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TO!? BILL DEMMER DATE: SAT 27 JUN 1981
DON MCINNIS FROM: GORDON BELL

cc?: SAM FULLER DEPT: ENG STAFF

EXT: 223-2236

LOC/MAIL STOP: ML12-1/A51

SUBJECT: NAUTILUS: WHY NOT USE MCA’S AND IMFLEMENT COMET

In looking a3t the go03l for Nautilusy it would seem like one
of the kew candidates would be to make 3 Comet (in terms
of microcode) and redister structure usindg MCA‘s and runnning

the machine say 5-6 times fastery diving us 3 machine with
about the same size zand cost a3s comety which is what I had

teen led to believe is the tardet.

It is becoming clear that this is another alternative
that we should look 3t euite seriously. Sam’s ECL machine
maw be fast time to markety but it will be very exrensive.

A comet made with mca’s should easily be doable in
2 uwears and would be rrobably as fast as the ecl 780, but
much chearer.,

Given that Bob is tied up for awhile on Venuss what about a
really hard look at this?

As an zlternatives I have heard that the Jaranese have

turned around some desidgns like this in the 6-9 months
timeframe. We might consider having them build a fast

machine using their dgate arrays. We have a auote from TEAC
that dgets us drives to our electronic srecs in 3 months! (and

sroduct in 4 months from mmanufacturing)

183112 EST
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TO! Gordon Eell ML12-1/A51 DATE: 15 Mzw\1981 4gﬁ Culus

0i4: Brizsnm CXoxor

EFT: VAX Harddhsre' Ens, @&QQA
oot Distribution XT3 247-2416

L OC/MAIL STOH: TWXCO0A

SUBJY GESTATION:= uears
for MNAUTILUS: = Scorriod = 1 ster 1 unftil comrlete do.

I will arranse 2 meeting to start & rrgecess that maximizes ou
learningy vie = vie CAD tooler Jerens Stamdprds Comets Vernusr: Scorgio
atc. In reviewing zll of the sdvanced VUAX prodgrome it is very
aeparent that without the collective rooling of CAD develormeontos we
canmot make it in five (5) wezrs let slone fget it done in three (3 +
T would like to rush for come veru strong fommittmentos in
collectively rooling the CAD recuirementss| ond schieving s clear
mierarchial errroschs highly structured fifom the toir custem levels
ciowrn to the chir/ circuit level, f’f

At the firet meeting I would like tof develor & small but fullwe
committed teams that cuickly develore & dleer ricture of our neEedss 9007'
resolve what hac been donmes and what we peed to act on immodiatele too @H
get off the dime.

If I have lcft anubody outs or om unawWare of what mew alrecady be
#0ing ons rlease lct me krnow, We don’t heve $ oy time to rercat

srhuthing.

Ci;éiz
BC/ 1w '
Attzchment: Gordon Bell EMS Mouw 1A(MzulLilust The Next Ster)
ODistribution: Bill lcocmmer TW/D19

Eill Strechker TW/EQD

Sam Fuller ML3-5/HI3

Steve Teicher Hi.i-1

George Hoff MRl1-2/847

Rowy Rezac MR1-2/E18
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TO: ULF FAGERQUIST

cc: see "CC" DISTRIBUTION
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TO: Ulf Fagerquist

cc: George Hoff
Gordon Bell
Steve Rothman
Bill Demmer
Don McInnis

DATE: THU 21 MAY 1981 8:57 EST
FROM: BRIAN CROXON
DEPT: VAX HRDWR ENG'G
EXT: 247-2416
LOC/MAIL STOP: TwW/COH4
BC/4.59

interoffice memorandum

DATE: 21 May 1981

FROM: Brian Croxon
DEPT: VAX Hardware Eng.
EXT: 247-2416
LOC/MAIL STOP: TW/CO4

SUBJ: Reply to Gordon Bell's Memo- "Understanding Comet to help Venus
& Nautilus™"

We are very willing to start getting together as soon as possible

in sharing our experiences relative to Comet.

I would also like to

include the Nautilus/Scorpio Systems people as they have some critical
needs in the CAD space as well. Will you set the time and place?

BC/1p
ncc" DISTRIBUTION:

*GORDON BELL BILL DEMMER

DON MCINNIS

STEVE ROTHMAN

GEORGE HOFF
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TO: Gordon Bell DATE: 20 May 1981
. FROM: Steve Jenkins _< '
CC: Brian Croxon DEPT: Adv. VAX Systems \BEng.
Bill Demmer EXT: 247-2395
Don McInnis LOC/MAILSTOP: TW/C04

Jeff Mitchell
Bob Stewart
Bill Strecker

SUBJECT: YOUR EMS OF 14 MAY (NAUTILUS: THE NEXT STEP)

I absolutely agree with you about defining a design methodology

that is appropriate for the complexity of the program. We did not
intend to give you the impression that we didn't recognize the problem

or that we were going to design-this system in a similar way that we
did the 11788 or 117580.

We will be putting together in the next month a Nautilus CAD
strategy that will include at least three alternatives: 1) Semi-soft
simulator (a hardware accelerator for CAD SIMULATION), 2) DECSIM, and
3) Industry available tools. I hope to review this with you at the

end of June.

I have set up a meeting with Dickhut and Supnik in order that we
may share our thoughts on techniques for structured designs and system
simulations. I already have an ongoing rapport with the VENUS and

COMET design teams to learn from their experiences. In addition I
will try to schedule meetings with Tom Williams (S1) who I understand

will be visiting Sam Fuller soon and with Rezac.
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TO: BRIAN CROXOHN DATE: THU 14 MAY 1981 63151 EST
DON MCINNIS FROM: CGORDON BELL

ce! see "CC* DISTRIBUTION DEFT! ERG STAFF

EXT: 223-2236
LOC/MAIL STOF: ML12-1/A01

SUBJECTS NAUTILUS: THE NEXT STEF

Let’s set =about zsar to det the meximum learning from Venuss
Rezxaec via the Jaranese exreriencer Stanford 81 et zlrs and Comet
vis 2 vis the CAD tools. The eresentetion arnd arrroach was
now in retrosrect cleasrluy out of the darlk adges, I boelieve

the VLSI folks wunder the sronsorshir of their managers are
sronding monew in the right areas to dget oul of the

mlzck hole of comelexituy that the technology ic sllowing

us to enter. No waus do I believe we will be sble to comrlete
the Nautlilus desidgns dgiven the emshacic of the desidgn teams
and the status of the design tools. Surnick is rrobably the
hest orne to start teaching this intermnelle st this times

and rerhars Ron Melanson.

The arrrozach has to be det the tools snd discirline NOWs
while the technolodgy is being looked sts and then start
the design using the tools. This maw delasu

the desidgn start bw 3 weare bt I7d exrect the

outrut a2t least two wesrs earlier then with the areroach
talen.

Thereforey 17d like to see the sddition of come VERY stronsg
sustem rrogrammery right now who’ll be rart of

the main team to carrw owut this functiony sind keer the
design tor down and structured.

I think we zre 211 tired of getting into these rrodects and
finding that the bookkeering comrlexitye and detaile

of non-connected rartsy ete are killing us. Comet: Venus woroe
moth this wavr and Fonz ended wur this wau, NOW is the time to
Change! We have to head for the 2 uvesr eroduct cucles thoere
is nothing storping thiss rrovided wou have the ridght tools!

Let’s have 3 session after uvou heve the rerveon and
Wwhen wou’re readwe to set the gosls asbout how the design will boe
dorne,

I’d 2lso like to inlerasct while wvou’re gropring with this
#roblem too. I hore we con get todgethor verw shortlu,

While it’s too early to tell the resultsy Scorerio io boins
designed in this fashion., There maw be the best slace to start
using Surnilk 8 2 suide.




This is not an ortionzl srogram. No reforms no decign,. Am ¢ ™
tired of seeing decigners dicarrezsring into 2 black hole

onle to rearrear iT thow dosr verw tired: old and dSreg.
There aren’t that maznye dood ones sround to enter the holes.,

‘ CCET DISTRIBUTIONS

BILL DEMMER 8AM FULLER ROY REZAC
EILL STRECKER STEVE TEICHER
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TO: BRIAN CROXON DATE: THU 14 MAY 1981
DON MCINNIS FROM: GORDON BELL
cc: see "CC" DISTRIBUTION DEPT: ENG STAFF

EXT: 223-2236
LOC/MAIL STOP: ML12-1/A

SUBJECT: NAUTILUS: THE NEXT STEP

Let's set about asap to get the maximum learning from Venus,
Rezac via the Japanese experience, Stanford S1 et al, and Comet
vis a vis the CAD tools. The presentation and approach was
now in retrospect clearly out of the dark ages. I believe

the VLSI folks under the sponsorship of their managers are
spending money in the right areas to get out of the

black hole of complexity that the technology is allowing

us to enter. No way, do I believe we will be able to complete
the Nautlilus design, given the emphasis of the design team,
and the status of the design tools. Supnick is probably the
best one to start teaching this internally at this time,

and perhaps Ron Melanson.

The approach has to be get the tools and discipline NOW,
while the technology is being looked at, and then start
the design using the tools. This may delay

the design start by a year, but I'd expect the

output at least two years earlier than with the approach
taken.

Therefore, I'd like to see the addition of some VERY strong
system programmer, right now who'll be part of

the main team to carry out this function, and keep the
design top down and structured.

I think we are all tired of getting into these projects and
finding that the bookkeeping complexity and details

of non-connected parts, etc are killing us. Comet, Venus were
both this way, and Fonz ended up this way. NOW is the time to
Change! We have to head for the 2 year product cycle, there
is nothing stopping this, provided you have the right tools!

Let's have a session after you have the person and
when you're ready to set the goals about how the design will be

done.

I'd also like to interact while you're gropping with this
problem too. I hope we can get together very shortly.

While it's too early to tell the results, Scorpio is being
designed in this fashion. There may be the best place to start

using Supnik as a guide.

This is not an optional program. No reform, no design. Am

6:51 EST

51



tﬁﬁedﬁof seeing designers disappearing into a black hole
only to reappear if they do, very tired, old and grey.
There aren't that many good ones around to enter the holes.

"CC" DISTRIBUTION:

BILL DEMMER SAM FULLER ROY REZAC
BILL STRECKER STEVE TEICHER
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TO: Gordon Bell DATE: 21 May 1981
FROM: Steve Jenkins

CC: Frgnk Bomba DEPT: Adv. VAX Systems ‘£ng.

Brian Croxon EXT: 247-2395

Bruce Delagi sy LOC/MAILSTOP: TW/C@4

Bill Demmer
Sam Fuller
Don McInnis
Steve Rothman
Bob Stewart
Bill Strecker
Pat White

SUBJECT: IEEE P896 BACKPLANE BUS

The IEEE P896 BI looks like an extremely attractive bus structure
for low end systems. It certainly goes much further than the IEEE 796
(Multibus) did in meeting the requirements of systems in the 8@'s. 1In
fact, it has reconfirmed my belief that DEC's BI has the approprlate
functlonallty for future systems since the P894 design group is
proposing essentially a similar structure.

A comparison of the P896 vs. BI data transfer characteristics
follows:

P896 BI
Data Path 32 bits 32 bits
(multiplexed address/data) (multiplexed address/data
Transfer Type Asynchronous Syncronous
No. of Signals 66 NN S L LI - = I "
Transfer Size 4, 8 bytes 4, 8, 16 bytes
No. of Drops 32 16
Length 19.6 in. (plus cable at 24 in. plus
reduced performance) 3 ft. cable
Data Integrity ECC, Command/Data Parity, Command/
confirmation Data confirmation
Maintainability Jumper Address No. Jumpers on
Selection? Module.
No Master Bus Master ID
Identification. on bus. .
Error logging Error logging easy
difficult. with synchronous bus.
Performance 1/2 B1? Up to 13 MB/sec.
Cost Multiple VLSI Single VLSI chip.
chips?




' The P896 Interrupt/Multiprocessing mechanisms are very
51m%1ar to the BI except they are implemented using a 2 wire
serial line appendage to the bus. Like the BI the P896 has
processor to processor directed interrupts, broadcast mechanisms,

and capabilities of assigning resources to a processor or set of
processors.

Conclusions:

The P896 offers no better performance/functionality than the
BI.

The P896 is about 1.5 years behind the BI in iths
specification and probably has a slower design gestation period
due to the politics of creating an industry standard.

The P896 will probably cost more than the BI. This is hard
to access (i.e. I may be wrong) since the cost of multiple higher
volume components may be less than a single medium volume

component.

The P896 as an industry standard will cause a rich set of
highly functional, cost effective devices to be available.

. Recommendation:

Based on the fact that the BI is a more suitable structure
for the broad range of system requirements (SCORPIO, NAUTILUS,
SATURN) in the dimensions of cost, performance, and functionality
and the fact that DEC will have an LSI interface to the BI.
available significantly sooner then P896 LSI interfaces, I
recommend that we continue to develop the BI for our next
generation of VAX systems. In addition, I feel that an industry
standard bus for the backbone of our VAX systems would be a bad
business decision in that it opens us up to all sorts of add-on
business. Licensing the BI will allow us to control who designs
devices to our system in such a closely coupled manner.

Request:

The advanced Scorpio program is critically dependent on the
BI (cost & schedule); Nautilus needs the performance &
functionality of the BI; Development resources are not available
for multiple bus type adaptor projects; significant investment
will be made in Fy82 for the BI.

I need clear direction from you as to whether or not we
should commit the BI to our next generation of VAX systems. If
committed, I need your support to keep the necessary forward
momentum going over the next two years to achieve my stated goals

and deliverables.
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oy Status Repot on the -
we P896 Backplane Bus
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Andrew A. Allison
Chairman, P896 Subcommirttee

IEEE Computer Society chrog”occssor Sjm:rds Committee

\vﬁlm{’/uf's lmd‘ NOF@I;)&,LJ\

Thisreporton the activities of the P896 (Advanced Mi-
crocomputer System Backplane Bus) Subcommittee of
the Computer Society's Microprocessor Standards Com-
mittee describes the origins of the subcommittee and the
status of the proposed specification as of its December 11,
1980 meeting. It must be emphasized thai, while repre-
senting the fruits of many months of effort on the part of
2joint US/European working group, the specification is...
incomplete and subjcct 1o significant change. This draft
provides @ preview of the general form "of the functional
cpecification and is intended to elicit 1echnical response
and 10 solicit participation in the work of the subcommit-
tee. It is based on the working document jor the P896
workshop held at the National Bureau of Standards facili-
1y in Boulder, Colorado on January 19-21, 1981. A sum-
mary of the results of that meeting is planned for the nexl

EEM y
issue of IEEE Micro. (__— vad Kwr

A subcommitiee on microprocessor standards was set
up by the IEEE Computer Society in August, 1977. Bythe
middle of 1978, the committee's efforts toward develop-
ing standard specifications for the S-100 (P696) and Mul-
tibus® (P796) buses hzd made clear the need 10 consider
future system bus requirements before the emergence of
vet znother gencration of de facto but incompletely speci-
fied and incompatible buses.

The working group set up to consider this need con-’’

cluded that the buses then being specified by the Micro-
ptocessor Standards Commitiee could not be extendedto
satis{y the requirements anticipated for future micropro-
cessor-tased systems. Three major categories of bus—
backpizae, local network, and residential—were iden-
tified. A backplane bus subcommmcc was sﬁct_pg_x_p June,
19797 —and Project Authorization Request Number PS96
was approved by the IEEE Standards Board in September

*\ultibus is a registered trademark of Intel Corporation.

February 1981

of the same year. EDISG—lhe European Distributed In-
telligence Study Group—set up & subgroup in May 1980
to interact with the IEEE work. EDISG is one of the

working groups supported by the Commission of Europe- .
- an Communities for promoting standardization in the

field of data processing.

P896 is intended 10 be a manufacturer- and processor-
independent bus offering . 32-bxt multiplexed address and
data paths, while also supporting 16- and 8-bit data paths.
}‘ully handshaked bus transfers are expected 10 be sup-
ported, and distributed. bus arbitration provndcs for at
least 32 bus mwMﬁxmpcrauon 1s facilitated by
the provision of a_gerial interprocessor link that also in-
corporates ir;gg;;rum arbitratign, Recommendations will -
be given for operating system compatibility. IEC itan-
dard mechanical specifications are proposed for
modules, backplanes, and racks. In recognition of the
high overall system cost associated with each signal path,
every effort is being made to reduce pin count.

Bus timing and control are specified in such a way asto
facilitate increased performance as interface technology
permits, with an initial ‘maximum ¢lock rate ip excess of
10MHz. If electrical and mechanicalinterface constraints
are |gnbred the upper limit on clock frequency is an-
ticipated 10 be governed by four end-to-end bus propaga-
tion delays plus a limited number of gate delays.

Information on the status of the P896 activity may be

obtained from:

Andrew Allison, Chairman ¥
P896 Working Group

27360 Natoma Road

Los Altos Hills, CA 94022

or

Prof J.-D. Nicoud, Vice-Chairman
LAMI-DE-EPFL

Bellerive 16

CH-1007 Lausanne (Swuzcrland)

0272-1732/81/0200-0053300.73 © 1931 IEEE

Jtmm
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TO: JOE CARCHIDI - ' DATE: SAT 2 MAY 1981 15:29 EST ',

*BILL DEMMER .. FROM: GORDON BELL o

SAM FULLER DEPT: ENG STAFF

BILL HEFFNER EXT: 223-2236

BILL JOHNSON LOC/MAIL STOP: ML12-1/A51

SUBJECT: LOW COST VAX'S "

We are having a hell of a problem in getting the 11's down in
cost at the systems level because we are unable to take advantage
of the set of component chips available. The ii is an

attempt at the hardware level to interface these.

There is a similar problem for software busing. These

new peripheral chips are totally different and require

new handlers and a way of interfacing to our operating system
structures, .

We are going to have to bring about some major changes in
the way we cope with this hardware from the semi folks.

Currently, we can't use it. If we don't we are going
to be uncompetitive.

VAX will have the same problem as Lloyd points out.

I want the BI rethought out. I don't see how we can use

it. I would like to use IIndustry Standard

chips and provide an Industry Standard Board level bus
such as the new, emerging 32 bit version of the
Multibus that the IEEE is proposing. No way can we
continue to ignore these standards.

ATTACHED: MEMO;62
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TO: see "TO"™ DISTRIBUTION DATE: FRI 14 AUG 1981

' FROM: GORDON BELL
cc: see "CC" DISTRIBUTION DEPT: ENG STAFF

EXT: . :223=2236
LOC/MAIL STOP: ML12-1/A51

SUBJECT: COMMENT ON NAUTILUS PLAN

The 32-bit program office has to do a better job of measuring
cost/performance of systems. The overall planning targets and
understanding is nil. Price performance is plotted on linear paper,
with no actual rates. What are they?

Although price and performance are ok, the gestation time of 4-5
years is ridiculous! (We must have 26%/year improvement when compared
with either the 780 or 758.) We aren't going to be able to compete
with either Japan, or IBM, nor is it adequate when compared with CDC!

. We peed vectors added to VAX! Note the preponderance of
scientific users. Why can't we add them into the architecture now?
When?

Is there anyway to design a machine that can have a planned
mid-life kick in terms of better gate arrays? The Japanese use
re-implementing machines in different technology to get more out of
their engineering investment.

The TI gate array is really unimpressive and looks like a bitch
(expensive to design) to use for such a powerful machine. The
Japanese may have better parts for higher performance. Shouldn't we
look at them for Nautilus?

Overall, the background work is good, especially the cad and
design thoughts.

I'm scared generally about planning and project control of what
will be a large project (the size in gates of Venus). I don't believe
the project is necessarily complex, but is a result of our designers
trying to build a minimum cost system using marginal component
technology. Why? Would a better way to operate be to state
constraints on board and gate array densities, automatic design of
gate arrays, and CAD? Can that we have a strong process §CAD,
physical implementation including test equipment)? IS this Jeff's
sole role? How does he operate with other TW services? It's early to
operate with Manufactuirng, but given our poor interface and 1-2 years

introduction times, this is a problem too.

"TO" DISTRIBUTION:

AL MCGUIRE DON MCINNIS STEVE JENKINS
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T0: BILL DEMMER DATE! WED 2 DEC 1981 9119 FPM EST
FROM:! GORDON BELL
cel see "CC* DISTRIRBUTION DEFT: ENG STAFF

EXT: 223-2236
LOC/7MAIL STOF:! ML12-1/A51

SUBJECT? RE! NAUTILUS ACCELERATION
I love it and will surrort it.

Would like to review Just how uwou intend to rull it off in
that time framer, if uwou use manwy custom date arraus. Since
I’'m goind awaw for 3 weeks December 20y rlease make sure we
can det todether somehow for 2 few hours and exchange views.
(Mg worries about comrlexity and date arradsy and how 2ou
are doing to det the rroduct out in that time frame.,) It
necessarygy let’s do it over dinner.

Great!

“CC" DISTRIBUTION:

BOR STEWART @TWSK RRIAN CROXON MARY JANE FOREES
S5AM FULLER DON MCINNIS JOHN O’KEEFE
STEVE JENKINS BTWSK RILL STRECKER
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TO! XGORDON BELL DATE? WED 2 DEC 1981 12139 FPM EST
FROM: BILL DEMMER

cct see "CC* DISTRIBUTION DEPT: 32 BIT SYSTEMS
EXT$ 247-2112
LOC/MAIL STOF: TW/D19

SUBJECT: NAUTILUS ACCELERATION

After 3 review of seversl slternatives 1 would conclude the
following is our best choice for the Nautilus rrodram?

- Accelerate Current DDesidn to Shir Q2 FYB8S (3 uears)
2.5 % 780 Ferf @ 750 Cost

- Include MF (or attached srocessor) carasbility at

FCS (to a3llow Nautilus to serve
as Venus backur)

- Requires additional $1.5M devel. exrense in FY83

’ The other maJor alternative discussed was the use of discrete

100K ECL which would wield 3 5 =lus times 780 rerf at 2
substantial cost increase over the 780, While this would keu off
the basic structure of the Nautilus desidgn it would recuire 3

redo of the individuzl functions within the erocessory thus the
time to market cannot be substantially imrroved over the above
recommendation. I would rnot want this arrroasch to be taken bs
the Nautilus drour as it would leave 2 mador dgar in the Mid-rande
of the VAX sroduct line.

‘ o /vdt
1.14

"CC*" DISTRIRUTION?Z

EOE STEWART @TWSK ERIAN CROXON SAM FULLER
DON MCINNIS JOHN O’KEEFE STEVE JENKINS @TUWSK

EILL STRECKER




A Bill Johnym
(Kudor),
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Dicks, 4~
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conception te tre start ¢F
first prototyne, Xev to thi
stitution of functioneal anc
for a preadooari.

STATUS: CCAPANY CONFIDENTUIEL

AL TRORRS Fon Fusik
Steve Jenving
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1.0 OndECTIVES

“ne cureose cf tnis documert is to aescrine "how" the desicn
oCccirs and tne tools availsrhle, Sumsgecuant cocurments will descrirce
the "nouw" getails after sesian corrletien,

Tha gesion orijective sirmply statec is tc create an egnjvalent cnst
VAX 11750 reolecement product at 7 tn 3 times the VAX 11780 perfornance
for customer sveilatility ny rewemesrm—cr—=lllJune,1%%5}, )

2 ftormal desisn methcaoeclocy 1s exiected to oroduce a preaictarole
rrocess and a nhiah cuality product, e orocess descrinmec nitrnin thi
socument strives to estanlish & desicn discirline wnicn is easy to
foilow, defines irportant checkocints, yet coes net opverpuraen tre

’
cesicner with excessive rules anc urncecures, If the nraser paiance
is acheivec tnen an onrtinjzec tire tTc market sncuic rosu;t witn tne
gadjtional upefrornt timne payinc 2:ff with re2ucec number of recesiop

CaSses,
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2,0

DESIGN PROCESS

The processes described pelow a8ll nave & common thenme which permit

& conceot to pe developed until it pecomes too complex to mainmtain
and is then partitioned into lower level corcepts and so fortn, The
lowest level conceot is one whicr can be readily imnlemented by 3
design engineer, At this roint tre pieces are integrated to form tne
whele and, if tne proper sters occurred, the end product should be
of high auality.

The decomposition of the proplem inteo smaller bounded tasks allows
distributed resources to work ir nerellel or the solution, These
distributed resources can eitnher ne engineers or cowputers witn tne
impertant point neing tnat failure of one or & srall nurcer of
resources can pe compensatec for ~ore easilv, However, if the
intecration of the oleces is to 2¢ successful, ftren the Houndarv
conaitions of the cispersec tasks ~ust pe rigicly cefined,

Loajic Desian

The initial phase of the lcoic cesiaorn for the CPU," FPU, and semory
occurs at the concertual level witnout & creat desl of attention
being paid to tne pnysical partitiorinc, At tris coint it 1is
important to acheive &n understandira of the functional overation

of the system and thenp suhsysters,

Cnce this has been acheivec, tnen rp=vsical vartitioring is azone

‘and specific desian tasks Are assicned, Detailesd ivnlementation

occurs and &@s it proagresses, the ~escrictions of tne onysicai
boundaries recome more stable,

when the desian is completed desic~ verificastior tests are
performred or a functionagl simulerter stertinz at t:ie lowest
chvsical unit (fA) and saccessiveiv zuildins cec< Jn to the
complete system, The use of & siTulator as 2 uernuvnginc tool wil)
eliminate tne need of ceonstructir: & treadnoerc crior to
orctotypes, Tne modular apprecacr tc jntearstirc tne gjesjcn
elements shouled allow a smootn arn~ tnerefore sceedy Zehuo cvcle
to occur since most faunlts are corntained . to: @ s~Rrller area-Aan
uncovered in a verv parallel way.

It is important te ncte that »nfil= workina st a&ny of the "ioner
levels 0f desian 1t still receomes necessary t¢r "peex" at the
more seteiled levels to ne a@ple T2 ~agKke realistic estirates

ot timino considerations a2nd desi-n alternatives, Fer instanca,
tne functional cdescripticn of tne execttion ccx ray reguire ‘
prope designing of a slice of tre cata oath leaic in oroer U2
acheive a reasonanle feel anout cvcie ti=e,

A\, rtndule,

In the last stage, pnysical desior cccurs such As G
a resuvlt

R
and Rackplane lavouts. Desian charces wnich occur as
of the physical zesion rrocess are irtegratec baecx |
wnole design in 2 contreolled marner, in example ©f ¢
would be locic cnhnanoes reculreas To ccrtrensate IcCr 1o
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tnan predicted interconnect paths,
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211 Syster Concept_
This portion of the desior concesns itself with wvefining the
overall functionality of the CPUy FPU, and ‘emory; with
credicting cest and performance; “4gr with descritinc the
adaptors and attachments which maxe up the I/0 section of
the system, During this time tne major technologies will

be selected and the desicon theme established,

Accomplishments: PPN S

1. System Specification drafted

2. Desion reauirements for the I/0 system sent to tne
approoriate engineering grotps.

3, Boundary conditions descripea such as RD port, 81, -CI,
NI,etc.

4, System block déiagram and macnjine flow determines,

5, Performance simulation complete,

6, Product Reguirements hot ket justification document drafted,

— - wn e e - e

Tools:

1, Graphics Editor for diagrams.,

2. Text Editor for specificaticns.

3, Performance simulator for f£irst order performance
estimate.

reviews:

1, Internal review of Syster srecification, followed by
Phase 1A review after cleanuc.

2. Internal review of Procuct kecs, .ot et document, followed
py review with croduct lines &n" external Orouds, follovwed
py Phase 12 review,

2s1 el Subsyvstem Ccncept Jesian

The major sectiors of the svstem Ar# sroken apart and assioned

to team leaders for more detailec analysis. Physical cartitioning
constraints are now pecomino clesrcr. Refinements are made tO
estimates of crocuct cost arc merforrzance, ‘on=nnysicel
bourdaries are estarlished such af imrernal recister rit
assicnments, traps and interrugt vectors, etc.

Accomplisnments:

1., Subsystem specificationrs draftes which include complete
functional descriotions such és nits in registers, eguations
for conditicon codes, etcC.

2. Detailec¢ ozlcck dlagrams, ¢lows, ancé timinc ocudgzets done.

3, Ucode contrel word defined.

4, Performance simuletiocns completed,

5, *acro lcgic aesigr lirrary estarlisned,

R
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6. Design rules written,

7. Interconnect catalogue (Net List CREF) establisnad with
the major interconnects witnir and armong the subsyster~
units listed and their cperscteristics described.

Tools:

1. Granhics editor fer diagrars,
2. Text editor for documents, )
3, Performance simulator with impreoved system model.

Reviews:

1. Subsystem specificatiors reviewed internallv, followes py
review #ith external orcups after cleanun.

2.1.3 Physical Partitioning

Partitioning of the functional units is formalized end gesion
tasks are assigned te indivicual implementors witnin the 3esign
teams, Major partitions are Gate srrays, Modules, and EkEackclanes,
The theme hereafter {s to desiagn »ith partitions in minc,

Accomplisnments:

1. Short functional descriptions &#re written for each of tne
GA’s and Mocules,

2. Parts count 1is estimated,

3, Cost analysis is refinecd,

4, The Interconnect Catalcgue is unrdated with the major
interconnects amonag G2’s and ~“cdules listed and their
characteristics descrined,

Tools:

i, Text Editor €for deocuments,
2., Graphics Editcr.

Reviews:

1. Irternal review of G4 ancd rcodule descriction
architect »itn aprlice-le desicr team and ot
leaders.

Jw

2.1 Imelementation

wacro cesigon licrary, Ceartncnent Catslocue, and interconnect
Catalogue are ucaatedé in s controlled manner as tne cesian
orogresses through to completicn, !

Tne desian is accomplisnes usinc =acrec gzate gescrictions for
commonly used functions and custoirlzed Jate conficurations-w"en
caertain optimizations are recuirez, “acro desians v1ill pe cone oy
specific designers for nuse py trhe CPU designers, 'ne twc 1evel
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design concept i{s analagous to prooramming in nigh level language
with specialized rcoutines (for speez or size) done in machine
lancuagqe,

Timing Verification, Loadino Anslvsis, and Testarility tocls are
used during the implementaticn chase to assist enaineers in
asses8sing the design feasability. 211 timino values cof
interconnect delays are estimates rvesed on statistical inference
from test GA layout samples. Fully automatic trial lavouts will
be performed by tne desian enagineers to estarlish layout
feasibility and to more accurately estimate interconnect delavs,

A1l details of tne desiaon are cormolered with more accurate
predictions of performance and ccst estaplisned. Cesign
consistency ameong the secerate teais i{s cnecked via desion
review forums.

Accomplishments:

1, Design prints are completed witr- timing and functional
descrintions updated.

2. Initial timing verification is corpleted.

3. Parts lists are created,

4, Failure rate analysis 1s corpleted,

5., Power consumption calculations &are completed.,

6, Testability of GA’s and Modules is analvseaq.

7. Loading analysis is complete.

Tools:

1. Graohics editor for porints,

2. Text editor for documents,

3., Timino verifier as a design aic.

4, Testablility Analyzer

5, Power and Failure rate calculastior tool used cn
parts lists.

6, Loading Analysis tool.
7. Trial Layout and Interconnect ielay Analvyzer

keviews:

) Internal desiagn reviews/tutorlicéls ére held with the
design teams.

2,1.5 Design Integration/Verification ;

The process of building tocether tne system from tne individual
design pieces begins now, Testing before integration oCCUrS
starting with the individuval Gate Arrays, progressing to the
»odules, then to the Subsystenm, ané finally to the systen
level, Release p. ncedures from stace to stage are cetermined,

Hard generateqd test cases are developed for eacn stage wnicnh

T N S AL S C T I B P o L S S GRS
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2,1.6

cannot be stimulated by firmware or udiagnostics. If applicabple
micro=instructions will he used as the test vehicle at the
subsystem level,

A progressicn of test will be performed at the svstem level,
This will start with udiagnostics to macro level diagnostics,
and then to AXE (Architectural Exercisor) tests to demonstrate
conformance to the VAX ISP, The amount of test cases run will
depend uoon the performance of the simuletor bpeing used and
the computer resources available, '

Accomplishments:

Increased confidence in the design is established.

GA specifications are compiled oy combining existing

functional descrictions with oate level models angd

timing verifier output.

3. Module specifications ere comciled by combining existing
functional descriptions with cate and behavioral models
and timing verifier output,

4.,__Logic and lcode desiQnRs 2re MEIrged, .. . oo qumeromm . e

N)
. .

Tools:

1. Graphics editor for desian changes,

2. Funcrional Simulator working with mixed moade of gates
and behavorial models,

3. Timing Verifier for final analysis usinc estimated
interconnect delays.

4, Testability Analyzer if appllicarle,

5, Power and Failure calculation tocl against £inal parts
lists.

6., Text editor for documents,

xeviews:

1, Formal Desiogn Reviews with external groups.

2. Docurent/file reviews wvith Tl for GA option submission.
s Docunment/file reviews vwith desiun services for 52 coction

and module sutmissions.

Prhysicel Desian

GA’s, Fodules and Backplane etcnpesrds are suomitted for lavout,
Parts are kittec¢ for early crototyres, Locgic orints and Parts lists
are niaced under a revisicr contrcl syster,

Actuyal interconnect timinc values are fed pack te tne design data
pase and used for final timing verification, Changes are made

to correct inconsistencies., Functional simulation is performed

on any design unit which cnanaes, Desiagn unit is defined as
including all physical design segments witnhin interconnect
boundaries which are unaltered as & result of the change,
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Accomplishments:

1, Finael Timing Verification is completed.

2, Logic prints, .-Timing diagrarms, Parts lists, etc, are
updated and formally released,

3, Final hypothesis is made for failure rate,

4. Physical desians are completed,

Tools:

1. GA placement and routing tools.

2, Module placement and routing tools,

3, Layout Editor.

4, Design Rules Checker,

5, 1Interconnect Verifier,

6, Timing verifier,

7. Interconnect Delay Analvzer.

8. Functional Simulator.

9, Loading Analysis Tool.

10, Graphics Editor.

11, Power and Failure Rate calculaticn tool.

12, Test Program Generaticen Tools,

13, Text editor.

Reviews:

1. Internal Readiness review to determine co/no=co

for crototype fabrication,
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2,2

Firmware Design

The early firmware development will support the ideas bpeing
develooed for the System specification for machine organization
and nerformance estimates.

During the Definition phase the work is partitiored into
manageable tasks, The major partitions are kernal code
(i.e.,memory management,traps,interruots,operand specifier
decoding) and instruction srecific code, Coding standards

and macros are defined to estaplish censistency in the desian,

In order to ensure the project as a whecle is procressing on
schedule or to identify as early as oossible any potential
problem areas, there will be a scheduled series of internal
pase level releases., Testing of trese base level releases will
be performed on & hehavioral model of tre machine,

Each base level will involve desi=zn, coding, and testing cycles
by tne individual programmers prior to integration into the laroer

body of code, Code reviews (walktrroughs) will occur Lo ensure _
“conformance to standards, completion of documentation and testing.

Integration of the code modules take place as the final activity
of a base level release., Naming conflicts are identified and
resolved and additional testing occurs usina some hancg generated
test cases, but mainly with AXE generated test cases.

At the completion of the last base level release tne firmware 1is
ready to be integrated witn thre detailed nardware design. Success
at this point will pe determined tv our apility to maintain
tracking between the evoluticn of tne hardware and firnvare via
joint reviews and thorouah socumentation,

.

-

g
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Firmware Design Flow
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2.2.1

System Concept Design

The firmware effort during this prase will be direct support

of the hardware concept development, Kardware/firmware tradeoffs
will be understood and performance oredictions estanlisnhed visa
probe coding of instruction routines,

Accomplishmeﬁts:

i, General firmware flows identified.

2. Initial performance estimates established (i.e.,number .
of cycles).

3, Input to systen specification cemcleted,

Tools:
1, Text Editor for documents,
Reviews:
None, - - b E
Firmware Definition/Partitioning

The definition phase is that in which the design is partitioned
into a series of manageable tasks with standards &and correctness
criteria establisned, Partitioninc 1is at the function and
instruction group level and may pe refered to as code mocules,

Coding standards that embody the concept of vcoding for the
reader" will pe establisnhec ToO ensure that tne firmware 1is
raintainacle by others., ’

Pertormance estimates are refines and an initial cc22 size 1is
postulated., More detail is understcod a8s to inrstructior
processing. A hacro gefinitior file is startec witn a2 control
process for chanoes. Iritial boun-~ery interfaces for irteraction
of the code modules is defined.

Accomplisnments:

i, Firmware specification draftec vhich defines coding stannards,
tield definitions, Macro defiriticons, corde nodule furctional
descriptions, and testinc criteriza,

, Firmware control worc cefinen,

., Global code flows estaclishes.

w N

Tcols:?:

1, Text Editor.
2, Micro=Assemoler

Reviews?:
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2¢2.3

1, Internal review of specification by system architect, code
design team, and hardware team leaders, followed by review
vith external groups after cleanup,

Firmvare Design

Detajiled specifications for code mcdules are creategd which define
the alocorithms down to the micro-crerations level, but not tne
microword level, Interfaces to kernal code are formalized with
hardware features assumed to be stabkle,

Individual programmers wil lixely cycle throuagh the design/code/
test sequence for subsections of their coding task in a base
level release,

Accomplishments:

1, Instruction algorithms and kernal code interfaces known

2, Firmware specification urdated,

Tools: ‘ i i SRR AR SUET L I S B

1. “Text Editor
2. Micro=Assembler

kFeviews:
None,
Cocing
Detail implementation of trke alceorithrms to tne ricroword
completed in cenformance to the scecification. Individual

instruction performance is finalizec, Macro definiticns
are evolving and test cases are ccoed,

VMS software irterface boundaries are defined such 2s
exception parameters, etc, a5 & result of kernal ccae
completion,

Accomplisrments:
1. Code module desiagn completed,

2. 1Instruction performance knowr,
3, Software interface known.

Tools:

i, Text Editor
2. Micro=Assembler
3, Code Management System

Reviews:
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None,

2:2:5 Testing

Demonstration that code meets correctness criteria by
individual programmers using hand gererated test cases
and AXE generated instruction tests are performed, Test
files for base level testing are created, .

Accomplishments:

1, Doneness criteria for code intecration is completed,
Tools:

1., Text Editor

2. Micro=Assembler

3, Code Management System
4, PRehavioral model simulator with debugging features

installed
5, Architectural verification LOO) e emeasmmeens, . e g
Reviews:,

{. Internal design reviews/tutcrials are held witnh the
design teams, followed by external desian reviews
with VAX experts,

Integration (Base Level Release)

Code modules are now intecrated irto the main code pody

ané placed under revision control. oreviously generatec test
cases and AXE test cases are used te validate the pase leve]l
release, Additional test metnhods incluce: micro PC traces to
ensure all microworas are executec and, for a given ooeraticen,
that 2ll paths have been taken, Siress testing (fault testing)
throughout the code body, anc assertien preorocessing or the
ability to make certain assurotions aroJt the state of the
ervironment at a given pody cf cogde ard to test that indeec the

expected state is achieved.

Testing of the base level will continue in parallel with tre
development of the next pase jevel ir order to accumulate

as many AXE test cases as possirle, It is believed tnat as
many as 100,000 cases are needed tc adaquatly verify an entire
VAX firmware imclementation. This testing will overflow

into the hardware testino and be greatly accelerated due TO
the increased speed over the simulstor.

Several base level releases are plenned in order to petter
understand the design DProgress during twe project, The
completion of the last base level relea.e will croduce tested
firrware which will then be {integrated with the hardware and
syster testin3 occurs vsing & hardwave gate model.
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Accomplishments:

1. Increased confidence in the design is established.

Tools:
1. Text Editor
2. Micro=Assembler
3, Code Management System
4, PRenhavioral model simulator .
5, &Architectural verification tocl
Reviews:
Yone,
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2.3

Revision FC,5

Conscle Code Design
Microdiagnostic Design
Fower System Desian

Mechanical Design
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3,0 Design System

The CAD system which will support the NAUTILUS desicgn methocdolocy, technology
and product development will be xnown as WEPTUNE, This section describes the
NEPTUNE architecture and identifies the tcols which will pe used as part of
this system,

3,1 Goals

Establish a production-worthy INTEGRATED system of CAD tools for
the development of gate array-basec systems, 5

Drive this CAD system development ty MAUTILUS proguct development
demands.,

Preserve the investments in CAD tcols, systems 2nd expertise hevond
NAUTILUS product develonment,

Support the introduction of new methodoloaies; Structurec Logic
Design, Rigorous Specifications(?), Hierarcnical Simulaticn, Timing
verification and Level Sensitive scan Design,

- - Cmtn Gl — i —— PO

Establisn a CAD system architecture whicn will enable us to ennance,
add and retire individual tools over time,

o=

Improve the predictability of the physical design orocess by
incrementally establishino feasipilitv.

Provide as clean and consistent & user interface as possible civen
the diverse sources of tools.

Be predictable => NO SURPPISES!

The overall coal 1is to make tre designer’s joh easier and to crinrc @ hiagher
guality design to the marketplace faster.

3.2 NEPTUNE Architecture

The architecture of NEPTUNE can be descrired in terms of; managerment of design
data, how the user will deal witnh CAD processes and a taxonomy cf the tocls
which will pe used. Obviously, this architecture must he vievec £ron the
persvective of the desian mehtodolcay described in tnis ceccurment., A1TnOUcC &
specific computing environment and set of tools are iderntifies in tne -
following sections, the architecture must enarle us tc evyplve these specifics

without major disruption 0f the users,
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3.2,1 Design Data Management

puring the development process, and well into production, design data
represents the family Jewels, NEPTUNE assumes that it will have to accomodate
tools which require and produce data in forrmats which are not under our
rignt mere

control. Accepting this requirement, design data management (which
accurately be called design file manacerent) boils down to;

namina, storing and accessing f£iles cf data who’s format is
driven L

-

tool

struéturing relationships among files to reflect structure within

tne design (e.g. lecgical and/or pnysical hierarchy)

controllinag ownership, access and version history of files

providing glopal and local library access and maintainance control

. —

Today, hierarchical design is in vogue and tne Design Data Manager
support it, The hierarchy may reflect locical structure, pnysical
partitioning or a compination, Some parts of the design may nhave a

.

R

fDﬁM) must

greater

hierarchical deoth than others. The current NAUTILUS desian hierarcnv is

still being discussed,

The NEPTUNE DDM (Design Data Manacer) will pe layered on the V#S file systerm,

It draws heavily from CHAS and we may be able to use major porticns

¢of ‘the

CHAS code if we can establish a satisfactory process for providina nignly
responsive support and evolution. CKAS views the hierarchy as a structured
set of BLOCKS, All blocks are the same ir their potential to have associated
sets of files, A BASE DESCRIPTICI., common to all plocks in the hierarcny,
establisnes a template identifyinc the attributes (types of datas files) which

can be associated with any block. For each block, an instantiation

of ‘the

pase description is essentially 3 set of attribute name, value (list) pairs
which indicate what data exists for that olock and where it can pe found,
Base descriptions for each block in the nierarchy are-accessed via an ISA¥
(Index Seguentiel Access wethod) €ile, 211 of this sounds overly complicatec:
maybe an example would help. Suoopose I warted to run the Timinc verifier or

the ALU of the E Box, A command nrocedure (discussed in Sectior 302.2)
operating on my behalf would retrieve the appropriate net list by locatina

pase descriction of the NAUTILUS.E-Box.Data_Path.ALU (my nierarchical patnt

name) in the tatle (ISAM file) of base descriptions. It would then

look €cr

the attripute of CURRENTLNET.LIST and £ing associated witn tnat attribute tne

actual name of the file containing the net list, we will recurn te

this

example and extend it in the section on command procedures, Speciflc

attributes (data types) are discussed in Section 3.2:4.

—~

Tthe
SR 4 A
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This approach makes it easy to establish structure among plocks: the base
descriptin can contain attributes of PARENT(S) and CHILDREN, In fact, it
would be easy to deal with several structures although I1°m not ouite sure how
one would use such a capability, Adding new attributes (data file typmes) will
be easy and nondisruptive., The user doesn’t nave to worry apout where the
actual data is stored, an especially attractive feature in a2 petrogeneous
network (see Section 3.3). Hacks, like limitations on file name length, will
be nidden from the user. And finally, but very important, it is not ,
anticipated that there will be much of a performance cost for all of this good
stutt,

3,2.2 Command Procedures

Command procedures can be thought of as (small) programs wnich combine CAD
tools into CAD processes, Thelr purpose is to simplify the user’s interaction
by buffering him from detail and change witnin NEPTUNE, Usinc the DDV, a
command procedure locates tpe reguired data files and inzgggsha*seriesagf kF
programs which may include; data extraction/derivation (e.g. create a current
net list from the current schematics data £ile), format converstion (e.g,.
convert the net list to the ‘new improved’ format required by the Timing
verifier), actual tools (e.,q, run the SCALD Compiler followed by the Timing_
verifier) and store the results (e.G. Cemoiler and Timing Verifier Reports)”
via tnhe DDM., Command procedures will also control how (and where) programs.
are run; within the user’s current pProcess (i.e. while ne waits), as a :
subprocess (i.e. enabling the user to 3o somethina else while walting) or
submit as a batch job, Conditional capatilities within tne command procedure
enable it to make decisions (e.o. IF the schnematics data file is more recent
than the net list data file, THEW run the procram which will derive & current

net list data file),

fCommand

edures will be
A create some
ana Language).

Command procedures will pe {mplemented pv neans of the vy CLI
Lancuage Interpreter). Although a standar-d set of command 2ro
provided, I would expect mary 0f the users to rodify, extend

of their own., This is just what rhappens witr DCL. (Digital =

on VHMS.
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3,2.3 Tool Taxonomy

+-.--.---------------+------------------+-------------—-----J--—----------------+'

| | | : ! |

Trial Layout &
Interconnect

| | Capture, Edit & | Transformations I Simulation & |
| | Synthesis | i Anglysis )
| | i ! !
T e P P T L LR Ll bt bindebe dedebie bbbttt
| | ! ‘ i |
| Conceptual | Text Editor | i Performance !
| C(Architectural) | Code Mgt System | ! Simulator |
| Desian ! Graphics Editor ! ! i
! | ! i j
+-------------------+------------------+-------------------+-----------------q+
| | | ! I
| Physical | Text Editor INet List Extractor | |
| Partitioning | Graphics Editor INet List Cross | ]
o2 o e | CodexMgt SYStem ..|-Reference - .-« |l o <t Aol
| | | | i
+--------—----------+------------------+-------------------+------------------+
| | | | |
| Logical | Text Editor Ivet List Extractor | Timing verifler. |
| Implementation | Graphics Editor |INet List Compiler | Loadina, Power & |
| | Code Mgt System |INet List Cross | Failure Rate }
| | | Reference i Analvzer ]
| ; |RO¥ & PLA Compiler ! Testability b
| | | I  Analvzer |
| i i | Trial Layout & i
| { ! i Interconnect f
| ! ! i Dalav Analvzer i
| ! i i Circuit & I
| I i |} Transnmission I
| | 1 ! Line i
| | i i  Apalvzer i
! | ! ! i
R e ttaitadadeddals et e m - ————————— b ——————————— - -
| | j | |
| Microcode | Text Editor | ¥icrocode { Benavioral |
| | Code Mgt System | Assembler vt Simulator i
| | | 3enhavioral Model i |
| ! f Compller ’ |
| | ! ! |
B et tttadatatad e bbbt S - e memmefmem e mm - -
| [ | : ! . ;
| Integration & | Text Editor tvet List Ext;ector i Timing Verifier |
| Design | Graphics Editor Iivet List Cross { Failure Rate |
| verification | Code Mgt System | %eference | Apalyzer i
| H » fROM § PLA Compiler ! Testability i
| ' ! i Analvzer - I
| f [ i '
i ! ! ' !
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Delay Analyzer
Logic Simulator

Test Program Fault Simulator

Generation

Text Editor
Auto. (stuck=at)

Generation

Auto DC
Code Mgt System

Interconnect
Pelay Analyzer
Design Rule

Auto Placement
Auto Routing
Layout Editor

Interconnect

VErif18T ongele
et |

+------------------+

B e sl SRR

Design Rule
Checker
Interconnect
yerifier

¥

Auto Placement
Ayto Routina

i



NAUTILUS Design Methodoloay
*¥%%x%XCOMPANY CONFIDENTIALX®XXX

Revision PO0,5

Page 23

14 Dec 81

Data Types

Data Type

+-------------------------+----------------—--------+---------------n--

Performance Simulator
Model Source

Behavioral “odel Source

Microcode Source’

ROM Source e TRXEEQLILEOT o e b RO ASSEMRLET
!

SR s U
f
I

PLA Source Text Editcr

Schematic Graphics Editor

(Block Diagram)

-----'------—-------------+--—--------—-------------+-

wet List Extractor
d4ierarcrical
Compiler

Net List
~vet List

------------------------*-------------------------+

| Text Editor
Simulsator

Simulator Stimulus &
Response

+-----------------------i-+-------------------------+—------—-------m--------+

Consumer
Text Editor .

Performance Simulator
Compiler

Behavioral *“ogdel
Conmpiler

Microcode Assembler

PLA Assembler

-------------------------+-------------------------+------------------------+

Net List Extractor
Schematic Plot
Extractor

Hierarcnical Simulater
Timina verifier
Loading, Power &
Faflure Rate Analyzer
Fault Simulater
Auto (stuck=at)
Pattern Generator
Auto Placement
Acto ®outer
Interconnect
Verifier
Trial Layout &
Interconnect Deleay
Analyzer
Circuit &
Transmission Line
Rnalyzer

Simulator
Timing Diaaram Flot

I o] T A l ™
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| Auto (stuck=at) | EXtractor
| Pattern Generator | Auto AC
| | Auto DT
| |

B _ Test Program Generator
| | :

| |
Auto Flacement
Auto Router
Layout Editor

Gate Array Lavout | | Layout EZditor

! ! Interconnect Delay

| | Analyzer

| | Design Rule Cnegker’

| | Interconnect Verifier
| | Layout Plot Extractor
| | Tooling Post Processor

| |
--------------—----------+------------—-------------’---—----
| |
PC & Backplane Layout | Auto Placement | Layout Editor
| Autoc Router | Design Rule Cnecker
| Layout Editor I Interconnect verifier
| SRR TES N Layout Plot Extractor
| i Tooling Post Processor
]
-------------------------*------—---------—--------+------------------—---—-
i |
| Schematic Plot Extractor| Plot Server
! Layout Plot Extractor |
|
I

Plots

Timinc Diegram Plect |
Extractor ]
| [

-------------------------+----------—-------------—+--- ----- PR R R R R R R

G o e = e o = - = = o = = - = - —— ——

I
|
|
|
1
+
!
!
{
|
|
|
!
!
)
- - -
|
|
I
|
E
b
I
+
|
|
!
|
i
|
+



NAUTILUS Design Methodology Revision FO0.5 Page 25
*XXXXCOMPANY CONFIDENTIAL¥X*%% 14 Dec 81

3,3 Comoutational Environment

We will clearly distinguish between those tools (or maype command Procedures
=> CAD processes) which are INTERACTIVE and those which are not. In each
case, we will match the computing environment to the tool so as Co meet the
user’s expectation in a PREDICTABLE fashion, To accomplish this, we must;
accurately characterize the computational requirements of each CAD tool

(or process), accurately characterize the demand schedule, orovide the
necessary computing environment and discirline ourselves relative to how we
load the various resources,

I characterize interactive tools as those wnich are sufficiently responsive
that tne user’s train of thouaht is not irterrupted by cormputational oauses,
Consistancy of response turns out to be almost as impcrtant as resconse time
itself, Tools that fall into this catagory are basically editors: text,

graphics and layout, For the bulk of interactions, users expect editors to

_respond instantaneously (i,e, < 0,5 seconds),..tser§_ are.upnderstandingly-nore.

"patient for the smaller number of commands which require more significant
computational activity (e.q, reading or writing text, schematics or layout
files), Still, they tend to become distracted if the pause exceeds ten

seconds, This threshold of tollerance obviously varies from vser to user,

Proarams which reguire minutes, hours, days or more to run will be consideredg
BATCH jobs and the user’s expectations set accordingly. Predictinility cf
turneround is important for this class cof jops.

Idealy, one would like to have a single (kind of) workstation carable of
runninc any of the interactive tools. Sucn worxkstaticns would ce terminal
nodes of a network which would crovide; natch computes, access to design

data, links to other networks and specialized peripherials sucn as
electrostatic plotters, Tnhe user would view thelr workstatior as an
interactive winrdow to tne computational :niverse, Restrictino interactive
programs TOo run on workstations would eraczie us to match tne tocl to tne
(local) computational environment anc thus achieve our goal of responsiveness,
There are two things which make this ideal d4ifficult to achieve in tre near
future; the cost of computer eguipment anc tne many uncoordinatecd sources of

tools,

Similarily, one would like to have all tocls run con a sincle macnine
architecture, VAX/V¥S, However, it is li<ely tnat we wlll Have 2 nunoer of

v

programs which, for & numcer cf reasons, cannst pe corveniently rmake Lo -run ¢on
VAX/VHKS, : ‘

All of this brings us to a computational ervironment pased on 3 VAX/ViS=piased
hetrogeneous network, Text editing will re done on multi user nodes (as
contrasted to dedicated workstations)., Graonics and lavout esiting will pe
done on cluster controllers with a fixec, small number (l.e. two) of
workstations., A CI will he used as the backbone of this network to facilitate

the rapid movement of large amounts of cesia2n data.
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We still have a lot of experimentation to do before we can decide if it makes
sense to put the Graphics Editor Workstations directly in the work space of
the designers, There are two issues; 3o the designers want do on=line design
and if they do, does it make sense to put the workstations in their offices or
to cluster them in a common area.

Pialup Access cngineering net
\ _ /e
\ . ' ‘ /
\ /
\ /
\ /
\ /
o] o} VAX 11/7680=====ee=Shgrede=esemasayAX 11/780
| (BESC ?2) !

- - ST < - S e S Y g ! ERORS s - . e bt o AN
P I It L I LI I I T T T ™
| | : !

| | !
| ? ]

0
i | Disk i
!
|
|

S

: o
VAX 11/780==m=memcmaean=?2060?=====emma====yAX 11/780 -
/ \ / \ i
/N £
/ \ / \
/ \ / \
/ \ / \
2020 2020 2020 202)
£\ 7 / \ X
/N / 0\ 70N R
/ \ / \ / \ / \
> > > > > > > >

> = display & keypoard

vered refore

A great deal of gquantative data must n we ¢
nfiguration of the

ne
quantify the actual number and detalled

FATL an accurately
con ses resources.

There are also a number of network issues vet to pe unagerstoca; wnere do users
receive mail, how can we avoid having tec rave accounts on each ne3e, etc.
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3.4 Tecols

+----------—-------.------+-------------------------+-----------——-----------+
| : | | ‘ |
I Tool 4 I Primary Source | 8ackup Source |
| | i !
+-------------------------+-—----—------------------*—---------------—-—-----+
| ! ! |
| Text Editor | EDT | TECO, EMACS..., ° i
| | | i
+-----------------—-------+-------------------------*-------------—----—-----¢
| | | |
| Code Mgt System I STEP (CHS) ' |
I [ : [ [
- W e S S R R R e D D N ek B T TR RS s N e B TR e R TR T e O e ------*--—---9--—----—---——-—--*
| | i |
| Graohics Editor |  VALID *% | SUDS ¥, DECDRAW |
| ] ! {
k] r+---.-”---1F>-S=-u----_:--*----\.-,.--‘-»-ME.MW----“‘“.-—---’-—‘+“*"
| | | |
| Performance Simulator | HAPS : | |
| | | !
+------—--------—--------u+-------------------------+------.------—--—------ﬁ--}
i | | |
Behavioral *odel I  DECSIH | SAGEZ2 * -
Compiler ! | |
Hierarchical Simulator | I i

H

+-----------—------------—*---—--- -----------------

|
|
|
| | |
e e L R R L L L L Ll Ll ol ol it dedie e - - mE e - —————- -
| | ] |
| Circuit & 1ranstission | SPICF & SEI™ ! ]
| Line Analyser | | !
| | ! i
P e L L L L PR L L LR L L L L DL Al el dedaidedade dakaieiid bt - - -+
| ] i |
| Net List Extractor | VALID *x% { SUDS % (2060, not 2020)1
t | ! DECLRAW !
| ! | ]
LR Sl R R ol - - -
!
]

| ! i
| Hierarchical vet i VALILC =% | SCALD,
| List Compiler | | : i
| | | i
P el ettt diad il sl + -------*-—--—-v---------—--—----‘-‘
| | } !
| ROM & FLA Compiler | ROMGEN, PLATC & MICRO2 | i
i ) !

----- P L L

DECSI» WETPRD

+---—--—------------------+--—--—------- (e L T L R
! | i I i
| Timing Verifier | VALID ** )} SCALD, ELKIND :
| ! g T

+----------—-----------—--*-—-------------—---------+------------------------+

,
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I
Loading, Power & | VALID *% <= + 7
Fajlure Rate Analvzer |

|
SCALD, EPLS + Noelcke !
!
]

| i
- - > 0 5 = e T o e e v e 0 e 0 B o e o O e e = e - -
_ I |
Trial Layout & , | - FINCUT <= + ? I TI *xx
Interconnect Delay I PINCUT |
Analyzer | |
| |

f
}
!
}
i
*-------------------------+-------------------------+---------- ------ - on aw
!
!
|
+

— - - ——— —

| } : : !
| Microcode Assempler | MICRQOZ |
| | |
+-------------------------+---------— ----- ----------+-- ----- TR RN RS W R AP R e SR e B e e -

i | | ’
| Microcode Simulator I DECSIM I TuUN
] ] | !
+-------------------------*-------------------------+---—-- ------- ﬂ---------—+
| | | |
| Testabllity Analyzer L : . DT A gl )

™m

i
- AN S

T . - S S e SR D Gr G S e T S R e D G R G e S D e R R SR s e o S S R e R
| | [ !
| Auto (stuck=at) I LASER <= + 7 I !
| FPattern Generation I | !
| ! | i
+-----------------------—-+ ------------ - T g D R R Gs S W G WS W SR W e Gn e - e o e e e . e - - -
| ! ! !
Gate Array _ I i i
Auto AC Pattern I AUTC AC <= + 7 I }
Generation ! ! }
i ! !
--------—-------—--——-—--+-- -------- - WS R S Ee W R SRS W ae “ e e o e an e e TR - e W am e -
i ! !
Gate Array i | i
Auto DC Pattern I AUTD DC <K= + 7 i )
Generation i ‘ :

| |
- Gh P S EE P ER G e SR R R e W e . e -+--------—------n---------+------------- ----- - - -
! ! |
I LASER DECSIM i
' ]

i

P T L L L L R R R K

Gate Array e
Test Program T 0
Generator

----------------—--------‘---—---------- ----- -—----*-------------—--v-------*

| |
FINCUT

¢
’

TI *x%XX% '

Gate Array

| |
Auto Placement [ :
|

|
|
!
!
+
|
|
|
|
|
-
|
| Fault Simulator
i
-
|
|
|
|
|
-
|
|
! :
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e n e 0 D R TR SR R o P S TR S0 e B N KR GRS S P e R W W T SR W B e S5 R R B W A S RGeS TS NS R R Sm e e e e e

| i | ]
| Gate Array I CHARIOQT 1 OTI *%% i
| Auto Router i | : }
| | | ]
0 0 e e e O e 0 O B O o ™ e e e
| _ i i |
| Gate Array i | !
| Layout Editor | VLS | IDEAS % i
| | i i
e . - - " 0 O e T P o W O o
| | | ' !
Gate Array | ! !
Interconnect Delay. | CHARIQT <= + ? J. - TL XX }
Analyzer | | !

| ! }

- - - o o e " w0 o e e e
i | |

Gate Array ! | !
Design Rule Checker | OLIVER <=7 (*7) I TI *xx !

o b | -~ ) G - " WI“” - ————— r——_e -~ "'v':sv,j o

| | |

Gate Array ' | I
Interconnect | IV <=7 (%?) I TI ®%%
verifier ! i

| o

|
!
|
|
- = = o o T e e e e e mmm - .-
|
|
|
}

| |
PC & Backplane | PINCUT <=7 (*7) | PCLS PLACEF [(%x7)
Auto Placement | | SCICARDS x*x
| |

|
|
|
|
+
|
|
|
|
B L e L LR DLl et bl bl bbbt b deb b 4
|
!
I
|
|
<+
|
|
I
|
e L L e L R L R L e bl bt bt

| | |
| PC & Backrlane | TWIGY (%7?) | SCICARDS =*x i
| Auto Router i | 1
| ! f

+--u---—------------------+--------
| | i |
| PC & Backplane I VLS | 12

| Layout Editor ] : :
| |

+-------—---- ----------- - S W m s - e e on .- - - P L L -
| . ! | :
| PC & Bacxrlane ] SPACECHECK (#7) | SCICA308 *% <=7

' 17
| Design Rule Cnecker ] : .
| ' -------- -----+----------—--- ---------- -+

+------------------------—+------------

]
) | , Bl )
| PC & Backolane | CONCHECK (*7) | SCICARDS *¥ <=7
| 1Interconnect Verifier | :
) | i

----------—---—---------#--
*-----—------------—-------’--»
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All programs run on VAX/VMS exceot:
* Runs on DECsystem=20
*¥ Runs on vendor specific hardware
¥*x Runs as vendor service

it Ll ool —— . -~ s v o - N el 5 TSI ey |
T S ” ¢ g
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3,5 Support and Evolution

It has been my exmerience that CAD tools evolve significantly as they are
used, Wwe will have to have a viable sueport and evolution plan for each tool
which will guarantee responsive bug fixino and adaptive evclution, At the
same time, we must provide production=worthy tools, Tradecffs in tnis space
are especially difficult, Our history in Cigital relative to successfully
depending on one another (i.e., on anctner croup) is poor. The prosonect of
naving in-depth expertise in all of the tools listed above is mind noegling,
Purchasing tools from vendors without access to source cede is scary, we will

work these management issues case by case.
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4,0 DESIGN RULES

This section would list all the rules that would
aprply to the desian and release of tne design:
GA usage rules.

Timing assumptions,

Specifications formats.

Loading,

Physical partitioning.

Design Libraries.

Testing reguirements.

5.0 METRICS

This section would list the desiar process metrics
which we believe we can nmeet:
Design time/ GA,

Simulation Tires,

Testing times,

Number of passes,

T Ty S gy O, Wit —
Etc ]
APPENDIX A DESIGN PITFALLS
warnings of traos to avoid,
APPENDIX 8 COMPONENT CATALOGUE
List of acceptable components to be
used in the Wautilus desicnh, Also included
will pe the Macro definitions,
APPENDIX C INTERCONNECT CATALOGUE

This will very likely be 3 nNet List CREF wnich
is automatically aceneratec from the schematics.






