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ZRERHLELESRY

TR kmil E 40

(BB HFABELR LR ZE(PEMNERITELAFLN)  Jx 100190)
(FPEBFRAFITENAEEHAFR LI 100049)

EXEQ F &

i ® AMTEARGARA TG R RBETHWER T m, ERM RS T
B 4L B 2 (CPU) A n i B Bl PATE S v R KBNS S mf Bz
BRAMRE —NEEMA, S, AXRET —HEBLRHERAEBEN, 0 —
NEH CPU S f — NG B AR, — 2 XARAKLEB OGN EHEERNAFZD
FEZHEEOTRABRRTEACRN, KERE T AaME, A RIEREMHELS A TE
FFJEBOOM Z ey ah Lt TG AREBCED, ERT —NEHFHRAME AR E
(AES) i H My XA 6 RMARAER AL T RAZTHEF (FPGA) EIHAT T I,
RO T, EMEES T, LA E RS E ST Intel Comet Lake % AES 454 & (AES-
NI) # 5.7 £, & BOOM F & X Fl 38 A 754 # 4000 %, L33k —F B3 7 3 i CPU
Aot e B AN AR EFATTURBE Syl ts, M B HER . ZEH
BB sk A 3| CPU B, A K T (5 i 1A, 5230 CPU &2 o ok 22 4 &2

By 20 A B FRAT B R AR SR A T B A B W A M AR A

Kol A E; RivED; BHA; A

N TR SR G 4 R D RE L, s R R S 4R
PERE IIFEMEER , OB 2 0 & FTRE A fin s 5 L1 30
TER R st P At oL, AN, R
BT 2EBE R T I 1 BEAS B I A R B 2 ST W Ey-
eriss Z 5 fME #2, NVIDIA 2 736 2
Uk AR TAESE SR WA AT B R G
THEY AN 3 %% ( graphics processing unit, GPU) ™/
Google 2 ) AN A ACHRE FH o 1) 4 28 D 46 4 2RI 25
P FRTTAIF A 14 5K i Ab BRI (tensor processing unit,
TPU) RIS R0 MRS a8 AN TR RS
FEUEEME w3 S A 2 4, o sk kb
FH 2% (central processing unit, CPU ) fITAE {4 /i 8 % 4

@ I EBE B M S R L T (XDC05020100) BEBII H ,

s R IFAT

ST R 3 R 3R B, 52 3] T2 AR
AT B3R e

SRTHR R G X H AR R BRI A
L IR PF 3 B AU T 3R] CPU 58
B AR, X R R P REAT IR B2 T, i 4 #Y
BT FE AL R F I R > A S CPU S £ AT
O% o TR R RE I BE T FH B R FL B B
ISR E SR, T TS CPU I E WY, i TR
AREFREPAEI CPU ey TAE , Bl E— 0y £
I 52 i, P A T % 5 B8 3 £ A il
e Sk s ) iR 155 915 CPU it
TR, CPU S 4 A7 46 ZE A TE A5, AT
AL BC A LR S8 AT 55

CPU U A (9 18 {5 3 2 2 S M T3 R e
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HEPEREI T, W I R B T ), fE SR AR
st A, g T N A%, CPU i B0 s
AT AL BRI BC B S B A5 R AR e A n]
RE™ A2 h Wy 1SN AETERAS 45 CPU AR SR, fnid g3
SRR A A | v 1) 235 SR A s ST 2 R R
Pz ITEY . SCRR[ 13 ] 92 H SR R ST P A7 A 58
HEE” 0RO A Y KRy [ o 2 A B
ZACH. T H A3 14 THIE T Ik g 58
AP TE, SCHR[1-3,14 W8 T A a5 R vh 5o i
I A BT RE D AR O

T AR E TT R, S RO R S A T Y
PEF AR T — P SRS A LR AL PR AR 454
AR AT A R, BT, CPU SR
TR R EAR G W7 AR R 5 B B g 4% , i i
A A A TR B s, O B L 5247 ( cache) HY
Jr 2 oz T 4 . IZ S RIS E T, CPU
FUIER AR AR AR Lo b AR 3 aek PRk b 3 15 52
I SF A BRI 42 98 SE AR AR 55 0 R AT, AT T 5
GEREARTERE , A SCOTIR 3247 KL R LA I T

()R T —Ff E G S A AL B2 254
TERGHE CPU RN 25 ) 7] R D IR P AR 1 — 3% 119 i
fRARH, s T CPU HUINE & 1 3 [R) 54, S B4
KLREIFAT , IS Tt 1A ARTPERE

(2) MRaASCHR A A5 A S B T —A~ BA T fig
BT 0 B 2 R AL B RS JF 38 4 Design Compiler £5
A T HMIIG ] 48 1B (field programmable gate
array, FPGA )5 #47 T AL ThFEFPEREPESS .

(3) il SN BT B T AS SCRT $R 2548 B AT
Rk, SEBXTEEAS R AR SO B A A B 48 52 A
T A 55 A ek 24 S 0 Invel 15 NN 6 A 1 45 4
4 (‘advanced encryption standard new instructions,
AES-NI) 5.7 i, JZ A P ik 4 19 4000 22475,
[RS8 UE 2347 1 38 4 CPU i 5 2 Rk 3 15 S 2
AR APRE R 147 n] DU BE 2 PR RN AR

1 HEMmMAKX T
1.1 WEHZLEREN

ST AR RS A% G T IR AR B A SOR
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A AZ I TR T R G fE W 2 AR A TR
FHTFHRSE FNRT b 1 45 2 A BE 2R B3 b vz
WEE 2 L ARAL B AE A SR T T O N A 2 5%
KRB EA TP AT . X FDARAA A T —
TR IR T A B 1R SCP) e, 3 i
IR IOH T A8 S POFATIPERE AN 2 |

H =2 1o AR R E AR, DYSEA'™S
CDC6600" ' T AL FH 1 8 2 2 26 B2 11 S AE Bt
T 10 4245 B9 FER . Horizon!”' SCIL T CPU 4% 4 41
Wi 224 R, Al K 4 4 7 (very long instruction
word , VLIW ) , HAR 1H A SER 15 2 RIF 47 B BRI
I H = EARTA2FA7 8 MR ik, Sparcle'™
WESE T B0 | 2 A PR 2% #% ( chip multiprocessors,
CMP) 52 N AEAZ I b R 235 18] J7 32 (9 R 4 22 2 i 4
¥, 48 H R 30 05 T AN 1T 3G 9 2B 3R R % ik
Intel Pentium 4% W [R) I 22 26 7 ( simultaneous mul-
tithreading, SMT) F F #2438 A CPU r, JL 21}
SRR LIS = R R NI T RE . P25 RS54
R TEHEHLY CPU K& H] CMP F1 SMT 4H5 1Y
AP | ISR S RGEERE

CMP 1y i 4 B 88 4% 22 8] 9 LG, Al
Z TR SR 400 L s 234 T H AR
IO FHAE R, 9 REE 4 3 155 O 4 o 2 e b g 2020
SMT (77 2 S A A S8 A5 R A, % 138 H
A PR A P = 5 B A R BB R TSR I
RANSE A (ff FH X R 5 XN R E 4 o 3 2 1o FH
TR A5G ) A B 5 44 A 25 R R T ) S A T SRR A
HRPERE L 2

AR ARG A R AR AL FERR , R A
B 7 RO BREE R AR 0T . A
THEFBIFN CPU Ak T AR B 42, 1 CMP 5
KA N IR AR ST T, B bl 25 ]
A TS B BATIR, A T AR 5T .
1.2 RHALIERLEN

HI 0 3 48 1 RS R SRS, Sk R Gk
CPU Fhn s #% 1 5.3% 75 Nt A e TR, $% P &
MR Lo R R R A R B i
Pl R R B RRGE SR KL B G

) 32 3 o 2 A DA 2 S S 4 3
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AEFRES R, X SN g AR B BN 23 il
GPU TPU ,DianNao' ™' \ESE"™/ 4%, &M 1844 4 Hb
AIFAA AT B S 2R R P 2 4 e v i i A
BHLY R B 4 A5 UE ( peripheral component intercon-
nect express, PCle) 5F G4 45, 3K FF (9 0 2 2% 76
veit b B ST A A i (B R 2 2%, CPU
I 722 1 155 Al A5 L5 20K sl A% 55 3
£, A BB Y IE IR, B 75 27 A A
A HAF A Z A s, SR Ry, X RO
ES T PURAC/TCRIIINAR N E & i Re N (ST EPIR PN
ATRIRL

T o A0 B I 2 T AR 4R I AR
IR RE]  Ei T R GRS CPU BEAT 1%
977 ORI Z . Bilan APPLE M1 CPU &
Fr EIn#E ST 5 — RAF R &R TBM POWERY Al
IBM 215 F | 85 BOBCE TR 4 in sk 251, AMD ¥ GPU
ERE] R b AL B A (accelerated processing
unit, APU), HG i [A]34 3, X F 4 4507 A HE 1
BIHLAS FI CPU AR S, i A 2 15 5 15 han 15 SR
It HLAT U IR = e i Oy s b Bl ia 5, (HA2
H1 T 52 2 AR AR A A, 22 1 45 5 A A2 i 3 A AR
ARESHFIHE LA CPU 23 T4 S il 15

K 1 (a) NELTTEHR) CPU M 85 AT
NEE 2 CPU AT I A, A 1 D ik g AT
A, BT ER 2> CPU 55 s 45 58 . sl e I 4% 1E
TEPAT , HA il e ik BiAT B 45 . CPU A
SINTE AR E AT L AR T T A T AL
YEtkiz , SR )5 CPU 23 Rl YT B HABAT: 55, s
AR TIAT , AEPAT I R TP 2R A 2R CPU #4758
. S B I E] 38 A

0T IBSREE R TR RE 25 A B AR TR LR LAl
TR R HYILRL FARASIN 18 Y 48 2 X R 1937
SEATRE A N fi Sk Kk 6 i A B RS PN A 1]
IS GAREI NI YIS E N e S| U IS W &2
TS 4 AR RN T g 5 = AT A FRE B OR
Il (5 TR IR B T AR TERE (LI S
AR IE LU A9 5 2L R CPU S AR BEAR I
IR B ARG S TR S B Y F A 2 R EK
F R 7 TS 0 RE £ o g )M A A X

CPU SCHRAN 1 140 0G& O B EF1 S8 9 25 77 AR R
WA TR,

SCHR[27-30 T AFFE 7RIS H CPU iR Nt 7K £k
FRAS A 2% LA IK 2 0 g (R FRLA% PR BB . (HK 28 TAR
A FH A Ak 3L 28 b TR P i 2% 3R TN 6% 5T il
S, B CPU R Z 2 @ An 6L 451, EATR T
BAEZRE IS —EEH, SCHR[31 ] 45
1RGN SRR X T+ 5 AR 56 50 3 i
DTS IR0 -t 25 32 B b BR 25 2R 1) PR

% ’ i

e

ZIRZ

—

1

(@ J OESTRE () BHA SRR

E1 AREZEEFXT CPU FHNEEHITIEIE

TR GEHR 28R TR M BE A fin i 25 52 IR T8 2 50T
FTREA RIS , IR AR D BB BE I T 4%, A )0 2
SN B A BEAR A B SR AN RE . A& 1(b) PR,
WG4 1t T2 4 TR, W 155X 5548 4
16 8 HE P 28 17 (reorder buffer, ROB) FRRAEIR H, M
TMTRE ZE K 2 an SR D fig i >, A3 PHZE K 6, 5
SEREMUEREA B, 5 2T Z 40 I dE 2 B Bl
$6 4 L) 5E AT 55, CPU MK AR 25 A€ 2 B [ 773X 26 45
A MR TF IR 9 &I K LB Bt

AR SCBE ) AR R AL B S PA T AR AN A 1 ()
7R 38 A A T R R A B R s AT 1 4R
ULSRTE A BV AT 5 s g8 AT — AR E 5

5o REhnE SR Z 5 CPU B AT 55 sk 28 147 $04 T
HAATS , AT AR CPU A #H AR SR A2 1 45l
HILSRARA A AT 58 iR AR ML 3E A

2 EAR&IT
S T HAEH B T R, R T R S R A
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PERE A SCER I T — A B R G R AR AL SR A
BN [] 64 o7 FH U3, i P A SO (9 2544 W LB
TR MbCR B30 P 0 A8 42 b, B PR 5 385 R Ak 34t
i JEIFR SR FH SR 1 5 48 Je /N 15 B ], S Ak
P8 55 A0 PRI T AN [R] R R 2 AR O TA TP T i
]I, AT5 9K REAE P i 15 | P W] A, O ELAZ 9 58 4
WL IATHINE ST .
2.1 ERAERMKELEREEN

AR SCHE A SR A SR 2R R AL B R 6 4 a0 R 2
iR, B CPU B R R AU s 4 A R 2 1 R A 4L
B INALBEE A% 0> . CPU pipeline #5743 238 ] CPU #Y
TKLZ TR, 07157 .0 MR 55 40 31, 4
CPU #2672 (& 2 HAY hardware thread A) ; Accel-
erator &K H b5 IV FH 38 3T A9 5 4 i ot , 5% CPU
RFHEE, TAEEE R P&, 5 CPU JL5E cache, # 1%
Jinss 2 0 R 26 A2 (] 2 H Y hardware thread B) , 2
AMEPFRARIZATAS [ A FR A SRR, FLAE ) rl % 22 i)
AN Gl v )R i A AT AR AL B
Heymviial, B A4 1 (YiGou)ieKou, YGIK ) #B 73
TR AR A BT CPU RIS A 11, 5
CPU /KL MUTAFF R G0 B % 4, T ) fin ok 2 2
BgE— RN DT A

a B 7 Configfinm \
= Accelerator
|
>
i |

CPU =
pipeline S Inst_ Addr _Data 4
t + €
N
LMM 2
Yok MM =
E
. p L w

( L1 Cache >

B2 ZE\BERMELELEREN

2.2 iEIHER

I AE CPU FIRE (3153 2 1) 4 ik 4 — 1Y
Fe 0K 30 T Ak 3 R S A AT R
YGIK $EW0k A CPU B84 P i & sl 2 15 2.
TSN 25 IF4 n 328 19 15 BB M1 45 CPU, [ B
— 116 —

YGIK AR I UIAE, B YGIK b B 25 (1413
E 1R IF M cache HATACH., YCIK NI AT G AEFN Tl
BUEERLHI AT LA i fFdE— 2tk

T YCIK MIFEAE, CPU FIAHE {4 fin ik 2% A1 35
Bl, CPU ¥ YGJK 48— ZhRE ¥R A4, U & 11
YGIK AF8-4 (5 5L AR VR85 00 i b 2 A5 8 R AT
YGJK, XFFUifE 32+, L1 Cache B8 N—35
FHR AR B YGIK /7 738 5Kk, sl #% 82 0k A
YGIK fy#% 55 Fl & 5 2O A i A5 8 sl
T SRS L5 BURE YCIK, hnsd #8 i 17 77 1 4
M YGIK #4728 ., & i 5 il KIS e s &
LGN

RGN IBE 15 e o) WD A | L VA 1B
e T L A S A AL S R P2
BT A B AN T N A B AR AT A AR IR
AT, WA S TN ER sk CPU 51 A#T
MIDIRERE R, 18 T A Geise vt v DRV I 1 1 2 7=
AR RE CPU Bk TR A, CPU BRI M A
AR B T 871, IF B RS T s 48 E#4 3] CPU i
IR AT THE R RAR
2.3 RBHIT

FIFHA SCHE A AT 1 A 0 kb B 2R 2544
OGRS TE AT R 2 Afiny . &
Tl A I 28N T B 1 SR JLA5 4R A i T LATE A
31, 2 J5 CPU U &8 oT LLAL TR R AR RE H I FA T
PATH F A 675 Z5E (5 1 Bl i CPU 484
FYGIK Py FF e AT 28 .

SRy PRASE AR 2 R ] A5, A SCis T 3 6K
A T AR IR IS 3146 4 launch FHESZEFE 1Y 75 A7
#o (8] 20 P 72 81148 4 mta ( move to accelerator) . mfa
(move from accelerator) . HH1, launch 84 7£ CPU
TS A E YGIK, #4d YGJIK K function
BSEUAN RN I RE AR 3. mta 754 58 LA S A
CPU H2fff- BINE 45 27 77 a0 iz, A 2 A
ERVEEL, BT IR 3 2 A A an OB B sk a8
I g% 4% DU #2050, mfa 82 — 4 H 127 17
7 ARAEFE A function BUTE YGIK ik, I 1E 4
XoF IO A IS 2R S 75 AR IO (ELR I 4348 4 FEA B
MIZFAFf . BT &R YGIK 484 #87 Z038 H, R



EICTH AR B A AR A B

PR R S TN A # A PIA TR A 7K 2 2 B 2

[FIEE R T S R A P 2 4R TAE, 7€ YGJK
U N A48 BB 5T (local memory management unit,
LMMU ) SZHE I &5 1Y U5 A3 K 78 YGIK 7Y LMMU
gk T LA BE AT M SC b hE A B, SR IS R 3% BT
cache , REFEIRE] CPU M7 KER

KR B G 1 J7 AEAR nd 2546 2 Bk
FRANTE JLASE B, o o 25 0445 800 i T A7 g AL
e CPU, XA /N8 15 7 X AaiF CPU M
TR A E A B[R] P AT 48 22 1 28 1, g 2% 7] LA LA
BUNAT: 55 R0 B B 2, SR E AT R R
CPU WAL H., KL EEAT 55 HOF AT I Nk 1
BARIFATHIRR S, kB T & 54T 55 HOFAT A g
ST AR
2.4 HEFE

ViAE R T AL 5 2 AR K L RE R
B, 98D U UBORNES i 7L A AR AL T BORR W] AR
B AL PR R R PR BE . AE ISR g 2 N A S
] AT R G v BRI A DG I AR S 48 T
THRAE SR K LA

CPU FAIm 3 5 R FH 2 == A7 1) O X0 20 ¥
AR AT, 8 T A K bR 45 2R 7E CPU
FUINGE ZAEAE 25 B Z M A9 HREE . YGIK Ay fin ik 5 42
HEUFAE R 1 AL BT AR, 2 YCIK Y U 47 i 1
HEF| cache ' IFTE YGIK FEIIHIAY LO Cache FY
W) 1B 3 2 caa WE NI € N - I 1B
H bRz FH 15 5] 4 5080 38 5 J2 Ml ik % 22 09, % YGIK
F| cache BIVIFEBEIEANE 1 4 cache 77K/, AT
W T VIR
2.5 WO

FH PR AE T 2240 st #2500, (L 1T R
eI AR BOm #4548 1AL, X YGIK iy LMMU b,
il e T o Lo W9 ) 1B -3 U A o

S SERRAE RN i 7R P 2 58 i, RO e 22
WIS KSR Y . 76 P 885 rh e 0 A
JNE L RE 75 4 A X IR gR A T i, ISR EAEA
PSR PG S AT ERE S/ mta 54
IR P P ARG 8 A mita 482300 & £ YGIK,
YGIK 2O 25 A7 25 I A7 A0 ok 25 e & 2 A7 45

I A PO TR 1915 B 5, CPU &K% launch 35
A s R AT I b A R 15T 55, CPU AT L
FPATHALAE A TR EAT S5 TP, CPU 5 24
TN AR ST, & 3% X5 7 Y mfa $5 4, YGIK £33k
PRARZS ZAA7A8 TR AR A (AR [, 77 A mfa $8 4 H Y
AT X WA XA R 1 0L
A8 AT LASERL

B A 38 T 20 A6 SO 4 i i 2% 5 Ak
FIERK LR S AT s, Bt s %
FHFE 4 K AE YGIK, YGJK PR Ha 45 4 247 ) 5L —
YRR | T BEAL B I 25 1 4 45 5 FN2F A7 25 18 )
e AR RS, %8 k38 H A DI RE7E YGIK 58 1,
IR ER BT AP ECS ) T O s
ARZSHFE A T FIERAEER, B A P IS5 e BE
i SUME X 7 1) 8 4 A AR H0wk mT A4 O 7
i, N TFHE Al A CPU /K 2 0T Bt A TRl 18
%

3 FRMAARLEE LI

R B IEAS SO L A A5 R 0 A LR R Ok A
TP LA T T —Fh B, B — PR AL
£ K 5t A P %% 4% BOOM ( Berkeley out-of-order ma-
chine) ™', X HL VR N % Fi 422 11 4 S 45 Jonn sk A e A
CPU Z [AI ) fl 5 2 B (R A5, S8 80 T — > s 4
ZHRE (advanced encryption standard , AES) Bt fE
S REAE I E AR 53
3.1 BOOM 4hIE2E#%

BOOM J&—FIT i RISC-V 54 4 4844 1 T I
AFRASHZ . BOOM ff I BEF 44385 75 5 Chisel 558,
EGE SEARBARE LT RS, B
BOOM HA7 B CPU A AEB A FEAE , I L fin 3 2% 1
FIXF CPU 5 il4% 5 Ay A AR BURR BT LA 3o 454l
BOOM HH H AR5 X,

R T SCREAR SCHE I S5 4 , AR SCXE BOOM /b 2
WU T REHT T BN, EVifFTRE TR
JNT X YGIK Vi AE K B A3, — Z 88 247 (lev-
ell data cache,Ll Dcache) & YGJK &It T #4750 4
BEE, K3 s L1 Deache B9 TAE R, array &

— 117 —



EHARGEIR 2023 4E2 A #5335 452 1)

L1 Dcache FIFEAEER TG ;50 A Deache WX B 1 R (5
5,81 ~s5 FRIR Deache 7EA[RI B BOVHE 5 S Ab HL4,
RPEATHIFFAEAS G AT 5 [ A T 2 Ak 32 4 Whole
line 1 Line buffer 43 5#7f# Dcache HiZ i Al R 5
ABJEEATEHRE . 11 Deache 32U B35 7737 2K ) W 2
MK B YGIK, 70 5l 1A ] B B oo 152 5 17 5K 47 Ak
B, MRIEIE S 528 LSU (load store unit) Fl YGJK X
L1 Dcache array FYHATIES

AR
JRTVifE

Y
(MSHR |[Tine buffer
L2 N

E 3 Dcache T{EimiEE

array

3.2 RMEO

YGJK &% 1115 CPU LR FEMIINE 282k FL s .
R IE, YCIK S Ab B gR ik R 74 42, 200k A CPU
KL R A MRS, 4 YGIK IR RS & 1T
TR IEABORT R BEA . YGIK 55 R A A A7 4%
AR , AT LA HER [ R PR AF (A 45 % F CPU (1)
EIHES,

H T SCFE 2 NERFEMS T, YCIK N LM-
MU HE sk &5 55 A2, Ui AEsoRiE i YOIK & AT
cache, YGJK WA cache >4 il o 5 42 it 5048 22 47,
ISR A FOBCHIL ) % 5 AR T AL
3.3 AES mmZE#Eir

AES )z T FRm &R, AES &
&k%’é&?ﬁﬁfﬁzﬁ RS BT AR

ZEAGASARETE I, (PR R 4R LA T B, 450

I ﬁﬁtﬂﬂa“hm;%;?ziﬂ’ﬂﬁui%u&%ﬂg@ﬁiﬁﬁﬂ@i{
SIAE, AR AL R B AR i AES B 2R R BT,
Intel i 82 HEY RIRAL AES L 54 . IBM pow-
er RN AES fil & BEH > ARM 9 CryptoCell
L4 TP ¥,

RS UEAS SCHE H 2540 1 7 &0, i Chisel 1

— 118 —

BE T AES I EE N0 il YCIK & #:5
BOOM 1, fins#fi #5454 4n &l 4 J 7, config/ctl 5 43
Gk B YGIK BY1E 5 ; status fA06 N3 28 T 214 3
YGJK MYSEHE B o N a8 S HE 128 7,192 {3 Fl
256 (AR, X B SO B — T 1 AR
JEIRA IR AE B B i A A B B SO
B S i ik A3 S B i 2 T £ R T 4R T
VE, ) YGIK K% 132 B SC RIS 9% 3G R O FLF 2%

HERESEAE RS B8] YGIK H,
Config/ctl : I
W
type
key B
size
resp_addr
data_addr data_in Ld:lerizen ta dg::;n data_out
4 AES fnf@E g 4 n i 2s

55 3 TR 2 AR AL B AR 9 LI T 55 Xil-
inx Virtex-7 FPGA VC 709 ¥ & AR, MIAFEIF 2 C i
TS, i RISC-V 64 i 38 4 T H: riscv64-
unknown-elf-gce 8. 3.0, 4.3 X} L F & A9 4b PR 45
4 Intel Comet Lake, Zi7F#% A4 gce 7.5.0,
4.1 HEFERIIFE

i FH Synopsys 4 Design Compiler 7£ tsme 45 nm

SVET ARSI B Z AR AR AT T

VAL R INER 1 R,

*&1 4b3E3E Design Compiler L E %R

ﬁiﬁfg EA . DIFE/W

BOOM 0.99 4752900  4.7007
BOOM + YGJK 0.99 4886281  4.7924
Rz 0 2.81% 1.95%

AR A A R A A TR AR BOOM, s i
YGJK, & 8 T ARG K ALK 2. 81% , D FEHE K AU
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1.95% S8 YGIK AT A HARZ 7 1R, IF
LR R e o s 25 181 Ay 3 2 O ST B,
Aib B 58 7 T 3 58 /D SRR /D T T BRI R
1R

SEHG R KR AES B 5 59 BOOM #E 47 2%
G, BE REOCHIAS . 781 GHz FAF S
I HIT 044k B E T LA A SEAER H G AR S
WS . BFEIRINE YCIK LUK N 8§ i 56 5 i 42
FEIRA 0. 85 ns, /N T Ab B ER AR AR B A2, DR
SRR NG Y GIK U 25 X5 S5 iy A 3 25 471 %
TR, R J5 S S i A T e R R
AL FRERPERE
4.2 ERTE

R T ARAF IR 2§ U7 AF 0 HE IR AR R S T
— A IIRETRT BB ST i . kSR U ]
B b R TR SRR ik B YGIK 3 SR $d o BLAE
FHAFAFfiw 10 55 D& HE 475 5K 380 S0 38 40 g s ) 3
., 5 CRBRFRUESIE SR A L1 Deache, F
JA BN A

HRYE SR T 450 TR WA M P ZE R I LT,
YGIK % i L1 Dcache A L iy H1 (9 332 50038 5K, M
YGJK & HEsR #2512 bits %048 5 M 7 3 A0t
BRFHT, [FIRERTCRH ZE 15 B0 T, 48 & 3 8
TR EE 512 bits 244, YCIK /9 cache Q1R A
e, Br b AR R 5 AN R YGIK Y cache
e AT 1A B S0 o 2 R AT R R

ARSCX ARG CPU 5 s 25 A06 BEAR &7, 4
38 A A M) e i AR R ] YGIK P #] LI
Deache AR 3H JE 1505 BOOM 5 47 B0 LA e BRAT
CPU U547 (B AH 24, JFH0A B 98 1) B 8 i
4.3 FME

AT AES BN 2% 19 BOOM 124778
FPGA V-5 I, 4iE C B2 )5 43l it RS 4 Jonn sk 4 A0
{Uf# F BOOM #E47 B SCHn %% 5256, 3F 5 4 Intel
AES $84 58 A ] i85 A1 55 204 7 LU

MR PRSI RS 1 FiR, 1 ~3 176 AES
JE R B B E S HOUA T AR 30002 g
Y (AT EL, 128 bits (192 bits B 256 bits) B 3C
K B R AL B AR AL (I A Y9 128 bits

W) R SCHbHE RN S A A bk . 5 ~ 8 AT fE ]
mta $§ 2K AL E S HUL BN 48 I 75 launch $54
TR h, S CPU AT LA#AT HAAT 55, 502 11
FF U b 485 05 B AR S T BT
5 R AR A I, CPU SRS I
T, LU RO AR 200 L L
LB I (74, TERLIE RO 155 M2 1 B2
B LB SR

KA1 AES a2 e pE 5

10 = AESType; rl =SIZE;

12 = keyl ; 3 =key2;

r4 = dataAddr; S = destAddr;
// LA Sl 2

MTA(10, rl)

MTA(12, 13)

MTA (4, 15)

LAUNCH( )

O 00 9 N W kA WD =

Do something else;
// AR IR g 45
while( ! MFAO());

—_— = =
N = O

Do something else;

5 s 17X 3 Aoy =UTE 128 i iR Xf
512 B ~4 MB B SCBe#E A7 s ab B PERE , A bR
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1 10 = AESType;  rl =SIZE;
2 2 =keyl ; 3 =key2;

3 4 = dataAddr; 15 = destAddr;
4 /) B A Sl g

5 MTA(10, rl)

6 MTA(r2, 13)

7 MTA(r4, 15)

8 LAUNCH()

9 // AET I AR IR S P ) A
10 while( ! MFAO()) {

11 rd = MFA1()

12 Id rd +64;

13 Id rd +128;

14

15 f

16 Do something else;
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Tightly coupled heterogeneous thread processor

LI Wenqging, QI Han, XIAO Ziyuan, ZHU Weipu, WANG Jian
(State Key Laboratory of Processors, Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190)
(School of Computer Science and Technology, University of Chinese Academy of Sciences, Beijing 100049 )
Abstract

Heterogeneous computing provides a new idea and direction for the system to achieve a higher performance-
power ratio. However, a large amount of control signal and data interaction is always an important bottleneck for the
system performance in the process of central processing unit (CPU) and accelerator cooperatively executing tasks in
heterogeneous systems. To address this problem, a tightly coupled heterogeneous thread processor architecture is
proposed, which includes a hardware CPU thread and a hardware accelerator thread. Both of them use pipeline
tightly coupled hardware thread communication interface and shared memory to reduce the communication cost and
greatly improve the system performance. To verify the advantages of this architecture, a hardware inter-thread com-
munication interface is designed based on the open source BOOM core, a tightly coupled heterogeneous thread pro-
cessor is implemented with an advanced encryption standard ( AES) encryption and decryption accelerator, and
evaluation is performed on field programmable gate array (FPGA). The results show that in encryption tasks, the
processor throughput is about 4. 7 times higher than that of Intel Comet Lake using AES new instructions ( AES-NI)
in encryption tasks and 4000 times higher than that of the BOOM platform using only general-purpose instructions.
The experiment further verifies that more performance gains can be achieved with fine-grained parallelism obtained
by fast communication between the CPU and accelerator. This leads to the conclusion that the architecture can ag-
ilely integrate the accelerator around the CPU, effectively reduce the communication time and achieve fine-grained
parallelism of CPU threads and accelerator threads, effectively exploit the advantages of heterogeneous computing,
and obtain considerable performance gains.

Key words: heterogeneous computing, heterogeneous interface, tight coupling, communication, fine-grained

parallelism
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