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FOREWORD

Logic diagrams contained in this manual do not attempt to show the entire device, sequence being illustrated is not included. Certain areas may not be shown at

nor even depict complete modules within that device. The purpose of the diagrams all, while others may appear on several drawings. These limitations are im-

is to show the logical significance of circuits that may involve parts of many modules portant to remember; the logic diagrams do not replace the 6000 Series chassis
on several chassis. Logic hardware that is not pertinent to the particular logic and cable tabs, but they are a valuable tool in understanding the tabs and the over-

all operation of the machine.

Central Processor
Pub. No. 60119300

Rev. D



KEY TO LOGIC SYMBOLS

(Standard 6000 Series Card Types)

Logic diagrams represent a symbolic approach to electronic schematics. By

using symbols to represent building block circuits, the schematic becomes easy

to read if the reader understands the function of the symbols. In CONTROL DATA%* _>® _,B _,&
logic, two signals, a logical ""0" and a logical ''1"" are the possible input or output

conditions of a circuit. For example, '"1'" is considered "up" and ""0" is considered

"down'' on a timing chart. Detailed descriptions of logic symbols and their Figure 2. Special Inverters

associated electronic representations are contained in the Printed Circuit Manual, Acceptable conventions for showing multiple inputs and outputs are given in

Cordwood Modules (Pub. No. 60042700). Figure 3. Note that the output of inverter A is "0'" only if inputs X, Y, and Z are
all '"1". The multiple outputs are identical.

STANDARD LOGIC SYMBOLS

X
Standard logic diagram symbols for Control Data equipment using 6000 Series Y%i il

card types are inverters, test points, flip-flops, twisted pair line drivers, and z

coaxial cable line drivers.
Figure 3. Multiple Inputs/Outputs

Inverters Acceptable conventions for showing inverter networks are illustrated in Figure 4.
An inverter is a logic element which provides an output that is a negation of its As a general rule, circle inverters alternate with square inverters wherever
i t. When more than one input is provided to an inverter, "0's" take precedence possible. Because multiple outputs are identieal, only one arrow is shown in
over ''1's" and therefore drive the output of the inverter to ''1". Because all of the cases where an inverter (A) serves as the single input to several succeeding
several inputs have to be ""1" to drive the output of the inverter to a "0", the inverters. In more complex inverter networks, multiple arrows are used

inverter may be considered an inverting AND (or NAND) gate when more than one (B to C and D; in this case because B is not the only input to C or D).

input is present. The basic inverter is shown in the logic diagrams as an arrow

into either a circle or a square (Figure 1). Both symbols represent the same

electronic circuit and have the same logic interpretation. In a logic sequence of

inverters, circle and square symbols are asually alternated as an aid in tracing ~
signals, e.g., a "1" output from a square symbol implies a "1'" output from

subsequent squares in the logic chain.

C D Test Points

Figure 1. Inverter Symbols A test point has no logic function, but is shown in the logic diagrams as a

Figure 4. Inverter Networks

Certain card types employ variations of the standard inverter building block. triangle (Figure 5). They are numbered from 1 to 6.

These differences are indicated in the logic diagrams by a dot or a cross in the
circle or square (Figure 2). Both the chassis tabs containing the card in ques-
tion and the Printed Circuit Manual, Cordwood Modules (Pub. No. 60042700) contain

electronic schematics of these special variations. Figure 5. Test Point Symbols

*Registered trademark of Control Data Corporation Rev. M



KEY TO LOGIC SYMBOLS (Cont'q, )

Flip-Flops (FF)

The flip-flop (FF) is a storage device with two stable states--designated as Set
and Clear--and is composed of two inverters (Figure 6). The flip-flop 1s said

to be set when the set output (B) is a ""1", and clear when it is a ''0"". Note that
the input (A) must be "'0" to set the flip-flop and (C) must be ''0" to clear it.

Figure 6. Flip-Flop Symbol

Logic signals are transmitted from one module to another by means of a line
driver. Modules on the same chassis are connected with twisted pair lines, and

those on separate chassis are connected by coaxial cable.

Twisted Pair Drivers

The twisted pair driver is represented by the standard square or circle. The
output of the square or circle, however, is connected to a pin of the module 1n
question and wired from there to a pin on another module (Figure 7). The ground
wire of the pair is wired to the connector ground bus of each module. The pins
are represented by small circles and are numbered from 1 to 28 (Pins 29 and 30
are ground and +6 volts, respectively, and generally are not shown in logic
diagrams). The module location is shown above the card, and the module type

is denoted in the upper right corner.

(TWISTED _ PAIR)

Figure 7. Twisted Pair Line Driver

Coaxial Cable Drivers

The coaxial cable driver is a 25 nsec pulse circuit, and is represented as

shown in Figure 8. The pins used are represented by a small double circle.

Figure 8. Coaxial Cable Driver

Rev. D
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PERIPHERAL AND CONTROL PROCESSORS

INTRODUCTION

The €ONTROL DATA 6601 Central Computer consists of ten peripheral
and control processors, a central processor, central memory, and
peripheral equipment controllers. Each peripheral and control
processor is an independent computer with 4096 words of core storage
and a repertoire of 64 instructions. The peripheral and control
processors share access to central memory and to 12 bi-directional

input-output channels.

The ten peripheral and control processors are combined in a multiplexing
arrangement which allows them to share common hardware for arithmetic,
logical, 1/O, and other operations without sacrificing speed or independence.
This multiplexing arrangement consists of the barrel, the slot, and common
paths to storage and I/O channels.

The barrel is a matrix of FFs used to hold the quantities in the operating
registers of the ten processors and to give each a turn to use the
execution hardware in the slot (adders, shift network, etc.). The
quantities in the barrel are shifted from slot output to slot input. Each
time a processor's data enters the slot, a portion of the instruction is
executed. A trip around the barrel requires 1000 nsec (one major cycle),
of which each processor's data spends 900 nsec in the barrel and 100 nsec
in the slot, Each processor has its own independent 4096 word memory
which may be referenced once each major cycle (once each trip around
the barrel).

The peripheral and control processors read data from input devices,
perform preliminary arithmetic and logical operations, send data and
programs to central memory, assign tasks to the central processor, read
central processor results from central memory, and send results to
external storage (magnetic tape, disc file, etc.) or to output devices

(line printer, display console, etc.).

Characteristics of the peripheral and control processors are:
-- 4096 word magnetic core storage (12-bits)
Random access, coincident current
Major cycle - 1000 ns
Minor cycle - 100 ns
-- 12 bi-directional input-output channels
All channels available to all processors
Maximum transfer rate per channel - one word/major cycle.
-- Real-time clock (period 4096 major cycles)
-- Instructions
Arithmetic
Logical
Input-output
Central memory read/write
Exchange jump
-- Average instruction execution time - two major cycles
-- Indirect addressing

-- Indexed addressing

Pub. No. 60119300
Rev. C

Peripheral and Control Processors
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EQUATION LISTS

P Register and P Incrementer K Register
P Incr. = P=Q~P K=K = 2XX+(70X.clock select)+(70X.full){i2X. active. empty)+(74X
Q Adder = P=011+022+(64X. active)+(65X. inactive)+(66X. full)+(67X. empty)+ 1nactive)+(75X. active)+(76X. inactive)+8XX+4X1+5X2+011+022
(03+(04, A=0)+(05. A=0)+(06. A pos)+(07. A neg) ). (K=00X) +64X+65X+66X+67X+713+733+604+(624) (central busy)+(77X
Adv. P = (K=00X).(26+60)+5X5+(26. central busy. K=00X)+021+5XX+2XX+ inactive) )
64X+65X+66X+67X+713+733+(637, central busy)+(617. Q#0. central 340 K = 35X+36X+37X+451+461+471+552+562+572
Busy. C%)+613.C*. C5+614.C34615. 524616, Cl4633. Dl+634. D2+635. D+ F™K = 01+02420+21+22423+3X+4X+5X+(F5, 60)+(60. central Dusy ¢7 (C1:
636. D+712. full +(732, empty. active)+(77X nactive)+eentral busy. s, C2+C3+T4) )
@1+22483%:8Y). (K=00X). (F=60) 712K = load,dead start (clock=7777)
Fd=P =+ 612 central busy.C>. (C1+C2+T3+C 4463247114 73147334713 732 *K =  dump.dead start. (clock=7777)
Zero > P = dead start. (clock=7777) 505 *K = sweep. dead start. (clock= 7777)
Adv K = 010+020+610+630+ 021+5X 1+4X0+5X 0463247114731+
A Register and A Adder ((712+732). 1nactive)+611+631+710+730+((0 14024+ 5X) d=0. K=00X)+
(600.C% T4+(601 C3)4(602.T2)+(603. TH+(613.T4 ¢5)r(614 &)
10000, — A = dead start: (clock=7777) (615.C2)+(616. TL)+(620. D)4 (621 D2)+(622. H3)+(623. )+
X ~A =27 (K=00X) (633. D)+(634. D2)+(6 35. DH)+(636. DH+(T12 full. A=1)+(732
3TX+4T1+572+36X+461+562 empty. A=1)+(612. central busy C5 (CL+C2+F3:T4) )
T4X+15X+20X+27X+30X+36X+37X+401+461+471+502+562+4 572+ 70X cirk? - 617.Q=0+617.central busy CH.
R * A= 70X Q=0+637. central bus
Fl = By = 36X+4014562+(637, central busy)+614, C° Setk® = 617.Q-0+637. central buey Q=0
-1 = B, = 712, full + 37X+471+572+(732. active. empty)

+d = B = 104124144 16+20X+2 1 X422 X431 X+35X+411+451+552+30X-+401+502
By = 114 13+15+17+23X +33X+431+532+32X+4214522
By = 200421X4 22X 430X +31X+35X+401+41 14451+ 5024512+ 552

SF % By = 23X+33N4 43145324 32X 44214522

00 = By = 10+12+14+16+36X+4614562+(614. T )+(637. central busy)

00 = By, = 30X+31X+35X+36X+401+411+451+461+502+512+552+562+410 412414 +

A Adder Control

1(:%(614.(‘3)4-((137.c?ntral Toeo) Add = 10111+12+13+22X+23X +33X+431+532
Sele = 241342 ERANEE : E
+QL" Bl.= 20Xe21X4 228 Selective 11112+13422X423%433X+431+532
LY Logical Prod, = 12+¢13422X
-Qp, T B =23% Shift = 10

Q Adder Controls

Registe 1 Q Adde

Q™ Q Adder = 0104020 4X0+43X0+630+64X F65X+66X+ 67X 610+ K- 00< Q Regrster and Q Adder

P~ Q Adder= (03 +04 .05, 4‘4'6 407 ) (K=00X) 000 000 00X XXX *Q = dead start (<loc h=7777)
- SRS E31609 B2 01 Flicon w1

FLTH L 1= 02200\, 7L TF K=XN0)+(601, T%)+602, T4 603, T L+620. D+ 1=Ql = dead start (cloch=7777)

L —2 =3 —1
621 D7+622.D 4623, D Minor cycle 819:4+5

- . . \ . = & NN . s N 2
d “L 200N 01040204021 - 011 +4X045X045X 142X X+64X +65X+66X+67X+ 1*Q = dead start (clock=7777
6100630
F o = 011-020 03X 112NN 010+020 0 6104 630+64% 65X+ 66X+ 6 TN 4+4 N0+ 1 ..Q*
3\0

Minor cvole 6+748+9
= dead start (clock= 7777)
Minor cvele 0+1

1 s _ 1=Q" = dead start (clock=7777)
V00—~ “L: ( (nwmn.’)vt)h»tl?).d")(l(:“()x) Minor «yvcle 10 3+5+7+9
Q Adder ~Q = [nconditional
G Register
PG o= (Q ) (T1347334 710 730+611+631)
QG = 01040204022 (4\N+6101630+60X+62% + 3X0+5X0+5X 2 peripheral and Control

Processors
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TIMING

Timing in the 6600 is controlled by a four-phase master clock located
on the peripheral and contrel processor chassis (chassis 1). Four
25 nsec pulses are issued each minor cycle to control movement of
data and instructions. A storage sequence control system, timed by
the four-phase clock, controls storage references and defines the

ten peripheral and control processors.

25 75

H

/
E\hE

CLOCK
OSCILLATOR

CHASSIS 1

Peripheral and Control Processors

CLOCK

MASTER CLOCK

The master clock oscillator consists of a TD module and a TI module.
To form the 25 usec clock pulses, a pulse from the TD is ANDed with a
similar pulse which has been delayed and inverted by the TI. The result
is a series of pulses (primary clock) which are fanned out through TC
modules to be used as timing control. In addition to forming the clock
pulses on chassis 1, the master clock sends pulses to chassis 5 and
from there to all the other chassis. On each chassis, the incoming
clock pulses are used to form a clock system similar to chassis 1. The
clocks on all chassis are synchronized so that time 00 on any chassis

is the same as time 00 on any other chassis.
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BARREL

The barrel contains the A, P, Q, and K registers for each of the ten
processors. The functions of these four registers in the barrel are:

A (18 bits) A holds one operand for add, shift, logical and selective
operations. The 18-bit quantity in A may be an arith-
metic operand, central memory address, or an I/O
function or data word.

P (12 bits) P is the program address register. (P) is also used

as a data address in certain I/O and central instructions.

Q (12 bits) Q holds the d portion of instructions or may hold a
data word when d is an address.

K (9 bits) K holds the F portion of an instruction word and the
trip count (the number of times an instruction has been
around the barrel).

A REGISTER

The A register in the barrel receives the result of add, shift, logical
or selective operations in the slot. This quantity may be stored,
returned to the slot unaltered or used to condition other operations. A
is always tested to determine its sign and whether it is zero, non-zero,
or one. The result of these tests may be used to condition jump or
other instructions. The quantity in A may be a full 18-bit central
address or as12-bit peripheral-word (in ‘which case the upper 6 bits
will be zero).

The connections to A in the barrel are:

Outputs

A—-M - (A) may be sent as a data or function word on one of the 1/0
channels.

A —+ Central Address Register - (A) is the central memory address in

central read and write and exchange jump instructions.

Peripheral and Control Processors

A —-Y - For a store instruction, (A) is sent to Y and then to storage.

A - Translation Networks

Inputs

X - A - The content of the central program address register is sent to
the peripheral X register every minor cycle. A 27 instruction
sends (X) to A and enables a peripheral and control processor
to monitor the progress of the central program.

R ~A - Aninputto A instruction gates a word from an I/O channel

into A.
Fd -~ A- A data word from storage is entered into A by the Fd ~ A path.

A - A - When the quantity in A is to be returned to the slot unaltered,
the A ~ A gate is enabled.

P REGISTER

P holds the program address and is not changed in the barrel (except
by Dead Start). (P) is sent to a storage unit from stage 6 in the barrel.
This allows time to read a word from storage and make it available at
slot time. (P) is sent to the G register which feeds all ten storage
address or S registers. When a jump is called for, P is sent to Q from
barrel stage 12. Q is then altered by the Q adder in the slot and the
new address returned to P at the first stage of the barrel.

Q REGISTER

Q holds the d portion of an instruction and has several outputs to
translation networks which make channel selections for I/O instructions.
When d is an address, (Q) is sent from the slot to P in the barrel

and the word obtained from that address is entered into Q in the slot.
When a jump is called for, the quantity in Q is added to or subtracted
from (P) in the Q adder and the result sent to P. When an instruction
calls for an 18-bit operand, the lower six bits of Q are sent to the upper
six bits of A to form the 18-bit quantity dm.

Pub. No. 60119300
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K holds the F portion of an instruction word and a 3-bit trip count
which sequences the execution of an instruction. K is translated at

two different times during a trip around the barrel; first, to determine
if a storage reference is needed, and second, to provide the proper
commands at the slot. During the barrel trip in which a new
instruction is being read from storage, a translation of K = 00X enables

Peripheral and Control Processors

K REGISTER

translations from Fd in the storage cycle path to be used in place of
K translations. This eliminates the need for a separate ""Read Next
Instruction' trip through the barrel and allows certain instructions
to be read from storage and executed all in one trip. The K = 00X
translation arises from the fact that K is cleared at the end of each

instruction.

Pub. No. 60119300
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The slot contains the execution hardware for A, P, Q, and K. Each

processor is allowed one minor cycle in the slot every major cycle.

Included in the slot are:

A

Adder

Shift Network
Logical Circuits
Selective Circuits

Incrementor
Inputs from P or Q in the barrel

sLOT

BARREL
SHIFT NETWORK

N A ADDER

BARREL

P INCREMENTER P §

Q ADDER Q \

K TRIP_COUNTER K
BITS 0-2

K TRANSLATIONS J

SLOT

Q Adder
Input Path from Fd

K 3-bit Trip Counter
Input from F
K = 340 Gate

As A, P, Q, and K enter the slot, K translations (started earlier in the
barrel) become available and a portion (or all) of an instruction is
executed. The results are gated back into the barrel to be stored,

used again, or sent to I/O equipment.

Peripheral and Control
Processors
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STORAGE SEQUENCE CONTROL

Timing for memory references is controlled by the Storage Sequence
Control, which is a timing chain of FFs gated by clock pulses. As a "
passes down the chain, each FF is set for one minor cycle during which
it issues commands to the storage logic. This chain reinitiates itself
after each cycle and runs continuously. One memory reference is
initiated each minor cycle. The Storage Sequence Control overlaps

the references as shown in the typical stage "a'.

The stages of storage sequence control are numbered according to
the processor for which they initiate a memory reference. The

commands issued by the first half of a typical stage are:

G — S, Storage a

Clear Z, Storagea +1

Set Z, Storagea + 5

Enable Sense, Storage a + 7

ot

The second half of state "a' issues the commands:

Read, a

Write, a + 5
Stop Read, a + 6
Stop Write, a + 1

These commands and other signals from storage sequence control

define and separate the peripheral and control processors.

The reset circuit which reinitiates storage sequence control senses
whether stages 0-8 are set; if not, stage 0 is reinitiated just after

stage 9 has issued its commands.

A memory reference is initiated from stage 6 in the barrel, so that
information from memory is available at slot time. Thus, a memory
reference for processor 0 (storage 0) is initiated while processor 5

is in the slot.

MEMORY

Each of the ten peripheral and control processors has its own independent
core-storage unit with a capacity of 4096 12-bit words. Each has its own
address register (S), sense amplifiers, and restoration register (Z).
However, the ten storage units share a common memory cycle path and
common paths to and from the barrel.

Each peripheral and control processor makes one memory reference
each major cycle. When no memory reference is called for by the

current instruction, address 0000 is read and restored.

Peripheral and Control
Processors
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MEMORY CYCLE PATH

The common memory cycle path used by all processors receives data
from the memories via the sense merge. Inputs to the sense merge
from the sense amplifiers are a logical "1" (0.2v) when sense is not
enabled. When a processor's sense amplifiers are enabled, the

outputs of the PS modules are allowed to go to +1.2v for a sensed

"0". If the core switches, the sense amplifier output goes to +0.2v
"1'". The AND combination of logical "1's'"" from unselected processors,
even or odd sense enable, and "'1" bits from the selected processor's
sense amplifiers sets the word from memory into the Fd register in

the memory cycle path.

The memory cycle path sends information to the barrel, I/O channels,
translators and central write pyramid and receives information from the
barrel, central read pyramid, and I/O channels. Outputs from Fd in
the memory cycle path are translated and used to form commands

when K = 00X (read next instruction trip).

Information in the memory-cycle path (either the read word or a new
word) is fanned out from the Y register to the ten Z registers. The set
Z signal from storage sequence control gates the complement of the
word to be stored into the proper Z register.

Peripheral and Control
Processors
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K in the slot consists of a 3-bit trip counter for the lower three bits and a
fan-in for the upper six bits. The advance K signal to the trip counter is
enabled by instruction translations. For some instructions, the advance
K signal is controlled by signals which indicate status, i.e., the 5X0
trip is skipped by all 5X instructions if d = 0, and wl{en K = 1732, Kis

advanced only if the I/O channel is empty and active and A = 1.

The three-bit trip count controls the sequence of operations for each

instruction and is sometimes changed by gates other than the trip counter.

For instance, for a central write instruction (63), K is changed from 637

K REGISTER

to 633 to repeat the sequence of commands and send another word.
When a 63 instruction is completed, K is changed from 637 to 733

to finalize the instruction and obtain the next instruction from storage.

The fan-in to the upper six bits of K allows the instruction code F
The K -~ K path allows another
The path K = 340

is used by replace instructions which automatically use the store

to be entered into K from storage.
trip around the barrel for the present instruction.

instruction 34 to accomplish the store portion of the replace

instructions.

Peripheral and Control
Processors
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A ADDER

The A adder is used to execute add, subtract, selective clear, logical
product, and logical difference instructions. Parts of the A adder

are also used to enter a word into the shift network and gate the result
back to the barrel. The quantity in A in the barrel is always complemented
when it enters the slot. When no operation on A is called for, (A) is
complemented, enters the A adder, is added to zero, and the result is
recomplemented at the output. The Add gate on the QD modules is

always enabled except when Selective Clear, Logical Product, or

Shift commands are enabled.

Add
For an add instruction (A) is complemented and entered
into the A input register. The second operand is also
complemented and entered into the B input register. The
two quantities in the input registers, taken as positive,
are added and the sum is re-complemented as it is gated
out of the QD modules to the barrel.

Subtract
For subtract instructions, the minuend, (A) is complemented
as it enters the adder. The subtrahend is entered into B
without being complemented and the two quantities are added
as in an add instruction.

Selective Clear
For selective clear, the complement of A and the true value of
d are entered into the adder and both the selective and the
logical product gates are enabled.

Logical Product
For logical product instructions, both A and d (or dm) are
complemented before entering the adder and both the logical
product and the selective gates are enabled.

Logical Difference
For logical difference instructions, the complement of A and
the true value of the second operand enter the adder and only
the selective gate is enabled.
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SHIFT NETWORK

The shift instruction (10) provides for shifting the number in A up to 31
places left or right. Left shift is circular with the high order bits
re-entering A at the low-order end. Right shift is end-off with low-order
bits discarded as they shift out of the A register and with no sign extention.
Thus, a left shift of 18 is equivalent to no shift, and a right shift of 18
clears the A register.

The shift network is a static network. The content of A enters the

register at time IV, each bit follows a path established by static translations
of the 6-bit shift count in d, and the result re-enters A in the barrel at the
next time IV. The input to the shift network comes from the A input

register in the A adder (the content of that register, which is the complement
of A, is re-complemented before entering the shift register). The output of

the shift network is gated back to the barrel by way of the output
modules (QD) of the A adder. Note that the quantity in A is always
shifted but the result is gated to the barrel only when the current
instruction is a shift.

If d is positive (00-378) the shift is left and the shift count is the
content of d. If d is negative (40—778) the shift is right and the

shift count is the complement of the number in d.

At the first stage of the shift network, d4 and d5 are tested to
determine whether the shift is greater or less than 16 and whether
it is right or left. If the shift is 16 or greater, a shift of 16 is made
at this point and the result then enters the rest of the shift network.

Bits do-d3 are tested with d5 to set up paths through the rest of the network.
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COMMUNICATION WITH CENTRAL MEMORY

CENTRAL PROCESSOR

The peripheral and control processors may communicate with the central

processor and central memory in several ways. They may read the
central processor's program address, tell the central processor to

jump to given central memory address for its next instruction, or read

from or write into central memory.

CENTRAL PROGRAM MONITOR

The 18-bit central processor program address is sent to the central
program monitor register on chassis 1 every minor cycle. A Read
Program Address instruction (27) sends the central address to the A
register. Thus the progress of a central program may be monitored
by any peripheral and contrbl processor.

Exchange Jump, Central Read, and Central Write instructions all use
the content of A as a central memory addressﬁ (A) is unconditionally
sent to address control in the central processor é%/ery minor cycle.
This quantity is recognized and used as a central memory address
only if accompanied by a Central Read, Central Write, or Exchange
Jump signal.

The Central Busy FF indicates when a reference to central is in
progress. A central Busy condition prevents initiating a central
reference until one in progress is completed.

EXCHANGE JUMP

An exchange jump instruction is used to command the central
processor to stop the program it is executing and go to a central
memory location specified by the instruction. An exchange jump
may be issued by any peripheral and control processor so long as the
Central Busy FF is clear. The instruction sends an Exchange Jump
signal to the central processor and sets the Central Busy FF. The
Exchange Jump signal tells the central processor to recognize the
18-bit address sent from the peripheral processor and to perform an
exchange jump. After the central processor has performed the
exchange jump and started a new program it sends a Resume signal
which clears the Central Busy FF to allow another central reference.

If a peripheral and control processor tries to issue an Exchange Jump

instruction while the Central Busy FF is set, the processor must wait until

the previous central reference is completed and the Central Busy FF is
cleared.
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CENTRAL READ

The Central Read instruction allows a peripheral and control processor

to obtain one word (60-bits) or a block of words from Central Memory.

The instruction sends a Central Read signal to central address control
enabling it to use the 18 bit quantity from A as a central memory address.
At the same time, the Central Busy FF is set to inhibit other references

to central until the read word is received. When a 60-bit word is sent

by central} to 'thf.fq‘?ﬁfrfl Read Pyramid, it is accompanied by two control
signals; Read Resume which clears the Central Busy FF and a signal which
sets the 05 Full FF. Each rank of the Central Read Pyramid CI-C5 has
an associated Full/Empty FF used to control the flow of data through the
pyramid. C5 Full and C4
instruction to send the upper 12 bits of C5 to memory and the lower 48

Empty enables the processor doing the read

bits to C4. Subsequent steps in the Central Read instruction step the
central word down through the pyramid and store the rest of the central
word as 12-bit peripheral words. FEach step in this storage procedure

requires that the next lower rank in the pyramid be empty before a transfer
is made. No Central Read instruction may be issued until the C5 Full FF
and Central Busy FF are clear. However, as many as Edﬁf' central
memory words, in different stages of disassembly, may be in the Central
Read Pyramid at one time. A read instruction for which the proper full
and empty conditions are not met must wait until previous instructions

progress further and conditions are met.

A 60 instruction reads only one central memory word and stores it as five
peripheral words. A 61 instruction reads a block of words specified by
(d). In either instruction the first central memory address is specified
by (A). For a 60 instruction, d specifies the peripheral address at

which the upper 12 bits of the peripheral word are stored; the next lower
12 bits go to d + 1, etc. For a 61 instruction, (d) gives the number of
central words to be read and m is the address for the upper 12 bits of

the first central word.
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CENTRAL WRITE address specified by (A). When the word has been stored, an accept
signal is sent back to clear the Central Busy FF. Up to four Central

Central Write instructions send one 60-bit word or a block of 60-bit Write instructions may be in progress at one time with portions of
words to Central Memory. Each 60-bit word sent to Central Memory four different words in Dl-D4. D5 is an output network only and

is assembled in the Central Write Pyramid from five 12-bit peripheral cannot store a word. The first 12-bit word goes to D1 and will be the
words. A Central Write instruction assembles a 60-bit word and upper 12 bits of the 60-bit word. When a second 12-bit word goes
sends the word and a Central Write signal to central address control to D2, D1 is also sent to D2. When the fifth word goes to D5, the
and sets the Central Busy FF. The Central Write signal enables 48 bits in D4 are also sent to D5 and the 60-bit word is sent to

central address control to accept the 60-bit word and store it at the central.
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INPUT/OUTPUT

Each of the 12 independent data channels can handle 12-bit words at a
maximum rate of one word every major cycle (equivalent to a 1 megacycle
rate). Each channel has an Active/Inactive FF and a Full/Empty FF
which indicate channel status to the processors. Any channel may be
used by any processor, but the external equipment assigned to a channel
is wired in and may be assigned to another channel only by changing

cable cennections.

The lines of a data channel are:

Input Output
Data or Status Reply (12 bits) Data or Function word (12 bits)
Active Active
Inactive (Disconnect) Inactive
Full Full
Empty Empty
MC

In additien, two clock signals are available to external equipment: a 1 mc
clock and a 10 mc clock. The clock pulses are 25 nsec wide, as are all
data and control signals (except master clear). Controllers for each
external equipment (or group) perform the conversion between the 6600
pulse signals and the signals required by I/O devices.

A data channel may be used for communication between processors if it is
selected for input by one processor and for output by another. The status
of data channels may be sensed by instructions 64-67: jump to m if
channel d active, etc.

MASTER CLEAR

A Master Clear (MC) signal is generated only by the Dead Start circuit.
MC removes all equipment selections (except#ead Start) and sets all
channels to the Active and Empty condition (ready for input). MC is a

1 usec pulse which is repeated every 4096 usec while the Dead Start
switch is on.

DISCONNECT (75)

A disconnect instruction clears the channel Active FF if it is set

and sends an inactive pulse to the equipment on that channel. If a
disconnect instruction is given for a channel which is already inactive,
the processor which issued the disconnect will ""hang up'' and will not
be able to continue until the channel is activated by another processor
(or by MC).

FUNCTION (76 or 77)

A function instruction sends a 12-bit function code (from A or Fd)

on the date lines and sends a Function signal. It also sets the Active
and Full FFs for the channel but does not send Active and Full pulses.
Upon receipt of the function code, the external equipment sends an
Inactive (disconnect) signal, clearing the Active FF in the data channel
which in turn clears the Full FF. If a Function instruction is given for
an active channel, the processor will hang up until the channel is
deactivated.

ACTIVATE (74)

An Activate instruction sends an Active signal on the channel and sets the
Active FF if the channel is inactive. If an Activate instruction is given
for a channel which is already active, the processor which issued the
instruction will "hang up' until the channel is inactivated by another
processor or by an Inactive (disconnect) signal from an external equipment
on the channel.

Peripheral and Control
Processors
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DATA INPUT SEQUENCE

An external device sends data to the processor by way of the controller

in the following manner:

1

A status request is a special one word data input transfer in which an external

The processor places a function word in the channel register
and sets the full flag and the channel active flag. Coincidently,
it sends the word and a function signal to all controllers. The
function signal tells all controllers to sample the word and
identifies the word as a function code rather than a data word.
The code selects a controller and a mode of operation. Non-
selected controllers clear, leaving only the selected one turned
on.

The controller sends an inactive signal to the processor in-
dicating acceptance of the function code. The signal drops

the channel active flag which in turn drops the full flag and

clears the channel register.

The processor sets the channel active flag and sends an active
signal to the controller which signals the device to start
sending data.

The device reads a word and then sends the word to the channel
register with a full signal which sets the channel full flag.

The processor stores the word, drops the full flag, and
returns an empty signal indicating acceptance of the word.
The device clears its data register and prepares to send the
next word.

Steps 4 and 5 repeat for each word transferred.

At the end of the transfer, the controller clears its active
condition and sends an inactive signal to the processor to indicate
end of data. The signal clears the channel active flag to dis-
connect the controller and the processor from the channel.

As an alternative, the processor may choose to disconnect from

the channel before the device has sent all of its data. The processor

does this by dropping the active flag and sending an inactive signal
to the controller which immediately clears its active condition and
sends no more data, although the device may continue to the end of
its data record or cycle (e.g., a magnetic tape unit would continue
to end of record and stop in the record gap).

STATUS REQUEST

device indicates a ready or error condition to a processor.

1

The processor places a function word in the channel register and
sets the full flag and the channel active flag. Coincidently, it
sends the word and a function signal to all controllers. The
function signal tells all controllers to sample the word and defines

The

the word as a function code rather than a data word. The
code selects a controller and places it in status mode. Non-
selected controllers clear, leaving only the selected one
turned on.

The controller sends an inactive signal to the processor
indicating acceptance of the status function code. The signal
drops the channel active flag which in turn drops the full flag
and clears the channel register.

The processor sets the channel active flag and sends an active
signal to the controller which signals the device to send the
status word.

The controller sends the status word to the channel register
with a full signal which sets the channel full flag.

The processor stores the word, drops.the full flag, and returns
an empty signal indicating acceptance of the word.

The processor drops the channel active flag to disconnect the
channel and sends an inactive signal to the controller to
disconnect it.

DATA OUTPUT SEQUENCE

processor sends data to an external device in the following manner:

1

The processor places a function word in the channel register
and sets the full flag and the channel active flag. Coincidently,
it sends the word and a function signal to all devices. The
function signal tells all controllers to sample the word and
identifies the word as a function code rather than a data word.
The code selects a controller and a mode of operation. Non-
selected controllers clear, leaving only the selected one turned
on.

The controller sends an inactive signal to the processor, in-
dicating acceptance of the function code. The signal drops the
channel active flag which in turn drops the full flag and clears
the channel register.

The processor sets the channel active flag and sends an active
signal to the controller which signals the device that data flow
is starting.

The processor places a data word in the channel register and sets
the full flag. Coincidently, it sends the word and a full signal to
the controller.

The controller accepts the word and sends an empty signal to
the processor where it clears the channel register and drops the
full flag.

Steps 4 and 5 repeat for each processor word.

After the last word is transferred and acknowledged by the
controller empty signal, the processor drops the channel active
signal to the controller to turn it off.

Peripheral and Control
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DEAD START

Dead Start is a system used to initially start the computer, dump the
contents of the peripheral and control processor memories to a
printer or other output device, or sweep memory without executing
instructions.

The Dead Start panel contains a 12x12 matrix of toggle switches, a
Sweep-Load-Dump switch and a Dead Start switch. It also contains
memory margin switches which are used for maintenance checks.

LOAD

To initially load programs and date, the Sweep-Load-Dump switch is

put in the Load position. The matrix of toggle switches is set to a 12-
word program (up = "'1", down = ""0"). When the Dead Start switch is

turned on, a 1 usec Dead Start pulse:

1 Assigns to each peripheral and control processor the
corresponding I/O channel.

Sets all channels to Active and Empty
Sets K for all processors to 712 (Input)

Sends a MC on all channels

S Ve M

Sets P for all proceggors to zero. (A is then set to 100008

in the barrel)

The Dead Start pulse is repeated every 4096usec while the Dead Start
switch is on. To start the machine, the DS switch is normally turned
on momentarily, then off. Recycling of the DS pulse is controlled by
the Real Time Clock; the pulse is formed by ANDing DS switch in the
ON position with 10 bits of Real Time Clock.

When the Dead Start controller on channel 0 receives the MC sent by
Dead Start, it sends a Full pulse but no data. When processor 0
receives the Full, it stores the content of the channel 0 input register
(All zeros) in location 0000 and sends an Empty pulse to the Dead Start
controller, The Dead Start controller then acts like an input device,

sending twelve 12-bit words from the switch matrix which processor 0

stores in locations 0001-00148. After the last word, the Dead Start

controller sends a disconnect which causes processor 0 to exit from the
712 instruction. Processor 0 reads location 0000, adds one to its con-
tents and goes to 0001 for its next instruction. It then executes the
12-word (or less) program which normally is a control program to load
information and begin operation. The other processors are still set to
712 (waiting to input when their channels become full) and may receive

data from processor 0 via their assigned I/O channels.

SWEEP

If the DS switch is operated with the Sweep-Load-Dump switch in the
Sweep position, all processors are set to a 505 instruction and P registers
set to 0000. Since the 50 instruction doesn't require 5 trips around the
barrel there is no logic to clear or advance K from 505. The 50X trans-
lation of K, causes all processors to sweep through their memories; read-
ing and restoring without executing instructions. This is a maintenance

routine and may be used to check the operation of memory logic.

DUMP

Dead Start with the Sweep-Load-Dump switch in the Dump position:
1 Sets all processors to 732.
2 Sends MC on all channels.
3 Holds channel 0 Active and Empty.
4 Assigns each processor to its corresponding I/O channel.
5 Sets all A and P registers to 0.

All processors sense the Empty and Active condition of their assigned
channels, output the content of their address 0000, set their I/O channels
to Full, and wait for an Empty. All processors advance P by one and
reduce A by one (A = 77768). Channel 0, which is assigned to processor 0,
is held by Empty by the Dump switch. Processor 0 therefore cycles
through the 732 instruction until A = 1 and then goes to memory location
0001 for its next instruction. Processor 0 has sent its entire memory
content on channel 0 although no I/O device was selected to receive it.
Processor 0 is now free to execute a dump program which must have been

previously stored in memory 0 (beginning at location 0001).
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CENTRAL MEMORY

ADDRESSING

The CP programs are stored in CM, and all PPs may use CM for
supplementary storage or inter-communication control. Thus CM
addresses are generated by the CP and all PPs.

Each processor sends a CM address to a common address clearing
house, or stunt box, from where they are sent on to CM. The stunt
box can accept addresses from the several sources at 100-nsec
intervals (maximum rate) on a priority basis and in turn issue one
address every 100 nsec to CM.

An address goes to all banks of CM for decoding, cand the referenced
bank returns an accept signal to the stunt box if the bank is not busy
(free) with a previous reference. The stunt box saves each address
that it sends to CM in a hopper mechanism, and, if the address is
not accepted, it is recovered from the hopper and re-issued to CM
and again saved. The issue-save cycle repeats until an accept is
received to void the hopper address. Up to three addresses can be
saved in the hopper. However, an address is always accepted within
2000 nsec (worst case because of bank conflict) of the first time it is
issued.

DATA DISTRIBUTION

Data to and from CM is distributed from a data distributor. The word
from a read reference goes from CM to the data distributor and then
to the requesting processor. A word to be stored during a write
reference goes from the processor to the data distributor to CM. The
distributor can transfer a word to or from CM every 100 nsec. A
store word goes to all banks of CM, but separate storage control
mechanisms for each bank insure that the word is stored in the proper
bank.

The distributor routes data to and from proper origins and destinations
as directed by control information or tags received from the stunt box.
The tags are entered in the stunt box along with each address and serve
to identify the address sender, origin or destination of data, and
nature of the address, e.g., read, write, or PP exchange jump. The
stunt box sends the tags to the data distributor (and to destinations in
the processors for read references) when an address is accepted, and
the distributor accomplishes the data transmission. For write
references, the data source sends the word to the distributor, where

it is held temporarily before it is stored.

STORAGE

The many banks of storage in CM are evenly distributed on 8 chassis
in the computer. There are four banks per chassis.

The circuit organization allows the four banks to operate independently
and be phased into operation at 100-nsec intervals, which corresponds
to the maximum rate at which the stunt box issues addresses. A
chassis input register receives the 17-bit address from the stunt box
and distributes the 12-bit address to 1 of 4 storage address registers
associated with the four banks. Hence 32 consecutive addresses
referencing 32 separate banks may be accepted at 32 consecutive
minor cycle intervals and result in a data word flowing to or from

CM in 32 consecutive minor cycle intervals. The independent
controls for each bank and treatment of the address and data word
insure that only one bank is in a given time segment of its 1000 nsec
storage cycle at any one time. At least one minor cycle separates the
storage cycle of all banks.

A word read from any bank is sent to a common temporary storage
register and to the data distributor by a common path. A word to be
restored is then sent to a write register by way of a buffer register.
The write register sends the word to 1 or 4 restoration registers for
restoring in the proper bank.

A word from the data distributor during a write reference goes to the
temporary storage register on all chassis and then follows the restore
path for writing in memory. Only one of the many banks is in the
pProper time spot in its storage cycle to store the word received, and
this bank is the one associated with the write address.

A go signal with each address from the stunt box allows a group of
four banks (one chassis) to recognize and translate the bank bits. The
referenced bank, if not busy, sends an accept to the stunt box and
starts 1 of 4 storage sequence control circuits, which in turn direct
the 1000 nsec storage cycle for the selected address.

A write signal may algo accompany each address from the stunt box.
It distinguishes read and write references and controls the path to
the restoration registers. The CM uses the same 12-bit storage
module as used in the PPs, but five are driven in parallel to hold
the 60-bit word.

6601 Central Memory
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A go control circuit is associated with each chassis (four banks) of CM.

The circuit has several functions.

1. Recognize an address from the stunt box and determine if

it is located in an associated bank.

2. Sends an accept to the stunt box if the address is valid and
the bank is free.
3. Starts the 1000 nsec storage cycle to read or store the

word at the selected address.

No accept is sent to the stunt box if the selected bank is executing

a storage cycle from a previously issued address (bank busy case).
The address is ignored in this case. The time of address issue from
the stunt box and the time the accept should be received back at the
stunt box is 200 nsec, and this time is used by the stunt box to
determine if the address has been accepted. An accept at the proper
time voids reissue of the address; otherwise address reissue continues

until the accept is received.

BANK SELECTION

The go signal accompanying each address signals all CM go control
circuits to search the bank selection bits and determine if the 12-bit
address is located in one of its associated banks. A translator circuit
in each go control translates the lower five bits of the address, stores
the selection in a FF (one FF for each bank), sends the accept, and
starts the storage sequence control circuit to start the storage cycle.

The five bits provide 32 unique codes, one for each bank. The upper
three bits select 1 of 8 chassis and the lower two bits 1 of 4 banks on
the chassis.

GO CONTROL (131K)

The 17-bit address and bank quantity is stored in an input FF register.
Before an address is received, a clock pulse presets the upper three
of the five bank bits to the complement of the quantity it should
recognize. Thus, for a zero chassis selection (physical chassis 3),
the upper three bits are preset to 111XX, the complement of 000XX,

A 000XX bank code then is necessary to complete the go FF output
gate, which in turn allows recognition of the lower two bits of the

bank selection.

Four unique translations are made from the lower two bits of the bank
selection bits and stored in separate FFs. A go from the 1 of 8
translator, a bank free condition from the storage sequence control
circuit, and a clock pulse gates the 1 of 4 storage and turns on the
accept signal. The set FF then starts an associated storage sequence
control circuit.

ACCEPT CONTROL

The accept signal indicates a bank is free and has accepted the
address in its chassis input register. The time interval from address
issue from the stunt box to receipt of the accept in the stunt box allows
the stunt box to determine if the address has been accepted. If so,

the address in the stunt box hopper is destroyed, and address tags

are sent from the stunt box to the data distributor and other areas to
tell the address sender to send its data word (write reference) or be
ready for receipt of the word read (read reference).

One accept is associated with each chassis for a maximum of eight
signals. All are combined in a common OR circuit which feeds the
stunt box. Since an address may be sent each 100 nsecs, an accept
may be sent to the stunt box every 100 nsecs, with each accept delayed

from its associated address by 200 nsecs.
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STORAGE SEQUENCE CONTROL

Storage sequence control responds to a bank go condition from go
control and generates a series of timing signals which direct the basic
cycle of the storage module. In general, the circuit establishes the
bank free condition, makes the address available to the storage module,
and then issues read, sense, start and end inhibit, bank merge, and
write drive signals to sequence reading and writing. The sense signal
samples the differential amplifier which receives the data word read
out on the double-ended sense lines from storage. The signals time
the basic pulse sequence of the 1000 nsec storage cycle. The storage
module discussion details the circuits which respond to the address
and read and write drive signals, and thereby make the read word
available on the sense lines, or store the word to be written or
restored in memory.

TIMING CHAIN

The timing chain is a series chain of FFs whose outputs drive slave
inverters, which in turn supply the various signals to sequence reading
and writing in CM. A pulse enters the chain and is transferred to
successive FFs at 50 nsec intervals, A bank go signal sets the read
FF to start the sequence. Each FF is set for 400 nsecs; slave
inverters from set and cleared FF's in the chain are combined to
establish timed gating signals for the various drive signals.

BANK FREE

The bank free condition is established when all FFs in the chain are
cleared, i.e., no pulse is travelling down the chain. The read FF,
and intermediate FF, and write FFs (last FF in chain), contribute
timing signals to the bank free circuit and indicate whether a pulse
is in the chain. All three FFs must be cleared to signal bank free,

but their set states overlap to signal bank busy when a pulse is in
the chain,

The bank free signal allows go control to respond to its back trans-
lation circuits and issue a bank go signal which sets the read FF to
turn off the bank free signal.

STORAGE CYCLE TIMING

The following are the recommended times or timing durations for
Central Memory in all 6000 series computers:

Strobe (time 75 + 5 nsec)

This is measured on TP5 of the SE module, (see page 8. 1).
This time should be adjusted by varying the length of wire to
pin 16 of the SG module,

Read-On(255 nsec + 5 nsec) before Strobe.

This is measured on pin 1 of the PU module. This time should
ba adjusted by varying the length of wire to pin 10 of the PU
module and/or pin 2 of the GI module.

Read-Off (395 nsec + 5 nsec) after the start of Read

This is measured on pin 1 of the PU module. This time should be
adjusted by varying the length of wire to pin 11 of the PU module.

Write (355 nsec + 5 nsec)

This is measured on pin 24 of the PU module. This time should
be adjusted by varying the length of wire to pin 19 of the PU
module and/or pin 5 of the GI module. See also page 8. 1,

6601 Central Memory
Pub. No, 60119300
Rev Page 4
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DATA FLOW

DATA FLOW

In a read reference, the read word from the specified address flows
from the storage modules to the data distributor and also back to the
storage modules for restoration. The SE modules send the read

word to the distributor and start the restore portion of the cycle. The
restore FFs on these modules are cleared just before receiving the

read word.

In a write reference, the read word from the specified address is sent
to the data distributor and entered in the restore FFs of the SE
modules. The restore FFs are cleared again to destroy the read word
and reset with the write word which is stored in place of the read word
during its normal restore cycle. The write control circuit and timing
of stunt box tags direct the sequence.

WRITE CONTROL

Write control clears the restore FFs in the SE modules when
writing in memory and thereby allows entry of the write word into

the restore circuits.

A write signal from the stunt box enters the write control timing chain
at the same time as the memory address is received in the input
register of all memory chassis. The timing chain feeds a pulse to all
chassis where they are fanned out and clear the restore FFs on the
respective chassis SE modules. The delay time through the chain
and format just exceeds the read access time and thereby destroys
the read word immediately after it enters the SE restore FF.
Effectively, the pulse in the timing chain runs in parallel with the
pulse in the storage sequence control associated with the selected
bank, but the write pulse from the timing chain fanout is emitted

just after the bank merge pulse (which enters the read word in the

SE restore FFs) from storage sequence control. Write pulses may
enter the chain at minor cycle intervals and each is associated with

a parallel operating storage sequence control.

The timing within the data distributor is such that a write word is
sent to the SE modules slightly later than the SE modules send the
read word to the data distributor.

6601 Central Memory
Pub. No. 60119300
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DATA DISTRIBUTOR

The data distributor distributes read and write words to and from CM.
Read words are sent to CP control on chassis 5, CP registers on
chassis 7 and 8, and to the PP on chassis 1.

Write words are accepted from CP control on chassis 5 (exchange jump
or return jump instructions), CP register chassis 7 and 8 (XO_7 reg-
isters), or from the PP on chassis 1.

Address tags from the CP stunt box define the read or write cases and
the origin or destination of the data.

STORAGE CYCLE TIMING

Inhibit On and Off

The inhibit should turn on at least 20 nsec before the start of the Write,
and stay on at least 15 nsec after the end of the Write. The inhibit time
is measured on pin 5 of the PZ module and is compared to the Write on

pin 24 of the PU module. It should not be necessary to adjust the on
time for the inhibit 30-50 nsec is the usual delay between inhibit-on and
write-on, The off time is adjusted by varying the length of wire to

pin 14 of C21, F21, M21, or P21 (clock working ranks).

All of the preceding times are measured from the first crossing of the
half amplitude point of the waveform. It is necessary that Change
Order 14965 (6600) or 15349 (6400 and 6500) are installed prior

to making any of the timing adjustments.

Use the SC module (test points 6, 4, 1, 3 for banks 0, 1, 2, 3) for the
trigger source. It may not be possible to obtain a 395 nsec duration
pulse for the read using the 180" wire called out in Change Order
14965 (6600 only). An additional change order has been written with
a retrofit on failure. This change order just clears the read portion
of the PU from a later time in the Storage Control Sequence. Change
Order 17014 is applicable only to the 6600. The retrofit case changes
the 180" wire from pin 24 of C15, F15, M15 or P15, to pin 26 of C186,
F16,M16 or P16. The wire is then cut to the correct length to obtain
395 nsec + 5 nsec.

6601 Central Memory
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READ DISTRIBUTOR

The read distributor accepts read words from the 8 CM chassis and
routes them to the several destinations.

The distributor is organized on chassis 3, 4, 9, and 10, each of which
handles 15 bits of the 60-bit word. Chassis cable limitations dictate

the organization. The listing below shows the bits handled by each

chassis.
CHASSIS BITS
3 0-14
4 15-29
9 30-44
10 45-59

Chassis 13-16 each send the same 15-bit group to chassis 3, 4, 9, and
10.
bits in three groups to chassis 4, 9, and 10, Read words from chassis

A read word from chassis 3 retains bits 0-14 but sends remaining

4, 9, and 10 are handled similarly. Intra-chassis coaxial cables are

used on chassis 3, 4, 9, and 10 for their 15-bit portions so that timing
is consistent with the chassis receiving the data.

Each read word is sent unconditionally from chassis 3, 4, 9, and 10
to chassis 5 (CP control) and chassis 7 and 8 (CP registers). A read
peripheral tag from the stunt box is sent to chassis 4 and then on to
chassis 3, 9, and 10. The tag gates the read word to the C5 register
in the read pyramid on PP chassis 1.

The read peripheral tag also enters a time delay chain and is returned
to the PP as a resume signal. The resume sets the C5 full FF in the
PP (after data word is in C5) to signal the presence of the read word.
The same resume also clears the central busy FF to indicate to PP
control that the address has been accepted by the stunt box and CM
has delivered the word. This allows the PPs to proceed and send
another address to the stunt box.

6601 Central Memory
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' M a | Y $ M ' ; dV/D' t o Rvad
i i i 1st, €,
Rl;zgt/c{:‘l:t' Digte:;gutor Rsziz&:t' Di;tteraigutor R;st/tg;zt. g Digffi(:)utor R;ZStores - > Distributor



e e b ke e ke DD N DD DD DD BN DD N WL W W WL WM W R AR R DR R R OO g U U U Oy
N WD U I 0D O WU O ] DO O WS DD T 00O W O DD O~ NWA DN OO @
-

-
o =

© =N W g9 m e

Module | Pin| TP| Module| Pin| TP | Bit | Module| Pin| TP| Module| Pin| TP | Bit | Module] Pin |TP| Module| Pin | TP Bit | Module| Pin} TP | Module] Pan) TP
13H42 | 28| 6 | 1018 | 111 |59 | 14H24 | 28| 6 | 10118 | 19| 6 |59 | 15H42 | 28] 6 | 10118 | 21] 6 59 | 1oH24 | 28| 6 ong 231 6
8 |2 17 | 111 |58 8 |2 17 [ 19| 6 |58 8 |2 17 | 21]6 58 8 |2 1723 6
141 16 | 111 |57 1 {1 16 | 196 |57 1|1 16 ] 21]6 57 1|1 1 12316
13H41| 28| 6 15 | 11| 1 |56 | 14H23 | 28| 6 15 | 19| 6 |56 | 15H41 [ 28| 6 15 | 216 56 | 16H23 | 28| 6 15 | 23] 6
8 |2 14 | 111 |55 8 |2 14 19 6 |55 8 |2 14 | 21]6 55 8 |2 14 (23] 6
1|1 12 | 111 |54 1|1 12 | 19] 6 |54 1] 12 | 21|86 54 1 12 23] 6
11 | 11| 1 |53 | 14H22 | 28| 6 11 | 19/ 6 |53 | 15H40 | 28| 6 11| 21|86 53 |16H22 | 286 1 |23 6
. 10 111 52 8 |2 10 19| 6 |52 8 |2 10 2116 52 8 |2 10 |23 6
111 09 | 111 |51 111 09 | 19| 6 |51 101 09 | 216 51 1 09 |23 6
13H39 | 28| 6 08 [ 111 |50 | 14H21 | 28 6 08 | 19| 6 |50 | 15H39 | 28| 6 08 | 216 50 | 16H21 | 28| 6 08 |23 6
8 |2 05 | 11{1 | 49 8 |2 05 | 19| 6 |49 8 |2 05 | 216 49 8 |2 05 |23 6
111 04 | 111 48 1|1 04 19| 6 | a8 111 04 | 21|86 48 111 04 (23] 6
13H37 | 28| 6 03 | 111 | 47 | 14H19 | 28| 6 03 | 19| 6 |47 | 14H37| 286 03 | 21|86 47 | 16H19 | 28 6 03 |23 6
8 |2 02 | 11|1 | 46 8 |2 02 | 19/ 6 | 48 8 |2 02 | 21|6 46 8 |2 02 | 23] 6
11 01 | 111 | 45 1|1 01 | 19/ 6 |45 1|1 o1 | 21|86 45 1|1 o1 |23 6
13H36 | 28| 6 | 9142 111 [ 44 | 14ms8 | 28| 6 | oH42 | 19| 6 |44 | 15H36 | 28] 6 | 9142 21| 6 44 | 16H18 | 28| 6 9142 |23 | 6
8 |2 41 | 11)1 | a3 8 |2 41 | 19| 6 | 43 g |2 41 | 216 43 8 |2 41 |23 6
101 40 | 11| 1 | 42 141 40 | 19| 6 | 42 11 w0 | 21|56 42 1|1 40 |23 6
13H35 | 28| 6 39 | 11| 1 | 41| 14H17 | 28| 6 39 | 19| 6 |41 | 15H35 | 286 39 | 21|6 41 | 16H17 | 286 39 12316
8|2 38 | 11(1 | 40 8 |2 38 | 19/ 6 |40 8 |2 38 | 216 40 8 |2 38 1236
1)1 36 111 39 1 1 36 19| 6 39 1 1 36 21| 6 39 1 1 36 23| 6
14H34 | 28| 6 35 | 11|1 | 38| 14H16 | 28| 6 35 | 19| 6 |38 | 15H34 | 28| 6 35 | 216 38 | 16H16 | 28 | 6 35 |23 6
8|2 34 | 11(1 | 37 8 |2 34 | 191 6 |37 8 |2 34 | 21|6 37 8 |2 34 |23 6
111 33 | 11|1 | 36 1|1 33 | 19| 6 | 36 1 {1 33 | 21|6 36 11 33 |23 6
13H32 | 28| 6 32 | 11| 1| 35| 14H14 | 28| 6 32 | 19| 6 |35 | 15H32| 286 32 | 21]6 35 | 16H14 | 28| 6 32 |23 6
812 29 | 111 | 34 8 |2 29 | 19| 6 | 34 8 |2 29 | 2116 34 8 |2 29 (23| 6
1)1 28 | 111 ] 33 1 (1 28 | 19| 6 | 33 11 28 | 21|6 33 11 28 |23 6
13H31| 28| 6 27 | 11| 1| 32| 14H13 | 28| 6 27 | 19| 6 |32 | 15H31| 286 27 | 21|86 32 | 16H13 | 286 27 |23 6
8|2 26 | 111 31 8 |2 26 191 6 | 31 8 |2 26 216 31 8 |2 26 23] 6
111 25 | 111 | 30 1|1 25 | 19| 6 | 30 1|1 25 | 21| 6 30 1|1 25 |23 6
13H30 | 28| 6| 4I8 111 ) 20| 14m2| 28| 6| 4n8 19| 6 | 20 | 15H30| 28 |6 | 4ans 21| 6 29 |16HI2| 286 4118 |23 6
8 |2 17 | 111 | 28 8 |2 17 | 19| 6 | 28 8 |2 17| 216 28 8 |2 17 |23 6
1 1 16 1141 27 1 1 16 19{ 6 27 1 1 16 2116 27 1 1 16 23| 6
13H29 | 28| 6 15 | 11| 1| 26| 14H11| 28| 6 15 | 19| 6 | 26 | 15H29 | 28 |6 15| 216 26 | 16H11| 28| 6 15 23| 6
8 |2 14 | 111 25 8 |2 14 19| 6 25 8 |2 14 21| 6 25 8 |2 14 23 | 6
111 12 | 11{1} 24 1|1 12 19| 6 | 24 1 |1 12 ] 21]86 24 1|1 12 [ 23| 6
13H27 | 28| 6 11 | 11| 1| 23| 14H09 | 28| 6 11 | 19/ 6 | 23 | 15H27| 286 11| 21(86 23 | 16H09 | 286 11 |23 6
8 |2 10 | 111 22 8 |2 10 | 19] 6 | 22 8 |2 10| 216 22 8 |2 10 |23]6
1)1 09 | 11|11 21 1|1 09 | 19| 6 | 21 1|1 09 | 216 21 gt 09 236
13H26 | 28| 6 08 |11 1| 20| 14HO8 | 28 6 08 | 19| 6 | 20 | 15H26| 286 08 | 216 20 | 16HO8 | 28 |6 08 |23 |6
8 | 2 05 | 111 19 8 |2 05 | 19| 6 | 19 8 |2 05 | 21|86 19 8 |2 05 |23|6
141 04 | 11| 1| 18 1|1 04 | 19| 6 | 18 1|1 04 | 21|86 18| 141 04 1236
13H25 | 28 6 03 | 11| 1| 17| 14HO7 | 28| 6 03 | 19| 6 | 17 | 15H25| 286 03 | 21|6 17 | 16HO7 | 28 |6 03 |23)6
8|2 02 | 111 16 8 |2 02 | 19| 6 | 16 8 |2 02 | 216 16 8 12 02 12316
1|1 01| 11|1]| 15 1|1 o1 | 19/ 6 | 15 101 01| 21|6 15 1)1 01 |23]|6
13H24 | 28] 6] 3142 11{ 1| 14| 14HO6 | 28| 6| 3I42 19| 6 | 14 | 15H24| 28 |6 | 3142 21| 6 14 | 16HO6 | 28 |6 3142 |23 | 6
8 |2 41 | 11| 1| 13 8 |2 41 | 19| 6 | 13 8 |2 41 | 21|86 13 8 12 41 |23 | 6
11 40 | 11] 1 12 1|1 40 19| 6 12 1 {1 40 2116 12 11 40 12316
13H22 | 28| 6 39 | 11| 1| 11| 14H04| 286 39 | 19| 6 | 11 | 15H22| 28 |6 39 | 21|6 11 [16HO04) 286 39 1236
8|2 38| 11| 1| 10 8 |2 38 | 19| 6 | 10 8 |2 38 | 21|6 10 8 |2 38 |23 |6
1 {1 36 | 11| 1] 9 1|1 36 | 19| 6 | 9 1|1 36 | 21|86 9 11 3612316
13H21 | 28| 6 35 | 11| 1| 8 14HO3 | 28| 6 35 | 19| 6 | 8 15H21| 28 |6 35 | 21|86 8 16HO3 | 28 | 6 35 123 |6
8|2 34| 11| 1] 7 8 |2 34 | 19[ 6 | 7 8 |2 34 | 21|86 7 8 12 34 12316
1)1 33| 11| 1| 6 1 (1 33 | 19/ 6 | 6 1|1 33 | 21|6 6 11 33 (2316
13H20 | 28| 6 32| 111]| 5 14HO02 | 28 | 6 32 | 19| 6 |5 15H20 | 28| 6 32| 21|66 5 161102 | 28 | 6 32 12316
8 | 2 29 | 11} 1| 4 8 |2 29 19/ 6 | 4 8 |2 29 | 21|6 4 8 |2 20 |23 6
1|1 28 | 111} 3 1 |1 28 | 19| 6 |3 1 |1 28 | 21|6 3 [ 28 1236
13H19 | 28| 6 27 | 11| 1| 2 14HO1 | 28 | 6 27 | 1916 |2 15H19 | 28 |6 27 | 21|6 2 16101} 28| 6 27 12316
8 |2 26 | 111 1 8 |2 26 | 19 6 |1 8 |2 26 | 2106 1 8 |2 261236
1|1 25 | 11]1] o 1|1 25 | 19/ 6 |0 1|1 25 | 21 |6 0 tyt 25 |23 ] 6
i N Read/Dist. Read
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WRITE DISTRIBUTOR

The write distributor accepts words from the several sources and of the store tag from the stunt box which is established ahead of the

stores them in 1 of 8 memory chassis. The distributor is on chassis data. The word is then split and transmitted to chassis 11—16. The

2. The 60-bit word on chassis 2 is split into four 15-bit groups which chassis 2 data registers and the tag FFs are cleared simui‘taneously.

are sent to chassis 13-16 respectively. Each of these chassis in turn

sends (or stores) its 15-bit group to the other 7 chassis unconditionally. One minor cycle after the register clear, a central write resume is
sent to the PP to clear the central busy FF and allow the PPs to send

A 3-to-1 fan-in on chassis 2 selects the proper word under control another address to the stunt box.

6601 Central Memory
Pub. No. 60119300
Rev. K Page 12,2
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1‘;[:;‘;16 P;; 1;P Ml:‘;:;e P;i" T3P iz Ni‘;‘;;’;e 1;;“ 1;;? 1;’[};’:2"‘“ Pin| TP | Bit | Module F:i“ TP} Module | Pin | TP  Bit | Module|Pin| TP | Module|Pin[TP | Bit | Modulc] Pin 1P| Module] P | TP
2416 | 59| 16114 | 5 |1 | 4H24 124 |6 59 | 1ens [1s |3 | omaz | 24| 6 | so [ telis | 11 |3 | toti24 |23 |6
255 6 | 2| s8] 16114 |7 |2 192 | sg| 16114 | 11 |3 12 |2 58 18l 19 2 <8 20 | 4 19 |2
27| 4 4 1 57 24 |5 2 1 57 20 | 4 2 1 57 16114 3 1 2 1 57 16114 | 5 1 2 1
4 |3 16103 [ 22 | 4 | 56| 16113 |28 |6 | 3H41 246 | 56 16113 | 5 |1 4H23 124 | 6 56 | 16113 | 13 {3 4L | 24 6 6 | 16113 f 11 |3 ] 10TI23 [ 24 | 6
6 |2 25 | 5 | 55| 16112 |7 |2 192 | 55| 16112 | 11 |3 19 |2 55 18 |4 19 2 . 20 | 4 1o |2
81 i B 2415 2 1] e 20 |4 2T e fenz | | 2 sa ] renz |5 |0 2 |1
2B20 | 236 T3 o%) tomij2s )6 | SHAO ) 2a)6 | s3)aemn |5 1| oaHzz (24 (60 o |y sl | emao | ozal 6 | ss | et | | s | romee |2 |6
25 |5 6 | 2| s2| 16100 |7 |2 19]2 | s2| 16110 | 113 19 |2 52 184 19l 2 . 20 | 3 19 |9
2T 4 4 [ 1] st sl EEERE R 20 |4 ! 51 | 10 |3 |1 201 | st weno |5 |1 2 |
4 |3 | 16102 | 22| 4 | 50| 161097| 28 | 6 | 3H3ST | 24 )6 | 5016109 | 5 |1 | am2p24 |6 50 | 16109 | 133 9113?/ 24006 | so 1o |11 |3 | 1om21 |24 |6
6 |2 25 | 5 | 49| 16108 |7 |2 19|2 | 49| 16108 | 113 19 |2 19 18 |4 ol 2 19 20 |4 9|2
8 |1 2116 | a8 2415 2 11| 48 20 14 2 | 48 | 16108 |3 |1 2 1 | 48| 1608 |5 |1 2 |
2B19 | 236 7 | 3] 41| 16107 |28 |6 | 3H37 246 | 47| 16107 [ 5 |1 4H19 |24 |6 7 | et s | o3t | 2al o ] o7 |l s | omre {24 |6
25| 5 6 | 2| 46| 16106 |7 |2 192 | 46| 16106 | 11 |3 19 |2 10 w8 |4 1ol s % 20 | 4 10 |2
i 11114 24 15 2 |t ] 4 20 14 L 45 | 16106 |3 |1 2 0 | a5 | tew6 |5 | 2 |
43wl T 3| aaf isis7 28 |6 | 3H36 | 2416 | 441517 |5 [0 | aHis |24 [6 ) ey Tus s [enme | el o | s | s T ome e TS
6 |2 6 | 2] 43| 15136 |7 |2 192 | 43| 15136 | 11 |3 19 | 2 13 1814 10l 2 13 20 | 4 19 |2
8 11! 41 1] e 24 |5 21| ez 20 4 2o a L sne | | 21| 2] e 1 2 |1
2B18 | 236 15140 | 22 | 4 | 41| 15135 |28 [ 6 | 3H35 [ 24|6 | 41)] 15135 | 5 |1 4H17 |24 | 6 a1 | wsms | sl omgs | 24l 6 sl s ol s omr {24 |6
255 25 [ 5| 40| 15134 [7 |2 192 | 40| 15134 | 11 |3 19 | 2 10 181 19] 2 10 20 | 4 192
27| 4 2716 | 39 24 |5 2 |t f 3 20 f4 2 |t 39 | 15134 |3 |1 L 9 15134 5 |1 2 |1
4|3 7 | 3] 38 15133 |28 | 6 | 3H34 | 246 | 3815133 |5 |1 4H16 24 | 6 38 | 15133 | 133 onss | 24] 6 s8] 15133 | 11| 3 | 10016 |24 | 6
6 |2 6 | 2| 37| 15132 |7 |2 192 | 37| 15132 | 11 (3 19 | 2 37 1814 19l 2 - 20 | 4 19 | 2
8 11 4 | 1] 36 24 |5 2 |1 | 36 20 | 4 2 |1 36 | 15132 |3 |1 2| 36 ] 151832 | 5 |1 2 |
2B17 | 23|6 15139 | 22 | 4 | 35| 15131 |28 | 6 | 3H32 | 24|6 | 35] 15131 | 5 |1 4H14 |24 | 6 35 | 15131 | 133 onse | 241 6 sl smr {3 | vomie {24 ]
25 |5 25 |5 | 34| 15130 [7 |2 192 | 34 15130 | 113 19 | 2 34 184 19 2 34 20 | 4 19 |2
274 2716 ] 33 24 | 5 2 (1 33 20 [ 4 2 Tl.ooss Jaso |3 |0 2 | 33| 15130 | 5 1 2 1
4|3 T |3 82) 15120 |28 | 6 | 3H31 | 24|6 | 32| 15129 | 5 |1 4H13 24 | 6 32 | 15129 |13 (3 9H31 | 24| 6 32 15129 [ 11| 3 | 10H13 [ 24 | 6
6 |2 6 | 2| 31| 15128 |7 |2 192 | 31| 15128 | 113 LI I 18| 4 19 2 31 20 | 4 19 |2
8 [1 4 | 1] 30 24 | 5 2 [t |30 20 |4 2 ! ‘ 30 | 1s128 |3 |1 2 |1 30| 15128 |5 |1 2 [
2B16 23]6 14104 | 7 3 29 14115 | 28 | 6 | 3H30 24| 6 29 | 14115 5 1 4H12 | 24 6 29 14115 13 |3 9H30 241 6 29 14115 | 11 | 3 10H12 [ 24 | 6
2515 6 2 28 14114 | 7 2 1912 28 | 14114 1113 19 2 28 18 | 4 19] 2 28 20 | 4 19 | 2
274 - 4 1] 27 24 |5 2 |1 27 20 | 4 2 27 | uana |3 |1 2 |1 27 | 14114 | 5 1 2 1
4 |3 14103 | 22 | 4 | 26| 14113 |28 | 6 | 3H29 | 24 |6 | 26 14113 | 5 |1 4H11 |24 [ 6| 96 | 143 | 1313 oH39 | 24| 6 o6 | 1am13 | 11| 3 | 1011 |24 | 6
6 |2 25 |5 | 25| 1412 |7 | 2 1902 | 25| 14m2 | 113 19 |21 u5 18 | 4 19] 2 25 20 | 4 19 |2
8 |1 27 | 6| 24 24 | 5 2 |1 24 20 | 4 2 1 24 | 1an2 |3 |1 2 |1 24| 1am12 |5 |1 2 |1
2B15 | 236 7 | 3] 23| 14111 |28 | 6 | 3H27 | 246 | 23| 1411 |5 |1 4H09 |24 | 6 23 | 1an11 | 133 on27 | 24| 6 23 | 1am11 | 11 | s | 10m09 |24 | 6
2515 6 2 | 22| 14110 | 7 2 19 ]2 22 | 14110 113 19 1 21 9 18 |4 19] 2 22 20 | 4 19 {2
2714 4 | 1] 21 24 |5 2 |1 21 20 | 4 2 21 | 4o |3 |1 2 |1 21| 14m0 |5 |1 2 |1
4 |3 14102 | 22 | 4 20 14109 | 28 | 6 | 3H26 24 |6 20 | 14109 5 1 4HO8 |24 | 6 20 14109 133 9H26 24| 6 20 14109 | 11 | 3 10HO08 | 24 | 6
6 |2 25 |5 | 19] 14108 |7 | 2 192 | 19| 14108 | 113 19| 2] 19 184 19] 2 19 20 | 4 19 ]2
8 |1 27| 6 | 18 24 | 5 2 |1 18 20 | 4 2 [t g | 1408 |3 |1 2 |1 18] 14108 [5 |1 2 |1
2B14 23|16 7 3 17 14107 | 28 | 6 | 3H25 24 |6 17 | 14107 5 1 4HO7 | 24 6 17 14107 1313 9H25 24| 6 17 14107 | 11 | 3 10H07 | 24 | 6
25| 5 6 2 16 14106 | 7 2 1912 16 | 14106 1113 19 2 16 18 |4 19] 2 16 20 | 4 19| 2
27| 4 4 (1] 15 24| 5 2 |1 15 20 | 4 2 115 f 1amoe |3 |1 2 |1 15| 14106 |5 |1 2 |1
a4 |3 13141 | 7 [ 3 ]| 1af 13137 |3 | 1| 3H24 | 246 14 {13137 [ 5 |1 4H06 |24 [ 6 14 | 13137 [ 286 9H24 | 24] 6 14| 13137 [ 13 [ 3 | 10H06 | 24 | 6
6 |2 6 | 2| 13] 13136 | 13| 3 192 13 | 13136 | 113 19 | 2 13 | 13136 |7 |2 19| 2 13 18 | 4 192
8 |1 4 [ 1] 12 18| 4 2 |1 12 20| 4 2 1 12 24 |5 2 |1 12] 1336 |3 |1 2 |1
2B13 | 236 13140 | 22 | 4 | 11| 13135 | 3 | 1| 3H22 | 246 11 ] 13135 | 5 |1 4HO4 |24 | 6 11 | 13135 | 286 onz22 | 24/ 6 11] 13135 | 13 | 3 | 10H04 | 24 | 6
2505 25 |5 | 10] 13134 | 13| 3 192 10 | 13134 | 113 19 | 2 10 | 1313¢ |7 |2 19 2 10 18 | 4 19| 2
27| 4 2716 ] 9 18] 4 2 |1 9 204 2 1 9 24 |5 1 9 13134 | 3 |1 2 |1
4|3 7 |38 13133 | 3 | 1| 3m21 [24]6 | 8 | 1333 |5 |1 4HO03 |24 | 6 8 13133 |28 |6 oH21 | 24| 6 8 13133 | 13 | 3 | 10HO3 | 24 | 6
6 |2 6 | 2] 7 13132 | 13| 3 1902 | 7 | 132 | 113 19 | 2 7 13132 |7 |2 19 2 7 18 | 4 192
8 |1 4 |1] 6 18| 4 2 |1 s 20 | 4 2 1 6 245 2 |1 6 w2 |3 |1 2 |1
2B12 | 23|6 13139 [ 22 | 4 | 5 13131 | 3 | 1] 3H20 [24]6 |5 | 13131 |5 [1 4HO02 |24 | 6 5 13131 | 28 | 6 9H20 | 24| 6 5 13131 | 13 | 3 | 10H02 | 24 | 6
255 25 |5 | 4 13130 | 13 | 3 192 | 4 | 13m0 | 11(3 19 | 2 4 13130 |7 |2 19] 2 4 18| 4 192
271 4 2716 3 18| 4 2 |1 3 20| 4 2 1 3 24 |5 2 |1 3 13130 | 3 1 2 1
4 {3 7 3 2 13129 | 3 1| 3H19 24 |6 2 13129 5 1 4HO! [ 24 | © 2 13129 28| 6 9F19 24| 6 2 13129 | 13 | 3 10HO1 | 24 | 6
6 |2 6 211 13128 | 13| 3 19 |2 1 13128 | 113 9|2 1 13128 |7 |2 19 2 1 18 | 4 19| 2
g |1 4 |1]o 18] 4 2 J1 Jo 20 | 4 2 1 0 2415 2 |1 0 13128 | 3 |1 i 2 |1
Write ’ Store Stz)re Read/ Store Read/ Store Read/ Store ’ L_Ro\’ad/
Dist Dist Dist > Dist/ Dist — ~ Dist/ Dist. — > Dist/ st T > Dist/
Restore Restore Restore Restore
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Bit | Module | Pin | TP | Module | Pin | TP | Bit | Module | Pin | TP | Module | Pin | TP | Bit | Module | Pin | TP | Module | Pin | TP Bit | Module | Pin| TP| Module | Pin | TP} 31t | \lodule | Pin| TP | Module | Pin| I'P
59 | 2B21 | 23] 6 |16104 |7 | 3| 59| 16115 |3 | 1 | 13H42 | 24 |6 |59 | 16115 | 9 | 2 |14H24 | 24| G ) _ _
i a5 o 1ol as | tomelis | IO D e vl ol 59 | tems | 7 |2 | 13224 |6 5o f1e115 |26 |6 |16n24 |24 | 6
0 N bl i z
_ ' 38 3 19 |2 58 | 16114 9 2 19 2
57 27 4 4 | 1|7 18 | 4 2 ‘ ’
° 1|87 f 1614 | 26} 6 Lzt 57 | 1o114 | 28| 6 2 |1 | 57 22| 5 2 1
56 4 '3 | 16103 |22 | 4| 56) 1613 | 3|1 | 1341 | 24 |6 |56 | 16m3 [ 9 |2 [14H23 | 246 oo | rens | I I D ol | (
55 6 2 25 | 5| 55| 16m2 |13 |3 192 |s5 22| 5 192 o T al 5 ’ Lo 2’ " :’Ii: A DO R S I
- 35 5 : 55 |ter12 |9 |2 19 | 2
54 8 1 27 | 6| 54 18 | 4 2 |1 |54 ] 16m2 | 26| 6 2 |1
54 112 2 ; 2|3 2
53 | 2B20 | 23| 6 7 | 3| s3] 16111(3 |1 | 13H40 | 24 |6 |53 | 16111 | 9 |2 |14H22 | 246 31| 16m2 28] 6 ! i 225 2 |1
. 53 | 11 7 L2 | 1340 |24 |6 | 5310111 |20 |6 [16111 |26 | 6
52 25| 5 6 | 2| 52| 1610 |13 |3 192 |52 22| 5 192 ;
51 27| 4 4 | 181 18 | 4 2 |1 |51 | 16100 | 26] 6 2 o 2 e S I e B i
! 51 | 16110 | 28] 6 2 1| 1 22 |5 2 |1
50 4 |3 |1602 | 22| 4| 50| 161003 |1 | 13839 | 246 |50 | 16109 | o | 2 [14H21 | 24 |6 > A
50 | 16100 | 7 |2 | 15130 |24 |6 | 5016109 |26 |6 [1om21 |24 !
49 6 |2 25 | 5| 40| 16108 |13 | 3 19]2 |49 22| 5 192 ;N i
48 8 |1 27| 6| 48 18 | 4 2 |1 |48 | 16108 | 26] 6 2 |1 49 PR S Bl R 2 )2
48 | 16108 : 28] 6 1 48 22 15 2 1
47 | 2B19 | 23| 6 7 | 3| 41| w07 |3 | 1| 13837 | 246 |47 | 16107 | 9 | 2 |14HI9 | 246
a7 | 16107 | 7 | 2 {1sms7 |24 |6 | 47 16107 |26 |6 |161m19 |24 | 6
46 25| 5 6 | 2| 46| 1610613 |3 192 |46 22| 5 192
- vtl - s , 16106 , 16 24| 5 92 | 46 16106 |9 |2 19 | 2
44 4 | 3 | 15141 : ; 44 [ 15137 | 3 : 13H36 — 15137 o+ 14H18 1 4o | 16106 | 28 6 ENNEEE By 20 z 1
i s s . Z w5 | 1o6 | 15 ! 2416 |44 | 15137 | 9 2 H1 i" 6 44 | 15137 | 26| 6 | 15036 | 24 |6 | 44 [15137 |7 |2 |161118 |24 | 6
i o ) 8 1912 |43 22| 5 912 13 | 15136 |0 |2 19 [2 | 43 24 |5 19 |2
PR 4| 1] 4 18 | 4 2 |1 |42 | 15136 | 26| 6 2 |1 - 22l 5 JA I R O P s |
“ B : 15140 | 22| 4 :; 15135 |3 | 1| 13H35 | 246 |41 15135 | 9 | 2 |14m17 | 24|56 wi | 1siss 26l 6 |asiss |24 |6 | st lismss |7 |2 |1emir |24 | 6
0 23 5 25| 5 15134 | 13 | 3 19]2 |40 22| 5 192 v | 15 o |2 I P 901 |3 o |
4 27| 6| 39 18 | 4 2 |1 |39 15134 | 26| 6 2 {1 5 - A T e P P s |1
z: 4|3 7] 3| 38| 151333 | 1| 13H3a| 24|6 |38 | 15133 | 9 | 2 |14H16 | 24 |6 s | 153 206 asiae |29 o | es f1om3 |7 |2 f1eme (24 |6
' 6 |2 6 | 2|37| 15132]13 |3 19]2 |37 22| 5 19| 2 a1 | 1sm2 te |2 wly | a1 235 o |
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ADDRESSING

The CP programs are stored in CM, and all PPs may use CM for
supplementary storage or inter-communication control. Thus CM
addresses are generated by the CP and all PPs.

Each processor sends a CM address to a common address clearing
house, or stunt box, from where they are sent on to CM., The stunt
box can accept addresses from the several sources at 100-nsec
intervals (maximum rate) on a priority basis and in turn issue one
address every 100 nsec to CM.,

An address goes to all banks of CM for decoding, and the referenced
bank returns an accept signal to the stunt box if the bank is not busy
(free) with a previous reference. The stunt box saves each address
that it sends to CM in a hopper mechanism, and, if the address is
not accepted, it si recovered from the hopper and re-issued to CM
and again saved. The issue-save cycle repeats until an accept is
received to void the hopper address. Up to three addresses can be
saved in the hopper. However, an address is always accepted within
2000 nsec (worst case because of bank conflict) of the first time it is
issued.

DATA DISTRIBUTION

Data to and from CM is distributed from a data distributor. The word
from a read reference goes from CM to the data distributor and then
to the requesting processor. A word to be stored during a write
reference goes from the processor to the data distributor to CM. The
distributor can transfer a word to or from CM every 100 nsec. A
store word goes to all banks of CM, but separate storage control
mechanisms for each bank insure that the word is stored in the proper
bank.

The distributor routes data to and from proper origins and destinations
as directed by control information or tags received from the stunt box.

The tags are entered in the stunt box along with each address and serve

to identify the address sender, origin or destination of data, and
nature of the address, e.g., read, write, or PP exchange jump. The
stunt box sends the tags to the data distributor (and to destinations in
the processors for read references) when an address is accepted, and
the distributor accomplishes the data transmission. For write
references, the data source sends the word to the distributor, where
it is held temporarily before it is stored.

CENTRAL MEMORY

STORAGE

The many banks of storage in CM are evenly distributed on 4 chassis
in the computer. There are four banks per chassis.

The circuit organization allows the four banks to operate independently
and be phased into operation at 100-nsec intervals, which corresponds
to the maximum rate at which the stunt box issues addresses. A
chassis input register receives the 17-bit address from the stunt box
and distributes the 12-bit address to 1 of 4 storage address registers
associated with the four banks, Hence 16 consecutive addresses
referencing 16 separate banks may be accepted at 16 consecutive
minor cycle intervals and result in a data word flowing to or from

CM in 16 consecutive minor cycle intervals. The independent
controls for each bank and treatment of the address and data word
insure that only one bank is in a given time segment of its 1000 nsec
storage cycle at any one time. At least one minor cycle separates the
storage cycle of all banks.

A word read from any bank is sent to a common temporary storage
register and to the data distributor by a common path, A word to be
restored is then sent to a write register by way of a buffer register..
The write register sends the word to 1 or 4 restoration registers for
restoring in the proper bank.

A word from the data distributor during a write reference goes to the
temporary storage register on all chassis and then follows the restore
path for writing in memory. Only one of the many banks is in the
proper time spot in its storage cycle to store the word recieved, and
this bank is the one associated with the write address.

A go signal with each address from the stunt box allows a group of
four banks (one chassis) to recognize and translate the bank bits, The
referenced bank, if not busy, sends an accept to the stunt box and
starts 1 of 4 storage sequence control circuits, which in turn direct
the 1000 nsec storage cycle for the selected address.

A write signal may also accompany each address from the stunt box. '
It distinguishes read and write references and controls the path to
the restoration registers. The CM uses the same 12-bit storage
module as used in the PPs, but five are driven in parallel to hold

the 60-bit word.

6604 Central Memory
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A go control circuit is associated with each chassis (four banks) of CM.
The circuit has several functions.

1. Recognize an address from the stunt box and determine if
it is located in an associated bank.

2. Sends an accept to the stunt box if the address is valid and
the bank if free.

3. Starts the 1000 nsec storage cycle to read or store the

word at the selected address.

No accept is sent to the stunt box if the selected bank is executing
a storage cycle from a previously issued address (bank busy case).
The address is ignored in this case. The time of address issue from
the stunt bex and the time the accept should be recieved back at the
stunt box is 200 nsec, and this time is used by the stunt box to
determine if the address has been accepted. An accept at the proper
time voids reissue of the address; otherwise address reissue continues

until the accept is received.

BANK SELECTION

The go signal accompanying each address signals all CM go control
circuits to search the bank selection bits and determine if the 12-bit
address is located in one of its associated banks, A translator circuit
in each go control translates the lower five bits of the address, stores
the selection in a FF (one FF for each bank), sends the accept, and

starts the storage sequence control circuit to start the storage cycle.

The five bits provide 16 unique codes, one for each bank. The upper
three bits select 1 of 4 chassis and the lower two bits 1 of 4 banks on
the chassis.

GO CONTROL (65K)

The 17-bit address and bank quantity is stored in an input FF register.
Before an address is received, a clock pulse presets the upper three
of the five bank bits to the complement of the quantity it should
recognize. Thus, for a zero chassis selection (physical chassis 3),
the upper three bits are preset to 111XX, the complement of 000XX,
A 000XX bank code then is necessary to complete the go FF output
gate, which in turn allows recognition of the lower two bits of the
bank selection.

Four unique translations are made from the lower two bits of the bank
A go from the 1 of 8
translator, a bank free condition from the storage sequence control

selection bits and stored in separate FFs.

circuit, and a clock pulse gates the 1 of 4 storage and turns on the
accept signal. The set FF then starts an associated storage sequence

control circuit.

ACCEPT CONTROL

The accept signal indicates a bank is free and has accepted the
address in its chassis input register. The time interval from address
issue from the stunt box to receipt of the accept in the stunt box allows
the stunt box to determine if the address has been accepted. If so,

the address in the stunt box hopper is destroyed, and address tags

are sent from the stunt box to the data distributor and other areas to
tell the address sender to send its data word (write reference) or be

ready for receipt of the word read (read reference).

One accept is associated with each chassis for a maximum of eight
signals. All are combined in a common OR circuit which feeds the
stunt box.

may be sent to the stunt box every 100 nsecs, with each accept delayed

Since an address may be sent each 100 nsecs, an accept

from its associated address by 200 nsecs.
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STORAGE SEQUENCE CONTROL

Storage sequence control responds to a bank go condition from go
control and generates a series of timing signals which direct the basic
cycle of the storage module. In general, the circuit establishes the
bank free condition, makes the address available to the storage module,
and then issues read, sense, start and end inhibit, bank merge, and
write drive signals to sequence reading and writing. The sense signal
samples the differential amplifier which receives the data word read
out on the double-ended sense lines from storage. The signals time
the basic pulse sequence of the 1000 nsec storage cycle. The storage
module discussion details the circuits which respond to the address
and read and write drive signals, and thereby make the read word
available on the sense lines, or store the word to be written or
restored in memory.

TIMING CHAIN

The timing chain is a series chain of FFs whose outputs drive slave
inverters, which in turn supply the various signals to sequence reading
and writing in CM. A pulse enters the chain and is transferred to
successive FFs at 50 nsec intervals. A bank go signal sets the read
FF to start the sequence. Each FF is set for 400 nsecs; slave
inverters from set and cleared FFs in the chain are combined to
establish timed gating signals for the various drive signals.

BANK FREE

The bank free condition is established when all FFs in the chain are
cleared, i.e., no pulse is travelling down the chain, The read FF,
an intermediate FF, and write FFs (last FF in chain), contribute
timing signals to the bank free circuit and indicate whether a pulse
is in the chain. All three FFs must be cleared to signal bank free,

but their set states overlap to signal bank busy when a pulse is in
the chain.

The bank free signal allows go control to respond to its back trans-
lation circuits and issue a bank go signal which sets the read FF to
turn off the bank free signal.

STORAGE CYCLE TIMING

The following are the recommended times or timing durations for
Central Memory in all 6000 series computers:

Strobe (time 75 + 5 nsec)

This is measured on TP5 of the SE module, (see page 8. 1).
This time should be adjusted by varying the length of wire to
pin 16 of the SG module.

Read-On (255 nsec + 5 nsec) before Strobe.

This is measured on pin 1 of the PU module, This time should
be adjusted by varying the length of wire to pin 10 of the PU
module and/or pin 2 of the GI module.

Read-Off(395 nsec + 5 nsec)after the start of Read.

This is measured on pin 1 of the PU module, This time should be
adjusted by varying the length of wire to pin 11 of the PU module.

Write (355 nsec + 5 nsec)

This is measured on pin 24 of the PU module. This time should
be adjusted by varying the length of wire to pin 19 of the PU
module and/or pin 5 of the GI module. See also page 8. 1.
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DATA FLOW

In a read reference, the read word from the specified address flows
from the storage modules to the data distributor and also back to the
storage modules for restoration. The SE modules send the read
word to the distributor and start the restore portion of the cycle. The
restore FFs on these modules are cleared just before receiving the
read word.

In a write reference, the read word from the specified address is sent
to the data distributor and entered in the restore FFs of the SE
modules. The restore FFs are cleared again to destroy the read word
and reset with the write word which is stored in place of the read word
during its normal restore cycle. The write control circuit and timing
of stunt box tags direct the sequence.

WRITE CONTROL

Write control clears the restore FFs in the SE modules when
writing in memory and thereby allows entry of the write word into

the restore circuits.

A write signal from the stunt box enters the write control timing chain
at the same time as the memory address is received in the input
register of all memory chassis. The timing chain feeds a pulse to all
chassis where they are fanned out and clear the restore FFs on the
respective chassis SE modules. The delay time through the chain
and format just exceeds the read access time and thereby destroys
the read word immediately after it enters the SE restore FF.
Effectively, the pulse in the timing chain runs in parallel with the
pulse in the storage sequence control associated with the selected
bank, but the write pulse from the timing chain fanout is emitted

just after the bank merge pulse (which enters the read word in the

SE restore FFs) from storage sequence control, Write pulses may
enter the chain at minor cycle intervals and each is associated with

a parallel operating storage sequence control,

The timing within the data distributor is such that a write word is
sent to the SE modules slightly later than the SE modules send the
read word to the data distributor.
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DATA DISTRIBUTOR

The data distributor distributes read and write words to and from CM.
Read words are sent to CP control on chassis 5, CP registers on
chassis 7 and 8, and to the PP on chassis 1.

Write words are accepted from CP control on chassis 5 (exchange jump
or return jump instructions), CP register chassis 7 and 8 (Xo-'?reg-
isters), or from the PP on chassis 1.

Address tags from the CP stunt box define the read or write cases and
the origin or destination of the data.

STORAGE CYCLE TIMING

Inhibit On and Off

The inhibit should turn on at least 20 nsec before the start of the Write,
and stay on at least 15 nsec after the end of the Write. The inhibit time
is measured on pin 5 of the PZ module and is compared to the Write on

pin 24 of the PU module. It should not be necessary to adjust the on
time for the inhibit 30-50 nsec is the usual delay between inhibit-on and
write-on, The off time is adjusted by varying the length of wire to

pin 14 of C21, F21,M21, or P21 (clock working ranks).

All of the preceding times are measured from the first crossing of the
half amplitude point of the waveform. It is necessary that Change
Order 14965 (6600) or 15349 (6400 and 6500) are installed prior

to making any of the timing adjustments.

Use the SC module (test points 6, 4, 1, 3 for banks 0, 1, 2, 3) for the
trigger source. It may not be possible to obtain a 395 nsec duration
pulse for the read using the 180" wire called out in Change Order
14965 (6600 only). An additional change order has been written with
a retrofit on failure. This change order just clears the read portion
of the PU from a later time in the Storage Control Sequence, Change
Order 17014 is applicable only to the 6600. The retrofit case changes
the 180" wire from pin 24 of C15, F15, M15 or P15, to pin 26 of C16,
F16,M16 or P16, The wire is then cut to the correct length to obtain
395 nsec + 5 nsec.
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WRITE CONTROL
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READ DISTRIBUTOR

The read distributor accepts read words from the 4 CM chassis and
routes them to the several destinations.

The distributor is organized on chassis 3 and 4, each of which handles
30 bits of the 60-bit word. Chassis cable limitations dictate the organ-
ization. The listing below shows the bits handled by each chassis.

CHASSIS BITS
3 0-29
4 30-59

Chassis 9-10 each send the same 30-bit group to chassis 3, and 4.
A read word from chassis 3 retains bits 0-29 but sends remaining
bits to chassis 4. Read words from chassis 4 are handled similarly.
Intra-chassis coaxial cables are used on chassis 3 and 4 for their

30-bit portions so that timing is consistent with the chassis receiving the

data,

Each read word is sent unconditionally from chassis 3 and 4 to chassis 5
(CP control) and chassis 7 and 8 (CP registers). A read peripheral tag
from the stunt box is sent to chassis 4 and then on to chassis 3. The tag
gates the read word to the C5 register in the read pyramid on PP chassis
1.

The read peripheral tag also enters a time delay chain and is returned
to the PP as a resume signal, The resume sets the C5 full FF in the
PP (after data word is in Cs) to signal the presence of the read word.
The same resume also clears the central busy FF to indicate to PP control
that the address has been accepted by the stunt box and CM has delivered
the word. This allows the PPs to proceed and send another address to
the stunt box.

6604 Central Memory
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WRITE DISTRIBUTOR

The write distributor accepts words from the several sources and of the store tag from the stunt box which is established ahead of the
stores them in 1 of 4 memory chassis. The distributor is on chassis data. The word is then split and transmitted to chassis 9-10, The
2. The 60-bit word on chassis 2 is split into two 30-bit groups which chassis 2 data registers and the tag FF's are cleared simultaneously.

are sent to chassis 9-10 respectively. Each of these chassis in turn
sends (or stores) its 30-bit group to the other 2 chassis unconditionally. One minor cycle after the register clear, a central write resume is
sent to the PP to clear the central busy FF and allow the PPs to send

A 3-to-1 fan-in on chassis 2 selects the proper word under control another address to the stunt box.
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*,
3 60-BIT WORD COUNT BITS,2 BANK SELECT BITS, 2 BAY SELECT BITS:**

BANK ADDRESS  BITS¥*¥ | REQUEST BIT, | STORE BIT

REQUEST ACCEPTED®

(O]

ABORT (IF ECS HAS NOT SENT ACCEPT)

WRITE ECS. 60 DATA BITS, | 6O BIT

COUPLER
READ ECS: 60 DATA BITS, | 60 sn

ECS
CONTROLLER ®

®

PARITY ERROR

MASTER CLOCK (10 MHZ)

MASTER CLEAR (DEAD START OR POWER ON)

GENERAL DESCRIPTION

The ECS Coupler allows the CPU to communicate with ECS via the Controller. The
coupler has two major functions. First, it computes the actual starting addresses in CM
and ECS and checks to see if these addresses are out of range. This is the only error
check made by the coupler. Second, it keeps count of the number of words transferred
and terminates the transfer accordingly.

Most of the coupler's complexity arises from the fact that the programmer specifies
initial addresses in CM and ECS and the number of 60-bit words to be transferred.
However, ECS uses 8-word records and the coupler must automatically keep requesting
new locations in ECS every eight words.

Coupler action can be interrupted by a PPU requesting CM. Action is started once the
PPU read/write request is completed. Coupler action can also be interrupted if another

computer is using ECS and the controller.

Coupler action is stopped if an Exchange Jump occurs. The transfer must be restarted
at its beginning as intermediate values of word counts and addresses are not stored.

The coupler acts on an Abort or a Parity Error signal but relays them to CPU.

3 60-BIT WORD COUNT BITS, 2 BANK SELECT BITS, ®
14 BANK ADDRESS BITS, | REQUEST BIT, | STORE BIT

®

ECS ACCEPT

®©

WRITE ECS 60 DATA BITS, | PARITY BIT, | GO BIT

READ ECS 60 DATA BITS, | PARITY BIT, | GO BIT

MASTER CLOCK (10 MHZ)

LOGICAL ELEMENTS

Four registers hold the values of Field Length for CM and ECS and the values of the
Reference Address for CM and ECS. These values are not changed during a data
transfer, and are restored, via the data paths, on an Exchange Jump.

The N and K registers are used for holding intermediate values generated during a
]

transfer.
The adder is a 24-bit adder resembling 2 stages of the CPU Long Add unit.

P Register holds the 3-bit word count of the record in transfer. Its contents are

decremented during a transfer.

The X, A and B Registers initially hold the same values as X AO and B, respectively,
X holds the ECS address and is incremented during a transfer; A holds the CM address
and B the number of words left to transfer.
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SEQUENCE OF OPERATIONS

INTRODUCTION

Coupler operation is divided into three parts:

1) Transfer Setup.
This portion is performed only at the beginning of a transfer and is not repeated.

2) Record Setup.
This part of the operation is performed before each record transferred.

3) Data Transfers.
If 524K of ECS are used, the data can be transferred at the rate of one word every
100 nsec. The coupler handles 8-word records and to sustain this rate, it must
request a new record while the data transfer is in progress. That is, the Re-
cord Set-Up for the next record is performed at the same time as the data trans-
fer. (See block transfers below.)

Exceptions.to Fhe above occur when error conditions arise or a PPU wishes to
rﬁad or write in memory. This is discussed on the pages where this logic is
shown.,

TRANSFER SETUP

On any Exchange Jump, FL(ECS), FL(CM), RA(ECS), RA(CM) are sent from the
package to the coupler.

When an ECS instruction is translated,

1) The timing chain is started.

2) The contents of X0 and A0 are sent to the coupler X and A registers
(These aqgress relocation quantities mustbe stored prior to instruction
execution., )

3) The Cleat signal on BO is dropped and the word count (Bj + K) is formed in
the ‘intcrement unit and sent to BO which is sent in turn to the coupler B
register.

All required values are now stored in the coupler. Note that the values of FL(ECS),
FL(CM), RA(ECS) and RA(CM) are not changed during on ECS transfer. They are re-
stored to CM if an Exchange Jump occurs.

4) The coupler then checks to see if the initial addresses are in bounds. I
either CM or ECS Field Length errors occur, the transfer is terminated.

5) The first ECS address is computed, (X+RA(ECS)), and stored in X. This
absolute address will be updated after each record.

RECORD SETUP

FIRST RECORD

ECS reads/writes eight 60-bit words at once. This single record is disassembled/
assembled in ECS under control of the lowest 3 bits of the ECS address (see Defini-
tion Of Word Count Bits on diagram). These bits specify where in the record the
operation should start. ECS always continues from the starting point to the end of
record. If only word three is required, then the record at that address sends five

words starting at word three. However, the word count is one, and this is entered
in the P register. The single word is accepted and the transfer concluded even
though ECS sends the remaining four words.

First record proceeds as follows:

1) The first record may be a partial record. Therefore, the lower 3 bits of X
(60-bit word count bits) are subtracted from 10g to give the number of words to
be transferred in this record. This result is sent to K.

2) K is checked against B. I K-B is negative, more than one record is to be
transferred. K is sent to P as this number of words is the first record. (If
K-B is positive, then this becomes the last record and B is sent to P (see
Last Record).

3) B is reduced by K words.

4) The ECS address, Store bit and Request bit are sent to the controller.

5) The ECS address is incremented by K. This means that the lower 3 bits of X -
are clear and that the following records must be complete ones.

6) The Accept is received from the controller. The coupler waits until this
occurs.

7) The Central Memory address, (A+RA(CM)), is computed and stored in the A
register. It is also sent to the Exchange Address Counter (EAK), where it is
incremented by the P decrementer Go pulses. .

8) The P decrementer is enabled and the data transfer is started.

SECOND RECORD

While the data is being transferred for the first record, the second Record Setup

is starting the next ECS bank into its Read/Write cycle. The differences between

the second record (or any intermediate record) and the first are:

1) Since they cannot be partial records, step 1) simply transfers 10g to K. Also
the ECS address is incremented by 10g.

2) Since the Exchange Address counter holds the CM address, a new address is
not sent to CPU as in 7.

LAST RECORD

Any record may become a last record if the K-B test is positive. I so, B is sent
to P register. Since B may be 0-7, the record can be a partial record but only in
that it is terminated early (when B is less than 7). Note thata Last Record is
different only in that the parameters for the record following are not generated and
that an End Of Operation signal is sent to CPU.

DATA TRANSFERS

Note that data transfers must be continuous; that is, non-consecutive addresses
are not possible in a block transfer., However, it is possible to reference a single
word in ECS.
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TIMING CHAIN DESCRIPTION

Each FF in the timing chain is set for 100 nsec, but there is only a 50
nsec delay between the setting of consecutive FFs. The timing chain
runs for 2.4 usec minimum and controls most of the coupler's opera-
tions. Part of the timing chain (T01to T18)is used only in Transfer
Setup. Note that all adder results go unconditionally to N, which is
cleared every 100 nsec,

TRANSFER SETUP

The Initiate, Read (or Write) FFs are set. Read/Write FF is set.
Timing chain is started at t00,

TO02 Clear K register

TO3 Enter X, register into X via I1,
TO04

TO05 Enter Aj and B, registers into A and B via Il.
TO06

TO08 Send B (Word Count) to I3, and to adder.

T10 Adder results to K. This is a transmission of B to K in pre-
paration for FL checks.

T12 A and K to adder; result to N register.

T16 Perform FL check, (FL(CM) - (A+B)), by sending N, (A+K),
and FL(CM) to adder; results to N. If error, send signal at
T20,

T18 X and K to adder, result to N register.
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T20
T21
T22

T23
T24
T25
T26

TIMING CHAIN DESCRIPTION (CONT'D)

Send Error Signal (T16); that is, N register is negative. (Bit 23 set)

Clear K Reg.

Perform FL check(FL(ECS) - (X+B))by sending N, X+B, and +FL(ECS) to adder;
results to N register. If error, serfd signal at T25:

Set First FF. -

Perform X+RA(ECS); result to N register.

Send Error Signal (T22). That is, N register is negative.

For firstfrecord only, A and RA (CM) and sent to the adder.

END TRANSFER SETUP
START RECORD SETUP

If this was an intermediate record, the Record Setup would now begin for the next re-
cord. If the record in progress was the last record, the Read 2 or Write 2 FFs would
have been cleared and the timing chain would not be restarted.

T2 ‘7? Enter X with absolute ECS address from N (first record only).

T28
T28

T30

Set bit 3 of K; mask all bits of I3 Fan-In (extend sign) except 0-2. Send K and N
to adder. X and N both contain the actual ECS address. Since the lower 3 bits
of X may not be zero (partial record) the coupler must determine what to enter
in P. This is only true on the first record.

from N we have: 7 «—— T7X (note that the 7's are masks and the X is

the complement of the 60-bit Word Count)
0 «— 010

0 ~——0X+1 (end around carry)

from K we have:
Results from adder:
(entered in K)

Clear K. Enter A (if this record is not the first) with A+10g (see T42), K this
is the first record, send N to A. That is, enter the CM address in A (see T26)
Enter adder results in K (T28). This is the number of words to be transferred
for this record. Send ECS address, Request, and Store Bit to the Controller,
The check will now be made to determine if this is last record and if so, how
many words will be transferred. This is done by subtracting the Word Count
(Bj + K), now in B, from K.

T32
T34

T35

T37

T38

T39

T40

T41

T42

B and K to adder; extend upper bits (18-23) of adder input to make B negative.
K and X to adder. This is updating the ECS address by the word count. Note
that for the first pass this made any address have its lower 3 bits all zeroes.
Thereafter, any record will be started at word 0. Also, if this is any record
other than the first, it amounts to adding 10g to X, which in turn implies in-
crementing the address of the record in ECS by 1.

Enter N in B register. This is the result of K-B complemented, which is B
reduced by K. I N is negative, B was larger than K and this is not last record
and K is entered in P at T37. If it is positive, the Word Count < 8 FF is set
and B is entered in P at T39.

K to P if not last record., Send N to X. This is the result of the K and X addi-
tion at T34 and is the ECS address for the next but one record. The setting of
T38 is dependent upon an Accept being received from the Controller. Coupler
action, therefore, waits until this is received. If the Accept is not received,
but an Abort is, then the timing chain proceeds. If the record in transfer is the
last record, (that is, if the Read Last Record FF is set) this FF blocks the tim-
ing chain and prevents the requesting of any further records.

Send A through the adder and enter in N, N will send A to CM {see T40).

Enter X with N (see T37).

Send B to P if last record. Start delay chain if this is a read operation; this is
to delay the start of the decrementer long enough to get the data back from ECS.
Send N to CM. This is the result of the A+RA(CM) computation and occurs on
the first record only.

Clear Write 2 and Read 2 FF if this is last record. Enable decrementer.

Send A and K to adder. This updates the CM address by 10g. This new address
is entered in A at T29. It is not sent to CM each record but is available if
needed; that is, after a PPU interrupts the transfer. Clear First FF and set
Read Last Record FF if Word Count < 8isset. Set T27FF which implies start-
ing a new Record Setup sequence. Note that T27FF is set 25 nsec after T42 and
T28FF is set 75 nsec after T42. Therefore, T42 at t75 is the same time as

T28 at t00. This overlap ensures that K=10g and A are sent to the adder at

the same time.

ECS Coupler
Pub. No. 60119300
Rev. BL Page 6



Joe

Tis NU NU
I05-28 8 T19 3 NU Fm——————— — = 8 T3 3 N 5
toc s 1) | - | s 1> 14 | 17 EXTEND SIGN,G20-23,P15
MIZ=t = =~ — — — - I - - 18 15 MERGE K,JO01-10,P21
L 15  XMIT FIELD LENGTH ERROR,I17-21,P29 I | 15 — I L ——
Lz 120 17 NU | Loy 732 '7 I3 FAN-IN CONTROL,KO02-15,P15
t2s 20 4> 19 i 20 4> 194
MIZ-t = — — — — — — | r—— === —
] 11 CLEAR K REG,P21, I0I-25 | | 1 NU 406
Ls T21 8 NU I Ls 7133 5 NU :%
| 2> 27 | | 2> 2+
r———=—-- - | === - 28 MERGE K,J01-12,P21
1 16 I3 FAN-IN,KO02-24,P15 I I 16 — — — 27— )—n‘ ':ee ENABLE X TO I3,P15,K02-6
Lesa T22 18 ENABLE FL(EGS) ON I2,L08-24,P2! | Lea 7134 18 Ny LT |
| s> 27 | | s> 274
e - [/ o ! Fr— - -
| 13— — —21—(0)—19 SET FIRST FF,I14-17,P11 | I 13 ENABLE N TO I1,LOI-2,PIl
Liz 125 10 Ny L—— 1 | Liz 735 10— — — 906
I 1 | e | [rd
Fr——-———— — I F—————— - I | SET WORD CT € 8 FF,G20-4,P25
| 25 ENABLE X ON I3,K02-4,PIS | I 25 nu L 2~>O—)B——- 3 ENTER B,I11-12,P13
L2z 124 28 I Loz 736 28 NU R —
6> 231—\—> ENABLE RA(ECS) ON I2,L09-27,P21 | 6> 28
| | |
Fmm—— - 4 | e J
| 107 | | 109
| 4 XMIT FIELD LENGTH ERROR,L26-20,P29 | ACCEPT FROM | 4 ENABLE N TO I1,L01-3,P11
Ls 7125 3 Ny | CONTROLLER Les 737 3 ENABLE K TO P,I01-7,P21
s 1> ! 406 I J39 s 1 e T
-t ——— _ € 20 E TERM, KO2 -7 | 23 _— K15 [ 620 !
I R T p—— 21 22— PI® W25-90 19 ABORT P29 | 2 | !
L2y T28 17 MERGE RA(CM),L09-8p21 L——— — | : | | | zNﬁ La7— | Los
20 4> '$ NO J | | READ LAST RECORD | 4._>O_|o____2_,o_25_, | 3 ENTER X
| | | cos-11,P25 e F—— == .l 2 KOl-4,P13
| H‘R 620 é\ B
a3 G12 | | | ‘Psl 1| 2 ‘ I 3 4 ENABLE A ON I3
i i | | r—————-- EEN |1 L - — K02-5,P15
T iy 1 6 23 ENABLE N 70 I1,L01-1,P11 L - = 28 20— — 11 7l
Ty b 19 I3 FAN-IN CONTROL,GO8-1,P15 : [\/\’ L ] L L
WRITE 2. FREAD2 1o 4 : b e 17 MERGE K,J01-8,P21 e H e —— ol Jos
reTT T T T o=~ I.._ZI() 22 b I ! | | S |—J ’_—@
] [\/\l b ——q | | L—21 T38 17 NU | I: 4 B—>P,KO01-21,P25
| Fm—————————— — - —— 4 | | | 20 4> 9 Fr————————— = s & START DELAY CHAIN
| | 11 NU | | | - - I | ‘ I17-17,P27
| Ls t27 6 ENTER X REG, I10-6,P13 | NOTES: | | I oNU | | 2
| | 2> 2+ S ———— 4 @ ser BT 3 0F | | Ls 7139 6— — —J | 14 Jo1-14,pP21
| Fr——-———- - KOt K02 K REG,Gl12-28 | | | 2> 24 r——-—-=-- 3 16 K02-3,P15
| L 16 —— 4> [TR 5> [T1 P21, | | r—-—=—-= - I L — | A 7o ADDER
| Lea 128 18 (D ! E{ ‘ L‘ | | I 6 NU ! '
| 5> 7— — —20 22 —21 18 | I Lesa 140 18 ENABLE N TO CM,JI5-16, Pl | G12
| | L | L I | | | 5:> 27— —— — |— — — — — HH
| | i e - | : |
| 1] 13 CLEAR K REG,IO01-23,P21 | | 13 NU 3 2 It4a-1s,p
| Li2 129 10 ENABLE N To I1,k01-3,p11 | L2 T4t 10 CLEAR WRITE 2,READ 2 4 NU
| | 3> 14— | ] 3> 14— LO5-6,P27 | r— 34%10 G08-26,P25
| F—————— | | - — | | 12 CLR K,H33-26,P21
| o 25 ENTER ADDER RESULTS IN K, I11-9,P21 | ! | 25— — — _ . _ _ _ | |
| 23 T30 26 ENABLE ADDR TO CONTROLLER (X REG),J01-7,P12 J| o3 1-;2 26 — — — — — e — . |
6 28— — — — — — - - — - - 6 28 _
ﬁ L~ 4 L2 ONTROL DATA AR Ees COUPLER
b - Ll - TR PNIRIN TIMING CHAIN SIZE| DRAWING NG REV
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TYPICAL TE CARD LOGIC

Ao REG N REG I1 FAN-IN
17 17 35 [Tg| Lo4
—_—
12 12 30
11 1M 29 [rg] Los
—_—
6 6 24
Xo REG N REG
23 5 23 5 23 [re] ko4
—
18 0 18 0 18
89 REG N REG
17 17 17 17 17 [1g] o3
—
12 12 12 12 12
11 1 11 11 11 [1g} voa
9
—_
8
6 6 5 6 6
5 5 5 5 5 [1g] Jo3
—
0 0 0 0 0
FROM CPU

FROM
ADDER
RESULT
FANOUT

|

R1 FANOUT

K06

g

23

' )
SR R

T

18

N REG
20-23 |PD| L 31
16-19 |PD| L30 N(18 BITS)
12-15 |PD| k31 N{24 BITS)H
8-11 |PD| K30 N(1g BITS:
4-7 PDl J31 - 70 It
3 2 EEN FAN-IN
0
A REG
ADDR TO ECS
12-17 |pJ| LOS8 XMTRS P1-
6-11 [PJ[ LO7 20-23 |JQ K42
5 PJ| KO8 10-19  |uQ K41
] 9 |lud k34
TO
CONTROLLER
0
0
X REG
P1-
18-23 PJ| K10 I3 FAN-IN
12-17 [py| ko9
6-11 [Py Ji1o 18-23 [l
5 PJ| JOO
] X+N
0
15-17 |uM
B REG 12-14 UM TO ADDER
9-11 UM
12-17 [PJ| ko7 6-8 UM
6-11 [|pJ| Jos 3-5 uM
) PJl JO7 BITS UM
] 0-2
A+X+B+B
+N
0
PRODUCT
CONTROL DATA =S ECS COUPLER
COR® RATION - SIZE| DRAWING NO REV
DEVELOPMENT Rl ?23337?" INS clgoiiszoo |

DIVISION X,A,B, AND N REGS

SHEET
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N REGISTER

_This is a 24-bit register which can send its contents to:
1) the adder via I3 fan in.
2) X, A, and B registers via Il fan in,

3) the Peripheral Address Network; that is, to CM through the
same path as a PPU Address. This is only done after A+RA
(CM) is computed.

The results of all adder operations are unconditionally entered in N.
However, these results are then lost after 100 nsec because of the
clear/set input.

The uppermost bit of N is used to check for negative results from the
adder. This is done in the Field Length tests and the K-B tests.

I1IFAN IN

This directs addresses from N (or N) or from Chassis 3 Read Distri-
butor. When the timing chain is started, the contents of X3, By and

AO are entered in the couplers X, B and A registers via the I1 fan in.

Once this has been done, only the contents of N (or N) are sent through
1.

FIRST FLIP FLOP

This FF is used to control addresses that are required for the Transfer

Setup and the First Record Setup. Once cleared (at T42) it is never
set again during a block transfer. Therefore, the initial address in
CM is sent only once and is incremented in the EAK (in the CPU), by
signals from the P decrementer. An exception to this occurs if the
transfer is interrupted by a PPU Read/Write. In this case a new CM
address is required. The ECS Copy Address signal is used to enter
CM address in the Exchange Address Counter,

ECS Coupler
Pub. No. 60119300
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N REGISTER
BITS 20-23 PD| L29
BITS 16-189 PD| L28
BITS 12-15 POl K31 -
BITS 8-11 PD| K30 |
BITS 4-7 PO| J31 | -
BITS 0-3 POj J30 | |
b
[
-
[
N
=\
t2s NS
SN
[ ERNRN
13 BIT 1 2> 12— ———_1 1 N\
FROM 3 70 13\ | AN
ADDER 5 —— (BN NN
FAN OUT | NN AN
es—— - |\ NN
20-(® N\ | AN ANAN
18 BIT 2 s) 19— — — =\ N AN
28 TOo I3 AN \ N
23— — — — — NN N N
| IANENEN N -
26— — — — — 4NN AN
24 (@ NN\ N X +B
17 BIT 3 &> 22— — — — — — — ~ NN\ N\ CH 3
27 TO I3,P15 NN\ |
21 =~ NN\ - -
J AN NN x +B
N | NN\ CH 3
() TO UPPER 18 BITS OF I1 FI \{ | LN -
IE J30-7 TO KO4-2 \ | - -
J30-10T0 K04-1 ETC AN | X +B
N | CH 3
N L - - -
GATE N VIA BITS GATE N VIA BITS SR
18-35 0-17 X +B
Lot CH 3
9 K03-16 J31-11
7 J04-16 J31-6
——————— 7 X +B
Ko! | CH 3
ENTER A | J31-12
3 22 K02-12,P13 | J31-5
T29 GRD 27 16 K04-16
I07-10 3 1= — - — = 25 18 LO3-16 I
N s 20 LO4-16 |
[rH cos
FIRST FF 10 NU
l 1 ‘W[% I14 12— — — — — — — — — — — —
I 22 GATERLTO X Res
T23 7 - = 4 NU
Ti1-19 | 4 NU
tso 6 9 CLEAR 300 NSEC
Mi3-15 [-_— DELAY CHAIN
18 M31-7,P27
T42

GATE N TO CM VIA

PERIPHERAL ADDR NETWORK

BITS 8-15 L30
J3ze
—————————————————————————————————————————————————— f— ————13
S
——————————————————————————————————————————————— 2 )11
| a7 |
—————————————————————————————————————————————— —(O— o
= |
————————————————————————————————————————————— s —— 7
= |
N BIT 4 23— )———21 P31
= |
N BIT 5 25— p——159
I1 FAN IN | 7 |
N BIT & 27— )—15
BITS 30-35 [T Lo4 | 7 |
BITS 29-24 || Lo3 K12 N BIT 7 ee——( )——17
BITS 18-23 [TE ko4 ¢
BITS 12-17 TE| KO3
BITS 6-11 TE| JO4
BITS 0-5 TE[ JO3
4 1 | s
| 8" To RI F N\ 20— —— T Lis
2 9 FAN OUT | 18— | 3> BIT 18
| P1- | —26— | | OF N
6—(_) |1 N REG 5 11 P31
| A | [ S
3 | [ BIT 174
t BIT 1 2» & ToO RI [ F oF N
5 | [ N REG 1 9 P31
| | [T S, 32— 7
13 | | J1s
12 BIT 2 3> 10 To Ri | | ‘ 1 E% ’ 2 [y s39
7 | | 5
| L a—ag;——nz—— 6 D W24-94
18 I e ECS
17 BIT 3 4> 19 To R | () FOR THIS INPUT COPY
22 | SEE P31 FOR ~ | ADDRESS
| | REMAINDER OF MQDULE
26 1 GATE N VIA BITS
28 BIT 4 5» 21 TO Rt I 0-17
24 | Tol LO1  NOTE: LO4-15 AND L0O3-15
F——— 1l —-—=—=—=5 1 ARE NOT USED
25 | J voa-1s 8
27 BIT S 6> 20 To RI | / K03-15 10 T28 ,G12-13
| | Ko4-15 12 3 T37 ,I09-4
| |
Ve TD| I02
————————— 3 2
Jo4-14 7
KO3-14 9 2 T04 ,I03-16
KO4-14 11 4 T06 ,103-25
LO3-14 13 P31
5
LO4-14— — — — — — — — — — — — 1 22 T06
L—— 1 103-28
CONTROL DATA B 'ECS COUPLER
CORPORATION N REG, Il FAN IN SIZE| DRAWING NO REV
DEVELOPMENT FIRST FF C | 60119300 |P»/
# 6694 DIVISION SHEET 283 I PAGE "




ADDRESS TO ECS CONTROLLER
( x—> CONTROLLER

K42

s BIT 20 1) 12@ W25-85

7 BIT 21 10-@>X W25-96
FROM |
X REG 9 BIT 22 8@  wW2s-
11 BIT 23 6> W25-
REQUEST

TO CONTROLLER

D- W25-97

~
t70,mM13-22, 9\ RM ENABLES
T30,I07-26 ESS BITS)

7
READ LAST RECORD 57 l L= 14
co8-13,pP28 BITS 10-13 g K4l

v K34

N

5 BIT O 1> 124D W31-90, W31-900

A, B AND X REGISTERS DFFSCRIPTION

X REGISTER

|
|
|
|
A REGISTER ! |
| 7 BIT 1 1040 W31-91, W31-901
This is an 18-bit register which initially holds the contents of A (re- | |
location quantity for CM addresses). During Transfer Setup, RA(CM) I o BIT 2 Bd} W31-92, W31-902
is added to A and the result is entered in A and sent to the FAK. The ! l 503
1- W31 -
initial CM address (page 11) A is updated every eighth word (once ! " BIT 3 S wW31-93,
every record) by a count of 8; however, this updated address is not ! I
sent to CM for each record ! 13 BIT 4 4@ W31-94, W31-906
B REGISTER a ! FRom |
” ’ | X REG 26 BIT S s> 190> W31-95, W31-905
! I
i ~-bi ist t t. g .
This 18-bit register holds the total number of words to be transferred | 24 BIT B > l-dD- W31-96, W31-906
Initially, it has the contents of B, (B) + K), but 1t 1s decremented by the ! I
number of words to be transferred in the next record. This is done | 22 BIT 7 230> W31-97, W25-92
during Record Setup. If it is the last record, the lower 3 bits of B are | l
sent to the decrementer. This condition 1s determined by N being posi- | 20 BIT 8 2541} W31-98, W25-93
tive, that is, K was greater or equal to B, B 1s not changed 1f this con- |
dition is met. ! BIT 9 270 W31-99, W25-94
|
|
|

||B
I :
This 24-Bit register holds the ECS address. It is updated by 10g for 5 ;
each record request made to the ECS Controller. The 1nitial contents 1 4
of X 1s the relocation quantity X, During transfer set up time RA(FCS)
is added to X and the result entered in X. The address is sent to the ‘—_____

controller at T30, but the updating for the address took place during

the previous Record Setup time. This is done to cnsure sufficient time
for the Request to be processed by the Controller. Note that the Store
Bit transmitter is on module K42 and is sent at the same time, (see
page 27).
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RI FANOUT
18-23 [rd «os (1)
9-17 [Tq koS
BIT 0-8 (rQ uos
0 3 TO X REG (ALL BITS)
2"0‘*8: e A
| |
1 6 TOo X |
5‘)0_,8: A _ . A REGISTER
[
2 (. BITS 6-17 COME BITS 12-17 PJ| LOB
2 16 TO X [ FROM I! DIRECTLY BITS 6-11 PJ LO7
13 14— — — — — — - L J02 BITS 0-5 PJl ko8
‘ 11 ENTER A ]
5 [ 4 23— — — — — — 7 ®
3 17 TOo X [ K02 17 Iig 24— — — — — — 20
18 19— — — — — =2 11 o 3 [ 3 s> [ 25 L07-7 L
‘ o T29 ,Pii ’ L‘{ J 27 L07-20 X REGISTER
4 L Ltor-22 12— )—11— — — — — — 3 1 —22 14— —28 3 | BITS 18-23 PJl k10
4 23 To X P To5 147 t7s 5 AN 4 Los-20 BITS 12-17 NECE
24 25— — ——— | | | | K06-8 Lo5-27 2 Los- 7 BITS 6-11 Py ui10
FROM | [ BITS 0-5 NILE
I1 5 26 TO X [
FAN-IN 27—0—18:29———1 (I 2 o — - — - — ———(){e] ®
P1- L1111 FIRST KO1 5— — — — — 20
3 [ Y 3 > 8 Ji0-7 L
3 10 To x| | | | | | cos-22 6 S 10 J1o-20 B REGISTER
7 8 ToBI| | | | || T27 38 4> )—10— — — —27- 25— 8> )—12—— 1
L1111 107-8 -2 L _J trs 27 [ — N\ S K09-7 BITS 12-17 pJ] ko7
1 [ T T T I 8 tos-17 L—— | 11 Kog9-20 BITS 6-11 Py Jos
7 LA A I S O B A | 12 K10-7 BITS 0-5 PJ| Jo7
12 e ToBIl | ||| | T03 17 13— — — — — - 14 Kio-20 3 ®
bl 1111 103-6 L—— e — ,~ 8 BIT O D 1 To 13
3 l b e e e __________ -~ 4 10 13 (3)
8 20 TOo X | | | | |
21 22 TO B | | | | @
L - — 1 et
l BIT 21 :Q J36 [
6 To x | | | |
5 4aT0B | || b - ________ ®
- = | P b e e e ______ -~ Nl To 13
b e e e e e N AN 10 13 (3)
et -~ N\ AN
AN N AN
ENTER B J02 === i e T T
Kol G | N AN e e To I3
117 I19 6 15— — — — — — _ - N AN 10 13 (3
5 TR TL| 17— — = — = — — — — — — — — — -~ AN AN
TOS 14— 5 6 19 Jos-7 N N B To 13
K0B-10 12 18— — — — 14— 21 Jos-20 NoTES - AN N To 13 (3)
P—_— t75 12 16 —21 19—16 5 AN AN
M13-26 L— ] L J N\ 26 K07-7 (D 15 NoT usED N N
20 K07-20 FOR BIT 21, SEE J36. N N To 13
b 9 %18 NU To 13 (3)
| 22 NU (2) Lower 3 BITS OF B REG I
| L 1 ONLY GO TO P DECREMENTER |
BIT 23 OF N L
LE,N IS NEG ' (3 B Is SENT TO I3 aS
L29-24,P11 1d— | WELL AS B, THESE
T35 12 16 PINS ARE NOT USED
J06-3 ON A REGj SEND ADDR NTROL DATA BRH PRODUCT  ©

co

TO ECS ON X REG, RI,A,B, ANDX REGS

(SEE ABOVE)

R RATION

DEVELOPMENT
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13 FAN IN DESCRIPTION

The I3 Fan In allows the X, B, A or N registers to enter the adder.

Note:

1)

2)

3)

The lowest 3 bits of the fan in are gated by the timing chain
only.

Bits 3 through 23 can be forced to ones by the extend sign

(A term). This is done at T28 to extend the negative sign of
the complement of the lower 3 bits of X register. This is done
when N (holding the newly updated ECS address) and K are
sent to the adder when the coupler is determining the number
of words to be transferred on the next record.

Bits 18 through 23 can be forced to ones by the extend sign

(A term). This extends an 18-bit negative number to 23 bits.
The sign is extended at T16 when (A+K) is in N and is to be
subtracted from FL(CM) for Field Length checks. At T32
the K-B test is performed with B being sent to the adder, and
its sign is therefore extended.

ECS Coupler
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I3 FAN IN
ALL OUTPUTS TO ADDER

I3 FAN IN
ALL OUTPUTS TO ADDER

G20 L12 BITS 15-17 UM L14
795 BITS 12-14 UM L13
MI2-1s 17—~ | e e e - __ __ BITS 9-11 UM K14
13— — — — — e BITS 6-8 UM K13
- - = T—I EXTEND SIGN NU BITS 3-5 M4
T3z 23 | BITS 0-2 UM U3
—————JOE_'J—ZIEO—IQ—‘ o] His NU 1 ]
Gos | I22 A TERM N 17
1 6 17 J14-10 N b 24 BIT O 13
1 | 19 K13-10 B 25
sl 27 17 — — 26 28 — 26 21 K14-10 A s
Y58 14—I | —— L—%—I 15 L13-10 x 4
Gr2-1 74 24 23 L14-10 X
S e I — W
| K12 NU 5 N 18
r——-=- N 3 BIT 18 2> 8 ® 26
| KQ2 L09 4 23— — — — — — — — — — — 9 X 1 B 27 BIT 1 14
| B 24 J14-20 | A 3
L 6 3 TERM 25 K13-20 | l M 2
Lae—y 27  K14-20 | NU 7
Tie 22 20— —— — 3 1 — —28 3 | ! N 13 BIT 20 3> 10
T2z 247 too s 2 Li13-20 | x 12 NU
L MO6-26 4 L14-20 | [
GRD e e I p— + - —— = 15—8]
l ! | _
2 R S 91 NU 22 N
K02 D 5 J14-28 I N 18 BIT 21 4> 19
4 TERM 8 K13-28 (] x 17
GRD 10— £——%lo K14-28 [
T32 1S 16 — — 1 | I B
roo 177 s L13-28 I NU 24
Mi2-11 11 Li4-ze Il N 26 BIT 22 5) 21
- — 1 I X 28
EE! L10 [ B
1
c 2 T — - — 94 1 NU 23
TERM 5 Ji4-21 L N 25 BIT 23 6y 20
8 Ki3-21 [ x 27 A
[ A o1 10 Ki4-21 Il
108 26— )—z8— — — — 1 1 1
too 24 9 Li3-21 1 e
M12-12 11 Li4-211 [ / e X
[ /
3 o //
| EI K02 [1'_5 Loe E 2— — — - — — — = S Y EXTEND SIGN
1 1 TERM 4 J14-8 [ I / GRD 10 OF LOWER 3
TZ 1 7 Li4-8 | // J13 ony | BITS OF N
Faz 3 13— — — — — 15 13— — — —28 4 | P b i e g —— 20—{B] ENABLE W
Yze 7/ 125 177 24 L13-8 I )/
M13-13 25 K13-8 l L+—————7 ————————————————————— 21 ENABLE B
23 Ki4-8 | | / I
| ity et 28—{D] ENABLE B
6 18 — — — — — — — 9 1 / |
F 17 J1a- P b ——— S s—[E] ENABLE 4
2 2 TERM 19 K13-1 | / [
e e 21 K14a-1 Lo — -~ e e e __ 1 ENABLE X
T24 4_)' 99— — - — — 9__;1 7— = — =18 5 // L
T34 & t70 11 18 L13-1 FRODUCT
el Miz-o At 20 Lia-d )/ _CONTROL DATA Ko ECS COUPLER
26— — — — — — — — — _ — . P OR n I3 FAN IN SiZe| DRAWING NG REV
DEVELOPMENT C 60119300 F
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BITS
36-59
FROM
CENTRAL
MEMORY

R2 REG

S B
23

20

19
18
17
16

S B

S B

AU

L42

L40

K40

K39

K38

7
X

FROM
ADDER
FAN OUT

FL{ECS) REG

16-23 El K19

15 El J1g

RACECS) REG

16-23 el k18

15 We| u1s

FL{CM) REG

10-17 e k17

9 El J17
0
RA(CCM) REG

10-17 E| K16

9 El v16
[0}
K REG
12-17 Cf L1t
6-11 MD| K11
5 Df Ji1
1
0

MERGE s
RACCM)+K

12-17 |TE

6-11 TE

5 g

I2 FAN IN
BITS 18-23 [re] L2
ARE FORCED 23
T0 ZERO
FOR RA(CM) I
AND FL(CM) 20
E L20
19
18
17
16
TG K21
15
I TO PASS ON
NE TWORK
12
]E K20
1"
I TO ADDER
8
TG J21
L19 7
L18 &
L17 5
4
BITS
0-5 ARE F_G J20
FORCED TO 3
ZERO FOR
RACECS) AND
FLOECS) 0
PRODUCT
- CONJROL DATA DATA FLOW 2 ECS COUPLER
CORPORATION SIZE| DRAWING NO REV
wesos DEVELOPMENT R2, FL AND RA REGS C|] 60119300 |/i/.
DIVISION I2 FAN-IN
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R2, RA AND FL REGISTERS
R2 REGISTER
This is a 24-bit catching register. Its contents are directed to the RA
or FL registers by the address tags. These tag bits are the Increment
Unit to A bits which are not used during ECS instructions and are there-
fore assigned to directing the ECS and CM parameters.

RA AND FL REGISTER

These hold the RA and FL quantities from the Exchange Jump package.
Note that the lower 6 bits of the ECS registers do not exist.
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R2 REGISTER

BITS 20-23 sB| L42
BITS 16-19 SB| L41
BITS 12-15 SB| L40
BITS 8-11 SB| K40 FLCECS) REG
BITS 4-7 se| k39 BITS 16-23 e| k19
BIT © se| k38 BITS 6-15 J1s
DATA FROM 1 1 ]
BITS 36-59 J 3 A RA(ECS) REG
OF READ cz 12 4 TO FL(CM) | BITS 16-23 K18
DISTRIBUTOR 5 NU ON K38 OR K39,T0 RA(ECS) ON REST OF MODULES | Jis
B 6 NU ON K38 OR K39,T0 FL(ECS) ON REST OF MODULES |
A I FL(CM) REG
14 2 BIT 1 , ! BITS 10-17 WE K17
q L i - I BITS 0-9 J17
cz 13 9 TO FL(CM) | |
8 NU ON K38 OR K39 TO RACECS) | I RA(CM) REG
B 7 NU ON K38 OR K39,T0 FL(ECS) | I [BITS 10-17 g k16
A | | BITS 0-9 J16
17 5 BIT 2 | | BIT ¢
—————————————————————————————— | |
cz FL(CM) _; | L - = 1 2 ALL
ON K38,T0 RACECS) | | ouT-
ON K38,TO FL(ECS) | | A PUTS
| | C TO
| | I2
———————————————————————————— 9 1 b———————'5 BIT 11> 4 FanN IN
cz FLOCM) I I | | Pace
ON K38,T0 RA(ECS) | b - = 5 BIT 2 3» 6 21
ON K38,TO0 FL(ECS) | | |
e 7 BIT 3 8
tz0 | |
Mi2-17 9 BIT 4 1o
Ta H23 TH J12 ||9 BIT 5 6 elo
TAG=1 | |
1 z; RACCM) 21 BIT 6 4y 22
———————————————————— 60— 4— s Kie-11 | |
L3z = i~ [e—~ o - ____ 0— s 2—— & 5 —— 23 BIT 7 5) 24
1= I S 1 [ \ | |
1 GO (] T == = = 2—10 AN 25 BIT 8 26
. I W\ / N | |
< 1z N ) ) Jss,)\& | S . 9 TAG=2 N 27 BIT 9 28
s 2)8IT 0 ¢ NN\ | 2 6 FL{CM) AN 2
O+ -7 tad+ 4+ — =X X - — — — — 1 b - GO— 3— 21 K17-11 N
I =13 16+ +—~ /NN e 0— 5 11— —28 15 J17-11 | © ®
A I X NN == 1= S ! (4]
o 1> BT o LN NN\ v/ o ———— 2— s L= O3]
P24 EXCH- 5> 27 Nu | | s N NN/ /s Kos
ANGE 2s——- | 2 =4+ -0\ XN\ / TAG=4
| [ BIT| | Il NN/ NN/ 6 1 RACECS)
@7 BIT 02> 4———- 5 17— NN X m - 60— 25— 9 Kis-11
|- = — — 15— — 4+ — —— /N f N — - - 0—17 27— —12 g9
_/—19 19——+—>—<\—\/——-—\ —————— T—19S
@10 BIT 1 3> 14— — — v + - /N it Sl 2—21
13— — — — 6>BIT2 | I N/ N/ 1 6; FLCECS)
| ’ 22 — —- N N I & [Awes 22 Kis-11
@21 BIT 2 4) 17— — — — — 21 20— — — — — — N/ N | -2 21 J1s-11
18 - I /N N Loeo—2s 28— —  —
AN 3>BIT2 v AN — i)— IIS p— PRODUCT
o \ 8- - == == ~ - 1—2? ACQN:I’RO»:L(['] TrA4 Rz' FL(CM)'FL(ECS)‘RA(CM) SIEECDSRAW?NOGL:SLER REV
'5‘*‘—’.—’8 [(® e O e e e . oevetomvent | AND RA(ECS) REGISTERS Cle0i19300 |i']
DIVISION SHEET l PAGE is




I2 FAN IN AND K REGISTER DESCRIPTION

K REGISTER

This 18-bit register holds the word count for one record. It also can
have bit 3 forced to a one, which is used to increment quantities by
10g. It sends its contents through the I2 fan out to the adder. Its in-
puts on I2 are shared with RA(CM) register and they are controlled by
the merge RA(CM) or K gates which allow one or the other to I2.

The lower 3 bits of K are sent to the P register except on the last re-
cord.

I2 FAN IN

This fan in allows RA, FL and K to send operands to the adder or to
the pass on network. The latter would be done only if an Exchange
Jump occurred. Since the lower 6 bits of the ECS registers do not
exist, their inputs on I2 are not used. Also, since RA(CM) and K are
controlled by the merge gates, their gating term (A) on I2 always a
logical one output.
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T2 FAN-IN
102 BITS 20-23 Tg Lad
BITS 16-19 16 Lz2o
1 14 L21-15 BITS 12-15 TG K21
GO*TAG(4+5) 12 L30-15 BITS 8-11 g «zo0
Log-1tr | 5= ===9 @ === 33— 99— — — — - — — — — - — — I 10 K21-15 TG J21
P33 Los ~ 37 8 K20-15 FL(ECS) 8 | pass on
26 | 6— — — — — — RACECS) 6 BIT 4 ! 14 P33
T22 24%——28*——‘ |——/ -11 FL(CM) 4 ’ 13 ADDER
X REG TO MEM Tos-18 | ‘ Lot | F————— == 2
FROM CN 5 22—y | | |
W24-906 T24 27—)@—25—1 3 23 L2i-11 | | FLCECS) 7
106-26 L— | — 26 21 L2o-11 | | RA(ECS) s BIT S 2y PASS ON
tao 23— | (J—21———— 4>} —10— — — — — — — — — — — — — 28 19 Kz21-11 | | FL(CM) 3 | ADDER
G32-25 17 K20-11 | [
15— — — ——_ | Il
! N [ FLIECS) 22
NOTES:
K REGISTER AN [ RA(ECS) 24 BIT 8 5> 18 PASS ON
(1) USED ON LOWER 3 BITS OF J11 (I I FL(CM) 26 17  ADDER
ONLY.NOT USED ON K11 OR L11 BITS 12-17 o] L1t o I RACCMI+K 28
BITS 6-11 MD| K11 [ [
(@) NOT USED ON K1l OR L1I BITS 0-5 o] Jit | I FL(ECS) 21
MERGE RA(CM)+K I I RA(ECS) 23  BIT 7 s> 19 PASS ON
(® FROM RA(CM) REGISTER FROM ADDER 4 BIT 0 1> 33— — — — —— 1 (. (. FL(CM) 25 20  ADDER
2 I17-4 | 12-17 [TE| L19 [ [ RA(CMI+K 27
@ CONSTANT ZERO(SEE L186) [ | 6-11 |TE| L18 [ [ |
ADDER 6 BIT 1 2y 7— — — — — - | [BITS 0-5 [1g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>