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Presentation Outline

• What is NVAX?

• CPU Comparisons

• NVAX Design Goals

• NVAX Chip Overview

• NVAX Chip Internals

• Functional Results

• Performance Results

• Conclusions
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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

mum
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What Is NVAX?

High-Performance Design

VAX 9000 architectural heritage

NVAX Ibox acts as a front-end to a RISC-like

pipeline with multiple functional units

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

On-chip controller for writeback Backup Cache
(Bcache)

use
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What Is NVAX?
Advanced CMOS Technology

L/^'m -0.75 Jim, 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

jiSMsn
TM
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What is NVAX?
Advanced CMOS Technology, cont.

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

1.3M transistors, 16.2mm x 14.6mm die size

339-pin thru-hole PGA package

mam
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• P<^x>QjuC\S
AvOiVcMl-^What Is NVAX?

Multiple System Environments S TO

7?/^

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

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

f^VO

The same NVAX chip is used in all system
environments.

I BnunPBD
TM
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CPU Comparisons

VAX NVAX

Systems

VAX

6000-500 9000-400

CPU 62.5 MHz

(16 ns)

71.4 MHz (14ns>

83.3 MHz (12ns)

62.5 MHz

(16 ns)Speed

Pipeline Micro Macro Macro

Branch

ftediction

None 512x4 bit,

1 outstanding

1024x1 bit.

2 outstanding,
target buffer

mam
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CPU Comparisons, cont.

VAX NVAX

Systems

VAX

6000-500 9000-400

fuiM fusoafiTtO.i
/fc/s

64 entries, fully
associative

96 entries, fully
associative

1024 entries, split,
direct mapped

TB

VIC None 2KB, direct

mapped,
32-byte block

8KB, direct

mapped, 32-byte
block

mam
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CPU Comparisons, cont.

VAX NVAX

Systems

VAX

6000-500 9000-400

Pcache 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

Bcache 512KB, direct

mapped,
128-byte block,
writeback

128KB-2MB, direct

mapped, 32-byte
block, writeback

None

maana
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CPU Comparisons, cont.

VAX NVAX

Systems

VAX

6000-500 9000-400

CMOS-4Technology CMOS-3 ECL

Chips Several One Many

mam
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NVAX Design Goals

ju

c»o\^

• Time-to-market, without sacrificing quality

• Performance 77a16

• Support for multiple system environments

• Take full advantage of the advanced CMOS-4
process

71 Me

mmna
TM

SUdeNo. 12



NVAX Design Goals
The Implications

^ULT>

• Time-to-market, complexity, and performance
tradeoffs were made throughout the design cycle

• Aggressive schedules required concentrating on
high-leverage design points, and on an
unprecedented verification effort, resulting in a
balanced, high-quality, functional, and reliable
product

• Design was done working closely with systems and
CAD groups, and with CMOS process engineers

TM
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NVAX Chip Overview
Chip Block Diagram

I Data nto IS
Ebox■m Ibox Fbox. Efranch Results

I GPRData Rssults, Status

Rsad Data

■ill Mbox
I/D MemoryAddr

Pcache

Addr
Wr IS Data

Tag/Data

RAMS

Cbox

External Bus

qdsddsd
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NVAX Chip Overview
Chip Organization

ibex

IT

* Ebox CS

TFbox

Mbox

V- tb Externai Bus

Pcache
Cbox

Bcache RAMs

TM
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NVAX Chip 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
first-level Pcache

Cbox: Interface to second-level Bcache and external

and access to

bus

I mam
TM
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NVAX Chip Overview
The Ibox

• Instruction fetch of up to 8 bytes per cycle

• Instruction decode and issue unit dispatches
instructions for further processing

• Pipelined complex specifier unit calculates operand
effective addresses and makes memory requests

• 2KB, direct mapped VIC, with 32-byte blocks and
parity protection on tags and data

• Branch prediction for conditional branches

Otoe.

IsTzyp u^i T/€>c

BDSDDSO
TM
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NVAX Chip Overview
The Ebox

Pipelined integer and logical instruction execution

Fbox operand steering

Instruction retire and result store orchestration

Interrupt and exception processing

Speciahzed hardware features to speed execution

1

Ccxy/iO/itAVcJtU

77/we1600-word control store with 20-location patch
capability

QDSoaaD
TM
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NVAX Chip Overview
The Fbox

• 4-stage floating point and integer multiply pipeline
with conditional data-dependent bypass of the final
stage EAseo ofO /^,/ui jiookiO or

• Non-pipelined floating point divider

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

mam
TM
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NVAX Chip Overview
TheMbox

sn^
/1/SS• Reference sequencing of requests from multiple

sources

• 96-entry, fully associative TB with parity protection

• Hardware TB miss sequencing and refill

• 8KB, 2-way set associative, writethrough Pcache,
with 32-byte blocks and parity protection on tags
and data

EIDSDDaD
TM
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NVAX Chip Overview
The Cbox -saiixfo 6CC.

^ /VC>

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

• SuOTort 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 smport
coherence protocols for use in MP systems

mam
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NVAX Chip Overview
RISC vs. CISC

The terms RISC and CISC apply primarily to
wacroarchitecture, but certain w/croarchitectural
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.

SDSODSD
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NVAX Chip Overview
A RISC-Like CISC Chip

VAX

Instructions

Fully-Pipelined

RISC Engine
Ibox

mam
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NVAX Chip Internals
Components of Performance

Performance =
CPP CycleTime*InsrructU>nCount

Component Influencing Factors

CPI Microarchitecture

Cycle Time Process Technology, Design
Style, Microarchitecture

Instruction Coimt Algorithms, Compilers,
Macroarchitecture

maaaa
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NVAX Chip internals
Application of RISC Microarchitectural

Techniques

^ ^ A/M• Macropipelined: Autonomous functional units

• Queued interfaces between boxes

• Data scoreboards

• Branch prediction

iptnAjep

mmm
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NVAX Chip Internals
Autonomous Functional Units

Decrease in the average Cycles Per Instruction (CPI) is

most strongly affected by doing more things in parallel.
The usual way to do this is to cnvide '
execution into smaller steps which can be performed in

parallel by fuUy-pipelined autonomous functional
units.

instruction

TM
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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)

mma
TM
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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.

mam
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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 to Ebox)

• Branch queue: Branch information (Ibox to Ebox)

mama
TM
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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 physical addresses for
outstanding memory stores (Mbox)

• Write queue: Pending packed Bcache writes (Cbox)

I Bamaaa TM
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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.

mum
TM
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NVAX Chip Internals
Data Scoreboards, cont.

• Ebox/Fbox GPR write to Ibox GPR read:
MOVAL M,R0
ADDL2 (R0),R1

• Ibox GPR write to Ebox/Fbox GPR read:
MOVE R0,M
ADDL2 (R0)+,R1

muanu
TM
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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 conditionalbranchwill take and redirectPC
along that path before the condition is known.

TM
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NVAX Chip Internals
Branch Prediction, cont.

Sr f¥mo^• 512-entry RAM, indexed by low bits of branch PC

• Each entry contains 4 bits which record the actual
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

mma
TM
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NVAX Chip Internals
Example 1; ADDL3 R0,(R1),(R2)

C^S(A <S^T^S,tc^
EEVIC ROl

TfSox

6?h^ = STfry^S,Ibox (Ri) R1

Mboi

IfiL

rasBC rso-
Ebox ALU Stor*

pATAU.^S/»1
PoMh*

|3^
TB{R1)

4i!WMbox lisa.
Peach*

PAD
■WjJtt

Cbox Qu*u*

mam
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NVAX Chip Internals
Example 2

- Sl't*>riS Oo^/^

EiZ 2S1.

ASHL #9,R0,R1

ADDL3 (R2),R3,(R4)

TSTL (R5)

lifJC PST

Ibox jpra I

iiBa

JRO I

Ez: Ei

Ebox 31.

CS 50. Jsi.
5Q I

fra l»CR
Mbox tlBE^

?CR

PAQ PCW.

mma
TM
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NVAX Chip Internals

i26^ tWO frfTS^
TV

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

• Access and control provided by privileged
performance monitoring program

mam
TM
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Functional Results

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

mma
TM
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Performance Results

VAX VAX

6000-600Benchmark 4000-500

TPC-A 62.4

SPECmark 30.5 40.5

SPECint 24.3 30.9

SPECfp 35.5 48.6

TM
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Conclusions

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

Design takes fuU advantage of advanced CMOS-4
technology, resulting in 83.3 MHz operation

Support for multiple system environments and
configurations

Which provides leadership performance in VAX
products
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about the capabilities of or performance of any Digital products, or a
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to "eliminate", "control", "dominate", etc. any third party or its
products, or any such statements which might be construed as detrimental

to Digital or its business? If the answer is YES, please attach a
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NVAX announcement, or from the recently audited TPC-A results for the
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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
RISC-hke microarchitectural techniques as applied
to the VAX CISC architecture

Implemented in an advanced CMOS technology

Used in multiple system environments

55+
jyic- £
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What Is NVAX?
Two Chip interfaces

(SvujuJS
TO

pictc- -TlK

THe S|s72>^

Compatibility with existing VAX 4000 and VAX
6000 systems, with support for directory-based
broadcast cache coherence protocol

Compatibility with DECchip 21064 microprocessor
and systems in which it is used, with support for
conditional write update snoopy cache coherence
protocol

mma
TM
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What Is NVAX?
High-Performance Design SII

iPSftS/

uo&o (JAi

VAX 9000 architectural heritage

NVAX Ibox acts as a front-end to a RISC-like

pipehne with multiple functional units

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

On-chip controller for writeback Backup Cache
(Bcache)

/2/sc:

TO
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What is NVAX?
Advanced CMOS Technology

osL&f^ -• 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 fuUy qualified, robust and
reliable, and in volume production

^or Stone-

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

QDSDDSD
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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,16.2mmx 14.6mmdie size

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

BDSDDBD
TM
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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

mma
TM
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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

TM
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What Is NVAX?
Multiple System Environments, cont.

32^/
of
S)2es

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

• VAX 7000-600: 90.9 MHz (1 Ins) operation, 4MB
Bcache

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

mum
TM
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CPU Comparisons

VAX NVAX

Systems

VAX

6000-500 9000-400

CPU 62.5 MHz

(16 ns)

62.5 MHz (16ns)—

90.9 MHz (llns)

62.5 MHz

(16 ns)Speed

Hpeline Micro Macro Macro

512x4 bit,

1 outstanding

1024x1 bit,

2 outstanding,
target buffer

Branch

Prediction

None

muunu
TM
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CPU Comparisons, cont.

VAX NVAX

Systems

VAX

6000-500 9000-400

64 entries, fully
associative

96 entries, fully
associative

TB 1024 entries, split,
direct mapped

VIC None 2KB, direct

mapped,
32-byte blodt

8KB, direct

mapped, 32-byte
block

TM
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CPU Comparisons, cont.

VAX NVAX

Systems

VAX

6000-500 9000-400

iXiJO-L.
Pcache 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

^OOO

Of

Bcache 512KB, direct

mapped,
128-byte block,
writeback

128KB-2MB, 32-byte
block or

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

None

qdsddsd
TM
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CPU Comparisons, cont.

VAX VAXNVAX

Systems6000-500 9000-400

Technology CMOS-3 CMOS-4 ECL

Chips Several One Many

mma
TM
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I

NVAX Design Goals

T)t5• Time-to-market, without sacrificing quality

1• Performance

• Support for multiple system environments

• Take full advantage of the advanced CMOS-4
process

.'C

mam
TM
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NVAX Chip Overview
Chip Organization

VIC Ibox

iI

•- Ebox CS

1Fbox

Mbox

TB
Externai Bus

Pcache
Cbox

Bcache RAMs

TM

SUde No. 19

NVAX Chip Overview
Functionai 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
first-level Pcache

• Cbox: Interface to second-level Bcache and external

and access to

bus

mum
TM
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NVAX Design Goals
The Implications

• Time-to-market, complexity, and performance
tradeoffs were made throughout the design cycle

• AgCTessive schedules required concentrating on
hign-leverage design points, and on an
unprecedented verification effort, resulting in a
balanced, high-quality, functional, and rehable
product

• Design was done working closely with systems and
CAD groups, and with CMOS process engineers

mam

1'^’
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NVAX Chip Overview
Chip Block Diagram

III
I Data Ebox€ Ibox Fbox

RMulU.Stetu«GPR Data

Raad Data

■QI Hbox
VD MwnoryAddr

PcKha

Addr

IVrteOata

Tsg/Data
RAMS

Cbox

External Bua

SDSDDOD
TM
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NVAX Chip Overview
The Ibox

0£• Instruction fetch of up to 8 bytes per cycle

• Instruction decode and issue unit dispatches
instructions for further processing

• Pmelined complex specifier unit calculates operand
effective addresses and makes memory requests

• 2KB, direct mapped VIC, with 32-byte blocks and
parity protection on tags and data

• Branch prediction for conditional branches

(/fA/l I

CmS>

BDiDDSD
TM
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NVAX Chip Overview
The Ebox

7

TluJ

• Pipelined integer and logical instruction execution

• Fbox operand steering

• Instruction retire and result store orchestration

• Interrupt and exception processing

• Specialized hardware features to speed execution
US69 fUK. /fvc

/OOT A Uf' IT jo
• 1600-word control store with 20-location patch

capability f0) '(^)CSio\u si^cvo^
SDSDOSQ

TM
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NVAX Chip Overview
The Fbox

• 4-stage floating point and integer multiply pipeline
with conditional data-dependent bypass of the final
stage ficxMi £>r

• Non-pipelined floating point divider

• Ebox supplies operands, stores results, and
coordinates fault and exception handhng

mmm
TM
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NVAX Chip Overview
TheMbox

m/ss^

• Reference sequencing of requests from multiple
sources

• 96-entry, fully associative TB with parity protection

• Hardware TB miss sequencing and refill

• 8KB, 2-way set associative, writethrough Pcache,
with 32-byte blocks and parity protection on tags
and data

mam
TM
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NVAX Chip Overview
The Cbox

Controller for writeback cache with tag and dato
RAMs on the CPU module l/^ f

Support for multiple cache sizes and tag and data
RAM speeds allows system designer to choose

configuration independenUy

External bus interface provides ^port for cache
coherence protocols for use in MP systems

ex.

,vip
cache of CPU speed

mma
TM
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NVAX Chip Overview
RISC vs. CISC

The terms RISC and CISC apply primarily to
/wjcroarchitecture, but certam w/crd>architectural
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.

ODSODSn
TM
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NVAX Chip Overview
A RISC-Like CISC Chip

VAX

Instructions

Fully-Pipelined

RISC Engine
Ibox

mma
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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

mmu
TM
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NVAX Chip Internals
Application of RISC Microarchitectural

Techniques

Macropipelined: Autonomous functional units

Queued interfaces between boxes

Data scoreboards

Branch prediction

QDSDDaD
TM
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NVAX Chip Internals
Autonomous Functional Units

Decrease in the average Cycles Per Instruction (CPD is

most strongly affected by doing more things in parallel.
The usual way to do this is to divide ‘
execution into smaller steps which can be performed i

parallel by fuUy-pipeUned autonomous functional
units.

mstrucnon

m

mnm
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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)

mam
TM
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NVAX Chip Internals
MO

Inter-Box Queues

With autonomous functional units, queues are required
at the critical box boundaries to normalize the rates at

which each unit operates.

maana
TM
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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 to Ebox)

• Branch queue: Branch information (Ibox to Ebox)

mma
TM
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NVAX Chip Internals
inter-Box Queues, cont.

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

• PA queue: Pre-translated physical addresses for
outstanding memory stores (Mbox)

• Write queue: Pending packed Bcache writes (Cbox)

mum
TM
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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.

QDSDDBD
TM
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NVAX Chip Internals
Data Scoreboards, cont.

• Ebox/Fbox GPR write to Ibox GPR read:
MOVAL M,R0
ADDL2 (R0),R1

• Ibox GPR write to Ebox/Fbox GPR read:
MOVE R0,M
ADDL2 (R0)+,R1

BDBDDSD
TM
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NVAX Chip Internals
Data Scoreboards, cont.

• Fbox GPR write to Ebox GPR read:
ADDF2
MOVE

ROJll
R1,M

• Ebox/Fbox memory store to Ibox operand read:
MOVE
ADDE2

mma
TM
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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 ana redirect PC
along that path before the condition is known.

QOIDQSO
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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
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

0/r pyrmu

JD|DDa|
TM
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NVAX Chip internals
Example 1: ADDL3 R0,(R1),(R2)

VIC

[VEST
■box R1

•ttssr

R>qIBZ.

[WEbox IALU

Si/poOAJ U

at

( lfJ2>7H^c:f7cA\)

|TB(m)
Mbox

PAO
wmr

ISCbox

mma
TM

SUde No. 40



NVAX Chip Internals
Example 2

ASHL #9,R0,R1

ADDL3 (R2),R3,(R4)

TSTL (R5)

1st
SST

Ibox apQ I

BSX.

bs_J Ecl

Ebox SL.

IQ—L J

Im kn
Mbox EBCA

»ep

»AQ PCwl

mam
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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

Access and control provided by privileged
performance monitoring program

G OLS60

Sc^mero

SDSODSD
TM
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Functional Results

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

^ r\^7rf5 epoJc/L
systems

mma
TM
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Performance Results

VAX VAX VAX

4000-600 6000-600 7000-600Benchmark

102.3 123.8TPC-A 103.8

SPECmark 41.0 42.1 46.6

31.5 34.0SPECint 31.8

SPEClp 48.6 51.1 57.6

mmu
TM
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Conclusions

RISC concepts applied to a CISC machine in order
to increase performance significandy 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
configurations

Which provides leadership performance in VAX
products

environments and

mma
TM
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