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1 Abstract

The VAXstation 4000 Model 90 is the |latest nenber of the VAXstation product
line. Based on the NVAX CPU, the Mddel 90 was desighed as a nodul e upgrade
to the VAXstation 4000 Mbdel 60 system The Model 90 has 2.7 tinmes the

CPU performance of the Mddel 60 and provi des base-level, two-di nensiona
graphi cs performance of 266,000 vectors per second. It supports up to 128MB
of menory, an SCSI-1 bus interface, a TURBOchannel option, a synchronous
communi cation option, and several graphics options. The design team used
only progranmabl e devices to inplenent the new | ogic designed into the
system In addition, a breadboard provided the basis for logic and software
verification.

2 Introduction

During the summer of 1991, Digital's Sem conductor Engi neering G oup
began pl anni ng a new VAX workstati on based on the NVAX CPU chip.[1] The
devel opnent process had three nmain goals: to increase CPU perfornmance

to maintain an aggressive tinme-to-market schedule, and to provi de upgrade
conpatibility with the VAXstation Mdel 60.

The primary goal of the VAXstation 4000 Mbdel 90 design was to inplenment a
wor kstation with well over twice the CPU performance of its predecessor,
the Mbdel 60. The advent of high-perfornmance workstations based on reduced
i nstruction set conputers (RISC) required any new VAX workstation to
provi de a significant performance increase over previous VAX workstations
to be conpetitive in the marketpl ace. The Mddel 90 net this goal by
achieving 2.7 tinmes the perfornmance of the VAXstation Mdel 60.

The second nmmj or goal of the project was to devel op and ship the system
as quickly as possible. This was mandated by conpetitive pressures in the
wor kst ati on market. We proposed an aggressive best-case schedul e which
forecast a breadboard running within three nonths of the project proposal
prototypes running the VMS systemwi thin five nonths, and a custoner ship
date within el even nmonths. The devel opnent teans achi eved al nost every
project mlestone within a few weeks of the proposed schedul e.

The final major goal of the project was to design the system such that it
could be offered as a sinple nodul e upgrade to the VAXstation Mdel 60.
There were two nmain reasons for designing the systemas an upgrade. First,
it protected the custonmer's investnent in the Model 60 conponents. Second,
by using as many conponents as possible fromthe Mbddel 60 design, we could
reduce the hardware and software engineering effort required to produce the



new system The Mddel 90 system nodul e provides a direct upgrade fromthe
Model 60. The only system conponent or option on the Mbdel 60 that is not
supported by the Mddel 90 is the entry-Ilevel graphics option.
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Thi s paper presents the design nethodol ogy we followed to neet our project
goals. It discusses the four mmjor conponents in the Mddel 90 system It
descri bes the physical design of the system board and the breadboard system
we used for logic verification and debuggi ng of software. The paper ends
with a conparison of performance data for Digital's workstations.

3 Design Methodol ogy

The desi gn nmet hodol ogy used during the Model 90 project consisted of the
fol |l owi ng approaches:

1. Conplex logic, software, and firmware from existing designs would be
used whenever possible.

2. All new logic would be inplenmented using programuabl e technol ogy.
3. A breadboard would be built as early as possible.

4. Logic would be sinulated only if it could not be verified with the
br eadboard.

These approaches were influenced and shaped by our aggressive schedul e,

by the emergence of new programmabl e technol ogi es, and by the availability
of certain VAX system designs that included some of the subsystenms that we
pl anned to use. These influences are discussed in this section

The strategy of using existing hardware and software conponents stemred
fromour goal to deliver the Mbdel 90 as quickly as possible. The project
schedul e did not allow time for the devel opnent of any mmj or new pieces of
har dware or software. Consequently, we used as rmuch hardware and software
from ot her VAX products as possible.

Qur aggressive schedule also pronpted us to explore different technol ogies
and verification nmethods. On our previous projects, we used conventiona
gate array or standard cell technology, and typically we strove for
exhaustive logic simulation and tinming verification prior to rel easing
chip designs. Qur goal was to have fully functional first-pass silicon.
Unfortunately, the first pass of a gate array was rarely fully functional
Thi s approach had two consequences on the project schedule: (1) First-pass
har dwar e was usual ly del ayed as nmuch as possible to allow for nore thorough
logic simulation and tinmng verification, and (2) A second pass was needed
if first-pass silicon was not fully functional, adding several nonths to
the overall project schedul e.

At the time of our design, several new programmable silicon technol ogies
were energing that prom sed performance, densities, and package sizes
conparable to gate array technology. As the |ogical design of the system



progressed through its early stages, we evaluated these new technol ogi es
and found that they had matured enough to be used in the design of the
Model 90. We chose Xilinx field programmbl e gate arrays (FPGAs) and

AMD MACH PALs to inplenment |arge-scale integration, and standard PALs

to inplenent smaller |logic functions. These programrmabl e technol ogi es
allowed us to build first-pass hardware with the full expectation that we
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woul d need to nmake inevitable changes in response to |ogic bugs and timng
probl ems. Fortunately, with the new technol ogi es, bug fixes were nmade in

a matter of mnutes or days, instead of the weeks or nonths it would have
taken using conventional gate arrays.

During the Mbdel 90 project, we exam ned our previous notions about the
rol es of prototyping and simulation in product devel opnent. Because

the core of the Mbdel 90 was borrowed fromthe VAX 4000 Mbdel 500, an
opportunity arose for us to build a breadboard system consi sting of the
programmbl e I/ O and graphics interface designs attached to a VAX 4000
Model 500.[2] Unlike a conventional prototype, the breadboard | ogic was
expected to change; therefore we included reconfigurable connections to
the FPGAs. Al so, the breadboard systemdid not need to neet any of the
physi cal constraints, such as size and |layout, that are normally required
of a conventional prototype. An early breadboard system provided the clear
benefits of rapid testing and change of hardware and software.

Because we coul d change logic quickly and easily on the breadboard,

the role of sinulation on this project focused on verifying nodul e

i nterconnect, and not on exhaustive logic verification. W nmaintained a
wor ki ng system sinul ati on nodel, with a basic set of regression tests, as a
reference for |ogic changes and as a tool for debugging. Logic verification
was perfornmed on the breadboard to an extent not possible using simnulation.

4 Maj or System Conponents

Figure 1 is a block diagram showi ng the primary conponents in the Mdel 90.
In this paper we focus on four distinct conponents in the system the core,
the menory subsystem the 1/0O subsystem and the graphics subsystem

The core chip set is conposed of a 74.4-nmegahertz (MHz) NVAX CPU, the NVAX
menory controller (NMC), and the NVAX I/ O adapter (NCA). The NVAX CPU al so
controls a 256-kil obyte (KB) wite-back secondary cache that reduces nenory
read | atency and decreases menmory write traffic.

The nmenory subsystem supports a 64-bit data path to main nmenory that is
conposed totally of single in-line menmory nmodul es (SI MVs). Main nmenory
sizes of up to 128 negabytes (MB) are supported by the Mdel 90.

The I/ O subsystem conpri ses two i ndependent 32-bit buses that conmunicate
with the various I/0O and graphics options of the Mdel 90. One bus
interfaces to the optional TURBOchannel adapter,[3] the firmvare read-
only nmenory (ROM chips used for console and di aghostics, and the various
graphics options available with the Model 90. The other bus interfaces to
the Ethernet and EDAL controllers. The EDAL is a general -purpose 16-bit
I/ O bus. The EDAL controller consists of a CDAL-to-EDAL chip (CEAC) and a
smal | conputer systeminterface (SCSI) quadword first-in first-out (FlIFO)



chip, known as SQNF. These two chi ps comruni cate over the EDAL bus with the
system s remai ning |/ O devices.
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Finally, the graphics subsystem provides support for three different
graphi cs options. These options include one | owcost graphics option and
two hi gh-performance three-di nensional accel erators.

The majority of the conponents used in the Model 90 had been used in
previ ous VAX systens. Table 1 |lists the najor Mddel 90 conponents and
i ndi cates the source of these conponents.

5 VAXstation 4000 Model 90 Core

The NVAX CPU, the NMC, the NCA, and the backup cache conpose the core of
the system nodule. This core architecture was taken directly fromthe VAX
4000 Model 500 system This architecture was chosen because it woul d neet
our performance goals; it provided sinple interfaces to our nenory, |1/Q
and graphi cs subsystens; and because the design was conpl eted and stabl e.
The NVAX CPU is a fully custom conpl enentary netal - oxi de sem conduct or
(CMOS) CPU fabricated in Digital's 0.75-m croneter CMOS-4 process. The

NCA and NMC are also fully custom CMOS chi ps, but are fabricated using
Digital's 1.0-microneter CMOS-3 process. The three custom chi ps comuni cate
with each other over a 64-bit bidirectional bus naned the NDAL

The NVAX CPU contains a 2KB virtual instruction cache, an 8KB wite-

t hrough instruction/data primary cache, and, on the Mddel 90, interfaces
to a 256KB write-back instruction/data secondary cache. It contains an
on-chip floating-point unit and branch prediction |ogic. The NVAX CPU

pi pelines instruction execution at the macroinstruction |level as well as
the traditional mcroinstruction |evel.

The NCA provides direct nmenory access (DMA) and programred |1/0O (Pl O
support between the 64-bit NDAL bus and two 32-bit bidirectional CDAL buses
named CP1 and CP2. In the Mbdel 90 system these buses run at an 80-ns
cycle time and interface to all the graphics and I/O devices in the system
The NCA al so contains the VAX standard interval tinmer register as well as
many of the 1/O control and status registers.

The NMC services NDAL nenory requests using a 64-bit dynam ¢ random
access nenory (DRAM bus called the NM, which is protected with an
error correction code. The NMC, as configured in the Mbdel 90, supports
up to 128MB of nmin nmenmory. It also supports a directory-based broadcast
coherence protocol to maintain coherency between the wite-back cache of
the NVAX CPU and the system s DMA devi ces.

6 Menory Subsystem
The nmenory subsystem of the Model 90 is based on the design of the VAX 4000

Model 500 system |In the nmenory subsystem the NMC handl es all NDAL nenory
references by transferring themover the 64-bit NM. The NMC supports



data transfer rates up to 58.5MB per second over the NM when used with
a 74.4-vHz NVAX CPU. Menory is configured in sets; each set contains
two banks of interleaved 64-bit wi de nenory. External nultiplexers and
transceivers are required to performinterleaving. The NMC provi des npst
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of the nenory control signals, and only sinple bank selection logic is
required externally.

The Mbdel 90 nmenory subsystem i npl enents two sets of menmory using the sane
36-bit wide SIMVs that are used in the Mbdel 60 system Four SI M are
required for each set. By using either the 4MB or 16MB SI MMs, the Mbdel 90
al l ows nenory configuration sizes of 16MB, 32MB, 64MB, 80MB, or 128MB.

Due to nodul e space constraints and cost concerns, we investigated
alternatives to the four GW nenory data path chi ps used on the VAX 4000
Model 500 menory nodul es. We determ ned that two | owcost gate arrays
designed for the VAXstation VLC could be used instead. These gate arrays
provi ded the sane nultiplexer and transceiver functions found in the GW
chi ps. Because the NM on the Mddel 90 consists of only two | oads, the

hi gh-drive capability of the GWX chi ps was not required. W used a sinple
PAL to decode the bank selection signhals fromthe NMC and to generate the
control signals required for the gate arrays.

Because the Model 90 design uses the NMC, we received an additional benefit
of having error correction code protection at no additional cost to the
system The NMC inplenments a single-bit error correct, double-bit error
detect code (SEC/ DED) across every 64-bit word of nmenory data. The eight
bits of error correction code replaced the eight bits of parity used on the
Mbdel 60.

7 110 Subsystem

G ven that the Mddel 90 system was an upgrade to the Mdel 60, a

requi renent of the 1/0O subsystem design was to provide support for all 1/0
devi ces/ options found on the Mdel 60. The Mbdel 60 |/ O design consisted of
an interface to a 16-bit bus known as the EDAL where nopst of the systeml1/O
devi ces resided. The Moddel 60 al so supported a TURBCchannel adapter that
connected to a 32-bit CDAL bus.

The main task of the Mddel 90 1/0O subsystem design was to provide an
interface between the two 32-bit CP buses provided by the NCA and the 16-
bit EDAL bus and the 32-bit TURBOchannel adapter option offered on the
Model 60. The design work necessary included a small PAL design for the
TURBCchannel interface on the CP2 bus and the design of two progranmabl e
gate arrays for the interface between the 32-bit CPl bus and the 16-bit
EDAL. The followi ng list describes the Mddel 90 1/0O devices and options and
expl ai ns why each was chosen.

o Ethernet-The Mbdel 90 Ethernet interface is inplemented with the second-
generation Ethernet controller (SGEC), which provides an Ethernet
connection through a ThinWre or thick-wire cable, selectable by a
switch on the rear of the system box. The SGEC, which connects to



the CP1 bus and was used on the VAX 4000 Model 500 system facilitates
scatter/gather mapping and dual internal FIFO buffering. W chose the
VAX 4000 Model 500 design to inplenment an Ethernet controller because it
requi red no new | ogi ¢ design.
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o Small Conputer System Interface-The SCSI bus interface is inplenmented
usi ng the NCR 53C94 SCSI controller chip that was used on the Mde
60.[ 4] The NCR 53C94 device connects to the EDAL bus and perforns DMA
operations to and frommain nenory in concert with the two programmabl e
gate arrays known as the CEAC and SQW. DMA virtual -to-physical address
translation is performed by the SQAF chip based on 8,192 mappi ng
registers inplenented in external static RAMs.

o Serial Lines-The DC7085 quad universal asynchronous receiver/transmtter
(UART) chip was chosen to provide the Model 90 with four serial |ines
for the keyboard, nouse, nmobdem and printer/console ports. The DC7085
provi des a 64-entry FIFO queue that is shared by all four receive lines
and is inplemented in a small external SRAM

o Sound-The Model 90 sound functionality is inplenmented using the AVMD
79C30 sound chip just as it was in the Mbdel 60. The progranmed |/O
interface to this device allows both record and pl ayback functions
through a jack on the front panel, and provides voice-quality sound.

0 TURBGCchannel - The Mbdel 90 provides a single slot into which any
TURBOchannel option that is supported by the VMS operating system may
be installed. On the Model 60, the TURBOchannel adapter was designed
to interface to a CDAL that was not a conplete inplenentation of
t he general - purpose CDAL bus. For the new design, a small amunt of
interface | ogic was necessary to adapt the TURBOchannel option to the
CP2 bus.

o Synchronous Communi cati ons Option-The Mbdel 90 supports the sane
nmul ti pl e protocol comruni cations option that is offered by the Mde
60. This interface was i nplenented on the EDAL bus and all ows use of
synchronous wi de-area network communi cation through protocols such as
hi gh-1evel data link control (HDLC) and synchronous data |ink contro
(SDLCO) .

0 M scell aneous EDAL Devi ces-The other devices and registers on the Mde
90 16-bit EDAL are a 16-bit system configuration register, an 8-bit
light-emtting diode register, an Ethernet identification ROM and a
wat ch chip. Al of these devices also existed on the Mddel 60 EDAL bus
and were accessed in a simlar manner

CEAC and SQWF Chi p Designs

One of the mmjor pieces of design work required for the Model 90 1/0O
subsystemwas to interface the 32-bit CP1 bus to all the I/O devices

that reside on the 16-bit EDAL bus. This interface was partitioned into
two tightly coupled designs called the CEAC and SQAF. The CEAC chip is
primarily responsible for handling control of I/Oregister read and wite



requests fromthe NCA to the various devices on the EDAL. The SQAF chip
handl es DVA transfers and buffering of data between the SCSI controller
chip and the NCA.
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The CEAC chip, which was first inplemented in a Xilinx 3090 FPGA and | ater
converted to a conventional gate array, is a 3,400-gate design and uses
119 1/ 0O pins of a 160-pin plastic quad flat package (PQFP). It perforns the
CP1 bus arbitration between the SQAF for SCSI DMA, the SGEC for Ethernet
DVA traffic, and the NCA for 1/0O register access. The CEAC responds to NCA
I/ O accesses that are directed at internal CEAC/ SQAF registers and EDAL
device registers. Its slave sequencer controls read, wite, and chip-sel ect
signals that control EDAL devices. The CEAC has CPl1 and EDAL rmrul ti pl exing

| ogi ¢ which selects between addresses and data and is controlled by the

sl ave sequencer. The CEAC chip contains an interrupt controller which
consists of interrupt request and nask registers, priority decoding |ogic,
and interrupt vector generation logic. The CEAC al so has a master sequencer
that supports the SQW during transfers of DMA data on the CP1 bus.

The SQWF chip, which was first inplenmented in a Xilinx 4005 FPGA and | ater
converted to a conventional gate array, is a 3,900-gate design and uses
110 1/ O pins of a 160-pin PQFP. The SQAF responds to requests fromthe

NCR 53C94 SCSI controller chip to do DMA transfers. During SCSI DVA,

the SQWF chip helps to optimze utilization of the CP1l/NDAL/ NM buses by
buffering up to eight bytes of data in either direction. The SQAF perfornms
byte swapping to nap the NCR 53C94's 16-bit transfers to arbitrary nain
menory byte boundaries. The SQAF contains a 22-bit main menory address byte
counter and a direction bit which are accessible as registers in |I/O space.
The SQWF chip also performs DVA virtual -to-physical address translation by
referencing an 8, 192-page address map store based in external SRAM

8 Graphics Subsystem

One of the keys to producing a workstation around the VAX 4000 Mode

500 core was the ability to integrate graphics support into the system
successfully. In addition, maintaining the high |evel of graphics
performance found in the Model 60 was viewed as an inportant goal. The
Model 60 offered three very good graphics options. The Mdel 60 | ow- cost
graphics (LCG option features an inexpensive frane buffer nodul e and

t wo- di nensi onal graphics acceleration logic contained within a |large gate
array on the system nodul e. The other Model 60 graphics options, SPXg and
SPXgt, are three-di mensi onal graphics accelerators. The SPXg is an 8-pl ane
option, and the SPXgt is a 24-plane option. The three-di mensi onal graphics
options sinply replace the LCG frane buffer in the Mbdel 60. W realized
that the Model 90 system had to support a high-performance, entry-Ievel,

t wo- di nensi onal graphics option and the three-di mensi onal SPXg and SPXgt
options. The first major task in the design of the Mbdel 90 was defining
the entry-1level graphics option.
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LCSPX Graphics Option

Fromthe start of the Mbdel 90 project, we knew we could not support LCG.
The LCG control logic on the Mbdel 60 was enbedded within a very large gate
array that also served as a nenory and |/ O controller. This part was not
conpatible with our core architecture. Redesigning the Model 60 LCG | ogic
to fit our system would have been a mmjor design task requiring a mdsize
gate array. This was well|l beyond our engi neering schedul e and resources.

To find a graphics option that would provide the desired performance and
have a | ow hardware and software devel opnent cost, we nmet with a nunber of
graphi cs hardware and software engi neers. We found that a new X term nal,

t he VXT 2000, was being devel oped with graphics based on a cost-reduced
version of the SPX graphics nmodule originally used in the VAXstation

3100 system This nodule was close to the Model 60 LCG in both cost and
performance. In addition, it was designed to interface directly to a CDAL
bus and was software conpatible with the VAXstation 3100 SPX. As a result,
the nmodul e could interface directly to our CP2 bus with a m ninmal nunber of
changes to its supporting software.

To use the VXT 2000 SPX nodule in the Mdel 90, we needed to lay out the
nodul e again to fit the physical constraints of our system This new nodul e
was nanmed LCSPX (|l ow cost SPX). No | ogic design work was required on the
LCSPX or on the system nodule to support it. A connector on the CP2 bus
provi des the interface to the LCSPX nodul e.

Al t hough the performance of the VXT 2000 SPX nodul e was close to that of
the LCG on the Mddel 60, we wanted to extract as much perfornmance out of
the LCSPX nodul e as possible. To inprove the performance of the LCSPX, we

i ncreased the clock speed of the nodule. A speed analysis of the nodul e was
performed to determ ne how much margin existed in the design. The origina
VXT 2000 SPX nodule ran at 20 MHz, and we determ ned that by upgrading a
nunber of conponents, the LCSPX could run at 25 MHz. As a result of this 25
percent increase in speed, the performance of the LCSPX nodul e exceeds the
performance of the Model 60 LCG for al nbst all operations.

SPXg and SPXgt Graphics Options

On the Model 60, the SPXg and SPXgt graphics options plug into the LCG
frame buffer port, and a subset of the LCG control |ogic provides access

to these options. To support SPXg and SPXgt on the Model 90, a port that
enul ated the LCG frane buffer port was required. The Mddel 60 supports both
a PO and a DVA interface to the SPXg and SPXgt, but the Model 90 supports
only a PlO interface.

We considered a DVA interface for the Mbdel 90, but discarded the idea for
several reasons. A DMA interface simlar to the Mddel 60, which supports



virtual DMA, requires nmore logic than would fit in the programrmabl e
technol ogi es we were considering for the Model 90. A sinpler DMA interface
woul d not have been conpatible with VM5 graphics system software and

woul d have required a | arge nunber of changes to the software. Finally,

it appeared that processing on the SPXg and SPXgt nodul es, and not data
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bandwi dth, was the linmting factor in performance in the Mddel 60 system
Based on this analysis, a high-speed PIOinterface was built.

The SPXg/ SPXgt interface on the Mddel 90 sinply translates CP2 bus read
and wite commands into frame buffer port transactions. The interface is
pi pelined such that it can keep up with the peak transfer rate of the CP2
bus. We inplenented the majority of SPXg/ SPXgt interface |ogic using two
AMD MACH PALs. One of these |large PALs contains the control sequencer and
generates all CP2, frane buffer port, and data path control signals. The
ot her MACH PAL contains an address decoder and address data path. A few

m scel | aneous nedi um scal e i ntegrati on conponents meke up the remai nder

of the interface. Performance analysis of the SPXg and SPXgt nodul es shows
that performance on the Model 90 is virtually the sane as on the Mdel 60.

9 Physical Design

The physical design of the Mbdel 90 system board presented many chal | enges.
Bei ng a nmodul e upgrade fromthe Mdel 60, the Mddel 90 used a system board
that had many fixed-position obstacles for placenent and routing, such as
connectors and stand-off post holes. In addition to the seven connectors
and the single switch along the back of the unit, seven nobre connectors
scattered about the nodule had to retain their positions. Also, the Mde
90 had to fit eight SIMM in the same area that the Mdel 60 had six SI Mvs.
Furt hernore, progranmabl e technol ogi es generally provide |ogic of |ess
density than conventional gate arrays, and therefore require nore nodul e
space. To neet these challenges, we elinm nated on-board main nmenory (8MVB
were present on the Mddel 60) and reduced the size of the secondary cache
fromthe originally planned 512KB to 256KB

The Mbdel 90 system board neasures 16 inches by 10.5 inches, and has

8 layers of etch, approximately 100 surface-nmunt and through-hol e
conponents, 23 connectors, 5 oscillators, and over 300 discrete resistors
and capacitors. Al conponents are mounted on a single side. Figure 2 shows
the Mbdel 90 system nodul e.

10 Model 90 Breadboard System

Qur logic verification strategy depended on building a breadboard early
in the design cycle. This breadboard all owed qui cker and nore accurate
har dware verification than |logic simulation. In addition, the breadboard
al | oned debuggi ng of console and VMS software earlier than a conventiona
pr ot ot ype.

The breadboard system was based on a VAX 4000 Mddel 500. Logically, the
breadboard sinply extended the CP1 and CP2 buses of a VAX 4000 Mbdel 500
systemto include the conplete I/O and graphics subsystens of the Mde
90. The Model 90 breadboard was an eight-1layer etch nodul e and i ncl uded



all the devices on the Mbdel 90 CP1l, CP2, and EDAL buses. The breadboard
system used a VAX 4000 Mbdel 500 test backplane that all owed conplete
physi cal access to both sides of the VAX 4000 Model 500 CPU nodule. A
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socket with pins that extended 1 inch through the back of the nodul e was
used on the NCA chip of the VAX 4000 Model 500 CPU nmodul e. The breadboard,
whi ch contained the holes for the NCA, was then attached to the VAX 4000
Model 500 CPU nodul e by soldering it to the extended socket pins. CP bus
clocks were not directly routed to the breadboard logic. To control clock
skew, a phase |ock |loop (PLL) was used on the breadboard to regenerate the
CP bus clocks. Wth this configuration, the breadboard system was able to
run at full speed.

Once the breadboard system was assenbl ed, we were able to execute console
commands after a qui ck debugging of the system At this tinme, very little
of the breadboard | ogi c was bei ng used because the consol e program was
usi ng the VAX 4000 Model 500 1/0O devices and not the Model 90 devices.

The hardware team began debuggi ng the breadboard | ogic piece by piece.
Debuggi ng was qui ck because a conpletely functional console and |/ O system
al ready existed. Sinple functions, such as register reads and wites, were
debugged using the consol e exani ne and deposit conmands. More conpl ex
functions, such as reading and witing to an SCSI disk, were tested by
writing test prograns i n VAX MACRO, downl oading theminto nenory, and
executing them using the console.

After sone of the mmjor pieces of functionality were verified by the

har dwar e group, nenbers of the VMS group began to use the breadboard. A
nodi fi ed version of the VMS operating system was used to debug VMS device
drivers. Drivers for the serial |ines, LCSPX, SPXg, SPXgt, and the SCS

port were debugged. In addition to software debugging, this effort provided
the software to perform extended verification. The hardware group was

able to use graphics test packages running under DECw ndows software,

di sk exercisers, system exercisers, and other tools supported by the VMsS
operating system This provided a verification environment we could never
achieve with traditional sinmulation nethods.

At this point, we were still using the VAX 4000 Model 500 console. The
breadboard was then used to debug the Model 90 consol e code. W disabl ed
the system support chip, which controls nmuch of the consol e support
hardware in the VAX 4000 Model 500, and began using the Mddel 90 console
support hardware. A base console that included mniml power-up self-test,
basi ¢ command support, and SCSI boot support was debugged by the Mdel 90
console team Once the console was functional, the VMS group returned and
debugged boot support for the Mddel 90 using the breadboard. When this was
finished, the software was conpl etely debugged and ready to be | oaded onto
the first Mddel 90 prototype.

As soon as we assenbled the first Mddel 90 prototype system we realized
the benefits of all the work perforned using the breadboard system During
the first day of debugging, we ran the console program and booted the

VMS systemwith nminimal effort. We also ran DECwW ndows software using the



LCSPX and the SPXg and SPXgt graphics options. This quick debuggi ng all owed
additi onal prototype systens to be built imediately and shipped to various
devel opnent and verification groups throughout the conpany.
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11 Performance

The VAXstation 4000 Model 90 represents the fastest VAX workstation ever
produced. Its CPU performance surpasses previous VAX workstations and

is conparable to Digital's RISC-based workstations. By utilizing the
NVAX CPU chi p, the Model 90 achieves 2.7 tinmes the perfornmance of the
Model 60 when neasured agai nst the SPECmark benchmarks.[6] Table 2 gives
the CPU performance of the VAXstation Mddel 90 conpared to other Digita
wor kst at i ons.

NOTE

*SPECmark is a quantitative measurenent of performance, determ ned by
running a suite of ten benchmark prograns.

LCSPX is the entry-level, two-dinensional graphics option offered on the
Model 90. The performance of this option is better than the LCG option
of fered on the Mddel 60 for npst graphics operations. Table 3 conpares
the LCSPX graphics performance to Digital workstations using standard

t wo- di nensi onal metrics.

Note: *GPCrmark is a quantitative nmeasurenent of performance, determ ned by
dividing a normalizing constant by the elapsed tine, in seconds, required
to performthe test.

SPXg and SPXgt are high-performance, three-di nensional graphics

accel erators offered on both the Mbdel 60 and the Mddel 90. Table 4
conpares the three-di mensi onal graphics performance of several of Digital's
wor kst ati ons using standard three-di nensional netrics. In addition, Table 5
gi ves three-di mensi onal perfornmance using the picture-level benchmark (PLB)
Ssui te.

12  Summary

The NVAX CPU chip provides the high performance that nmekes the VAXstation
4000 Model 90 conpetitive in today's market. The desi gn nethodol ogy used
during the project allowed us to develop and ship the Mddel 90 quickly and
to provide a sinple upgrade path for existing VAXstation custoners.
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