(S

% : FHCHER EEEESFAEEGERE o FIDIERA DI MU B AR (g% -
[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AL/test Basic.tcl -

fif s e RE 150 F 30 -

5% © MIbRE2% G FAIFTE nopfs < o B E BRI OEE L - 4GRS ESFECIE - 24
1% 175 5 H BV erilator e 4 17 EE B3 43 A 6 ffE R L (B & 75 TEHEE » %Effﬁj:?mﬁkﬂw@
FxgEsT#ES = T EIPC -

signals Waves

448008 ps

Time
clk=
dec i@ pc d ext[31:8]=
dec i@ instr d[31:8]=
1=

dec il instr d[31:@ P1EEBEEI 1D

B 3. SEERACE TIE HIR A B -

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

printfNexy Cycl 5 c_end-cy
printfNexy truct sd", inst mJ instr beg);

o 3 E while(1);

E  TERMINAL
> Executing task: platformio device monitor <

debug, default, direct, hexlify,

d by Ctrl+H ---

IPCEHAEIPC : IPC =458/229=2 -

75 ¢ BRI - MEFTAnopts Sibffadd 6, t6, -5 5 Eadd t3, 3, tafg
S PREHREBUE LRI AR, - R EREIETARAT - WFRMadds
£ (add t4,t4,t5fadd t3,t3,t4) FEE—EIEGERIIEE - BTSN - BBl
BRI B TAGR I (LR -

et R addfs <8 R HATARRE TS SR RYHUE S - 4D

o add t4,t4,t5

Imagination AE%:t# — RVipga 15 © ikl Elz.
Hi4<2.0 — 2022424 F
© 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)

- Wiffkaddf5<% -

Signals Waves
Time

clk=

dec i@ pc d ext[31:8]=

dec i@ instr d[31:8]=

dec il instr d[31:8]=

BAERIOARR ZAE AT R R iHEaddfs <0 /HEHE 180 - R Him A SR
TLZAES —ffRaddiF S EX P B T RS R Z A T A

. OXFFFF

REPEAT:
t4, t4, t5
t3, t3, t4
t3, ©
t4, ©

t5,
. Zero, REPEAT

ONSOLE  TERMINAL

> Executing task: platformio device monitor <

mations: default, direct, hexlify, log

5200,8,N,1
LEGE by Ctri+H ---

458787

IRFEAYIPCIAIEHAEIPC : IPC = 458 /262 = 1.75

- addigF SRERMUES ¢

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
Hi4<2.0 — 2022424 F
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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]

GRStk > MHBEIMUlE SRR EER - JRIRER B AE R T2 —fE %5 —fRaddig <5t
EX1PS B TR GG R Z HiA AT A -

- addfsSHTIWES

Signals

Time
clk=
dec i0 pc d_ext[31:0]
dec_i0 instr d[31:0] =

dec il instr d[31:0]

GRS > MBS < W HEHEAME AR - JRIAFER Hig AR T 2 — £ 55 —FRaddis St
EX1PE B TS G R 2 HiA AT A -

| 8 : EiimE AR EDDCARV P& 4 R B 28 4 4y Tl Y A s TEL S - |

DDCARV & & pn Bl a5y A3 -

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

ForwardAE = 01
else ForwardAE = (00 /f No torwarding (use RF ourpur)

£ © sr#rVeriloghe = > SRR — A #ITE R - A EfE4dec_decode_ctl
HYLUTAT -

AR S -

% : %ﬁiO_rstypass[%O] » 10 rslbypass[9:0] ~ il rs2bypass[9:0] fl
i1_rslbypass [9:0]AYHMIPZEGIALTHY AT, (B BalAFHALL) -

] LIfEi4Hdec_decode_ctlf iYLl N 4&1THIS A -

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

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
Hi4<2.0 — 2022424 F
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- 1130 — 1131411255 — 1256

% : £ H CHYER EEEES T AYEEEIE - AL A UM i B AL Y. g
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AlL/test Advanced.tcl -

s ES RERISH XL -

E% - HRE2THIRER - St RE B AHEAIHE St Z HEEEREA [F R R TEd B 8 A
[EIEY 53T o B LA #E5 B R ER AR B a dafis < 2 [RIFYnop S5 s 2 P2 Al -

BESh - R 1L —(Eh AR TR A B R B ARG B -
] LUEN RiffRaddis SIE BNV E EEH TR HANES - EREHESTT /AR -

Ef% > FitHRfaddiE < (add t3, t3 t4) **?ﬁt%i_i_ﬁﬁﬁ%ﬁiﬁﬂﬁﬁ’ﬂﬁfﬁﬁfﬁE%?E%jﬁﬁﬁ
FRAEEGE R - Bl > A DIEEDI TS %ﬁ*kkk“ﬂfadd%

-1lw  t3, (t4) (EQ%U%EHWEHEEDCCM WIE EE 1 3Tk

-mul t3, t3, t4

-div t3, t3, t4

HABHE T (AIFER] © FEEX2PE BT R RIREIE RS EL -

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

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
Hi4<2.0 — 2022424 F
© 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

HABHE A AIES] © BT TmuliF SR —fRaddfF< ¢

1a0: Olee8eb3
lad: f£f££8£93
1a8: 03de0e33

Imagination K254 — RVipga #1515 : &k Bl
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies

O1EEBEE3

add

1EEBEE3

td,td,t5

addi t6,te6,-1

mul

t3,t3,t4

imagination
university programme

BLDEGE33



L
[la)]
]
o
i

Time

dec i
dec
dec

i
i1
ie
i1
ie

il resul
i@ resul
i1 resul
i@ resul

8 pc d ext
i@ instr d
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[3

—_ = o o/ e e e e e e

11_1n5t_wb[31:
8 rs2bypass[9:
result el[31:

result el
result e2
result e2
t e3 finall3
t e3 final[3
t e4 finall3
t e4 finall3

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

il result wb[3

i@ rs2 bypass data d[3

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

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 b e bt b e e b b bt bt bt e e et b bt b b e et b b b b e e e e b b e

imagination
university programme

35168 ps

(]

3DEBE33

00000813

BO1EEBEB3

FFFFBFI3

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
i@ inst el DIEEBEEZ |B3DEBE33 | BB3BBEL3
out[31:

waddro[4:0

wend

wdB[31:08]

dout[31:0]

dout[31:0]

| 4585 © [FIE1 O IR LA 1 O S o B BI AL URYZE — (B A MBI () -

APRMEAEE -

Imagination A&
hiiA2.0 — 20224E4 H

=] - RVipgat§g15 : BiEtEka
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% : £ E CHYER EEEE 2R AYEEEERE o mTDIER DL B R ALY (g%
[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards _Close-LW-AL/scriptLoad.tcl

a2 B B SRy 3L -

| 8 ¢ BB S S L -

AR S -

£% - TR—E&EGF o SfrflEifEadd t3, t3, t1f5SHE—EER T (£3) - ALl
AT B 0. telfg % - [RprgaPath]/Rprga/Labs/Lab1 5/DataHazards_Close-LW-
AL/scriptLoad_FirstOperand.tcl

FEEEOTESTHTE A HE - NI EEE S FasE R P -

Signals Waves
Time

clk

dec 10 pc d ext[31:0]

dec i@ instr d[31:0]

dec 11 instr d[31:8]

i@ inst el[31:0]

il inst el[31:8]

i@ inst e2[31:8]

il inst e2[31:0]

i@ inst e3[31:0]

i1 inst e3[31:8] E

i@ inst e4[31:0] PEEEERL3

il inst e4[31:0] opeEOEIZ

i8 inst wb[31:8]

il inst wb[31:0]

gpr i@ rsl d[31:8]

i@ rsl d[31:8]

i@ rsl el[31:0]

i@ rsl e2 final[31:6]

i@ rsl e3 final[31:0]

a[31:0]

b[31:0]

a ff[31:0]

b ff[31:0]

out[31:0]

i@ result e4 final[31:0]

waddre[4:0]

wené

wde[31:0] PBROFFEC 0

Imagination A2t #] — RVfpga & 315 : &klE
Hi4<2.0 — 2022424 F
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| £E% © MiBRE N1 AIREEIF Hnopiis 206 (3 F RS HB AUSIPC -

Signals Waves
Time

clk=

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

dec i® instr d[31:0]=

dec il instr d[31:0]=

MEEIAN BT T2IUE - BIEREZMRES - (AL : IPC=18/9=2

psp! il ceCounterSet( STR_COMMITTED ALLy

cyc_beg = pspPerformanceCounterGet (
instr_beg = pspPerformanceCounte

Test Assembly();

\d = p}thITLIMdﬂ(t unte
Counte

cyc end-
sd", in

TERMINAL

: platformio device monitor <

debug, default, direct, hexlify, log2fil

by Ctrl4H ---

- IPC = 5898 /2951 = 1.998

£%  EHER I AT AYEEEIALU > 363 @ VerilatorBE e R 0778975 2o ARl 11 5 59
#Hiffl o

Signals Waves

clk=

dec 18 pc d ext[31:0]=
dec i@ instr d[31:0]=
dec i1 instr d[31:8]=

fF£1w (0x0002a303) 1% - tHEHaddiF< (0x006e0e33) HifE—LLildHH - 1L FE Z 61
FELEIR

Imagination K25 1% — RVfpga 15 © Rl Ek
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 8
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print

print

TERMINAL

> Executing task: platformio device monitor <

ze, debug, default, direct, hexlify, log2fil

d by Ctrl+H ---

Z1w-addB R ks [REAVEE 2 > IPCIREARIPCAHZTR A « IPC = 5898 / 3934 = 1.499

£ - EE1NEGT > Fadd t6,t6, -1f591Fadd t3,t3, t1IFLSZIR » AREHR
A DU ERYEES -

AIDAEH LA M B AR
[RVfpgaPath]/RVfpga/Labs/RVfpgalabsSolutions/Programs_Solutions/Lab15/DataHazards_
SameCycle-LW-AL

add t3,t3, tLIECHEAES *EF%% WIS E A AP TRT - AESTEEN | > addfs
LYERBIALU BT - 5518 - R nl DU H A B E R A E ST - NI S
LN EERAEAE -

10 rsl bypass_data e3[31:C ({32{e3d.iBrs1bype3[3 1l result ed
(132{e3d.10rslbype3[:Z 10 result ed

1 ] il result_wb

10_result_wb

10 rs2 bypass_data_e3[31:C [{32{e3 yped[3 il result ed
({32 , 10 result ed

1l result wb

10 result wb

il rsl_bypass _data e3[31:C ({32{e3d.ilrs1lbype3[6] 10 _result
({32{e3d.ilrslbype3[5 exu_mul_result
3d.1ilrslbyp lsu_result_dc
3d. 1 3 il result
) i@ result
3d.ilrslbype3[1 il result wb_eff|
e3d.ilrslbype3[0] i8 result wb_effl

i1 rs2 bypass data ej[31:¢ ({32{e3 ,11rc¢b¢pe [ | i@ result_e3[31:E
({32 ype3 exu mul result
lsu result dc
il result ed eff[
if result e4 effl
il result wb eff[
i8 result wb eff[31:08]):

Imagination K E251+#] — RVfpga #5315 © &kl E &
hiiA2.0 — 20224E4 H

© Copyright Imagination Technologies 9
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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] =

=
=l BEREEA1I
=|
=|

wenl=l
wd1[31:0] =
WIS HFRNoptE < » HEfTIERRIG AL 80T - Al -
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[31:08]=

il inst el[31:8]=

i@ inst e2[31:8]=

il inst e2[31:0]=

i@ inst e3[31:8]=

il inst e3[31:8]=

i@ inst e4[31:0]=

il inst_e4[31:0]=

i@ inst wb[31:8]=

il inst wb[31:0]=

il result e4 eff[31:08]=
i8 result e4 eff[31:0]=
il result wb eff[31:0]=
18 result wb eff[31:8]=

Imagination K254 — RVipga #1515 : &k Bl
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 10



Imagination
university programme

Test_Assembly.S x

REPEAT:
heq , Zero,
tl, (te)

IthIUCtlJHJ = 589863

A EEAMHEIALURY R A - J2HE 1 > IPCEZHAEIPC @ IPC = 5898 / 2951 = 1.998

W

1. &Y

1) EBHIE e ddfs S ERAERAVEY MR- E 5 < - BUCR3E D T EAAVRES - fl40 -
TU\H—J“EPE/JL.H%Z%U\_F"E‘W% HepE & —R¥HIANDIES (and t3, t4,
t3) - WEBAHIEIESadd t5, t5, Ox1HEABSIAFIHIFRE -

REPEAT :

beq t6, zero, OUT
INSERT NOPS_9
1w tl1, (t0)

add te6, t6, -1
add t3, t3, tl
add t5, t5, 0x1
and t3, t4, t3
INSERT NOPS_ 8
1i tl1, 0xO

1i t3, 0Ox1

add t4, t4, 0x1
j REPEAT

OUT:

g3t Verilatort Bl =i AN ] B VA-LIS S e BR B B b © AR MHERFT A nopfis <731
e s T EE e R HIEER -

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
Hi4<2.0 — 2022424 F
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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

M addfland 5 FEHBIALUE BT REE R © 55EE > andf5 RIS (8 A ER T
EX3PEEL 55 -

pspPerformanceCounterSet
pspPerformanceCounterSet (L

ps

TERMINAL

Executing task: platformio device monitor <

- Available filters and transformations: colo d efa 5 rect, hexlify, log2fil
/1 io-monitor-filters

-- : e B § N, 1 ---

- Quit: Ctrl+4C | Menu: Ctrl+4T | Help: Ctrl4T followed by Ctrl+H ---
('.ﬂcl»-> 327910
Instructions = 655398

IPC = 6553 /3279 = 1.998
AT THYFES © 655398 /65535 = 10

Imagination KE251#] — RVipga g ii15 © ikl E R
fiA%2.0 — 20224F4 H

© Copyright Imagination Technologies 12



Signals

Time

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

a ff el[31:0]=

b _ff_el[31:0]=

load mul rsl bypass el=l
load mul rs2 bypass el=

imagination
university programme

FRFEREYEEE © 327910/ 65535 =5

FHA S RIEBIALURYIRIA » fEZ AR\ &R T EHIPC -

2) syArEsE2. CER Ay AT iF S ERIIE N © muliE SRR RISRVAGE RV addfs < - 1EE 11
gt - AR LwERERE AT FSEt 1Al -

APRMEAEE -

3) ST Lwis S 14 EREE A HE E AR Inu 15 2SN - fEE1 AT > R
Bladdfs B BmuliES -

AIDAEH LA M B HEAVRER
[RVfpgaPath]/RVfpga/Labs/RVfpgalabsSolutions/Programs_Solutions/Lab15/DataHazards_
Close-LW-MUL

FEEIALUSE AR TMUFE S - ks (Fi4Hexu_mul_ctl) AEIE(E T —(EHAVSFREER T - H
FARF A G A (E R FIM AP EL -

(load mul rsl bypass el) lsu_result dec3[31:0]
]

(load_mul_rs2_bypass_el) lsu_result_dc3[31:0

a ff el[31:0];
b_ff el[31:0];

B N EERAWAMEME - HAEMEERRESL -

clk=

a_el[31:0]=
b el[31:8]=

B (EERTIERAGTREIESF RS © B2 > BHERITERIIRN - A EERE -

4) (LT #FEE[HePa]f4t274.18 ~ 4.19 ~ 4.20%14.26 - )
BEAEA R &R E frrySweRV EH1GH EShiA BT T LA TRE=0S (B » F2=(a%athi &
R BENTEFE Anopts S 2K E R E ) - M ES g nopts < LA IERESATT -
addi x11, x12, 5
add x13, x11, x12

Imagination K23+ — RVfpga #8515 + &k R
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 13
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addi x14, x11, 15
add x15, x13, x12

PR E 2V = (EHGESEAEE R BT - Btk R BN FEIAYRAWE R
Eba - RAWESRHH A PRI i A S SR AP BN (L FHSE IR T —Reg Ok -

HNEHERFY - BRI A E A E R HAISweRY EH1RHZS IFRENTT - 5
B R dE A 2/ Dgnop ? 215 F A FH SweRV EH1HR 2 {(iLAy## 2% i A f& Anop - FEECPI

% ?

ATE S -

5) FEEE1452.CE YRR (A
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction_ExtMemory) & - #f5<add x1,
x1, 1&#afsadd x28, x1, 1 - EBERHEBRIEIaddts<MIEE FEIHEAVIEE $HEA
(1w x28, (x29)) ZH5IAWAWEs - FHEEETTSweRV ER1 4 {o[ gz
b > A AR EE A G Stwen2iVE - EIREIEHIE T (BiHdec) FaufEt
HIEERSE -

FUAREZUHIREE T IR MEE R 14 o ARIAE: - B FEsE R T3 E R AR
fE (2ffRaddfF SR FRIEEHLoadfE <) -

Signals
Time 68480 ps
clk
dec_i® pc d ext[31:8]
dec_i@_instr_d[31:0]
dec_il instr d[31:0] E] FFFFOF:
lsu_rsl_d[31:0] 2B 04
1su_offset d[11:0]
rs1 dc1[31:0]
offset dc1[11:8]
full_addr_dcl[31:0]
lsu axi arvalid
1su_axi_araddr[31:0] [
lsu_axi_rvalid
1su axi rdata[63:0] c1g1€BADCABE A11AB1EBADCABIE
dec_nonblock_load_waddr([4:0] @
dec_nonblock load wen
1su_nonblock load_data[31:0]
waddre[4:8]
weng
wde[31:8]
waddrl[4:0]
wenl
wd1[31:0]
waddr2[4:0]
wen2
wd2[31:8]

AN FoRHETRER S (FfE<add x1, x1, 1EHARIESCadd x28, x1, 1) - A[DUEH
FIREANHF FAVR I — RIS B T F—(HEFes - NELEA THEARE ARIE (wen23Haft
KBAEE LSBT ) o BHE T EREWAWER SR -

Imagination K254 — RVipga #1515 : &k Bl
Hi4<2.0 — 2022424 F
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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) EE14F2.CEraiE=t (L
[RprgaPath]/Rprga/Labs/Lab14/LW Instruction_ExtMemory) & > #f5<add x1,
x1, 1E#fyadd x1, x28, BT ﬂ“EﬁUﬁE’Jaddiﬁ A B RS EE HER A
(1w x28, (x29)) ZF'E%'I/\RAWEEEE o ZETEEE T HTSWeRV EH1 HR Aol g it B e

Signals
Time

clk=
dec_i@ pc_d ext[31:8] =
dec_i@_instr_d[31:0]=
dec_il instr_d[31:0]=
lsu_rsl d[31:8]=
lsu_offset d[11:8]=
rs1 dcl[31:0] =
offset dc1[11:0] =
full_addr_dci[31:0]=
lsu_axi_arvalid=
lsu_axi_araddr[31:0] =
lsu_axi_rvalid=
lsu_axi rdata[63:0] =
dec_nonblock load waddr[4:0]=
dec_nonblock load wen=i
1su_nonblock load data[31:0]=
i@_depend_load el d=
i@_depend_load e2 d=
il depend load el d=
il depend load e2 d=
waddro[4:0] =
wene =
wdB[31:8] =
waddrl[4:0] =
venl=
wdl[31:0] =
waddr2[4:0] =
wen2 =
wd2[31:8] =

EHIEIRAWE [ - B4R = 01% \QEEEEEPE OB AT o

7) &% > EEE145E2.CHravER (A
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction ExtMemory) > 55 add x1,
x1, 1EHaladd x1, %28, 1 Ei5Sadd x7, x7, 1&#aifadd x28, x7, 1o

EFFEHRAWAIWAWE g - A IS 1TSweRV EH1 R 4] pa B iE Ryt E b -

Imagination A2t #] — RVfpga & 315 : &klE
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ATEftEE -

8) fEF-HNARX

ERRIEE ERHENER  KVLAEAFR TN AEAERRE T ETI - &
LU BB 1R YA AF B EI AL R - o] BUERZO IR ERHE G B EIEA - SEFR R AL
DDR/MIBECIERS > #E M Ei& R EIAITIRE -

H{FEEE A S ELSUT » BEIGRZ f S EFHIsu_bus_intfillsu_bus_buffer
o WREASE TETIRE

[RVfpgaPath]/RVfpga/Labs/Lab15/Sw-Lw-Forwarding & #yPlatformIO 2 Z& F > &5t BH 5 (7 -
NEEE o IEERIIR IR AL o5 St » 0] DUE B 2R i E B E B — AL R B 4 e
B THEE o

Verilatori&# :

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[31:0] = BeBO2ZADE T 5AeE2ADC
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
waddro[4:0] = [

wend =
wde[31:0]=
t3=

TR -

- HEE2EA  EREZRAUEREST > SlBEfull addr dcl = 0x00002AD8 - 34 S feE i
LR Ry AL AT AL AR E] -

- HEH9 : FFEBAXIER IR AT ADDRIMITECIRAS -

Imagination K254 — RVipga #1515 : &k Bl
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lsu axi awvalid =1
lsu axi awaddr = 0x00002AD8
lsu axi wvalid =1

lsu_axi_ wdata = 0x000000000000001D

O O O O

- FEHA9 ~ 10R111 ¢ F B ST B 1 B B RN A R R AN R AR o SEEL
KA gEH A FDDREUER (2 RAXIERPEVEREAENTE © 1su_axi arvalid =
lsu axi rvalid=1)

o waddr0 =0x1C (F[lE#[{£E85x28 = t3)
o wen0=1

o wd0 = 0x0000001D

o t3=0x0000001D

L B AT THE K ©

TR - AR - VR ERERAE - Isu_bus_intffllsu_bus_buffer -

1) FMEER130YEAE oA T 4 DDRAMIS C IS B A BUFEL - R 130V E 160
BH T FEFECHE R AISweRY EH14E5HE

DC1 STAGE Del:jw due to DC3 STAGE COMMIT STAGE
accessing External o
Memory Pipeline Plp.ellne
il Registers Registers
Pipeline g = for
Registers for o, Control
for Control ] Signals =
; 2 4d.i0 d
Control Signals o -, oy onaan
Signals 8| T,SI e4d.i0load
2 5
end_addr_dc1 [31:0] = > 8
full_end_addr_dc1 [31:0] gl 3 o1 = o
T LOGIC s 3
External Memory 3 MUX e 9
su_adrdo1 [31.0] = accessed through AXI %I | % i0_result_e4_final [31:0]
full_addr_dc1 [31:0] Bus o @I _
(ISU_bUS_intf) 5 Isu_resul e ;
gl t_corr_dc 3
2 Isu_result_corr_dc3 [31:0] 4ff 8
:_I
]
=I
Lite DRAM 2
Controller 3
addr_external_dc1 i addr_external_dc3

ERHEER gt bus read data de3ffgft -

2) 4rficktbus_read data de3fU{EEILIZKEH DDRECEAS St #80E - Fyltt - 5540
Isu_bus_intff & —(F2:12%85R - AN DDRECEASEITIE

Imagination A2 &1 — RVfpga & k15 © DRIE kM
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(1d bus data dc3) HI55#E{HE (1d fwddata dc3) ZfHEHETTEERE -

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

BT+ RIS BB A ) LI

DC1 STAGE Dela‘\y due to DC3 STAGE COMMIT STAGE
accessing External -
Memory Pipeline F\Zgiesliz:}s
Pipeline Regflsters s for
Registers or o, Control
for g-ontrloI E Signals g e4d.i0secondary
Control Ignals ! o e4d.iov
Signals I 3 3, e4d.i0load
I s =
end_addr_dc1 [31:0] = 1d_full_hit_dc3 < 4%
— — o1 ull_hit_dc: — =
full_end_addr_dc1 [31:0] External -7 2 !; z 2
Memory \L‘ el 2 5 2
S — | [5¢] —_ o
o
accessed 1d_bus_data_de3(31:0] |, , S 3 31| io_result_e4_final [31:0]
Isu_addr_dc1 [31:0] = through AXI MUX & E MUX——M——
full_addr_dc1 [31:0] Bus 1d_fwddata_dc3[31:0] Bl e
. | ® S g
(Isu_bus_intf) g Isu_resul 5
- - 2 t_corr_dc] =
a Isu_result_corr_dc3 [31:0] 4ff 8I
i
o
Lite DRAM 8
Controller 2
addr_external_dc1 i addr_external_dc3 B

3) ANFRAEZ AIHIIEEE TR L 2 1 BRI A A2 R

Rl

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]=

t3=

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]=

A LUE FFR Btaask ARV ERHEREF5 RS -

Imagination K23+ — RVfpga #8515 + &k R
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4) HILLE—%SrTiEAH Isu_bus_intffllsu_bus_buffert s Bk

(1d _full hit de3) fI55E{E (1d fwddata dc3) -

FiTERA

[ 5% : £ CavmEiS L EEE15aEua - |

RS RERISHY E 3L -

| £E%% © EL#z Eil55ESweRY EH1AIDDCARV Al i 4R iR es b s 77 = «

AERMEAEE -

B © SR rettbERE 16/ 5 130VE6 » BRI EER13HVE6 T 1wis <8 A e fEZEn
{8 (§9flsu 1d data corr dc3[31:0]) El[E16 1wi# LHE (FH5E
lsu 1d data dc3[31:0]) A[E - W{E(EAVEFITER I EFLHIsu_eccrHYECCHE
T > MEESH © SHAMTELwE A E AR Bt fe T A E -

YRR A GEHETE R PSSR - AIESHRHE (LIRS - It - BMASS ST A RERES
(H o — S5 SRR IRV (E ) S8 HRE - AP ER -

% : EE14ESF - fFR 1wz Fifladd Z BHYFTANopts < « NEMIERFIRAERITE S22
[R5 Enop - sy frfeiEE - AR EBAER RN TR > FRGEST BEsst BIPC (FENE
IPCE; fREnopf5 S P AE S - NAEFEEMAES @ A8 BEXASHERAN - 5
M — BRIt g ) -

APRMEAEE -
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