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AR - W E T - I EESR T - BFIT5E TSweRV EH1 B 85 F1E
iy 457 B bt & ke > ARNE SRS EIT i 2 E M - 1-40S HarrisHID. Harrisf£ (#firseat
HITEfEHE 2246518 )  (RISC-VHA > ffEDDCARY) il » & RAEERERFEIPAE Tk
S S > e A Gl -

ffaE © £ 1TSweRV BRI E b #EH ~ A - R A& JoRIEDDCARVES7 SH » HEEFY]
{EE SR e H 25 T Toe af s CRIBEERIZERI Bl - A REEH B ary LG =T /E87.5.361 - 75
Sb > FERIRR AT REVEIE o Z Al > R R SRR 7.7 AT R S IR

PEE b 2 o0 S E S 5 ERY > INRESIE S UAETR N —EREREVALLE - 5935518
DEET R G EE A - M2 T W ATA HMUERAVIE < > T — (S EY kg 5

PC +4 » fEFEH -

—HpR K EA GRSl o BOIKER - e o YUIRIEEIEOE T —XEHATE
SEET - AR G425 ke - DDCARV iy BN 2 E Il m B as g 7F & — (- BAE
ME > HRI S CREATC 2T > RIEE N — AT > P &5 (FRE e B S 5 42 70 Il
e N —REEAEVIE < » BN - B8R B as L MU B S E 2 B ST N —JCHEH -

EHE RN REE AR EER > EEME S SR EHIHIES » BHRAEZIESWeRV
EH1HYEX P ER My GRIFEZSB2ER T 4D - It BEREER Y e LA E (= U {E1E
W (2 RERVENPAORESR) - EEREST - SRR E IR - EEEGRE
EEEE (R > [NESweRV EHTH R B FILAEA HZE -

B AR TENE GG S4 0  WTENAYRRAE hHEHL - 4y IHEE % » WISREBTEHMEE -
R A PR AN S (EEEEN T » DMERIES RIS RAVIEA ) A EFE AT
[E > AIEEITRETES (EEREEN N A FEMEEEREL) - EAERT > AT
SweRV EH1E{tAY NS> SZ FEHIZS (Branch Predictor » BP) : —fd /2 St FEHMIES © 3%
TEHIZREEMBREAR G B L AT ETERA  EEEYLRAERT + B—EE
Gshare/ X FEHIES » % TE NS T RALEEEYMNTTERS Y A > SESFEBEF S AYREE -

EF28 53 > BT 4 fESweRV i f Theaff < > A& & {1 H G BEBP#EfT —LhEa (fIlf5
it (FXFHDDCARVEZ M HEREIIIE SR ) - A% > FHEIH 5 FMEE RSweRV EH1
Wl {5 F Gshare 73 <7 FEMIES 5 = 8t s B 12 1) 5 e -
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2. beqisS¥{THIPCETR

FEAE T > B3 SweRV EH1 fbeqdF CHVRITIEIL © Bt » FESH2.AERSY » BT
HAAEEX [ B Theaif < » DARANMAAEF C & Bt ERAAUAL HEAT T 2 izl (5
B 1HYEE2.BE oy A RAFCATR ERHER I TS ) - BEITRVEDR ([E1) MRS BemhiiE ik
FrETE< > (BIFIE R T be oty SAE L S HEBPAYR E g5 EAVEITIE M - BRATZAHRERT -
TGS RAGEE By 1 845752 R DDCARVELPaHe th S ERTE R ) © 123 [N 2KHYEE2.BHET
g1 > WMTEHET—LE5E > BREPKMIHEMS - BNELER - HFIFEESSEAEL
W5y SCTEMES > TR AT A TR SZ AR 7284 (BIERFIFTRERIRBEBP) -

A.  HEREH

&1 FT T~ R FCARS R A I it e AUz ik (25 1#E8 (Program Counter » PC) Hiy{H - 1£
DDCARVH7E 2 By {rfT H AR S iC BAS AL AL AVET 728 ) A NREEEALEE (N EE(E E S
HREFEHPCIYE ) AV T Z4EHE - B ER R T EEXIPE B The a5 SRR IVAERE (B AR
IR ZEER T H NPT HM Y 2355 ) - BEMER & > BEHFREst 2 &
SweRV EH1 g5y VerilogfH4H Pt H AV E IR 4T -

i AR

LEN AR > FC1RS BB Emi{E e Rk © —E22:1 255 - FHME
ifc_fetch addr f£1([31:1]EAREAUILL @ S5—(EE5:1 %8GR - FIFETE T IHHE
ArHEGRFZ AL HE AR S fetch_addr bf[31:1] »

2:1 X ERBARE : A4 il 5Eifc fetch address £1(31:1]1 - BIHFiEEAFHEEE S
SHECIERE AL - IR E R AYESHF Ay I T4aSR - Z AR 4asCERe fadlEs - A
ATEFES AU REER 28 TCIE SR © 5% 25 1% B e Yy W i AL By

o 4 HIEArE (exu flush path final[31:1]) - fEEX1[EEGTE > MHE
SIHTE0  SCRTAL -

o FYUEEUfirklk (ifc fetch addr f1 raw([31:1]) - ff E—{EEEIHETE
AEFF > AT B 51 5 EEBHBRR R - AHEE 40 T LR
(fetch addr bf[31:1]) -

Z s BRI B ST E fyexu_flush final » {ERA{TPEERIRML - WIRMVATESTZH
EEALHERARY > Allexu flush final = 1> {fiffexu flush path final[31:1]{E
FoEEUfrHE 5 BRllexu flush final = 0 {#fJifc_fetch addr f1 raw[31:1]
VE BRI AL -

#5175 > DDCARV ATt s B 2558 AR DUV 2:1 Z B BB E B A BT 5§ PC -
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5:15B&BHM : A4S fetch addr bf[31:1] » firhlkskE T AAER > — :
o fEHUArsE (ifc fetch addr f1) > FAWPCHE N —EHARFAENEN

o FFHIFHY R —fEfizik (fetch_addr next) - FFEITEAFHHUL L
(ifc_fetch addr f£1) + 16 f5[HE T —{#128f THE%

o sy HIRGEM@EE (ifc_bp_btb_target £2) HUHIRV{rAL > 757 HIR&EE
TS UMY XS 2 — » AURFAMSE R B3 25 - AL AL kbR A (i
HUAr AL -

o 4RlEmiss pathfilflush pathiFES e 534NRIIE#R ARSR (miss_addrfi
exu_flush_path_final) - [EEFHEREENF G H LR -

2 % s BRI E HEAVERSE (fetch addr bf[31:1]) FF#EF > GAE F—{EEIHFH
VB it 2:126 pE BRI Em A -

A1 - DDCARVHTAtY R B e asat R - A a5 1 R -
ii.  beqfs SHYT
RO SRE TRy S HR AL » YEREUE A WE R - BAGLISweRV EH1 &1 (2 FIE1) -

> BEAr SR ¢+ EXE A — (il Ass ket B0 S H AR AL - MRk AR
FEflush_path([31:1]19 o ZalSRHE R — @ HAIEFes - fFREA
(exu flush path final[31:1]) $2H4EFCAd192:12%5 %5 ©

A fEAT - EX1{5 F exu_alu_ctIfE4H A 56 Ay — (BT 51 4H 21 A 2 W {8 28 BT /2 S A %

(eq = 1FBTHHE > eq = OFRTAMHE) - 248G RBeaiat (LUK —LEHAETE -
WA BEE AN ETS T AT ap . begiflaf ) 1B f1lush upperfilexu flush final
SREE o AR R SR A A FCAPSES » B FIE2:1 SR BB e HI5REE « S Tau
SEAANF o BZPEHIESR (exu_flush_final) Ryl > HAEN FRIGO -

HAGHIESR - (Ebeafs S LUK EXCATAHTRGEEBP (FHIFTA /333934 ) I > 4RI SZHIM
{EERITAMHSE - QA GESRA 057 > LR FEMIERE © exu flush final = flush upper =
eq = 0 FEEMEFI T > mEES T MBS RIRFFARROTE < - A g HBREERR - TR
FES2. BB ez 1E I ©

AT > AR WSS TS - RIVESRE S ST 245 IS EBPIN S » HTEMHI
Edhaafly - exu flush final = flush upper = eq = 1 fFEMEER T U N XF2.B.0iE)
ST > SweRV EHIEHIFETIL T IR (ZRE1) -
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- ‘HEexu_flush_final =10} » FEEEEFCAh2:1 5 pEBRAEM A1 (K ETE bt
EX1PEEL PET BNy HigEfirsk ) (ifc_fetch addr £1[31:1] =
exu_flush_path_final[31:1]) - SEHUIALREHTE R E] 7y S0y R -

- EXVZRIHVESRIEEGRIHHEE © Rt - R SoaiiiPE B it 2 (EEHsE
(exu_flush_final »exu flush upper e2~exu i0 flush finalfl
exu_il flush_final) ([E1F-RESEERBIIAR) -

% : mEE1HVeriloglER i EEnRE TR » WA TIFRME -

- RAEIEEREIRIT R (BEaER - 50U FaiiEtET) iitiEiHdec -
dec_decode_ctlfIdec_gpr_ctlf -

- EX1fE SRV T R L 4Hexufilexu_alu_ctl -

- FC1EERTRAY TR L FaHifufilifu_ifc_ctl -

£% : e 4Hexu_alu_ctifi&iESteq » #EHEStap . beq ~ ap.predict_tHl
ap.predict_ntPARE S HAMEGEE4ESEflush_upper -

%5 : EVerilogt2 a3 1E5%exu_flush final ~ exu flush upper e2 -~
exu 10 flush finalfilexu il flush final¥#fEX1KHZFiZFEE (FC1 - FC2 - 1%
FOFFRE ) HUSZEE « WINEZ T > B2 BER yHVEEEEE A » Ee] DIEE I ARTFRRVERSE -
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exu_flush_path_final [31:1]

exu_flush_final

M~

ifc_fetch_addr_f1_raw [31:1]

FC1

\| ifc_fetch_addr_f1 [31:1] (PC)

FC2

o

2-1 Mux

fetch_addr_next [31:1]

16

ifu_bp_btb_target_f2 [31:1]

miss_addr [31:1]

exu_flush_path_final [31:1]

5-1 Mux

ifu_mem_ctl

ext PC)

N

]

< |faddrfl
= ff

[31:1

fetch_addr_bf

ALN

DECODE

CONTROL

Instruction Register

(dec_i0_instr_d)

UNIT

i0_ap

EX1

raddr0 rdo Wff a_ff

raddr1

REGISTER
b b_ff
FILE rd1 W—E’ﬁ

pc [31:1]
4{ 0

ap.beq

L eq LOGIC flush_upper

off pc_ff[31:1]
flush_path [31:1]

LOGIC

i

+
brimm_ff [12:1]

ibradder

LOGIC

Imagination K545+ 4] — RVipga #1816 : #EIER © /730fE%
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B. HE

HFIELS 48 THEEXFE T Toe qff © PARAEF CAPE et R HEAT I UL HE R 42 &
AV ETRES - 3 NIRRT —Eo B - USR5 Lo S Y B -

TEARE > AR A B2 FrrayEa s > sz fip e T —(EEEOXFFFFARAVERE (+#
P 5565,535) » WA EZWMFRoeqfi < @ H—kbeqti S1RE A #F 4 CHBEHYRZE—KER
BRIN) o BRI SRR B - BAEE 8 » IS (TEARBIHF - beatf SLIAL
sRFEEUR ) (A (EnopkEl(E - DUMEEERTHAIR TS <7 bEF2K o BRI
[RVfpgaPath]/RVfpga/Labs/Lab16/BEQ _Instruction g {:PlatformlOE % » nfRFFEHEH
HELTOIHT ~ BRI E -

Test Assembly:

1i t2, 0x008 # Disable Branch Predictor
csrrs tl, O0x7F9, t2

1i t3, OxFFFF

1i t4, 0x1
1i t5, 0x0
1i t6, 0xO0
LOOP:

add t5, t5, 1
INSERT NOPS 7
beq t3, t4, OUT
INSERT NOPS 7
add t4, t4, 1
INSERT NOPS 7
beq t3, t3, LOOP
INSERT NOPS 7

OUT:

INSERT NOPS 8

.end

[E2. B Ebeqfs SHVRER

BT - USRS SHIEE © BE5h > 40 ERTAL - A - SweRV EH1 2 ftHY
Gshare/y STFERMIESHUIE A - 3 H oy SCTREE RAGE Ry 7 24 (fEEBP) - EallE B E BN
AWMRIGSEIR - EMRIE < RaTE B THEICE R HE Es - E i1 18IS $kBATAL > 2
AERABTEE LI TWRES - EiliEH D SRS TN A LB R -

11 t2, 0x008
csrrs tl, O0x7F9, t2

fEazsHRE T - 2R ([E2) THYE R SR RESTENIERE CERBERY R —XIERERIL > 3
IR EZEI) - TS R SRS G TSRS - B R AT A DU EPE B e I S
[ o B R T FRoe o s CHYBATT -
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i. FTE—F9X beqg t3, t4, OUT

FEAE T BT AR 2P 56 — R SR SHIBITIE N - 8% 0 SUGSX RES TR ENE (AEIRE
A% —ICRARBRAD » BRI A% A8 ) - fEPlatformlOHrBHEL ~ 4REEHZE » RHRUZ
HEEMEZE (it
[RVfpgaPath]/RVfpga/Labs/Lab16/BEQ _Instruction/.pio/build/swervolf_nexys/firmware.dis) -
TR B —Rbeats St firi-0x000001a8z -

0x000001a8: 07de0063 beqg t3,t4,208 <OUT>

P2 A FAHZIRGSGHHYERM - £ Verilator HEEEE2FTRAVEES - ARIEGTKWave EBAEL
et as EAENAESE - 183 Ryl i th iR IR RV BORE R (FERE o PR AR — IR
Rz EREE IS Ra g G TEEE - R RmRE —KEM  ZIOEAR T3
i) o HPERE RS —fRbeats CHYET -

L E YR S BENGR R B 1 HIREIE] T Frorevaiet - (BESEE - Ry TR, - 1R -
B ERERIE R AFRE _ext) HIEAEMIN T —EEEMAOMIT CEE - Veriloghz
S T FRAGH AR IE MRS B BRI - INRaZ Tiadd /0) - BHeEfat Ry -

Verilogf2={(#f§ : exu flush path final[31:1] = ##f: exu flush path final ext[31:0]
Verilogf2={(fif§ : ifc fetch addr fl raw[31:1] = i ifc fetch addr fl raw ext[31:0]
VerilogfE={(i : ifc fetch addr £f1[31:1] > B ifc fetch addr fl ext[31:0]
VerilogfZ=tHE : pc ff[31:1] > B pc ff ext[31:0]

Verilogf2 st : brim ££[12:1] > f8ff brim £f ext[12:0]

Verilogf2 = : flush path[31:1] > 5t flush path ext[31:0]

Z BB TE Ztest_1.tcl - BAEGTKWave {FFZER » #f&—T 'File , (f5F) —
"Read Tcl Script File ;, (3EHTclf52iErE%) » WEIREZE
[RVfpgaPath]/RVfpga/Labs/Lab13/BEQ_Instruction/test _1.tcl - X1&$%4&2x ' Zoom In , (i¢

40 () BEEEROEE AR (B RGN - TUESRbeais S
TR BIBFTR R TR — R e CHHEBRZR I -
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Signals Waves
Time
_ T 7 7 7 7 7 exu flush final=
exu flush path final ext[31:0]=
ifc fetch addr f1 raw ext[31:8]=
ifc fetch addr fl ext[31l:0]=
""" dec 16 pc d exti3L:6] =T
dec i@ instr d[31:8]=
dec il instr d[31:8] =
i0 ap[19:0] =i
a[31:0]=

b ff[31:8]=

- flush_upper=

pc ff ext[31:0]=
brimm ff ext[12:0]= [0

flush path ext[31:0] = [EEOTCERGE

[E3. TR 24— fFkbeqts SHFHYVerilatorisifE

[EJHRF AT R P AR A2 AR B 1 Rt - [BI3FUR T = (g #E] © beqrUEHEISE: CEIAD -
beqfVEX1FEE: CEEA+T) ~ {Ef#tToealRVFCIPSELEEE - —PC (HEHi+2) -

- AT - beqts SHIMEHSIEE: - SR9idec_i0_pc_d ext@ BRI HIE AL (fir
FABE1E0T) > B5—{Rlbeqifiik /50x000001A8 > Efigftidec_10_instr_ d (FEHb il
e B 7es (Instruction Register > IR) ) ©&32(tias &< » 55— {Ebeafyfiz
hit- 0x07DE0063 ( —ifefirfz & : 0000 0111 1101 1110 0000 0000 0110 0011) -

FERISC-VH1 > beqfs CHURIERGLIT (£ AIDDCARVIHIIff#B) :

imm12,10;5 | rs2 | rsl | 000 | imm4;1,11 | 1100011

R » 50] DLUEREE0X07DEQOB3EIERL  beq t3,t4,0UT (immiz:o = 0x060) ° I
¥ - TENEER AL T A EE B piPCHY RS & - EAEAraE (HfEE "OUT: | 5r°) 2H
AIPC (Bllbeq t3,t4,0UT) Z{&N24{FFE< (7{FEnop + 1ffadd + 7{fEnop + 1{5%
beq + 7{nop + 1{fnop = 24{5$5% ) - HREIPC 1835244 = 96 (0x60) {Efr T4l -

TELEPEES - A EGRIEFIERDR - HNE—fbeqiES » 10_ap (HNEIES > HER
0x81084 — £ H SweRVref.docx) HILLFfir &1 :

o valid: fara e REHALURTAERFE S -
o beq: eI RUTZER 7 6% -
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o sub: FETRALURVESTROSIE - — 85y IS @i TRAES
ARETACETELE: (AT > A1 SO > beatSLIIFNLE) -
o predict_nt : HERALIEMERE £ 7% -

BEAN  FERE R E R IR SHE S HAZEIVEE - slitafio (APt 5] F0xFFFF
HI0xC4 ) thil & T~ — PSR P AV LR HIB A » EABI - B AR (F s 2
E (EEME T - ERO T EEExaE e tt - 1Sy thFTR) -

- FAHAI+ - begqiE SHIEXIPEEL - £ T —HHAH - K TbeqlE < - thEGEHIta £E/]
b £f o fIEFEE (OXFFFFAIOXC4) AR[E » AIREE4 57 o 40 ATt - fEh4HRE
th s B SCTHIGE SRS By 1984 (10_ap.predict nt = 1) < Kt » 53 FHIGE
SRIEME (flush upper =0) - AJDUEFE#T

- EHH i+2 - FC1 P&EL : #£ T B8 » EE&ETFHH Y e E AN 4 57 - AlEEZIEE
FEHY - 7E[E] 3 H > fE)FE exu_flush final =0> ifc fetch addr fl ext[31:0]
=ifc fetch addr fl raw ext[31:0] =0x000001FO0 - gZfirhtf5[a T —{EH4E
1 128 fiLTfe< i « W AEH  fERTREZERS - ZFiIRY 128 {2 7Tis< R EREHL

(ifc fetch addr f1 ext[31:0] =0x000001E0) -

[ £55% 0B - GBS - i+ TR 2 A R E B - |

| f£5 © BB haviEst o B IR SRS B S L e AT |

ii. FEEROIHIET beq t3, t3, OUT

FET RIS RS » ZRERAEESEEATHM R A3 AR5 0 7 (HERRE A% - B
ISECEZCE QAN
[RVfpgaPath]/RVfpga/Labs/Lab16/BEQ _Instruction/.pio/build/swervolf_nexys/firmware.dis )
* SHERE B Rbegfi S irk0x000001E8)
0x000001e8: fbceO0e3 beq t3,t3,188 <LOOP>

(4T R HEl | o BB A S IOS RIHRET HERSR. (R R PR S8 — TR IR IO e ETE <
HREC (1$) Rep) -
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Signals
Time

------- axu_FTush final=A
exu flush path final ext[31:0]=
ifc fetch addr f1 raw ext[31:8]=
ifc fetch addr f1 ext[31l:8]= : 1B
_____ dec 16 pc d ext[31:0] = [REDEENEEEDGINCIEDG
dec i@ instr d[31:0] = |EEECE=N
dec il instr d[31:8]=
if ap[19:8]=
a[31:0]=

b ff[31:0] =

flush upper=

- pc_ff ext[31:0]=
brimm ff ext[12:8]= ‘

flush path ext[31:0] = [EEDIZENEE J0B0O1F4

[El4. B269E 528 — ko2 i Verilatorfsifst

ﬂ5§ﬁ$ﬁ.4qﬂﬂ’])§ﬁﬁuﬁlﬁ1¢ﬂ’]. DAL sV ER N TE — fRbeats S HAR =&
HENHER  beqlVEEIEE: BRI ~ beqtVEX1[EE: CEHAIHT) -~ {EfEfTbeafgiyFCME
EgisEiE N —PC (EHAi+2) -

- A - beqfs SHIMBMEFEES : PC (#fl¥kdec 10 pc d ext) /0x000001E8 - #5%
(3H%5dec_i0 instr d) AO0xFBCEOOE3 ( —i:firfz=tk : 1111 1011 1100 1110
0000 0000 1110 0011) -

FERISC-VTH » beafF CHYERMEIGAIT (27 [DDCARVIHIIf#%B) :
1mm12,1o,5 | rs? | rsl | 000 | 1mm4,1,11 | 1100011

PRI > 80] DLERSE0XFBCEOOE3SES  beq t3,t3,LO0P (Immediateis.o =
0x1FAO) ° fFac(E » IrRNEHREL T HIEfrak BRIPCHRIS E - BiRfuil (s
"LOOP: , f57~) ZHHAIPC (Hlbeq t3,t3,L00P) ZF24{%HE< (7{knop + 11
add + 7{&nop + 1{§beq + 7{&nop + 1{&add = 24{%&i54) - HREIPCZ HijiLH24*4 = 96
(@ TTaE « BRIt o TSRS F5-96 » BIOX1FAQ » DA13{r T Efr i A -

FEREPE RS - R EERERIENSR © thbeofs CHFEHERIR LS —FRoeof 5 S HUFREHEE
ME (27 E—#57) -

BEAh - ISR R SR S B ZEI0EE - s5tafio (B R0xFFFF) i
a N —PERRFTE AL s A - AT Ea A B Feas A E -
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BE+1 - beqf SHIEXPEES | £ F BRI H#fToeais 2 - {E—(lltb#ra_f 71
b £EEA%E - WURRIEEAE - QLAESAE S - SR - 40 el - M4 A
o BT KINTENGE R By 7 %4 (10_ap.predict nt = 1) o gt %
RIS S8R (£lush_upper = 1) « KIH - LAY SE HEACHEREEY - 36 H0EHE

B EARIEE -

TEEPEES - BRIV RE A Rffoc_ff ext (O0X1E8) Hibrim ff ext
(Ox1FAQ) #HH - 45K AR SR lush path ext (0x00000188) -

1AHi+2 - FCAPEEL * £ AT - 1550 RAE S R HE i 84N T - 20E4 oA
7~ exu flush final =1>ifc fetch addr fl ext=
exu_flush path final ext =0x00000188 - 3ZArhl¥ER 7y S7 AR hE - B2E
BEIHVSE —PRE SRt (GRERE > ER—EEE&IS0) -

(5% : EE - EATEH - 171+ 2 Frr A EHE R B BB e - |

% : RZE2PHIES] - i EEI NAENER - AT FCA R (E 2 B BHBR AR (E -

BIan - SFTERIEFSTES (B4 0XHIHE<S) HIEN MRS - fEETES
LT fREEISweRV EH1 B EsHE T4 I #2(F

- FEBEEEI T > (S 2R Efetch addr next - A EEBHRI B SHVER HAT
MEEUfizlE (ifc fetch addr £1) + 16 [NILEREHUT —(EZEERI128(TTIHE SR (FFAC
F - ISR ER 1280 5T) -

- FEET BT - (RIS 1 ZERFARNEEi fc_fetch addr f£1 - KREEAGHHHEGHIES -
Bk > F2AEG AR TIE < - RIS TR AV EERME (S EE2{
§S) °
£ > {EDDCARVETIH a5 - EHEEI A TR PCHVEI4 CERNZIBRF#ITIE S8
B - M EEEE—RIE<

2] DS 2 T HVZA LU RIS = » G0 > ATDUEE S AR SLRATE —LEALIES >
BENAEENERERIPFEEES

5 © EERI5T > RIE BRI E RIS BB MMBIALURIR S AR IR - 0%
BERBHRSTHIA-LIS S - FSCRTHTB S B ERIRIE - Rk S45 2 Pl Re EE A2 RAWE KL
Bbs > WETEIRACPEELAERR B - WSS 7y L TRHIE R - RIVAERR P B E S E
HrEE o 35 [RVipgaPath]/RVfpga/Labs/Lab16/BEQ _Instruction_HazardCommit &} 52
yiEst CHE20RAEZUEST T/0FBN) FLICHEZE 21BN -
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3. SweRV EH1{EHIGsharesy 7 TEHIZS

EE28 7 > BMEstaw TEEE —EEE Sy 2z (FRHIGE RGBS A 3E4E ) 1YSweRV
EH14HRE » AE R4 E 7 HTSweRV EH1H (i1 Gshare sy X7 TEHIZ3HVE(E - Gshare BP&
IR S BT EHRBRRYTECH > sESE S R0EE - (H S HEASNEESE - fEff 2l Gshare
BP41fa[fESweRV EH1th TAE 2 7] » FAM L i (EBPHYEE -

(B © EBRATHEBIT  WIFRF A nopts 2 1L Tt - A% BBIERI SR ERTR - s
BEAHEEHEIPC -

BUHISweRV ER1 R EHIHY 73 c s (U775 Rt B2 I ReI46Te <) - Mo ibdss
PR _EHIR BRI TR -

EEAE A 1 B Bl R R

BEE © Scott McFarling 4 1+ 1993428354 —= & & " Combining Branch Predictors | 945
> (https://www.hpl.hp.com/techreports/Compag-DEC/WRL-TN-36.pdf ) - 2% HYSETE
7r4H T Gshare sy SZ HHIESHY TR FER « th a8 H A S04 - 40
https://people.engr.ncsu.edu/efg/521/f02/common/lectures/notes/lec16.pdf - FeiEzE AT
BRIAAER 77 2 FichlsE S k) - R Gshare BPHY T{E[FH -

& 5P fsSweRV EH1HA] FifyGshare BPHYfSH{Lig i - A BP4EHE A EH4Hifu_bp_ctl ({ir
MEZE[RVipgaPath]/RVipga/src/SweR\VolfSoC/SweRVEh1Core Complex/ifu/ifu_bp_ctl.svi )

WERETE - [E] - BiGshare BPAHGHH &S B (O SRAERH -

ZBPH S FESzd %7 (Branch History Table » BHT) #1437 H 4% & & (Branch Target
Buffer » BTB) &Hjk @ AR LAYV TR ( BEEAZE) - g TS 7y ST H AL
bk o fETHERAHRE T - BHTE & 128(E2(z i HH - ol EEE4Hifu_bp_ctly551615-17051T & F
BHT - {E7Hz4HRRT » BTBE& 3213/ tHH o nl{EfHE4Hifu_bp_ctliy$51439-161317E4F
BTB -

TR SZ0F > FHEE A DU S (2RES)

1. EiHifu_bp_ctpHS AN BRI AL (1fc_fetch addr £1 [31:1])
FI—EEHAEHGR © f1hash ~ rdtagf1flfghrhs® - frAE SR HAH AR
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/beh/beh_lib.svi &
E > BAGRIEH
[RVipgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/common_de
fines.vh g ZAVEEE -
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B > mTUE R £ ghrhs B ERAR E fREUALAE

(flhash(.pc(ifc fetch addr f1[31:1]),.hash(btb rd addr f1[ 'RV _BTB AD
DR_HI: 'RV_BTB_ADDR L0])) ) Mlfghr ns (&IELECHE Fds) RN

btb rd addr f1if5k > WEutibht rd addr hashed f1zf5% -

rvbtb_ghr_hash fghrhs (.hashin(btb_rd_addr_f1[ RV _BTB ADDR HI: RV_BTB ADDR_LO]), .ghr{fghr_ns[ RV_BHT GHR

2Tt N E Gshare 73 2 TEHIZSFYBHT % -

{E# © oot BALATA R - B SR AR H TR 3 K HAEGshare BP&E## R
A7

2. {HHATAESHMZENSE (btb rd addr f1 > bht rd addr hashed f1A
fetch rd tag f1%) fFHIGshare BPHYEi{E T 2454 - BHTHIBTB -

B et |

3. {FHIBHTL » AlfEER#Eifu bp kill next £2rHUG)T TSR - MIRTEM 7%
5332 RIERGRE R0 + AURTHM #2757 > AIERSHE R - (I R% e o B2 HLA a5k
(TR ERE 4 HEEETRFCAHh5:1 S FARRHZERIERSE -

[ (8 : ST MTs HE5:1 2 B B e o - |

4. {FHIBTBi% » AJfEEH9%ifu bp btb target f2 [31:1]HYJIVASRTFHUGSFTEAEST
STHITEHIE R HE - OFE > RS retf5S TN > FEMMHE ] DAZK H E#a ikt
He# (Return Address Stack » RAS) - ) Z:H8EBFC1tH5:15 8 BIRENEG A — °

% : ST fEEBTBENAYE (btb_rd tgt £2[11:0]) FIFC2H AL
ik (ifc_fetch addr £2([31:4]) EUYSTEHIEEALLE
(ifu bp btb target f2) -

1% © /riSweRV EH1RH 2R EEAIRAS - 1] 3% i {8 s fd R A r S A R sZ 4518
HYER &R (flanhttp://www-classes.usc.edu/engr/ee-
s/457/EE457 Classnotes/ee457 Branch Prediction/EE560 05 Ras Just FYl.pdf) -

5. FEFCARYSAZESRERA T » WIR1ifu bp kill next f£2 =1 RIFELHAIEHARALALEEH(E
TREAW AL HE ¢ fetch addr bf [31:1] = ifu bp btb target f2 [31:1]
(BHECRAFAESR) - MHNKHY » WIFRifu bp kill next £2 = 0 AIFEAHAMIT
{5 A\ 2 —1F By T ZRFEULHE ©
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pc [31:1]

ifu_bp_btb_target|f2 [31:1]

I
Gs h a re B P fghr_ns [4:0] (Global History) Branch History ifu_bp_kill_next_f2

| Table (BHT)

: - From Return

| Hashing Il Address Stack

: modules 2-1 Mux

‘ Branch Target offset [11:0]

: Buffer (BTB)

I dout [31:1]

| [l AL R

I

I

I

I

I

I

predtgt_addr

exu_flush_path_final [31:1] faddri2
! ifc_fetch_addr_f1 [31:1] (PC) _ff

ifc_fetch_addr_f1_raw [31:1] 0
5-1 Mux
2-1 Mux ifu_mem_ctl
+ fetch_addr_next [31:1]
16
ifu_bp_btb_target {2 [31:1] [faddrf1]
fetch_addr_bf[31:1] | ff |
miss_addr [31:1] (Next PC)
exu_flush_path_final [31:1]

7

(

W— LOGIC

[E5. SweRV EH1iZ (it Gshare s> X FHNIZR F AL (HECRMERTD)
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FEARTR s3> FAPTRF AR (55 A I 2 b FY FEBIRE A - AEl s iE—AY A [RE - P IR (FRnop
ECEMEANRMES (RANESGIEMGshare BP) - DIEIAIGsharesy S MIzs (1
ARIfFRNOpTE<IE By T HECRIE Sz ik B E—E ) -

PENACOTITRE RS R SR SRR TR » 0E82.BUiii oy i - SFaCE > AERFIAVEER
f1 o 8B ffRbeqfF S LA {irk:0x000001E8% - BB E %15 < B & /L L #:E 0x1E0-0x1EF

AT 1 28 RO R T
0x000001e8: fbce00e3 beq t3,t3,188 <LOOP>

[ 6 £ Al ] B A R IOE AV IR IR » BT H —1% » B RS —XEA - RBEZIER
BEISRaT o AN BRI ZIESIE —IOER - TN S HEE - B EErTRZEE
95 Ry IS FTRHVERGE © 3% B EPENIE ZKtest_1_BP.tcl - ZIEGTKWavef i HHZIEZE - F%
—F 'File, (#£% ) — "Read Tcl Script File ;, (FEH(Tcl7G>ik%) » WiFHRTEZR
[RVfpgaPath]/RVfpga/Labs/Lab16/BEQ_Instruction/test 1_BP.tcl - sR{&¥%42x "Zoom In

(A () BEEEBGEE TSR (BRI - TEFIRM e qts SHIHIT
B+ EIOFTR R TE8 R S Ie SR RN E -

Signals
Time

clk
ifc_fetch addr f1 ext[31:0]
wayhit_f2[7:0]
pc ext[31:0]
offset ext[12:0]
ifu bp btb target f2 ext[31:0]
ifu_bp_kill next_f2
fetch addr bf ext[31:0]
dec_i® pc_d ext[31:0]
dec_10 instr d[31:8]
dec_il instr d[31:0]
flush_upper

[El6. B2 #Ei B Verilatori&fE

[FJERF T 6 o B IR 2 LU R [ S ] - DAKT o B (BB 3B —iRbeqti < - [N Rsi%ia

LB ARG -

- EE EEE R SRS RAIA IR R AE TR S EREL
ifc fetch addr f1 ext =0x000001EO - Z&{i FaZ Ak E sy S57 B IZ4E E I
(BTB) -

- AHAI+2 1 BTBHR#4dp © wayhit £2 = 0x20 (ZsfSENESEESH » EFlSiA A
EF o ForngEad) o B2tk (pe_ext = 0x000001E8) EABTBIE{LHI RIS =
(offset_ext =0x1FAQ » 3Z{EHE{E) HHI0 - BI eSS ARG HE
(ifu bp btb target £2 ext =0x00000188) - #IHEBHTTEHE #4557
(ifu bp kill next £2=1) - HITEH EESAHLISEfE T K AEHPC
(fetch addr bf ext =0x00000188) -
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- B3 HERU AR Ry b P R o ST HARAL AL
ifc fetch addr fl ext =0x00000188 -
- EHAIHT7 R B SO TRERS (dec i1 instr d = OXFBCEQOE3) -
- B8 L TS o TEMIERE - INILIERRMEPEEIE(F (£lush_upper=0) -

- RO AUERTEAIERE o BB S S HARM AR IR S T

[ 4585 WP FAEEEAITU_bp_CtIpE B8 S o S W % - |

4. &H
1) EF— (S SZ S - R H AR B Gshare BPHYSTREHETTELES -

2) (LITHBE (BhgdaaarEfzsT) (RISC-VikZ - Patterson & Hennessy
([HePa]) ) F7y74.25 - )
A N EEYERE

LOOP: 1w x10, 0(x13)

1w x11, 4 (x13)

add x12, x10, x11

add x13, x13, -8

bnez x12, LOOP

LR T 580 FEHl ([FSweRV EH1Hr » ARG (o 5 — O ET AT st T
Ry) o BHEFTHENEZE R (FAFREESWeRV EH14) 37 H A {EEX1 /& EAfEE
S SZHATIEN -
a. EBRZEBIE ZRME =TERNERGEE - BEBEHENT R - 7EH
[RVfpgaPathl/RVfoga/Labs/Lab16/HePa_Exercise-4-25$E{LATFE= -
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