000L400  0.00GOF+00
0.0000£4G0 0,0000E+00
ROw 3% ~0.1500C+02  0.1800C402
0,4200E402 =0, 3200F +02
~Q.1500£402  0,1000E402

ROW 4t 0.0000£480 0,0000L+00
~0,1200F +02 0.1400C+02
=0.5000E+01 0,18GOE+02

=0,6000010)  0.80u0E+OL

©0.,0000€490 0.,COCOF +00
0.8000E401 ©0.160CGE4102

~0.4000E401 0.8000E+01
0.2300E402 -0.42006+402

ROU St 0.0000E400 ~0,4300E+02
~0,1500E+02 0Q,1000€+02
0.2000E402 0.1500E402

0.0000E+00  0.0000F 400
~0,5000E401 0.18Q0£402

|~ Printout of

B-MATRIX? Probles cenditiens
ROW 1% 0.1000E403  0.0000£+400
row 2t 0.2000£403  0.10008+403
ROU 33 0.0000£+00  0.0000£+00
ROw 42 0.0000E400  0.0000€400
KOW S8 0,0000E400  0.0000E+00

SOLUTION OF THE COMPLEX SIMULTANEOUS EOYATIONS?
REAL PART INAGINARY PAR MAGNEITUDE PHASE ANGLE(DEG)

X 1) - 11.579755 ~3.20194 12.03%86 -15.82

PR TR 27.542839 30943 20.79221 16.94

XC3) - 7.869136 -7.04257 10.56035 1.83

XC 4 = 12.317659 ~1,68885 12.43290 -7.01

PO T 9.040064 -2,40017 9.40079 -16-09
— Resuits

s10P -

TNL OF EXECUTION
TIMED 0i60 FLAFSED TINED 53.85

Step3: To geb off the systvm.

el 36 [1IG1099 182141 of ¢ [1763  at 1624 27-Jar=77 Cornectss Min
[isk ReW=LAPSL  Tare (020 faved all files (10 blacks)
CFU 0307 Core HuHe Unitue0,0170 ($1.29)

Total time ot the tarminal =2 § minutes
Q-uyuh.- time wsed = 7 Seconds
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LOSIN 115103/1 4

Step £: To get omthe system
77/B 61B.724 TTY63

4 wiats renaining  Last login! 14531 27-Jan-77

1538 27-dan-77 Thur

PIC ENETPLOT }— Step 2: To call and exaautn
Redobugd ta Ire pregrom
INTERACTIVE FLOTTING FROGRAM o

MAXTHUM CAFACITY? PLOTTING A CURVE OF 151 DATA POINTS.
fGATLEG THE FROGRAN NOWr.oo

FHRIE HETIONS ARE AVAILABLE!
OFTIUN 1 = TG FLOT A CURVE FOR Y=F(X) WHICH WILL BE SUPFLIED BY YOU
OFTION 2 = TO PLOT A CURVE WITH COORNINATES ALREADY STORED ON FILE»
OFTION 3 = TO FLOT A CURVE WITH DATA TO BE ENTERED AT THIS TERMINAL.

OFTION =

TUO TYFES OF PLOTS ARE AVAILARLE?
TiiE 1 FLOT PROPHCED ON TERMINAL OR LINE PRINTER
TYFE 2 FLOT FRODUCEDR ON CALCOMP FLO1TER

fel) UAM OBTAIN THE PRINTER OR TTY FLOT RIGHT AFTER EACH RUN» BUT YOU
el WAFT UNTIL THE NEXT DAY TO GET THE CALCONP PLOT. ON THE OTHER
HA, CALNCMP FLOT IS OF MUCH SUFERIOR QUALITY.

CHOUBE [HE TYFE OF FLOT YOU WANT:
Tk =1

foll HANY FOINTS TG BE FLOTTED (NPT=7)7
G NOT CONFUSE NURDER OF INCREMENTS WITH NUMBER DF POINTS, IF YOu
HaVil 100 INCKEMENTSy YOU SHOULD SFECIFY 101 POINTS» AS AN EXAMPLE.

[N I |

“inT IS THE VALUE OF THE FIRST X (X1=?) 7
Xt = 0

GHAT IS THE VALUE OF THE LAST X (X2=7) ?
x2 O

TYFE THE "ORTRAN EXFRESSION OF F(X)s SUCH AS?
3. 12KEXF (~3.5%X) ¥SINC3I77 . %X)

REPEATS FORTRAN EXPRESSIONs NOT FIL EXPRESSION.

il F(Xy
X 3SPREXF (- PRXIASTNCO, 1XXIRSTNCO . 5XX)

poUREZRA S S L AR UL AR LESL o2 5SS Lo

NOW READY TO SWITCH TO FORTRAN EXECUTION...
FORTRAN? 0ZXZQ

FCN

LOAUING

PLOT 6K CORE
EXECUTION

TYPE THIS COMMAND TO RECEIVE YDUR OUTPUT ON LINE PRINTER:-
Q PLOT.LPT/FILEIFORTRAN
TYPE THIS THIS COMMAND TO RECEIVE OUTPUT ON YOUR TERMINALS-
TTY WIOTH 132
TYPE PLOT.LPT
YOU MUST GET YOUR OUTPUT BEFORE NEXT PLOT RUN.
OTHERWISEs THIS QUTPUT WILL BE ERASED AND REPLACED BY NEW PLOT OUTPUTS.
STOP
END OF EXECUTION

CFU TIKE! 0.73 ELAPSED TINE! 4.53
EXIT

soTduwexd

137
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RS ST L } Commands to reproduse the plot ou the terminal

SIOUE ELOT LT

THE SCALE FACTOR OF ORDINATES & LIVISION= 0,.50000E-02
THE SCALE FACTOR OF ARSCISSA! 1 DIVISION= 0.10000E+01

FIRST ARSCISSA VALUE X(1)= 0.,00000E+00

NOTIZS TN INTERFRETENG THE PLOF, X-AXIS STARTS WITH X{(1) VALUEL.
SUBSEQUENY X CAN RE COMFUTED FROM X(1) ANU ARSGLISSA SCALE FACTOR.

(MULTIFLY BY SCALE FACTOR 0.50000E-02)

3 -30 ~-20 ~10 [ 10 20 30 40 G0 40 70

X + + 4 + + + + + + 1 +

* 1 *

* 1 *

* 1 x

* 1 «

AXC S)+ X

& I x

X 1 x

A 1 *

X 1 x

AXC 10D+ *

* 1 x

* 1 x

« I *

* 1 ¥

*X( 15)4 *

* I . x

* I *

¥ I X

X I ¥

AXC 200+ *

* I X

« I ¥

* I *

« I *

*XC 280+ x

* I X

& I x

* 1 *

* 1 X

*X( 302+ *

¥ I ¥

* + + + + + t + + + 1 +

* -30 -20 -10 [+ 10 20 30 40 50 60 70
(HULTIFLY BY SCALE FACTOR 0450000E-02) ‘

Step 3« To get the Sqsfbn, .
~ ep ge€ off 7 Totas Terminal time @ 6 minutes
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CalComp subroutines, 247-270
annotations with symbols
and numbers, 253

I\ axis, scales and labels, 254
basic pen movements, 251
initializing and terminating, 250
lines and curves plotting, 255
redefining origin and scale, 250
simple geometric patterns, 256

ACCESS program, 403
ANSI standard, 81
ARCHIVE program, 405
ASCII code, 8

ASPEX Program, 280
Array processor, 134

B

BATCH, 367-392
compiling and execution
commands, 376-379
disk storage control
commands, 37-376
end-of-deck command, 375

error recovery commands, 384,387

examples, 380-388
inclusion command, 377
line interpretation, 383
sign-off command, 374
Batch, switches, 388
sign-on commands, 371
Batch jobs, to submit
via OPRSTK, 83,208,349,389
via cards, 72,84,389
via terminal, 83,208,349,389
Batch processing, 1
Batch modules, 374-379
compiling module, 377,379
disk storage module, 376,379
execution module, 378,379
inclusion module, 378,379
sign-off module, 374,479
sign-on module, 374,379
Batch software system, 368-370
Batch controller, 370
Queue manager, 368
Output spooler, 370
Staker, 368
Bauds, 11

C

Cusp, 4

438

symbol table, 252
Calcomp Plotter Primer, 247-270
CHANGE program, 406
Checklist:

computation errors, 149

data errors, 146

data errors, 146

input/output errors, 152

logic errors, 150

program readability, 152
Codes:

ADE, 252, 261

ASCII, 8

CalComp Symbol, 252

EBCDIC, 10

Sixbit, 10

protection, 28
Compiler diagnostics, 154

mnemonic code for warnings, 158

mnemonic codes, 156
Computer graphics, 225-284
Control characters, 17-18

CIRL-C, 17

CTRL-I, 17

CTRL-O, 17

CTRL-R, 17

CTRL-U, 17
Control file, 370,371

to create, 314

to submit, 316
Conversational program, 7
Coordinate:

direct, 262

screen, 262

user's, 262

virtual, 262
CSMP, 185-224

a primer, 185-206

DYNAMIC segment, 195

INITIAL segment, 195

SORT and NOSORT sections, 195

TERMINAL segment, 195

data statements, 201

examples, 211
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execution control statements, 204
format, 194, 176

job execution, 209

job preparation, 207

library functions, 197

output control statements, 206
structure statements, 196

symbols, constants, operators, 194
translation control statements,202

D

D-statement, 170
Data line multiplexer, 2
DECtape, 395
DECwriter, 11-18
Delimiter, 35
Device:
logical name, 286,321,338
physical name, 285,320,338
system, 320,338
Diagnositics:
compiler, 154
run—time, 155-167
Dial-up line, 8
Differential equations, 187-189
numer ical solution, 189
Direct Graphics, 261
DICOPY program, 408

E

EBCDIC code, 10
Editing programs (UPDATE), 70
Editor, text, 33-80
ENG: device, 228-236,239,423-437
Engineering program library, 423-437
Errors:
checklists, 146,149,150
coding, 138
dimension out-of-bound, 168
logic, 138 )
problem definition, 138
Executive system, 4

F

FILCOM program, 408

Files, 27
basic concept, 27
control, 370,371
specifications, 27

Flow chart, walkthrough, 139

439

FORDDT program, 175-182
commands
example, 179
FORFLO program, 142
switches, 144
FOROTS diagnostics, 155,159
FORTRAN 77, 135
FORTRAN debugging, 137
FORTRAN format, 110-112
alphanumeric field, 111
complex, 112
logical field, 111
numer ic field, 110
scale factor, 110
variable field width, 111
FORTRAN program,
FORTRAN program, to enter, 82
FORTRAN program, to load, 85-90
FORTRAN program, to execute, 85-90
FORTRAN-10, 81-184
alphanumeric format field, 111
assignment statements, 99
blank line, 97
comment line, 95
compilation control commands, 97
compiler listing, 162
constants, 93
continuation line, 95
control statemetns, 100
debug line, 95
DEC subroutines, 117
device control statements, 112
expressions, %4
file control statements, 107
FORMAT statements, 110
input-ouput statement summary, 106
input-output keywords, 101
library functions, 96
list directed input-output, 103
loader switches, 90
logical field format, 111
logical units, 102
multi-statement line, 95
multiple-entry subprogram, 115
namelist, 103
numer ic field format, 110
OPEN/CIOSE statements, 108
Pitt subroutines, 118
print carriage control
characters, 113
random access records, 103
READ statements, 104
specification statements, 98
statement sequence, 97
statements, 95
subprogram statements, 114
transfer modes, 101
variable field width, 111
variables, 94
WRITE statements, 105
Full-duplex, 8
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G

Graphic devices:
calligraphic, 226
rasterized, 226

Graphics terminal, 19, 259

Graphics:
direct, 261
interactive, 271
menu, 271
screen, 261
virtual, 261

H

Hal £-duplex, 8
High-order language, 192
How to:
change mind on output, 359
change protection code, 352
change your password, 23,328
check computation errors, 149
check data errors, 146
check input/output errors, 152
check logic errors, 150
choose a system, 326
communicate with others, 330-333
compile a stored FORTRAN
program, 85,376
copy a file, 73,353
copy a tape, 408-410
create a file by batch, 72,375
create a file from a terminal, 72
debug a FORTRAN program, 137-184
delete a file, 352
do management of files, 294,350-354
do word-processing jobs, 299-313
draw a picture on DEC-10, 245-279
edit a FORTRAN program, 84
enter a FORTRAN program, 82
enter a program/data file, 33-80
execute a stored FORTRAN
porgram, 85,378
get system status reports, 333
label a tape, 397
link between a PIL job and
a FORTRAN job, 420
link between a PIL job and
a batch job, 421
load a stored FORTRAN program, 85
manage your file by UPDATE, 72-74
merge several file into one, 73,353
operate a terminal, 8-26
plot a curve on DEC-10, 227-244
prepare a flow chart, 142

GENERAL INDEX

register a tape, 397

safekeep a program/data
file, 401,405

set characteristics of
a terminal, 344-345

set right margin of terminal, 344

sign-off, 25,328

sign-on, 21, 326

sort alphabetically/numerically,
297-298

submit a batch job, 72,83-84,208,
349,389

submit for output, 355-365

trace program execution, 173-174

transfer files, 291-293

understand diagnostic messages,
154-167

use Engineering Program Library,
424-437

use a tape, 393-410

use disk as virtual memory, 317

use tape drives, 336-343

IMSL Package, 131

K

Keys:
backspace, 16
control characters, 17-18
control, 15
delete, 15
ESC, 16
linefeed, 15
repeat, 16
retrun, 15
shift, 16
special characters, 15-16
tab, 16

L

Labels, header, 395
Labels, trailer, 395
Language, simulation and modeling,209
Line number, UPDATE, 34
absolute, 34
relative, 34
Line, transmission, 8
dedicated, 8
dialup, 8
hardwired, 8
shared, 8
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MPB, multi~program batch, 367
MTICOPY program, 408
Modeling, dynamic, 185
Modeling, mathematical, 187
Modem, 2
Monitor, 4
Monitor commands, 320-366
communication, 330
facility allocation, 336-343
file management, 350-354
file output, 354
job initiation, 326
job termination, 328
program compiling, loading
and execution, 347-349
QUEUEing for output, 355-363
source file preparation, 335
status report, 333
TTY control, 344-346
Multi-programming, 1
Multiprogramming system, 1,367
Multprogram Batch, 367-392

o)

Operating Systems, 320-366
OPRSTK program, 314-316,

P

Password, 23,328,374
to change, 328
PIL, 412-422
constants, 412
expressions, 413
library functions, 414-415
subscripted variables, 413
variables, 412
PIL statements, 413-421
conditional, 416
execution, 413
file control, 419
file management, 418
input and output, 416
input/output format, 416
labels, 413
loop, 416
subprogram, 417
substitution, 413
termination, 413
transfer, 413
PIL-FORTRAN linkage, 420,423
PIL-OPRSTK linkage, 421

PIP program, 285-296
PIP switches, 286, 291-29%6
. X-switch, 291
compunded, 294

file directory management, 294-

transfer with editing, 291-293
PLOT10 Package, 264
Ploter output preview, 241
Plotter, digital, 245
Plotting,
on a graphic terminal, 264
on a plotter, 236
on a printer, 227
on a terminal, 227
Pointer (UPDATE), 34
PPN, 7
Protection code, 28

Q

QUEUE switches, 361-363'
Quota, disk storage, 23-25
login, 24
logout, 24

R

Rasterization, 226
Record, 27,34
RUNCFF progream, 299-313
RUNOFF commands:
RUNCFF commands, 302,312
Jbasic, 302-306
mode setting, 312
page formatting, 311
parameter setting, 313
text formatting, 310
RUNOFF swithces, 308-309
Run-time diagnostics, 155-167

S

Screen Graphics, 261
Sign-Off, 25
Sign-On, 21

Simplex, 8

Sixbit code, 10
SORT' program, 297-298
SSP Package, 130
SUBSET package, 123
Supervisor, 4
Swapping device, 27
Symbol, prompt, 6

441
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T

Tape, 393-411
labeling, 397
DECtape, 395
drive, 393
labeling of, 397
magnetic, 393
mounting and dismounting
of, 337-343,398
registration of, 397
sequential processing commands,399
tracks, 393
transport, 393
TAPLBL program, 397
Tape service programs, 401-410
ACCESS program, 403
ARCHIVE program, 405
CHANGE program, 406
DICOPY program, 409
MTCOPY, 409
UARC, 401-2
Teletype, 11
TEKPLT program, 241
Terminal Control System (PLOT10), 264
Terminal, 8-26,259
CRT, 18
dumb, 20
graphics, 19,259
intelligent, 20
keyboard, 15
Time slice, 2
Time—-sharing, 1
Turn-around-time, 2
TYPE command, 364

U

UARC program, 401

UPDATE, 33-80
auxiliary file, 63
completion commands, 42
compounded commands, 47
conditional editing commands, 65
copy command, 52
editing control commands, 54
file management by, 72
length—control commands, 62
line deletion command, 40
line insertion mode, 44
line insertion, 41
line—output command, 41
move command, 49
parameter—setting commands, 58
pointer-movement commands, 37
text-changing commands, 39

\'J

VERPLT program, 280
Virtual Graphics, 261
Virtual memory, 317-318

W

Wild card, 28

Windows, 362
screen, 262
virtual, 262

$

$-cards, 371

GENERAL INDEX
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This INDEX

QUICK REFERENCE OF COMMANDS AND PROGRAMS

includes a list of commands or subprograms for rapid

reference. The legend of entries is:

Command or Subprogram Name (Processor Name) , Page number

For example, the en(:_ry "SCALE (CALCOMP), 252" means a subprogram named SCALE for
the CalComp Plotter processor, and its description may be found on page 252.
The following processors are included in the Quick Reference:

BATCH
CALCOMP

Commands in the Batch processor
Subprograms in the CalComp Plotter Subprogram Package
PRG: PLTLIB.REL

Engineering Library Library programs in the device ENG:

FORTRAN Subroutines in the System FORTRAN Library

MONITOR Commands in the System Monitor

PIL Commands in the PIL Processor

PLOT10 Subroutines in the Tektronix Graphic Package PLOT10

SUBSET Subprograms of the SUBSET package, developed by

Ronal K. Nicholas.

UPDATE Commands in the UPDATE text editor

USL User Program Library
A B
AlIN (PLOT10), 279 BACK SPACE (PIL), 419
AIOUT (PLOT10), 279 To-4
ACCESS program, 403-405 BACKFILE (MONITOR), 400
ACQUIRE (PIL), 421 BACKSPACE (MONITOR), 399,400
ADVANCE (UPDATE) , 64 BACKTO (BATCH), 384
AINST (PLOT10), 279 BAKSP (PLOT10), 269
ALTER (UPDATE), 39 BASMAT (Library ENG:), 428
AMAXX (SUBSET), 124 BELL (PLOT10), 264
AMINX (SUBSET), 124 BMD (BATCH), 385
ANCHO (PLOT10), 269 BODE (Library ENG:), 428
ANCHO (PLOT10), 279 BREAK (UPDATE), 62
ANMODE (PLOT10), 269
ANSTR (PLOT10), 269
ANSTR (PLOT10), Y
AOUIST (PLOT10), 279 C
ARCHIVE program, 405-406
ARROW (UPDATE) , 56 CALPLT (Library ENG:), 430
ARROW(UPDATE) , 55 CARTN (PLOT10), 269
ASCEND (FORTRAN) , 121 CATALOG (PIL), 419
ASPEX program, 280 CHANGE (PIL), 418
ASSIGN (MONITOR), 336 CHANGE (UPDATE), 39
ASSIGN (PIL), 418 CHANGE program, 406-407

AT (UPDATE), 37
AXIS (CALCOMP),

. CIRCL (CALCOMP), 256
252 CMIS (Library ENG:), 428

443
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COGGIN (Library ENG:), 428
COMEQ (Library ENG:), 428
COMPILE (MONITOR), 347
COPY (MONITOR), 352

COPY (SUBSET), 124

COPY (UPDATE), 52

CORE (SUBSET) , 123
CPUNCH (MONITOR), 356
CSMP (BATCH) , 385

CSMP (Library ENG:), 428
CURRENT (MONITOR), 333

D

DASHA (PLOT10), 267
DASHL (CAICOMP) , 255
DASHP (CALCOMP), 251
DASHR (PLOT10), 267
DASHSR (PLOT10), 278
DATE (FORTRAN), 117
DAYTIME (MONITOR), 333
DCURSR (PLOT10), 270
DEASSIGN (MONITOR), 339
DECK (BATCH), 375
DELETE (MONITOR), 352
DELETE (PIL), 418
DELETE (UPDATE), 40
DEMAND (PIL), 416

DF1 (Library ENG:), 428
DF2 (Library ENG:), 428
DFN (Library ENG:), 428
DIRECT (Library ENG:), 428
DIRECT (MONITOR), 350
DISMOUNT (MONITOR), 343
DO (PIL), 413

DONE (PIL), 413

DONE (UPDATE) , 42

DPB (FORTRAN), 120
DPBN (FORTRAN) , 120
DRAWA (PLOT10), 267
DRAWR (PLOT10), 267
DRAWSA (PLOT10), 278
DRAWSA (PLOT10), 278
DRAWSR (PLOT10), 278
DRIVES (MONITOR), 340
DRWABS (PLOT10), 265
DRWREL (PLOT10), 265
DSHABS (PLOT10), 265
DSHREL (PLOT10), 265
DICOPY program, 408-410
DWINDO (PLOT10), 267

E

ECHO (UPDATE), 56
EDIT (UPDATE), 55

TNDEX B
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EE45 (Library ENG:), 430
ELIPS (CAICOMP), 256
ELSE (UPDATE), 67

END (UPDATE), 42

ENDPAG (CAICOMP), 250
EOD (BATCH), 375

EOF (MONITOR), 399,400
EQJ (BATCH), 374

ERASE (PLOT10), 204
ERROR (BATCH) , 384
ERRSET (FORTRAN) , 117
ERRSNS (FORTRAN) , 117
ERRSNS (FORTRAN) , 166
EXECUTE (MONITOR), 347
EXECUTE (PIL), 420

EXIT (FORTRAN), 117
EXIT (PIL), 413

EZLP (Library ENG:), 428

F

FACTOR (UPDATE), 58

FFT (Library ENG:), 429
FIBON (Library ENG:), 429
FILCOM program, 408-410
FINISH (UPDATE), 42
FINITT (PLOT10), 264
FIT (Library ENG:), 429
FOR (PIL), 4l6

FORDDT program, 175-182
FORFIO program, 142
FORM (PIL), 416

FOROTS program, 155
FORTRAN (BATCH), 376
FORWARD SPACE (PIL), 419
FOUR (Library ENG:), 429
FROM (UPDATE), 64

G

GAG (UPDATE), 57

GET (UPDATE) 65

GOTO (BATCH), 384

GRAPH (CALCOMP), 250
GRAPH (Library ENG:), 231
GRAPH (Library ENG:), 431
GRAPH2 (CALCOMP), 250
GRID (CALCOMP), 252
HDCOPY (PLOT10), 264

H

HELP (Library ENG:), 429
HELP (MONITOR), 334



Quick References

HOME (PLOT10), 269
HOOKE (Library ENG:), 429

IDENT (SUBSET), 123

IF (PIL), 416

IF (UPDATE), 65

IFIIE (FORTRAN), 122
IMAGE (Library ENG:), 429
IMPROC (Library ENG:), 430
INCLUDE (BATCH), 378
INIT (SUBSET), 124
INITIATE (MONITCR), 327
INITT (PLOT10), 264
INPUT (UPDATE), 45

IS (UPDATE), 45

J

JOB (BATCH), 371
JOIN (UPDATE), 62

K

KCM (PLOT10) , 277
KIN (PLOT10), 277
KJOB (MONITOR), 328

L

IDB (FORTRAN), 119
IDBN (FORTRAN), 119
LENGIH (UPDATE), 59
LGAXS (CALCOMP), 252
IGLIN (CALCOMP), 255
LINE (CALCOMP), 255
LINE (PIL), 421
LINE (UPDATE), 57
LINEF (PLOT10), 269
LINHGT (PLOT10), 277
LINTRN (PLOT10), 278
LINWDT (PLOT10), 277
LOAD (MONITOR), 347
LOAD (PIL), 418
LOCATE (SUBSET), 123
LOGIN (MONITOR), 326
LOGLOG (ENG:GRAPH) , 236
LOGOUT (PIL), 413
LOGIRN (PLOT10), 278
IORGIN (CALCOMP), 250
IOWER (UPDATE), 57

LSH (FORTRAN) , 120

M8080 (Library ENG:), 429
MARK FILE (PIL), 419
MATOP (Library ENG:), 429
MAXX (SUBSET), 124

METRIC (CALCOMP), 247
MINILP (Library ENG:), 420
MINX (SUBSET), 125

. MOUNT (MONITOR), 341

MOVABS (PLOT10), 265
MOVE (FORTRAN), 121
MOVE (UPDATE), 49
MOVEA (PLOT10), 267
MOVER (PLOT10), 207
MOVREL (PLOT10), 265
MSFLVL (FORTRAN), 173
MTICOPY program, 4U8-409
MUX (Library ENG:), 429
MYJOB (SUBSET), 123
MYLINE (SUBSET), 123
MYNAME (SUBSET), 123

N

NEWLIN (PLOT10), 69
NEWPAG (PLOT10), 269
NI (Library ENG:), 429
NJOB (MONITOR), 333
NOERROR (BATCH) , 384
NUMBER (CAICOMP), 251

O

OFILE (FORTRAN), 122
ON FILEMARK (PIL), 419
ON SIZE (PIL), 421
ONTO (UPDATE), 63
OPRSTK (MONITOR), 349
OPRSTK (PIL), 421
OPRSTK program, 314-316
ORIGIN (CALCOMP), 250
OVERIAY (UPDATE), 61

P

PAGES (PIL), 421

PASSWORD (BATCH) , 374
PENDN (CALCOMP) , 251
PENUP (CALCOMP), 251
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PIP program, 285-296
PJOB (MONITOR), 333
PLACE (UPDATE), 61
PLOT (CALCOMP), 251
PLOT (Library ENG:), 429
PLOT (MONITOR), 236,356
PLOT8 (ENG:GRAPH) , 229,231
PLOTIT (USL:), 241
PLOTIT program, 241-243
PLTLIB (CALCOMP) processor,
247-258
PLTSYM (CALCOMP), 251
PNTABS (PLOT10), 265
PNTREL (PLOT10), 265
POINTA (PLOT10), 267
POINTR (PLOT10), 267
POLAR (CALCOMP), 255
POLAR (ENG:GRAPH), 236
POLTRN (PLOT10), 278
POLY (CAICOMP), 256
POLY (Library ENG:), 429
POSITION (UPDATE), 61
POST (MONITOR), 331
PRESERVE (MONITOR), 352
PRINT (MONITOR), 356
PRINT8 (ENG:GRAPH), 236
PROCEDURE (PIL), 417
PROTECT (MONITOR), 352
PSCALE (CALCOMP), 250
PUT (UPDATE), 63

Q

QIKIOG (FORTRAN), 237
QIKPLT (FORTRAN), 237
QUEUE (MONITOR), 352
QUINE (Library ENG:), 430

R

R (MONITOR), 349

READ FROM (PIL), 419
REAIEQ (Library ENG:), 430
RECO (Library ENG:), 430
RECOVR (PLOT10), 275
RECT (CALCOMP), 256
REDEFINE (PIL), 418
RELEAS (FORTRAN), 117
RENAME (MONITOR), 352
RESET (PLOT10), 275
RESOURCE (MONITOR), 334
REWIND (MONITOR), 399,400
REWIND (PIL), 419

RMOUNT (FORTRAN) , 122,400
RROTAT (PLOT10), 275
RSCALE (PLOT10), 275
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RUN (BATCH), 386

RUN (MONITOR), 349

RUN (PIL), 420

RUN (SUBSET), 123
RUNOFF program, 299-313

S

58080 (Library ENG:), 430
SAVE (MONITOR), 348

SAVE (PIL), 418

SAVE (UPDATE), 59

SAVRAN (FORTRAN), 117
SCALE (CALCOMP), 252
SCALG (CALCOMP), 252
SCAMP (Library ENG:), 430
SCURSR (PLOT10), 270
SEARCH (Library ENG:), 430
SEEDW (PLOT10), 276
SEELOC (PLOT10), 276
SEEREL (PLOT10), 276
SEETRN (PLOT10), 276
SEETW (PLOT10), 276
SEMLOG (ENG:GRAPH) , 236
SEND (MONITOR), 330
SEQUENCE (BATCH), 371

SET (PIL), 413

SETMRG (PLOT10), 277
SETRAN (FORTRAN), 117
SETTTY (SUBSET), 126
SIPROC (Library ENG:), 431
SIXBIT (SUBSET), 128

SKIP (MONITOR), 399,400
SMOOT (CALCOMP), 251

SORT (FORTRAN) , 117

SORT program, 297-298
SPRAY (FORTRAN), 121

SPSS (BATCH), 386

START (MONITOR), 347
STATUS (Library ENG:), 430
STOP (PIL), 413

SUBMIT (MONITOR), 356
SUBSET (Library ENG:), 434
SUBSTITUTE (UPDATE), 39
SWINDO (PLOT10), 267
SYMBOL (CALCOMP) , 251
SYSTAT (MONITOR), 334

T

TAB (UPDATE), 59

TEKPLT (PLOT10) processor,
259-279

TEKPLT program, 241-244

THEN (UPDATE), 65

TIME (FORTRAN), 117
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TIME (MONITOR), 333
TINPUT (PLOT10), 279
TINSTR (PLOT10), 279

TO (PIL), 413

TO (UPDATE), 37

TOUTPT (PLOT10), 279
TOUTST (PLOT10), 279
TPUNCH (MONITOR), 356
TRACE (FORTRAN) , 173
TRANEQ (Library ENG:), 430
TRAVEL (UPDATE), 37
TRUTH (Library ENG:), 430
TTY (MONITOR), 344
TWINDO (PLOT10), 267
TYPE (MONITOR), 364

TYPE (PIL), 416

TYPE (UPDATE), 41

TYPE program, 364-366

U

UARC program, 401-403
UNDRIVES (MONITOR), 340
UPDATE (MONITOR), 335
UPPER (UPDATE), 57
USESTAT (MONITOR), 333

Vv

VCURSR (PLOT10), 270
VERPLT program, 280
VWINDO (PLOT10), 267

w

WHERE (MONITOR), 334
WHERE (UPDATE) , 60
WKDAY (SUBSET), 123
WRITE ONTO (PIL), 419

X

XYPLOT (ENG:GRAPH), 231,234
XYPRNT (ENG:GRAPH), 236

y4

ZERO (FORTRAN), 121



