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Design of pedestrian positioning SoC based on RISC-V architecture
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Abstract: In pedestrian positioning methods, the strapdown inertial navigation system requires
processing data from the Inertial Measurement Unit(IMU) sensors, and the position of the pedestrian is
obtained after algorithmic processing, thus placing high demands on the real-time performance and low
power consumption of the chip. Since most pedestrian positioning algorithms are developed based on
floating—point sensor data, the terminal device is generally required to handle floating—point data. The
fifth—generation Reduced Instruction Set Computer(RISC-V) architecture, as an open—source
architecture, can save on architectural licensing fees and has a wide range of applications in the field of
the Internet of Things. Moreover, its floating—point(F) and vector(V) high—performance extension
instructions can well meet the real-time requirements of pedestrian positioning algorithms. In response
to the specific performance requirements of the pedestrian positioning system, a System on Chip (SoC) for
pedestrian positioning based on a floating—point core vector processor optimized RISC-V architecture is
proposed and verified in actual systems. A performance comparison analysis with several quasi—32-bit
architecture RISC-V processors and standard processor schemes of algorithm-specific IPs (locate_IP)
generated by High-Level Synthesis(HLS) components shows that the design has achieved a 34-fold
improvement in performance and a 5.6—fold improvement in energy efficiency, meeting the requirements
of micro terminals.

Keywords: Pedestrian Navigation System; Reduced Instruction Set Computing V(RISC-V); Field
Programmable Gate Array(FPGA); System on Chip(SoC)

T NENLIETE T T TE X AT NBEAL, a3 b AL B B IR 45 2047 N SER 2 B M. B oanrs L4 A e s 77 =X
FEEEE: 2023-12-16; fEEHEF: 2024-03-06
EEUWE : WK AREEIL SR BT H (61973056)




960 ABEH PSR TFERSRE 52 %

H . T 2BRE N & 5 (Global Positioning System, GPS)AJEN . FE T ¥5 A WIFI %45 5 1 @ 07 . FE T4 4%
M) RE DL 5F . BEF GPS M S5 A5 AR 75 BEAMIR U 45 S0 Re, TOIRSC B A 800, 76 I AT T 48 3k 0l 5 1 4% 1 L
ME LU 5 (8 35 ML A 1501 A SRR g R AT o o7 AR B, (HARXEA B ROR 0 R, AE— Sl R T, i kg kR
FVEF SR B A Sk TC A M . fEax ey e, M EEBCBE S0 07 Jr 58, AR = 0ORG AR AL R
PN B b, 53000 I BE T AR IR AR B e e, O HLE I R e A0 Rk T LA B RS B A, A L T
GPSEHE, Hul LM sd L, HAARZINAGES T, BB A RE 0. A NAT A O b #2
K £ 3 F 225K 71 18 2 HL#% (Acorn RISC Machines, ARM) i # x86 24y, ol # 3L T 31X 2 Pl 48 b 19 S 4 R 420
ARM HI x86 ¥4 4 F YR #1173 T 45 TLACHKS 17 48 2 45 (RISC-V) B My o b 3 8% . JIA PR R H5 2 38 kg, " RIY &
R SR, JF ELRISC-V oA R4S, BT K7W B M A 5 Z MY, T HE LT 4
wit, REWITHE T ARG T Z RS A H O W82 0, TS B A RERL L .

1 BEABSITAEMLRS

K FH RISC-V 42 #4 52 3 — i & T $E 156 UM 5 2 67 7 8 M9 4T N\ 37 & 45 (Pedestrian Navigation System, PNS).
RISC-V H FHIFIE 5 A 284, A 2 FhJF 5 A0 21 45 0 B AR ST 8t . B (% 32 {3 RISC-V P A% Ak 3 2% 55 3 40 4 ibex,
€203 L K CV32E40P 45 . Ho b ibex J& — 3 Z i /K £R Ab PR AR T, i JH system verilog i 5 45, A% 0] @& S8
Ak, AT AR T 3 0 S 4 8Kk A 3 (Integer/Embedded , /E) . el % (Multiply, M), H4i(Compress, C). fiifi
£ (Bit operation, B)¥ JEIE4, I HALTZ WA Rk, €203 g — K I H T KL AL BERS, R EORBR LR T
JE 45 (Integer Multiply Atomic Compress, IMAC)Y 54 . CV32E40P J& — @ VU ZL i /K 2R AL BEER L, SZ Hp e H e B
% JE 47 (Integer Multiply Compress, IMC)Y™J& 45 4 I H. 0l LLBE$F 517 48 4, E 10 o8 4 b 57 45— 2o 4% )R8 19 5K
WA B . AR SCHEET e203 WA AT AL BETT, IF HLEET e203 FFUR A I R S8 (SoC)#E AT I 2 50 Uk 3

PR E AT LA RISC-V LR TR AE M4y, ¥R BCE A & AR A 74T 55 E e A AR THaEREHL . X
Bk[7]3% T RV32E_Zfinx $8 2 LM T — AR DI FE W, 7R A B — A ik A% B 254 55 I, A#H HL T RV32IMF 4444
) CV32E40P N A%, 18/0 T 53.3% RYREAE s A L T RV32E 2244 1Y micro—ibex N 4%, W70 T 94.8% MY BEAE . SCHk[8]
£ F RISC-V [ & 4" 54, LA mircro blaze A% in [a] & ip &b BE 45 09 J7 sCIE AT G20 A SE B, 7E [h] S 0 AR B4 366 o )
wr, A TR E AR, BRI 20%~90% M BE M AR, JF HoA 2~78 iy PERe4& F+ o SCHR[9]2E T RV32EV 42
BT A RS, A — e IEINRA N, MEREA S8 AR, Wi R IRTHREL L 2.6 fiF . SCER[10]Kf RISC-
V Ak PR ES T CCSDS401.0-B=32 #r i 1 4 45 1 43 38 3 vh | 7F Forward-Backward MM decoder iz % 1 fig B 15
8.48 kbps My A iR . SCHEA[11]38 i % FF A & X I B RNz 5 (Multiply ACcumulate, MAC) LA & — 4k 4 iz 5 (2
dimension Convolution, CONV2)#§4, TEMIZE ML N LSBT 1.35~1.7 f5 B9 PR 4 7+ . AR M T X PNS R &t
ARICHEFE T 36T RISC-V A M B fEREFE T 5 58, %01 T 2 T FPGA YL PR R G IR A Lo ke R Bl . R A, A<
SO T R UK 25 4 21 1% (Vivado High Level Synthesis, Vivado HLS)¥f 5 v 5w 4T 42 K il s 09 1P, [6] I % 1 % 1P
55 A HER A PR RE R

2 FEERAGESMEELH

- Dir.
I B A R 5 £ R 2 A7 = basicpos | Vel [ zerocpoim
= s e P L R N —| computation | il - filter(Kalman)
Bk, il BN AR FIAT G S, I e A B sor|  update
A 2 A B T AL AT A O A AT A 3B IR MU i eror vector |
‘jﬁ ﬁi j:l lelb {}”'J i , ﬂé} 1= *H 5}’:@3 %: EI/‘J qj( ?(._E :CJ‘_ fi ° J,ﬂi— Eﬁ EI’J % Fig.1 PNS strapdown inertial navigation algorithm
By ARG B Bk, E AT AR A Pl 1 PNS SRR AL

TATE RS W &, Wiz g RS AT R, XL RS R 22 AT B . WIE L, I E 253
ARy a) 7B, BIVGE b Al bR R AR A B A A bR RS X AR BR R s b) BRI HIE s o) MR,
— A R AR R 2 U U R U R R A ) i AT AR B FR T A R A 6 AT T A I A TR e A AN
6], SRAEMARA A, I B AT 0 0 i 50 12 LA R 2 i A0 Jy AU ], DRk o 2R A A% 52 0% 4 T 46 i v, it
(Application—Specific Integrated Circuit, ASIC)Jy ZUHEATNE , X 75— F b A, mifs o e — T Ak s ok
B M R RAE A, i TR RN, BB R Al N VR . AR — R s i, PNS IS
K F AL PR g 52 B . AR SCHE RISC-V AR B 8% 1 SE s OL Ak i 82 IC AR P A B vk o 9 T IORAT BE B A 4, AR5 S
PR B SR D TR AR A AT N IS AT, WX T IR AT BE A A AR A, D0 LA P R 4 B O R A 1) i 48 A
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iz 1T,
2.1 SoC ZBR# R &Lt

MEAATE 2 Ft B e m n] LSt AR R M AL R 48, 4245 DSP. ARM i i ALAE M .0 AL 2R 5 DSP
o ARM 5 50 HLAY XUHLZL & & 48 ; DSP il ARM 414 . DSP fl FPGA #J 40 & L) 2 SoC FI Al g #2 - I+ & %t (System
on Programmable Chip, SOPC)Z%5 #4550, Forh SoC 4244 RE 98 75 — Mok v b 48 slhn 3 2% 5 b B s, DT st 20 B 4
Pz (R IF ), T4 e A R RS, PRLIHAS SR T SoC 2R A A S AT A E i AL B o ILIET 2, AR SCHY SoC R 58k H]
32 RV32IMAFC # #h # , %% B0 4 1k 77 4 JRL T JE 45 (Integer Multiply Atomic Float Compress, IMAFC)43 51 3 /R %
SR BB, ek . R AR RARIESTE S . A SO E 3 A B R R B T 32,768 kHz fI B,
FE TS F T DL R R A R S — A i (Debug) T, 38 i BE G I T AE 2 (Joint Test
Action Group, JTAG) P XA PR R FE47 80, UM 33 MHz B4, AbBREREZ . B4, WAE DL R Ak B A% 39 7
XA AR T . R 8UER 40 64 KB 1948 4 B # & N A7 (Instruction Tightly-Coupled Memory, ITCM) LA K %45 %
¥4 & N A (Data Tightly-Coupled Memory, DTCM), i i & 2k 3% 3% # H 7 25 I & #% (Universal Asynchronous
Receiver/Transmitter, UART)SPI I 12C 4§ Z #h 4b %, Jf H il of # 5 P 4b 31 4% 48 2 97 J& (Nuclei Instruction Co-
processor Extension, NICE). # I #MH: ]t A0 B RS, XT3 b (9 i P 5 R 00 A7 ek

A
A

/ main [ vector processor ] \ always-on
i HCLKGEN
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v
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UARTO
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RV32IMAFC core UARTI1 LCLKGEN
=

12C0

UART2

12C1
GPIOB

[ system bus ) (Q)SPIO

i 1
\ | ROM | | flash /

JTAG dcbug

peripheral bus

[ PLIC | | CLINT]|

Fig.2 PNS SoC system architecture
2 PNS SoC RGAM BT

2.2 RISC-ViZE N#%i&it

FEXT A SCPNS RGEMSEIETT K, 7F €203 RV32IMAC 2244 19 N A% JE il b UEAT V7 s WA B b i i, WEI 3. 7F
ANERAR IR AR G L R SCHFRISC-V Y “F” P48 4 . a) INA 32 N IFE A FFAEAF . RISC-VIUFY R E T
32 AU BV A AR AR, B IR S AR A AR AR 5 . AR SCHE SoC RGEVEATHI N BT b) B EUBIS LT, B IF AT
4> 11 opcode M fif i Bt v, I HL7E URE 5000 I A MR A5AF A7 4 2 P 52 1 i 7 R AE R, R AT LA I B K ik
Y5 ALU . c) W T7 s B0 8 B, AR SCR VR S AR BEES FPnew MY 4244 SEBLIF AT R i JL AR 1

23 mMEAEHRFMLMNL

TF A 3R ST RE A A BV P Nt s B, (R X TR TN AR e L, BV UG A R T, AR M
AT R PR RE o KR T A MR i BT AW AT s, e IRs Bl S BEAT B AL, T s Ak P O 1 (]
PATZ 584, WRLRIE AT Z A28, FEOEME R LR AKKETT, SRR, A3 SoC
5k 1) i A RS PR T RROR U IR) B5CH e AR 0 T, TR b g Ak B R LBk S U IR) P AE L AT SIS B 9 K AR B
AhEE LT RISC-V [l i 48 2 T4, A SCON ) i Pr b BEER 64T T A3t . a) XFml i 48 23617 0 2, 0T A
PLE L B B /DA AT RS2, LI IFE SPERE M R RS . b) Wit 2 4&MKL, Btz oo . A
1B BT P N0 S B BRIT 3 AR MK LOIFATIS AT . BT 2 1 1) B A A7 e A R SRR 22 A K 2 R Iy 18] DL K [ i S
Ml c) Wit A RS IE S HIT, DR IELBITIRE, B gdE s d) Bt i vifE o, s i R R
% (Internal Chip Bus, ICB)IM AT ML NAFTi], SCHF stride-load stride—store % PN A7 845 47 )iz .
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LSU

7 RV32IMAFC i 1 .
' / EXU \ ;
E / xregister | .
E ral ALU ™~ ;
- ‘ ~falu rglt].. | "
' o § & :
' 771 bjp J«+ i
' 1 / [—‘1 divle, .. data — -
: 2/ [uldiy path| - * '

] liispatchl o csretrl | <+ |
dispatch Vi ae |+ ) .
4 ~_ag e/ '
' mini '
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——e \

[Gice )
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Fig.3 Design of RV32IMAFCYV floating point kernel
€13 RV32IMAFCV ¥ st N A% 3T

RISC-V RG] B4R SR L, KRAF 400 254, 484 TS0 T ZHFE RS AR I . B XA S
PNS 41, KM )2 MY, k8 7 RE LI HBI 3164 o ASCEIMTs S FE L had, W
#F 1, Hopm &% & (Vector Set, VSET)$E4 H T & 0 & K E LA R FAE 44, W) & N8 /47 i (Vector Load/
Store, VLA/VSt)F§ 4 11 3% In] & % A7 5 WAF EAT B0 IG 38 3, 1] 38 7% 550 (Vector Float, VFLOAT)#g 44§ V% 55 In] &
Jerk . BREE . ik PRk B RERAE, 10 B (Vector Integer, VINT)FE 4 {5 25 B0 12 A1 bR vk 253 30 34

F 1 PNSIHHIFSIMZ T

Tablel Hierarchical subset of PNS vector instruction

group VSET VLd/VSt VINT VFLOAT

Vadd.vv Vadd.vx Vadd.vi Vadd.vy
Vie Vsub.vv Vsub.vx Vfsub.vv Vfadd.vf
Vsetvli v Vmv.v.y Vmv.v.x Vmv.v.i Vidiv.vv Vsub.vf
Instruction Name(rvv1.0) Veetivli Vlse.v Vdiv.vv Vdiv.vx Vimul.vy Vidiv.vf

nstruction Name(rvvi. seuvii

Vse.v Vmul.vv Vmul.vx Vfmadd.vv Vimul.vf
Vsetvl Vssey Vmadd.vy Vmadd.vx Vfmacc.vv Vfmadd.vs
' Vmace.vy Vmace.vx Vfredusum.vs Vfmace.vf

Vredsum.vs Visqrt.y

% PNS RGe itk H bR, AR 3 SoC & 4t ) & Ab FE % (Vector Process Unit, VPU) R G AL 11 48 b 12 Ak 2R 2% 28
RSt R 3 ST K SR, Aol AT DA BB IS SRR R L R A DL B R s 1R A, WK 4. 5 R bR i Ab B AR AN
[, H T A P88 A A5 48 2 T AR I N B, IR 8 B T 2 BR T SoC i TE . Homl K AN E
AR S5 B0 B ] 0T 4 4 i R 0 BT A AR, I s B R S R - i R 2 A N, X T SRR
— AN BBl B A B AR RO U S 25 SR T L BRAh, )i A AR A T — MR, AR S R R A
ROREAR, [AIE, 7E FPGA £ 40 55 SIS KA T8 1Y 25 47 4 25 5 45 oy 1 WU A0 3 o e, AR SCER 1 7E FPGA i
FH Lut ram SE 30 7] 4 7 A7 w20, 1 2K A multi-bank ram SZ ¥ £ O [\ 12 ZF 7 28 o

T U e 5 SRR RO T, AR SC R Gl AP Rk S5 M AR 3 AR T K LR BB S W] A i 5 ) B AT AR A 4L TR A B KR
J7 1, WE i BH R A TE S ) i3 (Read After Write, RAW) . S5 5 525 (Write After Write, WAW) . 3£J5 5 (Write After
Read, WAR)H 1484 T %, B k=808 whge .

3 RGINIEFSET
3.1 BWIEFE
F B E A SC T PNS R HERE, 4 B BRI FPGA SC L R G E 1T T I F, WLIKI 5. 8 et 2 fE aa i ¥ o
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(Register Transfer Level, RTLYfCHS AT ARG B IGUE, SRIG V1T FPGA RAELH, #idir NEN RS 64
B i BT SR R . RELIRANN . 1) ERK A T I Ak . 7E RISC-V 7 ELAS FORE D7 BT 04 0 152 3
ITCM H, B4~ SoC FE 3 H6 4 19 RTL ARG # ol LU A B UEF & v, I AT R GG 05 B . I A B8 (5 5 ) 3h
SoC J& #t 7] LA Xt CPU 47 #8114k o 2) 76 {5 B il it J5 , BF RTL {65 4 9% BY bitstream, T %k #| Xilinx FPGA % i
xc7a200tfbgd84-2 I 17 FPGA B iE . 3) fe 5 i e W SE M R G, G 15 B B s & 3% 8 FPGA ', g 5 1

issue excute& MEM writeback
; Prmpmmorms % [ AT M
: VPU_CORE Sequencer int_alu op_requester
H scoreboard
i u N . U
¢ IFETCH decode
e . N (Y
z o dispatcher . i float alu
m

float_fifo I I I b

" operand hazard
L 7 N
- f o scoreboard
[vmvveo | @ | i

/"~ operand issue/writeback

op_requester : write_list  read_list hazard_table
O vector_regfile : nooo noooooon
— b mm | oo aoaana;
[mb H lutram ]| ! STeleefsferelt
issue [ b ]‘ lut ram ] : o . A
[mbH lut ram ] . i J
(b H lut ram ] controller Cintl
(b H lut ram ) ‘ 3 ==
{ writeback —{Lm X ut T ] E o
| (ob lut ram ) =
) / [ o]
------------------------------------------------------------ | B i3
o=t Y,
Fig.4 Architecture of VPU system design
K4 VPU ARG AU
simulation test Nuclei Studio IDE compile VCS &Verdi simulation
P cEGle-4- uc\nm(v(s simulation Report
o ioes 5,170 seconds; oot structure si

s

-

Ik n
- .

hardwire debug

ash

downl
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B e
x

Fig.5 System verification method
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32 LA

AR SO P AL TR WS A LSO, AR B B Sh AL B BS X X SRR R AT as Il ad AR S 48 A R AT T
TR A R TR DL K i 3 AL, R R A LMLA,C YT ETE A, Arithmetic J2 T DL K 3% s
54, MUL ZTRILTES, DIVIEFRRIESES, Ld/St/2Vifr4584, Branch/Jump /&Bk55 164, Misc #84 R 9 4y 1y HiAth
154, Holnfenced54 . 41 VLA/VStIUFE [7] & load/store 154, VFMACACF &% SitHA 354, VINTfR#E
RO R RS, VSETﬁ%%r“JiEBE#W, TF A 45 4 4 P FIA/FSt 8 6 7% 45 load/store 154>, FMAC AR 1% A
WAeTE S, FDiviCRTESBRIEHE S, FMisc (UFRIF SRR EIEEIRMEZ F48 4, LhnfF o H A%,

VLIl 6, R AR S RS, AR TR TR 20 4%, X R O ARl AR R S ST, Bk Bk
B BT SR BG4y, R E s 4 64T IBEE754 k% X VR s 5. AEF R Ve s e, Rl 2 — 2548 4 RIAT 58 i

— YR IBE R, T LI KRR R AR A

cycles/per calculation

1200000 1 116266 time(ms)/per calculation

1025 066
1,000 000 913 888 FTREY] ;Z 31.062 606 06
8001000 25 2232532
600 000 20 18 27776 17.843 68
400 000 E L ® 5
200 000 (04064 12 081 28 @g‘bﬂ @3\5\6
51414 i g g
5 — 33953 20675 5 2 051414 N N

cycle
time(ms)

ibex ibex €203 cv32e40p cv32e40p locate IP prqPOSCd pTOPOSCd ibex lbcx e203 cv32e40p cv32e40p locate IP prqposcd p];oposed
(small)  (maxperf) (no FPU) (HLS  (without (with VPU) (small)  (maxperf) (no FPU) (HLS  (without (with VPU)
generate) VPU) generate) VPU)

(a) performance by time/cycles

proposed(with VPU) il

proposed(without VPU) |
W core 5%
locate IP(HLS generate) p—
m VPU 14%
cv32e40p I—— w periph 7%
cv32e40p(no FPU) I — B mem 7%
J
€203 I
B bus2%
ibex(maxperf) I —— W pll 65%

ibex(small) I—

0 005 0.10 0.15 020 025 030 035 040 045
energy/mlJ

(b) energy comsumption (¢) SoC power

Fig.6 Pe[rzt]"(;rrr‘lr;rgl:%e ;ﬂr; gﬁv;e*} analysis

B4 G R Z VR R4, LTS8 E DL b, P A Ao] 4 AR w5 2 5 4l F 32 48 214 5K
P N FE R A B B A Thig 58, B850 )5 R, D s 15 4 = A vl R i .

FE A B 0 FH O SR s R S A o AT AR R LR, .ﬁTT)&%iﬂ/\ﬁﬁﬁzﬁﬂﬁﬁﬁﬁﬁi*g
R 5 3 3 SR 3l Y float A8 fit, I v 8 4 Jiel R 2 fh 1 45 ol R 5008 FH -5 35028 5 R AT RVBOARR AR DR AE 4 A

TR Y R, 8RR A RS T 37%, LI%EH}T‘ﬁ,ﬁ%é\Uﬁ’/I\T?Eg, (ENGELNE R
IR WMIG N T 25% . X J& N TE R A R 2R rh T B AR A B AR T AR A TS EE LR DL K K, Wi
T I 3 5310 AH 5% % F A 1 (Application Programming Interface, API) R, 1 F 55 B4R 4% ok B0 ] fid &
P, N INR Zir 8 S TR A, X REEE Rk . 7 206 R T Ak /ﬁiy‘l_/l\l'ﬂﬂhﬁﬁﬁﬂ’ﬂi
ek, (AT H i VR AN AR 4 b S+ A sh Ak ) AU, JF ELAE SR R JT &5 5 3O R ARG AR R,
AR AR S HR S 43 R 32 AT SR 6 FH T T Y APT B BOGT 8 FH 1 o 48 A X I i R A o

M 2 17 I ] DL S48 440 #r, T LIS 340 F 4518

D) Y T84, I AR AT ) e A AL PR AR A RO D 4R A, IR TR M R PR B H
Tia) St PP Ak B X6 ARV R AT A SO K

2) VPU £ /INRUHE [ 32 55 TP () 38O AS — 2 EL T 4532 533 52 9T (Float—point Processing Unit, FPU)4F, Jf HF 2 F3)
AR TF A GRARAF B AP PEfE . T A7 B AR it AL PR AR IR A HR B S5 B, VPU IR A 75 253 1 i i A0 3388 R 3% i o |
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PR A BB 32 BR T A A b BEAS

3) load/store /i i A7 154 —F LI b, H— Ui 748 2 B i AR i — A F 01, PRt 32 01 D5 A7 48 & Ay il 22

REAT RHR THAT A (0 SR PR A T

4) BRIV R e 00 A P 9 A RE AT TR AR, AR AR AT AR G ORER Ay, DRI A X e R 4 4 BE AT

A LU B R ROR
3.3 MHEREXTLE

VLB 7, ASCXFE T 24 32 167 4R A RISC-V Ak 28 DL K HLS A= i 195595 % JH IP(locate IP), 15 A% [E A5 2 (1) 1%

T, ARICETTIF RV32IMAFC 2244 (1) N A2 S B0 T R 3 e /b, HRsR —
FEARTE T 344% . IR AT DL ) HAT IF A8 B 1Y cv32e40p Ab R 25 U AE 5 S PR m vE e, (B H B 25 T A .

ratio of instructions in 3 arch

num of instructions in log scale

100% it .
%‘ 80% 1000
= 928 960 2 100
2 60% £ 10
Z £ 1
_E 40% 979 757 E ol
=] ‘g 5
8 20% 782 940 S ool
= 2 0.001
0% 0.000 1 - -
[ours with VPU] [ours without VPU] [E203] [ours with VPU] [ours without VPU]  [E203]
M scalar total W float total ¥ vector total malar el e slariet mYEGOr Gl

(a) ours compares to €203
vector extension

float extension

A4 cv32e40p(with fpu)t 5%, Ak €203

10.76% W VLd/VSt 12.17%
5.74%
: { B VFMAC 9.64% ‘ W FLA/FSt
B VINT 47.97% B FMAC
VSET B FDiv
30.22% FMisc
RV32IMAC instruction inst ratio
0.41%
8.40% marithmetic
29.47% =mul mscalar total
udiv = float total
Ld/St
0.00% mbranchfjimp = vector total

540 mmisc.

(b) ours (with VPU) instruction analysis

Fig.7 Instruction analysis

K17 5450

M2 R AR IS I R Y 2 locate TP ARHR, HIHLIHFEM T IR MR R 2 0. BATIF AP R cv32e40p Th
rnf e, HiZNRRE LA — D@, i TAAEHERK MR, A ST 0 N AL 225 7
FE A FH B FPGA I 35 03k B 8 — B %, DR I A SC 58— o8 FH P 0 P A 09 35 i 40 % R 33 MHz,

FERERELL T TH , AN ) o Db B2 ) 77 S N AL B BB L e, BRI BAT 3 U5 B A€ 0.008 m . fiff FH ) 2t
DM FEER S, BARETE THERE, (URFRFHUT LT R R R AR 2 T €203 h FUH T — L RTh#ER I, 25
HAE FPGA L7 5 LB B S IIFEAE B AR, PUT — IR EE BT B RS, (HEFTR RE & H A 0.085 mJ, ibex AR
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