Example Consider a program which requires the use of the following general purpose routines:

{a) A card read subroutine which stores the card image (i.e. successive sets of 6 columns in

consecutive words of I.A.S.) under R.R.N.3.

{b) A distribution routine which distributes a card image held under R.R.N.3 into a form

suitable for processing, the distributed information being stored under R.R.N.4.
(c) A print routine which prints information held under R.R.N.3 and takes the current sprag

number from word 0 block 4.

Confusion can be avoided if the user allocates his own block numbers for the various sets of
information. Suppose that the program is written and relativizer control words set at the head of

the program assuming the following:
(a) The information from cards is stored as a card image in R.R.N.10,
(b) This information is distributed from R.R.N.10 into R.R.N,11 ready for processing.

(c) The information is processed in R.R.N.11 and is distributed into R.R.N.12 (commencing

at word 1) ready for printing.

(d) The current sprag number is placed in word 0 block 12. The print routine prints the
results from words 1, 2...... block 12 taking the sprag number from word 0 block 12.

In order that the general purpose routines should operate on the correct data it is necessary to

include relativizer control words immediately before the cards for these routines.

Thus, the control word

D] T A R
Rl _._|..@000 |10
0000 | 2

should be included in the program pack immediately before the cards for the card read subroutine,

the control words

D F A R

Rl ___|.0000 | /_
00a0 3

R|___|09099 |/2
0000 | 4

should be included in the program pack immediately before the cards for the distribution routine,
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and the control words

D] F A R
Rl ___|.000r__| 12
ooo/ 3
R|.__|.0000 _|/2
0000 4

should be included in the program pack immediately before the cards for the print subroutine.

Relativizer cards included in this way must, of course, be numbered so that they pass the
Initial Orders sequence check. Subroutinesavailable{rom theI.C.T Libraryhave relativizer control
words included at their head for all relativizers used by the routine. These relativizer cards have
card numbers already punched but the relativizer setting columns are left blank for the user to
include his own settings. The I.A.S. and drum address columns of the block relativizer word(s)

should also be punched by the user.

To avoid possible errors, general purpose routines should be included inthe program pack after
the other program blocks. Hence, in the example given, if block 4 were being used by the main
program, relativizer 4 should not be set to the same addresses as relativizer 10 untilall main program

references to R.R.N.4 have been read and converted to absolute form.

All library routines use R.R.N.1 as a temporary storage area. When using several such
routines, therefore, it is sufficient to allow space under R.R.N.1 for the largest temporary storage
requirement of the routines being used. Care should be taken, however, that intermediate results
are not stored in R.R.N.1 by the main program in words where they will be destroyed by one of

the subroutines.

RESTART PROCEDURES 4.8

When a program makes a test and discovers that an error condition has arisen, the computer
should be stopped with an identifying number in the address part of the stop instruction which is
displayed in CR3. By means of this informationthe operator can diagnose the type of error condition

which has arisen, and take the necessary action to restart the program.

It should normally be possible to continue with the program once the necessary error procedure
has been carried out. For example, if an error is found in the data it might be possible, when the
computer is restarted, to enter an error routine which prints out a statement that the set of data is
not correct. When this has been done the program can continue to read and process the next

set of data.
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Thereare some errors which may arise after which itis not possible to continue with the program
because information recorded in the machine may be incorrect. Before continuing the processing,
therefore, it isnecessaryto returnto anearlier stage inthe programandre-create this information.
For a small program this would mean completely re-running the program. For programs which
run for a long time, however, it is necessary to have restart points to which a return can be made
if necessary. Restart points should be included at least once every half hour in the program
running time. The program must be written so that when a return is made to the previous restart

point any accumulations are set to their original value at that point in the program.

Restarts following I.A.S. and Drum Parity Error Stops 4.8.1

If an ILA.S. parity error occurs, a return should always be made to the previous restart point.
When a word is transferred from ILA.S. to Register A an automatic parity check is carried out and
indicator 06 is set if an error is detected. Parity bits are then regenerated and the word is stored
back in its original location in I,A.S. This means that, if a further attempt is made to effect the
transfer from I.A.S., the parity will be correct although the word itself is incorrect. To avoid

errors, therefore, a return should be made to the previous restart point.

There are standard routines available for testing drum parity and it is recommended that these
should be used. By retaining such routines permanently inI1.A.S. and using them for all drum transfers
certain programming difficulties can be overcome. The drum transfer is supplied to the routine as
a parameter and it is obeyed as part of the subroutine. This makes it possible for a drum transfer
instruction to cause itself to be overwritten, the instruction being preserved in the subroutine if it

becomes necessary to repeat the transfer.

If a drum parity error occurs then the computer is brought to a stop; restart causes another
transfer attempt to be made. When adrum parity erroris detected this implies thata transfer error
has occurred either in the current transfer or when the information was previously recorded on the
drum. In the former case, unless thereis a serious mechanical fault, the error should be corrected
when another attempt is made. I the error is persistent then, either there is a mechanical fault
or the transfer error occurred on writing to the drum. In either case a return should be made to

the previous restart point.

PROGRAM TESTING 4.9

When a program has been written and thoroughly checked it is necessary to test it by running
it on the computer. In order to test a program it is necessary to create (or obtain) sample data.
In addition, particularly when testing a subroutine or a section of a large program, it may'be
necessary to write a special test program to act as a control routine for the program under test.
The control routine would, for example, position the input data correctly and ensure that the
programmed indicators were in the required states. The test data and programs should be such

that every possible sequence of executing the instructions is tested including the error procedures.
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For a large program it is advisable to carry out testing in stages. This enables errors to be
more quickly located since they are confined to certain sections of the calculation. The testing of

a large program can be achieved by one of the following methods:

(a2) Divide the program into sections and test each section individually. When the sections have
all been tested combine them and re-test as a complete program.

(b) Divide the program into sections. Testthefirst sectionand then combine it with the second
section. Test these sections and then combine with the third section. Continue until the
complete program has been assembled and tested.

(c) Assemble the whole program initially but start by using data which test only part of the

program. Gradually include in the tests sufficient data to cover all conditions.

When a program is ready to be tested it should be punched into program cards. The punched
cards should be interpreted so that they can be quickly checked for punching errors. The pack
should then be run with the Validity Check subroutine to detect invalid instructions. Data cards
should also be punched and checkedand placedat the end of the program pack. The assembled pack
should be accompanied by an operators' instruction sheet and sent to the machine room. If any print
-outs are required of the ILA.S., drum or magnetic-tape storage, these should be specified on the
operators' instruction sheet. The program pack willbe returnedwith anindication of whether or not
the final stop was reached. If the final stop was not reached then a console log is returned with
the pack which contains details of the error and the contents of the registers and states of indicators
as displayed on the console when the computer stopped. The states of the Mill, overflow and
program indicators and the contents of Registers B and C are not included on the console log since

they are given at the head of the I.A.S. or drum print-out.

The information provided on the console log should, together with the print-outs of storage, norm-
ally be sufficientfor the programmer to locate his error. Whenone error hasbeen found it is a good
practice to examine the print-outs to determine whether, discounting that error, the program has
operatedcorrectly. Machine time canbe saved and the program proved more quickly if several errors
can be corrected for one run on the machine. There are several general purpose routines available

which canbe usedas aids toprogram testing. These are describedin Part 5 under Diagnostic.Routines.

During program testing it isvery oftennecessary toalter or re-write sections of the program.
It should be noted that if a block is lengthened some relativizer settings may need to be altered.
Any alterations should be recorded on the program sheets so that the latter provide anup-to-date
copy of the program. Care should be taken during re-writing to ensure that altering the positions

of instructions does not lead to further errors. Particular care should be taken where:

(a) There is a jump to a program word from another part of the program.

(b) Reference is made to a word by an instruction in another block; for example where a
constant held in one block is used by another.

(c) Where instructions are used whose effect depends on their positions in the first or second

half of a word. This is particularly true of a 41 instruction.
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TIMING A PROGRAM 4.10

It is often necessary to calculate the exacttime which a piece of program is going to take when
it is run on the computer. This is particularly necessary for a general purpose routine or a piece
of program which is to be time-sharedwith the card reader or card punch. It is evident that such
timings cannot be observed on the computer, since the times involved are much too small to be
accurately measured. The times must thereforebe estimated by a summation of the times involved
inthe execution of the instructions which constitute the program, together withthe timefor the change

of control between program words.

The execution {ime for a section of program consisting of a straightforward sequence of

instructions can be easily assessed as follows:

{a) Sum theinstructiontimes for the instructions which constitute the program. Allow 12 micro-

seconds for an unsuccessful indicator test but add nothing for a successful indicator test.

(b) Add 12n microseconds where n is the number of words constituting the second of program.
This in effect allows 12 microseconds for each control change, whether it is programmed

or occurs automatically between consecutive program words.

Example I D[ F A R
TR R
3 | oooo 5
37| oooo
12 RS Pl ik, N _'5_-_
42 | ooot 3
57| ooo/
/3 e B e S

Z | oooZ | 5

 |-|#2| o000 | 1

4| /8 | oole 1=
61 | cooo /

E e e B
42 | 0000 {

Suppose first that indicator 18 is set. The time can be assessed as follows:

45 instruction (3 words transferred) 78 ps
37 instruction 21 ps
62 instruction 21 ps
57 instruction 17 ps
62 instruction 21 ps
42 instruction 21 ps
Successful indicator test -
12 x number of words obeyed 48 ps
TOTAL TIME 227 ps
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If indicator 18 is unset the times are as follows:

45 instruction (3 words transferred) 78 ps
37 instruction 21l ps
62 instruction . 21 ps
57 instruction 17 ps
62 instruction 21 ns
42 instruction 21 ps
Unsuccessful indicator test 12 ps
61 instruction 21 ps
42 instruction 21 nps
12 x number of words obeyed 60 ps

TOTAL TIME | 293 ps

It should be noted that these times include the control jump to the next word of program. When

timing a subroutine the link should be counted as one of the words constituting the program.

Timing becomes slightly more difficult when the program branches into several alternative
paths or when a section of program forms a loop and is obeyed several times. The best method is

to use the flowchart as a guide and to divide the flowchart into sections for timing purposes.

Example ;
T — Section 1
Calculation
Section 2

<0 >0

1 Test Result I
r :0 1

Calculate l l Calculate l | Calculate [

Section 3

Store Result.
Set Counter = 10

i Section 4

Calculate,
Subtract One
from Counter

>0

Test Counter

=0
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