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The i860 Microprocessor 
The i860 microprocessor is a hi ghl y 
integrated 64-bit RIS C mic roproces­
sor. It was des igned from the g round 
up to prov ide the ba lanced integer and 
fl oating po int power required for tech­
nical and sc ie ntifi c des igns such as 
wo rkstati ons, se rve rs, and super­
computers. Thi s s ing le chip des ign 
conta in s the bas ic executi on unit s 
th at pe rfo rm the hi gh speed compu ­
tation and the sophi sti cated 64-bit 
architecture that sustain s thi s hi gh 
execution rate . The computati ona l 
unit s integrated on-chip are the 
Integer Executi on Unit (IEU), pipe­
lined fl oating-po int adder, pipe lined 
fl oating-po int multipli er and g raph­
ics unit. 

The on-chip memory interface 
sys tem inc ludes a 4-KB yte instructi on 
cache , 8-KB yte data cache and assoc i­
ated pag ing unit. The on-chip instruc­
ti on cache can feed the IEU and 
fl oa ting po int units 64-bits of instruc­
ti on each c lock cyc le. The on-chip 
data cache bu s is 128-bits wide and 
provides the high speed data path 
between the cache and the reg ister 
array required to susta in the high 
executi on rate. 

Whil e some degree of execution 
overl ap is common in most mic ropro­
cessors, the i860 microprocessor is 
des igned to inc lude advanced features 
supporting multiple instruction issues 
pe r clock and up to three operation 
completi ons pe r c lock peri od . The 
IEU and fl oating po int unit s can be 
issued and can exec ute separate in­
structi ons each c lock cyc le. Further­
more , the fl oating po int instruction 

can be a s imple sca lar fl oa ting po int 
in structi on or a hi ghly e ncoded 
fl oating po int in structi on that uses 
both the pipe lined adde r and multi­
plier units. 

The effi c ie nt 64-bit ex te rn al data 
bus is tuned to match the hi gh speed 
computi ng data require ment s with 
current DRAM memory capabilities. 
Thi s effi c ient bu s architec ture makes 
the ph ys ical des ign of second level 
cac he syste ms eas ie r than multipl e 
chip implementati ons . Multiple chip 
imple me ntati on forces the hardware 
des igner to pay for the buffe r dri ve 
time to route signa ls to an off chip 
cache. The advantages of a large 
on-chip cache qui ckl y translates into 
a more effic ient i860 C PU sys te m 
des ign fortec hnical workstations. 
The i860 mic rop rocesso r is avail able 
today in both 33.3 MH z and 40 
MHz speeds. 

iv 



Introduction 
Benchmarks are intended to g ive a 
standard measure of pe rfo rmance 
th at can be used to predic t how well 
applica tion code wi ll exec ute . 
These benchm ark programs should 
be representat ive of the intended ap­
plications. However, the 
pe rfo rm ance measured is often the 
combined characteristics of a g iven 
computer architecture and many 
othe r ti ghtl y coupled system soft­
ware/hardware constituents. 
Operating sys tem , compile rs, 
libraries, memory design and 1/0 
subsys tem charac teri sti c may well 
dominate the results and make 
comparisons di ff icult. Thi s report is 
intended to show superior i860 
Microprocesso r pe rformance on 
stand ard benchmarks which wil l 
translate to supe rior pe rfo rmance on 
rea l applications. 

For highest performance, the 
sys tem software and hardware for the 
architecture mu st be finely tuned . 
Thi s is espec iall y true of a new 
architecture like the i860 micropro­
cesso r. The advanced features of the 
hi ghl y integrated i860 mi croproces­
sor des ign can be ex ploited at 
several levels. The first level is to 
program the i860 microprocessor 
using onl y its scalar capabi lities. 
Thi s is the architectural mode l th at 
ordinary RISC processors have 
adopted. The second level is to 
s imultaneously iss ue multiple in­
structi ons. The i860 CPU can iss ue 
integer in structi ons and floatin g 
point instructions simultaneously 
and execute them in paralle l. The 
third level is to have the floating 
point in struction use the full capabil­
ity of the floatin g point adder and 
multipli er pipe lines by executing 
multiple floating point operations in 
para lle l with the integer in struction . 

The i860 microprocessor 
compilers today support s ingle 
instruction or s ingle floating point 
operation modes. Compi lers that 
support Du al Instruction Mode and 
Dual Operati on Mode are unde r de­
ve lopment. One perform ance tool, 
the Pac ifi c-S ie rra Research YAST-
2/i860 preprocessor vecto ri zes FOR­
TRAN DO and IF loops and auto­
matica ll y generates ca ll s to the i860 
Vector Primiti ve Library. The 
res tructuring of code can make a 
dramati c effec t upon performance. 
As compilers mature and take ad­
vantage of proven compil er technol­
ogy , the powerof the i860 architecture 
ava i table to today 's assembl y 
language programmer w i 11 be un­
leashed fo r the traditiona l hi gh level 
language programmer which will im­
mediate ly translate into increased 
system performance. 

The system used to measure 
i860 mi croprocesso r perfo rm ance is a 
s imple, low cos t add-in board . The 
memory subsys tem empl oys a sing le­
bank DRAM design with no ex terna l 
cache. Thi s design introduces excess 
wait states and hence a pe rfo rm ance 
pena lty compared to i860 micropro­
cessor-based worksta ti on des igns fo r 
memory-access intensive programs 
li keLinpack. 

Despite the sys tem suboptimi­
zations, the i860 microprocessor still 
outperforms other high performance 
RISC-based workstations and fil e ­
se rvers in the marketpl ace. The 
vec tor process ing capability of the 
i860 mi croprocessor di stingui she it 
from othe r microprocessors, as 
ev idenced by the Linpack res ults. 
In fac t, the i860 mi croprocessor 
ap proaches supercomputers and 
mainframes with vector hardware in 
vec to r pe rfo rmance. Improvements 
in compilers, vec tori ze r, vector 
libraries , memory subsys tem 
implementati on and operating 
frequency wil I further increase the 
system performance of the i860 
mi croprocessor. Poss ible pe rform ­
ance increases from compile r 
enhancements is ev idenced by the 
inc rease in Dhrys tone 1.1 results 
s ince the January 1990 update . 



Performance Summary 
i860 Microprocessor 
Benchmark Results 
Benchm ark results fo r the i860 
microprocessor are summari zed in 
T able I . The benchmarks were 
executed on the two AT* add-in board 
sys tem described in the Tes t Confi gu­
ration section. The Inte l board uses a 
33.3 MHz clock and the Alac ron 
board uses a 40MHz clock. 

Table 1 i860 Microprocessor 
Benchmark Results 

Benchmarks 33.3 MHz 

SPEC (S PECmark) 

Release 1.0 20.6 

Dhrystone (KD/S) 

Version 2. 1 68.7 
Version 1.1 94.6 

Dhrystone (MIPS) 

Version 2. 1 41.5 
Version I.I 53.8 

Stanford Integer (MIPS) 25.5 

Whetstone (MW /S) 

Single Precision 25.6 
Double Precision 20.0 

Linpack (MFLOPS) 

FORTRAN Double 4.5 

Coded Double 8.7 

Performance Comparisons 

40MHz 

24.3 

83.1 
114.0 

50.2 
64.9 

29.6 

31.7 
24.6 

5.4 
10.2 

The benchmark results fo r the i860 
microprocessor are compared with 
results fo r other mi croprocessors in 
Figures 1 th rough 4 . The publi shed 
perfo rmance results are fo r the 
fas tes t ava ilable system for each 
processo r. However, not all sys tems 
are equally configured . For example, 
some sys tems are confi gured with 
large amounts of ex ternal cache and 
main memory. In mos t cases , that 
will be the IBM* Power Stati on 540 
fil e server, MIPS M/2000 fil e se rver, 
SPARCserve r 490 and Motoro la 
Delta Series Mode l 86 12. Not all of 
the res ults reported here are fro m the 
fas tes t processor speed available for 

a specific manufac turer on all of the 
di ffe rent benchmarks. In these 
cases, the bes t results ava il able at 
thi s time are reported . The data on 
the MIPS R3000, Motorola 88000 
and Sun SPARC are publi shed data 
[SPEC 89][MIPS 89], [SUN 89] 

and [IB M 90]. 
Because other vendor proces­

sor implementati ons may not sca le 
linearly with the frequency, predi c­
tion of the ir perfo rmance results at 
higher frequencies by ex trapo lating 
is avo ided . 

SPEC Benchmark 

35.0 

30.0 

25.0 

20.0 

15.0 

10.0 

5.0 

0.0 

AL860 i860 CPU 

40MHz 33.3MHz 

KD/S 
120.0 

11 4.0 

100.0 

80.0 

60.0 

40.0 

20.0 

0.0 
AL860 i860 

40MHz 33 .3MHz 

2 

34.7 

IB M Power MIPS Motorola 

Station 540 M/2000 88000 

30MHz 25MHz 20M Hz 

Figure 1 

Dhrystone Benchmark 

72.2 

IBM Power 

Station 540 

30MHz 

Figure 2 

■ Version 2. 1 

D Version 1.1 

MIPS 

M/2000 

25 MHz 

35.7 

Motorola 

88000 

20M Hz 

SPARCserver 

490 33MHz 

27.8 

SPARC 

SYSTEM 

300 

25MHz 



As illu strated in the compari­
sons, a simp le DRAM-only i860 
mi croprocessor-based sys tem like 
the add-in boards used outperform 
most commercial RISC-based 
systems that are considerably more 

ex pensive. Those RISC sys tem s are 
more optimized in hardware and 
software. The i860 CPU sys tem 
performance lead will widen further 
as hardware and software designs are 
optimized. 

MWhet/S 

35.0 

30.0 

25.0 

20.0 

15 .0 

10.0 

5.0 

0.0 

31.7 

AL860 

40MHz 

MFLOPS 
14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 

10.2 

i860 CPU 

40M Hz 

Whetstone Benchmark 

i860 

33.3MHz 

32.2 

fBM Power 

Station 540 

30MH z 

Figure 3 

■ Double Precis ion 

D Single Precis ion 

MIPS 

M/2000 

25 MHz 

Motorola 

88000 

20MHz 

Linpack (Double Precision) 

i860 CPU 

33.3MHz 

13.0 

IBM Power 

Station 540 

30M Hz 

Figure 4 

■ Coded 

□ FORTRAN 

MlPS 

M/2000 

Motorola 

88000 

20M Hz 

3 

SPARC 

station I 

20M Hz 

2.7 

SPARC 

SYSTEM 

300 

25MHz 

Choice of Benchmarks 
The System Performance Evaluation 
Coopera ti ve (SPEC) was formed by 
a group of leading computer compa­
nies to develop a benchmark suite 
that better represent all aspects of 
computer performance than todays 
popular benchmarks. SPEC Bench ­
mark Suite Re lease 1.0 is the first 
re lease from SPEC. Since the 
release, the SPEC Benchmark Suite 
has rapidly ga ined popularity and is 
often the first pe rformance indicator 
requested espec ially in the worksta­
tion market. SPEC Release 1.0 
focuses on a mix of ten compute 
intensive actua l applications that 
provide a good indicator for sys tem 
comparisons. The SPEC Bench ­
mark Suite is written in both C and 
FORTRA and measures scalar, 
floating-point, and vector perform­
ance. 

Other we ll accepted " industry 
stand ard " benchmarks used are 
Dhrystone and Stanford Integer 
Suite to evaluate integer pe rform­
ance and Whetstone and Linpack to 
eva luate floating-point performance. 
Both version 2. I and I . I of 
Dhrys tone a re used. 



i860 Microprocessor Test Configurations 
The benchmark s were exec uted with the fo ll ow ing 
hardware/software configurations and conditions. 

Measured Systems 

i860 Microprocessor-based Add-in Board from Intel 

33 .3MHz i860 microprocessor, with 4-KByte instructi on cache 
and 8-KByte data cache 

• No ex tern a l second level cache 
8 MBytes of stati c co lumn DRAMs, organized in a sin gle 
bank configuration 
DR AM-onl y memory des ign 

- zero wait state for consecuti ve " NEx t- Ear" reads or writes 
within the same DRAM row 

- e ight wait states for read if CPU idle bus states occur 
between "NExt-NEar" bus cyc les 

- five wait states for writes if CPU idl e bus states occur 
between "NExt-NEar" bus cyc les 

- five wait states for reads from idle 
- two wait states for writes from idle 

Inte l ST AR860 Deve lopment system hos t and APX software 

AL860 Accelerator Add-in Board from Alacron: 

40MHz i860 microprocessor, with 4-KByte instruction 
cache and 8-KB yte data cache 
No ex te rna l second level cache 
8 MBytes of fas t page mode DRAMs, organi zed in a sin gle 
bank configurati on 
DRAM-onl y memory des ign 

- zero wait states for consecuti ve "NExt-NEar" reads or 
writes within the same DRAM row 

- zero wa it states for write afte r read " Ext-NEar" bus cyc les 
- two wa it states for read afte r write " NEx t- NEar" bus cyc les 
- five wa it states for fa r access 
- five wait states for an access from idle 
- quad port memory des ign with i860 microprocessor the idle 

owner and lowes t priority in arbitration . 
Inte l ST AR860 Deve lopment sys tem hos t, APX software 
tools, and Alacron rt860 run time environment 

Contac t Alacron for more de tail s on the AL860 Accelerator at: 
Alacron Inc. 
Suite 349,980 Broadway, 
Thorn wood , NY 10594 
Telephone (9 14) 948-3 145 
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Compilation and Run-Time Conditions 
Software: The Application Processor Executi ve (APX) Release 5 .0 soft ware 
connec ts the measured i860 mi croprocessor based add-in board to the 386 
microprocessor-based hos t machine. The APX soft ware res ides on both the 
hos t and the i860 mi croprocessor-based add-in board . It provides the sys tem 
call resources fo r i860 mi croprocessor appli cation code via U IX/386 sys tem 
ca ll s. The compile rs, linker, assembler and most o ther software tools execute 
on the i860 mi croprocesso r add-in board . 

The hos t ST AR860 sys tem is running U IX/386 System V Rel. 3.2 in 
multi-u ser mode. S tandard UN IX demons are running and a s ingle user is 
logged on. The AL860 Accele rator Board uses the same host sys tem and a 
UNIX interface dri ver and environment des igned by Alacron. 

Compilers: 

Benchmark 

SPEC 

Compiler Version 

Metaware High C R2. If 
Green Hill s Fortran 1.8.5 R5.0 
Pacific-Sierra Research Y AST-2 2.25.3 

Dhrystone 1.1 Meta ware High C R2. J f 

Dhrys tone2. I Green Hill s C 1.8 .5 

Stanford Green Hills C 1.8.5 

Whetstone Green Hill s Fort ran 1.8.5 R4. I 

Linpack Green Hills Fonran 1.8.5 R5 .0 
Pacific-Sierra Research V AST-2 2.25 .3 

Compiler OP-tions 

-0 -sched -Hi -bigalign 
-OLM 

-O-sched -Hi -bigalign 

-OLM 

-OLM 

-OLM 

-OLM 

Refer to compiler documems provided by the compi ler vendors for opt ion expl anation 

Vectorizer: The Pac ific-S ie rra Research Fort ran vectori zer (version 2.25 .3) 
fun cti ons as a preprocessor fo r vectori zing code. An equi va lent Fortran program 
conta ining ca ll s to vector libraries is produced . The vectori zer was used to 
optimi ze Linpack, SPEC 020.nasa7, SPEC 030. matri x300, and SPEC 047 .tom­
ca tv pri or to FORTRAN compilation. 

Libraries: Inte l vector library (version 2.25.3) and Inte l 's sca lar math library 
( ve rsion 1.1 ) were used. 
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Timing Measurements and APX 
Software Interrupt Overhead 

On the Inte l board the timing 
mechani sm is implemented via 75 Hz 
timer. Interrupts to the i860 mi cro­
processo r occur every 13.3 milli sec­
onds. Interrupt overhead in the 
APX software cannot be sing led out 
and hence is inc luded in the result s. 
As much as 4% perfo rmanee degrada­
tion due to the interrupt overhead has 
been identi fied in benchm arks. A 
similar timing mechani sm is used on 
the Alacron board w ith a 100 Hz 
t imer. The Stanfo rd Integer Suite 
executes too quickl y to accurate ly 
measure with a 13.3 milli second s 
timer, so the timer was set down to 
6.67 milli seconds for Stanfo rd Integer 
Sui te. 

The SPEC Benchmarks use the 
UNIX system function /bin/ time to 
time each of the IO benchmarks. As a 
res ult the time required to load the 
benchmark is included in the res ult. 
Thi s is a di sadvantage fo r the add-in 
boards with slower 1/0 sys tems. A 
one to e ight per cent pe rfo rmance in­
crease on the di ffe rent SPEC bench­
marks can be ex pec ted on a UNIX/ 
860 based sys tem with a well de­
signed 1/0 sys tem. 



Benchmark Results 
The benchmark results are di scussed 
be low. A brief description of each 
benchmark is also g iven. Pe rfo rm­
ance numbers fo r othe r microproces­
sors are published data [SPEC 90 , 
MIPS 89, SUN 89] . 

SPEC 
The SPEC Benchmark Suite Re lease 
1.0 consists of 6 Fortran and 4 C 
benchmarks th at are intended to be 
meaningful samples of applications 
which perfo rm fi xed-point, fl oating­
point , logical, and arithmetic opera­
ti ons in a technical computing envi­
ronment. 

The SPEC Benchmark Suite 
Re lease 1.0 benchmarks have been 
deri ved from publicly-available 
applica tion programs. The GNU C 
compile r benchmark exhibits a 
moderate amount of I/O . The re­
maining nine benchmarks ex hibit 
little or no I/O. All ot the SPEC 
Benchmark were executed in 
accordance with the SPEC reporting 
rules . Portability changes were 
required fo r GNU C and Eqnto tt . A 
bri ef expl anation of each benchm ark 
used in our tests fo llows. 

GNU C Compiler 
The GNU C Compiler (GCC) 
benchmark is a CPU-intensive, 
integer-intensive benchm ark . The 
G U C Compile r benchm ark meas­
ures e lapsed time and not CPU time. 
It is based on the G NU C compiler, 
ve rsion 1.35, di stributed by the Free 
Software Foundati on. The A PX 
environment does not support the 
U IX function "fork ", so the GCC 
compil er was executed with a she ll 
sc ript. 

Minor portability changes were 
required to make the GCC source 
code confo rm to ANSI standard 
syntax. 

Espresso 
Espresso is an appli cati on program 
used as a design tool in generation 
and optimization of programmable 
logic arrays. It is an integer­
intensive application and as a result 
prov ides info rmation on the capa­
bilities of the system as a logic 
s imul ator or when used in applica­
tions such as routing algorithms. 

Spice2G6 
Spice is an anal og c ircuit- simulation 
package whi ch perfo rms mos t of its 
heavy number-crunching in double­
prec ision fl oating-po int. It is consid­
e red to be a real application as op­
posed to a synthe ti c benchm ark and 
the refore is a ve ry good representa­
tion of the sys tem 's capabilities as 
an EDA pl atfo rm . 

Doduc 
Doduc is a Monte Carlo s imulation of 
the time evolution of a the rm ohydra u­
li c mode l of a nuclear reac tor compo­
nent. It perfo rm s many short branches 
and loops and uses 64-bit fl oating­
po int numbers. It is popul ar in 
segments of the phys ics community. 

Nasa7 
Nasa7 stands for the seven modules in 
the NASA A mes Kerne l benchmark . 
It is a collection of floating-point 
intensive matri x computations. These 
computati ons are highly para lle l in 
nature and bene fit from vec tori za­
ti on. 

Li 
Li is a Li sp interpreter and it meas­
ures the time required to so lve the 9-
queens problem . It is a CPU-
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intensive integer benchmark . 

Eqntott 
Eqntott is an integer-intensive 
benchmark written in C whose 
primary task is sorting . It translates 
a logical representation of a Boolean 
equat ion into a truth table . It uses 
dynamic memory allocation. The 
APX env ironment does not support 
the UNIX fun ction " fork", so the 
"fork" process that executes the pre­
processor was removed. The effec t 
on performance was not measurable 
with the /bin/ time timer accuracy on 
a UNIX/386 sys tem and is assumed 
to be negligible on the i860 micro­
processor also . 

Matrix300 
Matrix300 is a vectorizable Fortran 
scientific benchmark that performs 
matrix operations. It measures the 
time elapsed between two internally 
defined points within the benchmark . 

Fpppp 
Fpppp is a quantum chemistry fl oat­
ing-point-intensive benchmark that 
measures pe rformance on a two­
e lectron integral de ri vative 
computation . 

Tomcatv 
Tomcatv is a vecto ri zable fl oating­
point Fortran benchmark that does 
little 1/0. It was ori ginally intended 
to measure the actu al computation 
time, not including prog ram load 
and initi ali zation code execution. 



SPEC Benchmark Release 1.0 Summary 

RESULTS SPEC AL860 
R eference Accelerator 

Benchmark Time Time SPEC 
No.&Name (seconds) (seconds) Ratio 

001 .gcc* 1482 100 * 14.8* 

008 . espresso* 2266 105 * 2 1.6* 

013 . spice 2g6 2395 1 1320 18 .1 

015 . doduc 1863 109 17. 1 

020. nasa7 20093 351 57.2 

022. li * 6206 286* 21.7 * 

023 . eqntott* 1101 60* 18.4* 

030. m atri x300 4525 161 28. 1 

042. fpppp 303 8 117 26.0 

04 7. tomcatv 2649 6 1 43.4 

Geometric Mean 24.3 * 

Tested in: May 1990 By : Intel Corp. 
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Alacron Inc. 
AL860 Accelerator 

Hardware 
Model umber: AL860 Acee!., 386/25A T host 
CPU: i860 40MHz 
FPU: Integrated 

umber of CPUs: I 
Cache Size Per CPU: Integrated 8KB data/4KB instruc. 
Memory: 16MB 
Disk Subsystem: 179MB SCSI Winchester 
Other Hardware: 60MB SCS I Tape/Floppy 

Software 
0 /S Type and Rev U IX386 Sys V R3.2, APX RS 

AL860 runtime from Alacron<1> 

C Compiler Rev: Metaware Hi C 2. 1 f 
FORTRAN Compi ler Rev: Green Hil ls 1.8.5 

PSR V AST-2 V 2.25 

Tuning Parameters: 
Background Load: 

System 
one in use 
one 

System State: Single-user log-on 

General Availab ili ty : Now 

Of: Santa Clara, CA SPEC License# 014 

-022- -023- -030- -042- -047-
li eqntotl matrix300 fpppp tomcatv 

SPECmark 
= 24.3* 

(geo. mean) 

Notes/Summary of Changes (*portability changes to the benchmarks) 
* gee: 1. 35 has numerous changes to bring it to A SIC compli ance. See note <1> below. 
* espresso: has one change of std lib consistency. 
* Ii : has one change to convert "vararg" to "stdarg". 
* eqntott : See note<1l be low . 
( l l The Alacron runtime environment does not support " fork" , therefore: gee 1.35 executes "cc I" fro m a shell script; and, eqntott has 

the fork ca ll to the preprocessor commented out. 0. I seconds (the time fo r an i386 CPU to execute the preprocessor) has been 
added to the time to compensate . 
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SPEC Benchmark Release 1.0 Summary 

RESULTS SPEC Intel Corp . 
Reference STAR860 

Benchmark Time T ime SPEC 
o. & Name (seconds) (seconds) Ratio 

00 1. gcc* 1482 11 9.8 * 12.4* 

008. espresso* 2266 I 13. l * 20.0* 

013 . spice 2g6 2395 1 1620.0 14.8 

015 . doduc 1863 11 9.5 15 .6 

020. nasa7 20093 446.8 45.0 

022. li* 6206 350.0 * 17.7* 

023 . eqntott* 1101 62.0 * 17.8* 

030. matrix300 4525 2 10.9 21.5 

042 . fpppp 3038 139.6 2 1.8 

04 7. tomcatv 2649 74.0 35 .8 

Geometric Mean 20.6* 

Tested in : May 1990 I By: Intel Corp. 

60 --

50 --

Mode l Number: 
CPU : 
FPU : 

umber of CPUs: 
Cache Si ze Per CPU : 

Memory: 

Di sk Subsystem : 
O ther Hardware : 

O/S Type and Rev : 

C Compi ler Rev: 

Hardware 
STAR860 

Intel Corp. 
STAR860 

i860 CPU 33.3M Hz 

Integrated 
I 

Integrated 8KB data/4KB instruc. 
8MB 
179MB SCS I Winchester 
60MB SCS I Tape/Floppy 

Software 
UN IX 386 Sys V R3 .2 
APX 1.2 R5111 

Metaware Hi C 2. 1 f 
FORTRAN Compiler Rev: Green Hill s 1.8.5/ 

PSR V AST-2 V 2.25 

System 
Tuning Parameters : 

Background Load: 
Sys tem State: 

None in use 

None 
S ingle-user log-on 

Ge neral Availabili ty : Now 

Of: Santa Clara, CA I SPEC License # 014 

40 _,... 

30 _._ I\ -
SPECmark 

= 20.6* 
(geo . mean) 20 _,... 

10 _._ 

0 I I 

-00 1- I -008- I -0 13-
gcc espresso spice2g6 

I 
I 

-015-
doduc 

' 
I 

-020-
nasa7 

' 
I 

=------l_ ....... ---

-022-
li 

I 

I 
-023-

eqntott 

Notes/Summary of Changes (*portability changes to the benchmarks) 

I ' 
I I 

-030- -042-
matri x300 fpppp 

I 

I ' 
I 

-047-
tomcatv 

* gee: 1.35 has numerous changes to bring it to A SI C compatib le. See note <1l below. None of the changes affect performance. 
* espresso: has one change of std lib cons istency. 
* Ii: has one change to convert "vararg" to "stdarg". 
* eqntott: See note11 l be low. 
<1> The APX environment does not support "fork", therefore: gee 1.35 executes "cc I" from a shell script; and , eqntott has the fo rk 

ca ll to the preprocessor commented out. 0. I seconds (the time fo r an i386 CPU to execute the preprocessor) has been added to 
the time to compensate. 
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Table 2 SPEC Benchmark (rel. 1.0) Summary 

Gee Espresso Spice2G6 Doduc Nasa7 Li Eqntott Matrix300 Fpppp Tomcatv Specmark System 

7.6 8.9 7.0 8.3 9.7 9.7 8.8 7.2 8.9 7.3 8.3 DECstation 2 100 

13.8 12.2 8.8 5.8 5.8 16.8 I 1.0 9.5 7.0 4.3 8.7 Intel i486 CPU at 25M Hz 

9.6 12.8 8.2 6.7 8.9 12.9 10.3 10.3 8.0 8.0 9.4 Data General AV 4 10 

8.6 11.8 9.0 9.9 13.3 14.2 11.5 9.6 4.9 I 1.0 10.0 MIPS RC2030 

10.9 12.0 9.5 11 .3 13.2 13. 1 11.2 9.8 12.5 9.9 11.3 DECstation 3 100 

I 1.0 14. 1 9.1 12.8 12.8 12.2 13.6 10.4 I 3.4 9.9 11.8 DECsystem 5400 

13.8 11 .6 11.4 9.5 14.0 11.2 12.6 14.7 13.1 8.2 11.8 Sun SPARCstation 330 

13.4 13.9 10.6 II.I 12.6 15.5 13.3 9.9 12.2 10.7 12.2 CDC 920B-450 

13.4 13.9 10.6 I I. I 12.6 15.5 13 .3 9.9 12.2 10.7 12.2 Silicon Graphics 4D/25S 

18. 1 16.7 10.0 14.7 14.4 16.3 16.2 9.7 16. 1 10.8 14.0 CDC 9 I OB-62 I 

18.1 16.7 10.0 14.7 14.4 16.3 16.2 9.7 16.1 10.8 14.0 Silicon Graphics 4 D/2 l OS 

15 .3 17.3 13 .6 15.8 18. 1 20.3 17.2 13.6 17.5 14.2 16.2 CDC434u 

12.8 12.9 11 .9 23.0 20.5 I I.I I I.I 22.0 32.0 19.9 16.6 HP Apollo Series 10000 

19.2 18 .0 13 .5 17. 1 18.4 23.9 18.4 13.3 20.0 16.9 17.6 CDC4360 

19.0 18.3 12.1 17.6 18.4 23.8 18.4 13.3 20.4 17.7 17.6 MIPS M/2000 

18.8 18 .1 13.5 17.4 18.4 23 .9 18.4 13.4 20. 1 17 .1 17.7 CDC 4380 

18.3 23.0 14.8 12.2 17.5 23.9 20.7 21.5 15.3 14.9 17.8 Motorola Delta Series Model 8612 

17.3 18.5 13.7 18.2 22.6 2 1.8 18.4 17.0 22.0 17.3 18.5 DECstat ion 5000 200 

12.4 20.0 14.8 15.6 45 .0 17.7 17 .8 21.5 21.8 35 .8 20.6 Inte l i860 µ P board at 33.3MHz 

13.7 16.3 19.8 2 1.6 26.6 15 .6 17.7 17.5 42.9 56.5 22.3 IBM RISC System/6000 320 

14.8 21.6 18.1 17.1 57.2 21.7 18.4 28.l 26.0 43.4 24.3 AL860 Accelerator at 40MHz 

17.8 20.7 27.6 27.7 35.5 19.8 23.0 2 1.8 54.7 75.7 28.9 IBM RISC System/6000 530 

I 7.8 20.3 14.7 19.7 62 .9 18.1 18.2 108.5 29 .1 61.9 29.0 Stardent Computer Stardent 30 I 0 

21.0 24.9 33.2 33.1 43.4 23 .7 26.7 26.5 65.8 91.0 34.7 IBM RISC System/6000 540 
44.5 43 .7 37.7 38 .3 39.6 44 .9 35.6 52.4 52.2 36.8 42.2 MIPS RC6280, 60MH z Beta 

Source: Inte l, [S PEC 90] 
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Dhrystone 
Dhrystone was developed in ADA 
by R . Weicker in 1984. C ve rsions 
of the benchm ark are more com­
monl y used . It is a syntheti c integer 
benchmark with it s in structi on 
profil e based on program analys is. 
Lang uage constructs used in typi ca l 
programs in a va ri ety of languages 
were ana lyzed . The benchm ark 
inc ludes weighted pe rcentages of 
procedural ca lls, loops, integer as­
signments, in tege r arithmeti c and 
log ica l ope rati ons. It is des igned to 
meas ure sys tem programmin g 
pe rfo rm ance. The refore , it evalu ­
ates no t only mi croprocesso r pe r­
fo rmance but a lso compi ler effi ­
c iency. The res ult is ex pressed in 
Dhrys tones/second (D/S). Th e 
Dhrys tone tes t was exec uted with a 
loop count of 1,000,000 and timed 
usin g the 6.6 mil lisecond timer on 
the i860 mi croprocesso r card . 

When Dhrys tone results are 
quoted without additi onal qu a lifi ca­
ti ons, they a re obta ined with the 
REGS attribute fo r inte rp rocedu ra l 
reg iste r all ocation. Some vendors 
qu ote a MIPS pe rfo rmance ratin g 
fo r the ir processor by di viding 
Dhrystone ve rsion res ults by results 
obta ined on the VAX 11 /780. By 
thi s meas ure , the 40 MHz i860 
mi croprocessor becomes a 50 .2 
MIPS C PU fo r Version 2. l . Thi s 
result is prov ided he re fo r 
compari son w ith s im ilar meas ure­
ments publi shed . 

Vers ion 2. 1 res ult s are more 
des irab le than the Version 1.1 
res ult s. Many benchm ark reports 
prov ide res ult s using Vers ion 1. 1. 
Vers ion 2. 1 inc ludes mod ifi cati ons 
des igned to defea t code suppress ion 
by optimi zing compi lers. Both 
res ult s have been inc luded he re for 
com pa ri son. 

The i860 mi croprocesso r pe r­
fo rm s 68.7 KD/S at 33.3 MHz and 
83. 1 KD/S at 40MHz fo r Version 
2 .1 and 94.6 KD/S at 33.3 MH z and 
114.0 K D/S at 40 MHz fo r Version 
1.1. Sing le cyc le tes t and branch, 
128 -bit loads and othe r un ique 
architecture fea tures contribute to 

Table 3 Dhrystone (ver. 2.1) Benchmark Resul ts 

DIS Rel. Systems 

the hi gh pe rfo rmance. 
Li sted in Tables 3 and 4 are the 

res ults of ve rsions 2. 1 and 1.1 
respec ti ve ly of Dhrys tone fo r the 
i860 microprocesso r and the 
pu bli shed data for othe r 
mi croprocesso rs and the ir compa­
ra ble MIPS rating. 

1,657 1.0 DEC VAX 11 /780, 4.3 BSD cc [M JPS 88) 

1,784 I. I DEC VAX 11 /780 4.3 BSD gee [MLPS 89] 

22 ,400 13.5 DECstation 3 100cc 1. 31 

24.700 14.9 MIPS M/ 12-5 cc 1.3 1 

25,500 15.4 MIPS M/120-5 cc 2.0 RISC/OS 3.10 

25,600 15.4 MlPS RC2030 cc 2.0 RISC/OS 3. 10 

3 1,989 19.3 Intel i486 CPU at 25M Hz, hand coded strcmp 

33.296 20. 1 Motorola Sys8600, 20MHz 88000 [Mot 89] 

38 ,800 23.4 MIPS M/2000-8 cc 1.3 1 

39,400 23.8 MLPS M/2000-8 cc 2.0 

68,700 41.5 Intel i860 µ P boa rd at 33.3M Hz 

83,100 50.2 AL860 Accelerator 40M Hz 

Source : Intel, [M IPS 89]. [SUN 89] 
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Table 4 Dhrystone (ver. 1.1) Benchmark Results 

D/S Rel. Systems 

1,571 0.9 

1.757 1.0 

3,850 2.2 

6.374 3.6 

6,423 3.7 

6.440 3.7 

6,896 3.9 

7. 109 4 .0 

7, 140 4. 1 

7.249 4 .2 

7,409 4.2 

7,655 4.4 

8,309 4.7 

9 ,436 5.4 

9,920 5.6 

10,416 5.9 

10 ,7 87 6. 1 

11 ,2 15 6.4 

12,639 7.2 

13.000 7.4 

13, 157 7.5 

14. 109 8.0 

14 ,195 8.1 

14.820 8.4 

15,007 8.5 

15.576 8.9 

18 ,530 10.5 

19.000 10.8 

19.800 11.3 

22 ,049 12.5 

23.430 13.3 

23 ,700 13.5 

25 ,000 14.2 

25 ,46 1 14.5 

27.400 15.6 

27,777 15.8 

28,846 16.4 

3 1,250 17.8 

35,285 20.1 

35,653 20.3 

35,7 14 20.3 

43, 100 24.5 

43,668 24 .9 

48 .300 27 .5 

53, 108 30.2 

60.700 34.5 

72 ,200 41.1 

94,557 53.8 

114,025 64.9 

Source: Intel. [M IPS 89], [S UN 89] 

VAX I 1n80, 4 .3 BSD, f77 [M IPS 88] 

VAX I 1n80 VAX/VMS 4.2 [Intergraph 86] 

Sun-3/ 100 [Muchnick 88] 

Sun-3/260, 25M Hz 68020 SunOS 3.2 

VAX 8600, 4 .3 BSD 

LBM 438 1-2. UTS V, cc I.I I rBM 438 1-2, UTS V, cc I.I I ________________ ~-~----' 

Intergraph lnterPro-32C SYSV R3 3.0.0, Greenhill s, -0 

Apollo DN4000, -0 

Sun-3/200 [Muchnick 88] 

Convex C- 1 XP 6.0, vc I. I 

VAX 8600, VAX/V MS in [Intergraph 86] 

A lli ant FX/8 [A lliam 86] 

lnterPro-326, 30MHz Clipper, Greenhills [Intergraph 86] 

Convergent Server PC. 20MHz, 80386, Greenhi ll s 

HP 9000/840S [HP 87] 

VAX 8550, VAX/VMS 4.5. cc 2.2 

VAX 8650. VAX/VMS [Intergraph 86] 

HP 9000/840. HP-UX, full optimization 

HP 9000/825S [HP 87] 

MIPS M/500, 8M Hz R2000. -0 3 

HP 825SRX [Sun 87] 

Sun-4/ 1 IO [Sun 88] 

Mult iflow Trace 7/200 [Multiflow] 

CRAY I S 

IBM 308 I, UTS S R2.5 , cc 1.5 

HP 9000/850 [HP87] 

Cray X-MP 

Sun-4/200, 16.7M Hz SPARC [Muchnick 88] , -0 3 

MIPS M/800. 12.5 MHz R200, -03 

Sun SPARCstati on I [Sun 89] 

HP 835S [R ISC Mgmt, 88] 

MIPS M/ 1000. 15MHz R2000. -03 

DECstation 3 I 00 

Apollo DN IOOO0 [Apollo 88] 

MIPS M/ 120-5 , 16.7MHz R2000, -0 3 

Su n SPARCsystem 300, SunOS 4.0.3 [Sun 84] 

Amdah l 5860. UTS-V. cc 1.22 

IBM 3090/200 

Intel i486 CPU at 25M Hz. hand coded strcmp 

AMD 2900, 25MJH z. 2 8K caches (s imulation) [A MD 88] 

Motorola 88000, 20M Hz [M IPS 89] 

MIPS M/2000. 25MHz R3000, -0 3 cc 2.0 

Amdahl 5890/300E. cc-O 

IBM Power Stati on 320 

CC I Power 7/64 (s imulation ) [Simpson 88] 

IBM Power Station 530 

IBM Power Station 540 

Intel i860 µ P board at 33.3M Hz 

AL860 Acce lerator at 40MHz 

II 



Stanford Integer Suite 
The S tanford Intege r Suite is a co l­
lec ti on of program s wh ic h are sma ll 
both in te rm s of s ize and exec uti on 
time. They were or ig in ated from the 
Compute r Systems Lab at Sta nford 
Uni ve rs ity. They are samples of 
code chosen from various app li ca­
tion s. The limitations are in the ir 
re lat ive ly small program size and 
short exec uti on time. The res ults are 
meas ured in seconds; however, 

VAX MIPS numbe rs are de rived by 
comparing timings to the VAX 11 / 
78 0. 

The hi gh speed of the i860 
mi croprocessor has made the meas­
ure ment of short exec ution times 
very imprec ise g iven the crude 
timing mechani sm imple me nted on 
the meas ured sys te m. As much as 
16-20% e rror in some modul es in the 
suite has been ide ntified . With the 
time r pe riod of 13.3 milli seconds, 

Table 5 Stanford Integer Suite Benchmark Results 

Penn Tower Queen lntmm Puzz le Quick Bubble Tree Geo Rel. 

(Sec) (Sec) (Sec) (Sec) (Sec) (Sec) (Sec) (Sec) Mean Perf 

2.34 2.30 .94 1.67 11 .23 1.1 2 I.SI 2.72 2. 14 .7 

1.60 l.O 

.63 .63 .27 .73 2.96 .3 I .44 .69 .62 2.6 

.75 .95 .30 .40 1.82 .34 .39 1.24 .53 3.0 

.41 .48 . 18 .25 1.09 .20 .23 .70 .36 4.4 

.28 .35 . .17 .42 2.22 .18 .25 .35 .35 4.6 

.28 .35 .13 . 15 .88 .13 .1 7 .50 .26 6.2 

.1 8 .24 .1 5 .23 1.15 . l 7 .19 .34 .26 6.2 

.22 7.3 

.12 .16 . 11 .13 .61 .10 .12 .22 .16 10.0 

. II . 17 .09 .15 .55 .10 .12 .20 . 15 10.7 

.097 .124 .067 .135 .694 .089 .124 . 142 .136 11.8 

. 10 .13 . IO .11 .5 1 .08 .10 .17 . 13 12.3 

.097 .118 .077 .089 .458 .072 .092 .164 .118 I 3.3 

. 11 6 .13 .09 1 .088 .48 .071 .092 . 154 . 11 5 I 3.9 

.066 .096 .052 . 120 .559 .077 .089 .130 .109 14.7 

.065 .078 .045 .059 .303 .048 .060 . 108 .075 2 1.3 

.060 .073 .040 .033 .207 .040 .053 .093 .063 25.5 

.050 .060 .040 .030 .170 .030 .050 .080 .054 29.6 

Source: Intel [MIPS 89] [SUN 89] 
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the tests take from 2 to 16 c lock 
ti c ks to complete. Therefore , the 
time r period was changed to 6.7 
milli seconds for thi s benchmark to 
improve the accuracy of the meas­
urement. The measured numbers are 
inc luded here for comple teness. 
Li sted in Tabl e 5 are the Stanford 
Integer Suite result s for the i860 
microprocessor and the publi shed 
data for othe r microprocessors 
[MIPS 89 ]. 

Systems 

VAX 11 /788 4.3 BSD 

VAX 11/180 est. [MIPS 88] 

VAX 8600 Ultri x 1.2 

Sun-3/100 

Sun-3/200-03 

VAX 8550 Ultrix 2.0 cc-0 

VAX 8550 Ultri x 2.0 vcc-0 

MIPS M/500 

Sun-4/ 11 0 [Sun 88) 

MIPS M/500 

Sun-4/200, 16.7 MHz SPARC 

29K+VRAM, 25MHz [AMD 88] 

MIPS M/ 1000 

MIPS M/120-5 

DECstation 3 100 

29K cache, 25MHz [AMD 88) 

M/2000-8 , 25MHz R3000 cc 1.3 1 

Intel i860 µ Pat 33.3MHz 

AL860 Accelerator at 40MHz 



Whetstone 
The Whe tstone be nchm ark was 
deve loped in the late 1960's by 
C urnow and Wi c hma n at the 

a ti onal Phys ica l Laboratory in 
Whetstone, Eng land . It was de­
s igned to predict the performance in 
a fl oating-po int inte nsive environ­
ment. The be nchm ark is a syntheti c 
mi x of fl oat ing- po int and integer 
arithme ti c , tran scendental function s, 
floating-po int array comput ati ons, 
and subroutine ca ll s. It is based o n 
sta ti sti cs on sc ienti fie Fortran 
programs. The s ize of the meas ure­
ment is rat he r sma ll and hence fit s in 
the cache for most syste ms. It is a 
popul a r workstati on benchmark . 
The result is measured in Whetstone 
In structi ons/ econd (MW/S) and is 
usua ll y re posted as thou sands of 
Whe tstones pe r second (KW/S) or in 
milli ons of Whetstones pe r second. 
Whetstone code is not vec to ri zable 
and hence evalu ates scalar pe rfo rm­
ance . 

The s ing le-prec is ion and 
double-preci s ion results obta ined on 
the measured 33.3 MHz sys te m are 
25.6 MW/Sand 20.0 MW/S. Meas­
ured result s on the 40 MHz sys te m 
are 3 1.7 MW/Sand 24.6 MW/S. 
The i860 mi c roprocessor aga in 
de li ver hi ghe r scalar perform ance 
than othe r microprocessors. Im ­
provements in the pe rform ance a re 
ex pec ted w ith future release of the 
compile rs and librari es. Li sted in 
Ta bl e 6 are Whe tstone be nc hm ark 
res ult s for the i860 microprocessor 
and the publi shed data for othe r 
mi croprocessors . 

Table 6 Whetstone Benchmark Results Table 

DP SP Systems 
(Kwips) (Kwips) 

41 0 500 VAX I 1n80. 4.3 BSD. f7 7 [MIPS 88) 

715 1.893 VAX I 1n80. LLL compi ler [M IPS 88) 

30 1.250 VAX I 1n O VAX/V MS [Intergraph 6) 

924 1.039 Sun-3/ 160C. 6888 1 [Wilson 88) 

1.230 1.250 Sun-3/260. 25MH z 68020. 20MHz 6888 1 

1,58 1 1.886 Apollo D 4000. 25M Hz 68020. 25MHz 6888 1 [Wilson 88) 

1.730 1.860 Intel 80386+80387. 20MH z. 64K cache. Greenliill s 

1,740 2.980 Intergraph lnterPro-32C 30MHz Clipper [Intergraph 86) 

1.863 2.433 Sun-3/260. 25MHz 6 020. 20MHz 6888 1 

2,092 3, 11 5 HP 9000/840S [HP 87) 

2.433 3.52 1 HP 9000/ 25S [HP 7) 

2.590 4, 170 Intel 80386+Wei tek 1167. 20M Hz. Greenhill 

2 ,673 3.569 Sun-3/260. Wei1ek FPA [Wilson 881 

2.670 4,590 VAX 8600. VAX MS [Intergraph 86) 

2,907 4.202 HP 9000/850S [HP 87) 

2.940 4,215 Sun-4/ 1 IO [S un 88] 

3,885 5.663 Sun-4/200. 16.7MHz SPARC. Wietek I 164/5 [Wilson 88 ] 

3.950 6.670 VAX 8700. VAX/V MS, Pascal(?) [Mcinnis 871 

4,000 6,900 VAX 8650, VAX/VMS [Intergraph 86) 

4.120 4.930 Alliant FX/8 ( ICE) [Alliant 86) 

4.200 Convex C- 1 XP [Multiflow] 

4.220 5.430 MIPSM/500 

- .637 5.903 Inte l i486 25 MHz 

6,600 HP 835S [R ISC Mgmt , 88) 

6.930 8.570 MIPS M/800 

7,000 10.500 Motorola 20MHz 88000 [MIPS 89) 

7,960 10,280 MIPS M/ 1000 

8,820 11.500 DECstation 3 100. f77 1.31. -03 

9, 100 11 ,400 MIPS M/ 120-5 

12.605 Multi fl ow Trace 7/200 [Multi flow I 
14,100 18,000 MIPS M/2000-8. 25MHz R3000/R3010, f77 s.O 

14.069 CCI Power 7/64 ( imulation) [Simpson 88) 

14 .924 16.969 Apollo DN 10000 [Apo llo 88) 

20,000 25,641 Intel i860 µ P board at 33.3MHz 

24,600 31,700 AL860 Acce lerator at 40MHz 

25.000 IBM 3090-200 [Mu ltiflow] 

35,000 Cray X-MP/ 12 

Source: Intel. [MIP 89). [S U 89) 
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Linpack 
Linpack is a co ll ection of Fortran 
subroutines which analyze and so lve 
simultaneous linear algebra ic equa­
ti ons. The benchmark is highl y 
flo ating-point computat ion inten­
sive. It was o rig inally des igned by 
Jack Dongarra , e t a l, of the Argonne 

at iona l Laboratories in 1978. The 
intent was to g ive users of the Lin pack 
software package information on 
execution time on solving a sample 
sys tem of linear equations. Since 
arrays are the primary data structures , 
the benchmark can be vectorized. As 
a result , it is often used to benchmark 
in supercomputing or vec tor process­
ing environments. The benchm ark 
result is ex pressed in MFLOPS 
(millions of floating-point operations 
per second). 

Most of the fl oating-point 
operati ons take pl ace in the subrou­
tine, DAXPY (fo r double preci s ion; 
SAXPY for s ingle prec ision) whi ch is 
part of the Basic Linear Al gebra 
Subprograms (BLAS) in the Lin pack 
softw are package. The subroutine is 
repea tedly ca l led by two major timing 
ro utines, DGEFA and DGESL (for 
doubl e prec ision ; SGEFA and SGESL 
fo r s in gle prec ision) which pe rfo rm 
standard LU decomposition with 
partial pi voting and back-substitution. 
A lthough I00x l00matri xcalcu la­
ti ons are to be performed , the inner 
loop refe rences the arrays in the one­
dimensional form , y[i] = y[i] +a * 
x[i] . A ll ca lcul at ions are fl oating­
point. The vector statement is 
exec uted approxim ate ly n3/3 + n2 

times within the inner loop where n 
is equ a l to the matrix o rde r. The 
inne r loop dominates the tota l exe­
cution time. 

The standa rd ve rsion of BLAS 
is written in Fortran; however, 
assembl y coded BLAS can a lso be 

used to optimize for the underlying 
microprocessor architec ture. In 
add iti on, the Fortran BLAS comes 
in two fo rms: rolled and unrolled . 
Unrolling mean s repeating code 
inside a loop to minimi ze loop 
overhead. Usua ll y the BLAS loops 
a re unro lled. However, rolled loops 
a ll ow the compile r to recogni ze the 
vector loops to take advantage of 
vectorization . 

For mos t sys tems, the data has to 
be fetched from ex ternal memory due 
to the need fo r large amounts of data 
on the fly. Therefore, no t onl y the 
floating-point pe rfo rmance, but a lso 
the memory subsys tem design is 
evaluated . To take full advantage of 
the paralle l architecture of the i860 
microprocessor, one should code the 
BLAS in assembl y code. The capa­
bilities of du al fl oating po int opera­
tions (multiplicati on and addition) pe r 
in struction and dual instructi ons per 
c lock a llow the i860 mi croprocessor 
to perform the inne r loop: y[i] = y[ i] 
+a * x[ i] at hi gh speed . The dual 
operati on in struction a ll ows the 
arithmet ic in the inner loop to com­
plete in one c lock. The loading of x[i] 
makes use of the pipe lined load 
(PFLD) in struction, which is unique 
on the i860 microprocessor. y[ i] is 
obtai ned from the cache. The final 
results are pipelined through the 
adder pipe and stored in memory one 
res ult pe r c lock. The data movement 
and add/multipl y instruc tions are 
executed in para ll e l in dual 
instruct ion mode . 

The vectorized Fortran (rolled ) 
and assembl y code (coded) double 
preci sion Linpack performance of 
the i860 microprocessor was meas­
ured at 4 .5 MFLOPS and 8 .7 
MFLOPS on the 33.3 MHz board. 
At 40 MHz , the result s were meas-
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ured at 5.4 MFLOPS and 10.2 
MFLOPS respective ly. Since 
Linpack constantly requires data 
from ex te rnal memory, the simple 
DRAM•onl y memory design on the 
measured sys tem results in excess 
wait states. A high percentage of the 
memory accesses which could have 
been zero-wa it-state page mode 
accesses to the DRAM have been 
found to be starting from idle state in 
the DRAM state machine. Thi s 
means that the tes ted configuration 
will see e ight wait states fo r reads 
and five wa it states for writes. 

Li sted in Table 7 are the 
measured results for the i860 mi cro­
processor and the publi shed data fo r 
othe r microprocessors. The com­
piled pe rformance of the MIPS 
R3000 is within 5% of its hand­
coded performance. That is a good 
example of mature software bringing 
compil ed pe rfo rmance c lose to the 
inhe rent performance leve l of an 
underl ying architecture. Therefore, 
the vecto ri zed Fortran perform ance 
of the i860 microprocessor is ex­
pec ted to approach the assembl y 
coded pe rformance as sys tem 
software continues to mature. 



Table 7 lO0xlO0 Linpack Benchmark Results 

DP DP Systems 
Fortran Coded 

(MFLOPs) (MFLOPs) 

.10 Sun-3/ 160, 16.7 MHz (Rolled BLAS) 

. 11 Sun-260, 25MHz 68020+20MHz 6888 1 (Rolled BLAS) 

.13 . 16 DEC MicroY AX II , YAX/VMS 

.1 4 Apollo DN4000, 25MHz (68020+6888 I) [ENEWS 87] 

.1 4 YAX I 1n80, 4.3 BSD. LLL Fonran [ours] 

.14 .1 7 VAX I 1n 80, VAX/VMS 

.20 80386+80387, 20M Hz, 64K cache, Greenhill s 

.29 .49 Intergraph 1P-32C, 30MHz Clipper [Intergraph 86] 

.38 80386+Weitek 11 67 , 20MHz, 64 K cache, Greenhill s 

.41 Sun-3/160, Weitek FPA (Rolled BLAS) 

.4 1 .45 DEC Micro VAX 3200/3500/3600, YAX/VMS 

.45 .54 HP 9000/840S [HP 87] 

.46 Sun-3/260, Weitek FPa (Ro lled BLAS ) 

.49 .66 VAX 8600. VAX/VMS 4.5 

.49 .54 HP 9000/825S [HP 87] 

.57 .72 HP 9000/850S [HP 87] 

.60 .72 MIPS M/500, f/7 1.2 1 

.65 .76 VAX 8500. VAX/VMS 

.70 .96 VAX 8650. VAX/VMS 

.78 IBM 9370-90, VS FORT 1.3.0 

.86 Sun-4/ 1 IO [Sun 88] 

.99 1.2 VAX 8550/8700/8800, VAX/VMS 

1.0 1.2 Intel i486 CPU at 25 MHz 

I. I Sun-4/200 16.7MHz SPARC (Rolled BLAS) w/Weitek 1164/5 [Sun 87a] 

1.2 1.3 MIPS M/800, f77 1.31 

1.2 2.2 Mowroia 88000, 20MHz, 128K cache [MIPS 89] 

1.3 Sun SPARCstation I, SunOS 4.0.3 [Sun 89] 

1.5 1.7 ELXSI 6420 

1.5 1.6 MIPS M/1000. f/7 1. 31 

1.6 2.0 DECstation 3 I 00. f/7 1.3 I (Ro lled) 

1.6 2.0 All iant FX-1 ( I CE) [Al li an t 86] 

2.1 IBM 308 1 K H enhanced opt -3 

2.1 2.2 MIPS M/ 120-5. f/7 1. 31 

2.7 Sun SPARCsystem 300. SunOS 4.0.3 [Sun 89] 

3.0 3.3 CONVEX C- 1/X P. Fon 2.0 (Rolled BLAS) 

3.6 3.9 MIPS M/2000-8 25MHz R3000/R 30 10, f77 1.31 

3.9 4. 1 MIPS M/2000-8 25 MHz R3000/R3010. f/7 2.0 (Rol led BLAS ) 

5.1 Apollo DN IOOO0 [Apollo 88 ] 

6.0 Mult i fl ow Trace 7/200 Fon ran 1.4 (Ro ll ed BLAS) 

4.5 8.7 Intel i860 µP board at 33.3MHz (Fortran vectorized) 

5.4 10.2 AL860 Accelera tor a t 40MHz (Fortran vectorized) 

7.6 11.0 Alliant FX-8. 8 CEs, FX Fonran, v2.0. I .9 

12.0 23.0 CRAY IS CFT (Ro lled BLAS) 

52 .0 61.0 ETA 10-E (I proc. 10.Sns) 

56.0 60.0 CRAY X--MP/4 CFT (Rol led BLAS ) 
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Summary 
The high performance of the i860 
microprocessor is made poss ible by 
its wide, high speed data bus, high 
integration and paralle l architecture. 
High integration eliminates signal 
de lay between chips and allows fo r 
significant architecture optimizati on 
and higher clock frequency. The 
highly para lle l architecture of the 
i860 microprocessor allows fo r low 
instruction clock count des ign that 
contributes to its superb vector 
pe rfo rm ance. 

As ev idenced by the measured 
data, even a simple i860 micropro­
cessor based system (an add-in 
board), with a DRAM memory 
subsystem and no ex ternal cache 
outperfo rms competiti ve RISC­
based workstations and fil e-servers 
currently ava ilable in the market­
place. T he i860 CPU perfo rmance 
lead will continue to increase as 
system hard ware and software 
des igns mature. 
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