LOGIC SUMMARY - AIWAC III-E

This Logic Summary is addressed primarily to
ALWAC trainees who wish to obtain a knowledge of the
ALWAC III-E GENERAL PURPOSE DIGITAL COMPﬁTERo

This Logic Summary is not applicable in its
entirety for each individual machine, but is intended
to serve as a guide for the majority of ALWAC III-E
Computers.,

It would be appreciated if any errors, suggestions
or additional information would be brought to the atten-
tion of the TRAINING BRANCH.

Revised by the TRAINING BRANCH 3 September 1958.

FLB/ic



Page 1

TERMS FROM TOGIC TO CONTROL PANEL

1.,

s /

Ri

Ti (i=1 through 8) - .
These terms either turn on or off the neon indicators in the S, R, and T
registers on the control panel. The neons in the control panel are

effectively tied in parallel to the neons on their corresponding flip flops.

2.( ¥3, Mr, An, Ban, Dn, En, Vw, Wn, (Va ©s' P33)

3

- These ‘erms come from the computer to the Register Selection Rotary Switch
(ABDEWM) and are selected by the switch for oscilloscope synching and
input Vw provides'scope sync for all registers except for Main Memory ().
The term (Va ©s' P3%) provides scope sync for Main Memory observation.

The terms An, Bn, Dn, En, Wn, and Mr are selected by the switch to provide
vertical input to the scope for inspection of the A, B, D, E, Wofking
Storage or Main Memory lines. F3 is also added to these latter terms

to provide a pedestal on the scope sweep for easier observation of the word.

A2
This term comes from the prime output of A2 fiip flop. It goes to relay
"O" in the control panel, When A2 flip flop is prime (indicating no
block transfer alarm) relay "O" is de-—energized, and the secondary of the
buzzer transformer is open. When A2 Tlip flop is true, relay "O" is

energized, completing buzzer circuit and sounding alarm,

A4t
This term comes from the prime output of A4 driver and operates in the
manner described for A2', except that relay "P" is involved. A4 true
means that the overlow. is 6n and an arithmetic command is present in the
wime register. Under these circumstances the overflow alarm sounds. The

computer remains in ¢1 since Q3 will not come up while A4 is true.

Q3 = Ho (¢f1 G A2' A4' P33)

TERMS FROM CONTROL PANEL TO LOGIC

1.

Pti
Pri
Psi (i = 1 through 8)
By pushing the push button corresponding to a particular S, R or T

neon indicator the associated flip flop may be either turned on or off.
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This appears in the logic as:

Ti = Pti
Ti' = Pti!

Z trigger

Z' trigger
These terms appear in the logic as Pz and Pz'. Pz is triggered by the
OVERELOW ON punch switch and turns Z flip flop on if it is off.
Pz' is triggered by the OVERFLOW OFF punch switch and turns Z flip flop
off if it is on.
The RESTORE positien of the ALARM switch #2 is tied in parallel to the
2Z' trigger term so that Z flip flop is held{prime,

QZ' .
This term appears in the logic as PQ2. (2 = PQ2)
PQ2 comes up when the NORMAL - HOLD - SELECT switch is in the SELECT

position.

Fo!
This term comes up when the NORMAL - HOLD - SELZCT switch is in HORMAL

iti nd is used i ' ic., Fo' allows normal sequencing.
position and is used in Q1 driver logic. Fo' all al sequencing

Pgg
This term is associated with the ONE - STEP position of the NORMAL - STOP -
ONE STZP switch. With this switch set to STOP position the computer
connot sequence out of ¢l. Pgg turns Gg flip flop true in ¢l. (Gg = ng).
Gg flip flcp is immediately turned off as the computer sequences into

#2. (@g‘zf #1t o),

G
This term is associated with the NORMAL setting of the NORMAL~-STOP-
ONE STEP switch. As long as G is. up.(+15v) the computer will.sequence
normally.

Ho
This term will allow the computer to step through orders in normal
sequence when the NORMAL-TEST-CLEAR switch is in TEST position. It is

not necessary that the flexowriter be on.
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8. Hof
The Hof term is a flexowriter term that comes to the control panel as well
as to the logic directly. With the NORMAL-TEST-CLEAR switch in NORMAL
position the Hof term is substituted for the Ho term and the computer is
under control of the flexowriter.

Hof means flexowriter ON switch is in CONMPUTE position.

9, 3
This ‘term is associated with the CLEAR position of the NORMAL-TEST-CLEAR
stitch, This term is "anded" with the cleck in the logic cabinet and
triggers several £lip flops to call up MH{ chanrel 01 into WSI.
The term SC' turns the following flip flops true.
T8 Rl @2 Yt
The term 3C turns the following flip flops prime.
fo #1 #3 g4 @5 g6 #1
S1 82 83 54 85 S6 ST S8
R2 R3 R4 R5 R6 R7 R8
T1 T2 73 T4 T5 Te T7 =
Uk A2 Z Md Yp
10, BSs
This term is associated with the START position of the NORMAL-START
switch., With a 1B command in the T register and the NORHAL-START switch
in NORMAL position, the computer will not sequence out of g2.
Q3 = (18' T7V"T6' T5) T4 T3 P2 P33 Uk
Uk = (T8' T7' T6' T5) T4 T3' T2 (g2 P32 C) Ss
Ss then will allow the computer to transfer to the word designated in
the R register, "
1l. SBK1
This term is associated with Jump Switch #1.
In NORMAL position SK1 = Ov
In JUMP position SK1 = +15v
12. BSK2
This term is identical to SK1 but is associated with Jump Switch #2.
13. Apr

This term is associated with the SILENCE position of Alarm Switch #1,
and allows repeated block copying whenever an improper comparison-is
 made. Q3 = Apr Ut Q2 @7 P33 Ma' A2 .



14, Ap2

This term is associated with the RSSTORE position of Alarm

Ap2 turns A2 Tlip flop prime,

SWITCH POSITIONS AND THEIR LOGIC TERIIS

1. Ap2
2. Apr
3. Fo!
4. G
5. Ho
6. Hof
7. Pgg
8. PQ2
9. S
10, Skl
11, Bk2
12. Ss

Restore position of Alarm #1 switch.

- Silence position of Alarm #1 switch.

Normal position of Normal-Hold-Select suitch.
Normal position of Normal=Stop=Cne Step,switch.
Test position of Normal-Test-Clear switch.
Nermal position of Normal-Test-Clear switch.
One-Step position of Normal=Stop-One Step switch,
Select position af Hormal-Hold-Select switch,
Clear position of Normal-Test-Clear switch.

Jump position of Jump #1 switch.

Jump position of Jump #2 switch.

Start position of Normal-Start switch.
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Switch #1.
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#2

NORMAL
HOLD

SELEGCT

NORMAL
STOP

ONl STEP

NORMAL
TEST

CLEAR

JUMP

KNORMAL

JUMP

NORMAL

NORMAL
START

[ SNV

- i1

avas e

Q2 (PQ2)
+15v

Pgg

+15v

+15v

Ho
Hof

+15v
ov
SK2

CON'TROL PANEL
SWITCHES

Ov
S8
+15v
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PUNCTIONS AND DEFINITIONS
OF ALWAC III-f PLUG-INS

In conjunction with this write up, refer to write up of "Terms to Control Panel".

Key: DR
P
0s
PA
RA
Wa

Term Ckt.

A2 FF

A4 DR

Ab FF .

Ad DR

Ae FF

Al FF

An FF

Driver -& -
Plip Flop

One Shot

Pre~amplifier for Selection Drivers
Read Amplifier '
Write Amplifier

Used in conjunction with Block Transfer commands to indicate
improper block copy.

Used.'as protection against a Block Copy into Channel Ol.

"A2" prime, used in several equations for generating the Q3
driver term which is used for sequencing purposes.

Refer also to "Terms To Control Panel" write up.

Alarm driver activated in "@1" if a previous arithmetic
operation generated an overflow, which is indicated by "4"
true during "@1" time. .
Refer also to "Terms to Control Panel" write up.

Follows "A" read amplifier in "A" recirculating line.,
Feeds Ae. ' .

Follows An during normal recirculation of "A" liné.
Controls information to "A" line depending upon command.
Peeds ar.

Follows Ab.

Feeds Ad during a rlght shift in “A" line.

Peeds An during normal recirculation of A" 11ne
Feeds An during a left shift in "A" line.

Peeds Q8 during certain copy operations.

Used to check "early" timeas compared to "new" time.

Follows An during a left shift 1n "A" line.
Feeds Ad during a left shift in MAY line,
Used to ‘check "late" time as compared to "now" time.

Follows Ae during normal recirculation or during a left
shift of "A" line.

Feeds Al during a left shift in "A" line.

Used to indicate "now" time.

Feeds Ad during rormal recirculation of "A" line.
Excluded during a right shift of "A" line.

Used to output information from "A" line depending

upon command.

Used for oscilloscope vertical input when looklng at the
"A" line. :



Term

L’

1

Bb

Be

Bl

Bn

Br

Br

Ckt.

FF

WA

FF
FF

Note:

DR

FF

FP
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Follows Ad.
Fects "A" write amplifier,
Used to check "late" time as compared to "now" time.

Follows output of "A" read head.
Fecds ab.

Follows ax» IR,
Feeds "A" write head to write information on the drum for "4" line.

Used for delay purposes during a "B5" order.
Used for delay purpose during a "B5" order.

B4 and BS used in congunctlon with each other to count
three drum revolutions.

Follows "B" read amplifier in "B" re01rculat1ng line.
Feeds Be, :

Follows Bn during normal recirculation of "B" line.
Controls 1nformatmon to "B" line depending upon command.
Peeds Br.

Follows Bb.,

F. .z B2aring a rzght shift in "B" llne

Feeds Bn during normal recirculation of "B" line.
Feeds Bn during a left shift in "B" line.

Feeds Q8 during certain copy operationms.

Used to check "early" time as compared to "now" time.

Follows Bn during a left shift in the "B" line.
Peeds Bd during a left shift in "B" line.
Used to check "late" time as compared to "now" time.

Follows Be during normel recirculation or during a
left shift of "B" line. '

Peelds Bl during a left shift in "B" line,

Used to indicate "now" time.

Feeds Bd during normal recirculation of the "B" line.
Exclvded during a right shift of the "B" line.

Used to output information from "B" line depending
upon cormend. '

Usel for oscilloscope vertical input when looking at
the "3" line.

Follcors Bd. ‘
Feedis "B' write amplifier.
Used to check "late" time as compared to now" time.

Frllovs output of "B" read head.
Feeds Bb.



°E

Cd

Cr

Db

Da

De

Dn

Dr

Dr

Ckt.

WA

DR

FF

FF

PR

FF

FF

WA

FP
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F-1locws Dr-FPF,
Feeds "B" write head to write information on the drum for "B"™ line,

suplifies, shapes and outputs cloek pulses. The figure "C"
is the clock pulse from the clock' driver.

Inter-lock during carriage return cycle.
Timing delay in block transfer to allow Md relay to drop out,
pri~r to reading back the written data for a comparison check.

Foll.ws "D" read amplifier in "0" recirculating line.
Feeds De.

Fellows Dn during normal re01rculation of the "D" llne, except
during “@o" look-up.

Controls information -to -the "D" llne dependlng upon command
Follows Dr during "fo" look=up.

During "fo" 1st mode used in conjinction with other terms

to modify incoming address going to "R" register.

During "Jo" 2nd and 3rd modes used in conjunction with
other terms to modify the address in “R" feglster ‘while 1t
~~~irculates when Tl is prime.

During *Jo" 2nd and 3rd modes used to re01rculate unmodlfled
address _.om "R" register when Tl is true.

Used in conjun~*ion with other terms for counting operation
during shift operatisns. . -

Used in conjunction with other terms to generate a sum
product,'or‘difference'depending upon command.

Fcllows Db. - ‘ ' ’
Feeds Dn during normal reczrculatlon of "D llne.
Pedds Q8 during certain copy operatlons. i

~ Use to check "early" time as compared to "now" tlme.

Follows De during normal rec1rculat1nn of "D" llne.

Used to indicate "now™ time.

Fecds DA during normal reclrculatlon of "p* line, except
during "@o" when it feeds br.

Used to output 1nforma*1on from "D llne dependlng upon
command | .

Used for 0801lloscope vertical 1nput when looklng at the
"D" line. P

Fellows Dd during normal recirculation, except during "@o"
when it follzws bnm,
Peeds "D" wrlte amplifier.

Follows the output of "D" read head.
Feed". Db. '

F:llows Dr FPF,
Feeds "D" write head to write 1nformatlon on the drum for
"D¥ line.

Fel?ws "d" read amplifier in "s&" recirculating line.
Feeds de.



g

Fl

F2

F3

F4

F5

FF

FF

WA

FF

Page # 4

Follrws ED. A
Feeds En during normal recirculation of "&" “.ine,
Feeds Q8 during certain copy operations.

Follows e during normal recirculation of "s" line,
Feeds Er during normal recirgulation of "&" line.

Used to indicate "now" time. ,

Used to output information from “s" line depending upon
command. ,

Used for oscilloscope vertical input when looking at
@t line.

Follows dn during normal recirculation of "E" line.
Controls information to "&" line depending upon command.
Follows ¥Ws driver during least significant half word
time (LSH) 1st and 3rd modes of "@o" look-up.

Follcws the output of "d" read head,
Feeds £b.

Follows Er FF,
Pande " wri+ts head *o write information on the drum
for " line.

Used in "F'" counter circuit to count down the "clock"by two.

Used in "F" counter circuit to gount down the output of
the F1 FF by two, except at Po time and P33 time.

Used in the "F" counter circuit to count down a word
into quarters.

Also used to distinguish between Po and P33 time.
"F3" true: instruction portion of a word or Po time,
"F3" prime: address portion of a word or P33 time,

Used in the "F" counter circuit to divide a whole word
(34 vi*s) into half words.

CE4Y prive: Pr thru P16 inclusively is the least
significant half (LSH) word,

"F4 ¢ trve: PL7 thru P33% inclusively is the most

o gnificant holf (MSH) word.

Uszd in the "F" counter circuit, Used to indicate
wor?. identification portion" of words on the "F" line.
Tt truer during P28, P29, P30, P31 and P33.

25" prime: the remaining pulse times in a word.

Used in the "F'"' counter circuit,
sllows the Th FP.

Follows the "F" read amplifier.

Feeds the "F" FF.

Follows the output of "F" read head which in turn is
fellowing the permanently recorded "F" line on the drum.



o
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Go

G1-G6

Hl

H3

He

B

DR

FF

DR

0S

oS -

FF

FF

FF

FP

WA

Page # 5

Used to tell the computer the flexowriter is or is not busy.
"FrY prime: indicates flex is not busy (actually a true output).
"Fr" true: indicates flex is busy (actually a prime outputs
Follows the Fr' DR.

Used in conjunction with the Fr' FF to tell the computer the
flexowriter is or is not busy. .
Received its informati-n from the flexowriter.

Fuw' means flexowriter is not busy.
Follows the Fw' DR,

Triggers the Pw' FP.
Receives its information from either the flexowriter, or
the H.3,P. Tape Unit.

Used as an inter~lock signal to prevent outputs during a
programmed carriage return.

Operate the flexowriter punch and/or translator.

Turned on by (Pgg) when the NOBMAL-STOP-ONE STEP-SWITCH is
m~rved from the STOP to the ONE STEP position.
Allows computer to sequence one order at a time.

Follows He in "HI" recirculating line.
Feeds H2.

Follows Hl during normal recirculation of "HI" line, except
at P32 time when it follows He. ‘

Feeds H3 during normal recirculation of "HI" line.

Used to output "one word" of information from "HI" line

"depending upon command.

Usel in conjunction with lr to check "block transfers"
into or out of "HI" line.

Follows H2 during normal recirculation of "HI" line.
Follows Mr during "block transfers" into "HI" line.
Follows Q8 during "one word" copies into "HI" line.
Feeds Hw.

Foll-ws "H" read amplifier in "HI" recirculating line.
Feeds He, . ~

Follows Hb.
Feeds H1. '
Feecs Mp and Mo during a "block transfer' from "HI" line, (WsI)

Ffliows output of "H" read head.
feeds Hb.

Follows H3
Feeds "H" write head which writes information on the drum .
for “HIM re01rculat1ng llne.,5bﬁi

Se
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Iw

Jl

J2

J3

Je

Jr

Jw

X3

Ckt.

FF

FF

FF

WA

FF

FF

FF

FF

WA

FF
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Follows Ib.
Peeds I3 during normal recirculation of "HI" line.

“Used to output "one word" of information depending

upon command.,

Pollows I2 during normal recirculation of "HI" line.
Frllows Q8 during "one word" copies into "HI" line.
Peeds Iw.

Follows Ir.
Feeds I2.

Follows ~utput of "I" read head.
Feeds Ib.

Fellows I3.

Feeds "I" write head which writes information on the
drum for the "HI" recirculating line.

Follows Je in "JK" recirculating line.
Feeds J2.

Follows J1 during normal recirculation of "JK" line,
except at P32 time when it follows Je.

Peeds J3 during normal recirculation of "JK" line.
Used to output "one word" of information from "JK"
line depending upon command.

Used in conjunction with #r to check "block transfers"
into or out of "JK" line.

Follows J2 during normal recirculation of "JK" line.
Pollows Mr during "block transfers" into "JK" line.

Foll-ws Q8 during "one word" copies into "JK" line.

Feeds Jw.

Follows "J" read amplifier in "JK" recirculating line.
Peeds Je.

Follows Jb.
Feeds Ji.
Feeds Mp and Mo during a "block transfer" from "JK" line.

Follows output of "J" read head.
Peeds Jb.

Fellows J3.
Feeds "J" write head which writes information on the drum
for "JK" recirculating line.

Follows Kb.
Feeds K3 during normal recirculation of "JK" line.

(WsS1I)

Used to output "one word" of information depending upon command.

Follows K2 during normal recirculation of "JK" line.
Follows Q8 during '"one word" copies into "JK" line.
Peeds Kw,
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Term Ckt.
Kb FF Follows Kr.
Feeds K2.
Kr RA Follows output of "K" read head.
Feeds Kb.
Kw WA Follows K3.
Feeds "K" write head which writes information ‘m the
drum for the "“JK" recirculating line.
L1 FF Follows Le in "LM" recirculating line.
Peeds 1L2.
L2 P Follows L1 during normal recirculation of "LM" line,
except at P32 time when it follows Le.
Feeds L3 during normal recirculation of "LM" line.
Used to output "one word" of information from "LM" line
depending upon command.
Used in conjunctiron with Mr to check "block transfers"
into or out of "LM" line.
L3 R Follows L2 duringznormal recirculation of "IM" line.
Follows Mr during "block transfers" into "L#M" line.
Pollows Q8 during "one word" copies into "LM" line.
Feeds Lw.
Lb FF Follows "L" read amplifier in the "LM" recirculating line.
Feeds Le.
Le FF Follows Lb.
Beeds L1. v
Feeds Mp and Mo during a "block transfer" from "IM" line. (WS III)
Ir RA Follows r~utput of "L" read head.
Feeds Lb.
Lw WA Follows L3.
Peeds "L" write head which writes information on the drum
for "LM" recirculating line.
M2 FF Follows Mb.
Peeds M3 during normal recirculation of "LM" line.
Used to output "one word" of information depending upon command.
M3 FP - Follows M2 during normal recirculation of "LM" line.
~ Pollows Q8 during "one word" copies into "IM" line,
Feece Mw,
Mb FF Follows Mr.
Feeds M2,
Md FF Controls the configuration of Md relay through Pa Md, for
reading out of, or writing into Main Memory. "Block Transfers".
Me FF Drives memory write amplifier for "0's",

Foll'ws He, Je, Le or Ne depending upon command,
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Term Ckt.
‘Mp FP Drives memory write amplifier for "1l's",
Follows He, Je, Le or Ne depending upon command used.
Mr FF Used in the Ferranti system for "block transfers" from MM to WS.
Used to check the validity of block transfers between MM and WS.
Used for oscilloscope vertlcal input when nbserving contents of
"one word" in Main Memory,
Mr RA Fellows M3.
Feeds Hb.
Mw WA Follows M3,
Feeds "M" write head which writes information on the drum for
"IM" recirculating line.
N1 iy Follows e in the "NO" recirculating line.
Feeds N2.
N2 FP Follows N1 during normal recirculation of "NO" line, except
at P32 time when it follows Ne,
Peeds N3 during normal recirculation of "NO" line, depending
upon command.
Used in conjunction with Mr to check "block transfers" into
or out of "NO" line,
Used to output "one word" of information depending upon command.
N3 FF Follows N2 during normal recirculation ef "NOM line.
Follows Mr during "block transfers" into "NO" line.
Follows QB8 during "one word" copies into "NO" line.,
Nb FF Follows "N" read amplifier in "NO" recirculating line.
Feeds Ne.
Ne FF Follows Nb.
Peeds N1,
Peeds Mp and Mo during a "block transfer" from "NO" line. (WS Iv)
Nr RA Follows output of "N" read head.
Feeds Nb.
Nw " WA Follows N3.
Feeds "N" write head which writes information on the drum
for "NO" recirculating line.
02 Fp Follows Ob. : '
Feeds 03 during normal recirculation of "NO" line.
Used to output "one word" of information depending upon
the command.
03 FF Follows 02 during normal recirculation of "NO" line.
Follows Q8 during "one word" copies into "NO" line.
Feeds Ow.
Ob FF Follows Or,

Feeds 02,
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Term Ckt.
or RA Follows output of "0" read head.
Feeds Ob.
ow VA Follows 03. ‘
Feeds "0" write head which writes information on the
drum for "NO" recirculating line.
Po FF Used in the "F" counter circuit.
"Po" true during Po time of a word.
"Po" prime dirinz the remaining 33 pulse times of a word.
Basically a timing term, used to specifically exclude or
work with the Po (sign) bit of a word. 'First pulse of
a word" .
Pl FF Used in the "F" counter circuit.
"P1" true during Pl time of a word.
"pP1" prime during the remaining 33 pulse times of a word.
Basically a timing term.,
"First pulse of the magnitude portion of a word",
P32 FF Used in the "F" counter circuit.
' "P32" trus furins P32 time of a word.
"p32" prime during the remaining 33 pulse times of a word,
Basically a timing term.
"Last pulse of the magnitude portion of a word."
P33 FF Used in the "F" counter circuit.
"P33" true during P33 time of a word.
"p33" prime during the remaining 33 pulse times of a word,
Basically a timing term, '"'Used to specifically exclude or
work with the P33 (Overflow) bit of a word." "Thirty-fourth
pulse of a word."
Pal-8 sSD Used to activate the MM selection drivers,
PaMd DR Used to activate Id relay to set either reading or
writing conditions for Main Memory.,
Pavd DR Interleck signal between Flexowriter and the computer that
indicates the flexowriter is asking for inputs.
Helps choose between inputs from the HSPTR or the flexowriter,
Q1 DR During "@o" lst and 3rd modes used to gate information
to the LSH of the "E" line. ‘
During "@o" all modes used to condition subtractor circuitry,
During "go" 1st mode used to condition parallel transfer
circuitry between the "T' and "R" registers.
Durirg "@o'"" all modes used to condition "serial'l pump across' . _
circuitry in the "T" and "R" register. (1 thru & FF's).
During "@o" all modes used to gate information to the T8
and R8 Ff's,
During "go" all modes used to condition the Q3 driver.
Q2 DR Operate selection driver pre-amplifiers which in turn
operate selection drivers that control the relays in the matrix,
Q3 DR Advances "¢" sequence counter, or resets it to #3 if the

computer is in @7,



Q6

Q7

Q8

R2

R3

R4

R5

R6

R7

Ckt.

DR

DR

DR

Fp

FF

FF

FF

FF

FF

FF

NOTE:
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Resets "@" sequence counter to "go".

Terminates the execution of commands.

Used in conjunction with (Uk C) to cause a parallel transfer
between the "R" and "“S" register,

Sets Va to prime configuration.

Conditions copying equations during the execution of
various commands.

Conditions copying equati-ns during the execution of
varinus commands.

Follows Ae, Be, De or Ee during certain copying operations
depending upon command.
Feeds H3, I3, J3, K3, L3, M3, N3 or O3 during some copylng

‘operations depending upon command and timing.

Used during input commands for timing and delay purposes.

Compared with the P28 pulse on the "F" line during a data
word look—up (¢2) :

Compared with the P29 pulse on the "F" line during a data
word look-up (¢2)

Compared with the P30 pulse on the "F" line during a data
word look~up (¢2)

Compared with the P31 pulse on the "F" line during a data
word look-up (¢2)

Compared with the P33 pulse on the "F" line during a data
word look-up (¢2).

Used in cenjunction with R7 and 6r to select the particular
WS channel a data word is stored (@2).

Used in conjunction with R6 and ©r to select the particular
WS channel a data word is stored (g2). ~

Used for address purposes in conjunction with Rl thru R7 FP's,
The "R" register determines a particular type of operation to
be performed in conjunction with magnetic tape and input
output commands.,

These FF's compose the address "R" register.

The "R" register has various functions according to the
command used. .

It contains the address of data to be used in conjunction with
the executi-n of various commands.

It contains the address where data is to be stored when used
with various commands.

It contains the number of shifts to be executed when used with
shift commands.

It contains the second command to be executed when used in
c¢onjunction with "packed" commands.

It contains the number of characters to be taken in er
outputed when used with input output commands.
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It contains the MM channel to which or from which information
is to be copied when used with "block transfer" commands.

Compared with the P28 pulse on the "F" line during an
instruction word look-up (ﬁo).

Compared with the P29 pulse on the "F" line during an
instruction word look-up (¢o).

Compared with the P30 pulse on the "F" line during an
instruction word look-up (¢o).

Compared with the P31 pulse on the "F" line during an
instruction word look-up (¢o).

Compared with the P33 pulse on the "F" line during an
instruction word look-up (¢o).

Used in conjunction with S7 and 6s to select a particular
WS channel an instruction word is stored (¢¢).

Used in conjunction with 36 and 8s to select a particular
WS channel an instruction word is stored (¢o).

Conditions circuitry to deal with a particular half ef an
instruction word.

38" prime: indicates most significant half (MSH) word to
be processed first.

"S8" true: indicates least significant half (LSH) word to
be processed first., :

These FF's compose the instruction address "S" register,

The "S" register contains the address of the instruction word.
When looking at a visual display of a word located in the
main memory the "3" register contains the words relative
location to the "F" line.

During "@o" look-up 2nd and 3rd modes Tl will indicate
whether a modified er ummodified address is to be used in
conjunction with an order.

"T1" prime: indicates a modified address to be used.

"T1" true: indjcates an unmodified address to be used.

Contains after "@o" time the order being executed.
Contains during "@o" look up 1st mode, before F4 time the
unmodified incoming address.

These FF's compose the operation "T" register.

Used as a carry FF for Add, Binary round and Multiplication
erders.

Used as a borrow FF in Subtract and Division erders.

Used in some orders to conditien "Q4" DR for sequencing.



Term Ckt.
Ub FRF
Ue FR
Ud FF
Ue Fp
Uk FR
Unm FF
Ur R
Us FF
Ut FF
Uv FP
Va P
> FF
Vr FF
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Used as a coupling device between the "A" and "B" recirculating
lines in Double Length Shifting, Multiply, Divide and Binary
round orders. Holds least significant digit of intermediate
product or dividend for Multiply or Divide orders.

Used as carry FF during Multiply orders. :

Used for timing device in "@o" look-up. (Turned on at the
fall of P24; off at P25) :

Used as a carry FF in an AB order.

Used to make magnitude comparisons between the dividend and
divisor in a Divisinn order.

Used as the borrow FF during "go" lock up.
Used as an interlock for output orders.

Used to tell the computer to jump or not..
"Uk" true: indicates a jump condition.
"Ok" prime: indicates a no jump condition.

Used as a sequencing control in shifting orders.

Makes final decision in whether to shift and subtract or
merely shift during a Division order.

"Or" true: indicates shift and subtract.

"Jr" prime: indicates shift ~nly.

Also Ur's configuration is inserted in the "B" line at Pl
which in turn is generating the quotient in a Division order,

Used as a control in an Add or Subtract erder according to
the configuration of the signs.
Used in some orders to condition "Q4" DR for sequencing.

Used to determine whether an addition-and a shift will take
place or merely a shift operation during the Multiply command.
"Ut" true: indicates an add and shift condition.

"Ut" prime: indicates a shift only. ,

Used for timing in block transfer commands.

Used as a borrow FF during Divide crders.

Used for conditioning "Q1" Driver during "Fo" look-up.
Turns on at the fall of P3% time in words 10 thru 1F on
the "F" line.

(Vo P33) occurs once per drum revolution, at the fall of
P33 of word "OO" on the "F" line.

Used for timing purprses during block transfer commands,

Used in comparison check between the Rl thru R4 FF's. with the

P28 thru P31 bits on the "F" line,.

"Wr" true: indicates a matching condition between all of the
bits on the "F" line and the Rl thru R4 FF's.

"Vr" prime: indicates  a mismatch during one of the particular
bit times P28 thru P31 on the "F" line and R1 thru R4 FF's,
If Vr is on at P33 time Vw will be turned on.
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Turned true at the fall of P24 every word time.

Compares S1 thru S4 with the P28 thru P31 bits on the "F" line.
"Vs" true: indicates proper match between the S1 thru 34 FF's
and the P28 thru P31 bits on the "F" line.

"Vs" prime: indicates a mismatch between one of the S1 thru S4
FF's and the P28 through P31 bits on the "F" line.

If Vs is on at P3% time Va will be turned on.

Used to condition copy equations during and after "g2" look-up.
Used for timing purposes in the Multiply and Divide orders.
Used for oscilloscope synching,

F~1llows information in WS specified by the "R" register during
"g2n 1ook-up.

Used for oscilloscope vertical input when observing one word
in working storage.

Follows information in WS specified by the "S" register
during "¢o lcok-up.

Used as the comparison FF during block transfer commands.
"XI" true: indicates a proper block copy.
"X1" prime: indicates an improper block copy.

Intermediate storage between the flexowriter and the HbPTR
and the "A" line during 1npvt/output commands,
Multiplied by 10 during conversion orders.

Used in conjunction with the punch relay in the flexowriter.
"Yp" true: indicates a punching operation.
"Yp" prime: indicates no punching operation.

Used in conjunction with the type relay in the flexowriter,:
"Yt" true: indicates a typing operation.
"Yt" prime: indicates no type operation.

Used for indicating overflow conditions in arithmetic commands.
WZ" true: indicates an overflow condition present.

"Z" primes indicates no overflow condition present.

Used for magnitude check betwegn the "A"™ and "D" lines in
Divide double length orders.

"Po" true: indicates the computer is looking up an instruction
word.

"@F1" true: indicates idleing condition.

During "#1" an alarming condition may occur if a previous
arithmetic command has generated an overflow and another
arithmetic command is now trying to be executed.
During,"¢l" the "S" register counts its normal c¢ycle.

ngon true: indicates the computer may be looking up a data

| word indicated by address in the "R" register,

Orders that do not involve a data look-up (¢2) may be
executed during this time,
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Various seguentdal states of the computer where certain
functions are performed according to the order being
executed.

Determines from which half of a particular working storage
line the data word is to be read from. ©r's configuration .
depends upon the configuration of R5 and the P33 bit on the
"P" line.

Determines from which half of a particular WS line an
instruction word is to be read, Its configuratian depends
upon the configuration of the S5 and the P33 bit on the
"F" line,

Turned prime at the fall of P32 every word time.



FLEXOWRITER THEMS

The computer logic provides input signals to the Flexowriter for certain operations.
Gl through G6 One Lhots provide signals to operate the translator or punch solenoids,

Go one shot provides a delay cignal to prevent type out during initial part of
Plexowriter carriage weturn.

Yd selection driver provides the signal to operate K401 in the Flexowriter. K401, when
energized, provides vower to the common side of 5C contacts, and a ground path for
the Reader cycle solenoid (LiC). K401 also turns on the Flexowriter ready light, -

It flip flop provides a signal to the Flexowriter relay for typing.
Yp flip flop orovides a signal to the #lexowriter relay for punching,
The Flexowriter, in turn, furnishes signals to the logical gates in the computer,

S - A+ 15v signal to clear the computer fo - calling up M.l'. Channel Ol to W.O, I
(start routine).

vyl through y6 are signals to set the computer "Y" flip flops. These signals come from
either the RC or 5C contacts and receive their voltage from the FLIIOWRITER I+ which
is dropped and clamped to a 15 volt level in the Flexowriter filter umit before.
going to the logic gates.,

er' a signal from flexowriter to denote whether the carriage is idle or returning. cr'
goes to Cr' flip flop and is used as an interlock to keep flex from accepting outputs
during a carriage return, tab, or back space.  Go acts with this term to prevent
outputs until cr'! term comes up.

fr! a signal originated in the Flexowriter to tell the computer it is busy reading., It

normally rides at +15 v and drops to Ov during an RKC (read) or SC8 (power roller)

- eycle. In either cace, the start of the signal is by meclhianical contact closure and

is adjustable, fr' is fed to Fr' Driver, which, in turn, triggers Fr' Flip Flop.

The term Fr' (flip flop outhut) means that the Flexowriter is not busy reading,
fw!' a signal originated in the Flexowriter to tell the computer it is busy typing or
-punching. It normslly rides at +15 v 2.d drops to Ov during a TS (translator) or
PCC (punch) cycle. In either cace, the start of the signal is by mechanical contact
closure and is adjustable, fw' is fed to Fw' Driver which, in furn, triggers Fu’
flip flop. The term Fu' (flip flop output) means that the Flexowriter is not busy
typing or punching. '

Hof  this term is a logical +15 volt signal that tells the computer that the Flexowriter
is on and the CULPUTE-CFF-PIEX Switch is in the CCiiPUTE position.,

I+ this is a recitified infiltered +48 volts supply (as measured with a meter) that
provides plate voltage ior the one shot thyratons so that they may be extingushed,
The I+ is u ed for the cr' term and is dropped and clamped to +15 volts through a
10K resistor on the Flexowriter filter unit,
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"F COUNTER EQUATIONS

F'(F,'0) + B (F,'C)

FIC

'Fz' (F_lc) + P330

| F,(F,C)

F3'.(FC) + :9330

FB(FS'FC) + PC

F 4'F3(FC)

F3f'F5C
FS’(F3F4F2F1'C) + F4(F3FC Fs')

F5(F FPFF.'C) + P

43551 C

33

F5F3'C

PC
0
PC
o
Plc

Fse(F 4F3F2F1 ')

P320

F 4(F5‘F3FC)

'P330
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1Sh COUNTER EQUATIONS

P1+ Fo'¢lQ-3C 8555555, + (UK Q4C) Ry

P+ P B0 588,85

P2 + F 'B,Q,C S5,8,5.8

P 2t
S

Ps3

P_3'

Ps4

P4

Ps5

PSS'

P_6
s

P 6!
s

Ps7

Ps'7 !

P8
s

P 8!
S

4

+

1 * (UKQ4C) R)' +5C

475
83451S2

Fo‘¢lQ,50 385354353132 + (UK Q4C) R,' + SC

' + (UK Q4C) R,

R ¢1Q-3 C 3833' + (UK Q4c) Ry

+ F°'¢1Q30 S¢S + (UK Q4C) Rs' + SC

+

FO'¢1Q3C 385354' + (UK Q4C) R,

+ Fo'¢lQ3C 85,8, + (UK @40) R,' + SC

+

+

Fo'ngl%c Sg855;55' + (UK Q4C) Ry

Fo'¢lQ3C 885555 + (UK Q4C) 115' + SC
(UK Q4C) R

(VK Q4C) Rg' + SC

(UK Q4C) R,
(UK Q4C) 37' + SC
Fo' 1930 38' + (UK Q4c)) Ry

Fo'¢1Q,50 Sg + (Ux Q4C) Rg' + SC
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ngor Look=up 58' UK' 1st. dode

* During ¢o S8' UK' the computer is scecking an instruetion word, containing an order and address,
that is located in one of the four working storage channels, The word's relative location to
the "PY line is indicated by the configuration of the "S" rcgister, To accomplish this "looke

up" a comparison is wade betwecen the "S" rogister and the configuration of the "F" line,

In this modc of opcration, the lcast significant half (LSH) of the 34 bit word is shifted
into the LSH of the “s" line., The most significant half (iSl) is operated on and shifted
into the "R" and "I" rcgisters. Y33 is cxcluded becausc 4l goes prime at the fall of P32,

JPTSNC
e st e
e X S ey
e S

R "
l., Vs is turned on at the fall of P24 cvery wor%:ggégg::f

: ;
2, (a) The "S1" FF and "F" FF, (which is following the configuration of the "F" linc) arc

compared ot P28 timej; if they arc alike, Vs remains onj if they arce different, Vs
goces prime.

(o) The "S2" FF and "F" FF arc comparcd at P29 time; if alike Vs remains oﬁ; if they
arc different Vs goes prime.

(¢) The "S3" FF and "F" FF arc compared at 30 timo; if elike Vs rcmeins on; if
different Vs goes yrime.

(d) The "S4" FF and "F" FF arc compared at P31 time; if alike Vs remains onj if

different Vs gocs prine. p

S
If "P" gnd "S" arc alike for all four bits, Vs rcaains on at P33 and turns‘dn'Vd
beeause therce is no equation to turn Vs prime after P31,

" “Rofer to cquation 5a".

3. The condition of @s will determine from which half of the drum the word will be.copicd.

~

4

(a) If at P33 "35" and "F" are opposite configurations, 6s will be turncd on. If "s5"
and "P" are alike Os remains prime.

(b) s is turned prime at the fall of P32 every word time.
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4+ The various conbinations of $7, S6 and s will determine which FF Ws driver will follow.
5. (a) when Vs is on et P33 Vo will be turned on. Va is o timing ¥ winich signals that
the ﬁord coming up is the one to be copicd.
(b) If Vs is prime Va remeins prime ond the co#putor knows the proper match has not
“becn accomplished.
6. Ql is a driver turncd on at Po when Va is on and the tOR:AL~HOLD-SSLSCT switch is in
the NORiAL position (Fo') during fo.
7. (2) This equatién recirculates the "B" linc normally beforc Ql goes on by the idn FP
passing its oncs to «r ¥,
(b) This cquation fecds the oncs being read out of the s driver to the sr FF after
Ql becoues truc during the ISH word tisze,
(¢) fhis equation recirculates the "3" line normelly during tie MN3H word timo’
by p;ssing the ones in the kn fF to the Er FF,
(d) Tuis works in conjunction with the (7a) equation to pass the zcros.
(e) This cquation works in conjunction with the (b) cquation to pass the zeros.
(f) ™This cquation works in conjunction with the (c) cquation but passing the zeros.
8. (&) This equation recirculatcs the "D line during the abscnce of the Dd in ¢o by dn

FP passing its ounes to the Dr FF,

\ \

(b) This equation works in conjunction with the (a) equation but passes the zeros.
9. These cquations (a.b.c.d) are uscd as a subtractor network to gencrate a modified
, .

address by subtracting the information passing thru the un FF from the information
passing thru the Ws driver during the address portion (F3') of the LSH word (#4)
cxcept for P33 tiﬁe. The Ue FF is used as a borrow in thcsc equations.
10, (a) Turns the borrow on.
(b) Turns the borfow prime.
(e) Turns the borrow prine bofore the subtraction starts.

11, Uc FF is used to pinepoint P25 tine.
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(2) Uc is turned on at the fall of P24 time.
(b) Uc is turncd priuc at the foll of £25 tizc.
12. (a) Q1 tells R8 (from r17 thru £24) if there is ¢ onc in the Dd toke it.
(b) Q1 tells &8, at P25 tiue, if us has a onc accept tie one in the T8.
(c) This equation works in conjunction with (a) but passcs the aeros,
(d) This equation works in conjunction with (b) but pesscs tic zcros..
The b and d equations arc used if an unmodificd cddress is desircd as indicated by s
containing o one at P25 tinme. |
13. (2) Tnis is used to scrially pump across the ones in the "R register.
(b) This is used to parallel transfer in one pulse time, the ones in the "I" register
if Ws has a onc at £25 time.
(c) This is used to serially punp across the zeros in the "R" rogister.
(d) osame as (b) except to parallel transfer the zeros.
ROTgs (i = 1 thru 7)
[7~372-
o~ 1b

14, (a) This tells T8 to follow s during P4 and follow the cnes,
(b) Same as (a) oxcept to follow the zcros.

15, (a) This is used to scrially pump across the ones in the "T" register.

(b) Seme as (a) except to serially pump across the zeros.

16, Turns on 33 if 1 is on at ¥32.

17. Turns off o when 43 comes on.

18, Turns on ¢1 when 4% comes on.

19, Turns on 43 when in @1 and block trensfor clarm is off (42') overflow alarm is off
(M"), HORIAL~THST-CLEAR switch in the NORAL position (Ho), NORMAL-~STOP-0NE STk
switch in thoe NQRHAL position (G) at P33 tiuze. The "or" cquation takes care of
scquencing when the KCWiil=-STOP-ONi STEP switch.is placed in the Oili STEP position.(Gg)

20, Turns ¢1 off when % comes on.

21, Turns @2 on when Q3 comes on in @l.

NOTE: KHquations 16 thru 21 secquence the couputer out of fo and thru @l into @2,
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1.

2.

3,
4
5.
.
7.

8.

9.

10.

1.

12,

13,
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(v)

(2)
(b)
(2)
(b)
(a)
(b)
(2)
(b)
()
(v)
(2)
(v)
(c)
(a)
()
(a)
(b)
(c)
(a)
(o)
(a)

(b)
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216
813811
224
5616
5FF6

1FF6

2FF10

0810
0BT
5YY14
5YY10
5YY6
5112
6YY2
249
3116
411
70012

Tool0

2R5

1014



14.

15, Q3 = @1 a2' a4' flo G P33 + @1 Gg P33

16.

17,

gL =go Q3 C

gLt =¢L B cC
g2 =g1q3¢C

PAGH 4

‘ 1U10

0Jé 415
103

103
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"@o" 58 UK' 2nd, sode

In this mode of ¢o, S8 UK' the computer does not have to locate the word in the Wws

channels because it has prcViously stored it in the LSH of the "u" line as a result

of the 1lst mode of fo.

This mode of operation deals with shifting the instruction word located in the LSH

of the "a" linc, into the "R" and "™ registers and wodifying the oddress if the

instruction is modificd.

1. (a) Ya gocs truc at Po time overy word that Vy is prime, 8 truc and UK prime
(indieating no jump)

(b) Va goes primec at P33 if Vs is primc.

2. Q is a driver turned on at Po when Va is on and the EOfiial~HOLD=SuLiECT
switch is in the HORMAL position (Fo') during fo.
3 (a) Transfers the oncs in the address portion of the LSH of the "®" line to
the " register by the use of the R8 and sn FFs,
(v) Sawc as (a), cxcept transfers the}Zeros.
4o (2) Uscd to serially pump across the oncs in the "R" register.
(b) Used to scrially pump across the zeros in the "A" rogistors
5. {(a) Transfers the ones, during F4'time, from the LSH of the "&" line to the
' ‘ "pY pregister.
(b) ‘Transfers the zeros, during F4'timc, from the LSH of the "s" line to the
"TH register.
6. (2) Used to serially‘pump across the oncs in the "T"»fegister.
(b) Used to serially pump across the zoros in the "I" register.
T (a) Recirculates the "o" line during the zbsence of the 9d in @o by the
Dn FP possing its.ongs to the JUr FF,
(b) Same as (a) but passes the zcros.
8. (a,b,c,d) equations forn a subtractor, subtracting the information passing
thru the En FF frow the information passing thru the Rl FP, providing the
T1 is primc. Ue is used as a borrow FF,
(e) This cquation is used to rceirculate the information in the "i" register
by the use of the Dd during F4 F3' P33' if T1 is truc.
9. {(a) Turns on borrow FF.
(b) Turns the borrow FF primc.
(¢) ‘Turns the borrow FF primc before the subtraction starts.
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10. (a) Q1 tells K8, during M 13" P3%' if therée is a one in Dd take it.,
(v) Ssame as (), cxcept paéscs the zeros,
11. (a) This is used to serially punp across the oncs in the "&" register.

(b) Saome as (a) but passecs zeros.

Explanation for equations 12 thru 17 arc the same as cxplanations for cguations

16 thru 21 of "go" 1st nodc.



"Qg? Look~Up S8 UK 3rd Mode
After equations 1 thru 4, page 1, are accomplished the following apply.
1. (a) Va =Vs P33¢C 8BB13
(b) Va' = Uk @4 C + Vs 233 c 4 3888  BBBNL
2, Q1 = Va Fo' fo 2124
3. (a) B8 = (Q 8 M F3' U Fo') s C | S5EF13
(b) z8' = ( xv” ) us' C 5FF3
40 (a) B = (02 F3‘/F/o ") (1§ + e (i = 1 thru 7 FFa)
() mr=C v ) @ )
5. (c) I8 = (41 Fo' F4¥Po’ Uk) us C 7 T 18F9
() 18! = ( .o )ﬁse " 2FF13
6. (o) TL =@ Po' (14' + 567 (Ti+1) ¢ (i=1 thru 7 7Fs)
(b) Ti' = GL Fo' (#4' +88') (Pi' +1) C
7. (a) Dr =@o dn C 0B10
(b) or' =go un' C 057
8. (a) bd = (1 S8 ¥4 F3' P33') &1 Uc un T’ 5YY14
(b) + ( " ) #1' Ue' &n T1' 5YY10
(c) + ( " ) 81! Uc sn' T1' 5YY6
(d) + ( " ) K1 Ue' in' T1' 5YY2
(o) + ( " )il m 6YY2
9. (a) Ug = ( " ) R1' @én C 29
(b) ue' = ( " ) 81 En' C 3116
(e) + Q1 F4' F3 FC 411
10. (a) 88 = (QL F4 F3' ¥33') DA Fo' C 70D12
(b) R8' =( " ) DdY ot C 79010
1. (a) = (1 ¥3* Fo') (Ri+1)C (i'= 1 thru 7 FPs)
(b) BRi' = ( n ) (Ri*+1)C
12. B = q1 PR 25
13. got = g3 C 1014
1. g1 =fo Q3¢ 1U10
15, Q3 = @1 42" a4 o G P33 + g1 Gg P33 0J6  4R5
16. gl =g 3 C 103
17. o =1 B3 C w5
NOTE: During this mode of operation equations 7b and T7e, page 1, would be valid. -

Page 5
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"go" 58 UK 3rd Mode

during'@o" 58 UK the computer is sccking an instruction word coateining an order ond address
that is located in one of the four working storage chenncls. The word's rclative location
to the "F" linc is indicated by the configuratioa of the "S" register. To accomplish

this "look=up" a comparison is wcde between the "S" register end the configuration of the
"F" 1linc,

In this modc of operation the LSH of the 34 bit word is going to be shifted iato the "R"
and "T" registers and opcrated on while the iSH will be disregarded. ’

NOTE: isquations 1, 2, 3 and 4 in node cne "go" operation arc used before the first
equation in this mede is uscd.

1. (a) when Vs is on at P33 Vo will be turned on. Va is a timing FF vhich signals thut
the word cowing up is the one to be copied.
(b) 1If Vs is prine at P33 Va remains prime and the computer knows the proper match
has not been made,
Uk 24 C has turncd Va prine after @2 so the computer will perform the "look=-
up" by the use of cquations 1, 2, 3 and 4 of mode onc.

2. Q1 is a2 driver turned on at Po when Va is on and the HCRbialeHOLD=SoLeCT
switch is in the AOiwial positicn (fo') during fo.

3. (a) Q1 tells a8 (from ¢l tiru P8) if there is a onc in the Us driver take it.
(b) This equation works in conjunction with (&) but pAsses 2Cros.

4. (a) This is used to serially pump across the oncs in the “R" rogistor.
(b) Seanmc as (a) but passes zcros.

5. {a) Q1 tells 78 (from £1 taru P16) if there is a onc in the ks driver take it.
(b) Samc as (2) but passes zeros. .

The cxplanations for equations 6 thru 17 are the samc as the explanations for 6 thru 17
in"@o"second node.



ngon Look-up
1. (a) 1
2. (a) ¥x'
(v)
(e)
(d)
3. (a) er
(v) er!
4. (a) W
(b)
(c)
(d)
5. (a) Yu

(b)

P2<

(F5 F2 F1 FC) R1' + (F5 F2 F1 F'C) Rl,, e

(F5 F2' F1' FC) R2' P33' + (F5 F2! Fl' F'C) R2 P33’
i H 70
(F5 F2' F1 FC) R3' + (F5 F2' F1 F"U R3 %"“’H

# o oo
T A

(F5 F2 F1' FC) R4' + (F5 F2 F1' F'C) R4
R5 (P33 F'C) + R5' (P33 FC)
RS (P33 FC) + R5' (P33 F'C)

o D Ten ST A
‘R7’ R6'-©rt-H2 -+ R7 R6 or!' L2
v oL A R~
R7' R6'.Br.I2 + R7 R6' or M2
§ e /"J
R7' Rg'gr' J2 + R7 R6 Or' N2
\")\f'r*’ _«lﬂé’)'
R7' R6 OrK2+R7R6 er 02
Vr P35 C
Vr' P33 C

PAGE 6

2DD16
1DD5
2DD13
1DD9
3B16
3Bl2
1313
133
2J9

3915

8BB5
2DD15
2DD8
2DD11
1DD7

2B2 .
3Bl4

1J8
2J14

2J4
3J10
8BB9

8BB7



PAGE 6 a
ngio" Look-up

In general, during "¢2" the computer is seeking a data word that is located in one of
the four working storage channels. The word's relative location to the "F" line is
indicated by the configuration of the "R" register. To accomplish this "look-up", a

comparison is made between the "R" register and the configuration of the "F" line.

The initial "g2" "look-up" is accomplished by equations 1 through 5 each time it is
employed, The whole word, 34 bits, or the amount of the whole word that is copied, is

dependent upon the particular command employing the "look-up".

1. Vr is turned on at the fall of P24 every word time.

2. (a) The "R1" FF and the "F" FF (which is following the configuration of the "F"
line), are compared at P28 time; if they are alike, Vr remains on; if they
are different, Vr goes prime.

(b) The "R2" FF and "F" FF are compared at P29 time; if alike Vr remains on; if
they are different Vr goes prime.

(c) The "R3" FF and "F" FF are compared at P30 time; if alike Vr remains on; if
different Vr goes prime, /

(d) The "R4" FF and "P" FF are compared at P31l time; if alike Vr remains on; if
they are different Vr goes prime.
If "F" and "R" are alike for all four bit times, Vr remains on at P33 and
turns on Vw because there is no equation to turn Vr prime after P31.
"Refer to equation 5 a".

3. The conditions of ©r will determine from which half of the drum the wofd
will be copied.

(a) If at P33 "R5" and "F" are opposite configurations, Or will be turned on.
(b) If at P33 "R5" and "F" are alike, Or will be turned prime.

4. °  Equations (a, b, ¢, d): The various configurations of R7, R6, and Or will
determine which FF Wn driver will follow.

5. (a) When Vr is on at P33, Vw will be turned on. Vw is a timing FF which signals
that the word coming up is the one to be copied, |

(b) If Vr is prime at P33, Vw remains prime and the computer knows the proper
match has not been accomplished so it tries again.

NOTE: From this point on Wn driver will feed the information to the proper driver or

FF selected by the particular order associated with this "look=-up",
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Orders beginning with 0, 2 or 3,

1. (a) T1' = T8' T7' T6 Fo' @2 P33 C 3U6
. (b). + T8' T7' T5' Fo' $2 P33 C 304
2. (a) Ti = (Ts? T7' T6 Fo' g2 P33 C) Ri (i = 2 thru 8 FF's)
(v) + (T8' T7' T5' Fo' @2 P33 C) Ri

3. (a) Ti' = (T8' T7' T6 Fo' @2 P33 C) Ri'

(v) + (I8! T7' T5' Fo' @2 P33 C) Ri!
4. (a) Q@4 = T8' T7' T6 TL' P33 @2 OP12
(v) + T8' T7' TS qpl' P33 g2 0P9
DESCRIPTION:

These orders do not require an address, therefore, two can be "packed" into a half word.
The computer recognizes this situation by the first order to be executed having been
increased by one. In other words, the order placed in the order portion of the word

has had a one added to it when it was programmed into the machine.

At the end of the first word time inéﬁ?; by which time the execution of the first order
would have taken place, the Tl FF will %e true due to the above conditions. The’QA
driver could not be turned on because of equation ﬁéﬁ6f 4§}

At P33 time in ¢2, there will be a parallel transfer of the information in the "R"
register to the "I" register (T2 thru T8 FF's) by equations 2a and 2b. The T1 FF

will be turned prime by equations la or 1b y

R

After the execution of the second order in @2 during the second word time, Q4 driver

will be turned on due to equations 4a or 4b and the computer will sequence back to do.

02 Change Overflow Indicator

1. (a) 2 = (T8'. 7! 76" T5' T4t T3 T2) (P32 C) go 2' 9DD6
(b) 2' = (T8' T7' T6' T5' T4' T3' T2) (P32 C) @2 2 479
2. (a) @ = (m8' T7' T5') (@2 P33) TL! | OP9
(b) g2r= @c : - 1U16
) (c) fo = 4cC | | 1U16
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02 Change Overflow Indicator (Cont'd)

DESCRIPTiON:

NOTE: "Z" is the overflow FF.

1. (a) At P32 with 02 in the "I" register, if the Z FF is off, turn it on in #2 .
() 4t P32 " " " " " " " on, turn if off in @2 .

2. (a) At P33, turn Q4 on in @2.

(b)
(c)vSequen_ce out of #2 to fo.
11 Transfer 0 +1/
1. (a) Uk = (78" 7' T6' T5) (T4' T3') T2' (@2 P33 C) 4715
| (b) QG = (I8' T7' T6' T5) T4' @2 P33 9EE16
(cj g2! = g2 Q3¢ 2U14
() g3 = e3¢ 2014
(e) @& = (18" 77" 76') T5 g5 OP3
2. (a) Si = (Uk Q4 C)Ri (i = 1 thru 8 FPF's)

(v) sit' = (Uk Q4 C) Ri!

(¢) Va'= Tk 4 C 3BBS
5. (a) g3 = @c 1U16

(b) go = 4 ¢C | 1016
DESCRIPTION: |

NOTE: "Uk" is the jump FFand always turns prime at the fall of the clock in g1 "ux!
= @1 cn, .
1. (a) At P33 with 11 in the "I" register, Uk is turned on in §2.

(b) Q3 driver is turned on at P33 in @2.

" ()

) Sequences out of #2 to 3.

(a)

(e) 4 driver turned on in QSB.,
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11 Transfer (Cont'd)
2. (a) Parallel transfer of the ones in the "R" register to the "S" register,
(b) Same as (a) but zeros transferred.
(¢) Va is turned prime to start new fo look-up.

3. (a) Sequencing equation out of ¢3 to ﬁo.

(® v owww
EZ Transfer on Switch One 12 S 15
1. (a) Uk = (18" T7' T6' T5) T4' T3' T2 (f2 P33 C) sk 1 47211
(b) QB = (Té' T T6' T5) T4 (@2 P33) | 9EE16
(c) g2r = g2Q3¢ | 2UL4
() g3 = g2z ¢C 2U14
() @4 = (m8 T7' T6') T5 435 | 0D3
2. (a) 8i = (k@4 C)Ri (i = 1 thru 8 FF's)
(b) Si' = (Uk Q4 C) Ri'
(¢) ¥a'= Uk @4 C . | | 3BBB
5. (a) g3'= @c : 1U16
(b) do = @ cC | 1U16
DESCRIPTION: |

1. ‘(a) At P33 with 13 in the "I register and jump switch #1 in the jump position,
(Ski) Uk is turned on in ¢2.

(b) Q3 driver is turned on st P33 in @2.
(e) |
) Sequences out of ¢2 to ¢3.
(e) QA driver turned on in ¢3.
2. (a) Parallel transfer of ones in the "R" register to the "S"register.
(b) Same as (a) but zeros transferred.

(e) Va is turned prime to. start new o look-up.



13 Transfer on Switch One (Cont'd)

3. (a) Sequencing equations out of @3 to fo.
(b) " " " " "
15 Transfer on Switch Two (4 + TS
1. (a) x = (m8' 77' T6' 15) ™4' (T3 T2') (f2 P33C) sk2
(b) @ = (18" 77" 16" 15) T4' (g2 P33)
(c) 2t = g2 50 |
(@) @3 = f23¢
(e) @4 = (18 17" 16') 15 £3 |
2. (a) 8i = ‘(Uk‘Q4lC)‘3i (1 =1 thru 8 FF's)
() Bi'= (@4 ORI
(e) ’Va' = U# Q4 C
3. (a).«gj;‘= ‘QA ¢
’ (b) go = 4 C

DESCRIPTION:

PAGE 10

425
OEE16
2014
2014

OP3

3BB8
1U16

1U16

Identical to the 13 order, except jump switch #2 in the jump position (Sk2).



17 Transfer on Index "Count-Down" -~
L 1, +17

1. (a)

(b))
(c)

(a)
>2. (a)
(b)
()

3. (a)

(b))
(c)

4. (a)
(b)
()

(v)

(e).

(a)

(b)

(c)

7. (;)
(b)

5 15

15

&

R I3 I8

Si

£ [

N

(T8' T7' T6' TS5 T4' T3 T2 $2) (En ' C) Ua

SL 2Y Gees guy
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6FF16
2FF3
2C3
5413
528
9B7

OEE16
2014
2U14

0P3

3BB8

1U16
1U16
[

+ ( n " n 1" ) (En C) Ua!

= (T8' T7' T6' T5 T4' T3 T2 B2) (En C) Va

+ ( 1 n -n 1 ) (Enl C) Ua!

| | RO Y

= (T8' T7' T6' I5 T4' 13 T2) 2 F4' F3FC .
= ( n n " ) ¢2 (En C) F4 .

+ P33 C c '

= T8' T7' F4' F3 FC fo'

= T8' T7' Uc C . /o A

‘ g
P33C ‘
= (T8' T7' T6' T5 T4' T3 T2) En' @2 Uc C
. (
+ ( n n n ) En (F4 P33’) (¢2 C) chk
= ¢g1¢ )
. . \0/\/\
= (T8' T7' T6' T5) T4' (@2 P33)
= g2 Q3¢
\¢
= @2 Q3 ¢C o
\

= (18" T7T' T6') T5 @3

= (Uk @4 C) Ri ﬁ:leuBW%)
= (Uk Q4 C) Ri’

= Uk Q4 C

= Q4 C

= @4 C

B v & B

(¢ 23 -
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17 Transfer on Index "Count-Down"

 There are three functions teking place in this order:

1. The LSH of the "E" lins is being recirculated normally.

2. The MSH (P17 thry P32) of the "B" line is being counted down by one.
3. The MSH of the "E" line is being checked to see if it is a one.

If after the subtraction of one, the MSH of the "E" line is a number equal to, or greater
than, one, ‘the address that is associated with the order and contained in the "R" register
during @2, is parallel transferred to the "S" register. The computer then sequences back

to ¢o and uses the address in the "S" register to locate the next instruction word.

If after the subtraction of one, the MSH of the "E" line equals zero, the computer sequences
back to @o but uses the address in the "S" register that has appeared due to the normal

counting operation, (No parallel transfer from the "R" to ngn)

The MSH of "B" line can have a value which will fit into one of the following categories:
I Zero
II Even, but greater than zero
IIT 0dd, but greater than one
IV One
I If the value of the MSH of "E" line is zero, then the following cperations take place
during the MSH word time.
: (a) At the fall of P16 time, Ua FF is turned on by equation 2a and will remain on
until the fall of P33 time. BEquation 2b cannot turn Ua FF off as En is prime
P17 thru P33 time.
(b) At the fall of P16 time, Uc FF is turned on by equation 3a.
(c) At the fall of Piﬁftime, Uk FF is turned on by equation 4a. Uk FF will stay
on for remaining pulse timeg, ' |
(4) At fhe fall of P17 time; Uc FF is turned off by equation 3b, Uc FF pin-pointed
P17 time. | | |
(e) Due to Ua FF being on from P17 thru P33 time and the MSH of the "E" line having
all zeroé, equation la writes all ones in the MSH of the "E" line. Then the MSH
"E" line has 1FFFF in it.
(f) The computer will perform the"jump"because Uk was turned on at the fall of P17

and will remain in this loop until the MSH of YE" line is reduced to one.
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17 Transfer on Index "Count-Down" (Cont'd)

IT If the value of the MSH of “E" line is EVEN (and greater than zero), the following
operations will take place during the MSH word time. ‘

(a) At the fall of P16 time, Ua FF is turned on by equation 2a.

(b) At the fall of P16 time, Uc FF is turned on by equation 3a.

(c) At the fall of P17 time, Uk FF is turned on by equation 4a. Uk FF will stay

" on for remaining pulse times. '

(4) At the fall of P17 time, Uc FF is turned off by equation 3b.

(e) The value of the MSH of the "E" line will be reduced by one by equations la,
1b, 1c and 1d. Ua will be turned off by a bit between P17 thru P32 time by
equation 2b; the same bit which.turned Uk-on. ?

(f) The computer will execute the " jump" and remain in this loop until the MSH of

the "E" line is reduced to one.

IIT If the value of the MSH of the "E" line is ODD (end greater than one), the following
>, ‘ operations will take place during the MSH word time.
" (a) 4t the fall of P16 time, Ua FF is turned on by equation 2a.
L (b) At the fall of P16 time, Uc FF is turned on by equation 3a. . ,'% :
' (e) ‘At the fall of P17 time, Uk is not turned on by equation 4a. (;,n:, ’ 11 .
(d) From P18 thru P52 time, Uk will be turned on by sBme bit by equation 45 |
(¢) The value of the MSH of the "E" line is reduced by one by equations la, 1lb, lc
’ and 1ld. Ua will be turned gff by the same bit which turned qupn.
(f) The computer will execute a "jump” and remain in this loop until the MSH of the

"E" line is reduced to one.

IV If the value of the MSH of the "E" line is ONE, the following operations take place.
(a) At the fall of P16 time, Ua FF is turned on by equation. 2a.
(b) At the fall of P16 time, Uc FF is turned on by equation 3a.
(c) 4t the fall of P17 time, Uk FF is not turmed on by equation 4a.
(d) PFor the remaining pulsé time, Uk is not turned on by equatioﬁ 4Db.
(¢) The value of the MSH of the "E" line is reduced from one to zero at the fall
of P17 times, |
(f) The Uk FF was not turned on hence, the computer will not "Jump" and will sequence

out of the loop to the next address.
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Transfer on Index "Count-Down" (Cont'd)

(a)

(b)

(a)

(a)
(b)
(c)

(e)

(2)
(b)

Used to count down the MSH of "E" by putting out ones when Ua is true and En
is prime.

Recirculates the ones in the LSH of "E" and also the remaining ones;in the
MSH of "E" during the subtraction process.,

Used to count down the MSH of "E" by putting out zeros when Ua is true and En
is true.

Recirculates the zeros in the LSH of "E" and also the remaining zeros in the

MSH of "E" during the subtraction process.

Ua is turned true at the fall of P16 time every word time in @2.
Ua is turned prime any time there is a one in En during F4 @2 time.

Ua is turned prime every P33 time.

Uc is a timing FF that is turned on at the fall of P16 every word time and
remains on for one pulse.

Uc is turned prime at the fall of P17 every word time.

Uc is turned prime at the fall of §17 every word time.

Uk is the jump FF and is turned on at the fall of P17 time during ¢2 if En
contains a zero. |

Uk is turned on any time from (P18 thru P32) in @2 if £n contains a one.

Uk is turned prime every ¢l time.

Q3 driver is turned on during P33 and ¢2 time with the 17 order in the "TV :
register, ’

@2 is turned prime by g2 Q3 and clock. "Sequencing"

@3 is turned on by @2 Q3 and clock, "Sequencing"

Q4 driver is turned on in 3 with the 17 order in the "T" register.

If Uk Q4 are on, the ones in the "R" register are parallel transferred to the
"3t register.. '
Same as (a) but transfers the zeros.

Va is turned prime if Uk Q4 are on to start new Po "look~up".

@3 turned prime when Q4 is on. "Sequencing"
¢o turned on when Q4 is on... "Seguencing",

Computer then starts @o "look-up".
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19 Transfer on Non-Zero 'd
L4 0o
A0 X
1. (a) Uk = (8' T7' T6' T5) T4 T2' in (P33' Po') (g C) 324
(b) @ = (8" 7' T6' TS) T4 T2' g2 P33 | 9EEL3
(¢c) gor = o3¢ 2Ul4
a) g3 = g2 GcC _ . 2U14
(e) @4 = (18" T7' 16') 15 §3 OP3
2, (a) Si = (UkQ4 C)Ri (i = 1 thru 8 FFs)
(b) si' = (Uk @4 C) Ri®
() Va! = Ukq4C 3BBS
3. (a) £3' = &c - 1U16
(b) o = @&4C ‘ ‘ 1U16
DESCRIPTION:

1. (a) Uk will be turned on any time there is a one in An from Pl thfu P32 with a 19
order in the "T" during @2. ’

BExplanation for equations (lb thru 3b) are identical to the ones in an 11 order.

{

1B Halt and Transfer VR
1. (a) Ux = (m8' T7' 26" T5) (T4 T3') T2 Ss (@2 P32 C) 4Y1
.- ’ iy
(b) @ = (B T7° T6' T5) T4 T3' 2 P33 Uk OEET

Equations and explanations from this point are identical to the 11 order (1c thru 3b)

DESCRIPTION: |
1. (a) Uk will be turned on when there is a 1B order in the "T" register, the NORMAL~-
START switch is in the START posifion, (Ss), ot 732 time_during g2.

(b) Q3 driver will be turned on at P33 time during @2 with a 1B order in the "I"

register.
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1D Transfer on Less Than Zero

- jc, /O
/ % / / 0] )
1
1. (a) Uk = (T8' T7' T6' T5) T4 T2' An (P33' Po') (g2 C) 374
(b) k' = (m8' T7' T6' T5) T4 (T3 T2') (#2 P33) (4e C) 524
(¢) @3 = (78" T7' D6' T5) T4 T2' 2 P33 9RE13

Equations and explanations from this point are identical to the 11 order (lc thru 3b).

DESCRIPTION:
If there is a number greater than zero in the "A" line and it is negative, parallel

transfer the‘"R" to the "S" register. If not, sequence normally.

1. (a) Uk FF will be turned on if 4n is true any time between Pl and P32 time, with
‘ a 1D order in the "T" register during g2.
(b) UK FF will be turned off at P33 time if Ae (the sign bit position) is true,
(indicating a plus sign) with a 1D in the "I" register during g2.
(¢) Q3 driver will be turned on at P33 time during @2 with a 1D order in the "I

register.

1F Transfer on Overflow

1. (a) Uk = (78" T7* T6' T5) (T4 T2) (2 P33 C) 2 T3 ‘ 5215
(b) 2@ = (m8' 7' T6') (T57T4) T2 Z (@2 P33 C) ~ 5Y8
(c) @@ = (T8 T7' T6' T5) (T4 T3) (g2 P33) 9EE10

Equations and explanations from this point are identical to the 11 order (lc thru BbL

DESCRIPTION: |
NOTE: “Z" is the overflow FF.
1. (a) Uk FF will be turned on at P33 time if the Z FF is on with a 1F order in the "T"
7 register during ¢2.
(b) Z FF will be turned prime at P33 time if the Z FF is on with a 1F order in the
"t pegister during ¢2.
: (c) Q3 driver will be turned on at P33 time with a 1F in the "I" register during

p2.
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22 Round
If the computer sequences from ¢l to ¢2, check page 21; the following is performed:
1. (a) Ub = Bd (P32 C) 6Y15
(v) Up' = Ba' (P32 C) 8Y1%.
2. (a) Ua = (m8' T7' 6 T5' T4') g2 Ub (Po C) : TW15
(b) Da' = ( " v ) g2 (m" ) : oW1l
(¢) + P33 ¢ 202
3. (a) ad = (78' T7' T6 T5' T4' ¢2) (4n' Ua) T2 ' 1L2
(v) + ( n " ) (4n va') T2 - 114
4. g4 = (m8' T7' 16) (g2 P33) TL' OP12
5. (a) g2' = @ ¢ 1U16
(b)) go = @C - ' 1U16
DESCRIPTION:

If the P32 bit in the "B" line is a one, it will be added to the "A" line; if not, YA®

is recirculated normally.

1. (a) UL FF is turned on at P32 time if Bd has a one in it.
(b) UbL.FF is turned off at P32 time if Bd has a zero in it.
2. (a) Ua FF is turned on at Po time if Ubis on. ’ ,
(b) Ua FF is turned prime the first time An is prime during g2. Ua stays prime
then., '
(¢) Ua is turned prime at P33 every word time.
3. (a) Ad is turned on with a 22 order in the "T" register in @2 when An is prime and
Ua is true. "Adds the one to "A",
(b) Ad is turned on with a 22 order in the "I register in ¢2 when an is true and
Ua is prime. Recirculates the "A" line normally. "“Ad follows an",
4., Q4 driver is turned on at P33 time in ¢2 with a 22 in the "T" register.

5. (a))

) 3 Sequences the computer out of @2 to fo.
b

28 Clear A

1. A = (18" T7' T6 T5' T4 g2) T2' Po o 3L7
Equations and explanations from this point are identical to the 22 order (4 thru 5b),
DESCRIPTION:

1. 4d will go trye at Po time with a 28 order in the "I register during @2. (Since
there is no equation to recirculafe " the duration of time ,froem Pl thru P33, the "A"

“line wi}l be.filled with zerods including P33). .
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2C Set Sign Plus

1. (a) &4 = (18" T7' T6 T5' T4 g2) T2' Po 3L7
(v) + ( " ) 4in T3 Po! . 3L16

Equations and explanations from this point are identical to the 22 order (4 thru 5b).

DESCRIPTION:
1. (a) 4d will go true at Po time with a 2C order in the "I" register during ¢2.
(b) &d will go true from Pl thru P33 time every time ian is true with a 2C order

in the "T" register during @2. "Normal Recirculation" "id follows an".

2E Change Sign
.
1. (a) ad = (78" T7' T6 T5' T4 g2) in' T3 T2 Po 3L12
(v) + n ) in 13 Po! | 3L16
Bquations and explanations from this point are identical to the 22 order (4 thru 5b),
DESCRIPTION: .
1. (a) 4d will go true at Po time if in is prime with a 2B order in the "T' register
during ¢2. (Changes either a plus sign to minus or a minus sign to a plus)
(b) 4d will go true from P1l thru P33 time every time sin is true with a 2B order

in the "T" register during @#2.- "Normal Recirculation" "4d follows An"

30 Bxchange L and B

1. (a) 4 = (T8' 7' T6 15 ¢2)(T4' T3% Bn P33! 2L14
(b) B& = (T8 I7' 16 T5 @) (T4' T3') T2' in P33’ 737

Equations and explanations from this point are identical to the 22 order (4 thru 5b).

DESCRIPTION:

l; (a) Ad will go true every time Bn is true from Po thru P32 time, excluding P33,
with a 30 order in the "I" register during @2. "id follows Bn"

(b) Bd will go true every time An is true from Po thru P32 time, excluding P33, -

with a 30 order in the "T" register during @2. "Bd follows An"

32 Load 4 from B

1. (a) ad = (8" T7' T6 T5 g2) T4' T3' Bn P33! 2L14
(b) BA = T8' T2 Bn : 7715
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32 Load 4 from B (Cont'd.)

Equations and explanations from this point are identical to the 22 order (4 thru 5b),
DESCRIPTION: |
1. (a) Ad will go true every time Bn is true from Po thru P32 time, excluding P33,
with a 32 order in the "T" register during @2. "ad follows Bn".
(b) Bd will follow Bn (Po thru P33) with a 32 order in the "T" register.

"Normal recirculation®

34 load A fr°m B (779,77 "¢ 7574 Tj) 2 be | 2R7
‘T A 4 (18" 7' 6 T5 T4' T3) f2 in P4 2411

+ ( " " " ) g2 En P33' F4 0K4

2. (a) Er = T2' (En C) go' ' 9C5
(b) Er' = T2' (En' C) go! 1B6

Equations and explanations from this peint are identical to the 22 order (4 thru 5b).
DESCRIPTION: '
1. (a) Ad follows An for the LSH word time with a 34 order in the "I register during
@#2. "Normal Recirculation"
(b) 44 follows Bn for the MSH word time excluding P33 with a 34 order in the "I
register during @2. "Loading i from B
2. (a) Recirculatec the "E" line normally by En passing the ones to BEr.
(b) Same as (a) but passes the zeros.

Both equations will work as long as T2 is prime and fo is prime, which means any other

@ but do.

36 Exchange 4 and B

1. (a) a8 = (18 T7' 16 T5 T4 r‘3) @2 Po 249
(v) + (o) fo g 2411
() + " " ") g2 Bn P33' F4 OK4.

2. (a) Ex = go' F4' (En C) TYY15
(b) + (18' T7' 76 5 T4'). (T3 T2) (4n C) @2 F4 903
(c) BEr' = fo' F4' (En'C) TYY4
(a) + (18" T7* T6 T5 T4') (T3 T2) (4n'C) @2 F4 1B4

Equations and explanations from this point ‘arc identical to the 22 order (4 thru 5b),



1. (a)
(v)

()
2. (a)
(b)

(c)
(4)
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Ad turns true at Po time with a 36 order in the "TI" register during @2.

Ad follows An for the LSH word time with a 36 order in the "T" register during
g2. "Normal Recirculation",

4Ad follows En for the MSH word time excluding P33, with a 36 order in the "I
register during @2.

Er follows En (passing the omes) for the LSH word time in any @ but fo.
(Recirculation of E during LSH word time)

Er follows in (passing the ones) for the MSH word time with a 36 order in the
"P register during @2. (4 to E)

Seme as (a) but passing the zeros.

Same as (b) but passing the zeros.

38 Load 4 from D

1. (a)
(v)

A = (Ts' T7' T6 TS5 @#2) T4 T3' Dn P33 2110

Dd = T2' Dn go' : 5P2

‘Bquations and explanations from thisbpoint are identical to the 22 order (4 thru 5b)

DESCRIPTION:

1. (a)

(b)

Ad follows Dn from Po thru P32 excluding P33 with a 38 order in the “I"
register during ¢2.

Dd follows Dn (Po thru P33) with a 38 order in the "I" register and in
any ¢ except ¢o,

34 Exchange A and D

1, (a)
(b)

A4

i

(T8¢ T7' T6 T5 $2) T4 T3' Dn P33 21,10
(18 77t T6 T5 g2) (T4 T2) T3' 4n 6P9

i

Dd

Equations and explanations from this point are identical to the 22 order (4 thru 5b)

DESCRIPTION:

1, (a)

(v)

Ad follows Dn from Po thru P32 excluding P33 with a 34 order in the "T"
register during @2. At P33 time, Ad is prime.
Dd follows An from Po thru P3% with a 3A order in the "I" register during

_¢2.

NOTE: The P33 bit can be transferred from 4 to D but not from D to 4.
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3E  Complement A

1. A = (18" T7' T6 T5 g2) T4 T3 An' P33’ 2L6

Equations and explanations from this point are identical to the 22 order (4 thru Sb).

DESCRIPTION:

1. Ad will go true everytime An is prime from Po thru P32 excluding P33 with a 3B
order in the "T" register during ¢2. Ad will go prime everytime An is true from

Po thru P32, At P33 time, Ad will go prime regardless of the content of An.

41 Load B

After a "@2" look-up is accomplished, equations 1 thru 5b page 6, the following equations

apply. v

1. Bd = (T8' T6' T4') T7 T5' g2 Vw Wn 7110

2. (a) @ = (18 17) (Vw P33 fi2) Ua' 9010
(v) + (0" )< " ) Us! 907
(c¢) g2t = 4 cC 1U16
@) go = @0 | © 1u6

DESCRIPTION:

1. Bd driver follows Wn driver (Po thru P33) with a 41 order in the "TI" register
during #2. "The Vw true in this equation indicates @2 look-up has been accomplished
and Wn is ready with the information."

2. (a) Q4 turns on during P33 time after the copying operation has taken place (vw)

with the "T" register in the proper configuration for this order during g2
and with Ua prime. ‘

(b) Same as 2a but if Us is prime.

)
§C§ Sequencing equations out of ¢2 to ﬁo.
d

~
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After a "g2" look-up is accomplished, equations 1 thru 5b page 6, the following equations

apply.

1. (a)
(b)

(a)
(b)
(c)
(4)
(e)
(£)
(g)
(h)
(1)
(3)
(k)
(1)

(m)

(n)
(o)
(p)
4. (a)
(v)
()
(a)
5. (a)
(v)

NOTE:

Q8
Q&!
o
B3
‘Iiz!
3
13"
3
J3
K
Ké!

ElFkEBR

R I8 I8

]

i

]

8! T7 T5' Ae C
8' T7 T5' Ae' C

(18" T7 751 14 T30 )(F2 VW) o over
(R7' R6' or') (q7 ¢2 C) @8 + (R7 + Rg +'6r) (Q7 #2) (82 C)
( mo ) ) @+ ( " ) (v ) (H2rc)
(R7*R6'or ) (" )@@+ @®T+R6E+0er)( " ) (12¢C)
(o )C e+ ) () (1)
(R7*R6ort ) ( "™ )@+ (RT+R6 +or)( " ) (J2¢C).
( mo ) ) e+ ( " ) () (52'C)
(RT7* R6 Qr;)) ( " )Y@+ @®T+R6' +or')( " ) (kK2 0)
( ) v e+ (0 ) (v ) (ke'c)
(RTR6tor' ) ( " )@+ (R +R6+0r)( " ) (L2 C)
( meo ) (o) @8+ ( " ) () (T2rc)
(RTR6'or ) ( "™ )@+ (R7* +R6+or)( ™ ) (M2C)
( mo ) () e+ ( " ) () (m2re)
(R7TR69r ) ( " )8+ (R +R6' +er)( ) (W2cC)
( o)) B W) () (u2e)
(k7 6er )( " )8+ (R +r6* +er')(" ) (02¢)
( o))t ( " ) () (02:¢)
(18' T7) (Vw P33 @2) Ua!

¢ ") ") Us!

“ C |

%4 C

(18' 77 T6' T5') T4 U4
QT 4 Va VW C

T6' ian

5G13
TG14
8G13
9G5
1E6
3E11
4E8
SL4
TE10
9E2
1C12
5A6
842
049
1YY13%
2YY9

There are also equations to recirculate the "WS" that is being copied into

before Q7 turns true.

1614
164
5T16
6G6
8a15
9612
068
2L3
3E2
5E9
6514
8e5
0E8
2014
6411
0A14
1YY16
2YY14
Y3
9010
907
1U16
1U16
5012
1U8
1112
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DESCRIPTIONS:
NOTE: "Q8" is a FF.
1. (a) Q8 FF turns true everytime ie is true and with the proper setting in the "I
register. "Passes the ones"

(b) This equation passes the zeros.

2. Q7 driver turns true when the proper word is selected (Vw) with the proper order
in the "I" register during @2. "Q7 remains on for one word time"

3. (a thru p) equations select the proper FF in the proper WS line that follows
the Q8 FF.

NOTE: The "or" equations keep the non-selected working storages recirculating

normally while information is being copied into the -selected wérking storage.
4, (a) Q4 turns on during P33 time after the operation has taken place (VW), with
the "T" register in the proper configuration for this order during ¢2 and with
Ua prime. |
(b) Seame as (4a) but if Us is prime.
(e)
(a)

5. (a) Q7 driver turns on with the proper configuration in the "I register and Q4.

Sequencing equations out of ¢2 to fo.

(b) Uk FF turns on when Q7 and Q4 are on and there is coincidence between the
configuration of the "S" register and the ngn register as indicated by Va
and Vw respectively.

6. Normal recirculation of "A" register.

NOTE: When there is a coincidence between the "S" and "R" registers, a situaticn
arises whereby the command in MSH word (Pl7 thru P32) is to operate on (or
modify) the LSH word which is stored in the "E" line. However, contents of
"E" line cannot be changed directly. Therefore, the corresponding address
(or location) in appropriate working storage is operated on or modified.
Hence, the contents of the "E" line will differ from contents of its
corresponding address in the appropriate working storage. This situation
requires that the computer "“jump" or transfer out of normsl sequence and
perform a mode IIT S8 Uk fo look-up (page 5) in order to ootain the correct

instruction word.

The coincidence between the "S" and "R" resisters is only checked by the right
hand character, therefore, there may no% e full coincidence and no jump is

needed, but the computer always prepares for it;
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4D Store Address From A

After "¢2" look-up is accomplished, equations 1 thru 5b page 6, the following equations

apply.

1. (a) @8 = (m8' 17 T5')ie C 1614
(b) @8* = ( " ) he'C 164

2. (a) @ = (718" 77 T6' T5' T3 T2' @2 Vw) F4 F3' R8! 573
(b) + " " n ") F4' F3' RS 6T12

Bguations and explanations from this point are identical to the 49 order (3 thru 6).

DESCRIPTION:

1. (a) QB FF turns true everytime he is true and with the proper setting in the
"M register. '"Passes the ones"

(b) This equation passes the zeros.

2.  (a) Q7 turns on during the address position of the MSH word time with the “WI™
register in the proper configuration after the word has been selected (VW)
during @2. This happens if the "R" register contains a MSH word address
as indicated by RS prime. Q7allows the copying operations to take place.

(b) Same as (a) but Q7 turns on during the address portion of the LSH word time

as indicated by the "R" register with R8 true.

4F Store Half-Word From A ‘
After a "¢2" look~up is accomplished, equations 1 thru 5b pege 6, the following equa~-
tions apply. .

1. (a) @8 = (18" 77 T5') he C 1614
() 8" = (" )ie C | 164
2. (a) Q1 % (78" T7 T6' T5' T4 T2 @2 Vw) F4 RS 5712
(b) + (m v wm )W Po' RS 519

Bguations and explanations from this point are identical to the 49 order (3 thru 6).

DESCRIPTION: ,

1. (a) QB FF turns true everytime ie is true and with the proper setting in the "TV
register. '"Passes the onos™ '

(b) This equations passes the zeros.

2. (a) Q7 turns on during the MSH word tims with the "I" register in the proper con-
figuration after the word has been selected (Vw) during ¢2. This happens if
the "R" register contains a MSH word address indicated by B8 being prime. Q7
allows copying operation to take place, '~ - s -

(b) Q7 turns on during the LSH word time excluding Po as indicated by (Po') with
the "T" register in the proper configuration if the word has been selected
(VW) during ¢20 This happens if the "R" register conteins a LSH word address

as indicated by R8 true.
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Overflow Non-sequencing Situations from @l to @2.

1. (a) M = (187776 75') (g1 2) (Mult. & Divide) 1R15
(v) + (T8' T7 16" T5 T4' T3') (f1 Z) (Compare Magnitude) ' 1R10
(c) + (18" T7 D6 TS5 T4') (g1 Z) (444 & Sub.) 1R8
(a) + (T8 T7* 16 T5 T4) (@1 2) (Long Add & Sub.) 1R5
(e) + (8" 77" 16 TS5' T4') (f1 2)  (Round) 2Y14
(£) + (T8 T 16! T5 T4t T3'7T2' ) (@1 Z)(R8' RT R6' R5')(Magnetic Tape) 9N13
(g) + (Rl * R2 * R3 * R4 *)R8 (R7 A8' + R7' 48) #1  ( " ) 9N12

2. (a) @ = @1 A2' M4 Ho G P33 (Automatic Control) CJ6
(b) + @1 Gg P33 (Manual Control) . 4R5

DESCRIPTION:

Before any arithmetic command is performed, the overflow flip-flop (Z) must be off. If

Z FF is on, an overflow condition is present from the preceding arithmetic command. The
sequencing driver, Q3, does not turn on because A4 driver is true. A4 driver is true
because Z is true. (See equations la to lg and equation 2a). Q3 camnot be true when Z
is true except in manual operation. The computer does not sequence from ¢l to ¢2 during
the present arithmetic command.

The following commands are affected by the above described conditions: 22, 51, 61, 63, 65,
67, BD, BF, El, E3, E5, E7, B9, EB, ED, EF, and some magnetic tape commaﬁds.

51 Compare Magnitude

If the computer sequences from ¢l to @2, check page 21 a "go" look-up, page 6, is per-

formed and the following equations apply. :

1. (a) 2 = (78" T7 76" T5 T4' T2' @2 Vw) ( Po' P33') (An' C) Wn 3Y16
(v) 2'= ( " " v o) ( " ) (4n C) Wn' 5Y15

Bquations andexplanations from this point are identical to the 41 order (2a thru2d )

DESCRIPTION:
1, (a) The Z FF turns on from P1 thru P32 time when An has a zero and Wn has a one
with the "T" register in the proper configuration and the propef word selected
(Vw) during @2.
(b) The Z FF turns off from Pl thru P32 time when An has 2 one and Wn has a zero
~ with the "T" register in the proper configuration and the proper word selected
(Vw) during @2. '
NOTE: The magnitude of the word in the MA™ line and the selected word in WS are compared.
If "A" is equal to, or greater than, "W", Z +turns off and if "W" is larger, %

furns ©on.: E&ch time "A" and VYY" arc alike, 7 remains ynchangeds~ --oo ol
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57 Load E

After a "g2" look-up is accomplished, page 6, the following equations apply.

1. (a) Br = (T8' T7 T6' T5 T4' T3) (@2 Vw) Wn C F4 0015
(v) + fo' F4' (Bn C) TYY10
(¢) Er' = (18" 77 16' 5 T4' T3) (#2 Vw) Wn' C F4 2816
(a) + fo' T4' (En' C) Y4

Bquations and explanations from this point are identical to the 41 order (2a thru 2d),
DESCRIPTION:
1. (a) Er goes true everytime Wn is true from P17 thru P33 with a 57 order in the "T"
register after the proper word is selected (V) during ¢2.
(b) Recirculates the ones in the LSH of "E" line in any @ but fo.
(¢) Er goes prime everytime Wn' 1is prime from P17 thru P33 with a 57 order in the
"I" register after the proper word is selected (Vw) during ¢2.
(d) Recirculates the zerbs in the LSH of "E" line in any ¢ but ¢o.

NOTE: Since there are no normal recirculation terms for the MSH of "E" line during @2
of this operation, the "E" line is cleared while the computer is trying to get

Vw to turn on.

5B Load D
After a "@2" lsok-up is accomplished, page 6 the following equatlons apply.
1. A = (18" T7 T6' T5 T4) (A2 V) Wn 6P13

Equations and explanations from this point are identical to the 41 order (2a thru 2d).

DESCRIPTION:

1. Dd follows Wn from Po thru P33 with a 5B order in the "T" register after the proper
word is selacted (Vw) during g2.
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1. Us' = ¢1 P33 C : 1BB14

If the computer sequences from @l to @2, check page 2L a "@2" look-up, page 6, is

performed and the following equations apply.

2, (a) A4 = (m8' T7) (2 W') An 4L6”

(b) + (T8' T7 76 T5' T4' T2' @2 Vw) Wn Po ‘ 4L12

3. (a) Us = (T8' T7 T6 T5' T4' T3' Po Vw) Wn' (An C) 9Z3

® o+ ( v mm o Yym (an'C) 5 0Z13

4. (a) A4 = (T8' T7 T6 T5' T4' @2 Vw P33') Po' Ua An Wn 412

(v) + ( " " " " ) Po' Ua An' Wn' 5L14

(c) + " " " " ) Po' Ua' An Wn' " 519

(a) + ( " " " " ) Po' Ua' An' Wn v : 5L3

5. (a) Ua = (T8' 77 76 75" T4') (Po' P33' Us' #f2 Vw) Wn (&n C) TW6

(b) + (o " ) ( " TUs. " ) un'(4n C)y TW2

(¢) Ua' = ( " " ) ( " Us' " ) un'(An'C) 97

(a) + " " ) ( "oUs " ) Wn (an'C) ¢ 93

(e) + P33 0¥ , 202

6. - Ad = (T8' T7 D6 T5' T4' @2 Vw) Ua Ush P33 . 1FF16

7. Z = (m8' 777615 T4'@2 Vw) (Ua Us' P33 C) 3Y7

8. (a) @ = (m8' 77) (Vw P33 @2) Ua’ 9010

(v) + ) v )us | 907

() g2 = wc 1016,

(@) o = @cC s | 1U16

9. (a) @ = (18" 77) (f2 W) P33 Ua Us » 3R10

(b) g2' = g2 @30 ‘ ' | 2U14

(c) 83 = 230 2U14
10. (a) 4d = (18" T6 #3) Ua'dn' P33' &~ 6110 [
) o+ ( " JUaam 6113

() Ta = g (PocC) (a5
(@) Ua' = #5 Po' Us (4n C) @E{

1. (a) @4 = T8 T7 g3 P33 , 904

(o) #3' = @cC 1U16

(¢) o = @cC 1U16
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DESCRIPTION:

1.

2. (a)

(v)
3. (a)
(b)

‘NOTE:

Us FF turns prime at the fall ef P33 during @l.

Ad driver follows An with the "T" register in the order configuration before the
proper word from WS is selected (Vw') during @2. "Normal Recirculation"

Ad driver follows Wn at Po time (setting the sign) with a 61 order in the "T"
register after the proper word is selected (Vw) during ¢2.

Us turns true if at Po time Wn is prime (- ) and an is true (+) with a 61 order
in the "I" register after the proper word is selected (Vw) during ¢2.

Us turns true if at Po time Wn is true (+) and in is prime (-) with a 61 order in

the "T" register after the proper word is selected (V) during @2.

The status of Us FF indicates whether an addition or subtraction is'to be performed.

Us'= Add
Us = Subtract

4. (a thru d) equations are the logic for a "half-adder" which generates the "sum" or

difference during magnitude portion of a word.

5. (a thru d) equations are the logic for another "half-adder" which generates a "carry"

(e)

6,
Te
8. (a)
(b)
(e)
)
(a)
9. (a)
(v)
)
(e)
- 10. (a)

(b)

or "borrow" during addition or subtraction, respectively and is applicable during
magnitude portion of a word, ' |

Resets the Ua flip flop to prime at the fall of every P33 time.

44 writes a one at P33 time and thus preserves the carry which may be generated
during the P32 operation when performing an addition (us*). ‘

The Z FF is turned on at P33 time if a carry is generated at P32 time when

performing an addition (Us').

During a subtraction (Us true) the Ua FF must be prime at P33 time or else the
"difference" in the "A" register is erroneous.

Generates Q4 signal during normal addition.

Sequences the computer from @2 to fo if an addition or a valid. subtraction has
taken place.
If the :(subtraction. which has>just been,campleted'during-ﬁzutime-is-ermoneous,'

indicated by Ua true, generate a Q3 signal.

Sequences computer from @2 to #3.

Ua is prime at all Po times (equation 5¢) hence the sign is changed from plus to
minus or vice versa. From P2 thru P32 time the Ua FF status will vary according

to the contents of the "A" register.
‘At P1 time the Ua FF is true (Bquation 10e) 4d w1ll then follow An.
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10. (c) At any @ but @2 at fall of Po time, turn Ua FF true.

(d) Permits Ua to be turned prime by the first "one" in the "A" register except at
Po time.

NOTE: Equation 10a thru d rectify the erroneous &ubtraction which took place during @2
by changing the sign, and performing a true complement on the magnitude portion
of the "A" register. |
True compliment méans changing all zeros to cnes, all ones to zeros, and then
adding one. |

11. (a) Q4 is needed to sequence out of ¢3.

(bg
(c)

Sequence the computer from ¢3 to ¢o.
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63 kdd and Change Sign

Equations and explanations are identical to the 61 order except for the substitution

of the following, '

2. (b) ad = (T8 T7 T6 T5' T4' T2 P2, Vw) Wl Po 4116

DESCRIPTION: |

2. (b) Ad turns on if at Po time Wn is prime, setting the sign positive. If at Po
time Wn is true Ad writes a zero setting the sign minus, provided in both cases
there is a 63 order in the "T" register after the proper word is selected (vw)

during ¢2.

65 Subtract and Change Sign
Equations and explanations are identical to the 61 order except for the substitution of

the following: , :
(T8‘ T7 T6 T5' T4' T2' @2 Vw) Wn Po 4112

2. (b) 4 =
5. (a) B = (T8' T7 T6 T5' T4' 13 ¢2VW)MW11 in R 0210
() + (v " noon ) ! ' ‘ 0z7

2. (b) Ad goes true if Wn is true at Po time, sets sign to positive, Ad writes a zero
at Po time if Wn is prime, sets sign to minus.
3. (a) Us turns true if at Po_time Wn and in are true.
(b) Us turns true if at Po time Wn and in are prime.
NOTE: 4 subtraction will take place if the above 3a or 3b takes place.

67 Subtract

Equations and explanations are identical to the 65 order except for the substitution of

the following: ' o

2, (p) 4d = (I8 T7 T6 T5' T4' T2 @2 Vw) (o 4116

DESCRIPTION: ' ‘ ‘

2. (b) Ad turns on if at Po time Wn is prime, setting the sign positive. If at Po time
Wn is true ad writes a zero, setting the sign minus, provided in both cases there

is a 67 order in the "T" register after the proper word is selected (VW) during
go.

69 Exchange 4 and W
This order is identical to the 49 order page 19, excluding equations 5a and 6, and including

the equations that follow:

1, Q6 = T8' T7T 6 T4 T3 @2 Vw ; 5T10
2. (a) ad = T8' P33' Q6 Wn - 6L7

(b) + (T8' T7 T6 T4 g2) Q6" in 7L15
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DESCRIPTION:

1.

2.

Q6 driver turns true after the proper word is selected (vw) with the "T"
regisfer in the configuration for this order during ¢2. Qé remains true for one
word time,

(a) 44 will follow Wn from Po thru P32, a zero is placed at P33 time, with the "T"
register in the configuration for this order and withQ6 true.

(b) Ad follows an while Q6 is prime with the "T" register in the proper configuration.

"Recirculates the "A" line normally before Vw turns true".

6D Place Address in a

AMter @2 look-up is accomplished, page 6, the fellcwing equations apply:

1. (a) g6 = (78" T7 T6 T4 g2 Vw) (T3 T2') R8' F4 F3' P33 ~ , 177
() + (o " ) ()R8 F4' F3 172
2. (2) A4 = (T8' T7 T6 T4 P2) Q6" in | : 7L15
(v) + T8' Q6 Wn P33 : : 6L7

Equations and explanations from this point are identical to the 41 order equations

(Za thru 2d). \

DESCRIPTION:

1. (a) Q6 turns on during the address portion of the MSH word time with the "I
register in the proper configuration after the word has been selected (Vw)
during @2. This happens if the "R" register contains a MSH word address
as indicated by R8 prime. -

(b) Same as (a) but Q6 turns on during the address portion of the LSH word time
as indicated by the "R" register with RS true. o '

2. (a) Ad follows An during the time Q6 is prime which recirculates the portion
of "A" not being copied into from Ws. This happens if there is the proper

. erder in the "T" register during @g2.
(v) Ad follows Wn during the time Q6 is true which copies in the information

from WS, This happens if there is the proper order in the "I" register.

6F Place Half-word in &

After "gon look~up is accomplished page 6, the following squations apply:

1. (a) @6 = (T8' 77 T6 T4 g2 Vw) (T3 T2) R8' F4 P33' 2712
() + " n' Y( " )R8 F4' Po' o18

Equations and explanations from this point are identical to the 6D order,
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DESCRIPTION:

1.

(a) Q6 turns on during the MSH word time, excluding P33, with the "T" register in the
proper configuration after the word has been selected (Vw) during g2. This
happens if the "R" register contains a MSH word address as indicated by R8 prime.

(b) Seme as (a) except during the LSH word time, excluding Po, as indicated by the
"R" register with R8 true.

71 Extract with D Mask
After @2 look-up is accomplished page 6, the following equations apply:

1. (a) ad = (18" 77 T6 T5 T4' T3' @2 Vw) Wn Dn P33 7L5
(v) + " n n ) An Dn' P33 ‘ 8L15

Equations and explanations from this point are identical to the 41 order 2a thru 24 .

DESCRIPTION:

1. (a) Ad goes true when Wn and Dn are true from Po thru P32 time with a 71 order in

the "I register after the proper word is selected (Vw) during g2. "Ad follows
W when Dn is true".

(b) Ad goes true when An is true and Dn is prime from Po thru P32 time with a 71
order in the "I" register after the proper word is selected (Vw) during 2.
"Ad follows An when Dn is prime",

15 Extract

After g2 look-up is accomplished page 6, the following equations apply:

1. (a) Ad = (T8' T7 T6 T5 T4' @2 Vw) T3 An Wn P33' 7L9
Equations and explana*‘e s from this point are identical to the 41 order (2a thru 2d).
DESCRIPTION: '

1. (a) 4d goes true if An and Wn are true from Po thru P32 time with a 75 order in

the "I" register after the proper word is selected (VW) during ¢2.

"Ad follows An when Wn is true".

79 Load A from W

After a "@2" look-up is accomplished page 6, the following equations apply:

l.
2.

(a) Q6 = T8' T7 T6 T4 T3' g2 Vw 1T10
(a) A4 = (18" T7 T6 T4 @2) Q6' Ain 7L15

(v) + T8' Q6 Wn P33' | 6L7
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Equations and explanations from this point are identical to the 41 order (2a thru 2d).
DESCRIPTION: :
1. (a) Q6 driver turns true after the proper word is selected (Vw) with a 79 order in
the "I" register during ¢2 "Q6 is true for one word time".
2. (a) Ad follows An while Q6 is prime with a 79 order in the "T" register durlng 5252.
"Recirculates the "A" line normally".
(b) Ad follows Wn from Po thru P32 time when Q6 is true and there is a 79 order in

the "T" register. "Copies "W" to "A",

81 Copy to Working Storage I

N W' = f1c Conl s u/{ r/ PARVA Ve - -
2. (a) @ = (T8 717" 6! T5') Po' P1 7710
(b) + PQ2 J105-KK
3. PAi = (Q2' +Ri') (i = 1 thru 8 pre-amps)
4, (a) Yo = P33FC 2B4
(b) Yo' = (F5F C) P33 cY12
5. (""(a) Ut = T7' Vo (P33 Q) 7DD6
\;-(b) Ut' = T7' Vo' (P33 C) : 7DD3
(e) + T7' g6 (Q3 C) 0Y14
6. (a) Q3 = (42' Ut Q2 ¥F5 F2' F1) ¢7' @g6' ¢1° 608
(vb) g2 = g2 @3¢ _ 2U14
(¢) g3 = g2z C 2U14
(@) g3* = #3a3¢ o 2U12
() g4 = #3q3¢C | 2U12
() g = e s
(6) 85 = #4e3¢c | 2u8
7: Q7 = Q@ T4' (#5 + f6) 678
8. (a) B3 = (Q7¢e') (13" T2' C) Mr 5G15
() B' = (" )( * )m 66
9. (a) @3 = (A2' Ut Q2 F5 F2' F1) @7' ¢g6' ¢#1° 608
(o) g5' = #5Q3¢ \ | | 2U6
(c) g6 = #53¢ : 2U6 -
(d) @3 = (a2' Ut Q2 F5 F2' F1) g6 T4° OP5
(e) g6 = g6 Q3¢C 204
(£) g1 = d6 Q3¢ , 204
10. (a) XL = P33¢C 2C3
(b) X1' = H2 (T3' T2' C) (P33' Mr') 3C15

(c) + H2'( v ) (P33 Mr ) 4C15
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81 Copy to Working Storage I (Cont'd)

11, (a) A2 = T8 T7' T6' T5' @7 X1' C 5C4
(b) A2' = Apr Ut Q2 @7 P33 MA' A2 C 4B12
(c) + Ap2 C ' 6C11
(a) 4+ sC | 609

12. (a) Q3 = Apr Ut Q2 @7 P33 Md' A2 4E13
(o) g1' = g1 Q3 ¢C 2U9
(¢) g3 = @7 Q3 ¢C ' 2010

13. (2) Q@4 = Ut Q2 @7 P33 Ma' A2 9112
(b) g71* = ®¢C 1U16
(¢) do = 4cC , 1U16

DESCRIPTION:

1. Md turns prime every @1 time.

2. (a)

(b)

Q2 driver turns true in any ¢ except o and @1, with the "T" register in the
proper configuration. '
Q2 turns true when the NORMAL-HOLD-SELECT Switch is in the SELECT position

(PQ2).

3. When Q2 or Ri is prime PAi turns true. "i" indicates the 1 thru 8 FFs in the "R"

register corresponding to the selection drivers used for controlling the relays in

the matrix.

NOTE:
4. (a)
(v)
NOTE:-
5. (a)
(v)
(c)

Because of phase inversion in the circuitry when the PA is true the driver

is false and the‘relay coil in the plate circuit of the driver is de-energized.
If Q2 and Ri are both true, PA turns prime therefore the relay associated with
the particular driver circuit will be energized.

Vo turns on at the fall of P33 every time there is a P33 bit in the "E" Jine
(F). "Word 10 thru 1F", |

Vo turns prime from P28 to P31 (FB) anytime there is a bit in the "F" line

(F) excluding P33, "Turns prime during word 10 thru 1F",

Vo remains true from the fall of P33 time in word 1F until the fall of P28 time
in word Ol in the "F" line. |

Ut turns true if Vo is true at the fall of P33 time with the "T" register in
the order configuration.

Ut turns prime if Vo is prime at the fall of P33 time with the "T" register

in the order configuration.

Ut turns prime when Q3 is true and the npn register is in the order configuration

during ¢6.
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81 Copy to Working Storage (Cont'd)

6. (a) Q3 driver turns true if the block transfer alarm is prime (42'), Ut is true, Q2
" is true at P30 time (F5 F2' Fl) in any @ except #l, #6 or @7. "Q3 driver is true
for one pulse time P30 during word O1l." / ,
(b thru g) equation sequences the computer from @2 to #5. This takes one drum revolution
per ¢ time because of the action of the Q3 driver and its terms.
T. Q7 turns true when Q2 is true with the "I" register in the proper order configuration
during @5 and @6. |
8. (a) H3 turns true every time Mr is true with Q7 true and the "T" register in the
order configuration during ¢5 and ¢6. "H3 follows the ones from Mr".
(b) Same as 8a except H3 turns prime when Mr is prime. "H3 follows the zeros from Mr",
NOTE: Above 2 equations are the copying equations which take place for two drum
revolutions @5 and @6.
9. (a) Q3 driver turns true for one pulse time at the fall of P30 time in word Ol if
the other condition in the equations are met. "Sequences the computer from #5

to ¢6 while the copying operation is taking place".

(b)
( ) Sequencing equation from @5 to %6
c

(d) Q3 turns true for one pulse time at the fall of P30 time in word Ol during

@6 if the other conditions in the equation are met.
(e

(£)
10. (a) X1 FF turns trus at every P33 time.
(b) X1 turns prime every time H2 is true and Mr is prime from Po thru P32 and with

Sequencing equations from @6 to @7

the "T" register in the order configuration.
(c) Seme as 10b except when H2 is prime and Mr is true.
NOTE: Comparing Equations.
11. (a) A2 turns true if X1 isprime and the "I" register in the order configuration during
#7.
"This indicates in conjunction with equations 1Cb and 1lOe that an improper block
copy has been made". ;
(b) A2 turns prime if the ALARM SWITCH #1 is in the SILENCE position (Apr), Q2 is
true, Ut is true, Md is prime, A2 is true during P33 time in #1.
"With SW #1 in the SILENCE position and the remainder of the equation fulfilled

the computer willvtry repeatedly to recopy the information correctly".

-
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81 Copy to Working Storage I (Cont'd)

(¢) A2 turns prime if the ALARM SWITCH #1 is in the RESTORE position (Ap2).
"Computer will sequence to @ov,
(d) A2 turns prime if the NORMAL-TEST-CLEAR SWITCH is in the CLEAR position (SC)
12. (a) Q3 turns true during P33 time if ALARM SWITCH #1 is in the SILENCE position, Ut
is true, Q2 is true, Md is prime, 42 is true during @7.
"Q3 will reset the computer to ¢3 and the copying operation will be done re-

peatedly. When copying is accomplished correctly the computer goes to go.m

(v)

) Sequences the computer to @3.
(c)
c

13, (a) Q4 driver turns true if a‘successful copy has been made as indicated by A2'.

(b)
) Sequences the computer back to @o.

(c)

83 Copy to working Storage II
Equations and explanations identical to the 8l order except for the following

substitutions:

8. (a) I3 = (Q7¢2') (13" T2 C)Mr ‘ 1E10
(0) g3 = C» ) ( " )wu 3E16

10. (b) Xi' = J2 (T3' T2 C) (P33' Mr') , . 3C12
(c) + J2'(C v ) (P33 Mr) ' 4014

85 Copy to Working Storage III

Equations and explanations identical to the 81 order except for the following

substitutions:

8. (a) 13 = (q7#2 ) (735 T2' C) Ur | 7812
(b) L3' = C " ) ( " )m 9E4

10. (b) X1' = L2 (T3 T2' C) (P33' Mr') ' 309
(c) + L2'( v ) (P33 Mr) 4C11

87 Copy to Working Storage IV

BEquations and explanations identical to the 81 order except for the following

substitutions:
8. (a) N3 = (q7¢2') (13 T2 C) Mr : 84
(b) N3' = (" )(C " ) wu 0A11
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87 Copy ‘to Working Storage IV (Cont'd)
10. (b) X' = N2 (T3 T2 C) (P33 Mr') 306
(e) + N2'( v ) (P33 Mr) 4c8



9.
10.

11.

12.
13.

14.

Copy from Working Storage 1

(a)
(b)

(a)
(v)
(a)
(v)
()
(a)
(v)
(c)

(a)
(v)
(e)
(a)

(a)
(b)

(e)

(a)
(e)
(£)
(&)
(h)
(a)
(b)

(a)
(b)
(a)
(b)
(c)

El

-

E FREGRRPREERRER

[

1]

+ 0o

+

¢ 4+ 0 <+

(@' +Ri')

g1 ¢
(18 T7' T6' T5' Fo' P1')
P

P33 F C

(F5 F C) P33

T7' Vo (P33 C)

7' Vo' (P33 C)

7' #6 (Q3 C)

(A2' Ut Q2 F5 F2' F1) ¢7' g6 g1t
g2 Q3 ¢

@2 Q3 C

(T8 T7' T6' T5' T4) @3 C
#3 Q3 ¢

g3 3 C

g4 Q3 C

g4 Q3 C

(a2' Ut @2 F5 F2' F1) @5 C
(r3' T2') (@5 Md) Os He

Mp' 0s' ( " )
(r3* T2t) (" ) Os He'
Mp Os! '

(13' 72') (@5 Md) Os He!

Mo' Os' (» )

(T3t T2') ( " ) Os He

Mo Os' ‘ '

#5 Q3 ¢

g5 Q3 ¢

(T8 T7' T6' T5' T4) #6 C

T4 g6 (42' Ut Q2 F5 F2! F1) Cr' C

T4 @6 ( n ) Cr C
74 g6 ( " ) Cr
@6 Q3 C :

@6 Q3 C

(i =1 thru 8 pre—amps)
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9B8
7T10
J105-KK

2B4
Y12
7DD6
7DD3
0Y14
608
2U14
2U14
9B12
2012
2U12
2U8
2U8
3213
8F13
OE10
8F16
OE12
. 8F16
OET
8F13
OE14
2U6
2U6
9B10
3216
3413
1015
2w
2U4



15. (a)
(b)
(c)
16. (a)
(b)
()
(a)
17. (a)
(o)
()
18, (a)
(b)
()

|5 |

s Ik

]

o+ + 0o

i

P33 C
H2 (73" T2' C) (P33' Mr')
H2'( ") (P33 Mr)

™8 T7' T6' T5' g7 X1' C

Lpr Ut 42 @7 P33 MA' 42 C

Ap2 C

SC

Apr Ut Q2 @7 P33 Md' A2
g7 Q3 ¢

#7 @3 ¢

Ut Q2 @7 P33 Md' A2

o C

U C
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20%
3C15
4C15
504
4E12
6C11
609
4E13
209
2U9
9I12
1U16
1U16
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DESCRIPRION:

Bxplanationsfor equations 1 thru 6c are identical to 8l order equations 1 thru 6ce

7. MA FF turns true in @3 with froPer setting in "I" register. Changes the "head"
wires to the write amplifier by use of Md relay.

8. (a thru d) equations sequence computer from ¢3 to ¢5 in conjunction with equation
6a. '

9. Cr FF turns prime in ¢5 at P30 time if other terms are present. "Cr is used for

- delay purposes in later equations".
10. (a thru h) refer to Ferranti system write up.

11. %gg Seqﬁencing from ¢5 to @6 in conjunction with equation 6a,

12, Md FF turns prime during #6 with proper setting in "T" register.

13. (a) During @6 at P30 time, other conditions being true, Cr turns true, "One drum
revolution". ‘

(b) During ¢6at P30 time, other condition being true, Cr turné prime, "Second drum

revolution",

NOTE: Equations 13a and b hold computer in @6 for two drum revolutions to allow Md
relay to drop out.

14. (a) Q3 turns true at P30 time during the second grum revolution in'¢6,vother‘

conditions being true.

(b) '
) Sequences computer from ¢6 to ¢7g
c

15. Explanations from this point are identical to 81 order 10a thru 13c.
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8B Copy from Working Storage II

EBquations and explanations are identical to the 89 order except for the following sub-—

stitutions:

(a) Mp
(b)
()
(4)
(e)
(£)
()
(n)
(b)
(c)

10.

15.

+ 4+ 1

[

+

+

]

(13' T2) (@5 Md) Os Je- 8F2
Mp' Os' ( " ) OE10
(T3' T2) (" ) 0s Je! 9F10
Mp Os' OE12
(r3' T2) (™ ) Os Je! TP4
Mo' Os' ( ™ ) OE7
(r3' T2) ( " ) Os Je TF4
Mo Os' OE14
J2 (T3' T2 C) (P33' Mr') 3012
Jr( ) (P33 Mr ) 4C14

8D Copy from Working Storage III
Equations and explanations are identical to the 89 order except for the following sub-

stitutions:
10. (a) Mp
(b)
(c)
(a)
(e)
(£)
(g)
(h)
()
(c)

15.

+ 0 4+ n 4+ A+ li

]

+

(T3 T2') (@#5 Md) Os Le

8F7
Mp' Os' () OE10
(3 T2') (" ) Os Le' 8F10
Mp Os' OE10
(r3 m2') ( » ) 0s Le' 8F10
Mo' Os' (" ) OET7
(13 72') (" ) 0s Le
Mo 0s' (" ) OEl4
L2 (13 T2' C) (P33' Mr') 3C9
2 " ) (P33 Mr ) 4C11

8F Copy from Working Storage IV
Equations and explanations are identical to the 89 order except for the following sub-

stitutions:

10. (a) Mp
(b)
(c)
()
(e)
(£)

o+

+

It

(T3 T2) (g5 Md) Os Ne 9F16
Mp' Os' (" ) OE10
(3 12) ( * ) Os Ne! 9F13
Mp Os' OE12
(13 T2) (" ) Os Ne' 9F13
Mo! Os' ( " ) OET
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8F Copy from Working Storage IV (Cont'd)

(13 12) (@5 MA) Os Ne 9F16

(8) Mo' =

(n) + Mo Os' OEl4
15. (b) X1' = N2 (73 T2 C) (P33' Mx') 3C6

() + N2t( ") (P33 Mr ) 408

99 Neither Type Nor Punch

1. (a) Yp' = T8 TT' T6' TS5 T4 T3' $2 C 1410
(b) + SC ' 6C9
2. Yt' = T8 D7 T6' T5 T4 T2' @2 C . 146
3. (a) @3 = T8 TT' T6' T5 T4 g2 Vo P33 6012
(v) g2y = @23 ¢ | 2U14
(c) 3 = g2q30 2014
4. (a) Q@4 = T8 T7' T6' T5 T4 @3 Vo P33 8T8
(v) 83 = @c 1U16
(¢) fo = 4cC 1016
* DESCRIPTION:

1. (a) Yp FF turns prime with the proper setting in the "I" register during ¢2. "The
punch relay in the flex de-energizes"
(b) Pressing the NORMAL-TEST-CLE/R switch to the CLEAR position (SC) de-energizes
the punch relay,
2. Yt FF turns prime with the proper setting in the "™ register during @#2. "The
type relay in the flex de—energizes:' 7
3. (a) Q3 turns on during P33 in ¢2 when Vo is true with the proper setting in the "IV

register.
Sequences the computer from @2 to @3.

4. (a) Q4 turns true during P33 in @3 when Vo is true with the proper setting in the "TV

register,

) Sequences the computer from @3 to Jo.

NOTE: This command allows one drum revolution (er longer) for the relays to drop out,
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98 Type

1. (a) Yp' = (T8 T7' T6' T5 T4 @2 C) T3 1A10
(v) + SC : 6C9

2. (a) yt = (T8 T7' T6' T5 T4 g2 C) T2 148
(b) + SC 609

Equations and explanations from this point are identical to the 99 order 3a thru 4c,
DESCRIPTION:
1. (a) Yp turns prime with the proper setting in the "T" register during @2.

(b) Pressing the NORMAL-TEST-CLE/R switch to the CLEAR position (SC) turns Yp prime.
2. (a) Yt turns krue with the proper setting in the "TV registervduring g2.

(b) Pressing the NORMaL-TEST-CLEAR switch to the CLEAR position (SC) turns Yt true.

9D Punch
1. Yp = (877" T6' T5 T4 g2 C) 13 1412
2. Yt = ( n " " ) ot 146

Equations and explanations from this point are identical to the 99 order 3a thru 4c.
DESCRIPTION:

1., Yp turns true with the proper setting in the "I" register during g,

2. Yt turns prime with the proper setting in the "I" register during ¢2.

9F Both Type and Punch

1. Yp = (I8 77 T6' T5 T4 g2 C) T3 , 1412
2. (a) 1 = ( " " ") T2 148
(v) + SC 6C9

Bquations and explanations from this point are identical to the 99 order 3a thru 4c.
DESCRIPTION:
1. Yp turns true with the proper setting in the "I" register during @2.
2. (a) Yt turns true with the proper setting in the "I" register during ¢2.
(b) Pressing the NORMAL-TEST-CLEAR switch to the CLEAR position turns Yt true.
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Al Long Bight Shift

1. (a) Ad = (T8 I7' T6 T5' T4' #2 ) T2' Ae Po! P33 OL15
(b) + (. LI .~ ) An Po ~1Ki3
2. (a) B4 = (18 T7* D6 T5" T4* ¢g2) ( 13' T2') (Po' P32') Be 1113
(v) + e 0y w ) PR20D 119
(e) + T8 g4' ¢5' Po Bn 9714
3. (a) Ub = T7' An PIC 6Y13
(b) Ub' = T7' An' FIC 8Y13
4. (a) Um = (T8 T7' T6 T5') T4' ( R6 + RS + R4 + R3 + R2 + R1) P33C 8EE9
(b) Um' = ( " ) T4t ( R6' BR5' R4' R3' R2' R1') P33C : 8EE5
5. (a) Rl = (P8 T7' T6 T5' @2 P32 C) R1' 3DD12
() mr= ( R ! | 5DD10
(¢) R2 = ( =  _ )R R2! 4DD10
(a) R2! = ( m - " )RL'R2 4DD8
(e) R3 = ( W ) R1' R2' R3! 5DD14
(£) R3' = ( " . | M) R'R'B 5DD8
() R4 = ( . ~) RL' R2' R3' R4’ 5DD2
(h) R4' = ( w ) Bl' R2' R3' R4 6DD16
(1) B = ¢ = .) RL' R2' R3' R4' R5' \” 6DD14
(3) B5' = ( " ) R1' R2* R3' R4' RS 6DD11
(x) RE' = ( , w - ) RL' R2' R3' R4' R5' 6DD13
6. (a) Q4 = (T8 17" T6 T5') T4' P2 Po Un' 002
(b) g2 = aqac 1U16

(e) fo = a4c | 1016
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DESCRIPTION:
1. (2) Ad follows:he from Pl thru P32 time. "Shifting the P2 thru the P33 bits."
(b) Ad follows An at Po time. "Recirculatcs the sign."
24 (a) 5d follow Be from Pl thru P33 time excluding P32 time., "Shifts the P2 thru ..
the P32 bits also puts the Po bit in the P33 position.”
(b) Bd follows Ub at P32 time. "Transfers th@ P1 bit from "A" to the P32
position of "BM,"
(¢) Bd follows Bn. "Recirculates the sign of "B"."
3. (a)
)
(v)

NOTE:: As the right shift operation takes place the P33 position of the "A" line

Ub follows the configuration of An at Pl time.

is filled with zeroes.
4. (u) Um turns true whenever there is a true Rl thru R6 FF. "Indicates more
shifting is to be performed."

(b) Um turns prime when Rl thru R6 are prime. "Indicates shifting operations
completed. “
5. (a thru k) Equetions used to count down the "R" register as each "word time"
shift is completed.
6. (a) Q4 turns true when Um is prime and with other conditions fulfilled. "Um

prime indicates the required number of shifts have been completed.

(b)

) Sequence the computer from @2 to fo.

(c)

A3 Long Left Shift

1. (a) 4d = (T8 T7' T6 T5' T4' g2) T2 Al Po' P1' P33 0L8
(b) + (T8 T7' 76 T5' T4' @#2) An Po 1K13
(c) + (T8 T7' T6 T5' T4' @#2) T3' T2 Ub Fl 1K15
2. (a) Bd = (18 T7' 76 T5t T4 $2) T3 T2 Bl Po' PL! P33! - 1I5
(b) + T8 4 #5' Po Bn 9714
5. (a) Ub = Bd P3¢ | _ 6715
(b) Up' = Ba' P32C 8Y15

S

Equations and explantions from this point are identical to the Al order 5 thru 60.
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DESCRIFTION:
1. (a) Ad follows Al from P2 thru P32 time. "Shifting bits Pl thru P31 left."
(b) 24 follows An at Po time. "Recirculates the sign of MA" line," ‘
(¢) Ad follows Ub at Pl time. "Transfers the configuration of the P32 bit in
the "B" line to the ™A" line."
2. (a) Bd follows Bl from P2 thru P32 time. "Shifting bits P1 thru P31 left."
(b) Bd follows Bn at Po time. "Recirculates the sign of "B" line."
NOTE: As the left shift operation takes place the Pl position of the "B" line

is filled with zeroes.

3. (a)
( ; Ub follows the configuration of Bd at P32 time.
b

A5 A Right Shift

1. (a) ad = (T8 T7' T6 T5' T4' g2) T2 Ae Po! P33 0L15
(v) + (T8 T7* T6 TS' T4' g2) An Po 1X13

Equations dnd explanations from this point are identical to the Al order equations

4 thru 6c.

DESCRIPTION:
1. (a) Ad follows Ae from Pl thru P32 time. "Shifting the P2 thru P33 bits,"

(b) 4d follows &n at Po time. "Recirculates the sign in the "A" line."

&é:.A Left Shift
1. (a) Ad = (T8 T7' T6 T5' 14! @2) T2 41 Po! P1' P33! . 018
(v) + (T8 T7' T6 T5' T4' @2) An Po o IK13
| Boguations and explantions from this point are indentical to the Al ordérfequations

4 thru 6c.

DESCRIPTION:
1. (a) 4d follows 41 from P2 thru P32 time. "Shifting the P1 thru P31 bits."
(b) A4d follows An at Po time. "Recirculates the sigﬁ in the "A" line."



AB Shift and Count

(b)
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9L15
8K13
2115
6Y15
8Y15
1213

7210

4R9
2014
2U14

9K16

1016
1016

1. (a) A4 = (T8 T7' T6 T4) ¢2 Bn Po
(v) + (I8 T7' 76 T4 T3') @2 An Po!
2. Bd = ( " ) T2 g2 B
3. (a) Ub = Bd P32 C
(v) Ub' = Bd' P32 C
4. (a) Um = (T8 T7' T6 T4 T3' T2 Po' P33' g2) Ad C
(v) + " " ) Bd C ‘ 7216
(c) Im' = ¢2' ¢3' P52 C
5. (a) @3 = (T8 7' 16 T4 T3') ¢o p3o
(b) g2' = g2 Q3¢
() #3 = goa3c
6. (a) Ad = (T8 T7' T6 T4 T3') T2 f2' . re
(b) + ( " ) 93 Ub 2
(c) + ( " ) #3 A1 Po' P1' P33!
7. (a) Bd = T8 @4' ¢5' Bn Po
(b) + (18 T7' 6 T4 T3') T2 ¢35 Bl Po' P1' P33
8. (a) Ue = (78 77" go') Po C
(p) Te' = ( " ) Dn' Po' C
9. (a) Dd = (T8 T7' T6 T5' T4 Fo' F1* F2') Po
(v) + ( " " ) Dn' Uc TP4
(e) + (- " " ) Dn Uc!' 8P15
10. (a) Q4 = (T8 T7' T6 T4 T3' T2 ¢3 P33) Un'
(v) + " " ) Ar 1U5
(c) gar= wc
(@) go = wc
DESCRIPTION:
1. (a) Ad follows Bn at Po time in ¢2. "Sets sign of "A" to same configuration
of sign in "B".," . |
(b) Ad follows An from P1 thru P33 time during ¢2. "Recirculates "A" line
normally." _
2. Bd follows Bn from Po thru P33 time during ¢2. "Recirulates "B" line
normally." \
3. (a) i
) Ub follows the configuration of Bd at P32 time.

2K14
8K9
9J14
213
8Y6
9Y16
8Pl4

812
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Unm turns true if Ad is tyue Trom P1 thru P32 time.

Um turns true if Bd is true from Pl thru P32 time.

Un turns prime at P32 time in every ¢ except g2 and ¢3.

Un true causes the computer to perform or repeat shifting operation.
Q% turns true during P32 in @2. ‘

computer from ¢2 to ¢3.
at Po in an @ except #2. “Recirculates the sign of:"i"

at P1 time. "Transfers the configuration of the P32 bit
IIAH ll‘ﬂe ."

from P2 thru P32 time.
at Po time in any ] except during ¢4 and ¢5.

"Shifting bits P1 thru P31 left,

"Recirculates

from P2 thru P32 time. "Shifting bits Pl thru P31 left."

at Po time in any ¢ except go.

turns prime from P1 thru P33 time whenever Dn is prime in aany ¢ but @o

is used in conjunctibn with Dd to "count" the number of left shifts.

at Po time during #3. "Sets sign plus."

Used to add one to the "D" line each time a shift takes place.

Also recirculates thé reminder of the "D" line.

4. (a)
(b)
(c)
NOTE:
5. (a)
(b)‘ Sequences the
(e)
6. (a) Ad follows An
normally." ;
(b) Ad follows Ub
in the "B" line to the
(¢) Ad follows Al
(a) Bd follows Bn
the sign."
(b) Bd follows Bl
8. (a) Uﬁ turns true
() Ue
NOTE: Uc
9. (a) Dd turns true
(0)
(c)
NOTE:

. i . . . .
Since there are no rgecirculation equations for the "D" line during ¢2

with this order configuration!in the "T* register,the "D" line-is cleared and

the sign set to minus.

10. (a) Q4 turns true during P3% time in ¢3 if Um is prime.

(b) Q4 turns true during Pﬁ} time in ¢3 if Ar is true. "This equation stops

the shifting action by checking to see if there is a "one" bit in the Ar FF.

Ar contains the P32 bit at P33 ! time,’

(c)

!
|

) Sequences the computerﬂfrom ¢3 to ¢o.

(a)



4. (a)
(b)
()

NOTE:

5. (a)
(b)

Q3

turns true

Sequences the

Page 39a

Un turns true if Ad is true from Pl thru P32 time.
Un turns true if Bd is true from P1 thru P32 time.
Un turns prime at P32 time in every ¢ except g2 and ¢3,

Un true causes the computer to perform or repeat shifting operation.

during P32 in §2.

computer from ¢2 to ¢3.L

at Po in an ¢ except #2. “Recirculates: the sign of:%i"
at Pl time.
nAn line."

from P2 thru P32 time.

"Transfers the configuration of the P32 bit

"Shifting bits Pl thru P31 left,
at Po time in any ¢ except during ¢4 and ¢5. "Recirculates

from P2 thru P32 time. "Shifting bits P1 thru P31 left."

at Po time in any ¢ except ¢o,

turns prime from P1 thru P33 time whenever Dn is prime in any ¢ vut ¢o

(e)
6. (a) Ad follows An
normally."
(b) Ad follows Ub
in the "B" line to the
(c) Ad follows Al
7. (a) Bd follows Bn
the sign."
(v) Bd follows Bl
8. (a) UE turns true
(b) Uc
NOTE: Uc is used in
9. (a) Dd turns true
(o)
(c)
NOTE:

conjunctibn with Dd to "count" the number of left shifts.

at Po time during #3. “Sets sign plus,"

Used to add one to thg/"D" line each time a shift takes place.

Also recirculates thé reminder of the "D" line,

3
Since there are no rgcirculation equations for the "D" line during ¢2

with this order configuration{in the "T" register,the "D" line is cleared and

the sign set to minus.

10. (a) @4 turns true during P3% time in @3 if Um is prime.

(b) @4 turns true during P53 time in #3 if Ar is true.

"This equation stops

the shifting action by checking' to see if there is a "one" bit in the Ar FF,

Ar contains the P32 bit at P33 itime,

(c)

!

v !
) Sequences the computer&from ¢3 to ¢o,

(a)
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B5 Load A from M

After a "¢2" look-up is accomplished, page 6, the following equations

apply. ,
1. Q6 = (T8 T7' T6 T5 T4 T2' g2 Vw) or (c.\ czcseaas ce 213
2. Ad = T8 Q6 P33' Hr & 614
5. (a) Q4 = T8 T7' Q6 P33 | T2
(b) d2'= @4 c - 1U16
() fo = wc 1U16
DESCRIPTION:
1, Q6 turng true after the proper word is selected (Vw) in @2 when Or is prime,
2, Ad follows Mr from Po thru P32 time when Q6 is true.
3. (a) Q4 turns true during P33 when Q6 is true,
(b

Sequences the computer from g2 to ¢o.

(c



Bp Add To B

1.

Us' = @1 P33 C .
If the computer sequences from #1 to @2, check page 21, a ngon ook up,

page 6, is performed and the following equations apply.

2.

3.

4.

5.

Te

8.

9.

10.
11'

12.
13.

(a)
(v)
(a)
(b)
(a)
(b)

(a) B4

(v)
(c)

(a)

(a)
(b)
(c)
(4)
(e)
(a)
(v)
()
(a)
(b)
(c)
(a)
(b)

(e)

(a)
(b)
(c)

(a)
(v)

(o)

Ad

|2

S8 vl o 5

+

+

+

+ 4+ 0 o+ 0+ + +

i o+ + uon

i

(T8 T7' T6 T4) @2 Po Bn
(T8 T7' T6 T4 T3) @2 Po! An

T8 g4' ¢5' Po Bn

(T8 T7' 6 T4 T3 #2 V') Bn

(T8 T7' T6 T4 T3 T2' Po Vw) Wn Bn' C

( " ) ¥n' Bn C

(T8 T7' T6 T4 T3 @2 Vw Po') Ua Bn Wn

( " ) Ua Bn' Wn'

( " ) Ua' Bn V!

( "o ) Ua' Bn! Wn

(T8 T7' T6 T4 T3) (Po' P33' Us' @2 Vw) Wn Bn C
( " Y(» " Us " ") WnBn'C
( " Y(* » Ust"™ ") yn' Bn'C
( " Y( ™ Us " " )wn'BnC
P33 C

(18 T7' 76 T4 T3) (#2 Vw P33) Ua -

o Q3 ¢

g2 Q3 ¢

(T8 T7' T6 T4 T3) (f2 Vw P33) Ua'

Q4 C

Q4 C

(T8 17! T6 T4 T3 @3) Ua An! P33

( " ) Ua' An P33!

( " ) Ua Us' P33

( M ) Uz Us® P33 C

g2* (Po C)

@3 Us Po' (an C)

@3 Us' Po' (An' Q)

(T8 77! T6 T4 T3 ¢#3) Bn

( " ) Ua Us P33
#3 Q3 ¢

g3 Q3 ¢
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1BB14

9L15
8L14
9J14
9J15
1BB7
1BB2
8J15
8J13

8J9
- 8J5

8w2

8W9
OW10
owi5

2C2

3R2
2014
2014

902
1U16
1U16
8L10
8L6
182
476
-
oW6
ow2
0J14
4R13
2U12
2012



14,

15,

16,

17,

18,

(a)
()
(c)
(4)

(a)
(b)
(a)
(v)
(a)
(v)
(c).

EE RS

FRRERIEF

+

]

]

i

(78 T7' T6 T4 T3 @3 P33) Us'

( " ) Ua'
Q4 C

Q4 C

(T8 T7' T6 T4 T3 $4) An' P33*
(t " Y va' Bn'
( n ) Ua Bn
gor-(Po C)

#4 Po' Bn C

(T8 77' T6 T4 T3) @4 P33
QY ¢
Q4 C
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0013
0010
1U16
1016
8L2
9J5
9J9

9DD14
007
1U16
1U16
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DESCRIPTION:

1. Us FF turns prime at P33 {ime during ¢1~
2, (a) Ad follows Bn at Po during ¢2. "Sets the sign of "A" the same as the sign
of "B", .

(b) Ad follows An from P1 thru P33 time during #2. "Recirculates the "A" line
normally during g2,
3. (a) Bd follows Bn at Po time in any ¢ but #4, and @5.

(v) Bd follows Bn during @2 before the selected word (Vw').
4. (a) Us turns true if Wn is true‘(+) and Bn is prime (-) at Po time during ¢2.

(b) Us turns true if Wn is prime (-) and Bn is true (+) at Po time during ¢2.

NOTE: The status of Us FP indicates whether an addition or subtraction is to be

performed,
Us' = Add _
Us = OSubtract

5. (a thru d) equations are the logic for a "half-adder" which generates the
"sum" or "difference" during th¢ magnitude portion of the words, (B register)
6. (a thru d) equations are the logic for another "half-adder" which generates a
Mearry" or "borrow" during addition or subtraction, respectively and is appllcable,
© during the magnitude portion of the words, (B reglster)
(¢) Ua turns prime at every P33 time.
7. (a) Q3 turns true during P3% time if one of the three conditions that follow:
prevails, "Indication given by Ua true".
1. A complete addition has not taken place and the computer must
sequence into #3 to continue operation., »
2. A complete subtraction has not taken place and the computer must
sequence into ¢3 to continue operation.
3. An erroneous subtraction has tsken place and the computer must
sequence into *thc‘ﬁolldwingxﬁls.to\reétify'thié situation,
(b & c) Sequences the computer from @2 to @3,
8., (a) Q4 turns true during P33 time of @2 if a complete addition or complete
and valid subtraction has taken place.
(b & c) Sequences the computer from ¢2 to ¢o.
9. (a thru c) "Half-adder" used to generate a sum or difference in the "A"
line. "Also recirculates the sign of "A" normally".

10. Equation will be discussed by instructor.
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11,: (a thru c) "Half-adder" used in conjunction with equations 9 to
recirculate the sign of "A" and generate a carry or borrow during #3.
12, Recirculates the "B" line normally during ¢3.
13,- (a) Q3 turns true during P33 of ¢3 to sequence the computer into
#4 if an erronecous subtraction has taken place, "Indicated by Ua true
Us true".-
(v & ¢) Sequences the computer from @3 to @4..
.14. (a & b) Q4 turns true during P33 time of @3 if an addition hés taken
place (Us?) or a valid subtraction (Ua'),
(c & d) Sequences the computer from @3 to @o.
15, Complements the contents of A" during $4 excluding P33..
16, These equations are used to change the sign and perform a true
complement (rafer to Al order for definition) on the erroneous subtraction.:
17, (a) Same as 11 @ |
(b) Used in conjunction with 16 a&b.
18, (a thru ¢} Q4 turns true during P33 time and the computer sequences
from ¢4 to ¢o.
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BE Subtract From B

Equations and explanations are identical to the BD order except for the following

substitution:

4. (a) Us = (T8 T7' T6 T4 T3 T2 Po Vw) Wn Bn C 0z2
(o) + ( " ) Wn' Bn' C ' 1BB12

DESCRIPTION:

4, (a) Us turns true if at Po time Wn and Bn are true. "Both signs plus".,

(b) Us turns true if at Po time Wn and Bn are prime. "Both signs minus",

C3 Store E
1. (a) @8 = (T8 77 T6' T5' T4' T3' T2) Ee C 5G6
(b) @8' = ( " ) Ee' C 966
2. Q7 = (T8 T7 T6' TS' T4' T3' @#2) F4 Vw : 5G11
Equations and explanations at this point are identical to the 49 order (3a thru Bp)
page 19.
4, (a) Q4 = (78 T7 T6' TS') @2 Vw P33 ' 0J4
(b) g2'= Q4cC 1U16
() do = 4cCc 1016
DESCRIPTION:
1. (ag ,
(0} Q8 follows Ee when the "T" register is in a C3 configuration,
b
2. Q7 turns true during the MSH word time (F4) of the selected word (VW)

during ¢2 with the "T" register in a C3 configuration.
4. (a) Q4 turns true during P33 of the selected word (Vw) during #2.

(bg Sequences the computer from ¢2 to fo.
(e)
CH Store B
1. (a) @8 = (7877 T6' T5* T4' T3 T2') Be C 1611
() @8'= ( " ) Be! C C 8G11
2. Q7 = T8 T7 T6' T5' TA' T3 @2 Vw ' 6711
Equations and explanations from this point are identical to the C3 order. |
DESCRIPTION:
1. (a)

; Q8 follows Be with the "T" register in a C5 configuration,
b .

2. Q7 turns true from Po thru P33 during the selected word (Vw) in g2,
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C7 Store D

Equations and explanations are identical to the C5 order, except for the

following substitution,

1. (a) @8 = (T8 T7 T6' T5' T4' T3 T2) De C 167
(b) @8' = ( " ) Det C 8G7
DESCRIPTION:
1. (a;
Q8 follows De with a C7 order in the "T" register,

(v)
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D5 bign Out

Bquations and explanations are identical to the F5 order (To Flex or HSPTP) except

for the following additions and substitutions.

11, (a) 44 = T6' in 1L12
(6) === mmm e -

12, (a) -------- - -
(v) X2+ = (m8 7 16! T5 T4' T3 g6 P33 C) 5114
(c) 12 = ( “ ) ie! 508
(@) y2' = ( " ) he 5410
(e) 13 = ( " ) Le! 548
(£) 13' = ( " ) Ae 5110
(g) ¥4 = ( n ) Ae! 548
(n) x4' = ( " ) ie 5410
(1) 15 = ( " ) he! 548
(3) 13" = ( " ) Ae 5410
k) -------- ---
(1) 16" = ( " ) 5014

DLoCRIPTION: |

11, (a) Recirculates the "A" line in all {'s,
)

12, () == ===

(b & e) Y1 and Y6 are always set prime during ¢6 at P33 times. Insures no 1

or 6 punch.

12, (c thru j) At P33 the Y2 thru Y5 FF's are folloving the outpute of the ..e FF.

At P33 tine the sign bit is in Ae. If the sign is negative the Y2
thru 5 FF's are set ftrue anl vhen they iire the "one-shots" a 2 and
4 punch are made. (negative sign) If the cign is pogitive the Y2
thru Y5 Fi''s are set prime and when the "one-shots" are fired a 3

and 5 punch are made. (space)
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Equations and explanctions are identical to the F5 order (Flex or HUFTP) except

for the following substitutions end additions,

]

T6' in
(T8 T7 75 T4 T3) @6 F2 F1

11, _(a) 4Ad
13, (a) Q3

DESCRIPTION:
11. (a) Recirculates the "A" line in all @'s,

1112
505

13. (a) 1In $6 Q3 comes up during P4 time and sequences th: computer into @7 at the

fall of P4,

NOTLs

In ¢7 Q3 cannot come up since T4 is true in & DD command.

Therefore Q4 will

come up in @7 to return the computer to o for look-up of the next command.

Any information that mey appear in i1 through R4 will be of no significance

in the DD command.,
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El Multiply By D And Add A

If the computer sequences from ¢l to ¢2, check page 21, the computer
performs the following:

1. Ad = (T8 T7 15! ¢2) T3' An 2K2
2. Bl = ( " ) Bn 4114
3. (a) Dd = ( ") VW' Dn ' 696
(v) + ( " ) Vw T2' Dn 7P15
4. (a) @3 = (I8 17 76 T5') @2 Vw P33 (2! + T4') 4R2
(v) g2 = @2 Q3 ¢C ‘ 2U14
(¢) g3 = B2 Q3¢ 2U14
5. (a) Ut = T7 Po Be C 2BB12
(b) UE' = T7 P32 C 2BB9
6. (a) Ad = (T8 T7 T5' T4' Ut gdo' g1’ g2')(Po’ P32') Ae De Uc K6
(v) + " YO "™ ) Ae De' Uc! 3K2
(c) + " Y " ) Ae' De Uc! 4K14
(a) + ( " ) ") Ae! De' Uc 4K10
(e) + ( " )932 Ue 4K6
(£) + (T8 T7 TS5t T4' Tt' go' @1 g2')(Po? P32') Ae 5K10
7. (a) Ue == (7 fo' P33') he De C 819
(b) Ug' = T7 fo' Ae* De' C 8Y4
(¢) + P33 C ‘ ' 203
8. (a) Up = (T7 T4' P1) An Bn Dn' C , 6Y9
(b) + (" )Ym'BaDncC 614
(c) + " ) An Bn' C ‘ TY13
. P 6Y15
(@) Ub' = (77 ™4' P1) An Bn Dn C 7Y10
() + ( " )An'BalDn'C | 76
(£) + " ) An' Bn' C T2
. Bt Pon . 8Y15
9. (a) Bd = T8 77 #5' Po Bn 5116
(v) + (T8 T7 T5' T4' go'd1* @2') (Po' P32') Be 3113
(e) + ( " ) P32 Ub 3111
10. Dd = (18 77 15') go*@2' Dn P33 7P11
1. (a) Q3 = ( " ) gor g1 g2 Vw P33 +‘¢g‘ 8TIT67S /58 6Q15
(b) #3' = @30Q3¢C | 2U12
(c) g4 = P3Q3¢ | 2U12



12¢

13.

14,

15,

(a)
(b)
(c)
(a)
(b)

(a)
(b)
(a)

(c)

i

]

[

i

(18 T7 T5) go' g1 @2' Vw P33
g4 Q3 C

g4 Q3 ¢

(T8 77 T5* T4!' ¢#5) Bn Dn

( " ) Bn' Bn!

(T8 T7 T5' ¢5) Bn Dn

( " ) Ba' Dn!
( ") Po

Q4 C

QR4 C
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6Q15
2U8
2U8
- 4K2
5K14
316
313
877
1016
1016
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DESCRIPTION:
1. Recirculates the "A" line during #2.
2. Recirculates the "B" line during ¢2.

3. (a & b) Recurculates the "D line during ¢2.
4. (a thru c) Q3 turns true during P33 time of ¢2 and sequences the
computer from ¢2 to ¢3 '
5. (a) Ut true indicates the LSB (Be at Po = Pl bit) in the multiplier
is aA"one", therefore, the operation will be shifting and adding. k

(b) Ut turns prime every P32 %ime with T7 true.
NOTE:  If the "B" line doesn't cdntain a "one" at P1 time Ut remains
prime and the operation will be of shifting only.
6. (a thru d) MHalf-adder" that generates a sum (actually the product.
at the end of the entire operation). The addition takes place by using
the early bits while a right shift is teking place in the "A" line,

(e) Used to record the carry (Uc) of one, 1T any, generate by the
addition of the P32 bits.

(f) If no addition is to take place (Ut!) this equation shifts the
"A" line right only. o
T (a & jQ "Half-adder" used to generate the carry during the add
operation.
8. (a thru h) These equations are used to set the configuration of the
Ub FF during this operation.
NOTE:f Since the contents of "A" and "B" are shifted right, steps
must be taken to preserve the sum of the Pl bits of "A" and "D". The
Ub TF is used to store the sum of the Pl bits of "A" and "D" until
P32 time. At P32 time, the content, of Ub FF is transferred into the
P32 position of the B line. The Ub FF stores the above sum from the
fall of Pl time to the fall of P32 time. At the fall of P32 time, the
Ub FF is set to conform with the content of the P32 position of the
B line. The Ub FF contairS this information until the fall of Pl time.
However, this information is not used and consequently lost when the
Ub FF is sét once more with the sum of the P1 bits of "A" and "D" of
the successive word time.

The Pl bit which is shifted out of the "B" line is lost but is

of no futher value and can be disregarded.

™
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9. (a) Sign bit is recirculated normally. .
(v) Magnitude portion of "B" is shifted right one place per word time.
(c) Contents of Ub FF tiransferred into P32 position of "B" from P1
of "A",
10. Recirculates the multiplicand in "D" normally, no shifting.
11. (a thru c) Sequencing from g3 to @4.
12. (a thru ¢) Sequencing from g4 to @5.
13. (a & b) Sign of A is made positive when Bn and Dn are alike.
14. (a & b) Sign of B is made positive when Bn and Dn are alike,
15. (a thru c) Sequence from ¢5 to ¢o.

NOTE: . @5 is one pulse time in duration.



Page 47
E3 Multiply And Add

If the computer sequences from ¢1 to @2, check page 21, a "¢2" look=-up,
page 6, is performed and the following equations apply.

1, Ad = (T8 17 TS' ¢2) T3' An 2K2
2, B = ( " ) Bn 4114
3. (a) D4 = ( " ) V! Dn 6P6

(b) + (78 T7 76 T5' T2) ¢#2 Vw Wn 6P3

Equations and explanations from this point are identical to the El order.
DESCRIPTION:

1, Ad follows An., '"Normal recirculation of "A" line",

2. Bd follows Bn, " " " ™ oup" line",

3 (a) Dd follows Dn with Vw prime. "Normal recirculation of "D"‘line before
selected word", '

(b) DA follows Wn with Vw true. "Copies the multiplicand to the "D" line",
~OpLeESs p

E5 Multiply By D

1y e e - -
2. Ba = (T8 T7 T5' ¢2) Bn 4114
3, (a) Dd = ( " ) Vu' Dn 6P6

(v) + ( " ) Vw T2' Dn 7P15

Equations and explanations from this point are identical to the El order.
DESCRIPTION:
1. No equation in this order to recirculate "A", therefore, it is
cleared during @2, ,
2. Bd follows Bn, "Normal recirculation of the "B" line",
%3. (a) Dd follow Dn with Vw prime, "Normal recirculation of "D" line before
selected word",

(b) D4 follows Dn with Vw true, “Normal re¢irculation of "D" line during

selected word",

E7 Multiply

1y = mm e m - ‘ -
2. Bd = (T8 77 T5' ¢2) Bn | 4T14
3. (a) Da = ( " ) Vu' Dn 6P6

(v) + (T8 T7 ™6 T5!' T2) @2 Vw Wn . 6P3

Equations and explanations from this point are identical to the El order,
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DESCRIPIION:

1. No equation in this order to recirculate "A", therefore, it is

cleared during ¢2.

2. Bd follows Bn. "Normal recirculation of the "B" line",

3 (a) DA follows Dn with Vw prime. "Normal recirculation of "D" line before
selected word",

(b) Dd follows Wn with Vw true. "Copies the multiplicand to the "D" line",
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B9 Divide Double Length By D

If the computer sequaences from ¢l to ¢2, check page 21, the following

is perforned.

1. (a) 2 = (7817 75' T4 @2 Vw)(Po C) 4Y15
(v) + " )(Po' ¥33') £d Dd' C 4113
(e) 2' = ( " ) v ) sarpac - 5Y11
2. Ad = (T8 77 T5' ¢2) T3 in 2K2
5, B = ( " ) Bn 4114
4., (a) Dd = ( " ) V' Dn 676
(b) + " ) T2' Vv Dn 7815
5. (a) Ud = (g2 ?1) Uve 1716
(b) + (v )omarc | o 2z4
(e) + (f2 Po' P1' P32! P33') Ar DA C 127
tay— % -BrP32°C 151
(e) Ua' = (g2 P1) Ub' Dd C 1513
(f) + (g2 po' P1' P32! P33') Ar' D4 C 174
g} + Br-P32.C 2515
6. (a) Ur = (go P32) Dd' Ud C 8714
(v) + (" )arvuvdc 8212
(o) £ (v )arnarc 8215
T (@) + Ad P2 C 727
(e) Ur'= (g2 r32) aa ir' DA C 9715
(£) + (" ) aa'pavarc 8z2
(g) + (0™ ) ad irrUatc 9712
7. (a) b = Bd P32 C 6Y15
(b) UL' = Ba' P32 C 8Y15
8. (a) Q4 = (T8 17 75" T4) #2 Vi P33 « 6C12
(v) g2'= @wc 1016
(c) fo = wc 1016
9. (a) 93 = (18 77 16 5') @2 Vw P33 (&' + T4Y) “4R2
(b)) 2= g230 2U14
(c) #3 = 2a3¢ | 2U14
10, (a) ad = (T8 77 T5' T4 fo' F1W@2Y Po' PL' Ur) Al Dn Uv 6K10
(v) + " ) A1' Dn' Uv ‘ 6K6
(c) + " ) K1' Dn Uv! 6K2
(a) + " ) 21 Dn' Uv! TK14

(e) +

(78 T7 T5' T4 @o' g1t g2') (o' P1') Ur' il 6K16



10.

11,

12,
13,
14,
15,
16,
17,
18,
19,

20,
2.

(a)

(v) .

(c)

(£)
(g)
(n)
(a) Ty
(b)
(c) By
(a)
(a) B&
(b)
(e)
Dd
(a) Tg
()
(c)
(a) pa'
(e)
(2) Ur
(b)
(e) ux'
(a) &3
(v) £3'
(c) g
(a) Q3
(v) ga
(¢) &5
" Ad
() Bd
(b)

IR IE

n + 0 + + <+

+

W+  + u + 4+ 0 "N + +

i

(T8 ™7 T5' T4 o' F1' #2') P1 Ur' Ub

( n ) P1 Ur Ub Dn'
( " ) P1L Ur Ub' Dn
Ub' Dn D1 C

Al* Dn (Po' P1') C

Po C

Al Dn' P1' C
T8 T7 ¢5' Po Bn
(78 T7 T5' T4 Fo! ¢1' ¢2') P Ur

( " )(Po' P1') BL
(78 T7 75! go* g2') Dn P33"

De' #2' Po C

Ad De' @f2' vo' P32 P33' C

Br P32 C

Ad' De #2' Po' P32' P33' C

Br' P32 C

Ad P32 C

Ua g2 P32 C

AQY Ud' g P32 C

(18 T7 5! got g1 f#2!) Vw P33
g3 @3 ¢

#3 a3 ¢

(T8 T7 T5* o' F1' F2) Vw P33
g4 o3 C

g4 3 ¢

(T8 T7 T5* T4 ¢#5) Bn

(18 T7 T5' #5) Bn Dn

( " ) Ba' Dn!

(78 17 15' ffo* @2') Dn P33
(T8 77 T5* ¥5) Po

Q4 C

Q4 C
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TR4
8K15
2BBT
23B4

2BB28
3BB16
5116

517

519
7P11

129

9Y5

121

9¥2
2215

727

828

874
6Q15
2U12
2012
6015

2U8

2U8
5K6

316

313
6Q15

817
1016
1U16
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DoSCRIVTION:

To enable the student to grasp more easily the operction of the computer

during the divide commands a cho.t discussion of the philosphy employed during

the execution follows:

1,

24

As in all arithmetic commands in the ALVYAC III=-Z, if the "Z" FF is -
on dur ng ¢l, due to an overflow generated by a provious arithmetic
operation, the computer will stop. If the "Z" FF is not on during
@1, the computer sequences into @2 to nerforn part of the divide

operation,

Before the actual division cperation is performed, by the use of

- the "Z" FF a check is nade to determine whether the divisor, which

is in the "D" line, is larger than the I'H of the dividend, which
ig in the "A" line, If the divisor is larger the computer will

execute the commend, if the divisor is gqual to or smaller than the

MSH of the dividend the command is not executed, The reason for

the above is as follows:  If the ISH of the dividend is equal to or
larger than the divisor, the quotient that would be generated will
be too large to be accomodated by the "B" line which is where it is
to be placed, |

Exampleﬁ "Using the supposition of a one character recirculating
line rather then an eight character recirculeting line the principle

is the sanme",

A7 5 - Divisor contained in the "D" line,

2 189 8 - USH of the dividend con‘ained in the "A" line.,
-%§ 9 - LSH of the dividend contained in the "B" line,
22 17 - Quotient generated and cannot be contained

=:= by the "B" line. "Remember the "B" line can
accomodate only one character wheread = the
quotient generated contains two characters,

4 - Remainder generated and contained by the "A"
line, »

It can be seen readily thot the computer is not able to cope with

this situation therefore the division is not performed.
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3. During the divide commands tho computer hes two alternatives,
 subtract and shift left, or nerely sﬁﬁft left. uk!iiiﬁﬁi’sub-
traction takes place ierdd% £ & yingeowem the next

word time, w1ll ‘the divisor be smaller than the shifted dividend.

If the divisor gan be gubtracted a "one" is placed in the quotient

end the subtraction and shlf% 1eft take place simultanenously.
If the divisor can not be subtracted from the present dividend a

/’\\A
"zero" is placed in the tient & sh £t left takes place,
P n quotie n a,shi oy P

4. During @2 (while the "Z" check, explained in /2, is taking place),
the computer is also prepriing to perform the divide operation if
the divisor, in the case of the "Z" check proves to be larger than
the liH of the dividend., This checking operation between the divisor
and the future dividend (shift anticipated) is accomplished by the
uss of the Ud and Ur iT's,

5. During ¢3 and ¢4 while the divide operation is taking'place Ud and
Ur are checking the divisor against the answer being generated to
determine vhether during the pext word time there can be a subtraction
and shift left or merely a shift left., "The checking is done during
the present vord time (aividend compared to right shifted divisor
in anticipation of shift) to determine the operation during the pext

word time",

1. (a) Z turms true at the fall of Po.
(b)  Z turns true when "A" is larger than "D"

(¢) Z tums nrime when “D" ig larger than "A",

NOTE: hen "A" and "D" are the same the "2" FF is not effected.
2. Recirculoates "A" line during ¢2.
3e Recirculates "B" line dur ng ¢2.

4, (a & b) Recirculates the "D" line dur' ing ¢2.
5. ( a thru g) Comparing the magnitude of the Pl thru P31 bits of the

dividend and divisor (shift anticipated).

6. (a thru g) Comparing the magnitude of the P32 bit of the dividend
and divisor (shift anticipated) and con31der1ng Ud.'s stote at this

tinme,
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Ir = Subtract and shift leflt,
OUr' = Shift left only,
NOTL; Ur will contain the "one" or "zero" that is placed in the

quotient at Po tinme,

7. (a) Ub is set according to Bd at P32 time. "Used later to shift
the P32 bit of "B" to "a",

8. (a thru c¢) If "2" is true during P33 time, indicating the dividend
is larger than the divisor, the divide is not performed, as
explained in ;#2, and the computer sequences to ¢o.

9, (a thru ¢) If "Z" is prime during P33 time, indicating the dividend
is smaller than the divisor, the computer sequences from ¢2

to @3 to begin the actusl divide operction,

10, (¢ thru d) "Half-adder" used to gener:te a difference when a
subtraction takes place., Also shifts the "A" line left

during the subtraction,

(e) Used to shift the “A" line left when no subtraction takes

place *

(£) Shifts the P32 bit of "B" to the Pl position in the "A" line,
"Shift left only".

(g & h) Subtract logic for the Pl bits of "A" and "D" line,
"Subtract and shiit left",

11. (a thru d) "Half-adder" used to generate the borrow during the

subtract end shift left operation.
12. (a) Recirculates the sign of the "B" line,

(b) Ur inserts a "one" or "zero" into the LSB position of the

"B" line every Pl time". Quotient,
(c) shifts the "B" line left,
13, Regtirculates the "D" line,

14, (a thru c) Used for same purpose as equations #5 only these

operate during ¢3 and ¢4.

15, (a thru c¢) Used for séme purpose as equations i#6 only these
operate during @3 and @4,



16,

17,

18.
19.
20,

Zlg
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(a thru ¢) Sequences the computer from @3 to @4 during the

division operation, "Occurs after the first 16 word times

in @3,

(a thru ¢) Sequences the computer from ¢4 to @5 during the
division operation. "Occurs after the first 16 word times

in @4,

Sets the sign of the "A" line to the sign of the "B" line,
(a & b) Sets the sign of the "B" line,

Recirculates the "D" line,

(a thru ¢) Sequences the computer from ¢5 to fo. "In ¢5 for one

pulse time,
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EB Divide Double Length

Equations and explantions are identical to the E9 order except for the

following substitution:

4, (a) Dd = (T8 T7 TS' ¢2) Vw' Dn 6P6
(b) + ( " ) T6T2 Vu Wn 6P3

DESCRIPTION:

4, (a)

) Recirculates the "D" line and copies the divisor from the "W" to "D".

(v)

ED Divide By D
Equations and explanations are identical to the E9 order except for the

following substitution:
2 = - -—— -

DESCRIPTION:

2. No equation to recirculate "A" in "@2", therefore, it is cleared.

EF Divide - |
Equations and explanations are identical tc the B9 order except for the

following substitution.

D, e e - . = - - - - -
4., (a) Dpd = (T8T7T5' @2) Vw' Dn - 676

(b) + " ) T6T2Vw Wn : 6P3
DESCRIPTION: \

2. No equation to recirculate "A" in ngor  therefore, it is cleared.

4, (a)
( g Recirculates the "D" line and copnies the divisor form "W" to "DV
b
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INPUT OUTPUT COMMANDS

In conjunction with the Input-Output command displayed by the "I" register,

the configuration of the "R" register must be considered.

With
(a)
(p)
With
(a)
(v)
With
(a)
(b)
With

(a)

(b)

R85R7.setting in the "R" register:

Information -comes from the Flexmu(RS).

Decimal conversion takes place (R7).

R8 R7' setting in the "R" register:

Information comes from the Flex. (R8).

Straight hexadecimal inpﬁt (r7').

R8' R7 setting in the "R"'register:

Information comes from the High Speed Paper Tape Reader if attached
and on; otherwise the Flex (R8'). ,

Decimal conversion takes place (R?).

R8'" R7' setting in the "R" register:

Information comes from the High Speed Paper Tare Reader if attached .
and on; otherwise the Flex. (R8').

Straight hexadeciaml input (R7').
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Fl Hexadecimal Input (From Flex)

1.

8.

néf

(a)
(v)
(c)

(a)

" (b)

(c)
(a)
(b)
(c)
(a)
(e)
(£)

(a)
(b)
(c)
(a)
(v)
(c)

(a)

(e)
(£)
(a)
(v)
(c)

@

(e)
(£)
(a)

(v)
(c)

Q3
‘le

- -

SEERRERSBRE®

o
el
2 |

<
Q-

i

-

-

EREEERERRR Ké

R1'
R2
.}_{_23

[\

&

R3!

g

I8 s

T8 T7 T5 @2 C 602
Q3 g2 ¢ 2014
Q3 @2 ¢ 2014
g3 C 9DD2
(18 7 6 T5 T3') ¢35 Fr' P33 4N16
Q3 @3 ¢ 2U12
Q3 @3 ¢ 2U12
g4 ¢ 216
g4 ¢ 2016
g4 c T3 3Q11
g4 ¢ 2116
g4 c 13 3Q11
g4 ¢ 2016
T8 4+ T7' + T6' + T5' + T4 + 75 +(@3' ¢a') + Cr + Fr + Go + (R8' Sr|
Te T T TS T3 ¢s @3¢ OEE20
Fr g4 C (y1 + y2 + y3 + y4 + y5 + y6) 4N9
T8 T7 T6 T5 T3' Q8 Fr Hof Cr' P33 8Q10
Q3 g4 2Us
Q3 ¢4 U8
(16 T3' @5 C) y1 2112
( " ) yo 2W10
( ") Y3 3116
( ) v 4W10
( " ) ¥5 5W12
( ") y6 502 -
(T8 T7 T5 T4' @5 Q3 P32' C) R1! 3DD2
( " ) R1 4DD16
( " ) R2' R1! 4DD6
( n ) R2 R1 4DD4
( no ) R3! R2' R1' 5DD10
( " ) R3 R2' R1! 5DD8
(T8 T7 16 T5 T3') @5 Fr' P33 (Y1' -+ Y2! + Y3 + Y4' + Y5 + Y6')

' 806
Q3¢5 ¢ 2U6
Q3 @5 ¢ 2U6



11,

12.

13,

14,

(a)
(b)
(c)
(a)
(b)
(c)
(a)

(e)

(£)
(g)
(n)
(a)
(b)
()
(a)
(v)
(c)
(a)
(b)
(c)

[

-

-

sEERISEERREREEERRE R

t 4+ + 0

It

(T8 T7 T5) ¢6' An
( ") g6 Po T4' An
(T8 T7 T6 T5 T4') (g6 Po' P33') Y1

(T8 T7 15 Po' P33') (T2' + T2 P1') (R7' @6 C) Y2

( " ) ( " ) o) e
( " ) ( " >y oo )3

( " YO ) )
( " ) oo ) )14
( " ) ( " Yy oo )
(18 T7 5 Po' P33' @#6 C) T2' R7' (T2' + T2 P1') An
( ) T2' BT ( ") A
(T8 T7 T6 T5 T3') #6.P32 ;

Q3 g6 ¢

¢ ")

T8 T7 T6 T5 T4' @7 (R1 + R2 + R3) F2Fl!

#7103 ¢

g7 @5 ¢

T8 T7 15 Q3' F2Fl'

Q4 C

Q4 C
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9K12
9E16
9K9
W8
16
208
W6
3014
W12
36
48
58
204
2U4
0Q1l
2U9
2U9
9116
1U16
1U16
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DESCRIPTION:

1. (a thru c) Sequences the computer from ¢2 to ¢3. "In ¢2 for one pulse time",
2 Q8 Turms prime ¢3.
3. (a thru c) Sequences the computer from ¢3 to ¢4. "Q3 waits for Fr! (Flex
Idle) and P33 time before sequenceing to gan,
4, (a thru f) "Y" FF are set to their relaxed configurations.
5. NOTE: Payd is a selection driver that operates a relay to turn on the
Flexowriter "Ready" light. Since the selection driver inverts the signal it is
required that the information to Payd be a "not" term. This says, "In ¢3 or ¢4,
if the flex is not busy and not performing a carriage return, and Go One Shot is
not being fired, then turn on the "Ready" light“.
At this point the computer waits ih ¢4 for an input. When a Flex Key is struck
or the reader y contacts are energized, Fr turns true
6. Q8 flip flop is turned true when any y contact is energized.
T (a thru c) Q3 has been waiting for Q8, and now comes up at P33 time.
Computer sequences out of ¢4 into @5 at the fail of P33.
8. (2 thru f) The Y flip flops are set in parallel fashion from the y contacts
on the Ilexowriter at Po time.
9. (a thru f) The R register counts down one at Po time,
10. (a thru C) Computer waits until Flex has become idle (Fr'), and at the
next P33 bit sequences into 6. '
11, (a) Ad follows An in all @'s except 6. ‘
(b) In ¢6 Ad follows An during Po time, "Recirculates the sign".
(¢) Ad follows Y1 from Pl to P32 times. "The magnitude portion of the
word"., ;
12.  (a thru h) From P1 through P32,} Y1 follows Y2, Y2 follows Y3, Y3.follows Y4,
Y4 followg.An. The four Y flip flops are now inserted in the A line, lengtaening
the line by four bits. The new informétion in the "Y" flip flops.is inserted*in
the four least significant bits of the A line. At P32 time the four most
significant bits of A are now in the "&" flip flops.
13. (a thru ¢) At P32 time Q3 comes; up and the computer sequences to @7 at
"the fall of P32. The new information is in the least significant four bits of
A, and the four most significant bits ;f A have been left in the Y flip flops.

A line is now recirculating,
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14, (a'thru ¢) If the R register has not been completely down, Q3
cones up at P3 time (F2F1') and the computer sequences back to ¢3 for
next input at the fall of P3.

15, (a thru ¢) If the R register has been completely counted dovm, §3
cannot come up, and Q4 comes up at P3 time, and computer sequences back
to Vb.
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Fl Hexadecimal Input (From High Speed Paper Tape Reader)

Equations and explanations are identical to the F1 (from Flex) except
for the following substitution.
7. (a) @3 = (1817716 75 73') 4 C (y1 + y2 + y3 + y4 + y5 + y6) P33 X3

DESCRIPTION:

7. (a) Q3 tarns on during P33 time in @4 if X3 is true indicating
HSPT is connected and on,.

NOTE: In the Flex logic the Q3 equation:. (7a) would not apply because Q8

could not be turned on due to no Fr term from Flex in equation 6.

F3 Alphaw Numerical Input
Equations and explanations are identical to Fl order (Flex or'HSPTR)

except for the following substitutions and additions.

12, (g) ¥4 = (78 T7 75 Po' P33'g6.C)(T2' + T2 P1*)(22 RT') Y5
(h) 1 = ( " X " o ) s
(i) ¥5 = (18 77 75 13' Po' P33' @6 C) (T2' + T2 P1') RT' ¥6
() B = ( " ) ( ") RT' Y6'
(k) ¥6 = (T8 T7 T5 Pa' P33' $6 C) (T2' + T2 P1') T2 An
(1) x6' = ( " ) ( " ) T2 An'
DESCRIPTION::

12. (g & h) Y4 now follows Y5 (not An as in the F1 order).
(i & j) Y5 follows Y6.
(k & 1) Y6 follows An,

NOTE: This inserts six "Y" FFs in the "A" line instead of 4 as in the Fl
order. _ |

Ad follows Y1 at Pl time because of equation 11(c) in the F1 order. This
is of no significance since the Pl bit is not used with alpha-numerical
information. The status of Y1 flip flop is not affected because of this, and
Ad  starts following Y1 at P2 time (because of T2P1' in the Y equations).

4N6

33
445
54
5W6
6W16
6W14

Similarly, information goes into Ad at P32 time from Y1 flip flop, but the P32

ﬁit has no significance in alpha-numerical information since only bits P2
through P31 inclusive (total 30 bits) are used.



5 Hexadecimal Output (to Flex)

1,

@® ~1 o U

11,

12.

(a)
(b)
(c)
(a)
(b)
(c)
(a)
(b)

(e)

(a)
(e)
(£)

(£)

(a)
(b)

(a)
(b)
()
(a)
(e)
(£)

i

T8 T7 T5 @2

Q3 g ¢

Q3 @2 ¢

(18 77 5 T3) @3
Q3 @5 C

Q3 #3 ¢

(¢4 c)

(13) Go' (er' C) T7 ‘
GL' G2' G3' G4' G5' G6' Vo P32 T8 ¢4 C

= fw' R8 Ue Hof Cr' (Vo P33)
= Fw' C Po

(18 17 15 13) ¢4 Pu'

Q3 g4 ¢

Q3 @4 ¢

(T8 T7 ™5 T4' #5 Q3 P32' C) R1!

( " )RL

( " ) R2' R1!

( " ) R2 R1!

( " ) R3' R2' R1!

( n ) R3 R2' RL'

™ T7 T5 T3 ¢5 Po

Q3 g5 ¢

Q3 @5 ¢

(18 77 15) ¢6' in

(™ )¢ ro' P33 11

(18 w7 95 To' P33'@6.C ) R7' Y2 (T2' + T2 P1')

( SRR YO )

¢ u ) R7' Y3 ( " )
¢ " ) RT' Y3 ( " )

(o ) R7 Y4 " )

( " ) R7T Y4 (o )
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602
2U14
2U14

~ 5N3
2012
2U12
2W16
2Wl6

305
2W16

305
2W16

8DD10

511

0K16
- 0Q7
2U8
2us
3DD2
4DD16
4DD6
4DD4
5DD10
5DD8
501
2U6
2U6
9K12
9E16
9K9
We
16
28
26
W14
3W12



13,

14,

15.

16.

(g)
(n)
(a)
(b)
(c)
(a)
(b)
()
(d)
(e)
(£)
(2)
(b)
(c)
(a)
(b)
(c)

i
~

5 1=

5 R

[op)
—

FERIEREIB]

'S
N

5 IR

I
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(T8 T7 T5 Po' P33' @6 C) R7* An T2' (T2' + T2 P1')

( " ) R7' An' T2'<
(T8 T7 T5 T4' T3) @6 P32 T6 T2!

#6 a3 ¢

g6 Q3 C (o)
(T8 77 75 13 §7 ¢ 2 F1') Y1 YU

( " Jrz yz

( " ) Y3 NG

( " ) Y4 y4,

( " ) Y5t Y9

( " ) Y6 yé/
(t8 17 15 T4') ¢7 ( RL + R2 + R3) F2Fl' 16
g1 Q3 ¢

47 3 ¢

(T8 17 T6) #7 FoFL' Q3"

Q4 C

Q4 C

n

)

3W6
48
9Q1
2U4
2U4
2A3

348

3A4
3A2
4A16
4a11

oall

209
209
oI16
1U16
1016
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DESCRIPTION: :

1. (a thru ¢) Sequences the computer from #2 to #3. "In #2 for one pulse time",
2. (a thru ¢) Sequences the computer from ¢3 to ¢4. "In ¢3 for one pulse time",
3, (a thru f) "Y" FP's are set prime,

4, Cr' indicates the flex is not in a carriage return cycle, "Go prime is an
interlock signal to tell the computer the flex is ready to receive information
and is not in a carriage return cycle".

5 Ue turns true when the "one-shots" have all been fired, indicated by Git.
This happens at the fall of P32 of word "OO" on the "F" line, "This term is
used in a gate to sequence the computer",

6. ' DR turnms:true during P33 of word “0O0"'ion the "F" ‘line if Ue is true,
oné-shots fired; Cr! carriage not in return cycle and Hof FLEX switch in

p COMPUTE position, » I ‘ o

7. The Fw' FF is following the Fw' IR, )

8., (a thru ¢) Q3 turns true to sequence the computer from ¢4 to ¢5.

9. (a thru c¢) "R" register counts down by "one" at the fall of Po during ¢5.
"Counting number of characters outputed, i

10. (a thru ¢) Q3 turns true during Po of ¢5 to sequence the computer from ¢5 to ¢6.

11, (a) Recirculates the "A" line normally in all ¢'s except ¢6.

(p) Ad follows "Y1" from P1 thru P32 time during $#6. "Y" FF's are being
loaded with the information from the "A" line,

12, (a thru h) Y1l follows Y2, Y2 follows Y3, Y3 follows Y4, and Y4 follows An

from P1 thru P32 time during ¥6.

13, (a thru c) Q3 turns true during P32 time in ¢5 to sequence the computer from

g6 to ¢7. |

14, (a thru ) During ¢7 the "one-shots" are fired according to the configuration

of the "Y" FF's. "Pushing keys or punching tape in flex", This
operation takes place in a parallel manner at P3 time, |

15. (a thru c) Q3 turns true during P3 time in @7 if the "R" register has not been

counted down end the computer sequences from ¢7 to @3 to repeat the
operation, ‘ .
16. (a thru c) Q4 turms true during P3 time in ¢7 if the "R" register is counted

down and the computer sequences to ¢o.
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F5 Hexadecimal Output (to HSPT Punch)

Bquations and explanations are identical to the F3 order (to Flex) except for the
following substitutions.

7. Fu' (DR) = 'sw R8' ESP | 0K14
15, (a) @3 = (T8 T7 16 ™5 T4') #7 (Rl + R2 + R3) R8" F1 HSP 903
16. (a) Q4 = (T8 T7 T5) ¢#7 Q3' R8' F1 HSP 9I5
DLECRIPTION:

Te Fw! flip flop can come up wit out logic pertaining to Flexowriter status

in order to allow Q3 to come up in @4. sw is term from punch coming fron

sw cam switches on nmotor shaft,

15, (a) In ¢7 Q3 comes up during Po time if the "R" register is not counted dcrn.
This is to prevent the Gl through G6 shots from firing.

16, (a) If the R register has been counted down (r1t R2! R3') Q3 cannot come up.
Q4 comes up and sequences the computer back to go for loock-up of next
command. ‘



Page 58

F7 Alpha-ifumerical Outnut .

Equations and explanstions are identical to the ¥5 order (Flex or HSPTP)

except for the following substitutions and additions.

12, (g) 14
(n) 14'
(1) 15
() 13
(x) 16
(1) x6
13, (a) Q3
14. (&) %
DLSCRIPTION:

12, (gé&n)
(1 & 3)
(x & 1)

NOTE: This

The

= (18 77 15 Po' P33' #6 C)(T2' + T2 P1')(R7' T2) Y5 33
= " ) w0 ) s 415
= ( " X " )RT'Y6 514
= " ) " )RT' Y6 516
= ( ", ) " ) RT' T2) in 6116
= ( oo 0 ) ae 61714
= (I8 T7 T5 T4' T3 T2 $6)(F5 F2 F1') - T4
= (18 17 5 13) #7 C (Y6 Y5' ¥4 Y3) - 3YY9

Y4 nov follows Y5 (not An as in the F5 order).
Y5 follows. Y6.. '
Y6 follows An during P2 thru P31 time,

inserts six "Y" FFs in the "A" line instead of 4 as in the F5 order.

"Po" bit is recirculated (equation 11b F5 order) and since there is

no recirculation term for Ad at Pl time, Pl either remains "zero" or

changes to zero. Neither the Pl, P32 or P33 bits have any significance

in alpha-numerical characters.,

13, (a) At the fall of P31 in @6 the 615 bits (P2 thru P7) of the "A" line are

in the "Y" FFs, Q3 ‘comes up to sequence the computer into #7.

‘14, (g) If the alphe-numerical information calls for a carriage return,

Go is triggered at P32 time in #7. The computer sequences out of g7
before the G1 thru G6 "one shots" can be fired.



"CODE DELLTE"
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The following substitutions and additions apnly during a code delete in a

"Fl" or IIF3"

2. (a)
T ()
()
(a)
(e)
(£)
(&)
(n)
(1)

DESCRIPTION:

Q3
ﬁi'
ge
Q3
¢_6'
itk
Q3
il
%3

order.

= (T8 T7 T6 T5 T3') ¢5 Fr' P32 (Y1 Y2 Y3' Y4 Y5' Y6) 842
= g5 Q3¢ 2U6
= g5 Q3¢ 2U6
= (18 T7 T6 75 T3') ¢#6 P33 5N7
= @6 Q3 ¢ 2U4
= @6 Q3 ¢ 2U4
= (T8 77 T6 T5 T4') @7 (Y1 Y2 Y3' Y4 Y5' Y6) _ 619
= gra3c 2U10
= g1 3¢ ' 2U10

During the execution of an input "Read" commend either a F1 or I3 the computer

will recognize and act accordingly on a "CODL DELETE".

30. (a thru ¢) Q3 turns true during P32 time, instead of P33 tiuwe, to sequence

“q

the computer Zrom @5 to ¢6.

(d thru f) Q3 turns true dvuring P33 time to sequence the omputer from ¢6

to ¢7.

(g thiu i) Q3 turns true during Po time to sequence the cdmputer from ¢7

NOTZ:

to ¢3.

Due to the cequencing of the computer from 75 to ¢3 in a 3 pulse times

the ¢éomputer ignores the information in the "YI" flip flops and rscycles

to input the next character,
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F9 Sign In

BEquations and exvlanations are identical to the F1 order (From Flex or

HSPTR) except for the following substitution.

11, (b) ad = (18 T7 16 T4) ¢6 Po Y4 2K6
(€, = - e s e e e e e e - - -

DESCRIPTION:

11. (b) Ad follows Y4' at Po time in @6,

HOIE: If Y4 were prime (which it would be if a space had been typed in);

a one bit would be nut into the "A" line at Po time, indicating a - .

plus sign,

OR, if Y4 were true (which it would be if a "minus" had been typed

in), no bit would be put into the "A" line at Po time indicating a

minus sign.

(c) Since there is no recirculation equation during the remainder of

the one vord time in @6, the "A" line is cleared.



A1gha

Alpha Hex Hex
-Lode Code Operation Code  __ Code Operation
ACS 63 Add and Change Sign MDA El Multiply by D and Add
ADB BD Add to B MPA B3 Multiply and Add
ADD 61 Add MPD E5 Multiply by D
ALI F3 Alphabetic Input MPY E7 Multiply
ALO F7 Alphabetic Output MTC 93 Magnetic Tape Copy
A1S A7 A Left Shift MTS 91 Magnetic Tape Status
ARS A5 A Right Shift MTX 95 Magnetic Tape Exchange
BTP 9F Both Type and Punch NOP 00 No Operation
NMO DD Number Output
CFA 89 Copy from Wk. St. I. NTP 99 Neither Type nor Punch
CFB 8B Copy from Wk. St, II
CFC &b Copy from Wk, St. III PAA 6D Place Address in A
CFD 8F Copy from Wk, St, IV PCD 97 Punch Cards
CLA 28 Clear A PHA 6F Place Half-word in A
CHS 2B Change Sign PNH 9D Punch
cov 02 Change Overflow Ind,
CoM 51 Compare Magnitude RND 22 Round
CPL 3E Complement
CTA 81 Copy to Wk. St, I. SAA 4D Store Address from A
CTB 83 Copy to Wk, St., II SAW 49 Store A
CTC 85 Copy to Wk, St. III SBB BF Subtract from B
CTD 87 Copy to Wk, St. IV SBW c5 Store B
8C8 65 Subtract and Change Sign
DDD E9 Divide Double L by D SCT AB Shift and Count
DDW EB Divide Double Length SDwW o7 Store D
DVD ED Divide by D SEW C3 Store E
DVW EF Divide SHA 4F Store Half-word from A
SNI 79 8ign Input
EXT 75 Extract SKO D5 Sign Cutput
EXD 71 Extract with D Mask Ssp 2c Set Sign Plus
SUB 67 Subtract
HTR 1B Halt and Transfer
HXI Fl Hexadecimal Input TIX 17 Transfer on Index
.HXO0 F5 Hexadecimal Output TLZ 1D Transfer on Less than Zero
. TNZ 19 Transfer on Non-zero
LAB 32 Load A from B TOV 1F Transfer on Overflow
LAD 38 Load A from D TRA S 11 Transfer
LAE 34 lLoad A from E TSA 13 Transfer on Switch One
LAM B5 Ioad A from M TSB 15 Transfer on Switch Two
LAW 79 lLoad A TYP 9B Type
LBW 41 Load B
LDW 5B Load D XAB 30 Exchange A and B
LEW 57 Load E XAD 3A Exchange A and D
LIS A3 Long Left Shift XAR 36 Exchange A and E
1RS Al Long Right Shift Xaw 69 Exchange A and W



-Copy frpm Wk, St IV,

IC__CODE

Hex Alpha v _ Hex . Alpha . .
Lode Code Operation Code _ _Code ____ Operation
KOP No Operation o1 MTS. Magnetic Tape Status
02 cov Change Overflow Ind, 93 MTC - Magnetic Tape Couy
‘11 TRA Transfer , 95 MIX Magnetic Tape Exchange
13 TSA Transfer on Switch One o7 PCD Punch Cards ‘
15 ' PSB Transfer on Switch Two 99 NTP Neither Type nor Punch
17 TIX Transfer on Index 9B P Type .
19 T™Z Transfer on Non~zero 9D PNH Punch
1B HTR Halt and Transfer 9F BTP Both Type and Punch
1b TLZ Transfer on Less than Zero
1F TOV Pransfer on Overflow ‘ Al IRS long Right Shift
‘ , A3 LIS Long Left Shift
22 RND Round - A5 ARS A Right Shift
28 CLA Clear A AT ALS A Left Shift
2c S8P°  .Set Sign Plus AB - SCT Shift and Count
28 CHS Change Sign -

B5 LAM Load A from M
30 XAB - Exchange A and B BD ADB Add to B
32 - LAB = Iload A from B EF SEB Subtract from B
34 IAE  load A from E
36 XAW Exchange A and E 3 SEW Store E
38 LAD Load A from D (4] SBi Store B
3A XAD Exchange A and D C7 SDW Store D
3B CPL  Complement (A) .

D5 8SKNO Sign Output
41 LBW . Ioad B D NMO Number Output
49 SAW Store A
4D SAA - Store Address from A El MDA Maltiply by D and Add
4F SHA Store Half-word from A E3 MPA Multiply and Add

ES MPD Multiply by D
51 CcoM Compare Magnitude . BT MPY Multiply
57 "LEW Load E E9 DD Divide Double Length by D
5B Low Ioad D EB DDW Divide Double Length

’ ED VD Divide by D
b1 ADD Add EF VW Divide
63 ACS Add and Change Sign
65 SCs Subtract and Change Sign F1 HXI Hexidecimal Input
67 SUB Subtract 73 ALI Alphabetic Input
69 XAW Exchange A and W 3] HXO Hexidecimal Output
6D PAA Place Address in A b ALO Alphabetic Output
6F PHA Place Half-word in A 9 SNT Sign Input
71 EXD Extract with D mask
™ BXT Extract
79 1AW Load A
81 CTA Copy to Wk, St, I
83 CTB Copy to Wk, 8t, II
85 CTC Copy to Wk, St, IIX
89 CFA Copy from Wk, St, I
8B CFB Copy from Wk, St, II
‘8D CFC Copy from Wk, St III
CFD



STANDARD ALWAC I1I-E CODES
(1959 Compatible - Engineer's Copy)

Hole No, 5 = Code Delete

‘Tape Flex ALWAC 407 Cards Tape Flex ALWAC 407 Cards
7612.34  Space 00 00 00 Space 7612.3 * . 10 00 00 = X
612.34 1 00 00 01 1 1 612.3 JJ 100001 J - X1
-7 12.34 "2 00 00 10 2 2 7 12.3 k K 10 00 10 K X3
12,34 A3 00 00 11 3 3 12.3 1L 10 00 11 L X3
76 2.34 r4 00 01 00 4 4 76 2.3 m M 10 01 00 M 'X 4
6 2.34 &5 00 01 O1 5 5 62,3 'nN 10 01 01 N X8
7 2.34 + 6 00 01 10 6 6 7 2.3 o0 10 01 10 © X 6
2.34 ?27 00 01 11 7 7 2.3 pP 10 01 11 P X7
761 .34 = 8 00 10 00 8 8 761 .3 qQ 10 10 00 Q- X8
61 .34 (9 00 10 01 9 9 . 61 .3 rR 10 10 01 R X9
7 1 .34 Stop Code 00 10 10 (9) 82 71 .3 \ 10 10 10. (R) X8
1 .34 © () 00 10 11 # 83 1..3 #3 10 10 11§ X83
76 .34 (%) 001100 © 84 76 .3 (%) 10 11 00 * X84
6 .34 Back Space 00 11 01 (@ 85 6 .3 Car. Ret. 10 11 01 (%) X85
7 .34 00 11 10 » 86 7 .3 10 11 10 (3) X8
.34 00 11 11 @ 87 .3 Upper Case 10 11 11 (%)  X87
7612, 4 (A) 01 00 00 & Y 7612, ) o 11 00 00 O )
612, 4 a A 01 00 01 A Y1 612. : / 11 00 01 / 01
7 12. 4 b B 01 00 10 B Y 2 7 13. s 8 11 00 10 8 02
12, 4 cC 01 00 11 c Y3 12, tT 110011 T 03
76 2. 4 dD 01 01 00 D Y 4 76 2, ul 11 01 00 U 0 4
6 2.4 e R 01 01 01 B Ys 6 2. vV 110101 V 05
7 2.4 tF 01 01 10 F Y6 7 2. w W 110110 W , 06
2, 4 g G 01 01 11 G Y 7 2. x X 11 01 11 X 07.
761 . 4 h H 01 10 00 H Y s ¢ 761 . yY 11 10 00 Y 08
61 . 4 11 01 10 01 1 Y9 61 . z Z 111001 2 09
71, 4 01 10 10 (1) Y82 71, 11 10 10 (2z) 082
1., 4 ' ., 01 10 11 . Y83 1. _ 111011 -, 083
76 . 4 (%) 01 11 00 < Y84 76 . % 1111 00 % 084
6 .4 Tab 01 11 o1 (@) Y85 Y : Clear 11 11 01 (%) 085
7 .4 01 11 10 (.) Y88 7 . Color Shiftll 11 10 (,) 088
« 4 Llower Case 01 11 11 ) Y87 + Tape Feed 11 11 11 (%) 087

Form 10160-~00
December 1959
JE/dic



WAC JIIT-E CODE CO ION

FLEXOWRITER , ALWAC
PUNCH PRINT HEX
35 gpace 0 00 0000
1.35 1 1 00 0001
2.3 5 v o2 2 C0 0010
12.3 5 + 3 3 00 0011
1. 5 % 5 5 00 0101
2, 5 ? 6 6 00 0110
12, 5 P} T 7 00 0111
« 345 % 8 8 00 1000
1 .345 (9 9 00 1001
2.345 A a A 00 1010
12,345 B b B 00 1011
« 45 C ¢ C 00 1100
1,145 D ad D 00 1101
2» 45 E e E 00 1110
12, 45 P T F 00 1111
o3 G g 01 0000
1.3 H h 01 0001
2.3 I i 01 0010
Tape Feed 01 0100
2. 4 — 01 1110
12, 4 73 01 1111
6 35 K k 10 0000
61 35 L 1 10 0001
6 2.3 5 M om 10 0010
612.3 5 N n 10 0011
é « 5 0 o 10 0100
61, 5 P p 10 0101
62, 5 Q q 10 C110
612, 5 R r 10 0111
6 345 Lower Case 10 1000
61 .345 Upper Case 10 1001
6 2.345 Color shift 10 1010
612,345 Code delete 10 1011

6 + 45 Tabulate 10 1100



>

08 Load B from E )
1. Bd = @2 T8' T7' T6' T5' T4 T3' T2' F4 En
2. (a) @4 = (m8* 77' 15') (42 P33) T2
(v) g2r= @ac
(e¢) fo = 4cC
DESCRIPTION
1. Bd follows En during the MSH word time (P4). "Copies MSH of E
to MSH of B, (The ISH of B including the sign is cleared.)"
2, (a) Q4 driver turns on during P33 time in @2 if T1 is prime, "T1°
used in packed commands," .
Eb; Sequences the computer from #2 to Fo.
c

Qg_ Load D from E

1. Dd = @2 T8' T7' T6' T5' T4 T3' T2 F4 En
2, (a) Q4 = (8" 7' T5') (g2 P33) T1*
(v) f2r= a4c
(¢) o = @c
DESCRIPTION
1, Dd follows En during the MSH word time (F4). "Copies MSH of E
to MSH of D. (The ISH of D including the sign is cleared.)"
2.+ (a) Q4 driver turns on during P33 time in @2 if Tl is prime, "T1°
o used in packed commands."
(v)

(c)

Sequences the computer from g2 to Po.

7115
-OP9
1016
1U16

8P11

OP9
1016
1U16



A to B (B recirculates)

n

(1T8' 7' T6' T5' T4 T3) @2 Po An OFF16
+ (T8' T7' T6' T5' T4 T3) T2' #2 Po' Bn SFF10
(18" 17" 15') (g2 P33) M0 0Pg

®C ' 1U16
Y | 1U16

B

[*:3
2_2_'
go

"

]

Bd follows An during Po in @#2. "Transfers sign
of YAM 4o "B", ' '
Bd follows Bn the duration of the word time in @2,

" "Reeirculates "B"

OC Sign of
1. (a) ~
(b)
2 (a)
(b)
(e)
DESCRIPTION:
Lo (a)
(b)
2. (a)
(b & ¢)
Qg Clear B
1. (a) |
(b)
2. (a)
(b)
(¢)
DESCRIPTION:
1, (a)
()
2. (a)
3. (b & c)
NOTE:

Q4 driver turns on during P33 in $#2.
Sequences the computer from @2 to @o.

end Sign of A to B

Bd (T8' T7' T6' T5' T4 T3) @2 Po An - OFF16

b e m m m m e m em e e - - - -
(r8' 77" 75') (#2 P33) T1' PN OP9

U C 1016
Q4 C 1U16

in
R
S~

(3
25-2.1
do

it

]

Bd follows An during Po time in @2 with this order
in the "I, "Copies sign of A,"

No recirculation equations for the "B" line with
this order.in "T", therefore, the "B" line is
cleared from P1 thru P33 time.

Q4 turns on during P33 time in g2.

Sequences the computer from @2 to @o.

Bi = (T8' T3) Bn changed to Bd = (T8' T4' T2) Bn,

. This prevents recirculation of the "B" line in @2

during an OE order.



595 Load Index From Address

After a "@2" look-up is accomplished, Page 6,
the following equations apply.

1. (a) Er = (T8'T7 T6'T5T4'T3)(T2+F3' )(@2 Vw)F4 Wn C 0C15
(v) + @o' F4' (En C) ﬂ TYY10
(¢) Er' = (18'T776'T5T4'T3)(T2'F3 + Wn')(@2 Vw)F4 C 2B16
(d) + @o' F4' (En' C) TYY4

2. (a) Q4 = (18" T7) (Vw P33 #2) Ua' | 9010

' (®  + (18" 27) (Vw P33 g2) Us' 907
(c)-2 = @ ¢ 1016
() do = ¢ 1016

DESCRIPTION:

1. (a) Er follows Wn during the MSH address portion

(F4 F3') in @2 with this order in the "T" reg-
ister, "Passes thefoﬁe’s"
(b) Er follows En during the LSH in any % vut do.
"Passes the one's during the LSH word time for
normal recirculétion,"
(e¢) Er' follows Wn' during the MSH address portion
"~ in @2 with this order in the "T" register.
"Passes the zero's also, clears the MSH in-
struction portion of the "E" line,"
(d) Er' follows En' during the LSHin any @ but @o. "Passes
the zéro's during the LSH word time for normal recirculation."
2, (a) Q4 turns on during P33 if Ua is prime. |
(b) Same as (a) but if Us is prime.
(c & d) Sequences the computer from @2 to Fo.



A3

8l Capy to Working Storage I

(a)

Mi'= f1cC 988
(v) + sC : 6C8

R = (T8 177" 76" 15') fo' g1 - TT0
(a) c7°= (c7 Q@ #2) (Ri Vi* +Ri' Vi) C —
(b) c7 = Cc7" P33 ¢C 5N30
(8) ¥i = (c7" @ @) RicC (i = 1 thru 8 FF's) —
(b) wi*t= ( * )Ri'cC —
(a) €1 = (c7 P33 ¢C) c1t 4N16
(B) c1*= ( " )c1(c2'+C3 +C4*'+C5 +C6') 4N11
(¢) + cCc7'cC 4N2
(@) e2 = (c7 P33 C) c1 c2? 5N16
(e) €2'= ( " )crc2(c2* +C3 +Ca* +C5' + C6') 5N13
(£) + C7' C | 482
(g) €3 = (c7 P33 ¢) C1 C2 C3! 5N11
(h) e3*= ( » )cicz2c3 (C2' +C3' +C4' + C5' + C6') 5N9
(i) + C7'C 4N2
(3) c4 = (c7 P33 ¢) c1 c2 €3 c4 5N2
(k) c4*'= ( " )crc2ce3c04 (C2' +C3' +C4' +C5' + C6') 7114
(1) + CT'C 4N2
(m) c5 = (c7 P33 C) €1 C2 C3 C4 C5° TL12
(n) e5t= ( * )c1c2c3c4cscs _‘ 7L10
(o) + C7' C 4N2
(p) €6 = (C7T P33 C) C1 C2 C3 C4 C5 C6' 718
() c6°= g2crr ¢ ~ L7
(a) Uc = ot T8 T7* Po C 8Y6
(b) Te'= P33C 263
(e) + SC 9AA23
(a) Q3 = @2 7' @ Ue OoM7
(v) d2r= d2Q3¢C ' 2014
(c) 83 = 230 - 2
(a) 83 = 3@ oM16
(v) #3t= #53Q3¢ 2012
(¢) g4 = #3Q3¢ 2U12



,.,9°
10,

11,

12,
13.

14,
15.
16.
17.

18.

19.

20,

21.

(a)
(v)

(a)
(v)

(a)
(v)
(a)
(v)
(e)
(a)

(v)

()
(a)
(b)
()
(a)
(a)
(v)
(e)
(a)
(b)
(e)

nmon u o n

tun n

FepERREREEEERR]EER

P4
[
"

Kk
+ 4+ 0

]

[

BRRERE

240
¢4(01czc3c4c5c6)Q2A2'F5;2'F1
T7* ¢7 (#4 + #5) R QG ¢

g4 Q3 ¢

#4 Q3 C

g5 7" T4 Q2

(d2' Q7) (13' T2' C) Mr

( > » Jm

@5 (C1 c2 C3 C4 C5 C6) Q2 Md' P33
T7' C7 (¢4 + 95) @ QB C

g5 Q3¢

#5 Q3 ¢

g6 Q2 P33

= g6 Q3¢

g6 Q3 C

P33 C

B2 (73' T2' C) (P33 Mr')
H2' (T3' T2' C) (P33’ Mr)
@7 T8 T6* T5' X1' C

#7 Apr Q2 A2 P33 C

Ap2 C

SC

@7 Apr Q2 A2 P33

= g1Q¢
= g1QGC

@7 (C1 C2 C3 C4 C5 C6) Q2 A2' X1 P33
Q4 C
Q4 C

A4

9N9

8N14

2U8
2U8
6T8
5G15
6G3
8YY12
g8N14
2U6
2U6
183
2U4
2U4
203
3C15
4C15
5C4
4E12
6C11
609
4E13
209 .
209
9112
1016
1016



DESCRIPTION:

1. (a)
(b)

2,

3, (a)
(b)

4., (a & b)

Md FF turns prime in @1

Md FF turns prime when the NORMAL-TEST-CLEAR-SWITCH
is moved to the CLEAR POSITION,

Q2 driver turns true during all @'s except o and @1.
C7 FF turns true at P33 time with C7 prime, "One
word time."

C7 FP turns prime if the "R" register and selection
driver FF's (V1 thru V8) do not compare. "If a pre-
select or previous block transfér command hed pre-
ceded this block copy soon enough (minimum 2 drum
revolutions) the "R" and "V" FF's would have come
pared and the "C" counter would be true,

The selection driver FF's (V) are set by the "R"

FFP's "Parallel Transfer",

5, (a thru q) If the "C" counter FF's were all set prime by CT7'

6. (a)

(v)
(e)

NOTE:

C, at the next P33 time, they would begin the 64
word time count. At the end of 2 drum revolutions
Cl thru C6 would be true. -This allows time for
the relays to set,

Uc turns on at Po time in any @ except @o with T8
true and T7'.

Uc turns prime at P33 every word time.

Uc turns prime when the NORMAL-TEST-CLEAR SWITCH
is in the CLEAR position,

These equations are used in conjunction with
equation (7a) to keep the computer from being in
two @'s (2 and @3) at the same time when the
NORMAL~CLEAR SWITCH is in the CLEAR position, Uec
prime equation (6c) keeps Q3 from turning on (7a),
therefore, preventing @2 Q3 C which would put
both the true and prime inputs to the ¢3 FF when
the N-T-C SWITCH is in the CLEAR position and

then released.

A5



7.
8.

9.
10.

11,
12,
13,
14,
15,

16.
17.

19.

(a)
( b & c)
(a)
(b & ¢)
(a & b)
(a & b)
(a & b)
(a)
(b &e)
(a)
(v)
(a)
(b)

Q3 turns on with T7 prime Q2 on in @2 with Uc true.

Sequences the computer from @2 to @3.

Q3 turns on in @3 with Q2 on.

Sequences the computer from @3 to @4.

Q3 turns on during P30 time in @4 with Q2 on after
the "C" counter has counted 2 drum revolutions (Cl

C2 C3 C4 C5 C6) and with no block copy alarm A2'.
C7 turns prime during @4 or @5 when C7, Q2 and Q3
are true and T7 prime.  "Start of a 32 word count
for transfer,"

Sequences the computer from @4 to #5.

Q7 turns true during @5 with Q2 true and T7 and T4
prime, "Conditions copying equations."

H3 FE follows Mr FF "transfer operation".

Q3 turns on during P33 time after a 32 word count

for transfer (Cl C2 C3 C4 C5 C6) in @5 with Q2 on
and Md' indicating the reading configuration.

C7' turned prime in @5. "Resets 'C' counter for 32

word count for checking."

Sequences the computer from #5 to f6.

Q3 turns true in @6 with Q2 true.

Sequences the computer from @6 to #7.

XL turns on at the fall of P33 every word time,

X1 turns prime if there is a mis-match between H2
and Nr from Po thru P32 for 32 word time

A2 turns on in §7 if an improper block copy took
place (X1').

A2 turns prime if the ALARM SWITCH # 1 is in the

SILENCE position (Apr) Q2 is true, A2 is true
during P33 time in @#7. "With SW #1 in the SILENCE
position and the remainder of the equation fulfilled

‘the'computer will try repeatedly to recopy the in-

foimation correctly."

16



19, (c)

(a)

20, (a)

(b&ec)

21, (a)
Note:

(b & ¢)

A7

A2 turns prime if the ALARM SWITCH # 1 is in the
RESTORE p031t10n (Apz) "Computer will sequence to
¢° "

A2 turns prime if the NORMAL-TEST-CLEAR SWITCH is in
the CLEAR position (SC). ’

Q3 turns true during P33 time if ALARM SWITCH #1 is
in the SILENCE position, Q2 L e
is true, A2 is true during #7. "Q3 will reset the
computer to @3 and the copying operation will be done
repeatedly. When copying is accomplishedvcofrectly
the computer goes to fo."

Sequences the computer to #3.

Q4 turns on during P33 time in @7 after the 32 word
count (C1 C2 €3 C4 C5 C6) with Q2 on if X1 is true,
X1 in this equation takes care of an improper copy
of the P32 bit in the last word of the block copy.
Sequences the computer from @7 to fo.



83 Copy to Working Storage II

Equations and explanations identical to the 81 order, page A3, except
for the following substitutions:

13, (a) 33 = (a7 #2')(13' T2 C) Mr 1E10
(b) J3' = (Q7 g2') (73" T2 C) Mr 3E16
18. (v) X' = J2 (T7' T3' T2 C) (P33 Mr') 3012
(c) + J2' (17" 13' T2 C) (P33'Mr) 4014

85 Copy to Working Storage III

Bquations and explanations identical to the 81 order, page A3, except
for the following substitutions:

13, (a) 13 = (Q7¢@2') (T3 T2! C) Mr » 7@12
(b) 13' = (a7 g2') (13 12" C) Mr' 9E4
18. (b) X' = 12 (T3 T2' C) (P33' Mr') 309
() + L2' (13 T2' C) (P33' Mr) 4c11

87 Copy to Working Storage IV

Equations and explanations identical to the 81 order, page A3, except
for the following substitutions:

13, (a) N3 = (Q7¢2') (73 T2 C) Mr 844
() §3' = (Q7 g2') (73 T2 C) Mr' 0A11
18, (b) X' = N2 (T3 T2 C) (P33' Mr') 3C6
(e) + N2' (T3 T2 C) (P33' Mr ) 408

89 Oopy from Working Storage I

Equations and explanations are identical to the 81 order, page A3,
except for the following substitutions:

10. (a) M3 = (T8 T7' T6' T5' T4) 4.Q3 C 9B12
(b) 1" = 7' 07 (4 + #5) Q2 Q3 ¢ Cur
1. (a) g4' = da3c 2u12
(b) 5 = 43¢ 2U12



49

12, (a) Mp = (73" T2') (f5 Ma) Os He 9F13
(b) + Mp' 0s' (g5 Md) OE10
(¢) Mp' = (T3' T2') (5 Md) Os He' 8F16
(d) + Mp Os' OE12
(e) Mo = (713" T2') (@5 Md) Os He' 8F16
(£) + Mo' 0s' (g5 Ma) OE7
(g) Mo' = (73" T2') (f5 Md) Os He 8r13
(h) + Mo Os' ' OE14

13, Md' = (C1 C2 C3 C4 C5 C6) g5 F5 F2' F1 C 8u5

DESCRIPTION:

10, (a) Md FF turns true at the fall of P30 time in

@4, "Sets writing conditions."
(b) C7 turns prime during $4 or @5 when C7, Q2 and
Q3 are true and T7 prime "Start of a 32 word count
for transfer."
11, (a & b) Sequences the computer from ff4 to #5.
12, (a thru h) Refer to Ferranti System Write up.
13, Md turns prime at P30 time during #5. "Sets
o reading conditions." - ‘

8B Copy from Working Storage II
Equations and explanations are identical to the 89 order,
page A8, except for the following substitutions,

12, (2) ¥p = (T3' 72) (¢5 Ma) Os Je 8F2
(k)  + Hp' 0s' (#5 Ma) OE10
(e) Mp' = (73" 12) (g5 Md) Os Je' 9F10
@  + Mpos' - OE12
(e) Mo = (T3' 12) (g5 Ma) Os Jo' P4
(£)  + Mo' 0s* (g5 Ha) , OE7
() Mo' = (T3' 12) (g5 Ha) Os Je R4
(n) + Mo 0Os' OE14
18, (v) x' = J2(77' 13" 12) (P33 Mr') | 3C12

(e) + J2' (77" T3' 12) (P33' Mr) 4C14



8D Copy from Working Storage III

12,

18,

Equations and explanations are identical to the 89 order,
page A8 except for the following substitutions:

(a)
(v)
()
(a)
(e)
()
(&)
(n)
(b)
()

Mp

14;20

-x-ll

4+ 0 4+ 0 4+ n

(13 12) (g5 Ma) Os'La
Mp' Os' (g5 Ma)
(13 72') (g5 Md) Os Le'

Mp Os'
(13 72') (@5 Md) Os Le'
Mo' 0s' (@5 Md)

(13 T2') (@5 Md) Os Le
Mo Os'

L2 (13 T2' C) (P33 Nr')
L2' (73 T2' C) (P33' Mr)

8F Copy from Working Storage IV

12,

18,

Equations and explanations are identical to the 89 order,
page A8 except for the following mbetifutions:

(2)
(v)
(e)
(a)
(e)
(£)
(e)
(n)
()
(c)

¥p

)

3

n <+

+

+

il

+

n =

(73 72) (¢5 Md) Os Ne
Mp' 0s' (g5 Ma)

(13 12) (@5 Md) Os Ne'
Mp Os' |

(75 12) (g5 Md) Os e'
Mo' 0s' (@5 Md)

(13 12) (g5 Md) Os Ne
Mo Os' '

N2 (T3 T2 C) (P33' Mr')
N2* (T3 T2 C) (P33 Mr)

Al0

OE10
8r10
OE10

8F10
0BT

8F10
OE14
3C9

4C11

9F16
010
9Fl3
OE12
9F13
0B

9F16

306
408



All

Cl Store Index in Address
1. (a) g8 = (T8 77 T6* T5' T4' T3') Ee C
(v) g8' = ( " ) Be' C
2, Q = ( " ) (T2 + F3') g2 Vw F4
Equations and explanations from this point are identical
to the 49 orderxfsa thru 3p) Page 19.
4. (a) Er = 78 (En C fo')
(b) Er' = 78 (En' C Fo')
5. (a) Q4 = (18 77 T6® T5') @2 Vw P33
(v) g2'= 4cC
() fo = 4c
DESCRIPTION:
1. (a2 &b) Q8 FF follows Ee with a Cl order in the "T" register.
2. Q7 turns on during the MSH address portion of Vw.
4, (a) Recirculates the "E" line normally by passing the one's.
(b) Same as (a) but passes the zero's.
5. (a) Q4 turns on during P33 of the selected word (Vw) during @i2.
(b & c) Sequences the computer from @2 to fo.
£9 Pre~Select
1. Q = g2 (78 T7 T6' TS' T4 T3' T2')
2. (a) c1'= (f2c7Q) (Ri Vi' + Ri' Vi) €
(b) ¢ = C7' P33 ¢
3, (a) Vi = (f2 o7 @) RicC - (i = 1 thru 8 FF's)
(b) yir= (. " )ri'c
4, (a) €1 = (c7P33¢)Cc1’
() c2*= ( ™ )cr(c2'+0C3 +0C4"+C5" +C6")
+ C7'¢C

(e)

5G6
9G6
5G11

9C13
1Bl14
0J4
1U16
1016

OoMé

- 5N30

4N16

4N11

4N2



4, (a) g2 = (c7P33¢C)C1C2!

(e) g2 (C7 P33 C) C1C2 (C2' + C3' + C4' + C5' + C6')

(£) + C7' C

(g) &3 = (C7 P33 ¢C) C1C2C3

(n) ¢3 (c7 P33 C) €102C3 (C2' + C3' + C4' + C5' + C6')
(1) + C7' C

(3) (C7 P33 C) C1 C2 €3 C4'

(x) (c7 P33 C) €102C3C4 (C2' + C3' + C4' + C5' + C6')
(1) + C7' C '

it

it

]

2 Ie

(m) C5 = (C7 P33 C) CL C2 C3 C4 C5'
(n) C5' = (C7 P33 C) C1 C2 C3 C4 C5 C6!
(o) + C7' C
(p) 06 = (C7 P33 C) C1L C2 C3 C4 C5 C6'
(@) g8' = C7' g2 ¢

5. (a) @4 = T7 Q2 g2 P33
(b) go'= @ ¢C
(c) fo = ®C

DESCRIPTION:

This operation pre-selects a MM Channel for future use. Although only
one Msec is required to set the selection flip flops (V1 through V8),
32 Msec are required for the selection relays to set. A 32 Msec inter-
lock is used to prevent premature transfers due to a transfer command
being given less than 32 Msec after a pre-select command, The logic is
80 written that nothing is lost except time if a premature block trans-

fer command is given.

1, Q2 turns true in @2.
2. (a) 1If C7 is prime, it is turned true at the fall of the P33.
(b) In @2, whenever C7 is true, it is turned prime if the "V"
register and the "R" register do not compare,
3. (a&b) In @2 Vi follows Ri and Vi' follows Ri'. . Parallel -
transfer of the information in
"R" flip flops to the "V" flip flops.

Al2

5N16
5N13
4N2
5N11
5N9
42
5N2
TL14
4N2
7L12
7L10
482
718
TLT
OEE16
1Ul6
1U16



4.

Se

1,
2.

3.
4.
9.
6.‘

7.
8.
9e

0.

(a thru 1) C7 prime turns C1, C2, C3, C4, C5 and C6 prime.
"C" counter begins counting up to 64,

(a) Q4 comes up with Q2 in @2 and sequences computer to
"Computer has been in @2 for one word time."

counter will count only at P33 time total count is

“Since each

64 word times or two drum revolutions,"

fgo.

Store A in M (C9 order is a pre-requisite)

(a)
(v)
()
(a)
{e)
(£)
(e)

(n)
(1)

(3)
(k)

(TeT76! T52473' 72) (g2 P32 c)(vxva'vs'V4'V5 V6 VTIVB!) VO

(a) @3
Qav

(v)
(e)

(a)
()
(a)
(v)
(e)
(a)
(e)
(£)
(&)
(n)

F E

5

FRRERR

L]

(1877 16" 75' ™4 T3' T2) L Q3 C NC
(Um g2 P32 C) R’ ok

(Um g2 P32 C) R1
(Um g2 P32 C) R
(Um g2 P32 C) R1'
(Un g2 P32 C) R1'
(Um g2 P32 C) RL!
(Um g2 P52 C) R
(Um g2 P32 C) R
(Um g2 P32 C) R1'
(Um g2 P32 C) R’
(Um #2-P32 C) R1

R2!
R2

R2'
R2'
R2!
R2!
R2'
R2!
R2!

(T8 ™7 T6* T5' T4 T3!

( n

R3!

R3

R3' R4'
R3' R4
R3' R40
R3' R4!
R3' R4'

R5*

R
R5!

~

12)(g2 P32 ¢) N7

)

) Ao

(18 77 16' 75' T4 T3* T2) g2 P32 N

g2 Q3¢
g2 G cC

(T6T776' 75731 T2)A2" Vi Op' 933(019263%5596)3‘53‘2'1*1
)3 G C "

( ]
#3QcC

#3

(¢4 Ma) Os* Mo'
(@4 Ma) Os Av1'
bs' Mo

(g4 Ma) 0s Av1
(#4 Ma) o0s' Mp'
(¢4 Ma) 0s avl
0s' Mp

(d4 Ma) 0s avd'

NJ

A13

aMg ™
3DD12
3DD10
4DD10
4008
5DD14
5DD12
5DD2
6DD16
6DD14
6DD11
6DD13
gMs M@
gus MY
amo ‘w 7
6Q8
U4

2034

a4 D
a0 "
au}2
U2

gm0

gH1§ Xﬁe\
0B
9H11 N |
9BA N1
gH10 ¥/
g2 |
gH12 ¥ |



11.

12.

13,

14, (a)
(b)

15, (a)
(v)
(e)

16. (a)
(v)
()

17. (a)
(b)
()

18. (a9
(v)
()
(a)

19. (a)
(b)
()
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DESCRIPTION:

1,

Al4

@ = (18 T7 T6' T5' T4 T3' T2) do' gL' @' &3 g6* - uwf\}a
Q3 = (C1C20C30C4C5C6) P4 Q2 A2' F5 F2' FlL S e
H' = (IBT776' 15' ™4 T3 T2) f4 QG5 C g5 i
ga' = g4 Q3¢ 208,
#5 = g4aQ3ce : 2U8
93 = (CLC2C3C4 C5C6) g5 Q2 42" P33 9YY1
g5 = @5 Q3 C U6
g6 = g5 Q3¢ « \ 206
Q3 = (T8 T7 T6' T5' T4 T3' T2) g6 Vw 6r' P33 9B10-NY?
ge' = 6 Q3 C 2U4 -
g1 = #6 Q3 C 2U4
X1 = P33 C | 203
X1' = 77 P33' An' Mr C 116 Mo

+ T7 P33 An Mr' C 1o N0
42 = (18 76’ T5') @7 X1' C 5C4-
A2' = Apr Q2 @7 42 P33 C 4E12.

+ Ap2 C 6C11 -

+ SC 6C9
Q3 = Apr Q2 A2 §7 P33 4813
g1'= g1 e3¢ 209 .
#3 = #1QB3C | 209 °
Q4 = (C1C2C3C4 C5C6) ¢#7 Q2 A2' X1 P33 - 9I12 N
7' = @ ¢ 1U16
go = 4 C - 1U16

With a CB order in the "T" register Um turns on.at @1 Q3 C.

2, (a thru k) At the fall of P32 in @2 with Um true the "R" register -

3.

5

Note:

counts down by 1.

This will set the "R" register to the address of one word
time previdus to the one stipulated to be written into.
Un turns prime at P32 in #2.

Vr turns prime at P32 in g2. } :
A2 alarm turns true at P32 in @2 if the V flip flops are
set to MM Chamnel Ol. '"Protects against a block copy
into MM O1 where thénétart routine is stored."



7.

9.
10.

11.

12,

130

140
15.

16,

17.

18.

(a)

(b & c)

(a & b)

Al5

Q3 driver turns true during P32 time in @2,
Sequences the computer from @2 to #3.

Q3 driver turns true during P30 in @3 if the

"C" counter has counted up. "If the "C" counter

has not counted up the computer waits in @3 until

it does. | '

Md turns true at the fall of P30 during the selected
word time Vw in @#3. "Sets the circuitry to writing
configuration.

Sequences the computer from @3 to #4.

(a thru h) Refer to Ferranti system write up., "Mp and Mo

(a & b)

(b & c)
(a)

(b & c)
(a)
(b)

()

(a)

(b)

flip flops accept information from Abl at P31l time.

At P31 time Abl contains the P33 bit.,"

Q2 comes up dufing ¢4. "Used in sequencing equations."
Q3 turns true during P30 of the selected word time Vw
in @4.

Md turns prime in @4. "Sets circuitry to the read
configuration."

Sequences the computer from @4 to g5.

Q3 turns on during P33 time in ¢5.

Sequences the computer from @5 to ¢6.ﬂ

Q3 turns true during P33 time in @6 during the selected
word time (Vw er')

Sequences the computer from @6 to @7.

X1 turns true at the fall of P33 every word time.

X1 turns prime if there is a mis-match between An and Mr,
Checking bit by bit,

X1 turns prime if there is a mis-match between An and Nr
Checking bit by bit.

42 is turned true in @7 if an improper copy has been
made (X1').

A2 turns prime if the ALARM SWITCH # 1 is in the SILENCE

 position (Apr), Q2 is true, &2 is true at P33 time in #1.

"Allows computer to éequence to repeat the block copy."



18, (?)
(a)
19. (a)

(b &e)
20. (a)

(b &c)

FLB/ic

a6

A2 turns prime if ALARM SWITCH #1 is in the RESTORE position (Ap2).
Computer will sequence to go and ignore poor copy.

A2 turns prime if the NORMAL-TEST-CLEAR SWITCH is in the CLEAR
position (S).

Q3 turns true during P33 time if the ALARM SWITCH #1 is in the
SILENCE position and other conditions present.

Sequences the computer from @7 to §3. Repeats copy operation.
Q4 turns true during P33 in @7 if a proper copy was made (A2')

- and the "C" counters have counted.

Sequences the computer from @7 to #5.

3 September 1958



