possible to verify whether the design is satisfactory . Unlike oating-point

benchmarks, which tend to be closely tied to CPU clock rates and instruc-

tion set characteristics, the results here show surprisingly wide variations

that are unlikely to be humanly predictable, and can be exposed only by

actual measurements.

2 Benchmark systems

The HP Apollo 9000 Series 700 Performance Brief contains graphics bench-

mark �gures using the X W indow System x11perf program for HP 720 (50

MHz P A-RISC) and 730 (66.7 MHz P A-RISC), DECstation 5000 (25 MHz

MIPS R3000), and Sun SP ARCstation 2 (33 MHz SP ARC) systems. De-

tailed results for the DECstation 5000 can be found in an article in Digital

Review magazine, 7 May 1990, p. 41.

The x11perf program was developed by Digital Equipment Corporation

as part of the MIT Project Athena effort, carried out jointly with MIT and

IBM Corporation. The program is about 5100 lines of C code in 20 �les,

and was originally used to tune the performance of the DECstation 3100.

The authors of x11perf emphasize that it is not possible to collapse the

benchmark results into a single number ; instead, users are advised to select

a subset of the tests that most closely resembles the operations required

for their own work, and then to use those test subsets in making collective

comparisons between different workstations.

x11perf results are reported in operations per second ; that is, how many what the

numbers mean vectors of a given length, how many 80-character lines of text characters,

how many dots, and so on, can be drawn in one second.

I have augmented the numerical results from the Hewlett-Packard re-

port with data collected for some local systems of interest. These additional

machines are:

• DECstation 3100 (16.67 MHz MIPS R2000), UL TRIX V4.1 (Rev . 55),

UWS V4.1 (Rev . 198), X1 1R4 (vendor delivers R3; upgraded locally to

R4).

• Evans & Sutherland V50 (25 MHz MIPS R3000), BSD 4.3.

• IBM RS/6000-320 (20 MHz RIOS), AIX 3.1, X1 1R3.

• IBM RS/6000-520 (20 MHz RIOS) with High Performance 3D Color

Graphics Processor , Color Graphics V ideo Card, 24-bit Color Graphics

frame buffer card, and 24-bit Z-buffer option card, AIX 3.1.5, X1 1R3.

• Silicon Graphics 4D/20 (12 MHz MIPS R2000), GR1.1 Z-buffer option.

• Silicon Graphics 4D/240GTX (four 25 MHz MIPS R2000), GT option.

• Silicon Graphics 4D/320VGX (two 33 MHz MIPS R2000), VGX option.

• Stardent 1520 (dual-processor 16 MHz MIPS R2000), Stardent UNIX

Release 2.2 with X1 1R4 libraries, but X1 1R3 server .

• Sun 3/1 10 (16.67 MHz Motorola 68020), SunOS 4.1.1, X1 1R4.

Note particularly that the DECstation 3100, Sun 3/1 10, HP systems run

X1 1R4, while the others are at X1 1R3. Signi�cant performance improve-

ments were made in R4, at least for Sun color systems. X1 1R4 has been

available from MIT since January 1990, but few vendors make it available

yet. This tardiness is regrettable.

T o provide a �rm base for comparison, performance relative to my Sun

3/1 10 color workstation is given in each of the charts in this report.

The Sun 3/1 10 was introduced about the beginning of 1987, and is the

only non-RISC system included here. It has the same processor as mid-

range models of the Apple Macintosh.

The RISC systems are all quite recent: Stardent 1520 and DECstations

(1989), IBM RS/6000 (February 1990), Sun SP ARCstation 2 (summer 1990),

and HP Series 700 (March 1991). I do not have dates for the three SGI

systems; all are shown on a July 1990 price list.

List prices of these systems with 24MB of memory , 500MB of disk, and

at least 8 color planes, are in the range of $10K to $30K, except for the

Stardent 1520, which was about $80K when it �rst appeared. The older

Sun 3/1 10 was $17K in 1987. The SGI systems contain a lot of specialized

graphics hardware. The systems tested list from $1 1K (4D/20) to $135K

(4D/240GTX and 4D/320VGX).

In matrix multiplication and Gaussian elimination (LINP ACK) bench-

marks, the Sun 3/1 10 performs at approximately 0.15 MFlop ( oating-point)

and 0.41 MFlop (32-bit integer). The RISC systems included here have

benchmark �gures in the range of 2 to 32 MFlops. Thus, one might ex-

pect their graphics performance to be �ve or more times larger than that of

the Sun 3/1 10. This turns out not to be the case for some systems. In fact, on

some benchmarks, the Sun 3/1 10 is up to 8 times faster than a RISC system.

3 Analysis of the benchmark results

The standard X1 1R3 and X1 1R4 distributions from MIT contain the

x11perf benchmark program; the latest version, 1.2, was used here. It

requires no toolkit libraries, only low-level X library routines, so it can be

readily implemented on almost any system with a vendor-supplied X W in-

dow System implementation.

x11perf can run 146 different graphics performance benchmarks.

Hewlett-Packard chose 5 of these for representative comparisons, following

the practice in Digital Review magazine. These include single dots, short

vectors, small �lled rectangles, text with a variable-width font, and sub-

window mapping, all operations which are expected to be typical of most X

W indow System applications.

The benchmarks are run on standalone systems whenever possible, with

no other active jobs, or other windows that require updates (e.g. clocks and

performance monitors). x11perf maps the cursor out of the benchmark

window , because it otherwise seriously impacts performance. Any mouse

movement would generate input interrupts to process, and all drawing op-

erations with the cursor present must redraw the cursor in case it was over-

written. Some high-performance systems map the cursor to separate graph-

ics memory planes, but current X implementations do not take advantage

of that.

The results illustrated here in bar chart form are rather surprising.

The most obvious point is the exceedingly high performance of the new

HP-9000 Series 700 machines, far beyond any of the competition. The dif- HP-9000 Series

700 ferences are large enough that tripling or quadrupling the clock rates of the

systems with slower CPUs will still not surpass the Series 700 workstations.

A second observation is that the relative performance of these machines

changes drastically between the benchmarks. The DECstation 5000 graph- DECstation 5000

ics accelerator gives performance close to that of the HP systems only for

lines and �lled rectangles.

Since the -line10 10-pixel benchmark draws ten times as many pixels

as the -dot benchmark, one might expect its operation count to be about

ten times smaller . For the Sun 3/1 10, the ratio of the two is 9.17, but for

most of the others, it is much smaller:

Machine -dot / -line10

DEC 3100 4.22

DEC 5000 PXGT 0.81

E&S V50 3.19

HP 720 GRX/CRX 1.44

HP 730 GRX/CRX 1.79

IBM RS/6000-320 1.17

IBM RS/6000-520 1.14

SGI 4D/20 2.56

SGI 4D/240GTX 6.80

SGI 4D/320VGX 9.54

Stardent 1520 0.37

Sun 3/1 10 9.17

Sun SP ARCstation 2 GX 6.87

This means that the higher-performance systems here have optimized

drawing of vectors compared to dots, or that the overhead in setting up to

draw a single dot is very large compared to that for drawing one dot of many

in a vector . It also suggests that the Sun systems have substandard vector

drawing times, and could possibly be subjected to substantial optimizations.

The E&S V50 is a very high performance graphics system in its native E&S V50

graphics mode. As with most of the other systems tested here, its X W indow

System performance is disappointing.

The IBM RS/6000-320 outpaces the HP 9000-720 by about 50% in my IBM RS/6000-320

oating-point matrix multiplication benchmarks, but has dismal graphics

performance relative to the HP systems. In the subwindow mapping bench-

mark, its performance is only a small fraction of the Sun 3/1 10. Part of this

can surely be attributed to the older X W indow System release. The IBM

RS/6000-520 with hardware graphics assist is about the same performance IBM RS/6000-520

as the model 320, except that window creation speed is doubled.

The three SGI systems show performance trends that match their price SGI

and date of introduction (the 4D/320VGX is the most recent). There are no

uniform trends with respect to products from the other vendors. In Sili-

con Graphics native GL mode, these systems are claimed to produce 90K

(4D/20), 400K (4D/240GTX), and 1M (4D/320VGX) 10-pixel vectors/second.

These �gures are respectively 8.6, 18.1, and 45.4 times faster than the ob-

served rates in the X W indow System.

As of this writing, the Sun SP ARCstation 2 GX is at the top end of Sun’ s Sun SP ARCsta-

tion 2 GX product line. While it is 1.8 to 25 times faster than the older Sun 3/1 10

on these benchmarks, its performance is de�nitely not competitive with

comparably-priced systems from other vendors.

The Stardent 1520 is billed as a parallel and vector graphics minisu- Stardent 1520

percomputer , and indeed, its performance in native graphics mode is very

impressive. However , graphics performance in X W indows is unacceptably

slow , in 3 out of 5 cases far below the Sun 3/1 10.

According to Stardent technical speci�cations, this system will �ll 20

× 20 rectangles at 60M pixels/sec, draw non-anti-aliased vectors at 1 1.6M

pixels/sec, and anti-aliased vectors at 0.5M pixels/sec.

The x11perf -rect10 results correspond to �ll rates of about 334,000

pixels/sec, or about 180 times slower than in native mode. The x11perf

-line10 results are equivalent to 565,000 pixels/sec, or about 20 times

slower than native mode.

W e cannot make a similar comparison for anti-aliased vectors because

the X W indow System makes no provision for drawing them; that operation

must be synthesized from line and point drawing operations, and intensity

changes, at an enormous performance penalty .

It would be informative to make similar comparisons for the HP 9000

Series 700 machines, which also have a native graphics mode, called Star-

base, but I do not yet have the necessary technical speci�cation details to

do so.

x11perf -dot

500000 1000000 1500000 2000000

3100

182000 [3.35]

DEC

5000 PXGT

370000 [6.80]

E&S

V50

239000 [4.39]

HP

720 GRX/CRX

1260000 [23.16]

HP

730 GRX/CRX

1630000 [29.96]

IBM

RS/6000-320

87400 [1.61]

IBM

RS/6000-520

87800 [1.61]

SGI

4D/20

24000 [0.44]

SGI

4D/240GTX

70700 [1.30]

SGI

4D/320VGX

89400 [1.64]

Stardent

1520

21200 [0.39]

Sun

3/1 10

54400 [1.00]

Sun

SP ARC 2 GX

101 100 [1.86]

Figure 1: x11perf -dot benchmark in operations/second. In this, and fol-

lowing �gures, the square-bracketed values are performance results mea-

sured relative to the Sun 3/1 10. The Sun 3/1 10 bars are always hollow , and

systems are ordered alphabetically from top to bottom.

x11perf -line10

200000 400000 600000 800000 1000000

3100

43100 [7.27]

DEC

5000 PXGT

455000 [76.73]

E&S

V50

75000 [12.65]

HP

720 GRX/CRX

874000 [147.39]

HP

730 GRX/CRX

91 1000 [153.63]

IBM

RS/6000-320

74400 [12.54]

IBM

RS/6000-520

77100 [13.00]

SGI

4D/20

9370 [1.68]

SGI

4D/240GTX

10400 [1.75]

SGI

4D/320VGX

22000 [3.71]

Stardent

1520

56500 [9.52]

Sun

3/1 10

5930 [1.00]

Sun

SP ARC 2 GX

147000 [24.79]

Figure 2: x11perf -line10 (10-pixel lines) benchmark in operations/

second, and relative to Sun 3/1 10.

x11perf -rect10

50000 100000 150000 200000 250000 300000

3100

18600 [3.23]

DEC

5000 PXGT

256000 [44.44]

E&S

V50

7870 [1.37]

HP

720 GRX/CRX

272000 [47.22]

HP

730 GRX/CRX

278000 [48.26]

IBM

RS/6000-320

34200 [5.94]

IBM

RS/6000-520

33900 [5.89]

SGI

4D/20

31 100 [5.40]

SGI

4D/240GTX

64700 [1 1.23]

SGI

4D/320VGX

1 16000 [20.14]

Stardent

1520

3340 [0.58]

Sun

3/1 10

5760 [1.00]

Sun

SP ARC 2 GX

83500 [14.50]

Figure 3: x11perf -rect10 (10-pixel rectangles) benchmark in opera-

tions/second, and relative to Sun 3/1 10.

x11perf -tr10itext

50000 100000 150000 200000 250000 300000

3100

29800 [3.57]

DEC

5000 PXGT

90900 [10.90]

E&S

V50

6270 [0.75]

HP

720 GRX/CRX

245000 [29.38]

HP

730 GRX/CRX

273000 [32.73]

IBM

RS/6000-320

44900 [5.38]

IBM

RS/6000-520

46100 [5.52]

SGI

4D/20

18400 [2.21]

SGI

4D/240GTX

27600 [3.31]

SGI

4D/320VGX

29200 [3.50]

Stardent

1520

20400 [2.44]

Sun

3/1 10

8340 [1.00]

Sun

SP ARC 2 GX

49000 [5.88]

Figure 4: x11perf -tr10itext (80-character lines of 10pt variable-width

T imes Roman text) benchmark in characters/second, and relative to Sun 3/

1 10.

x11perf -create

1000 2000 3000 4000 5000 6000 7000

3100

1940 [5.64]

DEC

5000 PXGT

1750 [5.09]

E&S

V50

2610 [7.59]

HP

720 GRX/CRX

4500 [13.08]

HP

730 GRX/CRX

6000 [17.44]

IBM

RS/6000-320

55 [0.16]

IBM

RS/6000-520

99 [0.29]

SGI

4D/20

380 [1.10]

SGI

4D/240GTX

1080 [3.14]

SGI

4D/320VGX

1310 [3.81]

Stardent

1520

70 [0.20]

Sun

3/1 10

344 [1.00]

Sun

SP ARC 2 GX

1050 [3.05]

Figure 5: x11perf -create (50 kids) benchmark in operations/second,

and relative to Sun 3/1 10.