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SECTION 1
INTRODUCTION

THE PURPOSE OF THIS MANUAL
However reliable and efficient a computer system is designed, an essential contributing factor to customer

satisfaction and future sales is the efficiency and dependability of the service engineers who represent the
manufacturer. The objective of this manual, therefore, is to present to the student the concepts and tech-
niques used in the logical design of the 200 computer system so that he will be capable of performing

maintenance in a logical and expedient manner.

SCOPE

This introductory chapter is intended to furnish the student with an insight into the basic computer organ-
ization and function of each of the main elements of the central processor. A detailed logic and circuit
analysis of each of the elements will be discussed in the subsequent chapters with comprehensive explain-

ations of the execution of all instructions.

It is assumed that the student is already familar with the instruction repertoire and data format as presented

in the 200 programming course.

This publication is for educational purposes only and is therefore intended to present concepts rather than
specifications, Field Service and Engineering department documents should be referred to for actual per-

formance specifications.



SECTION I INTRODUCTION

ORDER EXTRACTION (FETCHING) CYCLES

~ OP CODE EXTRACTION NOTE: NUMBERS ARE KEYED TO
- A ADDRESS EXTRACTION PARAGRAPHS IN TEXT. ®
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SECTION I INTRODUCTION

BLOCK DIAGRAM ANATYSIS

To understand the machine organization the student must first understand the sequence of events necessary

to execute an instruction. Once this sequence is understood, then it is not difficult to determine the logical

design necessary to implement the sequence.

The extraction phase ("fetching” cycles) of a typical instruction is represented in figure 1¢1. The sequence
is outlined below.

The sequence counter (in control memory) generally contains the address of the instruction to be
executed. The address of the operation code of the first instruction of a program can be written into
the control memory manually from the control panel. After the machine is started, however, the
sequence counter is modified by the logic so as to contain the address of the succeeding instruction
to be executed.

@ The address in the sequence counter is read from control memory and transferred to the main
memory where it is used to address the location of operation code of the instruction.

It must be remembered each main memory location can contain one character and that most
instructions require several characters to define an operation code, A and B addresses, and variants.

@ The operation code is read from main memory and transferred to the control unit for storage

and interpretation, It will remain there until the succeeding operation code is extracted.

The requirement of addressing several consecutive memory locations to extract the A and B address
characters should make it apparent that the sequence counter will have to be incremented after each
character is read from memory. It follows therefore, that the sequence counter will contain the main
memory address of the operation code of the next instruction after the last character of the current
instruction word is read from main memory.

As each character of the A address (two or three characters depending on the addressing mode) is
read from main memory, it is transferred to the A address counter in control memory.

After the subsequent indirect or indexed addressing cycles have been performed, the A address
counter will always contain the effective A address to be used in the instruction.

@ The B-address is processed in exactly the same manner with the exception that the effective B
address to be used in the instruction is written into the B address counter in control memory.

e The termination of the extraction process is signaled by a word mark in the location of the next
operation code. At this point the use of the sequence counter is discontinued until the start of the next

instruction extraction.

1-3



SECTION I INTRODUCTION

The execution phase is represented in figure 12, Before the actual sequence is discussed there are
several significant facts which should be emphasized. In accordance with the economy of design, the
capacity for operand storage outside of main memory is limited to two 6-bit character buffers in the
arithmetic unit. Because the arithmetic unit is used as a transfer path for all instructions (except
peripheral) the two buffers are referred to as the A and B transfer registers. In view of the limited
storage capacity, it is readily apparent that all operations which involve more than one character oper-
ands will have to be executed one character position (a pair of operand characters) at a time. The pro-
cedure therefore, will have to be as explained below.

@ In the case of an arithmetic operation, the technique will generally be that of extracting operand
characters from the memory locations specified by the A address and B address counters.

The characters are transferred to the A and B transfer registers where they can be added or sub-
tracted in the accumulator.

The result is then transferred to the location specified by the B address counter,

The aforementioned process is the procedure for one character operands, However, it is obvious that in
most cases each operand will be several characters long. If it is considered how an addition or subtract-
ion is performed it becomes fairly obvious how it must be implemented.

For example, it is apparent that the reason that the low order characters are specified in the instruction
word is that the carries or borrows from one character position to the next must result from a previous
addition or subtraction of a lower order character position. It can also be assumed that if the sequence
counter can be incremented to extract characters from ascending locations in memory, then the A and B
address counters can be decremented to extract operand characters from descending locations in memory

using essentially the same logic circuits.

The implementation of the transfer of a character from the location specified by the A address counter to
the location specified by the B address counter is not difficult to understand if it is considered that the A
operand added to nothing (0) is unchanged and that the result from the accumulator is delivered to the
memory location addressed by the B address -counter,
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ORDER EXECUTION
- OPERAND EXTRACTION EXAMPLE: ADD/200/300
- RESULT DELIVERY
NOTE: NUMBERS ARE KEYED TO
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SECTION I INTRODUCTION

In summary, the functions of each of the primary elements are:

Control Unit -

a. Store and interpret operation codes to

b. control sequencing of execution cycles so that

c. addresses of counters in control memory are generated in each cycle and

d. subcommands are generated to control all internal transfers of information.

Control Memory -
a. Consists of a series of counters and registers which contain 15 bit main memory

addresses among which are;

b. sequence counter which is used for instruction extraction-ascending locations,
c. A and B address counters which are used for operand extraction-descending locations, and
d. associated logic for incrementing or decrementing any address which is being returned

to control memory after addressing main memory.

Main Memory -

a. Stores instructions and operands.

b. Usually addressed by a 15 bit address from control memory to deliver operands one
character at a time to the arithmetic unit or store a result character from the adder.

Accumulator -
a. Consists of the A and B transfer registers and an adder,
b. The adder is capable of delivering binary or decimal results and storing carries as a

result of adding the contents of the A and B registers.
c. The result from the accumulator can be delivered to the main memory or to the control

memory for address storage.

Input and Output Buifers -

a. The P and F buffers are used for input and output transfers respectively.

b. When a data transfer is requested by a peripheral control unit, the proper read write
counter in control memory is used to address main memory so that the transfer can

be performed.

GEOGRAPHY

Each pin in the 200 is defined by a seven character code. The example shown in figure 1-4 illustrates
the relationship of one pin on one package to the rest of the 200 CP, The entire central processor is
packaged in one cabinet containing four drawers. The control unit is in one drawer, the arithmetic
unit and registers are in another drawer, 16K of main memory is in one drawer. If an addition 16K
of main memory is included it would be the fourth drawer of the CP. A peripheral control unit usually
is in one drawer by itself.
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SECTION II
H-200 TIMING

Studying specialized computer logic is similar to solving puzzles involving the use of deductive rather

than intuitive powers. A particular operation is described by the condition of a number of functions at
some unique time. The condition of those functions of course depends on the conditions of still more
functions at some unique time. These "times'' then are used to control the sequence of machine operations.

T e

The ability to recognize these timing functions and when they occur is necessary to determine when one

of the logical functions will be active.

There are more than 35 active assertion outputs from the clock (general term given to that section of the
machine whose purpose is to generate "clocking' or timing signals). This doesn't really complicate
recognition of timing functions, since the outputs are mnemonically classified to origin and use. Further
"ime one' of one classification occurs at the same absolute time as "time one" of all other classifications.

And since there are only eight sequential "times" per clock cycle, recognition is no problem.

The primary purpose of this chapter is to describe the derivation of the clocking signals, but the text
will detour now and then to discuss the reasons for the clock's configuration. An attempt will also be
made to relate specific times to important machine functions and areas, if these attempts do not cloud

this chapter's primary purpose.

CLOCK CYCLE

The H-200 clock must provide a cyclic series of eight pulses, each cycle recurring every two micro-
seconds. The reason for this configuration and cycle time is graphically shown in Fig, 2-1, and ex-
plained in the following text.

purseperions| 1 | 2 | 3 |4 5 |6 | 7 |8
MAIN MEMORY CYCLE-2us ! READ : ' WRITE ——
CONTROL MEMORY CYCLES| W { R | W R | W R | W 'R
—1 .5usec —_—
ONE CYCLE
FIG. 2-1

The H-200 main memory is continuously being cycled, i.e. memory read-out, and write-in (one memory
cycle) occurs all the time the machine is running. Because of this, all data transfers to and from memory
to and from storage registers, and result delivery from the accumulator, must be kept in step with the
main memory cycle. This fact then, dictates that the clock cycle must be the same duration as is required
for one memory cycle, i,e. 2 usec. During one main memory cycle, the control memory (which is used to
store Instruction and Operand Addresses) must cycle four times to address main memory and to update

the pertinent stored addresses in preparation for-the next main-memory-cycte: Each-eontrol memory -
cycle is divided into read and write times, thereby requiring the clock to generate eight timing pulses
during each clock cycle. With all of this inter-relation it should be stressed that nothing happens without
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SECTION I 200 TIMING

the clock. It is used to synchronize main memory, control memory, internal, and peripheral transfer,

and processing operations,

Basic Block Diagram of the Clock (Fig, 2-2)
The time base used to develop the clocking signals is a crystal controlled sine wave oscillator. A pulse

shaper squares the amplified sine wave, and feeds its output to an eight period ring counter to provide
the required cyclic series of eight timing pulses. The machine actually has two ring counters, one in

each central processor drawer, but they' are inter-connected so that both remain in step,

RING COUNTERS
PULSE

[DISTRIBUTION AMPS SHAPERS | ] INTER-SYNC [—
DISTRIBUTION

TIMING PULSE
OUTPUT

[DISTRIBUTION AMPS

MEMORY CLOCKS

Figure 2-2

The ring counters which generate the timing signals are connected so that a "count" or pulse has two
requirements. The first is a function of the previous count, and the second is the squared sine wave
which determines the leading edge of the new count. This action continues until time "eight" is
achieved. The "eight" is used as the previous count requirements for time "one", thus completing the
ring. The result is a counter which develops eight sequential pulses, each pulse having a nominal
width of 300 nsec. and recurring every 2 usec,

Fig. 2-8 is a graphic representation of both c.p. (central processor) ring counters, mutual inter-
connection, and the starting gate. Also shown is the connection to the main memory clock, which is not
a ring counter but will have similar outputs (though not as many). The memory clock uses the outputs
of the ring counter in drawer #1 for sync. Functions with a CA prefix are in the C1 drawer, while CB
indicates C2 drawer, and MA the M1 drawer. Note that the function name CATO * 10 refers to a timing
pulse derived by the ring counter in C1,drawer and * corresponds to the specific timing pulse. The
2mc square wave which will synch each "time' is not shown, but the "previous count' requirement is

represented by the connecting arrows.

To start the clock, the control panel master clear button is punched forcing CPMCL 10 high. CAT6I00
will be high if the clock is stoppped, or if it is running, during times "four" and "five' only. With
both legs high the previous count condition for time 6 is satisfied and the clock is started. Note that
CBT0710, and CAT0510 have their "previous time" requirement satisfied by a previous time in another
drawer. This insures that both ring counters are in step. Further insurance that both counters remain
in step is accomplished by allowing time 6 only during the time that CAT6100 is high.

Sine Wave Generation and Distribution

The time base for the 200 is a 2MC, crystal controlled, amplitude stabilized oscillator. The sine

2-2



SECTION II 200 TIMING

M1 DRAWER C1 DRAWER C2 IRAWER
MATO0*10 ! CATO*10 [ CBTO*10

I [ "CAT6I100 (I) = TIL+T3L+T7L

SINGLE CYCLE SW I—-—QE—— TEST SWITCH
I

| (

i
}
|
N
l 6 |
| |

| Y } R

7 l 7
| |
N |

| s | 8
|
| ! |

1 | 1 | 1

! b

2 | 2 | )
| |

| | ~

| ° : 3
| Y |
|

4 4
| l
| I I
I

5 ] 5 I 5
| |

* = Pulse Periodl I 1

6

Fig. 2-3



SECTION I 200 TIMING

wave is brought out through two emitter follower buffers. A special test point is brought out to a pin

and is used as to reference all cp timing adjustments. See Fig. 2-6 for the oscillator package schematic,
The sine wave outputs from the oscillator feed two KDA packages. Each KDA (clock distribution ampli-
tier) consists of four class A emitter followers. See Fig. 2-8 for the schematic of the KDA package.

The above distribution is shown on Fig. 2-4 in block diagram form.

CP Clock

Fig. 2-4 is a block diagram of the ring counter in drawer C1, and is the same as that represented in

Fig. 2-3 albeit more detailed. The block labeled KPS (clock pulse shaper) is one of five circuits on the
2KTG5 package (see Fig. 2-7), and its purpose is to clip the incoming square wave. By varying the
clipping level,the active duration of the output, and consequently the "times' which it synchronizes, can

be adjusted. All timing functions in the c.p. are aligned so that the 2. 5v level of the positive going
leading edge coincides with the zero crossing point of the sine wave as monitored at the oscillator package
test point. The maximum rise time for timing functions is 50 nsec,and the adjustment toleranee is t20 nsec.

The KPS circuit incorporates an input transformer, and switching input connections provide an easy
means of phase reversal. Refering to the circuit schematic (Fig. 2-7) will show that if pin 18 is grounded,
the output at pin 24 will be a square wave of the same polarity as the sine wave input to pin 19, By
grounding pin 19 the output polarity will be the inverse of the sine wave input at pin 18, In other words, a
variable positive pulse is obtained from the same type of circuit for both halves of the input sine wave

just by reversing the input connections. In general, the KPS-circuits with pin 18 grounded, will provide
the "even" times, Conversly those KPS circuits with pin 19 grounded will provide the "odd" times.

Refer again to Fig. 2-4, noting the flow for the time "one", The source for all cp timing signals is the
oscillator; distribution and amplification of the sine wave time base is the function of the KDA's; squaring
the sine wave and positioning the output timing pulse is the job of the KPS circuit. The individual timing
pulses are formed by a previous time (CAT0810 for time one) and synch from the oscillator (CAT1010

for time one). Each pulse period is defined by two outputs,one of which is present every 2 usec so long

as the clock is running (CAT0110). The other is interrupted by a peripheral buffer cycle(CACPC30)

and is designated "'cp times' (CACT110). The following discussion will develop the two outputs of time one.

CAT1000 = (KPS) = MAOSA1A CATI1010 = (I) = CAT1000
Pin 19 ground
CACT110 = CAT1010sCAT1L10«CACPC30
CATIL10 = CAT1000CAT0810
+ CAT1010¢CATI1L10 CATO0110 = CAT1010«CATIL10
Function CAT1000 is the output of a KPS circuit, and pin 19 being grounded determines that the output
polarity is opposite that of the sine wave input. Refer to timing diagram Fig. 2-5. The first two char-
acters of the function indicate the area of the machine and the drawer (as previously mentioned), The first
square wave shown is equivalent to all odd negation outputs of the KPS circuits. The second square wave
shown is equivalent to all even negation outputs of the KPS circuits, But note that CAT1010 is the out-
put of an inverter and therefore can be shown as the equivalent of T2E00, The reverse (concerning T2E10
and T1000) is also true. This is logical since, if time even not were at +5v (indicating truth) then time odd

assertion would be true also.
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CATIL10, by the stated boolean expression, requires T1000 and CAT0810. Note from the timing chart
that T08 and T10 are coincident with TIL and provide the "previous time' and "synch" requirements,

TIL has another gate (recirculation gate) whose purpose is to hold TIL set after the normal "set gate"
has gone low. But notice that the recirculation function (CAT1010) is the assertion of one leg of the set
gate (CAT1000), The student might assume that this would cause a certain amount of instability, since
T10 must go low before T10 can come high. But what is not shown in a boolean expression is the physical
consideration of rise and decay time, T10 is the output of the GIN circuit of the 2KTG5 (fast inverter)
while TIL is the output of GBA circuit of the 2KTG5 (slow amplifier), This indicates that T10 will be
high before TIL can go low, thus keeping a high input gate,

With TIL and T10 high the conditions for CAT0110 are satisfied. This is the "time one" output of the
clock, TIL and T10 along with CACPC30 will satisfy the input gate for CACT110, This time is the same
as T01, except for the additional requirement of CPC which dictates that CT1 (and all other CT* times)
will be inhibited if CPC is low,

The function CACPC30 is forced low when there is a peripheral demand (buffer cycle), This occurs when
a peripheral device is ready to communicate with main memory and traffic control allocates 2 usec to
the read-write channel the device control unit is using. The inhibiting of the CT* times allows the inter-
uption of a central processor instruction for two microseconds (while main memory is at the disposal of
the peripheral control unit). This interuption is really just a suspension of certain central processor
activities such as transferring or resetting certain registers. Naturally the gating of the peripheral data
is by the TO0* times.

TIL is recirculating on T10, and both TIL and T10 are necessary for T01, and CT1. So when T10 goes
low the functions it feeds will also go low. It should be pointed out,however, that T01 provided the previous
time input for T2L thus pepetuating the clock.

That in essence is how the ring counters,which make up the clock,function. But one assumption was
made in the previous discussion : the fact that T08 was present to set TIL, If the clock was stopped it
would be necessary to backtrack to find a way to artifically inject a previous time to start the clock.
From Fig, 2-3, it can be seen that time six's previous time requirement can be satisfied by CPMCL10
and CAT6100. Refering back to Fig. 2-5, MCL is shown coming high with the clear button, which in
fact it does.

CAT6I00 = (I) = T1L + T3L + T7L
T6I will be high if the clock is stopped, since no input gate can be satisfied, Thus time 6 and the clock
can be initiated with the clear button. Note however,that T7L will force T61 low, and it will not come

high again until the end of T3L thus insuring against spurious triggering of T6L,

Summary

There are ring counters in both central processor drawers, interlocked so that they remain in step.

The output of the clock is a train of eight pulses repeated every two microseconds. All times are
synchronized by a 2 me crystal controlled oscillator,

2-6



SECTION I 200 TIMING

—ve \)(\/\/\/
ras10 L 1 1

T2E00 S—
T1010

CAT6I00 '

carerio__J

CAT0610

C,TTL10

w >

0710

Q
3>bd’_j’>

C,T8L10

jos]

C.,T0810

o

C

w >

T1L10

C,_T0110

w >

C,T2L10

W >

C

o B>

T0210

CLT3L10

w >

0310

iz

C,T3L10

W >

CBT0410

Ags; . | -
CRT5L10 — -

C§T0510

-5
Figure 2 2-7
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Distribution of clock timing to certain areas of the machine is interupted during a peripheral buffer

cycle for the purpose of suspending a central processor instruction for one memory cycle.

20

The clock should be adjusted so that at the 2.5 volt level, the leading edge of the KPS is within : 20 nsec
of the crossover point of the oscillator. This adjustment is made by syncing on the previous time and
observing the output of the oscillator in the memory drawer and the KP8 to be adjusted.

Clock outputs, as has already been mentioned, are indentified, as to drawer, by the second letter of the
function and, as to use, by the three letter mnemonic. The two character suffix of the function has quite
a bit to tell also. 10, 50, 1A, 5A, 1B, and 5B are assertions. 00, 40, 0A, 0B, and 4B are negations,
The last character describes the derivation of the signal, 0, A, and B represent three different pulse
shapers for the same logical time,

Two special times are generated : time two not and time five not. These functions are separately adjust~
able because they have their own pulse shapers and are not just the inverted assertion., CATO0200 and

CATO050A (see also CAT050B) are the names of these special times and they are adjusted the same way as
the assertions.

Two additional clock outputs, CBTEV10 and CBT0D10, are used for control memory timing, They repre-
sent even times and odd times respectively,

LOGICAL SPECIFICATIONS 2KCA2
a. Output Capabilities - Output pins 34 and 37 are each capable of driving one KDA package or 350 ohms,
b. Output Signal - A 2 mc sine wave.

NOTE
The outputs must not be grounded in normal use. However, accidental grounding will not permanently
damage the circuit.
A reference point pin #33 is provided for use in alignment of the KTG package.

THEORY OF OPERATION 2KCA2

The KCA package consists of a 2 me crystal controlled basic oscillator amplitude control circuitry and
two output emitter followers.

The oscillator is the Clapp type, where the feedback is determined by a capacitive divider from collector

2-8



SECTIONII 200 TIMING

to ground. The output of the oscillator is stepped down by the capacitive divider and fed into the buffer

emitter follower which in turn drives the two output emitter followers and the amplitude stabilizing
circuit.

Tn the amplitude stabilizing circuit, ihe amplitude of ihe posiiive half cycle of the sine wave is compared
against a preset dc voltage; the difference between these two is integrated and fed to the base of the
amplitude control transistor Q4. In normal operation Q4 is driven to near saturation presenting a low
dynamic resistance between emitter and collector. Q4, in series with Cl4, is connected across C13, the
oscillator feedback capacitor. Therefore, any variation in the oscillator output amplitude will cause a
corresponding change in the dynamic resistance of Q4, affecting the oscillator feedback, thereby main-
taining an output of constant amplitude.

+5F
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Lo /mFD.
-/5F %
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THEORY OF OPERATION 2KTG5

a. Pulse Shaper Circuit

The Pulse Shaper has a sine wave input of 500 nsec. This period is applied to input terminals 18 and

19. When the input signal becomes sufficiently positive, Q5 starts conducting which in turn cuts off

Q2. The off period of Q2 is determined by the variable RC time constant. When the base of Q2 becomes
sufficiently positive or the capacitor charges up towards +5 volts (Zener diode voltage), Q2 will conduct
and the output pulse will be terminated. As a result, a positive output pulse of 300 nsec. variable dur-
ation is obtained with variable positioning of its trailing edge. Q5 is turned off when the input signal
becomes sufficiently negative. The output pulse can be shifted by 1800, i.e., "even'" or "odd" pulses
can be obtained by interchanging the backboard wiring to the input terminals of the transformer (18 and
19).

b. Gate Inverter

The Gate Inverter is an inverter circuit with an AND gate at its input. When the AND gate is satisfied,
(when both input terminals are positive) transistor QI conducts and ground level appears at the outpat
terminal, When either of the inputs is at ground, Ql is cut off, and the +5 voltage appears at the output
terminal.

c. Gate Buffer Amplifier
The Gate Buifer Amplifier is a two-stage amplifier preceded by three AND gates buffered together to
form an OR gate, When any of the AND gates is satisfied, a positive voltage appears at the output;
otherwise, the output is at ground level. If a gate is unused, one of its gate-legs must be grounded,

d. Clock Pulse Amplifier

The Clock Pulse Amplifier is a two-stage power amplifier with a three-input AND gate at its input.
If all three inputs are high, the output of the amplifier is high; otherwise, the output is zero,

e. Generation of the Timing Pulse
To generate the required eight timing pulses, eight GBA circuits are interconnected to form a ring
counter whose outputs are gated with the even or gdd pulses generated on the corresponding KTG cards.

Consequently, the leading edge of each timing pulse is individually adjustable. One card is needed for
the generation of each timing pulse.
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SECTION III
CONTROL UNIT

TRODUCTION

The control unit selects instructions, interprets them, and directs their execution as specified by the

programmer. Even the simplest machine instructions cannot be performed all at once. They are divided
into simpler steps, with each step performing a specific part of the overall job, The basgic subdivision is
a "memory cycle". The control unit selects the sequence of memory cycles and issues the subcommands

that direct the flow of data within a memory cycle.

CYCLE ¥LOW INFORMATION FLOW

Al c u N Reg.

I, '

) \ CYCLE . SUB-
/ s
ﬁSELECTION:COMMANDS
A2 --41 A3 : A Reg. B Reg.
Bl V2 FTHERS Acc. V Reg.

Representative Examples Of Cycle Flow And Information Gating

FIG. 3-1

MEMORY CYCLES

In the 200, a memory cycle is 2 usec in duration. This is the time required to read out a main memory

location, store its contents in a group of GBA's (a register).and write the information back into the mem-
ory location where it originated. Of course, data stored in another register during some previous memory
cycle may be manipulated simultaneously. During the course of a main memory cycle, control memory is
cycled four times. The first control memory cycle is used to obtain the address of the main memory

location to be cycled. The other three are usually used to store information that will be needed later on.

INFORMATION GATING

When it is necessary to transfer the contents of one register to another, subcommands are used to gate

the information. For example, if the "N register contained am octat 45 (CANO6 10 and N3 and NO1 at

+5 volts, and N05, N04, and NO02 at 0 volts), and we wanted to transfer the "N' register to the "I" register,
we would use the subcommand CBN2I10 to deliver the information. CAI0110 would have on its input diodes
a gate that has the assertion of N01 anded with the assertion of N2I. Now, every time N2I came high (+5)
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if NO1 was a one (+5), the one bit would be set in 101, Similarly, 102 should have N02 anded with N2I:
CAT0210 = N2IeN02
Now, when N2I comes high, if NO2 were a zero,l02 would not be able to set. In this manner a one will be

set in the I register if the N register had a one bit in the corresponding bit position,

No6 NO5 No04 NO03 No2 NO1 N Reg.

N AN A V- - N21

106 105 104 103 102 101 I Reg.
FIG. 3-2

Figure 3-3below is a simpilified block diagram showing the relationships of the various parts of the control
unit. The major inputs to the control unit are; the op code, which is stored in the I register (Instruction
register), operand punctuation (usually is used to terminate the instruction), and the timing functions,
which are inputs to practically everything else in the machine also.

OP CODE DERIVED
OP CODE —> FUNCTIONS
PASS COUNTER &
CYCLE GENERATOR <—f——-> BRANCH CONDITIONS
OPERAND ste.
PUNCTUATION ’
l«——| PREVIOUS CYCLES
EXISTANT CYCLES
(Major & Minor)
TIMING —>
DERIVED CYCLES
> SUBCOMMANDS >>
Fig. 3-3

The only thing that could properly be defined as an output of the C.U. is subcommand generation. However,
cycle generation is also a major function of the C. U. It should be understood that this is a simplified
diagram, and that in some cases, operand punctuation, op codes, and the cycles (previous, existant, and

derived) will bypass the subcommands and be used directly.

EXTRACTION CYCLES

Memory cycles are divided into two main categories: extraction cycles and execution cycles. The extract-
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ion cycles are simply used to read the entire instruction out of memory one character at a time,using
the sequence counter as a main memory address and incrementing it each time it's used. As the char-
acters are read out, they are stored in appropriate places for use during order execution. The A and
B addresses are stored in control memory and the op code is stored in the I register. The twe "major
cycles" used during the extraction cycles are EAC and EBC. The "minor cycles" E1C, E2C, and E3C
are the basic cycles and are common to extraction and execution. During EAC the basic cycles E1C,
E2C, and E3C extract the first, second, and third characters, respectively, of the A address. During
EBC, the basic cycles E1C, E2C, and E3C are used to extract the three B address characters (and

store them in the B address counter in control memory).

EXTRACTION EXECUTION
MAJOR EAC EBC ——EEC ——|—EEC ——

MINOR |E3c |E1C [E2C |E3C |E1C |E2C |E3C |E1C |E1C|E2C |E3C |EIC|E2C |E3C {E3C
MNEMONIC|vs | A1 |A2 |A3 | B1iB2 |B3 |Vl |El |E2 |E3 | E1|E2 [E3 |V3

FIG. 3-4

EXECUTION CYCLES
The execution cycles are actually going to perform the operation requested by the programmer. For ex-

ample, in an add instruction during E1C of EEC, the contents of the A address counter will be used to
address main memory and the contents of that main memory location will be delivered to the A operand
register and stored. In E2C of EEC the contents of the B address counter are used to address main
memory, and the contents of that main memory location are sent to the B operand register. The accumu-
lator will add the two operands. In E3C of EEC the B address counter will be used to address main memory.
and deliver the result of the add. If there are more characters in the operands, repeat these cycles, Read
out a second A operand character in E1C, a second B operand character in E2C, and deliver the second
result character to the B address. These operations will be repeated until the defining word marks are found,
The control unit will use the word marks as signals to start the extraction of the next instruction in

sequence.

In general, EIC during EEC is used to read out an A operand. This cycle has been given the mnemonic
name El (using the middle character of the major cycle and the middle character of the minor cycle).
E[E]C plus E[1]C equals "El". In other words, El is used to address the A operand. E2 (EECeE2C)
usually addresses the B operand, and E3 delivers the result. In some orders, such as the moves, there
isn't a B operand, only an A operand and a result. In these cases, during EEC there would not be an

E2C cycle. In that case the op code would cause E3C to be selected at the end of EIC, instead the usual
E2C. If an address register needs to be incremented during execution cycles, the major cycle EMC will
be used. By trying to use the same cycles for a similar purpose each time the C. U. can generate similar
groups of subcommands based mainly on the cycle. Use of the op codes for generating subcommands pro-

vides the variations needed for particular instructions.

OP CODE DERIVED FUNCTIONS
When a group of ones and zeros in memory are to be used as an instruction, the six data bits in the low

order character are used to designate the op code. For example, 100101 is the machine code for a halt
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OP-CODE DERIVED FUNCTIONS

OP-CODE SPECIFIC GENERAL (I REG SET AT CTG) *x
—

/\() <Z: ONE FLOW
= S S]INSTRUC. | 82|29 5| vu<s|e<z|{az vu|exo CHART
<< —

g éy\ £ owr S22 8| S=sg|ad8| g8 2|88 PG, #
~N
10 EXM * MUV c 63
14 MCW * C
15 LCA * C 60
16 ZA * * > D
17 zs * * p| 39
20 SI x * * D
21 CI . * D
22 Sw * * " D 26
23 CW . . D
24 SCR SCR * * Bi| 66
25 LCR * * * B 71
30 HA * * * C
31 EX LGP * * C 4z
32 SST SBT * C 42
33 C BCP * * C 35
34 BA * D
35 BS * * * D 31
36 * *  x D
37 s * * w p | 4
40 NOP * |+ B; 29
41 RNM * RNM * C 79
42 CAM * CAM w | x B 58
43 CSM * CSM * ¢l 76
45 H HLT * C 29
54 BCC * C
55 BCE * * * C >4
60 MAT * MAT * c 82
64 PCB PCB * * » B1| g7
65 BCT BOI o * B,| 52
66 PDT PRW * * * B[ 90
74 MCE * EDT C 94
** B, = BYPASS B

B, = BYPASS A § B

C” = CHAIN B

D = DUPLICATE A

Figure 3-5
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instruction (octal 45). After these six bits are stored in the I register,they will be used to control the
sequence of the execution cycles and the manipulation of data. The control unit has a group of functions
that examine conditions in the I register and decode the six functions in the I register into one function
that designates the op code. In many cases all six bits are not needed to identify a particular op code.
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halt order because there is no other legal op code that contains this configuration. The control unit
has a function called CBHLT10 that will be high if this configuration of ones and zeros appear in the I
register.

CBHLT10 = 1051044103
Many other op codes derived functions are set in a similar manner. These functions will be high as
long as the op code is in the I register (the complete duration of the instruction). In some cases the
same op code derived functions will be high for two or more similar instructions. But in most of these
cases there will be other op code derived functions,examining different bit positions, high in sufficient
combinations to distinguish each op code. These op code derived functions are the primary controlling

factors in causing each order to be executed differently, As might be expected, these functions are most

often inputs to the cycle selection functions and to subcommands.

PREVIOUS AND DERIVED CYCLE FUNCTIONS
The existant cycles go high at time six (CT6) and recirculate through CT4. No existant cycle, either

major or minor, is high during CT5. Therefore,if cycle E2C should come high when E1C is done, the
C.U. will have to store the fact that E1C was the previous cycle and use this function to set E2C. The
control unit does in fact have a group of functions that are set during an existant cycle and recirculate
well into the next cycle. Each major and minor cycle has a corresponding "previous' cycle, Most
previous cycles set at CT3 and recirculate through CT1; some set at CT2 and recirculate through CT8.
For example, at CT3 of every E3C the function CBP3C10 will set, and it will recirculate through CT1.
The input gates to CBP3C10 look like this:

CBP3C10 = E3CeCT3
+ P3CeCT2

The top gate is used to set P3C at CT3 of every E3C and due to the bottom gate, once P3C comes high it
will stay high as long as CT2 is high, The first time CT2 comes high P3C will go low, Similar gating

is used on the other previous cycles.

During the course of a memory cycle, the control unit uses "derived cycle'" functions to monitor the
existant cycles and to aid in the generation of subcommands, All but three of the "derived cycles" are
derived from the execution cycles. These monitoring functions usually are set at CT8 and recirculate
through CT6. CADELI10 is set during an E1 cycle (EEC*ELC) at CT8; however CBDE110 is set at CT6,
and CBDE130 is set at CT3. But these last two should be considered exceptions to the normal case,

CYCLE SELECTION

Every major cycle and every minor cycle has a group of selection functions feeding it. For example,
E1C can be set by any one of a group of selection functions, S1A + S1C + S1D + S1E + S1F, depending on
certain conditions.
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CBELIC10 = NO7eS1A«CT6
NO7 +S1CsCT6
CT6#S1D
CT6S1E
CT6+S1F

EIC*HER
The first thing that is apparent,is that every set gate has CT6 on it. The recirculation gate has HER

o

which will go low at CT5. So once the selection function comes high, CBE1C10 will set at CT6 and re-
circulate through CT4. Each gate on the selection functions is examining a specific set of conditions

that will require the next cycle to be an E1C. For example:

CBS1D10 = PI1CeS1H
+ PV1eSPM
+ PV1eMAT
+ ITFePCC
+ P3CeHFC
CBS1H10 = PBCePOP
+ MATePEC
To aid in understanding these functions use the following definitions:
P1C = Previous cycle was E1C
PVl = Previous variant cycle and E1C
SPM = Set punctuation mark instruction, SI & SW
MAT =  MAT op code derived function
ITF = Interrupt flop
PCC = Previous ECC
P3C = Previous E3C
HFC = Previous extraction cycle (fetching)
PBC = Previous EBC
POP = Peripheral Orders PCB + PDT
PEC = Previous EEC

The top gate on S1D will be high if the previous cycle was ELC and the selection function S1H is high.
CBSIHIO will be high if the previous cycle was EBC during a peripheral order (top gate), or if the
previous cycle was EEC during an MAT instruction (bottom gate), Now, using the bottom gate of S1H
and the top gate of S1D, the control unit will select ELIC as the next minor cycle of an MAT instruction.
if the previous cycle was E1, (EEC*E1C). In this case ECC will set also and the new cycle will be C1,
By the second gate on S1D, (and the third on E1C) E1C will be selected as the next minor cycle if this is
a "set punctuation mark" instruction and the previous cycle was a variant cycle one. This is a sample
of the type of logic used for cycle selection. Of course, in conjunction with the generation of EIC a
major cycle is usually selected to completely define a memory cycle. If no major cycle is selected, a

variant (fetching) cycle is assumed. Only one major cycle and one minor cycle can be high at a time,

SUBCOMMAND GENERATION

The N register is a collection and distribution center for data within the 200. When information is to

be written into a memory location, it is loaded into the "N'" register while main memory is addressed.
The "N" register circuits will then be used as inputs to the memory circuitry that causes a one or zero

to be written into a particular position. Likewise, when information is read out of a memory location,
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it is read into the N register for further distribution by the control unit. Data may be sent from the N
register to four other registers; the " register (op code delivery),the "F'" register (peripheral out-
put bus),or to the A or B registers for arithmetic and logical operations or further distribution. The
control unit will use the derived cycle functions and op code derived functions to set the subcommands
that wiil transfer the information to another register. For example, it was gtated earlier that E1 is
generally used to read the A operand out of memory. Since the A operand is usually sent to the A
register, it follows that the subcommand CAN2A10 should be generated during E1 (N2A gates information
from the "N" register to the A register). If N2A had to be set every E1 cycle there would be a gate on
N2A that had DE1 and the proper timing (CT6). However, the exceptions to the rule prevent this.
Functions are needed to inhibit the delivery of N to A during E1 when it is damaging; i.e. during an MAT
instruction, an SCR instruction, and while subtracting. To prevent N2A during E1 of an MAT instrue-
tion, the op code derived function MAT is anded with DE1, It is also desirable to inhibit the transfer of
N2A in decimal orders when a blank (158) is in the "N" register. This will make a blank in the ™"
register into a zero in the "A" register. For this reason BIZ (Blank is zero) is needed to set N2A.
DE1+MAT *N4A ¢CT6#BIZ

DE2eBCH+CT5

HXCeCT5
N2A «CT6

CAN2A10

o+l

To prevent the setting of N2A during an SCR instruction and during subtractions, a function that will go
low in both these cases is anded with DE1 and MAT.
CAN4AQ00(I)

I

LSR
TUB
+ SAO

The function N4A is an inverter (the output will go low if any input gates comes high),so N4A will go
low for every SCR instruction (LSR is an op code derived function for SCR and LCR instructions). N4A
will also go low for true subtractions (TUB) and binary subtracts (SAO). This all means that in every
E1 cycle N will be delivered to A except when the conditions noted are present, There are two instr-
uctions which require N2A during E2. They are BCC and BCE. Since they have a common op code
derived function, BCH, DE2 can be anded with BCH to get N2A as needed in these instructions. Another
time N2A is needed is during the indexing cycles. The function HXC (held indexing cycle) does this.

The bottom gate on N2A is to recirculate the function, so it will be high for times five and six.

The generation of the other subcommands is very similar, When reading the B operand out of memory
the subcommand CAN2B10 is needed instead of N2A. E2 cycle is generally used to deliver the B operand
to the B register. In fact, the only time N2B isn't generated during E2 is in a BCE or BCC instruction
(note that N2A was generated if DE2¢BCH are high), or if a blank is in the "N" reg. FunctionN2B has
CT6eBIZ*DE2BCH on one gate; this means that in every E2 cycle, except when doing a BCE or BCC
instruction we will transfer the information in N to B.provided BIZ is not high. N2B is also needed in
some of the cases that N2A was inhibited during E1 cycles (MAT and LSR). The rest of the times that
N2B is needed are during the extraction cycles.

CAN2B10 = DE2¢BCHeBIZ*CT6 (Normal Set Gate)
ffffff e+ IINeNO72CT6. . _(Extraction only)
+ N2BeT08¢CEEDH (Recirculation)
+ N4BeCT5 (Auxiliary functions)
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During the delivery cycle (almost always E3) information to be writter into memory is loaded into the

N register. Simuitaneously it's necessary to inhibit the normal read out of information into the N register
to prevent the old contents of the memory location addressed from being superimposed on the informa-
tion te be stored in that location. Therefore,to deliver information to the N register two subcommands
are needed ; CAINL10 inhibits the normal read out from memory,and A2N, or P2N,or G2N to load the

new information into N. CAA2N10 gates information from the accumulator to the N register., The

normal gate on INL is I2L.eDE3¢CT2. I2L is an auxiliary function that will be set for every instruction
except; BCE, BCC, C, and under certain conditions, MCE and EXM. For all other instructions I12L

will be high, so if the instruction uses an E3 cycle,INL will set at CT2. The normal gate on A2N is
DE3eCT3¢CEEDT. This gate will set A2N at CT3 of every E3 cycle except during edit orders.

CAA2N10 = EWCeSCReCT2eINA
+ ECCeE3CeCT3
+ DJ3eTAF+EDE (edit only)
+ DE3eCT3sEDT (normal gate)

The top gate on A2N defines the only condition for delivery to memory in some cycle other than E3C,
EWC is set for the three execution cycles of the SCR instruction, The second gate takes care of a
special delivery cycle. The third gate is for edit only,

SENSING OPERAND PUNCTUATION
Instructions that perform multi-character operations depend on operand punctuation to terminate the

execution cycles. The functions that sense for word marks and item marks look complex at first
glance because they are occasionally used for some other related purposes. CBACF10 is mainly used
for sensing word marks with the help of the auxiliary function CBACG10.

CBACFI0 = NO7sCT6+ACG CBACGIO = DEl+DASeMPM
+ PMCeDUPsCTS + DEl+DASePPF
+ EECeSPMsl02 + BCHeDE2
+ ACFePVCeCLG + PCCeMAT

The top gate on ACG is high during every E1 cycle of any instruction except a decimal add or subtract,
or a set or clear punctuation mark instruction. Since ACG is anded with NO7 on the input to ACF,

sensing a word mark in all of the other instructions will set ACF. The second gate on ACG will be high
during E1 after the first pass is complete in a decimal add or subtract; therefore, if there is a word mark,
ACF will set. The third gate down allows ACG to set ACF if there was a word mark sensed in a BCC
instruction (it will set if there was a word mark in E2 of a BCE also, but in this case ACF will be
ignored). The bottom gate on ACG is to sense a word mark within the translation table of a MAT
instruction. The second gate down on ACF is used to allow a word mark to set NG7 during M2 of a

PDT instruction, The third gate on ACF will simulate a word mark in every execution cycle of a SW

instruction whether there was one or not. The bottom gate is for recirculation.

CBAFC10 serves the same general purposes for item marks as ACF did for word marks, plus a few

miscellaneous odd jobs that will be discussed as needed in other chapters.
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ITEM MARK TRAPPING MODE

In some cases a program may be run on a machine that doesn't recognize every op code in the program

as legal. In these cases, the programmer may mark these op codes with item marks, and set up a
subroutine which will analyzethe op code and the A and B addresses of the item marked instruction and
do a series of instructions which will simulate the non-existant op eode, The programmer specifies the
starting location of the subroutine in the co-sequence counter.To put the machine in the "item mark
trapping mode" the programmer issues a CAM instruction with X48 as the variant (X depends on the
addressing mode desired). To ignore item marks in the op code a programmer may issue a CAM with

V03 a zero bit. In this manner the "item mark trapping mode" may be turned on and off at will.

When the machine is in the item mark trapping mode and an item mark is sensed in the op code the machine
forces a CSM op code to replace the op code with the item mark and does a normal CSM instruction.
The result of this is to put the program into the subroutine, instead of attempting to execute the

instruction with the item mark,

CBIMT10 is the indicator for item mark trapping; it is set when a CAM instruction has a one in V03,
As long as IMTOO is high N4I determines when N2I will come high (PV3 «ITF ¢RUN) for the normal load-
ing of an op code into the I register.

CBN2I10 = N4I¢T07¢IMT

+ N4I«T(07eN08

However if IMT is at ground the op code is only loaded when NO8 is a zero (no item mark). Therefore,
when NO8 is a one the op code isn't loaded, Instead CBCSD10 (change seq. demanded) comes high and
sets those positions of the op code register needed to make a CSM op code (43)8. CSD = N4I«IMT eNO08.

1t should be noted that IMT is an indicator very similar to CM2 and must also be stored during an interrupt.
IMS is the storage flop for IMT during interrupt. This means that an interrupt routine is free to use IMT

just as any other program can.
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SECTION III CONTROL UNIT

Flow Charts

Each logical memory cycle is represented on a block diagram that shows the data flow caused by the
subcommands that are high during that memory cycle. Figure 3-5 is an example of a result delivery
cycle. Every register in the 200 CP is represented on one sheet of paper. Because control memory
cycles four times during one main memory cycle, all four control memory cycles are shown on the
same page. At the top of the page this example is identified as E3 (result delivery) of a ZA or ZS
instruction. The arrow from the control memory sense amps to S at T01 occurs in almost all memory
cycles. This means that the first control memory location cycled at T07 nearly always contains the
address of the main memory location to be cycled. The arrow from the accumulator to the Z register
occurs every T02. In this example, as in most execution cycles, the Z register dows not feed into
control memory during the second CM cycle. The address is decremented, and then during the fourth
control memory cycle is written into the location it came from originally. This occurs in most EEC
type execution cycles. The A2N transfer occurs during every E3 cycle, Because this is a delivery
cycle, the contents of the N register are loaded from the accumulator and is written into main memory,
This E3 cycle is nearly identical to every other E3 cycle, if some of the subcommands were not wanted
another type of cycle would have been chosen by the designer.

The right hand column lists the possible cycles that may be performed next and the conditions that
determine which one will be selected. Since all possible next state conditions are listed any legal ex-
ample should be able to use one combination of the gates shown. There is room at the top of the page
for remarks and timing relevant to this cycle

3-10



SECTION III CONTROL UNIT
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SECTION 4
CONTROL MEMORY

INTRODUCTION

Control memory in the 200 consists of 16 registers, Each register is identical, in that each has the
ability of storing up to 15 binary digits. All locations in control memory are directly accessible by

the central processor and have the capacity of storing a single address of either an operand or instruction,

A linear select method is used to address control memory; i.e. current flows only through the cores in
the location being addressed, With this type of selection method stray noise and interference are kept
to a minimum to lessen the possibility of misinterpretation.

The circuits used in control memory are similar to those in main memory and perform almost identical
tasks, although not simultaneously. Control memory cycles four times for every main memory cycle,
thus making its contents available as an address for the main memory cycle. The following is a list of

circuits, contained in control memory, that are similar to those in main memory,

Address Selector

Current Generators

Read/Write Drivers and Selector Switches
Sense Amplifiers

oW o

CONTROL MEMORY REGISTERS

The 16 registers, with their octal locations, mnemonic code and descriptions, are given in Figure 4-1,

Read/Write Channels

A read/write channel is used to complete the path between main memory and the peripheral device

specified. Two locations are reserved for each read/write channel: one location contains the starting

address of the data, the other keeps track of the current or present address. All peripheral transfer
instructions must specify a read/write channel, and this channel will be used for this instruction alone
until the data transfer is complete.

A and B Address Registers

The A and B address registers contain the main memory address of the operands that are specified by

the instruction being executed,

Instruction Address Register #1

Instructions are performed, within the central processor in the order specified by Instruction Address

Register #1 (usually referred to as the sequence counter). This register is initially set up to contain the
address in main memory of the first instruction to be performed. As each portion of the instruction is
extracted from memory the register is incremented by one and returned to control memory. Upon

completion of the instruction extraction (when a word mark is sensed) the incrementing will stop, and the
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SECTION IV CONTROL MEMORY

sequence counter will then contain the address of the next instruction to be performed. However, certain
instructions specify the address of the next instruction to be executed and will supersede the address in

the sequence counter.

LoC MNEMONIC DESCRIPTION
00 NOT USED NOT USED
01 RWC1 READ/WRITE CHANNEL #1

CURRENT ADDRESS

02 RWC2 READ/WRITE CHANNEL #2,
CURRENT ADDRESS

03 RWC3 READ/WRITE CHANNEL #3,
CURRENT ADDRESS

04 IR #2 INSTRUCTION ADDRESS
REGISTER #2 (OPTION)

05 RWC1' AUXILIARY READ/WRITE
CHANNEL, CURRENT
ADDRESS (OPTION)

06 INTERRUPT INTERRUPT REGISTER
(OPTION)

07 WL2 WORKING LOCATION 2

10 be B ADDRESS COUNTER

11 RWS1 READ/WRITE CHANNEL #1,
STARTING ADDRESS

12 RWS2 READ/WRITE CHANNEL #2,
STARTING ADDRESS

13 RWS3 READ/WRITE CHANNEL #3,
STARTING ADDRESS

14 ac A ADDRESS COUNTER

15 RWS1' AUXILIARY READ/WRITE

CHANNEL, STARTING
ADDRESS (OPTION)

16 WL1 WORKING LOCATION 1
17 IR #1 INSTRUCTION ADDRESS

REGISTER #1
(SEQUENCE COUNTER)

Figure 4-1
Instruction Address Register #2 (optional)

This register is usually referred to as the co-sequence counter. With the option it is possible to inter-
change the contents of the sequence counter and the co-sequence counter by issuing a CSM (change
sequence mode) instruction. Since the address of the next instruction to be performed is in the sequence
counter, igsuing a CSM causes the program to continue from the point specified by the co-sequence
counter. Issuing a second CSM instruction again swaps the contents of the two registers, and the program
will continue at the point where it left off.
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Interrupt Register (optional)
The interrapt register is similar in concept to Instruction Address Register #2. The main difference

between the two registers is that the Interrupt Register is interchanged with the sequence counter upon
the receipt of an interrupt signal from a peripheral device without the need of an instruction. ARNM

(resume normal mode) instruction will return the program to the point where it left off.

Working Locations
Working locationg are used by the central processor during the execution of an instruction as a temporary

storage area for an address. Occasionally the control unit will route unwanted information into a working

location to avoid its use in another register.

Internal Transfers

When it becomes necessary for the machine to transfer the contents of one control memory register into
another register during the execution of an instruction, an "internal transfer' is performed. The machire
accomplishes this transfer by addressing the two locations concerned consecutively; the first read/write
cycle is performed normally, but the information in the sense amps is not cleared at the end of the cycle.
During the second read/write cycle, the information being read out is ignored and not allowed into the
sense amps. Therefore, at the end of the second read cycle, the information in sense amps is the con-
tents of the first location. This information will be written into the second location during the normal

write cycle which follows (the last half of the second read/write cycle).

Timin
The control memory timing network is syncronized with the central processor through the function
CBTEV50. Control memory will complete one cycle (read and write) for every cycle of the basic

oscillator; i.e. every 500 ns.

The majority of the timing functions needed to control this memory are contained in two packages, a
2CTT4 and a 2CPT3.

The 2CTT4 package is used to derive the following functions:

CCATR10 - Control Memory Address Transfer (high to address control memory)
CCRES10 - Sense Amp Reset (when RES goes to ground, sense amps can no longer
CCDDT10 -  Digit Timing recirculate)

Figure 4-2 shows a logical block diagram, and a graph of the timing derived from each logical block, of
the 2CTT4 package.

It can be seen from this figure, that the function CCATR10 will come high (+5v) at the beginning of each
time even pulse, and that the duration of this function will be dependant upon the RC time constant of D1
(differentiator), CCRESIO is a 180° phase reversal of CCATRIO, but can only reset the sense amps if
CBIITIO (inhibit internal transfer) is high.

The digit timing function, CCDDT10, which is a ground enable signal, will come true sometime around
the trailing edge of time even. Both the leading and trailing edges of CCDDTIO0 are adjustable, the leading
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SECTION IV CONTROL MEMORY

edge being variable by D2,the trailing edge by D3.

The 2CPT? package generates the following functions:

CCRCG10 - Read Current Generator
CCWCG10 - Write Current Generator
CCSTR10 - Sense Amp Strobe

Figure 4-3 shows a logical block diagram and a timing graph of these functions.
CBTEV50 and CCDDT10 are the main timing functions used to derive the three output functions.

The trailing edge of the function CCRCG10 is variable by D2. The current output of Q3 can be adjusted
by varying the potentiometer in the collector circuit. CCSTR10, which is used to gate information from
the cores into the sense amps , is a fixed length pulse, determined by D4. The positioning, or time at
which this pulse will be true, is variable and controlled by D3. The function CCDDT10 is the controlling
factor of CCWCG10, Figure 4-3 depicts CCWCGLO0 occuring within the duration of CCDDT10, due to
the capacitor between Q2 and Q4, with the trailing edge being variable depending on the setting of D5.
The current output of Q1 is adjustable by the resistor in its collector circuit.

A timing chart, showing the relationships of the functions previously derived, is shown in Figure 4-4;
this chart also takes transistor rise time into considqration.

0 100 200 300 400 500
TEV }
TOD o C
Yot 7

ATR I |

G 2
RES [
RCG /= ]
STR I:ZI':_I
DDT N ]
WCG —

Figure 4-4

Control Memory Operations
The control memory stack is a linear select, two core per bit, storage element capable of storing sixteen,

fifteen bit words. All cores for a single location are threaded by two common wires, one wire used for
read the other for write. The four read/write drivers are logically located on one side of the stack with
the four selector switches located on the other side., This arrangement allows the selection of a single

location when only one read/write driver and one selection switch is activated. See figure 4-5.

The inner circumference of all cores is plated with a conductive material, and this material is joined to a

4-6



SECTION IV CONTROL MEMORY

—RD1
@@ CONTROL MEMORY STACK P
RD3
| 00 |
— 01 . _ RD2
SS1
—1 02 e PNl T\ ]
RD4
—1 03 NN
—1 04 -
— 05 LN
SS3
—1 06 L]
- 07 L NN
—110 ]
§S2
— 13 e Y\, ) -
—1 14 —
] 15
SS4
1 16
117

l‘——— 30 CORES/ LOCATION—‘———‘.I

Figure 4-5

4-7



SECTION IV CONTROL MEMORY

%) Aoy

WC = r\
RC
s J@
BIT LINE
<. WORD LINE 16 CORES/LINE
30 CORES/LINE 2 \]/
) () We
RC '
€
\RY AR
Q \_/ § \_/ SS
N \
N \
N N
N N\
N N
___________ N
\ ] ] \
N x 1 N
] 1
\ | +5 S\
0 [}
\ ]
D |, 1 D
' |
| +2,1 |
! '
| - 1
RC = 400MA I Z !
WC = 240MA I |
D = 60MA | |
| 1
! 1
! I
1
" BALANCE AWAL‘[I)FY -:——. SENSE AMP OUTPUT
! STORE | |
! LOGICAL -10 FROM STROBE '
SENSE AMP

Figure 4-6



SECTION IV CONTROL MEMORY

printed conductive line which threads all cores for a specific bit position.

The above mentioned winding will serve a triple purpose. First,it will eliminate a possible core heating
problem by acting as a heat sink. Second, during read time it will perform the job of a sense winding
by sensing for a flux change in its particular bit position, Third, during write time it will serve as the
digit drivers output line augmenting the write current in the selected core. Figure 4-6 shows the manner
in which the cores are threaded. Only one bit position for two different locations is shown.

If a one is to be stored in memory, the write driver line will supply approximately 240 ma turns of mag-
netizing force to both the A and B core. Digit driver D1 will activate and supply another 60 ma turns of
magnetizing force to the A core, this current will augment the write current, giving a combined
magnetizing force of 300 ma turns. DO depends on_'ﬁ1 and will activate only if D does not, therefore the
only magnetizing force supplied to the B core will be that of the write current.

Read current drives all cores in the selected location to a pre-determined saturated state. If a one had
been stored in this position the changein flux of core A will be greater than the change in flux of core B;
therefore, the signal at point X (figure 4-6) will be greater in amplitude than the signal at point Y. The
sense amp input circuit, being a difference amplifier (X-Y), will produce a negative going signal at point
7 that will be amplified and stored, in the sense amp package, as a one.

Assume that during the next write cycle, a zero is to be returned to this bit position. The write driver
line will again supply 240 ma turns of force to both cores A and B. Digit driver Dl’ however, will not be
turned on, but D0 will activate, supplying an additional 60 ma turns of force to aid the write current in core
B. Therefore, core B will be driven further from the saturation level than core A.

The 400 ma of read current supplied by the read winding will again drive all cores to the saturated state.

_ This time, however, the signal sensed at point Y will be larger than the signal at point X. Through adjust-
ment of the balance potentiometer ;the signal at point Z for the read out of a zero can almost be eliminated.
Therefore, a zero will be stored in the sense amp,

The read current, as previously stated supplies 400 ma turns of magnetizing force. During write, 240 ma
of current, supplied by the write current generator, plus 60 ma supplied by the digit driver, produces a
total of 300 ma turns of magnetizing force. This inequality is necessary to prevent an undesired event
called creeping. [Examine the hysterisis loop as applied to control memory .

(A) RC
WC /
//
®

Figure 4-7
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Note that only the top portion of the curve is actually used, the core never changes polarity. This buys
speed. However, if read and write currents were the same, point B might tend to creep downward due

to a very minor adjustment inaccuracy. In this system, by overdriving the cores and insuring total

saturation on the read drive, Point A is established as a fixed reference point.

CONTROL UNIT

PERIPH CONTROL UNIT
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2, OP CODE DERIVED
SUBCOMMAND CONTROL
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| MEMORY
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SECTION IV CONTROL ME MORY

Control Memory Addressing

An over-all block of control memory is shown in figure 4-8. Addresses are generated in the R register
during the odd times (T01, T03, T05, T07). The addresses generated will be dependent upon either the
central processor control unit or a peripheral control unit. At CCATR10 time the address will be trans-

frmrn Ll D mr adAdna flﬂr\_ +h nr]yhoe g i1l Aa

[ e 4Le o B Fay =t 4o thn nnrdnal annsee A =z Fa¥-Y-1 S eT-Rd ig o b b nrrmina mrhiak 1aaodfaae
LECLITU LIV LT 1V 1 THIDIWCL LU LT UULILL UL LUTLIVL Y AUUL TO0 LIUPD ) LWILD dUUL TS0 Wild UOLTL LT Willti wWwiduivil
is to be read into the sense amps. The address flops will gate on a specific read/write driver and a
specific selector switch which will allow current to pass through a single location. With the aid of

CCSTR10 the information previously stored in this location will be stored in the sense amps.

During the write cycle the address used to select the read-out location is still contained in the address
flops. Information can now be returned to this location from either the sense amps, the Z register,or a
combination of both, Write Z functions (WZU, WZM, and WZL), and write S functions (WSU, WSM and
WSL) will determine whether the Z register or the sense amps will control the digit drivers. See figure
4-9 below.

DIGIT DRIVERS

15 13)12 71 6 1

‘ S'A.
44 4 % 3 T

WSLOO
6
7

, (}

3 ‘kl- WSMOO
12
K 13

V. (

N ; d- WSU00 15

WZL10
WZM10
dh T WZU10
15 1312 716 1
Z REG,
Figure 4-9

Normally, if new information is to be written into a control memory location from Z register, it is
done at time 3 or time 7. At time 3, either Z upper, Z middle, or Z lower may be written into control
memory (the remaining bits are entered from the sense amps). At time 7, if any portion of Z is to be

entered the entire register will be used.
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Note that the Write S functions are negations while the Write Z functions are assertions, The write S
functions are in reality the negation of the Write Z functions? so that if WZL10 is low, WSLO00 will be
high. At no one time can WZL10 and WSLO00 both be high,

Delivery of Information From Control Memory

If the subcommands CBICL10 and CBICM10 are high at time one, the contents of control memory will be
delivered to the main memory S register. The subcommand CBICL10 will control the low order six bits,
while CBICM10 controls the remaining nine bits.

The subcommand CBKYL10 will deliver bits one through six from the sense amps to the Y repeater
register. CBKYMI10 will deliver bits 7 through 12 and CBKYU10 will deliver bits 13 through 15. This
path is used in the extraction cycles and the SCR instruction. The delivery to the Y register is made at

time five and the information delivered will recirculate in Y until time three.

Control Memory Local Register

There are two sources of inputs to the memory local register (Z register): the accumulator and the main

memory S register.

Delivery from the accumulator to the Z register is made, unconditionally, at time two. Figure 4-9
depicts the manner, in block form, in which the accumulator is fed to the Z register.

Z REGISTER
15 13 12 716 1
CBT0210
6 1
ACCUM.
Figure 4-10

There are two input gates on each Z register storage unit for the S register to Z register transfer.

The address contained in the S register is always incremented or decremented by unity during a CP

cycle transfer, and these two gates are used in deriving the correct result. (The incrementing and
decrementing will be discussed in detail later in this chapter.) The result is delivered to CBZ0110 and
CBZ0910 at time five, and to the remaining Z functions at time six, This was done to eliminate a possible
loading problem with time six,

Incrementing and Decrementing Control

The decision to increment or decrement is made by  the central processor control unit through
CBISR10 (Increment S register). CBISR10 is a GBA that looks at the central processor control
functions and will come high at time eight if an input gate is satisfied. ISR recirculates on CBTO0720;
so if it is once set it will remain high for almost a complete CP cycle, ISR feeds CBDSR10 (decrement
S register) which is a GBI; therefore, if ISR is high DSR will be low. Decrementing is inhibited during
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a periphial response cycle(CBCPC20 will be high),a stop condition,and a Bootstrap order (CPIDS10 is
high for the latter two conditions). Decrementing can only occur when all the input gates to CBDSRI10

are at ground.

Incrementation
Incrementation is an arithmetic operation. If the function CBISR10 is high the address contained in the

S register will be incremented by unity when it is delivered to the control memory local register at

times five and six.

This incrementation is accomplished with the modify bit register in conjunction with an exclusive "OR"

circuit on the input gate to the Z register,

CBMO0X00
CBS0X10
CBT061B
S REGISTER
TRANSFER CBMOX10
CBS0X00
CBT061B
CBZ0X10
ACCUMULATOR ggﬁ%ﬁ?
TRANSFER
CBCZM10 TYPICAL Z REG. STORAGE UNIT
RECIRCULATION (-t :D_‘

Figure 4-11

With the use of figure 4-11 the following truth table can be derived.

S Reg M Reg = Z Reg
0 0 0
1 0 1
0 1 1
1 1 0

Thus it can be seen that if the M register bit is high, the S register bit will be modified (complimented)
when it is stored in the Z register. I the M register bit is low the S register bit will be transferred
directly to the Z register. When incrementing by unity there are two major facts to be considered. The
low order bit is always modified, and the remaining bit positions will only be modified if there is a carry
into that position. The truth table for the modify bit register can now be constructed,

MO1 = ISR
M02 = S01ISR

M03 = S01S02ISR

MO04 = S01+S02 503 sISR
MO05 = S01 502503 #S04 *ISR

Fig. 4~12
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Figure 4-12 shows the first 4 positions of the M register, this same principal could be used to derive
the table for the entire register. The table, however, can be simplified by cascading the M register

bits as follows,

MoO1 = ISR

Mo02 = S01+ISR

Mo03 = MO2 «S02 ISR
MO04 = MO03 «S03 ISR

The logical implementation of this cascading principal could be carried up to bit 15, However, due to
a timing limitation this serial method cannot be used for all functions in the M register. MO5 is the
first function to use speed up logic. MO05 = S01S02¢S03¢S04ISR. Cascading is used again up to bit
nine, M09 is fed by a special carry hop function CBMBF10,
CBMBF10 (I) = S05306 «S07 ¢S08 ¢ ISR
CBMO0910 (I) = MBF + MO05 + M01
M09 can be broken down to its logical statement, by the use of boolean algebra, as follows:
M09 Primed = MBF «M05 +M01
= MBF sMO05 ISR
= ‘MBF +S010502¢S03 ¢S04 ISR
Since MBF is an inverter, MBF is equal to the input gates, therefore the equation:
MO9 = S05e506 «S07 S08¢S01S02 ¢S03 ¢S04 eISR
Bits 12 and 15 are the only remaining positions in the M register where speed up logic is used.
M12 S09eS10eS11eM09°ISR
M15 S12e513eS14eM12 ISR

Figure 4-13 shows the boolean equations for all 15 M register bits.The derivation of the hoolean equations

for the decrementing functions is left as an exercise for the student.

Notice that MHC (on M13) inhibits the modification of the module bits (S15 thru S13) if the machine is

presently operating in the two character mode.
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-

M0l = ISR
MO02 = S01eISR
MO3S = MO2-8S02<ISR
MO04 = MO03S03°ISR
MO05 = S01eS02eS03¢S04°ISR
M06 = MO05eS05¢ISR
MO07 = MO06eS06°ISR
M08 = MO07eS07ISR
M09 = MBFeM05+MO1 *
M10 = M09eS09+ISR
M1l = M10eS10°ISR
M12 = S09¢S10¢S11+MO09°ISR
M13 = MHCeS12°ISR
M14 = M13e513 ISR
M15 = S12eS13eS14eMI12eISR
MHC = CM2eM12
* Boolean equation for input gate
Figure 4-13



SECTION 5
200 MAIN MEMORY

INTRODUCTION

The main memory is a magnetic core random access device which provides storage for instructions and
data during the performance of programs. The memory unit supplied as part of the basic central processor
has a capacity of 2048 characters, each of which is stored in a separate, addressable, memory location.
This capacity may be expanded in modular increments by adding one 2,048 - character module, and addit-

ional 4,096 - character modules.

There are no reserved input/output areas in main memory, but an indexed addressing option provides the
facility of using six groups of three memory locations each as index registers (octal locations 2 through
30). When these locations are not being used for indexing operations they can function as normal storage
locations. A location in main memory consists of nine binary bits. Planes one through six are informa-
tion; planes seven and eight are punctuation (word and item marks respectively). Plane nine is parity

for the first six information planes.

The student is referred to Fundamentals of Digital Systems magnetics section, for a basic discussion

of coincident current memory principles. This chapter is presented with the assumption that the reader

is familiar with the information presented there,

Addressing (Single Module)

Each main memory module consists of 4096 locations, thus requiring a 64 x 64 matrix to define any one

location. An axis of 64 ordinates is separated to eight groups of eight lines each. One group of eight
lines is attached to one driver of this axis. (See Fig.5-1). Choosing a driver then picks an eight line group,
and it is up to the selection switches to choose one of those eight lines. Any one selection switch is tied

to one line of each driver; so that when a switch is activated it,will allow current through one line of each
driver. But since only one driver should be active at a time, the only line carrying current will be defined

by the driver and the selection switch,

The above discussion is applicable to both the 'X' and 'Y* axis, Both have eight drivers and eight selection
switches, Fig. 5-2 is a block diagram of the address selection for one main memory stack, showing the
address register bit positions used to pick those elements that actively address the desired location. As
an example,an individual 'X' selection switch is selected by a particular configuration of bits one, two, and
three of the address register. An individual 'X' driver is selected by a particular configuration of bits

four, five, and twelve of the address register,etc.

Addressing (All Stacks)

Refer to Fig. 5-3. As previously mentioned the selection of a driver picks a group of eight lines inside the

stack, in the process of addressing a particular location. Note, however, in Fig. 5-3 each driver is shown
to have four outputs, only one of which goes to the stack. The output labeled '0' can be traced back to a
read and write generator (for stack "0") which is selected by a particular configuration of bits 13, 14, and

15 of the address register, If another read and write generator were chosen instead of the one shown there
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SECTION V MAIN MEMORY

would be no current through stack zero since the generators for that stack have been disabled. The
generators chosen would provide current through the selected driver via another output to the appropriate

stack. The selection switches are common to all stacks.

An important point to note is that the drivers do not originate read and write currents, Their function is
to address 4096 locations. But the driver output to the stack is chosen by the active R/W current generat-
ors, which in turn are selected by the address register. So in effect the drivers can be thought to function

as a switch (in 4096 loc. address), and also as a steering circuit (to choose the stack).

ADDRESSING COMPONENTS
The following discussion will refer to, and briefly explain, the schematics of the various component

circuits used in addressing a particular location.

'S* Register

The 'S' (address) register determines which location in main memory is cycled by logically choosing the
generators, drivers, and switches, which will be active. The S register is normally loaded from the
control memory sense amps, but,depending on the instruction, can be loaded in part from the V register
as well. Operand addresses are stored in control memory (see section 4).Another input to the S register
is the control panel which allowe the interrogation or alteration of a main memory location. This 15 bit
register is identified by the code CBS**10, where ** represents bit positions 1 through 15. Refer to fig.
5-12for the package schematic of one register bit position. Note that the output of Q4 is "anded" with

pin 32 so that once the flop is set it stays set until the pin 32 input goes low.

Memory Address Registers

It will be seen later that two memory addresses registers must be used because the 'S' register is cleared
in preparation for a new address before the write cycle is completed. This requires that one memory
address register be recirculated until the write cycle is complete.

MAS0100 = I = CBS011R

MAS0110 = CBS011R

This "read" memory address register is just a repetition of the S register, and will be cleared at the
same time (T08).

MAS0130 = MAS0110eMAT0210
+ MAS0130eMATO0120

MAS0140 =1 = MAS0130

The "write' memory address register is set at T02 with the corresponding bit position of the "read"

memory address register and recirculates on itself until T01.

Bit positions 1 through 11 of both read and write memory address registers are identified with an MA
prefix, in their function names, to designate their necessity in addressing the basic memory of 2048
locations. Bit position 12 has a prefix of MB to indicate that it is used in the first memory option (add-
itional 2048 locations). Bit position 13 has a prefix of MC; bit 14 has a prefix of MD; and bit 15 has a

5-4



g-¢ ‘314

&= Corresponding

,:/ f\J / ! Lines From Stacks
X-READ : : PoL2eS
GEN : : :
: : :
_STACK O ¥ : :
,-—-)-(-:—‘ E H E X-RD
: : : SEL
WRITE : : :
GEN E : I_H —— _ 4 SW #1
E b : |
—j E ; e : X“M{T
0 £ : >+ : SEL
N ¥ : : SW #1
[ 4 H . ‘
S s ——> . x\ : H ‘
2 : A : :
X-R/W |2y i . : :
DRIVER | 3 : : :
: . >t |-|<—-- X-RD
- L] 2
. : A E
L H X H . A
N R 1 : X : : -WRT!
5 r : : SEL
X-R/W — * H : SW #2
DRIVER | 3 : : :
: : o : A
: foelpt—q | | l ' :
— : : o | 777
0 : A : : B8P
e : — : : SEL
—p - -1 p—d . X E E Sl
x-rR/W L2 _ S 5
DRIVER | 5 : C : A[WR
#3__ > INSIDE THE STACK : : SET,
: : : SW#3
: ” H
: ..‘. ,LJ -~ E A
: ; - &
i 2 L~
»
8 DRIVERS ADIODE CARD A
(ADIACERT oy E 8RD & SWRT
SEL. SW.

XYOWHIN NIVIN A NOILLDHS



SECTION V MAIN MEMORY

prefix of MF, In general MA and MB prefixes refer to stack '0', MC to stack '1', MD to stack '2', ME
to stack '3'...etc, .

: ,'.Cng‘c &Guroj bﬂ;gro’.m

Current Generators

Each axis requires a read and write current generator for each stack. Each package (2MGB2 - s¢ flg e,

5-14) contains a read and a write generator. The generators are shown as having two outputs in tlei?iBD's;-‘

a current output; and a voltage reference output. Although this discussion is concerned with the curfent

output, the circuit is indexed in the LBD's by the voltage reference output; therefore,both are shown here.
X" Axis Generators For Stack 0

(MAVXR10) MARGXI10 = MFS1510 (MAVXW10) MAWGX10 = MAWGO010
+ MDS1410 + MFS1530
+ MCS1310 + MDS1430
+ MARGO010 + MCS1330

All four inputs must be low before a generator is active. RGO and WGO are timing functions. Note the use

of the read (10) and write (30) memory address registers, on the input gates of the read and write generators.

Read/Write Drivers

There are eight 'X' R/W drivers and eight 'Y' R/W drivers, Each driver has four outputs. The drivers

are indexed in the LBD's by MARX?? 10 or MARY,(; 10 for the X and Y axis respectively. (These named drivers
are used to drive the basic memory of 2048 locations. The additional 'X' drivers required for the first

option of an additional 2048 locations are MBRX?lO_) All of the above named functions are the first output
of the drivers and go to stack "0". The outputs feeding stack '1' are prefixed MC; those feeding stack '2'
are prefixed MD; and those feeding stack '3' are prefixed ME,

See Fig 5-16 for the R/W driver schematic, Pins 32, 43, 33, and 44 are the read address register and
read timing input. Pins 45, 47, 15 and 13 are the read current generator inputs. Output pins are 46, 36,
14, and 24. The write side is similar to the read except that the read selection is by an 'and’ gate, and write

selection by an 'or' gate. Thus for one all inputs must be high,and for the other all gates mubt be low.

Selection Switches
Refering to Fig. 5-3, it can be seen that a line from a driver goes through a diode card to both a read and

a write selection switch. Thus each axis must have eight read and eight write selection switches,

'X' Axis Switch #1 Read "Y' Axis Switch #2 Write
MASX1RO = MARSO010 MASYZWO0 = MAS1130
+ MAS0310 + MASO0740
+ MAS0210 + MAS0630
+ MAS0100 + MAWS010

Functions RS0, and WS0 are timing functions. Note that a read switch is designated with the suffix RO
while the write switch is designated by the suffix W0, The three letter mnemonic indicates; first letter -
selection switch; second letter - axis; and third letter - switch number. Refer to Fig. 5-17 for the schem-
atic of the 2MSS4 package. There are two read and two write switches for each package, and the only

difference between the two types is the direction of current that the output transistor will allow.
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INFORMATION HANDLING COMPONENTS

Memory read out will drive the cores of the selected location to zero. Those cores that were in a "one"

state will change magnetic polarity inducing a voltage into the sense windings for their respective planes.
Sense amplifiers detecting this voltage will be set and recirculate until a reset pulse forces all sense amps

to zero in anticipation of the next read cycie.

Fig. 5-4 shows the data flow from core to central processor and back to core. One group of sense amps
is fed by two stacks (the stacks serviced are represented by the prefix of the sense amp name). The two
sense amp groups in drawer M1 feed a collector register (MAMA 51;10) which will simply repeat the con-
tents of the sense amp in use. When the subcommand CAM2N10 (memory to N register) is high, the
contents of the collector register of either memory drawer is gated to the N register (CANOsl)lO). This

register is often referred to as the MLR or memory local register.

The old contents of the addressed memory location is now in both the sense amps and the MLR. The
cores in the addressed location are all zero. During the write cycle, drive current will attempt to force

all addressed cores to a one state, but will be pi'evented in those planes whose inhibit driver is active.

The inhibit drivers are fed by the negations of the sense amps, and by the memory N register. Since
the memory N register is a bank of inverters fed by the MLR assertions, they are in reality just the
negation of the MLR., Whether writing into memory from the sense amps or the MLR, a high input

(indicating a zero) will activate the inhibit driver,

The punctuation bits, by different sub-commands are handled independantly of the information and parity
bits. Main memory is checked for accuracy by an odd parity check of the six information bits and plane 9.
The parity checker is used, as the name implies, to determine if the character read from memory has
correct parity. When writing in new information, the parity checker generates correct parity and sends

it to the plane 9 inhibit driver.

Sense Amps
Fig. 5-20is a schematic of a sense amplifier package. The sense amps are fed by corresponding sense

windings from two stacks. The input pins are 47 and 37 and 36 and 46. Q8 is held reverse biased until
a strobe pulse comes in at pin 17, and a "one" has been sensed, cutting off Q7. When Q8 is forward
biased the flip flop formed by Q11 and Q12 is set (pin 16 = +5v) and will stay set until the reset pulse at
pin 43 causes the flip flop to change state (pin 15 = +5v)

The LBD's represent the sense amps as follows:
MASA110 = MARST10, MASTR10

+ MAPL110eMAPL100
+ MCPL110eMCPL100

A comma indicates a non-logical relation, and this is true as seen from the schematic. RST is the reset

pulse, and STR is the strobe pulse. The sense winding input is not really "anded'" either, but can be
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tIN' Register (MLR)

CANO110 CAHNR10, CAM2N10eMAMA110eCAT0510
CAM2N10eMFMA1102CAT0550
CAA2N10+CASD110

CAPTN10¢CAPO0110

CEG2N10¢CACT350¢CEG0110

o+l

The comma after CAHNR10 in the first gate indicates a non-logical relation, HNR is a recirculation
function, which is really or'd with all the set gates. Refer io Fig, 5-15, the MLR package schematic.
HNR comes in on pin 32.

Excluding HNR the first gate is the input to the MLR bit one, from plane one, of any stack in memory
drawer one. The second gate is the input from drawer two (see Fig. 5-4), M2N is a sub-command, and
T05 a timing function.

The third gate is the input from the arithmetic unit. A2N is a sub-command saying "accumulator to "N"
register' SD1 is an accumulator output.

The fourth gate is the input from the P register, which is a buffer for all peripheral input data. P2N
is the sub-command and P01 the first bit position of the P register.

The last gate is for the purpose of gating in the G register which is the edit register.

The student is invited to investigate the differences between the information bits and punctuation bits of

the N register, noting especially the different sub-commands used to gate in the sense amps.

CAN0910, the parity bit, can only be set by the sense amps. The contents of the six information bits are
checked for odd parity by thé functions CAPGL10 and CAPGU10, PGL checks N01, N02, and N03, for an
odd number of bits. PGU checks N04, N05, and N06 for an odd number of bits. By "exclusive or'" gating,
PGU and PGL will set CAP2M10 if the information has an odd number of bits. If P2M is high, indicating
odd parity, then N09 must be low. If P2M were low, then N09 must be high to insure odd parity. This
condition is checked on the input gates to CAPER10. PER is the parity error flop. It is set when the six
information bits plus parity is an even number, and CAPCA10 is true, PCA (parity check allow) will in-
hibit setting a parity error when memory readout is inhibited (M2N) and during a delivery cycle from N
to memory (CADE310). When memory readout is inhibited to clear the information and parity bits to
Zero, a par‘ity error would be set if not for PCA, The same is true for a delivery cycle. Parity is
generated for the new information gated into N, bl/lt sin(;e Nz?g cannot be set by the parity generator, an
error would be set except for PCA,

One point that is sometimes confusing to the new student, is how proper parity is written into memory.
The following pertinant facts should clear up any uncertainty. The write cycle is trying to drive all cores
to one's; a core is prevented from switching if the inhibit driver is active; the inhibit driver is active when
its input is high; and CAP2M10,the input to the plane 9 inhibit driver, indicates an odd number of informa-
tion bits,

Inhibit Drivers

The purpose and function of the inhibit drivers have been explained already, but there are some details
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yet to be cleared up. Refer to Fig. 5-21 for the schematic of an inhibit package. Pins 24 and 48 are the
"upper'' inhibit winding output. Pins 14 and 47 are the "lower" inhibit winding output. Each inhibit
winding threads one half of a plane in two separate stacks. The inhibit driver then, via both output
windings, inhibits an entire plane in two main memory stacks. The input is two four legged "and'" gates

(pin 33 is not used), PLANE 1 PLANE 1
STACK 0 STACK 1

SIS Bt sy

X b X ‘
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O Zero An nedd
i FIG, 5-5
M A MAILU10

MATIIL10 = MAIML10¢HAN0100¢MAIDO10eMASS010
+ MAIML20¢MASA100¢MAID010eMASS010

The top gate is used when writing from the N_register, while the bottom is used for writing from the
sense amps. IDO is a timing function, and 8S0.s a function of the address register permitting only one
set of inhibit drivers (one set for two stacks) to be active. NOI and SA1 are negations of the MLR and

sense amps respectively.

Choice between the gates then depends on IML for the N register and IML for the sense amps.

i

MAIML10 CANLD10

CANLD10 CAINL10

CAINL10 is a sub-command generated during a delivery cycle, that is to say,when new information is

being written into memory.

Main Memory Timing
Synchronization of memory to C.P., is the function of three times, MAT0110, MAT0210, and MATO0510,
Refer to Fig. 2-3 to see the relationship between the C.P. and memory clocks. The read gates are

synched by TO01, write address register by T02, and write gates'by T05.

Refer to Fig. 5-6, for main memory timing waveforms. The memory clock outputs (T01, T02, and T05)
are derived in the same manner as the C.P. ring counter times. For a review of the mechanics of timing

generation, the student is referred to section 2,

Read and write timing and control gates are the outputs of 2MPG2 packages: The one exception being
MASTR10 which is the output of a 2MSG2 package, However, the only difference between the two packages
is the size of four components, C10, C14, R37, and R43. Because of this only the print for the 2MPG2

package is shown in Fig, 5-23,
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Fig. 5-7 is a block diagram of the 2MPG2 package, showing pertinent waveforms. In brief, it requires
a positive going input which is differentiated and triggers two one shots adjusted to different durations,
and having opposite polarity outputs. When the 'and' gate inputs are both high there will be an output of
the same duration but opposite polarity. The output leading edge is determined by the duration of one
shot 'A', while the output duration is determined by the duration of one shot 'B'. Not shown in Fig., 5-7
is an inverter circuit which is separate from the pulse generator. This circuit is used to invert the
pulse generator output in those cases where a positive going gate is required,

Derivation of the memory gates is left to the student, The following table describes their use and char-
acteristics. For example, MARST10 begins 200 NS after the leading edge of T01 and has a duration
(width) of 200 NS. Refer to Fig. 5-6 for a graphic representation of these gates.

FUNCTION REFERENCE POS, WIDTH USE

MARST10 To1 200 200 Sense Amp Reset
MARGO010 T01 325 650 Read Current Gen. Timing
MARDO010 To1 325 1000 R/W Driver Timing (Read)
MARSO010 TO1 325 1000 Read Sel. SW. Timing
MASTR10 RGO 2= 450 120 Sense Amp Strobe
MAID010 T05 250 800 Inhibit Driver Timing
MAWGO010 T05 280 550 Write Current Gen. Timing
MAWDO010 TO05 250 900 R/W Driver Timing (Write)
MAWS010 T05 250 900 Write Sel. SW. Timing

Fig. 5-8 shows the relative timing and sequence of events during one memory cycle. Points to be noted
are; the 8 register reset time (during the write cycle) requiring another address register which will
not be reset until the completion of the write; the N register must be set by time 6, since the write is
beginning and the inhibit drivers must overlap the write gate to insure stable operation,
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Summar

The S register in the CP is transferred to a memory address register in the memory drawers. Specific
bit positions of the address register are used to select a particular current generator, driver, and selec-
tion switch. Whether the chosen component is for read or write cycles, is determined by the memory
clock 'gate' signals,which also provide the required synchronization to the rest of the central processor.
The student is referred to the charts on Fig 510 and 5-11 for information on selection of specific

memory components,

Fig. 5-9 shows the path of information read out of memory into the sense amps; the gating to the N’
register; parity checker inputs and outputs; and the two 'write' paths with their respective subcommands.
In general, if the sub-command gating the sense amps to N, is true, so also will be the sub-command
gating the sense amp to the inhibit drivers. If sense amp to N register transfer is inhibited, the sub-
command gating N to the inhibit drivers is generally high,

If a parity error occurs, the function CAPER10 will set CPSV310, which forces a V3 cycle by resetting
the recirculation function of all machine eycles except E3C. EAC is inhibited by CPRUNO00, keeping the
machine stopped.
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MEMORY ADJUSTMENTS

Memories are such sensitive devices that it as nearly impossible to manufacture them exactly identical.

Even in one memory stack individual cores may have slightly different characteristics due to a wire not
threading a core exactly through the center or due to the proximity of shielding.or due to a variety of
physical imperfections. Rather than attempt to design memory circuits that would work pretty good

with any memory stack, the memory circuits are usually adjustable to enable them to be set for optimum

performance of the memory stack in use.

The first adjustments that should be made are the ones that control the amounts of current to the stack
(RCG, WCG and Inhibit drivers). The object here is to vary the resistance in this package to compen-
sate for variations in the wire through the stack. All inhibit drivers should be set to the same
amplitude of current.

Sense amplifiers have two adjustments, balance and threshold. The threshold adjustment is used to
vary the sensitivity of the sense amp. The sense amplifier should accept the smallest possible ones
without sensing the noise of a zero as a one. When making this adjustment remember that once a bit
is sensed by a sense amplifier, the amplifier may feed to the inhibit driver in the normal fashidn and
cause legitimate ones to be sensed during successive memory cycles, The balance adjustment should
make the sense amplifier equally sensitive to positive and negative pulses. The sense amplifier must
be a differential amplifier because the sense winding threads half the cores in the opposite direction to
reduce noise. Therefore, it is important for this adjustment to be made while information i8 cycling
‘through as many different locations as possible. The distance of a core from the end of the sense
winding may also affect the magnitude of the pulse at that end of the winding.

The strobe should be positioned (in time) at the center of its operable limits. This point is found by
making the strobe occur earlier and noting when the first parity failure occus . Then the strobe

should be delayed until a failure occurs at this limit. The method in use to determine where the limits
are is actually more complex than the method described here, but jdea is the same. One of the complex-
ifies is caused by the fact that it is possible in some memory stacks (various manufacturers are used)

to move the strobe to a point where the magnetic field induced by the read current pulse itself can be

sensed as a one.

Specific values and procedures for the memory adjustments are given in the service manual
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SECTION V MAIN MEMORY

THEORY OF OPERATION 2MMR4

Main Memory register

The input gating structure consists of five set gates and one recirculation gate (pin 32 is normally at +5
and will keep the output high once it is set). When Q3 is cut off, the output of the flop is ground, and
Q4, Q1 and Q2 will be on. Q5 is off and the collector of Q5 is clamped to +5 volts.

When one input gate comes high, Q3 turns on and its collector goes to ground. This will turn off Q4.

D39 prevents the base of Q4 from going more negative than -0.7 volts during switching, D20 is cut off
and Q5 is onj the collector of Q5 will be at ground. Since the collector of Q3 is at ground, D1 is forward
biased and the base of Q1 is at about -0.7 volts, through R14, D30 and R31 to -15 volts. Hence, Q1 is off.
The stage associated with Q2 is identical to the Q1 stage.

GBA

When the input is at ground, D21 is forward biased and the base of Q6 stays at approximately -1, 6 volts
(determined by D28, R19, D37 and R37). Q6 is cut off and its collector circuit provides forward bias
for Q7. With Q7 saturated the output at pin 48 is ground.

When the input switches to +5 volts, Q6 will be forward biased and Q7 will cut off allowing the output to
go to +5 C10 helps to slow down the rise and fall time of Q7.
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SECTION V. MAIN MEMORY

THEORY OF OPERATION 2MGB2
The Read/Write Current Generator Package contains one read generator and one write generator, each

driving 8 read or write drivers. The R/W generator sends current through one R/W driver agsociated
with the particular R/W line being selected at a given time,

The Read generator is controlled by a negative level "and" gate. The normally saturated transistor, Q2,
ig turned off when all of the input pins 17, 42, 43 and 33 are simultaneously at ground potential, With

Q2 in the "off" state (momentarily), we have an effective constant current source of 15 ma flowing through
R13 and the coupling capacitor C11. This current, minus the small current shunted by R29, is available
to flow in the base of Q4, which is initially in the "off" condition. While Q4 is in its active region, the
base current required is determined by the collector current in Q4 and the Beta of Q4. Therefore,

during the entire rise time of Q4, a constant current of

15 ma - IR, - IcQ4

29 B

is available to charge up the Miller capacitors C18 and C19, This constant current produces a linear
voltage sweep which continues until Q4 saturates. At this time C18 and C19 stop charging, and all of the
current flows into the base of Q4. The voltage sweep at the collector of Q4 simultaneously appears at
the emitter of the emitter follower output stage Q6. It produces a linearly rising current in Q6, since
this voltage appears across a resistive emitter network, This current can be adjusted by varying R33.
The rise time of the output is adjusted to 160 nsec by choice of a capacitor for installation in parallel
with C18,

The Write Current Generator is similarly activated by a negative level "and" gate, The normally
saturated Q1 is turned off when all of the input pins (15, 26, 16, 27) are simultaneously at ground
potential. With Q1 "off", current through R22 and R21 ig available to charge up capacitors C5 and C6
and also to supply base current to Q3. The current through C5 and C6 is changing due to the fact that as
the capacitor charges, the collector voltage at Q1 is changing causing the current through R21 and R22
to change. The voltage at Q1 rises from ground potential to VZ3, at which time Q1 ig shut off. The rate
of this rige is determined by R22, R21 and capacitors C5 and C6. This voltage rige is coupled to the
emitter of Q3, through the coupling capacitor C10 and then to the base and emitter of Q5. This sweep
along with the emitter resistive network determines the current flow in the output. By varying R34, thig
output current magnitude can be varied, The current rise time down the selected line is adjusted to

170 nsec by choice of a capacitor for installation in parallel with C5,

In the event that temperature compensation of the current is required, the Zener reference voltages
VZ1 and st are brought out to pins 34 and 14 respectively, These pins will be connected to a temper-
ature compensation circuit which would effectively vary the voltage swing across the output stage
emitter networks., This would cause the current to be changed with temperature. In this contingency,
zener diodes D24 and D26 would be removed,
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THEORY OF OPERATION 2MDB4
The read and write driver circuits are 2-stage amplifiers driven from external timing pulses. The out-

put stage contains four sets of two output transistors, each pair driving a given stack. At any one time,
only one output transistor will be selected in accordance with which read/write generator is chosen, The
output stage of the driver acts as a switch and effectively shunts the current produced by the current
generators down the selected line with the aid of the selection switch,

Read Circuit

In the "off" state, Q2 is held "off" with one or more of the four gate legs held at ground level. A 0to +5
timing pulse is applied to pin 43. If the other 3 gate legs are at +5 volts, this causes Q2 to saturate
producing a 5 volt swing on the collector (+5 to ground), This 5 volt swing is coupled through C2 to the
bases of the output transistors Q3 through Q6. These bases were initially clamped to the zener supply
which is located in the RCG. After the output transistors are on, the RCG corresponding to the selected
stack is turned on and supplies 230 ma of current to the appropriate read driver output transistor, which
in turn drives it down the selected line.

Write Circuit

In the "off" state, Q1 is in saturation and the parallel output transistors (Q7 through Q10) are held "off"
by a diode clamped to a zener voltage which is derived in the write current generator circuit. Three of
the four buffer diodes are held back biased by conducting gate diodes. A +5 to 0 timing pulse is applied to
the fourth gate, which turns off" the normally "on" Q1, causing its collector to swing from ground to +5,
This § volt swing is level shifted and coupled to the output stages by C3. The output transistors are
turned "on" and one of the appropriate WCG circuits supplies 250 ma of collector current to one of the
driver outputs and down the selected line.
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THEORY OF OPERATION MSs4
There are two pairs of switches per Selection Switch card. A pair is defined as one READ switch and

one WRITE switch, The inputs are arranged so that one READ timing input is required for both READ
switches and one WRITE timing input is required for both WRITE switches. Besides the timing signal
pins each of the four switches has three logic inputs. Thus each 2MSS4 package has twelve logic inputs

and two timing inputs. Each switch has one output resulting in four outputs per package.

READ switch

Thig circuit is essentially a two stage current amplifier. For the purpose of this discussion we define
+5 volts as a ""1" and ground as a "0". When one or more of the inputs is in the "1'" state, Q1 will be
"ON'"" and in saturation, With Q1 saturated the base of Q2 is biased slightly positive (+0.3 volts), but

not enough to turn it on, Thus pin 23 is at +15 volts through the registor R44 (470 ). To cause a change
in the output all inputs must be in the "0" state. Thus when the logic is such as to put pins 13, 24 and

14 at 0V, a negative going timing signal (+5 to 0V) will turn Q1 off. The base of Q2 will try to rise to a
voltage determined by the voltage divider R23, R22, R21 and R39. This voltage is more positive than
the voltage defined by Q2 being on aund in saturation. Therefore, Q2 will turn on and saturate, The "ON"
base current for Q2 is the current in resistors R21, R22 and R23 minus the current in R39. This base

current is enough to ensure an I drive line of up to 300 ma in the worst case and at end of lift,

The capacitive load seen at pin 23 is quite large consisting of up to 48" of twisted wire and as many as
32 diodes (8 diodes per 4K of memory). When the voltage at pin 23 goes from +15 volts to ground it
does so through the saturated transistor Q2. This results in a reasonably fast rise time. At the end of
the READ timing pulse the voltage at pin 23 goes to +15 volts through R44 (470). This resistor and the
load capacity control the fall time, Hence the large fall time. There is also storage time involved when
Q2 is turned OFF,

WRITE switch

The conditions for Q6 being "ON" or "OFF" are the same as those for Q1 in the READ Switch. When Q6
is "ON" Q7 is held "OFF", The purpose of Q5 is to give the level shift needed to provide the proper
polarity of output voltage swing, When Q7 is "OFF" the voltage divider of R52, R40, R47 and R48 hold
“the base of Qb positive and therefore off, With the proper logic and the application of the WRITE

timing pulse Q6 turns off turning Q7 on., This places the base of Q5 negative enough to ensure saturation,
Enough base current is provided to Q5 to allow 300 ma of Collector Current (worst case end of life).
Capacitor C5 is a "speed up'' capacitor to turn on Q5 faster,

The capacitive loading at pin 37 is the same as at pin 23 and, incidentally, the same as at pins 12 and 47.

This means that the voltage waveform at the WRITE outputs will have fast rise times (-15V to ground)
and slow fall times (ground to -15V) as do the READ outputs.
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THEORY OF OPERATION 2MSA2

All and A12 are identical differential stages that feed into a common second stage amplifier which is
also a differential stage, The "AND" circuit implies that the flop will "SET" only when the Strobe is
concident with a '""1" gignal out of Az‘ When the flop does ""SET" the voltage on pin 16 goes to +5 volts

and the voltage on pin 15 goes to ground, When the Reset signal occurs the flop again changes state; pin
16 goes to ground, and pin 15 goes to +5 volts.

The two amplifier stages A1l and A12 are identical except for the emitter impedance, All has an
emitter impedance that includes a 100 ohm pot (R 4 4) which is used to balance the Sense Amplifier. These
two amplifier stages share the same load resistors R24 and R26. Because of this arrangement,signals
appearing on the inputs to A11 and Al12 are amplified summed and then fed into A2 ag a differential

signal. However, the inputs to A1l and A12 are defined so that they come from two different stacks,

only one of which is being read. Therefor= signals appear on only one input during a READ time. A2 is
operated in the differential mode only to reduce the total de voltage variation to the threshold detector

level.

All three amplifier stages have constant current sources that are referenced to the same zener diode
(D16). A IK pot (R42) in the current source of A2 determines the quiescent voltage on the collectors of
both its transistors (Q5A and Q5B), This voltage setting determines the signal threshold. Diodes D8
and D11 rectify the signals so that the waveform on the ®st Point will always be negative going signals
riding on a negative de level.

Transistors Q7 and Q8 comprise a current mode switch used as a detector. One of the transistors will

be "ON'" when the other is "OFF", The one with the more negative base will be "OFF", When the

strobe is not present Q9 will be on and saturated placing the base of Q7 at -15 volts. The threshold is

set so that the base of Q8 is about -5 volts. When a "]" signal is read out of memory the voltage on Q8
will go as low as -9 volts. This is still not enough to switch the detector. It is possible that a noiee
signal could occur to lower the voltage on Q8 below -15 volts causing erroneous detection, This is

avoided by placing a limit on the negative going signal allowed at the test point, Zener diode D15 and diodes
D9 and D10 set this voltage at -9, 1 volts,

When strobe occurs Q9 is turned off, and the base of Q7 rises towards +28 volts through 3.6 K (R12 and
R13). Zener diode D12 along with D7 clamps the base at -5.8 volts. At this time a signal that lowers
the test point voltage to ~6. 5 volts will switch the detector. The difference between -5, 8 volts and -6.5
volts is due to diode D7.

When Q7 is turned on it draws a collector current on the order of 10 ma, This current causes the base
of Q11 to go slightly negative, Q11 turning off causes QI2 to turn on, Thus there is a 5 volt excursion
on ping 15 and 16, The flop will remain "SET" until the beginning of the next cycle when a reset pulse
occurs on pin 43. This pulse turns Q10 on causing the flop to change back to its original state,
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THEORY OF OPERATION 2MDN2
The 200 Memory Inhibit Driver is operated in conjunction with a place having a split inhibit line, Half
of the inhibit line is pulsed positively and the other half negatively by the positive and negative outputs of

the driver. The reason for doing this is to reduce the noise coupled into the sense line and current
coupled into the Read/Write lines, The circuit is basically two current amplifiers (one positive and one
negative) tied to a common input in order to insure that they are both pulsed at the same time, The rise
and fall times and the delays of the outputs are about the same so that the output pulses will start and end
at the same time. Capacitor C,7 is used as a speed-up capacitor, and its purpose to speed up the negative
output, compensating for the difference in the delay between Q3 and Q5.

The input is a gate-buffer structure. There are two sources of information which tell the inhibit driver
to fire. One source is the sense-amplifier which is sampled and tells the inhibit driver to write into
memory what has been there before. The other source is the MLR which tells the inhibit driver to
write in new information, Therefore, by appropriate input signals, the information written into memory
at write time is determined by one sourse or the other. I its normal state, Q4 is "off", Q5 and Q3 are
"on", and the output transistors Q2, Q1, Q6 and Q7 are "off", An input timing pulse of 0 to +5 volts is
applied which saturates Q4 forcing its collector to swing from +8 volts to 0 volts, This swing is coupled
to Q3 by the speed-up capacitor C.;, turning it off, causing the collector voltage to swing from ground to
+8 volts. At this same time, the voltage swing on the collector of Q4 is coupled to the emitter follower
stage Q5. The voltage pulses (0 to +8 volts and +8 volts to 0 volts) are coupled by the voltage level shift-
ing capacitors C8 and C11 respectively, to the output transistor pairs. The output stages have parallel
transistors to eliminate over-dissipation in the output transistors.

The voltage swing at the bases of the output transistors appears across the identical emitter networks of

the output emitter follower stages, This allows for identical currents to flow in each half of the split
inhibit line, with the current in each half being in opposite directions,
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SECTION 6
EXTRACTION CYCLES

INTRODUCTION

There are two basic types of cycles used during the execution of a program, extraction cycles and execu-

tion cycles. Extraction cycles, referred to as fetching cycles in the LBD's, retrieve a complete instruc-
tion from main memory, modify the addresses, if indicated, and store each portion of the instruction in a
designated storage area. The execution cycles perform the necessary steps to carry out the instruction.

The extraction cycles will be discussed in detail in this chapter.

Instruction Format

Machine instructions are stored in main memory in a sequence determined by the programmer. A single
instruction may be contained in one location, if op-code only, or in several locations. Word marks are
set in the locations containing op-codes, thus giving the central processor a method of determining the
instructions length. Figure 6-1 shows the six basic formats in which machine-language instructions

may appear.

FORMAT OP CODE A ADDRESS B ADDRESS

VARIANT
1 | | 1 [ 1]

| Il [

|

JpppdpL

Figure 6-1
It should be noted that this figure represents only the basic instruction formats and that several varia-
tions are possible. Also that the op-code block is, in reality, six binary bits; the A and B address
blocks are either 12 or 13 binary bits depending upon the character mode. The variant block is equal

to six binary bits.

ADDRESS MODIFICATION

There are two types of address modification possible during the extraction cycles if the machine is

in three character mode operation. The high order three bits of the operand address will determine
what type of modification is to be done. If the high order three bits form an octal configuration of one
through six the address will be augmented by the contents of the index register specified. If the

high order three bits form an octal seven the address will be used to specify the location in main memory
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SECTION VI EXTRACTION CYCLES

where the true operand address is stored. These two types of addressing are referred to as Indexing
and Indirect. It should be noted that one indirect address can refer to another indirect address and so
on through any number of indirect addresses. It is also possible to go from an indirect address to a
indexed address, but not from an indexed to an indirect address or another indexed address.

Index registers are contained in the low order 24 locations of main memory., If index register

#1 is specified as the address augmentor, by taking the binary configuration (001) and shifting it left two
binary places (00100) the address of the low order character of index register #1 is obtained. The two
locations preceeding this base location contain the middle and high order character. See Figure 6-2.

Index Binary Storage Octal
Register Indicator Field (in octal) Address

1 001 2 -4 4

2 010 6 ~-10 10

3 011 12 -14 14

4 100 16 - 20 20

5 101 22 -24 . 24

6 110 26 - 30 30 .

Figure 6-2

Machine Cycles
The extraction cycles are performed by three major machine cycles. "Derived Variant Cycle" (DVC),

will be used to extract the op code and any variants that may be in the instruction." Extract A Cycle"
(EAC) will extract the A address, and "Extract B Cycle" (EBC) will extract the B address.

The three minor cycles E1C, E2C,and E3C will be used to carry out a certain portion of the overall job
performed by the major cycles. For example, during the EAC cycle EILC extracts the high order portion
of the A address, E2C the middle,and E3C the low order.

There are also two early cycles that may come true during the extraction cycles. Existant Indexing Cycle
(EXC), will be high during the augmenting process if indexing is indicated in the address field, and
"Existant Indirect Cycle" (EDC) will be high during the extraction of the indirect address if indirect
addressing is specified in the address field.

A mnemonic code is used to designate each memory cycle, This code is derived from the machine cycles
that are high for that particular memory cycle. During the first cycle of the instruction extraction, the
major cycle DVC is high and the minor cycle E3C is high, If the middle terms of these two cycles are
combined the memory cycle V3 is formed. AIl memory cycles, both extraction and execution, are

designated in this marnner. The flow chart book should be used along with the following pages.

V3 Cycle
The sequence counter (location 178) is addressed during the first control memory cycle of V3. The sub-
commands ICL and ICM transfer the sequence counter contents to the S register at time one.

ICL (I) = EECe CPIsMAT+INe CP1 + BMF

ICM (I) = EXCeCP1+ BMF

BMF = HSR+ARS+BMF ¢T07
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V3 Cycle | | _Al Cycle ‘ | A2 Cycle
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Figure 6-3

ICL and ICM, both being inverters, will be high only if all input gates are disabled. Examine the

first gate, EECeCP1eMAT; the only cycles high at this time are DVC and E3C, therefore, the functions
EEC and CP1 will both be low disabling this gate. The second gate, EI\?OCPI, also will be low because
of CP1, The third gate, BMF, is normally low and comes high only when the contents of the S register

are to be recirculated for more than one cycle.

The main memory location specified by the sequence counter is read out, and its contents stored in the
sense amps; at time five with the aid of the subcommand M2N this information is transferred to the N
register. At time five the I register is cleared, CLI (I) = PVCeP3CeT05, and during time six the ex-
tracted information, which is the instruction op-code, is transferred from the N register to the I register,
where it will be recirculated until the execution of the instruction is completed.

N2I = N4IeTO07IMT

It should be noted at this time that information extracted from main memory during any cycle is not
transferred to a storage register until the following eyele. Therefore, the N2I transfer at time seven will,
in reality, occur during the next cycle,which will be an Al cycle. See figure 6-3.

The second control memory cycle addresses the A address counter (14), and stores its contents in the
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control memory sense amps.

The third control memory cycle addresses working location two (07); at this time IIT will be low inhibiting
sense amp reset and strobe .Therefore,at write time the contents of the A address counter will be stored in
WL2, This is necessary to accommodate the SCR instruction which states that if the A or B address

is specified by the variant character, the previous contents of that register are stored in the location
specified by the A address of the instruction.This internal transfer saves the previous A address.

The sequence counter is addressed during CM cycle four,and at times five and six an incremented result
(SC + 1) is delivered from the S register to the Z register.

ISR = DFCeEXCeCT8*RUN
At CM write time of this cycle the WZ functions will be activated,and the incremented sequence counter
is returned to CM.

WZU = IWZeIYZ*T06
WZM = IWZeIYZ*T06
WZL = IWZeIY2+T06

Examination of the input gates for IWZ and IYZ for a V3 cycle will show no input gates satisfied, therefore,
since both functions are GBI's, IWZeIYZ will be high, allowing the WZ functions to come high at time six.

The next state condition for a V3 cycle, provided an interrupt signal has not been sensed, is an Al cycle.

Al Cycle
The sequence counter is addressed, and its contents sent to the S register, during the first control memory

cycle. Locations 14 and 15 are addressed during CM cycles two and three. However, there is no infor-
mation transfer,and the contents of both locations will remain unchanged.

Since the instruction being extracted contains a complete A and B address no word mark will be sensed in
this cycle, therefore, NO07 will be high.

NO7 being high allows:

WZU = NO7eIYZT06
WZM = NOT7eIYZeT06
WZL = NOT7eIYZeT06
CLB = CLEsN07+CT6 (CLE = IINeHIC)
N2B = IINeN07¢CTS6

HVR (I) = HFCePXCeH1CeN07+T06 (Clear V Reg)

B2V = HFCePXCeH1CN07T07

CLA (I) = CAF«CT5 CAF = HFCeEDE
The last function, CLA, although mentioned above is not dependent on NO7. It will, however, go low at
time five of every HFC cycle and reset the A register. The only path from main memory to control
memory is through the accumulator, which is continually adding the contents of the A and B registers,
therefore with the A register set to zero the accumulator will be equal to the contents of the B register.

At the completion of the Al cycle the information extracted from main memory will be contained in the B

register, accumulator,and the V register. The sequence counter will contain its original contents plus two.
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The next state condition for the Al cycles, with NO7 and BAB is an A2 cycle.

A2 Cycle
The sequence counter is addressed during the first CM cycle,and its contents sent to the S register. At
time two the accumulator is delivered to the Z register and during the write cycle of CM cycle two the
high order three bits of the A address will be written into the A address counter (14).

WZU = BWATO02

BWA = DABeEXT

DAB = E2CeEAC
At time four the B register is cleared,

CLB (I) = CLCeT04

CLC = HFCeDVCeHIC
and at time five the A register is cleared.

CLA (I) = CAFeT05

CAF () = AFCeDE3*EDE  (CAF = HFCsEDE+DE3+EDE)

The subcommand N2B will be high for times six and seven and will transfer the middle portion of the A

address to the B register.

At the completion of the A2 cycle, the sequence counter will contain its original contents plus three, and

the accumulator and B register will contain the middle portion of the A address.
The next state condition for the A2 cycle is the A3 cycle.

A3 Cycle
The sequence counter is addressed for the first CM cycle and at time one its contents delivered to the
S register. At time two the middle portion of the A address is delivered to the Z register via the
accumulator. The second CM cycle will address the A address counter: the function WZM will come high,
and the middle six bits of the A address will be written into CM.
WZM = BWCeT02
BWC = DFCeDVCeE3C
The B register will be cleared at time four the the A register will be cleared at time five, At times
gix and seven the N register will be transferred to the B register.

At the completion of the A3 cycle the sequence counter will contain its original address plus four, and the
accumulator and B register will contain the low order six bits of the A address. The V register still
contains the high order six bits of the A address. If indirect addressing is specified (the high order three
bits of the V register form an octal seven), the next state condition for an A3 cycle will be an AlD cycle.

However, the normal next state is Bl.

A1D Cycle
At time seven the subcommand B2V will transfer the lower six bits of the A address to the V register.

HVR (I) = EDCePACeCT6
B2V = EDCePACTO7
The first CM cycle will address the A address counter and at time one the subcommand ICM will gate the
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high order nine bits of the A address to the S register. ICL will be low:

ICL (I) = IINeCP1

IN = EDC + HDX

HDX (I) = SV3+CT3 (HDX = SV3eCT3)
The subcommand V28 will be high for the complete AID cycle and at time one will gate the V register to the
low order six positions of the S register, thus completing the A address in the S register.

V2S = EDCeE1C
The second CM cycle addresses the A address counter,and at time two the low order six bits of the A
address are delivered to the Z register. The write Z functions, however, will all be disabled,and at
the completion of the second CM cycle the A address counter will still contain only the high order nine
bits of the A address.

The B register is cleared at time four and the A register is cleared at time five. The subcommand N2B

will be high for times six and seven and gate the high order six bits of the indirect address to the B register.

Since it is specified that indirect addresses may be cascaded and also that it is possible to index an indirect
address,it will be necessary to transfer the high order six bits of this indirect address to the V register to
determine if further address modification has been specified. Therefore, B2V will again come high and
transfer this information to the V register.

B2V = EDCeP2CeTO07

The fourth control memory cycle addresses WL #1 (16) and delivers the original A address plus one to

control memory for storage.

At the completion of the ALD cycle the high order six bits of the indirect address are located in the accum-
ulator, B register and V register. The original A address plus one is stored in WL #1 and will be called
upon to extract the remaining portion of the indirect address.

The next state condition for the A1D cycle will be the A2D cycle.

A2D Cycle
Working location one is addressed for the first CM cyclesand its contents, at time one, are delivered to

the S register. The accumulator is delivered to the Z register at time two. The A address counter is
addressed during the second CM cycle, WZU will be high, and the high order three bits of the indirect
address will be delivered to CM.

WZU = BWACT2

BWA = DABEXC

DAB EACeE2C

The B register is cleared at time four and the A register is cleared at time five. The subcommand N2B

is high for times six and seven and will transfer the middle portion of the indirect address to the B register.

Upon completion of the A2D cycle the middle six bits of the indirect address will be contained in the accum-
ulator and the B register. WL #1 will contain the original A address plus two, and the A address counter,

location 14, will contain the high order three bhits of the indirect address.
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The next state condition for the A2D cycle is the A3D cycle.
EDC = CT4ePDCeP3C
EAC = PACeEDC<CT6

A3D Cycle
Working location one is addressed during the first CM cycle, and at time one its contents sent to the S
register. At time two the accumulator is transferred to the Z register. The second CM cycle addresses
the A address counter, WZM is activated, and the middle six bits of the indirect address will be delivered
to CM,

WZM = BWCeCT2

BWC = DFCeDVCsE3C
The B register is cleared at time four. The A regisier was cleared in the previous cycle and is already
get to zero. The subcommand N2B will be true at times six and seven transferring the low order portion

of the indirect address to the B register.

At the completion of the A1D cycle the low order six bits of the indirect address are contained in the B
register and the accumulator, The variant register still holds the high order six bits of the indirect
address.

Assume now that an octal two is specified in the high order three bits of the V register: i.e. VO4 = 0,
VO5 = 1, and VO6 = 0. The next state condition for this cycle will be an AlX cycle.

EAC = PACeIIN+CTS

EXC = CT4eINXeSIT

INX = VEOeVELeCM2

SIT = PFCePXCsDVCeCM2¢E3C

A1X Cycle )
Working location one is addressed during the first CM cycle. The subcommands ICL and ICM will be

low inhibiting the normal sense amp to S register transfer.
ICL (I) = IINeE1C
ICM (I) = EXCeEIC
However, the subcommand VRS will be high,and at time one the high order three bits of the V register

will be delivered to the S register, Figure 6-5 shows the manner in which this delivery is made.

Figure 6-5
The S register will therefore address the low order character of IR #2 which is main memory location
ten (octal). At time five the low order six bits of IR #2 will be delivered to the N register. The A
register will be cleared at time five; the subcommand N2A will be high for times five and six ti'énéferring
the contents of the N register to the A register. At the completion of the N2A delivery the accumulator,
which is continually adding the A and B register, will contain the binary sum of the low order six bits

6-7



SECTION VI EXTRACTION CYCLES

of the indirect address and IR #2.

CLA (I) = CT5eCAF
N2A = HXCeCT5

The fourth CM cycle addresses WL #1. The Z register will contain IR #2's basic address minus one, and
the Write Z functions will be high storing this address in WL #1.

The set gate for ISR (increment S register), DFCeEXC+CTS8 *RUN, which is used for the fetching cycles
will be low allowing DSR to come true, thus decrementing the IR #2 address on the S to Z register
transfer.

The next state condition for the A1X cycle will be the A2X cycle.

A2X Cycle
The first CM cycle addresses WL #1,and at time one IR #2's address minus one will be delivered to

the Sregister. At time two the binary sum of the low order characters of IR #2 and the indirect
address is delivered to the Z register. The second CM cycle addresses the A address counter, WZL
will be high, and this result will be stored in CM.,

CM cycle three again addresses the A address counter; the subcommand KYM will be high, and at time
five the middle character of the indirect address will be gated from the CM sense amps to the Y repeater
register. The B register is cleared at time four,and the subcommand Y2B will gate the information in

Y to the B register at times five and six.

The N register will contain the middle character of IR #2 at time five, N2A will gate this character to
the A register at time six. At the completion of this delivery the accumulator will contain the binary
added result of the A and B registers.

The fourth CM cycle addresses WL #1, and the address of IR #2 minug two will be written into memory.
EXC being high will again inhibit ISR, allowing DSR.

The next state condition for the A2X cycle will be the A3X cycle.

A3X Cycle
Working location one is addressed for the first CM cycle and at time one its contents are delivered to the

S register. At time two the accumulator is transferred to the Z register. WZM is high for the second
CM cycle,and the middle character of the resultant A address is delivered to CM.

The third CM cycle again addresses the A address counter, KYU is high and at time five the high order
three bits of the indirect A address are transferred to the Y register.At time four the B register is
cleared allowing the Y to B register transfer at times five and six.

Y2B = KYUe*CT5

The N register will contain the high order character of IR #2 at time five, the subcommand N2A will
transfer this character to the A register. At this time the resultant binary sum (the high order
character of IR #2 plus the specified indirect address) is contained in the accumulator.
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The next state condition for the A3X cycle will be the B1 cycle.

Bl Cycle
The sequence counter is addressed during the first CM cycle and at time one its contentsare delivered to

the S register. At time two the high order three bits of the resuliant A addressare delivered to the Z
register. The second CM cycle addresses the A address counter and WZU will deliver the remaining
portion of the A address to memory. The modification of the A address is now complete.
WZU = BWACT2
BWA = DFCeINXe3WB
INX () = VEO+VE1+CM2 (INX = VEOVE1eCM2)
BWB = IINeEACeEIC
Summary
The extraction of the B address is nearly identical. The major difference is that octal ten is used to
address control memory instead of octal fourteen. By the time the B extraction cycles are complete, the
op code has been stored and decoded, and the final addresses of the A and B operands have been stored in
the control memory address registers. If no word mark is found in the location beyond the last B address
character, all successive characters will be placed in the variant register until a word mark is found. The
last character that is put in the variant register is the one that will be used. A word mark terminates the
extraction cycles and begins the execution cycles. The extraction cycles make very few distinctions be-
tween op codes. However, the execution of each instruction requires slightly different types of cycles.
The execution cycles of each type of instruction are explained in detail in later sections of this manual.



SECTION VII
ACCUMULATOR

The Accumulator plays an important role in all machine operations. All of the arithmetic operations
(addition, subtraction, zero and add, zero and subtract) and the logical instructions (extract, half add,
compare and substitute) are performed within the Accumulator. In addition, the Accumulator is used

in the transfer of information to and from Control and Main Memory.

Since the Accumulator is primarily a 4 bit decimal or 6 bit binary adder, the general operation is quite
simple. The add logic is pure binary with additional inputs to implement the logical instructions. De-
cimal operation is accomplished by converting the binary result to binary coded decimal with separate

logic.

ADD LOGIC
The interpretation of the binary add logic for any given stage will become apparent by examining the

possible input combinations.
All possible combinations

A o|1}|o0oft1}jo}1]o0] 1

B ojo0of|1j110]0O0 17 1

CARRY IN 0i101%!to01l1o0 1j1}11]1

SUM o1 11071 11]0 0| 1

CARRY OUT 0|0l0|1l0|1‘1| 1
Figure Tel

From Figure 71 the following general statements can be made concerning sums and carries.

SUM
CARRY

1 if only one or all inputs are high

I

1 if two or more inputs are high

Figure 72 is a simplified block diagram of the carry propogation showing the add functions SU1-6,
carry functions C01-5 and anticipate carry collectors CH3-5 and CF1,2 and 4. It illustrates the usage

of anticipatory carry logic to minimize delay due to circuit cascades.

As illustrated, the first three stages of add logic do not make use of the anticipatory carry collectors;

therefore,a detailed analysis of only one stage will suffice.
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Carry
Forward |CF4 CF2 CF1
Anti cipatory
l, l Carry logic
CI;"I‘;;" CH5 CH4 CH3
y Y
Carry
Functions CO5 COo4 CO3 cOo2 Co1 ACI
Add
Logic
Birary
Sum sU6 SU5 sU4 Ssu3 su2 sU1l
Figure 7°+2

STAGE ONE: The first stage of add logic has the following input configuration:
CASU100 () = AO01eBO1eACI  (I) = Inverter
+ COLleACI
+ CO0leA01
+ C01eBO1
The first gate will be true when all three inputs are high,
NOTE: ACI is "ACCUMULATOR CARRY IN" and will be covered in
detail when discussing order implementation.
The order gates make use of the carry signal C0100,
CACO100 (T)

A01sACI CACO0100 will be low

+ BO1leACI when there is a carry

+ A01leB0l1 out of stage one.

This signal, being an inverter, will be at ground when at least two inputs are high satisfying stage one's
carry requirements. When COI is high, it indicates that there is no carry.

The add logic using CO01 therefore insinuates that only:.one of the inputs are high. col being at a +5v says
that there are not two or more inputs high. This gated with the individual inputs, will produce the desired

output if only one input is true. Thug, the absence of a carry out of stage one may set stage one.
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STAGE TWO: This stage makes use of the same input theory with the first gate specifying C0110 as an
input carry. CO110, being an inverter, will be high (true) when no input gates are satisfied.
The input gate SBS00 and CO100 will allow stage one carry conditions.
NOTE: SBS will only be true during a substitute instruction therefore
CO100 is the only controlling signal for CO110 during arithmetic

operations.

STAGE FOUR: This stage varies only in the fact that the input carry C03 10 is anticipated by CH3 which
derives its gating from CF1 and CF2.

CF1, you will note, has as its input conditions the compliment of the inputs to C0160., Therefore it will

produce a high output for stage one carry conditions.
CACF110 () = A01eB01
+ A01eACI
+ BO1eACI

CF2 will produce a high output only if stages two and three both contain at least one "1'" bit.
NOTE: Because CF2 is an inverter, to arrive at the input requirements
for a high output, prime and simplify the boolean equation.
CACF210 (I) = A02¢B02
A03B03

+

PRIMED: CF2 (A02 + B02)*(A03 +B03)

A02¢A03 + A02eB03 + B02eA03 + B02¢B03

I

The stage four input carry (CH300) can now be defined.

CACH300 (I) = A03+B03 @)
+ A02¢B02¢CF2 (2)
+ CF1eCF2 ®3)

(1) carry from stage three.

(2) carry from stage two (A02¢B02) will propogate thru stage three because stage three has at
least one high input (CF2), plus the carry in.

(3) carry from stage one (CF1) will go thru stages two and three, because they each contain at
least one high input (CF2).

The last stages of add logic use similar anticipatory carry logic, with CF4 high indicating at least one
"1" bit in stages four and five. The anticipatory carry logic is used to insure that all carries will be

propagated by result delivery time.

HALF ADD
In the Half Add instruction, we wish to perform an add without carries. The normal logic will suffice
for the summation, carries will be stopped by XOR being high.
' CAXOR10 = I01sHFCeVAS
CBVASI0 = U03+103¢102
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XOR being high will unconditionally cause the assertion carry signals to be off. (XOR is a single input
to all the carry functions, and since they are inverters, the outputs will be forced to ground.) The
negation carry signals are used on the add logic, and will operate in their normal manner. Due to the
forcing off of the carry signals an add will take place but no carries will propogate.

EXTRACT

In the Extract instruction, the data in the A field is combined with data in the B field, and the result

is stored in the B field. The execution of this instruction passes A information only if the corresponding
B bit is a one. This leads to the result table shown in Fig, 7e3,

RESULT ofol of 1

Figure 73

The Accumulator operation for this instruction is implemented by killing the SU sum gates for a single
input high and allowing only the gate specifing all inputs high, The signal LGP will force all negation
carry logic (ACI00 and C0100 thru CO600) to ground which will in turn force on the assertion carry
logic (ACI10 and CO110 thru CO610),

CALGP10 VASeI01eHFC

CBVAS10 V03103102
Hence, the add logic will produce a "1" bit result only if A and B are both high,

SUBSTITUTE
The Substitute instruction consists of passing the A or B information depending upon the condition of

the corresponding Variant bit, If the Variant is a "zero" pass the B information bit, if a "one' pass A.

This involves some rather unusual manipulations of the accumulator logic,but again charting the operation

|
1

will simplify the solution,

A

B
VARIANT
RESULT

CO(X-1)10 I I I l | Carry In Signal

a|b|c dlefgh

0
1
C0(X)00 I__I _J

S =

S OoJjo o
(=]
S H|IO ©

0 1
1 1
1 1
0 1

R R k-

0
1
0
1

(=)

I
I Negation Carry

Figure 7e4

Figure 74 graphs the logical implementation of any stage. CO(X-1)10 illustrates the status of this
stage's carry in gsignal, which is being forced to desired conditions. CO(X)00 is the normal negation
carry out signal for this stage.
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EXAMPLE: Examining the operation of stage one in a Substitute instruction, the
gating on ACI will justify the graph of the input carry signal CO(X-1)10.
CAACIIO0 (I) = SBSeV01eB0l (e, f)
®.d,g.h) 4 gBSJV01.A01  (a, c)
CASBS10 SBTeHFC
CASBT10 V03103102101 (op code 32,)

]

The negation carry signal (CO(X)00) will be provided by the normal gating on CO100.
CACO100 (1) = AO01eACI (b,d,h)
(a’f’e’?) + BOLeACT (d,g,h)
‘ + A01eBOL (d,n)

With the input carry forced and the stage carry operating in the normal manner the add gates on SU1
will now produce desired Substitute instruction results.
CASU100 (I) A01eB01eACI (d, h)
CO1eACI (-)
CO1eA01 (f)
C01+B01 (c)

+ o+ o+

DECIMAL CORRECTION
When performing decimal instructions, the Accumulator will add binarily the two 4 bit characters. De-

cimal correction will be performed on the result by the SD functions.

DECIMAL RESULT

|
|
SU6 SUS : su4 Su3 su2 sul
I T 1 !
| (C___DECIMAL CORRECTION )
| v v
SD5 ! SD4 SD3 "~ | sp2 SD1
|
|
|

SIGN HANDLING

Figure 7+5

A result sign is produced by SD5 and SD6 for the first character. This sign will be a plus

or minus depending upon the instruction and operand signs.

Decimal correction will be necessary onty when the result is 10 or greater. Figure 76 lists the
binary result and the corrected decimal character.

Notice that the highest uncorrected result is 19, 9 + 9 plus an input carry.
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BINARY RESULT DECIMAL CORRECTION
Su4 SU3 SU2 SU1 SD4 SD3 SD2 SD1
1 0 0 1 9 =9 1 0 0 1
1 0 1 0 10 = 0 0 0 0 o 1
1 0 1 1 11 =1 0 0 0 1
1 1 0 0 12 =2 0 0 1 0 402 or
1 1 0 1 13 =3 0 0 1 1 4e3
1 1 1 0 14 = 4 0 1 0 0 ACD
1 1 1 1 15 =5 0 1 0 1
c 0 0 0 0 16 = 6 0 1 1 0
c O 0 0 1 T =7 0 1 1 1 CH4
c 0 0 1 0 18 = 8 1 0 0 0
c 0 0 1 1 19 =9 1 0 0 1 ¥ l
¢ = binary carry
Figure 76

To indicate the need for correction the function ACD is used. The conditions of SU4 and SU2 or SU4
and SU3 will identify a result of 10 thru 15, A carry from stage four (CH4) will satisfactorily identify
a result of 16 or greater.

Since ACD is an inverter the prime of the correct conditions are found on the input gates plus DEC

which is on for decimal instructions.

CAACDI0 () = SU3eSU2¢CH4
+ SU4eCH4
+ DEC
PRIMED ACD = DEC (CH4 + SU4eSU3 + SU4eSU2)

CORRECTION LOGIC

The correction logic (SD1-SD4) will contain normal drop thru logic for either binary results or decimal
results below 10 identified by ACD. The Decimal Correction Chart figure 7+6 will be used to analyze
correction conditions (ACD true).

SD1 - There is no change in bit one for decimal correction therefore SU1 feeds SD1 directly
CASD110 (I) = SU1

SD2 - During decimal correction bit two should always be complimented.
CASD210 (I) = SU2eACD
SU2+ACD

SD3 - The correction chart, figure 76, illustrates that bit number three should be high for an uncorr-
ected result of 14 thru 17. An input configuration of ACD SU3eSU2 will identify results of 14
and 15, ACDeCH4SU2 will suffice for a result of 16 or 17,

CASD310 (I) = SU3sACD (Normal Result)
* %‘CM.ACD (Decimal Correction)
+ SU3eSU2
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Logical analysis will be necessary since SD3 will produce a ""1" output when all input
gates are dead. For normal results ACD is reset and SU3 will be the controlling
function. When SU3 not (E-ﬁ?:) is at ground a one bit will be produced. During decimal
correction ACD will be set. For a result of 14 or 15 ACD will stop the top gate, SU2
at ground will kill the second gate and SU3 at ground kills the bottom gate. For a
result of 16 or 17 ACD again takes care of the top gate, CO04 at ground stops the second
gate and if SU2 is at ground the last gate is killed and a "1" bit is produced.

SD4 - Here a one bit will be produced for uncorrected results of 18 or 19 and ACDeCH4¢SU2 will
identify these conditions.

CASD410 (I) = SU4¢ACD (Normal)
+ SU2eACD
+ CO04eACD (Decimal Correction)

Here again ACD being high kills the top gate and causes SU2 and C04 to be the controlling
functions. I both are high no gate is active and a one bit is produced.

DECIMAL CARRIES

During decimal arithmetic anytime a character result is over 9 a carry must be stored for the next

character. This is accomplished by feeding ACD to the storage function for ACl (carry in).
ACI(IF OVFeCCTeCT5
OVF = ACDeDEC<CT3

INSTRUCTION FLOW

BINARY INSTRUCTION FLOW

In performing a Binary Add, A and B are added, one six bit character at a time, and the result is stored

in B. No signs are present or sensed.

The Binary Subtract is absolute B minus A, This is accomplished by the complement and add theory
B+A+1,

Figure 77 illustrates the cycle flow of the Binary Add or Subtract. A B word mark will terminate the
instruction. If an A word mark is sensed first, indicating the end of A characters, "zeros' will be added
to B for an Add instruction or subtracted from B for a Subtract instruction. The subtraction of "zeros'

from B is actually "all ones" added to B and is performed to propagate any necessary carries.
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[

El EXTRACT A

L

E2 EXTRACT B

R
E3 RESULT DELIVERY

WMB

B

Figure 7°'7

E1l Cycle - Extract "A" Character
The A counter is addressed,used, decremented, and returned to A. If a chain B format is used the first

pass will cause the A counter to be duplicated in the B counter.

The "A" character, or its complement if a Subtract order, is delivered and stored in the "A" Register.
If a Subtract is being performed the first pass will also force ACI on to accomplish the +1 of B+A+1,

If an "A" word mark is sensed ACF will be set,

E2 Cycle - Extract "B' Character

The B counter is addressed, used and not changed because B-1 is sent to an unused work location.

The B character is delivered and stored in the B Register. Addition will be automatically performed by
the Accumulator,

If cycle E2 was entered from E3 ("A" word mark stored) there are no more valid A character for process-
ing. In an add order the situation is correct since the A Register has been previously cleared, and B will
be added to zero's. However, since the subtract order adds B to the complement of A,the A Register
should contain all ones. This is accomplished by setting NNA at time 3 of the E2 cycle. The N Register

is reset at this time and complemented zeros or all ones are delivered to the A Register,

E3 Cycle - Result Delivery

The B counter is addressed, used for result delivery and decremented.
The result of the arithmetic operation is delivered to the main memory location specified by the B counter,

If a B word mark is sensed it is returned to memory,and the instruction is terminated,
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If no B word mark is sensed in this character the instruction will loop back to El if no A word mark had
been sensed (ACF)or to E2 if there are no more A characters (ACF).

The first loop thru E3 sets PPF ,ﬁD—F_ was used to identify the first pass E_hﬂl execution cycles.

If an A word mark had been sensed in E1 (ACF) then AFC will be set in the E3 cycle (by A4A).

DECIMAL INSTRUCTION FLOW
In the Decimal instructions the four bit characters of A and B are arithmetically manipulated depending

upon the Instruction type and operand signs.

Instruction A Sign B Sign Operation Result Sign
Add + + Sum +
Add + - Difference Sign of Larger
Add - + Difference Sign of Larger
Add - - Sum -
Subtract + + Difference Sign of Larger
Subtract + - Sum -
Subtract - + Sum +
Subtract - - Difference Sign of Larger
Figure 78

Figure 78 illustrates all variations of Instruction and signs. Experiments with the algebraic formula
for Adds (B+A) and Subtracts (B-A) will prove this chart correct.

Since both signs must be examined before Instruction operation can be determined the first part of

execution flow will concern sign delivery and examination.

First E1 - Extract A Sign
Fortunately the A sign is in the low character of the A operand. Therefore the A counter is addressed

and used to extract the first A character. The contents of the A counter are NOT decremented in the
4th control memory cycle at this time (PPF is not true).
As in the Binary instruction, if there were no B address in the instruction format, the A counter contents
will be duplicated in the B counter.
The entire first A character is delivered from Main memory to the A Register where the A sign is
determined by ASP, ASP is normally set after the extraction cycles and will reset only if a negative
A sign is sensed.

CAASP10 (I) = AO06°A05

+ HFC
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El EXTRACT A SIGN

—
3

E2 EXTRACT B
[PPF Sets]

El EXTRACT A

l PPF+ AFC

E3 RESULT DELIVERY
[AFC Sets]

Figure 7°9

First E2 - Extract B Character

The B counter is addressed and used to extract the first B character. No increment or decrement of

the B counter occurs.
The second Control Memory cycle duplicates the B counter contents in Work Location 2. This stores
the starting point of the B field and will be used if correction is necessary.
The first B character is transferred to~the B Register and stored,
The B sign is determined in the B Register by BSP.

CABSP(I) = BO06+B05

+ HFC

ASP and BSP now indicate the signs of the respective operands. The functions are normally high and
will go low only if a Negative sign is sensed.

To determine the actual Instruction operation, the A and B signs are compared with the Op Code on the
subtract function TUB,

CATUBL0 = I01eASPeBSP<DDF Decimal Add Order
+ 101eASPeBSP «DDF Signs Unlike
*  101-ASPeBSP+DDF Decimal Subtract Order
+ 101«ASPeBSP«DDF Signs Alike
+ TUBeCLI Recirculation
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Comparing the "True Subtract" input gating with Figure 7e8 verifies that a Difference (subtract) will
be performed for a Add order with unlike signs or a Subtract Order with like signs. A Sum (Add)
operation is defined by TUB, DDF is the gating function to determine comparison time.

Now that the Operation has been determined an interesting situation arises. If a Sum is to be performed
the A and B Registers contain the correct characters to proceed into the Execution loop. However if a
Difference is to be performed the A character must be '"Decimal" complemented. To simplify gating
the E1, Extract A, cycle is unconditionally entered again to insure correct A character delivery. Fun-
ction PPF setting in this first E2 cycle will identify the second E1 as the valid Extract A,

Second E1 - Extract A

The A counter is addressed, the contents used and decremented.

The first A character, or its Decimal complement, will be stored in the A Register.

Accumulator operation will automatically proceed. The B character is already valid. An input carry
will be forced if a Subtract (TUB) is being performed.

Since the first character result is generated,the Result delivery cycle will be entered next.

E3 - Result Delivery

The B counter is addressed, the contents used for result delivery, then decremented and returned to the

B counter.

The B sign is assumed at this time to be the result sign and is therefore forced on the gates of SD5 and

SU6 for return to memory. If an Add is being performed the actual B sign is loaded. Ina difference
operation the B sign is the result sign only if the B operand is larger than the A operand . Therefore,
in difference operations, if B is positive a normalized B sign is produced. This will be corrected later

if necessary (A larger than B).

NOTE: A normalized plus sign is the configuration 6e5, if complimented it will produce a negative

sign 6.5. —
SGG = TUBeHECeBSP (Negative B sign in Subtract order)
SG6 = SGG SG5 = SGG_(Negative sign)
+ B06¢TUBeDEC + B05eTUBDEC (Add-Result sign equals
actual B sign)
sU6 = SG6eAFC SD5 (1) = SG5

Function AFC will set during the first E3 cycle to cause the normal Execution loop to be entered and

prevent sign generation on further result characters.
A loop is entered to process the A and B characters. Figure 7¢10 shows that, as in Binary instructions,
if an A word mark is sensed the logic will bypass the E1 cycle. The loop for extracting B and result

delivery is performed to propagate carries.
NOTE: The function BIZ (Blank is zero) senses an octal 15 being delivered from memory in decimal

instructions and will cause a zero or its decimal compliment to be delivered to A if an El

cycle, and a zero to B if the E2 cycle.
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SUBTRACT CORRECTION

Upon sensing a B word mark the Add operation is complete, However, a subtract operation may have

been performed incorrectly. We subtracted A from B (B-A) which was implemented as B+A+1, A subtract
is actually the subtracting of the smaller number from the larger. If B was in fact larger than A we have
the correct result and the correct sign (the B sign). However, if A were larger than B the resuit is not

correct, but in fact the eomplement of the desired result and has the wrong sign.

Example: B+A +1 (B-A) where B=4andA =5
4+5+1 = 4+4+1 = 9 (5 complimented = 4)
+ 9 (incorrect result) complimented = -1

Due to the manner in which the Subtract was implemented,a carry out of the high character (OVF) will
indicate correct subtraction, B was larger than A. Therefore, in Figure 7¢11 the path from E3 to V3
states: Word mark in B, and Add instruction (TUB) or carry out (OVF). The path from E3 to C1 is to

enter a correction routine for a incorrect Subtract; Word mark in B, subtract (TUB) and no carry out (OVF).

The correction cycles will correct the result sign and complement the result characters.
Cl1 - Extract and Complement

Work location 2 is addressed (it was loaded with the starting location of the B field in the first E2 cycle)
and used to extract the B character,

This count is loaded into the B counter during the second Control Memory Cycle.

The result character is Decimal complemented upon delivery to the A register.

A carry in is forced for the first correction cycle.

The sign is also complemented and therefore corrected.

C3 - Result Delivery
The B counter is addressed for result delivery.

Since the B register was never loaded,A will be added to "zeros' in the accumulator and the result delivered
to Main Memory.

Function AFC is set it was reset to indicate the first pass thru the correction loop.

The correction loop will correct the result field and will terminate when the B word mark is sensed,
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SECTION VIII
LOGIC INSTRUCTIONS

EXTRACT

HALF ADD

COMPARE

SUBSTITUTE

BRANCH IF CHARACTER EQUAL
BRANCH

BRANCH ON CHARACTER CONDITION

The logic instructions’is a general heading for those machine instructions which require a logical decision,

as opposed to an arithmetic operation, or transfers etc. The logic instructions can be further broken down in-
to branch and non-branch instructions, but the separation is not as distinct as it may at first appear. After
all, the decision to branch is really a logical operation. Further, one Branch uses the accumulator to make
the branch decision, while another can branch on indicators set by the accumulator. The accumulator

is used to perform all other logical instructions.

EXTRACT

The extract instruction can be thought of as acting like a sieve. The 'A' field is sifted through the "B’ field,
and the result is determined by the bit in the 'B' field (aperture of the sieve). Since the result is placed
right back in the B fieldthe 'mask' used as the sieve is destroyed as a result of the operation. A some-

what more sophisticated explanation is that of the "logical product"”. The product being a bit by bit multi-
plication, Note the following example;
A TField 0 | 0

11
B Field 0|1 oll
Result Field 00|01

The 'B' field is indeed acting as a sieve with the one bits being the apertures. But also note that the logical
product holds true as well, since the only one bit in the result is the product of two ones. The product of a
one and a zero, or two zeros is of course zero. This again leads to another conclusion, the fact

that a one in the result field can only occur if the A field and 'B' field bits are both ones.

Referring to the extract order in the flow charts, one can see that in E1 cycle the first A character is ex-
tracted from memory and transferred to the A register. In E2 cycle the first B character is extracted
from memory and transferred to the B register. In E3 cycle the accumulator result is gated to the N
register, and written into memory (address of the B character presently in the B register). It's rather
obvious then, that the 'extract' or 'logical product' must have occurred in the accumulator.

The function CALGP10 is OP code derived and will be high only for an "extract" instruction. LGP, logical
product, is used to set all of the accumulator carry functlons ThlS leaves the accumulator output

(CASU1 00) with only one possible set gate, i.e. the gate descrlbmg the condltlon of a "carry in" (forced by
LGP) and a one bitin both A and B fields. Thus in order for the result bit to be a one , both operand

bits must be ones .
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The instruction returns to E1 cycle to extract another A character and the whole thing is repeated until
a word mark is detected in either the A field or the B field. When a word mark is sensed in the A
field (read out in E1 cycle) the indicator CBACF10 is set and recirculated until the next op code ex-
traction cycle. It is during E3 (result delivery) cycle that the decision to go back for another A

character, or to exit the instruction, is made.

A requirement to set another EEC, or another E1C, is NO7. So if a 'B' word mark is sensed first, an
E1 cycle is not allowed Instead an E3 cycle is set. Since no major cycle can be set,a V3 cycle exists
and the instruction is terminated. Had an A word mark been sensed first, then CBACF10 will have
been set at the end of the E1 cycle in which it was read out of memory. ACF is a requirement for the
back-up functions of both EEC and E1C when exiting the E3 cycle. Since ACF is set, an E1 cycle cannot
be set. In order to exit the instruction, however, an E3C must be set. A special gate is used for the

purpose of exiting an "extract' or a "half add".

E3C = CT6S3DeITF

S3D = S3E

S3E = WTNeEDTsMUVeMPM
WTN = ACFeVASeDE3

VAS = U03e103+102

WTN is normally used to set N07, to write a word mark into memory. But because CAIN710 cannot be
set, bit seven is written back from the sense amps and remains unchanged.

HALF ADD

The only difference between the "extract' and the half add occurs in the accumulator. Operand extraction,
loading the accumulator, delivery of the result, and exiting the instruction is exactly the same for both,
Gating LGP into the accumulator for the extract instruction effected the desired combination of bits for
that instruction, For the "half add" instruction the sub-command CAXOR10 is generated to set the
accumulator to such a state as to allow the following combination of the A and B field bits.

A field 0 0 1| 1 }-'“W”"‘“’ )Lo
| Wl
Bfieldoll‘o 1 P OO ot

Result field 0 | 1] 1| o AOK
Note that when one or the other of the input bits is a one the result is a one . If neither or both input
bits are ones, the result is a zero. The result is the same as though the two operands had been added
binarily but without propagating any carries. This is the method the accumulator uses to perform the
half add, which is sometimes called an exclugive OR (XOR).

CAXOR10 is used to reset all of the accumulator carry functions to effect the non-propagation of carries.
Resetting the carry functions (assertions) does not affect the negations since they are not cross coupled.
The accumulator output (CASUéOO) has only two possible input gates as a result.
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CASU200(I) = C02eA02
+ C02¢B02
C02 (I) = A02¢B02

If both A02 and B02 are ones , C02 is forced low, preventing SU2 from going low, and forcing SU2 high.
Thus if both A02 and B02 are true the result is a zero. If C02 is high, SU2 will be set if either A02 or
B02 is high.

The single addition of X0R has changed the accumulator parameters so that the operands are added
without carries. The affect of XOR on the "carry in" function ACI differs slightly from the "carry out"
functions. Rather than resetting the assertion directly (as on all other carry functions) XOR is used to
recirculate ACI. So when XOR is true, ACI cannot be recirculated therefore it is held low during a half
add,

SUBSTITUTE

The "substitute' instruction has the format F/A/V, and its function is to replace the B

character bits with bits from the A character when corresponding bits of the variant are one's. Where
the variant bits are zero, the corresponding bits of the B character are not altered. The substitute

rule is as follows:
A Character Bit 0(0;0}j0]1]1)]1]1
B Character Bit ojoj1i1fo0lo}j1|1
V Character Bit oj1joj1jo}j1jof1

Result Character Bit 0 o)1 ]olol 1]l

The substitute is a one character instruction. Exit from the fetching cycles is normally from V2 cycle,
when the op code of the next instruction is read out and recognized because of its word mark, The variant
character had been placed in the V register in V1 cycle and recirculated. The instruction can be
chained, allowing entry into the execution cycles from Al cycle (OP code of the next instruction read out
in Al). These are the only legal instruction formats. Entrance into the execution cycles can be accom-
plished from Bl cycle for the case of OP code and A address only, but the contents of the variant register
and consequently the results of the substitute are unspecified for this format.

During execution, the A character is exiracted from main memory in E1 and placed in the 'A' register.
The B character is extracted in E2 and transferred to the B register. The variant character is still
recirculated in the V register. The A and B registers are gated into the accumulator normally. The

V register is gated into the accumulator carry functions with the subcommand CASBS10, which comes
high only for the substitute instruction. The carry functions (both assertions and negations) and the
inputs to the accumulator sum bits (CASUéGO) can be simplified te the following expression using

boolean algebra.

AOx *BOx

ACOx *BOx *VOx
AOx *BOx ¢VOx

CASUx 10

+

+
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Note that this expression will comply with all requirements of the substitute rule, The reader is invited
to trace several conditions through the accumulator, as well as simplifying the gates to arrive at the

expression shown above.

Since the substitute is a single character instruction, it must be terminated after the result of the sub-~
stitute is delivered in E3 cycle. Since no major cycle can be set, a DVC comes high. An E3C minor

cycle is set, as can be seen by the following expression.

CBE3C10 = NO7eS3AsCT6
+ NO7+S3BeCT6 ePST
S3A = SBTeDE3
S3B = PICePECeTEC
TEC = TUBeP3CsMUVeMAT

Notice that E3C will be set after E3 regardless of punctuation, The gate on E3C with N07 as an input
is used for those instructions which normally exit from E3 when a word mark is sensed. The gate in-
cluding NoO7 requires the backup function S3A, which requires CBSBT10 (high only for substitute) and
CBDE310. So this gate is specifically used to allow exiting the substitute after one pass.

COMPARE
The compare instruction is, in reality, a binary subtract. When the instruction is first issued,the two
compare indicators are initialized (CAALB10 = Reset; and CAAEB10 = Set). If the A and B operands

are equal, then all during the compares the accumulator output will be zero. If this is true, then AEB
will remain set. If the operands were not equal, the accumulator output would not be zeros, and this

would reset the equality indicator, AEB.

The instruction is terminated by a word mark in the B field. If at this time accumulator overflow is
sensed, the function ALB (A less than B ) is set. Overflow is a valid indicator of relative magnitude
because the A operand is subtracted from the B operand by complimenting A and adding. If the A
operand were larger than B , there could not be any overflow, thus ALB would remain reset.

If the A operand is shorter than the B operand, no A characters are extracted beyond the A word
mark. The instruction is completed by subtracting zeros from the remaining characters of the B field.
This of course implies that a true comparison AEB can exist, even though two operands are of unequal

lengths, if the B operand characters extracted after the A word mark are all zeros.

Note from the flow charts that entrance into the execution cycles is possible from Al for an instruction
format of OP code only, Bl for OP code and A address and V1 for OP code A and B address. The
order of the execution cycles and their functions (briefly) are as follows:

In the first E1 cycle the compare indicators are preloaded; the first A character is complemented and
sent to the A register, and the "end around carry" is forced into the accumulator. The first is due to
the op code derived sub-command CABCP10, and PDF. The second is due to BCP having set CASA010
(binary subtract). And the third is a result of SA0 and PPF. It is during this and succeeding E1 cycles
that the A character is checked for punctuation, and CBACF¥10 is set if a word mark is detected.
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Because the indicator AEB is set and allowed to remain set only if the accumulator result is zero, the
accumulator must only be looked at when its output is valid, Otherwise AEB would be reset when the
first character was in the accumulator but the other operand had not been extracted from memory yet.
The function that allows this is CAAER10,

Fig. 8-1 shows the pertinent waveforms for a compare with the conditions shown. Note the state of the

functions shown for the first E1 cycle.

In E2 cycle the B character is extracted from main memory, transferred to the B register, and from
there gated with the complemented A character into the accumulator. At the end of the first E2 PPF is
set to indicate the end of the first pass. If a word mark was read from memory in this cycle, the next
would be an E3 cycle to allow exit, If no word mark is read out, the next cycle is El to extract another
A character (if a word mark had not already been sensed (ACF) in the A field). If the A field had
been terminated (ACF), the machine would stay in E2 extracting B characters until a word mark was
found, For the latter case, the A register is loaded with the complement of the N register which, at
time three,is still reset. Therefore, in effect, zero's are subtracted from the remaining B field char-
acters after the A field has been terminated.

Refer again to Fig 8-1. Notice that the first time AEB could be reset is at time three following E2. Since
the B character read out of memory in E2 is transferred through the B register into the accumulator at
time 6, and CBACZ10 does not check the accumulator for zeros until time 2; then four pulse periods

(1 microsecond) are allowed for the adder to settle out and the zero indicators to come high, Note also that
until the A field is complete(ACF and AFC) the function AER will kill the reset gate for AEB during E2
cycle.

AEB (I) = HECeBCPeACZ+AERCT3

After the A field terminates AER is always high, So, every time three AEB will be allowed to reset if the

accumulator result is not zero. 1 us is still allowed for the accumulator to settle.

A word mark detected in the B field causes the next cycle to be an E3 cycle. Although E3 is a normal
delivery cycle (adder to N to memory), this is inhibited in a compare instruction, and the contents of the

sense amps are written back into memory.

MAIML10 = NLD

NLD = INL

INL = I2LeDE3¢CT2

12L = MUVeBCPeEDT *BCH

At time three the accumulator is checked for zeros one last time. If set, AEB cannot be changed except
by another compare. An 'interupt' will store the compare indicators in the auxiliaries and reset the in-
dicators, but it will restore the old contents after a "resume normal mode" instruction is issued.

ALB = DE3eBCPeQOVFeCT4
At time four of the E3 cycle the magnitude indicator (ALB) is set, if overflow is high, For the conditions
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shown in Fig. 8-1, ALB is set because the two operands are equal. There will be an accumulator over-

flow if A is less than or equal to B. Once set,ALB can only be reset by another compare.

BRANCH (GENERAL)

The actual mechanics of any branch is exactly the same. The decision to branch is logically determined
by various functions and indicators, but the actual branch is accomplished by loading the sequence re-
gister in control memory with the address of the 0P code of the next instruction to be performed. Since
all branch instructions use the A address to store the address to which the sequence counter is to be set
for a branch, all that is required is to transfer location 14 to location 17 of control memory. But another
specification of the branch is that the contents of the sequence register at the time of the branch is to be
stored in the B address counter of control memory (location 10). This is accomplished by transferring
the sequence counter into the B address counter, and then transferring the A address counter into the

sequence counter.

The actual transfer of the contents of any control memory location into anothe{ control memory location

is rather simple and ingenious. It is accomplished by reading out the inforénation (of the location to be
transferred) into the sense amps normally. The location to which this information is to be transferred is
forced into the R register in the following control memory cycle. But the sense amp reset and strobe
pulse are inhibited by not allowing CBIIT10 to be set. Killing the reset pulse allows the sense amps to
recirculate the information to be transferred for an additional control memory cycle. Killing the strobe
prevents the destruction of that information during the read time of this second control memory cycle.

So during write time when the sense amps are written back into control memory, the information written
in was really read out in the previous cycle from a different location. Thus an internal transfer is accom-

plished.

The various branch instructions differ only in how the decision to branch is made. An unconditional
branch will occur for the "branch on indicators" instruction (mnemonic = branch; op code = 65), if the
instruction format is F/A instead of F/A/V.

BRANCH IF CHARACTER EQUAL (BCE)
The normal format of this instruction is F/A/B/V, and on execution will causea branch to the A address

if the character specified by the 'B' address is equal (bit by bit comparison) to the variant character.
After the discussion of the compare instruction, the student might be willing to wager that the equality of
B and V would be determined by subtracting one from the other. But this conclusion would only show
that he had been thinking and was not necessarily a gambling man. Actually the equality is determined by
half adding the two characters. This half adding is really much easier to accomplish than subtraction.

If the result is zero a branch is performed; in either case, the result is ignored.

The BCE instruction on extraction will have placed the variant character into the B register in V1 cycle.
In V2, since the op code of the following instruction was read out, NO7 will prevent the B register from
being reset. Therefore in E2, the first execution cycle, the variant character is still present in the B
register. The character specified by the B address is read out of memory now -and transferred-to the
A register.
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BCHeI01eHFC
106 «105 104

CAXOR10
CABCHI10

Since the OP code of a BCE is 55 (octal) XO0R is set, allowing the accumulator to half add the contents of the
A and B registers. The following cycle (E3) allows the accumulator time to settle out, and at time 2, if
the two characters were equal, CAACZ10 is set. There is a transfer from accumulator to N , but since
the sense amps and not the N register is written back into memory,it doesn't matter. The next cycle is
M1,

It is in M1 cycle that the actual branch mechanics occur, and since CBIIT10 must not be allowed to be set
for a branch, this is a good spot to begin back tracking,.

IT = II1eT01 IIT = O5T05

II1(T) = BI1eE1C<CPC II5 () = DM1sAFCeCPC
BT1 = EMC ¢PST

PST = P2P«T07

P2P = ACZeBCHeEMC+I01+ELC

IIT will allow transfer of location 17 to location 10 if B was equal to V. Note that ACZ (accumulator is zero)
is used to set P2P, which sets PST, which sets BI1 which forces II1 low, therefore not allowing IIT to come
high at TO01.

Since PST, once set, will recirculate until a previous V3 cycle, IIT will not be allowed to come high at
T05. As a result, the A counter (location 14) is transferred to the sequence counter (location 17).

The next cycle will be a V3 cycle, and if a branch occurred the sequence counter will extract the op code
indicated by the 'A" address of the branch, If the characters were not equal the sequence counter would
be left unaltered, and the next instruction in sequence would be extracted.

BRANCH ON CHARACTER CONDITION (BCC) )
This instruction has the format F/A/B/V. The variant character is placed in the V register in V1 cycle.

In the first execution cycle (E2) the character specified by the B address is read out of memory and trans-
ferred to the A register. The punctuation bits set two indicators: CBACF10 for a word mark, CBAFC10
for an item mark, and both of them for a record mark,

In E3 cycle the sub-command A2N is generated, and even though a transfer from the adder to 'N' does occur,
the sense~amps are written back into memory. A2N is used here to time the function CACOK10.
CACOK10 '= A2NeCOHsCOJAP

CACOH10 is high if the condition specified by the bits of the variant register is true. COH can be used to
test for the following conditions if the machine is hot equipped with the option (function C0J),

10 - word or record mark 06 - negative sign
20 - item or record mark 02 -~ high order bit of the B character
is a one

The variants may be combined. For example,a 36 (octal) would allow COH to be high only for a character
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with a record mark and a negative sign.

CACOHIO () = VO03eVO0leAO5 CACOJI0 = V03 »VO02+A06
+  V05#AFC +  V08eVO5¢AFC
V04eACF +  V06eVO04eACF

V02A06 +  VO0leA05

An octal 36 will cause W)—G, V05, V04, V03, V02, VO01. With these V register bits true, the top or bottom
gate will drive COH low for anything but a negative sign ( B character in the A register). The middle two
gates can only be low if a record mark had set AFC and ACF. The concept used here is to gate the checking
bits with the negation of the condition to be checked. This way if the condition checked for does not exist,
COH is driven low not allowing a branch. Without the option CACOJAP is tied to +5.

For the option, the function CAC0J10 is used to further define the character presently in the A register.
The chart at Fig. 8-2 shows the variant configuration and the character condition which will allow both

COH and C0J to be high, thus allowing a branch, Note that V06, V05, and V04, only check punctuation while
V03, V02, and V01 check the sign bits of the character in the A register.If 008 is the variant, no combin-

ation of conditions can ground COH or CO0J to stop COK from causing a branch.
CONDITIONS FOR BRANCH

Vo6 V05 V04 NO8  NO7 V03 V02 V01  NO06 N05
0 0 0 b:4 X 0 0 0 b4 b:4
0 0 1 X 1 0 0 1 X 1
0 i 0 1 X 0 1 0 1 X
0 1 1 1 1 0 1 1 1 1
1 0 0 0 0 1 0 0 0 0
1 0 1 0 1 1 0 1 0 1
1 1 0 1 0 1 1 0 1 0
1 1 1 1 1 1 1 1 1 1

x = Don't care
Fig. 8-2
In M1, the following cycle, the control memory transfers which effect the branch actually occur. The

only difference in the M1 cycle for the BCE and BCC instruction is that a different gate is used to set
CBP2P10 and cause the branch.

CBP2P10 = BCHeCOKeI01+EMCe*E1C

Where the BCC used ACZ (accumulator zero) to indicate a branch condition, the BCE instruction uses CO0K

(conditions OK) to indicate the branch condition.

BRANCH (BRANCH ON INDICATORS)

This branch instruction has two formats:The first (F/ A) will cause an unconditional branch to the A address,
and the second ( F/A/V) will cause a branch if the indicator spec;fled 'lVay the variant character is set. The
indicators this instruction can check are listed in the following chart.
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ARITHMETIC COMPARE
CSI = Decimal overflow AEB ' AisequaltoB
4 = Zero bhalance indicator ALB A is less than B

The variant can also check the setting of the four control panel "sense' or "break point" switches. The
branch conditions that can be checked by the variant character are shown in Fig, 8-3.

OCTAL OCTAL
VARIANT - BRANCH ON VARIANT BRANCH ON
00 Unconditional 50 Overflow indicator on
01 Switch 1 on 51 Overflow or (B) <(A)
02 Switch 2 on 52 Overflow or (B) = (A)
03 Switch le?2 on 53 Overflow or (B) <(A)
04 Switch 3 on 54 Overflow or (B) >(A)
05 Switches 1e3 on 55 Overflow or (B) # (A)
06 Switches 23 on 56 Overflow or (B) >(A)
07 Switches 1e2e¢3 on 57 Unconditional
10 Switch 4 on 60 Zero Balance indicator on
11 Switches le4 on 61 Zero Balance or (B) <(A)
12 Switches 2¢4 on 62 Zero Balance or (B) =(A)
13 Switches 1e2¢4 on 63 Zero Balance or (B) <(A)
14 Switches 34 on 64 Zero Balance or (B) »(A)
15 Switches le3e4 on 65 Zero Balance or (B) #(A)
16 Switches 2e3¢4 on 66 Zero Balance or (B) >(A)
17 Switches le2e3e4 on 67 Unconditional
20-37 Undefined 70 Overflow or zero balance
40 Do not branch 71 0'flow or zero bal or (B)< (A)
41 (B) < (A) (low compare) 72 0'flow or zero bal or (B)= (A)
42 (B) =(A) 73 0'flow or zero bal or (B} (A)
43 (B) £(A) 74 0'flow or zero bal or (B)> (A)
44 (B) >(A) (high compare) 75 0'flow or zero bal or (B)# (A)
45 (B) Z(A) 76 0'flow or zero bal or (B)> (A)
46 (B) 2(A) 77 Unconditional
47 Unconditional
Figure 8-3

Exit from the fetching cycles for the three formats are Al cycle for OP code only; Bl cycle for F/A
(unconditional branch) and V2 cycle for the F/A/V. For the last format, the variant character is placed
in the V register in the first V2 cycle. The second V2 cycle reads out the op code of the next instruction.
N07 being true allows the V register to recirculate and also allows exit into the execution cycle, M1,

There is only one execution cycle, and that is an M1 cycle. This is the same cycle used in the BCC and
BCE instruction to effect the branch, The only real difference is another gate is used to set CBP2P10,
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IIT = IIleTO1 IIT = TII5¢T05
II1 = EI1CeBI1eCPC II5 (I) = DMI1eAFCeCPC
BI1 = EMCePST AFC = PSTeDM1eCT1
PST = P2PeTO07 PST = DP2PeT07

P2P = IINeNO7ePBCe*BOI

+ BOKeEMCe*BOI*E1C

* For the unconditional branch (format F/A): a word mark is sensed in Bl of the fetching cycles when the
OP code of the next instruction is read out. CBBOI10 is an op code derived subcommand, and CBIIN10 is
high during the fetching cycles if an indirect or indexing cycle is not being performed. Thus the require-

ments for an unconditional branch is determined before the first and only execution cycle (M1) is set up.

The other gate to set P2P requires an M1 cycle as well as the op code derived subcommand BOI, But the
function that determines if a branch is to occur is CABOK10 (Branch OK).

The arithmetic indicators are gated with V06 and their respective V register checking bits right on the
input gates of BOK,

The compare indicators with their checking V register bits set the collector function CAAIS00, and this
function is gated with V06 to set BOK.

The negations of the breakpoint switches are gated with their respective V register checking bits. So if a
switch is checked and it is not set, the gate is high forcing CABPS00 (output of an inverter) low. CABPS00
is gated with V06 to set BOK.

Any high gate on BOK indicates that a condition specified by the variant character has been met, and a
branch is desired, BOK then comes high and sets P2P which at time 7 sets PST, the branch indicator.

The overflow indicator CACSI10 is reset as a result of being checked by the branch instruction. This is
the only indicator reset in this manner. All other indicators checked by the branch are not changed as a

result of being checked,



SECTION IX
CONTROL INSTRUCTIONS

SI, CI, SW, CW
The flow and implementation of these four orders is all about the same,
be specifically about the SW instructions, with the variations necessary for the other three noted as they

Mhan A~ 5 = ]
The description that follows wil

occur. Three acceptable formats are given in the "Programmers Reference Manual". However, after
the extraction cycles, only one distinction between formats is made. If the instruction is going to dup-
licate A, in E1 the contents of the A address counter are transferred to the B address counter. The SW
instruction will set a word mark in the location specified by each address, whether that location already
had a word mark or not. A good understanding of the handling of word marks going in and out of memory
is necessary to grasp the significance of some functions used in this instruction. Therefore review of

word mark manipulation is in order.

Word Mark Handling
Normally, when memory is cycled,bit seven is read into the sense amps. From there it is gated to the N

register. In the write half of the memory cycle, the inhibit driver is fed by sense amp seven, Even
though‘ sense amp seven is gated to the N register, NO7 will not have any control over the contents of bit
position seven in memory. In other words,bit seven is available for examination but cannot be changed.
On the other hand, when changing the word mark, bit seven does not go from the sense amps to the N

register, and the N register is used to drive the inhibit drivers.

Three subcommands do all the gating. MAIM720 gates the sense amps to the inhibit drivers. CAMTT710
gates the sense amps to the N register. CAN7DIO0 gates the N register to the inhibit drivers. All three
of these functions are controlled by CAIN710. The normal cycling of word marks will be from the sense
amps to the inhibit drivers, as long as IN7 is at ground. With IN7 at ground, MT7 and IM7 will be high,
and N7D will be low. Therefore, to change bit position seven in memory it is necessary to set IN7 and
put the new bit in NO7. Every instruction that can change word marks has an op code derived function on

the input of IN7.

INT The Normal Recirculation Is
NO7 L IV RV R S S. A, to I.D. by INT.
D. A, _
™7 IN7 IN7
MT7 N7D
1 — N
MT7 IN7 M7

Figure 9-1
In a set word mark instruction IN7 is set,and a bit is forced into NO7, Nothing more is required to set a

word mark., To clear a word mark, it is only necessary to set IN7 without forcing a bit into NO7. The

logic for setting and clearing item marks is almost indentical (only the names have been changed).

Normal entry into the execution cycles will be from V1. The first execution cycle will be E1 in all cases.
In E1 the A address counter will be used to address memory. IN7 will be set by HECeMPMeI[02¢CT2.
CAWTN10 will be set by ACFeDEMeI02¢I01, The op code and EEC will set CBACF10 (EEC+SPMeI02).
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As long as WTN is high,NO7 will be high. Because IN7 is high, the inhibit driver for bit seven will be

fed by NO7. A word mark will be written into memory during E1 because both IN7 and WTN will be high.
The difference between SW and CW is slight. On WTN, the gate that says ACF «DEM 102101 will not be
high because 101 will be high for CW instructions. Therefore, during CW instructions IN7 comes high
allowing NO7 to write into memory, but no gate on WTN will come high, so position seven will be a zero.
The CI and SI instructions work the same way except that IN8,ITN,and AFC are used instead of IN7 , WTN,
and ACF. After E1 the next cycle will be E2.

E2

E2C will be selected by S2F sP1C at CT6. CBS2F10 is set by PEC and S2E. CBS2E10 is an inverter that
will be reset during MAT instructions, decimal add and subtracts under certain conditions, and any op
code from 10 to 17 (octal). Since the SW instruction meets none of these conditions, S2E will be high

and indirectly set E2C. During E2 the B address counter will be addressed,and the same subcommands
will be generated as in E1. ACF requires only the op code and EEC; IN7 and WTN do not make any
distinction between E1 and E2 either. The next cycle will be V3. E3C will be set by CT6PECeS3C.

S3C will be set by P2CeDASeBCP.

HALT INSTRUCTION
The halt instruction may take any one of three formats. All three forms will cause the machine to stop

processing orders. The format of op code only will halt the machine and do nothing else. The format of
op code and an A address will stop the machine and load the sequence counter with the A address. If the
instruction had both an A and B address, the machine will stop after loading the A and B address counters,
but it will noé sequence change. A halt instruction only requires one execution cycle, Ml. In this cycle the
halt op code derived function, HLT, and DM1 will set CPBAC10, Immediately, BAC will set CPACL10
(allow clear)., If the instruction format was op code only, this is all that happens in the halt order. The
machine will not really stop until it's in the next cycle (V3). In V3, ACL will set CPSV310 at T03,

CPSV310 ACLeDVCeE3C*T03 Lo o
T02eSV3 '

CCL ‘

+ 4+ +

SV3 controls several functions. CPRUN10 has been recirculating on SV3. With RUN low the normal path
from V3 to Al is blocked, because EAC will not set without RUN high if the last cycle was V3. The thing
that really stops the machine is the fact that EAC won't be able to set. Therefore, the extraction cycles
will never progress beyond extracting the op code. SV3 also sets CBS3D10 which will set E3C every time
six as long as ITF is low. So, SV3 keeps the machine cycling in V3 and prevents the setting of the next
cycle. SV3 will also set CPSTP10, if no peripheral devices are active (PNA). TUntil STP is set the machine
will continue to process buffer cycles (the data transfers as a result of a peripheral order that was init-
iated before the halt order was performed).

As long as the machine is stopped ACL will stay high. SV3 will go low every time two, but ACL will set
it again at T03. To start the machine again ACL must be reset. The go button will generate a series of
functions that will kill the recirculation of ACL. Once ACL is reset SV3 will not be able to set at the next
T03. The go button will also set RUN, indirectly, and RUN will allow EAC to set, and the normal flow of
cycles will start again,

9-2



SECTION IX CONTROL INSTRUCTIONS

A parity error (CAPER10) at any time will set SV3 and bring the machine to a stop in the next cycle.
PER also sets BAC to keep setting SV3 in the same manner as the halt instruction. So, the machine will
stay stopped after PER is cleared, until the go button is pushed. The stop button will set ACL directly,
with CPSTBIC.

If the instruction word had an op code and an A address only, the machine would stop in the same way as
described earlier. In addition, a sequence change must be done. Every time the 2001 séquéné?phanges,
the contents of the sequence counter are transferred to the B address counter before the sequence counter
is loaded. All four control memory cycles (of M1) are needed to transfer location 17 to 10 and location
14 to 17. If a sequence change is to be done, two functions (CBPST10 and CBAF C10) will be set. PST
will be used to ground IIT for the transfer of loc. 17 to 10 at times one and two. AFC will be used to
ground IIT at times five and six to transfer loc. 14 to the sequence counter. To determine if a sequence
change is specified, a function called CBP2P10 examines NO7 for a word mark at the end of B1. The gate
that senses this is: IINe NO7ePBCeHLTeP1C. The reasoning behind this gate is: while extracting a halt
instruction, if the extraction cycle flow gets as far along as B1, there must have been a whole A address.
Furthermore, if a word mark is read out in B1, there must not be a B address. This is the format that
specifies a sequence change in addition to halting. P2P will set CBPST10 at T07, PST will set CBBII1O0,
and BII will reset CBII110, At T01, because II1 is at ground, CBIIT10 will not be able to set. With IIT
at ground, the control memory sense amps will recirculate and will not accept new inputs. Since loc. 17
will be addressed at T07 and loc. 10 addressed at T01, having IIT at ground will transfer the contents of
the sequence counter to the B address counter, At CT1, CBAFCI10 will be set by PSTeDM1eCT1. Now
AFC will be used to ground IT at times five and six using auxiliary functions in the same manner as PST

did to reset IIT at time one.

The preceding description of the sequence change operation shows that the halt operation is not affected

in any way by the sequence change. A halt op code will always stop the machine. If, in the execution
cycle of the halt order (M1), it is found that the last cycle was B1, then the machine will load the sequence
counter with the A address before halting, It should be apparent that if the instruction had a B address,
then the last cycle before M1 would have been a variant cycle, and no sequence change would occur,

NOP INSTRUCTION
The NOP instruction has one execution cycle. During this memory cycle (M1), nothing of any significance

takes place. The total effect of a NOP instruction is that the sequence counter gets incremented until a
word mark is found (indicating a new op code) during the extraction cycles. Once the word mark is found
the next cycle will be M1, which allows the machine to get back to V3 via a normal route. Incidentally,

the variant register is loaded in Al if no word mark is found.

CHANGE SEQUENCE MODE
The execution cycles for the CSM instruction completely ignore the information read out of memory. The

real work in this instruction is the manipulation of control memory information. Because the instruction
must interchange two control memory locations, an intermediate storage area is needed. In M1, loc. 17
is temporarily stored in loc. 07, and loc. 04 (the co-sequence counter) is transferred to the séquence

counter. Now the co- sequence counter has to be loaded with the old contents of the sequence counter. C1

is used to transfer loc. 07 to 04. It may look like C1 would not be necessary if the S register had been
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used as an intermediate storage area instead of loc. 07 during M1 (using the second and third C. M.
cycles to transfer loc. 04 to 17), but by setting ITF an interrupt signal is simulated and the logic used

to swap the sequence counter with the interrupt register can be used, with only slight modifications.

M1

Derived M1 cycle and CBCSM10 will set ITF at time six. ITF will set BII, and BII «E1CeCPC will reset
IT1. With IT1 reset at T01 the control memory sense amps will recirculate after the sequence counter is
read out. And when loc 07 is addressed, at T01, the strobe will be inhibited thereby loading the contents of
the sequence counter into loc. 07 during the write half of the control memory cycle. At time five ITF
will reset II5 with the help of CBPCP10 (P1CeCPC). This will recirculate the contents of loc. 04 in fhe
C. M. sense amps while loc, 17 is addressed. There isn't a choice for the selection of the next cycle;

it will always be C1, mainly due to ITF and a previous M cycle,

Cl ‘

This cycle has the sole purpose of transferring the old contents of the sequence counter, which were
stored in loc. 07, into loc, 04. This is accomplished by using ITF to reset IIT at time three. The R
register will be loaded with 07 at time one, and 04 at time three. At time four ECC will reset ITF.

CHANGE ADDRESSING MODE
The CAM instruction does not disturb either main memory or control memory information. Some locations

are addressed, but only because it would have required additional logic to inhibit the normal cycling of
memory.  Any information read out is ignored. The only thing that is required is to set or reset
CBCM210 depending on whether or not the variant register has a one bit in position five. ¥ V05 is high
CM2 will be set, otherwise reset CM2 and set CBCM200 .

CBCM210 (I) = DM1eCAM V05 CBCM200 (I) = DM1eCAMeV05
+  COSeCABeAMS + COSeCABeAMS
+  MCLeCM2 + CM2
+  RRI + XR1eCMF

The top gate is used during CAM instructions. The second gate is used to change the addressing mode
from the control panel. The third gate is recirculation,and the bottom gate is used during interrupt to
change the addressing mode or to restore the original mode. An additional use of the CAM instruction
is to set the "item mark trapping" indicator (IMT) when V03 is a one (or to reset IMT if V03). A
description of item mark trapping is on page 9 of section 3.

RESUME NORMAL MODE

The RNM instruction does five things: (1)t turns off the interrupt indicator (CBITM10) (2) It inter-

changes the sequence counter and the interrupt register , (3) The arithmetic and comparison indicators
are restored, (4) The addressing mode that was in use before the interrupt signal was received will be
restored, (5) The A and B address counters will be loaded if a word mark does not follow the op code.

The RNM instruction takes two execution cycles, M1 and C1. In M1 the interrupt flop is set, (ITF).
This function will be used to interchange the control memory locations; it is not an interrupt indicator.
At T01 of M1, ITF will reset IIT to transfer the sequence counter to loc. 07. At T05 of M1, ITF will
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reset 11T again to transfer the interrupt register to the sequence counter. During Ml, a function called
"reset regular indicators" is set (CBRRI10). This function will reset HRI1, which has been recirculating
the regular indicators (ALB, CSl, etc.). It should be noted that the regular indicators will be reset
whether changing to or from the interrupt mode. However, it is only when returning to the normal mode
that the indicators will be restored. The function that makes the difference is CBXRIIO0. XR! will come
high as soon as ITM is reset. ITM is reset by: RNMePCCeCT5, Therefore, at the tail end of Cl, as ITM
is reset, XR1 will come high and transfer the auxiliary indicators back into the regular indicators. Loc. 07
is transferred to loc. 06 during the second and third control memory cycles of Cl. Finally, ITF is reset.
MOVE CHARACTERS TO WORD MARK '

" There are two execution cycles for a MCW instruction; they are repeated as many times as needed. El

reads out the A character, and E3 writes it into the B location. Word marks are not altered in any way.
The first word mark that is sensed, from either the A or B field, will terminate the instruction.

El

In El, as the A character is read out it is examined for punctuation., Timing-wise, the information in
the location addressed in El is not used until CT6 of the next cycle, E3, but it will be discussed now to
avoid confusing this information with the B character, which will be read out in E3. If there is a word
mark in the A character, CBACFI0 will set. ACF will set NO7 in E3 to terminate the instruction.

ACF = NO07+CT6°ACG
ACG = DEl+DASeMPM
An item mark in the A character will set CBAFC10. AFC will set NO8 in E3 to write an item mark in B.
ACF = A2AeN08¢CT6
A2A = MLADE]

CBMLAIO is an op code derived function that will be high for MCW and LCA instructions. At CT5, between
El and E3, both the A and B registers are cleared. At times five and six N2A is high;hence, the A char-
acter will be loaded into the A register at CT6. Since theA register can only store six bits, ACF and
AFC are used to store the punctuation bits.

Note that the A address counter is addressed in the first and fourth control memory cycles. At time one
the contents of the A address counter are used to address main memory. At time seven, the decremented
S register is written into the A address counter. The next cycle will unconditionally be E3.

E3_

In E3 the B address counter will be used to address main memory. In this cycle, the data bits read out

of memory will have no significance. INL will be set, this will inhibit reading memory into the N register.
Instead, the contents of the accamulator are transferred to the N register. (A2N = DE3e¢CT3¢EDT) at
time three. The A character will be in the accumulator, because in the last cycle, as the A operand was
put in the A register, the B register was cleared to zero's. Hence, when the accumulator adds the con-
tents of the two registers the result will be the A character. Since INL is set, whatever is put in the N
register will be written into memory.

The punctuation bits are handled individually (as always). I AFC was set (by an item mark) in El it will
still be high in E3. When reading oat memory in E3, CAINS810 will be set. This will inhibit the read out
of the sense amp to the N register. IN8 will also let NO8 feed the inhibit driver for plane eight instead of
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sense amp eightfeeding the inhibit driver N08 will be set by CAITNIO if the A character had an item mark,
ITN = DLAAFCeIBP. CADLAIO will be high for MCW and LCA instructions. CPIBP00 is a signal from
the control panel that will be normally high, If the A character did not have an item mark, then AFC
would not have been set during El. Consequently, even though IN8 will be high to allow an item mark to
be inserted, ITN will not be set and N08 will be at ground, causing a zero to be written into plane eight.

A more detailed description of punctuation bit handling may be found at the beginning of this section.

Bit seven of the B character will not be altered in any way, regardless of whether or not the A character
had a word mark. This is guaranteed by not setting IN7. If there was a word mark in the A character,
ACF would be set in E1. Now, ACF will set WTN and WTN will force NO7 high (WTN = DLA ¢IBPsACF).
Since IN7 is at ground, the normal read out of sense amp seven to NO7 is not inhibited. Therefore, a
word mark in either the A or B character will result in a one bit in NO7 at the end of E3. This one bit
will determine the next eycle. If NO7 is high V3 will be the next cycle:

E3C = CT6+S3BePSTeNO7
S3B =  PICePECeTEC
TEC = TUBeP3CeMUVeMAT

If NO7 is low, EECeE1C will be set, and the machine will cycle from E1 to E3 to E1 etc. until a word
mark in either A or B sets NO7.

LCA INSTRUCTION
The LCA instruction is very similar to the MCW. The data and item marks at A are transferred to B.
The difference is that the LCA instruction must erase B word marks and continue transferring data

until an A word mark is sensed, This difference may be implemented very simply. By setting IN7 in
every E3 cycle bit seven from the B field will not be gated into NO7 (this means B word marks cannot be
sensed), and a one bit will not be written into plane seven unless ACF senses an A word mark and sets
WTN and N07. The difference between MCW and LCA is one gateon IN7 that will be high during LCA
instructions but not during MCW's (IN7 = DLAI01eT02). All other functions needed for the LCA
will be high for MCW's also.

EXTENDED MOVE
The EXM instruction reads out an A character in El and writes it into the B field in E3. The distinguish-
ing feature of the EXM instruction is its ability to move data or punctuation bits independently of each

other. The configuration of the variant character determines what will be transferred, and what will
terminate the instruction. VOl transfers data bits, V02 transfers word marks, and V03 transfers item
marks. V04 indicates a left to right transfer. Combinations of V06 and V05 determine the punctuation

that will terminate the instruction.

El

In El the A character is read out of memory and transferred to the A register while the B register is
cleared to zeros. When A and B are added, the result in the accumulator will be the A character. After
the A address counter is used to address main memory it will either be incremented or decremented de-
pending on V04, which will be set if the transfer is left to right. CBISRIO (increment S) will be set by
CBISAIQ if V04 is a one bit (ISA = MUVeV(04¢EEC). If the A character had a word mark, ACF will be

set at the next time six.
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ACF = ACGeN07«CT6
ACG =  DE1eMPMsDAS
If the A character had an item mark, AFC will be set at time six.
AFC = A2A eN(8+CT6
A2A = MUVeDE1

By time seven of the next cycle, the data bits will be in the accumulator, the word mark (or lack of it)
will be stored in ACF, any item mark will be stored in AFC, and the contents of the A address counter

will have been incremented or decremented, depending on V04,

E3
In E3, data will be transferred to the N register from the accumulator (A2N = DE3¢CT3EDT). If V01
if high, the N register will be written into memory.

INL = I12LeDE3¢CT2
2L = MUVeV01l
Also in E3, ACF will be sent to N07, and AFC sent to N08
WTN = DE3eMUVeACF
ITN = DE3eMUVeAFC
If V02 is high, NO7 will be written into memory, and if V03 is high, NO08 will be written into plane eight.
IN7 = DE3eMUVeV(02¢CT2
IN8 = DE3eMUVeV(03eCT2

Note that while the handling of data, word marks, and item marks is similar, each is completely indepen-
dent of the other. Variant bits five and six are also free of influence from the other four bits. How-
ever, V05 and V06 are used together to examine the punctuation bits to terminate the instruction. At the
end of E3, the cycle selection function CBS3F10 will select V3 as the next cycle if the terminating con-
ditions called for in the variant are present (S3F can only set E3C if PECeCT6¢DE3 are high)

CBS3F10 = V06+V05
+ ACFeAFC
+ VO05¢AFC
+ V06 *ACF

Due to the top zate on S3F if V05 and V06 are zero's, only one character will be transferred. The second
gate on S3F wiil be high if a record mark is sensed in the A character, and the instruction will terminate
regardless of which one (or both) of the punctuation bits was specified in the variant. The third gate on
S3F assumes that if the programmer didn't want to stop on a word mark, he must want to terminate on an
item mark. The bottom gate makes a similar assumption concerning V06. Simplified, it would be the
same as this: S3F = (WW) + (VO5eACF) + (VO6eAFC). Of course, the opposite conditions should
appear on the gates of EEDeEIC in order to transfer another character if the specified punctuation is not
present, The B address counter will be incremented or decremented by the same logic as the A address

counter.

MOVE AND TRANSLATE
The MAT instruction uses the character found at the A address to select a character from a table in mem-

ory and places the selected character in the B address. The two variant characters are used to form the
base address of the table. If you are not clear how this is done refer to the "Programmers' Reference

Manual",
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M1

The first execution cycle is M1: all it really does is load the upper three bits of control memory working
loc. 07 with the three low order bits of the first variant character and read the second variant chara-
cter out of memory. This is the only time than an execution cycle is used to extract part of the instruc-

tion.

El

In E1 the A character is read out of memory and transferred to the V register by way of the B register,
Meanwhile, the second variant character, which was read out of memory in M1, is transferred to the Z
register and is written into the middle of control memory working location 07. Now, the high order nine
bits of location 07 contain the base address of the translation table. The character to be translated (in
the V register) will constitute the low order six bits of the complete main memory address. Note that
the A address counter is decremented in anticipation of another character to be translated in case the

instruction is not terminated on the first pass.

C1

Working location 07 is addressed, and ICM will load the high order nine bits of the S register. The low
order six bits of the S register will not be loaded from the control memory sense amps because ICL is
used by ECC*E1C*MAT. Instead, CBV2S10 will deliver the V register to S (V28 = ECC*MAT). The
address in the S register will be the address of the translated equivalent of the A character (provided
the programmer set up the table correctly and specified the correct base address in the variants). The
character read out of memory is the translated character. It will be stored in the accumulator by N2B
and CLA,

E3
In E3 the B address counter addresses main memory, and A2N in conjunction with INL will deliver the
translated character to the B address. In addition to transferring data from the table, if an item mark
is found when reading the character from the table in C1, AFC will be set and will set ITN and N08 in
E3. The MAT instruction sets IN8 in E3 to allow N08 to be written into memory. Bit seven in the B
field cannot be altered in any way since IN7 cannot come high during the MAT instruction. If ACF is
high at the end of E3 no more characters will be translated. ACF will be set by a word mark from
either the character to be translated or from the table.'

ACG =  DEl+DAS'MPM

+ PCCeMAT

If ACF is not high, the next cycle will be E1, and the next character to be translated will be sent to V.
The machine will repeat the cycle flow of E1 to C1 to E3 to E1 until a word mark is sensed.

STORE CONTROL REGISTER

The SCR instruction will store the contents of the control memory location specified by the variant in

three consecutive locations. The A address designates the location that is to receive the low order six
bits of the control memory location, A minus one will receive the next six bits, and A minus two the
last three bits.
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El

The variant is used to address control memory at time three. Subcommand KYL will be high, and at
time five KYL will gate the low order six control memory sense amps into the Y register. At times
five and six Y2B will be high and gate the Y register to the B register. The A address counter is de-

cremented by one and stored in working location 16.

w2

The A address counter is used to address main memory at time one. The low order six bits of the
variant specified control register are delivered from the accumulator to the N register for storage in
the A address. At time three the variant specified confrol register is addressed,and sense amps 7 thru
12 are gated to the Y register by KYM at time five. From there they are gated to the B register and

will end up in the accumulator (formerly occupied by the low order six bits).

w3

This cycle is identical to the last with three exceptions: (1) KYU is generated instead of KYM. (2)
Writing from the Z register is not inhibited at time seven. (3) Working location 16 is used to address
main memory instead of 14. The reason for the first difference is obvious. The other differences are
due to one, not so obvious, reason. Way back in E1 the decremented contents of the A address counter
were written into loc 16. Therefore, in W2 location 14 contained the correct main memory address.
Also in W2, the decremented A address was already in location 16 and did not need to be written. In
W3 location 16 is used to store AC-2.

w1
Location 16 is used to address main memory,and location 14 receives the PREVIOUS A address from
location 07, The high order portion of the variant specified control register is delivered to the N
register but is written into memory only if the machine is in three character mode.

CBINA10 = E1CeCM2¢SCR

LOAD CONTRQL REGISTER
The control register specified by the variant is loaded with three characters of data from A, A-1, and
A-2 address.

El
In E1 the A address counter addresses main memory and is decremented. The first A character is read

out of memory and stored in the accumulator.

w2

In W2 location 14 is again used to address main memory,but it is written into location 16 after it is decre-
mented this time. At time one the variant register is used to address control memory,and the first A
character is written from the low order six bit of the Z register. The second A character is stored in

the accumulator.

w3
In this cycle the second A character is written into the specified control memory location, and the third

character is read out of memory. Location 16 is decremented after use.
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w1l
In this cycle the third character is written into the high order portion of the control register,and the A
address counter is restored to its Previous contents by an internal transfer from location 07. Location

07 always receives the A address counter during V3.

Interrupt Operation

The interrupt feature makes it possible for a running program to be temporarily interrupted so that
a predetermined subroutine may be executed, then the normal sequencing of instructions may be re-
sumed. One I/0 control unit capable of generating an interrupt signal is the data communication
device. This control unit is usually used to accept data over a phone line whenever something at the
other end of the line wants to insert some data into the 200. A typical interrupt subroutine might
interrogate this data and send a response (through the data communication device) then return control
of the machine to the original program at the point where it left off,

The suspension of the normal sequence of instructions isn't too difficult. This is done by using the
interrupt flop (ITF) to inhibit the normal path of extraction cycles from V3 —»A1 and to inhibit load-
ing the I register. Then ITF is used like an op code derived function to cause the machine to do two
execution cycles, M1 and C1. The primary purpose of these two cycles is to swap the contents of two
control memory locations 068 and 178' The net result of this is to cause subsequent instructions to
be obtained from consecutive locations, starting with the location that was in the interrupt register
prior to receiving the interrupt signal.

In addition, during the execution cycles, the arithmetic and compare indicators must be stored in
auxiliary flops so that they may be restored when the normal mode is resumed. CBXAT10 is the
function that loads the auxiliary indicators. CBXAI10 = INTeITFeITM (see fig. 9-2). The actual
interrupt signal is FIT. CAFIT10 sets INT provided the machine ig not already in the interrupt mode.
CAINT10 = FITeITMeTO07. If INT is high in V3, then ITF will be set(CBITF10 = DVCeE3CeINTe¢CT1e
ITM). An Ml cycle is forced by P3CeITF.In M1 the sequence counter is stored in loc. 07 and the
interrupt register is loaded into the seq. counter. Refer to RNM in flow charts since the action is
similiar. A C1 cycle is forced by ITFsPMC (previous M cycle). In Cl, loc. 07 is loaded into loc. 06
(the interrupt register). As soon as the machine enters C1 the interrupt mode indicator is set (ITM)
and this sets RRI which resets the regular indicators. RRI also forces off CM2 and IMT (item mark
trapping indicator). The interrupt routine will now be able to make full use of all regular indicators,
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INTERRUPT RNM
V3 M1 | c1 V3 M1 c1
FUNCTION  DEFINITION | PAGE |6 )\ l67812345 | 67812345 | 67812345 | 67812345 | 67812345 | 67812345

INT INTERRUPT REQ | 260
HNT HOLD INT 260
ITF INTERRUPT FLOP | 260
IT™M INTERRUPT MODE | 260

HAI HOLD AUX IND 163

-

XAI XFER TO AUX INO 163
RRI RESET REG IND | 163
HRI HOLD REG IND YPGS.

_XRI XFER TO REG INI} 163

. CM2 2 CHAR MODE 261 CM2 FORCED
" CMF CM2 STORAGE 260

IND* { INDICATOR
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]
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IND* | PAGE IDS** PAGE

AEB 162 AEC 163
ALB 162 ALC 163
. CsI 162 CcsJ 163
- ZBI 160 ZBJ 163




SECTION X
EDIT (74)

Standard format: F/A/B

Extraction path: Chains the B address

Synopsis: The data-contents of the A field are edited into the B field under control of the data-contents
of the B field. One or more passes are rcquired, depending upon the B field contents, The direction of
successive passes alternate, starting with a right-to-left pass. Transfer from the A field takes place

during the first pass only.

Details:
a. First pass (right to left) - The sign of (A) is tested and remembered. Successive characters in
the B field are examined.
(1) Any location in the B field that contains octal 37 has its contents replaced by octal 15 (blank).

(2)  If the sign of (A) is positive, then until a zero or an octal 15 is encountered any location in

the B field that contains C, R, CR, or - (i.e., octal 23, 51, 75, or 40) has its contents re-
placed by octal 15 (blank); this function (2) is suspended as soon as a zero or octal 15 is
found in the B field, but it is resumed after transfer of the high-order character of the A
field.

(3) A B-field location is "available' for transfer of a character, provided that it contains zero

or octal 15, or that it is immediately to the left of the first (r_'ightmost) zero encountered

in the B field and contains * (octal 54) or $(octal 53). Each time an available B-field loca-
tion is found, a character is transferred to that location from the A field; the first character
transferred is (A), but with its two sign bits replaced in the result location by 00; subsequent
transfers are of the unmodified six-bit characters, and successive transfers are from
successive locations (right to left) in the A field.

(4) Transfer of data from the A field terminates with the transfer of the high-order character
of the A field; after this the scan of the B field continues (octal 37 always being replaced by
blank, and conditional replacement of C, R, CR’ is resumed), and now any commas
(octal 73) found in the B field are replaced by blanks. This pass terminates when the high-
order location of the B field has been examined and appropriately treated, and its field mark

is cleared.

If during the first pass a zero has been found in the B field, a call for zero suppression is
registered and the location of the first (rightmost) zero found is marked. The next location
to the left is inspected to determine whether it contains * or $; in the former case, a call

for *-protection is registered, and in the latter a call for floating $ is performed.

If no zero was found in the B field, the end of the first pass is the end of the operation.

b. Second pass (left to right) - Zero suppression: Successive characters (left to right) are examined,
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starting with the high-order location of the B field. When zero suppression is on, all zeros,
commas, and blanks are replaced either by blank (if no call for *-protection has been registered)
or by * (if a call for *-protection has been registered). When a location in the B field is found to
contain a dot (octal 33) (decimal point) or a numeric # 0, zero suppression is turned off; but the
scan continues. This pass terminates when the marked location of the right-most zero originally

in the B field has been scanned and processed; the mark previously set in this location is cleared.
If no call for floating $ has been registered, the end of the second pass is the end of the operation.

c. Third pass (right to left) -~ Floating the dollar sign: After the processing of the terminating loca-
tion of zero-suppression, this location and successive locations to the left are examined until one
is found that contains a blank. The character $ is stored in this location, and the operation termin-
ates.,

During the edit instruction, the A character is transferred to the A register, and the B character is trans-
ferred to the V register via the B register which is cleared after the ricochet. The B character is then
investigated to see if it is allowable to transfer the A character into it or to replace the B character with

a blank. If neither of these two events are allowed, then the B character remains the same, and the next

one is investigated.,

To help in the decoding of the B character that is in the variant register, there are a number of decoder

functions' which should be investigated.

H L
CEDDALD () = VO06+V05+V04 0 X
CEDDBIX = VO01eV02V03 X 0
CEZR010 = DDADDB 0 0
CEDDC10 () = VO06+V05+V04 5 X
CEDDDIO () = V03+V02+V01 x 3
CEDDE10 (I) = V03+V02+V01 X 4
CEDDH10 () = V06+V05+V04 1 X
CEDDM10 (I} = V03+V02+V01l X 5
CEBLK10(I)(I) = DDHeDDM 1 5
CEDDJ10 = V06V05eV04 3 X
CEDDK10 (I) = V03+V02 X 0+1

Those functions plus other positions of the variant register can be combined to give a certain character
configuration. ZRO and BLK show how two of the decoder functions can be combined, and one of the
gates of CEARBOO will show the other combination,

CEARBOO () = V01eV02eV03¢DDJ = 37 = Non Replaceable Blank (¥)

The conditions necessary to transfer an A character are found on the inputs to one function, CETAF10-
Transfer from A Field. If the B character is zero (00) or blank (15), the transfer is unconditional, If
the character to the left of the first rightmost zero is an asterisk (54) or a dollar sign (53), an A char-
acter may also be transferred into it. The transfer of the A characters continues until the A field is
terminated, After the A field is terminated, the B character is only investigated for replacement by
blanks.
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CETAF10 =  DDADDBeDKLeAFT (00)
+  DDHeDDMeDKLeAFT (15)
+  DDCeDDDeCAZeDKLeAFT (53)
+  DDCeDDEeCAZ+DKLeAFT (54)
+  TAFeCTT7
CECAZOO () = ZRO+ZFLeDJ3¢CT5 {1st zero sets CAZ)
CAZ«PVC
CECAZ10 () =  ZFLeDE3eCT4
+  CAZ
CEZFLOO () = ZFL+PVC (zero first left is set at
CEZFL10() =  ZROeDE2¢PPF+CT2 beginning of order;
+ 7FL reset by first zero).

The conditions to replace the B character by a blank are found on the inputs to two functions, which are
fed into the common function CERBB10 - Replace by Blank. Four of the inputs not only require the B
character to meet a certain condition, but also that the A operand be positive, and that a zero not to
have had appeared in the B operand as yet. This is controlled by CEPNZ10. Two inputs are used to
replace an asterisk or dollar sign if the A field has already been terminated. One gate replaces commas
if the A field has been terminated, and the last gate will unconditionally replace octal 37, which is the
decoded configuration for a non replaceable blank ®).

CEARBOO (I) = V06 #V05eV04DDB ePNZ (40 = 0)
+ V01eV02eV03¢DDJ (37 = non replaceable blank ¥)
+ DDZeDDDeAFT (53 =9)
CEBRB0O0 () =  V06eV05¢V04eDDDePNZ @23 = C)
+ V03¢V020V01eDDC ePNZ (51 =R)
+  V03eV02eV0leVELePNZ (75 = CR)
+  VE1eDDDeAFT+PN1 (3 =)
+ DDZeDDEeAFT (54 = *)
CERBB10 () =  ARBeBRB
CEPNZ10 =  AFPeZFTeDKL
CEZFTO00 (I) = DDHeDDMeCT8PPF ¢E2C (15)
+ DDA «DDBe¢CT8ePPF *E2C (00)
+ AFBZFTEDE (Set by first zero or
blank. Reset by
CEZFT10 (I) = ZFT AFM. Can be set again

by another zero or blank.

If the A operand is positive, then the characters that can be replaced include C, R, and CR. A 0
(octal 40)will also be replaced by a blank, If the A operand was negative, the characters C, R, and CR

will remain the same, and the octal 40 will be printed as a negative sign.

As the character in B is being investigated on the first pass, there are three things which can happen.
An A character can be transferred into it, or it can be replaced by a blank. Otherwise, it is written
back into memory unchanged.

The first character of the A operand will decide if the operand is negatlve or posmve Its sign is
gated into CEAFP10 (A field plus) which recirculates until the next mstructlon,lf it is set. With the
sign stored in this manner, the sign bits are stripped from the first A character through the action of

the accumulator. Before the first transfer actually takes place, the two high order positions of the
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accumulator are low. The fifth position (CASD510 an inverter) is forced low, and the sixth position
(CASU610 an amplifier) cannot be set through the action of CASGHO00,

CASD510 () =  EDEeTFT

CASGHO0 () =  EDTeTFT+HFC

CETFT00(I) =  TAFeDJ3CT6
+  TFTeHFC

Before anything else is discussed,let's do an example using only what has been learned so far.
+
A=343;B=bb.bbCR

The plus three is stored in the A register, and the C, is stored in the V register. The plus will cause

PNZ to be set. If TAF is investigated, no input gateRWill be satisfied. If RBB is investigated, the third
gate on BRB will be satisfied, and CR will be replaced by a blank. The actual replacement will be covered
later. No A character is transferred, and it remains in the A register. Another B character is inves-
tigated, and this time a blank is found. Now this is not the blank from the CR symbol, It is the blank

in the next position. TAF is satisfied, and the 3 is transferred into the position with the zone bits

stripped off through the method discussed previously.

The 4 is stored in the A register, and the next B location is investigated, The conditions are again

favorable for transfer.

The three with the word mark is sensed. The three is stored in the A register, and the work mark sets
CEAFM10.

NQO7¢CT6¢DE1
AFMeCLI
DK3CT2

DE3eBFMeCT6
+ AFM

Since there is an A field mark, A Field Terminated should become true. But before this is finally

CEAFMO0 (T)

+ +

]

CEAFM10 (I)

settled, let's investigate the B character - a period. A period does not satisfy either TAF or RBB;
therefore, the period remains unchanged. Now if AFT becomes set, TAF could not ever be satisfied
again, and there is still a character in the A register. Taking a look at AFT shows that it cannot be set
until the A character is transferred.

DE3eAFMeCT4+¢TAF

AFTeCLI
DKL «BFMeCT4

CEAFTI10

+ + 1

The next B character is investigated, a blank is found, and the A character is transferred into it. Since
the A field is terminated, only the B character is investigated. It will either remain unchanged or be-
come a blank. The next B character is a blank, and it contains a word mark, A blank is returned, and
for this example, the instruction ends. The reason it ends will be discussed later. The result of the

example is: B = b3.43b or 3.43

Now that a simple example has been covered, lets see how the B character is replaced by a blank. If
the character is replaceable, then the function CERBB10 will be high. In some way, RBB must affect
both the transfer of data from the sense amps to the N register, and the transfer or formation of the
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blank configuration in the N register.

The transfer of sense amps to N register is handled by CAINL10, If INL becomes high, we inhibit the
transfer from the sense amps and automatically write back into memory from the N register,
CAINL10 G2NeDE3¢CT2EDE
CEG2N10 RBBeDJ3

So, this shows how we inhibit the sense amps; now the formation of the blank configuration must be

shown.

There is a four position G register, which consists of positions 1, 2, 3, and 6. Upon getting the sub-

command, CEG2N10, the G register is transferred to corresponding positions of the N register. The

four G functions are outputs of inverters; therefore, their output is normally high unless we drive it

low with a high input. If we look at the 2nd and 6th position, we see that these can be driven low.
CEG0210 () = RBBeDE3 ; CEG0610 () = RBBeDE3

The 1st and 3rd positions cannot be touched, therefore they remain high, This now gives a configura-

tion of 0--101, Nothing has yet been said of position four and five. For these two, the N register must

be investigated. On the 4th position if we get G2N, it is unconditionally high. G2N is no where to be

found on position 5; therefore, it must be unconditionally low, The other 4 positions which have G2N on

them all require a position of the G register. As a result of all this, the N register ends up with 001101

- a blank.

It was also shown that an A character could be transferred into a B character position through TAF, To
do this, TAF must also affect the transfer of data from the sense amps to the N register, and then cause
something to be transferred to the N register. If CAINL10 becomes high, we inhibit transfer of SA to
N as before, and then write into memory from the N register.

CAINL10 = I12L eDE3CT2

CAI21.10 = TAFeEDE

This proves that the sense amps are inhibited; now how is the A character transferred. In E1l cycle,
the A character is transferred to and stored in the A register. In E2J cycle, the B character is rico-
cheted off the B register into the V register, and the B register is then cleared. The contents of the A
and B registers are constantly being added in the accumulator; therefore, the A character is in the accum~
ulator. If the B character allows an A character transfer, TAT is high and this results in the accumulator
being transffered into the N register.

CAA2N10 = DJ3¢TAF «EDE*CT3
In general, for TAF the read out of the sense amps is inhibited, and the A character is transferred into

the N register from the accumulator.

Only one part of the instruction has been discussed. It can do much more. What about suppressing

leading zeros and floating dollar signs or inserting asterisks. It is possible to suppress leading zeros
only; but to float dollar signs or insert asterisks leading zeros must also be suppressed. Exactly how

is this all accomplished? First of all, it is the first zero that does the controlling. Upon sensing this
zero, CEJDS10 (Justify Dollar Sign) and CEAPT10 (Asterisk Protection) are set. If the next character

to the left is an asterisk, this means that insertion of the asterisk sign is wanted;so, the asterisk configura-

tion automatically resets the dollar sign function. If the next character had been a dollar sign, then the
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reverse would have been true.

CEJDS00 () =  ZROsZFLeDJ3, CT2 (00)
JDSePVC
CEJDS10(I) =  DJ3+DDZeDDEeCT2 (54)
+  JDS
CEAPT00 () =  ZROeZFLeDJ3¢CT2 (00)
+  APTePVC
CEAPT10 () =  DDZeDDDeDJ3¢CT2 (53)
APT

Let's extend the example used before, so that our new knowledge can be put to use.
A =(®0001343 ; B =(Bbbbb$0b.bb K c,

The plus three is stored in the A register as before, and the C, is found to be replaceable by a blank.

The three was not transferred. The ¥ (378) is brought ou’c,R and this is always replaceable by a blank.
The three is finally transferred to the first blank actually found in B, Remember that the zone bits of
the first transfer are 00. The next two A characters are transferred as before. Now as the one is
stored in the A register, the zero is sent to the variant register, and is recognized as a zero, JDS

and APT are set, and the one is transferred into the zero position., The first zero from A is stored in
the A register. The next character of B is sent to the variant register and is recognized as a dollar
sign. This causes APT to be reset, and since this is the character after zero, CECAZ10 will be high
which allows the dollar sign to be transferred into. The next two zeros are transferred into the blanks.
At this point, there is one character remaining in A, and B =@)b b00013.43bb. As the next
character in A is read out, a word mark is detected, which gives A field terminated.

CEAFT10 AFMeDE3¢CT4sTAF
AFT «CLI
DKL ¢eBFM ¢CT4

+ +

Notice from the equation, that AFT cannot become true unless an A character is actually able to be

transferred.
CEAFMO0 () = NO07+CT6 *DE1
+ AFMeCLI
+ DK3¢CT2
CEAFMI10 (I) = DE3sBFMCT6
AFM

After this A character is transferred, only the B character is investigated to see if it is replaceable
by a blank. In this example, the only characters allowable are (378) or commas. Since the A
operand was positive and the A field is terminated, the replacement of the characters controlled by
PNZ is again resumed.

The B operand is investigated and satisfied until the B word mark is sensed. Then at this point, a check
is made to see if the instruction terminates or not. In other words, is zero suppression wanted? If it
is, then the negation of either JDS or APT or both will be low, which allows CEJAP10 to be high. In the
first example, there was no zero suppression; therefore, JAP was low. Also, the negation of both JDS
and APT were high,

CES3G10 =  JDSeAPTeBFM
This allows another E3C and stops EEC; therefore, it must be DV3, so the next instruetion is now in

progress. In the second example, the instruction will not be terminated at this point,
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CES2H10 =  BFMeDKLe+JAP
Since S3G was not satisfied, there is still existing E cycle. Also, since zero suppression is desired,
some type of pass counter should be set, for now a pass from left to right must be made to suppress
leading zeros., If the character after the zero had been an asterisk, asterisks would be inserted on this
pass, but in this exampie, leading zeros will be replaced with blanks until either the first decimal
digit (the one) is reached, or the character position where the control zero was sensed is found.
If the digit comes first, the pass will still continue until the control zero position is sensed. How is it
known when this position is actually sensed? As the control zero was sensed, a word mark was forced
into that position. On this second pass, this word mark is looked for, and when found, the third pass

is started to float the dollar sign.

CAWTN10 = ZROeDE3 ¢EDE ¢ZFL Forces word mark
CAINT10 = CEIN710¢EDECT2 into the control
CEIN710 = DJ3*ZFLeZRO zero position,

As the second pass continues, this forced word mark will be sensed, and the third pass will be started

in the opposite direction.

CEPN210 (I) (I) =  DE3eBFMePN1¢CT6¢DK3
CEDR310 (I) (I) = DE3sPN1ePN2°CT8
+ DK3 ¢CT7

Before the third pass is started, the second pass and its zero suppression had better be covered. As it
is started, B = bbbb 00 0@3 . 43Dbb. The first blank is brought out and causes CEZSP10 (zero

suppression) to be set. ZSP would also set for zero or a comma.

CEZSP10 = DDA «DDB (00~-zero)
+ VE1eDDD (73-comma)
+ DDHeDDM (15-blank)

Zero suppression along with CETZS10 (which is high unless you have a period or decimal digit) is used
to give CETZP10., This now allows CEB2G10.

CEB2G10 = JDSeTZP ¢DK3
B2G forces the 2nd and 6th positions of the G register low, and CEG2N10 high. The action of the G
register and its subcommand have already been explained. This time an octal 15 or blank is forced
into the N register and written into memory. This will continue until the word mark position is reached
or a decimal digit or period is reached. Once the digit or period is reached, TZS is forced low and

remains low for the rest of the order.

CETZS10 (1) = DDJ«DDD (33-period)
+ DDHeDDK (10+11 = 8+9)
+ DDA V01 (1 through 7)
+ DDA «V02
DDA ¢V03

At the end of the secondp-;ss, B =bbbbbbbl1l3.,43bb

As the third pass starts, the "1" will again be brought out and investigated. After it is seen that it is

not the desired character, the next one is investigated. A blank sets CEBLKI0. This along with
CEDL310 will drive the 3rd position of the G register low, and set CEC2N10. The result of which is

an octal 53 or dollar sign in the N register. G2N caused the N register to be delivered to memory. At
this point B=bbbbbb $13. 43b b, which on the primter would took like $13.43. - The imstruetion
should be ending now, so there should be some way of proving this. CEBLKI0 once more comes into play;
it forces CES3Gl0, which says we want another three cycle. Once S3G is set, existing F Cycle is no

longer true; therefore, the next cycle must be PV3.
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SECTION 11
INPUT/QUTPUT

INTRODUCTION

Input/Output operations are controlled by two general purpose instructions: Peripheral Data Transfer
(PDT) and Peripheral Control and Branch (PCB). These instructions may be used with any 200periph~

eral device; however, only the general use of the instructions will be discussed, with reference made to
specific control units.

OP CODE - specifies type of operation

A address - Specifies a main memory location.

PDT - Transfer beginning location.
PCB - Branch location

A ADDRESS

CONTROL FIELD|
Figure 11e1 '

CONTROL FIELD - Contains one or more input/output control characters
which specify such parameters as data path, direction of data flow,
control unit designation, test conditions, ete.

Perjpheral Data Transfer - General Description

The Peripheral Data Transfer instruction, by the use of specific bit configurations in each control character,
can initiate the transfer of data between the main memory and any of the peripheral devices in the H-200
system.

DEFINITIONS I/O0 CONTROL CHARACTERS
TRANSFER
PDT LOCATION ABBBBB CDDDDD EEEEE

Figure 112

Interlock Bit (A)

The status of this bit specifies whether or not the auxiliary read/write channel will be granted access to
main memory by the traffic control, If the bit is a zero, then both channels will be granted access. If the
bit is a one, then only RWCL1 is granted access. This bit is effective only when RWC1 is specified to trans-
fer the data. Naturally RWC1 cannot be interlocked while the auxiliary is busy.

Read/Write Channel Designation (B)

These bits specify the read/write channel selected to complete the data path bet ween the main memory and
the peripheral device. Read/write channels 1, 2, and 3 are specified as 01001, 01010, and 01011 respect-
ively. RWC1'is specified as 01101,

Direction lmdicator Bit (C)

The status of this bit indicates whether the transfer is an input operation (1) or an output operation (0).
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SECTION XI

INPUT/OUTPUT

These are established individually at each 200 installation. Whenever possible, they should be as
follows:

Octal Address
00 for output

Control Unit
Magnetic Tape (1/2")

40 for input
Card or paper tape reader 41
Card or paper tape punch 01
Printer 02
OLA 42

Console 07 for output

47 for input

Figure 113
Additional Parameters (E)

Printer Line Spacing Information

Magnetic Tape - Direction of tape motion, odd or even parity, tape unit, and presence or absence of
data transfer,

Peripheral Control and Branch - General Description

The Peripheral Control and Branch instruction can initiate two types of operations. It can initiate control
operations such as error card rejection on the card reader or card punch, and rewind tape on a magnetic
tape unit; or it can test peripheral status indicators such as error indicators, control unit activity
indicators, and read/write channel indicators.

DEFINITIONS
1/0 CONTROL CHARACTERS
BRANCH
PCB LOCATION 000BBB CDDDDD | | EEEEEE EE
Figure 1le4

B, C, and D are identical to the PDT. E can be one or more control characters used to specify status

tests and control activities. See figures 115 and 116 for summaries of the PCB and PDT variants.

PERIPHERAL CONTROL AND BRANCH (See flow chart pages 87 thru 89 and figure 11¢6)

If only the channel is to be investigated, then only one variant is needed. This variant would be extracted
in B1 cycle, and the channel condition would be stored by CBFTDI10.

CAFTD10 (] = FTBeFTCeBST
CAFTBI10 () = BOleFTAeB06eF1A«F5A RWC1 Interlock
+ B01eB02¢B03+F5Ae F1I RWC1'
+ BO1sFTA+B06sF1A RWC1
CAFTC10 (I) = BO01eB02eB03eF2A _ RWC2
+ BO01eFTA«B04+B05+B06 Forces Ready
+ B01eB02B03sF3A RWC3
CAFTA10 () = B02 + B03
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SECTION XI INPUT/OUTPUT

PCB VARIANTS C = R/W CHANNEL P = PRINTER
D = TAPE DRIVE R = READER
H = PUNCH T = TAPE CONT. UNIT
0 = OLA U = PERIPH, CONT. UNIT
Vi V2 | V3 BRANCH ON: SET CONDITION: REMARKS :
RWC NO} - -I[- - ALL | RWC BUSY
0lolas0ylo - LR | pevice susy
2410 b | T | TAPE DRIVE BUSY
4/0 | 11 - | ALL | PCU BUSY
0 2 D T | BUSY REWIND
4 2 D T | BUSY REWIND INTERLOCK
4/0 1 12 0 p&”’o NONE
/ 2 1 |R, H EJECT CARD W/H,C,Eg | (H) EJECT 2 CARDS
2 2 |R, H EJECT CARD W/I,P,Ep | (H) PFR MODE
2 3 |R,H BUSY ON H,C,ER MUST BE MANUALLY
2 4 |R, H BUSY ON I,P,Eg %SEERB&{OH&ND
2 5 | RMH SELECT D.T. MODE
2 6 | RH % SELECT MODE 2
2 7 | RH | BUSY SELECT MODE 1 CLEAR OTHER COND,
3 - 0 | UNCOND. ISSUE DRP (DEVICE READY PULSEj
4 - | 0,p | ERROR
4 1 | R,H|H.C. ERROR
4 2 R,H | 1,P, ERROR (H) PFR MODE
4 D T | READ PARITY ERROR MODE 6 CHECK ON
WRITE ngRENT ERR. 5/4" READ
5 - 0 | RESPONSE FAILURE PARITY ERROR
FROM H-800
5 D T | TAPE LONG CHECK ERF
Y| le - 0 | DATA TRANSFER NOT
4/0 COMPLETE
0 6 D T | TAPE DRIVE AT EOT
4 6 D T | TAPE DRIVE AT BOT
4/0l {31 |R,H | BUSY SELECT POCKET 3
4 70 |ALL | DON'T BRANCH TURN ALLOW INT. OFF
71 |ALL | DON'T BRANCH TURN ALLOW INT. ON
Yy |74 [ALL | DON'T BRANCH TURN FIT OFF
4/0U | 75 |ALL | FIT e

Figure 11-5

11-3



SECTION XI INPUT/OUTPUT

V1=12 V2 = -3 V3 = 43 WM WM = SC

CYCLES _I6 BlI 4 UG M1 4 UG M2 4 U 6 M2 4 LlG M1+V3 4L
N2B E—’I]

B2V [.7_‘

FTC 5|

FTD Je
Address FDD SENDS TRUNK #TO DEFINE
UNIT
FDD |6 4 1

FUD | 8 1
DMB 2 6] Js ] I—

P L Ja
PDA 5 s

CHANNEL TEST

:. ------- — r- -— aw e’ ese o

PST T4 Py
IF NO
R p——-—
AFC ' .
FKK SENDS TEST CONTROL CONTROL

FKK VARIANTS |6 4 L..l 6 2 |._

PSS s L Js

FFF SIGNALS THE END

TAL OF PCB 6
PPF 6
FFF 6 4|
PCB TIMING
Figure 11-6
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SECTION XI INPUT/OUTPUT

If the channel is ready, then the next instruction is performed. If the channel is busy, then another M1
cycle is performed to do the sequence change to the A address.

Some forms of the PCB test more than channel busy. In these cases, there would be additional variants
to either set some type of control or to check for a condition. All of these variants are shown in
Figure 115, If the variant is used for checking, and the condition is found, then the sequence change
routine follows. This routine should be familiar by now; the contents of location 14 are transferred to
location 17 by IIT in the 3rd control memory cycle.

PCB - 1st M1 cycle -~ (channel check only)

This cycle would normally be bringing out the second variant character; but in this case, it will be
bringing out the op ocde of the next instruction with its word mark. If the channel is busy, this will be
indicated by CBPST10 to the next state conditions. PST being set will keep the system in both EMC and
E1C; therefore, another M1 cycle will take place to accomplish the sequence change. If the channel is
ready, PST will be low. This inhibits the previously described conditions, but allows E3C instead. No
major cycle is set; therefore, V3 cycle will be derived.

The sequence change is caused or happens by going into the second M1 cycle. As was stated before, PST
will indicate that the channel is busy. PST will cause AFC to become set, and during the next M1 cycle,
AFC causes II5 to be driven low. II5 being low at time 5, does not inhibit the internal transfer.

CBAFC10 = PSTeDM1leCT1
CBII510 (I) = DM1eAFCeCPC
CBIIT10 = I15¢T05 (Since II5 is low, so is IIT)

In the cases where more than just the channel is being tested, the system goes into a series of M2 cycles
until a word mark is sensed. After this, it checks to see if any of the conditions have been met. As an
example, let us test the card reader control unit for an error using RWC2; the unit is on trunk 1,

PCB/TEST/12/41/41/42.

BleM1 Cycles

V1 will check for the RWC ready condition as was explained previously. CAFTD10 being high will indicate
a ready condition, If it was low, then CBPST10 would be set to store this condition,

CBPST10 = CT4eFTDeDM1eP(CB
Note: CBDM130 is used throughout the PCB. It is delayed, 8 to 6.

PST being set causes AFC to become set at the next M1 cycle. It cannot set during the first M1 because
of timing. PST is set at CT4 of M1 and CBAFC10 = PSTeDM1eCT1,
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SECTION XI INPUT/OUTPUT

M1eM2 Cycles

V2 will address the particular peripheral unit through CAFDD1Y which gates in the trunk number to FUD.
CAFDD1Y = CT6eN07*PCBeDM1

(FDD from the CP will turn on FUD in the control unit with the matching trunk #) .

M2 Cycles

Once a unit is addressed, CAFKK1Y will gate the condition being tested into BBFSS1Z through functions
in the card reader control unit. '

SUMMARY OF PCB

Checking the cycle flow of the PCB in the flow charts, it can be seen that the instruction will cause a
sequence change to the A address if PST gets set at anytime during the execution of the PCB. During the
first M2, the trunk number that was read out of memory at the end of M1 is sent to the peripheral control
unit. During the second M2, the first test variant is sent to the peripheral control unit; if the condition
tested for is present, the peripheral control unit function BBFSS10 will remain high, In the CP if FSS

is high during M2 of a PCB, the PST will set. PST,you remember,will recirculate and cause a branch

at the end of the PCB. If there are more variants, M2 will keep repeating itself. In each M2, successive
variants are sent to the peripheral control unit; if any one of the conditions tested for is present, FSS will
be high during that M2 cycle. Therefore, PST will be set and a branch will result. As the PCB keeps
sending successive characters from memory, it will eventually send the op code of the next instruction.
However, the word mark in the op code will send FFF to the control unit; FFF will cause the control unit
to ignore the character sent and all future characters (until the next PCB). The word mark will also
cause M1 to be the next cycle if a branch is required; if no branch is required, the next cycle will be V3.

Peripheral Status Signal (FSS)

RAFSS10 = F06eSTA

+ HCSeF06

+ IPS*F06¢DTM

+ FUD

+ FKK
FUD (unit defined) is high from the time the trunk # is sent with FDD until FFF indicates no more variants
are left, Since FUD is on the input to FSS, FSS will be high continuocusly if this control unit is not
addressed. Even during the time that FUD is at ground, FSS may be high. FKK comes high every time
a test variant is sent to the unit; so, if the unit is not being tested, FSS will remain high due to the bottom
gate. Only if this unit is defined and is currently being tested can the other gates affect FSS. The top
gate on FSS examines the busy STAtus. If the control unit is busy, STA will be high and will set FSS if
bit six in the testing variant is a zero. However, in our example, FSS should depend on error conditions,

11-6



SECTION XI INPUT/OUTPUT

so F06 is a one bit in our case. HCS (hole count status) will only come high if a hole count check is
stored, and the low order half of the testing variant is 18‘ Similar logic tests for illegal punches.

RA HCS10 ) = HCC RDIPS00 () = IPCeFO03¢F02¢F01
+ F03
+ F02
+ FO1
Meanwhile in the CP, if FSS is high it should set PST so that a branch will be performed.

CBPST10 = T04eFSSePDA
CBPDA10 () = PCB*DM2¢CT6eN07

PDA negation gets turned off every T05 because of a requirement of the PDT instruction; therefore,

every M2 of a PCB instruction PDA assertion is turned off to allow the sensing of FSS on the input fo PST.

Testing is only one purpose of the PCB instruction. It is also used to precondition peripheral control units.

Exactly how each control unit reacts to the various PCB's is covered in detail in the seperate manuals
that deal with each device.
PDT VARIANT CHART

Vi V2 V3
> (TAPE)
-
n
<
4
=} - e
3 g
e w| =z X = REQUIRED DATA
= RWC # PCU # a|5|&| DRIVE #
£ 5 = 2lz N = NOT USED
n " n L] ]
(] o —] o | e
* MUST BE "ONE" FOR TAPE
[viels[a[s]2]s|[[els]als|2]2 6 lsa]3]2]1 TRANSFER RATES ABOVE
H1E | LINE 41 KC.
PRINT/SPACE xpxipxPx|xflo]x|x|x|x|x g g COUNT
READ [1 | X | X[ X| XX 1 XIX Ix X |X NOT USED

CARD
PUNCH|O| X X| X| X|X o1 X|X |X |X |X NOT USED

1" READ |+ xlx|x|x|X 1
e 1] xIx [x x x|l X Ix[xIx

READ
BACK

(=R

- 3"ggﬁééoxxxxx1xxxxx olo|x |x|x|x

WRITE | »
FWD

;"EE-SSonxxxx of X{X |X |X [X |]IN o |x |x{x |X

3"ISKIP fo|xix (x|{x|x ||| of x|x|x {x |x {|[N]1
4 | WRITE

Fig. 11-7
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PERIPHERAL DATA TRANSFER (See flow chart pages 90 thru 94 and figure 11e8)

Peripheral data transfer is under control of the RWC assigned to the control unit at order initiation,
Should RWC2 or 3 be assigned, that PCU will be assured of a data transfer period every 6 us. Shaould
RWC1 or the auxiliary be assigned, data transfer periods will occur at 12 us intervals, unless RWCl1 is

interlocked. In this case, it would receive a data transfer period every 6 us, and the auxiliary would not
be allowed any. These two are usually assigned to the units with the slower data transfer rates. Whenever
a RWC controlling a particular PCU becomes active, its number is sent to that Peripheral control unit on a
special bus (FC1-5),

B1 Cycle

In this cycle, V1 is stored in both the B and V registers. The two low order bits of the V register are
gated into three functions (CAFV110-FV3) for channel storage. The bits of the B registers are being

gated iﬁto CAFTB10 and CAFTC10 to check for channel ready, which shows up on CAFTDI0 as already
explained. FTD has no affect on PST during the PDT, but it does affect the internal transfer of the starting
address to the two control registers. If the channel is not ready, then that means that the registers are
being used in some other instruction and should not be changed until it has finished, If FTD is not set,

the transfers will be allowed later.

M1 Cycle

The second variant is gated into the F register for the trunk address. CAFDDLY is generated to take this
address over to the peripheral unit, and to identify either INPUT or OUTPUT. Both the assertion and
negation of the F register positions are gated into five jumper functions, so that the different trunk con-
figurations can be obtained. These configurations are obtained by cutting either the assertion or negation,
depending upon which one is needed. Position 6 is normally used to indicate whether a PCU is input or
output. Now, in the case of a TCU, the PCU is both; therefore, it can be addressed with position 6 either
set or reset. Which one is cut? Both are cut, for into this position of the jumpers, there is a third choice
namely, plus five. This third choice allows the TCU's interface to react for either input or output opera-

tions.

TAFJ110 = TAFO0130 + TAF0140

TAFJ210 = TAF0230 + TAF 0240

TAFJ310 = TAF0330 + TAF0340

TAFJ410 = TAF0430 + TAF 0440

TAFJ610 = TAFO0630 + TAF0640 + X11

TAFUDIO (I) I) = T8SeFDDeFJ1eFJ2eFJ3eFJ4eFJ6
+ FKKeFUD
+ FDHeFUD

CAFDD1Z = CT6*PRWeDM1
If the channe!l is ready, CBDUP10 will become set to indicate this.
CBDUP10 = EMCesPRWeFTDeCT3
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Also during M1, if the channel is ready, the starting address is stored in the RWS location. CBDUP10
is set to store the fact that the channel was ready.

CBIIT10 = TII3+T03
CBII310 () = EMCePRWeFTDeCPC
CBDUP10 = EMCePRW*FTD*CT3

Another function which must be looked at is CBPDA10, which is normally high, but is driven low at
certain times of the PDT and PCB instructions,

CBPDAI10 () = PRWeDM1
+ PSTPRWePMCe*T06
+ PCBeDM2¢CT6¢NO7
+ PDA
CBPDA00 () = TO05+PDA+BST
M2a CYCLE

Taking a look at Figure 118, shows that PDA jumps up and down a few times storing the previous con~
dition of PST. PDA is driven reset the first time by PRWeDM]1 to allow the first check and PST should
become set since FSS is normally high. PST being set prohibits the incremented sequence register from
being delivered. PST being set also allows PDA to be driven low again, to recheck FSS on PST which is
reset each cycle by CBCPS10. During the first M2 cycle, instead of a variant, a forced busy test is sent
to the PCU, Shortly afterwards, CAFKK1Y checks to see if the CU is busy. During FKK, FSS will be
allowed to go low, if the CU is not busy.

If the control unit is busy, FSS will not be allowed to go low. This causes PST to be set again, which
still inhibits the incremented sequence register from being written into control memory. Therefore, the
system will stay in the first M2 cycle until the CU becomes not busy. Meanwhile CP operations are
stalled, If the channel becomes ready, FTD would set ACF to allow the starting address to be loaded into
the RWC,

M2b-1 CYCLE

If the control unit was ready, FSS would go low, PST would not be set, and the next variant will be ex-
tracted. For the TCU, this would contain the drive number, and other needed information. V3 is gated
to the appropriate TCU functions through CAFPP1Y.

CAFPP1Y = CT6°NO7*DMPePST

As can be seen, FPP cannot come high if the control unit is busy. If there are more variants, the CU
must make sure that only the one it needs is allowed. In the 1/2 inch TCU, only a V3 is needed. Of V3,
bit 1, 2 and 3 are used for the drive number; bits 4 and 5 are the remainder of the operation code-V2
identified input/output; and bit 6 is direction. After the PCU receives the variant(s) it desires, success-
ive ones are ignored. The card reader and card punch control units, require only two variants; therefore,
the M2 cycle for this case is described in the M2 with word mark sensed.
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SECTION XI INPUT/OUTPUT

M2 - Word Mark Sensed

When the word mark is sensed, if the channel is ready,

to F so that

the RWC will be transferred from the V register

the PCU can store the channel it is assigned. This transfer is handled by NG7.

V1 V2 V3 v3 WM
o w1 we U e U we |
N2B [ : : :
B2V [ ; :
e
FTC — : : ;
FTD _——J : PDA 1nd1¢ates PST was high
PDA 1 l ] | | | | during the previous test.
a = 5
DUP l—;—") ONCE | READY | ;
BB FSS : : -~
PST : [ LI [ '
e o B e f
* FDD II_DERIF l Indicates PCU address is on the
output buss
DMP : I : U 'm ) S
DST | W I I I S :
TAFUD I ; :
ACF : —> ;
DSP ) A - N S
ros - [ S N s
*  FKK ' : CONTROL | Indicates tést variant is on the
: ! : : ; output buss
FBS : B | I S S
*  FPP Indicates ihe perif p?'rameter is: l PARA Lon the output buss
FGE SETS! FxA FUNCTION [ |
NG7 ; CHANNEL TO F l'_|5
*  FO1-06 : T RWC [ [ TRUNK L_[FORCED | [ PARAM | | RWC #2 |Output Buss
CBRB3 ___._J LOOKS UAT v Foﬂ CHANNEL | '
F2A i : :  FRE
*  FGG EIndicates the RWC # ision the Outpl.:it buss ,—l PERI GO I
*

Signals to PCU from CP
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CANGT710
CAFGS10

FGSeMAT7
CT4eDMPeACF

1]

This is not a straight transfer of V to F; in fact, only one position of F is affected by V. Back in Bl

cycle, the first two positions of the first variant were stored in FV1-3. These three functions are now

gated in F by NG7 to the first three positions.

fourth position of the F register.
CAF0110 = NGT7sFV1
CAF0210 = NG7*FV2
CAF0310 = NGT7FV3
CAF0410 = NG7sV03

The fifth and sixth positions are not affected. An example will leave no doubts whatsoever,

Utilizing RWC #2 will cause V1 = 12
CAFV210 = V01eV02

Then this will be gated into F02 as was shown. V03 would be set if the auxiliary channel is being used.

During FGG time these four positions of the ¥ register are gated into the FS's functions.

CAFGG1Y = CT6eN07+DSPeACF

CADSP10 = PSTeDMP

TDFS100 (I) = FT8eFGGeF01
TDFS200 (I) = FT8eFGGeF02
TDFS300 (I) = FT8sFGGeF03
TDSF500 (I) = FT8eFGA ¢F04
FDFS400 (I) = FS5

RWC storage functions in
the TCU

Ag far as the CP is concerned, the execution cycles of the PDT are complete, However, as the CP

continues to execute other instructions, its processing will be suspended occasionally while a memory

cycle is used to transfer a character in or out of the CP.

Functions that originate in the CP and feed to the PCU'S:

F01-6
FC1-5
FUD
FKK
FPP
FGG

Output buss
Channel buss
Defines trunk
Control or test
Perif, parameter

Go signal

FFF
FRR
FCC
Fa2
F66

Functions that originate in PCU's and feed to the CP:

F51-F56
FR1-FR3
FSS

FIT

Input buss
Response lines
Perif. status signal

Interrupt

Flag signal
Master reset
Central clear
CP time 2
CP time 6

The third position of the first variant is transferred to the
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PERIPHERAL RESPONSE CYCLES (See flow chart pages 105 thru 110)

Cycle Counter (Figure 11e9)

To insure that each PCU has time to transfer its data to the CP and/or to receive data from the CP,

a cycle counter is set up so that each channel is allowed access time at regular intervals, (if needed).
Normally, each channel is allowed access time to the CP every 6 us. With the option, the time that

is normally granted to RWC1, is shared with the auxiliary so that these two would only be granted
access time every 12 us.

The actual count is decoded by CAFD110-FD3, with inputs of FA1l and FA2 which use backup functions
FB1 and FB2. FAl and FA2 are set at T#8 and their backup functions follow at T#5.

CAFA14§(I) = T#8+FBleFB2 CAFA11§(l) = T#8eFB1leFB2
+ FA1L + FA1

CAFA266(I) = T#S*FB2 CAFA21§(I) = T#8sFB1eFB2
+ FA2 + FA2

As can be seen in Figure 119, FAl is high for two cycles and low for one cycle, as is FA2. With
this arrangement, the three distinct configurations can be formed,

CAFD11f = TH1eFA1leFA2 + TH8eFDI1
CAFD21f = THleFA1eFA2 + T8eFD2
CAFD31f = TH1eFAleFA2 + TH8eFD3

For the optional RWC, auxiliary functions are needed so that every other time that RWC1 should be
granted access time, the RWC1' is granted the time instead. This is handled by CAFCR1# and FCX.
FD1 comes up every time, but the auxiliary counter comes up every other time. These are not the
functions which ask the PCU's if they want a response cycle. The responses are handeld by FC1-5.
FC1-3 will follow FD1-3 at T@#2. FC4 will follow FDX's negation, which allows it to go low once every
12 us. FC5 follows the assertion of FDX, so it is high once every 12 us.

CAFC11Y = T#2eFD1 + T#3+FD1 + Tg2eFCl
CAFC21Y = T#2eFD2 + TP3eFD2 + T2 e FC2
CAFC31Y = T#2eFD3 + T#3+FD3 + Th2+FC3
CAFCA41Y = T#2¢FDX + T#3+FDX + T2 ¢ FC4
CAFC51Y = T2eFDX + T#3+FDX + T2 «FC5

The inquiry functions are gated into each PCU to grant the PCU access time if it matches the inquiry
configuration and needs the time.

Another job of the cycle counter is to generate the functions necessary to address the starting and
current address counters during buffer cycles. The current address counter is addressed during
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AUX, I COUNTER

COUNTER i

ADDRESS
DECODERS

DECODE
EXTENDED

PERIPH,
BACKUP

COUNT.
DEL.,

INQUIRY

PAGE
FALLO E [ E [s | s E
FA210 18 . L 18 [B8
FB210 15 L5 |5 s [5
FCR10 B L8
FD110 I mwcer L | l
FD210 I FR!  rwerz L I 1
FD310 [1 7 [Rwc#3 | [xxx
FDX10 I aux. 1

| | v 51 ___
FE210 55 N PR [#2 Ext |
FE310 [ 5] [#3 EXT]
FEX10 _ favxExt L
R1P10 L5 |5 5 5 |5

211
R2P10 — |- B 5
212
R3P10 | |
CD110 i U 1 j | [
e Ri— I | W PR Su—— P PR
FC11Y [2 i [z 1
FC21Y [2 1] 2 11
Fcsly 29 [2 1 |
FCAlY L
P

FC51Y

CYCLE COUNTER

Figure 119
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the first CM cycle, mainly by R1P and R2P which follow FB1 and FB2 respectively. During the fourth
CM cycle, CD1 and CD2 are used as a count delayed since the counter is changing.

CAR1P10 = FBI1*KRF + RO1*KRF
CAR2P10 = FB2¢KRF + RO2¢KRF
CBCD100 (I) = R1PeT02 + CD1 CBCD110 () = CDI + T08
CBCD200 (T) = R2P*T02 + CD2 CBCD210 () = CD2 + T08

During the PDT instruction, the channel that is to be used is gated into FS1-5 for storage by FGG. The
cycle counter functions are gated against the storage functicns for a match.

TDFS100 () = FT8eFGG*F01 + FS2¢FS3 All peripheral control units store the
TDFS200 () = FT8eFGG*F02 + FS1eFS3 channel assigned to it in functions
TDFS300 (I) = FT8¢FGGeF03 + FS1eFS2  called FS1 - FS5.
TDFS400 () = FT4FOS + FS5 -~
TDFS500 () = FT8eFGAeF04 + FS4
TDFCN10 = FS1eFCl

+ FS20FC2

N _1313.]503 FCN = Channel compare not.

+ FS4eFC4

+ FS5¢FC5

In each peripheral control unit, when the FCN20 function in that control unit comes high, it means that

the channel assigned to that unit now has access to the CP. Because of the simplified logic used, it is
sometimes hard to figure out how FCN works. The best way is to look at FC1, FC2, and FC3 as a scanner.
One of these functions will be high at all times; therefore, half of one of the top three gates on FCN should
always be high. When the channel count (FC1-3) gets to the channel storage function that is low (the
negation of the channel stored), FCN will go low; unless the auxiliary count (FC5) is high, and the auxiliary
channel was not assigned (FS5 is high). Notice that FS4 is really the assertion of FS5, and remember that
FC4 is really the negation of FC5.

Of course FCN does not cause a buffer cycle all by itself. Each control unit has a function called FAC
that comes high every time a buffer cycle is needed. Also, there are seven different types of buffer
cycles, and several functions are used to indicate the type of buffer cycle. For example, FAC*FON
indicate a normal output response. Because the various peripheral control units all use identical functions
for communication with the CP, it pays to learn the meaning and usage of these interface functions as

soon as possible.
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SECTION XI INPUT/OUTPUT

For the PCU to tell the CP what type of response cycle it desires, three response lines are
used. With three lines, eight difference configuratigns can be high, and for action to be taken

by the CP, one or more of them have to go low.

DEMAND TYPE FR3 |FR2| FR1 EXPLANATION
INPUT FRAME DEMAND 0lo Jo LOAD THIS CHARACTER INTO THE
(SPECIAL) LOCATION SPECIFIED BY THE RWC
AND DECREMENT THE RWC BY ONE.
SPECIAL OUTPUT FRAME DEMAND 010 1 SEND THE CHARACTER IN THE LOC-
ATION SPECIFIED BY THE RWC.
FOR
SPECIAL ROW DEMAND 0 1 0 TRANSFER THE RWC INTO THE RWS
FRS (STARTING) ADDRESS STORAGE
NORMAL ROW DEMAND 0 1 1 TRANSFER THE STARTING ADDRESS
INTO THE RWC. )
FRN
INPUT FRAME DEMAND 110 0 LOAD THIS CHARACTER INTO THE
LOCATION SPECIFIED BY THE RWC.
FIN INCREMENT THE RWC BY ONE.
NORMAL OUTPUT FRAME DEMAND 110 1 SEND THE CHARACTER IN THE LOC-
ATION SPECIFIED BY THE RWC.
INCREMENT THE RWC BY ONE.
FON
END OF ORDER FEO 11 }o RELEASE THE RWC FROM THIS C. U.
NO ACTION 1411 11 THE C.U, REQUIRES NO ACTION,
USE THIS C.P. CYCLE FOR C,P,
PROCESSING.
Figure 1110
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SECTION XI INPUT/OUTPUT

FON RESPONSE IN 3/4 INCH TCU

For the C.P. to send the TCU a character, it must be writing, so the function TAWFD1g will be set
to indicate a write instruction. A look at the response chart shows that FR2 must go low. In the TCU,
only FR1 and FR2 are present since the condition represented by FR3 being low can never exist. The

response lines are common to all PCU's, and if one of them does not appear in a PCU, then the bus
terminators will keep it high.

BBFR11Z = FEOsEOR BBFR21Z = EOR
+ FEOeWFD + FEO
+ FAC + FAC
+ FCN + FCN

As can be seen, if FAC is not set, then both FR1 and FR2 are high. Once FAC is set, then FR1 and
FR2 are still high as long as FCN is high. The only time FCN goes low, is when it is this PCU's time
to request. Assuming that an output transfer (relative to the central processor ) is required, a look
at the top gate of FR1 shows that EOR (end of record) is needed. The second gate needs a write
instruction which is present; therefore, FR1 will remain high. FR2 needs either end of record or

peripheral end of order to remain high. Neither is present; therefore, it goes low. The peripheral
response is now 141.

TDFCN10 —L‘_l I l

TDACL10 ___| L

TDFAC10 [ |

TDFRC10 | L

BBFR11Z 1

BBFR21Z ._____IO !

BBFR31Z 1

TDF0C10 5 ] |
]

PERIPHERAL CYCLE | P

ADDRESS RWC I_—L M1

CHARACTER TO N I
CHARACTER TO F : e
CHARACTER TO CHARACTER BUFFER M

TIMING OF TYPICAL OUTPUT FRAME DEMAND
Figure 11e11
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SECTION XI INPUT/OUTPUT

The peripheral response functions are always being monitored in the CP, so that it knows whether

to use the next cycle or to grant that cycle to a PCU. This is accomplished by gating FR2eFR3 into

the CPC functions. If either FR2 + FR3 goes low, then a PCU will be granted the cycle. Why doesn't
FR1 affect what type of cycle it is? A look at the response chart shows that the only time FR2¢FR3

are both set is 111 (no action) and 114 (end of order). These two condtions do not require use of memory.

End of order action can take place at the same time as other CP operations.
There are several CPC functions, but all result from the same logic (except for timing).

CACPC@B(I) = FR2¢FR3*KRF
CACPCl1A = FR2¢FR3+KRF

As can be seen, while FR2¢FR3 are both high, these will be CP cycles. Either one going low,
indicates that a peripheral cycle is needed. All of the CPC functions are not affected at one time as
figure 11012 will show. The reason for this is that different parts of the CP need to know there is a
buffer cycle at different times.

RWC3 response 12345678123 452678123456
CACPC1A+BeCeD m NN

CACPCfBeC NN NN

CACPC2§ 1 7L

CACPC1f | L

CACPC3 l j
CBCPC1A NN N

CBCPC3§ L l
CBCPC2§ | L
CBCPC56+78 [
CAR1P1§ [
CAR2P14

CBCD11§ | l |
CBCD21g l l | |

CBR#11¢ 1] ] 2] RWC3
3] | | | RWC3

CBR#21#
CT A TIMES 1 2 3 4 5 6[ [7 8 1T 2 3 4
CT B TIMES 12 3 45 6| 6/ 7 8 1 2 3 4
CPADS1f# W NN
CPIDS16 ] L

Figure 11-12
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SECTION XI INPUT/OUTPUT

During the first CM cycle, R1P*R2P will generate the address for the channel being used. During the
fourth CM cycle, CD1eCD2 will generate the address. The second and third CM cycles play no part

in the peripheral cycles. There is no transfer taking place. Whenever one register is trans-
ferred to another one, it is done through the S register. In a normal input or output peripheral cycle,
only the current counter is addressed. There are two cases in which the starting counter must be
addressed. When reading or punching DTM at the half way point, the current address should become
the starting address. Therefore, the current counter is transferred to the starting. This is handled

by CAFRC10. If the student does not understand the term DTM, refer back to this section when studying
the card reader and punch. FRC sets R4P which feeds CBR4510. At T05, R04 will be set to address
the starting location. The channel counter supplies the low order bit to complete the address.

When reading or punching, at the end of each row the starting address is needed once more in the
current counter. The row pulse signal causes a row demand, 022, which gives This is
gated directly into R04 at TO7 to give the starting counter's address.

The S register is normally incremented, but during the transfer of starting to current and current to
starting, neither incrementing or decrementing is desired. No gate can be satisfied on CB1SR10 so
no incrementing takes place. Since there is no CP cycle, CPADS10 becomes true. With ADS set at
T01, CPIDS10 becomes true to drive CBDSR1A low. Since there is no incrementing or decrementing,

the address in the register remains the same and is simply transferred.

Other Responses

While doing the read instruction, the flow of data is in the opposite direction from the character buffer
to CP,. Since the write function WFD is not up during the read instruction, FR1 will also go low along
with FR2, making the response 100.

TAFCN1§ I I l___l

TAACL1S  ___| 1
TAFAC1§ | |
TAFRC1# ] |

BBFR11Z | 0 i
sBFR21Z L% |
BBFR317Z 1
TAFIC16 | l
Character to Bus l__]
Bus to P J I
PtoN . l [

Figure 1113
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SECTION XI INPUT/OUTPUT

At the end of the instruction, FEO (peripheral end of order) will come high. A response cycle will be
requested, and the response 110 will be generated so that the CP can release the channel the PCU was
using. The response sets CAFRE10, which resets the activity function of the channel that has the use
of this cycle.
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SECTION 12
CENTRAL PROCESSOR CONTROL PANEL

GENERAL DESCRIPTION
The functions of the H-200 Central Processor Control Panel are: to enable the operator to enter

binary information manually into the control memory and the main memory; to permit display of
those areas; and to provide the controls necessary to operate the central processor; such as AC ON,
DC ON, INITIALIZE, BOOTSTRAP, RUN, etc. The control panel also contains SENSE switches
(which may be altered by the operator to change program flow) and check indicators (e.g., Parity).

Section II deals with "Operator Instructions." A description of what occurs when each button is hit,

and methods of interrogation, instruction, and control are given.
Section III deals with the machine logic for the Control Panel Functions.

OPERATOR CONTROLS (See figure 12¢1)
A. ADDRESS Push Buttons and Indicators
These indicators display the address of a charactcr in memory. The contents of the Memory

Address Register (MAR) are displayed in an array of illuminated push buttons arranged in four
or five octal groups, The fifth (high-order) octal group is present only if the central processor
has more than 4096 characters of storage. Room for a sixth octal group is provided at the ex-
treme high-order end ofthe array. A memory address is displayed as a binary pattern of
lights. If a button is illuminated, the corresponding bit is "one'. 1If a button is not illuminated,

the bit is "zero".

Any bit 1;1 the Memory Address Register can be changed from zero to one by depressing the
push button, which sets the bit and illuminates the light. To change a bit from one to zero,
however, it is necessary to reset all the MAR bits to zeros by depressing the ADDRESS CLEAR
button (or the INITIALIZE button). The desired ones may then be set by depressing the appro-
priate push buttons.

The contents of the Memory Address Register can be changed manually only in the Stop mode,
because the ADDRESS buttons are interlocked to be effective only if the Stop light is on. The
lights behind the buttons are effective at all times, however, and display the instantaneous

contents of MAR even while the program is running.

B. CONTENTS Push Buttons and Indicators

These push button indicators normally display a character of memory.

The contents of the Memory Local Register (MLR) are displayed as a binary pattern of lights.
The MLR bits are set and reset and the push buttons are illuminated according to the same rules

as for the Memory Address Register, except that CONTENTS CLEAR (or INITIALIZE) resets
the register rather than ADDRESS CLEAR.
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"SECTION XII. CONTROL PANEL

Two push buttons, DISPLAY and ENTER, are associated with the CONTENTS button.
DISPLAY

1, This button is effective only in the Stop mode. When DISPLAY is depressed, the char-
acter in memory whose address is in the Memory Address Register is displayed with
punctuation (item bit and word bit) in CONTENTS,

If the character has bad parity, the Parity indicator will go on. The parity indicator
may be reset prior to performing further manual operations (see Section II, E), but all
manual operations except BOOTSTRAP and INSTRUCT can be performed while the

Parity indicator is on.

2. ENTER

This button is effective only in the Stop mode. When ENTER is depressed, the char-
acter and punctuation displayed in CONTENTS are written into the memory location
whose address is displayed in the ADDRESS indicators. The previous contents of that
memory location are destroyed. The character is always written into memory with
correct parity. If that location contained bad parity before the ENTER button was de-
pressed, it will contain correct parity after the button has been depressed. However,
use of the ENTER button never causes the Parity indicator to go on or off,

CONTROL Push Buttons and Indicators
These push-button indicators display the address of a control memory location as a binary

pattern of lights, The display is permanent and changes only when the push buttons are
pressed. The setting of the CONTROL buttons can be altered at any time by pressing the
push buttons. Alternate depressions cause a push button to be illuminated and darkened.

It should be noted that the CONTROL buttons play no role while the program is running, nor
is their display affected by a running program. They are used only in conjunction with the
following associated push buttons: DISPLAY, DISPLAY + 1, DISPLAY -1, & ENTER.

1, DISPLAY
This button is effective only in the Stop mode. When DISPLAY is depressed, the follow-

ing conditions result:

a. The contents of the control memory location designated by the CONTROL
indicators are displayed in the ADDRESS indicators.

b. The character in memory stored at the address displayed in "a'" above is dis-
played in the CONTENTS indicators.

2. DISPLAY +1
This button is effective only in the Stop mode. When DISPLAY + 1 is depressed, con-
ditions "a" and "b™ of paragraph 1 above result. In addition, the address displayed in
3" ig incremented by one and returned to the control memory location designated by
the CONTROL indicators.
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For example, if the CONTROL indicators designate the sequence counter, whose contents
are 3147 (octal), depression of the DISPLAY + 1 button causes: 31478 to be displayed in
the ADDRESS indicators; the character at 3147 g to be displayed in the CONTENTS indi-

cators; and the contents of the sequence counter to be changed to 31508.

a. The DISPLAY -1 button will display and decrement by one, rather than
incrementing by one as the DISPLAY + 1 button does.

3. ENTER
This button is effective only in the Stop mode. When ENTER is depressed, the octal
configuration displayed in the ADDRESS indicators is written into the control memory
location designated by the CONTROL indicators. The previous contents of that control
memory location are destroyed. The character in memory stored at the new address is
displayed in the CONTENTS indicators.

STOP Button

This push button is lighted when the system is in the Stop mode. It is not lighted when in the
Run mode. In the Stop mode, the system executes no program instructions and actuates no
peripheral equipment, except by manual "stepping". In the Run mode the system operates

automatically.

The Stop mode can be entered in one of five ways:

1, A program halt, or halt and branch instruction is executed (normal).
2. The STOP button is depressed (normal).

3. A parity check occurs. This is not a normal stop. The instruction is stopped at the end
of the current memory cycle, but all peripheral operations are allowed to go to comple-

tion. (In the interim, if any, neither the Stop light nor the Run light is lit.)

4, The CENTRAL CLEAR button is depressed after the STOP button has been pressed.

This is not a normal stop (see Section II, E below).

5. The INITIALIZE button is depressed after the STOP button has been pressed. This is

not a normal stop (see Section II, F, page 7).

In a normal stop, the instruction in extraction or execution at the time of the stop is fully
executed and is the last one performed. The Stop mode is not entered and the Stop light is
not lit, however, until all periperal operations that are in progress have come to completion.

(In the interim, if any, neither the Stop light nor the Run light is lit.)

After an abnormal stop, the program generally cannot be resumed successfully by simply de-
pressing the RUN button.
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CENTRAL CLEAR Button
This button is effective only after the STOP button has been depressed. When CENTRAL

CLEAR is depressed, central processor operations terminate at the end of the current memory

cycle (and the RUN light goes off); the central processor cycle register is reset; and the Parity

indicator is turned off.

Peripheral operations are allowed to go to completion. If the Stop light does not go on after
CENTRAL CLEAR is actuated, then a stored order condition must exist in some peripheral

device.

INITIALIZE Button

The INITIALIZE button is effective only after the STOP button has been depressed. When

held down, this switch causes all control panel lamps except AC ON, AC OFF, DC ON,

DC OFF, POWER, FAN and CB to light, thus providing a filament test for those lamps. When
the button is released, the indicators resume their original state except for those indicators
directly altered by the action of the INITIALIZE switch. Depressing the INITIALIZE button

has the following effects:

1. The Stop light goes on and central processor operations terminate at once, with loss of
information in main and control memories unless the RUN light is off and no peripheral

transfers are in progress.
2, Central processor stored orders and subcommands are reset.
3. The central processor cycle register is reset.
4, The central processor clock is initialized.

5. Central processor parity, overflow, and zero balance indicators are cleared

6. The Memory Address and Memory Local Registers, together with their associated dis-
plays (ADDRESS and CONTENTS), are cleared to zeros.

7. The addressing mode is set to 2-character addressing.
8. The interrupt interlock is reset.

9. An "initialize" signal is sent to all peripheral control units, without exception, causing
them to release RWCs and clear stored orders, to clear error indicators, to inhibit

interrupts until enabled, and to enter a "standard' mode. Specifically:

a. Printer Control:
Same response as to local "clear", plus error flop reset.

b. Tape Control:
Error flops reset
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c. Card Reader-Punch Control:

Stored order cleared; error flops reset; "alphanumeric' mode entered, error

handling flops reset.

RUN Button

This push button is lighted when the system is in the Run mode. It is not lighted when

in the Stop mode. The Run mode can be entered by depressing the RUN button, unless
a parity check is stored. A stored parity check must be cleared before the RUN button
will be effective.

In the Run mode, the system executes program instructions stored in memory, under

control of the sequencing counter, with no manual intervention.

INSTRUCT Button
Depression of this button, which is effective in the Stop mode only, causes the program

to execute the next instruction only, While that instruction is being executed, the Stop
light is dark and the Run light is illuminated, If the instruction is a peripheral data
transfer instruction, the Run light will go out when the data transfer begins, so that
both Run and Stop lights will be dark until data transfer terminates, at which time the
Stop light will go on.

BOOTSTRAP Button
Depression of this button, which is effective only in the Stop mode, has the following

results:

1. The address indicated by the setting of the ADDRESS buttons is placed into the
sequence counter, the A-address counter the B-address counter, and both
counters of RWC1,

2. A simulated peripheral read instruction specifying RWC1 (with interlock) is gen-
erated. The control unit addressed is designated by the setting of the low-order
five CONTENTS buttons. If a Tape Control is so designated, then Tape Unit

number zero is the device that is read.

3. Each character read into memory during a Bootstrap operation has its punctuation
bits automatically cleared to zeros.

4. A Bootstrap operation is not terminated by a record mark in memory; instead,

the information flow is terminated by the peripheral control.

The Memory Address Register, the Memory Local Register, the sequence counter, the
A-address counter, the B-address counter, and both counters of RWC1 are altered by
the Bootstrap operation. The ADDRESS MODE button has no effect on the Bootstrap it-
self but is used when loading a program written for 3-character addressing (see Section
11, M, 5).
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SENSE Switches

These four illuminated push buttons are used to control program flow, since they can

each be tested by program instructions which branch conditionally on the setting of the
switch, The system should be in the Stop mode while the switches are altered; other=-

wise, the results of the conditional branch cannot be specified if the conditional branch
instruction is executed within 50 milliseconds after the SENSE switch has been altered.

The SENSE switches are numbered from left to right. A/ g 4

AC ON, AC OFF, DC ON, DC OFF Indicating Push-Button Switches

1, AC ON, depressed first in a normal power-up, applies ac voltage, lights the AC
ON indicator and extinguishes the AC OFF indicator. The AC ON indicator is not
affected by the power checks -- Power, Fan or CB (see Section III).

2. The AC OFF switch removes both ac and de voltages and lights the AC OFF
indicator. AC OFF is interlocked with the STOP and RUN buttons. To remove
ac power, therefore, the STOP button must be depressed prior to depressing AC
OFF, If the RUN button has been depressed, the AC OFF switch is not effective
until the STOP button is depressed.

3. DC ON, the second button depressed in a normal power-up, is effective only after
AC ON has been depressed. DC ON applies dc voltages, lights the DC ON indicator
and extinguishes the DC OFF indicator. The DC ON indicator is extinguished by
the power checks--Power, F

n or CB,

4. The DC OFF switch removes dc voltages and lights the DC OFF indicator. DC
OFF is interlocked with the STOP and RUN buttons. To remove dc power,
therefore, the STOP button must be depressed prior to depressing DC OFF, If
the RUN button has been depressed, the DC OFF switch is not effective until the
STOP button is depressed. The DC OFF indicator is lit by the power checks--
Power, Fan or CB--and is extinguished by the DC ON Switch. When lighted by a
"Power'' power check, the DC OFF button glows red; in other cases, it is white.
Following a Power power check, depressing the DC OFF button resets only the
Power check indicator. DC OFF has no control over AC power,

ADDRESS MODE Button

This split indicator push button appears on the Control Panel for only those systems

with the Advanced Programming Instruction option. Its upper or lower half is illumina-
ted if the central processor is in the 2-character mode or 3-character mode, respectiv-
ely. The indicator changes while the program is running as the program executes
Change Addressing Mode instructions. The push button is effective in the Stop mode
only, and successive depressions cause the central processor to switch from one mode

to another, alternately.

Depression of the INITIALIZE button sets addressing to the 2-character mode, regard-
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less of the previous mode.

The ADDRESS MODE button is used in the Bootstrap operation to load a program written

for 3-character addressing.

M. CONTROL PANEL BASIC PROCEDURES
The basic operating procedures outlined below can be performed only if the Stop light is

lit. If depressing the STOP button does not cause the Stop light to go on, then the central

processor must be cleared or initialized before proceeding.
1. To display a control memory location and the character in memory it references:

a. Depress the STOP button (if not already in Stop mode). .

b. Depress the CONTROL buttons (to designate the desired control memory
location, if different from the one indicated).

c. Depress CONTROL DISPLAY.

2. To display characters from successive memory locations:

a. Depress the STOP button (if not already in Stop mode).

b. Enter the starting address in MAR manually (by depressing the appropriate
ADDRESS buttons) or from control memory,

c. Depress CONTROL buttons (to designate control memory working location,
if different).

d. Depress CONTROL ENTER (to set control memory location to starting
address).

e. Depress CONTROL DISPLAY + 1 repeatedly.

3. To write characters into successive memory locations:

a. Depress the STOP button (if not already in Stop mode).

b. Enter starting address in MAR manually, or from control memory.
Depress CONTROL buttons (to designate control memory working location,
if different).

d. Depress CONTROL ENTER (to set control memory location to starting
address).

e. Iterate the following sequence:

Depress CONTROL DISPLAY + 1,

Depress CONTENTS CLEAR (if a different character is to be entered
into this location).

Depress CONTENTS buttons (to creat the desired character, if different).

Depress CONTENTS ENTER.

4. To trace program flow manually:

a. Depress the STOP button (if not already in Stop mode).
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Set CONTROL buttons to designate sequence counter.
b. Iterate the following sequence:
Depress CONTROL DISPLAY (to see the contents of the sequence
counter and the op-code).
Depress INSTRUCT (to execute the instruction).

5, To perform a Bootstrap operation and run:

a. Depress the STOP button.
b. Depress the INITIALIZE button.
Depress ADDRESS buttons (to designate starting location, if different

from zero).

d. Depress CONTENTS buttons (to designate peripheral control, if different
from zero).

e. Prepare the designated peripheral device to accept a read instruction which
will read in the loading program.

f. Depress BOOTSTRAP button,

g. Depress ADDRESS MODE button (only if loading program is written for 3-
character addressing).

h, Depress RUN button,

I, PANEL INDICATORS
A, Parity Indicator
If a parity check is stored, the Parity indicator will be lighted.

B. Power Indicator

If the H-200 has ceased operation because of overvoltage or undervoltage of a dc power
supply, the Power indicator will be lit and dc voltages will have been removed. The DC
OFF indicator will be lit and the DC ON extinguished.

The Power indicator may be reset by depressing the DC OFF button.

C. Fan Indicator
If the H-200 has ceased operation because of a temperature check, the Fan indicator
will be lighted and dc voltages will have been removed. The DC OFF indicator will be
lit and the DC .ON extinguished. This indicator remains lighted even when dc and ac

power are off,

D. CB Indicator
If the H-200 has ceased operation because of a circuit breaker actuafion, the CB indicator
will be lit and dec voltages will have been removed. The DC OFF indicator will be lit and
the DC ON extinguished.
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E. Interrupt Indicator

This indicator is present only if the particular central processor includes the Interrupt

option. It is illuminated when the central processor is in the interrupt mode, and not

otherwise. It can be turned on only by an external interrupt. It can be turned off by

execution of a Resume Normal Mode instruction, or by depressing the INITIALIZE
button,

CONTROL PANEL LOGIC

Refer to control panel flow charts. (Pages 111 thru 116)

A. Entering New Information into Control Memory

1.

Enter C. M, Address into CONTROL switches.

a, The control switches are alternate action switches. Depress to set, and
depress to reset.

Depress ADDRESS CLEAR

a. Depressing ADDRESS CLEAR (CPCSBI1C) while in the stop mode forces
CPARS10 low. ARS going low kills the 'S' register recirculation function
CAHSR10. HSR is normally high in stop mode.

b.  The transfer from control memory to 'S' is inhibited by CBBMF10, which
forces low the gating functions CBICM10 and CBICL10,

CBBMF10 HSR
+ ARS
+ BMFeT07
ARS causes HSR to go low (to reset S ) but while HSR is low, ARS keeps
BMF high keeping ICL and ICM low,

Enter the new information into the ADDRESS switches.

a. The ADDRESS switches are of the momentary contact type. They are gated
with CBLSCI1A directly into the S register. LSC is high every time 6
during the stop mode. Since HSR is high the S register will recirculate.

Depress the ENTER button, .

a. Refer to Page 112 of the flow charts, and the timing chart at Fig, 12-2,

b. While in stop mode COP comes high at time four, and synchs the '"ENTER'
button function CPKEBI1C on the input to CPKRF10, which recirculates
until time three. KRF will set every time four (for this operation) so long
as CPKEBIC is high. CPKRSI10 is just a delayed version of CPKRF20,

When CPKRF40 goes low a peripheral response is forced (see inputs to C.P.
cycle flops), allowing the R register to be set to the R switch setting,
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RO1 = T07¢CPCR1P
RI1P = (S) ROLeKRF

RO1 = T05eR15
R15 = CPCsCD1
CD1 = R1PeT02

R02 = T07+CPCeR2P R03 = T07CPCeR3P R04 = TO7¢CPC*FRS
R2P = (S) ROZ«KRF R3P = (8) RO3*KRF FRS = (8) R04*KRF
R02 = T05°R25 R03 = T05°R35 R04 = T05°R45

R25 = CPCeCD2 R35 = FEXCPC R45 = CPCe*R4P

CD2 = R2P*T02 R4P = T01FRC

FRC = (S) R04¢KRF

At T05 and T06, S is gatedto Z . Since both ISR and DSR are low at this
time, the M register is reset, and the S register is placed directly into
Z . Writing from Z at T06 had been inhibited because of IYB on CBIYZ10,
But IYB is forced low because of CBCPC70., Therefore at T06 "write from
7 is allowed and the new information is written into the desired C.M.
location,
At TO7 the R register is again set to the switch settings, but C. M. sense
amp transfer to S is inhibited due to ICL and ICM being held low by BMF,
which is forced by HSR. Note, however, that HSR is now held high only by
CPKEH10, since KRF is low. KEH is simply the "enter button,' KEB,
synched to the C. P, times. When HSR goes low, S recirculation is main-
tained by T08 at pin 32.
The CONTENTS indicators will show the main memory contents for this new
address., The logic discussion is at IV-C-1B,

B. Displaying the contents of a location in control memory

1. Enter C. M, address into control switches.

a.

See paragraph IV-A-1 and IV-A-4

2, Hit DISPLAY button,

a.

12-12

There are three display buttons for control memory.

CPKYB1C - Display

CPK1B1C -~ Display + 1 (Display address then increment)

CPKMB1C - Display - 1 (Display address then decrement)

For display only, KYB sets KRF and, so long as the button is held, KRF
keeps coming high. The action is similar to that discussed in IV-A-4. The
main difference is that HSR goes low with KRF coming high at T04. This
allows BMF to go low, and this then allows ICL and ICM to come high and
gate the control memory sense amps into S at TOl (normal S clear at T08).

The M register is zero's because there is no gate to set the increment
function ISR, and the decrement function is held low by CPIDS10. IDS is
set by CPADS10 (high during stop mode) and CPKM100 which is forced low
only by KMB the "display-1" button. Therefore the transfer from S to

Z is done with no modification and the content of the displayed control
memory location is not altered.

If the display +1 (K1B,)or display -1 (KMB) buttons were hit, the display of

the addressed control memory location would occur as presented in the
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previous discussion, but now the S register will be incremented or decre-
mented before being written back into control memory. There is one small
change in the display logic when K1B or KMB is punched, and that is that
KRF is allowed to come high only once instead of being allowed all the time
that an input (display or enter buttons) is held high. This must be done
because if KRF were allowed more than once, more than one "buffer' cycle
would be allowed and the S register would be augmented again for every
"buffer" cycle.
d. The function CPKDM10 is set by KMB or K1B, KDM is anded with CPC0P10
on the input to KRF,

CPKRF10 = KDMeCOP

CPCOP10 = T04¢COSeSTP

CPC0S00 = I = KDMeKRF
CPCOS10 = I = CO0S+ T08sACHeSOR

CO0S will be high initially, allowing COP at T04, COP will then allow KRF to
be set and recirculate until T03, But KDM and KRF will set C0S, which
cannot be reset until SOR comes high., CPS0R10 is held low by KDM, and
KDM is high all the time KMB or K1B is held depressed. This then allows
only one KRF every time K1B or KMB is depressed.

e. K1B (display +1) is gated with KRF on the input to CAISB10, a backup funct-
ion for ISR, Thus the display +1 button directly forces an increment,

KMB (display -1) forces CPKM100 low. KM1 had been used to keep CPIDS10
high, It is the function of IDS to keep CBDSR10 low during stop mode. So if
KM1 is forced low, preventing IDS from being set, and thereby allowing DSR
to come high, a decrement is forced.

f. Note that HSR is low only during KRF time (T04 through T03). At TO08 the
§ register is reset and then loaded from control memory at T01, Normal
recirculation (T08) holds this information until HSR comes high again at the
following T04, If at this time one of the display buttons is hit again the result
of the previous agument will be seen on the S indicators. If the button hit
had been one of the augmenting display buttons, the S register would be
augmented again and the result of this second augment could be seen by
hitting a display button again,

g. When the ADDRESS DISPLAY buttons are depressed the CONTENTS
indicators will show the contents of the main memory address displayed in
the ADDRESS indicators. The logic discussion for this is at IV C-1B,

Displaying A Main Memory Location
1, Depress the CONTENTS DISPLAY buttons.

a M2N = T = CPIMNI0
IMN = STPeKRSeCPNDS10
NDS = CPNDY00¢T02 (Recirculated through T01)
NDY = (I) = STPeT07¢CPNDBI1C (Recirculated through T05)
NDB = 'N' Display Button

12-13
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12-14

Refer to Fig. 12-1, Normally during stop mode N is recirculated, but

NDB causing NDY to go low will allow CPARN10 to come high, and at T01
the N register is reset. Main memory is continously cycling so at T05

the N register is set from the M. M. sense amps with M2N, The main
memory location interrogated is specified by the S register. This same
location is cycled so long as the S register is not changed, NDY is re-
leased. When NDY does come high (just after the N register was set from
main memory sense amps), CPARNI1O0 is forced low, thereby keeping
CAHNRI10 high and recirculating the N register. NDY will also kill M2N

to prevent clobbering thc N register if the S register is changed (address-

ing another location).

When displaying an address stored in control memory, or entering a new
address into control memory, the contents of main memory for that address
is displayed in the CONTENTS indicators. Entering information, or display-
ing a control memory location will cause CPKRF10 to come high. KRF
coming high will force CPKRS10 low. KRF will allow CPARN10 to come

high to allow clearing the N register at T01l. KRS being low causes
CPIMN10 to go low, which allows CAM2N10 to come high. M2N will gate

the sense amps into the N register at T05, Thus any control panel display
button and the control enter button will cause the contents of the main memory
address displayed in ADDRESS indicators to be displayed in the CONTENTS

indicators.

Entering New Information Into Main Memory

1,

Depress CONTENTS CLEAR

a.

The CLEAR button CPCNBOC will allow CPARN10, thus allowing the N
register to be cleared by HNR at T01. Information is set into the CONTENTS
switches on the control panel, and the switches are gated into the P register

all during the stop mode.

Enter new information into CONTENTS switches.

a.

The switches for the two punctuation bits are gated directly into N07, and
N08. During the stop mode the sub-command CAPTNI10 is always high, so
the information bits from the P register are gated directly into N .

Depress CONTENTS ENTER button,

a.

Until now M, M. has been continually cycling and writing from the sense
amps. But when the CONTENTS ENTER button (CPNEBIC) is hit, CAFRN10
is forced high, forcing CAINL10 high. During stop mode INL coming high
forces NLD, N7D, and N8D, These last three functions allow the entire N

register (as set by the control panel switches) to be written into memory.
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E. Change Address Mode

1.

Depress ADDRESS MODE button (CPCABIC).
a. As long as the ADDRESS MODE button is depressed, while in the stop mode,
CACAB10 will be high,

CO0S = I = TO7¢CAB
CO0S = I = T08eACHeSOR
SOR = I = CAB

When CAB is depressed COS goes low at T07 and sets C0S, which cannot be
reset until CAB is released because CAB is holding the reset function SOR
low. The flop CPAMSI10 is storing the present address mode, and at TO7
when COS is set, and CAB is true, it will force the character mode flop,
CPCM210, to change state.

b. When CAB is released SOR is allowed to come high to reset COS at T08.
(This kills the gates on CM2, COS at T04 will now allow CPAMSI10 to be set
to the same state as CM2. Thus the character mode is changed, and the new
state of CM2 is stored in AMS, Note that COS is normally high during run
mode, so that if the change address mode instruction is issued and changes
CM2, then this change is also stored in AMS.

F, INSTRUCT Button

1,

Stepping through a program one instruction at a time is accomplished by de-
pressing the INSTRUCT button (CPINBIC). When in the stop mode, depressing
the INSTRUCT button will start the machine just as though a normal start had
been executed, In addition, the first EAC cycle will set CPACL10, which will
set CPSV310 in the next V3 cycle. SV3 will cause the machine to stop after
executing one instruction.

CPACH10 (I) = CPINBIC
CPACR10 (I) = CPCOP10

ACR will kill recirculation on ACL, allowing ACL to come high. The timing chart
on page 12-18 of the flow charts shows the sequence of events for a start - stop.

(For a detailed explanation of start-stop see page 12-18, The only real differences
are that run is set by another gate;

CPRUN10 = INBeACHeCOP
And after run allows an EAC cycle, another gate is used to set ACL,

CPACL10 = INSeEACeT04
CPINS10 = INBeCOPeACH
+ INSeHFCeCPCCLO00

ACL will allow SV3 to set when the instruction has been completed.
CPSV310 = ACLeDVCeE3CeT03
SV3 will kill CPRUN10, preventing another instruction from being executed.

If the single instruction initiated had been a peripheral order, the machine would
still go into a V3 cycle stall. But CPSTP10 could not be set until the peripheral
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device releases the R/W channel to which it is tied. STP allows the data transfer
to be completed, and RUN prevents the extraction of another instruction from main
memory.

G.  Bootstrap
1. Depress BOOTSTRAP Button.

a. To enter a program into memory requires a small loading routine. But how
is this routine entered into memory? Punching in the instructions on the
control panel would be time consuming and tedious, A much better solution
would be to force a peripheral read instruction. This, in fact, is exaetly
what is done. The operation is called a "bootstrap", pecause it allows
reading one record from a peripheral input device with no external inter-
vention other than pushing the bootstrap button. Of course, if the operator
wants to know where the record will be entered in memory and what input
device will be used, he had better specify this information. The bootstrap
routine assumes that it will be loaded into a particular area of memory, so
the starting location of the input area must be specified by entering this
address into the ADDRESS switches., While the starting address is in S, the
trunk number of the input device to be bootstrapped is entered into the N
register by means of the CONTENTS switched.

b. Refer to the bootstrap timing chart (Figure 12-3) and flow charts. In general,
when the BOOTSTRAP button is hit, the M1 cycle of a peripheral data trans-
fer is forced. But during the last C.M. cycle of the V3 cycle, previous to
the M1 cycle, the contents of the S register (unmodified because of ISR and
-Dﬁf) is written into the sequence counter. The bootstrap function CPBST10
is used to force most of the conditions to allow this modified PDT instruction.
A complete load list for BST appears in Figure 12-3. Refer to page 114 of
the flow charts. Note the S to Z transfer, and writing of Z into C.M. location 17.
The N switches are shown feeding N07, NO8 and the P register. In the stop
mode there is an unconditional transfer of P to N every time 6, but in stop
mode and during BST, N cannot be reset, and the sense amps write into
memory. IBP (inhibit bootstrap punctuation) forces IN7 and IN8, insuring
that punctuation is written from N during bootstrap. Since NO7 and NO8 are
cleared during information transfer, all punctuation in the input area is also
cleared. IBP will be reset after the RWC is released.

c. The RWC #1 starting location counter is forced into the V register by BST.
This is to simulate the first variant character. BST will allow CPSTP10
(stop flop) to go low, but CPRUN10 is low all during the operation. STP
is necessary for a peripheral transfer, but since only M1 and M2 cycles are
required, CPRUNI0 is not necessary.

12-16



L1-21

ACL

Ccos
ACH

BSB

cop

BST
PNA

SV3

STP

DMP

FGS

FGG

FRE

V3 M1

BOOTSTRAP

M2 V3 \ (

|2

Lz

BST_SETS BST RESETS
NO7 PRW HST—»STP
BAC SMA HSR
Ccos R3S
ARN PDA Vo3
IMN NG7 V02
Voo 101
Vo4 DLAﬂ 111
Vol IBP S3H
FGE —®FGG DSR

Figure 123

TIX NOILLDHS

TINVd TOULNOD



SECTION XII CONTROL PANEL

d. On page 115 of the flow charts the M1 cycle is represented. FDD is gener-
ated to gate the trunk address that had been transferred from N to F, to
the peripheral control units. Memory read out to N is inhibited all during
the time of BST, so the trunk address is not destroyed. Location ten in the
second C.M. cycle is used as temporary storage for the starting address
before writing it into the location eleven in the third C.M. Ncycle. In the last
C.M. cycle the sense amps are written back in, even though the contents of
Z have not been modified (ISR*DSR).

e. M2 cycle on page 116 shows how the PDT is terminated by forcing NO7 to a
one with BST and DM2, NO7 will set FGG the peripheral go signal. NG7
(set with BST) gates V (RWS #1) to the peripheral control unit, NG7 also
sets FGE, which forces the channel no. 1 active flop (because of contents of
V). The channel active flop (F1A) resets the peripheral active collector,
(PNA) allowing BST to be reset, and preventing CPSTP10 from being set when
CPSV310 is set in the next cycle.ACL, the allow clear function, was set by
CPBACI10 which in turn came high with DM2 (derived EMC and E2C).,

f. Because CO0S cannot be reset until ACH (held low by the bootstrap button)
comes high, and COS is required to set COP, then BST can come high only once
each time the bootstrap button is depressed.

g. The next cycle is V3. It cannot be followed by EAC since CPRUN10 never was
set. CPACL10 was set and recirculated however, allowing CPSV310 to be
set during this V3 cycle. SV3 will insure a V3 stall, and will allow CPSTP10
to be set at the end of data transfer.

h. When the bootstrap terminates (stop light will come on when the R/W channel
is released), the starting location that was punched into the ADDRESS switches
will be stored in control memory locations 17, 10, 14, and 11 (sequence
counter, B address counter, A address counter, and R/W channel #1 start-
ing counter). Loading the A and B counters allows bootstrapping into any
module of memory, while still using two char. addressing in the loading
routine.

Stop Mode

Figure 12-4 shows the timing of the functions necessary to stop the central processor from the operator's
control panel. When the stop button is depressed (CPSTBI1C) the central processor will complete the
instruction being currently processed and, if no peripheral channels are active, stall in a V3 cycle. The
stop button sets ACL, which will recirculate on ACR. ACL will allow SV3 to come true at time three

of the next V3 cycle, SV3 will reset RUN and inhibit the recirculation on all major and minor cycles
except DVC and E3C. RUN being low will not allow the setting of EAC which is the normal next state
condition for a V3 cycle. The central processor is now considered to be in the stop mode. The sub-
commands N21 (N register to I register transfer) and ISR (Increment S register) which normally are
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high during a V3 cycle are inhibited during the stop mode. N2I is inhibited by RUN,
N4I = PU3eITFeCT6*RUN

N2I = NA4JeTO07IMT
ISR will be low, also because of RUN.
ISR = DFCeEXCeT08¢RUN

However, ISR feeds DSR (Decrement S register) which is an invertor, so it is necessary to provide
another gate on the input to DSR to inhibit decrementing S. CPIDS10 (inhibit decrementing S) will serve

this purpose.
IDS = T01eKMI1eADS
KM1 @ =

KMB (Console Display -1 button)

ATR M =

43103 \&) Ly

+ STPeCPC

STPeFRI1eFR2¢FR3

It is sometimes said that during the stop mode the CP is performing "dummy V3' cycles, since the clock

still runs and memory is cycled but nothing is accomplished.
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