£S5 EHCHEN EEZ RS EE . AT RUE A LT AL B SR AR el
[RVipgaPath]/RVfpga/lLabs/Lab15/DataHazards AL-AL/test Basic.tcl.

BRI 2 WL 15 1) 30 .

5% MERE2R B T noptE &« X TIEHRKIPIGESHEN, L] 5 ER3RUME, &
Ja il ¥ H 5 Verilator {7 5 #EAT EEESR 0 T A BL BUR B IERG, 5 FEAR L PAT 72 e I A
HTERET B i HIPC.

Signals Waves

44868 ps

Time
clk

dec i@ pc d ext[31:0]=
dec_i@ instr d[31:0]
dec il instr d[31:0]

= B1EEBEE3

22l

FUGEAT E 3.5 FIR AT IF s & 1% .

= pspPerformanceCounterGet(D PSP
r end = pspPerformanceCounterGet(D PSP

printfNexy 1 5 c_end-cy egl;
printfNexy struct d", t nd-instr beg);

D 36 i] while(1);

E  TERMINAL
> Executing task: platformio device monitor <
ze, debug, default, direct, hexlify,

-- nit |'|7-:1 /
Quit: Ctri+C | M

IPCHAEIPC: IPC =458/229 =2.

F%: ER20RBIF, MERFTAnopfi 4 Fadd t6,t6,-1184F Fadd t3,t3,t4fd
&2 )G, REEFRAEEF LR ERRRRF .. EXNHBIRF KRR, Pigkiiokaddds
4 (add t4,t4,t5Madd t3,t3,td4) EFE—FHARIEFLMEL, X¥mtEes. @i
FUFIAR EPAT SR 15 B 3X Ee A4k (1) 520

MK K addh & B HOIHAR IR L I I SUUB O, Bl4n:

= add t4,t4,t5

Imagination k2t %] — RVfpgast15: i 5
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies
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mul t3,t3,t4

= add t4,t4,t5
div t3,t3,t4

= add t4,t4,t5
1w t3, 0(t4)

- W%add%é\:

Signals Waves
Time

clk=

dec 10 pc d ext[31:0]=

dec 1@ instr d[31:0]=

dec i1 instr d[31:0]=

DAERIOEATTE AN FIHIRIAT, B AHCadddE & B8 514 B, J5 RTE T I A\ 1
e —1E5 —2kadddia & TEX1H BT I e R 45 R BT AN FT .

., Zero, REPEAT

{SOLE ~ TERMINAL

> Executing task: platformio device monitor <

default, direct, hexlify, log2fil

T CErL+T | Help:

MAEMIPCH-AEEEAEIPC: IPC =458 /262 =1.75

- add¥E4EEmulig 4

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 2
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44800 ps 44908 ps

Signals
Time
clk
dec_i@ pc d ext[31:8]
dec 1@ instr d[31:0]
dec il instr d[31:0]

BHISC—FE, MRmUldES BTN, R EE T A BRI E e — 5 —%addie 4 T
EX1Hr BethAT I e e 4 R Z BTAN T

- addig L JEERIWIE <

Signals

Time

GRS —HE, WG & SR A, SRR T A A E L — 55— Kadd i & T
EXI BT I 2 R T

[ f£%: 44807 115 3% SDDCARV Lk 4 AL FR 55540 BT i 1 A AT H e |

DDCARV H 7K £ Ak B 25 1) 22 3

if ((RslE == RdM) & RegWriteM) & (Rs1E !'= (1) then // Forward from Memory stage
Forward AE = 10
else if ((RslE == RdW) & RegWrite W) & (Rs1E != 0) then // Forward from Writeback stage

ForwardAE = 01
else ForwardAE = (10 /{ Mo ftorwarding (use RF output)

£5%: r#rVerilogfRD, BEEART— AR WM AT I . LA A i dec_decode_ctlft)
PLFAT .

AFRPEREE

f£%: S5 Hi0 rs2bypass[9:0]. i0 rslbypass[9:0] . il rs2bypass[9:0]
il rslbypass[9:0]MHAMIERIM AR (5 EARAALLD .

Al A Mt idec_decode_ctlF ¥ LL R JLAT 3RS A s

- 2372 -2417
- 1721 -1767
- 1497 — 1544

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 3
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- 1130 - 11314111255 — 1256

H%: EHCHKWEN EESES RO B e T RAMEH LR AL B4R 1.t
[RVipgaPath]/RVipga/Labs/Lab15/DataHazards AL-AL/test Advanced.tcl.

BT 2 LSRG 151 30 .

A% TR EIRER, 0 P9 AH LA R4 18 1 2 18] 25 B A [F) A 1 0 AT 5 TR 8 v A
Rl 7 Ao 7T DU I 58 S50 S5 AH K add i 4 2 8] I nop B SR P2 il B 5

BRAh, 7 G A — AN A B R O R e B Ak s 1
i wT LA P Sk add g &l METE ST AR B, R FIATHE .

wJa, ¥iKaddig® (add t3,t3,t4) BHOVELHAVEE AT R IE LI 0t
TiEE R plan, TSRS — R —kaddfi%:

-lw 3, (t4) CGEREIEPEREDCCM, WsKis13rid)

-mul t3, t3, t4

-div t3, t3, t4

Wi BRG] EX2W B 55 2% B PRI B B -

1a0: 0lee8eb3 add t4,t4,t5
lad: ££££8£93 addi t6,t6,-1
1a8: 00000013 nop
lac: 00000013 nop
1b0: 01de0e33 add t3,t3,t4
1b4: 00000013 nop

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies 4



dec 10 pc d ext
dec_ i@ instr d
dec_il instr d ]
i@ inst el ]

il inst el ]

i@ _inst_e2 ]

il inst e2 ]

i@ inst e3 ]

il inst e3 ]

i@ inst e4 ]

il inst e4 ]
i0_inst wb ]

il inst wb[31:@

18 rs2bypass[9:8
0

¢

0

0

¢

0

0

¢

0

0

¢

31:8] =
31:0
31:
31:
31:
31:
31:
31:
31:
31:
31:
31:

—_ — e e e e e e e e

il result el[31:

i@ result el[31

il result e2[31

i@ result e2[31

il result e3 final[31
18 result e3 final[31:
il result e4 final[31
i@ result e4 final[31
i1 result wb[31

i@ result wb([31

i@ rs2 bypass data d[31:
dec 1@ rs2 bypass en |
gpr_i@ rs2 d[31:@

dec i0 immed d[31:0

i@ rs2 bypass data d[31:0
i8_rs2 d[31:0

a[3l1:e

b[31:0

a ff[31:0

b ff[31:e

out[31:@

waddre[4:0
wen
wdB[31:0
dout[31:0
dout[31:@

—_ = = o e

Wi HAEFPHIRG]): PATmuliR M A RS —Jkaddfi$:

1a0: 0lee8eb3
lad: f£££8£93
1la8: 03de0e33

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies
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add

1EEBEE3

td,td,t5

addi t6,t6,-1

mul

t3,t3,t4
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35168 ps

L
[la)]
]
o
i

Time

clk
31:
31:
31:
31:
31:
31:
31:
31:
31:
31:
31:

(]

dec i@ pc d ext
dec i@ instr d

dec il instr d

i@ inst el

il inst el

i@ inst e2

il inst e2

i@ inst e3

il inst e3

i@ inst e4

il inst e4

i@ inst wb[3
11_1n5t_wb[31:

i@ rs2bypass[9:

il result el[31:

i@ result el

il result e2

i@ result e2

i1 result _e3 final[3
i@ result e3 final[3
i1 result e4 final[3
i@ result e4 final[3
il result wb[3

[31
[31
[31
[31
[31
[31
[31
[31
i@ result wb[31
[31
[31
[31
[31
[31
[31
a[31
b[31
[31

3DEBE33

00000813

B3DEBE33

13

—_ = o o/ e e e e e e

B1EEBEB3
FFFFBFI3

i@ rs2 bypass data d[3
gpr_i@ rs2 d[3

i@ rs2 bypass data d[3
gpr il rs2 d[3

il rs2 bypass data d[3
mul rs2 d[3

B1EEBEEZ |B3DEBE33 BE3BRELZ

i@ inst el
out[31:
waddro[4:
weng

wdB[31:08]
dout[31:0]
dout[31:0]

O 0 0 0 0 00 @ 0 00 0 0 090 0 @ 0 00 0 000D EE e o e DD e
e e e e e b et e e e b bt bt b e et b b bt b b b e b b b e e e e e b e e

(]

| A% 11 1075 DAH S 4 LA BRI it R IR DALU I S — MRARIERL (2 &

APERRE -

5% EHCHEN EES 1250 R . w1 OV DU AL B SR ALt A
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards _Close-LW-AL/scriptLoad.tcl

Imagination K %411 &l — RVfpgastit15: %l 5 K
[ 4:2.0 — 202244 A
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| % EN RIS 3R .

ARPEREE

% fEar— N nBld, SHrafiiiitadd t3, t3, t1fEASME—MRER (£3) . AL
5 FH LA T A7 B SR L 1) tel S0 . [RVipgaPath)/RVfoga/Labs/Lab15/DataHazards_Close-LW-
Al/scriptLoad_FirstOperand.tcl

B MRS TR AR, IS B A3 S0 3R AL

Signals

Time

clk

dec 10 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:

i@ inst e4[31:

il inst e4[31:

i8 inst wb[31:

il inst wb[31:

gpr_ i@ rsl d[31:

i@ rsl d[31:

i@ rsl el[31:

18 rsl e2 final[31:
i@ rsl e3 final[31:
a[31:

b[31:

a Tf[31:

b ff[31:

out[31:

i@ result e4 final[31:
waddro[4:

0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]
0]

wene

wdB[31:

0]

Imagination K41 %] — RVfpgasiit15: #ds 5 K

i 4%2.0 — 202244
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| % MIERE11 R 1D inopii 4 IR 6 B IF 1 B 3RIIPC

Signals Waves
Time

clk=

dec i8 pc d ext[31:0]=

dec_i@ instr_d[31:8] =

dec_il instr_d[31:8] =

NN E AN PAT2IEAR . FIRIER B E9%454 . Hk: IPC=18/9=2

psp! rmanceCounterset( 5TR_COMMITTED ALLy;

E beg = pspPerfermanceCounterGet(
1| tr beg = pspPerformanceCounte

Test Assembly();

c id = pspPerformanceCounte
instr end = pspPerformanceCounte

cyc end-

TPUT DEBUG CONSOLE  TERMINAL

> Executing task: platfermio device monitor <

debug, default, direct, hexlify, log2fil

by Ctrl4H ---

H T4 OB A BIALUM SN, A1, IPCEEAEIPC: IPC = 5898 /2951 = 1.998

5. ZEIESE 11 PR A BIALU, 383 Verilator {7 AR _E AT 1977 2020 4 B 11 1 1Y
ZAE

Signals Waves

clk=

dec 18 pc d ext[31:0]=
dec i@ instr d[31:0]=
dec il instr d[31:8]=

fE1w (0x0002a303) )&, tHXaddfE4 (0x006e0e33) #{F —Leff . 1RIEM T E64
F3.

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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print

print

TERMINAL

> Executing task: platformio device monitor <

ze, debug, default, direct, hexlify, log2fil

d by Ctrl+H ---

% 1w-add 2 B K g R 2, IPCHLS BARIPCAH ZIRK: IPC = 5898 / 3934 = 1.499

£5%: EENMBRGIY, $Kadd t6,t6, -1 ¥ Eadd t3,t3, t1HL4Z/E, REENN
B A AR ERIFRFT

AT DM FH DA o B SR AR P
[RVfpgaPath]/RVfpga/Labs/RVfpgalabsSolutions/Programs_Solutions/Lab15/DataHazards
SameCycle-LW-AL

add t3,t3, t1fE SRBIRLMR, “HWEE A EEIFTIIT. EXMIELT, addf
LA BALUT R E AT . TEER, BB T DUAHAR A TE R N SRR, PR X R 1
DU ANE ERATTJE ]

i0_rs1_bypass_data e3[31:08] - ({32{e3d.i@rslbype3[3] bl EIE 2
({32{e3d.i0rslbyp 2 i8_result_ed

—Ac ] il result wb

i0 result wb

iB_rs2_bypass_data e3[31:C ({32{e3 ype3[3 il result_ed
({32 i , i0 result ed

i1 result wb

i result wb

LR s el (132{e3d.ilrslbype3[5] i8_result
({32{e3d.ilrslbype3[5] exu mul result e3
e3d.1lrslbyp lsu result dc
' 3 il result
- b i@ result
e3d.ilrslbype3[? il_result_wb_eff[31:6]]
e3d.ilrs1byp : i® result wb eff[31:8])

i1 rs2 bypass data e3[31:¢ ({32{e3d.ilrs2bype3[6] iB result e3[31:8])
({32{e3d.i 5] exu mul result 1
1lsu result dc
il result ed eff[
i@ result ed eff[
3 result wbh eff[ !
e3d.ilrs2by : i8 result wb eff[31:0]);

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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56160 ps

clk=
dec_i® pc d ext[31:8] =
dec_i® instr d[31:8]
dec_il instr d[31:0]
ie_inst el[31:0]
i1 inst el[31:8]
i@ _inst e2[31:0]
i1 inst _e2[31:8] =
[ 1
[ 1
[ 1
[ 1
[ 1
[

i@ _inst e3[31:@

i1 inst e3[31:@
i6_inst e4[31:0

il inst e4[31:@
10_inst wb[31:8

il inst wb[31:0] =

dec_il rs2 bypass en e3=
11 rs2 bypass data e3[31:0] =
il rs2 e3[31:08] =

i1 rs2 e3 final[31:8]=
a[31:8] =

b[31:0] =

valid ff=

a ff[31:8]=

b ff[31:0]

out[31:0]

11 result e4 final[31:8]
waddrl[4:0] =

wenl=l

wdl[31:8] =

Signals Waves

clk=

dec i® pc d ext[31:0]=
dec i@ instr d[31:0]=
dec il instr d[31:0]=
i@ inst el[31:0]=

il inst el[31:8]=

i@ inst e2[31:08]=

il inst e2[31:0]=

i@ inst e3[31:08]=

il inst e3[31:0]=

i@ inst e4[31:0]=

il inst e4[31:8]=

i@ inst wb[31:08] =

il inst wb[31:0]=

il result e4 eff[31:08]=
i@ result e4 eff[31:0]=
il result wb eff[31:8]=
i@ result wb eff[31:0]=

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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Test_Assembly.S x

REPEAT:
heq , Zero,
lw t1, (te)

i REPEAT
ouT:

T R A BIALU S R, A 815, IPCZHAEIPC: IPC = 5898 /2951 = 1.998

1) BEAINE addfsd @45 RAHKR NN FEAR-ZHIFE S, BEEE3H P AEMKREF. fln,
FTEURE B R R 3A B 08 DU AR, A 5 — AW ANDHE % (and 3, t4,
t3) , JFEEHETEIESadd t5, t5, OxLXPACALINFFFAME %

REPEAT :

beq t6, zero, OUT
INSERT NOPS_9
1w t1, (t0)

add t6, te, -1
add t3, t3, tl
add t5, t5, 0x1
and t3, t4, t3
INSERT NOPS 8
1i t1, 0x0

11 t3, O0x1

add t4, t4, 0x1
j REPEAT

OUT:

3 M Verilator {i 32 335t B AR AT A-LIR & S BRI . 285 MR BT nopdR & 350
BT R SR

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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Signals
Time

dec_i@ pc_d ext[31:8] =
dec_i0 instr d[31:0] =
dec_il instr d[31:0]
16 _inst el[31:0]
il inst el[31:0]
i@ inst_e2[31:0]
il inst e2[31:0]
ie_inst e3[31:0]
i1 inst_e3[31:0]
16 _inst e4[31:0] =
il inst e4[31:0]
i® inst wb[31:0]
il inst wb([31:0]
il result_e4 eff[31:0]
i@ _result_e4 eff[31:0]
il result wb eff[31:0]
i@ result wb eff[31:0]
10 rs2 bypass data e3[31:0]=
dec_i@ rs2 bypass en e3=l
i® rs2 bypass_data e3[31:0]=
i@ _rs2_e3([31:0] =
1@ rs2 e3 final[31:0] =
al31:0] =
b[31:0] =
valid ff=
a ff[31:0] =
b_ff[31:0]=
out[31:0] =
i@ result e4 fipal[31:8]=
waddre[4:0] =
wen@ =
wdB[31:8] =

=l 1CEFE33

=l £ 3

K addMandfig 248 A BIALUE T HR S R . 1B R, anddB 208 M A RVERZEEX3
B B S5 i o

PerformanceCounterG
spPerformanceCounterGet ([

sp
p
Test_Assembly();

spPerformanceCounterG

p
p
printfNexys("

printfNexys("Ir

whi

TERMINAL

Executing task: platformio device monitor <

- Available filters and transformations: colo de default, direct, hexlify, log2fil
tails at http: it.ly/pio-monitor-filters
-- erm on ev/ttyUsB D,8,N,1 ---
--- Quit: Ctrl+C | Menu: elp: Ctrl+T followed by Ctrl+H ---
Cycl 327910
Instructions = 655398

IPC = 6553 /3279 = 1.998
FFIGEARPATHIFE S : 655398 /65535 = 10

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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TR % 327910/ 65535 =5

W TR R A BIALUR R ], A2 AR 7 A se Bl 1 #ARIPC.

2) iS5 EE2.CHB o BT I BUAH F A L. mul 484 5 BRAE FH IRVA S R addde 4. TEE11
MR, AT LB HONE N fFatt1fmul,

AFRPEREE

3) O HTiwis 4 fEER 5 H G BUMEMA R M mulfE X ME N . EER1MRERYH, HFHEEHHE
Kaddfg 2B # Amul 54

A DA LS A B SR AL AR e
[RVipgaPath]/RVfpga/Labs/RVfpgalLabsSolutions/Programs_Solutions/Lab15/DataHazards
Close-LW-MUL

HHALUTCIEPATMUITE S . TRiESE (Bidtexu_mul_ctD) PIEBSCHL T — SB35 i 12, H
TR B B e R BIMAR BL

(load mul_rsl bypass el) lsu_result_dc3[31:0] a_ff_el[31:0];

(load mul rs2 bypass el) Lsu_result dc3[31:0] b_ff ell31:01;

Signals
Time

clk=
dec_i@ pc d ext[31:0]=
dec i@ instr d[31:8]=
i@ inst el[31:0]=
a ff el[31:0]=
b ff el[31:0]=
load mul rsl bypass el=
load mul rs2 bypass el=
a_el[31:0]=
b el[31:0]=

B RAF RN R B IE S . Xk, B THERMER R, AR K.

4) (Ll FZ2] % T[HePa]7%74.18. 4.19. 4.20%14.26. )
BB AEA AL B K SweRV EH1 AR B A3 FA EHAT T BA AR (BP, 4mfess fisidid

FEDL R Anopti & KA B AR B o [ARAS H s inop# 4 LAE L IERRIZ T .
addi x11, x12, 5
add x13, x11, x12

Imagination K %411 &l — RVfpgastit15: %l 5 K
Hi4<2.0 — 20224E4 H
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addi x14, x11, 15
add x15, x13, x12

RIE AR S 20 = M0 R B, X8 BOR s A R 2B I RAWEE B 1K -
RAWSHE AH A 1SR R e 7 A 45 R (B BORVE P 45 R IR — 2R 4R 245K

REFA I, BRI AR R E BRI NSweRY EHULT S EEMIET, H%
FERTAL RN % b Hnop? HIFAE FISweRV EH1 B4 % % 11 46 Anop, 14 CPIf

EZy,
ER T

5) TESLI14552.CHRER (AT
[RVfogaPathl/RVfoga/Labs/Lab14/LW._Instruction ExtMemory) 1, ¥iE4add x1,
x1, 1&#Nadd x28, x1, 1. XIEBKERaddis > MIEIATT kK HHEFH 238,
(1w x28, (x29)) ZIEIFIAWAWE . FIHJE5HrSweRV EH1 i 4b ik 'H
K, AILAEZ A MR EEE Swen2MH. 2R 7T HEH BT (Bikdec) A anfa it
HILES.

JFIERE R T BN N o IEAIRATE LI 4 M I RRE, 4027 17 28 S [A] i $04T 34N 5 # 4
(2% addff 2 1% EH%E 10adiE %) -

Signals
Time
clk
dec_i® pc d ext[31:8]
dec_i@_instr_d[31:0]
dec il instr d[31:0] E] E] 3 JE] 3 |FFFFOF13
1su_rsl_d[31:0] i 2BC4
1su_offset d[11:0]
rsl dcl[31:0]
offset dc1[11:0]
full_addr_dcl[31:0]
lsu axi arvalid
1su_axi_araddr[31:0]
lsu axi rvalid
lsu_axi_rdata[63:8] cvg1€8ADCAE2E 1AB1EBADCABIE
dec_nonblock_load_waddr([4:0] R
dec_nonblock load wen
1su_nonblock load_data[31:0]
waddre[4:8]
weng
wde[31:8]
waddrl[4:0]
wenl
wdl[31:0]
waddr2[4:0]
wen2
wd2[31:8]

WM FIRKERER S (FiE4add x1, x1, 1&#NIELadd x28, x1, 1), AL
BRI I JE T — 25 FR 2B T /A A i ds, BIERIE 7RSI SRIE (wen2{5 57K
AR N, X AT ERWAWRE B 5 .

Imagination K41 %] — RVfpgasiit15: #ds 5 K
[ 4:2.0 — 202244 A
© Copyright Imagination Technologies 14



imagination
university programme

Signals S
Time

clk

dec_i@ pc_d ext[31:0]

dec_i®_instr d[31:0]

dec il instr d[31:0]

lsu_rsl_d[31:@]

1su offset d[11:8]

rsl dcl[31:0]

offset dcl[11:0]

full_addr_dcl[31:0]

lsu_axi arvalid

1su_axi araddr[31:0]

lsu_axi_rvalid

lsu axi rdata[63:0] cv#e26BDCAE2E CA11ABIEBADCABIE

dec_nonblock_load_waddr[4:0] @

dec_nonblock load wen

1su_nonblock load data[31:0]

waddr@[4:8]

wen@

wde[31:8]

waddrl[4:0]

wenl

wd1[31:0]

waddr2[4:0]

wen2

wd2[31:0]

6) TESLI14552.CHRER (AT
[RVfogaPathl/RVfoga/Labs/Lab14/LW _Instruction ExtMemory) %+, ¥4 add x1,
x1, 18%#Nadd x1, x28, 1. KAEBREHadafdSIEAITLHIARPHZERE R (1w
x28, (x29)) ZI[AZI NRAWE ;. 184 H /3 #rSweRV EH1 iy 4b B UL H [ .

Signals
Time

clk=
dec i@ pc d ext[31:0]=
dec_ie_instr_d[31:0]=
dec_il instr_d[31:0] =
lsu_rsl d[31:@]=
lsu_offset_d[11:8] =
rs1 dcl[31:8]=
offset dcl[11:0]=
full addr dci1[31:0]=
lsu_axi_arvalid=
1su_axi_araddr[31:0] =
lsu_axi_rvalid=l
lsu_axi_rdata[63:0] = [BBEBEEE+ {CA11AB1ERADCABLE
dec_nonblock load waddr[4:0]=
dec_nonblock load wen=
1su_nonblock load data[31:0]=
ie depend load el d=
i@_depend_load e2 d=
il1_depend_load el d=
il depend load_e2 d=
waddro[4:0] =
wend =
wdB[31:8] =
waddrl[4:0] =
venl=
wdl[31:0] =
waddrz[4:0] =
wen2 =
wd2[31:8] =

R 2IRAW B [, 7K 46245 I 12 B s A 1) D B 3R AT e 8

7) W5, EERI14H2.CEHH TR (AT
[RVfogaPathl/RVfoga/Labs/Lab14/LW_Instruction _ExtMemory) ', ¥4 add x1,
x1, 1¥#Nadd x1, x28, 1, HfELadd x7, x7, 1E#Nadd x28, x7, 1.
X FHRAWHIWAWE 5. FIH 15 Z 4 HTSweRV EH1H 4y b B P E 6
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AFRPEREE

8) Frid-EEF R

KR FAEF AR RER R, BATBAEARLE T 0, (BEREARG H#T . =2
A DL Bt i (10 2 28 07 () A [RI st ik B, T DAAE P9 A% PR 50 A il e B3, T 7R B
DDRAMERAF A% AT 7 & I (BRI DI FE

SEIX Fhie K () AR AL S AELSUH, AR SR U2 G5 fE B HIsu_bus_intffillsu_bus_buffer
W, DBTEARSG S AT A

[RVfogaPath}/RVipga/Labs/Lab15/Sw-Lw-Forwarding + ff]PlatformlO i H F T 15t I 77 fif- 25 2,
R o WU I iRt telfiiAs, B8R DS F B R AT IR IR AR B — OB AR AR T ey AT
R

Verilator{fi & :

sw t5, (t4) 1w t3, (t4)
Signals
Time

clk=

dec_i® pc_d_ext[31:0]=

dec_i@ instr d[31:0]=

dec 11 instr d[31:0]=

full_addr _dcl[31:8]= ®eee2o08 T Yseeez2aDc

lsu_axi awvalid=i

lsu_axi_awaddr[31:0]=

1su axi wvalid=

lsu_axi wdata[63:8] =

lsu_axi_arvalid=l

lsu axi araddr[31:0] =

lsu_axi_rvalid=

1su_axi_rdata[63:0] = [ENVESIEINWTS
waddre[4:0] = [

wend =

wde[31:0]=

t3=

ARVIK IR
- B swin S EbAT
- JAWAS: Lwis AT IR,

- AE22ENM. ABRANEREET, E5full addr del = 0x00002ADS8. & Az iX i
{9072 R R A7 fih 1k 0 256 b il AH [

- JW9: Akl AXLE LK 515 5 5 ANDDRIMGAEfif 4% -
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lsu axi awvalid =1
lsu axi awaddr = 0x00002AD8
lsu axi wvalid =1

lsu_axi_ wdata = 0x000000000000001D

O O O O

- FARH9. 1011 I 5% i 08 4 T R BRUSCH B R B B ON B AR AR SR . 1L
KA 22 KX F|DDRAFM#E & (S WAXLEAZ I {EREfS 9 : 1su axi arvalid =
lsu axi rvalid=1) :

o waddr0=0x1C (HJZF 7#$x28 =t3)
o wen0 =1

o wd0 = 0x0000001D

o t3=0x0000001D

W% NS an AT R ?
OI8O, AR B M. Isu_bus_intfAlllsu_bus_buffer.

1) FRATIESLIGA3HI 45 5 Fh 43 AT T X DDRAMBAF A 28 3L 15 1), 7E 52501319 16+ i3 B
T T A K fSweRV EH145H4 :

DC1 STAGE Delay due to DC3 STAGE COMMIT STAGE
accessing External o
Memory Pipeline Plpglnne
P Registers Registers
Pipeline g 5 for
Registers for o, Control
for (S:'ontr|ol E Signals g e4d.i0secondary
Control ‘gnais g o e4d.iov
Signals 8| %I e4d.i0load
8 E
end_addr_dc1 [31:0] = = 8
full_end_addr_dc1 [31:0] g 5 2.1 4“ S

bl 2| LOGIC z 3

External Memory 3 MUX 2 3 -

(0] - H .
+ R i0_result_e4_final [31:0]
Isu_addr_dc1 [31:0] = accessed through AXI £ LT E MUX

full_addr_dc1 [31:0] Bus I g _
(Isu_bus_intf) 5 Isu_resul e ;
gl t_corr_dc 5
2 Isu_result_corr_dc3 [31:0] 4ff 8|
=I
Lite DRAM g
Controller 3
addr_external_dc1 i addr_external_dc3 B

HHEE(SE Tous_read data de3rfigfit.

2) lii%bus_read data de3MMEF LK H DDRAFf##F B K2 M. Hyith, itk
Isu_bus_intf & — 2.1 28715, F T \DDRAF# a5 52 U E
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(1d_bus data dc3) FIZ5{E (1d fwddata dc3) ZIAIHETEEE.

bus read data dc3[31:0 1d full hit dc3 7 1d fwddata dc3[31:0 1d_bus data dc3[

LK, FAT 21 2 BT e & B B

DC1 STAGE Dela.|y due to DC3 STAGE COMMIT STAGE
accessing External -
Memory Pipeline Pipeline
o Reaisters Registers
Pipeline egls 2 for
Registers for o, Control
for C-OntrOI E Signals g edd.i0secondary
Control Signals ol ) e4d.iOv
Signals I 8 3 e4d.i0load
I o =
d_addr_dc1 [31:0] 3 g
end_addr_dc 0] = Id_full_hit_dc3 — [
full_end_addr_dc1 [31:0] External - 2 fu 21 )
Memory \L‘ 2 2 mu LOGIC 5 %
accessed Id_bus_data_de3(31:0] | , , s, 3 311 io_result_e4_final [31:0]
Isu_addr_dc1 [31:0] = through AXI MUX 2 H MUX————
full_addr_dc1 [31:0] Bus Id_fwddata_dc3[31:0] ® o
e ? S g
(|SLI bus Intf) EI Isu_resul| = 5
- - @ t_corr_dc 5
2 Isu_result_corr_dc3 [31:0] 4ff 3
il
! 5
Lite DRAM g
Controller 3
addr_external_dc1 i addr_external_dc3 B

3) ANIRAEZ B BT E R Ik 2 BT R N M A RE S,

Signals Waves
Time

clk=

dec_ i@ pc_d ext[31:0]=

dec_ i@ instr d[31:0]=

dec_il instr d[31:0]=

full addr dcl[31:8]=

1su_axi_awvalid=

1su_axi_awaddr[31l:0]=

lsu_axi wvalid=

lsu_axi wdata[63:0] =

lsu_axi_arvalid=

lsu_axi_araddr[31:0]=

lsu_axi_rvalid=

lsu_axi_rdata[63:0] =

waddr@[4:08] =

wene =

wde[31:0]=

3=

1d full hit dc3=

1d bus data dc3[31:0]=

1d fwddata dc3[31:0]=

bus_read data dc3[31:0]=

ie result e4 final[31:0]=

R UUE B4R (45 B3 10 Biodis AT ik 55 2% o
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4) WL HriitkIsu_bus_intffllsu_bus_buffert i it 542 (5 5
(1d full hit dc3) M (1d fwddata dc3) .

MRA

(% {5 H O EpL EE SRR O R,

BRI 2 ISR 151 530 .

| ££%: i k3% 57 SweRV EH1AIDDCARV FA ik 2k A FH 35 e (g kb 37 K.

AP -

5 MR 16 ML 13H 6, K575 B0 1 3 EI6H 1w & B N F5 4745 S IME
({55 1su_1d data corr dc3([31:0]) S5E16F 1w ENE (F5
lsu_ld data_dec3[31:0]) AF. PIMERXHIFET AT #H L fiIsu_ecc (IECCEH
B, T JEE A . WA Lwie R R E AR 2 SRS A [

p RAE B ) B A B R, MIROKERHE IR Er . Ik, 2838 My e k4
A (CHrp— SR SO IR AR R AR 2IRIHT, AKAIRAL

FEF: EENMARREIT, MER 1w B faddZ Ja B BT nopdE <. AZEMHER M SFAH KRR &2
[AI15 nop. T B, ARJEIEE I AR EPATRER, MR T SEsiH HIPC (FE DN &
IPCH fR Binopfa @ B FIHFAGE, BENENREMIES: Ad, BFASHREEHN, K17
FATHIME— B R IF TSR ERD

ARPEREE o
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