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Abstract High performance computing and Cloud Computing are requiring the interconnection network: not only
high bandwidth, low latency and high reliability, but also low cost and high scalability. To address these challenges,
a low overhead hyper-node network interface controller (NIC) for cHPP architecture is proposed: 1) a
PCle-compliant network communication protocol is proposed to decrease the overhead of protocol conversion and
the user-level communication is supported to decrease the software latency; 2) high efficient communication
primitives such as NAP, PUT and GET are proposed and implemented to accelerate the MPI programming model
and large data exchanging; 3) Hardware-based 1/O virtualization is supported to enable the efficient NIC sharing in
the hyper-node. The proposed hyper-node network interface controller design has been verified based on a FPGA
prototype. Evaluations carried out on the prototype show that the lowest latency is 1.242 us and the highest
bandwidth is 3.19 GB/s.
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PUT I 25 £ 3k B 485 4t 189 H b 22 ol X b 1k 358475 5

(e T R RO B HHES N B AR R
g X (& 86);

® PUT: ik GET %4k PUT 528,
It PUT ) B HATIFE O FF GET ik (& s@A
®)

38 45 WU RIS PUT 5% GET #:4E I, K 8
HFHATRAE CB GET B4 20y PUT $4T)
WAFAEAE B Wil 8 T @A@Y A1 a K GET
BAE) FOEQ N5 b KM GET #:4E) A
B, MAEBLI SRR T GET ML PUT M2
TE IR P 458 8 R 58 4 o BT AHZ RS, A SCR I R 3
TERBERAEHT, W 9 Jros, Jidh GET BE s
M REIEIE, fiiRkk T GET M4 5 PUT M4 E 4.
35 IIOGHHEE

18 VP B FAEAE K I R AR R, X4
A O T sk, stEaeE s, BIAEK
HIBEURIIAE ) OO mRct s, ek
WERCERER Y, SCHLZ BN 110 B3t
il EPERETH S VSO R g 1 s g
TEME R 7 TH ) SR — 250, B0 HE B ey () (B
IRV R SEBRIB A e 1 o [RII, 3B N e 288045 PCle
W%, Wil 3CFE SR-IOV P, SEILER 15 AP B IR)
1/O BEIEATE 2 RE ML) = =

DMA 5% 37 Ff SR-I0V iz, Al gl e ilih 21
A~ DMA 53, SEA i HL DMA 5548 ] DL 4 4F gk
SERRE A RO MM LA R, SEIRE FUMLIE N DMA
IR R BANERNLTIE T DMA 5% E
FEUi ) 10 BEYR, AT SR 2 A AL 42 110
mROLE . AEIIRE (VP JIHEZA QP, XM

—ANFRAT A8 FIFO K22 47 DMA WK o il il P
R GHEAN T 148 FIFO sk BEAT AP, JE T ek
fhi A SZB VF 2 18] ) 22 A0 AR SS

4 M#&IEOEHIR L

OO O

ek

v 4
‘ PCle Port ‘
¥ A
‘ PCTefi #.7%H] PCle

Bridge
(e

5[]

DVAKI%ES % €~ DMARZINS| %

v A
v I

10 P43 O ) S8 LA AR

WK 10 Fiow, Mg 0 456 2% £ 2l PCle i
1. PCle LB W [TRBSIE L b FF a4 5
TG DMA Hd ik S 45805 1844 1. PCle 3 F K
FAsvE PCle Gen2 % . PCle fc & 45 m)SZHL 1
PCle SR-IOV Jifit. 1% % MBS THWUH5)
DMA EE T T 15 R, T VR i 75 iy 2
JCIRNT, FEARPEARNTES RN A7 3R DMA fliik
7. DMA iR FF$Esc4s DMA Ki%5|%, DMA
RAE 5 AR R AT RO H A B S, AT EOR
I i% . DMA FE05 | 3 00) 47 S 50 )4,
i Jt 2R TR R 1% B AH IR A5 7] DMA $5:4E 75
BAENAEEMITTRE 3 GEPPIX . RIETE I LRAT
T I050 E AR RS ik e ke s False e 2%
AF FH T30 FEC Bes iECEE Se A H TAE
R R, FUH T NAP #:4E . RN RAEHS 2
HERIREL, eIk DMA BAEHKE TR
EHR W1,
4.1 DMAX%IX5|E

DMA Ki% 5 s RME R W 11 froR, 5ot

B ERURRIGT 14, FE0 T T W R B T N,

T VR IRR AT, AR5 PR F IR 5 (1 AH 55 S
FEEE, ITHT R g A A T AR A

TR 84N FIFO 20 5l T 774k 8 AN Thfig

(PF F17 A4~ VE) XRTT4, A FIFO ¥RFEA

32, RPAEAThEER 2 REIRIN SCFF 32 4~ DMA i K



DMA K32 i R 45 WA p A 4 55, DRAIEREAS 2
RE[RIN &AL Y DMA iR AEEEE 32 4.

FH R A S U R 7 T TR AR R 1) FIFO,
FEARAE [ 144 T (1 3 A S BRI 75 (1 PCle 241,
IR FF B OB R 67 T3 B A 2 A 3 75 149 R (]
£, EEENREIEG, H5EM PCle i
HERTE, (ERURFF LI RS PR A 15 A
AT, )T PUT HEIRTTA NAP HiIAFF, Hith
B HAR T b PG B SRS EATH 15 85
PRI A7 BAH ) FIFO o X GET
REF, BN EBE AT GET M4 IfFRAE
GET & X P KAkdr. B T AMLIAIATTAL, FRAT
BEHUB ORIl E AR B 201 GET HiIR AT,
Hobs GET R FF 40 4 PUT IR K J5 A7 A AH N (1)
FIFO t,

B 5 AR H AR et A A I A BRI R (1)
Pfs B, RN Y PCle WAFEEEL . BRI AR it
W T 3 i R . B R U e £ SR R GR [
AL B EE Y PCle JR[FMEL, JF A SEECH AR
U E o ot B HE P B AR SR A A,
SAFT B . BT PCle BRIk N AT
TR, — AN URECE 0 AT R 2 X0 Y 22 K N A7 152
B, 0 IR AR T RES Y 22 YR [A] o DR 4
P BRI (R B 2 AN, A T ke 1Y
A FT BRI S, InRET R, R
FIBEER A7 DRGSR P9 A4 42 F P 28 E0 4T G AT e
M EREEATEHES ] 4540 FT BB 1 STRR Il ik
FFE IR H IS B, B S IR B s AT 4T
I RN IFF Cintra DMA A2 X FF55).

0ooooo

GETH A

PUTH A

Helg
I

)

SQE
FIFO

A K
FIFO T

)
W e
FIFO B

11 DMA %% 5| S IER
4.2 DMAFEULT|E
DMA HUi 5| 8 F BE A T N 48, IS
W 2% A [P R AT A A B o = B p i o0 AR
Yo, B b ARBIHORN 2% ph X A B AR R A G, LA
ZERIPE 12 TR

P17 :ﬁsz -
i T B |+ I

ZEhIX NAP PUT FIFO
[ ROR AL || MR g

NAP PUT GET

Hltor &
12 DMA 3ZUR 5| EELEHAHER]

Py R HA T M intra DMA A8 XI5
IO 484, AR X % A0 S R 20 FH N PR ASE B g A7
B AL B, % PUT AR NAP 1, 43 KA Hels
Ay PARREL R [ PUT AR BRI NAP 0 Ab B
R AT AL BE, TR T GET A, T A B e ik
FF I 5 A A b R 36 5 | B 1 4 0 A B OB B g AT Ak
i,

PUT %l BALRIE S 57403 PUT 484, M
GerpIX L PUT W AR5 24~ PCle WAES
£ bAL o AE38AE PCle FRisURt e S b il 55 Bk 45
PR, HRATRED @RIl 3k b Ak . PUT
AL NAP AL B 8 A B, A 7 e AR
SERCEEA, UV 1) 25 A7 BRASTER B O R A v i
hhl; G BRARER, WP DA B PUT Gl
PCle NfF 54 FA%.

NAP %fli FALRIEL G 57403 NAP 4840, Jf
B ILHA A PCle ArHEE B R A7, NAP 4,
AR PUT U BRI AL, HE NAP furh
TCHHEAE B, PRI T R o X AR e b i A
NI A7 HLhE . NAP ALzl EAicse s dite, I
W DA 515 B AT BB 58 i bl A RT DL 4 1
f&; PUT A4 H i Hhb nf DURAEE Y, NAP AL H [
HE AR 2K “FAE 3 TR

S P IX A B AR ST AT NAP Bds 821k
Gepp X HuhE sk, R SRINZNLH . RG]
LEA I Ay il — 2 2 H (8 ph X b E AT 9047, 4
BT XA S B, 1) G b DX BB B A 1
K, AL EBCHT I NAP 320 28 vh X i dik ) 5
B RAM HHZEA7 1 NAP Hutik o 28 v X 45 BEAR A 671
TP S R A

SEMFZERIX : NAP 5 PUT LAzl s
B R IX, 2 P X M kAR I AR AL Il LA
SIS s hilgs, PO E RIS, 1]
TEIRAE o 58 B AFBAS I — N BRI 1 0 T 2%
MIX, B A NAP JH &, 752 maeliooe it



X G AN R sE FE BL LA PUT &
DU B A 7 87 e 2 A2 A5 1) R i F G o X 5 N2
SE R, b B B LR BB (R H
4.3 1/OX£Z=LIR

QP FFO‘ ‘
i
- - # | | RDMA
ST T
| | piro P ii ¥

13 DMA {hak4E#

DMA 5% % ¥F SR-IOV Ihifit: DMA 514 i
U L AEEThAEE (PF) F1 7 AMEIIRE (VF) S5
S P L 2 ) R 1385 T it R 8 06 “ Quieue Pair”

(QP) LWL KR (REATHEEXI Y. 4 /> QP), Al
A RE D BE T LAy Fe g AN IR R REFUAT LAE , S8 10
WA R, Kl 13 Fion. IR QP Al
ThRemcE 2 AL 328 SRECE T JE L DMA 51587,
XL ERL DMA Al HEAF BN, IS4
s Thhe, WEISZELT “DMA RBERUL” Thhk. 4bFE
A0l LUE I DMA 51554 42 JR 80— g hk (1) 1/O B sk
ITHEBEV R, 9210 WA msat s,

5 [REIZRGFITERETTEN

14 FPGA REIR %

SCEFET Xilink Virtex6 X365T SZHL T R 5
ge, Wik 14 Pros, il RUs T RIR X Z8 4 4l 2
1) FPGA Je s, THdi -~ o4 24 SR-10V i
(1) Intel 82599 LIKIM -+, 541 FPGA [¥] PCle £k 4k
R — AW, AERABRAR T m SRR g R

R T A A 6 4 1 4 s 1 38 B U ERN TAE A
R, M4 FPGA [MERr i, AR ISR I A
RN 128 £, TAEMIA 250MHz. A5 A
AT A UCEL, R R AT PCle #2113k #¢
PCle2.0 x8 (I&fE 5 GB/s, 1iiF 8b/10b 4Lk,

I 2tk 96 4 GBIs). Xilinx Virtex6 Lx365t
A A% 56880 4~ Slice, 416 Ht Block RAM, ]
2% 2 2 SE PR BOTH VI FE BT YR Slice THFEE A &L
[ 8%, Block RAM 4 5 (1] 6%.

5.1 IEETFTEMIR

i (GBIs)

15 B EHE MTU B9 LiER

7 PCle thilth, ¥4 PCle tu TR A
&, Bl KARH B MTU(Maximum Transfer Unit),
WA . X TAFEF MTU, PCle 3k
TS LU 2 R . EARSER T, BRI
R REE K B oK/ MTU SO AR TA],
Rt 7% MTU 118, #F9% PCle B T DMA
5 UG ARL 1Y 08 TR RS

MRAFE K 2M Bytes Z0dli 15 F, MTU 224k
Xty i A 2R AR O, R A 98 R SR ) PUT
ARG MERE. I 15 il LA H, 7 MTU Zh
T 128 Bytes i, DMA 511U (E %6 b MTU
SELRTERAIN, TWAE MTU b 128 Bytes ik 21| T,
Pl 3.2 GB/s Hy s b it fE_LFL: 16 Bytes PCle
Ak VAN, IR IR R AR s 128 Bytes /7 8
AJEHE, DMA 518 BEFREE 1 AN, Hi iR (A1
3R 80%. DRtk PCle #MSL I B il A4 ity o E IRk
4 GB/sx80%, Rl 3.2 GB/s. ifj 4 MTU KT 128 Bytes
Z e, WEAEAMT S HAN TR N, X2 BT PCle BhisUe
ISk Tag 3K 7 HER BB R R E AN I A
VLU SR AR ), Bk, fERERTZE IS Tag 5
A g _FAL PCle P BRIA Tag 30 % 3 A7 2 PR R H,
HAEMKS AR, BT Tag 50H A 324>, A&
REREE MTU RS8OI ARRN RS N, 3105 i S 380 98
PUIA 2T BB PERE .

DMA ik 5| B (1 IR FF e OS5 1 s
PURIHEWC | o B T B2 A7 DX i PR A e 5 2 e
 Tag “FHHATNAFBLIURIE. BRIE B,
X Tag AT — A FC RN B 25 75 s A %0 Tag #
o XTSI AE IR, 35 2 RREL425E PCle AT
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BV R Tt U dm > Tag BH WA (2) Pros.

Size Size
n=min( t/(——222 4 2| v 1y | 39)
16 MTU

(0<1x32 2

Forpr t WA AP BB A3 21 Tag 5 JF A2k
PCle #NAFELIFAG, 30 B 2 60, 56 4 1k 1] iy o 22
(RINEIE], BB 4, Be)s, ANV Tag 5%
B RIS /IR o Sizepayioad MK H14~ PCle
AT RETE K ) R i (Byte 547D, Sizepayioad
116 BT SR BB 3R 0] B i 2 R I e ] 3 (A7 58
16 Bytes), Sizepayioad / MTU 2 Fi5 T =R (5045 4l
%0 PCle BN, i RE S Eds (AR s 2N
Ji S0 3 2 A S A JRTYY () A BRI 1], AT 22 5fe LA
F2H 2. AAERLEXBN RN n A Tag LA,
A LA B R R 1 SR AN A5 A Tag &[], 4
Sizepayioad WM, HERF I BEFT T 1 Tag # H 2
RREZ gD, ABRAESEBR KRG, BT AR ]
Bl i2 5 Sizepayioad LB, HAFLETE S5 E
PERIER, t Al RE W 2 LT, 1 32 A Tag
AR HMEIHE A AR S U B B R T SO
AT LLERE R b R PERE: 1) H5 PCle B
PCl Express Capability Structure ' Device Control
2717 %511 Extended Tag Field Enable £ {7, i Tag
BHP KN 256 4, (HZ1Z I HE 7 22 PCle BX R 3 HF
2) HK Sizepayioass ihi 2B AL K I PCle #i 2 #f
PNIEICTEE N
52 HRMABTILIER

— e NPV RomeRele]
3.0 s ol S o O
n PUT o
2.5 - e O e fc1=2 S T
°
2. 0 e 0; .............................

1.5 e

Wi ( GBIy

10* 105 108
Bl 4% (byte)

16 HRMEHRIBTLIFR
- F52Fr 248 MTU 4 128 Bytes, Tag %tH N
324, DMk, FEIZAAE IR 1A 56 ) H 2 B 2K
BAE DL W 16 s, 4% EE N, PUT
A (1) v B G AR R 1A I i S 0, X R R R A Sk
JIT v B el /N BT 5. E 22 B 8 21— 2 iR

FEZ S, e nAr g, BRI G a o L i34
CAAEIE . A3 EEE =15 n$ 512K Bytes
I, S2hRi s 2k 3.19 GB/s. GET 5Ll PUT, fH
AN/, RPFAENOT 2% GET MR FF e &
1% DMA 538, #:4p Sy AR PUT 4, ZEIR 21800,
T NAP G K d5: Kk 2K Bytes, Bl 434 5]
i K 2K Bytes. 41/ 16 i, NAP 4[]
i o IR SR 3T RS 0 o 8 AR /NI NAP A7 RI%
(AT B B R, XAk NAP 7 BISICK 3 A 5 5 5
P B AERR R, AT RO IE, A LA
VEWR D — R AT I o 1 Bl A 57 28 K389 P NAP
AR ZE BETT R0k, 12 BRUA AT N 64 47,
PIAN A BE B — > U1 NAP S7.RITEL, 16T
NAP [H]#:5, WA7EBEGR[M] 128 f7f¥) PCle 1, —
HITEEAL, DRI Y AR T Ak .
5.3 LRPEGHBITHIFR

% 3 DMAFER (ps)
Payload NAP NAP

PUT GET
(Byted  rHI%C [

1 1.242 1.846 1.762 1.838
64 1.254 1.862 1.778 1.854
256 1.458 2.018 1.838 1.914
1024 2.514 2.858 2.078 2.154
2048 3.922 3.978 2.398 2.474
4096 3.054 3.13
16384 6.894 6.97
65536 22.254 22.33
262144 83.694 83.77

1048576

F 3 MR T A5 h L AL AEAN [F] S D 1 4E
B T 7. D% W1 N4 NP s 1 6 A = A1 R
Hgli LA 2M Bytes Dby S A& 4, RIS S /NI 1T o
MFE 3 T, 0T PUT &, M 8di i/ 121,
FEIRF /N, IEF 1.762us, 10 4R Bl B 30
MZPER . X+ GET 15K, fH/MERN 1.838ps,
SERUA RO 206 GET SR AL ALY PUT #
Y, DIMIMG ZEIR KT PUT 49, NAP 7B ¥t i E iR
/MY 1.242ps, X2 PR JLIE SO B S TR R
F, AR A E D T — IR I AEELEL, Rt e
iR dge/Ne 1M NAP (AR /INEIR D 1.846pus. FEIR
BT PUT A0, XAZEDH NAP 3 AT R HbrHh
bk, e 2 g AE ik, R IR
BEHG, RIBZEIR 4 KT PUT .

329.454  329.53
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Kl 17 7R T NAP SLEIECRI PUT PR F 9 45 F. 7
RiE 1 FA5EEE RS N IR DL, A
DMA #5188 EHNURE M TR T ih, 3
DMA 3% 5 | 30 W 25 10 5645 4 PCle idls tu 464k
Pk, HAAR RS SIS Frins ) —28, Hrp
Crossbar ZEIR &7 s A HAEIR . KT NAP i d
A TFEE R AFHbE, T ELRHER R DMA £ TG
BT ORAE— e B M A ik, DUIRE S i 6k
HuhkiE sk o H A R A R B S ORI R [ ) 23R 5%
DA A 25 14D i 7 3R P R 8 9050 46 1) 5 T i Bl A5 A
1oify, B 17 HRi “1307 R H. HAE RN
B S HE IR , DMA 5| 35 [f kb 3 43R Y 35(NAP)
2 48 (PUT) W& . JCHAE Crossbar 511 DMA
ARRT B, NAP #:4E CHZEAF b 28518 F1 PUT
BRAE B EE AT b HE PCle il o A%, i
T B

— —
e AT AT FAeAL A HOR
Wt g WA R LA

NEZYSE] S S Lfmum

4 130 9 6 10 2 130 4

NAP S B # G iR 43y

N N
e HORTE HORSGR A e
S T T S e it
ross
WLET ] kT i, bar VR PUTAR

>

130 16 130 12 10 2 1
PUTHEIR 43§

17 fEMIEIR o4

5.4 HIEESH

FEAN A s VA TR (A2, B RS
Bhn, EESEAERE DA XOFRSARSINEE, dim
S5 DMA AL sk ma B i [a) A8 K, B GEIR B4
o0 R A0 T R T A AU BAKBHZE” (s,
DRI, S INAR T AN [) i 11 50 AN [ 0 4
N PRIEAE A R . Ay TR S SRR B 3 U A
B GET i w2t £ R, i mant
R, AR MR RCR ) PUT S (0 4TI,
Mk, XEAKE GET LHEEIE. & X BEEr
i 3k 0% Dest-Mod: WU IHEE SN n, WHE
() H i 2 d VY SR s i S A7 AE 2l TE [d mod
Nl - 18 4 4 %1 2VC (Virtual Channel: il
) (B 2VC, RIED. 4 511 4VC. 8 ki
2VC. 8 i1 4VC F 16 3jii 1 AVC 454t R K H Fris
THFE T PCle bryfE Il A5 Uh BUMAT HOEBAF I, 4
IRFIAHFSE R R . JEIR B TR TTFURTHE,  BIHEK
Uiy AR AL B SE M 4 A S5 R, R o BT A T SR
PIIEIR BT o Frnk e O Rt E 2 5, X

BEAN I 1A 55 KP4 I DB I A

I 18 RTLLE Y, e T H — 52 S ol
N, AR R EEECE BT AE IR IE
B —E LR, A 5 0 B 5 s 1150 H 38 0
Mo 4 S B, fEARFN 1 2VC IIEHL R, 4%
I ST e KRR T TE 1) 65% 0, SEIRFFURILGE [
Tt BEENEG R E RN 2.6 GBls. fEfEu I
AVC BT, REMEHRILT] 2.8 GBls. v
B 2VC A M I TAE 4 3 4AVC SO R R
% VOQ &5#4[9], FITHBRIASKBHZE M. HAIAH]
SR PERE BRR, SRR BB RENLEA 2, &
AL BN EA SN . 5183 4VC MIXTT 2VvEe
INHE R T S%IITERE, ZRA IR RERIE BRI IE,
4 3 1R 2VC [ AEMERERN BE U5 LR BEIA BB T
IR ETR

g YbOUSAC |
" SOMRIAC |7
8bOLSAC
B8bOLRAC

TEBOUIAC [ f

W (2
u

18 IRINEFMEXR

5.5 I/OEHML IR

eV, AL QP W] LA RIS ] 2 A4
WO, SEILG B m A B L e, RS RE DD g
HRE P IAE FH RGBT, SR T A PR 0
BEXT&ASREDIRER T TR, SEIL 1 P iR 2R
W o B 19 2 %A VF J3 L i)ty i B N 8] PRI AR A A 200 o
DA A BE LS /N PUT £, IR HL IR Sk 2
Bogh & Dhfie. M4 Rl 19 Prow, A[RZie
LR AR 2 VFO-VF6 F1 PF T4 e 21 iy o A o
Il th e 2 18] 7R 8] o 2 s AN [R) T R T oy ity 58 40 4
Lb, MO B TR, A7 S e R . A ]
DA, ARENITTARI, 2l v i 20 B AR A AR 24
KR DMA SIENITHG TAER, CAAmrE8ds
RN, R RO SR AL i A S R R B
il EEAOR, - BRI s 5 ) 23 Bl AT A AR KR s e, (H
ARPEAS VF Z 0] 55 43 B IR LA At e A TR 1394
RREAE 150 J5 AN b o 90ty 8 2 P 3RS RS
AR RIE B T 28 P43 Be s 56 1) H 1)
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o o
I ®
< <
B
& 3

>
<
T
&

VF3

O

VF1

o o o o
=~ o

WG AMAC T 40 (X100%)

o
>

o
=

VFO

05 1 15 & 25 8 35 4 45
WEREAM BRI 99X 10°)

-~

19 FHEES EChERT B YL

6 FHXHR

& 4 HIAEIR

Networks Bandwidth (GB/s)  Latency (us)
InfiniBand QDR 3.2 1<
Cray Gemini 6.1 1.0
Cray Aries 9.5 1.2
BlueGene/Q 2 2.6
PEARL 1.1 1.2
Dolphin Express 1.27 14
cHPP 3.19 1.242

A PR e E WS AL AL, 2
Pt i Pk RS 1 B EORRR . A ik gk
St = BOEAE R . P OB 5 2 ORI
V2 it Be T BN LI A L 45 BT R A, 48 -
IBM BlueGene % 41[10][5][6]4F kb3 g% 9 21k T
PERE 2 T2, TR 2422 11 SR 4 PUT R
GET; Cray 1] Gemini [11]F1 Aries[12] & 5| ELi% % 2%
(180 D% 28 4 T A AR R J 2 IRt T S /N IS i 1)
PRI E VT ) (FMA) R B3 1 el 5] 4
(BTE); iM%t Infiniband[4], :EHLEEE
fds (HCA) $RfLfliff 2 ¥¢1f) RDMA PUT/GET #
1 R H IPV6 FEZ51K 128 v 4% Jrj itk LA SR 2
PN AT ) o H T3 ) 4% 422 11 42 1 3 (R e 134 1D
I KR 3% R 5%, DR ah— Y ity o) ity S £ 2940 B 1O
JEZE P-4 M -1O R ZR B SLIE (  Bmt FE - (it
Mr— 4T~ b — 3R L3 B 2 E S 75 2L
i KRB AL T 7 (0 7 I H ., Bl 2R
HIZA5 A (4N Infiniband 63k KATIA$I] 94 7
9D, BRI T 28 Ak B (R 285 e RN AT K A o TR R
Tho SRIMAERUSE R E (KRB & rh, R TFR N
TCROTTRY, AN SCIE 2 T8 3 T 7 Jeg 0345 119 L& Bl
I DMA 5B ghkgiseil, SEIRE R T8 A1 o

UbAh, LEJRE E ML, A7 AR 4 B
/O WY e A DR FT K, ASCELY & PCle )
BOSEILI T 2%, ST /e 32 EmAh T Re )
R, 30 THT i) R RS 32 0 4% (1) I 4% 4% 11 7 ol
IR B2 FRIRERA 1wk, Eir kg
1R PCle SEILALEE 2% ) B (¢ TAE, 10 H A%
5%\ 1) PERAL[L3]EH PCle 1E il { B i ¥ v
T URREGN, TR R S A, AR
FEEAEIR 1.2ps, HATGEACH 1.1GB/s (BRI 1)
55%). Dolphin 2 =44 F 455 1¥) PCle T4 5 %[14]
SRSl 2 ENLRE G A ENLE 10 BEMThE, hT
[ B TR 1) KRBEH LR R GE, DRI b e I3 ATt
JA R I ALAG, LA AEIR ) 14ps, P HE N
1.27GBIs.

4 I T cHPP M2 B 1 P thl e b k& il
W2 2 DA BCR FPCledf [ T b 9 45 [13] [24]
fit. N 4 TTLLE L, cHPPIM 284 1 15 24 I FPGA
JR R R GEAE A 5 (AL 1 BB U7 T (0] 5 5 5 SR
T EAHR) AR T-Cray) @ PEfe BIE M2, R [H
HKMPCle Hi%E M 4% (PERALFIDolphin Express),
A I AT LASRAT 55 WA 7 56 AH [R) (1) InfiniBand (QDR)
T IPERE . Fod 028482 11 42 1 2% 8 S 3R J T 1 1
RERAALL, MREI 17 BUIERA TR A, F5E FcHPP
Pl g ARSI, HAEPEGE IR i) 325 B

7 FHRFRE

CHPP A 28 45 1 K BT AL e vk vl S 2 P
254t HE G Tk A B AR, A 9 28
B, JFH AR R T A EOE A R, T
13 R PRI A GEIR o BT Rl 88K ] PCle wpidide
IR A o R0 ] SR O BE R P B o 4 e 1 sl
A8 SCRFFH P G085 RN w808 A5 s g o HE A%
iy, PRI, A PRETE RS
R TR ST SN 1O U m AL AE
PERERR BT T AT A K I A i oK

N AR A AN A 1A BT
RGP R, RE w4 B W 2530 M RS
WS, SEILAY RS AR AR FAR Y moEOE A s g
X} MTU Fl Tag 45 Bl Kl #idE— D040 DMA 5] 845
P, oEilfE kel 0 VO BRUMLTERE, SEIIAS
[ A5 ] PR A BB 4 R 11O BRI IR i Akl =, 9F
ARAEAS R 2 K (IS T oK, WA QP BRUR{E

2 network bandwidths and latencies for some networks,
http://www.euroben.nl/reports.php
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JUBLAN VE Z 18] 1) 5785 3 ok SEILF = 1) QoS k55«

B RMEalLAeXEFREERT AT
AT RAE A LRI R0 R AR 63T

7.
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Background

High performance interconnect network is one of the key
technologies of high performance computing (HPC), which is
monopolized by commercial InfiniBand fabric, high speed
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system mainly, dominates in the high end system. Both of the
cluster and MPP system have to use PCle bus to connect the 10
resource, which needs protocol conversion and increases
communicate latency, power and cost. So, if PCle could be used
to interconnect the whole computing and 10 resource, the
overhead for protocol conversion could be eliminated, which
improves the performance of interconnect network greatly.
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Recently, HPC interconnecting network based on PCle has
attracted a lot of interests of both industry and academe.
Dolphin provides a clustering solution using an enhanced PCle
interconnect thus obviating the need for a dedicated clustering
interconnects, while the extra cluster-1/0 switch increases the
system latency. PLX has built a PCle fabric for data center and
cloud computing through its ExpressFabric, which is targeted at
small to medium-sized cloud clusters. IDT use PCI Express as
the Primary System Interconnect in Multi-root Compute,
Storage, Communications and Embedded Systems, while the
system scale is limited.Renesas’s Hanawa used PCle as a
communication link that provides power-awareness, high
reliability, and high performance. Results show a latency of 1 ps
and maximum bandwidth of 1.1 GB/s, 55% of the theoretical
peak performance. While our experiment results show that the
maximum bandwidth is 3.19 GB/s, 80% of the theoretical peak
bandwidth and the lowest latency is 1.242us only. Meanwhile,
we implement the efficient 10 share in a node. Other famous

networks are compared together, such as BlueGene Q/P, Cray
Gemini/Aries and InfiniBand, the results show each has its own
merits.

This project is supported by National Natural Science
Foundation of China (No. 61100014), which focuses on HPC
interconnect networks issues and 1/O virtualization. Our project
team had researched deeply in the multiplayer interconnect
network during the development of Dawn 5000 and Dawn 6000
high performance interconnect network. Now we focus on the
next HPP system controller: cHPP, which proved high speed
interconnect between the Heterogeneous CPU based on PCle.
Moreover, cHPP controller fully supports SR-IOV, with the
virtual port to implement the efficient share of cHPP controller
by virtual machine or process. This research, which is the core
component of cHPP controller, implements the key technique of
DMA engine and PCle high speed port and 10 efficient native
sharing.
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