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Introduction

A magazine article published by BYTE magazine, August 1984, was used as the basis
for this report. The BYTE article included data for several popular 'multi-user UNIX"
The original data from the article was duplicated in this paper. The BYTE
data included a TRS-80 model 16b, 384K with an internal 15MB Hard Disk. Tandy's Comput-—
er Product Engineering group added the next set of systems to the benchmark. These were
the two Convergent Technologies '"Mini-Frame' systems along with a TRS-80 Model 16b, 512K
with an internal 15MB Hard Disk. The CT Mini Frames had demand paged virtual memory
enhancements on Unisoft's UNIX System 5 running on a Motorola 68010.

For this report, the first effort was just to test the AT&T 3B2/300 system to try
to find whether it might have some future usefulness at Tandy Corporation. After run-
ning the original BYTE benchmark programs as part of that evaluation, it was then decid-
ed to compare the AT&T system with the data from BYTE. In adding the information for
the AT&T system, it also became reasonable to add similar test data for the newar ma-
chines now available. These new machines are the Tandy 2000, the IBM PC AT, and the
Tandy 6000, all with a version of Xenix 3.0. One older TRS-80 model 16 "A" (smaller
case) was '"'dug up" so that it could be used as an appropriate way to look at any per-
formance improvements that have taken place over the last few years. The third model
16b was added to show the effects of larger real memory, if any.

The information for the machines in the last section of the table below was done in
the hope of getting good comparison data for our entire Xenix product family. This re-
port is also one of the first comprehensive tests to include the Motorola 68000 & 68010
as well as the Intel 8088, 80186, and 80286.

System Version RAM size Disk CPU MHz Retail Price
#1  VAX 11/780 4.1 BSD 4096K 2-256 MB VAX ? ~$350,000
Masscomp UNIX Sys III+ 2048K 1- 50 MB 68010 10 ~$ 30,000
Sun 2/120 4.2 BSD 2048K 1- 42 MB 68010 8 ~$ 25,000
VAX 11/750 4.1 BSD 2048K 1-121 MB VAX  ? ~$185,000
PDP 11/70 2.8 BSD 1536K 1-400 MB DEC ? ~$180,000
Altos 986 Xenix 1024K 1- 40 MB 68000 6 ~$ 12,000
IBM XT PC/IX PC/IX 512K 1- 10 MB 8088 6 ~$ 5,200
PDP11/23 Vnx  Venix 256K 2- 5 MB F-11 ? ~$ 32,000
IBM XT Venix Venix 86 512K 1- 40 MB 8088 6 ~$ 5,200
SCI 1000 UNIX Sys III+ 640K 1- 10 MB 80186 8 ~$ 6,500
Omnibyte Idris 384K 1- 20 MB 68000 6 ~$ 8,500
ml6b 384 15M  Xenix 1.3.0 384K 1- 15 MBi 68000 6 ~$ 7,500
PDP11/23 V7 UNIX V7 256K 2- 10 MB F-11 ? ~$ 32,000
DEC Pro/350 Venix 256K 1- 5 MB F-11 ? ~$ 8,500
Apple Lisa UNIX Sys III+ 1024K 1- 5 MB 68000 6 ~$ 9,190
CT MinF 1.5M UNIX Sys V 1536K 1- 36 MB 68010 8 ~$ 12,000
CT MinF 512K  UNIX Sys V 512K 1- 20 MB 68010 8 ~$ 7,000
ml6b 512 15M Xenix 1.3.0 512K 1- 15 MBi 68000 6 ~$ 8,000
AT&T 3B2/300 UNIX SYS 5 2048K 1- 40 MBi 32000 12 ~$ 13,000
m6000 1M 15M  XENIX 3.0 1024K 1- 15 MB 68000 8 ~$ 7,343
m6000 1M 35M  XENIX 3.0 1024K 1- 35 MB 68000 8 ~$ 8,343
IBM AT Xenix  XENIX 3.0 1536K 1- 20 MBi 80286 6 ~$ 13,000
TANDY 2000 XENIX 3.0 512K 1- 10 MBi 80186 8 ~$ 5,500
ml6b 768 12M  Xenix 1.3.2 768K 1- 12 MB 68000 6 ~$ 8,700
mléa 512 124  Xenix 1.3.2 512K 1- 12 MB 68000 6 ~$ 9,191
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The Final Outcome First

Detailed documentation for the eight different benchmark tests follows this summary

page. Aftar looking at these combined scores for all machines tested, some of the de-
' tailed explanations of the individual benchmarks might be of further interest. For ex-
ample, to relate the '"smaller'" computers with the classical MIPS (Million Instructions
Per Second) ratings of the larger machines, the graph for the CPU Loop Test allows a
direct reading in MIPS, as compared to a known value. '

When combining the percentile scores of all benchmark tests, the Multi-Tasking and
Disk Read benchmarks were given double weight in the final result. This is mainly be-
cause performance in these two specific areas is more critical to good performance in a
high load multi-user environment. In the following graph, a perfect score of '"100%"
would result if a system ranked number one (had the lowest elapsed time) in every test.
The lowest possible combined performance score approaches "0.00%" as a limit. For more
detail about scoring, see the explanation later in this paper. It is important to note
that this combined score is for ome to six users only.

Machine Weighted

Tested Score Bar Graph of Combined Overall System Performance
VAX 11/780 76.22%  ddkddededeiedodododdokdolkkdkkdkok ke dodede dede dedodrdedd b Rtk Rk R e Rk
AT&T 3B2/300 74.17%  #kdkdkdkikiikifhhhkhhdihihiiihidrdihihhihrdhhiiitihhkiihihits
Masscomp 62.14%  Fkkkikddkdohihkkhihhkkhdidh ki ik ik hddkkddihhhk

IBM AT Xenix 61.902% Fhdekdhhdkkhhh kR hdddbkh A ddr b dhddddbddthkhiiddhs
CT MinF 1.5M 57.64% @ #&dkkkkkidkikkkiihhkhikiddhiiiidkdiiioddhdkiodkddint

Sun 2/120 54.57% @ Fkddedkddkkkddttdodkhkdkokkdedk ko ok ke ke ko
VAX 11/750 53.95%  FhAAAAFRATAAFEEARIFARARAR AL R ARRRALL SR RAAES
CT MinF 512K 50.74% @ #&dkkkdkddddkdiihdhhbhitthiihdhddiidhhdiis
PDP 11/70 47,787  Fddkkdekdkdok ki ddbd kR ARk ko k
Altos 986 45.63%  Fhkkikkkkkiikkkkkihkkkihkkkiikikkk

m6000 IM 35M 43.14% B L R R R R U RO RS SRR RSSO SORTR NSO
m6000 IM 15M 40.72% St sk Ak ded el R R e e o
Tandy 2000 27.89% R Rk T E a R R SR

SCI 1000 25.16% Fedededdedrlded de vkl ek ok

mléb 768 12M 24.37% Tk dkkd ke ik kb kkkk

mléb 384 15M 21.347% Fhdkdkkddkdhhihik

mléb 512 15M 20.86% e

Apple Lisa 19.15% Khfhfkhihihikik

ml6a 512 12M 17.867% Fhkkkkkkhkkihk

IBM XT Venix 13.01% T

IBM XT PC/IX 12.67%  *¥k¥dkidkdk

PDP11/23 Vnx 12.167%  *¥kkkikidkk

PDP11/23 V7  11.83%  #k¥kkkkdik

Omnibyte 11.74%  wddckddik (data was incomplete)
DEC Pro/350 11.137% *hkdhkik

In summary, the VAX 780 is rated lower than would be expected. mainly because of
the lower performance disk drives attached to it. With these slower drives attached to
the VAX, machines such as the AT&T 3B2/300 computer (with a high performance disk) can
come close to matching its performance scores in the 1-6 user range. Most all of the
higher performance machines have high performance drives attached. This leads directly
to the ccnclusion that the disk drive attached to a computer is the single most
important factor contributing to system performance. Given that very fast processors
can be attached tc almost any disk drive, it makes no sense to at*ach low speed disk
drives to high performance processors.
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Performance Benchmark for Multiple Concurrent Tasks

This is a graph of the percentile scores of the concurrent processes benchmark

, test. It shows the weighted multi-user performance of each system. Since the scores
{Tf?are more heavily weighted toward running a larger number of concurrent background tasks
(see Scoring Explanation), the score shows the relative performance of each machine with
any combination of up to six users active. The graph is sorted by the percentile score.

A perfect score of 1007 would have resulted from having the smallest elapsed time for
all 6 benchmark runs. Since some systems did not (could not) successfully complete all
six tests, they were "awarded" a very large real time (99,999 seconds) for any failures.

The number is to make the combining arithmetic work (works better than alpha '"crashed'").

The percentile scores are based on the real execution time, as provided by a UNIX
system program. Using the real time for this test most closely approximates what the
user sees at his terminal. The background process includes sorting, piping, and listing
operations on a small data file provided in the test itself. These functions were deem-—
ed representative of the tasks that an '"average' user attempts for the majority of his
session at a terminal. This benchmark is a good indicator of how a system responds with
one to six users active. The normal customer buying Radio Shack computers, is probably
only interested in this size range, so it was not judged important to try to get com-
plete data for more than six concurrent users.

Machine Score Bar Graph of Weighted Multi-User Performance (1-6 Users) 1007%
l

VAX 11/780 99,227  FkEdkdkkikikkkkidkikidkidiotkblik bk bk ke k kb kb kb ko ke dokkdk |

VAX 11/750 88.79%  dkicididekdokkddhhh ik dddokdokkddioddddodokok sk ddededdedododdokdeob ok |

AT&T 3B2/300 83.09%  #kkifikddhddihhhhhihhhhihhdihhiiihhddhdidhikihiiiis
IBM AT Xenix 82.22%  #kdiddkkkdiiiktiihikhhiddhidhhhtdiihdhdididhkdkikiks
CT MinF 1.5M 81.18%  #&dddkdddddkkidihdidddbifdbbkiididbbihhhddihdddid

Sun 2/120 80.64% R 2 T T UL U R U STy
Masscomp 80.59%  FhEEkEdddkhEAAdRd kA itk kil h kR R ARk kR Rk kR kAR kok S
PDP 11/70 78.58%  FEddkdeddokkdhhdkddkk ok h ok d ok kb bk ek ok ke ke

l
I
|
|
l
I
m6000 1M 35M 68.18% B R L T R e ] |
m6000 1M 15M 56.07% R R R R R e S |
Altos 986 51.34% Fhdododokdedededokokk b bbbk ke kbbb kkkik |
mléb 768 12M 42.33% dekdekdokkkdkededkddokdkkdeokdokokkk |
CT MinF 512K 38.80% Fddokkkkhkk bk kh bk bk |
Tandy 2000 27.53% Fhdeddkkkdedehdkkkk |
ml6b 512 15M 18.63%  #¥ddddkddsk |
ml6b 384 15M 17.09%  #kdkkikdkdk |
mléa 512 12M 16.50%  *&dkkdddk |
IBM XT PC/IX 14.90%  *&&dkdkk |
|
l
l
l
|
I
|

SCI 1000 13.46% R e
PDP11/23 V7 12.63% fkkkdokk
Apple Lisa 6.317% Fhk

IBM XT Venix  6.247%  **%%

DEC Pro/350 3.30% *

PDP11/23 Vnx 2.83% *

Omnibyte F#E (data not available)

In general, the systems with the most memory performed best in this benchmark.

This is not unexpected. The amount of free memory for users to share is known to be the

¢, most important factor in multi-user performance, along with the speed of the disk drives

' (average access time). The speed of the CPU is the third most important factor in
multi-user performance, along with the general efficiency of the operating system.
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A Graph of Single Background Task Performance

This graph of the single tasking performance of the tested systems is included for
(mx the interest of those who are looking for a smaller system performance guide. The
. benchmark times for running a single background process (taken from the first step in
the multi-user test above) were used to compute final percentile scores. The actual
elapsed times are shown in another column on the graph. This "Time" column is the real
time provided by a UNIX system program. The percentile scoring was done in the same
manner as the rest of the benchmarks (minimum elapsed time is 100% with all other times
being scored relative to this minimum).

The time column (in seconds) also shows that the background process used for timing
the multi-user benchmarks was not a trivial task for any of the machines tested.

Machine Time Score Bar Graph of Single Background Task Performance 100%
Sun 2/120 3.60 100.00%  Fdkdddddkdkdddddiodiiiiokkdddd i diibdikhbbdil okl b dd f b bk
AT&T 3B2/300  4.00, > 90.00%  #kddkikkkkdhhhhihihiihhhiihiiiikiihihiirihiikiitihttts
Masscomp QQJ*4.20‘ 85.71%  dkkdddkddkdddeidoddokddokddodo doldodddeb ek de e dododoobded e de de de de e

VAX 11/780 4.30 83,727  kdkdekddddeddededoddoddododododdeodododododododobdok ook deokdokddeb s deode deodeoos

VAX 11/750 4.30  83.72%  dekdeddekdeiokbdeikdbdddo ok koo dodeodododod s d ded e e e o

IBM AT Xenix  4.46  80.72%  sdedddodkdkiodhiotddoddddidiiiiibhbhirioiitdtdbhdd s

PDP 11/70 5.00 72.00% @ kkdkkkkdddddddiodilkkkihhihiddob ik ko dokodkok

CT MinF 1.5M  6.26  57.51%  sdkddddddbdhdikiiiiihdddhdhihiiiits

Altos 986 6.30 57.14%  deddedkddeddekdodolkoliooidokdnb ok doko ko ook

m6000 IM 35M  6.44  55.907%  wkkkkwdddkkdddkdiddiodkiokdkddbkkhotk
CT MinF 512K 7.80 L6.157  Fedddddekdkkkkkk koo k ko ko ddok
Tandy 2000 8.20 63,907  Fkdedededeiededdokdtth ke d b dkdekdok ok
“m6000 1M 15M 9.20 39,137  dkdkkddkdedidkilkh Rk ko d
IBM XT PC/IX 10.60 33.96% FhFd Rk kddkdkkkiokx
mlé6b 768 12M 13.70 26.28% FRERERTIFTAARTN (Xenix reconfigured for size)
PDP11/23 Vnx 14.00 25,717 FEdkkkkkAkkkkck
IBM XT Venix 15.00 24,00% FRRFRSRS kA ARk
SCI 1000 15.10 23,847  FhEREEkkkkkkkk
mléb 512 15M 16.50 21.82%  Fkdddekddikdkdkk
ml6b 384 15M 20.00 18.007%  #¥ddkdkkdkddk
PDP11/23 V7 22.30 16,147  FEdkddkkk
mléa 512 12M 22.50 16.00% FhkkfhRAR
DEC Pro/350 26.00 13.857%  Edkkkkkk
Apple Lisa  38.10  9.45%  w#swx
Omnibyte i i (data not available)

——— e — — % —|O

The ordering in this graph is very different from the weighted graph for multi-user
benchmarks running one to six background processes. This graph mainly shows the folly
of attempting to predict multi-user performance based on the timings of single-tasking.
The graph on the next page is of some interest in looking at the overall performance
ratings of single user systems, as compared to the weighted multi-user data used on the

first graph above. The total available memory is less of a factor in this benchmark
than in the multi-user tests, giving the disk speed even more relative importance.
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Computed Overall SINGLE-USER Performance

This ordering of this graph is different from the multi-user overall performance
graph (Page 2) only in the fact that the times for running one background process were
used. The timings for 2-6 background proccesses were omitted totally. The final score
here gives double importance to the Disk Read benchmark times, but NOT to the single
background process time. Otherwise, the scoring is the same as it was for the multi-
user overall performance graph.

Machine Score Bar Graph of Overall Single User Performance

AT&T 3B2/300 73.95%  skdkkdkikkdiihibhihhdiiihiiihilibiihihibihiiliiiiiiihionts

VAX 11/780 71,947  dkdkddkddkddk ko k A b b h A d R R AR AR AR TR AR AR R R R R d ok kR Rk kR ek
Mas scomp 60.65%  Fkdeddeddddodeddokdodkdokdkdd ek de e dodded ook e e

IBM AT Xenix 58.50% @ Fkkkdkddddhidddhhdhihhrhdiiikididdddhihkidddidthts

Sun 2/120 53,827  ddkkddkddodddokkhkkkkkkddod ikt ke ke k kR Rk k

CT MinF 512K 52.89%  #kdkkkdkdkdddddddddkhbttbdhihikiidodhhddhidis
CT MinF 1.5M 52.40%7  #&dkdkdkidkrihidtdhhidihhhiditdihddddiihitt

VAX 11/750 49,529  dkEEdkkkdkkikkkr Rk hkkhd b h ko d ko kkd
Altos 986 45.66% B R AL LT
PDP 11/70 43.63%  EEdkkkkkdkkhdhk bk koo b dkodok

m6000 IM 35M 38.99% R R R R R 2
m6000 1M 15M 37.13% Fekkhdedoddhh bbb R hdhhh bbbkttt
Tandy 2000 29.75% R T R

SCI 1000 27.61% B Rk R R Rk RS URU RO S SRR

mléb 384 15M 21.92% Fhkkkffhhhhiihhrd

mléb 512 15M 21.46% o T R U R R s

Apple Lisa 20.93% P R R R T e T R

mlé6b 768 12M 20.59% Fhddedkkkdddhdodohhk

ml6a 512 12M 17.96% Fdedededededdededododobk

PDP11/23 Vnx 15.747%  ¥¥¥kdikiiiik

IBM XT Venix 15.747 Fhdkkkkkhkhk

IBM XT PC/IX 14.54%  #ddkdekdidkik

DEC Pro/350 13.17% Fkkhkhhhkk

Omibyte 13.047%  ®&&kdkkiddk (data was incomplete)
PDP11/23 V7 12,137 @ F¥kddkkdkik

The ordering of the systems as SINGLE USER machines is different from the multi-
user ordering. In this graph, one can detect that the speed of the disk drive and the
speed of the processor are the two most important rating factors. This is opposed to
the size of real memory being more important than processor speed in multi-user system
performance.
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UNIX Kernel Efficiency Benchmark

This graph compares the performance of UNIX "pipes" in a direct manner. The re-
—, sults can be very misleading if the real time to test completion is used, since a very
{ﬁﬁ slow disk drive can skew the real time. For this reason, this benchmark was computed

using only the ''system time'" value as supplied by UNIX. The system time is a direct
measure of the kernel efficiency. Pipe efficiency can be a decisive factor in overall
UNIX sysctem performance, since pipes are very commonly used in UNIX programs and
scripts. In the original BYTE article, this test had to be modified slightly to run on
Omnibyte's Idris operating system (One wonders if it helped?).

Machine Time Score Bar Graph of Kernel Efficiency (Pipes Test) 100
l
*

VAX 11/780 1.20 100.00% B R R B R R R T R RO R USRI RN
CT MinF 512K 1.40 85.71% Fdedododele ok ko doh ok dok e dedel kb ek e A R A R ke e e ek
CT MinF 1.5 1.50 80.00% R R Rk Rk R R R
VAX 11/750 2.10 57.14% Fekdeddkdokdok ok dk bR h bk Ak Ak Rtk h k%

IBM AT Xenix 2.26 53.10% R L R

m6000 1M 15 2.50 .1 48.00% B S e R LR

m6000 1M 354 2.60  46.15% Fededededdodod kRl okt ek ke Rk deok ok

AT&T 3B2/300 2.70 abr 443 B R L ]

Tandy 2000 2.70 G4 LLT  Fkkkkkdkdkkkdok ikl ko
Mas scomp 2.80  42.86% | FREddkkkkkdddkdkkidkovkoidkd
Altos 986 2.80 42,867  FkEddkdkddededddddoddkkh kot
Apple Lisa 3.00 40.007  ddedkddedednkkk ot kkkdokkdddddok
SCI 1000 3.10 38.71%  kkEEdddkkdkkdkkdkddkddok
PDP 11/70 3.40 35.29%  dddkddkddkkkkkdkkkkkodok

1l16b 384 154 3.40 35.29% R R R a3
”Wsun 2/120 3.70 32.43% FedededededoRe ek kde ke hk ok
mléa 512 12 3.79 31.66% FRkATATRARL LR AR ARA
mléb 512 15M 3.80 31.58% FRkFkkkkkhikhkhvkd
ml6b 768 12 4.51 26.61% FhEkFdkkhRhRhRik

IBM XT Venix 7.30 16. 447 FrREFRAE

IBM XT PC/IX 7.60 15.79% Fhikdkdhk

PDP11/23 Vnx 9.50 12.63% FRAFAIE

PDP11/23 V7 10.70 11.21% FRwRhk

DEC Pro/350 13.80 8.70%  Fkudk

Omnibyte 30.40 3.95% kel

In studying this graph, it seems that special attention has been paid to pipe effi-
ciency in the newer versions of Xenix, especially those on the Tandy and IBM machines.
If the DEC Pro/350 has not already been pulled from the market, we can expect it soon,
the machine looks to be in deep trouble. The Convergent Technology Mini Frames appear
to have had special attention paid to making an efficient UNIX port, the version of UNIX
System 5 runs on the Motorola 68010 processor.
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Benchmark Efficiency in Making System Calls

This graph shows a direct performance measurement of calling the operating system
{”W to perform a service. The elapsed real time to make multiple calls is used as the basis
. for computing the percentile scores. This test gives a direct measure of the elapsed
time required to make a system call and then return to the caller. The test program
compounds the kernel overhead involved in executing a system call. Making a system
call involves an interrupt trap to the kernel or into supervisor mode, performing the
desired function and returning. There are almost no programs written which do not make
system calls. The most common system calls are for input/output services, such as open,
close, read, and write.

Machine Time Score Bar Graph of System Call Efficiency 1007
vAX 11/780 4.80 100.00% B R A a2 B SR SR RO
Masscomp 6.30 76.19% Fdkdodddloddkkdkkd okl hh ik hkhhdklohkkihkh ki hfdiohkk

Sun 2/120 6.80 70.59% B R R & & 2 2 T e

VAX 11/750 7.00 68.57% B R LRk Lk T

IBM AT Xenix 7.11 67.51%  Adkdkkkddedddekkikddk bk ok ko dododddk kb deokok
CT MinF 1.5M 7.60 63.16%  FhiEddkddkkdkkhhbhdihhhk kit kddkdhkkk

CT MinF 512K 7.60 63.16%  Fhddkkkdedkkdk kb dhddobdidddiokddddddokd
PDP 11/70 8.00 60.00% Fddedekdk ek kdok ko d kb dddkkkdok
AT&T 3B2/300 _ 9.30 51.61% B R R

m6000 IM 15M 7’ 9.80 48.98% FdokFdeddoddokkkdedd kk ke ddokkkk ook

m6000 1M 35M 9.80 48.98%  kkEdkdkkkkEkikkk kAR Rk hhkhokk

Apple Lisa 10.50  45.71%  Fkkdkkdkkddkdkkdkkiobthtkhkkk ik
Altos 986 11.00  43.64%  *dkdkdkdkdddkddkdkdkdidkiiiikkdhdd
{ randy 2000 14.20  33.80%  dedddedcdohiohkddddoiodiok

““mléb 768 12M 14.70 32.65%  FREdddkkkdkkkkkkhkk
mléb 384 15M 15.00 32.007%  FxkFRddkdkdkddedddkdnbk
mléb 512 15M 15.10 31.79%  FFEEkkkkkkkkkkkkhkd
mléa 512 12M 16.40 29.277%  FEFkkEkdkkkkkdckkk
IBM XT Venix 20.50 23,417 FeEEERkkkkkkkk

Omibyte 21.30  22.54%  ekkwkdkdokkkkk
PDP11/23 vnx 24.00 20,007  Fksddddkddkd
SCI 1000 26.20  18.32% @ wkkkkdkkuk

DEC Pro/350 33.30 14,417 Fxkdkdkdk
PDP11/23 V7 36.50 13.15%  ***kk**
IBM XT PC/IX 39.80 12.067%  F*&&kxk

J— U —— e —— Y —

The large jump from the VAX to the next system in line is caused by there being
special context switching instructions available to the VAX systems programmer (in addi-
tion to the raw CPU speed available). This fact lets the efficiency of system calls be
maximized (minimizing the time required). Otherwise, there are several systems which do
a poorer job of this system call context switching. One interesting note here is that
the Intel 80286 in the IBM AT seems to be more efficient at interrupt handling than the
AT&T WE32000 chip. This is not the only tradeoff involved in designing a system, so too
much emphasis should not be placed on this one datum.
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Efficiency in Making Function Calls from '"C" programs

The graph is sorted by the difference in the user time field of the function call

. results. The difference is the measured time between the elapsed time required to run a

~ program with a function call and then the elapsed time to run the same program without
the function call.

Function calls are pervasive in any good programming system. They are commonly
used routines which need not and should not be rewritten in every module of a system.
The overhead in using them is the time to "stack'" the current status of the calling pro-
gram, set up and execute the function, and then return to the caller with the results of
the function. This test uses an "empty'" function for timing purposes, one that immedi-
ately returns to the caller and does not perform any other work. When the function call
is not made in the second case, the main program uses the same amount of time in its
execution. All of this makes the observed time difference equal to the actual overhead
in setting up and calling functions from a program.

Machine Time Score Bar Graph of Function Call Efficiency 10
Altos 986 0.40 100.00%  #fdkddddddddikkdddbdddddd i ootk ottt ot dddddidodo dolodoiodododokodkok
AT&T 3B2/300  0.42  95.24%  Fddeddedkdoddokddddokdioidobdddkdobsdeddodobedododododb do otk dedeododnb el b desde ook
CT MinF 512K  0.70  S57.14%  #ksdkddddidddhoksdkddd ookt
CT MinF 1.5M 0.80  50.00%  #%&kdddkddddddhiddkiddidididddd
Sun 2/120 0.80 50.00%  #dkdddkddkddhdkddidiikihdkkdidhis
Masscomp 0.90  4h4.44%  dekddedededdedekdthhkk bbbk dodok bk k
m6000 IM 15M 0.93  43.01%7  Fhddkdddidddddkddddhkhiidis
m6000 IM 35M  0.93 )7 43.01%  #sskkmikksiikkiiiookiioios
 VAX 11/780 1.00 40.00% B Rk T E
ScI 1000 1.20  33.33%  seddedddekdkdokdokdodedodokok
Apple Lisa 1.30  30.77%  sekdkkdeddokdkdekdddokk

IBM AT Xenix 1.30 30.77% FhRFRRRRk Rk kk ko k
mléb 384 15M 1.40 28.57%  FEdkdkkdkkkkARuhAk
mléb 512 15M 1.40 28.577%  FEEEkkkdkdkkdkdkdkdkkk
mléa 512 12M 1.47 27.217%  FEEERRkkkdkkkkik
mléb 768 12M 1.48 27.03% Fhokddkdokkdokkkbhox

Tandy 2000 1.50 26.67%  kwkdkimkmkiidonk
VAX 11/750 1,70 23.53%  skkskdkdordorkonk
Omibyte 1,70 23.53%  wkdkkkkkkiorknk

IBM XT Venix  2.80  14,29%  #¥*¥*kikkk
PDP11/23 Vnx  3.30  12.12% @ *dddddx
DEC Pro/350 3.50 11.437%  dkkwkk
PDP11/23 V7 3.60 11,117  #&%kkk

0
I
%*
I
|
|
I
|
|
L/ |
PDP 11/70 1.00 40.00% DR R R R R R R R T R RO USSR Y I
I
|
|
|
|
|
I
|
|
I
I
I
I
IBM XT PC/IX 4.70 8.51% Fhkkk |

The range of time differences here is much smaller than in some other sections of
the benchmark tests. Since function call efficiency is being measured, notice that the
IBM PC AT and the AT&T 3B2/300 have reversed their positions from the system call bench-
mark. The MC68000 machines do very well in this test, but some credit must go to the C
compiler on some machines for generating good optimized object code.
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Computationally Generating Prime Numbers

No benchmark series would be complete without some form of a Sieve of Eratosthenes

Vi to compute some quantity of prime numbers. This graph of a sieve program is sorted by

‘.. the percentile scores derived from the elapsed real time field of the sieve program re-—

sults. This is mostly a.compute bound job measuring both processor speed and processor

to memory speed, but which also measures the C compiler's ability to generate good effi-
cient object code.

Machine Time Score Bar Graph of Prime Number Sieve Program 100%

VAX 11/780 1.70 100.00% Fdedededededoiokdodoldokokde kb ol dob doke etk ek el ek e A ek ok e ek e e e e e ok e l
PDP 11/70 2.30 73.91% Fdededoddodedobd ek b R kA R R R kR ke
CT MinF 1.5M 2.60 65.38% B R T R & E ]

CT MinF 512K 2.60 65.38% B R R R R R Lk

VAX 11/750 2.70 62.96% R Rk R S T e E S RS
Masscomp 2.80 60.71% B Rt T R R R

IBM AT Xenix 3.04 55.92% Fdodlodokkdolk ko Rk kR Rk ke ke dedeh ke ke

m6000 1M 35M 3.20 53.13% L kS Rt e

Altos 986 3'30ﬁ5 51.52% Fededdodedd b ddok ke kRl bk ok ek ok ek

AT&T 3B2/300 3.90 43.59% Fhddokdkd kb kh kR R kR Rk ok

Tandy 2000 4,10 41.46% Fkdokdkdokkdokhhfok Rk hdok ket

SCI 1000 4. 40 38.64% dddekdodkdodokiok bk h kbl bk ik

Sun 2/120 5.10 33.33% Fkddododkkkdok R kR k kR k

ml6b 768 12M  5.30 32.08%  FEEEkFFkkkddkdokwknk

PDP11/23 Vvnx  5.50 30,917  Fhkkdkkkkkkkkkkkhk
(:t?DPll/ZB V7 5.80 29.317%  FREwRkkkkkRAARAA

‘mléb 384 15M  6.00 28.337%7  FkFkdkdkdddokidkkkk

Apple Lisa 6.10 27.87%  Fekddeddkdddokdokdk
DEC Pro/350 6.30 26.98% Fhdkkhfhkfkdhkik
ml6b 512 15M  6.60  25.767%  Fkdkkkkkddkhhhhk
Omibyte 7.00 24,297 @ wedkkdkkdorkkkd

mléa 512 12M  7.30 23.297%  AkEEEkdkkdkkdkk
IBM XT PC/IX  8.20 20.73%  FkEkkkkkdkik

Fhk%k
l

I

|

|

|

|
m6000 IM 15M 3.20 53.13% EE R e e R L R 2 R R R g R S R R R S R S |
!

|

|

Il

|

|

|

!

|

|

|

l

i

|

!
IBM XT Venix 9.00 18.897% FhuETREIRE |

The fact that the Tandy Model 6000 has exactly the same score for machines which
differ only in the disk drive attached, means that this benchmark is a true measure of
internal system performance of the processor, bus, and memory. The graph would probably
be wvalid for all types of compute bound jobs. Since this test is compute bound, the
processor speed should be of primary importance.

Using this graph in conjunction with the CPU Loop test (Page 12) shows the relative
memory speed and bus efficiency of the systems measured. The Loop test shows the out-
right speed of the CPU and this test has memory speed factored into it since the prime
numbers are stored into memory as well as all of working loop counters, etc.).
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Benchmark Test of Disk Write Performance

The graph is sorted by the percentile score computed from the elapsed real time,
also shown, of the Disk Write test program. The graphed time is the time required to
(T? write 512 records of 256 bytes each onto a disk file. The UNIX operating system is
known to be a very disk intensive system and this test gives a general feel for the
overall performance of the system. The overall performance is affected by the rotation-
al delay of the disk drive, the average access time, the disk sector interleave factor,

and the disk cache buffering algorithms.

One would do well to remember that each of the several manufacturers represented
here has his own definition of write '"verify'". The variations are numerous but include:
no read after write at all; read after write on directory records only; and read after
write on all disk sectors. Because there are so many possible variations of implementa-
tion of "write verify'" which can affect the benchmark performance, the reader should be
aware that the disk write verify condition was not known or controlled for all machines
tested. All of the model 16's had write verify turned off for these benchmarks.

Machine Time Score Bar Graph of Disk File Write Performance 100
AT&T 3B2/300 1.50 100.00%  F*kdddkddddhiddtkiidiiihididihhhiiiidtditdhidnl ol lkdirt i
Masscomp 1.70 88.24%  Fdkddedddedededdoddok ek dedededk et dededdede de s d e de dededl e e e ded e e dede e o

Sun 2/120 1.80 83,337 ek kb dk ko dedede e deded dede e s e ek ek e e de deodedeodeo

VAX 11/780 2.00 75.00% ekttt dkodedeodedod dododeod dodod e e e e ek ke e

CT MinF 512k 2.10 T1.43%  Fhddkdkdkdkkkkkkkddk ik dokdk ko ook ek ko ke
CT MinF 1.5M 2.30 £5.227  Fkdkkkkkrk kb ok ke ddok ko dede e ddodob ol bk kg
IBM AT Xenix 2.3l 64,947  Fidkdddekkdok kRt bk ke dedododedk de e de de e e e o

VAX 11/750 3.00 50.00% R T B e T e e R
{Mjkltos 986 3.50 , 42,867  wEkkkkkkwkkkkkkkbbikkkkkbk
““ppP 11/70 4.00° 37.50% Fhedkhdhfh bk i bk hhbh it ks

SCI 1000 4.30 34.,88% Fhddkdh ok hkkhhkhhkk

!
l
l
l
|
|
|
|
|
m6000 IM 35M 4.60 32.61% FhFdekddkdkdddokdkddodk |
m6000 IM 15M 4.70 31.91% Fkedekdodekkkddododdekhddd |
Tandy 2000 5.10 29.417% Fh Rk bk ko |
IBM XT Venix  7.00  21.43% @ *¥wkdkddddddds |
DEC Pro/350 7.70 19.48%  Fkddkikkidk |
PDP11/23 Vnx  8.00 18.75%  #**&kkiikkik ,
mléb 384 15M 8.00 18.75% Fkdeddddddokk |
ml6b 512 15M 9.10 16.48% Fkededekdokkk l
mléb 768 12M 10.90 13.76% Fkdkkkdk |
IBM XT PC/IX 11.60  12.93%  idddik 1
Omnibyte 12.30 12.20% Fhkkddk |
mlé6a 512 12M 14.40 10.427% Fkkkkdk |
Apple Lisa 20.80 7.21% *hk% l
PDP11/23 V7  22.00 6.82%  Fkxk |

This graph is mostly a chart of disk drive write speed, factored by the disk cach-
ing methodology. One thing to pay particular attention to is the differences in real
times on the '"m6000 IM 15M" and the "mlé6b 512 15M'". There are several improvements in
the Tandy model 6000 for disk access, these can be seen directly since the two disk
drives are identical. This graph could well be a graph of all of the different disk
drives attached to a single system since the scores are relative. AT&T has claimed a
super efficient disk caching scheme for UNIX System 5.
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Benchmark of Random Disk Record Read Performance

The graph is sorted by the percentile score computed from the elapsed real time of
the Disk Read benchmark program. This benchmark test program reads '"random'" disk file
/ records from the file created by the disk write test. The graph is a direct measure of

the random disk read speed of each system. THE TIMES FOR the Masscomp and the Omnibyte
machines were not available as true benchmark timings, so they were ESTIMATED based on
timings from the disk write benchmark. ONLY these two numbers should be considered as
best guesses.

Machine Time Score Bar Graph of Disk Read Performance (Random records) 10

9

*> — O

AT&T 3B2/300 1.95 100,007 @ *rdddkdddiddddhid bkt db it ddioiokddiok ot o ool o ko
IBM AT Xenix -2.55 76.47% B R R R R e T

Massc omp 3 . 60 54 . 17 % ’ xv‘c**********:’c**v‘y**************** ]l
Sun 2/ 1 20 4. 90 39 . 80% E R S R R R R R R R R U S b S S S PSS |
CT MinF 1.5M  7.13  27.35%  skddkikiikikiiks l
Altos 986 7.30 26,717 ekskkieksiokdkiniokok l
CT MinF 512K  7.68 25,397  s¥xkkkikikikiik l
VAX 11/780 8.00  24.387  Fwwdkdkdkiiokkk |
VAX 11/750 8.00 24,387  kkkwkdkkdiokkk !
SCI 1000 9.10 21.437  FEwEkkikkkkk l
PDP 11/70 9.50 20,537  wEmkkmkkdkkk !
m6000 1M 35M 10.20  19.12%  sddddkkikss |
m6000 IM 15M 10.50  18.57%  sksikiidkiks 1
Tandy 2000 12.70 15.35%  Fkddkkdknk |
IBM XT PC/IX 20.70 9,427  wkdxk l
(Thl6b 512 15M 20.70  9.42% s |
““mléb 384 15M 22.00 8.86%  Fiwkx
Omnibyte 25.00 7.80%  Hwkk I
IBM XT Venix 25.60 7.62%  kwkk |
DEC Pro/350  28.00 6.967  Fwkk l
PDP11/23 V7  32.70 5.96% %k I
PDP11/23 vnx 33.70 5.79% k%% !
Apple Lisa 44.50 4,387  w% l
mléb 768 12M 54.30 3.59%  kx |
ml6éa 512 12M 55.40 3.52% W% |

The main performance factor for disk drives in this test 1is the "Average Access
Time'". The average access time number for each of the disk drives could almost be used
as the direct scale on the above graph without changing the relative ratings to any
marked degree. Notice that the VAX 780, a 'l MIPS" processor, has placed very low in
the graph because the average access time of the disks attached to it does not compare
favorably with some of the disk drives used with the ''smaller' machines. There are some
smaller variations in this graph that are attributable to the size of the disk "cache
in number of buffers available for disk reads. The "average access time'" is so large in
comparison to even the slowest CPU that the system overhead has almost no effect on the
final outcome.

Anyone who is trying to build a high performance UNIX system should attach disk
drives that have the lowest average access time available in the market. All other mon-
ey spent pales in comparison to this often overlooked major factor. Notice in the graph
that AT&T and IBM already know and use this fact in their small micros.
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The CPU '"Power'" Ratings

The graph is sorted by the percentile scores derived from the elapsed real time
field of the Loop test results. The program tests the incrementing of long integers in
a CPU register. It is totally compute bound and directly compares the processor speeds
of the tested systems. Since the VAX 11/780 is ratec as a "l MIPS" processor (according
to DEC's local sales office), the percentage scale turns out to be directly readable as
the '"MIPS" rating of each CPU tested. As a point of information, IBM's latest mainframe

announcement, the '"Sierra' (dyadic) machines, are reportedly designated as 29 MIPS. IBM
has also promised a 50-80 MIPS machine in the near time frame.

Machine Time Score Bar Graph of CPU Loop Test 1007

0 .1 .2 .3 4 .5 .6 .7 .8 .9 1.0

! I l | l | ! l | I l

vax 11/780 2.60 100.00% Fh R AT HRFIR AR TR TR R b h o d bbb dod b ko bl bk dede b o e ek ek
VAX 11/750 5.10 50.98% S R Rk x ] |
AT&T 3B2/300 6.40 40.63% Kk khdkhddhfhdhfhdekdhkddhdd [
Masscomp 6.60 39.39% Fdededddedededodedodedokdeok ek ok |
CT MinF 512K 7.18 36.21% Fkddodeddeokokok ok ok ko hdokkk I
CT MinF 1.5M 7.30 35.62% P T T AU R R T T T U RO R T |
Sun 2/120 7.40 35.14% Fehfefehdhh Rk hdh kR bRk k |
PDP 11/70 7.90 32.91% Fkkdkfhdhfhf ik ik [
m6000 1M 15M 7.90 32.917% Fhkdkdokddddobkkokokkdk |
m6000 1M 35M 7.90+7 32.91% B R 4 |
IBM AT Xenix 12.61 20.62% FRkkkkkkkhkk |
mléb 768 12M 13.20 19.70% FhRkhRhhhkhk |
Altos 986 13.30 19.55% TRk ink |
mléb 384 15M 14.00 18.57% FhkAkRhRNL |
Apple Lisa 14.00 18.57% Fhdedededdodkddek ' |
“ml6b 512 15M 14.20  18.31%  Eiwkikiix ;
SCI 1000 14,50 17.93% FrAFdhRAkk |
Tandy 2000 15.00 17.33% Fhkdkddddk |
mléa 512 12M 15.50 16.77% FhFdkdkdkk |
Omnibyte 17.00 15.29% Fokdkdkhk |
PDP11/23 Vnx 26.00  10.00%  **%&&* |
DEC Pro/350 26.70 9.74% FRAhKE |
PDP11/23 v7  27.40 9.49%  FEEEk |
IBM XT PC/IX 32.20 8.07%  H¥*kx |
IBM XT Venix 32.70 7.95% akadaiad |
| l | | ! |- | l | l l

Direct Read MIPS scale 0 .1 .2 .3 i .5 .6 .7 .8 .9 1.0

It is possible to see clearly the different processors (and clock speeds) used in

the tested machines.

From the slowest Intel 8088 in the IBM XT's to the faster 68000's
and up to the 68010's and WE32000 (Used in the AT&T 3B2/300).
is used in the Model 16b's,

Note that the 6Mhz 68000

the Apple Lisa, and Altos units. The 68000 6MHz processor

is equivalent to a rating of about .15 MIPS (a bit more than the 8MHz 80186).

If one REALLY studies this graph, he will discover that the CPU architecture is

much less important than the clock speed as a perZormance factor.
choose a processor that has the faster clock speed,
makes for the least amount of housekeeping overhead, especially in address spaces.
appreciable thing about this graph is that there are no real surprlses.

One should always
followed by an instruction set that
The

This lends

. credibility to the other benchmark tests for the same systems.
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The '"Slope" of Multi-User Performance

In order to try to show the RELATIVE user perception of the systems in this test as
multi-user systems, the following graph was developed. To begin with, the "slope'" time
was computed from each step of 1-2, 2-3, 3-4, 4-5, & 5-6 concurrent tasks. The slope
time is the difference in elapsed real time from "n'" processes to 'n+l'" processes run-
ning at the same time. After the slope time was computed for each machine, it was aver-
aged. This gave a number representing the 'worsening' effect of each multi-user step as
it is added. The second number is an average elapsed real time for all six of the con-
current background shell tests. The two numbers were next multiplied to compound the
"worsening' effect of adding users. After this multiplication, the meaningless numbers

were converted to percentile scores (the lowest being 100%) for graphical purposes.

Looking at the graph should reveal a truer picture of any of the machines as a user
perceived multi-user system. The obvious dichotomy in the graph should indicate which
machines are truly multi-user machines and which are truly single-user machines. This
graph tells nothing about performance in either environment, it only indicates those
machines which can be considered as '"multi-user' systems and which cannot.

Machine  Score Bar Graph of Six User '"Slope'" Performance 10

VAX 11/780 100.00% R A R A R A A A A A A A A A A A A A d o h e ek el sy
VAX 11/750 79.78% F Ak R Rk ek Rk b e e e e e e ok
CT MinF 1.5M 79.56% B R K E Rk R R R R R RSP OSSO
AT&T 3B2/300 65.19% B R R R R R R R R R R TR R

PDP 11/70 64.31% Fdededed Ak h b b h b bbb h bl ddddih il itk s

IBM AT Xenix 64.30% B X R S X .1
Masscomp 57.08% dededodededododedededodedodododededededododededededededede ek ke

Sun 2/120 54.08% Fededededededede ke de ek ke e e e e e e ke e e ek

m6000 1M 35M 51.80% R R R R R R R U TR RUROSRUSU SR

m6000 1M 15M 39.15% Fkdekk

mléb 768 12M 23.26% Frkddodekdedkdedok (questionable)
Altos 986 15.607% Fhdokdkkkk |

CT MinF 512Kk 11.11% Fdeddkk |

Tandy 2000 4.20%  ** (single-user)

ml6a 512 12M  2.19% = I
mléb 512 15M  2.13% =* l
mléb 384 15M  2.03%  * |
SCI 1000 1.24% |
PDP11/23 V7 1.18% 1
IBM XT PC/IX 1.11% |

I

0

l

*

l

l

l

|

I

|

|

Fodedokdodk kbl khkk |
l

l

|

|

!

|

|

I

i

IBM XT Venix  1.057%

|
l
l
l

PDP11/23 Vvnx  0.74% (less than one user)
Apple Lisa 0.32% l
DEC Pro/350 0.23% l
Omnibyte FEEHE (data not available)

Notice that the systems are almost ordered by real memory size within average ac-
cess time of the disk drive. This aids the believability of this graph as a good indi-
cator of multi-user performance. One does find it hard to understand how the 1024K
memory Apple Lisa with a 6MHz 68000 CPU can be made to perform so poorly.
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How the Benchmarks Were Scored

All of the graphs that have a '"Time" column in this report were computed in the
same manner. First a choice was made of the lowest time for all systems in a particular
run. Following this choice of the least time, each cf the numbers for each of the other
systems was divided into it. This has the effect of making the system with the lowest
time a 100 percentile score and all of the other systems are percentile scores of lesser
magnitude. This method also has the effect of scaling the graphs to the size of the
paper.,

There is a graph on Page 3 of '"weighted multi-user performance.'" The scores on
this page were computed based on the idea that the more shells that can be run more
quickly, the better is the machine's performance. The score was computed by taking each
of the runs for a different number of background processes and treating it as a separate
run. These separate runs were scored in the same way as the other runs were scored,
actual time divided into least time of all systems for that run. After each of the runs
(1-2-3-4-5-6) had percentile scores (pct#l, pct#2, pct#3, pct#4, pct#5, pct#6) for each
system, it was relatively easy to then combine them. The final scores for each system
are computed with the formula:

(l%*pct#l + 2%pct#2 + 3*%pct#3 + 4*pct#4 + S*pct#5 + 6*pct#6)/21

These computed scores for each system were used as the combined "weighted percen-
tile scores'", shown in the '"Score" column on Page 3. It was chosen to weight them in
this manner to give more importance to running more concurrent background tasks. The
graph on Page 4 shows only the time and the percentile score for running one background
task. This graph was drawn to show the relative initial capability of the systems be-
fore several concurrent tasks are started.

The combined overall score on Page 2 (Final Outcome) is very simply the average of
all of the percentile scores from all of the different runs (treating the combined
multi-user score as ONE score, not six). Because the performance of the disk read (UNIX
is very disk intensive) and the combined multi-user scores (concurrent tasks ability)
were thought to be more important to the final outcome, each of these two (combined
multi-user & disk read) percentile scores were added twice into the average. This
average overall score is the one graphed on Page 2.

There is a graph on Page 5 of the Combined Single-user Performances of the systems.
This final score was computed by replacing the combined multi-user score with the score
for running one background task. All runs were then averaged with the disk read score
being added twice into the average.

The multi-user "slope'" chart on Page 13 was scored as explained on that page.
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In Conclusion

It would be unjust to look at the Final Outcome chart on Page 2 and say that the
AT&T 3B2/300 is '"close to the VAX 780" in performance. The 'real world" factor that
must be considered is the TOTAL AMOUNT OF DISK SPACE AVAILABLE. Assuming that the AT&T
system has an equivalent 512 MB of disk storage, then it would be fair to say that FOR
UP TO SIX USERS there is little difference between the two. Many similar comparisons
can be drawn from the final outcome, but they are all moot points if the total amount of
disk space available is not adequate for the application. What, then, if one needs sup-
port 10 users instead of six?

It is fair to say that, as a rule of thumb, a good multi-tasking operating system
will use 10 MB of storage on disk. Using a similar rule, each user who '"logs in" will
also need 10 MB of disk space. A single user system (one user active at a time) that is
used by six people (who log in at different times) or a multi-user system having a total
of six users who log in and can be active at one time are both 70 MB sized systems so
far as disk space is concerned. Other space requirements for large data files should be
added but it is fair to say that a six user system should have roughly 70 MB of disk
space available to be of useful size. Nowhere in any benchmark can it be observed that
this is true. One should be sure to consider this fact when selling or buying systems.

For those who wish to '"emotionally" continue the old Motorola vs. Intel processor
wars, this paper is a fertile ground for finding substantiating "facts", without regard
for context or overview. As a matter of fact, the only difference that has any real
meaning is "How easy is it to program?'". The simpler, the better. Benchmarkwise, the
only factor which can be considered as conclusive is the clock rate of the CPU. One
area which does seem to support the arguments is the CPU loop test which shows that the
6MHz 68000 is roughly the same speed as the 8MHz 80186. 1 surmise that there are proba-

) bly about 2MHz worth of wait states in the 80186 architectures which cause this -to be

observable. Otherwise the "bank switchers'" (Intel) are really more inferior than one
could reasonably predict.

As far as Tandy's offerings go, the Model 6000 is a significant improvement over
the Model 16b. Recommendations for multi-user systems should be limited to the 35 MB
disk drives. On the average, there is enough disk space for TWO users plus the operat-
ing system on a single 35 MB disk and 512K of RAM. A 2-4 disk (35 MB) system, with 1 MB
RAM, should be well sized for 4-8 users. Possibly 2MB of RAM might allow 10 users to be
active on four disks, so long as all are not compute bound. These statements are not
really true for the model 16b. The Tandy 2000 should be sold as a single-user system
only, however, there needs to be some attention paid to being able to add at least 10 MB
worth of disk space for an average system user. The internal 10 MB is about right for
the operating system plus utility, log, and work files.

Either the AT&T 3B2/300 or the Convergent Technologies systems could be used as
"upgrades" from the Model 6000. Before this can happen, each system needs to find
enough disk and memory space add-ons to be able to handle the extra user load. An 8-10
user system should have about 2-3 MB of RAM and about 100-256 MB of disk to really be
useful commercially. Anything less than this will not be easy to use or to sell. The
average access time of any disks added should be MINIMIZED for the best performance as a
multi-user system.

I believe that the "bang for the buck" (price/performance) over the last few years
has demonstrated considerable improvement. The old DEC PDP 11/23 that has been in the
field (to the tune of ~100,000 systems installed [Datapro]) for years shows the poorest

- performance for the money, while the newest machines from Tandy, IBM, and AT&T all show

excellent performance for the price (see next page).

March 25, 1985 Benchmark Analysis Page 15



A Graph of Price/Performance

This graph was derived for looking at the price versus the performance of the test-
ed systems. Remembering that this chart is for ONE TO SIX USER systems only, it is in-

. teresting to note that the smaller (slower) machines seem to do quite well in the

(ﬁ¥m16b 384 15M 5899 56.92%

analysis. The graph was computed by taking the approximate retail price from Page 1 and
multiplying it by the quantity (1-final score). The final score is the one appearing on
Page 2. This derived number is labeled "Cost'" in the graph. The percentiles were as-
signed based on the minimum 'cost'" of all systems.

All of the retail prices are not known for absolute certain and everyone knows that
prices are discounted by different amounts from different sources. Taking all of this

into account, the "ballpark'" price is not too far off of the manufacturer's 'List
Price".

Machine Cost Score Bar Graph of Price/Performance 10
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It is not unreasonable to preclude the use of the '"large' DEC machines when talking
about 1-6 user systems. It is interesting that the price/performance of the slower
machines is so good. Notice that this graph measures price/performance and not the
absolute speed of the system.
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