





6000 SERIES INTRODUCTION AND PERIPHERAL PROCESSORS
TRAINING MANUAL

SECOND EDITION

FOR TRAINING PURPOSES ONLY

This manual was compiled and written
by instructional personnel of

CONTROL DATA INSTITUTE
CONTROL DATA CORPORATION

Publication Number 60250400
November, 1968




This manual obsoletes the 6000 Training Supplement,
publication number 60241500 (previously 011568).
Also, Chapter 1 of 6600 Central Processor Control

and Memory, Volume I, publication number 020167
has been deleted from that book.

Copyright 1968 by Control Data Corporation
Printed in the United States of America




FOREWORD

This manual is intended to serve as an introductory text to 6000 Series
Computer Systems and to provide logical analysis of the peripheral proces-
sor units of this series. As an introductory text, this manual discusses
common design philosophies of the CONTROL DATA ® 6400, 6500, and
6600 Computer Systems. During the course of study, the Peripheral Pro-
cessor Customer Engineering Diagrams Manual and the Chassis I Wire Tabs
should be available as additional reference material.

It is assumed that the reader of this manual has a thorough knowledge of
number systems, Boolean algebra, and basic computer concepts.

In any technical writing effort, possibilities of errors are always present.
Although Control Data Institute makes a conscious effort to minimize errors
in its publications, errors are nevertheless inevitable. If you would like to

make the existence of errors known, or would like to make comments or

suggestions concerning the manual, you might find the Comments Sheet at
the end of the manual to be of help. Forward your comments to the Educa-

tional Development Department of Control Data Institute, 3101 East 80th
Street, Minneapolis, Minnesota 55440.

® Registered trademark of Control Data Corporation
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CHAPTER 1

INTRODUCTION TO 6000 SERIES
COMPUTER SYSTEMS

INTRODUCTION

Before embarking on a study of the 6000 Series
Computers, a historical look at their initial develop-
ment will help in explaining many of the new concepts
they employ.

MARKET AREA

Soon after Control Data successfully had marketed
its first large-scale digital computer, the 1604, it
decided to develop a super-scale computer to fill a
specific area of the computer market. This particu-
lar area was scientific in nature, and its most indica-
tive group was the Atomic Energy Commission (AEC).
The scientific problem solving that these groupe did
involved the solving of a large and dynamic mathe-
matical model. This called for a very large and very
fast central computer, | |

Several attempts were made to build a machine
for this type of problem. However, none of these
machines was very successful due to technological

TRANSISTOR

All of these previous attempts were solid state
machines using the presently available germanium
transistor. Since this most basic component was
operating near its maximum expected speed, it
seemed that the design problem was unsolvable.
However, Control Data Corporation decided to attempt
a design that could efficiently handle the type of
computer-solving problem the AEC had. _




NEW CONCEPTS

Since no more speed could be expected from the
transistor, brute force speed of computing was not
possible. Instead, conceptual changes in the basic
computer system were necessary. Using this prin-
ciple as a guide line, Control Data started the devel-
opment of the 6600 Computer. -

For the next year or so, many new concepts were
developed that would increase the speed of a compu-
ter system. Using these new concepts, Control Data
could see a machine that would execute one million
instructions per second, a faster machine than any

presently available computer.

During this initial development period, the transis-
tor industry began to herald the coming of a new and
faster transistor. This item, the silicon transistor,
was much faster than the old germanium and made
greater computer speeds easily available. However,
for Control Data it meant a great deal more. Since
Control Data had developed new concepts to increase
computer system speeds, the new transistor was like
frosting on the cake. By using both the new transistor
and the newly developed concepts, Control Data now
had a machine that would execute three million in-
structions per second, unapproachable by any other
computer, even the "paper tigers'". With a computer
that could operate at this speed, Control Data had the
machine, the 6600, that could handle with ease the
particular type of computer problems that were
present.

The development of the 6600 Computer was suc-
ceasfully culminated with the delivery of the first
6600 Computer System to the Lawrence Radiation
Laboratory at Livermore, California, in June of 1964.
The development of the second 6000 Series Computer,
the same basic conceptual changes that were devel-
oped for the 6600, the basic difference being a unified
central processor rather than one using the principle
of concurrent operation.

The conceptual changes used in the 6600 and 6400
are easily understood if one looks at the operation of
the typical computer. These computers are designed
with extremely powerful and capable arithmetic com-
puting hardware. A great deal of effort is made to

make the hardware multiply, divide, and handle com-

puting situations at very high speeds. Ordinarily, the
typical computer is called upon to handle the compu-
tation of a program and also the processing of its
‘input/output requirements. Therefore, the conclusion
that can be made is that, although a computer can be
very powerful and capable arithmetically, the sophis-
ticated hardware is not actually doing the job it should
be doing most of the time. We can say most of the
time because the ratio of input/output time to actual

2

computation time is very umnbalanced. This can be
illustrated as shown in figure 1.

Idle Period for
Most Logic Circuits

Program Running in
Central processor

Figure 1. Ratio of 1/0 Time to Actual
Computational Time

In order to point out the awkwardness of this situ-
ation, we shall look at an analogy. Assume the
president of a large corporation, who is trained and
capable of making very high-level decisions, isforced
to spend a great deal of his time doing the routine
paperwork leading up to and after the big decision.
Obviously, be is not using his talents very economic-
ally. However, we can be sure that this company
president would delegate the routine paperwork to
less capable people while he spent his time making
the big decision. Of course, it must be understood
that this argument holds true only if there are enough

- decisions that have to be made.

Keeping this analogy in mind, consider that if the
central processor could be isolated from the rest of
the system, it would lend itself more to pure comput-
ing and also provide for faster overall speed in pro-
gram turn-around. In order to be able to isolate the
arithmetic section of the computer, there must he
some other area of the machine that is capable of
processing input/output independently of operations
in the arithmetic section. If successful isolation of
the arithmetic section can be accomplished, a tre-
mendous opportunity arises to create an extremely
fast central processor. Remember, this central
processor (arithmetic section) never need WOrTy about
1/0 processing.

Inthe 68000 Series ComterSyetemthuiamﬂy
what has been accomplished. The central processor

has been isolated from the routine work of 1/0 pro-
cessing. |

In the 6000 Serfes Computer there is a very fast
central processor unit (CPU) with ite own high-speed
memory (up to 131K), and ten independent peripheral

- processor units (PPU's), each with its own 4K mem-

ory (figure 2). The function of the CPU in this system
is that of high speed computing while the PPU's are



CENTRAL MEMORY

MEMOR

-

Figure 2. 6000 Campnt-er System
General Block Diagram

assigned the task of processing all of the necessary

I/0 requests and doing simpler types of problem
solving.

Because the 6000 Series Computers have a multi-
computer configuration they can handle several pro-
grams simultaneously, rather than singly which was
the case in the other kind of computers. Because of
this fact we must look at the typical operation of these
machines in a different light. In doing this we can
see how the new 6000 Series Computers conceptual
differences permit the handling of programs in a more
economical way. -

We shall assume a group of programs; the first
program is loaded into the computer and execution
‘begins. An I/0 request is encountéred. At this time
the typical 6000 Series Computer could immediately
start the second job running in the central processor

and assign one of the ten peripheral and control pro-

cessors the job of processing the input or output re-
quest (see figure 3)

Using this scheme, the I/0 gap has been removed
from the central processor. This means that the cen-
tral processor is using its capabilities almost 100%
of the time.

PERIPHERAL AND CONTROL PROCESSORS

There are ten identical peripheral and control pro-
cessors (PPU's) associated with the basic 6000 Series

Second Program Fills
1/0 Gap in Central Processor

Program B

Figure 3. Sequence of Concurrent
Operation of Two Jobs

Computer System. Each is independent of the other
and each has its own 4K, 12-bit memory. Each is
capable of communicating with the central memory,
the 12 1/0 channels, and the real-time clock. Each
processor is capable of executing a 64-instruction
repertoire. The scheme under which the 10 PPU's
operate is one which makes full use of common arith-
metic and logical circuits on a timing sharing basis.

If we consider the fact that most computers do not
make full use of their arithmetic and logical hard-
ware because of memory wait time, the possibility

of time-sharing common hardware becomes evident.

Consider a single computer. An instruction is ac-
quired from the memory specifying an arithmetic
operation to be performed. However, before this
operation canbe performed, the operand needed must
be read from memory. During this access time, the
arithmetic hardware is idle. If we were to allow a
second computer to use the arithmetic hardware dur-
ing this period of time, we would be increasing the
economic use of the hardware. If the arithmetic and
logical hardware were fast enough, couldn't three
other computers use it during the memory wait time
of the first computer? Why not nine others?

Keeping the above statements in mind, consider
computer operation in general, In any computer, the
contents of various registers are necessary to control

the orderly execution of a program. For instance,

gram address register (P) is necessary to keep
the program in sequence. An accumulator (A) is
necessary to mmntain the latest results of some pro-

gram step.

Usually some sort of register maintains the trans-
lation of the latest operation code for extended control
of the execution of the present program step. Thus,

3



it can be seen that we can logically link 10 identical

sets of Pregisters, Aregisters, and translation reg-

isters with one common set of arithmetic and logical

hardware. The 6000 peripheral processors do just
this. -

In the 6000 PPU's each processor has an 18-bit
accumulator (A), a 12-bit program register (P), a
12-bit auxiliary accumulator (Q), and a 9-bit trans-
lation register (K). All of these registers share a
common set of arithmetic hardware. Each set of

10 Independent
Memory Units

Barrel
(9 Programs)

Slot (1 Program)
Arithmetic and Logical

registers represents one program and is allowed to
use the arithmetic hardware for 100ns during each
usec. A circular shifting process isused tomove each
processor into position to use the arithmetic and
logical section. This shifting network is called the
barrel. The area where the arithmetic and logical
hardware is located is called the slot. Refer to figure
4 for a detailed picture of this scheme. Slot time for
any particular processor occurs once every jsec (one
major cycle).

Illlllllll
NN

Registers in Barrel

Channel Data

SRR

Figure 4. PPU Block Diagram

Merge and Fanout

All arithmetic and logical operations are executed
in the slot. Also during the slot time communication
with central memory and the 1/0 channels is accom-
plished.

PPU DATA CHANNELS

The 10 6000 Series peripheral processors are con-
nected to 13 independent data channels. Twelve of



these data channels are bidirectional and can be con-
nected to 1/0 equipment. The 13th is permanently
connected to the real-time clock and is used specific-
ally for monitoring the clock. The method used to
connect the data channels to the peripheral processors
allows any processor touse any channel. This scheme
allows flexibility in handling 1/0 equipment.

PPU PHYSICAL CHARACTERISTICS

The 10 processors are identical. One 4096 12-bit
magnetic core storage accompanies each processor.

~ cycles.

The major cycle time is 1000ns and the minor cycle
time is 100ns. Twelve 1/0 channels are common to
all processors and all channels are 12-bit bidirec-
tional. The real-time clock uses oneausec per count,
4096 counts per clock period. The instruction set
includes logical, branch, 1/0, central memory ac-
cess, central processor access, direct and indirect
addressing, and indexed addressing instructions.

Averige instruction execution time is two major
Execution times for each instruction are
listed in table 1. |

Table 1. Peripheral and Control Processor Instruction Times

00 { Pass 1
01 | Long jump to m + (d) 2-3
02 | Return jump to m + {d) 3-4
03 | Unconditional jump d 1
04 | Zero jump d 1
05 | Nonzero jump d 1
06 | Plus jump d 1
07 { Minus jump d 1
10 | Shift d 1
11 | Logical difference d 1
12 | Logical product d 1
13 | Selective clear d 1
14 | Loadd 1
15 | Load complement d 1
16 | Add d , 1
17 | Subtract d 1
20 { Load dm 2
21 | Add dm 2
22 | Logical product dm 2
23 | Logical difference dm 2
24 | Pass 1
25 | Pass 1
26 | Exchange jump min
27 | Read program address 1
30 | Load (d) 2
31 | Add (d) 2
32 | Subtract (d) 2
33 | Logical difference (d) 2
34 | Store (d) 2
35 | Replace add (d) 3
36 | Replace add one (d) 3
37 | Replace subtract one (d) 3
40 | Load ((d)) 3
41 | Add ((d)) 3

42

- Subtract ((d)) 3
| 43 | Logical difference ((d)) 3
} | 44 | Store ({d) 3
45 | Replace add ((d)) 4
" Replace add one ({(d)) 4
- Replace subtract one {((d)) 4
- 50 | Load (m + (d)) 3~4
51 | Add (m + (d)) 3-4
- 52 | Subtract (m + (d)) 3-4
53 | Logical difference (m + (d)) 3-4
54 | Store (m + (d)) 3-4
- 59 | Replace add (m + (d)) 4-5
- 56 | Replace add one (m + (d)) 4-5
- 57 | Replace subtract one (m + (d)) 4-5
| 60 | Central read from (A) to d min 6
61 |} Central read (d) words from 5 plus
~ {A) tom . 5/word
- 62 | Central write to (A) from d min 6
63 | Central write (d) words 5 plus
~ (A) fromm 5/word
64 | Jump to m if channel 4 active 2
65 | Jump to m if channel d inactive 2
66 | Jump to m if channel d full 2
| 67 | Jump to m if channel d empty 2
70 | Input to A from channel d 2
71 | Input (A) words to m from 4 plus
channel d 1/word
- 72 | Output fromm A on channel d - 2
73 | Output (A) words from m on 4 plus
: - channel d 1/word
.74 | Activate chamnel d 2
75 | Disconnect channel d 2
- 76 | Function {A) on channel d 2
- 77 | Function m on channel d 2



CENTRAL PROCESSOR

Earlier in this chapter it was stated that one of the
basic concepts of the 6000 Series Computers is the
isolation of the central processor. Taking advantage
of this isolation principle to create a fast CPU could
take many forms. If overlapping of arithmetic opera-
tions could be developed where no linkage problems
are present, this would mean that concurrent comput-
ing of several steps of the program would be possible.
Of course, in order to be able to have several arith-
metic operations occurring at once, a great supply of
operands must be available. Operands could be pro-
vided by having a multiple set of accumulators that
are used directly by the arithmetic section and have

a path to the memory which is imiependent of ﬂn in- |

struction set. Considering that our hypc
is operating in the fashion described,
would be able to execute a great number of instruc-
tions at high speeds. Therefore, we must provide
the CPU with a good supply of instructions free of
memory. This can be done by having a stack of tran-
sistor registers, much like an internal memory, that
could be used to draw instructions from.

At this point a classification of the difference be-
tween a 6400 and a 6600 computer must be made. The
two computers have the same configuration and con-

cept of operation. However, in the 6600 central pro-

cessor instructions can be executed concurrently
where no linkage problems exist, while in the 6400
central nrocessor the execution of instructions is
sequential, that is, one after the other.

Therefore, the preceding description of hypothetical
possibilities for increasing the speed of the central
processor holds true for both computers, with the
exception of the concurrent execution of instructions
unique to the 6600, Also, the 6400 does not have an
instruction stack since, with sequential execution of
instructions, there is always sufficient time to ac-
quire the next instruction.

CENTRAL PROCESSOR OPERATION

OPERATING REGISTERS

In order tofacilitate the execution of eachprogram
step and to reduce memory access times, operands
used during the execution of an instruction will come
from 24 flip-flop operating registers that will be
loaded and stored under program control.

The central processor's 24 operating registers are

divided as follows:

e Eight 60-bit X registers that hold operands used
for computation. The X registers have a direct
access path to central memory.

Results

Eg
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| INSTRUCTION |
TRANSLATION
AND CONTROL

Instructions

Figure 5. Central Processor Block Diagram

e Eight 18-bit A registers. These registers will
be used for loading and storing operands in the
X registers. These registers are known as the
Address registers. '

e Eight 18-bit B registers.

Changing an A register causes 2 memory reference
for an associative X register. That is to say, chang-
ing A1-A5 causes a memory read and X1-X5 receive
the operand. Changing A6 or A7 causes a memory
write and the operand in X6 and X7 is stored. A0 and
X0 are not considered in this memory scheme. The

eight 18-bit B registers are used as index registers.

All of the above-mentioned registers are unique to
the central processor and are not associated with the

peripheral processors in any way.



15 Bits

Second Operand Register
First Operand Register

Results Register

Second Operand

First Operand Register

Re'sults Register

Figure 6. Instruction Formats

INSTRUCTION FORMAT

The basic format of a 6000 Series Computer in~
struction is arranged in such a2 manner as to facilitate
easy understanding of its operation. Figure 6 illus-
trates the format of the instructions and also shows
all combinations of 15- and 30-bit instructions possible
in a 60-bit word. In examining the instruction format,
we find that the upper six bits are the operation code.
The next three bits, the i portion, designate the op-
erating register where the results of execution of a
program step go. The j and k portions designate those
operating registers where source operands are found
which are needed to execute the program step. If an
instruction is a 30-bit type, we find that an 18-bit
constant K is part of the instruction and serves as one
operand. In this case, j and K serve as the two oper-

ands necessary to execute the program step. Always

remembering that i is the result register and j and k
(or K) are source operands, we find that interpreting

the code is quite easy. For instance, the multiply

instruction reads:

40

Floating product of Xj and Xk to Xi

The 40 is the operation code and the results go to an
X register, one of eight. Both source operands come

from X registers. The coded form of the instruction
is shown below.

40542

Op Results Source Operand Source Operand
Code to X5 from X4 from X2

Figure 7 illustrates a short program using sym-
bolic form of coding. This program also gives an

 example of the manipulation of operands with the

operating registers.

Operation Result
- Al1=B1l +K Load X1 from memory
location B1 + K
- A2 =182 + B0 Load X2 from memory
, location B2 + B0
- X6=X1- X2 Multiply X1 by X2 and
| store results in X6
A6=B5 +K Store X6 in memory

location BS + K
Figure 7. Symbolic Coding



EXCHANGE JUMP

A peripheral and control processor starts the first
central processor program and any new program run-
ning inthe central processor by executing an Exchange
Jump instruction. This scheme is necessary since
the central processor is like an island. That is, there
are no logical external connections to any part of the
central processor controls that can affect it. Only
through programming can the central processor be
reached. The exchange jump method of starting pro-
grams inthe central processor is ideal since it allows
the interruption of a program running in the central

processor and the recovery of the same program at
a later time. '

One situation where we would want to do this is

when the program presently residing in the central
processor has reached an idle period because it re-
quires some input or output processing., At this time,

an exchange jump would allow us to start a new pro-

gram running in the central processor and would also
record the necessary information needed to restart

the original program when the input or output proces-

sing had been completed.

" In order to get a basic understanding of how the
exchange jump package works, remember that any
program running in the central processor is under the
control of the operating and control registers. These
registers, such as the Program Address register (P),
keep track of the sequence of an instruction; the X, B,

and A operating registers keep track of operands be-

ing use«d for the execution of program steps; and the

Reference Address register (RA) keeps track of the
X6
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Figure 8. Exchange Jump Package

relocation point of the present program. There are
other important registers, of course, but these serve
as an example of what is meant.

A program running in the central processor can be
stopped and restarted without difficulty if a record
can be made of the control and operating registers at
the time of the interrupt. As for the new program that
we want to start executing, we must supply new values
for the control and operating registers that the new
program will be using.

Keeping the above statements in mind, we shall
have a peripheral processor store into the central
memory new values for the control and operating reg-
isters that will be used by the interrupting program.
We shall call this area of central memory the ex-
change jump package (figure 8). Of course, the in-
structions for our new program must also be located
in the central memory before we execute the exchange
jump (figure 9). '

When we have stored our exchange jump package
in central memory, the PPU will execute the exchange
jump. This will cause the exchange of the contents of
the operating and control registers, now being used
by the present program, with new values. These new
values will come from the exchange jump package and
be placed in the operating and control registers. The
old program values used to represent the conditions
and control registers are safely stored inthe exchange
jump package. Another exchange jump will restore
these values in the operating and control registers
whenever we want to continue execution of the original

program.

INSTRUCTIONS FOR PROGRAM A

INSTRUCTIONS FOR PROGRAM B

EXCHANGE JUMP PACKAGE 1

Figure 9. Program Distribution in Central Memory



PHYSICAL CONCEPTS

Transistor-coupled logical circuits are used
throughout the 6000 Series Computer. The circuits
are cooled by means of refrigeration units contained
within the mainframe. Memory for the 6000 Series
Computers is magnetic cores, arranged in modules
that contain 4096 12-bit locations. Data and control
between chassis and to external equipment are pulsed
using transformers feeding coaxial cables. Internal
data and control flows over twisted pair lines, and
both ends of one of the wires are terminated to ground.

LOGIC CIRCUITS

A technique called cordwood packaging is used
when building the individual modules that make up the
6000 Series logic circuits. The logic module will

average 64 transistors and has a 30-pin male connec-
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tor for signal distribution (figure 10).

- The transistors used are NPN type, called silicon
epitaxial pacivated transistors. These transistors
switch in three to five nanoseconds and operate in
saturated circuitry. The logical circuit that is con-
tained on a module may be unique or may be a stand-
ard circuit that can be repeated many times within
the overall computer. The individual modules are
pluggable into a 30-pin female connector that is
mounted on the chassis. The individual connectors
are connected together using point-to-point wire
techniques. This forms a thick wiring mat on the
back of each chassis (figure 11). Specific modules
can be located on the chassis by coordinates. The
vertical edge of the chassis is labeled A-R and the
horizontal bar is labeled 1-42. There are test points
on the front plate of each module for ease of monitor-

ing the internal signals of the modules.
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| Figure 10, 6000 Logic Module
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Figure 11. Back of Chassis Wiring
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Figure 13, Refrigeration Tubes

Figure 12. Typical 6000 Chassis






