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SYSTEMS BUSINESS GROUP _INTEGRATED UNIT FORECASTS 

8UMonoIS 

Server. Total 
High 
Medium 
Low 

workstations 
ws segment FI orecasl 

Alpha Clients 

Total Systems 

OVMS 

Servers Total 
High 
Medium 
Low 

Workstations 

DIM 

34 .~24 
1,982 
9.951 

22.:91 

52.449 

0 

86.673 

,994 

27.479 
1.81 1 
9.387 

16.281 

28.::63 

55.742 Total systems 
Source: Memo (, 'Om Mark Gorham 2115195 

UNIX 

Servers Total 
High 
Medium 
Low 

Workstations 

,994 

6.745 
171 
564 

6.010 

24.186 

,995 

55,861 
3,169 

18,155 
34,537 

64,753 
61.700 

50.000 

170.614 

1995 

33,938 
2,838 
8,892 

22,208 

26,119 

60,057 

'995 

14,446 
331 

7.508 
6,607 

29.009 

l{. 1998' -' .. - ;...:. 189T··' . -,.,....· 1898 . 

67.838 111 ,115 157.620 

4 ,148 6,140 7.620 

19.642 33,789 46.340 

44 .048 71,186 103,659 

86.648 119,883 161.858 

90.000 

100.000 150,000 75.000 

254.486 380,998 394.4n 

,99D '997 ,998 

35.260 36,702 38,308 

2,944 3,064 3.187 

9,436 10,060 10.704 

22,880 23,578 24,417 

27,488 28,856 30,225 

62.748 65.558 88.533 

'996' '997 ,998 

19,984 53,201 83.583 
1.204 3.076 4,433 

7,250 18,750 27,250 

11,530 31,375 51,900 

41,085 57,os3 67.888 

Total Systems 
Source: '94 • '95 

30.931 43,455 61,069 110,284 151 .471 
Base DIS Ucenco Units (Laura Amrein); '96- '98 UNIX Business Plan Draft Finaneisis 1/26/95 

NT 

ServerS Total 
High 
Medium 
Low 

Workstations 

Alpha Clients °2 

1994 

0 

0 
s Plan Draft 2/6195 

'995 ,996. 

7,4n 12.594 

0 0 
1.755 2.956 

5.722 9.638 

9.625 18.075 

50.000 100.000 

67,102 130.669 
Tolal Systems 
Source: NT Busine. 
. , CAGR of IDC unl 
"2 BAH forecast 

t forecasts from 1994 - 1998 (except Alpha clients) 
_ AI ha client unitS to nBsk in 1997 when P7 is introduced 

1 01 1 

'997 ,998 

21 .212 35.729 

0 0 
4,979 8,386 

16,233 27.342 

33.944 63.745 

150.000 75.000 

205,156 174.473 

::AGR 

46.5% 
40.0% 
46.9% 
46.8% 

32.5% 

14.5% 

46.1% 

CAGA 

8.7"10 
15.2% 
3.3"10 

10.70/0 

1.7% 

5.3% 

CAGR 

87.6% 
125.6"10 
163.6% 
71.4% 

29.4% 

48.8% 

CAGR ·1 

68.4"10 
68.4% 
68.4% 
68.4% 

87.8% 

14.5% 

37.5% 

3/7195 
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'r_, JIDITI , , IIOM" I : II!OAT' ,: ·QUIT. , : 0JtC : , l<ing.rd&Jtp , ljo , "-c ,c_· n - KA' - I"S 
lI ' 5t : 5t , n 
To, HUIlAIf , , COJlllLIII 

"" hbj , .. t.r - In caaa yOII bav. any C_"t. 00 'alii Me .... l. 

'rOIl' 
To, 

l<!n~rdaxp , ljo , 6ac , C~'LMT""L 
ht.r , COnkllnepl<o , 1fT" dec ,c-. ___ urr.WaL 

IMaaag'- id , 'SOl171,n , ,u,02'S'.rdaxp , ljo .dec, COlI 
FrOIO I IIAM. , "il Deliv.ry 'ubayat_ < .... ILI.-O .. atOlI) 
Subj.ct , '.turned. .. II ' V •• r unknown 
Dat" 17 -"r- l"5 
To: Ung 

----- Tran.crlpt of •••• lon f o lio •• 
Whil. t.ll<lng to /1I.r / .bin/_llllv) : 
)H .CPT To , <laibtt,...,irth) 
«< 550-LI1II1.III.". ; 'JUoIL- ' - NO'OC!W" . no .lIch lIa.r LIII ... Ia11( .t nod. LJ"V2 
« < 550 
550 W •• V2 I , L.ibttndrth ", Oa.r IInknown 
Whil. talking to I llar/ .bin/ .. llllv) , 
))) .CPT To : <conl<lln) 
<C( 550- COIIILIII; 'JUoIL - I - ~OCftOl' , no .lIcb lIa.r OOJlllLIII .t nodi ZEDOM 
«( 550 
550 H!1KAlI, ,COnl<Un ", O .. r IInkn ..... 

----- Onllnt .... ag. follov. - _ __ _ 
lecahed , by rda>cp , ljo , doec , c_ : id ,u,02'57: Fr1. 11 liar 1995 14 , 2) , ,. - 0500 ..... Ii/.-Id I <'50311192) , M02'S1erdaxp , ljo , "-c . c_) 
To: DILlfI . , .. traUa, w •• n , : Port.r, W'av2 , : t..lbervlrth, CIlA : , "'l1.r. 

Ce: Ung 

CllA ,, "r.r<t, W •• V2 " aot.U . CllA " G&nnon . C .... " loMey . HUII.\tI "conUin, 
.... IICII ' ,Dl_rio . T',V, : : 1.lUb.r 

'"bject ' InpUt. to 'alll IIC ... ".i. ' ••• rfo...nc ...... 1 ... 
Dat., Fri. n *1' '5 14 . 21 : " -0500 
Fro.: king 
I - lite: •• tp 

Or •• t1ngl. 

I .. 1n the proc ••• of writ In; 'alll IIcl."ai. , . perfor.anc. r.vi ••• "d I .ould 
_lc_ YOUr c-.nt. on the p.rfo ...... c. of 'alll and hi. WO C.-pllt.r luPPOrt 
Oroup ov.r the pa.t IS ... "th • . 

'alll i •••• r. th.t I h.v .... qu •• tld YOllr itlpllta, I hav. been "ul ' a .. n ....... f o .. 
•• v ... al y •• r • . W •• r. n .... In the proc.aa of tr.n.f.rTing ""1'. grollp ov.r to 
11111 .. ot.tt ' . ATO Info .... t1on I"tr.,tn.ctur. 'roje<;:t , I .ill .orl< with 11111 on 
the flltur' plan' for 'aul _tid hi, group 10 fIll frll to c_nt on tbat .1.0 , 

I tllld YOllr InpUt. by _Idn •• day, 2'-.arch- '5 1n ord.r to tal<I th_ into ac count . 

Pl ........ d .... il or glv ... a c.ll at ~ 221 - 2"0 . 

t..t .. I<now it you have .ny qu •• tiona. 

Tha"kl, 
lin Un; 
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I N T E R 0 F F ICE 

d i g i t a 1 

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

To: 

From: 

Phil Auberg 
Roger Bisbo 
Steve Blanchette 
Peter Conklin 

Ken Swanton 

Mike cuccia 
Steve Jenkins 
Rich Marcello 
Wes Melling 

DATE, 
FROM, 
DEPT, 

EXT . , 
LOC, 
ENET, 

M E M 0 

March 21, 1995 
Ken Swanton 
OpenVMS Systems 
Business 
223-5678 
PK03-2/T20 
MSBCS, , SWANTON 

SUBJECT, "My notes from the 3/17 Product Strategy Committee" 

*********************.**C 0 NFl DEN T I A L************************* 

During Wes' presentation of the strategy/message, I took some notes of 
some of the major inputs we got . FYI, here they are, in the order in 
which they came up. (I did not take notes during my presentation of the 
communications plan). 

Mike Gallup said that the OS Strategy was really for the commercial 
market, and that the technical market is still more UNIX centric. 

vincenzo emphasized that this was a ·dream· for the OVMS installed base, 
but we need to make sure that we (and our ISV's) can deliver it in a 
reasonable period of time. 

Enrico asked if we could pull the engineering off within our budget, and 
Wes indicated that we would know by 3/24. 

Bill Strecker felt that the OS Strategy was more a connectivity strategy. 

Tony Craig was uncomfortable with the "unlimited High End" positioning, 
and recommended instead we position OVMS as solving a class of problems 
at the high end in a way that is highly accomodating to Windows and 
Windows NT. 

Don Harbert said that for the OVMS installed base we also need to support 
a path to UNIX for some customers. 

Enrico emphasized that we cannot execute without the full support of 
Microsoft, including jointly launching this strategy with them . He said 
it was o.k. for Lucia to be leading this from Jesse's team, but he also 
wants Bill Strecker and Tony working on it closely too . Bill added that 
he thought that adding ALL-IN-l to the equation would increase 
Microsoft's interest, as they would see good business there for their 
office products. 
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mamaoma 
OpenVMS and 
Clusters Evolution 

. Stage V 

Future 
• Higher Performance 

& 
• Lower Cost for the 

Stage IV 21 stl Century 

• Easier Management 
Today • Wide Area Disaster Tolerance 

• Lower Cost Clusters 

Stage III 
Late 1980'~ • Multiple Architectures 

• Multiple Interconnects 

Stage II • Disaster Tolerance 

• Multiple Interconnects 

@1984 
• One management domain 
• Automatic Failover 

Stage I 
• Interconnect systems 

of one architecture 
• Shared files 
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'ubj: 

10.0:: 10&0: I IltOAT.,: " AI: : IIUSIIOOD" U-IIAI-l"5 11 :12:05.$1 
W.lV2: :JIDfI.IIl •• IIIM1t.J1 I ,CONnlll 
AC.O: : AJIO.L 
"'ndlng lequ.n fO" ern OpenVMII 'roject 

r .. _: 
IIUI: Uc;:he .. d lIa .. _ood 

~, 

~, 

ruJlC: Man.g ... I".nhoe 
TIlL: DTIf 1]0- 1152 <llKar;WOCIOeua lOaaeUO) 
NAIll: 't.". J.nkln, <J.nkln,.W • .v2_ao",TII>. 
NAIll : .. t.r Conklin <Conklin.eltu ...... Glt.T.> 
NAIll : ..... tlly Jan"n <JtlfIINWl l eIO$)USO> , 
MAIII : Dick Ang.l <Ang.l"'O~IOATI > .t ..... . 

I· .... ,c;: ... t.lnad tllat no "'5 funding 0 .. ba.ckount lo .. CIC. lo .. OpenVJUI 
he, be.n .Uoc.ted In O ...... d van <Sa M't·, organi .. tlon . Only eta fo .. 
0../1 wo .. k I. lund.d . 

It·, .... ntl.l that .. g.t c.rt.ln piec •• of .. ork IInelllr "'Y no .. . 1f 
... ·r. to ll_p to the ..:hadlll • . Id.t.lh bel_I . To do that. I 
Dead yOIl to pro"ld •• funding coa.dte.ant for "'5 .nd Py" .ccording 
to the project coat •• tl .. t •• I .bowed you .t zao, .nd tbee • c;:o.t 
c.ntr. and p .. oject n~r for th. flft&Dc;:. people to .tart ellarglng 
.gainlt (eharg •• fr_ thi, cc in. tb. 01[ • .,llIieh 1. LTt). 

"'5 eo.t. _y be dovn .llghtly On tbe o .. iginal •• ti_t. of $1 . 111 by • 
f • ., Iwn4rad $1[ bee.u •• of tl .. p ... 1Qg and tM abo.,. ehang_ .• _ 
._11 portion of thi, .. IU roll to ", •. 1 ....... o .. king the •• tl_t •• 
• nd .. Ul upd.t. you ,hartly. 

"1 ......... d.t.ll. on .,ha.t I .. ant to g.t .t.rtad now. 

1. Knelna Port. to OpanVil. - 'It. aal ... y. I .. al.nd . 

.. a .. ar. going t.o do tbl •• t ~. In Edinburgh. but they recant.ly 
Indlc.ted th.y·d bee_ o".rca..ltt.ed and " ollldn·t. b •• bl. to dO 
.uch .0 ... t.h.n provld. eon.ultancy and d •• ign ,uppert. I'V, baen 
t..lklng to "'Ian Iocllall fr_ O.lw.y .. h .... the organi •• tlon ._. to 
h.va the n .. dad c.paclty .nd .11.111 to t..k. t.be ...... 11 .... ThQ·r •• 1.0 
eo.t c~tatlv. II a~ct you know t.h't .l .... dy.) 

2. crc. T •• t. Knvlron.ant. port - lit. O.l .. ay Iral.nd . 

... plann.d to lubc ... t ... c;:t thi. to Hag." III .. Indu.trl.1 in Ilr •• 1. 
but IBN ,r •• da .... tly Oppaled to • third party baing involved in the 
project. (Thl. i •• control/cOflfl<Santi,llty i"u •. 1 ... could he ... 
Nil _loy ... .,ork ., contract •• ploy ... OIl. • DIglt.l lar •• l alt.. 
but t.hl. I. baglnnlng to g.t C_l.",. AIl.in. loolla 1111. tt.o haa 
capaclt.y and ,11111 r.qulred. 

(Collabor.tion with lLO haa a nuabar of .dYant.g.a to lOy .1IId : ._ 
tt.azon ••• bo .. t di.tanc •. ".ry good t.r.clt record. low coat • • t.ffing 
fl.",lbllit.y. good .11.111. ab ., 

] .•• adlng 't.ffing/K •• dcOUAt 

... n_d to bagin tM ccmu.ct labour recOllc-nt cycl. for a&O . .. 
need • funding coeeltteent. to do t.hi. bee.ua • .,. can't .fford 
cr.dibiUty 10 •• 1n the cont .. act. labour .... Il.t (by c_UnuOll.ly 
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From: 
To: 

MSBCS: :LIPCON "13-Mar-1995 0857 - 0500" 13-MAR-1995 08 : 57:40.95 
MSBCS: : SWANTON 

CC: 
Subj: OpenVMS Position memo as requested (from Jesse to John Okeefe etc. 

+---------------------------+ TM 
I I I I I I I I 
I d I i I g I i I t I a I 1 I 
I I I I I I I I 
+---------------------------+ 

TO: Ken Swanton 
Mike Cuccia 
Ken Steinhardt 

cc: John O'Keefe 
Lisa Bender 
David Flawn 

INTEROFFICE MEMORANDUM 

DATE: 08/19/94 
FROM: Jesse Lipcon 
DEPT : OpenVMS Systems 
EXT: 226-2767 
LOC/MAIL STOP: LJ02/F4 

SUBJECT: More on the os positioning discussion 

-

I met on Tuesday with John O'Keefe, David Flawn, and Lisa Bender, to continue 
our operating system positioning discussions and, more specifically, to expand 
upon and flesh out (with "do say, don't say" guidelines) how we can be bold 
and aggressive about OpenVMS in the business critical server area without 
undercutting Digital's commitment to UNIX or the ability of our OSF/l UNIX 
implementation to also be sold in this area. Of course, we are trying to 
walk a fine line here. We cannot afford to either pull our punches with 
OpenVMS or undermine our UNIX efforts. Thus we have approached these discussions 
with a spirit of compromise. 

In our previous meeting, we had settled on the following three ways to say 
"OpenVMS is the world's best business critical server" without actually having 
Digital use those words: 

- OpenVMS has the "world's best" or "industry leading" clustering 

- OpenVMS functionality "greater than that of mainframes" 

- Consultants'/customers' testimonials say "OpenVMS is world's best .. " 

Ken and Mike, you have pointed out that these statements, as such, seem 
overly narrow and constraining, and that in the OpenVMS "pitch" even Ken 
Steinhardt and I are unable to live up to the letter, or even the spirit 
of these guidelines. Thus we have attempted to broaden these guidelines 
(and John has agreed) as follows: 

- It's OK to use superlatives, such as "most business critical", "absolutely, 
positively has to keep running", "when the computing is down, you're out 
of business", etc. in describing the customer environment or customer 
requirements that we are targeting with OpenVMS. 

- It's OK to cite OpenVMS as having the "world's best" or the "industry
leading" clustering functionality, and to tie this to the high availability, 
data integrity, and scalability required in those "most business critical" 
environments described above. This is backed up, of course, by the Aberdeen 
report and Gartner quotes. We will not explicitly say OpenVHS is the "world's 
best OS for business critical applications". 

- It's OK to discuss being on the world's acknowledged leadership platform in 
both absolute performance and price-performance. This Alpha attribute, of 
course, is applicable to all three strategic operating systems. 

- It's OK to discuss OpenVMS specifically on that platform as having the 



'Ol'~d·.S best transaction processing and commercial workload performance 
pr.l.ce-performance" since it is proven by the hard TPC-A facts: 3692 

TPS-A absolute performance record and the best FIVE spots in $/TPS-A. 

- It's OK to have analysts and customers use any superlatives they choose 
in their direct quotes about OpenVMS. However, John and I agreed that 
we should try to avoid having analysts make comparisons between OpenVMS 
and OSF/l, and in any quotes which do mention both, to have both 
groups OK the quote before using it. We also agreed to review quotes with 
each other in order to ensure that they are not based on inaccurate data . 

It's OK to say that, based on all the above, "OpenVMS is ideal for business 
critical appliations, or for the most business critical applications", 
BUT avoid saying "THE ideal". 

John has also agreed to stop saying, and delete from OSF/l 
and collateral material, any references to OSF/l "catching 
cluster capability, or "achieving full OpenVMS clusters". 
our pointing out any cases where such statements continue 

presentations 
up" to OpenVMS 
He would welcome 

to "sneak through". 

We have also agreed to share presentations and collateral with each other in 
order to ensure that both groups are following the spirit of these guidelines. 
(This is already happening today.) 

Having reached these conclusions, I then went through the latest (16-August) 
version of Ken Steinhardt's OpenVMS white paper, in order to test whether 
the above guidelines would be over-constraining, or would force major changes . 
In the II-page document, I found only three lines which were even questionable 
under the guidelines. Ken and I discussed these, and in each case worked out 
minor wording changes . The net effect of these changes not only brought the 
document "into compliance" but, in Ken's estimation, actually strengthened 
the message! Thus I feel we have come a long way toward our goal of finding 
a way to position OpenVMS without pulling our punches, and yet not undermine 
our UNIX efforts. I would welcome your further comments. 
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rr"_, 1WlIlAN,:coto:LtJf · P.t. ... 501 .• ".5Uti PIlO)·)/T20. a.e DOry .UtiS 2]·.1 ... -1' 
n oln' n·,JAIf·au O':Oti,12.U 
TO: »IT"" · :t10: :..:I1lXA ""ll.' .J.AlCA.l)O, :IIP'.~.JIKIC1I1'.l0a4' "ILOl.l •• ~VI.' 
,TUI.KItI. 
ee, OOIlIlLIII 
lubj, OU •• t.lona .bout. ou .. O .. oup ....... t ... tavy 

DIGITAL CONPIDbrtIAL 

At the end ot ou ..... t.ing 1 •• t. .... k. I •• 101 I would .... It. down the 
qu .. t1on. t.h.t I hed about ou .. g"OUP"'A n ... tagy . •• ny ot tbe.. 
dupllc.t. qu •• tion. In the ... t1ng .nd .0.& c ... up during the .. II 
A .. I ... 0 ... t ot.h ... tl ... du .. lng the l.at f ... -onehl. Thla 1. not 
intlnded to be I coapl.tl 0 .... epr ... nt.tlve 11.t. but doe. Include 
.. ny of the qu •• tlon. cuato.er. a.k. 

1. The at ... tliD' n.~ to be ... pllclt about avold1ng Plrt.D ... c_t11ct. 
0 .. at 1 •• at about .. bit. •• t. ot conflict. we plan. Tbl •• bould ilclude 
0 .. teehDlc.1 and bualn.a. pOeltloa.1ol1 .. ltb IIlc .. oeott. O .. acl •• Lotu •• 
and IIov.ll. 

2. II •• bould look for ... plidt. "'YW fo ... yn.qry ••• pecl.Uy".y. for 
.... k.tpl.c. l ....... g ... lth other c_any· ..... k.Ung .ffort •. 

], How and .. hilt PC application •• r. PI ... t. ot the .tntllllY and bo .. Duch 
do ... ha ... to c ... tity th_' 

. , What. 01 .... It ta". to "". the PI 1. Cabln.t be • tranapar.nt and 
Integral ... t.n.lan of Window. '5 and ot IIlndov • .,., can there be a 
.. ay to In.tall thl •• 0 that a JOe u •• r .... the ALL-III'1 fU. cahin.t 
a. ' juat part of the pc •• fll. ay.t., · ' 

5. IIOW .111 the n •• "U'III-1 fU. cabln.t .upport alllnUOft r..
.. 11-o .. ka/","? 

I. IIOW .Ul the n ... ALL'DI'I fll. c&bl ... t aupport cOlldet...., •• Itb 
tb. vu.all ru. cabln.t .nd d1etrlbutlon llat., Th.1. la n_ DOt 
juat aa a c:oaver.lon. but to auPPO .. t aywt ... th.t he ... Many of botb 
ALL·IM·I /T ... Llnka and .all-Il u •• r., 

1, Wbat would It taka to 'Objectlfy' •• cb ALL'III'1 •• rv ... d>jeet II • 
leg.cy .. rapp.r that the Object aequeat Brak.r could .... a .. allabl. to 
the world? If don ... ll1ht. tbl. would allo .. all ALL ' IM-l IIIIIACY 
appUcation. to be .. de a .. allable through COUlA/COfI to the 01.1. 
d.a"top, 

I, The ayat_ ,anall_ent for ALJ.-IIf-l .hould .. ork in conjllnction .Ith 
the POlyc.nt.r Ifatvi ... on If'T p .. oduct a. it. de.llln c.nt .... Thla 
pl.tfore alr.ady Includ ••• lc .. 04Ioft·a .... ao the ay.t .. -V'" WOIIld 
he". on. can.ol •. 

,. Wbat VOIIld It t.k. to Inte-QIrat •• yvt __ g_nt .. Itb YIlI'a 
ayat .. .anag ... nt It th.y DOV. ArgUa onto the POlyc.nt ... lI.tvl ... on 
1fT platforal 

10. Ko ... 111 tha ti .. aanaga .. be integrated .. ith ALJ.-tJf-I' ~hia would 
hi". to be Int ... aper.tlon Including ahar.d cal.nder. .lnca not all 
"1.1.·111-1 .y.t ... at • cuatoee ... ould con ... rt to T.aaLlnka tl .. 
.. nagar at tha .... tl .. . 

11 . Ko ... Ill the tl .... n.gar oper.t. In dlt.chld altu.tlon., all1ht 
nov. luaa.ll cal.ndar K.n.gar doea not allow .. to ha". • copy or ~ 
c.1.ndar on ,y L.ptop. COMDIrclal product. auch aa Cal.ndar 'lua 
allo .. auch operation •• veil aa .hared c.l.ndarlng. 

12. Ko. abould tr.. pl.tho .. a of PC tl .. _g .... be .uppert"", 1 

praa ... that 11_1. lapon/lX9OtI: of tha popul ... packag .. would be 
approp .. lat., . o r .,,_1., Cal.ndar Plua, 1.Otua OI"9MI •• r. IIlcroaott 
Ichadlll •• , ACTt 

I) . DOea the a.TYe .. depend on or would It ban.tlt f .. oe v.I'a karnal 
th ... ada, 

U . can ... ' •• 11" client 'Aa. th .. ough a _hanl .. Malogoll. to .. bat 
ia .. orkinll aO ... U for Pathvo .. k.' B.aically. bav. the til. cahin.t 
a • ...,.r dla._lnat. the PAlt. agl1nat • count of llcen ... bought for It 
to hand Ollt. 

Incia.ntally. the a1lde. abould ha ... been .... ked ·Digit.al 
contld ... tlal·. Tha"k • . 
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Sub1: 

,etar. 

MSBCS: :OAJL~IDBT ~OS-~an-l"S 101 . -0500· 5-JAH-l"S 10:1.:20." 
HUMAN: :CONKLIN 
CUaTIW.OAIL~RD.T 
·· ll2 DOC· · PARTNBRING ACTIVITI •• 

Congratulations on your raeant .ppoln~nt. va'ra looking forward to eontinulng to work with you In your na. 
job l 

Pl •••• find attachad tho •• activit! •• which ata baing managed by ,aul CUrtin', organization on ~half of J ••••. 
YOU will notice actlvltl •• Include: D1aposltions, Acquisition. and porting. Should you have any qua.tlona 
ragardlng the format or project apecltlcs, do not h,.itata to conact ... 

itegarda, 

Jm 

1 



1~/27/'. 
MAHAOItMKNT SUMMARY OISPOSITION 

PROJBCT MGR: Bill Hill 
PRODUCT, ACMS/pamily 
ACTIVITY, Diepoettton 

CONCEPT APPROVAL 
BBO / CORP 

PLAN 
APPROVAL '" ---------------- --------- ---------'" SUBMITTBO N/TBO 

PROJBCT MGR: Carl Oallozzt 
PROOUCT, OSCFORMS 

N/T80 

ACTIVITY: Dtapo.itton vta Sale 

CONCSPT APPROVAL 
SBO / CORP 

PLAN RPP 
APPROVAL 

---------------- --------- ---------u-,. 12/15 NO pl-.n 

PROJBCT NOR, J. Heraey 
PRODUCT: DBClntect 
ACTIVlTY: Licenae back 

Not to be 
euppl1.., 

CONCBPT APPROVAL 
580 / CORP 

PLAN RPP 
APPROVAL 

--------- ---------,., >e, 

PROJBCT MGR: Brian Oagnon 
PRODUCT: OECWrita 
ACTIVITY: Migration 

CONCEPT APPROVAL PLAN RPP 
SBO / CORP APPROVAL 

>e, 

PROJBCT MGR: 80a MAY 
PROOUCT: DaM 

, .. 
ACTIVITY: Oi.pcaition via Sale 

OONCBPT APPROVAL PLAN 
SOO I CD" APPROVAL 

---------------- ---------
COHPLBTlI Yea ,/,. 

PROJBCT NOR: Jett Rudy 
'RODUCT: VTX/Notaa 
ACTlVITY: Oiapcaition 

CONCBPT APPROVAL ....... 
880 / COIlP APPROVAL 

---------
11/" TaD TOD 

... 
---------, .. 

'" 
---------
Y 8/U 

POTeNTIAL 
PARTNBRS 

oracle 
SterUn" 
Sottwara AG 

POTENTIAL 
PARTNBRS -----------
COIIIPutar 
Aa.oc-lata 
Oetrine 
JYACC 

POTIlNTIAL 
PARTNBRS 

ASCI 

POTBN'TIAL 
PARTNBRS 

-----------Interlaat 

PGTIlNTIAL 
PARTNERS 

-----------lOX, '"C 

POrI!NTIAL 
PARTNBRS 

-----------'ercua.ion 
lIieroay.t_ 
au •• all 

POSSISILITY 
OP CLOBURB 

TOO 

POSSIBILITY 
OP CLOSURl! 

-----------aarly - HO 
bade tor 
eettlll&tae 

POSSIBILITY 
01' CLOSURB 

-----------, 

POSSIBILITY 
OP CLOSURB 

-----------, 

POSSIBILITY 
01' CLOSURB 

High 

POSSIBILITY 
OP CLOSUU 

-----------.... .... 

8IDS 
RECY'D 

BIDS 
RBCY'O --------•• 

BIOS 
RBCY'D --------

aIDS 
RBCV'D --------

BIDS 
RBCY'O 

,/,. 

.m 
RBCY'O --------
'/U 
'/U 

OROANIZAlTON, LIPCON/OBMMBR 
ACTIVITY C008: 3 

NSCIOTIATION 
PLAN 

'"C 
APPROVAL 

TARGIIT 
COMPLETE 

ISSUES 

------------
c'/n's 

ORGANIZATION: LIPCON/DBMMBR 
ACTIVITY COD8: 3 

Dec:t.ton 
requtred. 

NBGOTIATION ,"c TARGIIT ISSuas ....... APPROVAL COMPLIITB ------------ --------./. TOD --------
unknown Nona 

OIlOANIZATION: LIPCON/OBMMIIIl 
ACTlVITY coo.: , 

NIJOOTIATION D.C TAROIIT USUBS ....... APPROVAL COMPLaT. 
------------ --------

NKGOTIATION .". 

--------
C3/rnS 

ORGANIZATION, LlPOON/O&MMaR 
ACTIVITY COOB, 1 

D.C TAROaT USUBS APPROVAL COMPLBTB ------------ --------, .. 
N8GOTIATION .". 
, .. 

NBOOTIATION ....... 
------------TOD 

--------
CUn,s Na" atallad 

OROANIZATION: LIPCON/ DBHKIR 
ACTIVITY COOB: 

D'C 
APPROVAL 

, 
TAROaT 

COMPLBTB 
ISSUas 

,/,. C3/pY'5 Patenta 
Contract aign.., PTe 

12/23/'5 

OIlOANIZATIOM: LIPOOH/DBKKER 
ACTIVITY COD.: 2 

D'C TAROin' 18SUEa APPROVAL COMPLBTI: -------- --------
T'D gl/n95 Valuation 



prom, 
TO, 
CC, 
Subj: 

p.t.r, 

HSBca, 'O~ILLARDBT ·OS-Jan-1995 101. -0500· 5-J~N-1995 10,1',ZO.98 
HUMAN: :OONKLIN 
CURTIH,O~ILLARDBT 

•• 1JZ DOC·· PARTHERIHG ACTIVITIBS 

congratulationa on your racant appointment, v.'r. looking forvard to continuing to vork with you in your nev 
jobl 

Pl.a •• flnd attachad tho •• activitia. which are b.ing manag.d by Paul CUrtin'. organi~ation on bahalf of J ••••. 
YOU viii notic. activiti •• includ., ai.po.itlon., ~cqui.ition. and porting. Should you have any qua.tion. 
r.garding tha format or projact .pacific., do not h •• lt.ta to conact ~. 

Regard., 

J.an 
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From: 
-1995 
To: 
CC: 
Subj: 

HUMAN : :CONKLIN "Peter 508.4.86.2564 LJ02/Bll, sec Dory .2565" lO-JAN 
08:50:02.31 

MSBCS: : KAUFMAN 
CONKLIN 
update on Ralph Clark 

DIGITAL RESTRICTED DISTRIBUTION 

I talked to Ralph Clark late Friday. We had a good c )nversation. 
I said that we should continue t o explore business possibilities. 
I would be the decision maker and work through you on the 
details/financials/etc. I also indicated that we had no 
fixed notion of how best to structure a relationship. The goal 
was the most effective answer for the customers, within the 
bounds of good business practice . 

Ralph indicated that he had discussed earlier with Jesse about 
the peraonnel 188ues and would support a proper handling of 
these. My action to f ollow up with our employees on this. 

I said that we needed to look into details, but it ma de sense 
to give Ralph the briefing materials you prepared 80 that he 
could do some homework in parallel. I indicated that you, Regis, 
might be swampped, so I didn't know if/when you could help. We 
won't proceed until you h ave the time. I alao indicated that 
we were sorting out some organizational things here so it would 
be a while until we were ready to sit down and discuss 
alternatives. (i.e., until Steve Jenkins gets on board, but I 
didn't mention Steve'S name.) 

So, bottom line: 

thanks. 

release appropriate material to Ralph 
don't spend ti~e on this until I Say so 
I will talk with our f o lks 
we will wait until VM ? layered products 

strategy is worked out (Jen~ in8 & Me) 
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Super-Servers: 
Commodity Computer Clusters Pose a Software Challenge 

Jim On)' 
San f'rIncisco SYItCIDI Center 
DiailaJ. Equipment CorporaIion 

455 M.ket St. 7th fl ., San PtaDcisco, CA. 94103 
SFBay::JimOnyor JimOrlY 0 SFBay.cnct.dcc.com 

February 1991, revised December 1991 

Abstract: Technology is pushing the fastest processors onto si ngle mass-produced chips. 
Standards are defining a new level of integration: the Posix box. These forces will 
fundamentally change the way we build computers. Future designs must leverage commodity 
products. Clusters of computers are the natural way to build the supercomputer of the future . A 
simple analysis suggests that such machines will have thousands of processors, terabytes of 
RAM, many terabytes of disc, and terabits-per-second of communications bandwidth. This gives 
rise to the 4T clusters. These computers will be ideally suited to be super-servers in future 
networks . Software that extracts parallelism from applications is the key to making clusters 
useful. Client-server computing has natural paraJlelism: many clients submit many independent 
requests that can be processed in parallel. Database, visualization, and scientific computing 
applications also have made great strides in extracting and exploiti ng parallelism. These 
promising first steps bode well for cluster architectures. 

Outline: 
Standards are coming! 
48 Machines: smoking-hairy golfballs. 
Business strategy in an era of commodity software. 
Sales and service in a commodity world 
Future mainframes: 4T machines. 
Who needs a 4T super-server? 
What are the key properties of super-servers? 
Clusters - the key to 4T machines. 
Cluster software - the key to 4T clusters. 
V AXcluster software - the key to 4T clusters? 
Standards: tell me it isn't SO (Snake Oil). 
Clusters vs distributed systems, what's the difference? 
Summary and recommendation. 

Acknowledgments : These ideal hI,·c been been evolvlna ror many ytar1j but, thil memo grew OUt of the 10 
wkforce chaired by BIUTY RubinlOn. Participantl included Bob Bean, Andrew BircH, VereU Boaen, 8IUTy 
Coldaein, BiU Lainl, Richie Lary, Alan Nemeth, Ron Obemwck, Tom Ranch, Dave nd. and cathy van lien. 

Confidentiality: A previoul vcnion unfonunalcly sprad ouuide Diaitll II wu my f.ull Withe memo \IIU not 
labeled Dilital Confidenlial. Fonunatcly, thaI memo, like this one, was conceptual nllhcr than fattual ; 10 little 
coafidenlw infonDlltion w.s di&do&ed. Since the c:onfidclllial venion &PfCI'd Voidely, mere Kemllittle reason to 
make this nnitiud vmion. secret. It has noliOllC throuah the Digital review procell, and 10 it is DOl public. 

Changes from the prevkluJ vcnion: 
I. NCllIt'OI'kinl il no IoDgtt iallOl'ed. Hip-Ipeed netvo'orb .e meDlioned (I:l,abit LAN. &lid mepbiu W ANI). In 

(act, Ihis i, the BIO dwlie in computer archit«lure. Other J*11 of the computtt Ire ,Cllinl only leD to one 
hundred limes cheapcI" and futer in the nul decade. Nec .... "OrtiDl i.ICllin, thousand& or millions of ti.meI faster 
and cbeIIpcr in Ihe Den de<:.de.. 

2. 1bere i, an anempt 10 CODU'aa c1uuen with distributed Iyilems; c1ullm Ire limple di,ttibuted syllems 
(homogeneoul, lingle lite, linale adminllttWion). 



STANDARDS ARE COMING! 

By the end of the decade, boatJoads of Posix boxes, complete with software, will be arriving in 
peru throughout the world. They will likely be 100 times more powerful than the VAX-9000, 
and will cost less than 10,000$ each, including a complete NAS·like software base. No doubt 
they will come in a variety of sbapes and sizes, bUI typically these new super-computers will 
have the form factor of a PC or VCR. These products will be inexpensive because they will 
exploit the same software and hardware technologies used by mass-market consumer products 
like HDTV, telephones, voice and music processors, super-FAX, and personal computers. 

How can Digilal and other computer companies add a hundred billion dollars of value to these 
boxes each year? Such added value is needed to keep computer industry giants like IBM, 
Fujitsu, and Digital alive. 

I believe Illat the lOOBS/year will come from three main sources: 

Manufacture: Provide some of the hardware and sonware components in these boxes. 

Distribute: Sell, service, and support these platforms to corporations. Although the boxes 
will be standard, corporations will want to out-source the expertise to install, configure and 
operate these boxes and the networks that connect them. 

Integrate: Sell oorponlte electronics, by analogy to consumer electronics, prepackaged or 
turnkey systems that directly solve the problems of large corporations. The proliferation of 
computers into all aspects of business and society will create a corresponding demand for 
super-servers that store, analyze, and transmit data. Super-servers will be built from 
hundreds of such boxes working on common problems. These super-servers will need 
specialized application software to exploit their cluster architecture. Database search and 
scientific visualization are two examples of such specialize application software. 

As in the past, most revenue will come from manufacturing and distribution - the traditional 
computer business. The high profit margins will be in integrated systems that provide unique 
high-value produCts. 

Integration is not a new business for traditional computer companies, but the business structure 
will be different. There will be more emphasis on using commodity (outside) products. The 
development cost of standard products will have to be amortized across the maximum number of 
units. These units will be marketed to both competitors and to customers. Development of non· 
standard products will only be justified for items that make a unique contribution with orders-of
magnitude payoffs. The cost of me-too products on proprietary platfonns will be prohibitive. 

This phenomenon is already visible in the PC-Workstation marketplace. In that market, 
standardized hardware with low margins provides the bulk of the revenue, but has low profit 
margins. A few vendors dominate the high-margin software business (notably Microsoft and 
Novel). 
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4B MACHINES, SMOKING HAIRY GOLF BALLS 

Today. the fundamental computer building blocks are cpus, memory chips, discs, print engines, 
keyboards. displays. modems, and Ethernet. Each is a commodity item. Computer vendors add 
value by integrating these building blocks and by adding software to fonn workstations, mid
range computen, and to some extent mainframes. For example Apple, Compaq, IBM PCs, 
NCR, Sequent. Sun, Tandem, and Teradata all use commodity components. Digital's MIPS· 
based products are also examples of this approach. 

The unit of integration has gone from vacuum tube to Chip. The neIl step in integration will be a 
minimal hardware/software package. By the end of thiS decade, the basic processor building 
blocks will be commodity boards running commodity software. The boards will likely have a I 
hips cpu (biUion instructions per second), I GS (Giga byte) of memory. and will include a fairly 
complete software system. This is based on a technology forecast something like the faUowing. 

Year 
1990 
1993 
1996 
1999 

I Chip t Chipl 1 Disc: 
CPU Speed DRAM lOB 

IO mips 4 Mb 8-
80 mips 16 Mb S~ 

500 mips 64 Mb 3" 
1000 mips 256 Mb I-

LAN 
lOmbps Ethernet 

100 mbps FDDI 
I (XX) mbps ? 

WAN 
64kbps ISDN 

? 
I mbps fiber 

This forecast is fairly conservative (for example, some predict 1Gb WAN networlcing will be 
economic in lhat period). It also forecasts the following costs for the various 1999 components 

I Chip 1 Chip 
Year CPU DRAM 1GB Disc LAN WAN 
1999 100$ 5$ 50$ 50S 

Given these costs, one could buy a processor, 40 memory cbips, several bigh·speed 
communications chips, and ten discs, paclcage and power them for a few thousand dollars. 

Such computers are called 48 mllchines (Billion instructions per second, Billion bytes of DRAM 
storage, and a Billion bytes per second of 10 bandwidth, and a Billion bits per second of 
communications bandwidth). A 58 mllchine will support a Billion bit display, that is 
4000x4000 pixels and each pixel 32 bilS of shading and color2. They contrast to the 5M 
machines that drove the PC revolution (mip, megabyte of ram, megapixeJ display. 10 megabit 
per second LAN, and a mouse). 

These 4B machines will be smoklng-haJry-golr-blllls1. The processor will be one large chip 
wrapped in a memory package about the size of a golf baJl, The surface of the golf ball will be 
hot and hairy: hot because of the heat dissipation. and hairy because the machine will need many 
wires to connect it to the outside world, 

Dramatic changes are also expected in both storage or networks. 

Disc rarms will be built from mass·produced I- discs placed on a board much as DRAMs are 
placed on memory boards today. A ten·by·ten amty of such discs will store about 100 GBYles. 

I ".. iI!he ~he pMictioa tNt Ita lind oflbe 1M!: 20 r- will~. Then II ,ood eorideacc IhIt DRAMS we 
evoIvi. men NowIy Ihao u.y have ill: the ~ nu IIJa.w evolutioa _ fnxn redI.aced dImud &lid I~ capiLlI COItI. 
lfNCnl nack COIlliDue, ill 1999 DRAMS em.- will be III 64Mb MId will COlt ebout I'S NCb. ThiI will i~ ~ec:tod 
memory pricet by alii «da'« ~ MId will clcu--.theprojec:&ed rDI!tI)Or)'Au by • .mu.. I'xur. n.nb 10 SIeve 
C\lIIecI of DiJital _!HI obttnllioa.. 
lSOmBl"fer IOCIlIII-. 40 aDdXlmadU_llliq Oip i .. 1C*I of BilI~ 
l Prank WomIJ uaed dU rnec.phcr ill 198$. ITaDk it _ wortillllll LSI Losit, 
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Disc array technology will give these disc-boards very high performance and very high 
reliability4. 

Future networks will be much faster. Fiber based communications will be able to deliver terabit 
data rates, but 81 a high price. Commodity fiber-optic interfaces wjJJ probably run at gigabit 
speeds. Loca1 communication (LANs) will be able to use this bandwidth. but long haul 
bandwidth wiU still be expensive. So, a1thougb gigabit-W ANs will be possible, and may form 
the backbones of some applications, it seems likely that megabit-WANs will be more typical. 
The transition from the low speed W ANs of today running at between 2kbps and 64kbps, to the 
higher-speed commodity WANs of 1999 running at 2mbps (TI) to 45mbps (1'3) will be a major 
architectural shift for data communications. Tbese changes in network performance and 
network economics will be key enablers for super-servers to instantly distribute data and images 
over long distances. 

The software for 4B machines will contain all the elements of XlOpen, Posix, DCE, SAA, and 
NAS. In particular it will include some standard descendents of Motif, SQL, OSI, DeE-UNIX, 
XlOpen transaction processing, and so on. 

These basic building blocks will be commodities. That is, the hardware will be mass produced 
and so will have very low unit price. Standard operating syStems, window systems, compilers, 
database systems, and uansaction monitors will bave high volumes and so will also bave low 
unit prices. This can already be seen in the workstation world. There. osn Extended Edition 
and Open DeskTop provide complete software systtms (database, network, and tools), all for less 
than a thousand dollars. 

Today, most applications are not portable from one computer family to another (e.g., from 
MS/DOS to UNIX). In that era, most applications wiU be portable. The stable interfaces will be 
soft: the programming languages, operating system, i/o libraries, databases, network protocols, 
and the like . 

• ~ D. A., G. G.Dtc. ad R. KML (1918).", Gull'"/« !rid"","," Arny6~JnupmstvIl'" DUb (MID). ~.ACM 
SIGMOD. 109-1 !fi. or Sdulu, M.. G. GaoIl. R. K&r. ad D. A. PaatnoIL (1989). H_blUlbk". MID. ~ IEEE 
~ 89. 11'"12). 

• 
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BUSINESS STRATEGY IN AN ERA OF COMMODITY SOFTWARE 

Profit margins on manufacturing commodity hardware and software products will be relatively 
modest. but the volumes will be enormous. So, it will be a good business, but a very competitive 
one. There will continue to be a brisk business for peripberaJs such as displays, scanners, mass 
storage devices, and the like. But again., this will be a commodity business with narrow profit 
margins. Much like the commodity PC industry of today. 

Wby even bother with such a low-margin business? The reason is simple, it is essential to be in 
the low-margin business because it is the high-volume business. The revenues and technology 
from this business fund the next generation. This can already be seen in the Ie business where 
DRAM manufacturing refines the techniques needed for many other advanced devices. 

There is a software analogy to this phenomenon visible within IBM, Digital, Microsoft, and 
Oracle. There are economies..of-scale in advenising, distributing, and supporting software. 
Microsoft's Windows3 product shows once again the importance of an insuiLled base and of a 
distribution network. In addition, the pool of software expertise in developing one product is a 
real asset in developing the next. 

On the other hand, we already see that IBM cannOt afford to do all of SAA and that Digital 
cannot afford to do all ofNAS. These projects are so buge that they are being stretched-out over 
the next decade. In fact., ther are so buge, that strategic-alliances are being fanned to spread the 
risk and the worldoad. ThiS. in my view, is a fOO( cause of the many consonia (e.g., OSF, 
ACE •... ) being formed today. For IBM and Digital to recover their development costs for SAA 
and NAS, their software efforts will have to become ubiquitous. NAS and SAA must run on 
millions of non-Digital and non-IBM hardware platforms. They must target the portable 
software market as a major revenue !IOW'CC. 

There is no longer room for dozens of companies building me-too products. For example, each 
operating system now comes with a SQL engine (Rdb on VMS, lngres on OpenDesktop, SQL on 
om EE. NonStop SQL on Guardian •... ). So it will be bard to make a profit on a unique SQL 
enJ.ine - SQL is now commodity software. Each computer company or consortium must either 
bwld an orders-of-magnirude-better unique-but-portable SQL product, or form an aUiance with 
one of the portable commodity SQL vendors. Put glibly: each company has a choice, either (I) 
build a database system and database tools that will blow away Oracle., Ingres, lnformix, and the 
other portable database vendors, or (2) form an alliance with one of these commodity vendors. 
Similarly, each company must produce a networking system that is of'ders-of-magnirude-bener 
than DEenet, SNA, Novel, 3-Com, Ungennann-Bass, and the other network vendors. If it 
cannot afford to do that, it shou1d partner with one of them. 

In general, each computer company will both build and buy. For example, today most of the 
UNIX-DCE cOOe comes from other vendors, some of the DCE components come from Digital. 
This probably represents the way things will be in the future; no company can afford to do 
everything. No single company can produce the best implementation of all standards. 

SALES AND SERVICE IN A COMMODITY WORLD 

I bave little to sayan this topic. It is one triad of the three components of any computer 
companie's fuNTe. It is our traditional business. Size and wide geographic disbibution are a key 
strength in marketing and supporting any products a company offers. 
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FUTURE MAINFRAMES, THE 4T MACHINES 

In a classic paper Gordon Bel1 and Dave Nelson deftned the basic laws of computing'. One of 
their key observations is that there are seven tiers to the computer business. These tiers are 
roughly categorized by the dollar value of the computers: 

10$: wrist watch computers 
l00S: pocket! palm computers 

1,000$: portable computers 
10,0005: personal computers (desktop) 

100,0005: departmentaJ computers (closet) 
1,000,0005: site computers (glass house) 
10,000,0005: regional computers (glass castle) 

Bell and Nelson observed that each dealde, computers from one tier move down a notch or two. 
For example, current portables have the power and capacity approximating that of a 1970 glass 
house machine. Macbines with the power of 1980 workstations are now appearing as portable 
and even pocket computers. 

They observed that service workers can be capiwized at about 10,000$ of computer equipment 
per person on average. That more or less defines the price afme typical workstation. 

The costs of departmental, site and regionaJ servers can be amortize over many more people, so 
they can cost a lot more. 

What will the price structure look like in the year 2000? Will there be some super-expensive 
super-fast newal-net computer that costs ten million dollars? If future processors and discs are 
very fast and very cbeap, bow can one expect to build an expensive computer? Wbat will a 
main-frame look like? 

One theory is that the mainframe of the future will be 10,000$ of hardware and 990,000$ wonh 
of software. Being a software guy, I like that modeJ. Fighter planes work this way, eacb new 
one is sma.1ler and lighter, yet costs mucb more because it is filled with fabulously expensive 
software and design. It's unlikely that similar mechanisms will operate for commodity super
servers. 

OK, so the 99% software theory is blown. What else? Perhaps the customer wiD pay for 
990,0000$ wotth of maintenance or service on his 10,000$ box? Probably not. He will probably 
just buy two, and if one breaks, discard it and use the other one. 

J conclude that the mainframe itself will cost about a million dollars in hardware. What will a 
million dollars buy? It will buy (packaged and powered) about: 

1,<XXl processors 1 tips (uillion insuuctions per second) or 
- lOO,<XXl DRAMS (@256Mb) • 4 TB (four terabytes RAM) or 
- 1O,<XXl discs(@IGB) - IOTB(tenterabytesdisc)or 
- 10,<XXl net interfaces (@ IGbps) - 10 Tb (10 terabits ofnetworlcing) 

So, the mainframt: of the Cuture Is a 4T machine! 

, SN C.O. Bell ad J.E. Ma:N--. H/tIt T«Ir Y_a. Addiloa W.lcy. 1991, pp. 164-161 
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WHO NEEDS A 4T SUPER-SERVER? 

What would anyone do with a 4T machine? Perhaps the mainframe of the future is just a 
personal computer on each desle. A thousand 48 PCs would add up to a 4T ·site- computer. The 
system is the netWOrk! 

Each worker will probably have one or more dedicated 48 computers, but there will be some 
jobs that require more storage or more processing than a single processor, even onc of these 
super·powerful4B ones. 

Consider, for example, the problem of searchi ng the ten terabyte database mentioned above 
looking for a certain pattern. If one processor searched through the 10 TB using a single 48 
processor, and using current software (e.g. Rdb), the search would take three hours. By using a 
thousand 48 processors in parallel, the search would take about 10 seconds. 

Similar obse:l"Yations apply 10 other applications that analyze or process very large bcx:lies of data. 
Dal8base search is prosaic compared to data visualization algorithms that map VHt quantities of 
data to a color image. These search and visualization problems lend thenuelves to parallel 
algorithms. By doubling me number of processors and memories, one can scaleup the problem 
(solve twice as big a problem), or speedup the solution (solve the problem twice as fast) . 

Some believe that the 48 machines spell the end of machines costing much more than 10,000$. I 
have a different model. I beliue that the proliferation of Inexpensive computers will 
Increase the need for super-servers. 

A fraction, say 2S% , of future computer expenditures will go for super-servers . The typical 
strategy today is to spend half the budget on workstations, and half on print, storage, and network 
serven . In the end. the split may be more like 9()..IO (this is the ratio of cost of ATMs to the bost 
server in an ATM network). but servers will not disappear. The ~ntral arguments are: 

Power: The bandwidth and data storage demands of servers supponing hundreds or thousands of 
48 machines will be enormous. The servers will have to be more powerful than the clients. 
Fast c.Iients want faster servers. 

Control: The proliferation of machines and bandwidth will make it possible., even easy, to access 
centralized services and resources. No lon$er will you go to the video store to get a 
videotape, you will download it. No longer will you search paper libraries for information. 
you will have a server do it for you. These resources (movies, libraries •... ) will contain 
valuable information. Central utilities (or at least regional utilities) will want to control 
access to them. So they will set up super-servers that offer an client-server interface to 
them. 

Manageability: People do not want to manage their own data centers. Yet, the trends above 
suggest that we will all own a personal data center in 1999. Each PC and each mobile 
telephone will be a 48 machine. There will be a real demand for automatic data archiving 
and automatic system management This will likely be a centralized service. A simple 
example of this is visible today with the success of X-terminals that move management 
issues from the desktop to the closet. 
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WHAT ARE THE KEY PROPERTIES OF SUPER-SERVERS? 

Servers must have the following properties: 

Programmable: It is easy to write client and server applications for the server. 

Manageable: It is easy to manage the server. 

Secure: The server can not be corrupted or penetrated by hackers. 

Distributed: The server can intemperate with olller super-servers. 

Scaleable: The server's power can grow arbitrarily by adding hardware. 

Economic : The server is built from commodity components. 

Highly available: The server docs not lose data and is aJways ·up·. 

CLUSTERS - THE KEY TO 4T MACHINES 

Servers need to be as powerful or more powerful than their clients. They must serve hundreds or 
millions of clients. How can powerful servers with all these properties be built from commodity 
components? How can a collection of hundreds of 4B machines be connected to act as a single 
server? What kind of architecture is needed? What kind of software is needed? 

Digital bas it now! Digital currently offers V AXclusters that scaJe to hundreds of processors. 
The cluster bas excellent programming tools, it is a single management entity, and it is secure. 
Clients access ACMS servers on the cluster not knowing where the servers are running or where 
the data resides. So the cluster is scaleable. Processors, storage, and communications bandwidth 
can be added to the cluster wbile it is operating. V AXclusters are faull-tolerant; they mask faults 
with failover of discs and communications lines. VMS bas the transaction concept integrated into 
the operating system. The VAX family is built from COmmodity components and is among the 
most economic servers available today. 

Well, that is the official Digital marketing story; and there is a grain of truth to it But, the details 
of the VAXcluster do not deliver on most of these promises. The VAXcluster really only scales 
to tens (not thousands of processors), the programming and management tools do not offer much 
transparency; each component is managed individually. VirtuaUy none of the tools use more 
than one-processor-al-a time in running an application; this dramatical limits the ability to 
scaJeup or speedup applications by adding hardware. The VAXcluster price is not especiaJly 
economic when compared to PC-based servers. And, there are single points of failure in the 
V AXcluster software. 

But., the V AXclust.er is certai.n1y a step in the right direction. It is aJso the direction that most 
other vendors have adopted. Notable examples are: 

Teradata builds clusters out of the lntel x86 family and proprietary software. These clusters act 
as back-end SQL servers to mainframes and LANs. Teradata systelD!l feature economy, 
scaleability, and fault-tolerance. The largest clusters are a few hundred processors and a thousand 
discs. NCR has adopred the Teradata approach. It is hoping to build systelD!l that scaJe from the 
palm 10 the super-computer by building clusters of Intel x86 or RISC processon. At present., the 
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NCR plan is in development6. The recent merger of AT&T, NCR. and Teradata make this all 
the more interesting. 

Tandem builds clusters out ofa proprietary hardware·software com~ination running as network 
servers. Tandem system features match the super-server list above. The systems scale to about 
100 processors and to a few hundred discs. Customen complain that the systems are not 
manageable. 

mM Sysplex is a cluster of up to fortyeight 390 processors. At present there is very little 
software to support this cluster hardware. In addition, the rBM AIX system (their UNIX clone) 
running on the 390 bardware has software from Locus corporation to suppon the cluster concept. 
raM's Yorktown research group shows a 10( of interest in cluster software. 

Intel is building a hyper-cube of 2000 processors, called the Delta macltine. The first instance of 
this machine (about 500 processors) is now installed at CalTech, and other smaUer machines are 
being seeded around universities and industry. The faculty at CalTech and other universities are 
working hard on the programming issue. Unlike the other machines mentioned so far, 
input/output to disc storage seems to be an afterthought this machine. 

Thinking Machines recently announced a massively parallel machine. I have little real 
information on this machine. but it seems to match the 4T model. 

Looked at in this light, no vendor is ready to build a thousand F,>Cessor 4T machine and tht 
associatt:d softwart:. Some are ahead of others. In fact, I place Digital second behind Tandem in 
the race - the VAX cluster is an excellent start. Digital's VMS staff and other engineering 
organizations have experience with clusters. Digital should bt: ltvt:raging its It:atkrship position 
to extt:nd VAXclwrt:r sius by ont: or rwo arders-of-magnitudt:. 

6 HCI(',4IS !itnuD, Ma.d, J.,o.tllllMtioft, V)6.21, 1 0.:. 1990, pp. l4-3l. 
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CLUSTER SOFfW ARE - THE KEY TO 4T CLUSTERS 

It is important to understand the virtue of clusters. The idea is to add more discs, more 
processors, more memory, and more communications lines, and get more work out of the system. 
This speedup and scaleup should go from one processor-memory-disc-comm module to several 
thousand modules. 

Traditionally. multiple processors have been connected by sharing a common memory: Shared 
Memory Multi-Processors (SMP). The SMP approach does not scale well in a world of 
smoking-bairy golfballs. The event-horizon of a smoking hairy golfball is on the processor 
chip; signals from one ball cannot get to the next ball before the processor goes on to the next 
instruction. A memory shared by two such golfbaJls looks more like a communications line or a 
remote processor. SMP designers are aiming for ten-way parallelism. The hundred-fold and 
thousand-fold speedups available using commodity processors in a cluster bave much higher 
payoff. All the machines mentioned above have a cluster architecture. They communicate via 
messages rather than via shared memory. 

The goal of cluster software is to divide-and-conquer large problems. It must do three things: 
I. break the computation into many small jobs, 
2. spread the jobs among many processors and memories executing in parallel. and 
3. arrange that traffic among the jobs does not swamp the network or create interference. 

Tbe cballenge bas been to extract paraJlelism from applications. Certain applications like 
timesbaring and transaction processing have natural parallelism. Eacb client represents a 
separate and independent requesL Each request can go to a separate processor. So, servers with 
many clients bave inherent para1lelism. If the number of clients doubles, and if there are no 
bottlenecks in the hardware or software design, then doubling the number of servers, storage 
devices, and comm lines will give good scaleup. This is what VAXclusters, Teradaw, and 
Tandems do today. 

The real cbaUenge is to recognize and extract the ~Ielism within applications (big batch jobs). 
This is an ad hoc field today. SQL servers have discovered bow to extract paralletism from large 
database queries - they search each disc of the database in parallel, they son in parallel, they join 
tables in parallel, and so on. Tbese systems display good speedup and scaleup to a bundred 
processors. Notable commercial examples of this are Teradata and Tandem'. 

Beyond that there have been few successes. Today, recognizing parallelism is an application· 
specific task. The application programmer must program parallelism into his application by 
inventing new and iMovative algorithms. AutomalJC extraction of parallelism from appljcations 
stands as a major ~b challenge. 

The current situation is (1) 4T machines have a bright future as parallel SQL servers and (2) 
servers get natural parallelism and scaleup from having many clients. So, no scientific 
breakthroughs are needed to get the parallelism needed to use 4T machines as data servers. 
These servers will have Jots of opponunities for parallelism. 

1 David DeWitt &lid lim (by, PGflJ/k1 DcJIDb4M 3ynmu: :nu F'Iltvrt ojo"l4bGH PrGaUinlllr G PlUm., FGd7, to ~ ill 
CACM. 
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V AXduster SOITW ARE - THE KEY TO 4T MACHINES? 

Once the parallelism problem is ·solved- innovation is still needed to make VAXclusters 
manageable, secure, and highly available. Evolving VMS and the VAXcluster to solve any of 
the major problems (parallel software, manageability, security, fault-tolerance) will be a major 
software irutiative. 

There is a fundamental question about whether we should base these initiatives on top of a 
proprietary system (VMS) or on lOp of an Open System (OSF DeE UNIX). I am unclear on the 
answer to this VMS V5 UN IX question. VMS may not be the perfect base for Digiw's future 
cluster products - it is not portable to the instruction-set-of·the-month, and it is very large. But it 
has twO big vinues: (I) It suppons the cluster concept. and (2) it is oun. 

The easy way out of this is to base future VAXclusters on UNIX. UNIX is portable and 
standard. The problem is that UNIX is like stone soupS, You have to add a lot to get what you 
want. If we add 1M lines to UNIX for fault tolerance, 1M lines for distributed databases, and 
10M lines for manageability, do we still have UNIX? Have we built a commodity product? Will 
super-servers be a commodity product. I do nOi think so. 

Super-Servers will use commodity hardware and proprietary sot'tware. That is, I think the 
super-server will have sales volumes measured not in millions orunit!l, but in thousands or units 
- one super-server per thousands or client!l. Super-server operating and management software 
will have demanding requirements that will not be satisfied by commodity client software. So I 
imagine that there will be a few server operating systems that offer an Open Interface (e.g. SAA, 
NAS, Posix, XIOpen, or the like), run on clusten or commodity devices, but that are proprietary. 
That is the software will have many unique perrormance and management reatures. 

This is good news for anyone who want!l to make a business or super-servers. Ir they were easy 
to build and had huge volumes then there would be a lot of competition ror them and margins 
would be very slim. The key to a successful busines.s is having a product that everybody needs 
but that few people can build. The software that goes into super-servers may well be such a 
product. 

The next section tries to explain why Slandard software (e.g. vanilla UNIX-DeE) is unlikely to 
produce a competitive cluster architecture. 

I Thc recipe for ltone IOUp caUl ror Illone 10 be plIced In llage pot orboilina; .... 'IIIet. Each guest I. requesled 10 
brill8 In iddil;on.a1 ingredienl (c.i., onionl, canota, 'M)' Thc quality orthe IOUp depend. Oft the qullil)' or the 
guest .. 
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STANDARDS, TELL ME IT ISN'T SO (Sn.ke 011). 

Some believe that aU this Open-UNIX-Standards stuff is Snake Oil (SO for short). I do too -
well perhaps its not all snake oil, but there sure is a lot of hype noating about. This is an 
unpopular view - or at least a reactionary one; but it deserves a fair hearing. The SO view 
proceeds as follows. 

Standards are Boring: Customers always want some feature or trend that is leading edge. They 
use this as a competitive advantage. Leading edge things have not made it into standards. 
Parallelism. fault-tolerance, manageability, and high-performance tricks are unlikely to 
become standards. 

Standards are Incomplete: It is standard to see the seven-layer ISO protocol stack. You have 
seen the l()()()..page SQL standard. You have seen the multi-volume X-Windows books. 
Guess what? They are the tip of the iceberg . 
• The ISO protocol stack bas an elevator shaft running down the side called network 

management. That elevator shaft is not standard. 'fbe:re are implementations that are de 
facto standards (e.g., NetMaster, DECnet EMA, NetView), but they are not standard. 
ISO currently punU on issues like security and performance. 

• The SQL standard looks the other way about most errors (they just define a few simple 
ones), performance (no performance monitor), utilities (no load/dump, impon/export, ... ), 
and administration (no accounting, space management. ... ). 

The SO reactionaries believe that computing is fractile: there is complexity in every comer of 
it. Workstations hide this complexity by dealing with a single user and ignoring system 
management. Real computers will not be able to hide some of this complexity. 

When building a workstation, one aims for simplicity. Microsoft has an open standard 
MS/DOS - a singJe code bcxIy that is its own spec. Apple's Macintosh is a similar story. The 
UNIX world has a standard OfH" application programming interface that allows many simple 
stand·a1one programs to be easily ported from one platform to another. The CICS world has 
3OO,(XX) programmers who know and love the CICS application programming interface - that 
is iu own spec. These systems are a11 open and standard. Their programming interfaces are 
published and do not change. 

But lhere is a separate world. There is no real open·standard operations interface for a 
netwOrk of Pes, or for the applications that run them. All the tools to do lhese operations 
tasks are proprietary. The CICS operations interface is not well documented. is not open, and 
it changes from release to release. It is the elevator shaft. 

Certainly, the standards organizations have place-holder bodies that are ·working· on these 
elevator shafts, but the SO reactionaries believe such efforts are doomed. These big-systems 
issues are too specific to become commodity standards or products. 

Standards are low-performing: The standard NFS protocol stack from SUN has poor 
performance. SUN and other vendors have deep ports of this standard code that are much 
faster. Ther sell the fact that they have the best NFS. Auspex has done them one better, 
building a high-performance, fault-tolerant. scaJeable NFS super-server. Someone who offers 
a vanilla NFS server will have a difficuJt time oompeting. 

Similar comments apply to SQL. Rdb is a deep pan of SQL to VMS (actually Rdb was 
wrinen explicitly for VMS). Other SQL systems do not take advantage of VMS. Rdb 
recently fixed iu performance and quality problems and is now displacing other SQL systems 
on VMS; it is better, less expensive, and comes from the hardware vendor. These 
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performance issues are more important for servers than for clients, since servers are resource
poor compared to clients (even in a cluster), 

There is no question that the mass-markeled systems will be running sl8.ndard, mass-marketed 
software. But, if this model is correct, then super-server cluster will have commodity hardware 
and proprietary software. The software may be · open- in the SAA-NAS-SUN-Posix sense that 
applications are portable to it and can interoperate with it. But it will not be the commodity OSF 
software; it will have LOTS of value added in the areas of scaJeability. security. manageability. 
and availability . In this modeJ, the clients (millions of them) will be running commodity 
software, but the servers will not 

Tbis reactionary SO view describes the current situation: today the clients are COmmodity 
MSIDOS or UNIX systems. The smaJJ servers are abo commodity systems. But. past a cenain 
threshold the commodity servers hit a wall. The hardware does not scale up to clusters and 
neither does the software. 

Server vendors have a choice; they can build this super-server cluster software and call it 
anything they want. They can call it VMS or UNIX or NAS. It will be mostly new code. It will 
surely be XlOpen branded, Posix compliant, and support all of DCE; so it will be UNIX. 
Coming from DEC, it will have many VMS VAXcJuster and DEenet fear.lUes; so we might call 
it VMS. But it will be mostly code that is in neither VMS nor UNIX today. 

1) 



CLUSTERS., DISTRIBUI'ED SYSTEMS, WHAT'S THE DIFFERENCE 

Why isn', a cluster just a distributed system? Why won't all the wonderfu1 software we have 
been developing for distributed systems apply directly to clusters? Won't DCE solve the cluster 
problem? After a1~ DCE means Disuibuted Computing Environment. 

Well, right! A cluster is a distributed system. Everything. even an isolated PC is a distributed 
SyStem. That is the virtue of distributed systems, r.bey encompass all and integrate everything. 

A cluster a special kind of distributed system. It bas propenies that make it qualitatively 
different. 

Homogeneous hardware lind software: A distributed system necessarily involves many types 
of computers with many different software systems. This heterogeneity comes at a cost. 
Genera] purpose algorithms are needed to communicate among nodes. Things on one node 
are slightly different than things on another, so that it is very expensive, if not impossible, to 
offer transparent access to all data at all nodes. 
In a cluster, all the nodes are running the same software and have approximately the same 
hardware. This simplicity,has huge benefits. 00tb for performance and for transparency. It is 
relatively easy to give the illusion that the entire cluster is a single computer. 

Single administrative domain: Distributed systems are designed to cross organizationaJ and 
geographic boundaries. Each node is considered to be an independent member of a 
federation. Since boundaries among nodes of the network are explicit, designers of 
distributed systems make many design choices that allow fine·grajn {node·level} control and 
authorization. 
A cluster is more like a single node of a distributed system. The cluster may consist of 
thousands of devices, but it is managed as a single authentication domain, a single 
performance domain, and a single accounting domain. The cluster administrate..- views it as 
a single entity with no internal boundaries. 

Ideal communication: In a distributed system communication is slow, expensive, and 
unreliable. The finite speed of light and long distances make it slow· 100 InS round trip is 
typical. The long distances and buge capital cosu of common carriers imply that 
communications lines are the most expensive part of a distributed computer system. Public 
networks lose individual connections, and occasionally deny service for extended periods. 
By contrast. communication within a cluster is idea1. The distances are short, less than 100 
meters; so the speed of light delay is short,. less than a microsecond. Bandwidth is plentiful 
and inexpensive in a cluster. One can just add more ports and fibers. The shon distances and 
low communication complexity within a cluster give highly reliable communication. Since 
all members of the cluster speak the same language, very efficient communications protocols 
can be: used. 

In summary, a cluster is a special kind of distributed system. Distributed systems techniques 
will help in building clusters, but the differences will make clusters both simpler and faster than 
distributed systems. In a sense, it is much easier to build a cluster than to build a distributed 
system. 

Of course, a cluster acting as a server will be a key part of a distributed system. It will be a 
supeHcrver node of the distributed system. 

-
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CONCLUSION AND RECOMMENDA nON 

The PC marketplace shows how mass-production and economies-of-scale can mask the 
engineering costs that dominate minicomputer and mainframe prices today. Technology is 

r.ushing the fastest processors onto single mass-produced chips. Standards are defining a new 
evel of integration: the Posix box. These forces will fundamentally change the way we build 

computers. Future designs must leverage commodity products. 

Clusters of computers are the natural way to build the supercomputer of the future . A simple 
analysis suggests that such machines will have thousands of processors, terabrtes of RAM, 
many terabytes of disc, and terabilS.~.second of communications bandwidth. This gives rise to 
!.be 4T clusters. These computers Will be ideally suiled to be super-servers in future networks. 

Software that extracts parallelism from applications is the key to making clusters useful. Client
server computing has natural parallelism: many clients submit many independent requests that 
can be processed in ~Iel. Database. visualization, and scientific computing applications a150 
have made great Strides in extracting and exploiting parallelism. These promising first steps 
bode well for cluster architectures. 

Digital should enter the duster race as one component of its business strategy. It shouJd set a 
year 2000 goal to build a 2000-processor 4T machine and the software to make the machine a 
supeNerver for data and applications. The super-server software should offer good application 
development tools. The 4T cluster should be manageable and should offer good data and 
application security. Remote clients shouM be able to access applications running on the server 
via standard protOcols. The server should be built of commodity components and be scaleable to 
thousands of processon. The software should be fauJt-tolerant to the extent that the server or its 
remote clone can offer services with very high availability. 

The seeds for this architecnue are already found in the V AXcluster architecture. 

" 



Strategic Intent Initiative Technology Team 

Hardware Trend Summary 

• General: tried and true performance trend 'rules of thumb' still 
very accurate 

_ Microprocessors - 2x performance improvement every 2 years 

_ Memories (DRAMs) - 4x capacity increase every 3 years; each 
generation is 10 ns faster than previous generation 

_ Storage - 2x MB/$ increase every 2 years; latencies and 
physical dimensions continue to decrease 

• A few new items 

- Flash RAMs 

- Ultra low power microprocessors 

~lfr\ ?-;nCo e .... \-._ . __ . .. n,..'l nl~rTM r.nnfiriAntlal Slide 4 
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Strategic Intent Initiative 

Microprocessors (cont'd) 
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Disk Access Time Trend 
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Digital's Small Disk Capacity Trends 
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among those who are most able to afford high speed 
transmission and are therefore the leading edge 
purchasers of transmission bandwidth. Figure 11 also 
shows how the speed of circuits purchased by these 
leading edge consumers has inaeased over the years. 
The data is ambiguous but consistent with a straight 
line that is paralle110 the curve for long-haul systems. 
It therefore seems that leading edge consumers can 
afford circuits that carry between 1.0% and 1.5% of the 
full optical transmission capadty. 
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Figure 11 also shows how the speed of local area 
networks has evolved. Ever since the mid 1970s when 
the first local area networks eneged, affordable long
haul transmission bandwidth has been smaller than the 
bandwidth of the popular local area networks . . The 
most widespread local area networks have evolved 
from Ethernet and itisantidpated thatFDDI will set the 
trend for the next several years. The increase in speed 
has been about 28% per year, which is more modest 
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This graph is a logarithmic plot of the number of Internet hosts. 

N.2 Number of Domains 
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This chart shows the number of domains existing in the Internet 
Domain Name System as collected by ZONE. 

Date Domains 

07188 900 
10 / 88 1,280 
01/89 2,600 
07 / 89 3,900 
10 / 89 4,800 
10 / 90 9,300 
01 / 91 11,200 
07 / 91 16,000 
10 / 91 18,000 
01 / 92 17, 000 
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-+- Xmission 

__ Switching 

1 , I • I 
1975 1980 1985 1990 1995 

• Figure 3. Transmission/switching costtwuis. 

Over the past 15 year.;, transmission costs have fallen by 
. _ 3 order.; of magnitude while switching costs. which are domi
nated by the costs of line terminating circuits with analog com
ponents, have remained stable, relative to the im- provements 
secn in transmission equipment (see Fig. 3). 

These changes in relalive costs suggest that it may now 
be possible to design telephone networks with fewer switching 
systems that are much larger than the averages seen today [31. 

The dominant service in the 1965 network as weU as in 
-,oday's telephone network is voice. However, this is expected 
10 change dramalically over the next few year.;, (see Fig. 4, 
which is based on data thaI appear.; in Ref. [41). 

The projection is that data and other high bandwidth 
traffic will surpass voice by 1995. It is commonly assumed that 
voice has a 3-3-3 requirement: a fIXed bidirecti" 
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• Figure 4. Estimated network load. 
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The fir.;t paper of the group, "Optiml ~ 
tions Solutions," by Audrey F. Bur.;on and . 0 

AT&T General Business Systems, discusse, x 
tomer premises equipment in the deploym' 
vices. The second paper, "The Evolving Rc 
Telecommunications Switching," by Stewa, 
Bellcore, examines the impact of recent teel 
the capabilities of switching systems. Irving 
Richards of Bell Nonhero Research take a ~ 
spective in their paper, "Technology's Role " 
terns Evolution." The last paper of the grou 
Switching System Requirements." by Toshi 
describes the kinds of switching systems thai 
future network from a . . 
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Digital Information Infrastructure Utility 

Status and Plans 

George Champine 

Information Management and Technology 



• 

Why We are Here 

Opportunity: 

• IM&T is implementing Infrastructure Utility 

• Clear vision of what and how 

• Take $200M-$300M per year to bottom line 

• Generate a few $B per year incremental sales 

• Showcase and best early adopter of products 
and services 

What we need: 

• Partnership with IM&T as strategic initiative 

• Consider IM&T needs for products and . 
serVIces 

• Unify strategies and priorities 

• Communicate overall strategic product 
release plan 

3 



, 

Objectives of 
Infrastructure Technology Program 

• Improve the competitive position of Digital 

• Develop a broadly-based program vision, 
business objectives, and supporting technol
ogy that supports those business objectives 

• Pilot key technology elements of infrastruc
ture to validate feasibility 

• Develop supporting practices and procedures 
. related to infrastructure technology 

• Coordinate deployment of technology 

[.decwriteJeib-09-92. 6 



Digital 
the 

Vendor 

(Preferred 
Vendor) 

Premier Vendor 
of distributed 
Systems 

• 

Dual Digital Role 

Infonnation 
Management 

and 
Technology 

(IM&T) 

Datamation 
No. 52 computer 
Company 

• 

Digital 
the 

Customer 

(Primary 
Customer) 

Fortune 37 
Company 



Current MIS Status 

• Large Systems 
-7000+ MIS employees 
-500 Computer Centers 
-71 ,000 node world wide network 
-$10B invested in applications S/W 

• Based on V AX/VMS/DECnet!ferminal timesharing model 

• Corporate infrastructure is the network 

• Businesses own computing 

• Organized into four geographies 

• Successfully managed 30% growth/year 

• Supports 114,000 employees worldwide 



IS Infrastructure Utility Strategy 

Significantly improve Corporate profitability, productivity and 
business capability through the establishment of an 
enterprise wide IS infrastructure, managed and operated as a 
utility: 

o Seamless, distributed computing environment 
using client-server model 

o Efficient, integrated, standardized operational 
processes, practices and tools 

o "Best-in-Class" model (cost, quality, reliability, 
functionality) 

o Enables business added-value, enterprise 
services and commodity desktop choices 

o Leverage opportunity for revenue achievement 

o Interoperate with vendors and customers 



Industry-wide Assumptions for 1995 

Hardware 

• Low end desktop = 25 MIPS 

• High end desktop = 400 MIPS 

• Multimedia technology will be common 

• Laptops everywhere 

• Hardware cost will drop 20%/year 

Software 

• OSF/DCE will win distributed systems 

• DOS/NT will dominate non-technical desktops 

• UNIX will dominate engineering desktops 

• MAC/OS will dominate multimedia 

Systems 

• Eight times more data by year 2000 

• Desktop replaces computation center 

• Glass house distributed to glass closets 

• Systems increasingly heterogeneous 

• Standards increasingly important 

IS 

• Labor cost will dominate (>80%) 

• Rapid access to information crucial for real time business de
cisions and corporate management control 

• Information systems complexity a major problem 



The Infrastructure Utility 

The Infrastructure Utility 
provides customers with 
information in their preferred 
form, from any source, using 
any desktop device. 

VISION 

The Infrastructure Utility 
has revolutionized the 
delivery of computer and 
network services, relative 
to COST, SPEED, QUALITY 
and SERVICE, in an OPEN 
ENVIRONMENT. 
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Desired Endpoint 

• Reduce cost and headcount by 30-40% 
-Consolidation 
-Benefit from economy of scale 
-Eliminate needless duplication 
-Eliminate needless diversity 

• Achieve best in class cost/value 

• Consolidate 500 computer centers into 50 

• Capitalize on new technology 
-PCs hardware and software 
-Client/Server 
-Metropolitan area networks 

• Develop rational data process/management/flow 

• Price-to-market cost recovery rather than budget line item 

• Get businesses out of infrastructure computing 

• Get users to accept their share of responsibility 



Why Client/Server 

• Dis-economy of scale in computation 

• Desktop applications software 

• Efficient use of shared resources 

• Efficient use of desktop 
-Minimal files on desktop to save storage 
-Files paged as necessary 
-Maximum swap area 
-Maximize available memory for computation 

• Easy management 

• Enterprise-wide account with off-net access 



Why Open Systems 

• Source of recent leading edge technology 

• Necessary to interoperate with customers and vendors 

• Necessary for portability 

• Broad range of interoperable and flexible products 

• Low cost and very competitive 

• Main stream computing environment 

• Investment protection 

• Does the job 



Senior Executives for Open Systems 
(SOS) 

Members 

• Dupont 

• General Motors 

• American Airlines 

• Motorola 

• Northrop 

• Boeing 

Standards 

• OSF/DCE/DME 

• XPG 
• POSIX 

• KERBEROS 

• X Windows!Motif 

• ANSI languages 

• ANSI SQL 

• ODA, SGML 

• CCITI Group 3/4 fax 

• PHIGS/PEX 

• X.400 

• X.SOO 
• TCP/IP, SNMP 



Business Principles 

• Utility sells standard portfolio of services to 
users based on market demand 

• Users buy computing services from Utility 

• Utility can buy outside 

• Users can buy outside 

• Inside and outside customers 

• Optimized at Enterprise level 

• Cost recover instead of budget line item 

• Utility uses supported products 

• Users use; managers manage 

• Utility measured by external benchmarks 

Champine 
MN 



One Distributed Architecture Based On DeE 
• One security service 

-- industry standard APIs 

-- ACLs 

-- authentication 

-- scaleable 

• One name/directory service 

-- DNS and X.SOO interoperation 

-- scaleable (multilevel) 

• One file system 

-- modem fearures 

-- supported by VMS and Ultrix/OSF 

-- POSIX compatible 

-- record access 

• One RPC 

-- hides protocol 

-- hides naming 

-- hides security 

-- hides failures/reconfiguration 

• Middleware uses DCE 

-- mail 

-- VTX 

-- ALL-IN-ONE 

-- Path works 
Champine 
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DeE Has Great Strategic Value 

• Best available approximation to IM&T needs for scaJeable 
distributed client/server system run time engine 

• Endorsed by members of OSF and Unix International (500) 

• Endorsed by Senior Executives for Open Systems (SOS) 

• Value much greater than sum of parts because of integrated 
reuse/multiple use of modules (matched set) 

• Opportunity for Digital to be first with the best DeE imple
mentation and support 

• Only game in town 

Champine 
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Typical Large Cell Configuration 

• 10,000 users Intercell 
Backbone 

• Multiple building campus 
• One manage~~r ____ _ 

Building detail 

-0-0-0-0 

Building backbone 

Workstation 
File Server 

o = Printer 
PCs 
Pathworks 
etc. 

Remote Location 

I I 
___ \_ Building 2 

Building I 

Building 4 

Re licated Maller 
Name 
Security 
Time 
Man.~emetIl 
Comm. interceU) 

Building 3 

FDDl Ring 

[cbu'4 11'C.detwrite J Ig-cell.d, 



I 
Assumed World-wide Cell Structur. 

A_Ic.. • 

Ac:_, Alpharetta 
Bey ArM, Boxbora 
Chlc_, Colorado Springs 
D ..... , Detroit, Hudson 
LancIov.r, Unt.ton 
.rlboro, Maynard 
Merrimack, Nashua 
Puerto Rico, Rio de Janeiro 
Salem, Seattte, Toronto 

~ 

H-t'lYO 

Europe I Alrlca • 

Ayr, Galw.y 
Geneva, Munich 
Paris, Reading 
Valbonne 

tl ) 

Asia • 

Hong Kong, Singapore 
Sydney, Taiwan, Tokyo 

,~ 



MIT Project Athena 

• Goal: Provide next generation seamless client/server 
computing system for research and education based on open 
system standards 

• Eight year $ 100M program funded by MIT, Digital , and IBM 

• Completed in 1991 - now acknowledged model for 
distributed campus computing 

• Most successful research project ever undertaken by Digital 

• In full production demonstrating successful operation of 
infrastructure utility with 13,000 accounts 

• MIT Athena software productized by Digital as DECathena 

• DECathena now installed in 12 places inside Digital; will 
grow to 59 locations 

• DEC athena installed in 31 places outside of Digital 

• Provides most of benefits of infrastructure utility today for 
Unix systems 
--cuts operation cost by half 
-non-stop computing 
-security never compromised 

• Clear migration path to OSF Distributed Computing 
Environment 



ENTERPRISE-WIDE INFRASTRUCTURE OVERVIEW 

Lessons for Digital from Athena 
for large workstation networks 

• Client/server approach to distributed systems 
validated at scale 

• Standard base system for server and desktop support 
is economical and high quality 

• Unified management of distributed system 
provides low cost and high quality 

• Much routine work can be automated 
• Heterogeneous systems can be supported 

economically 
• Much higher level of security is possible 
• Wide area workstation networks (80 miles) can pro

vide a seamless computing environment 
• Significant improvement is possible in system 

management tools 

• Network transparency works 
• Must scale up for Digital 

- 1 0 times in number of users 
-30 times in geography 
-100 times in number of desktop systems 

• Not a panacea 

enterprise_danCgeorge Champine 
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DECathena Servers Deployed -
1 I "" 7 '.---, --

DECathena Sorvers Deployed 

OGO 
MLO 
PKO 
MSO 
AKa 
LKG 
TAY 
ALF 
WMO 

Stow MA 
Maynard MA (Mill) 
Maynard MA (Parker Street) 
Maynard MA (Powder Mill Rd,) 
Acton MA 
Littleton MA (King Street) 
Littleton MA (Taylor Rd.) 
Atlanta. GA 
Westminster MA 

ALF 

o 

- Internal Use Onlu -

~ .. ~ 

TAY 

MLO AKO 

Robert Sylvasla. 
25-August-1992 
Si Engineering 
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Significant Revenue Opportunity 

/ 

For every $1 we save internally 

we can generate $100 in new revenue 

solving the same problems for custOMlfl 
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ENTERPRISE-WIDE INFRASTRUCTURE OVERVIEW 

The New Alliance 

IM&T 

Engineering 
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1 QUALITY IS OUR FOCUS 

This section describes the ALPHA software program's commitment to the development of 
quality information systems and outlines the broad "quality system- that we are using to 
eNure that quality work is obtained. Where applicable, the policy refers to other more 
detailed documents that define specific methodologies and describe other undertakings in 
support of the quality system. 

1.1 Quality Management 

The A1pha Software Program Managers and their respective development managers have 
the following direct responsibilities: 

Develop Bnd retain a working understanding of quality management concepts and state
of-the-art tools, techniques, and methodologies; 

Establish a working environment that emphasizes the importance of quality work; 

Recogni2:e quality work and promote rewarding professionals for quality performance; 

Introduce tools, tedmiques, and methodologies to support consistent high quality and 
high productivity work; 

Develop information to measure quality performance and provide feedback and results 
to the professional staff. 

The intent is to recognize that quality is important; to strive to constantly improve quality; 
and to manage the entire process. This involves ongoing responsibility for objectives and 
goals, working out plana to achieve them and to measure the results. 

1.1.1 Quality System 

The collective effort to achieve quality in our work can be looked upon as the "quality 
system", which consists of three critical componenta: 

Leadership-This involves setting the climate and expectation for quality work. It re
quire. management to show leadership, to set goals, and to expect and demand high 
quality performance; 

Suppo~This involves providing the tools, techniques, training, and procedures needed 
to assure that quality is delivered; 

Control-This involves meaaurini resu1ta and tracking the information needed to anure 
that quality is delivered. 

Quality management requires the active involvement of all managers in eacb of these three 
spheres. 

1.2 The Meaning of Quality 

Quality in an information system relates to many attributes and factors . There are exterior 
qualities like uaable, reliable, and correctness; interior qualities like efficient and testable; 
and qualities relating to future needs, such as flexible, maintainable, and reuaable. The 
overall quality of any system is a composite of all these factors, weigbted appropriately to 
the particular requirements and needs. 

1 



1.3 The Cost of Quality 

The cost of quality falls into three broad categorie~prevention, appraisal, and failure. 
P~uention costs involve investments aimed at getting work done right the first time and 
preventing quality problems from every coming up. (Examples include training, new tech· 
niques and tools, methodologies, and the like.) AppraiMU costa involve all the testing and 
chec.k-out efforts to measure whether needed quality has been achieved. Failun coste are 
those incurred by the need to fix and recover from the quality problems that do arise. Our 
aim i, to measure these collective quality costs on an ongoing basis. Fundamentally, we 
believe that well-thought.out investmenta in prevention will be repaid many times over by 
significant decreases in the costs of appraisal and failure. 

1.4 Objectives 

Our objectives for the next one- to three-year period are the fonowing: 

2 

Establish an effective quality management program and create a quality work environ
ment; 

Significantly improve the effectiveness of the testing and quality appraisal work. 
(Demonstrate high quality and bette,...checked-out systems.); 

Achieve significant increases in productivity and efficiency in testing activitie&-minimum 
10 percent; 

Improve the user perception and develop a reputation (or quaJity emphasia in all work 
performed; 

Develop and use quality standards to achieve a balanced tradeoff between the quality 
required. the effort needed to achieve it. (Avoid overemphasis and overcontrol.); 

Measure and track the quality improvement efforts. 



I 
Clients' 1995 Problems, Processes, and Systems 

1 Shifting from centrally railroaded to self-driven 

Distributed self-driven problemsolving implies 
• Information when, where, and "as you like it" for each self 
• Just-In-Time education in ways to apply the information 

2 Shifting from problems that can be solved by individuals to 
processes that can only be managed thru teamwork and 
systems that can't even be understood without simulation 

Processes will often include beyond-enterprise partners 
• Customers 
• Suppliers 
• Neighbors (and governments representing neighbors) 

Systems with 10 to 100+ causal loops are counter-intuitive 
• Graphical display required to see concurrent processes 
• Speed-up animation is a critical aid to understanding 

3 Teams and even whole communities will depend on results 

Errors that threaten life or financial viability will be immoral 

Cost per downtime-mip will grow faster than mips increase 

1 



Clients' 1995 Ways of Working with Information 

1 Computing will be as well hidden as a car's fuel combustion 

No hand-cranked start up; no cybermechanical jargon 

Few proprietary control levers or idiosyncratic displays 

Get to any database location as easy as using a roadmap 

2 Integral to enterprise's processes & community's systems: 

Information networks used to join people's biological nerves 

Enterprises' displays illustrate the enterprise's "self": 
• Structure, for navigation 
• Current states, as sensed in real-time 
• Commitments, including signatures 

Learning-enterprises develop as network/people organisms 

3 Cooperative work on kalaedescopic and complex projects: 

Non-organized cooperation thru shared enterprise memory 

Team cooperation thru support of team meetings 
• Display of team's mind as they make it up 
• Ways for team to change its mind together 
• Presence-of-mind for team at subsequent meetings 
• Presence-of-mind for each team member working alone 

2 



Clients' 1995 Applications 

'~plications" will fade out to a merely historical concept. 

Team-mind graphical display of processes and systems will 
look to individual users as a super-set of his/her database. 

Differences custom-designed by users will be much larger 
than differences imposed by programmers' idiosyncrasies. 

3 



Clients' 1995 Environments 

Digital 's assistance will be sold as a vehicle for important 
learning-benefits for the enterprise with its partners. 

Software will be merely hinted at by visible dials and switches. 
Additional capability will flow in whenever the tap is opened. 

Hardware will be concealed "under the hood" of the vehicle. 
Power will be upped invisibly, just in advance of need. 

Geographical distance will not show up as a barrier or bound. 
Buildings-architecture and network-architecture will merge. 

System security justifies trust; peoples' relationships and 
their work and learning together occupy the foreground. 

4 



Digital's New 1995 Technologies in Support of Vision 

Automated System Management, including upgrade-ordering 
and cost optimized bandwidth-adjusting 

Rich interfaces with all four accessible nervous systems: 
• Pieces / analysis / verbal, logical, musical, mathematical 
• Wholes / synthesis / graphical, pictorial, animations 
• Concretes / sensing / taste, smell, tactile, vestibular 
• Commitments / speech acts, body-language, Signatures 

Shared distributed artificial reality, independent of geography 

Miscellaneous primitives and devices: 
• Plate glass team-mind wall displays, 30-100 million pixels 
• Spiders (wall pointing mouse-analogs) 
• Vertical-writing editors for team-mind matrices 
• Data-gloves and artificial hands 
• Robot-eyes and binocular helmet displays 
• Personal-identity sensors (e.g. fingerprint sensors) 

Global standards for complete interface compatibilities. 

5 
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Alpha 

• Futurebus+ 

• RiSe, 64 bit 

• Open Storage 

• Workstation 

• FDDI, Gigabit 

• Printing system 

• Image processing 

.... and a socio-technical program leadership deeply informed 
and driven by a social vision of what computing can provide. 

Summruy by Russ Doane 13 Jan '91 using materials from 
Peter Conklin, Ron Schaefer, and John Whiteside 

@ 1991 Digital Equipment CO<p. 
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VAXcluster Vision - by 1995 ... 

I. VAXclulter Systems 
A. Customers are "hooked on- our systems. 
B. W. have deflnecl success for multi-computer systems in the industry . 

1. operating system heterogenity Is transparent. 
2. mutti-Ylndor interoptt'ability Is becoming transparent. 

C. VA)(d ...... SyS1OmS.,. trUy increm.""'J. 
in Ivery dlmenslcn ard are fully scalable. Customers can txt;' juS! v.tIat they need. 

O. Digital has deftned success in terms of V AXduster Systems. 
(smilar to the Wwt success Is deftned In terms at CPU, and components today). 

II. VAXclultlr Sy.t.ml - Product. 
(Product • • Systems and Components) 

A. Solutions are the .. si .. , to cH$lgn. 
1. COnfIgure & priclln an hour (on site with a custom« or 'n the sal" otftc»). 
2. No 'ech-edi1tng" required at all In headquarters. 
3. W. have provided methods for customers to think about & eully produce computing requirements 

In #leW own 1at9Jages. 
4. Ful InotaIla1Ion planning docume""'dan ("CCD") I. produced locally, with: 

a) what-if capIbIlftIl' in an ~u-you-watch" mode. 
b) "_ plan design. 
c) environmental requirements. 

B. lJnasaaiabfe .. the Industry's only ~boot..onee· computer ~em. 
C. Known a. the kldustry's "'workhorse-, 
O. Watch themHfves - predict when and wh .... : 

1. they're going to tall. 
2. IhoIr ovaIlabilty wi! tal below cu __ roct (OlI'-commlted) _ .. 
3. thetr peifOiiilanCe wtll fall below eustomer~sired (our-com~) ~ •... 

and what actions to take to achieve the most cost-effedfve soIutton (Jndudlng alternatlv •• ). 
• . environmenta! conditions will exceed thresholds. 

E. System design process with formal specHteations is operational. 
F. System modeling and validation have replaced large. capitaI-lntensiv. t .. t-beds 

1. conftguration dealQns generate woritIoads which effectively test design IImtts. 
2. V AXcluster system-level design simulation tools . 

• ) dMt understanding of devefopment work required 
b) begun development WOft< 
0) will be delivered In 2 y .... 

3. sulrsystem desiOn simulation tools are operational . 

III. VAXclulter System. - Bu.ln ••• 
A. Dominated (> 90%) by systems-!eYei revenues. 
B. Solutions driven. 

1. complete system j:Mtforms 
2. 1uIIy.functlanIlS<Jbsy ... m. (I .g .. bockup engin.) 

C. TotIJ amu.I revenuM exceed $18. 
D. Bftt~n bultneu in the H;gh-end Segment. 

IV. VAXclulter Syltems - Organization 
A. Is a balanced team of technical innovators and managers. 
e. Dolls with complexity .aslly. 
C. Understands ali aspects of our customer base & exploits this knowfedg • . 
O. Has and attracts the best people. 
E. Hu intemallzed & integrated quality into all aspects of the business. 
F. People are excited about and commited to their work. 

••• Digital Confidential··· November 13, t 989 
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To : Staff 

Digital Equipment Corporation 
INTERNET MEMORANDUM 

DATE : 
FROM: 
DEPT: 
DTN : 
Loe : 
EASYNET : 

VAXcluster Systems Engineeri ng 

November 13, 1989 
Al Avery 
VAXcluster Systems Engineering 
297-4601/4595 
HROl-2/S10 
HYEND: :AVERY 

SuI:>j: VAXcluster Vision--by 1995 • ... . 

By 1995 . . . , 

we will be tightly coupled to the business .ucce •• ot our customers. They will 
expect us to understand their needs in their terms (languaq.) and to offer 
solution. in their term., too. W. will be reqUired to develop solution 
proposals fast and to implement them with clarity and simplicity . We wil l be 
in an era where customers expect to use multi-vendor solutions transparentl y 
and expect those solutions to be highly-robust (alway. available) . 

VAXcluster systems will be a pivotal strategic element to Digital ' s solution • . 
Attached are my expectations for where our products, our busine •• , and our 
organization will be by 1995 .. ... . 

-Al 
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