








































































































































































































































































































92 How to Build a Working Digital Computer

GOIL WINDING
MAGNETIC HEAD

SLOT

SLOT

Fig. 5-6. A magnetic head ‘‘reads” or ‘“writes on’’ the drum track.

sector. Often a slot will contain one computer word, so the number of
cells in it is equal to the number of bits in a word for that computer.

The drum storage capacity depends on its size and speed of rota-
tion. Drum sizes vary from 15 to 400 tracks with a rotational speed
of from 120 rpm to 75,000 rpm. The number of bits per track inch
varies from 200 to 300 bits per inch. In these ranges, capacities run
from 25,000 to 15,000,000 bits.

The magnetic drum used in our computer has 29 tracks and will
store 65 computer words. Its rotational speed is controlled by the
computer operator. This drum reads out in parallel; i.e., the bits com-
prising a computer word in each slot will read out simultaneously. Con-
struction details for this unit follow those for the core memory at the
end of this chapter.
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CONSTRUCTION DETAILS—CORE MEMORY

Fig. F-1.

COMPONENTS: Chassis, switches (paper clip), display circuit

MATERIALS

Chassis:
1 8 X 6 X V& in. composition board
3 3% % V2 X VY in. supports (scrap wood)
6 1% in. wood screws (no. 4)

Display Circuit (including paper-clip, SPST switches):
44 paper clips
42 15 in. machine screws (6-32, roundhead)
42 nuts (6-32)
4 #48 or 41 lamps (2 v, .06 a)
1 6Y4 X Y% in. tin strip (can or sheet)
314 ft. uninsulated hookup wire (20 gage)
6 ft. insulated hookup wire (20 gage)
Adhesive tape

SPECIAL TOOLS:

Tin snips
Drill (3/16, ¥, 3/32)
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Chassis Construction

1.

2.

4.

Mark and start drill holes indicated in Fig. F-2 on the 8 X 62 X 1% in.
board.

Drill holes through the board, following the key in Fig. F-2. The 3&-in.
holes will hold the display lamps. The Y-in. holes will hold machine
screws that secure paper-clip SPST switches. The 3/32-in. holes will
hold the wood screws securing the chassis to its supports and the
contact wires for each row of switches.

Test each 35-in. hole with a lamp bulb and file, if necessary, to fit bulb
snugly with approximately ¥8 in. to % in. of the glass envelope pro-
truding above the surface of the panel.

Attach the three chassis supports, holding them in position and drilling
through the 3/32 in. holes in the panel. Secure the supports with the
Y42-in. wood screws.

Switches

1.

2.

These switches were first built for the truth evaluator (Chapter 3). Bend
20 paper clips as in C-3(a). Bend the 20 other paper clips as in Fig.
C-3(b). '

Cut each paper clip for each configuration as indicated in Fig. C-3.
The Y%-in. section will be crimped around a machine screw to secure
the switch parts on the panel in an upright position.

Secure the switch parts to the panel top with ¥2-in. machine screws.
Put the switch arms in the first vertical row on the left side of the
panel (lamp holes to the right) with the arms pointing toward the lamp
holes. Place the contacts so that the open loop is towards the top of the
panel. Alternate between arms and contacts as you move to the right.
As each switch part is secured with a ¥2-in. machine screw, crimp the
paper clip around the screw and tighten it.
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Fig. F-3.

When switches are in place, cut each arm so that it extends past the
contact about ¥4 in.

Cut each contact so that it is about %2 in. long on the open loop.
Bend the switch arms to the outside of the contact (toward the top
of the panel) so that there is enough tension to spring the arm away
from contact when it is not locked in place. The make or break motion
is similar to the opening or closing of a safety pin.

Switch Wiring

1.

When all switches are secure, turn board upside down with lamp holes
to the right. Connect each horizontal row of five contact screws with an
8-in. length of uninsulated wire, as in Fig. F-3. Loop the wire around
each contact screw and secure the loop with a nut, terminating the
run at the lamp hole opposite that row.

Cut the insulated wire into the following lengths: five 4-in. lengths,
five 3V5-in. lengths, five 3-in. lengths, and five 22-in. lengths. Strip
V4 in. of insulation from one end of each wire and %2 in. from the
other end.

With the board upside down, attach the 2)%-in. lengths to each arm
screw on the bottom horizontal row as in (A) of Fig. F-4. The end with
V4 in. of insulation stripped from it is connected to the screw. Secure
this end with a nut. Thread the other end of each lead through the
bottom-most 3/32-in. hole, as shown in the figure.

Repeat Step 3 for the 3-in., 3%2-in., and 4-in. leads, as shown in (B),
(O), and (D), respectively, of Fig. F-4. Part (E) of the figure indicates
how each vertical row of arm screws should look with all wires in place.
Turn the board right side up. Pull the arm contact wires up through
the 3/32-in. holes so that they are taut. Trim each set of four wires
evenly so they extend approximately Y2 in. above the panel.
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w Fig. F-5.

Take four short pieces of uninsulated wire and loop one around each
set of four wires to secure them in place (Fig. F-5).

Position the loose ends of wire approximately %6 in. apart and bind
them with a thin strip of adhesive tape, as in Fig. F-5.

Strip 1%2 in. of insulation from a 10-in. length of insulated wire. Strip
V4 in. of insulation from the other end of this wire.

Wrap %% in. of exposed wire around one side of the curved end of a
paper clip, as shown in Fig. F-6. Wrap the remaining exposed wire
around the entire end of the clip and secure it in place with adhesive
tape.

Fasten the other end of this wire to the panel with a ¥2-in. machine
screw in the 18 in. hole at the top of the panel, to the right of the lamp
holes. Secure this screw underneath the panel with a nut. Label this
terminal B+.

Lamp Display

1.

Fit each lamp with a paper clip base connection. (See Encoder Con-
struction Details for procedure.) Check each bulb to see that it works
properly.

Fit bulbs into 35-in. holes with connector facing the switches.

Connect the uninsulated leads from the contact screws to the lamp at
the end of each horizontal row of switches. Crimp each lead securely
in the bend of the paper clip.

Bend the 6% X %% in. tin strip as shown in Fig. F-7 to secure it to the
panel’s edge. Drill through the other end using the Y5-in. hole in the
panel as a guide.

Secure the tin strip to the panel with a ¥2-in. machine screw, making
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Fig. F-9.

sure that the lamp contacts are firm. Place a nut on each screw under-
neath the panel. Label the terminal on the right side RTN.
6. Label the panel top as shown in Fig. F-8.

Core Memory Operation

1. Close switch for a 1, open for a 0.
2. To read memory, use clip lead and simultaneously connect all four
exposed wires for address desired. See Fig. F-9.

Core Memory Checkout Procedure

1. Connect a 1%-volt flashlight battery between the B+ and RTN ter-
minals.

Close all toggle switches.

Connect the switch for word 1 and check to see that each lamp lights.
Open the 23 toggle of word 1 and note that the 2% lamp is out.

Open the 22 toggle of word 1 and note that the 22 lamp is out.

Open the 2! toggle of word 1 and note that the 2! lamp is out.

Open the 29 toggle of word 1 and note that the 2° lamp is out.

Repeat Steps 3 through 7 for words 2 through 5.

- = R ]

CONSTRUCTION DETAILS—DRUM MEMORY

Fig. G-1.
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COMPONENTS: Sub-base and supports, drum, paper-clip contacts, base, display

MATERIALS

Sub-base, supports, drum:

tin can (large juice size)

4 X 3 X Y in. composition board

5 X 12 X V4 in. composition board
2 X 1¥2 X V& in. composition board
3% X % X 9 wood blocks

12 in. dowel (3% in. diameter)

14 in. wood screws (no. 4)

14 in. molly bolts

N OO NN =N =

Paper-clip contacts:
28 paper clips

2 1 X 3 X V4 in. wood blocks

1 9 X ¥4 X V& in. composition board

1 9 X % X Y& in. composition board

8 14 in. wood screws (no. 4)
10 ft. insulated hook-up wire (20 gage)
adhesive tape (Y2 in. wide)
wood glue

Base and display:

1 6 X 12 X ¥ in. composition board
1 2Y5 %X 12 X Y6 in. composition board
4 wood supports for lamp chassis (34 X % X %)
1 tin strip (4 X 3 in.)

28 14 in. machine screws (6-32)

56 nuts (6-32)
6 1% in. wood screws (no. 4)
2 #48 or 41 lamps (2 v, .06 a)

SPECIAL TOOLS:
Tin snips
Drill (1/16, 3/32, V&, Y4, 38)
Emery cloth or sandpaper

Sub-base and Side Support Construction

1. Drill ¥4-in. holes through each side support as indicated in Fig. G-3.
The 4 X 3 X V4-in. composition boards are the side supports.

SIDE SUPPORTS —— -

i

I 21%{ sue—leASE
ya) ]
R\ 1/2" WOOD SCREWS ‘T\COUNTER SUNK
COUNTER
SUNK Fig. G-2.



2.
3.

7.

8.
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Notch the side supports as shown in Fig. G-3.

Clamp one support to the left side of the 5 X 12 X V4-in. sub-base and
drill through from the bottom of the sub-base up into the side support
with a ¥8-in. drill ¥2 in. in from the top and bottom edges of the sub-
base. Countersink the drilled holes. Secure the support to the sub-base
with 12-in. wood screws. See Fig. G-2.

Measure the length of the can to be used as the drum memory. Add 2
inches to this figure. The length obtained is the distance the second
support should be from the first.

Clamp the second support at the proper distance from the first, as
determined in Step 3. Drill through the sub-base into the support, as in
Step 2, countersink the drilled holes, and secure the support to the
sub-base with Y4-in. wood screws.

Stand the sub-base on the % X 34 X 9-in. wood blocks with the 9-in.
length under both side supports, one to the rear of the sub-base, the
other to the front.

Drill through the sub-base into the wood blocks from the top about
Y4 in. inside the side supports. Countersink the drilled holes,

Attach the sub-base to the wood blocks with four Y4-in. wood screws.

Memory Drum Construction

1.

2.

Remove the paper label, if any, from the can to be used as the drum.
Clean off any glue. If the can is painted, use sandpaper or emery cloth
to remove all paint from the surface.

Puncture or drill a 35-in. hole in the center of each end of the drum.

Note: It is important that these holes be exactly in the center, for, as

the drum revolves, a constant pressure must be exerted on the read

heads. Otherwise, it will be most difficult to adjust the head tension
properly. To find the centers of the ends, do the following:

(a) Notch the edge of the can slightly and sharply.

(b) Stretch a length of cord across the diameter of the can, holding
one end of the cord in the notch made in Step (a).

(c) Using the notch as a pivot, swing the string back and forth over
the opposite edge of the can and determine at which point on the
can the string is longest. Notch the edge of the can at that point.

(d) Using a straightedge, score a line across the can’s end from one
notch to the other.

 NOTGH 0T, _y BADIS
\‘1 —-|‘|:'/4' Y | DOWEL
\%{ T ¥} i HOLE @’
3| ORLL Yp HOE |2l NS L ¢
5/5 HOLE MOLLY BOLT
fp——t— (A) )

Fig. G-3. Fig. G-4.
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Fig. G-5. Fig. G-6.

(e) The center of the can is at the center of the line scored in Step (d).
Use an awl and dimple the center point before drilling.

3. Drill a 3-in. hole through the center of each of the two 2 X 1% X Y-
in. pieces of composition board. Drill the ends of these boards as shown
in Fig. G-4(a).

4. Place the boards drilled in Step 3 on each end of the drum so that
their 33-in. holes are over the drum centerholes. Using the two other
holes in the boards as guides, drill through the ends of the drum.

5. Attach the boards drilled in Steps 3 and 4 to each end of the drum with
molly bolts (Fig. G-4(b)).

6. Run the 12-in. dowel (3%-in. diameter) through the drum so that the
projecting ends are of equal length. Use white glue to secure the dowel
to the pieces at each end of the drum.

7. Lay the projecting dowel ends on the side supports and mark the
dowels as in Fig. G-5.

8. With sandpaper, trim the dowels between the marks made in Step 7
until they fit in the hole drilled in the supports.

9. With the drum in place, mark the sub-base where the ends of the drum
are, as in Fig. G-6.

10. Remove the drum from the supports.

Drum Contacts Construction

1. Straighten out 29 paper clips and cut each one so that it is approximately
4Y5 in. long.

2. Bend each clip to the configuration shown in Fig. G-7.

3. On the front edge of the sub-base drill a row of 29 1/16-in. holes to
the dimensions indicated in Fig. G-8, centered within the drum end
marks.

4. Mark and drill 29 1/16-in. holes on the 9 X 34 X V&-in. and the
9 X ¥ X Y-in. composition boards. These holes should line up, from
end to end, with those drilled in the sub-base in Step 3.

T DRUM END MARKS
'/2">\ & by v SIDE
¥ y _l_ SUPPORT
I—* 2 |/4‘ "l
T

...........................
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SIDE SUPPORTS
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Mark and drill the 1 X 3 X Y-in. wood blocks as shown in Fig. G-9.
Place these blocks inside each support, with their front ends extending
¥ in. beyond the front of the base. Using the drill holes in the blocks
as guides, drill 1/16-in. holes in the base and secure the blocks with
V42-in. wood screws.

Insert the paper clips in the holes in the 9 X 34-in. strip drilled in
Step 4. See Fig. G-10(a).

Along the top of the clips, place two strips of Y2-in. adhesive tape,
sticky side to sticky side, with the clips in between. See Fig. G-10(b).
Cut 29 4-in. lengths of hook-up wire. Strip 34 in. of insulation from
one end of each wire and %% in. of insulation from the other end of
each wire.

Wrap the ends with 34 in. of insulation stripped from them tightly
around the 1-in. end of each clip. See Fig. G-11(a).

Insert the clip end with the wire on it in the hole on the edge of the
sub-base as in Fig. G-11(b). Smear a little white glue on the wire
when it is almost completely inserted to ensure a good fit. Caution:
Be sure the glue is only at the front. Do not smear the entire end. If
glue gets between the wire and paper clip, there will be no electrical
contact.

Feed each wire, in order, through the corresponding hole in the 9 X V5~
in. strip. Attach the strip to the sub-base by drilling 1/16-in. holes

ADHESIVE
TAPE

28 PAPER CLIPS

Fig. G-10. (8)
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- T

GLUE HERE
WIRE AND PAPER
(SEE CAUTION, STEP 10) CLIP IN SUB BASE
(A) (8) Fig. G-11.
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through the strip and base at each end. Attach the strip to the sub-
base with ¥2-in. wood screws. This strip prevents the clips from pulling
out of the base.

Establishing Contact Tension

1. Replace the drum on the supports.

2. Push the 9 X %-in. strip against the clips and line up each contact
point as best as possible. See Fig. G-12.

3. Slide the strip toward the drum along the supporting block until suffi-
cient tension is obtained on all contacts against the drum. Secure the
strip to the supporting blocks with ¥2-in. wood screws.

Base and Lamp Display Construction

1. The 7 X 12 X Y composition board is the base for this unit. Mark
and drill it as indicated in Fig. G-13.

2. Place Y2-in. machine screws from the bottom in each of the 3/32-in.
holes drilled in the base in Step 1 and place two nuts on each screw.
Do not tighten the nuts.

3. Place the sub-base on the base with the row of terminal screws in the
front. Using the 4 holes drilled at the sides of the base as guides, drill
4 holes into the sub-base. Secure the base to the sub-base with ¥2-in.
wood screws.

SIDE SUPPORT
[ [T - |

(10 kT
/ SIDE)

(A)

= =
-

SIZE GODE (B)
x Y35 DIA

* 3 0IA
Fig. G-14. + Ig0IA
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00D OR EVEN
INSTRUCTION

TC POWER SOURCE Fig. G-15.

Connect the wires from the paper clips to the corresponding terminal

screws by tightening the wire under the bottom nut. Note that the ter-

minals are slightly spread out. Therefore, start at one end first and
work across.

The lamp display for this unit is on the side of the drum sub-base. It is

constructed as follows:

(a) Mark and drill the right end of the sub-base as shown in Fig. G-14(a).
File the 38-in. holes to accommodate the lamps.

(b) Attach paper-clip, base terminal connections to the lamp bases,
as was done for the encoder lamps and those in other units.

(c) Cut a 4-in. long, %-in. wide tin strip. Bore a ¥8-in. hole at one end.

(d) Place the lamps in their holes and attach the tin strip as in Fig.
G-14(b).

(e) Fasten supports (small wooden blocks) to the corners of the sub-base
with ¥2-in. wood screws as shown in Fig. G-15, and wire the lamps
as shown.

Label the unit as shown in Fig. G-12.

Final Operations

1.
2.

3.

Using graph paper, lay out your program as indicated in Chapter 7.
Wrap three 2-in. pieces of adhesive around the can and next to each
other. Place the program layout on top of the adhesive.

Using a single-edge razor blade or X-acto knife, cut out each square
marked with an X.



Chapter 6
COMPUTER CONTROL

We have constructed all of the necessary calculating units but we
do not yet have a functioning computer.,In this chapter we will examine
and build the unit that unifies all of the computer elements that we have,
the control. Externally, the programmer directs the computer’s sequence
of operations. The internal control, however, must come from the com-
puter itself.

This internal computer regulation is executed by countless control
circuits that decode program instructions and generate electrical signals
telling the various computer sections what to do. These circuits function
as a central command post that prevents the computer from operating
in a haphazard fashion. Although the control circuits may be spread
throughout the computer, they can be understood more easily by treating
them as an isolated section. The control unit for our computer will be
isolated, too, to emphasize its operation.

THE COMPUTER UNITS—A REVIEW

A review of the function of the various completed computer units
will help us develop an understanding of the operations the control unit
directs. In the operating computer these units will act only upon com-
mand of the control unit.

The Input Unit. The input unit reads data into the computer. Using
two 10-position rotary switches, it accepts two 1-digit decimal numbers,
encodes each from decimal to binary, and provides an intermediate,
buffer storage of the encoded bits in its display (the input buffer display).

The Arithmetic Unit. Using mechanical switches as register stores,
our arithmetic unit adds or subtracts two 4-bit binary numbers and
stores the results in its own register. This unit is composed of four basic
functional units: the add/subtract circuit, the accumulator, the X-reg-
ister, and the extension register. Data in the arithmetic unit’s accumulator
can be transferred to the X-register or displayed for the benefit of the
computer operator.

The Storage Unit. Our computer uses two storage units: the core
memory and the drum memory. The core memory, a temporary storage
unit, stores five 4-bit words and is capable of receiving or releasing
data. As the drum memory stores the computer program, the control
unit is given direct access to it. The drum holds 26-bit instruction words.

105
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The Output Unit. In our computer we are assuming that a program
automatically converts binary numbers to binary-coded decimal num-
bers. Therefore, the output unit functions as a BCD-to-decimal decoder
and displays the answers to the computer’s calculations.

THE CONTROL UNIT

The control unit examines the program instructions and relays
them to the proper units at the proper time. In our computer the chain
of command will be altered somewhat because the operator works the
computer manually. For this reason, the control unit will display its
commands to the operator rather than send them directly to the unit
involved. The operator will function as the link between control and the
input, arithmetic, storage, and output units.

We have reviewed the functions of the various units to see the range
of operations the control unit directs. The various instructions the control
uses to initiate these operations are referred to as its instruction reper-
toire. Our control unit’s instruction repertoire is set up in relation to
each unit as follows.

The Input Unit. The input unit requires an instruction to read in
data. Therefore, our first order in the instruction repertoire will be
“Read in from the input buffer display (IBD) to accumulator.” To
simplify the writing out of instructions we will use code names for each
one. For “Read in from IBD to accumulator” we will write RIN, a
shortened form of read in. ‘

There are two possible inputs in this unit, A and B, each at a
different location, or address. Therefore, two addresses are required
along with the RIN instruction, Address A and Address B.

The Arithmetic Unit. The arithmetic unit obviously needs the
instructions Add and Subtract, the shorthand codes for which will be
ADD and SUB, respectively. The ADD instruction will cause the con-
tents of the accumulator to be added to the contents of the X-register.
The sum obtained will be indicated automatically on the accumulator
display. The SUB order will cause the contents of the X-register to be
subtracted from the contents of the accumulator. The difference ob-
tained will be indicated automatically on the accumulator display.

Besides these two arithmetic instructions, other instructions are
necessary to manipulate data within the arithmetic unit. Instructions that
will allow us to multiply or divide easily by powers of 2 and use the
extension register are needed: “shift right” and “shift left.” The notation
for these instructions will be SHR (shift right) and SHL (shift left).
When these instructions occur in the program, a signal must be sent
to the arithmetic unit so that the accumulator contents are displayed
to the operator. This “display accumulator contents” instruction will be
written as DISPLAY (ACC). The operator must also be given an
indication of the number of places to shift, so four addresses are



Computer Control 107

required along with the SHR or SHL: “1 place,” “2 places,” “3 places,”
and “4 places.”

The instructions for the arithmetic unit are numerous because
of the many operations performed in arithmetic calculations. An instruc-
tion is needed to indicate that the contents of the accumulator should be
transferred to the X-register. This order, “transfer accumulator contents
to X-register,” or TRA, will also require the DISPLAY (ACC) address
so that the accumulator’s contents will be displayed to the operator.

Thus far we have defined the need for the following instructions
and addresses:

Unit Instruction Address
Address A
Input {RIN Address B
"ADD
SUB
SHR 1 place
Arithmetic SHL 2 places
3 places
4 places
TRA

DISPLAY (ACC)

The Output Unit. In the output unit it is necessary to have an
instruction for data to be read out from the accumulator to output
display. The order, “read out accumulator to output” or RUT, also
requires the DISPLAY (ACC) address so the operator is shown the
accumulator contents. Since the RUT operation requires setting a BCD
word into two output unit registers, two addresses are required with the
instruction: 10° and 10%. Finally, the output unit is designed to display
results only upon receipt of an answer command, “display answer”
or ANS.

The Storage Units. No instructions are associated with the drum
unit as it is the source of the computer program and originates the
information that the control unit uses. There are special program steps
that affect the drum unit which will be considered later in this chapter.

Instructions for the core memory are needed to read data in and
out. To read data into the core memory, which can store five 4-bit
words, we will use a store order, STO, with five addresses. As this
instruction requires transfer of the word indicated on the accumulator
display to the core address indicated by control, the DISPLAY (ACC)
address is also required. ‘

To read data out of the core memory to the accumulator, the RIN
instruction is used with an Address C and the five core addresses. This
instruction will command the operator to determine the contents of the
indicated memory core and read them into the accumulator.

Program Instructions. The fundamentals of programming for our
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computer are developed in the next chapter. However, it is necessary
to consider two program aspects here as they directly affect the instruc-
tion repertoire of our control unit.

Often during a program, it is necessary to make a decision based
on the results of a certain computation or operation. The decision made
will determine whether the program continues along its regular sequence
of steps or “jumps” to a new subprogram or routine. The instruction
required to call for this decision is called “conditional jump” or COJ.
When a COJ instruction occurs, the operator checks the most-significant
bit (MSB) in the accumulator. If the MSB is O the operator continues
to the next instruction. If the MSB is 1, the operator follows an alternate
program of instructions.

It is also necessary to jump sometimes from one place in a program
to another to avoid the repetition of subroutines. A “jump” instruction,
JUP, is used in this case.

THE COMPLETE INSTRUCTION REPERTOIRE

The complete list of instructions and addresses used by the control
unit is given in Table 6-1. As shown, there are 10 orders and 16 ad-
dresses. Therefore, our computer word will require 26 bits as a minimum.

TABLE 6-1. THE INSTRUCTION REPERTOIRE

ORDERS ADDRESSES
RIN Address A
ADD Address B
SUB Address C
SHR Core 1
SHL Core 2
TRA Core 3
RUT Core 4
STO Core 5
coJ 1
JUP 2

3

4

DISPLAY (ACC)
100

101

ANS
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227726 425,28 23 522 521 20,9 B 51T 516 5 54 513 512 51l )09 48 5T 6 95 9 53 52 5l 0

!‘ ORDER T ADDRESS VITIMING

Fig. 6-1. The instruction word format.

The format for our word is shown in Fig. 6-1. Bits 22 through 2!7 are
used for addressing and bits 2'® through 227 are used for instructions.
Bits 2° and 2? are used for power and timing, as discussed in the chapter
on storage units.

The coding for the orders and addresses is shown in Tables
6-2 and 6-3.

The control unit in our computer is a panel of coded lamps that
displays instructions and addresses. The unit commands the operator
by interpreting program signals in terms of computer operations and
lighting the coded lamps to guide the operator in his manipulation of
the computer units. The construction procedures for this unit are given
at the end of the chapter.

The mechanical manipulation of the operational procedures indi-
cated by the control unit will be detailed at the end of the chapter after
the unit is completed and the computer parts are wired together. Figure
6-2 shows what the completed computer should look like.

WIRING THE SYSTEM

The various units of the computer should be arranged on a table or
workspace. See Fig. 6-2. All intraunit wiring should be completed and

TABLE 6-2. THE ORDER CODE

ORDER 227 226 225 224 223 222 221 220 219 218
ADD 1 0 0 0 0 0 0 0 0 0
SUB 0 1 0 0 0 0 0 0 0 0
STO 0 0 1 0 0 0 0 0 0 0
SHR 0 0 0 1 0 0 0 0 0 0
SHL 0 0 0 0 1 0 0 0 0 0
TRA 0 0 0 0 0 1 0 0 0 0
JUP 0 0 0 0 0 0 1 0 0 0
CcoJ 0 0 0 0 0 0 0 1 0 0
RIN 0 0 0 0 0 0 0 0 1 0
RUT 0 0 0 0 0 0 0 0 0 1
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TABLE 6-3. THE ADDRESS CODE

ADDRESS 217216215214213212211210 29 28 27 26 25 24

1Y)
w

3]
[\

Core 1 1
Core 2 0
Core 3 0
Core 4 0
Core 5 0
1 0
2 0
3 0
4 0
Address A| 0
Address B| 0
Address C| 0
10! 0
100 0
ANS 0
DISPLAY(ACC) 0

©O O O © O O 0O O O 0O 0O O o o = o
O O O O O O O O O O O O o +# o o
O O O O O O O O O O 0O o =» O O o
o O O ©O O O O 0O O O © B O O o o
©O O O ©O O O O O O 0O » O O O o o
o © O ©O O O O O O » O O O 0o o ©
o ©O O O O O O O B O 0O O © O o ©
o ©O ©O O O O O B O 0O O O 0o 0o o o
© O ©O © ©O O H O O © O O © o o o
o ©O O ©O O = O O 0O 0O O O 0o o o o
0O ©O O O H O 0O 0O 0O © © 0o 0o o o o
©O O O O O O O O O O 0o o o o o
©O O H O O O O O O O © © o o o o
o B O O O O O O O 0O O o o o o o
H O O ©O © ©O © ©O O O O O O ©o o o

checked out in accordance with the instructions for the individual units.
Once this is done, the power supply switch on the junction box is opened
and the following power wiring is accomplished.

TABLE 6-4
FROM TO
UNIT TERMINAL UNIT TERMINAL
Junction Box B+ Bus Arithmetic Unit B+
Junction Box B+ Bus Drum Memory B+
Junction Box B+ Bus Core Memory B+
Junction Box RTN Input Unit (Encoder) RTN
Junction Box RTN Arithmetic Unit RTN
Junction Box RTN Drum Memory RTN
Junction Box RTN Core Memory RTN
Junction Box RTN Output Unit RTN
(Decoder)
Junction Box RTN Control Unit RTN
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DECODER
DISPLAY

DRUM

ARITHMETIC UNIT

JUNCTION BOX

DECODER

CONTROL PANEL SWITCHES

CORE
ENCODER MEMORY

Fig. 6-2. The completed computer.

After the power wiring is installed, the following signal wiring should
be installed.

TABLE 6-5
FROM TO

UNIT TERMINAL UNIT TERMINAL
Junction Box DISP Drum Memory DISP ( 22)
Junction Box DISP Arithmetic Unit DISP
Junction Box INP A Drum Memory NP A (28)
Junction Box INP A Input Unit(Encoder)| A
Junction Box INP B Drum Memory INP B (29)
Junction Box INP B Input Unit B
Junction Box ANS Drum Memory ANS (2%)
Junction Box ANS Output Unit ANS

(Decoder)

After completing this wiring, wire the drum memory and control units,
starting at the left side of the drum with the terminal marked ADD.
Wire all 26 order and address terminals.

CHECK-OUT PROCEDURES

Periodically, and prior to operating the computer, each unit should
be tested individually according to the instructions presented for testing
in the various chapters of this book. In addition, the control panel
should be checked by using a test lead connected at one end to the B
terminal of the drum. The test lead should then be touched to each
read head, 22 through 227, in turn and the following results obtained:
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TABLE 6-6
READ HEAD NORMAL INDICATION

22 Accumulator display indicates contents of accumu-
lator

23 ANS lamp lights and output unit register contents
are displayed.

2* 10° lamp lights

25 101 lamp lights

26 Input C lamp lights

27 IBD indicates Input B switch setting, Input B lamp
lights

28 IBD indicates Input A switch setting, Input A lamp
lights

29 4 lamp lights

210 3 lamp lights

211 2 lamp lights

212 1 lamp lights

213 Core 5 lamp lights

214 Core 4 lamp lights

215 Core 3 lamp lights

216 Core 2 lamp lights

217 Core 1 lamp lights

218 RUT lamp lights

219 RIN lamp lights

220 COJ lamp lights

221 JUP lamp lights

222 TRA lamp lights

223 SHL lamp lights

224 SHR lamp lights

2% STO lamp lights

226 SUB lamp lights

22'7 ADD lamp lights

If this test is successfully completed a program may be loaded
(see Chapter 7) and operation may begin.
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OPERATING PROCEDURES

To operate the computer, the operator must become familiar with
the manual operations he must perform under direction of program
control. Remember, our computer does not have active components and
hence the human operator simulates many normally automatic functions.
It is suggested that a chart be made of the required operator’s procedures
as prescribed in Table 6-7 and displayed conveniently near the computer
for ready reference.

The operator, after loading a program, sets the drum to its 0 posi-
tion and closes the power switch on the Junction Box. The operator then
advances the drum, one slot at a time, performing the required opera-
tions as indicated by the control panel and the following table.

TABLE 6-7
LAMP OPERATION
ADD Place the DISPLAY switch in the ADD-SUBTRACT posi-

tion and the ADD-SUBTRACT switch in the ADD position.
Register answer as displayed on accumulator display
into the accumulator. Set the DISPLAY switch back to
the DISPLAY position. Set X-register to zero.

SUB Place the DISPLAY switch in the ADD-SUBTRACT posi-
tion and the ADD-SUBTRACT switch in the SUBTRACT
position. Register answer as displayed on the accumu-
lator display into the accumulator. Set the DISPLAY
switch back to the DISPLAY position. Set X-register to
zero.

STO Transfer the word on the accumulator display to the core
address indicated.

SHR Note the word on the accumulator display; reset the ac-
cumulator switches (including Extension register) so
that the display word is shifted the indicated number of
digits to the right. For example, if the displayed word
is 00101 0000 and the core 2 lamp is lighted, the word is
shifted two places to the right as follows: 00001 0100.

SHL Same as SHR except shift to the left.

TRA Transfer the contents of the accumulator as displayed to
the X-register by setting the X-register switches.

JUP Note whether the 1, 2, 3, or 4 lamp is lighted. If the 1,

2, or 3 lamp is lighted, rotate the drum forward until
the same lamp and JUP lamp light again. If the 4 lamp is
lighted, rotate the drum backwards until the 4 lamp and
JUP lamp light again. Perform the indicated order.

coJ Same as for JUP, but perform only when accumulator
sign or 24 bit lamp indicates 1. Otherwise, proceed to
next instruction.
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TABLE 6-7 (Cont.)

LAMP OPERATION

RIN If IBD display lights, set the accumulator switches to
reflect the contents of the IBD. If a core address lights,
throw display switch for that core address and then set
the contents of the core display in the accumulator.

RUT Transfer the displayed accumulator contents into the in-
dicated output buffer register 100, or 10” or read
the computer output if the ANS lamp lights.

CONSTRUCTION DETAILS—CONTROL PANEL

COMPONENTS: Chassis (panel and support), display circuit, terminal board

MATERIALS

Chassis:
1 12 X 8%2 X V& in. composition board
1 5 X 8% X V4 in. composition board
4 Y5 in. wood screws (no . 4)

Fig. H-1.
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Display circuit:
26 #48 or 41 lamps (2 v, .06 a)
7 tin strips, dimensions in construction details (can or sheet)
23 ft. insulated hook-up wire (20 gage)
1 ft. uninsulated hook-up wire (20 gage)
8 14 in. machine screws (6-32)
14 1 in. machine screws (6-32)
30 nuts (6-32)
1 sheet of 8%2 X 11 in. blank paper
Adhesive tape
4 dozen 1 in. brads

Terminal board:
1 12X 2¥5 X Y4 in. composition board
27 15 in. machine screws
54 nuts (6-32)
4 ¥4 in. wood screws (no. 4)

SPECIAL TOOLS:
Drill (35, 18, 3/16, and 3/32)

Chassis Construction

1. Mark the 12 X 8% X Y& in. board as shown in Fig. H-2 and start drill
holes.

2. Drill all holes through the panel, following Fig. H-2 as a guide for
proper drill size. Smooth rough areas with sandpaper.

3. Rule the 5 X 82 X Y in. board as shown in Fig. H-3 and saw through
board along ruled line. The resulting tapered pieces are the supports
for the control board panel.

4. Assemble the chassis by fastening the panel to its supports as follows:

[ 12" S

1
+—2'/4—+—-|o3/4a|~3/4*|$5/4+—|'/2—+—|/2-'-3/4'|~3/4‘l-5/4+3/4*|-—|/2 ;

A + % -)6+~)(-+-)(~3 * +
Yl b o Yy T
.

|
A 17

+ ¥ + ¥ + ¥ 4+
+ ¥ 4+ ¥ O+ X+ RER ¥ +—

+ % ¥+ R+ X X 0+

L L

SIZE CODE
Fig. H-2. + g o * 3" oia
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Fig. H-3.

(a) Start four drill holes on the chassis panel, one in each corner, ap-
proximately 43 in. from the outside edge and 2 in. from the top or
bottom edge.

(b) Hold the panel and supports together as shown in Fig. H-4 with
the longest row of holes in the panel at the top. Drill 3/32-in. holes
through the panel and support at the points where the drill holes of
Step 4(a) were started.

(c) Fasten the panel and supports together with 2-in. wood screws.

Display Circuit Construction
A. WIRING

1. Turn the control panel over (supports up) and place it on top of a
sheet of 8% X 11 in. paper. Line up the edges of the sheet with the
top and bottom edges of the panel.

2. With a pencil, trace the circumference of each 3%-in. hole so that
a circle is made on the paper underneath. When each hole is marked
you will have a pattern that represents the position of the lamps on the
panel.

3. Remove the control panel and place the pattern on a flat working
surface that you can drive nails into. This pattern is the same type of
harness wiring guide that was used when harnesses were made for the
Decoder.

4. Along the top edge of the pattern, mark off 35-in. segments starting

PANEL
WO0O0D SCREW

SUPPORT Fig. H-4.
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34 in. in from the side, as in Fig. H-5. You should have 26 such marks
when finished. Number each mark, starting at the left with number 1.
These marks represent the terminal connections for each lamp. Label
and number each lamp hole as indicated in Fig. H-5.

Drive 1-in. brads into each mark at the top of the pattern. Place brads,
also, at the circled points indicated in Fig. H-5. They should be driven
in only as far as is necessary to hold them securely.

The five wiring harnesses to be constructed on this pattern will run
between the lamp bases and terminal connections. Each harness, as
described in the following steps, should be laid out in the same fashion
as those made for the Decoder. Run wires through the guides. Use
adhesive tape strips at tie points, run longest wires first, etc.

Cut insulated wire to the lengths indicated in Chart A. Strip 2 in.
of insulation from each end of each wire and tag wires at each end with
identifying number indicated in the chart.

Harness 1: Connect terminals 2, 3, and 4 with holes 2, 3, and 4
as indicated in Fig. H-6. (On all figures representing harnesses, X’s
indicate wire guide-nails and diagonal lines indicate tie points.)
Harness 2: Connect terminals 5, 6, and 7 to their correspoding holes
as shown in Fig. H-7.

Harness 3: Connect terminals 8, 9, 10, 11, and 20 to their corresponding
holes as shown in Fig. H-8.

Harness 4: Connect terminals 12, 13, 14, 15, and 16 to their correspond-
ing holes as shown in Fig. H-9.

Harness 5: Connect terminals 17, 18, 19, 21, 22, 23, 24, 25, and 26
to their corresponding holes as shown in Fig. H-10.
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B. LAMPS AND LAMP CONNECTIONS

o
e
—

1. Prepare paper clips for lamp bases as was done for the Encoder lamps
and secure them to the 25 control panel lamps.

2. Test each lamp hole to be sure that each lamp protrudes approximately
%% in. to ¥4 in. above the panel face when inserted from the underside
of the panel. Adjust lamps to proper height by filing holes.

3. Cut ¥2-in. wide tin strips in the following number and lengths: one 7-in.



Computer Control 119

CHART A
Length Order of Length Order of
Terminal (in.) Use Terminal (in.) Use
2 7 1 15 7Y% 16
3 8 2 16 8¥s 17
4 9 3 17 18 18
5 7 7 18 11%4 19
6 9% 5 19 14 20
7 915 6 20 5 11
8 434 8 21 13 21
9 414 9 22 12 22
10 3% 10 23 14 23
11 3 12 24 14 24
12 11% 13 25 104 25
13 10% 14 26 11 26
14 9 15
CHART B
Strip
Lamps Type Designation

8,9,10,11,19 1 A

25,18,5,6,7 3 B

20 5 C

23, 26, 22 2 D

«2,3,4,17 1 E

24,21 4 F

12,13, 14, 15, 16 1 G

5

7.

8.

strip; four 6-in. strips; one S-in. strip; one 3-in. strip.

Punch and drill each strip as shown in Fig. H-11. Use a 3/16-in. drill.
Drill three strips as Type 1.

Insert the lamps in the holes and attach the tin strips to the lamp tips
using 1 in. machine screws and nuts. Chart B indicates which strip type
to use with each set of lamps. Figure H-12(a) details the manner in
which the strips are attached.

Depress ends of strips A, D, E, and G to panel and drill through panel
with a 8-in. bit, using end holes in strip as a guide. Angle the strip
so that it does not contact the lamp (see Fig. H-12(b)). Secure both
ends of strips D and G with ¥2-in. machine screws and nuts. Secure
the left end of strip A with 1-in. machine screws and the left end of
strip E with Y2-in. machine screws and right ends of same strips with
1-in. machine screws.

Connect adjoining ends of strips A and B with same machine screw.
Drill through panel and secure right end of strip B with a 1-in. machine
screw.

Connect adjoining ends of strips E and F with same machine screws.
Depress right end of strip F, drill through panel, and secure with 2-in.
machine screw.
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9. With 3 short lengths of uninsulated wire, connect the machine screws
securing strips A and C, C and D, D and F, and F and G. Secure these
connections with a second nut.

Terminal Board Construction and Harness Installation

1. Starting 1 in. in from the end on the 12 X 2V in. board, mark off 26
points, 3 in. apart, along the center of the board, as shown in Fig. H-13.

2. Start a drill hole at each point and then drill through the board with
the V&-in. bit.

3. At each corner of the board, ¥4 in. from the edge and ¥4 in. from the
top or bottom, start a drill hole and drill through with the 3/32-in. bit.

4. Insert a %2-in. machine screw in each Y&-in. hole. Position the screw
with two nuts, as indicated in Fig. H-14.

5. Lay the harnesses out on the underside of the panel, one by one. For
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each harness, connect the stripped ends to the lamp bases and crimp
for a secure connection.

Attach the free ends of the harness wires to the screws on the terminal
board at the back of the board. The wires should run in numerical
order from left to right. Secure each connection by tightening the nut.
There will be no wire for terminal 1 at the far left.

Secure the terminal board to the back of the control panel supports by
placing it ¥2 in. below the top of the board and drilling through the
holes on its edge into the supports. Fasten the board to the supports
with ¥2-in. wood screws.

Attach a short, uninsulated wire to terminal 1 and the screw holding
the left end of strip A.

Label the panel and terminal board as shown in Fig. H-15.

A B C RN SUB o 1 23 4
o o o Jump
SHL ADD SHR
TRA ST0 RUT 10' 10° ANS
I 2 3 4 5
R A RRCJTSSSS A
TN g, CCCCCUIOURHHTUD
NéMWCBA432I5432IINJPALROBD
000000000000 000000O0000000
12345678 9101112131415161718192021 2223242526

Fig. H-15.
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CONSTRUCTION DETAILS—JUNCTION BOX

Fig. I-1.

MATERIALS

4 X 6 X % in. block of wood

2 X 4 X Y6 in. composition boards

2 X 5V X V& in. composition boards
6 volt battery

paper clip

¥ in. wood screws (no. 4)

15 in. machine screws (6-32)

nuts (6-32)

2 ft. insulated hook-up wire (20 gage)
1 ft. insulated wire (18 gage)

2

00 00 A== NN =

Construction

1. Attach battery to block of wood using uninsulated wire and wood
screws. See Fig. I-2.

2. Assemble the 4 pieces of composition board to the block of wood as
shown in Fig. I-3. After drilling screw holes, attach the board with
Y2-in. wood screws.

3. Construct two 2-in. long common tie-point terminal strips (see con-
struction details below). Mount them on the front side of the junction
box as in Fig. I-3(a) with Y2-in. machine screws and nuts.

4. Construct a single-pole switch with the paper clip and two wood screws
and attach at side of terminals as shown in Fig. I-3.
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5. Connect the negative battery terminal to one strip as shown in Fig. I-3
with insulated hook-up wire. Connect the positive battery terminal to
one side of switch. Connect other side of switch to remaining common
tie-point terminal strips.

6. Label the strip connected to switch B+ BUS and the other RTN BUS.
When wiring into the computer system, use separate wood screws for
each connection whenever possible.

7. Construct four 1-in. long common tie-point terminal strips and mount
two on each side of the junction box with ¥2-in. machine screws and
nuts (Fig. I-4).

8. Insert two Y4-in. wood screws in each terminal strip mounted in Step 7.
Do not screw them down tight.

9. Label the four terminal strips mounted in Step 7 as follows: DISP,
ANS, INP A, INP B.

CONSTRUCTION DETAILS—COMMON TIE POINT
TERMINAL STRIPS

MATERIALS

Construction board (1-in. wide, ¥&-in. thick, length to suit application)
Fine wire mesh or aluminum foil
15-in. wood screws

) ; X
! T ‘ | Fig. I-5.
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Construction

1.
2.
3.
4

Cut 1-in. construction board to desired length.

Cut wire mesh to same size as construction board cut in Step 1.

Attach the wire mesh to the board as illustrated in Fig. I-5 using Y2-in.
wood screws approximately every inch along the edges.

To connect wire to the mesh, place the stripped end over the mesh
or aluminum foil and secure it with a wood screw or thumb tack. Make
sure that the wire is in firm contact with the mesh or aluminum foil.



Chapter 7
PROGRAMMING OUR COMPUTER

Up to now we have concerned ourselves with the problem of
devising and constructing a machine with a certain “built-in capability”
to perform such basic operations as addition, subtraction, shifting, etc.
The subject of this chapter is how the computer is directed so that it
uses its built-in capabilities to solve the problem or problems at hand.
This subject is known as programming.

To make a computer solve a problem, the method by which the
computer is to solve this problem must be defined and related, in step-
by-step sequence, to the instructions available in the computer’s instruc-
tion repertoire. This repertoire was discussed in Chapter 6.

THE PROGRAMMING PROCESS

The process of creating a program for a particular computer
resolves itself into the following basic steps:

1. Define the problem and what data are available for its solution;
define the form of the solution.

2. Outline the method of solution in graphic form using a “flow
chart.”

3. Write the entire program, step by step, using the instructions
available in the instruction repertoire and the appropriate
address codes.

4. Try the program on the computer, using enough different sets of
raw input data to provide confidence in the general applicability
of the program.

Defining the problem is a very important step in devising a pro-
gram, since an efficient program can only be written if it is properly
organized at the start. The problem definition phase may result in
several subproblem definitions. In this case, several smaller programs,
called routines or subroutines, may be devised along with an overall
“executive” routine that directs the use of the subroutines. A typical
program consisting of an executive routine plus several subroutines is
indicated in Fig. 7-1. This diagram is called a flow chart, since it indi-
cates the “flow” of the program.

Once the overall configuration of the program is defined by flow
chart, each subroutine is outlined using detailed flow charts. A typical

126
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START

IS THIS A
SALARIED EMPLOYEE
TIME CHART?

: D0 SALARIED >
DO EXECUTIVE

EMPLOYEE PAYROLL
PAYROLL SUBROUTINE SUBROUTINE

IS EMPLOYEE MEMBER
OF PENSION PLAN?

D0 PENSION
SUBROUTINE

Q
PRINT
PAYCHECK

Fig. 7-1. A typical overall flow chart.

START

TOTAL NUMBER
OF HOURS WORKED

DO TOTAL HOURS
EXCEED 37.57

CALCULATE

SET TOTAL PAY OVERTIME PAY

EQUAL TO BASIC PAY |
ADD OVERTIME
PAY TO BASIC

\[mji; I

CALCULATE
TAX DEDUCTIONS

Fig. 7-2. A typical detailed flow chart.
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SYMBOL MEANING

: START OR END OF A ROUTINE
<> oR @ INDICATES A DECISION REQUIRED

AN OPERATION

O A CONNECTION POINT

Fig. 7-3. Flow chart symbols.

detailed flow chart is illustrated in Fig. 7-2. This chart shows both the
sequence and logic of the routine.

At this point, you may have noticed that boxes and symbols of
different shapes are used on the flow charts. There are several standards
currently in use in the computer industry for such symbols. We will
use those shown in Fig. 7-3.

TABLE 7-1. TYPICAL PROGRAM CODING SHEET

INSTRUCTION
WORD

STEP | MNEMONIC | ORDER | ADDRESS REMARKS
00 RIN 04 210 Hours worked Monday
01 RIN 04 211 Hours worked Tuesday
02 RIN 04 212 Hours worked Wednesday
03 RIN 04 213 Hours worked Thursday
04 RIN 04 214 Hours worked Friday
05 ADD 01 300 Total hours
06 TRA 02 100 37.5 to X-register
07 SUB 11 300 Total -37.5
10 CcOJ 21 015 <37.5 jump to 015
11 MUL 43 300 Overtime Pay
12 TRA 02 100 Basic pay to X-register
13 ADD 01 300 Total pay
14 JUpP 30 016 Jump to tax deductions
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After the detailed flow chart is prepared, the program is coded,
using the appropriate instructions, addresses, and codes. Table 7-1 illus-
trates a typical program coding sheet.

USING OCTAL CODES

Because of the number of digits required to specify a complete
instruction word (28), a shorter code is used when programming. This
code uses octal (base 8) numbers, instead of binary numbers. It is a
simple substitution of a symbol used in the octal system for a set of
three consecutive binary digits. Use of the octal code cuts the space
required for writing instruction words to one-third. The table below
shows the correspondence of octal and binary numbers.

Octal Binary
8n 22 21 20
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

To convert from binary to octal, the binary word is separated into
groups of three consecutive digits, starting at the right. Each discrete
group of three digits is then compared with the corresponding octal
symbol. For example, the code for SHR is 0001000000. To convert to
octal, the binary word is separated as follows:

xx0 001 000 000

Then, for each group of three digits, the corresponding octal symbol is
selected. Therefore:
0 1 0 0

This short-cut method of writing out long binary words is possible
because 23 is equal to 8.

Table 7-2 provides the octal codes for the various instructions and
addresses used in our computer. Refer to Chapter 6 for details of the
instruction repertoire and the corresponding binary codes. The “Re-
marks” column of the table uses the following shorthand conventions:

( ) = contents of
——— — automatic routing of data
M | _ manual routing of data
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TABLE 7-2, COMPUTER INSTRUCTIONS

OPERATION OCTAL | ADDRESS
CODE CODE CODES REMARKS
ADD 1000 000000 (Acc) + (x) —= Acc Display
(Acc Display) _M— Acc
(x) —M— zero
ADD lamp on
SUB 0400 000000 (Acc) - (x) — Acc Display
(Acc Display) —% Acc
(x) —M— zero
SUB lamp on
STO 0200 (Acc) —= Acc Display
(Acc Display) M, CORE
ADDRESS
STO (store) lamp on
400004 Core address 1 lamp on
200004 Core address 2 lamp on
100004 Core address 3 lamp on
040004 Core address 4 lamp on
020004 Core address 5 lamp on
SHR 0100 (Acc) —= Acc Display
400004 | (Acc Display) 2 - Acc
(Shift one place)
SHR (shift right) lamp on
200004 Shift two places
100004 Shift three places
040004 Shift four places
SHL 0040 (Acc) == Acc Display
(Acc Display) 2l M Acc
SHL (shift left) lamp on
400004 Shift one place
200004 Shift two places
100004 Shift three places
040004 Shift four places
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TABLE 7-2. COMPUTER INSTRUCTIONS (Cont.)

OPERATION OCTAL | ADDRESS
CODE CODE CODES REMARKS
TRA 0020 000004 (Acc) —= Acc Display
(Acc Display) M b
TRA (transfer) lamp on
JUP 0010 JUP (jump) lamp lights

To identify jump sequence
the following addresses
are used:

010000 Jump to 1
004000 Jump to 2
002000 Jump to 3

001000 Jump to 4 (opposite
direction)

coJ 0004 COJ (conditional jump)
lamp lights

To identify jump sequence
the following addresses
are used:

010000 Jump to 1
004000 Jump to 2
002000 Jump to 3

001000 Jump to 4 (opposite
direction)

RIN 0002 000400 RIN (read in) lamp lights
L INPUT A displayed on IBD
(IBD) M Acc

000200 Same as above, but
INPUT B

000100 Input C lamp lights
Core— Core display by
throwing (address) dis-
play switch manually
corresponding to lighted
address lamp M
(Core Display) — Acc

400100 Core address 1
200100 Core address 2
100100 Core address 3
040100 Core address 4

020100 Core address 5
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TABLE 7-2, COMPUTER INSTRUCTIONS (Cont.)

OPERATION OCTAL | ADDRESS
CODE CODE | CODES REMARKS
RUT 0001 000004 | RUT (read out) lamp lights

(Acc) — Acc Display

000044 | 10! lamp lights
(Acc Display) ~~ 10 ORD

000024 | 10° 1amp lights
(Acc Display) —l![-— 100 ORD

000014 ANS lamp lights; output dis-

play matrix is energized

DEVISING A SIMPLE PROGRAM

At this point, we are ready to try our first program. A simple
program is best to start with, so let us devise a program for subtracting
decimal input B from decimal input A. The result of the subtraction
must be displayed in decimal form.

We recall now that the input unit automatically converts decimal

CORE | = 0000
START 0 3+ 000
LOAD CORE S g: gggg
MEMORY
I 4= 0000
READ A AND B o8
INTO AU
|
S8 9

1S DIFFERENCE

[ wroror |y - I5-17

[ wr |Io' 0 | ] RUT COMP-I0°

[ A:IS I w2 T IIO"I |
2 m

N

STOP

Fig. 7-4. Subtraction routine flow chart.
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data to binary and that the output unit automatically converts binary-
coded decimal data to decimal. However, since we are limiting ourselves
to numbers less than 10, the binary numbers in the computer will be
identical to BCD numbers and may be read directly into the output unit.

The first step, now that the problem has been defined, is to out-
line the program using a flow chart. The flow chart for the subtract
program is illustrated in Fig. 7-4. Initially, the core memory is loaded
with all zero’s except for one location where 0001 is set for use in
reading out the sign digit when the result of the subtraction is negative.
After the core memory is loaded, input B is placed in the X-register
and input A in the accumulator. The difference, A — B, is obtained by
the SUB instruction. If the difference is positive, it is read out as 109,
since this difference must be less than 10 and therefore already in BCD
form. A 0 is then extracted from core memory and read out (10 = 0)
to indicate a positive number.

If the difference is negative, it is complemented to obtain its abso-
lute value. The complement is obtained by subtracting the difference
from 2%. This absolute value is read out as the magnitude of the differ-
ence (10° digit). The stored sign digit, 1, is then extracted from core
address 3 and read out as 101, indicating a negative number.

Now, with the logic outlined, the actual program coding may be
performed. Table 7-3 lists the coding for the entire subtract program.

PROGRAMMING MULTIPLICATION

Programming the multiplication process is a more complicated
procedure than programming subtraction. Because of this, it is neces-
sary to refamiliarize ourselves completely with the process of multipli-
cation before we do any actual programming. Let us examine the basic
problems encountered when paper-and-pencil multiplication is per-
formed. For example, the problem 24 » 13:

24 multiplicand
X 13 multiplier

72 partial product
24 partial product

312 product

In this operation, we take the least significant numeral of the multi-
plier and mentally add the multiplicand to itself the number of times
indicated by the multiplier numeral. The sum in this case, 72, is set
down just below the multiplier in the proper position. We then take the
next significant numeral of the multiplier and mentally add the multi-
plicand to itself the number of times indicated by this multiplier numeral.
The sum in this case, 24, is set down below the previous sum but is
shifted to the left by one column. Then both sums are added to obtain
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TABLE 7-3. SUBTRACT ROUTINE CODING

INSTRUCTION
WORD
STEP | MNEMONIC | ORDER| ADDRESS REMARKS
1 RIN 0002 400000 Load core address 1 = 0000
2 | RIN 0002 101000 Load core address 3 = 0001
3 RIN 0002 020000 Load core address 5 = 0000
4 | RIN 0002 200000 Load core address 2 = 0000
5 | RIN 0002 040000 Load core address 4 = 0000
6 | RIN (B) 0002 000200 Read B into accumulator
7 TRA 0020 000004 Transfer B into X-register
8 | RIN (A) 0002 000400 Read A into accumulator
9 | SUB 0400 000000 A - B = difference
10 cOoJ 0004 010004 If difference negative, jump
to 15
11 | RUT (109 0001 | 000024 | Difference = 10° output
12 | RIN (C) 0002 400100 Read core 1 = 0000 into
accumulator
13 | RUT (101) 0001 000044 Sign = 0 (pos) (101) output
14 ANS 0000 000010 Positive difference
15 | TRA 0024 010004 Negative difference to
X-register
16 RIN (C) 0002 400100 Read core 1 = 0000 into
accumulator
17 | SUB 0400 000000 Complement negative
difference
18 RUT (100) 0001 000024 Complement = magnitude
of negative difference
= 100 output
19 RIN (C) 0002 100100 Read core 3 = 0001 into
accumulator
20 RUT (101) 0001 000044 Sign (101) digit = 1 for
negative sign
21 | ANS 0000 000010 Negative difference

the final answer, 312. Note that multiplication, when broken down to
its basic steps is actually an addition process.

Let us now examine multiplication in the binary system. Let us
multiply 1011 and 1010.



Programming Our Computer 135

1011 multiplicand
1010 multiplier

0000 partial product P,

1011 partial product P,
10110

0000 partial product P,
7010110

1011 partial product P;
01101110

01101110 product

This operation is exactly the same as in the decimal system with one
small difference. Since the binary system has only two symbols, O and 1,
the partial products can be equal to either all zeros or to the multiplicand.

With the above examples in mind, let us attempt to write down,
in sequence, all the basic operations which go into the performance
of a multiplication. To make this list of operations easier to work with,
let us make the following algebraic definitions of terms:

1. The digits of the multiplicand are D3, D2, D?, and D° with D°
the least significant. The full multiplicand is referred to as D.

2. The digits of the multiplier are R3, R2, R!, and R° with R°
the least significant. The full multiplier is referred to as R.

3. The partial products are Py, Py, P, P; with P, being that partial
product formed when multiplying the multiplier digit R® with
the multiplicand.

4. Py, is the sum of partial products P, and P; when P; is properly
shifted to the left. P25 is the end product.

Now, in multiplying binary numbers, we notice that the partial
products are either zero or equal to the multiplicand. Hence, it is
merely necessary to examine the appropriate multiplier digit in order
to determine partial product. Therefore, to start our multiplication,
the first step is to examine the least significant digit (or bit) of the
multiplier. If the bit is a 0, the partial product is O; if the bit is a 1,
the partial product is equal to the multiplicand. The flow chart of
Fig. 7-5 indicates this procedure.

The next set of steps consists of examining the next bit to the left
in the multiplier. If this bit is a zero, the partial product P; equals
zero. If this bit is a 1, P; equals D. The sum of the partial products,
Py, is then obtained by adding P, and P;.

This process continues as illustrated in Fig. 7-5 until the most
significant bit of the multiplier is processed. At the end of this process,
the sum of the partial products, P23, is formed as the end product.

Now, let us apply our computer’s instruction repertoire to the
solution just described by Fig. 7-5. The first general step is to examine



136 How to Build a Working Digital Computer

I LEGEND

P=0 PirD <> <EXAMINE
Py =(Py) 2140 Py =(Pp) 271+P, )
[ 1 <>'— IF QUANTITY S |
| A
| | —O =IF QUANTITY 15 0

| Py e 2240 [ Pu a2 |
]

&>

>

<O

LPOIZS “(Pyip) 27!+ 0 I Poias '(sz)Z"+5J

Fig. 7-5. Multiplication routine flow chart.

R?, that is, determine if the least significant bit (LSB) of the multiplier
is a 1 or a 0. This requires a decision on the part of the computer
based on the value of the LSB. The instruction in our computer’s reper-
toire covering this is COJ. However, COJ only examines the digit in
the most significant stage of the accumulator. Therefore, the multiplier
must be shifted to the left until the LSB is in the most significant stage
of the accumulator. The instructions required to examine the multiplier
bit form a subroutine, which we will refer to as the R® subroutine.
This subroutine comprises the following:

Read multiplier into accumulator  (RIN)
Shift accumulator to left (SHL)
Observe MS place in accumulator, if a 1, jump tox  (COJ)

Let us now examine the case when the condition is not satisfied,
that is, the LSB of the multiplier is 0. The problem now is to form
the first partial product based on the LSB being 0. We know from the
previous discussion that this partial product is 0000. Since there is
no way of insuring that 0000 is anywhere in the computer storage with-
out actually having put this value someplace, we must load this particular
constant in memory before we start. Assuming that this was done and
that 0000 was loaded in core memory 3, then we can proceed as follows:

Read in from core 3 the value 0000 (RIN)
Shift to right once  (SHR)
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Store data in accumulator in core 4  (STO)
Jump to instruction x  (JUP)

The first instruction reads in the partial product from core 3.

The second instruction shifts the partial product once to the right,
causing the LSB of the partial product to be in the most-significant place
of the extension register. This shift is not significant here, since the
partial product is all zeros. However, adding it here allows this series
of instructions to be used in the more general case, which will be
described shortly. Remember when, with pencil and paper, the partial
products were put down in particular locations, each being offset from
the previous one by one place to the left.

The third instruction stores the accumulator data into core mem-
ory address 4, which we will use as a temporary storage space for the
partial product.

The fourth instruction is necessary to jump over those instructions
that concern the operation when the initial condition is satisfied. This
entire set of instructions will be referred to as the R* = O subroutine.

Now let us examine the case when the condition is satisfied. We
assume that as part of the input portion of the program, the multiplier
was read into core location 2 and the multiplicand was read into core
location 1. We know from the previous discussion that the multiplicand,
as it stands, becomes the first partial product. Therefore, we must
instruct the computer to relocate the multiplicand in the location
reserved for the partial product and we proceed as follows:

Read in partial product from core 4  (RIN)
Transfer to X-register (TRA)

Read in multiplicand from core 1  (RIN)

Add multiplicand and partial product (ADD)
Shift accumulator one place to right  (SHR)

Store remaining accumulator data in core 4  (STO)

The first instruction enters the partial product into the accumulator
and the next instruction transfers the partial product to the X-register.
The third instruction reads in the multiplicand from core 1. This is
necessary, even though there is no partial product at this time, since now
a subroutine is established that is usable whether or not there is a
partial product. The fourth instruction adds the multiplicand and the
partial product. The fifth instruction shifts the new partial product
one place into the extension register. The need for this is the same as
previously mentioned. The last instruction stores the three most-sig-
nificant bits in core location 4 for use later on. This subroutine will be
referred to as the R* — 1 subroutine.

Now we have developed the three subroutines necessary to program
completely for multiplication, except for instructions regarding input
and output (see Table 7-4).

At this point, the program is still not complete. While the basic
program is available, modifications must be made to account for shifting
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TABLE 7-4, MULTIPLICATION ROUTINE—PRELIMINARY
INSTRUCTION LISTING

FUNCTION INSTRUCTION | STEP DATA FLOW
RIN 1 Read in multiplier
. . 0.
Examine R? SHL 2 Shift left 4 times (R" in MS
place)
COJ 3 If MSB = 1, Jump to 8
RIN 4 | Read in core 3 (0000)
If 0 \ ift\o tonet
Py=0 STC & \SQ imgoreNd
JUP 7 Jump to 14

V-7

If 1 RIN 10 | Read in core 1 (multiplicand)
b, =D Jut S Y A Kok oy kol
SHR 12 Shift once to right
STO 13 Store in core 4
RIN 14 Read in core 2
Examine R! SHL 15 St;)ilf;CI:)ft 3 times (R in MS
coJ 16 If MSB = 1, Jump to 21
RIN 17 Read in core 4
If0 SHR 18 Shift once to right

. 222l

20 Jump to 27

SHR

RIN 21 Read in core 4

if1 TRA 22 Transfer to X-register

P, = (P,) +(D)2* RIN 23 | Read in core 1 (muﬁiplicand)
ADD 24 Add Acc + X-reg —Acc
SHR 25 Shift once to right
STO 26 Store in core 4
RIN 27 Read in core 2

Examine R2 SHL 28 St;ilf:CI:)ft 2 times (R2 in MS
COJ 29 | If MSB = 1, Jump to 34
RIN 30 Read in core 4 (0000)

If 0 SHR 31 Shift once to right

P, = (P2 BEON NN\ R B b Qs
JUP 33 Jump to 14
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TABLE 7-4. MULTIPLICATION ROUTINE—PRELIMINARY
INSTRUCTION LISTING (Cont.)

FUNCTION INSTRUCTION | STEP DATA FLOW
SHR>
RIN 34 Read in core 4
1 TRA 35 Transfer to X-register
— 1 RIN 36 Read in core 1
Pp=(PpH(D)2 ADD 37 | Add Acc + X-reg —I\A—Acc
SHR 38 Shift once to right
STO 39 Store in core 4
RIN 40 Read in core 2
Examine R3 SHL 41 Shift left once (R3 in MS
place)
CcOoJ 42 If MSB = 1, Jump to 47
RIN 43 Read in core 4
If0 SHR 44 Shift once to right
Py = (P27 TIENNN VAN ERETRTNN
JUP 46 Jump to 53
SHR>
RIN 47 Read in core 4
If1 TRA 48 Transfer to X-register
P3 = (P2)+(B)21 RIN 49 Read in core 1 .
ADD 50 Add Acc + X-reg —Acc
SHR 51 Shift once to right
STO 52 Store in core 4
Output 53
Routine ItI

data in the extension register. Notice that when we examine the multiplier
bit by shifting left we also shift data from the extension register into
the accumulator. Then we insert new data into the accumulator and
effectively lose those data that we originally shifted from the extension
register. Therefore, we must add an additional SHR instruction to
replace the data in the extension register prior to inserting new data
into the accumulator. This instruction must be added after the COJ
instructions in each of the following subprograms. For R* = 0:

SHR—Shift right a number of places to replace extension data
RIN—Read in from core 3

SHR—Shift right once

STO—Store in core 4

JUP—Jump to required step
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For R" = 1:
SHR—Shift right a number of places to replace extension data
RIN—Read in from core 4
TRA—Transfer to X-register
RIN—Read in from core 1
ADD—Add multiplicand and partial product
SHR—Shift right once
STO—Store in core 4

Now, it is necessary to delete and combine steps to shorten the
program because each unnecessary step takes time and memory space,
which are the key limiting parameters of a computer. Note that at the
end of the R = 0 routine a JUP exists and the two preceding steps are
SHR and STO. At the end of the R* — 1 routine an identical SHR and
STO exist. By deleting SHR and STO in the R® = 0 routine and
jumping to the SHR and STO in the R* — 1 routine, two instructions
can be saved for each examination. Three steps may be saved in the
examine R routine by deleting RIN from core 4, TRA, and ADD. This
can be done since there is no partial product in core 4 at the start of
the program.

At this point, with the basic program completed, since the accumu-
lator and extension register are both full and we have generated partial
products four times, the final product is in the accumulator and the
extension register. The most significant bits (MSB) are in the accumu-
lator and the least significant bits (LSB) are in the extension register.
It is necessary to read out the answer. First we must store:

Shift word in extension register to left
Store in core 5

Since the answer is in binary and the output unit uses BCD code,
it is necessary to perform a separate readout routine described later
in this chapter to convert binary to binary-coded decimal for readout.
The addresses for the MSH and LSH (most significant half and least
significant half) are, respectively, A and B. When the RUT order for
the MSH is displayed, transfer the accumulator data to the A input on
the encoder, and the LSH to the B input, then begin the readout routine.

Before writing down the entire program we must now determine
the input portion of the program based on what is required in the
multiplication portion of the program.

Recall the following requirements on our core memory:

Partial product in core 4

MS part of final product answer in core 4
LS part of final product in core 5
Multiplier in core 2

At start core 3 loaded with 0000
Multiplicand in core 1

SnpEwbhe
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The object of the input portion of the program is to ensure that
all quantities required in the program are available. Therefore, we

specify the following:

Read in multiplicand

Store multiplicand in core 1
Read in multiplier

Store multiplier in core 2

The preload data for the multiply program are as follows:

Core No.
1
2
3
4
5

Data
0000
0000
0000
0000
0000

Table 7-6 is a check-out routine of the program in Table 7-5. Use
it to check your program after it has been cut and mounted.

TABLE 7-5. MULTIPLY PROGRAM

. INSTRUCTION
g |MNEM- WORD
&% | ONIC |ORDER |[ADDRESS REMARKS
1| RIN 0002 | 400000 | 0000 - core 1
2 | RIN 0002 | 100000 | 0000 M core 3
M Load
3 RIN 0002 020000 0000 —- core 5 Instruc-
4 | RIN 0002 | 200000 | 0000 X+ core 2 tions
5| Rin | 0002 | 040000 | 0000 M core 4
6 | RIN 0002 | 000400 |1BD-A Mt Acc
7| sto | 0200 | 400004 |Ace Mo core1
{
8 | RIN 0002 || 000200 |1BD-B M+ Acc ‘ Input
o | sto | 0200 || 200004 | Acc e core 2 Exami
i xXamine
10 | SHL 0040 || 040004 | 24 Acc — Acc ‘RO
11 | cos | 0004 || 010004 | If MSB=1, Jump to 14
[
12 | RIN | 0002 || 100104 | Core3 Y Acc }R0=0 &
9
13 | Jup | 0010 | 004000 | Jump to 16 Ll A
E o —
14 | RIN 0006 | 410104 | Core1 -+ Acc RO-1 |85
15 | sHR | 0100 | 400002 |21 Acc M+ Acc Py-Dlg ~
Q
16 | sTO | 0210 || 044004 | Acc 2+ core 4 =
17 | RIN 0002 || 200104 | core2 Mu Acc Exami
M i{amme
18 | SHL 0040 100004 | 23 Acc —— Acc R
19 | cos | 0004 | 002004 |IfMSB=1,Jumpto 23
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TABLE 7-5. MULTIPLY PROGRAM (Cont.)

. INSTRUCTION
B | v WORD
% | onic |ORDER[ADDRESS REMARKS
20 | sur | 0100 | 100004 |2-3 Acc Me Acc
21 | RIN | 0002 | 040104 |Core4 —2= Acc B1=0
P,=(Pg)2~1

22 | Jup | 0010 [ 010000 | Jump to 28
23 | suR | 0104 || 102004 |2-3 Acc Mu Acc
24 | RIN 0002 | 040104 | Core 4 M+ Acc
25 | TRA | 0020 | 000004 |Acc Me X-register }R1=1 -
26 | RIN | 0002 | 400104 |core1 M- Acc P1=(Pg)2 "+D
27 | app | 1000 || 000000 |Acc+X-reg M. Acc,

X-register M_o

-1 M
28 SHR 0110 410004 27+ Acc ——= Acc 1
29| sTO 0200 | 040004 | Acc M- core 4 Store (P1)2
30| RIN | 0002 | 200104 | core2 M+ Acc
31| SHL | 0040 | 200004 | 22 Acc—Yw Acc Dgemine
32| cos | o004 | 004004 | 1f MSB=1, Jump to 36
33| sER | o100 | 200004 | 2-2-Acc M+ Ace
34| RIN 0002 | 040104 | Core 4 cAace R2=0

Py=(P;)2-1
35| JuP | 0010 | 002000 | Jump to 41
36| SHR | 0104 | 204004 | 272 Acc—"le Acc
37| RIN | 0002 | 040104 | Core 4~ Acc
M

38| TRA | 0020 | 000004 | Acc —= X-register }R2=1 L=
39| RIN 0002 | 400104 | Core 1—= Acc Pp=(P1)277+D
40 ADD 1000 000000 Acc+ X-reg M. Acc,

X-register M 0
41| sHR | o110 | 402004 | 2-1 Ace Mt ace .
42| sTo | 0200 | 040004 | Acc Mocore4 Store (Py)2
43| RIN | o000z | 200104 | core 2 M+ace
a4 | sHL | o00s0 | 400004 | 2! Ace—L- Acc Dyamine
45| cos | o004 | 010004 | 1 MSB=1, Jump to 49
46| sHR | 0100 | 400004 | 2-1 Acc M. Acc ,
a7| RN | 0002 | 040104 | Core 4—" Acc - :?P ol
48| Jup | 0010 | 004000 | Jump to 54 82
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TABLE 7-5. MULTIPLY PROGRAM (Cont.)

o, INSTRUCTION
E MNEM- WORD
n ONIC |ORDER |ADDRESS REMARKS

49| sHR | o104 | 410004 | 271 Ace v Ace

50 | RIN 0002 | 040104 | Core 4—Yu Acc

51| TRA | 0020 | 000004 | Acc 2w X-register |R3-1 _
52 | RIN 0002 400104 | Core 1 =+ Acc P3=(P3)2"1+D

53 ADD 1000 000000 Acc+ X-reg _&. Acc,
X-register ——0

54 | SHR 0110 404000 | 271 Ace M+ Ace Store
M (Pq)2-1

55 | STO 0200 040004 | Acc — core 4 3

56 RUT 0001 000404 Acc = MSH of Answer

57| SHL | 0040 || 040004 | 2% Acc M+ Acc

-
58| sTo | 0200 | 020004 | Ace M. cores 3
3]
Go into gé
59 RUT 0001 000204 Acc = LSH of Answer | read out
program

TABLE 7-6. MULTIPLY CHECKOUT
15x 15=225

1111 x 1111 = 11100001

CONTENTS AFTER COMPLETION
E (ZD OF FUNCTION
5 FUNC TION % | Acc | Ext | X-Reg|Core1| 2 | 3 | 4| 5
6|RINA  Read in A 0| 1111|0000 | 0000 | 0000 {0000} 0000 [0000| 0000
7/STO1  Storein1 1111
8|RINB  Read in B 1111
9|STO 2 Store in 2 Y l 1111
10|SHL 4  Shift left 4x 1 {0000
11|COJ 14 If neg jump to 14 *
12[RIN3  Read in 3 | |
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TABLE 7-6. MULTIPLY CHECKOUT (Cont.)

CONTENTS AFTER COMPLETION

= > OF FUNCTION

& FUNCTION & [aece l Ext I X-ReglCore 1] 2 J 3| 4 l 5
13|JUP 16 Jump to 16 * '
14|RIN1  Read in1 o [1111 {

15[SHR 1  Shift right 1x 0111 1000 l
16|STO 4  Store in 4 ¢ 0111
17|[RIN2  Read in 2 1111

18[SHL 3 Shift left 3x 1 | 1100 0000

19|COJ 23  If neg jump to 23

20[SHR 3 Shift right 3x

21|RIN4  Read in 4

22JUP 28 Jump to 28

23|SHR 3 Shift right 3x 0 |o111] 1000

24|RIN4  Read in 4 0111 Y

25|TRA Trans to X-reg 0111

26|RIN1  Read in 1 1111 ‘

27|ADD Add 1 |o110 0000

28|SHR 1 Shift right 1x 0 |1011{0100 Y
29|STO4  Store in 4 ‘ 1011
30|RIN 2 Read in 2 l 1111

31|SHL 2 Shift left 2x 1 |1101 {0000 Y |y JV Y
32|cOT 36  1f neg jump to 36 | 1 |1101]0000] 0000 | 1111 1111 0000 1011| 0000
33|SHR 2 Shift right 2x L

34|RIN4  Read in 4

35|JUP 41 Jump to 41

36|SHR 2 Shift right 2x 0 01110100

37|RIN4  Read in 4 l 1011 '

38|TRA Trans to X-reg 1011

39|RIN1  Readin1 1111 ¢

40|ADD Add 1 |1010 0000

41SHR1  Shift right 1x 0 1101|0010 Y
42|STO4  Store in 4 l ‘ 1101
43|RIN 2 Read in 2 1111

44|/SHL 1 Shift left 1x 1 |1110]0100

45|COJ 49  If neg jump to 49

46|SHR 1  Shift right 1x
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TABLE 7-6. MULTIPLY CHECKOUT (Cont.)

CONTENTS AFTER COMPLETION

= 2, OF FUNCTION

& FUNCTION & [ ace | Ext I X-Reg] core1] 2| 3| a| s
47|RIN 4 Read in 4

48|JUP 54 Jump to 54 l

49|SHR 1 Shift right 1x 0 [1111{0010

50| RIN 4 Read in 4 1101 l

51|TRA Trans to X-reg 1101

52|RIN 1 Read in 1 1111 ‘

53|ADD Add 1|1100 0000

54|SHR 1 Shift right 1x 0|1110] 0001 Y
55{STO 4  Store in 4 1110

56| RUT Read out MSH l 1110 l

57|SHL 4 Shift left 4x 0 {0001 {0000 Y
58|Sf'O 5 Store in 5 * 0001
59|RUT Read out LSH l 0001 l Y Y Y Y Y +

PROGRAMMING DIVISION

Before devising a divide program, let’s examine the basic problems
encountered when we divide using paper and pencil. Let’s divide 52 by 4:

13<——Quotient
Divisor —4\/52<——Dividend
4
12
12
0

In this operation we “guess” at a number which, when multiplied by
the divisor, will give us a product less than the dividend. If the product
is less, then we subtract this from the dividend. The remainder from the
subtraction, if less than the divisor, is then treated as a new dividend
and the process is repeated. However, if the remainder is greater than
the divisor, then we increase the number initially “guessed at” and
repeat the process. If the product is more than the dividend, then we
decrease the guessed at number and repeat the process.
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Using binary numbers, divide 0011 into 1001:

0011
0011+/T001
0
10
00
100
011
0011
0011

000

This method is the same as with decimal numbers. However, the
guessing is simplified since there are only two symbols.

Figure 7-6 is a flow chart of the division program. The following
conventions are used:

The digits of the dividend are D3, D2, D%, and D°.

D refers to the entire dividend.

The digits of the divisor are R3, R%, R, and R°.

R refers to the entire divisor.

The digits of the quotient are Q3, Q2, Q1, and Q°.
The partial remainders are Py, Py, P2, P3, Py, and P;.

SQupwvbhe=

To develop the specific flow we must examine each function in the
general flow and, recalling the characteristics of the computer, specify
the particular instructions required.

The first general step is to determine if the MSB of the quotient
is 0 or 1. If 1, jump to the specified instruction. If O, continue with the
next step. This requires a decision by the computer based on the divisor
and the MSB of the dividend. The instruction covering the decision is
COJ. COJ operates when the digit in the MS place of the accumulator
display is a 1. Therefore, the dividend and divisor must be operated
on to give the information we need. This can be accomplished by sub-
tracting the divisor from the most significant digit of the dividend. We
can now specify the examination routine.

Read in divisor

Transfer to X-register

Read in dividend

Shift dividend until MSB is in LS place of ACC

Subtract

Observe MS place in accumulator display, if a 1 jump to x(Q3 = 0)

The first three instructions are, respectively, RIN, TRA, and
RIN. These read in the divisor and dividend and set up these quantities
for an arithmetic operation. It is assumed here that the dividend and
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Fig. 7-6

divisor had previously been read into memory as part of the input
routine. The fourth step shifts the MSB of the dividend until the bit
is in the least significant place of the accumulator. For instance, divide
1010 by 0101: 0101 (divisor) is in the X-register and 1010 (dividend)
is in the accumulator. Shifting the dividend as specified sets 0001 into
the accumulator; i.e., we have 0001010, where 0001 is in the accumu-
lator and 010 is in the extension register.

The fifth instruction, SUB, is subtraction, and the sixth is the
conditional jump, COJ. If, as a result of subtraction, a 1 is in the
MS place of the accumulator display, then the condition is satisfied
and the jump is made to the particular step further in the program.
Under this condition, Q2 is a 0 and can be set into memory. The portion
of the program detailing this is given later on. When a O occurs in the
MS place, the program continues to the Q" — 1 routine.

In the Q* = 1 routine, two things should be considered: (1) In the
paper and pencil method, a “new” dividend is developed by “bringing
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down” part of the original dividend and tacking it on to the remainder.
(2) A 1 must be stored in the proper location each time Q" — 1.

We will now develop a generalized program for any Q" —= 1 and
then modify each set for Q3 =1, Q2 = 1, Q! = 1, and Q° = 1. The
generalized Q" = 1 program takes the following form. It comprises two
portions, generation of the new dividend and generation of the new
partial quotient Q".

New Dividend

STO—Store remainder in accumulator in core 4

RIN—Read in dividend from core 1

SHR—Shift dividend to right x times

RIN—Read in remainder from core 4

SHL—Shift left x times

STO—Store new dividend in core 1

New Partial Quotient
RIN—Read 0001 from core 5
SHL—Shift 0001 left x times
TRA—Transfer to X-register
RIN—Read in old partial quotient from core 3
ADD—Add
STO—Store new partial quotient in core 3
JUP—Jump to next examination routine

The first step, STO, stores the remainder from the previous sub-
traction order in core memory location 4. The next four steps, RIN,
SHR, RIN, SHL, bring in the dividend, shift the lesser significant
digits into the extension register, bring in the remainder, and then
shift those lesser significant digits of the dividend out of the extension
register. This effectively “brings down” the original dividend and tacks
it onto the remainder. The value of x varies for each Q" = 1 routine.
For n = 3, x = 3; for n = 2, x = 2; therefore, x — n. The next order,
STO, replaces the original dividend in core 1.

The next seven orders generate the partial quotient. The first
order, RIN, brings 0001 in from core 5. This number is a pre-load
requirement and must be loaded into the drum at the start of the
program. The second order, SHL, shifts the 0001 to the proper loca-
tion, x in this case being equal to n. The next three instructions, TRA,
RIN, and ADD, combine the previous partial quotient with the new
partial quotient. The next step, STO, stores the new quotient in core 3
and the following step, JUP, directs the program to the next examine
routine.

In the Q" = 0 routine, no action is required. Therefore, this routine
does not exist and the COJ instruction of the examine routine specifies
a jump to the examine routine.

Before calling the basic program final, it is necessary to see if it
can be shortened. Examine the first time through the routine when the
result of the examination is positive. Under this condition we note the
following three possible conditions:
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1. DP=1andR=1
2. D*)=1andR=0
3. D!=0andR=0

The last two conditions indicate division by zero, which is an
invalid operation. Therefore, the only valid condition is the first one,
which is division by 1. This, of course, yields the dividend as the
quotient. We then can substitute the Q* — 1 routine for the generalized
Q" = 1 routine, which will involve the following orders:

RIN—Read in dividend from core 1
RUT—Read out answer

In the Q* = 1 routine where n = 2, we note that the Q3 digit is
0 by virtue of the preceding discussion. Therefore, there is no need
to add the old quotient to the new and we can rewrite the “generate
new quotient” portion as follows:

RIN—Read in 0001 from core 5
SHL—Shift left twice
STO—Store partial quotient in core 3

The Q! = 1 routine remains as in the generalized Q* — 1 routine.
However, in the Q° = 1 routine we consider the following:

1. There is no need to store the remainder, except of course if
you wish to continue the program to obtain fractions in the
end quotient.

2. There is nothing left of the dividend to “bring down.”

3. The prestored data 0001 is in the proper position before adding
to the old quotient.

The program can be revised as follows:
RIN—Read in 0001
TRA—Transfer to X-register
RIN—Read in “old” quotient from core 3
ADD—Add
STO—Store “new” quotient in core 3

Now we have developed the subroutines necessary to program
completely for division, except for input and output. Table 7-7 con-
tains the full list of the previously discussed instructions.

The input instructions for the divide program consist of reading in
the divisor and dividend. The divisor is stored in core 2 and the
dividend in core 1. The following sequence is suggested:

Read in divisor

Store in core 2
Transfer to X-register
Read in dividend
Store in core 1

With these five instructions we disregard the first three instructions
in the basic program to shorten the program as much as possible.
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TABLE 7-7. BASIC DIVISION ROUTINE

FUNCTION INSTRUCTION | STEP DATA FLOW
RIN 1 Read in divisor
TRA 2 Transfer to X-register
RIN 3 Read in dividend
Examine D3 SHR 4 Shift right 3 times
SUB 5 Subtract
coJ 6 If MSB = 1, jump to 9
D3 . RIN 7 Read in dividend
RUT 8 Read out answer
RIN 9 Read in divisor
TRA 10 Transfer to X-register
D3 =0 RIN 11 Read in dividend
Examine D2 1 SHR 12 Shift right twice
SUB 13 Subtract
COJ 14 If MSB = 1, jump to 24
STO 15 Store remainder in core 4
D2 -1 RIN 16 Read in dividend
Generate SHR 17 Shift right twice
new RIN 18 Read in remainder from core 4
dividend SHL 19 | Shift left twice
STO 20 Store ''new' dividend in core 1
D% =1 RIN 21 | Read in 0001 from core 5
S:;‘:zlate SHL 22 | Shift left twice
quotient STO 23 Store Partial Quotient in core 3
RIN 24 Read in divisor
TRA 25 Transfer to X-register
D2 =0 RIN 26 Read in dividend
Examine Dl SHR 27 Shift right once
SUB 28 Subtract
coJ 29 If MSB = 1, jump to 42
STO _30 Stbre remainder in core 4
ol - RIN 31 | Read in "dividend" from core 1
Generate SHR 32 Shift right once
new RIN 33 Read in remainder from core 4
dividend SHL 34 Shift left once
STO 35 | Store new "dividend" in core 1
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TABLE 7-7. BASIC DIVISION ROUTINE (Cont.)

FUNCTION INSTRUCTION | STEP DATA FLOW
RIN 36 Read in 0001 from core 5
D1 -1 SHL 37 Shift left once
TRA 38 Transfer to X-register
Generate
partial RIN 39 Read in partial quotient from
quotient core 3
ADD 40 Add
STO 41 Store new partial quotient in
core 3
RIN 42 Read in divisor
1 TRA 43 Transfer to X-register
b =0 0 RIN 44 | Read in "dividend" from core 1
Examine D SUB 45 | Subtract
coJ 46 | If MSB = 1, jump to 52
(output routine)
RIN 47 Read in 0001 from core 5
DO -1 TRA 48 Transfer to X-register
Generate RIN 49 Read in partial quotient from
core 3
end
quotient ADD 50 Add
STO 51 Store end quotient in core 3

The output instructions consist of reading out the answer. The
single instruction, “Read out accumulator,” is the only one required.
This instruction takes the form RUT and the address code would corre-
spond to ANS. Also, as part of the output, the COJ instruction in
step 46 of the basic program causes a jump to step 52, “Read in from
core 3.” Note the last step in the basic routine, “Store in core 3,”
becomes unnecessary.

The loading for the complete divide program shown in Table 7-8 is:

Core 1—
.
33—
4 —

§5—

0000
0000
0000
0000
0001

Table 7-8 lists the entire division program including load data,
input/output, and the basic routine. Table 7-9 is a checkout for the
divide routine. Use it to verify the program after it is cut and mounted

on the drum.
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TABLE 7-8. DIVIDE PROGRAM

INSTRUCTION
WORD
STEP | MNEMONIC | ORDER| ADDRESS REMARKS
1 RIN 0002 | 400000 | Core1 <% 0000
2 RIN 0002 | 100000 | core3 2% 0000
3 RIN 0002 | 021000 | Core5 - 0001
4 RIN 0002 || 200000 | cCore2 ¥ 0000
5 RIN 0002 | 040000 | Core 4 2% 0000
6 RIN 0002 || 000404 |1BD-A 2L Acc (Divisor)
7 STO 0200 200004 Acc M, core 2
8 TRA 0020 000004 Acc M—» X-register
9 RIN 0002 | 000204 |IBD-B M. Acc (Dividend)
10 STO 0200 400004 Acc —M> core 1
11 SHR 0100 | 100004 |273 Ace M Acc
12 SUB 0400 | 000000 | Acc - X-register - Acc,
X-register M oo
13 coJ 0004 | 010004 |1f 2% is 1, jump to indicated
instruction
14 RIN 0002 | 400104 |cCore1 M. Acc
15 RUT 0001 000034 | Acc M, 10°, Read Answer
16 RIN 0006 | 210104 |Core 2+ Acc
17 TRA 0020 | 000004 |Acc M. X-register
18 RIN 0002 | 400104 |Core 1 M+ Acc
19 SHR 0100 200004 | 2-2 Ace—e Acc
20 SUB 0400 000000 | Acc - X-register M, Acc,
X-register M, o
21 cos 0004 || 004004
22 STO 0200 || 040004 [Acc M. core 4
23 RIN 0002 | 400104 |cCore1 Mt Acc
24 SHR 0100 | 200004 |2-2 Acc Mt Acc
25 RIN 0002 | 040104 |cCore4 M. Acc
26 SHL 0040 | 200004 | 22 Ace Mt Acc
27 STO 0200 400004 Acc ﬂ— core 1
28 RIN 0002 020104 Core 5 ﬁ- Acc
29 SHL 0040 | 200004 |22 Acc M Acc
30 STO 0200 | 100004 | Acc o core 3
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TABLE 7-8. DIVIDE PROGRAM (Cont.)

INSTRUCTION
WORD
STEP | MNEMONIC | ORDER| ADDRESS REMARKS

31 RIN 0006 204104 | Core 2 M+ Acc

32 TRA 0020 000004 Acc E— X-register

33 RIN 0002 | 400104 | Corel -4 Acc

34 SHR 0100 | 400004 | 271 Ace M. Acc

35 SUB 0400 000000 | Acc - X-register M, Acc,
X-register M, 0

36 coJg 0004 002004

37 STO 0200 040004 Acc E— core 4

38 RIN 0002 | 400104 | Core1 L+ Acc

39 SHR 0100 400004 | 2-1 Ace Mt Acc

40 RIN 0002 040104 | Core 4 L. Acc

41 SHL 0040 | 400004 | 2! Ace M+ Acc

42 STO 0200 400004 Acc M—— core 1

43 RIN 0002 | 020104 | Core5 M Acc

44 SHL 0040 | 400004 | 2! Ace 2 Acc

45 TRA 0020 000004 Acc M X-register

46 RIN 0002 100104 | Core 3 M. Acc

47 ADD 1000 000000 Acc + X-register & Acc,
X-register ==+ 0

48 STO 0200 100004 Acc ﬂ— core 3

49 RIN 0006 | 202104 | Core 2 M. Acc

50 TRA 0020 000004 Acc -—-NL X-register

51 RIN 0002 400104 Core 1 ﬂ- Acc

52 SUB 0400 000000 Acc - X-register

53 coJ 0004 010004

54 RIN 0002 020104 | Core 5 Y+ Acc

55 TRA 0020 000004 Acc _ﬂ. X-register

56 RIN 0002 || 100104 |Core 3 2+ Acc

57 ADD 1000 000000 A + X-register M, Acc,
X-register . 0

58 STO 0200 || 100004 |Acc—. core 3

59 RIN 0006 || 110104 |Core 3 M. Acc

60 RUT 0001 000034 | Acc —M—. 10°, Read Answer

153
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DIVIDE PROGRAM CHECKOUT
PROCEDURE DIVIDE 12 BY 3

TABLE 7-9. DIVIDE PROGRAM CHECKOUT

B =12 =1100
A= 3=0011
CONTENTS AFTER COMPLETION

] Z OF FUNCTION
5 | FuNcTION| 5 | Acc | Ext [X-Reg[Corel] 2 | 3 | 4 | 5

START 0000] 0000 | 0000 | 0000 |0000| 0000|0000 | 0001
6| RIN A |o]|oo11 ‘
7] sTO 2 0011
8| TRA 0011
9| RIN B 1100 V
10| sTO 1 ‘ Y 1100
11| SHR 3 | (0001|1000
12| SuUB 1| 1110 0000
13| coJ 1s
14| RIN 1
15| RUT ANS
16| RIN 2 |o0]o0011 Y
17| TRA 0011
18{ RIN 1 1100| y
19| SHR 2 0011|0010
20| suB 0000 0000
21| coJ 31 ,}
22| STO 4 0000
23| RIN 1 1100
24| SHR 2 0011 0000
25| RIN 4 0000 0000
26 | SHL 2 0000 | 0000 v
27| STO 1 0000
28( RIN 5 0001
29| SHL 2 0100/ 0000 Y
30| sTO 3 |y * ‘ Y ] y |o100| y ]
31| RIN 2 |0 |o0011]0000] 0000 | 0000 |0011]0100}0000]| 0001
32| TRA 0011
33| RIN 1 0000
34| SHR 1 0000 {0000 l
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TABLE 7-9. DIVIDE PROGRAM CHECKOUT (Cont.)

CONTENTS AFTER COMPLETION
o OF FUNCTION
; g
& | FuncTiON | 2 | Ace | Ext | X-Reg|Core1| 2 | 3 | 2| 5
35| SUB 1 |1101 0000
36| COJ 49
37| sTO 4
38| RIN 1
39| SHR 1
40| RIN 4
41| SHL 1
42| sTO 1
43| RIN 5
44| SHL 1
45| TRA
46| RIN 3
47| ADD
ag| sTo 3 |y]| y
49| RIN 2 o [oo11 1
50| TRA 0011
51| RIN 1 l 0000
52| suB 1 |1101 0000
53| cos 59
54| RIN 5
55| TRA
56| RIN 3
57| ADD
58| STO 3 |y
59| RIN 3 |0 [o100 Y | ! I vy
60| RUT ANS 0100| y | ANSWER IS 0100 = 4 vy
READOUT

Before devising a readout program to convert binary data to BCD
for use by the output unit, let’s examine the basic problems encountered
when we attempt to convert a binary number into a binary-coded
decimal number. First, let’s re-examine what a binary-coded decimal
number is.

The symbols O through 9 represent all the decimal numbers. A
combination of any one or more of these ten symbols in positional
notation will represent a particular numerical value. This numerical
value also can be represented using the binary number system symbols
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0 and 1. However, if we take each individual decimal symbol and
represent it with four binary symbols, we have converted each decimal
symbol to its binary-coded decimal (BCD) equivalent.

For example, the number 528 is represented by 0101 0010 1000 in
the BCD system. Note the four binary symbols on the left are equal
to 5 in the binary notation, the four middle binary symbols are equal
to 2, and the four binary symbols on the right are equal to 8. Some
representative examples of binary coded numbers, with their decimal
and binary equivalents, follow:

TABLE 7-10
DECIMAL NUMBER BCD NUMBER BINARY NUMBER

6 0000 0000 0110 000000000110
29 0000 0010 1001 000000011101
57 0000 0101 0111 000000111001
84 0000 1000 0100 000001010100
114 0001 0001 0100 000001110010
143 0001 0100 0011 000010001111
175 0001 0111 0101 000010101111
199 0001 1001 1001 000011000111
212 0010 0001 0010 000011010100
246 0010 0100 0110 000011110110
287 0010 1000 0111 000100011111

Note the binary number in the right-hand column of Table 7-10.
There is a significant difference in notation between BCD and pure
binary.

Before writing the program, let’s examine the limitations of our
computer and set up some rules to make the development of the program
a little less difficult. The limitations of the computer are:

1. Input to the computer is limited to numbers less than or equal
to 9. Therefore, in a multiply program the highest number
would be 81; arrived at by multiplying 9 x 9.

2. Maximum number of bits in a word to be read out is 8.
(Note: 81 requires only 7 bits; therefore the eighth bit (MSB)
is always 0.)

3. Maximum number of instructions on the drum is 65.

4. Maximum number of core locations is 5.

5. Instruction repertoire.

With paper and pencil we could proceed as follows:

1. Put the binary number down in a single column.
2. Assign the proper decimal weight to each 1.
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3. Add the total.
4. Put the total down across the page.
5. Place the binary equivalent below each of the decimal symbols.

0 0
1 64
0 0
0 0 6 9
0 0 0110 1001
1 4
0 0
1 1
69

The paper and pencil method does not seem to lend itself to pro-
gramming simply because there is a requirement to convert the binary
number to the decimal number, and then convert each decimal number
to a BCD number. This is not logical since we wish to obtain the
decimal number in the first place. What is required is a direct conversion
from binary to BCD without obtaining the decimal number.

Consider the flow chart in Fig. 7-7. In this method we determine
whether the number is greater than a particular multiple of 10, and if
not, we continue to examine until we have established between what two
multiples of 10 our number lies.

The binary to BCD program is a loop-type program that is repeated
until the answer is obtained. The program successively subtracts multi-
ples of 10 from the number. The number is read into core memory
locations 4 and 5. The program is started by subtracting 80 from

 N-80-R

-

100 (R
0 -fw | Fig. 7-7
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the number and then examining the sign of the remainder. The remaining
three core memory locations must be loaded with the following data:

Core 1 1000
2 0101
3 0000

Core 1 is equivalent to 8 in binary notation. As the program continues,
the core data are reduced by 1 each time through the loop.

Core 2 contains the MSH of 80 and as the program continues core
2 is updated to contain the MSH of the number being subtracted.
Core 3 contains the LSH of 80 and is also updated to contain the LSH
of the number being subtracted. The flow chart for this program is
shown in Fig. 7-8.

R-2,3R
(SUBTRACT ROUTINE)

$01+

NV

UPDATE DETERMINE
CORES 1,2,43 10" & 10°
(UPDATE ROUTINE) (READOUT ROUTINE)
Fig. 7-8

The first action would be to subtract 80 from the number in mem-
ory. Since this number is in two core locations, it is not a straightforward
subtraction. We must subtract the LSH of 80 from the LSH of the
number, examine for a carry and then subtract the MSH of 80 from
the MSH of the number. With paper and pencil we accomplish this
as follows: let the number in memory be 0100/0101 with 0100 in
core 4 and 0101 in core 5. Since the binary equivalent of 80 is
0101 0000, then core 2 is 0101 and core 3 is 0000. Proceed as follows:

0101 core 5
— 0000 core 3
0101 ans. in accumulator
Subtract:
0100 cored
— 0101 core 2
1.1111 ans. is negative, indicating the number

is less than 80

Therefore write the program:

1—Read in from core 3
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2—Transfer to X-register
3—Read in from core 5
4—Subtract
5—Shift ans. right 4 times
6—Transfer
7—Read in from core 2
8—Add
9—Transfer
10—Read in from core 4
11—Subtract
12—If MSBis a 1, jump to X
13—Read in core 1
14—Read out as 101
15—Shift left 4x
16—Read out as 100

The first four steps set up for subtracting the LSH of 80 from
the LSH of the number. The fifth through ninth instructions take into
account any carry from the previous subtraction and set up for sub-
traction the MSH of 80 from the MSH of the number. In the preceding
example there was no carry. However, in subsequent subtractions, a
carry will be indicated by a 1 in the 2+ place of the accumulator display.
Therefore, by shifting the accumulator four times to the right, this
1 is moved to the LSB of the accumlator, giving 0001 in the accumula-
tor. This 0001 is added to the MSH of the current multiple of 10,
which is then subtracted from the MSH of the number. When there is
no carry, the accumulator, after being shifted, would contain 0000.

The tenth and eleventh instructions subtract the MSH of the
number. If the answer is negative, then instruction 12 directs the pro-
gram for the case when the number is less than 80. If the answer is
positive, then the number is greater than 80 and we can read out the
10 and 10° results via instructions 13, 14, 15, and 16.

If the number is less than 80, the contents of cores 2 and 3 must
be changed and the same subtraction process repeated. The binary
equivalent of 70 is 0100 0110 and to set these numbers into core
memory one need only subtract 10 from 80.

The readout routine is quite simple when we have core 1 data.
Core 1 is loaded initially with 1000 and continually updated to equal
the tens digit of the number we are subtracting from the number in
cores 4 and 5. Therefore if a number proves to be greater than the
number being subtracted, core 1 is read out as the 101 BCD number.

Obtaining 10° requires shifting the contents of the extension
register into the accumulator and reading this out as the 10° BCD
number.

The update routine advances the values of core 1, core 2, and core
3, so the program may have the loop format. See Table 7-11 for the
required data in cores 1, 2, and 3 for each loop of the program.
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TABLE 7-11
LOOP SUBTRACT CORE 1 CORE 2 CORE 3
1 80 1000 0101 0000
2 70 0111 0100 0110
3 60 0110 0011 1100
4 50 0101 0011 0010
5 40 0100 0010 1000
6 30 0011 0001 1110
7 20 0010 0001 0100
8 10 0001 0000 1010
9 0 0000 0000 0000

The most simple to update is core 1, since this requires a subtrac-
tion of 0001 each time through the loop. However, the lack of a 0001
any place in core memory complicates the routine. The only way to
get a 1 is to read in any number, shift left, and examine for a 1 in the
24 place. If a 1 is present, shift right 4 places. If not, repeat the left
shift and examination. Therefore, we program as follows:

1—Read in core 1

2—Shift left one place
3—If MSBisal,jump to 5
4—Jump to 2

5—Shift right four places
6—Transfer to X-register
7—Read in core 1
8—Subtract

9—Store in core 1

The updating of core 2 and core 3 is a special program of multipli-
cation. Core 1 is multiplied by ten (1010) as follows:

1—Read in core 1

2—Shift right two places
3—Transfer to X-register
4—Read in core 1

5—Add

6—Shift right one place
7—Store accumulator in core 2
8—Shift left four places
9—Store accumulator in core 3

Core 1 is read in and shifted right. Therefore, the 2° and 2! bits
of the word are in the extension register and the 22 bit is in the LS
position of the accumulator. This is set into the X-register and core 1
is reread into the accumulator. An addition is made and a single
shift right. After this the MSH of the product is in the accumulator
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TABLE 7-12. READOUT PROGRAM

INSTRUCTION
WORD
STEP | MNEMONIC | ORDER | ADDRESS REMARKS
1 RIN 0002 | 410000 | Core 1 ¥~ 1000
2 RIN 0002 | 100000 | Core 3 M. o000
3 RIN 0002 | 020000 | Cores . 0000
4 RIN 0002 | 205000 | Core 2 ¥ o101
5 RIN 0002 | 040000 | Core 4 . 0000
6 RIN 0002 || 000404 | 1BR-A M. Acc (MSH—Acc)
7 STO 0200 040004 Acci core 4, Acc—Acc
8 RIN 0002 | 000204 | IBR-B . Acc (LSH—Acc)
9 STO 0200 020004 Acc.—l\i. core 5, Acc— Acc
10 RIN 0002 | 100104 | Core 3 Y- Acc
11 TRA 0030 | 002004 | Acc M. X-register
12 RIN 0002 | 020104 | Core 5 M. Acc
13 SUB 0400 - 000000 | Acc - X-register — v Acc,
X-register 2. 0
14 SHR 0100 | 040004 2-4 Ace . Ace
15 TRA 0020 | 000004 | Acc—. X-register
16 RIN 0002 [ 200104 Core 2 Y. Acc
17 ADD 1000 000000 Acc + X-register —Acc,
X-register - 0
18 TRA 0020 [ 000004 Ace M. X-register
19 RIN 0002 || 040104 | Core 4 M+Acc
20 SUB 0400 000000 Acc - X-register —Acc,
X-register Mo
21 coJ 0004 | 010004 If Acc 24 = 1, jump as
instructed
22 RIN 0002 | 400104 Core 1 L. Acc
23 RUT 0001 || 000044 Ace M. oBr-10!
24 SHL 0040 040004 24 Ace M. Acc
25 RUT 0001 | 000034 | Acc L. OBR-10°
26 RIN 0006 || 410104 | Core 1— Acc
27 SHL 0050 | 401004 21 Acc—=Acc
28 coJ 0004 || 004004 lso‘;': 1f 2% =1, jump out
29 JUP 0010 001000 Return to start of
sub loop
30 SHR 0104 || 044004 274 Ace —%e Acc
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TABLE 7-12. READOUT PROGRAM (Cont.)

INSTRUCTION
WORD
STEP | MNEMONIC | ORDER | ADDRESS REMARKS
31 TRA 0020 || 000004 | Acc—e X-register
32 RIN 0002 400104 Core 1 M, Acc
33 SUB 0400 000000 Acc - X-reg‘lster—Mo Acc,
X-register —/—— 0
34 STO 0200 400004 Acc -l/[—— core 1
35 SHR 0100 | 200004 | 272 Acc - Acc
36 TRA 0020 000004 Acc M, X-register
37 RIN 0002 400104 Core 1 —I\A— Acc
38 ADD 1000 | 000000 | Acc+ X-register —.Acc,
X-register_M. 0
39 SHR 0100 400000 2-1 Acc—l\-i— Acc
40 STO 0200 200004 Acc —NL— core 2
41 SHL 0040 040004 24 Acc —M—— Acc
42 STO 0200 100004 Acc —— core 3
43 JUP 0010 002000 Return to start of loop
TABLE 7-13. READOUT PROGRAM CHECKOUT
CONTENTS AFTER COMPLETION
% % OF FUNCTION
B | PUNCTION| 5| Acc | Ext | X-Reg|Corel| 2 3 4| s
10 RIN 3 0 | 0000{0000| 0000 | 1000 |0101} 0000/0100} 1101
11 TRA 0000
12 RIN 5 1101
13 SUB 1101 Y
14 SHR 4 0000|1101
15 TRA 0000
16 RIN 2 0101
17 ADD 0101
18 TRA 0101
19 RIN 4 0100
20 SUB 1]1111 0000
21| coJ 26 l | (
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TABLE 7-13. READOUT PROGRAM CHECKOUT (Cont.)

CONTENTS AFTER COMPLETION
. OF FUNCTION

FUNCTION % Acc | Ext | X-Reg|Corel| 2 3 4 5
—— —L , . _
RUT 10!

24 | SHL

25| RUT y

26 | RIN 0 { 1000 *

27 | SHL 1| 0001 {1010

28| coOJ

29 | Jup ¥

30| SHR 0001]0001| v

31| TRA 0001

32| RIN 1000

33| suB 0111 0000 '

34| sTO Y 0111

35| SHR 0001|1100

36| TRA $ 0001 Y \

37| RIN 0111{1100| 0001 | 0111 |0101 11

38| ADD 1000 0000

39| SHR 1 0100{0110 y

40| STO 2 l 0100

41| SHL 4 0110 {0000

42| STO 3

43| JUP 1 Y

11| TRA 0110

12| RIN 5 1101

13| SUB ot11| 0000

14| SHR 4 0000 | 0111

15| TRA 0000

16| RIN 2 0100

17| ADD 0100

18| TRA 0100

19| RIN 4 0100

20| suUB 0000 0000
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TABLE 7-13. READOUT PROGRAM CHECKOUT (Cont.)

CONTENTS AFTER COMPLETION

] >, OF FUNCTION

A g

£ | FUNCTION| £ | Acc | Ext | X-Reg|Corel| 2

"21| COJ 26 —' i

22| RIN 1 0111

23 RUTMsH10Y | | o111

24| SHL 4 01110000

25 |RUT LSH107| y | 0111 Y

EE R EEEE R e ¢§§§§§§§I§EI$
2
[S
9
10
5
§
I
8
(4
2
[
5
§
2
28
29
2
3
3
:
3
o}
10
[
4
43
1)
L
ag[
|
48]
49]
50) Fig. 7-9
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and the LSH is in the extension register. The last three instructions
read this data into core 2 and core 3.

Now the program may be written in its entirety as shown in
Table 7-12.

Table 7-13 is a check-out chart for the readout routine. The number
77 is loaded into cores 4 and 5 in binary form (0100 and 1101).
Use this chart to check out your routine, since it gives step by step
results as you step through the program.

FORMULATING THE PROGRAM FOR TRANSFER TO DRUM

Select an 11 X 14 in. piece of graph paper with five squares per
inch and lay out as shown in Fig. 7-9. Using the octal address in the
listed program, score an x in the proper square.

When complete, cut each square and wrap the form around the
drum (see Chapter 5).






APPENDIX—BUILD YOUR OWN SWITCHES

The multipole switches required in the computer consists of single-throw
and double-throw.

The multipole, single-throw switch, Fig. A, is used to open and close
a number of circuit lines simultaneously. The term single-throw indicates
that only one terminal can be connected to each contact arm when the
switch is in the closed position. Each pole of the switch has an alphabetical
designation; i.e., A, B, C, etc. The terminal connected to the contact arm is
numerically designated as terminal 1. The other terminal is designated
as terminal 2.

| 2
|—oﬂ"o—

1

I|2

2

el

w2
M-I | o——

Yi
e
§—
WHERE N = THE NUMBER OF CIRGUIT
LINES AND POLES.

NOTE: SWITCHES ARE SHOWN IN THE OPEN
POSITION

Fig. A.

6000000

Construction of the single-throw, multipole switch requires the following
material:
Wood screws

PAPER CLIP
CLOSED
LOOSE POSITION
PAPER CLIP COILED  TERMINAL1 TERMINAL 2
CONTACTS WIRE Fig. B.
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CIRGUIT 2
LINE y o———

I —2T

Moo
37 coumm—

¢ g
: 8 o0—vu—

: o

o A
Y Az___

N = THE NUMBER OF CIRCUIT LINES AND POLES
NOTE: SWITCHES ARE SHOWN IN THE 2 POSITION TERMINAL 2 TERMINAL 3 TERMINAL |

Fig. C. Fig. D.

V4-in. round doweling

Paper clips

Assorted hardware

Insulated hook-up wire.

Refer to Fig. B and build your switch. Note the following:

1. The arm dowel must rotate, therefore use small wood screws with a
smooth shaft below the head and make your holes in the posts slightly
larger than the wood screw diameter.

2. Make the armholes in the base equal in length to the distance between
the center of the arm dowel and the free end of the paper clip.

The multipole, double-throw switch, Fig. C, is used to connect a single
terminal to either of two other terminals. The term double-throw indicates
that either one of two terminals can be connected to each contact arm. Each
pole of the switch has an alphabetical designation; i.e., A, B, C, etc. The
terminal connected to the contact arm is numerically designated as terminal 1,
the other terminals are designated 2 and 3. To be consistent throughout
construction of your computer, always designate that terminal to the left
or top as terminal 2, and the terminal to the right or bottom as terminal 3.
If this is kept in mind, then wiring and interpretation of schematics will be
simplified. Also, when wiring double-throw switches to select 0 or 1 in the
computer units, designate terminal 2 as the 0 position and terminal 3 as the
1 position.

Construction of the multipole, double-throw switch is similar to the
single-throw construction, except the switch now must be swung to either
side of the posts. Refer to Fig. D and build your switches.



F-1

S3A-1
-2

-3
B-1
-2

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2

G-1
-2
-3

H-1

-3

ARITHMETIC UNIT WIRING LIST

to Disp
to S10J-1

to S12A-1
to S12A-2
to S2D-3
to S12B-2
to S12B-1
to S10L-3
to S12C-1
to S12F-1
to B+
to S12C-2
to S12D-1
to S2A-3 S2E-3
to S12E-1
to S12E-2
to S2D-3, S10I-3
NC
NC
NC

to S13A-1

to S13A-2

to S3D-3

to S13B-2

to S13B-1

to S3F-3

to S13C-1

to S13F-1

to B+

to S13C-2

to S13D-1

to S3A-3 S3E-3
to S13E-1

to S13E-2

to S3D-3 S10H-3
to S13J-1

to S13J-2

to S3B-3 S3G-3
to S13H-2

to S13H-1

to S10K-3

to S131-2

to S13G-2

to B+
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S4A-1
-2
-3

B-1
-2
-3

c-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2
-3

G-1
-2
-3

H-1
-2
-3

S5A-1
-2

-3
B-1
-2

-3
C-1
-2

-3

S6-1
-2

S7-1
-2

S8-1
-2

59-1
-2

to S14A-1

to S14A-2

to S4D-3

to S14B-2

to S14B-1

to S4F-3

to S14C-1

to S14F-1

to B+

to S14C-2

to S14D-1

to S4A-3 S4E-3
to S14E-1

to S14E-2

to S4D-3 S10B-3
to S14J-1

to S14J-2

to S4B-3 S4G-3
to S14H-2

to S14H-1

to S4F-3510C-3
to S141-2

to S14G-2

to B+

to S15A-2

to S15A-1

to S5B-3

to S15B-3

to S15C-3

to S5A-3 S5C-3
to S15E-2

to S15D-2

to S5B-3 S15D-3

to L2 !
to B+

to L2"2
to B+

to L.2-3
to B+

to 24
to B+
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S10A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2
-3

810G-1
-2
-3

S10H-1
-2

-3

I-1

-2

J-1
-2
-3

K-1
-2
-3

L-1
-2
-3

S11A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2

E-1
-2

F-1
-2
-3
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to S15A-2
to S15A-3
to 1,20
to DISP
to S11A-3
to S4E-3
NC
to S11B-3
to S4G-3
to DISP
to B+
to S15E-3
to S14A-1
to S14B-3
to L21
to S13A-1
to S13B-3
to L22

to S12A-1
to S12B-3
to L23

to DISP
to S11C-3
to S3E-3
to DISP
to S11D-3
to S2E-3
to S1-2
to S11E-3
to L24
NC
to S11F-3
to S3G-3
NC
to S11G-3
to S2B-3

to S15B-1
to S15C-1
to S10B-2
to S15D-2
to S15E-2
to S10C-2
to S14D-3
to S14F-3
to S10H-2
to S13D-3
to S13F-3
to S101-2

to S12D-3
to S12F-3
to S10J-2
to S14H-3
to S14J-3
to S10K-2

S11G-1
-2
-3

S12A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2
-3

S13A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2
-3

G-1
-2
-3

H-1
-2
-3

I-1
-2
-3

-2
-3

to S13H-3
to S13J-3
to S10L-2

to S2A-1 S10G-1
to S2A-2
to S12B-3
to S2B-2
to S2B-1
to S12A-3 S10G-2
to S2C-1
to S2D-1
to S12D-3
to S2D-2
NC
to S12C-3 S11E-1
to S2E-1
to S2E-2
to S12F-3
to S2C-2
NC
to S12E-3 S11E-2

to S3A-1 S10F-1
to S3A-2
to S13B-3
to S3B-2
to S3B-1
to S13A-3 S10F-2
to S3C-1
to S3D-1
to S13D-3
to S3D-2
NC
to S13C-3 S11D-1
to S3E-1
to S3E-2
to S13F-3
to S3C-2

NC

to S13E-3 S11D-2
NC

to S3H-2

to S13H-3

to S3G-2

to S3G-1

to S13G-3, S11G-1
NC

to S3H-1

to S13J-3

to S3F-1

to S3F-2

to S131-3 S11G-2



S14A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3

F-1
-2
-3

G-1
-2
-3

H-1
-2
-3
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to S4A-1 S10E-1
to S4A-2
to S14B-3
to S4B-2
to S4B-1
to S14A-3 S10E-2
to S4C-1
to S4D-1
to S14D-3
to S4D-2
NC
to S14C-3 S11C-1
to S4E-1
to S4E-2
to S14F-3
to S4C-2
NC
to S14E-3 S11C-2
NC
to S4H-2
to S14H-3
to S4G-2
to S4G-1
to S14G-3, S11F-1

S14I-1
-2

-3

J-1

-2

-3

S15A-1
-2
-3

B-1
-2
-3

C-1
-2
-3

D-1
-2
-3

E-1
-2
-3
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NC
to S4H-1
to S14J-3
to S4F-1
to S4F-2
to S14I-3 S11F-2

to S5A-2
to S5A-1 S10A-1
to S10A-2
to S11A-1
NC
to §5B-1
to S11A-2
NC
to S5B-2
NC
to §5C-2 S11B-1
to S5C-3 S15E-3
NC
to S5C-1 S11B-2
to S15D-3 S10D-3






Index

Abacus, 3
Accumulator, 65, 76
Add instruction, 106
Add/subtract circuit, 76
Addition, binary, 67
Addition equations, 77
Address, 88
AND, 41
AND circuit, 45
AND rule, 42
Arabic number system, 2
Arithmetic, binary, 65
Arithmetic, computer, 65
Arithmetic unit, 8, 75, 105
chassis construction, 82
checkout procedure, 85
construction details, 81
display circuit construction
equations, 84
first stage, 78
second through fourth stages, 79
wiring, 84
Associative law, 52
Automatic Sequence-Controlled
Computer, 5
Auxiliary internal memory, 87

Babbage, Charles, 4
Base, 15
Battery holder construction details, 62
Binary:
addition, 67
arithmetic, 65
division, 75, 146
multiplication, 75, 134
number system, 15
subtraction, 71
Binary-coded decimal numbers, 21
Binary-to-BCD conversion, 155
paper and pencil method, 157
routine flow chart, 157
Binary-to-decimal conversion, 21
Binary-to-octal conversion, 129
Bit, 16
Boole, George, 51
Boolean algebra, 51, 52

Cell, 91
Checkout procedures:
arithmetic unit, 85
core memory, 97
decoder, 40
encoder, 31
system, 111
Coding sheet, program, 129
Common tie point terminal strips,
construction details, 124
Commutative law, 52
Complementary numbers, 74
Compound statement, 41
Computer:
arithmetic, 65
control, 105
program, sample, 8
units, 105
words, 88
Conditional jump (COJ) instruction,
108
Construction details:
arithmetic unit, 81
battery holder, 62
common tie point terminal strips,
124
control panel, 114
core memory, 93
decoder, 31
drum memory, 97
encoder, 23
junction box, 122
switches, 166
truth evaluator, 59
UN problem, 63
Control panel:
chassis construction, 115
construction details, 114
circuit construction, 189
harness installation, 120
terminal board construction, 120
Control unit, see also Control Panel,
7, 105, 106
Conversion, 16
binary to BCD, 155
binary to decimal, 21

173
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binary to octal, 129
decimal to binary, 17
Core memory, 89
chassis construction, 94
checkout procedure, 97
construction details, 93
operation, 97
Core planes, 90

Data word, 88
Decimal number system, 3, 13
Decimal to binary conversion, 17
Decoder, 13, 22
checkout procedure, 40
construction details, 31
display chassis construction, 36
panel wiring, 34
switch chassis construction, 32
wire harness and display circuit
construction, 37
Decoding, 21
De Morgan’s theorem, 55
Display accumulator contents (DIS)
instruction, 106
Display answer (ANS) instruction,
107
Distributive law, 52
Division:
binary, 75, 146
paper and pencil method, 145
program, 145 .
program flow chart, 146
routine, 145
Drum memory, 91
base and lamp display construction,
103
bits per track inch, 92
construction details, 97
drum construction, 99
drum contacts construction, 100
final construction operations, 104
rotational speed, 92
size, 92
storage capacity, 92 .
sub-base and side support
construction, 98

Egyptian number system, 2
Electronic Numerical Integrator and
Calculator (ENIAC), 5
Encoder: 13, 18
chassis construction, 23
chassis supports construction, 25
“checkout procedure, 31
construction details, 23
display lamp construction, 26

knobs and labels, 30
rotary switch construction, 24
switch connections, 29
tape preparation, 27
Encoding, 7, 16
ENIAC, 5
Equations:
addition, 77
Arithmetic unit, 78, 79
subtraction, 77
Examination routine, 146
Executive routine, 126
Extension register, 76
External memory, 87

Flow chart, 126
symbols, 128
Flux, magnetic, 89

Harvard Mark I, 5§
Hieroglyphics, 2

Hindu number system, 2
History of numbers, 2
Hollerith, Herman, 5

Input unit, see also Encoder, 7, 105
Instruction repertoire, 8, 106, 108, 129
Instruction word, 88

Internal memory, 87

Jump (JUP) instruction, 108
Junction box construction details, 122

Leibnitz, Gottfried von, 4
Logic, 41

circuits, 45

symbols, 42

Magnetic head, 91
Memory:

concepts, 88

core, 89

drum, 91

units, 87
Minimization, 43, 53
Multiplication:

binary, 75, 134

paper and pencil method, 133

program, 133

routine, 141

routine checkout, 141

NAND, 56

Neumann, Dr. John von, 6
NOR, 56

NOT, 42



Number systems:
Arabic, 2
binary, 2
decimal, 3, 13
Egyptian, 2
Hinduy, 2
octal, 14
Roman, 2

Octal:
codes, 129
numbers, 14, 129
Operating procedures, system, 113
OR, 41
circuit, 49
rule, 42
Order, 88
Organization, 6
Output unit, 8, 106

Pascal, Blaise, 4
Permanent data storage, 8
Positional notation, 13
Program:
coding sheet, 129
conventions (symbols), 128
form, 165
simple experiment, 132
storage, 8
Programming, 126
division, 145
multiplication, 133
process, 126
Punch card, 5

» = 1 routine, 147

R” subroutine, 136
R" — 0 subroutine, 136
R” = 1 subroutine, 137
Radix, 15
Read head, 91
Read in (RIN) instruction, 106
Readout:
accumulator to output (RUT)
instruction, 107
program, 165
program check, 165
routine, 165

Index 175

Registers, 65, 87

Roman number system, 2
Rotary switch, 19

Rules of binary arithmetic, 65

Sand calculator, 3
Scratch-pad storage, 8
Shift left (SHL) instruction, 106
Shift right (SHR) instruction, 106
Sign digit, 75
Simple program (experiment), 132
Stage, 69 :
Statement, 4
Stepped reckoner, 4
Storage: .

capacity, 87

devices;, 87

unit, 7, 105
Store (STO) instruction, 107
Stored-program machine, 6
Subtraction:

binary, 71

equations, 77

(SUB) instruction, 106
Switch construction, 166
Symbolic logic, 41
Symbols:

flow chart, 128

logic, 42

Transfer accumulator contents to
X-register (TRA) instruction,
107
Truth evaluator, 47
- construction details, 59

: . .Truth table, 43

experiments, 48

UN problem (experiment), 57
construction details, 63

Wilks, M. V., 6
Wiring, system, 109
Word:
computer, 88
length, 88

X-register, 76
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HOW TO BUILD A WORKING DIGITAL COMPUTER

Edward Alcosser, James P. Phillips, Allen M. Wolk

This projects book develops an understanding of digital computer theory and
usage through text and experimentation. It shows the reader how to construct
a working model of a digital computer, using simple, inexpensive components.
Computer logic, arithmetic operations, and programming are discussed in
easy-to-understand terms and then used in the computer units built by the
reader. Finally, the six basic units (encoder, arithmetic unit, control panel,
drum memory, core memory, and decader) are combined to form a manually-
operated digital computer that will demonstrate and perform fundamental
computer operations such as addition, subtraction, division, and multiplication.

The finished computer will operate with a program of 26-bit instruction
words and has a ten-instruction repertoire. The reader may write his own
programs, load them on his own working computer, and run the programs,
providing experience and proving the principles developed in the text. By
doing so, he will gain a thorough understanding of the internal construction
and operation of a modern, high-speed digital computer.
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103 SIMPLE TRANSISTOR PROJECTS Tom Kneitel

These fascinating experiments with transistor and semiconductor circuits
are presented with a description of the purpose of the circuit, a schematic
diagam, and a complete parts list. Of interest to young and old, the book
includes such devices as light-controlled relays, geiger counters, an elec-
tronic organ, and a fire alarm.,

#0313, paper, 128 pages, illustrated

HOW TO BUILD ELECTRONIC EQUIPMENT J. Richard Johnson

This easy-to-use guidebook outlines all the techniques needed to get started
in the hobby of building electronic equipment. With it, the reader can create
equipment from an idea or-get helpful advice for building from a kit. Full
explanations- are given ‘on the best ways to organize projects and to use
tools properly. .

#0699 paper 288 pages, ||Iustrated
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