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PART I - THEORY OF OPERA TION
‘PREFACE

This manual is designed to clarify the internal logic and circuitry of the G-15.
It presents both theory of operation (Part I) and simplified drawings (Part II)

to illustrate the reasoning behind the circuits.

/

While the material presented assumes some familiarity with the G-15 as well
as knowledge of Binary Arithmetic and Boolean Algebra, outlines of fundamental
operations are provided in the APPENDIX, along with two fundamental test

routines,
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SECTION A

FUNDAMENTAL CIRCUITS

This section is devoted to the fundamental
circuits which constitute the '"building
blocks" of which the G-15D is composed. It

is suggested that the reader thoroughly di-
gest this section prior to proceeding further,
for in the sections to follow an understanding
of these circuits is taken for granted.
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"OR'" GATES

A-la An OR gate is a device for the purpose of yielding a high
output signal if any of its input terms are high. Symbolically an OR
gate is represented as shown:

|
A 1
B———>
C

» A+B+C

schematically:

A » > A+BHC
B —"-—0 "PULL-DOWN' res.
cC —p}— = 560k or 430k

-160v

A-1b Considering the connection of the diodes, the input terms are
isolated from one another by diode back resistance. The common connect-
ion of the diodes will yield an output which, for all practical purposes,
is short-circuited to the input term having the highest potential. Assum-
ing the inputs are (individually) either at -20V or OV, the output should
be at the highest input potential. That is, if one or more input terms
reach OV the output will reach OV; if none are above -20V, the output will
be at -20V. The loading resistance to -160V is known as the PULL-DOWN
resistor; its function is to '"pull" the output potential ''down', while

the input terms pull it up.

A-lc Should only one input term be high (0OV), its diode must handle
all of the current required to drop 160V across the PULL-DOWN resistor.
The other diodes will be "biased off'; however, a certain amount of re-
verse current will exist in the 'biased off'" diodes. This will be a
function of the reverse voltage applied (-20V) and the back resistance
of each diode. As the number of terms entering an OR gate is increased,
the back current loading problem increases. For this reason a limit is
placed on how many terms can feed one OR gate. If more than the allowable
limit is to be exceeded, a series of OR gates may be employed to relieve
the problem. For example, if nine terms are to feed an OR gate, the
following arrangement can be used:

B —» A+B+C
c f_________,‘
D —» —————>» A+BH+CHDHE+FHGHHFI

E —> DHE+F
F

G —>
H— GH+H+1

L —
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A-1d Logically, the function is identical to that of a single nine-
term OR gate. Although the total forward resistance may be increased by
a trivial amount, the back resistance loading problem is substantially
reduced. Drawing #3D293 illustrates the distribution of diodes compris-
ing the "EB'", which is a multi-term OR gate.

A-le Dynamic properties: If an OR gate is fed by a square-wave, and
the output is loaded by distributed capacitance to ground, the output
signal will rise (from -20V to OV) quite rapidly since the capacitance will
discharge through the forward resistance of the active diode; however, when
the output signal drops, the capacitance must charge through the PULL-DOWN
resistor, which has a relatively high value. Hence, the decay time of the
TRAILING EDGE of an OR gate's output signal is liable to be SLOW.

A-1f Cathode-follower OR gates: Cathode-followers may be used in the
construction of an OR gate as follows:

+100V +100V
4 A

B _— b

M
F-l ¢ A+B

LOADING res.
(usually 15k)

-160V

This circuit is advantageous in that (1) loading of the inputs is light,
(2) inputs are isolated from the output, and (3) the circuit supplies a
power boost to the output term. Only a few such gates exist in the G-15D.
One such circuit may be seen on Drawing #3D293 - see "EB'". (Cathode-
follower OR gates are sometimes referred to as "FAST 'OR' GATES' since
they do not suffer from the phenomenon described in section A-le.)

""AND'' GATES

A-2a An AND gate is a logical circuit for the purpose of yielding
a high output only if all of its input terms are high. Symbolically, an
AND gate is illustrated as follows:

B ,> » A-B-C




schematically:
+100V
A (]
B ;1 ! "PULL-UP" res.
= k
c ¢ - 110 > A*B-C
A-2Db The output is virtually short-circuited to the lowest input term.

Therefore, only if all inputs are high (0OV) will the output be high. The
loading resistor is known as the PULL-UP resistor; its function is to '"pull"”
the output potential '"up'", while theé input terms pull it down.

A-2c As in the case of an OR gate, the input terms are isolated from
one another by diode back resistance; also, a single AND gate with an ex-
cessive number of input terms will yield a significant back resistance
loading problem. Splitting multi-term AND gates as shown below will relieve
the back resistance problem (similar to the OR gate case) without altering
the logic of the circuit:

,> > A-B.C-D-E-F-G-H-I

o e

4

G-H-I

A-2d Dynamic properties: If an AND gate is fed by a square-wave,
and the output is loaded by distributed capacitance to ground, the output
will rise (from -20V to OV) by virtue of the capacitance discharging
through the PULL-UP resistor; therefore, the rise time of the LEADING
EDGE of an AND gate's output is liable to be SLOW. The trailing edge
(decline from OV to -20V) will be rapid since the capacitance will charge
through the forward resistance of the active diode. (In some cases, to
reduce rise time, PULL-UP resistors have been shunted by '"FREE RESISTORS',
which are 110k and 150k resistors to +100V and are available in D1 and

D2 packages.)
AND GATES and OR GATES - COUPLING

A-3a OR gates and AND gates may be connected to one another subject to
the following major restriction: It is permissible for an AND gate to feed
an OR gate directly; however, an OR gate may not feed an AND gate without
an intervening stage of isolation. (A CATHODE-FOLLOWER or BUFFER-INVERTER
can supply the necessary isolation.)
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A-3b The reason for this restriction may be attributed to the fact
that an OR gate (with or without PULL-DOWN resistor - ref. A-10a) is
unable to carry enough current to drop 120V across the 110k PULL-UP
resistor in the AND gate; consequently the OR gate cannot render the
AND gate's output equal to -20V when the logic calls for such a case.
Ohm's law will prove the point.

A-3c As an example, the circuit below should yield (A+B)-C, but
will actually yield C since the (A+B) combination cannot disqualify the

AND gate.

A (loses control)
B D—-——> should = (A+B)-C,
C — but will = C

a satisfactory alternative circuit is:

A _A.C
c ¢———> A-C+ B:C = (A+B)-C
B-C
B
CATHODE-FOLLOWERS
A-4a A CATHODE-FOLLOWER is symbolically noted as follows:
A A
(Schematic on dwg. 13)
A-4b Cathode Followers serve no purpose as far as logic is concerned.

They handle certain techmnicalities in the electronics. The proposition of
an OR gate feeding an AND gate (above) is one example. They are installed
whenever necessary for purposes such as the following:

1) 1Isolation (hi Z in, lo Z out).
2) Power boost
a) Resistive loads
b) Reactive loads (i.e. preservation of wave shape when dis-
tributed capacitance loading is heavy).

3) Addition of constant voltage to input.
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A-4c The CATHODE-FOLLOWER circuits available in the packages provide
loading flexibility in some cases. These cases provide optional amounts

of cathode loading resistance within the CATHODE-FOLLOWER package itself,
allowing a variety of loads. The grid circuits also provide a degree of

flexibility in some cases.

Note that the grid return resistances in the packages involve
voltage dividers. The reason for this is to render the grid potential
-92V (instead of -160V), in the event of removal of the package supplying the
input signal. This will prevent the cathode from approaching -160V which
could result in (1) exceeding the filament-to-cathode voltage rating of
the tube (filaments are returned to -55VDC), and (2) applying excessive
inverse voltage to diodes controlled by the cathode-follower.

BUFFER-INVERTER

A-5a A BUFFER-INVERTER is symbolically noted as follows:
A A

TRUE output ~— —— > “—2 _ FALSE output

TRUE side ———> “ 2 __  FALSE side

INUT @#———m8M (Schematics on dwgs. 7, 13)
A

A-5b A BUFFER-INVERTER is a follower. Its true output "A" follows
the input "A". The false output "A" is the exact opposite of "A" (i.e.
"A" ig ‘"A" inverted, hence the term "inverter').

A-5c The outputs are clamped at -20V or OV and are capable of feeding
several loads. Furthermore, loading of the outputs does not affect the
input (hence the term "buffer').

A-5d Refer to Drawing 7 (left), BUFFER-INVERTER schematic: The first
inverter (V3A) receives the input signal "A" at pin 2. This signal should
be at OV, -20V, or in transition - subject to integration. The plate
output should yield a potential at the grid of the next inverter (V2A)

such that it will either be cut off or fully conducting. C5 and C7 both
contribute to high frequency peaking to compensate for possible integration
suffered by the incoming signal (V3A, pin 2) due to distributed capacitance.
This peaking results in rapid transit time in the output current of V2A

(and V3B), effectively ''cleaning up" the leading and trailing edges of the
incoming signal, hence synthesizing its ideal shape.

As5Se The V2A and V3B plate circuits are completed by components lo-
cated in DIODE CLAMP package. A schematic of such a package is shown on
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Drawing 12. This packaging system keeps the diodes physically separated
from the heat-producing components in the BUFFER-INVERTER package.

A-5f when V2A conducts, its plate will be low consequently cutting off
V3B; conversely, if V2A is cut off, its plate will be high causing V3B to
conduct._ Output pin D will yield the TRUE output "A" - pin C the FALSE
output "A". Normally either V2A or V3B (but not both) will conduct provid-
ing a potential of approximately -121V to their common cathode connection;
C2 holds this potential during transitioms.

A-5g The DIODE CLAMP circuit terminating the ¥2A and V3B plate cir-
cuits assure that output pins D and C will be clamped either at -20V or

OV. Loading of the outputs should only serve to add to or subtract from
the clamping current. Overloading of these outputs can prevent clamping

current, resulting in instability. Low emission triodes can also result
in inadequate current for loading and/or clamping.

FLIP-FLOP

A-6a A FLIP-FLOP is symbolically noted as follows:

a

A
TRUE output —_—> “«— 2 ——— FALSE output
A
—_— -~ 2
TRUE side ' FALSE side
—_——ST
Ag

SET term < 2 RESET term

(Schematics on dwgs. 7, 13)

A-6b A FLIP-FLOP is an ELECTRONIC SWITCH consisting of two D.C.
inverters and a trigger circuit. It has two stable states known as SET
and RESET. SET is the state in which the TRUE OUTPUT (striped side of
symbol) is high (OV) while the FALSE OUTPUT is low (-20V). RESET is the
state in which the FALSE OUTPUT is high (OV) and the TRUE OUTPUT is low
(-20V). The SET STATE results from the application of a SET TERM, while
the RESET STATE results from the application of a RESET TERM. The FLIP-
FLOP once rendered in one of its two stable states (SET or RESET) will
remain in that state until caused to change by an input term calling for
a change in state.

A-6¢c Drawing 7 (right) shows a schematic of a complete FLIP-FLOP
circuit. It can be seen that, with the exception of the NEON SERIES
RESISTOR, the two inverters are drawn as mirror-images of each other and
that each one feeds the other.
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A-6d Normally, one tube will be conducting, thereby holding the other
cut off, If V1A is conducting, it will hold V1B cut off maintaining the SET
state of the FLIP-FLOP. V1A, by conducting, will render the FALSE output
(pin T) low (-20V), while V1B, by not conducting, will allow the TRUE OUT-
PUT (pin S) to be high (OV). If the above state were reversed, the FLIP-
FLOP would be in the RESET state.

A-6e To bring about a change in state, the conducting tube will be
driven into cut-off by a negative trigger signal. This will cause a rise
in its plate voltage which will turn the non-conducting tube onj; this, in
turn, will hold the previously conducting tube cut off. This establishes
the new stable state in which the FLIP-FLOP will remain until another trig-
ger signal, applied to the opposite side, causes it to change.

A-6f The trigger circuit consists of two identical gates: one for SET
and the other for RESET. CLOCK is applied to both, CLOCK consisting of
negative pulses of short duration (.3 - .5 microseconds) appearing at 9.3
microsecond intervals. The CLOCK line is normally at OV, but reaches -13V
during a CLOCK pulse. CLOCK is the synchronizing signal that causes the
FLIP-FLOP to be SET or RESET depending upon logical presence or absence of
the SET TERM or RESET TERM.

A-6g Consider now the RESET circuit. If the RESET TERM is logically
absent (at =-20V), CLOCK is decoupled from C3 by virtue of the back resis-
tance of CRl, which will be 'baised off." In consequence no negative pip
should be coupled through C3 to the grid of VIA. On the other hand, if

the RESET TERM were to be logically present (at OV) at CLOCK pulse time,
electrons would be transmitted through CRl's forward resistance into the
bottom plate of C3 and to R5, which acts as a load resistance. Discharge
of electrons from the top plate of C3 causes a negative-going ''reset pulse”
at the grid of V1A; this will cut V1A off.

A-6h Regenerative action takes over as V1A's current drops: VI1A's
plate voltage rises, turning on V1B. VIB's plate voltage drops, cutting
off V1A, which is the triode which the ''reset pulse'" was cutting off in
the first place. Cl and C2 accelerate the transition. The FLIP-FLOP will
remain in this new state until V1B is cut off by a '"set pulse."

A-61 Whenever a FLIP-FLOP experiences a change in state, the charges
on Cl, C2, C3, and C4 will change. Until these charges are almost stabi-
lized, the FLIP-FLOP will not be receptive to further trigger pulses were
they to occur in rapid succession. Ample time is available for this stabi-
lization since CLOCK pulses, available for trigger, occur at 9.3 microsecond
intervals (i.e. rep. rate = 108 kc.)

A-6j Drawing 7 indicates by waveform that when a CLOCK pulse is concur-
rent with the leading edge of the RESET TERM, the diode (CRl) will remain
"baised-off." Even if the RESET TERM has a steep leading edge this will

hold true. The potential at the top of the diode is the controlling poten-
tial, This potential will not rise instantly when a square-wave RESET TERM
appears since C3 requires time to charge, with R5 (33k) limiting charge cur-
rent. R5 and C3 then, constitute an integrating circuit in which high fre-
quency components are dropped across R5. Hence, when CLOCK and the leading
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edge of a RESET TERM are concurrent, CRl will remain 'baised=-off'" during the
first CLOCK pulse and the 'reset pulse'" will not appear until the next CLOCK
pulse.

A-6k Should the trailing edge of a RESET TERM and CLOCK be concurrent

the same reasoning holds true. As the RESET TERM drops. C3 will maintain a
qualifying potential at the top of CR1l sufficiently long to permit CLOCK to

be transmitted through the diode.

A-61 The RESET TERM itself does not appear to any significant extent at
the grid of V1A. The high frequency components of the RESET TERM signal are
dropped across R5, while the low frequency components are dropped across C3.
If V1A and V1B were removed from the circuit and CLOCK were to be decoupled,
the RESET TERM would appear at V1A-pin 2 as a small positive-going signal at
leading-edge time and a small negative-going signal at trailing edge time.
Neither of these are of any consequence unless marginal conditions exist in
the circuit when operating with a weak tube. In such cases, the only mal-
function would be a function of the leading-edge of a RESET TERM applied the
FLIP-FLOP when it is already in the RESET state. The positive-going signal
remnant at V1IA-pin 2 could cause V1A to conduct; this could result in SET-
TING the FLIP-FLOP. This would only occur when V1B is weak and is unable to
hold V1A cut off with an adequate safety margin.

A-6m Obviously the analysis of the RESET circuit applies also to the
SET circuit since they are identical.

A-6n The example in the lower right section of Drawing 7 indicates FLIP-
FLOP reaction to SET and RESET terms.

A-60 FLIP-FLOP SUMMARY: A FLIP-FLOP is an electronic switch which may
be SET or RESET by means of CLOCK, which can be gated by the SET or RESET
TERMS. Transition can take place only at CLOCK time. If a CLOCK pulse
occurs at the instant a SET or RESET TERM begins to rise, it will be the
following CLOCK pulse that causes transition. Also, a CLOCK pulse coinci-
dent with the beginning of the decline of a SET or RESET TERM will still
consider that term high. If the SET TERM occurs during one pulse period,
the TRUE OUTPUT of the FLIP-FLOP will not be high until the next pulse per-
iod. Similarly, if the RESET TERM occurs during one pulse period the FALSE
OUTPUT of the FLIP-FLOP will not be high until the next pulse period.

MEMORY LINES (Ref. Drawing 9)

A-7a The recirculating memory line is the storage device used in the
G-15D memory. It consists essentially of a writing station, a time delay,
a reading station, and a means of regeneration of information (subject to
external control).

A-7b Normal operation of a memory line is recirculation (i.e., infor-
mation, once written in the line, will remain in the line unchanged and be
revealed at the reading station periodically.) Drawing 9 is the schematic
of Memory Line #2 which will be used as an example. The line is shown sym-
bolically in the lower left-hand corner in the form it would be found on
the 'D-SIZED PRINTS."
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A-Tc The object of this discussion is to trace the writing of one bit of
information through a recirculation cycle.

A-7d To begin, to write a ONE, a 2 microsecond WRITE PULSE is coupled to
the writing pentode's control grid. This will cause flux in the write head
(upper right) and will consequently influence the magnetic drum surface
passing under its gap at the time. This magnetic surface approaching the
write head is erased by a permanent magnet mounted on the drum shroud. The
erasure represents ZERO; writing a ONE on the erased surface causes a dis-
tortion of the regular flux pattern of the surface. (Writing a ZERO in-
volves no writing at all, hence no flux distortion.)

A-7e The recorded element is carried by the drum surface past a reading
head after a delay determined by the peripheral speed of the drum and the
spacing between the writing and reading heads. When the flux irregularity
(resulting from writing the ONE) passes under the gap of the reading head,

the reading head flux, normally constant, reverses and then returns to normal.
This flux change induces an EMF resembling a sine wave in the reading head
coil.

A-7f One end of the read head coil is grounded such that the floating end
yields a sine wave, the trailing peak of which is positive. Resistance load-
ing of the coil is accomplished in the PREAMPLIFIER CHASSIS and may be varied
from 2.2k to 12.2k by a screwdriver adjustment. This is adjusted to minimize
ring effect and to shunt the signal to obtain a normal level (500 mv. approx.).
This is a factory adjustment and should not require attention unless the assoc-
iated head is replaced.

A-Tg At this point, the signal requires amplification, a matter which is
accomplished in a convential plate-loaded, RC-coupled amplifier employing

low loading resistance for good high frequency response. The output is
cathode-follower driven out of the PREAMPLIFIER CHASSIS into a READ AMPLIFIER
package where monitoring of the signal takes place.

A-7h The first step in the READ AMPLIFIER is to amplify, rectify, then
amplify the incoming sine wave to produce a half sine wave of sizable swing
for each detected ONE.

A-71 The first operation in amplification is to terminate the cathode

follower with a step up (1:4) transformer. (The .27 mfd and 120 ohm com-

bination in the primary circuit is to prevent peak clipping without intro-
ducing degeneration and can be considered a biasing requirement.)

A-7] The secondary of the step-up transformer constitutes the input to

a "bootstrap' amplifier, which in this case is an over-biased cathode-loaded
amplifier. The purpose of the amplifier is to amplify the positive portion
of the input wave, without phase inversion. Response is controlled by return-
ing the transformer secondary to a potentiometer in the cathode circuit. This
adjustment controls: (1) the amount of degeneration, hence gain, and (2) the
static bias on the stage, hence sampling level. It is normally adjusted to
yield signals reaching the -50v level at test point K. This potentio-

meter may occasionally require adjustment to compensate for changing para-
meters elsewhere in the read-write circuit.
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A-Tk At this point, the half sine waves are probed by READ CLOCK which
is applied to the cathode of a flip-flop trigger tube. In the event of
coincidence between READ CLOCK and a ONE waveform, the trigger triode will
conduct, setting the READING FLIP-FLOP to ONE. When the trigger triode con-
ducts, grid current is inevitable; this is limited by a 2.2k grid resistor.
The 15 mmf. grid-to-ground capacitance counteracts the degenerative effect
on the positive going grid signal by the negative going cathode and plate
signals. READ CLOCK is obliged to supply grid and plate current to all trigger
tubes. This accounts for relatively high peak power requirements of the
READ CLOCK pulse driver (Ref. B-3g). Since this grid current load will only
present itself when a line yields a ONE, the total load will be a function
of the memory contents.

A-71 Approximately 8.3 microseconds after the ONE bit has been stored

in the READING FLIP-FLOP, CLOCK unconditionally resets it to ZERO. The flip-
flop's ONE output is coupled via gates in the DIODE 3 (D3) package to the
WRITE AMP package if the line is recirculating. (Heavy lines in the DIODE 3
package show recirculation path.)

A-7m The first item in the WRITE AMP is a cathode-follower which permits
the output of the OR gate in the DIODE 3 package to feed the AND gate feed-
ing a power pentode (Ref. A-3, A-4).

A-7n For the last two microseconds prior to resetting the READING FLIP-
FLOP to ZERO, the AND gate in the WRITE AMPLIFIER was qualified by WRITE
PULSE. This causes the writing pentode to conduct for two microseconds
through the write head, rewriting the original ONE. Had the read head
""detected" a ZERO (absence of a ONE), no writing would have taken place,
effectively recirculating the ZERO.

A-70 Needless to say, prior to the leading edge of the WRITE PULSE, the
ONE output of the READING FLIP-FLOP should have risen to OV. This allows
6.3 microseconds for rise time. (This 6.3 microsecond rise time require-
ment factor applies to most signals in the computer and accounts for many
CATHODE-FOLLOWERS and resistance-loading of certain circuits - such as AND
gates. Decay time is equally important but usually not as critical as rise
time.)

A-7p It can be seen that the READING FLIP-FLOP activity depends upon
CLOCK for reset and READ CLOCK for set. These pulses synchronize all
memory lines with a standard timing reference. WRITE PULSE synchronizes
the writing. These pulses are shown on the top of Drawing 6 in approximate
terms; their formation is described in Sec. B-3.

A-7q The spacing between read and write heads is governed by the capacity
of the particular memory line. In the case of a long memory line, the delay

in the line is such that from the time a ONE is written until the time it is

rewritten, 3132 (i.e., 108 x 29) pulse periods will elapse. This allows

3132 different bits to be read and rewritten within a recirculation cycle.

A-7r The short lines have shorter delays as follows: 116 pulse periods,
58 pulse periods, and 29 pulse periods. The spacing from read head to

write head is known as the TANGENTIAL adjustment. It is made at the factory
and should not require any further adjustment. As long as READ CLOCK probes
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the reading wave at its peak (test pt. K), the adjustment is satisfactory.
Misadjustment would be revealed in misphasing of these two signals. CUSTOMER
ENGINEERING should be consulted for adjustment details. It is unwise to
attempt head adjustment without being well informed as to procedure. Acci-
dental damage to a track could require replacement of the drum.

A-7s Another adjustment of the heads is RADIAL adjustment. This should
render head (gap) to drum surface spacing equal to 1 mil. (for both read

and write heads.) Proper spacing is essential for good resolution and
signal-to-noise ratio. This too is a factory adjustment. Only in the case
of subnormal reading waves (mot attributable to failing electronic components)
should RADIAL adjustment be considered. As in the case of TANGENTIAL adjust-
ment, CUSTOMER ENGINEERING should be consulted.

A-7t Noise mentioned above is insignificant compared to the amplitude of
a legitimate ONE being read since it is normally well below the sampling
level in the READING FLIP-FLOP trigger stage. The worst noise element will
result from crosstalk (magnetic coupling) between the write and read heads of
a line. This interference is at its worst in the short (29 bit) memory lines.

A-7u Another factor which may cause deviation from optimal memory line
functioning is the result of head misadjustment due to thermal effects.
Therefore, if the drum is cold, a line may operate with reduced safety mar-
gins. Only a line already in need of maintenance would fail due to this
effect. If any memory line adjustments are to be made, it should be done
when the drum has reached its normal operating temperature.

MEMORY LINES: READ-OUT, READ-IN FUNCTIONS

A-7v  READ-OUT: When information is to be read out of a line, the READ
FLIP-FLOP output is coupled to an external circuit by an AND gate qualified
by the desired terms. In the case of MEMORY LINE 2 (Drawing 9, lower left),
M2 reaches EB if qualifying terms SW and SO are both high. Read-out does not
disturb the contents of the source line.

A-7w READ-IN: When information is to be read into a line from an external
source, two operations are necessary: (1) allow the new information to
reach the writing circuit, and (2) simultaneously block the recirculation
path of the old information.

A-7x Item (1) is handled by qualifying an AND gate to which the new
information is applied. 1In LINE 2 (Drawing 9) terms DO and DW permit LB
to be written. Item (2) is handled by blocking the gates which allow the
READ FLIP-FLOP output_to reach the writing station. If LINE 2 is selected
as destination, both DO and TR-DW will be low at the appropriate time.

A-7y Some special purpose memory lines may deviate from this pattern and
will be discussed later. Needless to say, all READ-IN - READ-OUT activities
are appropriately synchronized by control circuits.

THE MEMORY

A-8a The DRUM MEMORY is composed of many recirculating memory lines
such as the one just described. These lines can differ from one another
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as follows:
1) Capacity
2) Writing control
a) Recirculation gating
b) Method of writing new information

A-8b The MEMORY consists of:
21 long lines - 3132 bits (108 words)
5 short lines - 116 bits ( 4 words)

Lines 00-19, and CN
Lines 20-23, and MZ

3 short lines - 58 bits ( 2 words) - ID, MQ, PN
2 short lines - 29 bits ( 1 word) - AR, CM
A-8c Three of the above are not directly available to the programmer

since they are for the benefit of internal computer functions. These are

CN, MZ and CM. 1In addition to the recirculating lines mentioned above there
are three permanently recorded (non-recirculating) lines known as CLOCK TRACK
SPARE CLOCK TRACK, and TIMING TRACK (TM). These are for timing purposes and
are discussed in Sections B-3a and B-5a.

A-8d Physically, the short memory lines are sandwiched in between the
read heads and erase magnet of the long lines as illustrated on Drawing 8.

A-8e Memory line specifications:
pulse period = 9.3 microseconds
packing density = 90 bits/inch
read-record mode - RETURN TO ZERO
maximum access time = 28.5 milliseconds

PHYSICAL LOCATION OF LOGICAL CIRCUITS

A-9a The fundamental circuits mentioned in the preceding sections

(with the exception of READ PREAMPS) are physically located in standard
packages distributed about the logic panels of the computer and are inter-
connected by appropriate inter-package wiring. The package schematics may
be found on Drawings 11, 12 and 13. Drawing 10 provides an index of informa-
tion pertaining to all packages.

A-9b The detailed logical block diagrams ("D-SIZED PRINTS') provide infor-
mation relating to package locations and package jack pin-connections. Draw-
ing 9 (MEMORY LINE 2) provides an example of a detailed logical block

(lower left) and the schematic components and packages it represents. Package
locations are designated by coordinates, a letter and a number, which are
printed on the jack side of the logic panels themselves.

A-9c Common sense should render the notations self-explanatory with the
exception perhaps of CLAMP PACKAGE locations. CLAMP PACKAGES are not shown

on any block diagrams, but a notation external to the associated FLIP-FLOP or
BUFFER-INVERTER supplies the location information. (On Drawing 9, lower left,
below FLIP-FLOP ''M2', see notation '"D E22 C". This states that the CLAMP

PACKAGE is located in package jack with coordinates E-22 and that pin connections
D and C are used.)
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A-9d A few self-imposed exercises requiring translation of informa-
tion contained in the detailed block diagrams to schematic form should re-
veal the scheme to the reader.

A-9e Technical details of circuits not included in standard packages will
be discussed as they arise,.

A-10

b)

MISCELLANEOUS

PULL-DOWN resistors associated with OR gates are

physically located in the package containing the load pre-

sented to the OR gate (e.g. Drawing - 9 - input to WRITE AMP).
PULL-UP resistors associated with AND gates are located

(1) within the package where the AND gate diodes are, or (2)
another package, or (3) in more than one package (when par-
alleled). Reducing PULL-UP resistance by parallel combina-
tions can be for the purpose of compensating for low PULL-

DOWN resistance in a network of gates and/or to reduce rise

time of a signal.

The diodes associated with a single gate are not necessarily

all located in the same package. Pre-wired combinations within
Dl and D2 packages provide a variety of options minimizing wiring
external to the package.

The secondary of the 6.3V filament transformer which feeds all
filaments is returned to -55V to minimize possibility of exceed-
ing the heater-to-cathode voltage ratings of all tubes.
Utilization of a right-to-left time axis is used as a convenience
in analyzing most circuit activity (ref. G-10b).
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SECTION B

BASIC TIMING

This section is devoted to the basic timing
subdivisions and associated signals involved

in the G-15D. The reader is urged to memorize
the nature of the timing structure and signals
before proceeding to sections to follow since
Boolean algebra notations define times merely
in terms of signals. It is not necessary to
digest all of the details of the electronic cir-
cuits which give rise to the various timing
signals before reading the sections to follow.
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G-15D IN GENERAL

B-1la The G-15D is composed of a combination of logical 'building blocks"
discussed in Section A. The heart of the computer may be considered the
magnetic drum which not only constitutes the MEMORY, but also the source

of all timing signals.

B-1b All computer activities are synchronized with the basic timing sig-
nals mentioned above in a consistent orderly manner. Since such timing
signals control logical activity, the time axis may be considered a standard
reference in describing an event, for this reason timing warrants discussion
prior to any other functions.

TIMING SUBDIVISIONS

B-2a (Ref. Drawing 6) 1In general, time in the computer is cyclic as

it is on a clock. The basic cycle is known as a DRUM CYCLE (sometimes

called a LOGICAL DRUM REVOLUTION), during which the entire contents of the
memory are revealed and can be subjected to alteration. A DRUM CYCLE is

the recirculation time of a long (3132 bit) memory line and is arbitrarily
divided into 108 WORD TIMES (WT) (as a day, which is a cycle, is divided into
24 hours.) These WORD TIMES are numbered 00 - 107.

B-2b Each WORD TIME is divided into 29 PULSE PERIODS (PP) designated
Tl - T29.
B-2c Associated with each PULSE PERIOD is a trio of pulses, the most

significant one of which is known as CLOCK. CLOCK pulses occur at the
junction of two adjacent PULSE PERIODS. The leading edges of these CLOCK
pulses cause the transitions in most flip-flops. A CLOCK pulse, the
duration of which is logically insignificant (.3 - .5 microseconds), may
be considered as designating either the beginning of one PULSE PERIOD or
the end of the preceding one. The remaining two pulses of the trio are
READ CLOCK and WRITE PULSE, and are necessary for the operation of memory
lines. (Their use is restricted to internal functions of the memory lines
only, hence they need not be considered as constituting significant general
purpose logic pulses.)

B-2d Drawing 6 illustrates the sequence of the above mentioned elements
of time. Below is a convenient analogy between the G-15D computer time ref-
erence and the familiar times of day:

1 DRUM CYCLE = ===-- 1 day
1 WORD TIME = = =-===-- 1 hour
1 PULSE PERIOD = =  =---=--- 1 minute
B-2e Just as events that occur during any day may be described in terms

of hours and minutes, a computer event may be designated by word time and
pulse period (e.g.,T29 of Word 107 is the last PULSE PERIOD of a DRUM CYCLE).
Also, just as a duration of activity may be described as lasting for N
hours, a computer activity may be said to last for N WORD TIMES.

B-2f Unless the computer is caused to alter its internally stored infor-
mation, any subdivision of information will be available every DRUM CYCLE
at the same time in terms of WORD TIME(s) and PULSE PERIOD(s).



- 17 -

B-2g The basic element of information circulating in the computer is
the BINARY DIGIT (abbrev: BIT). Timewise, a particular bit of information
may be located by designating its PULSE PERIOD and WORD TIME.

B-2h The basic information group consists of 29 bits and will '"occupy"
one WORD TIME (1 WT = 29 PP). Such a group is known as a WORD and may re-
present anything the programmer may designate (i. e., an instruction, a
number and sign, part of a number, a control code, etc.). It is up to the
programmer to determine the information content of the WORDS and their dis-
position. The computer itself will only do what it is instructed to do.

B-2i In order to logically and electronically identify certain times, it
is necessary to have available certain signals which will occur periodically
at the designated times. For this purpose three tracks (plus a spare) are
available on the drum. These tracks, in conjunction with circuits known as
CLOCK CHASSIS, TIMING GATES and CONTROL GATES, yield the necessary signals.
Drawing 15 indicates the system.

WRITE PULSE, CLOCK, READ CLOCK - UNCONDITIONAL

B-3a CLOCK TRACK: This trio of signals occurs unconditionally every pulse
period.Their origin is the CLOCK TRACK (see Drawing 15 - lower left). This
track is permanently recorded around the drum (i.e., it has only a reading
head and hence does not recirculate). The reading wave from the head resembles
a continuous sequence of sine waves. The manner in which this track is
recorded is such that exactly 3596 (i.e., 124 x 29) pulses are recorded around
the track in a closed circle. This recording procedure is performed at the
factory and would constitute a difficult problem to re-record in the field
should an accidental erasure occur. (A grid to plate short in the CLOCK
TRACK preamplifier tube could cause track erasure by DC current in the read
head.) For this reason a spare recorded CLOCK TRACK is provided. Should the
active CLOCK TRACK become erased, the spare may be used until the normally
active track is re-recorded. In the unlikely event that re-recording of an
erased CLOCK TRACK is necessary, instructions for doing so in the field can
be obtained from CUSTOMER ENGINEERING.

B-3b CLOCK CHASSIS: The CLOCK TRACK reading head output is amplified by
a pre-amplifier circuit identical to those used with other heads (Drawing 11).
The preamplifier output is connected to the input of the CLOCK CHASSIS, which
is located in the bottom of the computer (front center). The CLOCK CHASSIS
(Drawings 14, 3D293) forms four different output pulses, three of which con-
stitute the trio mentioned above.

B-3c WRITE PULSE: The preamplifier output (a series of sine waves) is
"squared" by V1 and V2 in the CLOCK CHASSIS (Dwg. 14). The V2B output,
differentiated, triggers multivibrator V3, which yields a 2 microsecond
positive-going square wave at V3, pin 1. This 2 microsecond square wave
causes power pentode V7 to conduct through its plate transformer T3. The
negative end of T3's secondary (term. 4) is returned to -20V; the positive
end (WRITE PULSE) is appropriately terminated to -20V and clamped at OV.
Secondary termination is accomplished by (1) a 680 ohm resistor (R29) (2)
the load, and (3) two CLOCK CLAMP PACKAGES - one in each logic panel (see
also dwg. 12). (Termination in the logic panels reduces transient problems.)
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B-3d CLOCK: The trailing edge of the V3 multivibrator output (pin 6)
causes blocking oscillator V4 to cycle yielding a positive-going pulse of
.3-.5 microsecond duration at T6, term. 5. This signal, which exists
directly after the decline of the WRITE PULSE, causes power pentode V5 to
conduct through plate transformer Tl. The positive end of the secondary
(term .3) 1s returned to ground; the negative end (CLOCK) is appropriately
terminated to ground and clamped at -13V. Secondary termination, as in' the
case of WRITE PULSE is accomplished (1) in the CLOCK CHASSIS (a 100 ohm
res-R28, and CR3), (2) by the load, and (3) in the CLAMP package.

B-3e READ CLOCK: These pulses, used in the READ AMPLIFIER circuits to

probe for the presence of ONES, are required to follow CLOCK pulses (uncondition-
ally) by approximately 1 microsecond. They resemble CLOCK in shape, but

have a base line of approximately -25V and reach a negative peak of -75V
(clamping level). These two levels are both adjustable and may be varied for
optimal results.

B-3f To produce READ CLOCK, CLOCK is coupled to the grids of V8 and V9
(power pentodes) via T4 (for inversion and -20V return) and via a 1 micro-
second delay line. The result is that the power pentodes conduct through
the plate transformer T5 for .3-.5 microsecond at the appropriate time.

B-3g Due to the nature of the load (ref. Section A-7k) and the amplitude
of the READ CLOCK pulse itself, four pentode drivers are required to supply
the necessary power output. V8 and V9, in the CLOCK CHASSIS itself, are
supplemented by two more power pentodes in the READ CLOCK package (the only
one of its kind in the computer - location: J-54). The READ CLOCK package
contains two power pentodes in parallel feeding one plate transformer. The
pentode grids receive the same signal as those in the CLOCK CHASSIS (TS2-9);
the transformer secondary is wired in parallel with the READ CLOCK output of
the CLOCK CHASSIS (i.e., the T5 secondary).

B-3h The transformers' secondary termination is accomplished in the same
general manner as termination of the other signals; however, -25V and -75V are
required for reference level and clamping level. V10 and V11 supply these
voltages as follows:

B-3i The cathode of V11 yields a potential which is primarily a function
of the setting of potentiometer R54. This cathode potential is adjusted to
approximately -75V (by R54) and should not vary significantly as a result of
loading. VI10's function is similar to that of V11 except that V10's cathode
will be primarily a function of the setting of potentiometer R51. R51 is set
to yield approximately -25V from V10's cathode.

B-3j The reader will note that the -75V output is coupled to the V10 grid
circuit and that an inter-action will exist. Furthermore, neon NE2-1 couples
the entire amount of any V11 cathode voltage fluctuation to V10's grid, hence
will tend to vary the -25V output level. This interaction tends to neutralize
the effects of variations in clamping current required by READ CLOCK. (The
amount of clamping current is a function of the total number of ONES in the
memory.) In adjusting R51 and RS54, a "rocking-in" procedure should be fol-
lowed to allow for this inter-action. Although the two output potentials are
called "-25V" and "-75", they are, in practice, adjusted to any levels in the
vicinity which yield the most stable reading amplifier behavior.
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B-3k A summary of these three pulses may be seen at the top of Drawing 6.

SHIFT PULSE - CONDITIONAL

B-4 (This signal is not among the basic pulses appropriate to mention at
this point; however, its formation may as well be discussed while CLOCK CHASSIS
is being described.) T6, term.5, which yields CLOCK, also feeds the grid cir-
cuit of power pentode V6. However, if the SHIFT COMMAND INPUT ( = RC-.CJ)
which is applied to CR2, is at -20V (one stable state), the grid will not
be able to rise above -20V due to clamping by CR2 - hence no V6 output. If
the CR2 cathode is at OV (rather than -20V) V6 will conduct and the T2
secondary will yield a signal of the same type as CLOCK. Clamping follows
the same pattern as that for CLOCK except that termination only exists in
one of the two logic panels since the entire load is located in that panel
only. In general, SHIFT PULSE constitutes a burst of CLOCK pulses dependent
upon an externally generated signal = RC.CJ. (Sec. C-5b.)

)

TIMING PULSES - THE TIMING TRACK (TM)

B-5a Tl, T2, T13, T21, T28 and T29: These pulses are required to identify
their respective pulse periods every word time. The TIMING TRACK (TM), a
permanently recorded track, supplies the necessary information to signify

these pulses. The TIMING TRACK, like the CLOCK TRACK, is recorded at the
factory. It repeats the same digital configuration 124 times around the
periphery of the drum in a closed loop. (It is not necessary for this track

to recirculate to stay in step with a DRUM CYCLE since the digital configuration
in all WORD TIMES is identical and the only requirement is that an integral
number of word times be recorded around the drum.)

B-5b The subdivision of each WORD TIME is illustrated on Drawing 6

(see TIMING TRACK.) The hardware is indicated on Drawing 15. The output

of the TIMING TRACK READING FLIP-FLOP (TM) feeds an array of flip-flops and
gates in the TIMING GATES. The key outputs from the circuit are high during
Tl, T2, T13, T21, T28 and T29. Generation of these signals from TM is
illustrated on the timing chart on Drawing 15 - lower left. The circuit is
self-synchronizing.

B-5c It is not necessary to have a spare TIMING TRACK as was the case
with the CLOCK TRACK. A new TIMING TRACK may be recorded in the field if an
accidental erasure occurs. If the case arises, the procedure can be obtained
from CUSTOMER ENGINEERING.

WORD TIME INFORMATION - THE NUMBER TRACK (CN)

B-6a The NUMBER TRACK is the word time reference track and supplies

the computer with several pieces of information. Drawing 6 (right)
illustrates the contents of all words. The purpose of all bits of informa-
tion will be discussed in this manual as the need for them arises. At

this point only one bit need be mentioned: the bit stored at T29 time during
each word time. This bit is a ONE during all word times other than WT 107,
but during WT 107 itself the bit is_a ZERO. The latter may be defined in
Boolean algebra terminology as T29°CN, where CN is the READING FLIP-FLOP of
the NUMBER TRACK.
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This particular signal comes high during the last PULSE PERIOD of a

DRUM CYCLE and constitutes_an index or ORIGIN PULSE. The signal is
called TO (i.e., TO = T29-.CN), and is used for many purposes. Associated
hardware may be found on Drawing 15.

B-6b Needless to say, since an actual physical drum revolution and a
DRUM CYCLE differ (by a factor = 124/108), it is necessary that the
NUMBER TRACK be a recirculating memory line so its contents will ''keep
step' with DRUM CYCLES. Since power turn-off involves erasure of all
recirculating memory lines, a scheme of renewing the NUMBER TRACK during
the power turn-on cycle is provided. This is discussed in Section G.

B-6c Once TO is established, a circuit in the CONTROL GATES (Drawing 15)
involving the CE and CF flip-flops yields more timing signals. The CE
flip-flop (synchronized by the NUMBER TRACK) yields an output "CE" which
is high during EVEN word times only. (Obviously "CE" will be high during
ODD word times.) CF will, under control of CE, etc., be high during word
times congruent to 2 and 3 modulo 4.

B-6d CE and CF, once synchronized, will allow the formation of certain
other basic timing pulses in the TIMING GATES as follows:

TE = T1-CE (i.e., Tl of EVEN word times)

TF = T29°CE.CF (i.e., T29 of words congruent to 3 mod. &)
B-6e The reader will note that the signal TE, which has been defined as

TL°CE is actually formed by T29-CE delayed one pulse period. Frequently

the means of forming a signal is not the most straight-forward one. This

can usually be attributed to conservation of hardware or preservation of wave-
shape. Ordinarily a signal is defined by Boolean algebra notation in terms

of the conditions under which it occurs -- such notation usually follows

the method whereby the signal is formed, but not necessarily.

B-6f Drawings 15 (upper left) and 6 (left) illustrate the signals just
encountered. The reasons for them will become apparent later. At this
point the reader should attempt to memorize the contents of Drawing 6 with
the exception of details of the NUMBER TRACK not discussed in this section.
These basic timing signals represent the time references for most computer
functions to be discussed in sections to follow.
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SECTION C

GENERAL COMPUTER ACTIVITY

This section is devoted to a variety of concepts
and circuits. The circuits covered are controlled
to some extent by the SPECIAL COMMANDS and other
functions to be covered in sections to follow. The
sequence of presentation in this particular section
is less orderly than that to be found in others.
This is necessary to present pre-requisite material
first and to minimize forward references.
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COMPUTER SEQUENCE OF ACTIVITY

C-1la Unless the computer is idle, it is engaged in a computing cycle
illustrated on Drawing 18. The productive portion of the cycle takes

place during the time the computer is in the TRANSFER (TR) state. It is
during this time (an integral number of WORD TIMES) that an operation is
executed. The TRANSFER state is sometimes referred to as the EXECUTE state.

Cc-1b Needless to say, the computer must know the nature of the operation
to be executed; this is determined during the READ COMMAND (RC) state.
During this state (lasting one WORD TIME), a command is ''read" from a pre-
determined word location of a pre-determined line (ref. Sec. D-6b). The
instant the final bit of the command (T29:RC) has been read, the command has
been decoded and has set up all the necessary electronic paths for proper
execution of the operation designated by the command.

C-1c Once a command has been read (and decoded) it may be executed
immediately provided the command itself calls for immediate executionm.

If the command is not an IMMEDIATE command it is DEFERRED. As Drawing 18
illustrates, if a command is IMMEDIATE , as soon as the command is read,
the TRANSFER state is initiated. If DEFERRED, the computer will rest in
the WAIT TO TRANSFER (WIR) state for an integral number of word times until
information in the command itself calls for the TRANSFER state.

Cc-1d How long the computer will remain in the TRANSFER state is also a
function of the command.

C-le Once the TRANSFER state is terminated, the computer will advance to
the READ COMMAND state immediately or after an integral number of word times
in the WAIT TO READ COMMAND (WRC) state. At this point the cycle repeats
unless the computer is purposely caused to stop; in this case it will idle
in the WAIT TO READ COMMAND state indefinitely.

COMMANDS

C-2a A command, as mentioned above, controls the computer in regard

to timing (i.e., advancement from state to state), and in regard to the
nature of the operation to be performed during the designated time of
TRANSFER. A command is considered subdivided into two general portions:
the STATIC PORTION and the DYNAMIC PORTION. (These names not only describe
their purposes, but also their treatment within the computer.) Breakdown
of a command is illustrated on Drawing 5 (top.)

THE STATIC PORTION: 13 bits (T1 - T13)

Cc-2b SOURCE AND DESTINATION ( S & D ): This information is contained

in 10 bits (T2 - T1ll) which can assume 1024 (i.e. 210) different configurations,
hence there are 1024 different SOURCE - DESTINATION combinations possible.
Individually the SOURCE and DESTINATION portions can express SOURCES and
DESTINATIONS numbered 00 - 31 (i.e., 00000 - 11111 in binary). If the
DESTINATION is specified 00 - 30, the command calls for a transfer of infor-
mation from a SOURCE (00-31) to the designated destination. However, if
DESTINATION is selected equal to 31, the SOURCE number (00 - 31) specifies

a SPECIAL COMMAND, not necessarily involving transfer of information at all.
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C-2c CHARACTERISTIC (CH): This information is contained in 2 bits
(T12 and T13) and can assume 4 (i.e., 22) different configurations,
designating four options in performing a command defined by S and D.
The manner in which the CH code is interpreted (hence, its result), is
a function of the particular S and D selected.

Cc-2d SINGLE OR DOUBLE PRECISION (S/D) bit: This bit (Tl) is the only
remaining bit of the STATIC PORTION of a command. Its functions depend
to some extent upon the remainder of the command (including the DYNAMIC
PORTION). It is primarily concerned with setting up logical circuits to
comply with timing requirements of SINGLE and DOUBLE precision operations;
it does, however, serve other purposes.

THE DYNAMIC PORTION: 16 bits (T14 - T29)

C-2e IMMEDIATE or DEFERRED (I/D) bit: This bit (T29) controls whether
the TRANSFER state will be initiated directly after the command is read or
wait (in the WAIT TO TRANSFER state) until some other factor calls for it.
A "0" specifies IMMEDIATE; a '1'", DEFERRED.

c-2f TIMING NUMBER (T): This information is contained in 7 bits (T22 -
T28) and can express a number from 00 - 127. This is a controlling factor
in either initiating or terminating TRANSFER. The manner in which it is in-
terpreted depends upon other factors in the command.

C-2g NEXT COMMAND LOCATION (N): This information is contained in 7
bits (Tl4 - T20) and is used to express a number from 00 - 107. These

numbers refer to the WORD TIME during which the command to follow is to
be read after the current command has been concluded.

C-2h BREAK POINT (BP) bit: This bit (T21l) provides a programmable
method of interrupting operation of the computer after the command has
been executed. The setting of the COMPUTE switch on the BP position will
cause the computer to idle in the WAIT TO READ COMMAND state after the
TRANSFER state has been terminated.

C-2i (LOCATION of command) (L): This is not actually written as part of
the command but is a piece of information associated with it. L is the

word time (00 - 107) during which the command is read and usually is N of
the previous command.

COMMANDS - SUMMARY

C-2j Commands consist of several subdivisions, all of which contribute
to define and control the operation to be performed. The programmer is
required to account for all 29 bits of a command; the engineer should be
able to determine exactly what will happen within the computer as the
result of any command whether or not its composition is legitimate.

NUMBERS
C-3a Ordinarily, the words to which commands make reference contain

numbers or portions of numbers. Any word (in the memory) to which a pro-
gram never makes reference can contain anything--usually all ZEROS.
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Numbers are of two general types: SINGLE PRECISION and DOUBLE PRECISION.

Cc-3b SINGLE PRECISION numbers are held entirely within a single word

and consist of a total of 29 bits as follows: 28 (T2 - T29) to express the
number and 1 bit (T1) to hold the sign (SIGN BIT = "O' means +; ''l" means -).
A single precision number can, by virtue of 28 bits, accommodate 228 different
binary configurations which amounts to precision up to one part in 268,435,455
(i.e. 1 part in 228.1),

C-3c DOUBLE PRECISION numbers require two words and consist of an

EVEN numbered word (time) for the lowest order portion and the following
ODD numbered word for the highest order portion. Sign is held in the Tl
position of the EVEN word (TE = T1.CE), and the remaining 57 bits are
devoted to expressing the number. The numerical portion can assume 257
different configurations amounting to precision of one part in 144,115,188,
075,855.871 (i.e. 1 part in 237-1).

C-3d When an operation dealing with SINGLE PRECISION numbers is executed,
Tl pulses constitute the TS or SIGN TIME pulse; DOUBLE PRECISION operations
require TS to consist of TE (i.e., Tl:-cg). This is one function of the S/D
precision bit of a command (ref. drawing l15-upper right).

C-3e Whenever a number is transferred from a SOURCE to a DESTINATION,

and is subject to modification in the INVERTING GATES, the modification is

a function of the SIGN associated with each individual number being transferred.
Obviously pulses interrogating the signs of numbers must occur at the appropriate
time. Proper programming of the S/D precision bit of a command therefore is
essential.

COMPLEMENTATION OF NUMBERS

c-3f Numbers are normally to be found (in memory) in terms of ABSOLUTE
VALUE and SIGN. Furthermore, the BINARY POINT may be assumed to be to the
left of the highest order bit of each number, rendering the highest order
bit in the 2-1 column. (A programmed scaling factor can render such a
fractional number a multiplier for 2 raised to any power, hence, order of
magnitude is unrestricted - this is the programmer's concern.)

C-3g Should a number be negative, it is desirable (in order to facilitate
certain operations such as addition) to convert it to COMPLEMENT form, such
that given a fractional number = .N, its COMPLEMENT is (1-.N). The COMPLE-
MENT represents a number, which if increased by a positive value =.N, will
yield all ZEROS in its fractional part and an END CARRY into the imaginary

20 position. Such an END CARRY, if added to the imaginary "1" in the 2°
position, would yield a sum bit of "0" and an end carry which will be killed.

C-3h Evidence of the imaginary "1" in the 20 position is the content of
the SIGN BIT. (i.e., a "1" in the sign bit represents a negative number;
if the number is in complement form, the "1" (from "1-.N") is held in the
SIGN BIT.) Ideally the SIGN BIT, which has a quasi-numerical significance,
should appear in a bit location following the highest order numerical bit
(2°%) since it represents a state of 20. However, it is also vital that
this sign bit precede the number (i.e., be at the lowest order end) to
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facilitate the activity in the INVERTING GATES which must know the sign of
a number prior to its transmission from EB to IB (ref. Sec. C-7a).

C-3i The sign then, is applied to the lowest order end of a number for

the sake of the INVERTING GATES, but may, when necessary, be influenced by an
end carry from the 27" position in arithmetic operations as will be seen later
in Sections C-10m-o. '

C-3j To obtain the COMPLEMENT of a number the procedure is: Starting
with the lowest order digit and proceeding up, pass all bits unchanged up
to and including the first "1" bit; thereafter invert the bits to follow.
Example:
N .0110100
1-.N .1001100

An analysis of the operation is as follows:

1-2-0 1111111
-.N -.0110100
1-2"0.. N .1001011
+2"Ocorr. +.0000001
1-.N .1001100

This may appear to be a round-about method of obtaining
1-,N, but it does not necessitate a subtractor.

C-3k The procedure of '""PASS ALL BITS UNCHANGED UP TO AND INCLUDING

THE FIRST "1" accomodates the subtraction of .N from all ONES and also

the +2°% correction. '"INVERSION FOLLOWING THE FIRST "1" handles the higher
order portion of the subtraction from all ONES.

C-31 This scheme is know as the “2's complement system'. (The '"l's
Complement System' does not accommodate the +2°0 correction). When we say
take the "l's complement of a number"™, this implies a binary point location,
hence the value of the highest order numerical bit.

C-3m (The terms "'l's' complement system" and "l's complement of a
number" do not necessarily mean the same thing. The G-15D obtains com-
plements of numbers by employing the ''2's complement system'; by placing

the binary point to the left of the highest order bit a complement re-
presents 1-.N hence is the "1's complement of a fractional number.'") In

an addition of two numbers of unlike sign, the positive number should be
uncomplemented (i.e., NORMAL) and the negative number should be complemented.
As a result of addition, the imaginary '"'1" in the 2° position will either
remain, indicating a negative sum in COMPLEMENT form, or be changed to "0O"
indicating positive sum in NORMAL form. An end carry from the highest order
numerical bit position (2'1) will decide the fate of the imaginary "1" in
20 (ref. dwg. 25).

C-3n The eng carry from 2-1 (T29 position of a word) will be added to
the sign bit "2™"' (Tl position of a word) by virtue of the structure of the
adders, which allow the sign position to be available for processing directly

after the T29 position. Details of this will be explained under ADDERS (Sec.
C-10m-o0.)
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C-3o0 Drawing 24 indicates the results of additions of two fractional
numbers, a and b. Using the complementation scheme to deal with negative
numbers, the chart reveals that all sums (unless they exceed a fractional
value and constitute overflows) will be either in NORMAL or COMPLEMENT

form and will contain the desired sign bit as CORRECTED SIGN. The re-

sults are a function of the signs and relative magnitudes of the AUGEND

and ADDEND. Drawing 25 illustrates actual binary examples of the complemen-
tation and addition procedure (note that in MEMORY numbers are in terms of
SIGN and ABSOLUTE VALUE: in the ADDER itself, NORMALS and COMPLEMENTS
appear when appropriate).

SOURCES AND DESTINATIONS IN GENERAL

C-4a The simplest commands are those involving a transfer of information
from a SOURCE (usually one memory line) to a DESTINATION (also usually one
memory line). A list of SOURCES and DESTINATIONS is provided on Drawing 2.
Unless DESTINATION = 31 is selected, the information content of the

selected SOURCE will be copied into the DESTINATION subject to control of
intervening circuits, which are under the control of the command. Except
when DESTINATIONS AR+ and PN+ are selected, the original contents of the
DESTINATION line are replaced by the incoming information (ref. Secs. A-7
and C-10h).

C-4b For example: if SOURCE 08, DESTINATION 16, and CHARACTERISTIC O
are selected, this means that during the time of TRANSFER, the READING
FLIP-FLOP of MEMORY LINE 08 will be coupled indirectly to the writing
circuit of MEMORY LINE 16, while recirculation of MEMORY LINE 16 is blocked.

C-4c Drawing 20 illustrates the information flow from the READING FLIP-
FLOP of the SOURCE line to the writing circuit of the DESTINATION line.

The blocks called SOURCE SELECTOR SWITCH and DESTINATION SELECTOR SWITCH
are merely portions of the individual memory lines treated collectively.

As the notations suggest, activities of the blocks are a function of one
or more factors contained in the command being processed.

C-44d Whenever a SOURCE is selected, from the time the STATIC PORTION
of a command is read until it is replaced by that of another command, the
designated SOURCE will send its information to the EB (EARLY BUS), which

is nothing more than a multi-term OR gate. In case SOURCE 27, 30 or 31

is selected, more than one SOURCE line is coupled to the EB; the Boolean
algebra notations on Drawing 2 indicate the logical combinations. These
combinations are sometimes referred to as the LOGICAL SOURCES; commands
employing them are known as EXTRACT COMMANDS. SOURCE 29 will serve to
supply nothing but ZEROS to the EARLY BUS unless an extra attachment INPUT-
OUTPUT REGISTER is plugged into the G-15D.

C-4e EB (EARLY BUS) information appears on the IB (INTERMEDIATE BUS)
subject to modification by the INVERTING GATES. The INVERTING GATES are
controlled by command information (ref. Sec. C-7b).

C-4f IB (INTERMEDIATE BUS) information can appear on the LB (LATE BUS)
during the time of TRANSFER only. This time-gating by TRANSFER prevents the
selected DESTINATION from being influenced at times other than the time of
TRANSFER.
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SPECIAL DESTINATION 31

C-4g When DESTINATION 31 is selected, the SOURCE code no longer represents
a SOURCE to feed a DESTINATION (although the corresponding SOURCE line
harmlessly feeds the EB). The SOURCE code designates an operation (or a
choice of operations from which one may be selected by the CHARACTERISTIC
code). Drawing 3 lists the operations available. (These will be described
later in Sec. D.)

THE CONTROL SWITCH

C-5a When a command is read, the STATIC PORTION (T1-T13), which is
concerned primarily with the routing of information, is registered in a
static register consisting of 13 flip-flops. These are located in the
CONTROL SWITCH (Drawing 23), and the entire contents are exhibited on the
neon panel (Drawing 17).

C-5b Alteration of information in these flip-flops is possible only
during the first 13 pulse periods of the READ COMMAND state defined by
RC-CJ. The CX flip-flop can only be triggered when RC°CJ qualifies the
AND gates controlling it; the remaining 12 flip-flops can only change state
when gated CLOCK pulses are applied to them. These CLOCK pulses are the
SHIFT PULSES mentioned in Section B-4. The term permitting generation ot
these SHIFT PULSES is actually RC.CJ. 1In conclusion, when a command is
read these 13 STATIC FLIP-FLOPS will register T1-Tl3 (the STATIC PORTION)
of the command and will continue to hold the information until equivalent
information from the next command replaces it.

C-5c The method of feeding this information into the 13 flip-flops is
shown on Drawing 22. Once any information resides in the flip-flops, an
array of gates decodes the contents, delivering a variety of signals to
control the activities throughout the computer. The decoding scheme is
shown on Drawing 23. The output signals are stabilized after T13 of RC,
and will remain stable until the end of Tl of the next RC. (During the
RC.CJ period, when the flip-flops experience transition, the output signals
are not interrogated.)

C-5d A combination of two output signals (Drawing 23) will precisely
define a SOURCE or DESTINATION number. For instance DO-DW defines DESTINA-
TION 02 since it is equivalent to C6-C5-C4-C3.TZ (i.e., 000103 or 02)4 in
the DESTINATION flip-flops of the CONTROL SWITCH). Such a signal combination
(DO-DW) is used to allow the LATE BUS (LB) to write on LINE 02. (Note on
Drawing 9 - lower left - that DO-DW-LB is the writing term of LINE 02 when
selected as DESTINATION.)

C-5e Similarly, SO.SW SOURCE codes representing configuration 00010 in
the SOURCE flip-flops, are suitable for controlling LINE 02 as a SOURCE.
(Note on Drawing 9 that SO.SW.M2 feeds the EARLY BUS when LINE 02 is selected
as SOURCE.)

C-5f By forming in this central location (CONTROL SWITCH) key signals
to feed the extremities of the computer, economy in wiring and components
at the extremities is achieved.
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C-5g The signal DS (Drawing 23) is an example of central formation

of a signal for use in many locations. DS=D7°‘DX'TR (i.e., a signal high
during TRANSFER if DESTINATION 31 is selected). This signal 'operates"
the SPECIAL COMMANDS listed on Drawing 3. For instance, to perform the
special command "HALT'", SOURCE 16 and DESTINATION 31 must be specified
(symbol: 16 —= 31). When this configuration enters the 13 flip-flops
and when the TRANSFER state arises the signals S4-SU‘DS will be present.
(S4+SU-DS = S4:5y*D7°DX-TR = CV+CU*C9°C8°C7°C6°C5°C4°C3°C2°TR). The 3-
term signal S4°SU‘DS (derived from a multitude of terms) is all that is
required to initiate the ""HALT'" command (note dwg. 30 - upper left). The
same ingredients, S4, SU, & DS can be used to perform other functions.

In case any one signal (such as DS) feeds many loads, it may be 'boosted"
by simple devices such as cathode-followers; detailed prints supply this
type of information.

TRANSFER TIMING

C-6a The DYNAMIC PORTION of a command is concerned with establishing
the timing control of the TRANSFER state (TR); however, how the DYNAMIC
PORTION is interpreted depends to some extént upon the STATIC PORTION
(which resides in the CONTROL SWITCH after T13:RC).

Cc-6b Drawing 19 illustrates by flow-diagram and examples the various
TR timing control options. The DYNAMIC PORTION of a command holds I/D
(T29) and T (T28 - T22) information. Furthermore, the factor L (WTgrc)
has some control on timing. (The N and BP factors, also in the DYNAMIC
PORTION, have no bearing on TR timing).

C-6¢ As the flow diagram shows, I/D and L or T control the initiation
of TR regardless of the STATIC PORTION of the command. Termination of TR
is a function of the configuration in the STATIC PORTION (i.e., MARK EXIT?
SHIFT? MULT? DIV? NORM? S/D?). The CONTROL SWITCH supplies the necessary
terms to determine mode of termination; once determined, the termination
is performed by the signals occurring at the times shown on Drawing 19.

C-6d In the majority of cases, the '"Imm., MARK EX., abs.", '"Def.,

MARK EX., single'", or '"Def., MARK EX., double" timing will hold true. Note
that in the case of SINGLE PRECISION DEFERRED commands, TR lasts one word
time only (during WT = T) and in the case of DOUBLE PRECISION, DEFERRED
commands, TR lasts 2 word times (T and T+l), provided T is an EVEN number.
This is compatible with processing numbers of corresponding precisions.

C-6e IMMEDIATE commands can give rise to TR lasting many word times,
hence are capable of processing blocks of numbers (hence, the term BLOCK
TRANSFER used in programming language). It can be seen that the S/D bit

has no bearing on TR timing in the IMMEDIATE cases; nevertheless, its control
over the TS (TIME OF SIGN) signal remains unaffected.

Cc-6f The signals causing transition (at the bottom of the timing diagram)
are generated in the COMMAND REGISTER and associated circuits under the
control of the STATIC and DYNAMIC portions of the command. Formation of
these signals will be discussed in Section C-17.
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THE INVERTING GATES (EB—-1IB)

C-7a As was mentioned in Sec. C-4e, information may be modified in
transit from the EARLY BUS (EB) to the INTERMEDIATE BUS (IB). The
modification is under the control of (1) the STATIC PORTION of a command
(hence the CONTROL SWITCH), and (2) the SIGNS of the NUMBERS themselves
which are being transferred. Since the SIGN bit precedes the number, it
is capable of controlling the circuits which process the number to follow.

c-7b The CH (CHARACTERISTIC) bits of the command, in conjunction with
the S (SOURCE) and D (DESTINATION) codes control the nature of the
modification in accordance with the CHARACTERISTICS TABLE on Drawing 26
upper right. By means of Boolean algebra notation, referring to CONTROL
SWITCH output terms, the following transfer characteristics may be obtained:

_ ABBREV.
CX.CW __ __ TRANSFER TR
Case I CX-CW-S7+D7 TRANSFER VIA AR TVA
CX-CW ADD AD
Case II CX*CW-S7-D7 ADD VIA AR AVA
case IIT  CX'CW' (S7+D7) ABSOLUTE VALUE AV
Case IV CX*CW* (S74D7) SUBTRACT SU
C-7¢ The CASES ( I-IV) mentioned above, control the INVERTING GATES

such that they transmit EB information to the IB in the manners indicated
at the bottom of Drawing 26. Note that both the SIGN BIT of the number on
EB and the CASE (I-IV) determine: (1) the SIGN BIT to be placed in the IB,
and (2) whether or not the numerical portion of the EB number should be com-
plemented in transit.

Drawing 26 also shows the INVERTING GATES circuit that performs these
operations. CONTROL SWITCH and EB sign information controls the INVERTING
GATES via gates 1-5. TS identifies the TIME of SIGN. Since the INVERTING
GATES behave in accordance with TS, and TS is controlled by the S/D bit,
the S/D bit has an indirect controlling effect on the INVERTING GATES.

C-7e The IS flip-flop, when set, calls for complementation of a number;
when reset, the number should be transferred without being complemented (i.e.,
NORMAL). IS may be called the "WHETHER TO COMPLEMENT FLIP-FLOP'. Note also
that the RC (READ COMMAND) signal resets IS so that in the absence of any
other IS control signals, no complementation will take place.

c-7f In the cases of ABSOLUTE VALUE and SUBTRACT, gate 5 prevents EB
information from reaching IB at the time of the SIGN BIT. In the event that
a positive number is transmitted with a SUBTRACT characteristic, gate 4
enters a "1" on the IB at sign time to provide the necessary MINUS sign.

In all other cases (other than those associated with the 2-WORD LINES), the
SIGN BIT on the EB will reach the IB without modification. The treatment of
the sign by this circuit fulfills all of the requirements outlined on the
chart at the bottom of Drawing 26.
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c-7g IC is the flip-flop which scans for the first numerical "1" bit

in a number to be complemented. At the beginning of a number (T2 or T2°CE), IC
will be in the reset state allowing EB to reach IB without modification.

If IS has been set ("WHETHER TO COMPLEMENT'), the first EB ''1" bit thereafter
(during TRANSFER) will set IC causing every EB bit that follows to arrive on
IB inverted (i.e., after IC is set, IB = EB*TS+-IC). This circuit fulfills

all requirements of the complementation of numbers technique described ‘in
Section C-3f-k. The sole purpose in qualifying gate 6 by TR is to prevent
random setting of the OVERFLOW FLIP-FLOP (ref. Sec. C-11).

IB —> LB
C-8a IB information can appear on the LATE BUS (LB) only during the

time of TRANSFER (TR). If the CONTROL SWITCH yields the signal CS meaning
"NOT VIA AR'", this results in LB = IB-TR.

Cc-8b If the CONTROL SWITCH yields the signal CS this calls for a "VIA AR"
characteristic and IB will be routed via the 1 word memory line AR in transit
to LB.

C-8c This results in the following: (1) During the first word time of
TRANSFER the original contents of AR will appear on the LB; (2) During the
remaining word time(s) of TRANSFER, IB will appear on the LB delayed by one
word time; and (3) During the last word time of TRANSFER, IB will be stored
in AR (but will not reach the LB). This operation is a powerful programming
tool,

c-8d In either case (VIA AR or NOT VIA AR) the LB will only contain
information during the time of TRANSFER and consequently cannot influence
DESTINATIONS at any other time.

EXECUTION OF A SAMPLE COMMAND

C-9a The performance of a sample command will now be illustrated to
tie together some of the circuits and concepts discussed so far. The command
is as follows:

1/D T BP N CH S D S/D
J -~ A -\ &r —A N~ . A\ N 7 A ﬁt
1000011100001 0100100101001110
0 )
T29 Tl
(L=0000001 =01)
C-9b The binary configuration of this command (one of the 536,870,912
possible configurations) states the following:
(L =01 i.e. the command is read during WT 1.)
I/D =1 i.e. the command is DEFERRED.
T = 07 i.e. TRANSFER will be initiated at the beginning of

WT 7 by T29:(T-1). For termination see S/D.

BP = O i.e. when this command has been performed, advance,
non-stop, to the next command.

N =10 i.e. the NEXT command is to be read during WT 10
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CH =1 i.e. ADD characteristic - complement negative
numbers, pass positive numbers unchanged.

S =05 i.e. MEMORY LINE 5 will feed the EARLY BUS

D = 07 i.e. the LATE BUS will feed the writing station

of MEMORY LINE 7 during the time of TRANSFER.
Also, recirculation of LINE 7 will be blocked
during this time.

s/D =0 i.e. SINGLE PRECISION: (1) TS will = Tl, and
(2) TRANSFER will be terminated at the end of
WT 7 by T29-TR)

C-9c¢c Result: This command, read at WI 1, causes LINE 5 to copy its
contents into LINE 7 during WT 7, subject to complementation if the number
in LINE 5, WT 7 is negative. The next command will be read from WT 10.
The computer cycle is as follows:

RC (READ COMMAND) WT 1 i.e. L
WIR (WAIT TO TRANSFER) WI's 2, 3, 4, 5, 6

TR (TRANSFER) WT 7 i.e. T
WRC (WAIT TO READ COMMAND) WT's 8,9

RC (READ COMMAND - next) WT 10 i.e. N

OPERATION ANALYSIS

C-9d (Ref. Drawing 22) During RC the command is_read from a memory
line previously selected and appears inverted as MC-CG-RC. During the first
13 pulse periods of RC, RC'CJ allows the STATIC PORTION of the command to
enter the 13 STATIC FLIP-FLOPS (Cl-CX). The DYNAMIC PORTION, selected by
RC*CJ, enters the COMMAND REGISTER ADDER (discussion in Sec. C-17) to yield
a trigger pulse to initiate TR at T29.(T-1). '

C-9e After T13 of RC, the 13 STATIC FLIP-FLOPS in the CONTROL SWITCH
stabilize yielding the following signals:

cl Means SINGLE PRECISION: (1) controls the TIMING GATES
to yield TS=Tl and (2) sets up CONTROL GATES to terminate
TRANSFER at T29.TR.
S1,S8V  SOURCE designators: qualify read-out gate of LINE 5,
therefore EB = M5-S51-SV
D1,DX DESTINATION designators: qualify writing gate of LINE 7,
yielding write term = LB*Dl1°'DX. Also, during TR, the
term D1-DX:TR is absent. D1-DX:TR qualifies recirculation
of LINE 7. During TR recirculation_is blocked since the
recirculation term of LINE 7 is M7 °D1+M7.DX:TR. (DeMorgan's
— Law)
CX.-CW  CHARACTERISTIC designators: These qualify gates 2 and 3
controlling the IS flip-flop in the INVERTING GATES so
that TS'EB will set IS or TS*‘EB will reset it, conse-
quently complementing the EB number (M5°S1:SV) in transit
to IB in accordance with its sign.
Cs CHARACTERISTIC designator: means ''NOT VIA AR". LB will =
IB.CS:TR and will constitute the information to be written
into the DESTINATION, LINE 7.
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Cc-9f The following prints may be consulted to verify the above:
DWG. NO'S.
"Control Switch': 23
"Timing gates'' (for TS): 15
"Memory Lines': 3D296, 3D297
"Inverting Gates': 26
C-9g It may be seen that a variety of commands of this sort may be

written and analyzed in a manner similar to that above.
ADDERS

C-10a The G-15D is provided with three adders (Drawing 27):
(1) AR (ACCUMULATOR REGISTER) - a single precision (1 word) adder
(2) PN (PRODUCT-NUMERATOR REGISTER) - a double precision (2 word)
adder
(3) CM (COMMAND REGISTER) - a 1 word adder for special purposes.
It is not available to the programmer.

C-10b The AR and PN are available for use by the programmer as general
purpose adders. They are also employed to facilitate operations involved
in certain special commands. (i.e. AR is used in conjunction with SHIFT
and NORMALIZE, PN with MULTIPLY and DIVIDE.)

C-10c In addition to their adder capabilities, AR and PN also serve as
rapid-access memory lines in that unless a NON-ZERO addend is being added to
either of their contents, the contents remain unchanged (i.e., n + 0 = n)
and merely recirculate in the line, available for many purposes.

Cc-10d Associated with each adder are three major terms: (1) the AUGEND
(U), (2) the ADDEND (D), and (3) the SUM (A). In addition to these, there
is the CARRY (C) term and its control system. By programming the control of
U and D, the following operations are available pertaining to AR and PN:

AUGEND (U) + ADDEND (D)
U + (D=0)

SUM (A)

1]

U (recirculation)

(U=0) + D D (read-in)

U + D = D (addition)

C-10e In any case involving either U or D equal to zero, the CARRY
CIRCUIT will be inactive unless triggered by some external signal.

Cc-10f ADDER RECIRCULATION: If programmed reference is not made to

either AR or PN, whatever number happens to be in the adder (resulting from

a previous operation) will recirculate as follows: A bit at the READING
FLIP-FLOP will be applied to the AUGEND to which "0" will be "added" via

the inactive ADDEND. This results in a SUM equal to the AUGEND. The SUM is
written and will re-appear at the READING FLIP-FLOP during the next recirculation
cycle.

C-10g ADDER READ-IN: When an adder is programmed as destination (but not
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to perform an addition), recirculation is blocked during the time of
TRANSFER. That is, the information from the READING FLIP-FLOP is not
allowed to reach the AUGEND input to the adder gates. Simultaneously the
LB (LATE BUS) is applied to the ADDEND. This means that the writing term,
A (SUM), is equal to U+D = O+LB = LB. (Hardware is illustrated on Draw-
ing 27.)

C-10h ADDITION: An addition is based upon the assumption that the
AUGEND term is recirculating in the line. If AR+ or PN+ is selected as
destination, the LB will feed the ADDEND term from the appropriate SOURCE
line during the time of TRANSFER. The recirculating AUGEND term will not
be blocked. The result is that a set of gates, in conjunction with the
CARRY flip-flop, will add the two terms (U and D) yielding their sum, A,
which will be written on the adder's line to re-appear at the READING FLIP-
FLOP during the next recirculation cycle.

C-101i SUBTRACTION: An adder may perform a subtraction by adding the
negated ADDEND term. Negation of the ADDEND is performed in the INVERTING
GATES which are controlled mainly by the CHARACTERISTIC (CH) bits of the
command.

C-10j In loading an adder with AUGEND and ADDEND terms, the CH bits
usually are selected to provide either the ADD or SUBTRACT characteristic.
Below are examples, using AR, to illustrate ADDITION and SUBTRACTION
programming:

ADDITION: S+s' > A > AR write
s CH D SYMBOL

Load AUGEND S 1 28 s 2D AR,

Load ADDEND s' 1 29 S'-AD AR,

--the SUM is generated at the same time
the ADDEND is entered

SUBTRACTION: S-s! > A » AR write

S CH D SYMBOL
Load AUGEND s 1 28 s AR ar,
Load ADDEND s 3 29 s'_S_U,AR._

--the SUM (in this case DIFFERENCE) is generated
at the same time the ADDEND is entered.

C-10k The ADD characteristic should be used even when loading the
AUGEND. This is necessary in case the AUGEND term is a negative number.
In this case the INVERTING GATES will complement the number. This is a
requirement of the arithmetic.

c-101 The internal workings of the AR adder follow a conventional
pattern. Addition, like transfer, is serial, bit-by-bit. Needless to
say, the bits must be added starting with the lowest order bit for CARRY
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purposes. (This is the reason data is handled lowest order bit first and
the time axis, for convenience, is usually considered going from right to
left. Right-to-left time places the lowest order bit to the right.
Oscilloscope horizontal-deflection plates may be reversed for this reason.)

C-10m As the reader may recall, the SIGN BIT occures at Tl of a SINGLE
PRECISION number, therefore, the lowest order bit in a number is T2. An
END CARRY from the T29 bit can influence the sign bit as the following
paragraphs will reveal.

C-10n Prior to the addition of two numbers, the SIGN BITS (Tl of the
AUGEND and ADDEND) are added, producing the UNCORRECTED SIGN bit in the
SUM. No CARRY is allowed to emerge from Tl to influence the numerical

portion. Furthermore, the CARRY flip-flop is unconditionally reset at

the end of Tl time so it will ''contain zero'" at T2.

C-100 Starting with T2, the bits are added, producing the sum. Should an
END CARRY emerge from T29 (highest order bit), it will be added to the UN-
CORRECTED SIGN during Tl of the following word time. This is because T1

of the original SUM (i.e., the UNCORRECTED SIGN) appears as the Tl AUGEND

bit after the 1 word delay in the line. The final result in Tl of the SUM

is the CORRECTED SIGN. The processing of the sign bit takes place twice--

at the beginning of a number, then again at the end. The effect is the same
as if it had all been accomplished at Tl following the highest order numerical
bit (T29). An ADDITION example is provided on Drawing 29.

C-10p The principle upon which the DOUBLE PRECISION adder (PN) operates
is the same as that employed by AR except that TS only occurs at Tl of EVEN
word times (TE = T1:CE) and the highest order bit is T29 of the following
ODD word time (T29°CE). T29 and Tl at the junction of the EVEN and ODD
words (T29-CE and T1°CE) are numerical bits and are treated accordingly.

C-10q Drawing 27 illustrates the three adders. CM,which is not a
general-purpose programmable adder, is discussed in Sec. C-17.

C-10r Note that CARRY FLIP-FLOP control differs in the AR and PN. The
result is the same; only the means differ. The AR CARRY FLIP-FLOP (AC) is
set or reset every single pulse period (i.e., if two or more ONES exist in
U, D, and C, set AC -- otherwise reset AC). The PN (and CM) operate on the
ORIGINATE-PROPAGATE-KILL basis (i.e., leave the CARRY flip-flop in its
previous state unless conditions of U, D, and C call for a change.)

C-10s The latter case conserves hardware; the former case is required
for the benefit of an external circuit (CONTROL GATES: in terminating
TRANSFER in the case of a SHIFT command - see D-12e). Determination of
sum bits is identical in AR, PN, and CM.

C-10t The CARRY set term for AR is supplemented by T29-TR-D7oE§-IS'EE-KB,
and that of PN by T29-TR-CE-DW-CGoCS~IS-¥%~PD These terms identify 'MINUS
ZERO" reaching the adder in question from the INVERTING GATES at the time of

the highest order bit. By setting CARRY at this time, the CORRECTED SIGN

bit will be made equal to ZERO, preventing MINUS ZERO as a number from

engaging in any adder activity. Drawing 27 indicates the purpose of the various
terms listed above.
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(MINUS ZERO, though equal in magnitude to the normal PLUS ZERO, is incompat-
ible with the SIGN and NUMBER scheme employed in the adders.)

C-10u

To summarize ADDER activity, below are two examples showing addition

of numbers of unlike sign (using 9-bit word examples for the sake of brevity):

ACCUMULATOR REGISTER (AR):

«—— TRANSFER ———|

decimal equivalents
if T29 bit represents 27

CARRY SET 1 11 1
CARRY RESET /1] 1 11 1/1
CARRY (AC) 000/1j01100100/0[000
AUGEND (AU) 101/1{10010010/0{100 = +146
ADDEND (AD) 000/0/10110011/1l000 =-77
SUM (AA) 101/0/01000101/111 00 =+ 69
? 4
|CORRECTED SIGN T1) [T29| [Tl UNCORRECTED SIGN]|

PRODUCT-NUMERATOR REGISTER (PN):

CARRY SET
CARRY RESET

CARRY (PC)
AUGEND (PU)
ADDEND (PD)

SUM (PA)

P

fe—————————— TRANSFER
)

1 1 1
/1 1 1

Ll )
oo+
=
== O
[oNeoNe]
OO+
-0
[l eNe)
[oNoNel
oNeNe]
[eNoNel

|
1
|
|
[
|
¥
)
1
)

000/0
A

L 2 A4

CORRECTED SIgN T’ CE

e—— 0dd WT —»)e—— even WT —»

010001010,0000000O0/1

o

4

decimal equiv-__
alents if T29:CE
bit represents 2

000

100 = +146
000 =-77
100 =+ 69

|1 -CE] [r29 - cE]

lT29°EE|

=TE

C-10v

COMMAND CONTROL OF THE ADDERS:

=TE

T1+CE

UNCORRECTED SIGN

Needless to say, the AUGEND and

ADDEND terms are under the control of the command which makes reference to

the adder in question.

The STATIC PORTION of the command, registered in the

13 STATIC FLIP-FLOPS yields the necessary output terms from the CONTROL
SWITCH as follows:

AR:
(1)

(2)

Block AUGEND recirculation: D7 +DU‘TR = DESTINATION 28

during time of TRANSFER

Supply LATE BUS to ADDEND:

during time of TRANSFER if DESTINATION = 28 or 29.

D7-DV-LB + D7:DU-TR:LB = AD

(TR

in the term above is a harmless redundancy; it can be

attributed to hardware conservation.)
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PN:

(1) Block AUGEND recirculation: D6°DW-TR = DESTINATION 26
during time of TRANSFER

(2) Supply LATE BUS to ADDEND: LB-D6.DW-TR-CE-CS + LB-D7:DW = PD
during time of TRANSFER if DESTINATION = 26 or 30 (subject to

control in case of DEST. = 26 by CE-CS to be discussed in
Section C-12d.

C-10w In both cases (AR and PN), other terms serve to control A and U to
facilitate certain SPECIAL COMMANDS. The terms above pertain only to AR,
AR+, PN and PN+ as DESTINATIONS. The READ-OUT gates follow the same pattern
as general-purpose memory lines.

C-10x BLOCK ADDITIONS: It is perfectly legitimate to accumulate the

sum of many numbers by allowing TRANSFER to last for several word times. In
such a case, ADDENDS appear one right after the other with no '"barrier'" pulse
periods. This means that, CORRECTED SIGN of one number will be processed in
the adder at the same time as UNCORRECTED SIGN of the next number (at TS time).
This, However, is permissible since the net result will be the legitimate
UNCORRECTED SIGN of the second number. Drawing 29 is an example of such a
case.

OVERFLOW DETECTOR (FO)

C-11a An overflow arising due to an addition may be defined as the magnitude
of a sum exceeding the capacity of the adder. That is, if an adder is assumed
to accommodate fractional numbers only, but as the result of adding two fraction-
al numbers a sum is produced equal to or greater than unity, the integral
portion (2°), for which the adder has no accommodation, constitutes an over-
flow. Such a case can only arise from addition of numbers of like sign, which
may be identified by a '"0" in the UNCORRECTED SIGN bit.

C-11b An overflow may be identified by comparing certain factors including:
UNCORRECTED SIGN, SIGN of ADDEND, END CARRY, etc. Drawing 27 (top) indicates
the factors compared, with notes indicating the significance of the signal
combinations.

C-1llc The detector circuit is required to detect overflows in both the AR
and PN. Furthermore, discriminating terms (from CONTROL SWITCH) are required
to prevent conditions in one adder from adversely influencing the detector
gates interrogating the other adder.

c-11d The term DS, which holds FE reset, prevents the OVERFLOW FLIP-FLOP
(FO) from being set during a DIVIDE operation. A DIVIDE may yield legitimate
overflows in PN. The DIVIDE system can set FO by '"CIRCLE X" (ref. Sec. D-llae).

C-lle The "DA-1 OVERFLOW" term can only arise if a DA-1 unit is plugged
into the G-15D and is operating.

Cc-11f£ Once the OVERFLOW FLIP-FLOP (FO) is set, it will accomplish nothing
unless tested by the "OVERFLOW to TEST" command (see Secs. D-14F and C-19).
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This command will reset FO upon interrogation, clearing it for the next
overflow. The condition of FO is exhibited on the NEON PANEL (Drawing 17)

THE TWO-WORD LINES: ID, MQ, AND PN

C-12a The two-word lines are primarily for special purposes such as
MULTIPLY and DIVIDE. To facilitate these operations, certain control
features are associated with information transfer to and from them. These
features affect the READ-IN activity of the lines and the INVERTING GATES.
Such activity is under the control of the CHARACTERISTIC bits of the
associated command.

C-12b If the CH specifies anything other than TRANSFER (TR) or TRANSFER
VIA AR (TVvA), the two-word lines behave just as other lines do as far as
READ-IN and READ-OUT are concerned. In the event that one of these lines is
selected as SOURCE or DESTINATION the TR or TVA characteristic will control
activity as follows:

C-12c READ-IN (Ref. Drawing 34): If ID, MQ, or PN is selected as
DESTINATION with a TR or TVA characteristic, EB will be transmitted to IB;
however, the SIGN BIT of each number will be blocked in transit, supplying
only the absolute value to IB. IB will feed LB according to the usual
rules. The SIGN BIT is fed to the IP FLIP-FLOP circuit (ref. Sec. C-13).

C-12d The LB signal will appear at the READ-IN gates of the 3 lines.
CONTROL SWITCH terms will qualify the READ-IN gates and block recirculation
as follows when the line in question is selected as destination:

ID: (1) TR°'D6.DV blocks recirculation during time of TRANSFER
(2) TR+D6-DV:LB-CS-CE writes LB in the line. The CS-CE

term allows LB to be written during the entire time
of TRANSFER if TR, AD, AV, or SU is the characteristic.
If TVA or AVA is the CHARACTERISTIC, during EVEN word
times nothing is written (i.e. ZEROS); during ODD word
times LB is written. This permits transfer of a SINGLE
PRECISION word from an EVEN word time to the ODD (high-
est order) word time of a two-word line, padding the
EVEN word time with ZEROS regardless of the original con-
tents of AR. (Note that ID has only a 57 pulse delay in
the line but a compensatory 1 bit delay exists in PI.
PJ may be thought of as the READ-OUT FLIP-FLOP since it's
output is appropriately phased.)

PN: (1) TR-D6-DW blocks recirculation of the AUGEND during time

of TRANSFER.

(2) TR-D6:DW:LB*CS-CE enters LB information as the ADDEND
term of PN. CS-CE performs the same function as mentioned
in the case of 'ID. (If PN+ is selected as destination,
CS-CE does not apply; furthermore, no unusual INVERTING
GATES activity will take place.)

(3) In the event that ID is selected as destination with a TR
or TVA characteristic, recirculation of PN (AUGEND) will
be blocked during the time of TRANSFER by TR-D6-DV-CW-(CS+CX).
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This interaction means that loading ID with CH = TR or
TVA loads ZEROS in PN. This is a programming convenience
prior to a MULTIPLY command.

MQ: (1) TR.D6.DU blocks recirculation during time of TRANSFER.
(2) TR*D6°DU*LB°CS-'CE writes LB in the line during TRANSFER.
Again, CS-CE controls read-in as in the case of ID.

C-12e READ-OUT: Information will be coupled to the EARLY BUS (EB) in
the same manner as that in other lines. That is, CONTROL SWITCH terms allow
the READING FLIP-FLOP of the appropriate line to reach EB.

C-12f The activity of the INVERTING GATES in transmitting EB to IB will
be subject to supplementary control if one of the two-word lines is selected
as SOURCE and certain other conditions exist as outlined in Sec. C-13 and
illustrated in Drawing 34.

c-12g Several other terms exist to control recirculation, READ-IN and
READ-OUT of these lines. They are only active when certain SPECIAL COMMANDS
are programmed and shall be discussed later.

THE IP FLIP-FLOP

C-13a The IP FLIP-FLOP circuit in the INVERTING GATES deals with SIGN
information in cases where two-word lines are involved in READ-IN or READ-
OUT and a TR or TVA characteristic is used.

C-13b In most operations related to use of the two-word lines, only
absolute values of numbers are desired. SIGN information is '"side-tracked"
during EB to IB transmission and '"stored" in the IP FLIP-FLOP when destination
is ID, MQ, or PN and TR or TVA is the CHARACTERISTIC. Then, when a number

in ID, MQ or PN is to be transmitted through the INVERTING GATES, the

"'stored" sign information is sent from IP to the IB: effectively re-assembling
the SIGN and ABSOLUTE VALUE.

Cc-13c¢ For example, when a MULTIPLY is to be performed, ID (MULTIPLICAND)
and MQ (MULTIPLIER) are loaded with ABSOLUTE VALUES only. When the two lines
were loaded, SIGN information from each number set up the IP FLIP-FLOP such
that it contains the SIGN of the product to be formed by the multiplication
to follow. (i.e. + x4+ =+, +x - =-, - x4+ =-, and - Xx - =+ ). When
the product is formed in PN, it will be in terms of absolute value. Then
when PN (PRODUCT) is transferred to memory with a TR or TVA characteristic
the STORED SIGN is attached to the ABSOLUTE VALUE.

C-13d If a two-word line is the SOURCE and another two-word line is
DESTINATION, the IP FLIP-FLOP will remain static. This permits data transfer
among these lines to be programmed without affecting IP. Nevertheless, in
such a transfer, sign information is blocked in the INVERTING GATES.

C-13e A special operation is available which appears contrary to all

rules: if PN is both SOURCE and DESTINATION and TR is the characteristic,

the contents of PN remain unchanged if a POSITIVE SIGN exists in IP, but

will be COMPLEMENTED if a NEGATIVE SIGN is in IP, Furthermore, if a NEGATIVE
SIGN is in IP, PN will acquire a "1" in its TS position. This is accomplished
in the INVERTING GATES by gate 1 and gate D (dwg. 34). The operation is a

convenience to the programmer, enabling him to use a PRODUCT as an AUGEND
for a future ADD or SUBTRACT operation.
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C-13f Drawing 34 (top) illustrates the hardware associated with the IP
FLIP-FLOP and should serve to indicate the resulting activity in any particular
case. The chart at the upper right illustrates how the IP FLIP-FLOP will
register a PRODUCT or QUOTIENT sign according to the law of signs, provided

ID is the first of the two registers to be loaded prior to a MULTIPLY or

DIVIDE command. Drawing 35 shows some examples of READ-IN and READ-OUT.

THE "LOGICAL'" SOURCES and SOURCE 29

C-l4a The "LOGICAL'" SOURCES are source numbers 27, 30, and 31. Drawing
2 defines these sources; drawing 28 shows how the appropriate terms qualify
the EARLY BUS.

C-14b SOURCE 29 involves transmission of certain signals to a connector
on the back of the computer into which an INPUT-OUTPUT REGISTER accessory
may be plugged. These signals may be found on Drawing 23 (lower right);
however, there is no need to consider them unless the accessory is used.
If the accessory is not employed, the term IR will be at -20V and source
29 will constitute a convenient source of ZEROS to feed a DESTINATION when
required.

THE FOUR-WORD LINES (M20 - M23)

C-15a These lines, sometimes called the RAPID-ACCESS LINES, combine the
economy and versatility of drum storage with the speed of other types of
storage media. Their read-in, read-out, and recirculation features resemble
those of the general-purpose 108 word lines; however, LINE 23 has supplementary
control features for the benefit of the INPUT/OUTPUT system.

C-15b Addressing of these lines is on the basis of '"modulo 4". That is,
each line has four words, numbered 0,1,2, and 3, which may be addressed during
the 108 words of a drum cycle as follows:

Word 0 - word times 2 0 mod &4
Word 1 - word times 2 1 mod 4
Word 2 - word times £ 2 mod 4
Word 3 - word times 2 3 mod 4

C-15c For instance, word 1 of LINE 20 may be addressed during WT 1, 5, 9,
13, 17, etc. The word-time cycle on Drawing 6_indicates by markers the recir-
culation cycles of these lines. TF (i.e. T29.CE.CF) is the signal indicating
the end of a 4-word recirculation cycle as TO indicates the end of a 108-word
recirculation cycle.

SOURCE AND DESTINATION RESTRICTIONS

C-16a LINE O and LINE 1: Words 107 of these two lines are reserved for
the typewriter MARK and RETURN features (ref. Sec. E-9).

C-16b LINE 2 and LINE 3: Words 0-3 of these two lines are employed by
the OUTPUT system. Programmed reference can be made to these words during
an OUTPUT operation only under well calculated conditions.
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C-1l6c LINE 19 and LINE 23: These lines are employed by the INPUT-
OUTPUT system and should not be referred to in a program during such

an operation.

C-16d LINES 14, 16, 17, 21 and 22: These lines are employed by the
DA-1 (DIGITAL DIFFERENTIAL ANALYZER attachment). If such an attachment
is in use and is in the "GO'" state, the following terms control the lines:

LINE NO. PERMIT RECIRC. WRITE
14 GO M14W
16 GO ML6W
17 GO ML7W
21 GO ZEW
22 GO ZSW

C-l6e  If the DA-1 is in the "GO" state, GO is at -20V and blocks
recirculation of the lines while terms arising from the logic of the
DA-1 become the writing terms. If no DA-1 is attached, restrictions
on use of these lines need not be considered.

THE COMMAND REGISTER (CM)

C-17a The COMMAND REGISTER is a one-word adder, the function of which
is to arithmetically determine the times at which the computer should
advance from state to state (i.e. RC, WIR, TR and WRC).

C-17b Unlike many computers, the G-15D does not employ ''coincidence
detectors'" to identify word times around the drum. Instead, the COMMAND
REGISTER will yield END CARRIES at times which are a function of the T
and N numbers of a command. These END CARRIES will occur in accordance
with the requirements of Drawing 19 (for TRANSFER TIMING).

C-17c For instance, take the example of '"Def., MARK EX., single" on
Drawing 19. A signal is required to initiate TRANSFER at T29°(T-1). This
signal is actually T29.CC, an END CARRY out of the T28 bit of the COMMAND
REGISTER, high during T29 of WT = T-l.

C-17d When the command was read during WT 3 (L = 3), the T22 - T28 bits
of the command contained T = 810 = 0001000,. This information was directed
(in inverted form) into the AUGEND term of the COMMAND REGISTER (i.e., CU).
Simultaneously, the previously recirculating AUGEND was blocked. Refer to
Drawing 22: The "block old AUGEND recirculation' term is RC:CJ; the new
AUGEND term is RC:CJ:MC-:CG. 1In the latter, MC is the INVERTED COMMAND,

and CG is a control term assumed to be high unless a special command (''NEXT
COMMAND FROM AR") is being obeyed (ref. sec. D-16).

C-17e Among other terms which enter CU is the T22 - T28 ("T'" number)
information, which is: 1110111. This is 0001000 inverted, and may be
thought of as representing '-8" in the '"1's COMPLEMENT SYSTEM" (inversion
yields this form of complement). Assuming the lowest order bit (T22)
represents 2° of the T number, the 1110111 _configuration will represent
27-9, or a departure from an END CARRY (2" position) by a factor of 9.
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If we should choose to represent the same binary configuration (1110111)
in terms of the "2's COMPLEMENT SYSTEM'" and "TY, it is 27-7-1 = 128-T-1.
(Ref. sec. C-3k-m)

c-17¢ The command was read during WT 3. At the same time that the

above AUGEND (128-T-1) was being established, the NUMBER TRACK (CN) informa-
tion entered the ADDEND under control of the CT flip-flop, which, in the
""Def., MARK EXIT., Single'" case, is high to include T3 - T28 of RC. Drawing
6 illustrates the contents of CN (the WORD-TIME reference track). From
Drawing 6 it may be determined that T22 - T28 contains a factor = 'WT + 1'
in all words other than WORD 107. In this case, 'WT +l' = L+l = 341 = 4 =
0000100.

C-17¢g Drawing 22 will reveal that T2l unconditionally sets CC (CM CARRY
FLIP-FLOP), rendering it high at T22 time, effectively adding a ONE to the
20 position of the sum. The result in the COMMAND REGISTER is as follows:
CU = 128-T-1, CD = L+l, and CC = 1, yielding a sum, CA, of 128-(T-L-1),
which represents a departure from 128 (END CARRY in T29) be a factor of the
relative time elapsing between T29:L (i.e. T29°RC) and T29:(T-1). This
relative time amounts to -(T-L-1), in this case = -(8-3-1) = -4, and will
appear as the CA term in the "2's COMPLEMENT SYSTEM'" form (i.e., 27-4 =
128-4 = 124 = 11111005. (The "1'" in the CN 'WT+l' factor may be thought of
as a +2"™ correction factor to compensate for the negative AUGEND appearing
in the "1's COMPLEMENT SYSTEM" form.)

C-17h Unconditionally, during every word time, the COMMAND REGISTER
CARRY FLIP-FLOP (CC) will be high at T22 time. Also, during each word
time following RC, CU = CA of the previous word time due to the one word
delay in the line and the fact that the READING FLIP-FLOP supplies the
AUGEND. In consequence, the SUM is increased by ONE each word time. In
the example above, at T29 of the fourth word time after T29°'L, the sum
will represent 128-4+4 = 128-0. An END CARRY will be in CC at T29 and
T22-T28 of CA will contain all ZEROS. This END CARRY, T29°:CC, is the
T29¢(T-1) which will initiate the TRANSFER state.

C-17i This T29°:CC will produce a "1" in T29°CA and will be written in
the CM line. This will appear as T29°CM during the following word time
and 127 word times to follow. Use of this is made in a discriminatory
circuit discussed in Section C-18h.

C-17j A summary of the COMMAND REGISTER activity dealing with the '"T"
number using the example above is as follows:

(See next page)



- 42 -

TiS T22 L=3,T-=28 (abs.)
AUG (CU): X|1 111)=128-T-1 = inv. T no. from command
WL 3 ADD (CD): 0{0 100]|= +1+1 = CN info. = WT+1l
(L) CAR (cC): 0 1 = +1 = add 1 (cCg = T21)
SUM (CA): X|1 1 0 0]=128-(T-L-1) = neg. rel. time remaining
AUG 01 10 0/=128-4 = SUM del. one WT
WT 4  ADD 0 000= 0 = (no addend term)
CAR 1| = +1 =add 1
SUM 1 101]=128-3 = neg. rel. time remaining
AUG 1 101]=128-3
WT 5 ADD 0 000= 0
CAR 1] = +1
SUM 1 11 0}|=128-2 = neg., rel. time remaining
AUG 1 110|=128-2
WT 6 ADD 0 0 0} = 0
CAR 1| = +1
SUM 1 11 1L= 128-1 = neg. rel. time remaining
AUG 1 111]=128-1
WT 7 ADD 0 000f= 0
(T-1) CAR 1 1f = +1
SUM 1/0 0 0 0]= 128-0 = 0 time remaining
T29.CC
C-17k The example above does not include the case in which the boundary

between WT 107 and WT O is crossed in the timing cycle.
addition of a '"CORRECTIVE 20" takes place during WT 107.

In such a case, an
This CORRECTIVE 20

may be considered a factor which, when added to the 108 CARRIES added during
the course of one drum cycle will yield a total of 128 or 2’ units of
addition. 128 units of addition increase the magnitude of the number in CM
(T22 - T28) by a net amount of ZERO since the END CARRY effectively subtracts
128 from the 128 added. Perhaps a more convenient way of interpreting the
CORRECTIVE 20 is to consider it representing 128-108 = 27-108 = "-108".
Whenever WT 107 is passed, the next WT is O instead of 108. The '"-108" can
be thought of as 'changing'" WT '"108'" into WT O.

c-171 The example below may serve to illustrate the function of
CORRECTIVE 20:
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T28 T22 L = 105, T = 2 (abs)
AUG (CU): X/1 11110 1f=128 -T-1 =128 -2-1 =128 -3
WT 105 ADD (CD): 0/1101010}= +L+1 = +105+1 = +106
(L) CAR (cC): 1 1{=-128* 41 =-128% +1 = _ -127
SUM (CA): X{1 10100 O0|=128 -(T-L-1)-128* = 128-24
AUG 0/1101000{=128 -24 (* END CARRY subtracts
WT 106 ADD 0000000O0]= 0 128 from SUM)
CAR v 1| = +1
SUM 110100 1{=128 -23
AUG 110100 1j=128 -23
WT 107 ADD 0010100}= +20 = CORRECTIVE 20
SUM 1111110{=128 -2 = neg, rel. time remaining
AUG 1111110]|=128 -2
WT O ADD 0000000O0]= 0
SUM 1111111}=128 -1 = neg. rel., time remaining
AUG 1111111}=128 -1
WT 1 ADD 0000000O0|= 0
(T-1) CAR 1 1] = +1
SUM 11000000 0|=128 -0 =0 time remaining
T29-CC
C-17m Since the NUMBER TRACK contains "CORRECTIVE 20" instead of "WT+l"

during WT 107, The COMMAND REGISTER will not function properly in obtaining

the relative timing factor if RC takes place during WT 107.

Although it

is possible to calculate programming methods to compensate for this discrep-

ancy, WT 107 is disqualified as a storage location in command lines 00 and 01
(ref. sec. C-16c). Therefore, in general, use of WT 107 as a command location
is not recommended. If WT 107 is to be used as a command location the T and

N numbers must be 20 higher than the values normally calculated. In cases

of MULTIPLY, DIVIDE, SHIFT, and NORMALIZE, only the N number should be so
treated.

C-17n During the READ COMMAND state, when the NEGATIVE RELATIVE TIMING
NUMBER is initially established in the COMMAND REGISTER, a ONE may appear

in the SUM term at T29 time (T29-°CA). This is a function of (1) the I/D
information from the command, which enters the AUGEND at T29-RC time, and
(2) the possibility of an END CARRY, T29-CC, which can arise as a result of
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the arithmetic in this initial iteration. To assure that a ZERO will_be
written in the line at this time, CA is qualified by T29 + CQ + CL + CK,
which excludes the possibility of a ONE being written at T29:RC time. In
consequence, the T29:CM term cannot contain a ONE until one word time after
a T29:CC-RC. (Section C-18h makes reference to this particular bit.)

C-170 In the event that a command is read during one drum cycle

and the T29-CC should occur during the next, the arithmetic (by virtue of
the "CORRECTIVE 20") will still yield the T29-CC at WT = T-1. Also, once
a command is read, the T29:CC will be generated at T29 of WT = T-1 of

all drum cycles to follow until a new command replaces the old onme.

RELATIVE TIMING NUMBERS

c-17p There are four SPECIAL COMMANDS (MULTIPLY, DIVIDE, SHIFT, &
NORMALIZE) in which the T number is to be interpreted as a RELATIVE TIMING
NUMBER rather than a reference to a particular word time. (i.e., T specifies
how many word times TRANSFER should last.) These commands may be defined in
terms of the following signals originating in the CONTROL SWITCH: D7-DX-S6.
In these cases, when the command is read, all terms entering the COMMAND
REGISTER follow the regular pattern except that the NUMBER TRACK (CN) T22-
T28 contents do not reach the ADDEND term - neither during READ COMMAND

nor during WT 107. The reason for this is that the T number is a relative
value in the first place and it is not necessary to obtain the difference
between the two absolute values of T and L to produce a relative indication
of time as in the general case.

C-17q The NUMBER TRACK (CN) information is prevented from entering the
ADDEND term of the CM in the RELATIVE TIMING NUMBER case by resetting the
CT flip-flop (Dwg. 22) by D7°DX-S6.T21- (CL+CK) at T2l time instead of T28--
provided the computer is not in the WAIT TO READ COMMAND state. This pre-
vents CN from becoming ADDEND to affect the T number computation which takes
place during pulse periods T22 - T28 of each word time. For the benefit of
the typewriter MARK and RETURN features discussed in section E-9, CL4CK
EE %E) prevents the special CT, during the WAIT TO READ COMMAND state.
ThlS preserves the "WORD 107" signal.

C-17r Processing of the N number in the COMMAND REGISTER is analogous

to that of the T number. The N number is located in the Tl4 - T20 pulse
periods of the word in the COMMAND REGISTER. Inversion of N to supply the
AUGEND takes place by virtue of the same circuit which supplies inverted T.
NUMBER TRACK information is supplied as the ADDEND during READ COMMAND and
WT 107 (WT+1 and '"CORRECTIVE 20") in the same manner as it is in dealing with
the T number except that the NUMBER TRACK information for N takes place during
pulse periods Tl4 - T20. A "1" is added to the lowest order place of the
AUGEND by unconditionally turning the CC flip-flop on by the set term T13.
An END CARRY resulting from the arithmetic, signifying the proximity of WT =
N, takes place at T2l time instead pof T29. The signal that is used to
initiate the advancement of the computer to the READ COMMAND state is T21-CC.
This will occur at T21-(N-1).

C-17s The arithmetic operations affecting the T number and N number are
isolated from one another by pulse period T2l. During this pulse period CC
is unconditionally set by T21 (reset is prevented by T2l -- among other terms),



- 45 =

therefore, no end carry from N, or absence thereof, can have any influence
upon the T number arithmetic. Drawing 33 illustrates the arithmetic in
the COMMAND REGISTER that will take place in accordance with a series of
three commands.

C-17t In conclusion, the COMMAND REGISTER serves the purpose of generating
END CARRIES as a function of the DYNAMIC PORTION of any command, but subject
to some control by the STATIC PORTION. These END CARRIES may be defined as
T29-CC and T2l.CC. T29:CC will occur during WT = T-1 or I4T depending upon
whether the T number is interpreted as being ABSOLUTE or RELATIVE. T29-CC,
in conjunction with other terms, will either initiate TRANSFER or terminate
it depending on whether the command is IMMEDIATE or DEFERRED. The T21-.CC
will unconditionally occur during WT = N-1 and will serve to initiate the
READ COMMAND state (at T29 time) providing conditions permit it. (Other
aspects of the COMMAND REGISTER will be discussed in section D-b6e-1.)

RC - WIR - TR - WRC CONTROL

C-18a Ref. Drawing 30: The four major states of the computer are
designated by the states of three flip-flops, CL, CK, and CQ, as follows:

RC  CL-CK-CQ

WIR  CL.CK
TR CL-CK
WRC CL.CK

C-18b The CQ term can inhibit the RC state and in so doing creates
another minor state, READ COMMAND NEXT WT. This state can only arise in the
event of a TEST command (Ref. Sec. C-19). Assume CQ will always be in the
reset state for the sake of the discussion to follow.

C-18c This discussion will involve starting in the READ COMMAND state and
advancing through the other states. Assuming that CL-CK-€Q (i.e., RC) is
established by a T29 pulse, the following T29 will set CL (CLg= RC'T29).
This unconditionally terminates RC after one word time. The state to follow
is a function of CK.

Cc-18d Had the command been an IMMEDIATE command, its T29 bit would = O.
This renders the term CI (inverted COMMAND INFORMATION) high at T29 of READ
COMMAND (Dwg. 22) giving rise to T29.RC:CI, which resets CK. Control of CK
at T29 of RC is a function of the I/D bit. At this point CL and CK can
assume one of the following configurations:

CL-CK WAIT TO TRANSFER (if I/D bit =1)
CL'CK TRANSFER (if I/D =0)

C-18e In the event that TR was not initiated at T29+RC, the T29°:CC END
CARRY signal from the COMMAND REGISTER will initiate it (by resetting CK)

at T29 of WT = T-1. Since an unwanted T29:CC could have existed at T29:RC
(Ref. Sec. C-17n), a means must be provided to prevent it from prematurely
initiating TR. CL'CK defines the WTR state (which does not include RC),

hence T29:CC.CL*'CK is a satisfactory reset term for CK in the DEFERRED
command case. This accounts for the programming restriction that any DEFERRED
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command will involve at least one word time in WIR, hence if T = IL+1, 108
word times will be spent in the WIR state.

C-18f TERMINATION OF TR: This is accomplished by resetting CL. The
manner in which this is done depends upon the command--the desired results

are shown on Drawing 19.

C-18g IMMEDIATE commands: T29:CC.TR normally terminates TR. This takes
place as a result of the arithmetic in CM : T29+(T-1) for ABSOLUTE timing
numbers, T29°(L+T) for RELATIVE. Other terms can also terminate TR for
certain special commands:

DS.S6.5X.PM _ --NORMALIZE (Ref. Sec. D-13c)
DS’56~SW-T29-CE0ACS --SHIFT (Ref. Sec. D-12e)
DS+S85-SV-T29 --MARK EXIT (Ref. Sec. D-6f)

DEFERRED COMMANDS

C-18h  SINGLE PRECISION: T29-TR-Cl-CM terminates TR. The T29.TR portion
terminates TR after one word time, provided Cl (STATIC FF: S/D bit =0,
meaning SINGLE precision) is high and CM contains a "1" at the time. CM
can qualify this gate only after a T29.CC (not generated during RC) has
occurred, thus preventing the gate from prematurely terminating TR in
IMMEDIATE command cases. (Ref. Secs. C-17j and C-17n.)

C-18i DOUBLE PRECISION: T29°EE~TR-CM terminates TR at the end of the first
ODD word time after it is initiated. The purpose of the CM term is the same:
as in the SINGLE PRECISION case. T29°DS.S5.SV terminates TR in the MARK

EXIT command case resulting in TR lasting only one word time regardless of

the S/D bit (ref. Sec. D-6f).

C-18j Resetting of CL terminates TRANSFER; control of CK determines
whether WRC or RC follows directly. If the TRANSFER terminating signal
(TRr) occurs at T29°(N-1) time, it can, in all but the SHIFT and NORMALIZE
cases, set CK avoiding the WRC state. Otherwise T29-.(N-1) will set CK if
WRC state is in effect, this state being identified by CL-CK.

C-18k The reader may recall that the COMMAND REGISTER "N" number END
CARRY occurs at T2l time. T21:CC is not suitable for direct initiation of
RC since it does not occur at T29 time; therefore, it is stored in flip-
flop CJ, which qualifies gates probed either by TR, or T29 *CK-CL (CK.CL = WRC).
CJ is normally reset by the next T13 pulse whether a T29 probing pulse sets
CK or not. T21.CC will be available to control CJ on subsequent drum cycles
during WT = N-1 if the first one was not used to initiate RC.

Cc-181 Note that T21:CC can set CJ only if the term CH-CZ.CK is high. CH
and CZ are the terms which allow stopping and starting of the computer (Ref.
Sec. C-20) CK prevents any unwanted T21.CC generated during RC from setting
CJ. Other gates capable of setting CJ will be discussed in Section D-6.

C-18m Assuming that Ea has been high during the above discussion, as
soon as CK was set, the configuration CL-CK.CQ is true and the RC state exists
again, starting a new cycle.
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C-18n Note that when RC starts, CJ is reset by the next T13 pulse
(T13.CJ-CQ + T13:CJ+TR); hence, CJ is high during the first 13 pulse
periods of RC. Therefore, RC-CJ (Tl - T13) defines the STATIC portion
of a command -- RC-CJ (Tl4 - T29) defines the DYNAMIC portion of a
command .

THE "WRC NEXT WI' STATE (TEST COMMANDS) - CQ flip-flop

C-19a When a TEST COMMAND is performed, an interrogation will take
place during the TRANSFER state. As a result, CQ may or may not be set
in accordance with the information being interrogated. If set, the set
term will occur during TR.

c-19b When T29-(N-1) yields the CL:CK configuration, RC exists during

WT = N, provided CQ is in the reset state; if CQ is set, CL-CK-CQ exists,
defining the RC NEXT WT state instead of RC. At the end of WT = N, T29-CL-CK
resets CQ yielding the RC state. The RC state, then, has been postponed by
one word time and takes place during WT = N+1. Reset of CJ, in this case

is delayed by the absence of CQ until T13 of RC to provide the desired RC+CJ
and RC'CJ signals mentioned in sec. C-18n.

C-19c The CJ reset gate, qualified by T13:CJ-TR, prevents RC from taking
place during WT = T+l (instead of WT = N+1) in case certain adverse time
relationships exist between the setting of CQ and the word times specified
by N and T. (e.g.: An immediate NON-ZERO TEST command with L = 10, N = 20,
and T = 30 finding non-zero data in word 15 would be followed by the next
command read at word 31 were it not for the T13.CJ-TR gate.

C-194d The timing example of Drawing 31 should summarize state-to-state
advancement activity.

C-19%e The CQ flip-flop is reset by (<F>+<SA> + TAPE START).WORD 107 +
<CLEAR> to assure that the F and P keys and the turn-on cycle will cause the
first command to be read at word 00 rather than word Ol. (The <CLEAR> term
is a redundancy since TAPE START rises during the turn-on cycle; therefore,
<CLEAR> is not applied to CQr in some models.)

COMPUTER START-STOP

C-20a Ref. Drawing 30 (upper left): CH and CZ permit the T21-CC signal
to set CJ, hence initiate the READ COMMAND state, allowing execution of the
next command. Should CH be set or CZ be reset, the computer will idle in
the WRC state until the CH-CZ configuration is restored. Control of these
flip-flops can START and STOP the computer.

C-20b MANUAL CONTROL: The right hand switch on the typewriter base is
known as the COMPUTE switch. It has two compute positions--GO and BP. If
it is not in either of these positions it is in the center position, GO, and
the computer will be stopped (in the WRC state).

C-20c With the switch on GO, the CH:CZ configuration will exist and RC
cannot be initiated. If the switch is thrown to GO or BP, CZ will be set
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at TO time and the CH-CZ configuration will be established allowing RC to be
initiated by T21-CC. T21-CC will occur at T21-(N-1), where N is usually a
function of the last command read. (N = WT O can also be established by
other means -Sec. E-8.)

C-20d If the switch is on GO, only a '"HALT" command can stop the computer.
If it is on BP, either a HALT command or a BP_Eit =1 in a command can stop
it. In any event, manually switching to the GO position will cause a stop.

C-20e HALT: If the HALT command is programmed, during the time of TRANSFER
the following signal will be high: DS-S4-SU. This will set CH yielding CH.CZ,
stopping the computer. To resume operation, the COMPUTE switch must be set

to GO, establishing CH.CZ, then back to GO or BP, establishing CH-CZ.

C-20£f BREAK POINT: Should the COMPUTE switch be in the BP position and

the BP bit of a command =1, T21:CI-RC-<BP> will become high, setting CH.

(CI is command information; ref. dwg. 22.) Note that this term can only

become high if <BP> is present; BREAK POINTS are ignored if the COMPUTE

switch is on GO. <BP> must qualify the CH gate prior to starting the computer
so the first BP's in a program cannot be bypassed for this reason, the <BP>
contact of the COMPUTE switch must be grounded prior to the [<GO> + <BP>]
contact.

C-20g "I'" key operation: This provides a means of performing one command
then stopping and is sometimes called the SINGLE CYCLE operation. See Section
E-5.

C-20h (<F>-<SA> + TAPE START)-WORD 107 is applied to CHS to assure that the
computation cycle is stopped in case the COMPUTE SWITCH is accidentally left on
GO or BP during the turn-on cycle or when the F or P key is being used.

C-201i It is of historical interest to note that in earlier documents the

"true" side of the CH flip-flop used to be opposite to its present location.
This meant that the computer was stopped by resetting CH rather than setting
it and the HALT neon lit when CH was reset. There is no change in theory of
operation; only the nomenclature was altered.

DESTINATION 27 - TEST (NON-ZERO)

c-21 Any SOURCE may feed DESTINATION 27. If during the time of TRANSFER
one or more ONES appear on the LATE BUS, the test will be met, CQ will be
set, and the next command will be read at WT = N+1 (instead of N). The term
LB-D6-DX in this case will set CQ (ref. dwg. 30) causing a one word delay in
the RC state.
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SECTION D

THE SPECIAL COMMANDS

This section requires a reasonable understanding of
previous sections, although back references are given
to assist the reader's memory. Little description is
devoted to optional auxiliary equipment which is
associated with certain commands, since such equipment
is a study in itself and is documented in other liter-

ature.
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THE SPECIAL COMMANDS-GENERAL

D-la The SPECIAL COMMANDS are those in which DESTINATION 31 is selected
and the SOURCE number, and sometimes CHARACTERISTIC, define the operation to
take place during the time of TRANSFER. Drawing 3 lists the operations.

D-1b SPECIAL COMMANDS with a SOURCE number less than 16 all initiate
INPUT-OUTPUT operations and will be discussed in sec. F. In this section
SPECIAL COMMANDS with SOURCE numbers equal to or greater than 16 will be
discussed. :

D-1c "DS": A CONTROL SWITCH (dwg. 23) signal common to all SPECIAL
COMMANDS is DS (''DESTINATION SPECIAL"). DS = TR-D7-DX, hence is a special
case of TRANSFER. This signal ordinarily activates all SPECIAL COMMANDS
by qualifying the appropriate gates. This will become apparent as SPECIAL
COMMANDS are analyzed.

SOURCE 16: HALT

D-2 DS-S4-SU sets CH, causing the computer to idle indefinitely in
the WRC state after TR is terminated. (ref. Dwg. 30-upper left and sec.
C"ZOE) .

SOURCE 17: RING BELL, ETC.

D-3a SOURCE 17, RING BELL: DS.S4.SV (see dwg. 23 right) is applied

to the grid of a relay puller tube (V12 in the LOGIC PANEL - RELAY SECTION -
dwg. 64) during the time of TRANSFER. If TRANSFER lasts 108 word times
(approximately 30 milliseconds), RYl will pull in and its points will com-
plete the circuit to energize the bell solenoid. The command should be im-
mediate with T = L+l. Considering the électro - mechanical requirements of
the hardware associated with the bell, three drum cycles should elapse between
repeat executions of this command.

D-3b SOURCE 17-.CH=1, RING BELL and (MAN PUNCH) TO TEST: (dwg. 30-left)
DS'S4'SV-() arises during TR, interrogating the {MAN PUNCH) signal. C) =
CX.CW (char. =1). ¢MAN PUNCHY is a signal which is high if the PUNCH SWITCH
on the typewriter is in the ON position. If the punch switch is ON, DS-S4-SV-
(@ - <MAN PUNCH) will set CQ and the next command will be read from WT =N+l.
The bell will ring if TR lasts 108 word times; if TR is programmed to last
only one word time the bell will not ring but the test will take place. (1.
word time = approximately 270 microseconds, which is insufficient to activate
the bell circuit relay or the bell).

D-3c SOURCE 17-CH=2, RING BELL AND START INPUT REGISTER: DS~84-SV-() is
coupled to a connector into which an INPUT-OUTPUT REGISTER accessory may be
plugged (see dwg. 23-right). This signal, high during TR, is for the purpose
of controlling the above accessory, but can be used to control other types of
external accessories.

D-3d SOURCE 17.CH=3, RING BELL AND STOP INPUT REGISTER: DS'S4'SV°C) is
coupled to a connector, etc. (see D-3c).
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SOURCE 18: TRANSFER M20.ID to OUTPUT REGISTER

D-4 This operation supplies M20:ID to an output connector during the
time of TRANSFER, providing DS-S4-SW is present. The signal to output is
DS:S4.SW-M20-PJ, where PJ is ID's output flip-flop. In addition to this,
WRITE PULSE is supplied to the connector, by itself and also qualified by
DS+S4+SW'PJ. If the INPUT-OUTPUT REGISTER accessory is connected, the above
hardware (dwg. 23-right) supplies it with LINE 20 data and WRITE PULSES
under control of ONES in the ID REGISTER.

SOURCE 19: DA-1 CONTROL

D-5 Ref. Dwg. 23 - right: DS-S4-SX- (%) and DS:S4-SX- D are sent to a
connector into which a DA-1 (DIGITAL DIFFERENTIAL ANALYZER) may be plugged.
SOURCE 19.CH=0 STARTS the DA-l1; SOURCE 19-CH=1 STOPS the DA-l.

SOURCES 20 and 21: SELECT COMMAND LINE, MARK EXIT, AND RETURN EXIT

D-6a These commands frequently are programmed as a pair and serve to
set up new command lines in addition to other operations.

D-6b Commands are read during the RC state from one of eight possible
COMMAND LINES (00, O1, 02, 03, 04, 05, 19, and 23). The particular line
which supplies the commands is a function of three flip-flops: CDl, CD2,
and CD3. The three flip-flops, once set up in a particular configuration,
will remain in that configuration until changed by programming or by manual
control. Therefore, commands will emerge from the same line until another
line is established by changing the configuration of the CD flip-flops.

D-6¢c The CD flip-flops_are shown on Drawing 22-bottom. Above them
are eight gates supplying MC, the inverted command information from the
false side of the selected command line. Which gate is qualified, hence
which line supplies commands, is a function of the CD's.

D-6d When either SOURCE 20 (RETURN EXIT) or SOURCE 21 (MARK EXIT) is
programmed, DS-.S5.C8 appears during TRANSFER, setting the CD's in accordance
with the contents of CX, CW, and Cl, which are the CHARACTERISTIC and S/D

bits in the 13 STATIC FLIP-FLOPS. Hence a new command line may be established
by the CH and S/D bits as shown on Drawing 32 (lower left). Other signals
originating in switch contacts can control these flip-flops (see secs. E-6,
E-7, E-11d and G-2m). In addition to the command line selection function,
these two commands perform other functions as follows:

D-6e SOURCE 21, MARK EXIT: (Ref. dwg. 32). This command, during the
time of TRANSFER, blocks recirculation of the COMMAND REGISTER AUGEND term
during pulse periods T2-T13, effectively_loading this portion of CM with
ZEROS. T1.DS-.S5-SV sets CJ; T13-CJ-(TR+CQ) resets it. CJ.DS.S5.SV blocks
CU. The reader may recall that CJ has other functions (sec. C-18k-n); this
does not prohibit its use in this capacity since the different functions are
isolated by a barrier of time.

D-6f If the MARK EXIT command is written as deferred, TRANSFER takes
place during WT=T only, regardless of the S/D bit of the command.
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(TR, = DS.S5.SV.T29-ref. sec. C-18g and dwg. 30.) This allows the S/D
bit to equal 1 or O (in accordance with the desired number of the new command
line to be selected) without influencing the TRANSFER state.

D-6g Since CU was rendered equal to zero during TR, and TR occurred
during WT = T, then CU = 0 at WT = T. Tl unconditionally sets the COMMAND
REGISTER CARRY FLIP-FLOP (CC) every word time adding a ONE to the lowest
order bit (T2) of this newly established AUGEND. Hence, during WT = T,
the sum (CA) equals 1. During the next 107 word times 107 carries will be
added to this number (CCg=Tl) and at WT=107 a CORRECTIVE 1940 will enter the
ADDEND (f?) from the NUMBER TRACK (CN) yielding a total of 2048. This sum
equals 2°" and will appear as (1) all ZEROS in the T2-T12 positions of the
COMMAND REGISTER line and (2) an END CARRY at T13 time of WT = T-1 of the
drum cycle following the MARK EXIT command. Furthermore, this T13.CC will
exist at WT = T-1 during every drum cycle thereafter until another MARK
EXIT command establishes a new '""MARK".

D-6h SOURCE 20, RETURN EXIT: (ref. dwg. 30-top) When this command is
read, during the time of TRANSFER it will perform its command line switching
function. However, when it comes to establishing the next READ COMMAND
state, an additional gate can set CJ to permit the next T29 pulse (TR, +T29-:
CL-CK) to initiate RC. This new gate is qualified by T13°CC-CJ-D7 -DX-S5-SU
and allows the T13.CC, established by the last MARK EXIT command, to initiate
RC instead of the usual T2l.¢c, That is, the next command will be read
during WT = T of the last MARK EXIT command instead of WT = N of the RETURN
EXIT command.

D-61 The above will take place provided the MARK EXIT and RETURN EXIT
commands are constructed as illustrated on Drawing 32.

D-6j If the previous MARK EXIT command had been written as IMMEDIATE,
the T13-CC would have occurred during WT = L of the MARK EXIT command (as a
function of TR), hence the command following the RETURN EXIT would be read
during WT = L+l of the MARK EXIT command. (The T number of an IMMEDIATE
MARK EXIT command can be anything; however TR will last only one word time
since TR,.=T29-DS-S85-SV.)

D-6k The T13.CC will initiate RC following a RETURN EXIT only if the
T21.CC does not initiate it first. Relative timing of these two CARRIES
will determine the location of the next command. When N of the RETURN EXIT
command = I+l, T13.-CC initiating RC prior to T21-CC is inevitable.

D-61 A RETURN EXIT command should not have its BP bit =l. This will
serve to prevent T21.CC from initiating the next RC state (see sec. C-20);
however, it will not prevent T13.-CC from doing so. If T13.CC initiates RC,
the state of CZ and CH will prevent T21:CC established by the new command
from initiating the RC state to follow, effectively postponing the stop by
one program step. Also, if relative timing of T13.CC and T21.CC is such

that T21-CC is intended to precede T13.CC and initiate RC during WT = N of
the RETURN EXIT command, the state of CZ and CH will block T21.CC to initiate
RC regardless of sequence. This would mean that a program could proceed in
one way with the COMPUTE SWITCH on '"GO" and another with the COMPUTE SWITCH
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on "BP'". SINGLE CYCLING (sec. E-5) will also give rise to this problem for
the same reason. The solution is: 1) do not place a BP in a RETURN EXIT
command and 2) do not SINGLE CYCLE a RETURN EXIT command unless fully aware
of all possible results.

SOURCE 22: SIGN OF AR TO TEST

D-7 If this command is programmed, it will cause the next command to
be read from WT = M1l if a negative number exists in AR. This is accomplished
by DS.S5.SW.T1l.AR setting CQ (ref. dwg. 30-left and sec. C-19).

SOURCE-23 CH=0: CLEAR MQ, ID, PN and IP FLIP-FLOP

D-8 DS-SS-SX°() blocks recirculation of the three two-word lines

and resets the IP flip-flop (ref. dwg. 36). TRANSFER must last for two
word times to block recirculation of the lines for a complete recirculation
cycle. Exactly when these two word times take place makes no difference.

SOURCE 23-CH=3: PN.M2 to ID and PN-M2 to PN

D-9a (Ref. dwg. 36) This command causes two separate céncurrent ''extract"
operations:

1) PN-M2 to ID: This requires blocking ID recirculation and
application of PN:M2 to the ID writing circuit. DS~SS-SX'()
accomplishes the former, DS*S5.SX.(3) *M2:PP accomplishes the
latter. (PP is the READ FLIP-FLOP of the PN register).

2) PN'M2 to PN: This operation can be described as blocking
recirculation of PN if M2 is high. DS~SS-SX-(:)'M2°PP
accomplishes this.

D-9b The operations performed by the command facilitate efficient DECIMAL-
-BINARY conversion routines, but may be used to advantage for sorting purposes
in any program.

SOURCE 24 : MULTIPLY

D-10a MULTIPLY may be considered an automatic sub-routine built into

the computer hardware. The purpose of the sub-routine is to form a fractionmal
product (in PN) from a fractional multiplicand (in ID) and a fractional mult-
iplier (in MQ). The binary point, for this purpose, must be considered to

the left of the highest order bit (T29:CE) in these registers.

D-10b Ihe sub routlne involves thg additlon (accumulation) of:

(IDo x 2~ Los MQ, + (ID, x 27°) x 272 of MQ, -+ (IDg x 27™) x 271 of
MQ,, these values being accumulated in the PN adder to form a product. The
hardware is shown on Drawing 36 and an example on Drawing 37.

D-10c In order to obtain (ID, x 2°1), a means of shifting the contents of
ID to the rlght one bit_ each rec1rcu1at10n t%me is provided (i.e. ID shifted

right one bit = ID x 2 1, two bits = ID x 2”4, three bits = ID x 2-3, etc.).

D-10d The means of shifting ID is shown on Drawing 36 (left). The PJ flip-
flop reads the contents of ID one recirculation time after it is written
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(57 +1 = 58 pulse delay) and is considered to be the "OUTPUT FF" of the.
line. If PJ is the writing term of ID (normal recirculation), information

in the line is synchronized such that every recirculation time it is written
in the same place relative to the time reference. If, however, PI is coupled
as the writing term instead of PJ, information will be written one pulse-
period in advance, meaning that bits will be recirculated out of phase with
the time reference resulting in the information being advanced one bit each
recirculation cycle.

D-10e This principle, known as PRECESSION, effectively shifts the number
in ID to the right (relative to this right-to-left time axis) one bit every
two word times. This particular case may be referred to as a "ONE BIT PRE-
CESSION TO THE RIGHT'".

D-10£ Note that TE qualifies PI when it is the writing term. This means
that during TE (sign position of double precision words), nothing but a
ZERO can be '"written". _57 pulse periods later (T29-.CE), PI will read this
ZERO. In effect, this TE qualifying term inserts ZEROS into the highest
order end of the word as it is shifted to right; bits at the lowest order
end of the numerical portion are lost as the number shifts right. Drawing
37 illustrates this in terms of a ten-bit example.

D-10g Note in the example on Drawing 37 that even though ID, and MQ
contain single precision numbers, the PRODUCT acquires numerical bits Pelow
the lowest order numerical bit position of PN dd (i.e. T2.CE). If a sub-
sequent single precision command transfers onfy PN 4q to memory, the PRODUCT
sign bit stored in IP will be substituted for the numerical bit in T1:CE of
PN in the INVERTING GATES during TRANSFER (ref. D-10p and Drawing 34).

D-10h As a result of the PRECESSION circuit mentioned above, ID times 2
to reducing powers is available to be accumulated in the PRODUCT REGISTER
(PN) in accordance with the MULTIPLIER (MQ) data. A means must be provided
to interrogate the bits in MQ corresponding to these powers of 2 for the
purpose of controlling the additions of ID x 2™ in the PN register.

D-10i The means of interrogating MQ bits, starting with the highest order
bit (2‘1), also involves precession. Ref. Drawing 36: The contents of MQ

can shift to the left by virtue of delay flip-flop PQ. During a multiplication,
normal recirculation of MQ is blocked and another recirculation path including
a one bit delay (provided by PQ) is substituted. The result of this is that
information from the reading station is re-written after a 59 pulse delay,
effectively shifting it one bit position to the left relative to the right-
to-left time axis each recirculation cycle. This may be called a '"ONE BIT
PRECESSION TO THE LEFT".

D-10j TE qualifies the writing term when this precession path is connected.
This means that at TE time a ZERO is written each recirculation cycle,
effectively inserting zeros in the lowest order end of the number each time
it shifts to the left one bit. Furthermore, this means that as the number
shifts to the left, the highest order bit is shifted "out of the end" of the
line and lost.

D-10k  The PM FLIP-FLOP monitors the highest order bit of MQ (at T29-CE
time) at the end of each recirculation cycle. Timewise, PM will register,
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for a 2 word time duration, each MQ (multiplier) digit starting with 2'1.

D-101 Whenever the highest order MQ bit is a ONE after a shift, ID x

270 will be applied to the ADDEND of PN, hence accumulated in the product

(PD= PM.PI1.DS.S6.C8:C7.-TE). In the event of a multiplier bit equal to ZERO,

no addition takes place. After the last (lowest order) MQ ONE bit has
performed its ID x 2" addition function, the product is complete. If a
non-ZERO number existed in PN prior to the multiplication, it would be included
in the product. Sometimes this is convenient; at any rate, programming will
determine the initial contents of PN.

D-10m The "T" number in a multiplication command is interpreted as being
RELATIVE (sec. C-17p). If T = 114, this allows 57 MQ bits to be interrogated
(114 WT's = 57 two-word recirculation cycles) hence will form a complete
product in accordance with a double precision multiplier up to and including
the lowest order MQ numerical bit (T2.CE). If the multiplier is a single
precision number, only 28 numerical MQ bits need be interrogated and T may

be equal to 56 with no loss in product precision. Furthermore if the multiplier
is a constant, interrogation of MQ bits need only proceed to include the lowest
order ONE bit. (e.g., if the lowest order ome bit is in the 2- location,

only 5 iterations are necessary and T may equal 10 with no loss in product
precision - each iteration requires 2 word times, the recirculation time

of a two-word line.)

D-10n The MULTIPLY command must be located in an odd word time so that

the first word time of TRANSFER takes place at an even word time, the begin-
ning of a recirculation time of a two-word line. The command must be IM-
MEDIATE and T must be an even number to assure termination of TRANSFER at

the end of a two-word line recirculation cycle (odd word time). The CH

and S/D precision bits can contain anything since they do not control anything
associated with multiply; normally these bits are ZEROS. (SOURCE and
DESTINATION contents obviously must be 24 and 31 respectively.)

D-100 Round-off: Should the total number of significant MQ and ID bits
exceed 57, the lowest order end of PN will be inaccurate in that bits from
ID x 2°™ will be lost from the lowest order end of ID. This form of round-
off is not conventional and should be recognized by the programmer.

D-10p The sign of the product is not included in PN but is held in the

IP FLIP-FLOP. When the product is transferred from PN to memory with a TR
or TVA characteristic, the sign in IP will be attached to the absolute value
of the product (sec. C-13). A multiplication overflow is impossible since
the product of two fractional numbers will always be fractional.

SOURCE 25 : DIVIDE

D-1lla DIVIDE, like MULTIPLY, is an automatic sub-routine built into the
computer hardware. The sub-routine obtains the ratio of two numbers and
inserts it, bit-by-bit, into the M(Q. The operation is: NUMERATOR (PN) -
DENOMINATOR (ID) -» QUOTIENT (MQ). The quotient may only approach 2 in
magnitude (i.e., 1.11111---1), For this reason the ratio of PN to ID must
be less than 2 (i.e. PN/ID<2 or PN<2ID is a requirement of the input data).
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D-11b A DIVIDE command may be written in several ways as far as TRANSFER
timing is concerned depending upon the form in which the quotient is desired.
These are outlined on Drawing 40 - lower right.

D-1lc Cases involving T = 57 or 116 are most frequently used since the
binary point exists in a conventional location. PN must be< ID to assure
that the quotient (MQ) will be fractional; an integral bit (2°) constitutes
an overflow in these cases and will be detected (sec. D-llae),

D-11d Cases involving T = 55 or 114 have their programming virtues. In
these cases, if PN/ID22, a useless quotient will result; furthermore, no
overflow indication will exist (i.e., FO FLIP-FLOP). The virtue of these
cases exists in the accommodation of one integral bit (2°).

D-1le In all cases the quotient information replaces the original contents
of MQ as indicated on Drawing 40. The final sign bit (T1.CE) will = O and
the quotient will be in terms of absolute value.

D-11f In all cases command information must include I/D = 0, CH =1,
S =25, and D = 31 to define the command. BP and N will be programmed as
in any other command. LOCATION of the command must be an ODD word time.

D-1l1g The S/D bit can contain anything since other terms in the STATIC
PORTION of the command assure that TS = TE regardless of the S/D bit (see

dwg. 15: S6+SV-DS, low during DIVIDE, forbids generation of TS at Tl.CE

time even though Cl calls for it. (Cl means S/D bit = 0 = single precision.)

If the DIVIDE command calls for only a single precision quotient, the iterations
involved in its formation are nevertheless dealing with double precision '
registers and the timing must be controlled accordingly.

D-11h The division algorithm employed by the G-15 is essentially a

standard one with certain deviations to minimize the electronic control
circuitry. Drawings 38 and 39 illustrate the evolution of the system employed.
Drawing 38 figure (A) illustrates ''long division'" in binary, using the method
analagous to the decimal system taught in grade school. At the extreme left
of figure (A) is the abbreviated version of the division; to the right is

the same example, iteration-by-iteration. Insignificant ZEROS are shown as
solid lower-case ZEROS and account for 12 binary places. Associated with this
example are algebraic notations and orders of magnitude as an analysis of the
proceedings.

D-111i As the notations suggest, the denominator (ID) times 2 to decreasing
powers is subtracted from the numerator (PN) to achieve minimum positive
remainders. Whenever ID x 2~ can be subtracted from the previous remainder
rendering a positive remainder, a ONE representing 2~ is put in the quotient.
Whenever ID x 2~" cannot be subtracted from the previous remainder without
yielding a negative remainder, the subtraction is by-passed (shown as sub-
traction of ZEROS), and a ZERO appears in the quotient corresponding to 2-0,

D-11j This system depends upon an inspection to determine the relative
magnitudes of ID x 2°™ and the remainder from which it will be subtracted
in order to determine the feasibility of the subtraction to follow. This
cannot be done by the computer without actually performing a subtraction
to determine whether the remainder will be positive or negative.
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D-11k Therefore, the algorithm in figure (B) is considered. This does .
not involve inspection of magnitudes followed by subtraction or no subtraction,

but instead involves both additions and subtractions of ID x 2-1 from PN.
The remainders are both positive and negative. The sign of each remainder
determines the following:

+ remainder : 2" quotient bit =1
next operation will SUBTRACT ID x 2-P-1

- remainder : 2~ quotient bit =0 1

next operation will ADD ID x 2°°°
D-111 In this case, the same quotient is developed as in the first case
(fig. A) and the positive remainders are the same. This may be confirmed
by inspection of the algebraic notations.

D-1llm Note that once an all ZERO remainder is established, all remainders
to follow must be negative since [- ID x 2°P + ID x 2°%°" + ID x R
4+ ID x 2°0"™] can never be positive; hence all quotient bits developed following

a ZERO remainder will be ZEROS.

D-11n The reader will note that in both figures (A) and (B) insignificant
ZEROS account for a great many of the bit locations. Therefore a system
illustrated in figure (C) will be considered. This system involves multiplying
each remainder by 2 and not multiplying ID by 2 to reduced powers. Hence the
denominator, unchanged, is either added to or subtracted from 2 times the
preceding remainder. This keeps orders of magnitude of the factors approximately
in the same range without altering the signs of the remainders. The only
difference between remainders in figures (B) and (C) is a scaling factor

which is compensated for by adjustment of the ID scaling factor. In this
system, bit locations need not be allotted in wholesale quantities to in-
significant ZEROS. This implies more efficient use of registers hence

greater precision capabilities of registers of fixed length.

D-1lo This last algorithm is the basis of the G-15D division system.
However, the G-15D does not have a subtractor. Furthermore, a sign bit

must be considered. Therefore the algorithm must be adapted to the arithmetic
system in use and the circuits available.

D-11p Drawing 39, fig. (D) is a proposition for performing the algorithm
illustrated on Drawing 38, fig. (C), but performing subtractions by adding
COMPLEMENTS of ID. A sign bit is located to the left of the highest order
(2°) bit position. (The sign bit of the two-word registers occurs at T1.CE
which follows directly the highest order numerical bit, T29-.CE).

D-11q An integral (2°) position is allowed in the example on Drawing 39,
figure (D) to accommodate shifted negative remainders (i.e., r x 2) which can
approach 2 in absolute value (see dwg. 38, fig. (C) - orders of magnitude).
Note that in the proposition on Drawing 39, fig. (D), the 2° bit and sign

bit of each unshifted remainder are always alike., It can be proved that this
will always be the case (considering the fact that signs of augend and addend
are opposite and the absolute value of any augend cannot exceed twice the
absolute value of its associated addend).
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D-11r Since the integral and sign bits in the unshifted remainders

will be alike, they can occupy the same bit position as shown in Drawing
39, figure (E). In terms of the PN, where this arithmetic takes place,
T29-CE is the location of the highest order fractiomal bit (2’1)'and T1.CE
(= TE = TS) is the location of the 'combination' sign and integral bit.

D-11s For the sake of division analysis, consider the sign bit of a-
number as following the number rather than preceeding it. There is no

sign position at the beginning of the number associated with that number.
Consider the iteration cycle displaced from a standard two-word recirculation
cycle by a factor of one bit period (i.e., the iteration cycle starts at
T2.CE, not Tl-CE). Drawing 39, figure (G) illustrates this concept.

D-11t Note that in Drawing 39, figure (E), when the remainders are

shifted left ome bit (multiplication by 2), they still appear in the same

form as they did prior to shifting (i.e. NORMAL or COMPLEMENT) except in

the cases noted "N'. These cases result when a negative remainder in complement
form exceeds a fractional magnitude when shifted and an overflow exists. The
shifted remainders in these cases resemble numbers in NORMAL form since their
sign bits = 0; they are nevertheless COMPLEMENTS. When the addend is applied

to such a number, END CARRY behavior compensates for the overflow and yields

the next remainder in correct form.

D-11u This system (fig.E) would be that used in the computer except that
the sign bit associated with each unshifted remainder must be reversed.
This SIGN BIT decides whether an addition or subtraction will take place

in the next iteration (sec. D-11k) by controlling the IS FLIP-FLOP in the
INVERTING GATES. The contents of ID, being applied to the EARLY BUS, will
arrive on the LATE BUS (hence the PN addend) either in COMPLEMENT or NORMAL
form in accordance with the orientation of IS.

D-11v At TE (sign) time, the remainder sign (TE-PA) is applied to the
EARLY BUS and consequently controls IS in accordance with the rules of the
ADD characteristic (programmed in the command). This means a "1" in the sign
bit of the sum (PA) will set IS, complementing ID for use as the next addend,
hence performing a subtraction. This is the exact opposite of the desired
results. Therefore, the sign bit of every remainder is purposely reversed.
This is accomplished by applying the wrong sign bit to each addend (i.e. 1
for +, 0 for -). Drawing 39, fig. (F) illustrates this arrangement.

D-11w Fig. (G) illustrates fig. (F) in terms of the time axis. This six-
bit example illustrates the activity in the 58 bit register actually used.
Note that the first iteration unconditionally involves a subtraction since
the EB bit at the first pulse period during TRANSFER is a ONE as a function
of the starting data.

D-11x During every iteration the IS flip-flop in the INVERTING GATES will
remain set or reset as a result of the sign of the previous remainder. The
setting of IS controls the following items:
Positive remainder, IS is high.
1) Supply the numerical portion of ID, COMPLEMENTED, to PN
as ADDEND (for subtraction)
2) Supply a "O" as sign bit to the PN ADDEND at TE time.
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3) Allow a "1"_to be retained by MQ as quotient bit.
Negative remainder, 1S is high
1) Supply the numerical portion of ID, UNCOMPLEMENTED, to
PN as ADDEND (for addition)
2) Supply a "1" as sign bit to the PN ADDEND at TE time.
3) Do not allow a "1" to be retained by MQ as quotient b1t
(i.e. quotient bit = 0)

D-1ly Regardless of the remainder of the final iteration prior to termination
of TRANSFER, a "1" is entered as the lowest order quotient bit. This is
known as the PRINCETON ROUND-OFF and has its mathematical virtues.

D-11z Drawing 41 illustrates the 6-bit example used during this evolution
in terms of actual signals associated with the circuits involved in a division.
A block diagram of the DIVIDE circuits is shown on Drawing 40.

D-1laa ID supplies the EARLY BUS by virtue of $6.SV which is the same term
that allows ID to feed EB when ID is programmed as SOURCE, and DESTINATION
is not 31.

D-1lab  QUOTIENT: The MQ precesses to the left during a divide operation.

During every cycle a "1" is inserted in the line at T2:CE time (lowest order
bit). 2 word times later at T2:CE time, the state of IS (a function of the

previous remainder's sign) determines whether or not this "1" can reach the

writing station at T3°CE time and be retained as a quotient bit = 1.

D-llac Since division is terminated by the TRANSFER terminating pulse, which
occurs at T29, the last '"1" written at T2-CE time will not be blocked; this
provides the PRINCETON ROUND-OFF.

D-1lad At the conclusion of a division the MQ will contain the absolute value
of the quotient with a precision which is a function of the number of
iterations, hence the T number. The sign bit, now again considered at the low
end of the number will contain ZERO. The actual quotient sign is held in IP
and will be applied to the number when it is transferred to memory (sec. C-13).

D-1lae OVERFLOW: If at the time of TRy, 6TR‘reset pulse) a "1" exists in the
reading flip-flop of MQ, it represents a 2% quotient bit = 1 and constitutes an
overflow in the cases when a fractional quotient is called for by programming
= 116 or 57. The reason that a single precision division is programmed to
last 57 word times, rather than an even number, is so that the TR, pulse will
occur at T29:CE time (rather than T29°CE)and will interrogate the state of
the appropriate bit. 1In the event of an overflow, C) (=DIVIDE-PR-TR,) will
set the OVERFLOW FLIP-FLOP (FO).

SOURCE 26 : SHIFT MQ LEFT AND ID RIGHT

D-12a Ref. Drawing 36: This command performs the SHIFTING operations by
virtue of the same circuits employed by MULTIPLY (which also shifts MQ left and
ID right). CONTROL SWITCH terms control precession of ID and MQ during the
time of TRANSFER.
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D-12b Also high during TRANSFER is the term T1-CE-DS-S6:C8- (%), which turns on
the CARRY FLIP-FLOP (AC) of the ACCUMULATOR REGISTER (AR). This results in
adding a ONE to the lowest order numerical bit position (T2) of AR during every
ODD word time of the time of TRANSFER if characteristic is 0. The number in

AR will be "incremented" once every two word times and will count the number

of bit positions the contents of ID and MQ are shifted.

D-12¢ Assume that n is the desired number of bit positions of shift to be
imposed upon ID and MQ. If this number is established in AR (prior to the
shift commigd) as a negative number (in complement form) it will appear as
1 -nx2°°,

D-12d Once the TRANSFER state of the SHIFT command is initiated, at the
beginning of an EVEN word time, precession will take place in ID and MQ.

At the end of each recirculation cycle of the two-word lines (T29-CE) the
sum in the AR will have been increased by 2-28. That is, after the contents
of ID and MQ have shifted onme bit, AR will contain 1 - n x 2-28 4 2-28 =1 -
(n-l)x2'28. After 2n word times of TRANSFER, the contents of ID and MQ
will have been shifted n bit positions and AR will contain 1 - (n-n) 2-28 -1 -
0. 1 - 0 in the AR yields all ZEROS in the numerical portion (T2-T29) and
an END CARRY into Tl to change the sign bit to 0. The END CARRY set term,
ACg, occurred at T29.CE - the end of the two-word recirculation cycle which
yielded n bits of ID and MQ shift.

D-12e The ACg term can terminate TRANSFER by the CL,. gate qualified by
ACg+T29.CE-DS-S6-SW, active during the execution of a SHIFT command (see dwg. 30).
This means that the number in AR can control how many bits of shift the

contents of ID and MQ will experience.

D-12f The T number of the SHIFT command can also cause termination of
TRANSFER by virtue of T29.CC. The T number of a SHIFT command is RELATIVE
hence states how many word times TRANSFER can last. If n bits of shift are
desired, T should equal 2n.

D-12g The number of bits of shift can be controlled either by T29:CC or ACs.
Whichever one of these signals precedes the other will control termination
of TRANSFER. The order in which these signals arise is a matter of
programming. In any event, AR will be incremented if CH = 0. Should the
increment AR feature be unwanted a non-zero characteristic may be used.

D-12h Needless to say, the command must be located in an ODD word time and
be IMMEDIATE to yield TRANSFER starting with an EVEN word time to accommodate
an integral number of two-word recirculation cycles. The S/D bit can contain
anything since it controls nothing associated with this command.

SOURCE 27 : NORMALIZE MQ

D-13a Ref. Drawing 36: A number in MQ is normalized when the highest order
numerical bit position (T29:CE) contains a ONE. (i.e. 1/2{n<1). During the
time of TRANSFER, a NORMALIZE command will cause MQ to precess, shifting its
contents to the left one bit position every two word times. The NORMALIZE
command must be written as IMMEDIATE and be located at an ODD word time. Its
T number is interpreted as relative.

D-13b As in the case of the SHIFT command, AR is incremented every odd word
time of TRANSFER if CH = 0; however, AR has no control over TRANSFER.



- 61 -

Incrementing AR serves only to record the number of bit positions of shift
experienced by MQ for later program reference.

D-13c The NORMALIZE operation can be terminated by two different terms. One
is the T29.CC which is a function of the T number. The other term is a
function of the contents of the T29-CE position of MQ itself. If a ONE is
written in MQ at T29-CE time, the PM flip-flop will be set; a ZERO written

at that time will reset PM. When a number in MQ is being shifted left, PM
will remain reset until a ONE is shifted up to the highest order bit position,
hence written at T29:CE - setting PM. When PM is set, PM-DS-S6-SX will
terminate TRANSFER, stopping the shift. As in the case of the SHIFT command,
whichever terminating signal arises first will terminate TRANSFER.

D-13d Since a T29-CE pulse sets PM, and PM terminates TRANSFER, TRANSFER will
not be terminated until the end of T1-CE (due to the one pulse period delay
between the rise of a SET term and CLOCK). This is tolerable since during
Tl-CE time nothing can be written in MQ to alter its contents because TE
qualifies the writing term during precession. The advantage in using PM to
terminate TRANSFER rather than another suitable pulse (such as PMg) is that

if a number to be NORMALIZED already has a ONE in its T29.CE position when
TRANSFER starts, TRANSFER will be terminated by PM after one pulse period
preventing any shift. The only result of TRANSFER lasting one pulse period
will be blocking recirculation of the sign bit which should be ZERO anyway.

SOURCES 28 AND 29: TEST COMMANDS

D-14a These commands all test certain signals. In the event the selected
signal is present, CQ will be set and the next command will be read during
WT = N+l instead of WI = N. (Ref. dwg. 30 and sec. C-19). One word time of
TRANSFER is all that is required, so these commands are ordinarily written
IMMEDIATE with T = L+2.

D-14b SOURCE 28-CH = O, TEST "READY": DS.S7.SU. @ -READY sets CQ. READY is
a signal which is high whenever the INPUT-OUTPUT system is idle and is defined
as OCL-0C2.0C3-0C%4:0D. READY is ordinarily interrogated prior to the
initiation of a new INPUT-OUTPUT operation.

D-l4c SOURCE 28-.CH = 1, TEST "READY IN": DS-S7-SU-(:)-READY IN sets CQ.
READY IN is a signal which can originate in the INPUT-OUTPUT REGISTER
accessory.

D-14d SOURCE 28:CH = 2, TEST "READY OUT'": DS-S7-SU-(:)-READY OUT sets CQ.
READY OUT can originate in the INPUT-OUTPUT REGISTER.

D-l4e SOURCE 28°CH = 3, TEST "DA-1 OFF" DS.S7-SU-(d) -GO sets CQ. GO
originates in the DA-1 (DIGITAL DIFFERENTIAL ANALYZER) accessory.

D-14f SOURCE 29, TEST OVERFLOW: DS+S7.SV.FO sets CQ. If the OVERFLOW FLIP-
FLOP (FO) was set during some previous operation, this command will interrogate
it and set CQ accordingly. Upon interrogation, FO is reset by DS+S7.SV-F0.CQ,
at T2 time.

SOURCE 30: MAGNETIC TAPE WRITE FILE CODE

D-15 (See sec. F-13)
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SOURCE 31-CH = O0: NEXT COMMAND FROM AR

D-16a This command allows the following command (and the following command
only) to be read from AR instead of the normal command line established by
the configuration in the CD flip-flops. READ COMMAND timing considerations
remain unchanged. One word time of TRANSFER is sufficient, hence the command
is usually written IMMEDIATE with T = L+2. During TRANSFER, DS:S7.SX-(%)
sets CG (ref. dwg. 22). When the next command is read, CG permits AR<RC to
constitute the INVERTED COMMAND and simultaneously blocks MC, which is the
normal inverted command line information. After this next command has been
read, T29-RC resets CG and normal operation resumes.

D-16b (<F>-<SA> + TAPE START).-WORD 107 + <OP> is applied to the reset term
of CG so that AR will not be the command source for the first command executed
after the turn-on cycle or after use of the F or P key functions. (The <0P>
term is a redundancy since TAPE START includes AUTO TAPE START, which rises
during the turn-on cycle. For this reason, the <OP> term has been eliminated
from CG, in some models.)

SOURCE 31-CH = 1: TRANSFER NT to LINE 18

D-17 The NUMBER TRACK (CN) contains information for timing purposes;
however, this information constitutes a handy source of constants especially
useful for diagnostic routines. CN may be transferred to LINE 18 (M18) by
the M18 writing term DS-S7-SX-(:>. No provision is made for blocking re-
circulation of M18 by this command; therefore, a command clearing the
appropriate word(s) of M18 should precede the operation unless M18 is known
to be cleared. Otherwise, M18 will contain the logical sum of M18 and the
NUMBER TRACK in the words affected by this command.

""DO_NOTHING'" COMMANDS

D-18 A variety of SOURCE, DESTINATION, and CHARACTERISTIC configurations

will cause no activity other than cycling the computer through its states.

If the intent is to "kill time", the recommended 'do nothing'" command is:

SOURCE = 00, DESTINATION = 00, CH = 0. Use of other '"do nothing" configurations
‘could conflict with future applications of optional peripheral devices.
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SECTION E

MANUAL CONTROLS

This section, although small, may constitute the
handiest reference material for the reader who
will actually operate and/or maintain a G-15D.
Many of these controls merely duplicate the func-
tions of commands.
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MANUAL OPERATIONS - GENERAL

E-la The Gl5 is equipped with several switches to perform logical functions.
Most of these are located on the typewriter, though some are located inside
the computer on a maintenance panel.

E-1b Drawing 42 shows the typewriter keyboard and the switch panel with
indications of the functions. In general, the switches are for the purpose of
setting up the computer prior to the performance of a program. They are

also useful for diagnostic purposes.

E-1lc Many of the controls deal with INPUT-OUTPUT functions or other
material covered in sections of this manual to follow. These controls will
be mentioned in this section; however, to fully understand their functions
it is necessary to understand the associated circuits.

E~-ld Many of the manual controls are typewriter keys. Associated with
each typewriter key is a mechanical switch which will close for at least
30 milliseconds (one drum cycle) when the key is depressed. When a
particular switch closes, its floating point is grounded yielding OV on
its output wire; when the switch is open, its floating point is held at
-20V by a PULL-DOWN resistor. For example, if the '"M' key is depressed,
its associated switch contact closes, rendering the output signal, (M), at
OV (see dwg. 43 - upper right.) If the switch is not closed, a lk PULL-
DOWN resistor to -20V renders the output signal, {M)>, at -20V. 1In other
words, {M) can qualify a gate if the ''M" key is activated.

THE ENABLE SWITCH - ¢SA)

E-2 The ENABLE SWITCH, located on a component chassis underneath the
typewriter, is a toggle switch,which, when closed, will yield the signal
¢{SA>. <{SA), sometimes called '"SAFETY", qualifies certain gates in the com-
puter for purposes which will become apparent as the other switches are
discussed. In general, when most typewriter keys are depressed, the ENABLE
switch must be ON for the computer function to be performed. This prevents
accidental activation of a key from affecting the computer. If the notation
{M){SAy is made, this means that the '"M" key is depressed with the ENABLE
switch ON. In addition to its gating functions, {SA) can interrupt a TYPE-
OUT operation (sec. F-8u.)

THE PUNCH SWITCH - <MAN PUNCH)

E-3 This switch, if ON, yields the signal {(MAN PUNCH). <MAN PUNCH) will
cause the punch to operate during TYPE-OUT operations (sec. F-8ae). The
state of this switch may be interrogated by a TEST command (sec. D-36).

THE COMPUTE SWITCH - ¢GO>, <GO>, and <BP>

E-4 See section C-20.
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"I" KEY - SINGLE CYCLE - <>

E-5 If the COMPUIE switch is on the <GO> position, activating the "I'" key
(with the ENABLE switch ON) will allow one command to be executed. The
sequence of events is as follows (ref. dwg. 30, upper left):
(1) CH-CZ: initial condition established by absence of <GO> + <BP>.
(2) CH-CZ: <I>-<SA> allows TO to set CZ. CH-CZ lets T21-CC set CJ and
allow a command to be read (i.e. RC is generated).
(3) CH-CZ: when command is read, RC-<GO> sets CH preventing another
command from being read. »
(4) CH-CZ: when <I> drops to -20V the next TO resets CZ.
(5) CH-CZ: CZ resets CH. (This was the initial condition.)
TO is used to control CZ to prevent more than one command from being read as
a result of "I" key contact bounce. The SINGLE CYCLE feature should be used
with caution when RETURN EXIT commands exist in a program (sec. D-61).

"C'"' KEY - SET COMMAND LINE = 00 - £C»

E-6 Ref. Drawing 22 - lower right: {C)<SA) resets the CD flip-flops yielding
the 000_configuration. CD1-CD2-CD3 qualifies the gate permitting MO to
become MC, thereby rendering LINE 00 the COMMAND LINE.

"1" - "7" KEYS - SET COMMAND LINE

E-7a These are dual function keys. They are used primarily for generation
of codes to supply digital data to the computer under control of the INPUT-
OUTPUT SYSTEM. Their other function is that of controlling the CD flip-
flops, hence the COMMAND LINE.

E-7b In the component chassis under the typewriter is an array of diode

OR gates known as the TYPEWRITER OUTPUT MATRIX. This is an encoding circuit
which yields '5-level' codes as a function of several data-input and input-
control keys. (This will be discussed more fully in sec. F-3c-f).

E-7¢c For the time being, the 1-7 keys generate codes such that signals
known as TYPE 1, TYPE 2, and TYPE 3 assume 7 different configurationms.
These signals, providing <SA) is high, and the INPUT-OUTPUT system is idle,
can set the CD flip-flops, hence the command line as follows:

Key Type 3 Type 2 Type 1 CD3 CD2 CDl1 Comm. Line

(c 0o 0 0 00)
1 1 o o0 1 01
2 1 o 1 o 02
3 1 1 o 1 1 03
4 1 1 0 o 04
5 1 1 1 o0 1 05
6 1 1 1 1 o0 19
7 1 1 1 1 1 1 23

E-7d The CD's must be reset prior to each set-up operation since the TYPE
levels will only serve to set the CD flip-flops and will not reset them.
Ordinarily, to manually set a new command line, the sequence is: <C>:<SA>,
then "1"-"7" <SA>, Drawing 22 illustrates the circuit.
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"F'" KEY - SET "N" = 00 - <F>

E-8a The '"N'" number in the COMMAND REGISTER causes the generation of T21-CC
during WT = N-1 to initiate RC. N is ordinarily a function of the previous
command; however, means must be provided to establish the initial N number
for the first command in a program.

E-8b The "F" key provides this feature by manipulating the COMMAND REGISTER
such that on subsequent cycles a T21-CC will occur during WT 107, causing
the first command to be read at WT 00.

E-8c (Ref. dwg. 22 - left) The "F" key will only be used when the computer
is idling in the WAIT TO READ COMMAND state. This means that: (1) CJ will
remain high, and (2) WORD 107 ( = T1-CN + CT + TO) will be high during all
of word 107 of each drum cycle. When the "F'" key is activated, with the
ENABLE switch ON, <F>-<SA>-WORD 107-CJ will raise the AUGEND term of the
COMMAND REGISTER, inserting all "1's" during word 107. As a result of the
arithmetic in the COMMAND REGISTER, a T21:-CC will be generated during word
107 of all subsequent drum cycles and will result in the next command being
read from WORD 00 when the COMPUTE switch is placed on GO or BP.

E-8d It should also be noted that since during word 107 all CM AUGEND bits
are rendered ONES, any previously established MARK established by a MARK EXIT
command is obliterated and word 00 is substituted. (The effect on the T29-CC,
which establishes TRANSFER timing,is of no consequence since it will be
altered by the next command which is read.)

E-8¢ <F>:<SA>-WORD 107 also sets CH and resets CQ and CG, assuring that
(1) the computation cycle is stopped, (2) the first command is read from
word 00 and not 01, and (3) that the first command is not read from AR but
from the line selected by the configuration of the CD flip-flops.

"M' and "R" KEYS - MARK and RETURN - {M? and {R)

E-9a These keys act as a pair. (Do not confuse their functions with the
MARK EXIT and RETURN EXIT commands.) Frequently it is desirable to interrupt
a problem and manually perform some functions which may serve to alter the
contents of the ACCUMULATOR REGISTER (AR) and/or the COMMAND REGISTER (CM).
In such cases it is desirable to store the original contents of AR and CM,
perform the manipulations, then return the original contents to AR and CM.
MARK stores the information, RETURN returns it.

E-9b MARK: (Ref. Dwg. 59) The signal MARK (={(M)<SA) -["WORD 107"]) causes
the contents of AR to be written into word 107 of LINE l. Simultaneously
MARK blocks recirculation of LINE 1. At the same time, MARK causes the
inverted contents of CM (i.e. CM) to be written into word 107 of LINE O;
MARK blocks recirculation of LINE O at this time. This suggests that word
107 of LINES O and 1 should be reserved for this function and not employed
in any program.

E-9c RETURN: (Ref. Dwg. 59) The signal RETURN (={R){SA)-["WORD 107"]) blocks
recirculation of AR (AUGEND term) during word 107 inserting Ml as the ADDEND.
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The writing term will be the original contents of AR prior to the MARK
operation. RETURN substitutes MO for CM as the AUGEND term of the COMMAND
REGISTER during word 107. The double inversion experienced by original CM
information is compensatory. Since MARK and RETURN both performed their
functions during word 107, the arithmetic in the COMMAND REGISTER is effec-
tively unaltered and T29:CC, T21:CC, and T13-CC will appear during the same
word times as they did prior to the MARK.

ltTn KEY - HN" to AR - (T)

E-10a The object in this operation is to transfer '"N' number information to
the AR where it can be viewed on an oscilloscope or typed out. This is
particularly useful in '"checking out" new programs to see if they follow the
sequence anticipated by the programmer.

E-10b Since the "N' number is in the dynamic portion of a command, it is
sent to the COMMAND REGISTER and modified every word time by the arithmetic,
presenting a monitoring problem. Therefore, evidence of the "N' number,
T21-CC, is used to obtain a constant representing 'N". The NUMBER TRACK
(CN) contents immediately following T21°CC consists of the 'WT+l' factor.
Since T21°CC occurs during WT = N-1, and the contents of CN during that
word time equals WT+l, the CN data = WI4+1 = (N-1) +1 = N. This data,

during T22-T28, is transferred from CN to AR as illustrated on Drawing 59,
The T1-T21 portion of AR remains unchanged.

E-10c When N = 00, T21°CC occurs during WT 107 yielding CN information =20
rather that WT+l (See Dwg. 6). This results in ambiguity between the indica-
tions from CN arising from N = 00 and N = 20. For this reason, whenever
T21°CC occurs during word 107, TO is written into AR yielding 10010100 as

the configuration in the highest order eight bits of AR. (i.e. 94;¢ = 0019.)

E-10d Usually when N is transferred to AR by "T'" key operation, an AR
TYPE-OUT follows (initiated by the "A" key). AR is ordinarily typed out
in terms of SIGN and 7 HEXADECIMAL DIGITS. The highest order two hex.
digits indicate the '"N'" number (i.e. LOCATION of the next command).

The table on Dwg. 4 can be used for hex. to decimal conversion.

E-10e Needless to say, the original contents of AR are disturbed, therefore
the MARK and RETURN keys could be used to advantage. A typical sequence in
SINGLE CYCLING a new program and producing a record of command locations is:
M-T-A-R-I-M-T-A-R-I-M=T-A-R-I----- .

"A", Hg"’ "P"l IIBOI’ and Hsll KEYS - INPUT/OUTPUT

E-1la These keys are for purposes of manually initiating or terminating
INPUT-OUTPUT Operations. Reference is directed to the INPUT-OUTPUT section
of this manual (sec. F) and to Drawing 45.

E-11b "A" KEY - TYPE AR: <A)<SA)* (@) sets the OC's to a 1000 configuration
and sets the OD flip-flop, initiating a TYPE-OUT AR. <SA) must be released
before any typing will occur.
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E-1lc "Q" KEY - SET TO TYPE IN: <Q){SA) sets the OC's to a 1100 config-
uration, rendering the INPUT system receptive to typewriter input-data and
input-control keys.

E-11d "P" KEY - PHOTO-TAPE READ, SET COMMAND LINE = 23 and N = 00: <P){SA?
sets the OC's to a 1111 configuration, starting the PHOTO-TAPE READER. Also,
{P){SA) generates the TAPE START signal (ref. dwg. 22). TAPE START:["WORD 107"]
duplicates the function of the "F'" KEY, setting N = 00. TAPE START also

sets the CD's to a 111 configuration, establishing LINE 23 as the COMMAND

LINE., The last two functions are a convenience for the operator.

E-lle '"B" KEY - START PHOTO-TAPE REVERSE CYCLE: <{B»{SA) sets the OC's to
a 0110 configuration, initiating a PHOTO-TAPE REVERSE CYCLE (see sec. F-5)

E-11f "S" KEY - STOP INPUT-OUTPUT: <S)-({SAy+0Cl:-0C2) resets the OC flip-

flops, manually terminating any INPUT-OUTPUT operation. It is not necessary
to hold the ENABLE switch ON when using the '"S" KEY to terminate a TYPE-IN.

(Do not confuse the function of this key with that of the STOP code.)

LOGIC PUSH-BUTTON MAINTENANCE SWITCHES

E-12a A small maintenance panel is located inside the computer behind the
power control panel. This panel includes many banana jacks yielding frequently
needed oscilloscope signals for '"SYNC." and "Y-AXIS". Also, six push-button
switches exist as follows:

CLEAR SET
M19 M19
M23 OoP
NT NT

E-12b These switches perform logical functions associated with the initial
TURN-ON CYCLE and are described in the section on that subject - Section G-3.
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SECTION F

THE INPUT-OUTPUT SYSTEM

This section accounts for the subdivision of the computer
without which there could be no communication between the
computer and the operator. Prerequisite knowledge should
include the contents of Sections A, B, and C-15. The
principle of PRECESSION should also be understood; ex-
amples of this are given in Sections D-10c-j.
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THE INPUT-OUTPUT SYSTEM - GENERAL

F-la The INPUT-OUTPUT SYSTEM of the G-15D may almost be considered an
independent data processing system. Its logical linkage to the COMPUTER
PROPER is very loose. It utilizes some of the basic timing signals and two
of the programmable memory lines, M19 and M23. Another memory line, MZ

(a 4 word line), is ''private property" of the INPUT-OUTPUT system and
facilitates certain data handling functions. An INPUT or OUTPUT operation
and a program can progress concurrently as long as LINES 19 and 23 are not
involved in the program.

F-1b The different INPUT-OUTPUT operations available are listed on Drawing
3 as SOURCES 00-15 and 30. The SOURCE 30 operation is a special case and
does not employ the INPUT-OUTPUT SYSTEM. It will be discussed separately
in sec. F-13.

F-lc Note that the sixteen INPUT-OUTPUT operations (defined by SOURCES
00-15) are divided into four categories: FAST-OUT, FAST-IN, SLOW-OUT,

and SLOW-IN. These states of the INPUT-OUTPUT system define the nature of
the operation in progress; further subdivision selects the particular INPUT-
OUTPUT medium to be active.

F-1d A central control circuit for all INPUT-OUTPUT operations exists in
the form of a 4-bit static register composed of the OC FLIP-FLOPS: OCl,
0C2, 0C3, and 0C4. Note on Drawing 3 that each operation is represented
by a binary configuration in these flip-flops. The configurations are the
same as the SOURCE number (i.e., 00-15).

F-le In general, when no INPUT-OUTPUT operation is in process the OC
configuration is 0000 - representing the "READY" state. A particular INPUT-
OUTPUT operation may be initiated by setting these flip-flops to the
appropriate configuration. While they are set in a non-zero configuration
the INPUT or OUTPUT operation takes place. Normally a signal within the
INPUT-OUTPUT SYSTEM itself will call for termination of the operation and will
accomplish this end by resetting the OC flip-flops to the all-ZERO configu-
ration (READY state). The latter may also be accomplished manually ("'S" Key),
or by a special command (SET READY). Once the READY state is established,

a new INPUT-OUTPUT operation may be initiated. (The special command, "TEST
READY", permits a programmable interrogation of this state - ref, sec.

D-14b.)

F-1f The contents of the OC flip-flops are decoded, yielding signals which
serve to control the logic of the INPUT-OUTPUT circuits and also the
activity of the various electro-mechanical INPUT-OUTPUT media. The means

of controlling the OC's varies. A glance at Drawing 45 should acquaint the
reader with the various OC control options and the output signals from the
decoding gates. Neon indicators on the front panel monitor the state of the
OC'S at all times.

OC FLIP-FLOP CONTROL

F-2a PROGRAMMED OC SET-UP: Whenever the READY state is present, an INPUT-
OUTPUT operation may be initiated by a special command. Such a command
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involves DESTINATION - 31 and SOURCE = 00 - 15. 1In these cases the contents
of the SOURCE flip-flops in the CONTROL SWITCH will contain a configuration
such that the 2% bit is equal to ZERO. The 24 static flip-flop is CV;
therefore, during the time of TRANSFER, DS.-CV will be high and is used to
transfer the 20 - 23 source information to the OC'S as shown at the top of
Drawing 45. Once this OC configuration is established, new commands may

be read and executed independently of the INPUT-OUTPUT system, provided
LINES 19 and 23 are not involved in the program.

F-2b MANUAL OC SET-UP: This has been partially covered in sec. E-11.
Drawing 45 (left) illustrates the options. More will be said about these
functions under the appropriate headings (e.g., the "A" key, hence <{A>{SA),
will be discussed in sec. F-8, which includes AR TYPE-OUT).

F-2c OC RESET: Drawing 45 (lower left) shows these options. As the notes
suggest, the means of resetting the OC'S (other than manually) depend upon
the nature of their configuration. These too will be discussed under the
appropriate headings.

THE INPUT MEDIA

F-3a When the OC'S assume the configuration llxx, a SLOW IN operation is
called for. The highest order two bits (configuration 0C4-0C3) set up the
logic circuits with qualifying signals IN and SLOW IN. The lowest order
two bits determine which input medium is to be active but do not in all
cases directly control the particular medium.

F-3b Before the behavior of the INPUT LOGIC circuits can be intelligently
discussed, the INPUT MEDIA themselves must be understood. The sections to
follow will attempt to accomplish this end.

F-3c TYPEWRITER: Ref. dwg. 43) when the typewriter is to be used as the

input medium, manual activation of certain keys supplies data-input characters
(hexadecimal) and functions in terms of 5-level codes. These codes appear on
five signal wires: TYPE 1, TYPE 2, TYPE 3, TYPE 4, and TYPE 5. Drawing 46 in
the INPUT-ORIGIN-TYPEWRITER column indicates the active keys and the codes they
generate,

F-3d Generation of these 5-level codes is accomplished in an encoding circuit
known as the TYPEWRITER OUTPUT MATRIX. This is nothing more than an array of
OR gates such that when any of the 20 typewriter keys which produce codes is
activated, its switch contacts will raise the appropriate output level lines
to OV to represent ONES (see dwg. 43). Any level line not raised to OV by

an OR gate diode is held at -20V by a 4.7k pull-down resistor (indicated on
the DETAILED PRINT - 3D282). Each one of the five output level lines except
Type 4 is provided with an R-C filter to integrate the signal with a suitable
time constant to reduce signal irregularities due to point bounce and transient
effects. This is necessary to prevent an electronic synchronizing circuit in
the computer from being illegally triggered. These output level lines con-
tain the typewriter output signals for the INPUT system.

F-3e 1In addition to these level signals, "F-B" reaches the computer for
synchronization purposes. This signal is required for proper operation of
the INPUT-OUTPUT system when the typewriter is used as the OUTPUT medium;
however, it will reach the input system and must be mentioned. The signal
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will be high if the SPACE BAR, SPACE KEY or PERIOD key is activated. The
line is provided with an R-C filter since this signal will be used to trigger
the synchronization circuit mentioned above. This function will have no
effect on the INPUT system as far as data entry is concerned.

F-3f All of the signals mentioned above may be expected to last at least 30
milliseconds (over one DRUM CYCLE). 1/10 second is the average duration.

F-3g PHOTO-TAPE READER: (Réf. dwg. 44) This device '"reads'" the 5-level
codes punched on a paper tape. The nature and sequence of the codes are a
function of how the tape to be read was punched. This is ordinarily a
function of the OUTPUT system of the computer and the programming thereof.
The PHOTO-TAPE READER supplies the INPUT SYSTEM with the codes on 5 level
lines: PHOTO 1, PHOTO 2, PHOTO 3, PHOTO 4 and PHOTO 5. These signals are
similar to those originating in the typewriter but are of much shorter du-
ration and occur in rapid succession. The PHOTO-TAPE READER will supply,
as output, any code appearing on the tape being read; however, only the
codes indicated on Drawing 46, column INPUT-ORIGIN-PAPER TAPE should ever
appear.

F-3h Assuming that photo-electric reading circuits exist, the problem of
tape motion will now be considered. Motion of the tape can assume two di-
rections past the reading station - FORWARD and REVERSE. The direction is
a function of torque delivered by twe motors which constitute the prime-
movers of reels containing tape in a magazine. (Which reel is the FEEDER
and which is the COLLECTOR varies with the direction of motion.)

F-3i Torque applied to the reels is a function of two relays: the FORWARD
relay (RY-A) and the REVERSE relay (RY-B). Assume that the FORWARD relay
is energized. Points on this relay will accomplish the following:

1) Apply 115 VAC to the upper winding of the two-phase TOP MOTOR.

2) Apply 115 VAC to the lower winding of the TOP MOTOR via the 1.2mf
starting condenser Cl such that the phase relationship results in
counterclockwise (from front) torque.

3) Apply reduced AC (function of R12 setting) to the upper winding of
the BOTTOM MOTOR.

4) Apply reduced AC to the lower winding of the BOTTOM MOTOR via the
1.2mf starting condenser C2 such that phase relationship results
in counterclockwise (from front) torque. The amount of torque is
sufficient to overcome friction of the feed reel system.

5) Complete circuit to energize illuminator lamp (for photo-electric
cirecuit).

6) Charge C3A and C3B (80 mfd each) to peak value of line voltage to
prepare for ''dynamic braking'.

F-3j The result of the above is that the tape will move in a FORWARD (up-
ward) direction past the reading station and will be illuminated. The
linear speed of the tape is a function of the angular velocity of the motors
and the radius to the point of tangency of the tape on the reels. Therefore,
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no specific linear speed can be given. Linear speed is considered to average
20 inches/sec yielding an average rate of 200 characters/sec. Applying
assisting torque (reduced) to the feed reel overcomes friction and improves
acceleration characteristics. (Too much assisting torque could result in
tape spillage. A Lk potentiometer, Rl2, is adjusted so that with no

magazine on the reader, the feed reel drive is just on the verge of creeping.)

F-3k Had the REVERSE relay been energized instead of the FORWARD relay, the
above functions would have been performed except that the torques would have
been clockwise and the BOTTOM MOTOR would have yielded full torque while the
TOP MOTOR would have yielded reduced (assisting) torque.

F-31 Whenever either relay is de-energized yielding the 'no-go" state
following a '"go'" state, the charged 80 mfd condensers (C3A and C3B) are
connected by relay points to the windings of each motor supplying 'dynamic
braking". By the time the charges have been spent, the motors should be
stopped and the circuit static. Various R-C and L-C circuits distributed
about the schematic are for transient suppression purposes.

F-3m Relay control: Controlling the relays controls the reader. Usually
the relays are energized by puller tubes caused to conduct by signals from
the OC flip-flops (FORWARD = 1111, REVERSE = 0110 or Ol111). The puller tubes
may also be controlled by a front panel switch: FORWARD-REWIND. It turns on
the appropriate puller tube but breaks the illuminator lamp circuit to
prevent any reading activity.

F-3n Reading activity assumes that the tape is in motion and the illuminator
lamp is 1it. There are six channels to be read: LEVELS L-5 and SPROCKET
HOLE. The SPROCKET HOLE is read to provide a time-gating signal to probe

for the presence or absence of LEVELS 1-5. The gating accomplishes the
following: (1) it assures that the output signals on the level lines are
simultaneous and of roughly the same shape, and (2) it overcomes the
adjacent-hole problem, in which the signal between adjacent holes does not
decay to zero signal level due to the optics. This is illustrated at the
bottom of Drawing 44.

F-30 IN77B photo-diodes are used as the photo-sensitive elements for each
channel. These diodes have the following characteristics: high back-
resistance when dark and low back-resistance when illuminated. By placing
such a photo-diode in a voltage-divider such that its back-resistance
constitutes a variable resistance in the voltage-divider, a varying
potential may be obtained which is a function of the light striking the
cell.

F-3p The SPROCKET cell, CR 13, is connected in such an arrangement, with
the negative return at -24.6V (jct. R55-R66) and the positive return at
+L00V. The junction of CRL3 and RL7 (clamped by CR7 so it cannot exceed
OV) yields an output potential which should equal OV when the cell is dark
and approach -24.6 when the cell is illuminated. Potentiometer R18 (2.5
meg) permits adjustment ot the series resistance to "custom-tailor'" the
voltage divider parameters to the back-resistance characteristics ot the
particular cell.

F-3q Potentiometer RL8 (''S'') 1s available on the side ot the PHOTO-READER
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and is adjusted for a desirable oscilloscope indication at test point ''S",
which contains the output of a cathode-follower (V2A, pin 3). This follows
the potential at the CR13-R17 junction. Desirable indication consists of
maximum signal output (approaching -20V) with no base-line (OV) noise. If
the adjustment renders the circuit too sensitive to light, translucency of
tape can be a problem.

F-3r The SPROCKET level cathode-follower (V2A) supplies a gating signal to
the five other channels such that only during the time of the SPROCKET
signals can the other levels yield an output signal if illuminated.

The five voltage dividers in the other channels resemble that of SPROCKET
except that the negative returns are connected to the SPROCKET channel
cathode-follower. This means that between sprocket holes, when the cathode-
follower output is at OV, the level photo-diodes (cathodes) cannot yield a
signal less than OV regardless of illumination. However, should a level

be illuminated, during the time that the sprocket signal approaches -20V, the
level photo-diode will yield a signal approaching -20V.

F-3s Such a level signal is inverted by its associated triode. The plate
circuit of such a triode yields a positive-going signal clamped at OV and
with a base line of approximately -20V (negative clamping is not necessary
considering the nature of the circuits to follow). A degenerative circuit
is connected to the cathode of each triode. This will not alter the peak-
to-peak value of the output signals but will offer reduced gain to un-
desirable high frequency components on the leading and trailing edges.
These high frequency components are further suppressed by .0018 mfd inte-
grating condensers on the output lines. This reduces the possibility of
transient-triggering of the synchronization circuit in the INPUT system of
the computer.

F-3t Adjustments are available on the side of the reader to adjust the
response of each channel. Associated with each adjustment is a test point.
The adjustments are made in a manner similar to that of sprocket. Periodic
observation of these test points is advisable.

F-3u MAGNETIC UNITS: These supply codes on five level lines in the form of
square waves (with peaks of -20V and OV) which appear at a peak rate of 463
characters/sec (i.e. 1 code every 8 word times). The signals will appear
whenever the tape transport mechanism is programmed to be in motion and the
tape has data recorded upon it.

F-3v CARD UNIT: (IBM 026 with adapter circuits) Mechanical contacts supply
level signals in a manner similar to that in the typewriter. 1In addition to
the 5 level signals, a MINUS SIGN signal can be generated and will enter the
computer INPUT system independently of the levels.

SLOW-IN LOGIC

F-4a The INPUT SYSTEM will respond to codes from the input media, e.g. the
typewriter, photo-tape reader, and magnetic tape units. The codes to which
the INPUT SYSTEM will respond are indicated on page 46. Note that all codes
for which level 5 is a one are considered numerical hexadecimal characters.
When level 5 is a zero the code indicates a control function. The SLOW-IN
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logical hardware is shown on page 48. An illustrative SLOW-IN timing
example is given on page 49.

F-4b Any code arriving at the input levels (ref. dwg. 48 - bottom) will
cause the HC buffer-inverter to become high. This will activate a synchro-
nizing circuit which will control the subsequent activity of the input
system. Fourth input level control of HC is absent, but note that when
fourth level does occur it will always be accompanied by fifth level. 1In
this case fifth level will provide the necessary synchronizing signal. The
synchronization circuit is composed of HC, OFl, OF2, and associated gates.

F-4c The signal HC, which triggers the synchronization circuit, must be
reasonably free of transients to avoid multiple triggering. This was handled
to some extent in the sources of the level signals. Additional high frequen-
cy suppression is accomplished by modifying the BUFFER-INVERTER package
itself which includes the HC circuit (see dwg. 13). It is essential that
this modified package be plugged into the appropriate jack. The package

can be identified by a notation on its handle.

F-4d Note that the gates associated with the OF flip-flops in the synchroni-
zation circuit are all qualified by "IN'. This arises from certain con-
figurations of the OC'S, all of which represent INPUT operations. The OF
flip-flops are used for different purposes during OUTPUT operations and are
controlled by different gates. 1In such cases the signal "IN" is low, and the
gates it qualifies are effectively out of the circuit. This principle of
multiple use of tube circuits is repeated throughout the INPUT-OUTPUT system
and accounts for component economy.

F-4e Activation of HC by an input code will set OFl. OFl.IN will enable the
input code at the input levels to be inserted into a 5-bit static buffer
register consisting of the OB flip-flops. Once the code is in the OB's the
signals on the level lines can decay.

F-4f OFl also sets OF2. HC will decay upon the decay of the input level
signals, and the synchronizing circuit will perform its closing cycle
yielding the signal (), which controls the activity in the INPUT logic
circuits.

F-4g C) is a gated TF pulse. TF is a basic Gl5D timing signal. TF=T29.CE-CF,
therefore occurs during WORD TIMES CONGRUENT TO 3 MODULO 4, i.e. at T29 of
words 3, 7, 11...103, 107. TF is suitable for initiating or terminating
activities dealing with 4-word lines at the beginning or the end of their
four-word recirculation cycles (ref. sec. C-15). C) will occur at the first
TF pulse after OFl is reset which will be just after the input levels decay.
The TF pulse which is gated to become a'C) is also used to reset OF2,
thereby freeing the synchronizing circuit to generate a new trigger from

the next input code. A (:) will occur during any INPUT operation after a
code is inserted into the OB's. () = ®-0c4 = (B during SLOW-IN
operations only.

F-4h 1If prior to generation of the () associated with one code, a new code
arrives at the level lines, the OF2 term disqualifying the OFL set gate in-
hibits the next synchronization cycle until () is generated. This prevents
skipping codes due to loss of () at high input rates.
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F-4i Once () is generated by the synchronization circuit, it will start
the logic circuits functioning under control of the code in the OB'S. There
is a decoder yielding several signals defining the code residing in the OB'S.
(Like many circuits requiring no clarification, the OB decoding gates are
not shown in the simplified drawings. They may be easily located in the
more detailed prints--in this case dwg. # 3D287.)

F-4j A principle employed in most INPUT-OUTPUT operations is PRECESSION,

One bit precessions have been used in MULTIPLY, DIVIDE, SHIFT and NORMALIZE.
The VIA AR characteristic is a one-word precession. The INPUT SYSTEM involves
1-bit precessions, 4-bit precessions, and 4-word precessions for information
positioning purposes. As the reader may recall, a precession to the left
involves inserting a delay in the recirculation path of a memory line.

F-4k Assume the case of a hexadecimal character arriving at the input levels
(level 5 must be high). The character will be inserted into the OB's (lxxxx)
and a () will be generated. Because OB5 is high, CD will allow the contents
of OBL-OB4 to be copied into 0A4-O0Al respectively. The OB's will also reset
at C) time freeing them to receive a subsequent code. C) (= C)oSLOWS will
reset OF3 and set OG because the code in the OB's defines a digit (lxxxx).

0G will be high for four word times (terminated at the next TF pulse) and the
following will occur:

1) Normal recirculation of M23 will be disqualified - because 0G is low.

2) 0G and OF3 will enable a precession path for M23 such that M23's read
flip-flop will feed OAl. OAl will feed 0A2, etc., and 0A4 will feed
a gate enabled by OF3 which will write into M23.

3) During the first four pulse periods the code in the OA's will be
written into M23 (this was the original new input hexadecimal char-
acter) and....

4) The original contents of M23 will be delayed 4 bit times (or pre-
cessed to the left) and hence will be rewritten 4 bit times late.

5) This path is enabled for four word times. At the end of the four
word times normal recirculation of M23 is resumed.

6) The following changes will now be noted in M23's contents. (1) The
lowest order four bits (Tl-T4 of word 00) contain the newest input
code, (2) the original M23 information has been shifted four pulse
periods to the left, and (3) the original highest order four bits of
M23 have been discarded.

7) Each hexadecimal input code will have the effect of entering four bits
into the lowest four bit positions of M23.

F-41 Commands or numbers may be entered into the Gl5D by first converting
them to hexadecimal. The procedure to accomplish the conversion of commands
into hexadecimal is outlined on drawing 5. The procedure for converting
decimal numbers to hexadecimal may be accomplished by simple arithmetic or
by consulting a conversion table (drawing 4). To enter a word into the
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G1l5D (be it a number or command) the following sequences of codes could
occur:

(SIGN) - 7 HEX. DIGITS - TAB or CARRIAGE RETURN

The total effect of the above will be to enter 29 bits of information into

M23 word 00. It may be noted that the sign may be entered at any time pro-
viding it precedes the TAB or CARRIAGE RETURN code. The reason for this
flexability will be explained later in this section. In practice the
programmer uses a program preparation routine which allows him to communicate
with the computer using binary-coded decimal leaving the drudgery of conversion
to the computer.

F-4m Should a minus sign code (00001) appear at the input levels the follow-
ing sequence of events will occur:

1) The sign code will be inserted into the OB's and a (B) will be
generated as was the case for a hex. code in section F-4k.

2) With [SIGN]OB, 0x001, at () time OS is set.

3) Should it have been desired to enter a plus sign no code entry would
have been necessary as 0S would have been reset already by a previous
TAB or CARRIAGE RETURN code or the READY signal.

4) Note entry of the minus sign code has only succeeded in setting the
0S flip-flop and not actually entering this information into G15D
memory. Further processing of the sign will be accomplished upon
receipt of a TAB or CARRIAGE RETURN at the input levels. O0S will
remember the sign until then.

F-4n Entry of the hexadecimal portion of the word procedes character by
character as described in section F-4k. Normally 7 hex. characters will be
entered thus these bits will be located in T1-T28 of word 00 of M23.

F-40 The sign bit, presently residing in the 0S flip-flop, represents the
final bit of data to be entered into M23. 1Its position should be Tl of
word 00. A TAB code (00011) or CARRIAGE RETURN code (00010) entry will give
rise to the following sequence of events:

1) The TAB or CARRIAGE RETURN code will be inserted into the OB's and
a (® will be generated as in the case for the hex. character in
section F-4k.

2) with [TAB + CARRIAGE RETURN]OB’ 0x01x, at QD time the contents of
the 0S flip-flop will be transferred to OAl, at the same time O0S
will be reset (hence the sign will be assumed positive for the next
word, thus eliminating necessity for ever having a + code).

3) With [TAB + CARRIAGE RETURN]gg, () will set OF3 and 0G. 0G being
high for four word times will block M23's normal recirculation path,
while OF3 and OG establish a one bit precession path for four word
times from M23's read flip-flop to OAl to a M23 write gate.
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4) During the first pulse period the contents of 0OAl (the previous contents
of 0S) will be written into the Tl position of word 00 and all the ori-
ginal contents of M23 will be written one pulse period late.

5) Precession will last four word times. At the end of this time M23's
normal recirculation is resumed.

6) The following changes will now be noted in M23's contents. The Tl
bit position of word 00 contains the sign information, and the original
contents of M23 has been shiftted to the left onme bit. The highest
order bit ot M23 (T29 of word 03) has been lost.

7) I1f previous to this operation 7 hex. characters had been entered then
they are all sitting in M23 in word 00 in the desired bit positionmns.

8) In effect it is the TAB or CARRIAGE RETURN which enters the sign in-
formation into the GL5D memory.

F-4p Should the above procedure of entering (SIGN), 7 HEX. DIGITS, TAB or
CARRIAGE RETURN be repeated, then the first word entered into word 00 would be
shifted into word Ol and the most recent entry would now reside in word 00. A
maximum of four words may be entered into M23 in this manner. Additional entry
would result in the loss of the original word occupying word 03 as it would be
shifted out the high end of M23. Therefore a means is provided to store M23

in a long line, M1Y. The RELOAD code will initiate this function.

F-4q When RELOAD, 00101, arrives in the OB's, the following sequence of act-
ivity occurs:

1) (® will set OD and OY. This will block normal recirculation of a
four word line, MZ. OY will stay high four word times causing M23 to
be copied into MZ., This frees LINE 23 for reception of new data.

2) At the first TO after OD was set, OE will set. OE will remain high
for one drum cycle. With OD and OE high normal recirculation of MZ
and LINE M19 is interrupted, but a four word precession path is estab-
lished for 108 word times involving MZ and M19. The path is such that
beginning at word 00, MZ's contents are written into M19, and M19's
contents are written into MZ. MI19's original contents reappear at
Mz's read flip-flop delayed four word times and are rewritten into M19.
After 108 word times normal recirculation of MZ and M19 is resumed.

3) As a result of the precession the original contents of MZ (which came
from M23) reside in words 0-3 of line M19. The original contents of
M19 are shifted to the left four words. The original highest order
four words (104-107) of M19 reside in MZ where they will be lost upon
receipt of the next RELOAD code.

F-4r 1If 27 four-word groups are entered in this manner, LINE 19 will be
"filled", with the first word entered residing in word 107. At this time the
INPUT operation should be terminated. If the typewriter is the input medium,
the "S" key should be activated following the final RELOAD code. This resets
the OC flip-flops terminating the INPUT operation. The ENABLE switch need not
be ON for this operation since <{S>+-0Cl-0C2 resets the OC's.
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F-4s 1If any other input medium is used it should substitute a STOP code for
the final RELOAD code. A STOP code performs not onlLy the OC reset function but
also the RELOAD function. When a STOP code resets the 0C'S it does so
approximately one drum cycle prior to the time that the LINE 19 - MZ pre-
cession is completed. This is for the purpose of stopping the PHOTO-READER

at the earliest possible time. For this reason the precession gates must be
qualitied by "FAST OUT" as well as "IN' (“FAST OUT" includes the UU00 con-
figuration). Also OD must qualify the gate which forms the READY signal so
the INPUT-OUTPUT system will not appear to be idle while it is still occupied
in this final precession.

F-4t Remaining aspects of the INPUT system should be evident considering the
material on Drawings 48 and 49. Miscellaneous elusive facts are as follows:

1) OB5 qualifies the OAl, gate ( @--0-1-3-4-035) to prevent the fourth-
level ZERO in a TAB or CARRIAGE RETURN code from resetting OAl at the
same time a ONE in 0S calls for setting OAl.

2) When a MINUS SIGN is to be stored in 0S, the MINUS SIGN code is
entered; entry of a PLUS SIGN involves merely the failure to enter a
MINUS SIGN since 0S is reset every time a TAB or CARRIAGE RETURN is
entered. CA-~1 CARD EQUIPMENT can set OS without the formality of
HC, etc.

3) A buffer-inverter is used to set OG and prevent the possibility of
simultaneous reset. This is to permit a high data entry rate in-
volving consecutive TF pulses becoming C)'s.

4) TF qualifies (© , which permits the contents of the OA's to shift
during precessions. Preventing OA shift at TF time has no effect
on the desired precession results in LINE 23; however, it does permit
a new character to be transferred from OB's to OA's without conflict
in the event of comsecutive TF pulses becoming 's.

5) The purpose in resetting the OC's approximately one drum cycle
prior to the completion of the STOP code operation is to stop the
input medium with minimum delay. (Once a STOP code reaches the OB's
it will remain there until the OC's are reset rendering the INPUT
system insensitive to any incoming level codes which may follow.)

6) The SPACE and PERIOD keys on the typewriter generate no codes but do
raise HC. This is for the benefit of the typewriter when used as
an output medium. A PERIOD code coming from tape will raise HC and
be inserted in the OB's; however, no circuit beyond the OB's will
respond to it. An incoming SPACE code is no code at all. SPACE is
an output function.

7) A WAIT code performs the same data entry function as HEXADECIMAL
ZERO. WAIT is an editing feature used primarily for output purposes.

F-4u The codes may arrive at the input at any rate less than 926 characters/
sec. (i.e., 1 character/4 WT), except in the case of the RELOAD code which
cannot exceed a rate of 17.2/sec. (i.e., 1 character/2 drum cycles). Consider-
ing the normal sequence of codes involved in data entry, the RELOAD rate is

the limiting factor. In practice, the maximum input rate delivered by any of
the media is 463 characters/sec. and 15 RELOADS/sec.
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F- 4v It is suggested that the reader study the example on Drawing 49
contirming the activity on Drawing 48. This combines the time axis with
the logical hardware-- both of which should be fully understood. (Drawing
of colored vertical lines joining key TF dots at the top and bottom of the
timing diagram is advisable.)

PHOTO-TAPE SEARCH (FAST-IN)

F-5a FAST-IN involves searching for certain codes either on PAPER or MAGNETIC
TAPE with the purpose of positioning tape but not obtaining data. This
discussion will be devoted to PHOTO-TAPE search operations only. MAGNETIC
TAPE search operations will be discussed in sec. F-14.

F-5b Data ordinarily is punched on tape in the form of 108 word blocks

(27 four-word groups) terminated by a STOP code. A few inches of blank tape
should be provided between adjacent blocks to allow for tape acceleration
and deceleration. Wwhen a tape in the PHOTO-READER is read for data entry
purposes (i.e., SLOW-IN), it should be started from a blank tape area. The
PHOTO-READER will read tape until a STOP code is read; the STOP code causes
the OC's to be reset stopping the mechanism.

F-5c Assume now that a block of tape has been read and the tape is stationary
in a blank tape area. The programmer wants to back the tape up one block so
that the same block can be re-read. The PHOTO-TAPE reverse cycle will
accomplish this. (Two PHOTO-TAPE REVERSE CYCLES would back the tape up two
blocks.)

F-5d (Ref. dwg. 45) The cycle can be initiated by setting the 0OC's in the
0110 configuration, representing PHOTO-TAPE REVERSE-PHASE 1. This can be
accomplished manually ("B" key) or by a special command (S = 6, D = 31). The
configuration yields the signals '"'IN" and "PHOTO TAPE REVERSE".

F-5e "PHOTO-TAPE REVERSE" energizes the REVERSE relay in the PHOTO-READER,
lighting the illuminator lamp and moving the tape in a REVERSE directionm.
"IN" qualifies the "front end" of the INPUT system (dwg. 48 - bottom)
allowing it to register all incoming codes in the OB's and to generate C)'s,
however, none of the data goes into any memory lines since '"SLOW-IN" is not
present.

F-5f (Ref. dwg. 45 - 1left side) When the first STOP code is registered in
the OB's, the signal PHOTO-TAPE REVERSE-[STOR]OB-C) sets OCl (gate 1),
producing the 0111 configuration in the OC's, representing PHOTO-TAPE
REVERSE-PHASE 2. The tape continues reading in REVERSE until it encounters
the next STOP code; then PHOTO-TAPE REVERSE-0Cl- [STOP] OB-® (gates 1 and 2)
sets 0C4, ylelding the 1111 configuration in the OC's, starting a regular
FORWARD PHOTO-TAPE READ operation. This reverses tape motion.

F-5g The FORWARD operation reads tape until the first STOP code is reached.
This resets the OC's, stopping the tape (according to normal procedure in
SLOW-IN). The complete operation succeeds in backing the tape up ome block
as illustrated on Drawing 45 (upper right).
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F-5h Miscellaneous facts: (1) Among the terms which form (:) (dwg. 48) to
reset the OB's is (:)-FAST IN. This permits the OB's to be cleared after

the STOP codes have been interrogated during the REVERSE search, permitting
normal operation of the OFl; gate on subsequent codes. (2) During the final
part of the cycle, the FORWARD reading will affect LINES 19 and 23 since

codes will be read during a SLOW-IN situation. Therefore it is advisable

that the contents of these lines be insignificant when the cycle is initiated.
(3) Programming a PHOTO-TAPE REVERSE-PHASE 2 may appear worthless, but it

can serve the purpose of "homing in" on a particular STOP code when necessary.

SLOW-OUT - GENERAL

F-6a The SLOW-OUT system may almost be considered an independent computer.
It is independently programmable to provide maximum flexibility in editing
computer output. The destination of information extracted from the selected
output memory line (M19 or AR) is a 5-bit buffer register consisting of the
OB flip-flops. (The reader may recall that the OB's served as a 5-bit buffer
register for incoming codes during INPUT operations.)

F-6b The means of loading the OB's with information is a function of the
FORMAT, which is actually a program consisting of a series of instructioms
known as FORMAT CHARACTERS. The FORMAT CHARACTERS are 3-bit commands and are
interrogated and obeyed in a fixed sequence.

F-6c Assuming that the desired output codes appear in the OB's, one of the
output media will respond to them. Which output medium will respond to the
codes is a function of the particular SLOW-OUT operation selected. As Drawing
3 indicates, the TYPEWRITER, the paper tape PUNCH, and the CA-1 CARD EQUIPMENT
are the different options. The OC flip-flops determine which medium will re-
ceive an "execute'" pulse and respond to the code in the OB's. The PUNCH

switch on the front of the TYPEWRITER enables the PUNCH to operate whenever the
TYPEWRITER is operated as an output medium.

THE SLOW OUTPUT MEDIA

F-7a TYPEWRITER: The TYPEWRITER has already been mentioned as an INPUT
device. In this case activation of the keys was manual. When the TYPEWRITER
serves as an OUTPUT medium, the keys are electrically activated by means of
solenoids.

F-7b Drawing 43 illustrates the 21 solenoids which can be energized by computer
control. These include data and control functions. Which one of the 21
solenoids will be energized by the computer is a function of the contents of

the OB flip-flops.

F-7c All solenoids are returned to +160V. Relays RY1-RY5 follow the contents
of the OB's. The relay points, in accordance with the configuration of the
relays, will complete a path from the points of RY6 either to one or none of
the solenoids. If and when RY6 is energized by an "execute' pulse, its

points will apply ground to the input of the path just described and energize
one solenoid or none at all depending upon the contents of the OB's. Obvi-
ously, a code in the OB's representing a given function will result in the
activation of the corresponding key (i.e., 100llgpg = 3, therefore the "3"

key is pulsed).
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F-7d The same codes that appear at INPUT can be delivered to OUTPUT. There
is no purpose in the typewriter responding to three of these codes, therefore
no accommodations are made for activation of any solenoids in these cases.

The codes are: WAIT, RELOAD, and STOP. (Ref. dwg. 46)

F-7¢: Whenever any key is operated, the associated switch contacts close.

This raises the HC signal mentioned in SLOW-IN. The HC signal is used as
feedback to indicate to the SLOW-OUT circuits whether the typewriter is

ready for a new code. All keys which are subject to solenoid activation
except SPACE and PERIOD yield LEVEL signals from the TYPEWRITER OUTPUT MATRIX.
SPACE and PERIOD raise HC independently of the levels to provide the
necessary feedback signal (see sec. F-3e).

F-7¢' The switch contacts associated with each key remain closed for the
duration of the operation of the typing mechanism, hence supply an ideal
feed-back signal. 1In the cases of TAB and CARRIAGE RETURN, different methods
of providing switch contact are provided to render contact for the entire
duration of the operation. In the case of TAB, two switches in parallel

are required such that one or the other or both will be in contact for the
duration of the operation.

F-7f A SPACE KEY, as opposed to the SPACE BAR, is used to shift the carriage
one space. This key activates a typing lever as any other character key but
no character is typed; the carriage merely shifts. The reason for avoiding
use of the SPACE BAR is that it is designed to cause multiple spacing if
held down more than a short time.

F-7g The SLOW-OUT system is designed to operate the typewriter at an average
rate of approximately 8 characters/second (i.e., 1 character/4 drum cycles).
The OB's and the "execute' pulse energize the associated TYPEWRITER relays by
means of puller tubes located in the LOGIC CHASSIS (dwg. 64).

F-7h THE PUNCH: The PAPER TAPE PUNCH is a standard FLEXOWRITER punch unit.
Reference is directed to FLEXOWRITER literature for a detailed description.
In brief, the unit perforates tapes conditionally in 5 levels and uncon-
ditionally in the sprocket level whenever it is pulsed. The punching in 5
levels is a direct function of the contents of the OB flip-flops (which
contain the output code). Whenever a frame is punched, the tape is advanced
1/10 inch by a sprocket wheel.

F-7i The punching is under the control of six 2D21 thyratrons located behind
the PUNCH unit. Ref. Drawing 47: Five of these thyratrons control the LEVEL
SOLENOIDS; the sixth (V6) controls the CLUTCH SOLENOID. Whenever the GRID #1
common becomes high (1 millisecond approx.), the CLUTCH SOLENOID thyratron is
unconditionally fired and the other thyratrons fire as a function of the OB's.

F-7j When the CLUTCH SOLENOID is energized a mechanical cycle proceeds,
punching the appropriate levels and sprocket and also advancing the tape.
During this cycle a cam-controlled switch opens, removing B+ from the
thyratron plate circuits extinguishing them at the appropriate time. An
INTERLOCK switch can also remove B+ to prevent thyratron firing in the event
that the tape supply reel is empty.
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F-7k The CLUTCH SOLENOID may be energized continuously by means of a
manually-controlled switch on the PHOTO-TAPE READER front panel. This
causes the PUNCH to punch blank tape in an un-interrupted manner.

F-71 PUNCH PULSES (1 millisecond) are delivered to the PUNCH thyratrons

by the OUTPUT SYSTEM at a rate of one every two drum cycles (i.e., 17/sec.)
provided the OC configuration or the PUNCH switch (on the TYPEWRITER) calls
for them. The PUNCH requires no synchronization. It will respond properly
to each PUNCH PULSE provided the pulses do not exceed the maximum permissible
rate. 17/sec is safely below that rate.

F-7m A detailed schematic of the punch driver circuit may be found on
Drawing 51. SW1l, both sections of which are shown on this drawing, permits
the operator to turn the PUNCH MOTOR and B+ supply off. This switch may be
turned off to avoid running the PUNCH MOTOR when programs being run do not
call for any PUNCH OUT operations. The switch is located on the PUNCH
CHASSIS itself.

F-7n CARD EQUIPMENT: The CA-1 CARD EQUIPMENT consists of an IBM 026 unit
with adapting circuits. The adapting circuits are fed by the contents of the
OB's by means of relay puller tubes located in the LOGIC CHASSIS (dwg. 64).
Control signals also arise in the OUTPUT system as a function of the OC's and
also energize relays by means of puller tubes. Since the CARD EQUIPMENT is
optional accessory equipment and is a study in itself, no more details of the
equipment itself will be given in this particular manual. Study of the G-15D
circuits will reveal that characters are delivered to the CARD PUNCH at the
rate of 1 character/3 drum cycles ---- (i.e., approx. 12 char./sec.).

SLOW-OUT LOGIC

F-8a In order to permit maximum flexibility in controlling the sequence

and nature of codes to be supplied to the OB's, 8 different operations may

be called for by means of the individual FORMAT CHARACTERS (instructions) in
the FORMAT (sequence of instructions). Since both LINE 19 and AR can supply
the output data, independent FORMATS may be established for each. The formats
are stored in words 0-3 of LINE 2 (for LINE 19) and LINE 3 (for AR); the OC
configuration will decide which FORMAT will be followed.

F-8b The 8 FORMAT CHARACTERS (instructions) are listed on Drawing 50. Below
is an outline of activity resulting from each character. Assume that at the
beginning of each code-to-QUTPUT cycle a FORMAT character will reside in a
3-bit static register, consisting of the OF flip-flops, and will be decoded
and interrogated.

ACTION RESULTING FROM FORMAT CHARACTERS (Ref. Dwg. 52)

F-8c [DIGIT] : The output line (M19 or AR) will be precessed through the
four OA flip-gfops for a recirculation cycle. This results in: (1) the
highest order 4 bits (hex. character) residing in the OA's, (2) the original
contents of the line shifting to the left 4 bit positions, and (3) all ZEROS
in the lowest order 4 bit positions of the line. (The latter is accomplished
by resetting the OA's prior to the precession.) After the highest order 4
bits are obtained in the OA's, @D transfers them to the lowest order four
OB's, (OB1-OB4), simultaneously resetting the OA's. OB5 will be set to ONE



- 84 -

at this time (if it is not already set) provided the OA data was non-ZERO
or if the OC configuration or PUNCH switch called for a PUNCH TAPE or PUNCH
CARD.

F-8d These conditions pertaining to OB5 control facilitate suppression of
insignificant ZEROS. That is, if an all-ZERO code from the OA's is placed in
OB1l-0B4, and OB5 is not set, the resulting code (00000) will cause the type-
writer to SPACE rather than TYPE "Q". Whenever the PUNCH or CA-1 CARD
EQUIPMENT is involved, the zero suppression circuit is disabled (by 0C2+{MAN
PUNCH?), and OB5 will be high for any hex. character. A ZERO will appear as
10000 in the OB's, hence "0'" will be typed out whether significant or not.
More will be mentioned on the subject of zero suppression as the other

FORMAT CHARACTERS are discussed.

F-8e @IG&] p: During SLOW-OUT operations the 0S flip-flop monitors the
sign bit position of the word being sent to output. In the case where AR
constitutes the output line, the Tl position of AR is periodically monitored;
when LINE 19 is the output line, the Tl position of word 107 of LINE 19 is
monitored. This is under the control of the OC's and appropriate timing sig-
nals.

F-8f when the FORMAT CHARACTER calls for SIGN, if the 0S flip-flop has been
set, OBl will be set at @D time; the remaining OB's will all remain reset.
This will yield a 00001 configuration which is the MINUS SIGN code. Had the
0S flip-flop been in the reset state at this time (representing +), the OB's
would have assumed a 00000 configuration, representing a SPACE.

F-8g No AR or LINE 19 precession takes place during this operation. When a
SIGN-to-OUTPUT is called for, the word involved should be in its initial state
(i.e., not shifted) to assure that the sign position actually contains sign
information rather than some other bit which appeared there as the result of
previous shifting operations. The 0S flip-flop merely monitors whatever bit
happens to be in the sign position whether or not it actually represents a

sign.

F-8h  [CR+TAB)jp: When either a TAB or CARRIAGE RETURN constitutes the
FORMAT CHARACTER, the same SLOW-OUT activity takes place, the only difference
being in the exact code sent to the OB's for control of the output medium. a
CR or TAB is ordinarily called for at the end of every word transmitted to
the OB's. At this time, normally a total of 28 bit positions of shift have
been experienced by the line (ML9 or AR) supplying the output information.

An additional bit of shift is appropriate for positioning purposes only.

F-8i The operation calls for a l-bit precession of the appropriate output
line through OAl only, and lasting for one recirculation time of the line in
question (M19 or AR); also, at (F) time, the FORMAT CHARACTER itself is
copied from the OF's to OBl-OB3. OB4 and OB5 will be reset. As a result, a
00011 configuration will appear in_the OB's as a result of a TAB or 00010 in
the case of CARRIAGE RETURN.

F-8j [STOPﬂOF: The last character of a FORMAT should be STOP (sometimes
called END). In the case of AR feeding OUTPUT, the STOP code in the OF's is
copied into the OB's yielding the 00100 configuration in the OB's -- the STOP
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code. Also the OC flip-flops will be reset, terminating the OUTPUT operation.

F-8k If LINE 19 feeds the output, as soon as the STOP code appears in the
OF's, LINE 19 is interrogated. If during the course of one drum cycle

any ONES are detected in LINE 19, OFl is set, converting the STOP code to a
RELOAD code. As LINE 19 is precessed and its contents sent to output, ZEROS
are inserted in its lowest order end. This is accomplished every time-a
precession takes place by resetting the OA's prior to each precession. When
the contents have been "emptied into output" and there is no more information
left, this is an appropriate time to terminate the OUTPUT operation. If LINE
19 is "empty", the STOP code will remain in the OF's, be copied into the OB's,
and the OC's will be reset (as in the case of AR to OUTPUT).

F-81 1In the event that upon interrogation of LINE 19, a '"1" converted the
STOP code to a RELOAD code, the procedure will follow that outlined below.

F-8m [RELOAD] ,p: When a RELOAD code appears in the OF's, at the time of
interrogation ?g.e., after the conversion process above), the code itself is
sent to the OB's yielding a 00101 configuratian. Also the OD flip-flop is set,
which causes a repetition of the entire FORMAT (i.e., after the RELOAD
operation is performed, the FORMAT CHARACTERS will be interrogated again,
starting with the first character.

F-8n RELOAD codes in the OF's normally arise only as the result of a con-
verted STOP code. RELOADS placed in a FORMAT by the programmer would result
in an OUTPUT operation which could not terminate itself. RELOADS can be used
in conjunction with a "SET READY" command for certain special purposes, but a
thorough understanding of the conditions and timing involved in SLOW-OUT is

required if this type of programming is contemplated.

F-80 [PERIOD]gp: This calls for copying the OF's into OB1-OB3, yielding

the 00110 configuration in the OB's. This is for the purpose of editing typed
copy. As a byproduct of the operation, OB5 is set when OBl-OB4 are cleared
(after the responee to the PERIOD code by the output medium). This stops zero
suppression so that any "0" code following the period will be typed as "O0".

F-8p [WAITQOF: This is strictly an editing function to cause the typewriter
to ignore (skip) a hex. character in the output line. WAIT calls for a 4-bit
precession just as a EDIGIT]QF does; however, the character obtained in the
OA's is ignored. Instead of sending the character in the OA's to the OB's,
the WAIT code in the OF's is copied into the OB's, yielding the 0011l con-
figuration. The TYPEWRITER will not respond, but the PUNCH will punch 00111.
(Should the tape be used for INPUT, the WAIT code will compensate in INPUT
for the 4-bit precession in OUTPUT by inserting a hex. ZERO in LINE 23.)

F-8q SUMMARY OF FORMAT CHARACTER ACTION: A brief outline of the activity
mentioned above is provided on Drawing 53. Drawing 46 illustrates the
response of the PUNCH and TYPEWRITER to the codes in the OB's assuming that
an "execute" pulse is delivered to the medium. A space punched on PAPER TAPE
is insignificant since it represents -only a frame of blank tape.

F-8r Standard FORMATS are illustrated on Drawing 50. The FORMAT used for
LINE 19 output yields a tape, the sequence of characters upon which renders
it compatible with the INPUT SYSTEM. Any FORMAT sequence may be written by
the programmer and is limited only by his imagination and/or computer
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restrictions.

F-8s (note that FORMAT CHARACTERS listed on dwg. 50 appear in reverse as

to order of digits when appearing in the OF's or the lowest order three OB's
(dwg. 53). This is a function of the circuit wiring and is a minor techni-
cality resulting in no logical discontinuity--the placement of bits is only
arbitrary anyway.)

SLOW-OUT TIMING

F-8t (Ref. dwg. 52 - bottom) Primary timing signals are provided by flip-
flops 0z, OY,-OE, and OG. Configurations of these flip-flops qualify gates
which provide other timing signals. Activity of these circuits is illustrated
on the timing diagrams shown on Drawings 54 and 55.

F-8u A basic character output cycle involves two drum cycles beginning

with the OY.OE configuration and concluding with the OY-OE configuration. In
the event that the TYPEWRITER or CARD PUNCH is involved in the OUPPUT operationm,
time is "killed" between character cycles in the OY.OE configuration to the
extent of an integral number of drum cycles as a function of OC and feedback
control as follows:

PUNCH: no delay; OY is always high.

CARD PUNCH: omne drum cycle delay. This is introduced by
"TYPE" signal (present if 0OC's = 1011) which
causes OY to be reset at the conclusion of
each basic cycle yielding OY-OE. One drum

cycle later OY is set (HC is high) estab-
lishing OY-OE which begins a new cycle.

TYPEWRITER: two or more drum cycles delay. '"TYPE" (present
with OC's_= 1000 or 1001) causes OY to be reset,
yielding OY-OE When the TYPEWRITER is executing
a mechanical cycle, HC will be high until it is
concluded. Until HC drops and HC becomes high,

OY cannot be set. If DIGIT, SIGN, CR, or TAB is
the FORMAT CHARACTER being processed, OF3 (function
of the FORMAT CHARACTER) will prevent OY from
being set after one drum cycle delay (regardless of
TYPEWRITER feedback) by _holding HC high. After ome
drum cycle delay, TYPE.OY-OE°'TO sets OF3, dropping
HC, provided TYPEWRITER switches do not hold it
high. Once HC drops, OY can be set, starting a
new cycle. HC may be kept high indefinitely by
<{SAY, hence the ENABLE switch provides a means of
interrupting a TYPE OUT or CARD PUNCH.

F-8v At the beginning of each cycle (OY-EE), OG controls the circuit which
obtains the new FORMAT CHARACTER in the OF's. The character is interrogated
and its process is executed. The OB's do not receive the output code until
the conclusion of the 2 drum cycle period, and the '"execute'" pulse is not
delivered to the medium to cause response until the beginning or the following
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character cycle. Therefore while the output medium is responding to one code,
the SLOW-OUT circuits are obtaining the next.

OBTAINING FORMAT CHARACTERS

F-8w The FORMATS are stored in words 0-3 of LINES 2 and 3. The OC's deter-
mine the line from which FORMAT should be taken. When the SLOW-OUT operation
is initiated, OD is set. The first OG output will cause the appropriate line
(M2 or M3) to be read via the three OF flip-flops into the four-word line,
MZ, during word times 0-3. (OD, in conjuction with the OC's, sets up the
path; OG determines the time.) As a result of this, the highest order 3 bits
of word 3 (of LINE 2 or 3) will reside in the OF's and the remaining informa-
tion (originally in words 0-3 of LINE 2 or 3) will reside in Mz, displaced

3 bits to the left. The lowest order end of MZ, containing information to
the right of the STOP code, is logically unimportant. The operation does

not disturb the contents of the selected format line (M2 or M3).

F-8x This first FORMAT CHARACTER in the OF's will be interrogated and the
process for which it calls will be executed. When the next FORMAT CHARACTER
is called for (when OG rises), OD will be in the reset state (unless the first
format character was a RELOAD--which is ridiculous). 0G+0D will cause MZ to
precess through the OF's obtaining the next 3-bit character in the OF's and
shifting MZ to the left 3 more bit positions.

F-8y This activity repeats until a RELOAD code appears in the OF's. A
RELOAD sets OD causing the initial process to be repeated.

F-8z (Note that OG is set by a Tl pulse of word time O and reset by TF-0G.
This means OG will be high during word times 0-3 except for the Tl period of
word time O. This is one pulse period short of the desired four word times;
however, this will only affect MZ to the extent that the Tl position of word
0 will always contain whatever was originally in that bit location of MZ. It
will not affect the FORMAT CHARACTERS and their positioning in any respect.)

F-8aa At this point the reader should be able to trace through any SLOW-OUT
activity by referring to Drawings 52 - 55. In Drawings 54 and 55 the key
signals are shown in reference to the time axis - an important factor in
understanding the activity. The reader is advised to draw colored lines
between corresponding TOdots at the top and bottom of each drawing. The
signals are labelled at the left in abbreviated form. (For instance, the
signal_ (M= () .OE-SLOW-OUT, where () = T1-0Z. The label on dwg. 55 defines
C) = OE-0Z-Tl, which is incomplete. SLOW-OUT also qualifies C); however,
the reader is expected to take such a term for granted since the operation is
a SLOW-OUT. When in doubt, consult the more detailed drawings.)

MISCELLANEOUS (SLOW-OUT):

F-8ab (1) <AY(SA?.(N) sets OD in addition to setting the OC's. This is the
manual method of initiating TYPE OUT AR, OD must be set by the above signal
since S2°DS will not be present to do so as in the case of program-initiated
SLOW-OUT operations. Also, until the ENABLE switch is turned off, no type-out
will occur since HC will be held high by {SA).
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F-8ac (2) When the PUNCH is the output medium, one frame of blank tape will
be punched prior to the first data element in the OB's. Suppression of this
initial insignificant PUNCH '"execute'" pulse would have involved extra cost
to conserve absurdly small amounts of paper tape. OD inhibits the corre-
sponding TYPEWRITER ''execute'" pulse to prevent a SPACE, but in so doing in-
hibits the "execute" pulse when RELOAD is the code in the OB's. This is
tolerable in the case of the TYPEWRITER since it does not respond to RELQAD
anyway; in the PUNCH case it would be intolerable since RELOADS must be
punched to render the output tape compatible with the INPUT SYSTEM.

F-8ad (3) After a STOP code has been obeyed as the final FORMAT CHARACTER,
the three bits that follow it in the format line will appear in the OF's.
[STOP]lgg is applied to the , @, and () terms to prevent simultaneous
set and reset terms from being applied to the OB's at OC. time. This could
result in malfunction of a subsequent PUNCH operation. The most fool-proof
method of writing formats is to follow the STOP ceode with a SIGN code.

F-8ae (4) In any of the cases in which the OC configuration calls for a
TYPE-OUT, an ''execute' pulse may also be delivered to the PUNCH if the

PUNCH SWITCH on the typewriter is in the ON position - raising {MAN PUNCH)>
to OV, 1In sich a case, the output speed is a function of the typewriter and
the ZERO-suppression is disabled.

FAST-OUT - GENERAL

F-9a The active FAST OUT operations only involve optional auxiliary equip-
ment--MAGNETIC TAPE and devices including high-speed punches.

F-9b READY: The READY STATE is not an operation but is classified as a
FAST OUT '"operation' by virtue of its OC configuration (0000). READY is high
when all the OC's and OD are reset. The signal "READY" lights a front panel
neon '"R" in an unusual way. Most neon exciting signals in the G-15D involve
approximately a 60V difference between ON and OFF. The READY signal involves
a difference of 20V since it is the output of a conventional AND gate. This
signal (OV or -20V) is used to turn a neon exciter triode on or off. This
triode is located in the LOGIC CHASSIS (dwg. 64).

MAGNETIC TAPE WRITE (FAST-OUT)

F-10a This FAST-OUT operation delivers data to the magnetic tape unit(s) at
the peak rate of 463 characters/second. There is no flexibility in output
format as there is in the SLOW-OUT system. The sequence in which data is
sent from LINE 19 to the MAGNETIC TAPE equipment is:

29 HEX. CHARACTERS followed by either a RELOAD or a STOP
depending upon whether or not LINE 19 is empty.

F-10b The flexibility in SLOW-OUT was available since the individual output
code cycles were of long duration (minimum of 2 drum cycles). However, there
is no need for flexibility in the FAST-OUT sequence since the fixed format
which. is followed supplies a code sequence to MAGNETIC TAPE which is
compatible with the INPUT SYSTEM. The purpose of the MAGNETIC TAPE equipment
is primarily storage. That is, if a 108 WORD BLOCK is written on the tape
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from LINE 19, it may be restored to LINE 19 later by an INPUT operation.
The fixed format fulfills this requirement.

F-10c In general, the sequence calls for "unloading'" LINE 19, in 4-word groups,
onto MAGNETIC TAPE. The manipulation of the 4-word groups is almost a SLOW-IN
operation in reverse.

F-10d Ref. dwg. 61: To facilitate the sequence above, LINE 19 is precessed
through MZ for 108 word times (starting with word time 0). This results in:
(1) the original contents of words 104-107 of LINE 19 residing in Mz, (2)
the original contents of LINE 19 being shifted left 4 words, and (3) the
lowest order 4 words of LINE 19 being filled with ZEROS (original contents
of MZ - rendered all ZEROS by proper programming of the initiating command).

F-10e Once MZ has extracted the highest order 4 words from LINE 19, MZ is
copied into LINE 23, freeing MZ to obtain the next highest order 4 words of
LINE 19 (synchronized on the next TO pulse).

F-10f With the original highest order 4 words now in LINE 23, precessions
of LINE 23 through the OA's proceed on alternate 4-word recirculation cycles.
During the 4-word recirculation cycles between precessions, the OA's will
contain 4-bit configurations starting with the highest order hex. character
and progressing sequentially to the lowest order hex. character. During the
time that these hex. characters are static in the 0OA's, an "execute" pulse
permits AND gates to send them to the writing circuits in the MAGNETIC TAPE
equipment (see dwg. 60 - top). These 'execute" pulses last 4 word times or
approximately one millisecond. This takes care of LEVELS 1-4. LEVEL 5 is
written any time the information written on tape is a hex. character.

F-10g A means is provided to determine when 29 hex. characters (i.e., the
entire contents of LINE 23) have been written on tape. This involves turning
0A2 on (by (:)) prior to the precession which obtains the first hex. character
in a 29 character group. This is known as the MARKER BIT. As a result of this,
after the first precession, the 0100 configuration will have been written in
the lowest order 4 bit positions of LINE 23. Prior to any other precession

the OA's are reset to 0000.

F-10h During the course of the first 29 precessions, the MARKER BIT estab-
lished in 0A2 (by (:)) will be transmitted to the writing station of M23.
Only after the 29th precession (i.e., during the 30th) will the MARKER BIT
fail to reach M23w. OFl monitors OA4 during each precession. During the
first 29 precessions OFl is set, and remains set between precessions causing
5th LEVEL to be written. After the 30th precession, OFl remains down, fail-
ing to write 5th LEVEL. The configuration in the OA's at this time is 0100.
Since 5th LEVEL is not written, the tentative configuration of the LEVELS to
be written on tape is 00100; however, OB3:OFl can qualify the LEVEL 1 gate
which could result in a 00101 configuration.

F-10i For a period of more than one drum cycle prior to establishment of

the above code, an OB3s gate searched LINE 19 for ONES. If LINE 19 contained
any ONES, OB3 would be set; if it contained no ONES, OB3 would remain reset.
Since OB3 controls writing of LEVEL 1 at this time, and LINE 19 controls OB3,
an "empty'" LINE 19 will cause a 00100 configuration (STOP code) to be
written; otherwise 00101 (RELOAD code) will be written. This resembles
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the activity in the SLOW-OUT system when [STOP] op 1S the FORMAT CHARACTER;
the means, however, differ considerably.

F-10j Had the RELOAD code been written, the next 4-word group residing in
MZ (resulting from the second M9 - MZ precession) would be copied into LINE
23 and the 29 HEX. CHARACTER - STOP/RELOAD cycle would repeat.

F-10k These 4-word cycles will repeat until LINE 19 is exhausted of informa-
tion. Normally 108 words of LINE 19 will contain data, hence 27 4-word
cycles will occur. If the tape-recorded data from LINE 19 is, at some future
time, to be read back into LINE 19 in the same relative word positiomns, at
least one ONE should exist in the original lowest order 4-word group of LINE
19. Simple programming can assure this. The operation is concluded after
the STOP code is written and the OC's are reset, establishing READY.

F-101 Drawing 60 is the FAST-OUT block diagram covering the MAGNETIC TAFPE
WRITE case. Drawing 61 provides an example of a writing operation in which
only the highest order 8 words of LINE 19 contain data. Beyond this, little
can be said about the data handling logic.

F-10m MAGNETIC TAPE motion control as applied to MAGNETIC TAPE WRITE is a
simple matter as far as the G-15D circuits are concerned. Ref. Drawing 60 -
top: DS:S0-SV (high during the time of TRANSFER associated with the initi-
ating command) will fire the FORWARD thyratron in the electro-mechanical
tape transport system. The tape will be accelerated to its normal speed

of 7.5 in/sec in approximately 5 milliseconds. How soon data will appear

to be written on the tape is a function of the word time during which the
initiating command is in the TRANSFER state; this should be WORD O to assure
maximum leader.

F-10n The tape transport mechanism is stopped by the READY signal which
fires the STOP thyratron.

F-100 The MAGNETIC TAPE recording mode is similar to that employed by the
drum in that only ONES are written and ZEROS are erased magnetic surface.

Any section of tape which is selected for recording must be erased. This

is accomplished by bulk erasure.

MAGNETIC TAPE READ CONTROL (SLOW-IN)

F-11 MAGNETIC TAPE has already been mentioned as a source of INPUT data;
however, its control was not mentioned at that time. Ref. Drawing 47 -

lower right: Control of the mechanism is similar to the MAGNETIC TAPE WRITE
case. DS-S83-SV (high during the TRANSFER state of the initiating command)

fires the FORWARD thyratron. The tape will move past the READ-WRITE head
resulting in codes being read into the INPUT system. Finally, when a STOP

code reaches the O0B's, (§) - [STOF]g-0Cl fires the STOP thyratron; this minimizes
tape travel after the STOP code is detected. (The READY signal, which normally
stops the tape, will not appear until 1 - 2 drum cycles after the STOP code is
received since this much time must be allowed for the MZ - M19 precession
associated with a STOP code.) There are no restrictions on TRANSFER timing. Once
the tape is in motion (7.5 in/sec.), data previously recorded on it will appear
in terms of LEVEL signals at the same character rate that was established in the
writing operation. (See also sec. F-15d.)
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MULTIPLE MAGNETIC TAPE UNITS

F-12a CHARACTERISTIC qualification: Up to four MAGNETIC UNITS may be
attached to one G-15D. The one selected to be active during a MAGNETIC
INPUT-OUTPUT operation is a function of the CHARACTERISTIC bits of the
initiating command. The CHARACTERISTIC to which a unit will respond is se-
lected by a 4-position switch on the unit itself as shown on Drawing 47.

F-12b When more than one MAGNETIC UNIT is attached to a G-15D, the units
are 'chain-wired". Input and output wires are connected to two connectors
on each MAGNETIC TAPE UNIT. In this way, the G-15D itself only requires
one connector for MAGNETIC equipment.

F-12c¢ The LEVEL output stages of each unit are cathode-followers. Connecting
the outputs of each unit in parallel constructs cathode-follower OR gates,
hence no additional mixing circuits are required. Only one unit should be
operated as a reader at any one time; however, more than one can be
simultaneously writing in the event that duplication is desired.

MAGNETIC TAPE WRITE FILE CODE

F-13 The 6th LEVEL on MAGNETIC TAPE is available for FILE CODES, which may
be used to locate information blocks or groups of blocks. Just where these
FILE CODES are written is a function of the controlling program in the G-15D.
Once written, a FILE CODE may be used as the object of a SEARCH operation
(for tape positioning purposes). Writing a FILE CODE does not involve tape
motion. DS.S7.SW, which arises during the TRANSFER state of the WRITE FILE
CODE command, qualifies the 6th LEVEL writing circuit in the magnetic unit
selected by the CHARACTERISTIC code. TRANSFER must last for 4 word times to
yield a 1 millisecond writing pulse; there are no restrictions as to when
these word times can occur during a drum cycle.

MAGNETIC TAPE SEARCH

F-l4a TAPE SPEED: 0100 or 0101 in the OC's yields the signal "FAST'. This
turns on a pair of relay puller triodes in the tape unit energizing the FAST
relay (see dwg. 47). This relay reconnects the windings of the multi-pole
capstan drive motor in the tape transport mechanism such that its angular
velocity is increased by a factor of 6:1. This means that the tape, when in
motion, will be driven at a rate of 45 inches/sec (i.e., 6 x 7.5 in/sec).

F-14b TFORWARD or REVERSE: Regardless of direction, when the tape reaches a
FILE CODE, a 6th LEVEL output will arise. If the TRANSFER state of the
initiating command is not still high, the 6th LEVEL output signal will set
OF3 which will reset the OC's. This yields READY, which fires the STOP
thyratron.

F-l4c The DS-SI term, which qualifies the OF3g gate, permits the system to
ignore FILE CODES existing close to the point on the tape from which the search
starts. By programming the duration of TRANSFER the programmer can render the
search selective to different degrees.

F-14d FORWARD SEARCH: DS°S1°SV (if qualified by CHARACTERISTIC) fires the
FORWARD Thyratron; READY fires the STOP thyratron.
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F-l4e REVERSE SEARCH: DS-S1:SU (if qualified by CHARACTERISTIC) fires the
REVERSE thyratron; READY fires the STOP thyratron.

TIME ALLOWANCES - MAGNETIC TAPE

F-15a 1In general, no change in motion of the tape should be called for
within less than a drum cycle of the previous change. The reason for this
is that the charges on the condensers linking the thyratron plates in the
MTA-2 need time to stabilize.

F-15b A MAGNETIC TAPE READ or WRITE operation should not follow a SEARCH
operation by less than 16 drum cycles, otherwise the capstan will not have
decelerated to 7.5 inches per second peripheral speed. This holds true even
if different MAGNETIC TAPE UNITS are involved since all capstan motors are
subject to FAST control regardless of CHARACTERISTIC code.

F-15c A MAGNETIC TAPE READ should not follow a MAGNETIC TAPE WRITE by less
than 4 drum cycles. A writing operation saturates the reading amplifiers

in the MAGNETIC TAPE UNIT and recovery time must be allowed. As a matter of
fact, no INPUT operation should immediately follow a MAGNETIC TAPE WRITE since
the MAGNETIC TAPE reading circuits, until stabilized, will disturb the INPUT
LEVELS and HC.

F-15d An MTA-2 can be programmed to search in reverse for a STOP code by

first calling for a REVERSE SEARCH (04— 31) followed shortly by a GATE TYPE-IN
(12 — 31). The tape will travel in reverse at 7.5 inches per second until a
STOP code is reached. The STOP code will cause READY to rise in 1-2 drum
cycles; READY fires the stop thyratron. (:){BTOPﬂ +OCl will not fire the

stop thyratron (as per Sec. F-11) since OCl is low under these circumstances.
The purpose of OCl in the above term is to allow ample "overshoot' so that

the STOP code may be reliably read in a forward direction 1if required.
(Programming literature should be consulted for rules relating to this special
use of the MTA-2.)

FAST PUNCH OPERATIONS (FAST-OUT)

F-16 Two FAST-OUT operations (S = 02, 03) are available for controlling and
feeding data to optional peripheral devices such as the PTP-1, AN-1, and AN-2.
These operations use the FAST-OUT logic, controlled by feedback, to supply
characters from LINE 19 to the output devices at rates determined by the devices
themselves. (Details are discussed in literature dealing with the accessories
in question.)

"SET READY" COMMAND (00 — 31)

F-17 The SET READY command resets the OC flip-flops (ref. dwg. 45: DS-S0-SU
gate on OC_). It also sets OD if the OC configuration at the time of execution
is not divisible by 4 (ref. dwg. 60, lower right: DS-SO0-(OClL + 0OC2) on OD ).
The combination of OD<FAST-OUT results in a 4-word precession of LINE 19, s
followed by READY, which rises after the second TO following execution of the
SET READY command. This feature is quite useful in programming. SET READY is
also used in command sequences for purposes of positioning MAGNETIC TAPE.



SECTION G

POWER SUPPLIES AND TURN-ON CYCLE
The circuits described in this section introduce no new logical

concepts, but do require a reasonable knowledge of some circuits
previously described.
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POWER SUPPLIES

G-la Four D.C. power supplies supply all of the necessary D. C. potentials
to operate the computer. These supplies will yield their outputs, provided
their primary circuits are connected to A.C., by a relay (K3) associated with
the TURN-ON system. The four supplies are all conventional full-wave bridge
rectifiers terminated with choke input filters and yield outputs as follows:

+ 250V for writing pentodes and the CLOCK CHASSIS

+ 160V for relays and solenoids

+ 120V for +100v, ov, -13v, -20V, and -160V to supply the logic
circuits (The -25V and -75V supplies for READ CLOCK are

- 160V parasites on the +100V and -160V supplies - ref. B-3h-j.)

G-1b The +120V and -160V supplies are interconnected in terms of load current
loops and form the circuit shown below:

+100V MAJOR LOAD CURRENT
LOOPS:
+
120V I: Tube current -
SUPPLY M CF's, BI's, FF's,
- etc.
" Y Y -20V I,: Clamping current -
s - ’ .
R i: \ ////‘ I, non-conducting
13, < -13V tubes, etc.
’
29, 1 I,: Clamping current -
/;ft' : &—72 3 conducting tubes,
< tc
\ B . ov ere.
I; ¥ a
+ 1
+ = (NOTE: arrows indicate
160V electron flow)
SUPPLY
-160V

G-lc This hookup yields four stable output voltages by means of only two
supplies. Drawing 58 shows the details of the arrangement.

G-1d The ground returns for 4250V, +160V, and E+120V and -160V] are 0OV.,
OVp and OV, respectively. They are all at OV as far as D.C. is concerned
but not necessarily in terms of RF (i.e. transients). By using separate

ground returns, the transient problem is reduced.
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G-le The average load presented by the logic circuits is steady eince, on
the average, whenever one tube cuts off, another turns on. Deviations from
this average may be expected to be of very short duration. At any rate,
generous amounts of filter capacitance shunt every supply, rendering them
tolerant of changing load requirements and relatively immune to line voltage
transients unless they are of unreasonable proportions.

G-1f Since these supplies are unregulated, their output levels are a function
of line voltage. Line voltage is adjustable by means of a variable transformer
(front panel control), the output of which supplies a boost to the line by
means of T4 (dwg. 56 - left). The adjusted (boosted) AC feeds the primary
circuits of the power supply transformers and the filament transformer. The
motors employ AC directly from the line since they are not critical. The
variable transformer is adjusted for a 6.3V indication on the filament volt-
meter.

G-lg Gradual drifts in line voltage may be compensated for by manually
adjusting the variable transformer; however, should this become a problem, a
line voltage regulator is recommended. Should the line voltage be subject to
unreasonable dips and/or interruptions, rotary machinary (M-G set) is re-
commended. The G-15D is tolerant of sizable deviations in line voltage, but
it has its limits. The limits are a function of how effective the scheduled
maintenance activities are. Ordinarily a G-15D should be expected to tolerate
at least 107 line voltage deviations.

G-lh To facilitate scheduled maintenance (marginal checking) activities all
supplies are variable by means of front panel controls. Varying the supplies
individually can upset circuit constants to the extent that a deteriorating
component may be detected and replaced before it fails in normal service.
Varying the line voltage transformer reduces all supplies in proportion and
also the filament voltage, providing another means of marginal checking.
G-1li A per-cent reading meter is available to monitor all potentials. A
switch is provided to comnect the supply to be measured in the correct polarity
and with the proper amount of multiplier resistance.
G-1j Varying of supplies is accomplished as follows:

+250V: Control C (variac), continuously variable.

+160V: Control B (switch - SW3), 10% drop.

+100V: Control A (switch - SW2), 10% drop.

-13V: Control D (potentiometer - R12), continuously variable.

-20V: Control E (potentiometer - R13), continuously variable -
affects - 13V in proportion

-160V: Control F (switch - SWl), 10% drop.

G-1k Controls A and F, when inserting resistance in series with the loads of
their associated supplies (to create 107 drop), also adjust the load on the supply
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by compensatory resistance to keep power supply current constant. This is
necessary since the currents of the +120V and -160V supplies determine the
level of the -20V and -13V potentials.

THE TURN-ON CYCLE

POWER

G-2a Drawing 56 illustrates the TURN-ON CYCLE activity and the hardware
involved. When power is first applied to the computer, TIMING-MOTOR #1
(TM1) runs, driving a built-in gear train. The output shaft drives a rotary
2-wafer switch which controls relays Kl and K2 as shown on Drawing 56 (upper
right). TMl stops when the K1-:K2 configuration is achieved. Kl and K2
control the amount of series resistance in the filament transformer primary
circuit, incrementing the filament voltage as shown on Drawing 56 (upper
left).

G-2b The system is relaxed when TMl stops, but is ready to proceed if the
D.C. RESET button is pushed. D.C. RESET starts the second phase of the
TURN-ON-CYCLE by starting TM2. TM2 with its gear train also drives a rotary
switch., This switch has 4 wafers. Shortly after TM2 starts, K3 pulls in,
energizing all D.C. power supplies. When this happens, the D.C. RESET
button can be released.

G-2c Safety circuits can open K3 and turn off D.C. K5, K6, K7, and K8
provide overload safety features. Also pairs of jumpered points located in
each DIODE CLAMP package (points L and M) are chain-wired such that removal
of any DIODE CLAMP package will break the chain, opening K3 and turning off
D.C. (Naturally, D.C. should have been turned off - by the D.C. OFF button -
prior to removal of such a package).

TURN-ON LOGIC (Ref. dwgs. 56, 57)

G-2d As soon as D, C. appears, the (CLEAR) signal rises to make sure the 0OC's
are reset immediately in order to prevent random activation of an INPUT-OUTPUT
device. {CLEAR) also resets CQ to assure the first command to be read will

be read at word N, rather than M1l (dwg. 30). (See also sec. C-19e.)

G-2e Then {CLEAR) drops to -20V, blocking recirculation of the NUMBER TRACK
(CN) to clear it of any ONES.

G-2f Then the signal <OP)> drops to -20V and <{OP) becomes high, resetting

the CY flip-flop in the ORIGIN PULSE (i.e. TO) generating circuit to be found
on Drawing 57. CY resets at the first clock pulse to detect {OP), and after
many drum cycles it will be set when the first clock pulse detects <5§>.

G-2g While CY was set it caused CE to be set. With CY reset, CE remains
set since nothing can reset it - yet. This CY-CE configuration permits

gate A to write ONES in every T29 position of CN, provided a ZERO is read at
the READING FLIP-FLOP (CN). When the 109th T29 pulse prepares to write a
ONE, the very firsE_pNE which was written appears at the READING FLIP-FLOP
(CN) dropping the CN signal and preventing the writing by gate A.

G-2h CN, now present, causes CE to be reset, qualifying recirculation gate
B. The information now recirculating consists of ONES in all but one of the
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T29 positions. That particular T29 position containing a ZERO may be de-
fined as "TO" (= T29-CN), the ORIGIN PULSE. Gate B will continue to provide
recirculation until {0P) sets CY; then gate C takes over and the activity of
gate B is of no consequence.

G-21 As soon as CY was set, rendering gate C the recirculation path, CE
assumed its normal function of being high during EVEN word times and low
during ODD. Note that CE cannot be reset at T29-CN (i.e. TO) time therefore
it will inevitably be high during WORD O; this is the '"locking-in'" system
assuring CE's proper orientation.

G-2j From this point on, the basic timing signals required to operate the
SLOW-IN system are established (i.e. TO and TF).

G-2k {OP) also resets CG, assuring that the first command to be read will not
come from AR (dwg. 22). (See also sec. D-16b.)

G-21 The next operation of the TURN-ON CYCLE is the generation of the {AUTO
TAPE START) signal. When this signal arises, it sets the OC's to 1111,
initiating a PHOTO TAPE READ operation, resulting in LINE 19 obtaining the
first block of information from the tape. This should be the desired contents
of the NUMBER TRACK. Also, CQ and CG are reset and CH is set.

G-2m The next signal to arise from the motor-driven switch is {NT), which
qualifies gate D (dwg. 57). Gate D copies the contents of LINE 19 into the
NUMBER TRACK. It is not necessary to block recirculation of the NUMBER
TRACK during this operation since it was cleared by dropping {CLEAR), and

the T29 information just established in it is the same as the new information
to be copied from LINE 19.

G-2n The next operation in the TURN-ON CYCLE is another automatic PHOTO TAPE
READ. This loads the next block of tape information into LINE 19 (and LINE
23), simultaneously making sure the COMMAND LINE is set to 23 and N = 00 (see
dwg. 22). This last block of information can be a "LOADING ROUTINE".

G-20 After this operation is concluded K4 pulls in, stopping TM2 and lighting
the READY light (green).

G-2p An interlock is provided to stop TM2 if its associated rotary switch
needs stopping (to prevent premature signals) while the PHOTO TAPE READER is
still operating. The condition of the FORWARD relay in the PHOTO TAPE READER
provides this feature.

G-2q From the time the READY lamp lights, the computer is ready for operation.
(Do not confuse this READY light with the READY ("R'") neon on the neon panel.)

MAINTENANCE SWITCHES

G-3a These switches were mentioned in sec. E-12. Half of them duplicate the
functions which are ordinarily provided automatically by the switch sections
driven by TM-2. The switches are as follows:

CLEAR NT: duplicates the function of {CLEAR). That is, it blocks
recirculation of the NUMBER TRACK, clearing it of any ONES.
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SET OP:

SET NT:

CLEAR M23:

CLEAR M19:

SET M19:

It does so by shorting the true output of CN to -20V;
unusual, but effective.

duplicates the functions of {OP) and {OP) in controlling
CY, thereby establishing ORIGIN PULSE (TO) in the NUMBER
TRACK.

duplicates the function of {NT), applying the LINE 19
reading flip-flop (M19) to the writing station of the
NUMBER TRACK.

when depressed, drops {(M23 CLEAR) to -20V, thereby block-
ing recirculation of LINE 23 - clearing it of any ONES.
(dwg. 3D290)

when depressed, raises {(M19 CLEAR) to OV, thereby blocking
recirculation of LINE 19 - clearing it of any ONES
(dwg. 3D290)

when depressed, raises {Ml9 SET) to OV, thereby qualifying
the M19 writing gate {M19 SET):CN, copying the NUMBER

TRACK into LINE 19. This does not block M19 recirculation,
therefore "CLEAR M19" should be depressed first (dwg. 3D290)

G-3b (The D.C. LOCKOUT toggle switch is a safety switch which renders
application of D.C. voltage impossible - ref. dwg. 56. It is particularly
useful in preventing complete machine "turn-on" while maintenance procedures
are being undertaken,)
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PART II - SIMPLIFIED DRAWINGS

This collection of simplified drawings constitutes Part II of this manual.
Drawings 1-64 refer to both NUMERIC and ALPHANUMERIC G-15s, while
drawings 65-88 refer to ALPHANUMERIC models only.
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BASIC TIMING 39.
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DRUM CROSS-SECTION 41.
Schem: MEMORY LINE 2 42.
PACKAGE CHART 43,
Schem: READ-WRITE packages 44,
Schem: DIODE packages 45.
Schem: TUBE packages 46.
Schem: CLOCK CHASSIS, etc. 47.
TIMING SIGNALS - origin 48.
FRONT PANEL 49.
NEON PANEL 50.
TRANSFER TIMING 51.
SOURCE TO DESTINATION TRANSFER 52,
MEMORY LINES 00-18 53.
READ COMMAND SYSTEM 54,
CONTROL SWITCH ) 55.
ADD, SUBTR. - gen. chart 56.
ADD, SUBTR. - num. ex. 57.
INVERTING GATES, etc. 58.
ADDERS AND OVERFLOW DETECTOR 59.
COMPLEX SOURCES & EARLY BUS 60.
Waveforms: EB, IB, LB, AR, etc. 61.
CONTROL GATES 62.
Waveforms: STATES OF COMPUTER 63.
MARK AND RETURN EXIT 64.

COMMAND REGISTER LOGIC

2-WD. LINES & IP (S-D aspect)
2-WD. LINES (S-D examples)
2-WD. LINES (spec. comm. aspect)
SHIFT, NORM., MULT. - num. exX.
DIVIDE ANALYSIS #1

DIVIDE ANALYSIS #2

DIVIDE block

DIVIDE EXAMPLE - waveforms
TYPEWRITER KEYBOARD
TYPEWRITER CIRCUITS
PHOTO-TAPE READER
INPUT/OUTPUT CONTROL (OC's)
INPUT/OUTPUT CODES
INPUT/OUTPUT CONNECTIONS
INPUT block

SLOW-IN timing ex.

SLOW-OUT FORMATS

TAPE PUNCH DRIVER

SLOW-OUT block

SLOW-OUT action

SLOW-OUT timing ex. - PUNCH
SLOW-OUT timing ex. - TYPE
POWER TURN-ON CKTS.

NUMBER TRACK - loading ckts.
POWER SUPPLIES

M, R, and T KEYS

MAG. TAPE WRITE block

MAG. TAPE WRITE timing ex.
TYPEWRITER and COUPLER ASSEMBLY
TYPEWRITER and COUPLER ASSEMBLY
RELAY CHASSIS - LOGIC SECTION

ALPHANUMERIC IN/OUT SYSTEM

INTRODUCTION

EQUATIONS

AN IN/OUT CONTROL (OC's)
AN INPUT block

AN SLOW OUT block

THE OUTPUT LINK

AN RELAY CHASSIS
ACCESSORY CONTROL #1
ACCESSORY CONTROL #2

CF3 PACKAGE

NC-1: NUM. COUPLER
ANC-1: CONTROL CIRCUITS

77.
78.
79.
80.
8l1.
82.
83.
84.
85.
86.
87.
88.

ANC-1: DECODER (simplified)
ANC-1: DECODER (detailed)
" n ”"
ANC-1: ENCODER (detailed)
” " 1"
ANC-2: DECODER
ANC-2: RELAY CONTROL
ANC-2: ENCODER
ANC-2: G15 CONTROL

IN/OUT WRITER (AT-1/AT-2)
n 17”"

ANC-1: AN TYPE-OUT TIMING



SOURCE - DESTINATION TABLE

S D
CODE SOURCE CODE DESTINATION

W f—

00 (0U) Line O 00 (oU) Line O

o1 (ov) " 1 o1 (ov) il 1

02 (OW) " 2 02 (OW) " 2

03 (OX) " 3 03 (0X) " 3

o4 (1U) " l oh (1) n L

05 (1v) " 5 05 (1v) " 5

06 (IwW) " 6 06 (1w) n 6

07 (1X) " 7 o7 (1X) " 7

08 (2U) " 8 08 (2u) n 8

09 (2v) " 9 09 (2v) i 9

10 (2w) " 10 10 (2W) w10

11 (2X) LN b X 11 (2X) moo11

12 (3U) noo12 12 (30) too12

13 (3V) "3 13 (3V) w13

1 (3W) "1 1, (3wW) w1

15 (3%) n 15 15 (3X) "o 15

16 (LU) "o 16 16 (L4U) v 16

17 (LV) mo 17 17 (LV) A Y|
18 (Lw) no 18 1 [318 (Lw) n 18 )
19 (LX) " 19 (IN-OUT) (19 (LX) w19 (IN-OUT) i

20 (5U) n 20 (L4 word) 20 (5U) v 20 (L word)

21 (5V) n 21 (4 word) 21 (5V) w21 (4 word)
| 22 (5wW) n 22 (4 word) i | 22 (5W) n o 22 (4 word) ]
23 (5X) n 23 (L4 word, IN-OUT) 23 (5X%) n 23 (L word, IN-OUT)]
2l (6U) MQ Register ] 2, (6U) MQ Register ]

25 (6V) ID Register 25 (6V) ID Register
| 26 (6W) PN Register | 26 (6W) PN Register (PN¢)
| 27 (6X) 20021 # 20-AR i |27 (6X) TEST (non-zero) ]
| 28 (70) AR | 28 (7V) AR (ARg) ]
[ 29 (7V) $ * 20+ (INPUT REGISTER) 29 (7V) Add to AR (AR,)

30 (7W) 20.21 | 30 (7W) Add to PN (PN,
| 31 (7%) 20021 31 (7x)  |IFSPECIAL DEST. #3%'_

MQ Register = MULTIPLIER-QUOTIENT Register (2 word)

ID Register = MULTIPLICAND-DENOMINATOR Register (2 word )
NUMERATOR Register (2 word)

PN Register = PRODUCT-
= ACCUMULATOR REGISTER (1 word)

AR

$ means auxiliary equipment is required for normal operation

*

can be used as source of ZEROS for clearing lines.
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SPECIAL COMMANDS TABLE (DESTINATION - 31)

..‘1._

S CH HEX.
CODE CODE CODE SPECIAL COMMANDS (D CODE = 31)
00 (ou) Olz SET "READY"
01 (ov) | 0,1,2,3, $ |03z* || MAGNETIC TAPE WRITE \L OUT
02 (OW) $ |05z || FAST PUNCH LEADER, etc.
03 (0Xx) $ |07z FAST PUNCH M19, etc.
2 > —FAST —
04 (1U) | 0,1,2,3 $ | 09z* | MAGNETIC TAPE SEARCH, REV.
05 (1v) | 0,1,2,3 $ | Ovz* | MAGNETIC TAPE SEARCH,ﬁFOR. IN
06 (1W) Oxz PHOTO TAPE REVERSE (Q1)
07 (1X) 0zz | PHOTO TAPE REVERSE (£2) _f )
S
08 (2U) 11z || TYPE AR | & punch if toggle )
09 (2v) 13z TYPE M19 switch is set | oUT
10 (2w) 15z PUNCH M19
11 (2X) $ |17z || CARD PUNCH M19
< ~ —SLOW —
12 (3U) 19z TYPE IN
13 (3v) | 0,1,2,3 § | lvz* | MAGNETIC TAPE READ IN
14 (3W) $ |1xz || CARD READ, etc. g
15 (3X) lzz PHOTO TAPE READ J )
16 (4U) 21z HALT
17 (4v) | O .| 23z || RING BELL
" 1 63z RING BELL and <MAN. PUNCH> to TEST
" 2 $ |u3z RING BELL and START INPUT REGISTER
" 3 $ |y3z RING BELL and STOP INPUT REGISTER
18 (4W) $ |25z TRANSFER M20°+ID to OUTPUT REGISTER
19 (4X) | O $ |27z START DA-1, etc.
" 1 $ |67z STOP DA-1, etc.
20 (5U) | 0,1,2,3 29z* || SELECT COMMAND LINE (CH & S/D); RETURN EXIT
21 (5v) | 0,1,2,3 2vz* || SELECT COMMAND LINE (CH & S/D); MARK EXIT
22 (5W) 2xz SIGN OF AR to TEST (Tl:AR—TEST)
23 (5%) | 0 2zz || CLEAR MQ, ID, PN, and IP F.F.
" 3 yzz PN'M2 —> ID, and PN-M2 — PN
24 (6U) 31z MULTIPLY (ID X MQ plus PNy —>PN)
25 (6V) | 1 73z || DIVIDE (PN + ID —-MQ) T is
26 (6W) | 0,1 35z% || SHIFT MQ LEFT and ID RIGHT increment [ rel.
27 (6X) | 0,1 37z*% NORMALIZE MQ AR if CH O
A 28 (7U0) | O 39z ""READY"
PR " 1 $ 79z "READY IN"
o " 2 $ | v9z "READY OUT" to TEST
*~=§, " 3 $ |29z DA-1 OFF
29 (7V) 3vz OVERFLOW
30 (7W) | 0,1,2,3 $ |3xz* || MAGNETIC TAPE WRITE FILE CODE
31 (7X) | O 3zz NEXT COMMAND from AR
" 1 7zz TRANSFER NT to M18 (CN or M18,—-M18)
i g Qf__ Mg - m20
* means HEX. CODE FOR CH = O only
$ means auxiliary equipment is required for normal operation

0000 S
0001
0010
0011

0100
0101
0110 B
0111

1000 A
1001
1010
1011

1100 Q
1101
1110
1111 P



BINARY

T o2
2 2
N 22
8 ¢2
9T 2
M9 o2
T 9T
9T 9T
T 0T
0T ,0T
00T ,0T
T o2
2 2
T 22
8 e
9T L2
et o2
M9 &2
T 9T
9t 9t
T LOT
0T 0T

0101010101010l01010101010101010.101010101010101010101010101010101
0011001100llOOllOOlloOllO011001100110011001100110011001100110011
00001111000OllllOOO011110000111100001111000011110000111100001111
0000000011111111000OOOOOlll1111100000000111111110000000011111111
OOOOOOOOOOOOOOOOlllllllllllllllloooooooo000000001111111111111111
OOOOOOOOOOOOOOOOOOOOOOO00000000011111111111lllllllllllllllllllll
lllllllllllllllllllll111111llllllllllllllllllllllllll11111111111

OrdaNMIMNO-OABPRERARANOANNINOCORNE b EKRKRNOANMINO~DONS > 2 K HNOHNMIWNON~ONS b 2 K BN
~ =TT IS T T IS T TS 2NN INININA NN TAIA LA N N TN LA LA LN O N0 N0 \0 \0 0RO \0 \0 \0 0 10 "0 0 \0 10 = [ [ [ 0 [ (o [ [ [ D o (e D O P

)45/0789012314567..890123|u5/07890123|u567890123|45/07890123h567890123h567
;O/O/O/O/O/O77777777778888888888.0/9999999990000000000111111111122222222

.....O....‘.....,...‘.Q‘......‘.....‘llllllllllllllllll1111111111

OlOlOl0101010101010_I_O10101010101010101010101010101010lOlOlOlOlOI
0011001100110011001100110011001100110011001100110011001100110011
O..0111100001111000011110000111100001111000011110000111100001111
00.0..0Oll_]_.l_llllOOOOOOOOllllllllooo00000111111110000000011111111
0.000.00..000.00lllllllllllllllloOOOOOOOOO0000001111111111111111
..00.00..0.0.0.0...000.0.....0.0111111111111111111111lllllllllll
00000000000000000000000000000000000000.00..00000.0000.0000000000
01231456789uVwxY20123\u56789uvwvaZ0123u456789uwavuz0123\4,567.89uvwxyna
0000000000.00000111111111111111122222222222222223333333333333333
012314567.890123.\45678901231&567890123&567890l23|45/0789012 N IO ~0OON O - v
e e 000000.0l11111111122222222223333333333|4\ul4lu.u\ul4b4)4|4~>55555.5,55.56/0/06
0000000000000000000000000000000000000000000000000000000000000000




C C Cs |
v | v —
LN e : SEE BOTTOM TABLE §1GN--"-" means TOUBLE PRECISION|
E o S |
: AN \.* l
| e NG v
TN I w[O_ T 2 3 T 5 & 7 8 9 w v w_ x 3 3
{ “ T O N A
0 8 0 1 2 3 L 5 6 7 8 9 10 11 12 13 W 15
1 9 6 17 18 19 20 21 22 23 24, 25 26 27 28 29 30 31
2 u 32 33 34 35 36 37 38 39 L0 L1 Lh2 L3 L LS L6 L7
3 v B L9 50 5L 52 53 54 55 56 57 58 59 60 61 62 63
N w 64 65 66 67T 68 69 0 7L 72 73 4 75 76 77 78 19
5 x|——| 8 81 8 83 8, 8 8 87 8 8 90 91 92 93 9 95
6 y|—— | 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111
7 [z} —— (112 113 114 15 116 117 118 119 120 121 122 123 12l 125 126 127
T or N number
DESTINATIONS
Line Line Line Line - Line MQ ID PN, Test AR, ARy PN+
SOURCE 00 - 15 16 - 19 20 - 24 25 26 27 28 29 30 31 SPECIAL COMMANDS *
00 000 - 00z 010 - 013 Ol4 - 018 019 Olu Olv Olw Olx Oly Olz Set READY
01 020 - 02z 030 - 033 034 - 038 039 0O3u O3v 03w 03x O3y 03z Mag. Write
02 OLO - Ouz 050 - 053 054 - 058 059 O5u O5v 05w 05x 0S5y | 05z Fast Punch Ldr.
03 060 - 06z 070 - 073 O74 - 078 079 O7u O7v O7w O7x OTy 07z Fast Punch M19
ol 080 - 08z 090 - 093 09k - 098 099 Ogu O09v 0% 09x 0% | 09z Mag. Search rev.
05 Ou0 - Ouz OvO - Ov3 Ovk - OW8 OvYy Ovu Ovv Ow Ovx Ovy Ovz Mag. Search fwd.
06 Ow0 - Owz O0xO - O0x3 Oxl4 - Ox8 0x9 Oxu Oxv Oxw Oxx Oxy Oxz Ph Tape rev. @l
o7 Oy0 - Oyz 020 -~ 0z3 Ozl - 028 0z9 Ozu Ozv Ozw Ozx Ozy | Ozz Ph Tape rev. @2
o) 100 - 10z 110 - 113 114 - 118 119 1lu ilv 1llw 1lx 1ly 11z Type AR
09 120 - 12z 130 - 133 134 - 138 139 13u 13v 13w 13x 13y 13z Type M19
10 %40 - Uz 150 - 153 154 - 158 159 15u 15v 15w 15x 15y 15z Punch M19
11 160 - 16z 170 - 173 174 - 178 179 17w 17v 1w 17x 17y 17z Punch Card M19
12 180 - 18z 190 - 193 194 - 198 199 1% 19v 1% 19x 19y 19z Type In
13 1u0 - luz 1v0 - 1v3 1vi - 1v8 1v9 1wvu 1lvv 1w lvx  lvy lvz Mag. Read
1 w0 - lwz 1x0 - 1x3 1xh - Ix8 1x9 1xu 1xv lxw 1xx 1xy 1xz Card Read
15 1y0 - lyz 120 - 123 1lzh - 128 129 1lzu 1lzv lzw lzx lzy | 1lzz Ph Tape Read
16 200 - 20z 210 - 213 214 - 218 219 2lu 21v 21w 21x 21y 21z Halt
17 220 - 22z 230 - 233 234 - 238 239 23u 23v 23w 23x 23y 23z Ring Bell
18 240 - 2uz 250 - 253 254 - 258 259 25u 25v 25w 25x 25y 25z 201D to OR
19 260 - 26z 270 - 273 274 - 278 279 27u 27v 27w 27x 27y 27z Start DA-1
20 280 - 28z 290 - 293 294 - 298 299 29u 29v 29w 29x 29y 29z Return
21 2u0 - 2uz 2v0 - 2v3 2vh - 2v8 2v9 2vu 2vv 2w 2vx 2vy | 2vz Mark
22 2w0 - 2wz 2x0 - 2x3 2xly - 2x8 2x9 2xu 2xv 2xw 2xx 2xy | 2xz Test TleAR
23 2y0 - 2yz 220 - 223 2zh - 228 229 2zu 2zv 2zw 2zx 2zy | 22z PG Clear
M 24 300 - 30z 310 - 313 314 - 318 319 3lu 31lv 3w 31x 3ly 31z Multiply
ID 25 | 320 - 32z 330 - 333 33k - 338 339 33u 33v 33w 33x 33y | 73z Divide (CH=1)
__ PN 26 | 340 - 34z 350 - 353 35k - 358 359 35u 35v 35w 35x 35y | 35z Shift
20-21 + 20-AR 27 360 - 36z 370 - 373 374 - 378 379 37u 37v 37w 37x 37y | 37z Normalize
AR 28 380 - 38z 390 - 393 394 - 398 399 3% 39v 39w 39x 39y | 39z Test READY
20.IR 29 3u0 - 3uz 3v0 - 3v3 3vl - 3v8 3v9 3wvu 3vv 3w 3vx 3vy | 3vz Test OVERFLOW
20.21 30 3w0 - 3wz 3x0 - 3x3 3xl4 - 3x8 3x9 3xu 3xv 3xw 3xx 3%y 3xz Mag. File Code
20-21 31 3y0 - 3yz 320 - 323 3zk - 3z8 329 3zu 3zv 3zw 3zx 3zy 3zz Next Comm.fm.AR
# SPECIAL COMMANDS: See "SPECIAL COMMANDS" table (page 3) for complete listing.

Note:

The CHARACTERISTIC used in the above table

is O (except for DIVIDE).

If CH = 1, addly to the left digit; if CH = 2, add 8; if CH =3, add w

Examples:

CH=1, 5=28, D= 01, last three hex., digits = 781
CH=3,8 =21, D=29, last three hex. digits = yvx
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CLOCK
READ CLOCK
WRITE CLOCK

X
0#00
%
S RRRKe

9.3ps

%
KRR
KRR

3ps —
o b 1ps

2
88K
BRRBLLR
%%%%%%%
R
Q2

L

SRR

RIS
RRRXX

o
22
o oy
o) 28
RRRRRER
L2

21

%

R

R

RS

................

R
RRRRL

BRI
R
RIS
QR BRI
................
BRI %
................ %
R, %
TS
R
KRR
RS
RS
00#0 K2
KR
R

J

P

ov

13V -=e-
-25v

=15V

14
"
(12

6

a
QelvveE—

NIAZ- YPOU T

\S

cao\‘

P ¢




in "DIODE CLAMP” pky.

neon series res.

Re 82k R23 120k
..viB

| RT
— L2k &
| __.—,®,_.
NG

8 -“v3B

7
1
- 1
/ 3 i
reset pulse| hold reset ] !
1
_[ RIO - ':
33k Rq !
- i 34k |
B ¥ !
= - i
/2 reL /2 5
BUFFER - INVERTER RESET TERM 430k FLIP-FLoP |
- ddeited Pkg. ov Pkg-
S€ b1 . U | | e () T NNy SRS ]
Vaa pin 2 (clompc.c’ by I:) r
- == euT-ofF
EXAMPLE :

98 7T¢L S 4132

wewr LM ®
Je LM ©®

N

ov
EXAMPLE :
21108 T L5432
-20v
CLock TTTTTTTT T T 71T
ov
|
\

R1e ————————A—— VIA bin 2 (clamped by I9)

)

E Stk oBE 1 © [~

\ R COT-oFF— o (Sou line dveto “reset polse” -

D x iy -tkov oV 98705432 3 ;do’ttai line dveto“held reset”) TRUE outpeut [A— ®

: 3

:' — ov

' R

e e ? __________________________________ 3 FALSEout'wt-at@ U109 8765423 a.
INPUT SV




WORD L'f/

WORD ¢

IWORD STPRAGE
Z WORD STQRAGE
<4 WORD STORAGE,

N
0

NEAN

IR
~IN

WORD (-1

<1_,

SPRICE FOR STORAGE OF

/08 29 BIT WORDS

~<— 2 WORD WRITE

HERDS
<
hﬁ?”qy

SEecr/onN  G-15 DRUM




DEUN SURFRCE (3732 minos approx. 1)polse beriods delay

r o

-0/-

FEAD HEAD

Qateds'i's”)

1ok

‘Ef/‘"
) fﬁ@’

I

Mo7roN

]Wms/fl- Mo &2, Tobe 7

i
1
S O |

nale: all triodes Lype SHS

@O

WAGNET
(perm)
~"writes

“0's”

WRITE HEAD
(can wiite™1s”)
3 3
DN <]
A %\
B\EN E\g
TIME e ininiinitei it A
| o0V #00V | ]
G Ay et W et l !
oo | ! -2ov -20v ' [ g mmmmmmmmmmmmm e n S
TV -ty 4 73 | ! +/g0V !
! 1
: Déoof o i s |
! CLAMP | H .D/ﬂ&c“p
, 22 ! ! 3 \
[} |
5 3 4 #-8 |
:‘B » (oo :
P 110k | weirE pmp =2
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i > " +.74 2.7k
P! p—i¢- ” [ ] ¥/
o v " S /10K
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- . i P e
. ] AL (] b 4 3
et L AN
33k $33k i vov i Stk 32k 1 5
[ [ !
: /si% Y | E /r0k E 5 o = E
] |
______________________________________ o T 4el G A~ ——
! 1
! RITE
cLoer = AN w 35
-Susec
oV oV
[ L ew
E}Mc
TIME x X
V V' W{ V V V cwwr
\I{ v{ Y! yl \ \ RERD CLock
_L_/\/_J.__/F\/\/i BEADING WAVE < _
E ! !' . AN
' i j \
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S
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Y A
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PIN (ETTERS

PART PKG. |HANDLE
NO. PACK AGE symBoL| coLor A B C D € F H J K L M N P R S T V] v
INPUT | INPUT | INPUT | INPUT . HTR |HTR | NEON | NEON | QUTPUT| OUTPUT| OuTRUT | OUTPUT
P ow Y vV - A
DLIOB3| FLIP FLOP FF | YELL '8 A 2B 2 CLoCk | OPEN | KEY | OVA | OPEN \GOV. @ssv. [@ssv. 2 \ A ™ 2A -y
INPUT OUTPUT | OUTPUT HTR [HTR OUTPUT|OUTPUT INPUT
OP 2 - .
DLio84 pUFFEE INVERTER| B! BLUE | OPEN |, N A , EN | OPEN | +100v. | OVA | OPEN 1OV, [ s ey, @ssv. KEY | OPEN 2A 28 OPEN 2
- INPUT | INPUT | INPUT | INPUT | GRID | GRID . HTR |HTR |OUTPUT [OUTPUT |[ouTPUT| 47K [OUTPUT| ¢7K
- 100 - 4 -
DLIO82 [CATHODE FOLLOWERY| CF-| RED . 2 pA 4 |pvioer lowiper | +0°Y OVA KEY 1 GOV, @55V |@ssv . 2 3 To-8- 4 1o B~
. WWPUT READ HTR HTR OUTPUT OUTPUT
DL108! | READ AMP RA | GREEN \ SHIELD |RETURN| . " |cLoCK | KEY +l00V | OVA | OPEN 160V | @gsy |@ssv OPEN | OPEN | ~ 'y OPEN | OPEN A
} OUTPUT|[OUTPUT INPLT HTR HTR |WRITE INPUT ouTRUT |ouTPuT
\2 - 4
DLIOBZ | WRITE AMP WA BLACK 17} o '8 SHIELD | ) key | +250v | +ic0v |oPEN | OVC |-160OV. ®s55v |@s5v | puLse OPEN 2 SHIELD 28 2A
DLIO8& | DIODE CLAMP | DC cL, CL, CLg CLg | CLg | e, |¥i0OV|OVA | -20V © JUMIPER® KEY | <L, CLg | CLg [CL,, | CLy Clip
" K 1SOK
DLII63 | DIODE | DI c, yo a+ | F56 Ca €3 o a+ +l00V P'.'-.3.‘~ P7 |Pgosm | €4 Cg Cs g Co <0 KEY |l C»
nok 1 IOK
DLIO8B& | DIODE 2 D2 c, KEY Cy Ca . Ca +loov | Cs e |vo Bt Pq Ps P P Py Py e, To B+
DLIO8S5 | DIODE 3 D3 P23 |Cems | Ciz C, C,p, | OPEN | +ioOV | OPEN Pasio. | OPEN | Ps oo, P23 KEY | C; |Coga. | €3 c, c,
: WRITE LEVEL | RC READ
(=] ~ -
DLI169 |CLOCK CLAMP cc OPEN |OPEN | OPEN | OPEN | CLOCK | OPEN PEN | OVA 20V | ~I3Vv | OPEN | OPEN PULSE KEY SP @ -70v, |RETURN (g'f_kf»
-, INPUT | INPUT | INPUT | INPUT | GRID GRID 24K HTR HTR [OUTPUT|OUTPUT|OUTPLUT OUTPUT [ 47K
Wi - + - N
DL1I15 [CATHODE FOLLOWER 2| CF-2 |NATURAL X 2 3 & |pvioer|owioer ooV | OVA 10 B- leovV @55y, |@55v. . 2 3 KEY 4 To B
LOGIC SYMBOLS ) _
£F cF-/ CF-2 L2 B3
Meow 750Kk 750k
V UT SR PN M L H
B S A P A P l+|oo
430k 560 k& 15K s60k x| A o2l o 3| s| e r70% ;
A oo T rsok 750K ok :E J10k :E 0K sok
§ o 8 ” B R $
50 & 15K s60k Teot T 1T TTT 1
D U ABC D E FHJU X
430K
ol 18 7 le IS 4 13 [2 It
c v ¢ ——=(p—o> -t Y'Y ¥V ¢ g
30k 7504 i
% nok % 1704 170K
s60k $ /50 Kk
> P: b3
" v ey l
750 k Py A B ¢ D E X MNPR S T U V
=74 - /60Y
sé0k 50k O3 Lk
5 0 K Rri] lcrzlcRs =] crs |cre| cr7|CRE|CRY  |cri0
Seox
WRITE
[El c KERD
m. MR RERD AMA 0 A
| |
560K B [ KEY
% S ABcDEFMHWJKLMNPRSTUV
L6C22
Se0m v
7 REFORN S
Sseox v i
@ PACKAGE CHART




._Z/._

(o]

:L ________________________________ TEST POINT OUTPUT 2 OUTPUT {  TesT POINT
FICTER PROVIDED FOR EACH | = —memmm e e e e e m e e e e e m o — | () e i O ettt ittt V)--——= R)-m—mm— - a
‘{ Row OF 9 PREAMPLIFIERS ® ® ;
+l00V e Re E
3.9k e 50)1}«'? a RO}A}EF $3ak '
1
]
— Ry $2k 3 sk |
V c’a 1
]
RESED ”Ffl'“ Rib 15k |
L VIB vea |, L—('—‘b |
1
RY7 7 L., R RE = \/:] 1
——— N — - = = S—An—y —MN—L — — 1
2.2k 12k 1.2k crRI T |
] 3 ? h ] \
Cb = _L “ 1
READ | I 4+ 2 RY RS, Re '
HEAD 97*: loog I 349k 33k 33k 1
»r L !
1
1
-lbov 1
]
""" |
"""" READ CLOCK cLock !
]
4

. “R.A” READ AMPLFIER (ref: Icio07)
¢ with VIA oit of sodeet Handle color: GREEN
(LocATED IN CHASSIS NEXT TO DRUM) and- no signal on T, pdtertials

dat pts. marked e as follows @

1# (Jeb. RI3¥RI8) = -105.06V

3#(jcL.RIB+RIZ) = -j01.7IV
2yor 21 (Pt arm [RI€] or
VIA pin2) = =-1050eV < EL=l0LTIV
3t (VIA cdFode) = -100.So
VA, gridto chode = - 4.56 < EC -law
Ccns;Jenru EP'k o VIA = |oo.50Y, et - of F Eﬂ-k = approx -4V

/-fW\\wR:TE HEAD /fm\.\wRﬂE HEAD

]
+ESOV<F> T f +esoy
T == ¢3 .47
ooy @ Z + 100V
L

SRIS 120 ’
il ®ﬁ +100V
b

Re. 2Rl
' liok T\ VI
| vaa __\ 41k L|_vaB
R4- 38 R

Notes: 1) QU triode: 595
° la))cm P;&A;Ey;\fei\q7

!
[}
|
1
]
|
i
]
|
]
’Pvak : ) 3 VAL SV i
. 3 3 -S8Y IS
| oA £ @l ®
]
}
|
I
!
I
{
1
1
I
'
i
|
|
!
1
|
]

il

o each package..

!
i
1 AMAL8_ ) 2l ___ 7 y
i l.akrg—\—. e \ o \.éﬁ':—;) cr3 |2
| | B | Tow ) T (f ) )
]
! gok RS P ¥ Rlo Rl I P I‘t . alse 4bCER
! 3 24k CRI = 3 Sbok 3 ogk cRe e
! -lbov —leOV READ-WRITE PACKAGES
© & READ PREAMP,
@ WRITE_PULSE WRITE PULSE
E {B é RA, WA,
I
b B — - = = (@) e ]
) " ; -
INPUT 1 INPUT 2 W.A." WRITE AMPLIFIER (ref: 1C11SS)

Hardle color: BLACK



_9/_

3
]

]

]

]

]

I

- ]
E

i

[}

!

[}

] ti
g
1

3

@'_“i__ oR3 Sliok

3150k

i
1
|
!
|
\
SRI :
\
B
F

@--(®---
o |a

—-®---
=z
~

*Di"” DiodE | (ref:\cqus)

-+loov
i el (2) s
1 \
é , +loovy '
v ¢ !
@—u—' 2 | Mok (:5
! 3
O—w—r7 i
— |
3 s
1 I 71
LT 2ok .
O+ ®
: 7
® ]

5
e
1 9 .
A ®
O—— !
? |
] ]
@-—H“— gre i
i’ 1
©——#" ®
3 |
]
|

‘D3’ piobE 3 (ref: iciied) |

L

o o o = e e o e = e e e e 4 2 et e m e e s
i F1ON (i) +100V
! |
i " e ' 0 i m = - 200
3V ) I
g e e X e I g wmy e imx ¥ e duy F ke |
INTERLOCK | — — — —— b — —— — —— —— p——— 1
| L Jau 3L M [ (19 7L [SL 9L Jlor WL faL |
T X I X b 2 3 % X X ¥ ¥ !
! N $-ov
I NGOTE | ALL T
! REsISTORS ]
! Ame 39k, W '
] . 1
Lo ISR S SNY SO0 WS S SN, S S -
*D.c.” piobE cLAMP (ref: 1caas)
(for plate ckly of BUFFER INVERTERS and. FLIp-FLoPs)
"""""""""""""""""""""""""" 1 T A
1 |
” READ CLocK : | H00V &) + 100V
1 | Rl ¢ |
* 6UBJECT ! ! 10k S !
- SMENT ! sR2 !
* Fom BEST : ©——— 3uok |
RESULTS ! o— 1
! s , ;
| A L U
p T)READ CLOCK CLAMP LEV. Q 2 Q
* 25y <—F—4 D)READ CLoeK RETURN ® ¢ ®
WRITE PULSE e Tz .yf ' 3 !
” T -20 L (O WRITE PuLsE RETURN BO—n G
o | —rav T 47 (L) CLOCK & SHIFT PULSE CLAMP LEV. ® o ®
: _!;_ lc|Tﬂ T » & o n  RETURN N : N ;
WRITE PULSE CLAMP LEV, s
| : | O—w ®
i
i ! O—n ®
] t u7
C )
— q ; e ?
]
”E_@; | E LT'";""""”“""J
= ! ! D2 DiodE 2
! ! (ref: 1cam)
: = -i3v 1
' |
| ! |
! : (refl alse 4ec22)
1
1
sec | DIODE PACKAGES (CARDS)
gr\.:?cx cn.nm;' E (For “and. gate” “or gdte”
: lclo09 ' . .
(For clodk ckE. termination) i and. c\a.m)amﬂ a.H:hcatlons)




+ 4oy -lLov

e () B ) s (0 R e () Oy---®y------------1 ] @@L
} OUTRUT | oUTRUT 2 NEON | (fwmfr 3 OUTRUT 4 NEON 2 ! \ R2) i
< : -
: RI 2 sRe3 RI2 R13 ¢ Ra¢ ' i ;
+ @T sk o somf ca sopf 332k $i=ok 39k s sopf c7 sopf €33k %120k ; : o’ L
' 1L | Il 11 ! ! <+ looVv i
1 i ! b RI3 !
? = T ! } LT g7k At vig
! L )
Rs 33k c3 3opf| R 82K R4 g2k ulsli),uf Re 33k R 33k ce gyl | R eek } ®, |
1 v | —\, ’ ' | !
| \/\-—1 I Lk} | 1 _®
! [ 12 1 mis 1.2k i LORI7 S Rb T
E | ‘QG"E T 2 3Ve — ! i s |
| '
| b 4 : x X : ! : ;o
i R2S cs RrRq RIO IR R2L R27 C.ol R20 Rel R22 R28 ! : —_E— R4 HIOOV E
! 430k | g 3K 33k 233k 430k 430k | 1000 3K ¢ 33k ask 430k ! LT 3ok WAnViB i
i # = 160V Al -leov | ® RNV |
160V (L) ! : B '
CLOCK (B ClocK clock : | RI8 R7 R® T
@ ' I suok “‘Wa‘g 3ok |
t ' I )
' N \
; INPUT F.F." FLP-FLop (ref: 1cq98 INPUT 2 INPUT 3 INPUT& | | ;
[ __-‘l ____________________ { ........ e e S ) @‘-: | +loov' i
Handle color : GoOLD | ": '730" i} vaa !
© - (= '
- t
:5 i 3= C’
i ORI RI0, T
' > - b0V 24k
e %f’?k }
'
] ]
oo e e A ©—mmm e - b LRy, ooy’
+|oov© oo +l§°v CFUTPUTI, OUTPUT |, to0v oUTRUT &, OUTPUT 2, § I = g7sek ) ‘,_1_ vagi
. R3 RI ! hos 1
* O, 1 =K c7 sopf 3k °‘|3°)‘)‘F 33 8 so”\f 339k c“3 g’ E : . ,.E’j’( o
= | — it ! ' Reo Rl
| — | -
RS ¥zk R14 E70k RIS 82k : E_ '
| T o o - L N SIS -
v3B VIB 2B VIA | . on
. v ! CF1" CATHODE
A ] ! FOLLOWER # |
RY R | (ref: 1c1144)
1.2k e 12k !
]
L RIZ RIN Rl & R2 Re3 ! Handle. color: RED
33k ok SbbiS 34 33k ! :
]
\ '
| |
-lboV -1boV \ i ‘
! ! 4 I"CF2" cATHODE
! ! ! FOLLOWER w2
()lNPu'ra B1."BuFFER mverTER (reficii40) | | U (ref: tenom)
______________________________________________________ Y ) m e - e \ '
Handle color : BLE E Handle color: SILVER
'
1
Notes: 1) All tubes Lybe 5965
2) Buffer- anchter used for “HC” is modified.
as follows: C® has been disconned
‘!érnm vaB ml7$nl connected T ground.
o reduce nigh ven response,.
3)L.3VAC @~ ssv"ns e L L@ ard ®
ol e«
packa. (ref alse 4lecae)
TUBE PACKAGES
FF, B, CF|, & CF2.
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SIGNAL FRoM
cLocK TRACK

PREAMPLIFIER

1000
sk Stk
4700 4700
| b 1]
1 _L [
1 g
463
100 40
Kk Ek
RIN
\s\ UA Q-/x/'
o= as (v;-o-ve) &= -2ov -2ov

25dk
R54

7Sy

-1bOV

TIMING
—_— <

"

_.W__VI,F:na

1

X
1

18
K

DIFFERENTIATOR

(Nes.tr'vgacr) c=

MULT!

sec

IBRATOR

CLOCK CLAMP PACKAGES
A2l ' c33

Left (0) logie | Right (:00) logic.
Cpinzl) q \g (O)Ojc:

:
1

mne
! p

"wRTe PuLSE” I

I;
I
n
P
<
P
m,
4
(=4
]
z
4

va,pn & CLOCK

V3,}?i" |
_‘J\*_‘r__ To, Flnf

T N\ cRa cathode

_‘L—_‘f_ Vo ,pins 23

————— from }:'In 3,T|

‘re-cr”

TS4-7+8 N
+loov -20V =20V -
Y cr3
-Rov 00 3B 330
BLOCKING |
155ph osc. Tsab GND. RETURN
|
-13v -13V
1
I
1
“SHIFT, ;
I PULSE T : (NoT USED)
1 | * *
| t
I
'O|P'FERENTIATO ! '
I
READ CLOCK RETURN (Pos. Trigger) _ ! 3 |
AND CLAMPING LEVEL | GND, RF!'URN
REGULATOR ! ‘
(NVio+ViI) ! -3y -13V
i
|
!
75V De - !
i
i
-25v e !
1
1

}-reAD cLock” 1

A1F

| | vea, Fms 29
i

!

Il

from pin 471
T4 #Qusec deley
Ld : 4‘ 5b - Ll

"o & CRI
L 3 k k o
* L
o=
—-2ov

I'READ CLOCK PKG" MOR™™""=""" ="M~
! (dwg. 1C14-288B) 1
L__J-5+ )¢

i i

| | 930

| 33 ! 33
| ot : il
0 ~E5V REWRN

I 1

! - 75V 1

CLOCK CHASSIS
& Associated aircuits
&ISD




Time of sigN

> TS
l o 2 ! o 3 2 1 3 2 Wimod 4 TS
] 8 7 6 s 4 3 2 ! 107 | 106 WORD TIME
TS Ti & even WT's TE
TE
| 4 TE
qate 10
B i T29 fwr's & i mod. 4. TE
1 D5-55-5v -Ci ! =
|
gate 9 !
I
i
TF 1
1
|
CF i
| i
E i [ \ even WT CE
' | 1 =
! ' odd wT ce
CE i CE E
| |
L To (129-TN) é L i ¢ (high except during \:o\‘toftum-on ¢ycle)
; . Fwr 107
T DS-S5§+SV+Ct ' ! ,_D—TL——' To
(1.¢. double prec) ! ; 1 N
Taq-cN 1 ] N
i ; NUMBER TRACK
! |
T2q :
‘K Teo
TTTTTIT T I T T T T T T I T T T T T I T T T T T 1T cwock = m
1]20|28)27| 26 25) 24|23 | 22| 2n|20| 18| 8|17 [16]o5|ma]r3|i2|nut0fo]s]7|6|5]4]|3]2]1 ”EUI“E"O‘L
gate 8 (TA+TB+TC)
13 -——
Ti qate 7 (TA-Te T T™) L LT Ted
ul
N T
) Tes 28
. qate 6 (TA-TB-TC)
gate § (TA-Te-TM)
21
1“ gate 4 (TA-TB TCTM) Te
qate 3 (TA-TB.TC) 8

qate 2 (TA-TM)

Hm

gate ) (TA-TB-Tc)

TC

TB

TA

(RC-€3) —
——=(SPARE CLOCK TRACK)

CLock TRAck (359L pulses)—---- N

NUMBER TRACK (10 - wd. - recireulding line) - ==~~~ ~------ ———

TIMING TRACK (124 -wd.. - berm) - ---

TM (TIMING TRACK °
(same every wore, time) ™

(cv)

____________________ [ ———

> (SHIFT PULSED |‘ |'

croek |, coek—"

CHASSIS [———— READ CLOCK —>
———> WRITE PULSE “ '

[2axi24]

_l_|_._|—l_
-16-

Tal

ORIGIN OF

TIMING SIGNALS

‘TIMING GATES (except where noted)

G-15D




Iinput Tape
CONTROL

Mag.Clamp
HANDLE

Input Tape
MAGAZINE

A.C.Voltage
Meter

Main
ON-OFF Sw.

D.C.
Voltmeter

PUSH to
turn OFF D.C.
Voltages

LIT when
D.C. Voltage
is ON

-/7-

Paper Tape
Guides

PUNCH
RUN

PHOTO
DIODES
(Read Tape)

Running
Time Meter

A.C. Volt.
Adjust Knob

LIT after

TURN ON
cycle

PUSH to
turn ON D.C,
Voltages

Selector
SWITCH
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CHARACTERISTIC -

o

'COMMAND LINE

© 00

o ~ NC-AR

Command Line

SELECT.INDIC.

If LIT,

Next Command

fromAR

READY
Light

SOURCE

®© ©

8 4

DESTINATION —
p \'5\ A
8 k.,,,d"t 1 3

8 4 2

INPUT-OUTPUT

DOUBLE
PRECISION

- LOFO GO  HALT

DA.:

P

| PROD./QUOT.
| Sign Indic.

If LIT, Next
Command from N+1
instead of N




TRANSFER TIMING

START TR STOP TR
l |
| T29+AC
| T29+(L+T)
| M
| (e
no T29 . TR+ (T-1)
imm, T29.RC MARK
> > EXIT
es
READ » . ﬁ: T29.TR
com.[>] /D > ,.
yes
- MARK
AT 29 « RC « (T=1 Y1 .
Fory (T-1) EXTT single
no
Lo gp [Gouble > 129.TR-CE
CE means
EXAMPLES 2 ODD word
(RC)
L4T T | T-1 L
13| 12| 11| 10 8l1716]5)L]3]2 Wipo =L =3, T=8
P Imm., MARK EX., abs.
4 4 . Imm., MARK EX., rel.
— Imm., MARK EX.
Def., MARK EX.
—{ Def., MARK EX., single
*——1 Def., MARK EX., double
A i i
T29+(L+T) T29+(T-1) T29 .RC

_l9..




_OZ_

Can modify DATA

Controls TIMING &
can delay DATA IWT

I DESTINATION
(Writing Circuits

of
——>memory lines)

f(D)

> Y
SOURCE | —source| — I ] —{DESTIN. >
, , EB | INVERTING B L
(Read F.F.s of SELECTOR) EARLY | o, INTERMED. LATE SELECTOR
memory lines)| _—Jswitch| —,| BUS BUS BUS ZoISWITeH | =
£(s) f (CH,$,0,%) f (CH,S,D) £(D)
' T
|
Z : 5
D BP ' CH ) TIMING INFO: TR
T N s D f (V0,1,5,0,%0,L)
|
|
DYNAMIC < i STATIC
! TRANSFER OF INFORMATION
| FROM A SOURCE
v time | TO A DESTINATION
ke ) [ Rei )
! !
,I:l H—LPeriod of STATIC PORTION STABILITY (Command at L).

LRI Date on £5 & 18 from selectea soURCE
__j_-T\_ Time of TRANSFER: Allows IB—> LB, blocks recircul. of Dest. Line.

LHIINNNINIL Data on 6.

"””””“““l' Data recirculating in DESTINATION LINE.




-4 30

_'2_

LINES 3 - 113'15

SIMILA ° TO
[ ]
o o LINE 18 SIMILAR EXCEPT o EARLY BUS
TO o TO o TO FOR ADDED WRITE TERM: ©® EB 16 &17
EARLY BUS : EARLY BUS ¢ EARLY BUS e LHIJ[IES
EB : s : EB8 /S $X-$7-0S-(D- CN . s SIMILAR
° . * [
. SV . sp SV . g3 ~SW
o $0 READ . READ . READ
[ [ [ ) [ ° [
[ ] [ ) [ ]
I . M1 M M2 I : M4 N
. . > . |
- . Iz . < . :‘]:
T K . 0 2. 00 3 . 3
- A |? : ; : o
WARK . WARK a . D 2 : 2
K [ 0 o A ° —
Mo i L4 Ml H e Mz =) ° =)
é ° E . o ° o
e [ ] — [ ] (]
K—.Q’ IE: . M“‘K———-B—— e R D Iﬁ : I 5
R-DU—™ © . TR-DV—> Iz : TR-DW - : =
! I Dy - D0 I : |-
Do = . Do e oW & : d
LB 2 . LB Z e LB & .
= . e =] [ 03]
~ . . WRITE . | E
I ° MARK e M2-(DO-DW-TR) o
_— [ ] [ ) I~ _— L]
MARK:CM—= ° o |=M2:-(D0O+TR-DW) P WRITE
[ ] — J—
: AR I I PR R R ) S0 Muw
[ [ Y —
WRITE . WRITE . . From
R ¢ f] : . DA
° . .
[ ) [
LINES0&1 RECIRCULATE AT ALL . LINES 2,3, - -13,15&18 . {I;E\ICEI;SRCIIJ?_,A’].]}g A&T AlL
TIMES EXCEPT: M RECIRCULATE AT ALL : TIMES EXCEPT
1. At time of transfer when the line 4 TIMES EXCEPT :
is a DESTINATION. S 1. At time of . 1. At time of TRANSFER
. TRANSFER when . when the line is a
2. During WORD TIME 107, when the : the line is a : DESTINATION
MARK operation is being executed. . DESTINATION . 2. When the DA is in the
. ° GO condition
[ ]

MEMORY LINES O,1,2----18
(RECIRCULATION, as SOURCES, as DESTINATIONS)




COMMAND REG: outpu'ts for
control of RC, WTR, TR, WRC
S5

CM «
BLOCK CM RECIRC. e x
TI+TI3+T21+CU-CD CU-Co-TI-T1R-Tal 5' %
&
oT — 2 glg
olR
RC = Zz.3
¢ CC Bn %'n.
—— )
CJ g
DyNAMIC
PORTION’
[ it
it
li Tag-Re
T T of
cN WioT eT
Teg—— CN (NUMBER TRACK)
Tal -t
Sk s}xc;ul reset for commands havu'ng RELATIVE , ,
D7 T numbers. (Tnactive duﬁns ‘WRe' state) ! !
ox—n/, _J ?__ RC
f I T
\ ' !
\ I 1
BT SynAMIS i RC:CT
____________________________________________________________ S
| 13 NSTATIC” |I RC:CT
CJ— O | (GHIFT PUSE) (shhlicd o C1-CW in lieu of Clock” G rose T TTTTTTTTTTTIT ~Geted
A cHASS IS ' N Scocx)
4 )

Y N K '
CH SOURCE DEST. s/b
)
N\ MC (inverted output of selected commanp Ling)
. T
SET 'N'=00 oT
05
o 2 - I may -
e 5 RC 8las
8 "Om&“
g rz/( high) Y bon
g AR ms ) Ma3
; <OP)
=
(Tl-CN+CT+T°) cG T29 RC cD3 coz ol
SeT oc’s to car, e I t I T ?
to N1 -
s/p cH 2! ch 2°
TAPE START ﬁﬁ ﬁ@ ﬁt \
1 N T T T e
cl ci cx o cw oW
~
i
3
® i {SA)Y
£ | 255 23818 READY’ 1 l
2 2 ig * NEXT COMM. FROM AR " “seL. comm. LINE” PES  Tree2 TYPEI} 1-7 ~
< vie (@31 -2 3) (20/21 — 31) @ @) (@) keys VI
]
1
]

L-7As (AN merls on\y)

READ COMMAND

-2~



_E‘g_

CHAR. SOURCE DESTINATION s, o @ [Co
—_— A N ® é?{gf] \ -Oor=jp —=PNcor PNy
2! 2° 2% 22 22 2! 2° 2* 2% 22 2 20 A =
c1 2
I= Ror “Mnus zere" cormadtion) 4
RC-CT Cx &l & U & & & co & & ca cl Grom 12 NS ZER cometon) > 8
INv. (1S
c1 % GATES) | IC 5
% o[ D7 -Oor -/ —=ARc or ARy
Rk
| ’
@ starT past _ fl 2
l——— ['— ] !— @ (54 2
o1 0l ai o1 ol vool o1 01 01 ot o1 o 4 sx ' §
o o (DS 2
= STOP DA-I =
AL 5 :
11 tH | cH=o H—>\ oo H 00 H—{"\_ooo t 00 single, = peeeeeeememeee oo {DA~I OFF’ S
13 ; S0 su Lones, v 3
' D i ® =¥ = po v prec.” ¢! ; =3 8
13 H . ' =
:: >—j‘> L cHe ® »—%’I"} o, ¢ o, gy r—ﬁa[\ 00y o1, py dt;uHe c 1
o ) prec. ~ H
& : f o
'y H | _ch=a H—\ oio H 10 H—\ oto t 10 i CQs !
]l R Dee | IDea o |LIEDs . =3
i3 | : i
& cH=3 " A
LT ! |
'
TR+AD = > 100 H 100 i
(&3 54 D4 a2~ |
o —L/ = B iready o _ [
l2 " ]
AV+SU+TVA 4 AVA —\ ot —\ 1ol Su g 2
o o5 1S 1'READY IN
=9 = oS e ;
|
TR+ AV+TVA = T\ o ) _ito
o K| s6 Do '
20 L/ =4
AD+SU+AVA =\ o —\
w
) 57 n b7 | &
g
0 ] SX 1 ' 1 TR ) ’é
e
e [ o< T ve
— &% 56 . BUTR SHIFT COMMAND E,
] _ 5
— - Stes I SHIET COMMAND - M20 ?
o7 VTR contrsl , 2o 5
(for isolation) 4 Lt 5 WRITE PULSE kS
CX ) oo D2 g Dw TR I9
(via AR) WRITE PULSE
s sx = —
i 4 T 5 TR OUTPUT SHIFT
(not via. AR) -
™/ _ ’_:’ m (sS4
o3 SX - & Tqsv
1 —— »Da o DS—_:
P
L H— —— e} neo OUTPUT — J
—] 5% data, 727 M2 ‘W20-10" 2
Cs-Ce LS+ 5X Ly =
// = B
[tnet vie AR) + 0w ] (souRce g 24,25 ;:) = | CONTROL - SW/ TCH
# 389, J SN ;-3
e TR TR AND RELATED CIRCUITS
: : (STATIC FLIP-FLOP DECODING)




ARITHMETIC OPERATIONS ON FRACTIONAL NUMBERS - GENERAL CASES

AUGEND
0ga<kl

+a/
AN

-3

e
~

AUGEND
0<a<l

+a

/ \

+(1-a) ]
N

I, ABSOLUTE VALUE AND SIGN
ADDEND SUM (ALL) SUM (SPLIT)
0gb< 1
1< (+atb) <2 or +(atb)>1
/4 (+tatb)= 1 or +(atb)= 1
b —T 0% (+a+b)< 2]
~0 & (+arb) <1 or +(a+b)<1
L0 (+a=b)< 1 or +(a=b)<1
\ —
b —[=1 < (+a=b)< 1
Sl < (+a-0)< 0 or =(b=a)>-1
L0 (=a+b)< 1 or +(b-a)i
tp—|e1< (matb) <17 |
— SNe1< (<a+b) <0 or ~(a=b)>-1
1< (=a=b)< 0 or =(atb)>-1.
™ b —|-2< (~ab)< 0
N  (-a-b)=-1 or -(atb)==1
=2 £ (=g=b)<=1 or ~(a+b)<-l
II. ADDITION OF COMPLEMENTS
END| SUM LESS
ADDEND SUM (ALL) SUM (SPLIT) |CARRY END CARRY
0<b<1
1< (atb)< 2| €| (a*b)-1 | 00011 ()
4/ (a*b) =1 | € | (a*b)=1=0{ 0001 1 (-)
| _ b —t 0 < (a) < 2
0<(a*b) <1 (atb) 00000 (+)
L1¢ (1+a-b)<2 | ¢ | (a-b) 01110 (+)
N+ (1-b)—+0< (1+a=b)< 2
To<(1+5-b)< 1 1-(b-a) 0L101 (=)
L1& (1-a*b)<2 | € | (b-a) 10110 (+)
#b — 0< (Lmatb) < 2
L~ NO< (Leatb) < 1 1-(a-b) 10101 (-)
Q 41 (2-a=b) &2 | € [1-(a+b) 11011 (=)
+(1-b)—-0 < (2~a=b) < 2 J
\> (2-a=b)= 1 | € l=(a*b)=0 | 11011 (~)
0<(2-a=b)<1 2-(a+b) 11000 (+)

sign of augend
sign of addend

uncorrected sign
end carry

corrected sign

- 24 -
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OOFO
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DECIMAL BINARY EQUIV. FROM MEMORY 1IN ADDER TO_MEMORY

TS TS
+9 +1001 1001/0 — 1001/0
3 +0011 0011/0 —> 0011/0
+12 +1100 = +12 1100/0
Oc _
1100/0 —- 1100/0 = +12
+9 +1001 1001/0 —> 1001/0
:%_ 0011 0011/1 —> 1101/1
+ +0110 = +6 0110/1
lc
0110/0 —> 0110/0 = +6
-9 -1001 1001/1 —» 0111/1
:%_ +0011 0011/0 —> 0011/0
- =0110 = -6 1010/1
Oc
1010/1 — 0110/1 = <6
-9 ~1001 1001/1 —» 0111/1
:33 ~0011 0011/1 —>» 1101/1
-1 ~1100 = =12 0100/0
lc
0100/1 —» 1100/1 = =12
OVERLOAD EXAMPLES
+8 +1000 1000/0 —> 1000/0
+9 +1001 1001/0 —» 1001./0 "sum 3 1*
7 I‘Fﬁﬁ (= +17) 0001/0
lc
0001/1 — 1111/1 = =15 X
-8 -1000 | 1000/1 —# 1000/1
- -1001 1001/1 —» 0111/1 " |-sum|> 10
-1 =10001 (= -17) 1111/0
= Oc
1111/0 —> 1111/0 = +15 X
-7 ~0111 0111/1 —» 1001/1
2 1001 1001/1 — 0111/1 " |-sum| =1%
-1 -10000 (= -16) 0000/0
=

Woﬁ%c—-»ooooll--o X
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~no.~» 1D,MQ, PN

CHARACTERISTICS TABLE

._26_

1P h,
- | — P holds + ~
! CH ff's S and D both <28 either S or D 728
(excludes D=1D) — VAR 1oxoow 5707 S7+D7
—no.—» MQ,PN ]
- |_./ 1P holds — + TRANSFER
™ P& 0o TR
CLEAR —
(excludes b= Mg, PN) = bV X TW
\ +no.— D ADD
IP holds =) '
o / ¢ |
r - E o1 AD
@l les ! CX.CW
N_ 1 T TRANSFER VIA AR 1 ABSO
) —>1 ] | TRANSFER VIA AR || - ABSOLUTE VALUE
i 1
- Pl TVA AV
(=) — ~ SRR _
exclodes cH TvA) ;’ H ! CX-CW-57-D7 = cS+CW !|cx-CW-(57+D7)=CX-CW-C8
e 'S CH = — i T
(S ¥ 1D,MQ,PN) —> So+sx (excludes D=1D,MQ) — DW ! E ADD VIA AR SUBTRACT
1
]
- Pt AVA SU
- ]
(0# IDMUMTEST) — B 4%3)\ ! ! 0X-CW-B7-D7 = CS-CW || CX-CW ~(ST+DT7)=CX -CH-C5
Db ! T
(D=1D,MQ,PN) —>{ - Sb ———f i |
TR (5= map) — {3 : ; ;
OTRIVA) —— {Fm.s TRacs —>] ! ! !
R (CHSTRVA) ———> {EQ | E i CS = i
TS TS - ! : CX 5707 :
i | means |
! r L =
1 ! '
. 1
IP flip-flop cKL. - (active only when TRANSFER involves 2-WD LINES) i ! |
e B s -
| !
1 H
! :
% l ’
! i
« « ]
WHETHER WHEN Z : i '
SuAY o - » T 3 g E—" ] 1
SU,AY COMPLEMENT INVERT” g B4 ! !
AD,AVA,SU l¢-re ff. ff. = sl | ) i
|~ 04— s N H |
TR, TVA, AD, AVA T 0830 +no. A £ 1 ;
" '
AD,AVA Ell ¥ € ‘
H+cs - i
AN |
g g :
[ T g g 1 |
]
(=3 | | !
k= AN no. Loy AD AD
w AD, AVA E §
1
] X ]
T Pl = 8 2
Su < I |
. 7 3 2 1 or
insert®-" = = i |
5 < i i
g 0
TS-EB means — no.} {/ suav block sign - ! (__4_/ !
4= \ 1
Ts+ EB means + no, \ BLOCK [ EB—>18 1 : AR :.
o1 TS e : 4 10 i
AN £ i ™ !
: ¢ i
| 'an.RR" \
EB ) _ INVERTED EB bommm oo rerm i [~
hi when EB dig.= 0 =
b EB y, - y E8 - . T ::I )"" N
EARLY BUS INTERMEDIATE BUS LATE BUS
CHARACTERTSTIC EB—>IB PROCESS DECIMAL BINARY BINARY DECIMAL
TRANSFER PASS UNCHANGED +12x28 = ,00001100/0 00001100/ = +12x28
or (if 2-WORD LINES 5 8
TRANSFER VIA AR | are not involved) -12x28 = 000011001 .00001100/1 = =-12x 2"
ADD COMPLEMENT +12x28 = ,00001100/0 .00001100/0 = +12x298
or NEGATI VE 8
ADD VIA AR NUMBERS -12x29 =« 000011001 11110100/ = 1-12x298 .
.
\ , EB— /B
+12x28 = 000011000 L00001100/0 = 12 x 28 /BE LB
ABSOLUTE VALUE BLOCK SIGN 8 = !
-12x2 = .00001100/1 .00001100@- 1212'e INVERTING GATES | AGC. GATES
1
|
lete i t
REVERSE SIGN and +12x28 = 00001100/ 11110100/ = 1-12x298 (complste) P et
SUBTRACT COMPLEMENT NUMBERS = = G-15D
if NEW SIGN is NEG. -12x28 = 000011001 000011000 = +12x28
—




termina/ —~TS E‘l

<« 77} ' = T e
IZZT T ZITEITR
excludes [D=PN,] implies: D= AR+ =31]
includes [D=AR4] VT DA oveRFLOW
\'—V——J
ov Ts TS TS ———» (50-T29-YN)
he) Ts 1 AR 1)
M— o (AR) A——— b (AR) fromDA- 1
Is FE o
DivI
“WHETHER to A\ ® ( E:t
COMPLEMENT’ —_— s A e T g, ADDEND ‘i Ps
FUP-FLOP 1o | neg. ADDEND] | SUM +fp<a] ps— FE [UNcona.sneN]. EeNd CARRY]. + [o#s] o 2lor
nhe (e neg18) | =0 =1 SUM = O sum =~ quonsu*r
INVERTING — w—f { — RERD
GATES / ¥*
1S 1s FE Wy
= [ R— G P _ Pc 2 Ll OFL
™ = PP b She-
Dw Ts TS TS S
T e
lhc'uég; [pnPN - A to
excludes =AR.+] implies: [p=PNJ+[D= 3@ gm
ATES
___________ . I AUG. nnlADD FO  for test
M | S|gns alike by
H 2931
i DT —of command,
oned {57 R
TS TS TS :
AR = 3 (AR) Fo Ly.
' c — ] O 0 . .
1c DS'S§7-SV:FO-CQ
= “WHEN ‘tb *
: INVERT " ,_A_-———-‘ e
R 18 number adude] ie, FUP-FLOP 1 UNCORR. snen]‘[sun cmny]."—[n ea. ADoEND] o) Sine!
L1s ==0or- -Ja |&'=0 inThe =0 =0 —3 e’
~Tc —— ' INVERTING
Il GATES * .
| (cg =15 TR-EB-T& Ic * LnAlcoies
— erms
Ier=Ts) = PC resu\tmﬂ
| 15 Ts - _'4' (PN) fl';:us e
| [P=P] 1 ow state.
: OVERFLOW DETECTOR
O
“minus ZERO” —» AD “rinvg ZERO"—> PD BN Lo im\al-'ii ot
(-~ reverse AA sign bit) (- reverse PAsign BiL) por0 | T29-CEtime
ACCUMULATOR PRODUCT-NUMERATOR COMMAND
REGISTER REGISTER (dovble prec)) REGISTER
AR S - PP T T3 Tel T.JB3T2, CM %
oT > gl | 7] r 'ﬂl
L ¥ b 5 )
[V él AV N2 | ¥ E.'l
T AC JE PC I
T ~N T TE — ——\ TE _ %
T * | G
x 1 0
] i tBZD zgal G
AC | AC | V¢
AU VLR PU sB8=DH w v 8 1
my o % | E Y 4 | 1% LA
L YSERY |- o 2 l I o8 2 e
AU o & PU H cu o 14
H ﬁ i E H}' 3 751{; é =
' ¥ | s U
| :: I PD PA 1o lg
AD__AD Po__FD | co__3B
oT-
DIVIDE
insert insei
(block) Ave. ADD.
oT
D=PNy
Rc & CI CT CN(NUMBER TRACK)
A4
(qual- by TR)
LATE BUS —
I I ADDERS & OVERFLOW DET.
D7 DU TR D7 DV LB




\ |
YOO XX XXX OO XXX X XXX HXKS M21 (data line)
! 1
111111111111}0000000000000000 | M20 (control line)
. i i
| H
GATE #1 X)O()QO(X}Q(XXXP“»““».“”'S [EB if S = 31|- M20-M21
] ]
GATE #2 000000000000 X XXXXXXXXXXXXXX0 [EB if 5 = 30]= ¥20.M21
I !
XXX IO XXX K00 0N KKKKS M21 (data line)
] ]
AAAAAAAAAAAAAAAAAAAA}AAAAAA@A AR (data line)
11111111111111111 000000 M20 (control line)
| :
GATE #1 xxxxxxxxxxxxxxxxxxxx,....o..; M20.M21
| ! e
GATE #3 oonooononoooooon:AAAAAAAA’b M20<AR
| 1
GATE #1+#3 XXOOOOUOO0K XXX XKAAAAARAAS |[EB if S = 27| = M20<M21 + M20°AR
~ SOURCE
SOURCE FF's 127 ;30 i 31,
. | | i
. cv A
11X11 <CU > ! L
' SX 1 ' . ,
(control) M20—~>f : ! E |
(data) M21 —> | | ; |
. A
111110 25 '\;\ f AV
(control) ﬁz‘ﬁ———~>/ ! | : '
1 ] |
(data) M21———> ! | : | | EARLY BUS
! ' ! | 4 >
11011 <{56 \\\ R R B EB
: SX [E— — 3 v ] !
(control) M20 —> / ! ! b
(data) AR—> '

READ-QUT gates of all MEMORY LINES (M0O - M23, MQ, ID, PN, AR)EEE;
(28 terms)
DIVIDE FUNCTION (DIVIDEePA-TE)-

SOURCE 29 (S7+SV-DS«TRM20+INPUT) at =20V unless an IN/OUT REG

accessory is plugged in. This
is a useful source of ZEROS.

COMPLEX SOURCES & EARLY BUS

...28_



_r"mm‘llllllllIIIIIIIIIIIIIIImmllllllll1lll|ll||lllll|”‘°’m°"’IlllljllIIIIIIIIIIIIIIIm”mllllllllII“"
wiwlsli|nfwojofsr|e]s|4]3)2]1]m|2|2|s|25]24|23]22|a]2]w]w|m]e]i5]|w]s|w2]ujwo]s]efr]|s|s5]4]|3]2]|1]|0]|m|2|]25|2|2]2|n]0]w]|w]n|w]s|u)aje]n|w]s]s[1]s]s5]4|3]2]1 2] 28| 21| 2| 25|28 ] 22| 21|20 18] 8|12 )8 us|ralus]u2]u]r0| 9|87 |s|5[a]3|2]|1]n|n|n T
A Olololo|o]Flolelolololololrlolololtloitlelrd ey | | RC
B TR
CONTROL
- N N SWITEH
< % NN N t@ Sta.bqn’!gﬁy
D / A TS
E MI3
F ] | \I %&t EB
B S TNTNN N i\ N \_QLJ EB
H |Ss‘ e
'Bﬁ
1 ISy b3
gs
)
J 1S
K ICs)
.
L N ‘Cr’%é
[ 32
Ny M IC )
O , —
Low ICTS
(o} iceTs
P : (cT5)-EB
Q] SRS N . (TETs) EB
R ] NIRRT N NS N 1B
S LB
T AR
] ACg
v AC,
w ‘ AC cany
| x AU ougend.
Y AD oddend
2 L AA sum

wlujuleinjwle|sjr(e|s|e|s|a]|r]njnja|n|njn|zs|z|an|n|wjn|njwjs|ulinjwejufo]o]e|r|e|s|e]3]|2]1]an]|n|a]as|2s|ze|2s]22]2n]|20]tn]w]]s]s]|u]n|r]nln]s]|s]1]s]5]s]3]2 1 n|n|2n|s|25|2)28] 22| 2| w|w|vw|6]s|uw|n|e|uw0]e]s|7]s|s|e]s]2]t|a|nln T




COMPUTE SW.

ENABLE SW.

BREAK
POINT

HALT

SINGLE

{GOy+<er)

S5
" MARK sxsr" sv
(@i—3I Ds

L

T

Ely

S§-SV.DS.
I )—>

I
! i
| |
! \
! \
H ]
H ]
H '
! :
: :
1]
JE— |
' TI3 3 :
| \
! |
| |
|
| !
! )
1 !
| 1

* RETURN
EXIT”
(20 —31)

(TR+WRC) 2 CR—

Ti3 | Tea

Ea

TI3

ittty |

(READ CoMMAND |
NEXT WoRD TIME)
WRIT TOo
"READ COMMAND
WAIT To
TRANSFER
READ
COMMAND

18
5
€
3
3

O | 3| TrRANsFER
-1-13

joe--

(o]

| I !
NN
Green

CT(usua) adivity)

(Re.c3)
\ CRI

cz
TR
cT ’:jl :_
cQ

Rc to clock

c\;eusis,

(nmnﬁfu) Tao

re) [Tk
(WC)CT_

elc.

starl RC
see nite below TR, =
. CK
FROM cC CARRY FiF, cC start 7R y
COMMAND > 2 TR
REG. { cM / READ FF, TR r‘;s oef. :D.———
WTR {CL
INVERTED — .
| ittt ettt = COMMAND _» CT —] imm.
INFO. RC
{MAN. PUNCH)
/ -
G ety Tas—:D stoh RC
\READY'4@T3: Re — ~
TRP 6to/3 TE
(‘Reapy ') Tae 3
D, TR ) def., single
23 ®_ $$=0 2, C1 T (KF>¢SA)+ TAPE START)-WI07
bs an
(*Ready ouT’) CA 3ef. Jooble. CCLEARD .
- 220 TEST”
ood WT 2,CE —— > FLIP-FLOP

(58 (1.« DA-10FFY)

> —y
ot)—
* PLIS -16—]

¥ @D

T
AR ———— ]
(neg. AR) 25:’_
DS —»

Le

FO
s7
Sv

veflow)

cC

—jl ) mm.
Tas MARK EXIT
S5-5v-DS

s6
DS o~ ™ NormaLize
N in TEQ-TE__om
location of MQ M
p—>
Loy

SW ——

SHIFT

* end. carry” {]‘_29
From AR 2 CE —
Fom ACs

cQs (e SET TEST FF)

( Reset
OVERFLOW

Flib-lop)

Ds

TEST CoMMANDS

NoTE:
cc+Teq.rRc
N(Rel. T#) v
CCec Tor-Re—o
COMMAND
REG. cc T3 —m »
OUTPUTS

CM:CM-T29 follows first cc.Tes.RC for 108 WT's

_ (Obs.T#) ocors of wr(T-1)

* Aht\fec“b: all models
wil

ser.#’s > 211 and

v OWT =(L+T) earlier models modifie
for cA-2
n WT =(N-|)
n WTe(TR=1)of previevs
‘MARK EXIT'command

CONTROL GATES

(STATES OF COMPUTER)

GISD

_30_



-,2‘-

COMMAND READ

DEFERRED O'"9!e 'fp I l’(JP ': S sf"
Precision
IMMEDIATE [0 7 0 ] (----{1"
ererreD Po00lS o [ v 1] w0 [1----(3
pererred LO4bS o [T & o] & T
IMMEDIATE Test . [ 17 0 18 -———-[Th
(TEST is SET) /
‘ | Y ,
9\ 18 | 17 |16 5\ 14 | 1312 n/fy0V\ 9| 8T 6 2 0 | RC
TR
\ A cL
) | J \.ck
[ . { | [ T29-CC
I I Il Oé\j i / ‘!'7 T21.CC
ol 17 CM-T29
\/Test Set ca




COMMAND REGISTER

CMX  [READ WRITE
(BLOCK CM) :g TBID T o
< T llﬂ
MARK EXIT W
cu
N
B L |
S &
ca
v | o
) _ ek
ca
T13
TR
CNCT
— Affects T2--T13
T1 tw—‘ ce ‘of W107 only
™ s 3 (1940 correction factor)
DS [S5 ck Do
> - Rlzfusnuu
MARK  CZCH EXIT

i1 B o~ b 2t | 31 p] markExit

A
/ ¢D2 Y

o CD1/CD3| COMM'D LINE
T of MARK EXIT 0
becomes effective !
‘N’ of following : ? g
RETURN EXIT(S) 0 4
1
0 ] 1
1 ] 1 2
CD2|CD1|CD3|COMM’'D LINE

ol Loz JJ Lot B 20 | 31 pJrerunn exit

MARK & RETURN
EXIT

T (T_') ILMARK-EX'
1 |
TR RC
NEW COMM. LINE SET 2
132 CJ
| T13:-CC of
subsequent
revolutions
N \2“'
13[12[11]10]9|8]7]6]5]4][3]2
1| CC
CU <« set to ZERO by CJ-DS-S5-SV
cD
1] CA
UL ! t|1] 107 carries

_32_
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W 1 N )
vio il 2 T ¢ THo COMMANDS READ
wia ol 7 o 1 THT T Bk
w7 [ 0 TV b
" S .
cD = Contents of Number Track, CN, via CT _ I R
0 cc= Carry FF, ALWAYS Set at T13+T21 ] I [Terminate RC
HUUOUGHRL

v

C A = Sum, Record During Word Time O "['2'9'\/' Il (Automatic)

RC

A

4
CU = cm, Sum RECORDED During WT © Y [I{I[ [ H{a[nin{af{ufa{uini] {1

WTT

TR

CD=000°*"*"*****= 000

1 € C = Carry FF, ALWAYS Set at T13+T21 HI 11 /l«i{,'"’
C.A = Sum, Record During Word Time 1 I IRUOD00OL N‘
E‘U=CM, Sum RECORDED During WT 1 IUOLUUL
cD=000.--..-....0“0 y

2 “CC = Carry FF, ALWAYS Set at T13+721 [ [

v CA= Sum, Record During Word Time 2 I NULUUNUL

T—CJ‘U=CM. Sum RECORDED During WT 2 I LU
cD= 000‘.....:.',-000

CC = Carry FF, ALWAYS Set at T13+121 nonnnnnnnEzs

; - l‘t’ ’
C A = Sum, Record During Word Time 3 I I Tora; 4
3 esese HHEHHH ececcsscess Seteseccscsescesssapst I

WTRC

>le—o

cU = INVERTED Command nnAnONEN0ON0E {‘"a:,',',’ic/lt
cD = Contents of Number Track, CN, via CT i 1|l ’
4 = Tarry FF, ALWAYS Set at T13+72i i 10
C A = Sum, Record During Word Time 4~ T35 _ |1|0|1{[a{1j1| |1f0i1{0j1]I]1
AN

RC

v -

X o= cm, s RECORED Tormg wT & N HATA TR '("{t.',::',,"
CO=000 " "=+ =+ =000 Command is
€ C = Carry FF, ALWAYS Set at T13+72] i i[] |mmediate )
C A = Sum, Record During Word Time 5 B g

%—C*U=CM,3umRECI]RI][DDuringWTS R nnnnng

6 CD=000"rre- 000 ,Or,/.
CC = Carry FF, ALWAYS Set at T13+12] D00DEDooooonma: '%,
C A = Sum, Record During Word Time 6 &

% peeide33 0243 ittt ISPt 344 33333 E S E SIS SIS ISP I ISP IS SIS IS 3504 I'Iti't‘ ,c
CU = INVERTED Command Lo e (g
cD = Contents of Number Track, CN, via CT | |
cc = Carry FF, ALWAYS Set at T13+T21 ! i

TR

RC

i C A = Sum, Record During Word Time 7 T329 IHnninnnnnnn

_33_



G —
— —> ID,MQ,PN O, MQ, PN 1D,4Q PN - -~ IP control: q
1P holds + p
f'-' ~N load first load second
P COAND/DENOM)  (MULT/NUM.) (PRoD, /av0)
exclvdes D =|D) 5
¢ DV-TR + " +
— — MQ,PN + + — -
- IP holds =— - + -
. o - - +
(excludes D =Ma,™N) v [~ cLEAR® \ IP acquires sign  minus sign Final 1Psign
’ (PN s cleared) reverses |P
\+—0
Y [ P holds =)
-
-1 [se't IS (COmF\emeﬁts number)]
(s = PN) ——————> ?&, D G A LI ;1P holds —
(excludes cH =Tva) X
(excludes D=1D,MQ) DW
{5 # 1D,MQ,PN) ——> BL+5x | -~ ) rva
A (D # ID,MQ@, PN, ‘TEST') —> Db 42— 1D,MQ, PN —— > iD,MQ,PN,TEST'; |P holds = <l
5+ —
(cH.= TR TVA)—»{_ _
’ tw (CH. = TR, TVA) —— co+ex
Db —] ) ™
®=1o,mem) ——{ 2= | s6
TR (s= |D,M0,PN)——+{
> 5
TS
Fi ] z
y IP SIGN (=) 1B .
g block EB—1B = — o
a £
- [a]
D T -4---- 2 <
(] 1
a
g oT oT— TR-CS-AR i °
4 B y, : +
cs |
s ‘NUMERICAL PORTION’ ONLY TR |
> =/~ T SorD= ID,MQ,PN ond CH=TR, VA - >
IB ‘LB
____________________________________________________________________________________________________________ ) )
| PULSE DELAY
f """"""" 1 Sb SW PN Sb su M Q
|
:
1
\ PR
| |
i )
______________ J
| ¥ [,
j >
g z = g B
9 l [} a g ID
b a by w
w 0 ]
9 = >
R £ £
| 2 |s
OT—4 oT
* PG CLEAR —> oT
’ g oT
LF\ *2
[ LB £ R LB )
CS-CE
TR TR I ™
Db DV Dl DW D7 bW S cE Db DU -
(p=25=1D) (b=26=PN) (D=30=PN) t (P=24 =Mq) 2 WD L/NES
(c5+2E) (sounce-nssBlarnon ASPECT)
4
% NOTE: ‘Pg cLewr’ = DS-55-5x- @) ; re. [23-2-31] [net wiA R or oo w1 & [P rp-rior
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! [0)0)0) ! EVEN !

Z//ATIXXXXXXXXXuXXXXXXXX?SF%

J IR
!
fjhzee
'
] i
FXXXXXXXXXXXXXXXX/9
' !

————— e =

L

t

i 0DD

’.//74|_R-_-1_-7§F'X X X X X X X/ St 7772 7/ 7.

TR

- =

TS-TR

<

3

\
P(XXXXXXX,.IOOOOOOOO/O

'\

must bevcleared
by other command

. EVEN |
'///////IzzzzzzzzjzXXXXXXXXZSE////A

! | 11

—

I
I
[}
i
| Vi
1
i
1 1

z/zlz 222222 2/2[K XXX XXX X/0]aa
z7z|xxxxx}(xx70|aaaaaaaa/aiaa
1 1

[l

1

[}

1 1 IT
FXxXxXxXxX0,00000000/0
1 B

ODD EVEN

FXXXXXXXXXXXXXXXX0

[
1
'|
\

M TS TR

\'q
27X X X X X XX XS\ "7//////////////,1'///7/?
| [

'
1
'
1
1

TR

| L

-

_35_

S

IP

ID

ARy,

ARp

>

CS:CE-TR

PN

1P

7

}lolslmlll h

> Te[s[m]1]
TVA

ew s D b

2-WORD LINE
> used as
DESTINATION

(but not as
SOURCE)

NOTE: when ID is
used as DEST., IP
acquires SIGN and
PN is cleared
during TRANSFER
if CH = TR or TVA

TRANSFER most
significant half
of PN to DEST.

2-WORD LINE
fol PNJ DI 0] used as
SOURCE
(but not as
DESTINATION)
2-WORD LINES

SOURCE, DESTINATION examples




_99_

\emnest
d

PN MQ %3
oT ~
EMUE
Sx8d
sc € %
) PR #ql'm*” 3
| i :
. 3 =z w
5 . : ;o :
; £ 3 ; lE 8 v
b I g
-
PI T2 ((ID)x2 . l o TE (MQ) I =
B <
o
@, o SO0
N (_I = g
CE =
Téql ‘&, &
. £
[ % .
e T t [ B I3 § (AR is used as o courter
D CE _ I @ in The. SHIFT and. NORMALIZE
Ol nlor ° ' W 2 J commands i char. = 0.)
reset, - = . b i
P otr : PM Kl/'g
£
- -— - ——r—- 0 —_—
: "CLEAR™
i ﬁ_ L [O[T3[X[BX]0] 23[9
1
1
[ I I B TS NSNS P N K R N A
! - / "SPECIAL EXTRACT"
i % é\/ L X[ X[ X[3[B[R][X
i—-——-——-—- Ma
E L - I A MeULTIPLY"
i
: q (ID)x2™") - ps.s6.E7 B PMeZ—(27" bit of MQ, =1 d oo O] T XL e[ B[R]
( ). Ds-S6- ; =
E- _________________________________________________ ? ------------------------------ ° o q (T = 56 -sp, 114 -dp, 2n -special.)
E T T % "DIVIDE
i Bl |Lygg [0] T [X[BX[1[ 2531 e
| (owive: see Sher drawings for finctions) ( <]> 8| | tesa (0L T XIS TATS]
S % | (T =57 -sp, 116 -dp, (55,11L4-q31))
| maE| [T _g WSHIFTH
! - £ 3
: q i 3 |%aa [0] T [X[XxAT26T31T0]
:- _________________________ q i_ (T = 54 -sp, 112 -dp, 2n ~T contr.)
R T B IV ARSI AU SRR I :
| "NORMALIZE"
]
| Loaa [0] T [X] x| 27 31 0]
L L e q (T = 54 -sp, 112 -dp, 2n =T contr.)

i ii ili ﬁiij,cis 2-WD LINES
DS S ( sPtcm.D DS S6C8
@33 (24,26-»3) (B425,20,27—>31) cron T (ozr-2530) (SPECIAL COMMAND ASPECT)



: K By Yy
F_;onb E & EVEN E§
INORMAL IZE | B
< . K + '
%‘ T 5 T * s ¥ E) T\ (DS Sb-SX) I TR
TR must start ot
an EVEN word time DEFGHI cCDEFGHTI BCDEFGHI ARBCDEFGMNI ABCDEFGHTI
and is limited o [[F ol oeee/e]lo + ioilocee/elool 1 t ol ce/@[o0o0 1 11 01 o/e[Coo T T 101 0/8 =2 PR:naJEF.chQ
ST word times / / / / /
A EFGHT cDEFGHT BCDEFGHI hBcDEFGHI fABcperagnl
! |l 10Ol 0O@®0060O0I | | OIOOGOSOO I I I 0OJO0OOGOOOOI I |lOILO®OOO]| | | Ol OGO . 3 PQ(Je\a.yF.E)
1
: DEFGHT ¢cDEFGHTI BCDEFGHT —
' [t vo1oeee/efol 1101 0@e/8[CO0 1 1 1 O O O@]--------m-ommemam 4 (0S-SLYPQ-TE
\
! EFGHTI DEF GH T cDEFGHT DEFGHM ABcDEFGHT
E [T ioloeeel]i i iortoceee/elc il | ol o6 e®O00 1 1 io1loeMoooii ol o/e s MQU,:itg,
—_—
P shabe TR i . ~* . L *. * o
e NORMALIZE L & = ° - hd b monTtors
case P 129.CE bt
+3 ZERO
[Co i1 7eJoc 1 1/e]c 01 o/aJo 0t o/e]0 0 0 1/8]0 0 0 1/8[0 0 0 0/e]0 0 0 o/e[0 0 0 0/@]---------- 7 AU AR read £E
ﬁRcaur‘ntsth mn o L 1t R by selting Ac &t 1.2
] ] 1\ incremer s€lling 1.CE 8 AC-TR
asshf"cec(wﬂ/
|oo|1/0001|/.00|00|0010/oooo|/ooooIZo|oooo/o[oooo/ooooo/o; 9 AR
+3 +2 +1 ZERO 1
@
SHIFT < . .
I © * 5 T - 3 T 2 1 \ (Ds-Sb-SW) 1o TR
TR must start ot
an EVEN wordtime ABcDEF ABCDEFG ABCcDEFGH ABCDEFGHI ABCDEFGHTI
and is limited to [eo 0001 11/eJeeocooi 11 0/ef[ecooi 11 ol/e[ocooi 11 o1o/efoooi 1101 o/e] n m:om;:p.f‘/D
“T"word times N \ \ \ N
Y ABCDEF ABCDEFGEG A BCDEFGH ABCDEFGHT ABCDEFGHTI
! 000000 1)1 6000001 | 1 OGGOOO ! I 1OI@0OO0OOIIIOlIlo@eOOOY I 1 O1VO 12 PI(]DI'«:AFF-
! T~ ' reads | pp adv.)
! ABCDEF ABCDEFG yABCDEFGHYy
i [eeocoot 1 1/6[6€8 0001 1 | 0/0[000O0 I\ | O 1/8]-—----=---ccmccemr 13 (DS-Sb-TP-PI-TE
I T \\\
: ABCDEF ABCDEF ABCDEFG YﬁachFG\Hw\ﬁBCDEFGHI
X ['ooooon|l/o["o"o'So'r-ol"lml—r‘ooooou|t0/ooooO|||o: J[ooor 11 61t 0/6] I4 /th‘te
! =
i 4 .
AR couils shits JT\ “END carry” sék term -J&ed’.&) doring SHIFT command. when AR is incremerted fozeRo \s (DSSl6WTRY. TE-ACg
nnAd:o\as ZERo -3
h&f [Feoedloeceo/i[i '\ /i1 1 /it 1 o6/i[t vV o/iit o /i[iil ol Al toiZi)-------- L AU ARvread FF
-n(can\a\emenf _
\uu in AR /M /T JT\increment AR by setting AC &k T\-CE 7 Ac-TR
areSF\"
comman [oewe/e[00 0 e/i]t + 1 1 /1[0 T i/t T T o/ii vt o/iJt t oa/V]t t oi/i][i 1 o/I] B PAA
. ZERO ] -1 -2 -3 +
M Q simultanecusly hifts left) corf sign uncorr, sign @
3, do 130 a
To o 25t
[MU[_T/PLYI example gwen- 1101 X ,i010 = .10000010 (round-off to. |ooo)
(Ip) x (MQ — PN
J s 7 t ° s — * 3 } z T\ (DS St SU) 9 TR
efahi efahi pefghi cpefghi Bcobefghi aec Die fgh i

01l Ocoooo®/e[T 61 0o ocoo o

& MQ write

c c0ooo 00 e8cocooco@eee/e

, D c B A MQo
<-—-2*bit F MR =0 [ZILE T M@y = ! 22 Lt FMQ = 0 27 bt of MRo = | ——--- IS 21 M
ABcCcDe ABCD e aABcDef Ascpbpefg aBcpefagh aBcoplefaghi
[Fee o T T 0T o/e]e e66 1 1 01 o/e[6 881 1 6100/8[08 1 | Clooco/eitoloooo/fl LOlooooo/e 22 /Dw'd‘g
~ I\ J\ I\ I\ ¥ —_—
s 3 V) N, g
Ipxa IDx@ IDX2 1Dx2 1o
: venJ.
800001 co/8]l 0000061 c0/6[6 | 1 01 co060/8[® 1 1 01| co0o00/8]000000000/8[0 00000000/ &3 PU)PP{f;g,PN
:
(IDg) X (M@ Ascoef ABcbefqah PNo
000 00000008811 61 0s8oee oo 0 o811 61 o oeafd]mom-mrionnmnm s pe
Ox2"*x 0 ibxa2™3x| IDx2"2 x 0 joxa'x | (DS+S6+T8-T7)+(P1-TE) - PM
[foo0001 0o/0[Y 000001 co/8[l 000001 00o/8]8 | | 0Ol cooo/8[]@l | O1loooofefJ00O0000OCOO/] 2 PA

NUMERICAL EXAMPLES

NORMALIZE, SHIFT, % MULTIAY
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(r)

1,0100
+10100/.TT60T
-10100

10100

~=10100

—o-

(B)
1.0100

+10100/,T1001
« 10100
1 +001010
- 10100
«010100
+ 10100
+000000
- 10100
=101000
+ 10100
~101000

0
1
0
0

(©)

# case (B):
case (C):

DIVISION (g = ﬁ-< 2; i.e. n<2d)
q if
d 1.,0100 d>r
.10100e/.11001eeeesee n 0&(n =1rp) 1 2 B
1 sub ,10100eseeeee d(20) x 1 2¢(d=dg)< 1 or 0
e *+ 00I0leeesese r, = n - a(29) 0¢&r <4541
+ ,001010eeeeee n w
0 (sub).e00000eeeese d(2-1) x O <4< % or O
+ ,001010eeeeee ro = n - a(29) 0gry < dl<%
+  ,0010100eeeee n "
1 sub ,eel0l00eeeee d(2-2) x 1 1/8 £ dp < 3 or O
+ .0000000000¢e rj = n - d(20+2-2) 0<r3cg d24}
+ ,00000000000e n
0 (sub).eee00000eeee d(2=3) x O 1/16 < d3 < 1/8 or 0
+ 400000000eeee T}, = n - d(20+2-2) 0«1 <d3¢ 1/8
+ .000000000000 "
0 (sub).eeee00000eee d(2-4) x 0 1/32<d, < 1/16  or 0
+ Leeee00000eee rg = n - d(20+2-2) 0 grg ¢ d)& 1/16
+ ,000000000000 n w
q
d 1,0100 < ye1
+10100e/.11001 0000000 n og(ns=r
Sub .10100eeeseee d(20) 3¢(d = dg)< 1
1 + .0010leeeesss r; = n - d(29) “1<rj <% =
e + ,001010eeeeee n "
sub .e10100eeeees d(2-1) 2<d; < i
0 =« .001010eee0ee r, = n - d(20+-2"l) 4Ty <& ¥*
= ,0010100e000e "
add .ee10100eesee d(272) 1/8 < dp < %
1 + .ee00000eeees r; = n - d(20+2=2) -3 < r3 & 1/8 #
+  .000000000000 n n
sub .eee10100eeee d(2=3) 5 1/16 £ d3< 1/8
O - .eeel0l00eses r) = n - a(2%2=4+2=3) -1/8 ¢ r), < 1/16#
=  +000101000e0e n
add .eeee10100eee d(2-L) 1/32 € d), < 1/16
0 - .eeeel0l00see r5 = n - d(20+2-2+274)-1/16 & rc < 1/32%
- .,00001010000e n n
q
d 1.0100
+10100e/.11001e¢ n 0<(n = rylel
sub ,10100e d 2€4d <1
1 + 00l0le ry =(n - d(29))20 -l<r; ¢t =
+ + 0.01010e 2ry=(n - d(29))2t 2<2r) <1
sub .10100e d g d <1
0o - . r, =(n - d(20+2-1))zl lery<d o«
- 0.10100e 2ry=(n - d(20+2-1))22 -2<2ry < 1
add .10100e d - 3<d <1
1 + 00000 r3 =(n - d(20+2-2))22 1< r3<d
+ 0,000000 2r4=(n - d(20+2-2))23 -2<2r3 <1
sub ,10100e d 3 d ¢l
0 - JI0I00e r) =(n - d(20+2'2+2"3))23 -l< 1), < 2 =
- 1.01000e 2F)=(n - d(20+2=2+2-3))2 -2<er) <1
add .10100e d 3¢d <1
0 - I0I00s ry =(n - d(20+2=2+2-=h))ok Al rgcd
- 1.01000 2%gm(n - d(20+2-2+2-4))2°  2<erg <1
|rnl < ldn.ll until rn = 0; thereafter'rnl - |dn-l‘
Jrnl < |d]  until rp = 05 thereafter|rp| = |d|
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(D) (E) (F)

s| g q q *
s| d 01,0100 d 1.0100 d 1.0101
IOIO.lOlOO /W [0[0.11001 n 0,10100 /N 0,11001 n 0,10100/N 0.11001 n
add C {1]1.,01100 add C 1.01100 add C' 0.01100 20 1
N {0[0.00101 + N 0.00I01 + N' 1,00101 * .
N 10{0.01010 N 0.01010 N 0.01010
add C |1]1,01100 add C 1.01100 add C' 0.01100 2-1 0
¢ |TJI.I0110 - ¢ I,I0110 - ' 0.I0110 =
C |1]/1.01100 C 1.01100 C 1.01100
add N 10/0.10100 add N 0.10100 add N' 1.10100 }- 22 1
N |0]0.00000 + N 0.00000 + N' 1.00000 +
N 10{0.00000 N 0.00000 N 0.00000
add C {1/1.01100 add C 1.01100 add C' 0.01100 }- 2-3 0
¢ |I[I.01100 - ¢ T.0II00 - c' 0,01100 -
C |1{0.11000 "N" 0,11000 "N" 0.11000
add N {0{0,10100 add N 0.10100 “add N 9710100 }»(2'h) 3
¢ |I[L.01100 - ¢ T.01I00 - C IJ01100 - round-off 1
¢ 1110.11000 "N" 0,11000 ngH 1%11000
(6)
TS TS =Ly TS - TS -2 TS ,-1 (IS ,0 TS
v v ) v 270 v ? v & v ¥ v

1.11000j01 1000 010 0000 1!0 1100 O!O 1010 O!l 1 00 1|0]AUG.

01 0100/0,01100{1s10100 O!O 1100/001100

1 | apD.
1!0 1100/0,01100[1.00000 Oil 01101001011 ]sum
| /I /I
/ p / /(
ooolojJlooooojt11111l000000/211111j111111f0} IS

e e s

#*ls ¥l s S
1/01.01 01/0J]X 1,01 0{0X X 1,01|0XXX1.0/0X XXX 110 XXXXX|0 PQS

'S _ _
; jur— ;

FINAL DURATION OF DIVIDE (DS'86°SV)

QUOTIENT

(henceforth the recirculating contents of MQ)

% placed over a "1" means that "I" is the result of an automatic
PRINCETON ROUNDOFF., (i.e. lowest order quotient bit is unconditionally
equal to 1 regardless of the sign of the remainder previously generated)
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-07-

‘1D

(DENOMINATOR) - recirculates

P/_\/ (NUMERATOR) - shifts sums left

—n P S

M Q (QUOTIENT) - shifts Quo. bits left

//f | PULSE DELAY - ~
PP Pa PR ‘
NUMERATOR 24— 6— ] [PNs |stt,;...g> ) ' l |
--Then:
* [ShiFmed Reny]
PC I 3 I .
PC BIVIDE a g é
PU w
oT ¥
PA l g PQTE I ‘g
o 5 §
P FD
_—
SHIFTED
Y ‘ REMAINDER or
\ « “e. = »
oT 2 x REMRINDER Q'
fadd” + [ [ o \\ +@Car o
@ DENOMINATOR pgmmmd‘oa{ ) ‘P ] 1) W-T |
s’ = [o] (] (o<lrlgl) SHIFT_MQ °r @:bs} §»
- LEFT St A
[o] (Ya<irl< 1) KILL | INSERT )
avo.bit Quo. kit :,
F ; . (render = 0) =1 3
. 1 _Aret
. TE TE E 7 is T2CE DIVIDE T2 CcE
ol (ps ﬁ
DWIDE<T
T {s&»ﬂ>~ = 7 ¥ TRy q
2l sv M o A
DIVIOE — Jee- -
g | RemaINDER / \ ‘QUO. %1’ In cases .
— IS high if + [ F_]---set 1S: suB. 1D nedt time, leave QUO. bit = | : where. T=57or llb
 REMAINDER to FO i
}:;:l’:r’:_erg:fés) was = 7 B [I=r_J-reset Is: ADD 1D nest time, render QUO. bit = O -—--~ (overFLow nf!""“*’b)
\ i
---------------------------------------------- - \ ; .
‘ ! |>Rc VERTING GATES ) | RN AR EwvaL MQ contents: p
! A
: —> ot ! I§] Ju : Y " i;
~ ! 1 4 Tig (PRNcen 3T
< i s J I~ ' a -
H i ! wo. & Eig ROUND-OFF) § &
f{ec 5 e IS P | ! !
W SoNPL. 9 . i
é .; TR £ ""5'"S‘== 24— --MRo-- --- >{"%«:Quo.——e'e" ! @
g i or ] or Q< ! o !
E / INVERT e (e, N < D) E 1 ’ E
|
i > 116 |—---double: ! Quo. . =
| (~REM) O TS | (+ReM) :] ¢ E - 2n 1] @
| | OF. '
| e | : : !
i 1 —--‘smgle: |y T Y — > 2520 27lequo» 272 | | @
| A for Q<2 ! i \
; | 75 o)
| N (e N¢2D) | i ,:Iw) |
1 ce I H
| y, = (Do ]-—dobie: [T —am : =[]
- [ Il 1l
> . : iy ; -
ofBL © /B LB | G ' -
Yo T B N (H s D%
h -
[Te- PA.DVIDE] - high ot TS if REMAINDER is 4 ~-- complements et ADDEND _ ) Lodd: ol'rs,,‘blx X X% l| 25 |31 lo D/ V/DE




_/7_

] S ]
DIVIDE EXAMPLE (six bits incl. sign): 4110010 / ,101000 = 1,01010

[ \_READ COMMAND
a a a a A a 2
4 M\ ) N W ' VY N o W W B0 o W Y L\ AN\ fpy (ID)
DIV. = DS+S6+SV
N i e WY A Y W . IR W A I Y\ f YT TTTTTEB = (PJ-TE+PATE)DIV.
T\ M\ ) B VAR L\ YA _ YA Y L_J\ [PP (PN aug) -
©) L\ M\ ImW S\ /) LB-TE+DIV
® / ) E'TE'DIij
L/ \ I\ L\ 7\ Y PD (PN add) -
A Y\ M\ ' PC (PN car)
B BV Y B B A Yy ) I AW TS T/ Y P (PN sum) -
% M\ /anan e PA“TE DIV
Y1 I\ L)\ U\ PN (PN write in div.)
® J ) A PATE*DIV
B add Sub add sub sub N L1s -
(brD) - +p - +r
@ T2+CE*DIV—>
— VAR AR oty A Y an B ity an ¥ 1‘::'.'.‘.':/'"\'_.:Z:’.ZZZ_"IZFI.'.'.'.'.'.ZZ'Z'.’.‘ZPQ, ‘j -
T\ \ O 2 W A N Y Dy B W U 2 VN Y IR PQ*TE *DIV—»{
T LT T\ T LTI T LT LT T TOI M WRITE
| Im TS T2 +CE*DIV
v
_J_\_I_\.J_\_.j:l | W A Y I W A I I | I o AT TTTLIETCTITITATAPR (MQ READ FLOF.) <3
a ow .
\ / taa‘gz)a)
FINAL PEYTED N PP NN P S DUt S DU R
QUOTIENT g DURATION OF DIVIDE NOTE: TS = TE (doub. prec.)




2P -




SPACE ==
BAR :

_E‘p_

— .
F-8 TYPE S TYPE4 TYPE3 TYPEZL TYPEL
ey
oxiip j
hc e
oxie _n SEACE % o ay waty - ©> 4P D> My S (T
|- o%x000 _I/v
' Pp——
h
i X2
=
| orool | —.=MINUS _ goc0s l
| shL s ot o ~2ov ] -aev | caov | caew | -aov | -2
] Q00lp
' T
| CR.
i oxero) | Qoolr
| 0010y
£ I M R T
:—] oxell _./?TA é‘ =2l = =
! Vg 2 3 W SUNSIE nilly; .‘\ ._31 -_\ |_)) |_)T -__\
; gl
0 = -
: T /siask |
4 _ ,
' i 10000 _‘/' o] 10000
i : . A’J,,-m\_.....- > B (P> (@ <S>
Hal : ! 1x000 = ] 5
I 7 T T i
' B i i licoo 8 11000
4 : . ;.-lmu_--—-J )
| ‘ : i 5
: i :L E 'm”-___?_'/ = foioe -zov | -20v| 20/ | -20/ | -aov
1 ) ! |
J ) : 1x100 = .
| i i ) T
. H | OXI1XX on IX100 | “'-," b W Li1eo
T 7 ; | A B Pl Q é
1 I OXOXX oR IX000 : =] 2 ; i lc =l’ ? o
T T T oo, N 12 -
| : OXXXX | ‘6%?6'\1----:—'/ oo R N " ' \
H ! IXxee" ! ! J
| i i ! =
! ! j | | H /1010
| g i e L] U t
1
i E i f ‘} == 5 Jo <mnaNuAL PuN)> <sA)
/1
| ' i Mae L AR e
i i i I |
i i i i 1 Ty L
L 10
AN O T R R VO Y = o
: : : : : -
' i i 1 | i Loo0s
1 i ' ' i PRI N )
I 1] 1 1 A
1 i t 1 1 .
' ' Il ' ==}
: ; : | | L2 teons 2 :
f 2 i : E SN ) “on, " on|
| | | i PUNCH NABLE
! i | H | _j S Loro/ UNC ENABL. 60>
! ! 1 ! | e ®p) & (B8P
i | | i 2y
(suﬁ-rtsss H H \ | Vol L fdgot o I S
selected ! ! ! ! —L/‘nm-.-___'
solenoid) | | i | =] ~20v
) | | i 001t |3 1oon 20
H I | . %) I ]
1 1 1 )
' ' ] t
| ' 1 ' =
| i | H Ion |~V L1y
| : | | R e < T
! 1 ] 1 o e e e e e m e
1 1 ! | [==]
H \ H H Toni 7 ’
. E oo | I ’?1”)\«..__'{ oLt J-'_sr‘c-o
. | | i "__r’ o . -2ov—1>
== COMPUTE T
1 ‘ 1 1
o | | Y U] 2 e . *
\ | | 1 , ) 4
RY® RYS RY1 RY2 RY3 RY4A+B
TYPE RELAY
(iterrogetes
RYi-RYS)
2ok’ Type ©OBS oB1 oga oe3 oe+

\/ TYPEWRITER CIRCUITS
FROM RELAY CHASSIS-LOGIC SECTION




FRONT PANEL SWITCH
FOR MANUAL CoNTROL
QF TAPE.

normall
swmBoLs: —{|[}— °l’.fﬂeé s

o

047 470n

i

normally

o

rvato

DIODES]
i,

LOoAD
(cireuits located
in logie. panels)

= +ioov
750k I

Top
FORWARD RELAY r—': '_W:—l MOTOR
Ac2 ACR-(F-R)
oc%s =111 RY-A r'::‘_]o] M- -
16 PHOTO-TAPE N4 13w Cwe
FORWARD"
il +icov max.
SLoW IN \ 100k —— e RV R 06 -E-R) \
gez 77 Jeb3so vs. Acl
ocl Y 97 210
q
WIND 8
R /
Ac™(R)
b il \
45
F
o al D_l
c2 V2 .
oN N o W A AC2: (F+R).
Pl s UJ 2o | 8oufd,
| i ) > 1
k i e o ! 13 ’
115 Vac i 25w ~é-< Ace’
)A‘FT E » |
ohel Tisi:" : soutd. Ac)
] Act
{RFdecoupling Giter!
F aca’(R) )
A Zewaia
45
REW, f =b
7 max.
FAST N __ ves +1b0VDe iy oc-(F-R)
5 Y2 b350 Vs, Ac) brake
oce 100k R
b +lbov a7 1210
»l
0c’ = 0110 0r 011 2 3 R
1.e. " PHOTO - TAPE _ Aca Aca-(RF)
REVERSE - RY-B [] %}[j_‘»‘ﬂ s
110
REVERSE RELAY H BOTTOM
MOTOR
-G #r TMR2 - (torm-on cycle) 047 | 4702
X
SPROCKET LEV.5  LEV.4 LEV.3  LEv.2 LEVEL |
Floov [T Ywoov T 1 T T T T T T T eew T )
o— Tt !
{ o[ I R I R S A P33
- ! I ' 1
| @ biasme I YR YT L -
1t , A e - A i +:5-§
| | meg L L T S R T A A ! =%
! 1vaa ! V3B 1V3A 1vaB | 1VIB 1 !
! 2 . [t
P S S T T S B A A Dotee
| i ' | ' [
V 3 | ' B ' i 1 | < B
Photo-diodes type E ! :‘* E ;.* ' E* '7 E* ok ; rxsse
= v . .
INT7B or e%“’“" ! o | E f ! 1 ! ' ! 1 i
= T I A | ¥
B 1
i !l CIRCUITS SAME RS LEVEL | |
- w
0Bl Vol g !
i L N !
! SSin -24.Ly ' ! h ! Voo H H - q H }
1 i 1 | i i ! | ! |§ H
! A 5 190 %—\ j
] ] ] H O]
| sk T g Vi
1OV | I » B '
o— — ; 1
___________________________ — | E—— LA—— LA Lo
Y f i Z
N N =% 1o Loads
TEST PONTS —» Is s 4 3 2
x

(00

Q.

«—max.
«min.

- m}n.}

.————ov}

-20V

SPROCKET HOLES ON TAPE

LEVEL HOLES ON TAPE

LIGHT oN SPROCKET PHOTO-DIODE

LIGHT ON LEVEL PHOTO-DIODE

< OV (apbrox)] .
e (approx.)} SPROCKET GATE (V2,pin 3)

LEVEL ouTPUT To LOGIC PANELS

sk [

24k

-0V

LEVEL | |
(to |oaic circuits)

PHOTO-TAPE
READER

GISD




(CH) SOURCE < lb DEST = 3| S/
llxlex‘x x]n Vo ||x|
1

LT
CV Ccu cq ¢cB ¢7 e e e P e e e e i e ——— - —————_——— =

[ N - =
s o™ [s<ibl-[D=31]-TR r./ I<|\| : GATES |,2,4+3 — PHOTO-TAPE REVERSE CYCLE: :
(@) (TYPE-IN) DS
o @ | el SE dite Vo W ek |
1) | —A ¥ - —A vV ——— l
P | S - — 7 TAPE |
START < {SA> ——» | [z e e [z |
) TaPE sTART _ +——F 1 | s = '
1 ; |
{AUTO TAPE START) —> | wi. £ 7 oo ]
—_ > : L 0000 Lon torev. :
W g .o “a” . \ * ReAbDY” da-rev. \
& } crvee AR) | + l 1 Y ;
Owrwe oce 0¢3 oca ()
&) (PHOTO TAPE REV) [ W FAST ouT
. {sA) séls ¢'l T— —;l J 00%X FAST OUT—P
i N
| R
PHOTO TAPE i Ut
(Rt i }7‘,4"‘.:’:;‘—2.‘*’“““
STOP, . s
[sToP]og | sets ﬂa 5500 > READY
1
v e
ocl Sels PHOTO
TAPE FWD “"“noaae _j\ HIGH SPEED PUNCH FEED
: fags . Paae
! 083835 8
: >\ FAsT IN
| - SLOW IN ,3, _ <cLEARY —] 3]/ Y] FAST IN —p
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INPUT-OUTPUT CODES

INPUT OUTPUT IN-OUT
CHARACTER CODE RE- ORIGIN TO SLO|__REACTION Mag. on
or leve ACTION| Paper | Type- OUTPUT| Paper | Type- hi. sp.
FUNCTION sLh321 tape |writer tape |writer] |punch
| 0 10000 x | x x b4 x x x
1 10001 x x x x x x i
2 10010 x x x X x x x
3 10011 x x x x x x x
N 10100 x x x x x x x
5 10101 x x x x x x x
6 10110 x x x x x x x
7 10111 x x x x x x x
8 11000 x x x x x x x
9 11001 x x x x x x x
u 11010 x x x x x x x
v 11011 x x X x x. x x
w 11100 x x x x b d x x
x 11101 x x x x x X x
y 11110 x x x x x b 4 x
z 11111 x x x x x x x
Space 00000 (x) x (x) x
Minus 00001 x x x x X x x
CR 00010 x x x x x x
Tab 00011 x x x x x x
End (Stop) 00100 x x x x x
Reload / 00101 x x x x x x
Period 00110 x x x x
Wait 00111 x x x x
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SLOW OUT FORMAT

Format Characters

Character Symbol Code
Digit D 000
Sign S 100
Carriage ret. CR 010
Tab T 110
End (Stop) E 001
Reload R 101
Period P 011
Wait W 111

Standard Formats

AR to output: SDDDDDDDCRE

S D D D D D D D CR E
100 000 000 000 000 000 000 000 010 001 O==-=-- -====0

Hex. for inputs 800000k 8000000 0000000 0000000 /s

Words O - 3 of Line 3 are used for storage of AR format.
Highest order format bit should be in T29 of Word 3.

LINE 19 to output: SDDDDDDDTSDDDDDDDTSDDDDDDDTSDDDDDDD (CR) E
Hex. for inputs 800000x 0000034 00000x0 0000110 /s

Words O - 3 of Line 2 are used for storage of Line 19 format.
Highest order format bit should be T29 of Word 3.

Maximum number of format characters per format = 38
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TAPE
INTERLOCK
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ALPHANUMERIC IN/OUT SYSTEM

The drawings to follow pertain only to ALPHANUMERIC
G-15's and the associated TYPEWRITERS and COUPLERS.
Drawings 1-64 cover both NUMERIC and ALPHANUMERIC
models with the following exceptions:

NUMERIC ALPHANUMERIC

only equivalent
42 - --

43 - 75-87

45 - 67

48 - 68

52 - 69

55 - --

62-63 - 75-87

64 - 71

Drawing 66 summarizes the logical differences between
the various models of the G-15.
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GROUP I: Changes applying to all G15's

add: (<F>.<SA> + TAPE START)-WORD 107
1) CG considering item 35, this =
(<F> + <P>)-<SA>.WORD 107 + } NUMERIC
2) CHg < <AUTO TAPE START>.WORD 107
or
3) cQp (<F> + <P>-AS)-<SA>.WORD 107 + | ALPHA-
<AUTO TAPE START>-WORD 107 } NUMERIC

4) MAGNETIC TAPE STOP
old: READY + [STOE]og- (8)
new: READY + [STOE]gp- (§)-0C1

for
5) OBy  old: PHOTO TAPE REV- [STOE] o5+ (B) [ MTA-2

(®) new: FAST IN-@
(see also item 20 for additional
ALPHANUMERIC change)

16) @  old: SLOW OUT.0G
new: SLOW OUT-0G- [STOE] op
(applies to NUMERIC only; see item
34 for ALPHANUMERIC version)

GROUP II: Changes applying to all ALPHANUMERIC G15's
and some modified NUMERIC Gl5's

7) CQg a) old: DS-S5-SW-T1-AR
new: DS-SS-SW‘TLAR-@ P
or
b) add: PL18-16 (from CA-2) > ca_2

8) M20w  add: DS-S7-SX-(2) -M18

9) "FORWARD" to PHOTO-READER "FORWARD" TRIODE
old: SLOW-IN-0C2-0Cl

sew: SLOW.IN-0C2.0Cl.PERMIT
for
PR-1
10) "REVERSE" to PHOTO-READER ''REVERSE" TRIODE
old: FAST IN-0C2

new: FAST IN-OC2-PERMIT

GROUP III: Changes applying to ALPHANUMERIC Gl5's

only
11) AS;  a) add: DS-CV-Cl
b) add: <E>-<SA>
* 12) AS, add: ANC-2: READY > (new)
ANC-2: 0C,
13) AUTO = SLOW IN'AS )
14) HC delete: TYPE-OC2-0F3

15) M23w a) apply: OC4+OCHAS+OY (= AUTO-OY)
to the recirculation gate

add: AUTO-0Y-0G-TE-CF

old: IN-0G-OF3-0Al

new: IN-0G-OF3-0Al-0H

b

c

~ -

16) OA, add: AUTO-OH-0S-0G-TF

17) 0Alg a) add: AUTO-OY-TE-CF
b) old: M23-(0)
new: M23‘©'W

18) OAl, a) add: AUTO-O0Y-T2
b) old: ¥23- (0
new: M_2_3'@'O_Y

19) OB, The "LEVELS —>OB's" probe:
old: IN-OF1
new: IN-OFL-OH + IN-OF1.08
(= IN-OF1.0H-08)

+ 20) 0B,

®)

* 21) OCp

22) 0C3
23) 0c,

24) ODg

* 25) 0D,

* 26) OF

27) OF3g

28) 0Gg

29) OHg

30) OH,

32) oY

33) oy,

34) @

a)

b)

c)
d)

a)

b)
c)
d)

a)
b)

a)
b)

a)
b)
c)

a)
b)

a)
b)
c)

a)
b)
c)
d)
e)

£)

a)

b)

old: 0C.
new: READY

(see also item 5)

old: <©>~EZ~KC‘1

new: ANC-2: <©>6C_2—161
ANC-2: <(3)>0H

old: [STOP]gy-SLOW IN-OF1-OE

new: [STOP),-SLOW IN-OF2-0D

add: AUTO-OH-0F3- (®

add: (M) -OH-0AL

add: <E>-<SA>

add: <E>-<SA>

old: [STOP + REL] - (®
new: [STOP + REL],-(9)-AS
(= 0B5-0B3-0B2- () -AS)

add: AUTO-0G-TF-0A3
add: AUTO-0G-TF-M23
add: ®~0H-0—4ﬁ

add: ANC-2: OC4-HC-TO-AS
ANC-2: OC4-HC-TO-OH

add: SLOW OUT-OH- (G)

old: FAST OUT-0D- (©)

new: ANG-2: FAST OUT-OD- (G)-AS
ANC-2: FAST OUT-0D- (G)-OH

add: AUTO-OG-TF-0A3-OH-08
delete: TYPE-0Y-(©)

add: AUTO-OH-0S-0G-TF

add: Ds-Cv.Cl-(®)-IN
add: <E>.<SA>
add: TYPE-AS-0Y-TO
(new)
add: READY
add: TYPE.OY.TO

add: <(8)>-AUTO
add: DS-S2-SV
old: T1.CN-M19- (D)
new: ANC-2: Tl'CNoM19~®
ANC-2: T1-CN-M19- (D) - [SIGN) op

add: DS-CV-Cl-AUTO-TF

add: <E>-<SA>:TO

add: AUTO-0G-TF:0A3

add: AUTO-0G-TF-M23

old: [STOP + REL]p- (®

new: [STOP + REL) - () -AS
(= 0B5-0B3-0B2- (§) - AS)

old: SLOW OUT-HC- ©

new: SLOW OUT HC.OY.OH-.0S-TO

old: TYPE-(®)
new: TYPE'®-OY
add: TYPE-AS-OH-<F-B>

old: SLOW OUT-0G
new: SLOW OUT-0G-AS-[STOP] oy

35) TAPE START

old: <AUTO TAPE START> + <P>.<SA>
new: <AUTO TAPE START> + <P>.<SA>.AS

36) 5th LEVEL OUTPUT DRIVER

a)

b)

old: OB5
new: OB5-AS
add: OB5-0Y-OH

GROUP IV: Additional DRIVER TUBES in LOGIC CHASSIS

to accommodate ALPHANUMERIC OUTPUT

I SUBCHASSTS |

| — b

37) 0Bl old: V7A | i
new: V7A, E V134, V13B E

1 |

38) 0B2 old: V6B | !
new: V6B, E VL4, VI4B |

1 I

39) 083 old: VIB ! o
new: V7B, .: V15A, V15B :

; i

40) TYPE new: : V16A :
! :

41) AS new: LYI_6_B _____ J‘

GROUP V: Additional wiring to CONNECTORS to

accommodate ALPHANUMERIC INPUT/OUTPUT

* 42) PLF14-32 old: (SPARE)

new: ANC-2: AS DRIVER output
ANC-2: (SPARE)

* 43) PLF1-18 old: -20v

new: ANC-2: -20V
ANC-2: AS DRIVER output

44) PLF1-20 old: (SPARE)
new: <E>

45) PLF1-28 old: (SPARE)
new: <REWIND>
(involves addition of RY-C to
PHOTO-TAPE READER)

46) PLF1-33 old: (SPARE)
new: TYPE DRIVER output

NOTES

Differences in logic exist if an ANC-2 is used
instead of an ANC-1 or NC-1. The ANC-1 logic

is standard, hence is indicated on the drawings.

These changes are anticipated at the time of
this publication however, they
are not yet applied to the hardware or indicated

on any drawings.

<®> is the same signal as <S>. The INPUT-
OUTPUT WRITER uses the "(§) " key to raise the
signal while the original NUMERIC TYPEWRITER
uses the '"s" key.

GENERAL: This list does not include new equations

for G-15 outputs dealing with control of new
accessories. Changes to original G-15 logic to
a date new ories are listed in

GROUP II.

G15 LOGIC CHANGES

resulting from
ECO 970 - 1153
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sV [¢ e)a)’s oYs) E M9
! ot Stow ou
From TYPEWRITER | _ _1 oct b (MI9 1’0)
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Lo S U S
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! >
H (convert
| OF s (AR FORMAT) (MIQ FORMAT) STOP +o RELOAD) — lsg_ozl]w q
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1
oY O |«<ToBE OF o€ (‘GXF) | MIq ot oF ® o
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1
: s
SLOW OUT- I Final character To | &
ot ! Feed 5ca | &
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oF | To 0z : e e
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i L |
| Ds-&V €I READY |
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1 ]
____________________________________________________________________________________________________ L
ALPHANUMERIC
Colorkeys = i - LOW oUT
olor key: FORMAT DATA EXTRACTION OUTPUT BUFFER
Y ( ALPHA.. ) C1AR . . S ou
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TEST ROUTINES NO, 1 AND NO, 2

Test Routines No. 1 and No. 2 are combined in one master magazine and a Block
Selector Routine is incorporated for selection of the desired test. Test No. 1is a
cursory check of a computer, resulting in a bell being rung at regular intervals,
Basically, re-circulation, arithmetic circuits, AR and PN registers are tested by this
routine. In order to subject the computer to a more comprehensive test, Test Routine
No. 2 should be used.

It is assumed that the input circuits (including the pertinent memory lines - L. 19,
L. 23 and L. MZ), L. 00, the command and control circuits are in working condition.
If one or more of these is making errors, the result will be erratic operation, usually

evidenced by the computer getting lost in a loop of commands.
METHOD OF OPERATION

1. Read the Number Track in - p key.

2. Read in the Block Selector Routine by striking p key again.
(Steps 1 and 2 must be executed when machine is ON and are automatically

executed during the start cycle.)
3. Set Compute switch to GO - a type-out will occur.

4. Type in 0000002 tab@for Test Number One. Test Number One will then begin:
The first block of tape (the loader routine for Test No. 1) is read into the
computer. If it is properly recorded, the type-out will be: XXXXXXX. The
second block of tape is then automatically read in and terminated when the bell
rfngs twice. (There is no type-out unless an error is encountered.) The second
block of tape then forms a closed loop in the computer and is repeated indefinitely
until the GO-BP switch is moved to the center position.

5. If Test Number Two is desired, type in 0000005 tab(§)and perform steps 6 and 7.

6. The computer will stop on a Test Ready, at which time manual type-in will have
been set, The operator must then type a sexadecimal number which is the number
of times each type of test will be executed. For example, if 0000010 is typed,



10,

each line of the memory will be tested 16 times before the next type of test is
accomplished. The normal method of seven digits, tab, and@®key is the method

used to type this number.

After the(®key is hit, the computer will proceed to execute each type of test with-
out further manual intervention (unless the computer gets lost). The first test
made is a test to determine if the accumulator and its associated circuits work
reliably., The test involves adding all the commands in Line 0 into the accumulator
and subtracting them out again. If the AR is clear after this, the AR is considered
reliable, If it is not clear, a number is typed out which is characteristic of this

test. (See the list of indications.)

In accomplishing the above test, Line 23 is considered to be reliable and is used to
store numbers for determination of the end of the test. A bell is rung at the end
of the test.

The second test is the determination of the reliability of the two-word registers.
Again, if an error is made, a characteristic number is typed. Certain four-word

registers and the AR are used in this test and a bell rung upon its completion.

The four-word registers are then tested and characteristic numbers typed if an
error is made. The two-word registers and AR are used in this test. A bell is
rung at the completion of this test also -- the third and last bell in the first block

of commands.

The next block of commands are then read in. This block tests all of the long lines
from one to nineteen by putting the same information as is in line zero into all of
them. It fills each line only once at the beginning of this routine unless a certain
line makes an error, at which time the information in that line is renewed. As a
result, the successful completion of this test is assurance that all lines have stored
information for a considerable period of time, i.e., equal to the total length of
time of the entire test.

This method of indication of errors results in a minimum of type-out. A type-out.
is not made each time a line makes an error. Instead, the number of errors made
by each line is counted and this number typed at the completion of the entire test.

At the completion of the test, then, a type-out is made; if no errors have been made,
only a series of spaces are typed and nothing will appear on the printed page.
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12,

13.

14.

However, if Line 9 has made fifteen errors (this could or could not be the total
number of tests made on each line), a number will be typed out as follows:
690000z

Note that the second digit is the line number and the last digit is the number of
errors (in sexadecimal). If the number is 7300012, the line would be Line 19 and

it would have made 18 errors.

The next block of commands is then read in. This tests the inverting gates and the
sign circuits of the two-word registers. Two bells are rung, one.after each of the

above-named tests.

NOTE

If the inverting gates are not working, chances are
that the tests made in the preceding blocks did not
work and have given false indications, The inverting
gate test is used to determine if the error indications
were caused by the inverting gates.

The next block, after being read in, will test the overflow circuits and all combi-
nations of End-Around-Carry conditions in both the AR and PN registers. One bell
is rung upon completion of both tests and characteristic numbers are typed in case

of error,

The next block of commands has three types of tests in it. The first is a multi-
plication and division test. It involves the determination of the equality:

If this equality is not met, the computer then determines if the equality A- B = B- A
is met. (A-B is the same multiplication made for testing the first equality.) If
this equality is not met, the computer types out a number characteristic of a
multiplication error, while if it is met, a division error indication is made. A
bell is rung upon completion of the designated number of tests.

The second test is of the shifting and normalizing circuits. The test normalizes a
number and then shifts it back where it was, hence, compares it with the starting
number. A bell is rung upon completion of this test.
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16,

17.

18.

The third test is of the logical commands. The third bell is rung here.

The next block of commands results in two types of tests. The first is a type-out
of six test numbers in the following sequence: ’
-1122334 445566, 7 778899

~UUVVWWX xxyyzz. 0 2345

The second test in the last block is a series of computations using two standard
subroutines. The blocks of commands for the subroutines are read in by the last
test block before the type-out of the above test numbers.

The computations involve the calculation of the sine of an angle 8 and the calculation
of the arcsine of sine 0 to produce an angle §. If the computations are correct,

¢ = 8, thereby checking this equality. If the angles are not equal, a characteristic
number is typed out. The angle 8 is then varied by an incremental amount and the
computation repeated the number of times specified f)y the operator. The test type-
out will occur during some of these computations.

At the end of computations, the tape automatically reverses to the beginning of the
test routine and the operation started at the first test in number 4 above. If the
operator wishes to change the number of times each test is performed, he should
stop computations when the first block is being read in and then do the operations

starting with number 1.



ERROR INDICATIONS FOR TEST ROUTINE NO. 1

Typed Number Likely Error Possible, But
, Not Likely
159539v Inverting gates (IG), LI AR
21ul39v LII LI AR IG
33v339v PN AR IG
3xvx75v ID MQ PN* IG-
-6466w9y L4 . PN* IG LIT
-6466wvy L5 PN* IG LII
-6466wxy L6 PN* IG LII
-6466wzy L7 PN* IG LII
-6466xly L8 PN* IG LII
-6466x3y L9 PN* IG LI
-6466x5y L10 PN* IG LII
-6466xTy L11 PN* IG LII
-6466x9y L12 PN* IG LII
-6466xvy L13 PN* IG LII
-6466xxy L14 PN* IG LII
-6466xzy L15 PN* IG LII
-6466yly L16 PN* IG LII
-6466y3y L17 PN* IG LII
-6466y5y 118 PN* IG LII

*See Discussion of PN, Test Routine No, 1: Memory Test Indications



Typed Number

5300

56000

6000
12000

1x000

58000

32000

**See Discussion of Test Routine No. 2:

Likely Error

Overflow flip-flop
didn't sense OF.
Test overflow didn't
work, '

Overflow FF not turned
off by test.

Source 30 or wl
Source 27, 29
Multiplication
Division

LIII

Shift or Normalize
Input circuits

Photo reader
LV, L19, LIV

Possible, But
Not Likely

Program or operator's
error, **

Test circuit not
working properly.

LI LII
LI LII
PN** or IG

ID, MQ

Typed Indications of Errors



ERROR INDICATIONS FOR TEST ROUTINE NO. 2
Various characteristic numbers are typed out whenever the computer makes an error,
The following is a list of these numbers, the type of error made, and some possibilities

as to computer circuits which may have made the error.

1. Accumulator Register Test

393939v  This test does additions and subtractions of the cormmands in LLO in the
accumulator. If an error is made, it is usually an indication that the
accumulator is not holding information reliably, but other circuits such

as the inverting gates may also be operating improperly.

Look for:

1. Accumulator Read head out of tangential adjustment.

2. Bad AR Read amplifier.

3. Weak tube in AR preamplifier,

4, Bad AR record amplifier.

5. Bad component in accumulator adder.

6. Bad component in inverting gates. (Try replacing IS flip-flop)
7. Read or Write head open or shorted.

8. Bad taper pin connection between logic panel and memory.

9. Source or destination selector gates bad.

2. PN Register Test
555539v  This test stores data in the PN register and compares it against data

stored in Line 23. Therefore, Line 23 mayr be making the error, but
since Line 23 was used for read-in, one suspects PN, The AR is

used for this test so it may also be making the error, although it should
be okay if it passes its test.

Look for:

PN register Read head out of tangential adjustment.
Weak Read amnplifier.

Weak preamplifier tube.

Bad record amplifier.

Bad component in PN adder and associated circuitry.

D U W N

Read or Write head open or shorted.



7. Bad taper pin connection to or from memory.

8. Source or destination selector gates bad.

ID and MQ Register Tests

656839v ID } See discussion of PN test.

yO0y39v MQ

Look for:

Read head out of tangential adjustment.

Bad Read amplifier.

Bad preamplifier tube.

Bad record amplifier.

Recirculation, source or destination gates bad.

Read or Write head open or shorted.

<N O O b W N =

Bad taper pin connection.

Lines 20, 21, 22, 23

616139v - 1.20
x1x39v - L21

454639v - L22

595w39v - 1.23 The AR and two-word registers are used in this test. They
could be making the error even though they passed their test,
but this is unlikely. If 1.23 indication is made, careful
scrutiny is in order because it worked properly to read the
data from tape.

Look for:
Same things as listed for ID and MQ Registers.

Long Line Tests

730000n - Line 19
720000n - Line 18
710000n - Line 17
700000n - Line 16
6z0000n - Line 15
6y0000n - Line 14
6x0000n - Line 13
6w0000n - Line 12




6v0000n - Line 11
6u0000n - Line 10
690000n - Line 9
680000n - Line 8

610000n - Line 1

The number N is the number of times the particular line makes an error, Short
lines are used in the test, so it should be remembered that they can make errors
even though they have passed their own tests. This is unlikely, however.

Look for:
Same things as listed for ID and MQ Registers.

Miscellaneous Test

Continuous Bell Ringing

The Long Lines test requires the storage of test data in Line 23. If this data
becomes in error, the computer rings a bell continuously. To stop the bell-
ringing, hit the(®key, at which time the computer will try again. However, since
Line 23 or some other circuit not connected with a long line failed, the best thing
to do is to start the whole routine over to test the other circuits again.

Causes may be:
1. Line 23 unreliable

2. PN register unreliable

Inverting Gates
222439v Additions and subtractions of very simple numbers into the AR are not

working properly., The numbers are stored in lines 21 and 22, so these

lines could have failed.

Look for:

Bad IS flip-flop.

Bad IC flip-flop.

Other bad component in the inverting gates.
Bad AR (See AR test).

Bad Line 21 or Line 22 (See test number 4).

Gl W DN =



10.

Sign Circuits of Product Registers

lyly2xz Sign did not properly set up to be negative when a negative number
when a negative number entered the ID and a positive entered the MQ.

2x2x29w Sign was negative when two positive numbers were entered into ID and

MQ.

3w3w2xz Sign was positive when a positive number was entered into the ID and a
negative number into the MQ.

484w2xz Sign was negative when two negative numbers were entered into ID and

MQ.

Reader Test

nnnnnnn

5wSw39v When reading in the next block of commands, the computer checks the
read-in for errors. It types out the block sum that was obtained (which
should have been zero) and the indication number.

Look for:

1. Photo reader out of adjustment.

2 Bad Line 19 or 23.

3. Bad AR register (See AR test).

4. Other bad component in input circuitry.

Overflow Test

Two quantities, A and B, are used in this test. A is equalto 1/2, B is
slightly greater than 1/2.

32323vz  Overflow did not set when A + B was added in the AR,
3u3udvz Overflow did not set when -A -B was calculated in AR,
44443vz  Overflow did not set when -A -A was calculated in AR,

4y4x3vz  Overflow set up when the difference of two positive numbers was taken
in AR.

5u593vz  Overflow set up when the difference of two positive numbers was taken
in PN,

10



11.

12,

66663vz

ulu3vz

191u3vz

Overflow did not set up when A + B was added in PN.
Overflow did not set up when -A -B was calculated in PN,

Overflow did not set up when -A -A was calculated in PN,

End-Around-Carry Test

25262xz

363v2xz

This subtracts zero from AR and PN to see if the End-Around-Carry is
propagated to correct the sign.

The sign of (-A -0) was positive, indicating no End-Around-Carry when
calculated in AR,

The sign of (B - 0) was negative when calculated in PN,

Multiplication - Division Test

z5v294

Look for:

Bad IS flip-flop.

Bad IC flip-flop.

Sloppy wave forms on input to IS flip-flop or elsewhere in inverting gates.

DO W N R

105v2v5

L ook for:

O W N =

Two numbers, A and B, are used in this test. The identity A.B = C is

assumed in the discussion.

C
The equality A = B does not check, but A-B = B- A does check, This

indicates division failed.

Bad buffer-inverter driving "division" signal.
Bad component in PN adder.
A bad two-word register.

C
The equality A = B does not check nor does the equality A- B = B- A,

Lines 20 and 23 are used to store intermediate data in this test.

Bad PN flip-flop or gate driving this flip-flop.

Bad PN adder.

Slow rising or falling signals in adder inputs or output.
Bad two-word register,

Bad Line 20 or Line 23,

11



13.

14.

Shift and Normalize

A number is put in the even half of MQ and normalized. After normali-
zation, it is put in ID and shifted right, with the number of shifts
determined by the number accumulated in the AR when normalization

occurred.
The number should end up in the same position of ID that it started in MQ.

65662xw The number left in ID at the end of the shifting operation does not agree
with the original number which started in the MQ.

Look for:

1. BadID or MQ register.

2. Bad AR register.

3. Circuits used to turn on AR carry for incrementing not working properly.
4, Bad PN flip-flop or associated circuits.

5. Gates controlling control circuits on normalize or on shifting not working

properly.

14632zz This is a miscellaneous test. Upon shifting the ID right, the MQ should
also be shifted left. Also, the number of shifts should be sufficient
to shift all the contents of MQ off the left-hand end, clearing MQ. This
number will be typed out if MQ is not clear.

Look for:
1. Bad MQ register.
2. Same things as listed on test above.

Logical Commands

x0513vw One or both of the logical commands 20- 21 and 20- 21 (Sources 31 and 30)
did not work properly.

Look for:
1. Bad Line 20 or 21.
2. Bad gates for logical commands.

u4292xw The command 20- 21 + 20: AR (Source 27) did not work properly.

12



15.

16,

Look for:
Same as above.

Test Type-Out
A test type-out occurs which operates all possible characters of the

typewriter:
-1122334 445566, 7 778899
-UUVVWWX xxyyxx. 0 2345

If this does not type correctly,

Look for:

Sticking keys on typewriter,

Broken or sticking relays in typewriter base.
Bad OB flip-flop.

Bad Line 23, 19 or 2,

Any other Input/Output circuit,

G W N =

Computation Test

w7483zv This test involves the calculation of the sine of an angle 8 and the calcu-
lation of the arcsine of this result. If the arcsine agrees with 8, the
test is passed. This is the last test of the routine and since practically
all circuits are tested before this, should work. If not,

Look for:

1. Bad CD flip-flop (this was not tested before) or circuit driving CD.

2. Something wrong with computation registers (all short tracks).

3. Since type-out occurs during computation, look for arcing contacts in
typewriter relays.

4. Any other portion of machine bad.

13
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SUMMARY OF ERROR INDICA TIONS

393939v
555539v
656839v
yO0y39v
616139v
x1x39v
454639v
595w39v
6?0000N
7?0000N
Continuous Bells
222439v

. lyly2xz

2x2x29w
3w3w2xz
484w2xz
5w5w39v
32323vz
3u3u3vz
44443vz
4y4x3vz
54593vz
ulu3dvz
191u3vz
25262xz
363v2xz
z5v294
105v2v5
65662xw
14632zz
x0513vw
u4292xw
-1122334
~UUVVWWX
w7483zv

445566,

XXYYZZ.

Accumulator Register
PN Register

10 Register

MQ Register

Line 20

Line 21

Line 22

Line 23

Line ?

Line 16 + ?

Line 23, or PN
Inverting Gates
Sign Circuits

Sign Circuits

Sign Circuits

Sign Circuits

Input Error
Overflow Circuits
Overflow Circuits
Overflow Circuits
Overflow Circuits
Overflow Circuits
Overflow Circuits
Overflow Circuits
End-Around-Carry - AR
End-Around-Carry - PN
Division
Multiplication
Shift or Normalize
Shift or Normalize
Source 30 or 31

Source 27
7 178899 Test Type-Out
0 2345

Computational Error

14



TEST ROUTINE NO. 1

Line 00

01 2 3t e | N [c|s | o [Br NOTES
4 5 6 T o 02 | 00 |o]28 |31 Test Ready

8 9 10 g 02 | 03 |o]oo | 28 Clear AR

1213 ¥ 15§ o3 04 |04 |1]00 |29 Add all LO

6 17 B 8, 09 | 09 |1]28 | 20 AR ~ 20-D, 1, 2, 3
20 21 2 B 10 |11 [o]oo |28 Clear AR

24 35 % 21 4 12 {12 |1 ]o00 |29 Add all L0

28 23 30 3} 17 |17 1|28 |21 AR~ 21-0, 1, 2, 3
2 38 u 3B 18 | 19 |3 |20 | 29 AR -(20 -2) >~ AR
¥ 0B N 20 | 21 [0]28 |27 |- ITest AR Bk Pt.
0 4 42 48 26 | 26 |1 {20 | 29 Add all L 20

4 & 6 49 19 | uo |0 |00 |28 (00 - 19) ~ AR

48 43 30 51| ¢ 31 |31 |3]21 |20 Subt. all I, 21

2 58 54 55| 5 32 |33 |of28 |27 |- [Test AR  Bk. Pt
5% 57 58 59 | 54 34 |35 |0 |20 | 28 (20 - 02) > AR

60 61 62 83} 5, 31 |uo |0 o0 |28 (00 - 31) > AR

64 65 66 67 | 55 38 |38 |1]28 | 26 AR ~ PN (e + o)

68 6 70 71| 54 41 |41 |1]28 |25 AR~ ID (e + o)

[ I L L 44 |44 [1]28 | 24 AR ~ MQ (e + o)

1 11 78 19| 44 45 |47 |1 |26 | 28 PN odd ~ AR

80 81 82 8| 4 48 |49 |3 [26 |20 AR - (PN even) -~ AR
84 85 86 8 | 4 50 | 51 |0 |28 |27 |- |Test AR Bk Pt
88 83 90 81} 52 |54 |5 |25 |26 (ID) ~ PN

2 8 % %5 . 49 |{uo |o|oo |28 (00 - 49) > AR

% 97 98 99| 5, 56 | 58 |7 |24 |30 PN - (MQ) ~ PN

w u w2 W o, 61 |61 |1 [26 |27 Test PN Bk. Pt.
u4é u5 ue 61 62 | 63 |5 |00 |30 Add all L0 > PN

15




o 1 2 3| L|P[¢ | N|c|s | [ NOTES
4 5 6 T | g 58 |uo |0 |00 | 28 (00 - 58) ~ AR
8 8 10 1 g 64 |66 |5 |26 | 21 PN~ 21-0, 1
213 W 5 g 47 {71 |o oo |21 Command 2 > 21 -3
6 1 1’ 18y 74 |76 |0 loo | 21 Command 1~ 21 -2
20 A 2 B 44 78 |79 |0 |21 |28 (21 -2) ~ AR
B % N g 80 |81 |0 |00 |29 AR+ "19" -~ AR
2 28 30 3 g 82 |83 |o|28 |21 AR~ 21 -2
32 38 H 3B | g3 85 |85 |0 |31 |31 Obey AR
% 31 3 39| .

74 86 |86 |0 ]o00 |03 L0~ LX
0 4 2 8 . 88 |90 |5 {21 |26 (21 -0, 1) = PN
44 45 46 41 | 91 |92 Jo |21 |28 (21-3) = AR
4 50 S o 93 |94 loloo |29 AR + "1 >~ AR
52 83 M 85| gy 95 |96 |o |28 |21 (AR) > 21 -3
% 57 8 39 | o 98 |99 |o |31 |31 Obey AR
60 61 62 83 ) 50)|y |luo [uz |7 )03 |30 Subtract all LX = PN
64 65 66 67 ) ua |05 |5 26 [ 27 ||- || Test PN _ Bk. Pt
68 69 70 71| o 06 |08 lo |21 |28 21 -2 > AR
7onoMny 08 |06 [ol2s |31 Test Ready
% T 18 19| 4 13 |14 |3 |00 |29 AR - 184" ~ AR
80 81 82 8| ;4 15 |75 |o |22 |31 Test AR sign
84 85 86 87 | 75 76 |77 |o |17 |31 Ring Bell
88 88 %0 91 | w2 |uo |0 |28 |31 Test Ready
92 93 94 %) u3 |00 |o |08 |31 Type AR
% 97 98 99| 4 79 |79 |1 |21 |31 Transfer to L1 com.
u uwow2 Wy, 09 |15 o ]os |31 Type AR
u4 us UG 15 17 |15 |o |28 |31 Test Ready
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12
16
20
24
28
32
36
40
44
48
52
96
60
64

68
12

16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
)
61
65
69
13
n
81
85
89
93
87
u
us

10
14
18
22
26
30
34
38
42
46
50
L
98
62
66
10
14
18
82
86
90
94
98
u2
us

"
15
19
23
21
3
35
39
43
41
51
35
39
63
67
n
15
19
83
81
91
85

99
ul

T
L b N S | D |BP NOTES
16 17 | 05 28 | 28 "Do Nothing"

80 00 | 00 00 | 01 "14"

93 00 | 00 01 | 00 "1g"

13 86 | 86 00 |18 "184"
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TEST ROUTINE NO. 1 Line 01

o 1 2 3| L|P|g|Nfc|s |0 |sp NOTES
4 S 6 1 00 02 [ 00 |O}28 |31 Extra commands for
8 9 0 N 01 o2 |79 |0]28 |28 convenience of operator
2 13 ¥ 15| 4 81 |81 {015 |31 Read photo tape

6 17 18 18y, 83 |83 |0 |29 |31 Test overflow

0 21 22 B g 81 |56 |0 |01 |28 0lg; ~ AR

24 %5 26 21 | 56 57 |58 |o |28 |21 AR~ 215,

28 29 30 3 | 54 61 |62 |o o1 |20 E~ 204,

3 8 U 3| g 65 | 66 |0 |31 |28 (20.21 - 1) > AR

¥ 37 B 3| g 69 | 70 |0 |28 |21 AR~ 215,

40 4 2 4 70 [w | 01 70 10 128 |31 Test ready

4 45 46 47 71 73 172 lolog |31 Type AR

48 43 50 ST o |, ]lo1 |72 |o]2s |31 Test ready

52 53 M 55 | 45 74 |75 |ofo1 |28 0174~ AR

5 57 58 5§ | g 77 |80 o |21 |29 AR 215, ~ AR

60 61 62 8 ) ) 82 |82 |o |31 |31 N. C. from AR

64 65 66 67 | o, 86 |86 |0 |29 |31 || - || Test overflow

68 63 70 71 .. 901 |92 [4 |01 |20 0lgy = 2003

7B W, 95 |96 |0 ]o1 |21 0lgs = 2143

6 11 18 19| o 99 |wo lo 131 |23 20. 21,5~ AR

80 & 82 8| , w3 lua o 30 |29 AR + 20.21,, > AR
84 85 86 81 | . u7 |04 |3 |21 |29 AR - 2155 ~ AR

88 89 90 91 ) ., 05 |06 |0 [28 |27 |- | Test AR B/P

92 93 94 8| 4 07 |08 o |21 |28 2193~ AR

9% 97 98 99| o3 11 |12 |0 |27 |28 AR: 0

u wuwowz Wy, 15 |16 |3 |21 |29 AR - 2155~ AR

u4g us5 ué
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12
16
20
24
28
32
3
40
44
48
52
56
60
64
68
12
16
80
84
88
92
9
uo
u4

13
1
21
25
29
33
3
4
45
49
53
57
61
65

69
13

n
81
85
89
83
97

ud

10
14
18
22
26
30
34
38
42
46
50
54
58
62
66
10
14
18
82
86
90
94
98
u2
us

1
15
19
23
21
3l
35
39
4
4
51
55
59
63
67
n
75
19
83
87
91
95

99
ul

L °LL N S| D |BP NOTES
16 17 | 18 28 | 27 || - || Test AR B/P

18 21 | 21 23 | 31 Clear PN, ID, MQ
21 22 | 23 01 | 20 A~ 20,

23 24 | 25 01 | 20 B~ 20,,

25 26 | 28 20 | 25 A -~ ID

28 32 | 35 20 | 24 B~ MQ

35 56 | 93 24 | 31 Multiply

93 94 | 97 26 | 22 PN~ 22, (s

97 u0 | u2 20 | 25 B - ID

u2 ué | 05 22 | 26 225, g3 = PN

05 v6 | 14 25 | 31 Divide

14 15 | 17 24 | 22 MQ ~ 22,

17 19 | 20 22 | 28 22, ~ AR

20 22 | 26 20 | 29 AR - A~ AR

26 27 | 29 28 | 27 || - | Test AR B/P

29 32 | 32 23 | 31 Clear MQ, PN, ID
32 34 | 37 20 | 24 A -~ MQ

37 (66)| ub 27 | 31 Normalize MQ

ub ué | 09 28 | 28 -AR ~ AR

09 11 | 15 24 | 25 MQ —~ ID;

15 (66)]| 78 26 | 31 Shift

78 80 | 82 25 | 20 (ID even) = 2000
82 84 | 85 20 | 28 200y > AR

85 86 | 88 20 | 29 AR - 2009 =~ AR
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12
16
20
24
28
32
3
40
"
48
52
56
60
64

68
12
16
80
84
88
82
96
uo
u4

13
17
21
25
29
3
37
41
45
49
53
)
61
65
69
£}
n
81
85
89
93
97
u
us

10
14
18
22
26
30
34
38
42
46
50
9
58
62
66
1
14
18
82
86
90
94
98
u2
ug

n
15
19
23
21
3l
35
39
43
47
51
55
59
63
67
1l
15
19
83
87
91
95

99
u3

L o | N |c|s |0 |BP NOTES
88 89 | 98 |0 |28 |27 |- | Test AR B/P

98 99 55 {0 |17 | 31 Ring bell

55 57 00 0|20 | 31 N. C. from L. 00
99 85 56 |0 ]01 | 28 0lgs >~ AR

87 84 56 | 0|01 | 28 01g4 ~ AR

19 16 56 |0 ]01 | 28 01,6 > AR

30 26 56 |0 ]01 | 28 0l196—~AR

07 04 56 |0 |01 | 28 0l1g4 ~ AR

34 46 46 |0 |07 | 31 Reverse photo tape
46 47 47 1119 | 29 Add L.19—- AR

47 48 | 48 |3 ]101 |29 Subtract L. 01 - AR
48 49 50 {0 ]28 |27 - | Test AR B/P

50 52 52 |0]28 |31 Test ready

51 48 56 |0 |01 | 28 0148 - AR

52 01 52 | 0]28 | 31 Test ready

53 55 55 |0 ]15 | 31 Read photo tape

40 01 40 10|28 | 31 Test ready

41 43 43 |10 | 07 31 Reverse photo tape
43 45 |43 10128 |31 Test ready

44 46 46 |0 |07 | 31 Reverse photo tape
57 u0 | u2 |6 ]20 |25 2090 ~ IDgq

59 u0 | u2 |6 )20 | 25 20gp ~ IDgq
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12
16
20
24
28
32
36
40
44
48
92
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
31
4
45
49
53
57
61
65

69
13

n
81
85
89
93
97
un
u5

10
14
18
22
26
30
34
38
42
46
50
5
58
62
66
10
14
18
82

86

90
94
98
u2
ug

L
15
19
23
2]
3
35
39
43
41
51
95
39
63
67
n
15
19
83
81
91
85

99
ul

L o | N S| D |BP NOTES
60 u0 | u2 20 | 25 2000~ ID01
60 u0 | u2 20 | 25 2000 - ID01
64 u0 | u2 20 | 25 2000 - ID01
65 u0 | u2 20 | 25 2000 - ID0~1
67 u0 | u2 20 | 25 2000 - ID01
68 u0 | u2 20 | 25 2000 - ID01
69 19 96 00 | 00 || - || Go to Loc 96
74 84 00 28 1 29 Clear AR
u? 54 65 20 | 31 |-
02 -zy855z4
22 -zyxwv10 "A"
24 9876543 '"'B"
91 9999999 Extractor for test
95 3w3w3w3 Test number
61 0072000 E TN Extractor
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TEST ROUTINE NO, 2 - Short Track Test Line O

0 1 2 3| L{P|¢|N|c|s | [ NOTES
4 5 6 17 0 1 ]o002{0 |19 | 00 L19 - L0

8 9 10 n 2 |- 6 | 009|0 | 21 | 31 Commands L0

12 13 14 15 9 12 {0230 | 23 | 31 Halt

16 17 18 19 | o3 25 |027]0 |12 | 31 Set Type-in

20 2 22 2| 27 1 |027|0 |28 | 31 Test Ready

24 25 26 27 || 28 |- 010f0 | 23 | 28 23 - 000 - AR

28 29 30 3 | 10 12 |o16]0 |28 | 27 Il Test AR

2 33 34 35| 16 17 |018|0 |25 | 19 Clear L19

% 31 38 39|17 |- |42 |013]0 |28 | 00 N, =~ 00 - 042

40 41 42 4 |3 [- 20 [o50]0 |00 |23 "M~ 23 -0

4 45 4 4 | 5 52 | 052|0 | 25 | 28 Clear AR

48 43 50 51 | 59 53 | 053|1 |00 | 29 Add LO -~ AR

92 53 54 55 || 53 54 |055]3 |00 | 29 Subtract LO -~ AR
% 57 58 89 | 55 57 | 0570 |28 | 27 Test AR

60 61 62 63 | 57 |- |60 |o061|0 |23 |28 N -~ AR

64 65 66 67 | 58 [- |55 [060|0 [00 | 23 00 - 055> 23 - 3
68 69 70 71 |61 |- 20 |o021]0 |00 | 29 +"1" - AR

12 1 74 15|21 |- 24 |031]0 |28 |23 AR~ 23 - 0
1677 78 19 |51 |- flaz |o046(3 |00 | 29 -N¢ - AR

80 81 82 83 | 46 48 |o049f0 |22 | 31 Test Sign

84 85 86 87 | 49 50 | 0364 |17 | 31 Ring Bell

88 83 90 91 ) 59 52 |052]0 |25 | 28 Clear AR

92 93 94 95

9% 97 98 99 | 13 16 |016|0 |23 | 31 Clear (See 16 above)
uo u w2 Ul fo20 216 | 000|0 |00 | 10 "

u4y us U6 042 216 [ 000{0 |01 | 00 N,
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12
16
20
24
28
32
3
40
"
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
97
61
65
69
13
n
81
85
88
83
97
n
ud

10
14
18
22
26
30
34
38
42
46
50
54
58
62
66
10
14
18
82
86
90
94
98
u2
ué

n
15
19
23
21
3
35
39
43
41
51
35
59
63
67
n
15
19
83
81
91
95

99
u3

L ALIUERER L NOTES
36 38 {04010 | 00 28 x -+ AR
40 42 1 04510 | 28 23 x> 23 -1
45 48 1 051 }1 28 26 x > PN
51 53 {05410 | 28 29 Shift x left
54 57 10591 28 25 2x - ID
59 61 | 062]0 | 28 29 Shift 2x left
62 65 | 06511 28 24 4x - MQ
65 -68 | 06910 | 23 28 N - AR
69 -20 | 02213 | 00 29 -1- AR
22 -24 04310 28 23 N-1-23-0
43 45 07510 | 28 27 Test AR
75 76 077 |4 17 31 Ring Bell
76 78 07810 23 28 x - AR
78 80 08010 28 29 2x = AR
80 83 08313 | 26 29 -PN - AR
83 85 085 {0 28 27 Test AR
85 89 09110 23 28 x - AR
86 -83 0600 | 00 23 00 - 083 - AR
91 94 096 |0 | 28 29 4x - AR
96 99 09913 25 29 -ID - AR
99 "101 104 {0 28 27 Test AR
104 HIOG 106 |0 | 23 28 x - AR
105 -99 0600 | 0O 23 00 - 099 - AR
037 D16 00Z|x | v9 70 b'e

24




12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
57
61
65

69
£}

n
81
85
89
k]
97
un
ud

10
14
18
22
2
30
34
38
4
46
50
54
58
62
66
70
74
78
82
86
90
94
98
u2
ug

1
15
19
23
21
31
35
39
4
4
51
55
59
63
67
1
15
19
8
81
91
95

99
ul

L o | N [c| s | D |ep NOTES
106 2 |008 [0 | 28 | 29 8x -~ AR
8 11 {011 |3 |24 | 29 -MQ —~ AR
11 14 |014 |0 | 28 | 27 Test AR
15 -17 |019 {0 | 23 | 28 x - AR
19 21 040 |0 |00 | 29 +1 - AR
40 42 045 [0 | 28 | 23
45 48 (o051 |1 |28 | 26
51 53 [054 |0 | 28 | 29
54 57 059 |1 |28 | 25
59 61 |062 |0 | 28 | 29
59 61 [062 |0 |28 | 29
62 65 |065 |1 | 28 | 24 See Page 24
65 -68 [069 |0 | 23 | 28
69 -20 (022 |3 | 00 | 29
22 -24 (043 |0 | 28 | 23
43 45 (075 |0 | 28 | 27
75 76 077 |4 | 17 | 31
76 78 078 |0 | 23 | 28
60 -74 (101 [0 | 00 | 20 "o" - 20 - 2
101 1 (101 |0 |28 | 31 Test Ready
102 -2 |o12 {0 | 00 | 02- Format - 02 - 2, 3
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12
16
20
24
28
32
36
40
44
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
1
21
25
29
33
37
4
45
49
53
57
61
65

69
13

n
81
85
89
93
87

us

10
14
18
22
2
30
34
38
42
4
50
54
58
62
66
70
T4
78
82
86
90
94
98
u2
ug

L o | N s | D |BP NOTES
12 1071033 23 | 19 23 -3—-19 - 107
33 35048 91 | 31 Type 19
48 -50{089 20 | 27 Test 20 - 2
89 -91|066 23 | 28 23 - 3~ AR
90 92|103 23 | 28 23 - 3—- AR
66 -82|084 00 | 29 + Command =~ AR
84 86(105 31 | 31 Obey AR
82 000 00 2 This command clears AR
when proper number is added
to it by command 066
7 -20[024 00 | 24 "1" > MQ even
24 -34|035 00 | 28 y =~ AR
35 38/039 28 | 25 y ~ ID
39 44| 044 25 | 20 ID - 20
44 49(056 25 | 21 ID - 21
56 61{063 25 | 22 ID - 22
63 68/068 25 | 23 ID - 23
68 -70/100 24 | 28 N - AR
100 -20/032 00 | 29 +1 - AR
32 -34/038 28 | 24 N+ 1—- MQ even
38 -42|047 00 | 29 -N;y —~ AR
47 50{072 22 | 31 Test Sign
72 73/025 17 | 31 Ring Bell
73 75/079 00 | 28 Clear AR
034 216|3Zx 97 | 50 y
103 066 25 | 23 Clear Line 23
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12
16
20
24
28
32
36
40
44
48
52
96
60
64
68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
33
31
41
45
49
53
37
61
65

69
3

1
81
85
89
93
97
un
ud

10
14
18
22
26
30
34
38
42
46
50
5
98
62
66
10
14
18
82
86
80
94
98
u2
ue

)
15
19
23
21
3
35
39
43
41
51
55
39
63
67
n
15
19
83
81
91
85

99
ul

L o N S | D |BP NOTES

79 84 | 088 20 | 29 Add L20

88 93 [ 095 25 | 29 -2ID - AR

95 97 | 097 28 | 27 Test AR

97 102 | 001 21 | 29 Add L21

98 -95 | 101 00 | 23 00 -095—23-0
1 6 | 007 25 | 29 -2ID - AR
7 13 | 029 28 | 27 Test AR

29 34 | 041 22 29 Add L.22

30 -7 (101 00 | 23 00 - 007 =23 - 3

41 46 | 067 25 | 29 -2ID - AR

67 69 [ 070 28 | 27 Test AR

70 75 | 081 23 | 29 Add L23

71 -67 | 101 00 | 23 00 - 067~ 23 - 3

81 86 | 087 25 | 29 -2ID - AR

87 89 [ 092 28 | 27 Test AR

92 94 | 094 25 29 ID odd - AR

93 -87 | 101 00 | 23 00 - 087 - AR

94 -20 | 035 00 | 29 +'"1" - AR

35 38 | 039 28 | 25 AR - ID

39 44 | 044 25 | 20

44 49 | 056 256 | 21 See Page 26

56 61 [ 063 25 22

63 68 | 068 25 | 23

21




12
16
20
24
28
32
36
40
44
48
32
56
60
64

68
12
16
80
84
88
82
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
37
61
65
69
n
mn
81
85
89
k]
97
ul
us

10
14
18
22
26
30
34
38
42
46
50
L
98
62
66
10
14
18
82
86
90
94
98
u2
us

)
15
19
23
21
3
35
39
43
41
o1
55
59
63
67
n
15
19
83
81
91
95

99
u3

1 e | N {c|s | [sp NOTES
25 11025 28 | 31 Test Ready
26 28 | 004 15 | 31 Read Tape
4 42 (005 00 | 28 00 - 042 ~ AR
5 11005 28 | 31 Test Ready
6 7 (007 19 | 00 L19—- LO
003 216 1800 00 | 40 Format

28




TEST ROUTINE NO. 2 - Long Lines Test Line 0

o 1 2 s | L|plg|wfc|s|o | NOTES
4 5 6 7 7 30 | 043|028 | 00 N, -~ 00 - 030
8 9 10 n 43 45 (045 0]00 | 28 Command - AR
12 13 14 15 45 47 | 047|028 | 23 AR - 23 - 2
6 17 18 19 47 49 049|031 | 31 Obey AR
20 2 2 2 44 50 | 050|000 | o1 LO~L1,2,3,....0or 19
24 25 26 27 50 52 | 052]|3|00 | 29 -(D = 19) - AR
28 29 30 31 52 54 (055|022 | 31 Test Sign
32 33 ¥ 3 55 58 [058|4 |23 | 31 Clear
I 37 3B 3 56 58 | 059|023 | 28 23 - 2> AR
0 4 42 4 59 61 | 045|000 | 29 +(D = 1) >~ AR
44 45 46 47
48 43 50 51 58 60 |061]0]00 | 22 "1">22-0
32 53 54 55 61 62 |063]1]|00 | 30 |- | Add L0~ PN
5% 57 58 59 63 68 |068|1 |26 | 23 (- | PN~23-0, 1, 2, 3
60 61 62 63 68 70 |070|0]00 | 28 Command -~ AR
64 65 66 67 70 71 | 0720 |28 | 22 AR -+ 22 - 3
68 63 70 TN 72 76 (078|123 | 26 |- 23-0, 1= PN
2 B M 15| g 80 [107)0|31 | 31 Obey AR
6 11 18 19| 69| fios |o028]|3 01 | 30 -] -(L1,2,3...., or 19)~ PN
80 8 82 8 8 10 |012)1]26 | 27 || - | Test PN
84 85 86 87 | 1o 14 |o015[0 |oo | 29 +(s = 19) = AR
88 83 90 91} 43 17 {o17]2 |22 | 21 22 -3->21-0
92 9 94 95 o51| Jpso |o0s0|0 o0 | 19 D =19
% 97 98 99 960; |poo |o000|0 oo | o1 D=1
uw wuw w2 W 014 216 |6wl|w[x3 | yo s=19
Althpugh the Tn nymber of|69 is| 28} that command is obeyed from
u4 u5 U6 AR 3t 1&7 tinme, hefnc next co a“d is in 8.

29



12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
12
16
80
84
88
92
9
uo
u4

13
17
21
25
29
3
31
41
45
49
53
97
61
65

69
3

n
81
85
88
93
97

us

10
14
18
22
26
30
34
38
42
46
50
54
98
62
66
10
14
18
82
86
90
94
98
u2
ue

1
15
19
23
21
3
35
39
43
41
)
55
39
63
67
n
15
19
83
81
91
85

99
ul

L b | N S | D |BP NOTES

15 17 018 22 31 Test Sign

18 21 021 22 28 N - AR

19 -23 |034 22 28 22 - 3—- AR

34 36 (070 00 29 + (s=1) - AR

2

21 -23 |024 00 29 +1 -+ AR

24 -28 (029 28 22 N+1—-22 -0

29 31 (032 00 29 -N, ~ AR

32 35 |065 22 31 Test Sign

65 68 (071 23 | 31 Clear

66 68 |068 28 28 Do nothing

71 72 {087 25 19 Clear L19

87 000 00 19 00 - 088 thru 107 - 19
2 [(074 09 31 Type 19

74 1 (074 28 31 Test Ready

75 77 1083 15 31 Read Tape

83 -30 |084 00 28 00 - 030 - AR

84 1 |084 28 31 Test Ready

85 86 |[017 19 00 19— L.00

035 000 |000 01 00 s =1
023 216 1000 00 10 1"
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12
16
20
2
28
32
36
40
44
48
52
56
60
64
68
1
16
80
84
88
92
96
uo
u4

13
"
21
25
29
3
31
41
45
49
53
57
1
65

69
n

H
81
85
88
k]
87
u
us

10
14
18
22
26
30
34
38
42
46
50
1
58
62
66
10
14
18
82
86
90
94
98
u2
ug

1
15
19
23
21
3l
35
39
4
4
51
55
59
63
67
n
75
19
8
87
91
95

99
u3

L ol N S| D |BP NOTES
117 20 [020 23 | 26- 23 -2, 3~ PN
20 -24 (026 23 | 30- -(23 -0, 1)> PN
26 29 |036 26 | 27 Test PN
36 64 (067 00 | 20 See below
37 38 (039 12 31 Gate Type in
39 40 |041 17 | 31 Ring Bell
41 42 [042 28 28 Do nothing
42 42 (039 28 | 31 Test Ready
40 44 {045 00 | 28 Command -~ AR
36 64 (067 00 | 20 Extractor - 20 - 0
67 67 [073 30 | 25 20.21 - 0~ ID even
73 10 086 26 | 31 Shift right 5
86 -88 |001 30 | 28 20.21 - 0~ AR
1 17 (022 28 | 29 Shift left 15
22 24 025 28 | 21 AR~ 21 -0
25 27 {028 00 | 29 + Command -~ AR
28 30 {030 31 | 31 Obey AR
27 | Ji1s Jois |0 |oo | 28-| | % alterat by i b8 NOS-
2 23 |031 00 | 29 +1 - AR
31 33 033 27 | 28 20. 21 + 20. AR -~ AR
33 38 |038 28 | 20 AR+ 20-0, 1, 2, 3
38 40 046 21 | 28 21 - 0~ AR
064 D16 |2Z0 00 | 00 Extractor
003 216 800 00 | 40 Format
023 216 [000 00 | 10 "
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12
16
20
2
28
32
36
40
4
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
1
21
25
29
3
31
41
45
49
53
57
61
65
69
13
mn
81
85
89
93
97
u
us

10
14
18
22
26
30
34
38
42
46
50
5
98
62
66
10
14
18
82
86
90
94
98
u2
ug

1
15
19
2
21
3l
35
39
4
4
51
55
59
63
67
1
75
19
83
87
91
95

99
u3

L b N S| D |BP NOTES
46 53 (054 00 29 + Command - AR
54 56 |056 31 | 31 Obey AR
53 118 |025 20 | 0o f- || 20-2->00-2
9 11 |o11 00 | 28 Command ~ AR
11 13 |016 25 | 29 +ID even —~ AR
16 18 |018 31 | 31 Obey AR
10 19 |056 13 | 00 LO—~ L 2 Eﬁﬁfi’;’g’f’éﬁ, com 11
57 59 |012 22 | 28 22 - 3~ AR
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TEST ROUTINE NO. 2 - Inverting Gates

Line O

12
16
20
4
28
32
36
40
44
48
52
56
60
64
68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
33
31
41
45
49
53
57
61
65
69
IE]
n
81
85
89
93
97
u
us

10
14
18
22
26
30
34
38
42
46
50
54
58
62
66
10
14
18
82
86
90
84
98
u2
ué

N
15
19
23
21
3
35
39
43
41
51
55
59
83
67
n
15
19
83
81
91
85

99
ul

T

L |P i NJ|C|S | D |BP NOTES

17 -86 (020 | 0|28 00 N, ~ 00 - 086

20 23 (025 | 0|23 31 Clear

25 26 |000 | 0]25 19 Clear L19

5 |005 | 0]00 21 Constants - 21

5 -8 (009 |O|21 | 20 "1">20-0

9 14 014 {021 22 21 - 22

14 16 |016 | 0|25 28 Clear AR

16 21 |027 | 1]21 29 Add 21

27 32 (032 | 3]22 29 Subtract 22

32 34 |036 | 0|28 27 Test AR

36 38 039 |of21 | 28 Cy~ AR

37 -32 (012 1 0|00 28 00 - 032 - AR

39 41 041 | 0] 20 29 +1 - AR

41 43 (043 10|28 21 C2-> 21 -2

43 45 (045 | 0|20 28 C3 - AR

45 -47 1049 | 021 29 +1 - AR

49 -51 |052 | 0]28 21 Co~>21-0

52 54 (054 |0 ]21 28 C,~ AR

54 -56 [057 | 0|20 29 +1 - AR

57 -61 (062 | 0|28 21 C,~21-0

62 -64 (065 | 0|21 28 Cy—~ AR
001 216 (000 | 0|00 20 Constant C4
002 216 {000 | 0] 00 40 Constant Co
003 216 (000 | 0|00 30 Constant Cg
004 216 |000 | 000 10 Constant C
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12
16
20
2
28
32
3
40
4
4
52
56
60
64
68
1
16
80
84
88
92
9
uo
| 4

13
17
21
25
29
3
31
41
45
49
53
37
61
65

69
n3

n
81
85
89
93
97

us

10
14
18
22
26
30
34
38
42

46

50

5
38
62
66
10
14
18
82
86
90
94
98
u2
ué

n
15
19
23
21
3
35
39
43
41
81
55
39
63
67
n
15
19
83
81
81
85

99
ul

L e | N {c|s | o s NOTES
65 68 (069 [0 |20 | 29 +1-> AR
69 72 (073 |0 |28 | 21 Cy~ 21 -3
73 | |F86 (095 |3 |00 | 29 -N,
95 07 008 |0 |22 | 31 Test Sign
8 9 lo11 |4 |17 | 31 Ring Bell
9 14 [014 |0 |21 | 22 21 - 22
11 5 (007 |0 o0 | 21 00 -1, 2,3,4—~ 21
7 9 |019 |0 |21 20 "1">20-0
19 21 022 [o[21 | 25 C; ~ ID
22 L24 026 [2[21 | 24 Cq~> MQ
26 -28 028 |0 [24 | 28 -Cg—~ AR
28 30 1030 [o]22 | 31 Test Sign
30 | |F28 |o2s3 00 | 28 00 - 028 - AR
31 34 |035 21 | 25- Cy— ID
35 38 (038 | 2|21 | 24 Co~ MQ
38 40 |042 |0 |24 | 28 MQ —~ AR
42 45 [046 |0 |22 | 31 Test Sign
46 48 (050 [0 |21 | 25 Cy,~ ID
47 43 (023 |0 o0 | 28 00 - 043 - AR
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12
16
20
24
28
32
36
40
44
48
52
96
60
64

68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
37
41
45
49
53
37
61
65

69
.3

17

81
85
89
93
97

us

10
14
18
22
26
30
34
38
42
46
50
9
98
62
66
10
14
18
82
86
90
94
98
u2
us

n
15
19
23
21
3
35
39
43
41
51
95
59
63
67
1
15
19
83
81
91
95

99
u3

L o | N [c]s | D [Bp NOTES
50 [55 056 0|21 | 24 C, ~ MQ

56 58 |058 |0 |24 | 28 MQ -~ AR

58 60 060 [0f22 | 31 Test Sign

60 L58 [023 [ 0|00 | 28 00 - 058 - AR
61 65 [066 [0]21 | 25 C,~ ID

66 68 |068 | 0|21 | 24 Cy—~ MQ

68 70 [070 |0 |24 | 28 MQ ~ AR

70 72 076 |0 |22 | 31 Test Sign

76 L80 (081 [0]20 | 28 N~ AR

77 70 [023 [o0]oo0 | 28 00 - 070 - AR
81 83 [083 [0 |00 | 29 "1" > AR

83 85 085 [0 [28 | 20 AR —~ 20 - 0
85 87 los7 |3]o0 | 29 -N; -~ AR

817 89 |o18 |o]22 | 31 Test Sign

18 19 |o71 |a]17 | 31 Ring Bell

71 1 [o71 o028 | 31 Test Ready
72 74 (088 | 015 31 Read Tape

88 1 |088 | 0|28 31 Test Ready
89 90 |090 [1[19 | 29 Add L19

90 92 092 | 0|28 | 27 Test AR

92 86 (099 [ 0|00 | 28 N, -~ AR

93 95 096 | 0]o8 | 31 Type AR
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12
16
20
24
28
32
36
40
44
48
52
96
60
64
68
1
16
80
84
88
92
986
uo
u4

13
17
21
25
29
3
31
41
4
49
53
31
61
65

69
£}

n
81
85
89
93
97
un
u5

10
14
18
22
26
30
34
38
42
46

54
58
62
66
10
14
18
82
86
90
94
98
u2
ue

fl
15
19
23
21
3l
35
39
4
4
51
55
59
63
67
n
15
19
83
87
91
95

99
u3

T
L & | N|CfS|D|BP NOTES
96 1! 096t 0 |28 31 Test Ready
97 -90| 094 0 |00 28 00 - 090 - AR
94 96 | 091] 0|08 31 Type AR
91 1 0911 0|28 31 Test Ready
99 100| 0174019 00 L19 - LO0O
12 1| 012[ 0|28 31 Test Ready
13 107 | 015/ 0 | 28 19 AR —~ 19 - 107
15 171 036] 0 { 09 31 Type 19
23 1| 023] 0128 31 Test Ready
24 -107 | 029 0 | 28 19 AR - 19 - 107
29 31| 076 0 |09 31 Type 19

36




TEST ROUTINE NO. 2 - Overflow & End-Around

Line O

12
16
20
24
28
32
36
40
44
48
52
96
60
64
68
12
16
80
84
88
92
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
57
61
65

69
13

n
81
85
89
a3
97

us

10
14
18
22
26
30
34
38
42
46
50
9
98
62
66
10
14
18
82
86
90
94
98
u2
ug

1
15
19
2
21
3l
35
39
4
4
51
55
59
63
67
1
15
19
83
81
91
95

99
ul

T

L ® | N [C|S|D |BP NOTES
17 -861022 | 0] 28 00 N, ~ 00 - 086
22 251025 | 0]23 31 Clear
25 30030 j 025 20 Clear 20
30 -32034 | 2|00 | 21- "1"- 21 -1
34 36 {036 | 0|29 31 Test Overflow
36 -41 (042 | 0|00 20 A—-20-1
37 -41 (042 [ 0|00 20 A—-20-1
42 44 (044 |0} 00 20 B— 20-3
44 46 1046 | 1|20 28 A - AR
46 481048 | 1]20 29 +B —~ AR
48 50 [050 | 0] 29 31 Test Overflow
50 -481098 | 0 |00 28 00 - 048 - AR
51 -53 /054 | 3]20 28 (-A) =~ AR
54 56 |056 | 3 {20 29 -B—+ AR
56 581058 ] 029 31 Test Overflow
58 -56 (098 [ 0] 00 28 00 - 056 - AR
59 -611062 | 3|20 28 (-A) - AR
62 -65 (066 | 3 |20 29 -A - AR
66 68 (068 | 0|29 31 Test Overflow
68 -66 {098 | 0 |00 28 00 - 066 - AR
69 -731074 | 1]00 28 x - AR

041 216 (800 [ 0 |00 00 A

043 216 |800 {0 |00 10 B

032 216 [000 [0 |00 | 10 "

073 See Page|3 X
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12
16
20
24
28
32
36
40
44
48
52
96
60
64
68
12
16
80
84
88
82
96
uo
u4

13
17
21
25
29
3
31
41
45
49
53
57
61
65

69
n

1
81
85
89
83
97
n
us

10
14
18
22
2
30
34
38
42
4
50
54
58
62
66
70
T
78
82
86
90
94
98
u2
ug

1
15
19
23
2]
3
35
39
43
4
o1
35
39
63
67
n
15
19
83
81
91
95

99
ul

L bl N S| D (BP NOTES
74 76 (076 20 29 -B—- AR

76 781078 29 31 Test Overflow
78 -80)082 20 26- A - PN

79 -76 1096 00 28 00 - 076 - AR
82 -86 1088 20 30- -B -~ PN

88 901090 29 31 Test Overflow
90 -921094 20 26 A - PN

91 -88 (096 00 28 00 - 088 AR
94 -98 (100 20 30 +B - PN
100 102 (102 29 31 Test Overflow
102 -100 (098 00 28 00 - 100 - AR
103 106|106 23 31 Clear
106 - |004 20 30 (-A) - PN

4 -6]008 20 30 -B—- PN

8 10 (010 29 31 Test Overflow
10 -81098 00 28 00 - 008 - AR
11 14 {014 23 31 Clear

14 -16 /018 20 31 " (-A) - PN

18 -20]023 20 30 -A - PN

23 251026 29 31 Test Overflow
26 -231098 00 28 00 - 023 =~ AR
27 -311033 20 28 (-A) - AR

33 341035 25 29 -0~ AR

35 371038 22 31 Test Sign
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12
16
20
24
28
32
3
40
4
48
52
56
60
64
68
12
76
80
84
88
92
9
uo
u4

13
1
21
25
29
33
31
n
45
49
53
57
61
65

69
13

n
81
85
89
93
97
un
ud

10
14
18
22
26
30
34
38
42
46
50
54
98
62
66
10
14
18
82
86
30
94
98
u2
us

N
15
19
23
21
3
35
39
43
41
o1
5%
39
63
67
11
15
19
83
81
81
95

99
ul

L f_; N S D (BP NOTES
39 42 1045 20 26- B - PN

45 48 (049 25 30- -0+ PN

49 51 |052 26 28 PN even —- AR
52 54 (060 22 31 Test Sign

60 -65 (067 21 28 N - AR

61 -52 1098 00 28 00 - 052 - AR
67 -72 (073 00 29 +1 - AR

73 77 1085 28 21 N+1—-21-1
85 87 |085 00 29 -Ny - AR

87 89 |104 22 31 Test Sign
104 105 {006 17 31 Ring Bell
105 107 |044 28 28 Do nothing

6 86 (092 00 28 Nt - AR

92 1 092 28 31 Test Ready

93 95 070 15 31 Read Tape

70 1 1070 28 31 Test Ready

71 72 |017 19 00 L19—- LO

38 -35 |098 00 28 00 - 035 —~ AR
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12
16
20
24
28
32
3
40
44
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
1
21
25
29
3
31
4
45
49
53
97
61
65

69
13

mn
81
85
89
93
97

us

10
14
18
22
26
30
34
38
42
46
50
5
98
62
66
10
14
18
82
86
80
94
98
u2
ué

1
15
19
2
21
3l
35
39
43
47
51
55
59
63
67
N
15
19
83
81
91
95

99
u3

L e | N [c|s |0 [ NOTES
96 981098 | 3100 29 (Tn = 1)~ AR
98 1({098 | 0]28 31 Test Ready
99 100 {101 |0 [ 25 19 Clear L19
101 -101]005 | O |28 19 AR —~ 19 - 107
5 012 | 0|09 31 Type 19
12 -16 |019 | 0 | 28 21 AR—+21-0
19 21 {021 10|00 20 Extractor - 20 - 0
21 -24 (028 | 0|31 28 20.21 - 0~ AR
28 -32 (040 | 025 20 Clear 20 - 0
40 -47 (053 [ 0|00 29 + Command - AR
53 55055 | 0|31 31 Obey AR
47 581001 | 0|23 31 Clear and return
to proper place in
routine. The T,
number of 047 is
altered.
020 216|007 | Z| 00 00 Extractor
097 000|001 00 00 T,=1
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TEST ROUTINE NO. 2 - Multi. -Div., Shift - Norm. Logic

Line O

12
16
20
24
28
32
36
40
44
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
11
21
25
29
33
37
4
45
49
53
37
61
65

69
.3

n
81
85
89
3
97
u
us

10
14
18
22
26
30
34
38
42
46
50
5
98
62
66
10
14
18
82
86
90
94
98
u2
ug

N
15
19
23
21
3
35
39
4
41
51
35
39
63
67
n
15
19
83
81
91
95

99
ul

L e | N {c| s | o [se NOTES
17 -19 | 020 28 | 22 N, 22 -3
20 -25 | 026 00 | 28 "1" - AR
26 -28 | 031 28 | 22- "> 22-0, 1
31 -34 | 035 00 | 22 Exit 1 - 22 - 2
35 38 | 043 00 | 21 A->21-0;B~21-1
43 46 | 046 21 | 25- A~ 1D odd
46 -49 | 051 21 | 24 B~ MQ
51 56 | 000 24 | 31 Mult.
-4 | 006 26 | 23 A.B~23-0, 1
6 -8 | 013 21 | 25 A - ID odd
13 -16 |0 9 23 | 26 A.B -~ PN
19 58 | 078 25 | 31 Divide
78 -81 | 082 21 | 28 B - AR
82 -84 | 0850 [24 | 20 AAB ~20-0
85 -88 | 089 20 | 29 -8B ~ AR
89 91 | 091 28 | 27 Test AR
91 -93 | 094 22 | 28 "1" > AR
92 95 | 095 23 | 31 Clear
025 216 | 000 00 | 10 1"
036 216 | 987 54 | 30 A
037 216 | 345 78 | 90 || -
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12
16
20
24
28
32
36
40
44
48
52
96
60
64

68
12
16
80
84
88
82
96
uo
u4

13
17

2

25

28
3
31
41
45
49
53
97
61
65

69
13

n
81
85
88
83
97

us

10
14
18
22
26
30
34
38
42
46
50
1
58
62
66
10
14
18
82
86
90
84
98
u2
ug

1
15
19
23
21
3
35
39
43
41
o1
55
39
63
67
n
15
19
83
87
91
95

99
ul

L ALAUERER L NOTES
94 -96 1097 | 0]22 29 +N —- AR
97 -100 101 { 0|28 22 }N+ 1-22-0
101 -103 (104 | 3 | 22 29 -N,c - AR
104 106|004 |0 ]22 31 Test Sign
4 51022 | 4|17 31 Ring Bell
5 7(008 | 0|22 28 Command 1 - AR
8 101010 | 0|31 31 Obey AR
EXITI
34 -121014 | 1}21 28 A - AR
14 16 1016 | 1 |00 29 + A - AR
16 201021 | 1]28 21 A+ A—>.21 -0
21 25027 | 1}]21 28 B - AR
2 291029 | 1100 29 B~ AR
29 331043 |11/28 21 B+ B—->21-1
95 971098 [ 0]21 25 B -~ 1D
98 100 (103 | 2|21 24 A - MQ
103 581054 | 0|24 31 Mult.
54 -56 1057 | 0|26 20- B=A—-20-0,1
57 -60(062 | 11]20 26 B.A - PN
62 -64 (066 | 3|23 30 - AB- PN
66 -681070 | 1]26 27 Test PN
70 721074 | 0100 28 Exit 2 - AR
71 -731074 | 0]00 28 Exit 3 - AR
015 216 |001 | 2 | 34 50 A
028 216|000 | Z wx [yo] B
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12
16
20
24
28
32
3
40
4
48
52
56
60
64

68
12
16
80
84
88
92
96
uo
u4

13
11
21
25
29
3
31
41
45
49
53
)
61
65

69
13

n
81
85
89
93
97
u
us

10
14
18
22
26
30
34
38
4
46
50
54
58
62
66
70
I
78
82
86
90
94
98
u2
ug

"
15
19
23
21

3

35
39
43
4
51
55
59
63
67
n
15
19
83
87
91
95

99
ul

L e | N [c|s |0 |sp NOTES
74 1[074 0|28 31 Test Ready
75 781079 {0 |23 31 Clear

79 80 (080 | 0 |25 19 Clear L19
80 -107 {001 [0 |28 19 AR - 19 - 107
1 41007 |0 |00 02 Format - 2
7 10 {011 | 0|09 31 Type

11 131013 |0 |31 31 Obey AR

72 151091 |0 |20 20 Exit 2

73 16 091 |0 |21 21 Exit 3

22 251030 | 0 |22 28 "1" AR
30 321039 | 0|28 22 """ > 22-0
39 421042 |0 |23 31 Clear

42 -441045 [0 |21 24 A - MQ

45 481053 | 1|25 28 Clear AR

53 100 (009 [0 |27 31 Normalize
9 121012 | 0 |24 25 MQ — ID

12 141018 | 0 |24 20 MQ—- 20-1
18 20 023 |3 |28 28 (-AR) - AR
23 100 {083 | 0 |26 31 Shift

83 851086 | 0 |24 27 Test MQ

43




12
16
20
24
28
32
36
40
44
48
52
96
60
64

68
12
76
80
84
88
92
9
uo
u4

13
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25
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3
31
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45
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89
93
97
un
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10
14
18
22
26
30
34
38
42
46
50
9
58
62
66
10
14
18
82
86
90
94
98
u2
ué

n
15
19
23
2]
3
35
39
43
41
51
35
39
63
67
n
15
19
83
81
91
85

99
ul

L o | N e[S | s NOTES
86 -881090 | 025 28 ID - AR

90 -921093 | 3]21 29 -A - AR

93 951099 | 0|28 27 Test AR

99 101102 | 0|22 28 N - AR
100 -991074 | 0]00 28 00 - 099 - AR
102 -105{106 | 0 |22 29 +1 - AR

106 010 | 0 ]28 22 N+1—-22-0
10 12 {024 | 3 |22 29 - Ny - AR

24 26 (038 | 0|22 31 Test Sign

38 391040 {4 |17 31 Ring Bell

39 421042 | 0] 23 31 Clear

87 891074 10|00 28 00 - 088 - AR
88 201099 | 0|23 31 Clear

60 11060 | 028 31 Test Ready
61 63 {064 | 0 |15 31 Read Tape

64 11064 | 0|28 31 Test Ready
65 -67 1068 | 0|22 28 N; >~ AR

68 691017 | 0]19 00 L19—- LO
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1
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85
89
3
97

us

10
14
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10
14
18
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86
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u2
us

1
15
19
23
2]
3
35
39
43
41
o1
35
39
63
67
n
15
19
83
81
9
85

99
u3

L b | N|C[S | D (BP NOTES
40 421044 | 022 | 28 "1" - AR

44 481049 [ 028 | 22 "1">22-0
49 84 (055 | 0|00 | 20 C—+20-0

55 571059 0|00 | 21 D+ 21-0

59 611063 [0]31 | 28 C-D—+ AR

63 65(067 0|30 | 29 + (C-D) - AR
67 691069 [ 321 | 29 - D—- AR

69 711076 [ 028 | 27 Test AR

76 801|081 [0 |21 | 28 D - AR

77 76 1074 [ 0|00 | 28 00 - 076 -~ AR
81 841096 [0 |27 | 28 + C-D+ C (C+D) -~ AR
96 100|105 |3 |21 | 29 - C—- AR
105 105032 | 0|28 | 27 Test AR

32 36041 {0 [22 | 28 N - AR

33 321074 |0 oo | 28 00 - 032 -~ AR
41 45 (047 | 0|22 | 29 +1- AR

47 49 (050 |0 |28 | 22 N+1-+22-0
50 521052 [ 3|22 | 29 -N; - AR

52 54 1058 [0 [28 | 27 Test AR

58 591060 {4 |17 | 31 Ring Bell

59 61 (063 | 0|31 | 28 See 059 Above
084 2161999 | 9199 | 90 C
056 216 [3w3 |w | 3w | 30 D
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TEST ROUTINE NO. 2 - Type-out, Computation Test Line 0

o 1 2 3| L [P gr; N|C|S |D|BP NOTES
4 5 6 7 17 19044 | 0|15 | 31 Read Tape

8 9 10 1| 44 ’ 11044 (0|28 | 31 Test Ready

12 13 14 15 | 45 46018 [0 |19 | 06 L19—~ L6

16 17 18 19 || 18 211032 | 0|23 | 31 Clear

20 21 22 23 || 32 34 (034 [0]15 | 31 Read Tape

24 25 26 27 || 34 1{034 |0]|28 | 31 Test Ready

28 29 30 AN 35 36 (043 | 0 1é 04 L19—~ L4

32 33 34 35| 43 441046 [0 |25 | 19 Clear 19

3 37 3B 39| 46 -86087 | 0|28 | 00 N; -~ 00 - 086

0 4 42 48\ g7 92 (101 [o|oo | 20 Not useful

4 45 46 41 |0 106 {106 [0 foo | 19 00 - 102, 3, 4, 5 19
48 43 50 51 106 4007 |0 foo | o2 Format - 02

2 53 % | 4 -54|056 | 0|00 | 20- 00 - 054, 5— 20 - 2,3
5 57 58 89 | 56 L 106 |006 | 0 [20 | 10- 20 - 2, 3~ 19 - 106, 1
60 61 62 6 ) ¢ 8loos |0 loo | 31 Type 19

64 65 66 67| g 12024 [0 |00 | 22 i A T P T
66 69 70 71| o, 271027 [2]22 | 20 0> 20 -2

72 13 14 15| 27 291029 | 0|00 | 28 Exit 1 - AR

6 17 18 79 || 29 30{085 | 0|06 | 01 Line 06 ~ -L1

80 81 82 8 || 85 871093 | 5|21 | 31 Commands from L 1
84 85 86 87 o003 216 {800 | 0 {00 | xO

88 83 90 91 |loo2 216 (000 [0 |ow | 60 Format

92 93 94 95 {oo1 216|000 [0 |0y | 80

9% 97 98 99 oo9 216 (345 | 6 |78 | 90 0g

up ut w2 ul joio 216 (000 [0 ]00 | 10 "

u4§ us ué 011 216 {002 [ 3145 | 60 0
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15
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3
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39
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67
n
15
19
83
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81
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99
ul

L o | N [c|s | b (B NOTES
100|100 21 31 Exit 1; Comm. from LO
100 104 [004 20 | 22 Sin 0~ 22 -0
4 36 {037 00 | 28 Exit 2 - AR
37 057 {078 21 31 Commands from L1
56 {057 20 31 Exit 2; Comm. from LO
57 59 (059 20 28 ® = Arcsin (sin 0) = AR
59 61 {062 22 | 29 -0 - AR
62 64 |064 28 | 20 p-0-20-3
64 67 |068 00 | 21 Extractor -~ 21 - 3
68 71 |072 31 | 27 20- 21 - 3 > Test
72 74 |074 22 | 28 0~ AR
73 68 |080 00 | 28 00 - 068 - AR
74 76 |077 22 | 29 - 0—~ AR
77 81 (082 28 | 22 0- 0-22-1
82 86 (088 22 | 28 N - AR
88 14 |015 00 | 29 +1 > AR
15 18 J019 28 | 22 N+1->22-2
19 86 [092 00 | 29 "Ny~ AR
92 94 1023 22 | 31 Test Sign
23 25 (030 00 | 28 "7" - AR
067 216 (277 ZZ | yo Extractor
014 216 [000 00 | 10 1"
025 216 [000 00 | 70 !
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10
14
18
22
26
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1
15
19
23
21
3
35
39
43
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]
95
39
63
67
n
15
19
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81
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ul

L e | N [c|s |0 [sr NOTES
30 1[030 | 0}28 31 Test Ready

31 331076 | 0|06 31 Reverse Tape Search
76 14 {020 | 3 |00 29 -"1" - AR

20 1{020 | 0|28 31 Test Ready

21 23 (038 | 0|22 31 Test Sign

38 40 (076 | 0 | 06 31 Reverse Tape Search
39 351040 | 0|15 31 Read Tape

40 11040 [0 |28 31 Test Ready

41 431047 | 0|28 28 Do nothing

47 86 (093 0|00 | 28 Ny~ AR

93 11093 | 0|28 31 Test Ready

93 1{093 10|28 31 (This is a repeat)
94 951017 |0 ]19 00 L19 - LO

80 11080 | 0]28 31 Test Ready

81 107 [052 | 0 |28 19 AR - 19 - 107

52 54 (072 { 0|09 31 Type 19
055 216 |112 | 2 |33 40 || -
054 216 1445 | 5 |66 70
105 216 (778 | 8 |99 00 Test Type Out
104 216 fuuv | v |ww | xO0 |- numbers
103 216 [xxy |y |ZZ | 00
102 216 |002 45 00
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P.P.R. LANGUAGE

Commands are ordinarily written by programmers in decimal notation rather
than in hexadecimal as shown on drawing 5. A routine, such as the PROGRAM
PREPARATION ROUTINE (P.P.R.), will convert the decimally coded command into
binary - using the G-15 to do the work. Decimal notation of a command in
P.P.R. language is as follows:

(p)

(s)

EXAMP?E:
I/D

*NOTE:

L (P) T N C S D (s)
COMMAND LOCATION (2 digits: 00 - u7%).
PREFIX - this is not required except as follows:

a command with DESTINATION # 31 will be DEFERRED
unless a prefix of '"u" (for 'urgent') makes it IMMEDIATE.

a command with DESTINATION = 31 will be IMMEDIATE
unless a prefix of '"w'" (for '"wait'") makes it DEFERRED.

TIMING NUMBER (2 digits: 00 - w7%).

NEXT COMMAND LOCATION (2 digits: 00 - u7%).

"C" CODE (1 digit : 0O - 7) - "C'" CODES define both the C CTERISTIC
aBd the SINGLE/DOUBLE PRECISION bit by considering the S/D bit as a

2° bit applied the left of the CH bits, hence:

c
c

0 - 3, SINGLE PRECISION
0 - 3, DOUBLE PRECISION

0 - 3 means: CH
4 - 7 means: CH

(i.e. add 4 to the CHARACTERISTIC to denote DOUBLE PRECISION)
SOURCE NUMBER (2 digits: 00 - 31).
DESTINATION NUMBER (2 digits: 00 - 31).

SUFFIX - A MINUS SIGN is applied as a suffix if a BREAK POINT is
desired in a command.

a command coded as u76 u5 5 13 26- is equivalent to:
=0, T=76, BP=1, N=105 CH=1, S =13, D = 26, S/D = 1.

L, T, and N numbers higher tgan 99 are expressed by using 10 = u,
11 =v, and 12 = w in the 10 digit position (e.g. 106 = u6)

49



FUNDAMENTAL OPERATIONS - BOOLEAN ALGEBRA

The system of notation employed for describing the operation of the
computer is variously called BOOLEAN ALGEBRA, the PROPOSITIONAL CALCULUS, or
LOGICAL ALGEBRA. The basic symbols are letters that, in this case, are
interpreted as signals which may have two values, HIGH and LOW. The
basic connectives are "4', ".,", and "—",which approximate the usage of "or",
"and", and '"not" respectively, in ordinary language. The following tables,

called TRUTH TABLES, explain the meaning attached to the connectives, where

"1" indicates a high signal and '"0" a low signal.

"OR" "AND" "NOT"
A B A+B A-B A
11 1 1 0
1 0 1 0 0
0 1 1 0 1
0 0 0 0 1

In writing expressions, the following convention may be adopted to
reduce the use of parenthesis: '".'" binds two symbols more strongly than '+,
This, it will be seen, is the same convention adopted in the normal numerical
algebra if "." is treated as "x" (times) and '"+" is treated as '"+'" (plus),
For example, the algebraic expression (a x b) + (¢ x d) is written as
a xb+c x d; similarly, the logical expression (A * B) + (C - D) is
written as A * B+ C - D. Again, (é + (b x cj] x d is written (a + b x¢c) x d
and [A+ (B - C)] - D is written (A+ B - C) - D.

Using the TRUTH TABLE given above, conditions under which
a given combination of signals is high may be derived. For example, given
the combination of signals

D=A - B+ (A+C) - (A+B),
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the following table lists the steps employed in deriving the conditions of
A, B, and C under which D is high. Note that the first step is to write all
possible combinations of the given terms, and that the number of these combi-

nations is 20, where n is the number of different letters in the expression.

ABC A-B AHC A+B (A+C) - (A+3) A-B+(A+C) - (A+B)
111 1 1 1 1 1
110 1 1 1 1 1
101 0 1 1 1 1
100 0 1 1 1 1
011 0 1 0 0 0
010 0 0 0 0 0
001 0 1 1 1 1
000 0 0 1 0 0

In addition, to determine the conditions under which a given
combination of signals is high, it is also desirable that the expression
representing a given configuration of signals be in its simplest form.
"Simplest'" in this case is difficult to define in abstract generality;
however, in any given instance the relative simplicity of two forms of
a given expression is not difficult to determine. 1In order to manipulate
logical expressions, the following rules are employed:

Associativity (A-B)-C=A-.(B-C)=A:B-:2¢C (a) }
1

]

Distributivity A .(B+C) =A + B+ A * C (b)

Commutivity A +B=B-A (a)
I1

A+B=B+A (b)

DeMorgan's Law A + B =A - B (a)
- III

A-B=A+B (b)
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B -(A+ A)=B (a)}
v

B+A -A=8 (b)
A+A -B=A+B (a)
v
A+A-*B=A (b)
A<A=A (a) |
VI
A+A=A (b)
2 =A VII

Consider now the expression: C.B.A + C.B+A + C.B+A + C-B-A

Applying rules

Illa C-B.A + C.B.A + C-B-A - C-B-A

IITb C.BA+CB-A+ (C+B+A)(C+3B+32)

VIL C.B-A + C-B:A+ (C+B+A4)-(C+ B +A)

Ib C-B-A + C.B-A + C:C + C-B + C-A + B+C + B-B + B-A + A-C + A.B + A-A
Via,b C.BeA+ C-B:A+C+ C-B+C+:A+ B+ B-A+ CeA+ B-A+A-A
Ivb C-B:A+ C-B-A+ C+ C-B+C-A+ B+ B+A+C-A+ B:A

II c.BA+C.B.A+C+CB+B-A+B-A+C-A+CA+B

b CB*(A+A) +C+CB+B-(A+A)+C -(A+24) +B

IVa C-B+C+CB+B+C+B

VIb C-B+C+B

v C+3B

therefore C«B+A + C+B+A + G+B+A + C+B+A = C + B
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FUNDAMENTAL OPERATIONS - BINARY ARITHMETIC

EXAMPLE OF BINARY NOTATION

IISI% is a quantity expressed in decimal notation. It may also be
expressed in terms of the following:

IISI% 64 + 32 +16 +4 +2 4+ 1/2 + 1/16

26 4 25 4 2% + 22 4 ol 4 2=l 4 0-4

The presence or absence of 2i in the quantity above may be expressed
in terms of "0" and "1'" multipliers as shown below. The BINARY POINT
indicates the location of 20. (This is a binary number.)

2028 427 426 495 2% 423 422 42l 420 42-142-242-342-442-542-6....2-n

Oc-++ 0O 0 1 1 1 0 1 1 0.1 0 0 1 0 O se+¢ O
A

This may also be expressed in terms of an integral number:

(0 1 1 1 0 L 1 0 1 0 0 1.)yx 2%
A

- or a fractional number:

(.0 1 1 1 0 1 1 0 1 0 0 1 )x 28
A

- or in terms of groups of four binary digits:
(0111.) x 2% (0110.) x 20  (1001.) x 2%
- which may be represented by hexadecimal digits (0 - z):
7 x 161 6 x 160 9 x 1671
- abbreviated: 76.9;¢

- conclusion: decimal 118 = binary 1110110.1001 = hexadecimal 76.9

aho

CONVERSION OF A BINARY NUMBER TO DECIMAL

1110110.1001 = 26 + 25 4 2% 4 22 4 21 4 2-1 4 -4

64 +32 +16 +4 +2 +1/2 +1/16 = 118T%
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CONVERSION OF A DECIMAL NUMBER TO BINARY

118f% =7 118 9/16
-64 2
54 9/16
-32 2°
22 9/16
-16 2
6 9/16
-4 22
2 9716
-2 2l
9/16
- 8/16 2
1/16
- 1/16 274
20 27 24 22 ot 27t 9=
=1 1 1 0 1 1 0.1 0 o0 1
A
ADDITION IN BINARY
INPUT OUTPUT
AUGEND ADDEND CARRY CARRY  SUM
U D c c A EXAMPLE :
CAR, 1 11
0 0 0 0 0 AUG. 10110. =22
0 0 1 0 1 ADD. 10111, =23
0 1 0 0 1 SUM. 10110L =545
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

G-15D NUMBERS (28 binary digits and /sign):

EXAMPLE is decimal IISI% =

.0111011010010000000000000000/0 x 28 =(‘769000016) x 28
or
.1110110100100000000000000000/0 x 27 =(.yx2000016) x 27 (NORMALIZED)

or 24 (lowest order
.0000000000000000011101101001/0.x 22%4=(.00007691¢) x 2 bit = 1/16)
or

.1111111111111111100010010111/1 x 224=(.222289716) x 224 (COMPLEMENTED)

54



INDEX OF FREQUENTLY-REFERRED-TO SIGNALS

SIGNAL ORIGIN DESCRIPTION AND (REFERENCE DRAWING)

©) e CHAR. =1 (23)

@ G CHAR. =2  (23)

©) G CHAR. = 3  (23)

® G CHAR. = 0 (23)

AC FF ACCUMULATOR REG. CARRY FF (27)

AR FF ACCUMULATOR REG. READ FF; also abbrev. for reg. (27)
*AS FF AUTOMATIC/STANDARD FF (in AN models only) (67, 68)
AUTO G Enable for AUTOMATIC RELOAD circuit in the AN INPUT

SYSTEM (= AS.SLOW-IN) (67)

BP abbrev. for BREAK POINT (5, 30)
*C1 FF /D STATIC FF
:CZ-C6 FF:S DESTINATION STAT*C FF's (30)

C7-CV FF's SOURCE STATIC FF's
*CX, CW FF's CHARACTERISTIC STATIC FF's

cC FF COMMAND REG. CARRY FF (22, 27)
*CD's FF's COMMAND LINE designators  (22)

CE FF High during EVEN word times (15)

CE FF High during ODD word times
*CG FF "“"NEXT COMMAND FROM AR" control FF (22)
*gg gg START-STOP control FF's  (30)

CI BIL COMMAND info. (not inverted) (22)

cJ FF FF controlling READ COMMAND signal (30)

CM FF COMMAND REG. READ FF; also abbrev. for reg. (22, 27)
CN FF NUMBER TRACK READ FF; also abbrev. for track (15, 57)
*CQ FF TEST FF; when set, next comm. is read from WT = N+1 (30)
Ccs BI "VIA AR" CHARACTERISTIC (26)

* (neon indicator)
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DO-D7 G's
DU-DX G's
(DA-1

DS G
® G
EB G
*FO FF
HC G
IB G
IC FF
ID
*IP FF
(IR

IS FF
"y

LB G
MO-M23  FF's
MQ

MZ FF
g

OA's FF's
OB's FF's
*0C's FF's
OF's FF's
op, OE, 0G, OH, OY

DESTINATION designators (23)

DIGITAL DIFFERENTIAL ANALYZER attachment)

TRANSFER when DEST. is 31 (= TR:D7-DX) (23)

selected TF pulse initiating INPUT CODE process (48, 68)
abbrev. for EARLY BUS (26, 28)

OVERFLOW FF (27)

sync. signal from INPUT/OUTPUT media (47, 48, 52, 68, 69)
abbrev. for INTERMEDIATE BUS (26)

"when to invert" FF in INVERTING GATES (26)

abbrev. for MULTIPLICAND-DENOMINATOR REG. (PJ is READ FF)
(34, 36, 40)

SIGN FF in INV. GATES (for two-word lines) (26, 34, 40)
abbrev. for INPUT-OUTPUT REG. attachment output)

"whether to complement" FF in INV. GATES (26)
word-time LOCATION of a COMMAND (5, 20)

abbrev. for LATE BUS (26)

READING FF's of LINES 00-23 (also used as abbrev. for lines)
(21)

abbrev. for MULTIPLIER-QUOTIENT REG. (PR is READ FF)
(34, 36, 40)

LINE Z READ FF; also abbrev. for line (48, 52, 60, 68, 69)
COMMAND info.: location of NEXT COMMAND (5, 20)

4-bit reg. used in INPUT/bUTPUT precession activities

(48, 52, 60, 68, 69)

5 FF's in INPUT/OUTPUT system - sometimes used as 5-bit reg.
(48, 52, 60, 68, 69)

4-bit static reg. used to designate INPUT/bUTPUT operation
(45, 67)

FF's used for INPUT/bUTPUT control - sometimes as 3-bit reg.
(48, 52, 60, 68, 69)

FF's used for INPUT/bUTPUT timing and control (OH in AN
models only) (48, 52, 60, 67, 68, 69)
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0s FF sign handling FF in INPUT/OUTPUT system (48, 52, 68, 69)

0zZ FF FF high during WORD 00 (52, 69)
PM FF monitors T29.CE (2-1) bit at MQ's writing ckt  (36)
PN abbrev. for PRODUCT-NUMERATOR REG. (PP is READ FF)
(34, 36, 40)
*READY G idle state of INPUT/OUTPUT system (= OCL-0C2*0C3-0Ck-OD)
(45, 67)
RC G abbrev. for READ COMMAND (state or signal) (30)
(:) G (:) during SLOW-IN operations (48, 68)
S0-S7 G's
SU-SX G's SOURCE designators (23)
<sA> SW signal high when ENABLE SWITCH is ON (43, 63, 75, 76, 81,
83, 85, 86)
npn COMMAND info.: TIMING NUMBER (5, 19, 20)
Tl FF sign position of SINGLE PRECISION numbers (15)
TE FF sign position of DOUBLE PRECISION numbers (T1l-CE)  (15)
TF G T29 of word times congruent to 3 mod. 4  (15)
TS FF sign position - occurs at Tl or TE depending on Cl (S/b bit) (15)
TO G T29 of word 107 (ORIGIN PULSE) (15, 57)
™ FF TIMING TRACK READ FF; also abbrev. for track (15)
TR G abbrev. for TRANSFER (state or signal) (30)
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