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Abstract, The CRAY-2 is considered 10 be one of the most powerful supercampiters. les state-of-1he-ar
technilogy leatures & fster clock and mare memory than 2ny othes supercompuier aviilisble loday. 1n this
repart the single processar performince of the CRAY-2 s compared with the older, more muture CRAY
X-MP, Benchosark regults are ingluded for both the slaw ind (e Gist memory [PRAM MOS CRAY-2 O
compirison 15 based on u kernel benchmtark selaimed at evalupting the performence of these twa machines
o some standard tsks in scientific computing. Particular emphass 15 placed on evalustng the imipact of
the availability of Barge real memory on the CRAY-2 versus fast secondary memory an the CRAY %-MP
with 5513 Owr benchimark includes large linear equation salvers and FFT routines, which test (e
capuhilities of the different approaches o providing large memory, We find that in spite of its higher
proceszor speed the CRAY-2 does not perform as well as the CRAY X-MP on the Foriean kernel
henchmark, We alsa find that for lergesseale applications, which have repular and predictable memory
dubess pullerns, a high-speed secondary memory device such us the S50 can pravide perfomminee egual
Lo the lerge real mamory of the CRAY -2

I. Introduction

The CRAY-2 with its 4.1 nanosecond (ns) clock is potentially over twice as fast as the
CRAY X-MP/24 [Chen 1984, Cray 1985, Neves 1987]. In addilion to ils superior
clock speed, the CRAY-2 has a tremendous advantage in word addressable memory.
The CRAY X-MP, however, 15 4 proven machine with a mature compiler and a large
set of applications programs developed especially for its architecture. Some of the key
architectural features of the two michines involved are given in Table |, Note that we
have given the features of the particular machines invalved in this benchmark; for
example, the newer X-MPs have the faster clock rate of 8.5 ns compared to the 9.5ns
hsted 1n Table |,

Recently an upgraded version of the CRAY-2 with faster memory has been
mtroduced [Cray 19871 The essential difference between the newer CRAY -2 and the
older machine is a faster DRAM MOS memory, which reduces the memory latency
from 57 to 45 cycles. Also all DRAM CRAY-2 systems feature pseudo banking,
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Table Machine comparison (single processor).

X-MP/24 CRAY 2
Clock (ns) 4.1
Number of vector units 2
Chaining No
Peak performance (MFLOPS) 487
Registers 8 x 64 words
Local memory 16K
Number of paths to memory
Memory size (Mwords) 256
SSD size (Mwords) None
Memory latency (cycles) 45(57)
Pseudo bank cycle time 25(41)

which allows faster memory accesses and improves performance. Each of the 128
banks of the CRAY-2 is divided in half. If there are two accesses in different halves
of the same bank at the same time, then the second one can proceed after 25 cycles
(41 cycles on the slower machine). Pseudo banking effectively turns the 128 banks of
the CRAY-2 into 256 banks and thus reduces the average memory latency. The
CRAY-2S system, which features even faster static random access memory (SRAM),
is not considered here.

Also, all data in Table 1 refer to a single CPU since we are not concerned with
multitasking performance in this benchmark. We will point out how some of these
features affect the relative performance of the two machines. The first set of CRAY-2
timings was obtained in March 1987 on the CRAY-2 with serial number 2002, which
is installed with the NAS project at NASA Ames Research Center in Moffett Field,
California. A second set of CRAY-2 timings was obtained in February 1988 on the
same machine (serial number 2002) to measure improvements in the Fortran
compilers. Finally, a third benchmark was carried out on the new CRAY-2 (serial
number 2013) at the NAS project to measure the effects of the upgraded memory on
the machine performance. For brevity we will refer to the serial numbers of the
machines involved, when discussing the older, slower memory CRAY-2 (2002) versus
the newer, faster memory CRAY-2 (2013).

The X-MP/24 timings were obtained using the Boeing Computer Services’ machine
in Bellevue, Washington. The Boeing CRAY X-MP, one of the older X-MPs, has a
clock rate slightly slower than the current rate of 8.5ns on the newer models.

Twenty-four FORTRAN routines were benchmarked on both machines. These
computational kernels are typical of those found in scientific programming. They
were assembled based on the experience at Boeing Computer Services. Assembly-
coded efficient implementations of these kernels for the CRAY X-MP are available
in VectorPak [Boeing 1987). The benchmark also includes large problems that are
out-of-core problems on most other machines but the CRAY-2. The solution to these
problems is computed in-core on the CRAY-2 and out-of-core using the SSD (solid-
state-storage device) on the X-MP.



