














items. For example,

INVENTORY ITEM
STOCK NUMBERS

1142
1145
1149
1150
1153
1154

or

INVENTORY ITEM
STOCK NUMBERS

1142
1145
1149
1150
1153
1154

SALES ITEM
STOCK NUMBERS

1142
1142
1142

1153
SALES ITEM

STOCK NUMBERS

1142
1142
1142

1154

If some of the sales items in the memory refer to inventory items that have not yet

been read into the memory, the current block of inventory items will be processed
and written before the current block of sales items is exhausted. Thus, the com-

puter will next need another block of inventory items. For example,

INVENTORY ITEM
STOCK NUMBERS

1142
1145
1149
1150
1153
1154

From the above, it is apparent that

SALES ITEM

STOCK NUMBERS

1142
1142
1142

1165

1. When the stock number of the last sales item in the memory is less than of
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equal to the stock number of the last inventory item in the memory, the
computer will next need another block of sales items.

2. When the stock number of the last sales item is greater than the stock num-
ber of the last inventory item, the computer will next need a block of in-
ventory items.

Based on this fact, a test for relative magnitude between the stock numbers of the
last sales and inventory items permits the initiation of the read into rl of the next
block of data to be required by the computer. Since the tape from which the read is
to be initiated is selected before the items in the memory are processed, this pro-
gramming principle is called preselection, which the following flow chart incorpor-
ates in subroutine P,
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S} - STOCK NUMBER OF S,

SE - QUANTITY OF S,

8% - SENTINEL OF 8

FIGURE 9-2
As shown in the flow chart, when a block of items in the memory is exhausted, the
only operation necessary to get the next block of items into the memory is to trans-
fer the block from rl, since the preselection subroutine has already read the block
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into rI from the proper tape. Control must then go to the preselection subroutine to
again determine from which tape 1l is to be filled.

When a sentinel is discoveredin the last word of a block, the sentinel is transferred
to the key of the last item in the block to assure the proper operation of the pre-
selection subroutine.

MEMORY ALLOCATION
820 - 879 - Sales Area

880 - 939 - Inventory Input Area
940 - 999 - Inventory Output Area

CODING
000 R00004
- U00002
001 000000
000001
002 B00004 |
A00001
003 C00004
000000
004 Pooooo IJ
» UOOVA
005 B00007
L00010
006 000000
f Q00012
007 10000 - ]
300060
008 A00011
. C00007
009 000000
U00005
010 110000
300120
011 000000
~ 000060 T tl
012 810000 1
120000 fl—1; Te—>rl; tl—S$
013 330880
300820 @
014 -R00056
U00052
(:> 015 B00880O NN
L00820 I : Sy
016 6600000
Q00019
017 R00027
U00023
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018 000000

U00015

019 Foossl ]
000000

020 S00821 1?-st——»1?
00881

021 R00039
U00036

022 000000
U00015

023 Y00880
B00024

024 [240940 .
Y00890 , _

025 1200880 ' j o+ le—j
000000)

026 A00062 *«
C00024

027 Pooooo T [:>

7 U00018

028 B00063 1—j
C00024 -

029 540940 | —T,; 0 —1,
300880

030 F00064
F00939 Bz

031 LO00065
000034

032 R00056
U00052

033 000000
V00027

034 820000 RWD* T; ; I%—I}
C00930

035 000000
V00032

036 onszz ]
W00820

037 B00036

038 A00066
C00036 *

039 Pooooo ﬂ [§>
U0002 A

040 B00067
C00036 [—s

041 300820 r
F00064

042 FE00789
L00065( sS . 7z

043 000000
000046
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044 R0O0056
U00052

045 000000
U00039

046 830000
C00878

047 R0O0019
U00044

048 K00000
F00064

049 E00880
L00065

050 000000
Q00057

051 B00881
U00020

052 B00878
L00930

053 000000
T00055

054 130000
U00056

055 120000
000000

056 Pooooo
, UOOVA

057  R00025
U00023

058 B00065
H00999

059 540940
B00068

060 C€00999
540940

061 840000
900000

062 010010
000010

063 740940
Y00890

064 111111
000000

065 ZZZZ7ZZ
000000

066 001002
000000

067 V70822
W00820

068 HHHHHH
HHHHHH

———————
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STUDENT EXERCISE

A tape contains a series of ten word policy items, each item having a policy

number of form
NNNNNNNNNNNN

in the zero word. No two policy items have the same policy number. Another tape
contains a series of one word policy number items of form

NNNNNNNNNNNN

No two policy number items are the same. The items are in ascending order by
policy number on both tapes. There is at least one full block of data on each tape.
Write a tape containing the policy items for which there is a policy number item on
the policy number tape.

STANDBY BLOCK METHOD
/

The standby block method is another programming technique for the solution of
the problem of buffering multiple inputs. While requiring more memory space than
the preselection subroutine, the standby block subroutine is usually more efficient
in terms of running time.

The principle of the standby block method is to allocate to each input a 60 word
standby area as well as a 60 word input area. For example, for two input tapes,
Ta and Tb, an input area and a standby area, A and A, would be allocated to Ta;
and an input area and a standby area, B and B, to Tb.

Initially, the first block of items from T, is read into area A; the first block from
T}, into area B; the second block from T,, into R; and the second block from Tb,
into rl; giving the following configuration, which will be referred to as configura-

tion 1.
A B

Ny T

R

CONF | QURATION |

FIGURE 9-3
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The following discussion of the operation of the standby block technique is based
on figure 9-4.

CONF | GURATION 3 CONFIQURATION 4 CONF IGURATION & CONFIGURATION 6

A 8 A 8 A 8 A B

1
. l)

rl ri rl rl

|
>|
-
>
|
>
o

i-

B
- il
A

»|
@]
>|
|

ri ) ril rl rt
T,=—>! 8 L T, Ty =0 A T, —| B
CONF | QURATFON | CONFIGURATION 2 CONFIQURATION 2 CONF IGURATION |

FIGURE 9-4

If in configuration 1, the B items are exhausted first (configuration 3), (r) are
transferred to area B, and a block is read from Ty, into rl, recreating configuration 1.

If, in configuration 1, the A items are exhausted (configuration 4), the contents of
area A are transferred to area A, (rl) are transferred to area B, and a block is read
from T, into rl, creating configuration 2.

If, in configuration 2, the A items are exhausted (configuration 5), (rI) are trans-
ferred to area A, and a block is read from T, into rl, recreating configuration 2.

If, in configuration 2, the B items are exhausted (configuration 6), the contents of
area B are transferred to area B, (r]) are transferred to area A, and a block is read
from Ty, into rl, creating a configuration 1.
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Configurations 1 - 6 exhaust the possibilities. Thus, besides the block of A items
and the block of B items currently being processed, there is always another block
of A items and another block of B items in electronic storage, either in rl or in a

standby area.

The following is an abbreviated flow chart of the standby block technique.

GET A BLOCK OF A ITEMS\

CONF | QURATION | | TO PROCESSING

r—F - >
@ > T. ol A = A SET UP FOR CONFIGURATION 2 2

: CONFIGURATION 2 |

GET A BLOCK OF B ITEHS\

CONF | GURATION | |
rlep B
OSHEEY ©®
.I CONF IGURATION 2 )

e Y -
3 * 1y i L= B =3 B |=»1 SET UP FOR CONFIGURATION | -o@

FIGURE 9-5

Basically, the reason why the standby block method is faster then the preselection
technique is that it requires only one input order, a 3nm, whereas preselection
requires two: a 1nm followed by a 30m. Then, because the amounts of data in in-
put files usually differ greatly, the master file is advanced with a minimum number
of instructions besides the 3nm.

STUDENT EXERCISE

Flow chart and code the standby block technique.
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Univac Supervisory

Control Panel Operations

The Supervisory Control Panel permits manual intervention into the otherwise
automatic operation of the computer. There are two ways in which manual opera-
tions become of use to the programmer. First, the running of a routine - the execu-
tion of the routine by the computer - requires certain manual operations, such as’

clear C and initial read. Secondly, manual operations are of use in debugging.

An error in a routine - an aspect of a routine which causes the routine, when run,
to produce unexpected results - is called a bug, and the process of eliminating
bugs from a routine is called debugging. A programmer cannot be sure that a rou-
tine is correct - that is, has no bugs - until he has run the routine against all
possible types of input and determined that the routine produces the expected out-
put. If, in such a debugging run, a bug is detected, pertinent information about the

bug can often be obtained by manual intervention into the running of the routine.

The execution of the 10m instruction is an example of a manual operation that may

be required for the running of a routine.
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THE 10m INSTRUCTION

INSTRUCTION OPERATION
10m SCK=>m

Transfer the word typed on the Supervisory Control Keyboard (SCK) to m.

The 10m instruction is a two digit instruction.

The SCK is a modified typewriter keyboard located on the Supervisory Control
Panel. Besides the standard typewriter keys, the SCK includes

1. keys for Univac characters not found on a typewriter keyboard,
2. a special bank of numeric keys for rapid typing of numeric information,
and 3. other keys used in the manual operation of the computer.

The computer executes the 10m instruction as follows. When the 10m instruction
is transferred to SR, the computer stalls and lights a neon, called the input ready
neon, on the Supervisory Control Panel, thus indicating that it is ready to accept
the type in of one word on the SCK. The operator types 12 characters on the SCK
and then depresses the ‘‘word release’’ key. The word typed is transferred to the
cell specified by the 10m instruction.

One use of the 10m instruction is to allow the type in of constants which vary from
one running of a routine to the next, such as the date.

CONDITIONAL TRANSFER BREAKPOINTS

There is, on the Supervisory Control Panel, a bank of 12 buttons called conditional
transfer breakpoint selector buttons. Ten of the buttons are numbered 0-9, one is
labelled *‘all”’, and one is labelled *‘release’. If a number, 0-9, is coded in the
second instruction digit of a conditional transfer of control instruction, the com-
puter can be made to stop with this instruction in the SR. To cause the stoppage
the conditional transfer selector button corresponding to the second instruction
digit of the Qnm or Tnm must be depressed. The computer makes the comparison
and indicates whether or not transfer of control will occur, stopping before the
transfer is effected. If the computer is to transfer control, the conditional transfer
neon on the Supervisory Control Panel will be lit; if not, the transfer neon will not
be lit. If transfer of control is not indicated, the operator can cause a transfer of
control by depressing a switch, called ‘“force transfer’’. If transfer of control is
indicated, the operator can prevent transfer of control by raising this switch.
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One use of conditional transfer breakpoints is for manual control. A conditional
transfer breakpoint can be coded at a crucial point in a routine, and when the com-
puter reaches this point, the operator, by operating the transfer switch, can choose
the processing that the computer is to follow. For example, some routines are
coded for a certain number of Uniservos but provide an option for using less. The
option can be in the form of a conditional transfer breakpoint that normally does
not transfer control. If the lesser number of Uniservos is to be used, the operator
can depress the appropriate conditional transfer breakpoint selector button and
force transfer when the computer reaches the breakpoint, thus causing the computer
to follow a path other than normal.

Breakpoints are also used in bugshooting. If a bug cannot be found by desk check-
ing, conditional transfer breakpoints can be inserted at crucial points in the rou-
tine. If the associated conditional transfer breakpoint selector buttons are de-
pressed, the computer will stop everytime ‘the conditional transfer instructions are
set up in the SR. The contents of crucial cells and registers can then be investi-
gated for correctness before continuing with the routine. This investigation is
conducted after the computer has been set to operate on other than the continuous
mode and can be made as follows: (Non-continuous operation is made possible
by operating the Interrupted Operation switch, which will be described later).

PRINTING FROM THE SUPERVISORY CONTROL PANEL

By means of switches on the Supervisory Control Panel the operator can stop the
computer, set up an instruction in SR, cause the computer to execute the instruc-
tion, and still prevent the computer from losing its place in the routine whose
execution has been interrupted. Thus, if a programmer wants to know the contents
of a given cell, the operator can set up a 50m instruction, with m the given cell,
in SR and cause the computer to print the contents of the cell. The contents of a
register can be investigated in a similar fashion, as follows.

There is, on the Supervisory Control Panel, a bank of eight buttons, called type
out selector buttons and labelled M, F, L, A, X, CR, C and “‘empty’’. Only when
type out selector button M is depressed will the computer execute the 50m instruc-
tion as defined. If, for example, type out selector button A was depressed when a
50m instruction was executed, the contents of, not m, but rA would be printed.
Similarly, type out selector button F causes (rF) to be printed; L, (rL); X, (rX);
CR, (CR); and C, (CC). Thus, if a programmer wants to know the contents of a
given register, the operator can set up a 50m instruction, depress the appropriate
type out selector button, and cause the computer to print the contents of the
register.
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Whenever printing on the SCP takes place the characters are monitored according
to the position of a function switch. Some characters cause printer action, such as
carriage return, tabulate, space, etc. There are times, however, when it is desired
to know what the character is rather than have the action take place. When the
function switch is in the Normal position action takes place whereas when the
switch is in the Computer Digit position a substitute character is printed.

THE ALL CONDITIONAL TRANSFER BREAKPOINT SELECTOR BUTTON

Depressing the conditional transfer breakpoint selector button labelled**all’’causes
the computer to stop on all conditional transfer instructions. One use of the ““all”’
button is in the debugging of a type of bug calleda closed loop. Itis notuncommon
for a routine to be coded in such a manner that a loop of instructions are created
from which there is no exit. There is a characteristic noise,created by the trans-
fer of data from one storage to another, which is amplified and emitted from a
speaker behind the Supervisory Control Panel. When a closed loop is entered, the
noise takes on a repetitious character. If the **all’’ button is then depressed, the
computer will stop on the first conditional transfer instruction encountered, if there
is one in the loop. Depressing a bar, called the start bar, on the SCK will cause
the computer to continue executing instructions until the next conditional trans-
fer instruction is reached. If this process is continued; and if each time the com-
puter stops, the programmer notes

1. the location and nature of the conditional transfer of control instruction on
which the computer stopped

and 2. whether or not the computer is going to transfer control;

the path or the closed loop through the coding will soon be determined. The con-
ditional transfer of control instruction on which the computer stopped can be de-
termined in one of two ways.

1. The operator can read (SR) from a series of neons on the Supervisory
Control Panel. Thus, the operator can tell the programmer on what con-
ditional transfer of control instruction the computer stopped, and the pro-
grammer can locate the instruction in his copy of the coding.
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2. (CC) can be printed. The address printed will be one more than the ad-
" dress of the cell in which the conditional transfer of control instruction

is stored.

If the closed loop does not contain any conditional transfer of control instructions,
the path of the closed loop can be determined by executing the instructions in the
loop one at a time.

INTERRUPTED OPERATION

Interrupted Operation is controlled by a five-position switch on the Supervisory
Control Panel. The positions are labelled one addition, one step, one operation,
one instruction and continuous. Of these, only the continuous and one instruction
positions are of significance here.

If the switch is on continuous, the computer is said to be ‘“on continuous’ and
operates in the following manner. When the start bar is depressed, the computer
starts executing instructions and will not stop until either a 90m instruction is
executed or a breakpoint is reached. Once the computer stops, it will not start
again until the bar is depressed. However, if the computer is placed in the one
instruction mode and the start bar is then depressed, the computer will stop at the
completion of the stage of the four stage cycle currently being executed. Thus, if
a closed loop contains no conditional transfer of control instructions, the operator
can place the computer on one instruction, and the computer will stop at the end
of the first stage of the cycle which it encounters. Depressing the start bar will
cause the computer to complete the execution of the current stage of the four stage
cycle and stop at the end of this stage of the cycle. If this process is continued;
and if each time the computer stops on gamma or delta time, the programmer notes
the location and nature of the instruction just transferred to SR; the path of the
closed loop, and possibly the reason for it, will soon be determined.

THE RELEASE CONDITIONAL TRANSFER
BREAKPOINT SELECTOR BUTTON

With the exception of the conditional transfer breakpoint selector button labelled
“‘release’’, the conditional transfer breakpoint selector buttons are such that,

te

when depressed, they remain depressed. The depression of the “‘release’ button

releases all of the buttons.
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OTHER BREAKPOINTS

There are breakpoints other than conditional transfer breakpoints. One is the comma
breakpoint. If a comma is coded in the first instruction digit of an instruction, and
if a switch, called the comma breakpoint switch, on the Supervisory Control Panel
is locked in the down position,the computer will stop when the ,0m instruction is
transferred to SR. If the comma breakpoint switch is in the normal position, the
computer interprets a ,0m instruction as a skip.

A third breakpoint is the fifty breakpoint. If a switch, called the type out break-
point switch, on the Supervisory Control Panel is locked in the down position,
every time a 50m instruction is transferred to SR the computer will stop before
printing. If the type out breakpoint switch is put in the center position, the normal
position, the computer interprets 50m instructions as defined. The switch can also
be locked in the up position, called the skip type out position, which causes the
computer to interpret all 50m instructions as skips. The skip type out position of
the type out breakpoint switch allows the programmer to speed up the execution of
a routine by skipping type outs that otherwise would normally occur.

MANUAL ALTERATION OF INSTRUCTIONS IN THE MEMORY

It often happens that, in a debugging run, the computer will stall, or **hang up’’, on
a bug, and after a short investigation the programmer decides that, by a slight
alteration of the instructions, the bug can be eliminated. Rather than preparing a
new instruction tape to test his theory, the programmer can make the alterations
in the memory by the following manual operations.

The instruction tape is initial read. By placing the computer on one instruction,
the operator can then step the computer, stage by stage, through the instructions
that read the rest of the instructions into the memory. At this point the operator
can set up, in SR, 10m instructions to the cells the contents of which the pro-
grammer wants to modify. The execution of the 10m instructions completes the
modification, and the corrected routine can then be run by putting the computer on
continuous. It is normal operating procedure to first print out the words to be
altered.

THE FILL OPERATION

If the programmer wants to modify the contents of a series of consecutive cells,
he can use a procedure, called the fill operation, that is faster than the setting up
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of 10m instructions in SR. By operation of the fill memory switch, the operator can
cause the computer to set up in SR a 10m instruction to the cell specified by the
three least significant digits of CC. After this 10m instruction has been executed,
the computer automatically increases (CC) by one and once more sets up a 10m
instruction to the cell specified. This process can be continued for the contents

of as many cells as the programmer wants to modify.

If the programmer wants to start the fill operation with cell 000, a word of zeros
can be transferred to CC by depressing a switch called the clear C switch De-
pression of the clear C switch is the operation referred to as ‘‘clear C”. If the
programmer wants to start the fill operation with some cell other than cell 000, .
the proper address can be transferred to CC by the SCICR operation.

SCICR

By operation at the Supervisory Control Panel, the operator can perform the oper-
ation known as SCICR (Supervisory Control Input to CR). This operation allows the
operator to type 12 characters on SCK and have the resulting word transferred to
CR. If, for example, the programmer wanted to start a fill operation at cell 029,

the operator could SCICR a 0 0m UOm instruction pair. The UOm instruction would
specify cell 029. Then, by putting the computer on one instruction, the operator
could cause the computer to execute the 0 0mUOm instruction pair. At the end of
the execution the address in CC would be 029. The operator can then begin the
fill operation at cell 029.

GENERATING DATA

To debug a routine, data must first be provided for the routine. Knowledge of the
nature of the data aids materially in locating bugs. Thus, initial data is usually
prepared by the programmer. In many cases it is not necessary for the programmer
to write out such data and have the data unityped. Instead, a rather simple routine
can be coded that, when executed, generates the data as its output. The correct-
ness of such a generator routine can be checked visually by printing the output on
the Univac High-Speed Printer.

DEBUGGING PROCEDURE

When the programmer takes his routine on the computer for a debugging run, he
should have with him all information pertinent to the routine, and always a copy of
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the flow chart and coding. Usual debugging procedure is to run the routine for the
first time with the computer on continuous. The routine may hang up on a bug,
enter a closed loop or run to completion. When the computer encounters a bug, the
programmer must note all-pertinent information about the bug, preferably by writing
it down. For example, if the routine were to hang up on an adder-alphabetic error,
the pertinent information would be the answers to the questions:

1. How long after the execution of the routine started did the routine hang up?
2. What instruction was the computer executing when the routine hung up?

3. What was (rA) immediately before the execution of this instruction?

4. What is the word that was being added to (rA) when the routine hung up?

When the computer is on continuous, the only part of the central computer group
that moves slowly enough for the mind of the programmer to keep up with is the
tape on the Uniservos. This tape movement can usually be predicted from the
nature of the routine, and before the debugging run the programmer should figure
out and fix in his mind every detail of the expected tape movement. During the
debugging run the programmer’s main interest should be directed toward the move-
ment of the tapes,not at the SCP. Any deviation from the expected tape movement
is usually a good indication of a bug.

THE EMPTY OPERATION

It sometimes happens that, after a bug has been detected, the programmer could
profitably utilize a record of the contents of a certain portion of the memory. If the
portion is not too large, this record can be printed on SCP by means of the empty
operation. The empty operation is initiated by depressing the type out selector
button labelled ‘‘empty’’ and operates as follows. The contents of the cell speci-
fied by the three least significant digits of (CC) are printed. (CC) are automatically
increased by one, and the contents of the next specified cell is printed. The pro-
cess can be continued until the contents of all cells wanted by the programmer
are printed.

MEMORY DUMP

If the portion of the memory, a record of which the programmer wants, is too large
to be printed in a short amount of time, a memory dump can be used to obtain the
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record. Memory dump consists of writing the contents of the memoty on tape in
order that the tape can be printed on the High-Speed Printer. It is standard de-
bugging procedure to obtain a memory dump whenever a bug occurs and cannot
immediately be corrected.

VERIFYING THE OUTPUT

If a routine runs through the debugging run to completion, and the programmer has
been unable to detect any bugs from the tape movement, the output of the routine
must then be checked to verify that it is the output expected from the given input.
The verification can be done visually by printing the output on the High-Speed
Printer. However, it is often possible, especially if the input data has been generat-
ed, to code a routine that will accept the output of the routine to be debugged as
input, and compare it with the expected results. Such a checking routine usually
prints all pertinent information about any discrepancies on the SCP.

SUMMARY OF PROCEDURES TO FOLLOW FOR TEST RUNNING A ROUTINE

A. Prior to running the routine

1. Prepare a detailed memory allocation including working storage.
2. Prepare detailed operating instructions including:

servo allocation - inputs. instructions, blanks

a description of SCP printouts and necessary type-ins
breakpoints included in routine - how and when used
a list of servo buttons to be depressed

o B0 TP

the disposition of output

3. Code a data generator and a checking routine if applicable
4. Thoroughly desk check the routine
5. Determine the nature of tape movement

B. To run the routine

1. Mount tapes
2, Inform the computer operator of buttons and switches to be used
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3.
4.

Initial Read the instruction tape
Place computer on continuous

C. While the routine runs’

1.
2.

Observe tapes for characteristic movement
Listen for characteristic sound of a closed loop or stoppage.

D. If the computer stalls

1.

a

Determine the type of error (neons lit, SR, CR)

Examine the contents of affected registers and memory cells (type-outs,
empty, etc.)

Determine the location of the error (type out (CC))

If the error can be corrécted and the routine continued, do so. (type-ins,
fill, etc.)

If necessary, write the contents of the memory on tape.

When appropriate,employ service routines to locate the source of the error.
Desk check the routine and list-the corrections to be made.

E. If there is a closed loop in the routine

1.

Depress ‘‘all’’ breakpoint selector button

Depress start bar (as many times as is necessary) noting the Qm and Tm
instructions and the condition of the conditional transfer neons.

When a pattern is determined proceed to D3, above.

If there are no Qm’s or Tm’s in the loop, execute the loop one instruction
at a time.

F. When tape movement is not as expected

1.
2.

Stop computer
Proceed to D5, above.

G. When the routine runs completely, check the output.
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Preparation and
Disposition of Data

INPUT UNITS

The Central Computer of the Univac Data-Automation System efficiently accepts
large volume data only from tape; therefore, all such data is prerecorded on this

medium. In addition to computer recording, three other means are available for
recording tape.

1. Keyboard to tape recording.
2. Card-to-tape recording.
3. Paper to magnetic tape recording.

KEYBOARD TO TAPE RECORDING

UNIVAC UNITYPER

The Univac Unityper is keyboard operated and records each key stroke on tape
while also producing a printed copy. It is the primary device for recording source
documents on tape. The Unityper is desk size and consists of a modified electric
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typewriter containing a recording head, a tape transport mechanism and housing
unit, and a power supply. The keyboard is similar to the standard typewriter key-
board with the following modifications.

1. In addition to the standard numeric keys, there is a special set of 10
numeric keys arranged to facilitate more rapid recording of numerical data.

2. All alphabetics are printed as capitals.

3. Special keys are available for representing characters peculiar to the
Univac Computer code and for controlling the operation of the Unityper.

The Unityper prints 120 characters to a line, each printed line being recorded on
tape as a blockette at a density of 50 characters per inch. A blockette is a group
of ten words. A space of 2.4 inches is left between blockettes. Any errors made
while typing a blockette, as evidenced in the printed copy, can be corrected:
singly, by backspacing the tape to the error and retyping the blockette from that
point; or for a complete blockette, by depressing the Erase Key, causing the whole
blockette to be erased and the tape to be positioned for retyping.

In some cases, the data to be recorded may not completely fill a blockette, or it
may be desirable to simplify the computer processing by insertion of spaces or
zeros between fields. Special Unityper keys provide for automatically filling a
blockette, or portions of a blockette, with zeros or spaces. This is done by first
setting the Fill Selector Switch to either the space or zero position. Then when the
Fill Key is depressed the carriage will be advanced either to the next tab stop or
to the end of the line, if no tab stops have been set. The character chosen by the
Fill Selector Switch is recorded on tape in the positions transversed by the car-
riage. The average recording rate on the Unityper is 10,000 characters per hour.

UNIVAC VERIFIER

The main function of the Uaivac Verifier is to verify the correctness of tapes pre-
pared on the Unityper. In addition, the Verifier can be used to prepare tapes in the
same way in which the Unityper is used.

The Verifier consists of three units housed in a standard size typist’s desk. The

units are the typewriter unit, the tape reader unit, and the control and checking unit.
Verification consists of comparing, digit by digit, the data on a Unityped tape with

a second typing of the source document. A printed copy, produced on the type-

writer unit, records the actions performed in the verification process.
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The Verifier’s tape reader reads, and sets up in the thyratron memory of the con-
trol unit, the first character on tape. The operator then strikes the key of the first
character on the source document. If the character of the key struck and the
character on tape agree, the typewriter prints the character in red. If there is a
disagreement between the characters, the character is printed and then the key-
board locks. The determination of what the error is can be made by backspacing
and viewing the character from tape on a neon display. The character on tape can
be changed by use of the Correct Key, or if cotrect,may be reverified to continue
the operation. If an entire blockette requires correction, the Change One Line Key
is used. Both of these keys will switch the Verifier’'s function temporarily to
recording.

As each character is transferred from tape to the Verifier’s memory it is counted.
More or less than 120 digits from a blockette will stop the Verifier with the digit
count error neon lit.

The maximum rate of verification is 12 characters per second. Nonsignificant in-
formation can be skipped without printing or verifying at the rate of 80 characters
per second.

PUNCHED CARD-TO-MAGNETIC TAPE RECORDING

UNIVAC 80-COLUMN PUNCHED CARD-TO-MAGNETIC TAPE CONVERTER

The Univac 80-Column Punched Card-To-Magnetic Tape Converter is a device for
automatically recording data from 80-column punched cards on tape. The card to
tape conversion is a checked operation. The rate of conversion is 240 cards per
minute. Each card is recorded as a blockette. The Converter consists of three
cabinets, the tape cabinet, the card reader cabinet and the control and memory
cabinet.

A card is initially read at the first reading station of the card reader, and the
data is stored in the magnetic core memory of the control cabinet. As the data is
read it is edited by a plugboard. The edited data is then written on tape.

The tape is then read back to the beginning of the blockette just written. As this

is being done, a second reading is made of the card. Each column is read ata
different reading station from that of the first reading and stored in a different
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position in the memory. The blockette is then read forward, and a comparison is
made between the tape recordingand the second card reading in the memory. During
this comparison, and as the tape is read back, each character is counted and its
binary code checked. If an even binary code or a digit count error is present, or if
there is disagreement between the tape and card recordings, the card will be
ejected into an error bin, and the tape will be repositioned at the beginning of the
faulty blockette for rerecording. When this occurs, the operator has the following
choices of action.

If the sequence of cards must be maintained on tape,the error card may be rein-
serted in the card reader at the head of the cards and the conversion continued. If
the error was transient, the card should be converted successfully, but if the card
again fails to convert,an adjustment may be necessary.

If card sequence is not important, the error cards can be accumulated till the end
of the run, reinserted in the card reader, and converted in a group.

If all checks pass, the card counter will be stepped and the next card converted.
The failure to feed a card is automatically detected by requiring each card fed to
generate the signal which causes the next card to be fed.

The 80 characters of each card may be rearranged in any way in the 120 character
blockette by the wiring of a detachable plugboard. If desired, up to 24 overpunched
columns (X or Y) on a card may be separately recorded as a minus and ampersand,
respectively, for the overpunches, and as the corresponding numeral for any other
punch in the column. The overpunch symbols may be distributed anywhere in the
blockette. Thus, the data may be spread over as many as 104 characters within
each blockette. Unused characters of the blockette and unpunched columns in the
card are recorded as zeros or space symbols as determined by the setting of the
Blank Column Selector, a special plugboard control. The method of complement
plugging is used as a check on the correct functioning of the plugboard during
conversion. This method requires all wires of the plugboard to emit a continuous
signal throughout the conversion.

The 80-Column Card-To-Magnetic Tape Converter can accept combinations of
punches representing 26 alphabetics, 10 numerals and 12 miscellaneous symbols.
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All the acceptable card punches and their corresponding Univac Computer charac-
ters are listed below.

UNIVAC UNIVAC

CARD COMPUTER CARD COMPUTER

PUNCH CHARACTER PUNCH CHARACTER
No Punch A or 0 (Determined by 12-8 H
12 & blank column 12-9 |
11 - selector) 11-1 J
0 0 11-2 K
1 1 11-3 L
2 2 11-4 M
3 3 11-5 N
4 4 11-6 (o)
5 5 11-7 P
6 6 11-8 Q
7 7 11-9 R
8 8 0-1 /
9 9 0-2 S
12-1 A 0-3 T
12-2 B 0-4 U
12-3 C 0-5 Vv
12-4 D 0-6 w
12-5 E 0-7 X
12-6 F 0-8 Y
12-7 G 0-9 Z

Some punched card installations make use of triple punched columns, known as
the 407 code. A slight modification of the 80 Column Converter, an optional
feature, will translate these triple punches into Univac Computer characters, as
shown below.

UNIVAC
CARD PUNCH COMPUTER CHARACTER
3-8 #
4-8 @
Y-3-8
Y-4-8 :
X-3-8 $
X-4-8 *
0-3-8 ’
0-4-8 %

Unless the triple punch modifications are present, the 80 Column Converter will
interpret triple punched card columns as mispunches, and will eject the triple
punched card into an error bin.
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UNIVAC 90-COLUMN PUNCHED CARD-TO-MAGNETIC TAPE CONVERTER

The Univac 90-Column Punched Card-To-Magnetic Tape Converter is a device for
reading data from 90-column punched cards and recording it on tape. The differ-
ences between the 90 and 80-Column Converters are as follows. In all other re-
spects the Converters are identical. The card data may be spread over as many as
114 characters of the blockette. The 90-Column Card-To-Magnetic Tape Converter
can accept the combination of holes representing 26 alphabetic symbols, 10 numer-
als and 7 miscellaneous symbols. All of the acceptable card punches and their
corresponding Univac Computer characters are listed below.

UNIVAC UNIVAC

CARD COMPUTER CARD COMPUTER

PUNCH CHARACTER PUNCH CHARACTER
no punch A or 0 (Determined by 3-7 H
0 0 blank column 3-5 I
1 1 selector) 1-3-5 )
1-9 2 3-5-9 K
3 3 0-9 L
3-9 4 0-5 M
5 5 0-5-9 N
5-9 6 1-3 0]
7 7 1-3-7 P
7-9 8 3-5-7 Q
9 9 1-7 R
1-5-9 A 1-5-7 S
1-5 B 3-7-9 T
0-7 C 0-5-7 U
0-3-5 D 0-3-9 v
0-3 E 0-3-7 v
1-7-9 F 0-7-9 X
5-7 G 1-3-9 Y
5-7-9 z

If cards containing 4 or more punches in any column are fed into the 90-Column
Converter, they will be ejected into an error bin, unless the modified Converter
is used. The modified Converter permits cards to be converted which contain 4 or
more punches as follows.
UNIVAC
CARD PUNCH COMPUTER CHARACTER

1-3-5-7 )

1-3-5-9

1-3-7-9 :

1-5-7-9 +

3-5-7-9 /

1-3-5-7-9 ;
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PAPER TO MAGNETIC TAPE RECORDING

The Univac Paper-To-Magnetic Tape Converter, PTM, translates the five, six, or
seven level code of perforated paper tape to magnetic tape. The PTM consists of
three components housed in a single cabinet: the paper tape reader, the translator
and the control unit.

The paper tape reader reads the paper tape code into the translator unit at the rate
of 200 characters per second. As each character enters the translator it is con-
verted into the Univac Computer code. The translated characters are then stored
in a 120 character memory. When the memory is filled the 120 characters are re-
corded on tape as a blockette at the density of 128 characters per inch; a space
of an inch is left between blockettes.

OUTPUT UNITS

The computer efficiently produces large volume data only on tape. Three means
are available for converting data on tape to some other form of output.

1. Tape to printed copy.
2. Tape to punched cards.
3. Magnetic to paper tape.

TAPE TO PRINTED COPY

UNIVAC HIGH-SPEED PRINTER

The Univac High-Speed Printer is a device for large volume printing of data. The
standard printing speed is 600 printed lines per minute, with up to seven legible
carbons. The Printer accepts paper from 4" to 27" in width and up to card stock
in thickness, and has a 130 character printing line. Paper may be preprinted and
serrated. There are 51 printable characters: 26 alphabetics, 10 numerics and 15
miscellaneous symbols: #$ % * () /- +:; ., and &.

Tapes recorded in blockette form at densities up to 128characters per inchwith
a minimum of one inch between blockettes are acceptable to the Printer. These
tapes include tapes produced by the Unityper, the Verifier, the Card-to-Tape Con-

verters, the PTM, and the computer. The computer writes a tape for the High-
Speed Printer as follows.:
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On the Supervisory Control Panel are a series of 10 buttons, called Block Sub-
division Buttons and labelled with the names of the Uniservos. If a Block Sub-
division Button is depressed, all writing done on the corresponding Uniservo will
be in blockette form. The space between blockettes on Uniservos 8, 9 and - will
be one tenth of an inch, on all other servos, one inch.

The High-Speed Printer is housed in four cabinets, the tape cabinet, the printing
cabinet, the control and checking cabinet, and the power supply cabinet.

Through the use of a detachable plugboard, the horizontal format for eachblockette
printed can be set up in such a manner that

1. any character of the blockette can be printed in any one of the 130 print
positions,
2. fields of the blockette can be printed on as many as six consecutive lines.
and 3. fields of the blockette can be printed as many as three times on any or all
of the six consecutive lines.

The plugboard also enables the suppression of the printing of nonsignificant zeros

in a numeric field.

The vertical format of printing is regulated by a 7 channel punched paper loop
located in the printing cabinet, which advances in synchronism with the paper.
The sensing of holes in certain channels of this loop will cause the paper feed to
either fast feed the paper or else to discontinue a fast feed presently in progress.
No printing occurs while the paper is being fast fed. There are two waysin which
a fast feed can be initiated: by a symbol on tape or by a hole in the paper loop.

As a blockette is read from tape to the memory, each character is counted. More or
less than 120 characters in a blockette stops the Univac High-Speed Printer and
lights the character count error neon.

As each character is transferred from tape to the memory, and from the memory to
the comparator, it is given an odd even check. An illegitimate character code
stops the High-Speed Printer and lights the odd even error neon.

The Univac High-Speed Printer also checks against

1. the failure of a character to print
2. the printing of more than one character in a print position
and 3. the printing of a character other than the character meant to be printed.
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The occurrence of any of the above stops the High-Speed Printer and lights an

. appropriate neon.

~ MAGNETIC TAPE TO PUNCHED CARDS

The Univac Magnetic Tape-to-Card Converter transfers data from magnetic tape
to 80-column punched cards. Input to the Converter is tape recorded in blockette
form, a space of 1/10 inch between blockettes. An 80-column card is punched from
selected portions of each blockette. The conversion is checked and proceeds at
120 cards per minute. The Converter consists of three cabinets, the tape cabinet,
the card punching cabinet and the control cabinet.

A blockette is read from tape and stored in the magnetic drum memory, located in
the control cabinet. The format of the blockette on the drum is controlled by a
detachable plugboard. This plugboard is used to select the 80 characters of each
blockette for punching and the positions on the card where they are to be punched.
Any character can be punched in any column.

The edited blockette, in the drum memory, is sent to the card punch to be punched.
Columns which are not plugged on the plugboard are not punched. After ablockette
has been punched, the next blockette, having been read and edited during the
punching of the preceding blockette, is sent to the card punch.

The conversion continues in this manner until a blockette containing a printer
stop symbol is read. The blockette containing the printer stop is not punched.

As a blockette is read from tape to the Converter’s memory each character is
counted. If this count is other than 120, the Converter stops with the character
count error neon lit.

As each character is read from tape to the memory its code is checked. Ifa charac-

ter with an even number of pulses in its eode is present, the Converter stops with
the Digit Odd-Even Error Neon lit.

After each card is punched it is read at a second station in the punch unit. This
data is stored in a special section of the memory. A character by character com-
parison is then made between the data punched on the card and the data originally
read from the tape. If any inequalities are detected,the card punched is ejected
into an error bin, and the Converter stops with the appropriate error neon lit.
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As the card data is sent to the card punch each character’s code is checked. If a
character with an even number of pulses in its code is detected, the Converter
stops with the appropriate error neon lit. If any of the above errors occur, the
Converter can be restarted to either reread the blockette or repunch the card. If
the error is transient, the conversion will be successful on the second attempt.
The conversion table showing the equivalent tape characters and card punch com-
binations is shown below.

UNIVAC UNIVAC

COMPUTER CARD COMPUTER CARD

CHARACTER PUNCH CHARACTER PUNCH

G 12-7

- 11 H 12-8
0 0 1 12-9
1 1 J 11-1
2 2 K 11-2
3 3 L 11-3
4 4 M 11-4
5 5 N 11-5
6 6 0 11-6
7 7 P 11-7
8 8 Q 11-8
9 9 R 11-9
; 12-0 S 0-2
) 11-0 T 0-3
/ 0-1 U 0-4
A 12-1 \' 0-5
B 12-2 W 0-6
C 12-3 X 0-7
D 12-4 Y 0-8
E 12-5 y4 0-9
F 12-6 none Blank

MAGNETIC TO PAPER TAPE
The Univac Magnetic-to-Paper Tape Converter, MTP, translates magnetic tape into
the five, six, or seven level code of perforated paper tape. The MTP consists of

a magnetic tape reader and a paper tape punch.

The punch operates at 60 characters per second. The MTP automatically punches
teletypewriter function codes in the paper tape.
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Operational Routines

In this chapter there will be described solutions to problems frequently encounter-
ed in using a computer as a data processor. Each solution will be shown in an
abbreviated flow chart. The operations making the next input item available or of
recording on tape the current output item will be indicated by a double-lined box
adding 1 to a letter subscript:

This symbol will stand for all operations implied by selecting the next item of a
block. This includes getting the next block when the current one is exhausted, or
the next tape when the present one is completely read. A similar symbol will
represent the appropriate output operations.
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TAPE SUMMARY

A frequent problem encountered in computer applications is to print a summariza-
tion of a detail tape. To illustrate the problem and its solution, a practical example
will be given. Consider a file of insurance policies, each policy represented in the
file by an item, P§; containing at least the following fields:

The insured’s occupation classification code, Pf
The age of the insured at the time of issuing the policy, p?
Type of insurance issued (the plan), P?

- N

The amount of insurance purchased (face value), P{

A table is to be produced, similar to the one illustrated in Figure 12-2, showing a
summary of the total amount of insurance and number of policies, by type of insur-
ance, by age at issue, and by occupation of insured.

Of course, not all occupations, nor all ages, nor all plans may be contained in this
file. Further, assume that the total combinations of occupation, age and plan ex-
ceed the memory capacity of the computer.

SORT BY:

1. OCCUPATION
2 AGE
3. PLAN

SORTED
POLICY

FILE

SUMMARIZE

“ FIGURE 12-1
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OCCUPATION AMOUNT NUMBER

CODE AGE AT ISSUE PLAN INSURED OF POLICIES
A 1,230,000 850
B 2,000,000 501
C 1,600,000 350
25 4,830,000 1701
A 2,000,000 900
B 650,000 100
C 15,050,000 1500
D 205,000 73
30 17,905,000 2573
401 22,735,000 4274
A 6,365,000 1055
C 6,160,000 1231
27 12,525,000 2286
A 3,121,000 630
G 8,900,000 2461
28 12,021,000 3091
A 4,221,000 1347
29 4,221,000 1347
435 28,767,000 6724
FIGURE 12-2

The main steps in the solution are shown in Figure 12-1. The first operation is to
sort the policy file into an ascending sequence in order by, from major to minor,
occupation, age and plan. This is accomplished by one of the standard sorting
routines. The output of the sort is the sorted policy file which forms the input to
the next operation which is the summarizing run. Figure 12-3 represents the es-
sential steps in this summarization.
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FIGURE 12-3
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Since the policy tape has been sorted, the policy items with given occupation, plan
and age will be adjacent to each other on the tape. The first operation, from @ to
@, is to store the occupation code, age and plan fields of the first policy item.
In addition, six tallys are set to zero which will be used in accumulating the total
face value and number of policies issued for each classification. At @ the occupa-
tion code and age and plan of the ith policy item are compared with the occupation
code and age and plan stored. They must agree, and the face value of the policy
is added to Ss, and one is added to Sg, which is the count of the number of policies
issued with classification CAP. The next policy item is selected,and control is
transferred to @ to process this item.

The keys of the second item and the ones following are compared in turn to the
keys stored. When a change of key occurs, control is transferred to the output

routine (connectors @ to @ )

Each output item, Bj, consists of the following five fields:

B% = The occupation code field
B% - The age field
BY = The type of insurance field

Bf - The accumulated face value of policies with
keys CAP

B, = The total numbers of policies with keys CAP

When an item with a different plan key is found, @ is set and control is trans-
ferred to@ Non-printing characters (space symbols, A) are inserted into B
and Ba The plan, P is mserted into B® ) and S5 and Sg, the totals, are 1nserted
respecnvely into B and B The next operation is the addition of S5 to S3 and Sg

to Sy (sub-totals for occupatlon code C and age A), since the plan, P, has changed.
The box

— || + I —

implies all operations necessary to place B; on the output tape. Connector@ was
set and, therefore, control is transferred to @ where Sy and Sg are reset to zero

in preparation for totaling the next plan. In addition, the new plan is stored in P,
and control is transferred to @
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When an item is found which contains a new age key, connectors @ and @ are
set, and control is again transferred to @where an output item containing the
totals under P is formed as previously.In this case, since @ is set, an output
item containing the age totals in formed. A’s are inserted into BS’- and BIJ?. The age,
A, is inserted into B2, and the totals under classification CA, S3and Sy, are in-
serted into Bf and Blz! respectively. Then the age totals are added to S; and Sg
(the totals for class C). Connector @ then transfers control to @ where Sg3, Sy,
S5, and Sg are reset to zero, and the new age and plan are inserted into A and P.

When an item with a new occupation code is found, connectors @ and are
set, and control is transferred to @where, as shown previously, output items for
the plan and age totals are formed. Then causes an output item to be formed

for the totals under the classification code C. C is inserted into B(}; and A’s, into

B? and BIJ?. Sy and Sy are inserted into Bg and BIj1 respectively; and the output
operations, executed. Control is then transferred to @ where all the totals S; to
Sg are reset to zero, and the new occupation code, age, and plan are inserted into

C, A, and P, respectively.

The reader will note that at any time a new policy item is selected for a different
plan, age or occupation code the totals to date are placed in an output item B;, and
the totals for this category and its subcategories are reset.

The output of this summary run, then, consists of the items Bj which represent the
totals for each CAP. Printing this tape produces the table of Figure 12-2.

If it is desired to have the table list the summaries inthe order: 1. occupation code,
2. age, and 3. plan, the procedure should be modified in this fashion: Since the
output items representing the totals for the major categories follow the items with
summaries for the minor categories, each completed output tape, instead of simply
being rewound when it has been filled, should be read backwards, its items being

written on a new output tape exactly in the order they are read .

Thus, this gecond output tape now contains the major totals first, then, the minor
totals. The last reel of tape coming from the summary run should be the first one
printed, then the next to the last tape should be printed, etc. Of course, this would
give a table arranged in descending sequence. To avoid this, the sort routine
should produce a descending sequence rather than an ascending one. The summary

run itself is not changed.
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TABLE LOOK-UP

Many data processing problems involve ‘“Table Look-Up’ operations. That is,
given a quantity x, select from among a set of quantities Y a quantity y which is
assigned to x. Wherever possible, keep the size of the table Y as small as possible.
In some cases it may be possible to reduce the table to a formula from which y can
be computed, given x. However, in some applications it is not possible to reduce
the table to a size which can be stored in the memory or to a formula. In these
cases, it is necessary to consider table look-up solutions that are completely
general as far as table size and argument interval are concerned.

Consider the following problem. A file contains a series of billing items, B, con-
taining among other things, the following fields:

1. Location code of point of origin from which item purchased was shipped, B
2. Destination code where item was shipped to, B‘%

3. Commodity classification of item, B

It is desired to obtain the shipping rate by looking this rate up in a table which is

entered by origin code, destination code, and commodity classification code.

Consider thetabletobe a file consisting of items Tj containingthe following fields:

. . 0
Point of origin code, Tj
Point of destination code, T(}
Commodity classification code, T%

BWN

. “ . . . . I
Rate for this origin, destination, and commodity, Tj

The file of items T; which constitute the table are assumed to be arranged in an
ascending sequence, from major to minor, by origin, destination and commodity.

This arrangement is effected once, andonce only, atthe time thetable is developed.

The main steps in the table look-up are shown in Figure 12-4.
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BILLING
FILE

SORT BY
l. ORIGIN CODE
2. DESTINATION CODE
3. COMMODITY CODE

SORTED
BILLING
FILE

RATE
TABLE

MATCH
MERGE
BILLING
FILE
WITH
RATES
FIGURE 12-4

The first operation is to sort the billing items B; into an ascending sequence, from
major to minor, by origin code, destination code and commodity classification.
This is accomplished by a standard sort routine. The next operation is to match
merge the sorted billing file and the table, thus producing an output which consists
of the same billing items with the appropriate rate inserted in them.

The essential elements of the match merge operation are shown in the flow chart
which is Figure 12-5.

b
.

( a?dc :-T?dc = BI—"’RE (o T] =R Ik 1 e k P+l = —’@

A
ERROR {N
BILLANG ITEM

FIGURE 12-5
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The table items T. are examined successively until an item with origin, destina-
tion and commodity code is encountered which matches those codes in the current

billing item Bj. When the match occurs, an output item Ry is formed by attaching

to the billing item the rate field of the table item, T§. The box—{| k+1 —»= k

implies the output operations necessary to record W, on tape, while the box
—»l i+l = i ]—»selects the next billing for the table look-up.

In some applications the table look-up operation may involve an interpolation be-
tween near lying entries in the table. In this case, while the general procedures

shown in Figure 12-4 are unchanged, a modification of the match merge operation
is needed.

Assume that the billing item, Bi’ contains an argument, B?, which is the basis of
of the table look-up(this corresponds in function to the fields Bg’, B(ii, and BY, of
the previous example). Suppose further that four point interpolation is needed in

selecting the rate. That is, if the symbol Eg represents the argument of the nth
table entry, then if

a a a
En-l < Bi < En

the table values for arguments Er?-z, Ei-l, E?;., and E2+1 will be needed. The
mathematical formula using these entries and their arguments to calculate the
interpolated rate will be indicated by F(E 5, E_1, Ep, Ep q).

The flow chart shown in Figure 12-6 is the required match merge necessary to
select the required table entries E|, noted above.

(© o P v [ETE) & ety [P o Do ¥ Ryt M PR ¥ )

CALCULATE RATE
BY
INTERPOLAT | ON

B} : €} S —O{F (€, Epy Eq, E,,,)—-»n{Hl,——» uﬂHlk + l——kHII + 1—-{'-—-@

ol e i =1 P

FIGURE 12-6

The first two entries of the table must correspond to arguments below the range

a c. . .
of arguments Bj. Similarly, the last two entries of the table must correspond to
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arguments above the range of B The initial operations, performed once only, are
@to@ . These steps stored the first four entries and their arguments (T, Ty, Ty
and T,) as items Ej, Eg, E3 and Eg4, respectively. At @ the table look-up begins.
The first billing item argument Ba} is compared with the argument Eg‘. If BY is
greater, each En isdisplaced down one position with E; beingdropped and the next
T; becoming Eq. When, finally, the first Ej is located which is just greater than
(or equal to) Ba{, the four items E1, Eg, E3 and E4 contain the proper entries for
interpolation. An output item Wy is formed consisting of the billing item and the

interpolated rate, This item is sent through the output operation '

necessary to record it on tape, and the next billing item selected.

The extension of this flow chart to handle 2, 3, 5 point, or higher interpolation is
obvious.

EXPLOSION CALCULATION

The explosion calculation can be described by the following problem. A company
manufactures a number of models of a product. For each model a bill of materials
exists which lists the basic sub-assemblies or units and the number required for
each model. This data can be termed a bill of materials file consisting of items M;.
Each item represents a unit or sub-assembly for a particular model. It contains,
among other things, the following fields:

1. The model code to which this unit belongs, MI?
2. The part number of a part used on this model, MP"
3. The number of such parts used on this model, M?

This bill of materials file is kept in model code sequence to facilitate the problems
of file maintenance and the explosion run to be described.

A second file, the production schedule, is also available. This file consists of a
series of items, Pi’ containing the following fields:

1. The model code, P
2. The number of such models to be constructed, Pr;

The problem is to determine the total number of sub-assemblies required by the pro-

duction schedule. That is, the production schedule is to be *“exploded’’ into the
pieces that make up the models.

181



Figure 12-7 depicts the major operations required in exploding the production

PROD.
SCHED.
FILE

schedule.

SORT BY
MODEL CODE
SORTED BILL OF
PROD. MATERIALS
SCHED. FILE
EXPLOS | O
CALCULATION
RAW
REQMTS
FILE
SORT BY
PART NUMBER
SORTED
RAW
REQMTS
FILE
SUMMAR I ZE
BY
PART NUMBER
REQMTS
FILE
FIGURE 12-7

Assuming a random development of the production schedule, the first step is to
sort this schedule into model code order to facilitate its “*multiplication’ by the
bill of materials. This is accomplished through one of the standard sorting routines.
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The output of this run is called the sorted production schedule which forms with
the bill of materials file the input to the explosion calculation. In this operation,
the number of units or sub-assemblies required to produce the quantity of each
model listed on the production schedule is determined. The output of this calcula-
tion is called the raw requirements file. Now, because many models contain common
sub-assemblies, it is necessary to summarize the raw requirements file.

First, of course, the file must be sorted to part number sequence not only for the
summary to follow but also for the convenience in reading the printed sub-assembly

requirements table. The summarization operation has already been described.

Figure 12-8 is a flow chart showing the method of calculating the raw requirements.

P : MY 2 I+l—>l‘—’®

ERROR 1IN
PROD. SCHED.

MiP ——= RE" 1 P] x M} e RE 1k + | —— k [ i+l—>|‘———>@

({) FIGURE 12-8

At@ the model codes of the first production schedule item andthe first bill of
materials item are compared. If the model code called for by the production schedule

is the larger, it means that its corresponding bill of material items are further up
the bill of materials file. Accordingly, this file is advanced item by item until a
model code is reached equal to (or less than) the production schedule model code.
Next a test is made to detect improper model codes which may have slipped in
during the manual operations used in preparing the production schedule. Next, an
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output item Ry is built up. The part number of the current bill of materials item is
stored in RP?, and then the number of such parts needed is calculated by multiply-
ing the number of the model to be built, P}l, by the number of this part used in that
model, M?. This field is the requirement for this part by the production forthis
model and is designated Rﬁ. The boxs{| k+1—»k |mcarries out the steps
necessary to record this requirement item on tape. The bill of materials file is

then advanced one item and this item’s model code checked against the current
production schedule item’s model code. If they agree, another extension is made.
This process continues until a bill of materials item for a different model code
turns up. This signifies that all of the extensions for current production schedule
item’s model code have been made, and the production schedule file is then ad-

vanced one item.

Having seen how a simple explosion run is performed, consider a somewhat more
involved and, thus, more practical problem. Suppose that our production schedule
consists of a series of items giving the required production per month, per
model for a certain number of months. That is, each production schedule item, Pi ,

contains the following fields:

1. Model Code, PI?
2. Number of units to be produced this month, P?
3. Coded representation of this month, P(}

Further, suppose that if a model is to be produced for a given month, each of the
sub-assemblies will have a lead time peculiar to the assembly unit. For example,
if a model is to be completed on day X, sub unit A must be available on day X-L,
or L days earlier. Thus, modify the bill of materials file so that it includes the
appropriate lead time. Each bill of materials item will now contain the fields:

The model code to which this unit belongs, MT
The part number of this unit, Mli)n

The number of such units used on this model, Ml}

- N

The amount of lead time required for this unit, ,Mli

Now compute the ‘‘phased’’ requirements. That is, determine not only what and
how many sub-assemblies are required for this production schedule, but also on
what date they are required. Figure 12-9 shows the general sequence of steps re-
quired in calculating the phased requirements.
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The same essential steps are found in this solution as described earlier for Figure
12-7. Of course, the explosion calculation will necessarily be different. The flow
chart of this explosion run is shown in Figure 12-10.

Error In
Production
Schedule

FIGURE 12-10. ()

At'@ the model code of the first production schedule item is stored as a key K.
Beginning at@ each production schedule item with the same model code K is
stored in the memory. These stored production items are called F, any particular
one being F . As soon as a production item is found for a different model code, go

to @ where the bill of materials file is advanced to thefirst item for model code K.

Beginning at @ start exploding the production schedule. The first stored produc-
tion item, Fp with p=1, is selected and the number of units to be produced during
month D is multiplied by the number of sub-assemblies Mr} required. Then, the lead
time, Ml1 is subtracted from the completion date, Fp»and these two fields and the
stock number of the sub-assembly are placed in an output item, R,. The box
—P” k+1=—>k P_implies the output operations necessary to record the item Ry
on the raw requirements tape. The box.>“p+ l=p ]-»selects the next stored
production item, and it is processed in a similar fashion. When all of the stored

production items, Fp, have been extended the bill of materials file is advanced to
the next sub-assembly for this model and the process repeated. When all sub-
assemblies for model K have been processed this entire procedure beginning at
@ is repeated for the next scheduled model.
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Insuring Accuracy
of Processing

In any data processing system one of the chief concerns is the accuracy of the re-
sults. In a computer data processing system, errors may be introduced in one of

three ways.

1. Erroneous data fed into the system.
2. Erroneous intervention by an operator into the system.
3. Malfunctioning of the computer.

INPUT DATA ACCURACY
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The accuracy of output can be no better than the accuracy of the input. Input veri-
fication is designed to detect various types of errors in the input.

The first type of error is called implausible. An inplausible error stalls the com-
puter, because it is unintelligible to it, and must be detected. An alphabetic in a
numeric field is an example of an implausible error. An attempt to add the alpha-
betic to another would stall the computer. The operator is normally not familiar
with the routine and would have no means of correcting the situation. Nor could
the operator step the computer past this point. The occurrence of an implausible
error stops the system. The routine must be designed to protect itself against
implausible errors and write the error items on an error tape.

e

The second type of error is called ‘‘plausible but wrong’’. A ‘‘plausible butwrong”’
error does not stall the computer but does produce incorrect output. The reporting
of 28 hours worked in a day is an example of a “plausible but wrong’’ error. This

type of error item would also be written on an error tape.

A third type of error is called ‘*plausible but probably wrong”. The reporting of 12
hours overtime in one day is an example of a ‘‘plausible but probably wrong’’ error.
Such an error can be processed and flagged for later inspection by the payroll de-
partment.

Input errors can also be studied from the standpoint of their source. The opera-
tions performed by the Univac System may be considered the function of an organi-
zation called the data processing center. The data processing center is an organi-
zation formed to render services to such subscribers as the payroll, purchasing,
accounting and engineering departments. Errors in data exist because of introduc-
tion by either the data processing center or the subscriber. The center may alter
valid data during the transcription of data from document to tape. To minimize such
errors unityped tapes are verified on the Verifier.

The detection of input errors caused by improperly prepared source data is the sub-
ject of input verification. This run may test the input for

1. alphabetic characters in numeric fields,
2. numeric fields within certain limits,
3. key field validity

and 4. consistency of data.

The validity of keys can be determined by checking for the presence of a correct

final digit in the key. Consistency errors are typified by a case such as a medical
absence entry in a clock card item also containing a standard work week key.
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OPERATOR ACCURACY

There are points at which an operator must manually intervene in the otherwise
automatic operation of a computer. For example, to run a routine, an operator
must mount input tapes. The stored program allows the computer to check all oper-
ator interventions for accuracy. For example, by convention, the first block of each
input tape contains, not data, but an identification of the data on the tape. By
means of this identification block, the computer can check that the data mounted
is actually the data associated with the stored routine.

RERUN

Rerun is designed to handle situations where processing is interrupted during a
run. Power failure or removal of a routine for one of higher priority are examples
of such interruptions. Rerun consists of periodically writing, or dumping, the con-
tents of the memory on tape. Then, no matter where processing is interrupted, it
can be restarted at the point of the last memory dump by using the memory dump to
reconstitute the memory. Rerun eliminates the necessity to restart an interrupted

run from the beginning, thus conserving computer time.

COMPUTER ACCURACY

In computers every pulse has a significance which, if lost, alters the content of
the whole message. A power failure of only .4 pus duration can cause the loss of a
binary one. Such a loss could change a six to a five.

DECIMAL EXCESS THREE WITH ZONE
6 001001
5 001000

If such a situation occurred when two words were being compared, the comparator
may indicate inequality when equality is the case.

If such an error occurred when the key 60032 is being checked for equality be-
tween files A and B in figure 13-1, no item following the item with key 60029
would be processed, since the computer would exhaust file B in a vain search for
equality of keys.
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FILE A FILE B

50031 50031
50032 50032
59999 59999
60028 60028
60029 60029
60032 ——-50032 60032
60034 60034
FIGURE 13-1

No malfunction can be tolerated in a computer, since even a minute failure may

have disastrous results.

TYPES OF FAILURES

Errors can be produced by permanent or intermittent failures of equipment. A blown
fuse is an example of a permanent failure. A gradually weakening tube that some-
times overloads under the influence ofa particularpulse combination is an example

of an intermittent failure.

ERROR DETECTION

It is not possible to build a computer that will never malfunction. The only solu-
tion is to provide some means of detecting errors as they occur and preventing the
the propagation of the error. The responsibility for detecting errors can be placed
on the programmer or checks can be built into the computer.

PROGRAMMED ERROR DETECTION
DIAGNOSTIC ROUTINES

A computer can execute a routine the output of which is known. If the output is as
expected, the routine guarantees that the computer has not developed a permanent
failure. However, the routine provides no assurance that an intermittent failure
will not occur during a production run. Moreover, running time for the routine is
lost time as far as production is concerned.
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DUPLICATE RUNS

After a computer has executed a production routine, it can execute the routine a
second time. The results of the runs can be compared, the computer usually being
used to make the eomparison. If the comparison checks out, and if a permanent
failure has not developed since the last diagnostic run, the output is correct,
Such an approach more than doubles, and may more than triple, the computer time
required to produce the output. Moreover, if the comparison does not check out, it
is impossible to know if a failure occurred during the first or second production
run or during the comparison or during any combination of the three.

PROGRAMMED CHECKS

The production routine can be programmed in such a manner that, immediately after
the execution of a subroutine, a second subroutine, checking the results of the
first for accuracy, is executed. For example,

010 BO 880
A- 881 addition
011 HO 882 '
S- 880
012 LO 881 check
Q00020

If control is transferred to cell 020, the addition was correct; if control passes to
cell 013, incorrect.

Programmed checks increase the running time of a production routine by a factor of
at least two thirds. The increase in memory space required by the programmed
checks is even more drastic. Moreover, there are operations that do not lend them-
selves to a programmed check. Selection of the next instruction to be executed and
selection of the cell specified by an instruction are examples of such operations.
By themselves, programmed checks cannot assure output accuracy.

If a computer failure occurs, the failure must be corrected before the computer can
return to operation. Thus, the fault must be located in the computer hardware. Since
programmed error detection may not stop the computer at the point when an error
occurs, this method provides little or no help to the technician in locating the
fault. The time required for the technician to locate the fault further reduces pro-
ductive computer time.
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BUILT IN CHECKS

Checking circuits can be built into a computer in such a manner that the computer
stops the instant an error occurs and lights a neon on the control panel, thus in-
dicating the nature of the error. These circuits operate in conjunction with the
processing circuits. No computer time is lost because of the existence of checking

circuits. Admittedly, checking circuits cost money, but they save

1. productive computer time lost because of diagnostic runs,

2. productive computer time lost because of duplicate operation, either by
duplicate runs or by programmed checks,

3. productive computer time lost because runs must be subdivided to provide
memory space for programmed checks,

4. productive computer time lost because the computer does not stop the in-
stant the error occurs, thus requiring the technician to locate the fault with
little or no help from the checking routines,

5. productive computer time lost because of errors that escape programmed
checks,

6. company embarrassment caused by such errors

and 7. productive programmer time lost in the search for the elusive perfect pro-
* gram check.

Built in checks represent a fixed initial cost; checking routines, a continual, and
basically, hidden cost. It is estimated that built in checks will pay for themselves
in less than a year.

BUILT IN CHECKS OF THE UNIVAC CENTRAL COMPUTER
0DD EVEN CHECK (0-E CHECK)

The odd even checker is a reliable, inexpensive checking circuit which checks
against the proper storage of data and the proper transfer of data from one storage
to another. There is an odd even checker located

1. on the High-Speed Bus (HSB) which is the transmission line between the
registers and the memory,

2. on each of the adder inputs,
3. between the Uniservos and rl

and 4. between rO and the Uniservos.
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In addition to the O-E checks on transfers, the regular operation of the computer is
interrupted every five seconds for the Periodic Memory Check, PMC. During PMC
the contents of the memory are read into the HSB O-E Checker. Should an even
count be registered for any of the 12,000 characters the HSB O-E Checker will
alert the error circuitry and stall the computer. PMC prevents a faulty character
from going undetected for long periods of time and possibly dropping enough pulses
to pass the odd-even check.

However, there are failures that the odd even check cannot detect. For this reason
duplicate and logical checks are also used.

DUPLICATED CIRCUITRY

Several elements of the Central Computer of the Univac System are duplicated. In
the case of storage or transmission elements, such as the registers and the HSB,
the contents of the duplicated elements are continuously compared for identity.
In the case of processing elements, such as the adder and comparator, equality
of output is the basis of the check. The duplicated elements are

the HSB,

each of the adder inputs,
the adder,

rA,

rL,

rX,

tF,

the comparator,

WoN AWM R WD

the cycling unit, which keeps track of the stage of the four stage cycle
that the computer is on,

and 10. the Time Out circuits, which determine whether Univac is on TO or Time
On.

LOGICAL CHECKS

In addition to the duplicated circuits and odd-even checkers there are a large
number of internal logical checks designed to further insure error free computation.
Logical checks are employed wherever it is not feasible to duplicate equipment or
where no data transfer is involved to make use of odd-even checks.
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TANK SELECTOR CHECKER

This checker is a check on the fourth and fifth instruction digit set-up of SR. A
further word of explanation is necessary for this checker. There are two general
types of checking circuits: '

1) In a negative checker the efror neon is lit when an error is detected.

2) In the positive type checker, the error neon is lit first and only correct
operation will extinguish the neon in time to prevent stalling the computer.

This is a positive type checker. If the upper tank selector neon is lit and the com-
puter is stalled it means the fourth instruction digit was set up incorrectly, if the
lower neon is lit and the computer stalled it indicates that the fifth instruction
digit is incorrect. It is quite possible to have a Tank Selector Error through a
faulty program. An instruction BOOA12 for example, will show a fourth instruction
digit error. The sixth instruction digit set up is checked by circuits whick compare
the check pulse in SR against a computed check pulse.

FUNCTION TABLE INTERMEDIATE CHECKER

The Function Table Intermediate Checker is a check that the first instruction digit
was set up correctly in the Static Register. This checker also acts as a shift
selector check.

FUNCTION TABLE OQUTPUT CHECKER

This is a duplicated positive type checker, whose function it is to check on the
proper execution of instructions.

TAPE CHECK

Along with the seven information bits recorded on tape for each character, an
eighth bit called the Sprocket Channel Pulse is also recorded. When information is
being read from tape the Sprocket Channel Pulse indicates the presence of a
character and actually initiates the process of synchronizing the incoming informa-
tion with the timing of tte computer. If a Sprocket Channel Pulse is not read from
tape along with information pulses the Tape Check Error neon is lit.
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INPUT -OUTPUT INTERLOCK CHECKER

The input-output interlock circuits are set at the beginning of any input-output
operation. and are reset when that operation has been completed successfully.
When the interlocks are set, further orders of the same type or using the same
equipment are prevented from being executed. It is essential to correct operation
of the computer that the interlock circuits function properly. This checker, when
set, indicates one of the following failures:

1) The read interlock failed to set at the beginning of the last read order.

2) The write interlock failed to set at the beginning of the last write order.

3) The Uniservo in question was set to execute a backward read when a
forward read was ordered.

INPUT SYNCHRONIZER > 720 CHECKER

Digits are recorded serially along the tape, and are thus picked up one at a time
when the tape is read. The computer counts the number of digits read and after the
720th digit (last digit of the 60th word) has been read and the space between
blocks is encountered the read is terminated. Through a failure in the input-output
control or photocell circuits a short (less than 720 digits) or a long (greater than
720 digits) block may be encountered. Either of these two cases lights the >720
error neon.

As far as the computer is concerned, a short block is defined as a read of 59 com-
plete words and at least one, but less than twelve more digits, followed by the
space between blocks. The Uniservo will then stop reading tape and set the> 720
error. A long block occurs when the computer reads a full 60 words and at least one
more digit before encountering a space between blocks. The tape stops in the next

space between blocks or photocell area, whichever is first, and sets the > 720

error. In either case setting > 720 error prevents the next read order or Supervisory

Control input or any other order affecting the Uniservo causing the error from being
executed.

THE EFFECT OF ERRORS

If an error is detected in any part of the computer other than the input-output
circuitry, the computer immediately stalls. If an error is detected in the input-out-
put circuitry, the computer stalls as soon as another attempt to use the faulty part
of the circuitry is made. For example, if an error was detected during the writing
of a block on T6, the computer would stop as soon as another write instruction or
another tape instruction involving T6 was transferred to SR. Given an error, such
a situation prevents the computer from propagating the error. In either case, as
soon as an error occurs, a neon on the Supervisory Control Panel lights, indicating
the specific error that has occurred.
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BUILT IN CHECKS ON THE PROGRAM

Besides checking the accuracy of its operations, the computer also checks for the
occurrence of an adder-alph error, in which case, the computer immediately stalls

and lights an appropriate neon on the Supervisory Control Panel.
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TAPE CHART

UNIVAC
TAPE PULSE UNIVAC | READ{WRITE TIME | REWIND FEET
USE SPACING IN INCHES DENSITY/ | e ke TTES) | PR oL PER REEL | peg Re UTLIZED
CHAR/IN. _PER OCK RE PER REEL | PER REEL
Univac | 5.625 / block 128 2,275 105.25 ms 3.99 min. 3.04 min. 1521
2.4 between blocks
. 2.4/ blockette
Ug'ty_‘;?r I 2.4 between blockettes
erftier 2.4 between blocks 50 500 * 313.0 ms 26.08 sec.| 24 sec. 200
.9375/ blockette
Card-To-Tape
Converterp 1.8 between blockettes 128 6,400 * 195.25 ms 3.47 min 3.03 min. 1513
2.4 between blocks
Uniprinter 36.0/ block
2.4 between blocks 20 475 409.0 ms 3.24 min 3.04 min 1520
Tape_To-Card .9375/b|0Ckette
.1 between blockettes 128 12,900 * 110.25 ms 3.95 min 3.06 min 1527
Converter
2.4 between blocks
. .9375/ blockette
High-Speed . .
'g rinf:re 1.0 between blockettes 128 8,400 * 155.25 ms 3.62 min 3.04 min 1520
2.4 between blocks

UNIVAC | Start-Stop Time : 44 ms; Interlock: 5ms; Tape Speed: 100°’ / Second.
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