]

Imagination

Imagination X &%

RVfpgasLi15
B B K

Imagination K %11 &1
W 4:2.0 — 20224E4 H
© Copyright Imagination Technologies



Imagination
university programme
1. &

AL T, AT ARG . IFiHennessyfIPattersont H (iHEHUE RS M : Bk
W7 7320 [HePa]l— B HIEE6 /R FTid: 243t /K 28 58 ol A B2/ 5 U 19 I 85008 B 5 7 3
WK LR AL R LS FI 7 $ATHR 2 BT AN A, K R AR E . BORIR S IERE T P AL T84
ZHTHF HL A TR S 27 A7 xR 0] W] B & AE =R AL B B 16

-  5G5f (Read After Write, RAW) H#EEK: XE&&H LEMMER . Mi5Ly5tiE
FALREX, T8AIG BN s, B RAERAWE . B, 154 0K d AR X .

-  BEEE (Write After Read, WAR) H#EBK: “IE4/5 Ax. 54 HIx H 184
B ORI v R AR, BRAEWARE K. B, TR EEE R Xl . XFE K
RAERRE e A IRt &4 (#ESweRV EH1H R KA » AfAKUL, SweRV EH1H
MR KA T WARE K .

- 55 (Write After Write, WAW) FHBB K. Y1548 207 Bl 15 276 5 Ax,
B2 ifE S AX, ¥ RAEWAWE . IXFlE K R 7R 58 407 &L (fESweRV
EH1HRA A 5 (HA2, FEAEBHZEMRINEL T, HrlaEa KAEWAWE K, AT
TEAR S5 14 Ji5 TR 43 HEAT 707

FELLR B eh, JATHE 2> HrSweRV EH1 AL B % s an ] A BRRAWHELE B 6, AR5 /v 41 5RAW
B A RAAE S MER ], REE R D R EWAW B B 115 DL .

HE: £ HTSweRV EHAEE E @ 4R fr, FRATE I DDCARVH RIZE7.57, T i
FE K LR AL FE 28 A I B . HdE B B BARAE 557 5.3 R kAT 0o R A5 IR IR IR /K
LRALPEAS LESweRV EHAEI 5, (H 5 A Ab L35 A i B2 ' 6 11 77 v 248

2. FEFMGH BOBE R R R AR B K

WIDDCARVIIZET7.5.3 BT, 0 LI 45 MG FIRK 2RI R BT IR & k. (BFRR NS5
O B F I K 28 B BE AT I AH OCHE 2 KRB — S RAWELHE B K . X 7R EAE DI RE # o
(ALU. Feyk#s. 1FEDCIH A RHIE LA SE) AR 2 8T 5¢, LN A48 SO Ek s
SR BOR PR ILARAESL

B8 ] 55 B ALY T 1 SEB11 E4 b BIs B B B . 6 A a8 3R B A JE % o R S DR 14
Hop s AERSS i (BIFERD -

- JEBKO:
o H—MEINERELL i0 rsl bypass data d[31:0]
o FHIAMIANEAEE: 10 rs2 bypass data d[31:0]

Imagination k2t %] — RVfpgast15: i 5
W 4:2.0 — 20224E4 H
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- B

o H—AMINEEMER: i1 rs1 bypass data d[31:0]
o FHIAMIANEAEE: 11 rs2 bypass data d[31:0]

KPR ECRIB:AMAALEETT R, XA 2 BT IS0 2 B NPT BT BOit /K 2R BR AR IR B\ #
VRS, NIEREEN, BPRIE SR AMRERE . BRI NN R 5 KL e i i e i
RS R, W PR,

DECODE STAGE EX1/DC1/M1

i0_rs1_bypass_data_d

———— raddr0 [4:0]  rd0 [31:0]—

—— raddr1[4:0]  rd1[31:0] i0_rs2_bypass_data_d

—— raddr2 [4:0]  rd2[31:0][—
— raddr3 [4:0] rd3 [31:0]— i0_rs1_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

From i0_rs2_bypass_data_d[31:0] — i0_rs1_bypass_data_d
subsequent i1_rs1_bypass_data_d
Stages | i1_rs1_bypass_data_d[31:0] |—

>

i1_rs2_bypass_data_d[31:0] —
i1_rs1_bypass_data_d

Forwa r_d ing i1_rs2_bypass_data_d
Logic

i0_rs1_bypass_data_d LU o
MUX dividend

i1_rs1_bypass_data_d "d2 ]

i Divider

i0_rs2_bypass_data_d — divisor
MUX

i1_rs2_bypass_data_d rd3
L

b —
E1. ThEE A ITHI S BRI

SweRV EH1AMELAS FAFAEVF 2 36 R ik AR . EARTE T, BRATDR B R SQUE RS R B AR I 0 A VR4
Mo SRIGHEAEST AR e AR DL o JRATTRE 7347 19 25 AH SR A-LAE -4 R IR ST IR 00 A &%
WA AR BRRAWE S B 6. IEAAE SR 12113 — ¢, AR e MR TE (B82.A%890) JF
o, e HRAT RN CGE2.BEY) o AT DL PSS BRAE A ET 7, ) 3 58 B A
a7 o

Imagination k21t % — RVfpgaszit15: #id 5
[ 4:2.0 — 202244
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TRATTREAE FH 1245 IR, %o 34T B 5 OXFFFF UG AR I EH P AL & M Sk addfi 4. 56
—Zkaddff &R MEE A4, B SkaddfR M e aF VAR M R AN IRIES. X 2kadd
188 2 A ¥HE N —F M LaddiE 4 (add t6, t6, -1, HTHEHEHRIIMIES) LumbitH
Kaddh 21l F AbH &% BOAH [F) I K .

.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 = t4 + t5 (t4 = 2 + 1)
add t6, 86, -1

add t3, t3[t7] # 3 = t3 + t4 (3 = 3 + 3)
INSERT_NOPS_9

1i t3, 0x3

1i t4, 0x2

1i t5, 0x1
bne t6, zero, REPEAT # Repeat the loop

.end

K2, Bigkaddif4 2 EIFRAWEHE B &

A4 [RVipgaPathl)/RVfoga/labs/Lab15/DataHazards_AL-AL$EAEPlatformlOi H, LA{H A LIR
WHREST TEMBSFET . fEPlatformIOF 4T, i H, R IFRIC i (M F
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AL/.pio/build/swervolf_nexys/firmware.dis
H 2 IR 73 AT PR Sk ad d4E 4 AL T Hili:0x000001A0A10x000001A84th :

0x000001a0: Olee8eb3 add t4,t4,t5
0x000001a4: fffFf8£93 addi t6,t6,-1
0x000001a8: 01ldeOe33 add t3,t3,t4

A.  A-LiB4 2 HIRAWEIEE K A5

RV T, 55— %kaddig4 (add t3,t3,t4) FHEMHY —2kaddisd (add
t4,td,t5) MIZERMEAILE NN ERIESL g BAEEXIM B ML, mT LR B 55 i 3]
BERDR B, BEEE —Zkaddfe A . TERATM RG] (E2) b, FrakRE_MEr, 4yl
N2, FB—NINEE N3, BIGIEAME (3) 25 S AINEA I AEH S AN N EAERE,
A WA AF 28 SO B (FE55— Sk addfa 2 ik R B ¥ BT HHT B H 2 3T N2)

P13 77 L 275 (e AR 0 R — VO AU SweRY. EHANDKZR 6 & 2 i,
N0/ S HOEX I Bt 50 .04 48 22 B T B BH O VIO B 19 %, DR AT 40T 9 2 ala
54 2 47 (E RAWHCHE T 16

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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} Cyclei-1 | Cyclei | Cyclei+l | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cycle i+6
| | | | | | |
| | | | | | |
| | | | | | |
: : | : : | :
add t4,t4,t5 (Olee8eb3) | DECO | |EX1 ! EX2 | EX3 | COMMIT | WB |
| |
| | | | | | |
add t6,t6,-1 (££££8£93) | DECO | EX1 || EX2 | EX3 | COMMIT | WB |
| | | | | | |
| | | | | | |
add t3,t3,t4 (0lde0e33) | ALGN , |DECO/¢| 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) | FCl1 | FC2 | ALGN | DECO | EX1 ' EX2 | EX3
1 l 1 1 l 1 1
| | | | | | |

3. E2BIRBSHIHAT . B RIERBIPHAT .

K4 A N 3K A il SweRYV EHEESOM F IS FIEX 1B BL . 7EMLE B, 25—%kadddf
4 (add t4,t4,t5) WMTFEXIE, % "%kaddif4 (add t3,t3,td) T RHREME. W@
KBIFR, 2B—%kaddff Mg R M BIRMM B, CHEREE (BRATEET 301405
Br) 8, ARG FITESE —Saddfa 2 s =M N ERTERL

Imagination k%11 %] — RVfpgascif15: 4l 5 K
[ 4:2.0 — 202244 A
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DECODE STAGE EX1 STAGE
add t3,t3 (0x01deOe33) addt4,t5 (0x01ee8eb3)
gpr_i0_rs1_d [31:0]
r0 [31:0] - a ff
3 M2
Register File out [31:0]
(dec_gpr_ctl) |
bff biﬁ
1 [31:0] gpr_i0_rs2_d [31:0] — i0_result_e1 [31:0]
2 . ALU
I mux 3 (exu_alu_ctl)
3

i0_rs2_bypass_data_d[31:0]

Forwarding Logic | __

B4, 45 RAEBEORIEX B B R BI AT Bt (58 — MRS
e, V5% T B2 R e A2 1 3 0 A i i+ 13 Ta] F) 475 SRR O

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

Signals Waves
Time 018

- ks

- _d;c__iﬂ__in?tr_d[Bl:E] SO £ 10EGES3
- i® rs2 bypass data d[31:0] =
i@ rs2 d[31:0] =
a[3l:0] =
b[31:0] =

10 inst e1[31:0

- a ff[31:0
b ff[31:0

out[31:0

i® result el[31:8

—_ e e e
|

5. B2 BIAES K0 K

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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£%: £HCWITEN EESESHIP RS v DU R BLT AL B 5 AR tel SO -
[RVipgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AL/test Basic.tcl.

RIS M 5 A (1 17 1 DL R B4 [

- f8%add t4,t4,t5 (0x01ee8eb3) :
o TERMt, MABSATIOEEREXTIHE (10_inst el =0x01ee8eb3) . &
TEALUARTHE LR i
a f£(2)+b ff (1)=out (3)
DV 25 AR RS B I ARt ep i a8 4, 4R .

- fg%add t3,t3,t4 (0x01de0e33) :

o fERMIR, AR THEEEOMEIDHIEL (dec 10 instr d=0x01de0e33) .
HRIZEKI0 result el 5i0 rs2 bypass data dif#. W31 2
TRRAT =N CAMi+1) fEI0%8 & FEXT B Bt 51 ik s B A\ 1 1F
e BRI

a =3 CRAfFa M)
b =3 CRAIOEEEX1H BIMALU, Sk KiZHBIES
i0_rs2 bypass_data d)

o TERMA+TH, IS TIOEEREXIFE (10 inst el =0x01de0e33) .

EAEALU TS LU T iz
a ££(3)+b £f (3)=out (6)

5% MERE2R B T noptE . X TIEHRKIPIESHEN, L] 5ER3RUME, &
J& ¥ 5 Verilator {7 B HEAT LR 70 T A BL R B IERG, 55 FEAR L PAT 12 e I A
FITERET B it HIPC.

A% ER200REIF, MERFTAnoptE &I Fadd t6,t6,-1184F £add t3,t3,t4ff
A2 5, RIEEFE D EF UK ERFRT. EXAN IR, P& Xaddts
4 (add t4,t4,t5fadd t3,t3,t4) ER—FMAREFLNE, XEEmELRE. @it
FLAR 4750 1 BH 1% AR B2

MK R addf & B HOHARA IR L I I SUE L, Bl40:

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

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

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

Imagination k2t %] — RVfpgast15: i 5
W 4:2.0 — 20224E4 H
© Copyright Imagination Technologies 7
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B. A-L#E42Z A RAWHIE BRI =SS
i.  HEibPiH

K6 s —M0:1 2 80Tk (FEEeH FHEEHER ED XS EMAT A BT 73 R, 2%
FFRAAE 510 rs2 bypass data d, MG SEE2MRFIH AE = kaddfi 4 (add
£3,t3, t4) ML AR 101 Z BT CE R RO RAE N S, i E B4R

XK EIEZ T 101 2 BT R IS N GE £ . 55 B (W E POk 1 8 I 38 6 O Bl % 1 P AT 1) 4
Lo B, FEEELAFOREAR . BARRY, 1012 BTSSRI S R oK B 8 B0 B0 %11
EMJRSE B (EX1. EX2. EX3. RACHES) o Jyfil fiEe L, FRATHLERSK BB K015
AN, TR 5N N A PRE T

RGP ERI =N IN10:1 20T T R =AM /5910 rs1 bypass data d.
il rsl bypass data dflil rs2 bypass data d. {Hi, ATEAEEF ERIX=A
B9, BINENIHFERERT S o fnelh e (B2 o 20U 2 58T 3 a] fE Bk
dec_decode_ctlf{]£52429-247317 h 4K F,

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
© Copyright Imagination Technologies 8



Decode EX1 EX2 EX3 Commit Writeback

I
(—“ H .
él i0_ap_e1[19:0] 1S)
ri0_rs1_d ® o
gpr_19_rs1_{ o af e3d = T
J 1 aff 5 g
rdo [31:0] out [31:0] T 3 i0w|l:frfe i0_result_wb [31:0]
ALU — = = su
b # | (exu_alu = 3 i0e4 ¢
_ b °
; ctl) i0e2res| ~ H uitt 1S) 2
gpr_i0_rs2_d - j_‘”,_ i0e3res ) =
rd1 [31:0] i0_result_e1 [31:0] = ultft [ = ultff o o,
f . 7] =) = <
dec_i0_immed_d[31:0] exu_i0_result_e1 [31:0] EI S o
o jac) 35
- ™ 7]
o [0}
- - | Qo
Register File = o
(dec_gpr_ctl) " %
|
=)

i1_result_wb

i1_result_e4_final — \
10-1 |
MUX

i0_rs2_bypass_data_d[31:0] ‘

i1_result_e3_final —

i1_result_e2

i1_result_ el ——— |

&6, BEALUE — MR ¥ RZENIEE

Imagination K21 %I] — RVfpgascit15: % 5 i
[ 4:2.0 — 202244
© Copyright Imagination Technologies



i0_rs2bypass[9:0]

i0_result_wb

i1_result_wb

i0_result_e4 final gpr_i0_rs2_d[31:0]

dec_i0_rs2_bypass_en_d aff aff

> out [31:0]

i1_result_e4_final dec_i0_immed_d[31:0]

3.1 | 10_rs2_d[31:0] bff

i0_result_e3 final

10-1

i0_rs2_bypass_data_d[31:0]

MUX

i1_result_e3_final MUX

i0_result_e2

i1 _result_e2

i0_result_e1

i1_result_e1

i@ rs2 bypass data d[31

ALU (exu_alu_ctl)

32{i®_rs2bypass[9] il result Pl[ 1)
32{i@_rs2bypass[8] i0_ |P=ulT )
2110 rs2bypass[7]
1@ rs2bypass[6]
i® rs2bypass([5]
1n rs2bypass[4]
ass[2]
ass[2]
: ass[1]
. 1u |=2bvpa55[ ]
(?I%Eéi}%dec decode_cth)

i@ rs2 d[31

avtr =1 ]
exu alu crtL

ie alu el (.

1);

¢ 10 alu decode d
flush_final
rs1 final d[31
( i@ rs2 d[ 1:0]
( dec_ 18 pc d[31 1]
( ch i@ br immed d[12:1]

]

1

esult el[31
_flush_upper_el
@ flush_path el[31
predict p el
(i@ pc el[31:1]
red correct upper el

1]

(Filkexu)

&7. B6h R BR10:1713:1 B I<

Imagination k%11 %] — RVfpgascif15: 4l 5 K
W 4:2.0 — 20224E4 H
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77X E6 AN 2 BT o8 (10131 2B IT 50D #E4T THOR, XA 2 BT %0HHI0E &
ALUMIEE AN NERVESL (o) o EI74H T 7Efitdec_decode_ctifllexu SEHLIX /™ £ %
TF R HHE K FIVerilog A CHS o

7¥: DDCARVTIAM AL & B 7R A 2 BT 96 . B 3 2 B AL B 248 Hh BT Y
B, FHERBAER LD, WA AL EREOEBFHRKLRE. oL
DDCARV[{E|7.55H [##: K 847

BT R TR AN 2 B TT R BN A SIS .
10:1%%%%:

. 1012 BITFRMHIH Ni0 rs2 bypass data d[31:0]. MESBEELIHEK (F
H) PR BUE A E .

BA: 101 ZBIT RN F e E I B (EX1. EX2. EX3. ##5ZHFS) AT
AR SR Kb IAME S RAI0EE (mEefx) , Rt M5 RANEE (E6fR
BoR) , BUOREERDRT B 452 7T RE-5 IS IE B T AT — BB Th AT 4R 2 HH %

EHES: #HlES (10 rs2bypass([9:01) EHFE Z BT MM HERENTA . EH10
Rrd s, [Fl—mf Rl 2 A — Mo E B (WEREAEIEE R, S0 LIN0) o 2RI KK
TAET T

- Ifi0 rs2bypass 10 rs2 bypass data d=1l result el
- Ifi0_rs2bypass
- Ifi0_rs2bypass

i0 _rs2 bypass data d=10_ result el
i0 rs2 bypass data d=1l result e2
- Ifi0 rs2bypass 10 rs2 bypass data d=10 result e2

i0 rs2 bypass data d=1il result e3 final
- Ifi0 rs2bypass i0 rs2 bypass data d=10 result e3 final
- Ifi0_rs2bypass i0 rs2 bypass data d=1l1 result e4 final
- Ifi0_rs2bypass 10 rs2 bypass data d=10 result ed4 final

- Ifi0 rs2bypass 10 rs2 bypass data d=1l1 result wb

220 20 2820\ 20\ 20\ 20 2\ 2

[9]
[8]
[7]
[6]

- Ifi0_rs2bypass[5]
[4] ==
[3]
[2]
(1]
[0]

- If10_rs2bypass i0 rs2 bypass data d=10 result wb

N T EIAOAZ Iz A5 S T i 5, ATPR LIS 510_rs2bypass (8] iH5HERE, ERK2
7l B Fadd-add 5% B A2 e FL T IS 5o

- WRi0 rs2bypass(81 A1, MEBEFERIZHENLIO result el, RIIOEEEXTHE
PATFR L SR (K6 .

- BEXVR RO B Be (IFEIOEE ), A 2 LR CF RIERINE 5
MfER, 152 WL.SweRVref TR HE4H ) -

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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o PEIDHT BLAR A B EE AN N BRAE BN FF AR SO S I, AN 22 B A7 2R 0 32
B, fESweRV EH1#Z I cH, Hdec 10 rs2 en dNIH, KHILXFEG .
FH R K Verilogf RS an R -

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

o I0ETEEX1H B iR 22K
eld.i0v ==

o IO TEEXAHBUR2 [ H AR5 A7 43 FIE RO PR A i BAR 4 H 58 — MR 25 77 A5 4 7] -
eld.i0rd[4:0] ==1i0r.rs2[4:0]

I0ETEEXTF BLfi$5 & AALUERAE:

i0 rs2 class d.alu==

- HEER LIRPTATE O, ATAS H PR A
i0_rs2bypass[8] =

(i0_dp.rs2 & (iOr.rs2[4:0] !'= 5'd0)) &
eld.iOv &
(e1d.i0rd[4:0] ==iOr.rs2[4:0]) &
i0_rs2 class_d.alu ’

% HHTHE A 5 DDCARV At K 28 A 31 2555 3 Fridk (¥ A Uk AT EL R

£%: srbrVerilogfiG, PRI — AR WA HATIHE . B2 Bt dec_decode_ctlff
AR AT

i0 rs2bypass[9:0] rs2 depth d[3:E 1] if rs2 class d.alu,
rs2_depth d[3:E d3 iB rs2 class
rs2 depth_dila:t 13 18 rsd class

iB_rs2 class_d, i@ rs2_depth
(1B _rs? depend i1 e1) i1 elc
(18 rs2_depend i@ el) ie elc
(10 _rsd depend_11 el) 11 elc

i0 rs2 depend i0 el = dec_i@ rs2 en d & eld.ifv & (eld.i@rd[4:0]

dec:iﬁl:rsz:en:d i:zl:dp. rs2 (iBr.rs2[4:¢

;B_E% 5 10 rs2bypass[9:0] v 10 rslbypass[9:0] v 1l rs2bypass[9:0] il
i1 rslbypass[9:0]MHAMIERIMM AR (5 ERAAELD .

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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KHEZSivN

M. MBI XM N0 rs2 d[31:0]. BbAE 5 k1% 1 B0+ ALU 1 25 — A4
A (b) .

BA: 3ZEITRIAN:

- WEAERSFEHIE (gpr_i0_rs2 d) .

- MR RESZRIE (dec 10 _immed d) .

- A EIR10:1 ZERIT ORI J5 B B 55 6 (10_rs2 bypass_data d) .
BHIES: 3MZHITRMEHIES (dec i0 rs2 bypass en d) i&#f:

- AT BRI MAE (i0 rs2 bypass data d) (dec i0 rs2 bypass en d
==11)

- EFERE A ARG SO RV EE (0 Ngpr_10_rs2 difldec 10 immed d)
(dec_i0 _rs2 bypass_en d == Ol) o [A—AME FEFEM NI REE RRIR G
PR HiE, AMREFENES (gpr 10 rs2 dilidec i0 immed d) fEVerilogfUE
oA A0,

JMZ B KRNIEIFE S (dec_i0 rs2 bypass en d) HITFE 1012 B R HI10473%
GINEREN P S B

assign dec 10 rs2 bypass en d = |10 rs2bypass[9:0];

R, HEER 2 0028 M NIRAVERUS D 7E AT I Je BT 18 2 I S5 RAESC (BIME 5

10 rs2bypass[9:0]M10M F IR —£f781) , Mldec 10 rs2 bypass en d==1H
BAEBOEE RS . MR, WEREA SRR AHOC,

dec 10 rs2 bypass en d == 0HEEHCK AT X ELRIEL.

i, SEu
8z T I2FE R E M AT — OEARKIM A5 S . B3 1) ] BR 2 7~ e B R T o

EPMES (REMES) IHBREELRKELRNIES. WiEE, XBESEEZRIISLE
PR, BT S MESHE W (FAEEHTERT, AFEBRETS2RTrios ik
Nil)

e Dec i0 instr d > FHEHENTES
e i0 inst el > EX1Br Bt 4
e i0 inst e2 > EX2Br Bt 4

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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e 10 inst e3 > EX3Pr B4
e 10 inst e4 > FEACHr B 4
e i0 inst wb > IS B4

BRERS 5 T8 L AT (R 2 BOT ORI EEE 5. BB HOT RPN R IR B, R
ZETTRIFERIE T S A H 2028 70 B

Imagination K %411 &l — RVfpgastit15: %l 5 K
[ 4:2.0 — 202244 A
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add t4,t4,t5
add t3,t3,t4

35160 ps

R dec 10 instr d[31:8]= (EZREN
T dec i1 instr d[31:0] = |fiisdEE
LT Iﬁ';ﬁg%"éifii?5T;5 =
il inst el[31:8]=
............ Iﬁ'ﬂﬁgfiéﬁf§TF§T§7
EX2 il inst e2[31:0] =
............ '1'61"'i'ﬁ'ﬁ:'é'?;'['ﬁlln:ﬁjugl — s ot Teosens
EX3 il inst e3[31:8]=
............ iﬁ:fﬁé%:éﬁfﬁi?ﬁT:
= il inst e4[31:8] =
............ Iﬁ"IHEfIGET""?QT;
wB 11 1n5t wb[ 1:8] =
- _;@_ﬂgﬂ 1B_r52bypass[ 9:0] =1
"""" i1 result elf31:0]=
i@ result el[31:0]=
104N i1 result e2[31:0]=
10 result e2[31:0]=
- il result e3 final[31:8]=
i@ result e3 final[31:8]=
il result e4 final[31:8]=
i@ result e4 final[31:8]=
il result wb[31:0]=
i@ result wb[31:0]=

fitl 10 rs2 bypass data d[31:8] =
?§$ﬂ dec 1@ rs2 bypass en_d=l

34 Opr_i@ rs2 d[31:8
dec 10 immed d[31:8
]

[
1@ r52 _bypass data d[31:

= @
"

ey

w
"

o @ ©

I u

= addr [

E

dout[31:0
dout[31:0

]
ene
wd@[31 e]
]
]

&8, E2i2 F M AR — ISR EE R
PO R N I8 P2 3Y1i Cln I8 BT s SO Hh AT JUITa] A 1S AEX A B B

Imagination K %411 &l — RVfpgastit15: %l 5 K
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Cyclei
add t3,t3 addt4,t5
gpr_i0_rs1_d [31:0]
- aff
2
r0 [31:0]
3 out [31:0]
¢ |_Dff
. ) 1
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)

— 1104
MUX 3

i0_rs2_bypass_data_d[31:0]

&9, 27 BIRRFER I (E8HTE L) AT AR B BEAS ATEX By B

5% EHCHEN ERESESH M E . AT LM A LT Az B SR B . te S0
[RVifpgaPath]/RVfpga/Labs/Lab15/DataHazards AL-AL/test Advanced.tcl.

(7] I 73 H B8 7 (47 35 A S B9 1 1)
- E8FTRHIRERE S

o fERIMIY, 2" JkaddiB A EE 0N IR BEIMAT (dec 10 instr d
Ox01DEOE33) , % —%addig A 7EI0 I MEXIM BEAT (10 inst el
Ox01EESEB3) .

o TERAM+TH, 2B 4caddfi 2 HENI0EEMEXTM B (10 inst el
0x01DEOE33) , i —4kaddfi ¥ NIOEEMEX2H B (10 _inst e2
0x01EE8EB3) .

Imagination k%11 %] — RVfpgascif15: 4l 5 K
[ 4:2.0 — 202244 A
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- 101 BEEFFSR: ERMIF, /5510 rs2bypass[9:0] =0x100 (8
i0_rs2bypass[8] =1) , Kthuth 5K HIOEBEEX 1P BEMIE (ZILE9) -
i0 rs2 bypass data d=10 result el =0x00000003

- 3ABEIFR: EAMIF, {§59dec 10 rs2 bypass en d =1, FMHHERAS
PR EAAE (LK -
i0 rs2 d=10 rs2 bypass data d = 0x00000003

- EI8HTAHIEX1BE :

o fERMiF, F—IKadddRi LI EIOEEALUF L
a £ff (2) +b ff (1) =out (3) &

o {fEEMi+1H, - SkaddiBAiHEIOEEALUA I INE:
a £f (3) +b £f (3) =out (6) .

A% TR EIRER, 0 P 5 AH LA R 4 418 1 22 18] 25 B A [F) R 15 0 AT 5 TR 8 v A
Rl 7 Ar o T LI I 58 S50 S5 AH K add i 4 2 8] Fnop B SR P2 il BE 5

BEAh, 7R QU E — AN A\ B B O A Bl 1 Ao 1
W] AR P Sk add il 2l I 1M ETE AT M E ARG, EFR AT A .

)5, FHXaddiE4d (add t3,t3,t4) Bl A EHIAT AL 48 2 IR b7
iEgER. Flw, TEEU RS2 — kARG E = %addfa4:

-1lw  t3, (t4) CEHREIEREDCCM, WsLis13pmiA)

-mul t3, t3, t4

-div t3, t3, t4

3. FERZHBoBT Rk R I B K

kIR W E LN AWIA RERS LRI — 6484 (RIZ WA, Hliilv. mulMdiv
L8 MR, S —FER IR EARMS T, TATRKE D HrEHRAT Lwds S A K
addfif QI AT REA MR E 0L, FATPHE A5 AN DL 70 A B AR R T

WNSEIABHTIR, il FIRAE R DCCMAF i a5, 1wik &7 E =>4 (DC1. DC2AIDC3Hr
BO ARG HER . ZEAMPEMANS.  QEmERAIESZIR 138145 2087 A FE
5 FH 418 DD R2AF it 25 I 2 77 26 KRS IR — 3l 5 KPR A 458 A0 IS 50 30308 5 e (1 52 i ' 1R
%> )

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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IR Lwig 2 EM Kaddff & Z AN == UL E ST, IR R 28 70 Fr ik i bR B B . £
PO, AN I AR R 10: 180301 2 8% T 5 H 45 2 8001 2 S0 o8l 7 o 20t
TEMNESHES.

[ HRA: SRR R I 05 108 23 A MR 1 w-add RAWSGE B R 1 1. |

(B2, WRAEERAR 2 PAT M B) 5 4 SR adadi-& PAT (I 8] TR) B0, D% 1 5 28 23808 7 ik A
R AR E . DER AR, Haddfi @ ZIEEXTH BN, 1wig S EBUE M AT .

7EDDCARVETIR /K R A BEZS H, IXAPE DL R 2 5] N3 (bubble) , IXFEAHICTE 4 (H 7T 4%
FERIEHUE AT B A U . XU ZERINEE, HEommikae. Kk, SweRV EH1
RVFMH RIS Gk Snm it ik LR, SRETEIRAM B E I EIZESE (T EER A Em 7 Zr D .

HARKAL, SweRV EHATESREH K F2ZHr BLds i — N ENALU. CRBIALUD .« 0 EEI, Ik
ALUfE ATE A N BT R Z RIS . ik, ASPIEeEmE KA — ER0 23 7
PINEANEIALY (RS —AN) DARAEHIE S8 . BI04 1 B4l B ALUTE @ B 042 5 B B
Bl CALUFEEAE D DLRAEEX3H BONEE Mo NIRAFEGR NI 502 4 (M2 L
HEAED o (ESRRIIE4T, AR, KA SREMAEIMIALUMEL K. )

EX3 Commit Writeback

Secondary ALU
Secondary ALU Forwarding Logic (exu_alu_ctl)

|
|
|
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| |
|
|

exu_i0_result_e4[31:0]

| a " aff
i0_rs2_e3 [31:0] a
|
| out [31:0]
i1_result_wb_eff [31:0] |
e —— 21 b |
|
|

|
|
|
i
|
—_ | b=i0_rs2_e3_final I[ ] bff I
2 |Mmux : — bff |
5 | - |
o ! | |
(] ! |
41— ! |
i1_result_e4_eff [31:0]|[MUX | 3 ! i0_result_e4_final [31:0] | i0_result_wb [31:0
T @ | i0_result_e4 [31:0] 4.4 | 10_result_e4 final [31:0] || i0_result_wb [31:0]
%)
S | i0_result_e3_final MuXx
= |
o |
;I | Isu_result_corr_dc4 [31:0]
= |
|
|
|
|
|
|
|
|
|

i It_ed_eff [31:
i0_result_e4_eff [31:0] LOGIC

: LOGIC l—
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i0_result_wb_eff [31:0]

E10. JE B0 AR B P i3 BhALU

Imagination k%11 %] — RVfpgascif15: 4l 5 K
[ 4:2.0 — 202244 A
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[f£% 1 B0 I BB 4 LLE B0 I8 A BIALU I 28 — M AR 18 (2) |

B T AR A E A RIS . BERIT — K 1wis &5 BIE AT — M0 add s 4

(add t6, t6, -1: HWEMEAEID , REPIT K EEEMKMaddfi 4. Miraddigsd
ol 1wis 2 FAH R add$5 2@ i@ EOMAT . Rk, 52 7 e — X B 7E F 1w Al
addiB A UAEE BT AL, IEWMBRAININIBT 3L, F2FP A X Fpio s 22 5 2 S 8T 7 AFETE
ERZER, BT REEAKER.

.globl Test Assembly
.section .midccm
#.data

A: .space 4

.text

Test Assembly:

la t0, A # t0 = addr (A7)
1i tl1, Ox1 # tl =1

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

1i tl1l, 0xO0

1i t3, 0Ox1

1i t6, OxFFFF

REPEAT:
beg t6, zero, OUT # Stay in the loop?
INSERT NOPS 9
1w [t1] (tO0)
add te,Ng6, -1
add t3, t3PMtil] # t3 = t3 + tl
INSERT NOPS 8
1i t1, 0xO0
11 t3, 0x1
add t4, t4, 0x1
add t5, t5, Oxl1
j REPEAT
OUT:

.end

B11. BT 1wiE 4. MILaddis S M XaddiB SRR

W%, Xk [RVipgaPath]/RVioga/Labs/Lab15/DataHazards_Close-LW-ALE{{:PlatformlO
WH, DMER]DRYE & E . i BEFAEMART . fEPlatformlOF ¥ FF. 4mikmiH, A5+ 7T
SOC4 3 (BT [RVfpgaPath)/RVioga/labs/Lab15/DataHazards_Close-LW-
AL/.pio/build/swervolf_nexys/firmware.dis) . HiE®E, lwiladd$g4 AT Hihk0x000001beHl
0x000001c4 4t

0x000001bc: 0002a303 1w t1l,0(t0)
0x000001c0: ££££8£93 addi t6,t6,-1
0x000001c4: 006e0e33 add t3,t3,tl

Imagination K %411 &l — RVfpgastit15: %l 5 K
W 4:2.0 — 20224E4 H
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1225 7 BB P REANAEE - UOSRM HEi R . FRE, TR mEgFRaT,
%T%*ﬁ%ﬁZ%%Eﬁ%ﬁﬁﬁ% S B XA E L. SR #B A B, TG
IS5 GREMES) Al BIRESEERUK L8 . BREME T T N4 M2 Z BT ORI T2
55 LA E1 1 I HTALU.

1w t1,0(t0) add t3,t3,tl

Signals
Time

31:0] = iC_|pEENg1CY

1
T131:
result e4 eff 31:
1 result wb eff[31:
@ result wb eff[31:

19 r52 bypass data - e3[31:8] =

dec 1B Ts2 bypass en e3=l

:]=I
:8] =
f[31:0] =
18] =
:]=I
] =

o @D

1@ result e4 final[31
- - -ﬁsadrﬂ[4 8] =
wenf =

1=

wd@[31:8

E

B12. B11EF PR RS =ZRIERRTRSR

F134 H T BB F R IEA B -LIRERIEE1 2 A i (addfg 44 TFEX3M B, 1wid
TR B B+ (addfg A T34 (BIEX4) MBI EH i EE M ANIE
B AT E .

Imagination K %411 &l — RVfpgastit15: %l 5 K
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EX3 STAGE
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COMMIT STAGE

add t3,t3

Iw(tO)

ALU (exu_alu_ctl)

] aff
i0_rs2_e3 [31:0] 2]
out [31:0]
) o2
— 1
41
MUX
N i0_result_e4 [31:0] | 3-1 |i0_result_e4_final [31:0]
i0_result_e3_final [31:0] mux
1
Isu_result_corr_dc4 [31:0] 1
1
i ff [31:
i0_result_e4_eff [31:0] LOGIC
Cycle i+1
EX4 STAGE
add t3,t3,t1
aff
|:aff
out [31:0]
[bff bff
1 . ,
i0_result_e4 final [31:0]
ALU -
(exu_alu_ctl) MUX 2
i0_result_e4 [31:0]

B13. B B RSB -BUGE AR B 280 A i+ 170 K37 B

Imagination k%11 %] — RVfpgascif15: 4l 5 K
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% E£HCHITEN EEZE129F K0 Bt 2. AT BUEE A BT A B AR B el SO
[RVipgaPath]/RVipga/Labs/Lab15/DataHazards Close-LW-AL/scriptLoad.tcl

% FEHIR B2 6] 5 EIB3SEURT A .

[ I 73 A B 1 27 (R R DA B 3R g

B2~ KIBRERE 5 -
o TERMIT, adafg 4t TEEKOMEX3MIE (10 inst e3 = OxO06EOE33) ,
1wid 2 TI0E TE P $EZ B (10 _inst e4 = 0x0002A303) .

o TEEM+1T, adafi b T BKOMIRLIMEL (10 inst ed = OXO0BEOE33) .

- AABBITR: A, EFREIR S (FEA I AT IRAZH B BRIUE
i0 rs2 bypass data e3 =10 result e4 eff =0x00000001

- 2AZBBEIPR: AW, R TAREAINE Z RSO, IR SR IRE
(dec_i0 rs2 bypass en e3=1) . [Hlt:
i0 rs2 e3 final =10 rs2 bypass_data e3 =0x00000001

- RBBALU: 7E AT, IR (R T L S
out =a ff +Db ff =0x00000001 + 0x00000001 = 0x00000002
WG, E31ZEEFF KA, EHFALUKIHE (exu 10 result ed) . HERE, WHEA
FEAEMRNE, MIEHEF10 result edH .

£%: fERi— DBt HHrafiikiadd t3, t3, t1iESMSE—MRESR (£3) .
AJ RAEH BLS Az B R 1) teU A
[RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards Close-LW-AL/scriptLoad_FirstOperand.tcl

| A% IR B3 1 inop i 4 3 F B 1R 1 438 3RIUPC

5. 25 1E S 11 BTk (4R ALY, 38 i Verilator 4 B AR _E 4047 105 R H B 11 (1)

£%: wE1ME ARG, ¥add t6,t6, -1 ¥ Xadd t3,t3,t1f842)E, AEEHK
B E A LR R .

Imagination K %411 &l — RVfpgastit15: %l 5 K
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4. %3

1) BEHINSaddis &4 R KPAIFINEAR-BHIES, BRI PHERAKER. i,
A CUKE B R PG 3R B oy DL R ARES, H & — 4 HANDE 4 (and 3, t4,
t3) , HIESHTEIESadd t5, €5, OxLXHCHEINR T /E .

REPEAT :

beqg t6, zero, OUT
INSERT_ NOPS_9
1w tl, (tO0)

add t6, te, -1
add t3, t3, tl
add t5, t5, Ox1
and t3, t4, t3
INSERT NOPS_8
1i t1, 0xO0

1i t3, 0Ox1

add t4, t4, O0x1
j REPEAT

OUT:

1t Verilator {7 35 B QAT 8 HOA-LIE < AbBR AR B 1. SR 5 IR BT nop#ia & I 70 A
BT SR LR 45 R

2) S HIMAPBM ARG : nulfELjEREHRES R addfd <. £E1TKEF
., AT LwBEHONE AFFat1fnul.

3) O HT1wis 4 EER 5B H I BUEAMAH R mul B X MIE N . EER1MERS, HFEEHE
Kaddf§ 2B H Amul$g 4.

4) (Q(Té%ﬁi‘?%[PaHe]Wé%/WJ& 4.19. 4.20#14.26. )
B AE A A B4R B W USweRY EHTALBE S IR A T T LU FARKS (B, SfRas o st
TEL B fl AnopsRACERER B 1D o mARS HR s iinop S I IE #3217

addi x11, x12, 5

add x13, x11, x12

addi x14, x11, 15

add x15, x13, x12

Imagination K %411 &l — RVfpgastit15: %l 5 K
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NIR AR S B =ANE g AR BU P, X8 R BLE /R AR R (T RAWALE | [ .
RAWSHE AH S 1SR R e 7 2 45 R (R B BOMVSE P 45 R IR — 2548 245 R,

SFENFY], BERSERA RS KA FISweRY EH1APESS FIE#IETT, FE
FEATAbTE N % /b %knop ? 0 3141118 I SweRV EH1 F #24E 1% & 1 /46 Anop, A4 CPIZ
Z /b7

5) fESZI14552.CEN MR (AT
[RVfpgaPathl/RVfpga/Labs/Lab14/LW._Instruction ExtMemory) #, #4584 add x1,
x1, 1E#Nadd %28, x1, 1. XEEBLEMaddfs SR LIIEMRZEREE (1w
x28, (x29)) ZI[AGI AWAWERK:. FIHE 7 HrSweRV EH1H a4 3tk J 5, wI LA
TR P EEE Swen2 FME. ik 7R HHT (Bitkdee) HFinfliHHI(ES .

6) 1ESZIN14552.CEHIRERF (T
[RVfogaPathl/RVfoga/Labs/Lab14/LW _Instruction ExtMemory) 1, ¥4 add x1,
x1, 1&#HNadd x1, x28, 1. XKEBKERaddtdSMIEAITLIIEHZERE (1w
x28, (x29)) ZIAFIANRAWE ;. B4 7 HrSweRV EH1Hr ffay AL BE L H [ .

7) {ESEI14552 CEAMHIRREE (ST
[RVfogaPath)/RVifoga/Labs/Lab14/LW _Instruction_ExtMemory) ', ¥4 add x1,
x1, 1¥#ANadd x1, x28, 1, #f54add x7, x7, 1E#Nadd x28, x7, 1. X
HFBURAERAWHIWAWE 5. FIFH 5 750 T SweRV EHA 4] b FEIX 4 E [ .

8) TriE-HREAE R

KR —MAREER RENE I, BATRAERLE 0, EEAERGE T . 2
A LA B8 i (10 2 2807 1) A (R 3thak B, T DAAE PO A% A RS 3030 A il 3 A B3 3, TE R 132
DDRAERAF A% AT 9 & I (BRI DI FE -

SEX Fh i R ) AR AL S AELSUH, Bk SR U2 A5 fE B Hsu_bus_intfflllsu_bus_buffer
o, DABEARSG S P ATI .

[RVfpgaPath}/RVfpga/Labs/Lab15/Sw-Lw-Forwarding 7 f]PlatformlO i H Ff - i W 17 i - 2=
B R WO R AR A T telfi AR, BT DUE e R 2 A 18 B B AR e — A AR DL & T
SweRV EH1H i AT 77 fiff-h& B 3 K

Imagination K %411 &l — RVfpgastit15: %l 5 K
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B %A

AR PSR B 5 4% B BB 238 43 TR AL B ¥ Lw-add RAWELR B Bl . 1445 T A bt s b s A
HIZRBIARID . BAEPAT 125 Lwid 2 G B TS5 nopti &, R HAT 125 5 R K K add
Lo HIEFInopa & M TR AR 20T

.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 (R)
1i t1, 0x1 # tl = 1
sw tl, (t0) A[0] =1
1i tl1, 0xO0
1i t3, 0Ox1

1i t6, OxFFFF

REPEAT:
beq t6, zero, OUT # Stay in the loop?
INSERT NOPS 8
1w [€1] (t0)
INSERT NQPS 5
add t3, t3¥ti] # t3 = t3 + tl
INSERT NOPS_ 8
1i t1, 0xO0
1i t3, 0xl
add te6, te, -1
j REPEAT
OUT:

.end

E14. P fT1w. 5%nopFl1%iiKaddiESHEF

B, XHIRVingaPath)/RVipga/Labs/Lab15/DataHazards_FarAway-LW-AL$EitPlatformlO
TiH, CMER AR FHEE . FEAESET . 1. wiFmiE, R RIC g S

(fi T [RVfpgaPath]/RVfpga/Labs/Lab15/DataHazards _FarAway-LW-
AL/.pio/build/swervolf_nexys/firmware.dis) . ER, lwiladdfi4Hr T Hi:0x000001b0A!
0x000001c84k .

0x000001b0: 0002a303 1w tl,0(t0)
0x000001b4: 00000013 nop
0x000001b8: 00000013 nop
0x000001bc: 00000013 nop
0x000001c0: 00000013 nop
0x000001c4: 00000013 nop
0x000001c8: 006e0e33 add t3,t3,tl

Imagination K %411 &l — RVfpgastit15: %l 5 K
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F1625 ) 7 B4R P PRI SR = UGS B A R . FFE, TR mEgf R+, B
TR SN ETIEII A R, NSRBI . 5 EESLR RG] —FE, TR
G5 GREMES) Al BhRESEE KL TR 2. IREMS 5 P NN ZHIT RN ERE S .
HAZHITRINE SRR O RLOE. Bhah TN Z I IERIES . AL (5
FEESELI AR .

Imagination k2t %] — RVfpgast15: i 5
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lw t1, (t0) add t3,t3,tl

Signals
Time 32800 ps

clk=
31:8]=
31:
31:
31:
31:
31:
31:
31:
31:
31:
31:

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
il inst wb[31
T6 rsebypassie:
il result e1[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

-—|.—|-—|.—|.—|-—|.—|-—|.—|.—|-—|.—|

816

il result_e4 final

i@ result e4 final

il result wb

i@ result wb[3
1@ r52 bypass data d[31
ec 19 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

ﬂ_

b[31:

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

e e e e e e e e

E:E‘:E‘:E‘:E‘:E:I

—_

B15. B4R P EIE = RIS RS R

K164 H T B14F2 570 A5 LA T (addfg b TR By, 1wig 44 T-DC3M B
HH AT
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. Cyclei |

EX1/DC1

DECODE STAGE STAGE

EX2/DC2
STAGE

®

add t3,t3

gpr_i0_rs1_d [31:0]

r0 [31:0]

gpr_i0_rs2_d [31:0]

r1 [31:0]

Register File dec_i0_immed_d[31:0]
(dec_gpr_ctl)

10-1
MUX 1

i0_rs2_bypass_data_d[31:0]

Iw(tO)

bus_read_data_dc3 [31:0]

ALIGN, | Isu_ld_data_dc3 [31:0]
MERGE 1

And
ERROR
CHECK

Imagination
university programme

EX3/DC3
STAGE

[31:0]

Isu_result| dc3

g

\‘ E

3-1 El

MUX o

q)I

PR— %
8

_QI

E116. 14T 7 B3R IR 38 = UGS AR B 545 H i 58 A 3 v ST 3 1) o A

£%: EH ORI EN EESE15H 7 Hid iR,

[ I 7341 B 15 7 (KR DA B 16 R g 1

- BE1SPIRHIERERE S
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