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0 3 =%

YERZ A3 G i, KB B )iz B T
RZATI, WNECTF BT 4 Rl I 5 A4 BEC ) ( Internet
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XTI KB, Xk 72 12 AT 58 0 7 SR AL
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ERIBIGHE R, SEGHE SR R R AR
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P 38 B A PR, NDP-Ledger, 248 3C ) £ %
DN

(1) 43Hr %t b T A [R) X Hedie 1 FH AR 7 1Y) 33
RHE, HE 5L TR RRAE, 32 H T 38 H NDP i #5 42
¥ 3 NDP-Ledger

(2) $&H T 5T 3D S A7 2 1 1] ) X s
N FH 38 ] NDP i 4ess

(3) B IF S B0 T ORURE BE ) 5008 T PR T AR A
PR AL PR ITAT BE | R Ak b A T N A L SR B
Z BB T 3l

(4) SEBR 25 BRI, A SCHE 38 FH o 328 4 34
My 5 A Z % CPU ML, HERE4R T+ T 39. 98 £i%;
5@ GPU AL, MEREHETE T 1. 8 £%,

1 MxIfE

UEJUAR, IX Bt B AR A 2 AR R Tl A3k A5
TR ST, 36T X HEE P IS0 07 FH 2 Sf i 22 i
MR% T ERAT A R, A4 B IRS  A0E 58
G2 10T DU S B 02 o IS R X 4 38 85 19 P
REFNTIARERE T 5 R A ZLR, I CPU JGiki 2
SRR R . A B2 MR R A
FFHATRE, GPU —BE Rl A4k CPU 2 J5 [ H 16 X s
AEERAERY . R T IE SR R U RS B X — R LA
IX Bk N FH B9 & i ASIC Jin# 25 2 8 &4 T GPU,
A% HAE T B AvalonMiner 45, SR,
FH T A FUHT B A BT B, X 6 ASIC Tk
R AWHE AL PSR TR, A RE R —Fh S LA B
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BRI BHAT. b, BORBEZ WA EAE ST
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o

BEE 3D BB K JE, NDP o HA fi] Hit
AR AR A R T R N AR P 4R A T
BRI R o Kang 25 N'PHHE R B0 A FUIRAS
BIUFNHAth 2 1) 32 52 n )0 2 S BE AP 45 ( dy-
et random avcess memory, DRAMY S5 T 3D
HeZ NAF, R ME AT DNA HoXT B9 Blast 5832
Pugsley % N {ifi Fil 1 % B #E 19 15 4 P9 4%, 4 2
Cortex A5, 5IB-E& WA7 . 7 (hybrid memory cube,
HMC) —E 52 3L 1 i BERL 137 — AL EHE 0 (new
data center, NDC) Z8f4, Nair 25 A7 7 HMC #)328
WR B T BRI E AR, T R
REFIARFE, Ahn 2 AU g T —FhFR Sy PEL(PIM-
enabled instructions) (38 F NDP {4 2 2544, %1k &
BEM SN T — AT TR0 ) 7 B S A A B Y
BLH. 15 Z Al TAEZE A, Santos %5 A" £ HMC
)2 R R R TR A AR BB TT, W] AR I AL
ANFIZEEY A B o SCHR[20 ] F H BE 37 vl 2w R 1] B
51| (field programmable gate array, FPGA ) FlHLKL
T] E #4 % %] ( coarse-grained reconfigurable array,
CGRA) FyLFAA 52 0 voi REAKCA w8 7 16 14 ) NDP 2%
Gio R, T IR A R B B B U5 1] O ARAE
WFIE A G T 3T HMC B = 30288 F 7 BT
A3 FEHANMISE TR HMC T 524 s 4k
U A0 R R ez T X e Bk BLAT fRT R
AT ORI B B 4R . 4% BRIk, BEE 3D
HEBHAR R K, NDP T 1A i e A 17-4% 42 AU vy H
PP RRA R TEZ —

73 —J7 1, B R (A0 N T BE (artificial
intelligence, AT) IoT F1/ 4% % 45 ) Fir 75 2 4k B A %%
P AR WG, SR TR R R B e g
VR S A R G50 B A S A 1 PR AT 9T AT BEFIPAT 1
Ao BURMARGHIM A EZRA 2D A
FRFARRPATH A B RARIEAT M, — BEE &
Y itfil A 46, JORE 75 B4R & FIEE AR 5 28 —
JE NAF VI IR s , A 2 — B BdE e v i sh,
R T A GG K B A5 R PR A AR AR
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EA MiEZ P TAEC SEH] T BdE ik R 45 7E
VRN R FF R RO H . 1140, Wave Computing
A B AR RS (DPU) ) ST T b AR 2 A
IS FH T , NeuFlow Ab B8 281 J2 A L5 b B8 353 19
BRI o HAb S A B R A R S5 AR AL 3 Ter-
aFlux'®' Runnemede'®’  TRIPS™" FI WaveScalar'*" "
TERSRE N, S B B R A5 X TS K 2
TR R S5 E R

T U B, A SRR THT 3D SN
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JEU, LS BB Ay s R ) DX R Ak PR A

2 RSk BH AT
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A X BEER 2 I AR R R, DLRE AR 26 Ik
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R AR AR, D TAEE 458 . B
% O 22 [F] T R A 2R W A , 3 F X B vy
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FERAN TR, {FL AR ok Of B AR 6t 7 it 8 R 38 2> ASIC
XFFRPO R, AT, BRI
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THY T BEYE
2.1 BEHEXWEZ

FAR AR X BB B R 5 1 AN 2 0,
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IBE TS 6 MBRIEHIEE, K 1 P, EX
B2 GR iR I 2 VAN NG AN 1 AN | B ¥ - B3 54
w L HR MBS EREAR A, XA
PERM R R A R A REREEEPITEZ IR, X
X FE5HE 22T DI RE 3R K1) CPU J& GPU SR i & —
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# 1 SHA-256 HikHiZEEHE M INRER IR

BAER #BAE Dy

@ AL Ch(x, y, z) =(xNy)D(7 2 A\2)

A £ IVAS] Maj(x, y, z) =(x A\y) D(~ s A2) D(~ yAz)
B A AMS To(x) =8 () D $° (2) D 5 ()

R Fi#% n fL(SHR)  X,(x) =58 (x) D " (2) @D 5 (»)

s I AR n A oy(x) =S () D " (») D R ()

+ FAT R o, (x) =87 (x)® S” (x) D R" (x)

(QCipiip)

TEHRMZ G, s NS4 it 7 s &R 2R
WMAsBRAR G AEEHENEFRT, B,
BN AR 2% PN BB 22 RS 4 9 R 9 A I B
(proof of work, PoW ) B kg2 4 , 41 Quark N T
9 FI& 75 B %, £14% BLAKE, BMW , GROESTL, JH,
KECCAK #1 SKEIN 4% DASH 4567 11 #rs %
I Ak, w4 X111, AN HE, X13 Fil X15 Bk
BEZ e i o JLT B A 7 AR T A BN 25 ik
HEAT T IR, X SRGR v R ] B B s BT AN 2
AR X A5 5 X IR B P 1 ASIC 1)
RS Z)

2.2 NEREBEEE

PR 4l A 512 5 T ASIC hnigit, X1 17 IX
i LA R R, — SRS A Y R Bk
WZE W R B, #l U0, Ethash J2& X} Dagger-Hashimoto
BEATOUAL , B A PA T AR RO B2 MM A i 72 it
Viket 58, B s B iy /Nl 1 GB, I HAg 4R 1
7 GB, 5 AFFH KA, % CPU RT3 88 J1 10 5
KA ATREL, 75— BB B2 Zeash, B
i R A A B AFIE Y Equihash 125 HAHE L,
Equihash J&—FK T N AF 52, B &t 2 b
TE 1 GB NS &, BRI HMILRAL, BT
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A X LE R AR IR TR A AR A &, AN BT
fio PRI, XX R A, NDP 42 B RS
2.3 HfheaBEX

B UHFIE A FNH ASIC (U XA RiEE,
BT B IRIR R, R I AN AT X A . o B
A TR OR AL B X Bk iy AR P, TR A kAT —
SE HAA RO, X T TR A B . 40, tensori-
ty RIET KRBT HHAIR ASIC A LR E %, 1
HE R RS A AR A SRR, B, X
BLAbHHLAA T LA F AT B 44 AR 55 AT,
ARS8 48 o T3 — >l FJ& Primecoin,
R LS 1 AU E AT AR R E
1. 7E Primecoin H1,PoW YN R4 T 22 2k
FIAE X A ThRE , 7 LR A T B2 A T N B R
DL R TE 2 AR

DA AR i X AR o MR 1A
VI 2 HAth i) X e i R P T B2 2 A = LY
LYV, ST T ) AN 7] 4 07 FH 4508, #mT LS
o BRG],
2.4 g R X BN AR SR A

KRB Pete N FH R T 14 R 2 38 SR AR 1)
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HeB TR OB, B D B i i
FEPe At Rl ok P i AL PR BE . 3D MESAE %
fir, Q1 HMC B & UH A Gefr i dn ik RE5HE A
W5 BB % . ARSCL HMC R, B3 3D HE

Host processor HMC

AR ASTE X IREE N HI 3 5 R AR

WE 1 FrR, 78 HMC 28R (logic die) il
£ )z DRAM B AE.6 7 b, Al i £L ( through sil-
icon via, TSV) £ AR LA #EAT 2 [H# 15, #ALR HMC
H 32 A% (vault) 20, B4 R 8 2 E 5 A1 B L
ANET R S7 5 18] /4 HE B Bl AL AF IR i (random ac-
cess memory , RAM ) t4H 1, LA b S 90 B8 S I A7 A 17
T2 8 A B 0 B APl 9 S AR SE Y A R G A
Fo, HMC HA B8 & 19 U A7 P RE A SE IR A BERE R 2% .
R R T LU S 4R GE S AR R s AL B A A
AR , BN 1 IR HMC /] LR ASIC —#+¢
VE v BB I 284

HYRBRITERN

1 HMC EEEHRER
3 NDP-Ledger %2 #4 % it

AR T —FhIE T 3D HEBAE 4 A FIEUE T
PATHE Y E EHE AL B AEAE NDP- Ledger, D) fins#i &
Tl DX B 17 FH R P B PHAT o AR 15453518 NDP- Ledg-
er MIZEHRTT R RS R RN B0 I s AL o
3.1 NDP-Ledger {& & Z #3154

NDP-Ledger i) S AAZEM I 2 fiR, TEFEHL
Vi, B T 1 AN {5 B2 JT (acceleration enable
unit, AEU) , AEU | F U500 = ALAL BEAS 94T R e

DX BREER H]

nlENEN

Vault00
controller

DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM
DRAM

B e gopm

I 000 Core |

Last-level Cache
HMC Controller
Crossbar network

VaultO1 ]
controller [

DRAM
DRAM
DRAM
DRAM
DRAM

IDRAM |
DRAM
DRAM

| 000 Core |

pats

Y

l >
T
[

Vault31
controller | <

DRAM | ---
DRAM

DRAM| ...
DRAM| ---
DRAM| ...
DRAM]| ...
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DRAM | ==

(a) NDP-Ledger4t #)

(b) NDP-Ledgerfh /7 #5£ %4

E 2 NDP-Ledger k&£
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JETR S NDP-Ledger, Fil ' il e 177 #) 4 72 422 1
KAz AEU, 7EYC 2 A 3l NDP-Ledger il [X S5
Ak CALL 2 )5, CALL #5858 47 B 3 K 1A 5
HMC 7| 8= ) NDP &b 28 4%, NDP Ab 2385 4% fi Ay
TR IFIBAT IR PATE NG , RS RIF AL B, IF
B ARG R Ak B MU . 18 AEU RERERZET,
G WAV RGP @ T X TR ik
# NDP-Ledger #3Umt, Bda b B 478 HMC it
H, TERE—FMETT T, O T AR R R AF Al HMC
Z[A] BB — B, 2 FhO7 KT ARE#E. 5 1 AT
Pre i M AEU &% F| HMC £ 85 i, 2 4%
TR B P 847, Joskts HMC i 28 i A%
ACBRR TR R . 5 2 DOk R R B G AT S R
M, BRIV 2 by A B 2 A Ak ) 5 I 3 R A e R
FAAT R G. 7E NDP-Ledger 1, SE#E50 2 A J7
2, BNGEIT Z A7 SRS, LUk S 4P G A — B R IT
o B 2(b) B/R T NDP-Ledger FYTHATHIRL

K3 278 T NDP-Ledger M PRAIINEE AR M BT
4l 3 (a) Fi7s , 76 HMC B225 2 4 B9 84> vault 4%
il % _ESCBhn 2 Ak BB TR, 16 >4k PHL ST
(process element, PE) 2 j{, T A iz 5 B.I0HE B

] —
a PE PE PE
//|
z |
7, || PE | PE| | PE
7 |g
/ |
¢ / % PE  PE  PE
= |
s / |
7 | PE PE PE
________ I T R S P
-
P o

(a) HMCTEtB 44

(b) B Evault IPEREFI 4514

HEZEE, WK 3(b) 7R, PE Z[E i 1 4> mesh
SRR R B SERE . 4 A PE i [Al— 1> i A
#,9F Bl AR TR B R 0 1 A>T AR
A A TR R PE AR REFESCE . K 3(c)
JE7n T PE RISEH, Bl 18 %o X | BT SCHAE
B TR LN AR Lo AR SCR FTRDRL B B4 B0
TPATERL, $52 B (A R 18-%) V8 /N 9 2
BTG HURLE 9 B8 R DA R 2w L gk 4 o 12
B, I H K S B A 68 45 ) A Bho AT R AL
B 3(d) JE7n T KRS . X BegE R
RERSF BB 55 ] B A 22 #1258, [N I, PE HBC B
T2 2T (logic unit, LU) SR 552 45257 5E
1, WANE A T AMEARETE, 1 N BTN A
LD/ST B350, S5 BARH KL A, e R i
PATEE R, B T FLOW BAJTok 2 K¢ PE Z A1 /Y
Binyish. FLOW BTl Rpok g & P2, FIRAs 2k
P N EBA R GE vh XS | 2 Hofth PE AP, %38 S 1ETR
) B B A . BRI BN DRAE T 154 BRA
PE Z [ MBS R &R . 8 T 8 mR AT Y IF AT, PE
>R SIMD AT

=

R SCHRAE
BRAEHE |
FEHIE R

(c) PEZH (d) FKLELH

3 NDP-Ledger fliEZEHRERE

3.2 REFMIESHSE

TEGREARR Y et |, S T 2T CUDA 194
FERLRINE o ] P 98 32 47 N B 53015 9 NDP-Ledger
TN AR EIRE H o I IO T A BRI B AR
oy, T HAR L EE, Wi i Internet 55 HA T G 247 1
{FE5 TR, 7 AL JAS E3AT .

ARSCSCBL T HLRLRE B B AR TR, HE e 4
YRR/ B0, 18 B W A& 2 &R

2 AT LBRFEDIRE . HL for () \while() SEN
& (BN R B A A Maj () (Ch() 30() o'l
), Hp—AEEZ D IREL AT U E 7E 1
AR S B FR 2Z 4T B (execution block , Exe-
block)

T LA O RE T A R PR 4R UG B Exeblock 1t
SRR SEI, aniEl 4 B, R4E B 23R,
B %R i JLA Exeblock ( A8 EZHE) , K
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LD

PE(1,2)
Addr(A)u Maj PEO,1) I MOD | ___________

PE(0,0 >
¢ )Addr(m—»-‘_. > PE —> PE PE PE

LD
D

LD PE(2.2) 71 |
m. MOD
)

1d1

YvY
Y

Addr(C>4>-j o [ PE(2,1) — r"
1D | PE —» PE—> PE PE
—

El
S \
Addr(D) | T

MOD
. PEG.D) Ls pE—»pE—>PE PE
r(E) Ch > PEG.2) |
14 | \ T

Addr(F
e LD > > PE —»PE 3?1-: PE
1d1
Addr(G)‘ MOD L _ & _

T g ??? %
PE(3,1)
1d1
PEG.0) Addr(H) ) K }

B4 tbirmEE2 PE BEIRBRS TR AR SRR E

15
\/

]
g

PE(2,0)

BB
[ [

it

Ll_)
\

JIEHE 8781247 Exeblock [ PE, £ #8453 2 7~ B4 Fh
VIR, ZEM N TR, NG PE IR e
B e Y A UOP Ty LR D Ty NI p— S—
A8, 23R PE T LR RS — A LR AR, A o [ [
/ 30, 31D S[31] = W[31];

Tﬁﬁ*ﬂﬁﬁi*‘%:%ﬁ , g/l\ﬁ%ﬁfu IEJEM‘BJ%ETJ‘@J PE ’I v W[18] += sO(W[3]);

i FEHW[S]- || iwnole=wEg
Mzﬁujiléﬁ‘o Wi63] === | L W[20] +=s1(W[18]);

W[31]+= SI(W[29]) + W[24];

FEHEAT Exeblock % 5y, #% B S5 B 7m 19 07
LB X RA AT AT, ARG SHA-256 HYHIL KR

for(i=32;i<64;i+=2) {
Wil =sI(W[i-2DA
W[i+1] =s1(W[i- 1])A

}

ORI S,

BT T SRR R 4 U LB —
“JN#k Hash %" . “Hash i&5" % 3 K4y, 41 %t BHS] |ommc | RNDS, W4
W4 RSO BT I LT A SIS 4 —— B
BB EI R 4045 4 B, I AT PE AT 55 9% T e | P

7 B0 SIMD 5 B BEEE 057 s LA e — o~
2 RO BRI R , SEBLE S M R BOC R P, R SO0 (<= (IS
T RBCR L . T 4 J 4%t SHA256 514k % L et
T, LR BRI A & e, G A o R R B S
BARTARBIE R , 20 M L 2B O g

BT Exeblock B4, $U4R M AT B0 i o

TOBGHIL, JH Exchlock MBI PE LRose oo fsweosoen) T T
B, APERSEA B R B HLRBF S B A TS T I —
 ATITRRE PR MOS0 ™ SR | monz | [ ) | i b
RIS 3 TBIM '™ ( topology-based instruction map- S
ping) 4%, TBIM B ¥:41[E 6 fT7R , ¥ Exeblock A1 HR Eﬁsﬁ%ﬁ%

BRI 2RI B L 1 (dataflow graph) , f4
BN A Z —, IF B PE 5 DL R AR &R
YRS L2 A i A B 45 PE B A

B S SHA-256 EiL¥{EREBTTE
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Input: G - dataflow graph, 4 —array of PEs
Output: M —a mapping G —> 4

1: (L, NL) = divideByLoop(G)

2: if L notnull

3 {FL, IL} = divideByInstType(L)
4:end if

5:if NL not null

6 {FNL, INL} = divideByInstType(NL)

7 :end if

8 :for each set s in {FL, IL, FNL, INL}

9 if s is not null

10: SC = groupByTopo(s, 4, M)
11: PEC = clusterByPE(SC, 4, M)
12: for each cluster ¢ in PEC

13: M+ = clusterMap(c, 4, M)
14: end for

15: end if

16 : end for

B 6 TBIM &jx®!

T A B AR AU B R, B R S
TR RSO B RIS AU Z5 2R
3.3 AN R BRI S AL

TEA SCE B A RELRE B2 B WA L v, /N9 E
Hufii 2 Exeblock , Mo & —f7aJ LAT R AU, 3X
SRR LS P E R — B N TRE. — B
PR EE S35, BEAT LU & Exeblock #4047, 4nf&l 7
B, — SRR AT LAGr A LAME S, - MES5
JUA> Exeblock 2o 7T ARG £ 2 1 K /N AT TR)
IHZFT A 55 B0R Exeblock $047 I 1] RS 31 A 7
PE %51 \PE (551 % 5| 885 PE 51505, 1EEH,
A 2 DEALBA N R, AR S LA
5. BHhERT A 1A PE G5 5] GEBUH 45
Ho BRI MU T BERS PE (251, 21 PE (4513
[ — AP BT S5 B TR, BRI s =2 7e
AR B E By, JER I B R B KR B A PE (451
MFERZEE, G 4 B . O T EEOE TR B Y Exe-
block SEA R TAE , AT & T —F X ja] ack HL
e Exeblock Z [B]AZH., FF4~ Exeblock #A 1
DA HPRE T, R EF R SPATHRAMEKHZ
RS =ALRPRA T IR 42 L 7 A1 R Ui Exe-
block J#AT, WK 8 fi7n . Ack . active F1 done & 3
ANERE S, T RSB RE HAT. Ack AT
W 8 B R 8 BUH S A FIET AR, Active 1 TF
JAEN T 5o Done {5 S AR K BT A B Y 45
W, BT Exeblock Y32 HMC A7+ NDP P& i
o XL T R4 PE SCRHME S5 90747, A

AT IR T PUAT— MES AL, B8 B T
5 4~ Exeblock BT, B HFRIC T 48625 R 1K)
TR, 451 Exeblock #F4 upstream ,downstream .
enable =ARIRAT, 7090 F TR 2 H1Y R 75 2013

R0 TS 1
(%1 [fE52] AR [{E5n] (x| [E%2] Ax  [fE%n]

B 7 PE p&E5|%0 PE 25T _E HIRR SR A1

@ Core EUpsmam ® Core @ Core
o 0 | Downstream P /™
/™. [o]Enable / ™ /N
®F ®&F &f e

®5 @i BE @&

R REE R BEE S,  BOWBUITAMAT(0,0,1)
¥ (upstream, downstream,
enable)

gtk HEE RO
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NDP-Ledger: a high-throughput general-purpose acceleration
architecture for blockchain applications

An Shugian ™™ ,Li Wenming * ,Fan Zhihua* ™ ,Wu Haibin" ,Wu Meng " ,Wang Da" ,Zhang Hao " ,Tang Zhimin " ™
( * State Key Laboratory of Computer Architecture, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing 100190)
( ™ University of Chinese Academy of Sciences, Beijing 100049 )
Abstract

Blockchain technology is widely used in the fields of digital currency, payment due to its features of decentrali-
zation and tamper-proof. The algorithms require high computing power and storage access capacity, resulting in low
energy efficiency of traditional von Neumann structures in blockchain applications. The 3D stacked memory, which
alleviates the bottleneck of von Neumann structure, has become one of the hot research fields. Based on the 3D
stacked memory technology and data flow execution mode, a high-throughput near-data-processing (NDP) architec-
ture for blockchain applications (NDP-Ledger) is proposeed. It analyzes and demonstrates the computing character-
istics of blockchain applications and the adaptability of 3D stacked storage technology in blockchain applications. A
general-purpose high-concurrency blockchain acceleration architecture is designed based on the dataflow execution
mode, which can improve the processing performance on the premise of meeting the universality. The evaluation re-
sults show that the general-purpose acceleration architecture of the blockchain proposed has better performance in
typical blockchain application processing than CPUs and GPUs.

Key words: blockchain, 3D stacked memory, near-data-processing ( NDP) , dataflow, general-purpose ac-

celeration architecture
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