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1. &

FEAFERT - RFIHEEER SR - 41HennessyfIPatterson{eH (EEkHE £ 451 - E(LT
FeJ77%) [HePal—FHYF6R T ATAL « & B 4RE F BTl B F HUEF 2 E IR A TR E 4R
Fa R g5 EIEFP TR S HIIERAERE - B R S o REds S HERR =P AL S Z il
HMFRHE SR Fasx - i A rl s 4 =R any &kt 5 -

- 53 (Read After Write » RAW) ZOREIRE * i ik FUIBIUAT S - B4 %00l
WITFERX 0 IS SIET AR S ERAWEIR « B - f52 7 g RAXE -

- F&H (Write After Read » WAR) BBl : E155/5 Ax ~ 15 REHIX ELI55)IH
Fraf R i Z Bs A4205 - K3 EWARE [ - INIE - 15 SRR (E - BT
PAEREEIR O 58 4 (FESweRV EH1HRR/DEE4E ) Hfaskei - SweRV EH1
TERFEBWARE R -

-  E#E (Write After Write - WAW) ERIEk : & FHEIESIHFEETE S8 Ax
iR AXEE - B EWAWEE - S8 E RS SIHPIF 4 ({£SweRV
EH1R{R/DEEE)  HIZ - FEIEFHZESE AMIE R T > tATRE &8s EWAWE i - BeAMiks
ARG T AT -

FELLTE - IR SweRV EH1 B &5 T A Al iR RAWERL B I - WM& /M 4HEEIRAW
BRIV EBNIGRE - EREE —(ERE T EWAWE R E -

FfE : £ HTSweRV EHVE R} B e 2 fi - HF1iEREIEDDCARV Y557 56 - B4l
R E SRR B e AP E s - BRI E R ERS(ESET 5.8 T T - FHEAFTHERAVESR
Fa IR esEbSweRV EH1EE - (H Fgtd pa BE o - b &kt B by 7 7288 0L -

2. {EfRTSIE R R IR R B R

4DDCARVHYZE7.5. 361 fT4l » o] DUE MR 45 SRIE IR I E GRS Be I THUIE S i (s R
%) E RIS RIS B TV AHRATE S SR — LeRAWE KL B - EFRZEEIIAERE T (ALU -
Feitas ~ sTREDC AR MEHIINARS S ) AIEETE 2 EsRHRE - DR astE 2 iR ST E ELisE
FEHAERDT -

[ 1 {5 I S5 RS (B A (e 1 B B 1 VY IEIA o TR Ay AR RIS S B o B KR R Ry {18 T B Y g (2l
FotthHyE—(EEA TR (AlEx%) -

- RO :
o =H—{EEm AZEEIT 10 rsl bypass data d[31:0]
o ZH_{HEm AEEIT 1 10 rs2 bypass data d[31:0]
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——{raddr0 [4:0]  rdO [31:0]—
—— raddr1 [4:0] rd1 [31:0]—
—— raddr2 [4:0]  rd2 [31:0]—

— raddr3 [4:0] rd3 [31:0]— i0_rs1_bypass_data_d

From
subsequent
stages

Imagination
university programme
- R

o F—(EEm AEE T 11 rsl bypass data d[31:0]
o =B (@ AMEEIT 11 rs2 bypass data d[31:0]

EVUEE A ACE]3:1R14:1 ZREBARE - S RI(E 2 BB RA T E B (E I TIRELE ﬁﬁ%@ﬂﬁiﬁ“/@%ﬁ
TC o R B IERE R o B P EYERSE I iR - SRR AR ERINER T mE AR S
AHIEER - ATTNAR -

DECODE STAGE EX1/DC1/M1

i0_rs1_bypass_data_d

i0_rs2_bypass_data_d

i1_rs1_bypass_data_d

Register File

i0_rs2_bypass_data_d
(dec_gpr_ctl)

i1_rs2_bypass_data_d

i0_rs2_bypass_data_d

i0_rs1_bypass_data_d[31:0] — i1_rs2_bypass_data_d

i0_rs2_bypass_data_d[31:0] — i0_rs1_bypass_data_d

i1_rs1_bypass_data_d
i1_rs1_bypass_data_d[31:0] —

>
>

i1_rs2_bypass_data_d[31:0] —
i1_rs1_bypass_data_d

Forwar_dmg i1_rs2_bypass_data_d
Logic
i0_rs1_bypass_data_d &\ dividend
ividen
MUX
i1_rs1_bypass_data_d 42
{ — . e
Divider
rd1
i0_rs2_bypass_data_d — divisor
MUX
i1_rs2_bypass_data_d rd3
L

[E1. THREBELTTHSS RRER A

SweRV EH1HH &5 P ER T SRR L o FEAER o - BfPTics S RAREE R e B A A4
TIT o RRAEEB M GRE P iaE HMEN - TR AT GRAHBEA-LTE < [FIRF T TR AR
ﬁDﬂﬁ@B%RAWgﬂaﬁzz o IEAEEER12R113 0 —f% » IR RENTE (52.AH57) B
4 > PRRFETTHERE AT (S52.BEFSy) o A DUBER(ESERRANE 7y - B ERSe M (R 7 -
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BAPTRHE F 28 Ry saf] - BB TE EOXFFFFICA VAR B 2RI ffRaddff < - 5
—fRaddfF o —EER At4 > S Raddf5 A t 40 RESE E AERIT - IS fkadd
B Z MR A—REIIaddf5< (add te6, te6, -1 FIRNEHEBZRSIHIES) DssdiiE
6 2 A < {5 FH R BE a3 AU AR [ A e -

.globl Test Assembly

.text
Test Assembly:

1i t3, 0x3
1i t4, 0x2
1i t5, 0x1
1i t6, OxFFFF

REPEAT:

INSERT NOPS 8
add [E4] t4, t5 #t4 = td + t5 (t4d =2 + 1)
add t6, & -1

add t3, t3*|t4] # £t3 = t3 + t4 (€3 = 3 + 3)
INSERT NOPS 9

1i t3, 0x3

1i t4, Ox2

1i t5, Ox1
bne t6, zero, REPEAT # Repeat the loop

.end

[E2. Wiffkaddfs <~ MEYRAWERE &

BRI [RVIpgaPath]/RVfoga/Labs/Lab15/DataHazards AL-ALiE{EPlatformIOEZE » DU{FEH]
DIARIEFEZE AT ~ BB LAESC - fEPlatformIOfFHEL ~ 4maFH 2 » ARRBU AHEEIEZE

(firi~*[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards_AL-
AL/.pio/build/swervolf_nexys/firmware.disth) - Rl &8I0 Fr M AV A (Gkaddfg <ALz
0x000001AO0%10x000001A8)% -

0x000001a0: Olee8eb3 add t4,t4,t5
0x000001a4: f£f££8£93 addi t6,t6,-1
0x000001a8: 0ldeOe33 add t3,t3,t4

A.  A-LIESZHRAWER BigHIEA 4T

M AEEEF T - 55 " ffaddifF< (add t3,t3,t4) FEEHE —FRaddiF< (add
td,t4,t5) AYEERIE RS (Eim AERIT - LEERAEEXTIE AR - v AR IEPE B i 2
fEISIE L > R —ffRadafF S RER - MRS (E2) § - FrASREEMEEN - t45d]
Fo2 > FEIERF3 - &&EMEE (3) 25 (AL /EH ERSE —(EHn A ERThE
A SRS FasfE AN E (EE—fRaddfF SRR M EIE T ER Z AT R/2) -

B 3T o i 24 51 o A R (7 — 2O AU i@ SweRY EHTERAVIE SR « {EEHId - 15
10°E Y EX FS Bzt R R B AL B e i i ES ORI ER TR < - IR FT A R ffkaddfs
&> FEAERAWE KL B -
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| |
} Cyclei-1 | Cyclei | Cyclei+l | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cyclei+6
| | | | | | |
| | | | | | |
| | | | | | |
l 1 | l 1 l l
add t4,t4,t5 (OleeSeb3) | DECO | [EX1|y) EX2 | EX3 | COMMIT | WB |
| |
| | | | | | |
add t6,t6,-1 (££££8£93) | DECO | EX1 || EX2 | EX3 | COMMIT | WB |
| | | | | | |
| | | | | | |
add t3,t3,t4 (01de0e33) | ALGN | | EX1 | EX2 | EX3 | COMMIT ! WB
| | | | | | |
| | | | | | |
nop (00000013) | ALGN | DECO | EX1 | EX2 | EX3 | COMMIT | WB
| | | | | | |
| |
nop (00000013) | FC2 | ALGN i DECO i EX1 i EX2 | EX3 | COMMIT
| |
| | | | | | |
nop (00000013) | Fc2 | ALGN | DECO | EX1 | EX2 | EX3 | comMIT
| | | | | | |
| | | | | | |
nop (00000013) | FCl | FC2 | ALGN | DECO | EX1 | EX2 | EX3
| | | | | | |
| | | | | | |
nop (00000013) | FCl | FC2 | ALGN | DECO | EX1 | EX2 | EX3
l 1 | l 1 l l
| | | | | | |

3. E2EEBIEATSHIENTT - EAAE T T -

&4 T By iE 3y E HAAARI SweRY EH1EEL O RIS FIEX 1S EL - 7EHMEIAS » S—(faddfs
2 (add T4t t5) FRINEX1FSEL » 5 (kaddf§% (add t3,t3, td) FRINFEIEIEE - 40
IﬁﬁT —Raddif CHIGE RIS EIRERSIE B - B EEE (MR T —osds
) BEE ,mfﬁﬁﬁffﬁ*—1l+add?§ AR (s AERDT -
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DECODE STAGE EX1 STAGE
add t3,t3 (0x01de0Oe33) addt4,t5 (0x01ee8eb3)
gpr_i0_rs1_d [31:0]
r0 [31:0] - aff
3 il
Register File out [31:0]
(dec_gpr_ctl) |
bff biff
(1 [31:0] gpr_i0_rs2_d[31:0] — i0_result_e1 [31:0]
2 . ALU
—IMux 3 (exu_alu_ctl)
3

i0_rs2_bypass_data_d[31:0]

Forwarding Logic | __

[E4. GRIEBELOMEX1FERIX BRI (BB EERT)
A% > [BISEUR T B 200 HIRE S AE B SHY A+ THAR HI R -

add t4,t4,t5
add t3,t3,t4

Signals Waves
Time ETENE
_ o clks
- _d;c__ilﬂ__instr_d[ﬂ:a] S 1 0EGES3
- i@ rs2 bypass data d[31:0]= :
i0 rs2 d[31:0]=
a[3l:8] =
b[31:0]=

ie inst e1[31:0

- a ff[31:0]=

5. [ 28EpIE = hH AL
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Imagination
university programme

% : £ H CHYER EEEES T AVEEEETE - 7L UM L B AL Y. g %
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards AL-Al/test Basic.tcl -

[FJHRF I S o BT AR (84 o ] -

- $5%add t4,t4,t5 (0x01ee8eb3) :
o fEHAEHAIF > HIESENIOEBENEXIEE (10 inst el =0x01ee8eb3) -
FEALUF SR IS ¢
a ff(2)+b £f (1)=out (3)
ARG RAT AR S ELAF Ryl A SR itaGidR s - WE4Pms -

- $5%add t3,t3,t4 (0x01de0e33) :

o {EHEHAIN » BLIS ORI ROV EAGIEE: (dec 10 _instr d=
0x01de0e33) - fE#ILEEEREIi0 result elBdi0 rsZ _bypass data di#
FE o FES: 2R 5RRE A N — (B CEEHi+1) EI0EENEX BT BHINA
B A GEE T - RS ¢

a=3 (RKEEFHREE)
b =3 (FKHEIOEHEEXIFEELHYALUE HY - &S iR AYER5E
i0 rs2 bypass data - d)

o) TLEHH‘IEF‘ HESERNOEEEXTFEE (10 inst el =0x01de0e33) -

EAEALUFETE LN INE ¢
a f£(3)+b ff (3)=out (6)

2% HHIJK%Z%EWUEPEI’\J}E}?’EHOME o BN AR Y R OB A - BB ST DIAVE - 24
1& 3175 1 HoEA Verilator R E 1T EL A Al iR L B2 5 IR > SRR AEAR B TRE (R
HIZBER H #E T HIPC -

£% © EE209EHIF > fERFTAnopiE < liffadd t6,t6, -1 Eadd t3,t3, t4fF
%Z?ﬁ MR E TR E R DU EAIRE S - RS ERAEIE Rt - MifRiER addis
4 (add t4,t4,t5fladd t3,t3,t4) (FE—EEAFZEEISE > SR MG - HiEE
HERIMR_E0 T AR S e s LA RO o

SRR a dafs < BrG Ry HAAARRETE SHRFRVIRIUEN - Bl -

= add t4,t4,t5
mul t3,t3,t4

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

= add t4,t4,t5
1w t3, 0(t4)
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B. A-LI5SZHERAWERERHVERS T
i EREREA

(65 1 —(E10:1 B REBARE (FEME6 - FEMERE) HHE1AE4 AV E T 7t - 1t
EEBARBAELENSE10_rs2 bypass_data d - HEERIRAEEI2HVEE] &5 " fkaddfE< (add
£3,t3, t4) FEHtS (HEn AEEIT o 101 SRR A T IR E(F - AE 1RE4
B -

B SRIEEREUR T H10:1 2% BE B RE Ay B A #RE - 55 BEAY(E n] 2K B 12 M8 A BE O B S 1 ST TRV HS
< o NIt > SR E AL (EEARR AL o BASHGR - 101 2 REGHRHHYE A 1] 2K B S 05 mES 16y
EfIRERSE: (EXT ~ EX2 ~ EX3 ~ $25CHIRE])) - REFER > ISR H @ 0Hy5(E
A > T2 B RS Y SEE AdZ AL -

WS HRER PR — (B 01 0: 1 2 B BR R R M = (EACRAERT ¢ Eat
i0 rsl bypass data d-~1il rsl bypass data dfllil rs2 bypass data d-°{H
& WA R T ErRE R > WRTEMIAREART 2 A vEe M (E2) - =
HR PO {iE 2 AR n] {E 4 dec_decode_ctliy552429-24731 Tk # -
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Decode EX1 EX2 EX3 Commit Writeback

-DI
E .
i i0_ap_e1[19:0] =
: Z
® o
gpr_i0_rs1_d 2 _ o
o f:lf a_ff e3d =) E
1} a 5 =
rdo [31:0] J out [31:0] T 3 _lﬁvM‘Mt_wb [31:0]
ALU _ &= = sultff
o ™ — 7]
b | (exu_alu < ® |0e:tff o
ctl : o 35 u — S)
gpr_i0_rs2_d -t Ioeft:si_,_% i0e3res 3 ki
rd1 131:0] i0_result_e1 [31:0] = u = ultff 5 &
dec_i0_immed_d[31:0] exu_i0_result_e1[31:0] o e 3
o o, =
- - ? 3
Register File %I o
(dec_gpr_ctl) g
|
=}

i1_result_wb

i1_result_e4_final —
101
MUX

i1_result_e3_final —
i0_rs2_bypass_data_d[31:0] |

i1_result_e1 ———— \

\
\
\
\
\
| i1_result_e2
\
\
\
\
\
\
\

6. Fu = ALUSE — {8 ASRIRFT s X a0 E
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i0_rs2bypass[9:0]

i0_result_wb

i1_result_wb

i0_result_e4_final

i1_result_e4_final

i0_result_e3 _final

i1_result_e3 final

i0_result_e2

i1_result_e2

i0_result_e1

i1_result_e1

10-1
MUX

dec_i0_rs2_bypass_en_d a_ |

gpr_i0_rs2_d[31:0]

dec_i0_immed_d[31:0]

i0_rs2_d[31:0] b

i0_rs2_bypass_data_d[31:0]

i@ rs2 bypass data d[31

({32 1n _rs2bypa
32 vapa

) |=2bfpa

bff

bff

> out [31:0]

ALU (exu_alu_ctl)

11 result Pl[ 1

5
5
ds
dSs
ds
ds

LA LA LA A LA L LA A LA A

Ln Lﬂ w o

i@ rs2 d[31

(f4Hexu )

)

( i8_el ctl_en
( 1@ _predict newp d
( dec 10 alu decode d

flush final

( i@ rsl fipal d[31

( i@ rs2 d[31:0]

( dec i@ _pc_d|31:1]

( dec_1® br immed d[12:1]

p_el

i@ result el[31:8]

_ie flush _upper_el

i® flush _path_ e1[31:1]
predict p el

( i0 pred correct upper el

7. 6 5RARREHY10: 1713125 R R
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[ 7 Y6 [l O 1y WA {18 22 B Bl feE) (10:1F03:1 2k BRE ) AT TIHOK » B W EZ BRI BI0E &
ALURYEE (B A EET (b)) o [B7#UR T EfE4Hdec_decode_ctiflexu & {E 2 Wi E 21
B REAY SR E 1 VerilogfE =0HE -

FiFE * DDCARVAT M Bt 0 2 7 A 5 B - 2ok S R E P T
R 3 FLERARG SR+ DR LR i B FL S 4 - ] DLSHFDDCARV
{1YIET 550 LS -

BN AR M7 Ao WA E 22 S FRRE A E A ~ B A RTERGE -
10:1% 8RR -

Bith : 10:1ZREBARAYENH fy10_rs2 bypass_data d[31:0] - MERStESAEZE (55
B ) PRSI AR CHYE -

By A 2 101 ZEBERBHAYE A SRR E PR (EXT ~ EX2 ~ EX3 ~ fEEESE]) #iTHYE
AITESHIEER - Hp IEENSRREI0EE (AE6FrR) - Hat stk E 1 EE (E6rfk
BUR) - N RS RS ELAYTE < AT RE B R (S (£ — S TPt TR S S 1HRE

PEIERSR © FEHIEN9E (10_rs2bypass[9:0] ) BEFRBLZERGHEHHH L AEAVE A - TH10fL
TLAHRK » F—FHRZAE T hEEY (WFRLAERER > EMILIR0) - ZERFHR
A TAEALT

- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass
- Ifi0_rs2bypass

i0 _rs2 bypass _data d=1il result el
i0 _rs2 bypass data d=10_ result el
i0 rs2 bypass data d=1il result e2
i0 rs2 bypass data d=10 result e2
10 rs2 bypass_data d=1il result e3 final
10 rs2 bypass_data d=1i0 result e3 final
i0 rs2 bypass data d=1il result e4 final
i0 rs2 bypass data d=1i0 result e4 final
10 _rs2 bypass _data d=1il result wb

9
8
7
6
5
4
3
2
1
0 10 _rs2 bypass_data d=10_result wb

I
VIV v v bbby

(9]
(8]
(7]
(6]
(3]
(4]
(3]
(2]
(1]
(0]

FoBEAR L 107 TR RERIRAN a5 > ATKRRBIERSE10_rs2bypass [8 1 WYEHEERE - B
[ 26 B - Y add-add5FRE T 8 Ky s 88 P HYRREE -

- Y510 rs2bypass([8] /1 0 HIZEEEERYSFRS(E f5i0 result el HIIOEEBEX1[EEL
HITHESHAER (2 HIE6) -

- EEEXTREREIATIAREIEE GIFEI0EET ) » SRS LT R CARERZERERSE
HYEE » 552 H.SweRVref S V457 ) -
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o (RIS ELTS EI’J*PWI%J)\LET—E’M FEsfEEFREE - MA B EFas0hE
HY - 7£SweRV EH1EHIEE LH » Hdec 10 rs2 en dB1EE > BFHEITEMEEN -
FHIERYVerilogh2 HELI T -

dec i0 rs2 en d = 10 dp.rs2 & (iOr.rs2[4:0] != 5'd0);

o I0EEEX1FEEIESAR
eld.i0v ==

o |0EEEX1[EELF S-S0 B 7 a3 F MR OISR BEe S SR (e 7 esAH ] -
eld.i0rd[4:0] == i0r.rs2[4:0]

o |0EEEXEELATIE S RHALULE ﬂf

i0 rs2 class d.alu==

- EEF LAFTEER o TS DT S
i0_rs2bypass[8] =

(i0_dp.rs2 & (iOr.rs2[4:0] '= 5'd0)) &
eld.iOv &
(e1d.i0rd[4:0] == i0r.rs2[4:0]) &
i0_rs2 class d.alu ;

| % : Finimiey /A R BIDDCARY th & (R B B ) Bl Ay A SREE(TELES -

E% © hTVerilogf2 = - sREART— @A XA TETE - HHEMEERF 4Hdec_decode_ctl
HIDLTAT -

i@ rs2bypass[9:0] i0 rs2 depth d[3:E ] i@ rs2 class d.alu,
iB rs2 depth d[3:C 3 i@ rs
10 rsi depth dl3:G 13 18 rsl class d.alu,

i@ rs2 class d, i@ rs2 depth d[3:6]
? denend i1 el})
2 depend i el)
Z depend 11 el)

i@ rs2 depend i@ el - dec_iB rs2 en d & eld.ifv & (eld.i@rd[4:C

dec:iﬂ:rsz:en:d i:Il:dp. rs2 (ier.rs2

2% ¢ EH 10 rs2bypass([9:0] ~ i0 rslbypass[9:0] ~ il rs2bypass[9:0] Al
il rslbypass[9:0]BYHEMIZEHIALTTAIAF (B EAATEED) -
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Bl ¢ 31 B ERBHRHRYBIH A510_rs2 d[31:0] - MEERSREIXFEES O ALURYSS (& Hm A
(b) -

3:1 5E

B 31 ZRRBHEAN I AR -

- R FEAYE (gpr_10_rs2_d) -

- (RS TEEMIIEIE (dec 10 immed d) -

- e EHE10:1 ZERBAB IS AR HIPE ELRYS5EE{E (10_rs2_bypass_data_d) -
PERIERGR © 3:1 L RSBARAAIEMRIENSR (dec_10_rs2_bypass_en_d) #EE:

- {ﬁﬁlz EXxmy55 e {E (10 rs2 bypass data d) (dec 10 rs2 bypass en d
==10F)

- EEREEFaEERILAIEAYE (B Rgpr_10_rs2_dffldec_i0_immed d)
(dec_10_rs2_bypass_en_d == OBf) - [Fl—{E;HSREEERT A PTAEBHEARE
B B2 ASEERATENE (gpr_10_rs2 ddlidec 10 immed d) f£Verilogf2={i
R R0 -

1R FHRBEIEERENSE (dec 10 rs2 bypass en d) FHEEETEE10:12%E&5EREAY 1001 T
PEIER SR R B

assign dec i0 rs2 bypass en d = |i0 rs2bypass[9:0];

Rl - HEEH5- 058 —{Eim A B R T B TR e i fE S av4SE SRR (BIIERSE

10 rs2bypass[9: 0110z e HREVE[—fz7e /1) » Hildec 10 rs2 bypass en d==
HER TEBEIAEG - KA - R A BEAerifs SR - Al

dec 10 rs2 bypass en d==0HEETTRKEEFesfEZRIAN% -

i. EEg
[EI8FER T B 2A2 H i B AL TR — AR REGE IR » B3 AV BB~ AE B HITHED -

TEESHVERSR CEHENSR) TTEBIEHUEBEEGIIES - IR @ BERSTEE AN g E
i - g0 2 E R S| ([FEHEEH R # E%1 ’ R%Hﬂuﬂﬁf’é%mqﬂﬂ’ho*ﬁi%
i1) -

e Dec i0 instr d - fREEIBEERNES
e i0 inst el > EX1[EERAIES
e i0 inst e2 > EX2[EERAIHE<

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
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e i0 inst e3 > EX3[EEEATE<
e 10 inst_e4 > REAPEELIITE S
e i0 inst wb > BEFEERITES

BHERNGE N5 B LI HTHIEHE 2 BEBHRAHY EHERSE - S 2R PR gL AT FREEAR BT - M
s FRBAAIERIESE B AFE L ERALAR TR -

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
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add t4,t4,t5

Signals
Time
clk
dec_ i@ pc d ext[31:8] =)
dec i@ instr d[31:0]= [EZAN
2 il
dec il instr d[31:8] =] [SEdaiaE)
i0 inst e1[31:0]= 13
EX1 = - [ ]
il inst el[31:8] =
i6 inst e2[31:6]=
EX2 .
il inst e2[31:8] =
i@ inst e3[31:8]=
EX3 il inst e3[31:8] =
. i6 inst e4[31:6]=
=X il inst e4[31:0] =

WB

BiH, i@ rs2 bypass data d[31:0] =
P2l d?c_ﬁ]_gz_?}rp?s.s__en_dﬂ
3@%Agpr_1a_r52_d[3lﬂ]
dec 10 immed d[31:8]=

i@ rs2 bypass data d[31:0]

AN i@ rs2 d[31:8] =

= “mmmmmmm | al3l:0] =
| | b131:0] =

- T T = =TT T TBkLel =
B oo
out[31:8] =

- T T T T T T Naddrefa:e] =
wen@ =

- wda[31:8] =
dout[31:0] =

dout[31:0] =

imagination
university programme

add t3,t3,t4

35160 ps

00000813

fE 8. 22 R ER — AR EEER
BT R E 2R AL (AIEBFTER ) TR THARIHIARRERIEXPEES -

Imagination K23+ — RVfpga #8515 + &k R
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Cyclei
add t3't3 addt4,t5
gpr_i0_rs1_d [31:0]
af; aff
|2
r0 [31:0]
3 out [31:0]
b |_bff
. ) T
M1 [31:0] gpr_i0_rs2_d [31:0] '
ALU i0_result_e1 [31:0]
Register File  dec_i0_immed_d[31:0] | MUX (exu_alu_ctl)
(dec_gpr_ctl)

— 11041
MUX 3

i0_rs2_bypass_data_d[31:0]

[E19. E2@pIEE B CNESHTER) e THRRIAFIEREX1FEEL

£ - £ HCHVER EEEESHAYEENEIE - FTLAER LU T A BFE ARy (olfEZE -
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AlL/test Advanced.tcl -

[FJHRF Il 8 o RSB A R (8 O A ] -
- E8FTREVEHERSE |

o TEHEBAIN » F fFRaddt5 AL IEPS ORI IE LT (dec_10_instr_d=
0x01DEOE33) - %—ffaddis STEI0E EATEX I BSESE{T (10 inst el =
0x01EESEB3) -

o (EAEHHI+1H » F T fRaddf5SHEAIOEENEXIFEE (10 _inst el =
Ox01DEOE33) - FH—ffkaddfg<#E AIOEEMNEX2MEEE (10 inst e2 =
0x01EE8EB3) -

Imagination A2 &1 — RVfpga & k15 © DRIE kM
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- 10:1%EE5ERE - AEEERIT > EHSF10 rs2bypass([9:0] =0x100 (B[
i0_rs2bypass[8] =1) -~ KB EI0CEEEX R EME (2RE9) -
i0 rs2 bypass data d=i0 result el =0x00000003

- BNZERBARM ¢ MY > EiSkdec_i0_rs2_bypass_en_d =1 [HEHEBRE
PREEFRAVEAME (2RE9) ¢
i0 rs2 d=10 _rs2 bypass data d =0x00000003

- E8FTRHIEX1FEE:

o TEHEEAIY » F—Raddt5 S HEIOE BALUSRILZ
a ££(2) +b £f (1) =out (3) -

o A{EEMAH+TH > B Raddf5 Rt EIVEEALUTIYILE |
a ff (3)+b ff (3) =out (6) -

{7 © BIRE2 AR > SR TRttt 2 PRI EE R [RIA Y 0 T EL B 8 T A
GRS o T] DAAZS 108 888 B R 5 A Bl a d aF5 % 2 TR nop BB & Ak 12l PE A -

BESh > FiE S —(E A B RO TR A B R Y H A FE B -
] LUEN FiffRaddis SiE BNV E EEH TRYHAMES - EREHESTT /AR -

f% > ’ERaddiE S (add t3, t3 td) **?ﬁ%i.i.ﬁfﬂ%ﬁ_ﬁﬂﬁﬁﬁﬁﬁiﬁ%%% 53T
EREER - Pl > IPEE U TMES Z—2RAEE Zfraddis <

-1lw  t3, (t4) (Eﬁﬁ%'J%EHWEHEEDCCM B EE13FTL )

-mul t3, t3, t4

-div t3, t3, t4

3. HEREXIEREREAERENER

(i Sz %A%fILHHZ“ ERUSEERATAT—RIE S (RIZEBHRIF - f1401w » mulMldiv
15<%) MR > G EEEORIEN - AT AT IFTERTT Lwis < FIAHE
addfF Sy AR éﬁéﬂ’ﬂ%ﬁ”{%iﬂ  IPREE A S AE Y AT R (R ARE -

AEHIFTIL - 5 FHEAEEDCCMEE AN - 1w &7 % = (i35 (DC1 - DC2AIDC3R
BY) AREHUSHAER - ERAHSPEMISER - (EORFIEERISN A ST
(PR S DDR 2T RS 7 7 W AVAERE — S K32 A A ) B 0 S R

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
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A1 LS SRR adats & W = (Hek = (E L BT - DRI 28 s i S - 75
BT RERESS S TR 11 0:1F13:1 % B B FE EF G A FS & S A 2 S
WSS -

| BRISRA SR ARk L e b IR 280 Sy ik BB Lw-add RAWEERHE Rt - |

B - AEREASS SR THYIRFE] BAH R ad o5 S THYIRFEI IR - A2 IREA S 28 Sy Al A
FEIHT A AR E b - IRAERIRTREE » & addff CRIEZEXPEEL - Lwis SREEEyE A AT -

1EDDCARVFTILEYE SIER ST » I F @5 A (bubble) - iEBEMBNIE &%
U TR A DIRAGEFR © i TR 7R AT RS - (@R B0AE © (At > SweRV EH1
PR S BEBBE S - ARSI R FER (PR BT -

HASHGR > SweRV EHVERFFRHYFE A FE BOfT i — (B BHS VALY (HBIALU ) 032 » [
ALU(E A8 & iy A B T R A @ i - (NIt - AgREEmERLE - ERESY T
W EFESNIALY. (B8l ) DLURAZERIENSR AR - [E107548 | LB ALUTE RS OF2 AP FY
ETE (ALURBERERLE) DURAEEXIPE B RS0 — (il A BT A i (LA Fhal
ERE) - (EERI1WELT  HEFER /A EmREEIMIALUREZERR - )

EX3 Commit Writeback

| Secondary ALU
Secondary ALU Forwarding Logic i (exu_alu_ctl)

out [31:0]
i1_result_wb_eff [31:0]

a aff
i0_rs2_e3 [31:0] aff
?‘ b

= |2
2 |mMux
5 L
(50
[)
41 ——=— N |
i1_result_e4_eff [31:01 VX i0_result_e4 [31:0] 44 | 10_resuit_e4_final [31:0] || i0_result_wb [31:0]
i0_result_e3_final MuXx

i0_rs2_bypass_data

Isu_result_corr_dc4 [31:0]

i0_result_e4_eff [31:0] LOGIC
! Logic |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i0_result_wb_eff [31:0]

[E10. HEROTEAX FEEL HAVEHENALU

Imagination A2 &1 — RVfpga & k15 © DRIE kM
Hi4<2.0 — 2022424 F
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[ £E8 © (FB1 O i BB LA | O M AR BI AL URY 28— (B BT () - |

(& 1180 7 AER Sy o (o RV EE BT E(HS » EAERT —FR1wiE SR B EE BT T — (B8 HVaddis
< (add t6, te, -1:EtRAEBEZES]) > BARITIREE ANV addfE< - HiLaddfs
2 SR Lwis S HIAER addff S B MRS OB T - AL - BRI Sk P AR SUHYIE —1& BIAERY Lw il
addfE CIRAEERENT ¢ A - IEAERMTMIEIFTER - ARV EREy N2 R E 2T FE
ERZER - # MGR EALRII -

.globl Test Assembly
.section .midccm
#.data

A: .space 4

.text

Test Assembly:

la t0, A # t0 = addr (A)
1i tl, Ox1 # tl =1

sw tl, (t0) # A[0] =1

1i tl1, 0xO0

1i t3, Ox1

1i t6, OxFFFF

REPEAT:
beg t6, zero, OUT # Stay in the loop?
INSERT NOPS 9
1w [t1l} (t0)
add teyNgo6, -1
add t3, t # £t3 = t3 + tl
INSERT NOPS 8
1i t1, 0xO0
1i t3, Ox1
add t4, t4, O0x1
add t5, t5, Ox1
j REPEAT
OUT:

.end

E11. $ITIwiE< ~ HiLaddisSTIMHRaddfs SHIFER

Wy BRI [RVIpgaPathl/RVipga/Labs/Lab15/DataHazards Close-LW-AL#E{PlatformlO
B DMERDMRIB R T ~ BEEFIESUES - EPlatformIOBHEL ~ 4ReF % » NMRFIRK
aHEEREZE (fiLy[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards Close-LW-
AL/.pio/build/swervolf_nexys/firmware.dis) - %5+ = » 1lwfladdig< AL 1rik0x000001bcHl
0x000001c4jE -

0x000001bc: 0002a303 1w tl,0(t0)
0x000001cO0: ££££8£93 addi t6,t6,-1
0x000001c4: 006e0e33 add t3,t3,tl1

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
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& 12580 1 E 11 AR P R H R R — IR ARSI - Fik
F— )\LﬁZ%E’JEﬁiﬁf’?ﬁTxﬁ’

s CEHENSE) mIEBhEHE

1w t1,0(t0)

S E 11 HR ALY
Signals
Time
cl
dec_ 1EJ pc d ext[31:0

1EJ r52 bypass data e3[31 ]

1=

dec 1EJ Ts2 bypass En e

i0 result e4 f1nal[31:EJ

wdﬂ[31 ]

[El12. E11E2

[ 13% 7 11 12 AR Y R t‘ﬁ(LﬁTluﬁﬁ‘rEﬁLﬁﬂl (addff
%F@ﬁ’? RP&EEE) FM#EM+1 (addfs<

B hEyERTTIE -

Imagination K23+ — RVfpga #8515 + &k R
Hi4<2.0 — 2022424 F
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®

FF S RECRa S > Br T

FERRIEMEEN - SR AT HVEET 1 - THERAVE

%Eﬁ‘éé\ }EMEﬂsﬁTﬁ?%4 1A02:1 25 ERBHRBRAY 12 EHEE L

add t3,t3,tl

Wates

L [¥7) [¥%) (1]

L

(1] [¥%) (1]

ddddddddddddddddddd

BRBOFFEC 0

FERYEE =ZA RIS R

SENEX3PEEL > 1wl
RN TERS (BIEX4 ) P& Bl &9 51 5 8 & g Ay 2

20



Cyclei

i0_rs2_e3[31:0]

EX3 STAGE

Imagination
university programme

COMMIT STAGE

add t3,t3

MUX
4-1

MUX

241

Iw(tO)

ALU (exu_alu_ctl)
aff

out [31:0]
bff

i0_result_e4 [31:0] | 3-1 |i0_result_e4_final [31:0]

i0_result_e3 final [31:0]

MU

Isu_result_corr_dc4 [31:0]

1

i0_result_e4_eff [31:0] LOGIC

Cycle i+l
|: aff
aff
1
out [31:0]
|:bff bff
1
ALU

(exu_alu_ctl)

EX4 STAGE
add t3,t3,t1
i0_result_e4 final [31:0]
MUX 2

i0_result_e4 [31:0]

13 1172 = R S A 1 28 B A i+ 1P BB T

Imagination A 223+ — RVfpga##15 - &kl gk
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£% : £ H CHYER EEEEN 2T AYEEEERE o BT LAE A DA NM B AR g
[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards Close-LW-AL/scriptLoad.tcl

B e L R

(IR 53 Afr B 1 2 IR 2 LR (81 3 P Yy -

B 1 2F T REYERERER
o AEMEHEAIT > addfs S ERSONIEX3MEES (10 inst e3 = OXO0BEOE33)
Lwfs S RO HATHEAC MBS (10_inst_e4 = 0x0002A303) -

o fEHEHA+1H > addf5 SRR EESONYFERFEEE (10 inst e4 = 0X006EOE33) -

41 BRGRARE - FEEMIT - BRI AT S (TEAEI TR EACIEE: ) SEHEIE
i0 rs2 bypass data e3=1i0 result e4 eff =0x00000001

2-1ZRRBARE ¢ EEMIT > HREANIINE Z FRIRHRIME - BT RR{E
(dec 10 rs2 bypass en e3=1) o At
i0 rs2 e3 final =10 rs2 bypass data e3 = 0x00000001

TEPEEEALU : frEfR+ 19 > (i IEMEREESETEIE -

out =a ff+Db ff=0x00000001 + 0x00000001 = 0x00000002
A% > TESZEREERH T BEEALURH, (exu 10 result ed) - FEHEE » WHEAR
TEAERERAM: > HIPEEIERNSR10 result edHiy(H -

£% © ERI—EFEFIF - e ifFadd t3, t3, tliFSWE—EESIT (£3) - kL
(DL T i B HE ALY tolfE 22 © [RViogaPath)/RVfoga/Labs/Lab15/DataHazards_Close-LW-
ALl/scriptLoad_FirstOperand.tcl

[ 4585 : WIRIEN1 10 HInopTs < X 58 AT e RS IR I EHIPC - |

£% = HEE AT EEEIALU - & @ Verilator eI _E S THY T =0 AT E 11§ 6y
P -

5 : EEIIEFIE > Hadd te,t6, 13598 Fadd t3,t3, 1522 » REETH
A DA AR EAVEES -

Imagination AE251#] — RVpgatik#i15 © ¥l Ela
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1) EBHIE e ddfs S ERARRAVEY N RT- B 5 < - BUCR3E D P EEAAVRES - fl40 -
AT LU 11 R A Ry DA AR SES - & —R#HIANDIE < (and t3, t4,
t3) - WEBAHIEIESadd t5, t5, Ox1HEABSIAFIHIFRE -

4. &E

REPEAT :

beq t6, zero, OUT
INSERT NOPS 9
1w tl, (t0)

add t6, to6, -1
add t3, t3, tl
add t5, t5, Ox1
and t3, t4, t3
INSERT NOPS_ 8
1i t1, 0x0

1i t3, 0x1

add t4, t4, 0x1
j REPEAT

OUT:

Syt Verilatort& el s B A0 o] R VA-LIE S BRE Bk Bk o MR MIERFTA nopts < Ik 731
TSR R TR VAR -

2) SyNTEREE3IE Ay ATt A ERYE Y | mulfS SRR RIAAE R addiE S - FEEI1T 1R
o NI wE T A A F23t10mul -

3) 3 lwis SR EREAEL AGH Y (EAHBYmul 5B EDL - B 1AVREA T - HFR R
fladdff S B AMuliE< -

4) (LU HZEE[PaHe] 7% Z4.18 ~ 4.19 ~ 4.20%(14.26 - )
e AL R BRI AR B by SweRV EH1BRIHESARA (T T A MRS (B » F2=(8taa &
B iA AN AnopsREEERER B fs ) o (A2 ECEE H i nop DAEE IERERTT

addi x11, x12, 5

add x13, x11, x12

addi x14, x11, 15

add x15, x13, x12

Imagination K254 — RVipga #1515 : &k Bl
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NEEREE 2V = EESERTR B » B R BRI FSAIFRAWE R
Bz - RAWERIAHRBE MY AR i 2 A= SR SR AV S BRI PG5 2R Y R — RIS 15 -

HNEERPY] > BEEASE A EXs E R NAYSweRY EH1E a5 EIEHERRTT » /&
FAE(pfili A 2/ rknop ? AR (5 I SweRV EH1 g Ay 2% i 1 Anop - HSEECPI

% ?

5) 1EEE145F2.CETHER (i
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction_ExtMemory) & - #f5<add x1,
x1, 1B#fsadd x28, x1, 1 - &RHEBRIENaddis< I ERHTHEETSERHZERA
(1w x28, (x29)) ZH5[AWAWEs - FHEEETTSweRV ER1 4 {o[ gz
bz AR e tE R P EE NG wen2fE - ERIRMEIEHIEIT (H4dec) Ha1frfEt
HHEERSE -

6) EER1452.CEHIAIER (firih
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction ExtMemory) # » {55 add x1,
x1, VF#fyadd x1, x28, 1 - GERHEBIIERaddfESNIEREFHEANIEHZEEA (1w
x28, (x29)) ZRHI5[ARAWE s - EiBE & SweRV EHA s B3 It B e -

7) EEE1452.CE e (fird
[RVfpgaPath]/RVfpga/Labs/Lab14/LW _Instruction_ExtMemory) & - #f5<add x1,
x1, 1EHAadd x1, x28, 1 Bi5<add x7, x7, 1EHafadd x28, x7, 1o

SRR SR ERAWRNIWAW S [ » Fl SRR T SweRV EH gl o] ra B A5 W e 'S e -

8) fEF-EARX

B TEIFE ESRIEREN - RIVGEELERT T 1E”’" HERGE TET O - B
EEF LR R AVE ARV AL IR > B3] DUERG O IR RHE G B FIE A - SRR
DDR/MIBECIERS > #E M Ei& R EIAIZIRE -

H{FEEE A S ELSUT » BEIGRE f S EFdHIsu_bus_intfillsu_bus_buffer
o DWREEASE TETIRE

[RVfpgaPath]/RVfpga/Labs/Lab15/Sw-Lw-Forwarding & f{yPlatforml| O 5 2= F > 557 HH st {7-- &,
AL o fEERIR R T telE < E% » R DUEE B R A B HIE B — TOE DL R R
SweRV EH1 fr el T - A B %
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b SRA

Ao B 2T S 28 ATl B Lw-add. RAWERLE BRAVFeR] - [E1480R T ARk & (LA
ARG HS o TAEBITIRLWIE S REEE I TSMRnopfa < » ZMREIT 1 RELE AFERHHYadd
15 ° HHEAInopfs < AR RIRIHERTE < 235 -

.globl Test Assembly
.section .midccm
#.data

A: .space 4

.text
Test Assembly:

# Register t3 is also called register 28 (x28

)
la t0, A # t0 = addr (a)
1i tl1, Ox1 # tl = 1
sw tl, (t0) A[0] =1
1i t1, 0x0
1i t3, 0Ox1

1i t6, OxFFFF

REPEAT:
beqg t6, zero, OUT # Stay in the loop?
INSERT NOPS 8
1w [t1] (tO0)
INSERT “NQPS 5
add t3, t3Wti] # t3 = t3 + tl
INSERT NOPS_ 8
1i t1, 0xO0
1i t3, 0xl
add te6, te, -1
j REPEAT
OUT:
.end

[E14. $17T1w ~ SfEnopFI1{EriERNaddfs SHIFER

L % BRI RVIpgaPathl/RVipga/Labs/Lab15/DataHazards FarAway-LW-AL$E{:PlatformlO
B DUEFDAERRZE T - BEEEUGE - R - REEE - MRS ER (i
7~[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards_FarAway-LW-
AL/.pio/build/swervolf_nexys/firmware.dis)) - 5+ E > 1lwiladdfg< A riE0x000001b0OF1
0x000001c8j% -

0x000001b0: 0002a303 1w tl,0(t0)
0x000001b4: 00000013 nop
0x000001b8: 00000013 nop
0x000001bc: 00000013 nop
0x000001cO0: 00000013 nop
0x000001c4: 00000013 nop
0x000001c8: 006e0e33 add t3,t3,tl
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[E15580 1 B 142 0 A B Y 55 = IR RRIBRBRE IR - [FIEE - RIS TRECR e » FR 758
—RERZINHEMEAEER - EEEReEEE - BEEFRIEG— - THERYEHSE
CIEHEERSE) nEBNEHUEBERIVIES - BHENIE N7 HEE SRR L2t - FEZ
EEBABAAVESR B CLRE SR B - BT is4E T I 2R FARNRIZERIERSE ~ S AN gn (BEEE
e —H) -
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lw t1, (t0) add t3,t3,tl

Signals
Time

32860 ps

[n]

Hi

=
]

dec_i0 pc d ext
dec 10 instr d
dec_il instr d
i@ inst el

i1 inst el

i@ _inst_e2

il inst e2

i@ _inst e3

il inst e3

18 inst e4

il inst e4

i@ inst wb[3
11_1n5t_wb[31:

16 rs2bypassio:

il result el[31:
i®_result _el[31

il result e2[31

i8 result e2[31

il result e3 final[31
i@ result e3 final[31
[31

[31

[31

[31

31:0]
31:
31:
31:
31:
31:
31:
31:
31:
31:
31:

-—|.—|-—|.—|.—|-—|.—|-—|.—|.—|-—|.—|

816

il result_e4 final

i@ result e4 final

il result wb

i@ result wb

i@ rs2 bypass data d[31:
— dec 1E] rsz2. bypass en_|
gpr_ie rs2 d[31:@
dec 10 immed d[31:0
i@ _rs2_bypass_data d[31:@
i@ rs2 d[31:@

_______aT31

IEGEEBEGEEBEGIEEBEGEEGEEEE
e e e e e e e b b b e b b bl e e e e e e e b e

b[31:

a ff[31:
b ff[31:
out[31:
waddre[4:0] =
wen@ =
wdB[31:0] =

|_.|_.|_.|_.|_.|_.|_.|_.|_.Q_

EGEEE

[l 15. 8 14F2 0 B RIS = J0A R BRER

(& 16880 1 B 14F2 = AEE 15T E ZHVER (addff S Ra i BFISIEE: - 1wig < raftDC3fEEL )
YR TE]
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. Cyclei |
EX1/DC1 | EX2/DC2 EX3/DC3
DECODE STAGE
CODE STAG STAGE STAGE STAGE
add t3,t3 Iw@(to)
gpr_i0_rs1_d [31:0] N~ _
o
a afEI bus_read_data_dc3 [31:0] 5
0[31:0 — 3 3
r0 [31:0] 1 MUX [ 3 g
— b ALIGN, | Isu_ld_data_dc3 [31:0] g \‘ %
bfﬂ MERGE 1 - N?Jx =
1 [a1:0) [ ORL2ARTO And “ g
2 ERROR — §
: : o — X CHECK 8
Register File dec_i0_immed_d[31:0] 1 o
(dec_gpr_ctl) —

10-1
MUX 1

i0_rs2_bypass_data_d[31:0]

[E116. [ 1472 2 o A R Ay 88 = Z A ] 1 SR RAY 58 DE 48 5 s TS )R RE A

(FE8 AN Lo e 5 P BT - |
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