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Imagination
university programme
1. iy

TEARSE A, AT E R 0T, EZRrRAsLsd, AT T SweRV EH1 AL HE 23 /7 77
(1) 2514 B B fn 204 B, AR SESN & 110 b 2240 EF2. 1S . HarrisFD.Harris?E (7% it
M E R EEH)Y  (RISC-VIRA, fii#kDDCARV) ik, 4ok REAEHE A A g R —
ZEEUNIRAN, Wi kA £ F.

H: £ HrSweRV EH1EHI B RZ 2 /T, @IH 7 B0 3:DDCARVEE7.575, 1 i An{ /£
KL AL B A5 T AT be g S MMEERIEHI B K. A X428 5 K AR E 1N 7.6.3%. 7
G, FETTAGASER (S 3FR > 2 A, VU S B8 7. 7. 39547 K70 SCIIN (1 P9 7%

P B K 7 SRR 2 SRR,  BUYIKER DN — MBER L . 73 SCHR i ab
DU FER B IR S M2, AP MR RS, T Rk APC + 4,
TitiitH.

AL KA S R AR B R ARG, EALBRAR T, WORZESR AL T KRR
FEPAT, WA KA E K. DDCARVH ] HJE I 2 f JAL B8 A5 53X — 26 1. Ak
ME, HT23XiEalEEaiir, BIAE T —RIGERT, AP RENE 2 2 5 R SO
e T2 BIUNE . SR, WUKEAE B M X 28 o e 2 AT ZEBEAT T — RS .

P E R — AL B V58 B AE KL, EEME 77 SR IR S . BT R E £ ESweRV
EH1THIEX1F BUS ) CRAESE 23 247 441D, Bk, WK GAE R 5% 73 SCAL b 2508 5 DY A
JiR (Z WSER AR EARFR K e o LT, o3EESMELI, SEARR
PERE™ E FRC, KhSweRV EHTH IE A LB AR v 7 % .

BRI TN TS SRS, FET R AR S . S e, QRS TNAR
AOFRZE T DATE R B HE A (FERX PG ML, DA ZKAE 4> SC AR % (08 28 ) 5 a5 5 TR AE
[F, WS PATI RS (FEX MR FAFEEEREK) o ALK, AT T
SweRV EH13R AL PRl 4> S T %8¢ (Branch Predictor, BP) : —Ffl 2 a4y X i S8, %
TR SR R E AN SR %, BREFAE R A, HESSMAGMHERILT: 5 FfeE
GshareZ ST T SS, Z TN 5% 75 BAL TRAANRE AR AR, BEME SR T (R 1k R

FEE2HR 7, FATREAN H T ESweRV T #iToegfR %, RJa & Ml & H.BPIEAT — Lo il fff
H CRHDDCARVEHMHRER MY 5D o ARG, EH3ET, AT E RSweRV EH1
4n ] f FH Gshare 73 SC TN & B8 i A4 Ak R 2 ) B
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Imagination
university programme

2. begiE4HITHPCHE

FEAE T, BATROHTSWeRV EH1Hbeqif & MIATHHOL. B, EH2.AHD, AN 4
ITEEXABT Bl AT oeati &, LLEUNTAEFCARY BUF S HGR HUIE AN R B G s288 111
$2.Bil 0 H A RFCABr BB T4 7)o BEFTIEDS (B AR 2 Bk d i + pra 4a
&, HIATE Rk EbeqdR &1L M Al FLBPAYAL P 88 ERIPATIEOL, RAZICE RS, T4 R
RN ARG (KT DDCARVEPaHe 1 ¥ E TS 50D o fEHE T RINEE2.BH 5y, FAlle
BEAT — o528, RSO A OO S . 0 TR sy, FRATRIRE A A T IR A 2 ST
e, MRS PIA 26 SN AL (BRI BT #BP) .

A.  HUiH

EI1 BT NFCARY B A T e B R st (FEFF i+ %8¢ (Program Counter, PC) Hf{H, 7E
DDCARVH & SUNARAE LRI 8 S A7 S Mo bk () 2 A7 2% AR IREAE Hubt (T 74 1 45
WIS EHPCHIMED M F BN ., EREER T EEXTN B Toeqtd 2T R 45 (AR
(K 2 B T 3T HiAh 2y 246 4 o SHAbszh —FE, EhiRrE S 4R A
SweRV EH1 4L B 28 (1 Veriloghi B A F 1) 52 b 42 FK

i.  EURHbbE

WENMFTR, FCIMBEEMANZHITR: —PMR21ZHITR, HTE
ifc fetch addr £1[31:1]HAEREEEE; H— MRS ZEIFR, HTIE T XU
Hotik R 1 Z B NS 5 fetch addr bf[31:1].

- 2ABEEIFR: ARG TS ifc fetch address f1[31:11, RIZHETAEEIHEGEMTE
AU EA b, IESEIG I B3 I M 45 R, ZHU S SRS AR i s A%, A
TIFE 2 m IS U1 28038 2 . 1% 2 BRI RN A N :

o X HARHME (exu flush path final[31:11) , fEEX1BNECHEL, AHOG
ST SRR

o FWKHUEHIME (ifc fetch addr f1 raw([31:1]) , 7 bE—/NEWIFHE
IHafE, MIEARNBrhSAZ BT RIS, AR bl SCpnid
(fetch addr bf[31:1]) .

GBI R EHIE S Nexu flush final, fEHATH B, WRBIMN 3 H
PrMbbEdE, Mexu flush final = 1, fiflexu flush path final[31:114F
JEFEHAE; S lexu flush final = 0, ffiHlifc fetch addr f1 raw[31:1]
PR ESR AL .

iHEE, DDCARVH T ¥ AL FE 8345 A SRABLIK 2:1 22 BT AR RN A I BT PC
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Imagination
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- BALEIFR: A5 T fetch addr bf[31:1], HbRELIFREARIE L —:
o HU¥EHLEE (ifc fetch addr £1) , FTPCYEF—FAMIRREAZMIENL

o FHHM KN —/"Hbk (fetch addr next) , & J7 XN F5 Hb dik
(ifc fetch addr f1) +16, f8F F—M128(f54 K.

o X HWZMX (ifc bp btb target £2) TMllHibl, 75 Hirgnp X
ST SIS ) £ EEEE M 22—, an RTINS SR O R A0 3, iz bk K F AR Y
fa il

o 735l 5 miss pathMflush pathAH%$ R 1) 53 4h IS AE S (miss_addr Al
exu_flush path final) , {HIRAEARSLI B AL HTIXLEES.

ZEZ A BRIEMNIES (fetch addr bf[31:1]1) KA, FFEF—NEF
FIE BiR2:1 2 B I RN -

iHVER, DDCARVIIA RIS Bt BN M, ANELE 51 2 8T K.
ii. begtR4HIPAT
FAF o SBT3 H R, RO TR SR . BARLISweRV EH1H] (S KD -
- X EARMMETEE: EXVEH —ASERINESE RN B SCH brtb ik, R I ONF

5 flush path[31:1]1 % . ZfE SKEL ~ L FEMFF &, F A
(exu flush path final([31:1]) $RHLZEFCIHH2:1 2 HEH K.

- FMENT: EX1E A exu_alu_ctiAR i py 5 1) — AN B kA A 3 AN R VR S0E 5 A &5
(eq = 1RFME, eq = ORRAHE) . RESWieqlE s (MLL—HANES,
WIS AERLE FMES T ap . beafE 5) THH flush upperfllexu flush final
559, IBMAME TRIEAFCIM B, EHEMAME2AZ I RBEGNE T 2 Bl
iR, 1Z3EHES (exu flush final) N1, HARIEA FIZAO.

AR, i FHbeqts 4 DAL ESCRTIA IR BP (FUAT A 2 LA REO B, a3 1
PN EREBCAAESE, WA RIS, MR P IE#f: exu flush final = flush upper
= eq = 0. fERXFMENLT, ACBEESAT DLARSLAZIF IR HF TR S, A hiaivEaesisk. A1
WAEEE 2 B 7 iz L o

ARG, WP EAEEOAE S, WA ZUR I 3, 6 T FUAS & A2 43 S i S BP T & F Fitil
TR exu flush final = flush upper =eq=1. fEXFIHAT, 0F3CHE2.BiiH
SrFTiR, SweRV EH1U/KE H i filk LT #E (S K1)
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. Mexu flush final= 18, JEIEEFCIH21LHIFRMMAL Gl L
BREX1TM B i H 8 X Hbs i) (ifc fetch addr f1[31:1] =
exu flush path final[31:1]) , HUfEHuIENRE 8 5E 7 350 SCHY H AR UL

- EX1ZETHIRK B Bl s bR . ik, K el B R AME S
(exu_flush final. exu flush upper e2. exu i0 flush finalAl
exu il flush final) C(EMHRIFPZXEESHHEZE .

2% A E1TIVerilogf RS A& A SR LR, FRMRREIL TAE R EE,

- BFWUMEBRERMNIGER (TS XM, BASFAEMEH LT T B Hdec.
dec_decode_ctlfiidec_gpr_ctl+.

- EX1FrB R st R A T B Htexufllexu_alu_ctlH.

- FCIMr B B RKIc &4 T Bifuflifu_ifc_cti .

55 MR WL B exu_alu_ctlH B Id {5 Feq. #%Hil{E 5 ap.beq. ap.predict tAl
ap.predict nt DL B4y HoAth %%ﬁiﬁi%%flush_uppero

£%: 7EVerilogf{igH 73 #1{5 Fexu flush final. exu flush upper e2.
exu 10 flush finalfflexu il flush finalXWEX1RHZAI&ME (FC1. FC2. XI5
ABERD) BN, X Tz, $2.BEEAEEA M, ErUAELFMARRIES.
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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)

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

:1]|(Next PC)

[31

fetch_addr_bf

ALN

Instruction Register
(dec_i0 instr d)

raddr1

REGISTER

FILE rd wb—E’ﬁ =1

pc [31:1] .

off pc_ff[31:1]

brimm_ff [12:1]

-

ibradder

DECODE EX1
CONTROL i0_ap
UNIT
ap.beq
raddr0 rd0 ﬂ ]_‘a aff |2
- ed | ocic flush_upper

\‘ flush_path [31:1]

LOGIC

i

LOGIC

Imagination k%11 %] — RVfpgascdi16: il E K. 43214

i A2.0 — 202244
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B. I

TAeana 7 EEXT T BtdTbe gt & LA AEFCAR Bt S BUE s bk A0 R OCBCE s dik 98 %
M, T ORBATR AT — 20 Hos, DU SRR T X S (K BELA -

TEARF i, AT A HE 29 Fros R, 2Rl 2PA7 — A~ EROXFFFFIER MR (+
A N65,535) , JEEE M Kbegtid: H—FKbeqlf S MA N LLE (FEH TG —IX
ERERAN , B FBAMMA LY. SEE—F, BNESTHES (FEARBIF, begld
LU ABREER) FHZ S noplElit, LCLELFrm A5 i r 48 42 0 kIt k. SCfF %k
[RVfogaPathl/RVfpga/Labs/Lab16/BEQ_Instructionh 12 {ft PlatformlOji H , #J 2 # 75 B %)
AT T T ERME

Test Assembly:

1i t2, 0x008 # Disable Branch Predictor
csrrs tl, 0x7F9, t2

1i t3, OxFFFF

1i t4, 0x1
1i t5, 0xO0
1i te6, 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

K2. 8 & beqfe &I

(SR, BATA LSS . JEAN, W0 LFTE, (ERIS 4, SweRV EHTH I
Gshare ) S UM B WEAE T, I AN S FNILE RAGL ) A2 4 (FIEBP) o FIBWE F@ILH
AP, BRI RV E T AL A2 . 9011 I RBITE, 4
FERT A LU T TR S TITAA 5 S UM A9 T R A5 00 .

11 t2, 0x008
csrrs tl, O0x7F9, t2

R E S, B (B2) RS — %0 SR Re W IEw (T3 1 a — UOsARER Sk, 3K
MIEAHZEOL) 5 W 260 SCAR A S TR VR, 108 3 i DU AN B BOw i B O 3 0E
. BERR, FATRE S K begt & AT

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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university programme
i. BUTE—KDZ: beq t3, t4, OUT

FEARER b, AT 7 A B2 26— 2670 SCHR R AT IE 0, 170 SCIR RS TR IE o (JE 34
(FfJa — UGERBRSE, BATE AT iZEN) o fEPlatformIOH 4T, 4midliH, ARG Tk
Cgmc At (et
[RVfpgaPath]/RVfpga/Labs/Lab16/BEQ_Instruction/.pio/build/swervolf_nexys/firmware.dis)
WHIER, H—%begfd A T 110000001284k :

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

Tk, FAHZIRGSGH UL, fEVerilatorth 47 B B2 s IFEFF, ARG EGTKWave LT 7T
P HARE B SO o B3N A B LIS DOBARR O B 7R O3 e R 5 — IS AR,
NIZIIEREZISR A, BN AERE, BRI f Ja — JOEAN, A2 EAR T
w) , HHE KRS — Koegfi L HIPIT .

B 5 R 2 5SS OB R E R s 1045 5 . BT 8 R, N TR, EH
I, BERSHINES GRS _ext) BFEADEM T —MUEN0AL GER, Verilog
ARG FR I ARY AR 5 A AR FARA RANL, PUAIZAIIRAN0) 5 BAR(ES8:

Verilogfii%: exu flush path final[31:1]
Verilogftih: ifc fetch addr f1 raw[31:1]
Verilogf8i4: ifc fetch addr £1[31:1]
Verilogfiih: pc ££[31:1]

Verilogftf: brim ££[12:1]

Verilogftfd: flush path[31:1]

fiK: exu flush path final ext[31:0]
fifl: ifc fetch addr fl raw ext[31:0]
fif: ifc fetch addr fl ext([31:0]
fif: pc_ff ext[31:0]

fiK: brim ff ext([12:0]

fif: flush path ext[31:0]

20 20 2 2N 2\ 2

%I H B S test_1.tel. EAEGTKWavert i iz CfF, iEHd “File” (Xf#) — “Read
Tcl Script File 7 ( BEERTCl 1A X AF) 5 F+FTFF S04
[RVfogaPathl/RVfoga/Labs/Lab13/BEQ_Instruction/test_1.tcl. X5 JLIX “Zoom In”

XA () BENEFEAER —UOER CB—IREURE — RSN o W LG B kbeq
TRMIPHATIEOL; EIBPR NHAT S — 50 STHR I WS B A A -

7

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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Imagination
beq t3,t4,0UT university programme
4 4

Signals Waves
Time
clk=
— T T T 7 7 7 exu_flush finald
exu flush path final ext[31:0]= ((EEICCEKCEEEITCER

ifc fetch addr f1 raw ext[31:8]=
ifc fetch addr fl ext[31l:0]=
""" dec 16 pc d exti3L:0] = | DE
dec 1@ instr d[31:0]= |CEESEEERNCEEEEENE]
dec il instr d[31:8] = -
i0 ap[19:0] =i BE166

a[31:0]=

b ff[31:08]=

- flush_upper=
pc ff ext[31:0]=
brimm ff ext[12:08]= E

flush path ext[31:0] =  (CEEEENCEENEEEEER:E

&3, AT B2 25— Kbeqgtd 2 ) Verilator{f &

(RIS 23 A I3 B LA I B B I3RS 1 = NSRRI begIRMINT B RIID
beqEX1BT B JHii+1) |« fEf#beq/a FIFCIPMBUA S~ —PC (li+2) .

JA R - beqtB S HIEBHIEL: f5'59dec 10 pc d extBFBEMMM BT MHbE (AL
TEAE0F) , A oeqfiHili-HOX000001A8, {E5dec i0 instr d (FEZMHidE
WHRNTE A 24744 (Instruction Register, IR) ) 5320 HL2$454, % begffiHill
NO0x07DE0063 ( — iz "y: 00000111 1101 1110 0000 0000 0110 0011) -

TERISC-VH, begfs & HIE/EME I (= N[DDCARV]HIHXB) :

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

Rk, 0T PASSIEOXO7DEQO63XT v F: beg t3,t4,0UT (immiz.o = 0x060) . i
WAE, LR T H bR Y ETPCI ImAe & .  HAsHidl (HAR%E “OUT:” 487) =&
MHIPC (Hlbeg t3,t4,0UT) ZJGM24%4184 (7%nop + 15kadd + 7%nop + 1%
beq + 7%knop + 15knop = 24564 . YHTPCZJa3H24*4 =96 (0x60) 777,

TEMEI B, KRR ERERIES . T8 —4%beqfE®, 10 ap (XTi%iE4S, HE
510x81084 — % I.SweRVref.docx) LI FAr & 1:

o valid: FEoR 482 N FALURA 254 .
o beq: TRIRIZAG N LI 77 AR

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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o sub: FRARALU D AT 5 R o — 28903
A s S A5 RORAEAT Eh e (BRI, 0 R SRR,
pegfITHBLIFAEQIE .

o predict nt: FERISCIMNES RN AL

BEAh, K EREEF ARSI R IR HMEREIVEE. 5 5alb CAHIT 737 OXFFFF
AMOxC4) G B R b R s, ARG, S AN AR A7 s SO
il (EHEAEOUT, #RAESTE A R IR 4, st 15MaHr i) .

- JAHi+1 - beqiE S IEXIMEL: £ F— i HH, ¥IAfToeqtEd. WEIETa ££A
b ff. WRMHANE (OXFFFFAIOXC4) Af[FE, WIAKAES . W ESCRTiA, 7Rt E
B, FTE O ST S BRI AL (10 ap.predict nt = 1) o [k, 43> Tl
iR IEW (flush upper =0) , A[LAIEHHAT.

- JAH i+2-FC1BrB: 72— AW, R CTIN D SO A K AES S, WIEF AL
Hfe. e 39, RFijFERE exu flush final =0, ifc fetch addr fl ext[31:0]=
ifc fetch addr f1 raw ext[31:0] =0x000001F0. iZHuhlFi ) F—A -4 128
PARL W ATLVE M, FERTAAN AT, 2T 128 frfs& R Sl
(ifc fetch addr fl ext[31:0] =0x000001EQ) .

[fE%: BEEN, BESMER. R8RS R 5 e R - |

(% BaE2TWER, L8202 BT R L AR 2 U AR R |

ii. S THIPAT: beq t3, t3, OUT

B NORIRMNT AT 28 — 25 0030, RGSRET RPN K AE1Z9r 3, B KA R 3. 1T
B g S (hrf
[RVfpgaPath]/RVifpga/Labs/Lab16/BEQ_Instruction/.pio/build/swervolf_nexys/firmware.dis) -
TR, % kbeqff A1 T Hik:0x000001E8/4t:

0x000001e8: fbcelO0e3 beq t3,t3,188 <LOOP>

B4 BT os AR T BEAL S UGS AR A O GR HT 28 — AR, BUZIIERE &5 2
IR GAE (1$) Rag) o

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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Imagination
beq t3,t3,LOOP university programme

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. B2/R5 Fp 8 =45 S KiVerilator{f &

[ 0 Bt B4 B AR A i 1 e DAZL R B R BB RN AT 28 — SfbegfR 2 Hifa] =4
BRI beqRIFEMEIBL D |« begEX1BTE (FIMi+1) | £ roeq)a IIFCIKY
BUE#E N —PC (AHi+2)

- JA#ii - beqiE & HIFMEHE: PC (f55dec i0 pc d ext) NOxO00001E8, #54
({55 dec_i0 instr d) NOXFBCEOOE3 ( —##IKX>A: 1111 1011 1100 1110
0000 0000 1110 0011) .

ERISC-VH, begti & MHEEA/EML TN (= IL[DDCARV]HIMFB) :

immiz,10:5 | rs2 | rsl | 000 | dimmg:1,21 | 1100011

Aot , &) PLEG 3E OXFBCEOOE3 %) . F: beq t3,t3,LO0P (Immediateis.q =
0x1FAQ) o HiCAE, SLEVEA M T HbsHht M aiPCH WAL & . HAbsHht (A%
“LOOP:” f875) &M HPC (Blbeqg t3,t3,L00P) ZFif24%%84 (74%nop +
14kadd + 74nop + 14kbeq + 74nop + 15%add = 2446464) . HRIPCZAIiLH24*4 =
96/, Ak, SLEPEUZRISA-96, RIOX1FAO, LPA3AL —idkfl#ME RS N,

FERER B, B ERUKLRERIE S . Moeqff S HHZHIE S 55— FKoegth L IIEHIE
SHE (ZRE—H2) .

BEAh, A EREUEF RS IR XIRRAEREIOETE. 5 5aMb (AHOXFFFF) i
BN BT I LE AR AN, ARG, S A A A AR SR U

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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- JAMi+1 - beqifRWEXIFBL: £ T AT, HHdToeqltd. £ —MILLHKa £
b fEfE5. WMRMMEMFE, WAL R, W3R, ERATKEE
W, TR o TN S RIS N A &4 (10 _ap.predict nt = 1) o HELZU, 733
Tt 5 Rk (£lush upper = 1) o K, WA HRREEEGE, FF H 000
BRBIAR IR K E BL -

FEBL B B, H bR bk B3 50575 WK pe_ff ext (Ox1E8) Hbrim ff ext
(OX1FAQ) AN, 45 HMAN(E T flush _path ext (0x00000188) .

- JABAI+2 - FCAMTE: £~ — MY, 84 0AUES SCH bRtk b 4k 84047 . 4
7N, exu flush final =1, ifc fetch addr fl ext=
exu flush path final ext =0x00000188. ixHublxtR: 1433 Hbrthdl, BIYE
WHE— K42 M GFFEE, X2~ NMEA30 .

% BB, BEAREML i+ 1A+ 2h FOREAME S EGSEN .

A% RIEE2F RG], BEAFRELTRES, 2HFCIHMA 2 BT R KI5

Bln, TR AT RS (RI—AHA 70 SC4R2) B OL T A e o g « 7RI Fh i
DR, 1K G BISweRV EHAALFR 333E4T 4 N #4F

- fEAEEEEAF, 51 2T Rk fetch addr next, %% M RE & MME N 4T
el (ifc fetch addr £1) + 16, HMSEEIUT —MELEM128FFELSR (Fid
£, I$ERIER 12860 -

- EAHUANIF, 5 1ZBITREFifc fetch addr £1, RIEASEUHHIHTES .
XFE, M2 tH4%3200 164, X5 PRSI BT R IR R A A (AN A 25
74 .

%, fEDDCARVETIRHIALFE gsH, SR FRPCHIMEM4 GEHTHZIF AT 18 21
B0, AMFERA I — %1 4.

] LME S B2 AR PP ABIEBT K 5. Biltn, W CAEBREE 90 SR N —EA-LIE S, &
& Q0T AE B E )RR BRI 2R

5. ESLE159, FRATS oMl Wl e 52 2B B i B ALUTE B 5 J5 5. RAWE R B K
iz SLI IR A-LIE 22K 40L, an RAERTHAT I 2 B B, WS 23 S F6 2 Al e = A2 s 4h
BARE R, DIOTESRAI B E R a0 5 e oy SC a5, T Z07E $8 5SS B B BR i 7K
It EE M . i 1# H [RVfogaPath]/RVipga/Labs/Lab16/BEQ_Instruction_HazardCommit L
R FRET O E29 IR AT T VB S0 AL teSTt o izt it .

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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TESE2E 5, BATE TS T AR — A& B SC 28 CHU &5 RAG LA R A 1SweRV
EH1ECE, A K4k 25 HrSweRV EH1H {24t 1Gshare > 3 Fil il 25 (1 £ 1FE . Gshare BP%:
MR LIRAPATE RGN, setse mtae, (BB HPIMORE . A Gshare
BPU{f fESweRV EH1H TAEZ 7, AL LLEHABPIIMERE .

3. SweRV EH1fEH IGshare s X2 il 2%

A% EE2HRGIF, MERFTA noptR @i K. REld AT AR EPATRER, Atk
RETHEER T HIPC.

fliaESweRV EHARE I 17 SCIIN S VA NTER I B2 I 26 008RTE ) - FF AT A
W E B BRI HAT IR DL -

ERE P SEIR IF AR RS R

#: Scott McFarling & £ 19934 & & — /iy “Combining Branch Predictors” {48 it
% Chttps://www.hpl.hp.com/techreports/Compag-DEC/WRL-TN-36.pdf) . Zib XHIE7E&
I T Gshare sy ST TAE B . o] 8 & HA SR,
https://people.engr.ncsu.edu/efg/521/f02/common/lectures/notes/lec16.pdf. A1 IELE
FAG A 73 2 e X e B kl, 7 i Gshare BPI TAEJF 2,

E5r7~ SweRV EH1H H] i ff)Gshare BPIX LA . i BPAS e Bifu_bp_ctl (fi7
T X [RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/ifu/ifu_bp_ctl.sv
) NERSEIL. B, 5 Gshare BPAH I 4514 15 (i SR AE B8 1

ZBPH 4> 32 i 1id 3¢ % (Branch History Table, BHT) 14357 HFrZEH X (Branch Target
Buffer, BTB) 4%, FI# Tl 4377 In) (RAEBAKAD) 5 a8 Tl R A 43 S H bR
b fEBRABCE ', BHTH &1281M210%H . Al fER B ifu_bp_ctl11551615-17051T & F
BHT. 7EERIABCE +, BTBE #3213/ 4 H . AI{EREHifu_bp_ctlf) 25 1439-16131T &5 &
BTB.

T o S, BRI AR B U A (S -

1. B Efu_bp_ctiN I LG A B L IS i fE itk (1 fc fetch addr f1
[31:1]1) MI—L6HAh{5S: flhash. rdtagflflfghrhs®. P iX ey 7y e
A [RVifpgaPath)/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/beh/beh_lib.sv
HSEa,  HARRAE A
[RVipgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/common_de
fines.vhH & X%
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filtn, WLLE B fghrhs 2ok B BUE ik
(flhash(.pc(ifc_fetch_addr_fl[31:1]),

.hash (btb_rd addr £1['RV_BTB ADDR HI: 'RV _BTB ADDR LO]))) Mfghr ns
(AR RILRFZR) WG4 Mot _rd addr f1{5%, JHiH

bht rd addr hashed f1{§%5.

%155 FT-Vi [ Gshare S #& Filil 25 IBHT % .

% i ERPTER A, Sl T I AR B K S AE Gshare BP 4 #4 ) i
LVEY

2. HHTA XEE A S S (btb rd addr f1. bht rd addr hashed f1 Al
fetch rd tag f1%) VjliGshare BPIIPIA T ELK): BHTHBTB.

£S5 BT IR X P A SR EAT T 1)

3. WHBHTIE, AAEESif bp kill next £2:P M7 ABIMERE, WARHI 7%
A, WSRO0 WRFIAESST, WESEA. ER%ES S EMES
(FESCARBURA ) FEFTHIFCA h5:1 % B P36 sl (5

£%: it H5:1 2 I RINERES .

4. YiMBTBJG, AIfEfS5'5ifu bp btb target f£2 [31:1]HIINVEEEHIREHT KA
ST B brdihl . GER, WRXretigdtAT Wi, Tkt ] PR B IR B bk
HEF (Return Address Stack, RAS) . ) ZfE 5 NFC1H51Z BT RIEANZ —

F%: HHTafEEBTBH I AIME (bt rd tgt £2[11:0]1) MFC29 HEHE L
(ifc_fetch_addr £2[31:4]) RGN H sk (ifu bp_btb_target £2) .

2% 7 HrSweRV EHAALFEES Fh SEIIIRAS . A 18 22 B BE RIS 1445/ i) 5
ZEE(E R (W Al http://www-classes.usc.edu/engr/ee-s/457/
EE457 Classnotes/ee457 Branch Prediction/EE560 05 Ras Just FYl.pdf) -

5. TEFC1MI51 LI, WiRifu bp kill next £2 =1, MITIM H brHuhbR 1
T RHEUHEHiYE: fetch addr bf [31:1] = ifu bp btb target f2 [31:1]
(TR RIERRRIKL) « MR, WHRifu bp kill next f£2 = 0, MIEHHAI
AN Z VAT R BRI .
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pc [31:1]

ifu_bp_btb_target | f2 [31:1]

I
GSha re B P fghr_ns [4:0] (Global History) Branch History ifu_bp_Kill_next_f2

| Table (BHT)

: - From Return

| Hashing | Address Stack

| modules 2-1 Mux

| Branch Target offset [11:0]

: Buffer (BTB)

| dout [31:1]

‘ el

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_f2 [31:1] [faddrf1]
fetch_addr_bf[31:1] | _ff |
miss_addr [31:1] (Next PC)
exu_flush_path_final [31:1]

—

(

\— LOGIC

5. SweRV EH1# {2 it {)Gshare sy XM A I EE AW (1At B LAER D
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FEAER >, BATR 4R S HT 20 s B AChS . A ME— AN A2, FRATTAE T 5 26 nop i
LSEBIEHE MM KIES (JEAMTEL 2% Gshare BP) , LAffiitGshare s KTt 2% (il A\
PiZknop a2 T B fRIE b S E— D .

R R M T 5k SCRATIPUTRE O, WEE2.BAIE o k. 15dE, RN T
H, 5B Sk beqtB &4 T Hitik0X000001E8 4L, 1X ik % 1% 45 4 & 75 Hiu kil 5 [ 0x 1 E0-Ox1EF
b BT 1287 45 A R

0x000001e8: fbce00e3 beq t3,t3,188 <LOOP>

K6 A E N BE N DOE R B Bl s . 5 —1, R R S —RER, BFOZKIER
BEISKMH . A, XTI ZRATE AR, Bkt AP asm k2GS
NESH RIS S . %00 H BE S test_1_BP.tel. EEGTKWave F 4§ % 1, 1% #il
“File ” ( X #) — “Read Tcl Script File 7 ( # M Tel I & X #F) , 347 JF L4+
[RVfpgaPathl/RVfoga/Labs/Lab16/BEQ_Instruction/test_1_BP.tcl. #XJ5 ¥.di JLIX “Zoom In”

A () BB ER S R RS . LB FIH Abeat 4 HIITHS
s FEGHTR FAT 5 44 4R A I OSR]I P 25

Signals
Time
clk
ifc_fetch addr f1 ext[31:0]
wayhit T2[7:0]

pc_ext[31:0] 8 i @EOEE19E = |0OOBOLAE |(0GGGG1EE )PAROOLCE
offset ext[12:0] :
ifu_b p_btb_ta rget f 2 ext [31:0] B BEBEEE1SE  |0OPBOLAE 0RPEELBE |PEEEOLCE

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

6. B2d~pIi Verilator{f &

[FIAT 437 IS R 1 L R B R (. DAL € 5%t SO (RO DN L T 55— Hkbeti &, R %R
L PR B B

- AR BEE TR SIS R R SR 4G T ik AT
ifc fetch addr f1 ext =0x000001EQ. ZR&ifl FHiZHuhliSE 5 2 H ARG X
(BTB) -

- JA#i+2: BTBHRAMH: wayhit £2 =0x20 GZESAEEEESY, UESAA
Eny, RonkAEmF) o Fr 3Kk (pe ext = 0x000001E8) 5BTBHe it &
(offset_ext = Ox1FAQ, ZME AMUED AN, RIFTAS 21T H brsb bt
(ifu bp btb target f2 ext =0x00000188) . HIHRBHTTMINE KA 73
(ifu bp kill next f£2=1) , NI HFribbbRHE R RIEEPC
(fetch addr bf ext =0x00000188) .

Imagination k21t %] — RVfpgasi16: =#EHK: 5 %iE4
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- A3 BERHAEY B R SRR 20 SCH E bRtk -

ifc fetch addr fl1 ext =0x00000188.

JAERI+7. TEMBEA S 4y 3 ATI#S (dec il instr d = OxFBCEOOE3) .

FSHi+8: ATy WIER,, P HMAEREE (flush_upper =0) .

FSRi+9: AnERTI I, K@ 7> 52 H bRk IR 4R A AT 0 32

2% R ATTERBLEIfu_bp_ctiAh 5881 47 1 SE1d Sk T A7 4 o

1) S SCI A, FF 45 H AL RE S Gshare BPIFIEREREAT FLEK

2) (LUTFGAEFT (i FHHARNEHFIZT) (RISC-V/ig A, Patterson & Hennessy
([HePa])) #1194 74.25. )
HE TIRPIER:
LOOP: 1w x10, 0(x13)
1w x11, 4 (x13)
add x12, x10, x11
add x13, x13, -8
bnez x12, LOOP
BOER A 7 583650 T (7ESweRV EH1H, R 3840 (5 55 — AR RN my #5400 47
N, WKL RA AN R (R ZTESweRV EH1HD) , B AJ7EEX1F BL A
TE I3 AT IF DL o
a. BIRIZMEI R O =AM B A R . R ILMAT . AT H
[RVfogaPath}/RVfoga/Labs/Lab16/HePa_Exercise-4-25 1 #2418 F .
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