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SECTION 1

INTRODUCTION AND OPERATION

INTRODUCTION

The B 1720 Series Central System is a small- to medium- scale data processing system. It is
similar to the B 1710 Series Systems in overall operating concepts, but offers improved
speed of operation through use of a higher clock rate and additional hardware. Additional
features of the B 1720 Series System include an M-(micro) memory processor, an S—(system)
memory, a port interchange, and a "soft" I/0 subsystem.

MICRO INSTRUCTIONS

The B 1720 Series Central System performs its operations by executing a set of low-level
(micro) instructions which are fetched from the M-memory. A micro may be defined as an
instruction which causes the least amount of work possible to be performed within the system.
As such, it represents a component part of the functions necessary to make up a complete
machine operation. There are 32 of these micro instructions for performing the necessary
machine functions. The micros are composed of 16-bit fields, and are decoded within the
processor. The outputs thereby produced activate the appropriate registers, pseudo registers,
logic, and arithmetic sections to cause the desired action to be performed.

MACRO-INSTRUCTIONS

A macro instruction is the maximum amount of work that can be done by one instruction.
This corresponds to a "complete machine operation" in other types of equipment.

"In the B 1700 these macro instructions are "built" by the programmer from a series of micro-
instructions. An example of this would be an add operation, where a Macro performs a com—
plete add with automatic storage of the sum and detection of carries. There is no micro-
instruction which does a complete add. However, it is possible, through a series of
selected micro instructions to cause the machine to perform all the necessary actions
which comprise an add. Therefore the add is "built" by the programmer.

MICRO-PROGRAMMING

Micro-programming, as used in the B 1720 Series processor, has several definite advantages.
One advantage which is most obvious is ease in modification of the macro. That is, a
macro can be changed through software rather than requiring a modification of the logic
circuitry. The second advantage is that micro programming allows the hardware to be con-—
figured to suit the requirements of a particular language such as COBOL, FORTRAN, etc.

Thus the system is much more versatile than those which utilize predetermined (inflexible)
machine language instructions.

PHYSTICAL CONFIGURATION

The B 1720 Series Central System consists physically of a double bay or triple bay cabinet
(See figure 1-1). This cabinet houses four (or six) card chassis each having a maximum
capability to accommodate 28 logic cards. All logic circuitry, plus both S- and M-memories
are contained on the removable cards. This provides ease of troubleshooting and repair,
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and it facilitates memory expansion in the field when required. Control of the system is
from the front control panel and supervisory printer (SPO). Power for the logic elements
is provided by logic power supplies, one of which is installed in the base of each cabinet
bay. The outputs of these supplies are connected in parallel, and they operate in a
master/slave mode. A separate memory power supply is provided for each unit of S-memory,
and these can number from one to four in a given system, depending on the installed memory
size.

NOTE

In systems employing three logic supplies, the
supply located in the extension cabinet stands alone.

For ease of maintenance, the side panels of the cabinet are removable, and both front and
rear covers are hinged. In addition, the logic power supplies may be extended on slides and

tilted for access to the underside.
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Figure 1-1.

B 1720 Series Central System (Triple Bay Configuration)
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SYSTEM ARCHITECTURE

The B 1720 Series Central System is divided into the following functional areas:
a. M-memory processor
b. I/0 subsystem
c. Port interchange
d. Main (S) memory

The relationship of these sections is illustrated in figure 1-2., Although each is described
in detail elsewhere in this section of the manual, a brief summary of the interrelationships
which exist will be presented.

The M-memory processor is the heart of the B 1720 Series System., It contains all the
necessary circuit elements to perform the arithmetic and data manipulation functions required
of a data processing system. In addition to the M-memory which provides storage of micro-
instructions, the processor contains micro decoding and execution logic, function boxes,
registers, data movement and storage facilities, a control panel, and provisions for inter-
facing with other devices.

The I/0 subsystem is basically the means provided by which the processor may be interfaced
with external input and output devices. These may be any of the commonly used items such
as a line printer, card reader/punch, disk drive, tape drives or single line data comm.

The peripheral complement of a given system depends on the requirements of the functions it is
to perform, and may be chosen from a wide variety of available devices. Each such device

has a corresponding control located in the I/0 base. It is beyond the scope of this manual

to provide a more detailed description of I/O operations. Therefore, refer to the I/0 Base
manual (Form No. 1053352), if further information is desired.

The port interchange is the interface between S-memory and the devices which use it, of which
the processor is but one. This arrangement was necessary because the B 1720 Series System
was designed to allow independent access to memory by up to three different devices. At the
present time, only access by the processor and a multi-line control have been implemented.
Disk-pack access may be utilized in the future. The port interchange performs all memory
access operations, and is preset to give priority to user devices in a predetermined order.

S-memory is the main data storage unit within the system. It employs dynamic random access
memory chips, and is modularized to permit easy changes in size. S-memory offers very fast
access time, and a great deal of flexibility in storage and retrieval of data. It is used
for a multitude of purposes in normal data processing operations. Note that peripheral
devices such as magnetic tape or disk are also used for data storage. The manner of storage
selected is mainly dependent on the rapidity with which access is required. M-memory is the
fastest, but is limited in size and must be used over and over during normal operation. In
addition, it is dynamic in nature, and does not store data unless the system is operating.

M-MEMORY PROCESSOR

The M-memory processor is composed entirely of integrated circuit chips, which are mounted on
12" X 14" removable logic cards. These cards are 16 in number, and are interconnected by way
of point-to-point backplane wiring and multiconductor frontplane cables. In terms of logic
circuits the processor comprises data storage facilities, paths for data movement, data
manipulation devices, and control circuitry. Those portions which are significant are dis-
cussed individually in the following paragraphs. Since the console controls are, for the
most part, connected directly to the processor logic, they are considered to be a part of the
processor.
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FUNCTIONAL LAYOUT

The M-memory processor is functionally arranged as shown in figure 1-3., Operationally,
control of the machine is exercised via micro decoding. These micros are stored in the
M-string memory, and in the absence of instructions to the contrary (from a micro itself) are
fetched and executed in the sequence in which they were written into, Note that micro
instructions and all other data are treated exactly alike within the processor, and are
transpofted over the same routes. This is true except for M-memory, which is reserved for
storage of micro instructions, and the M-register, which is the micro path to the decoding
and execution logic. This latter section is truly the heart of the processor, and exercises
control over all the other circuits. Since the micro instructions are handled as data, they
may be modified, manipulated or even created by actions of the processor. It is on this
basis that the systems operational concept involving high level programming languages,
S-instructions, interpreters, etc., was developed.

INTERNAL PROCESSOR OPERATIONAL CONTROL (CURRENT STATES)

The B 1720 Series System Processor may be defined as a "current state'" machine. This refers
to the five operating states which may exist within the control logic, and which exert an
overall determining influence on the actions which are permitted to occur. The current
states are derived from conditions existing within the processor, and are determined for the
most part by prior events. Each is characterized by a single logic term which serves to
enable the proper circuitry for carrying out the actions possible in that state. Only one
current state is true at any given time when the machine is operating. The current states
may be defined as follows.

Console Current State (CONSCSP)

The processor is halted, and the load/display functions available from the console are
enabled. This state may exist only when the processor is halted, and is therefore synonomous
with halt.

Start Current State (STRTCSP)

This is a transient state entered for one clock pulse when the console START button is
pressed. Start C/S serves as a delay to allow activation of logic in preparation for
entering the execute current state, which always follows. 1In the tape mode, the cassett
drive is started when STRTCSP is true.

Execute Current State (EXECCSP)

This is the normal operating state of the machine, in which continuous execution of micros
takes place. Execute encompasses fetching micro-operators from M-memory, and executing
them, This includes gating micros to the M-register from M-string memory (automatic) or
from a processor register (in response to a micro specifying such). EXECCSP. may be entered
from the start current state or fetch current state, and may exit to the fetch current state
or stop current state. ‘

Fetch Current State (FTCHCSP)

This state is entered from the execute current state when it is necessary to fetch a micro
from some source other than M-memory. Fetching consists of automatic generation of control
levels to access the desired source and gate the 16-bit field constituting a micro instruction
to the M-register, All other processor operations are suspended when FTCHCSP. is true.
Fetching occurs in the run mode whenever the address in A exceeds the value in TOPM, and
results in sourcing micros from the S-memory location specified in A+MBR. In the tape mode,
all micros executed are fetched from the U-register, which is fed by the cassette tape drive.
The fetch current state may only be entered from, or exited to, the execute current state.
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Stop Current State (STOPCSP)

This is a transient state entered for one clock pulse whenever one of the conditions which
causes a system halt occurs (HALT button depressed, halt micro executed, etc). STOPCSP.
stops the cassette drive if running, then exits to console current state.

For Form 1066941
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The front panel console (figure 1-4) provides a manual point of entry into the system from
which overall control is maintained. Included are controls for ac power, the normal proc-
essor operating functions, plus facilities for displaying the contents of any register or
portion of S- or M-memory, and for replacing that data with any desired pattern of bits. A
tape cassette reader is also provided to input certain types of program material and other
functions to which it is suited. A brief description of each control's function is given

below in the following paragraphs.

A

8 > o <

Figure 1-4. B 1720 Console

POWER ON/OFF/TEMP Switch

Controls the application of ac power to the system.

The switch incorporates a three-way

indicator which displays the system power status. These are as follows:

ON light:

OFF light:

TEMP light:

No Indication:

STATE Indicator

DC power is up (system operational).

DC power down, but ac power available. This is the normal off condition
of the system when it is not in use.

DC power cut off due to failure of one or more of the ventilating fans.

AC power not applied to the system.

Indicates that bit 3 of the CC regiéter is set. This function is used programmatically
to provide the operator with a visual indication that selected events are occurring.

1-10
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RUN Indicator

Indicates that the processor is in the run mode.

PARITY Indicator

Indicates that a non-recoverable parity error has been detected, either while reading from
the cassette tape or during a micro fetch. Note that the latter may occur only during
fetches from S-memory since parity detection is not incorporated in the M-memory. In either
case, the processor halts. On a cassette read, the tape also halts at the next inter-record
gap.

24 Console Lamps

Provide a bit-by-bit display of the contents of the main exchange at all times. When the
processor is halted, a hard wired register move operation is forced to cause the contents of
the register designated by the group and REGISTER select switches to be displayed.

MODE Switch
Selects the operational mode of the processor. These are defined as follows:

STEP: Execution of a single micro occurs when the START button is pressed. Simul-
taneously, the next micro is fetched and stored in the M-register. This is
repeated each time the START button is pressed.

RUN: Continuous fetching and execution of micros occurs when the START switch is
pressed, with processor actions thereafter determined by the contents of the
program.

TAPE: Transfers the source of micro-instructions to the tape cassette. Pressing the
START button begins tape movement, and the processor executes micros from the

tape.

REGISTER Select and Register Group Switches

The register group switch (large rotary switch at the lower left corner of the console),
along with the adjoining REGISTER select switch is used to access the contents of any desired
register for examination and/or alteration via the console lamps and console switches. The
B 1700 registers are divided into groups of four which are selected by the register group
switch. An individual register within a group is then selected by moving the REGISTER

select switch to that register's relative position in its group. Note that read and write

in S-memory may also be selected. Refer to table 1-1. Display and/or loading of registers
may only be done with the processor halted.

HALT Pushbutton

Causes the processor to halt execution at the end of the present micro instruction or series
of concurrent micro instructions. The next micro to be executed is fetched and stored in M
(except in tape mode, in which the last micro executed remains).

CLEAR Pushbutton

Clears (resets) all flip-flops in the processor, port interchange, memory logic, and I1/0
controls to the defined clear state. This pushbutton is active only when the processor is in
the halt mode. If the processor cannot be halted, the system may be cleared by simultaneously
depressing the HALT and CLEAR buttons.

For Form 1066941 1-11



B 1720 Series Central System Technical Manual

Table 1-1. Register Table

Register Select

Register 0 1 2 3
Group
0 TA FU X SUM
1 TB FT Y CMPX
2 TC FLC T CMPY
3 TD FLD L XANY
4 TE FLE A XEOY
5 TF FLF M MSKX
6 CA BICN BR MSKY
7 CB FLCN LR XORY
8 LA TOPM FA DIFF
9 LB RES FB MAXS
10 LC RES FL MAXM
11 LD RES TAS U
12 LE XYCN CP MBR
13 LF XYST MSM DATA
14 cC INCN C READ CMND
15 CD CPU C WRITE NULL

NOTES: 1. RES = RESERVED (NOT USED)

2. READ, WRITE AND MSM ARE NOT REGISTERS,
BUT ARE TREATED AS SUCH FOR CONVENIENCE

1-12
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START Pushbutton

Initiates execution of micros in the selected mode.

INTERRUPT Switch

Sets bit 0 in the CC register. The interrupt condition is handled as determined by software.

LOAD Pushbutton

Gates the contents of the 24 console switches to the register designated by the REGISTER
select and register group switches. Active only in the halt state.

INC Pushbutton

Causes the address in the FA or A-register to be incremented by binary 16 (one word address)
when performing console operations. FA is affected when READ or WRIT is selected (reading
or writing in S-memory), with A being incremented when MSM is designated (reading or writing
in MSM). Active only when the processor is halted.

READ/WRITE Pushbutton

Causes the contents of the S-memory location specified by the address in FA to be read and
gated to the 24 console lamps for display (when READ register is selected). It also causes
the contents of the 24 console switches to be gated to, and written into S-memory at the
location specified by the address in FA (when WRIT register is selected). Active only when
the processor is halted.

24 Console Switches

Provide manual selection of a 24-bit data field for loading in a selected register or writing
into M- or S-memory.

BOT Indicator

Indicates that the console cassette tape cartridge is positioned at the beginning of the tape
(or at the end of the tape).

REWIND Pushbutton

Causes the console cassette tape cartridge to rewind to the beginning of tape.

CASSETTE ON/OFF Switch

Controls power for the console cassette.
DATA PATHS

Movement of data within the processor is by three different paths: A 24-bit main exchange
(MEX), a 4-bit auxiliary exchange and a 4-bit result exchange.

24~-Bit Main Exchange (MEX)

This is main data path within the processor, and is used for the majority of functions which
involve movement of data. All major portions of the processor are tied to the MEX. It is
24 bits wide, and all 24 bits are moved simultaneously. It is possible to utilize less

than the entire width of the MEX.
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4-Bit Auxiliary Exchange

Used for movement of 4~bit data fields from the 4-bit registers to the 4-bit function box.
Note that some of the larger registers may be addressed in 4-bit segments as individual
sub-registers.

4-Bit Result Exchange

This exchange receives the output of the 4-bit function box. Used for special handling of
result bits which are highly critical in their timing. Serves as one of the two input sources
for 4-bit registers. (The last significant 4-bits of the MEX is the other.)

M-STRING MEMORY

M-string memory is a high speed, all solid state memory which is used exclusively to store
the micro operators which control processor operation. MSM is modular, and is available
in four sizes:

2K bytes or 1024 16-bit words (one card) 6K bytes or 3072 16-bit words (three cards)
4K bytes or 2046 16-bit words (two cards) 8K bytes or 4096 16-bit words (four cards)

Access to M-memory is much faster than access to main (S) memory. This contributes to the
overall greater speed with which the B 1720 Series operates. The M-memory is addressable as
both a source and as a sink. Access to M-memory is normally gained by using the contents of
the A-register as an address. Word addresses only are possible (16-bit increments), and
counting up the A-register by one word is an automatic function each time a micro is fetched
from M-memory. Exceptions to the use of A for M-memory addressing are with the 7E and 2F

micro operators. See the descriptions of these micros for further details. The M-memory lay-
out is shown in figure 1-5. )

4096 |*

3072

2048

1024
2 7 / Y ’
A 1 A ﬂ y

4

3

2

1

WORD 0
(MEMORY ADDRESS) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BIT
*THE MAXIMUM SIZE DEPENDS ON CUSTOMER REQUIREMENTS

Figure 1-5. M-Memory Layout
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The processor is wired to automatically cause S-memory to be used as an extension of M-memory
when the "top of M" is reached. The top of M is specified by the TOPM register, and may be
the actual physical limit of M-memory, or_ some lower address which is stored in TOPM pro-
grammatically. As a reference for use in setting TOPM, the size of installed M-memory is
contained in another register known as MAXM. This is a wired-in value set by the field
engineer.

M-Memory Cards

Each card of M-memory has a 1K (1024) 16-bit word storage capacity and consists of 64 units
of 256 x 1-bit memory chips (RFDN).

The 64 chips are placed in four rows of 16 chips each. Each row stores 256, 16-bit words,
and the rows are addressed in sequential order to access all 1024 words of storage. Refer
to figure 1-6.
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M-REGISTER

The M-register is a 16-bit discrete register used exclusively to hold the micro operator
currently being executed. As such it is the gateway to the micro decoding logic which con-
trols all processor activity. The M-register is addressable as both a source and as a sink.
When it is used as a sink, the incoming data is bit ORed with the incoming micro, thereby
modifying it. Note that this is not true in the tape mode of operation. M is broken into
four fields for decoding, and these are known as MC, MD, ME, and MF. The MC field contains
the most significant four bits (15 through 12). Figure 1-7 illustrates the bit configura-
tion of the M-register as it would appear when viewed on the console lamps. Note that the
A and B fields of the console lamps are not applicable.

MA MD ME MF

151':(:1312111098 7 6 5 4|3 2 1 0]|BIT

Figure 1-7. M-Register as Viewed on Console Lamps

SYSTEM CLOCK

The system clock is used to provide synchronization of all logic activity within the proc-
essor, and as such generally serves as a trigger for the circuits which have been enabled by
micro decoding. The raw clock signal is generated by a crystal controlled oscillator operat-
ing at a frequency of 6 megahertz. This approximate square wave output from the oscillator
module feeds two delay lines which are in series. These have multiple taps from which the
desired signal propagation time may be selected. From the delay line taps, by way of jumper
chips, the system clock, early clock, and adjustable clock signals are derived. These three
signals are fed to a string of buffers to produce a total of 24 independent clock outputs.
From the clock outputs, the signals are distributed directly to the processor logic cards by
way of coaxial cables.

The relationship between the system clock, early clock, and adjustable clock signals is
illustrated in figure 1-8. The three signals are generally used within the processor as
follows:

System clock: General synchronization of logic activity within the system.

Early clock: Logic activation where propagation time or other factors require that
certain actions be initiated early.

Adjustable clock: Delayed completion for activities which take longer than
"normal".
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10

EARLY
CLOCK

SYSTEM CLOCK
! (EARLY + 40 N8)

ADJUSTABLE
CLOCK
(SYST + 5 NS)

IR e A

Figure 1-8. Clock Signal Relationships

24-BIT FUNCTION BOX

The 24-bit function box (24-bit arithmetic and combinatorial unit) is the main device for
processing numerical data within the system, and is used for most operations which require
arithmetic or logical manipulation of two operands. These operands may be up to 24 bits in
length, and use the X~ and Y-registers as paths to the function box. The function box output
is always gated to the main exchange. In brief the 24-bit function box consists of the
following sections:

a. 24-bit binary adder/subtractor with carry logic.

b. Decoding logic for binary coded decimal (BCD) sum/difference results, and BCD carry
correction logic.

c. Mask generator.

d. Status and condition result logic.
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The operational purpose of these sections can be stated as follows:

The binary adder/subtractor performs the actual arithmetic function between the two
operands. Both the input and output of this stage are in binary form. Generation of
carry and borrow outputs is automatic. Although merely adding and subtracting may seem
limited in scope, it should be noted that much higher level mathematical operations may
be performed by combining this with other logical functions. Creating such operations
is a programming function, and beyond the scope of this manual.

The BCD decoding logic is used to convert the binary adder/subtractor output to binary
coded decimal form. This is generally done for data which is destined for transmission
to an 1/0 device. Data for storage and use within the processor is generally left in
binary form. Translation to BCD is necessary for I/0 operations which involve a print-
out because numerical values between 10 and 15 require generation of two characters
whereas only one is used in hexadecimal.

The mask generator determines the field length of the output gated to the main exchange
from the 24-bit function box. This is used for operations where the desired result
involves only a portion of the total output produced, and serves to protect the selected
destination (sink) from extraneous data. Control of field length originates from a
value stored in the CPL portion of the C-register, and is determined programmatically.

The status and condition result logic provides outputs which reflect the logical relation-
ships existing between the 24-bit operands stored in X and Y. As such it is used for
analvsis and interpretation functions. The outputs include complement of X, complement

of Y, X-Y logical AND, X-Y logical OR, X-Y logical Exclusive OR, mask of X and mask of

Y (those bits which are not masked).

24-Bit Function Box Operatiomn

Operationally, the 24-bit function box may be regarded as a group of nine pseudo registers
which correspond to the nine distinct operations it can perform. Obtaining a specified
function consists only of placing the operands in X and Y, and sourcing the appropriate
pseudo register. The operands may be any length from 1 to 24 bits. In all cases, the
operand length is specified by the value contained in CPL, with zero fill in the most signi-
ficant bit positions for values less than 24. This is accomplished by the mask generation
logic.
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24-Bit Results

The nine 24-bit psuedo registers are as follows: Note that the group is composed
of the adder/subtractor outputs and the status and condition result logic outputs,
previously mentioned.

1-20

SUM is a 24-bit pseudo register which is equal to the sum of the X- and Y-registers
plus the CYF (carry flip-flop) register. The value in CPL specifies the length (number
of bits) of both operands and the sum. If the sum is greater than the length specified
by CPL, the carry level (CYL) is generated. The value in CPU (control program unit)
designates the unit of data desired as the output. When CPU=00, the direct output is
obtained (binary sum). When CPU=0l, the binary sum is passed through the BCD

decoding logic and a binary coded decimal sum is obtained. CPU values of 10 and 11
are undefined.

DIFF is a 24-bit pseudo register which is equal to the difference of the X-register
(minuend) and Y-register (subtrahend). The value of CYF (carry flip-flop) is also
subtracted from the X-register. CPL determines the length of the operand field. When
X <Yor X=Y and CYF is true, the borrow level (CYD) is generated. As with SUM,

CPU = 00 specifies a binary output and CPU = 0l specifies binary coded decimal.

CMPX

CMPY

XEOY

MSKX

MSKY

XORY

Complement of X is a 24-bit pseudo register which, when sourced, produces the
ones complement of the X-register. CPL determines the length of the operand
field.

Complement of Y is a 24-bit pseudo register which, when sourced, produces the
ones complement of the Y-register. CPL determines the length of the operand
field.

X and Y is a 24-bit pseudo register which, when sourced, produces the AND
function of the X- and Y-registers. The logical AND function is defined as
follows: corresponding bits of the X- and Y-registers must both be ones to
produce a one-bit in the corresponding bit position of the XANY pseudo register.
CPL determines the length of the operand field.

X exclusive OR-ed with Y is a 24-bit pseudo register which, when sourced, pro-
duces the exclusive ORed results of the X~ and Y-registers. The exclusive OR
function is defined as follows: When one but not both of the corresponding bits
of the X- and Y-registers is equal to one, the corresponding bit in the 24-bit
XEOY pseudo register is a one. CPL determines the length of the operand field.

Mask of X is a 24-bit pseudo register which, when sourced, produces the contents
of the X-register referenced by a mask. The length of the mask is determined
by the value of CPL.

Mask of Y is a 24-bit pseudo register which, when sourced, produces the portion
of the contents of the Y-register referenced by the value of CPL.

X or Y is a 24-bit pseudo register which, when sourced, produces the Or function
results of the X- and Y-registers. The OR function is defined as follows: when
either a corresponding bit of the X- or Y-register is a one, or if the cor-
responding bits of both the X- and Y-registers are ones, the corresponding bit
in the XORY 24-bit pseudo register is a one. CPL détermines the length of the
operand field.
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4-Bit Results

The operation of the 24-bit function box generates numerous conditions which are useful as
indicators of what processor action would be appropriate following the one currently in
progress. These conditions are monitored by logic included for the purpose, and are
available as additional outputs. These are arranged in 4-bit groups, and are known as the
pseudo registers: XYST, XYCN and BICN. The 4-bit results are gated to the auxiliary 4-bit
bus, and from there are available for analysis by the 4-bit function box. The 4~bit pseudo
registers are defined as follows:

XYST(X-Y states): When sourced, indicates the condition of the X- and Y-registers as
compared with zero, the condition of the least significant unit of the X-register, and
the presence or absence of an interrupt condition within the system. Refer to

figure 1-9 for details.

XYCN (X-Y conditions): When sourced, indicates the status of the X- and Y-registers as
equal to, greater than, and less than each other. It also indicates the condition of
the least significant bit of the X-register. Refer to figure 1-10 for details.

BICN (binary conditions): When sourced, indicates the presence or absence of a carry
level or borrow level, and the state of the carry flip-flop CYF. It also indicates the
condition of the least-significant unit of the Y-register. Refer to figure 1-11 for
details.

4-BIT FUNCTION BOX

The 4-bit function box (4-bit arithmetic and combinatorial unit) is an auxiliary device which
provides for analyzing and altering the contents of the 4-bit processor registers. These
include actual logic registers, most of which are portions of larger registers, and the
various 4-bit pseudo registers. The 4-bit function box is used primarily to manipulate and
generate control signals within the processor, and is therefore more a programmatic tool than
a means for processing job data. Operationally, it is capable of three types of actions:
straight through, logic functions, and bit testing.

Straight through is used for register to register moves, and the data is unaltered in transit.
It is necessary because the output of all 4-bit registers is gated to the auxiliary 4-bit
bus, whereas their inputs are from the MEX or 4-bit result bus.

The logic functions involve interactions between a sourced 4-bit register and a 4-bit literal
extracted from a micro. In most cases a modification of the register data takes place, and
this result is returned to the source register. The functions include set, AND, OR,
exclusive OR, sum, difference, sum overflow test and difference underflow test. Refer to the
operation section for further details.

Bit testing is available for the purpose of generating branch and skip control levels based
on the contents of a selected register. As described in the 24-bit function box section, the
bits therein indicate conditions existing within the system, and are used for programmatic
decision making. If the designated condition is true, the 4-bit function box causes the
processor to either skip the next micro instruction in the string being executed, or to
branch to another micro address and begin execution of that string.

4-Bit Function Box Operation

Operation of the 4-bit function box can be best understood by becoming familiar with the
various micro instructions which utilize it. Therefore, it is recommended that reference be
made to the micro operator listings elsewhere in this section while considering the
following discussion.
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LEAST SIGNIFICANT UNIT OF X —

WHEN TRUE, IT INDICATES THE LEAST
SIGNIFICANT UNIT OF X IS TRUE. LsuX

IS BIT 00 WHEN CPU = 00 (BINARY OUTPUT)
OR BITS 00 AND 03 WHEN CPU = 01

(BCD OUTPUT)

INTERRUPT —

WHEN TRUE, IT INDICATES THAT ONE OR
MORE OF THE SEVEN INTERRUPT CONDITIONS
IS TRUE.

Y NOT EQUAL TO ZERO —

WHEN TRUE, IT INDICATES THAT THE
PORTION OF Y DESIGNATED BY CPL IS NOT
EQUAL TO ZERO

X NOT EQUAL TO ZERO —

WHEN TRUE, IT INDICATES THAT THE
PORTION OF X DESIGNATED BY CPL IS NOT
EQUAL TO ZERO

Figure 1-9. XYST

1-22
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LsuUXx INT Y#0 X#0
‘—..

A

A

4-Bit Pseudo Register

BIT

NAME
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3 2 1 0 BIT

MSBX X=Y X<y X>v NAME

MOST SIGNIFICANT BIT OF X — ¢
WHEN TRUE, IT INDICATES THAT THE

MOST SIGNIFICANT BIT IN THE PORTION

OF X DESIGNATED BY CPL IS TRUE

X EQUALS Y - *____._____J

WHEN TRUE, IT INDICATES THAT THE
VALUES CONTAINED IN THE PORTIONS
OF X AND Y DESIGNATED BY CPL ARE TRUE

X LESS THAN Y — <
WHEN TRUE, IT INDICATES THAT THE VALUE

IN X IS LESS THAN THE VALUE IN Y. CPL

DESIGNATES THE PORTIONS OF X AND Y

TESTED

X GREATER THAN Y — -
WHEN TRUE, IT INDICATES THAT THE VALUE

IN X IS GREATER THAN THE VALUE IN Y.

CPL DESIGNATES THE PORTIONS OF X AND

Y TESTED

Figure 1-10. XYCN 4-Bit Pseudo Register
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LEAST SIGNIFICANTUNITOF Y —

WHEN TRUE, IT INDICATES THAT THE LEAST
SIGNIFICANT UNIT OF Y IS TRUE. LSUX IS
BIT 00 WHEN CPU = 00 (BINARY OQUTPUT) OR
BITS 00 AND 03 WHEN CPU = 01

(BCD OUTPUT)

CARRY FLIP-FLOP —

WHEN TRUE, IT INDICATES THAT SOFTWARE
HAS SET CYF TO SHOW THAT EITHER A CARRY
OR BORROW LEVEL WAS GENERATED ON A
PREVIOUS OPERATION

BORROW LEVEL -

WHEN TRUE, IT INDICATES THAT A BORROW
HAS BEEN GENERATED ON THE CURRENTLY
EXECUTING SUBTRACT OPERATION

CARRY LEVEL -

WHEN TRUE, IT INDICATES THAT A CARRY
HAS BEEN GENERATED ON THE CURRENTLY
EXECUTING ADD OPERATION

NOTE: CYD AND CYL ARE ALSO INDEPENDENT OUTPUTS FROM THE 24-BIT FUNCTION BOX

Figure 1-11.

A

3 2 1 0
Lsuy CYF CYD CyL
<__

A

BICN 4-Bit Pseudo Register

BIT

NAME
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Any one of the following registers or pseudo registers may be sourced at any given time.

a.

TA, TB, TC, TD, TF, LA, LB, LC, LD, LF, FU, FT, FLC, FLD, FLE, FLF, CA, CB, CC,
CD, or TOPM.

Each of the above is a 4-bit hardware register whose contents can be sourced for
analysis, testing and altering. The results of the tests performed on these
registers by various micro instructions can result in either skips or branches.
Alteration results in a change in the register's contents, since results are
returned to the source. This does not apply to MAXM or MAXS because these registers
are hard wired to preset values.

CPU

The CPU register is physically bits 5 and 6 of the 8-bit CP register. When sourced
CPU is treated as a 4-bit register with the two most-significant bits always being
equal to zero. CPU is addressable as either a data source or data sink.

XYST, XYCN, BICN, FLCN, or INCN

Each of the above is a 4-bit pseudo register which can be sourced via the execution
of various micros. The name "pseudo'" means that the registers do not actually exist
as such, but are grouped derivations of various control signals from within the
processor logic. These registers can be sourced, tested, and analyzed by the

4-bit function box, but not altered by its actions. The XYST, XYCN, and BICN

pseudo registers indicate conditions which exist primarily between the 24-bit X- and
Y-registers, and were described as part of the 24-bit function box. The terms

FLCN and INCN indicate independent pseudo registers, and are defined in figures 1-12
and 1-13. Also refer to the FL and SFL register descriptions in the section on
registers.

4-Bit Function Box Functions

The various functions are selected by use of the appropriate micro instructions. A listing
of these micro instructions, and the actions available are provided below. Note that the
functions listed are those concerning the 4-bit function box only. The micro-instructions
themselves can have additional variants affecting other logic.

1C

2C

3C

(register move)

(scratchpad move)

Move the contents of a 4-bit register to a 4-bit or 24-bit register. No manipulation

or altering of the original sourced data is provided. Input (to the 4-bit function
box) is via the auxiliary 4-bit bus and output is via the least significant 4 bits
of the main exchange. If a 24-bit register is selected as a sink, the four bits
are moved to the least-significant four positions, and the remaining 20 bits are
zero filled. Note that scratchpad may be a sink only.

(4-bit manipulate)
Execute the designated logical function, using the contents of the sourced 4-bit
register and the least-significant four bits (literal) of the 3C micro instruction

itself as operands. The functions include:

SET - Move the literal to the designated 4-bit register. This value is also
placed on the 4-bit result bus.

For Form 1066941
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4C

5C

6C
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AND - Perform the logical AND function between the 4-bit register contents and
the literal. (Both corresponding bits must be true for a true result
bit.) The result is placed on the 4-bit result exchange.

OR -~ Perform the logical OR function between the 4-bit register contents and
literal (either or both corresponding bits being true produces a true
result bit). The result is placed on the 4-bit result bus.

EOR - Perform the logical exclusive-Or function between the 4-bit register
contents and the literal; (either one, but not both, of the correspon-
ding bits being true produces a true result bit). The result is placed
on the 4-bit result bus.

INC - Binarily add the 4-bit register contents and the literal. The result
is placed on the 4-bit result bus. Overflow (carry) is not detected.

INC and TEST - Binarily add the 4-bit register contents to the literal and
monitor the result for overflow. Overflow causes the skip function to be
initiated. The arithmetic result is not used.

DEC - Binarily subtract the literal from the contents of the 4-bit register.
The result is placed on the 4-bit result bus. Underflow (borrow) is not
detected.

DEC and TEST - Binarily subtract the literal from the contents of the 4-bit
register and monitor the result for underflow. Underflow (borrow) causes
the skip function to be initiated. The arithmetic result is not used.

(bit test relative branch false) and
(bit test relative branch true)

Test the specified bit of the selected 4-bit register, and branch on the results of
of the test. The branch is taken if the tested bit is 0 for a 4C micro or if the
bit is 1 for a 5C micro. The relative displacement of the branch (number of micros
skipped) is contained in the literal, and may be a maximum of 15 instructions for a
positive branch or 13 for a negative branch. Negative branching results in looping
back to a micro instruction in lower sequential order. No output is provided, as
the source data is not altered.

(skip when)

Test the specified bits in the selected 4-bit register as determined by the variants
contained in the micro. Perform the action specified, based on the results of the
test. Refer to figure 1-14 for the possible tests. The bits to be tested are
specified by the literal contained in the 6C micro, which is known as the mask.
Only the bits in the 4-bit register which are referenced by l-bits in the mask are
tested and also cleared if specified. All other bits are ignored except when
"register equal to mask' comparisons are made. Since there are four test bits and
three variant bits, there are 128 (24 x 23) possible.combinations of tests. The
skip function, when executed, causes the processor to skip the next in line micro
instruction. Output is via the 4-bit result bus. This is used only to clear the
sourced register when the micro variants designate that it be cleared.
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3 2 1 0 BIT

FL=SFL | FL>SFL | FL<SFL FL#0 | NAME

FL EQUAL TO SFL — a—
WHEN TRUE, IT INDICATES THAT THE

VALUES IN THE FL REGISTER AND THE

LEAST SIGNIFICANT 16 BITS OF THE SFL

REGISTER ARE EQUAL

FL GREATER THAN SFL (WHEN TRUE)
SELF EXPLANATORY

A

FL LESS THAN SFL (WHEN TRUE)
SELF EXPLANATORY

A

FL NOT EQUAL TO ZERO (WHEN TRUE)
SELF EXPLANATORY

NOTE: FL IS THE LEAST SIGNIFICANT 16 BITS OF THE FB REGISTER
SFL IS A DISCRETE 24-BIT REGISTER WHICH ALWAYS CONTAINS THE SAME
VALUE AS THE FIRST WORD (WORD 0) OF RIGHT SCRATCHPAD. ONLY BITS 00
THRU 15 (OF THE 24) ARE CONSIDERED FOR THIS FUNCTION.

Figure 1-12. FLCN (Field Length Conditions) 4-Bit Pseudo Register
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DESTINATION PORT ABSENT LEVEL —

WHEN TRUE, IT INDICATES THAT A DISPATCH
HAS BEEN SENT TO A PORT DEVICE WHICH IS
NOT PRESENT

DISPATCH INTERRUPT HIGH LEVEL —
WHEN TRUE, IT INDICATES THAT A HIGH
PRIORITY DISPATCH IS PRESENT. USED
ONLY IN CONJUNCTION WITH DIL (BELOW)

DISPATCH INTERRUPT LEVEL —
WHEN TRUE, IT INDICATES THAT A DISPATCH
IS PRESENT FOR THE PROCESSOR

DISPATCH REGISTER LOCK LEVEL —

WHEN TRUE, IT INDICATES THAT THE DISPATCH
REGISTER (LOCATED IN THE PORT INTERCHANGE)

IS IN USE

3 2 1 0
DPAL DIHL DIL DRLL
<+

NOTE: ALL INCN BITS REFLECT CONDITIONS EXISTING IN THE DISPATCH REGISTER,
WHICH IS LOCATED IN THE PORT INTERCHANGE. REFER TO THE PORT INTERCHANGE

SECTION FOR FURTHER DETAILS.

Figure 1-13. INCN (Interrupt Conditions) 4-Bit Pseudo Register

BIT

NAME
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Variants Test or Function

0 0 0 SKIP IF ANY REFERENCED BIT IS TRUE

0 0 1 SKIP IF ALL REFERENCED BITS ARE TRUE

0 1 0 SKIP IF SELECTED REGISTER IS EQUAL TO THE MASK

0 1 1 SKIP AND CLEAR SELECTED REGISTER IF ALL REFERENCE
BITS ARE TRUE.

1 0 0 SKIP IF ALL REFERENCED BITS ARE FALSE

1 0 1 SKIP IF ANY REFERENCED BIT IS FALSE

1 1 0 SKIP UNLESS THE SELECTED REGISTER IS EQUAL TO THE
MASK.

1 1 1 SKIP AND CLEAR THE SELECTED REGISTER IF ALL
REFERENCED BITS ARE FALSE.

Figure 1-14. 6C Micro Functions

4-Bit Function Box Outputs

The outputs of the 4-bit function box consist of two control levels (branch and skip), and
two 4-bit data results. These latter are identical, but are gated to either the MEX (four
least-significant bits) or the 4-bit result exchange, in order that different destinations
may be reached.

REGISTERS

A large portion of the processor logic consists of registers, the purpose of which is
temporary storage of data and control levels. Since all registers are basically alike, the
significance of an individual register lies more in its relationship to other portions of

the system logic than in its manner of functioning. Although a number of processor registers
are for general purpose use, the majority are reserved for a specific function or group of
functions.

Register Selection

The various registers of the B 1720 Series System are addressed from the front console by a
pair of coordinates relating to the levels and positions on the register selection switch.
The numerical values assigned to these coordinates are significant in that they are also used
within the micro operators (in binary notation) for selection of the registers via micro
decoding.

The first coordinate is to select 1 of 16 groups of registers. The second coordinate then
selects one of the four registers in that group. Table 1-1 illustrates the selection of
registers with the REGISTER select and register group switches. For example, the FB register
is register group 9 and REGISTER select 2.

Note that not all of the entries in table 1-1 are registers. BICN, FLCN, XYCN, XYST, and

INCN are pseudo registers, and were described as part of the 4- and 24-bit function boxes.
Likewise, SUM, CMPX, CMPY, XANY, XEOY, MSKX, MSKY, XORY, and DIFF are outputs of the 24-bit
function box, and were described previously. The above functions are treated as registers
because they may be sourced via micro decoding in the same manner as actual hardware registers.
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NULL Register

This is a 24~bit pseudo register which can be designated as either a source or sink. When
addressed as a source, the source data is always zeroes. When addressed as a sink, the
source data is gated to ''nowhere." Since sourcing a register does not affect the data
stored in it, gating to Null is, in effect, a no-operation (NO-OP).

In reality, null can be considered the contents of the main 24-bit exchange. Since the
MEX contents has different significances at different times, both the run and halt states
of the processor must be considered to understand the effect of sourcing or sinking null.

When the processor is running in either the run, step, or tape mode, the following occurs.
Note that the processor is running only while executing a single micro when in the step
mode. Such execution occurs when the START button is pressed.

a. If null is designated as the sink, the source register is gated to the main 24-bit
exchange only. No registers are changed, including the source register. If TAS
is moved to null, the A-stack pointer is decremented by one.

b. If null is sourced, zeroes are moved from the main exchange to the destination
register, effectively clearing it. If null is moved to TAS, TAS is cleared and the
A-stack pointer is incremented by one.

c. A special condition exists when the console register selection switches are set to
NULL and the processor is running. In this condition, the processor halts when
the A-register equals the value set on the 24 console switches.

When the processor is halted, the following occurs:

a. A hardware-forced 1C micro (move register to null) is constantly executing. The
data on the main exchange is the contents of the register designated by the console
register selection switches. Since the console lamps reflect the contents of the
main exchange, the contents of the register are effectively displayed.

b. When the LOAD button is pressed, the hardware-forced 1C micro is changed to "move
null to register." This causes the contents of the 24 console switches to be gated
to the main exchange as the sourced null data. This data is gated to the register
designated by the console register selection switches.

CMND Register

The CMND (command) register is a 24-bit pseudo register which is used exclusively for soft
I1/0 operations. It is effectively the 24-bit processor input/output bus, and is used
exclusively to transfer data to the I/O subsystem. Therefore, CMND may be designated as a
sink only. The data transferred to the I/0 when CMND is sink may be either command type,
command variants, channel numbers, op-codes, reference addresses, file addresses, or write
data.

When CMND is designated as sink, a command active level (CA) is also sent to the I/O sub-
system. The CA level signals the I/0 devices that information is present on the I/0 bus for
one or more of them, and indicates the first part of the two part I/0 cycle.

DATA Register

The DATA register is a 24-bit pseudo register which is also used exclusively for soft I/0
operations. The data register is also effectively the 24-bit processor input/output bus,
but is used in a different manner than CMND. This register is bi-directional, and may
serve as either a source or sink for transferring information to or from the I/0 subsystem.
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When the DATA register is sourced, the data transferred from the I1/0 may be either status
counts, service request mask bits, control identification numbers, special flags for certain
devices, reference addresses, result descriptors, or read data.

When the data register is designated a sink, write data is transferred from the processor
to the I/0.

When the DATA register is either sourced or sinked, a response complete level (RC) is also
sent to the I/0 subsystem, signalling that the second part of a two-part I/0 cycle is
complete.

READ Repjster

READ is a 24-bit pseudo register which is addressable as a source only. It effectively
serves as the source of read data on S-memory read operations. Sourcing the READ register
causes the data at the S-memory address designated by the value in FA to be gated to the
MEX for distribution to the sink register selected.

With the machine halted and the READ register selected on the console register selection
switches, pressing the READ/WRITE pushbutton causes an S-memory read cycle to be initiated.

The memory data is latched into the console lamp register and from there displayed on the
console lamps. A freeze of this data on the console lamps occurs. To remove it, the selection
switches must be moved to another register or another memory read cycle must be initiated.

The FA register is incremented by 16 bits (one word address in S-memory) each time the INC
pushbutton is pressed. Note that before pressing the READ/WRITE pushbutton a machine 1C
micro (move READ to null) is executed. Since memory has not yet been accessed, this results
in all zeroes being displayed on the console lamps. If the LOAD button is pressed, the 1C
micro changes to 'move null to READ." Zeroes are still displayed on the console lamps. This
is a result of the hardware configuration, and serves no useful function in the halt mode.

When the machine is running, sourcing the READ register causes the contents of the 24 console
switches to be gated to the MEX for distribution to the selected sink. This is a function of
the same hardware configuration, and is available as a programmatic tool which allows manual
insertion of data from the console while the machine is running.

WRTT Register

The WRIT (write) register is a 24-bit pseudo register which serves as a sink only, and is
usable only in the halt mode. With the machine halted and WRIT selected on the console
register selection switches, pressing the READ/WRITE pushbutton causes an S-memory write
cycle to be initiated. The contents of the 24 console switches are gated to the MEX, and
from there are written into S-memory. The address in the FA register designates where in
memory the write cycle occurs. The FA register may be incremented by 16 bits (one word
address) by pressing the INC pushbutton. Note that the data written in memory is not dis-
played on the console lamps.

As with the READ register, a machine-forced 1C micro (move WRIT to null) is executed when
WRIT is selected, and before the READ/WRITE button is pushed. This results in zeroes being
displayed on the 24 console lamps. Pressing LOAD changes the micro to "move NULL to WRIT",
which also causes zeroes to be displayed. Neither condition is significant to machine
operation.

MSM Register

The MSM register is a 16-bit pseudo register used for accessing M-string memory. It may be
used as either a source or sink, and such use results in reading from or writing in M-string
memory. The address to which access is gained is determined by the contents of the A-register.
Such access is to a single word of MSM.
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With the machine halted and MSM selected on the console register selection switches, a
machine-forced 1C micro (move MSM to null) is continuously executed. The contents of the
word of M-string memory addressed by A is displayed on the console lamps. Pressing the
LOAD pushbutton changes the micro to '"move null to MSM," causing the contents of the console
switches to be gated to the MEX, and from there written into the word of M-string memory
designated by A. Note that only the least-significant 16 console switches are active, as
one word of M-string memory is 16 bits in length. Pressing the INC button when MSM is
selected increments the A-register by 1, effectively pointing to the next higher word
address in M-string memory.

Sourcing or sinking MSM when the machine is running produces the same read/write functions
as when halted, except that the console controls are not involved. The MSM is utilized by
the 1C, 2C, 7E, 8C, 9C, and 10C micros. When executing a move from MSM to a 24-bit register,
the data is right-justified with zero fill in the eight most-significant bit positions.
Sourcing a 24-bit register with MSM as sink results in truncation of the 8 most-significant
bits.

T-Register (With Rotator and Mask Generator)

The T-register is a general purpose 24-bit register which may be addressed as a unit, or as
six 4-bit registers denoted TA, TB, TC, TD, TE, and TF. 1In processor operations it serves
as both a source and a sink. The T inputs and outputs are:
24-bit operations: to/from MEX.
4-bit operations: from auxiliary 4-bit exchange or MEX.
to 4-bit result exchange or MEX.
In addition, a direct path is provided between the seven least-significant bits of T and the

same bits in the dispatch register. These bits are used as both a source and sink in dis-
patch operations. The T-register is illustrated in figure 1-15.

TA TB TC TD TE TF

23 22 21 20|19 18 17 1615 14 13 12|11 10 9 8}7 6 5 4|3 2 1 O BIT

Figure 1-15. T-Register

Associated with the T-register is the T-rotator. This device is located on the output side
(between T and the MEX), and provides optional shifting or rotation of the data contained in
T when it is sourced. Shifting and rotation are defined as follows:

Rotation: simultaneous lateral movement of all data contained within a specified field,
with wrap around provided (data departs the field at one end and simultaneously
reappears at the opposite end).

Shifting: simultaneous lateral movement of all data contained within & specified field,
without wrap around (data departing the field is lost; zero fill occurs at the
opposite end).

Shifting and rotation are primarily utilized for analysis of I/0 service requests, and for
binary multiplication and division by powers of 2. Both are accomplished with the 10C micro.

The T-rotator consists of a 24-bit two stage multiplexing device and a 24-bit mask generator.
The first stage provides left rotation of the T-register data by zero, eight, or sixteen bits.
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The second stage provides left rotation of from zero to seven bits. The combination of both

stages allows a total rotation capability of from zero to twenty-three bits. Note that while
the rotator functionally operates in the left direction only, effective right rotation may be
accomplished by revolution (left rotation by (24-N) bit positions, where N is the desired mag-
nitude of right rotation). Rotation is illustrated in figure 1-16.

The shift function is accomplished in the same manner as rotation, except that masking is
utilized. That is to say the rotator functions identically, but those bits which have
wrapped around are masked. The mask generator is in actuality an enabling circuit, whereby
the presence of a mask 1-bit enables gating the corresponding data bit to the output.
Therefore, those bit positions where the enabling bit is absent are effectively masked,
producing a zero output. For a shift left operation, masking (zero fill) occurs from the
right. For a shift right, a zero fill is from the left. Note that masking occurs on shift
operations only (for rotation 24 mask l-bits are generated, causing the entire rotator out-
put to be gated to the MEX). The shift function is illustrated in figure 1-17.

The rotator is capable of one additional function, that being the operation specified by the
11C micro (extract from T-register). Extraction is similar to the shift function, except
that the amount of rotation and the width of the mask are independent. Rotation is performed
so that the desired data is right-justified with respect to the MEX. The mask is then

applied as determined by the literal contained in the 11C micro. Zero fill is always from
the left. Refer to figure 1-18.

For Form 1066941 1-33



B 1720 Series Central System Technical Manual

EXAMPLE 1 — ROTATE LEFT BY 5§ BITS

T-REGISTER CONTENTS

23 22 21 20

19 18 17 16

15 14 13 12

11 10 9 8

0 0 0 o

0 0 0 O

11 1 1

1T 1 1 1

OUTPUT TO MEX

23 22 21 20

19 18 17 16

15 14 13 12

1 10 9 8

0 0 0 1

1 1 1 1

1 1 1 1

11 1 1

EXAMPLE 2 — ROTATE RIGHT BY 11 BITS

T-REGISTER CONTENTS

23 22 21 20

19 18 17 16

15 14 13 12

1 10 9 8

1 1 1 1

0 0 0 O

0 0 0 O

0 0 0 O

OUTPUT TOMEX

23 22 21 20

19 18 17 16

15 14 13 12

1 10 9 8

0 0 o0 1

0 0 1 0

o 0 0 1

111 0

1-34

Figure 1-16.

Rotation Function Of T-Register

BIT
CONTENTS

BIT
CONTENTS

BIT
CONTENTS

BIT
CONTENTS
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EXAMPLE 1 — SHIFT LEFT BY 5 BITS

T-REGISTER CONTENTS

23 22 21 2019 18 17 16115 14 13 12|11 10 9 8 4 |3 2 1 BIT
I T R A O N N T N e A N N N N RO B B LI I R CONTENTS
OUTPUT TO MEX
23 22 21 2019 18 117 16}15 14 13 1211 10 9 8 4 2 1 BIT
1T 1 1 1]+ 1+ 1 111 1 1 111 1 1 1 0{0 0 O CONTENTS
. N
. MASKED
BITS
EXAMPLE 2 — SHIFT RIGHT BY 7 BITS
T-REGISTER CONTENTS
23 22 21 20({19 18 17 16|15 14 13 12|11 10 9 8 413 2 1 8IT
111 11 11 141 0o 06 1}0 1 1 0O 1117 1 CONTENTS
OUTPUT TOMEX
23 22 21 20|19 18 17 16{15 14 13 12|11 10 9 8 4 13 2 1 8IT
0 0 0 ofo o o0 1}1 1 1 1{1 1 11 ot v 0 CONTENTS
\ s
MASKED
BITS
Figure 1-17. Shift Function Of T-Register
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BIT
CONTENTS

BIT
ROTATOR OUTPUT

MASK
(ENABLES GATING)

BIT
CONTENTS

EXAMPLE: EXTRACT FROM T THE DATA FIELD CONSISTING OF BITS 8 — 12.
THIS INVOLVES RIGHT ROTATION BY 8 BITS, AND MASKING OF THE 19 MOST SIGNIFICANT
ROTATOR OUTPUT BITS.
CONTENTSOF T
23 22 21 20|19 18 17 16|15 14 13 12{11 10 9 8|7 6 5 4|3 2 1
o o 0 o|1T 0 0 1j0 0 0 OJ1T 1 1 1{1 1 1 0 0 O
OUTPUTS OF ROTATOR AND MASK
23 22 21 20|19 18 17 16{15 14 13 12|11 10 9 8|7 6 5 4|3 2 1
1 11 1]j]0 0 0 Oof0O O O OfT O O 1}j0 O O O;1 1 1
o 0 0 0}j0 0 0 OO O O O|O O O0 OO0 O O 1|1 1 1
EXTRACTION
DATA GATED TO MEX WIDTH
(CONTENTS OF ROTATOR OUTPUT BITS 0 — 4}
h 4
23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8{7 6 5 4|3 2 1
0o 6 0o 0jo 0o 0 0|0 O O O{O O O O}jO O O Of1 1 1
\ v —
THESE BITS
ARE “MASKED"”
Figure 1-18. Extract From T-Function
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A-Stack

The A stack is a 32-word deep, 24-bit wide memory. It is generally used for storage of
addresses in normal call/return programming where it is desired to perform a subroutine,
and then return control to the program when the subroutine is completed. The procedure
normally used is to call a subroutine by branching to the address where it is stored in
memory. Meanwhile, the address where the program exited is stored in A-stack. Return
from the subroutine is accomplished by moving the address stored in A-stack back to the
A-register, which acts as a branch back into the normal program.

The A-stack operates as a push down stack with a last in/first out structure. The A-stack is

addressed by a stack pointer which is upcounted or downcounted by moves into or out of the
stack. Note that once written into A-stack, the location of a given data field does not
change, but rather the word addressed by the stack pointer. Wrap around of the pointer is
provided. Sixteen consecutive writes (pushes) into the A-stack or sixteen consecutive reads
(pop) from the A-stack causes the pointer to address the same location as it did at the
beginning of the write or read operations. Although A-stack is not intended to be used as
an operand stack (data storage) it has been purposely made 24 bits wide to allow for limited
operand storage, at the option of the programmer.

Top of A-stack (TAS) is the location in A stack which is addressed by the stack pointer. As
such, it is a relative position, and its actual location within the stack at any given time
is dependent upon previous usage. Top of A-stack is, in effect, a 24-bit register which may
be either sourced or sinked, and serves as the sole path to or from A-stack. Moves into

TAS first cause the A-stack pointer to be upcounted, and then the source data is stored in

the location addressed by the pointer. Moves from TAS cause the data in the A-stack location

which is addressed by the stack pointer to be read and moved to the destination register.
After the read occurs the stack pointer is decremented, addressing a new A-stack location
which becomes the new TAS.
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The MAXS register is a 24-bit register which is set by the field engineer to indicate the

maximum size of the installed S-memory @Gn bits).
register, but rather is wired constant and thus addressable as a source only.
MAXS is binarily weighted.

Refer to figure 1-19.

23 22 21 20

19 18 17 16

15 14 13 12

r192K 4096K 2048K 1024

512K 256K 128K 64K

32K 16K 8192 4096

11 10 9 8|7 6 5 4
2048 1024 512 256 |128 64 32 16
NOT USED

The MAXS register is not a discrete

The value in

MAXS BIT

VALUE (BITS)
(BINARY WEIGHT)

L——SIZE (BYTES) _}

NOTE: MEMORY MAY BE EXPANDED IN 8K (8192) BYTE INCREMENTS
8K IS THE MINIMUM POSSIBLE MEMORY SIZE, HOWEVER THE
MINIMUM PRACTICAL SIZE IS APPROXIMATELY 48K THE MAX-

IMUM PERMISSIBLE SIZE IS 256K

Figure 1-19.

MAXM Register (Maximum M-Memory Register)

MAXS Register

The MAXM register is a 24-bit register which is set by the field engineer to indicate the
maximum size of the installed M-memory.
therefore addressable as a source only.
figure 1-20.

1-38

Like MAXS, it is a hard wired register, and is
The value in MAXM is binarily weighted.

Refer to

23 22 21 20

19 18 17 16

15 14 13 12

11 10 9 8

7 6 5 4

MAXM BIT

74-%

NOTE: M-MEMORY SIZE IS LIMITED TO 4K (4096) B S
THE MINIMUM POSSIBLE SIZE IS 1K (1024) BY¥ES.

Figure 1-20.

SIZE (BYFES) b Ora

MAXM Register

WOt

Wivead
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A-Register

The A-register is the address register for the M-string memory, and is 14 bits wide. The
contents of A constitute a word address for a 16~bit micro instruction, with a 1l-bit increment
of A being equal to a 1l6-bit address increment in MSM. The A register may be addressed as
either a source or a sink. Because the least-significant bit of A is equal to a word

address (binary weight of 16), A is displaced by four bit positions with respect to the main
exchange. Refer to figure 1-21. When used as a source, the contents of A are effectively
multiplied by 16 (least-significant bit of A, bit 00, is gated to the fifth bit, bit 04 of

the MEX). The other bits of A are gated to the corresponding higher bits of the MEX. When
the A-register is used as a sink, the least-significant four bits of the source are lost.

This effectively divides the source by 16.

23 22 21 2019 18 17 1615 14 13 12|11 18 9 8|7 6 5 4|3 2 1 O MEX BIT

' ’ l A

2 1 0 A-REGISTER BIT

ADDRESS
(MSM WORD}

o\’

k)
?
9

Figure 1-21. A-Register

When the machine is in the run mode, the A-register is automatically incremented by one each
time a micro is gated from MSM to the M-register for execution. This is the most important
feature of the micro fetch routine, by which the processor accesses and executes sequential
strings of micros stored in M-string memory. The A-register may also be incremented or
decremented by any value from O to 4095 with a high-speed adder. This facilitates micro
program branching. Wrap around of A can occur, and is permitted at the largest possible
address (4095 words). It should be noted that the maximum size of M-memory is 4096 16-bit
words. Therefore, A-register values greater than 4095 point to addresses outside of M-string
memory. Provisions have been made within the processor to permit the use of a portion of
S-memory as an extension of M-string memory. This involves the use of the TOPM and MB
registers. Refer to the discussion of TOPM and MBR for further information.
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TOPM Register

The TOPM register (top of M-memory) is a 4-bit register which is associated with the
A-register. It is used to determine the highest allowable address in MSM. When the value
in the A-register is equal to or greater than the value in TOPM, micros are fetched from
S—-memory rather than M-memory. The TOPM register may be used as either a source or sink.
It is displaced with respect to the MEX by 13 bits, which means that the most-significant bit
of TOPM has a binary weight of 65,536(64K). The TOPM register is set to a value of 1000 by
the system clear signal. This value corresponds to 4096 words, which is the maximum number
of micro instruction addresses (locations) in M-string memory. It may also be set to 4096
or any lesser value which is divisible by 512 (binary weight of the least-significant bit)
by addressing it as a sink. The top of memory register is customarily set to the actual
size of M-memory in the system. The bind micro (4F) designates TOPM as sink. Refer to
figure 1-22,

13 12j11 10 9 8(7 6 5 413 2 1 0 A-REGISTER BIT

23 22 21 20{19 18 17 16{/15 14 13 12{11 10 9 8|7 6 5 43 2 1 0 MEX BIT

TOP M-BIT
VALUE (MSM WORDS)

Figure 1-22. TOPM Register
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MBR (Memory Base Register)

The memory base register is a 24-bit register which is used when micro instructions are
sourced from S-memory. This occurs when the address in A equals or exceeds the value in
TOPM, which is known as the "A out of bounds condition" (AOB). This condition causes the
contents of A to be added to MBR as shown in figure 1-23, The resulting value becomes the
S-memory address from which the next micro instruction is to be fetched. Note that A
continues to increment each time a micro is executed in M, resulting in accessing sequential
16-bit fields from S-memory in the same manner as micros are fetched from M-memory. When
AOB is true, machine operation slows appreciably, since S-memory accesses take considerably
longer than fetches from M-memory.

The MBR is addressable as either a source or sink. The address contained therein is a bit
address, as contrasted with that in A, which is a word address. Therefore, A is displaced
by four bits (with respect to MBR) when they are added.

23 22 21 20019 18 17 1615 14 13 12|11 10 9 & ;7 6 5 4|3 2 1 O MBR BITS

A A

13 12¢11 10 9 8{7 6 5 413 2 1 0 A-REGISTER BITS

Figure 1-23. Memory Base Register

BR and LR Registers (Base and Limit Registers)

The base and limit registers are both 24 bits in length, and can be addressed (separately)

as either source or sink. 1In operation both are used to store reference memory addresses
which are used programmatically for protection of selected portions of S-memory, and for base
relative addressing. A compare of the addresses in both BR and LR is made for all memory
cycles (read, write, and swap). Customarily, the portion of memory between BR and LR is
allotted for general usage. Those portions lying below BR and above LR are protected (bad
FA addresses), and reserved for specific data. Read memory cycles are allowed regardless of
the relationship existing between the addresses in FA, BR, and LR. However, if a 'bad FA
address'" read occurs, this event is recorded by setting bit 1 of the CD register. Handling
of this flag is determined by software.

S-memory write or swap cycles are not allowed to a "bad FA address'" unless overridden. This
is accomplished by setting the "override bit'", bit 02 of the CD register. When a bad FA
address write is allowed, this event is recorded by setting CD register bit 00. Handling of
both bits (CDO and CD2) is determined by software. Note that FA addresses equal to either BR

For Form 1066941 1-41



B 1720 Series Central Systgm Technical Manual

or LR are considered good and are allowed. Base relative addressing is accomplished by
adding the value in FA to that in BR. ¢

X-Register

The X-register is a 24-bit general purpose register which can serve as either a source or
sink. It is used primarily to store one of the operands for 24-bit function box operations.
The X-register may be shifted or rotated, and may also be normalized (shifted left in 1-bit
increments until either the most-significant bit referenced by CPL equals 1 or until FL
equals 0). In addition, X may be concatenated with the Y-register to effectively form a
48-bit register. When this is done, X occupies the 24 most-significant bit positions. Note
that X may be addressed in its entirety only.

Y-Register

The Y-register is a 24-bit general purpose register which serves the same basic functions as
the X-register. Like X, it may be used as either a source or destination, and is addressable
in its entirety only. The Y register may not be normalized, but is capable of being shifted
or rotated. The most common use of Y is to store one of the two operands for 24-bit function
box operations (the other is stored in X).

L-Register

The L-register (logical register) is a general purpose 24-bit register which can serve as
either a source or sink. It is addressable as a whole, or in 4-bit segments designated LA,
LB, LC, LD, LE, and LF. Accordingly, these 4-bit registers are available for alteration
and/or analysis by the 4-bit function box. Inputs to L are from either the MEX or 4-bit
result exchange, with outputs to the MEX or 4-bit auxiliary exchange. Refer to figure 1-24.
The L-register is one of four data register (X, Y, T, and L) which can be used as a source
or sink for S-memory read/write operations.

LA LB LC LD LE LF

23 22 21 2019 18 17 16{15 14 13 12|11 10 9 8] 7 6 5 4|3 2 1 0 BIT

Figure 1-24. L-Register

The dispatch micro (lE) uses the L-register as the source or sink of a 24-bit message (usually
an address) which is either written into/read out of S-memory at address zero.

The overlay M-string micro (2F) uses L as the source of a starting M-memory address to be used
in the overlay operation.

The bind micro (4F) uses the L-register as the source of the 24-bit value to be moved to the
MB register.

The exercise MSM micro (7E) uses the L-register as the source of the M-memory address to
be used for the operation.

FA Register
The FA (field address) register is a 24-bit register which is used primarily to hold the

address currently being accessed in S-memory. The address contained in FA is an absolute bit
address, i.e., any location within S-memory may be accessed, beginning at any desired bit.
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The significance of the various bit positions of FA is shown in figure 1-25. The FA register
may be used as either a source or sink, and, in addition, may be incremented or decremented
by the value contained in a micro instruction or by the value of the CPL register. Inputs
and outputs of FA are the MEX and left scratchpad. Also associated with FA is a 24-bit FA
adder which provides the increment/decrement function. Neither overflow nor underflow of

FA is detected. Therefore, the value of FA may go through the register's maximum or minimum
bit value and wrap around.

)3 A C D e F

23 22 21 20 |19 18 17 16|15 14 13 12}/11 10 9 8|7 6 5 41‘3 2 1 0 BIT

BINARY WEIGHT
WEIGHT

2/1 2 1 241 51225612764 32 16 814 2 1 2{ 1 4 2 1

NOT MEMORY CARD CHIP WORD BYTE BIT
USED UNIT GROUP ROW

Figure 1-25. TFA Register

The scratchpad relate FA micro (8D) provides increments/decrements of FA by the value of a
left scratchpad word.

The exchange double pad word micro (7D) provides swapping the contents of both FA and FB with
the contents of a double scratchpad word (both left and right scratchpad words of the same

address.)

The load F from double pad word micro (5E) provides loading both FA and FB with the contents
of a double scratchpad word.

The store F into double pad word micro (4E) provides storing the contents of both FA and FB
into a double scratchpad word.

The count FA/FL micro (6D) provides incrementing/decrementing FA by the literal value
contained in the micro instruction.

FB Register (Including FU, FT, FLC, FLD, FLE, and FLF)

The FB register is a 24-bit special purpose register which is functionally divided into
several smaller units. The first subdivision consists of 4-bit FU and FT portions, plus the
16-bit FL portion. The FL portion is further subdivided into the 4-bit FLC, FLD, FLE and,

FLF registers. The entire FB register is addressable as a whole, as is the 16-bit FL portion.
In addition all four-bit portions (FU, FT, FLC, FLD, FLE, and FLF) are addressable separately
as either a source or sink. Refer to figure 1-26.

The FU (field unit) register is used to hold the length of the unit which makes up a field of
data in S-memory. The FU register can describe fields up to 15 bits in length. It is used
primarily as a bias source for the CP register. Refer to the bias micro (3E).

The FT (field type) register holds a field type designator which has specific meaning only to

software, and can therefore vary depending on the program in use. The FT register is not
used by the hardware unless specifically sourced or sinked during execution of a micro.
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NOTES: 1K = 1024

2K = 2048

4K = 4096

8K = 8192

16K = 16,384

32K = 32,768
23 22 21 20 19 18 17 16/ 15 14 13 12011 10 9 8| 7 6 5 4|3 2 1 O|BIT

FL
FU FT
FLC FLD FLE FLF
FB
BINARY

8 4 2 1 32K 16K 8K 4K 2K 1K 512256128 64 32 16 8 4 2 1| - o

Figure 1-26. FB Register

The FL (field length) register holds the total length of a field of S-memory data. The value
in FL is binarily weighted, and can describe fields up to 65,536 bits in length. It may be
incremented or decremented by the literal value in a micro instruction or by the value in

the CPL register. Overflow and underflow of FL can occur. Overflow is not detected, and
causes FL to wrap around. Underflow is detected, and does not wrap around. When underflow
occurs, a value of zero is left in the FL register. This register is also used as a bias
source for the CP register, and for a static compare with the first word of right scratchpad.
The static compare results are available when the pseudo register FLCN (field length
conditions) is sourced.

Since the FB register is addressable as 4-bit sources or sinks, analysis and alteration of
each of the 4-bit groups are provided via the 4-bit function box. The FB register has the
ability (as a whole) to be loaded, stored, or swapped along with the FA register into a
double scratchpad word. These three functions are provided by the 5E, 4E, and 7D micros,
respectively.

Inputs and outputs for FB are as follows: FB (as a whole) can receive or gate data from/to
the MEX (24 bits). In addition, there is a 24-bit path directly to and from right scratchpad.

The FL portion may also receive or gate data from/to the MEX. Since FL is 16 bits long,
only the least-significant 16 bits of the MEX are utilized. 1In addition there is a 16-bit
path to/from the 16-bit FL adder which is used for incrementing/decrementing FL.

The 4~bit portions of FB (FU, FT, FLC, FLD, FLE, and FLF) may receive data from the 4-bit
result bus, and gate data to the 4-bit auxiliary bus.

C-Register

The C-register (control register) is a 24-bit register which is not addressable as a whole.

It is subdivided into four 4-bit registers (CA, CB, CC, and CD) plus the 8-bit CP register.
The CP portion may be further divided into the 5-bit CPL portion, the 2-bit CPU portiomn, and
the 1-bit CYF. Figure 1-27 illustrates the C-register. The functions of the various portions
of C are described below.
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23 22 21 20{19 18 17 16|15 14 13 12{11 10 9 817 6 5 4|3 2 1 0

cp

CA cB ccC CcD
CYHA CPU cpPL

BINARY WEIGHT

16 8 4 2 11 cponLy)

NOTES: 1. CA,CB, CC,CD AND CP ARE ADDRESSABLE AS SOURCE OR SINK

2. CPU IS ALSO ADDRESSABLE AS SOURCE OR SINK AS SUCH IT IS
TREATED AS A 4-BIT REGISTER WITH THE LEFTMOST 2 BITS
ALWAYS EQUAL TO ZERO

Figure 1-27. C-Register
CA and CB Registers

The 4-bit CA and CB registers have no special function. They are available as general purpose
storage, and are addressable as either source or sink. Inputs to both are from the 4-bit
result bus or the least-significant four bits of the MEX. Output is to the 4-bit auxiliary
exchange. )

CC and CD Registers

The 4-bit CC and CD registers are used for storage of various processor states and conditions.
Both can be addressed as either source or sink. The various flag bits are set automatically
by the processor when the corresponding state or condition exists, and this occurs regardless
of what has been stored in the register previously. The significance of the flag bits is
shown in table 1-2. Since both CC and CD are addressable as source and sink, alteration and
analysis of either by the 4-bit function box is possible. Inputs are from the 4-bit result
bus or the least-significant four bits of the MEX. Output is to the 4-bit auxiliary exchange.
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Table 1-2, CC - CD Registers Defined

CC

CD

3[2]1]0

3[2]1]0

L——— CDO

—— (D1

t—® (D2
L » (D3
————— CCO0
——————» C(CCl

-  (C(C2

CC3

\j

With the
state of

Write/swap address out-of-bounds interrupt condition.
The FA register is either less than the BR register or
more than the LR register.

The memory cycle occurs only when CD2 is true.

Read address out-of-bounds interrupt contion.

The FA register is either less than the BR register
or more than the LR register.

The memory cycle will occur.

Write/swap address out-of-bounds override control.
When true, a memory write/swap cycle will occur
regardless of the out-of-bounds condition.

Memory read data parity error interrupt.

Console control panel interrupt condition.
Indicates the Interrupt switch on the console
is omn.

1/0 bus interrupt.
Indicates one or more of the soft I/0 controls
requires servicing by the processor.

Timer interrupt.
Set every 100 milliseconds by the real time clock.

Console control panel state lamp.

Set via the software microprogram, to indicate via the
state lamp on the console, that the system is in the
Control State (MCP in control). When the lamp is off,
normal state (user's program executing) is true.

NOTE

exception of CDO, CD2, and CC3, the
the CC and CD levels have no significance

to the hardware. They must be examined by way of
micro-instructions and used accordingly.



B 1720 Series Central System Technical Manual

CP Register

The eight-bit CP (control parallelism) register is addressable as either a source or sink,
using the eight least-significant bits of the MEX. The CP register consists of three basic
sub-registers (CYF, CPU, and CPL), each having its own special functions:

CYF: The carry flip-flop (CYF) consists of bit 7 (most-significant bit of CP).

This flip-flop is used to store a carry level on add operations or to store a borrow
level on subtract operations. This function is activated by the associated CYF logic.
The CYF flip-flop is not addressable as such, but may be sourced or sinked as part of
the CP register. Such manipulation is a function of software.

CPU: The control parallelism unit (CPU) register consists of bits 5 and 6 of the CP
register. It is used to designate the type of arithmetic operation the processor
performs. If CPU equals 00, the operand data and result are handled as binary. 1If

CPU equals 01, 4-bit binary coded decimal (BCD) is specified. If CPU = 10 or 11, the
operation is undefined. The contents of CPU are used to determine the least-significant
unit of Y (LSUY) and least-significant unit of X (LSUX) functions which are obtained
when pseudo registers (BICN and XYST, respectively) are sourced. The CPU register is
addressable separately as either a source or sink, and is handled as if it were a 4-bit
register. The two (non-existent) most-significant bits are always equal to zero when
CPU is sourced. Accordingly, CPU may be analyzed and/or altered by the 4-bit function
box. Inputs to CPU are from the least-significant two bits of the MEX or 4-bit result
bus. Output is via the auxiliary 4-bit bus only.

CPL: The control parallelism length sub-register (CPL) consists of bits 0 through 4
of the CP register. It is used to designate the field length of datd to be handled
on arithmetic operations. In addition, CPL designates the data field length (in bits)
of S-memory read/write operations when FL is equal to zero. The CPL registor is not
addressable separately, but must be sourced or sinked as part of the 8-bit CP register.

U-Register

The U-register is a 16-bit register which is used exclusively as an entry device for data
from the cassette tape unit on the console. Since the tape data is read in serial fashion,
the U-register serves as a buffer by accumulating bits until full, then gating them
simultaneously to the MEX. As such, U serves as a source register only. Associated with U
is an 8-bit shift register which is used for parity error correction of the tape data. This
circuitry is capable of correcting errors in up to three sequential data bits from the tape,
and utilizes the cyclic redundancy character (CRC) which is part of the tape data format.
Refer to the B 9490 Cassette Tape Subsystem Field Engineering Technical Manual, form number
1067402 for further information if desired. The U-register functions somewhat differently in
the processor tape and run modes of operation. Therefore, each is described separately.

Tape mode: Selecting the tape mode causes the contents of U to be automatically moved
to the M-register, and implies that the tape data consists of 16-bit micro instructions
which are to be executed. Therefore, sequential execution of micros from the tape
continues unless the micro being executed dictates otherwise. An example of this

would be a register move micro designating U as source and some register other than M
as sink. ' In this case the automatic U to M move is disabled, and the next 16 bits of
data are moved to the selected sink.

Run mode: In the run mode, cassette operation is controlled by the 2E (cassette control)
micro. Tape data is obtained by sourcing the U-register, and it is necessary that the
program running provide the appropriate micros to do this. Since cassette operation

is relatively slow in comparison with the processor, completion of a micro sourcing the
U-register is delayed until U is full (all 16 bits of serial data have been latched

into the register).
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SCRATCHPAD MEMORY AND SFL

Scratchpad memory is a 1l6-word x 48-bit wide random access memory which is used for general
purpose temporary storage of data to which frequent or repeated access is required. It may
be thought of as a group of registers which are available for use at the discretion of the
programmer. Scratchpad is functionally divided into left and right sectjons. Left scratch-
pad consists of the 24 most significant bits of each of the 16 words, while right scratchpad
contains the corresponding 24 least significant bits of each. The 48~bit words are address-
able as a whole, or as two 24-bit words. While all words may be sourced or sinked at will,
word zero of right scratchpad is reserved for a special purpose. It is divided into two
sections which are known as the 16-bit SFL register and the 4-bit SFU register. These
correspond to the FU and FL portions of the 24-bit FB register. Special monitoring logic
performs a constant comparison between SFL and FL, and sets certain bits in the FLCN register
based on the results. The contents of FLCN are used in decision circuits which deal with

the execution of the bias micro (3E). The SFU and SFL registers are not addressable
separately as sources or sinks, but may be accessed by addressing word zero of right scratch-
pad as a whole. Scratchpad is illustrated in figure 1-28.

BIT 8IT
47 DOUBLEPAD WORD 0
EF
‘B'T LEFT SCRATCHPAD BIT BIT RIGHT SCRATCHPAD B“.l
23 0 23 0
WORD 15 WORD 15
WORD 14 WORD 14
WORD 13 WORD 13
y J )2 )
ﬂ' 1( A A'
WORD 2 WORD 2
WORD 1 WORD 1
WORD 0 WORD 0

RIGHT WORD 0 (ONLY)

SFU %% SFL

23 20 15 0 R.SCRATCHPAD BIT

Figure 1-28. Scratchpad Memory

Several micro instructions are capable of addressing scratchpad. The scratchpad move micro
(2C) can address any 24-bit word in either left or right scratchpad as source or sink. The
exchange double pad word micro (7D) is capable of addressing any 48-bit word of scratchpad
as both source and sink. 1In this case, the incoming data is stored in scratchpad's input
latches until the resident data has been gated to FA & FB. The scratchpad relate FA micro
(8D) is capable of addressing any 24-bit word of left scratchpad as a source.

The store F in double pad word micro (4E) is capable of addressing any 48-bit word of scratch-
pad as sink for the contents of both the FA and FB registers.
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The load F from double pad word micro (5E) performs the reverse function, moving 48 bits from
scratchpad to FA and FB.

PORT ADAPTER/PORT DEVICE INTERFACE CONTROL

The port adapter/port device interface control (PAPDIC) is the processor section which
produces the control signals and functions necessary to access S-memory. Its overall purpose
can be stated as exercising control over memory operations by gating addresses, data, and
information concerning the memory cycle to and from S-memory at the appropriate times. The
PAPDIC functions in a manner similar to that of an I/0 control, and is required because
S-memory is not a captive sub-unit of the processor within the B 1720 Series System. Instead,
S-memory is arranged to provide data storage for several user (port) devices, of which the
processor is but one. Access to S—-memory for the processor or other port device is by way

of a port adapter and the port interchange (see System Architecture in section .

To accomplish the task of controlling memory access, PAPDIC has been provided with the
following functional capabilities:

a. Decoding of the basic three (read, write, and swap), overlay and dispatch
micro operators which involve access to S-memory.

b. Requesting memory access from the port interchange. Access is granted or denied
as determined by priority resolution logic (in the port interchange) which monitors

the requirements of all user devices.

c. Independent control of its own operating sequence to insure gating addresses,
data and other control signals to/from S-memory at the proper times.

d. Informing the port interchange of the type of memory cycle to be performed.

e. Transferring data field length and direction information (read/write operation)
or destination port and channel number (dispatch operation) to the port
interchange.

f. Allowing or disallowing writing in memory outside the bounds set by the processor

BR and LR registers.
g. Gating address information and write data to memory, and read data from memory.

Memory Cycles

To understand the functioning of PAPDIC, a knowledge of the types of memory cycles which may
be performed is needed. There are eight basic types, and although all involve reading and/or
writing in memory, each is distinct because of its significance to processor operations.

The memory cycles are described briefly below. If a more detailed explanation is desired,
refer to the corresponding micro listing.

Read: Source the contents of a specified address in S-memory and gate to the
MEX for distribution within the processor. The stored data is not
destroyed by the read -operation.

Write: Move a field of data from the MEX to S-memory, and store it at a
specified location. Data previously stored at that location is
destroyed.

Swap: Exchange a field of data from a source within the processor (X-, Y-,

T-, or L- register) with the contents of a similar field stored at a
specified location in S-memory. Both read and write operations are
performed.
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Fetch: source the contents of the address indicated by A+MBR, and move this
data (actually a micro instruction) to the processor M-register for
execution. This memory cycle is distinct in that is does not result
from the execution of a micro instruction, but rather is hardware
controlled, and is initiated by a single fetch signal. Handled by
PAPDIC as a read operation, with preset data length and direction.

Console Read: source the contents of a specified address in S-memory and move to the
console lamp register for viewing. Executed from a hardware forced
micro instruction created by the console register selection switches.
Handled by PAPDIC as a read operation with preset data length and
direction. Performed only when the processor is halted.

Console Write: move the contents of the console switches to S-memory and write into a
specified address. Also executed from a hardware forced micro created
by the console register selection switches. Handled by PAPDIC as a
write operation with preset data length and direction. Performed only
with the processor halted.

Dispatch Write: lock the dispatch register in the port interchange to prevent access by
another port device, then move the contents of the L-register to
S-memory and write at address:zero. This data comprises a reference
address pointing to the location in S-memory where the transfer data
destined for the receiving port device is stored.

Dispatch Read read the data stored at address zero in S-memory and move to the

and Clear: processor L-register, and clear the dispatch register in the port
interchange. This data was stored during a dispatch write operation
by another port device, and comprises a reference address for incoming
transfer data.

All of the above memory cycles, except as noted, are caused by the execution of a specific
micro instruction. The first three (read, write, swap) are known as the basic three, and are
distinct in that concurrent operation is allowed during their execution. Concurrency means
that two micro instructions are permitted to execute at the same time, and is possible because
of the semi-autonomous nature of the PAPDIC logic. Since a memory cycle for the most part
involves circuits external to the processor, it is feasible to carry out non-conflicting
processor operations while awaiting the cycle's completion. Concurrency is utilized because
it allows increased processor operating speed. Refer to the operation section for further
information on concurrent operation.

Dispatch operations differ from the basic three memory cycles in that transfer of information
to another user device of S-memory is involved. The S-memory is used for intermediate
storage of the data being transmitted, and moves into and out of it are done by performing
normal read/write operations. The dispatch micro is used to signal or test for the presence
of such transfer data, and to store or retrieve a reference address pointing to the data
location in S-memory. Note that the dispatch micro has several variants which, if selected,
cause operations that do not involve access to S-memory. These are the lockout variants
which lock the dispatch register in the port interchange, and the port absent variant which
is used for exercising the port interchange logic when performing test routines. Refer to
the discussion of the port interchange for further information.

PAPDIC Operation

The overall functioning of PAPDIC is best explained in terms of its inputs and outputs. These
are shown in figure 1-29. When a memory access micro is decoded, it is first necessary to
gain access to memory. This situation exists because the processor competes with other port
devices within the system for memory utilization. The processor memory request is transmitted
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coded signal which describes the type of memory cycle which is to be performed.

illustrated in figure 1-30.

Simultaneously with requesting memory access, the desired memory address, plus data field
length and direction information are placed on the control lines.
the FA register or A+MBR register, as directed by the micro.

Port Adapter/Port Device Interface Control (PAPDIC) Inputs and Outputs

information may come from the CPL register or from a 5-bit literal in the micro itself.

the processor and PAPDIC then wait in an idle condition until the request is granted.
is signaled by an "address accepted" level from the port interchange, which initiates the
At this time control of the memory cycle is passed to PAPDIC,

remainder of the operation.

Contained within the request is a
The code is

The address may come from
Likewise, the data field length
Both

This

and the processor is freed to perform a concurrent micro, provided that 1) the memory cycle
is one of the basic three, and 2) the next sequential micro is one from the concurrent set
(12¢, 13c, 6D, 7D, 8D, 9D, 3E, 4E, and 5E)

Since a memory operation involves many steps, it is not possible to control with a single
Therefore, PAPDIC is equipped with decision logic which selects a course

activating signal.

of action which is determined in part by intermediate results.
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REQUEST LINE MEMORY CYCLE TYPE
STATUS
READ —
0f1 "J °1 °J INCLUDES BASIC READ, FETCH, CONSOLE READ, OVERLAY
AND DISPATCH READ
WRITE —
[ °L 1 [ 0 I °] 1 ] INCLUDES BASIC WRITE AND CONSOLE WRITE
1{1(o]o]o DISPATCH LOCKOUT
[ 111 [ ol o] 1 DISPATCH WRITE LOW PRIORITY
L1 | 1 ] o| 1 | 0 DISPATCH READ AND CLEAR
[ 1 | 1 ] o| 1 [ 1J DISPATCH WRITE HIGH PRIORITY (NOT USED)
o| 1 o| 1 SWAP

AN

Figure 1-30. Memory Cycle Mode Signals (as Appearing on the PAPDIC Request Lines)

The decision logic controls a device known as the sequencer, which can produce eight
activating signals, each of which conditions the PAPDIC operational circuitry to perform a
specific function. These eight conditions are known as current states, and every memory
cycle involves some combination of them. Note that PAPDIC current states are separate and
distinct from those of the processor. The current states are known as idle, address, read,
swap, write, wait, hold, and skip. They are defined as follows:

Idle: No operation. The logic is ready and waiting for a memory access micro.
The address current state always follows idle, but the request code and
data field length and direction are set in idle before proceeding.

Address: Transfer of address information to S-memory. The PAPDIC logic remains in
this state until the address has been accepted. Always follows the idle
state, but can branch directly to any other state.

Read: Receive read data from S-memory. Once entered, this state continues until
the data has been gated to the MEX.

Swap: A one-clock-long writing state used exclusively by the 2D swap micro. Swap
is basically the same as write except that it is always followed by the read
state. Note that even though a swap operation involves reading the desired
data from memory before writing over it, the write data is gated through
PAPDIC before the read data is accepted from memory.
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Write: A one-clock writing state entered from the address state. The write data is
gated from the MEX to S-memory.

Wait: Similar to the read state except that the read data is not accepted.
Entered from the address state, and exit to the read state. Wait is used
to delay completion of a memory cycle until good read data is present.

Hold: A pseudo-idle read state which is entered from the (actual) read state.
Read data is frozen in the console lamp latches for viewing. The hold state
continues until a new console read is initiated or the register selection
switch is moved off READ. Hold is not used when the processor is running.

Skip: A one-clock state entered from read, and used to announce the results of a
dispatch lockout attempt.

The significance of the current states becomes apparent when the sequence in which they are
used is related to the memory cycles which are composed thereof. The following flow chart
(table 1-3) describes the memory cycle/current state relationship. Note that all cycles begin
and end with idle, with address always being the second step.

Table 1-3. Sequencer Flow

Memory Cycle Sequencer States
Basic 3 Read Idle-» Address-# Read# Idle
Basic 3 Write Idle Address-» Write-s Idle
Basic 3 Swap Idle-» Address-» Swap-#» Read-#» Idle
Dispatch Write Lock Idle-» Address#» Write-» Idle
Dispatch Read and Clear Idle-» Address-#» Swap-» Wait-» Read-» Idle
Fetch S-Memory Idle#» Address-» Read-» Idle

PORT ADAPTER

The port adapter is functionally a part of the port interchange, and serves to interface it
with the data and control lines from the processor. It consists of line drivers and receivers
for the 24 bi-directional data lines and the 21 bi- and uni-directional control lines, plus
associated enabling logic to provide gating at the proper time. The port adapter's sole
function is to control gating of the various signals back and forth as determined by its own
control inputs from the port interchange. A block diagram of the port adapter is shown in
figure 1-31.

A port adapter is contained on its own individual logic card to allow inclusion or omission
of this input-output circuitry as determined by the number of port devices in a given system
(the processor is a port device). All port adapters are identical, regardless of the type
of port device employed.
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Figure 1-31. Port Adapter

PORT INTERCHANGE

The port interchange is that part of the system which controls all access to S-memory,
providing a means of entry for up to three user (port) devices. Its overall function can
be stated as follows:

a. Gating addresses to memory, and data to and from memory.

b. Data rotation to provide bit addressability for both read and write operations.
c. Generation and checking of parity.

d. Memory refresh address generation.

e. Priority resolution of memory access requests from user devices.
f. Control signal storage for dispatch operationms.

To accomplish these functions, the port interchange has been configured as shown in figure
Each of the sections shown is described individually below.

In addition to its operational functions, the port interchange produces the following
signals:

a. Port interchange clock. This 6-megahertz synchronizing signal is derived from

the system clock in the processor. It is used within the port interchange, and
supplied to each port device.
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b. Real time clock. This is a 10-hertz signal derived from the ac power frequency
which is supplied to each port device for use in setting interrupts.

c. Clear signal. This is a one-time pulse which is generated in response to the
master clear signal from the processor control panel, or to the power up clear
signal from the processor logic power supply. It is distributed to each of the
port devices.

PORT INTERCHANGE OPERATIONAL SECTIONS
Each of the following sections performs a function necessary to the overall operation of the
port interchange. Refer to the operation section for a description of how the unit functions

as a whole.

Hold Register

The hold register is a 24-bit wide latch which serves to store the incoming memory write data
until the port interchange logic is ready to accept it.

Mask Generator

The mask generator is a device for translating the specified data field length into a
corresponding number of enabling signals which determine the number of bits to be written
into or read from memory. Its output is fed by way of the rotator to the mask register, and
then to the merger. The mask generator is capable of producing up to 24 such 1l-bits.

Mask Register

The mask register is a 32-bit-wide register used to store the output of the mask generator
until it is used in the merging operation. It is 32-bits wide because this is the data
length of all memory cycles regardless of the amount of data (up to 24 bits) which is
entered from or gated to an external port device. The bit positions which the mask bits
occupy are determined by the action of the rotator. The mask register may be used in either
of two operational modes, depending on whether a read or write is being performed. The
direct set mode is used for write operations, and this allows the mask l-bits to be gated
into the register.

Read operation entails use of the complement mode, which causes the complement, or inverse
output of the mask generator, to be set into the register. The significance of these is
explained in the merger description which follows.

Merger

The Merger is a switching device which is arranged to allow selectable through-gating either
of two input lines for each of its 32 bit positions. These input lines carry respectively,
read data, from memory and write data from the port device. Which of these is gated through
the merger is determined individually for each bit position, and depends upon the contents
of the corresponding bit position in the mask register. A mask 1-bit enables the write

data input, with the converse being true (read data input enabled) for a mask 0-bit.

The Merger is used to combine old and new data during write operations, and to extract
desired fields of data during read operations. Both of these actions are accomplished

by selective application of the mask bits. During a write, mask l-bits are present at those
bit positions where the new write data from the port device is to be inserted in the 32-bit
field read from memory. Therefore, the write data is allowed to pass to the output. In all
other bit positions the existing read data passes through the merger unchanged. The entire
32-bit field is then written into memory, with the new write data displacing the previous
contents of its bit positions, and that portion of read data which remains being restored to
its original location. During a read, mask l-bits are present at those bit positions where
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read data from memory is to be excluded (the inverse of the desired extraction field). This
results in the write data inputs of the merger being enabled for those bit positions. Since
no write data is present during a read operation, zero fill occurs. In the desired extrac-
tion field the read data inputs are enabled by zero mask bits and the data from memory passes
through to the rotator.

Rotator

The rotator is a two-stage multiplexing device, used to reposition a selected data field
contained within the 32-bit block on which the port interchange operates. Functionally, it
allows bit addressability for both reading and writing in memory, extending memory's
versatility beyond the confines of the ''per byte only" limitation imposed by the architecture
and parity scheme employed. In addition, it serves to reposition the read or write data bytes
to the proper sequence for being placed in memory or gated to the output. This is necessary
whenever the 32-bit field addressed occupies more than one word, or level of memory. Refer

to the field address logic portion of the S-memory discussion for further information.

The rotator is similar to the rotator associated with the processor T-register, but is 32 bits
in length. It is capable of providing data rotation (only) up to 32 bit positions, and
functions in the right direction only. Effective left rotation is accomplished by revolution,
as in the T-rotator. Note that it is also possible to pass data through the rotator without
any rotation.

On a write cycle, the rotator is effectively located so as to reposition the incoming write
data before it is merged with the read data which it is to modify. On a read, rotation is
performed after extraction, but before the read data is gated to the port device.

MAR Register

The memory address register (MAR) is a 21-bit register which is used to store the starting
address in S-memory where a read, write, or swap of data is to take place. It is used for
temporary storage of the address, in the same manner that the hold register is used to store
write data. Although 24 address lines enter the port interchange, MAR is limited to contain-
ing 21 address bits because the least-significant three (which specify a bit address) are not
useful in addressing S-memory. Rather these three address lines are used exclusively by

the rotation control logic which provides the desired bit addressability through action of
the rotator. The significance of the various bit positions in MAR is illustrated in

figure 1-33. Note that address bits 03 and 04 are used by both the rotation control and
memory address logic. Address bits 21, 22, and 23 are not used for addressing, but rather

to detect an address out of bounds condition.

Read Memory Information Register

The read memory information register is a 36-bit-wide register used for temporary storage

of data read from memory. Like the Hold and MAR registers, it serves as a buffer between a
data source and destination. It is 36 bits wide because each of the four data bytes (eight
bits) read from memory has an accompanying parity bit. All 36 bits go to the parity checking
logic, with only the 32 data bits continuing to the merger.

Refresh Address Counter

The refresh address counter is used to generate addresses for memory refresh operations.
Refresh is required because of the dynamic storage characteristics of S-memory, and is
accomplished by simply doing a read operation, but not using the data. The counter is
preset to increment automatically by a binary weight of 32, then wrap around when the top
of memory is reached. Refresh activity is carried on between memory cycles, and suitable
logic has been provided to prevent interference between the two. Refer to the section on
S-memory for further information.
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Figure 1-33. Memory Address Register Structure

Parity Generation and Checking Logic

The parity generation and checking logic is provided as a means of monitoring the proper
functioning of S-memory data storage. It operates by generating and storing alongside each
eight bits (byte) of write data a parity bit which has an arithmetical relationship to it.
When this same data is read from memory, the parity bit accompanies it and an automatic
compare is performed. Detection of errors is reported to the requesting port device, where
they are handled in the manner prescribed for it. In the case of a processor micro fetch,
detection of a parity error causes the machine to halt.

Generation of parity is accomplished by counting the number of 1-bits in each byte of write
data, and either adding or omitting a one parity bit to make an odd total.. Parity bits are
stored in S-memory in the same manner as data, and are always present as either a 1 or 0, as
appropriate. Upon reading the stored data from memory, the 1l-bits within the data byte and
parity bit position are counted, and if an even total is found, bad parity is flagged by
way of a control level.

Priority Resolution Logic

Since each port device is independent, and can request memory access at any time, there must
be some means of determining which of two or more simultaneous requests is to be granted.
This is accomplished by assigning priorities to the user devices, and granting the memory
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request of the highest unit when a conflict occurs. In the B 1720 Series System it is
possible to have up to three port devices whose priorities are assigned as follows:

Processor 0
Multi-line control 1
Other device (future use) 2

These priorities are known as line numbers, and the device with the highest line number bears
the highest priority. Note that the processor is always the lowest priority user device of
S-memory.

Dispatch Register

The dispatch register is a 14-bit register which is used for storage of control information
for dispatch operations. Each of the 14 bits serves a specific purpose as shown in fig-

ure 1-34., In general terms the register accepts control information from a source port
device during a dispatch write operation, and holds it until released by a read and clear
operation performed by the destination port device. In so doing, it allows the two devices
to operate independently and without need of synchronization with each other. They may thus
communicate using S-memory as intermediate storage.

13 12 11 10/9 8 7|6 5 4|3 2 1 0 DISPATCH REGISTER BIT

BINARY WEIGHT

'\’/& DESIGNATION

Figure 1-34. Dispatch Register

Although considered a 1l4-bit register, the dispatch register is not addressable as such. As
viewed by a port device, the register's bits are accessible as follows:

Bits 00 through 03 = destination channel number (source or sink)
Bits 04 through 06 = destination port number (sink only)
Bits 07 through 09 = source port number (source only)

Bits 10 through 13 = dispatch conditions (source only)
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The manner in which these designator groups are utilized is explained in the following
individual descriptions:

Bits 00 through 03: these bits contain the channel number of the destination port
device. They are loaded into the register by the source, and
read out by the sink (destination) device, and generally define
the peripheral unit associated with a port device which is to
receive the dispatch data.

Bits 04 through 06: contain the destination port number. This number is the same as
that assigned by the priority resolution logic, and is loaded
simultaneously with the channel number. On a processor dispatch
write, bits 00 through 06 come from the seven least-significant
bits of the T-register. Note that the destination port number is
used only within the port interchange to select the sink port
device.

Bits 07 through 09: contain the source port number. The contents of these bits are
derived directly from the priority resolution logic in the port
interchange, and are loaded into the register when a port device
initiates a dispatch write operation. The source port number is
gated to the destination port device over the same lines it uses
to send destination port numbers to the dispatch register. This
serves to inform the destination port device of where the dispatch
data originated.

Bits 10 through 13: contain dispatch conditions which are flagged by hardware actions
within the port interchange. They are monitored continuously and
are available to all port devices as control levels. In the proc-
essor these four levels are known as the INCN (interrupt conditions)
pseudo register, and are analyzed by the 4-bit function box. Note
that .they appear in a different order when used in the processor.
The derivations of the interrupt conditions is as follows:

Bit 10: destination port absent. This bit is set when a dispatch
write operation to a missing port device is attempted. It
is derived from the absence of a port device present level
which each active port device sends to the port inter-—
change. DPAL is used within the sending port device to
signal that the attempted operation failed.

Bit 11: dispatch lockout. This bit is set when memory request
lines RQ4 and RQ5 are true indicating that a dispatch
operation has been initiated. It serves as a warning
flag to port devices (other than the one performing the
operation) that the dispatch register is busy.

Bit 12: dispatch interrupt. Set when memory request line RQ5 is
true. This signal notifies the destination port that a
dispatch operation is pending. The dispatch interrupt
signal is a discrete level which is sent-to only one port
device at a time. Dispatch interrupts are handled by
software within the processor.

Bit 13: dispatch high interrupt. Set when memory request lines
RQl, RQ2, RQ4, and RQ5 are true. Notifies all ports that
a high priority dispatch operation is pending. This type
memory cycle is not used at present.
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PORT INTERCHANGE OPERATION

The port interchange is capable of performing four types of memory access operations: normal
read or write and dispatch read or write. They constitute the basic hardware functions of
which the memory cycles discussed in connection with the PAPDIC logic are composed. Note
that these memory cycles may involve one or more of the basic hardware functions, and, in
addition, be required to satisfy the external requirements. Since each of the four possible
memory access operations involves a distinctly different procedure, separate descriptions

are provided.

Read Operation

A read operation involves accessing a selected byte boundary location within S-memory, and
gating the data contained within a 32-bit field above or below that address to the port
interchange. There the desired portion (up to 24 bits) of this data field, as described by
the bit address and data field length, is extracted and repositioned to coincide with the
output data lines. This read data is then gated to the requesting port device for its use.
Concurrently with retrieving the 32 bits from memory, a parity check is performed, and the
results reported to the port device.

A read operation exercises the hardware in the following manner (refer to figure 1-35):

a. The incoming memory address is gated to the memory address register for temporary
storage. From there it goes to the control logic in the memory unit, where the
actual addressing is performed. Also gated to the control logic is the field
direction sign which causes selection of the memory data field above or below the
specified address, depending on how it is set. Note that the five least-significant
bits of the address are used by the port interchange to determine the amount of data
rotation required to access the desired bit address.

b. Data field length information is gated to the mask generator, where its binary
encoded value is used to produce the appropriate number of mask bits. These mask
1-bits are gated to the rotator, where they are repositioned as a block to create a
mask corresponding with the desired data within the 32-bit read data field from
memory. Since this is a read operation, the mask register operates in the comple-
ment mode. This means that the mask has O-bits in those bit positions where read
data is to be allowed through the merger, and 1-bits in all others.

¢. The addressed 32-bit read data field is gated from memory to the read memory informa-
tion register, from which it is available at the input of the merger. In those
merger bit positions where a mask O bit is present, the read data bit is allowed to
pass through to the rotator. Where a mask l-bit is present, the write data input is
enabled, overriding the read data input. Since there is no write data present during
a read operation, zero fill occurs in these bit positions.

d. The output data from the merger, consisting of data bits and zero bits, is reposi-
tioned via the rotator so that the selected read data is right-~justified with
respect to the output data lines. Note that because all read operations involve
sourcing 32 bits from memory, there are always at least eight undesired data bits
passed to the rotator. This occurs because the mask can be no larger than 24 bits.
However, this undesired data is never gated to the output because it is always
repositioned to the eight most-significant bit positions of the rotator. The data
in the eight most-significant bit positions is dropped because no output data lines
exist for them.

Write Operation

A write operation, like a read, involves accessing a selected byte boundary location in
S-memory and gating the data contained within the 32-bit field above or below that address
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to the port interchange. Refer to figure 1-36. This 32-bit field contains the address to
which the write data coming from the port device is destined, and merging of the new data
with the existing contents of the 32 bits occurs in the port interchange. The product of
this process is then written back into memory at the originally accessed location. 1In the
merging process, the write data replaces the read data as specified by the data field length
and bit address. That read data which is not written over remains, and is restored to its
original location in memory. A parity check is performed on the read data as it emerges
from memory, and parity generation occurs for the composite old/new data as it is written
into memory. Bad (even) parity is rewritten if bad parity was detected on the read opera-
tion for a given byte.

A write operation entails the following hardware actions (refer to figure 1-37):

a. As in a read operation, the memory address is gated to the memory address register
from which it is used for the actual addressing. Along with the address goes the
field direction sign for selection of the data field above or below the designated
address. Note that the five least—significant bits of the address are likewise
used to determine the rotator action necessary to reposition the incoming write
data for merging at the specified bit address.

b. Data field length information is gated to the mask generator where it is used to
produce the appropriate number of mask 1-bits. After being generated, the mask is
repositioned by rotator action to match the specified bit address, and stored in
the mask register. The mask register operates in the normal mode for a write
operation, meaning that a mask 1-bit is generated for each write data bit which is
to be allowed through the merger. The mask, therefore, corresponds to the portion
of the merger where data replacement is to take place. It masks the undesired read
data inputs by enabling the write data inputs.

c. The addressed 32-bit read data field is gated from memory and stored in the read
memory information register, from which it is available at the input to the merger.
Similarly, the write data from the port device is gated into the hold register,
where it is stored pending the following steps of the operation. At the appropriate
time, this write data is gated to the rotator where it is repositioned, as was the
mask, to match the specified bit address.

d. The rotated write data and stored read data are then combined in the merger, with
the former replacing the latter in those bit positions where a mask 1-bit is present.
This 32-bit field is written back into memory at the same location from which it
came.

Dispatch Read Operation

A dispatch read is similar to a normal read operation (see above), except that the disptach
register is also utilized. Use of this register to store dispatch information does not
affect the read process except that address zero of memory is always used. This is accom-
plished by resetting the memory address register. The data stored in the dispatch register
is gated to the port device which requested the read via control lines. Doing this clears
the register.

Dispatch Write Operation

A dispatch write is similar to a normal write except that, like a dispatch read, the dispatch
register and address zero of memory are used.

‘S-MEMORY (SYSTEM MEMORY)

S-memory is the main memory within the B 1720 Series System. It is used for storage of data,
micro programs (or the portions thereof which exceed M-memory's capacity), S-language
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programs, and interpreters. The S-memory is composed of a network of random access memory
chips, and is dynamic in nature (stores data only when power is applied). The storage chips
are mounted on plug-in cards, each pair of which have a maximum capacity of 16,384 (16K)
bytes of data. This permits extreme flexibility in assembling a memory of any desired size.
In the B 1720 Series System a memory size from 8K bytes to 256K bytes may be selected. In
practical systems, 48K of memory is the minimum memory size required to achieve the degree
of performance of which the hardware is capable.

MEMORY CHIPS (RAM)

The memory chips used within S-memory are contained in an eighteen (18) pin DIP package.

Each memory chip contains 1024 (1K) bit locations which are randomly accessible. Addressing
these locations is accomplished by way of 10 binarily-weighted address lines (A0 through A9),
with decoding internal to the chip. This involves simply applying the binary coded address,
as control levels, to the chip address line inputs. The nature of data storage is by the
presence or absence of an electrical charge on a capacitor element, each of which represents
a bit location. Due to normal leakage, such charges require periodic renewal. This is
accomplished by a refresh cycle which is described elsewhere in this section. The functions
of the various pins on a memory chip are shown in figure 1-37.

BINARY WEIGHT OF
ADDRESS BITS

~ BIT| WEIGHT
ADDRESS BIT 3 -4 P READWRITE 0 1
ADDRESS BIT2 —B N vss (+19v) 1 2
ADDRESS BIT 1 - M CHIP ENABLE 2 4
ADDRESS BIT 0 —2] L ADDRESSBIT 4 3 8
PRECHARGE  —E] X paTA OUT 4 16
ADDRESS BIT9 ~F| ) ADDRESSBIT 8 5 32
ADDRESS BIT6 -S| [H_batan 6 64
ADDRESS BIT5 -R_ LS _voD (-2v) 7 128
ADDRESS BIT? L [Y_ veB (+23v) 8 256
9 512

Figure 1-37. Memory Chip

MEMORY LAYOUT

Since each memory chip can address only one bit position at a time, the minimum number
required for a practical memory is determined by the quantity of data bits handled simul-
taneously during read or write cycles. This memory width is equal to 36 bits in the B 1720
Series System: 32 data bits (4 bytes) plus 4 parity bits. Accordingly, memory is constructed
in increments of 36 chips. The chips are installed in sequential rows on the memory cards
employed with the 36 chip width being split between two such cards. 1In all cases, performing
a memory cycle causes a binarily-coded address to be gated to a group of 36 chips, accessing
a single bit location in each. Because each individual chip contains 1024 such bit loca-
tions, such a 36-chip group is capable of storing 4096 data bytes (1024 addresses x 4 bytes).
Note that the physical location of the chips actually addressed during a memory cycle may
not be confined to one row, card group, etc. This is due to the fact that addressing is
possible at any selected byte boundary, with necessary overlap into higher or lower physical
divisions of memory being automatically implemented. The relationship between the bit
addresses within memory and the physical arrangement of memory chips is shown in figure 1-38.
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Note that a memory size of 65,535 bytes (64K) is shown. This may or may not be the size
actually used in a given installation.

Viewed externally, S-memory may be regarded as a continuous bank of storage locations which
are randomly accessible at any selected byte boundary. The physical divisions of chip rows,
card groups, memory units, etc., are invisible to user devices.

[y 4 WL A 4
. 32,768
32736 L 32,767
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1 ROW 2 z 2 % p
OF ¢
CHIPS _»] 84 71 | 72 79 | 80 87 | 88 95
IE 39 | 40 a7 | a8 55 | 56 63
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\ 5 .
gmemory (D 2 3

CHIPS

NOTE: BIT ADDRESSES ARE SHOWN INSIDE THE DIAGRAM
MEMORY ADDRESSES (BYTE BOUNDARIES)
ARE CIRCLED.
PARITY STORAGE NOT SHOWN

Figure 1-38. S-Memory Layout

MEMORY CARDS

The memory cards are standard size, B 1700 logic cards. Mounting of memory chips on the cards
is by byte groupings. Each card is divided into two sections which each constitute a byte
column as shown in S-memory layout illustration, figure 1-38. Note, however, that the card
has four rows of chips, whereas only one is shown in figure 1-38. Each row within the byte
column has nine chips: eight for data storage and one for parity. The byte columns represent
4096 bytes of data storage, with the full card (two columns) being equal to 8192 (8K) bytes.
To allow further flexibility in the choice of memory size, half-populated memory cards are
available. These contain only two rows of chips (4096 bytes total storage). All memory
cards of the same storage capacity are identical, and therefore directly interchangeable
without modification. The relative position a card represents within memory is determined by
backplane connections and external control logic. Full- and half-populated memory cards are

illustrated in figure 1-39.
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MEMORY GROUPING

The memory cards are always used in pairs, which are known as card groups. This is due to
the fact that the full width of memory as discussed above requires 36-chip rows, whereas
the individual cards have only 18 per row. Therefore, byte columns 0 and 1, as shown in
figure 1-38 are always located on the first card of the group, with 2 and 3 on the second.
A fully-populated card group contains 16,384 (16K) bytes total storage.

Memory card groups are assembled into memory units, each of which can contain a maximum of
four such groups, for a total storage capacity of 65,536 (64K) data bytes. Each memory unit
is accompanied by its own field address and interface control logic which is located on two
additional logic cards.

A complete memory unit, therefore, consists of 10 cards: 8 memory and 2 logic. Each such is
contained on its own backplane, and is powered by a separate memory power supply. Since
memory units are independent entities, they are connected together in parallel with regard
to address and data lines. Each contains wired reference values which are set by the field
engineer to inform the memory unit of its relative position within memory. Because only

one address may be accessed at one time, conflicts do not occur. A typical memory unit is
illustrated in figure 1-40. Since the B 1720 Series System can employ up to 256K bytes of
memory, the memory subsystem may comprise as many as four memory units. A frontplane view
of such a memory subsystem is shown in figure 1-41.
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Figure 1-40. The 64 K-Byte S-Memory Unit (Viewed from Frontplane)
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Figure 1-41. The S-Memory Subsystem Frontplane
INTERFACE CONTROL AND FIELD ADDRESS LOGIC
The interface control and field address logic controls all activities within the memory unit.
The field address logic and interface control logic are each located on an individual card,

and these occupy the center two positions of the memory unit. Their functions are
distinctly different, and therefore, each is described separately.
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Field Address Logic

The field address logic performs the basic function of translating the memory address
received from the port device to the enabling signals needed to access the physical hard-
ware devices containing the desired data. Although it would appear that selecting memory
units, card groups, chip rows, and bit locations within chips is a simple procedure, the
byte addressability and selectable field direction features of S-memory introduce additional
complications. The reason for this is shown in figure 1-42. All memory cycles involve
accessing a 32-bit (4-byte) data field. Unless the field selected begins at byte zero and
proceeds in a forward direction, or begins at byte three and proceeds in a negative direction,
it occupies two levels or words of memory. This fact requires that a means of address modi-
fication be provided to allow the physically separate portions of memory to function as a
continuously accessible whole. The overlap, or differentiation between memory levels, can
occur within the bit levels cf a chip row, or between rows, and also between card groups and
memory units. Therefore, the necessary correction logic must be capable of modifying all
address bits up to and including those which select memory units.
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Figure 1-42. Address Modification
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To provide address modification on a 'per byte" basis, the distribution of address bits 5
through 18 is broken down into four individual channels, each of which controls the activa-
tion of these storage elements representing a byte column as illustrated in figure 1-43.
Within each channel, the word, or memory level address, may be incremented, decremented, or
passed unchanged to the enabling circuitry. The action which occurs is dependent on the
"key byte'" specified by memory address (bits 03 and 04), and the field direction sign. 1In
all cases, however, it results in accessing either the preceding or following three bytes of
memory. Note that only a one-word change (adding or subtracting one unit at the memory
address bit 5 position) in the memory address is possible. However, because the memory
address is binarily structured, this change can result in the activation of the succeeding
chip row, card group, or memory unit. Even though the memory unit level is beyond the range
of addresses dealt with by the field address card logic, provision has been made within them
to allow activation of adjacent memory units when such a field overlap occurs.
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Figure 1-43. Field Address Card Address Modification and Distribution
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Interface Control Logic

The interface control card contains gating logic to receive and distribute memory write data
to the storage elements of memory, and to accumulate and gate memory read data from bytes O,
1, and 2 of memory to the port interchange. The read data gates for byte 3 are located on
the field address card, but are controlled from within the interface control logic, as are
the others. In addition, the IC card generates the memory clock signals used for read and
write timing, plus the precharge (PRE), chip enable (CE), and write enable (WE) signals which
are used for control of the memory chips themselves.

1/0 SUBSYSTEM

The B 1700 I/0 Subsystem is comprised of an I/0 base and I/0 device controls, each of which
serves as an interface between the I/0 bus and one (or more) peripheral device(s). The con-
trols are located close to the processor to minimize the length of the I/0 bus which, in
turn, minimizes propagation time.

I1/0 BUS

The Input/Output bus is a 24-bit wide, bi-directional bus which is used to carry either data
or commands between the I/0 subsystem and the processor. This bus is shared by all I/0 con-
trols attached to the processor. In conjunction with the 24-bit bus are control lines which
define the operation as to phase (command active or response complete), and also as to the
presence of data or commands on the bus. Refer to the detailed description of the I/0 sub-
system contained in section 2 of this manual.

I1/0 BASE

The I/0 controls are installed in modules known as the I/0 base and I/0 base extension(s).
These are packaged in a manner similar to the processor logic (see figure 1-44). Each control
is constructed on one or more logic cards, and one to five of these controls may be installed
in each I/0 base or base extension. A maximum of fifteen I/0 controls may be employed within
the system (channel 16 is reserved). This would entail the installation of at least one I/0
base and three extensions, depending on the number of card positions occupied by the
individual controls.

The 1/0 base and extension(s) each contain a distribution card which interfaces it with the
main I/0 bus. The primary function of these cards is buffering, i.e., line receivers and
drivers to minimize loading and reflection on the main I/0 bus. The I/0 base distribution
card (only) provides the following additional functions: a) processes and distributes the
system clock to its own controls (by way of the backplane) and to the distribution cards of
the extensions (by way of coaxial cables) and, b) likewise generates and distributes the slow
clocks.

The I/0 bus is connected between the processor and I/0 base distribution card by way of a
strip cable. From this card, it is further connected to the distribution cards in the base
extensions by other strip cables. Refer to the I/0 Base Technical Manual, form no. 1053352)
for further information.

I1/0 Controls

The I/0 Controls used on the B 1720 Series System are special purpose controls, and each is
unique. The controls, along with the devices with which they interface, are listed in table
1-5. In most cases a single control handles a single device. Each control is described in
detail in its own I/0 technical manual.
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Table 1-5. B 1720 I/0 Devices and Controls

NO. OF SEPARATE
DEVICE MODEL CONTROL NAME CARDS BACKPLANE SPECIFICATIONS

80 COLUMN CARD READERS B9110 CARD READ CONTROL-2 1 NO 200 cpM

B9111 CRC-2 1 NO 800 CPM

B9112 CRC-2 1 NO 1400 cPM

B9115 CRC-1 1 NO 300 CPM

B9116 CRC-1 1 NO 600 CPM

B9117 CRC-1 1 NO 800 CPM
80 COLUMN CARD PUNCHES B9210 CARD PUNCH CONTROL-2 2 NO 100 CPM

B9212 CPC-1 2 NO 150 CPM

B9213 CPC-1 2 NO 300 cpM
96 COLUMN CARD READERS B9119 MFCU-CONTROL 2 NO 300 CPM

B9119-2 MFCUC 2 NO 1000 CPM
96 COLUMN MFCU B9319-5 MFCUC 2 NO 1000/120/120 CPM
96 COLUMN CARD PUNCH B9219-3 MFCUC 2 NO 120 CPM
96 COLUMN PUNCH/PRINT B9219-4 MFCUC 2 NO 120/120 cPM
96 COLUMN READER/PUNCH B9319-3 MFCUC 2 NO 500/120 CPM
96 COLUMN READ/PUNCH/PRINT B9319-4 MFCUC 2 NO 500/120/120 CPM
96 COLUMN KEYPUNCH B9419-1 MFCUC 2 NO 300/60 CPM
96 COLUMN KEYPUNCH/PRINT B9419~2 MFCUC 2 NO 300/60/60 CPM
96 COLUMN KEYPUNCH/PRINT/SORT | B9419-6 MFCUC 2 NO 300/60/60 CPM
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Table 1-5. B 1720 I/0 Devices and Controls (Continued)
NO. OF | SEPARATE
DEVICE MODEL CONTROL NAME CARDS BACKPLANE. SPECIFICATIONS
96 COLUMN READ/PUNCH/PRINT B9319-2 MFCUC 2 NO 300/60/60 CPM
PAPER TAPE READER B9120 PAPER TAPE READ CONTROL 1 NO
PAPER TAPE PUNCH B9220 PAPER TAPE PUNCH CONTROL 1 NO
PRINTERS B9249-1 PRINT CONTROL-4 1 NO 86 LPM ODEC
B9249-2 PC-4 1 NO 158 LPM ODEC
B9245-4 PC-3 1 NO 300/400 LPM CDC
thru 9
B9247-2-3| PC-2 1 NO 400/750 LPM
B321-B329 | PC-3 1 NO 700 LPM
B9242 PC-1 1 NO 860 LPM UNBUFFERED
B9243 PC-3 1 NO 860 LPM BUFFERED
READER SORTERS B9134 READER SORTER CONT.-1 2 NO 1625 DPM SINGLE STATION
B9134 RSC-2 4 YES 1625 DPM DUAL STATION
B9131/32 RSC-3 2 NO 1560 DPM
B9136~5 RSC-1 2 NO 600 DPM 8 POCKETS
B9136-6 RSC-1 2 NO 600 DPM 12 POCKETS
MAGNETIC TAPES B9391 MAGNETIC TAPE CONT.-1 6 YES 90 IPS 7TR 556/800 BPI
B9392 MTC-2 6 YES 90 IPS 9TR 800 BPI
B9394-1 MTC-1 6 YES 120 IPS 7TR 556/800 BPI
B9394-2 MIC-2 6 YES 120 IPS 9TR 800 BPI
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Table 1-5. B 1720 I/0 Devices and Controls (Continued)

NO. OF | SEPARATE
DEVICE MODEL CONTROL NAME CARDS BACKPLANE SPECIFICATIONS
OEM MAG. TAPE B939-1-2-3 | MTC-3 6 YES 90/120/150 IPS 9TR 1600
BPI
CLUSTERS B9380 MTC-1 6 YES 36KB 7TR
B9381 MTC-2 6 YES 36KB 9TR
B9382 MTC-3 6 YES 72KB 9TR
B9383 MTC-2 6 YES 36/72KB 9TR
OEM MAG. TAPE B9391-2 MTC-2 6 YES 12.5 IPS 9TR 800 BPI
2 x 8 MAG. TAPE EXCH. B9391/92 MTC - /MTC2 1 ADAPTOR IS USED FOR
B9394-1-2 | PLUS 2 x 2 ADAPTER 10 YES EVERY TWO UNITS.
DISK CARTRIDGE B9480-1-2 | DISK CART. CONTROL-1 3 NO SINGLE/DUAL 2200 BPI
203 TR
B9481-1-2 | DCC-1 3 NO SINGLE/DUAL 2200 BPI
406 TR
B9482-1-2 | DCC-2 3 NO SINGLE/DUAL 4400 BPI
406 TR
DISK FILES B9272 DISK FILE CONTROL-1 4 YES 1 DFEU 1A 3 DFSU 1A-2
B9373-3 DFC-1 4 YES 1 DFEU 1C 5 DFSU 1C-3
B9375 DFC-1 4 YES 1 DFEU 1C 5 DFSU 1C-4
4 x 16 DISK FILE B9372/73 4 x DFC-1
EXCHANGE-1 or 75 PLUS 4 ADAPTERS 20 YES 16 DFEU's 48/80 DFSU's
DATA COMM. SINGLE LINE CONTROL 4 YES ST.AD. TC/TU/TD/DC
CONSOLE PRINTER (SPO) B9340 CONT. - 1 1 NO
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POWER

Power for the B 1720 Series Central System is supplied by a minimum of three power supplies,
all of which are contained within the central system cabinet. Two logic power supplies are
always provided, as is one memory power supply for each memory base unit installed. The

base units may number from one to four. Figure 1-45 illustrates the physical location of the
supplies within the central system cabinet, as well as the ac power distribution assembly,

dc power outlet assembly, fan assembly, and other basic assemblies of the central system.

POWER DISTRIBUTION

The basic distribution of ac power within the B 1720 Series Central System cabinet is as
illustrated in figure 1-46. The primary power source normally required is single phase,

188 to 233 volts ac, 47 to 63 hertz. However, it is also possible to use other voltages in

a three-phase configuration. Refer to section 6 for further information on this. The ac
input is connected to the ac power distribution assembly as shown. Contained within the

ac power distribution assembly is a 50-ampere circuit breaker and a l15-ampere circuit breaker.
The 50-ampere breaker controls all power supplied to the central system, and from it are
operated the logic power supplies, memory power supplies, and fan assemblies. The l15-ampere
breaker supplies power to peripherals and convenience outlets. The 24-volt ac control con-
tains additional relays which control application of power to the central system in response
to the position of the main OFF/ON switch. Also included is a circuit for monitoring airflow
through the card racks, with provision for automatic powering down if the power ventilation
is lost. In addition, this module supplies a 24 volt ac, 50/60 hertz signal to the real time
clock circuit, which is used to derive the square wave 100 millisecond signal which is its
output.

LOGIC POWER SUPPLIES

The logic power supplies convert the ac input voltage to four output voltages used throughout
the central system to operate the CTulL logic and the line drivers and receivers. The two main
supplies operate in a master/slave relationship, with both of the high current outputs con-
nected in parallel. The four output voltages are defined as follows. The current levels are
also shown for each supply.

a. +4.75 volts: used as the Vcc of CTul logic, with a nominal output current of
200 amperes.

b. -2,0 volts: wused as the Vee of CTulL logic, with a nominal output current of
200 amperes.

c. +12.0 volts: used mainly as a supply voltage to line drivers, with a nominal
output current of 6 amperes.

d. -12.0 volts: used mainly as a supply voltage to both line drivers and receivers,
with a nominal output current of 18 amperes.

The logic power supplies are physically mounted in 19-inch RETMA rack cabinets which may be
extended from the central system frame for ease of access when being serviced. When extended,
they may also be rotated upwards 90 degrees for access to the underside. Refer to the B 1700
Logic Power Supply Technical Manual, form number 1070281, for further details.
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MEMORY POWER SUPPLIES

The memory power supplies convert the ac line voltage into the voltages required to operate
the 1024-bit RAM memory chips (and the dual sense amplifiers which accompany them). Each
supply provides the power necessary to the operation of one memory base unit, which can
contain up to 64K bytes of data storage. The three output voltages are:

a. +19 volts for the Vss (source voltage) of the 1024-bit memory chips.

b. +23 volts for the Vbb (substrate voltage) of the 1024-bit memory chips.

c. -5 volts for the -Vref (negative reference voltage) of the dual sense amplifiers.
In addition to the above, the memory chips require -2 volts, and the dual sense amplifiers
+4.75 volts. However, these voltages are provided by the logic power supplies and need not
be duplicated in the memory supplies. Each of the three supply sections consists of a
step-down transformer, full-wave rectifier, and capacitive filters. Also provided are

voltage regulation and current limiting circuitry. Refer to section 2 for further details.

CENTRAL SYSTEM OPERATION

Operation of the B 1720 Series System is possible in either an on- or off-line manner. On-
line operation implies that control of the system has been assumed by a program, with actions
proceeding at the normal machine speed. Off-line operation, on the other hand, involves
manual control by way of the console. Description of on-line operating procedures is beyond
the scope of this manual, since they are fully documented in the applicable software publica-
tions. 1In particular, reference should be made to the B 1700 System Software Operational
Guide, form number 1068731. However, off-line operation is provided primarily as a means

of troubleshooting, and is, therefore, a necessary part of maintenance techniques. The
following section describes the manner in which the console controls are to be used, and the
machine capabilities which are available to the operator. Included are descriptions of each
of the micro instructions, from which all operational control of the hardware emanates.

CONSOLE OPERATIONS

The console of the B 1720 Series System represents a physical interface with the micro decod-
ing logic and main 24-bit exchange through which control of all system activities is exer-
cised. Most of the controls create or modify a "wired" micro instruction to cause a desired
action to occur. In most cases, these same actions can also be produced through execution of
a normal software micro which is gated to the micro decoding logic by way of the M-register.
The console switches therefore merely accomplish the same function manually, allowing for
testing and demonstration of the hardware capabilities. 1In addition to the controls which
provide a specific function, several are included for control of system operation. These
include the START, CLEAR, and HALT switches, and the MODE control.

Selection of Operational Mode

Three operational modes are available for system operation: step, run, and tape. The step
mode causes the hardware to fetch and execute one micro instruction each time the START
button is pressed. The execution of this micro is normal in every way, except that the
machine returns automatically to the halt state when it is completed. The step mode is used
most often for troubleshooting.

The run mode is used for most normal systems operations. In it micro instructions are con-
tinuously fetched and executed until halted by the appearance of the halt micro or some other
condition which requires that operations cease. During operation, control of the system is
maintained by software. Note that the START button must always be used to initiate operation
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in this or any other mode.

In the Tape mode, the cassette tape reader is used to transfer program data (micro instruc-
tions) into the Processor. These may be executed directly or stored in memory or registers
for future use.

Register Selection

Selection of registers, in order that their contents may be viewed on the console lamps or the
contents of the console switches may be loaded into them, is accomplished by way of the regis-
ter group and REGISTER select switches. To select a register, the register group switch must
first be rotated to the position corresponding to the group of four registers in which the
desired one is located. When this has been done, the REGISTER select switch is then rotated
to the number (0 through 3) which indicates that registers relative position within the group.
This causes a hardware-forced 1C register move micro to be executed, with the source being the
desired register and destination null, or the console lamps. It is important to note that
this is possible only with the machine halted. Also, reading and writing in M-string memory
and S-memory are selected in the same manner, although they are not registers.

Using the Console Lamps and Console Switches

The console lamps are provided to monitor the contents of the main exchange. As such they
serve as both a visual indication of processor operation (when it is running), and allow the
contents of any register or memory location to be examined when the processor is halted. The
console switches allow manual selection of a 24-bit field configuration which can then be
moved to any selected data storage location: registers, S-memory or M-string memory. As with
examination of contents, this can only be done with the processor halted.

The significance of the various bit positions depends on the unit addressed, All registers
are right-justified when displayed individually and will occupy the appropriate number of
bit positions. Memory read/write data, on the other hand, is left-justified because the
most-significant bit position represents the beginning address of the data field. 1Imn all
cases, however, each individual console switch corresponds directly to the console lamp
directly above it, and will, when raised, cause a 1 bit to be set in that position. Note,
however, that 1 bits thus selected are not gated to the chosen register or memory location
until this is specifically effected by initiating a load or write cycle. The binary weight
of each of the 24 console switch/console lamp bit positions is shown in figure 1-47. Note
that the binary weights shown are valid only as regards the 24-bit field taken as a whole.
Quite often smaller fields within the 24 bits are assigned individual meanings with accom-
panying (smaller) binary weights. Refer to the register and micro descriptions for details
on these specialized meanings.
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Figure 1-47. Console Switch/Lamp Binary Weights
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Reading a Register's Contents

This involves simply selecting the desired register by way of the REGISTER select and
register group switches, with the processor halted. A hardware-forced 1C register move
micro is created in doing so, causing the contents of the selected register to be gated to
the main exchange, and from there latched into the console lamp register from which it is
continuously displayed. The act of selection causes this to occur, and no further action is
necessary. Refer to the register descriptions for the specific meaning of the contents.

Loading a Register

To load a register, the selection procedure as described in register selection above must

first be performed. When this has been done, the desired bit pattern should be set on the
console switches. Pressing the LOAD pushbutton causes a hardware-forced 1C register move

micro to be executed, gating the contents of the switches to the register. Note that the

entire contents of the register are affected by the loading process. If it is desired to

save any portion, these bits must be re-inserted by use of the console switches.

Reading in S-Memory

To read, or cause the data stored at a specific location in S-memory to be displayed on the
console lamps, the bit address desired must first be loaded into the FA (field address)
register. The binary weight of this code is illustrated in figure 1-48. After this pre-
paratory step, select READ on the REGISTER select and register group switches and press the
READ/WRITE pushbutton. Doing so initiates a memory cycle, with the stored data being gated
to null, and thus displayed on the console lamps. Note that performing a read does not
destroy the data stored at the accessed location. Once a location has been accessed, the FA
address can be incremented by 16 bits (one word) by depressing the INC pushbutton. This may
be done repeatedly, and be monitored by selecting FA. However, once the register group switch
has been moved from the READ position, it is necessary to again press READ/WRITE when return-
ing to it.

MA MB MC MD ME MF

23 22 21 20{19 18 17 16|15 14 13 12(11 10 9 8|7 6 5 4|3 2 1 0 M REG BIT

X X X 64KI32K16K 8K 4K| 2K 1K512256}128 64 32 16{8 4 2 1|X X X X FA BINARY WEIGHT
(WORDS)

16|18 4 2 1 FL BINARY WEIGHT
(BITS)

NOTES: 1 MAXIMUM FL VALUE IS 24
2 FA ADDRESSES ABOVE 512 ARE AS FOLLOWS

1K = 1024
2K = 2048
4K = 4096
8K = 8192
16K = 16334
32K = 32768
64K = 65536

3 X = BIT ADDRESS. MAY BE USED IF DESIRED.

Figure 1-48, FA and FL Values
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Writing in S-Memory

To write, or cause the bit configuration selected on the console switches to be gated to
S-memory, the desired bit address must first be loaded into the FA register. This procedure
is identical to that performed before a read, and requires that the console switches be used
to enter the address code first. Once this has been done, the bit configuration to be
written in memory is selected on the switches. Note that all 24 switches are active, thus
requiring that the desired state be selected for each bit position. Therefore, if it is
desired to retain a certain portion of the existing stored data, these bits must be reset

on the switches. The data gated from the console switches displaces the previous contents
of that address in memory. The INC button operates in the same manner as for a read. How-
ever, it is necessary to press READ/WRITE for each write operation.

Reading in M-String Memory

Reading in M-string memory is similar to reading the contents of any register, except that
the desired address must first be placed in the A- (address) register. Refer to figure 1-49.
Select MSM after loading A. As with S-memory, the address may be incremented by use of the
INC button.

MA MB mMC MD ME MF

23 22 21 20{19 18 17 16415 14 13 1211 10 9 8|7 6 5 413 2 1 O M REG BIT

X X X XX X X 4K|[2K 1K 512256{128 64 32 16/8 4 2 1 X X X X A ADDRESS

NOTES: 1 X = NO SIGNIFICANCE, ALL A VALUES ARE WORD ADDRESSES, SINCE BIT ADDRESS
ABILITY ISNOT PROVIDED IN MSM.

2 VALUES IN EXCESS OF 4K (4096) ARE NOT POSSIBLE, SINCE THIS IS THE MAXIMUM
SIZE OF MSM.

3 NO FIELD LENGTH INFORMATION IS REQUIRED, SINCE ALL MICROS ARE CONSIDERED
TO BE 16 BITS LONG.

Figure 1-49, A-Register Values

Writing in M-String Memory

Writing in M-string memory is similar to writing in S-memory. The desired address is placed
in the A-register, then MSM is selected. Set the desired bit configuration on the console
switches, and press LOAD to initiate the memory cycle. Note that only the right-most 16 con-
sole switches are active. The address may be incremented by use of the INC button.

Cassette Operation

The cassette is used for input of test routines and short "bootstrap' programs. It is usable
in both the tape and run modes of the processor. In the tape mode, micros are executed
directly from it; in run mode, the cassette generally serves as a source for loading micros
in M-string. Cassette operation is always begun in the tape mode. To start, insert the
desired tape and close the door. Make sure that the proper side of the tape is facing out-
wards. This is usually indicated by the label. Tapes which may be run from either end are
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marked BOTH SIDES. Before running the tape, check to ensure that it is in the starting
position. This is indicated by the BOT (beginning of tape) lamp, which should be lit. If

it is not 1lit, press REW and wait until the tape stops and BOT illuminates. When ready,
press CLEAR, then START. Tape motion should begin. The directions given in the documentation
accompanying the tape should be followed from this point. However, the usual procedure is to
wait until the processor halts (as indicated by extinguishing the RUN lamp and ceasing of
tape motion), then select the run mode and again press START (do not press CLEAR). Cassette
operation from this point is controlled by the execution of micros within the program being
used. Most programs utilize the cassette for only a short period of time, after which it may
be rewound and the tape removed. The program documentation should be consulted for further
information. Rewind must be performed manually by the operator, and does not interfere with
processor operation in any way.

MICRO OPERATORS

The B 1720 Series Micro Processor has the capability of producing approximately 60 different
micro instructions. It was necessary to develop only 33 of the possible 60 to produce the
necessary data processing functions. The 33 micros which have been implemented are listed
in figure 1-50. The micros are referred to by a name which describes their function and a
number indicating the binary weight in the specific subregister of M where the micro begins.
For example, the 1C register move micro has a binary weight of 1 in the MC register. This
binary weight in the most-significant 4-bit field is the distinguishing characteristic by
which micros may be identified in the absence of other indications. Note that although all
micros comprise a 16-bit field, the most significant portion is the left-most 4-bit subgroup
which contains a binary weight other than zero. The remaining bits (if any) to the right of
this 4-bit identifier contain coded register selection data, variants, or literals which
modify the function of the basic micro. These are shown in figure 1-50, but for a more
detailed explanation, refer to the individual micro operator descriptions which follow
(figures 1-51 through 1-82). It is important to note that the use of micro operators is a
significant aid to troubleshooting and repair work. The execution of selected micros allows
suspected faulty circuits to be exercised with their normal operational functions while being
monitored with external test equipment. Test micros may be executed singly (in the step
mode) by addressing the M-register from the console and loading the desired micro with the
24 console switches. The micro executes when START is pressed, and any desired number of
repetitions may be obtained by alternately pressing LOAD and START. To obtain repeated
execution of selected micros at machine speed (in the run mode), a small program consisting
of the desired micros may be manually written into MSM, This micro string should conclude
with a "move literal (8C or 9C) to A" micro which causes the hardware to return to the
beginning address at the completion of the string, thus forming a loop. Any desired number
of micros may be included in such a string. Note that any of several micro types may be
used to form a loop at the end of a string. These include the following:

1C: move null to A if the string begins at address zero.
8C/9C: move beginning address of string to A.
13C: decrement A to beginning address of string.

Of these, the 8C or 9C is probably the easiest to use.
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MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 2 1 2 1 8 4 2 1 Binary Weight
0 0 0 1 n n nm n n n n n n n n n

1C Micro

Source Register
Group 00—15

Source Register
Select 00—03

‘Destination Register
Select 00—03

Destination Register
Group 00—15

Move the contents of the source register to the destination register. If the move is from a
smaller register to a larger one, the data is right-justified with left (most significant)
zero bits supplied. Moves from larger registers to smaller ones are also right-justified, but
with the excess most-significant bits truncated.

The contents of the source register are unchanged unless it is also the destination register.
The basic execute time is two clocks to which is added one additional clock if the source is
BCD, and two additional clocks if the destination is the MAR(A) register. If the U-register
is the source, the time takes many clocks. The following are exceptions:
a. CPU and CMND are excluded as source registers,
b. When M is used as a destination register, the operation is changed to a bit OR which
modifies the next micro-operation. It does not modify the instruction as stored in
the memory.

c, BICN, FLCN, XYCN and XYST are excluded as destination registers.

d. All registers and pseudo registers in column select=3 are excluded as destination
registers except CMND, DATA, and NULL.

e. When DATA is designated as a source, CMND and DATA are prohibited as destinations.
f, U is excluded as a source register in step and tape mode. It is permitted as source
in run mode. However, when U is used as a source the TAS, A~ and M-registers are

excluded as destination registers.

g. When CMND oxr DATA is designated as a destination, SUM and DIFF are prohibited as
sources.

h. When A, M, CP or DATA is designated as a source, all 4-bit registers are prohibited
as destinations.

Figure 1-51. 1C Register Move
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MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 2 1 8 4 2 1 Binary Weight
0 0 1 0 n m n n n n n n n n n n

2C Micro

Register Group
00—15 .

Register Select
00—03

Direction
0=To Scratchpad
1=From Scratchpad

Scratchpad Word
O=Left Word
1=Right Word

Scratchpad Word
Address 00—15

Move the contents of the register (scratchpad) to the scratchpad (register). If the move is
between registers of unequal lengths, the data is right-justified with left (most significant)
zero bits supplied or with data truncated from the left, whichever is appropriate.
The contents of the source register are unchanged, The basic execute time is two clocks, to
which is added one additional clock if the source is BCD and two additional clocks if the
destination is the MAR(A) register, The following are exceptions:
a. U, CPU and CMND are excluded as source registers.
b. When M is used as a destination register, the operation is changed to a bit OR which
modifies the next micro-operation, It does not modify the instruction as stored in
the memory.

c, BICN, FLCN, XYCN, and XYST are excluded as destination registers.

d. All register and pseudo registers in column select=3 are excluded as destination
registers except CMND and DATA.

e. M as a source would result in a transfer of 24 zeroes.

Figure 1-52, 2C Scratchpad Move

1-90



3C Micro

B 1720 Series Central System Technical Manual

MC

MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

0 O

8 4
1 1 n n

2 1 4 2 1 8 4 2 1 Binary Weight
n 0o n Vv Vv vV n _n_n_n

]

Register Group

0—15

Register Select

Oorl

Variants 0—7

Literal 0—15

Perform the manipulate operation as specified by the variants on the addressed 4-bit register.

Variant

000=0
001=1
010=2
011=3
100=4
101=5
110=6
111=7

|<

VARIANT

Name

SET
AND
OR
EOR
INC
INC T
DEC
DEC T

DESCRIPTIONS

Reg
Reg:
Reg
Reg:
Reg:
Reg
Reg:
Reg:

0 Set the

1 Set the

2 Set the

3 Set the

4 Set the

5 Set the

register to
register to
register to
register to
register to

register to

Action

:=Lit

=Reg*Lit

:=Reg+Lit

=Regt+Lit
=Reg plus Lit (disregard overflow)

:=Reg plus Lit (skip on overflow) T=test

=Reg-Lit (disregard underflow)
=Reg-Lit (skip on underflow) T=test

the value of the literal.

the logical AND of the register and literal.

the logical OR of the register and literal.

the logical Exclusive OR of the register and literal.

the binary sum modulo 16 of the register and literal.

the binary sum modulo 16 of the register and literal and skip
the next M-instruction if a carry is produced.

6  Set the register to the binary difference modulo 16 of the register and literal.

7 Set the register to the binary difference modulo 16 of the register and literal and
skip the next M-instruction if a borrow is produced.

The basic execute time is two clocks to which is added two additional clocks if the branch is
taken. The following is an exception:

a. BICN, FLCN, XYCN, XYST, and CPU are excluded as source/destination registers.

For Form 1066941
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MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 2 1 1 8 4 2 1 Binary Weight
0 1 0 0 o n n n n n n n n_n n n

4C Micro

Register Group 0—15
Register Select O or 1

Register Bit to be
Tested 0—3

Displacement Sign
0=Positive
1=Negative

Literal (Relative
Displacement
Magnitude) 0--15

Test the designated bit within the specified register and branch relative to the next instruc~
tion by the signed displacement value if the bit is zero. If the bit is one, a displacement
value of zero is assumed and control passes to the next in-line M-instruction. A displacement
value indicates the number of 16-bit words from the next in-line instruction.

The basic execute time is two clocks to which is added an additional clock if the source is
BCD (BICN with CPU=01) and two additional clocks if the branch is taken.

Figure 1-54. 4C Bit Test Relative Branch False

MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 2 1 1 8 4 2 1 Binary Weight
0 1 0 1 n n n n n n n n n n n n

5C Micro I

Register Group 0—15
Register Select 0 or 1

Register Bit to be
Tested 0—3

Displacement Sign
0=Positive
1=Negative

" Literal (Relative
Displacement
Magnitude) 0—15

Test the designated bit within the specified register and branch relative to the next instruc-~
tion by the signed displacement value if the bit is one. If the bit is zero, a displacement
value of zero is assumed and control passes to the next in-line M-instruction. A displacement
value indicates the number of 16-bit words from the next in-liné instruction.

The basic execute time is two clocks to which is added one additional clock if the source is
BCD (BICN with CPU=01) and two additional clocks if the branch is taken.

Figure 1-55. 5C Bit Test Relative Branch True
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MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 4 2 1 8 4 2 1 Binary Weight
0 1 1 0 n n n n n Vv vV V n n n n

6C Micro

Register Group 0—~15

Register Select 0 or 1

Variants 0—7

Mask 0—15
Test only the bits in the register that are referenced by the "1" bits in the mask (ignoring
all others)and then perform the action as specified below. The following is an exception:
a. If V=2 or V=6, compare all bits for an equal condition.

VARIANTS
V=0 If any of the referenced bits is a "1'", skip the next M-instruction.

1 If all of the referenced bits are "1", skip the next M-instruction.

2 1If the register is equal to the mask, skip the next M-instruction.

3 Same as V=1, but also clear the referenced bits to zero without affecting the non-
referenced bits.

4 If any of the referenced bits is a "1", do not skip the next M-instruction.
5 1If all of the referenced bits are "1", do not skip the next M-instruction.
6 If the register is equal to the mask, do not skip the next instruction.

7 Same as V=4 but also clear the referenced bits to zero without affecting the non-
referenced bits,

The basic execute time is two clocks to which is added one additional clock if the source is
BCD (BICN with CPU=01) and two additional clocks if the branch is taken. Note that if the
mask equals 0000 the ANY result is false. The skip is not made for V=0 and is made for V=4.
If the mask equals 0000, the ALL result is true. The skip is made for V=1 and V=3 and is not
made for V=5 and V=7. The following are exceptions:

a. BICN, FLCN, XYCN, and XYST are excluded as operand registers when V=3 or when V=7.

Figure 1-56, 6C Skip When
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1

MC

4
1 1 n v

10 09

MD ME

08 07 06 05 04 03
2 1 16 8
v v n.n s n n

7C Micro

Direction

0=To Register
1=To Memory

Count Variants

MF
02 01 00
4 2 1
n_n n

0—7

Register Number

00=X
0l=Y
10=T
11=L

Field Direction

O=Positive
1=Negative

Memory Field Length

0—24

Move the register's (memory's) contents to the memory (register).
field length is less than 24, the data from memory is right-justified with left (most signifi-
cant) zero bits supplied, while the data from the register is truncated from the left.

The contents of
field while the
tion.

If the value of
is used.

COUNT VARIANTS

V=000 No count
001 Count FA up
010 Count FL up
011 Count FA
100 Count FA
101 Count FA down
110 Count FL down
111 Count FA

Execute time

1-94

up and FL down
down and FL up

down and FL down

equals eight clocks.

Figure 1-57.

7C Read/Write Memory

M-Register Bit
Binary Weight

If the value of the memory

the source are unchanged. Register FA contains the bit address of the memory
memory field direction sign and memory field length are given in the instruc-

the memory field length as given in the instruction is zero, the value in CPL
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MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 128 64 32 16 8 4 2 1 Binary Weight
1 0 0 0 n n m n n n n n N n n n

8C Micro
(Register Select=2)

Destination Register
Group 0—15

Literal 00—255

Move the 8-bit register literal, given in the instruction, to the destination register. If the
move is to a register that is greater than 8 bits in length, the data is right-justified with
left (most significant) zero bits supplied.

Only registers X, Y, T, L, MAR(A), BR, LR, FA, FB, FL, TAS, and CP can be specified. The
register select is assumed to be 2.

The basic execute time is two clocks to which are added two additional clocks if the destina-
tion is the MAR(A) register.

Figure 1-58. 8C Move 8-Bit Literal

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

1 0 0 1 n n n n n n n n n n n n

9C Micro
(Register Select=2)

Destination Register
Group 0—15

Eight Most-Significant
Bits Of Literal

Move the 24-bit literal given in the instruction to the destination register. The 16 least-
significant bits of the literal are stored in the position of the next in-line micro instruc-
tion. If the move is between registers of unequal lengths, the literal is truncated from the
left.

Only registers X, Y, T, L, MAR(A), BR, LR, FA, FB, FL, and TAS can be specified. The register
select number is assumed to be 2.

Execution time equals six clocks.

Figure 1-59. 9C Move 24-Bit Literal
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 2 1 16 8 4 2 1 Binary Weight
1 0 1 0 nm n n n n n nLon n n n on

10C Micro 4]

Destination Register
Group 0—15

Destination Register
Select 0—3

Shift/Rotate Specifier
O=Shift
1=Rotate

Shift/Rotate Count
1 to 24 bits
(0—23 count)

Shift (rotate) register T left by the number of bits specified and then move the 24 bit result
to the destination register. If the move is between registers of unequal lengths, the data is
right~justified with data truncated from the left.

The contents of the source register is unchanged unless it is also the destination register.
Zero fill on the right and truncation on the left occurs for the shift operation. If the
value of the shift/rotate count as given in the instruction is zero, the value given in CPL
is used.

The basic execute time is three clocks to which are added two additional clocks if the destina-
tion is MAR(A). The following are exceptions:

a. When M is used as a destination register, the operation is changed to a bit OR which
modifies the next micro-operation. It does not modify the instruction as stored in
the memory.

b. BICN, FLCN, XYCN, and XYST are excluded as destination registers.

Figure 1-60. 10C Shift/Rotate T-Register Left

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
16 8 4 2 1 2 1 16 8 4 2 1 Binary Weight
1 0 1 1 n n »n» n n n 0 N 0N n 0 n

11C Micro ]

Rotate Bit Count 0—24

Destination Register

Code 00=X

01=Y

10=T

11=L
Width Of Extraction
Field 0—24

Rotate register T left by the number of bits specified and then extract the number of bits
specified. Move the result to the destination register. If the extract bit count is less
than 24, the data is right-justified with left (most significant) zero bits supplied.

The contents of the source register are unchanged unless it is also the destination register.
A rotate value of 24 is equivalent to 0.

Execute time equals three clocks.

Figure 1-61. 11C Extract from T-Register
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
2048 1024 512 256 128 64 32 16 8 4 2 1 Binary Weight
1 1 0 s n n n n n n n 0o N n 0 n

12C Micro or
13C Micro if
Bit 12 = 1

Displacement Sign
O=Positive
1=Negative

Relative Displace-
ment Value
0—4095

Fetch the next micro-instruction from the location obtained by adding the relative displace-
ment value given in this micro instruction to the word address of the next in-line micro-
instruction. A displacement value indicates the numbers of 16-bit words. Affects the
contents of the A-register only.

Execution time equals four clocks.

Figure 1-62. 123C (12C, 13C) Branch Relative

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
2048 1024 512 256 128 64 32 16 8 4 2 1 Binary Weight
1 1 1 s n n n n n n n 0 n n n n

14C Micro or
15C Micro if
Bit 12 = 1

Displacement Sign
0=Positive
1=Negative

Displacement Value
0—4095

Push the address of the next in-line micro-instruction into the A-stack and then fetch the
next micro-instruction from the location obtained by adding the signed relative displacement
value given im this micro instruction to the word address of the next in-line micro-
instruction. The displacement value indicates the number of 16-bit words. Affects the
contents of the A-register only.

Note that exit is accomplished by employing the move register instruction with the TAS as the
"source register and as the destination register.

Execution time equals five clocks. This time includes the time to fetch the next
micro-instruction.

Figure 1-63. 145C (14C, 15C) Call
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
2 1 1 16 8 4 2 1 Binary Weight
0 0 0 0 0 0 1 O m n n n n n n n

Must be Zeros

2D Micro

Data Register Code:
00=X
01=Y
10=T
11=L

Field Direction
0=Positive
1=Negative

Memory Field Length
0—24

Swap data from main memory with the data in the specified register.
If the value of the memory field is less than 24, the data from memory is right-justified with
left most significant zero-bits supplied while the data from the register is truncated from

the left. Register FA contains the bit address of the memory field. If the value of the
memory field length as given in the instruction is zero, the value in CPL is used

Figure 1-64. 2D Swap Memory

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

0 0 0 0 0 0 1 1 nm

n n n n n n n
T~ T T T T T T

Must be Zeros

3D Micro

L-Register

T-Register

Y-Register

X~-Register

FA-Register

FL-Register

FU-Register

CP-Register

Clear the specified register unconditionally to zero if the respective bit is a one.

Figure 1-65. 3D Clear Registers

1-98



B 1720 Series Central System Technical Manual

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
16 8 4 2 1 Binary Weight
0 0 0 0 0 1 0 0 n n D n n n non

Must be Zeros I r

4D Micro

Shift/Rotate Specifier
0=Shift
1=Rotate

Left/Right Specifier
O=Left
1=Right

Register Specifier
0=X
1=y

Shift/Rotate Count
0—24

Shift (rotate) register X(Y) left (right) by the number of bits specified. Zero fill on the
right and truncation on the left occurs for the left shift. Zero fill on the left and trunca-
tion on the right occurs for the right shift.

If the value of the shift/rotate count as given in the instruction is zero, the amount the
operand is shifted (rotated) is zero.

Execution time is three clocks. It is the same for all counts

Figure 1-66. 4D Shift/Rotate X or Y

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
32 16 8 4 2 1 Binary Weight

0 0 0 0 0 1 0 1 n n n n n n n

n
™ 7T

Must be Zeros

5D Micro

Shift/Rotate Variant
O0=Shift
1=Rotate

Left/Right Variant
O=Left
1=Right

Shift Bit Count
0—48

Shift/rotate registers X and Y left/right by the number of bits specified. The X-register is
the leftmost (more-significant) half of the concatenated 48-bit XY-register.

Zero fill on the right and truncation on the left occurs for the left shift. Zero fill on the
left and truncation on the right occurs for the right shift.

Figure 1-67. 5D Shift/Rotate X and Y
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
4 2 1 16 8 4 2 1 Binary Weight
0O 0 0 0 0 1 1 O v v v n n n n n

Must be Zeros —J

6D Micro

Count Variants 0—7

Literal 0—31

Increment (decrement) binarily the designated register(s) by the value of the literal con-
tained in the instruction or by the value of CPL if the value of the literal is zero.

Neither overflow nor underflow of FA is detected. The value of FA may go through its maximum
value or its minimum value and wrap around. Overflow of FL is also not detected. The value
of FL may go through its maximum value and wrap around. Underflow of FL is detected and will
not wrap around. The value of zero is left in FL.

COUNT_VARIANTS

V=000 No count
001 Count FA up
010 Count FL up
011 Count FA up and FL down
100 Count FA down and FL up
101 Count FA down
110 Count FL down
111 Count FA down and FL down

Execution time equals four clocks.

Figure 1-68. 6D Count FA/FL

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 8 4 2 1 Binary Weight
0 0 0 0 O 1 1 1 n n m n n n n n

Must be Zeros 4J

7D Micro

Destination 48-Bit
Scratchpad Word

Source 48-Bit
Scratchpad Word

Move the contents of the FA and FB registers to a holding register. Holding register is the
scratchpad input latches. Move the contents of the left and right source scratchpad word to
the FA and FB registers, respectively. Move the contents of the holding register to the left
and right words of the destination scratchpad word.

Execution time equals 1 clock,

Figure 1-69. 7D Exchange Doublepad Word
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

8 4 2 1 Binary Weight
0 0 0 01 0 0 0n n n s n n n n

Must be Zeros

8D Micro

Reserved

Sign of Scratchpad
Word

O=Positive (ADD)
1=Negative (SUBTRACT)

Left Scratchpad Word

Replace the contents of the FA register by the sum of the FA register and the specified
scratchpad register or the difference between them (subtract operation).

Execution time equals four clocks

Figure 1-70. 8D Scratchpad Relate FA

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-~Register Bit

2 1 Binary Weight
0 0 0 0 1 0 0 1 n m m mn n n n n

Must be Zeros

9D Micro

Not Used

Literal Occurrence
Identifier

The monitor has no function programmatically and is treated as a no-op. However, execution
of a 9D micro generates a special marker pulse which may be used to activate or synchronize
external test equipment, Refer to section 4.

Figure 1-71. 9D Monitor
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
4 2 1 1 Binary Weight
0O 0 0 0 00O 00 0 O 0 1 n n n n

| n

Must be Zeros

1E Micro
Variants:
000=Lockout
001=Write Low
010=Read
01l1=Read & Clear
100=Write High
101=Port Absent

Skip Variant

0=Skip if already
locked

1=S8kip if not
already locked

The dispatch is used to initiate port—to-port communications and to receive interrupt infor-
mation from other ports. Since the dispatch system is shared by all ports, the processor must
gain control of it by successfully completing a lockout prior to a dispatch write,

The skip variant allows skipping of the next l16-bit instruction based upon success or failure
of the lockout attempt.

The write dispatch operation sets the lockout and interrupt flip-flops in the port inter-
change. It also stores the contents of the L-register into memory location O through 23 and
the contents of the least-significant seven bits of the T-register (port and channel) into
the port interchange dispatch register. In addition, it sets write high or resets write
low, and the high interrupt flip-flop in the port interchange.

The read dispatch operation stores the contents of memory locations O through 23 into the
L-register and the contents of the port interchange dispatch register into the least-
significant seven bits of the T-register. The other 17 bits of the T-register are unaffected.
The read and clear dispatch operation, in addition to performing the read dispatch operation,
clears the lockout flip~flop, the two interrupt flip-flops, and the port device absent flip-
flop in the port interchange. It does not clear any memory locations.

The port absent operation is executed by the processor when necessary to return a port absent
level signal to another port indicating the absence of the designated channel.

Figure 1-72. 1E Dispatch
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
4 2 1 Binary Weight
0O 0 0 0 0O 0O 00O O 0 1 0 v v v n
Must be Zeros AAJ

2E Micro

Variants 0—7

Reserved

Perform the indicated operation on the tape cassette,

VARIANTS

V=0 Start tape
1 Stop tape (the processor also halts in tape mode.)
2 Stop tape if X#Y

3—+7 TUndefined
All tape stop variants cause the tape to halt in the next available gap.

Execution time equals two clocks.

Figure 1-73. 2E Cassette Control

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
4 2 1 Binary Weight
0 0 0 0O O 0O 0 0O O 0 1 1 v v v =n

Must be Zeros I

3E Micro

Variants 0—7

Test CPL#0 Flag
0=No Test
1=Test CPL Result

Set CPU to the value 1 if the value of FU is 4 and to O otherwise. The exception is: V=2,
the value set into CPU is determined by SFU in lieu of FU.

Set the value of CPL to the value denoted or to the smallest of the values denoted in the
following table.

VARIANTS
V=0 FU
1 24 or FL
2 24 or SFL
3 24 or FL or SFL
4 CPL
5 24 or CPL or FL
6 CPL
7 Not Defined

If test flag equals 1 and final value of CPL is not zero, the next 16-bit micro instruction is
skipped.

Execution time equals two clocks.

Figure 1-74. 3E Bias
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 Binary Weight
0 0 00O 0Oo oo o1 0 0 nn n n
Must be Zeros I
4E Micro
Scratchpad Word
Address 0—15

Move the FA and FB register's contents to the left and right words, respectively, of the
designated scratchpad address.

Figure 1-75. 4E Store F Into Doublepad Word

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 Binary Weight

0 0 0 O | 0 0 0 0 01 0 1 n n n n
Must be Zeros
5E Micro “J
Scratchpad Word
Address 0—15

Move the contents of the left and right words at the designated scratchpad address to the FA
and FB register, respectively.

Figure 1-76. 5E Load F from DPW

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
8 4 2 1 Binary Weight
0 0 6 0 0 0O 0 0 0 1 1 0 v v v v

Must be Zeros l

6E Micro

Variants

Set the carry flip-flop as specified by the variants.

VARIANTS

V=1 Set CYF to O
2 Set CYF to 1
4  Set CYF to CYL
8 Set CYF to CYD

Note that (X¥<Y) + (X = Y) *CYF = CYD

Execution time equals two clocks.

Figure 1-77. 6E Carry FF Manipulate
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

0O 0 0 0 0 0O 00 0 1 1 1 0 0 0 n

Must be Zeros
7E Micro
Read/Write Variant
0=Read to X
1=Write from X

Write (R/W variant bit = 1)

Move the contents of the X~register to the MSM word specified by the address contained
in the L-register. The data is truncated from the left.

Read (R/W variant bit = 0)

Move the contents of the MSM word specified by the address contained in the L-register
to the X-register. The data is right-justified with left-most significant zero bits
supplied.

The lower four bits and the upper eight bits of the address in L are ignored.

The operation of this micro instruction causes the A-register to be moved to the TAS, and

the L-register to be moved to A, before a read or write is performed.

Figure 1-78. 7E Read/Write MSM

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

0 0 0 0o 00O O 0O O 0 0 o0 o0 o0 01

Must be Zeros

1F Micro

Stop the execution of micro instructions. The machine halts with the next micro in the
M-register.

Execute time equals two clocks.

Figure 1-79. 1F Halt
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

o o 0 o 0 0O 0O O OO 0O O O 1 O
Must be Zeros |
2F Micro

The starting M-memory and starting main memory addresses are taken from the L-register and
the FA register, respectively. The length of the data overlay in bits is taken from the
FL register. The execution proceeds as follows:

Move A to TAS

Move L to A

Read 16 bits from main memory

Store 16 bits in M-memory

Cycle { Decrement FL

Increment FA and A

If FL#0, repeat cycle., If FL=0, go to halt.

\

Halt. Move TAS to A.

Figure 1-80. 2F Overlay M-Memory from Main Memory

MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit

0 0 0 o o o 0 06 0O0 0 0 0 o0 1 1

Must be Zeros

3F Micro

Shift the X-register left while counting FL down until FL=0, or until the bit in X referenced
by CPL is a one. Zeroes are shifted into the rightmost end of X.

CPL = 1 references the rightmost bit of X while CPL = 24 references the leftmost bit of X.

Execute time equals six clocks per bit shifted plus two additional clocks if FL=0 or plus
four additional clocks if MSBX=1.

Figure 1-81. 3F Normalize X
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MC MD ME MF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 M-Register Bit
0 0 0 0O O 0.0 0O 0 0 0 0 0 1 o0 o0
Must be Zeros ]
4F Micro
Move the 24-bit value from the L-register to the MBR register. Move the least-significant

four bits from the T-register to the TOPM-register.

Move the most-significant 20 bits from the T-register to the A-register, truncating the

left-most six bits of the source.

Figure 1-82.

MC MD

15 14 13 12 11 10 09 08 07

0 0 0 0o 00 o o0 o0

4F Bind

ME MF
06 05 04 03 02 01 00 M-Register Bit

0O 0 0 0 0o o0 O

Must be Zeros

OF Micro

(no-op)

Skip to the next sequential instruction.

Execute time equals two clocks.

Figure 1-83.

For Form 1066941

Zero NO Operation

1-107/108



B 1720 Series Central System Technical Manual

SECTION 2

FUNCTIONAL DETAIL

INTRODUCTION

This section describes the individual circuits which make up the B 1720 Series Processor,
port interchange and S-memory. The processor section includes the console control opera-
tional logic, system clock, current state logic, registers, 24-bit function box, 4-bit
function box, M-string memory, port adapter/port device interface control logic, and I/0
interface logic. Also included is a discussion of micro execution, in which each micro
instruction is dealt with.

CONSOLE CONTROL OPERATIONAL LOGIC

The console controls represent an extension of the processor control logic which allow manual
selection of micro operator functions. As such they serve as an operator interface with the
processor, permitting overall control of system operation, monitoring of processor activity,
and testing/troubleshooting facilities. The controls allow selection of micro operator func-
tions because the majority of actions which may be initiated from the console duplicate the
actions performed by micros. 1In addition, these actions are accomplished in the same manner,
that being the insertion of appropriate voltage levels, either steady state or pulsed, at the
proper decision making points of the control logic. An example of this is the operation of
the register group and register select switches, which create binarily-coded control levels to
exercise the register enabling logic within the processor. These control levels thus generated
are identical to those produced by a 1C register move micro for accomplishing the same func-
tion. Of the console controls, which exercise logic circuitry, only the START, MODE, and
REWIND switches cause functions not duplicated by software. The POWER off/on and CASSETTE
ON/OFF switches control the application of power only.

CONSOLE LAMPS

The 24 console lamps represent a visual display of the contents of the main exchange. They
are connected to it by way of a console lamp register and gating logic as shown in fig-

ure 2-1. The control of both the register and gating is by the freeze term, which causes
the contents of the MEX to be latched into the register, and therefore, continuously dis-
played. In normal operations (processor running), the absence of the freeze term enables
the gates and causes the register to operate in the D-set mode. Since the lamp register is
enabled at each system clock pulse, the data on the MEX is transferred to the register.
There is no storage involved in this mode. The freeze term is used only in the console cur-
rent state (processor halted) when viewing the contents of an S-memory location. Appearance
of freeze simultaneously disables the gates and changes the register operation to the bit-set
mode. This causes the data present at the register's inputs to be latched into it and held
for as long as the register remains in this mode.
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Figure 2-1. Console Lamp Register

CONSOLE SWITCHES

The 24 console switches serve as a manual entry point for 24 bits of data, the configuration
of which is selectable by the operator. Each switch makes (up position) or breaks (down)
contact to a +4.75 volt source, which represents a logical "high." The contents of the
switches are gated directly to the MEX via 24 logic gates. These gates are all enabled
simultaneously by the term MC « CSWM., which is derived from LOAD or READ/WRITE. See logic
schematics card M, page 2.

REGISTER GROUP AND REGISTER SELECT SWITCHES

The register group and REGISTER select switches cause creation of a 1C register move micro by
exercising the load/display register logic (figure 2-2). The switch outputs are the
binarily-weighted RGRPnTl and RSELnTl levels, which correspond to the coordinates of the
desired register's location in the register table (table 1-1). These, in turn, control the
RFANS which generate the variant portion of the micro and gate it to the MOP lines, which
transport it to the micro decoding logic. The load/display register is active only in the
console current state (when the processor is halted). It is capable of functioning in two
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operational states for generation of a micro to read the contents of a selected register, or
a micro for loading data from the console switches into the register. Note that whenever
the processor is in the console current state, the term CONSCSPO is true, enabling the load/
display register output buffers, and causing a constant true signal on MOP line 12. This
bit in itself signifies the 1C micro, with the variants (MOP lines 00 through 11) being
supplied by the register.

For Form 1066941
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Figure 2-2. Load/Display Register (Bits 00 through 05 Shown)
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The overall function of the load/display register becomes clear when the 1C register move
micro is examined (figure 2-3). Briefly stated, that is to gate the register selection

code from the console switches to the MOP lines corresponding to source (for a read) or sink
(for a load or write), and to generate and gate the null selection code to the opposing

set of MOP lines. As discussed in section 1, the console lamps represent null in a read
condition, and the 24 console switches represent it in load or write. This function is
accomplished by controlling the operating mode of the register chips. In the read state,
which occurs continuously when the processor is halted, the level LOAD..NO is false, causing
LOAD/.N to be true. RSETHIN and RSETLON are constantly true. LOAD/.N and RSETLON being true
cause RFANs 6 and 8 to operate in the bit-set mode, meaning that at the next clock pulse all
outputs are true. This concition causes a true level to be gated to MOP lines 00 through 05,
which specifies NULL as sink. RFANs 1, 3, 5, and 7 always operate in the direct set mode,
meaning that the register selection code appearing at their inputs also appears at their out-
puts. Note that 1-3 and 5-7 each constitute a pair on which the register selection code
appears. The appearance of this code at the outputs of RFANs 5 and 7, which feed MOP lines
00 through 05 in parallel with RFANs 6 and 8, is of no significance because the "all true"
outputs of the latter forces selection of null. In the case of RFANs 1 and 3, the register
selection code is significant because LOAD..NO, being false with RSETHIN. true, causes RFANs
2 and 4, which feed MOP lines 06 through 11 in parallel with 1 and 3, to operate in the bit
reset mode. The register selection code is thus exposed, and specifies the source.

MC MD ME MF

15 14 13 12111 10 9 87 6|5 43 2 1 o MEX OR MOP LINE

By [y Ky
£ X ) 7
o NN, oln
6’0 'r.‘.‘)@ &O)o@ e ’9@ '900’@
23N 2 XN\ N

V = VARIANT

NOTE: M-REGISTER BITS, MEX AND MOP LINES HAVE THE
SAME BIT POSiTION NUMBERS >

Figure 2-3. 1C Register Move Micro
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When the console LOAD switch is pressed, the level LOAD..NO comes true for two clock pulses,
causing LOAD/ .N. to go false. These levels put RFANs 6 and 8 in the bit reset mode and
RFANs 2 and 4 in the bit set mode. With all outputs of RFANs 2 and 4 true, a true level is
gated to MOP lines 06 through 11, specifying the source register as NULL. RFANs 6 and 8
being disabled exposes the register selection code at the outputs of RFANs 5 and 7, which
are gated to MOP lines 00 through 05, specifying the sink register. Note that reading

and writing in S-memory and M-string memory is handled in the same manner as for registers,
but involves additional circuitry. An address must be specified, using FA for S-memory or
A for MSM. 1In addition, the READ/WRITE pushbutton must be used when accessing S-memory.
Console read and write timing are shown in figures 2-4 and 2-5, respectively.

MODE SWITCH

The MODE switch places the processor in one of the three possible operational modes: step,
run, or tape. With the processor halted and the MODE switch in the STEP position, pressing
the START button causes one micro to be executed, then a return to the halt state with the
next micro in the M-register. If the MODE switch is in the RUN mode position, pressing
START initiates continuous execution of micros. This continues until either the HALT button
is pressed or an internal halt condition arises. In the TAPE mode position, the processor,
upon pressing of the START button, begins cassette movement and executes micros from the
tape. The machine is returned to the halt state by pressing the HALT button or from an
internal halt condition.

Processor operational mode is determined from two control levels from the MODE switch:
SNGMODT1 and RUNMODT1l. (Refer to figure 2-6.) These generate the control levels STEP..P.,
RUN...P., and MTR...P. which exert overall control over the current state logic, finish
logic, and other sections having major influence in processor operations. A detailed
explanation of all the actions caused by the mode control signals is beyond the scope of
this discussion. However, in all cases these actions follow the logical intent of the
selected mode (as described above). Note that only STEP..P. and RUN...P. are the direct
result of control levels from the console. MTR...P. (tape mode) is the inverse of RUN..P.,
and therefore the two can never be true at the same time. This restriction does not apply
to STEP..P. which, when true, overrides either of the other two levels. Thus, if STEP..P.
comes true when the processor is running, it forces a halt at the end of the micro currently
executing. This method is used to halt the processor for the "A equals console switches"
feature. In this case, the term STEP..P. is generated by the presence of A=CSW.MO which
comes from a static compare of the value contained in A and the console switches, EXECCSP
(execute current state) and NULREGP. (null register). This latter term is decoded from
the register selection levels (from the REGISTER select and register group rotary switches)
and indicates that null (the 24 console switches) has been selected. Note that all of the
logic thus involved operates without the use of any clock signals.

The processor halt in response to the HALT button on the console is also brought about by
generation of the STEP..P. term. Refer to the following HALT pushbutton description for
details.

HALT PUSHBUTTON

Use of the HALT pushbutton causes the processgr to cease operations at the completion of the
micro currently executing in the M-register. The action brought about by pressing HALT is
dependent on the operating mode which has been selected. In the run mode, the next micro

is placed in M, and the MSM address (in A-register) is upcounted to indicate the second
succeeding micro. In tape mode, the currently executing micro remains in M, and A is not
upcounted. Either case prepares the processor to begin operations where it left off when
START is again pressed.

2-6
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Figure 2-4. S-Memory Console Read Timing
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Figure 2-5. S-Memory Console Write Timing
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Figure 2-6. Mode Switch Operational Logic (Also HALT Pushbutton)

Pressing the HALT button generates the control level C/S/H.Tl and removes the level C/S.H/T1.
Refer to figure 2-7. This is done by switch action. At the next system clock pulse, flip-
flop A0 is set, generating the HALTPB.P. term. This, in turn, generates STEP..P. by way of a
buffer, causing the processor to return to the step mode at the conclusion of the execut-

ing micro. This function is the same as that caused by selection of step when the processor
is running, or by "A equal console switches'" when that option is used, except that HALTPB.P.
is clock synchronized.
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Figure 2-7. HALT Pushbutton Operational Logic (Including CLEAR Pushbutton Logic)

CLEAR PUSHBUTTON

The CLEAR button generates the CLEARBPO level which ultimately becomes the master system
clear (MSCLR) signal that goes to the port interchange. This signal serves as a request for
the clear operation. When the port interchange grants the clear request, the level CLRL is
returned to the processor, where it becomes the GPCLRBHO (general processor clear) signal.
This resets the system by clearing all registers and flip-flops in the processor, port
interchange, memory logic, and I/O controls to a defined clear state. The CLEAR button is
active only when the processor is halted (in the console current state). Note, however, that
if the processor cannot be halted by ordinary means, a halt may be forced by simultaneously
depressing the HALT and CLEAR buttons. This is possible because a special circuit was
included to enable CLEAR when HALT is pressed, regardless of the current state existing in
the processor.

Pressing CLEAR creates the level C/S/C.T1 (console/switch/clear) and removes the level
C/S/C/T1 (console/switch/clear not), which are applied respectively to the set and reset
inputs of flip-flop 1. (refer to figure 2-8). As with halt, these levels are produced
directly by action of the CLEAR switch. With the set input high, the flip-flop output also
goes high at the next clock pulse, generating the CLEARBP. (CLEAR button) signal. This
signal remains present for as long as CLEAR is held pressed. CLEARBP. is ANDed with the
CLR.OKP. (clear OK) signal to produce CLEARBPO which goes to the PAPDIC logic. There it
assumes the mnemonic MSCLR..1 (master system clear), and is passed unchanged to the port
interchange. The signal CLR.OKP. is true whenever the processor is in the console current
state, or the HALT button is pressed (CONCSP. or HALTB.P. true). The clear signal returned
from the port interchange is known as CLRL...l1 (clear level). It is passed unchanged through
the PAPDIC logic, and there assumes the mnemonic GPCLRBHO (general processor clear) which
performs the ciearing function throughout the processor.

2-10
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Figure 2-8. Clear Signal Generation

INTERRUPT SWITCH

The INTERRUPT switch sets bit O of the CC register. The presence of the interrupt bit is
handled programmatically. In hardware terms,placing this switch up creates the level C/S/I.T1
(refer to figure 2-9). This causes the output of the flip-flop FFAl H3 on card A to go high
at the next clock pulse, generating the signal CCOF..A. (CC bit O). Since C/S/I.T1 is

applied to the J-input of the dual-mode flip-flop, CCOF..A. remains high until cleared or

set to zero. This flip-flop, as can the others comprising the CC and CD registers, may be
loaded from other external sources. This is accomplished by changing the mode to direct set
and applying the data to the D inputs of each flip-flop.

%
o T*L20..A
CC < 4X.A.
C/S/1.T1 FEAOQ
< L F=—-
CCOE..A. °
CLRCRDA. FFA1
DCSP4

v
Figure 2-9. INTERRUPT Switch Operational Logic

INC (INCREMENT) PUSHBUTTON

Pressing the INC button causes the A or FA address to be upcounted by one word, or 16 bits
(all micros are 16 bits long). The register incremented depends on whether MSM(A) or

For Form 1066941 2-11
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S-memory (FA) is addressed by the console switches. This capability is provided as a
convenience to the operator for use in examining/altering the contents of memory, and is
available only in the console current state.

Operationally, pressing INC creates the level INCA..T1l and removes the level INCA/.Tl1 (refer
to figure 2-10). These feed the J- and K-inputs, respectively, of flip-flop 2. This stage,
along with flip-flop 2, is a one~shot pulse generator. With the J-input true and K-input
false, flip-flop 2 changes state at the trailing edge of the next clock pulse, producing the
level INCAF1P. This, in combination with INCAF2P. and CONCSP (console current state),
produces CONINCP. (console incrementation). INCAF2P, is a continuous level which is absent
only when FFAO DO is set. This occurs at the next clock pulse, when its inputs INCAF1P. (J)
and INCAFOP. (K) are true and false, respectively. INCAF2P, going false one clock pulse
after INCAF1lP., comes true also and causes CONINCP. to go false, thus restricting it to a
one clock pulse length. The latter condition, with INCAF1P true and INCAF2P false, remains
for as long as the INCA console switch is pressed. When it is released, the converse
operation occurs, with INCAF1F. going false, and one clock later INCAF2P going true. Since
the two are never true at the same time during resetting, CONINCP. is not generated. Both
flip-flops are reset when the signal CLRCRDP is received by changing the operational mode
from JK to D-Set.

INCAFOP
o CLRCRDP
-
1
INCAF2P
EFAD \ CONINCP
!!NCA"T1 INCAF1P /
f 2
INCA/.T1 A1
al MSVIREGP. ‘
)INCA&R
o DSCP..P.
: ) CR+WRGP.
o— CONSCSP ) INC.FAP.

Figure 2-10. INCREMENT-A Switch Operational Logic

The signal CONINCP. is ANDed with CR4+WRGP (console read or write register group) and INCAS.P
(increment A-register straight) to produce the signals MSMREGP (MSM register group) and
INC.FAP. (increment FA register), respectively. The signals CR+WRGP and MSMREGP are decoded
from the register group and register select signals.

START PUSHBUTTON

Pressing the START button initiates processor operation by forcing the current state genera-
tion logic to go to start current state. The execute current state follows automatically, but
thereafter control is dependent on the program executing and the operational mode selected.
Start is active in the console current state only.

The start operational logic is a one-shot pulse generator which is identical to the device
used for INCA. Therefore, it is not described in detail. As with INCA, the control levels
C/S/S.T1 and C/S/S/T1 from the START switch are false and true, respectively, in the resting



B 1720 Series Central System Technical Manual

state. Pressing START reverses the state of both, and this causes the output signals
STRTF1B and STRTF2P. to both be true for one clock pulse only (both change state, but on
succeeding clock pulses). This combination generates STARTBP. (START button), which is
ANDed with CONSCSP. (console current state) to produce NSSTRTP. (next state start). (Refer
to figure 2-11.) This latter signal moves the current state generation logic out of the
console current state.

STRIFOP.
o-CLRCRDP
] —
FFAQ STRTF2p.
? C/S/S.T1 L \ _ STARTE®. SSTRTP. o
& cs/simi FFA1 i/
STRTF1iP.
o—DCSP..P. CONSCSP.

Figure 2~11. START Switch Operational Logic
READ/WRITE PUSHBUTTON

The READ/WRITE button initiates a console read or write operation in S-memory. This is
accomplished by enabling the 'pseudo micro" generated by the console register group and
register select switches. The S-memory cycle is initiated by pressing READ/WRITE, which
signals the PAPDIC logic to proceed with the operation.

The READ/WRITE button operational logic is a one-shot pulse generator identical to those used
for Start and INCA. Refer to the discussion of Start for a detailed description of how this
device operates. In the resting state, the control levels C/S/G.T1 and C/S/G/Gl. from the
READ/WRITE switch are false and true, respectively. This results in the flip-flop output
GOHDF1P being false and output GOHDF2P being true, and therefore, the output of the following
AND gate (GOAHD.PQO) is false. When READ/WRITE is pressed, GOHDF1P comes true and remains

so. One clock pulse later GOHDF2P goes false. This causes the AND gate output, GOAHD.PO

(go ahead) to come true for one clock pulse. When READ/WRITE is released, GOHDF1P and
GOHDF2P revert to the resting condition (false and true respectively) on subsequent clock
pulses. Refer to figure 2-12.

LOAD PUSHBUTTON

Pressing the LOAD button produces a two-clock-long enabling signal which is used in the load/
display register. There it causes the load pseudo micro to be produced. Refer to the
register group/register select switch discussion for details on this operation. LOAD is
active only in the console current state.
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Figure 2-12. READ/WRITE Pushbutton Operational Logic

The load operational logic is a one-shot pulse generator adapted to create a two-clock long
output signal. In the resting state, the levels C/S/L.T1l and C/S/L/T1 from the LOAD switch
are false and true, respectively. C/S/L.Tl being false prevents generation of the signal
LD.ON.N., and therefore, flip-flop 2 cannot be set, with the result being that LOAD..NO
remains false. When LOAD is pressed C/S/L.Tl and C/S/L/T1l change state to true and false,
respectively. With C/S/L.T1, CONSCSPO (comsole current state) and LDBF1/N. (reset output of
flip-flop 1) true, the signal LD.ON.N. is generated. This sets flip-flop 2 at the next
clock pulse, generating LOAD..NO. Refer to figure 2-13. Note that in addition to being the
output, LOAD..NO. feeds the set input of flip-flop 1. This causes 1 to set at the clock
pulse following the appearance of LOAD..NO, generating LDBF1.N., and causing LDBF1/N. to go
false. And gate 3 is therefore immediately disabled, forcing LD.ON.N. false, allowing
LDBF1.N. to reset flip-flop 2 at the next clock pulse. LOAD..NO is thus forced false after
two clock pulses. Resetting flip-flop 2 generates LDBF2/N which prepares AND gate 4 for
completion of the sequence. This occurs when LOAD is released; causing C/S/L.T1 and
C/S/L/T1 to revert to false and true, respectively. C/S/L/T enables gate 4, generating
LD.OFFN., causing flip-flop 1 to reset at the next clock pulse. The entire circuit is thus
returned to the resting condition.

RUN INDICATOR

The RUN indicator, when 1lit, indicates that the processor is in the run state and executing
micros. The micros being executed may come from MSM, S-memory, or the cassette tape drive.
Run is derived from the inverse of CONSCSP (console current state). In other words, run is
true whenever the processor is not in the console current state (halted). See schematic
card P, sheet 8.

STATE INDICATOR

The STATE indicator, when lit, indicates that bit 3 of the CC register is set. This function
is handled entirely by software (a micro must be executed to set or reset the bit).

PARITY INDICATOR

The PARITY indicator, when illuminated, indicates that a parity error has been detected
during one of two conditions: a) non-recoverable parity error on a cassette tape read, or
b) a parity error on an S-memory micro fetch. In either case, detection of a parity error
causes the processor to halt, with the PARITY lamp serving as an indication of why this
unexpected termination of operations occurred. It is important to note that detection of a

2-14
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Figure 2-13. LOAD Switch Operational Logic

parity error during any S-memory cycle (other than a micro fetch) does not cause a halt. Such
a parity error is reported by setting bit 3 of the CD register, and is handled as determined
by software. Also, detection of parity errors on micro fetches from M-string memory is not
possible because parity generation and storage are not incorporated in its design.

The general parity error signal, PARERRTO., can be generated either by logic in the PAPDIC
circuitry, or by the cassette control logic. PARERRTO is generated by PAPDIC when reported
by the port interchange, (PARERRH.), provided that a fetch cycle is occurring (FMPMOPH1).
From the cassette control, PARERRTO is generated at sequence count zero time (SC=0..L1) when
the error flip-flop is set (ERRORFL.). This can be caused by several conditions. The
appearance of PARERRTO immediately generates STEP..P., which forces the current state
generation logic to return to the console current state (halt) at the end of the fetch opera-
tion. At the next clock pulse following the appearance of PARERRTO, flip-flop A is set,
generating PE3...L1 (parity error). The PE3...Ll1 signal, in turn, causes generation of
TPPE..L1, illuminating the PARITY lamp. Flip-flop A remains set until reset by the general
processor clear (GPCLR.L1l) signal. Refer to figure 2-14.

CASSETTE ON/OFF SWITCH

CASSETTE ON/OFF is the power ON/OFF switch for the cassette drive.

BOT INDICATOR

The beginning of tape (BOT) indicator is 1it when the cassette in the tape drive is at the
beginning (or end) of the tape. This condition is detected by a photocell which is activated
by a light shining through the clear leader at the ends of the tape. The signal from the

drive is TPRL/..1, which is inverted to produce BOT...Ll. This signal drives the lamp
directly.
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Figure 2-14. PARITY Lamp Operational Logic
REWIND PUSHBUTTON

The REWIND pushbutton when pressed, causes the tape in the cassette drive to return to the
beginning of tape via a high speed rewind. The switch itself provides an enabling signal
(RWD...Tl) which activates the rewind control logic as shown on figure 2-15. RWD...Tl is
ANDed with the reset output of the forward drive flip-flop, which means that rewind is
allowed whenever the tape is not being driven in the forward direction. The output TWRP..L.
(tape rewind pulse) is inverted and fed directly to the cassette drive. This is an
asynchronous control level which remains in the active state for as long as the REW button
is held pressed.

GAP...L.1

START.L. FWD...L1 RWD...T1 TRWP.L1

apcLr.L1 | Fran |EORLL i/ TRWP/.L1

e e el

DSCP1.L.

Figure 2-15. REWIND Switch Operational Logic
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SYSTEM CLOCK

The B 1720 Series System Clock consists primarily of a 6-megahertz crystal controlled
oscillator followed by adjustable delay lines and a buffered distribution system. Three
outputs are produced which are used throughout the system to synchronize logic activity.
These are the early clock, system clock, and adjustable clock which bear a timing relation-
ship to each other the same as the order in which they are listed. In addition to selectable
delay times, features of the system include provisions for use of an external oscillator, and
the capability of single pulse operation on approximately half of the system and early clock
outputs. An overall schematic diagram of the clock system is shown in figure 2-16.

CONTINUOUS CLOCK OUTPUTS

Provided the INTERNAL/EXTERNAL switch is set on INTERNAL, the clock oscillator output is fed
to delay line F2 by way of buffer 2. Note that placing the switch to EXTERNAL enables
buffer 1, activating the external input, and simultaneously disabling buffer 2 by way of
inverter 3. In DL5N "A", the source clock signal is delayed a total of 10 nanoseconds (as
determined) by jumper chip "B", and is supplied as the early clock to the clock drivers by
way of buffer 4. Additional outputs from the delay line are supplied to jumper chip ''C",
where a variety of delayed clocks may be chosen to drive gate 5, the output of which is
known as the adjustable clock. This signal is used exclusively by S-memory, and is usually
delayed by an additional five nanoseconds. Note that in addition to the outputs of A, the
further delayed outputs of delay line D are available at C. These provide a wide range of
selectable delays from the system clock. A fixed output from D is used to provide the clock
signal (CRTCLKO) for the single pulse circuit. This signal is delayed by 15 nanoseconds
from the system clock. The clock drivers which can be used in a single pulse mode are
controlled by this circuit, which serves only to enable them. Therefore, in the normal mode,
the system clock output from the single pulsed clock drivers is identical to that from the
other system clock outputs. In normal, the single pulsed outputs are enabled by a true level
from buffer 6. The remaining system clock outputs are always enabled by a constant true

from inverter 7. Refer to figure 2-17 for an illustration of continuous clock timing.
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SINGLE PULSE CLOCK

In the single pulse mode, four of the early clock drivers and six of the system clock drivers
can be caused to (simultaneously) pass a single clock pulse. This is accomplished manually
by pressing the SINGLE PULSE pushbutton. The single pulse circuit consists of a group of
flip-flops which control the enable outputs from buffers 6 and 8. 1In the normal state,
FFAN's F, G and H are reset. With neither input to inverter 9 true, the set output of

FFAN F (which operates in the D-set mode) is true. This enables buffer 6, generating the
normal enable signal for the single-pulsed clock drivers. Selecting the single pulse mode
disables this signal by switching both the output of inverter 9 and the set output of F
false. The same result may be achieved by applying a true to the SYNC-STOP banana plug
(SYNS...0.), which is the other input to the inverter.

Pressing the SINGLE PULSE pushbutton sets FFAN E at the next CNTRCLKO pulse, providing a true
output from buffer Fl-1. With FFAN E set, the next CNTRCLKO pulse sets FFAN G, causing its
reset output to revert to false. This disables buffer 8. Therefore, the 10 single-pulse
clock drivers were enabled for one cycle of CNTRCLKO, which is just sufficient time to allow
a single system clock pulse to pass to their outputs. The timing relationship of this
sequence is illustrated in figure 2-18. Releasing the pushbutton resets FFAN E at the next
CNTRCLKO pulse, which in turns resets G at the following clock, restoring the circuit to
resting condition. It is also possible to use an external Single Pulse switch. Connecting
the external switch presets FFAN H, disabling the local single pulse switch by removing

the true signal (INSIC.0) from it.
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CLOCK DISTRIBUTION

The various clocks are brought via coax cables to the different parts of the central system.
(Refer to figure 2-19.) The adjustable clock goes to main memory where it is used to develop
all the necessary memory timing signals. The early clocks go to the I/0 distribution card,
the port interchange control card C, and the processor card R, where they are further delayed
and used as special clocks within the associated logic. System clocks go to the processor
cards B, H and, R as well as to the port interchange control cards A and B where they are
delayed another 10 nanoseconds until they are finally derived as SCPM..KO outputs and brought
to the backplane for distribution to all the other logic cards and the M-string memory cards.
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CURRENT STATE LOGIC

The current state logic is the most significant portion of the processor, because it exerts
the major controlling influence over the operational configuration which is allowed to exist
in the various sections of the machine. All processor operations involve logic activity in
one or more of the current states, and the machine is in one of the five defined states at
all times. For this reason the B 1720 Series is known as a "finite state machine."

CURRENT STATES

The current states are each activated by a single control level which serves to enable the
appropriate circuitry for performing the defined functions of the state. These control
levels, by which the current states are known, may be defined as follows:

CONSCSP. - console current state. True only when the processor is halted. The load
display functions of the console are enabled when CONSCSP. is true.

STRTCSP. - start current state. True for one clock pulse when the console START button
is pushed. This is a transient state which conditions the processor logic
to enter the execute current state, which follows, The cassette tape
drive is started in this state when tape mode has been selected.

EXECCSP. - execute current state. The normal operating state of the machine wherein
micros are gated from MSM to the M-register and executed. Micros gated to
M from other sources (as a result of the micro being executed) may also be
executed in EXECCSP.

FTCHCSP. - fetch current state. This state is entered when it is necessary to fetch
a micro from some source other than M-memory (S-memory or the U-register).
Fetch is unique in that it involves actions which duplicate certain micro
functions without actually executing one. FTCHCS is, in a sense, a sub-
state of EXECCSP, because it may only be entered from or exited to that state.

STOPCSP. - stop current state. A one clock length transient state which conditions the
processor logic to enter the console current state, which follows. The
cassette drive is halted in STOPCSP, if running

CURRENT STATE FUNCTIONAL DETAIL
The current state of the machine is stored in three flip-flops, BMAC1F (24), BMAC2F (23), and

BMAC4F (22), which are basic micro and address control flip-flops, all operating in D-set
mode when CHBGCSP1l (change basic control state) is true. Refer to figures 2-20 and 2-21.
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After a power on, a clear, or a halt, the processor is in CONSCS with flip-flops 22, 23, and
24 all being reset, thus enabling the zero output of DFAN 28. At this time EFAN 15 is
enabled since thée buffer 13 output is false. Depression of the START button enables

buffer 12, producing NSSTRT (next state start) true. With EFAN 16 enabled and NSSTRT true
CHGBCS and BMACI1L. (basic micro and address control 1 level) are produced. The next DSCP
sets flip-flop 24 which is decoded through DFAN 28 to give STRTCS.

STRTCS is ANDed with MTR (tape mode) to give CSTARTPO and DSETM, so that if the processor
is in MTR mode the cassette drive is started and zeros are clocked into M-register.

STRTCS also goes to the reset input of the HALTF.F. (7) and to gate 11 to produce NSEXEC
(next state execute), which is encoded through EFAN 15 to produce CHGBCS and BMAC2L. The
next clock after entering STRTCS sets BMAC2F (23) (to decode EXECCS through DFAN 28), resets
HALTF.F. (7), and (if in tape mode, MTR), starts the cassette drive, and loads zeros into
M-register. See card P, pages 1 and 2.

With EXECCS now true the output from buffer 13 is true, EFAN 15 is disabled, and the output
of buffer 14 is true which enables DFAN16 (if MTR is false). Provided there are no excep-
tion conditions AOB (A-out-of-bounds), M..SNK (M-register sink) or halt, the zero output of
DFAN 16 is true which maintains a true on the D-input of flip-flop 23. Each time FINISHP1
is true (at the end of execution of each micro instruction) and JUMP/ is true (indicating
that the next sequential micro is to be executed), CHGBCS is true from gate 19 putting
flip-flops 22, 23 and, 24 in D-set mode. 23 remains set and 22 and 24 reset. The processor
remains in EXECCS executing micro instructions and testing each time FINISH and JUMP/ are
true for an exception condition.

Micro instructions are normally fetched from M-string memory in one system clock time while
the previous micro instruction is being executed. 1If the A-register address is greater than
TOPM then AOB is true (A-out—-of-bounds) and the next micro to be executed must be fetched
from S-memory. AOB true enables output #4 of DFAN16, producing the level BMAC4L. With
FINISH true at the completion of execution of the current micro in the M-register, BMAC4F
(22) sets. BMAC2F resets, and BMACIF (24) remains reset. This allows FTCHCS to be decoded
from DFAN28, EFAN15 to be enabled, and DFAN16 to be disabled. A fetch from S-memory takes
place, and at the end of memory cycle DNMEM.HO (done memory) comes true and through gates 1
and 10 causes NSEXEC to become true (next state execute). As EFAN15 is now enabled the next
DSCP sets BMAC2F (23) and resets BMAC4F (22) to decode EXECCS and allow execution of the
micro instruction which has just been fetched from S-memory.

If the processor is in the tape mode, then DFAN16 is not enabled when entering EXECCS from
STRTCS. With EXECCS true and MTR true, gate 18 is enabled, which forces BMAC4L true. Zeros
were gated into M-register as the processor went from STRTCS to EXECCS. A one-clock no-op
is executed, FINISH and JUMP/ are true so that BMAC4F (22) is set and BMAC2F is reset on the
next clock pulse after entering EXECCS in MTR mode. FTCHCS is now true. The processor now
waits while a micro instruction is read from the cassette tape and assembled in U-register.
When a complete micro has been read into U-register, UDP...LO (U-data present) comes true.
The micro instruction is gated through the MEX and into the M-register and, simultaneously,
UDP...LO true gives NSEXEC true from gates 2 and 10. The next DSCP sets BMAC2F (23) and
resets BMAC4F (22) to decode EXECCS from DFAN16. The micro read from tape, and now in
M-register, is executed. At the completion of execution FINISH is true, again putting flip-
flops 22, 23, and, 24 in D-set mode. Gate 18 forces BMAC4L true and BMAC4F sets and BMAC2F

resets. The processor has now returned to FTCHCS and waits for the next micro instruction to

be read into the U-register.

For Form 1066941
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HALT LOGIC

The signal HALT..Pl may come true from several sources:

HLTMOPP. = Halt micro decode.

PARERRTO = Parity error.

MTR*CASTOPP. = MTR mode and cassette stop micro.
SNGMOD = Single step mode.

HALTB.P. = HALT pushbutton.

A=CSW*NULLREG*EXECCSP

A-register address equals console switches and null register
and execute current state

Any of the above conditions brings STEP..P. true (figure 2-22) which, through gate 6, gives
HALT..P1l true and puts a true on the set input of HALTF.F. (7). In run mode and EXECCS,
gates 17 and 18 are disabled and DFAN16 is enabled. HALT..P1l true is decoded by the
DFAN16 to make the number 1 output true. Through buffers 20 and 21, BMACIL and BMAC4L are
true. After execution of the current micro, FINISH and JUMP/ at gate 19 allow BMAC1F (24)
and BMAC4F (22) to be set and BMAC2F (23) to reset. STOPCS is decoded from DFAN28. Stop
current state forces CSTPAGPO true (card P, page 1) to stop the cassette drive at the next
gap. EFAN15 is now enabled and, with STOPCS on the zero input, CHGBCS is true and all the
BMACnL signals are false. The next DSCP resets BMAC1lF, BMAC2F, and BMAC4F to put the proc-
essor in the console current state and enable the load/display functions. The processor can
only return to EXECCS by depression of the START push button (via gate 12).

If the processor had been in FTCHCS when HALT..Pl came true then the fetch would continue
until DNU+M came true. Through gate 9, NSSTOP comes true and the processor goes from FTCHCS
to STOPCS to CONSCS, with the next in-line micro to be executed in the M-register. In MIR
mode DFAN16 is disabled and is bypassed by gate 17 to force a similar function as when in
the run mode.

If, in the run mode, EXECCS, FINISH, and HALT..Pl are true but JUMP/ is false, this would
imply that a BRANCH or SKIP micro is currently being executed and the jump is to be taken.

In this case one extra clock pulse is required to allow the new micro instruction at the
"branch to" address to be fetched and the '"branch to" address in A-register to be incremented
by one to address the next in-line micro. JUMP/ is true at the extra clock pulse and the
halt logic takes the processor to the console state as before with the next micro to be
executed in M-register and A-register addressing the next micro to be fetched.

2-30



B 1720 Series Central System Technical Manual

HALT (CONSOLE SWITCHES EQUAL A-REGISTER)

When null register is selected by the console dial settings and the processor is in run mode
(and executing micro instructions), the processor will halt whenever the contents of A-register
match the console switch setting (starting with the fifth switch position from the right and
ignoring the left-most six positions). Card M (page 6) contains three CFAN's where a compar-
ison is made: compare console switches CSWO4 through CSW17 to A-register bits AOOF through
Al3F.

When an equal comparison is found, A=CSW.MO is true. This signal goes to card P (page 8)
where it is ANDed with EXECCSP. and NULREGP. to make STEP..P. true and bring the processor
to a halt. A-register/console switch alignment is shown in figure 2-23.

D5SCP l ! ! |
f i iy
M-REGISTER | M-INSTR ! M-INSTR i
b £ .
STEPP ]
HALT P1 f
4 R ——
BMACHL EMAC2L ]l BVMACTL* BMAC4L | BMACIL*2L*aL
|/
BVIACnF BMAC2F BVACTF*BMACAF BACIE*2F+aF
FINISH
CURRENT EXECCS EXECCS STOPCS g CONSCS
STATE 3
XPOF ENABLE M-REGISTER TO MCP LINES \

IF RUNNING DISPLAY REGISTER

A L
T STOP CASSETTE ~ ENAELE LOAD/
TO MOP LiNES

SET NEXT M-INSTR

TO BE EXECUTED IN
Vi-REGISTER AND
INCREMENT A ADDRESS

SET HALT F.F.

Figure 2-22. Halt Logic Timing
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A-REGISTER

The A-register is the address register for M-string memory. It is 14 bits wide and consists
of flip-flops. A's input comes primarily from the main exchange, from which it receives bits
04 through 17 only. This displacement is due to the fact that MSM is addressable in one word
(16-bit) increments only, which is the binary weight of MEX bit 4. Refer to figure 2-23.

The other inputs to A are from the increment logic and the relative displacement (branch)
logic.

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O 24 MEX

v

1312 11 10 9 8 7 6 5 4 3 2 1 0

2 1 2 11286432 16 8 4 2 1

WORD NUMBER
ROW NUMBER

CARD NUMBER

Figure 2-23. MSM Addresses in A-Register
A-REGISTER FUNCTIONAL DETAIL

Transferring the contents of the MEX to A is accomplished by the level A+MX..PO, which when
true enables the input gates MEX04BTO through MEX17BTO. Refer to figure 2-24. The levels
DSETAOM. through DSETA3M. must be true to put the flip-flops in the D-set mode. In this mode,
the MEX has control of these flip-flops. This occurs at the next clock pulse DSCP..M. The
outputs of the flip-flops are continuously available through buffers to the MSM addressing
logic. The flip-flop outputs are labeled according to the significance of each bit in the
addressing of MSM. MSWAQOMO through MSWAO7MO indicate M-string word addresses 0 through 255
within the 256-bit storage chips which are used. Note that these bit positions have dupli-
cate outputs labeled MSWA10MO through MSWAL7MO. The two sets of buffers contain identical
addresses, and are required only because the physical addressing hardware on each MSM card

is divided into two sections to reduce the load on the buffers. Outputs MSWAOOMO through
MSWAO7MO feed the first two rows of M-string memory storage chips, and MSWA1OMO through
MSWA17MO feed the last two rows. The outputs MSROOMO and MSROIMO indicate M-string (chip)
row addresses, and are used to enable the appropriate chip row. They are likewise duplicated
by MSR10/MO and MSR11/MO which are used in the same manner (duplicate outputs) as the word
addresses. The two remaining bits are MSCAO.MO and MSCA1.MO which indicate the M-string card
address, permitting selection of one of the four (maximum) MSM storage cards.
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BRANCH LOGIC

The contents of the A-register may be changed by adding or subtracting the contents of MOP
lines 0 through 3 (for a 4C or 5C micro) or MOP lines 0 through 11 (for a 123C or 145C micro).
Refer to figure 2-25. 1In these cases the MOP lines mentioned contain the branch relative
displacement magnitude. In addition to its outputs to the MSM addressing logic, the
A-register produces several address bit outputs, among which is the group that feeds the
relative displacement adder. These lines are known as AQOF1.M. through A13F1.M. and con-
stitute half the adder's inputs. The other half are the MOP lines 00 through 11 which con-
tain the literal. Completing the loop back to the A-register are the AFAN adder chip SUM
outputs RDSPOOM through RDSP11M.

The operational mode of the adder is controlled by the signal RDMODEFO, which is true or
false depending on the desired direction of the branch. RDMODEFO being false causes the
entire circuit to function as an adder, while true selects the subtract mode. Note that the
inputs to the adder from MOP lines 04 through 11 are gated, and enabled by the signal
123C..F1. This signal is true only when a 123C or 145C micro is being executed, entailing
the entrance of a 12-bit literal. Likewise, the level A<RDSPFO (relative displacement to A)
must be true to allow the outputs of the adder to enter the A-register.
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Figure 2-25. Relative Displacement Adder (Branch Logic)
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INCREMENT A-LOGIC

The A-register may also be incremented by one (note that a one-address increment of A
equals 16 bits in MSM). This is done by the increment A-counter illustrated in figure 2-26.
The counter is preset to add a binary 1 to the contents of the A-register, and performs no
other function. It uses as inputs the levels AOOFl.M. through A12F1.M., which are derived
from those outputs of the A-register flip-flops which are not used for addressing. For

bits 00 through 07 these are the reset outputs of the flip-flop (inverted), while bits

08 through 12 use the set outputs. The incrementation function is automatic, being only the
result of an ANDing process, and is continuously available. The counter output is enabled
by the level INCA..PO, generating the levels INCROOM. through INCR13M. (increment address
register). Since the levels DSETAnM are false except when A is being loaded from an external
source, the flip-flops are normally operating in the J-K mode. Therefore, the appearance of
INCROOM through INCR13M, which feed the J- and K- inputs in parallel causes the register to
be upcounted by complementing (flip-flops change state when a l-bit is present at both
inputs). The result is not monitored and can wrap around.
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ADGFL.M. P, % N
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AOSFI.M ¢t
— N\ INCO6.M. — NCROB M
0
AC4FI.M. ‘
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Figure 2-26. A-Register Increment Logic
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MEMORY BASE REGISTER

The memory base register (MBR) is a conventional storage register utilizing RFBN chips, and
is used exclusively to store a binary value for reference purposes. Refer to figures 2-27
and 2-28. This value is automatically added to the contents of the A-register (when the
upper limit of M-string memory is reached). The result (A+MBR) serves as the S-memory address
where the continuation of the micro string in MSM may be found. Associated with MBR is an
S-fetch address adder which performs the actual addition of the contents of the two registers.
This logic is active only when the level AOB..GO is true, indicating that the top of MSM has
been reached. The overall purpose of the MBR-TOPM-AOB logic is to allow for the use of micro
programs larger than the capacity of MSM. Access to MBR is from the 24-bit main exchange or
the 4-bit result bus (for the four least-significant bits only). Output is to the S-fetch
address adder. Note that MBR bits 00 through 04 bypass the adder, as they refer to a bit
address and are unaffected by manipulation of A.
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Figure 2-27. 4 LSB of MBR, TOPM Register and AOB
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Figure 2-28. MBR Register Bits 04 Through 23

TOPM AND AOB

TOPM is a 4-bit flip-flop register which, like MBR, is used to store a reference binary value.
Refer to figure 2-27. The contents of TOPM are equal in binary weight to bits 09 through 12
of the A-register, and are compared with them on a constant basis by the AOB (address out of
bounds) comparator. Whenever the contents of A-bits 09 through 12 are equal to or greater
than the value in TOPM, the level AOB...GO goes true, causing the contents of A and MBR to be
added together. The sum (A+MBR) is gated to the PAPDIC logic as the S-memory address for the
next micro fetch. See figure 2-29. Incrementation and counting up/down of A continues in the
normal manner, but it now addresses S—-memory rather than MSM.

Inputs to TOPM are from the 4 least-significant bits of the MEX or the 4-bit result bus.
TOPM<4TO must be true to load TOPM in either case, with 3+6C/.FO also required if the source
is the MEX. TOPM's output is continuously available to the CFAN comparator chip, and this
serves as the B input. Bits 09 through 13 of the A-register are also fed continuously to the
CFAN, comprising the A input. The chip outputs "A equal B" and "A greater than B" are tied
together to produce AOB...GO in either case. Note that there are five A-register inputs as
opposed to the four from TOPM. This is to ensure that all binary combinations which may occur
when A is greater than TOPM are covered. Note also that TOPM is preset to clear to a value
of 1000 (the level CLEAR2G. feeds the set input of bit-position 3 flip-flop and the reset
input of the others). This is equal to the maximum possible size of MSM. When TOPM is
loaded programmatically, any lesser value may be chosen, at the option of the programmer. 1In
addition to going to the comparator, TOPM's output may also be gated to the auxiliary

4-bit exchange.
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Figure 2-29. S-Fetch Address Adder (Bits 04-07 Shown)

FA REGISTER

The FA register is 24 bits in length and is used to store the S-memory address for read and
write operations. In addition, it may be sourced or sinked as a general purpose 24-bit
register for operations which do not involve memory access. For memory addressing functions
it is possible to increment or decrement FA by binary values from 1 to 32, and to add to or
subtract from its contents the value contained in a 24-bit literal from left scratchpad.
These capabilities are provided by the count FA adder/subtractor and scratchpad relate FA
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adder/subtractor which are included as an integral part of the register's logic. Inputs and
outputs of FA are as follows:

Name Purpose
Main exchange (input) Load FA
Left scratchpad (input) Load FA or add or subtract to

value in FA

CPL or literal (input) Control of incrementation/
decrementation

Main exchange (output) Source FA

Direct path to PAPDIC logic (output) Address S-memory

Direct path to left scratchpad Store contents of FA

(output)

FA REGISTER FUNCTIONAL DETAIL

The FA register (figure 2-30) is composed of RFAN 3-bit register chips which are divided into
two groups. These groups consist of bits 00 through 05 (lower) and bits 06 through 23
(upper). The purpose of the division is to allow independent control of the chip operational
mode for the two groups. Of the eight possible modes, only D-set, add, and subtract are used
in this circuit. It is necessary to control the operating modes of the chip groups independ-
ently because the register must be configured differently for the various operations it can
perform. The modes actually employed are shown in table 2-1. The significance of this is as
follows:

Table 2-1. FA Chip Operational Modes

Operation Upper Chip Mode Lower Chip Mode Notes

Load D-set D-set Adders Inactive

Increment Add D-set Count FA adder
Active

Decrement Subtract D-set Count FA adder
Active

Scratchpad Relate Add Add Add Scratchpad Relate
Adder Active

Scratchpad Relate Subtract Subtract Subtract Scratchpad Relate
Adder Active
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For a load operation, the value placed in FA is from an external source, and needs no
modification. Therefore, the entire register may operate in the D-set mode.

For increment/decrement operations a literal value from 1 to 32 is added or subtracted to the
value already in FA. For reasons of speed, this is done in an external high speed adder
(count FA adder). This device has inputs from both the lower five bits of FA, and the CPL
register (from which the literal is supplied). The add (or subtract) is performed within the
count FA logic, and the result gated back to bits 00 through 05 of FA, which operate in the
D-set mode. Carries or borrows generated by the increment/decrement are handled by the
auxiliary carry logic which accompanies the adder. Note that only the carry/borrow inputs

to the upper register chips are used during this operation.

During scratchpad relate add/subtract operations the value in FA is increased or decreased

by the value contained in a 24-bit word of left scratchpad. This involves addition or sub-
traction performed by the RFAN chips themselves. Only the carries/borrows for bits 03 through
14 are determined externally, and this function is performed by the scratchpad relate adder/
subtractor. This device is used to enhance the speed of the operation. The fact that only

14 bits (plus 1 carry) are accounted for by the adder limits the value which may be added or
subtracted to 65,535.

Load

Loading FA from the MEX is enabled by the level FA«MX.RO and from left scratchpad by FA<«PL.RO.
Refer to figure 2-30. 1In either case, mode control lines LFAMO.RO and LFAM2.RO (lower group),
and UFAMO.RO and UFAM2.RO (upper group) are false while LFAM1.RO and UFAM1.RO are true. This
causes all chips to operate in the D-set mode. Gating the contents of FA to the MEX is
brought about by MX<FA.RO coming true, and FA to left scratchpad by PL<FA.RO true.

Increment/Decrement FA

Incrementing FA occurs when the level CNTFA.RO (count FA) is true and FA+-MORO (FA add/
subtract mode) is false. Refer to figure 2-31. Since the count FA adder outputs FA+-00C
through FA+-05C. are continuously available, these levels serve only to enable gating.
CNTFA.RO enables the gates admitting FA+-00C through FA+-05C. to the corresponding register
inputs and, in combination with FAADD.C. (FA add mode), generates FA++..C. which enables the
carry generation logic. The value contained in SPCPLOTO through SPCPL4TO determines the
amount to be added to the FA register's contents. Note that the five least-significant bits
of FA (FAROOLCO through FAROS5LCO) are also inputs to the adder. When this process of addition
produces a carry, the level FACAR6C comes true, which enables the buffers associated with
CNTFA.RO. and FAA++..C. This, in turn, produces FACIO2C, which increments the upper register
group by 1, and UPCI..C. which enables the outputs of the higher order carry logic. Addi-
tional operation of the upper register group in the add mode is caused by UFAM2.RO being true
and UFAMO.RO and UFAM1.RO being false. Additional carries may or may not be produced,
depending on the contents of the register. Note that incrementing FA by 16 (as when the
console INC button is pressed) is done by forcing SPCPL4 true.

Decrementing FA is similar to incrementing, except that both the adder and upper chip groups
operate in the subtract mode. This is caused by FA+-MORO being true in the case of the
adder, and UFAMO.RO through UFAM2.RO true with UFAM1.RO false for the upper chip group. 1In
addition to changing the mode of the AFAN chips of the adder, FA+-MORO enables generation of
FA--..C., and by way of its complement, FAADD.C. (which is false), disables generation of
FAA++..C. When the need for a borrow from a bit position higher than 05 arises, the level
FACAR6C goes true, generating DOWNCIC. This, in turn, enables the borrow outputs of the
higher order carry logic. Note that FACIO2C is also generated, but is not significant
because the bi-directional, carry/borrow terminal on the upper group RFAN (which it feeds)
is not active as an input when the chip is in the subtract mode.
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Figure 2-30. The FA Register Bits 00 Through 05
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Scratchpad Relate

The scratchpad relate FA adder/subtractor is active only during the 8D Micro. Refer to

figure 2-32. It is not, in itself, a full adder/subtractor, but rather serves as the carry
logic for the register itself when operating as a whole in the add or subtract mode. This
logic is activated by the same levels which cause the lower group register chips to operate in
add or subtract. ‘LFAM2.RO, when true, enables all the carry outputs (FACI02C. through
FACIO7C.) while FAMD..RO, when true, changes the AFAN chips mode to subtract. This matches
the mode change in the lower group RFAN register chips (both are now in subtract mode).

Note that FAGCO5C. and FAGCO6C. bypass the carry logic. Note that FACI02C. through FACIO7C.
are created by ORing of several conditions. The gates which pass the scratchpad relate
adder/subtractor outputs are shown on the count FA adder schematic (figure 2-31).

FB_REGISTER

The FB register, like FA, is used to store information relating to S-memory operations. The
values contained therein serve to describe the block of data in memory which is being dealt
with, and as such serve as a reference only (they do not control any hardware directly). FB
is addressable as a whole (24 bits), or in 4-bit groups denoted FU, FT, FLC, FLD, FLE, and
FLF. In addition, the 16 least-significant bits are addressable as FL. FB and its sub-
registers may be accessed as follows:

From/to 24-bit main exchange
From/to right scratchpad (direct path)
From 4-bit result exchange and to 4-bit auxiliary exchange

The 16-bit FL portion has an FL up/down counter associated with it, and may be incremented
or decremented by any value from 1 to 32. This value comes from CPL or the literal con-
tained in a micro instruction.

FB REGISTER FUNCTIONAL DETAIL

The FB register is composed of RFAN and RFBN register chips, plus several flip-flops. It is
arranged in the configuration shown in figure 2-33. The somewhat unusual design of the

FL portion was necessary to allow individual access to the 4-bit sub-registers within it, yet
still permit FL to be incremented and decremented as a whole. To effect this, 4-bit registers
(with an add/subtract capability) were created by joining an RFAN and a flip-flop. As with
the FA register, control of the operational mode of the individual chips is used to configure
the register for different functions. The modes employed are shown in figure 2-34. For load
operations, all addressed portions of FB operate in the D-set mode because the values

inserted come from an external source.

Incrementing or decrementing the FL portion involves modifying a value already present. As
with FA, the five least-significant bits receive the output of an external adder/subtractor
(FL count up and down counter), and therefore operate in D-set. The higher-order logic
operates in add or subtract mode to account for carries/borrows. This includes the FLC and
FLD flip-flops, which are connected so as to complement when a carry or borrow is received.
Due to the variety of control levels involved, the functional description is broken down by
operations.
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Figure 2-32. Scratchpad Relate Adder/Subtractor
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FLC FLD FLE FLF
FU FT
FL
23|22121|2019|18|17|16]15]14|13|12|11|10} 9|8 |7 | 6|5 |4}|3|2|1]0
—— —— o~ N Nt~ N
RFBN RFBN RFAN F/F F/F RFAN RFAN F/FF/F RFAN
Figure 2-33. FB Register Operational Configuration
REGISTER PORTION
OPERATION FU FT FLC FLD FLE FLF
(RFBN) (RFBN) (RFAN) (F/F) | (F/F) (RFAN) (RFAN) (F/F)| (F/F) | (RFAN)
LOAD* D-SET D-SET D-SET D-SET | D-SET | D-SET D-SET D-SET | D-SET | D-SET
INCREMENT FL N/A N/A ADD J-K J-K ADD ADD D-SET | D-SET | D-SET
DECREMENT FL N/A N/A SUBT J-K J—K SUBT SUBT D-SET | D-SET | D-SET

*TRUE ONLY FOR THE PORTION(S) BEING ADDRESSED

For Form 1066941
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Load

To load FB (as a whole) entails use of either the MEX or right scratchpad inputs. Refer to
figures 2-35 and 2-36. In the former case, the levels FL+MX.RO (main exchange to FL),
FLF<MXD. (main exchange to FLF), and FB+MX.RO (main exchange to FB) must all be true.

Three enabling signals are needed because it is possible to load FL only from the MEX, plus
the fact that the four least-significant bits of the MEX are also used for entrance of the
4-bit result bus.

This latter condition requires that gating the MEX bits to the FLF portion be controlled
separately. Loading FB from right scratchpad occurs when the levels LFB<PRD. (right
scratchpad to lower FB) and UFB«PRD. (right scratchpad to upper FB) are true. The division
is of no significance since both control levels follow the level FB<PR.RO.

Loading any 4-bit portion of FB from the 4-bit result bus is controlled by individual
levels. As previously stated, 4RSLT enters the circuit by way of the 4 least-significant
bits of the MEX, which is an available input of each 4-bit sub-register. Gating 4RSLT into
the registers is as follows:

Register Control Level
FU FU«<4BTD.
FT FU«4BTD.
FLC FLC«4BTD.
FLD FLD«4BTD.
FLE FLE«4BTD.
FLF FLF<MXD.

In all loading operations, appropriate levels must be present to place the register elements
in the D-set mode. These are:

Register
Element Control Level
FU FUDSETD.
FT FTDSETD.
FLC FLCDSTD.
FLD FLDDSTD.
FLE FLE3M1D. + FLEFMI1D.
FLF FLFDSTD.

Note that FLE3M1D. and FLEFM1D. are both generated whenever FLEDSTD. or LFB«PRD. is true.
This latter signal also generates all the others listed above.
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Figure 2-35.

FL Register (Bits 00 - 07 Shown)
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Increment FL

Incrementing FL involves adding the contents of an external 5-bit input (SPCPLOTO through
SPCPL4TO) to the existing contents of the 5 least-significant bits of FL, then returning the
sum to the register. Refer to figure 2-37. To receive the sum, the circuit elements of FLF
plus the FLE flip-flop operate in the D-set mode, with the remainder of the register acting
as a counter to handle carries. Such carries are generated by the external carry logic
associated with the count FL adder/subtractor. As with FA, the increment operation is con-
trolled by two levels: CNTFL.TO (count FL) which is true for either an increment or decre-
ment, and FL4+-MOTO (FL add/subtract mode) which differentiates between the two. FL+ - MOTO
is false for an increment.

The FL adder/subtractor is active at all times, continuously monitoring the contents of FL's
five least significant bits and the SPCPL inputs. CNTFL.TO enables the input gates to FLF,
in addition to the FLE flip-flop for the adder/subtractor's outputs (FL+-00D. through

FL+ - 05D.). At the same time CNTFL.TO places the balance of the FL register (3 most
significant bits of FLE plus FLD and FLC) in the add mode to receive possible carries. Note
that the FLC and FLD flip-flops are in the J-K mode when adding or subtracting. FL+-MOTO
being false causes the AFAN adder/subtractor chips to operate in the add mode, and

generates CNTFLUD. (count FL UP) which enables the output gates of the carry logic. This
allows FLCIO8D. through FLCI13D. to the FL carry inputs when the lowest-order carry input
(FLCIO5D) is true.

Decrement FL

Decrementing FL is done in the same manner as incrementing, except that both the adder/
subtractor and FLC-FLD-FLE (less flip-flop) portions of FL operate in the subtract mode,

and the borrow outputs of the carry logic are enabled. The mode change is caused by FL+-MOTO
being true. This changes the AFAN chip mode directly, and generates the levels CNTFLDD.
(count FL down) and FLDOWND. The former level enables the carry logic borrow outputs when
FLCIO5D. is true, and the latter changes the register chip mode. Note that CNTFL.TO must
also be true for decrementing.

Clearing and Output Gating of FL

Clearing of FL occurs under several conditions. FL<«0..D (reset FL) serves to do this by
enabling both the unconditional clear input of the RFAN chips and the reset input of the
flip-flops. FL«0.DD. is generated either by the external clear signal CLRFL.RO from micro
decoding or internally, when the register is reduced to a value of one (while counting down).
The latter condition forces a reset, preventing the register from wrapping around. This
decrement reset occurs when levels 2FL00.D. (most-significant 3 bits = 0), FLPDWND.

(FL propagate down, bits 05 through 12 = 0), and CNTFLDD. are true, simultaneously.

FL<01.D., when true, also disables CNTFLFD., removing the register chips from the subtract
mode.

The FU and FT portions of FB are cleared by the FURO..RO and CPCLRBHO levels, respectively.

Gating the contents of FL to the MEX occurs when MX<FL.RO is true. FU and FT are gated to
the MEX when MX<FB.RO is true, in which case MX<«FL.RO is also true. The contents of all
24 bits of FB are continuously available to the right scratchpad input, where they are
controlled by input gating.

The contents of the FU, FT, FLC, FLD, FLE, and FLF portions of FB are gated to the auxiliary
4-bit exchange via decoding logic as shown in figure 2-38. The decoders are enabled when

4 C1L8NO is true, and act as determined by the 4-bit source select code from MOP lines 08,
09, and 10. )
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FL Adder-Subtractor
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Figure 2-38. FB 4-Bit Output Decoding
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C-REGISTER

The C-register is divided into four sub-registers (CA, CB, CC, and CD), the first two of
which are available for general data storage. The latter two sub-registers are used exclu-
sively to store interrupts and certain other conditions significant to processor operations.
C is not addressable as a whole, but rather by its four-bit sections only. Any of these may
be loaded from the four least-significant MEX lines or the 4-bit result bus. However, only
the CA and CB portions may serve as a source, in which case they are gated to the auxiliary
4-bit bus. Certain of the bit positions of CC and CD may be loaded individually (in
response to processor hardware functions), and the entire contents of both registers serve
as individual control condition sources. Those CC and CD bit positions which represent
interrupt conditions are monitored continuously by a circuit which serves as a general
interrupt condition indicator.

C-REGISTER FUNCTIONAL DETAIL

The CA and CB portions of the C-register are each composed of a 3-bit RFAN register chip and
one-half of an FFAN dual flip-flop. (See figure 2-39.) These constitute conventional 4-bit
registers, with the 4-bit source data on T#*L.20A. through T*L.23A being clocked into CA when
CA<4X.A. is true and T*L.16A. through T*L.22A. clocked into CB when CB«4X.A. is true. Source
selection for the input lines is external, and these same lines are also used to load CC and
CD (in the same manner). CA<4X.A., being true, puts both the RFAN and upper-half of the

FFAN in the D-set mode when CA is a sink. CB operates likewise. No other modes (except
idle) are used in the RFANs, although the FFANs revert to the J-K mode when the sink select
signal is false. Only the reset inputs of the flip-flops are utilized, and this for clearing
purposes only.

CC and CD are made of FFANs only, and these are operated in the D-set or J-K modes, depending
on what is being done. Loading from the MEX or 4-bit result bus (via the T*Lnn.A. lines)
occurs when the sink select signal CC«4X.A. (CC register) or CD«4X.A. (CD register) is true.
Both signals place the chips they control in the D-set mode, with the direct input being
used for data input. At all other times the CC and CD flip-flops operate in the J-K mode,
and are set by the hardware generated input signals as follows:

Bit Signal Significance

CC3 NONE State Lamp - Set by Software Only

CC2 BS.CC2HO Timer Interrupt *

ccl SRVRQ. QO I/0 Bus Interrupt®

Cco c/S.1.T1 Console Interrupt¥*

CD3 BS.CD3HO Memory Read Parity Error*

CD2 NONE Address Out of Bounds Override; Set by Software
Cbhl BS.CD1HO Address Out of Bounds (Read)

CDO BS.CDOHO Address Out of Bounds (Write/Swap)*

*Indicates five of the seven interrupt conditions monitored for an indication of a general
interrupt condition.

Monitoring for a general interrupt condition is accomplished by an EFAN encoder chip, the
output of which is known as 5/7INTAO. This signal is ORed with two additional interrupt
conditions on card H to produce 7INTORH1 (bit 2 of the XYST (X-Y state) pseudo register).
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Figure 2-39. C Register
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BR AND LR REGISTERS

The BR and LR registers are discussed together because they are identical, and share the
same input and output gating. BR and LR are ordinary 24-bit hardware registers which are
generally used programmatically to store reference memory addresses. Both registers are
addressable as a whole only, and may be sourced or sinked by way of the MEX.

BR AND LR REGISTERS FUNCTIONAL DETAIL

BR and LR are physically divided into 4-bit sections, each of which is composed of one

RFAN 3-bit register chip and one-half of an FFAN dual flip-flop (see figure 2-40). Loading
the registers occurs when BR+MXLQ. (BR register) or LR«MXLQ. (LR register) is true,
respectively. In each case, this enabling signal places both the RFAN and FFAN chips in the
D-set mode, allowing the data present on the MEX to be loaded at the trailing edge of the
next clock pulse. The RFAN and FFAN chips revert to the idle and J-K modes, respectively,
when the enabling signal is false. Only the reset input of each flip-flop is used in the
J-K mode, and this for clearing purposes.

Output gating of BR and LR to the MEX is combined with that of the I/0 bus, and consists of

AND gates (see figure 2-41). The contents of BR are gated to the MEX when MX<BR.Q. and
ALLOW.Q., being true, gates the contents of BR to the MEX.
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BR and LR Registers Bits 00-03
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SCRATCHPAD

The scratchpad is a general purpose, in-processor storage medium for 24-bit data fields.
Scratchpad is divided into two halves: left and right. Each half contains sixteen 24-bit
storage locations. Left and right scratchpad may be used individually as 16 x 24-bit
registers, or together as a 16 x 48-bit register. Note that storing 48-bit data fields in
one or more word addresses of left and right scratchpad does not prevent use of the remaining
words of each scratchpad for individual 24-bit registers.

SCRATCHPAD FUNCTIONAL DETAIL

Scratchpad is composed of 4 x 16-bit RFCN memory chips, and, therefore, is divided into 4-bit
segments. Each segment consists of input gating, a 4-bit latch, a memory chip, and inverted
output gating. (Refer to figure 2-42.)

The input and output gating provides data paths respectively from/to the MEX and FA register.
Input latches are provided because incoming data appears too late to be written into the
memory chips within one clock period of the controlling micro instruction. Since there are
minor differences, left and right scratchpad are discussed separately.

Left Scratchpad

During a write to left scratchpad, data is gated from the MEX or FA, depending on which of
the signals PLF<«MXRO and PLF<«FA.RO is decoded from the MOP lines. This input data is stored
temporarily in the LFAN latches which operate in the D-set mode during write operations. The
operating mode of the latches is controlled by mode lines PLLMO.RO and PLLM1.RO, both of
which are true to select D-set. When not performing a write operation, both mode lines are
false, causing the latches to be idle. The latches are cleared when PLILM1.RO (only) is true.
This occurs when GPCLR.R. (general processor clear) is true.

The scratchpad address for read and write operations comes from the scratchpad address
control logic, entering via the SPAO..RO through SPA3,.RO lines. Writing occurs during the
first half of the clock period following acceptance of the write data in the latches (taking
place when the negative going write enable pulse PLWE/.RO appears). Note that the processor
is already executing the next micro instruction at this time.
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Figure 2-42. The Left Scratchpad Bits 00 Through 03
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Reading from scratchpad is accomplished-by supplying the desired address to the RFCN chips
via address lines (SPAO..RO through SPA3..RO), and gating the output to a sink. Read data
output from the RFCN chips is continuously available, except when PLWE/.RO is false. Gating
to sinks occurs when MC<PL/RO is false, with sink selection being controlled by input gating
at the destination. All outputs of the RFCNs are inverted because they are TTL logic
elements.

Right Scratchpad

Right scratchpad is basically the same as the left, with the exception that its address zero
is reserved for storage of field unit and field length information (SFU and SFL).

Data can be written into right scratchpad from either the MEX or FB register, with the write
taking place when PRF«MXRO (source = MEX) or PRF<«FB.RO (source = FB) is true, along with
PRWE/.RO. Gating data out to an external sink is similar to left scratchpad, occurring when
MX<PR/O is false. To meet system timing requirements, right scratchpad logic incorporates

a discrete 20-bit hardware register which receives, along with the memory chips, input data
destined for address zero (only). This register constitutes the SFL and SFU pseudo registers,
from which store data is available to the bias logic. Entry of input data to SFL and SFU
occurs at the same time as in the scratchpad input latches, and is therefore available to the
bias logic while still being written in the memory chips themselves. A portion of the SFL-
SFU logic is shown in figure 2-43.

MEX05.E. c3 SFLOSLE.
MEXO04.E. SFLOALE.
MEX03.E. REAN SFLO3LE.
SFLDSTRO
|
-
MEX02.E. B3 SFLO2LE.
MEXO01.E. SFLOILE.
MEX00.E. SFLOOLE.
RFAN
SFLCLKE.
CLRSFLEO
F+#0..E.

Figure 2-43. SFL Registers and FLCN Logic
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Scratchpad Address Control

Operational control of the accessing functions for scratchpad comes from the associated
scratchpad address control, which is located on processor card R. This circuitry provides
overall timing of the write function, plus scratchpad address source selection during both
read and write operations. For the write function only, facilities are provided for temporary
storage of the incoming address.

Although all scratchpad addresses come directly from the MOP lines, those lines actually used
depend on the micro operator being executed. Therefore, input gating has been provided to
select between MOP lines 00 through 03 and 04 through 07 (see figure 2-44). This con-
figuration was included to satisfy the requirements of the 7D micro, which involves both read
and write operations in scratchpads. Since independent read and write address selection is
provided, and the two operations must occur at different times, provisions for temporary
storage of one address are also necessary. This requirement is met by a register in the
write address data path. Reading is done first when performing a 7D micro to avoid loss of
data when the read and write addresses are the same.

Operationally, read and write addresses always enter the circuit over the separate paths
provided, regardless of the micro being executed. Also, all write addresses pass through,
and are temporarily stored in the register, even though the storage requirement does not
exist for micros other than 7D. On a typical scratchpad read operation, the source doublepad
word address enters via MOP lines 00 through 03, and are passed to the scratchpad address
lines (SPAO..RO through SPA3..R0) by way of buffers. Refer to figure 2-44. These buffers
are enabled by ADCNTLR., which is true at all times except during execution of a scratchpad
write. The timing circuits do not affect read operationms.

Performing a write operation requires source MOP line selection, and this is determined by
micro decoding. For 2C and 4E micros, the address appears on the same MOP lines as for a
read, but the isolated MOP outputs MPOO..R. through MPO3..R. are used for input to the write
address data path. Such input occurs when 2C+4E.R. is true, with the 7C input of MP04..R.
through MP07..R. occurring when OC7D..R. is true. To allow read/write address selection by
a single control signal (ADCNTLR.), the write address is inverted prior to storage in the
RFBN register. Gating into the register occurs at the trailing edge of ADCLK.R. (address
clock) when PLRWR.R. is true. This latter signal places the RFBN in the D-set mode. Once
stored in the register, the inverted address is available for gating to the scratchpad
address lines. Gating occurs when ADCNTLR goes false, with re-inversion of the address
taking place in the NOR gate inverters.

Scratchpad Write Timing

The scratchpad write timing logic serves to control the application of the PRWE/.RO,
PLWE/.RO, PLRWR.R., and ADCNTLR. signals, manipulation of which controls all the necessary
functions for accomplishing a write operation. The timing logic consists of a series of
delay lines and gating elements, and derives all scratchpad write control signals from the
early clock (SCPS....).

A scratchpad write operation is initiated whenever PLWR..R. (left scratchpad write),

PRWR. .R. (right scratchpad write), or both are received from the micro decoding logic. Such
command signals, when true, produce the following sequence of actions (refer to figure 2-45).
For the purposes of discussion, it is assumed that a left scratchpad write is occurring.

a. PLWR..R. goes true, generating PLWRSTR. (pad left write start) and PLRWR.R. (pad
left/right write). The former signal removes one of the OR conditions holding
PLWE/.RO true, allowing the internal timing to assume control. A similar function
occurs as a result of PLRWR.R. going true; this being the generation of WRSTORR.
which removes one OR condition holding ADCNTLR. true. PLRWR.R. also puts the
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scratchpad address register in the D-set mode, preparing it to accept the incoming
address. Note that the term PLRWR.R. is also used for a right scratchpad write.

b. At the leading edge of the next SCPS.... pulse, ADCLK.R. is generated, clocking the
scratchpad address into the register. Note that the term ADCLK.R. is also used
for a right scratchpad write.

c. At Early Clock +100 nanoseconds time, DEBBY6R. goes true, removing the second OR
condition holding ADCNTLR true. Likewise, TEA+70R. goes true at the same time,
removing the second OR condition holding PLWE/.RO true. Note that the terms
DEBBY6R. and IEA+70R. are also used for a right scratchpad write.

d. Twenty nanoseconds following the above action, EAR+40R. goes false, removing the last
OR affecting ADCNTLR., and it goes false, enabling gating of the write address to
scratchpad via the SPAO..RO through SPA3..RO lines. Note that the term EAR+40R. is
also used for a right scratchpad write.

e. Twenty nanoseconds later, IEA+40R. goes false, removing the last OR affecting
PLWE/.RO, and it goes true, enabling scratchpad. The write takes place at this time.
Note that the term IEA+40. is also used for a right scratchpad write.

f. The write is terminated 40 nanoseconds after PLWE/.RO goes true, this resulting from
a simultaneous change in state of PLWR..R.* and IEA+70R. Both of these signals go
false, forcing PLWE/.RO and ADCNTLR. true again. Note that the terms PLWR..R. and
IEA+70R. are also used for right scratchpad write.

L-REGISTER

The L-register is, with the exception of several details concerning input and output gating,
identical to the T-register. Therefore, L is not discussed in detail, but rather only its
distinguishing features are pointed out. Refer to card A, sheet 3, of the logic schematics if
required.

The L-register shares input and output gating with the T-register, with both source and sink
selection external to the register logic itself. Unlike T, the least-significant seven bits
of L are not addressable separately as either source or sink. Since inclusion of this feature
in T involves the addition of certain extra gating elements, such provisions were simply
omitted in the L-register. L remains addressable as a whole, and as individual 4-bit sub
registers. Significant control signals affecting L are as follows:

Term Control Signal

L<«MX..TO Move main exchange to L

LA<4X.A. Move 4-bit auxiliary exchange to LA

LB<4X. A, Move 4-bit auxiliary exchange to LB

LC+4X.A. Move 4-bit auxiliary exchange to LC

LD«4X. A. Move 4-bit auxiliary exchange to LD

LE<4X.A. Move 4-bit auxiliary exchange to LE

LF<4X. A, Move 4-bit auxiliary exchange to LF

L<0...RO Reset L: generates CLEARLA., as does CLRCRDA.
MX<L..A Move L to main exchange
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A-STACK

A-stack is a 24-bit wide x 32-word deep memory which operates as a push down stack with a
"last in/first out" structure. To accomplish this function the memory is addressed by a
counter known as the stack pointer. The stack pointer is automatically incremented/
decremented by data moves into or out of the stack and will wrap around in either direction.
The location within the stack which is referenced by the pointer is known as the top-of-a-
stack (TAS), and is the only portion of the circuit accessible by the processor hardware as
a source or sink. A-stack is normally used for storage of addresses significant to program
structures, such as exit points for various subroutines. Although external control of the
A-stack address (referenced by the pointer) is not provided, any desired location may be
accessed by repeated TAS-to-NULL moves, which serve to decrement the pointer without destroy-
ing the data stored within the stack.

A-STACK FUNCTIONAL DETAIL

A-stack is composed of RFCN memory chips, with input latches and inverted output gating.
Each RFCN chip is capable of storing 16 4-bit words, requiring an array of 12 chips to make
up the 24 x 32 configuration of A-stack. The 12 chips are arranged in two rows, with each
4-bit input and output data path being shared by two chips. The two rows themselves are
enabled sequentially as the stack pointer proceeds through its count. Input and output for
the stack is from/to the MEX only. One 4-bit section of A-stack is shown in figure 2-46.

Sourcing A-stack involves simply gating the data appearing at its output to a selected sink
by way of the MEX, and occurs when LTASElE. is false and MX<«TASTO is true. The data actually
sourced when this is done is that contained in the location within A-stack which is currently
designated TAS by the stack pointer. The binary count from the stack pointer is used as the
address, and enters via address lines ASAOO.El through ASA03.El and ASA10.E1 through
ASA13.E1. Each of the two groups of address lines feeds the corresponding row of memory
chips, with chip selection being determined by the ASA4..El and ASA4/.El address lines.

Those chips receiving a false chip select level are active,

Sinking A-stack involves gating the incoming data into the input latches, incrementing the
pointer, then writing the data into the addressed location. This occurs when TAS<«MXTO and
IGNOR/E. are both true. From these signals, STAS<XE. (which enables the input gates from the
MEX), and ASMO..E. and ASML..E. (which place the input latches in the D-set mode) are
generated. From the latches, the data is written into the RFCN chips when the write enable
signals (1ASWE/El and 2ASWE/El) go false. Note that only the chip row which also receives
the chip enable signal (1ASWE/E1l for the first row, and 2ASWE/El for the second) is affected.

A-Stack Pointer

The A-stack pointer (figure 2-47) consists of two parallel-counter sections which produce the
A-stack addressing signals.

Each counter section feeds one of the two chip rows constituting the A-stack memory, with the
count output from both being identical at all times. The counters are configured for both
addition and subtraction, with wrap around permitted in both directions. Associated with the
counters is a chip row select flip-flop which enables the two rows of memory chips in
sequential order. This causes the stack to operate as a 32-word circulating memory. Upcount-
ing by one occurs whenever a move into TAS is performed, with TAS«MXTO and IGNOR1lE. generating
CNTTASE. (Count TAS) and ASADD.E. (A-stack add mode). When the counter reaches a value of
seven, the level AS=07.E. comes true, allowing ASADD.E. to generate TOGl..E on the next write
operation. This complements the flip-flops at B2, producing ASA03.El and ASAl3.El. These
signals provide address bit 8 (binary weight 8) for the two chip rows.
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Figure 2-47. A-Stack Pointer
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When the counter address reaches 15, AS=07.E comes true again, and this, along with

ASA13.E1, enables generation of both TOGl..E. and TOG2..E. on the next write operation. This
combination of signals causes both the B2 and C2 flip-flops to complement as the RFAN chips
wrap around to zero. The complementing of C2 causes ASA4.El and ASA4/.El to change states,
enabling the second chip row and disabling the first. B2 complementing resets address bits
ASAO03.E1 and ASA13.El which, with the zero output from the RFANs, causes address zero of the
second chip row to be selected.

During write operations, TOGl..E. occurs when the address is 7, 15, 23, or 31, and TOG2..E.
occurs when the address is 15 or 31. During a read, the counters subtract, with the difference
being that TOGl..E. occurs when the address is 00, 08, 16, or 24, and TOG2..E. when the

address is 00 or 16.

The signal IGNOR/E, is used to prevent exposure of the A-stack logic to the various enabling
signals for more than one clock of any given micro. Since the stack pointer and write
enable controls are activated by internal clock signals, the presence of an enabling signal
for more than one clock period would cause multiple writes.

A-Stack Write Enable Control

The A-stack write enable control (figure 2-48) consists of circuit elements for producing

the enabling signals required for an A-stack write. These include placing the A-stack input
latches in the D-set mode, clocking the incoming data into the latches, and causing this data
to be written into the memory chips themselves. These three steps occur in a programmed
sequence, with timing controlled by delayed clock signals derived internally from the system
clock. The write sequence is initiated when TAS<MXTO and IGNOR/E. are both true, with the
various output signals being produced as shown in figure 2-49. Note that upcounting the
stack pointer is a separate function which takes place concurrently. The write control
signals may be described as follows:

ASMO..El1 (A-stack mode 0): Produced when TAS<MXTO and IGNOR/E. are both true, and
used in conjunction with ASM1..E. to place the A-stack input latches in the D-set mode.

ASM1..E. (A-stack mode 1): Produced when TAS<MXTO and IGNOR/E. are both true or
GPCLRBTO. is true. Used with ASMO..E. as described above, and alone to clear the
latches when a general processor clear is performed.

WECTL1E
WECTL.E
TRUES.E.

D9 SCLK2.E. c9 2ASWE/E1

DL2N DL2N
DLYTRI1E.

CLK+20E,
SCPM..MO ‘l I !1ASWEIE1

TRUES.E. I

Figure 2-48. A-Stack Write Enable Control
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Figure 2-49. The A-Stack Read/Write Timing Chart
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ASLCLKE (A-stack latch clock): A delayed clock derived from the logical ANDing of
system clock (SCPM..HO) and system clock +20 nanoseconds (CLK+20E.).

1ASWE/El and 2ASWE/El: A-stack write enable for first and second rows of RFCN memory
chips. These are single, 35 nanosecond, negative-going pulses produced by logical ANDing
of the systems clock (SCPM..HO) and delayed clock signal WECTL.E. (whenever this con-
dition is exposed by CLRLCHE. being false). At the same time both clock signals are
false. This latter condition occurs only when WR.CLKE. is forced true out of its

normal sequence by TAS<MXTO and IGNOR/E.

MAXS AND MAXM

MAXS and MAXM consist of jumper chips which are hard-wired to produce a binarily-weighted bit
pattern representing the physical size of installed S- and M-memory. These bits are gated to
the main exchange (when sourced) via the 24-bit function box output logic. MAXS and MAXM,
along with the various possible jumper configurations, are shown in figure 2-50. Note that,
as with other binarily-weighted values, the increments shown in figure 2-50 are additive.

For a MAXS size of 40K, jumpers F — J and R - S would be installed on chip 17.

24-BIT FUNCTION BOX

The 24-bit function box provides the common arithmetical and logical functions between two
operands, including sum, difference, AND, OR, exclusive OR, plus complement and mask of a
single operand. Input to the function box is always by way of the X- and Y-registers, with
the result being returned to the MEX. In addition to the 24-bit result output, the function
box also produces three 4-~bit outputs which serve to indicate the status of a number of
internal conditions. These 4-bit outputs are known as the XYST, XYCN, and BICN pseudo
registers, and are used for programmatic decisiion making. To accomplish its required actions,
the 24-bit function box is composed of the following sections (refer to figure 2-51).

a. The X~ and Y-registers, which in addition to storing input data, are capable of
shifting left or right, either separately or together, as a continuous 48-bit
register.

b. Static compare logic which produces the pseudo register outputs.

c. A binary adder/subtractor which serves to produce arithmetic functions between the
X/Y operands. Also, some of the logical functions are derived from control

levels produced within the adder/subtractor.

d. BCD correction logic which converts the binary output of the adder/subtractor to
binary coded decimal units when so specified.

e. A mask generator which restricts the number of bits gated to the output of the
function box in accordance with the value specified by the CPL register.

f. Additional gating and logic elements for producing the complement function, and
those logical functions not derived from the adder/subtractor.

g. An output multiplexor which selects the appropriate output of the function box for
gating to the MEX.
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Figure 2-50.

MAXS and MAXM

Tenuel TEOTUYDD] Wa3sAg TeIIUD) SOTIASS Q7/LT 9



[¥69901 WO IO

oxymmnmCc®

Tenuel TeOTUYDd] wo3lsAg TBIIUD) SOTA3S OZ/LT 4

Y-REG -
CONTROL l — 8CD
7 Y 3| CARRY-CORRECTION >
(e} PRG o LI
24817 @9-+—»| xeoy
GEN I
Y R— ADDER AND @
R SUBTRACTOR @B-Si M ; L-——:XANY [
— G N > — ]
N CARRY-LOGIC »| B-SUM
s (2 l — ]
M E L > cvPx “L"'
R 1% Lsuy ] ‘»———'J L
- > CMPY T
oy %0 > L»:] |
Y SUM AND @ | Blwex @
el [xReG PX#o0 GENERATE |¢ DIFFERENCE »| MSKY E
CONTROL N —{cvi » :l X
S » Dsum _ O
! I x=v </ GENERATE [ —(® L, ] §
X 2 Rl 1 IO »{cyp CP REG
R »x<v|H 3 $ E ceL | [xi¥T0 X ‘s‘“:]
E ¢ »rlu MEXCON.lMAXM
X 2 x>y ! SETCYF T N
¢ —>
CONTROL
S —»{ MsBX ' T 8]
@ 3 B L 3 Co
) E A K i
R y MULTIPLEX
| MULTIPLEXORS CRO o |_conTROL
L) y pecope [P GENERATOR >
4-BIT SOURCE | | 4-BIT AUX BUS

CONTROL

€L-¢C
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X- and Y- REGISTERS
The X- and Y-registers serve as the two operand inputs to the 24-bit function box. Although
this is their dedicated function, both may also be used separately as hardware registers

without involving the function box as such. Both are addressable in their entirety only.

X- and Y-Register Functional Detail

The X- and Y-registers are identical, each being composed of 8 RFAN chips. In addition,

both share common input lines from the main exchange. These input lines are isolated, but
not gated, so the contents of the MEX are available to the registers on a continuous basis.
One-half of the X-register is shown in figure 2-52. The outputs of X and Y feed the adder/
subtractor AFAN chip inputs, plus the X/Y compare logic and function box output gating. When
so designated by a micro operator, X and Y may be added, subtracted, or be subjected to the
AND or Exclusive OR function in the adder/subtractor stage. The OR, complement, and mask
functions are accomplished in the output gating, which can also move the unmodified contents
of either register back to the MEX.

The operation of X and Y is controlled by the mode lines XCONMOLO through XCONM2LO and
YCONMOLO through YCONM2LO, respectively. Of the eight possible modes, four are employed in
this circuit; Idle, D-set, shift up, and shift down. D-set is used for loading, with shift
up/down reserved for the rotate X/Y functions. The registers are idle at other times, but
retain the data previously stored. The mode control lines of both registers are active as
shown in table 2-2.

Table 2-2. X/Y Register Mode Control

XCONMOLO XCONMILO XCONM2LO

Mode (YCONMOLO) (YCONM11O) (YCONM2L0)
Idie 0 0 0
D-Set 0 1 0
Shift UP 0 1 1
Shift Down 1 1 1

Both registers can be cleared with GPCLR.R. true or when the clear register micro with
MP04..R. (X-register) or MP05..R. (Y-register) true is executed. These functions come from
processor card R, generating XCLEARRO and YCLEARRO. Shifting/rotating left or right is a
multi-clock operation, with a move of one bit position occurring per clock. Note that
rotation of X/Y is identical to shifting, except for the manner in which the overflow is
handled. Shift operations result in loss of the overflow, depending on the configuration
selected. For individual X/Y shifts, the data is lost as it departs the register. For
concatenated shifts, only the data departing the most-significant end of the X-register or
least-significant end of the Y-register is lost. No loss of data occurs on rotate operations,
since the contents circulate.
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The X-Register
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X- and Y- Register Control

The X/Y register control (figure 2-53) consists of decoding logic for generation of the X-
and Y-mode control signals. Since X/Y operational mode is dependent on the micro operator
being executed, the functioning of the control logic is discussed in terms of the micros
which exercise it.

1C Micro: A 1C micro register move with X or Y as sink generates XCONM1LO or YCONM1LO,
respectively, through buffers A or B. The inputs of A and B are 1NX...L. and 1INY...L.
which are decoded from the register group selection levels, and the signal IGNOR1L.,
which is normally true. However, if binary/BCD sum or difference is sourced with X

or Y as a sink, IGNOR/L. goes false for one clock period to await completion of the
function box operation (to which X and Y were inputs).

The signal SLOW.24. achieves the same delay for all other sinks when sum or difference
is sourced.

2C Micro: When sourcing a scratchpad word and moving it to X or Y, XCONMLLO or
YCONM1LO, respectively, are generated via buffers A or B as decoded from the register
group selection levels.

7C Micro: When memory information is transferred to X or Y, the signals X«MX...TO and
Y<MX...HO generate XCONMILO and YCONM1LO, respectively, via buffers H and L.

11C Micro: An extract T micro can sink its results into X or Y. 1In this case gates 5
and 6 select X or Y via buffers A and B; with MPO5/.L. true enabling gate 5 and
MP06/.L. true enabling gate 6.

4D/5D Micro: Under the control of MP06..L., which represents the shift/rotate direc-
tional control, gates 1, 2, 3, and 4 put the X- and Y-registers into the shift mode.

With XCONTRL. true, XCONMILO and XCONM2LO are generated via buffers C and F, placing X

in the shift-up mode. MP06..L. true generates XCONMOLO, via buffer E, which, with the
other two mode signals, places X in the shift-down mode. The same functions are generated
identically for the Y-register, involving YCONTRL., MP06..L. and buffers I, J, and K.

3F Micro: When executing the normalize X micro, gate 12 and buffers M, D, and G generate
XCONMM1LO and XCONM2LO. This places X in the shift-up mode, a state which continues until
either MSBX=1 or FL=0.

BINARY ADDER/SUBTRACTOR

Addition and subtraction within the 24-bit function box is, in all cases, performed in binary
units. However, provisions have been made for the conversion of the adder/subtractor output
to binary coded decimal (BCD) utits when required. This conversion process is external to the
adder itself, using special additional logic included for this purpose. The adder itself is

a full 24-bit adder/subtractor consisting of six modulo-16 adders with associated carry

logic. Refer to figure 2-54. Each 4-bit adder section utilizes two AFAN chips and one CFBN
carry logic chip, plus a number of buffers and AND gates. The basic 4-bit adder unit may be
broken down into three sections: the adder chips themselves, binary carry logic, and decimal
carry correction logic. The latter section actually functions as part of the BCD sum
correction logic, which is a different stage of the 24-bit function box.
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Add Example

In order to describe the logic functions, it is necessary to understand the arithmetic
operation the circuit is designed to perform. Assume that a binary sum is to be produced
when the X-register contains a value of eight (1000) and the Y-register contains a value of
nine (1001). The desired result is (in binary) 10001, or seventeen. To accomplish the sum
of these operands the logic will produce 0001 from the lowest 4-bit adder section, with a
carry out to the next higher section. This is shown in figure 2-55. The handling of the
carry thus produced is dependent on the field length set by CPL. If CPL has designated a
field of four, then this carry would not be sent to the next section, but instead would be
sent out of the function box as CYL. It would be a software function to detect the carry out
or overflow and act accordingly. Note that the carry out, in the case of CPL designating a
field length of four, is not automatically stored in the carry flip-flop. This may be
accomplished only by executing the 6E micro, which is a separate operation.

L.S.B. OF NEXT FIRST ADDER SECTION
ADDER SECTION
’—A‘-\ -~ —N ~
16 8 4 2 1 BINARY WEIGHT
1 0 0 1 Y-REG CONTENTS (9)
1 0 0 0 X-REG CONTENTS (8)
CARRY TO 1 0 0 [) 1 SUM (17)
NEXT SECTIONT>
$=0 $=0 $§=0 S$=1 CARRY LEVELS GENERATED
P=0 P=0 P=0 P=1
G=1 G=0 G=0 G=0

Figure 2-55. Binary Add Example

The actual functioning of an adder section is illustrated in figure 2-56, using the sum
discussed in the previous paragraph as an example. Refer to the adder/subtractor description
for the formulas from which the various internal control levels are derived.
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Figure 2-56. Add Example Logic Operation
. Showing Binary Weight of
Signal Lines

BCD Sum/Difference Correction Example

Correction of a binary sum to BCD involves analyzing the binary value in 4-bit sections, and
modifying those sections which contain a value greater than nine. This is necessary because
the decimal numbering system includes number values from one to nine only, whereas four
binarily-weighted bits can contain values up to sixteen. It is important to note that direct
conversion of binary to BCD is not possible. That is to say, where a BCD result is desired,
the operand inputs to the 24-bit function box must be encoded in BCD also. Although the
adder/subtractor processes the operands as binary, correction of the result to BCD is possible
simply by adding six to those 4-bit sections containing a value greater than nine, and
sending a carry to the next higher section.
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ADDITION

In example 1, a BCD value of 7 is added to a BCD value of 1, with the result being 8 (binary).
Because the sum is less than 10, this result serves as well for BCD, and no correction is.
necessary.

Example 1: (7+1) 0111 = 7
+0001 = 1
1000 = 8 No correction needed. Valid BCD value.

The second example adds BCD7 to BCD8, to obtain a binary value of 15. To produce a decimal
15, six must be added to the initial sum, causing the lower four bits to wrap around to a
value of 5, with a carry of 1 bit being sent to the next higher section (BCD 15 = 0001 0101).

Correction of the result is similarly required when performing a BCD subtract operation. In
this case, the output of any 4-bit section which has received a borrow from the next higher
section must be corrected by subtracting six.

Example 2: (7+8) 0111 = 7
+1000 = 8
1111 = 15 Correction necessary. Invalid BCD value.

The correction process is illustrated below:

Correction: 0000 1111 = 15
+0000 0110 = 6
0001 0101 = 10+5 Note that BCD 0001 is decimal weight 10 by
position.

SUBTRACTION

In example 3, a borrow from the next higher section did not occur; therefore BCD correction
was not required.

Example 3: 9-7) 1001 = 9
-0111 = 7
0010 = 2 Result correct in either binary or BCD.

In the fourth example the binary adder assumed that the subtrahend was 23, and therefore gave
a difference of 14. 1In actuality, the BCD value in the adder was 17, which would give a
difference of 8. Therefore, 6 must be subtracted from the adder output to obtain the correct
result. If the value of the entire binary or BCD number in the X-register is less than the
value in the Y-register, then a borrow out from the function box will be produced. This
borrow out is known as CYD, and like CYL produced by all operations, must be handled by
software.

Example 4: (17-9) 0001 0111 = 17 Binary 23.
-0000 1001 = 9
1110 = 14 Result not a valid BCD character.

The subtract BCD correction process may be illustrated as follows:

Correction: 1110 = 14
-0110 = 6
1000 = 8 Correct result.

For F 1 9
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Adder Chips

Operationally, the adder chips each represent two bit positions of the complete unit, having
inputs for the contents of the corresponding X—- and Y-register bits, plus carries from the
carry logic. Outputs of the AFANs include sum, which is in fact the result output, plus
generate and propagate which are used for generation of carries. The AFAN chips are not
clocked, and operate subject to only one mode control line, SUBM11lJ. or SUBML1K. (depending
on which section of the 24-bit adder/subtractor is being discussed). When the mode control
line is false, the chip operates as an adder, and when true as a subtractor.

Logic formulas for production of the sum, generate, and propagate outputs from each 4-bit
section of the adder are as follows:

Cn- (An-Bn+An-Bn)+Cn- (An+B n+An-Bn)

Sn (sum)

]

Gn (generate) = MO-An-Bn+Mo:An-Bn

1]

Pn (propagate) Mo'(Zh'§h+Sn'Bn)+ﬁb'(An-Bn+An~Eh)

In addition, the generate and propagate terms may be defined as follows:

Propagate: Propagate is produced if an individual section of the adder has the
petential of sending a carry to the next state of the adder. This signal is
produced whenever either operand input is true, regardless of whether or not an
incoming carry is received. Therefore, it may be stated that propagate indicates
anticipation that a carry is coming. If a carry does, in fact, come to this
section, it simply passes it on to the next stage of the adder.

Generate: Generate is produced if an individual stage or section of the adder
definitely produces a carry. A carry is produced by a stage or section only if

both operand inputs are true.

Mask Generator

The mask generator (figure 2-57) is essentially a circuit which decodes the binary-coded
field length stored in C-register bits 00 through 04, producing up to 24 1l-bit enabling
signals which allow gating the output of the 24-bit function box to the MEX. The mask bits
(TMSKOOJ. through TMSK11J. and TMSK12K. through TMSK23K.) are generated in groups of four
by CFBN chips, which receive the decoded CPL input signals. It should be noted that the
CFBN chips are operated with all propagate inputs tied true. This changes their mode of
operation considerably with respect to the usual carry logic application. 1In this con-
figuration, the Boolean equations governing the use of the CFBN chip are as follows:

G3 = C3

G2 = C2-C3

Gl = C1-C2-C3

GO = C0-C1-C2-C3

CI = C0*Cl-C2
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This provides the ability to create an additional effect whereby the most-significant mask
bit which is true causes all those below it to be true also. 1In addition, use of the CI
input allows a secondary means of forcing the mask bits true, and this is accomplished with
the LIFIMKLO signals. In practice, LIFTMKLO forces the three most-significant mask bits
within a CFBN chip true by way of the Cl input, and the fourth bit by way of an external gate.

Various methods are used to provide the additional effect between 4-bit sections of the mask
generator. A summary of these is as follows:

Value in CPL Tie-In Method

CPL > 03 TMSK04J tied to CI Input of CFBN A
in figure 2-57,

CPL > 07 CPL > 08J. signal derived from CREGO03J
and CREGO4J tied to CI input of CFBN B
in figure 2-57,

CPL > 11 CPL > 11.J. signal decoded from CREG 00-04
tied to GO input of CFBN C in figure 2-57,

CPL > 15 CREGO4K. tied directly to CO input of CFBN D
in figure 2-58.

CPL > 19 TMSK20K. tied to CI input of CFBN E in
figure 2-58.

CPL = 24 CRG3#*4K signal derived from CREGO3K. and
CREGO4K. tied to CO input of CFBN E in
figure 2-58.

The 1ift mask control logic, as shown in figure 2-58, can generate the signal LIFTMKLO in
response to a number of inputs. Buffers 1 or 3 lift the mask if the X- or Y-registers are
sourced during a 7C micro operation. Gates 4 and 5 lift the mask via buffer 2 if MAXS or
MAXM is sourced, provided that register select column 3 (M6M7B1L) is true. Gate 6 lifts the
mask when the CP register is sourced, and gates 7 and 8 are used when the X- or Y- registers
are sourced during a 1C or 2C register move micro. Gates 6, 7, and 8 are enabled by
2M6/M7L, which designates register select column 2.
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Binary Carry Logic

The binary carry logic for each 4-bit adder section consists of one CFBN chip, plus a 4-leg
AND gate. Refer to figure 2-59. This portion of the circuit receives the generate and
propagate outputs of the adder chips, using them to produce three carry levels (for use
within the 4-bit section) plus one each secondary generate and propagate level (for use in
producing a carry level to the next 4-bit section).

The secondary carry logic consists of an additional CFBN chip which receives the secondary
generate and propagate levels from each of the three 4-bit adder sections in one-half of the
24-bit adder. From these are produced the intersection carries which have binary weights
equal to increments of 16 (bit positiomns 04, 08, 12, 16, 20, and 24).

The following equations and descriptions of equations are intended to explain the production
of the carry terms and the significance of the propagate, generate and carry terms in the
equation. All terms are referenced to the binary weight as shown in figure 2-59.

C2=(G2)+(P1-Cl): carry out of the first stage results from the X- and Y- inputs being
both equal to 1 (1+1=0 with a carry out) or with either X or Y equal to 1 (1+0 or 0+1)
and a carry in to the stage (1+0+C1=0 and carry out).

C4=(G4(+(P2:G2)+(P1-P2.Cl): G4 indicates a carry which was generated by the inputs to
this stage of the AFAN (1+1=0 with a carry out). P2.G2 indicate a generation of a carry
in the previous stage and one of the inputs to this stage is true (either X or Y).
P1-P2:Cl indicate a carry from the previous stage (P1:Cl) along with one input to this
stage.

C8=(G8)+(P4-G4 (+(P4-P2.G2)+(P4-P2.P1:Cl): In a similar manner, C8 recognizes a genera-
tion of a carry in this stage (G8) or propagate and generate terms developed in previous
stages which cause a carry out of this stage.

Cl16=(IC16)+P8-P4.P2.P1.C1l): Cl1l6 is produced as a result of an internal carry 16 which
actually is a result of Gl6 or combinations of the propagate and generate terms from the
previous stages. The following is the formula for the IC1l6: (G16)+(P8.-G8)+(P8.-P4-G4)+
(P8 -P4:G4)+(P8:P4-G8-G2).

BCD Carry Correction Logic

The BCD carry correction logic (figure 2-60) consists of a network of AND gates fed by the
generate and propagate outputs of the 4-bit adder section. Its function is to force the
generation of an inter-section carry whenever the adder output exceeds a binary value of 8,
These gates monitor the propagate and generate outputs continuously, but their own outputs
(DPRGF.J. and DGENF.J. in the example) are gated to the secondary carry logic only when
DGPRONJ. (decimal mode) is true.

The generate and propagate adder outputs which feed the BCD carry correction logic are
buffered for isolation. The buffers also feed the generate and propagate levels to the
output multiplexors of the 24-bit function box, where they are used to produce the XORY and
XANY functions, respectively.
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Figure 2-59. Binary Carry Logic

4-Bit BCD Sum Correction Logic

If, in any decimal add operation, the binary sum at the output of a 4-bit adder section

is greater than nine, it must be decimally corrected by adding a value of six, and sending

a carry to the next higher section. A similar situation occurs on decimal subtract operations
whereby a value of six must be subtracted from any 4-bit section where a borrow from the next
higher section has occurred. The BCD sum correction is accomplished by the logic shown in
figure 2-61, which is designed to add/subtract six only. Refer to the 4-bit BCD sum/differ-
ence example for a discussion of the add/subtract six requirement.

The BCD correction is accomplished in a separate stage to avoid conflict with the natural
generation of binary carries involved in producing the binary result. The correction logic
is made up of AFAN chips which receive both the binary sum and the decimally-corrected inter-
section carries.

As may be seen in figure 2-62, whenever the inter-section carry (BCARO4J in this case) is
present, a value of six is added to the contents of the three most-significant BSUM lines of
the group. The least-significant BSUM line is not affected because adding a binary value of
six cannot change its status. Since a value of six is added only when the 4-bit group
originally contained a value greater than nine, the result always wraps around to a value
between 0 and 6.

Unlike the sum operation, there is no correction of the carry/borrow for the BCD difference.

Like the sum operation, however, if a borrow is present from one of the 4-bit sections, then

the difference result in the next lower section must be corrected. When a subtract operation
is being performed, the mode line (DSUBMOJ. in this case) is true, causing the AFAN chips to

operate in the subtract mode.
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Figure 2-61. BCD Sum Generation
STATIC COMPARE LOGIC
The static compare logic consists of circuits which monitor the contents of X and Y, plus
the function box carry and borrow outputs and the status of the carry flip-flop (from the

C-register). Since these circuits differ considerably from one another, they are described
according to function.
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Figure 2-62. BCD Sum Correction Example

Most-Significant Bit of X (MSBX)

Contents of the most-significant bit of X (as referenced by CPL) is detected by MFAN
multiplexor chips. Inputs to the MFANs are the bits from the X-register (except for bit 23).
Refer to figure 2-63. Since it is desired to monitor the contents of one bit position only,
both enabling and input selection for the MFANs is controlled. Bit selection is by the
contents of bits 00 through 02 of the C-register (CREGOOLO through CREGO2LO), while chip
enabling is accomplished by additional logic which monitors the contents of CREGO3LO and
CREGO4L0, and is actually part of the mask generator.

For CPL values 00 through 07, the level CPL < 08J. is true, enabling MFAN Il, which causes
the input selected by CREGOOJ. -CREG02J. to become MSBX..TO. Note, however, that CPLFO0
always produces a zero output, since the least-significant input to I1 is not used. For
CPL values 08 through 15, MFANs I0 (on card J) and E2 (on card K) are enabled, monitoring
the condition of X-bits 07 through 15, inclusive. CPL816J. and CPL816K. enable the two
chips, respectively. Although two chips are enabled at one time, conflicts do not occur
because different inputs are used on each. The outputs of all MFAN chips are ORed to
produce MSBX..TO. MFAN DO (on card K) monitors X-bits 16 through 23, being enabled by
CP1624K.
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X Not Equal to Zero (X#0) and Y Not Equal to Zero (Y#0)

The X and Y not equal to zero logic (figure 2-64), like the MSBX circuit, consists of elements
which monitor the status of each register bit. 1In this case, however, all such elements are
active on a continuous basis, with the outputs of each group (those monitoring X and Y,
respectively) ORed together, so that a true condition on any register bit will produce a true
output. Using the Y#0 logic as an example, X-register bits O through 11 feed an EFAN chip and
four buffers. Only the overall OR output of the EFAN is used, and this is tied together with
all the buffer outputs. The Y#0...TO output of this circuit is ORed with the output of an
identical circuit which monitors Y-register bits 12 through 23. An identical pair of circuits
monitors the contents of the X-register to produce X#0...TO.
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XREG10J.
XREGO09J.
XREGO08J.
XREGO7J. EFAN
XREGO06J.
XREGO05J. X#*0..T0
XREGO04J.
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YREGO03J. EFAN
YREGO02J.
YREGO1J.
YREG00J.

Figure 2-64. The X/Y Register States (XYST)
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X Compared With Y (X=Y, X>Y, X<Y)

The X compared with Y logic (figure 2-65) consists of six CFAN chips which monitor all 12 bit
positions in each register. These CFANs are divided into two groups corresponding to the
physical split of the X and Y registers and the 24-bit function box, (with bits 00 through 11
on processor card J and bits 12 through 23 on processor card K). Since the two halves are
identical, only the portion dealing with the lower 12 bits are described. The "equal,"
"greater than' and "lesser than" outputs of each of the CFAN chips are utilized, being
combined by output logic as described in the following Boolean equations.

(X=YDEFJ0O) = (X=YGPFJ.) -

(X>YDEFJ0) = (X>YGPDJ.) +
+ (X=YGPDJ.) -

(X<YDEFJO) = (X<YGPDJ.) +
+ (X=YGPDJ.)

2-94
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The X/Y compare output signals of the two groups are further combined in a secondary level of
gating which is located on processor card F. The following boolean equations describe the
relationship between the group output signals and the final XYCN levels:

(X=Y..F.) = (X=YABCKO) ° (X=YDEFJO)
(X>Y...F.) = (X>YABCKO) + (X>YDEFJO) - (X=YABCKO)
(X<Y...F.) = (X<YABCKO) + (X<YDEFJO) - (X=YABCKO)

Least-Significant Unit of Y (LSUY)

The least-significant unit of Y logic is identical to the same circuit in the X-register
(LSUX). Refer to the discussion of that circuit if further information is required. LSUY is
bit 3 of the BICN pseudo register, and indicates, when true, that bit 0 of Y is true in the
binary mode, or that bits O-and 3 of Y are true in the BCD mode.

Carry Level (CYL)

The carry level (bit 0 of BICN) is generated whenever a most-significant carry has been
generated during an add operation. A most-significant carry may be defined as any which
would produce a result greater than the field length specified by CPL. The logic for gener-
ating CYL is shown in figure 2-66. Briefly, it consists of a series of MFAN multiplexor
chips which monitor the status of all 23 carry lines, plus C-register bit 7. Only one of the
MFANs is enabled at any given time, this being determined by the value in CPL as detected by
the two DFAN chips. Therefore, the contents of that carry line selected by the contents of
CREG00J. through CREG07J. becomes CYL...TO. CREGO7L0 (carry flip-flop) is CYL...TO when
CPL=0. Note that a separate gate generates CYL...TO when CPL>24K. and ICAR24K. are true.
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Carry Level (CYL) Generation
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Borrow Level (CYD)

The borrow level, when true, indicates that a borrow has been generated during a subtract
operation. - CYD is true when either Y>X or if X = Y. 1In both cases CYF is true. CYD...FO is
derived from the outputs of the X/Y static compare logic, and the carry flip-flop as shown

in figure 2-67. CYD is bit 1 of BICN.

\ X<Y..F. _D_—

X < YABCKO J
CYD..F. CYD..FO

X <YDEFJ0
X = YABCKO [

\ X=Y..E. |
X = YDEFJO

_J CREGO7L9 (CYF) :>_

Figure 2-67. CYD Generation

Carry Flip-Flop (CYF)

Bit 2 of BICN contains the output of the carry flip-flop, which is not a part of the 24-bit
function box. CYF is an independent flip-flop which is manipulated by the manipulate carry
flip-flop micro (6E).

CYF is actually C-register bit 07, and may be set (through gates) in four different ways
(Refer to figure 2-68):

Gate 1: wvariant 2 of the 6E micro sets CYF unconditionally.

Gate 2: wvariant 3 of the 6E micro sets CYF if CYL is true.

Gate 3: wvariant 4 of the 6E micro sets CYF if CYD is true.

Gate 4: when the signal CP«MX.L. is true, MEX07BTO (MEX bit 7) true sets CYF. This

occurs when the CP register is designated sink on a register move micro.
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X/Y FUNCTION LOGIC

The special X/Y functions such as X AND Y (XANY) and X OR Y (XORY) are produced by a number
of different methods. In some cases, this involves merely utilizing an intermediate output
of the binary adder/subtractor, while in others, discrete logic is provided to accomplish
the desired function. The derivation of each function is described in the following
paragraphs:

X AND Y (XANY)

The X AND Y function is taken directly from the generate outputs of the adder/subtractor.
These output lines appear as IGENOOJ. through IGEN11J. and IGEN12K. through IGEN23K. at the
output multiplexor.

X Exclusive OR Y (XEOY)

The X Exclusive OR Y function is taken directly from the propagate outputs of the adder/
subtractor. These output lines appear as IPRGOOJ. through IPRG11J. and IPRG12K through
IPRG23K. at the output multiplexors.

X OR Y (XORY)

The X OR Y function is produced by gating both the X- and Y-register contents to the MEX,
simultaneously. This is brought about by the MX<X..LO and MX<«Y..LO enabling signals being
true at the same time. Refer to figure 2-69. Note that the output gates of both X and Y feed
common lines (TXY00.J. through TXY1l.J. and TXY12.K through TXY23.K.) which, in turn, go to
the output multiplexors.

Complements of X/Y (CMPX/CMPY)

The complement of either the contents of X or the contents of Y is accomplished by gating the
register output through inverting elements. See figure 2-69. These inverters are located
between the register output gates and the function box output multiplexors. The inverter
outputs are identified by CXY00.J through CXY11l.J. and CXY12.K through CXY23.K..
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Figure 2-69. 24-Bit Function Box Output Logic
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Mask of X/Y (MSKX/MSKY)

MSKX and MSKY are simply the number of bits of either register that are equal to the field
length specified by CPL. Control for MSKX/MSKY is accomplished in the mask generator by
causing the signal LIFTMKLO to go false, limiting the output of enabling signals for the
function box output buffers to the value decoded from CPL. See the mask generator discussion
for further details.

24-BIT OUTPUT MULTIPLEXOR

Except for the B-sum, all 24-bit results are multiplexed through 24 MFAN's on their way to
the main exchange. The outputs of the MFAN's are then buffered onto MEX under the control of
the mask bits. Figure 2-69 illustrates the first two MFAN's for bits 00 and 01 (MEXO0OBTO and
MEX01BTO). The 24-bit binary sum bypasses the multiplexors and is gated under the control

of MX<SD..L. and ALLOW.L. to the output buffers. MX«SD..L. is true whenever the binary

sum or difference is sourced. ALLOW.L. allows the registers onto main exchange at all times
except when sending data or address to port adapter across the PA/PD interface cable.

Note that the B-sum of every first bit of a 4-bit BCD unit is equal to the D-sum, and is an

input to the MFAN's. Table 2-3 lists the necessary control signals used to multiplex the
various results to the main exchange.

Table 2-3. Results to Main Exchange

MCONM2LO MCONM1LO MCONMOLO MCENnLO MX+—X.LO. MX<+Y.LO Output
0 0 0 1 1 0 X-REG/MSKX
0 0 0 1 0 1 Y-REG/MSKY
0 0 0 1 1 1 XORY
0 0 1 1 1 0 CMPX
0 0 1 1 0 1 CMPY
0 1 0 1 X X XANY
0 1 1 1 X X XEOY
1 0 0 1 X X DSUM
1 0 1 1 X X MAXM (MEX10-12)
1 1 0 1 X X MAXS (MEX15-23)
1 1 1 1 X X CP-REG.
(MEX0-7)

X = Not significant.
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Whenever the X-register or the Y-register is sourced by a micro operator, the signals
MX<X..LO or MX«Y..LO are set true to enable the input gates to the MFAN's. The two control
signals are generated as follows (refer to figure 2-70):

Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate

Buffer C:
Buffer D:

o~V PN

.
.

frue
true
true
true
true
true
true
true

when
when
when
when
when
when
when
when

the X-register is sourced (1C and 2C micros)
MSKX is sourced (1C and 2C micros)

XORY is sourced (1C and 2C micros)

CMPX is sourced (1C and 2C micros)
Y-register is sourced (1C and 2C micros)
MSKY is sourced (1C and 2C micros)

XORY is sourced (1C and 2C micros)

CMPY is sourced (1C and 2C micros

true when X-register is sourced (7C and 7E micros)
true when Y-register is sourced (7C and 7E micros)

For Form 1066941
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Figure 2-70. X/Y Registers to Main Exchange Controls
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24-Bit Multiplexor Controls

In order to enable the 24 multiplexors, the two levels MCNENJLO and MCNENKLO are generated
through a set of parallel buffers (A and B). Buffers C and D enable the MFAN's during the
7C micro when either the X- or Y-register is sourced. Gate 1 enables the MFAN's when any of
the upper-column three registers is sourced during a 1C or 2C micro (BCD SUM/DIFF, CMPX,
CMPY, XANY, XEOY, XORY MSKX, MSKY). Gate 2 enables the MFAN's for all the registers for
which the mask is lifted when they are sourced in a 1C or 2C micro (X, Y, CP, MAXM, MAXS).
Refer to figure 2-71.

2C....L.
MPO5/.L. 3 >"—
M <« X.TO c L
1C....L.
TRUE 2.L. 4 ) f
MX < Y.. HO o 1
MP10..L. A MCNENKLO
MP09..L.
MPOS..L. MX <« CD3L.
ALLOW.L.
1 b
_—
F
DFAN LIFTMKL. 2 )
_ UCSLM.3L.
A
nl ISUM..L. B MCNENJLO
MP11..L. ]
5 b

TRUE.L.

CREGO5L. )
6 ]
*>—

MPO7..L.

M6M7B1L.

MPO6..L.

DIF...L.

Figure 2-71. Output Multiplexor Enable Logic
The three address lines which control the 24 MFAN's are generated according to the desired

output. Table 2-3 illustrates the selected address lines for the different outputs.
Refer to figure 2-72. )
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Output Multiplexor Control Lines
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4-BIT OUTPUT MULTIPLEXORS

The 4-bit results from the 24-bit function box are multiplexed onto the 4~bit auxiliary bus if
Table 2-4 lists the necessary control
signals used to multiplex these results to the 4-bit auxiliary bus.

sourced by a micro operator. Refer to figure 2-73.

Table 2-4. Multiplexing Control Signals
4SR11/F. | 4SORO9F.| 4SORO8F. | 4« C1M8NO | OUTPUT
0 0 0 1 XYCN
0 0 1 1 XYST
1 1 0 1 BICN
0 1 1 1 *CPU
*Sourced for 4-bit functions

If any of the 4-bit results are sourced, the signal SLOW4.F (through MFAN E) becomes true,
This resets FINISHP1 in the micro timing for one clock period,
extending a regular one-clock micro to a 2-clock micro.

indicating a slow source.

4-Bit Multiplexor Controls

The multiplexor enable signal 4 < C1M8NO which points to select column 1, middle 8 registers

is generated by two different sets of gates.

Refer to figure 2-74.

Gates 1, 2, 4, 6, 7 and,

8 control the MFAN's when the processor is in the run mode, and gates 3, 5, and 9 take over
The address lines for the MFAN's

this control during the console state (halt-state).
4SR11/NO, 4SORO9NO, and 4SORO8NO are also produced by two sets of gates.

Gates 10, 12, and

14 address the MFAN's in run mode while gates 11, 13 and, 15 supply the address during the

console state.

For the address line assignment refer to table 2-4.

Note that unlike the multiplexor control signals for the 24-bit results, the control signals
for the 4-bit sources are decoded directly from the M-register outputs under the control of

the XPOS flip-flops.
the earliest possible time

For Form 1066941

This is done in order to allow the availability of 4-bit results at
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4SR11/F.
4SORO9F.
4SOROSF. -
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LSUY..J0 ]
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(CYF) ] -
CREGO7LO

] AU4B3BTO

—_ B AU4B2BTO

— AU4B1BTO

] AU4BOBTO
X=Y..F. MFAN

1
CYD...F.
1
CREGO6LO ] c
Y #0..70 ] 1 E SLOWA.F.
X<Y..F0 MFAN ]
TRUEM.F. st
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e
CREGOSLO 1 b
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Figure 2-73. 24-Bit Box Output Multiplexors for 4-Bit Results
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M15F/.N.
M14F/.N.
M13F1/N.
M12F1.N. D———
M13F1.N. ) N
M12F1/N.
D
XPOSF1N.
MOGF 1.N.
MO7F/.N. ~N —
M10F1.N. 4J 4 «-C1MSNO
LDMO6N.
DMO7N.
L/DMO7N L/DM10N. 5 N\
MO7F1.N. . N\ |
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4SR11/NO
TRUES.N. N XPOSFON. 10
9
CONSCSPO } 11
L/DM11IN. L/D11N. | L
4SOROINO
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MOSF.N. _1 14
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Figure 2-74, The 4-Bit Result Source Control
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4-BIT FUNCTION BOX

The 4-bit function box (figure 2-75) provides logical and arithmetical functions involving
the contents of the 4-bit processor registers and pseudo registers. Unlike the 24-bit
function box, however, only one operand input comes from a register, and this source may be
designated by the executing micro operator. Where used, the second operand input is contained
within the executing micro. The 4-bit function box may be exercised by the micros in the 1C
through 6C series. The functions thus provided include pass through, set, AND, OR, Exclu-
sive OR, increment, increment and test, decrement, decrement and test, test and branch, and
test and skip. (These are more fully described in the micro functions discussion. Refer to
that section if further details are desired.) The result output of the 4-bit function box
(modified or unmodified) is always returned by way of the 4-bit result bus to the source
register. This is true except for pseudo registers, which may not serve as a sink, and re-
gister-to-register moves which do not produce a 'result'" as such.

In the pass-through function mentioned above, the 4-bit function box serves as a path from
the 4-bit auxiliary bus to either the 4-bit result bus or four least-significant bits of the
MEX. Since all 4-bit register outputs are gated to the 4-bit auxiliary bus, this bypass to
the register input data paths is necessary to allow register-to-register moves.

INPUT MULTIPLEXORS

For all practical purposes, the operand input to the 4-bit function box is the contents of
the 4-bit auxiliary bus. Therefore, the output multiplexors (which the T, L, FB, C, TOPM,
XYST, XYCN, BICN, FLCN, and INCN registers share) may also be considered the function box

input multiplexors. These multiplexors comprise three groups, serving the processor registers
as follows:

Group 1: C, T, and L registers

Group 2: FB register

Group 3: TFLCN, INCN and TOPM registers
A portion of each group of multiplexors is illustrated in figures 2-76, 2-77, and 2-78,
respectively. In function, register selection for gating to the 4-bit auxiliary bus is con-

trolled by the bit configuration on the 4-bit source control lines. The combination required
for selecting any given register is shown in table 2-5.
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Figure 2-76. 4-Bit Box Input Multiplexors (C/T/L Registers)
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Figure 2-77.

FBROOLDO

|

FBR0O4LDO

FBROSLDO

FBR12LDO

FBR16LDO

FBR20LDO

4-Bit Box Input Multiplexors (FB Register)

MFAN

AU4B0BTO

2-113



711-2C

MTF/N. ‘ \ 4‘SR11/N0.

XPOSFON. —/
CONSCSPO. ‘
; \ consoLn. \
RUES.N.
L/DM11N. TRUEM.F.
ﬂ -
> _'_/FLCNLEO
CLRCRDH. N
4SOR10NO _)_ — AU4B1BTO
44— C1IM8BNO 1 ™mran
DPAL..H. 7] - ™
4SORO09NO
p= - — -
DIHL.H. ] 4SOROSNO
FFAN N
TRUE2.H. )
—
INCN2FH.
7INTORH1
- . INCN3FH. ]
DIL...H. ] AU4B2BT0
F . Ssuay
- ‘ —
DRLL..H1 ' INCN1FH. TOPM2FGO MFAN
FFAN
4 <« C1HSNO R
DSCP.H, gg?
cc2 | INT OR 5/7INTAO
CcDo j
cD3 Lad

Figure 2-78. 4-Bit Box Input Multiplexors (FLCN/INCN/INT/TOPM Registers)
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Table 2-5.

The 4-Bit Function Box Enabling Signals

4-BIT MFAN ADDRESS LINES

4-BIT MFAN ENABLE LINES

4SORTONO | 4SORO9NO | 4SOROSNO 44-COL8NO | INPUTS
0 0 0 1 TA
0 0 1 1 8
0 1 0 1 TC
0 1 1 1 ™
1 0 0 1 TE
1 0 1 1 TF
1 1 0 1 CA
. . . 4«-COHBNO| cn
0 0 0 1 LA
0 0 1 1 LB
0 1 0 1 LC
0 1 1 1 LD
1 0 0 1 LE
1 0 1 1 LF
1 1 0 1 cc
. . ] 4«CIL8NO . oo
0 0 0 1 FU
0 0 1 1 FT
0 1 0 1 FLC
0 1 1 1 FLD
4sR11/NO ! 0 ° 44-CIMBNO | 4<~CIHBNO ! FLE
1 0 1 1 FLF
1 0 1 0 1 0 BICN
1 0 1 1 1 0 FLCN
0 0 0 0 0 1 TOPM
0 0 0 0 1 0 XYCN *THE INTERRUPT BIT IS
0 0 0 1 1 0 XYST MULTIPLEXED AT THE
0 1 1 0 0 1 INCN SAME TIME AS XYST
0 0 1 1 1 0 cPU
0 1 0 1 0 1 INT*
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Multiplexor Controls

The 4-bit source control lines (actually address and enable lines for the MFANs) are derived
directly from the contents of the M-register, under the control of the XPOS flip-flop. Refer
to figure 2-79. Such direct control is employed in order to make the contents of the 4-bit
registers available on the 4-bit auxiliary bus at the earliest time following initiation of
the micro. In the console state, the M-register outputs are replaced by the load/display
lines, which are derived from the settings of the register group and REGISTER select switches
on the console.

4-BIT MICRO OPERATOR CONTROLS

The micros which exercise the 4-bit function box are decoded by the logic shown in fig-

ure 2-80. DFAN A develops a control signal for each of the micros in the 1C through 6C
series (these signals are known as 4BOX1CF through 4BOX6CF). Additional control signals are
developed as follows:

Gate 1: R« 3C+-F. is decoded from the 3C micro when MOP line 06 is true. This signal
enables gating the 4-bit sum or difference to the 4-bit result bus.

Gate 2: S« 3C+F. is decoded from the 3C micro when MOP lines 04 and 06 are both true.
Enables the skip function when an overflow or underflow occurs as a result
of the arithmetical operation.

Gate 3: 3CT-M.F. is decoded from MOP lines 05 and 06, and defines the add or subtract
mode for the 3C as well as the 6C micro.

Gates 8-11: Pass the contents of MOP lines 00 through 03 to the function box as the
literal operand input.

Gates 4, 12, and 13: 4X<« 4BBF. gates the contents of the 4-bit auxiliary bus to
the MEX. This creates a direct path through the 4-bit function

box for register—to-register moves (1C and 2C micros).

Gates 14 and 15: 4R+« 36CF. enables 8-bit function box output multiplexors to transfer
results from a 3C or 6C micro to the 4-bit result bus.

MICROS

The above signals are employed in various combinations by the different micro operators.
Since the micro functions are quite different, each is described individually.
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Figure 2-79. 4-Bit Input Multiplexor Control Logic
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3C Micro Functions

The 3C micro performs various arithmetical and combinatorial functions between the selected
4-bit source register and the literal as specified by the micro variants. Refer to fig-
ures 2-81 and 2-82. The result is returned to the same register, except if the sourced
4-bit register is a pseudo register. Table 2-6 illustrates the different variants and the
pertinent control signals.

Table 2-6. Variants and Control Signals

MOP MOP MOP

Variant 6 5 4 R<3C + - F. S<«3C + - F. 3C + - M.F.
SET 0 0 0 0 0 0

AND 0 0 1 0 0 0

OR 0 1 0 0 0 0

EOR 0 1 1 0 0 0

INC 1 0 0 1 0 0
INC-T 1 0 1 1 1 0

DEC 1 1 0 1 0 1
DEC-T 1 1 1 1 1 1

SET Variant

Set the 4-bit register to the value of the literal and gate the result to the 4-bit result
bus (4 RSLT-bus). The signal 4R« 36CF. enables MFANs I, J, K, and L.

AND Variant
The 4-bit register and the literal are ANDed through DFANs A, B, C, and D. The output
3GENn.F. represents the result and is put through MFANs I, J, K, and L to the 4-bit result

bus (4 RSLT bus). MOP-04 addresses the MFANs.

OR Variant

The 4-bit register and the literal are ORed at the outputs of gates 1-8, and the result is
gated to the 4 RSLT bus. MOP-05 addresses the MFANs that select the 3CORn.F. inputs.

EOR Variant

The 4-bit register and the literal are exclusive ORed through DFANs A, B, C, and D. The

outputs BPROPnF. represent the result and are put onto the 4-bit result bus (4 RSLT bus) via

MFANs I, J, K, and L. MOP-04 and MOP-05 address the MFANs.

INC Variant
The 4-bit register and the literal are binarily added by using two sets of DFANs (A and H)

and a CFBN. The sum represents the result and is the output of DFANs E, F, G, and H going
directly onto the 4-bit result bus (4RSLT bus). R=<«3C + - F. enables the DFANs.

INC and TEST (INC-T) Variant

An INC function is performed and the overflow (carry) is monitored. 1If the CFBN generates

the output 3CO/USF., a skip function is initiated. S<«3C + ~ F. enables gate 1.

For Form 1066941
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DEC Variant

The literal is binarily subtracted from the 4-bit register by using DFANs A through H and the
CFBN. The operation of DFANs A through D is governed by the subtract term 3C + - M.F.

The difference represents the result and is the output of DFANs E through H going directly
onto the 4-bit result bus (4 RSLT bus). R<«3C + - F. enables the DFANs.

DEC and TEST (DEC-T) Variant

A DEC function is performed and the underflow (borrow) is monitored. If the CFBN generates
the output 3CO/USF., a skip function is initiated. S+« 3C + - F. enables gate 1.
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Figure 2-81. The 3C Micro Function Adder and Skip Logic
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6C Micro Functions

The 6C micro performs various bit test functions as specified by the micro's variants. The
literal is used as a mask. Only the bits in the 4-bit register which are referenced by the
1 bits in the mask are tested and also cleared if specified. Refer to figure 3-83. All
other bits are ignored, except if a compare is made equal to mask. The 4-bit register,
modified or unmodified, is gated to the 4-bit result bus (4 RSLT bus) and back to the
sourced register, except if the sourced 4-bit register is a pseudo register. Table 2-7
illustrates the various variants of the test function.

Table 2-7. 6C Micro Variants

MOP MOP MOP

6 5 4 Test Function

0 0 0 Skip if any referenced bit is true

0 0 1 Skip if all referenced bits are true

0 1 0 Skip if register equal to mask

0 1 1 Skip and clear if all referenced bits are true
1 0 0 No skip if any referenced bit is true*

1 0 1 No skip if all referenced bits are true*®

1 1 0 No skip if register equal to mask*

1 1 1 No skip and clear if all referenced bits are true*
* The skip is taken if the test condition is not met.

Figure 2-83 illustrates the bit test logic for the 6C micro. Whenever any of the gates 1, 2,
3, or 4 have a true output, a skip function is initiated. At the same time, the 4-bit
register bits (referenced by the literal mask) are being tested. They are also gated back
to the RSLT bus either 1) directly (via the multiplexors( or 2) if a clear variant is
selected, they are put through the first stage of the 3C adder logic to perform the clear
function and then sent (via multiplexors) to the RSLT bus. Referring back to figure 2-84,
the MFAN addresses are additionally governed by the signal 4BOX6CF. which multiplexes the
fourth, fifth, and sixth input (used for the non-clearing 6C variant functions) to the
RSLT bus. If a clear variant is selected, the MFAN's are addressed for the seventh input
3XTRAnF. which is derived from the 3C adder logic. Referring back to figure 2-83, DFANs

A through D are controlled by the signal 4BOX6CF. Only bits referenced by a 1 mask are
cleared, i.e., whenever a register bit and a mask bit are true simultaneously, the output
3XTRA3F. is false.
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Figure 2-83. The 6C Micro Function (Skip) Logic
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4C/5C Micro Functions

The 4C and 5C micros test a specified bit of the selected 4-bit register, and, depending
upon the result, can branch (relative branch) a specified displacement to the next micro
instruction. Refer to figure 2-84. The branch is taken if the bit is 0 for a 4C micro or
1 for a 5C micro. If the test is not met, the next in-line micro is executed.

Referring to figure 2-84, a DFAN decodes the specified bit from MOP lines 05 and 06. The
selected bit is then gated with the appropriate 4-bit register bit from the auxiliary 4-bit
bus. Testing for a false bit during the 4C Micro, and for a true bit during the 5C Micro
generates the signal BRANCHFO which, in turn, develops JUMP.FO..

4MOP6.F.
4MOPS.F.

S. BIT 3F.

S. BIT 2F.

S.BIT 1.F,
S. BIT OF.

DFAN I

TRUE 9.F. |

TRUE
AU4B3BTO

g

BRANCH FO

" 4

AU4B2BTO

JUMP..FO

AU4B1BTO

AU4B0BTO

VAVAVAY

4SKIP.F.

(§C MICRO) 4BOXS5CF.

y_4BOXACF.

(4C MICRO

TRUE 9.F.

Figure 2-84. 4C/5C Micro Function Branch Logic
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4-BIT REGISTER SINK CONTROLS

Except for the 4-bit register move operations performed within a 1C or 2C micro, the 4-bit
register used as a sink is always the same as the one used as the source. Refer to figure 2-85.
This is true except when the source is a pseudo register, in which case only the test func-
tion is relevant, and the information on the 4-bit auxiliary bus is lost.

MP10..R.
A 4BSKA2RQ
MP12.R.
. MP09..R
] B 4BSKA1RQ
MP13..R.
; ) l MP08..R.
. c 4BSKAORQ
DOIC/R
MP14.R.
}l
MPI5.R. ICL..R.
3 —
TRUE2.R. - MP02.R. °
MPO1..R. E
MP0O..R. F

Figure 2-85. 4-Bit Register Sink Controls
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CA<—4X.A.
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Figure 2-86. 4-Bit Register Sink Control Decoding
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The three 4-bit sink-control signals (4BSKAORO through 4BSKA2R0) are generated from the MOP
lines. Referring to figure 2-85, buffers A, B, and C provide the controls for the 2C, 3C,
4C, 5C, and 6C micros, while buffers D, E, and F provide controls for the 1C micro. Using
these three sink signals, the logic shown in figure 2-86 generates (via DFAN's B through G)
the various enable lines for the 4~bit register to be sinked. DFAN-A plus additional

micro decode logic (not shown) provides the enable lines for the DFAN's. If the CPU register
is being used as a sink, gates 1 through 5 provide the enable signal as follows:

Gates 1 and 2: True if CPU is used as a sink by the 1C micro.

Gate 3: True if CPU is used as a sink by the 3C micro.
Gate 4: True if CPU is used as a sink by the 6C micro.
Gate 5: True if CPU is used as a sink by the 2C or 10C micro.
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4-BIT RESULT GATING

A 4-bit result is basically gated to all the different 4-bit registers in a similar manner.
Gates 1 through 4 are the result drivers. Gates 5 through 12 are the inputs from the main
exchange for the TE and TF or LE and LF registers. They are kept inactive by the signals

3C0<« 4/A and 3 + 6C/.FO which are false during a 4-bit result transfer.
a 1C or a 2C micro (if a 4-bit register is used as a sink), gates 9 through 12 are enabled
and the four least-significant MEX bits are transferred to TF or LF, respectively.
13 through 24 are the sink gates for the 4-bit result controlled by the appropriate enable
lines. Figure 2-87 shows the 4-bit sink gating controls, and figure 2-88 illustrates the

gating of the result to the TD, FE, and TF registers or the LD, LE, and LF registers.

However, during

Gates

T «— 4 BT.RO
> 1CO «—4/A.
L «— 4BT.RO \
CO < 4X.A. 2C0 «— 4/A.
\ 3C0 < 4/A.
CRDTSTA. [ /
—ﬁ — -
| RN [
— - 4BOX6CF. \
] — 3+6C/.FO
[ 4BOX3CF, /

Figure 2-87. 4-Bit Sink Gating Controls
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M-STRING MEMORY

M-string memory is a l6-bit-wide modular memory used exclusively for the storage of micro
operators. MSM is addressed by the contents of the A-register, and is arranged to gate the
addressed word location directly to the M-register for execution. MSM may also be addressed
as a source or sink, with access to or from the MEX. This allows micro strings to be moved
into and out of MSM as required. The M-string memory is much faster than S-memory, contri-
buting to the greater .speed of the M-memory processor.

MSM DATA STORAGE

M-string memory is composed of storage cards, each capable of storing 2K bytes, or 1024
16-bit words. The storage cards are made up of an array of 64 256 x 1-bit RFDN random access
memory chips (figure 2-89). The 64 chips are placed in four rows of 16 chips each. These
rows are known as groups A, B, C, and D. To achieve the 16-bit width of MSM, one entire
group of 16 chips is enabled at a time. The bit locations within each of the 16 chips are
addressed sequentially until exhausted, after which the process is repeated in the next
successive group. Likewise, the memory cards are enabled in succession to create an
electrically—-continuous memory. Up to four memory cards may be employed for an overall
storage capacity of 4096 16-bit words.

MSM ADDRESSING

To achieve the addressing scheme described above, a number of internal control signals are
required. These signals are listed below, along with their derivations and significance.

Signal(s) Derivation Significance
ADRO through ADR7 A-register bits 00 through 07 Select bit locations

00 through 255 within RFDN
memory chips

SLCT00 through SLCT03  A-register bits 08 and 09 Select chip groups A, B, C,
and D
MSCAO and MSCAl A-register bits 10 and 11 Select memory cards

For Form 1066941 2-131



AN A

ADRS..A { _CSEL
ADRB..A
SLCT03/
SLCTO02/
(CHIP SELECT) SLCTO1/
SLCT00/
ADR78 L ADR7C 11 ApR7D L] l
PR— ——
A | B I 1o MSRD1S
R ] ] : T
0-255 512- 256 768 '
— 1 1 sn ] 1023 :
5
| reon ADROB| RFDN ADROC] RFON ADROD| RFON : h
I
(WRITE DATA) L~ : ' '
TFFFFTFF e A ¥ F¥AF I
1
MX—MSM i
L 1] 11 L )‘_——
r ADR7 —
\DRTA B ADR7C ADR7D ‘ :
ADRGA A B c D \
ADRSA: _— —_— — 4 MSR
ADRA4A: 0-255] | — 512 | ——] 256-] | ——1 768- SRDOO
(ADDRESS) ‘ADR?-A » —1 767 — 611 B ——d 1023 MEX00
ADR2A _)——
oA RFDN ADROB| RFDN ADROC] RFON ADROD] RFDN B
' mswpooao [N\ r"‘* | = l
V- IR— MSM
> M-——MSM
mswrenMo N MSwRen ——D—‘

(WRITE ENABLE) L~

Figure 2-89. M-String Memory Card Logic Block Diagram

Tenuel TeOTUYDD] WalsLS Teijua) S9II8s Q7.1 4



B 1720 Series Central System Technical Manual

All chip groups receive the eight least-significant address lines (ADRO through ADR7) in
parallel. Since only one chip group is enabled at any given time, receipt of the same
address by the other goups is of no significance. Likewise, all four groups on a card have
data output lines connected in parallel. These output data lines are identified as DATAOO
through DATA15. Each 1K storage card has output gating which enables the data output when
the level CSEL is true. The data outputs of all storage cards are ORed at the backplane.

The control lines SLCT00/, SLCTOl/, SLCT02/, and SLCT03/ are derived from AO8F/ and AQ9F/,
by the circuit shown in figure 2-90. The signal development and significance are as shown

in table 2-8.

Table 2-8. MSM Addressing

Word | SLCT ##/

Number AO9F | AO8F | MSR11/ | MSR10/ | SELOL/ |[SELOO/ | = False |Group
0 through 255 0 0 1 1 1 1 00 A
256 through 511 0] 1 1 0 0 1 02 C
512 through 767 1 0 0 1 1 0 01 B
768 through 1023 1 1 0 0 0 0 03 D

In like manner, card selection is derived from A1OF and A11F. These signals are used within
each card to produce the level CSEL, which enables the gates (A and B in figure 2-90) con-
trolling data output to the backplane. Within the card, the A1QF and Al1lF flip-flop set and
reset output lines are known as MSCAO, MSCAO/, MSCAl, and MSCAl/. In order that only one
storage card be enabled for each of the four possible binary configurations of ALlOF and AllF,
the backplane connections for these signals are different at each card location. This is
shown in table 2-9.

Table 2-9. MSM Card Addressing

Address Bit States Backplane Connections

Card Number Word Number ALIF AIQF Gate A Gate B
Card 1 0 through 1023 0 0 MSCAl MSCAO
Card 2 1024 through 2047 0 1 MSCAl Mscao/
Card 3 2048 through 3071 1 0 MSCA1/ MSCAO
Card 4 3072 through 4095 1 1 MSCA1/ MSCAO/

Selection of an individual card occurs when both its MSCA# inputs are false. Note that
CSEL/, when true, forces all SLCT lines within a card true, effectively disabling all memory
chips on it (in addition to disabling the output gating). This is significant during write
operations, because the incoming write data is available simultaneously at all cards and chip
groups.
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MSM DATA INPUT

MSM has one data input source: the MEX. The MEX input is gated directly to all portions of

MSM, with the write data not subject to further gating once past the input. Write data may

enter MSM under three conditions: during an overlay M-string operation (2F micro), during a
write MSM operation (7E micro), or during execution of any other micro which selects MSM

as a sink (1C, 2C, 8C, 9C, or 10C). The enabled data is known as MSWDOOQO through

MSWD1500. The MSM data input gating is shown in figure 2-91.

MEX15
MSMSNKF1 T MSWD15Q0

| |

IWR

: | DATA
OVLMOPP., I T ' L‘QM
L.zl MEX00 :

b MSWD00Q0
EXWRMSP.
TRUE |

Figure 2-91. MSM Data Input Gating
WRITE OPERATION

Writing in M-string is a 2-clock pulse operation. Any of the conditions mentioned above
generate the level WRITMSPO. This level causes, by way of the logic shown in figure 2-92,
the generation of an 80 nanosecond false pulse, called MSWPENMO, during the second clock
pulse. The latter pulse is distributed to all units of MSM as M-string write enable.

READ DATA

Read data from MSM may be gated to either the M-register or the MEX, with M being the usual
destination. When the currently executing micro operator selects MSM as a source and a

register other than M as a sink, the level OR < MSM enables gating the read data to the MEX.
Micro fetching from MSM occurs when M < MSM enables gating the read data to the M-register.
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Figure 2-92. MSM Write Enable Logic and Timing
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MICRO EXECUTION AND TIMING

The B 1720 Series Central System Processor is always in one of five defined current states
which gives rise to the term "finite state machine." These five states are:

Term Definition
CONSCSP. Console current state
STRTCSP. Start current state
EXECCSP. Execute current state
FTCHCSP. Fetch current state
STOPCSP. Stop current state

Each of these states, when active, allows certain operations to take place within the
processor as follows:

Term Description
CONSCSP. Load/display functions are enabled.
STRTCSP. True for one system clock pulse and is entered from CONSCSP. by the

START pushbutton. In MIR mode, the cassette drive is started.

EXECCSP. This is the normal operating state of the machine in which the
fetching (from MSM) and execution of micros takes place. This
state is entered from STRTCS or FTCHCS and may exit to FTCHCS

or STOPCS.

FTCHCS. This state is entered from EXECCS when it is necessary to fetch
a micro from some source (S-memory or U-register) other than
M-memory.

STOPCSP. True for one system clock and stops the cassette drive if running

and enters CONSCS.
CURRENT STATE LOGIC

The current state of the machine is stored in the three flip-flops: BMACLF (24), BMAC2F (23),
and BMAC4F (22) which are the basic micro and address control flip-flops. Refer to figures
2-93 and 2-94. All three flip-flops operate in the D-set mode when CHGBCDP1l (change basic
control state) is true.
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After a power on, a clear, or halt the processor is in CONSCS with flip-flops 22, 23, and 24
all being reset, thereby enabling the zero output of DFAN 28. At this time EFAN 15 is
enabled by the output of buffer 13 being false. Depression of the START pushbutton enables
buffer 12 and makes NSSTRT (next state start) true. With EFAN 15 enabled, NSSTRT is true
making CHGBCS and BMAC1L (basic micro and address control 1 level) true. The next DSCP sets
flip-flop 24 which is decoded through DFAN 28 to enable STRICS.

STRTCS is ANDed with MTR to enable CSTARTOP and DSETM so that if the processor is in MTR
mode, the cassette drive is started and zeros are clocked into the M-register. STRTCS also
goes to the reset input of the HALTF.F. (7) and to gate 11 to make NSEXEC (next state
execute) true which is encoded through EFAN 15 to make CHGBCS and BMAC2L true. The next
clock after entering STRTCS sets BMAC2F (23) to decode EXECCS through DFAN 28, and resets
HALTF.F.

With EXECCS now true the output from buffer 13 is true and EFAN 15 is disabled. At the same
time the output of buffer 14 is true, which enables DFAN16 if MIR is false. Provided there
are no exception conditions, i.e., AOB (A out-of-bounds), M..SNK (M-register sink), or halt,
the zero output of DFAN 16 is true which maintains a true on the D-input of flip-flop 23.
Each time FINISHP1 is true (at the end of execution of each micro instruction) and JUMP/ is
true (indicating that the next sequential micro is to be executed), CHGBCS is true from gate
19 putting flip-flops 22, 23, and 24 in D-set mode. Flip-flop 23 remains set and 22 and 24
reset, causing the processor to remain in EXECCS executing micro instructions and testing
each time FINISH and JUMP/ are true for an exception condition.

Micro instructions are normally fetched from M-string memory during one system clock time
while the previous micro instruction is being executed. If the A-register address is
greater than TOPM then AOB is true (A out-of-bounds), and the next micro to be executed
must be fetched from S-memory. AOB true enables output number 4 of DFAN16 making the level
BMAC4L true. With the finish level true at the completion of execution of the current micro
in the M-register, BMAC4F (22) sets, BMAC2F resets, and BMACIF (24) remains reset so that

1) FTCHCS is decoded from DFAN28, 2) EFAN15 is enabled, and 3) DFAN16 is disabled. When a
fetch from S-memory takes place, the following occurs: at the end of the memory cycle
DNMEM.HO (done memory) comes true, and through gates 1 and 10 makes NSEXEC (next state
execute) true. As EFAN15 is now enabled the next DSCP sets BMAC2F (23) and resets BMAC4F (22)
to decode EXECCS and allow execution of the micro instruction which has just been fetched
from S-memory.

If the Processor is in MTR mode, then DFAN16 is not enabled when entering EXECCS from STRTCS.
With EXECCS and MTR true, gate 18 is enabled, forcing BMAC4L true. Since zeros were gated
into M-register as the processor went from STRTCS to EXECCS, A one-clock no-op is executed.
Finish and Jump/ are true at this time so that BMAC4F (22) is set and BMAC2F is reset on the
next clock pulse (after entering EXECCS in MTR mode). This changes the output of DFAN 28

to FTCHCS.

The processor now waits while a micro instruction is read from the cassette tape and assembled
in the U- Register. When a complete micro has been read into the U Register UDP...LO (U data
present) comes true. The micro instruction is gated through the MEX and into the M-register
and simultaneously UDP...LO true makes NSEXEC true from gates 2 and 10. The next DSCP sets
BMAC2F (23) and resets BMAC4F (22), to decode EXECCS from DFAN 16. The micro read from tape
(and now in M-register) is executed. At the completion of execution FINISH is true, again
putting flip-flops 22, 23, and 24 in D-set mode. Gate 18 forces BMAC4L true and BMAC4F sets
and BMAC2F resets. The processor has now returned to FICHCS and waits for the next micro
instruction to be read into the U-register.

2-140



B 1720 Series Central System Technical Manual

HALT LOGIC

The signal HALT..Pl may come true from several sources:

Source Description
HLTMOPP. Halt micro decode
PARERRTO Parity error
MTR-CASTOPP. MIR mode and cassette stop micro
SNGMOD Single step mode
HALTB.P. HALT push button
A=CSW+NULLREG - EXECCSP A-register address equals console switches and null

register and execute current state.

Any of the above conditions brings STEP..P. true (figure 2-93) which, through gate 6, makes
HALT..Pl true and forces a true on the set output of HALTF..F. From this point, the halt
process depends on the operating mode of the processor. Refer to figure 2-95 for Halt
timing.

In RUN mode and EXECCS, gates 17 and 18 are disabled and DFAN 16 is enabled. HALT..Pl true
is decoded by the DFAN16 to make the #1 output true. Through buffers 20 and 21, BMAC1L and
BMAC4L are true. After execution of the current micro, FINISH and JUMP/ at gate 19 allow
BMACLF (24) and BMAC4F (22) to be set and BMAC2F (23) to reset. STOPCS is decoded from
DFAN28. Stop current state forces CSTPAGPO true (card P, page 1) to stop the cassette drive
at the next gap. FEFAN15 is now enabled and, with STOPCS on the zero input, CHGBCS is true
and all the BMACnL signals are false. The next DSCP resets BMAC1F, BMAC2F, and BMAC4F to
put the processor in the console current state and enable the load/dispaly functions. The -
processor can only return to EXECCS by depression of the start push button at gate 12. If
the processor had been in FTCHCS (when HALT..Pl came true) then the fetch would continue
until DNU+M came true. Through gate 9 NSSTOP comes true and the processor goes from

FTCHCS to STOPCS to CONSCS with the next in-line micro to be executed in the M-register.

In MTR mode, DFAN16 is disabled and is bypassed by gate 17 to force a similar function as
when in the run mode. If, in the run mode, EXECCS, FINISH, and HALT..Pl are true but

JUMP/ is false, this would imply that a branch or skip micro is currently being executed
and the jump is to be taken. In this case, one extra clock pulse is required before
halting to allow the new micro instruction at the '"branch to' address to be fetched and the
"branch to" address in A-register to be incremented by one to address the next in-line
micro. Jump/ is true at the extra clock pulse and the halt logic takes the processor to
the console state (as before) with the next micro to be executed in M-register, and A-
register addressing the next micro to be fetched.

Halt - Console Switches Equal A-Register

When null register is selected by the console dial settings and the processor is in run
mode and executing micro instructions, the processor halts whenever the contents of A-
register match the console switch setting (starting with the fifth switch position from
the right and ignoring the leftmost six positions). See figure 2-96. Card M (page 6)
contains three CFAN's where a comparison is made: compare console switches CSWO4 through
CSW17 to A-register bits AOOF through Al3F.

When an equal comparison is found, A=CSW.MO is true. This signal goes to card P (page 8)
where it is ANDed with EXECCSP. and NULREGP. to give STEP..P. true and bring the processor
to a halt.
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MICRO EXECUTION - M-REGISTER AND A-REGISTER

The micro instructions used in the B 1720 Processor may be subdivided into the three following
types. Refer to figure 2-97.

1. Micro instructions normally requiring one clock period for execution, but possibly
requiring up to four clocks when exception conditions arise. Included in this group
are: 1C, 2C,.3C, 45C, 6C, 8C, 9C (3-clock micro), 10C, 11C, 123C (2~-clock micro),
145C (2-clock micro), 3D, 6D, 7D, 8D (2-clock micro), 9D, 2E, 3E, 4E, SE, 6E, 1F, and
no-op micros.

2. a. Multiple function micros including: 7E (exercise MSM), 2F (overlay M-string),
and 4F (bind).

b. Variable length micros including: 4D and 5D (shift/rotate X and/or Y) and
3F (normalize X).

3. Basic 3 micros including: 7C (read), 7C (write), 2D (swap), and the lE (dispatch).

In type 1 and 2b(above), execution time is determined by FINISHP1l and EXRFINP1 (run mode) or
EXMFINP1 (tape mode).

In type 2a (above), the multiple function current states control execution time.

In type 3 (above), the concurrency logic makes the level FORCEFP1l true (force finish) when
the operation is complete.

The following sections are primarily concerned with execution timing of micros in the type 1
category. Multiple function current states and concurrency are covered in later sections.

Any micro instruction to be executed is placed in the M-register, from where it is gated to
the MOP lines and decoded. In the M-memory processor, micro instructions are normally stored
in M-string memory from where they are read at addresses determined by A-register. From

MSM, each fetched micro is gated directly into the M-register at the completion of the pre-
vious instruction. When required, micro instructions may also be fetched from S-memory or
from the U-register.

Basic micro execution time is one system clock. In this time the micro instruction is
decoded, the data source is addressed or enabled, the data is manipulated and/or gated to
the destination, and, on the trailing edge of the system clock, it is latched into its
destination. Simultaneously as the micro is being executed the next in-line micro is being
addressed by A-register and appears as MSM read data. This read data is gated to the M-
register D-inputs by the level M« MSM. With DSETM1PO and DSETM2PO true, the same clock
pulse latches a new micro instruction into M-register, and also increments A-register to
address the next in-line micro.

If a micro instruction takes more than one system clock to execute, then DSETM and INCA
(increment A-register) is disabled. This allows the M-register to hold the currently-
executing micro until execution is complete, and A-register continues to address the next
in-line micro.

When A-register is used as a destination (as in 1C move to A-register), or when A-register is
modified (as in a branch or skip), then an additional clock must be allowed for the micro

at the new A-register address to be fetched from M-string. This is achieved by disabling

M+« MSM and having DSETM1PO and DSETM2PO true. Zeros are latched into the M-register and a
one-clock no-op is executed during which time the micro at the new A-register address is
fetched.
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A no-op may also be forced by resetting the Expose flip-flop. XPOSF is set when the
processor enters the execute current state and normally remains set to allow the M-register
outputs onto the MOP lines. If an exception condition, A out-of-bounds, M-register sink or
halt arises, then XPOSF is reset and no-op's executed until it is again set.

The XPOS flip-flop is also reset in the tape mode, this occurring after the execution of
each micro. Repeated no-op's are then executed until the next in-line micro is read into
the U-register (from the cassette), and gated to M.

If, during a concurrency check, the micro being checked is not found to be a concurrency
micro, then NSCONDP. is true and the XPOSF is reset to prevent the micro from being decoded.

FINISH LOGIC - M-REGISTER AND A-REGISTER CONTROL

Consider the processor to be in run mode and console current state with the HALTF.F. set.
Refer to figures 2-98, 2-99, and 2-100. The M-register contains the next micro instruction to
be executed and the A-register contains the address of the next micro to be fetched. With
depression of the START pushbutton the processor enters STRTCS. With the next clock pulse,
XPOSF (expose flip-flop) is set (gate 10, figure 2-97) and the processor enters the execute
current state (EXECCSPl is true). With EXECCSP1l and RUN...P. true, DFAN17 and DFANl4 are
enabled. Also with XPOSF set, the M-register is gated to the MOP lines and decoded. The
inputs to DFAN's 20, 17, 14 are false, unless:

a. SUPFINP1 is true if the micro instruction is a type 2a multiple function, 2b
variable length micro, or type 3, basic 3 or dispatch.

b. SORHOPLl (source holdover) is true if a type 1 micro instruction decodes an
exception condition such as slow source.

c. SNKHOP1 (sink holdover) dis true if a type 1 micro instrucion decodes an exception
condition such as a slow sink register.

Assume the three signals above to be false. With DFAN's 17 and 14 enabled, FINISHP1 and
EXRFINP1l are both true. Provided a branch or a skip is not made and AOB/ (A-address out-—of-
bounds not) is true, then gates 3, 7, and 13 are enabled. This makes INC A (increment
A-register), DSETM (M-register D-set mode control) and M <« MSM (M-string memory read data to
M-register) all true. The next clock pulse D-sets a new micro into M-register and increment
A-register to address the next micro to be fetched. EXRFINP1 and FINISHP1 normally remain

true, enabling gates 3, 7, and 13. Under these conditions micro instructions are fetched
and executed in one clock period until an exception condition arises.

The following paragraphs detail the various exception conditions experienced in the finish
logic operations. These include:

a. Branch

b. Skip

c. A Out—-of-Bounds

d. Slow Source including:
1. Slow 24-Bit
2. Slow 4-Bit

3. Slow Scratchpad Read After Write
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e. Suppress Finish, Source Holdover or Sink Holdover including:
1. Suppress Finish
2. Source and Sink Holdover
f. M-String Memory as Sink and AOB/
Branch

This may occur during execution of a 4C or 5C branch test micro, when the branch is to be
made. In this case the term BRANCHFO is generated. The 12C or 13C branch relative and 14C
or 15C call relative micros may also generate BRANCHFO, as well A-register being the
destination on a 1C, 2C, 8C, 9C, or 10C. (See logic schematics card F, page 3 for

BRANCHFO generation.)

With BRANCHFO true, JUMP..FO is true and JUMP/.FO false through gates 22 and 24. Gates 3 and
13 are disabled and gate 1 enabled, giving D-SETA true (A-register D-set mode control) and
DSETM true. The next clock sets the "branch to" address in A-register and sets zeros in
M-register. With zeros in M-register, BRANCHFO goes false and a one clock no-op is executed
during which time the new micro is fetched from the "branch to'" address. At the next clock
pulse with gates 3, 7, and 13 again enabled, the new micro is set in M-register and
A-register is incremented. Executing the branch micro instruction (or A-register as a
destination) takes one clock plus a one clock no-op to fetch the micro at the new address.

Skip

This is true when the operation indicates that the skip is to be taken on a 3C 4-bit
manipulate, 6C skip when, 1E dispatch, or 3E bias. 4 SKIP.F. true makes JUMP..FO and
SKIP..FO true and JUMP/.FO false. Gates 3 and 13 are disabled and gate 2 enabled to make
INC A and DSETM true. The next clock increments A-register and sets zeros into M-register.
A one clock no-op is executed while the micro at the "'skip to' address is fetched. Thus,
the micro has been executed in one clock (except dispatch which is a multiple clock micro).
If the skip is to be taken, the next in-line micro is replaced by a no—-op and the following
micro is fetched.
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A Out-0f-Bounds (AOB)

AOB true indicates that the next micro instruction to be executed is not stored in M-string
memory but must be fetched from S-memory. AOB true disables gates 3, 7, and 13. DSETA, INCA,
DSETM, and M + MSM are all false. With finish of the currently executing micro, the clock
pulse resets the XPOSF.F. (figure 2-101, gate 6), and the processor enters FTCHCS (fetch
current state, figure 2-93). DFAN's 17 and 14 are disabled and EXRFINPl and FINISH go false.
A memory cycle is initiated to fetch the next micro from S-memory at the address determined
by A+MBR. When the memory cycle is complete and the new micro is on the main exchange, the
level DNMEM..HO (done memory) comes true. Gates 4 and 9 (figure 2-98) are enabled, as are
gates 1, 9 and, 4 (figure 2-101). Thus, with DNMEM.HO coming true the fetch current state,
INCA, DSETM, M+« MX, XPOF , and NSEXEC (next state execute) all come true. The next clock
sets the micro on the main exchange into M-register, increments A-register, sets the expose
flip-flop, and the processor enters the execute current state.
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"FINISH JUMP/.FO_| | M _— MX.P0
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Figure 2-101. M-eMX..PO ,XPOF-#1PO , XPOF-OPO
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SLOW SOURCE

Because of the propagation delays inherent in certain electronic circuits, several 24-bit

and 4-bit register sources require more than one system clock (164 nanoseconds at 6 megahertz)
to produce a stable output and perform the function according to the micro being executed.
Refer to figure 2-102. Such registers are SUM and DIFF (binary or decimal), BICN, FLCN,

XYCN, XYST, and scratchpad read after write. As the basic micro execution time is one system
clock, gating is provided to produce the signal SLOSORFl when any of these registers are

used as a source, and extend micro execution time by one clock period. In addition, the 8D
scratchpad relate FA micro, which is always a two clock micro, utilizes the slow source logic
to obtain the second clock.

Slow 24-Bit (Card L, Page 3)

The output from gate 16 or 17, SUMDIFL., is true any time SUM or DIFF registers are decoded

as a source from MOP lines 6 through 11. SUMDIFL. is gated with CREGO5L1 (C-register, bit 5)

at gate 6 and with CUBOOOL. at gate 5, so that regardless of whether the operation is binary
(CUBOOOL. true) or decimal (CREGOS5L1 true), I+-HLDL. is true if SUM or DIFF is used as a source.
At gate 4, MX<« CO3L. is true if the micro being executed is a 1C move, or a 2C move register

to scratchpad (MOPO5-false). The output of gate 4 is SL024.L0 which goes to card F (page 5)

and through buffer 2 gives SLOSORF1.

If an 8D micro is decoded, then 2CPCM.Fl is true {two clock pulse concurrency micro). Through
gate 17, SLO24.L0 is true and execution time extends by one clock period. On the first clock,
FFAN 18 sets (disabling gate 17), and on the second clock resets as a new micro is set in

the M-register.

Slow 4-Bit (Card F, Page 6)

SLOW4.F. is decoded from the outputs of the M-register flip-flops, rather than the MOP lines.
This is to give faster decoding of 4-bit functions, which generally require more levels of
gating than 24-bit functions. SLOW4.F. is true anytime the source register is BICN, FLCN,
XYCN, or XYST on a 1C, 2C, 3C, 4C, 5C or, 6C micro. At gate 3, SLOW4.F. is ANDed with MC3 +
6.F. which is true for a 3C (4-bit manipulate) or a 6C (skip when) micro instruction. Con-
sequently SLOSORF1l is true and execution time extended by one clock when BICN, FLCN, XYCN,

or XYST are used as sources on a 3C or 6C micro.
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MOP 6-7 = IM6M7 ' 6 %'S:TORI;OS/ SLOW/1F. BICN. FLCN
MOP 11-70-9-8 = DIF...L. 17 ‘ mc3+6F. | 3 [ JBICNFLON.
3C OR 6C MICRO
2 CLOCK PULSE CREGOSL1 | 3C + 6C MICRO
CONCURRENCY
_MICRO (8D) 17 )
[ —J M11F/.N.
— 4SR11/F.
CES 4SORO9F.
2CPCM.F1] o MOSF N. 12 4SOROSF.
18 +— l
—{FFAN MOBF.N. | | GROUP 6, 7. 12,13
| 8DIST.F. 13 ‘ B SELECT
DSCP | *— . 1C, 2C, 3c 4C, 5C OR 6C MICRO
SD2ND.F. XPOSFON.| TRUE ]
34567CN. 4 «=CIM8BNO |

M10F -MO7F - XPOSF2 = MSCO1.N 14

GROUP 4,5,6,7,12,13,14,15
M10F - MO7F/- MOBF - XPOSF1 = M8C1..N. SELECT 1
15

Figure 2-102. Slow Source Logic
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Slow Scratchpad Read After Write (Card F, Page 5)

Scratchpad write micros (2C P<R, 7D and 4E) normally take one clock to execute. On the
trailing edge of the clock the write data is latched into a holding register and the sink
scratchpad word address is stored. At this time the processor is released to execute the
next micro; however, the actual writing of the data stored in the holding register does
not take place until approximately halfway through the next clock period. 1In the event
that the next micro to be executed is a scratchpad read (2C R« P), execution time must be
extended by one clock to give sufficient time to give sufficient time to write the data
from the preceding micro into the scratchpad word, then read data from a new scratchpad
address.

Anytime a 2C P« R, 7D or 4E micro is executed, gate 7, 8, or 9 makes WRITE.F. true which
puts a true on the set input of the FFAN. The flip-flop sets with the next clock pulse,
and simultaneously a new micro is latched in M-register and WRITE.F. goes false. Two false
signals into the inverter make POSTWRF. (post write) true. If the next micro is a 2C

move padword to register, then SLOPRDF. (slow scratchpad read) is true from gate 10, and
gate 1 makes SLOSORF1l true. The FFAN remains set for one clock, and SLOSORFl true extends
micro execution time by one clock.

There are two other micro instructions which do a scratchpad read, but they do not require
an additional clock period for execution after a scratchpad write. These are a 7D swap F
with DPW and 5E load F from DPW. In both cases there is a direct path from the scratchpad
to the F register. Scratchpad read data, therefore, does not have to pass through the main
exchange. Thus, one clock period gives sufficient time to write the data from the previous
micro, address the source scratchpad address on a 7D or 5E, and have stable inputs to
F-register before the trailing edge of the clock.

SUPPRESS FINISH, SOURCE HOLDOVER OR SINK HOLDOVER

The three signals SUPFINP1 (suppress.finish), SORHO.Pl (seurce holdever), and SNKHO.P1l (sink
holdover) are used to disable the finish level and, therefore, extend the micro execution
time from the normal one clock period to as many clock periods as are necessary to complete

execution. Refer to figure 2-103.

Suppress Finish

Any time that one of the inputs of EFAN SO is true, then SUPFINP1 is true. All the inputs
except SUPFONP. are decoded from multiple clock micro operators as follows:

PICKUPPO True when a basic 3 (7C read or write, 2D swap) is decoded or when
concurrency is not in idle state.

NORMALP. 3F NORMALIZE*FLO..EO®MSBX#1P.
DISP5.F1 1E dispatch. True for all variants except V = 5, port absent.
5+6S/RNO 4D + 5D shift/rotate X and/or Y.S/R count not equal to zero. Finish is

suppressed until the S/R count = 0.

EXRMOPF1 7E exercise MSM
BNDMOPP. 4F bind
OVLMOPP. 2F overlay MSM

The above micros, except 4F bind (which is a three-clock micro), are all of variable length.

For Form 1066941
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MSMSNKF1
D.SORF1 12
SOR1CS
A/P1
S-SFe_ o 9CRA/
D..SORF1 nssSpz T SYNCEIP1 USOR..F1
EXECCSP, 1, upp/.p. | SORHO.P1
DNSROA SOR2S/P.
sorocs| 13 NSSOR1_F--v1 sSOROS/ [ o, )somcs‘ SOROCSP?
B 12 acrAP1 414
SNKHOP1 SOROCS RDP/..HQ
”—sg-ﬁ'ﬂ—_\ DNSROB
5 14 DSCY |1 FAN
UDP...10 ) u SORICSP?
9CRA..P1 ———J S*SF<4-0 D..SORF1 | 42 >—
RDP...P1 oS YNCFIP1 1QBF1.PO CARDQ CTERMP ‘
D+CSNKP. | i (RC) (CA) TRUE | 43 )9 SUPFONP. JSUPFINPI
SNKICSP1 | 15 24 | soRa3s/ __{j——/ QVLMOPP. |
MSMSK/P. -—--{10BFG.P0_ TO CARD Q TOPM«- 470 | BNDMOPP.
D..SORF1 16 25 (RCVR = 1) MSMSNKF1 | EXRMOPF? 50
TOPM<e 4T0 SORICSP1 7 EFAN AOBLP. | £+65/RNO J
PMe- 4705 D+CSNKP. chjj—] SNKICSP. DISPS.F1_|
MBRSNKFI EXECCSP. [ ™) MBRSNKF1 ';'l%i“g:;g
..GO SORHO/P. |/ DRIVFIP, M..SNKF1 A0B..GO | ——————EFAN
MSMSNKF1 A0B..G0 [
AOB/P. 0 ) opt[° EXECUTP, | SLOSNKP.
SNK1CSP1 | —_/  SORIC/P. ¢ 3 RDP/..HO B’—
9CRA/P1 SNKOS/  SNK2CSP1
SORICSP1_| SNKHOP1 | 1% D4CSNKP.
SNKHO/P. | SORHO/P. | 26 | SNK2S/P. N sNKkicsp. | a8 SNKHO.P1
FINISHP1 | ~—=1 SNKOS/P1 E—————_}
MSMSNKF1 1 31
P. |
THS <= MXTO Fran-SHEEES NAMEOSP B—
1S <= MXT0, DSCP ] ~
9CPH.P1_ |
D+CSNKP.
EXECCSP. | 29 )J

Figure 2-103.

Suppress Finish, Source, and Sink Holdover Logic
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Source and Sink Holdover

These two levels are primarily used to extend the micro execution time of basic one-clock
micros, when certain exception conditions arise. Control is by four flip-flops (22, 23,
30, and 31). The flip-flops 22 and 23 make up the source sequencer. Their outputs, when
gated together, give the timing levels SOROCS (source 0, current state), SOR1CS (source 1,
current state), and SYNCF1Pl (synchronization flip-flop).

Flip-flops 30 and 31 make up the sink sequencer, the outputs of which give the timing levels
SNKOCS (sink 0O, current state), SNKICS (sink 1, current state), and SNK2CS (sink 2, current
state).
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There are two additiomal flip-flops IOBFO (24), input/output bus flip-flop zero; and IOBF1

(25), input/output bus flip-flop one.

On any move to or from DATA or to CMND, IOBFO

synchronizes the I/0 bus drivers/receivers and IOBFl enables the command active or response

complete signals (CA/RC) on the last clock period of the move.

When a micro operator completes execution (FINISHP1l true), gate 20 is enabled making S-SF<«0OP1
(zero—to-source and sink flip-flops) true and putting all the FFAN's in D-set mode. With the
next clock pulse all the FFAN's are reset, and a new micro instruction is set in M-register.
The source and sink zero current state levels SOROCS (23) and SNKOCS (31) are also true at
this time. See table 2-10 for applicability of the various suppress/holdover control

signals.
Table 2-10. Suppress Finish and Source/Sink Holdover Logic Signals

Mnemonic Name Applicability

A..SNKF1 A-register sink 1C + 2C (R <« P)+ 8C + 9C + 10C

C..SNKF1 CMND sink 1C + 2C (R « P)+ 10C

D..SNKF1 Data sink 1C 2C (R < P) + 10C

D..SORF1 Data source 1C 2C (P < R)

D+CSNKP. Data or CMND sink

EXECCSP. Execute Current State

MBRSNKF1 MBR sink 1C + 2C (R <= P) + 10C

MSMSNKF1 M-string memory sink 1C + 2C (R < P)+ 8C + 9C + 10C

MSMSORF1 M-string memory source 1C + 2C¢ (P < R)

M. .SNKF1 M-register sink 1C 2C (R < P) + 8C 4+9C + 10C

SLOSORF1 Slow source SUM or DIFF as source on 1C +2C. BICN,
FLCN, XYCN, XYST as source on 3C + 6C.
2C padword read after 2C, 7D or 4E
padword write.
8D scratchpad relate FA.

UDP...LO U-data present True after 16 bits have been read from
tape into U-register.

USOR..F1 U-register source 1C + 2C.

TOPM <« 4TO Move 4 least 1C + 2C + 3C + 6C + 10C where TOPM is

significant bits of sink (card R), 4F bind (card P).
MEX to TOPM

2-156



B 1720 Series Central System Technical Manual

Example 1: Source Holdover (see figure 2-104)

Dsce —___l

1c

M-REGISTER L = SUM

NEXT MICRP

SEQUENCER

SOROCS SOR1CS 1 SOROCS

SORHO

-
:
otz |

Figure 2-104. Micro Timing: Slow Source

FINISH
EXRFIN

NSSOR1

L
(
SLOSORF1 [
l
\
I

Consider the new micro to be a 1C move sum to L. SLOSORF1 is true, which disables FINISHP1
and EXRFINP1 (assuming the processor is in run mode). Through gates 1 and 13, NSSOR1l is true
(next state source one) and the first clock pulse sets FFAN 23. Gate 32 makes SOR1CS true
and SNKOCS is still true. Gate 40 is now disabled and SORHO.P1l is false, allowing FINISHP1
and EXRFINP1l to come true. The second clock pulse now sets a new micro in M-register, and
through gate 20, resets FFAN 23. The other FFAN's are already reset. Thus SLOSORFl coming
true has extended micro execution time by one clock period.

Example 2: Sink Holdover

Consider a 1C, 2C, or 10C micro instruction where the destination is DATA (or CMND). Refer
to figure 2-105. D..SNKF1l is decoded from the micro and makes the level DH+CSNKP. true (DATA
or CMND Sink). Assuming execute current state and run mode, gates 29 and 49 are enabled,
making SNKHO.P1 true, which disables FINISHP1 and EXRFINP1. SORHO.Pl is false. Gate 26 and
gate 17 put a true on the set inputs of FFANs 25 and 31, respectively. The first clock pulse
sets 25 and 31. SNKOCS goes false and gate 39 makes SNKICS true. Gate 48 holds SNKHO.P1
true, and finish remains disabled. The setting of IOBFO.PO (25) enables the I/0 bus drivers
(card Q, page 3).

The set input to FFAN 30, SNKOS/Pl is now true and gate 15 makes the set input to FFAN 24
true. The second clock pulse sets FFANs 24 and 30. SNKICS goes false and SNK2CS goes true.
SNKHO.P1 is now disabled allowing FINISHP1 and EXRFINP1 to go true. IOBF1.PO (24) being set
at this time is gated by D..SNKFl to make RC true, or with C..SNKFl to make CA true, depending
upon whether DATA or DMND is the destination (card Q, page 7).

As FINISH is now true, the third clock pulse resets all the FFANs and set a new micro in
M-register. With DATA or CMND as a sink, a normally one- clock micro instruction (1C, 2C, or
10C) has been extended to three clock periods. Similarly, if DATA is a source on a 1C or 2C,
the execution time is extended to three clocks by the source sequencer.

For Form 1066941
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2-158

A
DSCP. |
M REGISTER ( 2CP «DATA  NEXTMICRO I NEXT MICRO
D.SORF1 \
SEQUENCER (7 SOROCS \7 SOR1CS \ 44] SOROCS
i
SORHO 36AND40 | 42 1
|
FINISH [
EXRFIN
NSSOR1 i/ 3AND 13 \
SYNCF1P1 I 16 \
10BF1 r RC \
(24)
B
M REGISTER *( 1CCMND « X x NEXT MICRO
D + CSNK l/ w
SEQUENCER ( Frr ) SNK1CS X SNK2CS jl SNKOCS
I
SNKHO 20AND49 1 48
|
FINISH
EXRFIN. \ J
10BFO / 17 ENABLE DRIVERS \
10BF1 l 15 CcA \

Figure 2-105.

Micro Timing:-(A) Data Register as Source
(B) CMND Register as Sink
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If a slow source is being moved to DATA or CMND (such as a 1C move DIFF to CMND), then
execution time is extended to four clocks. Initially, gates 34 and 40 make SORHO.P1l true,
and gates 29 and 49 make SNKHO.P1l true. The first clock pulse sets FFAN 23. SOR1CS and
SNKOCS are now true and SORHO.Pl goes false, but SNKHO.Pl remains true. The second clock
pulse sets FFANs 25 and 31. SORICS and SNKICS are now true. Gate 48 holds SNKHO.P1l true.
The third clock pulse sets FFANs 24 and 30. SORICS and SNK2CS are now true and IOBF1l (24)
is set. SNKHO goes false allowing FINISH true and execution is completed with the fourth

clock.

For Form 1066941
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M-String Memory as Sink and AOB/

MSMSNKF1 may be decoded from a 1C, 2C, 8C, 9C, or 10C micro, where M-string memory is the sink.
The source register data is written into MSM at the address indicated by A-register.

With MSMSNKF1 true and AOB/ true, gates 27 and 49 (figure 2-103) make SNKHO.P1l true, and
FINISHP1 and EXRFINP1l go false. The first clock pulse sets FFAN31l, and SNKICS is true at
gate 39. With SNK1CS true, gate 45 is enabled to make SUPFINP1 true so that FINISHP1 and
EXRFINP1 remain false. Gates 9 and 18 are also enabled to put FFANs 22, 23, 24, 25, 30, and
31 in the D-set mode. In figure 2-98, gates 32 and 11 are enabled to make DSETM true. During
the second clock period, 16 bits from the MEX are written into MSM at the address specified
by A. With the second clock pulse, zeros are gated to M-register and the FFANs (figure 2-103)
are reset. A one-clock no-op is executed, and during this time the next micro is fetched

from MSM at the address indicated by the A-register (which is the same address to which data
has just been written).

If AOB is true and MSMSNKF1l is true (as decoded from 1C, 2C, 8C, 9C, or 10C), 16 bits of data
from the source register are written to MSM at the address designated by the A-register.

This occurs during the second clock period. However, gates 45 and 9 (figure 2-103), and
gates 32 and 11 (figure 2-98) are now disabled by AOB true. FINISHPl is true, and with the
second clock, the expose flip-flop is reset. The processor then goes into the fetch current
state to fetch the next micro from S-memory. MSM as sink timing is shown in figure 2-106.
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A
DSCP I
| 1C + 2C + 8C + 10C
M-REGISTER s MSM AS DESTINATION X NO-OP x NEXT MICRO )

MSMSNKF1 {

SINK [

SEQUENCER | SNKOCs x SNK1CS x SNKOCS
SNKHO , \

SUPFIN

FINISH P1

EXRFINP1 J
DSETM \ /

M<MSM \ ’
INC A A /
MSM AS SINK A “OUT-OF BOUNDS” NOT
B
1C+2C+8C + 10C
M-REGISTER MSM AS DESTINATION

o’

SNKHO.P1. ’
FINISH P1
EXRFINP1 f \

XPOSF \
(EXPOSE F.F.)

CURRENT
EXECCS FTCHCS
STATES.. X NEXT MICRO IS FETCHED FROM S-MEM.

DSETM, INCA
M « MSM.

Figure 2-106. M-String Memory as Sink (A) AOB/.
(B) AOB.
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EXECUTION OF A 1-CLOCK MICRO OPERATOR
Example: 8C when L-register is the sink.

This micro is executed in one clock period. After the 8C micro is set in the M-register,
decoding begins and the M-register is sourced to the MEX as shown in figure 2-107.

MoPi4 1 7 MEX23BT0
MOP13 ‘ ]
MOP12 f |
4{ :
8 MEX08BT0
1 [
MO7F..N —
MEXO07.N.
DFAN 2 |oMX<-8LMFO N o |_MEX07BTO
| [
T~ [scMOP L | t
MoP15 MOOF..N _J\, = lf l
5 |_MEXODN. 10 MEXO00BTO
T |/ ‘ - PERRED
MX-<—00R
3 MX-«-O0R
ALLOW1 6

Figure 2-107. Source the M-Register to MEX

The DFAN 1 has only the MOP 15 true, which decodes 8C MOP true, and, through buffer 2 enables
MX<« 8LM true. This level true gates MOOF through MO7F by gates 4 and 5, onto lines MEX00
through MEX07. The lines MEX08 through MEX23 are not enabled by the MX<« 8LM and are zeros.
MEX00 through MEX07 are then gated to the main exchange by MX<« OR, generated by buffer 6 and
going to all 24 MEX buffers shown (partially) as 7 through 10 in figure 2-108. At the same
time, the sink register (l-register) is placed in D-set mode to receive the data from the MEX.
The data is gated to L via DFANs 11 and 12 and gates 13 and 14 (refer to figure 2-108).

MOP148NO ‘ MOP11.R.
MOP13BNO MOPO09.R. Lemx.T0 [ ., L-REGISTER
MOP12BNO MOPO08.R. 13
] —
- MEX23BT0
| R 15 T+L13.A. L23F.A.
L 1C0-4-4/ 17 L22F.A.
" [ 12 ' L21F.A.
— | RFAN '
L DSCP T [
- L | ]
DFAN DFAN | I L |
s T :
MOP1SBNO | MOP101.R | ! :
<«MX..R ! —
R ! : ] LO2F.A.
MEX00BTO_ — 13 LOTF.A,
\ T+*LO00.A. LOOF.A.
16 RFAN
|/ DCSP T

Figure 2-108. Sinking to the L-Register
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Gating from the MEX to the L- and T-register inputs is normally enabled except when the regis-

ters are used as 4-bit sinks.
true during the present clock period, and, at the trailing edge of the clock, the following

actions take

The
The
The
The

AN o

One-clock 8C

place:

Note that the levels FINISH, INCA, DSETM, and M <« MSM all remain

L-register receives the data.

M-register receives the next micro.

A-register is incremented by 1.

MSM receives the address of the second micro following the one just completed.

micro timing is shown in figure 2-109.

CLOCK
XPOSF

M REG

FINISH P1
INCA..PO

DSETMn .PO
M < MSM

MX <« 8LMFO

DATA ON MEX

L « MX..TO

DATA IN “L” REG

“A"” REG (ADDRESS)

MSM OUTPUT

Figure 2-109.
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I 8C MICRO l NEXT MICRO-1I

M = SOURCE

DATA

————————)
A ——————————)
————————

| nNewbpaTAINL

I ADR OF CC l ADR OF NEXT l

X 8C MICRO X NEXT MICRO

8C Micro Timing Chart (One Clock Micro)
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EXECUTION OF A 2-CLOCK MICRO OPERATOR
Example: 8C when A-register is the sink. (Refer to figures 2-110 and 2-111.)

This micro is executed in two clocks. During the second clock period a no-op is executed to
allow the micro instruction designated by the new A-register address to be fetched from
M-string memory. When the A-register is selected as sink by the DFANs (refer to figure
2-100) the following happens:

a. The A-register is placed in D-set mode to receive the new data (address). The level
DSETA.PO comes true via gate 17, buffer 13, and buffer 11.

b. The A-register inputs (00 through 13) are enabled (to receive the MEX data) via
gate 18, and buffers 14 and 10. Note that the lines MEX00 through 03 are lost,
because the A-register receives only the word address (MEX lines 04 through 17).

c. The jump level is generated. When jump comes true the following happens:

1. The signal M+« MSM is removed, causing the M-register inputs to be zeros.

2. The DSETM is held true, via gate 4, causing the M-register to receive zeros.
A no-op is forced.

3. The level INCA is removed and the A-register is not incremented because it
receives a new address.

At the trailing edge of the first clock a no-op operation starts. The M-string memory
receives the new address, and 70 nanoseconds later the MSM data (new micro) is present on the
M-register input. At the trailing edge of the second clock the new micro begins executing.

14 12 10
8CMICRO (SINKA) |15 13 |11 987654 13210 |
[Tooolo100|DDDD |DDDD | DFDATA
N’

A REG
MOP14 MOP11 FINISHP1 |
mMoP13 MOP9 17 )DSETA.PO
MOP12 MoP8 | 13 |BRANCHFO
- L —
- -
5 [© 9 I©
- -
l— b
-~ n HF
DFAN |_8CMOP | pran A SNK 11 |SBRANC 15 | uMP..FO
] mMQP14/ |
MOP15 | o 23 | ., b JUMP/FO
6
T
A <~ MX.P.
L_ A< MX..PO A
NOTE: T=TRUE L1 8 10 14 i N
MX<-8LMFO0 T — mExom| 18 A.INnnM
(00 513
(04 »17)

DSCP

Figure 2-110. A-Register Sink Enable
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EXAMPLE: 8C MICRO (A REG AS, SINK) NOP. FORCED

|
1STCLK 2NDCLK |

I
cLock S R
|
|
I

XPOSF
|
M REG !
R 1
8CMICRO | _ NOP NEW MICRO
: | FORCED :
FINISH P1
[ |
| |
BRANCH F0 =] l |
' |
l |
JUMP..FO —_—
I |
1 |
MX < 8LMFO
| |
— I 1 |
A.SNKF1 | I
DSETA.PO —_— |
| l
aewmxe — 11 |
|
INCA..PO —_— :
I I
DSETMn.PO
I I l
] |
M <« MSM —
I
| I
DATA INT MX
| INEW ADDRESS)
BLITONMEX —————— I
OlA" REG
| apR+1 | |NEW ADDRESS
ADDRESS 01, |
8C MICRO
MSM OUTPUT XsacmicroX X “XNEW MiCRO
I | NEXT MICRO |

| | NOT EXECUTED |
| 70NS | ~t—

Figure 2-111. 8C Micro Timing Chart (Two Clock Micro)
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EXECUTION OF AN N-CLOCK MICRO OPERATOR
Example: 3F - normalize X with FL = 3 (refer to figures 2-112 and 2-113).

This micro instruction takes 4 clock periods to execute. The 3F MOP-decode generates the
signal NORMALP. through DFAN1l, inverter 2, and gate 3 which enables SUPFINPl. Referring to
figure 2-98, the level SUPFINP1 causes FINISHP1 and EXRFINP1l to go false through DFAN 14 and
DFAN 17, respectively. As long as EXRFINP1 is false the levels DSETM, M MSM, and INCA
remain false, disabling the M-register from receiving the next Micro.

At the trailing edge of each clock, the X-register is shifted left by one position and the
FL-register is decremented. by one. When FL = 0 the level NORMALP1 goes false, FINISHP1 and
EXRFINP1 become true which, in turn, enables the levels DSETM, M<MSM, and INCA again. The
next micro operator can now be transferred to the M-register and the A-register is
incremented.

MOPQ2.P

MOPO1.P. ‘ MSBX..TO MSBX#1P.
MOPO00.P.

FL£O.EO 3 \ NORMALP.
1 ;| 3FMoP.P. ]
DFAN
MOPO3.P ]
3ZEROSF1

Figure 2-112. The 3F Normalize Micro Control (n CLK Micro)
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I | I
cLock { | ]rl 1 1

I

!

XPOSF {
M-REG. { MCRO. > 3F MICRO NEXT N NEXT +1
| I
I I
NORMALP. { | FL#0 | fL=0 |
I [
| |
SUPFINP1 { | | |
I I
+ FINISH P1 ' I
+ EXRFIN P1 {—_L N I
| |
| I
DSETMnPO { '
I I
. I I
M<—MSMPO { ' ,
| I
| I
INC..PO {'——l .
I |
. | |
“A” REG $ ADR OF 3£ X ADDRESS OF NEXT MICRO XNEXT + 1 X NEXT +2
| I

> NS |
) | '

msmoutput ¢ XC3F micro X NEXT MICRO Xnext+1 X
I I

X-REG { ORIGINAL CONTENTS x 1LEFT x? 2 LEFT >< x AFTER 3SHIFTS LEFT

I 1STSHIET 2ND SHIFT 3RD SHIFT
|

FL REG { FL=3 X FL=2 X fL=1 X FL=0

Figure 2-113. 3F Micro Timing Chart (n Clock Micro)
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MULTIPLE FUNCTION MICRO EXECUTION

To accomplish certain software requirements, provisions have been made for the execution of
several micro operators which either perform a number of different operations, or do repe-
titions of the same operation. Included in this group are the 7E exercise MSM, 2F overlay
M-string, and 4F bind micros. Execution of the multiple function micros requires modifica-
tion of the basic micro and address control signals, and this task is performed by a special
multiple function micro sequencer circuit (figure 2-114). This sequencer overrides the
normal control circuits during the execution of multiple function micros, serving as an
additional means of producing the required logic activiation signals.

The sequencer consists of an encoder, three flip-flops, and a decoder, plus a number of
associated gating elements. Its outputs, which are used directly and indirectly to produce
significant control signals, consist of the following:

Signal Description
MFIDCSP. Idle current state. In this state the sequencer is waiting for a

multiple function micro to be decoded, and exerts no control over
micro execution.

MFINCSP. Initial current state. Control signals are generated to condition
the processor for the operation which is to follow. This may
include what would normally be a single function micro operator,
such as "move A to TAS" which is done as part of the 2F overlay
M-string micro.

MFSRCSP. Source current state. Causes a read to be performed from the
appropriate source, as part of the executing micro.

MFSKCSP. Sink current state. Causes a write to be performed in the
appropriate sink, as part of the executing micro.

MFEXCSP. Exit current state. Completes the executing micro (including

restoration of previously existing conditions), and returns control
to the normal execution logic.
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Figure 2-114. The Multiple Function Micro Sequencer
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In operation the sequencer monitors the status of numerous control lines (including the
outputs of micro decoding and its own outputs) to derive the '"next state'" signals. These
are fed to the inputs of an EFAN in ascending order from NSMFIDP. (next state idle) through
NSMFEXP. (next state exit). The binarily-encoded position of the most-significant next
state signal which is true is set into the three flip-flops (to ensure a constant output
for at least one clock pulse), and from there to a DFAN which reduces the code to the
appropriate single level multi-function current state output signal.

Since the operation of the sequencer is determined in part by intermediate results, it is
best explained by citing specific cases. Therefore, refer to the descussion of the 2F

overlay micro (following) for a detailed operational description.

Execution of the 2F Overlay M-String Micro

The 2F micro (overlay M-string from S-memory) is used to transfer strings of micro operators
from storage in S-memory to M-memory for use. Refer to figures 2-215, 2-216, and 2-217. It is
a multi-clock operation which involves repeated reads from S-memory, with writes of this
data into sequential addresses in M-string memory. In operation, 2F utilizes the following
parameters:

The starting M-string address is taken from L.

The starting S-memory address is taken from FA.

The length of the data overlay (in bits) is taken from FL.
Execution of the 2F micro proceeds as follows:

a. Move A to TAS (save the contents of A).

b. Move L to A.

c. 16 bits are read from S-memory and written into MSM. The FL register is then
decremented by 16, FA is incremented by 16, and A is incremented by 1.

d. Step c is repeated until FL is equal to zero, at which point the micro terminates
by moving the contents of TAS back to A.
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Figure 2-115. The Overlay Micro Control Levels

The multiple function sequencer (figure 2-114) is normally in the idle state (MFIDCSP. true).
When the overlay micro (OVLMOPP) is decoded, the suppress finish signal (SUPFINP1l) is forced
true immediately to prevent completion of the micro. With MFIDCSP. and OVLMOPP. both true,
all buffers identified by a 1 are enabled, causing the contents of A to be moved to TAS (A
is "saved" to allow return of the processor to the previously existing condition upon com-
pletion of the overlay micro). At this time NSMFINP. also comes true, which causes the se-
quencer to advance to MFINCSP. (initial state) at the trailing edge of the next system clock
pulse.

During the initial state, the buffers numbered 2 are enabled, causing the contents of L to

be moved to A. The level GOAHD.PO (go ahead) is forced true at this time, and is sent to

the PA/PD interface control logic where it causes a memory cycle to be initiated. NSMFSRP.
comes true to cause the sequencer to advance to the source current state at the next clock.
During the source state, the logic awaits the first FCCL pulse from the port interchange.
When this signal is received, the contents of FA are gated to the MEX and then to S-memory

to serve as the address. FCCL also causes the PA/PD interface logic to generate DNB3P.TO,
which enables counting FA up and FL down. (The levels 2F+CONTO and FL+-MOTO are true at this
time; see card P.)
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Figure 2-117. The Overlay Micro Timing Chart (PA/PD Interface)
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After the address has been accepted by S-memory, the PA/PD interface control waits for the
second FCCL pulse, which indicates DATA present on the main exchange. The two-clock-long
FCCL pulse enables the level RDP...P. (read data present) to be true on card P. RDP...P.
goes also to the multiple function sequencer, where it generates WRITMSPO and NSMFSKP.
(buffers numbered 3, figure 2-114). WRITMSPO enables writing in M-string memory, and
NSMFSKP. allows the sequencer to advance to the sink state (MFSKCSP.).

During the sink state, if FL#0 is true, the gate and buffers numbered 4 (figure 2-114) are
enabled. At this time the A-register is incremented by 1 (INCAS.P.) and NSMFSRP. allows the
sequencer to return to the source state. GOAHD.PO is sent to the PA/PD interface control to
begin a new memory cycle.

If in the sink state and FL=0, then gate 5 is enabled, producing NSMFEXP., which causes the
sequencer to go to the exit state (MFEXCSP.) at the next clock, finishing the micro. 1In
this case GOAHD.PO stays false, and another memory cycle is not initiated.

When in the exit state the gate and buffers numbered 6 (figure 2-115) are enabled. This
causes the M-register to be placed in the D-set mode (DSETM.PO). Because SUPFINP1l is still
true, M+« MSM.PO is disabled, preventing the addressed location in MSM from being gated to M
for execution. Therefore, zeroes are loaded in M to force a one-clock no-op. At this time,
TAS is transferred to A to address the next in-line micro (following the 2F currently
executing). NSMFIDP. coming true causes the sequencer to return to the idle state.

Timing for the 7E exercise MSM micro and 4F bind micro is shown in figure 2-118.

2-174



Dscp

M-REGISTER

MULT. FUNCTION
CURRENT STATE

REGISTER
CONTROLS

DS.AS.
(DSETA)

DSETM

SUPFIN

MULT. FUNCTION
CURRENT STATE

REGISTER
CONTROLS

DS.AS.P.
(DSETA)

M-REGISTER

DS.M.H/P.
(EXECCSP- TOPM)

DSETM

FINISH P1
EXRFINP1

Figure 2-118.

For Form 1066941

B 1720 Series Central System Technical Manual

. NEXT
EXERCISE MSM 1 NO-OP A micro
1
MFIDCSP. | MFINCSP. {MFSRCSP | MFSKCSP \MFEXCSP) MFIDCSP
[TAS @ MXY MX < L ‘ MX-<-TAS
MX < A L - MX XREAD OR WRITE MSMXA - MX \
MFIDCS x MFINCS ‘ MFIDCS
. AeMX;MX «T;
MBR q—MX,MXq—Ll TOPM < 4 \
[
K 4F BIND X No-oP Ll\hr‘llE&O

—

[

Multiple Function Current States Timing Chart (Exercise and Bind)

2-175



B 1720 Series Central System Technical Manual

CONCURRENCY

In order to achieve maximum utilization of the processor at all times, certain selected
micro instructions can be executed while a basic 3 (7C read, 7C write, or 2D swap) memory
cycle is in process. The micro instructions are divided into two sets: a non-concurrent
set and a concurrent set.

The non—coancurrent set must wait until the memory cycle is completed before proceeding with
its execution. The concurrent set can overlap its execution with the memory cycle. The
overlap starts with the clock period following address accept and can extend up to or beyond
the time that memory data is accepted.

If the concurrent micro is. another memory micro, the overlap only encompasses base-~limit
checking for it. The actual memory request for such a concurrent micro is made during the
clock period following acceptance of memory data for the original basic 3 micro. Except
for the 8D micro, all one-clock micros and two-clock branch micros are followed by a no-op
inserted by the hardware in order to allow time to examine the next in-line micro from the
M-string memory. 'The micro operators comprising the concurrent set are: 123C, 8D, 4E, 6D,
9D, 5E, 7D, 3E, 7C, and 2D.

Concurrency States

The concurrent operation is governed by a sequencer which generates eight defined states
during which the various functions required are performed. Refer to figure 2-119. Follow-
ing is a brief description of the function of each state:

CONICSP. Concurrent idle current state. The logic remains in this state until a
basic 3 micro comes up for execution. The logic also returns to this
state when FINISHP1l comes true at the end of the basic 3 micro execution
time. GPCLRBHO forces the idle state.

CONDCSP. Concurrency defer current state. This state is entered if the exposed
micro is not a concurrent micro or if the concurrency is not allowed
(MTR + AOB + HALT). The XPOS flip-flops are reset and a NOP is forced
whenever this state is true.

CONACSP. Concurrency address current state. This is the first state entered from
the idle state. The logic waits in this state for DNADR.HO which is
indicated by the first FCCL signal from the port interchange (address
accepted). At this point the basic 3 micro is accepted by the port
interchange which proceeds with its execution independent of the processor.
At this time, a concurrency micro can be entered into the M-register for
execution.

CONICSP. Concurrency first current state. The logic is in this state during the
first clock period of the execution of an exposed concurrency micro. The
micro presently in M-register is also examined for its type in order for
the logic to proceed to the next proper concurrency state. (Basic 3,
one-clock micro, two-clock micro.)

CONJCSP. Concurrency jump current state. This state generates a no-op to create a
time delay whenever a jump function is performed, in order to allow the
address register (A-register) to change its contents (increment or D-set).

CONNCSP. Concurrency no-op current state. This state forces a no-op after every one-

clock or two-clock branch micro to allow time for the evaluation of MSM
read data (next in-line micro examination).
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Figure 2-119. The Concurrency State Sequencer

Concurrency Flow

Under normal conditions the sequencer is set to the idle state. Refer to figure 2-120.
Flip-flops A, B, and C (figure 2-121) are reset. Upon decoding a basic 3 micro, an address
check is performed immediately by comparing the LR and the BR registers with the FA register
(figure 2-122). The address compare is performed on a continuous basis; however, it is mon-
itored only during the memory write operation if the CD-bit 2 is false. If the address check
is bad in a write operation, FINISHP1 is not suppressed, and the 7C write is discontinued. 1If
the address check is good, or if the basic 3 micro is a read operation, the gate 8 (figure
2-121) is enabled and PICKUPPO comes true. On the next clock the concurrency address current
state is set. With the level PICKUPPO true, SUPFINP. is set, which, in turn resets FINISHPI.
PICKUPPO also sets the signal OR <« MSM., which allows the M-string read data to be gated to
the main exchange for concurrency micro examination. Refer to figure 2-123,
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The Concurrency Sequencer Control
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Figure 2-123.

MSM, M, and A-Register Controls
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If the signal CGOODYNO (figure 2-124) comes true, provided the logic is in run mode with the
A-register not out of bounds, and no halt condition is present, gate 12 is enabled and
GOCON.P. (go concurrency) comes true. The logic is now waiting for DNADR.HO (done address).
If for any reason gate 12 is disabled, GOCON/.P comes true.

MEXOB6.N.
MEXOS5.N.
o MEXO04.N.

1 CE345.N.

CGOODYNO

DFAN

O MEXO7.N. I

MEX10.N.
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CJRUE

Figure 2-124. Concurrency Micro Validity Checker (Goody)
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With DNADR.HO and GOCON/.P true (concurrency not allowed), gate 10 is enabled and the
concurrency defer current state is set and the XPOS flip-flops are reset. With the XPOS
flip-flops reset, zeros are forced to the MOP lines and the processor executes no-ops until
DNMEM.HO is true, which, in turn, forces FINISHP1 (FORCEFP1l) through gate 13. The moment
FINISHP1 is true the sequencer resets, the concurrency idle current state is set and PICKUPPO
is reset. FINISHP1 also sets the XPOS flip-flop again.

With DNADR.P. and GOCON.P. true (concurrency allowed) the M-register is put in D-set mode.

M MSM.PO becomes true via gate 29. At the same time gate 6 sets the concurrency first
current state. During this state the first clock period of the concurrent micro is executed
and its type is examined in order that execution may proceed through the proper logic path.
There are three possible type of micros which can come up as the concurrent micro. (Refer
to the concurrency flow chart, figure 2-120, for the following discussion.)

Basic 3

In this case the logic proceeds to the address check. If the address check is good, the logic
waits for DNMEM.HO from the initial basic 3 micro being executed. When DNMEM.HO goes true,

gate 9 is enabled which sets the concurrency address current state and the logic returns to
point 1 (in the concurrency flow).

If the address check is bad, the logic waits for DNMEM.HO from the initial basic 3 micro

being executed. When DNMEM.HO goes true, gate 14 is enabled, FORCEFP1l comes true, the con-
currency idle current state is set and PICKUPPO is reset.

For Form 1066941
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1-Clock Pulse Micro

If DNMEM.HO is true while a one-clock micro is being executed, gate 13 has forced FINISHP1
at the start of this micro, which means the next in-line micro is set in M-register and
execution proceeds in a normal mode, unless a skip or branch was required. 1In this case,
the signal JUMP/.FO is false for one-clock no-op, preventing M < MSM.PO from coming true,
which results in a no-op. At the end of the one-clock micro the state returns to the
concurrency idle current state and PICKUPPO is reset.

If DNMEM.HO is false and the one-clock micro is not a jump, gate 3 is enabled and the con-
currency no—-op current state is set, performing the required no-op in order to examine the
next concurrent micro (gate 31/24 enabled and M + MSM.PO false). If DNMEM.HO is still false
at this point, the logic proceeds to allow concurrency checking. However, if DNMEM.HO is
true, FINISHP1 is forced true and normal micro timing resumes control.

If DNMEM.HO is false and the one-clock micro is a skip or branch, gate 5 is enabled and the
concurrency jump current state is set. M<«MSM/P. is false in this state, which forces a no-op.
The skip function increments the A-register via gate 18 (INCA..PO) and the branch function
puts the A-register in the D-set mode via gates 25 and 17 in order to receive the new address.

With the concurrency jump current state set and DNMEM true, FINISHP1l is forced, the con-
currency idle current state is set and PICKUPPO is reset. With the concurrency jump current
state set and DNMEM false, buffer 4 is enabled and the concurrency no-op current state is
set to allow time for concurrency micro examination.

With the concurrency no-op current state set and DNMEM.HO true, the logic proceeds to

point 4. With the concurrency no-op current state set and DNMEM.HO false, the logic
proceeds to allow concurrency checking.
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2-Clock Pulse Micro (8D Only)

If the micro examined during the concurrency first current state is an 8D micro and DNMEM.HO is
false, gate 2 is enabled and the concurrency second current state is set during which the
second portion of the 8D micro is being executed. If DNMEM.HO is true in this state the logic
proceeds to point 4; however, if it is false the logic returns to allow concurrency checking.

If the micro examined during the concurrency first current state is an 8D micro and DNMEM,HO
is true, gate 1 is enabled which sets the concurrency last current state in order to execute
the second portion of the 8D micro., With concurrency last current state true, FINISHPl is
forced, and the logic proceeds to point 4., Concurrency timing for the 7D, 6D, 9D, and 1C
micro string is shown in figure 2-125,
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MICRO INSTRUCTION TIMING

The following times (%gtually the number of clock pulses required) apply where the next
In general, five clocks should be added to the time
indicated if the M instruction is fetched from S-memory.

M-instruction is contained in M-memory.

1C Register Move

The number of clocks required for 1C micros varies considerably.

Refer to Table 2-11.

Table 2-11. 1C Micro Timing Variants
Sink TOP M MSM Data MBR and A M and A
Source A MSM CMND Out-of-Bounds Out~-of-Bounds Others
MSM, SUM, DIFF 3 3 4 3 6 2
DATA 4 4 - 4 - 3
U U+1 U+ 2 U+ 2 U+1 - U
OTHERS 2 2 3 2 6 1
2C Scratchpad Move 1 *
MSM, SUM, DIFF as source 2
DATA as source 3
U as source Uk*x
MSM, TOPM, A as destination 2 %
DATA, CMND as destination 3 *
MBR as destination and A out-of-bounds 2 *
M as destination and A out-of-bounds 6

*Add one clock if previous micro was write into scratchpad.

*%Number of clocks depends on time required to fill U-register from the cassette,

3C 4-Bit Manipulate

Skip taken

BICN, FLCN XYCN, XYST

BICN, FLCN, XYCN XYST and skip taken

45C Bit Test Brarch

Branch taken

For Form 1066941
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6C Skip When

Skip taken
BICN, FLCN, XYST, XYCN
BICN, FLCN, XYST, XYCN and skip taken

7C Read Memory

Followed by non-concurrent M-OP
Followed by memory cycle
Followed by 3 concurrent M-OP's

7C Write Memory

Followed by non-concurrent M—-QOP
Followed by memory cycle

Followed by 1 concurrent M-OP

If outside base-limit and inhibited

8C Move 8-Bit Literal

A, MSM as destination
M as destination and A out-of-bounds

9C Move 24-Bit Literal

MSM as destination
MSM, TAS as destination and A out-of-bounds
Others as destination and A out-of-bounds

Tape mode

*Number of clocks + 1 depends on time to fill U-register from the cassette,

10C Shift/Rotate T-Register Left

A, TOPM, MSM as destinations
DATA, CMND as destinations
MBR and A out—-of-bounds

M and A out-of-bounds

11C Extract From T-Register

123C Branch
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145C Call 2

2D Swap Memory

Followed by non-concurrent M-OP 10
Followed by memory cycle 9
Followed by 7 concurrent M-OP's 3
3D Clear Registers 1
4D Shift/Rotate X or Y Left/Right 1+S/R count
5D Shift/Rotate X and Y Left/Right 1+S/R count
6D Count FA/FL 1
7D Swap F with DPW 1
8D Scratchpad Relate FA 2
9D Monitor 1

1E Dispatch

Dispatch lockout Same as 7C read plus 1
Skip taken ’ Same as 7C read plus 2

Dispatch write Same as 7C write
Dispatch read Same as 7C read plus 1
Dispatch read and clear Same as 7C read plus 1
Dispatch port absent 1

2E Cassette Control 1

3E Bias 1
Skip taken 2

4E Store F Into DPW 1

5E Load F from DPW 1

6E Carry F.F, Manipulate 1

7E Exercise MSM 6

1F Halt 1

2F Overlay M-String 4 + 6 x number of words moved
FL = P initially 1
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3F Normalize X 1 + number of bits shifted
4F Bind 3
No-o 1
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PROCESSOR STATES FLOW CHART

The following chart indicates
in the various Current States

the prerequisite control signals for specific events to occur

of processor operation.

State Event or Series of Events Prereguisite Control Leve%(s)*
Execute INCA SKIP
Current
State DSETM to zero RUN - SKIP
(EXECCSP.)
DSETA BRANCH
DSETM to zero RUN . BRANCH
INCA <RUN> JUMP/

For Form 1066941

DSETM (to M-string only)

M <~ MSM

- AOB/ - MSINK/ - HALT/

INCA

DSETM (to M-string only)

M « MSM

XPOSF « 0O

Gate=stopping state

<RUN> JUMP/

- AOB/ - MSINK/ - HALT

INCA

DSETM

M « MSM

M« MX

Bit OR

<RUN> JUMP/

- AOB/ + MSINK -+ HALT/

INCA

DSETM

M <« MSM

M « MX

Bit OR

XPOSF « 0

Gate-stopping state

<RUN> JUMP/

. AQOB/ . MSINK . HALT

*This symbol < > indicates operating mode (RUN, STEP or TAPE) selected
on the console.
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ﬁiiiﬁ Event or Series of Events | Prereguisite Control Levelssz*

Execute FETCH=1 <RUN> JUMP/
Current
State XPOSF « 0 - AOB - MSINK/ - HALT/
(EXECCSP.)
(Cont) Gate FETCH state <RUN> JUMP/

+ AOB - MSINK/ - HALT

INCA <RUN> JUMP/

DSETM (to MEX only) - AOB - MSINK - HALT/
M« MX

INCA <RUN> JUMP/

DSETM (to MEX only) - AOB - MSINK - HALT
M+« MX

XPOSF < 0

Gate-stopping state

XPOSF <« 0 <TAPE> - HALT

Gate-stopping state

XPOSF< 0 <TAPE> * HALT/

Gate FETCH state

Start XPOSF < 1

Current

State HALT <« O <RUN>
(STRTCCSP.)

Gate execute state

Cassette start
DSETM (to zero) <TAPE>
XPOSF < 1
HALT < O

Gate execute state

Parity error lamp<« O
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State Event or Series of Events Prerequisite Control Level(s)*
Fetch INCA DNMEM
Current
State DSETM (to MEX only)
(FTCHCCSP.)
M=< MX
XPOSF < 1 DNMEM - HALT/
Gate execute state
Gate-stopping state DNMEM . HALT
DSETM (to MEX only) UDP . HALT/
M <« MX
UDATA accept = 1
XPOSF < 1
Gate execute state
DSETM (to MEX only) UDP . HALT
M <« MX
UDATA accept =1
Gate—-stopping state
HALT = 1 Cassette parity error
HALT+ 1
Parity error lamp< 1 MFETCH parity error
Stop Cassette stop
Current
State Gate console state
(STOPCCSP.)
Console TAS push/pop ignore = 1
Current
State Enable load/display function
(CONSCSP.)

For Form 1066941

Gate-starting state

*START button

INCA by 1

[Move MSM to 4]

* INCR button
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%w%- i ontrol Level(s)* .

Console
Current MEX = CSW 00 > 23 Load
State
(CONSCSP.) MOP « [Move ¢ to —] for 2CCP
(Cont)
MOP « [Move — to ¢] Load/
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PORT ADAPTER/PORT DEVICE INTERFACE CONTROL (PAPDIC)

The port adapter/port device interface control serves as the link between the processor and
S-memory, and is used for all operations which involve memory access. These include the

7C read, 7C write, 2D swap, lE dispatch, and 2F overlay micros, plus S-memory micro fetching.
PAPDIC functions as a semi-independent unit, maintaining control over memory cycles initiated
by the processor. Because constant attention to memory cycles is not required of it, the
processor is free to perform other non-conflicting operations while such cycles are in prog-
ress. This concurrent execution capability enhances the system's operating speed through
conservation of time.

PAPDIC MICRO DECODING

The micros which exercise PAPDIC are decoded by the logic shown in figure 2-125a. Note that
a controlling signal is developed for each of the five micro types, plus the variants of the
dispatch micro. In addition to controlling the operation of PAPDIC, these signals are used
to develop the memory cycle mode signals which are sent to the port interchange.

ADDRESS TRANSFER CONTROL

The address transfer control logic (figure 2-126) is used to enable memory addressing. Its
basic functions are to control enabling of the line drivers for data going to memory (during
address time only) and to generate the signal NSADDRH1 which increments the sequencer from
idle to address state. Driver control is accomplished by a decoding circuit which is active
only during the execution of basic 3 micros when PAPDIC is in the idle or write current
states, or in read current state with FCCL true., This circuit may either enable or disable
the line drivers depending on the conditions which exist at its inputs. In addition, the
drivers may be enabled by additional logic when a dispatch micro is executed.

For basic 3 micros, the signals BRDMOPH1 (basic read micro), BDFAD.QO (bad FA address) and
CD2F..A0 (override bit) are monitored. Enabling of the drivers is allowed under all condi-
tions except when BDFAD.QO is true and the other two signals are false. This indicates that
a bad FA address has been detected (outside the limits set by the contents or BR and LR), and
writing is not to be allowed. The exception condition generates STOPB3H1l, which resets the
driver enable flip-flops. If the memory cycle is to be allowed, D<«FA..H is generated,
enabling the gating of FA to the drivers, and, in addition, enabling the drivers themselves
(DRVR « 1HO) plus generating NSADDRH1 (mext state address). The two latter signals may also
be generated when a dispatch micro (DISP6.H1) is executing and the port absent variant
(DPWMOPH1) is not present.
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o+ MCOO..H.
(SWAP) BSWMOPH1
o+ .MDO2.H.
BSIC3.H1
BSIC3/H1
.
_ MCOO..H.
_ MDOO..H.
¢ MEOQO..H. OVLMOPH1
o+ MFO2.H.
(READ) BRDMOPH1
_ | mcoz.H.
o (WRITE) BWRMOPH1
_ | moP11.1.
_ MCOO..H. —
~ MDOO..H. \ (DISPATCH) DISPG.H1
~ MEO1..H. ’
o+ MOPO3H.
o MOPO2.H. DPWMOPH1
o MOPO1.H.
: DWHMOPH 1
DRCMOPH]1
SELECTS DISPATCH
OPTIONS r DRDMOPH1
DWLMOPH 1
DFAN
[ Bl DLOMOPH1

Figure 2-125a. Basic 3 and Dispatch Micro Decode Logic
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BRDMOPH1
BDFAD.QO
CD2F.AQ
DFAN
STOPB3H1
D <FA_H.
BSIC3/H1 T
IDLECSH1
WRITCSH1
READCSH1 |
TR
FCCL1H. :)—
- 1
D <—FA.H.
D= FA.HO
IDLECSH1
DISPG.H1 p
DPWMOPH 1 ./ NSADDRH DRVR =—1HQ
[———J
CLEAR/H ] | __NSADDRH
(NEXT STATE
ADDRESS)

Figure 2-126. Address Transfer Control

PAPDIC SEQUENCER

The overall operation of PAPDIC is controlled by the sequencer (figure 2-127). This circuit
generates enabling signals which ''condition" the PAPDIC logic to perform the various func-
tions required of it, much like the sequencer which maintains overall control of the
processor's operating states. The outputs of the sequencer are eight control levels, known
as current states. Each of these force the PAPDIC logic to perform a certain function, with
a typical memory operation being made up of three or more of the current states occurring in
sequence,

The sequencer consists of two EFAN encoder chips (with their outputs parallel connected),

three flip-flops, and a DFAN decoder chip. In practice, the current state is determined by

the binarily-encoded value at the outputs of the encoders, which is set into the flip-flops,

and then decoded by the DFAN., The encoders themselves are arranged to operate in a "branch
from address state'" manner. In other words, each memory cycle begins with the idle current
state and proceeds to the address state. From there it may branch to either read, write,

swap, or wait. (Refer to section 1 for a description of the current states and sequencer flow.)
After the initial branch from address state, which is determined by micro decoding, the
sequencer may proceed through any of the remaining states, with the actual sequence depending
on which micro is executing and/or the state preceding each change.

For Form 1066941 2-199



TRUE1.H.

B 1720 Series Central System Technical Manual

o o DSCP.H.
FETCHLPO
_ CS4F..H1
DNADRH., CHG.CSH. l
J } FFAI
1 [L7— |
SSWAITH1 TRUE
SSWRITH1 ]
SSSWAFHI CS2F..H1
SSREAPH1 l
—{ EFAN =
. CS1F.H1 ,
[ FFAN l
NSSKIPH1 - 4
CLRCRDH | NSHOLDH1
NSWAITH1
— SKIPCSH1
NSREADH1 HOLDCSH1
NSADDRH1
EFAN WAITCSH1
INSIDLEH1 WRITCSS
1
SWAPCSH1
Crer —]_READCSH1
.. . 1
] \ DFAN ADDRCSH1
_SWAPCSH1 J
¢ TRUE/H ID
DRCMOPH1 \ L LECH]
SH1
WAITCSH —
f WAITCSH1 !
FCCL1.H. g WAITCSHI [ ]
e TCCF <— 1H1 TCCF..H1
CRD/.H. | FCCL1.H.
. —\ o FCCLTH. | TRUE
4HOLDCSH] ) i
4SKIPCSH1 _ DNADR.H, T
38GNRSH | ovimopH1 | _‘.TCCF < OH1 CEAN
READCSH1 |
o DRCMOPH1 | |
FCCL1.H.
g +DRDMOPH1
DLOMOPH1 +IDFMOPPO & DOUBLEPO
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To accomplish the desired current state manipulations, two means of deriving the 3-bit
current state code are provided. For normal changes of state (exclusive of the branch after
address), the first EFAN chip (G7) is active. Driving this chip are '"next state'" signals
produced by the gates 'labeled 1 in figure 2-127. Branching after address is done by the
second EFAN (G7), which is active only when the signal DNADR.H. is true (and therefore only
once during the execution of each micro). The second EFAN is driven by the "successor state
signals produced by the logic shown in figure 2-128. All successor state signals are the
direct result of micro decoding. Note that none of the next state signals are ever true
when DNADR.H. is true, so there is no possibility of conflict at the outputs of the EFANs.
Operation of the sequencer is summarized in table 2-12.
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Table 2-12., PAPDIC Sequencer Control Signals

Next
State
Signals Logic Equations
b
NSIDLEH1 3BGNRSH- + SKIPCSH1 + (HOLDCSH1 . CRD/,.H.)
NOTE
3BGNRSH = IDLECSH1 + WRITCSH1 + (READCSH1*FCCL1.1+)
CRD/..H. is console read not.
NSADDRH1 CLEAR/ - (IDFMOPPO . IDLECSH1) + (IDLECSH1 . DISP6.H1 . DPWMP/H.) + (D<FA..H.)
NOTE
IDFMOPPO = internal data fetch (pseudo) micro.
DISP6.H1 = dispatch micro (variants unspecified).
DPWMP/H. = dispatch port withdrawal variant not.
NSREADH1 (DRC/. .H. SWAPCSH1) + (WAITCSH1 . FCCL1.H.)
NOTE
DRC/..H., = dispatch read and clear variant not.
NSHOLDH1 CRDMOPH1 * RCVR<«OHO
NOTE
CRDMOPH1 = console read micro.
RCVR«OHO = disable line receivers.
NSSKIPH1 READCSH1 . FCCL1.H., . DLOMOP1+1

NOTE

DLOMOPH1 dispatch micro with lockout variant.

Successor
State
Signals

h

Logic Equations

SSREADH1

2-202

(DUBLE/H.

. IDFMOPPO) + BRDMOPH1l + CRDMOPH1 + FMDMOPH1 + DLOMOPH1
NOTE

DUBLE/H. = Do not double clock read data.
IDFMOPPO = Internal data fetch (pseudo) micro.
BRDMOPH1 = Basic read micro.

CRDMOPH1 = Console read micro.

FMPMOPH1 = Fetch (pseudo) micro.

DLOMOPH1 = Dispatch micro with lockout variant.
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Table 2-12. PAPDIC Sequencer Control Signals (Continued)

Successor
State
Signals ; .
Logic Equations
(Cont) gt ™
SSSWAPH1 BSWMOPH1+DRCMOPH1
NOTE
BSWMDPH1 = Basic swap micro.
DRCMOPH1 = Dispatch micro with read and clear
variant.
SSWRITH1 BWRMOPH1 + CWRMOPH1 + DWLMOPH1 + DWHMOPH1
NOTE
BWRMOPH1 = Basic write micro.
CWRMOPH1 = Console write micro.
DWLMOPH1 = Dispatch micro with write low
variant.
DWHMOPH1 = Dispatch micro with write high
variant.
SSWAITH1 OVLMOPH1 + DRDMOPH1 + (DOUBLEPO * 1DFMOPPO)
NOTE
OVLMOPH1 = Overlay micro,
DRDMOPH1 = Dispatch micro with read variant,
DOUBLEPO = Extend read data presentation to
two clocks.,
IDFMOPPO = Internal data fetch micro.

For Form 1066941
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SSREADN1

BRDMOPH 1

SWAPCSH1

FMPOPH1

STOPB3H1

WRITCSH1
BSIC3/H1

BWRMOPH1_|

DRVR-— OHO

CWRMOPH1

RCVR-— 1HO

DRC/..H1

DWLMOPH1

DWHMOPH1 SSWRITH1

.

BRDMOPH1
CRDMOPH1

FMPMOPH1

m DONEWDH.

IDFMOPPO ] . D-- WRD.HO

OVLMOPH1 ]

EFAN |
T_DNARDR/H. TDF — 1H1

BSWMOPH 1
SSSWAPH1

DRCMOPH1

D~ ADR/HO

ADDRCSH1
DNADR.H.

(ALLOW SEQUENCER)

FCCL1.H.

Figure 2-128. Successor State Signal Generation
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PAPDIC BASIC 3 READ (7C) MICRO EXECUTION

The basic read micro is decoded when MC07..H and MOP11/H. are true, generating the levels
BRDMOPH1 and BSIC3.H1 (figure 2-125). BSIC3/H1 false and IDLECSH1 (initially true) enables
DFAN D7 (figure 2-126), generating the level D«FA..H (move the contents of FA to the line
drivers). At the same time, DRVR<«1HO (enable drivers) and NSADDRH1 also go true, which, at
the next clock pulse, causes the drivers to contain the memory address (COOL through C23L),
data field length and field direction sign (C24L through C29L), plus the mode control code
(RQ1 through RQ5). For a basic read operation, RQ4 is only true when NSADDRH1 is true.

At the sequencer (figure 2-127), NSADDRH]1 sets CS1F..Hl, causing the ADDRCSH1 output of the
DFAN to go true. With the address and other memory request information having been gated to
the port interchange, the logic then waits for the signal FCCL (forward communication control
level), which indicates that the address has been accepted. When FCCL appears, the level
DNADR.H. (figure 2-127) goes true, disabling the line drivers (DRVR«OHO) and enabling the
line receivers (RCVR«1HO). DNADR.H. also enables EFAN G6 in the sequencer, and because
SSREADH]1 was set when the micro was decoded, CS2F..Hl1 is set and CS1F..Hl is reset.
(NSADDRH1 is false at the input of G7). This causes the level READCSH1 (read current state)
to come true at the output of the DFAN. When the second FCCL pulse appears, the read data
from memory is present, and is routed through the line receivers to the MEX. Further gating
within the processor is determined by the logic shown in figure 2-129. Assuming that the
Y-register has been selected as sink, flip~flop 1 would have been set (by MOP06.H. and
BSIC3.H1) at address current state time. When READCSH1 comes true, the READ DFAN is enabled
and the level Y<«MX..HO appears, enabling transfer of the read data to Y.

With READCSH1 true, the second FCCL pulse generates 3BGNRSH., which, in turn, produces
NSIDLEHl1. This resets the sequencer (IDLECSH1) unless another basic 3 micro is waiting for
Done memory in the concurrency logic. In this case, NSADDRH1 is also true at this time,
causing the sequencer to go directly to the address current state. (Note that the EFAN chips
are priority encoders, with the highest binarily-weighted input which is true taking
precedence.) Basic 3 read timing is shown in figure 2-130.
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ADDRCSH1
oDISPG . H1 _

DIsP

1 2 |

oMOPO7H. ]

8.3
oBSIC3H1 ‘ 1,

B T FFan | psce
DISP
— Lg-MX.TO _

MOP06.H E—— : READ |—
o
DFAN T 4—MX..TO

v

oCLEAR _ -
Y €= MX.HO
X 4 MX.T0
NORSNKMI |
oREADCSH1
oCWRMOPH1
oQVLMOPH1 ‘ [
MX «-M1.T0
WRITE MX @-L.TO
oDLOMOPH 1 DFAN
MX ¢ T..T0
MX o Y.TO
MOPH1 MX & X.T0
oCRDMOPH < ALLOWIGO ]
¢ TRUE
oFMPMOPH1
o!DEMOPPO

Figure 2-129. Main Exchange to-from Register Controls

PAPDIC DISPATCH READ AND CLEAR MICRO EXECUTION (1E WITH READ AND CLEAR VARIANT)
This micro accomplishes a number of functions as follows:
a. Clear the lock bit and interrupt bits in the dispatch register.

b. Read the seven least-significant bits of the dispatch register (source port number
and channel number) and transfer them to the seven least-significant bits of the

T-register.

c. Read the 24-bit message contained in S-memory address 0 and transfer it to the
L-register.
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T1 | T2

S

Biﬁ&lﬂ I

CS1F..H. |

T3|T4

T1

CS2F..N.

CS4F..H.

SSREADH1 I

D—- FA..HOI I

NSADD.H1 | |
| |
DRVR--1HO | ] DRVR-=0HO|

L

|
D = FA.nG. [ TN
ADDRESS IN DRIVER

[}

15 T
RQ4F..H. TO PRIORITY LOGIC |
TV 12
FCCL1..HO

T3 | T4

|
I ( FROM PORT INTERCHANGE )

¥
IDLECSH1

1

I ( IDLE SEQUENCE )

3 BGNRSH

1

I

DNADR.H.

d L
27

ADDCSH1 I

( ADDRESS SEQUENCE )

READCSH1

RCVR=-1HO

|
RCVRnG

I ( READ SEQUENCE )

jQVR—O | ]

TCCF (STAYS TRUE DURING BASIIC 3 RlEAD)I

_[PATA—10

IRECEIVER

M-=-MX..TO l

DNMEM.HO l

Figure 2-130.
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The dispatch micro is decoded when M-register bits MCOOLl.H., MDOO..H., and MEOl..H. are all
true. These three levels indicate that MC=0 (M-register bits 12 through 15 are all false),
MD=0 (same for M bits 08 through 11), and ME=01 (of M bits 04 through 07, only 04 is true).
DISP6.H1 enables the DFAN in figure 2-125 which, in turn, decodes the contents of MOPO1.H.,
MOP02.H., and MOP03,H. to determine which variant has been selected. In this case, DRCMOPH1
(dispatch read & clear) comes true. DISP6.H1 also generates NSADDRH1 and DRVR<1.H1 (enable
line drivers). D<FA,.HQ stays false, meaning that the drivers (COOL through C23L) are filled
with zeroes. This causes address zero in memory to be accessed.

Simultaneously, with BSIC3/Hl (basic 3 not) true, flip-flop 2 in figure 2-131 is set, which
causes C27L..H. and C28L,.H. to be forced true (data field length = 24), In figure 2-132,
RQ4F..H., RQ5F,.H. and RQ2F,.H. are set.

Note that SSSWAPH1 is true when DRCMOPHl is true. At the next clock pulse, the sequencer
advances to ADDRCSH1l, and the logic waits for the first FCCL pulse from the port interchange.

When FCCL appears, the address and mode control signals have been accepted, and the lockout
bit and interrupt bits in the dispatch register have been cleared. FCCL sets the sequencer
to swap current state and TCCF is reset. During the swap state, the drivers are reset
(DRVR«OQHQ) and one clock later the sequencer goes to the wait current state (WAITCSH1). With
WAITCSHL true, buffers are enabled (figure 2-133) which allow the contents of bi-directional
lines C24L through C29L, RQlL, and RQ2L to be read. These contain the source port number and
channel number (XDSPO.TO through XDSP6.TO) at this time. When the next FCCL pulse comes true
(WAITCSH1 still true) the level T<«XDISP. is enabled and this data is transferred to the

seven least-significant bits of the T-register. Because the level TCCL is false, the second
FCCL pulse stays true for two clocks.
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(UP TO C24L..H.

TT
T H+CTW3H
o ? C27L.H.
J (DFLS8)
XDSP3.TO
p=
OVLMOPH1 \
IDFMOPPO yd 2 )
FETCHLPO |
- 4
5LIT-— OHO FFA
— —
CREGO4LO =\ M+CTW3H
'} ) C28L..H.
_J (DFL 16)
XDSP4.TO ‘
MOPO4.H, D__ _3—)—
TRUE2.H. ‘ .
‘ D—
MOPO5.H. (SIGN) ‘
5 ? C29L.H.
Za L/ (FDS 8)
XDSP5.TO a8 |
3
XDSP6.TO
) RQIF..H.
CLRCDH L/
TDF— 1.H. 1 C-—TD..H1 s
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Figure 2-131. Field Length and Field Sign Gating Logic
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DSCP..H.
DRQG5F.H1 1 RQS5F..H
WH. ‘ .
DRDMOPH1 DRD/ BOsL M
| _FFA
1SP6.H1 f y
] I RQ4F..H.
TRUE1H. (REQUEST)
EETCHLPO —
kra
[
SSSWAPH1
NSADDRH1 *~—
RQ2F..H.
DWHMOPH1 (SWAP OR DISPATCH
WRITE HIGH)
RQ1F..H.
SSWRITH1 -] (WRITE)
D - ADR/HO —E:AN
. TVRQ-— OH1
oCLRCRDH.

Figure 2-132. Request Line Flip-Flops

At the end of the first clock period of FCCL, the sequencer is set to the read state
(READCSH1), the line receivers are enabled, and TCCF is set again, During the second clock
period of FCCL the read data is available. Because DISP6,Hl1 was true, flip-flops 1 and 2 in
figure 2-131 were set during the address state. Therefore, L<+MX...TQ is true, which permits
gating the read data into the L-register. Dispatch read and clear timing is shown in

figure 2-134. Also shown are timing diagrams for Basic 3 write, Basic 3 swap, dispatch write
lock, and fetch S-memory. These comprise figures 2-135, 2-136, 2-137 and, 2-138, respectively.
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PORT INTERCHANGE

The port interchange is that portion of the system which maintains control over S-memory. A
separate circuit to perform this function is required because the system may be configured to
employ multiple S-memory user devices. To satisfy the memory access needs of several inde-
pendent devices (of which one is the processor), the port interchange has been provided with
a number of diverse capabilities. Included in these are access priority resolution, distri-
bution of synchronizing signals, memory addressing, field selection and isolation, intermedi-
ate data storage, parity generation and manipulation, control signal interfacing, and
facilities for communication between user devices. The actual hardware sections for accom-
plishing these functions include a memory address register, a memory information register,
priority resolution logic, a mask generator, a field isolation unit (rotator), a dispatch
register, parity logic, and the real time clock circuit. The port interchange occupies

six logic cards, and is located in the system between the M-memory processor and S-memory
base.

Accessing memory involves presentation of a memory request by a port device. Included in the
request are a control code which designates the type of operation desired, a 24-bit binary
memory address, a five-bit binary field length, and a one-bit field direction sign. In the
port interchange, such requests are subjected to priority resolution, and, if more than one
is received simultaneously, that bearing the highest priority is granted.

Granting a memory request consists of accepting the address and control codes, and signaling
the port device that the operation is to proceed.

PORT INTERCHANGE CLOCK

The port interchange derives synchronization from the 6.0 megahertz system clock pulses
which are 167 nanoseconds wide. This clock signal is actually generated in the clock module,

and is passed directly to the port interchange. The port interchange clock distribution
circuit is shown in figure 2-139.

COAX
(20 NS A, USING 10 NS A OUT)

11

SCPS...1 DL2N :]

HFJEK
SCPS..A.
SCPM..RO > DWX
{CLOCK 10 NS DELAYED)
SCPM..A.
TRUE o8
31612
+4.75V.

Figure 2-139. The Port Interchange Clock Distribution
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REAL TIME CLOCK

The real time clock logic generates a 100-millisecond signal (10 clocks per second) which is
used primarily for setting interrupts. This signal is derived from the 50/60 hertz power
line frequency, and is supplied to each port device by way of the port adapter interface.

Generation of the real time clock signal is accomplished by the circuit shown in figure 2-140.
The input circuit is a clipper which is used to change the sine wave power line signal to a
square wave. CR1 and CR2 are negative clamp diodes to protect BHAZ and IHAO, respectively.
CR5, 6, and 7 are positive clamp diodes to protect and clamp RTCO04 at +2.0 volts when posi-
tive. CR6 and 7, in conjunction with CR4, perform the same function for RTCO2,

FFAl operates in the JK mode, and is set during the positive half cycle of the power line
wave. The negative half cycle resets it. FFAO operates in the D-set mode, and follows FFAl
one 6 megahertz clock later. The ANDed output of the two flip-flops (RIC10.C.) consists of
a l67-nanosecond-wide pulse occurring once every 20 milliseconds (figure 2-141),

RTC10.C, drives the RFAN, which operates in the add mode. With its carry input true, the
RFAN counts from O to 5 (or O to 4 for 50 hertz line frequency), with the count being incre-
mented by one for each RTC10.C. pulse. When the RFAN output is equal to binary 5 (60 hertz),
RTC14.C. comes true, enabling the output buffer where it is ANDed with RTC10.C.. The net
output (RTCLKBCA) is a 167-nanosecond-wide pulse occurring once every 100 milliseconds. Note
that RT14..C. is also fed back to the clear input of the RFAN, resetting it. For 50 hertz
operation a count of only 4 is required, with RT13..C. replacing RT14..C.. The conversion is
effected by jumper chip connections as shown in figure 2-140, and must be set by the field
engineer.
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POWER-UP LQGIC

The power-up level (PWR.UP.0) is generated in the power supply. Refer to figure 2-142. This
signal is false during the power-up sequence and goes true when the sequence is complete,
PWR.UP.0 remains true until the system is powered down.

The power up level is fed into the port interchange, which distributes this level via the
port adapter interface to each port device.

< PWR.UP.0
TRUE
L [ 1
s | cLR2.c.
— - >
] | BHAZ
s P
|
DSCP2.C.

Figure 2-142., Power—up and Clear Level Generation

CLEAR SIGNAL LOGIC

The port interchange distributes a clear signal via the port adapter interface to each port
device. This occurs when it receives a master clear signal (MSCLRBPO) from the control panel,
or when it receives a power-up clear level (PWR.UP.0) from the system. The clear (CLRB..CO)
level is three clocks in duration. Operationally, MSCLRBPO is gated with refresh/ (GREF/.C.)
in BHA2, and the output goes to the RFBN which operates in the shift mode (see figure 2-143).

The first clock enables RFBN(P), which is fed into BHA2(D). CLR2/.C. is true, enabling the
output. CLR2..C. remains true up to the fourth clock when it disables the clear output.
This output is ORed with PWR UP/, causing a clear during power-up.
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The hold register is 24 bits wide, and is used for temporary storage of incoming write data.

See figure 2-144,

only.

with the output going to the rot