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CHAPTER SEVEN: SECTION F

FLOATING POINT ACCELERATOR (FPA)

OVERVIEW

The Sun Floating Point Accelerator (FPA) is a single VME style card, which can
be added to the Sun 3 workstation to enhance floating point operations. By
configuring the FPA card with the Sun 3 68020/68881 based CPU card. floating
point performance is increased allowing greater application to development ar-
eas in CAD, modeling, element analysis, simulation and other scientific, engi-
neering or computational graphics endeavors.

For correct operation of the FPA, the CPU board must have an operational
floating point co-processor (68881 FPP) running at 16.67 Mhz. Failure of the
FPP will cause the FPA to be ignored at boot time.

The FPA card features the standard Sun triple height VME Eurocard, using
state-of-the-art computational logic for floating point operations, implemented
with Weitek 1164 and 1165 devices (64-bit IEEE floating point multiplier and
ALU, respectively). In addition, the FPA card offers a two-level instruction
pipeline, up to 32 user contexts, allows single or double precision IEEE 754
formats and operations, and provides on-board logic for high pertormance in-
terface control.

7F.1 FLOATING POINT OPERATIONS

For executing floating point operations, Sun 3 code (used exclusively on 68C20
based Sun workstations) translates the high-level (coded) instructions into as-

‘'sembly code which is used to perform the floating point calculations. A Sun 3

compiler supports these operations and allows the user four options to actually
execute the instructions. These four options include software, the 68881, the
FPA, or switched code.

The first method, executing> floating point in software, is actually the slowest
means, but will run on any Sun 3 system.

The second method executes floating poiht using the on-board 68881 floating

point coprocessor. This method is faster than software, but also requires that
the optional 68881 chip is resident on the host processor board.
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Method three executes floating point by using the FPA board. This is the quick-
est method the user can select, however, this requires that both the 68881 and
the FPA card are available for the operation to transact successfully. This sec-
tion then, will detail the architecture of the FPA card.

The fourth and final method utilizes a switching code. This method relies on
having available libraries (under Sun 3 code) run under any one of the before
mentioned methods. This method will run quicker if the FPA is installed.

7F.2 FPA BUS INTERFACE

The FPA is configured to the Sun 3 host processor using a subset of the Sun
3 VME backplane, referred to as the FPA bus. In a typical configuration, the
Sun 3 host processor board is set as the VME bus master, while the FPA is set
as a slave on the VME bus. Thereby, the FPA will only respond to instructions
(or operands) sent by the host processor to its instruction pipeline. The FPA
bus is an asynchronous interface between the two boards.

When the FPA responds to instructions from the host processor (via the FPA
bus) it causes the Weitek chip set (1164 and 1165) to execute the requested
floating point operation. When the results are written to RAM, the host proces-
sor can read them over the FPA bus. The FPA then, will never arbitrate to
become a bus master, and will therefore not initiate any transactions or opera-
tions with any other device.

Note:SYSRST is from
P1 but is seen as gart

HOST FPA of the FPA bus.
PROCESSOR 1164/
68020 1168 Data transfer is 32 bits.
64 bits on 3/260 and 3/280
Control/ Control/
Address Address
Master Slave
Interface Interface

< FPA BUS >

FIGURE 7F-1: FPA BUS INTERFACE TO THE HOST PROCESSOR
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FIGURE 7F-3: FPA BOARD LAYOUT
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All data paths to the FPA will be 32-bits wide, and all registers will be aligned
on word or long word boundaries. Sizing will be determined by the dynamic
sizing mechanism of the 68020, however, 32-bit accesses will be the only type

accepted by the FPA. Figure 7F-2 illustrates the address and data path to the
FPA.

FPA BUS
INTERFACE
Addr /11 Microstore
Logic
4K x 72-bits
Next Active
Instr Instr
Data /32 { Block Block
g N s R e ¥
ata
N / Flow
Con- < WEITEK
I trol 132 CHIP SET
132 \ A 116as116s
Reg.
and /3
Con- 2
stants
Reg

FIGURE 7F-2: FPA BLOCK DIAGRAM

The following Figures illustrate the layout, configuration and installation of the
FPA board into an existing Sun 3 workstation:
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7F.3 FPA ADDRESSING AND DATA PATH

The FPA is configured within the private memory bus (slots 1 through 6) and is
located in virtual address space. The base address of the FPA is found at
O0xE0000000.

When the most significant address bits (A31-28) are set to OxE, and the sys-
tem enable register (on-board the CPU card) indicate that the enable FPA bit
has been set, transactions will bypass the MMU and go directly to the FPA
card. The FPA will decode lower address lines to obtain details about the
transaction to be performed. These transactions will be WRITE or READ 'opera~
tions.

Resulting transfers between the CPU and the FPA are determined by the CPU
cycles. Under WRITE accesses to the FPA (an instruction or operand) the
address and the operand are latched. An acknowledge will be generated by
the FPA and sent immediately to the host processor.

During a READ access. the requested data is fetched over the FPA bus to the
host processor. READ accesses can.be simple flow-through operations
(status requests) where no microcode is executed, or microcode is executed
to route the data (results) to the FPA bus.

Since the FPA is operating outside of the MMU (in virtual address space). the
MMU segment maps and page maps will provide no protection during the
READ/WRITE accesses. To compensate for this, protected accesses are
provided at two levels.

The first level of protection comes from the enable FPA bit, which is set in the
system enable register during accesses. This setting will prevent unauthorized
use of the device by users which have not been granted one of 32 FPA user
contexts.

The next level will be generated by signals on the FPA bus which are set to
differentiate between supervisor and user accesses. These context bits will
prevent users from accessing each others result registers (resulting data from
the operation is stored in these registers), and will prevent users from overwrit-
ting the instruction register (microstore), the constants to be used for the op-
eration, or the mapping RAM.
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~~ JUMPER PINS GRID LOCAL FUNCTION INSTALLED
%
J0101 1-2 F10 50 MHz cik 1-2 IN
- 1-2 IN(3/160)
J0301 ;_3 P2 Shadow rd ack/nack 32 wzalzsop
J0302 1-2 P3 FPA access pending 1-2 IN(3/160)
a4 3-4 IN(3/260)
JO501 1-2 P2 Asynch cntri for 1st pipe stage | 1-2 IN{3/160)
3-4 3-4 IN{3/260)
J0701 %-3 H7 Current version IMASK 1-2 IN
J0702 ;-3 H8 Current version IMASK 1-2 IN
J0703 ;—g H8 Current version IMASK 1-2 IN
J1801 1-2 F32 4 VDC for WTL1164 (Multiplier) 1-2 OUT
3-4 5 VDC for WTL1164 {Multiplier) 3-4 IN
J1802 1-2 H32 4 VDC for WTL1165 (ALU) 1-2 OUT
3-4 5 VDC for WTL1165 (ALU) 3-4 IN
TABLE 7F-1: FPA BOARD JUMPERS
- SECTION
N
1 2 3 4 5 6 7 8
OFF | ON |OFF | ON |OFF | ON | ON | ON
NOTE: For timeout for retry, and,
count of consecutive retries
TABLE 7F-2: DEFAULT DIP SWITCH SETTING
7F.4 ADDING THE FPA TO AN EXISTING SYSTEM
Please refer to Appendix B of this manual for complete instructions on adding
an FPA to an existing system. Please note that you must be running SunOs
revision 3.1 or above.
7F.5 FPA TESTS
lusrietc/fpalfparel -v
S Jusrletc/mc68881version (for the coprocessor)
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VMEDbus is a tradcmark of Motorola, Inc.

Sun Microsystems and Sun Workstation arc registered trademarks of Sun
Microsystems, Incorporated.

Sun is a trademark of Sun Microsystems, Incorporated.
The Sun logo @ is a registered trademark of Sun Microsystems, Inc.

Multibus is a trademark of Intel Corporation.

CAUTION This equipment generates, uses, and can radiate
radio frequency energy and if not installed and used in
accordance with the instructions manual, may cause
interference to radio communications. It has been tested
and found to comply with the limits for a Class A comput-
ing device pursuant to Subpart J of Part 15 of FCC Rules,
which are designed to provide reasonable protection against
such interference when operated in a commercial environ-
ment. Operation of this equipment in a residential area is
likely to cause interference in which case the user at his own
expense will be required to take whatever measures may be
required to correct the interference.
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Springfingers are metal strips that are installed between the edge of the PC board and the outer panel tc
RFI emissions. Serrated metal ‘“fingers’’ protrude from either side of the strip.

Installation of a board WITHOUT springfingers may affect RFI emissions and may therefore affect FCC
ance. Sun will no longer be responsible for FCC compliance if non-sprmgﬁngered boards are added tos
originally shlpped WITH springfingers and FCC approval.

If 2 board WITH springfingers is installed next to a board WITHOUT springfingers, the insulator shiel
outside of the fingers MUST be present to prevent possible shorting of component leads to the springfin

If a logic enclosure contains boards WITH and WITHOUT springfingers, use the following guidelines:

o Before removing a board WITHOUT springfingers, remove the board to the left of it (or below it f
top models) if that board is equipped WITH springfingers and an outer insulator shield.

o To replace any filler panel equipped WITH springfingers, pull out the air restrictor panel far enou;
allow the springfingers to lay against the panel. Push both units into place simultaneously and fast
the appropriate fasteners. This procedure makes replacement of the filler panels easier and reduce

chance of damage to the springfingers.

o  Always install 2 board WITHOUT springfingers first, and then replace the board WITH springfing
insulator shield in the slot to the left of it (or below it).

If a board WITH springfingers is installed next to a board or filler panel also equipped WITH springfir
the outside insulator shields should be removed. ‘

Ensure that the insulator strip between the inner side of the springfingers and the PC board is intact at ;|
times. |
When removing and replacing boards with springfingers, check the condition of the insulator strip/shie}
and replace if damaged.

Call 800-USA4SUN with questions or for information on how to obtain additional insulator strips or s!

Printed circuit boards contain components sensitive to damage from electrostatic discharge that may o
for example, when you walk across a carpet and then touch the board. Before handling a board, place
hand on a conductive surface that is grounded to a common earth ground, (such as the metal screw or §
the AC wall receptacle) to discharge any static electricity from your body.
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Sun Floating Point Accelerator Board General Description

The Sun Floating Point Accelerator (FPA) Board is a single-board option for Sun-3/1XX and -3/2XX workstations.
The FPA board improves floating point performance, by an average factor of 3, over that provided by the standard
Sun floating point logic. The illustration below provides the physical locations of the various FPA board configuration

jumpers.
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501-1105 Floating Point Accelerator
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Figure 1  FPA Board Jumper Locations
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2 FPA Board Configuration Procodures

Label Pins In/Out Description
J0301 1-2 In Shadow rcad ack/nack
3-4 Out for Sun-3/100's, In for Sun-3/200’s*
JO501 - 1-2 : In Asynch cntrl for first pipe stage
‘34 Out for Sun-3/100's, In for Sun-3/200's*
J0302 T 12 In FPA access pending
. 34 Out for Sun-3/100's, In for Sun-3/200’s*
JO0701 1-2 In Revision level :
- 34 Out
J0702 ©1-2 In Revision level
- 34 Out
JO703 1-2 In Revision level
34 Out
J1801 1-2 Out 4VDC for WTL1164 (Multiplier)
34 . In SVDC for WTL1164 (Multiplier)
J1802 1-2 Out 4VDC for WTL1165 (ALU)
34 In 5VDC for WTL1165 (ALU)
JO101 1-2 In - 50 MHz clock enable

* For 501-1100 and 501-1206, pins 1-2 are out and pins 34 are in.

Label Sw On/Off Description
J201 1 On Bus timeout interval
2 On
3 Off
4 On
5 Off
6 On
7 On
8 On
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Revision His

Revision Date Comments

01-1 31 Jan 1986 First release of this configuration
procedure. '

02-A 6 June 1986 Second release of this configuratio:
procedure.

03-A 11 Nov 1987 Revision to include Sun-3/2xx
configuration data.

04-A 2 March 1988 Revision to include J201 DIP switc
settings.
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Introduction

This manual describes how to use the Sun-3 Floating Point Accelerator (FPA)
board, a tightly coupled optional peripheral which may be installed in some
Sun-3 systems.

The floating point accelerator accepts instructons from the FPA bus and uses a
Weitek floating point chip set to execute floating point operations. It routes
operands to the Weitek chips either from the FPA bus or from on-board registers
and it places results in these registers for access by the host processor. The host
processor sees the floating point accelerator as a location where it can leave
instructions to perform floating point calculations, and come back later to obtain
the results.

This manual provides informaton to help you use the FPA board. It describes
the basic functionality of the board, describes how to use the assembly language
instructons provided by Sun, and provides information about the board’s internal
architecture, to help you create your own assembly language instructions.

This manual is mosty for assembly language programmers, or persons who are
going to create assembly language for the FPA.

In this manual, we use fonts to make things a little clearer. The most common
fonts are Roman, typewriter, italic, and bold. We use them as follows:

Roman
Roman font is the standard for normal text, just as it appears here.

Typewriter
Typewriter font is mostly used forinformation in displays.

Typewriter Bold
Typewriter bold font represents something that you must type verba-
tim into the computer. This usually appears together with typewniter font;
the computer output appears in typewriter, and what you must type appears
in typewriter bold.

Italic
Ialic font is either used for notes, or it represents a variable for which vou or
the computer must substitute some real value. For example:

S U n 3 Sun FPA User's Manua!
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This field contatns a pointer to register nn

Boid
Bold font indicates that something deserves more attenoon than the sur-
rounding text.

1.3. Glossary - In order to avoid confusion, this manual uses standard definitions for some com-
mon words. These are:

Access
The word access describes one read or write of 32-bits of data by the host
processor to the FPA board over the FPA bus.

Host Processor
The host processor is the system CPU .

Instructions
In most of this manual, the word *‘instruction’’ describes the requests the
host processor sends over the FPA bus to the FPA. One instruction may
consist of one or two accesses.

In discussions of the assembly language, the word “‘instruction’’ describes a
line of assembly language code.

Operation
In the chapter on assembly language, the word operation describes the action
inidated by a single assembly language statement.

1.4. References See the following for additional information:
o Weitek 1164/1165 Data Sheets

o Assembly Language Reference Manual for the Sun Workstation (3CC-1372)

o Motorola MC68020 User's Manual

S U n Sun FPA User's Manua]
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2.1. Code Generator

2.2. Functional Groupings
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Architecture

g
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This secdon describes the architecture of the FPA board, and provides a block
diagram (Figure 2-1).

The Sun-3 code generator translates high-level code into assembly code which
performs floating point calculadons. The Sun-3 compilers support options which
provide the user a choice of 4 ways to execute floatng point instructions:

Execute Floating Point in Software
This is the slowest method, but the compiled code will run on any Sun-3
machine.

Execute Floating Point using the 68881
This option runs faster than the software option, but it requires the machine
to have a 68881 coprocessor installed. Programs compiled using this method
do not run on machines without a 68881.

Execute Floating Point using the FPA
This is the fastest method, but it only runs on machines having an FPA and 2
68881 installed.

Switched Code
This option generates code that, at run time, selects and uses the fastest
hardware installed. Code generated using this option runs on all Sun-3
machines, and it runs fast if the FPA is installed. However, its object files
are larger and substantially slower than those generated for the explicit
hardware options.

Figure 2-1 shows the major FPA components. These are:

1  Instruction and data pipeline — Receives addresses and data from the FPA
bus and routes them onto the board. Holds the current instruction and one
pending instruction.

2 Register RAM and supporting circuits — Holds operands, results from the
Weitek chips, and mathematical constants.

3 Data Muluplexer — Acts as a switch to move data between the register
RAM and the Weitek chips, and in from the data porton of the insguction

pipe.

S u n 7 Sun FPA User's Manual
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2.3. Operation Overview

A

2.4. System Interface

Addressing

Q
0

4  The Weitek chip set — Consists of a Weitek 1164 (multiplier) and a Weitek
1165 (ALU); these actually perform the floating point operatons.

S Micromachine — Provides control signals for the other parts of the board
and stores status signals from other parts of the board.

The FPA board accepts instructions from the FPA bus, and causes the Weitek
chips to perform the required floating point operations. Then it places the results
in register RAM where the host processor can read them.

From the FPA bus, instructions enter the pipeline. It has storage capability for an
active instruction and a next instruction, So it can receive a second instruction
before it finishes the first.

An on-board micromachine controls the sequence of events required to execute
an FPA instruction. Instructions enter the pipeline and are executed by the
micromachine.

Register RAM is the FPA’s central RAM space. It provides temporary storage
for operands and results, and provides semi-permanent storage for mathematical
constants such as pi. The semi-permanent portion of register RAM is sometimes
referred to as constant RAM.

The register pdrtion of the register RAM is divided into 32 contexts, each with
32 registers of 64 bits.

The constants are universal; new constants may be added in future releases, but
existing constants will never move and will never be deleted. Thus the value for
pi will always remain at the same address.

Shadow RAM always contains an image of the lower 8 registers in the current
context (FPRO-FPRT7); it is designed to be read quickly by the host processor. On
context changes, an instruction must be sent to the FPA to update these registers.
Whenever possible, the host processor should read its results from the shadow
RAM.

Once the Weitek chips receive operands and instructions, they perform the opera-
tion as requested and output the result to the data flow control block, which
places them in the register RAM. The host processor specifies where the results
are to be placed; it must then read this address or its shadow RAM equivalent to
obtain the result.

The FPA is configured as a tightly coupled peripheral to the host processor. It
sits on the system backplane, and uses a common subset of all the Sun-3 bus
types. This common subset is called the FPA bus.

The FPA addressing appears in Figure 2-2.

The FPA decodes address bits A02 - A12 to obtain details about the command.
These idendfy the operation to be performed and provide other details.

If the access is a read, the requested value is fetched and rerumed to the proces-
sor. If the access is a write and the instruction pipe is not full, the FPA latches the
address and operand and returns an acknowledge to the host processor

S u n Sun FPA User's Manual
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Protection

Weitek Errors

FPA Errors

@

3

immediately.

Because the FPA resides in virtual address space, and does not use the MMU, it
requires other means to keep non-FPA users from accessing the FPA, and to keep
FPA users from accessing each other’s registers. The EN.FPA bit in the host
processor’s system enable register keeps unauthorized users from accessing the
FPA. The FPA state register keeps track of which user is running and what each
user is allowed to do. It is described in the chapter ‘'Control Registers’’ later in
this manual.

FPA errors fall into two broad categories: Weitek generated errors and FPA gen-
erated errors. '

The Weitek generated errors include all IEEE 754 errors, and any errors specific
to the Weitek chips. These generate a bus error, set the WERR indicator bit, and
get their status reported in the Weitek status register (WSTATUS) at the end of
each pipeline instruction.

Only instructions which execute through the microcode produce Weitek errors.
A bitin the interrupt mask register (IMASK) can be used to mask inexact errors.
‘When this bit is ON, Weitek inexact errors generate a bus error; when it is OFF,
the error is masked. The fact that the result was inexact is still reported in
WSTATUS, but the indicator bit (WERR) is not set and no bus errors are gen-
erated. :

For more on the WSTATUS and IMASK registers, and the WERR bit, see the
chapter ‘‘Control Registers’’.

Other errors, caused by conditions on the FPA board, are generated immediately.
The access which generated the error receives a negative acknowledge, and the
cause is recorded in the IERR register.

The types of errors recorded in the IERR register are:
o Non 32-bit access.

o Protection vicladon — a) user writes to SUpervisor space, b) attempt to write
to register RAM without register RAM access enable bit set, ¢) attempt to
access map RAM or microstore RAM without load enable bit set, or d)
attempt to access illegal address.

o lllegal access — Trying to write a read-only address or read a write-only
address.

o Illegal microcode execution — Attempt to execute using microcode when
load enable bit is set.

o  Hung pipe — Pipe access, shadow access or control access. Indicates
Weitek error.

o 256th retry

o Access to illegal control register address.

W
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Timing and Handling

The IERR bits that idendfy these errors are described in the chapter **Control
Registers™’.

The handling and timing of Weitek errors depends on the type of error and the
type of access. The access is transparent if the FPA does not need to advance
the pipe before handling the error. Errors occurring during transparent accesses
receive group 1 handling. The access is non-transparent if the FPA does need
to advance the pipe before handling the error; errors occurring during non-
transparent accesses receive group 2 handling.

The following sequence of operations illustrates this difference (assume the pipe
is empty when it starts):

regl <-- reg2 / reg3
Because the pipe is cleared there is room for this instruction. (Group 1 —
transparent access)

reg2 <-- regl + op
Even though this instruction requires the updated reg/ from the previous
instruction, there is room in the pipe, so this access can be accepted. This is
true of both accesses if the instruction is composed of two accesses. (Group
1 — transparent access)

read reg4
Reg4 can be read from the shadow rams without waiting for any pipeline
instruction which could be in the pipe to complete. (Group 1 — transparent
access)

reg9 <-- regiO - regll
Because the pipe has received two instructions since it was last cleared, one
of these must complete before the first access of this instruction can be ack-
nowledged. (Group 2 — non-transparent access)

Read WSTATUS from *‘clear pipe’’ address
The WSTATUS register can be read from two addresses - a ‘‘clear’’ address
and a *‘stable’’ address. If read from the *‘clear’’ address, the data is not
returned until all instructions in the pipe complete (pipe is clear), or until the
pipe is hung. If read from the *‘stable”* address the pipe stabilizes before the
status is returned. Bus errors are generated only if this register is read from
the *‘clear’” address. (Group 2 — non-transparent access)

A pipeline instruction which generates an error will not fall out of the pipe.
Instead, it hangs the pipe so the error handling routine can identify the source of
the error. The following algorithm for handling errors is implemented in
hardware:
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/ .
N
IF (access produces an immediate error) THEN
return negative acknowledge ; any pencing Weltek errors are ignored
ELSE
CASE:
{(access == transparent) : return positive acknowledge
{access == non-transparent):
IF (there is a WERR pending) THEN
return hegative acknowledge
ELSE
) wait (for pipe to progress (this
will convert access to a
transparent access) OR
for a WERR to occur (pipe
will hang))
IF (there is a WERR pending)THEN
return negative acknowleage
ELSE
return positive acxnowledge
ENDIF
ENCIF
ENDCASE
ENDIF
The software uses the following algorithm for handling errors:
/ .
\
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Read the IERR status register

IF (there is an immediate error) THEN
abort the user
note: If the same access 13 again placed to the FPA
another bus error will be issuea by the FPA.
The conly state assoclated with an immediate
error i3 the IERR register which is not used
by the hardware. It exists only to lndicate
the source of the error to the processor.
ELSE
read WSTATUS register from ‘‘stable pipe’’ address
sFPA waits for pipe to stabillize before
sacknowledging.
;Status s read from ‘‘clear pipe’’
saddress rather ;than ‘‘stable pipe’’
;sadaress to guarantee that the FPA
:will issue a positive acknowledge.

IF (unimplemented {instruction error) THEN
abort the user
ELSE
read contents of the pipe
write any value to CLEAR_PIPE register to clear the pipe
salso clears Werr indlcator in the
SWSTATUS register

re-execute faulting instuction using
the 68020 and 68881 or some
other method

update appropriate FPA registers with results
from re-execution

retransmit unexecuted instructions or partial
\
k\‘/' instructions which were read from the pipe

return control to the user
ENDIF
ENDIF

4y sun

mcrosysiems
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Figure 2-1 System Block Diagram
3
Address Micro ‘
Machine ’
Next Active
Instruction Instruction :
Data »
l
Data
Flow
Control
Reg.and | Weitek
Const. RAM Chips
Data’/results/starus
)
Q
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FPA Addressing

Figure 2-2
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3.1. Register Accesses

Register RAM Accesses

N

@

3

PR S R S LS SR S AR ALY . RS R i i

P

Machine Level Code

This chapter describes the machine-level code for all FPA accesses. It descnibes
the ways to access FPA registers and send instructions to the FPA, and it
describes the bits used in these accesses and instructons.

If you are going to use the assembly language instructions provided by Sun, you
should have no need of the information in this chapter.

In this chapter, the 32 register RAM registers assigned to each context are
represented as FPRO through FPR31. In the instruction bit displays, the fields
where the bits specify a register are represented as reg/V, where N is a number.
For example, if the field reg2 held the data 0001, then it would identify
FPR1.

In any access or instruction, address bits 28 through 31 must be 0xE to specify
the FPA board. Bits 02 through 12 specify the type and parameters of the access,
and the other bits should be 0’s.

Register accesses provide the ability to read and write to the FPA registers,
including the register RAM space, and the shadow RAM.
Register accesses are further broken down into 4 types; register RAM accesses,

shadow RAM accesses, load pointer accesses, and control register accesses.

The following address scheme accesses one of the 64-bit register RAM registers
in the current context:

ADDRESS DATA
12 8 7 3 2 10 31 0
+- + B et 3 tomm e ————————— +
| 01100 | reg sel | S | 00 | | data |
+ + + + + Rt +
| | ]_Unused
| _l_Significance

]
|
| |_Register select
|_Type identifier

The type identifier identifies this as a register RAM access.

S 17 Sun FPA User’s Manual
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N
(S

Shadow RAM Accesses

Load Pointer Accesses

The register select specifies the address of one of the register RAM registers in
the current context (FPRO through FPR31).

The significance bit specifies the significance of the operand; if bit 2 = O, the data
field contains the most significant portion of the operand; if bit 2 = 1, the data
field contains the least significant portion of the operand. For single precision
operands, bit 2 must be 0.

Shadow RAM provides fast read access to the lower 8 registers in the current
context. During a shadow RAM access, the hardware first determines that the
requested datum will not be updated as a result of instructions currently in the
pipe. If the value will be updated, the hardware waits for the instruction to com-
plete before performing the shadow RAM read.

Instructions which will update more than one register cause all the shadow regis-
ters to be interlocked undl the instruction completes. These instructions include
matrix moves, sincos, and matrix transposes.

Shadow RAM accesses use the following format:

ADDRESS DATA

12 - 65 32 10 31 0

B + - + Fomm e —————— +

| 0111000 | reg sel {S| 00 | | data ]

+ + ——pepm——— B e e +
| ] |_Unused

{_Register select

|
| l |_Significance
I
|_Type identifier

The type identifier identifies this as a shadow RAM access.

The register select specifies the address of one of 8 shadow RAM addresses
(FPRO through FPR7).

Load pointer accesses provide a way to access any of the 2k addresses in the
register/constants RAM. Load pointer bits 2 through 12 specify the register
RAM address to be accessed, and the read/write line identifies the access as a
read or a write. Note that if the microcode access bit in the STATE register is
not set, it can stll be read, but writes return an immediate negative acknowledge.

These accesses use the following format:

ADDRESS DATA

12 7 6 3210 31 0
+- + tmtm———t o +
| 011101 | access typelsl| 00 | ] data i
+ + ————tepm———t R ettt +

| I |_Bit significance
! |_Access type
| _Type identifier

Address bits 7 to 12 identify this as a load pointer access.

S u n Sun FPA User’s Manual
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Control Register Accesses

Diagnostic Accesses

3.2. Instructions

Single Precision Short

Bits 6 to 3 further identify the type of access, as follows:

0000 = Read or write the RAM location specified by the load pointer. This
is the normal usage.

0001 = Read or write the RAM location specified by the load pointer, and
do the read using the recovery register. This command 1s used by diagnos-
tics to test the recovery register (the recovery register is described in the
chapter ‘*Control Registers’’).

If bit 2 = 0, the operation accesses the most significant 32 bits; if bit 2 = 1, then
the operation accesses the least significant 32 bits.

This section describes how to access the FPA control registers. For a complete
list of the control registers, including their functions and addresses, see the
chapter *‘Control Registers’’.

Control registers accesses use the following format:

ADDRESS DATA

12 8 7 210 31 0
to——— + + -+ B it e L -
| 01111 | reg. select | 00 | | data |
o ———— B t————t B +

| |_Register select (see chapter ‘‘Control Registers’
|_Type identifier

The type identifier identifies this as a control register access. Note that this field
provides the OxF (in Table 6-1) for the register address. The rec.select field
provides the middle 6 bits of the register address, and the last 2 bits of the regis-
ter address are always zeros.

The register select specifies which register is being accessed.

Diagnostic accesses are used for diagnostics only; they should never be used dur-
ing normal operation.

The FPA provides 4 different types of instructions; 1) single precision shor, 2)
double precision short, 3) extended, and 4) command register. Like the register
accesses described above, address bits 31 through 28 access the FPA board, and
bits 12 through 2 identify the command type, the operation, and other details
about the command.

The following sections describe the commands and their variadons, and identify
the different operations available:

A single-precision short command processes a 32-bit operand in single-precision
format. It uses the following format:

S un Sun FPA User's Manual
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L

Address Data
12 11 10 7 6 3 2 10 31 0
e e Fmmm———— el et o +
| 00 | op | regl | O | 00 | | operand |
+———=t + ————t et tommm e +

| | |_Address of register 1

| | _Opcode

|_Command identifier
The command identifier identifies this as a single precision short.
The opcode specifies the operation. The choices are:
Opcode Name Operation
0000 nop
0001 negate regl <- -(operand)
0010 absolute value regl <- |operand|
0011 convert to floating point regl <- float operand
0100 fix (convert to integer) regl <- fixed operand
0101 . convert to double regl <- converted operand
0110 square regl <- operand*operand

PN 0111 add regl <- (regl + operand)
\\/1 1000 subtract regl <- (regl - operand)

1001 multiply regl <- (regl * operand)
1010 divide regl <- (regl / operand)
1011 reverse subtract regl <- (operand) - regl
1100 reverse divide regl <- (operand) / regl
1101 compare with 0 Status reg (WSTATUS) gets

updated based on operand
compare with 0
1110 compare Status reg gets updated
based on regl compare
with operand
1111 compare magnitude Status reg gets updated
based on regl compare
magnitude with regl

The regn field specifies the register where the results will go. It must be one of
the lower 16 RAM registers available in this context.

Double Precision Short The double precision short command works similarly to the single precision
short except that it requires 2 accesses: one to load the most significant word of
the operand and one to load the least significant word:

Y
7
=

i

2
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Address

12 11 10 7 6 3 2 01
B S o et e g
| 00 | op | regl |1 1 | 00 |
Bk Sttt T o ———— B e 3

Data
31 C
o e e e e e e e
| ms half operand
g

! | |_Address of register 1

! |_Opcode
|_Command identifier

12 11 10 3 2 01

tm———t ————t et
| 10 | not used ] x | 00 |
tmmm b ——————————————— tem—pem

|_Command identifier

The command identifier identifies this as a double precision shorm, and identifies

which half of the double precision short this is.

The opcode specifies one of the following:

Opcode Name Operation

0000 nop

0001 negate regi <- -(operanc)

0010 absolute value regl <- |operand|

0011 convert to floating point regl <- float operand
0100 fix (convert to integer) regl <- fixed operand
0101 convert to single regl <- converted operand

0110 square

0111 add

1000 subtract
1001 multiply
1010 divide

1011 reverse subtract
1100 reverse divide
1101 compare with 0

1110 compare

1111 compare magnitude

%

regl <- operand*operand

regl <- (regl + operanc)
regl <- (regl - operand)
regl <- (regl * operand)
regl <- (regl / operand)

regl <- (operand) - recgl
regl <- (operand) / recl

Status reg gets updated
based on operand compare
with 0

Status reg gets updated

based on regl compare
with operand

Status reg gets updated

based on regl compare |
magnitude with operand

Sun FPA User’s Manua
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Extended Instructions

Extended instructions require two transfers, but they provide 22 bits of
specification information. The first transfer contains enough information to get
the operadon started:

Address Data
12 11 76 321 0 31 o
+-—+ + dmtm——et e ——— -~
11} op | reg2 P00 | | ms half operand |
+—=+ + —ttm——t + _—— ——

bl | |_Precision

! ! |_Address of register 2

| |_Opcode

|_Cormmand identifier
12 11 10 76 32 0 31 ]
tmm——t— + —tm——— Bt et +
I 11 | reg3 | regl [000 | | 1s half operand f
+ + + + + e

| 1 |_Address of register 1
I |_Address of register 3
|_Command identifier

The two command identifiers identify this as (respectvely) the first and second
halves of an extended instruction.
The opcode specifies one of the extended commands. These are listed later.

The register addresses identify the registers for the operation (FPRO through
FPR1S5).

The precision bit specifies whether this is a single or double precision command.
P = 0 specifies single precision; P = 1 specifies double precision. For single pre-
cision operations, the ms half holds the operand and the Is half is not used. For
double precision operations, the ms half holds the ms half or the operand and the
1s half holds the Is half of the operand.

The extended instructions support the following operations:

S ll Il Sun FPA User’s Manual




»

Chapler 3 — Machine Leve! Code 23

Command Register

NOTE

Opcode Name Operation

00110 add regl <- reg2 + operand

00111 subtract regl <- reg2 - operand

01000 multiply regl <- reg?2 * operand

01001 divide regl <- reg2 / operand

01010 reverse sub regl <- operand - reg2

01011 reverse div regl <- operand / reg2

10000 regl <- reg3 + (reg2 * operand)
10001 regl <- reg3 - (reg2 * operand)
10010 regl <- (- reg3) + (reg2 * operanc)
10011 regl <- reg3 * (reg2 + operand)
10100 regl <- reg3 * (reg2 - operand)
10101 regl <- reg3 * (-reg2 + operand)
10110 regl <- operand + (reg3 * reg?l)
10111 regl <- operand - (reg3 * reg2)
11000 regl <- (- operand) + (reg3 * regl)
11001 regl <- operand * (reg3 + reg2)
11010 regl <- operand * (reg3 - reg2)

The following operations use the most significant half of the operand as a single
precision ‘‘operandl’’, and the least significant half as a single precision
‘‘operand2’’. These operations are defined only for single precision:

00000 regl <- operand? + (reg2 * operandl)
00001 regl <- operand2 - (reg2 * operancl)
00010 regl <- -operand2 + (reg2 * operancl)
00011 regl <- operand2 * (reg2 + operancl
60100 regl <- operand2 * (reg2 - operanc)
00101 regl <- operand2 * (-reg2 + operand)

Command register instructions allow the FPA to perform complicated commands
with only 1 access. Because command informaton is encoded into the data field
as well as the address field, the operands used by the operation must already be in
the required registers.

Note that because the regl and regq4 fields are 5-bits wide, this format can
specify from FPRO to FPR31. The reg2 and regs3 fields are 9-bits wide. The
C fields associated with reg2 and reg3 control which register that field
specifies: if C = 0, the field specifies a register from FPRO to FPR31 and the
high 4 bits are ignored. If C = 1, the field specifies an offset into constant
RAM (see Appendix A).

The P bit specifies the precision: O = single precision’and 1 = double precision.

The format of command register instructions is:

S l.l I] Sun FPA User’s Manual
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Address

12 10 9 8 321 0
o totmmmmm e tetm———t

| 010 W] op IP] 00 |
+o———- e bt

| ! | |_Precision

I | | _Opcode

| |_Weitek direct

|_Command identifier
Data

31 30 26 25 24 16 15 14 6 5 4 0
B et T Fomm b e Fmmm e +
I x| regd ] C | reg3 | C | reg2 | x | regl |
+———+ -——+ Fommmm e tmmm b e +

| | I | |_Addr regl '
| I | |_Address of reg2
| | |_Operand source for reg2
l |_Address of reg3
|_Operand source for reg3

_Address of regi4

If W = 1, then the operation is performed as defined by the Weitek specificadon.
In this case, the bits in the opcode field correspond to the following Weitek con-
tol bits:

Bits 8 - 4 = F+ bits 5 - 1
Bit 2 = F+ bit 0 (indicates precision)
Bit 3 = Which chip to trigger (0 = ALU, 1 = Multiplier)

Weitek operations take the form:

regl <- reg2 Weitek_op reg3

If W = 0, the command register command supports the following operations:

Opcode Name Operation

000000 sine regl <- sine (reg2?)
000001 cosine regl <- cosine (reg2)
000011 arctangent regl <- arctangent (reg2)
000100 regl <- e"“(reg2) -1
000101 regl <- 1ln(l + reg2)
000110 regl <- e” (reg2)

000111 regl <- ln(reg2)

110000 sincos regl <- sine (reg2)

reg4 <- cosine (reg2)

NOTE  Ceruwain transcendental functions may hang if the mode register contains a value
other than 0x2.
C
' S
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NOTE

NOTE

010000
010001
010010
010011
010100
010101
010110

regl <--
regl <--
regl <--
regl <--
regl <--
regl <--
regl <--

reg2
reg3 + (reg2 * recgs)
regld - (reg2 * regi)

(-reg3) + (reg2 * regi)
reg3 * (reg2 + regd)
reg3 * (reg2 - regs)
reg3 * (-reg2 + regi)

The following matrix operations are also provided:

For all marrix move instructions in command register format, the resul: is
undefined if the matrices overlap.

010111

011000

011001

110001

110010

110011

110100

110101

110110

regl <- (reg2)*(reg3) + (reg2+1l)*(reg3+1l)

regl <- (reg2)*(reg3) + (reg2+l)*(reg3+l) +

(reg2+2) * (reg3+2)

regl <- (reg2)*(reg3) + (reg2+l)*(reg3+l) +

(reg2+2) * (reg3+2) + (re

g2+3) * (reg3+3)

2x2 matrix move — 4 consecutive values starting
at reg2 are moved to locations starting at regi

3x3 matrix move - 9 consecutive values starting
at reg2 are moved to locations starting at regl

4x4 matrix move - 16 consecutive values starti
at reg2 are moved to locations starting at regl

transpose 2x2 matrix -
1,1 pointed to by regl

transpose 3x3 matrix -
1,1 pointed to by regl

transpose 4x4 matrix -
1,1 pointed to by regl

Other miscellaneous instructions:

ng
the matrix with elemen*
is transposed.

the matrix with element
is transposed.

the matrix with element
is transposed.

011010 = load Weitek mode controls bits 3-0

See the Weitek literature for definition of modes. The data source for mode bits
3-0 is bits 3-0 of the data operand. The FPA checks these accesses to ensure tha:
bits 04 through 31 are 0's, or that bits 0 through 31 are 0x80000000, and hangs
if they are not.

Operating system commands:

Sun FPA User's Manual




26 Sun FPA User's Manual

NOTE

NOTE

101111

(P=0) = Initialize Weitek mocde control bits 15-4
as follows:
a) load multiplier with value 0x046

b) load ALU with value 0x006

After the Initialize command the Weitek error bits are undefined until the end of
the first Weitek instruction.

111000 (P=1) = Update the shadow registers.
(P=0) = Load Weitek status register (WSTATUS)

101011

This instruction restores the Weitek status. Bits 8 through 11 of the data field are
written to bits 8 through 11 of the WSTATUS register, then these bits are
decoded to generate bits O through 4, bits 8 through 11, and bit 15 of the
WSTATUS register. Bit 13 (status valid) is set (1), and bit 14 (unimplemnented
instruction) is reset (0). These decodings are described in the WSTATUS section
of the chapter *'Control Registers’’.

101011 (P=1l) = Unimplemented instruction.

Returns a bus

error with the unimplemented bit set in the bus error
register.

100xxx

101101

111001

111001

(P=1) = Reserved

(P=0) = Reserved

(P=0) = Checks the user registers of the current

context for any hardware faults.

This check

is destructive: the contents of all user registers in
the current context will be destroyed.

(P=1) = Checks the user registers of the current

context for any hardware faults.
is non-destructive.

This check

Sun FPA User’s Manual
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4.1. Definitions

Instruction Notation

NOTE

NOTE

4

Assembly Language Programming

This chapter describes the syntax of the Sun FPA assembly language instruc-
tions.

This chapter describes the subset of the assembler which handles FPA ins:ruc-
tions. For information about the rest of the assembler, see the "Assembiy
Language Reference Manual for the Sun Workstation” (800-1372 .

This chapter consists of two parts; the instruction set summary at the end of ths
chapter, and informaton to suppon the instruction set summary. The first sec-
tions describe the types of instructions and the different symbols used. The
instrucdon set summary (Table 3-2) provides a complete list of all the FPA
assembler instructons, and shows the different operands and their order.

Each line of code in the assembly language program is called an instruczion. Do
not confuse the word ’instruction’ used in this chapter with the "instrucsons’
sent by the CPU to the FPA over the bus.

The following sections define the elements used in this chapter.

This chapter uses the following format to display FPA instructions:

£popl@A operands

where:

o £pidentifies an FPA instruction
o op is the opcode name

o ¢ identifies the precision; s = single precision, and d = double precision. For
centain instructions, it can be ! for long; these instructions are specially
noted.

o @A is optional; it is used to specify an address register between O and 7
which contains the FPA base address. Note that this register must contain
the FPA base address (OxEO000000) before this form can be used. If this
element is not present, then absolute long addressing, which is more efiicien:
for short routines, is used to refer to the FPA.

c  The operand can be one of the following:

Q
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FPA Registers
Operand Types
4.2. Instructions
.
{

X represents either a 68020 effective address, or an FPA data register.
Usually, if X is an FPA register, the assembler uses a command reaisier
command.

<ea> represents an 68020 effective address.

%x represents a register in constant RAM. x must be between 0 and
511. For locations in constant RAM, see Appendix A.

dn:dn represents a data register pair; an:an represents an address register
pair.

FPA opcode names use the letters £p followed by an abbreviation that
represents the action the opcode performs. For example, the opcode fosuls
specifies a subtraction. Cenain instructions specify reversed operations;
these begin with the letters £pr. For example, the opcode £zrzsucs specifies
reverse subtraction.

The 32 FPA registers associated with each context are referred to as fpa0 through
fpa3l. Inexamples, they are referred to as fpax, fpay, fpaz, and fpan, where fpan
is the destinadon register.

Some instructions only allow access to fpa0 through fpal5. When this is the
case, it is specified in the description of the instructions. Other operations allow
access to constant RAM; these are idennfied by a percent sign. For example:

%x
specifies address x in constant RAM.

Writes to fpa0 through fpa7 update shadow RAM automatically. To optimize
FPA speed, place results to be read from the FPA to the CPU in these registers
whenever possible.

The assembler supports the following types of operands:

o A 68020 effective address. However, a) absolute short addresses are not
allowed for double precision values, and b) if either the data register or the
address register is used to hold a double precision value, then this value mus:
be in a register pair, and both registers must appear separated by a colon (for
example d0:d1). The instruction fpltod (convert integer to double precision)
is an exception to this rule.

o Any of the 32 floating point data registers.
o Fpamode or fpastatus h:gisters
o An address in constant RAM.

The FPA instructions are divided into classes based on the numbers of operands
they require. The following sections describe each.
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SLTLTE e

= Two Operand Instructions

Three Operand Instructions

Q
(R

Two operand instructions include things like add, muluply, convert from integer
to floating point, and square root. They are represented as:

fpopt X.fpan
X can be any valid 68020 effective address for an operand, or it can be an FPA

register. If it is an FPA register, it can be either a register in constant RAM (0 1o
511), oran FPA daa register (0 to 31).

If X is an FPA register, then fpan must be an FPA data register in the range O to
31. If X is an effectve address, then fpan must be an FPA data register in the
range 0 to 15.

The following examples show some 2-operand instructions:

fpnegs <ea>, fpal

fpsqrd <ea>, fpa2

fpsubs fpal, fpa2 - fpa2 « fpa2 - fpal
fprsubs fpal, fpa2 - fpa2 « fpal - £pa2
fpdivs do, fpa2 - fpa2 « fpa2 / d&¢
fprdivs do, fpa2 - fpa2 & d0 / fpa:

The opcodes for sine, cosine, atan, ex, e"x-1, In(x), In(1+x), sqri(x), and
sincos(x) are all supported as register instructons. They use the following form:

fpopt fpax, fpan
fpax is either an FPA register or a register in constant RAM. For sincos instruc-
tions, the destination operand is actually a register pair. For example:

fpsincos fpan, fpac:fpas

where fpac is the cosine destination, and fpas is the sine destination.
The instructions add, subtract, multiply, and divide are supported in extended and
command register form as follows:
fpop3t X, fpax,fpan
If X is an effective address (<ea>), the operation is an extended command; if X is

an FPA register (fpax or %x), then the operation is a command register com-
mand.

For extended instructions, fpax and fpay must be in the range O to 15.

For additions and multiplications, the first two operands can be exchanged
without changing the result For example:
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Four Operand Instructions

NOTE

Multiply-Add

.

fpadd3s <ea>, fpal, fpa2
is equivalent to:
fpadd3s fpal, <ea>, fpa2
Division and subtraction operations are not commutative; while the instructions

will work with the operands exchanged, the result will be different. For example:

fpa2 & <ea> -~ fpal
must be coded as:

fsub3s fpal,<ea>,fpa2

Four-operand instructions take the form:
£popt X, fpax, fpay, fpaz
Fpay and X can be exchanged in both single or double precision instructions. In

single precision form, two of the four operands may be effective addresses
(<ea>),; these are either the first and third, or the second and third operands.

With commutative operators, the position of X and fpax can be exchanged.

Just like in 3-operand instructions, if X is an FPA register, the instruction is a
command register command, and if X is an effective address, the instruction is an
extended instruction.

In the command register form, fpax and fpay can specify constant RAM registers
by using the form:

$x and %y
When X is an effective address, fpax, fpay, and fpaz must be in the range 0 to 15.
If X is an FPA register, fpax and fpaz must be from O to 31, and fpax and fpay can
be either 0 to 31 (FPA register), or 0 to 511 (constant RAM).
The fpma instruction does a multiply, then an add. It can be generalized as:
fpmat X, fpax, fpay, fpan
¢ can be either s or d, and X is either an <ea> or fpa0 through fpa31. Inthe

extended form, X and fpay can be exchanged. In single precision form, either X
and fpay or fpax and fpay can be <ea>.

Note that the following example:
fpmas do, fpal, fpa2, fpa3

is equivalent to the following sequence of instructions:
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Multiply-Subtract

fpmul3s d0, fpal, temp
fpadd3s temp, fpa2, temp
fpmoves temp, fpa3

where temp is a temporary register.

The following examples show the different forms of operations, and an assembly
code equivalent for each form:

regl «- reg3 + (reg2 * operand) — fpma{s,d} <ea>, reg2, reci, rec.l
regl « operand + (reg3 * reg2) - fpma(s,d) reg2, reg3, <ea>, rec.
regl « reg3 + (reg2 * regd) -~ fpma(s,d} reg4, recZ, regl, regl
regl e operandZ + (reg? * operandl) — fpmas <eal>, reglZ, <eal>, reg.

The multiply-subtract instruction takes the form:
fpms¢ X, fpax, fpay, fpan
t can be either s or d, and X is either an <ea> or fpa0 through fpa3l. In the

extended form, X and fpay can be exchanged. In single precision form, either X
and fpay or fpax and fpay can be <ea>.

Note that the following example:
fpmss £fpal, fpa2, 40, fpa3

is equivalent to the following sequence of instructions

fpmul3s fpal, fpa2, temp
fpsub3s tenmp, d0, temp
fpmoves temp, fpa3

The following examples show the different forms of operations, and an assembly
code equivalent for each form:

regl» +~ reg3 - (reg2 * operand) ~ fpms{s,d} <ea>, reg2, reg3, reg.
regl « operand - (reg3 * reg2) — fpms{s,d) regl, reg3, <ea>, regl
regl + reg3d - (reg2 * regd) - fpms{s,d) reg4, regl, reg3, reg:
regl « operand2 - (reg2 * operandl) — fpmss <eal>, reg?, <ealZ>, rec:
S un $un FPA User’'s Manual
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Multiply-Reverse Subtract

Add-Muldply

D,

g_

The multiply-reverse subtract instruction takes the form:
fpmrt X, fpax, fpay, fpan
¢ can be either s or d, and X is either an <ea> or fpa0 through fpa3l. In the

extended form, X and fpay can be exchanged. In single precision form, either X
and fpay or fpax and fpay can be <ea>.

Note that the following example:
fpmrs do, fpal, fpa2, fpa3

is equivalent to the following sequence of instructions:

fpmul3s do, fpal, temp
fpsub3s fpa2, temp, temp
fpmoves temp, fpa3l

The following examples show the different forms of operations, and an assembly
code equivalent for each form:

regl +« (-reg3) + (reg2 * operand) - fpmr{s,d} <ea>, reg2, reg3, regi
regl « (-operand) + (reg3 * regl) — fpmr{s,d) reg2, regld, <ea>, regl
regl « (~-reg3) + (reg2 * regi4) — fpmr{s,d} reg4, reg2, regl, regl
regl « (-operand2) + (regZ * operandl) — fpmrs <eal>, reg2, <ea2>, regl

The add-multply instruction takes the form:
fpam X, fpax, fpay, fpan
t can be either s or d, and X is either an <ea> or fpa0 through fpa31. In the

extended form, X and fpay can be exchanged. In single precision form, either X
and fpay or fpax and fpay can be <ea>.

Note that the following example:
fpams fpal, fpa2, fpa3, fpa4

is equivalent to the following sequence of instructions:

fpadd3s fpal, fpa2, temp
fpmul3s temp, fpa3, temp
. fpmoves temp, fpad

The following examples show the different forms of operations, and an assembly
code equivalent for each form:
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7
=
e




Chapter 4 — Assembly Language Programmung 2s

Subtract-Multiply

Other Operations

regi + reg3 * (reg2 + cperand) — fpam(s,c: <ea>, regz, regi, regl
regl e operand * (reg3 + reg2) — fpam(s,d} regl, regli, <ea>, ezl
regl e« reg3 * (reg2 + regi) — fpam(s,d} regé, reg2, regi, rezl
regl ¢« operand2 * (reg2 + operandl) - fpams <eal>, regl, <eac>, rez.

The subtract-multiply instruction takes the following form:
fpsm X, fpax, fpay, fpan
t can be either s or d, and X is either an <ea> or fpa0 through fpa3l. In the

extended form, X and fpay can be exchanged. In single precision form, either X
and fpay or fpax and fpay can be <ea>.

Note that the following example:
fpsms d0, fpal, fpa2, £fpa3

is equivalent to the following sequence of instructions:

fpsub3s do, fpal, temp
fpmul3s temp, fpa2, temp
fpmoves temp, fpal

The following examples show the different forms of operations, and an assembly
code equivalent for each form:

regl ¢ regl * (reg2 - operand) — fpsm{s,d} <ea>, reg2, regi, recl
regl «— operand * (reg3 - reg2) — fpsm{s,d}] reg2, reg3, <ea>, regl
regl e reg3d * (reg2 - reg4) — fpsm{s,d} reg4, regz, regi, regl
regl e« reg3 * (-reg2 + operand) — fpsm(s,d) reg2, <ea>, reg3, regl
regl « reg3 * (-reg2 + reg4) — fpsm{s,d} reg2, reg4, reg3, regl
regl « operand2 * (reg2 - operandl) —» fpsms <eal>, reg2, <eal2>, reg.
regl ¢ operand? * (-reg2 + operandl) — fpsms reg2, <eal>, <eal>, reg.

The following list shows operations not covered in previous sections. In each of
these, the last operand is the destination, except for tst, cmp, and mcmp, where
fpstatus is the implied destination. Note that X is either an <ea> or fpa0 through
fpa3l. Also, ¢is either s or d for all operations except fpmover, where s either
s, d, or I (for long).

S U n Sun FPA User’s Manual




36 Sun FPA User's Manual

( Table 4-1  Other Operations
Opcode Operands Operation

fpnop nop

fptste X operand compare with zero

fpcmpr X, fpam register m compare with operand

fpmempr X, fpam register m compare magnitude with operand

fpmover fpam, fpan move floating-point registers

fpmove2:  fpam, fpan 2x2 matrix move

fpmove3r  fpam, fpan 3x3 matrix move

fpmovedr  fpam, fpan 4x4 matrix move

fpdot2s fpax, fpay, fpan  fpan « fpax*fpay + (fpax+1) * (fpay+1)

fpdot3: fpax, fpay, fpan  fpan « fpax*fpay + (fpax+1) * (fpay+1) +
(fpax+2) * (fpay+2)

fpdotd: fpax, fpay, fpan  fpan « fpax*fpay + (fpax+1)*(fpay+1) +
(fpax+2)*(fpay+2) + (fpax+3)*(fpay+3)

fptran2:e fpam, fpan transpose 2x2 matrix

fptran3:¢ fpam, fpan transpose 3x3 matrix

fptrand: fpam, fpan transpose 4x4 matrix

fpmove fpamode, <ea>  read mode register

fpmove <ea>, fpamode  write to mode register

fpmove fpastatus, <ea>  read status register

fpmove - <ea>, fpastatus  write to status register

fpmover fpam, <ea> read a floating-point data register

P fpmover <ea>, fpan write to a floating-point data register
(\,_

Floating Point Compares The 68020 convention defines how bits are set up in the CC register for floating
point compares. However, Sun provides a number of pseudo-ops to to provide
conditional branching after a floating point condition has been loaded into the
CC register. Use the following form:
fpempt X, fpam
fpmove fpstatus, dn
jfcc

where cc =
eg equal
ne notequal
It less than
11 less than or equal
gt  greater than
ge  greater than or equal

FPA Errors Messages In addition to its normal error reports, the assembler reports the following FPA-
specific errors:

o Itreports invalid operand in double precision operations, when abso-
lute short addressing, single data, or address register is used.
7N
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4.3. Instruction Set

0

For most instructions where one operand is an <ea>, the regisier range 15 0 (C
15. If all operands are FPA registers, then the register range 1s 0 10 31.

For

constant RAM registers, the range is O to S11. The assembier repenrs an
invalid operand,and register out of range whenan
instruction specifies one of these registers outside of its range.

The following table shows the entire set of FPA assembler instructions. Nctz

Sun FPA User's Manuz;

Summary that in some three and four-operand instructions, the positions of X and the FPA
register can be exchanged. This is shown in the fourth column.
Table 4-2  Instruction Set Summary
OPCODE OPERANDS OPERATION ALTERNATIVE !
fpnegs X, fpan negate single !
fpnegd X, fpan negate double %
fpabss X, fpan absolute value single 1
fpabsd X, fpan absolute value double
fpltos X, fpan convert integer to single
fpltod X, fpan conver integer to double
fpstol X, fpan convert single to integer |
fpdtol X, fpan convert double to integer
fpstod X, fpan conven single to double
fpdtos X, fpan convert double to single
fpsqrs X, fpan square single
fpsqrd X, fpan square double
fpadds X, fpan add single
fpadd3s X, fpam, fpan add single fpam, X, fpan
fpaddd X, fpan add double
fpadd3d X, fpam, fpan add double fpam, X, fpan
fpsubs X, fpan subtract single
fpsub3s X, fpam, fpan subtract single fpam, X, fpan
fprsubs <ea>, fpan reverse subtract single
4sun
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Table 4-2  Instruction Set Summarv— Continued
] i
OPCODE OPERANDS OPERATION ALTERNATIVE
fpsubd X, fpan subtract double
fpsub3d X, fpam, fpan subtract double fpam, X, fpan
fprsubd <ea>, fpan reverse subtract double
fpmuls X, fpan multiply single
fpmul3s X, fpam, fpan multiply single fpam, X, fpan
fpmuld X, fpan multply double
fpmul3d X, fpam, fpan multiply double fpam, X, fpan
fpdivs X, fpan divide single
fpdiv3s X, fpam, fpan divide single fpam, X, fpan
fprdivs <ea>, fpan reverse divide single ‘
fpdivd X, fpan divide double
fpdiv3d X, fpam, fpan divide double fpam, X, fpan
fprdivd <ea>, fpan reverse divide double
fpnop nop
fptsts X single compare with 0
fptstd X double compare with 0
fpcmps X, fpam single compare
fpempd X, fpam double compare
fpmemps X, fpamn single magnitude compare
fpmempd X, fpam double magnitude compare
fpsins fpax, fpan sine single
fpsind fpax, fpan sine double
fpcoss fpax, fpan cosine single
fpcosd fpax, fpan cosine double
fpatans fpax, fpan atan single
fpatand fpax, fpan atan double
fpetoxs fpax, fpan e"x sincle
W
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Table 4-2  Instruction Set Summary— Continued
OPCODE OPERANDS OPERATION ALTERNATIVE
fpetoxd fpax, fpan ¢"x double
fpetoxmls  fpax, fpan e"x-1 single
fpetoxmld  fpax, fpan ¢"x-1 double
fplogns fpax, fpan In(x) single
fplognd fpax, fpan In(x) double
fplognpls fpax, fpan In(1+x) single
fplognpld  fpax, fpan In(1+x) double
fpsincoss fpax, fpac:fpas fpac < cosine(x),

fpsincosd -

fpmas

fpmad

fpmss

fpmsd

fpmrs

fpmrd

fpax, fpac:fpas

X, fpax, fpay, fpan

X, fpax, fpay, fpan

X, fpax, fpay, fpan

X, fpax, fpay, fpan

X, fpax, fpay, fpan

X, fpax, fpay, fpan

fpas « sine(x)

fpac « cosine(x),
fpas & sine(x)

fpan « (fpax * X) + fpay

fpan « (fpax * X) + fpay

fpan « fpay - (fpax * X)

fpan « fpay - (fpax * X)

fpan « (fpax * X) - fpay

fpan « (fpax * X) - fpay

fpax, X, fpay, fpan
fpay, fpax, X, fpan
X, fpax, X, fpan
fpax, X, X, fpan

fpax, X, fpay, fpan
fpay, fpax, X, fpan

fpax, X, fpay, fpan
fpay, fpax, X, fpan
X, fpax, X, fpan
fpax, X, X, fpan

fpax, X, fpay, fpan
fpay, fpax, X, fpan

fpax, X, fpay, fpan
fpay, fpax, X, fpan
X, fpax, X, fpan
fpax, X, X, fpan

fpax, X, fpay, fpan
fpay, fpax, X, fpan

4y sun

mcrosysiems

Sun FPA User's Manual




40 Sun FPA User’s Manual

Table 4-2  Instruction Set Summary— Continued
OPCODE  OPERANDS OPERATION ALTERNATIVE
fpams X, fpax, fpay, fpan  fpan « (fpax + X) * fpay fpax, X, fpay, fpan
fpay, fpax, X, fpan
X, fpax, X, fpan
fpax, X, X, fpan
fpamd X, fpax, fpay, fpan  fpan « (fpax + X) * fpay fpax, X, fpay, fpan
: fpay, fpax, X, fpan
fpsms X, fpax, fpay, fpan  fpan « (fpax - X) * fpay fpax, X, fpay, fpan
fpay, fpax, X, fpan
X, fpax, X, fpan
fpax, X, X, fpan
fpsmd X, fpax, fpay, fpan  fpan « (fpax - X) * fpay fpax, X, fpay, fpan
fpay, fpax, X, fpan
fpmoves <ea>, fpan write to a register, single
fpmoved - <ea>, fpan write to a register, double
fpmovel <ea>, fpan write to a register, integer
fpmoves fpam, <ea> read a register, single
fpmoved fpam, <ea> read a register, double
fpmove2s fpam, fpan 2x2 matrix move, single
fpmove2d  fpam, fpan 2x2 matrix move, double
fpmove3s fpam, fpan 3x3 matrix move, single
fpmove3d  fpam, fpan 3x3 matrix move, double
fpmoveds fpam, fpan 4x4 matrix move, single
fpmovedd  fpam, fpan 4x4 matrix move, double
fpdot2s fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1) * (fpay+1)
fpdot2d fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1) * (fpay+1)

mcrosysiems
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— Table 4-2  Instruction Set Summary— Conrinued
OPCODE  OPERANDS OPERATION ALTERNATIVE |
fpdot3s fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1) * (fpay+1) +
(fpax+2) * (fpay+2)
fpdot3d fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1) * (fpay+1) +
(fpax+2) * (fpay+2)
fpdotds fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1)*(fpay+1) +
(fpax+2)*(fpay+2) +
(fpax+3)*(fpay+3)
fpdotdd fpax, fpay, fpan fpan « fpax*fpay +
(fpax+1)*(fpay+1) +
(fpax+2)*(fpay+2) +
(fpax+3)*(fpay+3)
: ) fptran2s - fpam, fpan transpose 2x2 matnx, single
\ fptran2d fpam,fpan transpose 2x2 matrix, double
fptran3s fpamn, fpan transpose 3x3 matrix, single
fptran3d fpam,fpan transpose 3x3 matrix, double
fptrands fpam, fpan transpose 4x4 matnix, single
fptrandd fpam,fpan transpose 4x4 matrix, double
fpmove fpamode, <ea> read the mode register
fpmove <ea>, fpamode write on mode register
' fpmove fpastatus, <ea> read the status register
fpmove <ea>, fpastatus write to status register

!
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Command Translations

This section provides a general description of how to reference the FPA board. It
provides examples of commands that might be used to do this.

NOTE  Normally, users have no need to deal with the issues in this chapter; the assem-
bler does it for them.

The 68020 uses move instructions to manipulate the FPA. The examples in this
chapter use the movel instruction. The address portion of this instruction provides
information about the move; bits 28 through 31 must be OxE to identify an FPA
access, and bits 02 through 12 contain fields which describe the operation to the
FPA. The purpose of this section is to illustrate the meaning of address bits 02
through 12.

R NOTE  The FPA only uses bits 2 through 12; bits 0 and I are always 0's and appear as
N such in these examples.

The read/wrnite line determines whether the access is a read or a write.

The address takes the form:
E0OOXXXX

where XXXX represents address bits 0 through 12.

5.1. Register RAM This example shows a typical register RAM access that loads an operand to
Accesses FPRO. The general form of the command is:

movel operand, FPA_address (0x0C04)
The address field contains the value 0xE0000CO04; the leading E identifies

this as an FPA address, the 000 are not used, and address bits 0 through 12 con-
tain:

&%29 Sun 45 Sun FPA User's Manua)
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5.2. Single Precision Short

@

2

000 01100 0000 O1 0O
| 1 I 1 |_Unused (must be 0's)
| | | |_Identifies this as the 1lsw
| i |_Selects FPA register 0 (FPRO)
| |_Identifies this as register RAM access
|_Unused (must be 0’s)

compressed into 4-bis fields:
0000 1100 0000 0100
or, in hex:

0x0C04

A single precision short command actually causes the FPA to process a number.
Note that the command in this example places the result in FPRS, and that to
obtain the result, the 68020 must read the contents of FPRS from shadow RAM
or register RAM as shown later.

The following example shows an add,'where:

FPR5 <-- operand + FPR5

It can be expressed as:

movel operand, FPA_address (0x03A8)

Again, the address field holds the value £00003A8. According to the single
precision short command description in the chapter ‘*Machine Level Code™’,
address bits 0 through 12 should be:

000 00 0111 0101 0 0O
| | ! I | |_Unused (must be 0’s)
| | ] i |_Specifies single precision
| | ! I_Identifies FPR5
| | |_Identifies operation as ‘‘add’’
1 |_Specifies ‘‘short’’
|_Unused (must be 0’s)

compressed into 4-bit fields:
0000 0011 1010 1000
translated into hex:

0x03A8
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5.3. Double Precision Short A double precision short requires two accesses; one to load the most significant
32 bits of the operand, and another to load the least significant 32 bits. The fol-
lowing example shows the same command as the above example, except this
time it is a double precision:

movel operand, FPA_address (0x03AC)
movel operand, FPA_address (0x1000)

The operand portion of the first instruction contains the most significant portion
of the overall operand. Address bits 0 through 12 will be different for both
instructions. The first contains:

000 00 0111 0101 1 00
| I | | | |_Unused (must be 0’s)
| ! | | |_Specifies double precision
I I | i_Specifies FPRS
l | |_Identifies operation as ‘‘add’’
i |_Specifies ‘‘short’’
|_Unused (must be 0’'s)

compressed into 4-bit fields:
0000 0011 1010 1100
translated into hex:

0x03AC

In the second access, address bits O through 12 are different, and the data field
contains the least significant half of the operand:

000 10 00000000000

{ I |_Unused (must be 0’s)

] |_Specifies ‘‘double precision short, second half’’
|_Unused (must be 0’s)

compressed into 4-bit fields:
0001 0000 0000 0000
translated into hex:
0x1000
5.4. Extended This example shows an extended command that multiplies an operand by the

value in an on-board register. Because it is an extended instruction, it requires
two 68020 instructions: :

movel operand, FPA_address (Qxl408)
movel operand, FPA_address (0x1820)

In both of these, bits 0 through 12 of the address contain information for the
FPA. The first appears:

Q
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§.5. Shadow RAM Read

000 01000 0001 0 00

! | | |_Unused (must be 0’3)

l | |_Identifies single precision
] |_Specifies reg2 = FPRI1
|_Identifies operation as ‘‘multiply’’
_Identifies extended format

_Unused (must be 0’s)

001
o
1
o
bl
Lo
|

Compressed into 4-bit fields:
0001 0100 0000 1000
and in hex:

0x1408

Bits 0 through 12 of the second 68020 instruction appear:

000 11 0000 0100 0 00
| | | | | |_Unused (must be 0’s)
| I | |  |_Unused (must be 0)
1 ! ! |_Specifies regl = FPR4
I | |_Unused (this command doesn’t use reg3)
I | _Identifies extended format
|_Unused (must be 0’s)

Compressed into 4-bit fields:
0001 1000 0010 000O
and in hex:

0x1820

The FPA maintains copies of FPRO through FPR7 in the shadow RAM for fast
read capability. The read for FPR1 would look like:

movel FPA_address (0x0E08), destination

The address contains the value 0xEOO0OQOEOQ8. Address bits O through 12 con-
tain:
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I
0

5.6. Command Register

000 0111000 001 0 0O

I ! I | 1_Unused (must be 0’s)
I I | |_Signifcance

I | |_Register select

I |_Operation identifier

|_Unused (must be 0’s)

compressed into 4-bit fields:
0000 1110 0000 1000
or,in hex:’

0x0EO8

The command register format uses the data field of the 68020 instruction as
information for the FPA, so the operands must already be in register RAM when

this instruction is executed.

This example shows a double precision sine. Assuming that the operand is

already in register RAM, the 68020 command line appears:

mo\rel command, FPA_address (0x0804)

Bits O through 12 of the address contain:
000 010 0 000000 1 0O

| o | ! |_Unused (must be 0's)
[ | |_Specifies precision (1 for
[ |_Identifies operation (sine)

‘‘doukle’’)

|_Identifies this as command register command

!

]

} | {_(Not) Weitek direct

|
|_Unused (must be 0's)

compressed into 4-bit fields:

0000 1000 0000 0100

and in hex:

0x0804

And the data field contains:

Su

MCTOsy 81!

@
i3
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0 00000 0 00000000 O 00000011 O 00010

[ ] | | |_Identifies FPRZ
Unused 1 ! |_Unused

| |_Identifies FPR3

I

_Specifies operand source as registe

2l
"

compressed into 4-bit fields:
0000 0000 0000 0000 0000 0000 1100 0100
andin hex:

0x000000C4

N

e

W
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Control Registers

This chapter lists and describes all the system control registers. It lists the condi-
tions under which the register can be written or read and describes the contents of

each register.

Accesses to these registers are described in the chapter **Machine Level Code™’.

Note that unspecified bits return an unknown value when read.

The bits in this register identify the cause of any errors. If a bit = 1, the
corresponding error occurred.

It can be written and read.

_______ . - ——————

Immediate errors |

Fommm—————— o e —————— tmmm—————— +

BIT ERROR

16 non-32 bit access

17 protection violation:
user write to supervisor space;
attempt to write regRAM without

regRAM-access enable bit set;
attempt to access ustore/map RAM
without load enable bit set; or

attempt to access illegal address

18 illegal access:
reading a write-only address, or
writing a read-only address

19 attempt to execute via microcode
when the load enable bit is set

20 illegal access sequence

21 hung pipe - pipe access

shadow access
control access
22 256th retry
23 illegal control register address
%
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~ IMASK

STATE Register

o~

LOAD_PTR

Writes to this register turn the Weitek inexact error bit ON and OFF; reads tell
you whether it is ON or OFF.

It can be written and read.

o ————— trm——————— tmm——————— fm————————— +
| Inexact Error Mask (1 bit) |
+ ———tm————————— tmmm— e ———— +
BIT CONTENTS
0 inexact error mask:

0 - errors
1l - errors

are disabled
are enabled

The state register contains assorted informaton about the FPA. It can be read
anytime, but written from the supervisor state only:

+ + + R +
} enable bits / context number |
+ + e + ——tmm——————— +
BIT CONTENTS
4:0 current context
6 register RAM access enable bit
0 ~ Disables access to
reg RAM via pointer.
1 - Enables access
5,7 load enable bit

0 - Disables access to microstore.

1 - Enables access to microstore.
Disables execution of instruc-
tions which use the microstore.

(The data from bit 7 is written to bits

5 and 7 of the STATE register.

The

contents may be read from either bit.)

The load pointer is used to directly access register RAM. These accesses are
described in the **Load Pointer Access’’ section of the chapter **Machine Level

Code’’.

While this register also works with the LD_RAM (load RAM) register access,
these accesses are not described or supported in this manual.

Sun FPA User's Mapual

| | pointer to RAM j
+ + + tmm———————— +
bits contents
13:2 register RAM address
1:0 ignored
Q
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Chapler 6 — Contol Registers

LD_RAM This register is used to directly access the micromachine. These accesses are not
described or supported in this manual.

Pipe Access Registers The pipe access registers allow you to inspect the contents of the instruction pipe.
These are read-only; you cannot write directly to the pipe. The |v | bits deter-
mine whether that part of an instruction is valid (v = 0 is valid; v = 1 indicates

invalid):

PIPE_ACT_INS (I) #-=——-———=- o U U
Ivli instr, lst half vl instr, 2nc half

PIPE_NXT_INS (r) +=-——=————v + — e
lvl instr, lst half vl instr, 2nd hell

PIPE_ACT Dl (r) + - o ———— e
l data, 1lst half

PIPE_ACT D2 (r) + + U —— tmmmmmm e
| data, 2nd half !

PIPE_NXT D1 (r) +=-—————eee o o ——————— mm——————
| data, 1lst half '

PIPE_NXT_D2 (r) + + e bommmm—ee
| data, 2nd half !
t———— ————e e e ——— e —————

NOTE  Bits 15 and 31 (/v/) of the PIPE_ACT_INS and PIPE_NXT _INS registers indi-
cate whether that instruction was a valid instruction previously issued by the
processor: If v = I, instruction was not valid and a valid instruction does not
exist in the pipe. If v = 0, instruction was valid and a valid instruction does exis:
in the pipe. Each instruction half is the address to which that access was origi-
nally written (the [v/ bit is appended). To retransmit an instruction a
PIPE xxx_Dy register is written to the address specified by the correspondirg
half of the corresponding PIPE_xxx_INS register. This address should be offse:
by 0xE0000000. To retransmit, mask all bits except 2 - 12.

Bits 0,1,13,14,16,17,29 and 30 of PIPE_xxx_INS are undefined. All
undefined bits are undefined during reads, and should be masked t0 0 for writes.

MODE Register This register contains the Weitek MODE bits. To write this register, use the
form fpmove <ea>, fpamode. To read this register, use the form
fpmove fpamode, <ea>.

+ + —t—— + +
] | Mode{(0:3)!
+ + tm———— + +
bits contents
3:0 Mode bits 3:0 of the Weitek chips.

Consult the Weitek spec for a
complete description.

NOTE  Certain transcendental functions may hang if the mode register contains a value
other than 0x2.

N
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WSTATUS

NOTE

NOTE

D

This register contains the Weitek status bits latched out from the Weitek chips
when they complete an operation. To read this register, use the form fpmovel
fpastatus, <ea>. To write this register, use the form fpmovel <ea>,
fpastatus.

Writing to this register does not affect the Weitek chips. However, after a con-
text switch, it may be necessary to restore the starus bits from the original con-
text.

On power up and after a clear pipe, the Weitek status is invalid until these bits
are set. This occurs every time the WSTATUS register is updated by the micro-
code.

The WSTATUS register is updated by the microcode on every arithmetic opera-
tion or compare. When an instruction that involves multiple arithmetic opera-
tions (dot product, multiply-accumulate, transcendentals) is executed, the status
will correspond to the last operation, unless there is an exception, in which case
the status will correspond to the operation that generated the exception (no indi-
cation is given as to which operation is in error). The WSTATUS register is
updated by the microcode on every arithmetic operation or compare. When an
instruction is executed that involves multiple arithmetc operations (dot product,
multiply- accumulate, transcendentals), the status will correspond to the last
operation, unless there is an exception, in which case it will correspond to the
operation that generated the exception (no indication is given as to which opera-
tion is in error).

+ + + ————t e ————— +

] Weitek Status and Error Indicators ]

S e tommm o ——— +

bits contents

15 Weitek error (WERR - excluding unimpl. instr.

0 = error
1l = no error

14 unimplemented instruction

13 status valid:

11:8 'status taken directly from Weitek chips

4:0 decoded status = Weitek comp cond
equal (0000) 4 (00100)
less than (0001) 25 (11001)
greater than (0010) 0 (00000)
unordered (1111) 2 (00010)
all other values 0 (00000)

The decoded status fields correspond to Sun’s conventional use of the 68020
status register for floating point condition codes. For information on floating
point compares, see the chapter **Assembly Language Programming’’.

If the pipe hangs and bits 11 through 8 contain a 0x4, this indicates either that a
transcendental operation had an operand *‘out of bounds’’, or that the mode
register contains a value other than 0x2 (transcendentals require that the mode
register contain 0x2). The Weiteks define status 0x4 as *‘not used ’.
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READ_REG

Register and Microcode
Address

PIPE_STATUS

The read register (READ_REG) displays the contents of the read latch (see Fig-
ure 1). This is the latch used by the microcode to return data to the processor.

.Direct access to this register is provided for diagnostic purposes only:

31 o}
tmm——————— tmm—————— B fom——————— +
| microcode read latch |
+ + ——t e ——————— pm———————— +

The register and microcode address register (REG_UST_ADDR) allows you tc
read the current address in microstore, and in register RAM. Note that register
RAM addresses are only 13-bits long; bits 29 - 31 provide the current address in
the MUX SELECT:

+ +-= e ————— Fmm— e ————— +

| curr regRAM addr | curr ustore address |
tom——————— tmm——————— e ———— o —————— +
bits contents

11:0 current ustore address (from mux)
27:16 current regRAM address (from mux)
31:28 current regRAM address mux select

bits (from ustore)

The pipe status register returns bits describing the current state of the instruction
pipe. The hardware latches these status bits directly regardless of whether the
pipe is moving or stable. After any latched data has stabilized, the data is
rerurned to the processor.

This register is read only. It can be read from an immediate or a stable address,
as listed in Table 6-1.
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HARD_CLEAR PIPE

CLEAR_PIPE

Register List

e i tomm tmmm—m———— tmmm +
| ] pipe status bits i
o ——— tmm e ——————— tmmm +
BIT CONTENTS

16 stable bit:

0 - pipe may change state

1l - pipe is:
clear (no pending instructions)
hung ( a WERR has occured)
waiting for 2nd half of instr

17 . Weitek error has occurred

18 pipeline waiting for 2nd access of
2-access instruction

19 micromachine waiting for 2nd access of
2-access instruction

20 lvl bit from PIPE_ACT_INS - 1lst half

21 Ivl bit from PIPE_ACT_INS ~ 2nd half

22 lvl bit from PIPE_NXT_ INS - 1lst half

23 ivl bit from PIPE_NXT_INS - 2nd half

This register can be written from the supervisor state only; it clears the instruc-
tion pipe and the command register. All pending instructions are lost and Weitek
status is lost. This access requires supervisor privilege, and is write only:

+ + + -—+
| clear pipe and cmd reg of current contents|
e R fom——————— o +

Writing anything to the clear pipe register clears the instruction pipe. All pend-
ing instructions are lost and Weitek status is lost. This register is write only:

+ + + + -——+

clear pipe of current contents |

- + - - ——

The following table lists the registers and the conditions pertinent to each:
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Table 6-1 Control Registers

Reg Addr Spec Write  Read Description

Name Info Cond Cond

STATE 0xF10 su cx C 1 Contains enable bits and
current context.

IMASK OxF14 cx C I Masks Weitek inexact
error bit

LOAD_PTR O0xF18  cx C I Describes a load opera-
ton for LD_RAM

IERR OxFIC  cx I I Contains errors on FPA
board.

LD_RAM OxFCO le C C Implements action

‘ described in

LOAD_PTR.

PIPE_ACT_INS 0xF20 cx S Contains the active pipe
instruction.

PIPE_NXT_INS O0xF24  cx S Contains the next pipe
instruction.

PIPE_ACT_D1 OxF28 cx S Contains the first half of
active pipe data.

PIPE_ACT_D2 0xF2C  cx S Contains the second half

. of active pipe data.

PIPE_NXT DI 0xF30  cx S Contains the first half of
next pipe data.

PIPE_NXT_D2 0xF34  cx S Contains the second half
of next pipe data.

MODE3 0 OxFN8  mccx CS-> Clear = OxFB8; Stable =
0xF38. Contains the
Weitek MODE bits.

WSTATUS O0xFNC mccex CS-> Clear = OxFBC; Stable =
0xF3C. Contains
Weitek status and error
indicators.

READ_REG 0xF60 S Reads contents of
READ latch.

REG_uST_ADDR 0xF64 S Contains current micro-
store address, register
RAM address, and
MUX SELECT address.

WLWF_REG 0xF6C Displays current L+ and
F+ bits being sent to
Weiteks.

PIPE_STATUS OxFN8 IS Immediate = 0x48F;
Stable = 0x46F.
Displays pipe status.
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Table 6-1  Control Regisiers— Continued

Reg Addr Spec Write  Read Description
Name Info Cond Cond
HARD CLEAR_PIPE  OxF80 su S Clears all pipe registers

and the command regis-
ter (where microstore
outputs its commands)
Pending instructions are
lost and the Weitek
status is cleared.

CLEAR PIPE OxF84 S Clears all pipe registers.
Pending instructions are
lost and the Weitek
status is cleared.

The write and read conditions are:

I  Immediate — Data is always written or returned immediately. Either these
registers cannot be altered by an advance of the instruction pipe, or they
describe the state of the instruction pipe.

C Clear — To assure that data is not changed after it is read, the FPA waits for
the pipe to clear before writing or returning the data. If the pipe hangs on an
error, the FPA retums a negative acknowledge. h

S  Stable — The FPA waits for the pipe to stabilize on one of the following
conditions before wriing or returning the data:

clear

hung on error

waiting for second half of an instruction
combination of hung and waiting

The special conditions are:

su Supervisor only — Writes are only allowed from supervisor space.

le  LOAD_EN bit in STATE register — The LOAD_EN (load enable) bit in the
STATE register must be ON,

cx Context switch — Contents must be saved on context switch.

mc Microcode — These are written via microcode. The procedure to read and
write them is described in the sections on these registers earlier in this
chapter.
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Addresses in Constant RAM

This appendix provides the locations of values in constant RAM. The following
table lists the name of the constant, its offset, and the value stored there. Note
that the offset is the actual number you place in an FPA register to access the
value (see the chapter ‘*Machine Level Code™’).

The hardware translates these offsets into an actual address in the constant RAM:

Table A-1  Addresses in Constant RAM
Name Offset Hex Value Description Dec Value
szero 0 00000000 single precision zero 0
dzero 0 0000000000000000 double precision zero
sminsub 1 00000001 minimum subnormal 1.401298464324817071E-45
2**-150
dminsub 1 0000000000000001 minimum subnormal 4,940656458412465442E-324
2**.1075
smaxsub 2 - OO7FFFFF maximum subnormal 1.175494210692441075E-38
2%*.127 - 2**-150
dmaxsub 2 OOOFFFFFFFFFFFFF maximum subnormal 2.225073858507200889E-308
2**.1023 - 2**-1075
sminnorm 3 00800000 minimum normal 1.175494350822287508E-38
2**.127
dminnorm 3 0010000000000000 minimum subnormal 2.225073858507201383E-308
2**.1023
smaxnorm 4 TFIFFFFF maximum normal 3.402823466385288598E+38
2%*127 -2**103
dmaxnorm 4 TFEFFFFFFFFFFFFF maximum normal 1.797693134862315708E+308
2**1023 - 2**970
sinf 5 7F800000 infinity
dinf 5 7FFO000000000000 infinity
ssnan 6 TFBFFFFF signalling NaN
(Not a2 Number)
dsnan 6 7FFTFFFFFFFFFFFF signalling NaN
sqnan 7 TFFFFFFF silent NaN
dqnan 7 TFFFFFFFFFFFFFFF silent NaN
se 8 402DF854 e 2.718281745910644531
de 8 4005BF0A8B1457692 ¢ 2.718281828459045091
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Table A-1  Addresses in Constant RAM— Continued
Name Offset Hex Value Description Dec Value
s2pi 9 40C90FDB 2*pi 6.283185482025146484
d2pi 9 401921FB54442D18 2*pi 6.283185307179586232
spi A 40490FDB pi 3.141592741012573242
dpi A 400921FB54442D18 pi 3.141592653589793116
spio2 B 3FC90FDB pi/2 1.570796370506286621
dpio2 B 3FF921FB54442D18 pv/2 1.570796326794896558
ssqri2 C 3FBS04F3 sqrtof 2 1.414213538169860840
dsqr2 C 3FF6A09E667F3BCD  sqrtof 2 1.414213562373095145
ssqrthalf D 3F3504F3 sqrt of 1/2 7.071067690849304199E-1
dsqrthalf D 3FEGAQ9EG67F3BCD  sqrtof 1/2 7.071067811865475727E-1
sone E 3F800000 one 1
done E 3FF0000000000000 one 1
shalf F 3F000000 one half S
dhalf F 3FE0000000000000 one half 5
smone 10 BF800000 negative one -1
dmone 10 BFF0000000000000 negative one -1
Stwo 11 40000000 two 2
dtwo 11 4000000000000000 two 2
sthree B1 40400000 three 3
dthree Bl - 4008000000000000 three 3
sfour 12 40800000 four 4
dfour 12 4010000000000000 four 4
seight 13 41000000 eight 8
deight 13 4020000000000000 eight 8
slo2 14 3000000 one half 5
dlo2 14 3fe0000000000000 one half S
slod 15 3e800000 one quarter 25
dlod 15 3fd0000000000000 one quarter 25
slo8 16 3¢000000 one eighth 125
dlo8 16 3fc0000000000000 one eighth 125
slel 17 41200000 ten 10
dlel 17 4024000000000000 ten 10
sle2 18 4280000 one hundred 100
dle2 18 4059000000000000 one hundred 100
sle3 19 44720000 one thousand 1000
dle3 19 408F400000000000 one thousand 1000
sled 20 461C4000 ten thousand 10,000
dled 20 40C3880000000000 ten thousand 10,000
sles 21 47C35000 one hundred thousand 100,000
dles 21 40F86A0000000000 one hundred thousand 100,000
sle6 22 49742400 one million 1,000,000
dle6 22 412E848000000000 one million 1,000,000
sle7 23 4B189680 ten million 10,000,000
dle7 23 416312D000000000 ten million 10,000,000
sle§ 24 4CBEBC20 one hundred million 100,000,000
dle8 24 4197D78400000000 one hundred million 100,000,000

4y sun

crosysiems

Sun FPA User’s Manual




Appendix A — Addresses in Constant RAM €s

Table A-1 Addresses in Constant RAM— Continued

Name Offse: Hex Value Description Dec Value

sle9 25 4EGE6B28 one billion 1,000,000,000

dled 25 41CDCD6500000000 one billion 1,000,000,000

slel0 26 501502F9 ten billion 10,000,000,000

dlel0 26 4202 A05F20000000 ten billion 10,000,000,000

smpio2 27 BFC90FDB pi/2 -1.570796370506286621
dmpio2 27 BFF921FB54442D13 pv/2 -1.570796326794896558
slog2e 28 3FBBAA3B log2(e) 1.442695021629333496
dlog2e 28 3FF71547652B82FE log2 (e) 1.442695040888963387
slog2ten 29 40549A78 log2 (10) 3.321928024291992188
dlog2ten 29 400A934F0979A371 log2 (10) 3.321928094887362182
slogetwo 2A 3F317218 loge(2) 6.931471824645996094E-1
dlogetwo 2A 3FE62E42FEFA39EF  loge(2) 6.931471805599452862E-1
slogeten 2B 40135D8E loge(10) 2.302585124969482422
dlogeten 2B 40026BB1BBB55516  loge(10) 2.302585092994045501
sloglOtwo  2C 3E9A209B log10(2) 3.010300099849700928E-1
dlogl0two  2C 3FD34413509F79FF log10(2) 3.010299956639811980E-1
slog10e 2D 3EDESBD9 log10(e) : 4.342944920063018799E-1
dlog10e 2D 3FDBCB7B1526ESOE  loglO(e) 4.342944819032518167E-1
smhalf 2E BF000000 negative one half -12

dmhalif 2E - BFEC000000000000 negative one half -112

slel6 2F SAQE1BCA 10**16 1.000000027256422400E+16)
dlel6 2F 4341C37937E08000 10**16 : 1.000000000000000000E+16
sle32 30 749DCSAE 10**32 1.000000033181353514E+32
dle32 30 4693B8BSBS0S6E17 10**32 1.000000000000000054E+32
sle64 31 7300000 10**64 infinity

die64 31 4D384F03E93FF9F5 10**64 1.00000000000000002 1 E+64
slel28 32 7£800000 10**128 infinity

dlel128 32 5A827748F9301D32 10**128 1.000000000000000075E+128
s1e256 33 7300000 10**256 infinity

d1e256 33 75154FDD7F73BF3C  10**256 1.000000000000000030E+256
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30102 X SEE PAGE FOR TERMINATION ENCSMSW-: 25 12 S 7 anscs
JMP2 GND1;2:8 c
SYNCRESET-:1 Fl2 1 0o 2 7\ 4
Uo110 13 CLK169X:12;14:27
0123
As374 As244 | U013 v RRL.CS-;16
4 E13 3y 10l2 COMMANDREG , |, 0 [18 —_ CRCLK175:25 F28
FOO 6 40p 20051 [17] a8 2v4l3 — CRCLK374;20:25 ENCSLSW:25 3 [ 7 S o] S 1
ENRECCLK:25 5 [ o104 71ap 30l CLK169Y;12:13: 201155 y1yp |16 —\ CLKA2:3;4;5:27 F112 33 OHM
| 8 lap 4o|3 | WEITEKS:1 1523 2v3]5 I\ W.CLK:18;20 1d, RO102
! 13 12 | RECOVREG1- 6 14 RECI1CLK-~;17 S 2 N
! 5D 50 1A3 1Y3 H2
| 14]¢p o[ L5 | RRTOWS43- 13] 500 2vy2]7 / RRRADCLK-;17 EncsLsW-:25 2|, . L6
i 17{9p 2 16 WTORR543-;1 8 |1a4 1y4[12 j— \_——/._.RRH‘RCLK—:I7 R % RRLCS
i 18)gp  golld XX 1] 501 2v1]2 5
| pu2:27 19 - ¢ A~ XXCLK
:; 27— o TIN EN1-EN2 RRMCS -
; o | UOY04 —1” oc 1 019 RRLCS=
' (1)1 F29 RRM.OE-:16
! GND2:8 ‘ ; 12 . R
: 131, FLe 33 onM
; 12 v0117 F29 R0103
‘ WEITEKS: 1 — L E12 uo117 H29
_ FO8 3 u0107 3 2 RRL.WE
| SYNCRESET-;1 2 | Vo107 ] £10 ¢ RRMOE- )
Fo8 § RRACLK:15 5
CRWE-;25 5 33 OHM
F29
E13 9 ARLOE 2 RO10¢
04 e ) -
13—0—01 d 10} £10 8 H29
roo N1y L N\ reczcix-i17 i1} yo117
. ENRECCLK:25 12 .
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*AVOIDS GLITCHES WITH ACK/NACK
*TIMEOUT FOR RETRY Bl
o208
F175 5%%07 B2
Al A2 10 60207, 4
Uo0205
vozol 4000 oo 2] Fos 8 2lp 5 o8 TINE;3:4:5
ALS191 ALS191 00-{)_3 g F74
PULA 15/a  oal3 15/a oal2 5/p1 o1 |2 cLke:1 34 cLx
1 lg gpl2 1 1p  oBf2 01-hé
10)c  ocf 6 Nlc  qc|$ 12 1p2 g2 [10 0P TIME-:3
S I oopJ S o oot Q2- pil
ENT ENT 3 2103 03 12 !
1. 4 < 13 4 = 1 B2 14
GND1:1:8 — RCT%' 13 P‘(.:,%'_n RETRYIC uozoﬂ 10 Q3-p=
AS1:2:4:5:8 —21]1p- 11]1p- | 12[ 7S ol2 CP MR
B91Ai2° 5 |yo/p 5 lv-/p 7 ST
cLrat;1 14 e 14} cLx 1 ek
_. 8
r @ p—
AS ENTIMER:S
Agzo 50201 me
J 1 1K OHM FPAACC; 3:5;7
DIPSW 9.51H
‘ GND a1 L6 R1 -2
21 p2 15 R2 |3
31a3 p3 4 R3[4
a0 pe 13 FYRIE
51as Bs[i2 Rs |-
51 a6 B6 L R6 |1
2] a7 87 PO R7 |2
8 at B8 |2 R |2
R9 1°_|
Al Ad
u0203 V0206
ALS191 ALS191 l s
151a oap? 15/a  oal3 3
1lg o8l Lig o2 1256 21p ol-2 RETRY; 3
0]c el b 10]¢ QCb; F14
9 1p ool 9 |p ool 3 b CLK
Eli - - U0209
Geio? onp1:8 — 4 Mg |13 4 BN o2 0- b8 RETRY-;2
- § = 12 12 R
AT o2 TC == TC — r1
\,rc7 4 111p- U1p- T1
- 3 . 5 S
NATMGY L LYY u-/D u-/p AS1;2:4:5:8
’/ 14lcLx 14 ek
*COUNT OF CONSECUTIVE RETRIES
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S £.CO L pDescription Date : ‘| Approvals
#SHADOW READ ACK/NACK snLock: 6 19 p2
HUNG: 25 — 2]
F20 8 SHIUNG-;3
TIME-;2 1R00IL ACK:2
r RY
11
R2 £08 11 SHRDOFF- s15
R1 u0307 17 V0329 F240
”°3°§mo1:e__2~0”5‘ Q-5 sR.0E-;16 f A0 YO Di_:_pz.unb:zs
19 SHADRD- N 2 3 i AL Y1 b
FO4 L cLx 6122 y2 b
512 prpERD-:S ¢ SROE 1] p2 ?U6:27 8l a3 yipl?
1/02 31_5_m:mz-;s R O ead— SHLOCK-: 6 —2 {35713 vosze
1/03 bl . conTacc-;4 JMp4 F20 8 SHACK-
1704 pié Tl TiME-;2 — 4] ‘ﬁ
1705 BHis PUS:3;:27 D.f.____i RETRY-:2
1/06 gl‘ O s15
1701 bi3 30361
LTCHRD: 25 F240
15 A0 Y0 b3 P2.ACK-;26
ROENBUFF: S 11341 1o
3 L 13 a2 y2 )
00302 | 1A yap3
15Ns o326 7
PIELEX ot
1| ecERR 9 P4 Ri
10 RESET-;1 —3 ACKP11-:5 <9
2in 3| rou .
3112 ACKP12-:5 030¢
[ _Ls CONTRDACK- 516
- 4In R 0P
5114 ; F240
$11s 713 21 a0 Y0 B8 p2.NACK-:26
7116 NAcx--s._b uons L 4la 11 DLS
811 ROINH-:5 INHACC= | $1a2 y2 Bt
N 318 o0 pi? L8)a3 y3hl?
rive:2 —3Y 19 o1 Dﬁ_nxmu‘rz:s TIME-;2 vor2g
RETRY;2 — ] 1702 B8 RESET-;1 ’
s12£0:3:8 — | 1/03 Kl? 4
s1ze1:3;8 —| 1704 bif P2.FPA-;26
1705 LIS __ CONTAERR:7
14 TIMEERR: 7 As2:8
1/08 13 IERRO;7 o s
1701 pi2 IERROIT
*ACCESS DECODE N 4 vo320 vo3zo 10
U019 L2lp S ol 5 ewp2as-;6 L2120 S o2 reancc-:4;s
3 F14 F74
s2 F08 11 3L cx L erx
. U0304 1 ( ?fo.D_\SY )12 17
J 15 NS N L AN3 N FPAACC:2:3:5:7
A102) 50303 7IELER ge309 R 9P~ R & p—
LNATNAY | R 1 jla
AL93} supvsrie —2| 11 R3 PU4;27
Accen; 31 3] 12 09385 JMp4
3eq 4
LoADEN:3:7 4] 13 PIELEK R . !
wA1T2:3;5 3| 14 “NACK 1.2 FPA ACCESS PENDING INDICATCR
READ;3:8 __6{ 15 L1f10 320 ot
Af0S) 74 ¢ 211 30302
A[06) 8119 3112 P3
A(07) 9] 18 o0 19 IERRI- 13
— AL0B] 11l 19 oy pl2 IERR2- 511 PUS:3;27 .
1702 K18 _IERRI- 6] 1s
1/03 pil IERR&- 7 02322 ) 4 00322 | 10 & [ 10
Al9) | rs04 Bl6 rERRaB-;5 8] 17 g s uo307
Anl 1/05 B3 cnack-:4 918 00 prY muncERR;:? 2lp o2 12p al-3 12p 5 of 9 NACK: 2
A1l 1708 pid PRUNG-;5 —1U 19 o1 D;J_.n:mun a2:1 F14 F14 F14
A[12 1707 B3 SHRUNG-;3 —] 1702 P! CLKA2:1 3 L crx 15 Lk 11, cux
FPAACC: 3 ——| 1/03 DPl? .
1/00 6 IERR2:7 o-pt o-p? o-pd NACK-
1/05 [i5_ IERRI:T R R R
1706 L4 IERR4:T o329 1 13 13
1707 DL3_IERROUT 4
5 Fo8 g MUXERRS:4:1 MUXERRS; 4;7
SNACK (LOW PASS FILTER AND NACK FF)
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ECO Description Date N Approvals
F4
U0420
33 OHM
H4
5})306 V0310 u REDIP
§ LOADEN; 7 —13 STHE- LI A P& ust.uE-:9:23
CONTACC-:3 .2 Fo0 11 ENLDADDR-;9;21:22 F2 USTCS00- 2 19 ysT.CS.00-:23
© 1 uo410 USTCSO01-~ 3 14
LD.245EN: 4 =14 I /\/ 3 UST.CS.01-;23
J4 LDPTR{00:01] ;7 sy UST.CS.10-:23
U0402 LDPTR{00]_2 | ng ST Th MAP . CS-19
F175 LOPTR(O1} 3| py 3 T
ACONT REG ACCESS 7 o
NXTPSTBL:19 —4{D0 QO ; PSTBL *STATE MACHINE 14 En- 8] ]
Q0-~p=
NXTPCLR:19 5 |p1 o1 |1 PCLR K4
o1-58 U0406
12 Plo 25H5
D2 Q2 11 PZURE
02-p e cace , |rcont | 5,
—— 13 b3 @3 I 0 b22 CLRPIPE-:5:20:25
03-plt Reap:s -3 | 1 o 2l cNAck-:3
ez 40 1 o b2% cack-:3
cP MR 1 o b1
P 57 6 11 o RiB USTCS- LOADEN; 7
CLKAZ: 1 PUI2T_1 | ;o RUT WRREGS-
n Al02] 8 |1 o K16 srvi-
¥0303 AL03) 9 | 1 o [A3 stvo-;2s
FPAACC-: 3 Af0S) 10] y
A(06) 11|
MUXERRS: 3 AL07) ;; 1 H2 04
. ReseT-:1-2 : T3y
EN- ALO2) 14 5o o |12 crksT-;7 *CLOCKS FOR CONTROL REGISTERS
13 AL03) 13 Ay Q1 pll cikiMsk-;7
GND2:8 02 B cLxLpeTR-:7
154 EN- 03 2 CLKIERR=;7
A02:07):8
32
vo41s sREGISTER WHICH ARE ENABLED:
“FI38
Ta0s AL02] 1) a0 Qo 85 RpcONTO0-:9:17 PIPE-ACT-INS  READ-REG
A(03) 211 01 L4 RDCONTO4-;9:15:21 PIPE-NXT-INS  REG-UST-ADDR
"3 o4 F175 Al04) 312 a2 RDCONT08-~:7;10 PIPE-ACT-D1 PIPE-STATUS
Ty 03 {2 rpcONTOC-;11:19 PIPE-ACT-D2 WLWF-REQ
reap; 8 —4.100 o0 |2 RDCONT- 04 1L RDCONT10-:7:10 PIPE-NXT-D1 STATE
Al0S) 21 a0 o hd RDWRLD.D 00-p3 - Ad el as RDCONT14-:7:11 PIPE-NXT-D2 IMASK
AlO6] 31 a1 Q1 CZ 5ior a1 Z LD.245EN: 4 2» E2 Q6 .?]_nocoxna-:vnz MODE LDPTR
Q2 b 01-p¢ pu3:27 %1 e3 a7 |1 _RbconTic-:7:20 WSTATUS IERR
GND1:8 1 R 7 R1 RDSTATE.D 12 1o
__cl EN- Q3 Do Rl 08 o2 @z |47 J1
g2-ptt V0303
13 ro4 13 1py g3 |15 RDENBUFF ;5 —L
03-pt4 " F02 13 1D.245EN-;8
N4
U319 cp MR ST.244EN-;8
A[06] 4 9 01
Fo08 6
Al07) S
! / LDRAMACC
; _LOPTR{00) 14 UST245ENGO~;24
| _LDPTRIO1) 13 UST245EN01-; 24
| ROWR. UST . MAP UST245EN10-;24
i 15 MAP,245EN~;9
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~. . ECO Description Date Acprovals
. *MISCELLANEOUS CONTROL
SYNCILING CHATN pud27 N3
IDLE2;7:25 ' -] k! " .
PU3; 27 SYNC11:12;:19 10 £
*AESETTING CF FIRST STAGE FROM SECOND H2 ES A2 l S_J 0503
N x2 )4 x1 L4 PIELEX 1S 5
FPAACC-; 3 s R Q s SYNCILIN 2 s 5 y |, ocLx T2 8
D Q ) Q 10 185Ns
) P11-:5 F14 F14 2l cLxp;1.1&,
10 31 cx —3 L cix 312 .
“ FoO 8 V010 wos20 | A1 10LEL-525 A2 ?
9 Juoso2 A 0PS¢ a 0P AwNGy 28 3] 14
F175 cLre1PE-; ¢ —8] 15 _T“
Uoso1 Tl u1 1 121112),9— 11 16 RESET-;1
IDLEL-; 25 o0 o0 |2 wil:s 7 M raiy;s 4o - P22RES-
Q0- 2 RO W2 oy 121102);9—3f 18 o0 LI CASLKEN-;1
s 7 . 3 juosie F02 4 11 12
01 Q1 P11;8 &2, 19 o1 bl e |10
o1-he P11RES 6 101 Bt A
12 1p7 g2 [10 1703 pll  MXIP22- 12y, S o] 3 pyaagsi6s9:1d
Q2- pil P12RES 1/04 bl 1opTREXT-:12 F14
p22;5 42203 @3 [115 M2 1/05 P35 ENTIMER;2 1 cux
ol A PU3;27 1706 pib vosaL |,
1/07 -~ b P22:5:7:19
P MR 19 V0502 x2 |10 . x1 lxo A = R ~—
R s 12, S o].8 - 12, 3 of 2 SYNC12;19 1
£ F74 |
1 crx 1L crx PU12:27 4
cLKA2;1 vos10 | o vos2o | !
cLke;l —J R TP R P £2 L4
NXTLOIDLEL
1 2o 5 ¢l S iproersnd
- F14
CLKAL:1 38 cux
vesat |
N Q- p—— LDIDLE1-;1]
v
RESET-,'l.___J
ACXPI1-:3
Mo ACKP12-:3
voso ENBUFF;3;4
15N8 z s Tgf,
FISLIA S
L | rree AS1:8 — WAITEXT:S
preEwr-;3 1] 10 N2 |4
PIPERD-;3 —2| 11 ) s s P27 PU7;27
wAIT2:8 —2] 12 PUI [ Q-2 P11-:5:6:9:20[ 13 14 ")110 x3 |«
WAITEXT;S —t] 13 P1IRES N s 1958 s 2 s s
P11:5 —5] 14 34 cix READ;8 b o2 0. @ anzps—2io S 0
P12:5__7 I8 U0S12 | o P11:8:17:19 3 11) 3
TIME;2 ——{ 16 R CLX > CLK CLX
FPAACC:) S ln vos1e | vos1s | , , vos24 |
p21:28 —3 18 o0 1 2 &P~ g @ p— 2 0-p°
aUNG:285 — 1Y 19 o1 Hl2. paung-:3
1/02 g%uu:s 71 13 T1
Al11) 18 1/03 bl TRIG11- J
1700 b6 wi2ss
1708 15 TRIG12~- s 10
14 a1 s 9
106 b N2 10 wxrvarnz; ) —13o S of
1707 pi? o) 1l
12 5 ol d pi2-;si6i9:a1 t CLK
E74 4 U0524
PIPEAS- PL2RES 1l oy PUS; 27 2 [, Ns‘ ols Lo bt
Vos12 | o p12;5:17:19 | o 5
N b cLK
SLOWPAS-  gupy vos1s |
J0s01 T” R Cp— w2 [
0 ©
Rl 3 s s 1 305:
o o 1 00306 Te12 2 WALT2:3:5:7
prpEwr-;3 — 1Y Fod s
*ASYNCARONOUS CONTROLLER FOR FIRST PIPE STAGE PUI: 27 U528 |
2 3
u_lw X a @ p—
1755 o9 B
. 1 T 2 10 F14
AS1:8 o
l 20 NS Sy o5 14, cik | crarpe-:4
|‘ V0308 9 vos19 .
| r TP
Tn

N
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S a /
- ECO Description Date Approvals
*SIADOW REGISTER INTERLOCK DECODING
A{03:06]:¢8
820, B860
FY27 SHRG11[0:3] may b SHRG21{0:3) memy
A(03] 2y, 4 SHRG11{0] *Pl2 DECODE AL03) 24, 4 SHRG21[0 *P22 DECODE
A(04] 14|55 12 SHRGII(1] F521 A[04) 145 12 SHRG21 (1 F521
A(05] 5 |3 7_SHRG11{2] AL03)_2 ] 0 A[05) 53a 7_SHRG21(2 A(03] 2],
GND1; 8 11|45 9 SHRG11(3) ALOA] 17| 5y GNDI;8_ 114, 9 SHRG21(3 A[04) 17 5
PU4:27 o 3 /1B LICLIEE ) PU7:27 318 ALOS] 41 5,
1355 GND1:8 13 a4 13,5 GND1:8_15 A3
LEER PUT; 27 51 a4 €l3p PUT:27 —— 6] A4
10145 ;3 A5 104p 33 AS
A6 A6
S EN- 11 A7 S EN- 11 AT
L%
15 1 N5
GND2: 8 112(03) 3 g GND2:8 122(03) 3| pg
112(03:121:9 112(04) 18 gy 122(03:12);:9 122(04) 18 gy
211000305110 s 112(05] 5] ps D21(00105] ;10 meeesmwemsmsen 122[05) 5],
111003:12] 9 e §6.04| CMPLL(0:5) am 112(06) 16 g3 121(03:12]:9 M6 CMP21(0:5) e 12206} l& gy
R 7 u0608 - =
PU3:27 B4 PU3:27 B4
FI57 14| pg FIST 14 gg
D11(00] 2 |4 4 CMP11(0 1120111 9 | g D21(00) 2 ;A 4_CMP21(0) 122(11} 9 p¢
D11(01) 14|, 12 CHMPL1(1 112(12)_ 12 g, D21[01] 14/,, 12 cMp21(1) 122(12) 12 o9
DI11{02)_5 |3 7 _CMP11(2 serhi® D21(02] 5 |3y 7_cMP21(2) seLhl9
DIT(03) 11|40 9 CMPI1(3) e D21(03) 114 9 _crp21(3) en SEED
111(03) 3| ]5 121(03] 3] j’l
111(04] 135 P12-:5 K5 121104) 135 p22-:5 J6
111{05)_6 |35 00605 121(05) 63 L., 00610
Ti1(06) 103 *P11 DECODE 1211061 10,p P21 DECCDE
F521 F521
S EN- SHRGI1(0]_ 2 | pp S EN- SHRG21({0] 2| 59
SHRGI1(1] 17 SHRG21(1] 17
1 s Al L s Al
LOCKALL11 T SRRGI1(2] 4| np LOCKALL21 T SHRGZL1Z] 4 ns
SHRGI1(3] 195 A4 - SHRG21[3] 19 ,4
B8eos GND1:8 fa A4 U660 cND2:8 ‘;’3 A4
A5 IALS AS
p11(041 6 oo, 7 evrata) 8 | re pa1(o4] 6 [S33 ] 7 cwp21(a) 5| ne
D11{05] 10|gp pud;27 14 a7 D21[05] 10gp PU4:27 1Y A7
DIT(04) 5 |ya v O CMP11(5] v0e0E D21(04] 5 |15 yd 9 CMP21{5) voEL1
7 D11({05) 111yp CMP11(0} 3 | pg D21(05] 11 CMP2110) 3| po
V0601 111107} 4 |,a cMP1l(1) 18 5 121107] 4 |,p CMP21(1] 18 p
FLECER 111108} 12],5 CMPI1(2] 5| py 121(08] 12],p CHP21(2) 5] 5
_EIMOTL L} gpyens GND2:8 —p3 1 3A CHPIL(3) 16 py GND2:8 —p 3 | 3A crp2l(3) 16 g3
i n ! 13]3p CMP11(4) 7| g, 13]3p C¥P21(4) 7| p4
1 ]ea- GND2:8_ 14| ps 1 ga- GND1:8_14 po
£B- 111(12) 9] e EB- 121(12) 9] p¢
. 12 . 12 o
50 51 pUs;27 12 87 ceLl19 S0 s1 pus; 27 14 7 st
14 |2 RS EIN *5P) 14 |2 Ely 2P
, T ; NS
1 - -
P LOCKI11- Pl11-:5 P21-:25
Dlﬁ
017
6 LOCKD11-~
ol LOCKP22- MS
1S 121- U0612
14 LocK LOCKP21-
i3 LOCKD21- .
b LOCKP1 2~ o— SHLOCK: 3
LOCKP11=-
1
uda0e
9! ros4 SHLOCK-: 3
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JMP4
J0701 *VERSION JUMPERS
GND 1o ol RO701 ye4.7K OHM
30 04 oues L 2 vee
H7? J0702 RO702 e4.7K OHM
1o g2 1 2
o 1D .D(00:31] ;8 *CONTROL REGISTERS . JMP4 RO703 64.7K OHM
e CNTXT [034]513;15 He L 00703, w7
*STATE REG D7 52 03 ALS244 | UO708
B4 D8 20 O—
U6701 V0704 e 2_|ya1 1y1| 181D.D([03] *PIPE STATUS REG;
ALST "ALS244 pPU12;27 10 4 {1a2 1y2| 161D.D([02) uo713
D100 3| pg qo |2 CNTXT[O] 2]4a1 1y1 /18 LD.D(00] 5102, 6 |1a3 1y3| 14 LD.D(01] F374
Ol] 18 5y o) 18 CNTXT(I] 17554 2y4| 3 LD.D{O1] Lp.D(00} 12, § ]9 8 |1a4 1y4| 12 LD.D[00] NXTPSTBL:19 —3 | po qo |2 LD.D[16)
2] _41p0p Q2 |5 CNIXT(2] 4]1a2 1y2[L6_LD.D(02] F74 mmc,-zs_l? p1 o1 R3_LD.D(17]
_©D.D(03] 17 p 03 [L6__ CNTXT[3] 19,53 2y3|.5_LD.D{03] ckIMsk-; 4 11 crx 1G6- 4|py g2 |5 LD.D[18]
AD:DI04] T | pg q | & CNIXTI4) ¢ J1a3 11318 Lg-g{gg: vol0s | 1 1D1E2;25 —17| p3 3 [L6_LD.D(19]
14 15 LOADENB;21 13 LD. _ L s 6 1LD.D(20)
LD.D[06] [ 8| gz g: 9 ACCEN;3 8 fﬁi fﬁn LD.D(06] R P IMASK: 20 pﬁézzgj gg gg A5 LD.D{21]
LB.D(07]] 13 o o7 |L2_LOADEN;3:4:9722 11|50 yyp| 9 LD.D(07] —‘]’13 Pll;S—s ps Q6 |9 LD.D[22]
. _. ; 3 N2 LD.D(23
CLK O EN1 EN2 PU11; 27 RDCONT14-; 4 P12;5 13 p71 @7 (23]
CLK OEF
_Jn i [1 19 *IMASK REG AND VERSION JUMPERS
CLKST~;4 RDCONT10-; 4 11 i
GND1:8 FPAACC:3
e LDPTR[00:15]4:9;15;21;22 08709 RDCONTO8-; 4
*LOAD POINTER, g H10 F157
U0705 LD.D[16] 2 |15 4
ALs3TE) V0702 ALS743% 10.D(17] 145 12
_1D.D{00) 3|py qo |2 LDPTR(0O] 2 13a1 1y1[L8 _LD.D(00] LD.D[18]) 5 |4 7
LD.D{01] 18 ) o 19 LDPTR(O1] /] 17 5p4 2vy4| 3 LD.D[O1] 1D.D[19] 11,5 9
LD.D(02] 4|py gp [ 5 LDPTR(02] 4 13p2 1y2[L6 LD.D(02] 1ERRO: 3 — 3 ]1B H6
LD.D(03] 17 p3 o3 [L6 LDPTR[03] 15,53 2y3| 5_LD.D(03] 1ERRT; 3 13 28 ‘IBRR_’REG
_LD.D[04] 7| pg o4 |6 LDPTR(04] 6123 1y3/L4_LD.D(04] 1ERR2: 3 — 6 | 3B uo711
LD.D{0S] 14/ ps s [L5 LDPTR[O5] _J 13,a2 2y2| 7 LD.D[0OS) IERR3; 3 —19 45 F374
_1D.D(06) B¢ o | O LDPTR(06) 8 |1a4 1y4 L2 _LD.D(06] e 0o L2 LD.D[16]
1D.D{07) 13 py g7 12 LDPTR(07] _J 11| 9a1 2y1[| 9 LD.D[07] s - o1 |L9_1D.D(17]
L Y5 g2 | 5 LD.D[18]
CLK OE EN1 EN2 HS Q3 16 LD.D[19)
U710 6 LD.D[20]
1 1 o Q4
H11 H12 F157 Q5 |15 _LD.D[21)
u0703 U0706 L0.D(20) 2 |y, 4 06 [ 9_LD.D[22]
ALS374 ALS243 LD.D(21] 14],, 12 o7 [12_1D.D[23}
LD.D(08]) 3|0 oo |2 LDPTR[O8] 2151 1y1 L8 _LD.D(08) ID.D(22] 5 |3, 7
i b1 o1 |19 LDPTR[09) 17544 2y4| 3 LD.D(09] 1D.D(23) 11|,, 9 OF
p2 2 | > LDPTR(10) 4 11a2 1y2 L8 LD.D(10] I1ERR4; 3 —3 |18
03 o3 {16 LDPTR[11] 19223 2y3[ > LD.D[11] HUNGERR; 3 —13 28
pa g4 |8 LDPTR[12] 6 11a3 1y3 L4 LD.D(12] TIMEERR; 3 —8 3B CLKIERR-; 4
! ps s |13 LDPTR(13) 132a2 2y2| 7 1D.D(13) CONTAERR; 3 — 19 4B
D6 06 |0 LDPTR(14) 8 11aq 1yqft2 LD.D(14] s En- NACK-; 3
13 o7 g7 12__LDPTR[15] 11501 2y1| 9 LD.D(15]
1 s
CLK OE EN1 EN2 RDCONT1C—; 4
‘I:u 11 ]19 MUXERRS; 3
CLKLDPTR-; 4 RDCONT18~-;4
Gr2tse GND1;8
Contldential - Copyright (C) 1986 Sun Mlcrosystems. All rights reserved,. l Title: FLOATING POINT ACCELERATOR Drawing: 502-1105-01 Py Rov: A
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R o
T ECO . Description Date ‘ Approvals
D13
U0805
ALS240
PUL12:27 —p2 1AL 1¥1 18 GND1,1/2:4:657:12517518 .
4 Jia2 12116 GND2:1,4:6:9,10:11517,19,25 BUFFERS TO/FROM THE FPA BUS
&1;\3 1‘13_i%.cNDJ;IJ:IS:IS:l?;lQ.—ZO
Ulo:27 1A4 1Y4[ 12 GND4;12;13:14
16- o D[00:31):10:11;:16 P2.D(00:31):27:26 sy
E26 3 +10:11; . : 127;
13 1 y RO801, vcc( ! 520 §27
£00 11 VNV Rggo_’ vosll uosls
12 U114 516 rs7aT) v ALS2% F245
uo328 STATE.D{00] 2 |yay jyyfl8 _DI00] LD.D[00) 2| pg po f8 D{00) 2 |p0 moll8 P2.D[00}
F240 STATE.D(01] 17,4 oya| 3 D01} LD.D{01) 3} py R D{01 3 |ar ppl17_P2.D([01}
22.AS-:26 17 20 yo by3 AS1;2:4:5 STATE.D(02] 4 |jpp jy2{l6 D(02] LD.D[02) 4| ps pa fi6 D(02 4 1n; p2[16 P2.D(02)
9a1 v1 s AS2,3 STATE.D(03] 18559 ay3{ 5 _D{03] LD.D(03} 5] a3 p3 {5 D{03 5 |ax g3l l5 P2.D(03)
ReAD: 8 13 A2 y2 23 | DIR.245-;89,24 STATE.D{04] 6 |yp3 yy3{ld_DI04] LD.D[04] 6] s pa fL4 D{04 6 |a4 pall4 P2.D(04]
pu6; 27 1Y A3 3 € STATE.D[05] 13,5 y2| 7 D(05) LD.D[05] 7| a5 ps fi3 D05 7 las ps|13 B2.D(05]
ﬁ STATE.D[06) 8 {154 1y4[12 D(06] LD.DI0E) 8| ¢ pg P2 D(06 8 Ia¢ pg|l2 P2.D(06]
ce STATE.D(07] 11],py 2y1[ 9 D{07] LD.D{07] 9] p7 g i1 D[07) 9 la7 p7|ll P2.D(07)
9 AB OE~ -
CND219——J{ 470 OHM EN1 EN2 T/R-OE
9 1 9 1 T19
1L RO802, e . 530 $29
AN
K v0812 U086
p— P2.A[02:12}:26 s11 A[02:1211314) 51625 KrCETaT) V0808 5715 75
: 2314151062
FITI ] V0803 STATE.D(08) 2 |ip; 1yq 18_DI08) LD.DI08) 2,0 po fE DI08] 2 |pg poll8 B2.D(08)
P2.A[02) 3| pp qo |2 Al02) STATE.D[09] 17 pp4 2y4| 3 DI09] LD.D(09] 3] py py {7 L D(09 3 |a1  py|17 P2.D(09)
P2.A[03) 18 ;) o) [I9 A(03] STATE.D[10] 4|15y 1yp[l6 D(10) LD.D(10) 4|, pa R6 D(10 4 |p» p2[18 P2.D(10}
P2.A[04) 4|py o |5 _A[04 STATE.D(11} 15,53 py3| 5 DI11) LD.D(11) 5| a3 p3 15 D{11 5 |a3  p3ll5 P2.0(11
P2.A{05) 17 p3 g3 (16 A[05 STATE.D(12] 6 |1p3 1y3fid _Di2] LD.D(12] 6|y pg B4 D(12 6 (a4 palléP2.D(12
P2.A[06] 7 |py Q4| 6 A0S STATE.D(13] 13,55 pyz| 7 D13} LD.D(13) 7|5 pg 3 [ D13 7 las  ps|13 P2.D(I3
P2.A[07) 14 5 g5 [15_A(07 STATE.D(14]_ 8 |1p4 1y4P2_DI14] LD.D(14) 8| ¢ pg fi2 | D(14 8 |ne pell2 P2.D(14
P2.A[08] 8 |pg ¢ |9 ALOS STATE.D(15] 115p; oy |9 D15 LD.D(15} 9|7 p7 i1 D[15 9 la7 p7{1l P2.D(15)
P2.A[09] 17 12 A{09)
b7 Q7 EN1 EN2 AB OE- T/R- CE-
LE OFf 470 OHM
) RO803, 1 ]9 1 9 1 J19
Pl — A VCC R21 §32 531
512 KIE31T V0809 s74s U0813 F7a5 ) U0817
373 ) L0sod STATE.D[16] 2 |ypy 3yi[18 D(16) LD.D{16] 2|0 po P8 D(16] 2_|po poli® P2.D(16]
P2.A[10) 3| pg o [2 Al10} STATE.D(17] 17 a4 2y4| 3 D117 LD.D(17] 3} a1 py 07 D(17) 3 la1 p1|i7 P2.D(17)
P2.A[11) 185 g (19 A[11] STATE.D[18] 4 ]yp» 1y216 D[18]) LD.D(18) 4] p, pp [L6 D[18]) 4 Jpo po|l6 P2.D(18)
P2.A[12] 4] p; @ [ 5 ALN2) STATE.D(19] 15,53 2y3[ 5 D(19] LD.DI19) 5] a3 p3 fS D(19 5 |as  pall5 P2.D[19]
PU6s27 17 p3 Q3 [L6 STATE.D(20] 6 ];p5 yy3(l4 D(20] LD.D[20] 6] s py B4 D(20 6 laq pglld4 P2.D[20)
P2.512E1:26 — 1] D4 Q4 | 8 sIzE1s3 STATE.D(21) 13, pya| 7 Df21] LD.D{21] 7,5 psf3 D(21 7 Jas ps[i3 P2.D(21)
P2.51280:26 —14 ps @5 15 s12£0:3 STATE.D[22]) 8 |1p4 1yqf2 D(22] LD.D[22] 8| ¢ pg [L2 D[22 8 lag pgll2 P2.D(22)
p2.FC2:26 8] D6 Q6 |2 SUPVSRs3 STATE.D[23] 1155, oy |9 D(23) LD.D(23] 9] a9 p7[iL . D(23 9 |a7 @[l P2.D{23)
13 12
l;ZS.READizs__ D7 Q7 READ;3;45518:9 w70 o EN1 EN2 AB OE- /R~ OE-
L1% o612 LE_CE ROS04 9 1 9 1 19
3 T 1 2 533 $33
— - 1 — AN VCC vos14
£20 g AS R19 Vo818
12 ALEZ47) V0810 L5735 7335
12
13 STATE.D[24]) 2 L8 D[24) 1LD.D{24]) 2 ng L D[24) 2 18 P2.D[24)
L $13 1A1 1Y1 A0 BO A0 BO
U0806 STATE.D[25] 17,54 ayq[ 3 DI(25} LD.D{25] 3|y py 7 [ D(25) 3 a1 by L1 P2.D[25]
L_pus:27 F244 STATE.D(26) 4 |ypy 1y2[16 D(26) LD.D(26) 4| p, pp P6 D(26) 4 |p» pa|16 P2.D[26)
PUG, 27 220 yvoll® _ prm.245;859;24 STATE.D(27] 15,54 ay3| 5 DI[27] LD.D[27) 5]y p3f5 [ D(27] S |a3 pall5 P2.D[27)
— 41 yp 16 STATE.D[28) 6 [;pny 1yafld4 D[28 LD.D(28) 6| Az pa fid D(28) 6 |nsa pgllé P2.D[28)
L 61 as y2 |14 STATE.D[29) 13,55 ayp| 7 DI29 LD.D(29] 7|5 ps i3 [ D29 7 a5 ps|l3 P2.D[29]
b1.SYSRST-126 — 8] A3 Y3 |12 RESETA~/1 STATE.D[30] 8 |ypg yyqf2 D[30 LD.D[30] 8| a¢ pg L2 D(30 8 Ix6 pe|l2 P2.D(30]
of STATE.D{31) 1155, {9 DI(31] LD.DI31) 9|7 pp [l D(31 9 |a7 p7|Ll P2.D(31)
EN1 EN2 AB OE- T/R- OE-
cnoz;a__] I1 Fs ,1 9 1 J19
STATE.D(00:31}:9710:11:12;20 med ST.244EN-;4 DIR.245;8 DIR.245:8
LD.245EN~-;4 END245-;3
LD.D[00:31);7:9:15;17:21;24
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SMAPPING RAM
e, MAP.A[00:11] 0909 Bao1a 8017 93920 o2 G220
0901 33 OHH . ) cYIC168 cyicies cYicies crcies cyicies CYIC168
[RLSTIY RITP
JLOPTRI02)2 Fyay gy 1,,; ::‘;: ‘l)L : :” ; /\r;‘ :::: :° ::;‘: 1] : A0 A0 : A0 A0 : A0 : A0
24 274} : : : A A Al Al Al Al
147 jr2ji6_HAP A(07] | fri1(04] ) /,\\;1 MAP.A (O HAP.A a2 A2 a2 Az ¢, L)Y
19743 2v)| 5 HAP.A YRR I ¥ XY Y( HAP.A 9] ay " 5)a3 A3 9as 7at
1A) 1yl _MAP.A 98151 A7 f2HAP-ALO MAP.A Al Al A4 At A At
282 2y2| 1 _HAP.A[0S 07) € BRI MAR.A[0S MAP. A AS AS AS AS ey As
1A4 Lyd[[2_PAPA(06 o117 o MAP.ALGE HAP. A A6 a6 " A A€ a6
2a1 211 |9 _FAPA(0T 09 ¢ 3 MAP.A(07 AP A (07 2 2 a7 A o IS
MAP.A (00 At s A A A At
ENL EN2 ue5es MAP.A (09 29 s A9 As A9 A
9 MAP.A(10 Al0 Al0 At0 A0 A0 Al®
u HAR A [11 Ay an L 8 an AlL * Ta v lan
[N 1700 | 15 PAB-D{00 170615 MABD(0 1700 MAP.D 2700 WAT 1700 WAp.0[16 1700 |15 MAP.D[20
33 o 1701 [ 14 MAP.D(01 /01 MAP.D (0 1701 MAP.D 1701 MAP 1/01 Wp.0(17 1701 |14 HAP.D (21
1/02 1) MAP.D({02 1/02 MAP.D(O 1702 MAP.D 1/02 MAP . 1702 MAP . s 1/02 1) MAP.D[22
9 MAP.A(00 110 N T R YU 1/03[ 12 _MAP.D(03 1703 HAP.D (0 1703 FAP.D 1703 AP . 1703 MAP.D (13 1703 12_HAP.D(2)
T RAP.A(09 (11 A RS wAr.A(09 AP .C5-14 2 {cE- 9 |ep- 9 |ce- [ S |- 9 {epe
5 MAP.A(10 EVEETIEN BN XTI 05T.WE-1 4 11| wE- 1] yp- T ye. T ye- FEY gl (53 il
Sa¢ 2ya| 3 HAP.A(I1 DAY AP A(IL
. 2L A
—A—\_—f
J‘ 1] AT HAP.D(00:231:19:21:22 wmaman
ENLDADCR-; 4 — {2
111(02:13): 611
121062:12]:8:6
(= A102:1205¢ + INSTRUCTION PIPELINE AND READBACK ;;;::;:;:;:'””
s
s1 7 P9 X7 37 39 . *BUTFERS T0 RI/WR THE MAPPING RAM
0903 0907 00910 00918 0914 tosay  L0-0100:23)1 8 em %6 5388w
1377 XLI37Y ALz 1Y AL3ITY KLSJI73 XL32AT ATTZTT) 00930 Lt
ALe2) 3 ipe go 3 3100 qo 02 | 1A1 171 [\0__8TATE.D Af02) 3| o0 o to2 3]0 qo |2 122(0 2 |1a) 12 [L__STATE O[O 18.0(¢ A0 3¢ 10 __mapp{oo A L8 tap.o(ee
X018 g o L Wy g o H2ad 274 1E. 401 qip (03 10 o1 Q1 17 2a4 21¢|_)__STATE.O(0 0.0 (0 A1 81 fT_mApD(0 N FAP.0
AOY) tio2 g2 4102 o2 ¢ 1A2 112 1 b2 02 L {02 a2 11a2 1y2 {18 $TATE.D(O LD, D (0 a2 a2 1 WAPD(O AL HAP.
A3 175y gy p 1703 o3 f [ A2a3 213 IE. 0y QIf 1753 o3 22a3 213 TATE.0(O LD, A3 a3 om AL KAP.
EYCITIER Yyt Tioe o o 13 10 E. ot ot o4 04 1a3 1y3f4__STATE.O(C B A B ) A HAP.
TAO)) T4 oy g8 7 4 5y g8 5 ) 502 212 STATE. 07) 14y gs b 07) 14 oy o5 fi512 222 2y2{ L_S$TATE.O(0 Lo, AS 28 MAPD g T
ALG T o0 g6 [ Vipe g |2 12L(60 A4 1y4[L2__STATE.O 80 1] p¢ o6 o) V] ps g6 |9 122(00 1a¢ 1y4[L__STATE.D(O LD, V16 86 FAPD PN DY
K(e9] 14 5y o1 12 11109 11 07 oy P2 121109) J7T0 54y oyy STATE.D(25 A05) 145 o1 7(69) Y 7 oy f2 122(09) ) 1571 211 $TATE.D (0 0.0 51 a1 a1 FADI(07) 4 5 wAP.0(07
LE CE L OF ENL EN2 LE OF L OF EN1 EN2 A3 CE~
1 n1 9 h1 Ry 9 i Yo
N ne RY K¢ a M9 o6 £
$o304 00904 00911 00916 00919 00922 Bfya1 3’;’5},
7T II7I ALSZA4 XLTITT 3I7T ALSZ44 LYZTS RIS
ALY 3| po o 0 0o qo L2 I21(10] ] 1110 $TATE.0(2 Af10) b0 Qo 112{10) po oo [2_122010) 1AL 141 |10 sTATE. 0. A0 g0 DY__wapD{o8] 1 he MAP.D(08
AL 18 o 8 i %oy g fO_121011) 122 112 STATE.D AllL) 18 g f 112(11) ¥ oy o f9 122011 12 112 TATE. L0, AL m [T PAPDLO9) 2] TS wAP . D(0Y
A1 g2 2 02 o2 121(12] ) 1A 170 STATE.D A(12) 02 02 T12(12) b2 g2 |5 122(12] 11 113 TATE. 5 a2 a2 HAPD P\ TR
n.m:),-l_;.’ o) o3 3 103 o3 ¢ N FTVETY] STATE.D 03 f 17 b3 i —L a1 TATE. LO. A 33 2o ; m
04 Q4 |8 ?1pa Qt o4 | F_ D4 g4 |8 ~ PR :
PU4;21_E o5 gs pS PU1;27 40s o8 E 16- o127 as pS PU1;27 14 ps g5 P 16- LD. AS 33 MAPO N 1_MAP.D(13
¥ os os |2 o6 of T‘ a6 |3 t': 06 a6 |2 1 Lo. A6 26 MAPD 9 MAP.D(IT
L3 gy o2 12 g o fi2 Q1 p2 13p) o7f2 A? 37 [LL__HAPD[IS) 8 9 _MAP.O[19
LE OF L5 of [ LE oF AB OE-
1 ]i 1 bt }n TA b s
LOADEN; 7 —] P21-;25 P12-15 — P22-;5 1
GND21 8
RDCONTO00-74 ¢s
Pl1-:8 sz cs 98921
: 111[02 2 X9 63932 33 oun
1A1 171 XreTir V0923 T RIDTP
111(03) 17204 2v4
04 a2 112 1n2{02 1AL 191 [L8__STATE.O(0 10.0{16} Ao 3o 18 MAPDUIS) 1] A 6 AP.O[16)
051 185,3 219 112(03)0 1504 2y4 $TATE.D (0 L0.0(17) M m [[1_mAeo(17) 2 S mAP.O(17
3 1A3 173 a2 1y2[l6__STATE.D 0.0 2 32 ETYETELTINEN NN XTI
7 282 272 243 273 TATE.D L0.0 A3 By [15__tAPD(19) 3_MAP.D
[] YT 1a3 1730 TATE.D LD.D(20} Y PAPD(20] 2 M D
11109 Y2a1 211 32a2 212 TATE.D LD.D{21} AS BS MAPD(21) ALl HAb.D
1 TATE.D LD.D{22} MAPD(22] 0 MAP.D
14 1x4 A6 36 Ao
EN1 EN2 05113551 21| 2. STATE.D[09 L0.0(23] 9| a7 g7 |LL__PAPD(23) & 9 _MAP.D(2]
s ENL EN2 as cE-
o011 9 9
vo
ALszad ] mn.us-u_l1
01{10) 1150y ayq |9 STATE.D[26 V0922 KAP.2ASEN-: 4
TI1(10) 13202 2y2| 1 STATE.D(27 ALsZAd
TI1(12) 15|,y 2y3| 5 STATE.0(28 112(10) 2a1 2y1| 9 STATE.D(10
7]2a¢ 2v4| 3 STATE.D(1 12(11) a2 2y2| 1 _STATE.O(11
112(12) 2A1 2Y) 5 TATE.D[12
26~ 2A4 2¢4| 3 _STATE.D(1S
9
26-
Tﬁ
ROCONTO4-; 4
STATE.D(2:311:9
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D11100:31);6;12;13;14
L *D11 READBACK *D21 K25 *D21 READBACK ) FOR CONTROL
<[STTT U001 INKEPETH Sigos FTTT ] U1009 ALSIT3 ) U1013 F373 {ﬁou
Qo | 2 D11[00) 4 2 |1a1 1y1[L8  STATE.D(00) D11{00] 3 |py qo |2 ©OP.D[00] D11{00) 3 |py o |2 STATE.D(00] D11(00] 3 |pg qol2 D21[00)
D0 8 51 o1 19 DI11(01) 17 204 2v4| 3 STATE.D[01] DI1(01] 18 p; o L8 OP.D{O1) DI1(01] 18 p) g [L9 STATE.D(01) DI1{01) 18 p) o) [19__D21(01)
D(02) _alp, g»|5___Dil(o2) 41inp 1y2[L6  STATE.D(02) D11(02) 4 |p, qp |5 _OP.D(02) D11(02] 4ip; oo |5 STATE,D[02] D11102] 4| py g |5  D21(02)
DI03] 17 p3 g3 [6___D11[03] 15553 2y3| 5 STATE.D[03) Di1(03) 17 p3 o3 L6 OP.D(03] D11(03] 17 p3 @3 [L6_STATE.D[03] DI1{03} 17 p3 o3 L6 D21(03)
DIC4) 7] pq qq | 6__DI1[04] 6 |1a3 1y3[L4_ STATE.D(04] D11(04] 7 |py o4 | 6_OP.D(04] DI1{04] 7 | pg o4 | 6 STATE.D[04] D11(04) 7| py q4 | 6_ D21(04]
DI05) 14| ps g5 {15 D11(05) 13552 2y2| 1_ STATE.D(05) D11(05] 14 pg @5 L5 OP.D[05) D11[05) 14 pg g5 (L5 STATE.D[0S] D11(05) 14 ps o5 [L5_ D21(05)
DGl 8| pg gl 2 DI1{08) 8 |1aq 1yq 12 STATE.D[06) DI1(06] B |pg ¢ | 2 OP.D(06) DI1(06] B g gg [ STATE.D[06] DI11(06] 8| e gp [ 9 D21106)
_DI6T] 13 57 o7 l2__Dp11(07) 11,a1 2¢1[ 9 STATE.D(07) D11[07] 13 p7 o7 2_OP.D[07] D11107] 13 py7 o7 [12_STATE.DI07] DI1107) 13 ¢y L2__D21(07]
LE OF EN1 EN2 LE OE LE OE LE OE
11 9 n1 11 11 P
s22 s24 K22 5?314 GND2;8 ——
-3373) Ul002 AL3744) U1006 F373 u1010 3373
0(08) 3 |po qo [ 2___D11(08) 2 327 1y1 8 STATE.D(08] D11(08) 3 |po qo |2 OP.D(08) D11(08] 3| pg qo [2_STATE.D[08)
D{09] 18 o 13 D11(03) 17554 2y4| 3 STATE.D[09] D11(09) 18 py g1 L9 OP.D(09) D11(09] 18 py o) [L9_STATE.D(09) 521000:07);:6,12,19
DI10] 4 |p, gp |5 _ D11(10) 4 1a2 1y2 16 _STATE.D[10) DI1(10) 4|p, @ |5 OP.D{10] DI1(10] 4] p, q2 |5 STATE.D(10]) ! !
DIT1] 17| 03 o3 L6 DIil(11] 18503 2y3| 5 STATE.D(11) DI1(11) 17 p3 o3 [L6_0P.D{11] DI1(11) 17 p3 o4 [L6_STATE.D(11)
D(12) 7|pg q4 L6 DI1[12) ] 6 13a3 1y3[L4 STATE.D(12] D11{12] 7|py @4 | 6 OP.D(12] D11112] 7| py o4 | 6 STATE.D(12)
DI13] 18 pg o5 15 DI1(13) 1352 2y2| 1 STATE.D[13) Di1(13] 14 pg o5 L5 OP.D[13) D11(13] 14 p5 o5 [L5 STATE.D(13)
_ D14l 8| o g6 |2 Di1(14) 8 |1a4 1y4 /L2 STATE.D[14) D11(14) 8 | pg qp |2 OP.D(14) DIL(14] B pg q¢ | 9 STATE.D(14]
_D{15] 133 o9 [12__Di1[15] 11 5a1 2v1 |9 STATE.D(15) Di1(15] 13 py o7 [L2_OP.D{15] D11115] 13 p o7 [12_STATE.D(15)
LE OF EN1 EN2 LE OF LE OE
11 1( 19 11 11 1
s20 521 K20 K21
53737 V1003 AL3747) U1007 T73 U101l sy Ui0%8
_ D16 3|p0 go |2 D11(16) 2 11p1 1y L8 STATE.D[16) D11(16) 3| po qo L2 OP.D(16) D11(16) 3|y o |2 STATE.D(16])
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P25 *D12 READBAglz(s *D22 M25 *D22 READBACK yog
ALTIT3I ) vilol ALSZ344] u1105 F373 ] U1109 TI73] U1113
D{00]) 31| po Qo0 2 D12({00) 2 1A1 1Y1 18 STATE.D(00) D12(00) 3 DO Q0 2 OP.D[00) D12{00] 3 DO Q0 2 STATE.D[00)
DI01] 18 p; @y 19 D12[01] 17,p4 2y4| 3 STATE.D[01) D12[01] 18y @y [L9 OP.D(01] D12[01) 18 )y g1 L8 STATE.D(01}
_bfo2] 4| p2 Q2 5 D12{02]) 4 11a2 1Y2 16 STATE.D{02) D12[02] 4 pz Q2 5 OP.D{02] D012(02) 4 p2 Q2 5 STATE.D[02)
_D03] 17 b3 Q3 16 D12[03) 15 2A3 2Y3 5 STATE.D{03) D12(03]) 17 p3 Q3 i6 OP.D[03]) D12(03]) 17 p3 Q3 16 STATE.D([03)
DO4) 7 1py q4 | 6__D12(04) 6 |1n3 1y3[ti_ STATE.D[04) D12104] 7|5y 4 |6 OP.D104) D12(04] 7|y qq | 6STATE.D(04]
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D(08) 3|pp qof2 D12(08) 2 |9a1 1y1[18 STATE.D[08] D12(08]) 3 )pp qo |2 OP.D 08) D12 (08 31po o [ 2STATE.D(08)
D(09]) 18 py 1 19 D12({09] 4 17 op4 2y4| 3 STATE.D[09) D12(09) 18 D1 Q1 19 op.D[09 D12(09 18 D1 Q1 19 STATE.D[09)
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LE O©OE EN1 EN2 LE OE LE OE
b1 . 1 s 10 11
P20 20 M21
01103 P21 M U1115
ALSIT3 ALTZ47) U1107 I73 ) V1l ALSIT3
Df16] 3| pp Qo0 2 Di12(16) | 2 [1a1 1y1[L8 STATE.D[16] D12(16] 3 |pg Q0 2 OP.D[16] D12{16] 3 |pg Q0 2 STATE,D[16)
D(27) 18 pq 01 19 D12(17 17504 2v4| 3 STATE.D[17) D12(17) 18 p, Q1 A9 oP.D[17 D12{17) 18 py o1 28 STATE.D(17)
Dl18 4ip2 Q2 E) Dl2(18 4 |9a2 1y2[16 STATE.D(18) Di2{18} 4 |p, Q2 | 5 OP.D 18 D12{18) 4 |p» Q2 | S STATE.D([18)
D(19 1% p3 3 L6 D12(19 185a3 2y3l 5 STATE.D[19 D12(19) 17 p3 @3 L6 OP.D[19 D12{19) 17 p3 @3 [L6 STATE.D(19)
D[20 7lps o4 |8 D12(20 6 11a3 1y3t4 _ STATE.D(20 D12(20) 7)pg @4 | 6 OP.D[20 D12(20] 7 |pq q4 [ 6STATE.D[20)
D(21) 14 ps @5 15 D12[21) 137a2 2v2| 1 STATE,D(21 012(21] 14| pg Qs 15 oP.D[21 D12(21] 14 pg Q5 15 STATE.D[21)
D(22] 8 | pg Q6 9 D12{22]) 8 J1aq 1y4[t2 STATE.D[22) D12(22]) 8 |pg Q6 9 oP.D[22 D12(22) B8 |pg Q6 L9 STATE.D[22)
D(23] 13 p7 o7 12 D12[23) 13 5a9 2y1| 3 STATE.D{23)] D12(23) 13 py o7 2 OP.D[23]) D12(23) 13 p9 o7 12 STATE.D([23}
LE OE EN1 EN2 LE OE LE OE
1 n 1 19 il 11 1
P19 M18 M19
P18 ulios U1112 Ul116
RL33737) V1104 AL3Z4Y 373 3373
D(24) 3 po Qo 2 D12[24) 2 |ya1 1y1/18 STATE.D[24) D12(24] 3} pg Q0 2 0pP.D{24) D12{24) 3 |pp Q0 |2 STATE.D([24
D[25) 18 pg 01 19 D12(25] 4 172p4 2y4| 3 STATE.D[25) D12(25) 18 pq o1 19 oP.D(25) D12[25]) 1§ py o1 19 STATE.D{25}
_D(26] 41p2 2|5 D12(26) | 4{1a2 1y2|L6 _STATE.D(26} D12(26) 4 |pp @2 | 5 OP.D[26) D12[26) 4 ip; Q2 | SSTATE.D[26}
D{27) 17 p3 @3 L6 Dl12(27) | 19,3 2y3| 5 STATE.D[27] D12[27) 17 p,y Q3 16 CP.D[27] D12[27]) 17 p, Q3 [L6 STATE.D[27]]
D{28] 71 pg Q4 6 D12(28] j 6 {1a3 1Y3 14 STATE.D([28]) Dl2(28]) 71 D4 Q4 6 OP.D(28] D12[28]) 7 D4 Q4 6 STATE.D (28]}
_D(29) 14 DS Q5 15 D12{29] 132)\2 2v2 7 STATE.D(29 012(29) 14 ps Q5 15 OP.D(29] D12(29) 14] pg Q5 15 STATE.D[29)
D(30) 8 )pg q6 9 D12(30] 4 8 j1a4 1Y4/L12_ STATE.D(30 D12(30) 8 | pg qp [ 9 OP.D 30) D12(30] 8 |pg g | 9STATE.D(30]
0(31) 13p7 7 2 D12(31) 1Y, 2y1|1 9  STATE.D(31 D12(31] 13 pq Q7 N2 op.D[31) D12131) 13 p9 7 {12STATE.D(31)
LE OE EN1 EN2 LE OE LE OE
11 1 19 111 (i 11 [1
P12-:5 RDCONT14-:4 p22-;5
GND2:8 ENOPD22-:25 RDCONTOC-:4
e OP . D {0:31)10:17;18
b D{00:31] ;8
STATE.D([00:31] ;8 summmmemmmsecsand
% Confidential -~ Copyright (C) 1986 Sun Microsystems. All rights reserved. Title: FLOATING POINT ACCELERATOR Drawing: 502-1105-01 Rev: A
%& -~ This material contains trade secrets information of Sun Microsystem Inc. —
% ¢ SU Use, reproduction or disclosureiis prohibited except under written license / “heet: 11 OF 31 Flle: fpall.d
%% by Sun Microsystems Inc. Use of copyright notlce ls precautionary only e
microsy > and does not imply publication or disclosure. Engineer: S CARRIE Date: Mon Aug 15 15:26:36 19t




Va / -
! o N
el ECO ~——7 Description pate | Approvals
. . o
PTRVAL{00:11);2 s
J1s J14 J13
U1206 U1207 U1209
PTRVAL([00] 3 |, “%i_u PTRVAL[04] 3 |, ”(6)?\__“ PTRVAL[08) 3 (A “gi__u
PTRVAL(01] 4 |p  op| 13 PTRVAL[05)4 |  qp|23 PTRVAL[09) 4 |p  qp| 13
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*POINTER 5
PTRVAL(00:10]);25
K14 K15 K16
U1401 01403 U1405
pravaL(00) 3 | MSTE3 | 14 pTRS(00) prRVAL(04) 3 | PPSI80] 14 pTRS (04 pTRVAL(08) 3 |, ©lSn| 14 PTRS(08)
PTRVAL{O1] 4 B 08 13 PTR5(01] PTRVAL([05] 4 B QB 13 PTR5(05) PTRVAL{09] 4 B QB 13 PTR5(09]
PTRVAL[02]) 5 |¢ Qc 12 PTR5(02] PTRVAL{06] 5 c Qc 12 PTR5{06] PTRVAL[10] 5 c oc 12 PTRS5[10]
PTRVAL[O03] 6 |p QD 11 PTR5({03) PTRVAL(07] 6 D QD 11 PTR5(07] PU2;27 6 D QD 11
cnoq;e_liENTﬁco- 15 10 ENTEco— 15 10 ENTﬁco-—ls
ENPPTRS5-;12 — | ENP- 7 | enp- 7 | ene-
LDPTRS-; 12 _9_7 LD- 9 _{1p- 9 {1p-
PTRACTO; 25 —2 | u/D- 1 ly/p- L ly/p-
CLK169X;1% CLK 2_fcik 2 lcik
PTR5(00:10];15
*POINTER 4
D11(26:30};10
K10 K11
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p11(26) 3 |*1%) | 14 pTRA(00) p11130) 3 |80 | 14 pTRA(04)
D11(27] 4 B 0B 13 PTR4{01] PUL;27 4 B QB 13
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LOPTRI02]) 4 |40 Ls_ LOPTR{08) 4] ;¢ L2 LOPTR 0 s Hl4
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PTRA(00] 13 g, PTRA (04 3 14 CNTX S 14 PTRA Tloa4 2v4 1D.0[17
PTRS (00 4y BTRS (04 4 g5 PTR 4 s PTRA 1a2 1y2[, 16 10,0 (18
TMEC02 00 e TMMED2 (04 ERY] TFMED ¥ 16 PTRA 2A3 2v3 10.0(1y) |
T Irei01(00 Ei TMMEDT 104)_ 12 44 TMEDI (08 3 17 PTRA ¢ 1 1“§ 4 10.D{20
PTRA(05) 13}5x 2yzfy) 1D.
RRASELOA _ 11 50 1 .0 11 4 PTRA{0C) 8 |54 qyqfy12 LD.
RRASELIA 10 ) ;o " :0 AL PTRA[OT) 11]5p3 2y1ppd 10.
RRASEL2A_ 3 | p; e a2 gy, e ‘o 26
1 Uy
M13 R12 RUM
U1502 U150 U1510
T75T 75T FZST
LOPTR{03) 4] ¢ s LOPTR(07) 4| 4 3 LeTR{11) 4|4 | s
PTR1I01) 3]y p‘ PTRA{01) oNTxT{0] 3]y §__PTRA[0S] CNTXT (4 1 € _PTRA{0Y) 3:313
PTR2(01) 12 PTRZ[05) 2| ¢, PTR2[09 12
PRI 13 PTRI|05) 1] 4 PTRI (09 1 ALS240
PTRA 9 14 CNTXT (0 ERY CHIXT[4 RN PTRA{08) 2 Jiay jyqf)8 10.D(24
PTRS 4 1y PTRS (05 4 3 BTR5 (09 4 1 PTRAIOS] 17|5p4 gy4fp3 LD.D(23
TMEDZ (01 £ THMMED2Z (05 Y TMED2 (03 ERY PTRA(TO] 4 |1a7 1yz 18 L0.0(26
TMED) (01 ERS) IMMEDD (05 F: THYED (09 319 PU2:27 5)aa1 “,g 10.D (27
t_11a3 17314 1D.DI28
RRASELOA 11 5o LY po 14 a0 3{2a2 2v2pp 1 _10.D(29
RRASELIA 10 o) 1d :o AL 1a4 a2 Lo‘g 0
RRASEL2A 3] 55 - VI a2 gy 2A1 211 10.0131
16~ 2¢-
Lr
RDCONTO4~74
N13 P13 R10
U150 u1se? v1s11
3324 FI5T T75T
LOPTRI04) 4] 40 LDPTR{08) 4]y LoPTR(12) 4 | 49 |.s
PTR1|02 1 oNTXT(1) 31y PTRA(06] GNDLp8 _ 3 | 4y ¢__PTRA[10)
PTR2(0 12 PTR2{08) 2| 9 PTR2{10) 12 *REG RAM ADDRESS LATCH H1¢
PTR3 (0 1 PTRI[0 1 PTRI|10) 13 M15 U1s1¢
PTRA|0 C CNTXT 9 11 GND1;B _ 18§ 14 U1s1d 33 oMM
PTRS (O LB PTRS (0 4 PTRS (10] " T4 44 8533 RYOTP
TMMED2 (02 LN TMMEDZ |0 E Y 1MED2 (10} 13 1 PTRA 3 100 oco-p RRA{6O A 16 RR.A
TME57(02]__ 14 4 THMED3 (06 E RS IMEDI(10) 12 44 PTRA o1 o1- RRA|D A 15 RR.A
PTRA[02) T ip2 02| RRA A4 _RR:A
RRASELOB __11] 5o 19 20 19 50 PTRA(03] # | ps o,_E RRA N ER
RRASEL1B __10 ) 19 5y 19 5y TRA[O4) 13)py  o4- RRA AL RRLA
RRASEL2B _ 9 | 5y 3| a2 DAY TRA(05) 1d|ps  os-b RRA g RR.A
EN ER b TRA[0E) 17)p¢  og-py RRA D RRLA(06
" TRA[07) 181pn7 o7-f RRA A RR.AL07
1E OE-
N12 R13
visos u1508 nn
T75T FI5T
LOPTRI0S) 4 4q 1 s LOPTR{0Y 10 s .
PIRI(0I) 3] gy §__PTRA[03) ONTXT [2 1 PTRA(07) - 23 ome
PTR2{03 12 I~ PTR2{01 12 V1518 R1son
PTRI(03 1 PTR3 07 13 N1
FTRA{0) EREN CNTXT[2 E §533
PTRS (0D BT PTRS[07] 14 14 PTRAL08) 3 [pg o~k 2 RRA[O8
TMEDZ (03] 13 4 TRHMED2(07) 13 ;¢ PTRA(09) 4 |5y oy-[;5_RRA(09) | rr.A(00:10) 516
D203 (03] 17 49 TMMEDI [07] 12 14 PTRA[10) T | gy-b 6 RRA{10)
PUS;27 8 |y py-f9
RRASELOB _ 1Y 40 31 po PTRA{O 3104 01-p 12 5R.BAJO)
RRASELIB __10 ) 19 5y PTRA(O 4155 o5-f 15 SR.BA(T)
RRASEL28 9 | 2y 31 a2 PTRA(O T)ps  0§-p 18 SR.BA[2)
EN EN PUS:15:27 181pny  g7-K1
SR.BA(0:2):16
GNDI: 8 T 1E OB~
_]n 1
b LOPTR[02:12) 27 RRACLK?1
b PTR1 (00110112
e CNTXT (02427 GNDJ: 8
P PTR2(00:10]:13
boome PTRI{00:10) 213
_iﬁ;{ggig,lj SREGISTER RAM ADDRESS MULTIPLEXING
e 11502 (00:10] 113
e 1MMED3(00:10] 213
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ECO ) pescription Date Approvals
3_SR.AA[D) 1l SR.WEL-:16
5 SR.AA(L)
T SR.AALD RR.A(10] 32
F02 13
of CRNE-; 25 — 14
J D[00:31];8;10; 11 s
19 *SHADOW RAM
GN:'l:B_J
SR.AA(D:3)
R27 N27 R29 N29 R31 NIL R33 N33
V1602 1604 U1609 U161l V1613 u1615 u1617 V1619
23705 29705 29705 25705 29705 23705 23705 29705
SR.AA(0] 24, 24,0 240 240 24,0 20 24,0 24,0
__SR.AA{L) 231, 2315 EXTSY 231, FERPNY 23 151 311 2315
SRLAA(2) 22]a, 22|a; 2]z 2252 22|55 2252 2|2 225,
SELAA[3)_ 215, 21,5 a3 21,3 21| a3 71,3 Ta3 2183
a0 1L 50 yao |1l D04 a0 |11 D(08 yao 1L D(12) yao 1L D(16 yao 2L D2 a0 212 D24 yaolll _D(28
SR.BA{0:2]:15 a1 12 D (0 Ya1li3 D(05 yay 13 (09 w113 D(13 a1 13 D(17 AL 23 D(2 A (13 D(25 ya1l13_D(29
r' a2 |18 (0 a2 |18 D(06 1Az |16 D(10 A2 |LE D(14 a2 |16 D(18 wa2[16 D[2 YAz |18 D[26 a2 16 D(30
a3 18 (03] a3 |18 5{07) a3 |18 D(11 va3|18 D(15 a3 |18 D(19 a3 18 D[2 a3 18 (27 yaa[18__D(31)
SR.BALO) 4 igo 4 8o 4 lso 4 _1n0 4 _lso 4 1so i_lso A lso
SR.BALLL S gy 5 11 5 im1 5 a1 S isy 5 sl 5 _1p1 5 {81
__SR.BAIZ] 6 g § Ip2 $_Ip2 £ 1s2 € ls2 § In2 § a2 £ is2
SRBALINIL T fgy 7 Ip3 1 ip3 1 1p3 1 1p3 1 In3 B3 I P
ypo |10 RR.D(0 oo ysofl? RR.D oo yso L0 RR.D 2 _Ipo ypojl0 RR.D(16 po yso |30 RR.D{20 po yso|if RR.D[24 po yso}ll RR.D(28 0o yso[i0
yo1[12 RR.D(05 b1 ym1|i2 RR.D b1 ys1[12 R.D 1_py ye1{i? RR.D{17 b1 yp1fi2 RR.D p1 yai}i? RR.D[25 b1 ys1[)2 RR.D(29 b1 ys1li?
vn2 |19 RR.D(06) 271p, yp2 |15 RR.D T2 yp2 |15 R.D 27p2 ye2|18 RR.D(18) 27]p, ypz|1d RR.D 7102 ypzl1b RR.D(26) 27|5s ypp[15 AR.6(30) 271py ypo[10
o3 |17 RR.0(07) 26|py ypa|i? RR.D €lo3 1|17 RR.D 265y yaa[U? RR.D(18] 26|p3 yp3|Li? RR.D. oy "’E’ RR.D(27] 28|py yp3[17 RR.DI31] 26]py yp3|17
; LE : LE ; LE ; LE LE LE L
q¥EL- qwEL- g¥EL- WEl- owEL- ME1- EDY P
25 dwe2- 25 dwe2- 25 dws2- 25 IwE2- 25 dwe2- 25 dwe2- 25 dy2-
A Lo- 8 4a Lo- £da 1o- 8 d vo- 8 dn 10- 8 4A Lo- 8 da ro- 8 g Lo-
0 9 20 N 20 20
OF A-p20 of A-p20 oF A-p2 oF A-p20 OF A-Dp OF A~ OF A- oE A-p20
PU10;27 cE B-pid ot B-Hi3 ot B-pid or B-p1d ot B-pid oF 8-plis oF B-pid ot B-pl?
bom RR.C{00:31}:17
yor.1s K28 x30 x32 X33 K27 29 x31 X33
e RRLALO0:201115 10 U1605 U1610 u1612 U164 V1616 ul6ls 1620
ferz018 frM20180 420180 frMMz0180 20180 rMM20180 wi20180] 20180
RR.AL00) 8 1a0 LEPY 8 a0 8 fa0 LN 8 1a0 LEFY) 8 a0
RR.ALOL] 1 Jay 11n 11a1 11 1 la1 1ia 7 a1 — 1l
RR.ALC2] 8 1as $ ia2 ¢ a2 € a2 § |az ¢ a2 ¢ a2 € a2
—RR.ALOI] 5 1p3 3 12 S a3 5 1a 5 13 513 A3 5 {3
RRAAL04] 4 ]pg da LH Y] Aia LY LRIV} M A la
—RRALOS] D fas 3 Ias 3 1as 3 a5 2 {as 3 {as A5 3 1as
RR.ALCSI_2 156 2 Ias 2 {6 2 1as 2 1a6 2 Ias 2 1ne 2 1as
RRALOT] 1 a9 L a7 Lla7 1 |a7 Lla Lla7 (a7 L1a7
RR.A(CB] 23], 23 |q ] ae Al 2355 FEY Y FER NS FEIS
RR.A(09] 22,4 2254 7|29 A9 720 22] 54 22,4 22} 54
RR.ALL0) 191410 19 1a10 91a10 A0 19 1a10 121a10 39 1a10 12 1a10
1/01|2__RR.D[00 1/01[3__RR.D{0 1/01[%_RR.D(16 1/70119_RR.D(28 1/01[_RR.D{00 1/01|3__RR.D[08 1/01/9_RR.D[16 1/01/9__RR.D
1702/ 10_RR.D(01 1702/ 10_RR.D(0 1702110 _RR.D(17 1702|10_RR,D(25 1702|120 RR.D(01 1702|120 RR.D[08 1702|190 _RR.D{17 1707[10 RR.D
1703/ 11 RR.D(02 1703 AL_RR.D(T 1703/ 11 RR.D(18 170311 RR.D(26 /03|11 RR.D 170311 RR.D /03|11 RR-D(18 170311 RR.O
1704|13_RR.D(03 170413 _RR.D(1 170413 RR.D(19 170413 RR.D(27 /04| 13_RR.D 1/04[13_RR.D /04|13 RR.D(19 1/04|13_RR.D
1705\ 14 RR0(08 1705/ 14 RR.D(1 /05| 14_RR.D(20 1705/ 14_RR.D(28 1705/ 14 _RR.D 1705 14_RR.D 1/05[14_RR.D(20 170514 RA,D
1706|135 RR.D(05 170§/ 15_RR.D(1 1706115 RR.D(21 1/06/15_RR.0(29 1/0¢/15_RR.D 170615 RR.0 1/0¢|15 _RR.D(21 1706115 BR.D(29)
170716 RR.D(06 1707|216 RR.O(1 1/07|16_RR.D(22 1/07|16 RR,D(30} 1/07(16_RR.D 1/07|16_RR.D /0718 _RR.D[22 /0716 RR.D(30)
1706/ L1_RR.D(07 1708 LL_RR.O(1 1708|171 RR.D[23 1/08[ 17 RR.D(31) 1708/ 17 _RR.D(07 1708/ L1_RR.D 1708l 17 RR.D(23 1708l LT RR.D(31)
cs- 18 5cs- 18 des- 18 fes- rRL.cs- 28 Jes- 18 es- 1 des- o 184cs-
ot~ 20 JoE- 20 dog- 2°gon- m..os-ﬂgoe- igo:- 20 JoE- 20 Jog-
wE- 21 ys- 21 d e 2 - 21 ne- 21 Jve- 21 Jyg- 21 ye-
*REGISTER RAM - MOST SIGNIFICANT WORD
*REGISTER RAM - LEAST SIGNIFICANT NORD
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e 2R.3(00:31]16
“RECOVERY REGISTER *READ LATCH *BUFFER BETWEEN REG RAM AND OP.D
328
RRD(00:31]
v1701
3; P n28 REC.D[00:31];18 n27 gf;“
rRESTP ] V1703 = ALZITI) V1709 50
RR.D[00] 1 16 RRD[00) RRD[00} 3 |aq po [22_REC.D0O REC.D[00] 3 |pg qo [2_LD.D(0O RRD(00} 3 [ap po {22 OP.D(00]
TRR.D(O1] 2] 15 RRD[01) RRD(01] 4 |ay py |21 REC.D(01 REC.D(01] 18§ ) ¢ [L9 LD.D(0I RRD{01) a1 p1 |21 _OP.D[01]
TRR.D(02) 3 14 RRD{02) RRD(02) 5 1pp gz |20 REC.D[02 REC,D(02] 4 |py @ [ 5 LD.D[02 RRD{02]) 5|ap p2 |20 OP.D[02)
RR.C[03] 4 N 13 RRD[03) RRD[03]) 6 a3 p3 |19 REC.D[03 REC,D(03] 17 p3 @3 (16 LD.D[03) RRD[03] A3 B3 |19 _0P.D(03]
TRR.D(041_5 12 RRD{04) RRD(04] 7|y p¢ |18 REC.D(04 REC,D[04] 7 |py @4 | 6 LD.D[04 RRD(04] 7 |a¢ p4 {18 OP.D[04)
RR.D[05] 6 N 11_RRD(05) RADI05) 8 | ,q pg |17 REC.D[05 REC,D(05) 14 pg gg 15 LD.D(05 RRD[05 A5 ps |11 OP.D05)
1 10 RRD{06) RRD(06]) 9| ¢ pg |16 REC.D(06 REC,D{06] 8| pg q¢ |9 LD.D[06 RRD (06 A6 B |16 OP.D[06)
TRR.D(CT) 8 3 _RRD{07] RRD(07) 100 p9 g7 |15 REC.D(07 REC,D(07] 13/ 9 o7 [I2_.LD.D(07 RRD (07 :,‘7 a7 |15 _OP.D{07) .
OEBA- OEBA~
GNDI:BZ% CEBA- LE_OE oNp1:8 4 cesa-
LEBA- h1 — g LEBA-
30 ——X
U102 OEAB- 3%(;»102;3 H29 OFAB- [} :
33 OHM CEAB- :)_I_AGNDJ:B viT10 CEAB- D__;GNDS:B
FRAGTE ] teaB-pA ALSTT LEAB- )
T
RR.D[08] 1 16 RRD[O8) REC.D[08) 3| pg qo |2 1D.D[08
RRD(03] 2| A 15 RAD(0S] e REC.D(09) 18 o 81 f3 10.0(09 et
RR.D[10] 3 AL 14 RRD(10] Fs543 | V170 REC.D 4] p2 @2 [ 5_LD.D[10 F543
RR.D[11] 4 A~ 13 _RRD(L RRD{08) 3 |,p po |22 REC.D[08 REC.D 17 p3 @3 [L6_tD.D(11 RRD[08] 3 |,q po (22 OP.D[O8)
RR.O(12] 5 A 12 RRD[1 RRD(09) 4 |y py [2L_REC.D[03 REC,D 7]py Q4 | 6 LD.D[12 RRD 41a1 py |21 OPR.D[09)
RR.D[13] 6 11_RRD(1 RRD[10) 5 |,p g2 |20 REC.D(10 REC.D 14 g s [15 LD.D(13 RRD 5|a2 p2 |20 o0P.D(10]
RR.D[14] 1 10 RRD(14] RRD{11) 6,3 p3 |19 REC.D[11 REC.D(14] 8¢ o |9 LD.D[14] RROD 61a3 B3 oP.D(11
PECIEIEETIN BN RRD(15) gig(i:l Z Al BA :: ::g.g § REC.D(15] 13/ p7 ¢7 [L2_LD.D(15] :;g 1:2. : A4 B4 gx;.s ii
A5 BS . AS BS d
RRO[14] 9 |a¢ pg |16 REC.D[14 LE OE RRD[14) 916 pg (L6 OP.D(14
RRD (15 ;:A-, a7 [15_REC.D(15] b1 RRD [15 ;: A7 p7 |15 _OP.D(1S
732 OEBA- OEBA-
u1703 onp1:8 7 ceBa- W1 onp1;8 4] ceaa-
33 OHM
RIITP ———— e | ACz37T) V1711 1 LEBA- 3
oean- 13 gnp2; s OEAB- [}
CAR.D(IE) L A 6 RRD[16) ceas- [ 1lconpl;e REC.O(16] 3 |po qo | 2.10.D(16] cran- ilonpa:s
RR.DI1IT) 2 A~ 15 RRD(17] Leap- (1l REC.D(17] 18 p; ¢ [19_LD.D[17] LeAn- (14
RR.C{18) 3 A 14 RRD(18) REC.D(18) 4],y qp (5 LD.D(18
RR.C[19] 4 A 13_RRD(19) w2 REC.D(19] 17 53 g3 [L6_LD.D[19 1
RR.D{20] 5 /\ﬁn RRD (20 v1107 REC.D(20] 7| pq @4 |6 LD.D(20 vi16
FR.D(21] 6 11 _RRD([21 F543 REC.D(21] 14 p5 g5 L5 LD.D[21 7543
FR.D(22]) 1 1o RRD(22 RRD[16) 3 |aq po |22 REC.D[16 REC.D(22] 8 | pg q¢ | 9_LD.D(22] RRD{16) 3,0 po |22 OP.D[16
RR.D[23] 8 AT 9 RRD(23 i:g i: Al B1 ;; gzg.g Z REC.D(23] 13 7 o [i2_LD.D[23] :i: i : ; A B2 gg.g iz
2 la2 B2 : A2 B2 >
RRD{19 A3 @) |19 REC.D[19 LE OE RRO[19] 6],3 p3 L9 OP.D(19
RRD(20] 7 | a4 p4 |18 REC.D[20 1 RRD(20] 7|y p4 |18 OP.D(20) _
53 RRD[21) 8 | ,5 pg L7 REC.D[21 W33 RRD(21] 8 |5 ps |17 OP.D(21)
u1704 RRD(22] 9 | a¢ pg [LE REC.D[22 RRO[22] 9 |a¢ pg (L6 _OP.D[22]
33 OHM ui712
RRD[23] 10 57 p7 |15 REC.D[23] RRD(23) 10 57 pq |15 OP.D(23]
WEOTP 2 ALS3T3 2
OEBA- OEBA-
RR.D(24] 1 A 16 RRD(24 cnm:e_ﬁc:m\- REC,D(24) 3 | gqo |2 LD.D(24) Gnnl,-n._ﬁc:m\-
RR.D(25] 2 N 15 RRD[25 i Lesa- REC,D(25] 18 ) ¢y [19 LD.D[25] 1 resa-
RR.D(26] 3 J\ru RRD (26 oeAB- M13 Gnp2s 8 REC,D(26] 4| p; g [ 5 LD.D[26) oEAs- [y 13
RR.D[27] 4 13 RRD(27) c:Aa-D“cnoJ;a REC.D(27) 17 3 @3 [L6_LD.DI27) CEAB- 2L anpa; 8
RR.D(28] 5 A~ 12 _RRD(28) LEAB-DD“ REC.D[28) 7|y o4 | 6_LD.O(28] Lun-o“
RR.D(29] 6 A 11 _RRD(29 REC,D{29] 14 5 gs L5 LD.D[29
Ao, A L B
ki : 2V TT5 ) v1os 07 Q7 F5a3 ] U177
RRO[24] 3 |,o po [22 REC.D([24 LE OF RRD(24) 3 |aq po |22 ©OP.D[24)
RRO(25] 4}y py [21_REC.D(25 RRD(25] 4,y py |21 OP.D(25} |
RRD(26] 5 |7 p2 [20 _REC.D{26 LTCHRD; 25 RRD{26] 5 |, pa {20 OP.D(26)
RRD(27] 6,3 a3 [L9 REC.D{27 RRD(27) 6|,y pj {19 OP.D(27)
RRD[28) 7 | ay p4 |18 REC.D(28) RDINH-; 5 RRD[28] 7| ,4 p4 |18 OP.D(28)
RRD(29] 8 | g [L7_REC.D[29 RRD(29) 8| ng ps |11 _OP.D[29)
RRD[30] 9 | ¢ ng |16 REC.D[30 RDCONT00-; 4 RRD(30) 9 |a¢ ng [L6 _OP.D(30]
RRD(31] 10 »7 g7 |15 _REC.D(31 i RRD(31) 19 57 p7 (15 ©P.D(31)
ENREC-;25 74 oeBA- vo3is ENWRD-; 25 2 oEBA- b 07.D(00:31) 2108521418
oND1;8 43 cena- oND1;8 43 cEBA-
REC2CLK=;1 — 4 1 LEpA- RRWRCLK-;1 — 4 3 resa-
oEAB- y 13 ano2: 8 OEAB- )13 FNOPRR-;25
cep- 53l onp3; s cean- il anos: e
Lean- [514 L RECICLK-;1 eas- A4 L RRRDCLK-:1
LD.D{00:31];:8
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H25
W.D(00:31) U112
CP.C(00:31]:10:11:17 T J21 *MULTIPLIER *ALU
F243 ] Uisol 743 ] U106 WILI164 3311 WIL1165
02.D100) 3,0 yo |1l W.D[0O op.0(16] 3| aq yp |1l W.D[16 W.D[00) 46y 46yo
OP.0(01} 4] ay yy |10 W.D(01 OP.0(17] 4| Ay yy |10 W.D(17 W.O(01] 45y, 45y
OP.0(02] 5| py yo [ 9 W.D[02 OP.D(18] 5] py o) 9 W.D{1B W.0[02) 44y, Ao
OP.D(03] 6] p3 y3 | B8 W.D[03 OP.D(19) 6| a3 y3| 8 W.D0O W.D(03) 43y, 3y
W.D(04) 42|y4 [FAPY
OE< OF OE< OE>| W.D(05] 41]xs Tilys
1370 1379 W.D(06] 40]ye 40 e
320 W.D[07) 39y, 3947
J25 D180 W.D[08) 38|y, 38 xs
U1802 W.D(09) 37|y 37]xo
F243 F243 W.D(10] 33|y;0 33|10
OP.D[04) 3| .0 ypl 1l W.Df04 OP.0(20) 3] aq yo | 11 W.D[20 W.D111) 32]y)y 32)yyy
OP.D[0S] 4] p; yi |10 W.D[05 OP.D(21) 4]y y; |10 W.D(21 W.0{12] 31|y)5 3112
OP.D[06) 5|,y yo | 9 W.D[06 0P.D(22] 5 |pap yo| 9 W.D[22 W.0(13} 30]y)3 3013
OP.D(07) 6| o3 y3 | B M.D(07 OP.D(23] 6| a3 y3| 8 W.0(23 W.D(14] 29|14 9 |x14
W.D[15] 28|y 8| y1s
OE< OF OE< OEX W.D116] 2710 Tlere
P 139 W.D(17) 26}y 617
W.D[18) 25]yy4 5
324 T .0(15) 24510 24 a1
| wuisos W.0(20) 23]y50 23 {420
F243 F243 W.D(21) 22y 22)y5y
OP.DI08) 3| ,p yo |11 W.D(08} OP.D[24) 3| g yo |11 W.D[24 W.D(22) 21}y, 21|42,
OP.D[09) 4|y yi |10.W.0[09) OP.5(25) 4y yj |10 W.D[25 W.D(23] 20]y,3 20|y23
OP.D(10) 51z ya | 9 W.0(10) 0°.D(26] 5] yy | O W.D(26 W.D(24) 19]y54 9 x4
OP.DI11] 6] a3 y3 | B ®.D(11) OP.D(27) 6| a3 y3| 8 W.D(27 W.D ;g i;s x25 : x25
H.D X26 X26
OE< OE>{ OE< OE3) W.D{27) 13459 31x27 REC.D(08:11] ;17 memmammemmssreeny
30 e W.D(28) 12458 2] %28
Eam
: 0
U1 804 U809 W.0131) 9 |aas 5 1530 U1813
£243 F243 F243
oP.D(12] 3|, yo |11 W.D[12] 0P.D{28)_3|aq yo |1l W.D[28 W.F[0) 54|00 540 W.S[0) 3], yo |1l REC.D[08)
OP.D(13) 4] p; yy |10 W.D[13) OP.D(29) 4| pay yy |10 W.D(29 W.F[1) 55)p, 55 |py W.S(1) 4] y; |10 REC.D(09]
OP.D(T4] 5] a2 yp | 9 W.D[14] OP.D(30) 5y y2 | 9 W.D(30 W.F(2] 56|p, 5612 W.5(2) 5|y yo | 9 REC.D(10)
OP.D(15] 6] a3 y3| 8 W.D(15] OP.D(31) 6|3 y3| B W.0(31) W.E :% :73 M :: £ W.S13) 6|3 y3| 8 REC.D(11]
W. —
Q< OF o< OF W.F[0:5):19 md—H-E[5) 59 e S3lrs Ot< OEA
13 9] 13 0] —}13 A
W.L[0:3]:19 W.LIO0) 6154 $1i10 WRSTAT: 25
ENOPW: 25 W.L{1) 62}y 62113 PUS:27
ENOPTOW-;25 W.L(2) 63};5 63 11,2
M4V H.L(3) 64115 64113 ¥.5(0:3):20
s12v sol® sof8 W.S(0)
1 33 1 a1 si s1i ::m
F .
R1801 ©1805 R1803 U1810 ig T §§ WS
LHITT 10 o THITT
£32 £29
2 2 ALY WM. csux-;25 39 ) csux- WA, CSUX-;25 43 lcsux-
vin  vout |2 3lvin vour |2 w.u:25 3Ly Slly
' 1 wn.csz,-.-w%ccsx,- mx.csx.—;m%ccst.-
ADJ ADJ 220 OHM 1M HH.OE-:252—(}0£‘ HA.OE-:ZS—{-QOE-
220 ORM 1% R1805 GND1;8 S Csus~ EEE— <
h F3l w.cLk:1 23lerk cLK
2 R1807 2 vee —p28lvee  wopl3 vec —-18lvec  wvop |3
F33 {_35_ vcc  voo |48 E35 vee  vop |48,
871vec  vop}-65 §7iyec  vop |3
. t 00 Yo ! ocieos 1804 " 487 o 14 e L i
== == S R1808 = wr —= $I R1806 31801y mp = o.1wr 0.10F
ETC R BT 3 133 p A3 F31 231 v_cc_30 03 r c1e05 c1806
—0 JMP4
F32 180z, HA. VDD
0
vee 3 5 DD_J‘
GND
132
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*F+ MUXING: OPERAND/USTORE/MAPPING RAM --> WEITEK CHIPS
*L+ MUXING: USTORE/MAPPING RAM =--> WEITEK CHIPS
r?".»\P.D(OO:ON:B
F19
U1905
D21{00:03};10 £20 1;30
CRWF (0:5]725 mmem
V1902 CRWL(0:3];25 CRAL(O] 2 |15 4 W.L(O]
hLs1sa E7 CRWL[1] 145, 12 W.L[1]
CRWF[O0] 6 [op  yal 7 W.F(O] u1907 CRWL[2) 5 |3p 7 W.L[2)
E8 CRWE([1] 10]|gp F373 CRWL{3] 11|45 9 _W.L[3)
U1901 D21[00) 5 |4p ypl 9 _W.F(1] MAP.D[06) 3| pg oo L2 MAPWL (0] 311p
F373 D21(01] 11,4 MAP.D[07] 18y gy [19 MAPWL(1) 13,5
MAP.D(0O] 3 |pp o |2 MAPWF([00] 4 |on MAP.D[08] 4 |pp g2 |5 MAPWL([ 2] 6 |1g
MAP.D(O1] 18y oy [L9_MAPWF(01] 12|45 MAP.D(09] 17 3 o3 [L6 MAPWL[3] 10| 4p
2AP.DI02] 4 py g2 L2 3_13a PU12:27 o1 | D4 o4 |§ —
MAP.D(03] 17 53 g3 [L6 13]55 14 b5 o5 [LS
Hap.DIO4) T 1pg Q4 LS GND2;8 L EA- 8 lps o6} 2 F 15
SHALRLOSL 24 b5 o5 12 GND3;8 —2EB~ 13 p7 o7 12 WLERMAP; 25
PUL2:27 —a D6 Q6 |2 GND3;8
S0 s
13 57 o7 f2 - ; LE OE
. 11
LE OE Sigoa IDLEI;ZS__I
Jn 1 GND2; 8
iDLE1;25 ALS153
GND2; 8 — 2:35:3 fo oA yal 7 W.E(2] W.L[0:3]:20:18
—f—————"10B ANLWE -
D21(02) 5 ;o  ya O W.F(3) RECpa9
D21[03) 11|, ALS244 | U1908
MAPWF([02] 4 |op W.L[O0] 2 |qp7 1y7( 18 1LD.D[22} )
MAPWE [03]] 12 |,p W.L(1) 4 ljpp 1y2| 161D.D[23} *CSL GENERATION / MISC CONTROL DECODE
3 |3a W.L{2] 6 |1p3 1y3| 14 LD.D[24] F26
13,5 W.L(31 8 |ipg4 1y4| 121D.D[25] U1906
1 PIGLEA
GND2; 8 ——(EA- 16- ~CSL
GND3;8 — 1 EB- IDLE1;25 —1 ) 10 1sng
so si 1 IDLE2; 25 —21 11
35;0 sYNC11;5 31 12
14 |2 e syYnc12;5 41 13
WFSRCO; 25 P11;5 2] 14
WFSRC1; 25 W.F{0] 2 |ja7 7yj[t8 LD.D[16] p12;5 6] 15
Sigoq W.FI1] 17 5p4 2yq[ 3 LD,D[17] P22;5 1116
. W.F(2) 4 1ypp 1ypL6 LD.D[18] CRWMCSL-;25 —8 17
W.F[3) 18,53 py3| S LD.D[19] CRWACSL~;25—21 18 00 pl2 wM.csL-;18
CRWE[4] 2 |45 4 W.F[4) W.F(4] 6 ]1a3 1y3ft4 1D.D[20] crwcesL-: 25— 19 01 K2 _wa.csi-;1s
CRWF[5] 14|, 12 W.F(S] W.F(5] o 130p2 2y2| 7 LD.D(21} 1/02 Ql_e_WC.CSL—.‘IB
PU12;27 ——513A (7 L 8]1as 1v4f12 HUNG:25 —| 1/03 Rb7
oy ] 121 2v112 1/04 P& NXTPCLR;4
MAPWE [04) 3 {18 N1 EN2 1/05 LS NXTPSTBL:4:7
MAPWF [05] ;3 28 1/06 Di—;
PU2;27 3B I{je 1/07 pt
E 4B RDCONTOC-; 4
S EN-
tx s LD.D([16:25)
WFSRC1;25
GND3;8 W.F[0:5];20;18
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- ECO - Description Date \ Approvals
*PC DECREMENT *PROGRAM COUNTER *1 DEEP CALL/RET STACK *ADDRESS FOR DELAYED CONDITIONAL BRANCH
oenenma UST.A2(00:11];22 pan NXTPC (00:11] PTRVAL{00:11]:25
B7 A7 A8 E16 £15
02001 02005 u2008 02012 02015
F283 F534 TIT% FI77 FI77
GND _7 ferny gold  NXTPC(00) NXTPC[00) 3 {pg Qo-p 2. PG00 3|p0 oo |2 RET(00) PTRVAL(00) 3 |pg go |2 JMP1(00 PTRVAL{00] 3 |pp gqo |2 JMP2{00)
UST.A2{00) 5 | ap [~ NXTRC(01) 18|p) oy K19 PCIOL 18 by @1 L8 _RET(01} PTRVAL{Ol) 185y g g9 JMPl{O1 PTRVAL{O1) 18y ¢ 19 JMP2[01]
UST.A2[01] 3 | py gy| ) NxTPC(01) 7~ "NXTPC(02) 4 lp, gqi-li5 PCLO2 41ps Q2 |5 RET(02] PTRVAL(02) 4 |p, gp |5 JMPL(02 PTRVAL{02]) 4| p; @ |5 _JMP2(02)
UST.A2(02] 14] a2 NXTPC(03] 17[p3 q3-{316 PC(03 19 3 g3 {16 RET(03] PTRVAL{03] 17 p3 gy [L6_JMP1{03) PTRVAL[03) 17 pn3 o3 16 0MP2(03)
UST.A2{03] 121 »y g, |13 NXTPC[02) |~ WNXTPC{04) 7 |p; q4-f,6 PC(OA 7)ps Q4 | 6 _RET(04) PTRVAL(04) 7 |py 4 | 6_JMP1(04) PTRVAL(04) 7|, g |6 JMP2(01)
PC11:27 6 | o [~ NXTPC(05] 14]ps gs.-p,15 PC[05] 14 ps g5 [L5_RET(05] PTRVAL(05) 14 pg g5 [L5_JMP1{05) PTRVAL[0S) 14 ng g5 15 JMP2(05]
2 | 1 g3l 10NxTPC[03) NXTPC[06] 8 |pg Qe-py 2 PC06 8| ps Q6 | O RET(06] PTRVAL[06] 8| pe g [ 9 JMP1{06] PTRVAL{06] 8 | pg qp (9 JMP2(06)
15] NXTPC (07} 13|p7 @7-f12 PC(O7) 13 57 o7 [12_RET(07} PTRVAL(07} 13 7 g7 [12_JOMP1{07) PTRVAL(07] 13 py7 o7 [12_JMP2(07)
11 9
== B3 couT cp Ot~ CLK OF CLK OE CLK OF
1 11 11 i
¢ c? cs El4
02002 02006 02009 U2013
F283 F534 In In
7 e sol4__NXTRC(O4) NXTPC[08] 3 |pg  go-|y2  PC(08) Do Q0 |2 RET{08} PTRVAL{08) 3|y qg |2 JMP1{08
UST.A2(04) 5 | Ap [~ NXTPC(09) 18]p) gy.fy19 PC(09) 8 py g1 19 RETI09] PTRVAL{09]_ 18 py o) 19 JMP1{09
UST.A2(05]) 3 | ay g1l 1 NXTPC{0S) NXTPC (10) D2 Q2-p5 PCI0) p2 Q2 | S_RET(10] PTRVAL{10) 4| py @z [ 5 JMPL(10
UST.A2(06) 14 », NXTRC(11] 17]p3  g3-f,16 BC(11] 7 p3 @3 [L6_RET(11) PTRVAL(11] 17| 5y oy [L6_JMP1(11
UST.A2(07) 12| pq g2 [13 NXTPC[06) PUL1:27 Y Qt-p PUIL 7 {pa Q4 1 6 PTRVAL[08] 7 | p, 04 6 JMP2({08)
PUL1:27 —of ] BO ips  os-pis 14 ps s 15 PTRVAL{09) 14| p5 g5 {15 M2 (09)
2 | g1 g3l10NxTPC[07) 8 |pg os-g:9 8 lns g6 |2 PTRVAL[10) B8] pg qg [0 P2(10)
15] 5 Dlpy  g1-pi2 13 7 o7 12 PTRVAL[11) 13 py g 2 P2 (11}
11 9
B3 cout CP OE- CLK OE CLK OE
[11 1 it l.n A
CRCLK374:1
GND3;8
b JMP2{00:11];22
IMP1(00:11];21
cIN so|d NXTPC(08) RET{00:11]:21:22
_UST.A2108) 5 | pp £21 PC(00:11);21;22
UST.A2[05] 3 | 5y g1| ) NXTPC[09) 2507
UST.A2(10] 14| A, cLka;1 3|
UST.A2(11] 12| a3 gp |13 NXTPC[10) PCSELOA-:25 —4 | F10 6
iTs CLKSTACK
PUI1:27 —p-2 | BO PCSEL1A;25 5|
81 s3| 10NXTPCI11)
15} 82 MAKEJIMP ;25
11} 83 cour?
*WSTATUS REGISTER STATE.D[00:15) ;8 me
F22
2004 F23
PICLEX v2011 F24 F25
*JMP
JMPCCI0) 1 107 s F569 F569 | U2014 F569 | U2016
_Jvpccil] 21y *STATUS AND JMP DECCDE 3 |po oo|l6 STATE.D(00] 3 |pg o0o|l6 STATE.D[04 W.5(0) 3 |pg opll6 STATE.D(08]
JMPCCI2) 3 g, 4 |py o1 [15_STATE.D{O1] pU10:27 4 |p1 o0y [|15 STATE.D[13 W.S(1] 4 |py o (L5 STATE.D(09)
SMPCC(C:3] 125 SHPCC(3]_1] 44 5 |ps 02|14 _STATE.D[02] 5 Jpa 02|34 STATE.D[14 W.S(2) 5 |py p|l4 STATE.D(10]
5.50:3):18 W.S[0) 5|, 21 6 |p3 03|13 STATE.D[03) 6 Ipy 3|13 STATE.D(1S W.S(3} 6 |p3 3|13 STATE.D(11])
%511 611 02007 cc-pi® cc-plt cc-pld
Ww.5(2) 7 1 7 19 7 19 7 19
:512) 16 PU8;27 .L_CEP-TC-|> CEP-TC~ GCEP-TC- P2
BRI 2 12 1 -~ 1
: 17 F10 PU9:27 —.dU/D- gqu/p- qu/p-
9 19 JMPO 13 12 12 1
IMASK:20 —3.{ 18 00 - PU10;27 22 CET~ dcET- CET-
cLap1pE-:4 —L¥ 19 01 b—————-l“ JMP1- LTCHST-:25 11d1p- 11 41p- 11 11p-
1/02 b8 MP2- W.CLK:1 2_dee 2 _dep 2 dee
1/03 pll DECST2 RESET-; 1 8 _dmr- 3 dmr- 8 dur-
1/04 plLé DECSTL CLRPIPE-;4 9 _dsr- S sr- S_dsh-
1/05 bi5 DECSTO34 RDCONTIC-: 4 17 doe- 17 Joe- 17%0;-
1/06 L4 WERR-
LOOPRCO-;:12 —| 1707 PA3
UNIMPL; 25
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USTAN YT
B9 813 ©s UST.AZ{50:11];23 mmmen
U2101 U2108 V2109 ! !
T25T TI5Y [F251" 316
MAP.D[10] 410 s MAP.D(14} 4 [ g LS MAP.D(18) 4], 3 V2117
PC[00) 311 [ 6 USTA1[00) pcfod4} 3], 6__USTA1[04) pclo8) 31, 6 _USTAL[08) o1 33 omM
T cALL(o9) 2], CALL{04; 2], CALL{0B) 2], u2113 REOIP
RLT]00 1 13 RET (04 1 13 RET{OB 1 13 ALS240 USTA2{00) 1 16 UST.A2|00)
JMP2(00 ERN JMP2(04) 13 1 MP2(08) 13 14 USTAZ2(01) 2 15 CsT.A2(01)
4P 2[00 14 4 MP204]_ 14 1o TMP2(08] 14 1o 3:::11 ‘1’1 :7 1AL 1\'19;° t‘o"gl“l’ vsTAz(02] 3 J/\\// T4 UsT.AZ(07)
JMP2[00 13 16 JMP2 |04 13 16 JMP2(08 13 16 USTAT102) 4 2A4 274 % LD'D 3 USTA2(03 4 J\f 13 UST.A2(03)
JHP2{00 12 14 MP2104) 12 14 JMP2{08] 12 | TS 182 rzp it Bl USTA2(04) 5 A~ 12 UST.A2(04)
DSTATIOT 6 E2.5] 2739“ m.u i USTA2([05 6 11 UST.A2(05)
PCSELOB; 25 1Y a0 1] o 1 0 vsTaloe 131 I 1 b —— tTos USTA2({06) 1 10 UST.A2(06)
PCSEL1B; 25 10 5y 10 3 19,y A 202 242 “515¢ USTAZIOT) 81 A 19 UST.A2{07)
PCSFLJIB; 25 9 9 3 USTALIO6) 8 _Jya4 1yapl LD.
A2 gy LI A2 gy USTAL(07) 11,0 2v1p9  LD.D(07
16~ 26-
1§19
310 BI4 ci
u2202 V2106 u2110
TZ5T TT5T TZ5T g:;:z g:}
MAP.D(11) 10 s MAP.D[15) 4] s MAP.D To H °’°1 I
Pc(o1 T [6  usTa1(01) c(05) 3], 6 UsTA1[03) rC n 6 USTA1[09) v2114 USTALITH]
CALL|01 12 I~ CALL{0S5] 24, CAL; 12 I ALSZ40
RET(O) 13 RET[0S 13 RE' 13 USTA1{08) 2 [y 1yy| 18 LD.D[OS USTAL(08:11]
JMP2{01 L 14 JMP. s L 14 JMP2(09 B 14 USTAL{09) 4 1A2 1Y2 16 LD.D(08
JHP2(01 [ MP2 (05 415 JHP2(09 4 15 USTAI{10] 6 |y, yy3| 14 LD.0{08
SMPZ(01 13 g6 MP2{05 E JHP2(09 3 16 USTAL(11) 8 |yaq 1y4| 32 _LD.D{08
JMP2(01 12 1, MPZ(0% 2 1, JMPZ(09 Y 1q
1G-
PCSELOB; 25 1 a0 1) ao 1 a0 1 10.0(00:15]
PCSLL1B;2S 19 a0y 19 ay 19 5y
PCSELJB; 25 5| a2 9] a2 9] a2 RDCONTO4~
N EN £N *ADDRESS FOR USTORE RD/WR
V2118
AL3240
il B13 c13 LOPTR{02) 11]ppy gyy| 9 USTA2{00
2103 v2107 v21it LOPTR(03) 13367 2y2| 1 USTAZ|01
TIST T75T [[F251 LDPTR{04) 15),p3 2yy| 5 USTAZ{02
MP2(02 450 s MP2(06) 41 g LS oMP2[10) 4| 4 LS LOPTR05) 17|pnq 2y4| 3_USTAZ{03
JMP 2102 n 6 USTA1{02) MPZ (06 n b8 __USTAL(06) OMP2(10] 3 | 4y [, 6 _UsTA1(10)
JMP2102 12 I M 3 12 JMP2(10 2] 42 26-
THP2{02 1 M 13 JMP2(10] 1] 13 13
RET(02 q 14 RET 4 14 RET{10) 1§ 44
CALL{0 [ CALL 4 4y CALL{10) 14 ;s -
PC(0 £ PC 3 ¢ PC(10) 13 ;¢
MAP.D(1 2 19 HAP D 2 49 MAP.D{20] 13 ;4 ALS240
: LOPTR{06) 2 |yay yyg |38 USTA2{04
PCSELOB=~;25 1Y a0 1Y a0 1 o LOPTR[C7) 171aa4 2y4fy3 USTA2{0S
PCSELIB-25 19 5y 19 19 DPTR 1A2 1y2 16 USTA2{06
PCSELIB-;25 " 9] a2 9] a2 DPTR 223 2v3 |5 USTA2(07
EN LN N LOPTR | A3 1y3 pleUSTAZ(
__LOPTR| 3)2a2 2v2jp ] USTAZ(
LOPTR[12 1A 17412 USTAZ(10}
LOPTR{13) 11 [.9 USTAZ{11)
B12 Dld D16 2A1 b
v2104 V2106 v2112 16~ 26~
T 5T 5T 1 19
220 410 |2 MP2(07) A | 4o &) Clr!d 4110 |3 mmmux-u.L]
JHP2(0 ER Y 6 USTA1[03) MP2(07) 3| gy 6_USTA1({07) THP 3] 1y 6 USTA1(11)
2P2{0 12 MP2(07 12 TP 2] 12 LOPTR(02113];7
JMP2{0 13 JMP 1 13 JIMP 1 13
RET{0 EEN RET |07 ERY) RE H 14
CALL{03 5 CALL (07 4 g5 CALL 4 15
PC{0O3 E RT3 PCiO? 3 16 PC 3 16
MAP.D(13 I MAP.0 (17 2 19 MAP.D F:
PCSELOB-725 1Y 1 0 1 0
PCSEL1B-:25 10 5 19 a4 19 5y
PCSELJB-;25 9 9 9
A2 gy A2 gy A gy
i i i
LOADEN ;7
e MAP D (10123 . .
[ cio0i11) ADDRESS MULTIPEXING FOR 1/2 OF USTORE RAM
e CALL (00111
e RET[00:11)
S—— S Y (LS B
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USTA2(00:11) — o
329201 02205 02209 UST.A2(00:11);2)
TZ5T FI5T 7 1%
MAP.D[10] 4| g4 | s MAP.D(14] 4 4p 1S MAP.D(18) 414 ] czns
pC(00) 3]y §__USTA2({00)} pC{04) 3144 6 USTA2(04) PC08) 3|1y | 6 USTA2(08] < 33 oaM
CALL{00} 211, CALL(04) 2]y, CALL(08] 2|, REGIP
RET (00 13 RET(04) 1] 44 RET{08] 1] 4 USTA2(00) 1 16 UST.A2{00)
JMP2[00 ERY JMP2(04) 19 4,4 JMP2108) 1% 14 USTA2(01] 2 15 UST.A2(01)
JMP2 (00 4 15 JMPZ(04) 14 ;¢ JMP2{08) 14 ;¢ USTA2{02] 3 AL 14 UST.A2(02])
JMP2{00]) 1¥ 14 JMP2(04] 13 1¢ MP2(08) 13 1 USTA2(03) ¢ A 13 UST.A2{03]
JMP2{00) 12} 14 JMP2[04 12 14 VMP2(08]) 12 14 USTA2(04] S N 12 UST.A2({04)
USTA2{0S] 6 11 UST.A2(0%)
PCSELOB; 25 __11f g 11 a0 1Y a0 USTA2{06) 7 J,\\// 10 UST.A2(06)
PCSEL1B:28 10| 5y 10 Ay 10 5y USTA2(07) 8 9 UST.A2(07]
resELBi2s 3] a2 Az
Al A4 c12
U2202 2206 u2210
F251 I51 FZ5T 16
MAR.D(1Y) 4] 4 | s MAP.D(15]) 4| 4q ) MAP.D{19] 4|, s 52“6
PC(OY) 37y 6 USTA2(01] PC(05] 3|y [ 6 USTA2{0S) BC{09) 31y 6 USTA2([09) 33 OHM
CALL(01) 27, CALL(0S) 7|y, CALL(0S) 21, RESTP
RET(01) 1]y, RET(0S) 1]713 RET(09) 1)q3 USTA2(08) 1 A 16 usT.A2([08
JHP2 (01 18 14 JMP2{05 18 14 JMP2 (09 314 USTA2(09) 2 A 15 UST.A2(03
gMp2{01) 14 ;4 JHP2(05 415 JMP2 (09 4 15 USTA2{10) 3 14 UST,A2{10
JMP2(01]) 13 14 JMP2(0S) 13 1¢ JMP2 (09 X 16 USTA2 (11] 4 A 13 UST.A2{11
JMP2(01) 12 44 JHP2{05) 249 JMP2(09 2 17 USTAL{08) S NS 12 UST.A1{08)
USTAL{09) 6 11 UST.AL(CY)
PCSELOB;25 __11] 54 1Y 50 1Y a0 USTAL(10] 7 Q 10 UST.A1(10]
PCSELIB:28 _ 10| 5 10 Ay 10 a1 sTAL(11) 8 [ AT 19 GsTail)
PCSELIBI2S 3| 4, 3| a2 91 a2
0 EN EN *ADDRESS FOR USTORE RD/NR
D13
v0s0s
AL$240 vsT. g
AL A3 c14 LOPTR[02) 11)501 g9y | 8 UsTAZ[0O) STALIORILE e
v2203 v2201 v221 LOPTR[03] a2 2y2| 7 _USTAZ(01]
TI5T TI5T F2 LOPTR{04] 155,49 2y3 USTA2(02)
JMP2{0 4] 10 5 gMP2[06) 4| gg ] TMP2(10) 4| g L_s_ LOPTR(05) 17]oaq 2v4 USTA2[03)
SMP2 (0 3] g 6 _USTA2(02) TMP2(06) 3| 1y 6 USTA2(06) JMP2{10] 3|y 6 USTA2{10)
p2[0 2] 12 HP2(06) 12 210} 21, 26- D USTAL[08:11] 521
TMP2 (0 1] 1y JMP2(06) 13 qMp2(10) 113 19
RET[02) 18 1, RET[06) 19 1, RET(10] 19 14
CALL{02 4 15 CALL(06) 14 15 CALL[10) 14 15 D12
PC{02 E PC(06] 13 1 PC(10] 13 ¢ vz21
MAP.D[12 2| 19 MAP.D(16) 17 yq MAP.D(20) 12| 19 AL3240
LOPTR(06) 2 }yp1 yyq |18 USTA2(04)
1l 13 20 13 a0 LOPTR{07] 17|,5¢ 214 3 USTA2{0S)
10 5y 10 51 10 5y LOPTR[08) 4 |y 1y} 16 USTAZ{06)
PCSELJB-;25 _ 9] A5 9| a2 9| a2 LOPTR{09) 15],9 gy3fy5_USTA2{07)
N EN EN LOPTR[10) 6 }ypy yy3fy 14 USTA2(C8
A LOPTR(I1] 13)5p5 2y2 |51 USTAZ(0S
LOPTR {12 1A4 1v4 [ 12 USTAZ(10
LOPTR{13) 31|55 2y [ 3 USTAZ[i1
A12 c1s D1s
u2204 U2208 U221 16~ 26-
751 TI5T F251 1T Tis
MP2{03) 4] qq ] MP2{07) 4o s MP2{11) 4|14 5 ENLDADDR-14
MP2(03) 3] gy 6 USTA2(03) JMP2[07] 3|4y |6 _UsTA2(07) TMP2(11)_ 3| 1y 6 USTA2([11)
JMP2(03) 12 JMP2 (07 12 MP2L11) 2 ) g2 LOPTR[02:13]:7
JMP2 (03] 13 JMP2 (07 13 MPZ(11) 1| 15
RET (03 EEN RET[07) ERYS RET{11) 19 14
CALL(03 4 15 CALL{07] D CALL[11] 14 ;g
PC{03) 13 1¢ pC(07) 13 1 PCI11] 13 14
BAP.D(13)__ 12 44 MAP.D(17] 12 14 MAP.D(21}) 12 1,
pcssx.oa-;zs_uj A0 14 5o 11 o
PCSEL1B-:25 _ 10| 5y 10 Ay 19 5
SELSB-; 9 9
PCSELB-i23_ 9 a2 A2 L Az
LOADEN; 7 T’ T’
et MAP . D (10:23]
s PC (00111}
hemreemmme CALL (€0 111)
e RET (00111
e MP2[00111] *ADDRESS MULTIPEXING FOR 1/2 OF USTORE RAM
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(/ ECO < Description Date " |_Approvals
*USTORE RAM
r—.—UST.AZ[CO:l"]???
A26 A25 B26 B2S c26 €25 A24 A22
2301 2302 Y2303 U2304 2305 U2306 V2307 U2368
cYIc168 cYIc168 cYIc168 CY7C168 cYIc16s cyicies cY1c168 cYic1e8
UST.A2(00] 16,0 16,0 160 16[0 1650 16 [0 160 31V
UST.A2(0L] 17]x 17 a1 17 17| a1 17] 17|21 17]a1 11
UST.A2(02] 18 ,, 18], 18], 1822 188 52 18] 82z
UST.A2(03] 1953 193 1913 9] a3 19,3 9 aa 9a3 93
UST.A2104) 1 Ja4 1 iat M A A A Al L lag
UST.AZ(05] 2 lps 2 1as AS A5 AS AS AS 2 Ias
UST-A2{08) 3 jag 3 las As A¢ A6 3_la¢ 3_las 3_las
UST.AZ{07] 4 jay [PV LI PN A7 A7 a7 iia 4 a
UST-A2{C8) 5 |ag > as 5 fas A8 5 _Ias 5 _|as 5 |as EYY
UST.AZ{0%] € Jag LYY A9 A9 £ {as £ fas A9 £ {9
UST.A2010) 7 lajo 1 1at0 AL0 Alo I a0 1_Ia10 A0 1_at0
UST.AZ(1i) 8 1any 8 lan ALl All 8_fa11 8 1an A1l 8 _{a11
1700 |15 UST.D[00] 1/00| 15 UST.D[0A /00| 15 _UST.D[08 /00|15 UST.O(12 1/00|15_UST.D(16 1/00| 15 UST.D[20 1/00 UST.D(24 1/00 |15 UsT.D[28
1701 |14 UST.0[01) 1701 | 14 UST.D{0 1/01| 14 UST.D(09 1701 [ 14 _UST.O(13 /01| 14 UST.D(17 1/01| 14 UST.D(21 1/01 UST.D(25 1701 | 14 _UST.D(29
1/02| 13 UST.D[02) /02| 13 UST.D[06 1/02 |13 _UST-D(10 1702|213 UST.D(14 1/02| 13_UsT.D(18 1/02| 13 UST.D(22 1/02 UST.D(26 1/02| 13 UST.D[30
1/03| 12 UST.D[03] 1/03| 12 UST.D(07 1/03| 12 UsT.D(11 1/03| 12 UST.D(15 1703| 12 UsT.0(19 1/03| 12 UST.0(23 1/03 UST.D(27 1/03| 12 UST.D(31
UST.CS.10-54 _3_jcg- 3_lce- 3 _lce- 3_|ce- 3 _lcE- 9 _leg- 3_fce- 9 _lce-
UST.KE=:4 11 |yp. 11| e 11 | wg- 11 - 11 | wg 1| yg- 11y 1 g
e UST AL (C0:11] 721522 B22 C24 c22 A2l A20 B21 B20
v2310 2311 y2312 2313 v2314 2315 V2316
cYIc1ss oo, cricies cYIciss cyIc16s cYc168 cYicies cYicies crcies
UST.AL(00) 16, V2308 160 16|50 16]a0 16,0 16|20 81a0 16,0
UST.ALIOL) 171, LRPSY 1n AL 171a1 111m LAY 1la1
UST.AL(02]_18],, B8z 8]az a2 18], 18], 8|22 812
UST.ALL03) 1913 91a3 91a3 A3 191a3 3123 3 1a3 913
LLUSTLAL{OH] L Iag Ll —LIa M —Ln At M A
ALLOS) 2 Ias A5 AS AS 2 1as AS AS A
UST.ALICEL 3 la¢ A8 A6 A6 3_1ae 3 _1ae 3 1as ERY
UST-AL(OT) 4 a9 A7 A7 A? LIV A7 4 a7 4 a
UST.AL(08) 5 g A8 5 e A8 S Ias 5 |as 5_ |8 5 as
UST-AL[03) & fag § 1as A9 A9 LIy A9 LY € _las
UST.ALILO0L 7 lajo 1 110 A10 A0 7 _lat0 A10 7 110 7_iat0
__UST.ALLIL} 8 Jayy 8 _lat1 8 _lan 8 _ja11 8 Ia11 8 lan 8 a1l 8 la11
1700 UST.D 1/00| 15 _UST.0[36 1/00 UST.D 1/00 UST.D(44 170015 UST.D[48 1/00/.15 UST.D[5 1/00 UST.D[56 170015 _UST.D[60)
1701 UST.D /01 |14 UST.D(37 1701 UST.D 1/01 UST.D(45 1/01| 14 UST.D(49 1701| 14 UST.D(S 1/01 UST.0(57 1/01] 14 UST.D(€1)
1/02 UST.D 1/02| 13 UST.0(38 1/02 UST.D 1702 UST.D(46 1/02| 13_UST.D(50 1702| 13 UST.D[5 1/02 UST.D(58 1/02| 13 UST.0(67}
1703 UST.D 1703| 12 UST.D(39 /03 UST.D 1703 UST.D(47 1/03/ 12 UST.D(51 170312 UST.D(5 1703 UST.D(59 /03| 12 UST.B(63)
ust.cs.01-:0 2 JcE- 3 _lcr- 3_lce- 9 _lce- 9 fee- 2 _lce- 9 _fce- 9 _fce-
~ WE- 11|z Yy vl 5y el 11 [ g 1 |yg- 11| we- 11 e -
c21 €20
y2317 v2318
cYicies UST.A2(00:11]: 22 smmmam criciee
__UST.AL[00) 16],q UST.A2(0 6|20
CST.AL(01] 17, UST.A T a1
UST.AL1{02) 18],, UST.A 8la2
T UST.AL(03) 13, UST.A 9] a3 L
UST.ALL04) 1 UST.A
UST.AL(05) 2 ﬁ; UST.A :g UST.D[00:71]:24:25 =
UST.AL(06] 3 |ae UST.A A6
TUSTLALL0T) 4 g UST.A a7
50 ae UST.A2{08) 5 g
16 las UST.A2{09] 6 |pq
: [ UST.AZ{10] 7 |p1p
: 8 UST.A2(11] 8 |aqy
: 1/00| 15 UsT.D[64) 1/00| 15___UST.D[68)
170114 UST.D(65) 1701 | 14__UST.D[69]
: 1702 | 13 _UST.D(¢6) 1702| 13 __UST.D[70]
. 1703| 12 UST.D(67) 1703112 __UST.D(71]
i 9 lce-
. 11 5~
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ECO Description Date N Approvals
*BUFFERS USED TO RD/WR THE USTORE RAM
— LD.D[00:31}:8
470 OHM
A29 1 R24012 vee c29
A29 v2405 B30 U2413 €29 u2418
u2401 33 OHM V2409 33 0iiM 02417 33 OHM
ALSZ35 8DIP L5Z235 REDIP ALSZ45 BDIP
_LD.D[0O] 2| Ao po [LB_USTD(00) 1 ,\rxs UST.D[00) LD.D[00) 2 | no po [LB_USTD(32) 1 A 16 UST.D[32] LD.D[00] 2|0 po 8 USTD(64] 1 A 16 UST.D[64)
_ED.DI0I] 3] py (L7 _USTD(O1] 2 /\ﬁls UST.D([01) LD.D(01] 3| o) py [L7_USTD(33) 2 A 15 UST.D(33] LD.D(01) 3} A, py 7 USTD(ES) 2 A~ 15 UST.DI[65]
LD.D(02] 4| pr gy 16 USTD(02) 3 A 14 UST.D(02) LD.D{02) 4| o, pp [L6_USTD[34) 3 A~ 14 UST.D[34] LD.D[02) 4| pp pp (16 USTD(66) 3 A 14 UST.D[66])
LD.0(03] 5| a7 p3 L5 USTD(03) 4 A 13 UST.D(03 LD.D[03) 5| o5 py 15 USTD(35) 4 ,\ﬁu UST.D[35] LD.D(03] 5|y p3 L5 USTD(67) 4 13 UST.D[67)
USTD{04] 5 N 12 UST.D{04 LD.D(04) 6 | p4 p4 (L4 USTD(36] 5 A 12 UST.D(36] LD.D(O4] 6| p; pg L4 USTD(68) 5 N 12 UST.D(68
USTD(05) 6 N 11 UST.D(05 LD.D(05) 7 | 5 p5 [L3_USTD(37) 6 A7 11 UST.D([37 LD.D[0S) 7| a5 ps L3 USTD(69) 6 N 11 UST.D[69
USTD(06) 71 A 10 UST.D[06) LD.D(06) 8 | ¢ pg A2 USID[38] 17 /\rlo UST.D[38 LD.D(06] B | ¢ pg 2 USTD(70] 7 N 10 UST.D(70
USTD(07] 8 9 UST.D(07) LD.DI07) 9| a7 g7 LT USTD(39) 8 A 9 UST.D(39 LD.D(07] 9|7 g7 [LL USTD(71] 8 9 UST.D[71
AB OE- AB OE-
470 OHM T
y R2402, 1 9 1 9
B340 vee LTI DIR.245-:8
02 33 oM &2 33 oM UST245EN00-:4
RBDIP Is? RBDIP
_LD.D[0B] 2] a0 po 8 UsTD(0B) 1 A 16 UST.D(08 LD.D(08) 2} o po L8 USTD(40) 1 A 16 UST.D[40)
LD.D(09] 3| pa; pi L7 _USTD[09) 2 A 15 UST.D(09 LD.D(09) 3 )y py [L7 USTD(41] 2 N 15 UST.D[41]
LD.D{10] 4| a» ps [L6 USTD{10] 3 J\rn UST.D(10 LD.D[10] 4 | , p (L6 USTD(42] 3 A 14 UST.D(42)
LD.DI11] 5 a3 gy L5 _USTD(I1] 4 ,\Fla UST.D (11 LD.D(11] 5| a3 p3 [L5_USTD(43] 4 A 13 UST.D{43)
LD.D{12] 6| s pg L4 USTD(12] 5 A 12 UST.D[12) LD.D{12] €| pq p4 (14 USTD[44] 5 A L2 uST.D[44]
LD.DI13]_T] a5 ps [L3_USTD(13) 6 N 11 UST.D[13] LD.D(13] 7| a5 p5 13 USTD(45) 6 A L1 UST.D([45)
8| ae pe¢ L2 USID{14] 7 A 10 UST.D(14) LD.D(14] 8| p¢ pg 12 _USTD(46) 17 ,\ﬁlo UST.D[46)
S1ar B2 11 USTD([15]) 8 g/\»,g, 9 UST.D[15} LD.D{15] 9 A7 B7 11 USTD{A47] 8 g_/\\/ 9 UST.D[47)
AB OE- AB OE~
b W Rasod™ I W
€33 —Eant vee A3l
U2407 A32 U2415
¢33 33 OHM v2a11 33 OHM
ALSZ357] U2403 (REDIT | L5275 RBDTP
LD.D(16] 2| Ao po 8 USTD(16] 1 A N6 UST.D[16) LD.D[16] 2 | po po 18 USTD(48) 1 AL 16 UST.D[48)
LD.D{17) 3] o R7 _USTD(17) 2 A 15 UST.D([17) LD.D(17) 3| oy py [L7_USTDI49) 2 ,\fls UST.D(49)
LD.D(18) 4 ) py L6 _USTD(1B) 3 A~ 'a_usT.p(18) LD.D[18] 4 | p» pa [L6 USTD(50) 3 A J14_UST.D 50]
LD.D(18) 513 p3 15 USTD{19] 4 AT 13 UST.D{19) LD.D(19] 5| a3 p3 A5 USTD(51) 4 A 13 UST.D[51)
_LD.D(20] € a4 pg 14 USTD(20) 5 A 12 UST,D(20) LD.D[20] 6 | p4 p4 L4 USTD(52] 5 N 12 UST.D[52]
LD.D{21} 7|5 p5 b3 USTD(21] 6 ,\Fu UST.D(21] LD.D(21) 7 | 5 ps [L3 USTD(53] 6 A L1 UST.D{53]
LC.D(22] 8| pg pgf2 USTD[22) 7 A 10 UST.D[22) LD.D[22) 8| pg pg [L2_USTD(54) 7 L0 UST.D[54)
L2.D(23] 91 a7 p7 [L1 _USTD[23] 8 9 UST.D(23] LD.D[23] 9| o7 p7 [LL USTD(55) 8 A 9 UST.D[55]
AB OB- AB OE-
L Yo , bty
A33 vee B33
v2408 B34 V2416
A33 33 OHM v2412 33 OHM
ALSZ235) U2404 REDIP L5715 REDTP
Lp.D[24) 2} ,p po B8 USTD[24) 1 A 6 UST.D[24) LD.D(24) 2 | po pg [LB _USTD(S6) 1 ,\ﬁls UST.D({56)
LD.D(25] 3|,y gy 7_USTD(25) 2 A S UST.D(25) LD.D{25) 3| ny p L7 USTD(57] 2 15 UST.D[57])
LD.D(26] 4| np po [L6_USTD(26] 3 /\r“ UST.D(26) LD.D{26) 4| p» pp |L6 USTD(58] 3 N 14 UST.D(58])
LD.DI127] 5,3 pj L5 USTD(27) 4 A 3 UST.D(27) LD.D(27) 5| 53 g3 [L5_USTD(59) 4 AT 13 UST.D[59)
_LD.D(28] 6| a4 p4 L4_USTD(28] 5 ,\ﬁu UST.D (28] LD.D[28) 6 | ng4 p4 L4 USTD[60] 5 J\rxz UST.D[60)
L0.D(29] 7| as ps 3 USTD(29] 6 A 11 UST.D(29) LD.D[29] 7| a5 ps [L3 USTD(61) 6 N 11 UST.D[61)
_LD.DI30)_ 8| g pg L2 _USTD(30] 7 A 10 UST.D[30] LD.D(30} 8 ) pg pg 12 USTD(62] 7 AT 10 UST.D(62]
ID.D(31] 9| Ay p7 L} _USTD(31) 8 N 9 _UST.D(31) LD.D(31) 9| a7 g7 L1 USTD(63] 8 9 UST.D(63)
AD OE- AB OE~- UST.D[00:71}:23:25
1 9 L Yo I
CIR.245-:8

UST24A5ENIQ-; 4

DIR.245~-;8 — )
UST245ENO1-; 4
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\ ! ECO . Description Date | Approvals
"USTORE COMMAND REGISTER *USTORE COMMAND REGISTER
¥ e CALL[00:11) ;2122
u2501 Al9 F18 E22 E25
F175 | u2503 02507 02510 02514
NES F175 F175 F175
UST.0I171) 4 2 0A:2 UST.D[63]_3 1} py o |2 _CALL[11)
o 82-03_1222301\'-‘;041 UST.DI62]_18 ) gx 19 CALL[10}) UST.DIS1)_41po Qo |2 10LEL-;S UST.D[32)_A4fpy o |2 UST.DI18)_41po oo |2 gnopw:1s
CST.CIMI_5 05 o1 o PCSELOB;22 UST.D(61]_&]py gp [ 5 CALL(09] Q0-pH3  IDLE1:5:12:19 Q0-[53 CRWMCSL-:19 Q0- b3
01- b& _ pesELoB-;22 UST.D[60]_17 p3 @3 [L6 CALL[0B UsT.0[51)_5 [p 1 »L.le 5.7 UST.D(31]_51p) o1 |7 UST.DI1TI_S fpy o1 |7
UsT.D170] 12 | 2 [10 peseriaz20;21  UST.DISS)_7|pg 4 | 6 CALLIOT o1-p&_p21-:6:9:10 ox-oﬁ_cnmcsr.-,-n Q1-p5_ eNoPRR-:17
o2 gz- pgsitu_,“ UST.D[58]__14 g g5 [15_CALL[06 UST.DI50112 |ps g2 10 1p1p2;:5:7:19 UST.DI30] 12 Jpy @ UST.D(16]12 |5y oy [110
C§7.0{70] 13 Dls UST.DI571_8 | pg g6 | O CALLI0S Q2- 10LE2- Q2-pil 11 CRWCCSL-:19 02- il 1 ENOPD21-:10
_12 1oy 03 PCSEL1B;22 ] D
03- bl pCseL1p-;22 UST.DI56]_13 7 g9 [L2_CALL[04) UST.D149] 13 1p3 o3 [T15 junG;:3:5:7:19 MAKEME 1D |03 03 DS pespron;az UST.DI15) 13 |p3 o3
03- b4 nunG- 03-pl4 peseLas-:22 03- 9___“ ENOPD22-;11
CP MR CLK OE
3 01 1 CP MR CP MR cP MR
9 Tl 9 01 9 ¢1
Al8
£21 02504 £20 £24
G2502 I7T 02511 U251
F175 UST.D{55]_3 | pgp Qo | 2 CALL[03 €19 F175 F175
UST.D{54]__18 ny oy L9 CALL[O L2508
UST.DI69]_4 |y o L2 JMPCCI3};20 UST.D{53)_4|p; o2 [ 5 CALLIO 377 MAKEJMP:20 4 Ipg oo |2 pcsELIA:;2l UST.DI11)_4 fpy qo
Q0-b3 UST.D{52]_17 17 03 Q3 [LE CALL{O UST.D(48]_3 | py qo |2 UNIMPL:20 Qo-:3 PCSELIA-;21 Q-
UST.OI68)_ 5 |py @y |1 JMPCCI2};:20 UST.D(63] D4 Q4 | & PTRVAL UST.D[08]_18 py gy [L3 WRSTAT:18 UST.DI14)_51p) 1 __ UST.DI11)_5 |py
01-b6 UST.D(62] 14 p5 Q5 [L5 PTRVAL UST.D(12]_4] py @7 [ 5 ENRECCLK:1 Q- ENWRD-317 Ql-
UST.C{67) 12 py qp [L10IMPCCI1};20 UST.D(61]_8 | pg qg | 9 PTRVALIO UST.D[45]_17 py @3 [L6_WLFRMAP:19 UST.D(13] 12 |5y g 310 UST.DI10)_12 [py g
02-pil UsT.D(60]_13 oy @7 [L2_PTRVAL[UB UST.D[44)_7 | py qq [ 6 CRWL(3) Q2- 11 ENREC-;17 Q-
UST.0[66] 13 15 JMPCC(0) ;20 UST.D[43] 14 ps s [5_CRWL{2] UST.DI46]_13 {p3 o3 Pis LTCHRD;3:17 UST.D(09) 13 |53 @3
22 1p3 03 =2 b — e -
03- 14 CLK OE UST.D[42) DG 06 [ 9 CRWL{1) 03-p14 03- 518 purerew-:1
. T UST.D[41]_13 p7 @7 [t2_CRWL{0] =
CP MR X oF CP MR CP MR
T C 3 91 9 1
s Tt AL7 —
U2505
In E19 E18
UST.D(59)_3|pg Qo .2 PTRVAL|07} CRWL{[0:3]:19 o u2512 U2516
UST.D(S8]_18 o) o) [L9 PTRVAL[06 319 F175 F175
UST.DIS7)_4]p, @2 |5 PTRVALIOS 02500
UST.D[56]__17 p3 @3 [L6 PTRVAL[04 374 UST.DI26]_4 Ipy qo |2 ust.0104] —4{po Qo L2 prRSEL2;12
UST.DI55]_7 | py Q4 |6 PTRVAL UST.D{40]_3 | pg qo |2 WFSRC1;19 Q0-b3 _ wM.csux-:18 Q0-b3
UST.D(54] 14 DS Qs [LS_PTRVAL UST.D(39]_18 ) g1 (L9 WFSRC0:19 UsT.D(25]_5|p; @1 __°7 UsT.0103) —S 101 01 L7l pTRSEL1:12
UST.D(53) D6 Q6 |0 PTRVAL[01] UST.D[38]_4 | py @7 |5 CRWF(S] 01-b& _ wa.csux-:18 01-b8
UST.D(52) 13 07 Q7 [L2_PTRVAL[00] UST.D[37]_17 py @3 [L6_CRWF[4 UST.DI24]12 |py @2 _31 0 0s1.0102] 12002 02 19 prRSEL0:12
UST.DI36]_7 | ny q4 [ 6 CRAWEF|3 02- b1l we.csux-:18 02- BT
CLX OE UST.D(35]_14 pg g5 [L5_CRWF(2 UST.D(23) 13 [p5 @3 5 w.us1s usT.0[47] 13 {03 03 |15 rrcHst
11 UST.DI34]_8 | pg Qg [ CRWEIL]) 03-pltt Q3- b4 LTCHST- ;20
UST.0{33]_13 py @7 [L2_CRWF(0]
ND2:8 CP MR CP MR
GND2:8 — CLK OF 301 ’971
11 lx
GND2;8 CRE08)i 19 < 5%217
= £23 TI7%
F175
62513
usT.ol22] 4 ) usT. °l°7lﬁ DO 00 L2 RRASEL2A:15
1119:12:14: . {00 Q0 }-£ D1 Q1 |2 RRASEL2B:15
PTRVAL[00:11):12;14;20 Q0- b3 wM.0E-;18 UST.D[06) D2 Q2 L5 RRASELI1A:15
UST.0I21]_51p1 Q1 __: o5t olos]_:% 03 03 Lg_msama;ls
Q- _WA.OE-;18 . D4 Q4 | & RRASELOA:1S
UST.DI20] 12 1p; q2 _.%‘1’ vs. mo:C; 05 05 [ RRASELOB:1S
Oz-p_wc‘oz-.-ls D6 Q6 |2 PTRACTL:12
UST.D[19] 13 Ipy g3 UST.0100_13 57 o7 [1Z__ praacte12:13;14
- 14 s
Q3-pi4 enopToW-:18 cLK OF
cP MR 13
9 1
GND2;8
60204
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Pl P2 P3
DIN ROW C DIN ROW B DIN ROW A DIN ROW C DIN ROW B DIN ROW A DIN ROW C DIN ROW B DIN ROW A

ot o 0 Dgg—P2-NACK-13 OV O e o B
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THIS TABLE INDICATES THE PAGE ON WHICH EACH GATE 1/2 BUFFER ETC. OF A SECTIONED COMPONENT
IS LOCATED -~ THE SECTION REFERS TO THE SECTIONS AS DEFINED BY THE CADROID LIBRARY
coMp DESIG SECTION coMp DESIG SECTION
TYPE 0 1 2 3 4 5 TYPE 0 1
F00 U0104 01 01 01 01 F74 U0l108 01 07
FOO0 Uo114 01 01 01 o8 F74 U0207 02 02
F0O0 U0310 ¢3 07 03 04 F74 U0209 02 03
F00 U0502 05 05 05 05 F74 U0307 03 03
F00 U0s505 12 05 05 16 F74 U0320 03 03
F74 U0322 03 03
F02 U002 01 02 01 01 F74 U0s510 05 05
F02 U0204 25 25 16 16 F14 Uo512 05 05
F02 U0303 03 03 04 04 F74 u0518 05 05
F02 U0514 05 05 05 05 F74 U0519 05 05
F74 v0520 05 05
F04 u0306 03 03 04 06 05 04 F74 U0524 05 05
P74 U0531 05 05
Fo8 v0107 01 01 02 27
Fo8 v0319 17 04 04 03 F112 U0120 01 01
F08 V0329 27 03 03 03 F112 v0121 01 27
FoO8 U0414 04 04 04 04 F112 v0123 01 01
Fo8 U1202 12 27 12 13 F112 u0s528 05 05
F10 Uo117 01 01 01 ALS240 U08os 08 22
F10 u2007 20 20 27 ALS240 U2114 21 21
F20 U0313 03 03 ALS244 U0708 07 09
F20 uo031s 03 03 ALS244 U091l 09 09
F20 U0612 06 08 ALS244 V0922 09 09
ALS244 U1%08 19 27
F139 00404 04 04
F139 U0410 04 04 F240 U0326 03 03
F240 u0328 03 o08
DLY20 00308 05 03 05
DLY10 U0309 03 05 03 F244 uo112 01 27
F244 u08s06 08 16
vce
THIS TABLE PROVIDES MORE INFORMATION ON THE JUMPERS
Jo0301 J0302 J0501 J0101 J1801 J1802
CARRERA 1-2 1-2 1-2 1-2
SIRIUS 3-4 3-4 3-4 1-2
WEITEK VDD=4V 1-2 1-2
WEITEK VDD=5V 3-4 3-4
J0201
DEFAULT SETTING 2-15 4-13 6-11 7-10 8-9 (5US RETRY 80US TIMEOUT)
J0701 Jo70 J0703
VERSION 0 1-2 1-2 1-2 CURRENT VERSION
VERSION 1 1-2 1-2 3-4
VERSION 2 1-2 3-4 1-2
VERSION 3 1-2 3-4 3-4
VERSION 4 3-4 1-2 1-2
VERSION 5 3-4 1-2 3-4
VERSION 6 3-4 3-4 1-2
VERSION 0 3-4 3-4 3-4
vee
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