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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 I/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 s and the highest bandwidth is 3. 19 GB/s.
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T 1 i A 47 1 A ECHE {5 8. A&l 8 B, Chain-
DMA YA 75 16 48 18 4 3k £ BE LT DMA
UAES S N EYSRIIE SR VSAE I CHSEY) E 1 €/ EP )
A AR S RIAE E T R 0 Y A
KL BL B AR5 Bt A7 i £ S >R A SR 2K 2 4l
2t T LS B R0 09 Bode A% s AR R il B R K
PEE I X R B W], Chain-DMA B A R AL T
HE 340k % £ ) Bk AP S e 0 1 i A
W U IR A B AT SE BT B IR hE AR K AR
F b 3t 31k 19 %08 1% . TR Chain-DMA H /5 %5
B A B NS i R K S s Bl £ S A B
8 B B2 AR 2 RIDAT I 225K BA S Hh g — T B AR 25
S CIP SIS E S E A PN R €/ (3 RPN
R 815 A A .

43 3%
BRERBL ]

Hbn i (5 S0
BIFaR

& 8 Chain-DMA # iR fF

3.4.3 AT IR FR B B A A

A RS AT R R T i T DMA AR 74815
BB AR (5 B Z )5 . DMA 5] S AR— 45 il 8 45 28
TUBEAF B PAT AH I A 44

(1) NAP. B4 38 75 v ) B (Gr BP0 354 35
AR A v 5tk S [ R TR 4 B0 R R — A
NAP [ 454 & AT M 45 . i T NAP W28 A% H bx
HuhEAE B U PRI S BB NAP X 45 4
Jei » ST A b R I AT L L PR RO SO B B
FMIX

GET. Kl 95 ORQRE A a Kik
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GET $ B £ il 19 50 b 32 OB i f—— & 14 5
s GET il 3B 77 B 848 0 B B3 0 GET M %%
ALRAEN A bCE IDFI@) 15 1 b H s % I 45
WIRHCE] GET i 8 75 )5 5% # 0 A 48 1y PUT
BAECE 90 1Y KL b B9 Sk 51 50K T 5K 19 K
L PUT [ 28 41 (8 SR AT A aClE 9@) » fieJa 1Y
M a RS PUT /45 40 6 3k B 44 19 H 45 22 o X
I A B (FE 42 Tl A O B Bl B A H AR
PERE A o X (& 9©)

(3 PUT. Lk GET 2% A PUT 28, K I
PUT § EZPATHAEEAE GET ik (B 9@MO).

2450 5 WUy [l & e PUT s GET #4Em, & 9
HAY AT IR R CRF GET B #0005 PUT $h47)
BAFTESE B W 9 P @Q B @ (9 5 a KE W
GET #/H)MOZEQ@ (I A b KB GET #45)JE
JCER B T AE BT I AR T GET M2 5 PUT K
28 AL TE B ) 28 5 DR 5 . AT IR, AR SCR
1 TE A G S AR B AN IA] 10 PR Ll ad Oy GET B
S REETE L RER T GET MZ8 45 PUT R 2% 4019
P 2 T 1R 5 4

GETHidffa  Hdlitla GETHli b b
o ot ©® _ ©*
A\ 4 @ v ‘

§ PUTH% A ||l |
kﬁgl% -] ﬁ?}l@%+‘ GETWMZ D SR ~® l&:§|%
. PUTHiIARD @ PUT%%@) PUTH&a*
""""""""""""" GETMZf, L7

i Ha 9 25
A 9 GET i {5 5L 8l i 72

GET#ii& fFa Bt tva GETH#iA b Bt b

o4 1@ @A

: @ ; ;

PUT M %4 {da K !
L ‘%%*M*ﬂ@% _GETP% b | Rl el |9

, ® |

PUTHi > 4

Fl®
PUTHIEHD — ©@)| pUTMZ b

GETM ¢ fla

®

14 ta 44 b
10 GET J@ {5 sL 8kt 5y ik

3.5 I/O/RHE=E

TE 2= T3 58 F A7 78 K 0 Al 15 1 K, 31X %
WA DR T S BOR  m e RE S B R
AF I K I RE 7 5 HUJE e 52 TER /N R LA
BORM AT T L2 B WAL 1/0 B0 I 25
[, BB TS 2 T B T 9 2% 2 11 4 o e A
AE 7 T 9 5 R — B0 . B S B 1 W BB T A
B L BRIE AE R 1. R E 38 B AR B PCle %

# B SRR SRAIOV PRI, SEEUEE Y N R 1/0
BEURAE 2 i UL I Y e st =

DMA 5|4 37 5 SR-10V #LYE . 0] #% K 80 0 4
T4~ DMA 5] %, A~ & 8l DMA 5] % &80l LI Y
A ST 1B 4% 43 T 265 PLATL o8 R 92 30 0 400 ] sk
DMA 5% 78 43 52 A AL AT i o DMA 5]
BHEVIIN 1/0 BT 5232 A L P
K10 madt = BAEIaE (VEY WA £ 1 QP,
XF R — A~ ST 1 1744 FIFO Sk 224 DMA 5K, @
TR X 45N 178 FIFO #9385 5K E 47 P 3k, 5
TR AR AT 2 VE Z (8] 1 2% F 46 IR 55

4 MEFOEHF[ELIN

W 11 s P46 4% 1 45 2% % i PCle i
HPCle Bg & =5[] 18R 3l 80 1 Al iR 45 fir 2 FRoT
1 DMA B4 & 3% I B o5 1 % 4 5. PCle % H R
Fr i PCle Gen2 4% f%. PCle [t B 23 | U] S 30 T
PCle SR-IOV Zhfg. 148 & 1B ] T H il s 3
DMA $#8AE fir 5 09 118815 5L 1182 4 Bl Al R 45 i 2
FATCRRHT , IFAR i A7 25 N F2 A7 P R EL DMA $
WAF. DMA $iiR 75 M #2352 245 DMA &k % 51 %, DMA
3% g | AR A R AR B B (5 B E  2EAT B0
(432 B J2 7% . DMA 22 0505 45 0] 67 5% 5090 A 422 0
il 24 I K B 2 B AH N 19 P9 A7 7S [E]. DMA $E
7 B AE N AE S A JFRE 3 B gz wjr X & 3% 58 U 2%
A7 T 38 R0 LA DB A 2% 56 e 5 He i se i1
2R AE T 38 60 B 2 O s i OO e A T
FECE R B . LT NAP #:1E. B 152

@ Sl @ @

C ek
RIETE AR R E P IX EIED
] ‘
‘ PCle Port ‘
v £
‘ PCIefii 7% ] PCle
Y Bridge
fic E

DMAK %G| < DMAFY1%

1 A
\ I

BL1 45 4 O 4 45 25 A AE [
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L
&

A NIOEIS ALY PR

fREHR T — T

4.1 DMA %i%5|%
DMA Kk 5| SRR RE B AN 18] 12 s B 58

B WL AR BT S X TR TSR AEAT W8 10 AR 4

IR IR AT+ SR 5 AR 34 A5 1 R SR A B

BRI - FF 3T R0 25 G 47 4% i

ANANRENN A
FEIK
NS %‘“f
18

%
Kol

(— K DMA $ /#8265

GET# A
) PUT#AF SQE
B )
HOAT i
ﬁ
T

K 12 DMA %% 5] 45 iy fE 1K

IR BHEL S 8 A FIFO 43 5 FH T AE 4% 8 1~
Ae (PF #1 7 A~ VE)XF I 1 1145 . 54~ FIFO R )JE Ny
32, B> T RE B¢ £ fig A I 52 5 32 4> DMA 3R,
DMA % % 3ty 1 3t 45 W0 38 oh #4044 17 52 5 DR AIE 55 4~ 3
e Al I & 19 DMA 355k R 32 4.
TR AT 2 HRE B BT TR R P Y
FIFO, Jf AR 45 171 8t 19 8 25 A 10052 A 38 4 1Y
PCle {324 i i 7 $2& BUSE B 671 57 4252 O A 34 152 BB A
RAF IR B, 7E H2 0 )R 8140 )5 . 1 S5 A PCle £
B BRCH IR A L 7E AR A B B ORI P AR B A
IR AT AL B, X TF PUT #3845 f1 NAP H &
FF S BEHORE H R AT g R S S IR B (5 B R H 1Y
2 A3 I ok O 22 A7 B AH L Y FIFO . %) F
GET iR 45 LN 5 #:00 HA4T 8 GET M 4543
IR GET 38 UIF R AG . B T A Hu i i 4 75 45
TR A S BB H IR B 0l AL RSB Y GET
HARFF I GET #iRf5 54y PUT iR 45 )5 £F
AL FIFO Hr.

B A 152 HURE B R 4 D AR A 4 B Ok Y 5 R
WA B, - A AR Y PCle A A7 32 4. JEAA 114 A i a1
D) [ 45 38 A 52 BRUASE B, B3040 2 BROASE B 7 57 B SR Tl
(AL R A HE 19 PCle 3R B0 42, I A o 2 B AR
(8 VR RS . e T HE I R T RO R T R
ALFT AR (1. 1t T PCle B AT T 88 YK N A 32
S A BRI 5 — A U5 50006 T R 23 4 I 22 TR 9 AE 1 B

T — YN A7 12 B R RE ) I 22 R [l P e 4 42
SEURE B4 BCHS 8 K000 o AN KLU A, Sy 1 D B R 4
FTAL APy G40, IR 3T £ 3 2 58K 0 4k e A
T TR I A RS0 0R e TR TR 488 B A T AU B B ) 25K
PEATEEHRFE . 2% 40 3T 60 A58 B £ 53 AR 405 38 2 42 il
TR H 830 A5 S, 4 152 BB R R AT AT 01 Kk
138 LIF & (intra DMA 28 X T 5%).
4.2 DMA 1§ 5|2

DMA $ 105 % 5= 2 67 58 3 U M9 45 £, IF AR 4fR
o 28 £, 1 2 TR R A7 AH L A A 3L 3 S i Bl R
P Bl bR BRI 7 vl XA B B A5 R H b . B
PREE A A 13 .

JEpa T DMA K i%
SEIk < 5|4
J I Biff [
ZErhX NAP PUT
e 7 Mo g | | g e | PO
NAP PUT, GET
el

Kl 13 DMA 5] S 45 f A 18]

Py KB 5T Intra DMA 52 U 56
T IO 2 0, MR AR ) 2% 0, 286 R 5 4 R ) A B
ATEE AL BE. %) F PUT 4 f1 NAP 4, 43 & B Hel
HAZ gy A iy PUT 42 4b FEAC R NAP 4
b PRSP AT A B X T GET 42, W A rp 4 B s
TR T I 5 TR A b A 3% 51 5 0 R R A 48 OB ek 17
AbH.

PUT ¥idli FAEBE A 5740 3 PUT B 4543, ML
Zeop X I PUT 434 HAfk 73 i 2 4> PCle AT
G b, A2 B G PCle PrisC L2 M Hh bk % 55 25K
SERHRE T R W] 8 2D 1Y 2 4 UF R S 9 v Ak A%
PUT 4 F1 NAP 4 3t AT 45 U 58 B R 30, 4 75 2 1
& W 58 LR WU 1) 2 A7 A8 JE Bl o A 4 i o
G 0 AL 5 T SRR R AT DL B Hk PUT 43
¥l PCle WAFE 43 L 1%,

NAP ¥#s AL #H 7 3¢ 40 B NAP [ 25 4, Jf
g H L5 PCle FrifE S 0 & AE 8 47 25 [A]. NAP 43
S PUT 4 A& FEARAL . HJ2 NAP 43t
T b hE{F S o PR B A 2% o XA S e v 52 LA
V7 1) % A7 itk . NAP A0 250 b AL 32 0 58 A =6 1
I 2051 HR A 380 42 0 5 S ki A AT DL B
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& PUT 4 H ik T DL AT B 19, NAP 42 H 19 #s
HE R 2 KB X 1.

2 vp X FRL I G 3T PR T A NAP B #20k
2% vp DX b hE A9 123 R L SR R SR/ BB HLL. RS
IR AR (8] 43 T0 — 2 25 H Y 92 v X M bk R AT 92 47 2
F S v DX J I 1] 8 o DX BB B i 32 i
TR P AE P B2 BOHT B9 NAP 820028 o X b ik 5F:
BH RAM P 1711 NAP #ohl. 28 b [X 45 F A B iR
il Rak: 3 ey R LN R

SE A v X . NAP 5 PUT &5 — A $21iL
SERLERAF G P XL G5 i DX Uk 7R 16 AR I B LA
JH R 2 1 45 1 2 % o X0 i b SR IR E5 R, T A
IR 58 B R A B S — A BRI 8T 22 b
X, B B AL —A> NAP 15 8. 2 ] H2 0 o8 B 1 2%
X A—NEGE S s B LT — 4 PUT
HR AR 25 7 PR 2 A A5 ] 45 S 22 oh X5 AR 58
S 3 g AR B B 1k S A BA A A 3
4.3 1/0£=xH|

DMA 5| % % ¢ SR-IOV Fjfig : DMA 5|54 1§
P 1T AR (PE) AL 7 A Y) g (VE) 54 B
1 TC & 25 1] R 1 38 (5 BT 55 19 98 R Queue Pair”
(QP) HE7 LG & R (RS TIREXS R 4 4> QP L fifi &
A K T RE AT LA B 45 AN [R) 1) 6 S804 L S8 /0
WA RO, W E 14 FiR. [F S QP fil kg
TIRERC & 25 (] fff 4b B 2% 4K B T 40 DMA 5]
X R DMA ] R [ i S A O 5 3
LA B IR BRI SE B T “DMA K L7 T fig. Ak
PRES AT LA i DMA 5185 2 J 48— 4k id 1/0 5
PREAT BV S 1O B4 i i R =2,
18

QP| FIFO
VF

N
Qr \ anas
1% i
QP | FIFO g
VE /
T
Kl 14 DMA fh# 25

5 RERFMEREITEN

S T Xilinx Virtex6 X365T SZPL T &
e, qn gl 15 firz s o la] XUBE T B Ok 19 2% 4 11 42 o 2
) FPGA JEALE |, TER A R o B4 SR-IOV g
) Intel 82599 LKW K . B 4F FPGA iy PCle £k 45
HEHE R T — A BN AL FER T 5 s o A 0

K 15 FPGA ERM A%

R YA T % 11 4 o i ) 3% R RIS R A A
A FPGA B 25 46 R a0, 0 2% 43 1155 1 2 9 Y
TR Bl 128 bits, T/EHI % 250 MHz. 2 5 P &6
S FEARICIC  JR A R G T A PCle 422 1 ¥ 3E 4%
PCle2. 0 X 8 (Mg fH 5 GB/s. i i 8b/10b % A HL i .
BRI 2 AL ks 95 4 GB/s). Xilinx Virtex6 Lx365t
3 AL S 56 880 4 Slice, 416 Bt Block RAM, ¥
28 11 4 i) s S PRI AE BT U < Slice THAE &8 O &
1 8% ,Block RAM 3 M1 6 %.

5.1 EETENR

1t PCle Upisl . BoA> PCle 4 It RE 4% 47 19 B4
. B & K% % 8o MTU (Maximum Transfer
Unit) . 252 B4 BRI 1. X5 F AR MTU, PCle 3
3k BT o 48 09 T 8 BB 2 3252 L FEAR SEEG R BRI
AL BT BB 3 R 1 Bd B R/ S MTU & 2y A1
6], Bl 5 248 MTU B {E ., #F 58 PCle B 380X T
DMA 5| W AH 4 58 1) 52 1.

MHAALE T K 2 MB Big 175 00 - MTU 28 fp X}
T 1Y 5 SR A T8 R0 B 9 PUT A 0] € 06 L
PERE. B 16 HA] LLE H, fF MTU<128 Bytes I,
DMA 5|5 (W fH 2 58 bl MTU S22 34 in . 1 7€
MTU JJy 128 Bytes I ik 2| T, $%3 3. 2GDB/s (195
PRt 96 VERE B R : 16 Bytes PCle £ 3k i 1 A5 4, 1%
Il fe K AL K K 128 Bytes (5 8 A4~ J& 1. DMA 5| 4%
Ab PR B 1 AN TR BHE AR TR sk R 80 %, [ Itk
PCle P iy BR i 4% 4 7 5 1 B4 4 GB/s X 80% , B
3. 2GB/s. MMiX4 MTU >128 Bytes 2 J5 , W B 47 55 #)
ANFEHE N X J& B T PCle P 802 38 5 3 3k Tag 3§
R4 PR 8] A BT X6 R B S TR A N FE B T SR B kR
) Rt FE & IR FTEE i B Tag 5 4 fig L f%. PCle
PISUERIA Tag B & 3 bits 20 B 19, HA K 5 bits
AR BIRT B Tag $0H H 32 4~ gk E MTU
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FI8 8 R TR AT RO 80 o 3 T B0 5 M LA B i Y
HLIETERE.

3.4

3.2r ’ . o
3.0r

< 2.8¢
i
i 2.6k

/(GB/s)

241

%

128 256 512

MTU /Bytes

K16 SR MTU B2 AE 15 B

DMA %35 5| 5 1) 4 8 A5 1352 HOBE B B4 152 B
BT 8 P T B UG A7 X st ik A e s 22
HE Tag 5 BEAT A7 B OB AR, DN I 7E B3 . 7
B Tag #EAT G — 19 73 B A B2 55207 U LA 4 Tag
BT X T A A I BB B R 2k 5¢ PCle
PAF B3 R BT i (19 fe /b Tag B H 4k (2) firs.

e ]

0<n <32 (2)
Forp e g NN A7 32 O e 45 3] Tag 5 Jf £ i PCle
NS TT 46 2 e B E 4 60 56 420 [ B i 2 7 I
(] B AN DAy B A ] 30T G O AH B Y Tag 5 $OREIC
[l W J5 AT A PR Size o U 4 $4> PCle £ BT B
T 2R 5 KB 5 (ALl Byte) s Sizepuna /16 J&
JIT i SR B £ 4 R [l P 5 R I P R (7 98
16 Bytes) » Sizepuona /MTU J2 15 It i 5K 19 5048 o 1t
ey PCle £ 1y A~ B 1 4 4~ 20 e 4 A0 75 28— A~ i
o ] S0 e 2, Sk AT — A S A0 A Ak B () PR 2 ofe
DLEEL 2. A RIILEX B E A 7 4> Tag L HEAH
FH AT LA S8 0% B8 3 SR T AN 0 2 Ry Tag & [l
2 Size, o G NS AE R i = VEBE T it 19 Tag %0 H
WL Bz 9> AHRTE L BRI R G i T A A7 IR [E]
Bl 25 Sizeyuon BB HAF 1L 55 4 55 A T E
PERZR e ATRES T A BT A8, 32 4> Tag
AR X T 2 457 25 i 8RB T2 I S T N B IO
A DAGE R AR T 3R S R (1D #% PCle 45 1Y
PCI Express Capability Structure #* Device Control
7% i) Extended Tag Field Enable i B v , fif
Tag £ HY KN 256 4> AHZIZINRET L PCle 1)
SCRE5 (2) 3K Sizeiona » %I BETT R A A B S H
PCle # 35 K $i 4 i oK &1t

1024 2048 4096

52 HEMAHTUER

TR RS MTU Jy 128 Bytes, Tag 8t H K
324 L FE % A5 P R I T A i B £ 2k AR Ak
GO0, QN 17 frs Y80 & B e PUT (0 1yt
T B B AR 1 T S B 0 3R R O Ak B b
51 TS/ T . {2 B g n B — R R EE S
LG AR 9%, B BB BT LG B BE i 2 &R 18
B d . 20 B 28 A B G B 512 KB i, 52 B il B
£ ik 3. 19GB/s. GET 4256 PUT, {H k(& 0% /] o J&
KR 30T 234 GET #8752 B4 & 3% DMA 5]
AL A H PUT 4245 28 3R 2519,

35
NAPS7 1%
3.0l — —v— — NAP/## SEE
—— = ——PUT P/O/(Y
sl— = — GET
2.0F 5

¢
d

QM

10! 10? 10° 10* 10°
Hds 513/ Bytes

P17 S B S R A O

T NAP &K & K0 2 KB, [H it H 4 47 2 4%
0 B0 d5e K 2 KB W] 17 i - NAP A 1) 7 56 35 Bl
B3R . 7E SR AR /N NAP Sz B SR i 9
B KL axX 2 KA NAP 57 BECR: 75 14 B A9 I8 50305 B
RETERE IR AT o, AT 4R UK 2% o A L I b 488 A i 2
— N AE L. T B G B B I, PR NAP $ 4
14 22 BE FF R B/ DN 332 R R AF o 64 bits , B 9 4
JE A RE B2 B — > W NAP Sz Bk, i %t
NAP [l 4250, A7 B 423K 7] 128 bits () PCle £, —
H RS ARL L PRI A T8 ORI IR
5.3 MRMABEMTLER

e 2 R IR T A5 28 A AE AN [R] 97 B LT B A
R OL. 25 R B IR AT /N R T 28 3R 1 52 ) K R A
i DL 2 MB 2k P i o BT S5/ O HE R AF . AR 2
AL AT PUT 40, Y804 & /> 1 Byte i}, 18R
/N IR F 1. 762 s, 11 HE R Fif 25 KR 8 14 39 0 i 2k
PEXG . X F GET 3K . i /NER A 1. 838 sy S K]
WO 2% GET iR 54k A iy PUT #:4E.
PR SE R % KT PUT 9. NAP <7 BV % £ 19 78 38 #%
A 1L 242 s o 3% 02 PR O LR B0 B B A O A A R
5 Hp S R LA AR D T — R AR R AE IR
spe/N T NAP (0] 422 5505 /N E 3R O 1. 846 ps. IR B

W98 /(GB/s)

—
f=)
T

10°
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% 2 DMA IR /s

Payload/Bytes ~ NAP 37 B4t NAP [al##% PUT GET
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 3.130
16384 6. 894 6.970
65536 22.254 22.330
262144 83. 694 83.770
1048576 329.454  329.530

KF PUT f, X & NAP % A 48 & H br itb
I 7 5 O T U R A bk TR R AR R
B e R 2 KT PUT (1.
B 18 R T NAP Sz RIECR PUT 1 Fl X 2% 42
15 & 3% 1 Byte 3048 70 8508 T 19 18 3R 4% B0 Bsf B] DA
TN

FIRTY AT
IR A ARl

DMA #2050 2 £ 0L L R BT84 I 46, 3
DMA J % 5] %44 1 4% 4 5% 45y PCle B4l 43 1%
s A ok B R S A 4 T AR A — 2, o
Crossbar FERJ& 7 a0 N B S 40 S 3R X T NAP £k
A 5 B R 2 A7 dh bk L T R 2R HE F R DMA 25 il
Je BT IR AF — 5 B0 19 G2 A7 HUhE s DLk G 0 25 &
A b 1k 37 SR L I Rl A A B 2 ORI [ Y A R
52 PN A4 T A 18 i 3 3 R AR TS A 0 5 e 2 Bl A
AL B 18 H g 1307 R A B fE. A5 TE N A7 AR
PR A IR, DMA 5] B2 (1) 4b 342 3R AT 35 (NAP)
F) AZ(PUT) B4 A, St H: 4 Crossbar J5 ) DMA
EAZEY B NAP 8 4E CY G A7 bk 2 88 1) F1 PUT
ERVE BB G B4 1T A A ik PCle 34 43 H 1%,
fRj b 1 BB P S 4.

\
Cross . }
bar I3R!

l‘m&wj }Lﬁi&fwﬂ 1t
L : < 5 < - X

XK—X
130 2 ‘L77713707777J4
(a) NAPEVEFEIR 4347
N N
HERRF R TF Bl S AT ERE Hd
(TR WA IR (A A g A%
Cross
[T b B HR P AL B T bar K PUT%@J
D X X=X

(b) PUTIER 7
18 L i 1E 3R 43 #r

5.4 FMERSH

TE A [R) S 11 AH B 58 A Y 2ok B2 o, Bl 8 A Y
S A HE Y B U OGS S AR A L T
B DMA A% iy v 3K i 1y of (1] 722 B4 3R 1 . 3
R 0 T R ) A R AR BN S BHLZE T B RS L PR L S
B3 1A (W) s 1 RC AN () G SRR R AR A
AR AR B0 Ay i B 37 SRR N S B0 AL L B E
GET #4028 L M Mg 8 8. hy $2 i A nk 8, A
TR TG 8 Y PUT Bl A i 47 00, TR
XEAEE GET & H B iEE. & X8 8 8 0
Helg Dest-Mod . 41 5 i il 18 805 o o, 1E B89 H
(03 11 J2 o W BOR S B ZAFAE RE il B [d mod n]
M. & 19 & 4 35 10 2VC(Virtual Channel. & i# i8)
(A 2VC, R A 4 3 1 4VC, 8 3 1 2VC,
8 Iiii 1 4VC F1 16 3 1 4VC Z AT R AT it i) 2k
T PCle brifE (1938 15 P B 2F 47 B 3% 30 {5 B, 28 IR
T PEI O FR L IR NG T8 T Ih oA L 3 452 W 4

B A 2 5 X 245 450 485 oL B Je 6 BT A I SR 1 A2 SR
HEAT -84, Ak g SO R AR 8 Z 5 X A dig
fRH T SR 7 38 51 Bk DA B e 04 .

19 Hml LLE #7895 H8CH — & 191 B
T Ak SR A 3 R B i K 5 A I 5
H—E RS 00 R 7 k22 00 B 5 o 150 H A 385
BN 4 s B AE R 1 2VC IS BT YAk &
BT e KBRS HE 95 19 65 %0 I, 48 38 I 4R 1o b T),
I EFE (S RGN R 2. 6 GB/s. fEM 3 0 4VC
MTE B0 N R G0 Ay ik %35 3 2.8 GB/s. alF 9 8K
2VC A g m & th 76 4 5 11 4AVC 1 B0 T #4
VOQ Z5#49", AT 7 ik B Sk B 2 1] 8. & A5 35 51 52 B
PERE LR 2R R 05 FLRR R B L A 2 IR A IR
B 5E YA R AT, F R F] 4VC X T 2VC AL
PR T 50 R M RE . £ A BT IR T RE AR RE I F R
4 % FF 2VC R BT 7E P e R BT IR A AR S A
U 1 - 17
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L
&

—— 4 12VC
—— 435 [14VC
Lol = 8inrzve
0/l —o— 81t F14VC
—— 164 H4VC

-

A A

0 0.1

04 05 06 07
Falied

JUSIN I F TR S

02 03 0.8

Bl 19

1/0 FE # L 1 BE 5 ¥

FEBCH L HE AL 5 QP Al L [ i fii ] 22 A4
P DA 5 B R 0 O R A L i A e ) REAR
AE 2> 1 (9 i P AR G B SR I T 2 1 19 i R e
XA HE D RE A T B85 5K - SE B 1 2 - 1 9 B2 5 s
Bl 20 944> VI 73 BL A9 5 Bl s 1] 9 22 10 v 0. il
B B ALK /N PUT A3, JF Bl AL 19 4 35 5K 43
HC 25 45> DI RE. M AE A& 20 Fr 7 o A [a] ] 26 4
WY& VEO~VF6 Fl PF FF 43 Bt £ (147 56155 4. 90
ol oy £ =2 1] 1) 1) fid 25 708 AS [ 21 B8 I o A 98 19 1
F o A A g 17 IR T6] S B4 DAy I A S A O A 44
2. I bl DU . A% B KT B I 7 B2 19 2 BiE A2
AR 20 2R 2 DMA 513 MIJT i T AR mE. 215
i g B AN AT MR R R A i 1) B o
P 1 1 LA A R T X T 1 43 A A AR K
S AHARPRAS A VIF Z 847 5 70 BT 1 b 1) 5t A
KB, KMEAE 150 5 > I b J 399 4 9 23 T 3 2
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@ Network bandwidths and latencies for some networks.
http://www. euroben. nl/reports. php
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Networks Bandwidth/(GB/s) Latency/ps
InfiniBand QDR 3. 20 1<

Cray Gemini 6. 10 1. 000
Cray Aries 9. 50 1. 200
BlueGene/Q 2.00 2. 600
PEARL 1. 10 1. 200
Dolphin Express 1. 27 14. 000
cHPP 3.19 1. 242
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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
Ethernet and custom interconnection. InfiniBand fabric and
high speed Ethernet are usually used to structure indirect
network of cluster system, while custom interconnection,
used in MPP system mainly, dominates in the high end
system. Both of the cluster and MPP system have to use
PCle bus to connect the IO 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.

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/O 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
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used PCle as a communication link that provides power-
awareness, high reliability, and high performance. Results
show a latency of 1ps and maximum bandwidth of 1. 1GB/s,
55% of the theoretical peak performance. While our experi-
ment results show that the maximum bandwidth is 3. 19 GB/s,
80% of the theoretical peak bandwidth and the lowest latency
is 1. 242 ps 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 the National Natural
Science Foundation of China (No. 61100014), which focuses
on HPC interconnect networks issues and 1/0 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.



