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Performance Evaluation of Commodity Distributed Shared Memory IBM x440

AKIRA NISHIDA,F AKIRA NUKADA t and YOSHIO OYANAGIt

In this study, we target a commodity NUMA computing environment which enables users
to realize high performance scalable scientific computing without thinking the details of its
architecture. We report the preliminary results of the performance evaluation of sparse matrix
algorithms on IBM’s ccNUMA server x440, and discuss the merits and the subjects of the
ccNUMA architecures based on commodity components.
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AWEERAERY 7—%T 7 Fx AT OEIULEIT 5
LORBRIITHY, 1), 2) & bITFIREED X 5 7
FxvTaXEYOIEADOESZ BLAS V—F 12>
Wi, 2RI FIEESFEB L T5. PBLAS i
RDHAEYV T —FXT 7 Fx 2 XML LTEY, £
ATLAS (2B} 55 {bix, AR THEL TS LD
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V7 7B ABRO/NSWIERAE) T —FT 7 F % ki
BWTiE, V=LA ToXFHIZ L > T, X2 v
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AT, KEMEBRITH % 34 &9 5 BB ERED
—#E T 5 Jacobi-Davidson ¥ %#ilic & v, FHE&
DORESZEDDIERBEREICOVT, HBItFAEY
VAT A ETERICUHET DD DRI ONTELE
9 %. Jacobi-Davidson D 3% & L Tik Fokkema,
van Gijzen 5% 12X % Templates®, BLAS KUt LA-
PACK® %fW=b0nmbhTiY, y — adr+ By
BOBHRITHI - X7 MBEAE TH S Level 2 BLAS
N—F D zgemv #IILHE LT, BRI PAREE
zdote (z7y), zaxpy (y «— oz + ), dznrm2 (|| = ||2)
728D Level 1 BLAS V—F U A BRI 5D 5%54&
BREL, Ny PAEHEM ECTOLBITE LT
FTYXATHD. AFETITZNSDOEEE OpenMP
API #FVWTIHFHL L, BB AEY VAT A ETO
FEZ T 7.

3. FME&ERE
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AR TIE, Intel T—F 7 7 F ¥ X—2 D5 #LHE
AEVHRHAEKE LTIBM tE TR SNz PC #—
x440 ZEAL, 2ET 4 T4 HEILHFAE Y ETOFE
BHERRICOWTEME 24T - 72, x440 1% Intel Xeon 7
v vt o IBM ##iF v & v b ThHD Summit
AW, 4D Xeon 'ty ENEAEER, — F%
HAmERy NU—7 CHEREFRTIZ LICLY, &
KTI6fH*D Xeon YukyHEH—A LV AZLAD
ANRVL—F 4 v T VAT ACEET R LN TE S,
ARHFZE CTIXEERND 2 D / — R 2.4 GHz ® Xeon
DP 7uty¥%& 2T OEHL, 4 ek y FHERT
M Z4T o7z, 112 x440 OV RT 2R, £72K 2,
X3 ICERAXy hU—2i12k b ) — F O EE R
T, )= FROTrE v -Fv Ty FREAE
V-Fov7Ey M, /— FE/BSEE T — T VORISR
BTV b 3.2GB/s THY, J — FRIZERD & —
TMZEDBAE Y —TRARETHS.
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2 SMP expansion ports with two SMP expansion
modules installed.

chassis 1

o [0l
oUol
O] 10}

5o

SMP Expansion Crossover Cat 5 cable
cables (or connected to
an Ethernet switch)
chassis 2
]
95&8? ml C. 0
e 0]
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3 Connecting the two x440s together in a 16-way
configuration.

3.2 ARL—FA4VILRTL
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7 F % EIZBWT, ARV =T 4 VTV AT ALRLT
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DHLDEETDHIENTED.
J—FKF7I24=T4«
T AOBEBERE L/ — FNICRET 55
Y.
AEYTI4Z=T 4
WP AT ) REFRICESNT, kA0 R
FEYERRHIR—H V) — RO RAE Y ZELEMICE
Y YT BHHRE.
FoevHYFI4=T«
Tt RAERELE vy v ICEHET HHEEE.
R=TUIA4JTL—>ay
HBHAFY)R—VIH L THEDYE—F/— )
LT 7 EABERTIHE, OS RZhEml
TR=VRVE—F/— RiZabt—3 580 4—
N~y RIZERTHHERDS.
ThboMiEcky, VE—RF /) —F~DAEY 7T
JEABBO L, T—FORFEREETSE LT,
CPU o7 a v ABE L 5F vy v oI A0RER
MAXBZENTES.
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Standard SMP CPU1 CPU 3 SMP CPUS5 CPU7 Stangard SMP
Expansion Module 1 : Expansion Module 2
P Expansion
CPU 2 CPU 4 ports 3.2 CPU 6 CPU 8
64-bit 400 MHz 64-bit 400 MHz
32GBps — = * 3.2 GBps
IBM XA-32 IBM XA-32 32 MB L4
32 MB L4 * Scalability/L4 Scalability/L4 v cache
cache cache cache
256Dt 100MHz  6a-bit 400 MHz External 64-bit 400 MHz ~ 256-bit 100 MHz
3.2GBps 3.2 GBps Remote I/O 3.2 GBps
\ i 16-bit 1 GHz & 3208ps P
1GB,
[ 8DMMs [N 27X SMI_| IBM XA-32 Ps IBM XA-32 2 X SMI 8 DIMMs
Xy Memory I/O Memory /0
8 DIMMs L 2XSMI | Controller Controller 2X SMI 8 DIMMs
2.0 GBps ~——200CBps
External
Remote 1/0 1.0 GBps IBM XA-32 PCI-X l IBM XA-32 PCI-X
16-bit Host Bridge Host Bridge
500MHz GHz
Ultra160 & Active
Tape. —- ~— pCl-X slots
PCI
Gigabit Ethernet | | 33
becm5700
RIS —| | pomeaot MHz 66 MHz 100 MHz 133 MHz PCI slot board
[ - - RS485
Remote Supervisor adapter in PCI slot Serial
1/0 board RJ45

B 1 x440 architecture block diagram.

NBIEEAE)T—FT 7 F ¥ LCERVEHEMLEERS
B0, HETAITY R KBV TH S ESERL
NV TOEBERLETHD. ZOLIRVAT LEH
%35 ET, AP ERICARSh, BETY—Ra—
FOAFROCBHAREERARRAXL—T 4 TV
AT LROEETA 7T ) ODBER, Xy FT—27 DE
Bz fho T—RINCRY 505D, £D LD A ~L—
TAVIT VAT ADOEDE LT, Linux 22i1F5 2 &
MBTEBMN, Linux ICBWTEBINTNWER TV a—
U U JHRRIE. BURER IR/ INBIA 2 o R T AT
ICREFEN TR Y, RBFR TG L 35 KRR R ILH 2
EVT—%7 7 F v ETHEAT DT, HELFER S
5. DEOER%EH LI, Linux IZBWTAF—F €Y
T4 A LS DD OHESED BTV, KB
FTiE, x440 RizEE IR Linux ARV—F 4 7
VAT A2EANT, SBILEAE Y ETORAMEELFT
fli L7z
AN

FH@Z % IBM x440 (2.4GHz Intel Xeon DP Pro-
cessor x4, 32KB L1 cache (16KB data), 512KB L2
cache, 64MB node cache, 4GB main memory), &
VHEgXIR & LT Itanium e & v ¥ %2 RAWi=adt
HAEVEWFIHFEH THS NEC AzusA (733MHz
Intel Itanium Processor x8, 32KB L1 cache (16KB
data), 96KB L2 cache, 2MB L3 cache, 2GB main
memory) &z, x440 ® 2 ED ) — RiZiFEhEh
2D Sty ¥, 32MB @ L4 cache (2-way inter-
leaved PC200 DDR-SDRAM) kOt 2GB @ PC133
SDRAM #3, 7 AzusA ®4ED 7 — FZixEhZ

4.

n2fEo7eky9 L 512MB @ PC100 SDRAM 23
HEHIh T35,

AR —TF 4 U TITIEENEN Red Hat Advanced
Server 2.1 O Red Hat 7.1 X"—Z ®» NEC Linux
R1.2 %, £l —FNZiTENEN 2.4.21-pred B
2.4.7-necl.2 #fEH Liz. x440 IZIZE# D Red Hat
Advanced Server BMER SN TEY, HEHEHAEY K
JEIZOWTIEBAFEIR D — RV D 2.5 RFITRENED b
nTna*. —J NEC Linux ZIZBCAE) T 7 4=
TAKHRE, Tuey T T =T A BENEEINTE
D, UTOFMMTIEIAE) T 74 =T 4 AT LR
BTHELE. 2230 ZIZidV$hd Intel Compiler
for Linux 6.0 OFHRKZ FAV =,

4.1 EPCC OpenMP Microbenchmark

OpenMP DOETEFT LTI, 70 s 7 ADETIX~<
AFAVy REMIThDHE—T XL LTHIBEN
5. SAF ALy RIZBEDAT— M AV N 2BREST
L, fERXOX THER SN B WFIREENBIND &, 1 DL
FORVY RO 7RB5F—2EERL, F—DDA N
DENENIZONWTT —F REORELITR D . WFHIHE
BERNDAT—F AV ME, F—AHNDOEAL Y RiZko
TWFNZEATE N, WHIEEDOK TRER TTF—AND R
Ly FER#L, v XA ¥—2Vy FEEFHEINT—F
ERVCHERRTS.

Z ZTiX OpenMP API % AWz FIEHHICHE S @
EBEZ B 7-%, EPCC OpenMP Microbench-
mark” %AW CEME%E4T- 7. Microbenchmark %,

¥ ks, BROBARIEY —F & A IHE Tl — B O BRI OV
TRELMENE LN TWARWVED, SEOF—4 & LTIER
Lotz
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TV UNTRETHE I N OpenMP ORI E A
rPa—) v IF =~y FUIEDTD DX F<—
7 THY, NEIZ dummy BfE &N —FI2ONT,
OpenMP /R #EBM L 72HEICE L D BEEHET
5. FERIEICT T/ A — & OFITRM Z T3 2
L DOTE DB clock gettime () &V iz, fElhiTsE
TR Z 7 vy 7 YA 7 VBICHE L7ETH 5. Intel
Compiler IZiZz /34 547 3L LT -03 -zero
-ip -nodps -w -openmp %\, x440 ETITZhiZ
-tpp7 -axW #iBiNL7.

o
40000 I REDUCTTON &
35000 F BARRIER -—-®
SINGLE ---0---

Overhead (clock cycles)
N
o
je]
o
o

20000
o0 "':;ﬁ»:';:x eemeozIIIIIIEE i.
10000 g - !
5000 | g 7
0 - - |
1 2 : )

No. of processors

4 Synchronization overheads on IBM x440.

50000 : : :
PARALLEL —+—
45000 | DO -3 1
PARALLEL_DO -
7 40000 I REDUCTTON & 1
< 35000 | BARRIER ---B-- i
s SINGLE ---0---
3 30000 | 1
S 25000 |
0
B 20000 ]
T 15000 | a
3 o i
10000 | 8]
=] Ly
5000 .

S S
1 2 3 4 5 6 7 8
No. of processors

5 Synchronization overheads on NEC AzusA.

4, X5 12 x440, AzusA ETORPAA— "~y K
ERT. ZORERPOAND L DI, ABERUCEL
T, x440 TiE AzusA & L CTHIIIERICKE
ot — "~y RBRAETTWA. Zhid Xeon & ¥
DEFEEN 2.4GHz TH Y, 733MHz @ Itanium 7=
oV DIFULETHIC LD LT, Xy FT—7
ZRET S L TEREEED AzusA OBFE LY LXK
LTWBZERERFRTHD EEZZX NN, —FA
TPa—) T E ="~y FIZBELTIX K6, X7 iz
FT A4 AV y FCOETHERNMS, chunk HA X2 &
B0 AzusA LU TNIREE 7o TWB Z &35y

nd.
le+07 T T T T
STATIC,n —+—
DYNAMIC, n
GUIDED, n -
BT ler06 ¢ STATIC
° ‘\\\
8 % e
S 100000 { Koot ;é% . 3
& 10000 | e o VI
W -4
1000 L L L L L L L L L
1 2 4 8 16 32 64 128 256 512 1024
Chunk size
6 Scheduling overheads on IBM x440.
le+07 T T T T
STATIC,n —+—
DYNAMIC, n -
GUIDED, n -
B 1et06 | STATIC
° "X
) .
g N
S 100000 ...y v >< 1
< K
T
3 10000 s ]

1000 . . . . . . . . .
1 2 4 8 16 32 64 128 256 512 1024
Chunk size

7 Scheduling overheads on NEC AzusA.

4.2 STREAM benchmark
FHEBOREIC OV TEIVFELLFARS D, A=
=7 RECHE SN T3 STREAM benchmark? %
FAWTENEND T AT LD A E Y BikiE % HE L.
ZORyFw—r s T AT, E6EEZE/ NS
WX L CUTOBAEZITY, EHIEZ b & ICHEBDOE
B iE % 3T 5.

%1 STREAM benchmark types

Benchmark  Operation Bytes per iteration
Copy ali] = bli] 16
Scale ali] = q * b[i] 16
Add ali] = b[i] + c[i] 24
Triad ali] = bli] + q * c[i] 24

ZZTHEA TWBNA—F i, BEHTRATZE A Oxt
B LI HFHACHD TIHL, A€ ) HHWBOKE 25
BEICELEZAAETHS. 2 ZTid OpenMP DI
F|7v 5 A ThHD stream d_omp.c FFAV, ThEH
DT —%7 7 F % ETEHM L. K8 IXHEEY A X%
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4,000,000 & L=35A D x440 L CTOMREETH DD, &
KT IGB/s §FLie-oTRY, M0 IZRTAEIT 7 4
=7 A HREEERA L2 VRETHE L AzusA EToO
EERRBETHD. Zhicxt LTREY A X 2,000,000
DOHBAIIE, HNTRT I KEWERE LN S, FEY
4 X 2,000,000 DFEITHEL 72D AT ) BT 4MB
THBEDT, 2D LS5 T ZADREICK LTI, x440
I EN TV S 64MB ® node cache 23802 3H#4
3b0EEZBx N5, —F, K10, 1156, NEC AzusA
Rz Tix, ARV T 74 =T 4 BERFIAT L
ICE Y KIBRMEREOR ERELNTNDZ ERS5.
x440 TIXERE+FREEDE LN TRV, T —
TAVIT VAT ABPRGTHZ LT, L0 EWERERE
b EOIERBbDEEbNS.

3000 ‘

Copy —+—

Scale -
o 2500 1 Add e i
3 Triad =
2 2000 t 1
£
3
£ 1500 1
8
Qo
2 1000 f .
g

500 |
0 ‘ ‘
1 2 3 4

number of threads

8 STREAM benchmark performance (MB/s) with array
size 4,000,000 on IBM x440 (without memory affin-

ity).
3000 -
Copy ——
Scale -
& 2500 [ Add ok ]
3 Triad —8 %
2 2000 1
o
B
£ 1500
8
o)
>
2 1000
3
E s
0

number of threads

9 STREAM benchmark performance (MB/s) with array
size 2,000,000 on IBM x440 (without memory affin-
ity).

B, AEVT 74 =7 4 BREERKFDO AzusA 128
W, K11 IR L) REBE#EOR WA —J Y
T 45, BRAEIETBIC Lo TIRBIZKDbNLS =

EWRGPoTVWDE., ZhiEARV—FT 4 VT VAT A
WKW TERENZ 77 ANV Y vy aES) /) —FE
OEFEBIOIEEBEIN TN ZLIZLELEEXD
BN, ZORBEIE, SGI Aoy 8Ita £ & VU BIE -k
Origin THEIZEBINTWVWAH LI, 77 M vFr v
va®kT Uy Rub v R THOBMEEBT S22 EICLoT
RITEDHDEEBbRS.

3000 : :
Copy ——
Scale -
& 2500 [ Add -k il
3 Triad —8
2 2000 1
o
3
£ 1500 - il
8
o)
>
2 1000
5 —
£ s0f :
O L L L L L L
1 2 3 4 5 6 7 8

number of threads

10 STREAM benchmark performance (MB/s) with ar-
ray size 20,000,000 on NEC AzusA (without memory
affinity).

3000

2500

2000

1500

1000

memory bandwidth (MB/s)

500 F 1

1 2 3 4 5 6 7 8
number of threads

B 11 STREAM benchmark initial performance (MB/s)
with array size 20,000,000 on NEC AzusA (with
memory affinity).

4.3 iz BLAS IL—F>

T, X ERBICEWVWHEEL LT, Jacobi-
Davidson B WTHERBO K& 2 oE 5D 3
BREHEN—F > zgemv, zdotc, zaxpy, dznrm?2 %%
W, F i fTo72. 2o BEEIEEMIN—T%
OpenMP API MV THFULL TS, <27 hAHA
RiZ 2567, 47514 A X1k 2567 x 4 & LCEAIL.

x440, AzusA ETOMEEZRX 12, X 13 12777, x440
BEVEREZ R LTV ER, ZHEei#EicRLES Yy v
ValBopRICL s b0 Bbh, ety FHE
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zaxpy 40*‘

zdotc - m
1400 | dznrm2 & ,

MFLOPS

1 2 3 4
number of threads
12 Parallel BLAS performance on IBM x440.

1800 . .
zaxpy —+—
1600 + zgemy - A i
zdote - S
1400 [ dznrm2 -8 X T -
1200 e '
1000
800
600
400

2007

MFLOPS

number of threads
B 13 Parallel BLAS performance on NEC AzusA.

FxyVahf ADER, Xy VI —T LA T U VER
PR RARAL LYY - YoV (N QAY-

5. F & ®

ARTIE, 2ETFT AT 4= RU =TI B08LHE
AEVHET7—F%77F ¥ & LT, IBM @ Intel Xeon #
WY — S THD x440 ZANT, BITFIZ AT X B0
BREEOPBIBAETY) T —FT 7 F ¥ E~DFEESH
HKIZOWVWTHRFZITo 7.

BATHI 7NV XACBWTHELERBEL LR
BLAS HEOWILE2EZE X B25BE&, VA Ty E/hEL
THEEBIT, /— FEITORAEY EEIE 2 4R
THZENBELRD., ZOE®ITIE, x440 THRA S
T3/ —Fxy vy V2388 RFETHD EEDbR
5. iz, HRBRLOEDESREIOFERTIE+H5ICFMET
ETCWRWE, ARV —F 4 VT VAT AZONTHE]
EfeE L VRN REEFEEZHONIT L T LER
»5. Tty LA TORHEILEEDYE, 5% LY
BB RFE AT o CVE L.

HEE ARZED DYV, IBM £LD Martin
J. Bligh K, AABIHRSOEBARK, FNET
KZIEILD, ZL0HA2 X V#EL 2P HR— FROT FA

ARAETHEE L. BHBLET. ok, AFRO—HF
i, FREEEATSE (2) 14019030, B2 fiiBh&Hk
BH5E (B) 13480080, K UM} ik B 36 B RO Al
EHFEHEFRCLD2bDTHS.
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