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INTRODUCTION

The B 1700 series of computers are small=-to=-medium=~scale systems which

utilize the latest data processing conceptss such as defined fieldss

delayed pinding» and interpretive structure. The technique of micro=-
programming is used to accomplish most data manipulation. This concept
brings to Burroughs Corporation users a new level of computer respon=-

siveness for business and scientific problemss, as well as in data

communications. This responsiveness is available to even the smallest

organization that has a requirement for electronic data processing.
Speed and flexibility are the key words which describe this system.
To support thiss Burroughs Corporation offers:

a. Bit addressabitity. Main memory is addressable to the
individual bit. It has no preferred word or byte
boundaries which are visible to the rest of the system.

be Memory modularity is provideds, from a minimum of 16K
bytes to 40K bytes of main memory on the B 1712 and
64K bytes on the B 1714. The B 1726 systems contain
two types of memory: main memory and control memory.
Control memory is up to four times faster than main
memory in either 2K bytes standard or 4K bytes
optionally. Main memory size is provided from 24K bytes
minimum to 98K bytes maximume

c. Higher=level programming languages available are: COBOL»
FORTRANs BASIC» RPG» and a Master Control Program (MCP).

de Flexibility of the system lies in its ability to be micro=-
programed. Micro=instructions operate on a set of hardware

registers available to the micro=programmer. Sets of micro=

instructions called interpreters are supplied by Burroughs
Corporation. ,

Revised 9/28/73 by
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SECTION 1

SYSTEM DESCRIPTION

GENERAL.

This section contains an overall description of the B 1700 series of
data processing systems without explaining the specifics of the hard=
ware. The systems are designed for modularity utilizing monolithic
circuitry. The basic B8 1710 System consists of a processing units main
memorys peripnheral I/0 controllerss console control panel, power sup-
‘pliess and cabinets. The basic B 1720 System consists of a processing
units port interchanges main memorys control memorys peripheral I/0
controllerss maintenance consoles power supplies» and cabinets.

SYSIEM.CONEIGURBAILONS . ) o
The equipment is modular and can utilize any peripheral units within
the scope of the I/0 controllers described in this manual. System

configurations and comparisons are given in figures 1~-1 and 1=2, and
in tables 1=t and 1=2. .

—

CTL CTL

|

— PROCESSING CTL
UNIT

CTL b
MCU

MAIN
MEMORY

Figure 1-1. B 1712/B 1714 Systems
Configuration

Revised 9/28/73 by
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MEMORY

Fiqure 1=2.

MCU

MAIN
MEMORY

(0D

_§<_=

B 1726 System Configuration

Table 1~1

System Comparison

Characteristic

B 171278 1714

B 1726

Processors
Clock rate

Main memory
Minimum size
Maximum size

Control Memory
Size

Port interchange
Maximum number
of ports

1

2 MHz/4 MH2z

Yes

165384 bytes
40,960/655536 bytes
No

Not applicable

No

Not applicable

1
6 MHz
Yes

245576 bytes

98,304 bytes

Yes

2048 bytes standard
an additional 2048
bytes optional

Yes

2




Table 1=1 (cont)

System Comparison

Characteristic

B 1712/B 1714

B 1726

I/0 controllers
Minimum number
Ma ximum number

Yes

Yes




Table 1=2

System fonfiguration Chart

Unit
Number Description Capabilities Remarks B 1712 1B 1714 | B 1726
1351 Single Line Control X X
Std. Asynch. X X
Stde Synch, X X
9111 Card Reader 80 col. 800 CPWM™ X
9112 Card Reader 830 col. 1400 CPM X
G115 Card Reader 80 col. 300 CPM X X X
9116 Card Reader 80 col. 600 CPM X
51i9=1 yCard Reader 96 col. 300 CPM X X
9131-1 | Reader Sorter 1000 DPM 13 pocket X
9134=1 § Reader Sorter 1625 DPM 4/8/12/16/pocket X
3135=2 { Reader Sorter 900D DPH 3 pocket X X
9135=3 } Reader Sorter 900 DPM 12 pocket X X
9136=5 | Reader Scorter 600 DPH 3 pocket X X
9136=6 | Reader Sorter 500 DPM 12 pocket X X
9210 Card Punch 80 col. 100 CPM X X X
9240=1 JLine Printer 475 LPH 132 prt. pos. X X
9240=2 fLine Printer 700 LPH 132 prt. pos. X X
9240=3 JLine Printer 1040 LPM 132 prt. pos. X
9245=16f Line Printer 300 LeH 132 prt. pos. X X
9245=19{ Line Printer 400 LPM 132 prt. pos. X
9247=3 JLine Printer 750 LPM 132 prt. pos. X X
9249=1 JLine Printer 90 LPM 132 prt. pos. X X
9249=2 JLine Printer 180 LPA 132 prt. pose. X X
9319-2 JCard Reader 36 col. X X X
Punch 300/60 CPM
9319=4 JHigh Speed 96 col. X X
Reader Punch 500/120 CPM
9340 Console Printer 10 CPS X X X
9371~7 } H=P=T DF Memory Bankl20ms avg access 7MB storage cap} X
times; 231KR avg
trsf rate.
9371=14) H=P=T DF Memory Bank}40ms avg access 14MB storage cap X
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Table .1=-2 (cant)

System Configuration Chart

Unit
Number - Description Capabilities Remarks B 1712 | B 1714 | B 1726
9319-2 [Card Reader 96 col, X X X
Puhch 300/60 CPM
9319-4 |High Speed 96 cd. X P
Reader Puhch 500/120 CPM
9340 Console Printer 10 CPS X X X
9371-7 H-P-T DF Memory Bank 20ms avg access time; 7MB storage cap. X
231KB avg trsf rate.
9371-14 | H-P-T DF Memory Bank 40ms avg access time; 14MB storage cap. X
. 238KB avg trsf rate.
9374-10 | Add-on increment 40ms avg access time; 14MB storage cap. X
(for 9371-14) 238KB avg trsf rate.
9374-14 | Add-on increment 20ms avg access time; 7MB storage cap. X
(for 9371-7) 231KB avg trsf rate.
9381-12 [Magnetiic iTape 9 c¢h, 800 BPI 18KB - 2st. - X X
: Unit NRZ cluster
9381-13 [Magnet’ic iTape 9 ch, -800 BPI 18KB - 3 st. - X X
Unit NRZ cluster
9381=-14 |Magnetiic Tape 9 ch. -800 BPI 18KB - 4 st, - X X
Unit NRZ cluster
9381-22 [Magnetiici iTape 9 ch. -800 BPI 36KB - 2 st, - X X
unit NRZ Cluster
9381=23 |Magnetiic \Tape 9 ch., 800 BPI 36KB - 3 st. - X X
unit : NRZ cluster
9381-24 |Magnetiic: iTape 9 ch, -800 BPI 36KB - 4 st. - X X
Unit NRZ cluster
9390-3. |Magnetiic iTape J=channel tape 18/50 KC X

Unit
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Table .1=2 (cadnt)

System Configuration Chart

Unit
Number Description Capabilities Remarks B 1712 |B 1714 |B 1726
941.9-2.| Card Reader Punch/ 9% col. X X X
Data Recdrder 300/60 CPM
9419«6.| Multi=-purpose 96 col. 6 stackers X X X
Card Unit 300/300/60 CPM
5480-1.| Disk Storage 2.3 megabyte Singie X X 3
9480-2.| Disk Storage 4 .6 megabyte Dual X X X
9481-1.| Disk Storage 4 .66 megabyte Single X X X
9481-2.{ Disk Storage 9.2 megabyte Dual X X X
9491-2.| Magnetic iTape 10KB Drive X X X
Unit 9 channel
J486-2 | DIsk Storage 95.5 megabyte Dual x




SYSTEM CONCEPT,

This series of computers can be described as systems that execute their
programs under control of "micro" instructions. It is impractical for
the programmers to write micro-programs; therefore, -various higher
level languages have been developed for customer use on the systefm. It
is not the intent of this section to describe these higher-level lan-
guages but to describe the relationship that exists between the micro=-
program and the higher-level language’s.

S (secondary) language instructiions are intermediate Instructions which
are equivalent to the machine language of a conventional systehm., - For
each .S=jinstruction there exists a string of micro~-instructions which
interpretively execute the fuhctions specified by that .S=instructionh.

It must be remembered that the .S=language instruction does not directly
cause the hardware to perform a fuhctionh,.

Because .S=instructiions are software defined by the sequehce of micro=
instructions, they may be as complex as the language designer require’s,
In most cases, :S=instructions contain data addresses or base relative
addresses, “length of data fields, .units of data, -and an operation to be
performed upon the data,

S=-instructions may completely specify a compiler-level language.
Burroughs Corporation has def ined the .S=instructions and has written
the necessary interpreters and compiler programs for several compiler
languages: COBOL, FORTRAN, -RPG (Report Program Generator), and

BASIC., These compiler programs generate the necessary .S-language in=-
structions to perform the various operations specified by the higher
level language.

INTERPRETERS,

In addition to the .S-language program (compiled user program), another
program which is referred to as an interpreter is utilized. An inter=
preter has been developed for each of the high-level .S-=languages:
COBOL, FORTRAN, -RPG, -and BASIC. It is the function of the interpreter
to fetch the .S-language instruction(s) from main memory, and interpret
or execute them. The .S=instructions are decoded and a series of micro=-
instructions are executed to cause the hardware to perform the function
specified by the .S=language instruction., On completion of the execu=-
tion of a series of micro-instructions (representing an .S=instruction),
the interpreter feitcHes the next .S-=language instructiion and the opera=-
tion continues in this manner. The series of micro-instructions to
perform each .S=language instruction may be stored in control memorwy,
main memory, tor be cdlled .from disk.

The .S-language programs and required interpreters are located and
loaded from disk under control of the Master Control Program (MCP). On
completion of the load, the MCP then passes control to the .S-language
program. The MCP is written in either SDL or micno-cdde, The SDL
version (MCP Il) requires the SDL interpreter or a portion of it to
always be present in the systefn. For COBOL programs a COBOL inter-
preter is called and is in memory with the SDL interpreter, when re-
quired. The memory resident portion of MCP I is micro-cdded; there=
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fore, -only the interpreter required for the user program need be
present,

INTERRUPT SYSTEM CONCEPT.

The interrupt system is described as a "soft" interrupt systelm. That
is, any interrupt that occurs does not cause any specific .hardware
funhction and is only recognized by the software. On recognition of

the interrupt by the software, -there are no specific rules for handling
the interrupt and it is left solely to the discretion of the program=-
met. The handling of these interrupts will be discussed in the MCP
Reference Manual (not yet available).

DEF INED FIELD CONCEPT.

An integral part of the micro=programming technique is the defined
field cohcept (bit addressability). This assumes that storage is de=
scriibed in units of bits. It is a generalized scheme for handling
field lengths ranging from one bit to a large number of bits through
the use of a bit address and bit length, regardless of how fields may
cross hardware "byte" boundarie’s. Special hardware has been implemen=
ted to achieve bit addressability and variable length data fields
within main memory. The hardware contains logic to adjust the address
and length values in the addressing registers, Micro=-instructions in
turn are capable of setting the probcessor control circdits to operate
on different units of data and iterating the micnro=-instructtion sequence
until the field in main memory is exhausted, Data units may vary from
one bit to 15 bit’s. Field length may vary from one to 65,535 bit’s.

Example: Assume a Write command to main memory from bit address 2014
(hexadecimal) with a field length of 12 bit's, the data to be written
is three decimal (4=b.it) digits with a value of 345, A Write forward
results in the "3" beginning at bit address 2014 (see figure .1-3),

DECIMAL 3 4 5 0
DIGIT 0011 0100 0101 (fOOO
ADDRESS 2014 201F 2020

Figure .13, Write Forward

However, -a Write reverse results in a "3" beginning at address 2008
(see figure .1=%),

DECIMAL 3 4 5 0
DIGIT 0011 0100 0101 0000
ADDRESS 2008 2013 2014

Figure .14, Write Reverse
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Also note that a Write forward from bit address 2014 is eQuivalent’
to a Write reverse from bit address 2020,

DELAYED BINDING,

The noncommitment of resources until the actual need for these re-
sources arises may be referred to as delayed binding, The proper
utilization of resources enables the user to get the maximum system
throughput per dollar investment,

Main memory is completely managed by the B 1700 Master Control Pro-
gram, User code that is called into memory by the MCP may or may not
be in one contiguous area, This allows for utilization of even small
areas of memory, '

Data space is within the area specified by the base and limit regis-
ters and is divided into two portions: overlayable and nonoverlayable,
Program code is mnot in the area specified by the base and limit reg-
isters,

Compiler-generated code is completely independent of absolute memory
locations and consequently is not restricted to particular areas of
memory, Re-entrant code may exist; that is 6 one COBOL Compiler may be
resident in memory for two or three compiles that are being accom~
plished, with each compile having a unique data area assigned to it,

Virtually infinite memory, proper control of input/output resources,
bit addressability, and a flexible system architecture are other fea-
tures which provide for proper utilization of resources on the B 1700
family of computers,

FUNCTIONS OF MAJOR UNITS,

PROCESSING UNIT,

The processing unit provides the control and combinatorial portion of
the system along with various addressing and data manipulation
registers,

I/0 INTERFACE,

The I/0 interface is connected to the processor and handles all commun-
ications between it and the I/O controllers on the B 1700 Systems, The
I/O interface is capable of handling up to eight I/O controllers,

PORT INTERCHANGE,
The port interchange, K if applicable, is the access path to main memory,

MEMORY CONTROL UNIT,

Main memory is connected to the memory control unit, which handles all
memory access requests, The memory control unit resolves the ad-
dressing conflict between the bit-oriented data accesses and the byte-
orierited parity checking, On the B 1710 Systems, the memory control
unit is connected directly to the processor; on the B 1726, the memory
control unit is connected to the port interchange which is connected
to the processing unit,

Revised 9/8/72 by
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CONTROI, MEMORY ,

Control memory if present, 6 is used to store the sequences of micro-
instructions which perform macro-operations (COBOL and FORTRAN), Con=-
trol memory is four times faster than main memory and is available in
two sizes: 1024 or 2048 16-bit words, If sufficient control memory
is not available, portions of main memory are utilized for storage of
micro-instructions,

I/0 CONTROLLER(S),

Each I/O controller controls the operation of the peripheral(s) con-
nected to it, Each controller is a special-purpose device to inter-
face with one type of peripheral, In most cases an I/O controller
interfaces with a single device; however, in some cases a single I/O
controller interfaces with two or more devices on a timed-shared basis
(magnetic tape unit,6 disk files),

CENTRAL SYSTEM CABINET,
Connectable cabinets are used to contain all central system modules:
memory, power supplies, and circulation fans,

CONSOLE CONTROL PANEL,

The console control panel is an integral part of the processor 6 con-
sisting of a display panel plus various register- and data-manipulation
switches, It is located on the front of the cabinet containing the
processor, (See figure 1-5,)

CONSOLE DISPLAY LIGHTS,

REGISTER DISPLAY INDICATORS, These consist of a row of 24 lights which
monitor the status of the 24-bit main bus of the processor, In the
HALT state the register (or function) designated by the register select
switches is displayed,

POWER INDICATOR, This switch/indicator is used to turn power on or off
and to light the appropriate ON/OFF indicator,

RUN INDICATOR, This light indicates the processor is in the execute or
fetch state, as opposed to the HALT or Read/Write main memory state,

STATE INDICATOR, This light, which is software-controlled, indicates
that either control (MCP) or normal state operations are presently
being executed, It is 1lit when the system is in control state,

BOT INDICATOR, This light indicates that the tape cassette is at the
Beginning Of Tape positicn, The light is under hardware control,

PARTTY INDICATOR, This light indicates that an irrecoverable parity
error has occurred while reading a tape cassette, The light is under
hardware control,
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Figure 1=5

Console Control Panel




CONSOLE CONTROLS,

CLEAR SWITCH, This is a pushbutton switch that clears the registers
in the processor, On the B 1712 and B 1714, the switch clears the
MAR(A), M, C, and U regisvters, On the B 1726, the switch clears

all interrupts in the port interchange, memory control unit,6 and

T/0 controllers,

HALT SWITCH, This is a pushbutton switch which causes the processor
to halt execution at the end of the present micro~instruction, The
next micro-instruction to be executed is fetched and stored in the
micro-instruction register (M register), Which register the register
select switch is pointing to is displayed on the 24 register display
lights,

LOAD SWITCH, This is a pushbutton switch that causes the data dis-
played on the register display lights to be entered in the register
pointed to by the register select switches,

DATA ENTRY SWITCHES, These consist of a row of 24 toggle switches
which are operative only when the processor is in the HALT state,
The desired bit configuration may be entered into the register se-
lected by the register select switches by using the appropriate tog-
gle switches, The data entered is displayed on the register display
lights, (Refer to READ/WRITE switch,)

INT (INTERRUPT) SWITCH, This is a toggle switch that causes a con-
sole interrupt condition to be set in the processor control register
(C register), This interrupt is testable by the MCP, and the MCP
decides what the appropriate system reaction is to be,

START SWITCH, This is a pushbutton switch that initializes wvarious
functions within the system, It is used in conjunction with the con-
sole MODE switch, the CLEAR pushbutton, and the READ/WRITE pushbutton,

INC=-A SWITCH, This is a pushbutton switch which increments the control
memory address register (A register) by omne micro-instruction word ad-

dress when displaying or writing control memory from the console, The

register select switch must be set to MSM, and the console MODE switch

must be set to TAPE,

READ/WRITE SWITCH, This is a pushbutton switch that enables manual
writing or reading of data into memory, The processor must be in the
hait state and the desired data address must be loaded into the A
register, To read data the register select switches must be set up
for (pointing to READ) a read operation, Depressing of the READ/WRITE
switch will cause the davta at the address in the A register to be dis-
played in the register display lights, For a write operation the de-
sired destination address must be loaded in the A register, The Regis-
ter Colummn and Register Row Select Switches must point to the WRIT
position and the desired data to be written must be entered into the
system via the 24 Data Entry Switches, Depression of the Read/Write
Switch completes the Write operation
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REGISTER COLUMN AND REGISTER ROW SELECT SWITCHES,

The register COLUMN

SELECT switch is a A-position rotary switch which selects one of four

columns of registers (or functions), . (Refer to table 1-3,)

Table 1-3

Register Select Switch

Column~-Row Matrix

Row Column O Column 1 Column 2 Column 3
0 TA FU X SUM

1 TB FT Y CMPX

2 TC FLC T CMPY

3 TD FLD L XANY

4 TE FLE A (MAR) XEOY

5 TF FLF M MSKX

6 CA BICN BR MSKY

7 CB FLCN LR XORY

8 LA TOPM(*1) FA DIFF

9 LB Reserved FB MAXS

A LC Reserved FL MAXM

B LD Reserved TAS U

C LE XYCN CcP MBR (*1)
D LF XYST MSM(*1) DATA

E cc INCN(*1) Console READ CMND

F CD CPU Console WRIT NULL

The register ROW SELECT switch is an 18-position rotary switch which
selects one of 16 rows of registers (or functions), Two rows are re-
peated for conveniencej; they are rows 4 and 13 (D in table 1-3, These
two repeated rows are the most utilized,

The various registers are addressed within the micro-instructions or

from the front console by a series of co-ordinates, The first co-or-
dinate is to select one of 16 rows of registers and the second co-or-
dinate then selects one of four columns, The particular register (or
function) selected by the intersection of the column and row is dis-

played when the processor is in the HALT state,

CONTROL MODE SWITCH,
the following positions:

The control MODE switch is a rotary switch with
STEP, RUN, and TAPE,

*] Not available on B 1710 Systems,
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When the switch is in the STEP position, pressing the START switch
causes the micro-instructions in the M register to be executed and
the next micro-instruction to be fetched,

When in the RUN position, pressing the START switch causes the con-
tinuous fetch and execution of micro-instructions from the address
specified in the micro-instruction address register,

When in the TAPE position, pressing the START switch causes the tape
cassette reader to start reading the mounted TAPE cassette, The pro-
cessor then enters a fetch-execution phase wherein micro-instructions
are accepted and executed directly from the tape cassette, The tape
cassette may contain load routines, confidence checks, or maintenance
test routines (MTR), Initial micro-instructions on the cassette tape
can cause subsequent micro-instructions to be loaded into memory from
any I/O device,

CASSETTE REWIND, This is a pushbutton switch which causes the tape
cassette to rewind to the BOT (beginning of tape) mark,

CASSETTE ON/OFF, This is a toggle switch which controls power to the
tape cassette unit,

CONSOLE PRINTER/KEYBOARD,

To operate with the Burroughs Master Control Program, a console print-
er/keyboard is required for communications between the Master Control
Program and the system operator,

MAIN MEMORY,

Main memory is addressable to the individual bit and has wvariable
operation lengths from O to 24 bits in parallel, The length direc-
tion, and address of operation is under micro-program control,  either
up or down within the address continuum, Main memory has no preferred
word or byte boundaries which are visible to the rest of the system,

Main memoxry is a logical part of the processor since most of its con-
trol logic is part of that unit, The processor is the only unit to
which main memory interfaces, The actual storage medium is, however,
physically separate from the processor and is modular in de51gn to
allow for expandable capacity,

ADDRESSING,
Main memory is addressed by a 24-bit absolute address, a l-bit field
direction 1ndlcator, and a 5-bit field length value, The address is

modified by the field direction bit, The field 1ength value specifies
the number of data bits in the dlrectjon indicated to be accessed, and
varies from zero (no operation) to 24, For field length values greater
than 24 bits, address values may be 1ncremented and micro-instruction
sequences are re-executed until the entire field has been accessed,

PARITY CHECKING,

Reliability of data within main memory is maintained with a hardware
parity checking technique, Main memory is physically byte oriented
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with a parity bit for every éight data bits, The main memory con-
trol logic resolves addre851ng, parity checklng data rotation,
and compaction as described in the following paragraphs

The high=-order 21 bits of an address point to a byte within main
memory where the operation is to begin, This "key byte" and three
more bytes above or below, depending on the field direction bit

are read into the read memory information register (R-MIR) in the
memory control unit, Parity is always checked on all 36 bits with-
in this register,

Next the low-order three bits of the address along with the field
length value and the field direction bit (both contained in the
micro- 1nstruct10n) determine what is passed to or from main memory,

A parity error on any operation sets a bit in the processor C regis-
ter (CD bit 3 set to l) and appropriate action is taken by the MCP,

MEMORY DATA TRANSFER

Data is transferred, right-adjusted, 24 bits (three bytes) is paral-
lel to and from main memory, Any operation calling for less than
24 bits will have leading (left) zeros supplied by the memory con-
trol unit, The field length controls the main memory operation and
leading zeros are ignored or generated as needed within the memory
control unit,

READ OPERATION,

A 2L-bit address, a l-bit field direction sign’ and a 5-~bit field
length value are received with the Read request by the memory con-
trol unit from the processor, The Read is non-destructive of the
data in memory and parity is checked during the operation, The
data is then stripped of parity, right-adjusted, and masiked with
leading zeros as it is moved into the processor,

FIELD LENGTH,

The 5-bit field length value indicates the length of the data,6 right-

adjusted, to be read from or written into memory, The normal field
length value range is from zero to 24 bits,

The value of =zero leaves the data in main memory unchanged, A value
of 25 or 26 implies a field length of 24 and forces correct parity
or incorrect parity on data written during the Write or Swap opera-
tion, Field lengths greater than 24 are reserved,
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SECTION 2

B 1710 PROCESSORS

GENERAL ,

This section discusses the B 1710 processing unit(s), which consist
of the control portion and the combinatorial portion of the system

along with the various addressing and data manipulation registers,

PROCESSING UNTT,

The processor is the general-purpose data manipulator of the system,
It performs the basic micro-functions necessary for a variety of
commercial scientific, and data communications applications, These
micro-functions are performed by a set of elementary operators called
micro-instructions, Micro-instructions operate on strings of bits
within registers that were formerly the responsibility of the hard-
ware logic,

By stringing a series of micro-instructions together, a macro-opera-
tion comparable to that defined by an assembler or compiler-level
instruction may be implemented, This micro-instruction string is an
interpreter for a macro "S-instruction" operation, Micro-instruction
strings are executed in a "read-only" mode and are stored in wmain
memory ,

PROCESSOR _REGISTERS,

MICRO-INSTRUCTION (M) REGISTER,

The M register (micrOninstruction register) is a 16-bit register used
to hold and decode the current micro-instruction which has been ob-
tained from main memory or the TAPE cassette, The M register is ad-
dressable as a 16-bit source or destination register, The right-most
l6-bits’ if more than 16 are transferred, are loaded into the M reg-
ister, Data is always transferred right-adjusted and zero-filled to
the left, Fach micro-instruction to be loaded from memory is ORed into
the M register, Thus, moves to the M register allow modification of
the next micro-instruction without altering the original micro-instruc-
tion in main memory, The state of this register is decoded by the pro-
cessor to enable various control levels to perform the operation called
for by the current micro-instructions,

MICRO-INSTRUCTION ADDRESS REGISTER (MAR),

The MAR (micro-instruction address register) is a 19-bit register capa-
ble of addressing micro-instructions located in main memory, It ad-
dresses 16-bit micro-operators in main memory which are assumed to be
located at bit addresses exactly divisible by 16, When used in this
manner the low-order four bits of MAR are ignored, Thus, only the
left-most 15 bits of MAR are actually utilized in addressing,

The MAR is capable of having binary increments from O through 4095
added to or subtracted from it , with a high-speed carry adder to fa-
cilitate micro-program branching, The MAR is automatically incre-
mented by one word (16 bits) as each micro~-instruction is fetched,

Memory wraparound can occur and is permitted,

Revised 9/8/72 by
PCN 1057155-001 2-1



The MAR is addressable as a source or destination register, When
addressed as a source, the low-order four bits are set to zero, When
used as a destination, the low-order four bits of the source are stored
in the low-order four bits of the MAR, They are, however mnot signi-
ficant, Direct addressing of 40’960 bytes on the B 1712 and 65,536
bytes on the B 1714 is possible through the MAR,

The MAR also serves to address main memory for the Read/Write memory
micro~instruction, The address of the next micro-instruction is
temporarily stored in a scratchpad holding register, The main memory
address to be accessed is obtained from the FA register,

ADDRESS (A) STACK,

The A stack is a l6-element deep, 24-bit wide memory which operates
as a push down stack, i,e,, a last-in-first-out (LIFO) structure,
Address wraparound occurs when more than 16 entries to the stack are
made, Data is mnot destroyed on a removal from the stack, The micro-
instructions Call and Move to TAS (top of A stack) result in a "put
into" (push) stack request 6 whereas Exit and Move from TAS result in
a "take out of" (pop) stack request,

Using this stack,6 the micro-routines operate in a normal call-return

mode, This allows for highly shared micro-routines, The A stack is
not intended to be used exclusively as an address stack; it has
been made 24 bits wide to allow for operand storage., (See figure 2—1,)

) 7
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Figure 2-1, A Stack

TOP OF THE ADDRESS STACK (TAS) REGISTER,

The TAS register (top of the A stack) is the 24-bit register which is
currently on the top of the A stack, Moves to or from TAS result in
data in the A stack being automatically moved to or from the A stack
on a last-in-first-out basis,



GENERAL PURPOSE REGISTERS (L, ~T, X, Y).

L REGISTER. The L register (figure .2=2) is a 2h-b.it general=purpose
register. It is addressable as a source or as a destination register,
either 24 bits in parallel or in 4=b.it groups, Sihce the L register is
addressable in .k=bit groups, -its contents is available for analysis and
alteration via the A4~bit fuhction box., Manipulate, -Skip, -and Bit=-
Test=BranhcH micro=-instructions may operate on the data in the L reg-~
ister. The L register is one of four registers (X, Y, L, ‘T) capable

of Read/Write operations with main memory.

LA LB LC LD LE LF

23
Figure .2«2.., L Register

T REGISTER. The T register (figure .2-3) is a 24-bit general=-purpose
register, It is addressable as a source or as a destination register,
either 24 bits in parallel or in Ah=bit groups. Since the T register is
addressable in lLi-b.it groups, “its contents is available for analysis and
alteration via the h=b.it funhction bo%., Manipulate, -Skip, -and Bit=-Test~
Brahch instructions can operate on the data in the T register, being
one of the four registers (X, -Y, -T, L) capable of Read/Write operations
with main memory. - The T register is also capable of Shift/Rotate

and Extract operations,

TA B TC TD TE TF

23

Figure .23, T Register

X AND Y REGISTERS, The X register and the Y register are 24k-bit gen=
eral purpose registers., They are used primarily to hold and act as
sources for two of the three operands of the combinatorial section (the
2b-bit fuhction box) of the processor. The other operand is the CYF
register (carry flip-flop). The X and Y registers are both addressable
as source and destination registers,

Both registers, -along with the L register and the T register, -are
capable of Read/Write operations with main memory. - Both registers are
capable of the Shift/Rotate operation. The X register is affected by
the Normalize operatioh.
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FIELD (F) DEFINITION REGISTER.

The F register (field definition) specifies the address and lengths of
data fields in main memory (see figure .2=4%), It is a 48-b.it register
wh'ich is functionally divided into two portions: a 24=b.it FA (field
address) register and a 24-b.it FB register which is divided into a -
bit FU (field unit) register, a 4=-bit FT (field type) register, -and a
16=bit FL (field length) registef,

FA FU FT FLC FLD FLE FLF
30 30 30 30

3 0 3 0 15 = FL 0

23+—FA—> 0 | 23 = FB -0

Figure .2-%, F Register

FA PORTION OF THE F REGISTER., The FA register holds the absolute main
memory address of a data field and has the capability of addressing
524,488 bits (64KB) without regard to physical boundaries. FA may be
addressed as either a source or destination register,

FB PORTION OF THE F REGISTER. FB may be considered as one 24=-bit reg-
ister or as various subregisters, The FU register holds descriptive
information regarding the units of data whiich make up the addressed
field in main memory (binary or Ah=-b.it groups). The FT register holds
additional descriptive information. The FU and FT values do not affect
the main memory operatioh. The FU and FT values are usually supplied
by .S-instructions. The FU may also be used with the BIAS micro=
instruction to set the CPU and CPL registers. The FL register holds
the total length in binary of the field being operated on in main

?emogg, and is capable of describing fields up to 65,536 bits in
eng'.

FB may be addressed as either a source or destination register or
addressed in part as FU (4 bits), +T (4 bits), -and FL (16 bits). FL
may also be addressed in L-b.it subfields (FLC, FLD, FLE, or FLF).

SCRATCHPAD .

A scratchpad of 16 words, -=ach 48 bits wide, is provided to hold field
descriptors of operands (see figure .2-59), Scratchpad may be addressed
as 16 L8-b.it words (S00-S15) or 32 24-b.it words (SOCA-S15A, -SO0B=-S158).
Any word may be a source .or a destination and may be used to hold
pointers, -values, or any other information,.

The second half of the first 48-bit word (S00B), :along with FU and FL,
is always entered as input to the 4-b.jt function box and used in cer=-
tain decisian=making logic, The field length value in the FL register
is continually being compared against a corresponding portion (SFL) of
the SO0B word to determine the relationship of their contents: high,
low, -equal, or zero. This relationship may then be used in the Bit=-
Test=-Brahch micro~instruction (refer to FLCN register). The FU and FL
portions of the F register and the like portions (SFU and SFL) of SOOB
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A PORTION B PORTION

S15A S15B
518 23 -0 23 - 0
$14 _| S14A S14B
S13 _|
THRU
S02

SO1A
S01 | 23 0
S00 SO00A S00B

13 0 SFU SFL
30 30 15— 0

LEFT SIDE RIGHT SIDE

Figure .2=-5, Scratchpad

may also be used in the combinatorial section to set the value in the
CP portion of the C registeft,

FIELD LENGTH CONDITION (FLCN) REGISTER.

The FLCN register (figure .2-6) is a l=b.it register which contains the
result of a comparison between the FL portion of the F register and the
corresponding portion of the first scratchHpad word (right-most 16 bits
of S00B) which is called SFL. It has the following interpretation:

FLFO . - FL not equal to O
FL<SFL - FL less than SFL
FL>SFL -« FL greater than SFL
FL=SFL - FL equal to SFL

FL=SFL FL>SFL FL<SFL FLF0

3 2 1 0

Figure .2=6, - FLCN Register

\levant bits of FLCN are SET by comparing FL and SFL as positive
¥Esb‘€ g:agtlties. A one bit in a position of the FLCN register

indlcates that the respective conditlon is true,

Revised 9/28/73 by
PCN 1057155-002 -2=5-




BASE AND LIMIT REGISTERS (BR, -LR).

The base register (BR) and 1imit register (LR) may be used as source
or destination registers, They are used for memory protection and

for base relative addressiny. Memory protection is provided for in
the MCP by checking the main memory address in all memory Write opera=

tions with the BR and LR allowing the operation to take place only
within these limits.

CONTROL (C) REGISTER.

The C register (control) is a collection of independent registers which
are utilized by the interrupt system of the processor and the combina=
torial section (see figure .2-7). The C register is 24 bits wide and is
divided into three .8-b.it functional part’s.,

cpP
CA cB CcC CcD CYF CPU CPL

<-— 8BITS ——————|<+—- 8BITS -———*|<+— 8BITS

24 BITS

Figure .2-7. C Register

CA AND CB REGISTERS. This portion of the C register is addressable in
L-bit units as CA and CB, These portions are available as general=-pur-
pose source and destination register’s.

CC AND CD REGISTERS. This portion of the C register is addressable in

two h-bit units defined as CC and CO. CC and CD are used for storage
of the processor states and for processor interrupts as shown in the
following paragraphs,

CC ReaisteT.

The bit meanings for the CC register are as follows:

a. Bit 0 - cdnsole interrupt.

b. PBit 1. - 1/0 service request.
c. Bit 2 - timer interrupt.
d. Bit 3. - console state.

The console interrupt bit is set from the console INT (interrupt)
switch and allows the software to come to an orderly stop., The 1/0
service request interrupt bit is set by an I/o controller when it
issues a service request to the processor. The micro=-program must
determine what caused the interrupt and transfers or receives data from
the device., The timer interrupt bit is set by the hardware timer every
100 milliseconds, Once the timer interrupt bit is set, -it stays set
until the MCP resets it.

2=6



CD _Registe
The bit meanings for the CD register are as follows:

a. - Bit Q - reserved,
be - Bit 1. - reserved.
. - Bit 2 = reserved.
d. - Bit 3 - memory parity error interrupt.

Any parity error detected during a main memory operation sets the
memory parity error interrupt bit (CD bit 3.

A1l interrupts in the prbcessor are soft and no reaction bccurs as
a result of an interrupt bit being set until the micro=-program tests
for such setting’s,

CYF, CPU, -AND CPL REGISTERS., The least-s.ignificant bits of the C reg-
ister are composed of the arithmetic unit carry flip=flop (CYF), the .2-
bit arithmetic unit type (CPU), -and the 5-b.it  combinatorial data length
control (CPL). Moves from CP to a 24-b.it register automatically in-
serts 16 leading zeros. Moves to CP from any register use only the
least-s.ignificant eight bits of the field being moved.

The Carry micro=-instruction is supplied for manipulating CYF, -thereby
remembering the status of a carry or borrow beyond the length of an
operand, For SUM and DIFF results, CYF is always an input to the com=
binatorial section along with the X and Y registers. CPU controls the
arithmetic unit type of the combinatorial section and is addressable
only as a destination register. The possible settings and their
meanings are listed below:

CPYU  Data Type

00 Binary

01 h-b.it binary
10 Undef ined

11 Undef ined

CPL controls the length of the operands being entered as input to the
combinatorial section and should be an integral multiple of the data
type specified by CPU for valid arithmetic result’s, The maximum allow=
able value of CPL is 24, which is an integral multiple of both data
type’s. Larger values are reserved.

MAXIMUM SIZE OF MAIN MEMORY (MAXS) REGISTER.

The MAXS register is a 2hk-b.it pseudo register which is set by a field
engineer to indicdte the maximum size of the installed main memory.
The MAXS register is addressable as a source register only,
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MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGISTER.
The MAXM registgr is a 24-b.it pseudo register which is set by a field
engineer to indicdte the maximum size of the jnstalled control (micro=-

instruction) memory. For this prbcessor MAXM always contains a value
of zerb, The MAXM register is addressable as a source register only.

TAPE CASSETTE INPUT (U) REGISTER.

The U register is a 16-b.it register used primarily to accumulate input
(usually micro=instructions) from the console TAPE cassette., The U
register is addressable only as a 16=b.it source.

Only the micno-instruction Register Move may access the U registeT.
In TAPE mode the caontents of this register can be moved by a micro-
program on the tape to the M register for execution.

DATA REGISTER.,

The DATA register is a 2h-b.it pseudo register which can act as a source
or destination. It is used to transfer data between the I1/0 deviices
and the processor. When used as a source it accepts 24 bits of data
from the 1/0 controlleT. WwWhen used as a destination register, -data is
placed into the DATA register and is sent to the I/0 controller,

COMMAND (CMND) REGISTER,
The CMND register (codmmand) is a 24-b.it pseudo register which can act

as a destination only and is used to transfer I/0 cdommands to the 1/0
devices,

NULL REGISTER.
The NULL register is a 24-b.it pseudo register which contains zeros.
Moves from NULL may be used for clearing various registers to zeros.

RITHM N MBINATORIAL SECTION (24-BIT FUNCTION BOX).
The 24=b.it arithmetic and combinatorial section (figure .2=8) is
camposed of a 24-b.it arithmetic wunit and a 24=b.it combinatorial unit.
It has as data inputs the contents of the X and Y registers and the
carry indicator (CYF), It also uses the CPU and CPL portions of the
C registeft.

All results from the combinatorial section are generated immediately
and are continuously available to the micro-programmetr. A move to one
of the input registers or an alteration of a value in the CYfF, -CPU, or
CPL registers immediately generates a new result, The results are ac=
cessed by moving the contents of a result register to a destination
register or by testing one of the A4=-b.it condition register’s,

The results are most of the commonly used functions between two oper=-
ands. These include the AND, -OR, EXCLUSIVE=-OR, -sum, carry out, differ=-
ehcel, "and borrow fuhctions, -and the set of equal to, .greater than, -and
less than relational’s. The results of the unary operations of com-
plementation and masking are also available.

The results of the arithmetic unit are under centrol of the CPU and
the CPL registers as follows.
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CYF CPY CPL

1 |

24-BIT XY FUNCTION BOX

FUNCTIONS OF X AND/OR Y - L XYST
SUM X+Y BINARY, 4BIT XYCN
CMPX  NOT X COMPLEMENT
CMPY NOTY COMPLEMENT
XANY  X-Y AND ———"BICN
XEQY X@Y EXCLUSIVE OR
MSKX X MASKED CONTROLLED BY CPL
MSKY Y MASKED CONTROLLED BY CPL
XORY X+Y OR
DIFF  X-Y BINARY, 4-BiT

[ "CYL

THE LENGTH OF ALL FUNCTIONS IS CONTROLLED BY THE
VALUE IN CPL.

——————CYD

X Y

Figure .2-8, Arithmetic and Combinatorial
Sectiion (24=B.it Fuhction Box)

CPU Unit Type Possible CPY Values Pata Jvpe

00 .1=-b.it operands 1 to 24 Binary

01 L4=bit operands 4, 8, -12, -16, 20, or 24 L-bit binary
10 Undef ined

11 Undef ined

For valid arithmetic operations, -the operand length must be an exact
multiple of the length of the unit specified by CPU.

Each of the following register contents are generated immediately and
are available to the micno-programmer upon request,

SUM RESULT REGISTER.

The sum of the X, -Y, -and CYF registers_ (X, -Y, -and CYF are inputs to the
2L=b.it fuhction boxs is produced and placed in the 24-b.it pseudo sum

2=9



registe?: Zeros in the more=-s.ignificant bit positions (left-most) of
the 24-bit result are produced when the length given by CPL is less
than 2%, CYF should be set to zero at the start of a sum generatioh.

The added logic performs differently for the four possible values in
the CPU register as follows:

a. IF CPU 00, the binary sum is produced.

b. If CPU = 01, the decimal sum is produced by considering the
input to be comprised of up to six L=bit unit’s, The h=b.it
units are added decimally and a carry is propagated from one
L=bit unit to the next more significdant 4=b.it unit whenever
the binary sum of two h4-bit units eXceeds 9.

c. If CPU = 10 or 11, the sum is not defined,

DIFFERENCE (DIFF) RESULT REGISTER.

The difference of the X, Y, -and CYF registers (X, Y, -and CYF are inputs
to the 24h«b it fuhctiion box) is produced in the 24-bit pseudo DIFF reg=-
istefr. - Zeros in the more significant bit positions (left-most) of the
2h«b.it result are produced when the length determined by CPL is less
than 2%, Difference results are generated by adding the contents of X
to the one's complement of both Y and CYF, The complement values are
hardware generated and do not alter the values of Y or CYf,

The absolute value of (Y + CYF) may be greater than the value in X

and produces a negative result. Such negative results are in comple=
ment form and are indicated by CYD (carry difference) = 1. 1If CYD = 0,
the difference result value is a positive numbet. CYD is generated
from all 24 bits of X and Y. It is not controlled by the value of CPL.

CYD may be used to alter the value of CYf, Intermediate underflow may
thus be remembered by CYF through iterations of a field.

The difference logic produces results under control of the CPU register
as follows:

a. If CPU = 00, -the binary difference is produced., Negative
results are expressed in 2's complement form when CYD =1,

b, If CPU = 01, the decimal differehce is produced by considering
the input to be comprised of up to six h=bit units., The A-b.it
units are subtracted and any borrow is propagated from one k-
bit unit to the next as in decimal subtraction. Negative re=
sults are expressed in 10's complement form when CYD =1,

©. If CPU = 10 or 11, the differehce is not defined.

AND/OR/EXCLUSIVE=OR (XANY, -XEQOY, -XORY) RESULT REGISTERS.

The results of the appropriate logical function, -AND/OR/EXCLUSIVE=-OR,
of the X and Y registers (X and Y are inputs to the 24-b.it funhction
box) are produced and placed in the appropriate 24-b.it pseudo register
( XANY, -XEOY, -XORY, -‘respectively). - Zeros in the more significant bit
positions are produced when the length determined by CPL is less than
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24,

COMPLEMENT X/COMPLEMENT Y (CMPX, -CMPY) RESULT REGISTERS.

The one'st complement of the appropriate register X or Y (X or Y and CPL
are inputs to the 24-b.jt fuhction box) is produced and placed in the
appropriate 24-b.it pseudo register, -CMPX or CMPY, -respectively, Zeros
in the more significant bit positions of the 24«b.it result are produced
when the length given by CPL is less than 24,

MASKED X/MASKED Y (MSKX, MSKY) RESULT REGISTERS.

The mask of ‘the contents of the appropriate register X or Y (X or Y and
CPL are inputs to the 2h4-bit fuhction box) is produced and placed in
the appropriate 24-b.it pseudo register, -MSKX or MSKY, -respectively (see
figure .2-9), The value of CPL determines the number of bits placed in
MSKX or MSKY. Zeros in the more signifiicant bit positions of the 24-
bit result are produced when the length given by CPL is less than 24,

X REGISTER CPL

ARARARRARARRRARRARRARREY! 00110

23 = - 0 4 «—0

24-B)T FUNCTION BOX

000000000000000000111111

24 — MSKX ———* 0

REGISTER

Figure .29, MSKX Result Register

BINARY CONDITIONS (BICN) REGISTER.

The BICN register (figure .2-10) is a L=b.it pseudo register which may
act as a sourcd only and indicates the following binary conditions:
CYL (carry out level), CYD (borrow out level), -CYF (carry flag), -and
LSUY (least significant unit of Y).

LSuUyY CYF CcYD CYL

3 2 1 0

Figure 2-10, BICN Register
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The LSUY is true if the least significant unit of the Y register is
equal to 1 and CPU equals 00, -or the least significant unit of the Y
register is equal to 1001 (nine) and CPU is equal to 1. If CPU equals
10 or 11, LSUY is not defined,

The carry out and borrow out levels are a function of the inputs (X, -Y,
and CYF) and CPL. CYF may be manipulated by a special micro=-instruc=-
tion or as data in the high=order position of the CP registeT.

X/Y CONDITION (XYCN) REGISTER.

The XYCN register (figure .2-11) is a A4-b.it pseudo register which may
act as a source only and contains the following relational conditions:
X > Y (X is greater than Y), X < Y (X is less than YY), ‘X = Y (X equal.
Y), -and MSBX (the most significant bit of X).

MSBX X=Y x <y X>vY
3 2 1 0

Figure .2-11, XYCN Register

The relevant bits of XYCN are SET by comparing X and Y as positive
2L-bit quantities. The MSBX ls true I1f the most-significant bit
of the X register, as designated by CPL, 1s a 1.

X/ Y STATE (XYST) REGISTER,

The XYST register (figure .2=12) is a bh-b.it pseudo register which may
act as source only and contains the following relational conditions:

X #0 (X is not equal to zero), Y # 0 (Y is not equal to zero), Inter=
rupt (INT is .true if any of the following conditions contained by CC
and CD are true: timer interrupt, -1/0 serviceg request interrupt, con-

sole interrupt, and memory parity error interrupt), and LSUX (the least
significant unit of .

LSUX INT Y#0 XF#0
3 2 1 0

Figure .2=12., XYST Register

LSUX is true when the least significant unit of the X register is a 1
and CPU equals 00, -or when the least significant unit of the X register
equals 1001 (nine) and CPU equals 01. If CPU equals 10 or 11, -LSUX is
not def ined,

The relational conditions are based on the binary value of all 24 bits
of X or Y.

FOUR-B.IT ARITHMETIC AND CCMBINATORIAL SECTION (FOQUR=-B.IT FUNCTION BOX) .
The 4=b.it arithmetic 'and combinatorial section of the prbcessor is used

to generate most of the normally used fuhctions between two A4-bit oper-
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ands and can accept as input the contents of any one of the following
L<bit registers,

TA 1B TC 10 TE TF

LA LB LC LD LE LF

FU FT FLC FLD FLE FLF
CA cB cC CD

BICN XYCN XYST FLCN

A second input is obtained from the Four=-Bit Manipulate micro=-instruc=
tion itself, It has as possible results the commonly used functions
between two operand’s, these include: SET, -AND, -OR, -EXCLUSIVE=OR, Bi-
nary Modulo 16 Sum, and Binary Modulo 16 Differehce functions. The
results may only be directed to the same register which acted as the
source, The sum and difference result can be tested for overflow and
underflow, respectively.

The BICN, -XYCN, -XYST, and FLCN registers are available as source reg=-
isters only,

The Lb=bit combinatorial section also provides for the selective testing
of any of the bits within the U=bit registers and relative branching
based on the results of the test (Bit~=Test=Branch, micro~instructions),
The Skip When micro=instruction also tests any combination of bits, -up
to four, -and branches on the result,

Listed in table .2-1 is a summary of the various .i=bit conditions which
are available to the micro-programmetr. (Refer to table 1-3 for the
registers and functions in the column-row matrix,)

Table .2=1

4=Bit Conditions

Register Bit 3 Bit 2 Bit 1 Bit O

BICN LSUY CYF CcYD CYL

XYCN MSBX X =Y X <Y X > Y

XYST LSUX INT Y#0 X #0

FLCN FL = SFL FL > SFL FL < SFL FL#Z0

cc Console state Timer 1/0 service Console
lamp interrupt interrupt interrupt

request

cD Memory parity Reserved Reserved Reserved

interrupt
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SECTION 3
B 1726 PROCESSOR

N
This section discusses the B 1726 processing unit which consists of the
cambinatorial portion of the system along with the various addressing
and data manipulation registers. -

PROCESSING UNIT,

The processor is the general-purpose data manipulator of the systef.,
It performs the bas/iic micro=fuhctiions necessary for a variety of com=
mercial, scientifiic, -and data communications applications, These
micrno~fuhctiions are performed by a set of elementary operators called
micro=instructions. - Micro=instructions operate on strings of bits
wit?}n registers that were formerly the responsibility of the hardware
logiic.

By stringing a series of micro=-instructiions together, -a macro=-operation
comparable to that defined by an assembler .or/ campiler=-level instruc-
tion may be implemented. This micro-instruction string is an inter=-
preter for a macro "S=instruction" operation (refer to .S=Instructions).
Micro=instruction strings are exkcuted in a "read-only" mode and are
usually stored in the high~speed control memory of the system. + They
may, -however, be executed directly .from the main memory of the systefm.
Control memory may also be overlaid with micro-instructions from main
memory .

CONTROL MEMORY.

This Read/Write memory resides within the prbcessing unit and is used
only to hold micro=instructions. - If the set of micro=-instructions in
use exceeds available cantrol memory, -the excess micro-instructions are
stored in, -and/ can be executed from, -main memory. ;- The .processor prap=-
erly addresses the micro=instructions in either lbcation (refer to
Micro=Instruction Addressing). - Micho-instructions which are being exe-
cuted from main memory, -however, result in a decrease in system
throughput. This decriease bktdurs because control memory is four times
faster than main memory. - Mictlo=instriuction sequehces that .are exe=-
cuted many times .are located in control memory. - Micro=instructions

may be overlaid from main memory into control memory. - The larger the
amount of control memory the greater the system throughput,

Control memory size is 1024 or 2048 words. Each word is 16 bits wide
to acdommodate one micro-instruction. The micro=programmer should
locate the sequehces of cdde according to their expected frequehcy of
usage. The greater the frequehcy of usage, the lower their address in
control memory. - This is done to give the highest execution speed
possible for the system, ‘regardless of the installed size of cantrol
memory, - Micro=-instructions whiich normally would have been stored in
the missing portion of control memory .are lbcated in available main
memory and addressed directly, - Control memory operations are over=
lapped with main memory operations except for the Read, “Write, Dis-
patch, -and Overlay micro-instructions. - Control memory operates in a
"read only" mode, with the two e’xcédptions of the Overlay micno-instric=
tion and the’cdnsgle control panel in the halt/display mode.
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MICRO-INSTRUCTION ADDRESSING,

TQ facilitate the fetch and execution of micro-instructions which are
located in control memory and/or main memory, -three hardware registers
and’ certain decision=making log’ic ihave been implemented. The three
registers are the A register (l4-b.it address), -the TOPM register (top
of .«cadntrol memory), -and the MBR register (micro-instruction base), The
addressing loglic ioperates in the following manner.

As each micro=instruction is fetchHed, -the A register is automatically
ihcremented by 1. The micro=-instruction just fetched is executed,
Before fetchHing the next micro=instruction, -the value in the A reg-
ister is compared to (TOPM x 512)., Thei TOPM register normally contains
a value equal to the number of bytes (MOD 1000) of control memory pre=
sent on the system, -so that multiplying TOPM by 512 yields the number
of the first micro=-instruction outside' control memory.

If the value in the A register is less than (TOPM x 512), -the next
micro=-instruction is fetched from control memory at the address given
in the A register. The probcess then returns to the initial micrio=-
instruction fetched.

If the value in the A register is equal to .or greater than (TOPM x
512), the next micro=-instructiion is fetcHed from main memory., The
bit address of that instruction is obtained from the following formula:s

(A x 16) + MBR

The MBR register contains the base address above which micro=-instruc=
tions in main memory are stored. The prbcess then returns to the
micro=-instruction fetchHed, 1If the address generated by the above fare
mula is equal to or greater than the value in the MAXS register, a mem=
ory-read-address~-out=-of =bounds interrupt occurs when the %etch is

attempted.
Figure .3-1. illustrates the above sequence of operation’s,

For example, -suppose there are 4K bytes (2048 words) of control memory
and 64K bytes (524,288 bits) of main memory installed on the systefn.

In this case, -the TOPM register should be set to 4 by the MCP to indi-
cate the size of cantrol memory. If the MBR register is set by the MCP
to bit address 426,984, ‘there is sufficient space for 4096 micro-
instructions to be stored in main memory. - Micro=-instructions are
fetcHed from control memory until the A register is equal to 2048 (TOPM
x 5129, indicating that the size of caontrol memory has been exceeded,
At this time, ‘the prbcessor begins to fetch micro=-instructions from

ma in-memory, -starting at bit address 459,752 ((A x 16) +MBR). This
process continues until the A register is reset by a micro=-instruction
or until the end of main memory is reached (((A x 16) + MBR) > MAXS).
In the first cdse, -a brahch is executed to a different area of caon=-
trol or main memorys in the secdnd case, @ memory-read-address=-out-

of sbounds interrupt ocours,
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FETCH MICRO-
INSTRUCTTON
FROM MATN
MEMORY AT
ADDRESS :

(A x 16)+MBR

INCREMENT A PERFORM
REGISTER MICRO—INSTRUCTION
BY 1 JUST FETCHED

FETCH MICRO
TNSTRUCTTON
| FROM CON-
TROL MEMORY
AT ADDRESS:
A REGISTER

Figure 3-~1, Micro-Instruction
Fetch and Execution

Note the apparent discrepancy between the value in the MBR register
and the address where the first micro-instruction is fetched from
main memory, The area between the two addresses is exactly the size
of the installed control memory (as indicated by (TOPM x 512)), and
is available for data or code storage by S-instruction programs,

PROCESSOR REGISTERS,

MICRO-INSTRUCTION (M) REGISTER,

The M register (micro-instruction) is a 16-bit register used to hold
and decode the current micro-instruction which has been obtained from
control memory or main memory,

The M register is addressable as a l6-bit source or destination reg-
ister, The right-most 16 bits, if more than 16 are transferred, are
loaded, ‘Each micro-instruction to be loaded from control memory is
ORed with whatever may be in the M register, Thus, moves to the M
register allow modification of the next micro-instruction without
altering the original micro-instruction, The state of this register
is decoded by the processor to enable various control levels to per-
form the operation called for by the micro-instructions,

CONTROL/MICRO-STRING MEMORY (MSM) REGISTER,

The MSM register is a 1l6-bit pseudo register which is addressable as
a source when the console control panel is in a halt/display mode or
as a destination register when the console control panel is in the
tape mode, As a source register MSM contains the micro-instruction
which is pointed to by the A register, It is addressable as a desti=-
nation register by the Move 24-Bit Literal micro-instruction and by
the Register Movée micro-instruction in the tape mode,
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ADDRESS (A) REGISTER,

The A register (address) is a l4-bit register capable of addressing up
to 16 384 micro-instructions Eeach 16 bits in length) located in main
memory and/or control memory (see figure 3-2), The A register is
capable of having binary increments from 0 to L095 added to or sub-
tracted from it, with a high-speed carry adder to facilitate micro-
program branching, The A register is automatically incremented by

one as each micro-instruction is fetched,

BINARY ADDRESS 0o O o o

13 0
17 L 3 0

Figure 3-2, A Register

The A register is addressable as a source or a destination, When ad-
dressed as a source, its ccntents are automatically multiplied by 16,
When used as a destination, the right-most four bits of the source are
lost, These functions are accomplished by the presence of four non-
functioning bits appended to the low-order end of the register which
are always zero, When used as a source, the A register is actually
transferred as an 18-bit field, thus automatically accomplishing the
multiplication by 16, As a destination, the source is moved right-
Justified into the 18-bit destination field, with the four low-order
bits masked to zeros, These extra four bits cannot be addressed and
are completely transparent to the micro-programmer,

TOP OF CONTROL MEMORY (TOPM) REGISTER,

The TOPM register (top of control memory) is a L-bit register which may
act as a source or a destination (see figure 3-3), This register is
automatically multiplied by 512 and compared with the address in the A
register to determine whether the next micro-instruction should be
fetched from main memory or control memory, This automatic multipli-
cation is accomplished by the presence of nince nonfunctioning bits
which are always zero, appended to the low-order end, These extra nine
bits cannot be addressed and are completely transparent to the micro-
programmer, For each 1K bytes of control memory the TOPM register is
incremented by 1,

O 1 o0 O 0 0O 0 o o o o o o

TOPM

Figure 3-3, TOPM Register
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MICRO=~INSTRUCTION BASE REGISTER (MBR).

The MBR (micrio=instruction base register) is a 24-b.it register which
may acti as a source or a destination. - It is used to cantain the base
address (modulo 16) above whiich all micro-instructiions stored in main
memory are located., The micro=~instructions do not begin exactly at
the address in the MBR registeTr.

The address in main memory of the next micro=-instruction to be fetched
is equal to the cdantents of the A register times 16 added to the can-
tents of MBR, or (A x 16) + MBR.

ADDRESS (A) STACK,

The A Stack (figure .3-4) is a 32-element deep, -24=b.it wide memory which
operates as a push=-down stack, “i.e.,y a last in, first out (LIFO) struc«
ture, - Address wraparound bcdurs when more than 32 entries to the stack
are made. Data is not destroyed on a removal .from the stack. The
micro=-instructions Call or Move to TAS (top of A stack) result in a
"put into" (push) stack request, whereas Exit and Move from TAS result
in a "take out of" (pop) stack requeskt.

Using this stack, -the micro=-routines operate in a call=return mode
which allows for highly shared micro=routines and reducés the control
memory requirements., The A stack is not intended to be used exten-
sively as an operand stack; it has been made 24 bits wide to allow for
operand storage.

TAS

> 32 ELEMENTS

j—————— 24 BITS

Figure 3~4., A Stack

TOP OF ADDRESS STACK (TAS) REGISTER.

The TAS register (top of the A stack) is the 24-b.it register whiich is
currently the top of the A stack, Moves to .or .from the TAS register
result in data in the A stack being automatiically moved to or grom

the A stack on a last in, first out basis,
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GENERAL PURPOSE REGISTERS (L, <T, *X, -Y).

L REGISTER. The L register (figure 3=5) is a 24-b.it, general=purpose
register, - It is addressable as a sourcd or as a destination register,
either 24 bits at a time .or in b-b.ft groups. Since the L register is
addressable in .hi=b.it .groups, -its contents are available for analysis
and alteration via the L-bit fuhction box. Manipulate, -Skip, -and
Bit-Test-Brahch micro-instrlctions may operate on the data in the L
register, The L register is one of four registers (X, -Y, L, -T) cap=-
able of Read/Write/Swap operations with main memory. -

5

23 0

Figure 3-5., - L Register

The Dispatch micro-instruction uses the contents of the L register as
the 2h=b.it address of the first 1/0 description in main memory.

T REGISTER, - The T register (figure .3=6.) is a 24-b.it general=-purpose
register., - It is addressable as a source or a destination register,
either 24 bits at a time or in .AL=b.it groups. Since the T register is
addressable in .k=b.it groups, “its' contents .are available for analysis
and alteration via the Li=«b.it function box., - Manipulate, -Skip, and
Bit-Test=Branch instructiions can operate on the data in the T registef.
It is one of the four registers (X, -Y, T, 1) capable of Read/Write/Swap
operations with main memory. The T register is capable of Shift/Rotate
and Extract operations.

TA TB TC TD TE TF

23 0

Figure .3=-b., T Register

X AND Y REGISTERS. The X register and the Y register are 2h-b.it, -gen=-
eral-purpose registers, They .are used primarily to hold and act as
sourcdas for two of the operands of the combinatorial section (input to
the 24-b.it fuhction box) of the processor. - The other operand is the
CYF register (carry flip=-f.lop)e The X and Y registers are addressable
as source and destination registers,



Both registers, -along with the L register and the T register, are
capable of Read/Write Swap operations with main memory. Both registers
" are capable of the Shift/Rotate operatioh.

FIELD (F) DEFINITION REGISTER.

The F register (field definition) specifies the address and lengths of
data fields in main memory (see figure .3=-7). It is a 48=b.it register
which is fuhctionally divided into two portions: a 24=b.it FA (field
address) register and a 24-b.it FB register which is divided into a A=~
bit FU (field unit) register, -a 4=b.it FT (field type) register, -and a
16=b.it FL (f ield length) register. It may be loaded, stored, -or
swapped 48 bits in parallel with scratchpad memory.

FA FU FT FLC FLD FLE FLF
3 0 3 0 3 0 3 0
3 0 3 0 15 w— FL 0
23 e—— FA—Q 23 FB —= 0

Figure 3~7, F Register

FA PORTION OF THE F REGLSTER., The FA register holds the absolute bi=-
nary main memory address of a data field and has the capability of di=
rectly addressing 16,777,216 bits without regard to physlical bounda=-
ries. FA may be addressed as either a 24-b.it source or destination
register,

FB PORTION OF THE F REGISTER, FB may be considered as one 24-b.it reg-
ister .or various subregisters: FU, T, and FL. : The FU register holds
descriptive information regarding the units of data which make up the
addressed field in main memory (binary, #-b.it, or .8-b.it .groups). The
FT register holds additional delscriptive informationh. The FU and FT
values are usually supplied by .S~instructiions and the FU may also be
used with the Bias micro=-instruction to set the CPU and CPL registers.
The FL register holds the total length in binary of the field being
operated on in main memory, and is capable of descnribing fields up

to 65,536 in length,

FB may be addressed as a source .or destination or in part as FU (4
bits), T (4 bits), and FL (16 bits). FL may also be addressed as
h-bit subfields (FLC, LD, fLE, or FLF),

SCRATCHPAD .

A scratcHpad of 16 words, -each 48 bits wide, Is provided to hold field
descriptors of operands (see figure .3-8), ScratchHpad may be addressed
as 16 48«b.it words (S00-S15) or 32 24«b.it words (SO0A=-SI15A, -S00B=-S158).
Any word may be a source .or a destination and may be used to hold
pointers, values, or any other informatioh.
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A PORTION B PORTION

S15A
s1s S158
23 0 23 0
S14 S14A . S148
813
THRU
S02
S01 SO1A s018
23 0
SONA S00B
23 0
S00
- —— = ——
SFU | l SFL
| —
3 053 ol1s 0
LEFT BIGHT

Figure 3-8, Scratchpad

The second half of the first WL8-b.it word (S008), -along with FU and Fi,
is always entered as input to the A4-b.it fuhction box and is used in
certain decision=-making logic. The field length value in the FL reg-
ister is continually being compared against a corresponding portion
(SFL) of the S00B word to determine the relationship of their contents:
high, -low, -equal, -or zerb. This relationship may then be used in the
Bit-Test=-Brahch micro-instruction (refer to FLCN register)., The FU and
FL portions of the F register and the like portions (SFU and SFL) of '
SO0B may also be used in the combinatorial section to set the value in
the CP portion of the C registef,

FIELD LENGTH CONDITIONS (FLCN) REGISTER.

The FLCN register (figure .3-9) is a h=bit register which contains the
result of a comparison between the FL portion of the F register and
the corresponding portion of the first scratchpad word (right-most 16
bits of SO0B) which is called SFL, - It has the following
interpretation:

FL # 0 - FL not equal to 0



FLSSFL - FL less than SFL
FL>SFL - FL greater than SFL
FL=SFL - FL equal to SFL

FL=SFL FL>SFL FL<SFL FL#0

Figure .39, - FLCN Register

The relevant bits of FLCN are SET by comparing FL and SFL as positive
16=bit quantities, A one blit in a posltion of the FLCN register indl=
cates that the respective condition Is true,

BASE AND LIMIT REGISTERS (BR, -LR), -

The base register (BR) and limit register (LR) may be used as source or
destination registers,. * They .are used for main memory protection and
for base relative addressing. -

Memory protectiion is .provided for in the MCP by checking the main
memory address (in: FA) on all Read/Write/Swap operations with the BR
and LR allowing the operation to take place only within those limit’s,
A1l out-of=bound requests, whether allowed or not, -are flagged in the
CD portion of the C register (CD bits 0 and 1). - Any Write operation
or the write portion of a Swap operation outside the values in the
base and limit registers is inhibited unless the out-of =bounds over=-
ride bit is on in the C register (CD bit 2 = 1). - Read out=of=bound
operations are executed, -

Memory .protection is only provided on the main memory address in the
FA register and not on any of the 23 adjacent bits when the value in
the field length (FL) register is .greater than one, -

CONTROL (C) REGISTER. -
The C register (control) is a callection of independent registers which

are utilized by the interrupt system of the prbcessor and the combi-
natorial section, - The C register is 24 bits wide and is divided into
three .8«b.it fuhctiional parts (see figure .3-10), -

CP
CA CcB cc CcD CYF CPU CPL
3 0 3 0 3 0 3 0 0 1 0 4 0
le——— 8BITS: 8BITS 8 BITS — ]
24 BITS

Figure .3-10, - C Register
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CA AND CB REGISTERS. This portion of the C register is addressable in
L-bit units as CA and C(B. These portions are available as general-
purpose storage registers,

CC AND CD REGISTERS. This portion of the C register is addressable in
two Li=b.it units defined as CC and CD., CC and CD are used for storage
of the proceéssor states and for procedssor interrupts as described in
the following paragraphs,

CcC Regigget.

The bit meanings for the CC register .are as follows:

. - Bit 0 - console interrupt,

b. -Bit 1. = I/0 serviice request interrupt,
C. -Bit 2 = timer interrupt.

d. - Bit 3 - console state.

The cdnsole interrupt bit is set from the console INT (interrupt)
switcH and allows the software to come to an .orderly stop. The 1/0
serviice request interrupt bit is set by an 1/0 cdntroller when it
issues a serviice request to the prbcessor. The timer interrupt bit is
set by the hardware timer every 100 millisecands. Onhce the timer in-
terrupt is set, it stays set until the MCP resets it. s The console
STATE light is also under control of the micro=programmer.

CD Registet,
The bit meanings for the CD register are as follows:

a. - Bit O - memory Write/Swap address out of bounds interrupt.

P. - Bit 1 - memory Read address out of bounds interrupt.
Ceo - B[t 2 - memory Write/Swap address out of bounds override.
d. - Bit 3 - memory parity .error interrupt,

The out=of=bound signals used to set CD bits 0 and 1 are derived from
logic Wwh'ich compares the cdntents of the FA register with the contents
of the base (BR) and 1imit (LR) registers, The out=-of =bounds override
bit (CD bit 2 set to 1) allows a Write operation or the write portion
of a Swap operation to be executed but does pot inhibit the setting of
the Write/Swap address out-aof =bounds bit (CD bit 0)., The Read cycle
is never inhibited but sets the Read Address out-of -bounds bit (CD bit
1) if the address is not between the values in the base and limit reg=
ister's. Any parity error detected during a main memory operation sets
the memory parity error interrupt (CD bit 3). All interrupts in the
processor are soft and no reaction occurs as a result of an interrupt
bit being set until the micro=-program tests for such setting’s.

CYF, -CPU, -AND CPL REGISTERS. The least signifiicant eight bits of the
C register (CP) are composed of the arithmetic unit carry flip=flop
(CYF), -'the 2-b-it arithmetic ‘unit type (CPU), and the S5=b.it combina-
torial data length control (CPL), Moves from CP to a 2k-b.it register
automatically insert 16 leading zeros, -and moves to CP from any reg-
ist:f use only the least significant eight bits of the field being
moved.

3-10



The Carry micrio-instruction is supplied for manipulating CYF and there-
by remembering the status of a carry or borrow beyond the length of an
operand, - For SUM and DIFF results, CYF is always an input to the com=
binatorial sectiion along with the X and Y registers, CPU is address=~
able only as a destinatioh. CPU controls the arithmetic unit type of
the combinatorial sectioh., The possible settings and their meanings
are listed beloWw.

Ly Data Tvpe

00 Binary

01 L=b.it binary

10 Undef ined

11 .8=b.it numeric (EBCDIC)

CPL controls the length of the operands being entered as input to the
combinatorial section and should be an integral multiple of the data
type specified by CPU for valid arithmetic iresult’s, The maximum allow=-
able value of CPL is 24, which is an integral multiple of all allowable
data types,., - Larger values are reserved.

MAXIMUM SIZE OF MAIN MEMORY (MAXS) REGISTER.

The MAXS register is a 24-b.it pseudo register whiich is set by a field
engineer to indicdate the maximum size of the installed main memorty,
The MAXS register is addressable as a source register only.

MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGISTER.

The MAXM register is a 24-b.it pseudo register which is set by a field
engineer to indicdte the maximum size of the installed control (micro=-
instriuction) memory. The MAXM register is addressable as a source
register only,

TAPE CASSETTE INPUT (U) REGISTER,

The U register is a 16-b.it register used to atcumulate input (micto=
instructlions) from the console tape cassette. The U register is
addressable only as a 16=b.it source registefr.

Only the micro=instructtion Register Move may acdess the U register. If
data is not yet available in the register, the micro=-operator is de=
layed. During TAPE mode the cdntents of this register is moved by a
micro=-program to the M register for execution if the preVIOUS micro=
instruction did not move the cantents out.

DATA REGISTER.,

The DATA register is a 24-b.it pseudo register whiich can act as a source
or destinatioh. It is used to transfer data to and from the respectiive
I/0 controllers, When used as a soufrce, the DATA register acdepts 24
bits of data .from the respective 1/0 controller. When used as a desti=
nation, ‘the DATA register transfers up to 24 bits of data from a source
in memory to the I/% coantrollers.
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COMMAND (CMND) REGISTER.,

The CMND register (command) is a 24-bit pseudo register which can act
as a destination only., It is used to transfer 1/0 commands to I/0
devices on the respective 1/0 cantraolleft,

NULL REGISTER,

The NULL register is a 2h-b.it pseudo register which contains zeros. It
may be addressed only as a source register. Moves from NULL may be
used for setting various registers to zerds.

ARITHMETI ; LB,
-b.it arithmetic iand combinatorial section (ftgure 3 11) is com-
posed of a 24-b.it arithmetic iunit and a 24-bit combinatorial unit, It
has as data inputs the contents of the X and Y registers and the carry
flip-flop (CYF). It also uses CPU (control for the arithmetic unit)
and CPL (the 5-b.it variable operand length) from the CP portion of

the C registeft,

CYF CPU CPL

24-BIT XY FUNCTION BOX

—————XYST

FUNCTIONS OF X AND/OR Y

SUM X+ Y BINARY, 4-BIT, 8-BIT . XYCN
CMPX NOT X COMPLEMENT T
CMPY NOT Y COMPLEMENT ————«BICN
XANY PR AND o
XEQY Xoy EXCLUSIVE OR

MSK X XMASKED  CONTROLLED BY CPL

MSKY Y MASKED ~ CONTROLLED BY CPL

XORY X+Y OR

DIFF X-Y BINARY, 4BIT, 8-8IT

THE LENGTH OF FUNCTIONS IS CONTROLLED BY THE
VALUE IN CPL. |————CYD

Figure 3-11, Arithmetic and Combinatorial
Section
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A1l results from the combinatorial sectiion are generated immediately
and are continuously available to the micro=-programmetr. A move to one
of the input registers or an alteration of a value in the CP portion of
the C register immediately generates a new result. The results are
available to the next micro-instruction and are acdeissed by moving the
contents of a result register to a destination register or by testing
one of the AULi-bit condition registers.,

The results are most of the commonly used fuhctions between two oper=-
ands, These jhclude the AND, -OR, EXCLUSIVE=0OR, -sum, carry out, diff=-
erehce, -and borrow fuhctions and the set of equal to, greater than, -and
less than relationals. The results of the unary operations of
complementation and masking are also available.

The results of the arithmetic lunit .are under control of the CPU and the
CPL registers as follows,

CPU Unit Type Possible CPL Values Data Tyvpe
00 1=b.it operands 1 to 24 Binary

01 L«b.it operands 4y 8, ‘12, -16, 20, or 24 L=b.it binary

10 Undef ined
11 .B=b.it operands 8, 16, or 24 EBCDIC

For valid arithmetic operations, ‘the operand length (as specified by
CPL) must be an exact multiple of the length of the unit specified by

cPU.

EacH of the following register contents is generated immediately and
is available to the micro~programmet.

SUM RESULT REGISTER,

The sum of the X,.-Y, -and CYF registers (X,.-Y, -and CYF are entered as
inputs to the 24-b.it fuhction box) is produced and placed in the 24-b.it
pseudo SUM registef. Zeros in the most=-s.ignificdant bit positions
(lef.t-most) of the 24-bit result are producdd when the length given by
CPL is less than 24, CYF should be set to zero at the start of a sum

generation.

The adder logic performs differently for the four possible values in
the CPU register as follows:

00, the binary sum is produced,

a. If CPU

b, If CPU = 01, the decimal sum is produced by considering the
input to be comprised of up to six b=bit units. The hb-bit
units are added decimally and a carry is propagated from one
Li=bit unit to the next most-significant bL=b.it unit whenever
the sum of two A4=bit units excdeds 9.
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c. If CPU = 10, -the sum is undefined,

d. If CPU = 11, the decimal sum is .produced by considering the
input to be comprised of up to three .8=b.it units., The least=-
significant 4 bits of each unit .are added in a manner similar
to the L=-b.it unit, ihcluding carries. The most=s.ignificant
bits of each unit contain the ihclusive=0R of the
corresponding bits of the input’s,

DIFFERENCE (DIFF) RESULT REGISTER,

The differehce of the X, ~Y, -and CYF registers (X, -Y, -and CYF are en=-
tered as inputs to the 2h-b.it fuhction box) is produced and placed in
the 24k=-b.jit pseudo DIFF register. Zeros in the most=-s.ignificant bit
positions (lef.t-most) of the 2b-b.it result are produced when the length
given by CPL is less then 24, Difference results are generated by
adding the contents of X tc the one'd complement of both Y and CYF

The complement values are hardware generated and do not alter the
values of Y or CYfF.

The absolute value of (Y + CYF) may be greater than the value in X and
produces a negative result. Such negative results .are in complement

form and are indicated by CYD (carry difference) =1, If CYD = 0, -the
differehce result value is a positive number. - CYD is generated .from

all 24 bits of X and. Y and is not' controlled by the value in CPL. CYD
may be used to alter the value of CYfF, Intermediate underflow may thus
be remembered by CYF through iterations of a field,

The difference logic produces results under the control of the CPU
register as follows:

a. If CPU = 00, -the binary differehce is produced. Negative
results are expressed in 2'd complement form when CYD = 1.

b. If CPU = 01, -the decimal difference is produced by considering
the input to be comprised of up to six b=b.it units., The .ki=b.it
units .are subtracted and any borrow is propagated from one
L-b.it unit to the next as in decimal subtraction., Negative

results are expressed in 10's complement form when CYD =1,
c. If CPU = 10, the difference is undefined.

de [If CPU = 11, the decimal differehce is produced by considering
the input to be comprised of up to three .8=b.it unit’s, The
least-s.ignif.icant 4 bits of each unit .are subtracted in a
manner similar to the li=b.it units including borrows. The
most=signif icdnt bits of each unit contain the inclusive=0R
of the corresponding bits of the inputs. Negative results
are expressed in 10'8 complement form when CYD =1,

AND/OR/EXCLUSIVE=-OR (XANY, -XEOY, -XORY) RESULT REGISTERS,

The result of the appropriate logical fuhction AND/OR/EXCLUSIVE=OR of
the X and. Y registers (X and Y are inputs to the 24=b.it function box)
is produced and placed in the appropriate 2hk=-b.it pseudo reg.ister (XANY,
XEOY, -XORY). - Zeros in the most=signifiicant bit positions in the 2h-bit
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result are produced when the length given by CPL is less than 24,

COMPLEMENT X/COMPLEMENT Y (CMPX, -CMPY) RESULT REGISTER.

The one's complement of the appropriate register X or Y (X .or. Y and

CPL are inputs to the 2h=-b.it fuhctiion box) is .produced and placed in
the appropriate 2b-b.it pseudo register, CMPX or CMPY, respectively.

Zeros in the most=s.ignifiicant bit positions of the 2L-b.it result are
produced when the length given by CPL is less than 24,

MASKED X/MASKED Y (MSKX, -MSKY) RESULT REGISTER.,

The mask of the caontents of the appropriate register X or Y (X .or. Y
and CPL are inputs to the 24k-b.it fuhction box) is produced and placed
in the appropriate 2hk«b.it pseudo register, ‘MSKX or MSKY, -respectively
(see figure .3=12). The value of CPL determines the number of bits

in MSKX .or MSKY, - Zeros in the most=significant bit positions of the
%z-bdt result .are produced when the length given by CPL is less than
24,

PL
X REGISTER ¢

1111111111111 411 00110

23 0 4 —u0

24-BIT FUNCTION BOX

000000000000000000111111

23

MSKX e . O

REGISTER

Figure 3=-12, - MSKX Register

BINARY CONDITIONS (BICN) REGISTER,

The BICN register (figure 3-13) is a Ah-b.it pseudo register whicH may
act as a source only and indicdtes the following binary conditions:
CYL (carry out level), CYD (borrow out level), CYF (carry flag), -and
LSUY (least significdnt unit of Y).
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Lsuy CYF CYD CYL

Figure 3-13, BICN Register

The LSUY Is true if: the least slignificant unit of the Y reglister is
equal to ! and CPU equals 00, or the right-most 4 bits of the least
significant unit of the Y reglister Is equal to 1001 (nine) and CPU Is
equal to 01 or 11, If CPU is equal to 10, LSUY is undefined, -

The carry out and borrow out levels are a function of the inputs (X, Y,
and CYF) and CPL, CYF may be manipulated by a special micro-instrucs+
tlon or as data in the high-order position of the CP register.

X/Y CONDITIONS (XYCN) REGISTER,

The XYCN register (figure 3=-14) is a b-blt pseudo register which may
actl as a source only and contains the following relational conditlions:
X>Y (X is greater than Y, X<Y (X Is less than Y), X=Y (X equals Y), and
MSBX (most significdnt bit of X).

MSBX X=Y X<y xXx>Y

Figure 3=-14, XYCN Register

The relevant bits of XYCN are SET by comparing X and Y as positive 2k-bit
quantities., MSBX is true if the bit to whlch CPL points is a 1.

X/Y STATES (XYST) REGISTER,

The XYST reglister (figure 3-15) Is a L-blt pseudo register which may
act as a source only and contains the following relational conditlions:
X =0 (X Is not equal to zero); Y =0 (Y Is not equal to zero); INT
(Interrupt) is true if any of the following conditlons reflected by
INCN, CC, and CD are true: missing port device, port interrupt, timer
Interrupt, I/0 service request Interrupt, console interrupt, memory
parity error Interrupt, and memory Wrlte/Swap address out-of=-bounds
Interrupt; LSUX (the least slignificant unit of X),

LSUX Is true when the least significant unit of the X reglister is a 1

and CPU equals 00 or when the low-order 4 blts of the least significant
unit of the X register equals 1001 (nine) and CPU Is equal to 01 or 11,
If CPU equals 10, LSUX is undefined, - ‘
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LSUX INT Y#0 X#0

3 2 1 0

Figure 3=16, - XYST Register

FOUR-B.IT ARITHMETIC AND COMBINATORIAL SECTION (FOUR=-B.JIT FUNCTION BOX)

The b-b.it arithmetic and cambinatorial sectiion of the prbcessor is used
to generate most of the normally used fuhctions between two .AL-bit op-
erands and can acocept as an input the contents of any one of the fal=-
lowing b=bit registers. A second input is obtained from the Four=Bit
Manipulate micro=instruction itself,

TA TB TC 1D TE TF
LA LB LC LD LE LF
FU FT FLC FLD FLE FLF
CA cB cC co TOPM

BICN XYCN XYST FLCN INCN

It has as possible results most of the functions between two operands.
These include: SET, AND, -OR, -EXCLUSIVE=OR, binary modulo 16 sum, -and
binary modulo 16 differehce fuhctiions, The results may only be di=-
rected to the same register which actied as the sourcd. The sum and
differehce results can be tested for overflow and underflow,
respectively,

The BICN, :XYCN, -XYST, FLCN, and INCN registers are available as source
registers only,

The h4=b.it combinatorial section also provides for the selective testing
of any of the bits within the 4-b.it registers and relative brahching
based on the results of the test (Bit~Test-Branch micro-instruction).
The Skip When micrio=instruction also tests any combination of bits, -up
to four, -and brahcHes on the result.

) OND. " /

The INCN register (figure .3-16) is a 4=bit register which contains the
interrupt conditions of partiicular interface lines between the pro=
cessor and port intercHange.

PORT PORT PORT
MISSING HIGH PRIORITY INTERRUPT | PORT LOCKOUT
DEVICE INTERRUPT (NORMAL)
3 2 1 0

Figure .3-16, - INCN Register
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Listed in table .3=-1 is a summary of the various A4=b.it conditions which
are available to the micro=programmer., - (Refer to table .1=3 for the
registers and fuhctions in the column=-row matrix.)



C00-SSTLSOT NOd
£q €L/8/6 pasiaoy

6T-€

Table -3"']

4-Bit Conditions

Register Bit 3 Bit 2 Bit 1 Bit 0
BICN LSuUY CYF CYD CYL
XYCN - MSBX X=Y X<y X>Y
XYST LSuX INT L YZO X#0
FLCN FL=SFL FL>SFL FL<SFL FL#O
INCN Port Port Port interrupt| Port lockout
device missing high priority
cC Unassigned Timer interrupt | I/0 interrupt Console interrupt
CcD Memory parity Memory Memory Memory
error interrupt Write/Swap Read address Write/Swap
memory address out=-of =bounds address
out=af =bounds interrupt out=-of =bounds
overr ide interrupt







SECTION &4
MICRO-INSTRUCTIONS

GENERAL, -

Micno=-instruction routines can be related to read-only memories of past
systems that' contain a hard set of micro=programs which control most of
the action taken by the .processot, - Because read-only memories are ex= .
pensive and diffiicult to’ change ohce a system has been desvgned for a
certain environment, -it is, -in most cases, -destined to stay suited for
that environment, -

With the advent of Read/Write control memories and micno-programming
techniques, Burroughs Corporation now provides the ability to change
the system arcHitecture to whatever is desired, - By changing. the micro=- .
program (interpreter), -a system efficient in COBOL can be changed to a
system effiicient in FORTRAN, -

MICRO=IN. ]

All micro=instructions are 16 bltS in length and .are placed in the M

, regnster (mvcno-:nstrucuson) for executioh, - The M register (figure
AL=1) is 16 bits long and is divided into four-h-bit sections which .are
not addressable as individual registers, -

4 BITS 4 BITS 4 BITS 4 BITS

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

16 BITS

Figure 41, - M Register

- The micro=instructiions are referred to by name and hexadecimal value

within the specifiic \portion of the M register. - For example, ‘the Reg=-
ister Move micro=-instruction has a hexadecimal value of 1 in the first

La«b.it portion of the M register; the micro in machine code for a Reg=- .
ister Move is 1. - The Halt micro=-instruction has a hexadecimal value of
1 in the last k-b.it portion of ‘the M register; the micrto in machine

code for a Halt command is 0001. - The other portions of the M register

(if not part of macHine code) are used for the selection of source and

destination register and also for any variants assbciated with the

- respective micro-commands. -

Source and destination register selectiion and other variables are
determined by the hexadecimal value placed in the remaining 4=bit
sectiion’s, - For the Register Move'command,ﬂthese hexadec imal wvalues
point to the desired register as shown in table 4-1., - If .the hexa- .
decimal value in the secdnd .4-b.it portion is equal to a 1100 (row C)
and the most=-s.ignifiicant two bits of the third .k=b.it portion are
equal to 01 (column 1), *XYCN is selected as the source register for
the Register Move micro=-instructioh,
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Table 4 =1

Register Select Switch
Column=Row Matrix

Row Column O Column 1 Column 2 Column 3
0 TA U X SUM

1 TB FT Y CMP X

2 TC FLC T CMPY

3 10 FLD L XANY

L TE FLE A{MAR) XEQY

5 TF FLF M MSKX

6 CA BICN BR MSKY

7 CB FLCN LR XORY

8 LA TOPM(*2) FA DIFF

9 LB Reserved FB MAXS

A LC Reserved FL MA XM

B LD Reserved TAS U

c LE XYCN cp MBR{*2)
D LF XYST MSM(*2) DATA

E cc INCN(*2) Console READ CMND

F cD CPU Console WRIT NULL

REGL

The fuhction of this micro=instruction (figure 4=-2) is to move the can=-
tents of the source register to the destination register. If the move
is between registers of unequal lengths, the data is right justified
with left zero bits supplied or with data .truhcated from the left,
whicHever is appropriate. The source register is unaffected unless it
is also the destination,

MSM and CPU .are eixcluded as source registers,

When M is used as a destination register, the operation is changed to a
Bit=-OR whicH modifies the next micro-instruction to be executed, - It
does not modify the micro-instruction as stored in memory.

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

MSM is not available as a destination register in STEP and RUN modée.
It is permitted as a destination register in TAPE mode onl4.

2 Not available on B 1710 Systems



M REGISTER

15 14 13 12|11 10 9 8)]7 6 5 4|3 2 1 0] MREGISTERBIT
8 4 2 1 8 4 2 112 112 118 a4 2 1 BIT VALUES

DESTINATION
1 L REGISTER ROW
OF

DESTINATION
REGISTER
COLUMN 0-3

SOURCE
REGISTER
COLUMN 0-3

SOURCE
REGISTER
ROW 0-F

Figure 4<2, Register Move (1NNN)

The U register is excluded as a source register in STEP and TAPE mode
but is permitted as a source register in the RUN mode.

A1l registers and pseudo registers in column select three are excluded
as destination registers excdpt MBR, -CMND, and DATA,

Wwhen CMND or DATA is designated as a source register, -CMND and DATA are
prohibited from being destination registers.

SCRATCHPAD MOVE_(2NNN) ,

The fuhction of this micro=-instruction (figure 4=3) is to move the can-
tents of either scratchHpad memory to the selected register or the can-
tents of the selected register to scpratchpad memory as designated by
the micro-instructioh. The contents of the source register/scratchpad

word is uhchanged by the move,
MSM, WU, and CPU are excluded as source register’s.
When M is used as a destination register, -the operation is changed to a

Bi.t=OR which modif ies the next micro-instruction to be executed but
does not modify the micnro-instruction as stored in memory.
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M REGISTER

1% 14 13 1211 10 9 8|7 6 6 4}3 2 1 0 M REGISTER BIT
8 4 2 1 8 4 2 112 1(11 |18 4 2 1 BIT VALUES

g 0 1 O0'N N N NMIN NININ|N N N N

T l SCRATCHPAD WORD

2 ~ ADDRESS (0-F)

SCRATCHPAD WORD
0-LEFT WORD

(24 BITS)
1-RIGHT WORD

(24 BITS)

DIRECTION
0-TO SCRATCHPAD
1-FROM SCRATCHPAD

REGISTER SELECT
COLUMN 0-3

REGISTER GROUP
ROW 0-F

Figure <73, - Scratchpad Move (2NNN)

BICN, FLCN, -XYCN, *XYST, -INCN, and MSM are excluded as destination
registers. -

A1l registers and pseudo registers in column select three .are excliuded
as destination registers excedpt MBR, -CMND, -and DATA. -

The fuhction of this micRo=instruction (figure L=4) is to perform the
Manipulate operation as specified by the micro=-instruction variants on
the addressed Li=b.it register utilizing the literal specified in M. -

Only two' cdlumns of registers .are available to the Four=B:it Manipulate
micro=instructiion (cadlumns 0 and V). - Bit seven cdntains either a 0 .or
1 to enable selection of the registers in' columns 0 or 1 as expressed
in table 4-1., -

Bits four through six designate the speciflic loperation to be performed
on the addressed register and its relationship with the 4=b.iti 1iteral

expressed in bits zero through three. : The possible gaerations
permitted by respective variant values .are given beloWw, -

L =h.



M REGISTER

13 12 111 10 9 8 7 6 5

4] 3 2 1 0 M REGISTER BIT

8 4 2 1 BIT VALUES

000

001

010

011

100

101

110

111

Figure 4=,

LITERAL (0-F)

VARIANTS 000-111

REGISTER COLUMN

OOR 1

REGISTER ROW

(0-F)

Four=Bit Manipulate (3NNN)

Qperatijon

Set the addressed register
literal,

Set the addressed register
addressed register and the

Set the addressed register
addressed register and the

Set the addressed register

equal to the value of the
to the logical AND of the
literal.,

to the logical OR of the
literal.

to the logical EXCLUSIVE OR

of the addressed register and the literal.,

Set the addressed register
addressed register and the

Set the addressed register
the addressed register and

Set the addressed register
addressed register and the

to the binary sum of the
] itera,] °

to the binary difference of
the literal,

to the binary sum of the
literal, and skip the next

micro=instruction if a carry is produced,

Set the addressed register
the addressed register and

to the binary difference of
the literal, and skip the

next micro-instruction if a borrow is produced.
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BIT TEST BRANCH ON FALSE (GNNN),

The function of this micro=instruction (figure 4-5) is to test the des-
ignated bit (0-3) within the specified register and branch relative to
the next instruction by the displacement magnitude value if the dis-
placement sign bit is zero. If the displacement sign bit is one, a
displacement value of zero is assumed and the next micro=-instruction

in line is executed., A displacement value indicates the number of 16-
bit words from the next in=line micro=-instruction. This value may not
exceed 15 (hexadecimal F).

M REGISTER

1 14 13 12 |11 10 9 8 7 6 5 413 2 1 0 M REGISTER BIT
8 4 2 1 8 4 2 1 1 2 1 1 8 4 2 1 BIT VALUES

LITERAL, RELATIVE
4 DISPLACEMENT
MAGNITUDE (0-F)

DISPLACEMENT SIGN
0 —POSITIVE
1 — NEGATIVE

REGISTER BIT TO BE
TESTED 0-3 IN THE
ADDRESSED REGISTER

REGISTER COLUMN
OOR 1

REGISTER ROW
O-F

Figure 4=5, Bit Test/Branch
on False (4NNN)

Only the b-bit registers shown in columns 0 and 1 in table 4-1 may be
used as the addressed register on which this micro=instruction may
act.

BIT TEST/BRANCH ON TRUE (SNNN),

The function of this micro~instruction (figure 4-6) is to test the des-

_ignated bit (0-3) within the specified register and branch relative to
the next instruction by the signed displacement value if the displace=-
ment sign bit is one, If the displacement sign bit is zero, a dis=-

placement value of zero is assumed and control passes to the next in-

=6



line'micro-instruction. a displacement value indicates the number of
16=bit words (micro-instructions) from the next in=line micro=-
instructioh, This value may not exceed 15 (hexadecimal F).

M REGISTER

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

LITERAL DISPLACEMENT
5 L MAGNITUDE RELATIVE
O-F

DISPLACEMENT SIGN
0 — POSITIVE
1 — NEGATIVE

REGISTER BIT TO BE
TESTED 0-3 IN THE
ADDRESSED REGISTER

REGISTER COLUMN
OOR 1

REGISTER ROW
(0-F)

Figure =6, Bit Test/Branch
on True (5NNN)

Only the 4-bit registers shown in columns O and 1 in table 4=1 may be
used as the addressed register on which this micro-instruction may act.

p NN
The function of this micro-instruction (figure 4-7) is to test only
the bits In the designated register that are referenced by the 1 bits
in the mask contained in the micro-instruction, to ignore all others,
and to perform the action as specified by the variants.

The possible actions which may be specified by the 3-bit variant
field are as follows,

Revised 9/28/73 by
PCN 1057155-002 .Y4=7



L-8

M REGISTER

101

110

VARIANTS 0...7

REGISTER COLUMN
OOR1

_REGISTER ROW
oF

% 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0| MREGISTERBIT

8 4 2 1|8 a4 2 1|14 2 1|18 a4 2 1] BITVALUES

o0 1 1 o|lN N N N|NIN N N|IN N N N

6 MASKOF
Flgure b=7, Sklip When (6NNN)
Varlant Operatlon

000 If any of the referenced blts are 1, skip the next
micro=lInstruction,

001 If all the referenced blits are 1, sklp the next
micro=~instruction,

010 If the reglster Is EQUAL to the mask, skip the
next micro=Instruction,

o1 If all the referenced blts are 1, skip the next
micro=linstruction and CLEAR the referenced bits
to zero.

100

If any of the referenced bits are 1, do not sklip
the next micro=instruction.

If all the referenced bits are 1, do not skip the
next micro=instructloh,

If the reglster s EQUAL to the mask, do not skip
the next mlcro-instructlon,

1f all the referenced bits are 1, do not skip
the next mlicro=-instructlion; and clear the
referenced bits to zero.



Only the b4-bit registers shown in
used as the addressed register on

act.

READ/WRITE MEM

NOTE

If the mask equals 0000,the (any) result

is false,
101 and 111,
BICN, FLCN,

variant

The skip
ant is a 001 or 011 but

XYCN,
excluded as operand

is made

columns 0 and 1
which this micro=instruction

if the varij=

is not made for

XYST, and INCN are
registers when the
is equal to 011 or 111,

The

is specified

function o

depending on the direction bit in

M REGISTER

5 4 | 3
1116 | 8
N|N N

Figure 4-8,

ORY NNN
f th%s micro=-instruction (figure 4-8) is to move the

contents of the addressed register to the main memory location that
in FA (field address register) or move the contents of
the main memory location specified by FA to the addressed register,
the instruction,

M REGISTER BIT
BIT VALUES

MAIN MEMORY FIELD
LENGTH (0-23)

FIELD DIRECTION
0 — POSITIVE
1 — NEGATIVE

ADDRESSED GENERAL
PURPOSE REGISTER
00-X REGISTER

01-Y REGISTER

10-T REGISTER

11-L REGISTER

VARIANTS

MOVE DIRECTION BIT
0-TO REGISTER
1-TO MEMORY

Read/Write Memory (7NNN)

in table 4=1 may be
is to



If the value specified in the main memory field length is less than 24,
the data from memory is right justified into the addressed register
with left-most zero bits supplied while data from the register is trun-
cated from the left when placed into memory. Values above 24 in the
field length are reserved. The contents of the source is unchanged,

If the value of the main memory field length as given in the micro-
instruction is zero, the value in the CPL portion of the C (control)

register is utilized instead.

The possible variant conditions are as follows: (FA = fijeld address
register and FL = field length register.)

ariapt Condjtion
000 No incrementation
001 Binarily increment FA (FAYt)
010 Binarily increment FL (FLY)
011 Binarily increment FA and decrement FL (FAt=FL{)
100 Binarily decrement FA and increment FL (FAV-FLY)
101 Binarily decrement FA (FAY)
110 Binarily decrement FL (FL#)
11 Binarily decrement FA and FL (FAY=FL})

MOVE B8-BIT LITERAL (BNNN),
The function of this micro=-instruction (figure 4=9) is to move the 8=~

bit literal contained in the micro=instruction to the destination reg=-
ister. If the move is between registers of unequal lengths, the data
is right justified with left zero bits supplied. Only registers X, Y,
Ty Ly A, BR, LR, FA, FB, FL, TAS, and CP can be specified. The reg-
ister row number is assumed to be two. MSM can be specified as a
destination in TAPE mode only.

MOV - A

The function of this micro~instruction (figure 4-10) is to move the 24-
bit literal given in the micro=-instruction to the destination register,
If the move is between registers of unequal lengths, the literal is
truncated from the left., The least-significant 16 bits of the literal
to be moved must be contained in the next word of memory following the
Move 24-Bit Literal micro=-instruction.



M REGISTER

15 14 13 12|11 10 9 8 7 6 5 4 1 3 2 1 0 M REGISTER BIT
8 4 2 1 8 4 2 11128 64 32 16| 8 4 2 1 BIT VALUES

1 0 0 0 N N N N] N N N N N N N N

8 8-BIT LITERAL
(00. . .255)

DESTINATION
REGISTER

ROW O-F

REGISTER COLUMN
2 IS ASSUMED

Figure 4=9, Move 8-Bit Literal (8NNN)

M REGISTER

15 14 13 12 |11 10 9 8|7 6 5 4|3 2 1 O M REGISTER BIT
8 4 2 1 8 4 2 1in n n n{n n n n BIT VALUES

10 0 1 |N N N NIN NN NINNNN
I | 8 MOST-SIGNIFICANT
—09 _ BITS OF LITERAL

DESTINATION
REGISTER

ROW O-F

REGISTER COLUMN
2 1S ASSUMED

Figure 4=10. Move 24~Bit Literal (9NNN)

Only the registers X, Y, T, L, A, BR, LR, FA, FB, FL, TAS, and CP can
be specified. The register row number is assumed to be two. MSM (only
permitted on B 1726) can be specified as a destination register in the
TAPE mode only.

NOTE
The least=-significant 16 bits of the
literal are found automatically by bi=-
narily incrementing the address (A)
register by 16 (100009,



SHIFT

The function of this micro~instruction (figure 4-11) is to shift or ro-
tate the T register 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, For the shift operation, zero fill on the
right and truncation on the left occur. The contents of the source
register is unchanged unless it is also the designated destinationh.

M REGISTER
15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0 M REGISTER BIT
8 4 2 1 8 4 2 1 (2 1111618 4 2 1 BIT VALUES

1 0 1 0 N N N NIN N'NININ N N N
I l SHIFT/ROTATE
A COUNT

17024 BITS

SHIFT/ROTATE
SPECIFIER
O-SHIFT
1-ROTATE

DESTINATION
REGISTER
COLUMN 0-3

DESTINATION
REGISTER
ROW O-F

Figure 4=11, Shift or Rotate T
Register Left (ANNN)

If the value of the shift/rotate count as given in the instruction is
zero, the value given in CPL is used,

When M is used as a destination register, the operation is changed to
a Bit=-OR which modifies the next micro-instruction to be executed but
does not modify the micro-instruction as stored in control memory.

BICN, FLCN, XYCN, XYST, INCN, and MSM are excluded as destinatijon
register’s.

EXTRACT FROM T REGISTER (BNNN),

The function of this micro~instruction (figure 4=12) is to rotate the
T-register left by the number of bits specified and then extract the

L-12



number of bits specified and move the results to the destination reg-

ister, If the extract bit count is less then 24, the data is right
Justified with left zero bits supplied, The contents of the T reg-
ister is unchanged unless it is also the designated destination, A
rotate value of 24 is equivalent to zero,

M REGISTER

1 0] 1 1 N N N N N|N NIN N N N N

WIDTH OF

B 24 BITS

REGISTER
00
01
10
11

oo
&~

RIGHT BIT
POINTER

15 14 13 12 irT 10 9 8 7 6 5 4 3 2 1 O M REGISTER

8 h 2 1 16 8 4 2 112 1]16 8 4 2 1 BIT VALUES

-EXTRACTION
FIELD 1 TO

BIT

DESTINATION

1 TO 24 bits

Figure 4-12, Extract from T register (BNNN)

If the right bit pointer value is equivalent to zero, K the value ex-
pressed in CPL is used instead,

BRANCH,

BRANCH FORWARD (CNNN),

The function of this micro-instruction (figure 4-13) is to fetch the
next micro-instruction from the location obtained by binarily adding
the displacement value given in the micro-instruction to the address
of the next in-line micro-instruction, The displacement value indi-
cates the number of 1l6-bit words,

BRANCH BACKWARD (DNNN),

The function of this micro-instruction (figure 4-14) is to fetch the
next micro-instruction from the location obtained by binarily sub-
tracting the displacement value given in the micro-instruction from
the address of the next in-line micro-instruction, The displacement
value indicates the number of 16=-bit words,

Revised 9/8/72 by
PCN 1057155-001  4=173



M REGISTER

15 14 13 12 11 10 9 8 7 6 5 L 3 2 1 O

8 L 2 1 (2048) (0)

1 1 0 0 N N N N N N N N N N N N

Figure 4-13, Branch Forward (CNNN)

M REGISTER

15 14 13 12 11 10 9 8 7 6 5 L4 3 2 1 O

8 4L 2 1 (2048) '(o)

1 1 0 1 N N N N N N N N N N N N

Figure A4-1L, Branch Backward (DNNN)

NOTE
For both of the above micro-instructions
the address of next in-line micro-
instructions is determined by hardware
by binarily incrementing the address (A)
register by 16 (10000),

CALL,

CALL FORWARD (ENNN),

M REGISTER BIT

BIT VALUES

BINARY RELATIVE
DISPLACEMENT
VALUE O, .. 4095

M REGISTER BIT

BIT VALUES

BINARY RELATIVE
DISPLACEMENT
VALUE

0...4095

The function of this micro-instruction is to push the address of the
next in-line instruction into the ASTACK and then Fetch the next
micro~instruction from the location obtained by binarily adding the
displacement value given in the micro-instruction to the address of
the next in-line micro-instruction, The displacement value indicates

the number of 16-bit words.

b1l



NOTE
When the A address is stored in the A stack it
is multiplied by 16 and stored as a bit address,

M REGISTER

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

8 4 2 1 (2048) ~ (0)] BIT VALUES

1 1 1 0 N N N N N N N N N N N N

BINARY RELATIVE
B ADDRESS MAGNITUDE
DISPLACEMENT
VALUE 0...4095

Figure L-14A, Call Forward (ENNN)

CALL REVERSE (FNNN),

The function of this micro-instruction is to push the address of the
next in-line instruction into the ASTACK and then fetch the next micro-
instruction from the location obtained by binarily subtracting the
displacement value given in the micro-instruction from the address of
the next in-line micro-instruction, The displacement value indicates
the number of 16-bit words,

NOTE

When the A address is stored in the A stack, it
is multiplied by 16 and stored as a bit address,

M REGISTER

15 14 13 12 {11 10 9 8| 7 6 5 4 | 3 2 1 O/|M REGISTER BIT
8 4 2 1 (2048) (0)] BIT VALUES
11 1 1 N N N N{N N N N| N N N N

F BINARY RELATIVE
ADDRESS MAGNITUDE
DISPLACEMENT

VALUE 0O...4095

Figure 4-14B. Call Reverse (FNNN)

Revised 9/8/72 by
PCN1057155-001  H4-14A




SWAP MEMORY (O2NN),

The function of this micro~-instruction (figure 4415) is to swap up to
24 bits of data from main memory with the data in the specified reg-
ister, If the value of the main memory field specified is less than
24 bits k6 the data from memory is right justified into the specified
register with left zero bits supplied while the data from the register
is truncated from the left as it is placed into memory,

M REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O|M REGISTER BIT
8 L 2 1 8 4L 2 1 |2 1}l 1}16| 8 4 2 1| BIT VALUE
O o o0 o 0O O 1 O |N N|{N|[N|N N N N
, . —_ ,
02 MEMORY FIELD

LENGTH (0-2.4)

FIELD DIRECTION
O0-POSITIVE
1-NEGATIVE

ADDRESSED
GENERAIL PURPOSE
REGISTER

00 = X

01 =Y

10 = T

11 = L

Figure L4-15, Swap Memory (O2NN)

The field address register (FA) contains the address of the main memory
location affected while the field direction sign and field length are
given in the instruction, If the value of the main memory field length
given in the instruction is zero, the value contained in CPL is used,

NOTE
This micro-instruction is available only
on the B 1726 System,

CLEAR REGISTER (O3NN).

The function of this micro-instruction (figure 4—16) is to clear the
designated register to zero if its respective flag bit is set, Reg-
isters not designated are unaffected,

NOTE
‘This micro-~instruction is available
only on the B 1726 System,

1
|
Revised 9/8/72 by
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M REGISTER

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O] M REGISTER BIT
8 4 2 1 9 L 2 1 11171111 13141 {1fBIT VALUES
0] 0 0] (0] 0 o 1 1 Ny N|IN|N NIN|]N|N
- 4 = 4 =
03 [—-CP REGISTER

FU REGISTER

FL REGISTER

FA REGISTER

X REGISTER

Y REGISTER

T REGISTER

L REGISTER

Figure 4-16, Clear Register (O3NN)

SHIFT/ROTATE X OR Y (O4NN).

The function of this micro-instruction (figure h—l?) is to shift or
rotate the X or Y register either left or right by the number of bits
specified by the shift/rotate count portion of the micro-instruction,
If the value of the shift/rotate count given in the micro-instruction
is zero, 6 the shift or rotate is determined by CPU as follows,

CPU Shift/Rotate Count
00 1l bit
01 L bits
10 Undefined
11 8 bits (not available on B 1710 Systems)

h-16



M REGISTER

15 14 13 12 11 10 9 8 7 6 5 413 2 1 O|M REGISTER BIT

8 L 2 1 8 L 2 1 1| 1] 11168 4 2 1|BIT VALUE

0 0 0 0] O i1 O O NI N|N|N|N N N N

l SHTIFT/ROTATE

oL COUNT 1...24

REGISTER
SPECIFIER
0-X

1-Y

LEFT/RIGHT
SPECIFIER
0-LEFT
1-RIGHT

SHIFT/ROTATE
SPECIFIER
0-SHIFT
1-ROTATE(*3) |

Figure 4-17. Shift/Rotate X or Y (OA4NN)

On the shift left the most-significant bits are truncated and zero
bits occur on the right. On the shift right the least-significant
bits are truncated and zero bits occur on the left.

SHIFT/ROTATE X AND Y (O5NN).

The function of this micro—instruction(*j) (figure 4-18) is to
concatenate the X and Y registers to become one 48-bit register

- with the X register being the left-most or most-significant. The
combined registers are either shifted or rotated left or right by
the number of bits specified. If the shift/rotate count is zero,
the amount to be shifted or rotated is determined by the contents
of CPU as follows:

CPU Shift/Rotate(*3) B
00 1 bit
01 4 bits
10 Undefined
11 8 bits (not available on B 1710 Systems)
*3 B 1726's allow SHIFT/ROTATE I
B 1710's allow only SHIFT ‘

Revised 9/28/73 by
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M REGISTER

15 14 13 12 11 10 9 8 7 6 5 L4 3 2 1
8 L 2 1 8 4L 2 1 111432 161 8 4 2
0 o s} o} 0 i 0 1 N|NI|IN N N N N

05

Figure 4-18, Shift/Rotate X and Y (O5XNN)

If the micro-instruction indicates a shift left operation,
For

on the right and truncation on the left occur,
operation, zero fills on the left and truncation on the right occur,

COUNT FA/FL (06NN).,

The function of this micro-instruction (figure h-lgl
variant field, is to binarily increment or decrement
register(s) by the value of the literal contained in
instruction or by the value of CPL if the literal is

M REGISTER BIT

BIT VALUES

SHIFT/ROTATE BIT
COUNT O, ., .48

LEFT/RIGHT
SPECIFIER
O-LEFT
1-RIGHT

SHIFT/ROTATE
SPECIFIER
0-SHIFT
1-ROTATE

zero fills

the shift right

devending on the

the designated
the micro-

The field

address (FA) register and the field length (FL) register are the only

two registers affected by this micro-instruction,

of greater than 24 for FL are undefined,

M REGISTER

15 14 13 12 11 10 9 8 7 6 53 4L | 3 2 1
8 4 2 1 8 L 2 1 4 2 1|16} 8 4 2
o O o0 © O 1 1 O}l N N N{N|N N N

06
Figure L4-19, Count FA/FL (O6NN)

Results of wvalues

M REGISTER BIT

BIT VALUES

LITERAL (0-31)

COUNT VARTIANTS



Neither overflow nor underflow of FA is detected, The wvalue of FA may
exceed its maximum value and wraparound, Overflow of FL is also not
detected, The value of FL may exceed its maximum value and wraparound,
Underflow of FL is detected and does not wraparound, in which case a
binary value of zero is left in FL,

The possible variant conditions are as follows,

Revised 9/8/72 by
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variant Condition
000 No operation
001 Binarily increment FA (FAY)
010 Binarily increment FL (FLY)
o Binarily increment FA and decrement FL (FA4=FLY)
100 Binarily decrement FA and increment FL (FA{=-FL1t)
101 Binarily decrement FA (FAY)
110 Binarily decrement FL (FL#)
111 Binarily decrement FA and FL (FA{=FL#+)
EXCHANGE DOUBLEPAD WORD (O7NN),

The function of this micro=instruction (figure 4-20) is to move the 48
bits of the field (F) definition register to a holding register (refer
to note) and then move 48 bits from a source register in scratchpad

to the F register, After this is accomplished the 48 bits are taken
from the holding register and placed into the specified destination
register in scratchpad. A doublepad word is equal to 48 bits of
scratchpad memory.

M REGISTER

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

8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 BIT VALUES

g 0 0 0 0 1 1 1 N N N N | N N N N

07 SOURCE 48-BIT
+——————— SCRATCHPAD WORD

(O-F)
DESTINATION 48-BIT
SCRATCHPAD WORD

(0-F)
Figure 4=-20, Exchange Doublepad Word (O07NN)

NOTE
The holding register is imbedded in the
hardware. It is not specified within
the micro=instruction and is not access-
ible to the micro=-programmer.

R E.
This micro=instruction (figure 4-21), depending on the sign of opera-
tion, binarily adds or subtracts the contents of the left half of the
addressed portion of scratchpad memory (scratchpad locations SO00A

Revised 9/28/73 by
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through S15A) to/from the contents of the 24-bit field address (FA)
register, and places the results in FA,

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

l——-——-—————-—OB LEFT SCRATCHPAD

WORD ADDRESS
0-F

SIGN OF OPERATION
0-ADDITION
1-SUBTRACTION

RESERVED

Figure 4=-21, Scratchpad Relate FA (O08NN)

MONITOR (O9NMD,

This micro-Instruction {fiagure L=22) skips to the next seauential in-
structioh. Execution of this instruction brings a level to the back-
plane., The eight, least-significant bits (0 thru 7) of the [ Register
may be monitored concurrentliy, Also, the two, least-significant bits
of the micro-instruction are decdded; and one of four levels s brought
to the backplane on the B 1720 series, "

M REGISTER

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

— 09 IF ANY COMBINATION,

THE LEVEL COMES TRUE

RESERVED

Figure 4-22, Monitor (O9NN)

0 a
The function of this micro=instruction (figure 4=-23) is to control
the cassette tape movement.
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M REGISTER

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

o 0 0 0 0 0 0 olo O 1 OIN N NIN

002 _E-—RESERVED

VARIANTS (000-111)

000—START TAPE

001-STOP TAPE

010-STOP TAPE IF
X#Y

011-111 — RESERVED

Figure 4-23, Cassette Control (002N)

All tape stop variants cause the cassette tape to halt in the next
available tape gap, not immediately, If the processor is in the
TAPE mode and a stop tape cassette condition occurs, the processor
also halts,

03N) .
The function of this micro=instruction (figure 4«24) is to set the CPU
register to the value of 1, 3, or 0 depending on whether the value of
the field unit (FU) portion of the F register is equal to 4, 8, or
any other value 0-F, respectively.

M REGISTER

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

L 003 ‘ TEST CPL#0 FLAG
0—-NO TEST

1-TEST CPL RESULT

VARIANTS 000-111

Figure 4-24, Bias (003N)
Depending on the variants the value of CPL is set to the value denoted

or to the smallest of the values listed below.
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Varlant Values
000 FuU
001 24 or FL
00 24 or SFL
011 2L or FL or SFL
100 CPL
101 24 or CPL or FL
110 CPL
111 crPL

When the variant field
by SFU instead of FU,
scratchpad word S00B.
equal to zero,

is equal to 010, the value of CPU is determined
SFU is contained in the first four bits of
If the test flag is equal to 1 and CPL is not

the next micro=instruction is skipped.

STOR (QOUN) .

The function of this micro-instruction (figure 4-25)
contents of the F register (FA portion = 24 bits and FB portion = 24
bits) in the designated scratchpad word., FA goes to the left half

(A) of the scratchpad word and FB to the right half (B) of the
scratchpad word,

is to store the

M REGISTER
15 14 13 12 |11 10 9 8 7 6 5 4} 3 2 1 0 M REGISTER
8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 BIT VALUES
0 0 0 0 0 0 o olo 1 0o o0 N N N N
l 004 SCRATCHPAD
DOUBLE WORD
ADDRESS

Figure 4=25, Store F into Doublepad

Word (OO4N)

NOTE
This micro-instruction is available only
on the B 1726 System,

LO RD_(O0SND,
The function of this micro=-instruction (figure 4-26) is to move all 48
bits of the designated scratchpad word to the F registef.,

The left
half (A) of the doublepad word is placed into the FA portion of the F
register, and the right half (B) of the doublepad word is placed in the

=22



FB portion of the F registeT.

M REGISTER
15 14 13 12 |11 10 9 8 7 6 5 4 1 3 2 1 0 M REGISTER BIT
8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 BIT VALUES
0 0 0 0 0 0 0o o0 0 1 0 1 N N N N
005 SCRATCHPAD
DOUBLE WORD
ADDRESS

Figure 4-26, Load F from Doublepad

Word (OO0O5N)

NOTE
This micro=instruction

is available only
on the B 1726 Systef,

S N

he function of this micro=instruction (figure 4=27)

is to set CYF
(carry flip=-flop) as specified by the variant.

M REGISTER

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

M REGISTER BIT
BIT VALUES

0 0 0 0 0 0o o0 0 0 1 1 0 N N N N

I-——— VARIANTS

Figure 4=-27, Set CYF (006N)

The available variants are represented below; all others are reserved,

var iant Action
0001 Set CYF to 0.
0o10 Set CYF to 1.
0100 Set CYF to CYL (carry total for sums).
1000 Set CYF to CYD (carry borrow from difference).

Revised 9/28/73 by
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CYL is generated under control of the length in CPL, and CYF is an
input to the arithmetic logic along with the X and Y register’s.,

HALT (0001),

The function of this micro=instruction (figure 4=-28) is to halt the
sequence of executable micro=-instructions.

M REGISTER

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

0001

Figure 4-28, Halt (0001)

The system halts with the next in-line micro~instruction in the M
register and the address of the second in=line micro=instruction in
the address (A) registers, Whatever register is pointed to by the
console controls is displayed on the register display light’s.

OVERLAY NIR M
The function of this micro=-instruction (figure 4-29) is to overlay

control memory from main memory. This is desired because of faster
micro=instruction execution time in control memory.

M REGISTER

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

0002

Figure 4=29, Overlay Control Memory (0002)

The address for data from main memory is obtained from the field
address (FA) register, and the address where data is to be placed

into control memory is contained in the L register. The length of

the data overlay bits is taken from the FL register, and overlaying
occurs until FL=0 or the maximum amount of control memory is exceeded.
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The execution of the micro=-instructions proceeds as follows:
.’ao A IS mOVEd to TA,So

b. L is moved to A,

?

c. The first 16 bits are read from main memory and stored in
control memory. Register FL is decremented by 16 bits,
FA incremented by 16 bits, and A incremented by one word,

d. Step c is repeated until one of the two above mentioned
ending conditions are met.

NOTE
This instruction is available only on
the B 1726 System,

NORMALIZE X (00039,

The function of this micro=instruction (figure 4-30) is to shift the X
register left while counting FL down until FL is equal to zero or the
bit In X which is referenced by CPL is equal to one, Zero bits are
shifted into the least=significant end of X durimg the shift operation.

M REGISTER

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

0003

Figure 4-30, Normalize X (0003)

If CPL is equal to 1, the least-significant bits of X are referenced;
if CPL is equal to 24, the most=significant bits of X are referenced.

N PER 8]

The function of this micro=-instruction (figure 4-31) is to reserve 16
bits of memory (the length of one micro=-instruction) and to utilize one
machine cycle,

When this micro-instruction is encountered, a fall-through to the next
sequential micro=-instruction occur’s.
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4-26

M REGISTER

15 14 13 12 {11 10 9 7 6 5 41 3 2 1
8 4 2 1 8 4 2 8 4 2 1 8 4 2
0 0 0 0 0 0 0 0o 0 o olo o O

Figure 4-31,

No Operation (0000)

M REGISTER BIT
BIT VALUES

0000



SECTION 5

B 1726 I/0 SUBSYSTEM

GENERAL ,

The 1/0 subsystem on the B 1726 System is designed to enhance simul-
taneity of I/O operation, The MCP creates the various I/O descriptors
and sends an interrupt message to the desired I/O controller, At the
completion of the I/0 event, either normal or abnormal, the I/0 con-
troller returns the result descriptor which contains descriptive infor-
mation concerning the I/O operation just completed, Immediately fol-
lowing the result descriptor there may exist the address (link) of
another I/O descriptor which is dinitiated by the MCP, This provides
for chaining of I/0's,

I/0 COMPONENTS,

The I/0 subsystem has an ordered relationship among its components,
From peripheral device to main memory the order is as follows, A
peripheral device (disk cartridge, printer, etc,) interfaces and is
controlled by an I/O controller which interfaces to the processor,
Up to eight I/0 controllers may interface with the processor which
is connected to main memory, (See figure 5—1,)

DISK

CARTRIDGE

DISK

CARTRIDGE
I/0
CONTROLLER
I/0
CONTRO CONTROLLER
PROCESSOR MEMORY
PROCESSOR
MAIN MgﬁégY
MEMORY
|
R | -
B 1712/B 1714 B 1726

Figure 5-1, I/0 Subsystem

I/0 CONTROLLERS,
The peripheral I/O controllers are physically separate, logically inde-
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pendent devices, The peripheral side of each I/O controller is unique
for each type of device,

Each I/O controller is a special-purpose device specifically designed
to interface one type of peripheral to the system, In most cases an
I/O controller interfaces to a single device; in a few cases a single
I/0 controller interfaces with two or more identical devices on a
time-shared basis (i,e,, serial disk drives or serial tape drives),

I/0 controllers have individual hardware buffers to aid in simultaneity
of’ I/O operations,

I/0 CONTROLLER FUNCTIONS,

The functions performed by an I/O controller are to accept an I/O
descriptor from the processor and to determine if it is a valid I/0
descriptor, In the case of an invalid I/O descriptor an appropriate
result descriptor is returmed, Otherwise  the controller signals the
processor that it is now ready to receive data, Hardware translation
between the peripheral data codes and the internal memory code is
performed by the I/0 controller (i,e,, BCL card code to EBCDIC),

At the conclusion of an I/0 operation the I/O controller returns a
result descriptor to the processor,



SECTION 6

I/C DESCRIPTORS

GENERAL

The purpose of input/output descriptors is to communicate control in-
formation to the various 1/0 controllers which perform the desired
operation on the peripheral,

I/0 DESCRIPTOR FORMAT.,

Each I/0 descriptor (figure 6-1) consists of a series of 24-bit fields.
The number of these 24-bit fields varies with the peripheral to which
the 1/0 descriptor is directed, These differences are explained in
section 7.

AEA RD LINK opP A B Cc
N —
RESULT STATUS
AREA

Figure 6=1, [I/0 Descriptor Format

The fields shown above are each 24 bits., The maximum size of any [/0
descriptor is 168 bits; the minimum size is 96 bits, Fields A, B, and
C may be omitted depending on the 1/0 descriptor initiated and the
peripheral involved, The various fields are defined in the following
paragraph’s.

RESULT STATUS AREA.

The result status area (RSA) consists of two 24-bit fields: the actual
ending address (AEA), which is the ending binary address + 1 of the
last data bit affected by the operation; and a 24-bit result descriptor
(RD), which indicates the status of the just terminated /0 operation.
The RSA is returned by the I/0 controller at the completion of each

1/0 operatioh.

LINK,

The LINK field contains an address which points to the beginning ad-
dress of a result descriptor which is contained in the next desired

1/0 descriptor. Linking is further explained later in this section.

or.
The operation (OP) field contains the desired I/0 command and its

variants,

Al
The A field contains the beginning binary address of the input/output
main memory area,



B.
The B field contains the ending binary address + 1 of the input/output

main memory area,

’C.
The C field is used in conjunction with disk I/0's only and contains
the absolute binary disk addres’s.

L

The ability to link or chain together 1/0 descriptors provides for
maximum utilization of the processor and peripheral devices. Shown
in figure 6=2 is a sample chain of 1/0 descriptors which are created
by the MCP because a user program has reguested three output print
buffer’s,

i
AEA1 FHI).| LINK1 OP1 A1 B1
1
[ )
AEA2 R[)2 LlNK2 OP2 A2 B,y
AEA3 R[)3 LINK3 OP3 A3 By

Figure 6-2, Sample Chain of
I/0 Descriptors

LINK=subl contains the address of RD=-sub2, LINK-sub2 contains the ad-
dress of RD=sub3, and LINK=sub3 contains the address of RD-subl1. This
forms a continuous chain of 1/0 descriptors, one associated with each
of the requested buffer’s.

The address provided to the 1/0 controller by the processor contains
the address of RD=-sub1., This action locks in the particular I1/0 con-
troller and device to the proper chaln of 1/0 descriptors. At the ad-
dress provided, the I/0-complete bit of that result descriptor is
examineds; if it is a zero, the I/0 descriptor is executed and a re-
sult descriptor is returned to location RD=-subl. If no exception con-
dition has occurred, the 1/0 descriptor pointed to by LINK=-sub2 is
executed, and so on, thus providing a continuous chain of 1/0 descrip=
tor's. If the I/0-complete bit is set to one when examined, a pause

of a specified number of milliseconds occurs and re-examination of

the 1/0 complete=bit occurs. The 1/0-complete continues to be examined
until it becomes zero; in this manner execution of the I/0 descriptors
is under MCP control. The MCP can get ahead of the actual executijon of
the 1/0 descriptors; that is, the MCP may be releasing buffers faster
than the 1/0 descriptors can be executed., The 1/0 controllers can
never get ahead of the MCP because each I1/0 controller remains locked
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to each I/O descriptor until the I/O is complete, A stop I/O des-
criptor is provided by which any [/O controller may be stopped from
executing an I/O descriptor, If an error conditiom occurs on any
given I/O operation, that particular chain is broken and the MCP

is notified,

This process is completely under control of the MCP, The MCP examines
the I/O-Complete bits and performs the above operation,

DISK FILE AND DISK PACK CHAINING OPERATION,

Since disk I/O descriptors all contain an absolute disk address,
there is no danger of an operation being performed out of logical
sequence as long as the controller does not attempt to execute a
descriptor that is already complete, Also, since disk addresses
may be in the chain for many different programs and files, the con-
troller must not wait for any given descriptor to be released, On
discovering an I/O descriptor that is already complete the control
must proceed to the next I/O descriptor immediately,

As a consequence of this mode of operation  the controller could
conceivably be continually searching the same chain of I/O descrip-
tors for one that is executable and therefore could be using all
available memory accesses, For this reason, the test/pause I/O
descriptor has been implemented,

In summary once a disk file is opened and its descriptors are link-
ed into the subsystem chain, they may or may not be executable de-
pending on the setting of the I/O-complete bit in the result des-
criptor, which in turn is dependent on the read, write, and seek in-
structions in the object program,

MAGNETIC TAPE OPERATION,

Because of the serial nature of magnetic tape operation it is slight-
ly more complex than that of disk, There is one chain of I/O descrip-
tors for the entire tape subsystem, similar to the disk operation pre-
viously described, The descriptors must, however be executed in lo-
gical sequence, To accomplish this, the lock descriptor has been im-
plemented in the tape controls only,

The lock descriptor contains three link fields, as shown in figure 6-3.

There is one lock descriptor in the subsystem chain for each tape unit
in the system, All I/O descriptors for that unit are linked, directly
or indirectly,6 from the lock descriptor for the unit, LINK-A of the
lock descriptor always contains the memory address of the lock descrip-
tor for the next unit in the subsystem or the address of a pause de-
scriptor, There is one pause descriptor for the entire subsystem,
LINK-B of the lock descriptor always contains the memory address of the
first physical I/O descriptor for the unit, This field is initialized
by the MCP when the file is opened, LINK-C contains the memory address
of the logically next I/O descriptor to be executed on the unit, LINK-
C is initialized by the MCP but is maintained by the magnetic tape
controller,
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STOP 1/0 DESCRIPTOR,

All I/O controllers are capable of receiving and recognizing a stop

1/0 descriptor, When this descriptor is received, the I/0 controller
stops operation and idles, The main use of this descriptor is to allow
the MCP the ability to terminate a chaining operation,

The format for a stop I/O descriptor is shown in figure 6-U4,
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|

[ unuseD{ rp|LTNKA| Lock [LInkB| LInke| |DES| |pES| [ABA]RD]LINKA|READ UNIT 1|LINKB|LINKC
_ 1 1
¢
UNUSED | RD| LINKA | LOCK | LINKB | LINKC
TEST UNUSED
UNUSED| RD | LINKA | LOCK | LINKB| LINKC AEA|RD|LINKA | FOR READY

LOCK DESCRIPTOR

LINKA ALWAYS POINTS TO NEXT LOCK DESCRIPTOR
LINKB ALWAYS POINTS TO FIRST NON-LOCK DESCRIPTOR,
LINKC ALWAYS POINTS TO CURRENT NON-LOCK DESCRIPTOR,

Figure 6-3.

Vvv RRRRRRRRRRRRRRRRRRRRR
3 BITS 21 BITS
vvv = 111 - STOP I/O COMMAND
R = RESERVED

Typical Magnetic Tape Chain

Figure 6-4. Stop I/0 Descriptor

DISPATCH OF I/0 DESCRIPTORS,

The Dispatch operation is used to send the address of an I/O descrip-

tor to a device on an I/0 port, Information is also received from

the I/O port wvia this operation,
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SECTION 7
INPUT/OUTPUT CONTROLLERS

GENERAL,

This section describes the [I/0 controllers which may be connected to
the B 1700 series of computers. All input/output operations are ini=-
tiated but not executed by the processor. The execution of any speci=-
fied 1/0 operation is accomplished by the respective 1/0 controller’s,
The 1/0 operation may be executed simultaneously with a processor op-
eration or other previously initiated I/0 operations. The type of 1/0
operation is determined by an 1/0 descriptor that is transferred to the
I/0 controller. At the conclusion of an 1/0 operation, a result de=~
scriptor that specifies any exception conditions and other pertinent
information is returned by the I/0 controller. All 1/0's are initiated
by the Burroughs Master Control Prografm.

ARD A c

The card read 1/0 controller executes the card reader as initiated by
the MCP. It reads data into ascending memory locations beginning with
the location specified by the A addres’s.

CARD READ DESCRIPTCR (EBCDIC).

This I/0 descriptor controller (figure 7-1) is capable of translating
the standard EBCDIC card code into the internal 8=-bit EBCDIC code,

When reading EBCDIC, 256 card-hole combinations are valid. All invalid
combinations are translated to the ? character, The card is read into
ascending memory locations beginning with the location specified by the
A address and continuing to, but not including, ‘the terminal location
specified by the B address, The contents of each card column occupies
one 8=bit character position in memory., Reading is also terminated
after 80 columns of information have been transferred to main memorly.,

vvv T RRRRRRRRRRRRRRRRRRRR A B

3 BITS 1 20 BITS 24 BITS 24 BITS

Figure 7-1, Card Read 1/0 Descriptor

Referring to figure 7=-1:

Q. VVV = 000. - card read operation code.
b. T =0 = card read EBCDIT.

c, T =1 = card read binary.

d, R = reserved.

e, A = beginning address of data.,

f. B = ending address of data + 1,

CARD READ DESCRIPTOR (BINARY),

he card read controller is also capable of a binary read operation in
which each hole in a card column is interpreted as a one bit and each
non-hole is interpreted as a zero bit., The binary card image is stored

in ascending memor¥ locations beginning at the locations sgecified by
the A address continuing until, but not into, the end location speci=-

fied by the B address, or until 80 columns of information have been
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read, whichever occurs first, Each column is stored as 12 bits of data
in main memory, (See figure 7=1.)

CARD TEST.

This 1/0 descriptor (figure .7=2) returns a result descriptor indicating
that the test operation has been completed and the card reader is ready
(operation complete) or the reader is not ready (operation not complete
og exception). The test result descriptor also contains the controller
ID.

vvv TT RRRRRARRRRRARRRRRRR

3 BITS 2 19 BITS

Figure 7-2, Card Read Test Descriptor

Referring to figure 7-2:

a. VVV = 100 - test card reader and controller.

be TT = 00 - result store immediately,
c. TT =10 = result is delayed until card reader is ready.
de TT = 01 - result is stored when card reader is not ready,

e, R = reserved,

CARD READ RESULT DESCRIPTOR,
At the completion of a card read operation, the controller returns
a result descriptor which is described as folliows:?

a, Bit 0 - I/0 complete,

b. Bit 1. - exception condition (any bit on in bits .3=16).
Coe Bit 2 - not l’eadYn

d. Bit 3. - validity error.,

e. Bit 4 - memory access error.

fo. Bit 5 = reserved.

g. Bit 6 = read check.

he Bits .7=16. = reserved.
i. Bits 17=23 = controller ID = 0101010 (test I1/0 only).

CARD PUNCH CONT%?bLEB.
card punc controller executes card punch 1/0 descriptors

and punches data from ascending memory locations beginning at the
location specified by the A address of the operand until 80 columns
of information are punched, It allows EBCDIC card punch operation
and a binary punch operatioh.

7=2



Information is transferred to the punch bit=-serially for each punch

‘position, with 12 separate 80-bit transfers being required to punch

a card. Transfer of a given row to the punch consists of 40 memory

accesses, obtaining punch information for two columns per access.

The number of memory accesses required to punch a card is 480, A

full card is always punched, The source program need not be
concerned with the transfer of data to the punch.

The controller provides a punch echo check which checks if fewer

than 80 data bits are received for each row or if fewer than 12

row cycles are counted. It also checks whether the number of punched
holes agrees with the number of bits in the original data received

by the 1/0 control unit,

CARD PUNCH DESCRIPTOR (BINARY).

A card is punched from ascending main memory locations beginning with
the location specified by the A address (see figure .7=3)., Punching Iis
terminated after the punching of 80 columns, where each hole in A to
be punched in a card column is represented by a one bit in memory,

VvV T SS RRRRRRRRRRRRRRRRRR A

3 BITS 1 2 BITS 18 BITS 24 BITS

Figure 7=3, Card Punch 1/0 Descriptor

Referring to figure .7=3:

a. VVV = 010 = card punch operation command.
be T =0 - card punch EBCDIC,

¢e T =1 = card punch binary.

de SS = 00 - normal stacker,

e. SS =01 - auxiliary stacker.

fo SS = 10 = error stacker.

g. R reserved,

he A = beginning address of data,

CARD PUNCH DESCRIPTOR (EBCDIC).

A card is punched from ascending main memory locatnons beginning with
the address specified in A (see figure .7=-3). One column is punched for
each EBCDIC memory character and 80 columns are always punched,

CARD PUNCH TEST DESCRIPTOR,

The card punch and card punch controller are tested, -and a result
descriptor containing the controller ID number is returned (see
figure 7-4),



\AAY T RRRRRRRRRRRRRRRERRRR

3 BITS 1 20 BITS

Figure 7-4, Card Punch Test Descriptor

Referring to figure .7=4¢

@. - VVV = 100 - test the card punch and controlleT.
be - T = 0 - the result is stored immediatelYy,
c. - T 1. = the result is delayed until the reader is ready.

d. - R reserved.

CARD PUNCH RESULT DESCRIPTOR,

At the completion of an 1/0 operation the I/0 controller retains a
result descriptor, for the just-completed [/0, in the second 24 bits
of the result status area, The result descriptor information for

the card punch is as follows:

a., - Bit 0 - I/0 complete,

b. - Bit 1. = exception condition (any bit on in bits .3=16".

c.  Bit 2 - not ready.

d. - Bit 3. = punch check erroT.

e, - Bit 4 - memory access error.

f. -Bit 5 - memory parity error.

9. Bits 6=16. - reserved.

h. - Bits 17=23 - controller ID = 0000100 (test 1/0 only).
PAP A

This controller stores one .8=b.it character of data per memory cycle.
If the number of characters specified is not read, -spaced, or back-
spaced because of termination by the reader, the short record bit (bit
9 of the result descriptor) is set., |If the termination is caused by
the end=-of =tape or beginning-of-tape reflective strip, the appropriate
EOT or BOT is set in the result descriptofr.

PAPER TAPE READ DESCRIPTOR.
A record is read from the paper tape reader into ascending memory loca-

tions beginning at the location specified by the A address and contin=-
uing to, but not into, the address specified by the B address (see
figure 7=5%, If the T (type) variant of the read [/0 contains a zero,
eight bits received from the reader are transferred to memory via a
BCL/EBCDIC translator. If the T variant contains a one, no translation
occurs and eight bits received from the reader are transferred to

memory.

7-b



VVV T RRRRRRRRRRRRARRRRRRRR A B

3 BITS 1 20 BITS 24 BITS 24 BITS

Figure .7=5, Paper Tape Read, Space, -and
Backspace 1/0 Descriptor

Referring to figure 7«5

a. VVV = 000 - paper tape read operation command.,

be VVV = 101 - paper tape space.

ce VVV = 110 - paper tape backspace.

de T =0 -~ translate BCL to EBCDIC and check for odd parity.
e« T =1 = no translation and check for even parity.

fe R = reserved for unit address,

ge A = beginning address of data.

he B = ending address of data + 1,

PAPER TAPE SPACE DESCRIPTOR,

The paper tape Is spaced forward the number of characters specified
unless stopped by an end-of-tape condition. The number of characters
is specified by the difference between the A and B addresses of the
1/0 descriptor (figure 7=5),

PAPER TAPE BACKSPACE DESCRIPTOR.

The paper tape is spaced backward the number of characters specified
unless stopped by a beginning=of =tape condition. The number of char=
acters is specified by the difference between the A and B addresses
of the 1/0 descriptor (figure .7=5),

PAPER TAPE REWIND I1/0 DESCRIPTOR.

The paper tape is rewound to the beginning=of -tape position (see
figure -7'6)0

vvv RRRRRRRRRRRRRRRRRRRRR

3 BITS 21 BITS

Figure .7-6, Paper Tape Rewind
I/0 Descriptor

Referring to figure 7=6:

a. VVV = 011 - paper tapc rewind operation command.
be R = reserved for unit address.
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PAPER TAPE TEST 1/0 DESCRIPTOR.
This descriptor (figure 7-7) tests the designated unit and returns a
result descriptor.

vvv T RRRRRRRRRRRRRRRRRRAR

3 BITS 1 20 BITS

Figure 7-7. Paper Tape Test Descriptor

Referring to figure 7-7:
a, VVV = 100 - tests the paper tape reader and controllef.
b T = 0 - the result is stored immediately on completion.

c. T =1 - the result is delayed until the reader is ready
and it is not rewinding.

PAPER TAPE READ RESULT DESCRIPTOR,
At the completion of an I/Q operation, ‘the 1/0 controller returns a
result descriptor, for the just-completed 1/0, ‘in the second 24 bits
of the result status area. The result descriptor for the paper tape
reader operation is: '

a., Bit 0 - 1/0 complete.

b. Bit 1. - exception condition (any bit on in bits .3=16).

Tt. Bit 2 - not ready,.

d. Bit 3 - tape parity errofr.

e, Bit b - memory access error.

f. Bit 5 - reserved,

9. Bit 6. = end of tape.

h. Bit 7 - beginning of tape.

‘i Bit 8 = reserved,

/. Bit 9 = short record.

k. Bit 10 - rewinding.

T Bits 11-16. - reserved,

me Bits 17=23 - controller 1D = 0001110 (test 1/0 only).,
UNBUFFERED TRAIN PRINTER CONTROLLER.

This controller provides printer speeds of 400 and 750 LPM with 132
characters per line. [t provides code conversion from internal EBCDIC
to a binary code which is related to the graphic position for the stan=-
dard 16, 48, 64, and 96 chains, If memory access is missed, ‘the con=
trol waits until the same graphic is presented to it a second time and
then continues, thus providing automatic recovery.,

This controller also includes a quick release feature which terminates
the operation and enables the start of paper motion as soon as all non-
blank characters have been printed, Printing speed with this feature
is dependent on the number of blank characters; however, the effective
rate is usually greater than the rated speed,
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This controller provides for EBCDIC to BCL translation on the data

as it is transferred from memory to the printet., The I/0 controller
contains a one-character buffer which receives information from memory
serially by character and transfers the information serially by char=-
acter to the printer buffer, Transfer of paper motion control infor-
mation takes place after the printer buffer is filled. The I1/0 con-
troller is capable of loading the printer buffer, while paper motion
is occurring, in response to a previous 1/0 descriptot. After the
paper motion of the previous command is completed, format information
is received for the information in the buffer, which can now be
printed. The controller provides for printer speed options of 300,
Loo, 475, 700, -and 750 LPM with 132 characters per line, A 1040 LPM
buffered line printer controller is available on the B 1726.

LINE PRINTER WRITE DESCRIPTOR,

A line of data is printed from ascending memory locations beginning at
the memory location specified by the A address (see figure .7-8)., The
length of the line is determined by the number of printer columns, -80,
120, 132, or until the location specified by the B address is reached,
whichever occurs first. Spacing or skipping takes place after
printing, and skipping takes precedence over spacing,

\AAY | TTTT RRRRRRRRRRRRRRR u A B

3 BITS 1 4 BITS 15 BITS 1 24 BITS 24 BITS

Figure 7-8, Line Printer Write Descriptor

Referring to figure 7-8:
a, VVV = 010 = printer write operation command.

b. I = 1 - inhibit reporting of EOP and skip to channel one if
this operation calls for single or double spac.ing.

ce TTTT = 0000 = no paper advance,

de TTTT = 1110

single space after printing,

e, TTTT
fo. TTTT = 0001

11

double space after printing,

‘skip to channel 1 after printing.

g. TTTT = 1100 skip to channel 12 after prihtlnb.

he TTTT = 1101 - skip to next channel after printing.

i« R reserved,

Je U 0 - printer unit 1.,
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. = printer unit 2.

- X
.
c
i

.
g
1]

beginning address of data.

~
3
.
[o+]
]

end ing address of data + 1,

LINE PRINTER SKIP DESCRIPTOR.

Skipping is controlled by bits 4=8 as in the write descriptor.

Skipping takes precedence over spacing. The skip I/0 descriptor format
is the same as for the printer write (see figure .7-9),

\ATAY I TITT RRRRRRRRRRRRRRR U

3 BITS 1 4 BITS 15 BITS 1

Figure 7-9, Line Printer Skip Desc