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SECTION 1
GENERAL DESCRIPTION
INTRODUCTION

This section includes a general description of the Microdata
SEQUEL™ System. The following major subsystems make up the
system hardware for the SEQUEL:

@ Cabinet with AC power distribution
® DC power supply and blower
e Card cage with:
Central processing unit (CPU)
Diagnostic and maintenance processor (DMP)
Memory
Input/output (I/O system
Disc subsystem
Magnetic tape subsystem
Printer subsystem
Terminal subsystem

Figure 1-1. The Microdata Two-Bay SEQUEL™ Basic System



Central Processing Unit

The CPU is microprogrammable and is based on a bi? slice
architecture. It provides the following characteristics:

32 bit data path; CPU, I/O bus, memory

24 bit I/O0 memory address range (16 megabytes)
600 nanosecond memory cycle time

150 nanosecond microprogram cycle time

1-4 byte memory accesses in one cycle

64 bit main firmware word size

Hardware rotation capability

Character test function

There is a single, bi-directional bus for I/O and memory,
which is synchronous to the CPU. Separate hardware exists for
the arithmetic and logic functions, instruction fetching and
decoding, data address computation, bus and memory control, the
microsequencer, memory data and address interface, and data
rotation and character testing.

The CPU is implemented on three printed circuit boards as
shown in the block diagram, Figure 1-2. These boards are the
arithmetic logic unit (ALU), the read next instruction (RNI),
and the special function (SF). The three boards are tied together
via the ALU source bus, and the ALU destination bus. Other
interconnections include control lines, branch conditions, map
branch, and firmware command bits. The main CPU clock, which
synchronizes all boards, is generated on the memory control
board.

Major Function of the Three CPU Boards

1. ALU Board
® 2901 ALU and carry look-ahead
e Carry and shift input select
® Condition code logic
® Loop counter

® Microsequencer



e Firmware command register

® Control clock logic

2. RNI Board

@ Instruction fetch and parse picoprocessor

® Program address register

e Instruction gegisters

e Mapping ROMS (for FW branching)

® Address register files

3. Special Functions Board

® Bus and memory control

e Data Address registers

® Memory read/write data registers

e "X" register
® Rotate/character test

I/0 AND MEMORY

MAIN
MEMORY

PERIPHERAL
CONTROLLERS

b

ADDRESS BUS 24 BITS
I/0 AND MEMORY
DATA BUS 32 BITS
| ALU_SOURCE BUS |
DIAGNOSTIC MAINT. READ NEXT (ALU BOARD) (SPECIAL FUNCTION BOARD)
l PROCESSOR (DMP) INSTRUCTION (RNI)
INTERRUPTS INSTRUCTION ARITHMETIC BUS AND MEMORY
| MASTER-RESET FETCH & PARSE LOGIC UNIT CONTROL
REAL-TIME CLOCK
I ADDRESS MICRO-SEQUENCER INTERFACE
COMPUTATION AND CONTROL REGISTERS
l MEMORY
I SPECIAL
FUNCTIONS

y

ALU DESTINATION BUS

Figure 1-2. CPU Block Diagram
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The ALU board also has 16 flags that can be set and tested
by the firmware. These flags assist in keeping track of status,
modes, etc. There is also an eight bit loop counter that serves
a dual purpose. It can be set to any value from O to 255 and
then be tested by the firmware and automatically be incremented.
This is used to facilitate firmware loops with minimum housekeep-
ing time. The second purpose of the loop counter is to provide
the firmware with the capability of setting up a programmable
direct branching capability.

Memorz

The memory is an all semiconductor memory with error detec-
tion and correction. It is organized and addressable on a 4-bit
/byte basis and provides a single cycle 32 bit access at any byte
boundary. It has a 32 bit data width with a 600 nanosecond
cycle time. There is a one bit/byte error correction with op-
tional two bit/byte error detection. The memory is byte address-
able to the 16 megabyte address range. There are 256 bytes per
board (16K X 1 RAM's) with a two megabyte maximum using 256K
byte boards.

Input/Output (I/0) System

The I/0 system is based on intelligent controllers function-
ing through a direct memory access (DMA) system. Direct pro-
cessor/controller communication is reduced to a simple start and
halt orders.

The I/0 system is also based on single bus architecture with
parity checking. It has 16 full DMA channels and up to 256 I/0
devices. The interrupt system supports up to three processors
and there is an independent I/0 processor for disc and communi-
cation controllers.

Diagnostic and Maintenance Processor (DMP)

The DMP is a Z80 microprocessor computing system that pro-
vides the interface between the operator, the diagnostic terminal
and the main CPU. The DMP contains a Z80 microprocessor, 16K x 8
ROM memory, 4K x 8 RAM memory, I/O interface to all peripherals
(including the diagnostic terminal), and interface to the main
CPU and memory.

The DMP will perform the following functions:
® Execute firmware that resides in the ROM.

e Use the RAM memory for temporary storage and for
execution of loadable software.



e Communicate with the CPU and the I/O devices through
the 1/0 bus.

e Transfer data to and from the main memory in the direct
memory access mode.

® Provide a programmable timer that will interrupt the
main CPU in programmed intervals of 0.5 to 1024
milliseconds.

e Provide a master reset and power fail/restart interrupt,
vectored to location '0000' of the Z80 ROM memory.

@ Provide a 10Hz (10 times per second) interrupt to the
z80.

e Enable/disable external interrupts.
e Provide the time of day to the main CPU in deciseconds.

@ Provide a 24-hour interrupt to the main CPU at midnight
of every day.

@ Provide communication to the local and remote terminals.

® Provide communication to the SEQUEL control panel.

DC Power System

The power system provides an uninterruptable power supply to
be used for the semiconductor memories in the computer system.
It uses a battery to maintain the output voltages during short
interruptions of the AC power source.

The input is +20 to 40 volts, DC. In the normal power up
mode, the input is unregulated, capacitor filtered voltage de-
rived through the AC line through the basic power supply bias
transformer. During power outages, the output is supplied by an
internal 18-volt battery. The battery will supply the memory
standby mode for a minimum of 20 minutes. Transition to and from
battery operation is automatic and will not produce any output
transients. The battery is a sealed lead acid type.

Output voltages are as follows:
+5.0 VDC at 1.0 to 16.0 amperes
+12.0 VDC at 0.1 to 5.0 amperes
-5.0 VDC at O to 0.20 amperes
A minimum current of one ampere is required on the +5 VDC

output and 0.1 ampere on the 12V output of the supply to maintain
regulation. The supply will not be damaged by a "no load" con-
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dition of the +5 VDC output or 12V output. Under no loaq, the
maximum output voltage will not exceed 6 and 14V respectively.

Environmental requirements for the power system are listed
in Table 1-1.
TABLE 1-1

POWER SYSTEM ENVIRONMENTAL REQUIREMENTS

Ambient Temperature
Operating 0°C to 50°C
Storage -=40°C to 70°C
Humidity
Operating 5% to 90% non-condensing
Storage 5% to 95% non-condensing
Altitude
Operating 12,000 feet
Storage and Shipping , 40,000 feet

The power system unit is designed for 15-minute repair time
in a field installation. This will be accomplished by using modular
design concepts.

Cabinet and PCB Chassis

The standard cabinet is designed to house a PCB chassis for
the CPU, memory and peripheral controllers, a basic DC power
supply, two REFLEX® disc drives, and one reel-to-reel tape drive.
Systems with more disc or tape drives or an expansion PCB chassis
require additional cabinets of the same style. When installed,

all cabinets are bolted together, forming an integral multi-bay
cabinet.

l. Cabinet Dimensions

Dimensions for the standard cabinet are as follows:

Height, overall 58.50 in.
Width, overall 25,34 in.
Depth , 36 in.



Panel Space 47.25 in.
Weight, Empty 350 1b.
2. Castors
Four 3-1/2-inch diameter castors, each independently swiv-
eled 360 degrees, are provided. In addition, four leveling feet
are provided to meet the cabinet stability requirements of UL
478.

3. PCB Chassis

The PCB chassis provides mounting for twenty-one 13-inch x
17-inch printed circuit boards. The chassis is mounted at the
top of the cabinet with all boards vertical. Forced air enters
at the bottom of the chassis and is exhausted at the top of the
chassis.

4. Finish

All external cabinet surfaces will be painted with textured
polane T paint per Microdata Specification Z20016006, colors to
be specified.

5. Magnetic Tape Drive Door

A smoke colored transparent Plexiglas door is provided over
the magnetic tape drive to inhibit dust intrusion. A safety
interlock will prevent the door from being opened whlle the drive
is in operation.

6. Operator Control Panel

Control switches and status indicators for the CPU and
magnetic tape drive are located on a horizontal panel immediately
above the tape drive door.

Special features of the SEQUEL are condensed in Table 1-2.
This summary highlights the major subsystems that make up the
system hardware for the SEQUEL.



TABLE 1-2

SEQUEL FEATURES

32 bit super-mini

600 nanosecond memory with ECC

Intelligent I/O system

Remote and on-line diagnostics

High efficiency switching-mode power supply

Central Processing Unit (CPU)

® 32 bit data path
® 64 bit micro-instruction with simultaneous
-- -ALU -eontrol -and -branching -
e 150 nanosecond mlcro—cyclel
® 16 megabyte memory address range
® Calculation of operand addresses by
RNI picoprocessor
® REALITY® oriented hardware flags

Memory

32 bits wide

Byte addressable

600 nanosecond cycle

Byte ECC

256K byte per board using 16K RAM's
(1 megabyte with 64K RAM's)

I/0 System

Single bus architecture

6.7 megabyte/second transfer rate
Supports multiple CPUs

Channel command protocol

16 DMA channels

254 1/0 devices

Multiple I/O processors

I/0 Processor

® Converts byte oriented devices to 32 bits
® Intelligent DMA multiplexer
Maintains memory addresses for discs and
terminals
Supplies interrupts for multiple CPU's
Handles channel command protocol for discs
and terminals .
® Provides full command chaining in disc controller
e 2901 based microprocessor




Table 2-1. SEQUEL Features (Continued)

Disc

Controller

Relieves software of disc address calculation
Supports on-line diagnostics

Improves data recovery procedures

Supports two REFLEX drives

Z80 microprocessor based

Asynchronous Communications Line Controller (ACLC)

Supports on-line diagnostics
Supports eight modem channels at 9600 baud
Z80 microprocessor based

Mag Tape and Printer Controller (MTP)

Supports two tape drives and two line printers
Provides full command chaining

Supports on-line diagnostics

Dual 2901 microprocessors (Two independent

8 bit machines)

Diagnostic and Maintenance Processor (DMP)

Provides board level fault analysis
Supports remote and online diagnostics
Provides simultaneous drive to local and remote
diagnostic terminals
Provides special functions to CPU
Power fail/auto restart
Time of day clock
Process time slice interrupt
Interval timer
Z80 microprocessor based

Power Supply

115 Ampere +5 volt capability
Offline switching technology
60 to 70 percent efficiency
Easy maintenance

Slide mounted drawer
Field replaceable modules
Latched fault indicators




Functional Description

The microprocessor-based CPU is addressed to programmers and
analysts responsible for coding the macro-instructions and routines
(firmware) that will simulate the assembler language operating
system. The firmware is coded in a special purpose, proprietary

- language, and is embodied in hardware PROMS in the system.

The role of the firmware is to interpret assembler language
operating system instructions. Based on these interpretrations,
the firmware will invoke the microcode (machine language) macro-
routines that will effect the assembler language instructions
(see Figure 1-3). The PROM-resident microcode consists of 64-bit
instructions that are loaded into the instruction register
for execution (refer to Figure 1-4),.

The instruction register contains the firmware word that
controls system activity for one instruction cycle. The instruc-
tion register output, 64 lines, is connected to the circuit
elements whose functions are the "decoding" of the bit patterns
to activate the desired operations. For each type of operation,
the 64-bit instruction is organized into fields. Each field is
transmitted to the appropriate decoder.

OPERATING SYSTEM
OBJECT CODE
(ASSEMBLER)

INSTRUCTION
REGISTER

63]

62|
161

60
FIRMWARE

READ NEXT g S— CONTROL
INSTRUCTION v CODE

HARDWARE

FIRMWARE :>

MACROS & ROUTINES

(MICROCODE)

BENNINEBEEEEIM

Figure 1-3. Microcode Routines for Assembler Language Instructions
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Figure 1-4. 64-Bit Instructions for Instruction Register

General Instructions Format

Each firmware instruction is organized into three basic fields:
"A" field, "B" field, and microsequencer field. The "A" field
(bits 64-33) consists of 31 bits that are used to implement one
of three "A" type instruction. The "B" field (bits 32-22) con-
sists of 11 bits that are used to implement one of seven "B" type
instructions.

The microsequencer field (bits 21-0) consists of 22 bits that
are used to implement the ordering of the sequence of firmware
instructions execution, i.e., program control. This field will
be the various branching commands (unconditional, conditional,
etc.) that determine the next firmware instruction that will be
executed. A summary of each instruction in the three fields is
provided in Table 1-3.



TABLE 1-3

BASIC FIRMWARE INSTRUCTION FIELDS

"A" Field
(Bits 64-33)

"B" Field
(Bits 32-22)

Microsequencer
Field (Bits 21-0)

Function

ALU

Rotate

Addr. Comp

Shift

Memory read/
write

Multiply

Divide

Character test

Flags controls

CPU control

(Bits 21-0)

Instructions direct the arithmetic/
logical operations performed by the
ALU on selectable external (to the
microprocessor) and/or internal 32-
bit words.

Instructions direct the rotate
operations performed by the rotate
circuits on 32-bit words from memory
or from the microprocessor.

7 instructiohé direct the address

computations operations performed

by the address computation circuits

on address data from the microprocessor
and RNI instruction registers.

Instructions support an A-type
operation calling for the shifting
one bit right or one bit left of a

. 32-bit value being loaded into the

register file or G register. The B-
type shift instruction controls the
input-disposition of the bits that
are shifted into the word when the
A-commanded shift is executed.

Instructions cause 4 bytes to be
received (read) or sent to (write)
main memory or a peripheral device.

Instruction provides a multiplication
"utility." It is used in conjunction
with A-type ALU operations.

Instruction provides a division
"utility" in a similar manner to
the multiply described just previously.

Instruction is used in conjunction
with A-type ALU operations (logical)
for a process that results in a
yes/no determination of a "match
between a predetermined character(s)
and a character string being tested.

Instructions deal with the setting,
resetting, and/or testing of various
system flags.

Instructions provide the facility
for CPU-RNI communication.

These 22 bits are used to implement
the ordering of the sequence of
firmware instructions execution,

i.e., program control. This field
will be the various branching commands
(unconditional, conditional, etc.,)
that determine the next firmware
instruction that will be executed.




NAMEPLATE IDENTIFICATION

Figure 1-5 shows the nameplate which is affixed to the back
of the left rear of the unit. The information provided includes
the model name, top assembly part number, model ID, serial number,
and power requirements as to VAC, amperes, and Hz. A listing of
the top assembly part numbers is provided in the Appendix.

Figure 1-5. SEQUEL Nameplate



SECTION 2

PHYSICAL PLANNING AND INTERFACE REQUIREMENTS

INTRODUCTION

The Microdata SEQUEL Computer System is designed for ease
and slmp11c1ty of installation. It requires a minimum of space
and servicing. All elements of the central system are inter-

connected by a few easily handled cables. A single power
outlet is required for each cabinet.

Installation planning is extremely important. It is not a
complex engineering task nor is it a cursory procedure to be
treated lightly. Most installations will only require common
sense attention to the requirements of the system as a whole, and
the relationship of the system to a particular facility and
operation.

Proper planning and site preparation before equipment arrives
will ensure the speediest installation. A well-planned, prepared
installation site will circumvent costly post-delivery system
modifications or facility changes, and will avoid extended periods
of system inoperation.

SITE PREPARATION

A site layout grid is provided in the appendix to help deter-
mine the suitability of a floor plan and to position the SEQUEL
system for the most efficient operation and servicing. Table 2-1
is a preinstallation checklist to make certain adequate preparations
have been completed. Microdata will assist customers during
actual equipment installation and will also provide assistance
during installation planning.

Site Selection

Installation sites for SEQUEL systems may vary from compact
rooms or corners of other work areas to spacious, air-conditioned
computer centers. Sites may be open and readily accessible, or
have restricted access for security reasons. The complete system
may be centralized in a single room, or data terminals may reach
out to extend the system throughout the building, across town or
across the country.

Whatever the scope of the system, the major area of concern
during the site planning stage is the central computer site.
This must house the SEQUEL computer, tape storage units, data
printer and one or more data terminals.



TABLE 2-1

SEQUEL PREINSTALLATION CHECKLIST

ENVIRONMENTAL CONTROL

Heating system installed
Air filters installed

Air conditioning system installed
Air filters installed

Humidifier/dehumidifier installed

-Carpeting/furniture treated for static
electricity

Posted NO SMOKING in vicinity of
computer

ELECTRICAL POWER

Equipment power lines/receptacles installed
(separate from all other lines)

Auxiliary power lines/receptacles installed
for air conditioner, humidifier, etc.

Lighting fixtures, switches, and controls
installed :

Equipment power lines free of noise
SITE LAYOUT
Space allocated for
SEQUEL system equipment
Furniture

Storage

Equipment, furniture, and storage cables
defined

Cable troughs acquired
Routing for data terminal cables defined
Data terminal interface cables routed

FIRE PREVENTION

Sprinkler system installed
Fire extinguishers:
Acquired
Positioned/installed
Fire resistant storage cabinet/files acquired
MISCELLANEOUS
Window drapes/shades installed
Glass tinting completed

Telephone services (Modems)

Scheduled
Installed

Yes
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The size of the central computer site depends on four primary
criteria:

System size: The room or area must be large enough to
accommodate the SEQUEL equipment with certain minimum
clearances for operation and maintenance.

Personnel: Additional floor space may be required for
personnel activities in the immediate area. For example,
operators, programmers or clerks may require desks,
tables, or filing cabinets adjacent to the computer
system.

Storage: Shelves, filing cabinets, or closets should
be provided for auxiliary storage (i.e., operation and
technical manuals, printer paper, magnetic tapes, forms,
etc.).

Expansion: To protect the long-range economy of a
system, provisions should be made to accommodate fore-
seeable future expansion at the central computer site.
Additional electrical power and floor space may be
required for equipment added or upgraded at a later
time. Providing for future expansion during initial
system installation can help avoid costly modifications
and disruption of operations later.

Location

The physical location of the central SEQUEL computer site
will most likely be determined by two main factors; proximity of
the site to the using departments, and availability of suitable
space at the facility. The first of these factors often is of
secondary importance since the SEQUEL data terminals can be con-
veniently and economically located just about anywhere they are
needed. Generally, it is advisable to locate the offices of
programmers, operators, and other personnel who require direct
physical access to the central system close to the central site.
It is also desirable to locate the central site where all of the
peripheral data terminals can be connected directly to the com-
puter without using telephone lines or modems.

Normally, it is possible to select the central computer site
from presently available space with a minimum of required facility
modifications. Certain costs should be expected for preparing
the site for installation of the SEQUEL system. For example,
electric wiring modifications may be necessary, an air conditioner
may be needed, or room partitions to separate the computer from
adjacent work areas may be required. The nature and extent of
these preparations will depend on the present conditions of the
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site, the specific SEQUEL system configuration, and the require-
ments for decoration, security, etc.

ENVIRONMENT CONTROLS

All equipment in the SEQUEL system is designed to operate in
a controlled atmosphere. Proper evaluation of the site can help
avoid additional costs for upgrading environmental deficiencies
that may exist in some localized area of a facility.

Environment factors of temperature, humidity and airborne
dust in prospective installation sites should be evaluated during
the planning stages before the SEQUEL system arrives. If necessary,
temperature variations, humidity and airborne dust should be
controlled before installation of the SEQUEL system.

Temperature Control

Temperature control is probably the most important environ-
mental factor because the SEQUEL equipment is cooled by surrounding
room air. The temperature in office buildings and most other
likely installation sites is nearly always controlled to within
allowable limits for the SEQUEL equipment. Nevertheless, a number
of factors should be considered to determine the adequacy of
existing temperature controls.

All electric equipment generates heat. 1In the SEQUEL system,
this heat is discharged into the room and will tend to raise the
ambient temperature unless the air conditioning system can handle
it. BTU ratings for all SEQUEL equipment are provided on spec1~
fication sheets in Table 2-2.

TABLE 2-2

SEQUEL EQUIPMENT BTU RATINGS

Single-Bay System 6,000 BTU/Hr
Two-Bay System (Min) 10,639 BTU/Hr
Four-Bay System (Max) 21,278 BTU/Hr
REFLEX II 1,800 BTU/Hr
Printer 300, 600 LPM 1,706 BTU/Hr
MATRIX Printer 1,200 BTU/Hr
PRISM II 365 BTU/Hr
PRISM IV 510 BTU/Hr
5750 Comm. Terminal 550 BTU/Hr
Body Heat Per Person 400 BTU/Hr
Additional Equipment Calculate 3.41 BTUs per Watt
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. Heat will also be contributed by other equipment in the room
(i.e., electric typewriters, lights, and auxiliary data processing
equipment). For every watt of electrical power consumed by the
equipment, approximately 3.4 BTUs of heat will be generated.

Individuals occupying the room will contribute approximately
400 BTUs per person. This can be an important consideration if
substantially more people will occupy the area after the computer
is installed than occupied it before installation.

A window or glass wall area provides virtually no insulation
against energy from direct sunlight. Drapes or shades should be
used to protect the SEQUEL equipment from direct sunlight, since
this can raise the room temperature excessively without necessarily
exceeding the allowable ambient air temperature. If a large
glass area cannot be shaded, one of the commercially available
glass tinting films that block heat producing infrared rays is
recommended.

If there is a question concerning the adequacy of your present
temperature control system, a reputable air conditioning specialist
should be consulted. The above information may be used to determine
the suitability of your present system. Recommended temperature
range for the SEQUEL environment is 65°F to 75°F (18°C to 24°C)

NOTE: Air conditioners generate a large amount of
electrical interference on the AC power line of the SEQUEL
system unless proper steps are taken to isolate the power
disturbances from the power lines serving the computer
equipment. If an air conditioning unit is added, advise the
air conditioning specialist of the unacceptability of line
disturbances.

Humidity Control

High and low extremes of humidity can make paper documents
and printer output paper difficult to handle. It can also impair
proper operation of SEQUEL equipment, particularly the disc and
tape storage units. Low humidity levels can have the most serious
effect on system operation and are more frequently encountered
than excessively high humidity. Low humidity promotes static
electricity buildup in the electronic equipment. Proper equipment
grounding minimizes this effect, but will not eliminate it completely.

The rapidly rotating magnetic disc and moving magnetic tape
are particularly susceptible to static buildup which can destroy
stored data. Static charges are further increased if the system
is installed in a carpeted area. Carpeting and equipment ground
is covered in the carpeting segment of this section.

High humidity extremes tend to prevent proper flight of the
disc magnetic heads and smooth travel of the magnetic tape. Most



heating and air conditioning systems have a drying effect. Most
air conditioners are rated for their ability to remove moisture
as well as they ability to cool. In extremely humid environments
with inadequate humidity controls it may be desirable to install
a dehumidifying unit in the computer room. In very dry environ-
ments (such as desert areas) a humidifier may be necessary to add
moisture to the air. Once again, the effectiveness of the humidit
controls can be best evaluated by a qualified air conditioning
specialist. The recommended relative humidity range is 40 percent
to 60 percent (non condensing).

Dust Control

Airborne dust or dirt particles can cause equipment operatior
or maintenance problems. If a film of dust or dirt accumulates
on internal surfaces, excessive wear of mechanical parts may
occur and electronic components may become shorted (particularly
with high humidity). Disc and tape storage units are especially
vulnerable to damage from excessive dust.

The disc heads ride on an air bearing that holds the heads
about 100 microinches from the disc surface. Practically all
dust particles exceed 100 microinches in size. Therefore, every
possible effort must be made to maintain a dust-free environment.
Heating, air conditioning and ventilating systems should be equipg
with adequate air filters, and these filters should be cleaned or
replaced at regular intervals to ensure proper temperature control
as well as dust filtering.

Static Electricity

Static electricity is not only an annoyance to personnel,
but can also cause equipment malfunction. It is important to
minimize or eliminate the sources of static generating equipment.

Chairs, seats, or couches with plastic upholstery and rubber
wheels should be prohibited in the computer system area. Furnitu:
of this type builds up and stores a static charge created by the
friction of clothing moving around over the plastic. The rubber
wheels prevent bleedoff through the floor covering. The discharge
of this buildup can cause system malfunction when personnel or
the furniture contact the system's framework.

Static problems can be minimized by:

Selecting chairs with antistatic upholstery and metal wheels
to avoid static buildup.

Maintaining room above 40 percent relative humidity.

Using carpeting of a type designed to minimize static
electricity.
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Using chemical sprays to eliminate static on carpeting and
furniture.

Smoking Hazards

The smoking of cigarettes, cigars or pipes should be prohib-
ited within the vicinity of the central system. The discs and
magnetic tape transports are particularly susceptible to smoke
film buildup which can cause corruption of data and equipment
damage.

DATA TERMINAL LOCATIONS

The SEQUEL data terminals that provide the user's communi-
cation link with the computer system can be located just about
anywhere. The terminals are compact and may be mounted on a desk
or table top in about the same space as an electric typewriter.
Environmental requirements are the same as for other SEQUEL
equipment, making the terminals suitable for use in labs, manu-
facturing areas, etc.

The maximum cable length for direct connection is 52.5
meters (175 feet) using the RS232C interface at 9600 bauds.
Longer lengths may be possible with this interface but the
integrity of data cannot be guaranteed; therefore, longer lengths
are not recommended. The approved communication cable part numbers
are provided in Table 2-2.

TABLE 2-3

APPROVED COMMUNICATION CABLE PART NUMBERS

Microdata Cable Assemblies ‘Lengths

A20032102-001 25 ft.

A20032102-002 50 ft

A20032102-003 75 ft

A20032102-004 100 ft (Kit, connectors not attached)
A20032102-005 200 ft (Kit, connectors not attached)
SECURITY

Internal design and programming of the SEQUEL system may
enhance security of data stored within the system. Although
SEQUEL data terminals may be located anywhere, accessible to all,
data is safeguarded by special user passwords required to obtain
information considered to be confidential.



Data access and/or alterations may be controlled through the
use of retrieval/update lockout security codes in the file man-
gement software. These codes may be applied to entire files or
to selected portions of the data records.

To protect confidential or sensitive information even further,
it may be desirable to restrict physical access to the central
system. (It is conceivable that an unauthorized person possessing
the knowledge to operate the CPU controls could obtain any infor-
mation in the system or tamper with the data files.) Maximum
security can be achieved by locating the central system behind
locked doors. Also, backup programs and data files should be
duplicated and stored in a separate location under lock and key.
The CPU panel operation can be inhibited by removing its key from
the front panel.

ELECTRICAL REQUIREMENTS

Microdata SEQUEL systems sold for use in the United States
operate from 208 VAC, 60 Hz single phase power. All elements of
the SEQUEL central system (CPU, disc/tape storage units) connect
together. SEQUEL data terminals and some peripheral equipment
have separate 3-wire power tables which need not be plugged into
the same power line as the central system. The central system
contains a 30 ampere 208 VAC twist-and-lock 3-prong plug (NEMA L6-
30P). This twist-and-lock plug will require installation of a

cqmpatible 30 ampere 208 VAC wall socket (NEMA L6-30R). Refer to
Figure 2-1,

The data terminal power cables contain a standard 3-prong
plug which is compatible with existing wall sockets; however,
each wall socket must be an isolated ground receptacle. A conduit
may not be used as a ground return.

e

Figure 2-1. Power Plug and Receptacle




AC power at the outlet must be capable of supplying 30 amperes
between 187 and 229 VAC, 59.5 and 60.5 Hz. Further, it must not
fluctuate more than two percent from no-load to full load condi-
tions and it must be free from line disturbances.

Electrical specifications for the SEQUEL system are shown in
Table 2-4. A separate branch circuit for the SEQUEL CPU should

be installed using one of the following methods:

(a) Metal-clad cable (bx), type AC article 334.
(b) Rigid metal conduit article 346.

(c) EMT thin-wall conduit article 348, or

(d) Flexible metal conduit, article 350.

NOTE: The circuit for this equipment must not be run
through a conduit with other electrical circuits. It must
be a separate and isolated conduit run which passes from the

AC receptacles(s) to the circuit breaker.

Power supplied from any U.S. utility company should meet the
foregoing requirements. If power at the outlet is deficient, it
is likely that the wiring between the outlet and the power lines
is inadequate. The problem may be an old or faulty circuit breaker
causing an excessive voltage drop. In any case, the power company
or a qualified electrician should be consulted to examine the
wiring and recommend corrective measures.

TABLE 2-4

SEQUEL SYSTEM ELECTRICAL SPECIFICATIONS

Two-Bay System (Minimum) 208 VAC. Single-phase 60 Hz.
Dedicated power line with a 30

ampere breaker required for each
bay.

Main CPU Power Receptacle NEMA L6-30R, Hubbell 2620 or
equivalent.

NOTE: ONE RECEPTACLE IS REQUIRED FOR EACH BAY

Printer, 300 LPM NEMA 5-15R, Hubbell 5252 or
equivalent, dedicated.

Printer, 600 LPM NEMA 5-20R, Hubbell 5352 or
equivalent, dedicated.

PRISM 4 Terminals NEMA 5-15R, Hubbell 1G-5262 or
equivalent (orange).

Power Consumption Two-Bay (minimum) 3.12 KvA
Four-Bay (maximum) 6.24 KVA
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Power Failure

In case of power failure, the system will shut down auto-
matically with no damage to system hardware. When power is re-
stored, the system will automatically restart and resume operation.
The disc units may require up to three minutes delay after power
restoration before they are operational. The printer and magnetic
tape units may require manual attention to reload the tape or
reposition the paper.

Electrical Noise

Another factor that may require the attention of an electri-
cian is electrical noise and impulses on the AC power lines.
Electrical equipment such as air conditioners, copy machines, and
typewriters can generate noise transients that may be fed back on
the AC power lines. For this reason it is recommended that a
separate power line be used for the SEQUEL central power system.

Electrical noise can sometimes be eliminated by repair,
replacement, relocation or electrical filtering of the originating
device. If the electrical noise is not eliminated as suggested,

a suitable power line conditioner may have to be installed in the
AC line to the SEQUEL system by a qualified electrician. Microdata
can assist in the selection of the line conditioner.

Circuit Breakers

The central system equipment should be on a separate line,
protected by a circuit breaker rated at 30 amperes. This breaker
will tolerate the short-time startup current surges without tripping.

Power Cable

The SEQUEL equipment should be situated close enough to the
power outlet so that the 4.5 meter (15 feet) power cable supplied
with the system will suffice. Extension cords are not allowed by
the National Electrical Code (NEC). The NEC also forbids flexible
cords longer than 4.5 meters on equipment.

Grounding

A good electrical ground is extremely important for reliable
equipment operation. Some installations may require direct con-
nection to a grounding stake or other high quality earth ground.

PREPARATION AND SITE LAYOUT

Layout of the SEQUEL system site demands careful planning of
the equipment and furniture that are to be moved into place and
connected for operation. Once the computer equipment is installed



and interconnected, repositioning is likely to be more involved
than simply moving a desk or typewriter.

Locations of equipment and furniture should be based on the
operational requirements of the SEQUEL system and the efficiency
comfort, and convenience of personnel using the room. Individual
pieces of equipment are interconnected by cables of limited length,
and it is necessary to maintain certain clearances for access,
servicing, and work space. Therefore, you may wish to consider
several tentative layouts before selecting the one best suited to
your needs.

A site layout worksheet and a page of line drawings represent-
ing the individual SEQUEL system elements is Appendix X. Each
element is complete with minimum clearances and work space require-
ments. A scale of 1/4th inch = 1 foot is used for both the work-
sheet and equipment drawings.

To plan the layout, photocopy both the worksheet and the
page of equipment drawings. Measure the computer site and draw
it to scale on the worksheet. Cut out the photocopied equipment
drawings and position them on the worksheet, pasting them in
place when a desired layout is found. Desks, filing cabinets and
other furniture can be drawn on the worksheet using the 1/4th
inch = 1 foot scale. Repeat the procedure for layout variations
and alternate installation sites.

Separate cutout drawings are provided for the SEQUEL data
terminals and peripheral equipment. Work areas and cabling/air-
flow/maintenance clearances (as applicable) are identified on the
equipment drawings. Work areas shown are considered to be the
minimum required for comfortable, efficient operation of the
system. Space permitting, these work areas may be larger than
indicated, but under no circumstances should they be smaller or
overlap one another.

The CPU cabinet is mounted on rollers and can easily be
moved to permit access for maintenance. CPU cabinet access
is via the front panel doors, both side doors, and the rear
door. At least 24 inches is required behind the CPU cabinet
for access and removal of circuit boards, proper air flow
and communication cable exits.

Lighting Requirements

Another important consideration during site layout is the
location and angular position of the SEQUEL data terminals with
respect to light sources. Office desks and all other SEQUEL
equipment should receive sufficiently high light levels to permit
reading, writing, and operation and servicing of the system.
Optimum use of the data terminals may require a somewhat lower
. light level for easy reading of the CRT display. If the CRT
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screen or the operator faces a high intensity light source or
unshaded window, the screen will be difficult to read. All terminals
should be positioned at right angles to windows and any major

light source. Ideally, the area should be somewhat darkened with
lighting controls that can be adjusted by the operator.

Cabling

All SEQUEL system elements are supplied with interface cables
which connect them to the CPU. The length of the interface cable
limits the distance between each piece of equipment and the CPU.
For purposes of site layout, standard and maximum cable lengths
for all SEQUEL peripheral equipment are summarized below:

Data Terminal: 25, 50, 100, 200
Printer: 20
Power Cable:v 8

Power cable for the printer must be a dedicated line of 120V
AC, 60 Hz standard ((NEMA 5-15R), 3-prong type.

Cables used in the SEQUEL system are small in size and few
in number. This eliminates the need for raised false floors
required in many systems. Plastic cable troughs are one way to
increase the safety and neatness of an installation. These cable
troughs may be purchased inexpensively from any electrical supply
store in 6-foot lengths that can be cut to size. Troughs are
also available in various widths and heights. An alternative
method is overhead cable routing, generally employed to eliminate
long cable trough runs when the computer is to be installed in
the center of a large floor area. Cables are suspended across or
above the ceiling, dropping down to the SEQUEL equipment.

Storage Requirements

Storage requirements vary depending on the SEQUEL system
configuration and the individual application. As a minimum,
storage space should be provided for the following items:

Printed paper forms (bulk)

Printed reports produced by the system
Sparé/off-life magnetic tape reels (if used)
Operator manual

Programmer manuals

Expendable items (printer ribbons, etc.)

Equipment cleaning supplies
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Operator and programmer manuals should be kept in a locked,
fire-resistant cabinet or container which is immediately available
to operation personnel and service technicians. Combustible
materials such as cleaning solvents should be stored in fire-
resistant containers in accordance with national fire protection
association standards. To minimize storage space requirements at
the SEQUEL site, bulk items may be stored in a remote location.
The environment of the remote area should be controlled within
reasonable limits (less than 150° F [68° C] and less than 90
percent relative humidity).

Telephone, Datalines and Modems

It is advisable to have all telephones and telephone data
lines installed prior to installation of the SEQUEL system. If a
system uses phone lines to transmit data to or from remote data
terminals, modems need to be installed. The telephone company
regulations require a direct access arrangement (DAA) to be in-
stalled by the phone company on each telephone line that connects
to a modem. Microdata's representative should be consulted re-
garding type and speed of modems for SEQUEL.

Carpeting

If your computer site is to be carpeted, it is advisable to
select a carpet with antistatic characteristics woven into it.
Static charge buildup on nylon carpeting can produce noise transients
in the system interface lines which may cause the system to degrade
in performance. Wool and nylon carpeting have the worst static
characteristics of all types, and should be avoided under all
circumstances.

Environmental Control Equipment

Ideally, air conditioning and other environmental control
equipment should be located outside the computer site to minimize
the acoustical noise level and to reduce the possibility of
electrical interference. However, regardless of the physical
location of the equipment, it must not be connected to the power
lines serving the SEQUEL system. If this is abolutely unavoidable,
then proper line filtering measures must be taken. If an air
conditioner, humidifier, or dehumidifier are to be installed in
the computer site, be certain to allow adequate space for proper
oper?tion and servicing of the unit (e.g., filter replacement,
etc.).

Fire Prevention

Fire prevention measures should be reviewed and implemented
before installation of the SEQUEL system to protect the capital
investment and the safety of the employees. Be certain to satisfy
the requirements of your insurance carrier and local fire department.
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Insurance or local regulations may require an overhead sprinkler
system in the SEQUEL site. If so, any costs involved should be
determined as early as possible and considered as a factor in
site selection. Whether or not a sprinkler system is installed,
most regulations require a number of portable CO, fire extinguishers
to be located in or adjacent to the computer sité&. Your local
fire department can advise you of the number and recommended type
of extinguishers required and the best locations for their placement.

Attention should also be given to protecting paper forms,
reports, and magnetic tapes from possible destruction in event of
fire. A fire resistant safe or file cabinet may be used for this
purpose. It is recommended that a duplicate backup copy of important
data and files always be kept in a separate, fire resistant facility.



SECTION 3

INSTALLATION AND OPERATION

INTRODUCTION

The purpose of this section is to aid Customer Service per-
sonnel during on-site installation of the Microdata SEQUEL System.
Before starting the installation make certain that all parts of
the system have arrived and that proper tools and diagnostic
tapes are available.

UNPACKING

Ensure that the system is near the final location before any
external packing material is removed. Check with the customer
for the final location. Be certain that the system is also
located near its power source. Figure 3-1 shows a typical SEQUEL
System in its protective shipment wrapping.

Figure 3-1. SEQUEL Cabinet in Protective Wrapping
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The order in which the system is unpacked is of no signifi-
cance and will vary with system configuration. It is a good idea
to begin unpacking with a printer or some other unit that has a
large crate. Once this item is unpacked, the crate can be used
as a container for the packing of the other units.

CAUTION:
Do not cut shipping cartons with a knife or any type of
sharp object while unpacking to avoid the possibility
of damaging the contents.

Visual Inspection

(a)

(b)

(c)

Examine the shipping crates and cartons for any apparent
damage. If damage is observed, note the nature of the
damage and follow local procedure for handling damaged
shipments. ‘

After unpacking, visually inspect the condition of the
system to determine if any damage occured while in
transit. Check for scratches or scrapes of painted
surfaces and dents in panels. Look for broken shipping
straps or damage to packing material.

Check the cabinet leveling legs. Make certain that
they are not bent. Remove all doors from the cabinets.

~ WARNING
The cabinet(s) may tip over if the power supply and
REFLEX disc drives and/or magnetic tape drives are
extended without fully utilizing the SEQUEL cabinet
stabilizers (see Figure 3-2).

()

(e)

(£)

(g)

Roll the first cabinet into its desired location.
Carefully peel the protective paper from the magnetic
tape unit (MTU) window.

Remove the hold down clamps (shipping brackets) on the
REFLEX II disc drive(s) located in the main cabinet.
Remove the shipping brackets from the disc drive (s) in
the expansion cabinet before rolling the second cabinet
into position. Save all hardware at the site.

The cosmetic panel should be removed from the front of
the cabinets. Remove and retain the screws holding the
radio frequency interference (RFI) screens in place and
remove the screens.

There are holdback screws that prevent movement of the
power supply. Remove and retain these screws and then
check the power supply drawer for free movement. Check



the disc drives to see that they also roll freely on
their designated tracks.

CAUTION

Carefully monitor the cables when a power supply,
disc drive, or magnetic tape unit is moved or
swung back into the cabinet.

(h)

Figure 3-2. SEQUEL Cabinets with Extended Stabilizers

Remove and retain the shipping bracket (bar) from the
MTU. Cut the plastic tie and remove it from the MTU
cables.

Remove the MTU door from the cabinet. (The MTU must
swing out fully to allow working space for bolting the
cabinets together.)

Check all PCBs to see that they are properly seated in
the backplane. Check the switches and seating of all
cables (cables on disc controller can go both ways).




(k) Remove the power supply cover and make a careful safety
conscious inspection. Refer to Figure 3-3. Check
cable plug seating, the wiring connections (including
+5 VDC cables. Make certain all capacitor screws are
tight. Look for loose nuts and screws and tighten them

accordingly.

CAUTION:

Do not short any capacitors under any circumstances
with any tools of any kind. Severe injury to personnel

could result.

Figure 3-3. Power Supply with Cover Removed

(1) Verify and install memory battery leads to batteries
for backup condition.

NOTE:
The bolts are in the separate box for the cables. The box
also contains the power cable, external battery cable (power
supply to AC distribution), printer cable, DMP to ACLC port
O cable and sys—-gen tape.




SEQUEL CONTROL PANEL

The SEQUEL control panel has a set of switches that are used
to select the operational mode of the DMP and the main CPU. This
control panel is shown in Figure 3-5. The functions of the switches
and the lights are described in the following paragraphs.

Switches

REMT This is a momentary switch that generates an interrupt
to the DMP, allowing the firmware alternately to select
the local or the remote terminal.

Figure 3-4 . SEQUEL Control Panel

Four—Position Rotary Switch

OFF All system power is off.

HOLD Power is applied to the memory only. Controller boards
can be swapped without destroying memory contents.

RUN Power is applied to the entire system.

TEST The DMP can respond to the CTRL-D for diagnostic mode
and to the CTRL-F for the firmware debugger.

Lights

PWR Power is available to the system.

RDY The hardware system is ready for operation.

BUSY The SEQUEL bus is not active.

ERR An error condition has been encountered or the DMP self-

test is running.
DIAGNOSTIC MAINTENANCE PROCESSOR

All SEQUEL Systems contain a DMP board. Through the DMP the
user can perform various diagnostic tasks, such as using the
firmware debugger and executing diagnostic programs. The DMP is
also used when booting the system, and for accessing the system
when the "normal" system software becomes inoperable. By using a
modem, the DMP provides a remote diagnostic capability, allowing
the analyst to solve system problems without being on site.
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Since the DMP is a new device, it is recommended that the
SEQUEL Programmer's Reference Manual be read for details on its
operation before the DMP is used.

The DMP can be used from either port O or the remote port.
If the remote port is to be used, the REMT button on the front
panel of the SEQUEL must be pressed. Whatever appears on the
terminal from the remote port will also appear on port O's
terminal and vice versa. This is handy when trying to show a
user what to do or when the user wishes to show the CE what has
been done.

NOTE:
The ability to see what is being done on port 0 (and vice
versa) is always enabled. Therefore, for security reasons
“you may wish to disconnect the remote port cable (or dis-
connect the modem) when it is not needed.

The DMP can be activated either by powering up the system,
or by switching the key switch to TEST, and typing CTRL-D on
either port O or the remote terminal. The DMP will first execute
several diagnostic programs. These will take time to execute.
In particular, the ACLC SELF TEST may take as long as two minutes
or more to run. When the tests are complete, the DMP will display
the SYSTEM CONTROL MENU.

If the system was powered down, either via the key
switch or because of a power failure, the system will do the
following; first, it will power up the CPU and begin running the
diagnostic tests. During the course of the tests it will acti-
vate the disc units. If the tests complete without an error
(remember that the ACLC test takes several minutes), and main
memory is still intact (battery backup can retain main memory for
at least 20 minutes, depending on the size of main memory and
condition of the batteries), and the key switch is in the RUN
position, the system will continue processing where it left off.
If main memory has been lost, or if the key switch was in the
TEST position, the system will display the message:

POWER FAIL, SYSTEM RESTART MAY BE REQUIRED
Pressing <cr> will cause the command menu to be displayed.

DMP Command Menu

The DMP command menu allows the performance of 10 functions:

Reset the system.

Bootload the system.

Enter the firmware debugger.
Stop the CPU.



Restart the CPU.

Toggle the local/remote terminal.

Change the baud rate for port O.

Execute the CPU firmware diagnostics.
Execute the DMP firmware diagnostics.
Display/alter the contents of main memory.

With the possible exception of option 2, these functions are
different from any functions on the REALITY system. It is necessary
that the SEQUEL Programmer's Reference Manual be read before
using any of these functions, since the consequences of each
function may cause the system to lose data. Below is a brief
summary of each option.

Option 1: Reset system. This option resets the central CPU
and all the controllers. This means that all
current I1/0 operations are destroyed, requiring
the performance of a coldstart.

NOTE:
This option is not comparable to an IRI sequence on a
REALITY System.

Option 2: Bootload. This option will cause the automatic
diagnostics to be executed, and will cause two
records to be read from the tape. The system will
then display the OPTIONS message, similar to that
displayed for REALITY Systems.

Option 3: Enter the firmware debugger. This option tells
the CPU to activate the firmware debugger. The
firmware debugger is used to debug the monitor,
and to debug the system debugger. It may also be
entered by typing a CTRL-F from port O's terminal
when the key switch is in the TEST position. To
leave the firmware debugger, type an "X" at the
debugger prompt.

Option 4: Stop the CPU. This option halts the CPU and
disables all interrupts except the DMP handshake
interrupt to the CPU.

Option 5: Resume CPU processing. This option tells the CPU
to continue processing. Any interrupt which would
have been executed prior to Option 4 will now be
allowed to take place.

Option 6: Switch control to local/remote terminal. This
option selects either the local or remote mode
(i.e., which terminal will control the DMP).




Option 7: Change baud rate. This option allows changes in
the baud rate for both the local (port 0) and
remote terminal.

NOTE:
After the baud rate change is executed, the characters on
the terminal will blocks and be garbled. Setting the
terminal itself to the correct baud rate will cause the
normal characters to be displayed.

Option 8: Run CPU firmware diagnostics. This option
executes a diagnostic program which has four
options. See the SEQUEL Programmer's Reference
Manual for details. After this option is used, a
warmstart will be required. In some cases a
coldstart may be required.

Option 9: Run DMP firmware diagnostics. This option allows
a variety of test programs to be executed. Refer
to the Sequel Programmer's Reference Manual for
details.

NOTE:
The resident memory test is a destructive test that will
require a coldstart when completed.

Option 10: Display/alter memory. This option allows you to
display the contents of main memory, and to alter
the contents, if desired. Three consecutive
<cr>'s will return to the main menu.

Options 1, 4 and 5 are not comparable to an interrupt,
reset, interrupt sequence on a REALITY System and should not
be used as such. In general, none of the options (with the
possible exception of Option 2) should be used without first
consulting a Microdata Software Support person.

CABLES

Because of the increased number of ports available on
the SEQUEL, a smaller plug and socket for the serial port
interface cables has been selected. This connector is a
nine-pin conector made of three components: the pin connector, a
cable clamp, and a retainer. Terminals ordered specifically for
the SEQUEL (part number 7-5420) will have the proper connectors
supplied. If a user wishes to utilize existing terminals, the
connector may be purchased from a wholesale distributor. The
following is a short (i.e., not inclusive) list of suppliers
along with the part numbers.



9-Pin Connector -~ Cable Clamp Retainer

Cannon DE9P Cannon DE110963-1 Cannon D20419
TRW Cinch DE9P AMP 207467-1 TRW Cinch D-20419
Souriau DE9P Souriau 8630-04

Positronics MDM2000

The Sequel requires four twisted pairs within the cable
(REALITY cables are 2-wire twisted pair). This means that a user
cannot simply utilize the terminal cables supplied with a REALITY
Series System on the SEQUEL System. The following cable lengths
may be ordered from Microdata:

Cable Assemblies Lengths

A20032102-001 ' 24 feet
A20032102-002 K 50 feet
A20032102-003 ‘ 75 feet
A20032102-004 - 100 feet (connectors not attached)
A20032102-005 200 feet (connectors not attached)

The standard part number for four twisted pair double
shielded cable is CS-20032098. 1In addition to Microdata, the
following vendors can supply such a cable in bulk length (this
list is not all inclusive) as specification UL2464.

C & M

Brand Rex

Storm B

Blake Wire & Cable

Maximum cable lengths for interfacing the terminal with the
SEQUEL Systems are as follows:

Baud Rate - -Length
1200 1392 ft
2400 636 ft
4800 348 ft
9600 175 ft

19200 g 87 ft

Data reliability is not quaranteed if longer cables are
used. Any such longer cables will at the user's discretion.
Line amplifiers (short haul modems) are recommended if greater
distances are required.
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The terminal interface cable should be wired as follows:

25-Pin Connector 9-Pin Connector
Pin 1 Pin 1
Pin 3 Pin 2
Pin 7 Pin 7
Pin 2 Pin 3
Pin 20 Pin 6

In addition, pins 5, 8, and 9 in the 25-pin connector must

be strapped. Pins 5, 8, and 9 in the 9-pin connector are also
strapped.

BACKPLANE ZONING AND SLOT ASSIGNMENTS

The backplane has 21 slots and 3 zones where the boards
are located. See Figure 3-6. Slot numbers should be counted
from left to right as viewed from the back. The zones and
slots are as follows:

I/0 Zone. (Slots 1 through 8) This area will
accept all controllers and the I/O
processor.

CPU Zone. (Slots 9 through 12) This area is marked

with red plastic rails. The DMP, ALU, RNI
and special function boards will be accepted
here.

Figure 3-5. SEQUEL Backplane
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Memory Zone. (Slots 13 through 21) This zone will accept
memory control and memory array boards.
Slots 13 and 14 are for the MCB board. Slots

14 through 21 are for the memory array boards.

NOTE:
Slot 14 may be used as an alternate slot for the memory
control board. Slot 13 may also be used as an alternate
slot for the CPU boards, in which case MCB moves to
slot 14. This feature may be helpful while troubleshooting
a backplane when it is suspected that the connector on
the backplane in the CPU zone or MCB slot is defective.

A typical minimum configuration system may be like the
following:

Slot Number Description Assembly No.
1 MTU/PRTR CTRLR A20032012
2 ACLC A20032014
3 ACLC A20032014
4 ACLC A20032014
5 ACLC A20032014
6 I0P A20032013
7 DISC CTRLR A20032011
8 (Open slot)

9 DMP A20032015
10 ALU A20032007
11 SPEC. FUNCT. A20021009
12 RNI A20032008
13 MEM CTRL BOARD A20032001
14 MEMORY ARRAY A20032064
15 MEMORY ARRAY A20032064
1 6 n " "

17 " " "
18 " " "
l 9 1] (1} 11
20 " " L1}
21 1] " [1]

NOTE:

If an expansion chassis is used, slot 1 must be reserved
for IOP board so that signals from it can be transferred
via cable to the expansion backplane.
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Installation and Checkout

(a)

(b)

(c)

(d)

Install the external battery cable and the DMP-
ACLC cable (see Figure 3-6).

Replace all the doors on the cabinets with the RFI
screens in front.

Allow sufficient clearance to any wall so that the
back door of the cabinet may swing open without
touching the wall. Screw down the jacks so that
the cabinets will not roll. Make certain that the
tops of the cabinets are the same height.

Connect all cables as shown in the reference

drawings.
CD20032100 System Cable Drawing Single Disc Cabinet
CD20032185 .. .Expansion " " "
CD20032220 System Cable Drawing Dual Disc Cabinet
CD20032222 .. Expansion " " "

(e)

Verify that each wall socket is a NEMA-L6-30R and
that there is one for each cabinet. Check for
proper AC voltage as shown below:

L6-30P

X - G =120 VAC

Y - G =120 VAC

X - Y = 208 VAC
NOTE:

The blower assembly has a microswitch that senses
proper air flow into the system. In case of restricted
air flow or blower fan malfunction, the power supply
will not turn on. Care must be taken not to swing the
rear doors in or out with a rapid motion since this
action may cause the microswitch to malfunction.
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Figure 3-6. SEQUEL I/0 Panel

(£) If the user has a modem on the SEQUEL System, the
parity, baud rate and PCI setting of the local
port 0 must be modified by hardware switches on
the DMP board. These settings must match the
remote port 1 baud rate.

In most cases the asynchronous modems are operating
at 1200 baud. Table 3-1, DMP Baud Rate Select,
should be consulted for the proper switch settings.
Remove and readjust the DMP board accordingly.

(g) Connect the terminal cable from DMP port O to the
local PRISM 4. Adjust the local terminal so that
it has the same characteristics of parity, 1200
baud, enable parity, odd parity, 7-bit character
length, and full duplex mode communication. Figures
3-21, 3-22, and 3-23, PRISM 4 interim communications
switch settings, should be consulted.

Whenever the system is powered ON, the local port
0 will default to the 1200 baud rate and be compat-
ible with the remote port for diagnostic purposes.

w
I
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Powering System

(a) Connect the power supply cord from the wall socket
to the AC module.

(b) Set the margin switches on CPU power supply supply
and memory power supply to the nomimal (center)
position. Refer to Figure 3-8.

(c) Turn the power supply and the AC power supply
circuit breakers on.

(d) Turn key switch from OFF to TEST mode, allowing
all voltages to the SEQUEL System to sequence up.

(e) Measure the DC power supply voltages on the
backplane by following Figure 3-20, SEQUEL
Backplane Voltages and Test Points. Make whatever
adjustments that are necessary. Repeat this
adjustment procedure if there is more than one
power supply cabinet. The +5DC supply and the +5V
memory DC supply have adjustments.

Figure 3-7. SEQUEL Power Supply, Rear View
BOOTLOADING

Bootloading is the procedure for loading all or part of the
software to bring the system to a runable state. The bootload
procedure loads the software from magnetic tape so a file-save
tape should be mounted on tape unit zero before the bootload
option is selected. When the bootload option is selected, the
DMP runs the self-tests and sends a signal to the CPU that boot-
load has been requested.

The CPU rewinds the tape and loads the first two records
into memory locations O-X'FF' and X'600-X'7FF'. If the tape is
not ready, the CPU waits for the tape to come ready. If either
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record is in error, the CPU displays the message
TAPE ERROR, RECORD n

where n is 1 or 2. Main memory program execution is forced to
begin at location X'20' in the MPCB, which transfers to the MBOOT
program, which displays the options message:

OPTIONS (W, X, A, F, AF, B, D) =

The operator must reply with one of the options presented in
the parentheses. The 'D' option is used by customer engineers to
format disc platters and verify check-codes. Since it is not a
bootload procedure, this discussion does not apply to it.

'W' is the warmstart option, which loads the configurator
and parts of the monitor only. All the other options are considered
coldstart options.and are described in the SEQUEL reference manuals.
They reload some or all of the changeable parts of the system.
If erroneous input is entered, the message is repeated. If there
are any tape errors from this point on, the system displays the
message

TAPE ERROR

on the terminal and "hangs up," which means that the bootload
procedure must be started from the beginning.

If there have been no tape errors, the configurator modes
are loaded from tape. These modes configure the system by asking
the operator a series of questions.

The spooler is assigned to the first line beyond all existing
ACLCs, or line 127 if the system has the maximum number of terminals.
The system displays the message

n IS THE SPOOLER'S LINE

If something other than "N" or "Y" is typed, the message is repeated.

The system next determines how many lines can be used by the
terminal independent process handler (TIPH). The TIPH can have
terminal-independent processes for all lines numerically greater
than the spooler's up to 127. Hence, if the spooler's line is
127, there are no TIPH lines. If the spooler's line is not 127,
the system displays the message

ENTER NUMBER OF TIPH LINES



The maximum number of lines available for use as TIPH lines
is 127 minus the spooler's line number. If the number entered in
reply to the message is greater than the maximum available, the
number of TIPH lines is set to the maximum; otherwise, it is set
to the number typed in. A null response is treated as a zero,
but otherwise if the response is non-numeric, the message is
displayed again. '

The system senses how many K-byte memory increments are
present and prints the following message on the terminal:

nK OF MEMORY

If there are non-defective disc drives, the number of heads
on each usable drive and its device address are displayed in the
following message:

DRIVE Dx, or DRIVE Dx, REFLEX III

x is the device address and yy is the number of heads on that
disc. For each drive x that the DMP found defective, the system
prints

Dx DRIVE DEFECTIVE
The system then asks the question
CONFIGURATION CORRECT? (Y/N)

If "N" is entered, the options message is again displayed, and
the system must be reconfigured. If "Y" is typed, the system
calculates the addresses of its memory management tables and the
beginning FID of available disc space.

If the bootload is a coldstart, the memory management tables
are initialized and certain frames are loaded from tape. During
a warmstart these data are skipped.

The monitor is reloaded for both warmstart and coldstart.
For a warmstart the monitor's test interrupt routine is entered,
which has the effect of continuing all processes where they
halted. For a coldstart all terminals are set to LOGON.

POWER FAIL/POWER RESTART

When the power fails, the DMP sends a power fail signal to
the CPU, which goes into a loop waiting for a power restart.
When power is restored, the DMP runs the self-tests. If the
rotary switch is set to TEST at power restart, the DMP will
display the control menu after the self-tests. If the rotary
switch is set to RUN, the DMP's action will depend on whether the
memory's power also failed or not. If power to the memory also
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failed, the DMP commands the CPU to reset memory parity, and the
DMP displays the message:

POWER FAIL--COLD START REQUIRED

If the memory power did not fail, the DMP signals the CPU
that power has been restored and the CPU resumes processing from
where it left off.

TERMINAL ZERO

In diagnostic mode the DMP controls terminal zero directly,
not through the ACLC. The DMP continues to control the terminal
while the firmware debugger is running and also during the boot-
load procedure up until just before the options message is dis-
played. The options message and all subsequent terminal activity
during bootload are handled by the CPU through the ACLC.

If the ACLC was outputting to terminal zero when the DMP

takes control of the terminal, the ACLC continues "outputting"
even though the terminal is not connected.

SEQUEL SWITCH SETTINGS

NOTE:
Switch setting illustrations in the following pages are
drawn to represent the switch as it is viewed from the side
of the SEQUEL System, with the board installed.

TABLE 3-1

DMP BAUD RATE SELECT

Sl Baud
(4 321) Rate
0000 . . . .. - 50
Coo0O0 .. ... 75
0Co0O0 . . ... 110
cCcCoo0 .. ... 134.5
00CO .. ... 150
coco ... .. 300
0CCO .. ... 600
ccco .. ... 1200
000C .. ... 1800
CoO0C .. ... 2000
ococC. . ... 2400
ccocC. . ... 3600
oocCccCc .. ... 4800
cocc.....| 7200 NOTE:
O CCGC ¢ ¢ o o & 9600 C = Closed = ON = Logical 1
ccccC.. ... |19200 O = Open = OFF = Logical O
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TABLE 3-2
DMP PCI MODE SELECT

—~
Ul

NNONQNOO0OoO |4

~

NQOO0OO0ONNOO |on 1| 2

Binary Data Parity Total
) Number Bits Bit Bits
3
0 0 7 None 7
] 1 7 None 8 (8th bit = 1)
0 2 7 None 8 (8th bit = 0)
C 3 7 odd 8
0 4 7 Even 8
C 5 8 None 8
0 6 8 odda 9
C 7 8 Even 9

Note

Note

Note

Note

N

J

S1
8 Z 0 G 3
e | IR
ON = Closedr

PCI  BAUD
MODE  RATE

The TERM verb has been expanded to allow the user to
set the baud rate and PCI (programmed communications
~interface) setting for a given terminal. When the baud
rate and/or PCI setting is changed, the port number of
the affected terminal must be specified (you cannot set
the baud rate or PCI from the terminal being changed).
The other TERM parameters (same as REALITY) can only be
changed on the terminal being affected.

The above diagram of S1 depicts the baud rate set to
9600 and the PCI mode set to 7-bit, odd parity for a
total of 8 bits. The #8 throw is a "don't care"
position; however, for uniformity, leave it in the
"open" position. o

For the DMP board's Sl1l, Open = OEFF= logical 0 and
Closed = ON = logical 1.

The baud rate and PCI settings must correspond with the
mode of operation for the CRT terminal connected to the
DMP "Local/Remote" port.

Figure 3-8. DMP Switch Sétting
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Sl
(Location 4K)

o | ARRRARA)

(This switch is currently not in use)

Figure 3-9. ALU Switch Setting

When S1 is positioned to SB, the MCB is
enabled to detect and correct single-bit
errors that occur within a single byte of
memory data. When S1 is positioned to DB,
the MCB will detect double-bit errors.

SB

-l

S1

DB

Figure 3-10. MCB Switch Setting




v

OFF = Open

.

LSB
!

i

Used

ON = Closed

Note 1: S1 (1-3) is used to select the memory array board
number. Board numbers range from O through 7, and
they must be numbered in logical sequence with no
gaps within the range. It should be noted that
physical location of the individual MABs is not
essential for correct addressing. A typical

sequence might be as follows: 2,3,0,1,..."highest"”
MAB.
sl Binary
321
ccc 0 First Memory Array Address (256K)
cco 1 Second Memory Array Address
coc 2 Third Memory Array Address
coo 3 Fourth Memory Array Address
ocCcc 4 Fifth Memory Array Address
0OCO 5 Sixth Memory Array Address
0o0C 6 Seventh Memory Array Address
00O 7 Eighth Memory Array Address

Figure 3-11. MAB Switch Setting

IOP Switch Configuration Instructions

The IOP (input/output processor), also referred to as the
I/0 controller, is used to interface the disc controllers and the
ACLCs with the SEQUEL CPU and main memory. The first of the
following two paragraphs detail the method for selecting the
correct device address and mode of operation for the IOP. The
second paragraph is a brief discussion of how to select and
assign the appropriate bus access and interrupt priority based on
the SEQUEL system's priority level structure. For a more
thorough discussion on this topic, refer to the SEQUEL Interface
Specification (IS20032010) and the IOP Product Specification
(PS20032013) documents.

3-20



Device Addressing Mode Selection

The IOP may be configured in one of three modes as follows:

(a) As the processor which services the disc controller(s)
exclusively in the "DC ONLY" mode:;

(b) As the processor which services both disc controller(s)
and ACLCs in the "mixed" mode:

(c) Or, as the processor which services the ACLCs
exclusively in the "ACLC" mode.

In the first mode, switch S1 is placed in the "DC ONLY"
position as marked on the printed circuit board next to the
toggle switch. This enables the IOP's firmware to recognize "FC"
as the device address for that IOP. (Note: Do not confuse the
term "device address" with the term "controller address.")

In the second mode, switch S1 is positioned away from the
"DC ONLY" position, thus enabling the I0P's firmware to recognize
"FB" as its device address. In this mode the IOP recognizes
controller addresses 0, 1, 2, and 3 for the disc controllers, and
controller address 4 through 7 for the ACLCs. The range of
controller addresses that the IOP will recognize in this mode is
from 0 through 7, the maximum allowable range for a system
without an expansion chassis.

In the third mode of operation, switch Sl is positioned away
from the "DC ONLY" position, thus enabling the IOP's firmware to
recognize "FB" as its device address. Additionally, a flat
ribbon cable (A20032168-001) is connected between the IOP's J3
connector located on the IOP's foreplane, and connector J3 on ex-
pansion backplane. This connection selects the mode in which the
IOP will recognize the range of controller addresses from O through
F as belonging to the ACLCs residing in the expansion chassis. This
is the maximum available range of controller addresses for the ACLCs
in a system equipped with the optional expansion chassis.

Bus Access and Interrupt Priority Selection

Presently, the IOP may be assigned to either system priority
level, depending on which set of controllers it will be servicing.
The IOP that is designated for servicing the disc controller(s)
in the "DC ONLY" mode shall be assigned to system priority level
2. The IOP that is designated to service the ACLCs in the "ACLC"
or missed mode shall be assigned to system priority level 1.
These assignments are made on the basis of the controller's
memory access times and data transfer rates for each group of
controllers. (See Tables 3-4 through 3-8 at the back of this

section.) Bus access is controlled by the bus request (BSRQ) and
bus address (BSAD) switch settings in the dip switch, S3, located



at 16F on the IOP board. Interrupt priority is controlled by the
interrupt request (INRQ) and interrupt address (INAD) switch
settings in the dip switch, S2, located at 17F on the IOP board.
Refer to Table 3-3 for the proper switch settings.

TABLE 3-3

IOP CONFIGURATIONS

"DC ONLY" mode . . . . . . Refer to Figure 3-12,.
"Mixed" mode (DC + ACLC) . Refer to Figure 3-13.

"ACLC ONLY " mode . . . . . Refer tO Figure 3-14 .

Note: For the IOP's switches, closed = ON = Logical O,
and Open = OFF = Logical 1.

S3 (Location 16F)
Z 9 6 F3 '
OFF = Open
ON = Closed[ﬁﬂgﬁgﬁaﬁll
, NO

BUS BUS
ADDRESS PRIORITY
SELECT SELECT
(BSAD) (BSRQ)

sl

'DC ONLY

Fediahe

[\ 7 J

OFF = Open
ON = Closed

INTERRUPT INTERRUPT
ADDRESS PRIORITY
SELECT SELECT
(INAD) (INRQ)

Figure 3-12. IOP Switch Settings, DC ONLY Mode



OFF =
ON =
s1
DC ONLY
OFF =
ON =

Closed

Closed

S3 (Location 16F)

Open

[FFE

.

J \, )

BUS
ADDRESS
SELECT
(BSAD)

BUS
PRIORITY
SELECT
(BSRQ)

S2 (Location 17F)

Open

[

[

7\ J

INTERRUPT INTERRUPT
ADDRESS PRIORITY
SELECT SELECT
(INAD) (INRQ)

Figure 3-13.

I0OP Switch Settings,

OFF =
ON =
Sl
DC ONLY
OFF =
ON =

Closed

S3 (Location 16F)

Open

[

|

5

J

BUS BUS
ADDRESS PRIORITY
SELECT SELECT
(BSAD) (BSRQ)
S2 Location 17F
8 Z 9 G Z ]
Closed '
NO|
\ 4\ V)
INTERRUPT INTERRUPT
ADDRESS PRIORITY
SELECT(INAD) SELECT (INRQ)

Figure 3-14.

IOP Switch Settings,

3-23

"Mixed DC + ACLC"

"ACLC ONLY"



Note 1:

Note 2:

Note 3:

(Controller Address)

INRQ INAD BSRQ FSAD

1

32100123

-

‘i
. ﬁaaaamgg
|

=0 or 1

Logic
States

Number of

“[Indicates Bit Positions] Formatters
(0O = LSB and 3 = MSB

The switch settings shown in this figure are for
"first" MT/P board.

The controller address (CADD) is 0, selected by
S1l, throw #10 to ON.

sl, throw #9, selects the "number of formatters
used" option. Normally the F/F (formatter-to-
formatter) mode will be selected, indicating that
each MTU being serviced by this controller is
equipped with its own formatter board. When set
to the OFF position, the alternate D/D (drive-to-
drive) mode is selected, indicating that the two
MTUs share the same formatter board in a "daisy-
chained" manner.

Figure 3-15. MT/P Switch Settings
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CAl =0 1
INRQ  INAD BSRQ  BSAD l or
Closed F)W | 3] 0
- HANGAEN| - ‘BHHHHHH ol IS
States
Open 2 5 6 7 8 i 2 3 9 10 1
32100123 32100123
L J o _J
L ]> Number of
F
~Indicates Bit Positions ogzz;ters
(0O = LSB and 3 = MSB)
Note 1l: The switch settings shown in this figure are for the

"second" MT/P board.

Note 2: The controller address (CADD) is 1, selected by S1,
throw #10 to OFF.

Note 3: Sl, throw #9, selects the "number of formatters
used" option. Normally the F/F (formatter-to-
formatter) option will be selected, indicating
that each MTU being serviced by this controller is
equipped with its own formatter board. When set
to the OFF position, the alternate D/D (drive-to-
drive) option is selected, indicating that the two
MTUs share the same formatter board in a "Daisy-
chained" manner.

Figure 3-16. Second MT/P Board Switch Settings



Jumpered switch settings are shown in this figure for
the "first" and "second" MTU formatter boards. The
formatter board is part of the MTU assembly

o oo I S12L I oo I S12L
OoOo0oo 6 o
¥ 1 veaort

First MTU Formatter Second MTU Formatter**

*% This switch is used for systems that require one MTU
printer controller to operate two MTUs, each equipped
with a dedicated formatter. This switch setting is
used in conjunction with the D/D option. This option
is described briefly in Figure 3-12.

o o = Open = OFF

Closed = ON

1.

Figure 3-17. MTU Formatter Jumpered Switch Settings



DRIVE

S1 and S2 are used to disable disc
OFF s2 drives O and 1, respectively. When
operating with only one disc drive,
be certain to disable the other
channel to ensure proper reporting
of drive status to the system. S3
is used to select the controller
address. The SEQUEL System may
operate with either one, two, three,
or four disc controller boards.

DRIVE

OFF sl

NOT CONTROLLER
USED ADDRESS

The range of CADDs 8 L 9 & 2 1
is from O through 3. HH S3
v

NO| 0

Figure 3-18. Disc Controller Switch Settings



BAUD RATE

Closed = ON = Logical O

8 Z 90 G F )
Sl ol
! : i Open = OFF = Logical 1

NO

v

CH 7 CH 6

Shown here in S3 is the value

in both channels 4 and 5 to

9600 baud. Each channel may
operate at a different baud rate.

8 Z 0 G A '
s3 HHHHEEBE
— — N? Refer to Table 3-4 for alternate

~ ¥ values.

The binary count on all con-
troller address switches be-
— — gins with throw #1. The range
CH 3 CH, 2 of CADDs must not contain any
gaps in the logical sequence.
Refer back to notes on the IOP
for a brief explanation of the
CADD range for the ACLCs.

i

2 g

ARG

CH 1 CH O

CONT /ADDR
| IR
CIl |

Figure 3—19f ACLC Switch Settings



0O Foo (fooo
O 0000 0000
0000 0000
00 o
J27 J26 J25 J24
POWER CONNECTIONS
J22 J23 J26
* 1 + 5V CPU 1 GND 1 + 5V CPU
2 + 5V CPU 2 GND 2 GND
3 + 5V CPU 3 GND 3 + 12V CPU
4 + 5V CPU 4 GND J27
5 4+ 5V CPU 5 GND 3esi
6 + 5V CPU 6 GND 1 # 3V MEM
7 + 5V CPU 7 GND * CPU VOLTAGES
J24 J25 ** MEMORY VOLTAGES
* % 1 + 12V MEM 1 PFAT/
2 + 5V MEM 2 + 5V CPU SENSE TOLERANCES
* 3 + 12V CPU 3 PFIR/
4 + 12V MEM 4 PRDY VDC I (MAX) +/-
5 + 5V MEM 5 COMM SENSE +5.0V CPU 115A 3% 0.15Vv
6 + 12V CPU 6 Ccpss/ -5.0V CPU 5o 3% 0.15V
* % 7 - 5V MEM * 7 -5V CPU +12.0V CPU 5A 3% 0.36V
8 + 5V MEM 8 COMM SENSE -12.0V CPU 2A 3% 0.36V
9 + 12V CPU 9 MPSs/
* 10 - 12V CPU 10 -5V CPU +5.0V MEM 16A 3% 0.15Vv
11 + 5V MEM 11 RTEK/ +12.0V MEM 5A 3% 0.36V
12 - 12V CPU 12 MPFI/ -5.0V MEM 0.2A 5% 0.25V

Figure 3-20. SEQUEL Backplane Voltages and Test Points
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o REAR
FRONT "~ (CONNECTOR SIDE)
(KEYBOARD SIDE) o “AN

: |
-Not used, all switches
shall be set to the
"DOWN position

4 .
Baud rate switches,
See tabulation chart

|__Up: parity disabled
Down: Parity enabled

Up: Full duplex
Down: Half duplex

Up: Character length 8 bits
Down: Character length 7 bits

Up: Even Parity
Down: 0Odd parity

Up: Cursor to the left wraps around
Down: Cursor to the left does does not
wrap around

Up: Destructive back space
Down: Non-destructive back space
Up: Blinking "block" cursor
Down: Blinking "underline" cursor

Figure 3-21. PRISM 4A Switch Options



The terminal will be delivered with the following switch
settings:

SWITCH BANK 1 SWITCH BANK 2 SWITCH BANK 3
SWITCHES SWITCHES SWITCHES
1|2|3|4|s5|e|7]8 1|2|3|4|5]6]|7]|8 1|2|3|4|5]6]|7]8
p|p|p|D|D| , p|p|D|uUjU p|D D

The switch settings above establish the following

conditions:
° Blinking "block cursor
) Non-destructive back space
[ ) Cursor to the left wraps around

) 0dd parity

) Character length 8 bits
® Full duplex

) Pariﬁy disabled

® 9600 baud

Figure 3-22. PRISM 4 Switch Settings



SWITCH #

1 2 3 4 5 6 7 8
ODD |DOWN
PARITY -
EVEN | UP
WORD 7-BIT DOWN
LENGTH | g-BIT UP
' HALF DOWN
DUPLEX
FULL UP
PARITY | ENABLE DOWN
USAGE |INHIBIT UP
110 DOWN | DOWN | DOWN | DOWN
150 DOWN| UP | UP | uP
300 , DOWN | DOWN | DOWN | UP
600 UP |DOWN|DOWN| up
BAUD 1200 DOWN |DOWN | UP |DOWN
RATE
1800 DOWN| UP | upP |DOWN
2400 - |DOWN| UP |DOWN |DOWN
3600 UP | up | upP |pDOowN
4800 DOWN| UP |DOWN| uUP
9600 DOWN |DOWN| UP | up
19200 UP |pown| up | up

FRONT OF PRISM 4

REAR OF PRISM 4

| Figure 3-23. PRISM 4 Communication Switch Settings
with Baud Rate Options
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A A 42

- o RSy

NUMBER OF FIXED HEADS 90)
MODEL NUMBER (D)

MODEL NUMBER (D)

FIXED HEADS (NONE)

DRIVE ADDRESS (LSB)

DRIVE ADDRESS

DRIVE ADDRESS

DRIVE ADDRESS (MSB)

foen]  [mng

1.2 3 4
UNIT O UNIT 1

R T

PPttt A —secror count 128
SECTOR COUNT 64  *
SECTOR COUNT 32
SECTOR COUNT 1
SECTOR COUNT 8
SECTOR COUNT 4
2
1

SECTOR COUNT
SECTOR COUNT

= oo [

411111 t——~or useD

NOT USED

POWER SEQUENCE (REMOTE)
——————NOT USED

SECTOR COUNT 2048
SECTOR COUNT 1024
SECTOR COUNT 512 *
SECTOR COUNT 256

ON = CLOSED, JUMPERED, LOGICAL O
OFF = OPEN, NOT JUMPERED, LOGICAL 1
* SEQUEL IS FORMATTED FOR 593 SECTORS.

Figure 3-24. REFLEX II Logic Interface Board Switches



TABLE 3-4

ACLC BAUD RATE SELECT
1 S2 83 s4
8 7 6 5 Baud
4 3 2 1) Rate
C C C C v o o o o o o o o 50
C C C O ¢ ¢ o ¢« o o o o 75
C C 0 C v v ¢ o o o o o 110
C C 0 O ¢ ¢« ¢ ¢« o« o o o 134.5
C 0 C C v o ¢ o o o o o 150
C 0 C O ¢ ¢« ¢ o o o o o 300
C 0 0 C v v o ¢« o o o o 600
C 0 0 O ¢« ¢« « ¢« « « « « « 1200
0 C C C ¢« « « « « « « « « 1800
0 C C 0 . . ¢ ¢« « « « « o« 2000
0 C 0 C v « ¢« o « o « « o« 2400
0 C 0 0 . ¢ ¢ ¢« « ¢« « « « 3600
0 0 C C v « ¢« « « o« « « « 4800
0] 0 C 0 ¢« « ¢« « « « « « o« 17200
0 0 0 C e ¢« o o o o o o o« 9600
0 0 0 0 . « .« ¢« « « « « o« 19200
C = Closed = ON = Logical 1
= Open = OFF = Logical O
TABLE 3-5
BUS PRIORITY ASSIGNMENT
Level BUS BUS I/0 Device
REQUEST ADDRESS
Highest BSRQ3 0000 MT/P Addresses EO, El, E4, E5
BSRQ3 0001
BSRQ3 0010
BSRQ3 0011
BSRQ2 0100 IOP Address FC
BSRQ2 0101
BSRQ2 0110
BSRQ2 0111
BSRQ1 1000 IOP Address FB
BSRQ1 1001
BSRQ1 1010
BSRQ1 1011
BSRQO 1100 MT/P Addresses
BSRQO 1101
BSRQO 1110
Lowest BSRQO 1111 DMP (Hard wired)
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TABLE 3-6

INTERRUPT PRIORITY ASSIGNMENT

Level INT. INT I/0 Device
REQUEST ADDRESS
Highest INRQ3 0000 MT/P Addresses EO, E1, E4, E5
INRQ3 0001
INRQ3 0010
INRQ3 0011
INRQ2 0100 IOP Address FC
INRQ2 0101
INRQ2 0110
INRQ2 0111
INRQ1 1000 IOP Address FB
INRQ1 1001
INRQ1 1010
INRQ1 1011
INRQO 1100 MT/P Address E2, E3, E6, E7
INRQO 1101
INRQO 1110
Lowest INRQO 1111
TABLE 3-7

IOP SWITCH SETTINGS

BUS BUS INT. INT.

REQUEST ADDRESS | SWITCHES REQUEST ADDRESS SWITCHES
S3 (16F) s2 (17F)

87654321 87654321

BSRQ3 0000 CCcccccceo INRQ3 0000 CCCccccco
BSRQ3 0001 CCcocCcCco INRQ3 0001 Cccoccco
BSRQ3 0010 Ccocccco INRQ3 0010 CCcocccco
BSRQ3 0011 CCOOCCCO INRQ3 0011 CCoocCcCcCoO
BSRQ2 0100 coccceceoc INRQ2 0100 coccceceoc
BSRQ2 0101 cococcoc INRQ2 0101 cococcoc
BSRQ2 0110 coocccoc INRQ2 0110 coocccoc
BSRQ2 0111 coooccoc INRQ2 0111 coooccoc
BSRQ1 1000 occccocce INRQ1 1000 OoCccccocce
BSRQ1 1001 occococc INRQ1 1001 occococc
BSRQ1 1010 ococcocc INRQ1 1010 ococcocc
BSRQ1 1011 ocoococce INRQ1 1011 ocoococcC
BSRQO 1100 00CcocCcCC INRQO 1100 ooccoccce
BSRQO 1101 oocooccce INRQO 1101 oocooccce
BSRQO 1110 ooococcce INRQO 1110 ooococce
BSRQO 1111 oooooccc INRQO 1111 00ooo0o0CccC

Note: C = Close = ON = Zero
O = Open = OFF = One




TABLE 3-8

MT/P SWITCH SETTINGS

BUS BUS INT. INT.
REQUEST ADDRESS SWITCHES REQUEST ADDRESS SWITCHES
Sl S2
87654321 87654321
BSRQ3 0000 CCcCcccceceo INRQ3 0000 CCCCcCcCCo
BSRQ3 0001 CCcoccco INRQ3 0001 Ccccoccco
BSRQ3 0010 Cccoccceco INRQ3 0010 CCOCCCCO
BSRQ3 0011 Cccooccco INRQ3 0011 CCoocCcco
BSRQ2 0100 cocccceoc INRQ2 0100 coccceoc
BSRQ2 0101 cococcoc INRQ2 0101 CococcocC
BSRQ2 0110 coocccoc INRQ2 0110 COOCccocC
BSRQ2 0111 Ccoooccoc INRQ2 0111 coocccoc
BSRQ1 1000 OCcccocce INRQ1 1000 occcceocce
BSRQ1 1001 OCCOCOCC INRQ1 1001 OCCoOcCocCcC
BSRQ1 1010 ococcocce INRQ1 1010 Oococcocce
BSRQ1 1011 0OCOo0COoCC INRQ1 1011 0CooCcocCC
BSRQO 1100 O0CCOocCCC INRQO 1100 00occoccce
BSRQO 1101 00coo0ccce INRQO 1101 00COo0CCC
BSRQO 1110 000COCcCC INRQO 1110 000cocce
BSRQO 1111 00000CCC INRQO 1111 00o00cce
Note: C = Close = ON = Zero
= Open = OFF = One




SECTION 4

THEORY OF OPERATION

INTRODUCTION

The SEQUEL CPU is a microprogrammable processor designed to
execute the REALITY assembly language instruction set. The design
criteria for the computer called for a functional operation that
would be transparent to existing REALITY users. To achieve the
"through-put" and "bench-mark" requirements, the following enhance-
ment features have been incorporated in the hardware:

(a) Wider data paths

(b) High degree of parallelism

(c¢) Reduced memory accesses

(d) sSpecial functions

(e) Powerful architecture at four levels: Bus, CPU, ALU,
microsequencer

(f) Elimination of clock penalties of jumps and skips

The application of these features allows an ongoing
function in the foreground and preparation for the subsequent
command in the background to be performed. The "high degree of
parallel hardware" provides for the pipelining of instruction and
data-paths.

GENERAL CENTRAL PROCESSING UNIT CHARACTERISTICS

General CPU characteristics are listed below. These have
been implemented in order to significantly increase processing
speed while retaining operating flexibility down to the byte
level.

32 bit data path; CPU, I/O bus, memory
24 bit I/0 and memory address bus

600 nanosecond memory cycle time

150 nanosecond microprogram cycle time
1-4 byte memory accesses in one cycle
64 bit main firmware word size
Hardware rotation capability
Character test function

PN PN PN TN PN PN TN N
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CPU HARDWARE

The CPU is implemented on three printed circuit boards.
Refer to Figure 4-1, the SEQUEL CPU block diagram, for an overview
of the computer. The diagnostic maintenance processor (DMP) is
included in this drawing since many of the normal CPU functions
are done on the DMP board. These four printed circuit boards
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Figure 4-1. SEQUEL CPU Block Diagram

have a specific zone in the SEQUEL chassis. The four slots pro-
vided are board interchangeable except that the three CPU boards
must be in three successive positions to accommodate the foreplane
connections.

The ALU source and destination bus are unique to the CPU
hardware. The hardware is implemented in tri-state logic with
all control originating from the firmware word.

The 64 bit firmware word is located on the ALU board with
the output being latched into the command register. All CPU
functions begin with the start of the firmware data bits that
reference the time when the data is available from the command
register. All CPU firmware operations are completed within one
clock cycle. Refer to Figure 4-2 for the basic operational structure.

MAJOR FUNCTIONS OF THE THREE CPU BOARDS

The major functions of the three CPU boards are summarized
as follows:



Arithmetic Logic Unit Board

2901 ALU and carry look-ahead
Carry and shift input select
Condition code logic

Loop counter

Microsequencer

Firmware command register
Control clock logic

Read Next Instruction Board

Instruction fetch and parse picoprocessor
Program address register

Instruction registers

Mapping ROMS (for FW branching)

Address register files

Special Functions Board

Bus and memory control

Data address registers

Memory read/write data registers
"X" register

Rotate/character test
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Figure 4-2. CPU Basic Operational Structure




ARITHMETIC LOGIC UNIT BOARD

The nucleus of the CPU is the ALU board. This PCB contains
the 32 bit ALU implemented with 2901 bit slice microprocessors
and 2902 carry look-ahead chips. The ALU detailed flow diagram
is shown in Figure 4-3. Full capability of the 2901 is provided
by incorporating all of the 2901 control terms directly in the
main firmware word. Complete use of the input and output bus is
provided and supported by the firmware word. This allows the CPU
to do arithmetic and logical operations on registers external to
the 2901, through the 2901, in one firmware clock.

Incorporated with 2901 are shift input selection logic,
carry-in logic, condition code logic and multiply/divide logic.
The ALU board also has 16 flags that can be set and tested by the
firmware. These flags can assist in keeping track of status,
operation modes and other related functions.

There is also an eight bit loop counter that serves a dual
purpose. The counter can be set to values from 0-255, tested by
the firmware, and then be automatically incremented. This is
used to facilitate firmware loops with minimum updating required.
The second purpose of the loop counter is to provide firmware
with the capability of setting up a programmable direct branching
capability.

The other main function of the ALU board is the microsequencer.
The microsequencer determines which command is executed on each
clock by generating a 13 bit address word. This address selects
a 64 bit firmware word from the command ROM which is loaded into
the command register. The breakdown of the 64 bit firmware word
is covered in detail in Section 3.

READ NEXT INSTRUCTION BOARD
The RNI board has two major functions:

(a) Instruction fetching and decoding
(b) Data address computation

Instruction Fetching and Decoding

The RNI hardware fetches REALITY instructions and parses
them into the various elements used by the ALU/microsequencer.
The RNI block diagram is shown in Figure 4-3A. The RNI hardware
has its own picoprocessor. It operates somewhat independent of
the ALU/microsequencer.

The RNI hardware is started at a main memory location by
loading its program address register. It then fetches and parses
the first instruction, and puts the results into a holding regis-
ter called the second rank instruction register. The hardware
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then fetches the next instruction and starts parsing it while the
first one is being executed by the ALU microsequencer. The RNI
operation continues until it is full. It then waits until it
receives a next instruction command or until its program counter
is loaded with a new value.

RNI Address Cqmputation

Addresses for REALITY data are either defined in the REALITY
instruction, or are implied by the instruction. The address is
generated by combining an address from a file, a displacement,
and a constant. Special hardware is provided to perform an address
computation in one firmware word. The source of data, and the
address computation operation, are determined by the firmware
directly or by the register designation and word length specified
in the REALITY instruction. The result of the address computation
can be placed in one of two hardware address registers.

SPECIAL FUNCTIONS BOARD
The special functions board contains the following functions:
(a) Memory and bus control
(b) Memory data address registers
(c) "X" register
(d) Data rotate logic
(e) Character test logic

Memory and Bus Control

The memory and bus control generates all timing signals and
determines priorities for all memory activity. This includes
refresh, I/O0, RNI and CPU cycles. It also decodes the firmware
commands for CPU memory cycle requests.

Memory Registers

There are two 24 bit address registers, (HAR1l and HAR2).
Two are needed to support high speed dual operand and string move
operations. These registers are loaded from the the ALU or ADC
via the CPU destination bus.

There is a 32 bit memory read register that is loaded
from the I/0 and memory data bus during a CPU read cycle.
This register is an input to the CPU source bus. There is a
32 bit memory write register that is loaded via the CPU destina-
tion bus. This register is outputted to the I/0 and memory data
bus during a CPU write cycle.

"X" Register

The 32 bit "X" register is used as a working register for
ALU outputs, as a source and destination for rotate operations,
and as a shift register for multiply and divide operations.



Rotate Logic

Since data in memory is not necessarily aligned on double
word boundaries, data must be rotated after it is fetched. For
the same reasons, data must be rotated when it is written back
into memory. Special hardware is provided to rotate any multiple
of 8 bits on one firmware instruction.

The rotate hardware has as its input the CPU source bus, and
its output is the CPU destination bus. Because of this, any one
of the source registers can be rotated, and any destination regis-
ter can receive the result. The ones normally used for rotate
sources are the "X" register and read memory register. The number
of bytes of the rotation is determined by the firmware directly,
or by the memory address and word length. A sign or zero extend
function can also be performed by the rotate operation.

Character Test

When strings of data in memory are scanned or moved, the
data is tested for values called delimiters. There are four
fixed delimiter values and three programmable values. Up to
seven delimiters may be selected for a string operation. These
are specified in a mask byte, which is part of the REALITY string
instruction.

Special hardware is provided to simultaneously test four
characters for any combination of the seven delimiters during one
memory cycle time of 600 nanoseconds. The four fixed delimiters
are tested on one firmware clock directly from the CPU source
bus. The three variable delimiters are tested using the ALU, so
one firmware clock is required for each delimiter. The results
of the test are provided to the ALU/microsequencer as branch
conditions.

SEQUEL BYTE HANDLING CAPABILITY

REALITY instructions vary in length from 1-6 bytes, and data
lengths vary from 1-6 bytes. Strings can be any length. Data
and instructions also can start at any byte boundary. Because of
these features, the SEQUEL CPU is highly efficient at dealing
with bytes even though it is a full 32 bit machine. These features
are incorporated to minimize the housekeeping normally associated
with byte handling. Refer to Figure 4-4 for the detailed block

diagram of the basic hardware architecture. These features are
as follows:

(a) Memory interface

(b) Data position alignment

(c) 1Individual byte condition testing

d RNI and ADC byte handling capability
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Memory Interface

The memory interface has split field addressing, individual
byte error correction and detection, and variable length (1,2,3,4
byte) write capability. This means that any contiguous string of
bytes from 1-4 can be accessed in one memory cycle even if the
string occupies two adjacent 32 bit double words in memory. The
memory address points to the most significant byte of the string.

Data Position Alignment

CPU data can be quickly adjusted on byte boundaries to align
the ALU and memory for both reads and writes. Sign extension or
zero extension can also be done simultaneously with the alignment
(called rotation) when the data length is 1,2,3,4 bytes.

Individual Byte Condition Testing

Simultaneous zero condition testing and fixed parameter
comparison testing are provided for each byte in the CPU. This
makes it possible to do character testing four bytes at a time.
Variable length overflow condition is also provided.

RNI and ADC Byte Handling Capability

Both the RNI and ADC functions have features to handle byte
level instructions and data, such as byte level parsing, byte
displacement handling and byte length sensing.

REALITY INSTRUCTION EXAMPLE

In order to illustrate the functions of the ALU, RNI and
ADC, the following example is included. The example consists of
the processing by the CPU of one REALITY software instruction.
Namely, the subtract and branch instruction (Opcode F, BDZ).
This instruction is 6 bytes in length as shown in Figure 4-5.
The instruction causes the CPU to do the following functions:

Two data values are fetched from memory

B value is subtracted from A

The result is stored in location A

The result is tested for a conditional branch. If the condition

is met, the program branches to the branch location specified in

bytes 5 and 6. If the condition is not, the program advances to
the next location.

Data locations are specified in the instruction b
C ) : Y Rx, and
ggPLgé RX is a 4 bit pointer to one of 16 registers that éontains
address of a memory frame. DSPL is a displacement within the
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Figure 4-5. REALITY Opcode F Subtract and Branch

frame. The data address is generated by the address computation
which combines the value in the register designated by the "R"
with the displacement, and adds a constant, if required. Since
there are two data locations in this instruction, two separate
address computations are required. The data word length is speci-
fied by KK. It can be 1,2,4 or 6 bytes in length. The same word
length applies to both variables. In the example the word length
is 4. There are four branch types which are specified by CC.

The branch address is 10 bits in length.

The instruction is identified to the RNI hardware and to the
CPU by the primary and secondary OP codes:

Primary: "F" (Byte 1)
Secondary: Ol (binary) (Byte 3)
Secondary: "7" (Byte 5)

This opcode information is used by RNI for parsing, and by
the CPU for map branching. Since the secondary OP code value
exceeds 4 bits, it is necessary to do a primary map branch, fol-
lowed by a secondary map branch.

The RNI parses the instruction into its hardware instruction
registers as shown in Table 4-1. Assuming that this instruction
(BDZ) is the first instruction to be executed by the CPU, the
sequence of steps is described in a simplified form as follows:

(a) CPU loads the RNI program address register with soft-
ware address, and waits for RNI to fetch and parse.

(b) RNI initiates an instruction fetch memory and waits for
the memory cycle to complete.

(c) RNI parses the first four bytes of the instruction in
sequence.

(d) RNI initiates a second instruction fetch memory cycle
and waits for the memory cycle to complete.
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TABLE 4-1

RNI PARSING TABLE FOR BDZ (OPCODE F)

Instruction Item RNI Bit Use by the CPU
Byte Register Length
Number
1 Opcode F OP 1 4 Primary Map Branch
" Rl Rl 4 Address Computation
2 DSP1 DSP1 8 Address Computation
3 KK KK 2 Address Computation
CPU Branch Condition
CPU Data Rotate
KKO1 OP 4 4 Primary Map Branch
R2 R2 4 Address Computation
4 DSP2 DSP2 8 Address Computation
5 7 oP 2 4 Secondary Map Branch
CcC CccC 2 CPU Branch Condition
5 Branch Label 10 CPU Data Source to
/ Address Determine Software
6 | Branch Address
(e) RNI parses the last two bytes of the instruction.
(£) RNI loads the second rank instruction register and sets
the instruction ready status to the CPU. At this point
RNI begins to parse the next instruction in a background
mode.

(g)

The CPU does a primary and secondary map branch to get

to the firmware routine for processing the BCZ instruction.
(h) The CPU does an address computation and memory read of
the first data value.

(i) The CPU then does testing for attach and frame error,
and address computation for the second value. It then
initiates a memory read for the second data value.



(j) The CPU then rotates the first data value and inputs it
into the ALU.

(k) The CPU rotates the second data value and subtracts it
from the first data value, which is in the ALU. At the
same time it starts a memory write cycle to store the
result. The value to be stored is rotated on the next
firmware cycle so that it is written by the memory
cycle.

(1) The CPU updates the condition flags.

(m) The CPU then tests for a branch according to CC (10 in
this case). If the condition is met, the CPU inputs
the branch value from the RNI label register, and loads
it into the RNI program address register. The cycle
then starts over again. If the condition is not met,
the CPU issues a next command to RNI. By this time RNI
is most likely through parsing the next instruction, so
it immediately loads the second rank instruction register
with the next instruction and the CPU can start on it
immediately.

BUS AND MEMORY CONTROL FUNCTIONS

The bus control (BC) will provide the necessary timing infor-
mation transfers and a selection process to enable synchronous
communication between the ALU and RNI sections of the CPU, memory
unit, and I/0 control units. The ALU, RNI and memory unit will
have direct lines to affect their protocol, whereas the I/0 control
units will use the I/0 interface bus protocol.

The implementation of the bus controller provides the follow-
ing capabilities:

(a) A prioritized selection process by which a unit gains

access to the I/O control units needing interrupt
service.

(b) The necessary control lines to affect a synchronous
transfer of information on the I/0 interface bus.

The memory write control (MWC) provides the necessary control
and data transfer hardware for the CPU to read and write to memory.
It includes the following commands:

(a) CPU memory command decoding

(b) Hardware address register selection
(c) Data word length selection

(d) Hardware address registers

(e) Bus control interface
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BUS CONTROL FUNCTIONAL DESCRIPTION

The BC consists of three functionally separate units:

Bus request resolution unit
Interrupt control unit
Data transfer unit

The bus request resolution unit affects the selection.pro—
cess by which an I/O control unit gains access to the I/0 inter-
face bus.

The interrupt control unit enables a selection process so
that one of 16 I/0 control units raising an interrupt can.be
recognized. The data transfer unit resolves system priorlty.
contention for the bus and generates the necessary control sig-
nals to affect a data transfer (or memory access). System pri-
ority involves the following type accesses:

Memory refresh
I/0 transfers
RNI accesses
CPU accesses

BUS CONTROL OPERATIONAL DESCRIPTION

This section describes the detailed signal sequence to permit
an orderly flow of information between all units in the system.
Refer to Figure 4-6 for an overview of the bus and memory control.

BUS REQUEST RESOLUTION UNIT

The bus request resolution unit provides the necessary hard-
ware to accommodate a mechanism that selects one from many I/O
control units (16 maximum) needed access to the I/0 interface bus
for a data transfer. See Figure 4-7 for the block of the bus
request resolution unit.

To initiate a bus request, I/O control units will activate
their assigned bus request line. The BC, in turn, will encode
these lines via a priority encoder and assert the results onto
the bus address lines BSAD2 and BSAD3. In addition, the BC will
begin a binary count sequence (starting at count zero) seen on
the bus address lines BSADO and BSADl1 for I/0 control units to
decode.

) All ;/O control units in question compare the bus address
llpes against their strapped priority level. The highest pri-
Oority unit sees a match and in turn turn will activate the bus
sync line (BSYN), informing the BC that priority contention has
been resolved. Upon receiving BSYN, the BC will hold the bus
address lines at this priority level until the BSYN is deactivated.
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Burst Mode

1. I/0 Control Units

An I/O control unit requiring more than one data transfer
(maximum of four) may do so by keeping the BYSN signal active.
The BC samples the BSYN at the end of a data transfer. If active,
the BSGT signal will be deactivated. This sequence may be inter-
rupted by the memory unit, thus requiring a refresh cycle.

NOTE: The BC will not prevent a burst mode of more
than four data transfers. Constraints on unit design
will be imposed to prevent more than four data transfers.

BSRO3/— gl | 9= BSAD3/ | ENCODED PRIORITY
| PRIORITY OF
4 REQUEST
BSRQ2/— g | gmBSAD2/ | INPUTS
| PRIORITY p
ENCODER
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FINAL
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FROM I/O DEVICES

BUS
REQUEST

RESOLUTION

BSYN/— g UNIT 9 10ST/

I/0 MEMORY REQUEST

I0GT/— P
I/0 GRANT

BSTM .
BUS TERMINATE |

Figure 4-7. Bus and Memory Control Block Diagram



2. ALU

The ALU issues data transfer commands via the type-B firmware
word. In the event that more than one transfer is required (such
as read/modify write), a hold bus command is issued (via firmware).
This command will lock out the I/0O control units until reset by
firmware.

Interrupt Control Unit

The interrupt control unit will provide the necessary hard-
ware to resolve more than one interrupt (16 maximum) occurring at
any given time. The scheme utilized for resolving priority con-
tention is the same as the sequence described for gaining access
to the I/0 interface bus.

DATA TRANSFER UNIT

I/0 interface bus priority contention for the I/0 control
units are resolved by the bus request resolution unit, yet the BC
must provide a mechanism for resolving bus contention between the
ALU, RNI, memory unit (for refresh) and the I/O control unit in
question. The data transfer unit realizes an implementation for
determining which unit will be granted I/0 interface bus access.

Once a unit has been granted I/O interface bus access, the
data transfer cycle must be complete before a unit of higher
priority is granted I/0 interface bus access. The same applies
when a unit begins a burst mode cycle except that the memory unit
may steal a data transfer cycle for a refresh. Figure 4-8 depicts
the memory priority resolution unit.

The priority structure for the units in question is as follows:

Highest: Memory unit refresh
I/0 control unit
RNI

Lowest: ALU

A data transfer (or memory cycle) on the I/O interface bus
is initiated once priority has been resolved. The highest pri-
ority unit in question will be issued a grant signal; for instance,
a BSGT will be issued to the I/C control units or a RFGT will be
issued to the memory control unit.

The BC will generate the necessary control signals to provide
for data transfer to the RNI and ALU as specified in the I/O
interface product specification. Refer to Figure 4-9 for the bus
and memory control block diagram elements.
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Figure 4-9. Bus and Memory Control Block Diagram Elements

A data transfer from the ALU is initiated via firmware (see
Figure 4-10 for the memory control unit section). The ALU has
two memory address registers, HAR1l, and HAR2. Selection of these
registers is also done by firmware. Thus, when the BC receives a
data transfer request from the ALU, it will assert the selected
HAR(X) register as a memory address source.

In addition, the BC will assert data onto the I/0 interface
bus data lines from the memory write register or load data from
the data lines into the memory read register as commanded by
firmware. To facilitate an ALU burst mode capability, firmware
will issue a hold bus signal (HDBS). When received, the BC will
allow only the ALU or the memory unit to gain access to the 1/0
interface bus. Figure 4-11 is a diagram of the CPU and memory
timing control.

A data transfer from the RNI is initiated by the RNI memory
request (RMRQ) signal. The BC will acknowledge by issuing a
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(RAGT) signal. The RNI will use this signal to assert a memory
address and reset the RMRQ signal. The BC will also issue a RNI
data strobe (RDST) signal that will be used by the RNI to read
data off the memory data bus.

The address gate (ADGT) signal is always asserted for transfers
on the I/0 interface bus by the BC. The memory unit always monitors
this signal so that it may take appropriate action. When a direct
transfer to an I/0 control is required, the I/0 attention (IOAT)
is asserted. When the memory unit sees the IOAT signal true, it
ignores the data transfer.

NOTE: The data transfer is the same to an I/0 control
unit as to the memory unit.

The I/O0 control unit will strobe data off the data lines
when WTBYO is true or place data on the data lines when WTBYO is
false. 1In either case, the I/O control unit will issue a data
sync (DSYN) to mark the end of the transfer.

MEMORY CONTROL UNIT

The memory control unit will generate the necessary control
signals decoded from the type-B firmware word to affect a memory
access cycle.

Upon deciding the type-B select bits as a memory request,
the memory control unit will inform the BC to begin contention
for the I/0 interface bus. Once contention has been resolved,
the BC will acknowledge the memory control unit, thus beginning a
memory access cycle.

The source for memory address is found in the type-B firm-
ware word (address source). The BC will route the address line
drive enable signal to the HAR(X) according to the address source
firmware bits. In addition, the memory control unit generates
the write byte commands to the memory unit as instructed by firmware.

CPU GATED CLOCKS

System clock is gated in critical areas of the CPU. This
assures that the CPU will not access system memory until priority
is granted. Refer to Figure 4-12, start-up and T-hold timing
diagram, for an illustration of the gated clock control.

CPU FIRMWARE WORD

The firmware that controls the central processor unit
operation is physically located on the ALU board. The memory
size is 64 bits wide by 8192 bits deep. Addressing for the firmware
proms is provided by the microsequencer operation discussed in
detail later in this section. The output of the FW proms is



sroe, Y/ /11111111

MRST/ | MINIMUM 5 CLOCKS v/ /////// /A
}-ﬂ—lSOns—b{
MCLK/ | o 7 I & [°L_J I
COooREss X0 fX 1
COMMAND 4)( ALU MEMORY REQUEST / NOP
\ /ﬁ(

RFRQ/ \\ //
GRNT/ 7 ri_\ /
o ) ~L_T
N
BSTM/
— < l

MBSY/ !
HOLD/

CLKS

] \\\{ L L

Figure 4-12.

latched into the command memory.

to accessing the FW

Start-Up and T-Hold Timing Diagram

A simplified method of relating
memory is that the word is "fetched" on one

clock cycle and executed on the next.

GENERAL INSTRUCTION

FORMAT

Each firmware instruction is organized into three basic
fields: A field; B field; and microsequencer field (refer to

Figure 4-13).

A Field (Bits 64-33)

The "A field" consists of 31 bits that are used to implement

one of the three "A

ALU

Rotate

type" instructions:

These instructions direct the arithmetic/logical
operations performed by the ALU on selectable
external (to the microprocessor) and/or internal
32-bit words.

These instructions direct the rotate operations

performed by the rotate circuits on 32-bit
words from memory or from the microprocessor.
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Addr. Comp. These instructions direct the address computa-
tion operations performed by the address
computation circuits on address data from the
microprocessor and RNI instruction registers.

NOTE: There is an exceptional case when an ALU instruc-
tion carries an embedded literal. 1In this instance all
64 bits of the instruction register are used for this

single "A type" operation.

< 64 BITS —
- 31 BITS <—11 BITS—|= 22 BITS=———r]
63 33 22 0
TYPE A TYPE B TYPE C
6 5 4] 41 4 3 3
2 9 5] 3] 1 7 3|
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Figure 4-13. The CPU Firmware Word
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B Field (Bits 32-22)

The "B field" consists of il bits that are used to implement
one of seven "B type" instructions:

shift These instructions support an "A type"
operation calling for the shifting one bit
right or one bit left of a 32-bit value being
loaded into the register file or Q register.
The B-type shift instruction controls the
input-disposition of the bits that are shifted

into the word when the A-commanded shift is

executed.
Memory These instructions cause four bytes to
Read/Write be received from (read) or sent to (write)

main memory or a peripheral device.

Multiply This instruction provides a multiplication
"utility." It is used in conjunction with A-
type ALU operations.

Divide This instruction provides a division
"ytility" in a similar manner to the multiply
described just previously.

Character Test This instruction is used in conjunction with
A-type ALU operations (logical) for a process
that results in a yes/no determination of a
"match" between a predetermined character(s)
and a character string being tested.

Flags Control These instructions deal with the setting,
resetting, and/or testing of various system
flags.

CPU Control These instructions provide the facility for
CPU-RNI communication.

Microsequencer Field (Bits 21-0)

_ The microsequencer field consists of 22 bits that are used
to 1mp%ement the ordering of the sequence of firmware instructions
execution, i.e., program control. This field will be the various
b;anching commands (unconditional, conditional, etc.) that deter-
mine the next firmware instruction that will be executed.

Simultaneous Use of A, B, and C Fields

In many cases, Af B, and C fields may be used simultaneously.
There are some exceptions to the free use of simultaneous fields.



Some exceptions are due to conflict, and some just do not make
sense. The main restriction occurs when the "A type" ALU operation.
has a literal as a source. In this case, the lower 32 bits are
used as the literal. 1In this case, no "B type" is executed, and
the "C type" is replaced with an automatic microsequencer advance.

Simultaneous uses of the fields are shown in the multiply/
divide examples provided in the "B-Type Operations" paragraphs of
this section. Refer to the latter part of this section for a
list of SEQUEL firmware restrictions, which provide a breakdown
of compatible type A, B and C fields.

FIRMWARE TABLES

Specific use of the individual firmware bits is provided
in Tables 4-2 through Tables 4-31. In most cases for the "A-
type" fields, the bits are function dependent. Should any doubt
arise as to the bits assignments and the specific "A-type" field,
refer to Figure 4-14, which presents the composite firmware word.

A-TYPE OPERATIONS

There are three A-type operations: ALU, rotate and address
computation. Refer to Figure 4-14 for an overview of the three A-
type functions. The individual bit assignments are defined with
this illustration.

ALU OPERATIONS

The ALU is a high-speed, "number-crunching" device using a
2901 bit slice that performs one of eight commandable arithmetic/
logical operations on two 32-bit inputs (referred to as the "R"
and "S" inputs). It yields a single 32-bit result (referred to
as the "F" output), plus operation status bits. The ALU is de-
picted in Figure 4-15.

Each 2901 block represents a four bit bipolar microprocessor
slice consisting of a 16-word by 4-bit two port RAM, a high speed
ALU, and the associated shifting, decoding and multiplexing cir-
cuitry. There are nine bits provided for the micro instruction
word. They are used to select the ALU source operands, the ALU
function, and the ALU destination register. In this application,
the ALU is cascaded with seven additional arithmetic operations.
A carry look-ahead capability is provided by the 2902 integrated
circuits. . This allows the ALU to complete the typical add or
subtract function within a 150 nanosecond clock period.

An illustration of the 2901 microprocessor is provided in
Figure 4-16. Detailed application information for the 2901 device
is provided in Figure 4-17. These figures should provide the
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information required to better understand the 2901 as a separate
entity. Other information on the 2901 and presented in this
- document include the following:

Figure 4-18. ALU Destination Control

Figure 4-19. Source Operand and ALU Function Matrix
Figure 4-20. ALU Source Operand Control

Figure 4-21. ALU Function Control
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Figure 4-16. Microprocessor Slice Block Diagram
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METALLIZATION AND PAD LAYOUT

40 OE
39 Y3
Az 1 B8 Yy
A 2 37 v
A 3 3% Yq
Ao 4 3B P
's 5 34 OVR
g 6 — -
= 33 Ch+g
— 32 G
77— — 31 F3
RAM3 8 —
RAMg 9 ——
vee 10— F— 30 GND
ono — ) — = &
— [
F=0 11— 4
g 12 — L 27 g
113 —
12 14 — % 13
cP 15—t
a3 16— | I I 25 Do
By 17 24 Dy
8y 18 —————— 23 p,
B2 19
B3 20
Q 21
22

t

PIN DEFINITIONS

Ao-3

Bo-3

lo-g

RAM;

RAM,

Do-3

The four address inputs to the register stack used to
select one register whose contents are displayed through
the A-port.

The four address inputs to the register stack used to
select one register whose contents are displayed through
the B-port and into which new data can be written when
the clock goes LOW.

The nine instruction control lines. Used to determine what
data scurces will be applied to the ALU (lp12), what func-
tion the ALU will perform (l345), and what data is to be
deposited in the Q-register or the register stack (lg7g)-

A shift line at the MSB of the Q register (Q3) and the
register stack (RAM3). Electrically these lines are three-
state outputs connected to TTL inputs internal to the
device. When the destination code on lg7g indicates an up
shift (octal 6 or 7) the three-state outputs are enabled and
the MSB of the Q register is available on the Q3 pin and
the MSB of the ALU output is available on the RAM; pin.
Otherwise, the three-state outputs are OFF (high-imped-
ance) and the pins are electrically LS-TTL inputs. When
the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of the Q register (octal
4) and RAM (octal 4 or 5).

Shift lines like Q3 and RAM3, but at the LSB of the
Q-register and RAM. These pins are tied to the Q; and
RAM; pins of the adjacent device to transfer data be-
tween devices for up and down shifts of the Q register and
ALU data.

Direct data inputs. A four-bit data field which may be
selected as one of the ALU data sources for entering data
into the device. Dy is the LSB.

Figure 4-17.

CONNECTION DIAGRAM

FLAT PACK CONNECTIONS
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Note: Pin 1 is marked for orientation.

Yo.3 The four data outputs. These are three-state output lines.
When enabled, they display either the four outputs of the
ALU or the data on the A-port of the register stack, as
determined by the destination code lgzg.

OE  OutputEnable. When OE is HIGH, the Y outputs are OFF;
when OE is LOW, the Y outputs are active (HIGH or
LOW).

E, P The carry generate and propagate outputs of the internal
ALU. These signals are used with the Am2902 for carry-
lookahead.

OVR Overflow. This pin is logically the Exclusive-OR of the
carry-in and carry-out of the MSB of the ALU. At the most
significant end of the word, this pin indicates that the
result of an arithmetic two's complement operation has
overflowed into the sign-bit.

F = 0 Thisis an open collector output which goes HIGH (OFF) if
the data on the four ALU outputs Fg_3 are all LOW. In
positive logic, it indicates the result of an ALU operation is
zero.

F3 The most significant ALU output bit.

Ch The carry-in to the internal ALU.

Cn+4 The carry-out of the internal ALU.

CP  Theclock input. The Q register and register stack outputs -

change on the clock LOW-to-HIGH transition. The clock
LOW time is internally the write enable to the 16 x 4 RAM
which compromises the “master” latches of the register
stack. While the clock is LOW, the “slave” latches on the
RAM outputs are closed, storing the data previously on
the RAM outputs. This allows synchronous master-slave
operation of the register stack.

Microprocessor Detail



MICRO GODE FUNCTION FUNGHON v SHIFTER SHRTER
Mnemonic | Iy | b | 1g | 9% | shite | Load | shift | Load | OY™PUT | pam, [ Ram, o | a
QREG L L L 0 X NONE NONE F—>Q F X X X X
NOP L L H 1 X NONE X NONE F X X X X
RAMA L H L 2 NONE F—>B X NONE A X X X X
»"RAMF L H H 3 NONE F->B X NONE F X X X X
RAMQD [ H | L | L 4 | oowN |F2-B | bowNn |20 F Fo IN3 Qo INg
RAMD H L H 5 DOWN F2—+B X NONE F Fo IN3 Qo X
i RAMQU H H L 6 up 2F>B uP 20> Q F INg F3 INg Q3
RAMU H H H 7 uP 2F—+B X NONE F INg . F3 X Q3

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state
B = Register Addressed by B inputs.
UP is toward MSB, DOWN is toward LSB.

Figure 4-18. ALU Destination Control,
FW61, FW60, FW59

o 1570 OCTAL 0 1 2 3 2 5 s 7
$l5 ALU
A4 Aws°'"°° A.Q AB | 0.0 0,8 0,A | DA | D D0
L3 Function
Cn=1L A+Q A+B Q 8 A D+A p+Q o
4] R Plus §
Ch=H A+Q+1 A+B+1 Q+1 Rl A+l D+A+1 D+Q+1 D+1
Cn=L Q-A-1 B-A-1 Q-1 8-1 A-1 A-D-1 Q-D-1 D1
1 | SMinus R
Cph=H Q-A B-A [o] B A A-D Q-b -D
Cn=1L A-Q-1 A-B 1 -Q-1 -8-1 —A-1 D-A-1 D-Qa-1 D-1
2 | RMinus S
Cn=H A-Q A-8 -Q -8 -A D-A o-a [}
3 RORS AvQ A.B Q B A DVA pva D
4 | RANDS ACQ AB o o 0 DAA DAQ [}
5 | RANDS A-a AnrB a B A BAA bra 0
6 |REX-ORS| AvaQ AvB Q B A DVA ova 5]
7 |REX-NORS| Ava AvVS a B A DV A bva o
Plus. Minus, V - OR: A =~ AND; ¥ = EX-OR

Figure 4-19. Source Operand and ALU Function Matrix,
FW58, FW57, FW56

4-41



ALU SOURCE

MICRO CODE OPERANDS
i Octal

Mnemonic | 2| | lo| code R S
AQ L L L 0 ‘A Q
AB ‘L L H 1 A B
2Q L H L 2 0o Q
2B L H H 3 (o] B
ZA H L L 4 (o] A
DA H L H 5 D A
DQ H H L 6 D Q
D2 H H H 7 D 0

Figure 4-20.

ALU Source Operand

Control, FW58, FW57, EW56

MICRO CODE
o A';:’ SYMBOL |
o a unction
Mnemonic | I5 | I3 | I3 Code
ADD Lt 0 RPlus S R+S
SUBR L{L]|H 1 S Minus R S-R
SuBS LIH|L 2 R Minus S R-§
OR L{HIH 3 RORS RV S
AND HlL|L a4 RAND S RAS
NOTRS H|L|H 5 RANDS RAS
EXOR HIH|L 6 REX-OR S R¥S
EXNOR |H|H|H]| 7 REX-NORS| R¥y¢S

Figure 4-21.

Control,

ALU Function
FW55, Fw54, FW53




TABLE 4-2

EXTERNAL DESTINATION CONTROL

Bits No. of Bits Used
36 35 34 33 External Destination (Right Justified)
0O 0 0 O No Destination 32

0O 0 0 1 Character Test Mask 3

0O 0 1 O Memory Write Register 32

0O 0 1 1 "X" Register 32

0O 1 0 O Address Register File (R1) 24

0O 1 0 1 Address Register File (R2) 24

0O 1 1 O Address Register File (ALUR) 24

0O 1 1 1 Address Register File (ALUR) 24

1 0 0 O Hardware Address Register 1 24

1 0 0 1 Hardware Address Register 2 24

1 0 1 0 Program Address Register (9) 9

1 0 1 1 Program Address Register (24) 24

1 1 0 O ALU Displacement 8

1 1 0 1 ALU R (RC) 4

l1 1 1 O Loop Counter 8

1 1 1 1




TABLE 4-3

EXTERNAL SOURCE SELECTION

Bits No. of Bits
Data Bus Contents

40 39 38 37

0O 0 0 O Spare

0O 0 O O Spare

0O 0 10 Memory Read Register 32

O 0 1 1 "X" Register 32

0O 1 0 O Spare

0O 1 0 1 Spare

0O 1 1 O Spare

0O 1 1 1 ALU Literal 32

1 0 0 O Hardware Address Register 1 24

1 0 0 1 Hardware Address Register 2 24

1 0 1 O 2901 Condition 3

1 0 1 1 Backup Program Counter (24) 24

1 1 0 O Instruction Label 16

1 1 0 1 Spare

1 1 1 O Displacement Bit Mask 8

1 1 1 1 Instruction Literal 8




TABLE 4-4

ALU CONDITION CODES CONTROL

Bits Condition Code Update
42 41
0 0 No action
0] 1 Update condition codes

without linked O Test.
1 0 No action

1 1 Update condition codes
with linked O Test.

TABLE 4-5

CARRY CONTROL

Bits ALU Carry in

44 43

0] 0] Force carry bit to zero (Link and status)
0 1 Force carry bit to 1 (Link and status)

1 0 Link previous carry bit to ALU carry in
1 1 Link previous carry bit to ALU carry in
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TABLE 4-6

ALU OPERATION CODES

Bits ALU Function
55 54 53 *
(INST 3)

0] O’ 0 Add S Input to R Input

0O 0 1 Subtract R Input from S Input

0O 1 O Subtract S Input from R Input

0O 1 1 Logically OR S Input with R Input

1 0 O Logically AND S Input with R Input

1 0 1 Logically AND S Input with Complement of
R Input

1 1 0 Logically Exclusive OR S Input with R Input

1 1 1 Logically Exclusive NOR S Input with
R Input

* INST3 = FW53 + Mul. FW29. XR0O. EXBT + DIV. QUOT/



TABLE 4-7

ALU INPUT CONTROL

Bits Input Selection
*
58 57 56 R Input S input
(INST 1)
0O 0 O A-addressed Register Q Register
File Register
0O 0 1 A-addressed Register B-addressed Register
File Register File Register
0O 1 O Zeros Q Register
0O 1 1 Zeros B-addressed Register
File Register
1 0 O Zeros A-addressed Register
File Register
1 0 1 Data Bus A-addressed Register
File Register :
1 1 0 Data Bus Q Register
1 1 1 Data Bus Zeros
*INST = FW57 + MUL.FW29. X ROO + EXBT




TABLE 4-8
ALU OUTPUT CONTROL

INTERNAL DESTINATION

Bits Output Selection
61 60 59
0O 0 O F output +to Q Register and CPU Bus via Y.
0O 0 1 F Output to CPU Bus via Y.
0O 1 O F output to B-addressed Register File register.
A-addressed Register File register to CPU Bus
via Y.
0O 1 1 F output to B-addressed Register File register.
F output to CPU Bus via Y.
1 0 O F output to B-addressed Register File register
via shift (shift right 1 bit).
Q Register output to Q Shift (shift right 1 bit)
and back to Q Register.
F output to CPU Bus via Y.
1 0 1 F output to B-addressed Register File register
via shift (shift right 1 bit).
F output to CPU Bus via Y.
1 1 O F output to B-addressed Register File Register
via shift (shift right 1 bit).
Q Register output to Q shift (shift left 1 bit)
and back to Q Register.
F output to CPU Bus via Y.
1 1 1 F output to B-addressed Register File Register

via shift (shift Left 1 bit).
F output to CPU Bus via Y.




TABLE 4-9

MEMORY ADDRESS REFERENCE (ROTATE CONTROL)

Bits Referenced Address Source
58 57
0] 0] Hardware Address Register 1
0 1 Hardware Address Register 2
1 0 Difference‘pf HAR1 and 2
1 1 0
TABLE 4-10

FW WORD LENGTH (ROTATE CONTROL)

Bits Qualified Word Length
51 50

0 0 1 Byte

0 1 2 Bytes

1 0 4 Bytes

1 1 3 Bytes




TABLE 4-11

ROTATE CONTROL

Bits Rotation Command
56 55
0 0] Rotate Right
0 1 Rotate Left
1 0 Fill
1 1 Straight Through (No Rotation)
TABLE 4-12

BASE ADDRESS SELECTION

BITS

34 33 AR File Address Source
0] 0] Rl

0] 1 R2

1 0 ALU R

1 1 ALU R
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TABLE 4-13

DISPLACEMENT SELECTION

Bits
36 35 Displacement Factor Source
0 0 DSP 1
0] 1 DSP 2
1 0 ALU DSP
1 1 (Constant) 4
TABLE 4-14
DESTINATION CONTROL
Bits
39 38 37 Memory Address Destinations
0 0 0 No Destination (Bit Bucket)
0] 0 1 Hardware Address Register 1
0 1 0 Hardware Address Register 2
0 1 1 Hardware Address Register and
Hardware Address Register 2
1 o 0 AR File
1 0 1 AR File and Hardware Address
Register 1
1 1 0 AR File and Hardware Address
Register 2
1 1 1 AR File and Hardware Address

Register 1 and Hardware Address
Register 2
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TABLE 4-15

A/R FILE FLAG BIT SELECTED FOR UPDATE

Bits S
Active Flag
47 46
0 0 0 (Core)
0 1 1 (Linked)
1 0 2 (Write Required)
1 1 Unassigned
TABLE 4-16
A/R FILE FLAGS CONTROL
Bits
49 48 Flag Control
0] 0 No-op (Return flags unaltered)
0o 1 Clear (Reset all flags to zero)
1 0 Set (Set specified flag to 1)
1 1

Reset (Reset specified flag to zero)
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TABLE 4-17

PRE-ADDER CONTROL (ADC)

Bits

54 53 Pre-adder Function

0 0 +0 (Std. Length Operand)

0] 1 +2 (6-Byte Operand)

1 0 +4 (Character String Scan-Fwd.)

1 1 -4 (Character String Scan-Rev.)

TABLE 4-18
SHIFT CONTROL (ADC)

Bits

57 56 Shift Command

0] 0 No shift (Operand Length = 1 byte)
0] 1 R DSP

1 0 3 Bits Right (Operand Length = 1 bit)
1 1

1 Bit Left (Operand Length = 2, 4, or 6 Bytes)




TABLE 4-19

WORD LENGTH INDICATOR

MEMORY COMMAND

Bits Operand Length
26 25
0] 0 1 byte
0 1 2 bytes
1 0 4 bytes
1 1 3 bytes
TABLE 4-20

TEST BYTE ENABLES

CHARACTER TEST

Bits
Memory Data Bytes to be Tested

25 24 23 22 Byte 3 Byte 2 Byte 1 Byte O

X X
X

PSP D4 XD X K
E oo Ry KRR
bty Lol
KX oOoX X X

HFHEFHHRRHEFFR,OOOOOOOO

HHHHOOOOKRKHKFFOOOO
b
XX

HFHRFOOFHHFHOOFHHOOFHOO
HOHOMHOFOHHOHOFOFO
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TABLE 4-21

VARIABLE TEST

CHARACTER TEST

Bits Variable to be Used in
Searching for a Match
27 26
0 0 None
0 1 SCO
1 0 SC1
1 1 SC2
TABLE 4-22
X REGISTER CONTROL (MULTIPLY)
Bits X Register Control
29 28
0 0 Clear (i.e., reset to 0).
Extension Bit Latch (only).
0 1 Clear (i.e., reset to 0).
Extension Bit Latch (only).
1 0 Reference Bits 55-53 (A-Type
ALU command) and 32-30 to modify
ALU command as appropriate
(Multiply Step).
1 1 Reference Bits 55-53 (A-Type

ALU command) and 32-30 to modify
ALU command as appropriate '
(Multiply step) and shift X
Register contents 1 bit to the
right filling the Extension Bit
Latch with the LSB.
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TABLE 4-23

DIVIDE COMMANDS

Bits

29

28

Command
Name

Command Function

Divide
Quotient

This operation is used to insert a
bit into the quotient register.
The accompanying ALU operation is
an ADD of the quotient (working
register and zero).

Divide
Test

The hardware flags, divided sign, and
remainder sign are updated by the
result of the ALU operation which
is specified as an OR of the most
significant dividend (working)
register and zero.

Divide
Step

The ALU instruction is modified as
determined by the sign bit of the
XREG (divisor sign) and the
remainder sign. The specified ALU
operation is an ADD with either
linked carry or O carry.

The operands are either:
(1) A dividend (working)
register and a divisor

(working) register; OR

(2) A quotient (working)
register and zero.

Divide
Test
Step

Identical to a DIVIDE STEP, but
additionally, the sign of the
result is used to update the
remainder sign kept by the hard-
ware for later divide step use.




TABLE 4-24

FLAGS CONTROL

Bits Flag Register 1 Flag Selected Flag Register 2 Flag S
(Bit 27 = 0) (Bit 27 = 1)
24 23 22
0O 0 O Flag O FLG O Flag 4
0O 0 1 Flag 1 FLG 1 Flag 5
0O 1 o Flag 2 FLG 2 Flag 6
0O 1 1 Flag 3 FLG 3 Flag 7
1 0 O Diagnostic DIAG 1 Flag 8
1 0 1 Up/Down Scan UDSN Flag 9
1 1 O ADDRESS O ADR O Flag 10
1 1 1 Diagnostic DIAG 2 Flag 11
TABLE 4-25
REGISTER SHIFT CONTROLS
Q Register Right Shift Bits
(LLSB shifted out, MSB inserted)
Input to the MSB 24 23
ZERO 0 0
ONE 0 0

The bit shifted out on the previous shift
(left or right) of a Register File input 0 1
(i.e. linked shift)

The bit shifted out in the previous shift
(left or right) of a Q Register input 0 1
(i.e. linked shift)

The bit shifted out (The LSB) in this right
shift of the Register File input (i.e, 1 0
cycle-shift with the Register File input)

The bit shifted out (The LSB) on this right
shift of this Q Register input (i.e, end- 1 0
around cycle shift)

Selected carry in bit 1 1

Unassigned 1 1
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TABLE 4-25

Q REGISTER SHIFT CONTROLS (coN'T)
Q Register Left Shift
(MSB shifted out, LSB inserted) Bits
Input to the LSB 24 23 22
ZERO 0 0 0
ONE 0 0 1
The bit shifted out on the previous shift
(left or right) of a Register File input 0 1 0
(i.e., linked shift)
The bit shifted out on the previous shift
(left or right) of a Q Register input, 0 1 1
(i.e., linked shift)
The bit shifted out (The MSB) on this left
shift of the Register File input 1 0 0]
(i.e., cyclic shift with the Register File
input)
The bit shifted out (The MSB) on this left
shift of this Q Register input 1 0 1
(i.e., end-around cyclic shift)
Selected carry in bit 1 1 0
1 1 1

Unassigned
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TABLE 4-26

REGISTER FILE SHIFT CONTROLS

Bits Q Register File Right Shift
(LSB shifted out, MSB inserted)
27 26 25 Input to the MSB
o 0 0 Zero
O 0 1 One
0 1 0 The bit shifted out on the previous

shift (left or right) of a Register
File input (i.e., linked shift)

The bit shifted out on the previous
0 1 1 shift (left or right) of a Q Register
input. (i.e., linked shift)

The bit shifted out (The LSB) on this
1 0 0 right shift of this Register File
input (i.e., end-around cyclic shift)

The bit shifted out (The LSB) on this

1 0 1 right shift of the Q Register input
(i.e., cyclic shift with the Q Register
input)

The sign bit (from the Status Register)
1 1 0 reflecting the sign of the output of the
previous ALU operation.

1 1 1 Unassigned
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TABLE 4-26

REGISTER FILE SHIFT CONTROLS (coN'T)

Bits Q Register File Left Shift
27 26 25 (MSB Shifted out, LSB vacated)
Input to the LSB
0 0 0 Zero
0 0 1 One
The bit shifted out on the previous shift
0 1 0] (left or right) of a Register File input
(i.e., linked sift)
The bit shifted out on the previous shift
0 1 1 (1left or right) of a Q Register input,
(i.e., linked shift)
The bit shifted out (The MSB) on this left
1 0 0 shift of this Register File input
(i.e., end-around cyclic shift)
The bit shifted out (The MSB) on this left
1 0] 1 shift of the Q Register input (i.e.,
cyclic shift with the Q Register input)
The sign bit (from the Status Register)
1 1 0 reflecting the sign of the output of the
previous ALU operation.
1 1 1 Unassigned




TABLE 4-27

BRANCH ADDRESS SOURCE SELECTION

Bits
Branch Address Selected
20 19
0 0 Firmware Branch Address FWxx
0 1 Mapped Jump MAPx
1 0] Return Address STKx
1 1 Table Jump LCTx
TABLE 4-28
MICROSEQUENCER COMMAND TYPE
Bits
Microsequencer Command Type
21 20 19
0 0 0 Branch
0 0 1 Map
0 1 0 Return (with stack "Pop")
0 1 1 Register
1 0 0 Call (with stack "push")
1 0 1 Unassigned
1 1 0 Unassigned
1 1 1 Unassigned
NOTE: An unconditional "Next" address operation occurs

whenever the microsequencer field is used for a
microprogram literal as an ALU input ("0000" in Bits
40-37) of an A-Type ALU operation.
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TABLE 4-29

TABLE BRANCH OPERATIONS HARI1

Channel
No Mnemonic Definition Board
00 RFLGO/ A/R Flags (If ADC
01l RFLG1l ADDR not to HAR,) MUXo ON ADC
02 RFLG2 for ADDR Comp ADC
0 3 RFG3 ADC Board ADC
0 4 XFLGO ADC
05 XFLG1 A/R Flags (If ADC
06 XFLG2 ADDR is to ADC
07 XFLG3 HARI) for ADDR Comp ADC
10 DIRF/ RNI Instr. Reg Empty Branch on Empty ADC
11 ACTV/ Delayed RNI Not Active : ADC
12 XFE Execution Frame Error WJX:L on ADC ADC
13 FERRO Frame Error (ADDR not Board ADC
to HAR1)
14 FERR1 Frame Error (ADDR to ADC
HARL)
15 cCl Instruction Condition ADC
Code
16 cco Instruction Condition ADC
Code
17 OPAO/ Special OP A Branch March 24, 1980
20 CCDM Composite Condition Met SF
21 DLADO/ Delta Address BitO MUX,, ON SF
22 DLAD1/ Delta Address Bitl Spe%ial FUN SF
23 MRDB Memory Read Block SF
2 4 0 Constant (Force A + 1) Board - SF
25 1 Constant (Force Branch) SF
26 K1l Instruction Word Length SF
27 KO Instruction Word Length SF
30 FLG8 ALU
31 FLG9 Programmable Flags 8-11 MU)(3 ON ALU
32 FLG10 ALU
33 FLG11l ALU
3 4 RQST DMP Request CPU Diag. ALU Board ALU
35 SSW1 Switches ALU
36 SSw2 ALU
37 SSW3 ALU
40 NEGA ALU Result Is Negative ALU
41 ZERO ALU Result is Zero ALU
4 2 KK1-KKO Word Length = 6 ALU
4 3 LCFF Loop CTR = FF ALU
4 4 SPARE
45 SPARE
4 6 SPARE i
47 SPARE Reserved for
50 NEGA/ True & False ALU
51 ZERO sed ALU
5 2 KK1-KKO/ Conditions ALU
53 LCFF/ MUX on ALU
5 4 SPARE
55 SPARE ALU Board
56 SPARE
57 SPARE
6 0 FLGO ALU
6 1 FLGL ALU
6 2 FLG2 MUX on ALU
6 3 FLG3 Programmable Flags ALU
6 4 FLG4 0-7 ALU ALY
6 5 FLGS B a ALU
66 FLG6 oar: ALU
6 7 FLG7 ALU
70 CRCT Correction Needed for ALU
Division
71 OVFL - ALU Result is Over- MUX on ALU
flowed ALU
72 QLNK Latched Q-Shift Out ALU
73 RLNK Latched R-Shift Out Board ALU
7 4 INTR Interrupt=(EINT + IINT
+ FLGO + FLG1)
75 EINT External INTR ALU
76 IINT Internal INTR ALU
77 SPARE ALU
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TABLE 4-30

ADDRESS COMPUTATION

A/R FLAG MODIFICATION TABLE

ACEN/ FW FW FW FW FW NFLG NFLG NFLG NF
(Not 50 48 49 47 46
Address Reg Flag Flag 3 2 1 0
Comp) or Mod Bit
Log Type Addr
Not
1 ADC X X X X X LFLG3 LFLG2 LFLG1 LFL
Q 0 X X X X RFLG3 RFLG2 RFLG1 RFL
(ADC) (REG)
o 1 X X 0 0 0 0
CLR
1
LOGIC
o 1 X X 0] 0] 0] 0
CLR.
1 O 0O O LFLG3 LFLG2 LFLG1 1
SET
0 1 LFLG3 LFLG2 1 LFL
1 O LFLG3 1 LFLG1 LFL
1 1 1 LFLG2 LFLG1 LFL
1 1 0O o0 LFLG3 LFLG2 LFLG1 0
RESET
0 1 LFLG3 LFLG2 LFLG1 LFL
1 1 0 LFLG2. LFLG1 LFL




TABLE 4-31

NUMBER OF BYTES ROTATE TRUTH

HAR2 - HARI1 HAR1l, HAR2,0 KKOO,KKO1 or No. of Rotates Sel
ADDR FW50, FwW51 (Right or Left F
WD Length B
Note 1 N
11 00 00 1 byte 3 (11)
00 01 2 bytes 2 (10)
10 4 bytes 0 (00)
11 3 bytes 1 (01)
10 0l 00 1 byte 2 (10)
01 01 2 bytes 1 (01)
10 4 bytes 3 (11)
11 3 bytes 0 (00)
01 10 00 1 byte 1 (01)
10 o1 2 bytes 0 (00)
10 4 bytes 2 (10)
11 3 bytes 3 (11)
00 11 00 1 byte 0 (00)
11 o1 2 bytes 3 (11)
10 4 bytes 1 (01)
11 3 bytes 2 (10)
NOTES:

(1)

(2)

When HAR2 - HAR1l is selected, the complement of the

subtraction is used as the effective point of reference
and the word length must be specified as one byte.

Use HAR = 0 for fill




Status Bits

For each activation of the ALU, eight status bits are

produced.

These bits qualify the result produced by the operation,

and are stored in registers for subsequent evaluation and use.

The eight

bits are:

Carry A carry bit of "1" is produced by the ALU whenever

an arithmetic addition of the two 32-bit inputs
produces a 33-bit result.

A carry bit is also produced when a subtraction
operation yields a zero result. The carry regis-
ter is updated when any ALU "add" or "sub" oper-
ation is executed.

NOTE: The following three registers are updated only
when specified by an update code in the firmware in-
struction.

Sign

The sign bit is produced whenever there is a
negative result.

Overflow The overflow bit is set whenever an arithmetic add

of the two 32-bit inputs produces a result outside
the range,

31 31
-2 to 2 -1
Output The "F=0" bit is set whenever all 32 bits of
(F)=0 the result (F) of an arithmetic or logical

operation are zero, regardless of the carry bit.

NOTE: "Linked O" update, a series of ALU outputs can
be tested to determine if they all equal zero. Any oOne
of them not equalling zero causes "F=0" to be reset and
maintained reset for the duration of the test.

Byte

0=0 The "byte 0=0" bit is set whenever the least
significant byte (bits 7-0) of the result (F) of
an arithmetic or logical operation are all zero.

NOTE: When individual byte=0 condition exists, these
are used for character testing only.

Byte

1=0 The "byte 1=0" bit is set whenever the second
least significant byte (bits 15-8) of the result
(F) of an arithmetic or logical operation are all
zZero.



Byte 2=0 The "byte 2=0" bit is set whenever the second most
significant byte (Bits 23-16) of the result (F) of
an arithmetic or logical operation are all zero.

Byte 3=0 The "byte 3=0" bit is set whenever the most
significant byte (bits 31-24) of the result (F) of
an arithmetic or logical operation are all zero.

ALU Operation Selection

Selecting of an ALU function is controlled by bits FW55,
FW54 and FW53 of the firmware word latched into the instruction
register. Refer to Table 4-6 for a representation of the ALU
operation coded. As listed, this represents the functional con-
ditions of the ALU adder.

To accommodate the multiply and divide functions, these
lines are modified. This is covered in detail 'in the "Multiply/
Divide" paragraphs of this section. ’

In commanding the ALU, it must be remembered that the carry-
in bit enters into the operation. Depending on the type of appli-
cation of the operation, this bit requires handling. Handling of
the carry bit is controlled by bits FW44 and FW43. The bit pattern
are:

Bits Disposition
44 43
0O o0 Force carry-in bit to zero (default)
0O 1 Force carry-in bit to 1
1 0 Link previous carry-out bit to ALU carry-in
1 1 Link previous carry-out bit to ALU carry in

Control of the condition codes is handled by bits FW42 and
FW4l of the firmware word. The bit patterns are:

Bits Disposition
42 41
0o 0 No action
0O 1 Update condition codes without "linked 0" test
1 0 No action
1 1 Update condition codes with "linked 0" test

ALU Inputs

Inputs to the ALU consist of seven selectable sources, three
to the "R" input and four to the "S" input, two of which are
shared. Six of these seven inputs are considered to be internal
to the microprocessor (refer to Figure 4-3).
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Internal ALU Inputs

The ALU register files are the primary source of input data
to the ALU. For a detailed discussion, refer to the "Register
Files" paragraphs in this section. The internal scratchpad 32-
bit by 16 registers provide two inputs to the adder. By selective
"A-addressing" the contents of any register (RO-R15) in the register
file will be admitted to the "R" input or the "S" input.

An unshared internal input to the ALU is again the register
file. In this case, by selective "B-addressing" the contents of
any register (RO-R15) in the register file can be admitted to the
"S" input. Another single internal input to the ALU "S" input is
the "Q" register, whose purpose is to return the ALU output back
to an input, shifted or unshifted. The "Q" register will be
discussed in more detail later in this section.

External ALU Inputs

The ALU receives "external" inputs via the data bus, which
is connected to the "R" input. The data bus provides the data
for one of sixteen "multiplexed external inputs. The inputs
available through this multiplexing are:

Memory Read Register

ALU Status Bits

Rotation Output

Literal Data From Instruction Register
Hardware Address Register 1

Hardware Address Register 2

Backup Program Counter (24-bits)

RNI Label

RNI Literal

The selection of the data bus as an ALU input must always be
thought of in terms of external input multiplexor selection,
described in more detail later in this section.

ALU Input Summary

Of the "three plus four" (R and S, respectively) inputs, not
all are legal input combinations. By design, only eight of the
twelve possible combinations are implemented. The following
table summarizes the twelve possible combinations and indicates
which have been implemented.
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