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What Is NVAX?

A Single-Chip VAX Microprocessor

Designed to make use of high-performance
RISC-like microarchitectural techniques as applied
to the VAX CISC architecture

Implemented in an advanced CMOS technology

Used in multiple system environments
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What IS NVAX? TAKe HI6H LEVGIAGE

High-Performance Design DEAS, EXPLOIT CMOS

VAX 9000 architectural heritage JSE RISC| MpLOMETATIN
rECwIs T
NVAX Ibox acts as a front-end to a RISC-like IMPANE | PErfE
pipeline with multiple functional units -

On-chip Translation Buffer (TB), Virtual Instruction
Cache FVIC), and Primary Cache (Pcache)

On-chip controller for writeback Backup Cache
(Bcache)
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What Is NVAX?
Advanced CMOS Technology

e (.75 pym, 3-metal layer, 3.3v CMOS-4 technology
with support for 5v input signals

e CMOS-4 process is optimized for high-performance
microprocessors, is fully qualified, robust and
reliable, and in volume production

e Same process used for Alpha 21064 (EV-4) chip

dlijgli]t|all )y

Slide No. 5

ST Critiine
Leamin = 0. SA‘M

NeoT 6Lo7le. 5
AOTINIZED

What is NVAX?
Advanced CMOS Technology, cont.

e 71.4 MHz (14ns) and 83.3 MHz (12ns) operation—
better than most industry RISC chips

e 1.3M transistors, 16.2mm x 14.6mm die size

e 339-pin thru-hole PGA package
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What Is NVAX?

: : \ADD 1T T2
Multiple System Environments 248 0 Eé—" ’
Ly 12 NC

e VAX 4000-500: 71.4 MHz (14ns) operation, 128KB U T

Bcache S ML Y
e VAX 6000-600: 83.3 MHz (12ns) operation, 2MB 5

Bcache ; bre Al

Reacde SI2E

.meoj
MauTiw Coroie
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The same NVAX chip is used in all system

environments.
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CPU Comparisons

VAX
6000-500

NVAX
Systems

VAX
9000-400

CPU
Speed

62.5 MHz
(16 ns)

71.4 MHz (14ns)—
83.3 MHz (12ns)

62.5 MHz
(16 ns)

Pipeline

Micro

Macro

Macro

Branch
Prediction

None

512x4 bit,
1 outstanding

1024x1 bit,
2 outstanding,
target buffer
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CPU Comparisons, cont.

VAX
6000-500

NVAX
Systems

VAX
9000-400

64 entries, fully
associative

96 entries, fully
associative

1024 entries, split,

direct mapped

None

2KB, direct
mapped,
32-byte block

8KB, direct
mapped, 32-byte
block
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CPU Comparisons, cont.

VAX
6000-500

NVAX
Systems

VAX
9000-400

2KB, direct
mapped,
8-byte block,
writethrough

8KB, 2-way set

associative, 32-byte
block, writethrough

writeback

128KB, 2-way
set associative,
64-byte block,

Bcache

512KB, direct

mapped,
128-byte block,

writeback

128KB-2MB, direct

mapped, 32-byte
block, writeback

None
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CPU Comparisons, cont.

VAX NVAX VAX
6000-500 | Systems 9000-400

Technology | CMOS-3 CMOS-4 ECL
Chips Several One Many
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NVAX Design Goals

Time-to-market, without sacrificing quality

Performance  Pen'7T LimiT c‘;cu‘: TIME

Support for multiple system environments

Take full advantage of the advanced CMOS-4
process

a0snaan™
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NVAX Design Goals

The Implications

. . 2e 1+
Time-to-market, complexity, and performance Z vell oML
tradeoffs were made throughout the design cycle

(zesuur}
Aggressive schedules required concentrating on
high-leverage design points, and onan
unprecedented verification effort, resulting in a
balanced, high-quality, functional, and reliable
product
Design was done workjnidclosely with systems and
CAD groups, and with CMOS process engineers
goeoaan™
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Chip Block Diagram Hiethticr]
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Read Data

D Memory Addr >
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NVAX Chip Overview

Chip Organization

¥ __!External Bus

-
Bcache RAMs
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NVAX Chi&) Overview
n

Functional Unit Summary

Ibox: Instruction fetch, decode, and dispatch of
instruction for further processing

Ebox: Integer and logical instruction execution;
interrupt and exception processing

Fbox: Floating point and integer multiply
instruction execution

Mbox: Memory management and access to
first-level Pcache

t():box: Interface to second-level Bcache and external
us
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NVAX Chip Overview

The Ibox

Instruction fetch of up to 8 bytes per cycle

Instruction decode and issue unit dispatches | one %pauw?/cyqe
instructions for further processing ':

Pipelined complex specifier unit calculates operand LOAD [STNE uwi T sz
effective addresses and makes memory requests L s MAQhUES

2KB, direct mapped VIC, with 32-byte blocks and

parity protection on tags and data | VIgTuRL PACAE

Fused o RET
Branch prediction for conditional branches
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NVAX Chip Overview
The Ebox

Pipelined integer and logical instruction execution

Fbox operand steering 16 g’gfz(
: : : L | QoA TIN)
Instruction retire and result store orchestration __:

Interrupt and exception processing ‘
E QUTTL STUNE uS6H

Specialized hardware features to speed execution | e L (WSTPacTIans)
. Moy A LimiT O
1600-word control store with 20-location patch | ofae TIME
capability
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NVAX Chip Overview
The Fbox

e 4-stage floating point and integer multiply pipeline

with conditional data-dependent bypass of the final
stage  PALO o M) oud oF kL RESALT

e Non-pipelined floating point divider

e Ebox supplies operands, stores results, and
coordinates fault and exception handling
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NVAX ChiB' Overview
The Mbox

STrun o ORENG

e Reference sequencing of requests from multiple No HIS | ubbae MISS
sources

96-entry, fully associative TB with parity protection
Hardware TB miss sequencing and refill

8KB, 2-way set associative, writethrough Pcache,
w1(tihd32—byte blocks and parity protection on tags
and data
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NVAX Chip Overview
The Cbox

e Controller for a writeback cache with 32-byte
blocks, using ECC-protected tag and data RAMs on
the CPU module

SKESOH for 4 cache sizes (128KB, 256KB, 512KB,
2MB) and multiple tag and data RAM speeds allows
system designer to choose cache configuration
independently of CPU speed

External bus interface provides support for cache
coherence protocols for use in systems

a0806a0™
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NVAX Chip Overview
RISC vs. CISC

The terms RISC and CISC apply primarily to
macroarchitecture, but certain microarchitectural
design and implementation techniques have become

associated with RISC designs. These same techniques
may be applied to CISC architectures, such as the
VAX, in order to improve performance.
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NVAX Chip Overview
A RISC-Like CISC Chip

VAX
Instructions

. Fully-Pipelined
RISC Engine

Slide No. 23

NVAX Chip Internals

Components of Performance

1

Performance =
CPI*CycleTime* InstructionCount

Component Influencing Factors

CPI Microarchitecture

Cycle Time Process Technology, Design
Style, Microarchitecture

Instruction Count | Algorithms, Compilers,
Macroarchitecture

a0806a0™
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NVAX Chip Internals

Application of RISC Microarchitectural
Techniques

Macropipelined: Autonomous functional units
Queued interfaces between boxes
Data scoreboards

Branch prediction

Slide No. 25
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NVAX Chip Internals

Autonomous Functional Units

Decrease in the avera(%f]:) Cycles Per Instruction (CPaIBI i§
e

most strongly affected by doing more things in par
The usual way to do this is to divide instruction

execution into smaller steps which can be performed in

parallel by fully-pipelined autonomous functional
units.
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NVAX Chip Internals |

Autonomous Functional Units, cont.

¢ Instruction fetch, decode, operand evaluation
—1Load/Store design within instructions (Ibox)

¢ Integer, logical, and floating point instruction
execution on canonical operands (Ebox, Fbox)

e Memory management and cache access (Mbox,
Cbox)
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NVAX Chip Internals

Inter-Box Queues

With autonomous functional units, queues are required

at the critical box boundaries to normalize the rates at
which each unit operates.
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NVAX Chip Internals

Inter-Box Queues, cont.

Instruction queue: Opcode information (Ibox to
Ebox)

Source queue, destination queue: Pointers to
operands and results (Ibox to Ebox)

MD registers: Memory operand data (Ibox and
Mbox tgo Ebox) D

Branch queue: Branch information (Ibox to Ebox)
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NVAX Chip Internals

Inter-Box Queues, cont.

Specifier queue: Ibox-generated memory specifier
addresses (Ibox to Mbox)

PA queue: Pre-translated ph%sical addresses for

X)

outstanding memory stores

Write queue: Pending packed Bcache writes (Cbox)
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NVAX Chip Internals

Data Scoreboards

With autonomous functional units, operations occur
out of order with respect to the actual execution of
instructions. Scoreboards are required to control
access to the correct data.

NVAX Chip Internals

Data Scoreboards, cont.

e Ebox/Fbox GPR write to Ibox GPR read:
MOVAL M,R0O
ADDL2 (RO),R1

e Tbox GPR write to Ebox/Fbox GPR read: !
MOVL ROM -
ADDL2 (RO)+,R1

Booaan™
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NVAX Chip Internals

Data Scoreboards, cont.

e Fbox GPR write to Ebox GPR read:
ADDF2 ROJR1
MOVL R1.M

e Ebox/Fbox memory store to Ibox operand read:
MOVL = RO,RI1
ADDL2 (R1),R

Slide No. 33

NVAX Chip Internals

Branch Prediction

With PC redirection done early in the pipeline and
conditional branch results calculated late, there is a
large performance degradation if the pipeline is
allowed to drain waiting for a conditional branch
result. Branch prediction attempts to predict the gath
that a conditional branch will take and redirect P

along that path before the condition is known.
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NVAX Chip Internals

Branch Prediction, cont.

512-entry RAM, indexed by low bits of branch PC hT PATTON

Each entry contains 4 bits which record the actual GueodI¥G
direction of the most recent branches

16-bit lookup table provides the prediction for each
bit pattern

Prediction added to branch queue, with trap
mechanism used to back out on incorrect prediction
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NVAX Chip Internals
Example 1: ADDL3 RO,(R1),(R2)

/ CSA GrTEuSIon]

[ vie Pumisol
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NVAX Chip Internals

Example 2 MOE OMmunism
ASHL #9,RO0,R1
ADDL3 (R2),R3,(R4) - GOU Stuns Duin)
TEA Py AHOO

TSTL (R5)

Ebox

Mbox

aosoaan™
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NVAX Chip Internals pppUCATIS Bemt,
Performance Monitoring Hardware P e
PITO QOE USLO
e Provides access to critical statistics: TB and cache Bapne O KFTEL
hit rates, CPI, stalls, etc. ANNMCGaeT TD

TANE S TWNE
e Implemented as a combination of hardware and
microcode. Dynamically loaded microcode patches
enhance the basic capability

e Access and control provided by privileged
performance monitoring program
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Functional Results

e Virtually no bugs in pass 1 parts: Fab to operating
system boot in two weeks, attributable to
unprecedented design verification effort

Patchable control store used as a debugging tool,
and to fix the minor bugs that did exist in pass 1

Pass 2 parts shipping to customers in production
systems

dltfof1[t]a]1 )y
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Performance Resulis

VAX
Benchmark 6000-600

TPC-A @@
SPECmark 405
SPECint : 30.9
SPECfp 48.6

anEoaan™
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Conclusions

RISC concepts applied to a CISC machine in order
to increase performance significantly over previous
VAX microprocessors

Design takes full advantage of advanced CMOS-4
technology, resulting in 8§3.3 MHz operation

Support for multiple system environments and
contigurations

Which provides leadership performance in VAX
products
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to Digital or its business? If the answer is YES, please attach a

brief explanation.

YES~-~-see slide 40: Performance Results. However, these numbers were
obtained from performance reports released as part of the October
NVAX announcement, or from the recently audited TPC-A results for the

VAX 6000-600.
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What Is NVAX?

Two Single-Chip VAX Microprocessors with a
common core, providing two chip interfaces

¢ Designed to make use of high-performance

to the VAX CISC architecture
Implemented in an advanced CMOS technology

Used in multiple system environments

dlilgli]tlall}ig

RISC-like microarchitectural techniques as applied
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What Is NVAX?

Two Chip Interfaces
Au_g_)_df; JraIoM
¢ Compatibility with existing VAX 4000 and VAX | Desiewany 70
6000 systems, with support for directory-based 7 e TfE -
broadcast cache coherence protocol . N P”f L 1

ey % i a T-HC SThoA
Compatibility with DECchip 21064 microprocessor *
and systems in which it is used, with support for "
conditional write update snoopy cache coherence

protocol
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What Is NVAX?

High-Performance Design UAX zoz | 15T

MA LR FCLMGO uAX
ThkE HibH LECUEE
VAX 9000 architectural heritage | DONS, BxProT EMOS

NVAX Ibox acts as a front-end to a RISC-like |
pipeline with multiple functional units
Use x2r_»c IMPWT}‘}

Casihns M€ B On-chip Translation Buffer (TB), Virtual Instruction Tm o

4 &\:L e 7 K Cache (VIC), and Primary Cache (Pcache) e GO I CE
WS o .f§:§
of PEPE 0 On-chip controller for writeback Backup Cache

Ay ACATT (Bcache)
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What Is NVAX?
Advanced CMOS Technology

0.75 pm, 3-metal layer, 3.3V CMOS-4 technology
with support for 5V input signals

CMOS-4 process is optimized for high-performance
microprocessors, is fully qualified, robust and
reliable, and in volume production

Same process used for Alpha 21064 (EV-4) chip
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What is NVAX?
Advanced CMOS Technology, cont.

62.5 MHz (16ns) to 90.9 MHz (11ns) operation—
better than most industry RISC chips

1.3M transistors, 16.2mm x 14.6mm die size

339-pin and 431-pin thru-hole PGA packages

o U &0 (U ,'1‘ -
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What Is NVAX?

Multiple System Environments

VAX 4000-100: 71.4 MHz (14ns) operation, 128KB
Bcache

VAX 4000-400: 62.5 MHz (16ns) operation, 128KB
Bcache, no VIC

VAX 4000-500: 71.4 MHz (14ns) operation, 128KB
Bcache

VAX 4000-600: 83.3 MHz (12ns) operation, 512KB
Bcache

a00a0™
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What Is NVAX?

Multiple System Environments, cont.

MicroVAX 3100-90: 71.4 MHz (14ns) operation,
128KB Bcache

VAXstation 4000-90: 71.4 MHz (14ns) operation,

256KB Bcache
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What Is NVAX?

Multiple System Environments, cont.

VAX 6000-600: 83.3 MHz (12ns) operation, 2MB

Bcache

VAX 7000-600: 90.9 MHz (11ns) operation, 4MB

Bcache

VAX 10000-600: 90.9 MHz (11ns) operation, 4MB

Bcache

a0300a0™
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CPU Comparisons

VAX
6000-500

NVAX
Systems

VAX
9000-400

CPU
Speed

62.5 MHz
(16 ns)

62.5 MHz (16ns)—
90.9 MHz (11ns)

62.5 MHz
(16 ns)

Pipeline

Micro

Macro

Macro

Branch
Prediction

None

512x4 bit,
1 outstanding

1024x1 bit,
2 outstanding,
target buffer
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CPU Comparisons, cont.

VAX
6000-500

NVAX
Systems

VAX
9000-400

64 entries, fully
associative

96 entries, fully
associative

1024 entries, split,
direct mapped

None

2KB, direct

mapped,
32-byte block

8KB, direct

mapped, 32-byte
block
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CPU Comparisons, cont.

VAX
6000-500

NVAX
Systems

VAX
9000-400

2KB, direct
mapped,
8-byte block,
writethrough

8KB, 2-way set

associative, 32-byte
block, writethrough

128KB, 2-way
set associative,
64-byte block,
writeback

512KB, direct
mapped,
128-byte block,
writeback

128KB-2MB, 32-byte
block or
128KB-8MB, 64-byte
block, direct mapped,
writeback

None

a1 1]
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CPU Comparisons, cont.

VAX NVAX
6000-500 | Systems

Technology | CMOS-3 | CMOS-4
Chips Several One
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NVAX Design Goals

Time-to-market, without sacrificing quality

Performance

BT LimiT €dab& TIME

Support for multiple system environments

Take full advantage of the advanced CMOS-4
process

dl 1ol 1]t]al1 i

Slide No. 16




NVAX Chip Overview

Chip Organization

a

VIC Ibox
(]
Ebox |CS
Y
Mbox

A
E jxternal Bus

Y

Cbox

aae o
Bcache RAMs
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NVAX Chi'P Overview

Functional Unit Summary

Ibox: Instruction fetch, decode, and dispatch of
instruction for further processing

Ebox: Integer and logical instruction execution;

interrupt and exception processing

Fbox: Floating point and integer multiply
instruction execution

Mbox: Memory management and access to
first-level Pcache

Ebox: Interface to second-level Bcache and external
us
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NVAX Design Goals

The Implications

e Time-to-market, com&lrexi , and performance
tradeoffs were made throughout the design cycle

e Aggressive schedules required concentrating on
high-leverage design points, andonan =
unafrecedcntcd verification effort, resulting in a
balanced, high-quality, functional, and reliable

product

e Design was done workinidclosely with systems and
CAD groups, and with CMOS process engineers

g]i]t]a] 1 i
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NVAX Chip Overview
Chip Block Diagram

Ergnch FIII?.IHS Ebox {
“TResults, Status
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NVAX Chip Overview
The Ibox

Instruction fetch of up to 8 bytes per cycle

e Instruction decode and issue unit dispatches
instructions for further processing

e G;wptx)&dﬁ(f’ﬂ ae

L0 JQ;.,.L:’ U

. Pli'%elincd complex specifier unit calculates operand dey
L A

effective addresses and makes memory requests

e 2KB, direct mapped VIC, with 32-byte blocks and : PRAGHAS
parity protection on tags and data .
| y b » VIC =7 | uas
': e Branch prediction for conditional branches oo N&T
B €8 e
! Slide No. 21
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NVAX Chip Overview
The Ebox
Pipelined integer and logical instruction execution } E8vr/ fﬁ—@(
Fbox operand steering e
Instruction retire and result store orchestration
Interrupt and exception processing
Specialized hardware features to speed execution E oumou SToRE
B (1SCO | M

1600-word control store with 20-location patch S PRty
[ capability REQNCE O f8) WChpw STRUCTIINE yor k LT To

ICLE TiME
020030 T~

|
| Usto:z |Sp0 It

iy

P (R (r_-r'ﬁ-!;)t.fb( JOS D nerionks, ‘
STk QA€ = 270 =2 OS SuppolT; ook kEpm, Sieven 1

o5 :‘A:F?ﬁfl-r - 4477 \ [
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MULT ™ INSTRACTIOV GHECATION

NVAX Chip Overview
The Fbox

e 4-stage floating point and integer multiply pipeline
with condition%l%oata-depende%t bypassp o)} ghg final
stage Bhco o Miw1 flowd oF AL (2€salT

e Non-pipelined floating point divider

e Ebox supplies operands, stores results, and
coordinates fault and exception handling

dlijolitial i
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NVAX Chi|'::1 Overview
The Mbox

e, |
2609 fuor fE
OLOGURM, )
96-entry, fully associative TB with parity protection MO IS UrDGT

MISSES I

Reference sequencing of requests from multiple
sources

Hardware TB miss sequencing and refill

8KB, 2-way set associative, writethrough Pcache, }
w1(tlhd32-byte blocks and parity protection on tags
and data

a0806a0™
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NVAX Chip Overview
The Cbox

¢ Controller for writeback cache with tag and data
RAMs on the CPU module  oEsymg o0 [H 6C

e Support for multiple cache sizes and tag and data
speeds allows system designer to choose
cache configuration independently of CPU speed

e External bus interface provides support for cache
coherence protocols for use in systems

MUAX? Dipecmend - ghst T4 ST PoTRCl
MR+ = ConDITT N WMTE upDATE QVPOPJ Pf"ﬁm‘:&ﬂ...-
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NVAX Chip Overview
RISC vs. CISC

The terms RISC and CISC apply primarily to
macroarchitecture, but certain microarchitectural
design and implementation techniques have become

associated with RISC designs. These same techniques

m&bq applied to CISC architectures, such as the
VAX, in order to improve performance.
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NVAX Chip Overview
A RISC-Like CISC Chip

VAX
Instructions

Fully-Pipelined
RISC Engine
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NVAX Chip Internals

Components of Performance

Component Influencing Factors

CPI Microarchitecture

Cycle Time Process Technology, Design
Style, Microarchitecture

Instruction Count | Algorithms, Compilers,
Macroarchitecture
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NVAX Chip Internals
Application of RISC Microarchitectural
Techniques

Macropipelined: Autonomous functional units

Queued interfaces between boxes
Data scoreboards

Branch prediction

Slide No. 29
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NVAX Chip Internals

Autonomous Functional Units

Decrease in the average Cycles Per Instruction (CPa.IBI is
most strongly affected by doing more things in parallel
The usual way to do this is to divide instruction
execution into smaller steps which can be performed in
parallel by fully-pipelined autonomous functional
units.

1ol 1] il
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NVAX Chip Internals

Autonomous Functional Units, cont.

Instruction fetch, decode, operand evaluation
—Load/Store design within instructions (Ibox)

Integer, logical, and floating point instruction
execution on canonical operands (Ebox, Fbox)

Memory management and cache access (Mbox,
Cbox)
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NVAX Chip Internals

Inter-Box Queues

With autonomous functional units, queues are required

at the critical box boundaries to normalize the rates at
which each unit operates.
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NVAX Chip Internals

Inter-Box Queues, cont.

Instruction queue: Opcode information (Ibox to

Ebox)

Source queue, destination queue: Pointers to
operands and results (Ibox to Ebox)

MD registers: Memory operand data (Ibox and
Mbox tgc: Ebox) R

Branch queue: Branch information (Ibox to Ebox)
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NVAX Chip Internals

Inter-Box Queues, cont.

Specifier queue: Ibox-generated memory specifier
addresses x to Mbox)

PA queue: Pre-translated ph&\sdiga.l addresses for

outstanding memory stores 0X)

Write queue: Pending packed Bcache writes (Cbox)

[1]¢[al! i
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NVAX Chip Internals

Data Scoreboards

With autonomous functional units, operations occur
out of order with respect to the actual execution of
instructions. Scoreboards are required to control
access to the correct data.

Slide No. 35

NVAX Chip Internals

Data Scoreboards, cont.

e Ebox/Fbox GPR write to Ibox GPR read:
MOVAL M,R0O
ADDL2 (RO),R1

e Tbox GPR write to Ebox/Fbox GPR read:
MOVL ROM
ADDL2 (RO)+RI
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NVAX Chip Internals

Data Scoreboards, cont.

e Fbox GPR write to Ebox GPR read:
ADDF2 RORI1
MOVL R1.M

¢ Ebox/Fbox memory store to Ibox operand read:
MOVL RO (’1%13
ADDL2 (RI)

a0aan™
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NVAX Chip Internals

Branch Prediction

With PC redirection done early in the pipeline and
conditional branch results calculated late, there is a
large performance degradation if the pipeline is
allowed to drain waiting for a conditional branch
result. Branch prediction attempts to predict the path
that a conditional branch will take and redirect P
along that path before the condition is known.
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NVAX Chip Internals

Branch Prediction, cont.

512-entry RAM, indexed by low bits of branch PC |

Each entry contains 4 bits which record the actual d 2 e
direction of the most recent branches | Cvevoids,

16-bit lookup table provides the prediction for each
bit pattern

Prediction added to branch queue, with trap
mechanism used to back out on incorrect prediction

goEoaan™
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NVAX Chip Internals
Example 1: ADDL3 RO,(R1),(R2)
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NVAX Chip Internals
Example 2

ASHL #9,R0,R1
ADDL3 (R2),R3,(R4)

i]ta] 1y
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NVAX Chip Internals

Performance Monitoring Hardware

Provides access to critical statistics: TB and cache
hit rates, CPI, stalls, etc.

Implemented as a combination of hardware and
microcode. Dynamically loaded microcode patches
enhance the basic capability

e Access and control provided by privileged
performance monitoring program
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Functional Results

e Virtually no bugs in pass 1 parts: Fab to operating
system boot in 16 days, attributable to
unprecedented design verification effort

Patchable control store used as a debugging tool,
and to fix the minor bugs that did exist in pass 1

Volume parts shipping to customers in production

systems | Y=
1S Y pMoeTS G
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Performance Results

VAX
Benchmark 7000-600

TPC-A 1238
SPECmark 46.6
SPECint 34.0
SPECfp . 57.6

dlilglitlal 1}
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Conclusions

RISC concepts applied to a CISC machine in order

to increase performance significantly over previous
VAX microprocessors

Design takes full advantage of advanced CMOS-4
technology, resulting in up to 90.9 MHz operation

Support for multiple system environments and
contigurations

Which provides leadership performance in VAX
products

dliloli[t]al vy
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NOTE TO REVIEWERS

This paper discusses NVAX+, VAXstation 4000, model 90, MicroVAX 3100,
model 90, VAX 4000, models 100, 675, and 690, VAX 7000, model 600, and
VAX 10000, model 600, all of which are currently unannounced products.
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not preclude review of this article. 1In the unlikely event that these
systems are not announced on time, we will make a decision about whether
to remove all references, or stop publication of the article.

There is one semi-sensitive piece of information which has intentionally
been left as TBD in the paper: the cycle time at which NVAX+ will be
shipped in VAX 7000 and VAX 10000 systems. Rather than set expectations
with this paper, we simply chose to defer any statement pending a final
decision (presumably in June) on the cycle time.
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To the best of your knowledge, does this material contain information
that, if disclosed, could help our competitors, but, if kept secret,
could help Digital maintain a competitive edge. This information could
be about past, present, or planned processes, tests, tools, manufacturing
or general technology, research projects (including project names),
Digital’s business (such as its plans or its organization, i.e. the names
and titles of co-workers), or basic or applied research having potential
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(All developments made by Digital employees that IN ANY WAY are different
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in existing internal or external publications, are considered patentable
until the Patent Committee determines that Digital has no current
interest in patenting the inventions or in maintaining trade secret
protection.)? If the answer is YES, please attach a brief explanation.

Yes. The combination of the NVAX/NVAX+ performance monitoring hardware
and microcode patch capability is the subject of a pending patent request.
Based on the current schedule, the patent will be filed before the DTJ
issue goes to press.
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