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Abstract An architecture of high performance computer, called Hyper Parallel Processing
(HPP), is proposed to satisfy the requirements of both High Performance Computing, and Utili-
ty Computing which will be the application model of data centers. HPP combines the benefits of
the scalability of MPP, the communication efficiency of DSM, as well as the commodity of clus-
ter. Comparisons of current main-stream high performance computer architectures show that
none of them can satisfy both HPC and utility computing.

The main features of HPP are Global Address Space (GAS) and Hyper Node with single Op-
erating System image. HPP supports the distributed global address space including both memory
and I/0O, but without hardware cache coherence. A Hyper Node consists of a set of application
specific CPUs and a (or more) OS specific CPU. The OS CPU maintains the single system im-
age, while the application CPUs run only lightweight run-time software. Besides the GAS inter-
connect network for applications, a standard SAN connects all OS CPUs and 1/0O devices provi-
ding system management and storage service,

HPP is able to provide many opportunities of innovative research in High Performance and Utili-
ty Computing areas, including communication, synchronization, programming model, node operat-
ing system, utility computing, fault isolation, CPU and system etc. According to HPP architecture,
a prototype system of Dawning5000 HPC is implemented and the feasibility of HPP is proved.

Keywords  high performance computing; utility computing; computer architecture; hyper paral-

lel processing; petaflops
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AW E & HPC N 453k 7 7 i JZ #6075 IR 55
1 51 = FARVEMALE BV REN R HRILZEH AR, 4 X

BFP T AR 538 5 (petaflops ., LU T & Fx T
TACUO F& G i e PR TH R AL 5T i) — > 32 2 H AR,
R A F P AR AE D T BS ). 38 B X RE Y
W ], 2 S 7 P 3k B R 1 1y P A R P B L BB
EMEH, JCiE R Cray XT4 BB HE A K BB I 47
(MPP) 1A Z 254 \NEC Hy 3R A5 40085 I AE 19 9747 1) 2
HL(PVP), ik & IBM BladeCenter J§FE i) Tl 45 1
HLEE (Cluster) . FRIXE Y J2 BB 98 fif U = Pk B 11 S AL TH
G 4 NE KPR : (1) LPC $k 5%, BNK Zh#E (low
power) . fik 5 #i (low proportion) . ik ¥t # (low
price). IBM BlueGene! 2 F SoC [y MPP & 4 & —
FREXS 5 %5 (2) VISP k. /I8 R ML I 47 2
(Very Large Scale Parallelism)#y 3 1Y & 4t 7] 2¢ P |
HEM SRR R AT R T AT g R A
FHEF E Ry RE. IBM 2T Cyclops64 CPU (1587 8l
HPC™ J& —Fh i % J5 5 (3) Productivity 9k %, B
[ AEE 3 m HPC AE o 88 0t 580 rpoe 19 2 2 L il
Bt 1) 77 1 BB 3 o 0 355 ) 249 0 A S5 B R0 Y AR
MR Z A AARE T M 1/0 i, i)
P 1 B 5 R R 10 R UL A T oKL 1R R g R R
AL A A 1 8 R L 7 A FE P R R e 1 O
KANE AR %, 25 [/ HPCS 31 %] (High Productivity
Computing System) P E R FRE S T Eik 3 4
Pk, Z R ) T 74 ) IBM PERCS £ 48
F1 Cray Cascade F 4t Xf 1% 28 Bk fi% &8 A Fr pi X7.
(4) Commodity #k % » BRI K 4k o 33X 02 5 W g 20 1
M. m e AL Ew T & 1 & L. MPP
G HUHERGE 3 A AL HLEEBE B8 U LU L BE
Syt 1 AR E L 2 B/ Commodity
PESTS RP T AR T BAALAY 32 B Y L 4
FEff BRAE R G0 6 4 ) 2 B o0 T 3 Y 3 R
an AT 2 24 1 59 R 22 BT 58 A8 2 ik A Tk
3 A B AR T 1] ZE N T R B 50 A A e i T
FHBY T K. AR G5 AL B B8 AN BE Ak D T A 1Y) B PR
IR R, (LR 1 22 [ et 1 A R RE 06 2 T O B 2. AT
FAIBIEFE SAILZ - 32t — ol BUIAR R 454, T ey ixX 4 4
Pk T R RE T AL E R TS — R

RO (utility computing) & — B g 5 4k
T 55 0 AR L S AROR B R 1 Kk R DT
6], VR 2 HR B e X — B AR, 1 40, Web
Service /& Internet N 40 388 19 b 2 #5275 ARk 55+

(partition) J2 KB4 Il 55 i A9 9% IHLIL = 650K, H AT . 75
TP R 450 bk e =2 8 88 T30 09 A 80 H
JIr LL S BATTAR R ZE AR B 5 R B 2 42t — b )
W SRR PR RE A RUT TS IR R A5 EREE il R
GUR BN T AL PR BE » 3R A AL 09 8 1F P L DL
A R ZEE A PR RETH ST HIL AT A RE 8 8 K dl
L IR ORI 5B 55 » 5 D o PR BE T B8 HIL Y 61 B
I BB A Bl 2.

T U BRI H bR, JATR BT I AT
(HPP) AR G5 M. ASCHYE 2 WA 7 —2e 6 T
PR35 3 v 4t T HPP R R G5 i - AE 5 4 W 4
T S PR RETT ROHLILE T AR R G 46 L AT
REMIBVBT T AL & 5 50 5 8 T — AR i T
FACOAT SR BE S 5000 By — B R R SR LB 50
E T HPP (AR Z54 1wl 474k 5 fe o 2 51 R o

2 HEXIE

A TR B 4 2 ) — 2 Y v BE T AL
TR G548 53 B AT R R A ST B SR B LI AN JE =2
Qb s I % 3 S A R 2 R 1) B REAE HEAT T A H

YT BB S I8 B T 7RI E AR R A5 04 -

(D) Cluster”™ ™ . ML R 2544, R FH Tl b of
PR 0 TA IR 55 & 7 o A6 B J%E M 4% Linux #:4F &
4t MPI 17 i FE A 5% . SAN A5 25 56 3
MZ s

(2) Constellation: 2 FEE RS, % | SMPH
a DSM SR 2R 454 i) RISC IR 55 2% . & 0 5. %
M2, Unix #24E R G0 WA R M EEHE . S HLET
2R T RKRS

(3) MPP"" ;. KA AT 1A 2 45 4 . R I AT K
B R L T EIE 25K . I 3D Torus, X R HL AR
R F1% 38 £ 0[] 25 A A R S AR S SR R T B R
GRLH BT R R SRR R G Y AT — B i
#HJE SoC MPP. ¥4 H 3% M 4% 1) B% 1 2 B 4 L 78
CPU &5 Fr v, o CPU J& T [l K 2y #E o 21 286 %% i
B 5

(4) PP 43 An 0 S A7 4t 1] i AL 2 SR 1) £
AEFRES Y DSM R 48, R £ A #1245 % i) |
MY L R G
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(5) Adaptive Supercomputing: I8 & 45 #) B
TE B TR B J2 Cray Cascade, i ]
ZM 2 AR FPGA Al EATHE LA A
A0 PR TT A B SR A I TR AE B A8 43 BEAT: 55

(6) BT & AL FR AR 09 R 48 Wit —Fh & JATAL
T2 L T 1) 45 R A 0 450 1 40, MDGrape3™™ 5%
R R I R = A T 1l 1 7 e e DA R O A
Cyclops64 >R F4i0kE B2 i A7 i 1) AR A% 45 44 (many-
core) , Al [ 17 4 73 A7 BT s GPU SR i R MLA 32 3 o
TR 3 AF A 45 4 o 1T 1) 3t X0 .
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PERETT S ALY 5, B 0 AN J2 2 0¥ R e P
RETTEEHLIET 3 4> PR 78 1) /5 o & i I A4 R 4544
F14 R A I S PO S 61 o ) T 1 0 A R AE R Ak
HE M2 EARMEAR T T, 73 SE B I8 09 A 2CF) H

b A R A . MPP & T HPC [ B R
B 7E 17 F ¥ & (down-size) I 5 B A L H T .
BRI TG SRR 0 . SMP RN DSM
AEEE G BT R BN R n T i
A ANREE G HPC (9 25K, Ty X i s i) B 25 7
WAL PVP L R B4R 2R 50, B 3 B 355
TR R S5O T HPC R % AT 0y Ak 38 4, AR sEi&
5 18 I B o

AR R IR RS54 B S R A T AR i 1 RE
HEH TR B A MPP fEERE FI AT 4 2 1 F Y
P BE 1) b4 R 5 [A) I B2 A9 19 5 BB A AT 7 Y
i (volume commodity) . fE ] F ¢ @i, &
Cluster FyARLE AL #, I 52 fit— 2L QT F X O HL 25

143 S0 s P RETH LAY EZ AR R A5 M 1y
TREFEAT T X L.
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HPP 1K & 25 #) /) 18 % 2 76 & 50 6 14 )2 1 1)
MPP . DSM %55, L ¢ B M E R A K
{2 1) Cluster $E5F, B~ AL MTH 7 %45 . N

FH P AL B £ BE TR B N — b sk i AL R ¢
REAZ I C AT A HCRE L3R 8 A . HPP Ry 32 204y
(RO

(1) 4= Jay #h 4k =5 (8] (Global Address Space).
SR A R GE I R o A S GE — G hik . AL EE N AE A
1/ O AHA ZORE A SR ) cache —E 1 (41 DSM &
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G2 ff R GE AR UE R T 1Y 38 15 R0 ] 20 P e A R 47 1) AT
Pl Xk 5 CPU F NIC 3% #:11) & 48 45 1l
£ (system controller) % 3 1 1Z KA ;

(2) THRE 4 & 19 CPU. CPU 43 4 i il CPU Al
BAER S CPULT/O & % #0 & # £ 824 R 48 CPU
L XM R AF AL R BRE R G CPU A] DIR
b AR HE BB S 38 i B % W 24 5% OILAE 25 . RE R FH AL
HERY i A ap Ak an ks AL AR AF VSR SRR e L A I A
SO N AR TR 25 0 CPU B Z AR ik it
1) AT HE 5

(3) #8455 (Hyper Node). —41 1% fif CPU Fl#5
THAE RS CPU My il — A5 50, i CPU a5 47
A PE AT I 33 (Real-time) 814, 3¢5 v 72 Fe
a7 BE RS CPU 4L T A 3 /E R MR 55
HEHF L — R GEWAR 5 B8 T RN BE B8 L B s h oL 1Y
RO R 55 4 - GRS Y R o A AR A 5

() e/ B 0 H.3%. GAS 5. % M 4% & B fr A
N CPU, Sy M RETH 55 0L s 24 R 42 B 3% M)
BT ERE RS CPU Ml 1/0 45 W71 4
PP SCRe 3Rt 2 R IR 55« AT L bR e i AILRE B %
W 4%, 40 Infiniband; %% 5 # . GAS H. 3% % % Wi 2%
CPU, Jf % B — BRAR A RGeS SRR An 4t B2 .

& 2 X HPP K & 25 04 i) 55 SRR AT T 3R,
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Interconnect

BT ST Z HLIFAT/GAS/ H % M 4%
Run-Time#K F+OSHR 45+ 5 B AT
i H R

Bl 2 B IFAT TS AL R 45 KRR A

4 HPP ERLEHRENFARINE

T AT HPP R 2 254 4 & PR Re T 38 AU
TR RIS,
(1) # {5 (communication). H T4 4 /i k23

(] T DAAE 28 8 4 il 4 v 5 B {5 B sl s A7 2R AL
FERRAE Hy % 1770938 15 D A 34 285 55 B9 8 A% 3 P 3L
AT DL B2 S i S 5 511 38 {5 (single-side com-
munication) | & & B4 77 B ] 7 25 ) RDMA 4§,
AT B R RS 2R 40 1) 3 5 P e

(2) [F] 2 (synchronization). B T4 4 FH ik =5
(TIPSR 9 e VT o £ L S 5 2 ] i N o S 5
barrier . collective ¥ AEW 1] LA B 1 SE 8L 7 1.

(3) 4 R (programming model). [T MPI
TH A% 328 455 B R 8 42 5 1k BB Ah . & R 3t ik =5 ) X
OpenMP,PGAS(Partitioned GAS) if 5 U1 Co-Array
Fortran, Unified Parallel C, Titanium (Java 347§~
&), id N 2 ¥ CPU Ry “ 40 kL i 2 4k 2 + PGAS” 4
PRI S5, BE 8 42 (1L A 11 545

(D) T AE R G GAS H.3%E W 4% g 43 Aii 2
VR G T 40RL B2 14 [R] 25 BL 0 5 a) L e 280 52 3
— 20 (multi-kernel) f) B — BUZ BE R G .
A AT DISCH v RE TS PL A TR AT R BOBOE
O I 55 s » B PR BE AR Sl 5 B T A A A R T
FAC s P RE T+ S5 AL 1 #58 7F AR 0 4 K0 KR U
D BT R BLIY AT RE M A ) A HLE

(5) B A5 Cutility computing). 4 Ja Hi k28
(i) X 3¢ 58 %) i LA B AL T AR LT A SRR L 8 4n W LS
AL ) 4 Ry A 8 A R T/0 4%, I e A fiff
MRS NA 808 S RG22 RGN
ER S g b X sim A 2 RZ 5w 1/0 &
# s AT LA B — A o0 A 2R AL S B R G IR A Y
FZ I SIS T BN A A2 A A W) 0 22 18] 7 3l
B

(6) i b5 B 25 (isolation). HPP {4 Z &5+ 42 {it
THT CPU s 7 a5 i il b b 28 0y Al fig s 928 0
i 9 4 B BT A R AT DA BH Lk R R A 5 A R
bl (]38 Sk — 28 G /Y A A S AL SR AL T AT RE
LU 2 B S 25 55 (crash-time checkpoint) , 78
Hh IR I A R AE R e CPU D)k A i, AT LA
KW K6 A7 T 5.

(7) CPU. 4B #y CPU # i k CPU 4% 47 JF
THEZTT [FRE R IR R 4540 B E M 4% R AE RG]
PLSCHE 2 Fi FH CPU, i 2 AN [ Ff 28 2 A o7 5K
Vb G FH 22 8% 00 % HLAE I T o 6 AR A 0 % 3 53 4%
0 AR I FE CPU Jif %A A M it L5 4 K
KA T I A iy Ji 3 s 6 i T CPU 9 22 3R AN & ¢
FeRIFa. /O # 0 m L J& HT. PCI-E, Intel
Front-Bus.QPI 4.
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(8) A4t. HPP (KR LM R Ge v] LAJT I 3 A
BRSO R UDTVN il D IS S RS i 7 i N
ATLAJE L CPU R 48, ] L2 SMP R 4t i i
HPP R 4045 i #5342 51 GAS .38 W 45— #4745
W Z TR RIC — BRI R G BT R0 1/0 3%
R R G B IR M 2% s 4T — A — MR
VERGE 31 i 108 5k 3 ) 2% 1 4 R 5 b L
W28 n] DUAT 22 P2 B T5 30 RS DR 43538 42 19 R 35 PR A

Xof A B ) ol B M. R T R T AT LA 2 R a0
T ) 5 % R 1 0 S ZE AL o T [ 5 o0 1 LA AT
PRy LR L 1 1) A BT B 4 B A5 .

F 145 T HPP 5 mdae i 5L £ ik
ZREEHI AT . HPP 5 MPP . NUMA # 1 5% K
B Ab 3 2 T L I P S L T R BB A il T i
FHBYFRL T 5 T B K AN JE 2 T e M i MPP &%
4t ik A 3] IBM BlueGene AR i) R R

®1 HPPEHETREHRITENEREQMITI

PRI BT e
BIE (el VO Wit mACAE R WA Gl EM  GILE REE

MPP W B B K 5 BARBR WekE £ % % AwE K
CONUMA #F  AEE K AB EAE % Finegan K % %
Cluser  #8 % % % BSEE BB 8§ Nodeled 2 K %

S S (- P P R S T

5 BEJ 5000 JFE R Gy SCI

I8 5000 J& I 1] T 3 AZ R T3 1 s v g i 5
BL. B ¥R HPP 1A R 458 F1 e it 3 16 #% CPU.
TR 5000 5 HPP & 2 45 #4956 1 32 52
wit.

(1) 8 %50, B2 5000 [ 8 A0 AL 3E 2 Wi
16 #ZJEits 3 CPU, & #:8]—4> HPP R& % L,
WA % B CPU W HT 42 1% 4 J5 #b ik =3
T f9 32 4 0] 0k BB (B EL A 4 A A7 T Y
T W 2%z 1

(2) 5 5. BB% 5000 5 Al 8 AN BT
1A RAE RGBT B B AT Z A H— 4 16 5
f B0 T L 9 i N L 7 A o 3%
B E T3 H L L. 5 AFE R g8 o0k bR 1) X86 b
AR NS Ah 1/0 845, % #% Infiniband 3% ) 45 ; I
J6 5000 )4 Jmy 776t 15 45 3% 4% 3 Infiniband W45 I ;

(3) H.i# M4, BB 5000 [ GAS M4 16 ¥
I 3 8 4 BR 22 9% ) 4% (multi-stage) 3 AP i 32 111
B3 Frl PR F) 1024 iR BIT, 4 Kol e F)
8192 /155 HLIG » HL 3% W 2% PN LA 4 S IR Y barrier
il beast BEAE. BB 5000 1938 15 B LI S2 35 1 B 1%
i, X R NS (1d/st) Al RDMA., [6] i} 37
FebrdE TCP/IP Ppis s

() 7 S BRVERGE. BB 5000 (71 B 4RAE R4
H run-time # 4 M P B AR #E Linux 20 %, Run-
time 1 32 RF B A (9 D) B8 445 B R 190 in 2%
MIZITE R, L et 3 CPU Y x86 B HIHLIYiZ

1. REg S Bl X86 K FH Ay — kil B %, i A M R 40
P IR A R 58 e 55 B8 e &k B 9 J& i FR ME Linux
b Bt X86 CPU b, SE 8L A 1 7 2 1 I A3 4
TERGETIRE s N P A B, W St e — & Sk
16 ™2 # CPU MR % 4. fE 1 M 1ERGZ Bv]
BATPRHER AL B P NS RGN AR
W — LR S

(5) ML, BESE 5000 Y RE WL AL FE B, —
JEHET et 3 CPU 46 4 9 i UL, S HF X86 N ]
FE ¥ BT LA P 19 BE L fi R BB O 5000 Fiffi A
X86/Linux HL#F—HE, N IR 2 A s J1 — 1 i
PIHLIE R G H W o A = AL, LA HPP B i
LHLNAEFN 1/ O WA RGN LM ST a0

(6) Za FEAL TR, BB 5000 (14 4 A5 50 40 455 A 1
() MP1, 3845 F| Fl HPP ##4E AR 4K ) UPCY L Je 41
Wi FE Z R E TR A A

(7) 55 BRI, BB 5000 [ 45 B0 4K 10 42 45 7 FH
HPP 5 11 5 s of 5 A o B 7 e i % 2 i el 45
VE R S8 BT V) UK 2 05, A AR T S =L )
FA 43 A 2 FUHIL 1) 5% 15 3 245 8 B A

N H AT k. T AT HPP K R &M T & T
—> HPP #7155 . /E A BB 5000 SRR R 45, LASR IR
HAT A7 v, AT B 7 X JE s 2E SYSAD B4
AMD Opteron fJ HT B0 5, LB T H 2

T Y L R T AR R AL TR YA
P o M AEAE HEAT

@ UPC Consortium. UPC Language Specifications 1.2,
2005. http://crd. 1bl. gov/UPC/images/f/{6/Upc_specs_
1. 2. pdf
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This paper is a progress report of this work. The moti-
vation, main issue, basic definition and research chances of
HPP are given in this paper. Now the simulator and a FPGA
prototype of HPP are already finished. Test and analysis re-

sult will be presented later.



