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Introduction

In July 1985, we benchmarked the Convex C-1 corupul.er at the Convex plant
in Richardson, Texas. The machine is marketed as a mini-eupercomputer
executing a U’MIXoperating system. The architecture includes vactor
functional units, 16-million 64-bit words of physical muuory and
64 kbytes of set-associative cache between main memo- and the CPU. (See
the next section for a more detailed description of the architecture. )
The standard one-processor Loo Alamoa benchmarks were executed and timed
in both single-precision (32-bit) and double-precision (64-bit)
floating-point mods. Subsequent to tho July benchmark, the machine
architecture was changed to expmd tho cache bypaas for vector memory
accesses. The benchmarks were redone in October 1985 to include the
significant architecture modification. The results in this paper are
from tho latest benchmark.

Convex C-1 Architecture

The Convex C-1 computer has a bus-baaed ●rchitecture that uses 64-bit
integrated scalar and vector processing and multlplo ●rithmotlc units
much like the Cray archlt~cture. Tho machine ●mploys virtual addressing
but ham ● large phy,ical addr-ca spaca (128 Hbytos).

The CPU conmlsts of nmltiplo asynchronous units capabla of concurrent
oporation h a pipalined fushion. ThG major cyclo time is 100 nsm T?WBO
units ●re intarcmnectod through 64-bit high-speed busan. ml- CPU is
compoaerl of four subsymtm.s:

(1) Tho ●ddresm ~ranslation unit (ATU) translates logical addrasses to
physical ●ddrarsas boforo main memory roforoncoa. It ●l-o provides
nome ●dditional accolaration functionc. I%@ ATU contains ● logical
and an ●ddress cacho to aid in opocdlng up •ccos~ins of memory
•ddro~~os.

(2) The ●dares- ●nd scalar unit (ASU) aorves two functlon~. ~t
gcneratet logical ●ddrmssoa for those instmctlons that require it
●nd it sl~o parfocnm scalar oporatlfns.
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(3)

(4)

The instmction proc~ssing unit (IPU) fetches and decodes
instmctions. The IFU contains a 1024-byte instruction cache. The
size of this cache means thst long series of instructions, including
brmches, can be executed witko~’t additional memory references,

The vector processing subsystem (VPS) consists of a vector control
unit and two vector processing units. In these vector processing
units are three functional units: one for add, s!lbtract, and
logical; the second for load, store, and vector edit; and the third
for multiply and divide. Each unit is pipelined and capable of
chaining. The WPS contains a set of eight vector regi~ters, each
able to hold 128 64-bit elements.

Situated between the CPU units and main memory 1s a physical cache unit
(Pcu) . It has a capacity of 64 icbytes and is a direct mapped data store
with an access time of 50 ns. The PCU is connected to both the main
memory and the CPU units by high-speed (80-Hbyte/s) buses. Any load from
main memory using the cache results in the four naarest uords baing
loaded Into cache. All scalar memory accesses use the cache. Contiguous
vector loadm and constant stride loads bypass the cacha. Gather/scatter
acceanes aro routed through it.

Input/output in the Convex is handled by an 1/0 subsystem. T’here are up
to five 1/0 processors in this system capable of supporting up to 160
devices. Thor. is ●lso a service processor unit (SPU) that controls the
operation cf diagnostic programs and maintains ● log of errors.

The Convex can contain up to 16 Hwords of CMOSmemo~, divided into up to
●ight memory modules (HAUS). Each memon module has tuo banks of 4-way
interleaved memory. Rach word has 64 bits ~f data and 8 SECDED bits
(single error correction, double @rror detection). Plain memory also
contains tuo ports, one for the CPU ●d the other for the 1/0.

Convox Compiler

Th* Convwt compiler supports Portran 77 syntax. Tho uork that the company
put into the compiler 1s ●violent in lts excellent vectorization
analysis. The benchmark coda- wre the same program that w can on the
Fujitsu and Hitachi vector processor-, and they vectorized at esmntlally
the same levels ● s the .Japanes@ compilers.

Results

Table I um!ukrizes the Convex results. For comparison, CRAY-1 tlm~s and
r-cent VAX-MOO times aro ●lso listed.
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Code Convex(32~

BnKl 09.1
WK4a 47.6
EIKK5 254.3
BMKlla 77,2
=llb 74.8
BnK14 15.7
Bnx18 10.2
BHK21 25.2
BHK21a 49.1
BMK21b
BnK22 68.5
s IHPL.R 23.8
HYDRo A47 &

Convex(64)

90.1
61.6

410.0
103.3

94.5
22.2
18.2
33.1
70.1

446.4
87.8
31.6

509.5

M!uQa.

106.6
106.5
149.9
171.11

177.5
617.O

15.3

314.0
40.28

CRAY-1(64)

63.9
6.4

28.8
3.0
0.1
3.2
2.4
5.0
8.9

159.6
17.4

2.9

Description

Integer tfonte Carlo
F~
llquation of State
Particle Pugher
Particle Pusher
Matrix Calculations
Vector Operations
Mont. Carlo
?kmte Carlo
Honto Carlo
Linear !lqs. Solve
Lagrangian Hydro (32x32)
Lagrangian Hydro (1OOX1OO)

TABLE 1. Execution tlmos (occonds) of tho Lom Alamos benchmark coden.
Each column is dmotod by tho machine and prOCi8iOJl (bits) of tho
floating-point oporatlons.

A comparison of tha 32-bit results from thg Convex C-1 and VAX-13600 shows
tho following:

(1) Tho tuo purely scalar codma (BMKS and BPK21) aro 70% faster on the
8600. HoWaver, this margin is ●xpoctod to docroaso in 64-bit mod.,
which is supportod in hardwars in tho C-1. l%. raauining tlmos show
tho porfommnco ●dvantage of th~ v~ctor procossor in the C-1 over
tho 8600. fieso codas vary from 3UZ to 98% voctorization levels and
●xacuto from 1.12 to 5 tlmos faster than tho VAX.

(2) l%. 64-bit results comparing tho C-1 and CRAY-1 lndicato that tha
Conv@x is roughly ono-fifth to ono-oigth of a CRAY-1.

Tables II and III Bhow tho rat. ●t which various vector loops execute on
tho C-1. Table IV is the tlmlng of tho Llvonnora loops.

Conclusions

Bamod on our benchmark rasults, it is intarostlng to comparo pric-
porfonnanca ratios of tho throo machlnss, Tho Convox ham ●bout tho -am.
prico porfornmnco ratio ● s tho CRAY-1, whilo tho VAX-8600 1s ●bout a
factor of 2 moro for tho mammporfonnancs.
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TABLE 11. Times and rates for various \](?CtLlr Ioopq on the C-1. (StOred Contiguously)

TIWS ?OR 1 MILLION CON+’IX C-1 vECfOR OP~MT]ONS

VE~RS ARE STORED IN CONSE~lW LaTIONS
MsTIP= 1

lvmv* &

V=S*V
vmv*V

*V-V . v

vmv*s*V

V-V*V*S
~yav+v

v-~*!f46*v

vmv.v*V*V

V-V{IND)+S

V(IND)=V*V

v(IND)-v(lND)+v’v
wv+v~v(lm)

SUB CALLS

10
7s0134
0.3970
9.0673
9. SY64
9.s947

11.llb7
12.0941
11.S613
13.5a04
12.3354
1s.1321
19.4s94
17.03ss

2.200s

VE~R LEN~
25 60

4.3037 3,2279
4.3137 3.2208
5.4344 4.3047
S.4235 4.3037
5.5616 4.4021
6.0304 4.3940
7.3376 %.7747
6.8307 4.@B134
0.4912 6.7571
7.0295 5.2346
9.3203 7.2373

12.0903 9.s581
10.4S28 7.9807

0.0832 0.4417

NSTEP”l

V.v+s

V=s.v

V-V*V

V-V*V
vmv46bv

V=V*V*U
v~v~v+v
vmgav*~*v

V=V~V*V*V

V=V(IND)*6

“V(IWD)-VQV

V(lN’D)-V(IND)*V’V

‘v-v*v*v(IND)

8UB CALLS

1028

1.19

1.10
1.04
a.oB
1,00
1.65
2,59
2,21
O.tl
0.66
1.03
1.17
0.45

VEt3WR LINm
~~ 50

2.32 3.10
2.32 3.10
1.04 2.32
1.84 2.32
3.60 4.s4
3.32 4.ss
2.73 3.46
4.39 6.14
3.s3 4.44
1.42 1.91
1.07 1.30
1.65 2.09
1.91 2.s)
0.45 0.4s

10Q
2.71S8
2.6904
3.7129
3.6924

3.7090
3.7275
4.8977
3.9766
5.0931
4.6316
7.6304

11.214B
7.0945
0.2269

100
3.68
3.72

‘2.69
2.71
5.39
5.37
4.08
7.s4
S.09
2.16
1.31
).78
2.82
0.45

200

2.4099
2.4304
3.4673

3.4603

3.4700
3.4902
4.6589
3.7775
5.7112
4.9063
7.5554

12.45S6
7.4578
0.1206

200
4.15
4.11
2.08
2.8B
5.76
5.73
4.29
7.94
5,25
2.04
1.32
1.61
2.68

500
2.3120
2.27R6
3.3250
3.3257
3.3162
3.3220
4.4753
3.5420
5.5200
5.2S27
7.6799

14.1292
7.5322
0.0439

500
4.33
4.39
3,01
3.01
6.03
6,02
4.47
0,47
5,43
1,90
1.30
1.42
2,66

0.41 0.46
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TABLE 111. Rates for various vector loops on the
LABMK8A2

RITES (IN MFLOPS)
STEP = 1

OPEWTI ON

V.V*S

V=sav
Vmv+v
vmv~v
V=V+S*V
V-V*WS
v-v~v+v
v=sav+s~v
V=V4V*V*V
v=V(I~)+S
V(IND)=V*V
V(l ND) MV(IND)+VSV
wl/WW(IND)

SUB CALLS
S=S+V1(I)”V2(I)

STEP= a

@EMTION

VW*6
-S*V

VmV+v

Ibv ●v
V.9V*S*V
vgv6v+6

V-VW+V
V-S9V+6*V

V-V*V*V*V
V-V(IND)+S

Y(IND)=VW
V(IND)=V(IND)*VQV
wv+v*v(I~)

8UB CALLS
~sd/l(I)@v~(I)

STZP-4

OPEMTI ON

Vnv+ s

v-s~v
Vwv+v
V’@ov

V-V*84V
~vov,t

~av+v

v9a*v*84v
~ov+vov

V-V(IND)+8
V(18D)-V6V
V(IWD)-V(IWD)QVOV
V’-V*V.V{IN’D)

SUB a
S-SWl(I)0V2(I)

10
1.06
1.00
0.93

0.89
1.01

1.S6
1.46
2.11
1.0s
0.66
0.s9
0.97
1.01
0.4s
1.16

10
0.92
0.86
0.77
0.76
1.s0
1.30
1.10
1.91
1.s8
0.66
?.37
0.86

0.95
0.45

1.11

10
0.66
0,66

0.5s
0.s5
1.07
3,00
0.80

1.39

1.06
@.B5
0.41

0.65
0.69
0.41
0.08

VECTQR LtN~
as 50

2.02 2.90

2.02 2.90

1.67 2.11
1.65 2.11
3*23 4.29
3.11 4.30
2.49 3.32
3.90 5.67
3.29 4.14
1.23 1.63
0.94 1.26
1.36 1.61
1.00 2.41
0.45 0.4s
2.36 3.71

VZCI’OR LENCIli
as 50

1.49 1.72

1.48 1.81
1.1s 1.28
1.13 1.26
2.23 2.s0
2.25 2.56
1..73 1.99
3.11 3.85
2.23 2.55
1.12 1.41
0.72 0.94
1.10 1.44
1.36 l.az
0.45 0.45

1.91 2.87

VE~R LENCfW
2s 50

0.90 1.0s
0.00 1.07

0.66 @,74

0.63 0.7s

1.30 1.4e
1.30 1.49

1.02 1.14

1.90 J.1O

1.a3 1.34

0.04 1.04

0.62 o.7i

@.96 1.10

1.03 1.13
0.48 0.37
1.4a I.YQ

100
3.67
3.67

2.65

2.s0
5.11
S.12
4.01
7.31
4.97
2.01
1.32
1.68
2.87
0.45
S.05

100
2.12
2.12
1.37
1.45
2.72
2.94
2.19
4.25
2.68
1.s7
1.10
1.55
1.89
0.46
3.50

100
1.11
1.12
0“78
0.73
1.s2
1.s2
1.17
2.29
1.41
1.16
0.7s
1.09
1.12
0.4s
a.06

c-1.

200

3.74

3.89
2.77

2.77

S*SO

S*48
4.07
7.40
4.84
1.96
1.27
1.s1
2.77
0.45
5.20

200
1.97
2.18
1.47
1.51
2.79
3.01
2.26
4.42
2.77
1.60
0.99
1.30
1.00
0.46
3.72

400
1.16
1.12
0.79
0.78

1.56
1.s4
1.17
2.31

1 41
1.08
0.7s
l.el
1.18
0.45
a.09

500
4.15
4.14
2.02
2.91
S.77
5.73
4.25
7.0s
5.20
1.0s
1.14
1.19
2.S6
0.46
5.30

Soo

2.24
2.20
1.s2
1.s2
3,02
3.02
2.26
4.48
2.80
1.19
0.00
0.99
1.70
0.44
3.92

Soo
1.17
1.14
0.79
0.70
1.55
1.S6
1.18
1.34
1..44
o.a9
0.88
0,74
1.13
0.46
a.~.
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TABLE III (cent’d)

BATES (IN MFLOPS)
6T’EP- 0

OPERATION

V=V*S
V=S*V
VUV*V
v-v ●v
V=v+gav
V-V*V*S
vmv*v+v
vms*VtsaV

Vmv.v+vav
v.v(x~)+s
V(IND)=vW

V(IND)-V(IND) +V”v
V=V*V*V (l ND)

SUD CALLS
6=S+V1(I)”V2(I)

STEP - 23

OPERATION

Vmv+s

V-S*V
V.V*V

Vmv●V
Vmv+sev
V=V*V+S
V=V*V*V
v-s~v?s~v
V-V*V4V*V

v.v(J~)Qs
v(xrm)=v~v
V(]ND)=V(IND)*V”V
V=VQVCV(IND)
SUB C&Us
8-S*V1(I)”VSTOP 1

.
10

0.66

0.65
0.s5
0.s4

1.08
o.9e
0.03

1.45
1.07
0.s3
0.47
0.74
0.75

0.45
0.92

10
1.04
1.00
0.93

0.0s
1.77
1.ss

1.43
2.07
1.93
0.66
0.59
0.09
0.99
0.43

VE~OR LEN~

25 50
0.93 1.01
0.93 1.0s
0.67 6.73
0.68 0.74
1.34 1.43
1.34 1.46
1.04 1.0s
1.92 2.13

,1.24 1.31
“O. 06 1.01
0.64 0.73

0.93 1.00

0.99 1.0s

0.4s 0.37

1.36 1.84

VECTOR LENCTW
2s so

1.99 2.78
1.88 2.85
1.62 2.15
1.60 2.11
3.18 4.26
3.07 4.33
2.4b 3.26
3.91 S.42
3.22 4.20

1.11 1.47
1.06 1.30
1.33 1.68
1.81 2.21
0.45 0.46

100
1.11
1.11
0.74
0.76
1.s2
1.48
1.10
2.24
1.40
1.02
0.72
1.01
1.11
0.46
2.01

100
3.53
3.54
2.58
2.40
5.07
S.08
4.01
7.28
4.97

1.72
1.36
1.72

2.5S
0.46

200
1.09

1.09
0.77
0.73

1.s2

1.52
1.16
2.27

1.36
0.91
0.6S
0.86
1.11

0.4s
2.07

200

3.s1
3.41
2.57
2.58
5.10
5.39
3.92
6.97
4.84

1.41
1.03

1.26
2.36
0.45

500

1.)8
1.09
0.79
0.77
1.56
1.s7
1.14
2.35
1.42
0.72
0.47
0.63
0.94
0.43
2.15

500
4.14
4.12
2.75
2.79
5.36
5.71
4.24
0.08
5.20

0.93
0.69
0.82

1.68
0.41
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TABLE IV. Livermore Kernels.

CLOCK OVERNMD = 0.76294Eo02 UStC

L30P FLOPS
1 200000
a aooooo
3 200000
4 ao1700
s 199800
6 199800

7 192000
8 144000

9 170009

Xo 90000
11 99900
12 99900

13 09600

14 16S000

Tlm
0.I0977E*OS
0.36684E*05
0.33S13E*05
0.19011E*05
O.31O79E*O6
0.29139E+06
0.16649E*OS
0.1460SE+05
0.166ME*OS
o.3703m+as
0.23933E+06
0.43031E+OS
0.23124E”06
0.28445E+06

WLOPS
0.10539E*02
0.S4520E*01
0.S9679EQ01

0.53496E+01”
0.62674E*O0
0.6D560E*O0
0.11532E*02
0.90S93E*01
o.1O19OE*O2

0.24304E+01
0.41741E*O0

0.22792E+01
0.3074?E+O0
0.S00061+00

AV’EMCE WLOPS= 0.47355E+01

S(M FLOPS / SUM TI= - 0.13430E+OI

LOOP

1
2
3
4
s
6
7
e
9
10
11
12
13
14

RELATIVE DIFFERENCE BEIWEEN
EXPECTED AND ~TED VALUES

0.22E-13

O.O1E-10

O.OLE-10
0.15E+01
0.231-14

0.22E-14

0.40E-12
0.00E+OO
0.00E+OO

0.00E+OO
0.13E-11
0.00E*OO

0.12E-13
0.S7E-02


