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1. &

REBRRE RS ATE B P S AR B SweRY EH1FEIHES » [ E s DU B IR ¢
- FA-LIES ¢ A ERISC-VARRE R ARy 2 (LTI A (R D aE e i il 5 < -
- FTRREEE S O SORTEEMES I TR bR o MBS IS ST O ARTE -
- FTETRIES ¢ T —(EETAYEERGE T e - USRI TINIAE S EE -

fE— B PSRRI L B e+ (R B THEE TR
(-

1) fiz7t#EelE (bitmanip) FEARTEEHELARISC-VAEREHVEE TR DIRELHRR 5 1E4E BIE
NEEE - MEREEFEREERE o O gijfEhttps://github.com/riscv/riscv-bitmanip BV 15 52 84
HY #R K& o F& ZE https://github.com/riscv/riscv-bitmanip/releases/download/1.0.0/bitmanip-
1.0.0.pdf5F 4/ M43 T % I T E S -

FEARGE S > LHRHAESWeRV EH1 iz B 25 oo — (2K H bitmanip LR IRERTHTTE < - Hig
ME > EFEHHEminufE < > ZIEC G rs I rs 2 Ty N —(EIERFSREE B A rd - Zi5
LML B

31 25 24 20 19 15 14 12 11 7 6 0

[o 0001 0 1] rs2 | rst 1. 0 1] d o Jo 110 0 11
MINMAX/CLMUL MINU OP

[B1. minufs<EFARIREE
([l 25 © https://github.com/riscv/riscv-bitmanip/releases/download/1.0.0/bitmanip-1.0.0.pdf )

FADAFHY RIS < - LRIE R 2 AW i £ 225 7y © RIS TE T - [E2
th DAL G5B RN T8 minuds < HiR AL B 20W (E BT BTV EERE (BEaClE > ThiE
OIAEESR1 1 TAVE4) -
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DECODE STAGE EX1/DC1/M1 EX2/DC2/M2 EX3/DC3/M3 commit wB
STAGE STAGE
i0 i . NTROL
INSTRUGTION dec_i0_instr_d [31: CONTROL gﬁ;NAL‘; ;:_on:!-ol gon:rol |();cm:'ml ;:.on:'rol ",:.o":.ml
REGISTERS I ipeline ipeline ipeline ipeline ipeline
(dec_ib_ctl) dec_i1_instr_d [31: (i dec_lc.ljer:cl;(li-e_ctl) Registers Registers Registers Registers Registers
i0_result_e3 I0-ALU-E4 —
£
|
3
—— raddr0 [4:0]  rd0 [31:0]— 34 a1 %
1 raddr1 [4:0]  rd1[31:0]— MUX mux[of
— raddr2 [4:0]  rd2[31:0]—
—— raddr3[4:0]  rd3[31:0]— |
Buffer for
waddr1 [4:0] = | It dc4
waddr0 [4:0] su_result_corr_
wd0 [31:0] g n
d1 [31:0; I 3 n ‘_,g
| e Lite DRAM 4 =
: N Controller e 3
Register File = ::'
(dec_gpr_ctl) i E % 21| 2
31 !
] c— | 1 MUX MUxl =
i1_result_e3 11-ALU-E4
i1_result_wb
rd0 -
42 dividend
34-cycle Out-Of-Pipe
o1 y DIVIDER
’QB& (exu_div_ctl)
rd3
i0_result_wb MUX
—

[E&2. SweRV EH1HIEEHS ~ $11T ~ R R EIFEE:
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© minu;

[E]3. &ffdec _pkt tEPE’J%EﬁUE

o EIARMInuATERILTT - (F /&SI alu pkt tBl—&5r ([El4) - FHFc
- EREMEEE<SF AR

1c minu;

valid;
land;
c lor;

[El4. Eialu _pkt tEPEI’J%EﬁUE

-  fFi5zHdec_decode_ctl (fFfEZE
[RVipgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1Core Complex/dec/dec_decode ci.
SVREE) o o RizdlEstiaEE -

o T{EFRISFEER(EAESE10 dp rawfllil dp rawh¥ridfminufiiTiEEE © K
I - wiEE M ELHdec_dec_ctldiy/AZ (KEZEdec_decode_ctl.svil 552497 &
5267217) > R TIX (FFAEE - tHEHRIHE 5 40 dec_decode_ctlfy s
24822 55249517 » T{MEIHEE ﬁ T—ﬂfbﬂ:}ﬁ)

1. fHE
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/de c/de
codeg NI AEENIEZ » Hh @& SweRV EH1 R g5 E E’Jﬁﬁﬁ% &
b5 > VAR MU ERENEZAEE » MHE PR ninufE S

- f£.definition#)r » MRIFHIECHIE (ME1FTR) - R¥ifs
LRI —T ([E5) -

.definition

minu = : : p116611]

add = ola]e] p116011]
addi = poe Ae18011]

sub = : B B1100811]
[E5. 8. definitionEl 5y

- {f.output#iyy - B Hninuf T (E6) -
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Loutput

rvizi = {
minu
alu
rsl
rs2

imm12

[E6. {EX. outputEl sy

- f£.decode#fi4y 0 FminuiFSEILFN—1T (E7) - ESEE
addi§SRAMALIT > B¥Frie S BUAERENMLT (addfrTkRb) -
Wt e > FERAHLLTALIT © alu ~ rs1 ~rs2 ~ rd ~ pm_alu - 4}
B e RS ey minufiL T »

.decode

rv32i[minu] [ alu rs1 rs2 rd pm alu minu }

rv32i[mull
rv32i[mulh]
rv32i[mulhul
rv32i[mulhsul

&l 7. BT

[ mul rs1 rs2 rd low }

[ mul rs1 rs2 rd rsl sign rs2 sign }
[ mul rsl rs2 rd }
[ mul rsl rs2 rd rsl sign )

decodei sy

2. fE[R—FRIK
( [RVfogaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/dec/ )
FEEL —A 2N decodefE BN TL - H ki & SweRV EH1SZHE/ {5

SHIminufg % -
./coredecode -in decode > coredecode.e

./espresso.linux -Dso -oeqntott coredecode.e |
./addassign -pre out. > equations

ARG < E AR s 22 coredecode. efllequations -

3. fEE—ZRIK
( [RVfngaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/dec/ )
HELE AEER -

./coredecode -in decode -legal > legal.e

./espresso.linux -Dso -oegntott legal.e |
./addassign -pre out.> legal equation

R fPRan < R EE AR fE 2R legal. eflllegal_equations -

4. {Ergdec_dec_ctlffsl - IR A= (fEZEdec_decode ctl.sviyEE2497 &
5267217 ) ik fEZEequationsiillegal_equationst E FHAVHTE L, -
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o fEfH#Hdec_decode_ctitf - {ii I ER 57 /0_dpAli1_dp ([E8) FEl5ti0_apAHl

i1_ap3#rgryminu izt E(E -

i6 ap.minu 18 dp.minu;

il ap.minu il dp.minu;

[El8. FyminufirTiEE{E

EACP B T FSweRV EH R B 25t M e S (BRI R A EEN — R

F o

BRETE ¢

BE T AR BHITE T » BT S5 4Hexu - exu_alu_ctl - exu_mul_ctlflexu_div_ctl
EPE‘T’EE’J (EEE S HEENEREBEAERS ) - T?ﬁ%zi“qj PTG AT F EE—EET

EEHEFERE - AEAIA R Hexu_alu_cti#ETT/DEE& (E9) -

sel minu;

sel minu 7 ((a ff = b ff) 7 a ff : b ff)

{{13415el_Lloglic Lout|3L-U]]
({32{sel_shift sout[31:
adder aout[31:0])
1 | pp ff.pcall | pp ff.pja | pp ff.pret pcout[31:11,1'b@}]
csr_write ((ap.csr_imm) 7 b _ff[31:8] : a ff[31:8]))
, slt one}l);

[El9. {EXALU

SERR BRI AR > BTG ETE < » £ Verilator hghfTisEE - fRIRHTE S HIBT TR -
HTLAE FIE10cp R fEavAEE > ] BT -

& 10 e G —[EEIRAERE - FEEIOA R P R M &S TR/ ME - 35EE

FECAREIERE 3\ (EMABNESE) - AL E RN - BARISC-V

e as oA SCERBI IR -

.globl main
main:
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11 t3, 0x2
1i t4, 0x30
11 to, -0x5

REPEAT:
nop
nop
add t3, t3, t3
add t4, t4, t6

nop
.word 0x0bde5£33 # minu t5, t4, t3 0000 101 | 1 1101 | 1110 O | 101 | 1111 O | 011 0011
nop
nop
beq zero, zero, REPEAT # Repeat the loop

nop

.end

E10. 5S> (MALERFERR) HNHEREER

& 11777 Ry Verilator UGS R (BAEE —# - IRFEA. s SEREEHTE) < P
BB ISR, » PR T RS SHIRIZET (ifu 10 instrBiifu il instr=
OxOBDESF33) - ¥rfgCHYEFERIMIT (10_dp_rawsiil dp_raw =
0x7A00000000003 ) FALUZEHIfr T (10 apBil ap = 0x180000) Eladdfs<EAAM
[d] > ME—HIEBIE R RS EIminufiL TTEE E Y addfizyT  [At6HRE ARVEAESR (JOEEE AT
) EetSHIt4ER M (EE T P EYIME - 55EE - RninuP{TEEEEL
OxFFFFFFFEEZ0x00000800/ A /)N 5 #15-2%$5< Fyunsigned minf5< » AIJOXFFFFFFFE
AT EIRARAVIES > RERTE 2 R VE F50x00000800 -

Signals Waves
Time

clk=

ifu_ie pc[31:1
ifu il pec[31:1
ifu_ie_instr[31:0
ifu il instr[31:@
ie_ap[26:0

[ 1
[ ]
[ ]
[ ]
[ 1
i1_ap[2@:8]
ie_dp_raw([50:0]
il dp raw[56:0]
[ ]
[ ]
[ ]
[ 1
[ 1

[

FFFFFFFB
FFFFFFFE

31:0] _ d

t5=l eeoROOE - . |popoe@e3 |

El11. BE105 2 H Y Verilatori&Eft

B - (EHBTTAEIRYELEL - 2R (] VerilatortH e = -

St T IERERE (% » 7EVivadospEE A HTATIL LN » 31 P RESURE NI PE A L3
B -

I EER - ZAEFUERES(E S S AUI6(ERARE - M RES LR 8 (E f AR BHRA Y
(I (S8 = A R AL (E - AMEAET BB as ERURE TR/ ME

Bf% > BEILA FERHIE LIRSS S RESFE TR T > SRR SR ERREER -
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2) EERISC-V bitmanipiEHIFE P ESHIHMIES - EREMERAImin/maxf§< * min »

maxflmaxu °

3) FEAGKE T > EHFEEMHSWeRV EH1IRES - [AIH Al = FREHRISC-VERKERIFRE
fThRe (FIEfFZHRE ) BYHT{E< * fadd.s ~ fmul.sfllfdiv.s e

- EHEESEREEETLUEEE 7541 R E Y BB R R E R
( https://people.eecs.berkeley.edu/~wkahan/ieee754status/IEEE754.PDF ) - #[j5A0%
e - ETF e e by R ={EffL - Sign (1fi7T) ~ Exponent (8fiz7T) Fl
Mantissa (23fi77T) -

Sign | Eq *r Eg | My ot M

- ¥§%fadd.s rd, rsl, rs2@¥rsiflrs2AYmi(EFEHMEAAN @ WKHEEREEE
rdft o« 55 fmul.s rd, rsl, rs2Erslflcs2dHYRI{EZEMEEN » WKEER
FEF Erdt » Jf% > 59 fdiv.s rd, rsl, rs2@Ffrsifllrs2hayRi{EFEERE
br > WSS R Erdsf -

- IRIERISC-V FIEMIHRE THIES @ BEEIRSEARALT
fadd.s: 0000000 | rs2 | rsl | Rounding-Mode | rd | 1010011

fmul.s: 0001000 | rs2 | rsl | Rounding-Mode | rd | 1010011
fdiv.s: 0001100 | rs2 | rsl | Rounding-Mode | rd | 1010011

- MRS LA RS o (LA TR  EANET G
RIS < BT LA TP S (BIXITREs) © Mol SRIPHEUE(T T HLAuR{La
[ | — KRBT — ORI S » FITBSE S @I -

FAESwWeRV EH1 R B &5 3 i 15 Lh5 SHYSHR - WRETEL MELL

BRETE ¢

FEHTHE RIS SC PR R DA ~ RGERIBRANVEE G (B BRI B EEIRErRAUS > 40 AT
) - BEH{TEadd  fmulBEdivIECRFE HIZIRAIEAS © Rollt - SE5EREL AP ER

- FEDUTEESE - TECSEEFEINEARS « BUESSHIFRIASS
https://github.com/dawsonjon/fpu - 3SLLEE T B IEE 4 L EBIEE T JELUR
SweRV EH1 {2 LAV EE SR A2S -
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- HTETHER THTHYEE - R A DI - (B Z S TEER M T AN
AR S RYERSE - BIAERSE finishF1div_stall » £5 4t v] DU 2 = (1% B BT 4F
exu_div_ctIfH PEfTE GIME - AREEFER T AE AR R TEAFA
R > ES IR B diviE CRURIVALTT > Rolris < BUHRIRRRIALIT - [FIRF AT BT Y2 B
iyt -

EREERIET -
TN SR TE S PR IV ZERIENSE -

- EfEE
[RVfpgaPath}/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/include/swerv_types.sv
LTI AL T AISE RERAY -

o BN —{H%Ffp pkt tHYMEREME - K& fo_add ~ fo_mulfifp_div=
BT > STAHE R E S S I AR TIFRDE ~ I FRRASGFRIRA -

o EI#Ffp_add ~ fo_mulfifp_divi ={E¥r 7T - 1ERsEEEAIdec_pkt tHY
—#lT o FHeLlE > BRI BT RS -

-  fFfE4Hdec_decode_ctl ({F1EZE
[RVfpgaPath}/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/dec/dec_decode_ctl.sv
HEME) B BATERESREEE -

o Fifl§ti0_dp_rawflil dp_rawHHVHTLICIEE(E © Rlk - DERBSRE1H
MR - fEfs4Hdec_dec_ctif B AR - 41 EFTHL - SR FEHIEC1E R
divig < - AlfEiHdHdec_dec_ctlfEAFAIIF - MHSIR BdiviE SR
FILTE > Rediie S RURIERRRIALIT - [RIRFRLFHHTHYIZEALT ©

o Hi—[H% Bt _pHifp_pkt tAUFFEGE - AAKEMEI0_dplil_dpki
SR = ETISEIE - F9ER > Bnul sdivis S0 FHES R EE
RS » PR E BN AT — TR S -

EEABERG TR - {EVerilatorthgi{ TR EE - IS CHVBITIROL - AT LAGE A B 12 3e ik AvAZ
A WHETERIER - BE12FaE SR —EEREE - DRITERIDE ~ AN

BRI CHVER

.globl main
main:
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1i t0, Ox4
1i t1, 0x2
1i t3, 0x40800000
1i t4, 0x40000000

REPEAT:
div t5, t0, tl
nop
nop
.word 0x0lce8£53 # fadd.s 0000000 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
.word 0x1lce8£53 # fmul.s 0001000 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
.word 0x19ce8£53 # fdiv.s 0001100 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
beq zero, zero, REPEAT # Repeat the loop
nop

.end

E12. Frf5< (MALEaFERr) NREREER

& 13F7 7~ Fy Verilator YR SRAE SR o 0] DU A F BhiEf S i & 45 R > (LU N EAS R ftny
VREEEEA SR | hitps://www.h-schmidt.net/FloatConverter/IEEE754.html -

fEE13-ad » =FRIFEFSCWIEIEIifu 10 instrE{ifu_ il instr o HEFEHIfL
7t (dec_pkt t) 2fFdiviss (i0 dp raw = 0x11A00000006021) ¥ HEd{i TTH]
B REIMNE I T =A17T 0 0 ESCFTEL o fadd ~ fmul MIEdivAIFP (UFEE) $ZEHILIT
(fp_pkt_t) A100 (AIEF7~) ~ 01081001 -

13-bEER TFHNUATE S EREBH G R ERGEREAL - FEE > - WAER
0x40800000710x40000000 » [t fil13% 1 Bify45 5 £50x40c00000 -

18-cHURN T FHRAECEREBEPERFERERTALL - FERE > - WAER
0x40800000710x40000000 » [Aj:3&; A Eify4E 5 F50x4 1000000 -

itk o [B13-dBUR T RERIATE A E BRI ER SR T AL - 5HER > WmAER
0x40800000710x40000000 + [Alj:ffA i Eify4% 5 F50x40000000 -

Imagination KE2:t#] — RVipga#iii18 « i Ihat « 5o MIstHies
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 10



imagination
university programme

Signals Waves

11188 ps E 11388 ps

ifu i@ pc[31:
ifu i1 pc[31:
ifu i@ instr[31:
ifu_il instr[31: £ 11CEBF53 19CEBF53
i@ _dp_raw[52: 01APEOEBEBEE21  |B36040OGOPEB3 (1A I 3
il dp_raw[52:
fp_pl2: w00
div_p[2: @ e

11680 ps

clk=

ifu i@ pc[31:1]=
ifu i1 pe[31:1]=
ifu i@ instr[31:0]=
ifu il instr[31:e]=
ie dp raw[52:0]=

il dp raw[52:0]=

fp pl2:0]=

div p[2:8]=

3=l

en =l

t4 =

en=|

t5=l

en=|

(b)

Imagination AEL 54 — RVIpga 5518 * HTdilaL < 15-C M tEEs
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Signals
Time

clk=
ifu i@ pc[31:1]=
ifu il pe[31:1]=
ifu i@ instr[31:0]=
ifu il instr[31:0]=
ie dp raw[52:8] =
il dp raw[52:8] =
fp_pl[2:0]=
div p[2:8] =
t3=
en =l
t4=l
en =l
t5=
en =i

(c)

- WAl s
Signals waves

‘ 12460 ps
Time SR

[a]
=

(5]
A |55 5 [ |52 = )= [ =
"

[

ifu i@ pc[31:
ifu_il pec[31:
ifu i@ instr[31:
ifu il instr[31:
i@ dp raw[52:

il dp raw[52:
fp_pl2:

div_p[2:

=

o o @ o @
—
nn unn u

=
w
n

en=l
4=l
en=l
t5=l
en=l

(d)
[E13. B 122 Ay Verilatorisift

EBHEA LA EAIE I - e < RESIEMERTT - B0 > IE\BUIE R S BV LA
TeRIE SR E S HVERMERIME S - ZM&(EFH VerilatorE{ TR -

P2 - fERRER ERIBERE OERHE S - Rt > FRERFTHY mul Ml faddifF S HGSGH
fefitay#Ei ] DotProduct_C-Lang#E{TEAGRE » UM TIFRETH - LR EEEEE Ll
FAEREgG T B B (FE s SR AT IR -
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B DUHTE E S TRE © PIAFREELLU T S28E + HAERMS R (W &7/E) ~ HAFRHE ARG
A RN EEERE T FSEE - BFHCHFPETE -

4) BIEZ/ARTE - O DI 4EIEEES B AR SR EE AN &R > fldl - o126
DU #E%E © https://en.wikipedia.org/wiki/Bisection method -

EERRE RS SR DU AE RS T B AR B (P B 5 SR R AT IR -

5) EF (EMGMHARLEETIRGET) (RISC-VIRA - Patterson & Hennessy ([HePa])) 4%y
SR HIREINIES > B0

a. ([HePa)i®4.11)
i 'weE#EA | 5% 1lwi.d rd, rsl, rs2
i. 5288 i rd = Mem[rsl + rs2]

b. ([HePal&i&4.12) :
i TZXX# 5§45 : swap rsl, rs2
i. 8RB : rs2 = rsl; rsl = rs2

c. ([HePa)%#&4.13)
i. TEEEAD, 55 ¢ ss rsl, rs2, imm
ii. 7BH : Mem[rsl] = rs2 + imm

6) {58 b—&E - F{ES.HarrisfID.HarrisFiaZ#bf (Efirstat fIEKRE 2451 ) (RISC-V
FA > fE#8[DDCARV]) SB7EZERIHE3E M L6 HIRENIHES - HMTEE T X HHIIIH
EIESE FHTAETES - HP—Bi5SE55SweRV EH1EHZEHY 1R » BN
S MHEEERAEBER L MEAREE -

a. #E3: xor, sll, srl, bne- (BE2fESweRV EH1HEE)

b. 43%¥4: 1ui, sra, lbu, blt, bltu, bge, bgeu, jalr, auipc, sb,
slli, srai- (EfESweRV EH1HE(E)

C. #HES5: lwpostinc rd,imm(rs) (HEN TEHMMKEES  f£1w rd, 0(rs)f&
Hri¥addi rs, rs, imm) °

d. %4#E6 : lwpreinc rd, imm(rs) (FHER TEMEES @ f£1w rd, imm(rs)
1&¥Haddi rs, rs, imm) o

7) Ea— RIS TS S R - TRPTEHR s - BB
B4R

o MHEEBUHESE
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/include/swerv
_types.sviEyEL I 4EE - BASITS @ JEAELL NEEREIEAL T 55 Me b —(EfwAr -
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= &Sfinst_t | ARIBHESHGAL -

o WIEKFTHI - FirtEidHdec_decode_ctl (5%
[RVifpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/dec/dec_decode
_ctlsv) HEEZEFILIT - BXERIEi0_itypeMlil_itypeHVIEE * #rigSLHiIAT
BERFTE B -

o FEArfEsHdec_tlu_ctl (fEZ
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_tlu_ctl.
sv) PEERERGETRLES - BARAAER » 0B 1882 2 5521437 E S HIE RS -

VREEUE B RS - A RE R E et RS -

e Verilogh2 (5 Bl &8s #es 1% - (F VerilatoriE TR EERR#E - BB RS HFER
& » FySoCEAMHIALITM » WAERHSEM eSS et sy IR -
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