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ABSTRACT

A software package has been developed
which allows many users to access the
off~line plotting facilities simultaneocusly
on the Institute's UNIVAC 1108 computer.
The package provides for the efficient use
of the UNIVAC's 7-track magnetic tape
facilities, simplifies the use of the
CALCOMP 936 graph plotter and attempts to
maximise the throughput of graphs on the
plotter, It also provides an automatic
means for charging for each plotter job
using an interface with the standard IH
accounting routines,

REPORT NO 54

March 1978



G GIE Gk oW N0 U0 G TN U G OF 00 OGN S0 G5 G GE N = o



CONTENTS
1 INTRODUCTION
2 THE USER GUIDE

2.1 Introduction

2,2 Use of Plot Directory Entry Processor (PLDIR)

2.3 Restrictions to use of plotter when using
Spooling System

3 THE OQPERATOR GUIDR
3.1 Introduction
3.2 Magnetic tape generation program (PLCOPY)
3.3 Directory enguiry program (PLOTS)
3.4 Accounting
4 SYSTEM OVERVIEW

4.1 Spooling system concepts

Plot file deslgn (SYS*PLOTDIRECTOR)
Plot tape construction

Site installation

4.
4.
4

s L N

5 THE DIRECTORY ENTRY PROCESSOR (PLDIR]

.1 Introduction

.2 The main routine (DIRUPD]
.3 Subroutine TDATE

4 Subroutine STATUS

5 Subroutine KEYWD

wtwin i

3
Z

MAGNETIC TAPE GENERATION PROGRAM (PLCOPY)

Introduction

The main youtine TAPEQUT
Subroutine NOSE
Subroutine TAIIL
Subrcutine HEADER
Subroutine COPY
Subroutine ORDER
Subroutine PHREAD
Subroutine LINES
Subroutine CHGE
Subroutine WRCNG

Lol B I 2 IR I LR I S S B R gy

OGNNSO
= Q

Page

11
11

12

12
13
16
17

18

18
19
21
21
22

23

23
25
27
27
27
27
29
30
30
30
30



UTILITY ROUTINES

Program DIRCE
Program HOWMANY
Program DIRBOJ
Program ZERO
Subroutine PLCHG
Program ACCHG

LN RES B R e ]
P T
O LN b W ko

Appendix A
Appendix B
Appendix C

Appendix D

ii

32

32
32
33
33
33
34

36

41

44

53



1, INTRODUCTION

A software package, known as 'The Spooling System' has been developed

on the Institute of Hydrology's UNIVAC 1108 computer to allow many users
cimultaneous access to the Institute's off-line CALCOMP 936 plotter,

The plotter's control unit reads and interprets plotting commands written
on a 7-track magnetic tape by FORTRAN programs executed on the UNIVAC.
The package was written to improve the usage of the UNIVAC's 7-track
magnetic tape facilities which had become a major bottleneck to through-
put on the system. The Spooling System also simplifies the use of the
graph plotter for the user and improves the efficiency with which the
plotter can be used. It also calculates a charge automatically forx

each graph produced and provides an easy nethod of accounting graph
plotter usage using the standard IR accounting runs. In additicn the
spooling system causes an identification box to be appended to each
plot which provides both the user and the Calcomp operator with
relevant infeormaticn.

Using the Spooling System reduces the number of graph plotter tapes
required in a pool to provide an adeguate service by allowing the
UNIVAC operator to write many user plots to one magnetic tape. Plots
are categorised into four basic types, depending on paper width and pen
type. Each type is written to a separate tape. The use of multiple
plot tapes reduces the workload on the 7-track magnetic tape subsystem.
This is not required by each user to produce one plot but only when the
UNIVAC operator's ccllection program is being run to gather many plots
to tape. The number of magnetic tapes which the plotter operator has
to handle is reduced and, because a list of the plots written to each
tape is produced, the operator is given a simplified task in plotting
each user plot., The list of plots on each tape includes an estimate

of the length of time each plot will take thus enabling the operator to
schedule the plots more efficiently and improve the average turn round
time for each user plot.

As the user is permitted to write his plotter information to a disc
file, not directly to tape, he may create a plotfile without any
operator intervention. Hence the plotting facilities are made available
to uzmer: Auring unmanned periods of operation. This also eliminates
the delay to the user of waiting for a magnetic tape unit before being
able to complete his plot. A processor is used to assign the usexs
plotfile and alsc makes an entry in the system plotfile directery which
contains the user's pen and paper requirements etc, Thus the user
specifies his requirements within his runstream and these requirements
are printed on the output from his job. The user may easily check the
reguirements requested in a given job from his lineprinter output.

The commands which the user must insert in his runstream are simple

and are used to generate a directory entry for the plot, inserting the
uger's pen and paper requirements, the number of copies of the plot,
the FORTRAN channel number +to which the plotter informaticn will be
written and any message the user may wish to convey to the plotter
operator. The runstream commands also assign a disc file which will




be used for the plotter information (the plotfile) and to associate
this file with the user-supplied FORTRAN channel number.

The graphical output from the spooling system will contain all the
information written by the user to his plotfile and also an identifica-
tion plot block (Figures 1, 2 and 3) which enables the user to associate
the graph with the run which created it from the time and date at which
the directory entry was made, and the account and runid of the job

which created the plot. The plot block also contains the cost of the
plot (in pounds) and the estimated time to plot it (in minutes). The
remaining entries in the plot block inform the operator of the user's
pen reguirements and the number of copies of the plot to expect.

Finally the spooling system calculates the cost of a plot from the
number of Calcomp records contained within the user‘'s plotfile. This
ensures a consistency of charging which could never be achieved from a
manual accounting system and considerably reduces the plotter operator's
book-keeping duties.

The Spooling System consists of a system processor (PLDIR) which is
called by the user; an operator's program (PLOTTAPE]; three utility -
programs DIRCRE, DIRBOJ and HOWMANY and two accounting routines, ZERO
and PLCHG,

PLDIR creates an entry in the plotfile directory containing the user's
account code and yunid, the time and date of creation of the entry, the
number of copies of the plot which are required, the user's pen and
paper specification and his comments to the operator. It then assigns
a plotfile for the user and associates it to the user-supplied FORTRAN
channel number.

PLOTTAPE takes the contents of the system plotfile directory at any
instant and transfers the files it has referenced to magnetic tapes.
Each tape will contain all the plots of a given type written out in the
best order as described later, PLOTTAPE generates appropriate header
information on the tape and precedes each user plot by a plot block
{see Figures 1, 2 and 3) which contains the information from the
directory entry.

The utility programs DIRCRE, DIRBOJ and HOWMANY are used to create and
initialise a plotfile directory, to rebuild a plotfile directery which
contains an error and to notify the operators of the number of plots in
the directory, respectively.

The accounting program ZERO is used to clear the accounting section
entry in the plotfile directory and may be used when the system is
installed and after each successful run of the accounting programs.

The accounting routine PLCHG is provided so that an ASCII FORTRAN
accounting program may obtain the values of cost and time held in the
accounting section of the plotfile directory. PLCHG is called from an
accounting program (which passes an account code to PLCHG) to find the
total cost and accumulated plot time used by the account since the last
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initialisation of the account file, This information is passed back
to the accounting program,

2. THE USER GUIDE

2.1 Introducticn

The Spooling System allows a UNIVAC user to plot graphs without using

a tape unit directly. The user's plot is written to a mass storage
file an@d an entry is made in the system plot directory. The directory
entry centains all the information necessary to select pen types,
colours and paper widths. The user, in his runstream, has only to
place a call to the processor which creates a directory entry for each
plot he wants to generate. The call to the directory entry processor
is placed in the user's runstream before the execution of the program
which generates the plot. When the plot directory contains a number of
plots the computer operators run a batch job which examines the plot

directory and copies each plot onto one of four magnetic tapes depending

on the width of the paper the user requested and the type of pen (biro
or ink) required for the plet. Each plot on the magnetic tape is
preceded by a plot block which informs the computer operator of the pen
reguirements and the user of the cost of his plot and the time taken to
plot the graph (see Figures 1, 2 and 3). The plot block also contains
the 'runid' and account number of the job which created it, the time
and date of production of the directory entry and the number of copies
of the plot toc be plotted. When the plot information block has been
plotted the pen carriage will be pesitioned against the right margin
stop and fifteen centimetres from the plot block in the positive X
direction.

The Spooling System automatically accounts for each plot produced and
charges the cost of the plot to the account number used when producing
the plot., The charge is worked out according to the number of Calcomp
plot records in the user's plotfile. The number of records in the
Plotfile is counted and a conversion factor is applied to convert this
to an estimated plot time. This is produced in the header block on the
user’s plot and a charge factor is applied to this time to give a cost
in pounds which is alsc produced in the header block on the user's
plot (see Figures 1, 2 and 3).

2.2 Use of the Plot Directory Entry Processor (PLDIR)

2.2.1 General Description

The plot directory entry processor (PLDIR) constructs a directory entry
for the user. The directory entry contains the user's pen requirements
~{pen sizes and colours), the 'runid' and account number of the job
which created it, the name of the plot file which will contain the
plotter instruction codes, the number of copies of the information in



the plot file which the user requires to be plotted, the time . and date
at which the directory entry was constructed and any comment which the
user wishes to plet. PLDIR will also assign a mass storage file and
associate this to the FORTRAN channel number to which the user's
program will write the plotter instructions. PLDIR also inforxms both
the operator and the user, of the sequence number of the plot in the
directory.

2.2,2 The processor call
PLDIR is called by means of the job control statement:
@PLDIR Ch

where Ch is the FORTRAN channel number to which the user program will
write the plotter instructions. Ch must be two characters or less and
if it is omitted then channel 8 is assumed.

2.2.3 The pen description data card

The pen description data card must be the first of the two possible

data cards which the user may supply after the PIDIR call. If the pen
description data card is not supplied the second data card must not be

supplied either, The pen description data card is used to give PLDIR the user
user's paper reguirements and the number of capies required as well as the

pen sizes and colours. The data ¢ard has the format:

PWID,NCP,PlS,PlC,P2S,P2C,P38,P3C

where:

PWID is the paper width required and must be either 36 or 15 represent-
ing either 36 in paper or 15 in Paper. Any value other than 36 or 15
in this field will cause PLDIR to error.

NCP is the number of copies of the information in the plot file that
the user requires. 7This field must be a single digit number, any
other value producing only one copy. The field may be left blank if
one Ccopy only is required.

Pls, P25, P3S are the pen sizes required in pen 1, pen 2, pen 3
positions respectively. These fields should be either a number
representing the pen width in millimetres (only one decimal place
should be coded] or the word BIRO if a birxo is required,

PlC, P2C, P3IC are the pen colours reguired in pen 1, pen 2, pen 3
positions respectively. The colour fields must be selected from the

available colours (See Table 2) and may be up to six characters in
length.

If any of the last six fields on the pen description card is left blank
then no pen will be mounted in that position. Fields may be omitted,
in pairs, from the right if the pen is not required, Fields are
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as pen 1, a 0.3 mm green pen as pen 2 and a 0.4 mm red pen as Een 3
and with the operator instruction “PLEASE START AT LEFT MARGIN
plotted before the plot hlock. The user's program will write the
plotter instructions to FORTRAN channel 23.

mxamnle shoving use of some defaults

@QRUN Prog,acc,Proj
BPLDIR
15,,0,2,BLACK,0.2,RED
@ECF

@XQT User Prog

The plot block is shown in Figure 3. This plot would require 15 in
paper and would plot one copy using 0.2 mm pens in positions 1 and 2
on the pen carriage. Pen 1 would use black and Pen 2 red ink. The
plotter instructions would be written to channel 8.

2.3 Restrictions to the use of the plotter when using the Spooling
System

Z.8.1 The user is restricted to having one CALL PLOT(X,Y,99%)
in his program. The spooling system uses this call to signal the end
of the plet file when copying plots from mass storage to tape and any
infermation aftey the CALL PLOT(X,Y,999) will be ignored. However

any number of plot files may ke generated from within any one run by
repeated use of the PLDIR processor.

2.3.2 The user is resticted to a maximum mass storage file size
of 500 tracks for the file which will contain his plotter information.
This restriction may be over-ridden, if necesary, by inserting the
following job control language to supplement the call to PLDIR:

@PLDIR ch

data card one as usual
data card two as usual
@FREE,R ch

@ASG,A c¢h,///NMAX
@FREE,R ch

@ASG,AX ch

@XQT ---- etc.

where NMAX is the maximum file size required by the user plot,
2.3.83 Not more than 9 coples of any plot may be produced from

any one plot file. If more copies are regquired a new directory entry
and plot file must be created. This may be done by the method shown




separated by commas and may contain blanks which will be ignored when
found.

2.2.4 The comment data card

The second data card contains a user's comment to the plotter operator
which may be up to 48 characters in length. The specified comment will
be plotted on the opposite side of the plot block from the user's plot.
If the pen description data card is omitted the comment data card must
also be omitted.

2.2.5 The default actiona

If the user provides nc data cards at all after a call to PLDIR the
‘Specling System will assume a default of cne copy on 15 in paper and
one black biroc in pen 1 position. It is permissible to specify the
FORTRAN channel number on the PLDIR call line and still use the default
pen and paper specifications.

2.2,6 Examples
Use of the default

@RUN Prog,acc,Proj

@PLDIR
QXQT user prog

The above runstream will produce one copy of the plot on 15 in paper
using one black biro in pen 1 position. The plotting instructions
within the user'sprogram must be written to FORTRAN channel 8 (see
Figure 1).

Specification of all possible parameters
@RUN Prog,acc,Proj

@PLDIR 23
36,4,BIR0O,BLACK,0.3,GREEN, 0. 4,RED
PLEASE START AT LEFT MARGIN

The plot block produced by this call is shown in Figure 2. The user
would obtain four copies of the plot on 36 in paper with a black biro



in the following example:

It is required to plot 15 copies of a plot produced by the user program
to be found in element FILE.TEST. The runstream used to produce this
would be:

(1) @AsSG,T A.,///500
{2) @USE ch,A.
(3} @XQT FILE.TEST

(4) @PLDIR ch
PWID,9, Pen specifications
User comment

{(5) @COPY A..,ch

(6) PLDIR ch
PWID,6, Pen specificatiens
User comment

(7} @QCcoPY. A.,ch.
———- gtc

Statements (1) and (2) define a temporary mass storage file which will
contain the plotter instructions.

Statement (3) executes the program which writes the plotter information
ta file A.

Statement {4) creates a Spooling System file and directory entry from
which the graphs will be plotted. This Spooling System file will be
used to preoduce 9 of the 15 copies.

Statement {5} copies the plotter codes from the temporary flle A into
the Spooling System file.

Statements (6) and (7} repeat the actions of statements (4) and (5} for
the remaining six copies.

3, THE OPERATOR GUIDE

3.1 Intreoduction

There is a disc file on the system, SYS*PLOTDIRECTOR which holds
information about each file of plotter information generated by user
plot jobs and accounting information for each account under which any
plot jobs have been run. This will be referred to as the plot
directory and the files mentioned in it have to be transferred to 7-
track magnetic tape before they can actually be plotted on the Calcomp
336. When the transfer to tape is complete the plot directory is



cleared ready to receive information from further plot jobs,

‘It is the operator's responsibility to monitor the number of plots

referred to in the plot directory and run the magnetic tape generation
program at suitable intervals. The number of plots in the directory can
be determined by use of the utility program PLOTS which displays the
number of plots in the directory on the censole. Each time a user
executes the PLDIR processor to create a directory entry, the number of
plots in the directory is displayed on the console. At sultable in-
tervals the operator should start the canned runstream using the ST
Keyln to execute the tape generatlion program. This program, PLCOPY
will produce up to four magnetic tape files of plotting information.
PLCOPY also produces output on the lineprinter to accompany each tape
identifying the tape reel number, the type of plots it contains and

an entry for each user plot which enables the operator to comment on
any plotting difficulties. The lineprinter output contains accounting
information for each plot and an indication of the length of time the
plot will take to pleot.

A magnetic tape generated by the spooling system coneists of an enguiry
block, to ensure the correct paper width is used, alternate blocks of
header information and user plots and, after the final user plot, a
message block to identify the end of tape (see Flgure 4).
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The tape should be plotted by use of the multiple plot feature on the
plotter control unit. The first multiple plot consists of the enquiry
block. When this has been plotted the plotter will stop thus allowing
any necessary paper movement. The next multiple plot block will
produce the header plot block informing the operator of any special
requirements and allowing the necessary pens to be set up. This is
followed by the user's plot. The sequence of header plot block followed
by user's plot continues until the last user plot is complete. The
last user plot is followed by a multiple plot block trailer message.

3.2 The magnetic tape generation program (PLCOPY)

3.2.1 Magmetic tape description

PLCOPY examines the system plot directory and arranges the plots in the
directory into one of four tvpes according to paper width and pen tvpe.
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The plot types are:

(A} All plots requiring 15 in paper and only biros (15 in Biro plots)
(8) All plots using 36 in paper and only biros (36 in Biro plots)

(€} Plots requiring 15 in paper and ink pens (15 in ink plots)

(D) Plots requiring 36 in paper and ink pens {36 in ink plots)

Each of these categories is written to a separate magnetic tape file,

If no user files are present for any category, the tape for that
category 1s not requested. Within each category each user plot is
arranged in order so that the number of pen changes is reduced as far

as possible, Any one category may span more than one magnetic tape but
if this happens the user plot which encountered the end of the tape will
be repeated at the start of the next tape, The lineprinter output
should be examined to ascertain the last complete plot on each tape.

3.2.2 The lineprinter output

The lineprinter output can be divided into sections. Any file which
has an entry in the plot directory but is either not present in the
master file directory or has reserved no space on mass storage will be
listed at the head of the PLCOPY output to enable the operators to
answer any queries regarding a missing plot.

The remaining output consists of one section for each magnetic tape
generated. Each section contains a page heading which idéﬁtifies’(by
reel number) the tape with which it is associated and the type of user

files contained on the tape, This is followed by a tabular list of all

the user files present on the tape. This list contains the RUN-ID and
ACCOUNT-NUMBER of each user file, the cost to the user of the plet, and
the time which the plot should take to be plotted. There is a final
section for each plot which is set aside for any comments the operator
may wish to enter. The comment section is used by PLCOPY tO0 hold
error messages.

3.2,3 PLCOPY messages

Before commencing execution PLCOPY displays message (27) on the console,
This may be followed by message (13}, 1f there are no plots in the
directory, or by either message (1l4) or message (15) for the first

‘category of plot (15 in BIRO plots). If there are category A plots

present, a tape load message will be displayed and the tape for this
category of plots will be written., This will be followed by either
message (14) or message (15) for category B plots (36 in Biro).
Simllarly, for categories C and D. If any of the four categories
requires morxe than one tape then message (19) will be digplayed and
another tape load requested. If the tape change occurs in the first
user file, message (18) is produced and PLCOPY terminates in error as
this is the only file on this tape and it will not fit, 1If the tape

change occurs in the trailer message, message (17) is displayed on the



console but no tape change occurs. If during the process of creating
any tape PLCOPY enccunters a user file which is assigned to anothexr run,
PLCOPY will terminate in error and generate no output, first displaying
message (24).

PLCOPY's lineprinter output contains a list of messages (25) and (26}
for all directory entries which do not regulre plotting. The comments
section of each table will contain any of the four messages (20), (21},
{22) or (23} for each plot which terminated in error.

3.2.4 Restrictions to the use of PLCOPY

PLCOPY may be run at any time without regard to cther users. If,
however, any other user is using a plot file this will cause PLCOPY to
display message {24} and terminate. The directory will be left intact
and any files already transferred toc tape will be repeated at the next
run of PLCCPY. Thus if PLCOPY errors producing message {24) it may be
re-run as socn as the job with the stated RUN-ID finishes. It is not
necessary to plot the tapes produced by the PLCOPY which errored.

3.3 The directory enquiry program {PLOTS)

PLOTS informs the operator of the number of plots in the directory at
the time of running. The operator enters a ST keyin to start a batch
job called PLOTS which produces no lineprinter output but displays on
the console the message:

'THERE ARE NNN PLOTS IN THE DIRECTQRY'

This enables the operator to decide whether it is necessary to run the
magnetic tape generation program (PLCOPY).

3.4 Accounting

The spooling system autcmatically accounts for each user plot by
counting the number of plot records which the user's plot file
contains. A factor is used to calculate the time required to pleot
this file from the number of plot buffers. Another factor (cost per
hour)is then applied to this to give the cost of the plot.

This information is accumulated in the accounting section of the
system plotfile directory on an account basis.

A subroutine (PLCHG) is provided by which the account section of the
system plotfile directory may be accessed on an account number basis
from an ASCII FORTRAN program; this routine returns the accumulat-

ed charge and total plot time for this account in this accounting
period. The call to this routine should be:

CALL PLCHG (ACC,CHG, TIM)

where ACC is the account number for which the information is required,
stored left justified space filled in a CHARACTER*12 variable.

11
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CHG is the cost in pounds in this accounting periad.

TIM is the time in minutes accumulated in this period.

A utility program ZERO is also provided for the operators to rest the
accounting information in the system plotfile directory to zero for each
account when the totals for an accounting pericd have been produced,

The operator is provided with the program ACCHG which allows the

infoermation in the accounting section of the system plotfile directory
tc be charged manually to permit plots not produced by the operating

system to be charged for at the same rates.

which assist the operator to perform the accounting update,

4'

4.1 Spooling system concepts
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FIGURE 5

The spooling system is designed around the concept of a plot directory.

" The user makes an entry in the system plotfile directory {a file

catalogued on the system with the name SYS*PLOTDIRECTOR} by a call to
the processor PLDIR,which updates the directory by adding a one sector
record containing the pen and paper requirements as detailed in 4.2,
PLDIR then assigns a disc file into which the user will write his
plotting information,

The magnetic tape generation program (PLCCOPY) references the system
plotfile directory to determine what plot files exist. PLOOPY trans-
fers this information to magnetic tape in the form of a header block
giving details of the user who submitted the plot, when the plot was
generated, the user's pen requirements, the cost and plot time of the
plot, the number of copies to be plotted, and the user‘'s comments.

The spocling system suite also contains three utility programs as
follows:




e Sn o=

(i) PLOTS allows a console operator to determine the number of plot
file entries in the directory at any time.

(ii) DIRCRE allows an empty directory to be built.

(iii) DIRBOJ allows a directory to be rebuilt in the event of an

exrror.

4.2 Plot file design {(SYS*PLOTDIRECTOR)

4.2.1 User Entry Section

FIGYRE &
n No of PLOTS IN DIRECTGORY
1 S*P XXX
SECTOR O 2 not used
Control . 1
information 27
n FILE FNAME
1 NAME }
2 KEY KEY
3 RUNID RUNID
4 ACCOUNT
5 NUMBER ACCND
B TIME AND
7 DATE OF
8 _CREATTON THMDAT
9 PEN WIDTH PWIN
10 NO OF COPIES NCPIES
11 PEN 1 SIZE P1S
secrm 1|12 e
User piot 14 PEN 2 COLOUR P2C
descriptian
sector 15 PEN 3 SIZE P3s
16 PEN 3 COLOUR P3C
17 EIGHT WORDS Y
18 OF USER
10 COMMENTS
20 P 14 , UCMENT
21 1 f
22 N
23 |
24 < 7 )
25 NOT USED
26 NGT ySED
27 NOT USED
SECTOR 2
etc
as sector 1 f/’,___ﬁ‘hhhhﬁ—J//////’ﬂ_ﬂ-.
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The system plot file user entry section has one sector of control
information which contains the number of plots currently in the
directory. This number is held in word O as a binary number and in

~word 1 as fieldata characters in the right half word with the characters

S*P in the left half.

Word O is used by the processor PLDIR to find the next available sector
when a user requires a new plot file directory item.

Word 1 is used by PLDIR when generating a unique filename for the user's
plotfile and also by PLOTS to generate the message informing the
operator how many plots there are in the directory.

The remaining 26 words of the contrel sector are not used.

The rest of the plot file directory user entry section consists of 28
word records, each record describing one plot file currently waiting
to be plotted. As each record is exactly one sector long the created
mass storage file is written as efficiently as possible.

The first two words of the record contain the 12 fieldata characters
which constitute the unique filename of the file which containg the
user's plotter instructions. This 1s followed by a binary key which

is formed from the pen sizes and colours to be used in the plot. This
key is used when creating the magnetic tape to sort the plots into the
most efficient plotting order.

The remainder of the record is written in field data characters; the
first 6 characters are the RUNID, followed by the 12 characters of the
Account Number and 18 characters representing the time and date at which
PLDIR was called by the user. This is followed by the user's plotting
requirements which are all & characters long, The first of these is
the paper width in inches and must be either 15 or 36; this is followed
by the number of copies to be plotted which must be a number between 1
and 9 inclusive, The next & words represent the size and colour
respectively of the pen required in pen 1, pen 2 and pen 3 positions.

If a pen is not used the appropriate fields will be blank filled,

. Words 17 to 24 of the sector are used for a user supplied comment which

will be plotted next to the plot block. If no comment is supplied then
this section of the record will be blank filled.

Words 25-27 of the directory sector are unused.
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4.2.2 Account information section

FIGURE 7
\
0 | No of ACCTS IN FILE
1 NOT USED . CONTROL ENTRY
2 NDT USED
3 NOT USED )
SECTOR 1000 4 | ACLOUNT )
E 5 NUMBER ,  ACCOUNT ENTRY
o . 5 CHARGE
SYS*PLOTDTRECTOR ° A ]
8 ACCOUNT ENTRY 2
12
ACCOUNT ENTRY 3
27
0 ACCOUNT ENTRY 8
4
SECTOR 1001

The accounting information is written to the system plotfile directory
(SYS*PLOTDIRECTOR) starting at sector address 1000. This allows
enough room at the start of the file for a one sector entry for the
maximum permissible number of user files in the plotfile directory.
The accounting information consists of a control entry of four words
in length followed by a four word entry for each account which has
incurred any plotting charges during the Previous accounting period,
The control entry uses only the first word of the four word entry and
stores in this the number of accounts currently held in the account
gsection.

Each account entry consists of four words. The first two of these
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contain the account number in FIELDATA characters, held left justified,

space filled in the available words. Words 3 and 4 are used to hold the-

total charge in the current accounting period (in pounds) and the total
estimated plotting time (in minutes) in this period. These values are
held as real numbers.

The information held in the account entry is calculated for a plot by
subroutine CHGE and added to the information already in the acgount
entry and written to the entry by WRCHG.

A utility subroutine PLCHG is provided to allow access to the accounting
information by account. This subroutine must be supplied with the
account number for which the information is required, left justified
space filled, in a CHARACTER*12 variable and it will return the charge
and plot time in the accounting period.

A utility program ZERO is also provided to enable the operator to clear
the charges and plot times to zero after a succesgful run of the
accounting program.

4,3 Plot tape construction

FIGURE 8
o [naf ol o
<l pata] |patal |5 ____H@_ .
— - = | -
“FIRST HEADER BLOCK ~ FIRST USER SECOND HEADER

FILE

A plot tape consists of three types of record, these are intermediate
block address records (IBAR), final search address records (FSAR) and
data records. If the plotter is operated in single plot mode it will
cease plotting each time an IBAR is encountered and will only recom-—
mence when the operator restarts the plotter. If the plotter is
operated in multiple plot mode then each intermediate block will be
plotted successively and plotting will only be interrupted by the
presence of an FSAR on the tape. The plotter is usually operated in
multiple plot mode and a TFSAR exists only a2t the end of each user
plot. Bn FSAR is generated by a CALL PLOT (X,Y,999) statement in the
user's program,

An intermediate block address record is a five word record which
contains two words of fixed header information which the plotter hard-
ware will interpret while the remaining three words contain a block
sequence number.

|




A final search address record is also five words long and consists of
two words of header information which identify the record az an FSAR
to the hardware. This is followed by three words of zero, which
complete the record.

Data records are supplied by the user through the Calcomp plot routines
and may be up to 114 words long. Data records contain the uger's plot
codes and are interpreted by the plotter hardware in terms of pen and
drum movements.

A spooling system plot type consists of header blocks (see Figures 1,
2 and 3) and users' files placed alternately along the tape separated
by FSARs to allow the operator to reset the pens to the users!
requirements before each user's plot. A typical plot tape structure
is shown in Pigure 8

The users disc files from which a plot tape is created may have been
written using either FORTRAN V or ASCII FORTRAN. If FORTRAN V was
used each record on disc will contain three control words which will
be stripped from the record when the file is being transferred to tape,.
ASCII FORTRAN uses an assembler subroutine to create the disc file and
ne control information is writiten to the disc file,

4.4 gSite installation

The multiple graph plot magnetic tape generation package is constructed
from a set of ASCII FORTRAN and assembly language routines which mav be
built into a suite of six absolute programs. These absolutes comprise
the processor PLDIR, the tape generation program PLCOPY, and four
utility programs PLOTS, DIRCRE, DIRBOJ and ZERO.

To install the spooling system at a site it is necessary to catalogue
a file which contains coples of the prestored runstreams and executable
versions of the programs. It is also necessary to place a copy of the
processor PLDIR in the system library (SYSE*LIBZ]. A blank system
Plotfile directory (SYS*PLOTDIRECTOR) may be created by execution of
the program DIRCRE {@XQT file.DIRCRE): this program must be executed

in a run whose project-id is SYS because PLDIR and PLCOPY expect the
plotfile directory to be called SYS*PLOTDIRECTOR., This should be
followed by running the program ZERO (@XQT file.ZERO) to zero out the
accounting section of the directory.

If the preceding process is carried out the spocling system installed
wlll contain the configuration parameters used in the relocatables
supplied. There are several global parameters applied to the spooling
system which may be changed when generating the spooling system.

These parameter values are held in a proc called PERAM which is held

in element DIRPROC. 'The following table describes the global parameters,
their meanings and values in level 5.0 of the spooling system.

17




18

TABLE 1

NAME VALUE MEANING OF PARAMETER

FSIZ 500 max. size in tracks as a binary number of
the usu:smass storage file

FSIZC '500"! max. size in tracks as a character string
of the user'smass storage file

TABLES 128 length in words of the internal scorting
tables for each tape category in words
((max.no.of plots)¥*2}

TESTFG o] Test flag:if = 1 turns on code to
generate a parallel test system for new
updates

TTAP ac ! The tape unit type required for the
spooling tapes

LvL '5.0° The current level of the program suite

MAXT, 114 The maximum length of a Calcomp data
record

BFTIM 0.05 The coefficient relating no. of plot
records to plotting time

CPHR 8.0 Charge for plotting (in pounds per heour)}

5. THE DIRECTORY ENTRY PROCESSCOR {PLDIR)

5.1 Introduction

PLDIR is a processor which creates an entry in the system plotfile
directory and assigns a mass storage file inte which the user writes
his plotting information. PLDIR consists of a main program in elément
DPIRUPD and uses subroutines KEYWD, STATUS, and TDATE. :

Subroutine KEYWD is used to produce the key, held in word 2 of the
user's directory entry sector (see Pigure 6) in the plotfile directory.
The key 1s derived from the pen sizes and colours and is used to
minimise the number of pen changes required to plot any spooling
system generated tape.




Subroutine STATUS is a general purpose subroutine which interprets the
facility status bits returned from a CSFZ request and either returng
‘control to the calling routine or creates a program error when particu-
lar status bits are set. The error status bits are defined by the
calling routine which supplies a mask to STATUS.

Subroutine TDATE writes the program header line which identifies the
processor and its current level. TDATE alsc writes the date and time
at which the PLDIR call was made.

The main routine DIRUPD can be conveniently divided into three sections,
firstly initialisation, then reading and interpretation of the user
supplied data and finally creation of the new directory sector, up-~
dating the control sector and assignment of the user's rlot file.

This section should be read in conjunction with the flow diagrams shown
in Appendix B, messages in Appendix A and the program listings.

5.2 The main routine (DIRUPD)

5.2.1 Inttialisation

The first action of DIRUPD is to call subroutine TDATE to write the
program header. The time and date used are those given in registers
Rl and R2 on entry to the program, The time and date calculated by
TDATE are then compressed into three words and stored in the incore
copy of the directory entry gsector (directory buffer).

5.2.2 Interpretation of user data

This section of DIRUPD reads and interprets user supplied data and
inserts the information into the directory buffer. The first Step is
to submit a read command to the operating system, If the end of

file return address 1s used then the user is accepting the default pen
and paper settings of 1 black biro in pen 1 position (set into the
directory buffer initially) and control passes to the completion phase
(see Section 5,2.37,

If the user has called PLDIR as a Processor, the first read will return
an INFOR table which should either be blank if the default channel (8)
is used or will contain the user's channel nunber; the first read will
otherwise return the contents of the pen description card.

When the return from the first read is an INFOR table, internal sub-
routine INFR is uzed to interpret the INFOR table. INFR obtaing the
first specification field from the table and checks it to be either
blank or a valid FORTRAN channel number (less than three characters} ;
if this is not so, error (2) will be printed. 1If the field is blank
the default value of channel 8 is used. If the INFOR table is too
long then error message (1} will be printed. The channel number from
the INFOR table is written into the USE name image and inte the cata-
logue and assign images for the user's file. INFR then performs
another read to cbtain the contents of the user's pen description card
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and unless the end of file return address is taken on the read (in
which case the default pen and paper settings will be used) control
passes to the completion phase (see Section 5.2.3).

When the INFOR table, if any, has been interpreted, DIRUPD prints the
pen description card. This is done to produce suitable output for
batch jobs where this is the only copy of the pen description card to
be produced in the lineprinter output from the job. The pen descrip-
tions are then placed in words 9 to 16 of the incore directory buffer.
If an error is encountered while interpreting the pen description card
or if the paper width is an illegal specification then error (3) will
be printed and the processor will take an error exit. A check for the
number of fields present on the pen description card is also made; If
this is incorrect error message (4) 1s printed and the processor
terminates in errcr. A final check is made on the pen description card
to ascertain the number of copies the user requires; if this number is
greater than 9 the number of copies'préduced is set to 1 and error
message (5) is printed. This error is nen-fatal and the next card is

then read.

When the pen description card has been processed the final data card

is read into words 17 to 24 of the incore directory buffer. If the end
of file return address 1s taken the card is not present and it is
assumed that there is not user comment. As with the pen selection caxd,
the comment card, if present, is mirrored back to the user's runstream.
if present, the comment card is checked to be less than 48 characters
in length. 1f this check fails error message (6) is produced and the
character string is truncated to 48 characters. This error is non-

fatal.
5.2.3 (Conmpletion phase

The final section of DIRUPD completes the incore directory buffer and
updates the directory, then assigns the user's plot file and associates

it to the correct channel number.

The first stage in this process is to cbtain the user's run-id and
account number by an ER PCTg. An attempt is then made to assign the
plot directory (SYS*PLOTDIRECTOR) ; 1if this fails the status bits are
examined for exclusive assignment to another run. If this bit is =et
the processor will walt for 1 sec and then try again to assign the
directory. Certain error stati will cause PLDIR to error after
printing the status word. When a successful assignment of the plot
file directory has been made, the control sector is read and this
information is passed to internal subroutine FUPD.

. FUPD first uses word 1 of the plot directory control sector {Figure 6)

to obtain the current dlrectory entry sequence number in characters.
This is incremented by one and written back to the control sector
buffer ready to update the directory. The new sequence number is also
stored in the use name ilmage preparatory te assigning the user's file.
At this stage the sequence number is also used to display message (8]
on the operator's console. The plotfile name is then constructed using
the following algorithm which ensures that it is unigue and easily
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recognised,

(a} The qualifier is always SYS.

(b} Character 1 of the file name is F.

(¢} Characters 2 =+ 4 avre a sequence number taken from the information
in the contrcl sector of the plot directory.

{d) Characters 5 and 6 are the paper width.
(@) Characters 7 - 12 are the run-id of the user who. created the file.

This algorithm permits a maximum of 999 plots in the directory at any
time. (If there are 999 plots in the directory when PLDIR is called,
error message (7)) will be displayed and the processor will terminate in
error. } The generated user file name is stored into the use name image
and into the incore directory buffer, FUPD's final action is to store
the runid and user's aceount number from the PCT buffer into the incore
directory buffer, Control is then passed back to DIRUPD.

DIRUPD next calls subroutine KEYWD to generate the pen size/colour key
which is stored in the incore directory buffer. This completes the
generation of the incore directory buffer, DIRUPD then increments the
'in use' sector count in word O of the directory control sector and
writes out the control sector. This is followed by writing the newly
created incore directory sector and freeing the directory for other
users. The final task of DIRUPD {ig to assign the user's plot file;
the file name is first associated to the user supplied channel number,
then the file is placed in the master file directory and asgigned to
the run. After each CSFg call a check is made (using subroutine
STATUS) on the facility status bits; if the status is incorrect an
error exit is taken after displaying the status bits in message {9},

5.3 Subroutine TDATE

Subroutine TDATE prints the call line (message (10}} on initial entry
to a program., TDATE takes the date in Fieldata as supplied in R] angd
spaces the characters inserting / between the month, day and year.
The modified date is placed in words 6 and 7 of the call line,.

TDATE then takes the date supplied in seconds past midnight (in register
R2} and converts this to fieldata characters. ' The resultant six-
character number is spaced and : is inserted between hour, minute and
second. The modified time is placed in words 8 and 9 of the call line.
Finally, the call line is printed and control returned to the calling
program. '

5.4 Subroutine STATUS

Subroutine STATUS checks the facility status bits returnegd by a csrg
request against a user supplied mask (in Al) and terminates the job in
error, after printing message (9), if any of the bits set in the mask
are set in the returned status word,
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Subroutines TDATE and STATUS are as described in Sections 5.3 . and 5.4
respectively,

Subroutine NOSE is used to write the entry message (message 1l) for
each tape being generated. NOSE uses the commen block VALS to deter-
mine which width 1s being used,

Subroutine TAIL fs used to write the trailer message (message 12) on
each tape generated. It is necessary for a final message to be written
because the end of a plot tape is otherwise not obviocus. TAIL uses
common block VALS to determine the paper width.

Subroutine HEADER 1g used to write the user's plot block (see Figures
l, 2 and 3) before each user file is written to tape. HEADER uses
common block VALS to determine all the values which will be placed in
the header block.

Subroutine COPY copies a user's plot file from mass storage to magnetic
tape. COPY will deal with mass storage files written by either FORTRAN
V or ASCII FORTRAN (using assembler subroutine WRIT to create plot
files}).

Subroutine ORDER i3 used to arrange the keys froem word 2 of the direc~
tory entry sectors (Figure 6) in ascending order for each tape. ORDER
creates four tables, one for each tape type, which contain two word
entries, The first word of each entry is the keyword while the second
is the sector address of the directory sector for that file. The
maximum number of files allowed in any table is configurable (see
Table 1) by the label TABLES and is set to 64 files in level 5.0,

Subroutine PRHEAD writes out the heading on the operator's lineprinter
output {see Figure 10). The lineprinter output is written with a new
page for each magnetic tape type and a new page for every 40 plots
within a tape type. Thus PRHEAD is called once for each tape type and
every 40 plots within a tape type.

Subroutine LINES creates an entry in the operator's output for each
user plot. This entry contains the run-id and account number, the cost
and length of time the plot will take to plot, and error information
pertaining to that user plot (see Figure 10}.

Subroutine CHGE is used to calculate the number of records in a user's
plot file and by applying the conversion factors BFTIM and CPER (see
Table 1) estimates the expected plotting time in minutes and the cost
of the plot in pounds.

Subroutine WRCHG Ls the other accounting subroutine and is used to add
the cost of a graph and the calculated plet time to the totals already
accumulated in the accounting section of the plot directory.

PLCOPY can be divided conﬁeniently into 4 functicnal sections:

(l}) Initialisation and organisation of the plots in the directory into
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The only colours recognised by KEYWD at present are shown with their
key values in Table 2; any other colour not shown in the table will
take a pen colour index of 076 (the largest index used}. The pen size
index assumes that the pen size only contains one digit or 1s the word
BIRO. For ink pens the index is calculated by subtracting 060 from the
fieldata character value of the pen size. If the pen is a biro the
index is set to 016 (the largest code present for a pen) and if the
field is blank (the pen position not required) the index is set to Ol7,
thus requested pen positiens have the highest key value and appear 1in
the least significant positions in the full key.

TARIE 2. Pen colours available and their indices in the current KEYWD.

Pen Colour Colour Index
ELANK FIELD fa]
BLACK 2
BLUE 4
RED 6
GREEN 8
BROWN 10

6. THE MAGNETIC TAPE GENERATION PROGRAM (PLCOPY)

6.1 Introcduction

PLCOPY is a UNIVAC operator's program used to collect all the files
present in the system plot directeory and copy them to magnetic tape.
PLCOOPY is started periodically by the computer operators when the
rumber of plot files present in the system warrants writing some more
plet tapes. PLCOPY consists of a main program held in element
TAPEOUT which uses FORTRBN subroutines NOSE, TAIL and HEADER and
assembler subroutines COPY, TDATE, STATUS, LINES, PRHEAD, ORDER, CHGE
and WRCHG. TAPEQOUT also uses the standard Calcomp plotting routines
SYMBOL, NUMBER, PLOTS and PLOT and a wodified version of the Calcomp
routine BUFF which uses an assembler subroutine (WRITERA) to write the
information to magnetic tape.
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If none of the bits set in the mask are set in the status bits returned
from the CSFE request, control i1s returned to the user.

5.5 Subroutine KEYWD

Subroutine KEYWD is used to generate the key which is used to sort the
plots on a given tape into the order which minimises the necessary pen
changes. The key ensures that pen size changes between user plots will
only occur in ascending order of minimum pen size, ie any plot which
used a 0.2 mm pen in any position will be plotted before all plots
using only C.3 mm or larger pens. Within this classification all pens
using a pen of the same size in pen 1 position will be plotted before
any plots using the same pen in pen 2 position, Also all plots using
the same colour in the same position with the same pen size will be
plotted sequentially. In the context of pen size a biro is classified
as the largest pen size,.

The key is constructed from three 12-bit fields; each field is a
coded representation of the pen size, its colour and its position.
The three 12-bit fields are assembled into one 36-bit key such that
the fleld for the smallest pen is the leftmost (see Figure 9}.

FIGURE 9
12 bits 12 bits 12 bits
SMALLEST MIODLE LARGEST f
PEN PEN PEN

4 bits Z bits E bits

ne e pen
size nosition colour

Each of the 12-bit flelds is arranged such that the 6 least significant
bits represent the pen colour index, the next 2 bits represent the
position index and the 4 most significant bits represent the size index.
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order in the tape type tables.

(2) Preparation of the next tape to be plotted; if the last tape has
been plotted go to section 4,

(3) Transfer all the mass storage files of cone type to a magnetic
tape with the appropriate plot blocks; when finished return to section

2.
(4) Termination functions.

€.2 The main routine TAPEQUT

6.2.1 Imitialisation

The first task of the initialisation section of TAPEOUT is to create
and print the time and date message. This is done by a call to sub-
routine TDATE {(see Section 5,3). TAPEQUT then completes the graph tape
assign image by inserting the correct unit assign mnemonic (configured
by the tag TTAP as shown in Table 1). This is followed by an attempt
to assign the plot directory; if the assign fails because the directory
is assigned to another run, the program will wait for one second and
then try again. When the plot directory has been assigned, TAPEQUT
reads the control sector and decides if there are any plets to be
copied. If thare are no plots in the directory, message (13) is
displayed on the console and PLCOPY terminates., If there are plots in
the plot directory the final task of the initialisation section of
TAPEOUT is to arrange the copying of the plots in asgcending order of
key within tape type. This is done by a call to subroutine ORDER {See
Secticn 6.7). Once the tape type tables have been created the
initialisation section is complete.

6.2.2 Magnetic tape preparation

The magnetic tape preparation section must first decide if the last
tape type table has been processed. If it has, the program proceeds
immediately to the termination gsection (6.2.4) but if there are tape
type tables t® be processed TAPEQUT inserts the correct tape type
informaticn inte the cutput information bhuffers, sets the tape type
table counter for the next table and checks how many files are in this
table, If there are no files of this type the operators are informed
using message (14) and the next tape type tried, Having found a tape
type table with some files to be transferred from mass storage to tape,
TAPEOUT must assign a graph tape and inform the operators (message (13})
which type of plot the tape will contain. The tape assignment is
checked using subroutine STATUS (5.4). TAPEOUT continues the :
preparation phage by calling subroutine NOSE to write message {11} on
to the magnetic tape and then places the reel number of the graph tape’
currently being used into the heading message (16} for the operator's
lineprinter output. Finally the heading message (16) is written to

the lineprinter and the graph and sector counts are set to zero.
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6.2.3 The magnetic tape generation

The first task in this section is to check the number of files
transferred against the number of plots in this tape type table, If
TAPEOUT has just completed the last plet in the table, subroutine TAIL
is called to write message (12} to the graph tape, the graphtape is
freed and control returns to 6.2.2 to examine the next tape type table.
If there is still a plot to copy to the tape, TAPEOUT reads the approp-
riate directory sector, and, from this, sets up the lineprinter entry for
this file using the run-id and account number in the directory sector.
TAPEOUT next assigns the user's plotfile and calls subroutine CHGE to
calculate the cost and the estimated plotting time for the plot. The
number of copies to be plotted is obtained from the directory sector
and the time and cost adjusted appropriately. TAPEOUT calls subroutine
HEADER to write the header block to tape (Figures 1, 2 and 3}, calls
subroutine WRCHG tc amend the accounting information held in the
directory to include this plotfile, and writes the correct number of
coples of the plot to the tape. TAPEQUT next investigates the number
of lineprinter plot entries written out since the last page header.

Tf 40 files have been written then subroutine PRHEAD is called to put
out a new page header. TAPEOUT then writes the lineprinter entry for
this user's plot file to the lineprinter and returns to the start of
the section to search for the next plot to transfer to this tape.

It is possible that at some time during the writing of information to
the magnetic tape the physical end of a tape will be encountered. If
this happens TAPEQUT frees the tape and then determines which sections
of code were being used when the error occurred. If TAPECUT were using
subroutine NOSE to write the initial entry message (1l] to tape when
the end of tape was met, PLOOPY will terminate in exror because

message (11) is written only once at the head of each tape. If TAPEOUT
were using subroutine TAIL to write the final message to the tape, the
operators are informed using message {17) that the error has occurred
but PLCOPY will return to section 6.2.2 to process the next magnetic
tape.

The only other possible places where an end of tape may be encountered
are while using subroutine HEADER to copy a plot block or while using
subroutine COPY to copy a user's file. In either of these situations
the procedure is the same: TAPEOUT firstly assigns another graphtape,
then checks that the file being copied was not the first file on the
tape., If the file were the first on the tape, TAPECUT assumes this
file will be impossible to plot, writes message (18) to the conscle and
terminates in error. Otherwise subroutine NOSE is called to write a
new initial entry message (ll). TAPECUT then writes a new header to
the lineprinter (message {(16}), containing the new reel number and
writes message (19) to the conscle. Control is then returned at the
start of 6.2.3 to continue on the new tape.

6.2.4 Termination phase

This section is entered only from the magnetic tape preparation
section 6.2.2 when the last tape type table has been processed. The
only task of the termination section is to reset the system plotfile

S DR N BD S S0 GU W U G0 OGN BN BE NS OO0 8 WS WO e W




27

directory control sector to register that the directory is empty. This
function is performed immediately before exit so that any error earlier
in the program will leave the directory untouched and no user generated
information will be lost.

6.3 Subroutine NOSE

Subroutine NOSE 1g written in ASCII FORTRAN and is called by TAPEQOUT

to write the imnitial block [(message (11)) on to the graph plotter. The
tape type {(either 15 INS BIRO, 36 INS BIRO, 15 INS INK or 36 INS INK)
is passed across to subroutine NOSE from TAPEOUT in fieldata characters
in the first two elements of the array ARRAY in common block VALS.

6.4 Subroutine TAIL

Subroutine TAIL is written in ASCII FORTRAN and is called by TAPEOUT to
draw the final plot block (message 12) on the graph plotter. The

final block informs the graph plotter operator that the last user's
plot file has been plotted. Subroutine TAIL determines the paper width
from variable IPW in common block VALS.

6.5 Subroutine HEADER

Subroutine HEADER is written in ASCII FORTRAN and is called by TAPEOUT
to draw the user's pen description box shown in Figures 1, 2 and 3 and
inserts the information from the directory sector and accounting
information into the box. First, the outline of the box is drawn from
the data stored in arrays X, Y and IPOS at compilation time and ig
positioned according to the paper width passed across from TAPEOUT in
common variable IPW. The user's run-id is then read from the directory
sector, translated from fieldata toc ASCII and written to the header
block. The account number and the time and date of creation of the
user's directory entry are then treated in a similar manner to the
runid.  HEADER calls Calcomp subroutine NUMBER to write the real
numbers representing the cost of the job and the estimated plot time to
the header block. These are followed by the transfer of the user's pen
requirements and the number of copies of the user's plotfile which will
be plotted. Finally, the user's comment, if present, will be plotted
as shown in Figure 2. The information present in the user's directory
sector is made available to subroutine HEADER using array ARRAY in
common block VALS and the accounting information is held in common
block CHGS.

6,6 Subroutine COPY -

6.6.1 Introduction

Subroutine COPY transfers plotter codes, written to a disc file by a
user's FORTRAN program, from disc to magnetic tape. The plotter codes
are copied to tape as Calcomp records, Subroutine COPY can be con-
veniently divided into four sections.

The initialisation sectien distinguishes plot file types and takes




appropriate actions. The second and third sections read a Calcomp
record from the subroutine's internal buffer and then write it to
magnetic tape respectively. The fourth section is an internal sub-
routine for maintalning the internal buffer.

6.6.2 Initialisation

The first task performed by COPY ils to read a track of information from
-the user's plotfile into an internal buffer (using internal subroutine
FETCH (6.6.,5)] and to distinguish between a flle written by FORTRAN V
or ASCI1 FORTRAN programs. This is achieved by examining the first
word of the file; if it is a Calcomp control word the flle was written
using an ASCII FORTRAN program, otherwise the program was written using
FORTRAN V. This section of code then sets a flag to represent the
compiler type and passes a Calcomp control word to Section 6.6.3 which

- will read the rest of the record.

6.6.3 Output record congtruction

Firstly a check is made that a Calcomp control image is being read; if
not, a dummy final search address record (FSAR) is written to tape and
control returns to TAPEQUT placing errcr message {20} into the operator's
lineprinter output for this file. HNext the Calcomp control image is
used to distinguish between control records and data records.

A control record is always five words long, so if this is being con-
structed the remainder of the record is read and the input buffer
pointer ls incremented to point to the start of the next sector. A
check is made to ensure that the pointer is still within the Jlimits of
the current input buffer; if not, a new buffer is read using subroutine
FETCH. The next control word is then read and control passes to

6.6.4 to write the current record to magnetic tape.

A data record may contain up to 114 words of information, so first a
check is made on the number of words read in this buffer; if this is
greater than 114, error message (21} is sent to the operators line—
printer output and a dummy FSAR is written and control returns to
TAPEQUT. The length of a data record is determined by searching for
the next control word. When this has been found, COPY back-tracks over
any control information and words containing zero to find the end of
the last record. 1If the plotfile were written using a FORTRAN V
program this will include the two trailing control words of each record.
When reading consecutive words from the incore plotfile buffer the read
routine FETCH will maintain the incore buffer. '

6.6.4 Write a Calcomp record to magnetic tape
Firstly, the word count in the ocutput packet is updated to reflect the
nupber of words in the buffer which will be written, The buffer is then
written to tape and the status is checked. If the end of the tape has
been reached a flag is set and contrcl returns to TAPEOUT. Any other
status will cause PLCOPY to terminate in error.
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If the write cperation completes normally, a check is made to see 1f

the buffer just written was the final buffer. If so, the task is com-
plete and control returns to TAPEOUT; if not, the output buffer pointer
and the word count are reset, the buffer count ls incremented and
control returns te 6.6.3 to construct the next record.

6.6.5 Intemal subvroutine FETCH

The standard action of this routine is to present the next word from
the one-track internal buffer to Section 6.6.3 in reglster Al. However,
if the word which has been read ig the last word of the current buffer
the next track of user’s information is read into the buffer. Before
reading the next track a check is made to confirm that the next track

is within the maximum allowed £file length, If this is not so, message
{22) is written tc the lineprinter cutput, a dummy FSAR is written to
tape and ceontrol returns to TAPEQUT,

Having read in the next buffer, a check is made on the status of the
read operation. If the status is correct the buffer address for the
input packet is adjusted to point to the next track to be read and
control is returned to 6.6.3; if the status is incorrect message (23)
is written to the lineprinter output and control returns to TAPEOUT.

6.7 Subroutine ORDER

6.7.1 Imtroduction

Subroutine ORDER is used to work through the system plotfile directory
validating each entry and then writing the key and sector address of
the entry to the appropriate tape type table.

6.7.2 File size and existence check

A file size check is made to verify that there are still directory
sectors to be processed; if not, control passes back to TAPEOUT. The
directory sector address is then updated and the next sector read in.
The filename found in this sector is then used to assign the user's
plotfile. The status is checked and if the exclusive use facility bit
is set, message (24) is sent to the console and PLCOPY terminates in
error. If the plotfile does not exist, message (25) is written to the
lineprinter and control returns to the start of this section to read
the next sector. Sector O of the master file directory main item for
this file is examined next and the total number of granules of all
types of mass storage 1s calculated; if this is zero, message {26} is
written to the lineprinter, the file is deleted and control returns to
the start of this section to read the next sector. Finally, the file
is freed and control passes to 6.7.3 to process this directory sector.

6€.7.3 Pile placement in the tape type table

The first part of this code determines which tape type table should
contain this plotfile. This is done by checking the required paper
width and pen type. The key from the current sector is then checked
against each successive entry in the correct table and the file inzerted
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in its correct place in ascending order and contrxol returns te 6.7.2 to
read the next sector.

6.8 BSubroutine PRHEAD

Subroutine PRHEAD writes the lineprinter output table header for each
tape type and for each group of 40 files within type (see Figure 10).

The page header contains the tape type and the graph tape reel number to
which the table refers. Having written the table header PRHEAD returns
control to TAPEQUT,

6.9 Subroutine LINES

Subroutine LINES is called once for each plotfile, It is used to
produce an entry containing the account code, run-id and any error
message pertaining to the plotfile, and to write this entry to the
operator's output for a particular tape type (see Figure 10).

6.10 Subroutine CHGE

Subroutine CHGE is called once for each plotfile in the directery and

calculates the cost and estimated plot time for a user's plotfile. CHGE

reads the plotfile woxd by word {using internal subroutine FET) search-
ing for a control seguence (IBAR or FSAR) and increments a counter when
a control seguence is read. When the file has been read and the number
of records calculated as an integer, the number of records is converted

to floating peint gnd multiplied by the factor BFTIM (see Table 1) to

give the estimated plotting time (in minutes). This time is multiplied
by the cost per minute, calculated from the supplied value of cost per
hour (CPHR, (see Table 1}), to give the cost of the job and contreol is
returned to TAPEQUT.

Internal subroutine FET is used to read the plotfile and functions in
A similar manner to internal subroutine FETCH in subroutine COPY,
passing back the next word in the file unless the end of the buffer is
reached when a new track is read in.

If an error of any kind is encountered during execution of subroutine
CHGE, the current value of cost and plot time is calculated and control
returns to TAPEOUT. Interpretation of errors is left until subroutine
COPY is called. .

6.1l Subroutine WRCHG

Subroutine WRCHG updates the accounting section of the plotfile
directory for each user plot. WRCHG may conveniently be divided into
three sections:

6.11.1 Account file analysis

This section of code reads the first sector of the accounting informa-
tion and uses the control entry to determine the number of account
entries in the file. If there are no entries in the file this entry
must be a new entry and control passes to 6.11.3. Otherwise, the
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account c¢ode of the plot file currently being copied to tape is compared
successively with each entry in the account file. If a match is found,
control passes to 6.11.2 to update an existing entry. A&fter all entries
in a sector have been compared, the next sector is read in and the
comparison continues, If no match is found with any of the accounts
currently present in the account file, control passes to 6.11.3 to
create a new entry. All errors in subroutine WRCHG result in PLCOPY
displaying message (28) on the lineprinter and terminating in error.

6.11.2 Updating on existing entry

When WRCHG finds a match between the acgcount code of the plotfile being
transferred to tape and the entry in the account file currently being
examined, the cost and plot time information are added to the current
total in the account file and the new information is written back to
the account file, Contrel then returns to TAPEQUT.

©6.11.3 Creating a new account entry

When the last entry in the account file has been read and no match has
been found for the current plotfile, WRCHG tests the position of the
last valld entry in the current sector and if it is the last entry
WRCHG resets the pointers to reference a new entry at the start of the
next sector. The account code of the current plotfile, the cost of the
plot and the plot time are written to the new account entry and the
entry is written back to the account file in its correct place. WRCHG
next reads the first sector of the accounting section of the plotfile
directory, increments the number of accounts present and rewrites the
flrst sector. Control then passes te TAPEOUT. '

7. UTILITY ROUTINES

7.1 Program DIRCRE

The program DIRCRE must be run when installing the spooling system at
any new site, DIRCRE initialises the control information kept 1ln sector
0 of the plotfile directory. The plotfile directory is set as an empty
directory. DIRCRE should be run with the correct project-id (that which
PLDIR and PLCOPY will be using to assign the directory). It is
recommended that the project-id should be SYS and in any case the last
letter of the project-id must be 8.

7.2 Program EOWMANY

HOWMANY is an operator's utility which enables an operator to run a
batch job which will display on the conscle the number of plotfiles
currently present in the plot directory. It achieves thisz by reading
sector O of the directory (Figure 6) and writing the information there-
in to the operator's consocle.
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7.3 Program DIRBOJ

DIRJOB enables corrections to be made in the system plotfile directory
in the case of directory error or corruption, The offending entries
may be eliminated from the directory but extra entries may not be added.
The program requires a list of filenames, consisting of those which are
to be retained in the directory. The filenames supplied must appear in
the order in which the directory sector entries occur in the directory,
otherwise the filenames will not be found. The program first reads a
filename from the runstream and then checks this name against successive
names in the directory until a match is found. The contents of this
sector are then written to sector 1 of the directory and the next file-
name is read from the runstream. The search of the directery continues
from where the last find occurred, This process continues until an end
of file is read when a new sector O of the directory is built and
written to the directory. : '

7.4 Program ZERO

Program ZERO must be. run when ingtalling the spooling system at a new
site and after every successful run of the accounting program, 2ERD
resets the control sector of the account section of the plotfile
directory (SYS*PLOTDIRECTOR) to represent an empty account section,
Before executing ZERO it 1s necessary to assign the plotfile directory
and associate the name PLOTCHG with it by means of an @USE command.

An error while executing ZERO will produce error message (29) in the
output and an error termination.

7.5 Subroutine PLCHG

Subroutine PLCHG is an assembler subroutine provided to allow an ASCII
FORTRAN program to access the account section of the system plotfile
directory. The user program supplies PLCHG an account code as an
argument held in a CHARACTER*12 varisble. The routine reads the account
section of the plotfile directory and returns the total cost and
accumulated plot time top the user,

PLCHG first converts the user supplied account code from ASCIT to
FIELDATA characters so that a comparison may be made with the entries
in the account file. The first sector of account information is then
read and the control record is used to determine the number of account
entries in the file: If there are no entries the values of time and
cost are set to -1.0 and control returns to the user. Otherwise a
test is made between the user supplied account and successive account
éntries. When the end of a sector is reached a new sector is read and
the search for matching accounts continued., If a match is found the
values in the account entry for total time and total cost are transfer-
red into the user supplied variables and control returned to the user.

If the end of the account file is reached and noc match is found then
the values of cost and time are set to -1.0 and control returned ta
the user, - :
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1f an error is encountered while reading the account file, error message
(30) is written and the user's program terminates in error,

7.6 Program ACCHG

This program consists of a main routine and an assembler subroutine which
allows the operators to update the account section of the Plotfile
directory manually.

7.6.1 Main routine ACCHG

This routine requires the operator to give the answers to questions
concerning the plot accounts. On entry to the mailn routine the operator
is asked question 31 to identify the account to be updated on this pass.
ACCHG then calls its assembler subroutine at entry point GETUAL to
retrieve the current values of time and charge for the account, These
values are written in message 32. If the value of charge is zero then
the operator is informed (message 33] and allowed to abort the program if
a mistake has been made by an answer of N, This will produce message 34
and the program will stop.

1f either the account exists or an answer to Y is given to message 33 the
operator is requested to insert the value to be added to the charge
{message 35}. The values of charge and time are updated and the operator
iz asked to chack this to be correct (meSSage_36I; if so0, the values are
rewritten to file and to the operator (message 38) using the assembler sub-

routine at entry PUTVAL and the operator is asked if any further accounts are

to be modified (message 39). An answer of N will cause the program to
stop while an answer of ¥ will cause the program to request the next
account (message 31}. If the answer to message 36 1s N message 37 is
written and the program returns to ask for the value to be added to this
account with message 35,

7.6.2  Subroutine ACSUB

This subroutine has two entry points GETUAL and PUTUAL which obtain and

return values to the account section of the plotfile directory respectively.

At entry point GETUAL the user supplied account number is converted to
fieldata and the first sector of the account file entries is read. The
total number of entries is used to ensure that the end of the file is
correctly located. The fieldata account number is successively checked
against the account entrles and if the end of a sector is reached, 2 new
sector is read until either the last entry is read or the required account
is found. If an error is encountered in reading the account file,
message 40 is displayed and the program terminates in error.

1f no match was made on the account name, the position in the current
puffer is saved and the disc address of the sector and a flag is set to
indicate that no match was found. The values of charge and time are set
to 0.0 and control returns tc the user. '

At entry point PUTVAL the new values of charge and time and account
passed across are restored to the account code entry and this sector is

rewritten to file. If this is a new entry, the first accounting sector




is read and the number of entries increased by one and rewritten,
Controal then returns to the user, If an error 1s encountered in
rewriting the account file, message 40 is written and the program
terminates 1n error,
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APPENDIX A

MESSAGES FROM THE PROGRAMS
A} PLDIR
(1)  TOO MANY PARAMETERS ON CALI LINE

Error produced in DIRUPD by incorrect INFOR table (too long): this means
the call to PLDIR was incorrect.

(2) TOO MANY CHARACTERS IN CHANNEL NO FIELD

Error produced in DIRUPD by more than 3 characters in the channel
number specification field.

{3) ERROR ON PARAMETER CARD fecllowed by a copy of the pen description
card in error.

 Error produced in DIRUPD when there are either more than six characters

in any specification field or the paper width specification is not 15
or 36.

(4) OLD STYLE CARD PLEASE RESUBMIT IN NEW FORMAT
PWIDTH, NCOPIES, PEN1SIZE, PENICOLOUR, —----

Error produced in DIRUPD when an incorrect number of fields is supplied

.on the pen description card,

"(5) TOO MANY COPIES REQUESTED ONLY 1 COPY PLOTTED

Errcr produced in DIRUPD when more than nine copies are reguested by a
user {non-fatal error).

(6} TOO MANY CHARACTERS TRUNCATED TO:
the legal 48 characters are printed

Error produced in DIRUPD when the user’'s comment card is more than 48
characters in length (non-fatal errorx}.

(7) TOO MANY FILES IN DIRECTORY

Error produced in DIRUPD when an attempt is made to have more than 999
files in the directory to be plotted. Inform the operators and try
later.

(8) THIS IS PLOT NO NNN IN THE DIRECTORY

Message produced by each call on PLDIR to inform the user and the
operators of this run's plot sequence number in the directory.
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(9 FACILITY STATUS XXX XXX XXX XXX

Error produced in status by a non-zero status word returned from a CSF¥
request. The printed status is in octal.

(10) SPOOLING PACKAGE LEVEL 5.0  MM/DD/YY HH :MM: S8

Introductory megsage produced in TDATE at the beginning of executiocn.

B} PLCOPY
(11) IS THIS PAPER FOR NNNNNNXXXXXX PLOTS?

This is the initial message produced by subroutine NOSE to identify the
type of plots on any magnetic plot tape. NNNNNN ls either 15 INS or
36 INS (the paper width), XXXXXX is either BIRQ or INK (the tape type).

(12) THATS ALL FOLKS!!

This is the final message on each plot tape. It is written by subroutine
TAIL to ldentify the end of a plot tape. -

(13) NO PLOTS AT ALL TO DO

This message 1s produced on the operator's conscle when PLCOPY £inds
an empty directory.

(14) NO NNNNNNXXXXXX PLOTS

This message 1ls produced on the cpérator's console when PLCOPY finds an
empty tape type table. NNNNNN and XXXXXX have meanings as in message
(11).

(15) THIS TAPE IS FOR NNNNNNXXXXXX PLOTS

This message is produced on the operator's conscle when PLCOPY has
agssigned a tape, to ilnform the operators what type of plot the tape will
contain. NNNNNN and XXXXXX have meanings as in message (11).

(16) GRAPH PLOTTER SPOOLING SYSTEM NNNNNNXXXXXX PLOTS GRAPHTAPE NO
- YYYYYY

This message is produced on the cperator's lineprinter output as a page
heading for every tape type and for each 40 files within each tape type.

{17) END OF TAPE IN TRAILER MESSAGE

This message is produced on the operator's console when an end of tape
status 1s encountered in writing the final message to the tape.
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(18) FILE YYY ¥YYY YYY ¥¥Y¥ WILL NOT FIT ON TAPE

This message is produced on the operator's console when a user's plot
file is too large to fit on a tape. This error will cause PLCOPY to
terminate in error (YYYYYYYYYYYY is the filename which must be deleted
from the directory before re-running PLCOPY).

{(19) NEW TAPE NEEDED FOR KNNNNNXXXXXX PLOTS

This message is produced on the operator's console when an end of tape
gtatus 1s encountered in either HEADER or COPY and it is possible to
plot the file.

(20) 0l ZZ PLOT TO DO

This message is written to the operator's lineprinter output by sub-
routine COPY when a CALCOMP control image is expected but not found.

1l

22 No if this is the first record to be transferred.

22 Sp Sp Lf some records have been trangferred.

{2LH 02 ZZ PLOT TO DO

This message is written to the operator's lipeprinter output by sub-
routine COPY when the word count on a data record is too great. 22
takes the values as stated in message (20).

(22) 04 PLOT TO DO

This message s written to the operator's lineprinter cutput by sub-
routine COPY when the user's plotfile length exceeds the maximum
configured file length (FSIZE).

(23) 03 CD WwW 2ZZ PLOT

This message is written to the operator's lineprinter output by sub-
routine COPY when the user's plotfile was written in error. wwW is set

at the octal value of the I/O error status cpde. Z7 1is set as in
message (20). '

(24) PLEASE TRY AGAIN WHEN XXXXXX FINS

This message is written to the cperator's console by subroutine CRDER

if PLCOPY requires a user's plotfile which is currently in use. ZXXXXXX

is the run-id of the job which is using the file.
{25) FILE YYY Y¥Y YYY ¥YYY WITH RUNID RRRRRR IS NOT IN THE MFD

This message is written to the operator's lineprinter output by sub-
routine ORDER if a directory sector entry exists although the user's
plotfile does not exist. YYYYYYYYYYYY is the filename which does not
exist and RRRRRR is the run-id which created the directory entry.
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(26) FILE YYYYYYYYYYYY WITH RUNID RRRRRR HAS NO SPACE ASSIGNED

This message is produced on the operator's lineprinter output by sub-
routine CRDER 1f the user's plotfile exists but is completely empty.
YYYYYYYYYYYY and RRRRRR take the meanings as described in message (25).
{27} PLOT SPOCLING TAPE CREATION RUN

This message is displayed on the operator's conscle by PLCOPY when the
run starts,

(28) I/0 ERROR NN IN WRITING ACCOUNT FILE
This message is displayed by WRCHG when an error is encountered while
trying to read or write the account section of the system plotfile

directory, It is a fatal error.

NN is set as in message (23) to the octal value of the I/0 error
code.

C} ACCOUNTING
{2%) I/0 ERROR NN IN ZERCING ACCOUNT FILE
This message is produced by Program ZERO when an error is encountered
in tryving to reset the account section of the plotfile directory.
The error is fatal,
NN is set as in message (23).
(30) I/0 ERROR NN IN READING ACCOUNT FILE
This message is produced by subroutine PLCHG when an error occurs while

trying to read the account section of the plotfile directory. The error
is fatal.

NN is set as in message (23).
(31) WHICH BCCOUNT DO YOU WISH TO AMMEND?

This is the first message produced by program ACCHG, It requests the
operator to provide an account cade (up to 12 digits].

(32) CHARGE AND TIME FOR ACCOUNT XXXXXXXXXXXX ARE YYYYY.YY ZZZ22%.2%
This message will be produced by ACCHG for the account XEXXXXXXXXXNX
and contains values YYYYY.YY and 22ZZ%Z,.22 for the current charge and

time respectively,

{(33) ACCOUNT NOT FQUND. INSERTING NEW ACCOUNT? Y OR N

This message will be produced by ACCHG if the account specified by the
operator is not present in the directory.
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(34) WHAT A MESS START AGAIN!)

This message will be produced by ACCHG if the operator answers N to
question 33.

(35) INSERT VALUE TC BE ADDED TO CHARGE

This message will be produced by ACCHG after either message 32 or an
answer of Y to message 33,

(36) NEW VALUES OF CHARGE AND TIME ARE YYYYY,YY ZZ2ZZZ.2Z7
IS THIS CORRECT? ANSWER Y OR N

This message will be produced by ACCHG after message 35 to indicate the
updated values.

(377 ORIGINAL VALUES OF TIMZ AND CHARGE RESTORED
This message is produced by ACCHG after an answer of N to message 36.

(38} NEW VALUES OF CHARGE AND TIME FOR ACCOUNT XXXXXXXXXXXX ARE:
YYYYY.YY ZZZZZ2.27

This message. will be produced by ACCHG after an answer of ¥ to message 36.
(39] ANY MORE ACCOUNTS TO UPDATE ANSWER Y OR N

This message is produced by ACCHG after message 36 to allow further
updates in the same executien.

{40} I/O ERROR XX IN YYYYY,YY ACCOUNT FILE

This message is produced by ACSUB when accessing the account file. XX is
the I/0 error code, YYYYY.YY is elther READING or WRITING.
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APPENDIX B}
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APPENDIX 83
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CALL PLETS T8
HRITE F1RST
REBSROE

———

CALL FLOT T4

TN FLAT BLEK

DRAN MEXY PAINT

CALL FFORBC T#
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!
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APPENDIX C6

CALL BYNBAL TH
WRITE m“lfl#.ﬂ

MRITE TInL
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FLAT BLBCK

[

CALL oYHbe. 1o
RRITE LEJERD Fom
FLET TIRE

[

CRLL EYmael Te
HRITE LESEND Fa
FLAT Co8T

]

CALL MNLnRER T8
HRITE REAL

CALL SYNBSL TH
WRITE PEM
LEQEND

[

CALL 8Ypant, Yo
NRITE 8)2E
LEDENT

[

CALL BYMDEL T9
WRITE CHLBUN
LEOEND

&

REUYINE THPEOUY FLOM CHART B

CRLL Fromec Ta




S e AP G S O N U S AR W N O QG p Sm B

Ve

ENTER EDIT
PFACHADE T BUIL
FILE SUTPUY LINE

APPENDIX C7

RSUTINE TAPERUT FLIM CHART 7

STORE MEW
ARCCOUNT , TIRE

REAEY DNOEX
UPIRYE PACKET

50




St

APPENDIX C8

WRITE NN MWFTER
T8 TR

ROUTINE TAPESUT FLOU CWRY &

. m.wmimmmm 2
SRR e

o Ov oo o OB PN S Sn Chae U OGP an On WD SN 0 G D = v W




- Bk e G O B DN A ap O G VS I NS P O O o W o

APPENDIX C9

ROUTINE TAPMDIUT FLOM CHART &

52




53

/ .
oo | lsn il
. el b L e U el e e o,
o - ﬂ&mm Yo M u ¥ B = ¥ mm 5
- it | et 5 Beg ge®| Byl |3| | | B
2 ~

/

UTILITY WaUTINEY FLSH CHART 1

WRITE NESENGE
J1 TA YERMINAL
CALL WETVAL T8
RETHIEVE CHRAQE
D TINE F
THIS ACColNY
MRITE VALUEA oF

WRITE MEESAGE
A7 T@ TERNINAL

TINE T8 TERMINAL
{NESOROE 32}

ACCHUNY ,CHARGE &

/




PEGITION 1N FILE

=
=
=
=
&
= ~
3
§
£
£
g
5 mm =y
; i
3 - L J
5 mmm
1 J

54




- Nk ..

- e e e w e e -

UYILTYY ROUTINES FLOW CHART 3

APPENDIX D3

55




E1

TLEAR FILE COUNT

APPENDIX D4

]

#EAD NEXT BECTOR
FROD _DIRECTORY

WRIYE SECTOR
Yo DIRECTERY

ABBLON NEN
OiRECTERY

WRITE CANTRSL - @

BECTOR

TILITY ROUTIMES FLIM CWRT 4

oy Gy wp 4 @y O e v G oy W @ a2 Wm W W B S B





