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1. &

FEARSZES ]2 T —szihdr, IRATE E S TTERVIipga R S I fE M8 2 24, A4 — TFRVfpga Al 1#E
K25 Chr i, AT ZEEH A1) , RVipga RG-S — A 4MHEDDRE it
. MR RESZA A$) MBA 2 HH T A EdE (DCCM) Flfs4 (ICCM) HIf#EEEK
1ites (RN EEREAAER) .

1] 1 ] 100 MHz
Clock |, |
Generator |

] 50 MHz

SweRVolfX SoC

bscan TAP

=g oe— — CDC

[ AXl Interconnect
@ LL RAM Memory

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

[ Wishbone Interconnect ]

Boot-ROM_| [ system-Ctrl | [ spi1 | [sPiz | [[Timer | ['ePio | [ uarT I-O-%b t
1

v
- 1. —
1
B {1
'

&l1. RvfpgaNexys: RVfpgafifiiss R4 EERHER

VE: SR A198T, 2 S0 [ S. Harris f1D.Harris Bt 2 1) (B0 it Flit H Lk R 45
#1)  (RISC-VfiiA, Morgan Kaufmannitifit, fii#x[DDCARV]) KI58.148.3i.

AR S ORI R AF R . R, WA, RVipga R 400F AR & Hdl ki 22
f£ (D$) o Pk, FATTCIEAE 20 #7 A% Fr HHE A7 fik 25 U7 100 (6 S0 R R 7 iRy i 22 A7 - HL3K
fITR] B FHRVpga £ 4t i AL 35 (ISR iRy i 22 A4 1) 1 24 . [DDCARV] 8.3 ik K 1)
REBM S FREH T8, WTLMEAZH.

FATE 56/ 43 4] WNDDRAM A it 2% h B OO 17 5 Nl (BR28070) SRR IR AR Y
RVfpga % Gt fLISHIERIEAME B DI BE (BE3ED) -
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2. DDRAMEEAF il #2803 Vi

BIRPANTTCIRAEAR S TP DS 1 Rk 2247, (B AT 2 1 I B3 17 170 >R i WIRVpga 2 4 1Y
B R G, ELBAS145, FATE R 7 a0{ {3 F DDRAMAAF fif 4 FIDCCMRZEAT 2% %
ARk . IEAIXEESCIs g, B AL F 20 AR, S EDCA P iFRtht, 285 725
AR B HIAXLE 2\ A7 4% B B R 5 AN HE . AE VT I DDRAAERY, K Ze s ZiE 45 )L
AN, HFEYT MIDCCMES A28 1

DU /s —AN 6 o 0 & 2 3 da 2 R 4R S TR 7, E T X DDRAMITAZ it 2 247 52/
B 1E . X 1 % [RVfogaPathl/RVfpga/Labs/Lab19/LW-SW._Instruction_ExtMemory 3% fit
PlatformlOTi H, LUME R ARYE 7 28 i BAE SRR . B2 Bros (42 7 2 i 6 2
100004 e = (LA CRAIIGA, IV T U ERD , A EA TR (EH 1wiE 4,
ZHAULERBER) , MuaRBNER, FHTRAMERAR —MEH (i Hswid
4, HRA DO AR ER) .

.data
D: .space 40000

.text
Test Assembly:

11 t2, 0x000
csrrs tl, O0x7F9, t2

la t4, D

11 t5, 50

1i t0, 40000
la t6, D

add te6, t6, tO

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

B2, B

fEPlatformlOH 4T 9wkt H, RJEFT I RICg S (hr T
[RVipgaPath]/RVfpga/Labs/Lab19/LW-SW _Instruction ExtMemory/.pio/
build/swervolf_nexys/firmware.dis) . WEiF=, 1lwig4 (0x000eae03) Mlswif4d
(0x01cea023) 41 #ifiz T Hiki:0x00000194#10x0000019c kL .

0x00000194: 000eae03 1w t3,0(t4)

0x0000019c: O0lceal23 sw 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]= §§

B3, B2 ER —RERITRSR
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KB B2 P E A IR R — ISR T 45 R

£ £HCHTHEN EEE RIS R At BRI NP REE (ZEGSGIET

o iER) -

- WEER A R E BRSO (Vivfpgasim)

- fEPlatformlO™, FTIFAELL M ERMIIH: [RVipgaPath)/RVipga/Labs/Lab19/LW-
SW._Instruction_ExtMemory.

- {ECtplatformio.inivh & 57 2IRVIpgafii 5 — 3k S0 (Vivipgasim) ) IERfES4E

- f#FVerilator4: s JEE CAERPE) .

- {EGTKWave LT P4 .

- [ fFtest_Blocking Extended.tcl (1f[RVfpgaPath]/RVfpga/Labs/Lab19/LW-
SW_Instruction_ExtMemory#fit) 17T 5E6fRE SHFINES. Ak, 7
GTKWave I, #.ii “File — Read Tcl Script File” (SCUff — S:HUTCIA SR FHik#
test_Blocking_Extended.tcl 3 14 .

- EILK “Zoom In” GERO () SR G5BT H 42500 psitd 11X 35

Bk, WATE AR T8 AXLRZE 5 DDR AN A7 28 BE AT H L B e fE . AR R EE £
VEAIE R, BSR4 B

- AbFEE S MDDRAMBAFMEEE GRIEMSS) SEHCEIFR MR 3. SRl T 0,
e b ORISR ER (BT 1su axi wvalidMAZEH0) , H2JE3hiE
A

o JMAi: WITAXIELL AN A a5 RS A Rk -

* lsu axi arvalid=1

* lsu_axi araddr = 0x00002AB0

o FHi+8: CHERE, HT05 HAAF ke A& Nexys A7IT A L S Fr Al HI
DDRAFfifi 4% Iitﬁﬁ*%ﬁ@]ﬁ’]i_ﬁ 5IF R ERIER FEARF, FATRAE
TS EE AT, I AXIER NSRBI U -

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

- ACHEESSERBIALUF R TINEIZSE (add t3, t3, t5) , FFKIHES %%)\%ﬁ%&
XA, WsEIRASHTR.  (EF IR ERIZERE, EER BT RGE ST .

o JEAHi+15: WHEIKLERE At3: £3 = 0x2AB0,
- E, AEFEZRC3ME S ADDRAMIEIENE RS (WAHERTR) -

o JARAI+16: WITAXLE LR [ SN AEfif 2% & A R b AR -

* lsu axi awvalid=1
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Hi4<2.0 — 20224E4 H
© Copyright Imagination Technologies



Imagination
university programme

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

* 1lsu axi wdata = 0x0000000000002AB0

o JAHI+21:  (FERE, FEPHIER 5IF AR ERER IR, AMERAE G a5
T AXIS R A, R CIEFHAT 514
* lsu axi bvalid=1
* 1lsu axi bresp=00 (Ex—VJIEH)

B RS I B B2 AR I R A FE 8. S EIREFAAAE IS . 15 W DDR4F
TRATfil % BT FH BRI T2 2 /b CELRRERV M A S P 1a) 2 AT LA B 3 I DDRAF i 2% 5
1 FIDCCMI #4755 . ([RVifpgaPath)/RVfoga/Labs/Lab19/LW-SW _Instruction DCCM/
AL — A PlatformlOTi H, H a4 H T % DCCMBHT 3L/ S BE M FIFER) o BER,
T B2 A & Nexys A7 AR ES2brfd FH I DDRAF 2%, DRG0 B 8 B i/ 5
SR 5 TEFF AR HRAT FE T B PR B AN AH [

£%: fii f[RVipgaPath]/RVfpga/Labs/Lab19/LW _Instruction_ExtMem™ $2 {751, &)
T PETH £ 38 1 5L DDRAMTAF ik 28 I B . 5 - —(F4%—#F, nTLMEH
[RVfogaPath)/RVfpga/Labs/Lab19/LW _Instruction_ DCCM 7, ¥ IG5 R 171 2%
Ui [ AAEAE RS AR AT L. R, H T R IAEER A & Nexys A7H At F32bR
4 \IDDRAFfig 4%, BRI 35 W82 21 RS B 5 7E T R AR B 3R AT RE 7 B PR 2 B AN AH

% JriRVipga R 4t T 6 A dE i 8%, ARG IBUNERET Al EidE, W
1% 4% ] 2% 16 B2 B 47 T [RVifpgaPath]/RVioga/src/LiteDRAM - TH J2 #6 B 78 1% SC 4 3¢ A 1)
litedram_top.v3C A H SEI . FTLLSe #EAT BB /R IO 5, SR 5 ¥ i 9+ 73 A R H LiteDRAM$%
HIER M — L5 5.

3. AIESRIEZEF T EIE

AR i, FATK 2 HTRVipga R G H 2T & Ei 7 (I1$) BI#E. BATEeN4Hn
I EIS (ZEIAE) » REH Sl a3 S A7 R an P Al dn b (ZE3.BAIB.CHE ) » &
S HrSweRV EH1 - F RIS E e img (553.DEB4)

A HOREZFERE

RVfpga £ 4t [11$ 7T 15 FH ST A4
[RVipgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/include/common_defines.
vh g LI — RS HHT 2 ML E . BRIARVipga RG H A LI FISS 4L
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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

HER5 IR S AE AT
[RVfogaPathl/RVfoga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/global. hvh #% 15 -

localparam 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;

"RV_ICACHE TAG HIGH;

PRI, 19K FH PR C & -

1$ K71
BHEHHA A EFHFERREED 16 KiB
T ERRER: 1 KiB (459
PR (A EEERKEE) 640715
P B ERRAE B 327 CAMRLAD)
LRURZS 247 (R34
BRAL 3274
(EAMRCIANE D
FHERME (ANATRCED A%kiE %
BN 64
BRE CR/ANHK N = 16Ki/64) 256/
TSR IR B P (BN = 256/4) 64k

IR %I E, RVipga R Zirf i IS AR~ .
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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
Sagl [y
ic_rw_addr|ff[31:12] — > SET 1 [N T
| | | ]
ic_tag_valid [3:0] . .

SET 63 F
TagWay0
Ehida TagWay1

SETez— —
L I

1

TagWay2

,,,,,,,,,,,,,,,,,,,,,,

1

TagWay3

4-1 Multiplexer

| | b l

ic_rd_hit [3:0]

DataWay0 DataWay1 DataWay2 |DataWay3

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

El4. IS IR, BmEEFES S (ERifu_mem_cth) FISIREHANGES (ic_rw_addr) BEPCREISKHFHES (ic_rd data) ,

WL B3R (BANSKZEEFIATTHES) .

Imagination k%1% — RVfpgasizi19: 154 sl 2547
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RVfpga £ 4t [1I$1E A4
[RVfogaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/ifu/ifu_ic_mem.svii &
R Eifu_ic_mem SEIL . BT S AN AN HLEAT SEBIA -

- IC_TAG: G EhricE (nEAh e ARG ES (ic_rd hit)
2. BB b E S ic rw_addr, HFH{ESic rd hit, HEREAENE
FIZ A5 5 £ F T T i o B0 e S A7 L

Vi IS BT sz B AR e 15 5 TagWay 0—-TagWay3#&fit, &4 SAHAF B CIRAER S &
) e TEER, WHEEEHA A toutHIfE FIEbRL. {55 TagWay0-TagWay3
fE 5w toutM—#sr, MM ifu_ic_mem.svit) 5558347 2 559017 42 HL .

- IC_DATA: MHHONEE AL, Hh & EAZMET s, B TR
I PR (4 2 BROT % . RESRIE AV B R T o A B (B OREIRD o it
B MIC_TAGH BB IR -tk (ic rw addr) FIMH{ES (ic _rd hit) . M
B BT HUFR Mk (1607 SET 7 B L L OFFSET 2B (247, 7Ef55ic_rd data'
WP AR L ZSweRV EH1ALEE A3 (19128 (7 17 & R A K — e ap A In fr, 28 e i 3X
e . EEEE, [§91ic rd data only5EWAHMKREESEN(E Fic rd data
HAR, PRI BATRAE N w07 J A5 5 .

IS B AL T5 S Dataway0-DataWay3it. VLR, XLEMES HZETAH
PGS, B LhR K155 Awb_dout way with premux, DataWayO—
DataWay3ZiZ(s S —4r, TN CIifu_ic_ mem.svirf) 531347 2 5532047 13K HL .

E%: HPriEbhifu_ic_mem, T LTSl B4 TR

B. HOREZFARMTER

FEAF G, FRATHE s AL B AT i B4R A R b o IS 7Rl — M B 16 56 R 48 1
ESaddiE 4 (HH4*16 = 6471, EERPEIR N6 WREF, XSG T— MR
0x10000X HIFEH H . 1655add$B 2 LA JLaknopiE 4, FoAE R 2 i 4 16 2k add i 2 Wi
BIRAMSH R . TR, ISERR/AN 64T K, AT BA64 T 1 AN FF R — Sk add iR
4. XA1FJ[RVipgaPath)/RVipga/Labs/Lab19/InstructionMemory Example$f it PlatformlO
H, DMER DRSS FHE 0. 0 EAESRE T .
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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, tl1
add t2, t2, t2
add t3, t3, t3
add t4, t4, t4
add t5, t5, t5
add t6, t6, té6
add a7, a7, a7
add t0, tO0, tO
add t2, t2, t2
add t1, t1, tl1
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, B

fEPlatformlOH 1T 4Wi¥IH , MRJGFTITRICGH S (hr T

[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory Example/.pio/build/swervolf_nexys/
firmware.dis) . HER, %—2%%addig4 (0x005282b3) 1T Hii:0x000001c04t (Lh64F
WIRRFE) . 16454 (0x011888b3) 1 T-Hikk0x000001fckt (HA &G —1F) »

0x000001cO: 005282b3 add t0,t0,to0
0x000001fc: 011888b3 add a7,a7,a7

KIBFT 7~ 165k addfa 4 Ja Bl X B FL 25 2 (28900 ps#230220 ps) . HHIME R (FED 2
FATAY F A Wt XS RAT 25 5 o TS 14— 51K P AT e 8 14 P 5 i 2 PR R e XA ) FBOR AL

Imagination k214l — RVfpgasizit19: 154 &k 2517
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£%: EHCKTHEN EESEe I . Ak, ERE LI P EREE (TEGSGHIEET

R -

- BN AR B RSO (Vivpgasim) .

- {EPlatformlOH, FJFHECL T A EFRMLITE
[RVfpgaPath]/RVfpga/Labs/Lab19/InstructionMemory Example.

- TE3CfFplatformio.inivh B8 3 BIRVipga i B i S (Vivfpgasim) H1E% 42

- i Verilator4: sl fh BALE (AR o

- {EGTKWave ETFF#E .

-l sCftest1_Miss.tel (£ [RVipgaPathl/RVfoga/Labs/Lab19/InstructionMemory Example
L) T S5 E6FTRE SHFINES . Atk, fEGTKWave I, Hil; “File — Read
Tcl Script File”  (SUAF — BEEXTCfIA ST FFikFtest1_Miss.tel3CF

- LR “Zoom In” GRS (), BRJE 4 HT28900 ps£30220 psy A Y X 45 .

BT AREAT — SE RN 04T, BIUnX IS S B BT R 16 < (155 2% .
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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=
]

&l6. EI5THEFIEEE (BRISRAT)

Imagination k%11 %] — RVfpgascdi19: 4 miikZE A7
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AR T3 SweRV EHA WA A BRIS A dv b o Hp IR T 1 IRBUT 1625 add s & i LS
B, IRIXLEIESAIEISH, )”JJJA%W%AMDDR&I‘ﬁBﬁﬁ%%&’E%’J?UIWﬂc

- M EHMETTUE S, BRA29nsEo Il —kISAM+ (ic act miss £f2=1),
ZE R OB IS AXUS 2R R I EE SR (ifu axi arvalid=1) .

- BfE, RgEEidAXLS R IKE R H ﬁﬁ%ﬁﬁ/\/\mﬁﬁ%
o fE5ifu axi arvalidBEZ27AHBARFFEHEF. %E 5K EE IEERIE
S M AT £
o fEifu axi arvalid = 194]5327/%}%,%%], fE5ifu axi araddrfi@Eid
AXLE LR L8N 64N AT dfthdik,  3X 8Nyl 06 21 N DDRAF i #5135 L«
* 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

- FEENER T \AA EIE BT F 51 fu axi rdata T AXLEZRAK IR Bk Ak
e
o fE%ifu axi rvalidM THR/m@IE EAERKIERT T AR, % ESBE7T
JE SRS 2 DR — A S S s F P o
o J\NMB4AAIH (B EPIKIES) YWHETifu axi rdataffflt (El6HhAK
TR, BEEH O ENL EE SO EH#ITRIE
» 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

- NERPIIEERR, B4R HRAE BE S G A 4 S5 LRV E NIS. it HT
P64 H H N T
o fE9ic wr en®HEHT, HMFER, ic wr data =0x00630333005282b3,
PRtk 25— M5 —kaddiR 45 NS,
o JIMNEME, [E5ic wr en®NEH, HIFERN, ic wr data=
0x01ce0e33007383b3, PKHit, #=2xM# I %addti L5 NS,
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- R, FATLUE B LR DU 25 1R 2 AISTE S 4 55 1 2K (55
ifu byp data first halffllifu byp data second half) , VMELEISHKAT
TR RREF A ST JUANEIE, USRS SRR B (WA TARES
dec 10 instr dffldec il instr dJECKED .

C. WAmEZFWHERE

AR, FATPR AL 53.BE > (K5 KInhl, EHXELAHTIS . B7Ha aidT
BRI RE PP IR IA I 55 — AR CH IS I AR ibl, 55— IR R EIS R drh, Btz
bk, AR AT — GEAD

f£%: EHCHEN EESE7 R R S test1_Hit.tel (TE
[RVfpgaPathl/RVfoga/Labs/Lab19/InstructionMemory_Example T $24t) . #di JLik

on ]

“Zoom In” (K> ('—) #5)%34680 ps.

Imagination k214l — RVfpgasizit19: 154 &k 2517
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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 k%11 %] — RVfpgascdi19: 4 miikZE A7
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EFGF33010DEBER3




ST BT TR, A ARSI 13 T K (FCARMFC2 Be i — 2205 5. N7 ik
W BATR ZEEHO8 T HEKE8 . %0 b5 A S 1 B4 s (5 5

F49ISHIBETHIAL, 7L T T 1 B8 A LR AR 7

FC1

FC2

Memory Controller
(ifu_mem_ctl)

(PC) ifc_fetch_addr 1 [31:1]|= fetch_addr 1 [31:1]
LOGIC

iccm_rw_addr

ic_data_f2 =|ifu_fetch_data [127:0]

I

LOGIC

ICCM
(ifu_icem_
mem)

iccm_rd
_data if

ic_rw_addr =

c

|axi_rdata [63:0]

I$
(ifu_ic_me
m)

ic_rd_dat

| Lite DRAM
Controller

H ifu_axi_araddr [31:0]

=

&l8. FC1. FC2AIXIFHrEt

WE7RR, 1$ahfE LT

- JAi: BSPhRiERY

i —2kaddiE 4 (add to,t0,t0) HHbtH{ES

q0 [127:0]

Y 2
HERE,

ALIGN

q1 [127:0]

q2 [127:0]

Aligner

(ifu_aln_ctl)

ifu_iO_instr [31:0]

ifu_i1_instr [31:0]

ifc_fetch addr fl ext (ifc fetch addr f1 ext =0x000001c0) #Eff-.
SR SRR, (HFELI WD RACE L, ROTRS 4T (3260 L5t
. Kk, ic rw addr = 0x0000070.

A5 FH A B ) 7 B U DA D B AR S AL, AR . U I 45 SRR T —

heftt.

- A A RIE (A EERZAEEE— ) AL TS 5 TagWay0-TagWay3H. X4k
Wic# Sadr £ EFFRBEERIAE GREE Y ic_rw addr ££) MITAGTFBIHATLIL
B. EARGIF, iARICHSTAGFEMA, HRAE — %K@ (EK0) AU

(ic_tag valid=0001) , HUMKIEERKOF LB E: ic_rd hit=0001,

VUAN12847 48 4 WA FEAL 115 T DataWayO0-DataWay3H . K4~ AT4:1 2 BT ¢ H
FiEFEKO (Alpataway0) FRALAIEHE. Hlik:

ic rd data only = 0x01ce0e33007383b300630333005282b3
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HER, E8HERIES Nic rd data, G T SMAFEREE S
ic rd data onlyfg Z#H[.

ER128 AR AL R IR FRRr B, AR .
ifu fetch data=ic data f2=ic rd data only~=
0x01ce0e33007383b300630333005282b3

THER, X128ALATR B2 A VU add i 4 .

- B2 EXFEErBG WG X gl HRRIUR — 2SS Ak addii 4
o ifu 10 instr = 0x005282b3
o 1ifu il instr =0x00630333

- JAMH3: FEX SR BURIUE = AR DU 2k add i &, RIS — 2 AMEE —faddfi &
BEAT R

ifu 10 instr =0x007383b3

ifu il instr =0x01ce0e33

dec i0 instr d=0x005282b3

dec il instr d=0x00630333

O O O O

- A+ e, =A%k addds & TR
o dec 10 instr d=0x007383b3
o dec il instr d=0x01ce0e33

D. {8 FEEAFEHRE

A3 HRVIpga R 4t i s 22 A7 % 5 m% .  IE WiHarris & Harris/E[DDCARV] 55 8.3.375 H filf
A, EAMBREEEAT, WRSEEAHDTH, WL FEEE— Mg HE . ARG )55
PRI, B 0 () A 2 HE T e e 2 o e, IR U P R e I B T e M B A
M, KEZEHAME R il i/ ] (Least Recently Used, LRU) ¥ #esing. SR
M, BRER AT B/l F B O E 2%, DRt — M AL LRU SR G GBS ARONILRUD
A ORI R SR sk . Bk, SweRV EH{H 4 = HEHI M LILRU ) &1L S5 0% o

E: R R [ 13 [DDCARV]#58.3.3717, 15k 1Z 1. Hob, @K Gille Damien
P80 (A RIRA R RGP AR SRR AT B FER 7)Y (20074E3H8H) 54
B4y, HEHEAN R . hitps://people.kth.se/~ingo/MasterThesis/ThesisDamienGille2007.pdf .
RTTAEREIL, ZSCRSAE T S T FR A[GiDa).

i.  Z“XWILRUSKEEESweRV EH1H )52

W[GiDa]H ik, — XHLRUSKISZLRUSKIS 1 AR A, BESCBLZ NS, N A ey ik 22 17
)R TR EANNAL (FRNLRUARESD o BRIL, X 48 F 4% 45 4 /& 8 42 77 11 SweRV
EH1, SRATFEAINAL, DLERERAS R #5777 52
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WEE3.BE TR, KAEISAKAHH, Mt DDRANBIESE S i K iZ . {# FHDDRAMI N 17
et \mkéﬁﬁﬁilﬁ M\é)ﬁhﬁﬁ% BNI$. Bt FISET B v g 1 b2 [m) Hrp 5 N Hr b i)
I$2H (= LE4) o wlRE & A A R i .

- FEEZEAFLURGE, BWEA AR AL ERMIEL T, B EALE R
R ) 5 IR B

- FEEZEAFA O, BEWE N RIA R RN, T SO LRUE S &
TRE W AIE RN, A RIS AR P 2H 1 30 LRUIRZS 1 s B e i i, W R R PR (x
TR HIEIZAL)

LRURF B 1) 8 2%
x00 1840
x10 TH 51
0x1 JE 2
1x1 H %3

WIRTSCHTIE, M ERifu_mem_ctiH $Z B LL T Verilog GRS Be (9D T SE 3L Ik £ 47 1 B
ISk P o 5 1) 3 ¢ 1) 32 4

replace_way_mb_any[3] ( status_mb_ff[2] way_status mb_ff[0] & (Stagv_mb fF[3:0]))
( b TT[ 1 “tagv mb_ff[: tagv_mb_ff[1] tagv_mb_ff[B]) ;

replace way mb_any[2] = ( v tus mb_ffle]l & (&Ltagv_mb_ff[3:0]1))
( i tagv mb ff[o]) ;

replace_way_mb_any[1] way_status_mb_ff[e] & (itagv_mb_ff[3:0]))

replace way mb_any[0] status FF[1 , status mb ffle]l & (Ltagv_mb_ffl3:01))
(~tagv_mb_ff[o] ) ;

&9, A TiEFE LIS B8 B K VerilogfRig

B9 9 Verilog FLAT F B A FTLL R 15 2

- replace way mb_any (4f7) : CRAFSREGmAY, b5 00 2508 46 1) 188 6 AH X B ) A7
H1.

- way_status_mb_£f (3{7) : {RAEHIIIEHNILRUIRG .

- tagv_mb_£f (4f0) : CRAFETHRPTELERIA AL, ARG FT B TA 81,
SR BT A R0,

% i 9T [ VerilogfUid, JFEET R Ui IRACAS In(Tiz 4T

ISR dr P ECR A, AR N R EHHRNLRUIRE (Hirp -7 ORI RFFAZD -
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BB T—LRURZ
KO -11
JE 51 -01
K2 1-0
K3 0-0

WL iR LUE ﬁD[GlDa]F}?L, FER A R A R, FiE 7 R AR AT AR
MIRLNG 22 RBFG , FE AR S 48 2 A PILRU . 52 S8 I S 648 ) 5 i 17 1) 00008 101 05
By DR foc e U IR RS AN =402

M ifu_mem_ctiFZHL 11 LA Verilog 0% B (1100 W sEIl_Eid ST LRUARS 112 4 .

way status hit newl[2:0] (13{ic_rd_hit[e]

3{ic_rd hit[1]
ic rd hit[2]
ic_rd hit[3]

way status_rep newl[2:0]
't:l'tU‘ mb ffl1]

way status_new[2:8] (ifu wr_en new q ) way_status_rep_new[2:0]
way status_hit _new[2:08] ;

E10. FH FEHLRUWIRA K VerilogA% Fr Bt
E108T7~ 1) VerilogfUid F BAEH LR 55
- ic_rd hit (40 : fRAERA AR

- way statusfllway status mb £f (%3f7) : fRAEKAEGHEEHRAHAN F—
LRUIRZS .

- ifu wr_en new_q (1) : WUIRKAEM, NWESEN.
- way_status_new (3fi) : GRAFNINIA A ek ar b ALAETLRUIRES .

- replace way mb_any (4f7) : CRAFJFAGGND, Horb 5500 200 5 46 1R 30 B OAH 6F B () oz
N1 EOT Tttt 7R TizfE 5 U

%5 S HrEM0 R K VerilogfUis, JF3ET Fib Ui Wl R A dn iz 47

ii. T XHLRUSKESH TAEERRBI

NT HHTSweRV EH1I B sens, BATIHE Sk
[RVfogaPath}/RVfoga/Labs/Lab19/InstructionMemory LRU_Example #2417 # iR, 1%
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@ Imagination

A CE11) FE— ARG U7 ) IS F IS E, IF H A AN Hetbym b 2[5 —I1$4H: SET =
8. NIk, FATEIET —MEEFHEKS B 1B LIRTEA, HApaExt584 11023 nop
bE. WEIEER, 3184 Hnopit 5 H4KIB4E[E] (1024 * 47464 , A TSR IE 1
KN (B WHEI AT FEL) .

Set8 Blockl:

Set8 Block2:

Set8 Block3:

Set8 Block4:

Set8 Block5:

j Set8 Block2
INSERT NOPS 1023

j Set8 Block3
INSERT NOPS 1023

j Set8 Block4
INSERT NOPS 1023

j Set8 Block5
INSERT_NOPS_1023

j Set8 Blockl

This j

This j

This j

This j

This j

instruction

instruction

instruction

instruction

instruction

is

is

is

is

is

at

at

at

at

at

address

address

address

address

address

0x00000200

0x00001200

0x00002200

0x00003200

0x00004200

{EPlatformlOF ¥ I+ 4mikIiH, R I RILYw S (A F

B11. R B B AR R L 5 18 S K BIRRF

[RVipgaPath]/RVfpga/Labs/Lab19/InstructionMemory LRU_Example/.pio/build/swervolf_nexys/
firmware.dis) . %75 LN EH I

- H—%318% (5 set8 Block2) fiTHil:0x000002004k . ARHEFEI4, il ISHT )ikl

Xl

I$hhk (] = 00000000000000000000001000000000
TAG = 0x0
SET = 0x8
OFFSET = 0x0

- 4384 (5 set8 Block3) fLT-HiH-0x00001200%k. H4EE4, s ISHF (it

X3 F

[$hhk (=] = 00000000000000000001001000000066
TAG = 0x1
SET = 0x8
OFFSET = 0x0

- =314 (5 set8 Block4) 7 T-#il:0x000022004k . R¥EE4, U [FIISHS 1)k

P I

I$HuhE (k] = 00000000000000000010001000000008
TAG = 0x2
SET = 0x8
OFFSET = 0x0

- P04 3484 (5 set8 Block5) i T-Hih0x000032004k. ARHEFEI4, il IS )ikl

Xl ok

($hhk (@] = 00000000000000000011001000000000
TAG = 0x3
SET = 0x8
OFFSET = 0x0

Imagination k214l — RVfpgasizit19: 154 &k 2517
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- T3t 4 (5 set8 Blockl) 7 T-#il:0x000042004k. RIEE4, T[S 1)k
X7 e
I$HuhE (= 3kH]) = 00000000000000000100001000000008
TAG = 0x4
SET = 0x8
OFFSET = 0x0

MZFERF (B $U4T3 —OERE, H8MIWIMIRE NT . BIM12F R~ AT —RiER)E,
ISHZH8F S FRIAR LML BEfG, FRADE R JLTiVerilator{i 5, PAUESZIXSLFE S 1A
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SET 8 after execution of the first j instruction at 0x200

Valid Tag Data
WAY 0
LRU STATE = 011
N WAY 1
CE N WAY 2
CE N WAY 3
SET 8 after execution of the second j instruction at 0x1200
WAY 0
LRU STATE = 001
WAY 1
O 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

E12. E11 5P EIER AT 5B — SR 1S 218
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NI Verilator i B 7R T EIR 8 — UGS AU A 1 Sl 2 17 ﬁ%, i 25 FAEsE 7 E1 29 s
(153 H7. B3 Verilator (i FOARRIFHATHE — 263164 (3 Set8 Block2) EMHIIRE. %
BA ML (0x200) [FIFERLST 21$1 218, 17§EE'J7(<)J§L‘U(?§7'3 : tagv mb ff =0000. [,
RPE = X LRUSERS, AR HiEE Ni@#%0. replace way mb any=ic wr en=0001.
HBMLRURASHE H U T : way status new =011,

[T 253.BHR 7, %5 \DDRAFEAT H A I B4 LT AIS. K138 1R
BREFRICATRT 4 2648 2 B A A8 L Fe

ic_rw_addr_g[11:4] =00100000 (#18)

ic_tag wr data[19:0] =0x0 (AN HEM AL, REEEL)

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

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

(ic_wr datalAMlic_wr data2:24 iR E WM QENE S, EISH LR EHES N
ic_wr data[67:0], HHELIEMEIESM —EEHERE )

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]
]
]
]
]
]

E13. PATHE —% 318 HSHLRURE

K14 F 7 ¥ Verilator {7 HOARE 7 AT 28 — %% 316 % Set8 Block3) JEIPIRA. %I54H
Hk (0x1200) [RIFEHLS IS8, fEZAH, %J%oﬁ%z: tagv_mb_ ff = 0001. [Ak,
R4 = X LRUS RS, WU HT RS NiEE&1: replace way mb any = ic_wr en = 0010.
HBMLRUMREEH T : way status new =001,

5 ESCERL, BMAJER TRET L BT 5648 2 B A48 AR
ic_rw_addr_qg[11:4] =00100000 (#18)
ic tag wr data[19:0] =0x1 ChmA A HIEMEEN, RE S A
ic_wr datal[31:0] =0x0000106F (j set8 Block3)
ic_ wr data2[31:0] =0x00000013 (nop)
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Signals
Time 33166 ps
clk=
ifu axi arvalid=
ifu axi araddr[31:0]= 210 718 lemesizze  'peoalzzd

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. ATE %318 EHSHLRURE

K157R ) Verilator flf NREFHATH LK 3164 (5 Set8_Blockl) JAHPIRE. %54
Hl (0x4200) [FIFFBL RIISHIZH8. H2, HeRTHEIAAHRK, WHHDH: tagv mb £f =
1111 B, MR = XA LRUSKE RS, D2UK F 'S Nl #1: replace way mb_any
ic_wr_en=0001. HASHKLRUWRAEEH U T: way status_new =011,

5 ESCREL, ESETS TRGFTHUN TP 2636 2 B N8I T -
ic_rw_addr g[11:4] =00100000 (#18)
ic tag wr datal[19:0] = Oxd CRLRSE M RIEAIGAL, K6 7ML
ic_wr datal[31:0] =0x800fc06f(; 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:@

ic wr data2[31:0

ic tag wr data[20:8

way status new[2:0

E15. BATE LK ITE LB HSHKLRURE

H£%: -EHCHKITEN EESE13-E15 P 0 mdiE.
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1) R B FR R e B 0x 10000 0GRS, HOA3 R REF A stbht . &
SHE LA B 1S i AR i B RE. SRR HBR L P — 2% 3484, BRHXINE Bk fedn. HLER
MELSER, Hanmhwr.

2) fEHIESHRIRER, MISEHANE 1M HrISar .
3) yEKe, AN EEA6ANRUITEAIS,

4) B EASAIERAR > HARISECE, FlanRA AFRBIRDIS. HER, TikBoiE
K

5) it Fl TR A s B AR DB R I B AERA I 12 4 .
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