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REVIEW & FORECAST 
Part I 

"The Gray Sheet" 

EIDIP ~~~~~ry 
• THE INTEANAT10NAL DATA CORPORATION'S 

NEWSLETTER "OR eXECVT1VES CONCERNED WlTM 

THE eLECTRONIC DATA PROCESSING INDUSTRY 

D.C.BELLOMY, ASSOC.ED . JULY 1. 1985 • VOL . 2I. NO.~ P.J.HCGOVERN . PUBLI SHER 

VIEW FROM THE VALLEY: LARGE-SCALE SYSTEMS COMING OFF SLOWER GROWTH , 
FACING LOWER INCOME LEVELS IN 1981 DESPITE CONTINUING DEMAND 

The shortest answer to the question about what has hit the comput er industry is 
that there i s no short answer . Issues differ in each segment of the market , 
with varying mixes of secuLar and cycl i cal trends , of accident and design . For 
large-scale systems, the dominant flavors in the bouillabaisse are cyc lical and 
designed: a slowing tempo last year as the market for the 308X line and its 
r ivals matured, and drops in demand thi s year during t he transition t o Sierra. 

I CC forecasts for 1985 ind i cate a r epeat of the weak sales dur ing the 308X 
transition in 1981. when the majestic march of the mainframes was temporarily 
sidetracked with a 36 .6\ fall in large-system unit shipments and a 21.81 dip in 
revenue. However, financial officers v iii be smiling more starting next year: 

• The $16 . 1 billion in large-scale revenue rung up in 1984 r epresented 
an increase of 11.1\ over 1983 . after a gain of 30 .1t in 1983 over 
1982 and 80.9\ in 1982 over 1981 • 

• Large-scale shipments in 1985 should dip to 2.850 units. down 24.21 
from 1984. while sector revenue should slip 15.5t to $13.6 billion. 

• With mainframe Shipments plummeting 45.7\ from 2,533 units in 1984 
t o an estimated 1.375 in 1985, IBM large-scale revenues will be dis
tinctly sma ller-sca led at around $9.6 billion. 

• Next year's new IBM large-scale shipments wi ll probab ly only reach 
some 1,800 units. but since over three-quarters wil l be expensive 
Sierra boxes, the bottom line will be much hea lthie r. 

• Reflecting this turnaround. ove rall large-scale r evenue of U.S. ven
dors s hou ld reach $18.3 billion next year, up 34.61 from 1985 and 
13.71 from 1984. 

• The installed base of large-sca l e systems should grow at a compound 
annual growth rate of 7.31 from 1984 through 1989. 

All in all, during the decade of the Eighties (1980-89) , there will have 
been approximateLy 33,270 large-sca le shipments worth $151.3 billion. 
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IBM WORLDWIDE LARGE -SCALE REVENUE, 1981-198S' 
(CoPyrl9ht 1985 -- International Data Corporation) 
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With profit margins high on large-scale systems. any growth engorges a com
pany's coffers. A lot of money was made in 198~ by the manufacturers servicing 
this sector -- lDC estimates over $16 billion for 3.760 units plus peripherals 
spLit among eleven vendors. But different vendors got very different splits: 

• IBM continued to lord it over other large-scale vendors. yith 67.41 
of mainframe computers sold and 76.11 of total value received. How
ever , its large-scale sales growth did not quite match its riYsls': 
revenue of $11.748 billion meant an increase of 9.21 over 1983. 

• The PCM proportion of large-scale r evenue stayed put at around 131. 
with little movement in the rankings by either Amdahl or NAS. 

• The Bunch registered impressive gains in mainframe revenue: up 
31.41 over 1983. Noteworthy growth was registered by Burroughs (up 
67.71 in large-scale sales) and Sperry (45.91). but Honeywell and 
CDC trailed the industry average at 5.51 and 2.41 respectively. 

Last year's figures represent the growing maturation of 18M's 308X family. 
just as some of Burroughs' and Sperry's spurt reflected delays in coming up 
with meaningful high-end competition. Announcement of IBM's 3090 generation of 
mainframes was probably timed to squeeze as much cash from its predecessor as 
possible. However. now that Sierra is official, squeezing much more money out 
looks like a blood and turnips proposition. For 1985 IBM should make fully 
half as much money on 308X upgrades ($930 million) as on new 308X systems. 

As much as ever before. as IBM goes, ao goes the large-scale computer in
duatry. True. its 73.01 of large-scale system revenues (including peripherals) 
in 1984 aee-s a retreat of a few inches from 1983's 74.21, but with that high 
a market share, its ups and downs will continue to define the health of the en
tire eainframe sector (compare the graph on the following page). Koreover, po
tential ca-petition has yet to appear that could break IBM's full-nelson on 
mainframe -aney, particularly with the demise of Trilogy. But the other ten 
large-scale vendors still jockey for position to challenge Big Blue. 
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1984 MARKET SHARES, U.S. LARGE-SCALE VENDORS (MINUS PCM PERIPHERALS) 
(Copyri ght 1985 -- International Data Corporation) 
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For several years now, the most viable alternative has been Japan, Inc. , 
whi ch i n the U.S. means the PCMs. The purest PCM r ight now seems t o be NAS, 
whi ch is still completely dedicated to translating Hi tachi engineering exper
tise into slightly less pricey IBM-compatible products. Its share of the mar
ket in 1984 is not overwhelming (2.31 of large-scale revenues), but the record 
revenue generated by NAS has just kept National Semi from plummeting rar below 
the net loss of $2. 7 million registered during the fiscal year jus t ended . 
HAS's prospects look fairly roseate right now, especially with the appearance 
of its AS/XL Sierra-class systems and double-density di sks in 2Q 1986 . 

With 4.11 of large-scale revenue in 1984, Amdahl as usual did better t han 
HAS. However , its ac tivities so far in 1985 raise two questions about its fu
ture as a PCM. First there's the lack of activity in Sierra-class systems. 
The latest word, though, is t hat the Fujitsu-Amdahl combine will have a machine 
on the market in time to compe te with NAS and IBM, but t hat its announcement 
will be delayed until shortly before delivery to avoid t he delays and disap
pointed users that have harmed Amdahl's reputation in the past. 

The second question is, plug
compatible with whom? Inc reasing
ly Amdahl has been cuddling up t o 
AT&T and the Unix universe. On 
July 1 a multi-year agreement was 
announced whereby AT&T's Large 
Business Systems division will use 
Amdahl data communications prod
ucts and systems. Later in the 
month word of close ties in Unix 
development is expected. It hard
ly matters wbether AT&T is looking 
to pick up any of the Amdahl stock 
that Fujitsu doe so ' t own (it prob
ably isn't) -- a working relation
ship is developi ng between Amdahl 
and AT&T, and hence between IBM 
plug-compatibility and Unix on 
the mainframe plane. 
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IBM SHARE OF LARGE
SCALE MARKET 

(Copyright 1985 - IDC> 
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Last year the Bunch looked like a dumbbell, ~ith 
bulges at the growth and no-growth extremes and pre
cious little in between. To the extent Bunch pros
pects look good, it's indivIdually, not as a bunch. 

Burroughs is in the midst of a turnaround such as 
few companies have been abLe to achieve in the highly 
volatile information processing field. In 1984 it 
surpassed Sperry-Univac in large-scale installed 
base. and in 1985 sought to add Sperry's to its own. 
Its lack of success casts some doubt on the business 
acumen of its leaders. but not on its assumptions 
about the relative status of the two companies. AL
though Burroughs is still boxed in by the problem of 
IBM-compatability, its ability to come up with the 
only Sierra alternative engineered without Japanese 
knowhow augurs welt for the future. 

Sperry's expansion in large-scale revenues in 
198~ was second proportionate ly only to Burroughs', 
but its 1983 base was particularly abysmal. Sperry 
mainframe revenue last year was still less than two 
thirds what it was in 1981. Nevertheless, Sperry 
feels that it has something to bring to a welL-heeled 
partner. Rumors still race around ford, although 
some would like more communications synergy. 

Honeywell has been treading water, but may get 
back in the swim with a Japan, Inc. strategy. Its 
developing relationship with NEC could provide much
needed support. 

Control Data once seemed a brilliant strategist 
for backing up its prowess in number-crunching with 
peripherals and services. Maybe it would have been 
if large-system stagnation were not accompanied by 
Japanese peripherals competition and a services slow
down. On July I CDC announced the sale of its Bro
kerage Transaction Services unit to ADP and promised 
additional "fundamental changes -- including divest i
ture of certain assets -- that will help us to solid
ify market positions." But it needs to do more than 
solidify -- it needs to find ways to grow again like 
Burroughs, or seek help like Spe rry and Honeywell. 

These, then, are IBM's rivals. The PCMs might 
gain a little ground during the Sierra turmoil, but 
it remains to be seen how different things will be 
when the dust settles. In 1981 the 308X transition 
boosted tbe market shares of IBM's competitors. Yet 
tbe next year IBM not only regained the market share 
it had lost, but immediately leapt to the 70+1 posi
tion it has held ever since. That kind of domination 
is very hard to shake: despite its large-scale tra
vails in 1985, IBH should &till get 701 of sales. 
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ABOUT THE NEM DEFINITIONS 

long tIme readers of the Gray Sheet are remInded that new classtflcations 
have been In use slnee last year's Review and Forecast Issues : 

• Large-Scale systems. The very largest computers avaIlable from tra
ditional mainframe and supercomputer vendors, large systems are 
expected to support over 128 users In many commercial envIronments 
and to bear average prices of more than 51 Mi llIon. 

• Med Ium-Scale systems. Generally supporting 17-128 users In normal 
commercIal enVironments. these Include the IBM 4300 lIne, mid-range 
systems fro. Bunch companies, and the high end from DEC, DG, Prime , 
etc. System prices typicall y range from $100,000 to $1 Million . 

• Small-Scale Systems . Generally ranging from 2-16 users In typical 
commfrclal applications and from 51 0,000- 100 ,000 In prIce, these in
clude the IBM S/ 36, DEC POP-II and Vax 730, and Altos-l ike systems . 

VALUE OF NORLDWIDE SHIPMENTS OF LARGE-SCALE COMPU TERS 
(Cop~rjght 1985 -- International Data Corporation) 

--------------------------------------------------------------------------------
IBM 11.748 73 . 0 8,211 73 . 7 2,796 45 . 4 

A".dah I 659 4 . 1 585 4.0 344 3.1 28 1 4 . 6 

NAS 375 2 . 3 335 2 . 3 225 2 . 0 122 2 . 0 

PCH f'eriph. 686 4.3 701 4 . 8 816 7 .3 700 11. ... 

IBH Ba se 13.468 83 . 7 12,376 85.4 3.899 63.3 

Burroughs 894 5 . 6 533 3 .7 177 1.6 531 8 . 6 

CDC 479 3.0 468 3.2 394 3 . 5 370 6.0 

Cr a!:l 165 1.0 125 0 .9 122 1.1 91 1.5 

DEC 85 0 . 5 174 1. 2 276 2 . 5 65 1.1 

[lene I cor 4 0 . 0 2 0 . 0 6 0 .1 0 0.0 

Honeywe I I 522 3.2 495 3 . 4 206 1. 8 458 7.4 

NCR 25 0 . 2 0 0 .0 24 0.2 0 0 . 0 

Sperr~ 458 2. 8 314 2 . 2 335 3.0 Z1;t 1:! . 0 

Non-IBH Base 2,632 16.3 2 /111 14.6 1.540 13.8 2 ,257 36 . 7 

TOTAL 16.100 100.0 14.487 100.0 11 "36 100 . 0 6/156 100.0 
Rtlpott tot $425.00 Cell (111) 112...amt 



LARGE-SCALE COMPUTER MARKET -- U.S. -BASED MANUFACTURERS 
(Cop~riSht 1985 -- International Data Corporation) 

---- - ------Nu~t.er-Of---------Cun,uTatTve---------i-RTTTion---------i-BTTTTon-----
S~steru~ Shipped Nu~ber In Use Value ShiPped Value in Use 

-- - -------------------------------------------------------------------- ---------

1980 
1981 
198 ~ 
1983 

198 4 

1985 
1986 
1987 
198 8 
1989 
1990 

1980 
1981 
1982 
198 3 

198 4 

198::, 
1986 
1987 
1988 
1989 
1990 

1980 
1981 
1982 
1983 

198't 

1985 
1986 
1987 
1988 
1989 
1990 

2,380 
1,510 
2,320 
3,360 

2,850 
3,580 
4,570 
4,720 
4,220 
5,000 

1.32 0 
890 

1, 500 
1,830 

1,530 
2 , 180 
21 790 
2, €' lO 
2,420 
2,900 

1, 060 
620 
820 

1,530 

1,51 0 

1,320 
1,400 
1,780 
1,91 0 
1 ,800 
2.100 

~Q~~~~!~~ 

14.170 
14,430 
15,180 
16,550 

181150 

19,180 
20,610 
22,330 
24,200 
25,800 
27,700 

7,880 
8,290 
8,790 
9,460 

10,570 

11,100 
11,800 
12,800 
13,900 
14,800 
15,900 

!~!~B~~I!Q~~~ 

6,290 
6,140 
6,390 
7,090 

8,080 
8,81(\ 
9,530 

10,300 
11 ,000 
11 ,800 

6 ,890 
5 , 390 

11,060 
14,890 

13,600 
18,300 
21,600 
22.100 
19,600 
24,300 

3,810 
3.130 
61720 
8,340 

9,010 

7 ,300 
10,900 
13 ,1 0 0 
13,000 
10,900 
13,900 

3,080 
2,260 
4,34 0 
6,550 

6, 300 
7,~00 
8,500 
9'[00 
8,700 

10,400 

60.3 
61. 8 
68.3 
78.8 

91.1 

95.6 
104 .1 
111. 2 
120.0 
130 .6 
140.7 

34.2 
36 . 3 
41. 1 
46.3 

::;4 . 3 

57 . 1 
61 . 6 
65.3 
69.9 
76. 2 
82 . 1 

26.1 
25.5 
27.2 
32.5 

36.8 

38.5 
42 . 5 
45 . 9 
50.1 
54.4 
58. 6 
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LARGE-SCALE COMPUTER CENSUS. AS OF JAN. 1. 1985 

(Copyright 1985 International Data Corporation) 
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REVIEW & FORECAST 
Part I 

"The Gray Sheet" 

EIDIP ~~~~~ry 
• THE INTEANAnONAL DATA CORPORATION"S 

NEWSLETTER FOR EXECUTlVES CONCERNED WITH 

THE ELECTRONC DATA PROCESSING INDUSTRY 

D.C.BELLOMY, ASSOC. ED. JULY 1. 1985 • VOL.ZI. NO . 4 P.J.MCGOVERN. PUBLISHER 

VIEW FROM THE VALLEY: LARGE-SCALE SYSTEMS COMING OfF SLOWER CROWTH, 
fACING LOWER INCOME LEVELS IN 1985 DESPITE CONTINUING DEMAND 

The shortest ans~e r to the question about what has hit the computer industry is 
that there is no short answer. Issues differ in each segment of the market. 
with varying mixes of secular and cycli cal trends, of accident and design. For 
Large-scale systems. the dominant flavors in the bouillabaisse are cycli cal and 
designed : a slowing tempo last year as the market for the 308X line and its 
riva l s matured , and drops in demand this year during the transition to Sierra. 

ICC forecasts fo r 1985 indicate a repeat of the weak sales during the 30aX 
transition in 1981. whe n the majesti c march of the mainf rames was temporarily 
sidetracked with a 36.61 fall in large-system unit shipments and a 21.81 dip i n 
revenue. However. financ ial officers will be smiling more starting next year: 

• The $16.1 billion in large-scale revenue rung up in 1984 represented 
an inc r eas e of ll.lt over 1983. after a gain of 30.11 in 1983 over 

-198 2 and 80.9t in 1982 over 1981 . 

• Large-s cale shipments in 1985 should dip to 2. 850 units. down 24.21 
from 1984, while sector revenue should slip 15.51 to 513.6 billion. 

• With mainframe shipments plummeting 45.71 from 2.533 units in 1984 
to an estimated 1.375 in 1985. IBM large-scale revenues will be dis
tinctly smaller-scaled at around $9.6 billion. 

• Next year's new IBM large-scale shipments will probably only reach 
some 1.800 units. but since over three-quarters will be expensive 
Sie rra boxes , the bottom line will be much healthier. 

• Reflecting this turnaround. overall large-scale revenue of U.S. ven
dors should reach $18.3 bi l lion next year, up 34.61 from 1985 and 
13.71 from 1984. 

• The installed base of large-scale systems should grow at a compound 
annual growth rate of 7.31 f rom 1984 through 1989. 

All in all, during the decade of the Eigh t ies (1980-89), there wi l l have 
been approximately 33.270 l arge- scale shipments worth $151. 3 billion. 
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IBM HORLoWIoE LARGE-SCALE REVENUE, 1981-1985' 
(Copyright 1985 -- International Data Corporation) 
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With profit margins high on large-scale syst~ms . any growth engorges a com
pany's coffers . A lot of money was made in 1984 by the manufacturers servicing 
this sector -- roc estima tes over $16 billion for 3,760 units plus peripherals 
split among eleven vendors. But diff erent vendors got very different splits: 

• IBM continued to lord it over other large-scale vendors . with 67 .41 
of mainframe computers sold and 76.11 of total value received. How

_ever, its large-sca le sales growth did not quite match its rivals': 
revenue of S11.748 billion meant an increase of 9.21 ove r 1983. 

• The PCM proportion of large-scale r evenue stayed put at around 131 , 
~ith little movement in the rankings by either Amdahl or NAS. 

• The Bunch registered impressive gains in mainframe r evenue: up 
31.41 over 1983. Note~orthy groyth was registe red by Burroughs (up 
67.71 in large-scale sales) and Sperry (45.91), but Honeywell and 
CDC trailed the indus try average at 5.51 and 2.41 respec tively. 

Last year's figures represent the growing maturation of IBH's 308X family, 
just as some of Burroughs' and Sperry's spurt reflec ted delays in coming up 
yith meaningful high-end competition. Announcement of IBM's 3090 generation of 
mainframes was probabLy timed to squeeze as much cash from its predecessor as 
possible. However, now that Sierra is official, squeezing much more money ou t 
looks like a blood and turnips proposition. For 1985 IBM should make fully 
half as much money on 308X upgrades ($930 million) as on new 308X systems. 

As much as ever before. as IBM goes, so goes the large-scale computer in
dustry. True, its 13.01 of large-scale system revenues (including peripherals) 
in 1984 seems a retreat of a few inches from 1983's 74.21, but with that high 
a market share, its ups and downs will continue to define the health of the en
tire mainframe sector (compare the graph on the following page). Moreover, po
t ential competition has yet to appear that couLd breat IRK's full-nelson on 
mainframe money. particuLarly with the demise of Trilogy. But the other ten 
large-scale vendors still jockey for position to challenge Big Blue. 
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1984 MARKET SHARES, U.S. LARGE-SCALE VENDORS (MINUS PCH PERIPHERALS) 
(Copyright 1985 -- International Data Corporation) 
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for several yeacs now~ the most viable alternative has been Japan, Inc., 
which in the U. S. means the PCHs. The purest peM right now seems to be NAS. 
which is still completely dedicated to translating Hitachi engineering exper
tise into slightly less pricey IBM-compatible products. Its share of the mar
ket in 1984 is not over~helming (2.31 of large-scale revenues). but the record 
revenue generated by NAS has just ~ept National Semi from plummeting far below 
tbe net loss of $2.7 million registered during the fiscal year just ended. 
HAS's prospec ts look fairly roseate right now. especially with the appearance 
of its AS/Xl Sierra-class systems and double-density disks in 2Q 1986. 

With 4.11 of large-scale revenue in 1984, Amdahl as usual did better than 
NAS. However, its activities so far in 1985 raise two questions about its fu
ture as a PCM. First there's the lack of activity in Sierra-class systems. 
The latest word, though, is that the Fujitsu-Amdahl combine will have a machine 
on the market in time to compet e with NAS and IBM, but that its announcement 
will be delayed until shortly before delivery to avoid the delays and disap
pointed users that have harmed Amdahl's reputation in the past. 

The second question is, plug
compatible with whom? Increasing
ly Amdahl has been cuddling up to 
AT'T and the Unix universe. On 
July I a multi-year agreement was 
announced wbereby AT&T's Large 
Business Systems division will use 
Amdahl data communications prod
ucts and systems. Later in tbe 
month word of close ties in Unix 
development is expected. It hard
ly matters whether AT&T is looking 
to pick up any of the Amdahl stock 
that Fujitsu doesn't own (it prob
ably isn't) -- a working relation
ship is developing between Amdahl 
and AT'T 9 and hence between IBM 
plug-compatibility and Unix on 
the mainframe plane. 
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IBM SHARE Of LARGE
SCALE MARKET 

(CopyrIght 1985 - IOC) 
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Last year the Bunch looked like a dumbbell , with 
bulges at the growth and no-growth extremes and pre
cious little in between. To the extent Bunch pros
p~cts look good , it's individually, not as a bunch. 

Burroughs is in the midst of a turnaround such as 
few companies have been able to achieve in the highly 
volatile information processing field. In 1984 it 
surpassed Sperry-Univac in large-scale installed 
base. and in 1985 sought to add Sperry's to its own. 
Its lack of success casts some doubt on the business 
acumen of its leaders. but not on its assumptions 
about the relative status of the two companies . Al
though Burroughs is still boxed in by the problem of 
IBM-compatability, its ability to come up with the 
only Sierra alternative engineered without Japanese 
knowhow augurs well for the future. 

Sperry's expansion in large-scale revenues in 
1984 was second proportionately only to Burroughs', 
but its 1983 base was particularly abysmal . Sperry 
mainframe revenue last year was still less than two 
thirds what it was in 1981 . Nevertheless, Sperry 
feels that it has something to bring to a well-heeled 
partner. Rumors still race around Ford, although 
some would like more communications synergy . 

Honeywell has been treading water, but may get 
back in tbe swim .... ith a Japan, Inc. strategy . Its 
developing relationship with NEC could provide much
needed support. 

Control Data once seemed a brilliant strategist 
for backing up its prowess in number-crunching with 
peripherals and services. Maybe it would have been 
if large-system stagnation were not accompanied by 
Japanese peripherals competition and a services slow
down. On July 1 CDC announced the sale of its Bro
kerage Transaction Services unit to ADP and promised 
additional "fundamental changes - including divesti
ture of certain assets - that .... ill help us to solid
ify market positions." But it needs to do more than 
solidify -- it needs to find .... ays to gro .... again like 
Burroughs. or seek help like Sperry and Honeywell. 

These, then. are IBM's rivals. The PCMs might 
gain a little ground during the Sierra turmoil. but 
it remains to be seen bow different things will be 
.... ben the dust settles. In 1981 the 308X transition 
boosted the market shares of IBM's competitors . Yet 
tbe next year IBM not only regained the market share 
it bad lost, but immediately leapt to tbe 70+1 posi
tion it bas held ever since, That kind of domination 
is very hard to shake: despite its large-scale tra
vails in 1985. IBM sbould still get 701 of sales . 
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ABOUT THE NEH DEFINITIONS 

long tIme readers of the Gray Sheet are reminded that new classifIcations 
have been In use since last year's Review and Forecast issues: 

• large-Scale systems . The very largest computers available from tra
dItional maInframe and supe rcomputer vendors, large systems are 
expected to support over 128 users In ~any commercial environments 
and to bear average prices of more than $1 Mi l lion. 

t Medium-Scale systems . Generally supporting 17-128 users In normal 
comme rcial environments . these Include the IBM 4300 line, mid-range 
systems from Bunch companies. and the high end from DEC. OG, Prime, 
etc . System prices typically range from $100.000 to $1 Million . 

I s.all-Scale Systems. Generally ranging from 2-16 users in typical 
coomercial applications and from $10.000-100.000 in price. these in
clude the IBM S/36. DEC PDP-II and Va' 730. and Altos-like systems . 

VALUE OF WORLDW ID E SHIPMENTS OF LARGE-SCALE COMPUT ERS 
(Co p ~ rjght 1985 -- I nternat io nal Data Corporation ) 

----------------- - ---- -1984--------- - -1983-------- - --1982-------- ---1981--------
iR-----7. i R-----7. iR-----7. i R- --- -7. 

IBM 11,748 73 . 0 10 , 755 7 .. . 2 8,211 73 . 7 2,796 45 .4 

Atrldah I 659 4. 1 5 85 4. 0 344 3.1 28 1 4 . 6 

NAS 375 2 . 3 3 35 2 . 3 225 2 . 0 122 :! . O 

PCM Peri ph . 686 4.3 701 4.8 8 16 7 .3 700 11. ... 

I BM Base 13,468 83.7 9 , 596 86 . 2 3, 899 63.3 

Bur r ou~hs 894 5.6 533 3. 7 177 1. 6 531 8.6 

CDC 479 3 . 0 468 3 . 2 394 3 . 5 370 6.0 

Cr a~ 165 1. 0 125 0.9 122 1. 1 91 1.5 

DE C 85 0 . 5 17. 1. 2 276 2 . 5 65 1.1 

[lene I cor 4 0 . 0 2 0 . 0 6 0 .1 0 0 . 0 

Hone~we ll 522 3 . 2 495 3 . 4 206 1. 8 458 7 . 4 

NCR 25 0 . 2 0 0 . 0 24 0 . 2 0 0.0 

458 2 . 8 3 14 " " 335 3. 0 742 l :! . O 

No n-IBM Ba se :! , 632 16 .3 ::! 1111 14. 6 1,540 13 . 8 ~/:!57 36 . 7 

TOTA L 16 ,1 00 100 .0 14, 487 100 . 0 11,136 100 . 0 6,156 100 . 0 
Report lor $425.QO Gall ('17) In..J2UU 



LARGE-SCALE COMPUTER MARKET -- U.S. -BASED MANUFACTURERS 
(Cop~ri~ht 1985 -- International Data Corporation) 

---------Nu~f,er-of--- -- ----Eun.uTatTve---------i-HTTTTon---------i-BTTTTon-----
S~st.en.s Shipped NUlllber in Use Value ShIPped Value in Use 

----------------------------------------------- - --------------------------------

1980 
19EH 
19a~ 
1983 

1984 

1985 
1986 
1987 
1988 
1989 
1990 

1980 
1981 
1982 
1983 

1984 

1985 
1986 
1987 
1986 
1989 
1990 

1980 
1981 
1982 
1983 

1985 
1986 
1987 
1988 
1989 
1990 

2,360 
1,510 
2,320 
3,360 

2 , 850 
3,580 
4,570 
4,720 
4,220 
5,000 

1,3 20 
890 

1, 500 
1,830 

2 , 250 

1,530 
2 ,1 80 
2 , 790 
2,810 
2 ,4 20 
2,900 

1,060 
620 
820 

1,530 

1,510 

1,320 
1,400 
1,780 
1, 910 
1, 800 
2,100 

WORLDWIDE 

14,170 
14,430 
15>180 
16,550 

18, I SO 

19>180 
20,61 0 
22,330 
24,200 
25, 800 
27,700 

UNITE[I STATES 

7, 880 
8,290 
8,790 
9,460 

10,570 

11,1 00 
11, 800 
12,800 
13, 900 
14,800 
15,900 

6,29 0 
6,140 
60390 
7, 0 9 0 

7,580 

8,080 
8,810 
9,530 

10,300 
11,000 
11, 800 

6,890 
5,390 

11 ,060 
14, 890 

13,600 
18,300 
21,600 
22,100 
19,600 
24,300 

3,810 
3 ,130 
6 , 720 
8, 340 

9 ,01 0 

7 ,300 
10,900 
13,100 
13,000 
10,900 
13 ,9 00 

3 , 080 
2,260 
4,340 
6,55 0 

7 ,080 

6, 300 
7, 400 
8,500 
9, 100 
8 , 700 

10,400 

60.3 
61. 8 
68 . 3 
78 . 8 

91.1 

95 . 6 
104.1 
111. 2 
120 . 0 
130.6 
140 . 7 

34 . 2 
36.3 
4 1.1 
46.3 

54. 3 

57 . 1 
61. 6 
65.3 
69.9 
76 . 2 
82 . I 

26 . 1 
25 . 5 
27 . 2 
32.5 

3 6 . 8 

38.5 
42 . 5 
45.9 
50 .1 
54.4 
58. 6 



MAST 
MARKET ANALYSIS & STATISTICS 

International Data Corpo~ation's (IOC) P~ocessor Installation Cens us 
(PIC) f i le is a machine readable database offering model-by-model census 
data for the years 1964 through 1984 including historical installed base. 
shipment. and average system value data. 

The File, designed for PC o r mainframe use , includes data on more than 
1,400 systems and over 300 vendors identified in IOC ' s Censuses f rom the 
past twenty years. The database places valuable information at your 
flngertips. With it you can: 

• Assess ll\arket shares. 

• Establish price bands. 

• Analyze processor shipment rates 

• Determine processor reb l"ament rates . 

U.S. LARGE-SCALE INSTALLED BASE 1966 - 19B" 
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The Processor Installation Census (PIC) File is the only IDC product that 
provides revised censuses of the installed base . The PIC File has been 
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tho~ouqhly reevaluated and adjusted where necessary to reflect ICC' s best 
current info~tlon and provides : 

• A unified and consistent source for evaluating processor market 
trends and relative vendor perfonnance. 

• Ready to use data. NO data entry is required. 

Since 1964. ICC has been regularly publishing its annual processor 
census. ICC has expanded the number of censuses it annually publishes as 
new processor markets have emerged . IOC censuses now provide system by 
system coverage of Large Scale. Medium Scale. Small Scale. and Personal 
Computer processor marketpl aces. IOC is the only computer market 
re.earch and consulting research firm that publishes this data on EVERY 
U.S. based computer manufacturer on a model-by-model basis. 

The 1964-1984 PIC file with complete 1984 census data is available now. 
Annual updates will be available each year during the month of February. 
Having this timely and accurate data will provide a great benefit to both 
research and strategic planning work efforts. Each of the charts and 
tables on the front of this page were derived easily from the PIC file . 

The media and recording formats include: 

• ASCII files on IBM PC-Gompatible diskettes . 

• ASCII files on standard 112". 1600 BPI magnetic tape. 

• EBCDIC files on standard 1/2", 1600 BPI magnetic tape . 

• dBase III· files on IBM PC-compatible diskettes. 

For additional information on how the PIC file can anist you in your 
planning and research activities please call Lloyd Cohen at (617) 
872-8200 or return the form below. 

--------------------------
YES, I'd like more information about the PIC File. 

Name ________________________________ Title, _____________________ _ 

Company ______________________________________ Phone _______________ _ 

Address, _________________________________________________________ _ 

Return to: Lloyd Cohen, Manager Market Analysis . International Data 
Corporation . 5 Speen Str ee t . 
Framingham. MA 01701 

, 
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LARGE·SCALE COMPUTER CENSUS, AS OF JAN. 1, 1985 

(Copyright 1985 -- International Data Corporation) 
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REVIEW & FORECAST 
Part II 

"The Gray Sheet" 

EID P industry 
report 

• THE INTERNAllONAl. DATA CORPORATlON'S 

NEWSLETTER FOR EXECunVE8 CONCERNED WlTM 

THE ELECTRONIC DATA PROC£SSlNO INDUSTRY 

D.C. BELLOMY, ASSOC. ED. July 31. 1985 • VOL.21,No .S ,6 P.J.HCGOVERH, PUBLISHER 

ROLLERCOASrER REVENUE CLIMBS AND SLIDES UNSETTLE STOMACHS 
FOR HEDIUM-. SMALL-SCAU SYSTEII VENDORS 

You can't always tell from watching cable television, but molt Americans are 
still Puritans at heart who believe that whatever they .utter now is retribu
tion for having enjoyed themselves too much in the paat. No matter what the 
economists said durinS the Great Depression. a lot of people were sure they 
were getting what they deserved for making too much money and drinking too 
much illegal booze during the Roaring Twenties. These day. some medium- and 
small-scale vendors , especially the former, are feeling that they're getting 
what they deserve for having had so much fun, and made so much money , in 1984. 

• Medium-scale shipments were up 591 in units over 1983. and 401 in 
dollar value. 

• Small-scale shipments gained 22.1% in units, although declining 
prices kept the growth in dollar value of shipments to 13.31 • 

• The installed base of medium-scale systems grev 301. and of small 
scale systems 201. 

But then the drought began. In case anybody hasn't noticed . 1985 looks 
vastly different fro_ its immediate predecessor: 

• The value of .edium-scale ahipment. should climb a paltry 3.71. 
while unit shi~nts will likely be .. rsinally down .31 from 1984 . 

• Smell-scale shipeents should climb at a slower 8.71 rate this year, 
with the dollar value eliding up 10.81. 

IDC anticipates that the worat will be over by the end of the year. but 
that declining prices will put a cap on how .uch revenue can be sarnered from 
the two sectors over the Dext half decade: 

• Between 1984 and 1989, medium-scale sbipments should grow at an an
Dual rate of 12.91. with the value of shipments increasing at 10.11. 

• Over the same five years. small-scale shipments should leap forward 
at 14.91 per annua, with revenue al.,.t keeping pace at 13.71. 
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Medium-Scale Tedium 

"Holo'ever I demand for intermediate systems in the U.S. remains soft." Thus 
spake John Akers (or ISM', second quarter, bu t he could have been speaking for 
virtually the entire industry. The 41 rise in demand for new shipments that 
IOC i. projecting for 1985 (and even that requires more sales . 800n) is being 
reflected in aome noticeably veak performances by last year', high flyers: 

• Wanl suffered an 11.01 slide in revenue from the second quarter of 
1984 and a loss of $109.0 million, its first since it entered the 
computer market. Through 1984 Wang revenue was up 35.01, while 
earnings gre .... 29.11. 

• With revenue down 61 from a year ago, Data General posted an $8.3 
million 10S6 for the quarter. During FY1984 DC was up 401 in 
revenue and 2601 in earnings. 

• Tandem eeted out. 1.61 
74.21 dip in earnings. 
39.31 in earnings. 

increase in revenue that translated into a 
In FY84 it jumped 27.31 in revenue and 

• Prime revenue gained 16.01 over 1984's second quarter. but earnings 
inched up only 2.31. Last year revenue ballooned 24.41. while 
earnings boomed 83.71. 

Nowhere in the industry is soul-searching over the origins of the current 
downturn more intense than in the medium-scale martet. Unlike the situation in 
tbe large-scale segment. there are relatively few product cycle problems -
certainly none that could have an impact on other companies the way waiting for 
Sierra has. Unlike the case with the PC segment. there is little evidence of 
temporary saturation or miscalculation of key submarketa. 

Groping for explanations, competitors in the field hope that the disease 
is not systemic. Vendors with a presence on the factory floor like DC tend to 
blame the economy. which is still weak-to-dismal for traditional manufacturing 
industries. Companies with a atrong office-automation profile can take comfort 
from the probability that at least some of the alowness represents indecisive
ness on the part of office managers about where to go next after last year's 
buying binge. Presumably they'll be buying again someday. maybe soon. 

But what if the fault lies not in the vendors' stars but in themselves that 
they are underlings? What if a significant portion of the downturn stems from 
problems endemic to the medium-scale market that will not go away any time 
soon. if ever, like encroachment from networked PCs and supermicros? What if 
vendors were basking in the glow of 1984's long shimmering summer and failed 
to prepare adequately for changing markets and accelerating technology curves? 

The encroachment question may not be answerable except in retrospect a 
couple of years f r om nov. but answers to the last question will begin to become 
clearer over the next six months. It will not be easy for. company like Wang 
to recover a position anywbere close to vbat it has acbieved in tbe past. An 
Wang may have to remake his co.pany·s image as dramatically as when he .eved 
from calculators to vord proce.sing. As of July 25 Wang is also finally ac
knovledging the neces.ity to support the da.ination of the officeplace by the 
l~ PC. something that DC and Digital have also been forced to do. 
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1984 HARKET SHARES OF HaRLOW IDE INSTALLED BASE, MEDIUM-SCALE SYSTEMS 
(Copyright 1985 -- International Data Corporation) 

Other 15.7% 

Basic Four 2.6% 
Burroughs 3.1 % 

004% 

Prime 4.2% 

Tandem 6.4% 

HP6.7% 

DEC 21.5% 

HIS 13.4% 

138,359 SYSTEMS 

1984 HARKET SHARES OF U.S. MEDIUM-SCALE SHIPMENTS 
UNITS (Left); DOLLARS (Right) 

(Copyright 1985 -- International Data Corporation) 

Other lS " ~"'~II~ 
AT&T2.1% ~ 

00"" 
AT&T 33% 

HIS 3.3% 

TandemJ.5% 

Prime 3 6% 

Burroughs 3.4"1. 

HIS 35% 

Prime J.N 

en6.8'%. 

DEC 1.94 

23,125 UNITS $8.5 BILLION 
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1811 and DEC continue to dominate the mid-scale IBIlrket I wl.th DEC winning out 
on number of systems shipped and IRK cleaning up on revenue earned. 80th in
creased in 1984 at rates faster than the industry average for revenue growth. 
with IBM more than doubling it (as well as better than doubling its shipment 
revenues for 1983). Moreover, by increasing the value of ita shipments 114 . 51 
compared to DEC's growth of 63.11. IBM significantly added to its market share. 
In 1983 Diaita1 registered revenue gains worth 85.81 of what IBM claimed in the 
~dium-scale market, but in 1984 it got only 65.31 of what Big Blue accrued. 
However, IBM's shipments are always more cyclical than Digital's. DEC has been 
able to increase the number of 11/750 and up systems it has shipped each year 
5ince 1980, with 1984 shipments up a healthy 61.71 over 1983. 

New Multi-, Parallel Processing Options 

Despite this year', slump. Inc feels that the next half-decade or so should 
be comparatively healthy for this segment of the market. The question, 
though, is not so much if, but when alternative approaches to processing data 
will begin to have an impact on traditional medium-scale sales. 

Running a series of boxes in tandem can be cost-efficient and could leach 
away some superm1nl revenue. One drawback is that distribu ted processing is 
still more an ideal than a reality; one possible compensation is that main
frames could be hurt worse tban minis and superminis. At least that's what 
DEC hopes its VAXCluster solution will lead to. 

More serious threats will likely come from multiprocessing and parallel 
processing, which would distribute the processing among chips rather than dif
ferent systems. The multiprocessing machines from Encore produced much of 
what little enthusiasm there was at this year's NeC. From 2 to 20 processors 
can execute multiple jobs simultaneously. Meanwhile other companies, including 
Sequent and Alliant, are coming out with systems that they call true parallel 
processing, which can speed up data manipulation exponentially by running the 
same program simultaneously on different processor chips. 

There are long-term and short-term implications for both. with the long
term more significant. Parallel processing is getting a lot of publicity, so 
much that there is considerable confusion (some of it intentional) with multi
processing. All those metaphors about everything in life working in parallel 
will probably raise capital and stock prices. 

However. it appears for now that parallel processing is cost-efficient 
only in high-end scientific/engineering environments. Over the long run it 
will probably take over the most computation-intense segments of CAD and CAE 
from current medium-scale vendors. vhile at the same time less involved 
applications will be increasingly handled on PCs. 

Nevertheless, scientific/engineering applications in t oto account for only 
28% of the medium-scale -arket. compared to 52% commercial. The .are a-inous 
development, tben. could be ~ltiprocessing. which coepetes more directly and 
inexpensively with traditional co.puters. However. it now see .. unlikely that 
the new competitors could mount an effective campaign for several year& yet. 
~reover. revenue aains would be liaited because they would have to dislodge 
esiatioa boxes rather than enter virgin territory , the way that .inis and PCs 
did in their glory days. And there's still tt.e for traditional vendor. to 
bop On the bandwagon if they chon.e . 
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1984 MARKET SHARES OF WORLDWIDE INSTALLED BASE, SMALL-SCALE SYSTEMS 
(Copyright 1985 -- International Data Corporation) 

NCR 2.5% 
Burroughs 2,7% 

Computer 
Automation 3"10 

Warvw 3,6"10 

Altos 3,7% 

TI4,8% 
HP 5.90/0 

00 6.2"10 

1,861,713 UNITS 

DEC 19.4"10 

IBM 13.0"10 

1984 MARKET SHARES OF U.S. SMALL-SCALE SHIPMENTS 
UNITS (Left); OOLLARS (Right) 

(Copyright 1985 -- International Data Corporation) 
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Bigger Bangl for tbe Buck in tbe Small-Scale Karket 

The ateady growth rate of the small-scale market can be deceptive, for 
there are fev more turbulent segments of the information industry. Companies 
come and go, vendors crack the Top Ten and slide out with gutwrenching speed. 
if only because they are striving not only to dominate hut to define a market . 

There aometimes seem to be more varieties to the small-scale segment of 
the market than Heinz has soups, what with l6-bit minis, small business systems 
from IBM et al., the new 16- and 32-bit supermicros. and entry-level 32-bit 
superminis. To add to the confusion, there is conceptual overlap both with the 
PC and medium-scale markets. Like aupermicros that are counted in the small
Icale market. the PC-AT can support several terminals. but is listed in IOC's 
census as a personal computer based on what i. still its primary utilization. 
At the other end, the new KicroVAX II is virtually the equivalent of a 780 in 
power, but not in functionality. so can't be counted as a medium-scale machine. 

The MicroVAX II. though. does point in an increasingly crucial direction 
for the small-scale market: stunning gains in price/performance due to falling 
prices for ever more powerful microprocessors. Supermicro vendors aim for open 
architectures on the latest. sexiest chips. while established companies pack 
.iniaturized versions of their proprietary architectures. The advantage of the 
supermicro is its versatility; the advantage of the MicroVAX II is its access 
to the shelfloads of applications developed for medium-scale DEC machines 
(All-in-l is now available). Whether new supermicro or established-vendor-on
a-chip. the microprocessor-based small-scale system offers a low cost/high per
formance combination that is ideally suited to specialized marketing by VARs. 

IBM has maintained its position in the small-scale market almost solely on 
the basis of 5ystem/36 sales. In one year 5/36 revenue jumped from 151 of the 
dollar value of IBM's smal1-8cale shipments to over two-thirds. Much of this 
growth has been siphoned from lower-end 5/38 sales, but IBM need not weep: in 
two years 5/36 raked in more money than small-scale 5/38 models brought in five 
(of course, 5/38 products ranked as medium-scale systems are another story). 
Revenue from Series 1 machine8 has been flat since 1982. but for income not to 
have been falling on a product introduced in 1976 represents a lain for IBM. 

TOP-TENNING THE SHALL-SCALE HARKET 

SInce last year EDP/IR has gIven only a Top Ten lIstIng for the small-scale 
and PC markets, but ranklngs can vary dependIng on whether Installed base or 
annual sh1pments. un1ts or dollar value are chosen . If un1ts 1n the worldw1de 
Installed base or 1984 shIpments were the crIterIon, the ranklngs would read: 

WorldwIde Installed 8ase 
DIgItal EquIpment Corp. 
ISH 
Oa ta Genera 1 
Hewlett-Packard 
Texas Instruments 
Altos Computer 
Hang 
CoMputer AutOMatIon Inc. 
Burrough, 
NCR 

July 31, 1985 

WorldwIde Annual ShIpments 
ISH 
DIgItal EQulpoent Corp. 
A ltos Computer 
Fortune Syste., 
Tele.ldeo 
Data General 
Hewlett-Packard 
OSH ConIputer 
Texas Instru .. nts 
NCR 
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Unix Percolates Througb the Mid-Harkets 

Burroughs .n~ Sperry bay not have been able to agree on merger terms. but 
they do think alIke on some questions. They came up with very siailar strate
gies at this year's Nee in Chicago, notably their decisions to emphasize Unix. 

In the large-scale and PC .arket sectora, where software compatibility is 
a critical issue. vendor. brag about their technical ties to IBM products. In 
the two mid-a&ckets of mediu.- and small-scale 5y8te~, on the otber hand, the 
trend is to talk about Unix. The comparative dearth of commercial programs 
written for the Unix opecating system is not as detrimental in mid-market sec
tors, where programmers abound who find Unix relatively easy to write for. 
Also , since computer professionals tend to run small- and medium-scale systems, 
what many feel to be Unix's user unfriendliness need not be a major drawback. 
Meanwhile Unix's portability can be incorporated in users' networking plans. 

Deciding to accentuate Unix, though, need not mean taking the same approach 
to it. There are essentially two attitudes towards Unix on the part of major 
vendors: support, more or less grudging, and endorsement, more or less enthu
s i astic. The cbief reason for vendors' diffidence is their commitment to pro
prie t a ry operating systems, which tbey often feel are superior to Unix in tbe 
ma rke ts in whicb they compete. In any event, sales have been made on the basis 
of a l l eged super i ority to others' (typically IBM's) operating systems, and the 
estab lished customer base must be supported technically and psychologically. 

For all of the references to Unix in Burroughs' Nee booth . it still seems 
t o fall into the more-or-Iess-grudging-support category, especially if one 
starts to talk with the company's marketing personnel. Wang now has IN/ix, 
bi lled as the first in a series of Unix offerings bridging its pe and VS lines, 
but you would hardly know it from reading the company's press releases. The 
most reluctant support for Unix probably comes from IBM, which is loath to add 
esteriks to its announcements noting that Unix is a trademark of AT'T. Never
theless. Big Blue's new IX/370 offers Unix as a guest system for Unix users 
who want to use a System/370 machine. including any in the 43XX .edium-scale 
l i ne, and don't mind not being able to exchange files with regular IBM systems. 

Despite the importance of its large customer base, Sperry ia gambling on 
the more-or-Iess-enthusiastic-endorsement approach to vin new aalea. The 
single message that Sperry wanted visitors to Nee to take away vas the compa
ny ' s "Focus on Unix." Data General is touting its two Unix operating systems 
as the strongest Unix offering around. About 201 of VAX machines currently run 
on Unix. with some at DEC est i mating that the MicroVAX could be 40-501 Unix. 

Wby all this motion and emotion? What is generating fervor from some. and 
at least reluc tant recognition from the rest? One factor is the possiblity, 
however remote, of using IBM's own proprietary operating systems to rope it off 
from the new industry standard. In a related developaent, American vendors are 
eying the European market, where in February the seven leading indigenous .io1-
computer companies joined to standardize their aoftware on Unix. 

A aecond factor of even -are immediate consequence la the federal govern
ment IS interest in sponsori1ll, and lIWlybe J..Iposing, an industry standard. 
Although different agencies and projects atill vary 00 whether they vant ~re 
UniK support or full endorae-ent. the trend is clear: Unix ia QOW • atandard 
RFP (Request for Proposal) requirement for govern.eot contracta. 
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HEDIUM-SCALE COMPUTER HARKET -- U.S . -BASED MANUFACTURERS 
(Cop~rl~ht 1985 -- International Data Corporation) 
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16,100 
19,200 
24, I 00 
23,800 
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37,800 
44,800 
52,800 
61,400 
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1990 197.900 858.800 7.700 34.1 1981 212,500 1,042,500 9.BOO 40.B 199~ 266,800 1,290,000 90100 49.2 1993 313.600 1,543,700 9.800 56.9 
1994 394.700 1,853,700 110100 65.9 

1985 419.200 20190.300 12,300 74.B . 1996 496.400 2 ,582,700 14,200 84.2 . 
1987 582,700 3,025,300 16.400 96 .1 19B9 675.400 3,517,600 lB.600 109 . B 1989 770 .700 4,051,600 21,000 125. 0 1990 865,600 4,636,400 23,600 140 .8 

UNITED STATES -------------
1980 122,400 566.500 4.600 20.4 
1981 127.900 6790100 5,400 23 . 9 
198~ 172,800 828,700 5.700 29 . 4 
1983 202.200 99211 00 6,100 34 . 4 

1984 262,000 1,201,800 6.900 40.6 

1985 281,400 1,4311100 7,700 46 . 5 
1996 337,800 1,705,200 9,00 0 53 . 1 
1997 398.600 2,014,600 l:bOOO 60 .7 
1988 HS.600 2,357,100 12.000 69 . 4 
1999 533.600 2,731,400 13.600 79 . 4 
1990 600.t00 31145,800 15.400 99.6 

!~I~~~e!!Q~eb 

1990 75,400 292,300 3.100 13. 7 
1981 94.700 363.400 3.400 16. 9 
1992 94.000 451.300 3.400 19.9 
1993 111.400 551.600 3,700 22.5 

1994 122.700 651,900 4,200 25.3 

1985 136.800 759,200 4,600 28.3 
1986 159 .600 877,500 5,200 31. 1 
1987 184.t00 1,010,700 5,900 35.4 
1999 209.900 1,160,500 6,600 40 . 4 
1989 237.t00 1,320,200 7.400 45.6 
1990 265,500 1,490,600 9.200 51. 2 

2 

------------------------==~ 



A gradual transformation of at least .egments of the medium-scale market 
is therefore underway. IDC surveys indicate that the 10% of supermini sites 
cu=rently running Unix on at least one of their machines should rise to almost 
a ;uarter of medium-scale sites by the end of 1986 . To meet this rising 
de.and, about half of all packaged software vendors plan to be offering Unix 
prcsrams by the end of this year, about double the percentage at yearend 1984. 

The changes may also lead to a rearrangement of the medium-scale hierarchy, 
al=hough the jury is still out on the que.tion. Speculation centers on AT&T, 
wh~ch has hitched its wagon to the Unix star far more singlemindedly than even 
SpEIry. The communications giant garnered much publicity at the end of June 
when the National Security Agency chose its 38 systems 8S the centerpiece of a 
coctract that should net AT&T almost Sl billion for sales and services. Cer
tainly the deal lends credibility to AT&T, which with one stroke of the pen 
will increase its January I, 1985 installed base by about 221, and to Unix, 
which has garnered its gaudiest government seal of approval to date. 

On the other hand. the increase to AT&T's installed base just by adding up 
to 250 38 system£ also emphasizes its failure so far to penetrate non-BOC 
commercial markets. The government's interest in Unix .sy represent AT&T's 
best hope to establish itself as a major player in the computer industry. 
Even its NSA success, however, may not translate easily into other government 
contracts. since the secretive intelligence agency has unique priorities. 

For the inmediate future. last year's .. Revie .... and Forecast" assessment 
(EDP/IR, Vol. 20, No. 15. 16, December 12, 1984) remains valid: not medium
scale but "small-scale systems are likely to be the first major Unix success 
story." Vendors in this segment of the market tend to be smaller and younger. 
which means that they typically lack long-standing customer bases .... edded to 
proprietary chips and/or operating systems. 

As a full-fledged member of the Bunch. NCR looked for a time to be an ex
ception. Besides its successful Tover line of Unix supermicros, .... hich in an 
O[Med transfiguration serves as a linchpin of the Sperry Unix group, NCR vas 
working on a Unix-based 32-bit proprietary processor that could have extended 
the lifespan of its 9300 line. It has nov given up the endeavor as too costly, 
however, and seems by default to have anointed the open-architecture To .... er 
system, based on commercially available Motorola chips, as its royal family. 

NCR's failure to develop a proprietary chip may be a blessing in disguise. 
The Unix small-scale success story is based in large part aD cost/performance 
advantages, vhich in turn depend on the wide availability of Unix microproces
sors. The Tower team knew vhat it va. doing when it tapped Kotorola. 

In the meantime. small-scale Unix vendors are competing vigorously, vith 
enougb of them vinning sales to raise the hopes and stoke the efforts of all 
the others. Last year's s .... eepstakes winner for start-ups in this sector was 
Altos, which ascended to the top-ten list of small-scale vendors based on the 
value of 1984 ahip.eats. while Tover sales were a major contributor to NCR's 
rise from sixth place to fourth place. 

This year there is no end to would-be successors to the croWD. At Nee a 
giant inflated frog beside the Charles River Data Systems booth represented 
virtually the only aggressive marketing at a .taid convention and punctuated 
its promise to beca.e "the largest shipper of 68020-baaed .yatema in 1985." 
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COMPUTER CENSUS MEDIUM-SCALE 
(Copyright 1985 -- International Data Corporation) 

Medium-Scale computer systems generalty support t 7 to 128 users in a normal 
commerical environment. Included are the IBM 4300 line, the mid-range systems 
from the Bunch, and the high end of lines from companies such as DEC, DG and 
Prime. System prices tend to fait in the $100,000 to $1 million range. 
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SMALL-SCALE COMPUTER CENSUS 
(Copyright 1985 •• Inlernalional Data Corporation) 

Census of lop len small·scale compuler vendon;. by dollar value of 1984 
worldwide shipmenlS. Small·scale computer systems generally range from 2·16 
users in typical commercial applications. Representative systems include the 
mM S136. DEC PDp· I I and Vax 730. and systems such as those from AlIos. 
Avenlge systems prices are normally in the $10.000 to $100.000 range . 
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New system manages hundreds 
of transactions per second 
Parallel data paths, pipe lining, large cache memory, and 

32-bit hardware combine to increase transaction system performanr 

by Robert Horst and Sandra Metz, T.wJdIm~"" Inc.,~. ~, 

o Computer systems for on-line transaction processing 
have a unique set of requi remen ts that pose an enormous 
challenge 10 designers. These systems have to be fauh
tolerant, expandable through the addition of modules, 
and able to process multiple transactions al a reasonable 
COSt, while maintaining data integrity. The coming gener
ation of transaclion-process.ing systems must also address 
a fast-g rowing need for \'ery high-volume applications 
thai require the processing of more and more transac
lions per second. 

Designed 10 handle very high-volume transaclion pro
cessing, the 32-bit NonStop TXP system reaches IWO 10 
three: limes the spttd of the NonStop II system il super
cedes. while retai ning complete software compatibility. 

handle a higher-power CPU. 
The main problems invohed designing a 

architecture thai would efficiently support I I· 
slructions at much higher speeds. with only 
printed-circuit·board real estate and an ex~ 
plane. This invohed eliminating some fealu r,' 
not critical to performance and finding creau 
save area on the pc board, Including clever 
grammable array logic and an unusual mullilc: 
store scheme. 

Since the n~ TXP processor was to be 
compatible With the Nonstop II system lei h. 
cant price·performance advantage. II was e~ 
soon after announccmenl much of the compa' 
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Without reprogramming, a TXP sys
tem can grow from a single system 
comaining from 2 to 16 processors, 
to a local cluster of up to 224 proces
sors linked with fiber-optic cables, to 
a worldwide network of up to 4,080 
processors. 
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Many of the problems in designing 
the TXP processor had already been 
solved in the NonStop II processor 
and syStem design. The NonStop 11 
extended the instruction sel of the 
NonStop I + system to handle 32-bit 
addressing but did not efficiently 
support thai addressing in hardware. 
The existing S·megabyte input/out
put bus and 26-megabyte Dynabus, 
Tandem'S proprietary bus structure, 
had more than enough bandwidth to 
handle a processor with two to three 
times the performance. The existing 
packaging had an eXira cenlral.pro
cessing-unit card slot for future en
hancemenls, and the existing power 
supplies could be reconfigured to 

H PlP£L1t.1( REGISTERS I r"'!I 8ARIIEt ... 

t, Parallet data path .. The NonStop TXP's 

architectufelets the main anthmetic and logic 

UNt operate in parallel WIth either a special 
ALU. one of 4,096 scratch-pad registers, a 

barrel shilter, the memory interface. the Dyn

aOOs interlace, Of the input/output channel. 

I 

I 

DATA SELECtORS 

J 1 
"AIIj AlU I 

SHIFTEA , 

MEMORY r 
INTERfACE 

10 fIlO~EMJI 
r-!I DYNAIUS .r 

INTERrACE 

TO ~M DY~US 
~ 1'0 CHA"~H J 

INTERFACE 

TO.'fIlOM l'Ot I4AI¥OjEL 

14' 

FAOM I APATHS 

L ADDRESS REGISTER J 
If YES, 
CACHE • CACHE 

AODRESS • ~ - TAG ? 0 
c 

'" i""! c • 
" DATAl TO/FAOM DATA I ~ """ f • INS1AUCTlD~S +-+PATHS.I~STRUCTIO~ e 
0 6( k BYTES REGISTERS , 
" • • PAGE TABLE CACHE ADDRESS • 

"'iFVrs. 43 
TAG? 

'" i""! PAGE 
PHYSICAL TABLE 

~ CACHE ADDRESS 23 BIT HI1 
2,I,.S ENTRIes PHYSICAL 

ADDRESS 
16 BIT.:i,S TO /FROM DATr ATHS 

MEMORY l no I I I I WAITE I 2- 16MEGAB¥HS 
MUlTlPL(KER QUEUE 

L MEMORY DATA REGISTE~ 
64 BITS 

3. Memor)' ace.... The simple but extensNe Olgat1lZ8tiOn of the TXP 

cache provldes an average hit rallO 01 over 96%. With a cache hit, the 
data is read out 01 the cache in 83 nanoseconds. When the dala 
requested is not In cache, a cache miss results and the 64-bit-wide 
access to memory speeds the cache refill • 

and it can execute load and branch instructions. which 
are frequently used, in only three clock cycles (250 ns). 

Each NonStop TX P processor has a 64-K-byle cache 
that holds bolh data and code. A 16-processor NonSlOp 
TXP system has a full megabyte of cache memory. To 
determine the organization of the cache. a number of 
measurements were performed on a NonStop II system 
using a specially designed hardware monitor (see " Hard
ware-performance monitor helps optimize design," 
p. 149). The measurements show~ that higher cac.he hit 
ratios resulted with a large, SImple cache (dIrectly 
mapped) than with a smaller, m~r~ comple~ cach~ (or~a
nized as two- or four-way associative). TypIcal hit rallos 
for transaction processing on the onStop TXP system 
are in the range of 96% to 99%. 

Cache miss 

Cache misses are handled in a firmware subrou!ine 
rather than by the usual methoo of adding a special st~te 
mnchine and dedicated data paths for handhng a miss. 
Because of the large savings in cache hardware, the 
cache can reside on the same board as the primary data 
paths; keeping these functions proximal reduces. wiring 
delays and contributes to the fast 83.3-ns cycle lime. 

The cache is add ressed by the 32-bit vi rtual address 
rather than by the physical address, thus eliminating the 
extra virtual-to-physical translation step that would ot.h
erwise be required for every memory reference. The ~Ir
tunl-to-physical translation, which is needed for refi lling 
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the cache on misses and for storing through to memory, 
is handled by a separate page table cache that holds 
mapping information for as many as 2,048 pages of 2-K 
bytes each (Fig. 3). 

A cache memory by itself does not necessarily boost II 
processor's performance significantly. It is of little use for 
the cache to provide instructions and data at a higher 
rate than the rest of the CPU can process. In the TXP 
processor, the cache's performance was tuned to provide 
instructions and data at a rate consistent with the en
hancements to instruction processing provided by in
creased pipelining and parallelism. 

32 bits and more 

The two concerns related to a system's word length 
are capability and performance. The NonStop TXP sys
tem has 32-bit virtual addressing built into the hardware, 
so is capable of addressing a gigabyte of virtual memory. 
In addition, the TXP processor can manipulate 32 bits of 
data at a time through its dual l6-bit data paths. Thus 
the 32-bit NonStop TXP system has the additional advan
tage of being able to run software that was originally 
written for the 16-bit NonStop II system; both systems 
have been provided with instruct ions that can operate on 
8·, 16-, 32-, and 64-bit data types. 

In transaction processing, measurements of instruction 
frequencies show that data-movement instructions (loads, 
stores, and moves) occur much more frequently than 32· 
bit arithmetic instructions. For this reason, the NonStop 
TXP system is optimized to handle data movement by 
providing 64-bit access to main memory and 32·bit buses 
and address registers to make memory addressing as 
efficient as possible. 

The NonStop TXP processor was implemented on four 
large pc boards using high-speed FAST logic, PALS, and 
high·speed static RAMS. The c pu's logical and physical 
partitioning was carefully controlled to ensure that the 
machine's basic cycle time would not be slowed by long 
propagation delays. The four CPU boards are: 
• SQ: containing the control store and sequencing logic . 
• CC: containing the 1/ 0 channel and various special 

mod ules. 
• tl': holding the main data paths and cache. 
• MC: providing the memory interface. barrel shifter, 

and interprocessor bus interface. 
Each CPU mooule also has from one to four memory 

boards. On the initial release, each memory board con
tains 2 megabytes of error-correcting memory imple
mented with 64-K dynamic RAMS. A l6-processor Non
Stop TXP system can therefore contain up to 12g 
megabytes of physical memory. 

The NonStop TXP system was designed to be easy to 
manufacture and efficient 10 test. Data and control reg
isters were implemented with shift registers configured 
into several serial-scan strings. The scan strings a re of 
value in isolat ing fail ures in fi eld-replaceable units. This 
serial access to registers also makes board testing much 
faster and more efficient because the tester can directly 
observe and control many control points. A single cus
tom lester was designed for all four CPU boards and for 
the memory-array board as well. 

The NonStop TXP system is the first product to be 



New system manages hundreds 
of transactions per second 
Paral lel data paths. pipelining. large cache memory. and 

32-bit hardware combine to increase transaction system performance 

by Robert Horst and Sandra Metz, Tandem ~ Inc., ~. CakI 

o Computer systems for on-line transaction processing 
have a unique set of requiremenls that pose an enonnous 
challenge to designers. These systems have !O be fault
tolerant, expandable through the addition of modules, 
a nd able to process multiple transactions at a reasonable 
COSt, while maintaining data integrity. The coming gener
ation of transaction-processing systems must also address 
a fast-growing need for very high-volume applications 
that require the processing of more and more transac
tions per second. 

Designed to handle very high-volume transaction pro
cessing, the 32-bi t NonStop TXP system reaches two to 
three times the speed of the NonStop II system it super
cedes, while retaining complete software compatibility. 
Without reprogramming, a TXP sys-
tem can grow from a si ngle system 
containing from 2 to 16 processors, 
to a local cluster of up to 224 proces
sors linked with fiber-optic cables, to 
a worldwide network of up to 4,080 
processors. 

Many of the problems in designing 
the TXP processor had already been 
solved in the NonStop II processor 
and system design. The NonStop I I 
extended the instruction set of the 
NonStop I + system 10 handle 32-bit 
addressing but did not efficiently 
support that addressing in hardware. 
The existing 5-megabyte input/out
put bus a nd 26-megabyte Dynabus, 
Tandem's proprietary bus structure, 
had more than enough bandwidth to 
handle a processor with two to three 
times the perfonnance. The existing 
packaging had an extra central-pro-
cessing-unit card slot for future en-
hancements, and the ex.isting power 
supplies could be reconfigured to 

1, PUIIt,t data Pi th., The NonStop TXP's 
archItecture lets the maln arithmetic and logiC 
UNt operale In parallel With either a special 
ALU, one of 4,096 scratch'pad registers. a 
barrel shifter, the memory interface, the Dyn
abus interlace, or the Inpul/output channel. 

handle a higher-power CPU. 
The main problems involved designing a new micro

architecture that would efficiently support the 32-bit in
structions at much higher speeds, with on ly 33% more 
printed-circuit-board real estate and an existing back
plane. This im'ol\"ed eliminating some features that were 
not crit ical to performance and finding creative ways to 
save area on the pc board, including clever uses of pro
grammable array logic and an unusual multile\el control
store scheme. 

Since: the new TXP processor was to be object-code
compatible with the Nonstop II system yet have a signifi
cant price-performance advantage, it was expected that 
soon after announcement much of the company's produc-
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tion would have to shift quickly from the NonStop II 
system to the TXP syStem. This required that efficient 
board-testing procedures be in place by the time the 
product was announced and precluded the use of tradi
tional functional board testers, which need months of 
programming after the design is fini shed. Instead, scan 
logic was designed into the processor and a scan-based 
board-test system using pseudorandom test vectors was 
developed. 

Performance improvements 

The performance improvements in the NonStop TXP 
system were attained through a combinat ion of advances 
in architecture and technology. The NonStop TX P archi
tecture uses dual l6-bit data paths, three levels of macro
instruction pipelining, 64-bit parallel access from memo
ry. and a large cache (64 kilobytes per processor). 
Additional perfonnance gains were obtained by increas· 

LOAD INSTAUCTIDN CVCU 1 , 

ing the hardware support for 32-bit memory addressing. 
The machine's technology includes 25-nanosecond pro

grammable array logic, 45-ns 16-K static random-access
memory chips, and Fairchild Advanced Schott ky Tech
nology (FAST) logic. With these high-speed components 
plus a reduction in the number of logic levels in each 
path, a 12-megahertz (83.3 ns per microinstruction) clock 
rate could be used. 

The system's dual-data-path arrangement increases 
perfonnance through added parallelism (Fig. I). A 
main-arithmetic-and-logic-unit operalion can be per
fonned in parallel with another operation done by one of 
several special modules. Among them are a second ALU 
that performs both multiplications and divisions, a barrel 
shifter, an array of 4,096 scratchpad registers, an interval 
timer, and an interrupt controller. Other modules pro
vide interfaces among the CPU and the interprocessor bus 
system, 1/ 0 channel, mai n memory, and a diagnostic 
processor. 

The selection of operands for the main ALU and the 
special modules is done in two stages. In the first, data is 
accessed from the dual-ported register file or external 
registers and placed into two of the six registers. During 
the same cycle, the other four pipeline registers are load
ed with cache data. a literal constant, the results of the 
previous ALU operation, and the resul t of the previous 
special-module operation. 

In the next Stage, one of the six pipeline registers is 
selected for each of the main ALU inputs and one for 
each special-modu le operand. Executing the register se
lection in tWO stages, so that the registers can be twO
rather than four-ported, greatly reduces the cost of multi
plexers and control storage, while the flexibility in choos
ing the required operands is unimpaired. 

Some exam ples of the way microcode uses the parallel 
data paths are shown in Tables I and 2. The first 
example shows the inner loop of the compare-bytes in
st ruction. Each of the dual ALUS in the TXP system 
extracts one byte; then the extracted bytes are compared. 
This operation takes two clock cycles on the TXP system 
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2, Pfpelined, The InSlruction PIpeline of the NonStop TXP system allows parts 01 severallnstrucllons to be processed SImultaneously (a)-rMe 
cycles are requited to execule three typicallnslructions. Without pipelining (b), 24 clock cycles would be required. 
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Hardware-perfonnance monitor helps optimize de.ign 
While new architectural concepts were being developed for 
the TXP system, a hardware-performance monitor was built 
to record measurements of the software-compatible Non
Stop II processor. Xplor consists of two large Wire-Wrap 
boards plus a small board to interface to the processor 
under test. It has approximately 800 Schottky TIL compo
nents and took more than two years to develop. 

This general-purpose tool is capable of capturing 64 bits 
of data every tOO nanoseconds and reducing that data to 
usable form. The 256 kilobits of internal memory can be 
configured in many different word lengths to record, for 
instance, a 64-bit count of 4,096 different events, a 32-bit 
count of 8,192 different events, or a single flag for 256-K 
events. In addition, Xplor has programmable state ma
chines with which data can be captured based on comptex 
sequences of events; it includes hardware for the emula
tion of various cache organizatIOns. 

Two dIfferent Xplor configurations were developed to 
gather data for the TXP processor. The first was an instruc
tion histogram measurement that records the frequency 
with which each instruction occurs, the percentage of time 
spent in each instruction, and the average number of code 
and data reads and writes performed by each instruction. 
The data is recorded in 64-blt counters, so in effect an 
unlimited amount of real-lJme data can be taken before the 
counters overflow. 

The second Xplor configuration monitors memory ad
dresses and emulates the tag store of a cache. Hit ratios for 
many different cache organizations can be determined by 
varying the effective cache size, associativity (one-, two, or 

but would require three if the extract operations could 
not be done simultaneously. 

The dual 16-bit data paths tend to require fewer cycles 
than a single 32-bit path when manipulating byte and 16-
bit quantities and slight ly more cycles when manipu lat
ing 32-bit quantit ies. A 32-bit add takes two cycles rather 
than one, but the other data path is free to use the twO 
cycles to perform either another 32-bit operation or two 
16-bit operations. 

Time disadvantage 

The time disadvantage in performing a single 32-bit 
operation is panially olfset by the cycle-time advantage 
for 16- versus 32-bit arithmetic (32-bit arithmetic re
quires more time for carry propagation). Measurements 
o f transaction-processing applications have shown that 
the frequencies of 32-bit arithmetic are insignificant rela
tive to data-movement and byte-manipulation instruc
tions, which are handled more efficiently by the d~al 
data paths than by a single J2-bit data path. Most \11 -

structions have enough paraltelism to let the microcode 
make elfective use of both data paths. 

To con trol the large amount of parallelism in the 
NonStop TXP system processor, a wide control-SlOre 
word is required. The elfective width of the control ~tore 
is over 100 bits. To reduce the number of RAMS reqUIred, 
the control store is divided between a vertical control 

lour-way), block size, and replacement algorithm. Because 
the data is taken in real-time and reduced on-line, the hit
ratio measurements are much more accurate than the 
tradit ional technique, in which short address traces a re 
recorded on tape for later analysiS. This is especially impor
tant in transaction processing, since a large amount of 
process switching takes place; some individual transactions 
can last several seconds, during which millions of memory 
references take place. 

Once the measurement methods were working, Xplor 
was a ttached to an eight-processor NonStop II system. A 
typical transaction-processing benchmark was brought up 
on the system, and transactions then were gen<Hated by 
a nother system, running software that simulated users at a 
number of terminals. At that point, histogram and cache 
measurements were taken for several of the central pro
ceSSing units . 

The results of the histogram measurements helped de
termine some of the data-path widths and organizatIOns for 
the TXP processor. Once the most frequently executed 
instructions were known, the design was modified to pro
vide more hardware support for them. Since the measure
ments distinguished different paths through some instruc
tions, tradeoffs could be made in the microcode to make the 
frequent cases faster. 

The results of the cache measurements brought about 
some major changes in the original cache organization. In 
one measurement, the hit ratio went from 97% for the 
original cache to 99% for the final one, for an overall CPU 
performance gain of over 15 %. 

store of 8-K 4Q-bit words and a horizon tal control store 
of 4-K 84-bit words. The vertical control store controls 
the first stage of the microinstruct ion pipeline and in
clildes a field that addresses the horizolllal control store, 
whose fields control the pipeline's second stage. Lines of 
microcode that require the same or similar horizontal 
cont rols can share horizontal-control-store entries. 

Unlike microprocessor-based systems that have micro
code fixed in read-only memory, the NonStop TXP sys
tem microcode is implemented in RAM , so it can be 
changed along with normal software updates and new 
performance-enhancing instructions can be added. 

The NonStop TXP processor uses three-stage pipelining 
for both macro- and microinstructions. Figure 2 illus
trates the operation of the macroinstruction pipeline for a 
sequence of three instructions. The first is a load instruc
tion that loads a word into the hardware stack. The 
second is an add immediate instruction that adds a con
stant to a register on the hardware stack, and the third is 
a final store. which stores the result in memory. 

With no pipelining, this sequence would require 24 
(8 + 7+9) clock cycles to execute, but because the pre
fet ch and part of the execution of eac h instruction can be 
overlapped with previous instructions, the actual execu
tion time is just 9 (3+2+4) clock cycles. Because in
structions are pipelined, the Txr processor can execute 
its fastest inst ructions in just two clock cycles (167 ns), 
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MIPS ancllranlactlons per Mcond 
Oetsnnimng relaws perlormance among computer sys
tems has never been an easy task. The often-quoted 
millions-ol-instructions-per-second rate is intended as 8 
way to compare baSiC central-processing-unit.hardware 
performance. Compansons ate also made on the baSIS of 
benchmarks. CPU-Intensive benchmarks measure the per
formance of the CPU hardware and compiler; more exten
sive benchmat1<.s measure the entire system perlor· 
manCe--inCluding the hardware, compiler, operating 
system, and data-base-management system. In general, 
the more extenSive benchmarks give a more accurate 

developed usi ng Tandem's proprietary computer-aided
design syStem. The CAD system'S capabi li ties fo r logic 
entry. logic simulation, and automated pc-board rouling 
were instrumental in reducing the design time. While 
most high-performance cpus requi re four to five years 
to develop, the NonStop TXP processor took just 2~ 
years-six months to complete a written specification, 
one year to construct a working prototype, and another 
year to reach volume production. 

Performanee meal urement 

Some simple benchmark programs have recently be
come popular in measuring performance (see "MIPS and 
transactions per second," p. above). One is the Puzzle 
benchmark, which is a CPU-intensive program to solve a 
three-dimensional puzzle. Execution times for PuuJe can 
vary widely for the same machine, depending on whether 
the program accesses arrays th rough subscripts or point
ers and whether frequently used variables are assigned to 
registers. Versions of the Puzz1e benchmark with pointers 
and registers were used to compare relative performance 
for a TXP processor. 

Puzzle was written in TAL (transaction application lan
guage, the company's system-programming language); 
the execution time, using a single TXP processor, was 
measured at 1.67 s. This compares with 4 s on a VAX
IlnSO for Puzzle written in C.I Because Purne does not 
measure such system features as support for virtual mem
ory, I/O bandwith, and the abi lity to do fast context 
switching, a standard benchmark for comparing transac
tion-processing systems is still needed. 

One transaction·processing benchmark has been devel· 
oped by a third party, however. The U. S. Public Health 
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predtction of actual system performance. 
Each of the vanous measurement techniques has PItfalls. 

The MIPS rate is perhaps the least accurate way to com· 
pare systems. One reason is that thete is no easy way to 
relate the power of one instruction set to another. In 
additiOn, vendors vary in the way they meaStKe MIPS: some 
use it 10( the speed of the fastest InstructiOns, others 
measure the speed of the most frequently executed Instruc· 
tions, and still others measura the speed of a " typical" mix 
of instrucbons. ACCO«iIng to these defiNtions, each Non
Stop TXP ptocessor is 6, 4, 0( 2 MIPS, respectively. 

Service ran an extensive benchmark in 1981 to determine 
which system to select for a large on-line medical·infor· 
mation system.1 In that study, a IS'processor Tandem 
NonStop system running a 1981 version of Tandem's 
Encompass DBM system performed the benchmark at a 
rate of 4.S transactions/so An International Business Ma
chines Corp. System 370/168.3 running version 3 of the 
Adabas DBM system performed the same benchmark at 2 
transactions/ so 

This benchmark gives a data point for comparisons 
between Tandem and IBM systems. A IS-processor Non
Stop syStem performs the Public Health Service bench· 
mark 2.2S times as fast as an IBM 370/168-3. Though it 
would be desirable to compare the TXP system directly to 
one of IBM"s newest systems, such as the IBM 4381-2, no 
competitive benchmarks have been published. However, 
comparisons of the MIPS rate of different processors with· 
in a single fa mily are fairly accurate and can be used to 
extrapolate to newer syStems. 

According to market research performed by the 
Gartner Group/ the IBM 4381·2 is rated at 2.7 MIPS, 
compared with the older IBM 370/ 168')"5 2.4 MIPS rat· 
ing-a ratio of 1.l2S : I. Company tests have shown the 
NonStop TX P to have a MIPS rate approximately th ree 
times that of the NonStop processor. The extrapolation 
of the Public Health Service benchmark performance to 
the two ne ..... er systems is shown in Table 3. 

Unlike many shared·memory multiprocessor systems, 
Tandem systems provide linear growth in transaction
processing power as the system expands. A single system 
can include up to 16 processors. and clusters with as 
many as 224 NonStop TXP processors may be configured 
with Tandem's fiber-optic link" Clusters with up to 60 
processors are currently in operation, and their users 
have verified the linear·performance growth within a 
cluster of this size. 

The largest IB!o1 mainframe today is the IBM 3084, 
which is rated at approximately 23 MIPS. Extrapolation 
from the benchmark data suggests that the performance 
of a cluster of 224 TXP processors is on the order of 10 
times as powerful as IBM'S top·of·the·line 3084 
processor. 0 .. ,-
,- It. GIIMo . ........ a.,.o. _ o...a 0 ~ ... .,. , . .. '" 101 ..... 
o.tao-.. ".., ,., 
~~"""" 0 1 . ~llIII2.p. 20. 
'GIr..- a.oup Inc;.. ~ ConrL, ",.".. _ ..-..p. 
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~.:~.;; .. :I.:.t.:.llJ.,\;:~~ T andem is a eompany that's "pro\ing relevant, according to Jonah. The way 
to be as rugged. and maybe even as Beirne explains it. t\'en though McBride 
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resistant to failure, as ita fault·tolerant is teehnically in a higher position. "teeh
eomput.ers," says Jonah MeLeod about nolog)' people are a re5Ou.rce shared by 
Tandem Comput.el"lllnr:. "It has managed e\'erybody in the rompany, It's just like 
to prosper in a business that is getting at IBM, whert! the te<:hnology guy, art! 
tougher by the day." ,---''----'--::---'---, out there helping the sys-

Mcl.eod, our test and terns people solve the 
measurement editor in problems." 
Palo Alto, is the author of 
this week's COver story 
(p. 34) on the first Tandem 
machine that can be eon· 
sidered a mainframe, the 
NonStop VLX, Completing 
the Tandem co\'ernge 
package, the eompany and 
iu; strat.egy are explored 
by Palo Alto bureau man
ager Cliff Barney in .. 
Probing the News that t. 
giruI on p. 39, following Jo
nah's piece. 

Jonah .... ys that the 
ironic thing about Tan
dem's ruggedness is that it may be at>
sorbed unint.entionally from Tandem's 
arehrival in the fault·tolerant computer 
business, IBM. for example. both lead 
designers on the VL,( system worked 
for IBM before going to Tandem. Al 
McBride, technology din!ctor at Tan
dem, was responsible for the Re'" sys
tem's macrottU arT3YS, and John 
Beirne. engineering manager, 'olo'U in 
charge of the hardwart! work. Actually, 
the way things are lift liP at Tandem, 
McBride's title puts him one managerial 
level above Beirne. 

But the corporate culture of thE' com· 
pany tends to make such distil'lCtions ir-
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Editing materiaJ in New 
York gathered from 

around the "'orld is a wk 
that often requires the 
sloll Clf .. surgeon, But 
sometimes the scalpel 
slips, and you can be 5Urt! 
that the editors hear 
about it-<lften in the 
form of a deft jab that 
cuts neatly and quXldy. 

That's what happened 
last week "'hen Charlie 
Cohen. in Tokyo, disco,,· 
ered an editing gaffe in 

OM of his stories before it was pnnt.ed, 
Charlie's reminder about the slIbtleties 
of the language is a classic of the genre: 

"Did you ever hear Harrisorr Sal~ 
bury's story of how he VoTOt.e a dispatcla 
from Moscow [,,"hen he was the Sa
York Timn's rorrespoodentJ stating 
that he stood on !.he rf\;,.. .. ing stand a 
stone's throw from Stalin! £\-idently, 
the censor didn't understand the idiom 
and after recei\'ing an explanation 
changed the text to read as follo,,"s: 

"'J stood on the rt'\;"....wg nand close 
to SUllin I threw no stones: " 

You might call the woole inc:ident a 
bulJ"-t'ye for Charlie. 

_ ~_"--- __ ~ __ a...-._ eo..-.- 0.... . _ e-.c.-~ __ 
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TliCHNOI.OGY TO WATCH 

TANDEM MAKES 
A GOOD THING BEnER 

ITS FIRST MAINFRAME RUNS TWICE AS FAST 

I
n the rompeutive world of computer techrwlogy, a compa
a1 is only 3.S iood as its latest design. .W on that 
btnchm&rk. Tandem Computers fnc. gets high rn.tI.t'k5 
IVlth its fint mainfrasne-class machine, the XonStop VLX. 
The ne .. model not only lops :1m aif the per-transattion 

COlt of the two-yeaM/d NonStop TXP superminicomputEr. but 
it also rests on a tiudware base that is three times more 
n!liable, the rompany says (see I'1!Lated StDry, p.39). 

commodate as rtUlny as 16. Thank! to the macroeell technol
ogy it de,'eloped jointly with )totorola fne.. Tandem was able 
to implement a tv.'o-board proc::essor that executes :) mips. By 
comparison, the TXP'I l.5-mips CPU fit on fou r printed-eu'tuit 
boards using medium-sca.integration ITt chips. 

The denser macrocell array chips ilJlowed each VLX proces
:ier board to rontain about thm! time! :LS m:1ny tfoltes. Muc::h 
of the VLX'. lIpeed improvement came from packing more 
logic onto (ewer chips and boards, which reduce! the number 
of interchip and intetboard silCMb . 

Designed (or heaV)''<iuty on-line transaction processing in 
such areas 85 airline I'@$t'n'atioll!. banking, computer·integr:l.t· 

. ed manufacturing, and telecommunications sWItching. the 
.sonStop VLl executes t2 million to -'II million instructions per CIRCUITS TO SPARE 
second. The Cupertino, Calif .• company sa)'! thilt'S roughly "We wenl (rom approxim:neiy 5.'),000 gates on four logic 
twice the performance of the TXP (or about the same price. It boards to approximately 85,tXX) on two," says John ~irne, 
attributes the higher price/performance ratio and reliability engineering manager fo r VL'( hardware development. '"The 
primarily to the extensive use of t1w MCA2800Al..S, an emit- macnxell art:lY' allow up to 2,800 c::ircuiu per :1rT":ly. But 
ter-<OUpled-logic gate arr.lY that ser"\'es :1S a building block in 2.000 to 2.:JOO is a more reasonable count for this crrc::uit." 
c::ntic:al parta 0)( the centrol p~ing unit (see "E:asy-ileoip The mainframe's CPU holds 21 ~ of c::ustom macMt.'l?1I 
(eatum; make maC::l'O(.'l?ll a hit," p.35). Other performance lUTolYS (Fig. 1). tn total, there are 33 dit£el'\'nt macl"Ol'ell ..,.. 
hikes rome from streamlined wtrul1ion execution, reorga- ray. in the Tandem two-board pnxessor set. or these, :.II are 
niud cache memory, and a (:1Ster interprocessor bus. on the two logic boards that !JUke up the CPt: and two are on 

Although speed WILl the paramount concern in desib-ning the accompanying memory board!. These inclw.le cle\'er rna· 
t11e VLX, its developers also concentrated on fault tolerance c:nxell array designs that speed instruction execution from 
and compatibility with the previous-gener-J.tion ~}-stem. The C3che and bl"'olnch operations . 
.sonStop configuration of both the TXP and VL,( pro\-Kks Two cntical elements of the new CPU that imprn\'e its 
dual paths to every element in the system. If one path fails, a overall spt!'l!d in these areas are the instruc::tion unLt and ecte
,;erond is a\'3ila.ble to make the connec::tion. If one processor ClItion unit (fig. 2). The instrucuon unit consists of 10 macro
fails, another assumes its workload. Although this duplication cell arr-"ys. One is a chip that makes a four-:itage pip;!line for 
SIoWI throughput to a small extent. it guarantees that (ail- :iimultaneously processing (our illlluuction$ obtained from the 
uteS will not illfect system operation. 

When all units are (uru.1ioning, they 
c::arry their fuU shan! or the processing 
Ivad---there are no idle spares. This fault
tolerant architecture, which remains un
changed 011 the new VLX system, eat! be 
described as a loosely ooupled pantlel
processing system with disoibuted, non
shared memory. 

One benefit o( the distributed Pf'OO!Sl
ing architecture is that it does not require 
one large central pnx-essor Nnning at the 
highest possIble c::loc:k ::Ipeed. "Our design I !'$,~ 
waa at I point where we needed a faster 
<:enu:al p~r-but not the fastest 
pouible," says AI ~cBride, Tandem's 
technology director. "We could get high~r 
ootal system perfonnance (rom the paraI
leli9m of the system arc::hitecture." 

The parallel arehitecture Illows tan
dem to be more ('()ns~tvative in processor 
design than manuf:lcture~ of high-.peed 
CPL's, for ex.arnple. the company limited 
the number of c::mits implemented on a 
jpte array to 2,000 out of the 2.800 a\'ail
able gates. This meant that the mw.:rocell 
arr.!.ys were easier 00 de!ign and yieldt>d 

:~ 

---. 
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a more rtliable system. c..,==::-:==:-:'-~-----:7:-::::::7.,-,--,-:,.,..,=-=".-,..,..,-:-:--:---:J 
The minimum .... tX system con::lists of t _AAAAYS A8OUHD. The 31 gale arrays ,n the CPU's two boatcs (teft) make ~SlIy 

four (PUs, but the arc::hitecture can ac- logic C1tcull')'. Two .nIys anCI256-1< chtps popuLaLe me 8-rneg.byte memory OOolrd (ngtIl) 
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6H\ stabc-randoln-Il"reU'memol')' cache. The pl'OCt'UOr can when theN' is a program in memory that the computer 
fetch 0Df lfUItnlWOn, derodi! • seeond, preprocess. third, and needs to eXl!(ute, the processor (et.ches the program in
uteu(e a fourth stnletions from the high-spee-d cache instead of directly ""'0 mort macrocell lmIys build a dispiaeemem adder that from main memo~·. thus reducing the amount of time to 
does address arithmelJ( for prefetching operands. This unit get an instruCtion. Besides being slower than cache memo
adds. dlsplactment number [0 a \in:uaJ addreu to det.ennine ry, main memory iii located off the processor board, which 
itA physK:a.l addrHI OIl • board. "''hen the instruction unit delays fetches from it even mort. 
prtfetdleS wU"UctWns, address processing occurs in parallel New cache-hashing algorithms ensure a higher number of 
with execution to anticipate the ne:tt instruction address. cache hits-that is, that needed instructions art in cache ratn· 

In the older TXP, microoode-carrie<klut address calculation er than in main memory. "Improving the performance of lhe used disat>te logic chips. In ~_ ..... _ ... ___ .... _______ ';"_';"_';"_;" ___ ... ...., 

:~~O;:t :!r~= I-:::-:-E;:-:A-:::S.,-Y:c".,-D;:E.:.S;;:IG=N::;:-FEr A;:::T:-:;U,:-R::-E=::S::..::::M::-A:-K=E;:::-:M:-A,..:C_R",O-,-C,-;E:-L,L= A=H::-I-::T=-I 
dUne instructions that handle 1M -.,....... in Motorola fundions is very similar to For its NonStop main-
.uch jobs as stack open-tions, Senriconductor Producu Inc:, existing discrete T'J'L circuits. frame, "we changed the dis
integtr a.nd limrnal arithme- eel1 b'brary is the MCA2fm.. Using a gate array with Tn oibutiotl o( the types of re
tic. and byte-onenled (une- ALS. The emitteHOUpled-log- JlO pins affords other bene- sistors and transistors in the 
tions. In addition, 43 other in- ic macrocell &IT3)" the prod-- fits as well. For example, the macrocell," says AI McBride. 
structions perform scientific uct o( a joint development ef- designer does not have 1.0 use Tandem's technology direc
calculations. (Ort between the Phoenix:, controlled·impedance boards, tor. "We made changes to 

The instruction set is im- Ariz., Motorola Inc. subeid- a must for ECL designs. both the simple and complex 
plemenled by microinslrUr- ivy and Tandem Computers All 120 110 cells can be (unctions to make sure we 
lions in the rontrol store, I~, is a cri~1 component in used. "It is one of the more used a large pereentagf of 
which users can use to unple- Tandem's fault-tolerant VLX dense 110 Itructures on the the 2.800 cin=uia on each 
mt'nt ne .. · mstructJOns or Un- NonStop ~uter. market," says Ca.rey. "There lUTav." 
pro\·e wOog OrH!!l. Two of Built with an advanced are no restrictions concerning Tandem also trimmed the 
the 10 Instnlcbon--unit macro- procesA c:alled Mosaic- 11 (MOo which pins can be an input, po""er consumed by individ
cells handle addressing of the torola oxide-isolated, self- output, or bidireoctional. Any ual galeS by changing the 
control store. aligned integrated cimliu), one can be an input. output.. output resistor's rating. ECL 

Another IT\aCI"IXeU ami}' in the amy outperforms dis- or a tristate [high-impedance internal structure! ha\'e an 
the CPt: is dedated to crete lOOK EeL chips. With a state] cell." Most amys im- emitter-output follower c:ir
branch control. It examines single 5--V power supply. it pose restric:tiolll on which CUiL The output signal is 
the conditions of all br-.mch (or runs at 125 MHz with a typi- pins can be used. dropped acn:IIoS the emitter 
jump) instructions being exe- cal 6O().ps gate delay. re;istor. 
cuted. U the oonditions indi- Mosaic n is a bipolar pro- A nriet}' of "a lues an! 

eate a jump, the &lT3y helps ~ that uses oxMie isolation. possible with this milltor. If 
determine the next address to which produces much smaller the cell is used in a relati\'ely 
be accessed. This 1ook4head transistors than junction iso- Iow-5peed data path, for ex-
capabibr}' tests !.he jump eon- lation. Some of the MeA- ample, a designer can reduce 
dition prior to execution of w 2aX)Al1i speed improvement the power of tM on:uia in 
jump instruction. By knowing results from compressing the this path to reduce .ystem 
that a jump is Imminent. the 2..000 or so gates do""'O to an power consumption. 
contents of the CleM ClIl be area no larger than 100 mila~. "We changed the openmng 
flushed and reluaded with the "One significant contn'bu· point of the- clU"1"ent gates in 
contents of the DeW jump ad- cion Tandem made to the ma- the chip's internal ECL," 
dress and the subsequent ad- crocell amy is making it eall- says McBride. Vet:' high·per-
dresses in th15 new sequenet' ier to design .,,-ith," saYII formance ECL products dissi-
of instructions. Anticipating John Carey, Motorola'i mer- AlS comes In • pM'I-9"d .rray pate mort' than 8 W. Tandem 
the jump can w,·e ~ chandising manager. An es- Wllh.he.lllnkonthebD.. needed to ha'-e DO more than 
onds off an oper.ition. peeially attractive feature to 5 W in ""orst ease. "We 

Four DUlCrocell arrays in Iog1c designers is the TTL in- The 110 tell is a lignificant changed the output-Jwitch 
t.tw IIddn!-!ls-translation unit put/output capability Tan· addition 1.0 the MOlOrola Ii- operating cun-ent. As curren! 
cut the each~fill time tn half dem added to the macrocell. brary, but Tandem didn't flow is lo"'·ered. the perfor
..... hen the cac~ must be TIL 1/0 cellS, not found on f:top there. The Cupertino, mance. is nK6la1ily de
f1u 5ht"d and reloaded, IS other any EeL macrocell ar- Calif .. t'Ompan~' changel! the creased. The OutpUl-Awitch 
when a jump is execuu.-d. rays a.<: yeL m.a.ke it easy for rom~nents rruJcing up the Opel'2tinR cummt is a "alue 
Tandem sa~·1 thi.~ alone con- designers "'ho are adept at macrocell, .. ·hich made it poll' we traded off to reach our 
tribuw. sever.1 pt'rcenlllgl' using TTL logic to incorpo- sible to implt"ment • circUIt design goal,'· McBride ex· 
points to the performance im· rate the ~ice into their de- element, luch as a ftip-flop, plains. The tradeoff gave 
provement of the new-gener- signs. 'l'bere are 120 SIgnal more efficiently. Tandem also Tandem the necessary 1:1-
arion system. pins on tilt chip. hence 120 improved the implementation tern performance without 

The ache itself got a TI'L 110 oeI1A. EaclI 110 cell of plain NOR and NAND ha\-ing to use liquid cooling. 
lpeed boost. Cache cute the is ~ to a bondina: wire com- gates wid!! the macrocell. Tandem and Motorola also 
time requim:l to attHI cUlUl ing 0« the chip and can be These gata constitute about created a tJuoee-w:,'el ceramic 
and ilUitructiollJi from .10.,,-· an input or output buffer. m to ~ of a chlp'. reaJ pin-grid·atTl~· pawge that 
er main memory. During op- With the array, a designer estate. By implementing the }as be2t sinks. This further 
eration, several instructions does DOl have to learn new NOR gatell more elfec=tively. impro'·es reliability of the 
follo ..... ing the one being ue- design tedlnkJues to create for example, the designers chip. Reducing the operating 
cuted ha\'e bet:n prefet.ched his final design OIl the chip achie,·ed. ~ ehlp-density point by 10' to we doubles 
into the ache. For example. ~use the h'blW)' of macro improveDlenL the chip's life. 

Eleatonic:a I Apr~ 14, 1986 " 
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next miaoinstruction from bank B. One 
maon for thiI approach is that mkroin-
struetions are ot variable length. ThWi mi
croinstruction A may be 1 cycle long and 
microinstruction B could be 3 cycles long. 
Having duplicate copies o( the same mi
croinstn .. :tions in each bank affords the 
ffiOIit amount of o\'erlap between microin
struction (ett=hes, hence a1lo,,"ing a great
er increase in speed over the conventional 
interleaving. 

A fallout of the duplicated banks of 
microinstruction store is inC'fft5ed reli
ability, bea.use a soft error in one bank 
can be repaired by looding the suspect 
bank with the known-I{ood bank_ In :addi
tion, if one o( the two banks has a hard 
(ailure, the pl"OCe!lsor ca.n eontinue operon
ing-but at slo .... er speed-using only one 
bank. 

The company had to use the same in
sltUction set u in its previous-generation 
systems, but it had some flexibility and 
freedom in improving the microinstruc
tions used to realize the macroinstruc
tions, or common I'Mchine instructions. 
Tandem's SOnStilP s)'!t.em irultructions 

2. .... SIC HT_ A Starl. VlX system conlair'll lour tdefltJcal CPUs. each wltn one Of two can require from one to fh'e microinstruc
I'I'IMIOfy bows. o.d togethef by the DynaOuL A system can be expanded to 18 procesSOf!. tiorul. Reducing the number of microin· 

cache-hashinr algorithms [the way cache is organized f~ 
quick retrieval} is an important means of g1!tting the nit rate 
up," says Beirne. "We took benchmarla on our early designs 
and tried \'anous h.:a.shing algorithms. By running the bench· 
marks in a simulator to determine hit r:1tes early in the design 
process, we knew what kind of performance we were going to 
get with the architecture." 

Like the displacement adder, the address-translation unit 
eonverU virtual a.ddresses to physica.l addresses. There are 
two identical arrays on the memory board (01' moving 64-bit 
data words (8 bytes wide) to and from memory. Two mllCl"OCell 
amys located between memory and cache provide error-cor· 
rection codet. 

The 10adable eontrol store, which contains the microinstruc· 
tions that tell the instruction unit how to execute ita instruc
tion set. been made even faster with a dual interleaved de
lign. It eonsists of fast SRAlI that supplies microinstruction 
words to both the execution and instruction units. 

Two more arrays control the addressing of microinstruc· 
tions in the control store and fou r chips receive the OUq:lUt of 
the control store and put it into the three-stage pipeline of 
microinstructions. The four chips are identical, eacn one 
Courth of a total data ftow path to the logic that executes the 
instructions. 

TWIN MICROINSTRUCTION BANKS 

In the control store is a unique design feature that contn~ 
utes significantly to improving the operating speed o( the 
macl"OCell arrays in the instruction unit. It consisu of two 
sepal"3.te banks of SRAM, each containing identic:aJ copies of 
the microinstructions. 

A conventional interlea\ing scheme di\ides the microin
structions into ~'o halves, e\'en-address microinstructions in 
one bank and odd·addresa ones in the other. The state rna
chine--or instruction unit, in this sysU!m-would exa-ute one 
microinstruction from bank A, the next (rom bank B. the third 
(rom bank A, and 80 on, because the cycle time of the instruc
tion unit is futer than the RAY: 3CCUS time. 

tn Tandem's implementation, the instruction unit retches a 
microinstruction from bank A, and as it executes, (etches the 

structions needed for one instruction re
quired some additional logic. But Tandem decided that the 
inc~ performance resulting from Caster execution of in
structions was significa.nt enough to warrant the extra Iot<ic. 

"From what our early benchmarks told us about our exist
ing computer architecture, we disccwered which instructions 
to optimize," says Beirne. "We plotted hIStograms of instruc
tion usage to see how much time it requires to execute each 
instruction. Looking at instructions that were executed the 
most told us where to look for the greateSt savinp in instruc· 
tion~xecution time. From this data we were able to perf.:Jrm 
llJ\al)'!is which would tell us we would gel $0 much impron~' 
ment in perfonnance by adding lop: to impro\'e instruction
execution perfonnance. We made the changes, then reran the 
simulations to see that the benchmarks improved." 

OLD BUSt NEW PROTOCOl. 

Another inc~ in speed is provided by ~ing a new bus 
protocol on the existing Dynabus. The previous bus protocol 
had radial clock distribution, whkh requires costly ('abling. 
The new protocol uses a double·clocking schem~ in whlclt Ihe 
clocks are distributed with the data. TItia method automatical· 
Iy reduces the amount of skew between the clock and data. 
thus allowing the system to more tightly compress th~ inter
fal of data transmission. 

The clock and data slow down the same amount over a 
longer [ength-i( the data amves later, so does the clock. 
Once transmission begins, the inter.-al between data bun.ts 
can be fery tight. 

The new protocol allows Tandem to e:nend the length of the 
bus as well as increase its speed from l3 to 20 megabytps/s 
per bus. With two buses in the s)'5tem, the aggregate bus 
tn.nsfer rate Went from 26 to .w mepbytes/s. "We have not 
seen a ease where bus speed is a bottleneck," says Beirne. 
"However, we feel that the impro\'ement posItions 11I well for 
future processors as well as allowing he3vier loading on the 
Vl..,( proces.'Wr. It gi\'" u.s more margin." 

When the system is opel"3.ting, packets of tnl\SaCtion infor
mation move to and (rom the CPt; through its I/O channel 
and the Dynabus. A high-"peed bus on the CPU conn~ . .'u the 
Dynabus, 110 ch3nnel, and di.:agnostic d3ta transcel\'er (a mi-
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troproceuor that automatJCally monitors the CPU} with the one logic chip to another on a pc board. 
txeeuuon and instruCtIOn units. Packets enter • one-packet- Two macroeelJ arTaYS m&ke up the 110 channel lind perfonn 
wxle input queue In the DynabuJ, diagnostic data transcei\'er, a function similar to the Dynabus. The two amy. repJaee the 
or 110 channel, depending on which is active. and their urivaJ 70 or 10 discrete 'TTL romponentll rompri&ing the tarliet s}'s-
pnentet an intemlpt llag to the instruction unit. The inter- tern's 110 (unction. Impro"ed reliability and • reduced chip 
rupt CI\IU:I the mstruetion unit tD begin proceuing the pack- count Wert the main benefiu of using tnaO"OCf:11s in thi! 
et. Dunn, tillS tilM, the pl"O(ftsor'a instruction unit begins instance. Improving performance was a smmdary consider-
(etclung tnltruetions from memory to detennine what kind of ation because the system was required to remain mmpatible 
proceuing tM ineomin, packel requires. The int'Oming packet with existing TXP lIO dWU'lels. 
enters tht' execution ,Unit when the program running in the The execution unit holds &even macroc:ell arrays: four anm. 
wtl\lction unit executeS I Receive wrruction. metic·logie-unit slices, two register-file slices, and I barrel 

ONE ..... CROCEU PER IUS 
shifter. 'The ALU is a slice of the execution data flo ... path. It 
includes all the registen, parity·pred~n Iogjc, multiplexers, 

On the l»-n.abus board art two macrocell arrays that eXI!:- and the data path, Each of the four arraY' represents one 
('Ute I ~ut'nce of prescribed instruebons for rKeiving data fourth of a 32-bit·wid(' ALU. each identieal eight·bit,me 
oft'the bUI. There is one mac:rocell array for each part of the unitll. Each operates OIl eight bits of the tow data word being 
dual bua. These dUps reeei\'e data from the bus, check it. and p~. 
pus it Into the one-packt'l·widt' input queue on the Dynabus. 'The ALU follows the Stl"2tegy of creating one rommon 
Previously, discrete logic perlormed this operation by execut· macrocell and using it four times, rather than partitioning the 
mg microinstructions. ALU function into sevel"2l distinc:t func:tion5, The former 

functional logic that handles packet !'e(:eipt and transmis· mt'lhod reduced the number of unique am~' designs for the 
.lOn is in the same macrocell lTTIY that receh'tli and traru;· ALU by I fourth, This strategy '4'1S used ... here~er po!sible 
miu data to .nd from the bus, Processing occurs much throughout the processor .nd memory boards. 
futer because more pfOCtssing is perfonned inside the Each t'4'~board CPU can have one or tv.·o memory boards, 
chip, with fewer chip croasings-movements of .ignals from wh;':h store 8 megabytes each, for. total of 16 rMgIbytes per 

CHANGING COMPUTER FAULT SIMULATION AND REPAIR 
TlM c _ _ tioMl wi'" in fault diagno-
sis and repair says wait uno1 the proOO. II{IIOTE 
!em 0ttUn, then begin. But too often, IIAIJfnJfANCE I 
the f.ult ill • transient f.ilure that can- INTUfACE x 

DYNAIUS 
not be recreated. So in the new NonStop 

/" 
REMOTE 

VLX system from Tandem Computers MAINTlNAlilCE 
Ioc.., the TMDS (l'andem Maintenance 

IN1ERfACE y WATCHDOG WATCHDOG . A1CHOOG FROM I-I IIIClIo- M'CRO· IIlCRO· Diagnostic Subsystem) con!tantiy moni- TUIfOElIATUIIE PROCESSOR PIIOCfSSDIl ... 1'II0C(SSOIll 
ton the system environment: proce&-

SENSORS 

~ 
.- ... ... 

""OS ~ IOn, interprocessor bus, and tape su~ ""- cpu, ""-
l)'Item. Microprocessor-based ....... I lUMINAt 
scattered throughout the sYltem can de- H DIS( ORIIiE t-
teet a fau.lt IS tt occurs. CONTROLLER 

'There are microprocessors throughout T(l(I'MOfijE WAtCHDOG 
U"' MODEM }- 'ROCESSOR I DlAGNDSTICS J 

the system. The two s)'Item bus control- ... Ofij OlS" ORIIiE 

~"' contain II" 6IJOOO.b....J remote !'OWER 
maintenance interlace, Hall~ft'ect sen- $U"lIES H DISK ORIIiE t-eOItTROtlER 
acn inside the fans monitDr intake and 
exhaust temperaturel. On power sup-
plies, TMDS can measure the actual ana· .ATCHDOGS. MlCfOPI'oceuora aa"eted around the VlJ( system gallw maintenance data. 
log output level. "These microproces&Ors 
collect this information and feed it into to achle\'e 100";{- ~racy, form the analysis over the phont', R.e--
the remote maintenance interlaCt' and it There are other fault analyzers in the motely, he can perform maintenanct' 01'" 
is then fed back into TMDS, where it is system, A general·purpose program erations such as measuring the po\\er· 
analyzed constantly," says software caRed the Mother Fault Analyzer ;, supply voltage, checlang the overation 
manager Jamie Allen. written in LISp using M.RS, a nlle-ba.sed of fans. adjusting pov;er-lupply """ If I fault OttutS, say, OIl one of the language that sits on top of Lisp. Devel- gins, .nd adjustlng thE- dock Utquency 
main proceuors, its 6809 microprocessor oped at Stanford UM'enity, MRS is up 01" down by 5 .... 
captures its entire state, 4,000 bits (500 similar to Prolog. "We can «)me in oyer a modem and 
bytes) of information called the ("Vent Because it is rule-baAed. the genera].. perform the analysis and in aome cases 
signature, and stores tt on disk. It stops pwpoee arWyur kilo"" nothing about actually perlonn the re-pajr. es~II~· if 
the processor cloclta within one cycle the events, The program interprea the the cure ill to rebal&nce the sYItem, re-
and captures all the registers and states rules against the event to detennine load a proceuor that had an intermit· 
of the puity checkenl throughout the what to do nen. It may do nothing, for tent error, or patch I sofrwve bug,'" 
machine. "We do parity checking acroes . example, if it reason!! that an event ill at .. ,.AIIen. 
the control lines," sayl AlI~ . DO import.ance, IUch as a corrected 10ft The remote capability addreun OM 

Expert.1yBtem teclmiques an U&ed to lnemory 1!ITOr, The fault analyur OlD of the most trou bl80me partS of the 
perform the fault ·arWys" In ~ of make some repairs itself. maiDten&nee problem. the .... I.utl 
the cases, the · program isolates prob- A usu can trace the entire analysis faund" ser"rice can caU5ed by intermit· 
lerna down to field·repairable uniu, auth proceu, including results, .t • terminal tent bulla. With thi'! system, the actuaJ 
as circuit boards and disk~e modules. running a program called Problem He- event ill captured without having to du-
Eventually, the nI'DS designers expect. 'lJOiUr. A Tandem engineer can .Iso per. plicate the trouble after rt Jw gone. 0 
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(:all be upanded up to 256 mepbyttt u 
bet fLU( eNpi betome anHable. ""' .. -

Gathtnn, ma1nttfWlCt data hu been .petded up, too. Two 
macrocell &ITa)'l inside the diapolOc data In/lKtiver an 
capture ' ''ery intema! 'lSte of thf VLX protHaOr board ill 
one dock cycle. cmce the data is gnbbed, it is shLfted serially 
to a aeparau nwnUnance processor. Another macrocell anay 
c:ontfOlt tht- coll«t:ioa of reliability data. Thert are eight 
stnnp or reliabWty data coIJeett.d from exh board in the 
VU ' ,Y1tfffi. 

IItCPtOPAOCUSOR-IIACROCIU INTUAcnON 

sign tradeoff 
would be 

to "'" "t(":.~I-~\r.~~ 
not have 

required __ i! pte &tT3ys." 
in addition, company it able ttl build its boards u~ini 

many olf·the-silel! VLSI and LSI RAlls and micropf'0C6S0rI 
without having to I"I!desirn the entire compUter from the 
ground up. Tandem's designfrl could have used EeL army. 
throughout. But then they would not have been able to use 
non-EeL VLSI and LSI and the who~ prouuor would ha ... e 
cost more. 

A TIL 1/0 buffer interface on a mat:roct!ll chip is slower 
than EeL I/O buffers typically (ound on ECL mac:nxell lll' 

rays. "EeL is about two times as fast as TIL, but 110 only 
One ( hip in the dia~tic dat:l tra.n.9Cfi\'l! r tOntrols all the affects m of the totAl perlonnan~ of the computer. 50 

scannin& (Or data and multiple:(ts It into a serial bit $trtam you're talking about only a 11)';;, effect on the total c)c:le time 
that roes to a 6S09 m~I"Ol'eSSOr on·board the diagnostIC of the eomputer," says )lcBnde. In addition, implementing 
ttanscel\ er, From the 6809, the infonnation is routed to. macrocells with EeL 110 eQuki raise the price of the d~sign 
HSJiU'Ate 68I)"O..bued /lWnte!WlCt pr0ct5S0r. The 5«'Ond ma- coIllSlderably . • 
eroceU Interfacu the 6S09 to the execution and instruction Tandem's design resulted from the fat..'t that they could get 
unllS, "Hert is a case .... here a single microprocessor is used enough system performance improvement t'\'en using TIL 
but Its related support circuits are put into one custom macro- 110, but TIL 1/ 0 allows the chips to be interfaced I\.ith all 
etO amy," says 8t!Lmt. general-purpose commodity parts, RAMs, micropl"OCftsors and 

Another way mact"OC'!U lU"r.lys impnwe processing speed is other non·EeL circuits. (t gave Tandem a better system solu· 
by allowing the J )"ltem designer to l'OllCentrate on maximizing bon in terms of other components on the board as well as the 
the performance of circuits that bve the grute5t impact on pc-boani technology. 0 the o\'erall s)'Stem processLng 1"" __ ...;;... __ ..;. __ .:.; _____ ..;;;... _____________ -1 
. pe<d- r.od.m-, "",I) •• ,.. THREE YEARS AND A MILLION DOLLARS LATER ••. 
\H1ed that ahoot .iO'i' of a 
computer's openltlng cycle is T.,..,...'. 
spent either in the cache or 
control S~. 

Anothtr 00'\ of the total 
operating cycle is spent mov
Ing data between chipl: the 
output of one logic chip is 
routed into the next. Gate d~ 
lays and travel time betvo'een 
dupe combine to slow com· 
puter perfonnance. Finally, 
:fir. of a computer's oper2t
in&, C)'clt: is spent in the logic 
of any liven chip in a com· 
puter design. 

Thus in designing VLX, the 
company spent much of its 
design effort improving the 
CKhe and l'Ontrol slDre and 
using high-speed ECl inter
nal chips to .peed proceuing. 
But they chose to l'Ompro
mise speed for simplified 
board design ill the 20';\ of 
the total processor time 
spent moving data between 
chips. 

Up until recently, ECl rna· 
Cf'OC:eUS all came with ECL 
110 tells. These cells require 
special interfacing trarulla· 
tiens if the macrocell 110 is 
to be connected with TIL cir· 
curts. They also require s~ 
cializ.ed pc boards. All of 
these requirements l'Oospire 
to make EeL difficult to de
sign with. 

Tandem chose to change 
the macrocell amy so that it 
offered a TIL 110 cell in· 
stead of ECL. "It was a de-

38 

two years to 
develop the 8ilicon technol
ogy, and then the sYlltem ar
chitects began. "We dove
tailed the effort," McBride 
"ys. "We developed the lim .. 
con technology, and with 
about a ~month overlap, 
the system architects began 
their effort to de\'etop the 
ctntnl proeeuing unit." 

That's when hardware 
manager and fellow IBM 
aJumnus John Beirne took. 
over ... , had two roles: CPU 
development manager and 
hardwan! program manag· 
er," he says. "We starred up 
a team that designt'd the rna
crocell chips for the CPU." 

8t!fore coming to Tandem. 
Beirne, an energetic young 
man with enlineering degree 
and MBA, spent seven years 
with IBM. "I was a technical 
leader and led a software 
project and worked with ad· 
vanced chip technologies," he 
sa)'l. "One reason ( got on 
the VLX project'll" my 6-
perience with \'ery larg~ 
scale integration." 

Though ~clIride developed 
the chip technology separate
ly from the actual system, 
there 1I'2S considerable ilIter
play. "If we had an idea fo r a 
cirtuit, we eould evaluate it 
within a day or two agamst 
what impact it would have on 
system performance." 

E1KuotllC. ' Apt'll 14, 1988 
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TANDEM'S OLD ARCHITECTURE 
PAYS OFF IN NEW MARKETS 

IS IT A 'THREATENING COMPETITOR' TO IBM IN TRANSACTION PROCESSING? 

SUNHnAlI, c.u.. 

T
andem Computers Inc, IS • 

tl'Ut origmal In • .·orld of 
Jooh.like,. Though an com
puter makers .tn\'e mifhtil~' 
for product differentiation. 

wy ttnd to rome up "'ith vanatJOns on 
• very few themel. Tandem has pal' 
Jayed a urUqla computtr an:hitecWre 
into an all110lt unmatehable position in 
the 1pi!(llliud "'orld of ttanaaetion pro
(ftIinf The fault,toler:llnt desirn is now 
olf('nng • nE'''' pa~'olf: • po"'erful role 
in distn"buted computing and network· 
ing. t,,·o of the rugh-growth market.s of 
the 19SOa. 

'"J'he world is mOl'ing toward on-line 
pr0c:6.ing." says Tandem president 
James C. Treybig. "Businesses are dis· 
lnouted everywhere: branch banks, re
tail stores, salel offiets, point-of-sale op
('rations, If they can undent:1nd what IS 

happening instantaneously. they can 
keep in"C'ntones low and pro"ide better 
54'n'm." 

TM company c1aim.~ to ha\'e 6O\t of 
the automatit bank teller market
wht're it goes head 1.0 head With IS}! 
Corp.-and a .imilar share of the 
electronic funds-trJ.nsfer business bf.
tween banks. E"elj' major oil compa· 
ny uses Tandem equipment (or credo 
it-urd transactions. Treybig says, 
and Tandem machiM5 art' used in 15 
major stoCk exchanges, including the 
New York StoC~ Exchange, And the 
company ia about to sign a cont.ract 
(or total automatior. of a major U. S, 
airlirlt' . Tandem hopes for e\'en more 
market penetration wlI,), its new 
}o;onStop VU. a cheaJM'r and more 
reliable successor to its tw~year~Jd 
NonStop TXP suverminicomputer 
(see related story, p.34). 

Transaction processing will ac
count for Sl.8 billion in sales (or 
U, S_ computer manufacturers this 
year, according to a recent report by 
Frost! Sullivan Inc .. the New York 
market research firm, and will grow 
to $4.7 billIOn by 1990_ At presenl. 
two thirds of the market is (rom on
liM proceuing, 6uch as automatic 

by Clifford lJM'My 

teller machines. But office aUlOmation. 
now only Ii'<, will tnple its marbt share 
by the end of the decade. and industrial 
proeeu control will jump from 2{!; to 
25':< . the repon forecasts, Tandt'm is 
e,'en more bullish about thl.' futUf"t' of 
on·line processing. Dennis P. Mc[\'oy, 
vice president o( ~ftwarE' <!e,·elopmtnt. 
says the market all1!ady runs " 'ell be
yond $10 billion annually, the exact 51Ze 
dt>pending on ho'" the categories are 
chost-n and who is doing the oounnn~ . 

Last year. Tandem recorded Ui;?·U 
milhon in sales. a sum o\'er lit; hi~her 
than fiscal 1984"1 5532.6 million and a 
reasonable figUre in a miser:llble yt'at 
for computer makers, Tht> outlook is 
tougher this year: 6nt-<juarter sa~ \fI

creased only 6.5'< O\'er the companble 
period in 1985. 

"How well we do in 1986 depend.~ on 
how "'ell the computer markel ~ IfI 
the U. S, If it doesn 't pick up. we .ill Ix
han:l-pressed to have a bttttr year than 
last year:' Tl't'ybig says. Inuomi.tIOnal 
business-mostly to European coun
tries-is strong. he adds, but dof'M';tX 

- , .. -. ...-- . -~ .. - ---- --_._-_ . 

sales remain soft. "We did relati,'eh' 
"'ell last YeM." Treybig says. "At leaSt 
all of our people"-5.500 people at 6vt' 
manufacturing sites, 100 sales offices 
worldwide. and 19 sub;,idiary c:ompa· 
nies-"kept their jobs_" 

Tandem's architecture is a form of 
parallel computing, But instead of 
breaking down Orlt' large problem into 
many small ones. as in molt parallel 
systems, the Tandem approach starts 
.... ith many small problems and process
es them vel!' quickly_ HenCt' its suit.abil
ity (or distnlluted computing, 
TAIL.OA.MADL The locallon of a data 
bast' or a peripheral is immaterial In I 
r aDdem system, whkh makes it \I.·ell
SUlted for networking. Ont' process 
communieatefi "'ith another through 
pac:ket-5Wltched messagt'S " 'lthout ~ 
ga.rd (or physical location. The process 
of creating a net,,-ork is therefore 
straightforvo'an:l, ~uiring less inputJ 
output buffering than with convention
.1 arch,ttclurH. 

Its abilin' to offer networks makH 
Tandem o~e of the first mainfram~ 

manufacturers to be able to chal
lenge networking companIes. 
Through product development. it is 
alrtady beginning to stress nlue
added net"orks, and. ,,-rth Rockwell 
International's S"' itching Dh'ision, 
it has dt'-eloped an integrated com· 
mUnlcations aDd romput.er system 
for telemarketing 

Tandem \Io'aS founded in 1974 to 
make computers for financial institu· 
tIOns, manufaC1\1r('rs, ~Mporulion 
companies. and others .... ·ho nrt-ded 
the continuous proces!ing of multiple 
t" 'eaU rather than batch processing 
of data_ Inst.ead of building hardware 
n.-dundaney into its sy5lem. Tandem 
desilOed a mHSage-La.sed archltec
l'\1re, .... ·hieh a11o,,-! all parts of the 
system 10 operate independently, Be
c:a~ the Tllndem system can shut 
do\l.'O gracefully. nodes can also be 
added easily .W beeau.~ .11 this 
equipment must be continuousl) 

~ w. are lar aheed ' ,. 
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TANDEM'S OLD ARCHITECTURE 
PAYS OFF IN MARKETS 

IS IT A 'THREATENING COMPETITOR' TO IBM IN TRANSACTION PROCESSING? 

fUNHYVALI, CA.LW. 

T
andem Computers Jne. is • 
true origmaJ in a "'orld of 
Iook·.Jiktl. Though all corn. 
puter ma.kers .tn\'e mightil~' 
(or produt"t diffmntiation, 

they tend to COmt up with variabOns on 
• \'ery few themes Tandem has pat' 
.yed • unique computer arc:hlteeturf 
into an ./moIIl unmatchable position in 
tht spraaliud ""orld of tnnsaction pro
CHSing. The fault·toler3nt design is now 
otreriDg a fit ... payoR': I powerful ro~ 
in distributed computing and net.·ork
ing. two of the high-growth markets of 
the 1980s. 

'The world is mo\;ng to ..... ard on-line 
proeftling." say. Tandem president 
James G. Ttt>ybig. "BusinHSe5 ue dis· 
tributed f\,ftj'"ll,l\ert: bl'"<Ulch banks. re
tail stores, salK offices, point~f-sale OJ' 
.rations. If they can understand what IS 

happening instantaMOusly, they can 
keep inn'ntorits low and pl'O\ide better 
~nices." 

The eompan) clainu:; to ha"e rm. of 
the automatic bank teller market
..... hen> it g~ head to head 'A'1th IB~ 
Corp.-and a similar share of the 
electronic- funds·transfer business ~ 
tween banks. E\'ery major oil compa· 
ny uses Tandem equipment for cred
it-eard transaetions. Tre)'big says. 
and Tandem machines art' used in 15 
major stock exchanges, including the 
New York Stock Exchange. And the 
company is about to sign a contract 
for total automation of a major U. S. 
airlinl'. Tandem hopes for e\'l'n more 
market pl'nl'tralion with its new 
NonStop VLX, a chea~r and more 
reliable SUcteS50r to its tw()oyear~ld 
NonStop TXP superminicomputer 
(see related story. p. 34). 

Transaction proceuing will ac
count for $1,8 billion in sales for 
U. S. romputer manufacturers this 
year, according to a recent report by 
Frost & Sullivan Inc .. the New York 
market researth finn . and will grow 
to $4.7 hlliion by 1990. At p~nl. 
two thirds of the market is from on
line processing, such as automatic 
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automation. 
no\l . 6'<, I its markl'! stw-e 
by the end of tilt- d«ade. and industrial 
process control will jump from W. to 
25':; . the report rON!CltSts. Tand .. m i.~ 
e\'en more bullish about thl' futun' of 
on·line processing. Dennis P. Mc[\'oy, 
vice president of 1oOftwan' de\'elopml'nL 
says the markl't already runs .·ell be
yond $10 billion a.nnually, the exact size 
dt"pending on how the categoriH ~ 
chosl'n and who is doing the counnng. 

Last year, Tandem reeorded f02,J,.l 
milhon in sales. a sum OI.·('r Ii" higher 
than fiscal 1984's $532.6 million and a 
reasonable figure in a miserable rear 
(or computer makers. ThE- outlooli is 
wugher this year: firsl-(juarter We! in
creaAed only 6.5';: over the comparable 
penod in 1985. 

"How well we do in 1986 depl'nd.~ on 
how \I'ell the computer market doe!. in 
the U. S. If it doesn't pick up, we ~i11 bt
hard-pres!>ed w ha\'~ • bener ~'e-ar than 
last ye"'<l r." Trf~' big say!. Intemaoonal 
bus inesg.-mostly to European coun
tries-is strong, he adds. but do~tic 
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sales SOfL "We did 
weU last year," Treybig says. "At least 
all of our people"-5,500 people at fiv~ 
manufacturing sites. 100 uletl offices 
worldwide, and 19 subsidiary compa· 
nies--"kept their jobs." 

Tandem's architecture is • (onn o( 
parallel computing. But instead of 
breaking down one large problem into 
many sman ones. as in Tn06t parallel 
systems, the Tandem approaeh sta.rt.! 
with many sma.ll problems and process
es thtm vet)· quickly. Hence it! suitabil· 
]ty fOf distn'buted computing. 
TAILOfI ....... DL The loeatKln of • data 
base or a pl'ripheral is immaterial in a 
Tandem system, ,.,'hich makes it well· 
suited for networking. One process 
communicates "" ith another through 
packrt-s\l;tc~:hed message'S without ~ 
prd for physical location. The process 
of creaung a network is therefore 
straightforv,ard, requiring less inputl 
output buffenng than \I;th convention· 
al arthltectures. 

Its ability 10 offer net .... ·orks make! 
Tandem one of the first mainframe 

manufacturers to be able to chal· 
lenge networking companies. 
Through product developmenl. it is 
already beginning to Slress value
added ne~orks. and. with Rock"'ell 
International's Switching Division. 
it has M\-eloped an integrated com· 
munications and computer system 
for telemarketin~ 

Tandem wa.;. founded in 19H to 
make computers (or financial inslltu· 
tions. manufacturers. tr.ru;port:.tion 
companiH. and othel"5 ""ho n~ 
the continuous processing: of multiple 
e\'ellts rather than batch processing 
of data. Instead of building hardware 
redundan(Y into ;u; s~"ltem. Tandem 
dHigned a message-based archnec
~, whl(h allo" .. ~ all paru of the 
system to opPrate independenuy. Be
caLlH the Tandem §~'S1.tm can shut 
don gracefull}. ~ tan also be 
added easily. And becallSt all this 
equiprMnt mUit be mntinuously 
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'\'ailablt to 1m users. ~ made It 
fault..(Oierut. AI • mull. any giveo 
fau lt can be qwekJ, iIolated from the 
rest of the .system. 

dense "sea of ,ates" array •. 
lfU:"01 (Iairns that Tandem's 

utworking software is also yell'!! ahead 
of the compedtioa. No other distn'buted 
data but can I'IIA u}'lI(nronoUJly and 
mncum:aUy iD multiple mtmories. he 
laYS; Tandem got • jump beeaUM It al
ready lWII • distnbuted data base in a 
lingle system. 

So weU hu Ta.odm ,~ In fI

tablilhUlI • ~tation fot (aWt tole-
ance Uta t tht ~mpatt1" other btl 
'tl'fn~dability-ttnds to be 
overloo~td in the iDdusll1, aod raMtm 
ill not r enfrallr SftJI u a leader in t«Jt. 
oolop'. Says )1<£"01, "If we were a 
new company and announced the VL,( 
(Tandem'. I!f:W top-o(-thf..li.ne product) 

everyone .... oWd say that lI,e had OI..tt
su ndin, technoloa. But we didII 't .uan. 
thret yellS ago .,th \·ft\{ure I2pltal. "'e 
started 11 years :ago. and p!Oplrt tend to 
... , we hal'e t)lder tt'dInology." 
" 'AHOA8UI TO ... tlln. The new rna
('hlne is linear/, i~-pand3bie from 3 rru/
lion iN; truroont per second to .&8 mips. 
ail compltttly lr.ln$parent to the user. 
WIth no special programming. It can bt 
"put into a distributed nttwon With the 
same prognms. "nth alternate routing 
in CIat of f;l.tlUlft," .says )lC:.[I·OI. It 
boastIJ ,tlJt.f-(lf·the-art ECL gate arnt.)'S 

and a !lpeNl tfuik :ltt:hitee:ture for par:U
lei throughput, he ~ys. 

One mticism sometimes leveled at 
TaDdem machines is that the message
b&sed an::h.itecture mew higher system 
o'rerhead for usen;. But )k[\'oy says 
{}.at It also results in tM lowest COSt ~r 
tl'1lISact)()n and the (Mape:lt route to 
rrorlular UpIIlSlOIL 

~ I( you stay WIth a single box:' he 
cay~. "you l11'I! limited to the 20'\ lQ,~ 

Tandem's success 
forced IBM to offer 

fault-tolerant systems 

performaol:e pin made each year by 
the tel:hnology." With the Tandem sys
teo. Hnkmg PrQ(fSsors resulu in a 
IlO!:I.l'-linur inc=rease in performaoce, the 
company maintains. 

That's imporunt, !IllYS )I([voy. ~ 
(l11Sf it gins (ustomers a (han« to 
.;;W't small "You don't illways know 
how sU«HIfuJ an on-line appiic:l.tion 
will be:' he adds. "Automati( teJlers 
hal'f taken of!', videotex hasn't, Modular 
e."tpandabtl.ity lets users in\'est more as 
demand grows." 

To comptnsa~ fo r its lAck of visibili
ty, Tandem is beginning to take the 
wrapt off some of its technology. With 
its own senU(ondu(tor fadlity and 
computer-aided design tools, Tandem 
worked direc=tly ~ith ~otorola In(. 011 
the design of the ECL pte arn.y for 
the Vt..'<, thus shal;ng weeks off tum· 
around time. This (imlit is only the 
beginning. A C)lOS proassor is ill the 
winrs. and AI lI(Bride. dil'fttor of 
I-ery large-Kale integntion, hinu that 
a new generation of pM)l!fSsors awaits 
only the development of triple-layer 
meulizalion for the fabrication oC very 

:\((£\"'oy ~ that Tandem's mes· 
~ an:hitecture rules out its 
partit:ipation in the engineering and sci
enc6c market and in real·time applica· 
boas that require mic=roserond response 
time. "We are not oompute intensive. we 

~~a ~ ... . , 

are lIO intensive," he says. " YOII caD 
(In it speciaJ-pu.rpose computing, but 
it's applwle to a good third of the 
business." 

On the business side. "YI Trerbig, 
Tandem's major achievement is ita Pf!" 
forman(f against lBlt'. "We fol'ffii 
them to buy SOfI1fOne else's (Qmputer." 
be says proudly, referr'.ng to fB),I's UM 
of equipment made by Stratu.!l Comput
er Ltd .• ~atick, Ma.ss. , in some of ita 
tr.lnSl(tion-Proa!ssing applications. In 
addition, Treybig adds, AT&T had to 
rome out WIth a hardware-redundant 
machine, the 3B2O. to eompete with Tan
dem in on-line I:Omputing. 
'TH"UTlHlftQ.' Indeed. 5a}'1 Stephen K. 
Smith. an anaJ}'st at Paine Webber 101: .• 
~ew York. Tandem is II. "threatening 
(Qmpetitor" to JBlI in tr.Lnsaction pro
cessing, • market 18)1 has traditionally 
dominated. ISli has mounted a ,igtun
ant effort to sto~ Tandem from taking 
away businesa. Smith says, 

But Tandem's networking ability WlII 
keep the (Qmpany a jump aheld of Stra
tus, 18~fs supplier, says Mic:hael ~IW'· 
phy of the California Tuhnology 
Stock utt~r. '1'hey are dearly the lead· 
er [in transaction proc:essingJ and they 
un sell a netWork, not just one or two 
mac:hines:' ~urphy say!. 

To broaden Its markets. Tandem is be
ginning to intrOduc:e message-handling 
software. It is beginning to offer a 
r:llIge of inConnation-tt:Ulsfer programs, 
induding elKtronil: mail, data c:ommuni· 
(llbons. facsimile, and mic:rocomputer-U)
mainframe eommunic:ations. Its net· 
working software :support! both 18)1's 
LU.6 Systems SetVo'ork An:hitecture 
and the International Orguniution for 
Sta.ncUrdization·s open-s}'stems intercon
nection reference model. 

, .. 

Tandem also see! op
portunities in factory 
automation and was one 
of tM first rompanies to 
IUpport. the {;;!nel'3i llo
tots Corp.-sponsore'li 
Manufacturing Automa
tion ProtoOOl. Late lIut 
,month. Tandem bought 
a small piece of Triplex. 
a Torrance. Calif., maker 
of fault-tolerant pro
pmmab\e \ogif: control
lers. and the two Wlll 
jointly produl:t a )lAP 
system. "We an! rat 
ahead of anyone on 
networking software 
and distributed data 
bases," Treybi, says in 
!ummary. "Others bUild 
networks on top or indio 
vidual pnxessors. Our 
1o ... ·e:St·!e\·el optr;l.ung 
system is a ni!twork. 
That is unique." 0 
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