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NOTTICE

The STEP button was changed to the HALT button
on the operator console after the printing of
this manual. _&‘he change is only in the name of
this button -- its function has in no way been
_altered. Therefore, all information concerning

the STEP button now applies to the HALT buttén.
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INTRODUCTION

Litton Electronic Business System's 1600 series central processor is a
compact, stored-program computer. The basic storage medium is a magnetic
drum, and a variety of logic circuits and flipflop registers are used

to record, playback, and interpret the information recorded on the drum.
Almost all of the logic circuitry is made-up from integrated-circuit
packages, mounted on printed circuit boards inside the processor. The
remaining circuitry utilizes discrete components. Information flow
within the processor is bit-by-bit, in a serial shift manner. Informa-
tion flow between the processor and its peripheral equipment is in 8-bit
bytes, in a parallel manner. The processor can operate with a variety
of available peripheral equipment via the 1966 Standard 27 Wire Inter-
face. This includes the Model 11 or 13 Alpha-Numeric Keyboard, Model

30 Printer, and the Model 60/70 Reader and Punch,

The basic operation of the different models of the 1600 series central
processor is the same. The storage area on the drum, however, is differ-
ent for each model. Presently, there are only 2 models in production;

an EBS 1601 Central Processor and an EBS 1602 Central Processor. The
storage capacity of the EBS 1601 is 4096 words whereas the capacity of
the EBS 1602 is 2048 words, or half that of the EBS 160l.

The 1600 processors are housed in small desk-shaped cabinets, 28 inches
high x 28 inches long x 21.5 inches wide. In addition, an operator con-=-
sole is mounted to the top of the cabinet, making the overall height
35.5 inches., Basic construction of the cabinet is of vinyl enamel
painted steel except for the top made of Formica. Access to the elec-
tronic circuits and drum is gained through removable side panels and

the top.

Power consumption of the 1600 processor is approximately 500 watts.
The processor is available in two versions; one for use in the U.S.A.
which is wired for use with 115-volt, 60-cycle power; one for usé in
Europe which is wired to use 230-volt, 50-cycle power. Processors
used in Prance are field modified to use 1l1l5-volt, 50-cycle power.

Rev.1l8NOV68
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CHAPTER 1. GENERAL DESCRIPTION

1.1  CAPABILITIES AND LIMITATIONS

1.1.1 GENERAL INFORMATION

The EBS 1601 is a binary, serial, 40-bit word processor with drum memory.
Each of these terms is discussed briefly to indicate its bearing on the
operational characteristics of the processor as a whole. Since the pri-
mary application of this processor is in the field of accounting, special
attention is given in this section to the areas of input, output, and
the arithmetic functions that must be performed by accounting processors.

The term binary refers to the fact that all arithmetic within the pro-
cessor is performed with the numbers expressed in base 2 notation. The
binary number system offers 2 distinct advantages in the simplicity of
design of the arithmetic circuits and increased efficiency in the utili-
zation of storage. . Binary arithmetic units typically contain only 1/3
to 1/2 of the components required in a unit that operates in base 10 or
other notational system. The binary unit normally operates at a higher
speed when performing arithmetic since there is no necessity for the
correction cycles required in other systems. Storage of information in
binary format permits an increase in memory capacity of from 20% to 100%
over present day decimal or character oriented systems.

The denotation of the EBS 1601 as a serial processor stems from the method
in which information is processed within the system. Information is en-
tered into the system in a parallel fashion, one 8-bit byte at a time.

As the information enters the processor it is converted to the serial

form and all internal operations are then carried out by examining one

bit of information at a time. This type of organization provides for

the least amount of hardware within the processor.

To simplify the handling of data within a serial system some provision

is normally made to group a series of bits into a larger unit of infor-
mation called a word. 1In the general case, this grouping is accomplished
by dividing the memory of the processor into word units that contain an
equal number of bits. This type of memory organization is known as
fixed-length word memory and is the type employed in the EBS 1601. The
length of the word in the EBS 1601 is 40 bits and there are 4096 such
words in the processor's memory.

The 40-bit word of the EBS 1601 is capable of storing an 11 decimal digit
number plus sign. If all of the bits are considered as numeric values,

-1.1-
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the capacity would be slightly greater than 12 digits; but it is
necessary to utilize 1 or 2 of the bits for representation of the sign
of the number and to control arithmetic overflow. The 40-bit word of
the processor is ample for most business applications.

The word size also has a bearing on the capability of the system when
processing alphabetic data. In the case of the EBS 1601, it is possible
to pack 5 or 6 alphabetic characters in each word. Messages of longer
length require multiple words and the linking together of these words
during input or output must be accomplished by programming. This has

a definite effect on the speed of alphabetic transmission since a sepa-
rate memory access must be made for every 5 or 6 character portions of
a message.

1.1.2 COMMANDS AND INSTRUCTION WORDS

The command repertoire of the EBS 1601 contains about 44 primitive
commands., Within a 40-bit instruction word several of these commands
can be grouped together since an EBS 1601 command is either 8 or 16
bits long. In order to perform useful arithmetic operations, several
commands must be grouped together and arranged in some order within the
instruction word. For example, to add 2 numbers together and store the
result requires the execution of 4 commands. The basic sequence is:

1, bring the first number from memory to the arithmetic unit; 2, add
the second number to the first; and 3, store the result back into
memory. Only 2 of the above commands can be stored in one 40-bit word
in memory, consequently a fourth command must be inserted in the se-
quence that brings the second required instruction word from memory to
the control section of the processor. Access time to instruction words
and data words must be computed to determine the time that is required
to complete the operation described above. If it is possible to arrange
all of the memory words in the best possible manner the time would be
.00064 seconds. However, it is reasonable to assume that this ideal
can not always be achieved. The worst-case time for the above sequence
is .02 seconds if it is necessary to allow maximum access to each woxd.
The average of these 2 times results in a figure of .01032 seconds. It
should be noted that if the result is to be stored into the same loca-
tion as one of the original numbers the minimum time for the sequence
would be increased to .005 seconds by the memory cycle time (i.e., time
required for repetitive reference to a given memory location). This
increases the average to .0125 seconds. This example was chosen since
it represents the type of calculation that is prevalent in accounting
processors.

A program for the EBS 1601 consists of 2 types of instruction sequences.
The first of these is the control program that fully defines and con-
trols the application that is to be performed by the system. The second
type of sequence is called a subroutine and consists of the instructions
necessary to perform functions that occur frequently in the course of
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executing the control program. Examples of functions performed by sub-
routines are data input, data output, multiplication, and division.
These functions are required in practically any application and are
normally written in a standard form compatible with general programming
techniques. Special situations sometimes arise that do not lend them-
selves to the use of general purpose subroutines. This is particularly
true in dealing with applications that have fixed requirements on data
format during input and output; or when the magnitude of the numeric
fields that are encountered can be predetermined.

1.1.3 EXECUTION TIMES

Several general purpose routines have been written for the EBS 1601 to
determine the execution times for multiplication, division, and output
of numeric data. The routine for input of numeric data is written for
a system that is assumed to have input via a keyboard or paper tape
reader that transmits in USASCII code. In the following description of
these routines, it should be understood that they are written solely
for the purpose of investigation and not to the specifications of any
specific application.

The multiplication routine is designed to form an 80-bit product as the
result of multiplying two 40-bit operands. The sign of the product is
computed by the routine, and the result is scaled decimally to any range
specified. The routine occupies about 40 words of storage and requires
a fixed time of ,055 seconds to complete the multiplication and scaling.
To calculate the total time required for multiplying 2 numbers and stor-
ing the result, access time for the various operands and instructions
must be included. The sequence is as follows:

Instruction word 1 - a. Bring first number from memory
b. Store number as multiplicand

Instruction word 2 - a. Bring second number from memory
b. Store as multiplier

Instruction word 3 - a. Execute the Multiply subroutine
b. Store product in memory

The best case time for executing the above sequence is .0013 seconds,
while the worst case is ,040 seconds for an average of .02 approximately.
Adding the fixed time of .055 seconds for the routine gives a total of
.075 seconds. This implies that about 13 multiplications can be per-
formed per second.

The division routine is designed to divide one 40-bit word by another
and produce a signed quotient within the range of accuracy specified.
The routine occupies about 44 words of memory and requires a fixed time
of .075 seconds to complete the division process. The sequence of in-
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structions that must be processed to set-up the dividend and divisor
and store the product is similar to those for the multiply routine. The
total time for division and storage of the result is about .095 seconds,
indicating slightly more than 10 divisions per second.

The output routine is designed to convert a 40-bit binary number into
decimal digits under the control of another 40-bit word that specifies
the format of the output message. This format, or edit word, specifies
the number of digits to be output, which of the digits are significant,
the location of commas or decimal points within the field, and whether
or not a sign is to be output. The edit word also allows the programmer

to insert slashes or spaces between characters and provides filler charac-

ters for protection of amounts when required. The actual characters that
are transmitted to the output device are retrieved from a table that is
part of the routine. Changing the contents of the registers in this
table changes the code to whatever form is required by the device with-
out any changes in the routine.

The output routine occupies about 45 words of memory and produces one
character every drum revolution, or approximately 200 characters per
second after initial set-up. The time involved in set-up is similar to
the time required for entry to a multiply or divide routine since 2 words
must be retrieved from memory. To this .02 seconds must be added an
additional .015 seconds since the routine requires this much time to
prepare the number for conversion and return to the main control routine
when output is complete. The set-up and recovery time for the routine

is therefore equal to .035 seconds or the time that is required to output
a 7-digit message. This indicates that the effective rate for output of
successive 7-digit fields is 1/2 of the rate of the routine, or 100
characters per second.

A final important factor to consider in the processing time of the out-
put routine is the fact that the starting point of the sequence of in-
structions that produces the output characters occurs only once per drum
revolution. If the output device is not ready to accept the character
that the processor attempts to transmit, a delay of one entire drum revo-
lution must occur before the sequence of conversion instructions may be
entered again. This means that a device that takes longer than one drum
revolution to process a character received from the processor reduces
the speed of the routine from 200 characters per second to 100 charac-
ters per second or lower. To ensure the 200-character per second rate
would require a device that can accept characters at a rate of 210 to
220 per second. Alphabetic data that has been stored in the memory of
the processor in a code compatible with the output device may be output
at much higher rates since no conversion is necessary.
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1.2 BLOCK DIAGRAM ANALYSIS

In order to think of the EBS 1601 in terms of a complete system, it is
advantageous to use a block diagram. Figure 1.1 is a block diagram of
the EBS 1601. It shows the processor in terms of four basic units;
memory, control, arithmetic, and input-output (I/0). The memory unit
represents the processor's drum memory. Associated with memory are all
the record and playback amplifiers, retiming flipflops, and control
gates. The control unit represents the registers which control the
operation of the processor by executing its stored program. Also asso-
ciated with the control unit are the operator's console, timing circuits,
and control flipflops. The arithmetic unit represents a 2-input adder/
subtractor and the accumulator register. The I/0 unit represents the
buffer register and its associated gates. This unit serves as the connec-
tion link between the peripheral equipment and processor.

Information from a peripheral device enters the processor via the buffer
register of the I/0 unit. This information may either be in the form

of characters with or without a parity bit, or in the form of status data
which concerns the operation of a selected peripheral device. From the
buffer register the information goes directly into the accumulator regis-
ter of the arithmetic unit via the "accumulator input character, status'
path. At this point, the program in execution can cause the control
unit, via the ''general control'' path, to do one of 3 things with the in-
formation in the accumulator. It can allow the information tco remain in
the accumulator for later use, transfer the information via the ''storage
record'' path into the memory unit for storage, or transfer the informa-
tion back into the buffer register with or without the addition of a
parity bit (parity may be either even or odd, as determined by the pro-
grammer) .

The control paths show that the control unit controls each of the other
major units. The memory unit can be instructed by the control unit, via
the ''storage control'' path, to record and playback storage information
to and from the memory and arithmetic units. This is done by the ''stor-
age record' and ''storage playback!' paths. The arithmetic unit or some
part of it is used in about 65 of the processor's commands under the
control of the control unit via the ''general control'' path. This path
is, therefore, the most used path in the processor. The I/0 unit is
controlled by the "I/O control' path. '

The control paths also show that the control unit can receive, under
special conditions, control information from the arithmetic and I/O
units. Control information from the arithmetic unit consists of whether
or not a conditional command is to be executed. This form of feedback
from the arithmetic unit to the control unit is essential to any pro-
cessor. Control information from the I/0 unit is in the form of a Busy
signal which if present during input and certain output operations pre-
vents the execution of the command which initiated the input or output

Rev. 18NOV68
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operation, and advances the program to the next command of the instruc-
tion word.

The information paths show that the path from the memory unit to the
control unit is used only for jump commands. These commands are the
means by which a new storage word can be brought into the control unit
from the memory unit to replace an existing word in the control unit,.
The information path from the control unit to the arithmetic unit is
used only for the Jump Mark command. This command, in addition to trans-
ferring a storage word from memory to the control unit, transfers the
existing word in the control unit to the accumulator. The ''jump to
accumulator'' path is used only for the command of this name which trans-
fers the l-word contents of the accumulator into the control unit, re=-
Placing the existing word in the control unit. The control paths also
show that output information can enter the I/0 unit from either the
arithmetic unit or can come directly from the control unit in the form
of immediate output. :

Output information to the I/0 unit may either be in the form of a charac-
ter or a device select code. The device select code is the means by
which peripheral devices are selected for communication with the pro-
cessor. This is discussed in more detail in paragraph 3.6.

1.3 MEMORY

The basic storage medium of the EBS 1601 is a magnetic drum. The drum
can be divided into 4 areas of storage; (1) general storage tracks,
(2) scratchpad loop, (3) block interchange loop, and (4) master timing
tracks. Each of these areas is discussed in the following text.

1.3.1 GENERAL STORAGE

The general storage area of the drum consists of 32 separate tracks, each
having sectors numbered 0-127 around the drum, A single head is used for
both recording and playing back information or to and off of each track.
Tracks 31 and 32 are special tracks in that they cannot be recorded

upon without first performing a service adjustment. In normal pro-
cessor operation tracks 31 and 32 are playback-only, or as they may
otherwise be called ''sealed'" tracks. A special program, OPUS, is re-
corded on these two tracks prior to their being sealed. The OPUS pro-
gram is used to aid in program debugging and loading. For more infor-
mation about OPUS, refer to the 1600 Programming Manual.

Each of the 32 general storage tracks contain 5120 bits, or 128 words
(1 word = 40 bits). The 128 words per track are recorded so that they
are aligned across the drum. This means the words on each track all
begin and end at the same place across the drum. The space occupied by

Rev, 1MAY69
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each of the 128 words per track is referred to as a sector of that track.
Thus, there are 128 sectors, numbered O through 127 in ascending order
around the drum, per track of general storage. The location of each of
. 4096 general storage sectors is defined by a distinct 3-digit binary-
coded hexadecimal address. However, only 4088 of the total 4096 general
storage sectors are useable because the addresses (000 through 007) of
the first 8 sectors of general storage track O are decoded by the pro-
cessor to specify instead, sectors O through 7 of the scratchpad track.
Thus, sectors O through 7 on general storage track O are not useable by
the processor. Starting, then, with sector 8 on general storage track
0, the binary-coded hexadecimal track-sector addresses for general stor-
age are 008 through FFF. 4

In order to convert a binary-coded hexadecimal track-sector address,
such as FFF, to a decimal track and sector location, use table 1.1 in

the following manner:

DECIMAL-BINARY-HEX CONVERSION TABLE

Decimal Binary Hex Decimal Binary Hex
0 0000 0 8 1000 8
1 0001 1 9 1001 9
2 0010 2 10 1010 A
3 0011 3 11 1011 B
4 0100 4 12 1100 Cc
5 0101 5 .13 1101 D
6 0110 6 14 1110 E
7 0111 7 15 1111 F

Table 1.1 Decimal to Binary to Hexadecimal Conversion Table

Each of the 3 hexadecimal address digits is converted to its binary
equivalent (FFF = 1111 1111 1111). The 5 high-order bits of the binary
equivalent are grouped together to form a single binary number (11111).
The decimal equivalent of this number is the general storage trdack num-
ber (11111 = 31, note that general storage track 31 is the last, or
32nd, general storage track'since the tracks are numbered O through 31).
The 7 low-order bits are grouped together to form a second number, the
sector location number (1111111 = 127, note that since the first sector
of a track is sector zero, the 128th sector of a track is sector 127).
The sector addressed by FFF is the last sector on the last track of
general storage.

The selection of any one of the 32 general storage tracks is virtually
instantaneous, but a specific sector on a track is available only once
per drum revolution. Since it takes 5.12 milliseconds per drum revolu-
tion (at a nominal drum speed of 11,900 RPM), the average access time
to a sector is 2.56 milliseconds.
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At 5.12 milliseconds per drum revolution, each word is 40 microseconds
long. This time is called a word-time. Similarly, the time of each
bit, 1 microsecond, is called a bit-time.

1.3.2 SCRATCHPAD LOOP

The scratchpad storage area (also known as ''fast access area'') of the
drum consists of a single track, or loop around the drum. Unlike general
storage, which uses one combination record/playback head per track, the
scratchpad track has 2 separate heads, one for record and one for play-
back. The scratchpad heads are spaced around the track so that 319 bits
can be stored on the track area between the two heads, going in the di-
rection of record to playback. In addition to the 319 bits on the track,
the scratchpad playback circuit contains a l-bit delay flipflop which
extends the scratchpad into a 320-bit or 8-sector recirculating loop.
Under certain conditions, however, the l-bit delay flipflop can be by-
passed to allow a l-bit early playback of scratchpad information.

Since the scratchpad requires the use of about 1/16 of its track at any
given time, access to any one of its 8 sector takes an average of only
0.16 milliseconds, compared to an average general storage sector access
time of 2.56 milliseconds. As discussed in paragraph 1.3.1, addresses

of the 8 scratchpad sectors run from 000 to 007. The timing relation-
ship between the scratchpad and general storage is designed so that a
scratchpad sector is available for use whenever a general storage sector
having the same 3 low-order binary address bits is present. For instance,
scratchpad sector 007 (binary 0000 0000 0111) is available for use when-
ever general storage sectors OOF (binary 0000 0000 1111), 017 (binary
0000 0001 0111), O1lF (binary 0000 0001 1111), 027 (binary 0000 0010 0111),
e , FFF (binary 1111 1111 1111) are available.

1.3.3 BLOCK INTERCHANGE 1.OOP

The block interchange loop consists of a single track around the drum
and uses separate heads for record/playback operations, similar to the
scratchpad. The block interxchange loop combined with its playback flip-
flop contains 320 bits or 8 words. Unlike the scratchpad, the 8 words
of the block interchange loop are not contained in individually address-
able sectors. They can only be used, via the Block Interchange command,
as a single block of information to be interchanged with the entire 8-
sector contents of the scratchpad.

1.3.4 MASTER TIMING TRACKS

The master timing track section of the drum contains 3 tracks. They
are the Z1 master clock track, Z2 sector index clock track, and Z3 sec-
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tor address track. The information on each of the master tracks is
factory recorded. The tracks are, of course, playback-only.

The Z1 master clock track is used to produce the basic bit timing pulse
of the processor. This timing pulse is used to sequence information
through the processor, and defines a l-microsecond bit-time. The sector
index clock track is used to produce 3 timing pulse signals. One signal
is used to define the end of a sector and the beginning of the next sec-
tor. The other 2 signals are used to define various parts. of a sector.
The sector address track contains the 7-bit address of each sector (O
through 127) on the drum. By comparing this address to the storage
address being located, it can be determined if the next sector available
for use on the drum is the desired location. The sector address track
is also used to produce an index pulse which defines the first word of
the scratchpad and block interchange loops.

1.4 SPARE TRACKS

Within each of the 4 storage areas on the drum there are spare record-
Playback heads and tracks. The spare heads and tracks are provided for
use in the event of a head or track failure. Of special importance are
the spare master tracks which contain factory recorded duplications of
the original master tracks. The use of spare heads and tracks is dis-
cussed in Chapter 5.

1.5 REGISTERS, 8~ AND 16-BIT COMMANDS

In addition to the drum storage mentioned in the above paragraph, the
EBS 1601 contains 6 special flipflop registers. Each is listed below
along with the number of bits contained in the register. The abbrevia-
tion used in this manual for each register is enclosed by parentheses.

Command Register - 8 Bits (CR)
Instruction Register - 40 Bits (I)
"Accumulator Register - 40 Bits (A)
Buffer Register - 8 Bits (B)
Carry Register - 1 Bit (K)
Parity Failure Register - 1 Bit (P)

1.5.1 COMMAND REGISTER
The 8-bit command register (CR) is made up of flipflops F8 through F1.

The arrangement of the 8 bits from left to right, high to low order,
is as follows:

-1.10-



1600 TECHNICAL REFERENCE MANUAL

F8 F7 F6 F5 F4 F3 F2 Fl1

The CR is divided into 2 binary tetrads, F8F7F6F5 and FAF3F2Fl, the
contents, or numeric value, of each can also be expressed hexadecimally.
For example, if the binary contents of the command register is 0111 1100,
the CR is said to contain hex 7C, see table 1.1.

As mentioned in paragraph 1.1.2 the commands of the 1601 may be either
8 or 16 bits. When the CR contains an 8-bit command, the high-order
tetrad always contains the basic operation code. The low-order tetrad
contains a modifier to the basic operation code, as in the case of the
Test for Zero command (binary 0001 0001, hex 11), Jump to A command
(binary 0000 1101, hex OD), etc. The low-order 3 bits of the low-order
tetrad, F3F2Fl, may contain as a modifier the address of a scratchpad
sector, as in the case of the Test Equal command (binary 001l Osss
where s = sector address bits, hex 30+5 where S = scratchpad sector
address) .

The Halt command (binary 0000 OXXX, hex 00+X) is a unique 8-bit command
since the state of the 3 low-order bits (X) has no affect on the command.
These bits are used only to identify the various Halt commands of a
given program on the REGISTER DISPLAY indicator lights.

When a 16-bit command is to be executed, the CR contains only the 2
high-order tetrads of the command. The low-order 2 tetrads are con-
tained in the high-order 8 bits of the I. The high-order tetrad of the
CR contains the basic operation code of the commands. The low-order
tetrad of the CR contains a modifier to the basic operation code. The
2 tetrads in the high-order 8 bits of the I also contain modifiers. An
example of this is the Read Status command (binary 0101 0000 in the CR
and binary 1000 0000 in the high-order 8 bits of the I, expressed hexa-
decimally as 5080). The low-order tetrad of the CR may contain as a
modifier the high-order 4 bits of a 5-bit storage track address. The
low-order track address bit is contained in the high-order bit of the
I. The remaining 7 bits of the high-oxrder 8 I bits contain the address
of a sector on the track addressed by the other bits. An example of
this is the Add command where the CR and 2 high-order tetrads of the I
are as follows:

1001 tttt tsss ssss
CR High-Order 2 Tetrads of the I

s = sector address bits
t = track address bits

If the Add command is addressed to use the contents of sector 24 on
track 19, for example, then the command would appear in binary as:
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CR High-Order 2 Tetrads of the I
1001. 1001 1001 1000 '

Sector 24 Address
Track 19 Address

Hexadecimally, the Add command is expressed as 9000+M, where M equals
the 3 digit hexadecimal track-sector storage address. In the case of
the Add command using the contents of sector 24 on track 19, M would
equal 998 (the conversion of the binary track-sector address to hexa-
decimal is described in paragraph 1.3.1) and the Add command would be
expressed as 9998, since 9000+998 = 9998.

Shift commands, both binary and decimal, fall into a special category

in that they contain modifiers which specify the number of shifts to be
performed by the command. All shift commands are 16-bit commands. They
are used to shift data, within the accumulator or scratchpad, to the
right or left a specified number of digits. The number of digits
shifted is called the shift count. This is specified in the command

by a number N which is one less than the shift count. For example, to
shift 8 digits, N must equal 7. N cannot equal a number less than zero.
Therefore, a shift of zero digits is not allowed since when N equals
zero (the smallest number it can equal) a shift of 1 digit takes place.
The largest number N can be is 127, which means the largest shift that
can take place is 128 digits. Using the Binary Left Single Shift command
as an example, the CR and 2 high-order tetrads of the I are as follows:

0100 0000 ONNN NNNN
CR High-Order 2 Tetrads of the I

If, for example, a shift count of 33 is called for, N would equal 32
(which equals binary 0100000) and the command would appear as:

0100 0000 0010 0000
CR High-Order 2 Tetrads of the I

The process of shifting is performed by successive l-digit shifts. After
each l-digit shift is performed, N is reduced by 1 until N equals zero

at which time one more l-digit shift is performed to complete the execu-
tion of the command. After this shift is performed, the high-order 2
tetrads of the I are filled with 1l's. The following is an example of

a Binary Left Single Shift command with a shift count of 6. (The Binary
Left Single Shift command shifts the contents of the A left the number

of times specified by the shift count.)
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CR High-Order 2

I Tetrads A

Initial state prior to execution of command (N=5)
0100 0000 0000 0101 0000000000000000000000000000000000000001

: After first l-digit shift is performed (N=4)
0100 0000 0000 0100 0000000000000000000000000000000000000010

After second l-digit shift is performed (N=3)
0100 0000 0000 0011 0000000000000000000000000000000000000100

_ : After third l-digit shift is performed (N=2)
0100 0000 0000 0010 0000000000000000000000000000000000001000

' : After fourth l-digit shift is performed (N-1)
0100 0000 0000 0001 0000000000000000000000000000000000010000

_ After fifth l-digit shift is performed (N=0)
0100 0000 0000 0000 0000000000000000000000000000000000100000

After sixth 1-digit shift is performed
(execution of command completed)
0100 0000 1111 1111 0000000000000000000000000000000001.000000

Hexadecimally, the Binary Left Single Shift command is expressed as
4000+N, where N equals a 2-digit hexadecimal number which equals the
shift count minus one. For example, if the shift count is to be 40,

hexadecimal N equals 28 (decimal to hexadecimal
the appendix at the end of this manual) and the
4028, since 4000+28 = 4028.

conversion is shown in
command would appear as

During a binary shift, the data specified in the command is shifted,
according to the shift count, 1 bit at a time in the direction speci-

fied. Following a binary shift, the K contains
out of the affected register. During a decimal
data is shifted decimally as directed. This is
ing (left shifts) or dividing (right shifts) by
direction. For decimal right shifts, K will be
to O for decimal left shifts if:

b

(R)10° < 2 Where:

b

the last bit shifted
shift, the specified
equivalent to multiply-
10, depending on shift
reset to 0. K is reset

Bit size of register or block of infor-

mation shifted (either 40 or 80)

Shift count

c
R
mation prior to
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At all other times, K is unpredict%ble. A decimal left shift should
not be attempted if: (R)lOCzZ .

1.5.2 INSTRUCTION REGISTER

The instruction register I is a 40-bit (10 tetrad) register. Each of
the 40 bits is assigned a position number, 39 through O. Left to right
the bits descend from high to low order. The I is used collectively
with the CR to form a 48-bit control loop which processes, one at a
time, the instruction words of the stored program. Basically, the con-
trol loop functions as follows: An instruction word is transferred
from storage into the I under the control of a jump command contained
in the CR. The I is then used to supply the CR with the 8- and 16-bit
commands contained in the instruction word. The 2 low-order tetrads

of a 16-bit command are left in the high-order 2 tetrads of the I when
a 16-bit command is executed since the CR can only contain 8-bits.
After the commands of an instruction word are used up, another instruc-
tion word is transferred into the I from storage under the control of

a jump command. Thus, the control loop processes, one at a time, all
the instruction words of the stored program. (This operation is dis-
cussed in greater detail in Chapter 3.)

1.5.3 ACCUMULATOR REGISTER

The accumulator register A is a 40-bit (10 tetrad) register used to
hold operands or data, as well as to maintain arithmetic results. Like
the I, the 40 bits of the A are assigned position numbers 39 through O,
high to low order. The A is available for use every word-time, and
about 2/3 of the processor's commands involve the use of it. . The low-
order bit position of A, bit position O, is bypassed during the execu-
tion of some commands to allow a l-bit early playback of the A.

1.5.4 BUFFER REGISTER

The buffer register B is an 8-bit (2 tetrad) register used for storing
I/0 and other data in transit. It serves all standard 8-bit I/0 de-
vices via the 1966 Standard 27 Wire Interface.

Loading and unloading the B with information from and to the I/O devices
is done all at once in a parallel-shift manner. Loading the B from

the A and I (the only two registers in the processor which can do so)

is done bit-by-bit in a serial-shift manner. Unloading the B to the A
(the only register in the processor which can directly receive the con-
tents of the B) is also done in a serial-shift manner.
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The 8 input bits are denoted Ibl through Ib8. 1In ordex of most to

least significant, the bits are Ib7, Ib6, Ib5, Ib4, Ib3, Ib2, Ibl, Ib8.
The 8 output bits are denoted Ob8 through Obl, in order of the most to
least significant bit. The labels b8 through bl, in both cases, corres-
pond to USASCITI bit designations. The 8 input bits may represent an
8-bit character, status data, or a 7-bit character plus parity bit.

What the bits represent is determined by the type of input command being
executed. Similarly, the 8 output bits may represent an 8-bit charac-
ter, a device select code, or a 7-bit character plus parity bit, de-
pending upon the type of output command being executed. When a parity
bit is called for, it always appears in Ib8 for input and Ob8 for out-
put. The remaining 7 character bits are Ib7 through Ibl and Ob7 through
Obl, respectively, in descending order of significance. Figure 1.2
shows the flow of a 7-bit character plus parity bit from the interface
through the B to the A, and from the A through the B to the interface.
Note the orientation of the I/O bits. It should be remembered that Ib8
is the least significant input bit, whereas Ob8 is the most significant
output bit. The figure is not intended to show the actual parallel and
serial shifting of bits that occurs in the processor.
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27 26 25 24 23 Q22 2l 28 INTERFACE PIN #'s

ILby|Ibe | Ibs|Ibg | Ibs|Tbo|Ib) |Ibg| BUFFER REGISTER

—» SEE NOTE 1

Y Y Y Y ¥
6 4 3 2 o LOW ORDER END OF

1
b7 | bo| b5 | bg | b3 | b2 | by ACCUMUL.ATOR REGISTER

r— SEE NOTE 2

9 38 37 36 | 35 24 33 32 | HIGH ORDER END OF
bg | by b-6, bs | bg| b3z | b2 | b) ACCUMULATOR REGISTER

Obg| Ob7 | Obg | Obs| Obg | Obz | Oby | Ob|| BUFFER REGISTER

| INTERFACE PIN #'S

NOTES:
1) 1Ib8 used only for parity checking purposes;
afterwhich it is discarded.
2) Processor-generated parity bit.

Figure 1.2  7-Bit Input-Output Character Plus Parity
Bit Flow Diagram.
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Figure 1.3 shows the flow of an 8-bit input chardcter or input status
data from the interface through the B to the A, and flow of an 8-bit
output character or device select code from the A through the B to the

interface. ‘

27 26 25 24 23 22 9] 28 INTERFACE PIN 'S

Ib7 | Tbg | Ibs | Ibg | Ibz [ Ib2 | Iby | Ibg | BUFFER REGISTER

7 6 5 4 3 2 1 o LLOW ORDER END OF
b7 | be | bs| b4 | b3 | b2 | b| | bs| ACCUMULATOR REGISTER

3538 [ ST 36|35 [ 8 | 35 | ST HIGH ORDER END OF
b7 | bo| b5| b4 b3 |b2|b) | bs | ACCUMULATOR REGISTER

Obg|{Ob7 | Obg| Obs| Obg | Ob3| Oby | Ob} | BUFFER REGISTER

18 17T 16 1§ 14 13 12 1l INTERFACE PIN #'S
&4 OUL‘ L }/ l “’é'

ige e s ceme ¢ VPRI Depeg[ 0K 5 kBo Py M’Zﬁ ! ‘

e , cec Figure 1.3 8-Bit Character, Status or Device

‘ vt < Pf%ﬁ:;f Select Code Fiow Diagram,

v e P iy caovr pI7 ———

Sé Ly ser  KED bl oo BN

' EE ,*-<f)/é vau’r

7E 11 seL k107 b/ w7

Rev. 1MAY69
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1.5.5 CARRY REGISTER

The corry register K is a l-bit register made up of flipflop Fl4. The

K has 2 functions; it performs the carry and borrow operation for the
adder/subtractor, and is used at other times as a control register in
that it stores the fact of whether or not certain commands are to be
executed or not executed (aborted). In this case when K = 1 the command
is executed, when K = O the command is aborted. The following is a

list of those commands which affect the content of the K.

All Add Commands

All Select Commands

Block Interchange Command

All Binary Left Shift Commands
All Binary Right Shift Commands
All Clear, Input Commands
Complement Command

All Decimal Left Shift Commands
All Decimal Right Shift Commands
Logical And Command

All Output Commands

Reset K to 0 Command

Read Status.Command

Shift Input Command

Set K to 1 Command

All Test Commands

-

Listed below are those commands that do not affect the content of the K.
Clear and Add Command ~
Clear A Command
Halt Command
All Jump Commands
No-Operation Command
Store Command
Exchange Command
Extract Command

1.5.6 PARITY FAILURE REGISTER

The parity failure register P is a l-bit fegister made up of flipflop
F12. The P stores the fact of whether or not a parity error (failure)
has occurred during the execution of any of the following commands:

Clear, Input, Check Even Parity command (5840)

Clear, Input, Check Even Parity Into A command (5C40)

Clear, Input, Check 0Odd Parity command (5800)

Clear, Input, Check 0Odd Parity Into A command (5C00)
Rev.18NOV68
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If a parity error is detected during the execution of any of the above
commands, P is set to 1. Once the P has been set, it can only be reset
to zero by the execution of a Test Parity Failure command (14) which
records the state of the P into the high-order A bit, 39, and then re-
sets the P to zero.

NQOTE

The P may be set to 1 during the execution of
a Shift Input command (5000) depending upon
the input data and the contents of the A.

1.6 SIGNAL CONVENTIONS

The following signal conventions are used repeatedly in the following
chapters of this manual. Since common words like these are frequently
subject to different interpretations, they are hereby firmly defined.

Logical '"1" Approximately equal to +5 volts (Chapter
4 contains exact values) for all signals
except those connected directly to and
from the 1966 27 Wire Standard Interface;
approximately ground potential for all
signals connected directly to and from
the 1966 27 Wire Standard Interface.

Logical ''O" Approximately equal to ground potential
(Chapter 4 contains exact values) for all-
signals except those connected directly
to and from the 1966 27 Wire Standard
Interface; approximately -10 volts for
all signals connected directly to and
from the 1966 27 Wire Standard Interface.

Logical OR Function The logical OR function is denoted by the
letter '"v'' between 2 signals, e.g., F13
v D19. .

Logical AND Function The logical AND function is denoted by a
space between 2 signals, e.g., F19 DI19.

SET Either the state of a logical '"1'" signal
or a true condition, or the action of
making it so.

RESET Either the state of a logical 'O' signal
or a false condition, or the act of making
it so.

-1.19-
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REAL Signal

PRIME Signal

The signal which is a logical ''1'" when
the basic defining action or state is
true. When the real signal is a logical
"1", the prime signal is a logical ''O"
and vice versa. The real signal is indi-
cated by the absence of a null bar over
a signal, e.g., F13,

The signal which is a logical '"0'" when the
basic defining action or state is false.

A prime signal may electronically exist
without a real signal, and vice versa.

The prime signal is represented by the
presence of a null bar over a signal,
e.g., F13.

1.7 LOGIC DIAGRAM CONVENTIONS

The symbols used in the numerous logic diagrams which appear in this

manual are in accordance with the ABS Logic Symbol Guide. For refer-
ence purposes, figure 1.4 shows the logic symbols used in this manual.
The logical equation and/or other pertinent data for these symbols is
given below. For additional information, refer to Chapter 4, Circuits.

AND Gate
NAND Gate
NOR Gate
Expanded NOR Gate

Amplifier, Inverting
and Non-Inverting

D=ABC
C=AvVB
D=ABC
F=AB(CvD) =ABE

Whenever a signal is amplified and not
inverted its designation, if one is used,
is increased by 100, e.g., F13 amplified
becomes F113. Whenever a signal is ampli-
fied and inverted its designation, if one
is used, has a null bar over it if the
input signal does not, otherwise vice
versa. The output designation is increased
by 100 if it has already been used else-
where, otherwise it is not. For example,
F13 amplified and inverted becomes Fl3 if
the designation '"F13" is not used elsewhere,
otherwise it becomes F113.
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A — CLOCK '
B—y A—] ™~ ) [\

¢ J——»D 8 _)o-»C INPUT — - OUTPUT :\3‘—1/——>F\\3

AND GATE NAND GATE SERIAL
SHIFT REGISTER AMPLIFIER

A — PACKAGE
B — b—*C

A —] DTL NAND GATE
5 — | ¥ Y __
c D A RECORD  PLAYBACK FI3 FIS
NOR GATE B F Y
= ERTI
. C — RECORD & PLAYBACK Lvapu thg
A—(Jicons y=B p__ , MAGNETIC HEARS
DELAY | EXPANDED
INPUT NOR GATE.
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A — ™ ’

SET — — F B — —F D —F Fi3 FI3

— X =\ _ _ DUAL

RESET — T Y — —F —F ANPUFIER & INVERTER
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CLOCK CLOCK T QLo
CLEAR CLEAR GLEAR
JK MASTER-SLAVE JK MASTER - SLAVE D FLIP-FLOP
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69AVNWT °

AND GATE SET € RESET NETS SYMBOL.

Figure 1.4 Logic Diagram Symbols.
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Serial Shift Register
Package

Magnetic Heads

JK Master-Slave
Flipflop

JK Master-Slave Flip-
flop with Integral
AND Gate Set and
Reset Nets

D Flipflop

Rev.18NOV68

All serial shift register packages are

the same type. They store a maximum of
8 bits., The register shifts 1 bit per

clock pulse.

The arrow inside the magnetic head symbol
indicates the type of head; 4i.e., record,
playback, or record-playback.

This type of flipflop works on the master-
slave principle, described in the 4 steps
below. Entry into the master section from
the set and reset inputs is controlled by
the clock pulse. The clock pulse also
regulates the state of the coupling tran-
sistors which connect the master and slave
sections. The sequence of operation is as
follows:

1. Isolate slave from master (lower
positive edge of clock pulse).

2. Enter information from inputs to
master (upper positive edge of
clock pulse).

3. Disable inputs (upper negative edge
of clock pulse).

4, Transfer information from master to
slave (lower negative edge of clock
pulse).

Preset and clear are independent of clock;
both operation on a logical O.

This type of flipflop is identical to the
one mentioned above except that it has 3
input AND gates in place of the single
inputs, set and reset. All inputs to the
AND gate must be active (logical 1) for
the flipflop to change state.

This type of flipflop is edge-~-triggered.

Input is via a single input, and input in-
formation is transferred to the outputs on
the positive edge of the clock pulse.
Direct-coupled clock triggering occurs at

a specific voltage level of the clock pulse;
afterwhich the input is locked out. Preset
and clear are independent of clock; both oper-
ate on a logical O.
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~ General Purpose This symbol is used whenever a circuit
. Logic Symbol cannot be represented by any of the other
logic symbols. The function of a general
purpose logic symbol is written inside
the symbol.

Each of the printed circuit boards of the processor is assigned a letter
designation. The components on each printed circuit board are divided
into row and columns on any one board. In cases where a board is small
and division impractical, the board is not divided.

Within most of the logic symbols there are 2 identification designations.
Such symbols represent IC packages. The lowermost designation is in the
form of a single number followed by a single letter. The letter indi-
cates on which of the printed circuit boards the IC package is located,
while the number indicates either the row or column of the printed cir-
cuit board in which the IC package is to be found. The uppermost desig-
nation within the logic symbol is the IC package designation. It serves
2 purposes. First, since it is printed on the component side of the
printed circuit board, next to its associated IC package, it can be

used to find a given IC package along the row or column specified by

the lowermost logic symbol designation. Second, the IC package desig-
nations are referenced in Chapter 4 to the circuits which they represent.

Rev. 1MAY69
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1.8 FLOW CHART CONVENTIONS

Included as part of the Chapter 3 explanation of each processor command
is a flow chart. The symbols used in these flow charts are shown in
figure 1.5. They consist of 3 basic types; a circle, square, and a
rectangle. Circles have either a dot or a 'v'" in their center. The dot
indicates the circle is performing the logical AND function; the ''v"
indicates the circle is performing the logical OR function. Squares
represent flipflops. Flipflops are drawn with only one input and one
output which represent the input and output of interest at that particu-
lar time. Rectangles are used to represent all other functions. Symbols
are connected together by either solid or broken lines. The solid line
is used to indicate information flow and a setting action to a flipflop
or gate. The broken line is used only to indicate a resetting action

to a flipflop. Direction of travel along lines is indicated by arrow
heads. Different cycles of the processor's operation are separated from
one another by solid vertical lines. Time in each cycle progresses from'
left to right (i.e., the leftmost part of a ¢y - is the beginning, the
rightmost part the end). A signal produced in one cycle can be used in
another cycle without having its signal line pass from one cycle to the
other. A signal must be generated to advance the processor from its
present cycle of operation to its next cycle of operation. This signal
is given the name of the next cycle of operation and its line usually
passes from the present to the next cycle of operation. Unless other-
wise specified on the individual flow charts, all cycles shown are within
the processor's two active modes of operation -- M2 and M3.

Rev.18NOV68

-1.24-



1600 TECHNICAL REFERENCE MANUAL

OO

AND GATE OR GATE FLIP~FLOP

INFORMATION OR CONTROL PATH

————— RESET LINE

» DIRECTION OF TRAVEL

Figure 1.5 Flow Chart Symbols.
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CHAPTER 2. OPERATING CONTROLS AND INDICATORS

INTRODUCTION

The EBS 1601 has 16 operator controls and 16 indicator lights, located

on the EBS 1601 operator console.
for console.

Figure 2.1 shows the EBS 1601 opera-
Below is a list of the controls and indicators.

POWER On-0Off Indicator Light
POWER On~Off Button

READY Indicator Light

READY Button

13 through 28.

RUN Indicator Light
RUN Button

HALT Indicator Light
HALT Button

Reset (R) Carry Flipflop Button
Carry Flipflop (K) Indicator Light
Set (S) Carry Flipflop Button
TRACK Flipflop F9 Indicator Light

Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register
Command Register Bit
Set Command Register

cator Light

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

" 24,

25.

26.

27.

28.
29,
30.
31.
32.

cator Light

~2.1=

REGISTER DISPLAY Controls and Indicator
Lights from right to left are as follows:

0 Indicator Light
Bit O Button
1 Indicator Light
Bit 1 Button
2 Indicator Light
Bit 2 Button
3 Indicator Light
Bit 3 Button
4 Indicator Light
Bit 4 Button
5 Indicator Light
Bit 5 Button
6 Indicator Light
Bit 6 Button
7 Indicator Light
Bit 7 Button

Reset (R) Command Register Bits O through 7 Button
REGISTER SELECT Switch
ACCUMULATOR Register Half of REGISTER SELECT Switch Indi-

INSTRUCTION Register Half of REGISTER SELECT Switch Indi=

Rev.
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2.2 POWER BUTTON AND INDICATOR LIGHT

The POWER button, when depressed, causes its indicator light and the
STEP indicator light to light. All power to the processor is turned
on, and a short warm-up period follows. During the warm-up, an Inhibit
signal is from the processor, via the interface, to the peripheral de-
vices to block their operation during the processor warm~-up. At the
end of the warm-up period, a Jump Conditional command to address FFF

is forced into the control loop and the K is set. Following the de-
pression of either the RUN or HALT button, the jump to FFF is performed
and control is transferred to the last sector of the last general stor-
age track, which normally contains the start of the OPUS program (des-
cribed in the 1600 Programming Manual).

When power is on, the POWER button may be used to turn off the power to
the processor. All indicators are turned off, and the processor is shut
down.

2.3 READY BUTTON AND INDICATOR LIGHT

The READY indicator light lights when the processor is ready to operate,
and remains lit during all modes of operation. However, if there is a
power failure or a loss of the processor's bit timing clock, the READY
indicator light goes out. If the failure was caused by a loss of the
bit timing clock or a power failure less than 15 seconds, the READY in-
dicator light remains out after the clock or power is returned to normal
(indicated by a 1lit HALT indicator light). The READY button must then
be pressed to return the processor to its ready-to-operate status. It
also forces a Jump Conditional command to address FFF and sets K. If
the power failure is longer than 15 seconds, the READY indicator light
will light upon the return of power after the processor goes through
the warm-up period described in paragraph 2.2.

Pressing the READY button when its indicator light is 1lit, in the auto-
matic mode, has no effect on the processor. If, on the other hand, the
processor is in the idle mode (indicated by a 1lit HALT indicator light),
the READY button forces a Jump Conditional in the control loop and sets
K. '

2.4 RUN BUTTON AND INDICATOR LIGHT

The RUN button is operative only when the READY indicator light is 1lit
and the REGISTER SELECT switch is in a CONTROL position. It initiates
automatic processing of the stored-program with the command in the CR.
The RUN indicator light is lit when the processor is in the automatic

Rev. 1MAY69 2.2
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Figure 2.1
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mode of instruction processing. If the command in the CR when the RUN
button is depressed is a Halt command, it is treated by the processor
as a No-Operation command so that the next command of the instruction
word is executed. Pressing the RUN button when the RUN indicator light
is 1lit has no affect on the processor's operation.

2.5 HALT BUTTON AND INDICATOR LIGHT

The HALT button is only operative when the READY indicator light is 1lit
and the REGISTER SELECT switch is in a CONTROL position. If the HALT .
button is then pressed while its indicator light is unlit and the RUN
indicator light is 1lit, processor in the automatic mode, causes the
automatic processing to halt after executing the command contained in
the CR. The HALT indicator light then lights; the RUN indicator light
extinguishes. At this point the processor is in the idle mode. Each
subsequent depression of the HALT button, while the processor is in the
idle mode, causes one command to be executed from the CR. No-Operation
commands are skipped. '

2.6 CARRY REGISTER (K) CONTROLS AND INDICATOR LIGHT

The K indicator light indicates the content of the K. When 1lit, K is

in the set state (contains a logical 1). When unlit, the carry is in
the reset state. The operator can change the state of the K by depress-
ing the set (S) button to force the K to 1, or by depressing the reset
(R) button to force the K to 0. These controls are operative only when
the processor is in the idle mode (STEP indicator light 1lit) while the
READY indicator light is 1lit.

2.7 TRACK FLIPFLOP INDICATOR LIGHT

The TRACK indicator light indicates the state of flipflop F9 which is

used to store the low order bit of the 5-bit track address. Flipflop

F9 is also used, at other times, to store a modifying bit for commands
that require it. When the TRACK indicator light is 1lit, F9 is in the

set state; when unlit F9 is in the reset state.

2.8 COMMAND REGISTER CONTROLS AND INDICATOR LIGHTS

There are 8 command REGISTER DISPLAY indicator lights which display the
contents of the 8-bit CR. The lights are labeled O through 7 to corres-
pond to the order of the CR bits. A 1lit light indicates the presence

Rev. 1MAY69
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of a logical 1; an unlit light indicates the presence of a logical O.
Directly below each indicator light is a set button which when pressed
forces a logical 1 into its bit position. A single reset (R) button

is used to force all 8 bits of the CR to logical 0. These controls are
operative only when the processor is in the idle mode (HALT indicator
light 1it) while the READY indicator light is 1lit.

2.9 REGISTER SELECT SWITCH

The REGISTER SELECT switch is a l2-position clockwise rotary switch.

It is used to display the contents of the I and A on the REGISTER DIS-
PLAY indicator lights. In either of the 2 CONTROL positions of the
switch, the contents of the CR are displayed on the REGISTER DISPLAY
indicator lights and the operator can alter the contents of the CR via
the set and reset buttons as described in paragraph 2.8. When the
switch is in either CONTROL position both the ACCUMULATOR and INSTRUC-
TION register indicator lights are unlit. The first 5 positions of the
switch, going clockwise from the upper CONTROL position, display succes-
sive 8-bit portions of the I, starting from the low-order end and going
toward the high-order end. The 5 positions from the lower to the upper
CONTROL positions, display successive high- to low-order 8-bit portions
of the A, When the I is being displayed the INSTRUCTION register indi-
cator light is 1lit, When the A is being displayed, the ACCUMULATOR
register indicator light is lit. The contents of the I and A can be
altered 8 bits at a time when displayed. The REGISTER SELECT switch is
operative only when the processor is in the idle mode (HALT indicator
light 1it) while the READY indicator light is lit. The HALT and RUN
buttons are not operative when the REGISTER SELECT switch is not in a
CONTROL position.

If the processor goes into the idle mode from the automatic mode while
the REGISTER SELECT switch is not in a CONTROL position (only way is
via a Halt command) an unwanted command is precessed into the CR when
the switch is returned to a CONTROL position. This situation requires
the contents of the control loop and possibly the A to be altered by
REGISTER DISPLAY buttons in conjunction with the use of the REGISTER
SELECT switch to correct this condition. Otherwise, it is necessary to
restart the program over again from the beginning.

Rev. 1MAY69
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CHAPTER 3. THEORY OF OPERATION

3.1 MODES AND CYCLES OF OPERATION

3.1.1 GENERAL ANALYSIS

The EBS 1601 has 4 modes of operation deflned by the 4 states of mode
flipflops M5 and M6 listed below.

M5 M6 = MO, Stop Mode
M5 M6 = M1, Idle Mode
M5 M6 = M2, Step Mode
M5 M6 = M3, Automatic Mode

In the automatic mode of operation, instruction words of the stored
program are processed one at a time in the control loop under the con-
trol of the stored program. In the step mode, instruction words of the
stored program are processed one at a time under the control of the
operator. The stop mode is the mode through which the processor goes
before going into the idle mode. Nothing else is done in the stop mode;
all information remains the same. The idle mode is the mode in which
there is no program processing. All information within the processor
regenerates while it is in the idle mode.

Within each of the 4 modes of operation there are 4 cycles of operation
that the processor may go through. Each cycle is defined by one of the
4 states of cycle flipflops Cl and C2 listed below.

Cl C2 = C10, 8-Bit Precession Cycle
Cl C2 = C20, 8-Bit Precession Cycle
Cl C2 = C30, Search Cycle
Cl C2 = C40, Execute Cycle

Cycles Cl0 and C20 are 8-bit precession cycles which are used to shift
the individual commands of the instruction word held in the I into the
CR (precession is discussed in paragraph 3.1.3). All 16-bit commands
are followed by both precession cycles, and all 8-bit commands are
followed by C20 only, in order to correctly load the CR. The search
cycle sets up the conditions necessary to execute the command, locates
storage information, and determines if the command is to be executed in
certain cases. In the execute cycle, C40, the individual commands of |
the stored program are carried out.

-3.1-
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3.1.2 DETAILED ANALYSIS OF MODES AND CYCLES OF OPERATION

Each of the processor's mode-cycle combinations, shown in figure 3.1,
is discussed in the following paragraphs. During this discussion, the
REGISTER SELECT switch is assumed to be in a CONTROL position unless
otherwise mentioned. Note that there are 3 mode-cycle combinations
which are not used by the processor. They are ClOMO (read cycle Cl0
of mode MO), ClOMl, and C40MO. Although it is not labeled, C20Ml is
the starting position.

3.1.2.1 Warm-Up

During the warm-up period, the processor is kept in the C20Ml position.
After the warm-up period and at the beginning of the next word-time,

the processor goes into C30MO. It stays in C30MO for only one bit-time,
after which it is forced into the idle position, C30M1, provided that
neither the RUN or STEP button is being pressed. If either button is
being pressed, the processor remains in C30MO until the pressed button
is released. The processor then remains in the idle position until
either the RUN or STEP button is depressed.

3.1.2.2 Automatic Instruction Processing

T

In order to start automatic processing of the instructions, the pro-
cessor must be brought out of the idle position and into the M3 mode.
This is done by depressing the RUN button. The processor then goes

from the idle position into C30M3 which is the search cycle of the auto-
matic mode. Once in C30M3, automatic instruction processing begins.

If all the prerequisites to execution of the command that is in the CR
at this time have been met, the processor automatically goes into C40M3,
where the command is executed. If a prerequisite to execution is that

a storage address be located, the processor stays in the search cycle,
C30M3, until this is done. However, when the prerequisite requires

that a Busy signal not be present, and a Busy signal is present, the
processor is forced into ClOM3 for all commands except the Block Inter-
change command (BI). ,In case of the BI command, the processor is forced
into C20M3. Forcing the processor into ClOM3 or C20M3, as the case may
be, aborts the command since it is precessed out of the CR before it can
be executed in C40M3.

The reason the abort path for the BI command goes to C20M3, instead of
ClOM3, is that the BI command is only 8 bits long thereby requiring
only one 8-bit precession cycle for clearance of the CR. All other
commands which can be aborted are 16 bits long and require two 8-bit
precession cycles to be cleared from the CR. Hence, they use the abort
path to ClOM3.
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Cl0 = clc2 c20 = c1C2 €30 = CIC2 Cc40 = CiC2
B A
AUTOMATIC E b
MODE %45’)"3 = M5M6
STEP MODE

IDLE
POSTTION

Y

$4_(c30)___S3

%(/

IDLE MODE 6

L (CAO —
'\yJMl = M5M6

C\O C PR
STOP MODE » O) @@MO = M5ME
HALT COMMAND
8 BIT 8 BIT SEARCH EXECUTE
PREC. CYCLE PREC. CYCLE CYCLE CYCLE
NOTES :.
A = 16-bit precession loop; B = 8-bit precession loop; C = abort
path; D =

no-operation path; E = C30 successful;
this position for first bit-time of a word;

F = usually in
Glossary, paragraph 3.8;

S1, 82, S3, 5S4 see Signal
G = abort path for BI command.

Figure 3.1 Modes and Cycles of Operation.
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After execution of a command in the M3 mode the processor automatically
goes into C1lOM3 if the command is 16 bits, or into C20M3 if 8 bits.
After going through one word 8-bit precession cycle ClOM3, the processoxr
always goes through one word 8-bit precession cycle C20M3. At the end
of C20M3 the processor automatically goes into search cycle C30M3, un-
less a Halt or No-Operation command has been precessed into the CR.

The presence of either command is detected in the last bit-time of C20M3.
A halt command forces the processor into C30MO, where it usually stays
for one bit-time before going into idle position C30Ml. If either the
RUN or STEP button is depressed while the REGISTER SELECT switch is in

a CONTROL position, the processor remains in C30MO until the button is
released or the REGISTER SELECT switch rotated out of the CONTROL posi-
tion. The processor then goes into C30Ml. If a No-Operation command

is detected instead of a Halt command, the processor recycles through
C20M3 until another command is brought into the CR. The processor then
goes into C30M1.

3.1.2.3 Modes and Cycles Used for Step (Non-Automatic) Instruction
Processing.

There are two paths that bring the processor into the step mode, in
which instructions are processed on at a time (non-automatic). One

path is from the automatic mode, C30M3, the other is from the idle posi-
tion, C30M1l. If the STEP button is depressed while automatic instruc-
tion processing is taking place, the processor goes to one of 3 step
mode positions at the end of the first word-time in C30M3. The 3 posi-
tion are C1lOM2, C30M2, and C40MZ. The processor goes into ClOM2 if ax
the end of C30M3 a 16-bit command is to be aborted. The 8-bit BI com-
mand abort path is to C20M2. The processor goes into C30M2 if the first
word-time in C30M3 specified a storage address that is not located.

The processor goes into C40MZ if after the first word-time in C30M3 a
specified storage address is located, or if the command requires only
one word-time in C30 and is not to be aborted.

The path token in going from the idle position to the step mode is via
C40M1 to C30M2. The processor stays in C40M1l for one word-time during
which nothing happens in way of instruction processing and all informa-
tion regenerates. Whatever command happens to be in the CR when the
Processor goes into C30M2 is treated in the same manner as if it were
in C30M3 which was described in paragraph 3.1.2.2. In fact the opera-
tion of all the other cycles of M2 are the same as the ones described
for M3 except for what occurs at the end of the first word-time in
C20M2. Whereas C20M3 automatically goes into C30M3, assuming that a
Halt or No-Operation command is not decoded; C20M2 automatically goes
into C30MO for one bit-time and then into the idle position for all
commands except the No-Operation command. It remains there until either
the STEP or RUN button is pressed.
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If a No-Operation command is decoded at the end of C20M2, the processor
goes into C20MO and recycles through C20MO until another command is
brought into the CR. The processor then goes into C30MO for one bit-time
before finally going into the idle position.

3.1.2.4  Modes and Cycles Used for Register Display

In order to display the contents of either the I or A without actually
executing any of the commands being displayed, it is necessary to stay
within the 2 non-active modes of the processor, M1 and MO. Each time
the REGISTER SELECT switch is rotated one notch, the processor goes
into C20M2 for one word-time and precesses the high order 8 bits of
either the I or A, depending upon which half of the switch is being
used, into the CR. The REGISTER DISPLAY indicator lights indicate the
contents of the CR, thus the necessity of precessing the information to
be displayed into the CR. After the information has been precessed into
the CR, the precessor goes into C30MO for one bit-time before finally
going back to the idle position.

3.1.3 ORDERS PRECESSION

One of the most important aspects of the processor's operation is the
means by which commands are precessed, or shifted, into and through the
CR from the I. 1In order to understand this action, it is necessary to
first understand the structure of an instruction word, which is held
in the I. '

Instruction words are the remembered data by which the processor per-
forms a sequential chain of actions in order to carry out the program.
Therefore, a stored program must then contain an ordered sequence of
instruction words. The 4Q bits of each instruction word are divided
into two groups; one group of 8 bits and one group of 32 bits. The
8-bit group is a partial address of the next instruction word to be
used by the processor. The 32-bit group contains various 8- and/or 16-
bit commands. Figure 3.2 shows the different configurations of the
instruction word that can be made by using various combinations of 8-
and 16-bit commands.

The following paragraphs explain the operation of orders precession.
The binary tetrads in the CR and I are represented hexadecimally (hex)
in the following text. The individual commands in the I are separated
by spaces. '
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40 B\T INSTRUCTION WORD

/ N\
8 32 NUMBER
(@)
/ \/ F
COMMAND S

FPARTIAL

ADDRE S5 e e 2
PARTIAL

ADDRES S e 8 8 3
PARTIAWL

ADDRESS a (& 8 3
PART\AL

ADDRESS 8 8 & 3
PARTVAL 8

ADDRES S 3 8 e 4-

Figure 3.2 Instruction Word Configurations.

An instruction word can only be brought into the I from storage under
the control of a jump command in the CR and high-order 8 bits of the I.
It should be remembered from paragraphs 2.2 and 2.3 that whenever the
processor's power is turned on or the READY button operated, a Jump

Conditional command to address FFF is forced into the control loop and
K is set. This jump is the starting point of the instruction word pro-
cessing. The state of the CR and I, prior to execution of the Jump
Conditional command, (JU), is shown in figure 3.3.1.

CR : 1

—

EF FF cceeae--
The dash (-) indicates hex digits

of no pertinence.

Figure 3.3.1 Orders Precession
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After the execution of the JU command, the CR and I would be as shown
in figure 3.3.2, assuming the contents of storage address FFF to be:
Ol 5840 14 13

CR I

EF ‘ 0l 5840 14 13
Figure 3.3.2 Orders Precession

The CR and I are electronically connected together to form a single
48-bit loop. Remember that each hex digit represents 4 binary bits.
The information in the loop is shifted one bit right for each bit-time
of a word-time. Bits shifted out of the low-order end of the I are
shifted into the high-order bit position of the CR, as shown in figure
3.3.3. This results in the information shifting right

CR I

EF 01 5840 14 13
Figure 3.3.3 Orders Precession

40 bits (10 hex digits). Since the loop contains 48 bits, a shift right
of 40 bits does not return the bits to their original position. Instead,
they are displaced 8 bits (2 hex digits) to the left of their original
position, as shown in figure 3.3.4. It is this process, of shifting

the information,

CR I

Before 40-bit right shift.
EF 01 5840 14 13

After 40-bit right shift.
01 5840 14 13 EF

Figure 3.3.4 Orders Precession
which is called '"orders precession'', or just simply ''precession''.

Rev. 1May69
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Note that at this point the CR contains hex Ol, which is a new partial
address for the jump command. 1In order to clear the CR of this infor-
mation and bring in the next command of the instruction word from the
I, a second 8-bit precession cycle must be executed. The CR and I then
are as shown in figure 3.3.5.

CR I

58 40 14 13 EFO1
Figure 3.3.5 Orders Precession

The 5840 command is executed, after which it is followed by two 8-bit
precession cycles to bring the 8-bit 14 command into the CR. After the
14 command is executed, one 8-bit precession cycle is executed to bring
the 13 command into the CR. After the 13 command is executed, one 8-bit
precession cycle is executed to bring the EFO1l into the CR. At this
point all the commands in the instruction word have been executed and
the original jump command is back in the CR. This jump command is now
referred to as an automatic jump.

Any jump command that is executed and then precessed through the instruc-
tion register back into the command register becomes an automatic jump.
All automatic jumps are Jump Unconditional commands since Jump Mark
commands and Jump Conditional commands are converted, after they are
executed, into Jump Unconditional commands.

Every instruction word carries with it the 8-bit partial address of the
next instruction word to be used. The 8-bit partial address is tagged
on to the 4-bit address contained in the automatic jump command. Since
the 4-bit address is part of the automatic jump, it is not replaced when
the automatic jump command is executed. Therefore, unless a branch
occurs in the program, the automatic jump has a choice of only 256 regis-
ters since the 8-bit partial address con specify any sector on the track
specified by the 4-bit address, or any sector on the next higher track
than the track specified by the 4-bit address. If a jump to any sector
outside of 256 sector range of the automatic jump is required, a com-
plete 16-bit jump command must be placed in the instruction word. This
jump command would then become the new automatic jump if it is processed
through the I and back into the CR after being executed, and the same
256 sector restriction would apply to it.

The last paragraph can be summarized by saying that every instruction
word carries with it the partial address of the next instruction word.
Therefore, the automatic sequencing of the commands within an instruc-
tion word can only take place over an area of 256 registers. Finally,
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Fl

L21

F9

F10

Where:
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TYPICAL 16-BIT PRECESSION
(8-BIT PRECESSION REQUIRED C20 ONLY)

hex EO (last command performed)

— €10 + 20

Ip lololFrlo |1 ]lolalalo]o]e]|p]o lo |F|lo |1 |o |a
0000101100000000111100001000000001010010000000000111101100000000111100001000000001010010
1111110110000000011110000100000000101001000000000011110110000000011110000100000000101111
1111111011000000001111000010000000010100100000000001111011000000001111000010000000010000
1111111101100000000111100001000000001010010000000000111101100000000111100001000000001111

0000011110110000000011110000100000000101001000000000011110110000000011110000100000000000

0000001111011000000001111000010000000010100100000000001111011000000001111000010000000000
00000001111011000000001111000010000000010100100000000001111011000000001111000010000060000
0000000011110110600000011110000100000000101001000000000011110110000000011110000100000000
0000000001111011000000001111000010000000010100100000000001111011000000001111000010000000
oooJogookfl11811080000001{1108001%0&08000?0JogléogoéogoéoEl11811080408001§1J080J1%0J0000
0000000000111101100000000111100001000000001010010000000001111101100000000111100001000000

0000000000000000000000000000000000000000001100000000000000000000000000000000000001111111

High- to low-order 8 bits of CR L20
Follows high-order bit of I L2l
Senses high-order 5 bits of I, if any

of these bits = 1, Fl10 is set.

I playback
I record

Figure 3.3.6 Orders Precession

I = hex 04A010FO0D (04 last address used)

C30

L20

> A

F6

F5

F4
F3
F2

Fl

L21

F9

F10
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since the partial address within the instruction word contains the en-
tire sector address, the program can be minimum access coded with only
a small effort.

As another aid to understanding orders precession, figure 3.3.6 illus-

trates the flow of bits through the CR for a typical 16-bit precession
of the control loop.

3.2 CLOCK AND TIMING PULSES

3.2.1 INTRODUCTION

All the clock and timing pulses used in the processor are either directly
or indirectly derived from the playback of three master clock tracks.
Figure 3.4 shows the clock and timing pulses used in the processor.

3.2.2 Z1 CLOCK

The Z1 clock is the basic timing clock of the processor. It is directly
derived from the playback of the first master track. The Z1 clock is

a continuously running pulse train, producing 5120 evenly spaced pulses
Per drum revolution. The time between the falling edge of one pulse

and the next is defined as a bit-time (1 microsecond at a nominal drum
speed of 11,900 RPM), and there are 40 bit-times, (O through 39), per
fixed length word or sector of the EBS 1601. The 40 bit-times of every
word-time are denoted O through 39. The same is true of the 40 Z1
Pulses per every word-time.

3.2.3 Z2 CLOCK

The playback from the second master track produces the sector index
clock, Z2. The Z2 clock pulse is high during bit-times 31, 32, 33, and
38, 39. The Z2 clock is used to produce 3 other timing pulses: T4,
T7, and T39. These timing pulses and the Z2 clock pulse are used to
index, by being high, the various bit-times shown in figure 3.4.

3.2.4 Z3 CLOCK
The third master clock track produces sector address clock, Z3, during
the T7 time. The seven high-order bits, T32 through T38, of each 40-bit

word length in the Z3 clock track contains the sector address of the
next available general storage track.

Rev. 1MAY69
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l«————| WORD LENGTH >
SECTOR 127 SECTOR O

Z3
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' I

SECTOR ADDRESS FOR —\ |
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GENERAL STORAGE SECTOR GENERAL STORAGE SECTOR
126 127

As shown in the illustration above, the sector address on the Z3 clock
track is recorded one 40-bit word length ahead of the corresponding
general storage track so that a full 40-bit length of recording space is
available if comparison establishes that the Z3 clock track contains a
word length with an address for the following general storage sector.
The T39 index pulse, produced at every eighth sector from 7 through 127,
in combination with that sector address selects the first sector of the
scratchpad and block interchange loop.
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3.3 SECTOR COMPARISON

3.3.1 INTRODUCTION

Sector comparison is the means by which the processor determines when

the storage sector addressed by a command is available for use. Of those
commands which can access storage, the 8-bit commands may only access
scratchpad storage sectors, whereas the 16-bit commands may access both
general storage and scratchpad storage sectors. The process of sector
comparison performed for 8-bit commands differs from the process per-
formed for 16-bit commands. Each process is discussed in the following
fext.

3.3.2 SECTOR COMPARISON FOR 8-BIT COMMANDS

The 3-bit scratchpad sector address for 8-bit commands which can access
the scratchpad are contained in the low-order 3 bits of the CR. These
3 address bits are contained in flipflops F3, F2, and F1 of the CR as
shown below:

F8 F7 F6 F5 F4 F3 F2 F1 8-Bit CR.

- = = = =~ s s s Contents of CR; dash equals
bits of command other than
address bits, ''s'"' equals
scratchpad address bits.

Using a Logical And command (LA) addressed to use scratchpad sector 5
as an example, the CR appears as shown below:

F8 F7 F6 F5 F4 F3 F2 Fl
0 0 0 1 1 1 0 1

During time T4 T7 (bit-times 32, 33, and 34), shown in figure 3.4, the
sector address clock, Z3, produces the low-order 3 bits of the 7-bit
sector address that specifies which one of the 128 general storage sec-
tors is up-coming for use during the next word-time. It should be re-
called from paragraph 1.3.2 that the low-order 3 bits of the general
storage sector address specify the scratchpad sector which will be avail-
able for use during the next up-coming word-time. The processor must,
therefore, determine if the scratchpad address contained in the command
agrees (successful sector comparison) or disagrees (unsuccessful sector
comparison) with the scratchpad address of the Z3 clock. The comparison
is made bit-by-bit during bit-times 32, 33, and 34 (T4 T7 time) of the
search cycle, C30 (the only cycle which allows sector comparison), as
follows: :
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a. During bit-time 32 of the first cycle through C30 for
the command, the state of Fl is compared to the state
of the Z3 clock. If they are unequal, Fl1l which was
reset earlier in the word-time is set. If they are
equal, Fl1l is left in the reset state.

b. During bit-time 33 of the first cycle through C30 for
the command, the state of F2 is shifted into Fl while
Fl is shifted into F3, and F3 shifted into F2. Fl1 (which
now contains the original state of F2) is compared to Z3.
If they are unequal, Fll is set. If they are equal, Fl1l
is left xeset.
AL e
c. During bit-time 34 of the first cycle through C30 for the
command, The F3 to F2 to Fl to F3 loop is shifted one bit,
as described in step b, so that Fl contains the original
state of F3. Fl is then compared to Z3. If they are un-_
equal, Fl1 is set. If they are equal, Fll is left
LR T
The sector comparison is now complete and Fll stores the fact of whether
the sector comparison was successful (Fll left in the reset state) or
unsuccessful (Fll set). During bit-time 35 of the first cycle through
C30 for the command, the F3 to F2 to Fl to F3 loop is shifted one more
bit so that F3, F2, and Fl contain their original contents. If the
sector comparison was successful, at the end of the first cycle through
C30 the processor goes into C40 and executes the command. If the sec-
tor comparison was unsuccessful, at the end of the first cycle through
C30 the processor is forced to recycle through C30 and make another
sector comparison. This time the comparison is made to the next sector
address of the Z3 clock. The processor is forced to recycle through
C30 for as many times as is necessary to find a successful comparison
(the maximum number of cycles through C30 is 8, since by this time all
8 scratchpad address are compared to the scratchpad sector address con-
tained in the command). At the end of the C30 cycle in which a successful
comparison is made, the processor goes into C40 and executes the command.

3.3.3 SECTOR COMPARISON FOR 16-BIT COMMANDS

The order of bits for 16-bit commands which access storage are, as
should be recalled from paragraph 1.5.1, given below.

8 Bits of CR High-Order 8 Bits of I
F8 F7 F6 F5S F4 F3 F2 Fl 39 38 37 36 35 34 33 32
- - = = t t t t t s s s s 8 s s
Where:
sector address bits

16}
nn

track address bits
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The first operation performed of the sector comparison process deter-
mines if the command's address specifies a scratchpad or a general
storage sector. If the address specifies a general storage sector, then
cne or more of bits F4, F3, F2, Fl, and 39 must be high. If all these
bits are low, then the address specifies a scratchpad sector. This
coperation is performed as follows:

a. During T4 time (bit-times 35, 36, 37, 38, and 39) of
precession cycle C20, which may or may not have been
used with precession cycle ClO to shift the 16-bit
command into the CR and high-order 8 bits of the I,
the state of Fl is sensed by flipflop F10. During
this time the high-order 5 bits of the I are processed
through Fl, as shown in figure 3.3.6. If any of these
5 bits (39, 38, 37, 36, and 35) are high, Fl will be
high and F10, which was initially reset during the be-
ginning of C20, is set.

b. During the first bit-time of C30, following C20, the
states of F4, F3, F2, and Fl are sensed by F10. If any
of these bits are high, F10 is set if it hasn't already
been set in step a.

If, at this point, F10 is in the reset state, a scratchpad sector is
specified by the command and the processor continues the sector compari-
son using the Scratchpad Sector Comparison Process given below. If F10
is in the set state, a general storage sector is specified by the command
and the processor continues the sector comparison using the General
Storage Sector Comparison Process given below.

Scratchpad Sector Comparison Process:

c. During bit-time 32 of the first cycle through C30 for
the command, the state of the I playback, L20, is com-
pared to the state of Z3. (The low-order sector address
bit contained in I bit 32 is compared to the low-order
sector address bit of the Z3 clock.) If they are un-
equal, Fll which was reset at beginning of C30 is set.
If they are 'equal, Fll is left reset.

d. During bit-time 33 of the first cycle through C30 for
the command, L20 (equal to I bit 33) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
F11 is left reget.

e. During bit-time 34 of the first cycle through C30 for
the command, L20 (equal to I bit 34) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
F1l1 is lefﬁ/;esefﬁ
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The scratchpad sector comparison is now complete and Fll stores the

fact of whether the comparison was successful (Fll left in the reset
state) or unsuccessful (Fll set). If the comparison was successful, at
the end of the first cycle through C30 the processor goes into C40 and
executes the command. If the comparison was unsuccessful, at the end
of the first cycle through C30 the processor is forced to recycle through
C30 and make another comparison. This time the comparison is made to
the next sector address of the Z3 clock. The processor is forced to
recycle through C30 for as many times as is necessary to find a success-
ful comparison (the maximum number of cycles through C30 is 8, since

by this time all 8 scratchpad addresses are compared to the scratchpad
sector address contained in the command). At the end of the C30 cycle
in which a successful comparison is made, the processor goes into C40
and executes the command.

General Storage Sector Comparison Process:

f. Steps ¢, d, and e of the Scratchpad Sector Comparison
Process are performed.

g. During bit-time 35 of the first cycle through C30 for
the command, L20 (equal to I bit 35) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fll is left reset.

h. During bit-time 36 of the first cycle through C30 for
the command, L20 (equal to I bit 36) is compared to Z3.
If they are unequal, Fll is set. If they are equal,
Fl11 is left reset.

i. During bit-time 37 of the first cycle through C30 for
the command, L20 (equal to I bit 37) is compared to Z3.
If they are unequal, Fl1l is set. If they are equal,
Fll is left reset.

j. During bit-time 38 of the first cycle through C30 for
the command, L20 (equal to I bit 38, the high-order
sector address bit) is compared to Z3. If they are
unequal, Fll is set. If they are equal, Fll is left
reset.

The general storage sector comparison is now complete and Fl1l stores

the fact of whether the comparison was successful (Fll left in the re-
set state) or unsuccessful (Fll set). If the comparison was successful,
at the end of the first cycle through <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>