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Accelerating Message Passing with Switching Location to Store Heads of Messages
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PCI Express and network trunking make the increase of bandwidth for MPI significant. On the other hand, decreasing
latency for message passing is difficult. In this paper, support function named LHS(Limited-length Head Separation) is
evaluated. This accelerates message passing by means of switching location to hold head parts of messages. Though this
can be adopted on DIMMnet and the other NICs, the effect on DIMMnet with large capacity and long latency may be
bigger. This is validated and evaluated on a DIMMnet-2 which is operating on a DDR DIMM slot. Searching speed of
unexpected messages queue when the order of message reception is different from receiver’s expectation is accelerated
in 43 times with LHS. This absolute performance is 6.8 times higher than QsNET-II which is famous as a low latency
comercial NIC with MPI off-loading. Hardware cost of LHS is significantly lower than that of ALPU which is a hardware

accelerator for searching written above. Therefore, LHS is better suited for larger parallel systems.
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ZOEOFHHIZDNTIRAS,

51.1 FHERIE

AEIOERRICB W THN S N/-HERE 2 A TICRT.

+ CPU : Pentium4 2.6GHz, L2=512KByte

- Chipset : VIA VT8751A

* Memory : PC-1600 DDR-SDRAM 512MB x1
- OS : RedHat8.0(kernel 2.4.27)

+ Compiler : gce3.3.5(Compile option:-Wall)
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5.1.2 M EFH &

LHS 2\, TARO—7ORMBHIMN LH Ny 77 &k
DEEE, HENLHLANY 77O X HBOI.RO—7)8
BMESNAMBIEEDT ¥ E2EZAALTRE, ThUND
EHIZIZ 0 2FZRAALKECT S, HEDT—FENY T 7
DEMCIFFICHEAME LTS, SWSURBEKRDELT,
EMOT—IBREOM 2 ETORMEZRE L. BB, BN
DT —H LS rank DHERDAHEFTU (ZOBFRTES L
RO—7EHWL, ROL o RO—-TEHEHHT), BHOT—
& DF B DOH, rank, tag, communicator D HEREFTH> TS,

T2 ARO—FOHRMEFN SO-DIMM 0412, 16Byte O
IANO—7 (BHOT—F AL 0) 2 HEEKE XA, B
M SIEHIC 16Byte DT MVEEA L (VL) 7 & 8% X
E#EDEL TWS. BAHEZE LSS OAEIZ T XO—T D
BRETNRLE Ny 7 7 OBEGLRCTHS.

5.1.3 & £

FHEFE R 2B 6 IR, MEDIL unexpected messages queue
WWBE->Z A —VOEKICHE L, unexpected messages
queue DFEIHEP S MPLIrecv( ) BROPTTHES NI N
O—-7%28T5AVE—VETORSTHSE. 1 AvtE—TdH
7o 0 ORFEERIE, LHS 2 AL 0nEEIE SO-DIMM AOX
2 b va— R7 7 ZABRICE T O BRI 2 N A 7= R AR
MY, FORMIIEY 634ns THo7z. —F, LHS o7
BEVITEE 14.80s D, LHS 2> 7286 bR WES
DT TOEEDENIRTLSIC, LHS #AWH I EICLD
unexpected messages queue DARFRIFENIHK 43 EIEE N/,

Fie, HAEEOREETS D 1 Avt—TH%E0 01
BEWIXER Y £ TO QsNET-1I @ Tport ZHWEEED
unexpected messages queue RFHE % ILIC QsNET-I1 O1E
%M 6 2Pt L7z, DIMMnet-2 i3 FPGA EZH D030
BRETHOBEREDTH X b CPU bBDTHZITHEDHS
3, QsNET-II XV unexpected messages queue BREEHED
6.8 fEEMETH 7.

r : r r
10l - 1) DIMMnet-2 without LHS (from SO-DIMM) |/
~=== (2) QSNET-Il with Tport on Thread Processor .,
3) DIMMnet-2 with LHS (trom LH bufter) -
30 i
e
— =
2 S~
= - 1/4.
g2 o
2 v
2 -
s -
e 4
10 i
e
o Bmmm=mmsiT T i
0 10 20 30 40 50 60

Buffer Depth
B 6 LHS XL unexpected messages queue BERBMADZE

51.4 = 7

DIMMnet-2 IZBWTRAY MO —Rav > RERWE
SO-DIMM 7 7 & A BEREIS K EN T EA—H E L THN
THY, LHS #HWND T EIC KD KV unexpected messages
queue DMRFFHNE L <@E#FEbL/z. —F, DIMMnet-2 ®
N7 Ma—=Ravr RERWEAEY T 72 GEER R
600ns FEETH D, BT 7 L GEEIT 100ns BETH D Z
EMLHS #HWAHEAD/NNy T 7 DESH 0 OFF ORI HEN
5HMMBDT, DIMMnet-2 D82 AT UMBRICERT 2
HWRIIF 26 FEETHD 43 fF L WS MERITENIDT TR
HRETERNIEZHASHTHS.

DD 7 SR OIERE £iX DIMMnet-2 D488k A €
DERICERLBWHIOBERTERIN TN ERTTHS. B
HRIZIE, Frviatby bLTWiWE Ry tE—UHD
EFEY 7 LB 1000s BESHH > TLEIXTTHD,
¥ 14.8ns EWSEHEERIIFyo P adty L TWE I E
EZRLTWAEEZ5NS. DIMMnet-2 D4 EIOERICHBIT
LI MUHAZiE 6481 b, T2 RO—7H1 Xk 16 N1

M THD. Pentiumd DF vy aF1 81 Xid 64 N1 b,
S 0TY 72y FREOHES AND EEERIC 128
NARDFvw 2 aI4FA A THD. INEOHA X 55
Be5E, BUOIM)ETIEALEBICROI N O—
THF vy o FICRVRAER, KENZFry o adby hET
BLETN=RI2T ) Ty FHREL, BFEOF vy
FAHRLETY Ty FINTLB. TOESIT, LHSIZ
FoTHFYy a1 YA XBEDF Ty FTY FLAR
JBIC L. RO—TWE=DIZ, KTX S CPUDN~RY 77
Uz FREMTHEETD EWSIEBRT, RO 7 &0 K
MERINTVWEHDEEZLND.

FEDO X SIZ LHS 1T & D unexpected messages queue @
BREHEEATEATIOT 7 ABED N TE, unex-
pected messages queue DMRFRMAERLIIFITH A » CPU DF vy
a7 7 AR, TARDEATY BIOREKICKET S.

DIMMnet-2 O#E#EETH D DIMMnet-3 13 AT U NZADE
B A 'Y ORERIITHEN, RA M ¥ T -2 &
KBEBAEUHPER 2D, COHE, RAMMLRERE
AEY DT U BEIZIENBERNCH S, BREREFEIIFR
 CPU DAEYFEBORMBNALT B ENS, AERR
BXO—BOSEEBERTELEEZLNS.

K2, PCINAZORM 1/O KEZ SR SOEREIC
DMA %75 ZEMTES NIC ki LHS #%% L, LH N\
Ty EEREEDOF vy L aMRERMEEETHE YT U HER
ICHER L, BZE % DIMMnet-2 FRICEHRZ b CPU 2375 84
#EZDH. OB, MR0Fey L amHEDT B
BRI HIETZ 20T, 7THEEOIBMENEHETES.

—%, PCI-X NRICEE S NS NIC D QsNET-1IY i3, MPI
DF 2 —#E% NIC L@ CPU(Thread Processor) 235179
5. ZEAYE—YEF Yy 2N L TDRAM LD queue
C2{EINBD. TIT. QsNET-I @ unexpected messages
queue iX Thread Processor WEEET2U XA MTHD. 1 A
T2 7D 100ns &SRB 1 EO DRAM 772X
EREERAE—RLTWD I ENS, FRIZER DRAM 77
TBIEDRNIND X DF vy L adHEHWT Y EEIC o
TH D, Thread Processor @ Re(t U THRBHERENETL
LawnwEEzohd. FE, BHO QNET 5 QsNET-II
ANDEIZBNTA > F v 7 CPU OHEFEIIKIBICH EL T
BH, BBEHEIIEEAEBAZN D).

ZhiZxt LT DRAM 7 72 GBI &M BRYEREN S D BEL
7z DIMMnet-2 & QsNET-TI & i L T 6.8 {5 0&EETH 5.
ZORERIIF R —F DRAM LO queve BREEA > F v/
CPU #3T5 QsNET B NICIZBWTH, 71U 7y FHEE
& LHS ##HA3HiE DIMMnet-2 BIE TR WED ORT 7
FEREDONEERBSND SRS D 2B T 5.

52 N—FkozT7E

LH /Ny 7 713 ALPU® O & 3 /BRI T3z < Biflrs A
EUTHDISD, /= REOKERKEEY A5 AT A
B} 5 EV unexpected messages queue IZ ALPU L 0 &85
IR T 2 EMTEDEEZOLND. TOREHSMTTAR
<AH T LHS ON— R 7EBOE BN 217>,

52.1 B EHE

LHS ON— R 7 B%FEd 2D FRIRT 4 D0
BRIZOWT, wBESKRET L. REERICANEZY =)
1L ISE 8.2i SP3 T, Synthesize DA 73 a > THMLD bEFE
EEEELT &RLTVWS., WRFNT A Virtex-11 Pro
XC2VP70-7TFF1517 S U CREBSHK L. LHSOIT> MUK
2T 64 N1 FELE.

(1) T hUHK64DLH/NY 7 7(4KB) # LEFEDHD
(2) () ox>bUEKE2F (128 H=8KB) ITEELAEHD
(3) (DD M)EE 445 (256 B=16KB) ICEELLHD
(4) (O MYEE 8% (512f8=32KB) ILEEL=HD

5.2.2 # ]

F1ICLHS & ALPU ON— Ry 7BOEERT. ALPU
DREIXH S HEBIALE. EB5H FPGA &L T Virtex-11
Pro ZAWTWADTLUT 0¥, 7YUv 770y 7 (FF) ®
HIIHICHEL RS THZOEFLEITKRTES. ALPUIL
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X1 LHS & ALPU ON—FUx7ROLE

MEAYE—V8 | ALPU OB Yy 78 | LHS Ousy 78 LHS O A€ #
Slice # (EA%E) Slice 1 (EA%) | BRAM ¥ (BAXE)
64 AREf 116(0.4%) 4/328(1%)
128 5,215(16%) 129(0.4%) 4/328(1%)
256 10,350(31%) 137(0.4%) 8/328(2%)
512 NER 148(0.4%) 16/328(4%)
Ty AEVIEFAVWRWS LASIZ T 0w 7 AT U EHND. Eb¥o .

ALPU {2V MPI @ T >R_o—7 1 Eicfis L, LHS i
IR UMMPIOIRO—T 1 fHETF—FE 56 /N1 b
IZHIST 5. o TIns oSN TnNEhoL > F v /T
RO—TEFEHARER Ay - Ukl B.

E1KBWTLHS O AE VO T Ov 7 RAM B2 (1)
& (2) DBA TR IS TWBM, Virtex-11 Pro DA, 7
nwZ RAM QOFw MEEEZICHRKNS D720 T 0L D7k
BEloTnwa.

F1PSHESNREII, LHSIZHERZDT Y 7ERIL 128
I RUDBAETALPU O 1/40, 256 > MU DEET
ALPU O 1/76 IL§ &Y, T hUKEHEPL TS ALPU
DEIICKIBICEMTZ Z &N, EELEEESELT
ALPU DL ST ) w770y 72Rns0TIER< 7oy s
AEYZANTWS., ZOEDHTOyZ ATY % LESIET b
UEICHHI L THET 5%, ALPU ERZOHBETIE FPGA
HNOTOy 7 AT D 1~2% L0 HEELTHE5T, LHSICX
570w AEYOBEERIII) T A ANTEHIRNWEEZSD.

5.2.3 & 2

Underwood 5 DHIC B2 ALPU Tl RO—70®
FEBSER 42bit, RA > 16bit DEE 58bit 2V LICRIET
EBIDIILTWBEFIROT, iDL 37 LHS BT 3
56 N1 FETOTF—F2HTIA Y- V%ERMET S5
B, ZRIEHLTEEON-RFEDEFEHVILLES ©
I RURETEANT FELTWEDOT, ALPU EASOT
CRO—TORBIMBCHIETELZHERAATURERER 1 PO
O 1/8 REICHNL TS,

FHT 2 FPGA OH A XE/NSLTIXMNERHILZYD,
S —RFEELE LEWESIE, T MU EBRLTWS
N—ROz7B2NILTHIEIZEREBE, LHSOT
FUZBRL TWE AT EENTELIOREEETOZ
EINTIRETH 5.

—7, ALPUZBEIZ 256 T2 b URBENRATH D, Th#z
BABD/)—FEDIATFALETNPBD FT RIS REEET
T, J— REITENS L DA vt — %8 unexpected mes-
sages queue ICHE T 572, V7 MLRBISARICHES TH
ERHRETIRETDEEEZISNS.

6. ¥ & ®

KHRXTEIMPIEDAY - IR BOERIETBEETD
LEEEA Y E—JHEEHF (LHS) iZDWTHREL, DDR
DIMM X 0w MIEFE S N5 DIMMnet-2 70 b &1 7 EIT
EKHETEIETEOBERREZIT .

HEREFIE & U T3 A w b — P BIEIEF B2 ERIOEET 2 E
FErBER-> -850 LHS OFROEMEIT-> 2. LHS 214§
HBE, WHRWIEE & B L T unexpected messages queue
DFDOAvE—VRBICBN T3 EOEEEN2Ehs I &
2R TER . HNRIE DIMMnet-2 BA O A E VUBKISERT
ZHRENF 6 BT, BROOHTHEVEAMDF vy adiy
LT <R R TH B, HEMERIXGEL MPI OF
T0—F 4 7 THALEN NIC Th? QsNET-II @ 6.8 &
%0, BEOVRICLDMEREER—BT 5.

—H, "= Rz 7B LEOREOT VI L—FTH2D
ALPU TN T LHS I EAOYy 78k 128 T U@
$A T ALPU O#7 1/40, 256 .2 b Y DA T ALPU O
1/76 I &R, LHS OBFRMRbDIT Oy 7 AT Y 2
BTENZOHES FPGA NEO AT Y OB%TINEZRE
A7 <, LHS 3L D KBEAREH D A5 HICEL TWD T

S, B TH D DIMMnet-3 DEBOBRFEZED, &
WX TG TE TORWLIAEERES MPL OEE - FEHEZE
B, AREERT ENGBROBEEL THETNS.

Bl 33

ARG & BT A (ST SR B (SCOPE)
D—BELTHDINE SO TH S, DIMMnet-2 BLU 3 OB
I BEIC T A 50 C B T B MR T A O TN
B, BUE, AEE, PIRE ERETAEOLARE BE
WA, KM, REE, FAE, KIE #E GFE v
MIEREOREHE, RIE FUE, GHE BHE #RK
LEBTEAEOBEASE, NRUAEOHER, SHRE,
REASE O LEMESEE, HiL JTE 40 LIBE, S5, HE
IS LET
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