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Introduction and Operation

INTRODUCTION

The B1700 System is a small scale data processing system used for general purpose data processing. The B1700 System
contains an S-Memory Processor and a low speed I/O system. The S-Memory Processor, Memory and power supplies are
described within this manual. The S-Memory Processor is a micro-programmed processor. Figure I-1 illustrates the
B1700 System.

CASSETTE

CONSOLE

S-MEMORY LOW SPEED
PROCESSOR 1/0 CONTROLS
S-MEMORY

PERIPHERALS
tMAIN MEMORY)

Fig.I-1 B1700 SYSTEM FUNCTIONAL BLOCK DIAGRAM

MICRO INSTRUCTION

The B1700 Central System performs its operations by executing a set of low level (micro) instructions which are
fetched and executed from the Main Memory of the system. There are approximately 25 of these micro instructions along
with the associated logic sections, arithmetic sections, registers and pseudo registers required for performing a specific
operation such as an add, data movement, I/O operations, etc. A micro instruction is hereby defined as the least amount
of work an instruction could possibly perform within this system.

MACRO INSTRUCTION.

A “macro” instruction is the maximum amount of work which can be done by one instruction. In the B1700 these
macro instructions are “built” by the programmer by using a series of micro instructions. An example of this would be an
Add where a macro performs a complete add with storage of the sum and the detection of carries automatically. In the
micro instruction set there is not an add instruction. The machine however, thru a series of micro instructions can perform
an add operation and hence the add is “built” by the programmer.

MICRO PROGRAMMING

The micro programming of the B1700 or S-Memory Processor has several definite advantages. One advantage which is
most obvious being ease in modification of the macro. That is, a macro can be changed through software rather than re-
quiring a modification of the logic. The second obvious advantage is that micro programming allows the hardware to be
“tailored” to the idiosyncrosies of a particular language such as COBOL, FORTRAN, etc.

B1700 CENTRAL SYSTEM

The B1700 Central System as previously discussed is a low level micro programmed processor and has been provided
the necessary logic to perform the operations of a normal central processing unit. A basic block of the central system is
shown in Figure I-2.

Printed in U. S. America 11-20-72 For Form 1053360
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The B1700 System may be divided into the following functional areas:
Processor
Memory
I/0 Sub-System
Power
Each of these areas are described generally within Section 1 of this manual. A detailed description is contained in
Section II with the exception of the 1/O Sub-System which is described in the B1700 System I/O Sub-System Technical
Manual.

PROCESSOR

The S-Memory Processor, consisting of 9 logic cards, console and cassette loader contains the necessary logic to perform
the arithmetic, logical and data movement/storage functions of a data processor. It also controls all I/O operations. The
following is a list of the areas within the Processor and the Console with Cassette loader.

1. Cassette Tape Loader
Console
Main Exchange
Local Memory
24-Bit Arithmetic and Combinatorial Unit
4-Bit Arithmetic and Combinatorial Unit
Processor Registers

Nov s e

Figure I-2 is a basic block diagram of the processor and the following descriptions contain the basic functions of each of
the seven portions of the processor listed.
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CASSETTE TAPE
The C assette is physically located on the Console of the B1700 as shown in Figure I-3. The Cassette on the Console is
a “read only” device, used for program loading and for storage of MTR/Diagnostic Routines which may be executed directly
from the Cassette or entered in the Main Memory prior to execution. The physical characteristics of the Cassette are as
follows:
Speed-10 ips (Inches per second)
Density*800 BPI (Bits per inch)
Tape Length-300 ft.
Data Format-Bit Serial/8 bits per character
For a detailed description of the Cassette and format used on entering micros via the Cassette refer to Section II.

CONSOLE

The Console of the B1700 is used for displaying/entering data of various registers within the S-Memory Processor.
Data also may be loaded into memory from the console. The console may also be used to display memory data. The Console
contains a mode switch to place the machine in the RUN/STEP/TAPE mode of operation. As previously described, the
Cassette is a part of the Console and therefore, the Console contains the necessary switches/lamps for operation of the
Cassette. Refer to Figure I-4.

Fig. I-3
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Fig. I-4

MAIN EXCHANGE (MEX)

The Main Exchange is the main bus within the processor. It is used for movement of data within the processor and is
24 bits wide. It is also used to transfer 4 bit data from source to destination in addition to the normal 24 bit word.

The Main Exchange, when the machine is halted, receives data from the register selected by the console switches and
this data is automatically displayed on the console lamps. If the load button is depressed when the processor is halted, the
contents of the console switches will be placed on the Main Exchange and subsequently loaded into the register which has
been previously selected.

LOCAL MEMORY
The Local Memory is that part of the machine where the majority of the registers reside. Several registers such as the
C Register and MAR (A) have been made discreet because they must always be present for operations whereas if they were
located in the Local Memory they would not be available for the controlling functions which they must provide. Each of
these registers and micros which affect these registers are described in Section I.
Local Memory is divided into three main sections of logic; LBUF, Left (A) Half, and Right (B) half. The following is a
brief description of each section and its contents:
A.  LBUF
LBUF is the input to the Local Memory and receives its input from the Main Exchange. LBUF is 24 bits in width
and is used to hold the data to be written into local memory for an additional half clock period to allow the local
memory write logic to complete the write operation.
B.  Left (A) Half
Left Half of the local memory or sometimes referred to as “A™ Half contains the following 4, 16, and 24-bit
registers:
Registers - FB

e e

J-
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(Note that FA, FB, L, and T may be divided into other registers)
In addition to the above mentioned register, Left Half of Local Memory contains words zero through seven of
“A” Stack and words zero through fifteen of Left Scratchpad.
C. Right (B) Half

The Right Half sometimes referred to as “B” Half of Local Memory contains only 24 bit registers in addition to
words eight through fifteen of “A” Stack and words zero through fifteen of Right Scratchpad. The following
are the 24 bit registers located in Right Half of Local Memory:
Registers — Y

TEMPB

BR

LR
TEMPB (Temporary Buffer)
TEMPB is a temporary buffer in the right half of local memory. TEMPB is not addressable as a source or sink and
is therefore not available to the programmer. The function of TEMPB is strictly hardware and its use is for the
7C Read/Write Memory micro or the 8D Scratchpad Relate FA micro. When used for either of these micros it
is a temporary holding register. TEMPB is described in detail within Section II of this manual.

24 BIT ARITHMETIC AND COMBINATORIAL UNIT (24 BIT FUNCTION BCX)
The 24 Bit Function Box is used to produce the normal arithmetic or logic functions between two 24 bit operands.

Input
Operand inputs to the function box are the X and Y registers and control inputs are CYF, CPU, and CPL which will be
discussed as a portion of the T Register.

Outputs

Outputs of the Function Box include SUM, DIFFERENCE, AND, OR, EXCLUSIVE-OR, CARRY OUT, BORROW,
EQUAL TO, GREATER THAN and LESS THAN functions. Also it has as outputs the complement of the X and Y Registers
and the masked outpuis of X and Y.

Arithmetic
The arithmetic section of the function box is controlled by CPU, CPL, CYF and the operand inputs X and Y. The
arithmetic operations consist of either an add or subtract with the operands being binary data or four Bit BCD data desig-
nated by CPU as follows:
CPU =00 Binary
01 Four Bit BCD
10 UNDEFINED
11 UNDEFINED
The operand length is defined by the value contained in CPL with a maximum value of 24 bits. If, for example,
CPU =01 and CPL = 24 then the operand input from X and Y is considered to be six 4-bit BCD characters. Either the SUM
or DIFFERENCE is obtained by addressing the SUM or DIFFERENCE pseudo registers (SUM OR DIFF) via a Register Move
type micro operator. In the case of the DIFFERENCE, the value in Y is subtracted from the value in X. The input CYF for a
SUM is a carry in and for a DIFFERENCE is a borrow.

Logic Functions — And/Or/Exclusive Or

The logical functions which may be obtained are addressed as pseudo source registers. The AND/OR/EXCLUSIVE OR
functions are merely the ANDing, ORing or exclusive ORing of the contents of the X or Y. Those pseudo registers associated
with these functions are XANY, XORY, and XEOY Registers. If the value in CPL is less than 24, then the most significant
bits are filled with zeros.

One’s Complement

The one’s complement of the X and Y Register may be obtained by using a Register Move type micro which addresses
either the pseudo CMPX or CMPY Register.

Printed in U. S. America 11-20-72 For Form 1053360
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Mask of X or Y

Normally be addressing the X or Y Register as a source, 24 bits are obtained. If less than 24 bits are desired the Mask of
X or Mask of Y (MSKX or MSKY) pseudo registers may be addrzssed. Depending upon the value in CPL, from one to 24 bits
of X or Y may be obtained as source data with zero bits in the most significant bit positions.
Conditions/States

In addition to the logical and arithmetic functions, the 24 Bit Function Box can produce various conditions/states
which are addressable as source registers only. These conditions/states are referred to as the three pseudo registers-BICN
(Binary Conditions), XYCN (X-Y Conditions) and XYST (X-Y States). All of the above pseudo registers are four bit
registers and their functions with bits shown in Table I-1.

BIT XYCN BICN XYST
0 X)Y CYL X#0
1 XY CYD Y#0
2 X=Y CYF INT
3 MSBX LSUY LSUX
TABLE I-1

Condition States

The XYCN Register produces the relational conditions of X is greater than, less than or equal to Y. The MSBX bit is
true if the Most Significant Bit of the X Register as designated by CPL is true.
The BICN Register produces CYL which is a Carry Out Level, CYD a Borrow Qut Level, status of CYF and LSUY.
Least significant unit of Y (LSUY) is true if the least significant bit of Y is ONE and CPU = 00, or if CPU # 00 and the least
significant four bits of Y is equal to nine (1001).
The four bit pseudo XYST Register checks and generates the X#0, Y #0, INT or LSUX conditions. INT is an
Interrupt and is true if one of the following interrupt is true:
Timer Interrupt
BUS I/0 Interrupt
Console Interrupt
Memory Parity Error Interrupt
The LSUX (Least Significant Unit of X) bit is true if the least significant bit of X is ONE and CPU =00, or if the least
significant four bits of X equal nine (1001) and CPU # 00.

FOUR BIT ARITHMETIC AND COMBINATORIAL SECTION (FOUR BIT FUNCTION BOX)

The Four Bit Arithmetic and Combinatorial Section otherwise referred to as the Four Bit Function Box is used to
produce the normal arithmetic or logic functions between two 4-bit operands.

The Four Bit Function Box is also used to test various conditions of four bit registers and branch or skip on the
resulis. The following is a description of the Four Bit Function Box.

Inputs

Inputs to the Four Bit Function Box are any of the four bit registers that are listed in Table I-2 with a second input
heing obtained from the micro instruction itself.

FOUR BIT FUNCTION BOX INPUTS

TA TB TC TD TE TF
LA LB LC LD LE LF
FU FT FLC FLD FLE FLF
CA CB CcC Cb

BICN XYCN FLCN

TABLE I-2



Burroughs - B1700 Central System Technical Manual Sec. I Page 7

Introduction and Operation

Logic Functions

In addition to the development of the various logical/arithmetic functions such as SET, AND, OR, EXCLUSIVE-OR,
BINARY SUM MODULO SIXTEEN and BINARY DIFFERENCE MODULO SIXTEEN, the Four Bit Function Box through
specific micros can test one bit or combinations of bits in various four bit registers. The micros which perform some of the
above functions are as follows: 1C Register Move, 2C Scratchpad Move, 3C Four Bit Manipulate, 4C Bit Test Relative Branch
False, 5C Bit Test Relative Branch True and 6C Skip When. For a description of these micros as to function refer to the
appropriate pages in Section I of this manual.

REGISTERS

REGISTER SELECTION

The various registers of the B1700 system are addressed within the micro operator or from the front console by a series
of coordinates.

The first coordinate is to select one of 16 groups of registers, the second coordinate then selects one of four registers
from that group. Table I-3 illustrates the selecting of the register according to REGISTER GROUP and REGISTER SELECT.
This chart must be used when generating or observing micro code in order to determine the designated register.

EXAMPLE: FB Register is register Group 9 and Register Select 2.

REGISTER SELECT
REGISTER 0 1 2 3
GROUP
0 TA FU X SUM
1 TB FT Y CMPX
2 TC FLC T CMPY
3 D FLD L XANY
4 TE FLE MAR(A) XEOQY
5 RF FLF M MSKX
6 CA BICN BR MSKY
7 CB FLCN LR XORY
8 LA RES. FA DIFF
9 LB RES. FB MAXS
10 LC RES . FL MAXM
11 LD RES . TAS U
12 LE XYCN Cp RES.
13 LF XYST RES. DATA
14 CcC RES . C READ CMND
15 CD CPU C WRITE NULL
TABLE I-3
REGISTER TABLE

Printed in U. S. America 11-20-72 For Form 1053360
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M REGISTER (MICRO REGISTER) AND INPUTS

The M register is a 16 bit register (discrete) which is used to hold the active micro-operator that was previously obtained
from S-Memory, or from the Tape Cassette in Tape Mode. The contents of this register is decoded in various areas of the
processor to enablethe micro to perform its designated function. The M register is addressable both as a source, and as a sink.
When it is used as a sink, the incoming data is bit ORed with the next incoming micro, thus modifying the new micro being
placed in M for execution.

The M register has two sources from which it can receive micros:
A.  S-Memory via Memory latches (ML)
B. U Register (to facilitate micro execution in Tape Mode)

MAR (A) REGISTER (MEMORY ADDRESS/ADDRESS REGISTER)

The MAR (A) Register is a 19 bit micro-program address register. The MAR (A) Register has two basic functions and in
actuality is a shared register for addressing memory at two specific times. As a program address register it is referred to as the
A Register, and addresses 16 bit micro operators in main memory by assuming them to be located at bit boundary addresses
exactly divisable by 16. When used in this manner the lower order four bits are ignored and the micro is fetched and stored
in the M Register. In the case of the micro fetch (“M” FETCH), the memory rotator is by-passed.

The MAR (A) Register is capable of having binary increments from 0 through 4095 (multiplied by 16) added to or
subtracted from it with a high speed adder to facilitate program branching. The MAR (A) Register is automatically incre-
mented by binary 16 during the run mode. Wrap-around of MAR (A) can occur and is permitted.

The MAR (A) Register also serves as a Memory Address Register (thus the name MAR) for the Read/Write Memory
micro operator. In this case the full 19 bits of MAR (A) are used and the address is a bit address. The data read/written is
passed through the rotator to insure the data is placed in the proper memory locations due to variable field length, variable
field direction and the bit addressability of the memory. When used as a Memory Address Register, the address of the next
micro (A Register function) is temporarily stored in a holding register, referred to as Temporary Buffer (TEMPB).

The MAR (A) Register is addressable as a source and as a sink. When addressed as a source, all bits are produced onto
the Main Exchange. When used as a sink, the rightmost four bits of the source are moved to the rightmost four bits of the
MAR (A) Register although they are not significant. Moves into the MAR (A) Register cause the instruction address to
change and are therefore regarded as branches.

TAS REGISTER (TOP OF A STACK REGISTER)

The TAS Register is a 24 bit register which is the top of the A Stack. The top of the A Stack is addressed by a
stack pointer that can be changed by moves into the A Stack or by moves from the A Stack. Because the pointer
addresses different A Stack locations, the TOP of the A Stack is a relative position within the A Stack. Moves into TAS
cause the A Stack Pointer to first 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 placed in
the destination register. After the read occurs the Stack Pointer is decremented and a new A Stack location is addressed
which becomes the new TAS.

A STACK

The A Stack is a 16 words deep, 24 bit wide memory. Generally the A Stack is used for normal Call/Return pro-
gramming where subroutines may be obtained and upon completion of the subroutine, control is returned to the program.
The Call/Return is obtained by CALLING a subroutine (branching) and storing the address where the program exited in
the A Stack. Return from the subroutine is then done by moving the contents of the A Stack to MAR(A) 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 and wrap around of the pointer is provided. Sixteen consecutive writes (pushes) into the A Stack or sixteen consecu-
tive reads (pop) from the A Stack will cause the pointer to address the same location as it did at the beginning of the write
or read operations. Although the 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. (Scratchpad usually provides for data storage.)

The only micro which has a specific affect on the A Stack other than the Register Move type micros is the 145C Call.
Refer to the 145C Call micro for the specific function of the A Stack with this micro.

MAXS REGISTER (MAXIMUM S-MEMORY REGISTER)

Th YT Dancictar ic o YA hit vonictar whinh o cnt ter tha finld anainanr tn~ indicnta tha mnvimivmm aioa Af tha Gnainllad
A Bv’!AAu S RCEISTEY I8 O L4 OIT reSter Willa 15 88U O al G8:G ShZInClr 18 inGilarl wnl MaXimuim 5128 O uil ifiSiaula

memory. The MAXS Register is not a discreet register but is wired constant and thus addressable as a source register only.
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BR AND LR REGISTER (BASE AND LIMIT REGISTER)

The Base and Limit Registers are both 24 bit registers which can be addressed as either a source or destination. These
registers are used for protection of memory and base relative addressing. Memory Addressing within the Base and Limit
registers is generally allowed. If the address does not fall within the Base and Limit then it is a software function to determine
whether the cycle is to be allowed.

MAXM REGISTER (MAXIMUM M-MEMORY REGISTER)
M-Memory is not available as an option in the S-Memory Processor and by addressing this register as a source all zeros
will be obtained. All zeros indicates that M-String is not present.

X REGISTER

The X Register is a 24 bit general purpose register and used primarily for the storage of an operand for the 24 Bit
Function Box. The register may be addressed as either a source or destination. In addition to its input to the 24 Bit
Function Box, it is one of four registers (X, Y, T and L) which may be used as a source or destination for data on a memory
operation. The X Register is also capable of being shifted or rotated by the 4D, 5D or 3F micro operators.

On an add operation the X Register will contain the addend and on a subtract operation the X Register contains the
minuend.

Y REGISTER

The Y Register is a 24 bit general purpose register and used primarily for storage of an operand for input to the 24 Bit
Function Box. (See X Register) The Y Register may be addressed as either a source or destination. In addition to its input to
the 24 Bit Fuction Box it is one of four registers (X, Y, T, and L) which may be used as a source or destination for data on a
memory operation. The Y Register is also capable of being shifted or rotated by the 4D or 5D micros. On an add operation
the Y Register will contain the augend and on a subtract, it contains the subtrahend.

L REGISTER (LOGICAL REGISTER)

The L Register is a 24 Bit general purpose register and is also addressable in four bit groups denoted as LA, LB, LC, LD,
LE, and LF. The L Register may be used as a 24 bit source or destination or can be addressed in the above mentioned four
bit groups as a source or destination. Since the L Register is addressable in four bit groups, its contents are available for
analysis and alteration via the four Bit Function Box. The L Register is one of the four registers (X, Y, L, and T) which may
be used as a source or destination for data on a memory operation.

T REGISTER (TRANSFORM REGISTER)

The T Register is a 24 bit general purpose register used as either a source or destination. The T Register is addressable
in four bit groups denoted TA, TB, TC, TD, TE, and TF. Since the T Register is addressable in four bit groups, it is available
for analysis and alteration via the Four Bit Function Box.

The T Register is one of the four registers (X, Y, L and T) which may be used as a source or destination for data on
memory operations. The T Register is capable of Shift/Rotate operations (10C micro), and data may be extracted from the
T Register (11C micro).

FA REGISTER (FIELD ADDRESS REGISTER)

The FA Register is a 24 bit register used to hold an absolute bit address for Main Memory. It has the capability of
directly addressing any bit in the memory starting at any location. The FA Register is addressable as both a source and
destination and can be loaded, stored or swapped with the contents of a word in the Scratchpad. FA is upcounted or
downcounted by a literal value in the 7C Read/Write memory micro or by the value in CPL if that literal is equal to zero.

A separate micro 6D Count FA/FL may be used to count FA up or down depending upon the variants of the micro.

On memory operations the FA Register is transferred to MAR(A) which will be used to address the memory location.
In this case the upper five bits of FA are truncated but this is not significant as FA has the capability of addressing more
memory than will be available in the machine.

FB REGISTER
The FB Register is a 24 bit register which can be functionally divided into three portions; a Four Bit FU (Field
Unit) Register, a Four Bit FT (Field Type) Register, and a 16 Bit FL (Field Length) Register.

NOTE: Field Type is not specifically defined by the hardware and therefore has only specific meaning to the software.
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The FB Register as well as each four bit portion of FB, denoted as FU, FT, FLC, FLD, FLE and FLF is addressable as a
source and destination. In addition, the 16 bit porticn denoted as FL is addressable as a source and destination.
The FU Register holds the length of the unit which makes up a field of data in memory such as binary and four bit
BCD. FL holds the total length of the field with FL having the capability of describing fields up to 65,536 bits. FL may be
adjusted up or down by a literal in the 7C Read/Write Memory micro, by the value in CPL or specifically by a 6D Count
FA/FL micro. ‘
FB has the ability of being loaded, stored or swapped along with FA into a Scratchpad memory word. FU and FL
along with corresponding portions of the first cell or Right Scratchpad are used to set the various conditions of FLCN
(Field Length Conditions) and the various conditions of the CP Register (See Bias micro 3E.)

SCRATCHPAD MEMORY
Scratchpad Memory consists of sixteen 48 bit words (16 x 48), or could be regarded as consisting of thirty-two 24 bit
words (32 x 24). Scratchpad from a hardware standpoint is regarded as general purpose storage but its typical use is for
storage of S-Language (See software concept) stack pointers or processor registers which are under constant manipulation.
The first cell of right scratchpad is referred to as SFL and SFU, which correspond to FL and FU in the FB portion of
the F Register. SFL is used for comparison to FL for the FLCN (Field Length Conditions) and SFU is used if selected by
the appropriate variants in conjunction with the 3E Bias micro.

C REGISTER (CONTROL REGISTER)

The C Register is a 24 bit register which is NOT addressable as such. The C Register may be addressed by four
bit groups referred to as CA, CB, CC and CD. The least significant eight bits may be addressed as CP. CP may further be
divided into three sections: CPL equal to five bits, CPU equal to two bits and CYF being one bit. Figure I-5 illustrates
the addressing portions of the C Register.

i) & 6
CYF[ CPU [cPL
[3 CA 0[3 cB 03 cc 0[3 cD of7 |cp 0

Fig. I-5 C REGISTER

The CA and CB portions of the C Register do not have any specitic hardware use and are, therefore, described as general
purpose four bit storage registers.

The CC portion is used for storage of various processor interrupt conditions or the processor state. The bits of CC are
defined as follows:

CC(0) Console Interrupt derived from the console interrupt button.

CC(1) Bus Interrupt derived from the various I/Q Controls attached to the B1700 I/O Bus. This bit is set as a result
of a service request by one or more of the controls which may be attached to the 1/O Bus.

CC(2) Timer Interrupt is developed from the primary power frequency. The Interrupt occurs every 100 milliseconds
to set CC(2).

NOTE: Adjustable by the Field Engineer for either 50 Hz or 60 Hz.

CC(3) Console State Lamp. The setting of CC(3) by software causes the Console State Lamp to illuminate. Use
of the State Lamp is defined by software.

CC3 CcC2 | CC1 CCo

Figure 1-6
CC REGISTER

The CD portion of the C Register is also used for storage of interrupt conditions. CD(3) will be set if a parity
error occurred on a memory read operation that was initiated by the processor. CD(2) thru CD(0) is reserved.
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The CPL portion (Control Parallelism Length) is used to define the data length of the 24 Bit Function Box or used
to define length at various times, such as if the literal in the 7C Read/Write Memory micro is equal to zero, then the value
in CPL is used. CPL is a five bit register and defines lengths of one to twenty-four bits.

CPU is the Control Parallelism Unit of the CP portion of the C Register. The CPU Register is two bits and defines
the unit of data as either binary or Four Bit BCD.

CPU=00 Binary Data
CPU=01 Four Bit BCD Data
CPU=10  Reserved

CPU=11  Reserved

CYF is the Carry Flip-Flop and used to store overflows from the 24 Bit Function Box as a result of an add or
subtract operation but must be set by sampling the appropriate level from the function box. (See 6E micro, Carry
Flip-Flop Manipulate.)

All four bit portions of the C Register are addressable as both a source and destination. Their contents are available
for analysis and alteration via the Four Bit Function Box.

U REGISTER

The U Register is a 16 bit register used primarily to accumulate the bit serial input from the console cassette tape
loader. The U Register is addressable only as a 16 bit source and NOT a destination. Only the micro 1C Register move
can access the U Register. If the data is not yet available in the register, the micro 1C finish is delayed until the U
Register is full.

In the Tape Mode the contents of the U Register are directly transferred to the M Register in order to cause the
execution of micros from the tape. If the micro Read is a 9C move 24 bit literal then Execution is delayed until the
remaining 16 bits of the literal have been accumulated in the U Register.

FLCN REGISTER (FIELD LENGTH CONDITIONS)

The FLCN Register is a four bit pseudo register which indicates comparison conditions. FLCN is a static compari-
son between the FL portion of the FB Register and the corresponding portion of the first word of right scratchpad
referred to as SFL. FLCN carries the conditions listed in Table 1-4.

BIT CONDITION
0 FL#0
1 FL (SFL
2 FL)SFL
3 FL =SFL
TABLE I-4
FIELD LENGTH CONDITIONS

CMND REGISTER (COMMAND REGISTER)

The CMND Register is a 24 bit pseudo register which can act only as a destination. A Register Move type of operation
with CMND as the destination will cause a command to be transferred on the I/O BUS and the Command Active signal (CA)
is generated. This operation is used to transfer a Command to an I/O Control on the 1/O Bus.

DATA REGISTER

The Data Register like the Command Register is a 24 bit pseudo register but it can act as both a source and destination.
The Data Register is used to transfer data to and from the I/O Controls attached to the I/O Bus. When used as a source, the
processor generates the Response Complete (RC) signal and accepts the 24 bits of data from the 1/O Bus. When used as a
destination, the processor generates the RC signal to the I/O interface and places the data from a source register on the I/0O bus.

NULL REGISTER

NULL is a pseudo register with a length of 24 bits. NULL is used primarily on a load or display of a designated register
from the Front Panel (Console). In the Halt Mode the hardware will generate moves from NULL in order to cause the
contents of the console switches to be loaded in the designated destination register. This is accomplished by depressing the
LOAD button on the Console. If the Load Button is not depressed the hardware in the Halt Mode generates a Register
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move to NULL which will cause the designated register to be displayed on the console lamps.

In the Run Mode or Tape Mode, the NULL Register may be moved to a register for the purpose of clearing that
register. (NULL is equal to all zeros.)
MEMORY REGISTER AND ASSOCIATED LOGIC

The registers associated directly with memory such as MIR (Memory Information Register) and MLR (Memory Latch
Register) along with associated memory logic such as the rotator are generally described in the S-Memory portion of Section I
of this manual (refer to index).

MICRO OPERATORS

INTRODUCTION

The B1700 Micro Processor has the capability of producing approximately 60 different micro instructions. It was
necessary to develop only 24 of the possible 60 combinations and Table I-5 lists those 24 micros which have been imple-
mented. The micros are referred to by name and by binary weight within the specific portion of the M Register. The 1C
Register Move for example has a binary weight of 1 in the MC Register. The other bits of the 1C Register Move are used
for selection of source and sink registers according to Table I-3. The variants for various micros are listed in Table I-5 but
for a more detailed explanation of the micro and variants refer to the individual micro operator descriptions,,

1C REGISTER MOVE
MC MD ME MF

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 MRegBIT
8 4 2 1 2 1 2 1 8 4 2 1  BINARY WEIGHT
0 0 0 1 n n n n n n n n n n n n

Destination
Register
Group 00 - 15

Destination
Register
Select 00 -- 03

Source Register
Select 00 -- 03

Group 00 - 15

Move the contents of the source register to the destination register. If the move is between registers of unequal lengths,
the data is right justified with left (most significant) zero bits supplies or with data truncated from the left whichever is
appropriate.

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.

Exceptions:

1. CPUand CMND are excluded as source registers.

2. 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.

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

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

5.  When DATA is designated as a source, CMND and DATA are prohibited as destinations.

6. 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.
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MICRO NAME Ve Me ME MF H |
5 14 13 12 " 10 9 8 7 6 5 4 3 2 i 0 09 [ 10 1
L ! l | | 1 ] | | VARIANTS | 000 001 010 011 100 101 110 m
o o 0 I |REG 1 GROUP REG 1 | REG 2 REG 2 GROUP
{C | REGISTER MOVE SOURCE REGISTER SELECT | SELECT | SINK REGISTER
T o 0 | REGISTER GROUP REG_ |MOV [DPW|DOUBLE PAD WORD MOVDIR: [PeR |ReP
2C [SCcRATCHPAD MOVER " T SOURCE OR SINK SELECT | DIR | we ADDRE S 172 0PW . | LEFT | RIGHT
3c 4 BT o o | |REGISTER GROUP, |REG|MANIPULATE | 4 BIT MANIP . MANIP SET | AND | OR | EOR | INC | INC | DEC |DEC
MANIPULATE 4 BIT SOR & SNK SEL| VARIANTS LITERAL VARIANTS . TEST TEST
+c | BT TEST REL [ 17" 0 0 | REGISTER GROUP, |REG| TESTBIT |D5P| RELATIVE BRANCH [ll DSP SIGN : | + -
BRANCH FALSE ) 4 BIT 30URCE SEL | NUMBER |SGN |DISPLACEMENT MAG.
ac | BT TEST REL o i [} I |REGISTER GROUP |REG |TESTBIT |DSP|RELATIVE BRANCH [l DSP 3IGN: | + -
BRANCH TRUE 4 BIT SOURCE SEL | NUMBER | 56N [DISPLACEMENT MAG.
6cC SKIP WHEN o ] ] 0 | REGISTER GROUP |REG| SKIP TEST | 48IT TEST MASK SKIP TEST | ANY | ALL | EQL | ALL | ANV/[ALL/ [EQL /7 JALL /
| oRim RN . 4 BIT SOR & SNW | SEL VAmANTs VARIANTS: | CLR/| CLR/| CLR/| CLR | CLR/|CLR / [CLR / [CLR
7c READ /WRITE ° | ] 1 |R/W[couNT Fa/FL | DATAREG DATA TRANSFER R/W VAR READ | WRT
MEMORY o VAR| VARIANTS CObE . | SoN| WIDTH MAGNITUDE CNT VAR NOP [Fat FAe [ Far | FAs FAb
MOVE B BIT | 6 o 0 | REGISTER GROUP; | ENTIRE 8 BITS OF 8 BIT LITERAL . FLo Pl i Fov | Foo
ec LITERAL REG SEL 15 2. N REG SEL X Y t
gc | Move 24 BIT ' o o ] REGISTER GROUP ; 8 MOST SIGNFICANT BITS OF
LITERAL n REL SELI52. | FULL 24 BIT LITERAL o
SHIF T/ROTATE ) o ° SINK REGISTER SNK REG | S/R| LEFT SHIFT/ROTATE S/R VAR: | SHFT | ROT
0c T REG ) ~ GROUP SELECT |VAR ouNT o
EXTRACT FROM i o 1 RIGHT BIT POINTER |SNK REG | EXTRACTION FIELD SINK REG
He T REG FOR EXTRACTION FLOD CODE WIDTH CODE - x v T L
] o [ose .
123C ! o230 RELATIVE DISPLACEMENT MAGNITUDE DSP SIGN: | + -
o s . - A 1
rY. ! ) v 198%, RELATIVE CALLED ADDRESS MAGNITUDE DSP SIGN: -
4p | oHFT/ROTATEl O 0 0 o[ 0o 0 0 |9/RDIR [X/Y|LEFT ORRIGHT. XOR Y X/Y VAR: |X v T
| ~ X orRY VARIANT | VAR |SHIFT/ROTATE COUNT S/R,DIR: | 5FT~|SFT~|ROT«|ROT =
sp | SHIFT/ROTATE ) o o o ° ) o 1 |5/R,DIR LEFT OR RIGHT X AND Y W's/R, 0ir  [ocr |orra
| X _AND Y o VARIANT | SHIF T/ROTATE COUNT VARIANTS : [1BIT |TBIT | RES. | RES.
0 0 0 ] ] | I o COUNT FA/FL COUNT SCALAR COUNT FA/ | N@P | FAt ’ FA t FA W FA ¢ FA 4
6D | COUNT FA/FL o T VARIANTS I MAGNITUDE FL VAR: Fus | P | P FLe | Fis
[ o o o o i i I SINK DPW SOURCE DPW
70 [ £xchance opw ADDRESS ADDRESS
SCRATCHPAD o °o o o 1 o o o DSP| LEFT HALF PAD . _
eo _RELATE FA SGN| WORD ADDRESS Dép SIGN: |+
D MONITOR 0 o o o v 0 0 | | |TERAL OCCURRENCE IDENTIFIER
2E CASSETTE ) 0o o o] o [ o "o o [ 1 0 [CASSETTE CASSETTE |START|STOP @|5TOP ONJUNDEF [UNDEF [UNDEF |[UNDEF [UNDEF
CONTROL B 3 -  |MANIP vaRrianTs _MANIP- | TAPE [ GAP [ X#V
€ BIAS [ o o of o o o ol 0o o [ | BIAS TEST FLG: |TST/ |TEST
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oF [ CARRY FF T o o o 0 ] ) ° o] o [ [ o [cyrlcyFlexrleyF -
MAN IPULATE cvo|cvL| o
1F HALT 0 0 [} 0 ] 0 ] 0 0 0 0 )] [ 0 0 |
ar | NorMmALIZE X 0 o o ol o o o oo o o ol o o 1 1
ZERO [NO OPERATION ° [} o | o [] o o | o [) [] 0 o o 0 []
[ e T T T T T

REGISTER SELECT

REGISTER 0 ] 2 3
GROUP
ol 1A Fu X SUM
[ TR FT N CMPX
2 TC  FLC T CMPY
3| ro fLD o XANY
4 TE FLE MAR(A)xcov
5| TF FLF
6| CA BICN gk MSKY
71 CB FLEN LR XORY
8| LA RES FA DIFF
s [ Le < FB MAXS
0l Le .. L MAXM
" LD cece TAS U
12| LE  xveN CP RES
13| LF  XYST RES DAT,
14| CcC RES READ CMND
1851 €0 CPU  WRIT NULL

INDIVIDUAL BITS OF SOME 4-BIT
REGISTERS HAVE SPECIAL
MEANINGS AS NOTED BELOW:
NOTE :
BITS ARE NUMBERED HERE
ACCORDING TO THE HARDWARE
CONVENTION :

LA[LBJLC LDTLE LF

MSB LS8
2 00,

BIT # BICN  XYLN FLCN

FL#%0

FL<SFL

FL>SFL

L_.ux FL=SFL

1 OR MORE OF :
co3
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i [44+)
2 CYF X=v
3 LSUY  MSBX
INT OR = ANY
CCo cCi cce

x>V

XY ST
o
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OR
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CCBLD

CCO  CONSOLE SOFT HALT INTERRUPT

€CY  1/0 BUS SERVICE REQUEST INTERPT
€C2 REAL TIME CLOCK (100 MS) INTERPT
€3 GIATE FUAGIDPIA L D O CONGOLE )
COO RESERVED

CDO1 RESBERVED

CD2 RESERVED

MEMORY READ DATA PARITY
ERROR INTERRUPT .
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A ARTIY

7. When CMND or DATA is designated as a destination, SUM and DIFF are prohibited as sources.
8. When A, M, CP or DATA are designated as a source, all 4-bit registers are prohibited as destinations

2C SCRATCHPAD MOVE

MC MD ME MF
15 14 13 12 1 10 9 &8 7 6 5 4 3 2 1 0 M REGISTER BIT
8§ 4 2 1 2 1 8§ 4 2 1

0 0 1 0 n n_n n n n n _nr n n n n
SCRATCHPAD WORD
- ADDRESS
00 - 15
SCRATCHPAD WORD
O0-LEFT WORD

1-RIGHT WORD

DIRECTION
0-TO SCRATCHPAD
1-FROM SCRATCHPAD

REGISTER SELECT
00--03

REGISTER GROUP
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 iwo additional
clocks if the destination is the MAR(A) register.

Exceptions:

1. U, CPU and CMND are excluded as source registeis.

2. 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.

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

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

3C 4 BIT MANIPULATE

MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
8 4 2 1 4 2 1 8 4 2 1 BINARY WEIGHT
0 0 1 1 n n n n n \ v v n n n n

I— LITERALO....15

VARIANTSO....7

’ REGISTER SELECT O or 1

REGISTER GROUPO .. ..

-
[,
i
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Perform the Manipulate operation as specified by the variants on the addressed 4 Bit Register.

VARIANT = NAME ACTION

000=0 SET REG:=LIT

001=1 AND REG:=REG*LIT

010=2 OR REG:=REG+LIT

011=3 EOR REG:=REG+LIT

100=4 INC REG:=REG plus LIT (Disregard Overflow)

101=5 INC T REG:=REG plus LIT (SKIP ON OVERFLOW) T=TEST
110=6 DEC REG:=REG-LIT (Disregard Underflow)

111=7 DECT REG:=REG-LIT (SKIP ON UNDERFLOW) T=TEST

V=0 Set the Register to the value of the literal

1 Set the Register to the Logical and of the Register and Literal.

2 Set the Register to the Logical OR of the Register and Literal.

3 Set the Register to the Logical EXCLUSIVE OR of the Register and Literal.

4 Set the Register to the Binary SUM MODULO 16 of the Register and Literal

6 Set the Register to the Binary DIFFERENCE MODULO 16 of the Register and Literal.

5 Set the Register to the BINARY SUM MODULO 16 of the Register and Literal and Skip the next
M-Instruction if a carry is produced.

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.

Exceptions:
1. BICN, FLCN, XYCN, XYST, and CPU are excluded as source/destination registers.

4C BIT TEST RELATIVE BRANCH FALSE
MC MD ME MF

15 14 13 12 11 10 9 8 7 4 3 2 1 0 M REGISTER BIT

8 4 2 1 BINARY WEIGHT

0 1 0 0 n n n n o n

I:Sl\.)O'\
s — o
—_
0
N
)

i LITERAL, RELATIVE
DISPLACEMENT
MAGNITUDE

DISPLACEMENT SIGN
0-POSITIVE
I-NEGATIVE

REGISTER BIT TO BE
TESTEDO...3

REGISTER SELECT O or 1

REGISTER GROUPO....15

Test the designated bit within the specified register and branch relative to the next instruction 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-in-
struction. 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 one additional clock if the source is BCD (BICN with CPU=01)
and two additional clocks if the branch is taken.
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5C BIT TEST RELATIVE BRANCH TRUE

MC MD ME MF
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
8§ 4 2 i A i i 8§ 4 2 i BINARY WEIGHT
0 1 0 1 n n_n_n n n_n 0 n n n n
REGISTER GROUP T LITERAL DISPLACEMENT
0...15 MAGNITUDE RELATIVE
0...15
REGISTER SELECT
Oorl DISPLACEMENT SIGN
0-POSITIVE
I-NEGATIVE

REGISTER BIT TO BE
TESTEDO..3

Test the designated bit within the specified register and branch relative to the next instruction by the signed displace-
ment 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-line 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.

6C SKIP WHEN

MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 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 \ v v n n n

n "
T L MASKO....15

I VARIANTSG....7

REGISTER SELECT Q or !

REGISTER GROUPO .... 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.

Exception: If V=2 or V=6, compare all bits for an equal condition.

If any of the referenced bitsis a “1”, skip the next M-instruction.

If all of the referenced bits are *“17, skip the next M-instruction.

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

Same as V=1, but also clear the referenced bits to zero without affecting the non-referenced bits.
If any of the referenced bitsis a ““1””, do not skip the next M-instruction.

If all of the referenced bits are ““1”, do not skip the next M-instruction.

If the register is equal to the mask, do not skip the next instruction.

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

1} i

1]
W — D

<<<§<<<<
S
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1]
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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: 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.

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

7C READ/WRITE MEMORY

MC v MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
4 2 16 8 4 2 1
0 1 1 1 novov v n n s n n n n n

MEMORY FIELD LENGTH

FIELD DIRECTION
0 = POSITIVE
1 = NEGATIVE

REGISTER NUMBER

00=X

01=Y

10=T

11 =L

COUNT VARIANTS
0...... 7
DIRECTION

0 = TO REGISTER
1 = TO MEMORY

Move the register’s (memory’s) contents to the memory (register). If the value of the memory field length 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.

The contents of the source is unchanged.

Register FA contains the bit address of the memory field while the memory field direction sign and memory field
length is given in the instruction.

If the value of the memory field length as given in the instruction is zero, the value in CPL is used.

Count variants are as follows:
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
Time equals eight clocks.
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8C MOVE 8 BIT LITERAL
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
4 2 1 128 64 32 i6 8 4 2 1 BINARY WEIGHT
1 0 0 0 n n n n n n n

LITERALOO....255

DESTINATION REGISTER
GROUPO....15

REGISTER SELECT IS 2

Move the 8 bit literal given in the instruction to the destination register. If the move is between registers of unequal
lengths, 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 is added two additional clocks if the destination is the MAR(A) register.

9C MOVE 24 BIT LITERAL
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT

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

8 MOST SIGNIFICANT
BITS OF LITERAL

DESTINATION REGISTER
GROUPO...15

REGISTER SELECT IS 2

Move the 24-bit literal given in the instruction to the destination register. 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.

Time equals six clocks.

10C SHIFT/ROTATE T REGISTER LEFT

MC MD ME MF
is5 14 13 12 i1t 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
4 2 1 2 1 16 8 4 2 1 BINARY WEIGHT
1 0 1 0 n n n n n n n n n n n

SHIFT/ROTATE COUNT
1 to 24 bits (0 . . . 23 count)

SHIFT/ROTATE SPECIFIER
0-SHIFT
1-ROTATE

DESTINATION REGISTER
SELECTO...3

DESTINATION REGISTER
GROUPO...15
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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 is added two additional clocks if the destination is MAR(A).

Exceptions: 1. 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.
2. BICN, FLCN, XYCN, and XYST are excluded as destination registers.

11C EXTRACT FROM T REGISTER
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
16 8 4 2 1 2 1 16 8 4 2 1 BINARY WEIGHTS
1 0 1 1 n n n n n n n n n n n n

WIDTH OF EXTRACTION
FIELDO....24

DESTINATION REGISTER
CODEO00=X

01=Y

10=T

11=L

ROTATE BIT COUNT
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 is unchanged unless it is also the destination register.

A rotate value of 24 is equivalent to 0.

Time equals three clocks.

123C BRANCH RELATIVE

MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
1 1 0 s n n n n n n n n n n

RELATIVE DISPLACEMENT
VALUEO . ... 4095

DISPLACEMENT SIGN
0-POSITIVE
1-NEGATIVE

Fetch the next micro-instruction from the location obtained by adding the signal displacement value given in the
instruction to the word address of the next in-line micro-instruction. A displacement value indicates the numbers of 16-bit
words.

Time equals four clocks.
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145C CALL
MC MD ME MF
1s 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
1 1 1 S n n n n n n n n n n n n

DISPLACEMENT VALUE
0....4095
DISPLACEMENT SIGN
0-POSITIVE
1-NEGATIVE

Push the address of the next in-line micro-instruction into the A Stack and then fetch then o-instruction from

the location obtained by adding the signed displacement value given in the instruction to the word address of the next in-line
micro-instruction. The displacement value indicates the number of 16 bit words.

NOTE: Exit is accomplished by employing the Move Register Instruction with the TAS as the source register and MAR(A)
as the destination register.

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

4D SHIFT/ROTATE X ORY
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 0 M REGISTER BIT

BINARY WEIGHT

ERR-NN
0
n

=bd e

OOOOOIOOann

SHIFT/ROTATE COUNT
0....24

REGISTER SPECIFIER
0-X
1-Y

LEFT/RIGHT SPECIFIER
O-LEFT
1-RIGHT

SHIFT/ROTATE SPECIFIER
- O-SHIFT
I-ROTATE

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 truncation 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
Z€ro.

Time is three clocks. It is the same for all counts.
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5D SHIFT X AND Y LEFT/RIGHT
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT

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

SHIFT BIT COUNT

LEFT/RIGHT VARIANT
0 = LEFT
1 =RIGHT

SHIFT VARIANT

Shift the concatenated X and Y registers left/right by one bit.

The X register is the leftmost (most 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.

If the value of the shift count as given in the instruction is not one, an undefined result will occur.
Time equals six clocks.

6D COUNT FA/FL
MC MD ME MF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
4 2 1 16 8 4 2 1
n n

l——— LITERALO ..... 31

COUNT VARIANTSO...7

G 0 0 0 6 1

_—
=]
<
<
<
=]
=]
=]

Increment (decrement) binarily the designated register(s) by the value of the literal contained 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 vaiue 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 are as follows:

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

Time equals four clocks.

7D EXCHANGE DOUBLEPAD WORD
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT

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

SOURCE 48 BIT
SCRATCHPAD WORD

DESTINATION 48 BIT
SCRATCHPAD WORD

Printed in U. S. America 11-20-72 For Form 1053360




Page 22 Burroughs - B1700 Central System Technical Manual

Introduction and Operation

Move the contents of the FA and FB registers to a holding register. Holding register is MAR(A).
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 word of the destination scratchpad word.

8D SCRATCHPAD RELATE FA
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
8 4 2 1 BINARY WEIGHT
0 0 0 0 1 0 0 0 n n n s n n n n

LEFT SCRATCHPAD WORD
SIGHT OF SCRATCHPAD
WORD
0-POSITIVE
1-NEGATIVE
RESERVED

Replace the contents of the FA register by the sum of the FA register and the specified scratchpad register.
Time equals four clocks.

9D MONITOR
MC MD ME MF
i5 14 13 12 11 10 9 8 7 6 5 4 3 2

—

0 M REG BIT
2 1
0 0 0 0 1 0 O 1 n n n n n n n n

7 LITERAL OCCURRENCE
IDENTIFIER

NOT USED

The Monitor has no function programmatically and is treated as a NO-OP.

2E CASSETTE CONTROL
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
4 2 1
0 0 0 0 0 0 0 0 0 0 1 0 v v v n
T—- RESERVED

VARIANTSO. ..

-1

Perform the indicated operation on the tape cassette.

V=0 Start Tape
1. Stop Tape (The Processor also halts in TAPE mode.)
2. Stop Tape if X#Y

37 UNDEFINED

All tape stops variants cause the tape to halt in the next available gap.

Time aguals two clocks
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3E BIAS
MC MD ME MF

15 14 13 12 11 10 9 8 7 6 5 4 0 M REGISTER BIT

(9%}
N
—_—

0 0 0 0 0 0 O 0 0 O 1 1 v v v n
l TEST CPL#0 FLAG
0-NO TEST
1-TEST CPL RESULT

VARIANTSO...7

Set CPU to the value 1 if the value of FU is 4 and to 0 otherwise.
Exception: For 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.

VALUES

FU

24 AND FL

24 AND SFL

24 AND FL AND SFL
CPL

24 AND CPL AND FL
CPL

NOT DEFINED

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

6E CARRY FF MANIPULATE
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT

8 4 2 i BINARY WEIGHT
0 0 0 0 0 0 O 0 0 1 1 0 v v v v

VARIANTS
Set the carry flip-flop as specified by the variants
V= 1SETCYFTOO
2SETCYFTO1
4 SET CYF TO CYL
8 SET CYF TOCYD
NOTE: (X{Y)+ (X =Y)CYF.

Time equals two clocks.
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1F HALT
MC MD ME MF
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTERBIT
6 0 0O o0 0 0 0 0 0 0 0 o0 0 0 1
Stop the execution of Micro instructions.
The machine halts with the next Micro in the M register.
Time equals two clocks.
3F NORMALIZE X
MC MD ME MF

15 14 13 12 11 10 9 8 7 6 5 4 2 1 0 M REGISTER BIT
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

w

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.

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

ZERO NO OPERATION

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 M REGISTER BIT
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Skip to the next sequential instruction.
Time equals two clocks.

BASIC SOFTWARE OVERVIEW

The B1700 System has previously been described as one that executes its programs under control of MICRO instruc-
tions. It is impractical, however, for the programmers to write micro programs and, thercfore, various higher level languages
have been developed for use on the system. It is not the intent of this section to describe these higher level languages but to
describe the relationship that exists between the micro program and the higher level language.

S LANGUAGE

The programmer writes a program in one of the standard high level languages such as COBOL (Common Business
Oriented Language), FORTRAN (Formula Translating) or a new Burrough’s language referred to as SDL (Software Develop-
ment Language). After the program has been written it is compiled and from the compiler an S-Language program is
generated. The S-Language is similar in nature to instructions of past processors such as data moves, arithmetic instructions,
etc. The S-Language program is then stored in Main Memory and will be fetched and executed from Main Memory. It must
be remembered that the S-Language instruction will not directly cause the hardware to perform a function.

INTERPRETER

In addition to the S-Language program (customer program) another program which is referred to as an interpreter is
stored. An interpreter has been developed for each of the high level S-Languages; COBOL, FORTRAN and SDL. It is the
function of the interpreter to fetch the S-Language instruction from Main Memory, interpret the instruction and then call a
series of micro instructions which will cause the hardware to perform the function specified by the S-Language instruction.
Upon completion of execution of the series of micro instructions, the interpreter will fetch the next S-Language instruction
and the operation continues in this manner.

PROGRAM STORAGE
ihe micro instructions and series ot micro instructions to perform the S-Language instruction are stored in Main
Memory or may be called from disk.
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The S-Language programs and required interpreters are located and loaded from disk under control of the Master
Control Program (MCP). Upon completion of the load the MCP then passes control to the S-Language program. The MCP
has been written in SDL and, therefore, the SDL interpreter is always present in the system. If the users program is also
written in SDL, the MCP need not call an interpreter when the user’s program is loaded from disk.

The B1700 user may design his own S-Language and interpreters, but in doing so they may not operate under MCP
control. In this case the user must also develop his own bootstrap loader and I/O routines.

Figure 1-7 illustrates the Interpreter/S-Language instruction relation and Figwe I-8 shows the flow of how an S-Language
Add instruction could be executed through use of an interpreter sub-routine.

SMEMORY
C S MEMORY {M FETCH)
o
coBOL N cosoL CcoBOL
SOURCE |
L S-LANGUAGE INTERPRETER P
E R
R (0]
c
E
s
c s
0 FGRTRAN FORTRAN 0
Y R
FORTRAN P S LANGUAGE INTERPRETER
SOURCE '
L
E
R

Fig. I-7 INTERPRETER/S - CODE RELATIONSHIP

- TIN
SgSTRF? yU E SET CPLTO r
DATA LENGTH OBTAIN OPERAND OBTAIN OPERAND STORE SUM :

AND CPU TO “A” AND STORE “B" AND STORE ™ |\ REG. T
ARITHMETIC IN REGISTER X IN REGISTER Y
DESIRED

STORE SUM YES 24BIT COUNT FA
SET CYF FROMT IN LITERA PLUS 24 —.
MAIN MEM. 003;50 e

b

*CLEAR
CYF
STORE OVERFLOW AS RETURN TO
MOST SIGNIFICANT BIT INTERPRETER
(0001) OF SUM FETCH ROUTINE

*CLEAR OF CYF MAY BE REDUNDANT
IF NOT SET FROM PREVIOUS PASS.

Fig. I-8 SUB-ROUTINE FLOW FOR 4BIT BED SUM
(RESULTED FROM S-LANGUAGE)
(SUM INSTRUCTION)
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SYSTEM INTERRUPT

The B1700 Interrupt System is described as a SOFT interrupt system. That is, any interrupt which occurs does NOT
cause any specific hardware function. The interrupt is not recognized by the system until it is recognized by the software
of the system. In terms of hardware, there are not any specific rules for handling an interrupt and, therefore, the handling
is strictly up to the discretion of the programmer/MCP.

INTERRUPT CONDITIONS
The various interrupts which occur are listed in Table I-6.

1) Timer Interrupt

2) 1/O Bus Service Request Interrupt
3) Console Interrupt

4) Memory Parity Error Interrupt

TABLE I-6 INTERRUPT CONDITIONS

Each of the above listed conditions generate their own specific interrupt bit and are recognized by examination of the
appropriate bits in the CC or CD Registers. (Refer to description of C Register.) In addition to the individual interrupt bits
developed, the XYST (S-Y State) Register has a bit referred to as INT OR (Interrupt Or) which will indicate that one or more
of the interrupt conditions are true. The software may then first test that bit of XYST [XYST(2)] and if it finds that bit
true, then may examine CC and CD to determine specifically what caused the interrupt(s). If, on the other hand, the software
finds the INT OR bit false, no further checking is required.

S-MEMORY (SYSTEM MEMQORY)

S-Memory is the Main Memory of the B1700 System. S-Memory is used for storage of data, micro program and S
Language object code. The S-Memory is available in increments of 8K bytes with the storage capacity ranging from 8K bytes
to 64K bytes (8, 192 to 65,536 bytes). Parity generation and checking is provided on a byte basis with the parity bit causing
the total number of bits stored to be odd.

The memory write operation is a read/write cycle and requires 750 nanoseconds to complete the cycle. The write
operation can write from 1 to 24 bits of information from a source register starting at a bit address specified by the address
register. A read before write occurs only for the purpose of MERGING and generating correct parity on the total data
written.

NOTE: Even though a write of less than 24 bits may be specified, the actual write cycle writes 32 bit of data for parity
correction which is required due to the bit addressability of the machine. Writing may be in a forward or
reverse direction from the address specified. In either case the least significant bit of the source register will
ALWAYS be stored in the most significant address position of the memory.

The memory read operation is strictly a read operation with 32 bits being obtained from memory. Only 24 of the
32 bits contain GOOD data or as little as one of the twenty-four bits may be considered GOOD as the length of the data
is variable from 1 to 24 bits as on the write operation. The read cycle is 500 nanoseconds with data being available some
time before the completion of the cycle.

Memory consists of two to eight cards located in the processor backplane with each card having an 8K byte storage

: P 2T PO, U TR R T JRPRRUE U ACDRE I NI S FUT
capacity. Figure I-9 illustrates the layout of the memory and also the bit addressability.



Burroughs - B1700 Central System Technical Manual Sec. I Page 27

Introduction and Operation

MO M1 M2 M
8,188 [65,504 : 65,535
1 L 1 P L
T 1 1 ]
16
12
3 7172 79180
4 % 39)40 47 |48 5556 63
0 o708 15 {16 2424 31

Fig. 1-9 “S” MEMORY LAYOUT

\/ R/W (READ/WRITE
(ADDRESSBIT8) A3 ——1A p|—"/W (READMWRITE]
VSS (+19)

(ADDRESS BIT 7) A2 8 N

c yl—CE (CHIP ENABLE)
ADDR
{ ESSBIT 6) A1 o _|_A4 (ADDRESSBIT 9)
(ADDRESS BIT 5) A0 D.0. (DATA OUT)

—E K—

PRECHARGE . ) A8 (ADDRESSBIT 13)
(ADDRESS BIT 14) A9 D.l. (DATA IN)
(ADDRESS BIT 11) A6 G H
(ADDRESS BIT 10) A5 — R sp—Vvop (-2
(ADDRESS BIT 12/A7 —{T U VBB (+23)

Fig. -10 DYNAMIC STORAGE CHIP

MEMORY CHIPS (RAM)
These memory chips are contained within an eighteen (18) pin DIP package. Fach memory chip contains 1024
(1k) bits and can decode binary addresses within the chip. See Figure 1-10.

STORAGE BOARD
These boards are standard size B1700 boards. They are divided in half (x and y). Each half is called a module.

Each module contains 4096 (4K) bytes (9 bits including parity). One board can contain 8192 (8K) bytes of memory
storage.

Each module is subdivided into four (4) rows that contain nine (9) I.C. memory chips. Each row is equal to 1024
(1K) bytes of memory storage. See Figure I-11.

MEMORY GROUPING
The memory boards are always grouped in pairs. At no time will there be an odd number of memory boards in the

B1700. With this arrangement, Modules 0 and 1 (Bytes O and 1) will be contained on one board and Modules 2 and 3
(Bytes 2 and 3) will be contained on the second board. See Figure I-13.

MEMORY SIZE
Memory size can vary from 8K bytes to 64K bytes in increments of 8K bytes. A minimum memory configuration

will consist of two (2) boards that contain a total of 8K bytes of memory. A maximum memory configuration will con-
sist of eight (8) boards that contain a total of 64K bytes of memory.

The capacity of a memory storage board is determined by its population of memory chips. With two (2) boards
making up an 8K memory, each board must contain 4K of memory or one-half (%4) of a full 8K complement. This is
considered to be a half population board and may be repeatedly referred to in this manner throughout this and other
manuals. See Figure I-12.
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Fig. I-13

A maximum memory (64K bytes) will contain four (4) memory board groups. Each group will contain two (2)
fully populated boards (16K). See Figure I-13.

Memory size has limits in that there will never be a fully populated board and a half populated board within the
same group. There will either be two (2) fully populated boards or two (2) half populated boards in each group. See
Section VI for further information on memory size.

REFRESH

Memory refresh is necessary because of the characteristics of the dynamic type memory. Since this type memory
has a tendency to discharge through associated circuitry or leakage, it becomes necessary to restore the information.
This is known as refresh.

Every refresh cycle will refresh 1/32 of the memory at a time. This means that it takes thirty-two (32) refresh
cycles to refresh the complete memory. Also, the complete memory must be refreshed every two milliseconds (2 msecs).

MEMORY ADDRESS LOGIC

This area consists of the Memory Address Register, and the Address Distribution Logic. The Memory Address
Register (MAR) is also called the Address Register (A), depending on whether it is addressing a micro location in memory
or a data location. It is normally referred to as the MAR (A) Register. More information on the MAR (A) Register is
contained under registers elsewhere in this manual.

ADDRESS DISTRIBUTION LOGIC
This area controls the incrementation of the address for micro fetching, which is a value of 16. It is also responsible
for address production during the memory refresh cycles, which are required every two milliseconds for all of S-Memory.
The two higher order address bits (A17 and A18) with their complements are wired on the backplane to select a
particular card location. Address bit A15 and A16 select one of the four rows of chips. Address bits AO5 and Al4
select a cell within each of the chips in the row selected by bits 15 and 16. See Figure I-14.
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Fig. I-14 MEMORY ADDRESS BITS

MEMORY INFORMATION LOGIC AND ROTATOR
The memory information area consists of:

Memory Information Register
Rotator

Parity Generator and Check
ML Register (For Micro Fetch)

The Rotator is also involved in memory information retrieval and alignment.
The three Parity areas are responsible for the generation of ODD Parity by byte, for checking of this parity on a
READ, and for indication, if an error exists on a read, and for reinsertion of the error.

MEMORY INFORMATION REGISTER (MIR)

This is a 32 bit register (0-31) used primarily for handling of S-Memory data. It also works in conjunction with
the Rotator for register to register data modification (shifting or rotation).

The register is laid out in the reverse of MEX. (MEX 24-0, MIR 0-31).

Bit 31 of MIR is applied to bit 0 of MEX. When used with the Rotator for data shift/rotation, the most
significant 24 bits of MIR are used as outputs to MEX.

The operation of MIR with S-Memory is slightiy different since all memory cycles are 32 bit uperations. On a
write cycle, during the read portion, the portion of the 32 bits that will not be affected by the WRITE are applied
directly to MIR. The WRITE data is applied to MIR via the Rotator, and all 32 bits are then written.

This operation is similar for a read, only the desired data (not all 32 bits) will appear in the MIR, according to the
data length indicated by the instruction. The READ data length is aligned by the Rotator. At the finish, the micro is
moved into the M register and an M-Fetch is started for the next micro.

ROTATOR

This unit is used to shift/rotate data from MEX, Or from S-Memory. The two inputs consists of 24 and 32 bits
respectively.

The Rotator itself is made up of two stages, providing a maximum shift/rotation of 32 bit positions.

The Rotator, in conjunction with MIR, is used to shift/rotate register to register data (MEX - ROT - MIR - MEX),
as in the 10C and 4D micros.

As mentioned previously, the Rotator is also used for data alignment during S-Memory READ, and WRITE
operations.

PARITY
There is a parity bit for each byte (8 bits). With every read cycle, 36 bits (4 bytes + 4 parity bits) of data are read
from memory. Also, when writing into memory, thirty-six (36) bits (4 bytes + parity) are written during a write cycle.
Any one of the four (4) parity bits can cause a parity error during the read cycle. This parity error wiil be
FLAGGED by the hardware and handled by the software (program). If a parity error occurs during a micro fetch
operation, then the hardware will detect the parity error and halt the processor.
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MEMORY LATCHES (MLR)

The memory latches act as an intermediate storage register for micro operators read from memory on a micro fetch
(M-Fetch), at the start of the previous micro execution. That is to say, that at the start of each micro execution, a
memory cycle is done to obtain the next micro. This micro is held in the ML until the finish of the micro presently
in the M register.

ASSOCIATED MEMORY REGISTERS
These registers are used to control the addressing, size, and type of Memory. The explanation of their functions
are described elsewhere in this section. (Refer to Index) The associate memory registers are:

MAXS Register (Maximum S-Memory Register)
MAXM Register (Maximum M-Memory Register)
BR and LR Register (Base and Limit Register)
MAR (A) Register (Memory/Address Register)
FA Register (Field Address Register)

FB Register

A

/0 SUBSYSTEM

The B1700 I/O Subsystem is comprised of I/O device controls, each connected to one (or more) peripheral device,
with all controls also connected to the I/O bus. The controls are located close to the processor to minimize the length
of the I/O bus, which minimizes propagation time.

I/O BUS

The Input/Output Bus is a 24 bit wide bi-directional bus which is used to carry either data or commands to/from the
1/O Sub-System/Processor. This bus is shared by all I/O Controls attached to the S-Memory Processor. In conjunction
with the 24 bit bus are control lines which define the operation as to phase either A or B and also as to either data on
the bus or a command. Refer to the detailed description of the I/O Subsystem contained in Section II of this manual
for details.

1/0 BASE

The controls are installed in modules called 1/O bases and I/O base extensions, which are packaged similarly to the
processor. (See Figure 1-15.) Each control is constructed on one or more cards, and one to five of these controls are
installed in each I/O base or base extension. One I/O Base and a maximum of five I/O base extensions with a maximum
of eight controls total is permitted.

Each base contains a distribution card which interfaces the base to the main I/O bus. The primary function of the
distribution card is buffering; i.e., line receivers and line drivers, to minimize loading and reflection on the main /O
bus. The base distribution card provides the following additional functions: (a) processes and distributes the system
clock to the 1/O base extensions, and (b) generates and distributes the slow clocks to the 1/O base extensions.

The I/O bus connects from the processor to the base distribution card by strip cable. Another strip cable connects
from the base distribution card in the following base, continuing the I/O bus. Succeeding modules are similarly con-
nected. These strip cables are connected on each distribution card by printed circuit conductors.

I/O CONTROLS

The 1/0 Controls used on the B1700 System are special purpose controls. Each control is unique. Several controls
which have been developed are for the handling of an 80 column card reader, 96 column card equipment, disk pack,
Supervisory Printer (SPO) and a Single Line Control for Data Communications. In most cases a single control handles a
single device. The description of each control and operation is discussed in the 1/O SUBSYSTEM TECHNICAL MANUAL.

POWER
Power for the B1700 Central System is supplied by four Power Supplies within the framework of the B1700
Central System cabinet. One Logic Supply and three Memory Supplies provide all necessary power. Figure 1-16 illu-

strates the physical location of the supplies within the Central System cabinet as well as the AC Power Distribution
Assembly, DC Power Qutlet Assembly, Fan Assembly and other basic assemblies of the Central System.
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POWER DISTRIBUTION

The basic distribution of power within the B1700 Central System cabinet is illustrated in Figure I-17. The Wall
Input required is single phase, 188-253 VAC RMS, 47-63 Hz and is connected to the AC Power Distribution Assembly as
shown. Contained within the AC Power Distribution Assembly is a main 35 amp circuit breaker which supplies the input
voltages for the Logic Power Supplies, Memory Power Supplies and Fan Assemblies via the 24V Chassis. Also contained
within this AC Power Distribution Assembly is a 20 amp circuit breaker which supplies voltages for the Peripheral or
Convenience Outlets. A .5 amp fuse is also provided to protect the low voltage circuit of the ON/OFF Switch, ON/OFF
Lamp, and associated relays contained in the 24V Chassis.

The 24V Chassis contains five Relays which are used to sequence the distribution of the input voltages to the Fan
Assembly, Logic and Memory Power Supplies. All outputs of the 24V Chassis are dependant on the Power ON/OFF
Switch, with the exception of the 24V AC used for the Real Time Clock circuitry. A transformer within the 24V Chassis
provides a 24VAC supply which is used to pick the five relays which control the sequencing of distributing the input
voltages to the Fan Assembly, Logic and Memory Power Supplies.

POWER OPERATION (Refer to Figures I-17 thru I-19)

AC POWER DISTRIBUTION ASSEMBLY (Refer to Figure I-17 and Figure 18)

The 35 amp circuit breaker when ON supplies the input voltages (188-253 VAC) to the 24V Chassis. The 20 amp
circuit breaker when ON supplies voltages (110 VAC) to the Peripheral or Convenience outlets. Neither circuit breaker is
dependant on the other for operation.

<LOGIC POWER SUPPLY>
iNTERNAL +24V
CONTROL | +4.75V SC,};OWS(}/E 12V
SUPPLIES -2.0v
Y18y CONVERTER
-15v
SQ. WAVE -12v
T0 DC
CONVERTER
+160V
REGULATOR SO WEVE
S ATV
CONVERTER
AC AC/DC 20V
conTrROL [ converTer [*] INVERTER
POWER ON/OFF REAL TIME
ON/OFF LAMP CLOCK
8 PERIPHERAL o
OUTLETS MEMORY |+
? SUPPLY [ *
AC POWER 24V MEMORY +4v
DIST. ASSY. CHASSIS supPLY
FANS [F-2=2 F‘,‘_'gw MEMORY | -5V
227 | swiTcH SUPPLY
WALL INPUT
10, 3WIRE

Fig. I-17 BASIC POWER DISTRIBUTION CENTRAL SYSTEM
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24V CHASSIS (Refer to Figure 1-17 and Figure 1-19)

With the 35 amp circuit breaker ON in the AC Power Distribution Assembly the input voltages (188-253 VAC) is
present at the inputs of the 24V Chassis. The @A (fused) input which is approximately 110 VAC is applied to the primary
of transformer T1 which supplies 24V AC which is used internally throughout the 24V Chassis to lite lamps, pick Relays, etc..
In addition 24V AC is available for the Real Time Clock circuitry. The Block Diagram of the 24V Chassis illustrated in
Figure I-19 is shown in the POWER OFF state. The sequence which occurs when the Power ON Switch is set to the ON or
OFF position is as follows: {Assume the 35 amp circuit breaker is ON)
24V AC available. (OFF Lite is ON)

Depress Power ON.

K3 Left is picked, K3 Right is released. (ON Lite is ON and OFF Lite is OFF)

K1 picked. (Fans ON) K5 Picked (30 sec time delay)

When Air Flow Switch closes, Pick K4 which picks K2 (Logic & Memory Power Supplies)

If Fans FLICKER for more than 1 sec., K4 is released thus K2 is released (Power is removed from Logic and Memory
Supplies).

With K5 picked and K4 released, K3 right is picked (LFF Lite is ON) and the ON Lite is OFF).

NGl e

=~

Assume Power ON has been depressed and all supplies are up.

Depress Power OFF

Pick K3 right (OFF Lite ON and ON Lite OFF).

Release K3 left (Releases K1 and K5)

With K1 released the Fan, Logic and Memory Supplies power is removed.

With K5 released, K3 right is held picked by the OFF Switch.

When the Air Flow Switch opens, K4 is released thus K2 is released and the initial state of the Relays is established.

N s W -

LOGIC POWER SUPPLY (Refer to Figure 1-17)
The Logic Supply converts the 188-253 VAC RMS wall input voltage to four output voltages used throughout the
Central System for the CTL Logic and Drivers and Receivers. The four output voltages are defined as follows:

1. +4.75V  Used as the Vcc of CTL logic with 200 amp. nominal output current.

2. 20V Used as the Vee of CTL logic with 200 amp. nominal output current.

3. 4120V Used mainly as a supply voltage to Line Drivers with a 5 amp. nominal output current.

4. -12.0V Used mainly as a supply voltage to Line Drivers and Line Receivers with a 5 amp. nominal output current.

The Logic Power Supply is a compact unit which is mounted in a standard 19 inch RETMA rack. It is physically
mounted on rails which provides the facility to pull the supply out of the B1700 Central System cabinet. When pulled from
the cabinet, the supply can also be rotated 90 degrees. The top is rotated 90 degrees to a vertical position. With the top
removed, the heat sink may be pivoted out.

AC Control (Refer to Figure I-17)

The AC Control portion of the Logic Power Supply provides a 20 amp circuit breaker which is controlled by an
overvoltage detection which will open the circuit breaker when an over voltage in either the +4.75V or -2.0V Logic Supply
is detected. In addition, the AC Control portion provides RFI filtering, over heat detection and distribution of the 188-253
VAC input to the AC/DC Converter, the Internal Control Voltage Supplies and the 160V DU Regulator.
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AC/DC Converter (Refer to Figure 1-17)

The AC/DC Converter converts the RAW 188-253 VAC input voltage to 160V DC. The output of the Converter is
sensed by the +160V Regulator which in turn regulates the output of the Converter. The 160V DC output of the Converter
is used to develop the four output voltages of the Logic Power Supply.

+160V Regulator (Refer to Figure 1-17)

The 160V Regulator samples the output of the AC/DC Converter and regulates the same by controlling the firing time
of two SCRs in the bridge rectifier portion of the AC/DC Converter. The 160V Regulator also converts the output of the
AC Control portion of the Logic Power Supply to voltages used internally in the Regulator.

Inverter {Refer to Figure I-17)

The Inverter converts the 160VDC output of the AC/DC Converter to a 320V peak to peak approximate square wave
with a frequency of 5 KHz. The periodic wave form output is applied to the primary winding of a transformer where the
voltage is stepped down, rectified, and filtered to provide the four output voltages of the Logic Power Supply. The Inverter
is controlled primarily by a Comparator/VCO/Logic Timing/ and Gate Driver circuit which samples the amount of output
current present on the +4.75V output of the Logic Supply.

Square Wave to DC Converters (Refer to Figure 1-17)

The 320V peak to peak approximate square wave output of the Inverter is applied to a step down transformer with
three secondary windings. Two of the three secondary windings are rectified and used in two identical power supplies
to develop the +12V and -12V Supplies. The grounding scheme determines whether a + or - supply is developed.

Each supply provides current limiting, and OV/UV detection. The OV circuit provides an initial power up clear and
the OV detection provides triggering an SCR which in turn causes a fuse to blow when OV is sensed. Both supplies (+ 12V)
are regulated. The third secondary winding of the step down transformer is rectified and filtered to develop the +4.75V and
-2.0V Logic Supply.
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Internal Control Supplies (Refer to Figure I-17)

The AC input from AC Control is applied to a transformer, stepped down, and rectified by one bridge rectifier
and one center tapped bridge rectifier which in turn are used to develop five internally used control voltages. The +15V and
-15V supplies are regulated separately and in addition the positive regulator tracks the negative regulator. The +24V, +4.75V
and -2.0V supplies are also regulated and provide current limiting.

Logic Power Supply Characteristics

In addition to the foregoing circuits of the Logic Power Supply, OV/UV detection is provided for the +4.75V and -2.0V
Logic Power Supplies. Although UV detection is available the only function of the circuitry is to provide an initial power up
clear. The OV detection circuitry provides opening the 20 amp. circuit breaker in the AC Control portion of the Logic Power
Supply and shorting the output of the +4.75V and -2.0V Logic Power Supply when a OV condition is sensed in either the
+4.75V or -2.0V Logic Power Supply.

A -2V Shunt Regulator is provided to control the output current of the -2.0V Logic Supply (200 amps).

Logic Power Supply Component Location
There are seven KEYED etched circuit boards within the Logic Power Supply which contain most of the Power Supply’s
components. These seven cards contain the following BASIC units:

Card # 1. Comparator, VCO, Logic Timing, and Current Limiter (+4.75V).

Card #2. Gate Drivers (6).

Card #3. 160V Regulator.

Card #4. Control Supplies (+24V, +4.75V, -2.0V, +15V and -15V).

Card #5. -2V Shunt Regulator, OV/UV Detection for +4.75V and -2.0V Logic Power Supplies.
Card #6. +12V or -12V Supply (dependant on grounding scheme).

Card #7. +12V or -12V Supply (dependant on grounding scheme).

MEMORY POWER SUPPLIES (Refer to Figure 1-17)

Three Memory Power Supplies are provided which convert the raw 188-253 VAC RMS wall input voltages (via the 24V
Chassis) to voltages required for the 1024-Bit MOS MEMORY Chips and Dual Sense Amplifiers. One supply develops +19V
DC, another +4V DC, and another -5V DC. Distribution of the three output voltages is as follows:

1. The 1024-Bit Mos Memory Chip requires +19V, +23V and -2V for operation. The +19V is supplied by the +19V DC
output of one Memory Supply. The +23V is supplied by connecting the +19V and +4V outputs of the Memory
Supplies in Series. The -2V is supplied by the -2V Logic Power Supply.

The Dual Sense Amplifiers require -5V and +4.75V for operation. The -5V is supplied by the -5V output of the
Memory Supply and the +4.75V is supplied by the +4.75V Logic Power Supply.

All three supplies provide converting the raw input AC voltage to rectified DC via a step down transformer, full wave
rectifier and capacitive filters. All supplies provide voltage regulation and current limiting circuitry. Over heat detection is

1 + vwhiah il £y A~ WA +hs Ascahlinmy 4l
4150 Present wiilii Win Cause a 1use {0 010w tnus Gisaoiing wndc auyyly
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GLOSSARY OF TERMS-B1700 CENTRAL PROCESSOR

ADATnnAO
ADATnnBO
ADA/nnBl1

ADDMAREF.

AEB. .. A
AGB... AO
AINC .. F.

ALB...AO

ANYAL . C.
APADEND .

APADnnA.
APADnnB.
ARITH . D.
ASNK . . F.

AO-23 . A.
Ann .. .Kl
At+B . nnA.

A+B/nnA.
A/B/ ..D.

BBAnn . K.
BCARnnA.

BDATnnB.
BDATnnTO

BDA/nnB1
BGENnnA.

BGRPnnA.
BGRPnnB.
BINARYA.
BINARYD.
BITEn.E.
BPADnnB.
BPRGnnA.

BRNCH . F.

BRNCHF.
BSUMnnA.

BSO+2 . E.
BS1+3 . E.
BTQ1 . . E.

Printed in U. S. America 11-20-72

“A” DATA from Card A backplane which is the output of local memory. nn=00 through 11.

“A” DATA from Card B backplane which is the output of local memory. nn=12 through 23.

“A” DATA which is the direct output of local memory on Card B. nn=12 through 23.

ADD to MEMORY ADDRESS REGISTER which is true for a branch forward in order to cause the literal
(branching displacement magnitude) to be added to the contents of MAR.

“A” EQUAL “B” is true if the “A” DATA equals “B” DATA at a given time.

“A” GREATER THAN “B” is true if “A” DATA is greater than “B” DATA at a given time.

“A” REGISTER INCREMENT is true if the micro being executed will require a branch operation and also
that MAR Register is selected as a sink.

“A” LESS THAN “B” is true if the A DATA is less than the B DATA is greater than “B” DATA at a given
time.

AN/ALL is true if the Any or All variant condition of the 6C micro is true in the Four Bit Function Box.
“A” PAD ENABLE is true to enable the address of a register contained within a micro to be sent to
Local Memory.

“A” PAD DATA which is wire-or’d with data from output of local memory; Card A.

“A” PAD DATA which is wire-or’d with data from output of local memory; Card B.

ARITHMETIC is true if the source register is SUM, DIFF or BICN.

“A” SINK is true to cause the Main Exchange bits 00 through 18 to be gated to the Memory Address
Register.

“A” DATA ZERO THRU TWENTY THREE is true if any of the A DATA bits is true.

Output of Rotation Control Logic on Card K. nn=01, 02, 04, 08, 16.

A DATA OR B DATA OR BOTH where nn=00 through 23 are the inputs to the multiplexor elements in
the 24 Bit Function Box which feed the Main Exchange.

A DATA OR B DATA inverted is used to obtain the CMPX or CMPY from the 24 Bit Function Box.
True if either the Complement of “X” or the Complement of “Y” is selected in order to cause proper
addressing of multiplexor elements located in the 24 Bit Function Box.

BIT BOUNDARY ADDRESS is the least significant five bits of the MAR(A) Register. nn=01, 02, 04, 08,
16. Located on Card K.

BINARY CARRY is the carry output of the dual full adder/subtractor elements located on both cards A and
B within the 24 Bit Function Box.

B DATA is the direct output of local memory elements contained on Card B where nn=12 through 23.

B DATA is the backplane wired-or of BDATA from local memory on Card A and Card B.

B DATA is one of the outputs of Local Memory which produces the term BDATnnB. on Card B.

BINARY GENERATE is the “generate” output of the dual full adder/subtractor elements located within the
24 Bit Function Box located on cards A and B.

“B” GROUP is an output of Local Memory on Card A.

“B” GROUP is an output of Local Memory on Card B.

BINARY is true if the value in the CPU Register indicates binary mode.

BINARY is true on Card D if the micro is one which will cause a count of either FA or FL register.

BYTE “N” counts the bytes received from the cassette. n=0 through 3.

“B” PAD is an output from Local Memory on Card B.

BINARY PROPAGATE is the propagate out of the adder in the 24 Bit Function Box located on cards
Aand B.

BRANCH is an output term in the 4 Bit Function Box used in conjunction with the branch function of the
4C and 5C micros.

BRANCH is true if the 123C Branch Relative Micro is decoded in the M Register.

BINARY SUM is the sum/difference output of the adder/subtractor located on Cards A and B for the 24
Bit Function Box.

BYTE ZERO or BYTE 2 is true for the first and third bytes received from cassette.

BYTE ONE or BYTE 3 is true for the second and fourth bytes received from the cassette.

BYTE COUNT ONE is the output of the cassette logic byte counter flip-flops.
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BT2...E.
BUSnnlEI
BWD ...E.
CALL .. D.
CALL..F.
CCn ... F.
CC-MEXD1
CDn...F.
CENABLKO
CLEAR . C.

CLKENDE.

CLK4 ..KO
CLK4/ . KO
CLKS8 ..KO
CLR . ENC.

CLR...J.
CLRM .. DO
CLRRGIK .

CNTDN. F1
CNTUD . F1
CNTn..K.
CPSINKC.
CREGnnCO

CSAGPaDO
CSAPADDO
CSBGRPTO
CSBPADDO
CSSINKF1
CSTPG . DI
CSTRT . DO
CSWnn . T1
CYD...A.
CYL...TO
C/S/C . Tl
C/S/C/T1
C/S/G . T1
C/S/G/TI
C/S/H.T1
C/S/H/TI1

C/S/L . T1
C/S/L/Ti
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BYTE COUNT TWO is an output of the cassette logic byte counter flip-flops.

BUS “N” IN is the input to the processor from the I/O Bus on Processor Card E. nn=00 through 23.
BACKWARD DRIVE is sent to the cassette to cause a rewind operation.

CALL micro 145C as decoded on Processor Card D.

CALL micro 145C as decoded on Processor Card F.

CONTROL REGISTER “CC” portion where n=0 through 3.

CC REGISTER replaced by MAIN EXCHANGE.

CONTROL REGISTER “CD” portion where n=0 through 3.

CHIP ENABLE is sent to the memory storage element to allow a read or write operation.

CLEAR is the output of the flip-flop which produces a General Processor Clear as a result of the clear
button on the console having been depressed.

CLOCK ENABLE is true in the cassette logic if a bit is not received in order to produce a pseudo tape
clock pulse to be used within the cassette logic.

CLOCK 4 is the 4 MHZ output of the clock generator on Processor Card K.

CLOCK 4 NOT is the inverted 4 MHZ output of the clock generator on Processor Card K.

CLOCK 8 is the 8 MHZ output of the clock generator on Processor Card K.

CLEAR ENABLE is true to allow a clear from the console to occur with the condition being that a
refresh cycle for memory has not been granted.

CLEAR is true to the memory latches on Card J.

CLEAR “M” is true to cause a clear of the M Register.

CLEAR REAL TIME CLOCK GENERATOR is true for 16.667 milli-seconds and ailows the clearing of
the Real Time Clock counter on Card K.

COUNT DOWN is true to cause the Stack Pointer for A STACK to be decremented.

COUNT UP is true to cause the STACK Pointer for the A STACK to be incremented.

COUNT “N” is the output of the Real Time Clock Counter on Card K.

CP SINK is true if the CP portion of the C Register is designated as a destination.

CONTROL REGISTER BITS where nn=00 through 07 which corresponds to the CP portion of the

C Register,

CHIP SELECT GROUP “A” is addressing levels for local memory A DATA to select four bit registers.
“a" =A,BCD,EorF.

CHIP SELECT “A” PAD is false for the register selection and A STACK words O through 7. It is true
for Left Scratchpad words O through 15.

CHIP SELECT B GROUP is true to select registers and A STACK words 8 through 15 of B DATA and
false for Right Scratchpad words O through 15.

CHIP SELECT B PAD is true for Right Scratchpad words zero through fifteen and false for registers and
A STACK words eight through fifteen of B DATA.

CHIP SELECT SINK is a result of micro decoding and timing which when true indicates a register, A
STACK word or Scratchpad word has been selected as a sink. Generates Local Memory Write Enable.
CASSETTE STOP AT GAP is true as a result of Cassette micro which indicates stop.

CASSETTE START is true as a result of a Cassette micro indicating start cassette.

CONSOLE SWITCHES is the input from the twenty-four console switches and are the inputs to multi-
plexors which gate the console switches to the Main Exchange. nn=00 through 23.

CARRY DECREMENT is the borrow output of the adder/subtractor most significant stage as determined
by the value in CPL Register.

CARRY LEVEL OUT is either the carry or borrow output of the adder/subtractor and is the wired-or from

Cards A and B which produce the terms CYL ... BO,CYL . 1 . AGand CYL . 2. AQ which feed
CYL...TO.

True when the Clear Button on the Console is depressed.

False when the Clear Button on the Console is depressed.

True when the READ/Write button on the Console is depressed.

False when the READ/WRITE button on the Console is depressed.

True when the HALT button on the Console is depressed.

False when the HALT button on the Console is depressed.

True when the LOAD button on the Console is depressed.

False when the LOAD button on the Console is depressed.
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C/8/S . Tl
C/8/S/T1

DATASTCO

DATASTKO

DATA=QE.
DEC...D.
DELAYSF.
DFL25 . K.
DFL26/K.
DISCYF.

DISPL . C.
DIVBYSK.
DIVBY6K.
DRFSETJ.
DRF...JO
DSCP1 . K.
DSETC . C.
DSETMLI .
DSUMnnA .

ENBCYFC .
ENSn .. D.
EQUAL . B.
EXCKENKO
FBPAG . H1
FGPAE . H1
FGPOnHH1

FINISHC.

FINISHDO
FINOK . F.

FLCOMPDO

FLDN6DD.
FLDN7CD.
FLDOWNDO
FL.L.CB.

FWD ... E.
GAP...E.
GAPI . . E.

GOTOCO1J.
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True when the START button on the Console is depressed.
False when the START button on the Console is depressed.

DATA STROBE on Card C is true to strobe read data from memory into the Memory Information
Register.

DATA STROBE on Card K is true for a 7C Read/Write Memory micro to allow the parity error detection
logic to be enabled.

DATA EQUAL ZERO is true if the bit received from Cassette is a “0” bit.

DECIMAL is true if the value in CPU indicates a decimal operation.

DELAY 8 MHZ is a delayed 8 MHZ clock which is used to produce a Local Memory Write Enable pulse.
DATA FIELD LENGTH 25 is true to force good parity to be written.

DATA FIELD LENGTH 26 NOT is false to force bad parity to be written in a memory location.
DISABLE CARRY FLIP-FLOP is true to disable the Carry Flip-Flop input to the adder/subtractor of the
twenty-four bit function box.

DISPLAY LEVEL is true if the register selected is to be displayed.

DIVIDE BY § is true if the system has 50 CPS input power and is used in the Real Time Clock logic.
DIVIDE BY 6 is true if the system has 60 CPS input power and is used in the Real Time Clock logic.
DEMAND REFRESH SET is true to cause the Demand Refresh Flip-Flop to set.

DEMAND REFRESH FLIP-FLOP sets approximately every 62 milli-seconds for a memory refresh.
DELAYED SYSTEM CLOCK is produced from a 4 MHZ clock and delayed by a buffer element.

D SET C REGISTER is true when the CP Register is selected as a sink.

D SET MEMORY LATCHES is true to place the memory latches in a D Set mode.

DECIMAL SUM is the BCD corrected output of the adder in the 24 Bit Function Box.

ENABLE CARRY FLIP-FLOP is true to enable the Carry Flip-Flop to be gated as an input to the 24 Bit
Function Box.

ENABLE SEQUENCE n is true to enable a finish term to be produced. ENSn .. D. is a result of micro
decoding where n=1 through 4.

EQUAL is true if the 6C micro is being executed and the mask is equal to the register selected.
EXTERNAL CLOCK ENABLE is not wired and may be forced true if an external clock generator is
desired.

FORCE BAD PARITY is true if the address is out of bounds to force a parity error indication.

FORCE GOOD PARITY if the address is at the upper limit of memory but still within bounds. Forces
good parity for Module 0,1 or 2 depending upon address.

FORCE GOOD PARITY “N” where N=0,1,2 or 3 to force good parity for an out of bounds module
although the Key Byte Address is still in bounds. '

FINISH is true when a micro is finished and occurs with a 4 MHZ clock. Input to console logic flip-flops
on CARD C.

FINISH is true as a result of micro decoding and micro timing when a micro is done or finished.

FINISH OK is true if finish occurs and a refresh has not been granted in order to allow upcounting of
MAR+1.

FIELD LENGTH COMPARE is true to allow a comparison for the 3E Bias micro or if the FLCN Register
is selected as source.

FL REGISTER DOWN is true if the micro is a 6D with the Count FL down variant.

FL REGISTER DOWN is true if the micro is a 7C with the Count F1 down variant.

FL DOWN is true if the operation is a count FL down.

FL LESS THAN ZERO is ture if the operation is a count FL down and the operation is a count FL down
and the operation is trying to count FL below a count of zero.

FORWARD DRIVE is a level sent to the cassette to cause forward tape motion.

GAP is true if a cassette tape gap is present.

GAP lis true if tape pulses have been absent for 500 usec.

GO TO is true to reset the Refresh Control Flip-Flop when the 62 us multi has timed out and Granted
Refresh is false.
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GPCLRBCO

GRF...CO

~

GRINHIC.
GRPSNKD.

HALLTREF.

HALT..CO

HALTPSF.

HALTS . C.

HALTS . F.
HLDRFREF.

HOLD . . F.

HOLD./FO

HU/FINF.

IDATA . E.

IDATASE .

IDATI . E.

IDTESTDO

IHMPARH]1
INCA..CO

INCA..TI

INCA/ .T1
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GENERAL PROCESSOR CLEAR BUS which is true as a result of Clear being depressed on the Console or
power up clear.

GRANTED REFRESH FLIP-FLOP is set if the refresh cycle is granted.

GRANTED INHIBIT CONTROL is true if a Console clear operation is not cccurring therefore a refres
allowed to occur.

GROUP SINK is true if either Y,BR or LR is a sink for the 2C, 8C, 9C or 10C micros.

Halt is true when the HALT . . CO Flip-Flop is set which indicates the Processor is to be halted. HALLTRF.
enables resetting the RUNS . . FO Flip-Flop when the Micro currently executing is “finished”.

Halt is a 2 clock period true pulse which occurs when the Halt Button on the Console has been depressed.
HALT .. CO causes the HALT . . CO flip-flop to set thus remembering the fact that a halt of the Processor
is to occur.

Halt Processor is the OR-ed result of all conditions which can cause the RUNS . . FO flip-flop to be reset;
thus halting the Processor. The conditions are depressing the Halt Push Button, the execution of the Halt
Micro, and MFETCH parity error, a Cassette Tape parity error, the Stop at the Gap or Stop on X#Y Micro
and MTR Mode true or when the Processor is in the Step mode and Finish occurs.

Halt Switches is true when the Processor is in the Halt state. HALTS . C. is used to enable generating

a two clock period Load Timing pulse (L/DTIMCO) which is used to initiate a Read or Write of S-Memory
from the Console.

Halt State is true when the RUNS . . FO flip-flop is reset. When true the Processor is in the Halt state.
Hold Demand Refresh is normally true and enables a refresh of S-Memory to occur via setting GRF .. . C.
and generating RFG . . . CO. When false because of either the M-Register has been designated as sink, a
jump condition exists or the Processor is to be halted, a refresh S-Memory cycle is delayed until the specific
operation in progress is finished.

Hold is the set output of the HOLD . . F. flip-flop. When set it indicates the U-Register is being sourced
either in the Run or MTR Mode. NO OPs are forced while the current Micro executing is ““held” in the
M-Register. This causes FINISHDO to occur at a frequent interval thus allowing a refresh of S-Memory to
occur.

Hold Not is the reset output of the HOLD . . F. flip-flop. HOLD ./FO is normally true except when the
U-Register is sourced and is used primarily when true to “expose” the Micro held in the M-Register to the
Micro Distribution Bus for decoding and execution.

Hold Not, UFULL Not and Finish is true when HOLD /FO, UFUL ./ .F, and FINISHDO are true. When
true it enables generating a S-Memory cycle to fetch the next Micro to be executed from S-Memory.

Incoming Data is the CTL converted serial data bit received in the Processor (Card E) from the Cassette
Tape.

Incoming Data Stored is the set output of a flip-flop in the Cassette control logic of the Processor (Card E)
which indicates a serial data bit from tape was received during the time a tape clock pulse was received
from the Cassette. IDATASE. remains true until the tape clock pulse goes false which effectively holds the
presense of a serial data bit for a considerable length of time.

Incoming Data In is true when IDATASE. is true and TO time occurs providing the assembling of serial
data from the tape is not to be disabled. IDATI . E. is the input to the U-Register (Lower) which assembles
the serial data bits from tape.

Increment Decrement Test is the result of decoding the 3C Micro with the manipulate variants set to

either Increment & Test or Decrement & Test. When true it enables generating 3CSKIPDO which causes

the next upcoming Micro to be skipped in the event cither over flow or under flow is detected on the functions
B

which occurred.

Increment A is a two clock period pulse which occurs when the Increment A pushbutton is depressed.
When true it increments the value of MAR(A) by 16 bits which points to the address of the next Micro.
Increment A (T1) is the true when the Increment A push button is depressed. When in the halt state it
generates the two clack period INCA .. CO.

Increment A Not (T1)is true when the Increment A push button is not depressed. When true it effectively
resets two flip-flops used to generate the two clock period INCA . . CO pulse.
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INTERPF.
INV60HK.
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JUMP/ F.
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LMADDnBTO
LMWE . . FO

LOAD..CO
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LSUY .. A.

L/DTIMCO

Printed in U. S. America 11-20-72

Introduction and Operation

Inhibit Clear prevents generating a General Processor Clear (GPCLRBCO) when granted refresh

(GRF ...C.)is true.

Interrupt “OR” is the “OR-ed” output of sensing any of the four Interrupt conditions. When true the level
is gated to the Auxiliary 4-bit Bus (bit 2) when XYST is sourced.

Inverter 60 Hz is true during each negative half cycle of the 60 Hz input used for the generation of the Real
Time Clock pulses.

I/O Receive is true when either the 1C or 2C Micro is executed and DATA is source. IORCO . F. enables
gating the contents of the I/O Bus to the Main 24-bit Exchange.

I/O Clock is the clock pulses sent to the I/O Controls. The frequency is that of the System Clock and it
occurs approximately 30 nsec after the inverter system.

Jump Not is true when a Micro is executing which does not require that MAR(A) be incremented or
decremented or replaced by a value other than the normal increment of “plus 1, (MAR+1). It’s used

to enable halting the Processor when a halt condition exists.

Key Byte Address (nn =03 thru 18) are the outputs of the MAR(A) Register bits 03 thru 18.

Key Byte Address 04 has special significance as the incrementation of MAR(A) by MAR+1 . FO

will effectively toggle Key Byte Address 04. This output bit position of MAR(A) thus points to one of
two 16-bit Micros in the ML-Register.

L Buff Clock (Card A) is the clock used to set the data on the Main 24-bit Exchange into LBUF (bits

00 thru 11) on Card A. The clock occurs when the inverted System Clock occurs.

L Buff Clock (Card B) is the clock used to set the data on the Main 24-bit Exchange into LBUF (bits 12 thru
23) on Card B. The clock occurs when the inverted System Clock occurs.

L Buff (nn = 00 thru 11) are the outputs of LBUF (bits 00 thru 11) on Card A. LBUF is the input holding
register to all storage elements within Local Memory.

L Buff {nn = 12 thru 23) are the outputs of LBUF (bits 12 thru 23) on Card B. LBUF is the input holding
Register to all storage elements within Local Memory.

Leading Byte SRO is true when the leading one bit from Cassette Tape is sensed in the U-Register (Lower)
and the byte is either the first or second and parity is good. It’s used to generate U-Register Full

(UFULL . EO).

Length Mask (n = 0 thru 4) is used to generate a mask of 1 to 24 bits for operations which require the use
of the Rotation logic.

Lift Mask is used to generate a mask of 24-bits in order to allow a complete 24-bit register to be gated
onto the Main 24-bit Exchange.

Link Bit is the set output of the Link Flip-Flop. The flip-flop is used to temporarily store the truncated
data bit during left or right shift operations which involve 48-bits of information.

Literal (n = 0 thru 4) are used to generate the length of the mask (LEMKnCO) by using the literal value of
the Micro or the value of CPL depending on the particular operation.

Local Memory Address (n = 0 thru 3) Bl are the address line inputs to each of twelve 64-bit Memory Chips
used to store the 12 MSB of all 24-bit storage areas of Local Memory. Located on Card B.

Local Memory Address (n = 0 thru 3) Al are the address line inputs to each of twelve 64-bit Memory Chips
used to store the 12 LSB of all 24-bit storage areas of Local Memory. Located on Card A.

Local Memory Address (n = 0 thru 3) BTO are the four address lines which address all twenty-four 64 bit
Memory Chips of Local Memory. The levels become either LMADDnA1 or Bl on cards A & B respectively.
Local Memory Write Enable is true when a storage area within Local Memory is designated as sink. The
level is the write enable to the twenty four 64 bit Memory Chips of all of Local Memory.

Load is a two clock period pulse generated when the Load Push Button is depressed on the Conole. It can
only be generated in the halt state of the Processor and will cause a selected register to be loaded with the
contents of the Console Switches.

Load Not is true when LOAD . . CO is false and is used in the halt state of the Processor to force the 1C
pseudo micro (move the register selected by the console switches to NULL). This displays the register
selected on the Console lamps.

Least Significant Unit of Y is true when the LSB of the Y-Register is equal to 1, when CPU=00, When
CPU#00, then the level is true if the four LSB of the Y-Register equals 1001 (decimal 9).

Load Timing is a two clock period pulses which occurs when the Read/Write Pushbutton on the Console
has been depressed providing the Processor is in the halt state. The pulses will cause either a read or write
of S-Memory to occur depending on the position of the Register Group rotary switch.
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MARCDnHI
MARCDOH.
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MAR+1 . FO
MAR-MXFO
MASKnnA.
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Introduction and Operation

MEMORY ADDRESS REGISTER CONTROL D is true to place MAR in the “D” set mode.

MEMORY ADDRESS REGISTER CONTROL is true to place MAR in the Subtract Mode.

MEMORY ADDRESS CONTROL is true to place the MAR Register in the Add Mode. True with
MARCDOH. to place MAR in subtract mode.

MEMORY ADDRESS REGISTER PLUS ONE is true to upcount the micro address.

MEMORY ADDRESS REGISTER REPLACED BY MAIN EXCHANGE.

MASK is generated to allow data according to proper length to the Main Exchange.

MASKnn is the output of the reset side of the Memory Information Register.

MASK STROBE CONTROL is true to clock the mask into MIR for rotation operations and also inhibits the
lift mask term from allowing all 24 bits of data to the Main Exchange.

MAXIMUM “S” REGISTER SOURCE is true for a 1C or 2C micro with MAXS designated as source.
MAXIMUM “S” REGISTER is the output of a wired chip indicating maximum S-Memory installed where
nn=15 thru 19.

M BUS ENABLE is true to bits 16 through 23 of MAXS, CONSOLE SWITCHES and I/O Buf to the Main
Exchange.

M BUS ENABLE is true to allow bits 00 through 11 of the M Register to the Main Exchange bits 04 through
15. Generally provides enable for multiplexor elements on Card E to gate data to Main Exchange bits 00
through 15.

M BUS ENABLE where n=1 or 2 is true to multiplexor elements on Card E to gate data to Main Exhange.
M BUS “N” is the addressing levels to the muitiplexor elements on Card E to select which data is to be
gated to the Main Exchange. NN=00, 01 or 12.

MODULO CARRY 15 is true if when decrementing the FL Register a subtraction would cause FL from
going below zero. FL will be forced to a value of zero in place of the negative value that would occur as a
normal result of the subtraction.

MULTIPLEXOR CONTROL is a term which controls the multiplexor outputs on Cards A and B upper 20
bits to the Main Exchange.

MULTIPLEXOR CONTROL where n1=0, 1 or 2 are the addressing terms to the multiplexor elements on
Cards A and B.

MULTIPLEXOR DATA where nn=00 through 23 are the direct outputs of the multiplexors on Card A and
B prior to gating to the Main Exchange.

MEMORY NOT is true if the operation is not a 7C Read/Write memory micro or a read or write from

the console.

MULTIPLEXOR EXCHANGE ENABLE is a term which controls the multiplexor outputs on Card A least
significant four bits to the Main Exchange.

MAIN EXCHANGE BITS ZERO THRU TWENTY-THREE on Cards A, K, B, and E which are wire-or’d
at the backplane to produce MEXnnBTO.

MICRO FETCH is true if the memory read operation is to fetch a micro.

MASK GENERATE is produced on Cards A and B to produce a mask to gate data to the Main Exchange
or produce a mask for shift/rotate operations.

MICRO 1F; HALT

MICRO 3F; NORMALIZE X.

MICRO 4D; Shift/Rotate X or Y as decoded on Card C.

MICRO 4D; Shift/Rotate X or Y as decoded on Card F.

MICRO 5D; Shift X and Y as decoded on Card C.

MICRO 6D; Count FA/F1 as decoded on Card C.

MICRO 6D; Count FA/FL as decoded on Card D.

MICRO 7D; Exchange Doublepad Word as decoded on Card F.

MICRO 8D; Scratchpad Relate FA as decoded on Card D.

MEMORY LATCH CONTROL is true to allow memory data to be read from memory latches 16 through 31.
MEMORY LATCH CONTROL NOT is false at the time MLCONTHO is true to prevent memory latches
00 through 15 from being read.

MEMORY LATCH ENABLE is true to allow memory latches 00 through 15 to be read.

MEMORY LATCH OUTPUT where nn=00 through 31.

MODIFIED ADDRESS is the output of the memory address modification logic which adds/subtracts one

trom the address in MAK.
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MICRO OPERATOR BUS is the output of the M Register where nn=00 through 15.

MICRO OPERATOR BUS is the wired-or of the M Register output at the backplane.

MICRO OPERATOR BIT FIVE FALSE.

MOVE EIGHT BIT LITERAL NOT is true if the micro in the M REGISTER is not an 8 bit literal.
MEMORY PARITY BIT TO MODULE “N” where n=0 through 3 is the output of the parity generator.
MEMORY READ DATA input to the Memory Information Register.

MEMORY READ DATA from the memory storage cards.

M REGISTER BITS where nn=00 through 15.

MOST SIGNIFICANT BIT OF X as designated by CPL from CARD B.

MOST SIGNIFICANT BIT OF X as designated by CPL from CARD A.

M REGISTER SINK is true to gate the Main Exchange Data to the M Register if designated as a destination
for a register move type micro.

M REGISTER SINK produced logically on CARD F to enable Main Exchange to M Register. (MSINK . E.)
MASK STROBE TWO is true when the data is to be written into the Memory Information Register.

M SOURCE is true if the M Register is the source register for a 1C, 2C or 8C micro (literal).

MEMORY START is a flip-flop which is set for 250 nsec to start the memory logic timing for a memory
cycle.

MEMORY START is true to set the Memory Start Flip-Flop and is produced as a result of micro decoding
and timing.

MAINTENANCE TEST is true if the mode switch on the console is in the Tape Mode.

MAINTENANCE TEST NOT is true if the mode switch on the console is either in the Run or Step Mode.
MAINTENANCE TEST FINISH insures that the M Register cannot be designated as a sink in the MTR
MODE or actually the mode is TAPE.

MAIN EXHCHANGE REPLACED BY MEMORY INFORMATION.

MODULE 3 MODIFIED ADDRESS is true to gate the modified address to module 3.

MICRO OPERATOR BIT FOUR OR FIVE is false.

M REGISTER REPLACED BY MEMORY LATCH DATA.

M REGISTER REPLACED BY MEMORY LATCHES OR U REGISTER DATA.

M REGISTER REPLACED BY SWITCHES with the load button depressed in the Halt Mode and M
Register selected.

M REGISTER REPLACED BY U REGISTER DATA IN THE MTR/TAPE MODE.

NO-OPERATION is true if the micro is not a skip or branch micro.
NORMAL is a gating term developed for the producing of Source and Sink enable terms for register move
type micros.

PAD ADDRESS where n=0 through 3 is a part of the addressing for Local Memory, Scratchpad portion.
PARITY ERROR DETECT is true if a parity error occurs for a memory read operation. PARDETKO is
used to set the parity error indicator, CD3.

PARITY CHECK “N” is true for the memory modules O through 3, that have good parity (odd).
PARITY ERROR LAMP as a result of a micro fetch parity error is sent to the halt logic to cause the
machine to halt on a parity error.

PARITY ERROR “M” FETCH at SO time of the sequencer to true to cause the processor to halt on a
parity error during an M FETCH.

PARITY ERROR M FETCH is true if a parity error occurs for an M FETCH.

PARITY ERROR ONE is set if a parity error is detected on the 10 bits assembled in U Register Lower
during a Cassette read operation.

PARITY ERROR TWO is set if a parity error is detected on bytes 0 or 2 read from the cassette.
PARITY ERROR THREE is true if a parity error is detected on either bytes 0 and 1 or bytes 2 and 3
which means the parity error is non-recoverable.

PARITY MANIPULATE “N” is true if good parity was detected during the read data portion of a memory
cycle or if a data field length of twenty-five is indicated. n=0 thru 3.

PRECHARGE is one of the three basic signals sent to memory for memory read/write operations and is
produced by the memory timing logic on card K.
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Introduction and Operation

POWER ON FROM SUPPLY is a level from the power supplies which is used to generate a processor
clear on power up.
POWER 4.75 VOLTS

ROTATION CONTROL ENABLE is true as a result of gating for micros which require use of the rotator.
ROTATION CONTROL where nn=01, 02, 04, 08 and 16 are a result of the data field length for the
particular operation and are derived from the terms LITn ... C.

READ OR WRITE is true for a memory read/write operation from the console.

READ/WRITE is the level sent to memory and will be false for a read and true for write enable.

READ is true if the memory operation from the console is a read.

REAL TIME GENERATE CLOCK is true for 250 nsec of each input cycle and used for the generation

of the Real Time Clock.

REPEAT FLIP-FLOP is set for generally long micros and prevents the new micro from being placed

in the M REGISTER even though a finish pulse may occur.

REWIND is true if the rewind button is depressed for a cassette rewind and provided forward drive has
been removed.

REFRESH ADDRESS CLEAR is true when the five bit Refresh Address Counter has reached a maximum
count and another refresh is granted.

REFRESH ADDRESS CARRY is the carry out from the lower stage of the Refresh Address Counter to the
upper stage.

REFRESH ADDRESS where n=5 thru 9 to correspond with the address lines send to memory. RFAD . nH.
is the output of the Refresh Addrzss Counter on Card H.

REFRESH GRANTED is true if a refresh of memory is to occur and is used to set the Granted Refresh
Flip-Flop and also used to cause the Address Distribution Logic to send the Refresh Address to the
memory modules.

REFRESH MULTIBRATOR is used to request a refresh cycle approximately every 62 micro seconds.
REGISTER GROUP “N” (n=1,2,4,8) is used as a co-ordinate for selection of the registers.

REGISTER SELECT “N” (n=1 or 2) s used as a second co-ordinate for selection of registers.

RESET FETCH FLIP-FLOP is used to reset MFETCHFO for micros which require more than two clock
periods.

REAL TIME CLOCK is the output of the Real Time Clock Generator and is true for 250 nano seconds at a
frequency of once per 100 milli-seconds.

RUN/HOLD is true if the processor is running and the HOLD ./FO is true as a result of the U Register
being full. RUNHLDF. is used to reset the HOLD ./FO flip-flop when finish occurs in the MTR (TAPE)
Mode.

RUN FLIP-FLOP is set if the Start Button on the console is depressed.

RUN is true if the mode switch on the console is positioned in the RUN MODE.

RUN MODE is true if the mode switch on the console is positioned in the RUN MODE.

REWIND is sent to the cassette in order to cause a rewind to BOT (Beginning of Tape).

READ/WRITE “nii” aie the thirty-two outputs of the rotator where nn=00 through 31. Rotator located

on Card J.

SYSTEM CLOCK PULSE NOT is an inverted 4MHZ clock.

SYSTEM CLOCK is a 4MHZ clock.

SYSTEM CLOCK PULSE 8 is an 8MHZ clock.

SYSTEM CLOCK PULSE CARD E is a 4 MHZ clock.

SECOND is true for long micros and is true to cause the sequencer to make a second count to obtain couiits
S4 thru S7.

SECOND SEQUENCE is generated at S3 time of the sequencer to produce SECONDF.

SET HALT FLIP-FLOP is a gated term which reset the RUNS . . FO Flip-Flop to halt the processor.

SET RUN FLIP-FLOP is a gated term as a result of the Start Button being depressed to set RUNS . . FO.
SET “U” FULL TWO is true for the second sixteen bits accumulated in the U Register and will cause

Voo bmaene TITTIV T 4
thic term UTULL to be generated,

SEQUENCER RESET is true to reset the sequencer as a result of a finished micro.
SINK COILTIMN “N” where n=0 or 1 is true if the micro being executed is selecting column 0 or 1 as the

sink register. (4 bit registers)
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SEQUENCER ONE MICROS is true at S1 time of the sequencer if the micro is not a 3F or 7D. SIMIC . F.
is used to produce a finish pulse.

SINK ENABLE is true to allow the logic to gate data to local memory.

SINK TAS “N” is true to produce local memory addressing to write into the TAS Register of local memory.
n=1 or 2.

SINK ADDRESS where n=0 through 3 is a portion of local memory addressing for sinking data into the TAS
Register in local memory.

SKIP is true to cause the next micro to be skipped if the 6C or 3E micro skip conditions are met.

SKIP is true if a micro is to be skipped and its function is to prevent transferring the next micro into the

M Register and this forcing a NO-Operation micro in place of the next micro which would be normally
executed.

SINGLE MODE is true if the MODE Switch on the console is in the STEP position.

SINK TOP OF A STACK is true if TAS is designated as a source or destination for a register move type
micro.

SOURCE COLUMN is true if the register address for the source register corresponds to the column number
where n=1 or 2.

SOURCE ENABLE is true to allow selection of a register as source for a register move type micro.
SOURCE TOP OF A STACK is true if the A Stack is selected as a source.

SOURCE TOP OF A STACK is true to decrement the Stack Pointer if the A STACK is selected as a source.
SENSE REG. OUT is true each time the leading one bit of the 10 bit character from cassette is detected
assembled in U Register Lower.

SHIFT REGISTER/PARITY ERROR REPLACED BY ZERO is true to clear U Register Lower and PE1
prior to a character being assembled from the Cassette.

SHIFT REGISTER OUT AND TIME 3 is true for each character which is assembled in U LOWER and is
used to count the Byte Counter.

START is produced as a result of the Start button on the console being depressed.

SET FETCH is true to cause the M Fetch Flip-Flop (MFETCHFO) to set.

STACK ADDRESS is the output of the Stack Pointer for addressing the A Stack words located within
Local Memory, n=0 through 3.

STOP AT GAP is true to cause the cassette to stop at the next gap as a result of a 3E Cassette Control
micro.

STOP NOT is trué to allow serial data from the tape to be accumulated (Cassette).

START TAPE RESET is true for a general processor clear or when tape is initially started to clear
miscellaneous cassette logic and produce STP/ . . E. to allow cassette data to be accumulated.

START REWIND is true to hold the rewind button output for a cassette rewind operation.

START is true as a part of the sequence to apply forward drive for a cassette operation.

SET RUN is true when the start button is depressed and its function is to set the M Fetch Flip-Flop to
fetch the first micro from memory.

SUBTRACT is true to place MAR(A) in the subtract mode for branching relative in a negative direction.
SUBTRACT is true to place the Arithmetic Unit of the 24 Bit Function Box in the subtract mode.
SWITCH SET LOAD is true if the Load Button is depressed or if the Rotary Switch is in the Write position
and the Read/Write Button is depressed.

SET WRITE is true if the memory operation is a write. SWRITEFO is used to extend the duration of Chip
Enable and also to send the write level to memory.

SYSTEM CLOCK is the output of the Video Amplifier from the 8 MHZ crystal which produces the system
basic clock.

SEQUENCER OUT on Card D where n=1 through 7.

SEQUENCER OUT on Card F where n=1 through 5.

SOURCE BIT ENABLE is true to allow data on Card A to be gated to the 4 bit bus (4BTBOnAO).
SOURCE BIT MODE where n=0-2 is the addressing for the multiplexor to gate data to the 4 bit bus on
Card A.

SOURCE BIT ENABLE is true to allow ADATA on CARD B to be gated to the 4 bit bus (4BTOnBO).
SOURCE BIT MODE where n=0-2 is the addressing for the multiplexor to gate data to the 4 bit bus on
Card B.
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TASNK . D1 Tas Sink is true when the Micro decoding logic has determined that tas has been designated as the sink
regisier.

TA....Fl Time “A” is the first sequencial output of the sequencer used to control when FINISHDO occurs.

1B....FO Time “B” is the second sequenciai output of the sequencer used to control when FINISHDO occurs.

TC....Fl Time “C” is the third sequencial output of the sequencer used to control when FINISHDO occurs.

TC/ ...Fl Time C Not is used to set TA . ... F1 when TD/ ... F1 is also true.

TD....FO Time “D” is the fourth sequencial output of the sequencer used to control when FINISHDO occurs.

TD/ ... Fl Time D Not is used to set TA ... F1 when TC/ . .. F1 is also true.

TPCLKIE. Tape Closk In is true for one to many clock periods depending on whether or not a serial data bit is
received from the Cassette Tape during the time the Tape Clock Pulse from the Cassette is true. It is used to
trigger the sequencing of shifting the serial data from the Cassette’s Tape into the U-Register (Lower).

TPCLK . E. Tape Clock is the CTL converted tape clock pulse received from the Cassette Tape. It is true for
approximately 106 usec and false for 19 usec, occurring at a frequency of 8 KHz for the length of a record
previously written on tape.

TPRDY . E. Tape Ready when true indicates the Cassette Tape unit is ready. It’s used to enable sending Forward Drive
level to the Cassette.

TRIL/ . .1 Tape Read Information Level is the DTL serial data bit received in the Processor (Card E) from the
Cassette’s logic. It is true for approximately .Sus when a serial data bit is transferred.

TRUEOIA. True is the output of an inverter assumed to be a constant CTL true voltage level. Card A. (Input open)

TRUE . . K. True is the output of an inverter assumed to be a constant CTL true voltage level. Card K. (Input open)

TRUEO1D. True is the output of an inverter assumed to be a constant CTL true volitage level. Card D. (Input open)

TRUELI . E. True is the output of an inverter with an open input, assumed to be a constant CTL true level. Card E.

TRUE4 . J. True is the output of an inverter with an open input, assumed to be a constant true CTL voltage level. Card
I

TRUEQ3A. True is the ouiput of an inverter with an open input assumed to be a constant true CTL voltage level. Card
A.

TRUG60HK. True 60 Hz is true during the positive half cycle of the 60 Hz input used for the Real Time Clock circuitry.

TRWP/ . El Tape Rewind Pulse is the DTL converted level sent to the Cassette to initiate a rewind of tape.

TWS ... H1 Transfer Width Sign when true indicates the field direction is negative. When false, a positive field direction
is indicated.

TO....E. Time O is true for one clock period immediately after Tape Clock In (TPCLKIE.) is true. It’s used to
sequence the assembly of serial data from the Cassette.

T0-7 . . F1 Time O thru 7 indicates the time the Sequencer is effectively in the “first sequence”. It is true for the entire
execution of those Micros which require 4 or fewer clock periods to Finish. Certain Micros requiring more
than 4 clock periods to finish may also find the level true for the entire time.

TOT1T2D. Time “0”, Time 17, Time “2”, is true when the Sequencer is in its first three clock periods (§MHz clock).
Card D.

TOT1T2F. Same as above except the decoding is on Card F.

Ti....E. Time 1 is true for one clock period immediately following TO . . . . E.. It’s used to sequence the assembly of
serial data from the Cassette.

Ti1...F. Time “11” is true when the Sequencer is at its 12th clock period (8 MHz clock). This is also the 4th clock
period of the second sequence which is entered for the execution of “longer” Micros. Card F.

T12T14F Time ¢'12 thru 14” is true when the Sequencer is in its 13th thru 15th clock periods (8MHz clock). This is
also the 5th thru 7th clock periods of the second sequence which is entered for the execution of “longer”
Micros. Card F.

T13...F Time “13” is true when the Sequencer is at its 14th clock period (8 MHz clock). This is also ihe 6th clock
period of the second sequence which is entered for the execution of “longer” Micros. Card F.

T1S...F Time “15” is true when the Sequencer is at its 16th clock period, (8 MHz clock). This is also the 8th clock
period of the second sequence used for longer Micros. T15 . . . F. is the maximum “count” to which the
Sequencer can be incremented. The next clock will cause TO . . . . n. to be true. Card F.

T2....E Time 2" is true for one clock period during the assembling of each serial data bit from Cassette Tape.
When it cogure it is dependent on the time duration of the Tane Clock Pulke Card .

T3....E Time 3 is true for one clock period immediately following T2 . ... E. . It’s used to sequence the serial

data assemhly in the U-Register of the data from the Cassette. Card E.
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T3....D.
T3....F.
TATST6F.
T4T5T6D.
T7....D.
T7....F.
T8-15 . FO
T8910 . F1
T9....D.
UDSET . E.
UFULL . E.
UFULLIE.
UFULL . EO
ULSET . E.
UMSB-OE.
URDnn . F.
USOR . . F.
WAIT .. F.
WAIT . FF.
WRITE . F.
Wnn ... KO
WnnXnnKO
XANY ..D.
XEOQOY ..D.
XY .AB.D.
0IC...D.
01C...F.
02C...D.
02F...D.
03D...Fl
04C ... F.
04D ... Fl
05C...F.
05D...Fl
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Time 3 is true when the Sequencer is in its 4th clock period (8 MHz clock). It is only true during the first
sequence of the Sequencer. Card D.

Time 3 is the same as T3 .. .. D. except the level is decoded on Card F.

Time 4, Time 5, Time 6 is true when the Sequencer is in either its 5th, 6th, or 7th clock period (8 MHz
clock). It is true only during the first sequence providing the Sequencer is not reset after (T3) time. Card F.
Time 4, 5, & 6 is the same as T4T5T6F. except that the decoding is done on Card D.

Time 7 is true when the Sequencer is in its 8th clock period (8 MHz clock). Time 7 is the highest “time”
possible for the first sequence. The next time will be either Time O of the first sequence or Time 8 which is
effectively the 1st clock period of the second sequence. The decoding is on Card D.

Time 7 is the same as T7 .. . . D. except that the decoding is done on Card F.

Time 8 thru 15 when true indicates the Sequencer is in the second sequence which is entered for the
execution of some of the longer Micros. When T8-15.F0 is true, levels T8 thru 15. .. . a. or combinations of
the same will be true. Card F.

Time 8,9 & 10 is true when the Sequencer is in either its 9th, 10th, or 11th clock period (8 MHz clock).
This time is defined as the first three clock periods of the second sequence. Card F.

Time 9 is true when the Sequencer is in its 10th clock period (8 MHz clock). This is also the 2nd clock
period of the second sequence at which time T8-15 . FO is true. The level is decoded on Card D.

Time 9 is the same as T9 . . . . D. except that the decoding is done on Card F.

U REGISTER “D” SET is true to allow the transfer of U LOWER to U UPPER.

U REGISTER FULL is true if both U Register Upper and Lower are full.

U REGISTER FULL ONE is true with UFULLL.E. true and a clock.

U REGISTER FULL is true for 250 nano seconds as a result of UFULLIE. setting.

U LOWER SET is true to transfer the contents of U Lower to U Upper.

U REGISTER TO M REGISTER SET BUS is true to allow readout of U Upper and to transfer the entire U
Register to the input of the M Register.

U REGISTER DATA is the output of the U Register where nn=00 thru 15.

U REGISTER SOURCE is true if the U Register is selected as a source for a Register Move micro.

WAIT indicates a 24 Bit Literal has been read from the cassette in the Tape Mode therefore another 16 bits
from tape must be accumulated before the micro can be executed.

WAIT indicates a micro has been read from the cassette and executed.

WRITE is true if a memory write from the console is being performed.

DATA OUTPUT of the Memory Information Register where nn=00 thru 07. (8 of 32 bits).

DATA OUTPUT of the Memory Information Register (24 of 32 bits). The first nn=08 thru 31 to
correspond with the Read/Write Data Levels. The second nn=23 thru 0 to correspond with the Main
Exchange data positions. Ex. W08X23K0.

X AND'Y is the logical “and” of the X and Y Registers produced by the 24 Bit Function Box.

X EXCLUSIVE OR Y is the logical exclusive or of the X and Y Registers.

X REGISTER DATA/Y REGISTER DATA/A DATA/B DATA is the data to the multiplexors which feed
the Main Exchange and data is dependent upon the Local Memory data which has been addressed by the
operation.

1C Micro decoded on Card D.

1C Micro decoded on Card F.

2C Micro decoded on Card D.

The MF portion of a Micro (MOP bits 3 thru 0) are set to 2 (0010). Card D.
The MD portion of a Micro (MOP bits 11 thru 8) are set to 3 (0011). Card F.
4C Micro decoded on Card F.

The MD portion of a Micro (MOP bits 11 thru 8) are set to 4 (0100). Card F.
5C Micro decoded on Card F.

The MD portion of a Micro (MOP bits 11 thru 8) are set to 5 (0101). Card F.
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0SF...DI
eJo o
07C ...D.
07C . . 1F.
07C .. .F.
08C ... DO
08C...F.
08D...Fl1
09C ... D.
09C .. .F.
09C/ .. F.
1CCLO . D.
1EA ... Fl
1+3ETIE.
10C .. .C.
10C...D.
10C . ..F.
11C...F.
11D...Fl
11F ... D.
12BTBRF.
1236C . D.
1SD...C.
16BSNKD.
2EA ... D.
2EA . ..F.
2EB...D.
2SNK .. D1
2EB . . 2F.
210C .. D.
21CMS5/F.
24BSNKD.
24LMTRF.
24LRUNF.
24.4..D.
24X24 . FO
24X32 . FO
3CAND . D.
3CDECTD.
3CDEC . D.
3CEORD.
3CINCTD.
3CINC . D.
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The MF portion of a Micro (MOP bits 3 thru 0) are set to 5 (0101). Card D.
7C Micro decoded on Card C.

7C Micro decoded on Card D.

7C Micro decoded on Card F.

7C Micro decoded on Card F.

8C Micro decoded on Card D.

8C Micro decoded on Card F.

The MD portion of a Micro (MOP bits 11 thru 8) are set to 8 (1000). Card F.
9C Micro decoded on Card D.

9C Micro decoded on Card F.

The 9C Micro has not been decoded. Card F inversion of 09C . . . F.

1C Micro and the Sink Register Select is 0. Card D.

MOP bit 5 is true and MOP bit 4 is false. Card F.

1 or 3 Error Tape is true when a non recoverabie tape parity error has been detected on the serial data read
from Cassette Tape. When the level is true, further assembling of serial data from tape is disabled and the
Processor is halted when the next FINISHDO occurs providing JUMP/.F. and REPEA/F. are true.

10C Micro decoded on Card C.

10C Micro decoded on Card D.

10C Micro decoded on Card F.

11C Micro decoded on Card F.

The MD portion of Micro (MOP bits 11 thru 08) are set to 11 (1011). Card F.

The MF portion of a Micro (MOP bits 03 thru 00) are set to 11 (1011). Card F.

12 Bit Branch is true when either the 123C or 145C Micro has been decoded on Card F.

3C or 6C Micro decoded or the 1C or 2C Micro and the U-Register is not the source. Card D.

The MD portion of a Micro (MOP bits 11 thru 08) are set to 15 (1111). Card C.

16 Bit Sink is true when either the 1C, 8C, or 9C Micro has been decoded with the FL-Register selected as
sink.

MOP bit 5 is true and MOP bit 4 is false. Card D.

MOP bit 5 is true and MOP bit 4 is false. Card F.

MOP bit 07 is true and MOP bit 06 is false. Card D.

8C or 9C Micro decoded on Card D. 2C or 10C Micro decoded on Card D with Register replaced by Pad if
the 2C and the sink register selected is 2 for either the 2C or 10C Micro, also Card D.

MOP bit 07 is true and MOP bit 06 is false.

2C Micro (Register replaced by Pad) and register selected is 2 decoded on Card D, or the 10C Micro and the
register selected is 2 also decoded on Card D.

1C Micro or the 2C Micro (Pad replaced by Register) decoded on Card F.

24 BRit Sink is true when the 1C, 8C, or 9C Micro has been decoded with either the X, T, L, FA, or FB
Register selected as sink. Card D.

24 Bit Literal “MTR” is true when either the 1C or 2C Micro has been decoded and the U-Register is source
and TAPEFWF. is Ture, or the 9C Micro has been decoded and the U-Register is Full (UFULL . E0). Card
D.

24 Bit Literal “RUN” is true when the 9C Micro has been decoded and either Run or Step Mode is true,
Register Move with a 24 bit source register being move to a 4 bit destination.

True if the rotation is a processor operation for the 10C. 11C, 4D, 5D and 3F micros.

True for 2 memory write operation.

3C micro with the “AND” variant decoded.

3C micro with the Decrement and Test variant decoded.
3C micro with the Decrement variant decoded.

3C micro with the Exclusive Or variant decoded.

3C micro with the Increment and Test variant decoded.
3C micro with the Increment variant decoded.
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3COR..D.
3CSET . D.
3CSKIPBO

3EA...Fl

3EB...D1
32X24 .FO

4BCAR3B.
4BCNENDO
4BCNMnDO
4BSUMnB.
4BITBRF.
4BITOnBO
4BITn . D.
4BTBOnaO

4BTSUBDO
4C5CBRF.

SCBRCHF.
6CSKIPC.
60HRETKO
60HZINKO

7CREADF.
7CWRITF.

9C....F.

nCMP ..C.
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3C micro with the OR variant decoded.

3C with the SET variant decoded.

3C SKIP is true if the micro is a 3C with a test and the test condition is met to cause a skip of the next
micro.

True if the M Register bits 4 and 5 are set.

True if the M Register bits 6 and 7 are set.

True for a memory read operation.

4 Bit Binary Carry is the output of the most significant stage of the adder/subtracter in the 4 Bit Function
Box which is used for the 3C Increment or Decrement function.

4 BIT CONTROL ENABLE is true to enable the multiplexors on Card B to gate data from the 3C micro,
MIR data and 4 bit register data to the 4 bit bus (4BITnnBO).

4 BIT CONTROL MODE “N” is the addressing for the multiplexors on Card B where n=0 thru 2.

4 BIT BINARY SUM is the output of the 4 bit adder subtractor of the 4 Bit Function Box.

4 BIT BRANCH is true for a 4C or 5C micro.

4 BIT BUS is the output of the 4 Bit Function Box where n=0 through 3,

4 BIT is used for multiplexor addressing enable for register move operations where a 4 bit register is either
source or sink. n=1 or 2.

4 BIT AUXILIARY BUS is the input to the 4 Bit Function Box where n=0 through 3 and a=Card A, Card
B, Card F or backplane “or’. 4BTBOnTO.

4 BIT SUBTRACT is true to place the adder/subtractor in the 4 Bit Function Box in the subtract mode.
4C or 5C BRANCH is true for a 4C or 5C micro and the branch condition is met.

5C BRANCH is true if the micro is a 5C and the branching condition is true.

6C SKIP is true if the micro is a 6C Skip When and the skipping condition is true.

60 HERTZ RETURN is an input to the Real Time Clock Logic from the basic 60HZ input.
60 HERTZ IN is an input to the Real Time Clock Logic from the basic 60 HZ input.

7C READ is true if the micro is a 7C with the Read variant set.
7C WRITE is true if the micro is a 7C with the Write variant set.

9C micro decoded in the M Register.

“N” COMPLEMENT where n=1 thru 4 are used to produce the twenty-four’s complement of the literal for
generation of Mask and Rotation Control for the 10C Shift T left, SD SHIFT X*Y Left or 4D Shift X or Y.

For Form 1053360
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Functional Detail

INTRODUCTION

This section describes the B 1700 S-Memory Processor Console, including Cassette, System Clock, Real Time Clock,
Sequencer, Control Logic, Micro Operators, Micro Operator Timing, 24 Bit Function Box, 4 Bit Function Box, Rotator
and Mask Generator, Local Memory, Modes of Operation, and Data and Control Signals Transfer Paths.

CONSOLE SWITCHES—INDICATORS AND THEIR FUNCTIONS/OPERATION

The B 1700 Console contains the necessary controls and indicators for operation of the B 1700 System. The
Console provides for Power On/Off, Mode Select, Register Load/Display and Cassette Controls. See Figure II-1. The actual
Cassette is considered a portion of the Console and therefore the Cassette is described generally within this manual. For
detailed operation and maintenance procedures for the Cassette refer to the Cassette Technical Manual.

Fig. II-1 B1700 CONSOLE

24 CONSOLE LAMPS

The 24 Console Lamps are used to display the contents of the 24 Bit Main Exchange. In the Halt Mode this display
will be either the contents of a selected register or the contents of MIR. The Register Display is enabled by forcing a 1C
Register Move in the Halt Mode using the register selected as the source and NULL as the destination. In the Run and
Tape Mode the lamp display is dependent upon the micros being executed and the data. Data at this time is probably not
discernable.

24 CONSOLE SWITCHES
The 24 Console Switches are used in the Halt Mode to enter data in a selected register or into an addressed memory
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location. The data entry into a register occurs by forcing a 1C Register Move using NULL as the source (Console
Switches) and the selected register as the destination during the time the Load Button is depressed. The data entry into
memory occurs by forcing a 7C write using Null {console switches} as the source by depressing the Read/Write push-
button with write selected on the register select switch.

REGISTER SELECT AND REGISTER GROUP SWITCHES

The Register Group Switch is the large rotary switch at the lower left corner of the console. The Register Group
selects a co-ordinate to select four registers. The Register Select switch then selects one of the four and is located to the
immediate right of the Register Group Switch.

MODE SWITCH

The Mode Switch places the processor in one of three modes either Step, Run or Tape. With the processor “‘halted”
and the Mode Switch in the Step position, one micro will be executed by depressing Start and the machine returns to the
halted state with the next micro to be executed in the M Register. If the Mode Switch is in the Run Mode, the processor
will upon depression of the start button continuously execute micros until either the Halt Button has been depressed or
the Halt Micro has been decoded in the M Register. In the Tape Mode, the processor will upon depression of the start
button, start tape movement and execute micros on the tape. The machine is returned to the halted state by depression
of Halt, detection of a Halt Micro, Tape Error or Cassette Stop Micro having been decoded. In all cases the Tape will not
stop until the next gap is detected.

M_FDLM'&LRC'
LATCH/C.

CSICT1 | PRECLRC CLEAR.C.

LATCH.C.

c’'s'cm FFAN FFAN FFAN FFAN
CLREN.C

SCPM4.C.

GRINHIC. | GPCLRBCO

PWR.DN.SO |\

Fig. 112 GENERAL PROCESSOR CLEAR
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CLEAR PUSHBUTTON

The Clear Button generates the general clear (GPCLRBCO) which resets the system and clears the following registers
in the processor: M, C, U, ML, MAR(A), MIR and the Stack Pointer. If a S-Memory refresh cycle has been granted then
the clear operation is inhibited until the refresh cycle is complete. Figure II-2 is the logic on Card C for generation of the
General Processor Clear.

Figure II-3 is a timing diagram showing the development of the CLEAR . C. term through depression of the Clear
Button. Note that in this example a refresh cycle has been granted, therefore the clear operation is delayed until the
refresh cycle is complete.

C/$/C.T1 ’ \

GRF...C. l l (
J
INHCLRC. i l

CLRENC.. l l
PRECLRC. f 1

CLEARC. ( j

A

LATCH.C. J ,_
LATCH/C. ] l
GRINHIC. ~l [ >

NEW REFRESH CAN OCCUR

Fig. II-3 CLEAR TIMING (CARD C)

After the clear occurs, the Granted Refresh Inhibit (GRINHIC.) goes false and will allow a new refresh cycle to
occur. During the period that C/S/C . Tl remains true, the LATCH . C. Flip-flop is set to prevent another clear from
being produced thus only one clear pulse occurs for each depression of the button.

HALT PUSHBUTTON

The depression of the Hait Button will cause the Processor to halt at the completion of executing the micro follow-
ing the current micro in the M Register. Before the halt occurs the next micro (micro following the last micro executed)
will be fetched into M and the address will be upcounted to point at the next micro. Figure II4 is the logic for genera-
tion of the halt term (HALT . . CO).

Printed in U. S. America 11-20-72 For Form 1053360
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HT1...C
GPCLR.C. R
C/S/H.T1 T —l
HALT..CO
—_ — B b——+——
C/S/H/T1 ] FFAN HT1/..C. FFAN|HT2/. .C. |
FINISHDO
FINISHC.

SCPM4.C, _/

Fig. [I4 HALT LOGIC

Figure 115 is the timing diagram for development of the HALT . . CO term. It should be noted that the machine
halt is dependent upon FINISHDO which varies according to the micro being executed. For sake of simplicity assume
that all micros being executed are two clock micros.

scvac. [ LML L LU L LT LT L L
FINISHDO | [ | L | l

C/SHTI | |
HT1...C. | l___
HT2/..C. | [

HALT..CO l |

Fig. II-5 HALT TIMING

INTERRUPT SWITCH

The Interrupt Switch will cause the HALTI . CO flip-flop to set on Card C. The output term HALTI . CO is sent to
the CC Register bit zero position and cause CC(0) to set. The HALTI . CO flip-flop is reset when the Interrupt Switch is
returned to the off position.

INCREMENT A PUSHBUTTON

Depression of the Increment A Pushbutton will cause the address in MAR(A) to be upcounted by 16 bits or one
micro word. This switch is generally used in conjunction with ready or writing S-Memory from the console. Figure II-6
shows the logic generation of the increment A term (INCA .. CO).

INCA1.C
GPCLR.C.

INCA. . T1 — |
hY
HALTS.C. /

T\ 1 _INCA..CO
L/

INCA/LT1 FFAN | INCAI1/C. FFAN INCA2/C. 1_J
FiNiSHOG

\ FINISH.C.
SCPM4.C. J

Fig. II-6 INCREMENT A LOGIC
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As can be seen from Figure 1I-6 the machine must be in the halted state for operation of the Increment A Button.
Note that the clock is FINISHC. which will normally occur every other 4MHZ clock period in the Halted State. The
resultant output term INCA . . CO will be true for two4MHZ clock periods (500 nsec).

START PUSHBUTTON

The Start Button is depressed normally to cause the machine to be placed in the Run State and thus cause an exe-
cution of a series of micro instructions. If the Mode Switch is in the Run Mode then the micros will be obtained from
S-Memory or Cassette. If the Mode Switch is in Tape Mode then the micros will be obtained from the Cassette.

If the Mode switch is in the Step Mode then depression of Start will cause the execution of one micro and the
machine will return to the Halt State. As can be seen from the logic for development of the start pulse (START . CO)
(Figure II-7) the clocking term is FINISHC. and therefore the duration of START . CO will be for two-4MHZ clock

periods (500 NSec).

ST1...C.
GPCLR.C. T l
C/C/S.T1 —
J— — 8 START.Co
C/S/S/T1 FFAN ST1/..C. FFAN ST2/..C. I

s —\ FINISHC.
_/

FINISHDO

Fig. II-7 START PULSE LOGIC

READ-WRITE PUSHBUTTON

The Read-Write Pushbutton will produce a pulse to cause either a read or write of S-Memory depending upon the
position of the Register Group Rotary Switch. If the switch is in the READ position then depression of Read/Write will
cause a read of the location specified by the address previously load in MAR(A). The read data (24 bits) will be displayed
in the Console Lamps. If the switch is in the WRITE position then the contents of the Console Switches will be written
into the location specified by MAR(A). The machine must be in the halted state for these operations to occur. Figure 11-8
shows development of the L/DTIMCO pulse (Load Timing); true for two-4MHZ clock periods.

L/D1. .C.

GPCLR.C.

C/S/G.T1 1 ]

HALTS.C.

L/DTIMCO
————

[— B

C/S/G/T1 FEAN | L/D1/C.

FINISHC.
FINISHDO } R

SCPM4.C.

Fig. II-8 READ-WRITE INITIATION LOGIC
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LOAD PUSHBUTTON

The Load Button is used for loading data in various registers from the Console Switches. The register to be loaded
is placed in the Console Switches and by depressing the LOAD pushbutton, a 1C Move from NULL to the selected
register is generated by the logic. Before depression of the Load Button, logic is generated to cause a 1C Move from the
register to NULL which allows the contents of that register to be displayed. The LOAD . . CO pulse will be a pulse
having a width of 500 nsec (Two-4MHZ Clocks). Figure 119 is the logic generation of the LOAD . . CO pulse and Figure
I1-10 illustrates the timing for the execution of a 1C LOAD or display operation. The generation of the 1C Register Move
micro logic for either a Display or Load of a selected register is shown in Figure II-11.

LOADI C.
GPCLR.C.
C/S/L.T1 T ]
HALTS.C. H —
- . LOAD. .CO
B
C/S/L/T1 FFAN| LOAD1/C.|FFAN| LOAD2/C.
SCPM4.C.
™\ FINISHC.
FINISHDO W

Fig. 19 LOAD LOGIC

masioo LML LTy

HALTSC. .

c/s/LC. | |

C/SIL/C.

LOAD1.C. | |
LOAD2C. i ]
LOAD.CO g
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BG‘N—-——MOP“’BCO MOP12F10
N
RGRP8.T1 a
} MOP11BCO 1
BGIN
AY
RGRP4.T1 Y \
) MOP10BCO 10
BGIN
N
RGR2T1 VA \
MOPQSBCO
F BGIN 09
N
RGRP1.T|1 vV \
MOPOSBCO 08
BGIN
J\ .
RSEL2.T1 V \
MOPO7BCO
f BGIN 07
N
RSEL1.T1 vV
AY MOPO6BCO
BGIN 06
N 4 MOPOSBCO 05
V 4 lBGIN
N MOP04BCO
V BGIN 04
»————D MOPO3BCO 03
BGIN
- N MOP028CO 02
V BGIN
N MOPO18CO
: lf BGIN[ 01
LOAD.CO LOAD/C}(DISPLAY) MOPOOBCO
% % BGIN[ MOPOO

HALTSF.

Fig. 1I-11 LOGIC TO LOAD OR DISPLAY REGISTERS

POWER ON/OFF SWITCH
Power ON/Off Switch is the switch for system power on or power off.

RUN INDICATOR
The Run Indicator when lit, indicates the machine is in the Run State and either executing micros from the
Cassette Loader or from S-Memory.

CASSETTE ON/OFF
Cassette ON/Off is the power on/off for the Cassette Loader.
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BOT INDICATOR

The Beginning of Tape Indicator is lit when tape in the Cassette Loader is at the beginning as detected by the
Cassette. The BOT Level is sent from the Cassette Loader to the Cassette Controi Logic on Card E of the processor.

REWIND SWITCH

The Rewind Switch when depressed will cause the tape in the Cassette Loader to return to the Beginning of Tape via
a highspeed rewind and cause the BOT Indicator to illuminate.

TAPE PARITY INDICATOR

The Tape Parity Indicator illuminates when the parity detection logic on Card E detects a parity error of data on
the Cassette Tape. Refer to Figure D-11 for details.

SYSTEM CLOCK

The B 1700 System Clock consists primarily of an 8 MHZ Crystal Controlled Oscillator, a video amptifier, associated
gates, buffers, inverters, flip-flops, and delay lines. Refer to Section III for circuit details of the 8 HMZ Oscillator and Video
Amplifier.

LOGIC OUTPUTS

The clock logic develops four clock outputs shown in Figure 11-12. CLK8 . . KO, 8MHz; CLK4 . . KO, 4MHz; CLK4/ .
KO, 4MHz inversion of CLK4 . . KO. The System Clock logic is located on Processor Card K (4-4).

8MHz

r
]

- 2

SY5CLIK.

B1

CLK8. KO
8G1

H
—

P4.75V.0 ”

BHB2
EXCKENKO

IHA
F9 CLK4. KO
TRUE. K CLK4. K. t BGL —>
F4 [

FF10 CLK4/.K. F9 CLK4/ KO N

) ' EGL1Y
CLK8. KO N —[ I

4

(w
l 111
€5 ) DLsN
BGLO

£5 Locl K @

neoa s
[SICY Sy —

Fig. II-12 SYSTEM CLOCK
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FUNCTIONAL DETAIL

During normal operation, buffer BHB2, located at E4, outputs a constant true. Buffer BG-1, located at B1, outputs a
8MHz pulse. EXCKENKO, normally false, provides the circuit with an external means of disabling the 8MHz output of buffer
BG-1. ENCKENKO is used with the card tester. An external pulse generator may be applied to the backplane output of CLKS
.. KO when desired.

Assuming CLKS . . KO is occuring at 8MHz, Figure II-13 illustrates the timing relationship of the four outputs
developed by the system clock circuitry. The flip-flop (FF10), located at F4, will toggle with each CLKS8 . . KO input applied
thus generating outputs CLK4 . . KO and CLK4/.KO as shown. The I/OCL . K. output occurs 30 nsec after CLK4/.KO
occurs. This delay is developed by the 50 nsec delay chip (DL5N) located at DS. Pin L (30 nsec tap) is used as shown.

"—-125ns.——0|
CLKB. KO I S i B

j@—— 250ns. ———»|

CLK4.. KO | I I |
CLK4/KO w

—>{30n4<—

|
1/0CL K. | | ! [ | |

Fig. II-13 SYSTEM CLOCK TIMING

DISTRIBUTION

CLKS8 ..KO,CLK4 .. KO, and CLK4/.KO output Processor Card K via the backplane and are distributed to the
various cards within the Processor as shown in Table II-1 (shown below). The I/O Clock, I/OCL . K., outputs card K via
coaxial cable and is an input to the Distribution Card.

Card A B ¢ D E F H ] K  Dist. Card
CLK8..KO 0 0 0 0 0 1 0 0 0
CLK4 ..KO 0 0 1 0 1 1 1 1 0
CLK4/.KO 1 1 0 0 0 0 0 0 0
I/OCL . K. 0 0 0 0 0 0 0 0 1 Coax

Note: 1 indicates the clock is an input to the card
0 indicates the clock is not an input to the card.

TABLE II-1
SYSTEM CLOCK DISTRIBUTION

REAL TIME CLOCK

The Real Time Clock Circuit is illustrated in Figure II-14. The circuit provides the system with a Real Time Clock pulse
which occurs once every 100 msec. The function of the Real Time Clock pulse (RTCLOCKO) is to set the timer interrupt
(CC-Register 2-bit position) every 100 msec. The Real Time Clock circuitry is located on Processor Card K (4-4). The CC
Register 2 Bit Position (CC2 . . . F.) is located on Processor Card F(5-5).

Printed in U. S. America 11-20-72 For Form 1053360
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FIINCTIONAL DETAIL (Refer to Figure 11-14)

The circuit uses the primary power frequency of 60 Hz as the input to a diode rectifier circuit. The 60 Hz input is the
24VAC output of transformer T1 (sccondary winding, Pins 8 & 9) located on the 24V chassis. (Refer to AC Power Dis-
tribution).

60HZINKO TRUBOHK. /
DIODE
RECTIFIER
BOHRETKC INVEOHK.
I
DIVBY6K DVBY6.K.
A/ Pal
. TRUE.. K. F3 _ -
l GLJ1 - H2 :
- [+4 o
13 CNTY] . I
-1 62 4 - JRPN
13 CNTRA DIVBYSK -
FF21 — _“E ]
T 1 7 CNT1
FF20 RFAN
DSCP1.K. R %
CLRRGIK.
CLrd KO " JJBG3 RTCLOCKO
REGCLKK he2
TRUE BGLO BGL

Fig. II-14 REAL TIME CLOCK

The diode rectifier circuit has two outputs TRU60HK and INVO60HK. During each input cycle to the diode rectifier,
INV60HK. will output once as shown in Figure 11-14.

TRUGOHK. and INV6OHK. are used to set and reset flip-flop (FF20) located at 13. The 4MHz clock (CLK4 . . KO) is
used as the clock input to FF20 and FF22. When F/F FF20 is set, flip-tlop FF21 will set with the next DSCP pulse trailing
edge. During the time FF20 is set and FF21 is reset, REGCLKK. is true. REFCLKK. is true for 250 nsec. of each input cycle
and is used as the Clock input to a 3-bit register (RFAN) located at G2, with a constant true applied to the carry input of this
Register (pin R) and also to the Add mode input (Pin D). The 3 bit register is incremented by 1 with the trailing edge of each
REGCLKK. to occur. When the Register contains a binary value of 101, (5) pins K & P are true; thus the output of Gate
GLJ1 at F3 (DIVBY6K) is true. With DIVBY6K true, DVBY6.K is true through the jumper chip JRPN at H2 and CLRRGIK
is also true. The next REGCLKK which occurs will cause RTCLDCKO to be true for 250 nsec and will reset the 3 Bit Regis-
ter (RFAN) to a binary value of 000 (zero). Figure ii-15 iilusirates the timing generation of one Real Time Clock pulse
(RTCLOCKO).



Burroughs - B1700 Central System Technical Manual Sec. 11 Page 11

Functional Detail

DSCP1 K. IHITIHITVITET

60HZINKO

FF20 IS W e N e AU I ISR S AN By SR B

] ]

1 ]
FF21 7 LT LT | I e AN s A R |

' 1
REGCLKK. l N N N N N n
BINARY COUNT (g 100 MSEC ‘i
IN REGISTER [ 0 | 1 T 2 Il 3 | 4 | 5 | 0
(RFAN)
GATE GLJ] AT LOCATION F3 OUTPUT & CLRRGIK. I I

250 MSEC

RTCLOCKO rEPULSE

Fig. II-15 REAL TIME CLOCK TIMING

RTCLOCKO is the “J” input to the CC Register 2 Bit Position Processor Card F (5-5). The next CLK4 . . KO pulse will
cause CC2 .. .F. toset as shown in Figure II-16.

CLK4. .KO L

L
RTCLOCKO [ .

cC2. . .F. | CCREG. 2 BIT POSITION

Fig. II-16
BASIC MACHINE STATES

The B 1700 S-Memory Processor can be in either of two basic machine states, Halt or Run. Refer to Figure II-17.

HALT STATE
Within the Halt State there are effectively four substates: Display, Load, Read and Write.

Printed in U. S. America 11-20-72 For Form 1053360
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BASIC MACHINE STATES:

!
|
H .
| “PUSH BUTTONS"
LOAD | STEP
REGISTERS | \ MODE
(2 CLOCKS) i
START
|
FINISHDO |
LOAD ! FINISHDO
1
]
l START
" PUYSH BUTTONS" DISPLAY ] MTR
; REGISTERS MODES
“CONTINUOUS | HALT
1C MICRQ” 1
READMWRITE : START
|
|
FINISHOO i ALY
|
READ &/ OR ! RUN
WRITE : MODES
(5 CLOCKS) |
|
|
HALT STATE | RUNNING STATE
Fig. II-17 BASIC MACHINE STATE BLOCK DIAGRAM
DISPLAY SUB-STATE

When the Processor is in the Halt State, the quiescent suh-state is the Display Registers Sub-state at which time a 2
clock 1C Micro is continuously executed. Hard logic within the Processor (Card C) will cause the 1C Micro (Move Register
designated by the Register Select & Group Switches on the Console to NULL). NULL is a 24 bit pseudo register which indi-
cates “nowhere”; however, executing the 1C Micro moves the register selected to the Main 24-bit Exchange and the Console
lamps reflect the contents of the main exchange.

LOAD SUB-STATE

Setting the Register Group and Select Switches to a particular register and depressing the LOAD Push Button will cause
the Load Register Sub-state to be entered for 2 clock periods. FINISHDO occurs during the second clock period. During the
Load Register operation, the contents of the Console Switches are gated to the Main 24-bit Exchange and set in the Sink
Register selected by the Register Group and Select Switches. The 1C Micro (hard wired) is also executed when in the Load

Regisier state. The format of the Micro is change however to Move NULL to Register selected by the Register Group and
Select Switches,

READ WRITE SUB-STATE

Setting the Register Group and Select Switches to either READ or WRITE will, when the READ/WRITE Push Button
is depressed, cause either memory read data to be displayed on the console lamps or the contents of the console switches to
be written into S-Memory. In either case, the Memory Address Register (MAR(A)) will determine the address of the infor-
mation to be read from or written into S-Memory. The READ or WRITE state is true for 5 clock periods, FINISHDO occurs
during the 5th clock period. The 1C Micro is also executed in the READ or WRITE state and the formate will be either Move
READ to NULL or WRITE from NULL. Depressing the READ/WRITE Pushbutton triggers the memory cycle.
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RUN STATE

Within the Run State there are three sub-states: Step, Tape and RUN. Depressing the Start Button will cause the Run
State to be entered depending upon the position of the Run/MTR Step switch.

STEP SUB-STATE

When the switch is set to the STEP position and the Start Button is depressed, the Micro currently in the M-Register is
executed. When the Micro is finished, the Processor returns to the HALT state. If the Micro executed in the Step Mode is one
which results in a branch or skip to a Micro other than the up coming Micro from S-Memory, the Processor does not return to
the HALT state when FINISHDO occurs. Instead, a two clock NO OP is executed during which time the Micro located at the
branch or skip address is fetched from S-Memory. When the two clock NO OP is finished, the Processor then returns to the
HALT state.

TAPE SUB-STATE

When the switch is set to Tape and the Start Button is depressed, forward drive level is sent to the Cassette’s drive logic
(providing the Cassette is Ready). Data is read serially from tape, assembled in the U-Register and executed in the M-Register.
The operation continues until either a:

Tape parity error is detected;
The 2E Micro (Stop on X#Y (and X not equal to y);
The stop at the gap variant is executed;
The General Processor Clear Button is depressed;
The Hait Push Button is depressed
When any of these conditions are met, the Processor returns to the HALT state. FINISHDO must again be true to enter
the HALT state. This insures the Micro currently executed is allowed to finish.

O

RUN SUB-STATE
When the switch is set to RUN and the Start Button is depressed, the Micro currently in the M-Register is executed.
Micros are fetched from S-Memory during concurrent MFETCH operations which occur during the execution of each Micro.
The execution of Micros from S-Memory will continue until a condition is present which will cause the Processor to return to
the Halt state. The conditions which will cause the Processor to return to the HALT state are:
The Halt Button is depressed.
The General Processor Clear Button is depressed.
Executing the 1F (Halt) Micro.
The Cassette is initiated via the execution of the 2E (Cassette Control) Micro.
A tape parity error is detected.
A Memory parity error during an “M” Fetch.

A

RUN/HALT FLIP-FLOP

The RUNJHALT Flip-Flop determines whether the Processor is in the Halt State or the Running State. Both outputs of
the Flip-flop (RUNS .. FO & HALTS . F.) are used to control functions which occur through the System. Certain functions
are allowed only when one or the other of the outputs are true. Other functions throughout the system can occur regardless
of the state of the Processor. The functions the two outputs of the RUN/HALT flip-flop control are too numerous to detail;
however, the conditions that will set the flip-flop to one of the two states is considered.

RUN/HALT LOGIC

The Run/Halt State logic is illustrated in Figure [1-18. Assuming the General Processor Clear Button on the Console has
been depressed, the HALTS . F. state of the Processor is true. Only the functions which can occur when the Processor is
halted can occur at this time. To enter the RUN state, the Start Button on the Console must be depressed which will generate
START . CO. START . CO is a 2 clock period pulse. Providing the Demand Refresh Flip-flop (DRF . . . JO) is not set, when
the next FINISHDO occurs the RUNS . . FO flip-flop will set. Depending on the Mode Switch (RUN/MTR/STEP) the
Processor will execute the Micros gated to the M-Register until a halt condition is true.

Printed in U. S. America 11-20-72 For Form 1053360
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SYSTEM HALT LOGIC
Five conditions provide a means to cause the Processor to return to the Halt state: depressing General Processor Clear

or enabling gate 1 shown in Figurc 11-18 which provides four conditions to halt the Processor. To enable gate 1, the three

levels shown as inputs to inverters 1 & 2 must all be false.

1. AINC..F.indicates basically when true that a Micro is currently executing which requires a branch to an address
focation of S-Memory other than the address location of the next up coming Micro. It may also indicate that the
Memory Address Register (MAR(A)) is selected as the sink register in which case a Micro other than the next up coming
Micro from S-Memory is to be the next Micro executed. Regardless of the condition present which generated AINC . .

F., the Processor is not returned to the Halt state until the next Micro to be executed is fetched.

GPCLR.F. .
_DRF/F
DRF. JO | START.CO -\ SETRUNEF. RUNS. FO
L FINISHDO J
AINC. F. :

NOOPS.F. SETHLTF. | g/ [HALTSF.

SKIP. F. |
SCPM4.F I
09C. . .F.
l/ JUMP/ F.
FINISHDO |
REPEA/E. | !

MIC.1FF.
SNGMODCO
RUNMODCO 3\

1/
HALT. .CO HALLTRF. HALTP8F
CSTPG.D1

y ——
GPCCR.F,

HALT. CQ | l

HALT.CO
HALTS.F. F5 B

i

SCPM4 F. !

PE3MEO> B

- PELAMPF.
D

FINISHDO

X
(&)

Fig. II-18 RUN/HALT STATE LOGIC

When a branch address is to be established. a NO-OP is executed during which time the fetch of the next Micro (at the
Branch Address) occurs. At the completion of the NO-OP, the Processor will be allowed to return to the Halt State.
SKIP . . F. when true indicates the skip of the next up coming Micro to occur. The Processor is again delayed from
returning to the Halt state until the next Micro to be executed has been fetched,

o
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3. 09C...F. true indicates the 9C Micro (Move 24 bit Literal) is currently executing. As the 16 LSB of the Literal must
be sourced before the Micro is completed, the Processor is prevented from returning to the Halt state when the 9C
Micro is in the M-Register and executing. This has significance in the RUN or STEP Mode only. When MTR Mode is
true, the Repeat flip-flop is set when the 9C Micro is executed.

4, REPEA/F. false will disable gate 1.

Example: After the 9C Micro has finished, a 2 clock NO OP is executed during which time the next Micro to be
executed is fetched. Assuming the inputs to inverters 1 & 2 (Figure II-18) are false, gate 2 is enable and therefore the
upper input to gate 1 is true. FINISHDO must be true to return to the Halt state. FINISHDO is explained separately.
Refer to FINISHED LOGIC. Basically FINISHDO indicates the Micro currently executing is finished. FINISHDO can
occur as early as the second clock period on many clock periods after the initial start of the execution of a Micro. The
particular type of Micro executing and the Mode of operation will determine when FINISHDO occurs. REPEA/F. is
normally true. The REPEATF1 flip-flop is explained in detail under General Control Logic. Basically REPEATF1 is set
only when either executing the 7D Micro (Exchange Double Pad Work), or when the U-Register is sourced in the RUN
Mode, or when the 9C Micro is executed in the MTR Mode.

The significance of REPEA/F as an input to gate 1 is when the U-Register is sourced in the RUN Mode. When a Micro

is executed which designates the U-Register as source, NO OP’s are executed during the time the U-Register is assembling
the serial read data from tape. Each of the NO OP’s executed at this time produce FINISHDO, therefore with the ‘
REPEATF1 flip-flop set, RPEA/F. will be false thus disabling the Processor from returning to the Halt state until source
information (U-Register data) is available and the Micro is finished. For an example of this particular case refer to the
cassette logic. The lower input to gate 1, Figure I[-18 (HALTPSF.) is effectively the “cause” for returning to the Halt
state. The upper three inputs previously explained are used for “control”. The six conditions which cause HALTPSF. to
be true are defined as follows:

(1) MIC. IFF. — If Micro (Halt) executed.

(2) SNGMODCO & RUNMODCO STEP MODE
SNGMODCO & RUNMODCO indicate the Mode of operation is STEP. Mode of Operation is illustrated in Figure
[1-19. When FINISHDO occurs providing the Micro executed is not of the branch or skip type of the 9C Micro
the Processor is returned to the Halt state. Note that the U-Register is not permitted as source in the STEP or
TAPE Mode; therefore REPEA/F. has no significance as the flip-flop will be reset when FINISHDO occurs when
executing the D Micro in STEP Mode.

(3) CSTPG.D!and MTR...F.
CSTPG . D1 and MTR . . . F. indicate the 2E Micro (Cassette Control) is executed and the variant bits indicate
either Stop at Gap or Stop when X#Y. If the variants are set to Stop when X#Y and XY, CSTPG . D1 will be
true. CSTPG . D1 has significance only in the MTR Mode.

(4) HALT..COand MIR...F.
HALT ..CO and MTR .. . F. Indicate the Halt Push Button has been depressed and the Processor is in the MTR
MODE.

(5) HALT..CO
HALT .. COis true for two clock periods when the Halt Button is depressed. Presence of HALT .. CO is
remembered in the HALT . . CO flip-flop F5 and will remain true until HALTS . F. is true. This effectively indi-
cates the Processor is Halted.

(6) PE3...EO
PE3 ... EO is true when a non recoverable Cassette parity error is detected. PE3 . . . EO remains true until
GPCLR . E or CSTRT . DO is true. PE3 . . . EO will also be true if a memory parity error is detected on an
MFETCH operation via gate 5. An MFETCH operation is the concurrent S-Memory fetch of the next Micro to be
executed in the M-Register. This has significance only in the RUN Mode. Parity error lamp PELAMPF will be true

if this occurs.

MODE OF OPERATION

The Mode of Operation (RUN/TAPE/STEP) is determined by the STEP/RUN/TAPE selector switch on the Console.
Positioning the switch in one of three positions will select the Mode of Operation in which the Processor will run. Although
the selector switch will always indicate one of the three Modes of Operation, the Mode selected has significance only when
the Processor is in the Running State. Refer to Console Logic for an explanation of the selector switch positions. Figure II-19
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illustrates the logic on Card F (Processor) which decodes the output of the selector switch. RUN . . . F. is true when the
switch is in the RUN position. MTR . . . F. is true when the selector switch is in the TAPE position. When the selector switch
is in the STEP position, neither RUN || | F1 nor MTR || | F. is true; however, both SNGMODCO and RUNMODCOQ are true
thus providing a return to the Halt state upon completion of executing one Micro. Operations which can be performed when
the Processor is in the halt State do not require a specified mode to be true.

SNGMODCO

N

[

j"/\ RUN_. . Fi
N

RUNMODCO

12~
Fig. II-19 MODE OF OPERATION
SEQUENCER (Refer to Figure 11-20)

A Sequencer consisting primarily of five flip-flops, is provided to control the execution of the Micro Operators. The
Sequencer is located on Processor Card F (1-5). Each Micro, when executed, requires at least two clock periods (4 MHz clock)
and up to and including as many as ten clock periods (4 MHz clock) for the 7D Micro, and an infinitive number of clock
periods for the execution of the 3F Micro depending on its use. An infinitive number of clock periods also occurs when
assembling the U-Register from Cassette.

The five flip-flops are shown in Figure I1-22 which illustrates the Sequencer and Finish Logic. As the individual Micros
when executed require different number of clock periods to “FINISH, the pattern of the states that the five flip-flops will
be set to is dependent therefore on the particular Micro being executed. The pattern of “states” the flip-flops will enter when
the Processor is halted is illustrated in Figure II-20.

HALT STATE

Assuming all five flip-flops of the Sequencer are initially reset, the flip-flops will produce the pattern of states as
illustrated when the Processor is halted. With reference to Figure [1-22 with TC/ ... F1 * TD/ ... F1 true, the trailing edge of
the first SCPMS8 . F. clock pulse (8 MHx) sets the TA . ... F1 flip-flop. The trailing edge of the next clock pulse sets TB . . ..
FO and the trailing edge of the next clock pulse sets TC . . .. F1. During the two SCPMS . F. clock periods prior to when TB .

. FO is set, the 1/8 Decoder (DFAN) at J6 zero bit output (SO . .. F.) is true. This establishes the SO time.

When TB . ... FO is set, the DFAN’s ones output at L7and J6 (S1....D.and S1 .. ..F. respectively are true. This
establishes the S1 time. The S1 .. .. D. output is an input to one leg of an AND gate located at K4. Assuming neither MIC .
3FFO nor MIC . 7DD is true, SIMIC . F. will be true at S1 time. This true is applied to the zeroes input bit position of the
MFAN located at K5. The Priority Encoder (EFAN) at J4 is used to establish an address for the 8 Input Multiplexor (MFAN).
When the Processor is halted, the EFAN’s outputs will be false, therefore addressing the zero input to the MFAN. With a true
at the zero input to the MFAN, the output FINISHDO is true when S1 time occurs.

SCPMB.F. Wm

SCPMA.F. I 1 T 1 [ 1 1 1 I | I
TA....F1 [ | I | LT 1
T8... FO M
TC....F1 1 — L
TD....FO
['so . F [s1....p Iso... F. I'si....p Iso....D Is1

FINISHDO _-__J'_—_L_____I'—"_l___..__l_—__\———

Fig. 1120 SEQUENCEER “HALT STATE”

FINISHDO * SCPM4 . F. are the AND-ed inputs to buffer BHA2 at I5 which produces Sequence Reset (SEQRSTF).

The trating edge of the next SCPM¥ | F, clock puise that finds SEQRSTF true, will cause the TA, 1B, 1Cand I'D....tn
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Flip-flops to reset. SEQRSTF is the D-set mode input to these four flip-flops. Therefore, in the Halt mode, the Sequencer will
produce SO ...S1...S0...S1 pattern.

The pattern of “states” the flip-flops might reach assuming a free running type of operation are illustrated in Figure
II-21.

MAXIMUM COUNT

The maximum count of the Sequencer shown in Figure I1-21 illustrates the maximum number of discrete states in
which the Sequencer can be set to. It should be noted that this timing diagram does not indicate the states of any particular
Micro, but only the total or maximum count possible if the sequencer were allowed to “Free Run.” The particular sequence
which is followed for each of the Micros is given in the explanation of the execution of the individual Micros.

1 3 7 15 14 12 8 0 1 3 7 15 19 1 8 0 1
SCPMBF. 1 1Ll L i L L rrer e
SCPMA4.F. 1 1 [ | 1 I | I ] [ L I L [
TA...... F1 [ | Iy ml —
TB...... FO I ml | ]
TC...... F1 N 1 M| m
TD...... FO [ 1 ] ]
M so.F T s1..0. T s2.D ! s3..D. | sa.D | ss.pD. ' S6..F | S7..D. ISO..F
T0-7...... F1f "FIRST SEQUENCE” 1 T
T8-15.... FO| J “SECOND SEQUENCE” [ S
T TOT1T2F. T3..F] T4T5T6F. Fry...F] T8910F1 1 Fl T12T4F. fris.FIroT1T2F
I I T2T3T4D. | TA/..... 0. |
[TO | TV | T2 { T3 | T4 [ T5 | T6 | T7 | T8 | T9 | T1I0 | T11 | Ti2|T13 | T4 | T5 | 70 | T
SEQUENCER "MAXIMUM COUNT"
Fig. 1I-21 SRQUENCER “MAXIMUM COUNT”
SEQUENCER LOGIC

Sequencer logic is illustrated in Figure II-22. The state of the flip-flop (FFAO) located at H3, determines whether the
Sequencer is in the “first sequence” or the “second sequence”. Those Micros requiring up to a maximum of 4 clock periods
(4MHz) to execute, will cause the Sequencer to sequence only in the “first sequence” (S0, S1, S2 & S3). Longer Micros will
cause the Sequencer to enter the “second sequence” (S487), and some of the longer Micros will cause the sequence to repeat
before the Micro is finished. Each of the eight 4MHz clock periods (SO thru S7) is divided into two 8MHz clock periods (TO
thru T15). The logic also produces terms such as T4T5T6F. which indicates the time from the beginning of T4 to the termi-
nation of T6. The “S” and “T”” outputs of the Sequencer and its associated logic are used to control and perform the
individual functions to occur when a Micro is executed.

FINISHDO

Each Micro when executed, and upon completion of its execution, will produce the term FINISHDO. The function of
FINISHDO is to basically indi:ate the current Micro executing is finished, thereby allowing the next Micro to be executed to
be gated to the M-Register for execution.

An exception to this general rule of FINISHDO is when the U-Register is sourced either in the RUN or MTR mode.
During this time, although the Micro executing will require an infinitive number of clock periods to “finish”, a HOLD . . F.
Flip-flop is provided to force “Machine or pseudo NO-OPs” which in turn allows FINISHDO to occur. FINISHDO is required
to occur often so a refresh of S-Memory can occur when necessary. In reference to Figure 11-22, Sequencer & Finish Logic,
when FINISHDO is true, and a SCPM + . F. pulse is present, buffer BHA2 at I5 will output a true which in turn resets the
Sequencer to effectively the SO & TO states in preparation of sequencing the next Micro.
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FINISH LOGIC

Logic that develops FINISHDO is shown in Figure II-22. A Priority Encoder (EFAN) located at J4 is used to establish
an address which then points to a particular input of an 8 Input Multiplexor (MFAN) at K5. When the input (SM . ...J.) to
the MFAN is true which is currently pointed to the address generated in the EFAN (J4) then FINISHDO is true. If for
example the 5 bit position input to the Encoder (MIC . 5DD.) is true, then FIN2 . . D. * FINO . . D. will be true and FIN1 . .
D. will be false. If at this time the 5 bit position input to the MFAN (S5 .. ..D.) is true, the output FINISHDO will be true.
The conditions which cause the six inputs to the Priority Encoder (EFAN) at J4 to be true are stated on the following pages.
When none of the inputs to the Priority Encoder are true, the three outputs (FIN2 thru O . . D.) will be false. This effectively
addresses the zero input to the MFAN, which will be true when SIMIC . F. is true. During the execution of a two clock period
Micro, address zero will be pointed at which will then cause FINISHDO to come true during the second clock period (S1
time).

SEQUENCER-FINISHDO

In summary, the Sequencer will continually change from states SO-S1-S0-S1..... etc., indicating FINISHDO is
occurring at every S1 time unless a Micro is currently executing which, through the decoding illustrated in Figure 1122,
prevent FINISHDO from occurring. When this occurs, the Sequencer will then be incremented beyond SO & S1 times to S2
time etc. until the Micro is to “finish”.

SEQUENCER INPUT TERMS AND DEFINITIONS

The following terms are the result of decoding logic and will when true allow the T and S Counter to change states.
They are defined as follows:

MIC . 3FF . 3F Micro

MIC . 7DF. 7D Micro

MIC . SDF. 5D Micro

07C .. 1F. 7C Micro

S3....F. 7C Micro

S3....F. TB....FO*TD....F0 *T8-15.F0/

T9....F. TA....F1*T815. F0O*TD....F0/*TB....FO/

RD+WR . FO Console switches set to READ or WRITE and Read/Write Depressed
T13...F. S6....F.*TA/ ... Fl

FINISHDO INPUT TERMS AND DEFINITIONS

The following six input levels to the EFAN at J4 will when true produce an address used to determine when FINISHDO
is to occur. The basic conditions which must be true to generate these terms is stated to the right of each term as follows:

07C...D. 7C Micro exposed to the Micro Distribution Bus.
MIC . 5DD. 5D Micro exposed to the Micro Distribution Bus.
ENS4 ..D. Processor in Halt Mode, Register Group & Select Switches are set to 15 & 2 respectively (Write from

Console) and the Read/Write Button is depressed (one clock period).
+Processor in Halt Mode, Register Group & Select Switches are set to 14 & 2 respectively (Read to
Console) and the Read/Write Button is depressed (one clock period).
+7D Micro exposed to the Micro Distribution Bus and the Repeat Flip-Flop is reset.
ENS3..D. 6D Micro exposed to the Micro Distribution Bus.
+8D Micro exposed to the Micro Distribution Bus.
+9C Micro exposed to the Micro Distribution Bus and MTR/.
+3F Micro exposed to the Micro Distribution Bus and MSBX . TO is true.
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ENS2..D. 3,4, 5 or 6C Micro and Register is BICN and CREG05BC (BCDY’
+1 or2C (P R) and Source is SUM or DIFF and CREGO5BC (BCD)
+1Cor2C (P R) and Register is BICN and CREGO5BC (BCD)
+10C
+11C
+4D
+5D
+145C
ENS1..D. UFULL . E) (Indicates +3F Micro and FL=0)

HOLD FLIP-FLOP

The function of the Hold Flip-Flip is to cause certain functions to occur depending on the particular operations taking
place.

RESET-HOLD ./FO (TRUE)

The specific functions of the level HOLD./FO are as follows:

1.  Enables setting the MFETCHFO Flip-Flop. The MFETCHFO level is used basically to cause the S-Memory Distribution
Logic to send a MAR(A) address to the four Memory Modules. Modification of the address is disabled; therefore, during
MFETCH operations, Bytes 0, 1, 2, and 3 of one word address are read from S-Memory. Run Mode only.

2. MFETCHFO also causes the ML-Register to be in the D-set Mode providing Granted Refresh (GRF ... CO) is not true.
With the ML-Register in the D-Set mode the next Micro to be executed in the M-Reg which is fetched during a
concurrent MFETCH operation, is allowed to be set in the ML-Register. This has significance in the RUN Mode only.

3. Enables incrementing the MAR(A) address by 1 (MAR+1.F0). MAR+1.FO effectively increments the MAR(A) address
by a bit address of 16. This points to the next Micro to be read from S-Memory during a MFETCH operation. (Run
Mode only)

4.  Enables gating the contents of the ML-Register to the M-Register in the RUN Mode. (M-<—ML+UFO)
5.  Enables gating the contents of the M-Register to the Micro operator Bus. RUN or TAPE Mode.

Although HOLD./FO enables the five preceding functions to occur, the functions are also dependent on other Control
levels. Figure [1-23 illustrates the logic used to set and/or reset the HOLD . . F. Flip-flop. Assuming the General Processor
Clear Button has been depressed, the HOLD . . F. Flip-flop is reset and HOLD./FO is true. The five basic functions listed of
HOLD./FO0 will occur without interruption, thus Micros are fetched from S-Memory during MFETCH operations, the Memory
Address Register (MAR(A)) is incremented by 1 for each Micro fetched, the Micro fetched and temporaraily stored in the
Micro Latch Register (MLR) is gated to the M-Register for execution and the Micro in the M-Register is exposed to the Micro
Distribution Bus for decoding and execution. Certain operations however require that the normal sequence stated above be

Micros.

SET -- HOLD. . F. (TRUE)

The function of the HOLD . . F. Flip-flop is to allow a refresh of S-Memory to occur when operations within the system
are occurring which do not follow the normal principles of operation. The “normal” operation referred to is that each micro
executed will finish within a limited number of clock periods thus allowing a refresh of S-Memory to occur. When the
U-Register is sourced either in the RUN or TAPE mode, considerable time is required to assemble 16 bits of information in
the U-Register. So as not to disable “FINSHDO” from occurring until the U-Register is full (completely assembled) the
HOLD . . F. flip-flop provides a means whereby the current Micro executing is held in the M-Register and Machine or °
pseudo NO-OPs are forced each being two clock periods in length and each generating a FINISHDO pulse. This insures a
refresh of S-Memory can occur when necessary.

The specific functions of HOLD . . F. is as foliows:

1. HOLD..F. when true will cause the MFETCHFO Flip-flop to be reset at SI time. This disables the S-Memory Distri-

bution logic from sending a MAR(A) address to the four memory modules, RIIN mode only,
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In addition when the MEETCHFO flip-flop is reset the ML-Register is no longer in the D-set Mode but rather in the
No-Action Mode. Therefore, the contents of the ML-Register will remain unchanged unless a General Processor clear
should occur. With the contents of the ML-Register “locked in” the next Micro to be executed which was fetched
from S-Memory, is held in the ML-Register. RUN Mode only.

GPCLR.F.
MTR. . . F .
FINISHDO |9 \WAIT FF.
RUNHLDF.
WAIT. . F.  [] HOLD. .F .
1F7 | >
G8
UFULL.EQ F/F
SR HOLD./FO
5 ‘
FINISHDO
SCPM4.F. ‘
UFULL.EQ
waLtsE. [ WAIT.F.
|t |
e GPCLR F.
5 N SETRPTF. REPEATF1 -
SO. . . .F. RSTRDTF. FF REPEA.F.
>
MIC.7DF. 6
I__ SCPMA4.F. |
)

S1. . (2F.

_/
UFULL.EQ 8 :

Fig. II-23 HOLD./FO & REPEATF1 CONTROL LOGIC

REPEAT FLIP/FLOP

The Repeat Flip-Flop (REPEATF1) is used during the execution of a 7D Micro or a 1C or 2C Micro with the U

Register designated as the source. The Repeat Flip-flop is also used during the MTR mode at SO time when the 9C Micro
is executing. A detailed explanation follows. The Repeat Flip-Flop logic is illustrated in Figure I1-23.

1.

When the 7D Micro (Exchange Double Pad Word) is executed, as the JD Micro requires 10 clock periods to complete,
REPEATF 1 is set at the trailing edge of the first “S0” time will disable FINISHDO from occurring until “S4” time and
of the second sequence. Note the sequence will set to S0, S1, S2, S3, $4, S0, S1, 82, S3 and S4 during the execution
of the 7D Micro FINISHDO will not occur until the second S4 time occurs. REPEATF1 is reset at the trailing edge of
the second “S0” time.

When MTR Mode is true, the 9C Micro is currently executing at “S0” time. WAIT . . F. provides for setting
REPEATF]1 at this time. With REPEATF1 set, when the 16 LSB of the literal are assembled in the U-Register
(Indicated by UFULL .FO) HOLD ./FO is forced true thus “exposing” the 9C Micro for executjon. As both
REPEATF1 and HOLD . . F. are set, at the trailing edge of “S0”” time, FINISHDO which will occur at S1 time will
not find the 9C Micro currently executing but rather a Machine or pseudo NO-OP due to HOLD ./FO being false.
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3. When in the RUN Mode and either the 1C or 2C Micro is executed with the U-Register designated as source (USOR . . F.),
WAIT . . F. is also true which causes the REPEATF | flip-flop to be set at the trailing edge of ““S0” time. The source
data of either the 1C or 2C Micro being the U-Registers contents is not immediately available. With the REPEATF1
flip-flop set, when the U-Register data is available (UFULL .E0) HOLD ./FO is forced true, thus “exposing” either the
1C or 2C Micro for execution. Note that as “S0” time is used to set REPEATF1 and HOLD . . F., FINISHDO which
would occur during S1 time will not find the 1C or 2C Micro currently executing but rather a Machine or pseudo
NO-OP due to HOLD ./FO being false.

REPEAT AND HOLD F/F INPUT TERMS & DEFINITIONS

The input levels to the HOLD . F. and REPEATF1 flip-flops are defined as follows:

WAIT . FF.

i.  MTR...F.indicates that the Processor is in the MTR mode.

2. FINISHDO indicates a Micro read from tape and assembled in the U-Register has been transferred to the M-Register
and has completed its execution.

3. RUNHLDF indicates that the Processor is Running and HOLD ./F0 is true.

4.  During a Cassette operation, HOLD ./F0 will be true when the U-Register is completely assembled. (UFULL .EOT
FINISHDO).

FINISHDO is generated as the result of the Machine or Pseudo No-OPs which are forced during the assembling of data
in the U-Register from Cassette.

In summary a Micro from tape has been executed and because MTR Mode is ture, the HOLD . . F. flip-flop must be set
which causes HOLD ./FO to be false thus forcing NO-OPs, until the next Micro is read and assembled from tape.

WAIT .. F

WAIT . . F. when true indicates the 9C Micro, Move 24 Bit Literal has been read from tape (TAPE Mode) and gated to
the M-Register for execution. SO ....F. indicates the first clock period of the execution of this 9C Micro. The 16 LSB’s of
the literal are the next 16 Bits of information to be read from tape; therefore, the HOLD . . F. flip-flop is set thus disabling
HOLD . /FO from exposing the 9C Micro to the Micro Distribution Bus for execution. This forces a Machine or Pseudo
NO-OP to Finish at S1 time followed by many 2 clock pseudo NO-OPs during the assembling of the 16 LSB of the literal.
The REPEATF1 flip-flop is also set with WAIT .. F. When UFULL . EO occurs with REPEATF1 true, this indicates that the
U-Register has 16 bits of information completely assembled. HOLD ./F0 is forced true via Buffer G7 to insure that the 9C
Micro “held in the M-Register” is exposed immediately and executed. Gate 4 will effectively cause the same actions to
occur as did gate 3. Gate 4 is used in the RUN mode when the U-Register is sourced. In this case the Micro executed which
caused USOR . . F. to be true must be held in the M-Register while Machine or Pseudo No-OPs are torced, during the
assembling of the U-Register Information.
UFULL . E0  indicates the U-Register is {uil. “16 Bits of information.”
FINISHDG  refer to FINISHDO explanation
MTR ...F. MTR Mode. When the Prcoessor is running, Micros are read from tape, assembled in the U-Register and

executed in the M-Register.
USOR ..F. The Processor is in the Run Mode and either the 1C or 2C Micro is executing in the M-Register with the
U-Register designated as source.

RUNS .. FQ The processor is running (The Start Pushbutton has been depressed).
09C....F. The 9C Micro is in the M-Register and is currently executing.
SO....F. “S0” time of the Sequencer
MIC . 7DF . The 7D Micro (Exchange Double Pad Word) is in the M-Register and is currently executing.
S1...2F. “S1” time of the Sequencer
HALTS . F. The processor is halted.
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ML ENBLFO (MEMORY LATCH ENABLE)

The function of MLENBLFO is to enable “reading” the contents of the ML-Register. The contents of the ML-Register
read is normally a 16-Bit Micro which is to be set into the M-Register. During the execution of the 9C Micro (RUN or STEP
Mode) the information read will be the 16 LSB of the 24-bit literal. In addition to MLENBLFO, the status of MLCONTHO will
determine which 16 bits of the 32-bit ML-Register is read. Refer to ML-Register explanation for details.

FUNCTIONAL DETAIL

The logic that develops MLENBLFO is illustrated in Figure I1-24. MTR/ .. F1 insures a read of the ML-Register can
occur only in the RUN or STEP Mode. Gate GFF1 at location H7 enables reading the 16 LSB of the lietral during the execu-
tion of the 9C Micro. These 16 LSB are gated to the 16 LSB of the Main Exchange at TD . . . . FO time (S2 and S3 time).
Note a Machine NO-OP is forced upon completion of the 4 clock 9C micro as the M-Register is cleared. A MFETCH operation
occurs during the NO-OP to fetch the next Micro for execution.

Gate GFFO at location H7 enables reading the ML-Register as follows:
A. RUNS..F0 indicates the Processor is Running “the Start Button has been Depressed.”
B. HU/FINF . indicates HOLD . /FO * UFUL ./ . F * FINISHDO are true. Refer to the MSTARTFO explanation

Figure I1-25, Gate 2.
F1
ASNK. . F
BHAS
4C5CBRF . Fi
BHA2
BRANCHF. F1
BHA3
i
CALL. . . F
BHA4
REG. . . GO
SKIP. . F .
GFFO
9C. ... F
D FO R
e Heé P

GFF1
BHAZ?
MTR/. . F1

Fig. 1124 “MLR” CONTROL LOGIC

C. M<—ML .. F .indicates none of the OR-ed inputs to the Inverter at F8 are true. The “OR-ed” inputs when all false
indicate the Micro currently executing is not one which requires a Branch or Skip to a “new’ MAR(A) address but
rather one which allows the execution of the next in line MICRO fetch from S-Memory during a MFETCH operation.
This next in line MICRO is in the ML-Register when FINISHDO occurs. A Refresh S-Memory operation will also dis-
able M=—MLI1 . F . and therefore disable reading teh ML-Register contents. This effectively gates zeros to the M-Regis-
ter causing a 2 clock NO-OP to be executed during the refresh cycle. Note that RFG ... CO is the result of Demand
Refresh and FINISHDO. An exception to this is during the execution of the 3F Micro when a Refresh is required
before the 3F Micro is finished. Although M<—ML . . F . is still disabled, thus causing “zeros” to be at the output of
the ML-Register, the M-Register will not receive the zeros but will rather “hold” the 3F Micro until finished.
“M-=—ML+UFO will not be true until FINISHDO occurs.” Refer to the 3F Micro Timing for details.
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MSTARTFO

The function of Memory Start (MSTARTFO) is to initiate an S-Memory Read or Write cycle. The MSTARTFO logic is
located on Processor Card F (A Q\ MSTARTFQ is an output to Processor Card K {4.4\ and triggers an S-Memory cycle.

QCESSOI LalCG T NS I ANRITU IS 4l OV wall N alll liggeis d

Refer to Memory Base Tlmlng.
The following condition will cause an S-Memory cycle to be initiated via MSTARTFO (Refer to Figure I1-25)

1. A Memory Refresh Cycle granted will generate a memory cycle via RFG . . . CO (gate 6 Figure II-25). Refer to
memory refresh explanation for generation of RFG .. CO.

2. SETRUNEF . (Gate 5) is true when the Start Button has been depressed (START . CO), FINISHDO is true, and a
refresh cycle is not in progress (DRF/ . . F .). SETRUNF . is also the set input to the RUN/HALT flip-flop which
indicates whether the Processor is in the RUN or HALT State. When the Processor enters the RUN state, the contents
of the M-Register is executed. By generating MSTARTFO with SETRUNF . a MFETCH operation is initiated at the
same time the Processor enters the Running State. This MFETCH operation is concurrent with the execution of the
Micro in the M-Register which is executed when Start is depressed. The MFETCH operation which occurs has signi-
ficance only in the RUN or STEP Mode as MTR mode true will disable reading the ML-Register contents to the
M-Register (MLENBLFO is held false when in the MTR Mode). Note that the Memory read data, present as the
result of the MFETCH operation is latched into the ML-Register prior to being gated to the M-Register. When
the Processor is in the MTR Mode, because the contents of the M-Register is initially executed, it is essential that
the M-Register be cleared prior to depressing Start.

UFULL.FO

RUNS..FO

HOLD.'FO )—‘
MTR. ./ F . RUNHLDF .
=1\ wmrrem Y\ MSTARTE. MSTARTFO -
FINISHDO / 5 )_MFETCHF. Ly 8

HU/F INF.

07C. . . F .

3
$2.. . F.

) :1.T.2F. 3__
[\

FINISHDQ

HOLD/FQ | SETRUNF.
— 4

FG. . . )
RFG CO 6

Fig. I1-25 “M” START

w

Executing a Read or Write Memory operation via the console will enable Gate 4 at S1 time.

4. Gate 1 Figure I1-25 is used to generate MFETCH operations when the Processor is in the RUN Mode only. RUNHLDF .
true indicates the Processor is running (RUNS . . FO) and that the Micro executing is not one that is held in the
M-Register (HOLD . /F0) wile Machine NO-UF's are forced. The exception 1o this is if REPEATF I and UFULL . E0
are true which forces HOLD . /FO true. At this time the U-Register is being sourced via the 1C or 2C Micro, U-Register

P e I B e e g U I Y
Id L UL (CULLIPITLEOLY daddCIHUICU ).
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5.  The significance of UFULL . EQ * REPEATF1 causing HOLD . /FO to be true is to expose the Micro in the M-Register
for execution only. Gate 2 via HU/FINF . being false at this time prevents a MEFETCH operation from being initiated
as the next Micro to be executed has been fetched from S-Memory and is “latched” in the ML-Register. Gate 2 indicates
FINISHDO is true and MTR Mode is false (MTRFINF .) and HOLD . /FO, UFUL/ . EO, & FINISHDO are true
(HU/FINF .). This logic causes a MFETCH operation to be initiated at the same time the Micro in the ML Register is
transferred to the M-Register for execution. The MFETCH operation is initiated at SO time. In the case where the
U-Register is sourced via the execution of either the 1C or 2C Micro (RUN Mode), REPEATF1 * UFULL . EQ force
the rest output of the HOLD . . FQ Flip/flop (HOLD . /FO) true, a machine or pseudo NO-OP is forced at the com-
pletion of the execution of the 1C or 2C Micro as the M-Register is cleared and the next Micro to be executed (in the
ML-Register) is not gated to the M-Register. When execution of the 2 clock pseudo NO-OP is complete, an MFETCH
operation will be initiated which is at the same time as the micro held in the ML register is transferred to the M register
for execution. Gate 3 indicates the 7C Micro (Read or Write Memory) is executing. The MFETCH operation to
Fetch the next Micro occurs during SO and S1 time via Gate 2 and 1. The memory read or write cycle generated via
gate 3 at “S2” time is the S-Memory read or write “data” cycle.

MFETCH .FO F/F

The function of the MFETCHFO flip/flop when set is to enable the ML-Register in the D-Set Mode. With the ML-Regis-
ter in the D-Set Mode, the Memory Read Data gated to the input of the ML-Register as the result of a MFETCH operation will
be “latched” into the ML-Register. MFETCHFO when true also causes the S-Memory Distribution logic to send a MAR(A)
address to the four Memory Modules. Address Modification is disabled during MFETCH operations, Bytes 0, 1, 2, and 3 of
one word address are read from S-Memory.

THEORY OF OPERATION

In order for the above functions to occur MFETCHFO must be true. Many of the Micros executed are 2 clock periods
in duration which indicates FINISHDO will occur at S1 time. When a string of 2 clock Micros is executed the MFETCHFO
flip/flop will remain set thereby allowing concurrent MFETCH operations during the execution of each of these 2 clock
Micros. The input logic to set and reset the MFETCHFO F/F has significance when a Micro is executed which requires more
than 2 clock periods. Assuming the Processor is either in the RUN or STEP Mode, an MFETCH operation will occur during
the first two clock periods (SO and S1 time) of all Micros executed. When a Micro is executed requiring more than two clock
periods, the MFETCHFOQ F/F will be reset, thus disabling the functions of the flip-flops which have been stated above for the
remaining clock periods of the longer Micro. When the longer Micro does FINISH, the MFETCH Fiip-flop is again set.

When it is necessary to do a Memory Refresh the S-Memory Distribution logic uses the level MFETCHFO to disable
address modification and to send a refresh address to all four Memory Modules — refer to S-Memory section for details.

FUNCTIONAL DETAIL
The logic that develops MFETCHFO is shown in Figure 11-26. A detailed explanation follows.

SETRUNF . (F7) occurs during S1 time when the Start Button has been depressed. Setting the MFETCHFO F/F at this
time insures the fore-going functions of MEETCHFO will occur. Note that setting the MFETCHFO F/F
via SETRUNF . has significance only in the STEP or RUN Mode. In the MTR Mode, although the functions
stated occur, the contents of the ML-Register is not gated to the M-Register for execution.

HU/FINF The output of Gate GFJO at F8 (HU/ . FINF) provides for setting the MFETCHFO F/F at the completion
of each Micro when FINISHDO is true with the following exception. In the case of Cassette operations
whereby the U-Register is sourced via execution of the 1C or 2C Micro, the status of the level UFUL . [ . F
is sensed. When the U-Register is full, UFULL . EO is true and UFUL . / . F will be false. During the 2
clock periods when UFUL . / . F is false the 1C or 2C Micro is exposed for execution as HOLD . /FO will be
true. A MFETCH operation is not desired at this time as the next Micro to be executed has already been
fetched from S-Memory and is latched in the ML-Register. When the 1C or 2C Micro finishes, a 2 clock
machine or pseudo NO-OP is forced which clears the M-Register. When the 2 clock NO OP finishes,
gate GFJO at F8 will be enabled and the MFETCHFO F/F will be set thus enabling gating the MFETCH
read data to the ML-Register.
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SETFETCF . During 2 clock Micros, Gate 2 will output a true at S1 time thus gate 1 is disabled and MFETCHFO remains
true. When Finish does not occur at S1 time, gate 2 outputs a false thus gate 1’s output is true and the
MFETCHFO F/F is reset.

SETHLTF SETHLTF . is true when FINISHDO occurs and any condition is true that will cause the Processor to be
halted. SETHLTF . has major significance when a 2 clock Micro is executed as longer Micros will cause
MFETCHFO to be reset at S1 time via Inverter 1’s output being true. When a halt of the Processor is
indicated the next Micro to be executed when the Processor is again started is in the M-Register and
depressing the start button will cause the next MFETCH operation to occur at that time.

HOLD..F. The HOLD . . F . input to gate 1 is redundant as the HOLD . /FO intput to gate GFJO at F8 serves
all its functions.

RFG...CO RFG ... CO true indicates a refresh of S-Memory is to occur. MFETCHFO is set at this time to disable
Address Modification and enable the S-Memory Distribution logic to send a refresh address to the four
Memory Modules.

GPCLR . F. GPCLR . F . (General Processor Clear) is the D-Mode enable to the MFETCHFO F/F. When true, the
trailing edge of the next system clock (SCPM4 . F .) will reset MFETCHFO as the D-Mode Input is not
used (always false).

RSFETCF . When a Micro is executed which requires more than 2 clock periods to finish the MFETCHFO F/F will be
reset via Gate 1 by using “S1” time as one input. As the basic principle of operation is that only one
MFETCH operation occurs during the execution of one Micro, resetting MFETCHFO at S1 time insures
that only one MFETCH operation will occur.

HU/FINF o
_SETRUNF. | F7 N
7 GPCLR.F.
FINISHDO
HOLD./FO h 2 STFETCF. MFETCH.FO .
G8 o
UFUL/F , | J RUNS.FO S1. . .1F.
1
RFG. . .CO 7 RFG. . F. , )
SCPA4.F
SETHLTF D_
HOLD. .F.
Fig. 1-26 M FETCH FO LOGIC
MSINK . FO

The function of MSINK . FO is to enable gating the MAIN 24-Bit Exchange (Bits 00 through 15 only) to the inputs of
the M-Register. This gating is on Processor Card E (5-5). Note that when the M-Register is the Destination Register the next
upcoming Micro to be executed in the M-Register is OR-ed with the source Data. The logic for MSINK . FO is on Processor
Card F (2-5). The M-Register is on Processor Card E (5-5).
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The Micros which when executed allow the MEX to be gated to the M-Register are as follows: Refer to Figure II-27.

1C Micro and the M-Register is designated as Sink (gate GFJO at Location F2).

2C or 10C Micro and the M-Register is designated as SINK (Gate GFJ1 at Location F2). Note that the input
05D . ...F1 indicates MOP Bits 8 and 10 (M-Register) and 2 SNK . . D1 indicates the 2C Micro (R<—P) or the 10C Micro.
2 SNK .. D1 is also true when the 8C or 9C Micro is executed; however, this has significance when TAS or MAR(A) is desig-
nated as the Destination register. The M-Register is not permitted as sink during the execution of the 8C or 9C Micro by
software rule.

In the HALT State, when the Selector Switch is set to the M-Register MSINK . FO is true when MTRFINF . is true
(gate GFJO at Loc. F2) if the Load Button is depressed. Depressing Load will gate the value of the console switches, via the
Main 24-Bit Exchange (16LSB) to the M-Register. This is effectively the result of decoding the 1C Micro which is executed
in the HALT Mode. Depressing the Load Button causes the 1C Move NULL (Switches) to M to be executed. This will
generate MSINK . FO. Also M<—ML+UFO will be true when MSINK . FO * LOAD . . CO are true, which puts the M-Register
in the D-set Mode.

ASNK . . F.

The function of ASNK . . F . is to enable gating the contents of the Main 24-Bit Exchange (Bits 18-00) to the input of
the MAR(A) Register (Bits 18-00 respectively). ASNK .. F . causes the MAR(A) register to be in the D-set Mode. The logic
that develops ASNK . . F . is shown in Figure II-27. Note that both the above functions occur when FINISHDO is true.

The logic to develop ASNK . . F . is on Processor Card F (2-5) and the MAR(A) control decoding is on Card F (5-5).
The MAR(A) Register and further control decoding is on Processor Card H.

ASNK . . F . disables MLENBLFQ and MAR+1.F0 from coming true at Finish time. MLENBLFO false disables “reading”
the ML-Register to the M-Register. This is necessary to disable gating the next upcoming Micro to the M-Register. Note that
MAR(A) designated as “Sink” indicates the next Micro to be executed is located at another address in S-Memory. MAR+1.FO
false disables upcounting the MAR(A) address by a bit value of 16.

The MICROS which when executed generates ASNK . . F . are as follows:
1C Micro and MAR(A) is

1C Micro and MAR(A) is sink (gate GFJO at location DO)

2C (R=—P), 10C, 8C or 9C Micro and MAR(A) is sink (gate GFJ1 at Location DO via 2SNK . . D1)

Note that 04D . . . F1 indicates Register Group 4, MAR(A).

In the HALT State when the Load Button is depressed, ASNK . . F . is true via gate GFJO at DO if the selector switch

is set to MAR(A).

SNKTASD .

The function of SNKTASD . is to enable using the value contained in the Stack Pointer (TAS) to address the A-Stack
during either Read or Write A-Stack operations.

FUNCTIONAL DETAIL
The generation logic of SNKTASD . is on Processor Card D (4-6), see Figure 11-27, as well as the gating of the Pointers
value to generate the Local Memory Address and Chip Select Levels. The Stack Pointer is on Card F (2-5).
The micros which when executed generate SNKTASD . with the A-Stack as the source or Sink are:
SINK ONLY
The 1C Micro and TAS is sink (gate GFJO at Location D2) and the 8C, 9C, 2C, or 10C Micro and TAS is
sink (Gate GFJ1 at Loc H3). Note the five foregoing Micros are ANDed with RUNS . . FO at gate 1 which therefore
indicates TAS cannot be a Sink Register during any console operations in the HALT State. The output of Gate 1
(TASNK . D .) is also ANDed with SINKENDI (Gate GFF1 at Loc. E4). SINKENDI has basically a timing function
to insure a write into TAS occurs at the correct time. Refer to the explanation of either the individual Micro timing
or SINKENDI1 for details. 145C Micro (Call Relative either Positive or Negative) generates CALL . . D . (gate GFFO
at Loc. E4). T3....D . hasa timing function. SINKEND . is also generated at T3 time, refer to the explanation of
either SINKEND . or Micro timing for more details.
SOURCE ONLY
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1C or 2C (P=+—R) Micro and TAS is source generates SOTAS . D. (gate GFJ2 at Loc. E1). SORENBD . has
basically a timing function to insure TAS is sourced at the proper time. Refer to Individual Micro Timing or
SORENBD . for details.

MTRFINF . Refer to Figure 11-27.

The function of MTRFINF . is to indicate FINISHDO is true and in addition the mode of operation is not MTR.
(Either RUN or STEP Mode will produce MTRFINF . when FINISHDO is true.

FUNCTIONAL DETAIL

In Figure II-27 MTRFINF . insures the M-Register cannot be the SINK Register when the Mode Switch is set to MTR.
Note this will disable a load M-Register operation in the HALT State, although the Mode of Operation has no primary

function at this time.
In addition MTRFINF . is used to generate a read of S-Memory during MFETCH operations (Refer to MSTARTFQ)
and it places the M-Register in the D-set Mode ready to receive the next Micro for execution (Refer to M=— ML+UFQ).

MTR../F
MTREINE.
.l
FINISHDO
MSINK.FO
08C...D0 H4 QIC.F. ] (M-REG IS SINKf
BHA1 | | 2EA..F.
05F...D1
09C..D. He |
-
BHA3 05D..F1
2EB...D. —
210C..D. BHA2 ZSNK..D1
;
|
|
n
> 01C..F. {MARIA] IS SINK)
10C..D. "—3:43\0*‘7 11D..F1 hp 2EA...F. 00
04F..D1 GFJO
02C..D.
e e 01C..D. ]
MGPOSBTO GF2 I 2EA..D. D2
11F.D. |
eFJo*{\1 TASNK.D1
RUNS..FO !
E4\ SITAS2D.
SINKEND1 J—FF”
SOTAS.D. R SITASID.
1\ sukTaso N
__SORENBD. | J (TAS IS SINK
OR SOURCE}
CALL.D.
—*———m
GFFO—

3D 4 JsiTasao,

Fig. 127 M — A — TAS SINK LOGIC
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MAR+1 . FO

The function of MAR+1 . FO is to cause MAR(A) to be incremented by a binary value of 16 which is an increment of
the 4th bit position of MAR(A). The output at the 4th bit position of MAR(A) is KBAO4 . H. An increment of MAR(A)
by “1” at the 4th bit position points the MAR(A) address to the location of the next Micro or in the case of executing the
9C Micro the 16 LSB of the 24-Bit Literal.

FUNCTIONAL DETAIL
The logic which causes MAR+1 . FO to occur is illustrated in Figure II-28. MAR+1 . F developed by the inputs to Gate
F4 provides the means to increment MAR(A) in the HALT State by depressing the Increment A pushbutton.
INCA..CO
Gate GFIO at location 19 provides the means to increment MAR(A) in either the STEP or RUN mode. A
refresh S-Memory cycle disables MAR+1 . FO from occurring.

AINC/ . F.
AINC/ . F . true indicates the Micro executing is not one which will result in a Branch to a new Micro at an
address other than that of the next upcoming Micro from S-Memory.

HU/FINF .

HU/FINF . is normally true (RUN or STEP Mode) when FINISHDO occurs. The significance of HU/FINF .
is when the U Register is sourced when executing either the 1C or 2C Micro (RUN Mode). When the U-Register is
assembled, the Micro held in the M-Register is exposed and executed. (HOLD/ . FO is forced true) At this time the
MAR(A) is not incremented as the ML-Register already has the next Micro available for execution. Following the 1C
or 2C Micro U as source a Machine or pseudo NO-OP is forced. This NO-OP will cause FINISHDO, and with HU/FINF .
true will then allow the MAR(A) address to be incremented. Refer to the Cassette Logic Timing “RUN” Mode and 1C
Micro (U-Register Source) for timing details.

ASNK_.F. F1 AINC._F, ! AINC/F. ™~
BHAS L T
GFi0
4C5CBRF. F1 RUNS..FO
BHA1 FINOK.F.
BRANCHF. | F1
BHA3 INCA..CO %
HALTSF. oo G9 MAR+1.FO
CALL.F. Fi FINISHDO BHAS
BHA4 ————————]_AAR+F.
EINISHDQ
RFG.CO [y, RFGRN/F. |G3
FJO

MTR/..F1

Fig. II-28 MAR+1.FO LOGIC
M-—ML+UFO0
The function of M=—ML+UFQ is to cause the M-Register to be in the D-set Mode. When the M-Register is in the

D-set Mode, the Micro gated to the inputs of the M-Register will be set in the M-Register with the trailing edge of the next
system clock pulse (CLK4 . . KO). When M<—ML+UFQ is false, the M-Register is in the Bit set Mode.
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FUNCTIONAL DETAIL

The logic which generates M<—ML+UFO is shown in Figure I1-29 and is defined as follows:

Three sources of Micros for inputs to the M-Register are available; therefore three control levels are shown:
M=—U...F ., M= MLMXF ., and M<—SWI . F . Each when true will cause M=—=ML+UFO to be true.

REPEA/E M ML+UF
S1. . .2F.
Fo U F GO M MLsUFD
UFULL.EQ ) IBHAO
MTR,  F
09C/. . F
MIREINE \ 19\ M HLMXF.
|/ ['_BLLN.BLL__/GFH
—HOLD/FD  — MSI4KFO.
RUNS. FO . M_SUILF.
—_— LOAD. . cO D__

Fig. 1229 M ML+UFO GENERATION LOGIC

M=—U...F .is true when the contents of the U-Register is to be gated to the M-Register. Note this is done only in
the MTR Mode. Refer to Cassette Logic timing for details.

M-<—MLMXF . is true when the ML-Register or the ML-Register and Main 24-Bit Exchange is to be gated to the
M-Register. Note that when the 9C Micro is executed, M<—ML+UFO0 will not be true when FINISHDO occurs as the con-
tents of the ML-Register at this time is the 16LSB of the 24-bit literal. The 9C Micro is followed by a Machine or pseudo
NO-OP as the M-Register is cleared. During the NO-OP the next Micro to be executed is fetched during a MFETCH operation.

M=—SWI . F . is true when the M-Register is selected on the Console Register Select Switch and the load timing button
is depressed. This allows gating the bit configuration selected by the console switches via the Main 24-Bit Exchange to the
M-Register.

CNTUD . F . and CNTDN . F1

The function of CNTUD . F . and CNTDN . F1 is to either put the A-Stack Pointer in the ADD or Subtract Mode.
CNTUD . F1

CNTUD . F1 true causes both 3-bit registers of the A-Stack Pointer to be in the ADD Mode.
CNTUD . F1 and CNTDN . F1

CNTUD . F1 and CNTDN . F1 true causes both 3-bit registers of the A-Stack Pointer to be in the Subtract
Mode.

THEORY OF OPERATION

CNTUD . Fl and CNTDN . F1 . logic is shown in Figure II-30. When the top of the A-Stack (TAS) is sourced, source
TAS (SOTAS . F .)is true. Either the 1C or 2C Micro (21CM5 /F .) will cause a decrement of the Stack Pointer to occur
when FINISHDO is true. This is effectively a decrement after Read.

When the top of the A Stack (TAS) is designated as Sink then TAS Sink (TASNK . D1) is true and at SO time the Stack
Pointer is incremented. This therefore causes an increment before write to occur.

When the 145 C Micro (Call Relative) either positive 14C or negative 15C is executed, in addition to branching to a new
MAR(A) address the address of the next in line Micro is Stored in TAS. As this is a write TAS operation the write occurs
after the Increment at SO time.
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_SQIAS_.L..__X
_/

o )

CNTUD.F1

_D

21CMS5/F.

CNTDNF1

~
_ENisHDO ] S

Fig. II30 CNTUD.F1 & CNTIDNF1

LOCAL MEMORY SOURCE AND SINK ENABLE

The function of the Source and Sink Enable levels (SORENBD . and SINKEND . or SINKENDI1 respectively) is to
enable the Micro decoding logic to generate the source and/or Sink addresses and chip select levels for storage areas within

Local Memory.

The source enable (SORENBD .) is normally true as any move operation would require a source before sink. It is
therefore the function of logic to cause SORENBD . to go false and SINKEND . and SINKEND]1 to go true at the proper
time. Note that all inputs in Figure II-31 are controlled by “T”” times.

LOCAL MEMORY SOURCE AND SINK ENABLE INPUT TERMS

The following list of terms control the Source and Sink Enable levels generated which are used to address Local Memory.
Each is defined as follows:

TASNK . D1
01C...D

1EA...Fl
24BSNKD .
16BSNKD .

GRPSNKD .

SICOLOD .
SICOL1D .
1CCLO.D.
09C...D.
10C...D.
1236C.D.

ARITH.D.
CREGO05CO0
UFULL . EO
MIC . 7DD .

CALL1.D.
CSSINKF1

1C, 2C, 8C, 9C, or 10C Micro and TAS is sink register

1C Micro and sink register is Register select 1.

1C, 8C or 9C Micro and either X, T, L, FA or FB is sink.

1C, 8C or 9C Micro and FL is sink.

2C, 8C, 9C, or 10C and either Y, BR or LR is sink.

1C Micro and either Y, BR or LR is sink.

2C, 3C, 6C, or 10C Micro and sink register is Register Select 0.
2C, 3C, 6C, or 10C Micro and Sink Register is Register Select 1.
1C Micro and sink register select is 0.

9C Micro.

10C Micro.

3C or 6C Micro.

1C or 2C Micro and the U-Register is not the source register.
1C or 2C (P=—R) and source is SUM or DIFF

1C or 2C (P <+—R) and register is BICN.

3C, 4C, 5C, or 6C and Register is BICN.

BCD is indicated.

Indicates the U-Register is full. Goes false on the trailing edge of the FINISHDO which occurs when

UFULL . EOQ is ture.

7D Micro (Exchange DPW)

145C Micro (Call Relative)

Refer to Separate explanation at Local Memory Write Timing.
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NORMALD.

09C. .. D.

T3...D L—‘

TRUEO1D.

SINK END.
i,
. SINK END1

. SORENBD.

)

~N
4 CSSINK -
EXCE/1D. /
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Y

_TRUEOID. |

UFULL.EO
T3....D.
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CALL1D.
T3....D.

[T1

s

Fig. II-31 SOURCE AND SINK ENABLE
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LOCAL MEMORY

Local Memory consists of twenty-four 64 Bit Memory Chips (RFCN’s) and six 4 Bit Registers (RFBN’s). The twenty-
four 64 Bit Memory Chips provide the system with a storage area for 1,536 bits of information. The six 4-bit registers are
used as a 24-bit input holding register for all information to be written (stored) in either the A or B-DATA portion of Local
Memory. This 24-bit Register is referred to as LBUF (Local Memory Input Buffer).

A DATA AND B DATA
Local Memory is divided into two sections; A-DATA and B-DATA. The A & B-DATA portions of Local Memory each
consist of storage areas capable of storing 768 bits of information. The A-DATA and B-DATA portions of Local Memory
consist of the following:
A-DATA: (5) Registers: FB, X, T, L and FA, each 24 bits in length.
(3) Reserved Registers each 24-bits in length.
(8) A-Stack Words (00 thru 07) each 24-bits in length.
(16) Left Scratch Pad Words (00 thru 15) each 24-bits in length.

The above represents 32 discrete storage areas for Registers, A-Stack, and Scratch Pad words, each being 24-bits in
length. Therefore, 32 x 24 = 768 bits of storage is available.

B-DATA: (1) Y-Register 24-bits in length
(1) TEMP-B 24-bits in length
(1) Base-Register (BR) 24-bits in length
(1) Limit Register (LR) 24-bits in length
(4) Reserved Registers each 24-bits in length
(8) A-Stack Words (08 thru 15) each 24-bits in length
(16) Right Scratch Pad Words (00 thru 15) each 24-bits in length.

The B-DATA also consists of 32 discrete storage areas each 24-bits in length for a total of 768 bits of storage.

A Block Diagram of Local Memory, illustrated in Figure I1-32 shows the A & B-DATA portions of Local Memory.

The A-DATA is to the left and the B-DATA is to the right. The LBUF-Register is shown as the input “holding register” to
each of the 32 discrete 24-bit storage areas of the A-DATA portion as well as the B-DATA portion.

The input to the LBUF-Register is the Main 24 Bit Exchange (MEX 23-00BT0). All information to be written (stored)
in either the A or B-DATA portion of Local Memory must first be gated and stored in LBUF from the Main 24-bit Exchange.
The contents of LBUF can then be written (stored) into any of the 32 discrete 24-bit storage areas of either the A or B-DATA
portion of Local Memory. Each particular 24-bit storage area has it’s own address as well as its own chip select levels. Note
that it is the combination of 4 address levels and 9 chip select levels which reference a particular storage area. One write
enable level is used for all of Local Memory to control either reading out of or writing into Local Memory.

The address and chip select levels as well as the write enable term are generated through the decoding of the Micro
Operators. When the information stored in Local Memory is to be read, the outputs of each of the 32 discrete storage areas
are OR-ed so that the 32 storage areas of the A-DATA portion become ADAT (Bits 00 thru 23) and the 32 storage areas of
the B-DATA portion become BDAT (Bits 00 thru 23). The ADAT and BDAT outputs (Bits 00 thru 23) of the A & B-DATA
portions of Local Memory respectively are inputs to the 24-Bit Function Box (which contains a 24-bit adder), the 4-bit
Function Logic, A-DATA only or the outputs can be gated directly to the Main 24-bit Exchange. It should be noted that as

LBUF is the input “holding register” for both the A & B-DATA portions of Local Memory, only one 24-bit, stora%e location
in alt of Local Memory will be addressed at any particular time when a write into Local Memory is to occur. The

exception to this is when either a 4-bit or 16-bit (in the case of FL) Register is selected as the sink register. In this case,
only the four or sixteen bits of the particular register selected will be written into Local Memory. When the information
stored in any of the 24-bit storage locations of all Local Memory is to be gated to the Main 24-bit Exchange, only one
24-bit storage location will be addressed at a particular time. When a 4-bit or 6-bit source register is selected, all 24 bits
are read.

The execution of certain Micros will gate the contents of both a 24-bit storage location within the A & B-DATA
portions to the 24-Bit Function Box.

An example of this type of operation is when the 1C Micro is executed. In this case, the contents of the X and
Y-Registers are gated to the ADDER within the 24-bit Function Box. The SUM is then gated to the Main 24-bit
Exchange and set in the Sink Register selected.

Printed in U. S. America 11-20-72 For Form 1053360




a2

D

w

Burroughs - B1700 Central System Technical Manual

Functional Detail

Fig. I1-32 BLOCK DIAGRAM/LOCAL MEMORY
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LBUF
LBUF consists of six 4-bit Registers (RFBN’s) as illustrated in Figure 1I-33. The Main 24-bit Exchange (MEX 23-00

BTO) is the only input to LBUF. The output of LBUF (LBUF 23-12 B1, and LBUF 11-00 A1) is the only input to Local
Memory. Therefore, all data to be written (stored) in Local Memory, either A or B-DATA, must first be written to in

LBUF.
TRUE
MEX 23BT0 ] LBUF 23 Bt

RFBN

RFBN

J~ LBUF 12 B1
A ad RFBN

v

LBUF 11 A1

v

RFBN

RFBN

MEX 00 BTO
| |rreN|LBUF 00 A1

LBUFCLKA. '

B | GPCLRBCO

v

CLK4/.KO

TRUEO.3A.

Fig. 1133

LBUF THEORY OF OPERATION

The Mode Control input to the six 4-bit registers designated as LBUF, which causes the registers to be in the “D”
set mode, is tied to a true. The trailing edge of the clock pulse used for LBUF (LBUFCKA.) sets the contents of the
Main 24-Bit Exchange into the LBUF-Register. Therefore, LBUF will receive the contents of the Main 24-Bit exchange as
illustrated in the Timing Diagram, Figure 11-34.

CLK4 | l I l

clkako | \ \ \ I.\,
M-REG [[1cmoyeLTOT | | 1C (MO\/E LR TOBR) [ NO-OD
SORENBD | 1L o
SINKEND ) T )

/ [

[
MAIN EXCHANGE L-REG ﬁ
LBUF [ TREG |/LR-REG |
LBUFCKA __I l F 1 I l J I I L

Fig. 1I-34 LBUF INPUT TIMING

B
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Each individual output (e.g., LBUF23B1) is “OR-ed” as an input to four of the twenty-four 64-bit Memory Chips
of Local Memory. This provides that each output line from LBUF is an input to each of the thirty-two 24-bit storage
locations of A-DATA as well as the thirty-iwo 24-bit storage locations of B-DATA.

LOCAL MEMORY ADDRESSING

Each of the twenty-four 64 Bit Memory Chips has four address line inputs. These four address lines are
LMADD3B1, LMADD2BI1, LMADDI1B1, and LMADDOBI1. As illustrated in Figure II-35, each 64 Bit Memory Chip
provides storage for four bits of information for each of the 16 addresses possible using the 16 binary combinations
(0000 thru 1111) of the address line inputs. Thus 4 Bits of information for each of 16 24-Bit storage areas is contained
in one chip.

If, for example, all the address line inputs are true, then the 15th storage location within the chip would be
addressed. Providing the Chip Select input (CSGBRPTO) is true, the four outputs (BGRP23-20B.) will contain the four
bits of information stored at this address.

:— “CHe T WRiTET T T T T T~ °:
LMADD38 1 | SELECT : ENABLE : |
|
MADDZB1 ] (B) , (€ FUNCTION
v 0 ! 0 WRITE |
LMADD 181 i 0 i 1 READ I
LMADDOB1 L _ 1 _ 1 X _ 1 NOACTION_
LBUF2381 1 OF 24 BGRP23B.
INPUTS LBUF2281 64-BIT BGRP22B.
LBUF21B1 MEMORY BGRP21B. OUTPUTS
CHIPS | BGRFZIS.
LBUF2081 BGRP208.
RFCN b
CSGBRPTO [N\ _CSBGPB1 (AB) ©
L~ CHIP SELECT

LMWE. FO [N\ LMWE. B1
/
WRITE ENABLE

Fig. II-35 “ONE” 64-BIT MEMORY CHIP
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Fig. 1136 64 Bl MEMORY CHIP
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SIMPLIFIED EXPLANATION

Another approach to the storage capabilities and the addressing of one chip is illustrated in Figure 1I-36. Note that
Figure 1I-36 is for explanation purposes only and that the logic as shown does not exist.

The Chip Select level CSGBRPTO (true) enables reading or writing all 64 Bits within the Chip.

LMWE. .FO, when true, enables writing into any of the 64 Bits, and when flase, enables reading any of the 64 Bits.

LMADD3B1 thru LMADDOBI1 determine which 4 Bits will be either read out or written into as designated by
LMWE. RO.

ADDRESSING AND CHIP SELECT

The four chips used to store the four most significant bits (23 thru 20) of each of the thirty-two 24-bit storage
locations for the A-DATA as well as the thirty-two 24-bit storage locations for the B-DATA is illustrated in Figure I1-37.
The address line inputs (LMADD3 thru 0B1) are used to address the four chips illustrated as well as the remaining twenty
chips of Local Memory. All twenty four chips are the same write enable (LMWE. .F0). Chips H1 and HO contain the four
MSB of all B-DATA; Chips I1 and 10 contains the four MSB’s of all A-DATA. Chip H1 contains specifically the four
MSB’s of the B-DATA’s Registers and A-Stack (Words 8 thru 15). To read out of or write into Chip H1, the chip select
level (CSGBRPTO) must be true.

LMADD3B1 .-
LMADD281 o b
LMADD1B1 1T
LMADDOB1 _[Cr
TRUEO3B. { j BGRP238.
o MEX238T0 LBUF2381 BDA/2381. BDAT23B.
&>__MEX228T0 [T LBUF22B1 1 (¢t . T . ¥_ BDAT22B.
< MEX218TO (0t LBUF21B1 v ¢ (@ H N BDAT21B.
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Fig. II-37 LOCAL MEMORY (BITS 23 THRU 20)

When the chip select level is true then the particular location, whether a register or A-Stack Word, is determined by
the address lines. Chip HO contains the four MSB of Right Scratch Pad or B-PAD. When chip HO’s select (CSBPADDO) is
true, a read out of or write into can occur. The particular Word of Right Scratch Pad addressed is determined by the four
address lines. Chips I1 contains the MSB’s of the A-DATA’s Register and A-Stack (Words O thru 7) information. Chip I1’s
chip select (CSAGPADO) must be true to either read out of or write into the chip. When the chip select is true, the four
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address lines determine the Register or A-Stack Word addressed. Chip 10 contains the MSB’s of the A-DATA’s Left
Scratch Pad or A-Pad (Words 00 thru 15). The chip select CSAPADDO must be true to either read out of or write into
the chip. The Left Scratch Pad word selected is determined by the four address lines.

Note that the outputs of the H1 and HO chips are OR-ed, and through an inverter they become BDAT 23 through
20B. . . For this reason, only one of the thirty two 24-bit storage locations is addressed at one time. The same is true for
the remaining LSB of the B-DATA as well as all the bits of the A-DATA.

ADDRESSING/CHIP SELECT B-DATA

The Block Diagram, B-DATA Address/Chip Select, Figure II-38, illustrates the twelve 64-bit memory Chips used for
the storage of B-DATA. The four address lines (LMADD3-0 B1) shown as inputs to two of the chips are also inputs to
the remaining chips. The six chips to the right (D1 thru H1) are used to store bits 23 through 00 of B-DATA Registers
and A-Stack words 8 thru 15. The chip select CSBGRPTO will enable all six chips when true. The address lines will
therefore determine the register or A-Stack word addressed when the chip select level is true. The six chips to the left
(DO thru HO) are used to store the B-DATA’s Right Scratch Pad or B-Pad words 00 through 15. Chip select CSBPADDO
when true will enable all six chips. The address lines will again determine the particular word of Right Scratch Pad
addressed. Only one chip select level is used to address 24-bits of any registers, A-Stack words, and Right Scratch Pad
words within the B-DATA portion of Local Memory. B-DATA is addressable only in 24-bit lengths.

ADDRESSING/CHIP SELECT A-DATA

The Block Diagram A-DATA Address/Chip Select, Figure I1-39, illustrates the twelve 64-bit Memory Chips used for
the storage of A-DATA. Again the same four address lines (LMADD 3-0 B1) are used to address all twelve chips. The six
chips to the right (E1 thru 11) are used to store bits 23 thru 00 of A-DATA Registers and A-Stack words 0 thru 7. As it
is permissable to address a 4 bit sink register (e.g., FU-Register) or a sixteen bit sink register (e.G., FL-Register), each
64-bit Memory Chip which contains the A-DATA’s Register and A-Stack information has it’s own chip select leve. These
six chip select levels are CSAGP A thru F DO. When all 24 bits of a register or A-Stack word are addressed either as
source or sink, the six chip select levels will be true.

When a 4 or 16 bit source is selected, the six chip select levels will also be ture, thus addressing the 24 bit register
in which the 4 or 16 bit register is contained (e.g., FL is the 16LSB of the FB-Register). The six chips to the left (E1
thru 10) are used to store the A-DATA’s Left Scratch Pad or A-Pad words 00 thru 15, each 24 bits in length (bits 23 thru
00). Chip select CSASPADDOQ, when true, will enable all six chips. The address lines will determine which word of Left
Scratch Pad is addressed, because only one chip select level is used to address 24 bits of information, the Left Scratch
Pad words within the A-DATA are addressable only in 24 bit lengths.

WE Local Memory Write Enable (LMWE. A1 & B1), both are developed from the term
LMWE. .FO

ADDRESS AND CHIP SELECTION A & B DATA

The address lines and chip select levels which must be true to select a particular 24, 16, or 4 bit register (sink only),
a word of A-Stack (sink or source), and a word of Scratch Pad Left or Right (sink or source) as shown in Fig. 11-40. The
four address lines are shown to the left. Their binary weight (00 through 15) will address a particular register (either 24
bits or a portion thereof) of either A or B-DATA. They are also used to address either a word of A-Stack (A or
B-DATAQ and words of Left or Right Scratch Pad (A or B-DATA). In addition to the address lines, a chip select level or
levels must also be true to further “decode” or select a particular register, A-Stack or Scratch Pad word.

Although the address lines are used for both A and B-DATA, the seven chip select levels within the A-DATA
columns select only those registers (sink only). A-Stack or Scratch Pads words (sink or source) listed under A-DATA. The
two chip select levels under the B-DATA columns select only B-DATA registers (sink or sink), A-Stack or Scratch Pad
words (sink or source) listed under B-DATA. To address for example the four bit LC register as sink, the following
address lines and chip select levels must be true. All others will be false.

1. LMADDITO 2.  LMADDOTO 3. CSAGPCDO

To address the four bit LC register as source, the chip select levels for the entire L-Register must be true. When
Local Memory is address as source, 8 Input Multiplexor’s (MFAN’s) are used external to Local Memory to select the four
or sixteen bit portion of a register it the entire 24 bits is not'selected as source. ine pnysicai iocation of some of the
registers within Local Memory as far as “like” addresses are concerned is due to the functional operation of the System.
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The X and Y Registers are inputs to the ADDER, therefore sharing the same address (Address line LMADDOTO
only). The contents of both registers can be read out of Local Memory at the same time. To read out the contents of the
X-Register, the six chip select levels (CSAGP A through F DO) must be true. To read out the contents of the Y-Register,
chip select level CSBGRPTO must be true. During the execution of the 1C Micro (move SUM to X), the above address
line and chip select levels will be true; therefore, both the A-DATA (X-Register) and B-DATA (Y-Register)’s contents will
be read out of Local Memory simultaneously. The X & Y-Register’s contents are then gated to the inputs of the ADDER
within the 24-bit Function Box. The SUM output is then gated on to the Main 24-Bit Exchange and to the Sink Register
Selected.

) —*  TO ADDRESS LINE
> INPUTS OF ALL
LMADD3B1 L P——s CHIPS
LMADD28B1 { H1 BGRP23-208.
LMADD181 P b
[MADDOB1 a RFCN
- =
WE (
HO BPAD23-208.
RFCN -
CSBPADDO '\ . \r Y Y Y
WE
L £1 BGRP19-168B. .
N ]
7
WE BPAD19-168
FO Ik >
R — YYY
WE RP15-128
o1 BGRP15-12B. N
L 1
7 WE
e BPAD15-128B.
DO >
. YYY
WE l
" BGRP11-08A. N
CSBGRPTO N T
v [ WE PAD11 08A
Ho BPAD11 0BA.
R 11
__WE ] £ BGRP07-04A.
B T
WE
Fo BPADO704A.
.. YYY
‘ WE
o1 BGRP03-00A. N
) ]
WE
5o BPADO3-00A.
S

WE

Fig. 1I-38 B-DATA ADDRESS/CHIP SELECT BLOCK DIAGRAM
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The physical location of the FA-Register and TEMP-B also has special significance. During the execution of the 8D
Micro (Scratch Pad Relate FA) TEMP-B is used as the holding register for the contents of the Scratch Pad Left word
selected. The FA-Register and TEMP-B Regisier’s contents are then gated through the ADDER within the 24-Bit Function
Box, to the Main 24-Bit Exchange and back to the FA-Register. Note that the same address (0 1 0 0) will address both
the FA-Register and TEMP-B.

* 7O ADDRESS LINE
[ An 5 INPUTS OF ALL CHIPS
LMADD3B1 (—M—"
LMADD2B1 { ¢ . ABRP23-208B. _
[MADD1B1 I RFCN
LMADDOB1 [ 1
T APAD23-208
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CSAGPADO
———‘—{>—‘_ WE AGRP19-168.
G1 -
Y
CSAGPBDO N f )
4
L APAD19-168.
GO >
I |
AGRP15-12B. A
E1
CSAGPCDO N S 7
4
L APAD15-12B.
E0 >
 —
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CSAGPDDO N \ ; |
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I p—
AGRP07-04A.
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Fig. 1139 A-DATA ADDRESS/CHIP SELECT BLOCK DIAGRAM
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ADDRESS AND CHIP SELECTION GENERATION

The generation of the four Address Lines and nine Chip Select Levels is the result primarily of Micro Operator
Decoding Logic. The generation of these lines and levels when A-Stack “TAS” is designated as either the source or sink is
controlled by the current value of the A-Stack Pointer. For this reason, the generation of these lines and levels is
explained separately.

REGISTER AND/OR SCRATCH PAD ADDRESS/CHIP SELECT GENERATION

The Address/Chip Select Generation Block Diagram, Figure 1141, illustrates the basic decoding which occurs when
either a Register within Local Memory (A or B-DATAO or a word of Scratch Pad (A or B-DATA) is designated as either a
source or sink. The micro currently executing is held in the M-Register and exposed to the Micro Operator Distribution
Bus Lines (MOPnnBTO). The Micro Operator Distribution Bus distribures the Micro (bits 15 through 00) throughout the
system to micro decoding logic. As the result of the micro decoding logic, levels are generated which indicate a particular
micro-operator (e.g., 1C, 2C, etc. .,.) is currently executing. When the micro currently executing is one that requires

addressing one of the Registers or word of Scratch Pad contained within Local Memory, the micro decoding logic will
generate levels which designate the Source Group, Source Select, and/or Sink Group, and Sink Select. These levels
together with the “Micro-OP” under control of timing logic, and within some cases the Mop lines generate the Source and

Sink Addresses at the proper time. Effectively the Chip Select levels are decoded in the same manner.

TIMING SOURCE ENABLE
CONTROL SINK ENABLE
. MICRO-OP { { L SOURCE
) f cHIP SOURCE
R SELECT CHIP SELECT
E MICRO DECODE
G
|
DECODE
S SOURCE GROUP | SOURCE
: o tosie [ SOURCE ADDRESS
g | o/ ADDRESS L
SOURCE SELECT | DECODE
SINK GROUP & SINK
SINK SELECT
>+ DECODE
I SINK
( CHIP SINK
[ SELECT | CHIP SELECT
DECODE

Fig. [I41 LOCAL MEMORY .....ADDRESS/CHIP SELECT GENERATION BLOCK DIAGRAM



Burroughs - B1700 Central System Technical Manual Sec. II Page 43

Functional Detail

THEORY OF OPERATION
Address & Chip Select Generation, Figure 1142, illustrates the detailed decoding of the 1C Micro, the Source
Address and Chip Select and the Sink Address and Chip Select decoding. The format of the micro used which generates
the logic shown in Figure 1I-42 is as follows:
0001001110100010
Sink Register Group 2 .
Sink Register Selecf 2 } T-Register
Source Register Select 2 .
Source Register Group 3} L-Register
Micro-Op . . . .. 1C, Move L to T.
Note that Fig. I1I-42 illustrates only the logic that pertains to the above micro format. If another Register were selected as
either source or sink, similar logic will be generated.
Assuming the 1C Micro with the above format is in the M-Register and Exposed to the Micro Operator Distribution
Bus Lines (MOP15-00BT0) with RUNS. .FO and HOLD/ .FO true, the Mop lines are inputs to four DFAN’s and one
Buffer with output levels designated as 01C...D., 03D. . .F1, 2EB...D., 02F.. .D., and 2EA. . .D.. As DFAN’s require no
clock, the outputs are established approximately 12ns after the inputs are present. These five outputs have the following
definitions:

01C...D. Indicates a 1C Micro.

03D.. .F1 Indicates the Register Group (Source) is 3.
2EB. . .D. Indicates the Register Select (Source) is 2.
02F.. D. Indicates the Register Group (Sink) is 2.
2EA.. .D. Indicates the Register Select (Sink) is 2.

These five levels therefore indicate a 1C Micro, Move L (Source) to T (Sink). With the source and sink Registers
established, the address and chip select levels required to address these registers is now under control of the timing logic
which generates sink enable (SINKEND.) and source enable (SORENBD.) These enable terms (SORENBD. & SINKEND.),
are defined separately in this manual as well as during the explanation of Execution of the individual Micros with respect
to when they occur and how they are developed.

FUNCTIONAL DETAIL

Assuming the source enable term is true (SORENBD.), the output of gate A (CSAF3.D.) is true. Refer to Figure
11-42. With CSAF3.D. true, CSAAFOD. is true, Buffer 2’s output is true; therefore, chip select CSAGPFDO is true. With
CSAAFOD. true, the five lower outputs of the Micro Operator chip (MOPN) are also true; therefore, chip select levels
CSAGP E through A DO are also true. These six chip select levels must be true when selecting the L-Register as source,
refer to Figure 11-40. SORENBD. true, also generates the source address via EFAN (1). LMADDIFO and LMADDOFO are
the address lines required to address the L-Register.

When the sink enable term (SINKEND.) is true, gate B is enabled thus generating chip select levels CSAGP F
through A DO for the T-Register. SINKEND. true also causes EFAN (2) to be enabled, thus generating the address line
LMADDI1FO required to address the T-Register.

A-STACK “TAS” ADDRESS/CHIP SELECT GENERATION

The block diagram of Address and Chip Select Generation, Figure 1143, illustrates the basic decoding which occurs
when the A-Stack “TAS” is designated as either source or sink. A-Stack words O through 7 indicate A-DATA, and words
8 through 15 indicate B-DATA. Both A and B-DATA can be addressed by the Pointer.
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READ TAS (SOURCE} DECRE AFTER READ

WRITE TAS (SINK)  INCRE BEFORE WRITE
ASTACK
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R T ONE CHIP SELECT
E MICRO -
G
TIMING
AFTER READ
SI MOP/5.00BTO DECODE contROL | | AFTERREAD |
T LOGIC INCREMENT
E I SINK ADDRESS
R POINTER -
DECODE
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COUNT :
POINTER ONE SINK
TASSINK P CHIP SELECT
BEFORE WRITE o

CLOCK I

Fig. 143 LOCAL MEMORY ........ ADDRESS/CHIP SELECT GENERATION BLOCK DIAGRAM

THEORY OF OPERATION
The micro currently executing is held in the M-Register and exposed to the Micro Operator Distribution Bus Lines
(MOP 15-O0BTO). The Micro on the distribution bus lines is decoded throughout the system. When as a result of this
decoding, the A-Stack is designated as either the source or sink, logic is generated which either down counts or up counts
the A-Stack Pointer by one. When the A-Stack is designated as the source, the pointer is decremented by one after the
read occurs. When the A-Stack is designated as the sink, the the Pointer is incremented by one before the write occurs.
When Top of the A-Stack “TAS” is designated as the source, the level CNTDN.F1 is generated which causes the
value of the Pointer to be decremented by one after the read occurs. Therefore, the current value of the pointer which is
referred to as TAS, before the decrement occurs, generates the source address and chip select levels. When TAS is
designated as the sink, the level CNTUD.F1 is generated which causes the Pointer to be incremented before the write
occurs. Therefore, the value of the pointer, after the increment occurs, will generate the sink address and chip select
levels. Figure 1I-44, A-Stack Pointer/Source & Sink Generation, illustrates the detailed decoding of the 2C Micro, Source
Address and Chip Select and Sink Address and Chip Select. The format of the 2C Micro used which generates the logic
shown in Figure I1-44 is as follows:
0010101110110001
T ™ T—— Scratch Pad Address
|——— Right Pad (B-DATA)

Register «—— Pad (Move Pad to Reg. “TAS”)

SINK Register Select 2
SINK Register Group 11
Micro OP is 2C, Scratch Pad Move

} SINK Register is TAS
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Note that Figure 11-44 illustrates only the logic that pertains to the above format. The Pointers inputs and outputs are
shown in detail. If another word of Scratch Pad Right were designated as sink, then similar logic would be generated.
Example: Assuming the 2C Micro with the above format is in the M-Register and exposed to the Micro Operator
Distribution Bus Lines (MOP 15 through OO BTO), these Mop lines are inputs to decoding logic throughout the system.
Four terms are generated as the result of this decoding; 2EB. . D., 11D. . .F1, 02C.. .D., and 3EA.. F1. As a clock is not
required for the operation of a DFAN, the four outputs are generated in approximately 12ns after the inputs are present.
The four outputs have the following definitions.

11D.. .F1 Indicates the Register. Group (Sink) is 11 . e w ’
2EB.. D. Indicates the Register Select (Sink) is 2 } Sink Register is “TAS
02C.. D. Indicates the 2C Micro

3EA..F1 Indicates Register-— Pad (Right Scratch Pad).

These four levels indicate the 2C Micro, Move Right Pad to TAS. With the Sink and Source (TAS and Pad Right
respectively) now established, further decoding to generate the addresses and chip select levels is under control of Micro
timing.

FUNCTIONAL DETAIL

When the control timing logic develops the level SO . . . . F., gate No. 1 is enabled which causes the level CNTUD . E1
to be true. When true and the trailing edge of the next SCPM4.F. occurs, the current value of the Pointer is incremented
by one. The Pointer consists of RFAN’s (1) & (2). As the Pointer is incremented before the write occurs, by incrementing
the Pointer at SO time, it will be pointing to the incremented address when sink enable (SNKTASD) is ture. The four
outputs of the Pointer (STKAD 3 through 00 F1) will therefore generate the sink address and sink chip select levels for a
word of A-Stack pointed at after the incrementation of the pointer occurs. This word of A-Stack is referred to as the Top
of the A-Stack (TAS).

When STKAD3F1 is false, CSAGPF through A DO will be true. With the chips select levels true, a word of A-Stack
(0 through 7) is addressed as per the value of STKAD 2 through O F1. when SNKTASD. is true. Assuming a General
Processor Clear initially reset the Pointer to zero, then after the increment occurs the STKADOF1 output of the Pointer
will be true. This will cause LMADDOFO to be true at SNKTASD. time. Word No. 1 of A-Stack will be addressed. When
TAS is designated as ink, then SITAS2D. will be true at sink time. STKAD3F1 true indicates Words 8-15 of A-Stack are
to be addressed as per the value of STKAD 2 through 00 F1.

When TAS is designated as the Source, SITAS1D. will be true, causing SNKTASD. to be true. The Pointer is
decremented, after the source address and chip select levels are used with CNTDN.F2. The operation of the Pointer is
explained separately during A-Stack Pointer which follows. Figure 1144 also illustrates the generation of the source
address and chip select levels generated as the result of executing the 2C Micro with the format given previously. When
the source enable term (SORENBD.) is true, gate 2 outputs a ture. As the format used indicated Mop bit O thru, gate 3 is
enabled thus generating the term PADDO.D. which becomes LMADDOFO. Gate 2 true also causes the term CSBPADDO
to be true. With CSBPADDO and LMADDOFO true, word No. 1 of Right Scratch Pad (B-DATA) is addressed as the
source Scratch Pad word. Note that the source occurs before the sink.

A-STACK POINTER

The A-Stack Pointer consists of two 3-bit Registers (RFAN’s) which are shown on Figure 11-44, A-Stack Pointer.
Associated with the Pointer are two Mode Control inputs (CNTDN.F1 & CNTUD.F1). CNTUD.F1 when true, causes both
3-bit registers to be in the add mode (M2 input true). CNTDN.F1 when true, causes both 3-bit registers to be in the
subtract mode (MO and M2 inputs true). The carry input to Register No. 1, (ONE. . .F.) is a constant true level. With this
constant true to the carry input (C1), the carry out (CO) output of Register No. 1, (STKADCF1) is true when the
following conditions are true.

1.  When in the ADD Mode (CNTUD.F1 true) and outputs Q2 (STKAD2F1), Q1 (STKAD1F1), and Q0 (STKADOF1)
are true. This allows a carry input to Register No. 2 to be sensed immediately.
2. When in the SUBTRACT Mode (CNTDN.F1 true) and the Q2, Q1, and QO outputs of Register No. 1 are false. This

allows a borrow out to be sensed immediately at the carry input to Register No. 2.

The four outputs of the Pointer (STKAD 3 through 0 F1) determine the address lines and chip select levels of the
current word No. of A-Stack O through 7 (A-DATAO and 8 through 15 (B-DATA). This current address of the A-Stack is
referred to as TAS (Top of the A-Stack). The Q2, Q1, and QO outputs of both registers change state on the trailing edge
of the clock pulse (SCPM4.F). The carry out or borrow out level of Register No. 1 does not require a clock pulse to be
true, but only the conditions listed previously.
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FUNCTIONAL DETAIL-WRITE TAS

For the purpose of explanation, assume a General Processor Clear pulse (GPCLR.F.) has occurred which sets both
TAS as sink, the term CNTUD.F1 will become true which causes both registers to be in the ADD Mode. The trailing edge
of the next *clock pulse will set Register No. 1 to a value of one. The QO output (STKADOF1) is now true. If another
Micro is executed designating TAS as sink, the register is again incremented by one which causes the Q1 output to go
true and the QO output to go false. Successive operations when TAS is designated as sink will cause the Pointer to
increment by one with each trailing edge of the clock pulse when the mode control inputs indicate ADD.

The pattern of the output levels which will occur when successive increment operations occur is illustrated in the
Timing Diagram, Figure II-45, A-Stack Pointer Increment. Note that when STKAD 0, 1, and 2 F1 are true, and the ADD
mode input is true, the carry out (CO) level STKADCF1 is also true. This carry out level is then true to the carry input
of Register No. 2 causing the QO output (STKAD3F1) to go true with the trailing edge of the next clock pulse. The
STKAD3F1 output of the Pointer therefore determines whether word No’s. 0 through 7 or No’s. 8 through 15 are to be
addressed. When the Pointer “points” to word No. 15, the next write operation (Sink TAS), will cause the Pointer to
again point to word No. 0. The pointer therefore wraps around, pointing to the same word of A-Stack that was pointed
at after the General Processor Clear Occurred. It should be noted that the term CNTUD.F1 on Figure 1I-46 is shown
continually true, only for explanation purposes, to indicate the count of the Pointer, the word number addressed, and the
rap around occur (Sink TAS).

During normal operation, when successive write operations occur, the term CNTUD.F1 will be true for one clock
period only, which allows the Pointer to be incremented by one only once during the execution of each Micro designating
TAS as sink. The Control Logic will cause the increment to occur before the write occurs. Timing of the Control Logic is
explained during the explanation CNTUD.F1 and during the explanation of the individual execution of Micros.
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Fig. II-46 A-STACK POINTER DECREMENT (READ)
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FUNCTIONAL DETAILS—READ TAS

When successive read operations are executed (Source TAS), the Pointer is decrement by one to the values
illustrated in Figure I1-46. Note that if initially set to zero, the first decrement to occur will cause the outputs (STKAD 3
through 0 F1) to go true. This addresses word No. 15 which is B-DATA. During read operations, the pointer is
decremented after the read occurs. Timing is explained during the explanation of CHTUD.F1 and CNTDN.F1 as well as
during the explanation of the execution of micros. CNTDN.F1 is shown continually true for explanation purposes only as
was CNTUD.F1. Successive read operations also cause the wrap around procedure to occur.

LOCAL MEMORY WRITE TIMING

The Local Memory Write Enable pulse (LMWE. .FO) occurs when SCPMS8.F. (8 MHz clock pulse) and Chip Select
SINK (CSSINKF1) are true. Refer to Figure II-47. The decoding logic which generates CSSINKF1 is primarily concerned
with the type of MICRO and the timing; therefore additional logic is provided to decode the actual Chip select levels
necessary to select a particular storage area within Local Memory. Refer to CSSINKF1 explanation for the conditions
which generate the same.

CSSINKF1
SCPM8.F. E2 LMWE..FO _
B8 DELAYSF. BHA2
BF-0

Fig. 147 LOCAL MEMORY WRITE ENABLE
Local Memory Write Timing is shown in Figure 11-48 and illustrates the occurrence of LMWE. .FO during T1 time

when the 7C Micro is executed. LBUF receives the contents of the Main 24-Bit Exchange at the trailing edge of CLK4/ as
shown. The MAR(A) address is stored in TEMB during SO time of the 7C Micro.

READ TIMING

Local Memory Read time occurs any time the address and Chip Select levels are present. (LMWE. .FO is quiescently
false.)

LOCAL MEMORY:

WRITE TIMING: Il so Los1 1 52
{m 1t v 2131 41051
SCPM8.F.
CLk4 | L I I LI 171
cixz7 f l /| ! | l [ | { |__{'——'
[ 7
. (07C*+1)
_%,:—_CSS'NKF (3-5 (FOR 7C MICRO ONLY)
— #mMIN
LMWE ..FO (1-9)
_ MAR(A) TO MEX 64-81T

SCURCE MAR(A)

MEMORY]
CHIP

LMWED

LBUF

Fig. 1148 LOCAL MEMORY WRITE TIMING
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Figure I1-49 illustrates the basic conditions which, when true, generate CSSINKF1.

.
(7D MiCRO * T7 TIME) CSAF2.F. CSAFSIF. E1 |CSSNKIF.
BHAO
(7C+11C+5D+4D)* 15 CSAF1.F.
(7D+8D)* REPEAT F1 CSAF2.F.
3F+T9 CSAF3.F.
(7C READ + 5D)*T11 CSAF4.F.
6D*T3 CSAF5.F.
6D*17 CSCF1.F. CSACF.FI
>
3F*TI13 CSCF2.F.
7C*T15 CSCF3.F. E1 | CSSNK2F.
BHAS
CSSINKFI
(7C READ+5D)*T11 CSBGRAF.
7C 71 CSBGRSF.
8D*T3 CSBGR6F .
(5D+11C+4D)* 15 CSBGRSF . CSBGSIF. El | CSSNK3F.
.
(REFER TO SEPARATE SINKEND]
EXPLANATION)

Fig. II-49 CSSINKFO DECODING

24 BIT FUNCTION BOX INTRODUCTION

The 24 Bit Function Box, located on Processor Cards A and B, is normally used to perform the common functions
between two operands. These functions include a SUM, DIFFERENCE, AND, OR, EXCLUSIVE OR, COMPLEMENT and
MASK of the operand data.

DATA STORAGE

The operand data is stored in the X and/or Y Registers dependent upon the desired operation. A typical example
would be a SUM operation where the Addend and Auguend are placed in the X and Y Registers respectively. If the SUM
output is designated then a Binary or 4 Bit BCD add operation will occur with the output being placed on the Main
Exchange and sinked into a destination register. If data is to be complemented or masked it may be placed in either the
X or Y Register and by designating either the Complement of X or the Complement of Y, the desired output may be
obtained. In the example of the Complement, only one of the two registers contained operand data.

OUTPUTS
The following is a list of outputs from the Function Box which are considered 24 Bit Functions:
SUM Xplus Y
DIFF X minus Y
CMFPX Compiement of the X Kegister
CMPY Complement of the Y Register
XANY Logical “AND” of the X and Y Register
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XORY Logic “OR” of the X and Y Register

XEOY Logical “EXCLUSIVE OR” of the X and Y Register

MSKX Mask of X Register Data (Controlled by CPL)

MSKY Mask of the Y Register Data (Controlled by CPL)

The above operations are all under direct control of the CP Register. The CP Register controls either length or
mode of the operation or both length and mode. Mode is defined as being either Binary or 4 Bit Binary Coded Decimal
(BCD).

4 BIT RESULTS

The 24 Bit Function Box also produces various 4 bit results which are referred to as pseudo registers. These pseudo
registers are XYST (X-Y States), XYCN (X-Y Conditions) and BICN (Binary Conditions). The pseudo registers are
available as outputs only and may be inputs to the 4 Bit Function Box where the contents of the pseudo registers can be
examined by the 4C or 5C Bit Test micros.

1 SUBTRACT
ADD ADDRESS
A BCD 4BIT
A b CARRY —_—
b CORRECT "
D E BSUM u
Al T —_ L
T T
A DECIMAL | psum ::
. BINARY |sum SUg’IEFR —
u , CORREC— E
B8 BINARY GENERATE TION BPRG I)E(
T L ¢ —> —
R BINAR} PROPAGATE ; D 5 MAIN EXCH'
B A ¢ - BGEN
c _BGEN ]
: 0
E
2 R ADAT U
T H ’
A BDAT ?
TRUE |
CYF
BCD
CPU ¢
MASK
cPL —
GEN- MASKnn
ERATOR
MOPnn MICRO | LIFT MASK 1
DECODE MAIN EXCH ENABLE

Fig. II-50 BLOCK DIAGRAM 24 BIT FUNCTION BOX
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INCREMENT/DECREMENT

In addition to the normal 24 Bit Functions, the 24 Bit Function Box is used by various micros which require incre-
ment and decrement functions. The adder/subtracter of the Function Box is therefore shared with these micros. The
micros which require use of the adder/subtractor are 7C Read/Write Memory for counting of FA and/or FL, 6D Count
FA/FL, 8D Scratchpad Relate FA and 3F Formalize X.

DATA PATH

Due to the structure of the machine, the Function Box also receives all data from the Local Memory and passes it
to the Main Exchange. In this case the 24 Bit Function Box will not alter the data but become a transparent path to the
Main Exchange.

BLOCK DIAGRAM

The Block Diagram in figure II-50 illustrates the 24 Bit Function Box and the outputs to the Main Exchange. Also
illustrated in figure I1-50 is the output of Local Memory to the Main Exchange (ADAT and BDAT). Now shown in this
figure are the four bit results obtained by the Function Box. These four bit results will be discussed individually.

24 BIT FUNCTION BOX CONTROL

Control of the 24 Bit Function Box encompasses a large area due to the fact that the Function Box is shared by
various micro operations. The Control Logic described will discuss the control of the add/subtract mode, binary BCD
mode, carry control, input control and output control. The first of these to be discussed will be the add/subtract mode
control. Figure II-51 illustrates the inputs for control of the add/subtract mode. If the SUB. .. .DO term is true then B
DATA will be subtracted from the A DATA and conversely if SUB. .. .DO is false the A DATA and B DATA will be
added.

SUBTRACT

The gates shown in Figure II-51 if enabled will place the Arithmetic Unit in the Subtract Mode. Each of the gates
are enabled depending upon the current micro in the M Register, variants of that micro and controlled for timing by the
Sequencer outputs. The gates have been assigned an alphabetic designation and are discussed accordingly.

GATE A Gate A is enabled for the 7C Read/Write Memory micro during the first half of the micro execution
time. This is done provided that MOP10BTO is true indicating that FA is to be downcounted.

GATE B Gate B is enabled anytime a Register Move type micro uses the Difference Register as the source. DIFF
is indicated by SOCOL3D (Source Column 3) and 08D. . .F1 indicating Register Group Eight.

GATE C Gate C is enabled for the 8D Scratchpad Relate FA if MOPO4BTO is true indicating the value in
Scratchpad is a negative value and therefore a subtract must occur.

GATE D Gate D is enabled for the 6D Count FA/FL if the FA Register is to be downcounted.

GATE E Gate E is enabled for the 3F Normalize X micro in order to downcount the FL Register.

GATE F Gate F is enabled for the 6D Count FA/FL if the FL Register is to be downcounted.

GATE G Gate G is enabied for the 7C Read/Write Memory if the variant specified that the FL register is to be
downcounted.

The result of the various subtract operations is placed on the Main Exchange under control of the output selection
control logic.

BINARY/BCD

The Binary/BCD Mode of the Arithmetic Unit within the processor is handled by basically two controlling factors.
The first of these factors is the current micro in the M Register. If the micro is a 7C Read/Write Memory, 6D Count
FA/FL, 8D Scratchpad relate FA or 3F Normalize X then the Adder/Subtractor is always in the Binary. Mode of
operation. If, however, the SUM, DIFF or BICN Registers are selected as a source for a Register Move “type” micro then
the mode is controlled by bits five and six of the CP Register which are referred to as CPU. With CPU equal to 00 the
mode is Binary and if CPU is equal to a 01 then the mode is BCD. Any other bit configuration of the CPU Register is
undefinied. With the BCD mode specified, a correction must be done to the initial result of the Add or Subtract and this
is gonc by oithier adding ui subiraciing a value of six (G 1 1 0) {from each of ihe moduio sixieen stages. In addition to
that, the various carriers must be corrected if the operation is an add. The BCD correction is discussed in detail with the

description of the SUM and DIFFERENCE cperatic
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CARRY F/F INPUT

The Carry Flip-flop input control is performed on Card C. The various operations can either inhibit CYF into the
Arithmetic Unit, force CYF to the Arithmetic Unit or allow the current state of CYF to the Arithmetic Unit. During Add
operations, CYF is a carry inte the adder and on subtract operations, CYF is a borrow from the subtractor. Those oper-
ations which explicitly inhibit the CYF input to the Arithmetic Unit are the 7C Read/Write Memory, 6D Count FA/FL
and 8D Scratchpad Relate FA. The 3F Normalize micro on the other hand forces CYF true as a borrow out from the
Subtractor which will allow the value “one” to be subtracted from FL during the Normalize X operation. During any
other time, the state of CYF will be enabled to the Arithmetic Unit and its use will be a function of the operation being
performed. For example, if a SUM is sourced then CYF will act as a carry into the Arithmetic Unit and if DIFF is
sourced then CYF will act as a borrow from the Arithmetic Unit. Figure II-52 shows the control of CYF (CREG07) to
the Arithmetic Unit.

INPUTS AND SELECTION

Inputs to the 24 Bit Function Box are “A’” DATA and “B” DATA, disregarding the Control inputs such as CP and
other controls. “A” DATA will be the Augend for an add operation and the Minuend for a subtract operation. “A”
DATA is obtained by reading the contents of Local Memory with the register read being output onto the “A” DATA
lines. Those registers which are used for A DATA are the X Register for arithmetic operations, FA Register for the 7C or
6D micro and FL for either the 3F, 6D or 7C micros. It is not the function of this discussion to provide the information
for addressing and timing functions of these micros but only to discuss the data in relation to the Arithmetic Unit of the
24 bit Function Box. If information is needed as to the reading of Local Memory or the timing, refer to the appropriate
section of this manual.

The B DATA is obtained in a slightly more complex manner as it is the variable in the operations which can be
performed. First consider the normal arithmetic operation where the SUM or DIFF is referenced as the source. The micro
which is specifying either of these registers as a source will cause a read of both the X and Y Register from Local
Memory. The X Register becomes A DATA and the Y Register becomes B DATA. The input having been obtained, either
a subtract or add will occur with the result being sent to the sink register. This is the simplest of the B DART operations.
Using the 7C micro, B DATA is obtained on Card C from either the Literal within the micro, or the value in CPL if the
literal is equal to zero. The 6D micro like the 7C, obtains B DATA either from the Literal within the micro or from CPL.
The 8D Scratchpad Relate FA is the most complex of the micros discussed. B DATA for the 8D Scratchpad Relate FA is
the contents of one of the locations of Left Scratchpad. However, in reviewing the Local Memory section it can be seen
that Left Scratchpad Data is normally obtained on the A DATA output. The 8D micro, therefore, must initially read the
contents of Left Scratchpad onto the A DATA output and then write the contents into TEMP B which is in the B DATA
portion of Local Memory.

When the actual increment/decrement occurs, the FA Register is read from Local Memory as ADATA and TEMPB
is read from Local Memory as BDATA. Both outputs of Local memory are then sent to the Arithmetic Unit of the 24
Bit Function Box and the Add/Subtract operation is performed according to the sign of the data in scratchpad. The
remaining operation which requires a decrement is the 3F Normalize X. The contents of FL are input as A DATA and
BDATA inputs are supressed. The decrement is done by forcing CREGO7 (CYF) true which in the subtract mode is a
borrow out level and will therefore cause the contents of FL to be downcounted by onc. Figure II-53 illustrates the
selection of the BDATA input tc the Arithmetic Unit.

OUTPUT SELECTION CONTROL (Refer to Figure I1-50)

The output of the 24 Bit Function Box is controlled by a series of multiplexor elements on Cards A and B with the
least significant twelve bits on Card A and most significant twelve on Card B. The enable input to each of the multi-
plexors is a mask bit from the Mask Generator located on Cards A and B. The Mask Generator will be discussed as a
separate item. A specific multiplexor having been enabled by the mask, it is the function of the address lines to select the
appropriate output to the Main Exchange. It should be noted that the output of the multiplexors do not immediately
gate to the Main Exchange but are sent through a buffer which must be enabled before the output to the Main Exchange
is allowed.

MULTIPLEXOR INPUTS

Figure 11-30 siows oue of these muitipiexor eieimienis wiili tie assuciated diiputs daid audiessiiig.
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The following is a description of the various inputs to the Multiplexor and their use.

4BITOnBO

TRUEOI1A.

A+B.nnA.

A+B/nnA.
BPRGnnA.

BGENnnA.
BSUMnnA.

DSUMnnA.

This input is from the output of the 4 Bit Function Box. The multiplexor’s (4) on Card A allow for this
output to be placed on the Main Exchange least significant four positions if the operation is a 4 to 24.
If the operation is a 4 to 4 or 24 to 4 then the multiplexors (24) on Card A and B are enabled to place
six copies of this data on the Main Exchange.

This input is a constant true level and is gated into the Main Exchange where it is sent to the Rotator
for those micros which require a shift or rotate operation.

This input will contain either ADATA, BDATA or both. The both function is for obtaining an “or”
function to produce the XORY Register output. ADATA in this case is the X Register and BDATA is
the Y Register. For normal Register Move type operations or operations where a register’s contents must
be placed on the Main Exchange, the Register is read from Local Memory and placed on ADATA or
BDATA and gated to the Main Exchange accordingly. An example of this would be if a 1C Register
Move indicated “move” T Register to nn Register. The T Register contents would be read from Local
Memory, be output on the ADATA lines and sent to the multiplexor elements. The multiplexor ele-
ments would then gate the ADATA to the Main Exchange and from there to the destination.

This input is either inverted ADATA or inverted BDATA. This input is selected for either CMPX or
CMPY.

Binary Propagate is the output of the Arithmetic Unit of the 24 Bit Function Box. This is an input to
the multiplexor to produce the XEOY function.

Binary Generate is the output of the Arithmetic Unit and is used to produce the XANY function.
Binary Sum is the output of the Arithmetic Unit and will contain either the SUM of DIFF depending
upon the register which has been selected as a source.

Decimal Sum is the output of the Arithmetic Unit decimal correction section and will contain either the
decimal SUM or DIFF depending upon the register which has been designated as a source.

MULTIPLEXOR ADDRESSING

Each of these inputs are addressed by either a MEXCMnDO term or a MCONMnDO term. The least
significant four bits are addressed by MEXCMnDO and the most significant four bits are addressed by MEXCMnDO. This
split of the multiplexor’s is due to the various combinations of register move type micros. Those combinations being
24X24, 24X4, 4X24 and 4X4. Figure II-55 illustrates how the MEXCMnDO and MCONnDO terms are produced and as
can be seen from the diagram the only difference is the 4BITn.DO term on the uppermost input to the EFAN’s.

4BIT2.D. MEXCENDO
MASKSTCO
XY.AB.D.
A/B/. D.
XEOY. .D.
XANY. D. MEXCM2DO
DEC...D. MEXCM1DO
BINARY D. EFAN MEXCMODO
IT1.D.
BITTD MCONENDO
L]
MCONM2DO
MCONM1D0
EFAN MCONMODO

Fig. II-55 MULTIPLEXOR ADDRESSING (CARD D)
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ADDRESSING EXAMPLE

Using an example to explain the addressing, assume that the X and Y (XANY) function has been designated as a
source. The term XANY. .D. will cause the top EFAN to produce MEXCENDO and MEXCM1DO. The same term to the
bottom EFAN produces corresponding outputs; MCONENDO and MCONM IDO. All four of these terms are sent to Card
A and Card B where they will address the BGENnnA. input to the multiplexors to the MDATnnA. output (refer to
Figure 1I-54). The terms MEXCENDQ AND MCONENDO are used to enable the buffers to allow the MDATnnA. output
onto the Main Exchange. Note that the Mask which enables the multiplexors have not as of yet been taken into

consideration therefore assume that the number of bits placed onto the Main Exchange is the number designated by CPL.

4 BIT SOURCE OR SINK
If either a four bit souce or sink is designated then the 4BITn.D. terms will have an effect upon the operation.

4X24 Operation

If a four bit result or four bit source register is required and the sink is a twenty-four bit register then the term
4BIT2.D. is true and only the least significant four muitiplexor elements will be addressed. Subsequently only the least
significant four bits are placed on the Main Exchange. The source data (refer to Figure II-56) is obtained from the 4 Bit
Function Box, the mnemonic being 4BITOnBO.

LBUF OR DISCREET REGISTER
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4X4 Operation

If a four bit source is designated and is to be sinked to a four bit register then both 4BIT2.D. and 4BIT1.D are
true. The four bit source data is obtained from the 4 Bit Function Box and six copies of the source data is sent to the
multiplexor elements. All multiplexor elements are enabled and six copies of the source data are placed on the Main
Exchange. This allows the source data to be gated to any position of a destination register. Example: TA, TB, TC, TD,
TE, TF. In these examples only the desired four bit portion of the sink would be addressed in Local Memory and only
that four bit sink would be written at Sink Enable Time.

24X4 Operation

If a 24 bit register was used as a source and a four bit register as a sink, the term 4BIT1.D. would be true. The
term 4BIT1.D. will allow the output of the 4 Bit Function Box to be gated to the upper twenty bits of the main
Exchange (5 copies of the data). The original data is obtained by enabling only the least significant four bits of the
source data is then sent to the 4 Bit Function Box and the 5 copies of the original data are placed on the MAIN
EXCHANGE. Refer to Figure II-56. Note that the lower 4 and upper 20 multiplexors have a different address.

In Figure I1-56 24X4, the sink data is either sent to a discrete register such as CA, CB, CC, CD or may be written
into one of the 4 bit registers in Local Memory. If the data is written into Local Memory, it is first stored in LBUF and
then written into the 4 bit addressed location. If the 24 Bit source is a result of the 24 Bit Function Box, the X and Y
Registers must first be read and sent to the Function Box. On the cutput of the Function Box, only the least significant
four bits are sent through the 4 Bit Function Box where five copies are produced and distributed to the upper 20 bits of
the Main Exchange. It should be emphasized that Figure II-57 represents only a 24 to 4 type of operation.

OUTPUTS TO AUXILLIARY 4 BIT BUS

In addition to the outputs to the Main 24 Bit Exchange, the 24 Bit Function Box provides an output to the 4 Bit
Auxilliary Bus. The outputs to the 4 Bit Auxilliary Bus provided for on Card A are for the BICN, XYCN, XYST and
FLCN result registers. Card A also provides an output to the 4 Bit Auxilliary Bus for ADATA. The significance of the
ADATA to the Auxilliary Bus is if a 4 Bit Register is addressed as a source. The A DATA portion of Local Memory is
that portion which may be addressed as four bit registers. Card A provides the path for the least significant 12 bits of
ADATA to the 4 Bit Bus. (Only 4 of the 12 may be selected at any one time). Card B provides the path for the most
significant 12 bits of ADATA to the 4 Bit Bus. (nly 4 of the 12 may be selected at any one time and of the total 24
only 4 can be selected by properly addressing the multiplexor elements). The Figure I1-57 shows the sets of multiplexor
elements on Card A and B to the 4 Bit Auxililliary Bus. Card F also provides a path to the Bus but is not within the
scope of this discussion.

4 BIT AUXILLIARY BUS OUTPUT SELECTION
As can be seen from Figure 1I-57 the various 4 bit results such as XYST, XYCN, BICN and FLCN are selected on
Card A by a series of multiplexor elements. In addition to the four bit results, the ADATA output of Local Memory or
the contents of the Main Exchange least significant four bits may be placed on the Auxilliary Bus. The multiplexors are
addressed and enabled by decoding logic which is developed on Card D. The following discussion will describe the input
to the multiplexors according to the address and function.
1. ADDRESS 7 MAIN EXCHANGE TO 4 BIT AUXILLIARY BUS
The data on the Main Exchange least significant four bits may be placed on the Auxilliary Bus as na input to the 4
Bit Function Box when a 24 bit source register has been designated to be placed in a 4 bit sink register. This
operation has been previously described in the 24 Bit Output Section of the 24 Bit Function Box. To review
however, it is the function of this operation to place the least significant four bits of the source data into the 4 Bit
Function in order to produce five copies to be placed on the Main Exchange in addition to the original.
2. ADDRESS 6 X-Y STATES TO 4 BIT AUXILLIARY BUS
With an Address of 6, the XYST result register is gated to the 4 Bit Auxilliary Bus. The input to bit 3 is LSUX. .A.
which indicates the least significant bit of the X Register is true if the mode is binary or if the mode is BCD then
LSUX indicates the least significant four bits of X are equal to nine (1 0 0 1). Bit 2 input is not obtained from Card
A for the XYST but instead produced on Card F. Bit 2 is the Interrupt “or” which is an or of CC0O, CC1, CC2 and
CD3. The input for bit 1 is B0-23.A. which indicates that one of the BDATA bits (Y Register) is on true therefore
the BDATA (Y Register) is not equal to zero (Y#0). The final bit, bit zero, for the XYST is X#0 and the input
term is A0-23.A. indicating an ADATA bit is on true (X Register Bit) and therefore X#0 is true.
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3.  ADDRESS S5 X-Y CONDITIONS TO 4 BIT AUXILLIARY BUS
The Address of five will allow the XYCN result register to be gated to the 4 Bit Auxilliary Bus. Bit 3 input to
MSBX. .TO which indicates the most significant bit (determined by CPL) of the X Register is equal to a “1”. Bit 2
input is AEB. . .A. which indicates ADATA is equal to BDATA, ADATA being the X Register and BDATA being
the Y Register. Thus the term or bit X=Y is true for the XYCN. Bit 1 input term is ALB...A., A Less Than B,
which indicates ADATA is less than BDATA and therefore X is less than Y. Bit O input isis AGB. . .A0 indicating
ADATA is greater than BDATA and therefore X is greater than Y.

4.  ADDRESS 4 FIELD LENGTH CONDITIONS TO 4 BIT AUXILLIARY BUS
The Field Length Conditions (FLCN) are a comparison between the Field Length Register (FL) and SFL Register
which is a portion of word zero Right Scratchpad. In order for the comparison to occur, the data must be read
with FL being placed on the A DATA output of Local Memory and SFL placed on the B DATA output of Local
Memory. Bit 3 term is AEB. . .A. indicating that FL is equal to SFL (FL=SFL). Bit 2 term is AGB. .A. indicating
that FL is greater than FL. Bit 1 term is ALB. . .A. indicating that FL is less than FL. Bit zero term is AO-23.A.
indicating that FL is not equal to zero (FL+#0).

5. ADDRESS 3 BINARY CONDITIONS TO 4 BIT AUXILLIARY BUS
The Binary Conditions result register is a check of the various Carry/Borrow terms associated with the Arithmetic
Unit and also the Least Significant Unit of the Y Register (LSUY). Bit 3 input is the Least Significant Unit of Y
and is true in the Binary Mode if the Least Significant bit of the Y Register if “1” or is true if in the BCD Mode,
the least significant four bits of the Y Register are equal to nine (1 0 0 1). Bit 2 is the CREG07CO input which is
the Carry Flip-Flop from the CP Register (CYF). Bit 1 is the CYD. . .A. input which is a borrow level from the
most significant stage of the subtractor. Bit O input is CYL. . TO which is the Carry Level from the most sifnificant
stage of the adder as determined by CPL.

6. ADDRESS 2, ADDRESS 1, ADDRESS 0
These three addresses are enabled to allow a four bit portion of a 24 bit register to be input into the 4 Bit
Function Box. This operation is done to select one of the six portions of the total 24 bits to act as source data.
When a 4 Bit Register is to be used as a source and that 4 bit register is located in Local Memory then a read of all
24 bits from Local Memory occurs. It is at this point then that only those 4 bits which are to be used are selected.

[ A | B C D E F oo

ADATA 23 20 19 16 15 12 11 87 43 0

Fig. II-58 “A”” DATA

As can be seen by referring to Figure II-58 and Figure II-57, Address 2 addresses bits 8 through 11, Address 1
addresses bits 4 through 7 and Address O addresses bits O through 3 as the source data. The multiplexors on Card B
address the remaining portions of the A Data in a similar manner. The four bit data is placed on the Main Exchange
after it has been sent through the 4 Bit Function Box and six copies are placed on the Main Exchange if the
destination is a 4 Bit Register or only one copy if the destination is a twenty-four bit register. (Upper 20 bits would
be filled with zeroes).

MASK GENERATOR

The Mask Generator which is located on Processor Cards A and B is also discussed for its function in generating a
mask for the S-Memory Processor Rotator Logic. In the rotation logic, the Mask Generator produces the length of the
mask which is to be sent to the Rotator and set into MIR. The multiplexor elements on Cards A and B receive an address
of six which is connected to a twe voltage and the Mask Generator enables “X’” number of multiplexors to produce a
mask onto the Main Exchange. Because the logic for the Mask Generator is the same the Mask Generator itself will not be
discussed in detail. For further information refer to Mask Generator Rotation Logic. It should be noted that the length of
the mask which is generated disregarding the Shift/Rotate functions is either under control of CPL or a Lift Mask term is
true to allow a full mask to be generated. If, for example, the X, Y, T, L. FA, FB, Scratchpad or A Stack were selected
as a source then the Lift Mask term would cause a mask of twenty-four bits to be generated as the registers mentioned
are all twenty-four bit register. On the other hand, if certain result registers such as SUM, DIFF, MSKX, MSKY, XORY,
XEQY, XANY, CMPX or CMPY are selected then the length of the mask is solely dependent upon the value in CPL. The
actual selection logic which selects CPL as the value which determines the mask is on Card C. The logic in Figure II-59
illustrates the logic for the generation of the mask or Bits 00 thru 11.
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OUTPUT BUFFER CONTROL

The output of the various multiplexors are not sent directly to the Main Exchange but instead are sent to a series
of 24 buffer elements which must be enabled. Like the multiplexors, the buffers are also divided into two groups with
the upper twenty bits in one group and the lower four bits in the other. In most cases all 24 buffers are enabled or all 24
are disabled. The one case where this does not hold true is if a four bit register is designated as a source and a 24 bit
register as the sink. In this example, only the least significant four buffers are enabled to gate the data to the Main
Exchange. The top twenty buffers are disabled and therefore zeros are placed on the upper twenty bits of the Main
Exchange to allow zeros to be placed in the most significant twenty bits of the sink register.

Shown in Figure I1-60 is the enable logic for the 24 buffers. The basic enable terms are MCONENDO and
MEXCENDO which are produced if any of the corresponding multiplexors are addressed (See Figure II-55) and if the
operation is not for the downcounting of the FL Register. If the operation is an FL down (FLDOWNDO) and MCAR15B.
is true indicating that a subtraction will result in FL going below zero then the output of the buffers are inhibited which
results in FL being forced to zero at sink time of the downcount FL. operation.

MCONENDO MEXEN.B. 2
B BUFFERS
MDATNNnA. ME XnnBa0
o (MEXnnBa0
FLDOWNDO 5 |MEXEN280 |  MULTIPLEXOR MM =04 = 23
—_—— DATA
MCAR15B
MEXEN1B. i
MDATnNRA. 4 MEXnnBa0
BUFFERS M= 00—
MEXCENDO
MEX4BTA. ¥
FL.L/0BO

Fig. II-60 24 BIT FUNCTION TO MEX ENABLE

GENERAL OPERATION BINARY SUM

The 24 Bit Function Box has been provided the logic to generate a binary sum of the “A” and “B” data. The
various inputs to the “A” and “B’ data have been previously discussed therefore this discussion only concerns itself with
generating a binary sum of those inputs. The sum operation is directly under control of the M Register contents and/or
the CP Register. For this discussion assume and the micro in the MRegister is one that requires a SUM operation that is
designated for by a register move type micro with SUM as source. In reviewing the effect of CP, CPL controls the length
from 1 to 24, CPU controls the mode either binary or BCD and CYF is the carry into the adder provided it is set
(TRUE).

The Binary Sum described for an example will therefore add the contents of X+Y+CYF and place the result at the
input of the 24 output multiplexor elements. (Refer to Figure II-54 for inputs to the multiplexor).
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ADDER (Detailed Description)

The adder as can be seen in Figure II-61 is a 24 bit adder which consists of six modulo 16 adders along with the
associated carry logic. The adder elements are the Dual Full Adder/Subtracter elements referred to as AFANS and the
carry elements are the High Speed Carry element CFBN. Figure II-62 shows a detailed diagram of one modulo sixteen
adder with binary weights assigned to the various inputs and outputs. The following formulas can be applied to each
individual stage for the development of the sum output represented by Si, the generate output represented by Gi and the
propagate output represented by Pi. Note that the propagate and generate formulas given at this time are for an add
operation only where the Si formula applies to both a sum and difference operation.

(A)
MOD. 16 PRG 16 A
ADDER GEN 16 A
{4 BITS)
t CFBN
(B) BC AR 23
MOD. 16 PRG 16 B MOD
ADDER GEN 16 B 16 BC AR 19
(4 BITS)
t BC AR 15
{C)
MOD. 16 PRG 16 C
ADDER GEN 16 C
(4 BITS)
(D)
MOD. 16 PRG 16 D
ADDER GEN 16 D
(4 BITS)
f CFBN
(E) MOD BC AR 11
MOD. 16 PRG 16 E 16
ADDER GEN 16 E BC AR 07
(4 BITS)
L BC AR 03
[
{F) |
MOD. 16 PRG 16 F CYE
ADDER GEN 16 F
{4 BITS)
cve
Fig. 1161 24 BIT BINARY ADDE
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Fig. II-62 MOD. 16 ADDER SHOWING WEIGHTED FACTORS

Si= CI*(ADATA*BDATA+ADA_TA*BDATA)+a*( ADATA*BDATA+ADATA*BDATA)

ADATA = X Register, FA Register, FL Register

BDATA = Y Register, Literal of Micro or CPL, left scratchpad (8D Micro) Refer to Figure II-53
Gi= ADATA*BDATA
Pi = (ADATA*BDATA)+(ADATA*BDATA)

GENERATE AND PROPAGATE TERMS

The generate and propagate terms are sent to a carry element (CFBN) which will examine the Propagate and
Generate terms in parallel. By examining the propagate and generate terms in parallel the appropriate carry terms can be
produced almost “instantaneously”. Before continuing the discussion it is probably in order to define the propagate and
generate terminology.

Propagate Propagate is produced if an individual section of the adder to the next stage of the adder. The propagate
is produced regardless of that carry input from the previous stage therefore it may be stated that the
propagate “‘anticipates” that carry occurring. As can be seen from the Pi formula that propagate is true
if one or the other of the two inputs to a stage is true. If this condition exists and a carry into that
stage is true than that stage will simple “pass” that carry onto the next stage or in our terminology,
propagate the carry.

Generate Generate is produced if an individual stage or section of the adder will produce a carry. A carry is pro-
duced by that stage only if the inputs are a “1” and a “1” as shown in the Gi formula.

The production of these levels as previously mentioned allow the carry elements to produce the appropriate carriers
in order to facilitate the speed of the add operation.
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ADD EXAMPLE

In order to describe the logic, take into consideration one modulo sixteen stage and assume the ADATA input (X
Register) is 1000 and the BDATA input (Y Register) is 1001. The desired result will be in binary 10001 or seventeen.
The logic in actuality will produce 0001 from the stage being discussed with a carry out of that stage to the next modulo
sixteen stage. If CPL has designated a length of four then the carry would not be sent to the next stage but instead 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 realizing the result is not 0001 but instead 10001. Note that the carry is not automatically stores but must be
detected and stored by setting CYF if desired. Figure I1-63 shows the add of the 1000 and 1001 with the sum, generate
and propagate levels which are produced.

16 8 4 2 1
1 0 0 1
1 0 0 0
1 0 Si=0 0 Si=0 0 Si=0 1 Si=1
Pi Pi=0 Pi=0 Pi=1
Gi=1 Gi=0 Gi=0 Gi=0

Fig. I1-63 ADDER EXAMPLE

Figure 1I-63 in addition to showing the binary weighted inputs to the actual adder elements also shows the binary
values of the carry levels which are generated.

Carry Term Definition

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 II-63.
C2=(G2)+(P1*C1)

Carry Out of the first stage will result from the X and Y inputs being both equal to one (1+1=0 with a carry out)
or with either X or Y equal to one (140 or 0+1) and a carry in to that stage (1+0+C1=0 and carry out.
C4=(G4HP2*G2)HP1*P2*C1)

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*C1) along with one input to this stage.
C8=(G8)+(P4*G4)+(P4*P2*G2)+(P4*P2*P1*CI)

In a similar manner, C8 recognizes a generation of a carry in this stage (G8) or propagates and generates developed
in previous stages which will cause a carry out of this stage.
C16=(IC16)+P8 *P4*P2*P1 *CI)

C16 is produced as a result of an internal carry 16 which actually is a result of G16 or combinations of the
propagate and generate terms from the previous siages. The following is the formula for the IC16: (G16)+(P8*G8&)+
P8*P4*G4)+(P8*P4*G8*G2). The second term in the C16 equation is underlined because it is not internal to the
CFBN elements but must instead be built with an external gate.
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EXAMPLES FOR C16
C16=(G16+P8G8+P8P4G4+P8P4P2G2) + P8P4P2P1C1

1. Glé6

8421
X 1000
Y 1000

10000

2. P8GS8

8421
X 1100
Y 0100
10000

3.  P8P4G4

8421
X 0110
Y 1010
10000

4. P8P4P2G2

8421
C1 0
X 0101
Y 101}
10000

5. P8P4P2PICI

8421
Cl 1
XX 1010
Y Clo}
10000

Four Bit BCD (Binary Coded Decimal) Sum

In order for the Arithmetic Unit to perform a four Bit BCD sum, the value 01 must be placed in CPU and the value
in CPL must be an even multiple of four; 4, 8, 12, 16, 20, or 24.
Four Bit BCD Sum Example E

In order to illustrate a four Bit BCD Sum, consider several examples:

EXAMPLE 1 EXAMPLE 2 CORRECTION
0111 =7 0111 = 7 1111 = 15 (Binary Result)
0001 =1 1000 = 8 1 0110= 6
1000 = 8 1111 = 15 | 0101 = 5
CARRY
OUT
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In example one, the BCD value of 7 is added to 1 with the result being 8. Because the sum is less than 10, no
correction is necessary. The second example adds seven plus eight to obtain a value of 15. The value 15 as shown initially
in Example 2 is not BCD but instead a binary 15. Therefore, it must be corrected by adding a value of six to the initial
binary sum.

BCD SUM CORRECTION

In any add operation if the sum is greater than nine then it must be decimally corrected by adding a value of six to
the sum with the carry being sent to the next stage. Figure I1-64 illustrates the logic and add/subtract six for BCD. Notice
upon correction, the BCD value is now five with a carry to the next stage.

AFAN — X

X —— — X

BS8 — o Ds8

C10 —

BS4 | Ds4

MODE

X AFAN X

BS2 . DS2

X MODE = 0 ADD
10 MODE = 1 SUB

BS1 Ds1

Fig. I1-64 LOGIC FOR ADD/SUB 6 FOR BCD
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The carry would enter the next stage and be added to the two 4 Bit BCD operands of that stage or if CPL=4 then
the carry would be output to CYL and would have to be recognized by software in the same manner as discussed in the
Binary Sum section. It is significant at this time to note that the Carry Out is not actually obtained from the BCD
Correction Logic but must be generated from the actual binary adder. From the example of 8+7, it can be seen that the
binary adder will not produce a carry to the next stage. Logic has therefore, been specifically implemented for the BCD
add in order to generate or force a carry to the next stage if the result of the add is equal to or greater then ten. Figure
[1-65 shows the generation of C16 for the BCD ADD.

CFBN

P15 cie .
G16
c
s8 |
=P
BCD ADD
s8 —_}_
sa ]

Fig. 11-65 BCD CARRY CORRECTION

BINARY AND BCD DIFFERENCE

The difference operations like the Sum operations are under control of the CP Register. In other words, CPL controls
the length and CPU the mode where CPU=00 for binary and CPU-01 for BCD. The same arithmetic unit which was used
to perform the SUM will be used to obtain the difference of X-Y-CYF. The Arithmetic Unit is placed in the subtract
mode by the term SUB. . .DO which is generated on Card D as shown in Figure II-51 (24 Bit Function Box Control).

BCD ADDER
The conversion form Binary to BCD is handled in two steps.
1) Carry correction
2) Binary sum correction
1. CARRY CORRECTION
The carry for MOD 16 was:
Cl16 = G16 + P15C1
For BCD we want
C10 = C16 + Sum (10 + More)
C10 = G16 + P15C1 + S8S2 + S8S4
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BCD DIFFERENCE CORRECTION

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 modulo sixteen stages then the DIFFERENCE result must be
corrected. Figure 1I-64 illustrates the logic for add/subtract 6 for BDC. The BCD correction for the DIFFERENCE is
accomplished by subtracting six from the result of the binary subtraction.

4BIT BCD DIFFERENCE EXAMPLE
Consider the two examples; in the first example no correction is required and in the second example a correction is
required.

EXAMPLE 1 EXAMPLE 2 CORRECTION
1001 =9 0001 0111 =23 (BINARY) 1110 = 14
0iii=7 0000 1001 9 0110= 6
0010 =2 1110 14 1000= 8

In Example 1 a borrow from the first stage did not exist therefore a BCD correction was not requred. In the second
example the Binary Adder assumed the subtraction was 23-9 to give a result of 14, but in actuality the number into the
adder in BCD is 17-9 to give a result of 8. Because the mode is BCD and a borrow is present from the first stage to the
second, a subtraction of six is performed to five the desired BCD output which is eight. Propagates are performed if the
bits into a stage are equal (X=1 and Y=1 or X=0 and Y=1) for that stage. 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 will exist which is referred to as
CYD. Like the ADd operation, it is the function of the software to check for this level from the Arithmetic Unit.

CYF FLIP-FLOP (SUBTRACT)

The last item which must be discussed for the subtract is the CYF flip-flop. In the case of the subtract, CYF is a
butivw fiomi e Ardilunietic Unit. Ii was previously mentioned thai is CYD were true that the software must recognize it
and it may be the function of the software to set CYF upon detection of the borrow. Two more operands may then be

i AV i+h VD +1 15} » Fruminn tlan Frrsa aasnwrimarn Aem s e A
placed n X ang Y Wit X ) GCUNE a8 @ oOridw 1iGimt il vwo pilviGus Oplraiias.



Burroughs - B1700 Central System Technical Manual Sec. II Page 69

Functional Detail

COMPLEMENT X (CMPX)

The Complement of X is the one’s complement of the X Register. The length of X is designated by CPL with the
complement of the bits of the X Register gated to the Main Exchange and the most significant bits will be leading zeros
provided the value of CPL is less than 24. The complement of X is obtained by placing thecontents of X through an
inverter to the multiplexed output of the 24 Bit Function Box. Refer to Figure 1I-54.

COMPLEMENT Y (CMPY)

The Complement of Y is the one’s complement of the Y Register. The length of Y is determined by CPL, with the
complement of the least significant bits of the Y Register gated to the Main Exchange and the most significant bits will
be leading zeros. The complement of Y is obtained by placing the contents of Y through an inverter to the multiplexed
output of the 24 Bit Function Box. Refer to Figure II-54.

XANDY

X and Y is the logical AND of the X and Y Registers with the length of the “And” being determined by CPL.
Leading zeros are gated to the left of the significant data. The “And” function is obtained by placing the X and Y
Registers into the Adder and then by using the Generate term out of each stage or each bit position of the adder, and the
logical “And” is obtained. In reviewing the adder the formula for the generate term was; Gi=A*B*MO. The significance of
the mode line being false is that the arithmetic unit must be in the Add mode which will be true if the operation is X
and Y as bit eleven of the M Register will be off. From Figure 11-54 it can be seen the Generate term is the input to the
multiplexor for the “And” function.

EXCLUSIVE OR, X AND Y
The Exclusive Or of X and Y is the logical function “exciusive or”. The function can be defined by the following

equations:

X+Y=0

X +Y=1

X+Y=1

X+Y=0
The length of the exclusive or is defined as in previous operations by CPL; left zeros are placed on the Main Exchange if
the length is less than twenty four. The Exclusive Or is obtained by placing the Arithmetic Section in the Add Mode and
then gating the inputs of X and Y to the Arithmetic Unit. The Exclusive Or is obtained from the Arithmetic Section by
using the Propagate and sending it through the multiplexed output to the Main Exchange. The formula for the Propagate
is as follows: Pi=MO*(X*Y+X*Y). (See Figure 1I-54).

X OR Y (XORY)

X or Y is the logical function of an “OR’’ of either the X or Y Register to the Main Exchange. As in previous
operatons the length of X or Y is defined by CPL and if CPL is less than twenty four the data is right justified on the
exchange with left leading zeroes. The “OR” is obtained at the input to the multiplexor by enabling both X and Y onto
the same input leg and then selecting that input to the Main Exchange. (See Figure 11-54).

MASK OF X (MSKX)

The Mask of the X Register provides for the gating of a portion of the X Register to the Main Exchange and sub-
sequently a sink register. The length of the Mask is controlled by CPL. For Example; assume CPL=8. With a length of
bits designated and the Mask of X requested, the least significant 8 bits of X will be gated to the Main Exchange with
the most sifnificant bits on the Main Exchange filled with zeros.

The generation of the bits for the mask to allow only a portion of the data onto the Main Exchange is shown on
figure II-59, and is the same for all other operatons where the length is less than twenty four.

MASK OF Y (MSKY)

The Mask of the Y Register is identical to the Mask of X with the exception the Y Register bits are gated to the
Main Exchange. Again the length of the mask is controlled by CPL.
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24 BIT FUNCTION BOX 4 BIT RESULTS
As stated earlier, three pseudo registers contain various 4 bit results produced by the 24 Bit Function Box.

A detailed explanation foliows.
BINARY CONDITIONS (BICN)

The Binary Conditions of the 24 Bit Function Box are considered as a source register only. The four conditions to
be discussed are:

LSUY Least Significant Unit of the Y Register

CYF Carry Flip/Flop which is a part of the CP Register

CYD Borrow Out Level as a result of the Y Register greater than the X Register on a DIFFERENCE
operation.

CYL Carry Out Level as a result of an X register plus Y Register SUM operation where CYL out of the most

sifnificant bit is controlled by CPL.

LSUY is true if the least significant unit of the Y Register is equal to “1” and CPU=00 which is designating the
binary mode. LSUY in this case is defined as the least significant “bit” of the Y Register. If CPU#00 meaning that the
mode is not binary but BCD then LSUY is true if the least significant unit (least significant four bits) of the Y Register is
equal to 100 1 or decimally speaking 9. Figure I1-67 is of the logic on Card A which produces LSUY.

BDATO2TO
BDATO1TO
BDATOOTO
|
BDATOOTO
B
CREGOS5CO B_‘
l/ OFAN ¢ LSUY. . A
. BINARYA.
BDATO3TO
Fig. ii-67 LSUY A LOGIC
AGE ...AD
COMPARISON [ AEB...A.
LoGIC CREGO7CO D——
(SEE FIG. 11-70) CYD...AO
ALB...A. _j__\

Fig. II-68 Y>X CARRY OUT LOGIC
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CYF of the Binary Conditions is the most sifnificant bit of the CP Register. When the Binary Conditions are
selected by a micro instruction the Carry Flip-Flop is gated to the multiplexor element which in turn gates CYF onto the
4 Bit Auxilliary Bus. CYF is manipulated by a 6E micro, Carry Flip-Flop Manipulate, and would be used to store a carry
or borrow as a result of an add or subtract operation.

CYD is produced thru gating on Card A and is produced if X is greater than Y or if X equals Y and CYF is set
which indicates a borrow exists immediately. CYD is independent of CPL. Figure II-68 shows the generation of CYD.

CYL is produced as a result of a carry from the most significant stage of the adder as designated by CPL. If CPL is
equal to zero then CYL will reflect the state of CYF. The mnemonic for CYL is CYL. . .TO which is produced by the
logic illustrated in Figure II-69.

BCAR12 23| cappg | CYL..BO

MFAN'S
_____ CYL.TQ
ROO~ 11 Q
_BCAROO~ 11 ArpA | cvL.1.A0
MFAN'S
_CYF CYL.2A0
SELECT , 3
7

Fig. [1-69 SUM CARRY OUT LOGIC

X-Y Conditions are a comparison between the X and Y Register data. This comparison occurs on both Cards A and
B as shown in Figure I1-70. Card B tests the upper twelve bits and sends the result of that comparison to Card A which
uses those inputs plus the lower twelve bits in order to determine if a comparison exists or the relationship of X and Y.
In the figure it can be seen that the input to the logic is A Data and B Data, A Data being the X Register and B Data the
Y Register. The three resultant terms AEB. . .A. (A EQUAL B), AGB. . .AO (A GREATER THAN B) and ALB.. .AO (A
LESS THAN B) are sent to the 4 Bit Output Section of the 24 Bit Function Box which is shown in Figure II-71. The
other bit of the XYCN is not a comparison between the X and Y Register but instead is a test of the most significant bit
(MSBX) of the X Register as indicated by the value in CPL. If the bit designated is true then the term MSBX. .TO will be
true. The MSBX. .TO term is made up of either MSBX. .BO, MSBX.1AO or MSBX.2A0 which are produced in a similar
manner as CYL. .TO as shown in Figure II-69.

X-Y STATES (XYST)

The X-Y States are relational conditions which are considered as a 4 bit group and are addressable as a source only.

The four conditions produced by the logic are: Least Significant Unit of X (LSUX), Interrupt (INT), Y is unequal to zero
(Y#0) and X is unequal to zero {(X#0).

Both the X#0 and Y0 functions are produced in similar fashions and are both based on the binary value of 24 bits
of Z or Y. Each of the 2 cards (A and B) have the logic for comparison of 12 bits and if any bit is on then the
appropriate level (Xf0 or Y#0) is produced and a backplane “or” ( {come) ) exists to combine the appropriate term into
the mutiplexor element which preceeds gating onto the Auxilliary Bus.

The Least Significant Unit of X is similar to the Least Significant Unit of Y which has been discussed in the Binary
Conditions. If CPU of the CP Register is equal to zero and the least significant bit in the X Register is on then LSUX will
be true. If CPU of the CP Register is unequal to zero indicating a BCD mode then the least significant four bits of the X
Register are examined and if equal to nine (1001) then LSUX is true.

The last conditions of the X-Y States is the Interrupt “or” which is not relevant to any X/Y state or condition. The
Interrupt will be true if any of the following conditions as reflected in CC or CD are true:

1. Console Soft Halt Interrupt (CCO)
2. 1/O Bus Service Request Interrupt (CC1)
3. Real Time Clock Interrupt (CC2)
4 Memory Read Data Parity Error Interrupt (CD3)
The development of the Interrupt “Or” bit for the XYST is shown in Figure II-71.

Printed in U. S. America 11-20-72 For Form 1053360



Page 72

Burroughs - B1700 Central System Technical Manual

FLCOMPDO

Ftﬂﬂ J

FLCOM/B.

Functional Detail

lao
1.

iHAJ

BDAT238.

BDAT228.

\Y

BDAT2]B.
BDAT20B.
BDAT2380

CFAN

[o1:3

N AGB. .A8,

BDAT22B0
BDAT2180

\/ p78

J_ALp, ,AB,

»—Aj’m AGBGPAB,
8 lGrro/ N/ F48

C7 \N

o> @ of|x|w|=| o

BDAT20BO |

ALBGPAB,

BDATI98.

BDATI188.
BDATI7B.
BDATI6B.
ADATI98,

K

Y

N

\/ c¢c

C
2 .lgrrl /

\YAT

AGBGPBB.

AGB. .BB. 7 A
v .

ADATI8B.
ADATI78B.

J

A
C7 \P
)
\/ C78 [

o{p|win|T|wni™|o

ADATI6B,

BDATISB.

BDATI48.

K

ALBGPBB.

ALB. .BB. c
\/ D%C AL
\/ F4s

BDATI3B.
BDAT128,
ADATI58,

82
CFAN

N

Y

AGBGPCB.

F4

CFAN

K

N

Y%

AGBABCBO

J

ALBABCBO

'v}ul I | v

ADAT148,
ADATI38B.

’v)mnxmxo

ADAT128,

BDATITA,

BDATIO0A.

BDATO%A.
BDATO8A,
BDATIIA,

14
CFAN

AGSGPDA

BDATIOA.
BDATO%A.

\/ Fd8

v)wnIvb:vO

BDATOBA.

BDATO7A.

BDATOSA .

ALSGPDA
(/ F4R

I ALBABCBO

BDATO5A.

BDATO4A,
ADATO7A,

T(wv|=|p

|
|
|
i

D5

AGBGPEA,

AGBABCBO

F4

ADATO6A,
ADATO5A.

CFAN

K
\/
}\_/HA
N
J

o|» =N

ADATO4A.

G

R

K

3> o ﬂ:quo

CFAN

] ALBGPEA

AVAZH

S

ADATO3A0 C

Ad

AV

AGBGPFA,

ADAT02A0Q B
ADATOTAQD A

CFAN

\VAZS

ALBGPFA,

ADATO0AQ P

\/F4H

Fig. II-70 X-Y CONDITIONS LOGIC



Burroughs - B1700 Central System Technical Manual Sec. I Page 73

Functional Detail

S24BM2DO

$24M1D0O
S24BM0ODO

CD3. . F.

CC2. . .F. B

4BTBO2FO

INTERPF.

v

CC1. . .F.

o8 MFAN

cco. . .F.

S24BENDO

Fig. II-71 INTERRUPT “OR” BIT

It should be noted that while bits 0, 1 and 3 are gated to the 4 Bit Auxilliary Bus on Card A that the INT OR is
produced and gated to the Bus on Card F.

FOUR BIT ARITHMETIC AND COMBINATORIAL SECTION

The Four Bit Arithmetic and Combinatorial Section, otherwise referred to as the Four Bit Function Box, contains
the logic to produce the output results most commonly used between two operands. A simplified block diagram of the 4
Bit Function Box is illustrated in Fig. II-72. Figure II-73 is a more detailed version.

INPUTS
Input to the Function Box is any of the four bit registers and pseudo registers listed in Table II-II. A second input
is obtained from the M-Instruction itself. The actual inputs to the multiplexor chips are shown in Figure 11-73.

INPUTS
TA TB TC D TE TF
LA LB LC LD LE LF
FU FT FLC FLD FLE FLF
CA CB cc CD
BICN XYCN XYST FLCN

TABLE II-1I

OUTPUTS

Outputs of the Function Box include generation of set, and, or, exclusive, or binary modulo sixteen SUM, and
binary modulo sixteen DIFFERENCE. The actual output logic is illustrated in Figure I1-73. The output which is obtained
is sinked to the same register which acted as the source. The exceptions to this are the pseudo registers which are listed
on the last line of the Chart I1-11 and these cannot act as a destination. The logical and binary results which are obtained
are done so by using the source register as one of the operands and the least significant four bits of the micro (four bit
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manipulate literal) as the other. Other functions which are performed in addition to setting the register with the logical
function are to test various bits of a register and depending upon the result and instruction branch or skip to a new
instruction. The four bit function box will be described in the following sections according to micro operator.

XYST
BICN
FLCN
XYCN A
MEX

ADATA

4BiTOnBO

MANIPULATE, BIT
3CSKIPBO

ADATA 48TBONTO TEST AND SKIP

LOGIC 4CSCBRF.

6CSKIPC.

C REGISTER

MOPnnBTO

MICRO
DECODE
LOGIC

Fig. II-72 4 BIT FUNCTION BOX BLOCK DIAGRAM

MICROS

Those micros which affect the function box are: 1C Register move, 2C Scratchpad move, 3C 4 bit manipulate, 4C
Bit test relative branch false, 5C bit test relative branch true and 6C Skip when 10C shift/rotate T.

1C REGISTER MOVE
The 4 Bit Function Box becomes a part of the 1C Register Move micro when a 4 bit register is designated as either

a source or sink. When the register sourced is a 4 bit register, the micro decoding will allow the source data to be gated
through the 4 Bit Function Box and to the 24 bit Main Exchange. If the 4 bit register which has been sourced is to be
sent to another 4 bit register then six copies of the source information will be placed on the Main Exchange and if the
destination register is a 24 bit register then only the least significant 4 bits of the Main Exchange will contain data and
the most signiticant 20 bits will contain zeros. If a 24 bils register hias been designaied as tie source wiih a four bii
register as destination then the 4 least significant bits of the source register will be enabled through the 4 Bit Function
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2C SCRATCHPAD MOVE

The 4 Bit Function Box becomes a part of the 2C Scratchpad Move when a move from a 4 bit register to
scratchpad is selected or if the contents of scratchpad is to be sent to a four bit register. The data flow for the 2C
Scratchpad Move is identical as the data flow for the 1C Register Move.

10C SHIFT/ROTATE T

The 4 Bit Function Box becomes a part of the 10C Shift/Rotate T micro when a 4 bit register is designated as sink.
The data is read from the T Register and the Shift/Rotate result is obtained in the Memory Information Register (MIR).
With the sink register being a four bit register, the 4 LSB of MIR are gated thru the 4 Bit Function Box to the Main
Exchange in 6 copies (A, B, C, D, E, F). The requirement, in addition to a decode of the 10C micro is that the micro
operator bit seven (MOPQ7) is false which indicates either register select zero or one is true to select a 4 bit register.

3C 4 BIT MANIPULATE

The logic within the 4 Bit Function Box provides the generation of the logical and arithmetic functions of the 3C 4
Bit Manipulate Micro Instruction. These logical and arithmetic functions are generated as a result of the manipulate
variants within the micro which provide for: 1 set function, 3 logical functions and two arithmetic functions with a test
capability for overflow on the sum and underflow on the difference. The Functions which are produced are: Set, And,
Or, Exclusive Or, Increment, Decrement, Increment and Test and Decrement and Test. The manipulate variants are bits
four, five and six (MOP04, MOPO5 and MOP06) of the 3C micro. Figure II-73 illustrates the decoding of the 3C micro
according to the function. The terms from the decoding elements will select the appropriate outputs from the Four Bit
Function Box. In addition to the data out, if a test is indicated and the test condition is met, then the term 3CSKIPBO is
sent to the Control Logic to allow the next micro to be skipped. Each of the functions will be discussed in the following
description of the eight variants.

SET: The Set function of the 3C micro instruction is not a logically produced function. The Set function allows the
literal contained in the micro to be sent to the destination register by gating the literal from the Micro Operator Bus
through the 4 bit Function Box and to the destination. In this operation the term 4BCNENDO will be true (4 Bit
Control Enable) and allow the output section multiplexors to gate the literal to the 4 Bit Bus ($BITOnBO) and
subsequently to the Main Exchange where it will be sent to the destination. Figure II-74 indicates the 4 Bit Mode Control
lines which are enabled for each of the eight functions of the 3C micro. The logic development of these terms and their
functions are shown in Figure [1-73.

AND: The “AND’ function of the 3C micro instruction is logically obtained by anding the source register with the
literal contained with the micro. The elements used to obtain the “and” are two Dual Full Adder/Subtracters (AFAN)
placed in the add mode. These elements are the bottom two AFAN’s shown in Figure 1I-73 with the 4 Bit Auxiliary Bus
(4BTOnTO) and Micro Operator Bus (MOPOnBTO) as inputs. The output of the Dual Full Adder/Subtractor which is
used for the “And” function is the generate output. The equation for the generate for the Dual Full Adder/Subtractor is
as follows:

Gi = Ag *Bg = 4BTnnTO*MOPnnBEO

As can be seen from the above equation that the Dual Full Adder/Subtractor will produce a logical “and” which is
used for the 3C micro.

OR: The “OR” function of the 3C micro instruction is obtained from a set of dual full adder/subtracter elements as
shown in Figure 1I-73. The two elements used are the top two AFAN’s in Figure I1-73. In the case of the “OR” function,
the elements are placed in the subtract mode by a constant true level to the mode control lines. The sum ouiput is then
used to obtain the “OR”. The following equations illustrate how the OR functions are obtained:

Si = (A *B)}*(A * B) = (MOPOOBEO+4BTOOBTO)+(MPOPPBEO+4BTOOBTO)

If either the “A” or “B” input is true the output will be true. In the case where hoth “A” and “B” are true the or
is obtained by separately sending the literal bit to the output multiplexor element as can be seen in Figure 11-73,
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EXCLUSIVE OR:

The “Exclusive Or” is obtained by using the propagate output of the bottom two Dual Full Adder/Subtractor
elements shown in Figure II-73. The Exclusive Or function will allow the elements to be placed in the add mode and if
either the literal bit or the source register bit is true then the output (propagate output) will be true. If both inputs are
true then the propagate out is false which is the characteristic of the AFAN. The output which is used and sent to the
output multiplexor elements are mnemonically referred to as 4BPRGnB. (4 Bit Binary Propagate).

INCREMENT: The increment function of the 3C micro instruction is a binary add of the source register to the 4
bit manipulate literal with any carry out resulting is ignored. The adder elements are shown in Figure II-73 and are the
bottom two AFAN’s which are shown. The Dual Full Adder/Subtractor elements are in the add mode as the term
4BTSUBDO (4 Bit Subtract) is false. The sum output (4BSUMnB.) is sent to the multiplexor where it is gated onto the 4
Bit Bus and sent to the destination register via the 24 bit Main Exchange.

DECREMENT: The decrement is obtained from the same two Dual Full Adder/Subtractor elements which were
used for the Increment Function of the 3C Micro. In the case of the Decrement, the term 3CDECOB. (3C Decrement)
will be true and cause 4BTSUBDO to be true to place the AFAN’s in the subtract mode. In the case of the decrement,
the literal is subtracted from the source register with the result (4BSUMnB.) being gated through the output multiplexor
and subsequently to the destination register via the Main Exchange.

INCREMENT/DECREMENT TEST: The last two functions of the 3C micro to be discussed are the Increment or
Decrement and “TEST”. The increment/decrement functions are identical as those previously discussed. The difference
occurs in that either an overflow for the increment or underflow for the decrement can be tested. If the test is to occur,
the term IDTESTDO will be true to indicate that the result is to be tested. If an overflow or underflow occurs the
carry/borrow output of the adder (4BCARO3) will be true and cause 3CSKIPBO to be true. 3CSKIPBO is sent to the
Control Logic and will allow the next micro in the string to be skipped.

ADDRESS CONDITIONS
4BCNENDO 4BCNM2DO 4BCNM1DO 4BCNMODO

0 0 0 0 DISABLE

1 0 0 0 3C SET 0

1 0 0 1 3C AND i

1 0 1 0 3C OR

1 0 1 1 3C EXCLUSIVE OR

1 1 0 0 3C INCREMENT OR IN-
CREMENT TEST, 3C 4
DECMREMENT OR DE-
CREMENT TEST

1 1 0 1 24 to 4, 6C*CLR/, IC*4
BIT SOURCE, 2C*4 BIT 5
SOURCE

1 1 1 0 6C*CLR

1 1 1 1 10C*4 BIT SINK

Fig. 11-74 4 BIT FUNCTION OUTPUT CONTROL ADDRESSING

4C BIT TEST RELATIVE BRANCH FALSE

The 4C Bit Test Relative Branch if the result is false will examine one of four bits in a designated register and if the
bit selected is zero (false), then a branch relative will result. If the bit tested is true then the next micro in the sequence
will be executed. The bit under test is designated by Micro Operator Bus bits five and six (MOPOSBTO and MOPO6BTO).
The logic for the 4C micro is shown in Figure II-73. As can be seen the term 04C. . .F. will be true and be sent through
an inverter where it is “anded” with BRNCH.F. If both inputs to the nand is false then the term 4C5CBRF. will be true
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and allow the Control Logic to perform the Branch Relative according to the value in the micro. The term 4C5CBRF.
will ailow for the adding/subtracting of the relative displacement vaiue to/from the vaiue in the MAR(A) Register. It also
prevents the normal MAR+1 upcount at that time.

SBIT TEST RELATIVE BRANCH TRUE

The Bit Test Relative Branch if the result is true will examine one of four bits in a designated register and if the bit
selected is a one (true) than a branch relative will result.The next instruction in the sequence will be executed if the
selected bit is false. This instruction is similar to the 4C which has been previously discussed and performs in an identical
manner with the exception of how the branch enable term (4CSCBRF.) is produced. In the case of the 5C, if BRNCH.F.
is true then the branch will occur as opposed to the 4C where BRNCH.F. had to be false to allow the branch. The logic
is shown in Figure II-73. The multiplexor which produces the term BRNCH.F. examines the bit under test and will
produce an output if the selected bit is true.

6C SKIP WHEN

The Skip When Micro tests a selected register for various conditions which exist between the source information and
a 4 bit mask contained within the Skip When Micro. The logic test to be performed is selected by three variant bits which
can designate eight different conditions. These conditions are as follows:

V=0 If any of the referenced bits is a “1”, skip the next M-Instruction
V=i If @—of the reference bits are “1”, skip the next M-Instruction
V=2 If the register is equal to the mask, skip the next M-Instruction
V=3 If all the referenced bits are “1”, clear the referenced bits to zero without affecting the non-reference bits and
skip the next M-Instruction

=4 If any of the referenced bits are “1”, Do Not skip the next M-Instruction

=5 If 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 M-Instruction

=7 1If any of the referenced bits is a “1”, Do Not skip the next M-Instruction and clear the references bits to zero
without affecting the non-referenced bits.

The 6C Skip When Micro will produce the Skip function of the term 6CSKIPC. is true. The term is produced as
shown in Figure 1I-73. The ANY, ANY/, ALL and ALL/ functions originate from the EFAN shown which in tumn receives
its inputs from the bottom set of Dual Full Adder-Subtractors. For the ALL functions, the elements are placed in the
subtract mode and for the ANY functions the add mode. The equal functions of the 6C are produced from the top set of
Dual Full Adder/Subtractor elements shown in Figure I1-73. The top set of elements are always in the subtract mode and
the propagate output will be true if the inputs (literal or mask and source register) are equal then the term EQUAL.B.
will be true and if the mask does not equal the source then EQUAL.B. will be false. According to which function has
been selected by the variant, a skip may occur.

S-MEMORY PROCESSOR ROTATION LOGIC

The S-Memory Processor Rotation Logic is a shared rotator that is used for the rotation of data during the
execution of the following Micros:
7C Read/Write Memory Micro
10C ROTATE/SHIFT T LEFT Micro
11C EXTRACT T Micro
4D SHIFT/ROTATE X or Y LEFT or RIGHT Micro
5D SHIFT X AND Y LEFT or RIGHT Micro or the
7D EXCHANGE DOUBLEPAD WORD Micro.
All of the above Micros use either a shift or rotate function with the exception of the 7D Micro, Exchange
Doublepad Word, which uses the Rotation Logic as general storage to perform the exchange of the Doublepad Word with
the contents of FA and FB. The Rotation Logic that is discussed in this section includes the Mask Generator, Rotation
Control Logic, Rotator and the Memory Information Register which stores the Mask and the data that has been rotated.

A A el

BASIC FUNU1IONS
Since the Rotation Logic is shared, the functions of each portion will be discussed in a general format. The timing

i~ 1 LY. ~ o1 4 ~oaT 1 i . 1 . 1 - . 1. I 1 . 1«1 1 R . i ~ 1 -
ulgacn Mt tur iie generaiion ol ie sk, tolaiion and siaking oy discussed i ife ndividual descripiion of ihe Micros
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in Section II of this Manual. Generally speaking, the logic functions in the following manner:
Mask Generated
Mask Rotated (Various Micros do not rotate the mask)
Mask Stored in MIR (Mmeory Information Register)
Source Data Rotated
Output of Rotator (Source Data) Stored in MIR
Contents of MIR stored in sink register/memory

Figure 1I-75 shows all the Micros which use the rotation logic. In addition, it shows the number of bits placed in
the mask, the amount that the mask must be rotated and the amount of rotation for the data.

In the column showing the number of bits in the mask, the terms labeled LIT refer to either the Literal value in the
Micro or if the value within the Micro is zero then CPL (CREGO0 thru CREG04) is selected. In the case where the
number of bits in the mask is specified as 24-LIT, the 24’s complement of the literal value (either Literal or CPL) is
selected. In some cases neither of the three inputs are used but instead a constant value of either 23 or 24 is forced. In
the cases where the value in the mask is the 24’s complement (24-LIT) of the Literal, a subtraction must be done prior to
sending the appropriate value to the Length Mask Generator. This is also done on Card C and may be used on the 10C
and 4D Micros. Note that both of these Micros require a “left” shift. It should be noted at this time that the Rotator is a
“right” oriented rotator. Therefore, if a shift left, for example, of eight bits is specified, then the rotator will actually
rotate the data sixteen positions to the right which in effect is identical to a shift left of eight. Prior to the data being
rotated, the mask will be rotated in a similar manner to give the appropriate truncation of the bits.

MASK GENERATOR

The Mask Generator is contained on S-Memory Processor cards A and B. Card A contains the least significant 12
bits of the Mask Generator and Card B contains the most significant 12 bits.

MASK GENERATOR INPUTS
Inputs to the Mask Generator are from Card C and Card F. The inputs from Card C are the five Length Enable

terms (LENMKOCO thru LENMK4CO) and the input from Card F is a lift mask (LIFTMKFO) which will if true cause a

mask of all bits (24 bits) to be generated. The lift mask term is normally true except when inhibited which is the case

MICRO | NUMBEROFBITSINMASK | AMOUNT OF MASK ROTATION | AMOUNT OF DATA ROTATION
11C EXTRACT T LITERAL IN 11C NO ROTATION DETERMINED BY M11 M7
3F NORMALIZE X 23 23 23
5D SHIFT X&Y LEFT 23 24-1-(23) 28-1-(23)

50 SHIFT X&Y RIGHT 2 NO ROTATION 1

10C SHIFT T LEFT 2.UT 2.UT 40T

10C ROTATE T LEFT 2 NO ROTATION 2407

7C READ TWS- uT NO ROTATION 32 = VALUE

7C READ TWS+ uT NO ROTATION .

7C READ TWS+ (CONSOLE) 2 NO ROTATION 32 = LIT+BBA (LS5 BITS)
32 - 24+BBA (LS 5 BITS)

7C WRITE TWS- uT 5 LSB BBA 5 LSB BBA

7C WRITE TWS+ uT LIT+5 LSB BBA LIT+5 LSB BBA

7C WRITE TWS+ (CONSOLE) 24 24+5 L'SB BBA 24+5 LSB BBA

4D SHIFT X OR Y LEFT 24-LIT 24-UIT 24017

4D SHIET X OR Y RIGHT 24.LIT NO ROTATION uT

4D ROTATE X OR Y LEFT 24 NO ROTATION 24-LiT

4D ROTATE X OR Y RIGHT 24 NO ROTATION ur

7D EXCHANGE DPW 2 NO ROTATION NO ROTATION

Note 1 TWS here means a negative field direction
TWS+ means positive field direction
Note 2 Subtraction from 32 is an inherent characteristic of the Rotator for the Memory Read operation
Note 3 When adding the 5 least significant bits (BBA) to the literal, any carry beyond the fifth bit is discarded.

Fig. II-75 ROTATION CONTROL AND MASK VALUES
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when a mask is to be generated by the Length Enable Mask terms (LENMKOCO thru LENMKA4COQ). The five Length
Enable Mask terms give a binary weight of the mask which is to be generated.

The Length Enable Masgk terms are generated on Card C. Figure 1i-76 is a block diagram of the Rotation Logic with
the portion shown for Card C concerning the generation of the LENMKnCO terms. As can be seen from the diagram, the
Length Mask Generator has as its inputs five complement terms (nCMP), five literal terms (LITn. . .C) and five bits from
the CP Register (CPREGn). The Length Selection Enable Logic will select as the output one of the three combinations
according to the Micro which has been decoded and at the appropriate time within the Micro as generally controlled by
the Sequencer on Card F.

6D
MOP04
MOP03 2ERO CPLSEL acmp
ZERO 3CMP
MOPOZ COMPARE 7C CPL/LIT
MOPO1 ) s SUBTRACTOR | 2CMP LENGTH
MoPS ] 10C SELECTION o TCMP MASK LENMKACE (7=0-4}
LA . — 24-LiT oD GENERATOR
— LITSEL
MIC.3EFO LITn. . .C
ZERO/ __CREGn (04) |
MOPnnBTO
CREGnn (00--04) MICRO DECODE t
LENGTH
SELECTION
TIMING ENABLE
CARD C
r A6
A0S
RCEBLCO ROTATION AD4
— " CONTROL
Al
(CARD K) AO1
24x24
Y MASK
GENERATOR
> 24X32 ROTATION
MASK 00 11 ———* CONTROL
(CARD A} SELECTION
37X24
(CARD J)
LIFTMKEO MASK SELECT ~——— o
.w__._ﬁ,_f\____—J b TO S MEMORY
2 MASK MULTIPLEXOR'S M
ROTATOR
GENERATOR MAIN EXCHANGE I TO MAIN EXCHANGE
MASK 12 — 23 CARD A&B ~~ R e
,,,__J {CARD Jj
(CARD B}
CD K

Fig. II-76 MASK GENERATOR LOGIC

Having generated the Length Mask, the appropriate terms are sent to Cards A and B to generate the mask. In
addition to the Length Mask terms, another term, MASKSTCO, is generated in order to inhibit the Lift Mask
(LIFTMKFO). If a mask is not generated by the LENMKnCO terms then LIFTMKFO may be true to cause a mask of all
24 bits to be generated. The generation of the least significant 12 mask bits on Card A are shown in Figure II-77. The
inputs to the Mask Generator (LEMNKnCO) have binary values from one thorugh 16. If, for example, the length of the
mask were six bits, then LENMK1CO and LENMK2CO would be true and cause the mask output bits MASKOO through
MASKOS to be true and MASKO06 through MASKI11 to be false on Card A. On Card B the Mask terms MASK12 through
MASK?23 all would be false. With the mask being generated from the Tenath Mask Enable Logic, the terin MASKSTCGO
would be true causing the lift mask term, LIFTMKFO, to be false. The output of the Mask Generator is sent to a series
of MFAN’s where the Mask is “gated” onto the Main Exchange and subsequently sent to the Rotator. The Mask is

+1.

cnabled onto the Main Exchange by a series of decoding for the Micro and the timing as controlled by the Sequencer.



Burroughs - B1700 Central System Technical Manual Sec. II Page 81

Functional Detail

LENMK4CO F| D4 J
LENMK2CO BHA3
LENMKICO
LENMKOCO
RIGIF| S 2MGNI2A. 3 TRUEO2A. S H  IMSKO0BA.
H P V
ks 1 \Y% R J GON | MASKO9A,
K e Ta] C* \V4
DFAN N MGENTIA. [ Vool jcren K HBN | MASKIOA,
P MGENIOA. [ l.c# T8 -
A MGENO9A. AR N JON | MASKI1A,
- MGENI2A.  G4s  IC
5 \V4 5 19N
LENMK3CO o LIFTMKFO G4C 1 B | D4 N 2MSKO3A.
BHA1
S H IMSKO0A .
P Y%
V R 1Y E9N | MASKOIA.
cop A \V4
l:lGF S MGENO7A. \V4 4] CFBN | K D8N | MASKO2A,
H MGENOSA. C2A B \Y%
o7 J MGENO5A. Vool ] N DN | MASKO3A.
K MGENO4A. c8_ Jc AV
DFAN [[N_MGENO3A. V Dl A P CIN
P MGENO02A. c2c c3 2MSKOOA .
A__MGENOIA, BHAD
02_ H IMSKO4A.
P \Y4
apaa J F8N | MASKO5A.
G| D4 H  IMGNOBA. E4P A \V4
I BHA4 \/ 02_ K G8N MASKO6A .,
E4A B V
E4B \/ [ F N G7N | MASKO7A.
R |D4 S 2MGNO8SA MGENOSA C \V4
BHAS \V4 V 5 HON
LIFTMKFO E4C B |C3 N 2MSKO4A.
© BHA

Fig. II-77 MASK GENERATOR BITS 00 THRU 11 (CARD A)

ROTATION CONTROL AND CONTROL SELECTION

The Mask having been generated and placed on the Main Exchange, it is now sent to the Rotator which will either
send it directly to the Memory Information Register or rotate the mask depending upon the Micro that is being executed.
The Rotation Control is located on Card K. See Figure II-78.

INPUTS AND OQUTPUTS

The basic inputs to the Rotation Control are:
1. The Length Enable Mask terms
2. Bit Boundary Address for Memory operations

3. The Rotation Control Enable term (RCLEBLCO).
The outputs of the Rotation Control are:

1. A0l.. K

2. A02.. K1

3. A04.. KI.

4. AO08.. XK.

5. Ale.. K.

These levels are binarily weighted and dependent upon the input terms.
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07CREADC.

—————————————————

Sa..C \

MOPO5/C. )

07C..C. —.

$5....C. ) RCLEBLCO —\

07C..C. LENMKA4CO __I

MOP11BTO | ) i ﬁg—‘“’—"j}___

MOPO5/C.

— RCLEBLCO

RD+WR.FO

RD+WR.FO | | \ ROTATION

$4..C. LENMK3CO| / gpa03 CONTROL

MICADC.

MOPO7/C. \ RCLEBLCO <

MORGEC I A16...K1

Mopoe/C. | )/ — ——

MIC.50C. . LENMK2CO| BRAO2 | A08.. K1
P

MOPO6/C. —)-—4 }_ A04...K1

— RCLEBLC ‘

oe.c. N 0 i A02..K1

MOPOS/C. D—o LENiWK1CO BBAT | AOL.KT

RD+WR.FO l

RAL A LLATLE SN

S Y\ RCLEBLC - )

...C. I 1

DATASTC. LENMKOC A':)UDLELR

MEM.1C. q BBACGO

MEM.TC. > > (CARD K)

MIC.3FFO \ 1

REBLBAFO

i
Y

LENGTH MASK

GENERATOR WRITE.E ‘
S2...F —4
RD+WR.FO

(CARD C) \

$3....F. B

| I ] JCWRITF.

L C n

r1 ] =1

T G P

Fig. I1-78 ROTATION CONTROL

FUNCTIONAL DETAIL

The chart in Figure 11-67 gives the necessary binary weights from the Rotation Control for the various Micros and
for either the mask or data rotation. Where no rotation is required, the inputs LENMKnCO and BBAnn.K. are inhibited
into the logic and, therefore, the output levels will all be false. In the cases where a literal value is specified the term
RCLEBLCO will be true to allow the Length Mask terms to be reflected at the output.

Example — Refer to Figure 1I-78. To illustrate, if LENMKOCO is true then AO1.. K1 is true and each of the
Length Mask terms correspond to an output Ann...KI term. If the chart requires a rotation of LIT+ SLSB BBA then
both inputs are enabled to the Rotation Control and an add of the Literal and five least significant bits of the bhit
boundary address (BBAlnn.K.) occurs with the sum being placed on the Ann. . K1 lines. In the case of the add if a carry
out of the most significant stage occurs, it is ignored. The final condition for rotation could be that the rotfation is
five bits of the Bit Boundary Address. in this case the Tive ieast significant

directly uwnder conirol of the ieast significan:
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Fig. 11-80 ROTATION SELECTION TERMS
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bits are reflected directly from MAR(A) into the Ann. . K1 lines.
The five Ann. . K1 terms are sent to Card J where the Rotation Control Distribution and Selection will supply the

appropriate Rotation Control terms to the Rotator.

The Rotation Control Distribution and Selection is shown in Figure II-79 and as can be seen, its inputs are the
Ann. . K. terms and three other terms referred to as 24X24.FO, 24X32.FO and 32X24.FO.
These three terms originate on Processor Card F and their development is shown in Figure I1-80. The development
of these terms are from the micro decoding and will allow rotation for either:
1. Memory Read — A Memory Read rotation is specified by the 32X24.FO term.
2. Memory Write — A Memory Write is specified by the 24X32.F0 term.
3.  Processor Rotate—The Processor Rotate is signified by the 24X24.FO term and is developed as a result of the
following:

a.  10C SHIFT/ROTATE T

b. 11C EXTRACT T

c. 4D SHIFT/ROTATE X or Y

d. 5D SHIFT X AND Y LEFT

e. 7D EXCHANGE DOUBLEPAD WORD
f 3F NORMALIZE X.

One of these three levels will be true to the Rotation Control Distribution and Selection Logic to allow the
production of the appropriate rotation control terms.

ROTATOR
The Rotator, located on Card J, consists of 64 Multiplexor elements arranged in two stages of 32 elements per

stage. It is the function of the Rotator to rotate the input data on any given bit such that the bit can be placed on any
one of the 32 output lines.

MASK
1 I [ ]/ ALL ON I
1 ,/‘< ROTATOR
2 [ ROTATED MASK (ALL ON) l l NOT USED ]
MIR
3 MASK STORED IN MIR l J NOT USED j
23 X REG
4 [ SOURCE DATA FROM X REG TO ROTATOR |
/ / ROTATOR
5 [ X REG ROTATED 1 BIT LEFT (23 RIGHT) L J NOT USED
MIR
6 1|1t bmaskfr{rfrfi ]t fifo NOT USED
(DATA) 0 NOT USED
BITOFF XREG
7 [ RESULTANT DATA TO X REG (SHIFTED 1 BIT LEFT) ]o ]

Fig. 11-81 ROTATOR EXAMPLE
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On Processor operations (24X24.F0O), the Rotator’s function is to rotate the mask such that the mask will
correspond to the appropriate bit positions in the Memory Information Register where an output is desired.

Example: Assume the micro is a 3F Normalize X. The Mask Generator will generate a Mask of 23 bits and send the
23 bits to the Rotator. It is then the function of the Rotator to rotate the mask 1 bit to the left (23 bits to the right)
such that when data is rotated in a like manner (1 bit to the left or 23 to the right), 23 bits will be placed in the MIR
and where the mask bit was off a zero bit will automatically be obtained from the Memory Information Register to the
sink (X Register). The operation for the generation of the mask, rotation of the mask and rotation and storage of the
data for the 3F Normalize X is as follows:

Mask is generated with the least significant 23 bits on and most significant bit off.

Mask is shifted (rotated) 1 bit to the left.

Mask is stored in the Memory Information Register.

Source data is obtained from the X Register to be rotated.

X Register rotated {shifted) 1 bit to the left (23 to right).

Rotated Data is sent to MIR and input where a mask bit had been previously set. (Truncates LS Bit to
fill right zeros)

7  Result Data shifted 1 bit to left sinked to X Register.

AN W e

The Rotator is arranged such that any one input to the first stage may be selected to any one of four outputs. An
example of this would be to use the Main Exchange bit fifteen as an input. (See Figure 1I-82). By selecting the appropriate
Rotation Control Levels, MEX15.J may appear at A12..J., A13..J.,, Al4.. J. or Al5...J. Any one of these outputs of
the first stage is then sent to the second stage of the rotator and appears at the input to eight multiplexors. Again having
the appropriate control levels enabled will allow selection of one of the four Ann. . .J. levels to the final output of the
Rotator. Using this arrangement any one bit which is input to the rotator may be selected to any one of the 32 output
lines referred to as RWnn. .J1.

A12...J. | RW0O RW04 RWO03 RWi2 RW16 RW20 Rw24 RwW28

Al3...J. | RWO01 RWO5 RW09 RW13 Rw17 RW21 RW25 RwW29

MEXI15.J.
Al4...J. | RW02 RWO06 RWi0 RWi14 RW18 Rw22 RW26 RW30

Al5...J. | RWO03 RwWO07 RWI11 RWi5 RW19 RW23 RW27 RW3l1

r
|
1
|
|
|
|
|
N

FIRST SECOND
STAGE STAGE

Fig. [1-82

The output of the Rotator, which is either the rotated mask or rotated data, is sent to the Memory Information
Register. In some of the cases shown in Figure I[-75 no rotation is desired. In those cases, the information is still passed
through the rotator before being sent to the Memory Information Register.

MEMORY INFORMATION REGISTER

The Memory Information Register is a multi-function register within the S-Memory Processor. On a Memory Read
operation for data (as opposed to MFETCH), it will store the data which has been read and rotated and consequently
place the rotated data on the Main Exchange. On a Memory Write operation, it stores the data that is to be written into a
specific memory location. Before the write can occur, however, the MIR must first store a mask which will allow the data
read from memory and the data to be written into memory to be “merged”. If the mask bit is on, then the data to be
written will be obtained from the source register which has been rotated. If a mask bit is off then data will be obtained
from the bit read from memory. In addition to the basic function of a Memory Information Register, MIR serves as a
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storage register for various processor shift/rotate functions. It is also used as a general purpose storage for the 7D
Exchange Doublepad Word micro. Because of the multiple independent functions, MIR is discussed according to its
function for the various operations.

READ FUNCTION
The first function of MIR to be discussed is for a Memory Read operation. Operation is as follows:

1. Mask Generated for number of bits to be read.

2. Mask is sent to the Rotator and NOT rotated.

3. Output of Rotator causes the MIR bit to set as MSKST2K. is false to place the MIR in the J/K mode. Where a “1”’
is obtained from the Rotator, the corresponding MIR bit sets and where a “0” is obtained from the Rotator the
MIR bit remains reset.

4.  Data is read from Memory and sent to the Rotator which will rotate the data such that the data bit in the most
significant address location read will be placed in MIR bit W31XOO0KO.
For an example assume the Bit Boundary Address is zero and a read of 24 bits is specified. See Figure 11-83.

MEMORY
32 39]40 47 ) 48 55] 56 63
0 Ui 15116 23| 24 31
ROTATOR IN
U 78 15 16 23 24 31|
| ROTATOR OUT
24 310 7.8 15 16 23
4 DATA IN MIR
g//////////j o 7 8 15 16 2sl
W08X23K0 I W31X0CKO
TO MEX
Fig. 11-83

In example shown in Fig. I1-83, a total of 32 bits were read from memory and rotated to the right by eight positions.
Because the operation was described as a read of 24 bits, a mask had previously been generated and set into MIR bit
W08X23KO thru W31X00KO.
been set, a rotator output can be set into MIR. Where a mask bit is off, the MIR will not receive information from the
Rotator. In examining the mnemonic names of the MIR bits, the first number is the position of the rotator input and the
second number is the bit number to the Main Exchange. An example of this is the W08X231I0 term. The 08 signifies the
input was from the Rotator eight bit (RW08. K1) position and the 23 indicates the output of that position will go to the
Main Exchange bit twenty-three (MEX23BKO). Figure I1-84 is a diagram of one bit from the Memory Information Register.

When the Mask is to be placed in the MIR, the term Mask Set (MASKSTCO) is true which causes the output of the
inverter (MSKST2K.) to be false. MSKST2K. false will disable the AND gate and allow the FFAN to be placed in the J/K
mode of operation. If the Mask Bit is true from the Rotator, the RWnn. .J1 term will be true and when the clock trailing edge
occurs the flip-flop will set. Note that the clock is CLK4. . KO*MASKSTCO for the setting of the Mask into MIR.

The Memory Read Data is then read and rotated with the output of the Rotator being sent to the MIR on the
RWnn. J1 lines. Notice these 32 lines are inputs to the J-K side of the FFAN. If a Mask Bit had been previously set into the
MIR, the term MASKnnK. will be false thus placing the FFAN in the J-K mode and allow information from the Rotator to be
set into MIR. If the data bit is a “0” then the FFAN resets with the trailing edge of the clock. Note that in this case the clock
is DATASTCO (Data Set) and CLK4.XO. If a Mask Bit had not been set into the MIR then the MASKnnK. true and
MSKST2K. true, the FFAN is placed in the “D’”” mode of operation. The “D” input to the FFAN is the Memory Read Data
ANDed with 24X321J which is false for the Memory Read Operation. When the clock occurs, the FFAN remains reset.

WRITE FUNCTION

The Memory Write operation is similar to the Read with the exceptions being that the Mask generated is first rotated
and then placed in MIR. The Mask bits which are “on”, correspond to the new data (source register data) and the mask bits
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“off”, will correspond to old data, or in other words, data which has been read from memory and is to be written back. In
the case of a write, the MIR acts as a “merger”. When the Memory Read Data MRDnn.MO is present it is ANDed with the
24X321J term which is also true for a write. The result being that those MIR bits with the Mask “on” will be in the J/K mode
and receive their information from the Rotator. In contrast those bits with the Mask bit “off” will be in the “D” mode and
receive data from memory. Refer to Figure 11-85.

MRDnn.MO
MEX DATA | 24X321J. }
RWnn..J1
ROTATOR MASKnnK.
MEMORY READ
DATA (nn=00-23)
Iy IMSKST2K. —_—
CLR..K. € (nn=03-31)
MASKSTCO P C WnnXnnKQ -
N OR —
MRDnn.J1 Wnn...KO
(nn=0-7)
FFAN
DATASTCO
- 1
CLK4..KO B
CLK4..KO
maskstco | B8 [
Fig. 1I-84 MEMORY INFORMATION REGISTER (CARD K)
32 19 |40 47 |48 55 |56 63
0 NEW DATA 7]8 NEW DATA 15|16  NEWDATA 23|24  OLD DATA 31
L
BRA f - . -
DIRECTION MASK
WRITEZBTS M1 11111111111 11111111 11]
MASK MASK ROTATED
[T1 1111717111111 111111111110 0000000
i MASK iN MiR

M1 11141141111 1111[11 111111000000 0o9]

— . — — —— — —— — — ——— — — — —— — — — — s et s et e . e, s, e et e e

DATA TO ROTATOR

|  DATABYTES3 | DATA BYTE 2 | DATABYTE1 |
DATA
DATA ROTATED
[ BYTE 3 | BYTE 2 | BYTE 1 | |
FROM MEMORY
[ NEW DATA NEW DATA | NEW DATA OLD DATA
WO00...KO WO07...KO | W08X23K0 l W15X16KO W16X15K0 | W23X8KO |W24X07KO l W31X00K0
| b~
' Y TO MEMORY ¢ y DATA

"MERGED"”

Fig. 11-85 MEMORY WRITE OPERATION OF MIR
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The output of the Memory Information Register is 32 bits which are sent to Memory via backplane wiring and written
in the appropriate location as determined by the address in MAR(A). In examining the mnemonic names of the MIR output it
can be seen that the first two numbers in the mnemonic correspond to the bit position of the data to be written. Bits for
Module Zero are referred to as WOO. . .KO through WO7. . KO, bits for Module One are referred to as WO8X23KO through
W15X16KO, for Module Two they are referred to as W16X15K0O through W23X08KO and for Module Three as W24X07KO
through W31X00KO. In the write operation the last two numbers have no specific significance in the mnemonic name.

PROCESSOR FUNCTION

The Memory Information Register when used for Processor operations functions identically to the Memory Read
operation. The only difference in the two operations is that on the Processor operation the source data is obtained from a
register within the processor rather than memory. In either case the data is rotated and set into the MIR where a mask bit is
“1”. The data out of MIR is then placed on the Main Exchange at the appropriate time according to the individual micro
timing.

MAIN 24-BIT EXCHANGE

The Main 24-Bit Exchange consists of 24 Bi-directional Bus lines used to transfer information through the Processor.
The contents of the MAIN Exchange is dependent on the State of the Processor (RUN or HALT), the Mode of Operation
(RUN, STEP, or MTR) and the particular Micro currently executing. Figure II-86 illustrates a Block Diagram of the Main
Exchange. The connections to/from various registers and functional logic is shown as well as the number of lines connecting
these registers and logic to the Main Exchange. Each particular area or Register within the Processor which causes information
to be gated to or from the Main Exchange is explained separately in this manual. Reference should be made to those areas of
concern for details.

MAIN 24-BIT EXCHANGE GATING

Typical gating used throughout the system to gate information on to the Main 24-Bit exchange is shown in Figure II-87.
Card E (3 of 4 and 4 of 4) contains 24 Multiplexor Chips (MFANs) which are used to gate the M-Register, ML-Register,
U-Register, 1/0 Bus, MAXS, and the Console Switches to the Main Exchange.

The EFAN at Location J9 provides generating an “Address” which is applied to all 24 MFANs. Eight (8) “addresses”
are possible, as the three levels MBUS02FO, MBUSO1FO, and MBUSOOFO will represent a binary value from 0 to 7 which is
applied to each of 24 MFANs.

The inputs to the EFAN are defined as follows:

10RCO.F. 1C and 2C Micro and DATA is Sink
SWISELF.  Load Button Depressed
+Console Switches set to Write and Load
Timing Depressed
MAXSSEF. 1C or 2C Micro and MAXS is source
24LMTRF. 1C or 2C and U-Register is Source (Run Mode only)
+9C Micro * UFULL.EO
2YLRUNF. 9C Micro * RUN or STEP Mode
12BTBRF.  123C or 145C Micro
4BITBRF. 4C or 5C Micro
MSOR.F. 1C or 2C * M is Source (Halt state)
+8C Micro
Once an “address” is established the value of the corresponding bit position input to each of the 24 MFANs is gated to
the Main 24-Bit Exchange.
If, for example, MBUSOOQFO is true and MBUSO1FO and MBUSO1FO are false, the contents of the M-Register Bits
03-00 will be gated to the Main 24 Bit Exchange Bits 07-04 respectively.
The enable input of each MFAN is either MBUSE1E., MBUSE2E. or MFUSEBFO as shown. When the U-Register is
Sourced (Run Mode) MBUSEBFO is false thus gating to the Main Exchange Bits 16-23 is Disabled.
When the 8C Micro is executed, MBUSE2E. is false, thus gating to the Main Exchange Bits 08-15 is disabled. Only the 8
LSB (Literal) are gated to the Main Exchange Bits 00-07.
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USOR. .F. USOR/.F.

> F7 | mBuseEBFO
BHA2

IORCO.F.___[" jg | MBUSENFO [ MBUSENFO

SWISELF.___|

MAXSSEF . __| =

24LMTRF.___|

24LRUNF.__| BHA1

12BTBRF. | MBUS02FO

4BITBRF. ___| 03

MSOR. .F.__ | MBUSO1FO

MBUSOOFO BHA2
EFAN B le—— EACH OF 24 MFAN'S HAS
3 le———— IDENTICAL INPUTS
//
BHA3 1‘2
“FROM I/0 BUS” ——————# BUS 23-00IE1 .
7

“FROM CONSOLE SWITCHES'_» CSW 23-00.T 1 o/ ONE

“FROM MAXS, TO BITS 19.15 ONLY > MAXS19-15E. | % MEX 2300850

“FROM U-REG" TO URD15-00 BGLny =2 o P

BITS 15-00 ONLY 4
PROC
FROM ML -REG TO 3 CARDS
BITS 23-16 ONLY _MREGO7-001E , E134) EACH MEAN HAS ONE
FROM M REG TO , Ee4) OUTPUT TO ONE OF
BITS 15.00 ONLY ML15-00. .JO MREGOO-15E. . 24 MEX LINES
MFAN
FROM M-REG TO '
BITS23-160ONLY ~ _MREGO7.001E |
FROM M-REG TO
BITS 15-04 ONLY MREG11-00€.
FROM M-REG TO MREG03-00E.
BITS 07-04 ONLY ENABLE INPUT
EITHER MBUSEZ2E.,
F3

MEX BITS 00-07 ONLY

MBUSETE. TO ENABLE INPUT OF MFAN'S USED FOR
BHAS b
MBUSENFO

D7 MBUSEZE. . TO ENABLE INPUT OF MFAN'S USED FOR

08C. ..DO D GFFQ, MEX BITS 08-15 ONLY

MBUSEBFO TO ENABLE INPUT OF MFAN'S USED FOR
» MEXBITS 16-23 ONLY

Fig. I1-87 MAIN 24-BIT EXCHANGE GATING PROCESSOR CARD E

M AND ML REGISTERS

The Micro Register (M-Register) and Micro Latch Register (ML-Register) are used primarily for the execution of Micros.
In certain cases, however, the registers will contain data other than Micros. The M & ML Registers Block Diagram, Figure
11-88, illustrates the data transfer paths to and from each of the registers. The Mode of Operation (RUN, MTR, or STEP) must
also be considered when determining the particular type of data (whether Micros or data) that might be transferred to and
from the registers. In addition to the mode of operation, the Micro currently executing must also be considered.

One source of information is shown in Figure II-88 for the ML-Register. This source is 32 bits of Memory Read Data
from S-Memory. Only 16 bits of the 32 bits read will be used at a given time. The ML-Register’s information can be
gated either to the M-Register or to the Main 24 bit Exchange. the 16 bits of information used can be from either “half”
of the ML-Register; the portion used is determined by the value of the Memory Address Register (MAR(A)). The
M-Register has three sources of information. The U-Register, the ML-Register (either “half”’) or the Main 24 bit Exchange.
The M-Register’s information (Micro’s) can be gated either to the Micro Distribution Bus or to the Main 24 bit Exhcnage.
When gating is to the Main 24 bit Exchange the Micro in the M-Register is also gated to the Micro Distribution Bus. The
“basic” conditions and data transferred to and from the registers is shown in Figure II-88.
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Fig. II-88 M AND ML REGISTERS BLOCK DIAGRAM

M-REGISTER

The M-Register (Micro Register) is a 16-bit register consisting of four 4-bit registers (RFBN’s). The register is uscd
to hold the current active Micro. The Logical Diagram of the ML & M-Registers, Figure I1-88, illustrates the M-Register,
the 16 inputs and outputs to and from the Register, and the clock, clear, and mode control levels to the register. The
clock input (SCPM. .E.) is the 4MHz clock (CLK4. .KO) through one buffer. The clear input (CLRM. .DO) is true when
either General Processor Clear (GPCLR.E.) is true or when the term CLRM. .DO is true. CLRM. .DO is true when
09C. . .D. and FINISHDO ate tiue which occurs during the execution of the 9C Micro (Move 24-bit Literal) in either the
RUN, STEP or MTR mode. USOR. .D. and FINISHDO also produces CLRM. .DO and is true when the U-Register is
sourced in either the RUN or MTR Mode. The mode enabie input (M ML+UFO) connected to the MO input causes the
four registers to be the the D-Set mode when true. When M ML+UFO is false, the register is in the Bit Set mode. The
output reflects the contents of the register at all times.

M-REGISTER QUTPUTS

The sixteen outputs of the M-Register (MREG 15 thru 00 E.) are AND-ed through sixteen buffers with RUNS. .FO
and HOLD /RO The ontont of thece civtesn huffere are the civteen lineg of the Micro Digtribution Bug (MOP 15 thru 00
BEQ). Refer to Figure 11-89. These sixteen MOP lines (15 thru 00) are distributed throughout the System to the Micro
decoding logic. The conditions necessary to cause RUNS, .FO and HOLD./FO. to be trie ave explained separately in this
Manual.
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In addition, the output of the M-Register can also be gated to the Main 24-bit Exchange. 8 Micros when executed
are capable of gating either all or part of the contents of the M-Register to the Main 24-bit Exchange. The Micros which
have this capability are listed below with the bit positions of the M-Register affected as source as well as the sink
position to which they are gated to the Main 24-bit Exchange.

1&2. 1C or 2C Micro and the M-Register selected source; M-Register bits 00 thru 15 to the Main 24-bit Exchange
bits 00 thru 15.

3 &4. 4C or 5C Micro (when the Branch is to be executed); M-Register bits 00 thru 04 to the Main 24-bit Exchange
bits 04 thru 07.

5&6. 123C (Branch Relative) or 145C (Call Relative) Micro; M-Register bits 00 thru 11 to the Main 24-bit
Exchange bits 04 thru 05.

7. 8C Micro;, M-Register bits 00 thru 07 to the Main 24-bit Exchange bits 00 thru 07.
3. 9C Micro (MTR Mode & UFULL.EO or RUN Mode); M-Register bits 00 thru 07 to the Main 24-bit Exchange

bits 16 thru 23.

The enable levels and the generation of the same which gate the various bits of the M-Register to the Main 24-bit
Exchange are shown in Figure 11-90. The Micros which cause a branch to occur (123C, 145C, 4C, and 5C) cause the
M-Register’s value to be shifted four places higher on the Main 24-bit Exchange. This is due to the fact that Micros are
located in S-Memory at either a Key Byte address of 0 or 2. The 9C Micro moves the LSB of the 9C Micro the 8 MSB
of the Main 24-bit Exchange. The 16 LSB of the Literal are either the next 16 bits of information read during a
concurrent MFETCH operation when in the RUN Mode, or the 16 bits of the U-Register when in the MTR Mode.

MREG 15 MREG 08-15
e T e MBUSENFO ™\ TO MEX 0815 BTO (:C&M-REG SOURCE ‘)
i 13 08C...DO |\ MOVES/E J . OR 2C & M REG SOURCE,
Pl
E p———
. "o MREG 00-11
| 10 MBUS01FO ™\ TO MEX 04-15 BTO 123C BRANCH HELATIVE>
e -
s 09 MBUSENFO i OR 145C CALL RELATIVE
- » —_—
T 08
P
§ 07 MREG 00-07
06 MBUS00FO
——— ——===—————1 \TO MEX 1623 BT0 9C MOVE 24-BIT LITERAL
— MEBVSIIFO & USORCE/ “RUN"
o4 MBUSEBFO Ve /
I L
03
r—
.02 MBUS02FO \ TO MEX 1623 8TO _ <9c MOVE 24-BIT LITERAL)
a1 MBUSEBFQ L - & UFULL.EC "MTR" /
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M-REGISTER INPUTS

The sixteen inputs to the M-Register (MRIN 15 thru 00 E.) are each the output of a three wire OR gate as
illustrated in Figure II-89. The source of these sixteen inputs is either from the ML-Register (MLR), the Main 24-bit
Exchange (MEX), or the U-Register (URD). The source of these sixteen inputs to the M-Register is determined by control
logic which gates one or two of these sources to the inputs of the M-Register.

The U-Register data is gated to the inputs to the M-Register with UMSB OE., the Main 24-bit Exchange (bits 00
thru 15 ONLY) are gated with MSINK.E., and the ML-Register is gated with either MLENG1J. or MLENG2J. It is also
possible, when the M-Register is designated as the sink register, to gate the ML-Register and the MEX 15 thru 00 to the
inputs of the M-Register. When this occurs, the ML-Register is bit “OR”-ed with the MEX. It should be noted that the
sixteen inputs to the M-Register will effectively contain one 16-bit Micro. In the case of the M-Register being designated
as the sink register, the bit OR which occurs will “alter” the up-coming Micro from the ML-Register. Each of the three
sources of Micros; ML, URD, and MEX are explained separately: Each requires M ML+UFO true to D-Set Mode the
M-Register.

ML-REGISTER (MLR)

The ML-Register (Micro Latch Register) consists of eight Quad Latches (LFAN) which together make up one 32-bit
register. The 32-bit ML-Register is functionally divided into two portions as illustrated in Figure II-89. The function of
the ML-Register is to temporarily store the next Micro, read from S-Memory, which is to be gated to and executed in the
M-Register. When an MFETCH occurs (fetch the next Micro from S-Memory), only the Word address in the Memory
Address Register MAR(A) is sent to S-Memory. (MAR address is not modified on MFETCH). Two Micros will be read
from S-Memory when each MFETCH occurs as an S-Memory read cycle will read 32-bits of information.

The Control Logic which produces either MLENG2J. or MLENG1J. will determine which of the two Micros read
from S-Memory, and stored in the ML-Register will be gated to the M-Register to be executed. Figure 1191, illustrates an
example of reading two Micros from S-Memory during a MFETCH operation. Note that the contents of the ML-Register
is not changed when a Refresh Memory Cycle occurs.

During a MFETCH operation to fetch two Micros, the MAR(A) register is incremented by a binary value of 16 with
a true to the carry in input to the 4-bit position of the MAR(A) register. This input is MAR+1.FO. KBA04.H1, the
output of the 4-bit position of the MAR(A) register, will therefore toggle with each MFETCH operation to occur. When
KBAOQO4.H1 is false, bytes 0 and 1 which contain the 1C Micro as illustrated in Figure 1191, will be gated from the
ML-Register (bits 15 thru 00) to the M-Register (Bits 00 thru 15 respectively) when MLENBLFO is true. Note the MSB
of the Micro is at the ML-Register output MLOO. .J. . When KBAO4.H1 is true, bytes 2 and 3 which contain the 2C Micro
as illustrated and will be gated from the ML-Register (bits 31 thru 16) to the M-Register (Bits 16 thru 31 respectively)
when MLENBLFO is true. Again the MSB of the Micro is at the ML-Register output ML16. .J. .

The source of the information to be gated into the ML-Register is S-Memory read data (32-bits of information).
This information consists “Usually” of two 16-bit Micros, one of which will be executed in the M-Register when the
transfer occurs. In the case of executing the 9C Micro (move 24-bit Literal), when the 9C Micro is executed, the
MFETCH operation which occurs during the time the 9C Micro is executing will fetch the 16 LSB of the 24-bit Literal.
These 16 bits are fetched from S-Memory at the next memory address (byte 0 & 1 or 2 & 3 of a particular word) where
the next Micro usually is located. These 16 bits of information are then gated to the Main 24-bit Exchange directly from
the ML-Register. The 8 MSB of the 24-bit Literal are gated to the Main 24-bit Exchange (8MSB) from the 8 LSB of the
M-Register. A 2 clock period NO OP is forced upon completion of the execution of the 9C Micro at which time an
MFETCH operation occurs to fetch the next executable Micro. CLRM. .DO will force the NO OP to occur. The logic
required to gate the ML-Register to the Main 24-bit Exhcnage is illustrated in Figure I1-92.

U-REGISTER DATA

U-Register data is available for gating into the M-Register in the MTR Mode only. When in the MTR Mode and the
U-Register is full, UMSB OE. is generated for one clock period at S1 time. Refer to Cassette Logic for details. UMSB OE.
true will enable gating the LSB of the U-Register to the corresponding inputs of the M-Register. UMSB OE. when true
will also enable reading the 8 MSB of the U-Register (LFAN’s). The M-Register must be in the D-Set Mode in order to set
the U-Registers conterits into the register. M ML+QUO is the D-Set Mode enable for the M-Register. The logic required is
illustrated in Figure II-89. Note that the Repeat Flip-Flop (REPEATF1) must be reset to generate M ML+UFOQ. The
Repeat Flip-Flop is set when the Micro read from tape and executed in the M-Register is the 9C Micro. This disables
gating the 16 LSB of the 24-Bit Literal, which is the next 16 bits read from tape, to the M-Register for execution.
Instead, the 16 LSB of the Literal from the U-Register is gated to the Main 24-bit Exchange (16 LSB).
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Fig. 191 MFETCH “TWO MICROS”
MBUSO1FO
MBUSOOEQ m 16 MFANS USED, ONE FOR EACH BIT POSITION

ML 00 THRU 15 ..JO

MBUSENFO

08C...DO

(8 C MICRO)

‘

llliilll

MEX 00 THRU 15 BTO

MFBUS




Burroughs - B1700 Central System Technical Manual Sec. II Page 97

Functional Detail

MAIN 24-BIT EXCHANGE DATA

The contents of the Main 24-bit Exchange is available for gating to the M-Register when MSINK.E. & M ML+UFO
are true. Three Micros when executed can gate the contents of the Main 24-bit Exchange to the M-Register. The three
Micros are: 2C, 1C & 10C providing the M-Register is selected as sink. Presence of any of the three Micros on the Micro
Distribution Bus will when FINISHDO occurs and not in the MTR Mode generate MSINK.FO. Gate No. 2, Figure 11-89,
will also be enabled at the same time thus generating M ML+UFO. When executing any of the above three Micros, when
FINISHDO occurs, MLENBLFO will also be true. With both the ML-Register’s data and the data on the Main 24-bit
Exchange gated to the inputs of the M-Register, the two sources of information is bit “OR-ed” into the M-Register at
clock time. This effectively alters the upcoming Micro read from S-Memory and stored in the ML-Register.

CASSETTE TAPE

The Cassette is physically located on the front Console of the B 1700 Central System Cabinet. The Cassette is a
read only device and is used for program loading and for storage of MTR/Diagnostic Routines which may be either
executed when read from Cassette or written into S-Memory prior to execution. The physical characteristics of the
Cassette are as follows:

Speed - 10 ips (Inches per second)
Density - 800 BPI (bits per inch)
Tape Length - 300 feet

Data Format - Bit Serial

TAPE FORMAT
All Micros are defined as 16 bits in length, however one complete Micro on Cassette tape consists of 40 serial bits
of information.
Example: 1C Micro (Move the contents of the X-Register to the Y-Register). This Micro will appear in S-Memory or the
M-Register as shown in Figure I1-80.

Bit Number . . . . 15 14 13 12 11 10 09 08 07 06 05 04 03 02 0Ot 00
Bit “format” . .. o o0 0 10 O O OJ]1 O 1 O0O}(0 0 o0 1
Micro in “HEX” 1 0 A. 1

Fig. 1193 1C MICRO (MOVE X TO Y)

On tape, a 16-bit Micro is divided into two 8-bit characters, each 8-bit character being duplicated. Each of the four
8-bit characters is then preceded by a leading one bit and followed by an even parity bit. This makes a total of 40 bits as
illustrated in Figure I1-94. The exception is the 9C Micro which occupies 80 bits.

Leading One Bit '3 , ¥

Bit “format” ... llOOOlOOOOOlOOO 100000[1 1010/0001]0j1]1010j000 1]0

HEX “format”. ... | 1 0 ¢ L1 0o i LA 1 T AL 14

Even Parity Bit | 0 | 1 ] 2 | 3 |

Byte Number . ... | |  Duplicate | ' Duplicate I
| | of Byte 0 | | of Byte 2 |

Tape Motion -~

Fig. 1194 1C MICRO (MOVE X TO Y ON CASSETTE TAPE)
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Functional Detail

Each 8-bit portion of the Micro is duplicated due to parity checking logic which allows a second attempt to
assemble each “half” of a Micro in the event a parity error is detected on the first attempt. This operation is explained in
detail under the titles Data Transfer, Cassette to U-Register, and Parity Checking.

When data rather than a Micro is asseribied on tape, the same format is used. Each 16-bits of data being divided
into two 8-bit characters each of which is duplicated and each of the four 8-bit characters preceded by a leading one bit
and followed by an even parity bit. Each 40 bits of serial information is assembled in the U-Register in 10-bit bytes, thus
BYTE 0, 1, 2, and 3 indicate to the Cassette logic within the Processor which particular byte of information is currently
being assembled. Each byte has a leading one bit, eight data bits (which may be either 8-bits of a Micro or data bits), and
an even parity bit. With reference to Figure I1-94, presence of a bit is indicated by a (1) and the absence of a bit is
indicated by a (0) in the line across from Bit “format™.

As parity for each byte (10-bits of information) is even, the parity bit can be either a (1) or (0) depending on
whether the sum of the leading one bit and 8 data bits is odd or even respectively.

Each consecutive four bytes (0 thru 3) when assembled in the U-Register will equal either one 16-bit Micro or
16-bits of data. Although the leading one bit and parity bit for each byte is assembled and used in the U-Register
“lower”, they are not gated to any of the sink registers. Only the 16 dala bits are used to represent a 16-bit Micro or
16-bits of data.

Tape Motion

TIEI1111 10000 i i it e e i e i i ittt 111111111111111111 «—Tape Clock Bits

11001000101100100010190000000110000000011000101001100010100111010001001101000100 -<+—Serial Data Bits
N NN\ /

9 1 9 1 0 o0 0 0 1 4 1 4 A 2 A 2 -—HEX “format”

9C Micro {Move 24-bit Literal to Y) 16 LSB of the 24-bit Literal -—Micio

Fig. [195 9C MICRO (MOVE 24-BIT LITERAL TO Y)

Figure 1195 illustrates-the serial bit configuration of the 9C Micro on tape which effectively occupies 80 bits. The
9C Micro including the 8 MSB of the 24-bit Literal form the first 40 bits of information while the 16 LSB of the 24-bif
Literal form the second 40 bits of information. In the illustration shown, the 16 LSB of the Literal is the 1C Micro
(Move A-Register to T-Register). Assuming the Processor is in the MTR Mode, the Literal portion of the 9C Micro (24
bits) will be written into the Y-Register when the Cassette tape is read. Shown also in Figure 11-95 in a Tape Clock bit
which is written on tape in parallel with each serial data bit position whether or not the serial data bit is a (1) or (0).

MODES OF OPERATION

I VIS AR DV TNY's SUU BN AR 1 .
pridiuuiny, Cdul 15 UCIICU 45 1ULUWS.

o
1
a
-
-
(a8}
@)

MTR MODE

When the Micro Programed Processor is in the MTR Mode, the basic function of the Tape Cassette is to provide a
means whereby a “string” of Micros previously assemble (written) on the Cassettes Tape will be read serially from tape,
assembled in the U-Register, and transferred to the M-Register for execution. Depending on the particular Micros which
have been previously written on the Cassette’s Tape, two basic concepts in the use of the Cassette is available. It should
first be understood that the concept of operation is that every Micro which is read from tape and assembled in the
U-Register is then gated to the M-Register for execution. An exception to this applies when the Micro read from tape,
assembled in the U-Register and set in the M-Register for execution is the 9C Micro.

When the 9C Micro is executed, a 24-bit Literal must be available. The 16 LSB of the 24-bit Literal are in this case
obtained from tape; thus the 16-bits {40 serial bits on tape) which immediately follows the 9C Micro on tape will be the
16 LSB of the 24-bit Literal. These 16-bits are not set in the M-Register and executed but are rather gated to the sink

aaiot lantad in +lha O A T vl wrvmvaran nvn abmerie i iale SMlaindnda dlea Amraaaedl e £ ool WAL £ o
regicter goieCioq in tnc DU AULrC. &t amp.t PICETGTNS GIT SACHWT Wililh 1uldiiarl uil CRECUUGh O CVUly onviU 1o wdpe

(Figure 11-96) and the execution of the 9C Micro from tape (Figure 11-97) where the Micro following the 9C Micro on
tape will he set in the sink register selected and not executed in the M.Register,



Burroughs - B1700 Central System Technical Manual Sec. Il Page 99

Functional Detail
14A2 (Move A to T) 1st Micro on tape; executed.
2503 (Move TF to Pad Left) 2nd Micro on tape; executed.
13A3 (Move L to T) 3rd Micro on tape; executed.

Fig. 1196 EXAMPLE PROGRAM (EXECUTED EVERY MICRO)

Figure 1196 illustrates an example program of three Micros (shown in HEX) which then read from tape in the MTR
Mode will each be executed in the M-Register. There is no storage of any of these Micros available.

9100 (Move 24-bit Literal to Y) 1st Micro; executed.
14A2 (Move Ato T) 2nd Micro; stored in Y.
7950 (Write 16-bits from Y, Count FA up 16) 3rd Micro; executed.
9100 (Move 24-bit Literal to Y) 4th Micro; executed.
2503 (Move TF to Pad Left) 5th Micro; stored in Y.
7950 (Write 16-bits from Y, Count FA up 16) 6th Micro; executed.
9100 (Move 24-bit Literal to Y) 7th Micro; executed.
13A2 (Move L to T) 8th Micro; executed.
7950 (Write 16-bits from Y, Count FA up 16) 9th Micro; executed.

Fig. 1197 EXAMPLE PROGRAM (USING THE 9C MICRO)

Figure 1197 illustrates an example program which when read from tape and executed in the M-Register will store
the same three Micros illustrated in Figure 1196 in S-Memory. The 16 LSB of the 24-bit Literal of the 9C Micro is the
next Micro read from tape. These 16 bits together with the 8 MSB of the Literal which is part of the 9C Micro are set in
the Y-Register. Executing the 7C Micro provides writing the contents of the Y-Register (3 Micros shown in Figure 11-96)
into ascending S-Memory locations for execution when the Processor is in either the Run or Step Mode. To execute the
“string” of Micros which are stored in S-Memory when the program illustrated in Figure I1-97 is executed the following
must be true: 1. Either Run or Step Mode true. 2. The address of the 1st Micro stored in S-Memory must be in the
MAR(A) Register. 3. The Start Button is depressed.

RUN MODE

When the Micro Programmed Processor is in the Run mode, Micros are “fetched” from S-Memory, temporarily
stored in the ML-Register, and executed in the M-Register. When the Micro currently executing from the M-Register is the
1C Micro (Move Register to M-Register) the next upcoming Micro from S-Memory to be executed is bit OR-ed with the
source registers contents thus modifying the next Micro to be executed. When the “string” of Micros executing out of
S-Memory contains the 2E (Cassette Control) Micro with the variant bits set indicating “start tape”, additional Micros or
Data can be read from tape. Assuming the Cassette’s tape has been started, executing the 1C Micro (Move U-Register to
sink register) will transfer the contents of the U-Register to the sink register selected.

As a considerable length of time is required to asssemble the serial data from tape in the U-Register, the 1C Micro
(Move U to Sink) is delayed from finishing until the U-Register is completely assembled (full). TAS, A, and the
M-Registers are not permitted as sink registers when the U-Register is the source; thus bit OR-ed conditions explained
above will not exist.

Using the U-Register as source in the Run mode therefore provides a supplement to the “string” of Micros executing
out of S-Memory or it can provide a means of inputing data if so desired. An example program is shown in Figure II-98
which when executed from S-Memory will initiate the Cassette Tape (apply forward drive), and read in either Micros or
data from tape, and store the same in S-Memory for latter use.
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0600 NGO OF

0020 2E Micro (Casette Control, Start Tape)

1BEC 1€ Micro (Move U-Register to X-Register)

7910 7C Micro (Write 16 bits from the X-Register in S-Memory)
iBEO 1C Micro (Move U-Register to X-Register)

7910 7C Micro (Write 16 bits from the X-Register in S-Memory)
0022 2E Micro (Cassette Control, Stop at the Gap)

Fig. 198 EXAMPLE PROGRAM (START AND READ CASSETTE)

Figure 1198 illustrates an example program which when executed will send forward drive to the Cassette thus causing
tape to be read. It will also store the contents of the U-Register in the X-Register and write the contents of the X-Register
into S-Memory. The example program will read from tape and store in S-Memory only two 16-bit Micros or two 16-bit groups
of data. Executing the Cassette Control Micro (Stop at the Gap) disables the assembly of any more serial data from tape in the
U-Register. Although the original “record” on tape might be considerably longer, the tape continues to move in a forward
direction until the gap is sensed. The Processor will continue to “run” executing the Micro from S-Memory which follows the
2E Micro (Stop at the Gap).

CASSETTE DATA TRANSFER

As previously stated, serial data is read from tape and assembled in the U-Register. To completely assemble the
U-Register with either a 16-bit Micro or with 16-bits of data, 40 serial data bits must be read from tape. Each serial data
bit whether true or false is accompanied with a tape clock bit (always true). Each “group” of 40-bits of data is assembled
in the U-Register (Lower) in four 10-bit bytes. These bytes are referred to as BITES 0 thru 3 with BITE 0 being the first
10-bit byte received and assembled in the U-Register (Lower). A particular “string” of Micros or data previously written
on tape is done so in a contiguous manner such that once forward drive is applied to the Cassette and the data and tape
clock bits are received within the logic of the Processor, the serial data and tape clock bits are received approximately
every 125 usec.

The explanation which follows concerning Cassette Data Transfer details the operations which occur in order that
serial data from the Cassette be assembled in the U-Register into one 16-bit Micro or one 16-bit byte of data. The
transfer of serial data from the Cassette to the U-Register within the Processor is the same whether the mode of operation
is RUN, or MTR. It is also the same regardless of the particular bit configuration of the data which is read from tape e.g.,
The 1C Micro is assembled in the U-Register identically to the 9C Micro or any other Micro.

INTERFACE

Two levels interface the Cassette logic within the Processor (Card E) and the Cassette logic within the Cassette Unit.
These two levels are TRIL/. . 1 and TRCP/. . 1, both are DTL and both pertain to data transfers from the Cassette to the
Processor. Both levels are converted to CTL within the Processors logic on Card E as shown in Figure I1-99.

TRIL/ . . 1 IDATA . E .

“DTL” from Cassette “CTL” converted

TRCP/ . . 1 TPCLK . E.

\VAY

Fig. II99 “DTL” TO “CTL” CONVERSION

Figure 1199 illustrates the CTL to DTL conversion of a serial data bit from tape (TRIL/.. 1 & IDATA.E.) and the
CTL te DTL conversion of a tape clock bit from tape (TRCP/.. 1 & TPCLK. E.). Each mnemonic is defined as follows:

TRIL/..1 Tape Read Information Level (- volts indicates a data bit is present)

TRCP/..1 Tape Read Clock Pulse (- volts indicates a tape clock pulse is present)

IDATA.E. Incoming Date (+ CTL voltage indicates a data bit is present) IDATA. E. is true when either the leading one
bit, a data bit present, or a parity bit present is received.

TPCLK. E. Tape Clock (+ CTL voltage indicates a tape clock pulse is present). TPCLK. E. is true for approximately 106

PR L .
usee every 125 usec {ur ihe lengih of the serial dara written on tape.
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le— 125 USEC—|

TPCIK . E . |/<—106 usec ——\_12'/ \ o
PR S

" Susec T
IDATA . E . H /':l
“~Data Bit Present “Data Bit Not Present

Fig. II-100 SERIAL DATA AND TAPE CLOCK TIMING

Figure 1I-100 illustrates the contiguous tape clock pulses (TPCLK. E.) which are received in the Processor (Card E)
when forward drive is applied to the Cassette Tape, assuming that tape clock bits have previously been written on tape.
The serial data bits (IDATA. E.) when true, occur approximately midway between the leading edge and trailing edge of
the tape clock pulses. The tape clock pulses occur at a frequency of approximately 8KHz (once every 125 usec) and are
true for approximately 106 usec. The serial data bits when present are true for approximately .5 usec.

DATA SENSING

The Cassette Control logic within the Processor (Card E) provides sensing the presense of only one serial data bit
(IDATA. E.) from tape during the time the tape clock (TPCLK. E.) is true. This prohibits any “noise” in addition to a
serial data bit-from being accepted as an additional serial data bit.

CASSETTE SERIAL DATA ASSEMBLY

Figure II-101 illustrates the logic within the Processor, Card E, which synchronizes the Tape Clock pulses received
from the CAssette with the serial data bits whether present or not present. I addition the figure shows the U-Register
(Lower to the left and Upper to the right) and the serial data input to the register. The three Flip-Flops (A, B, & C)
function somewhat differently when a serial data bit is present than when a serial data bit is not present. For this reason
a Timing Diagram illustrating each case is provided along with an explanation of the same. Regardless of whether a serial
data bit is present, the output level Tape Clock IN (TPCLKIE.) is always generated for each Tape Clock pulse received
from the Cassette. TPCLKIE. is used to trigger a “counter” which is used to sequence the assembly of serial data.

When a serial data bit is present, Flip-Flop C will be set thus generating both Incoming Data Stored (IDATASE.)
and Tape Clock In (TPCLKIE. ). When a serial data bit is not received, then only Tape Clock In (TPCLKIE. ) will be true
via the level DATA=OE. . The “counter” which is triggered by TPCLKIE. will generate the levels TO....E., T1...E.,
T2....E.,and T3....E.. At TO. .. E. time, when a serial data bit is present (IDATASE. true), the serial data bit is set
into the lowest bit position of the U-Register (lower) via Incoming Data In (IDATI. E.). If the serial data bit is not
present (IDATASE. false) then a zero is set into the lowest bit position of U-Register (Lower). When TO. . . . E. is true,
the U-Register (Lower) is the shift up mode, therefore the contents of the register before the trailing edge of the System
Clock Pulse (SCPM. . E.) is shifted up one bit position when the trailing edge of the clock occurs. Assuming the first
serial data bit received from the Cassette’s Tape is the leading one bit, after 10 serial data bits have been received, set
into, and shifted up in U-Register (Lower) with each TO. . .. B. time, the leading one bit will be at the output bit
position of U-Register (Lower) called Sense Register Qutput (SRO. . .E.).

The serial data bits will be at the outputs of U-Register (Lower) called U-Register Data (URD 07 thru 00 .E.). The
Parity Bit will be at the output bit position of U-Register (Lower) directly opposite the IDATI. E. input. With DRO. . . E.
true, a byte counter’s output is enabled which determined which of four bytes of information is assembled in U-Register
(lower). At T1....E. time, depending on the results of the Parity Checking logic which is explained separately, and the
particular byte of data assembled in U-Register (Lower), a transfer of the contents of U-Register (Lower) to U-Register
(Upper) can occur. At T2....E. time, the Parity Checking logic is enabled, and at T3. ... E. time, U-Register (Lower) is
cleared in preparation of assembling the next 10-bits of serial data from the Cassette Tape. Due to the control of the
Parity Checking logic, the count of the byte counter, and the Tn. .. .E. times which occur, the destination of the
contents of U-Register (Lower) is explained under the titles; U LOWER FULL, U LOWER & UPPER FULL, and PARITY
CHECK.
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TO....E.
i1 ll
i SRO. . .E. N
RFBN
SCPM T
SRPE=OE. ULSET.E.
UDSET.E.
TO....E.
——— URDO7.E URD1SE.
_ . LURDOB.E. URD14.E.
_ . L [urooseE. URDI13.E.
To . E _ [ [ [urposE. URD12.E.
o e . o’ LFAN
Vi RFBN SCPM
s scPM T UMSB.OE.
SRPE= OF. ULSET.E.
UDSET.E.
TO....E. ]
L1l L L | URDO3.E. URDIT.E.
| L[ [ [ [urooze. URDIOE.
_ oo L0 [ [ [urooie. URDOSE.
STRT. . E. ] LTI [URDOO.E. URDOBLE.
- g -4 v g J e
T0....E. \IDATI.E. | [ LFAN
IDATASE. J RFBN 3‘:3":3 =
scPM_| —
SRPE -OE. URDO7.E.
URDOB.E.
URDOSE.
URDO4.E
URDO3.E.
URDO2.E
URDOL.E. .
URDOOE.
IDATLE.
LEADING ONE
(" ormir 7
% ,-—\,——m\ IDATALE.
0100110100010011 >
2 GPCLR GPCLR ]__ GPCLR
1 TPCLKE l l ] ] IDATASE.
0 1111119111111, > 23 = $
11 1 FIF | FIF _| FIF L
g e g g
01 ETAPE cLoCK i | n BHA TPCLKIE.
01 y L CLKENDE, L
01 [ [ . |paTA-0E.
o1 BHA
SCPM [ r
CASSETTE
TAPE
Fig. 1-101 DATA TRANSFER CASSETTE TAPE TC U-REGISTE
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DATA BIT PRESENT
When a serial data bit is received from the Cassette Tape, the three Flip-Flops (A, B, & C) shown in Figure II-101

function as illustrated in the Timing Diagram; Figure 11-102. Assume for explanation purposes that a Tape Clock pulse

(TPCLK. E.) is received from the Cassette Tape. Also received from the Cassette Tape and midway between the leading

and trailing edge of the Tape Clock pulse is the leading one bit which is represented by Incoming Data (IDATA. E.). The

logic shown function as follows:

1. F/F A is set with the trailing edge of the first SCPM pulse which occurs that finds TPCLK. E. true. (SCPM. .E. @ 4
MHz).

2.  F/F B is set with the trailing edge of the first SCPM pulse which finds F/F A set.

3. When the serial data bit is received, IDATA. E. will be true thus causing F/F C to set with the trailing edge of the
first SCPM pulse to occur. (IDATASE. and TPCLKIE. are true when F/F C is set.

4. AsIDATA.E. is .5 usec in duration, the set input to F/F C is disabled when IDATA. E. goes false.

S.  When the Tape Clock pulse (TPCLK. E. ) goes false after 106 usec., F/F A will reset with the trailing edge of the
next SCPM pulse.

6. F/P’s B & C are reset with the trailing edge of the next SCPM pulse which finds F/F A reset and F/F A reset and
F/F B set.

DATA BIT NOT PRESENT
When a serial data bit is not received from the Cassette Tape, the three Flip-Flops (A, B, & C) shown in
Figure II-101 function as illustrated in the Timing Diagram; Figure II-103. Assume for explanation purposes that a
Tape Clock pulse (TPCLK . E .) is received from Cassette Tape, and during the 106 usec. duration of the tape
clock pulse no serial data bit is sensed (IDATA. E. remains false). This would indicate any of the (0) bits of
IDATA. E. shown in Figure 1I-101. The logic shown will function as follows:
1. F/F A is set with the trailing edge of the first SCPM pulse which occurs that finds TPCLK. E. true.
(SCPM. . E. @ 4 MHz.).
2. FJF B is set with the trailing edge of the first SCPM pulse which finds F/F A set.
3. As a serial data bit equal to (1) does not occur, F/F C will remain reset.
4.  When the Tape Clock pulse (TPCLK. E.) goes false after 106 usec., F/F A will reset with the trailing edge of
the next SCPM pulse.
5. During the time (one clock period) that F/F A is reset and F/F B is set, Data Equals Zero (DATA=0E.) is
true thus TPCLKIE. is true.
6. F/E B is reset with the next SCPM pulse to occur that finds F/F A reset and F/F B set. F/F C remains reset.

(QZSOnsec.

A}
TPCLK.E. f'_—7 106usec ’—_—%‘ -

IDATAE. \ Y Susec ¢ \\
[A) L3
A i

=) L _—
FIF A NI '
— =
F/IF B
(—.—__—.—
F/F C 4)‘L {
(-—_———
IDATASE., —)¢ | L—
3 -
TPCLKIE. Y3 j
A
DATA=0E. 1 \r
N IAY

Fig. 11-102 TIMING DIAGRAM SERIAL DATA BIT = (1)
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250 nsec.
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IDATALE. \ Y2 Y
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F/F C AY 4 -3 L
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PA) 7t
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Fig. 1I-103 TIMING DIAGRAM SERIAL DATA BIT =

CASSETTE COUNTERS

The Cassette’s logic within the Processor (Card E) provides two counters which
“timing” counter (Tn. .

©

are used as follows. A

. . E.) sequences the operations which occur during the synchronization of each Tape Clock

pulses with the serial data bits (0 or 1), and a “byte” counter (BITEn. E.) establishes which of four 10-bit bytes
of information from tape is assembled in the U-Register (Lower). Each is defined separately as follows:

Tn. . .. E. COUNTER Refer to Figure II-104
A 3-bit Register (RFAN) and a 1/8 Decoder (DFAN) are used to sequence the

transferred from the Cassette Tape to the U-Register (Lower). The “timing” counter (Tn.

assembly of each serial data bit
.. . E) is initially

triggered with Tape Clock In (TPCLKIE.), which is either true for many clock periods (when IDATA . E. is true)
or true for only one clock period (when IDATA.E . is false). Because of these two cases, two Timing Diagrams (Figure

1I-105 and Figure 1I-106) illustrate the difference when a serial data bit is either a 1 or
The RFAN is in the D-Sct Mode when the (TRUE) enabie only is true. When bo
rue, the RFAN is in the Bit Set Mode. TRUE is a constant CTL true voltage level.

0 (present or not present).
th TRUE and X3Q. ./E. are

X30Q. JE. |
TRUE |
[ ]
x3Q. . E. - T2 E
| X20Q. . E. - 3. . E
TPCLKIE X10. . E. - 1., E
RFAN - T0...E.
STRTO.E. DFAN[_
SCPM. E. TRUE

Fig. II-104 TN ....E . COUNTER
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Fig. I1-105 DATA BIT PRESENT TIMING DIAGRAM

seme. J LI LI LS LT LML L
TPCLME. | 106 us \

IDATA.E. I

TPCLKIE. I I

X1Q ... E l L—_—.
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RFAN “BIT SET” | RFAN "0 SET” |SET
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T2....E [_—L
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Fig. I1-106 DATA BIT NOT PRESENT TIMING DIAGRAM
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Functional Detail

BITEn. E. COUNTER Refer to Figure 1I-107

Two Flip-Flops and one 1/8 Decoder (DFAN) are used to determine which of four 10-bit bytes of serial data is
assembled in the U-Register (Lower). When the leading one bit of 10 serial data bits (one byte) is set in the MSB position
of the U-Register (Lower) the level Sense Register Output (SRO . . . E.) is true. SRO . .. E. becomes true with the
trailing edge of the SCPM pulse which finds TO time (TO . . .. E.) true, assuming 10 serial data bits {rom tape have been
received. With SRO . . . E, true, the DFAN is enabled which reflects the status of the “byte counters” flip-flops. For
explanation purposes assume forward drive has been sent to the Cassette Tape and the two flip-flops are initially reset
with Start Tape Reset (STRTO .E.). With both flip-flops reset, when SRO . . . E. is true the BITEO .E. output of the
DFAN will be true. BITEO .E. true indicates the first 10-bits of forty serial data bits from tape are assembled in the
U-Register (Lower). During T1 time, BITEO .E. true is used to enable gating the contents of U-Register (Lower) to
U-Register (Upper).

During T2 time, BSO+2.E. true is used to enable Parity Checking logic. When T3 time (T3 . ... E.) occurs,
SRO*T3E. is true which causes both flip-flops to be in the D-Set Mode. The trailing edge of the next SCPM pulse
will set the BT2 . . . E. flip-flop. The same SCPM pulse will reset U-Register (Lower) with SPRE-OE. also true,
therefore SRO . . . E. is no longer true and the DFAN is disabled (BITEn, E. false). The next 10-bits of serial data from
tape is assembled in the U-Register (Lower) and again SRO . . . E. will be true when the leading one bit is sensed. The
DFAN is again enabled, this time causing BITE1 .E. to be true.

BITE1 . E. true indicates the second 10-bits of forty serial data bits from tape are assembled in the U-Register
(Lower). During T1 time, BITE1 . E. true is used to enable gating the contents of U-Register (Lower) to U-Register
(Upper) if a parity error was detected on the first 10-bits assembled in the U-Register and there are no errors on these
10-bits. If the first 10-bits assembled had good parity, then the second 10-bits are not used. During T2 time,

BS1+3 . E. true is used to enable Parity Checking logic. When T3 time occurs, the two flip-flops are again in the
D-Set Mode.

The trailing edge of the next SCPM pulse will set the BTQI . . E. flip-flop. BTQ?2 . . E. remains set. The same
SCPM pulse will reset U-Register (Lower) with SPRE-OE. also true, therefore SRO . . . E. is no longer true and the
DFAN is disabled (BITE1 . E. false). This pattern repeats for the third and fourth 10-bit bytes of serial data assembled
in the U-Register (Lower). BS0+2 . E. and BS1 . 3 . E. are used to determine whether the 10-bits of serial data
assembled in U-Register contains the first or duplicate 8-bits of data which is written on tape. This information is used
in the Parity Checking logic explained separately. The BITEn . E . Counter Timing shown in Figure IT-108 illustrates
the assembly of 40 serial data bits from tape. Note that the outputs of the DFAN (BITEn . . E.) are true only during
T1 thru T3 time when the leading one bit is sensed in the U-Register (Lower), indicated when SRO . . . E. is ture.

STRTOE. CLEAR U LOWER
RESET PE1
SRO._E ™\ SRO’TSE. [y |l seRe o

N

3. E. I 8
BT2.. E.
-
N
STRTO.E. \ ! feno
SCPM. E. { |
— |
- BTa1. E.
L~ Frar - BTQ1/.E. n BSO+2.E.
T
B

e U

2

1Tt

BITEGE. N
BITE2E. >
BITEJE.
BITELE.
DFAN BITEOE.
SRO. . E. BITESE. 5
BITELE. ¢
>
] e



Sec. 11 Page 107

—= J— —3¢ 3 3¢ J—— Y
S—— Lo
—i I 2l i 3 ) —— 9t i -
ru-l:}; _.||.:I|__ 377Nn4N
e et i e - I s L Y— ——————— de——9 2l
e et [ ittt Y= —-9

Burroughs - B1700 Central System Technical Manual
Functional Detail

M A A.,l_ ‘3048807
|
T
1

AY
i ) = Ik '3'13s0N

—A ¢ - 5 NzLL:r —q —.l._l., 4 =.||_|. Fu3Lg
w 7

I ]
|
—) | _ ¢ 1 i
Tt Y3 Ll i " 37’1018
by — 3 ! " | Ye—l
" 1 _ At ! A 3! 3¢ ! LY4 M ﬁ “ 3 cli8
! ! 3¢ - it M |
- Y——¢ xE.lTLl:llill‘l — Y——
L " . L i ‘30 - 34dS
| | |
l J [ . Y 2 w L-n AL \—ﬂr t-"r " '“ .
J —|| “ — 1t ~ —II TI|—|_ x) A\ “ A ’ E " ’ 3£1.08S
] |

= 4 .|_|z|.l;lall.|t.j L Y xrn.T_l.r 3 ous

—’ S118-01L HL1Y _ S1189-01 Qe _ S118-01 ANeC _ S1i8-01 1Sl _

T 3dV1 WOH4d S118 vivd 1vId3S oy _

For Form 1053360

Fig. 11-108 BITEn . E . COUNTER TIMING

Printed in U. S. America 11-20-72



Page 108 Burroughs - B1700 Central System Technical Manual

Functional Detail

CASSETTE DATA AVAILABLE Refer to Figure 11-109

Serial data from the Cassette Tape is available as source when UMSB <— OE. and UFULL .EO are true. The logic
shown in Figure 11-109 is used to determine when the U-Register is “FULL”. The logic uses the BITEn . E. Counter,
Tn . . . E. Counter, Parity Checking logic (PEn . . . E. levels), FINISHDO, and various other Cassette logic levels to
determine when the U-Register is assembled with 16-bits of information (either data or a micro). The U-Register is
referred to as U-Lower (bits 00 thru 07) and U-Upper (bits 08 thru 15). The serial data from tape is first assembled
in U-Lower. The data assembled in U-Lower will consists of 10-bits of information from tape. The 10-bits consisting of
(1) leading one bit, (8) data bits, and (1) parity bit. Depending on which of four 10-bit bytes of information from
tape is assembled in U-Lower and the results of the parity checking logic, the (8) data bits are either gated to the
U-Upper portion of the U-Register, cleared in U-Lower and not used, or are made available for gating to either the
M-Register or the Main 24-bit Exchange.

U-LOWER FULL Refer to Figure 11-109

Assume for explanation purposes, that a Cassette operation has been initiated. The level STRTO . E. will be true
until the tape clock pulses are received from the Cassette Tape. STRTO . E. true provides initially resetting flip-flop
“A” shown in Figure II-109. In addition the level provides resetting the BITEn . E. Counter, Tn . . . E. Counter,
Parity Checking logic, and the U-Register (Upper and Lower). When the 1st leading one bit of 10 serial data bits from
tape is sensed at the SRO . . . E. output position of U-Lower, flip-flop “A” will have a true to the DI input.

With reference to Figure I1-108 which illustrates the BITEn . E. Counter Timing, when SRO . . . E. is true,
BITEO . E. is also true. At T1 . ... E. time, providing no parity error is detected on the 10 serial data bits received
(PE1/ ... E. true), gate No. 1 Figure I1-109 will output a true thus generating UDSET . E. during T1 time. With
UDSET . E. true, flip-flop “A” is in the D-Set Mode and will set with the trailing edge of the next SCPM . . E. pulse.
The set output of flip-flop “A” (LDBSROE .) when true indicates the leading byte of serial data from tape (either
BITEO . E. or BITE1 . E.) has been assembled without parity error in U-Lower and transferred in parallel to U-Upper.
Note that UDSET . E. true also develops ULSET . E. and together they cause the U-Upper portion of the U-Register to
be in the D-Set Mode (Refer to Figure I1-101).

If a parity error is detected on the first 10 serial data bits from tape assembled in U-Lower then gate No. 1,
Figure I1-109 will not output a true at T1 time. When the second 10 serial data bits from tape are assembled in
U-Lower BITE1 . E. and SRO . . . E. will be true. Gate No. 2 will output a true at T1 . . .. E. time providing an
error was detected on the first 10 serial data bits (PE2 . . . E. true) and an error is not detected on the second 10 serial
data bits (PE1/ . . E. true). Gates No. | and 2 therefore control setting flip-flop “A” which develops LDBSROE.
when either the first or second 10-bit byte of serial data is assembled and transferred to U-Upper without parity error.

If neither byte is assembled without parity error, U-Lower is not transferred to U-Upper and further assembly of
data in U-Lower is disabled via the parity checking logic explained separately. Note that regardless of whether U-Lower
is transferred to U-Upper or not used, the U-Lower portion is cleared before the next byte is assembled. Clearing occurs
at T3 time and transfers to U-Upper occur at T1 time.

U-LOWER & U-UPPER FULL Refer to Figure I1-109

Assume for explanation purposes that the first and second 10-bit bytes of serial data from tape have been assembled
in U-Lower and that one of the two bytes was assembled without parity error. Assume also that one of these two bytes
(8-bit data portion) was transferred in parallel to U-Upper with UDSET . E. true. The set output of flip-flop “A”
(LDBSROE.) is true and STP/ . . . E. is true. STP/. . E. becomes true when a Cassette operation is first initiated and
remains true until a stop at the gap condition exists. When the third 10-bit byte of serial data is assembled in U-Lower
and the leading one bit is sensed at the SRO . . . E. output position of U-Lower, BITE2 . E. will be true. Providing this
byte of serial data from tape is assembled in U-Lower without parity error (PE1/ . . E. true), gates No. 4 & 5 will output
a true. The level UFULL . E. will be true thus enabling setting flip-flop “B”” when the next FINISHDO occurs. If a
parity error is detected on the third 10-bit byte of serial data assembled in U-Lower then gates No. 4 & 5 will not output
trues thus flip-flop “B” will not be set when the next FINISHDO occurs. In this case when the fourth 10-bite byte of
serial data is assembled in U-Lower, BITE3 . E. will be true. Providing this byte is assembled without error
(PE/ . . E. true), gate No. 4 & 6 will output trues thus generating UFULL . E. which will enable setting flip-flop “B”
when the next FINISHDO occurs. Note that PE2 . . . E. will be true if a parity error is detected on the third 10-hit
byte of serial data from tape. Gates 5 & 6 therefore control setting flip-flop “B” when either the third or fourth 10-bit
byte of serial data from tape is assembled in U-Lower without parity error, Figure IT-108 illustrates the BITEn . E.

TIT T

Counter !iming and the occurence of UFULL . E. when either BITE2 . E. or BITE3 . E. is true.
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Functional Detail
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Functional Detail

UFULL . EO TIMING  Refer to Figures II-109 & II-110

Figure 11-109 illustrates the logic used to synchronize the gating of the contents of the U-Register to either the
M-Register or the Main 24-bit Exchange with the FINISHDO level. This is necessary as the assembly of the serial data
from tape is not synchronous with the execution of Micros in the M-Register. Figure 1i-110, UFULL . E0 TIMING,
illustrates the two clock period generation of UFULL . EQ and the one clock period generation of UMSB-OE. Both
LDBSROE. and UFULL . E. are shown with “dotted lines” which is to indicate that they occur during the trailing edge
of SCPM . . E. and not with any relationship to FINISHDO.

PARITY CHECK

Each half (eight bits of sixteen bits) of either a Micro or data previously written on Cassette Tape is duplicated
for the purpose of providing a second attempt to read eight bits with correct parity in the event a parity error is
detected on the first eight bits of the Micro or data read from tape.

FUNCTIONAL DETAIL

Three Parity Checking Flip-Flops are used to determine if a correct read of eight bits of either a Micro or data has
occurred. The three flip-flops are shown in Figure II-112, Parity Check Logic. Assuming the three flip-flops are initially
reset they function as follows:

Each of the 10-bits of each byte of information read from tape which is true will cause the PE1 . . . E. flip-flop to
toggle. IDATI . E. is true when a “data bit”, either a leading one, a data bit, or the parity bit is true. As even parity
is used, the PE1 . . . E. flip-flop is reset after 10 bits of information has been read from tape and assembled in U Lower

providing there is not a parity error on the 10 bits assembled in U Lower. Assuming the first 10 of 40 bits is assembled
in U Lower with no errors, PE1 . . . E. will be false.

At T1 time with BITEO . E . true, USET . E. is true and a transfer in paraile to U Upper of the first eight data bits
occurs. If an error is detected on the first 10 bits assembled in U-Lower than PE1 . .. E. is set. At T2
time and BSO+2 . E. true the PE2 . . . E. flip-flop is set to “remember” a parity error did occur on the first 10-bits of infor-
mation read from tape. (Byte 0). The second 10 bits of information (Byte 1) is read from tape and again at T2 time the
PE1...E. flip-flop is checked to determine if an error has occured on the second 10 bits of information only when PE2 . . .E.
isset. IfPE2...E.is reset, the second 10 bits (Byte 1) of information read from tape is cleared from U Lower and not used.
It PE2 ... E.is set then the PEI ... E. flip-flop is checked at T2 time when BS1+3 . E. will be true. If an error has occurred
on Byte 1 as well as on Byte), then PE3 .. . EO is set. The same clock pulse that set PE3 . . . EO will also set the Stop Flip-
Flop causing STP/11E. to be false. With STP/ . . E. false, all further data inputs to U Lower from tape are disabled, refer
to Figure 11-112, With PE3 .. .EO true, when the next FINISHDO occurs and providing certain control terms (JUMP/ . F,
& REPEA/F .) are true, the Processor’s RUN Flip-Flop (RUNS .. FO) is reset causing HALTS .. F . to be true. Effectively

{151

the Processor is halted. If an erroris not detected on the second 10 bits (Byte 1) then UDSET . E. will be true, and the
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Fig. 1I-112 PARITY CHECK LOGIC



Burroughs - B1700 Central System Technical Manual Sec. II Page 111

Functional Detail

second 10 bits of information is transferred in parallel to U Upper. Providing either Byte O or 1 is read correctly Bytes 2 and
3 will be read and checked for correct parity as were Bytes 0 and 1. Note that either Byte O or 1 is gated to U Upper and
that either Byte 2 or 3 is used as the eight LSB of either the Micro or data read from tape. The particular mode of operation
(RUN or MTR) and the particular Micro in the M-Register (if any) will determine where teh 16 bits (either a Micro or data)
in the 16 bits of the U-Register will be gated.

RECEIVE ONE CLOCK PE1 SET = PARITY ERROR DETECTED ON
& DATA BITS FROM 10 BITS ASSEMBLED IN
CASSETTE U LOWER (CHECK AT T2 TIME)
l PE2 SET = PARITY ERROR DETECTED ON
TOGGLE PE1 IF EITHER BYTE 0 OR BYTE 2.
DATA BIT =1
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] EITHER BYTE 0 AND BYTE 1 OR
INSERT BIT INTO BYTE 2 AND BYTE 3. NON
U-REGISTER'S RECOVERABLE ERROR.
ZERO BIT POSITION
& SHIFT UP
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ONE SENSED

BYTE
3
SET | |TRANSFER YES
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CLEAR I & NO NO
W
LOWER CLEAR YES
U LOWER e
U UPPER &
SET PE3 U LOWER TO
SINK REG. NO
‘ ] ©
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Fig. II-113 PARITY CHECK FLOW
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Functional Detail

PARITY CHECK FLOW
The sequence of events that takes place during a tape read operation are shown in Figure I1-113.

Dependmg on the running mode of the Processo (RUN or MTR) a d d pendjng on the particular Micro current execu-
ting (if any other than a NO OP), a transfer of the contents of the U-Register (16-bits) to the M-Register (16 bits) can occur.

MTR MODE

Assuming a Tape Cassette is present and ready, depressing the Start Button on the console will cause forward drive to
be applied to the cassette. The “string” of Micros previously written on tape are read serially from tape, assembled in the
U-Register and gated then to the M-Register for execution. Upon completion of executing each Micro read from tape the
logic provides the “wait” capability for the U-Register to again assemble the next Micro read from tape. During this wait
period the NO OP Micro will be executed many times as the M-Registers contents will not be gated to the Micro Distri-
bution Bus for decoding and execution.

When in the MTR mode, all Micros executed are effectively those from tape, Micros that provide Skip or Branch
features are not permitted. Note that Micros with this feature may alter the Memory Address Register (MAR(A)) which
does not pertain to the operation of the Processor when in the MTR Mode, except when the 7C Micro is read from tape and
executed. This use of the MAR(A) register doesn’t relate to the alteration of MAR(A) which might be the result of a Skip
or Branch type Micro and is therefore not considered.

When the Micro read from tape is the 9C Micro (Move 24-bit Literal) the 16 LSB of the literal will be the next Micro
read from tape and assembled in the U-Register. In this particular case, the U-Registers contents is not gated to the M-Register
and executed but is gated to the Main 24-Bit Exchange and to the Sink Register selected. When the U-Register is “Full”
(16-bits assembled) two significant terms are developed. UFULL . EQ will be true for two clock periods (4 MHz) and
UMSB <«—0E. will be true for one clock period. The generation of these levels is shown in Figure II-108 UFULL Logic.
UFULL . EO and the 9C Micro in the M-Register and exposed to the Distribution Bus provides for gating the U-Register to
the Main 24-bit Exchange. UMSB -—0E. gates the U-Register data (bits 00 through 07) to the inputs of the M-Register.
UMSB  OE. also enables reading the U-Register bits 15 through 08 which are contained in Quad Latches (LFAN’s). Data
Transfer, Cassette to U-Register Upper’s enable (UMSB-<—0E.). See Figure 11-89

som LR
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Fig. II-114 MTR MODE AND EXECUTE EACH MICRO
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Functional Detail

The ML & M-Register explanation illustrates the enabling of gating U-Register bits 07 through 00 to the M-Register.
Note that although UMSB <—OE. will gate the contents of the U-Register to the input of the M-Register, a control level
(M<=—ML+UFO) must be true to cause the M-Register to be in the D-Set Mode. The logic required to cause M <=—ML+UFO
to be true is shown in Figure 11-89, ML & M-Registers. The level REPEA/F. into gate 1 Figure I1-89, is a control level used
to enable gate 1 when in the MTR Mode. The level is “normally” true, however, when in the MTR Mode and the 9C Micro
is in the M-Register and exposed when REPEA/F. if false which provides disabling the gating of the LSB (U-Register) of the
24-bit Literal to the M-Register.

FUNCTIONAL DETAIL, 1C and 8C MICRO

The Timing Diagram, Figure 1I-114, 1C and 8C Micro, illustrates the sequence of events which occur when the Pro-
cessor is in the MTR Mode. Shown is the execution of two Micros from tape (LC & 8C Micro). Two control flip-flops
(HOLD ./FO & REPEATF1) are used to control MTR Mode operations. Assuming the 1C Micro was previously read from
tape, assembled in the U-Register and gated to the M-Register for execution, the operation is as follows: With HOLD ./F0
true, the 1C Micro assumed to be in the M-Register is exposed to the Micro Distribution Bus, decoded and executed.
Assuming a 2 clock period 1C Micro (Move Register to Register . . . not BCD), when FINISHDO occurs the execution of the
1C Micro is complete. When FINISHDO occurs, the control logic generates the level WAIT . FF . which will set the
HOLD . /FO flip-flop (HOLD . [FO is the reset output). With HOLD . /FO false, the contents of the M-Register is not
“exposed” to the Micro Distribution Bus; therefore a NO OP is executed until HOLD . /FO goes true. When UFULL . EO
is true and FINISHDO is true, the HOLD . /FO flip-flop is reset causing HOLD . /FO to be true. The same clock pulse that
resets the flip-flop also sets the contents of the U-Register into the M-Register as both UMSB <—OE. & M < ML+OFO0 are
true. Assuming the 8C Micro is the next Micro from tape, it is now executed in the M-Register. The operation repeats for
the assembling of the next Micro which follows the 8C Micro.

FUNCTIONAL DETAIL, 7C AND 9C MICROS

The Timing Diagram, Figure II-115 illustrates the sequence of events which occur in the MTR Mode when the 9C Micro
is read from tape. As previously mentioned, the 9C & 7C Micro’s provide a menas of storing Micro’s read from tape into
S-Memory for execution in the RUN Mode. Assuming the 9C Micro is read from tape, assembled in the U-Register and gated
to the M-Register and executed, the operation is as follows:

The 9C Micro, exposed and executed generates at SO time the level WAIT . . F. which sets the REPEATF1 &
HOLD . /FO flip-flops. The 9C Micro is therefore exposed initially for only one clock period; however, the 9C Micro will
remain in the M-Register until the next 16-bits of information from tape is assembled in the U-Register. When UFULL . EO
occurs and with the REPEATF1 flip-flop set, the reset output of the HOLD . /FO flip-flop (HOLD . /F0) is held true;
thus exposing the 9C Micro to the Micro distribution Bus again. The 16LSB of the Literal are now in the U-Register and
are gated to the 16 LSB of the Main 24-bit Exchange. The 8 MSB of the literal are the 8 LSB of the 9C Micro in the M-Regis-
ter; they too are also gated to the 8 MSB of the Main 24-bit Exchange. The 24-bit Literal on the Main 24-bit Exchange is then
set into the sink register selected. CLRM . . DO is true when the 9C Micro is exposed and FINISHDO is true; therefore, the
9C Micro is cleared from the M-Reg, effectively executing a NO OP until the U-Register is again full and transferred to the
M-Register for execution. Assuming the next Micro read from tape is the 7C Micro, the 16 LSB of the 24-bit Literal
previously stored in a sink register during the execution of the 9C Micro can then be written into S-Memory. The Sequencer
will generate SO through S7 times for the execution of the 7C Micro. Refer to the explanation of the 7C Micro for details.
Upon completion of the execution of the 7C Micro, NO OP’s will be executed until the U-Register is again full.

RUN MODE

When the Processor is in the RUN Mode, Micros are executed in the M-Register which are ““fetched” from S-Memory
during concurrent MFETCH cperations which is explained separately.

Three Micros are available for execution (from the S-Memory string of Micro’s currently executing) which have
significance with Cassette operations. These three Micros are: 2E Cassette Control, 1C (Move U to Sink), and the 2C (Move
U to Scratch Pad) Micro’s. When in the RUN Mode, the M-Register is not permissable as a sink register when the U-Register
is source; therefore, bit “ORE” functions with the U-Register’s information is not allowed.

All data transfers from the serial data read from tape, assembled in the U-Register are via the Main 24-bit Exchange
to the sink register selected. This illustrates the sequence of events which occur when in the RUN Mode and the Cassette
is initiated with the execution of the 2E Micro (Cassette Control . . . Start Tape).

Note that each Micro executed in the M-Register has been fetched from S-Memory and not from tape. Assuming the
2E Micro (Cassette Control . . . Start Tape) is executed, forward drive will be applied to the Cassette and the Micros or
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ac* FINISH DO
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~
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P
~L
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UFULLI1E.

~
-
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L
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~L
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"\ (U-REGISTER
TO M-REGISTER)

/

~L
T~

~L
P-4

M<-—ML+UFO A Y Y2 Ay I ‘
JAY LAY FAY [A)
MSTARTFO [ |
HOLD .. F. i SET SIT MSTARTK. | |
HOLD./FO | Jrorcen | FF L

Fig. 11-115 MTR MODE AND STORE IN S-MEMORY

data previously written on tape are read and assembled in the U-Register. The next Micro fetched from S-Memory during
the concurrent MFETCH operation which occcurs during the execution of the 2E Micro to be the 1C Micro (Move U to a
Sink Register) as illustrated in Figure I1-116. When the 1C Micro is exposed to the Micro Distribution Bus and decoded,
the level USOR .. F is generated. USOR .. F. and SO time will cause the HOLD . /FO flip-flop to be set with the next
clock pulse thus causing HOLD . /FO to be false. With HOLD . [FO false, the 1C Micro is exposed for one clock period
and followed by a one clock period NO-OP. USOR . . F. true also causes the REPEATF1 flip-flop to be set. Serial data
is received from tape and assembled in the U-Reg. When UFULL . EO occurs and the REPEATF1 flip-flop is set, the
output of the HOLD . /FO tlip-flop is held true, thus HOLD./FO is true. With HOLD . /FO true, the 1C Micro is again
exposed to the Micro Distribution Bus and executed. The contents of the U-Register is then gated to the Main 24-bit
Exchange and set in the Sink Register selected. UFULL | EQ & FINISHDO cause the HOLD . /FQ flip-flop to be reset,
thus HOLD./ FO remains true until USOR . . F . occurs. Assuming the next Micro to be executed is the 7C Micro, the data
read from tape can be written into S-Memory.

Upon completion of the execution of the 7C Micro, executing another 1C Micro (Move U to Sink) will again cause the
same to occur. NO OP’s will be executed until the U-Register is full. The concurrent MFETCH operations are shown when
MSTARTK. is true. MSTARTK. initiates a memory cycle which read the next Micro to be executed from S-Memory. The
Micre ““fetched™ is stored in the ML-Register until FINISHDO and HOLD ./FQ are true. With these two levels true,

M = ML~+UFQ is true which enables the M-Register in the D-Set Mode.
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sew LU LU

SEQUENCER [so|s1;so‘s1|50|s1|so|s1150|s1|$0|s1|52|53|s4|ss|ss|s7|so;s1|50|

M-REGISTER [ [1cIno] noop [ NOOP TiC [7¢c [1c Tn/ol
FINISHDO i [ I I l l * , I
CSTRT.DO \
STRT. . E. [ 1+ s

f 11—
) — 1 ¢ \ \
LA L S

FWD. . E. }
USOR. F. UT0 MEX| 1
Ny 1
HOLD./FO . ‘ T
LDBSROE. o
jE FULL
UFULLE. N
UFULL.EO
] s
REPEATF1 [t I —

MEMORY START FOR 7C MICRO

MSTARTK. \] \L_] \L“ i + l \L—I [ I \l
ML-REGISTER [ 22 [ ¢’ [7c ‘ [ 1c [7c

Fig. 1116 RUN MODE AND 1C MICRO (U-REGISTER SOURCE)

CASSETTE POSITIONING

The position of the Cassette in respect to the beginning of Tape (BOT) should be considered prior to initiating a Cassette
Start. The first time the cartridge is inserted and locked in position, an automatic rewind will cause Tape to position in the
clear leader area (BOT). If the Tape has previously been read, a rewind of Tape by either:

1.  Depressing the Rewind button on the Console or
2. By “unlocking” the Tape cartridge from the latched position and then relocking it again will cause Tape to position in
the clear leader area (BOT).

CASSETTE START LOGIC

The Cassette’s control logic within the Processor provides the facility to start tape by applying forward drive to the
Cassette. Forward Drive can be sent to the Cassette’s drive logic in either the RUN or MTR Mode. In order to send the
forward drive level to the Cassette’s drive logic, the level CSTRT . DO must be true. CSTRT . DO is true for when either of
the two following conditions are true.

MTRMODE: 1. Power ON (Processor & Cassette)
Mode Switch set to MTR

Start Button Depressed

Power ON (Processor & Cassette)

Mode Switch set to RUN
2E Micro (Cassette Control) is executed with the variants of the Micro indicating Start Tape.

RUN Mode:

W e

With either of the above two conditions true and the tape Cassette Ready, Forward Drive will be sent to the Cassette’s
Drive Logic. Serial data will be read from the tape, transmitted to the Processor’s control logic and assembled in the U-Regis-
ter. The Start Logic within the Processor is illustrated in Figure 1I-117 and the Start Logic Timing is shown in Figure I1-118.
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(DTL)
GPCLR.E.
711 500 T —
(cTL - L{us LE} STPAGPE. [~
TPCLK .E. (Drim I— GAPI. E. i GAP. . E. — 4 leres ¢
L—J IHVIJ t_"J -_j B i; %PM F/F | AR
STRTO.E.
GPCLAR.E.
CSTRT.DO STRT..E.
STPAGPE. I E/F GPCLR.E.
SCPM
e
(DTL) | (DTL)
GPCLR.E.
ctt YeTi mwo.. 11 STRTRWE g [ BEWINDE.
l RWD/. .T1 £/F
SCPM
Fig. II-117 START/STOP LOGIC
START SEQUENCE

1.  Cassette Start CSTRT . DO is true at J input of the Start FF when a Forward Drive condition is sensed.
MTR Mode * Start button depressed
+RUN Mode * 2E Micro (with Start Cassette variant) CSTRT . DO
2. At the trailing edge of the clock(s) the Start FF is set and STRT . . E . comes true.
3. During this time the tape is not in motion, therefore, clock pulses are not received from the tape. Consequently, the
Gap Multivibrator stays at the reset state and the level GAPI . . E . is true and through a buffer (GAP . . . E .) enables
the set mode at the forward F . F.
4. At the trailing edge of clock(s) the Forward FF sets and FWD . . . DE comes true.
5.  If the tape is ready to receive the command the Forward Drive level is sent through the Interface and forward tape
motion begins.
6.  The Start operation is now complete and the tape will continue forward until Forward Drive is removed by the Stop
Logic.
With STRT..E.*GAP...E. A) The Stop FF is reset and STP/ . . E . is true, this enables gating the data bits
to U-Register and the U-Full logic.
B) Thelevel STRTO . E . true is sent to clear Parity Checking, Timing FF and
U-Register. (In data transfer logic)
When the tape clock appears the Gap Timer triggers and the GAP . . E . level goes false. This removes the level
STRTO . E . at the data transfer logic.
The delay of the Gap Multivibrator is longer than the tape clock tape period. This keeps the level GAP . . . E . false
except during gap time.

CASSETTE STOP LOGIC

To Stop tape motion, the Forward Drive leve] must be removed. The Forward Drive level (FDL .. . E .) will be false
when any of the following conditions are true.
1. Tape Drive goes Not Ready
2. Forward Drive Flip-Flop is reset
The Forward Drive Flip-Flop is reset when any of the following are true.
1. ‘'lape clock pulses are being received and the General Processor Clear Button (CPCLR . E.) is depressed.
2. The Start Flip-Flop is reset and tape clock pulses are not received causing the level GAP . . . E . to be true.



Burroughs - B1700 Central System Technical Manual Sec. I Page 117

Functional Detail

START TIME I CLOCK TAPE PRESENT GAP PRESENT

AN NN

SCPME 0 1 2

CSTRT.DO ‘ I

STRT.E. [ !
FNG.EE. | +
TPCLK.E. J L L4 n L J_
e Ll i T

L

STATOE. | I |
STP/E. | I |

Fig. 1I-118

The Start Flip-Flop is reset when either the General Processor clear Button is depressed or when the level Stop at the
Gap (STPAGPE.) is true. STPAGPE. is true when either a non-recoverable tape parity error is true (1+3ETIE.), or when
CSTPG . DO and FINISHDO are true. Refer to Figure II-119.

FINISHDO GPCLR.E.
CSTRT.DO STRT. .E.
STOP AT GAP MICRO n CSTPG.ED STRT..E
STP2AGE
STOPON X#Y & XY STPAGPE.
CSTPG.DO FIF
1+3ETIE. [5 1 STPIAGE. scom_|
Tt

Fig. 11119 STOP LOGIC

Figures 11-119 and I1-120 illustrate the logic affected and the timing of the same when STPAGPE. is true. Note that
GAPI . . E. must be true in order to stop at the Gap. GAPI . . E. true, indicates the absence of tape clock pulses for 500 us.

STOP AT GAP STOP SEQUENCE

1. STPAGE. is true and resets start FF at trailing edge of clock (1)

2. STRT..E.is now false.

3. When the tape clock is no longer present, indicating end of record gap, the Gap Multivibrator will time out causing
GAP . . . E. true. This enables the D-Mode to the forward FF which turns off with clock (n) forward FF reset removes
Forward Drive from Cassette and stops the tape.

CASSETTE REWIND LOGIC

Prior to initiating a rewind of tape, forward drive level must be removed. When forward drive is removed, depressing
the Rewind Button on the Console will cause a rewind drive level to be sent to the Cassette. Figure 1I-121 illustrates the
Processor’s logic which develops the backward drive level (BWD . . . E.) when the rewind button is depressed. Releasing
the rewind button will reset the Start Rewind (STRTRWE .) Flip-Flop; however the control logic within the Cassette
will continue to cause tape to be rewound until the Beginning of Tape (BOT) mark is sensed. The timing associated with
Figure I1-121, is illustrated in Figure II-122.
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STOP INITIATED I CLOCK PRESENT GAP (NO CLOCK, END OF RECORD)
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TPCLK.E. 11 L] B GAP

GAP_.E.

FWD...E. '

Fig. 11-120

REWIND LOGIC

FWD/. E

FEAN
— |

BWD..E \R P/ ET
GPCLR.E _1_—[_ Ily WP/ E

RWD/..T1 1 I RWD. ..T1

REWINDE.

H STRTRWE.

REWIND BHAN L
4 FE TAON

+4.75V
FFAN | PIN Ll_l 1
8.25K 0.1 MF

SCPM. E. __l

Fig. II-121 REWIND LOGIC

EXECUTION OF MICROS

Each of the twenty-four Micros when executed will cause a definite sequence of events to occur which is applicable
to the individual Micro currently executing. In addition to the basic functions which occur when a particular Micro is
executed, most of the Micros have available various bit configurations which permits the individual Micros to perform
more than one particular function.
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—
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|
|
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{ f ! { £
BWD. . .E. | “CTL” { f 1
TRWP/.E1 | “DTL” i s J_

Fig. II-122 REWIND CASSETTE TIMING

Example: An example of the various functions a particular Micro when executed can perform is the execution of the
1C Micro. The 1C Micro permits one of a number of source registers to be selected as well as one of a number of sink
registers. The source and/or sink registers can be 24-bits in length, 16-bits in length (in the case of the FL-Register) or
4-bits in length. In addition to the selection of particular registers as source and sink, a move to the M-Register will perform
a bit OR-ing of the source registers information with the up coming Micro from the ML-Register.

In summary, most of the Micros when executed will perform a function which is specifically designated by the bit
configuration of the particular Micro executed. An example execution of each of the Micros is shown on the following
pages. The Micros which in addition to the basic functions they perform also provide unique functions within as desig-
nated by their particular bit configurations will be shown in more than one example. Each Micro when executed is held in
the M-Register for the duration of the execution of the Micro. It is necessary to expose the current Micro in the M-Register
to the Micro Distribution Bus lines (MOP 15 through BTO) where it is distributed throughout the System and executed.
Two terms (RUNS . . FO & HOLD . /F0) must be true to expose the Micro in the M-Register to the Micro Distribution Bus.
When either of these two levels is false, the contents of the M-Register is not gated to the Micro Distribution Bus. When the
Processor is in the Halt mode, another source is available to the Micro Distribution Bus via hard wired logic which executes
a 1C Micro. This operation is explained during Console Operations.

1C MICRO

The function of the 1C Micro is to move a source registers data to a sink register. The registers not permissable as
source or sink are stated in Section 1 of this manual. The basic execution time of the 1C Micro is 2 clock periods (4 MHz).
The exceptions are as follows:

1.  When the source is BCD, 3 clocks

2. When the sink is MAR(A), 4 clocks

3. When the sink is MAR(A) and source is BCD, 5 clocks (3 for BCD and 2 extra clocks for MAR(A) as sink)
4.  When the U-Register is source, “many” clocks

Each of the above five cases is explained separately. The 1C Micro which is executed when the Processor is halted is
explained during the explanation of Console Operations.

2 CLOCK EXECUTION

The basic functions which occur when the 1C Micro is executed that requires 2 clock periods is illustrated in Figure
I1-123. The example shown moves the L-Register (24 bits) to the T-Register (24 bits). Assuming a 2 clock Micro has been
executed prior to the execution of the 1C Micro, MFETCHFO will be true during the first S1 time. A previous MFETCH
operation which occurred during the execution of the previous 2 clock Micro will generate a S-Memory read cycle
which will cause memory read data to be on the memory read data inputs to the ML-Register. With MFETCHFO true at
this time, the read data (32-bits of information from a word address of S-Memory) will be “latched” into the ML-Register
as shown. Note that the ML-Register at this time actually contains two Micros, although only one will be used at this
time. Either the 1C Micro and the previous Micro or the 1C Micro and the Next Micro. The value of the MAR(A)’s 4-bit
position will determine which of the two Micros is gated to the M-Register. For this explanation, assume the 1C Micro is
set into the M-Register at this time. The trailing edge of the 4 MHz clock which finds FINISHDO true, will set the 1C
Micro, from the ML-Register, into the M-Register. Functionally, two operations will occur during the execution of the
1C Micro:
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M-REGISTER  ASSURE 2 | 1C MICRO (MOVE L TO T) |  NEXT MICRO
CLOCK MICRO/
2 CLOCK 1C MICRO (MOVE L TO T) | NEXT MICRO

ML-REGISTER MICRO —
cin 71 | 1

—_

MSTARTK. / l |
MEMORY READ '
\
DATA 1 W L \
MFETCHFOQ D SET MLR
SORENBD.  _ __ _ _ ] L_: o _:j
SINKEND. I |

MAIN 24-BIT EXCHANGE | LREGISTER DATA .
tBuF T [ LREGISTER DATA m
LMWE. . FO . ML ___ —
T-REGISTER PREVIOUS DATA [ L-REGISTER DATA

Fig. II-123 1C MICRO TIMING 2 CLOCK EXECUTION

1. AMFETCH operation will occur which will generate a S-Memory read cycle to read the next Micro to be executed
when the 1C Micro is finished. This is done regardless of whether or not the next Micro is at this time in the ML-
Register. The trailing edge of the 4MHz clock which finds FINISHDO true sets the Memory Start Flip-Flop
(MSTARTK .). Read Data is available approximately 434 ns after the trailing edge of the 4 MHz clock pulse
which set the 1C Micro into the M-Register. The read data remains present until approximatey 511 ns from the
trailing edge of the same clock pulse. With MFETCHFO true, this read data (the next micro to be executed) is set
into the ML-Register. The trailing edge of the 4 MHz clock which finds FINISHDO true during the S1 time of the
execution of the 1C Micro will set the next Micro to be executed into the M-Register. Note that if a Memory Refresh
Cycle has been requested during the execution of the 1C Micro, the next Micro to be executed will remain in the
ML-Register but will not be gated to the M-Register as shown. A No OP will be executed for two clock periods
during the refresh cycle. When the refresh cycle finishes, the next Micro will then be gated from the ML-Register
to the M-Register.

2. Presence of the 1C Micro in the M-Register and exposed to the Micro Distribution Bus will cause the Micro to be
decoded. The decoding logic will generate the Source Enable (SORENBD .} level during TO, T1, and T2 times.

A Local Memory address and Chip Select levels will also be generated at this time which will allow the L-Registers
data in Local Memory to be read and gated to the Main 24-bit Exchange. The L-Register data on the Main
Exchange is set into LBUF with the trailing edge of the inverted 4 MHz clock (CLK4/ .K0). When T3 time occurs,
the decoding logic develops the Sink Enable level (SINKEND .) which also deveiops the Local Memory Write Enable
pulse (LMWE . . FO). The address lines and chip select levels for the T-Register will also be true during the time
SINKEND . is true. The L-Register data in LBUF is then written into the T-Register within Local Memory. In
summary, the execution of the 1C Micro has moved the contents of the L-Register to the T-Register (both within
Local Memory) and has executed a MFETCH operation to read the next Micro to be executed from S-Memory.

3 CT.OCK EXBCTITION
The basic functions which occur when the 1C Micro is executed that requires 3 clock periods is shown in Figure

3 ito 4 3 Rint+n ot
11.124, The example shown moves the SUM of the ¥ and Y Registers (both 24 bits in length) to the FA-Register. Note that
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the BCD Sum (decimal corrected sum) of the X and Y-Registers is developed due to assumption that the CPU-Register is

set to 1. The generation of a decimal corrected sum requires an additional clock period due to the additional functions
which occur within the 24-bit Function Box when the decimal sum is designated. If the SUM were Binary, only two clock
periods would be required. The execution of the 3 clock 1C Micro is similar to that of the 2 clock period 1C Micro in that a
MFETCH will occur and a move of a source register to a sink register also occurs.

4 MHZ CLOCK  ~ | L |
| I |

S1 SO S1 S2 I SO

[ 73| T | T | T2 | T8 | T4 | T5 | TO | T

M-REGISTER ASSUME 2 | 1C MICRO [MOVE SUM TO FA) (ASSUME CPU=1.. .BCD} [ NEXT MICRO
CLOCK MICRO
ML-REGISTER 2CLOCK 1C MICRO (MOVE SUM TO FA) TnexT micro
MICRO
FINISHDO /l
MSTARTK. l ———
MEMORY READ /| 0 \_d‘l W
DATA

MFETCHFO ] R
SORENBD. i 1
SINKEND. |
MAIN 24.8/T EXCHANGE _ [ SUM OF X & Y REGISTERS (DEC. CORRECTED) .
LBUF ['SUM OF x & ¥ REGISTERS (DEC. CORRECTED) |
LMWE. FO |
FA-REGISTER PREVIOUS DATA OR VALUE SUM (DECIMAL)

Fig. I1-124 1C MICRO TIMING 3 CLOCK EXECUTION

During the execution of the 3 clock 1C Micro, FINISHDO is delayed until S2 time which allows time for the addition
of X & Y to occur and the decimal correction of the same to occur. The MFETCH operation is initiated at the beginning of
S0 time with the read data (next Micro) available during T3 time. The next micro is then stored in the ML-Register and will
be set in the M-Register with the trailing edge of the 4 MHz clock pulse which finds FINISHDO true. The source enable
(SORENBD.) is extended until TS5 time when sink enable (SINKEND.) is true.

During source enable time (TO through T4), both the X-Registers data (A-DATA) and the Y-Registers data (B-DATA) is
read from Local Memory simultaneously and gated to the 24-bit Function Box. The output of the 24-bit Function Box is
gated onto the Main 24-Bit Exchange. The trailing edge of the inverted 4 MHz clock sets the Main Exchange data into
LBUF. Local Memory Write Enable (LMWE . . FO) is true during T5 time which allows the contents of LBUF (Decimal
corrected SUM) to be written into the FA-Register within Local Memory. During sink enable time, the address lines and
chip select levels are true which designate the FA-Register as Sink.

4 CLOCK EXECUTION

The basic functions which occur when the 1C Micro is executed that requires 4 clock periods is shown in Figue I1-125.
The example shown moves the X-Register (19 Least Significant Bits) to the Memory Address Register (MAR(A)). During
SO & S1 time, the basic function which occurs is the gating of the X-Register data in Local Memory, to the Main 24-bit
Exchange and into the MAR(A) Register. A MFETCH operation occurs at this time in the usual manner, and the read data
is latched in the ML-Register. The operation differs however from the “normal” 2 clock operation in that when FINISHDO
is true, the next Micro in the ML-Register is not set into the M-Register. When the 1C Micro is executed with MAR(A)
designated as the sink, the decoding logic develops the term ASNK . . F. which causes the ML-Register’s read enable
(MLENBLFO) to be false. With MLENBLFO false, the next Micro which normally would be set in the M-Register with
the trailing edge of the 4 MHz clock is not read from the ML-Register. This effectively causes a NO-OP to be set in the
M-Register. During SO & S1 time, the decoding logic develops the address lines and chip select levels to address the
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MFETCHFO '
SORENBD. 1 1 /
MAIN 24-BIT EXCHANGE [(X-REGISTER DATA) 1/

ASNK. .F. [ //l
MLENBLFO T |\ (ML READ ENABLE IS FALSE) [
MAR  MXFO 1 (MEX TO MAR INPUT
MARCMOFO Ivar iND-sEn L
MAR(A) REGISTER | ADDRESS OF NEXT MICRO [X-REGISTER DATA "ADDRESS OF NEW |

MICRO"
1C MICRO TIMING: (MCOVE X TO MAR(A))

FORMAT: 0001 0000 1010 0100

Fig. 11-125 1C MICRO TIMING 4 CLOCK EXECUTION

X Register in Local Memory. With source enable (SORENBD .) true, the X-Register data (24-bits) is gated to the Main
24-bit Exchange. ASNK .. F. and FINISHDO cause MAR ~ MXFO and MARCMOFO to be true.

The MAR(A) register is a 19-bit register: therefore, only the 19 LSBs of the Main 24-bit Exchange (MEX 18 through
00 BTO) are set in the MAR(A) Register with the trailing edge of the 4 MHz clock. The X-Register data which is in the
MAR(A) register during SO & S1 time is the S-Memory address of the New Micro to be executed. The MFETCH operation
which is initiated with MSTARTK. during SO time causes a read memory cycle to occur which reads this New Micro from
S-Memory. With MFETCHFO true, this New Micro is “latched” into the ML-Register and gated into the M-Register to be
executed at the next SO time. Note that MLENBLFO is now true, which allows reading the New Micro in the ML-Register.

5 CLOCK EXECUTION

The basic functions which occur when the 1C Micro is executed which requires 5 clocks to finish is illustrated in
Figure 11-126. Due to the similarity of the 3 clock example (BCD SUM of X & Y to the FA-Register as sink) and the 4
clock example (MAR(A)) as the sink Register) the details of the 5 clock execution are not shown. Reference the 3 & 4
clock execution examples for details. During SO, S1, & S2 time, the decimal corrected SUM of the X & Y-Registers data
is developed, gated to the Main 24-bit Exchange, and set in the MAR(A) Register with the trailing edge of the 4MHz clock
which occurs during S2 time. Although a MFETCH occurs during this time period, the Next Micro read from S-Memory
and “latched” in ML is not set in the M-Register. A NO-OP is forced during S3 & $4 time at which time another MFETCH

Anememr ot +hn oddenan QFSC;G;.A ky thae CTTM AFf Y £ V naw in the MAR(A)
ifiad by the STIM ot X £ ¥ nowr in the MAK(A)

At e oA T L NT o AR L @
UPClauuu ULLUID LU 10alu 1y LNUW AvEIVIV 13 UL D70EVELIVE Y G Wi Suseivos o

Register.
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— — // r\——\____r—x_%_
SORENBD. J / Xl_
MAIN 24-BIT EXCHANGE F/BCD SUMOF X & Y \\\L /
ASNK..F. .
MAR- - MXFO * MARCMOFO ; l_H
MAR(A} 1C (ADDRESS) [NEXT MICRO (ADDRESS) I_;‘UM {ADDRESS) UM + 1
“POINTS TO NEW MICRO"
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ML-REGISTER / 1C MICRO | NEXT MICRO ] NEW MICRO

[ se T so | st [ s2 ] so [ st | so |
1C MICRO TIMING (MOVE SUM (BCD) TO MAR(A) )
FORMAT: 0001 0000 1110 0100

Fig. II-126 1C MICRO TIMING 5 CLOCK EXECUTION
2C MICRO

The function of the 2C Micro is either to move a source register to a word of Scratch Pad or move a source Scratch
Pad word to a sink register. Any word of either Scratch Pad right or left is permissable as either a source or a sink. The
registers not permissable as source or sink are stated in Section 1 of this manual. The basic execution time of the 2C Micro
is 2 clock periods (4 MHz). The exceptions are as follows:
1. When the source is BCD (SUM or DIFF), 3 clocks;
2. When the sink is MAR(A), 4 clocks.

The execution of the 2C Micro (2, 3, or 4 clock period duration) is identical to that of the execution of the 1C Micro
(2, 3, or 4 clock duration). The exception being the decoding of Mop Bits 5 & 4 to determine the move direction and whether
right or left Scratch Pad is designated as source or sink. Figure 11-42, of the Local Memory explanation illustrates a typical
example of decoding Mop Bits 5 & 4 to determine the particular word of Scratch Pad addressed and whether the word is the
source or sink. Four gates are used to select either a word of APAD (A-DATA) or BPAD (B-DATA) as either source or sink
as illustrated in Figure 11-127

2EA..D. "SOURCE LEFT"

SORENED,

— APADEND.

026D, MOPO3BTO PADD3.D.
OEA..F1 M LEFT

SINKEND. J

MOP02BTO

02C...D.

_3EA.F1 \YSOURCE RIGHT” PADD1.D
soneneD. | J MOPG1BTO —
2ORENBD. l ) BPADEND.

02C...D. ‘
TEarr ] \SINKRIGHT AR
SINKEND. | /

Fig. II-127 SOURCE/SINK . . . R/L SCRATCH PAD ADDRESSING
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2,3 AND 4 CLOCK EXECUTION

An example of the timing of the execution of the 2, 3, & 4 clock 2C Micro is illusirated in Figures I1-128, II-129, &
Ti-130 respectively. As the execution is similar to that of the 1C Micro, reference the examples given for the 1C Micro for

details.
| ]
' S0 ! s1 ! 50
amwzciock | T 1. [ 1
M-REGISTER
i 2CMICRO(P RORR P) "~ [NEXT MICRO
FINISHDO i [ \ 2 CLOCK
2C MICRO
ML-REGISTER | 2CMICRO (P RORR P NEXT MiCRO
SOURCE ENABLE [ TIF PAD OR REGISTER IN) |
{LOCAL MEMORY)
SINK ENARLE (IF PAD OR REGISTER IN LOCAL MEM) | '.
LMWE..FO (IF LOCAL MEMORY IS SINK) I
Fig. I1-128 2 CLOCK 2C MICRO
| |
| I I
S0 S1 S2 S0
4 MHZ CLOCK | | | | [ |
M-REGISTER I 2C MICRO (P R AND REGISTER IS BCD SUM OR DIFF) [NEXT MICRO
FINISHDO l I | I 3 CLOCK
2C MICRO
ML-REGISTER 2C MICRO (P R AND BCD) [NEXT MICRO BCD SOURCE
SOURCE ENABLE | (BCD SUM OR DIFF TO MAIN 24.BIT EXCHANGE] |
SINK ENABLE {BCD SUM OR DIFF TO L/R PAD WORD) | L
LMWE..FO [
Fig. 11129 3 CLOCK 2C MICRC BCD SOQURCE
1 S0 | st | ) [ S1 | 50
4 MHZ CLOCTK f [ N S S
M-REGISTER [2C MICRO (MOVE PAD TO MAR(A)) [ No-oP | NEW MICRO
FINISHDO I L f | |
17 I N
ML REGISTER I 7 2C MICRO (MOVE PAD TO MAR(A))  INEXT MfCRO NEW MICRO
SOURCE ENABLE r [SOURCE SCRATCH PAD L/R) ]

MLENBLFO

(DISABLE ML TO M-REGISTER! J\\

MARIA) REGISTER T {ADDRESS OF NEXT MICRO) l (SCRATCH PAD DATA, ADDRESS OF)

{NEW MICROI

Fig. 1I-130 4 CLOCK 2C MICRO MOVE PAD TO MAR(A)
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3C MICRO

The function of the 3C Micro is to perform a particular operation as selected by the variants on the designated
Source/Sink Register. The Source and Sink register is the same; therefore, the source register is usually changed when the
execution of the Micro is completed. The registers permitted as source and sink are stated in Section 1 of this Manual. The
execution time of the 3C Micro is 2 clock periods except for the following condition:

When either the Increment and TEST or Decrement and TEST is performed, and the operation results in the

generation of a carry, (Incre & TEST) or a borrow (Decre & TEST), at which time the execution time is 4 clock

periods.

The 4-bit Registers permissable as source and sink may be either located within Local Memory or they may be one of
the four 4-bit Discrete Registers (CA, CB, CC or CD).

2 CLOCK EXECUTION (4 BIT REGISTER WITHIN LOCAL MEMORY)

Figure I1-131, illustrates the basic data flow of the 3C Micro when a 4-bit Register located within Local Memory is
designated as Source and Sink. The 4-bit addressable registers within Local Memory permissable as source and sink when
executing the 3C Micro are all within the A-DATA portion; therefore, B-DATA is not referenced during the execution of the
3C Micro. The 4-bit register selected is gated to the 4-Bit Function Box where the operation selected by the variant bits of
the Micro is performed. The output of the 4-Bit Function Box is then gated to the Main 24-Bit Exchange such that each
consecutive 4-bits of the Main 24-Bit Exchange will contain the result of the 4-bit function performed. This “New” value of
the 4-bit register is then “latched” into LBUF and set into the same register within Local Memory. During Sink Enable
time, only the address and chip select levels to the particular 4-bit register will be selected.

., MEX_ ~ LBUF
B-DATA 4BIT 4
4 | FUNCTION 4 s £ 24 2
BOX "IwEan ; ™
ADATA ¥ 4
MFAN

ONLY 4 BITSSET IN ONE
4 BIT SINK REGISTER

Fig. II-131 3C MICRO DATA FLOW

Figure I1-132 illustrates the basic functions which occur when the 3C Micro is executed and a register within Local
Memory is Source/Sink. It is also assumed that the function performed does not result in a skip of the next Micro. Note
the skip of the next Micro occurs when the function is either Increment and TEST and a carry is generated or Decrement
and TEST and a borrow is generated.

A MFETCH operation occurs concurrent with the operation performed on the 4-bit register in the 4-bit Function Box.
As the function performed on the register does not generate a skip, the next Micro read from S-Memory during the concurrent
MFETCH operation is gated from the ML-Register to the M-Register and executed when the 3C Micro is finished.

2 CLOCK EXECUTION (CA, CB, CC, or CD REGISTER)

Figure I1-133 illustrates the basic data flow of the 3C Micro when either the CA, CB, CC, or CD Register is selected
as source and sink. The contents of the particular register selected is gated to the 4-Bit Function Box where the function
selected by the variant bits‘of the Micro is performed. The output of the 4-Bit Function Box is again gated to the Main
24-bit Exchange such that each consecutive four bits of the Main Exchange will contain the result of the function performed.
Only the four LSB of the Main 24-bit Exchange are inputs to each of the four 4-bit Registers. The timing logic will cause the
four bit register selected as source and sink to be in the D-Set mode at which time the trailing edge of the 4 MHz clock will
set the “New” value in the register selected.
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ewwcctoee [T\ [ L L LT L1
4 MHz CLOCK m ]
! S0 ! st | S0
M-REGISTER [ 3C MICRO (LOCAL MEMORY SOURCE AND SIN;J NEXT MICRO
ML-REGISTER [ 3C MICRO (LOCAL MEM. SOURCE & SINK) |7 NEXT MICRO
4

FINISHDO r {
MSTARTK. 1 /

MEMORY READ Vi \\ \

DATA

MEETCHFO i

SOURCE ENABLE l L
SINK ENABLE | I

MAIN 24-BIT EXCHANGE | (OUTPUT OF 4-BIT FUNCTION BOX) |
LBUF T (OUTPUT OF 4-BIT FUNCTION BOX) |

LMWE..FO l l

3C MICRO  (ANY PERMISSIBLE SOURCE AND SINK LOCATED WITHIN
LOCAL MEMORY AND SKIP NEXT MICRO IS NOT TRUE AS
THE RESULT OF TEST ON INCRE. OR TEST ON DECRE.)

Fig. 1I-132 3C MICRO LOCAL MEMORY IS SOURCE/SINK

REGISTER
3 &
2C MAIN
—ea 2[ 4BTBO3FO %
— 0 MFAN 4817 " 8
3 T
3 P FUNCTION c
H- cs 2 - ox 4 X
B
T 1 —" MFAN & 4 c
3 4/ HA
cc 2f 4BTBO1FO MFAN LV N
4 1p G
0 MFAN
- —l A 4/ €
3 l 4BTBOOFO !
co  2r
1 :, MFAN = h‘l

Fig. 1133 3C MICRO: DATA FLOW DISCRETE REGISTER AS SOURCE/SINK

Figure 1I-134 illustrates the basic functions which occur when executing the 3C Micro and the function is performed
on a discrete register not located within Local Memory. It is also assumed a skip of the next Micro is not generated as the
result of an Increment and TEST and a carry is generated or a Decrement and TEST and a borrow is generated. The execu-
tion of the 3C Micro when a discrete register is selected rather than one in Local Memory varies slightly in that the source
enable is true for two clock periods. The function is performed in the 4-Bit Function Box and immediately gated to the Main
24-bit Exchange. The results of the function performed are set in the 4-bit register when the D-Set Mode enable to the regis-
ter is true ang the trailing edge of the 4 MHz clock occurs.
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8 MHz CLOCK T LT L
!
4 MHz CLOCK I l |

| S0 | st | S0
M-REGISTER [3C MICRO (DISCRETE REGISTER SOURCE & SINK) |
ML-REGISTER [3C MICRO (DISCRETE REGISTER SOURCE & SINK] |
FNIsHDO L ] |

MSTARTK. [ 1 | -
READ DATA I \ o \

SOURCE ENABLE | (DISCRETE REGISTER ENABLE) L
4-BIT FUNCTION BOX | MANIPULATE OCCURS |
MAIN 24-BIT EXCHANGE | (OUTPUT OF 4-BIT FUNCTION BOX) | -
CATHRUD —— MEXD! ] D-SET MODE |

C A THRU D-REGISTER (PREVIOUS CONTENTS) | NEW VALUE

DUE TO MANIPULATE

Fig. I1-134 3C MICRO CA, CB, CC, CD REGISTER IS SOURCE OR SINK

4 CLOCK EXECUTION

When either the Increment and TEST or the Decrement and TEST is performed and the function results in a carry or
borrow respectively, a skip of the next Micro “usually executed” occurs. This requires an additional 2 clocks to fetch the
New Micro to be executed. This is true regardless of whether the register is discrete or within Local Memory. Figure II-135,
illustrates the basic “Skip” functions which occur with either a discrete register or a Local Memory register selected as
source/sink. The function selected occurs during SO & S1 times with the result being stored in the sink register in the usual
manner. During the second SO & S1 times, a NO-OP is forced in the M-Register by gating all zeros to the input of the
M-Register. SKIP .. F.is set with the trailing edge of the inverted 4 MHz clock. When set, SKIP . . F. prevents MLENBLFO
from being true when FINISHDO is true, therefore, the next Micro in ML is not read but rather zeros are gated to the
M-Register.

4C & 5C MICRO

The basic functional operation of the 4C and 5C Micro is similar in that the execution of either Micro “tests™ a selec-
ted bit in a specific 4-bit register. If the test is a success, then a branch will occur which causes a “New”” Micro to be execu-
ted, after a 2 clock NO-OP, located at a S-Memory address equal to either the sum of the Relative Branch Displacement value
(Mop bits 03 thru 00) and the next in-line Micros address or the difference of the next in-line Micros address and the Relative
Branch Displacement value (Mop bits 03 thru 00). The sum or difference is determined by the Displacement Sign (Mop bit
04).

Note that when either the 4C or 5C Micro is set in the M-Register for execution, the MAR(A) register is also incremented
by one which points to the next in-line Micro to be executed, It is to this address in MAR(A) that the Relative Branch Dis-
placement value is either added to or subtracted from. When the branch is to occur, the Relative Branch Displacement value
(M-Register bits 03 thru 00) are either added to or subtracted from bits 07 thru