1% KA E1HIVerilogf UG & A8 TR, FRARREIL TAE R 2

- FIEHBRERIIIGER (G X, B aaafiEslpon) i THiddec.
dec_decode_ctlflidec_gpr_ctl+.

- EX1MBURoR TR AL T B texufllexu_alu_ctlH.

- FCAM B Rt o R A T B Eifufllifu_ifc_ctiH .

FC1BT&:
- 21ZERIFR: Bitifu_ifc_ctl

({31 {exu_flush_final exu_flush_path final[31:1]1)
({31 ~exu flush final ifc fetch addr f1 raw[31:1]));

iss sel flush exu flush path final[31:1])

| miss addr bf miss addr[31:1])

| btb addr bf ifu_bp_btb_target f2[31:1]})
sel last addr bf ifc fetch addr f1[31:11})

l next addr bf fetch_addr next[31:11}));

- IR BRifu_ifc_ctl

overflow nc, fetch addr next[31:1] ({1'be, ifc fetch addr f1[31:4]

EX1BBt:

- AR fidtexu_alu_ctl

a_ffl31:0] b_ff[31:0];

PL A 2 BB A R A 5
- WERPIAD RN : eq=1.
- WERPIAD RIS eq =0,

- OCHbRHUEE VLSS AEtexu_alu_ctl
rvbradder ibradder {

.pclpc_ffl31:11),
(brimm ff[12:1]),

{pcout[31:1])

it BEPCE5 WL &2 .
- Bi: Bitexu_alu_ctl
Imagination K %4i1-&I| — RVfpgasidi16: il EK: »3%iE4
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actual taken (ap.beq & eq)
{ap.bne % ne)
(ap.blt & 1t}

(ap.bge & ge)
ENREINE

actual takenPE G/ TTAIMEER: WRIEAT, WoF 32k R HAE N
0, M SCAFFBE: . Bt
o WRFEL Abeqgif’d (ap.beg==1) HPHMEELEME (eq==1) >
actual taken=1
o WIRFEL Abneisd (ap.bne==1) HHMEEHAMHE (ne==1) >
actual taken =1
o WHRIELSHNjalfE4d (any jal==1) , )53 ST BB > actual taken =1

cond mispredict = (ap.predict t actual taken)

(ap.predict nt & actual taken);

WER T 5> S Bk (ap.predict t=1) HERABFE (actual taken=0) , 5L
FH W3 XA ME: (ap.predict nt = 1) HEERRBEH (actual taken =1),
M 73 ST S % (cond mispredict =1)

flush_upper = ( ap.jal | cond mispredict | target mispredict) & valid ff flush freeze;

WER A LM ET 1% (cond mispredict = 1) « 84 A (valid f£ = 1) FFHI
IKEG ARG BRERSS , W ATH BRI KR o

F%: RIS exu_alu_ctlF @it (F 5 eq. #Hl{55ap.beq. ap.predict tHl
ap.predict_nt AL HAN(E 5 A5 5 £f1lush upper.

- Whg. Mittexu_alu_ctl

actual taken = (ap.beq
{ap.bne
(a B. blt

(ap.bge
ENREINE

actual taken"EESITAMIEER: WIRIE N, WorSCB ke aiRIHAE A
0, W7ySCAMRBERE . Biltn:

o WIRIEL Nbeqti @ AWM RIFHMHSE > actual _taken =1

o WIRIEL Nbnedi @ HWNMRIEHAMES actual _taken =1

o HWIRIFLANTalfid, WpSCLBkH > actual taken =1

Imagination k%1%l — RVfpgask4t16: &I EK: 22154
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cond mispredict = (ap.predict t
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actual taken)

(ap.predict_nt

actual taken):

WM 733 Bk (ap.predict t=1) {HEFRABHE (actual taken=0) , B
T 5> X Ak (ap.predict nt = 1) {HELPREH: (actual taken=1) , M43
TMlES 1% (cond mispredict =1)

target mispredict) & valid ff flush

freeze;

flush_upper = ( ap.jal

cond_mispredict

WA PR (cond mispredict =1) 8 AM (valid f£=1) FHHK
LA ARTERRERE,, WL ZE BRI K -

B,

£%: 1EVerilogf{iyH 3 #71{5 Fexu flush final. exu flush upper e2.
exu i0 flush finalfflexu il flush finalXEX1RHZAT&HE (FC1. FC2.
XSRS W T, 2B RARE AN, & DAER IR

AP -

(% EoE, KEBARAWIL i+ 1R+ 20 FoR EAE S EC AN,

exu_flush_final

FC1

FC2 \

exu_flush_path_final [31:1] 0x000001F0
1
ifc_fetch_addr_f1 [31:1] (PC) .
ifu_mem_ctl —
ifc_fetch_addr_f1_raw [31:1] o
2-1 Mux

0x000001F0 fetch_addr_next [31:1] I

16 " . H

ifu_bp_btb_target_f2 [31:1] £

miss_addr [31:1] o,

5

exu_flush_path_final [31:1] 5

ke kel S

ﬁl

5-1 Mux 3

ALN {

0x07DE0063

8
i
o
Q
4
c
S
B
S
k]
£

(dec_i0_instr_d)

|

DECODE EX1
CONTROL i0_ap
uniT 0x81084
ap.beq
4
OXFFFF || OXFFFF
| raddro rd0 WLE“ aff
|| radart - |9 | iocic | flush upper
0 0
REGISTER
FILE rd1

0xC4
pc [31:1]

brimm_ff [12:1]

ibradder

flush_path [31:1]

LOGIC '7

LOGIC

| A% BSE2 T RS, 50 SR A R A 7 SO R A SRR

ARPREE -

| % BN, FEAREW. A2 R RS B A A E N .

Imagination k%1%l — RVfpgask4t16: &I EK: 22154
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0x00000188

exu_flush_path_final [31:1] 0x00000188
1

Imagination
university programme

exu_flush_final

FC1 FC2 J ALN { \ DECODE EX1

CONTROL i0_ap

1 0xFBCEOOE3 UNIT 0x81084

ifc_fetch_addr_f1_raw [31:1] o

ifc_fetch_addr_f1 [31:1] (PC)

ifu_mem_ctl —

2-1 Mux

OXFFFF || OxFFFF

— raddr0 rd0 E.—‘ a | af 'L*ff

e
I—{raddr1 = |-°9 |Locic

fetch_addr_next [31:1]

flush_upper

1 1

REGISTER

ifu_bp_btb_target f2[31:1]
FILE

rd1

[31:1]|(Next PC)

miss_addr [31:1] O0xFFFF

31:1
exu_flush_path_final [31:1] pe [ ]

fetch_addr_bf

5-1 Mux

brimm_ff [12:1]
0x1FA0
ibradder
Cycle i+2 Cycle i+1

flush_path [31:1]
0x00000188

LOGIC '7

LOGIC

5% REE2F R, REAFRHBRLTIMES, SHFCH A2 BT RIHERIE.

Bilan, SHERIF AT A (Bl —2H3A 7 3484 IS OL T anf 58 sl ds o EX Fhih
MR, EEEDISweRY EH1 AL FE 38 HEAT 40 F B 4F :

- fEEEA I, 52T KiERHF fetch addr next, %E B RES IME N L]
HUfEHlE (ifc fetch addr £1) + 16, UL EEUT —/MELLM12844E 4K (iEid
fF, ISEERIEIRAE1286)

- EHEHAYF, A2 8ITXKi%EHEifc fetch addr £1, HIEASBUEHIHTES .
azﬁ A S B A% 3200384, 3% 15 PRAD I BUAT 7 (0 BUE SRS AT [F) (R 1245

A)
E%? 1EDDCARVFTIA AL EEEE BN W R S5 PCHIME N4 CG& A T 5 4748 41
B0, ARSI — 2538 4

AT M B2 R AR 7 5. Bilin, AT CAEBREL 170 SR NI — 22A-LTE &
& A1 HEE AR I BRIX A2

B FFPAT:

A8 PR SR
- 2. [RVfpgaPathl/RVipga/Labs/Lab14/LW _Instruction_ExtMemory
- TcliARg4E:

[RVfpgaPath]/RVfpga/Labs/RVipgalabsSolutions/Programs_Solutions/Lab16/test_Seq
uentialExecution.tcl

{EVerilator 41 v #3240 F 45 B85 H -

Imagination k%1%l — RVfpgask4t16: &I EK: 22154
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Signals
Time

clk=

flush upper=

ifc_fetch addr fl ext[31:6]=

ifu fetch data[127:0] =

ifu_ie_instr[31:e]=

dec_i@_instr_d[31:8]=

ie_inst _el[31:e]=
i0_inst_e2[31:0]

ie_inst e3[31:0]

_ed[ 1

[ 1

=
=
ie_inst_e4[31:0]=
i@_inst_wb[31:0] =

268: 000eae03 Iw 3,0(t4)
26c:  ffffOf13 aadi  15,t5,-1
270: 00108093 addi ra,ra,1
274: 001f8f93 addi 16,t6,1
278: 00118193 addi  gp,gp,1
27c: 00120213 addi—"tp,tp,1
280: 00128293 addi  10,t0,1
284: 00130313 addi  t1,t1,1
288: 00138393 addi t2,t2,1
28c: 00140413 addi s0,s0,1

ATUVE &AL — BT I 128A7 45 @ W .

% (BRI, WA /i WA R AL B B F BIALUYE B2 5 J5 1 RAWELE B [ .
SZSE R A-LIE SR, aniRAeRTHAT I 2 A BAERAE, W25 70 SCHR 2 Pl e~ AR 5 Ja 32
RAWH#iz B K, W AESEC B BR B B QR w7 SCIil e, T D6 ZR7E 3258 [ B i ok
WKL IR M. 1518 H [RVipgaPathl/RVfoga/Labs/Lab16/BEQ _Instruction HazardCommit
I IR O B2 R AT T VHE RO ALt BT i G L.

A BRI

8 <LDOP>:
001fef13 addi t5,t5,1

13 nop

3 nop
nop
nop
nop
nop
nop
beq t3,t4,220 <OUT>
nop
nop
nop
nop
nop
nop
nop
addi t4,t4,1
nop
nop
nop
nop
nop
nop
nop
mul t@,tl,t2
nop
beq t3,10,198 <LOOP=
nop
nop
nop
nop
nop
nop
nop
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Verilator{i & :

clk=

exu flush final=
exu_ﬂush_path_final_ext[31:E]] =l
ifc_fetch addr fl raw ext[31:0]
ifc_fetch addr f1 ext[31:0]
dec 10 pc d ext[31:0]

dec 10 instr d[31:8]

]

]

]

dec il instr d[31:0
i@ ap[19:@

a ff[31:0 FFFF
b_ff[31:ﬂ] = [l

flush upper=

pc Tf ext[31:8]=
brimm ff ext[12:08]=
flush path ext[31:8]=

801608

Sibeqfs 4 (Oxf85e0ce3) HHAT MY, ZITEX1 (LUAHEMIBRIEPATIES) « EX2RIEX3Wr
B, B NIRRT B, 2 BO b R IEBRFIELE 1) (£lush upper =exu flush final =
MG L IR 3R AR B AT 16 2

% R0 BIF, MR A noptR &AM . RGBT AR E$ATRER, AITE
et Hds it HIPC.

fEAESWeRV EH1H A 970 SC Tl &8 (5 oA 2P P 25 B8Rtk 8 <), JEHTIT
R _E B FAPAT 15 L -

FEB A IR AR RS R

{7 73 ST 4%

Signals
Time

dec_1i0 pc_d ext[31
dec_i@ _instr d[31
dec_il instr d[31

i@ _inst el[31

il inst _el[31

i@ _inst e2[31
il inst e2[31
i@ _inst e3[31
il inst_e3[31
10 _inst e4[31
il inst_e4[31
i@ _inst wb[31
il inst wb[31

Imagination k%11 %] — RVfpgaskdt16: il E K. 4314
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Test_Assembly.5 x

TERMINAL

> Executing task: platformio device monitor <

IPC =262 /393 = 0.67

Gshare; 3 Tl 25 :

Signals
Time
clk=
dec i@ pc d ext[31:0]=
dec 1@ instr d[31:8]=
dec il instr d[31:8]=
i@ inst el[31:8]=
il inst el[31:0]=
if inst e2[31:0]=
il inst e2[31:8]=
if inst e3[31:0]=
il inst e3[31:0]=
18 inst e4[31:8]=
il inst e4[31:0]=
i@ inst wb[31:8]=
il inst wb[31:08]=

Imagination k%11 %] — RVfpgaskdt16: il E K. 4314
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Test_Assembly.5 X

INSERT_

end
E  TERMINAL

> Executing task: platformio device monitor <

, debug, def

trsC 1 1 by Ctrl+H --

IPC=262/131=2

i HiGshare BPH}, wI LS RIFAEIIPC, (- BBPK, T3 A543
BRI E SE [\, IPCIzitim A $IFE AR /K T

K

(% s i AFaRA R, 2 T WL TIER 8 R/ Gshare BPE MR IO . |

AP -

[£E%: /070 TR A FIEAT VB |

AR -

(% b 551 % BT SR HOk RIS

ARPEREE -

A% HHrnEREBTBH I AIE (btb rd tgt £2[11:0]) FFC2r FHFE L
(ifc_fetch addr £2[31:4]) AWM HAirHht (ifu bp btb_target f£2) .

i Hifu_bp_ctl:

Imagination k%1%l — RVfpgask4t16: &I EK: 22154
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btb sel f2 enc shift[z2:81)
btb_sel f2 enc[2:8])
2

ifu_bp kill next f2 & ic_hit_f2), .din{ifc_fetch_addr_f2[31:4]), .dout(ifc_fetch adder_prior[31:4]))

1 pc_ext adder_pc_:

e
8] offset_ext btb_r

ifu bp btb_target f2[31:11 - btb rd ret f2 btb rd call f2 7 rets out[81[31:1]1 @ bp_btb target adder f2[31:11

% 3 HrSweRV EH1ACFE 2% se B fIRAS . AT 48 2% H IE W3R 15 4G S 1% 45/ (1 5 245
fE{E B (i A http://www-classes.usc.edu/engr/ee-
s/457/EE457 Classnotes/ee457 Branch Prediction/EE560 05 Ras Just FYl.pdf) .

AP -

[ fE%: AW Hi 4R i S0 e R A A

ARPEREE -

1) SEBL AU G, FE45 ILPERR 5 Gshare BPIIYEREIETLLAL.

AR -

2) (LLTFZAEET (I BEYIARZ AR ) (RISC-V/ik4, Patterson & Hennessy
([HePa])) 711944 74.25. )
HE FIHPIE:
LOOP: 1w x10, 0 (x13)
1w x11, 4 (x13)
add x12, x10, x11
add x13, x13, -8
bnez x12, LOOP
BBERH T 582 > il (FESweRV EH1H,  H 7 G (i 255 — UOE AR RN al 401 1% 4T
N, WKL RGN R (A ZESWeRV EH1H) , I HATFEEX1 [ B
JE 73 AT I o
a. BAZEAKE RS =ERNT RS R . MEHIMAT A 7THEH
[RVfogaPath]/RVfoga/Labs/Lab16/HePa_Exercise-4-25 $2 L TR T -
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Signals
Time

clk=
dec i@ instr d[31:8]=
dec_il instr_d[31:8]=
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