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1. &

ARG T 88T - FRMEESEHRVipga 2481 0 B8 248 - [H78— FRVfpga A F9#5
FAMYE2S (R GEER - RPIERZEERSE) - RVfpgaZ it & —(ESMEDDREEC
S~ —EFES A (18) FORI(E > B  EEFEER (DCCM) FiHE< (ICCM) HyEFaciEse
(s BB EMERLIER) -

171 [ 100 MHz
Clock |, |
Generator |

L 50 MHz

Y

SweRVolfX SoC

bscan TAP

PRE— PN cDC

LL RAM Memory

Lite DRAM
[ AXI-Wishbone Bridge | controller |:>§

[ Wishbone Interconnect ]

Boot-ROM | [ system-Ctrl | [ spi1 | [ sPiz | [ Timer | [ GPio ][ uart I-...t;‘:.
¥ '

i @

[&1. RVfpgaNexys : RVfpgasC B #4t DAL & )5 SR aaRUR

MFsE : B E SR 19k - et RIsE S Harrisf1D.HarrisFrE 1y ( B % s T FIE S A8 248
%) (RISC-Vhi4 » Morgan Kaufmanntihf @ fEfE[DDCARV]) HYEET.7 .48 -

AN E By SR B E PR EUAYIRE - EEAYE - E1 AR 0 RVfpga 2 &80 AR B & ERHEREL

(D$) - At > FAHEE R T E R SRR AT S TR FE TR EL - (BEAFTAT B
{5 FIRVfpga Z 41 1 61 & KIS A R R LY £ 2202 - [DDCARV]SE8. 36 8 KAy Z Bl
FEIREEAIRIS - AILIE B2 -

ST o A0 T HEDDRY NI TR b U B S8 AR (HI2ED5Y) > SRR AR
RVipga s 4EHEBHISHIRRIERIEFEINEE (483355 -
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HEAR P EEA B B P (L DS M 4EPEL > B3PI (B RHFAURER IR Vipga 247t Hy # {1
sCiSRE A8t - AEEER13M014 5 > FMIBUR 1 40{7 (5 F DDRSMESEC IR AR A DCCMAET T AR
F o NS EER TR - BE&OFREFIGERE - & fEDCIhEt &Lt - ZRIERIERNE
Bl FHAXIEE e (e LA i s R R A& © EFHIDDRECTEAGR - B SRAEE 24 (H
#E3] - ELEFAUDCCMEFA &= -

2. DDRIMERECIRASEEHFR

LUT#E e —Ee e B & A fs S MEEFE CviE= - TN EHDDRYMI LIRS TH %
{E - &} [RVipgaPath]/RVipga/Labs/Lab19/LW-SW _Instruction_ExtMemory$z it PlatformlO
Bz DUHEA DMRER ot ~ EERECGER - B2 frrayie = & 8 £ 5 100001E T 2
HIFEZ (RAIAME - EAREREAERY) - SEHES R EETTE (EH1wiES » 21504
CIRREUR ) » FUTERITIYEE > MR TERBEEEHE - EF ((EHswis< > 3%iES MU
ALERFERIR) -

.data
D: .space 40000

.text
Test Assembly:

11 t2, 0x000
csrrs tl, 0x7F9, t2

la t4, D

11 t5, 50

1i t0, 40000
la t6, D

add te, t6, tO

REPEAT:
1w t3, (td)
add t3, t3, t5
sw t3, (t4)
add t4, t4, 4
bne t4, t6, REPEAT # Repeat the loop

2. EBIRE

{EPlatformlOHBHEL ~ dRet B E > ARFESAHEESR (Uit
[RVfpgaPath]/RVfpga/Labs/Lab19/L W-
SW _Instruction_ExtMemory/.pio/build/swervolf_nexys/firmware.dis) - i35 15 > 1wig<

(0x000eae03 ) Flswig< (0x01cea023) 43 Hlfir firii0x000001944£10x0000019c¢) -

0x00000194: 000eael3 1w t3,0(t4)

0x0000019c: 0lceal23 sSw t3,0(t4)
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Signals
Time
clk=
dec_ i@ pc_d ext[31:0] =
dec_i8 instr_d[31:0]=
dec 1l instr d[31:0] =
lsu_axi_arvalid=
lsu_axi araddr[31:0]=
lsu_axi_rvalid=
lsu_axi_rdata[63:0] = +/ A 11AB1EBADCABIE
t3= E peezARC

lsu_axi_awvalid=
lsu_axi awaddr[31:0] =
1su_axi wvalid=
lsu_axi wdata[63:0] =
lsu_axi_bvalid=l
lsu_axi bresp[l:0]= §§

FREFER XS HIBERRER
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[ BFfr T~ Ay 2 o A el ) (R T — TR IR e 2R

£ - £ H CHYER L ERESHAVEEETE o KLt - SFRIEDIT PEHRIE ({EGSGHYZETE]

SrHRERai) -

- DNEFFEAGE_EAEZE (Vvipgasim) o

- fEPlatformlOtr » BHRFELL N AL B R LAV ELZE @ [RVIfpgaPath]/RVipga/Labs/Lab19/L W-
SW _Instruction_ExtMemory -

- TEfEZ platformio.init 17 FIRVIpgafsifit —#EIFEZE (Vivipgasim) FYIERERSES

- {EFVerilatorE 4= HEtHpE (FELEHPF) -

- 1EGTKWave I-BEEHIEN -

- {HFfEZtest_Blocking_Extended.tcl ({F[RVfpgaPath]/RVfpga/Labs/Lab19/LW-
SW_Instruction_ExtMemory Rzt ) FrBLEL E 6T RaNGEAE FIEVENST o Ktk » 18
GTKWave |- » #%—1 T File — Read Tcl Script File ;, (f£Z& — sHHITClI5SHEFZZE) il
#Eitest Blocking Extended.tclfgZs -

- E TZoom In, (BK) () 5 SRS E142500 psEIE -

PETAR > BTG LA A AXIEE A FE 5 DDRSMAF SC IR AR A TR S R 4F - ARRERHHEERY
B RHIEE © B2 RAFTErRATEE4 B oy

- mHESEEEDDRIMIECIEAE (HAESD Y ) SEACERRILRF BRI A LS - SHAERIFIGI
i BRI E—EHIRS AR (Bllsu_axi wvalidfg1850) - (&
FUERE AR -

o HEHAI  EBAXITER SN A A A R L

* lsu axi arvalid=1

* 1lsu_axi araddr = 0x00002AB0

o #FEHAI+8 1 (FFEE > ARFEAVECIEAG A ZENexys A7BE S - B IR FHRY
DDR&CIERS IJWFE%E%EF‘Eﬁfﬂ%’f]EﬁLiEﬁEﬁ’éﬁﬁtE’]LLIKﬁI_J BARAE
IO EREET T o EBAXIERHHE MR IR A AR UE

* lsu axi rvalid=1
* lsu axi rdata =0x0

- RHESEEBALUETINAER (add 3, t3, t5)  WREIRERS AL Fs
fEZE > AIEER1SHTAL - (BT AREIRZERE - (B BTTRERIEEEIT < )

o A5 FRIESIRIAERE A3 1 £3 = 0x2ABO -
- Itk mEERSHIES ADDRINIMECIERS (MKEFTR) -
o HEHAI+16 : FEBAXIFE B IMIEC IR A F R AR IEATEA

* lsu axi awvalid=1
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* 1lsu_axi awaddr = 0x00002ABO0
* lsu axi wvalid=1

* lsu axi wdata = 0x0000000000002AB0

o HFEHAI+21 ¢ ([FEFRAY - R AV ERE B S FRVRERE NG N AEE] ) 0 AMERECIR
B BAXITE RS HiE A - RIACIEETT S ARR(E

lsu axi bvalid =1

lsu axi bresp =00 (Fr—YJIESE)

£ : (FAERETEEPHEE2FAZ A - F558 - #SAREREFHFRE - FHIDDR
SNERECIRASFT V4RI R B %/ (EFEERUFRERIR AFED) ? 7] DALL# A B3+ #YDDR
SRR EL(E FHDCCMIFHIETTIE . ([RVfpgaPathl/RVipga/Labs/Lab19/LW-

SW _Instruction DCCM/ 2t 55 —(EPlatformlOE 2 » H g & N B DCCMET T8/ e
TERVAEEIRES) - 351 - FNEBHVECIEAS 2 Nexys A75R#N EERE(E FRYDDRELTE
BS o DRI i R 22 S AV E/ 5 A 28 B AT B 2 TAZ U Y e B G A AR ] -

%5  {HHH[RVfpgaPath]/RVfpga/Labs/Lab19/LW._Instruction ExtMemtg{Li&a ] - #&Bf
HERG S T Es (i EDDRYMIEC IR ASHYRE UL RE - B E—(E%—F » "I DAEM
[RVfngaPathl/RVfpga/Labs/Lab19/LW _Instruction DCCMHEfH] » R AR BN B
FHMA A EAVE U TERER - 3558 - FINEEEHVELIERS N ENexys A7BR# R &I
{EFAIDDRECIERS » R EE RS SRR R B BT BN st THE =S ez I A A E] -

E% : iTRVipgaZ it (EHRVELIEAREHES - AR B HERE A © 5 - B
#% 4% il 5 (VAL 4 (i 7 [RVifogaPathl/RVipga/src/Lite DRAM - TH g 155 4 £ 5% BORE 2R Y 1Y
litedram_top.vig & B 1E o m] LUSCHETT B3R RAVESE - 2R TS0 o3 A7 2K 5 LiteDRAM P
sy —LEEHSE -

3. FEfE < EREUVF AL

AR T > AT HTRVIpgaZz &t HHE fEHIHE S HREL (1I8) AYER(E - JFTE S rad a1 i
EI$ (F3AED) - A& R E AR syt flar (553.BMI3.CH9r ) » met& AT
SweRV EH1 i FIHVISE s (553.D85) -

A, IECTREEHRE

RVfpga Z 4 NIS o] HAE 2R
[RVifpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/include/common_defines.vh
HEFRN— RV SEOE TR E - THRRVipgan i A LI N IS
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‘define RV_ICACHE SIZE 16

"define RV _ICACHE DATA CELL ram 256x34
‘define RV_ICACHE IC_ INDEX 8

‘define RV _ICACHE TAG CELL ram 64x21
‘define RV_ICACHE ENABLE 1

‘define RV_ICACHE IC ROWS 256
‘define RV_ICACHE TAG DEPTH 64
‘define RV_ICACHE TAG HIGH 12
‘define RV_ICACHE TAG LOW 6

‘define RV_ICACHE IC DEPTH 8

‘define RV_ICACHE TADDR HIGH 5

BE T Bl 2B AT RE S
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/global. h 54 55,

localparam ICACHE TAG HIGH = 'RV_ICACHE TAG HIGH;
localparam ICACHE TAG LOW ‘RV_ICACHE TAG LOW;
localparam ICACHE IC DEPTH ‘RV_ICACHE IC DEPTH;
localparam ICACHE TAG DEPTH = 'RV_ICACHE TAG DEPTH;

DRIE > ISR FHLL T EHAE -

R B
1SN
BRI CrEEsEER) 16 KiB
LR EIAREER 1 KiB (SHESRAE AL T4
EEREY] (R EEBEER) 640 iz 4l
TR EA R 32z el (EHEREEANIT)
LRUARRE 24(@E{ir e (43T )
BRATT 32(@Efir e
(EHEESEAEA LT
AR (REECE) AR
EBAN 64{E 7 T4H
EBE K/ @B AN = 16Ki/64) 256/ B
FHEER A EIRE (EREUAHEN: = 256/4) 641 & I

fRIZZAHRE - RVipgaZa 4 (i FIHVISLIE 4P -
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ic_rw_addr [31:2] (Fetch Address)

20 bits 6 bits 4 bits 2 bits
TAG SET |OFFSET
WAY 0 WAY 1 WAY 2 WAY 3
adr_ff 20 bits 64 Bytes 20 bits 64 Bytes 20 bits 64 Bytes 20 bits 64 Bytes
(Register) 1 + Parity + Parity 1 + Parity + Parity 1 + Parity + Parity 1 + Parity + Parity
Sa 5
ic_rw_addr|ff[31:12] — > SET 1 [N T
| | | |
ic_tag_valid [3:0] . .

TagWay0

SET 62 — —
SET 63 F |
TagWay1

TagWay2

1

1

TagWay3

DataWay0 Dat1Way1

DataW

DataWay3

4-1 Multiplexer

ic_rd_hit [3:0]

|

ic_rd_data[135:0] (ic_rd_data_only[127:0] + Parity)

4. ISPIEREET - tREURAIRS (H4Hifu_mem_ctl) [HISTRELE AGRSE (ic_rw_addr) MEBCKREISHVERTERSE (ic_rd data) -
MEERVEEPAR (RFICHZEER R TIES) -

Imagination A £ — RVpga 19 « f5< PR
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RVfpga 24t HISTEREZ
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1CoreComplex/ifu/ifu_ic_mem.sviiE &
HyEZHIfu_ic_memtR & (F - sz 1E4H & B 55 M (EEAH AT TEHIME

IC_TAG : [HH54H & a5 (AEATHIATEOTRFTR) LR Ed gt
(ic_rd hit) AEESE - EAEERTEEASEic_rw addr » S8 ABRiC rd hit -
TR 5 FE 22 P R P A P AT DB S -

FEHUSHR FTBE ELATAE & HER 9t TagWay 0—TagWay 352t » ANE4 R AHBEEEE (FERHT%
BUR) AR » A EE > RESHFHZ Bw toutBYEHItEEES - sH5k TagWayO—
TagWay3 gafgiw touty—&(4sr » FTIEAEEifu_ic_mem.sviy 5558317 £ 5559017 H
FEHHY

IC_DATA : AHH BEkiEy] - Hi e & Eask s avEs sy - DU A
FYAERS TSR R4 S EERERE - BIRERE BRI y RdE e (B PR
) e PHEAHIEIC_TAGHEEREIHAL L (1c_rw_addr) MlaraEiit

(ic_rd hit) - fRAHEEFEHEHI6A TTSETRRL LK OF FSETH#fi -PHy2fi 7T -
fEafitic rd datarPEEELVEEE ESWeRV EH1EHEERN 1280 TiF < R L K —1LE
EMigEALT - MRS ER - 351EE > fl9kic_rd data_onlyBdXEHMiria®
HilAVENIEic_rd datatfl[F - NEEHFRAE T At R ERSE -

TEIS VB RHIL A Sk DataWay0—DataWay3H « 55/EE » ELEaHskE 2 E Al
e h VRS - IR e B A AYERIE Aswb dout way with premux
DataWayO—DataWay3tEiZ gk —u 5y » FEHetEZEifu_ic_mem.svilVEE313(TE
32017 HHIS -

| (8 : srirtiatifu_ic_mem - IR (T B (FIRIA T T Z - |

B.

ES ARG EHE

TEARER o - PPV R HE a5 2 (T E B SR ap o[BS TR AVE G — (8 6 & 16 R B YA
Hifaddtg o (L4716 = 64fir Tl - FEEHPEUR RBEALE) R > B0 m N —EZER
0x10000XHYEE T - 16{fkaddts < Z FiA &iknopfs < » HAFE I Z5R K 16{kaddf5 < ik
FIHE(HISIEIE T  FFeCE - ISEIRAY A/ INSOMELTTAH - RIIE > WAHEDIGA TTAH B BT sE—
it add ¥5 & - & ¥} 2K [RVfpgaPathl/RVfpga/Labs/Lab19/InstructionMemory Example #2 {i
PlatformlOE% » DA(HE A URIR TR AT ~ BBEIELER -
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Test Assembly:

INSERT NOPS 3
INSERT NOPS_8
INSERT NOPS 8

1i t6, 0x10000

REPEAT:
add te6, te6, -1

add t0, tO0, tO
add t1, t1, t1
add t2, t2, t2
add t3, t3, t3
add t4, t4, t4
add t5, t5, t5
add t6, t6, t6
add a7, a7, a7
add t0, t0, tO
add t2, t2, t2
add t1, t1, t1
add t3, t3, t3
add t4, t4, t4
add t6, t6, t6
add t5, t5, t5
add a7, a7, a7

INSERT NOPS_8
INSERT NOPS 8

INSERT NOPS_8
INSERT NOPS 8
INSERT NOPS_8
INSERT NOPS 8
bne t6, zero, REPEAT # Repeat the loop

ret

5. FRIE

fEPlatformlOBHEY ~ dRef 2K - KBRS AHERE S (it
[RVipgaPath]/RVfpga/Labs/Lab19/InstructionMemory Example/.pio/build/swervolf _nexys/
firmware.dis) - :EFE > HF—fFaddf5< (0x005282b3) fir > {irki-0x000001c0kE ( LA64A{TT
HEFEPR ) F16{RHES (0x011888b3) {irfi {iri-:0x000001fckz (IR HHYERIZ—(EF) -

0x000001c0: 005282b3 add t0,t0,t0

0x000001fc: 011888b3 add a7,a7,a7

&6~ Ry 16{Fkadats < HEE E kA IAERGIR (28900 psZ30220 ps) - HHEAVER (EE) &
B EAR AT RIS BT TEEER » TEEPHY—RIERIECERAY A sRIE S 2 B s B R 1 -
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% - £ HCHER L EERECHAVEERIE - At > sEIFIRLIT PRI (FEGSGHYZETES

SpEER)

- DNEFFEAGE_EAEZR (Vrvipgasim) o

- {rPlatformlOth - BARIELL MM EREIVEE ¢
[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory Example -

- fEfEZEplatformio.inid B FIRVipgafsifit (MBS (Vivipgasim) HYREEE -

- {EF3VerilatorE 4 HEtHPE (FELEHPF) -

- 1EGTKWave_ BRI -

- {ERfEZtest1 _Miss.tcl ( {£[RVfogaPath)/RVfpga/Labs/Lab19/InstructionMemory Example
Rt ) BARCEAEI6FT TR EIRTERSE o Ayt > FEGTKWave I - #—TF " File — Read
Tcl Script File |, (f2ZE — EEYTCHESHEfEZE ) Ai5EiEtest! Miss.tclfEZE -

- SR TZoomin, (KD () 251728900 psZE30220 psiiE ATE -

B DT — SRR AR - BIAIEHISHYE ABRESHIIaTE SHYSSRS -
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ifc fetch_addr f1 ext[31:0]=
ic act hit f2=

ic act miss f2=

ifu axi arvalid=

ifu axi_araddr[31:8]=

clk

ifc_fetch addr f1 ext[31:0]

ic_act_hit f2

ic_act miss f2

ifu axi_arvalid

ifu axi araddr[31:8]
ifu_axi_rvalid ~

ifu axi rdata[63:0] CA11ABLEBADCABLE [AL1ABIEBADCABIE | y BADCABIE 1+/CA11AB1EBADCABLE

ic wr_en[3:0] ] : ~,
ifu wr data new[63:0] CALLABIE ) ) ABLEBADCABLE 1+ /AT UDIEEADCABIE

ifu byp data first half[63:0]
ifu byp data second half[63:0]
ic_premux_data[127:0]
ifu_fetch data[127:8]
q0[127:0]
q1[127:0]
q2[127:0]
ifu i@ instr[31:0]
ifu 11 instr[31:0]
dec_1i0 instr d[31:0]
dec_il instr d[31:0]

B

~

ifu_axi_rvalid=l

ifu axi rdata[63:0]= [EENEEINEEE

ic wr_en[3:0

ifu wr_data_new[63:0

ifu_byp data_first_half[63:0
ifu_byp data_second_half[63:0

1= [

1= CA11AB1FBADCABIE A11AB1EBADCABIE
1=
]

6. E5SHEXAVEEERY (BURISKRaGH)
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AHE IR SweRV EH1 AR B R o H A BUR T #) T T 16fFkadats < IRFHIHEHL
R o MRIBLEAESAEIST - RILAR HAEDDRINIELIR AR RE$ T -

- J:EEI’JI_JLXEE FF829ns ey HIF—XISAKdsH (ic_act miss f2=1) >
E%%#Fﬁ[ﬂﬁ’ﬁ?* BAXIPE R HE S EEESK (ifu_axi arvalid=1) -

- W% - Z2SRHEEAXIFERHHK R H ARG SRR/ (E64f TTlE A -
o aflgfifu axi arvalidEE27{EHEIARKEEF - Zalot il B EIEE %
T SR T,
o fFifu axi arvalid = 1HYIE27{EHEEAN - Hfifu axi araddriFEEAXI
%/;[LEFTET t8 {64 BRI kL - JE8(E kb /E/EDDRE R ALY -
ifu axi araddr = 0x000001cO
* ifu axi araddr = 0x000001c8
* ifu axi araddr =0x000001d0
* ifu axi araddr = 0x000001d8
* ifu axi araddr = 0x000001e0
* ifu axi araddr = 0x000001e8
* ifu axi araddr = 0x000001f0
* ifu axi araddr = 0x000001f8

- PEERER T (A TERHE AT fu_axi rdataf EYAXIFEHHRK
FEEpR S
o EMBfifu axi rvalid HNEREE EAEEEFTRAVEIGER » 2ZNatgaLr
(A Er R i — ([E A S B -
o JUE64frtEst (FHEREERIMRIES) HHRIEifu_axi rdatafefft
(IGEIEE%%ET  JEHE H CHYENS EE R EROE TR ) ¢
ifu axi rdata = 0x00630333005282b3
» ifu axi rdata =0x01ce0e33007383b3
» ifu axi rdata = 0x01ef0f3301de8eb3
* ifu axi rdata = 0x011888b301ff8fb3
* ifu axi rdata = 0x007383b3005282b3
* ifu axi rdata = 0x01ce0e3300630333
*» ifu axi rdata = 0x01ff8fb301de8eb3
» ifu axi rdata =0x011888b301ef0f33

- THHOMEEZER - /(E64 TR e F TG RII g I HIE AS - F40 > Al
F(E6A 7 TR AT RA0 T ¢
o EMFfic wr en®EEEN Fﬁjﬁtl_JEH »ic wr data=
0x00630333005282b3 - At » aﬂfﬂ]kkaﬂq—addfﬁ/\%}\ﬁ
o HMEHEEAR > HItic_wr_en¥E = > BAL[ENF > ic_wr data =
0x01ce0e33007383b3 - NIt » 26 ={&F1E Efl—radd?'ﬁ/\ﬁ)\w
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- B TIDUET] RTURIS STEISIERIE S IR EIE 4R (BRI
ifu byp data first halffllifu byp data second half) - DUEFISHKT
b R - BN - DURETE S GBI MR (2 R F A
dec_i0 instr dfildec_il instr JJCKE) -

C. HEORHaER

AR T > EAWRHEEREE3.BE > ([ES) HYHER] - [EEERIATIS drd o [E7FTR Bl T
(&5 - HRE A AR R Y35 2R (BLEI6 A ATl S — G ALISRard - FRittz
Gh o AIEFEA—TERD) -

£% © £ H CHVER EEEE7 R HEEERE o (ERTEZEtest1_Hit.tcl (1£
[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory Example$g{t) - #%42x T Zoom

In, (Bk) () mEZ34680 ps -
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clk

ifc fetch addr fl ext[31:8]
ic_rw_addr[31:2]
ic_rw_addr_ff[31:4]
TagWay®[19:0]
TagWayl[19:0]
TagWay2[19:0]
TagWay3[19:8]

ic tag valid[3:0]

ic rd hit[3:0]

ic act hit f2

ic_act miss f2
Dataway®[127:8]
Datawayl[127:8]
Dataway2[127:0]
DataWay3[127:0]

ic rd data only[127:8]
ic data f2[127:0]

ifu fetch data[127:0]
qe[127:8]

q1[127:0]

q2[127:0]

ifu i@ instr[31:0]
ifu il instr[31:0]
dec i@ instr_d[31:0]
dec_il instr_d[31:0]

Imagination A5+ — RVfpga #1519 : 55 HRHL
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Ty MTiE 7 R EVEEER Y - H e iEE 1 1E 3T AL K AYFCRIF C2PE By —EE 35t - Ry 7 (it
5o BT EE R R T HAVES - RS S AT RAVE4 AT RAVE TR - BEE
&4 Fy ISR TE - A T ERYE 8 LA T BT -
FC1 FC2 ALIGN
Memory Controller
(ifu_mem_ctl)
(PC) ifc_fetch_addr_f1 [31:1]|= fetch_addr_f1 [31:1] ic_data_f2 =|ifu_fetch_data [127:0]
LOGIC f | o [0n1270)
iccm_rw_addr LOGIC
ifu_i0_instr [31:0]
I INSTRUCTION
ICCM 1[127:01 | Ali REGISTERS
(ifu_iccm_ | | L g |9 (ifulg:(:) ifu_i1_instr [31:0] | (dec_ib_ct])
n;em) ~ |icem_rd -
. T _data ifu|axi_rdata [63:0]
ic_rw_addr .
I$ L | qor [9R1127:0]
(ifu_ic_me
m) ic_rd_dat:

| Lite DRAM

V ifu_axi_araddr [31:0]

BT > ISP
- ESFT R —

Controller

{Fraddfs <

=

[El8. FC1 ~ FC2RI%EFEE,:

(add t0,t0,t0) HyfrukrReE

ifc fetch addr fl ext (ifc fetch addr fl ext =0x000001c0) $Zf
S ERSERHEDEES o (H AR P R (R A XL ATT » R RS2 DAAE R TT4R (321X17E)

B -

{58 PRI 3k Y TSR EURR SR PR S AN BRI S - SOE 4R - 7 EESSRAEAE T — 5

HRf -
- g

(At > ic_rw_addr = 0x0000070 -

POfERES (BHETRECERE—(E) A EHsETagWay0-TagWay3H! -
Ffeladr £ERETFERIREEAME (BHERSRic_rw_addr f£f) HYTAGHE{I#E

FEAGIT - FrAfEas B TAGRIAIHE - (21 —FRiEEs (JEEK0) AR

(ic tag valid=0001)

VU128 TiE <

» R ER O h 3% A haflE

PR BRSO (RlDataway0) FRHERVEE) o AL -
ic_rd_data_only = 0x01ce0e33007383b300630333005282b3
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HEITELRS -

“ic rd hit =0001 -

CHRERAL S DataWayO-Dataway 3 » B4FT/RAYA1 2 EEGHER




Imagination
university programme

R EBHREURAVENIE fic_rd data » ZsHFRELIN AR IR E &Y
ic rd data onlysHgftH[E -

EAA2BAr TORHE R A IE B » ANE8FT -
ifu fetch data=ic data f2=ic rd data only=
0x01ce0e33007383b300630333005282b3

s AR 0 B 128 TAT I ER Y E AT fRaddiE < -

- ERA2  ERSE » B P — S fRadals S -
o ifu i0 instr = 0x005282b3
o ifu il instr = 0x00630333

- EE3 RIS S =R U fRaddfs S o [FIRFESE —FRAIEE —fRaddfs %
HETHERS -
o ifu 10 instr =0x007383b3
o 1ifu il instr = 0x01ce0e33
o dec 10 instr d=0x005282b3
o dec il instr d=0x00630333
- BEHiA R W RIS IURadars SHETTRERS |
o dec 10 instr d=0x007383b3
o dec il instr d=0x01ce0e33

D. E<HREVE SRl

RS 4ERVIpga 248 Y LB AR - TE4IHarris & Harris{E[DDCARV]%:8.3. 36 fit »
FEAHARIE R > A0SR AR L - RN S — (A SR A, - IR REAL &%
YA B R T HAE R s D& > R AN R s @A mTRE MR - (RIE > K%
P I AH A R HUER FH e /[ (Least Recently Used » LRU) HYREEHATRRS - 2110 » 2BEHimR
AT i/ (5 AT B e R > R — R A S ERYLRUSRES CGGEETE ABLRU) - 3ZRISE S
DU e EIREE K - HA85ER - SweRV EHA{#E & M BHAELRUIYE (L IRHS -

FHEE ¢ A AR EIDDCARV]E58.3.36 » A I A - S0 » A (H:#Gille Damien
HIBE Lam s (AR AR RSP A FE A TS #ERFEENMZE) (20074-3H8H ) AYE4E]
4y EEEYTT - https://people.kth.se/~ingo/MasterThesis/ThesisDamienGille2007.pdf - &
JIERER, » B OCIRE T F5[GiDa] -

i. —XBHELRUSKEEFESweRV EH1H Y E(E

W[GiDa] ATl - — XASfLRUSHS ZLRUTES ARG (LARCAS - ZE L A NEAT R ey
FBHEBEAN-1ELTT (FAELRURER) - NIL - B EEH4ERE S HREEISweRY EHT - &4
FEAIMELTT > LUBHEA RS H I HURE S -
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53 BESIFITL > $8/EISHdn PRF - LEIEMDDRSNET B K BT - (/I DDRINRD
ARG RS - VRGBS IS - BN LAY SETRIGISE T AR P 3 AT E
BEOISE (SRIE4) - TAESHERRENT |

- PREGHAM > BREA RS (EE B - EEMEEI T FER R A Sy
165 B B (AR -

- BREGEEM > B E T EEIRI AR - ARMHEHE s >  XSLRUS RIS &R
TENER HPE SR o 5% RESARIZ H AV AL TCLRUARREHE E ARV EES - A1 N RATR
(XFONEFRHEZALT) -

LRUFRRE B AR ERS
x00 S0
x10 ey
0x1 IR 2
1x1 &3

WIFHTSCATAL - FEfEeHifu_mem_cti fEEHILL N Veriloghe =5 5 By (1E9) mIE FE IR
| S 35 P OF T Y B e ) i

replace way mb_any[3] = ( status_mb_ff[2] way_status_mb_ff[e]l & (Stagv_mb_ff[3:01))
( fFI315 tagv mb FF[2 tagv mb ff[1] tagv mb ff[al) ;
way mb_any[2] tus_mb_ff[2] way_status_mb_ff[0] & (Stagv _mb_fF[3:0]))

( ffl2]15 tagv_mb_ff[ tagv_mb_ff[0]) ;
replace way mb_any[1] = ( tus_mb ff[1] way _status mb_ff[e] & (Stagv mb ff[3:01))
( ff[1]% tagv_mb_ff[B] ) ;
replace_way_mb_any[0] ( status_mb_ff[1] way_status_mb_ff[e] & (ttagv_mb_ff[3:0]))
( mb_ff[@] ) ;

. I IR BB Verilog B2zt HE
BIOF A1V erilogh2 2 A 1 ELvf L L 3Rk -

- replace_way_mb_any (4{17C) : {RAFEEGRES - H o BLOEEHART RS AH E ERY
firyehit -

- way_status_mb_f£f (3fyT)  IRIFHTESRFTEHAILRUIREE -

- tagv_mb_£f (4f70) : PRIFEFTESEFTEERIARILIT | ARCEEFTH BT
Fol > SESCEES P EAY AL T R0 -

(458 S IREO I VerilogiZAs + WK iR WERE R BB i - |

B & A ay pEoRar iy - MAIRE TREMAEALRUREE (Hd T -, FoRATTHREFAR
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RARVEER T—LRUGRRG
ity -11
il -01
iHEE2 1-0
HEEE3 0-0

BT A IR > A[GIDalFTil » {Es Ly el d by > 5 [ dn /AE A THIES (K B
AL TCR & SO BT AH R R 395 72 Ry (RLRU o H R EUE I8 18 R (R S 1% 7 AR RV 6
o TECRIR ISPV B Sz -

fetseHifu_mem_ctifEEAY LL T VeriloghEx(#E7 By ([E110) mJE{F_ LA LRUARRRHY #EH -

way status hit newl[2:0] 3{ic_rd hit[e] way status[2] , )
({3{ic_rd hit[1] W s[2] , 1 ,» 1'bl})
({3{ic_rd hit[2] | tatus[1 ] , 1'b8})
({3{ic_rd hit[3] 1'b0 , tatus[1] 1'b0})

way status_rep newl[2:0] ({3 replace way mb any[0] tatus mb ff[2] ,
([ 3{replace any[1 us mb ff[2] ,

({3 replac any[2 1 status_mb fff'_] .
({3{replace way mb_any[3] 1'b8 ,way status mb ff[1] ,

way status new[2:08] (ifu wr en new q ) way status_rep new[2:0]
way status_hit_new[2:0] ;

E10. R ERLRUARREH Verilogf2 5/ B
& 10Ff Ry Veriloghf2 =UaE H B F DA EREE
- dic_rd_hit (Mirjn) : (REFFE4dHAYEES -

- way_statusfllway_status mb_£f (£3fjr) : fR{FE4AarPECEHAvHAY E—
LRUREE -

- ifu wr_en new_q (i) © WURSFEEH - AERIHE -
- way_status_new (3fiyT) * fR{FREIMISEEdytheoRar EYAHAYHTLRUIRES -

- replace way_mb_any (4{7jC) ° (R{FEEGRES » H o ELO BN 8 FAH S ERY
firye s - B9 NI thift TR e ERaRAER I -

| £E8% © 4810t A Verilogh =i - LY F i3 B R S A0 ) 0

ii. = XALRUSESHY TIERREH]

Ry T orirSweRV EH1HEHASRES » e HEE R
[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory LRU_Example 2t T HHyFE A - 3%
i) (1) fE—{E PR E s E BN FEIAYISIE SR - 6 B A (Els B i E [ —I1$4H
SET =8 - Kt » FFEL 7 —(EEE Ak (B f5orvmRERE - HiEH i<W

I\

Imagination KE251#] — RVpga#i5#19 © #5SHRH
Hi4<2.0 — 2022424 F
© Copyright Imagination Technologies 19



Imagination
university programme

1023{Enops3kF « 5FE R » JHE-SEinop 5 H4KIBZE R (1024 * MEfTTAHAES) - FER
ISP RmERHI AN (273 AT HIEAS) -

Set8 Blockl: j Set8 Block2 # This j instruction is at address 0x00000200
INSERT NOPS_1023

Set8 Block2: j Set8 Block3 # This j instruction is at address 0x00001200
INSERT NOPS 1023

Set8 Block3: j Set8 Block4 # This j instruction is at address 0x00002200
INSERT NOPS 1023

Set8 Block4: j Set8 Block5 # This j instruction is at address 0x00003200
INSERT NOPS 1023

Set8 Block5: j Set8 Blockl # This j instruction is at address 0x00004200

11 BUREBREAE EIRERY 515 S IR B

fEPlatformIOBHEY ~ 4ReF K - AEFARUSAHEEZ (init
[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory LRU_Example/.pio/build/swervolf_nex
ys/firmware.dis) - JEELITNHEIE ¢

- FfR31ES (3 set8_Block2) irffirki-0x00000200p% - fRIEE4 » {FHUSHFAILL
HEESTA0T -
I$firkik ( —#fiz) = 00000000000000000000001000000066
TAG = 0x0
SET = 0x8
OFFSET = 0x0

- BIIRITES (3 set8_Block3) LA iri:0x000012005% - fREE4 - TFHUSHFHIL
HEETATT -
I$firtik (Z3Efr) =00000000000000000001001000000006
TAG = 0x1
SET = 0x8
OFFSET = 0x0

- BE0RI1ES (3 set8_Blockd4) A ir:0x000022005% - fRE[E4 - TFHUSHFY(L
HEEISTAOT
I$firkl: (—3Efir) = 00000000000000000010001000000006

TAG = 0x2
SET = 0x8
OFFSET = 0x0

- EMRIFES (J set8_Block5) firfAirsik0x000032005% - fEEEI4 - FFEUSHFHIL
HEE AT
I$firkE ( —#Ef7) = 00000000000000000011001000000000
TAG = 0x3
SET = 0x8
OFFSET = 0x0
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- FEHEIHES (3 set8 Blockl) {irfAirsi-0x000042005% - iRIEE4 - FHUSHFAIAL
HEEI AT
I$ArHE ( —#Efr) = 00000000000000000100001000000009
TAG = 0x4
SET = 0x8
OFFSET = 0x0

B (E11) $ITE—IOE R > HBHVUHAIRRE RZE  BI12FTR R TR — AR
IS aH8R S V(LN - BETR > FRITRIEIRA&TA VerilatorfifE - DIGE T 15 LB ERaR T -
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SET 8 after execution of the first j instruction at 0x200

Valid Tag Data
WAY 0
LRU STATE = 011
O WAY 1
CE N WAY 2
CE N WAY 3
SET 8 after execution of the second j instruction at 0x1200
1 00000000000000000000 WAY 0
LRU STATE = 001
WAY 1
D WAY 2
CE N WAY 3
SET 8 after execution of the third j instruction at 0x2200
WAY 0
LRU STATE =100
WAY 1
WAY 2
CE N WAY 3
SET 8 after execution of the fourth j instruction at 0x3200
WAY 0
LRU STATE = 000
WAY 1
WAY 2
WAY 3
SET 8 after execution of the fifth j instruction at 0x4200
WAY 0
LRU STATE = 011
WAY 1
WAY 2
WAY 3

12, 11 PR T2 — AR RTI$4HS
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T HHYVerilatorfE g FUR T A E S — A ARV EREGRSE - BEEERSE T B2 Friysr
Mr o B13FRAYVerilatortifgt S XETTE — R 1H5< (7 set8_Block2) 1RAVIREE - #&¥5
Sfirtik (0x200) [EIREEHLE(ISHIAHS - ZAHATWIIAIRRE /578 © tagv_mb ££f = 0000 - (Fjit
45— USILRUSEES + MBI I EHLES A JBES0 - replace way mb any = ic wr en =
0001 - ZH8HYLRUGREEE H4I T : way status new =011-

[Ef8—NE53.BEN sy - Z BRI DDRECEAR T8 H » A A4 T BRATIE A AIS - 8135548
TR ER B AR AT R PR S 5 AGH8HYIEAE -

ic_rw addr g[11:4] =00100000 (4H8)

ic_tag wr data[19:0] =0x0 (FmAMAITHAEMELT  RESHELE)

ic_ wr datal[31:0] =0x0000106F (j Set8 Block2)

ic wr data2[31:0] =0x00000013 (nop)

(ic wr datalflic wr dataZE%Txi**i_%ﬁLﬁﬂfjuﬂﬁ)ﬁ (B & R o FH AT EHSE Fy
ic wr data[67:0] » HPEFERGESR—LEMBEE)

Signals
Time

clk

ifu axi arvalid

ifu axi araddr[31:0]

way status mb ff[2:0]

tagv_mb ff[3:0

replace way mb _any[3:0

ic_wr_en[3:

ic rw addr gq[11:4

ic wr datal[31:0

ic wr data2[31:0

ic tag wr data[20:0

way status new[2:0

]
]
0]
]
]
]
]
]

13 BT R ITESKREBHILRUMRRE

] 14 ARy Verilatorf&ifit 2B TEE 3955 (7 Set8_Block3) 1RAVIRER - IStk

(0x1200) [EEEEHLEISHILHS - FERZ4HH - (FHER0ARY © tagv_mb £f = 0001 - [Fjt - R
B Y HEILRUSKEEE » DVEBG R EIE S A1 replace way mb any = ic wr _en =
0010 - ZH8HILRUGRFEEE HAI T : way status new =001 o

B SN - B4 T R IE BRAY AT (5 TS < 55 AGH8HYEAE
ic_rw addr g[11:4] =00100000 (4H8)
ic_tag_wr_data[19:0] =0x1 (FEARALTATEASENT » RESTEILE)
ic_ wr datal[31:0] =0x0000106F (j Set8 Block3)
ic wr data2[31:0] =0x00000013 (nop)
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331686 ps

Signals
Time

clk=
ifu axi arvalid=
ifu axi araddr[31:0]=
way status mb ff[2:0]=
tagv_mb_ff[3:0]=
replace_way mb_any[3:0] =
ic wr_en[3:@]=
ic rw addr g[11:4]=
ic wr datal[3l:0]= [ZHEISEE
ic wr dataz2[31:0]= 11AB1E
ic_tag wr_data[20:0]=
way status new[2:0] =

[E14. BETE MR ITESKIEBHILRUMRRE

] 15 Ry Verilatorf&ifit 2B TE AFRIFES (7 Set8_Blockl) 1RAVIRER - IStk

(0x4200 ) [E]fEEBLE]ISHYZHS o (2R - BJeRiAYE AR > BEFF4HER @ tagy_mb £ =
111 o B - A BE — W HILRUSENS » 0VER BT S35 A1 © replace way mb any
ic wr en=0001 - 4H8AYLRUARFERE #21 : way status new =011-

B SO - [E15TE4E 1RSI E SR AT (A S S 55 A GHBHYIEEE
ic_rw _addr g[11:4] =00100000 (4H8)

ic tag wr datal[19:0] =0x4 (HEATTHAELMSENTT » KEEFEIE)
ic wr datal[31:0] =0x800fc06f(j Set8 Blockl)
ic wr data2[31:0] =0x00008067 (ret)

Signals
Time
clk=
ifu axi arvalid=
ifu axi araddr[31:0] =
way status mb ff[2:0]=
tagv _mb ff[3:0]
replace way mb any[3:0]=
ic wr en[3:0]
ic_rw addr g[11:4]
ic wr_datal[31:0] =l
ic wr data2[31:0] = [V
ic tag wr data[20:0]= BB
way status new[2:0] =

[815. TR AR IFESRIEBHILRUARRR

[ (8 : 726 C AN F BN 3-E15 T A B EEaE -
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4. &E

1) FHE1 1 FTRAY A R R 0x 10000 A RAVAER - B 5315 < IRFFIRARIALAL - 2
SHBCL R B AR a o - MR MBRE T — R H5 % FFRONE LalfsE - LhisdiiE
GEIR  MABCH AR

2) [EAESTHVER - REISEHASRISHY A IS -

3) fERAE6 > BRI AR (E64M TSR AR ALS -

4) FEEHBESSNIFA SR M HALISAERE - FIIBARFEERANIS - LR - fEBN
VR -

5) St Fii e B 5 TR e 5 1 [F] (i fe & e g
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