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1. &

FERTT ) SEIF, BATN A T RKE AR S L HAESweRYV EH1 ARSI, R34
THAR-ZHRAR LIBT3 AL, RATKSE I EARTES; HER
YRR TS

A RGO AT WL BB PR RS — o APk R @ H I i T AR B R 3, [k
AL PR AT AT AESEAT R B A7 85 R S I 2 =

FEARSER T, H ek B BURSE R f7 i BT (RIS 5 A PR AR A6k 00 ) NI K20/ 7
& CETTHT AT B2 A 1R E I — HFUK &R BO .« iR R AR MIUT. &a, &
BRATH 730, BISARIERS 776k 43 9F 3% 5 Nexys ATH L 52 L I DDR I A7 it 4% 52 H. .

K145 7 SweRV EHACEE S8 48/ ) s AL . B R BoR 7 S ARSI M SR I B 3
4. DC1-3 (BB R E1-3) « A5,

Stage
R == ]
1 Stall Point
2 Fetch 2
s ————————
3 Stall Point
s —
. Stall Point
Load/Store Pipel 10 Pipe 11 Pipe Multiply Pipe Divider
5 EX1 EX1
| oc1 | el 2L ) m |
34-cycle
6 | oc2 | EX2 EX2 | w2 | Out-of-
Pipe
DC3 M3
7 Load Result ‘ EX3 | | EX3 | Mult. Result

= Con mit Stall Point

&1. SweRV EH1 %1224

(=& & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1 PRM.pdf)

2. Vi REER FEAE AR LwiE &

FEAER oy o, FRAT DR A P 2 10 g A 0 ] 15 2R AR 2 I RAT BB R I o TR RE Y
—MEARER, IR EHA 1w (EEH7 BE (DABERBER) , SMRENELLT
FRIFAF B AR AL I —AN320 7 . PrA A VT A R R EE, EASATAE TR A
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55e612—8E, 1wis4d (K RLAGREER) 057 ) %&nop (L#EAE) 54, LUEE
HERT MG TIESRE. NfEREN, EALR G, TAEZE RGBS
SweRVref RS H TR )

.globl main

.section .midccm
A: .space 8

.text
main:

# Register t3 = x28 (register 28)

la t0, A # t0 = addr (2)
1i tl, 0x2 # tl =2
sw tl, (t0) # A[0] = 2
add tl1, tl1, 6 # tl = 8
sw tl, 4(t0) # A[1] = 8
INSERT NOPS 9
REPEAT:

INSERT NOPS 1

1w t1, (t0)

INSERT NOPS 9

INSERT NOPS 4

1w t1, 4(t0)

INSERT NOPS 10

INSERT NOPS 4

beqg zero, zero, REPEAT # Repeat the loop

.end

B2, B K 1wt S KR pIEF

A 3% [RVfogaPathl/RVfoga/Labs/Lab13/LW_Instruction_ DCCM#& it PlatformlOTi H , LA{#
AR A DT M U 5. fEPlatformIOH 4T JF . 4wk I H , SR 54T IF L9 S (fhr T
[RVipgaPathl/RVipga/Labs/Lab13/LW _Instruction DCCM/.pio/build/swervolf_nexys/firmware.dis)
RSO, B 4K 1wiE S (A7 T HihE0x0000014c kb ) o i E E 54 ML 24
(0x0042a303) :
0x0000014c: 0042a303 lw +t1,4(t0)

AESr: WiiFix3267 (0x0042a303) & &5 XN T RISC-VEM HHE 41w £1,4 (£0) .

FIHACNIE, AR (GSG) MZETHIsSEIH, AT —EfHNexys A7TH L MEDDR
T B ARAFAERE T TP R S B . (B2, DTl ANEAF i 3 75 2 LA AN]SR AR X o Hir 3¢
BMAEIR S WA BG B, AR F, FAT M SweRV EH1 KK AER DCCM
Bl ERE S At As ) SRAFEAE 7 28
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DCCM2 5 WiZ B/ A A AZ i 85 . E AR ZERS U5 1 FISECDED ECCHRY . BRI
NG ER LS HOE B, U4 KIB2512 KiB (BRiAfE 64 KiB) . fESZi204, Ik
AR 58 P 4> TDCCMAIICCM; FEA SIS, FRATT I o L oR TR b B B/ A7 6 48 2 1
Bro WEiERE, KX AR, —UEEDTEARSSweRV EH1i /KL FIDCCM (AL 5 H
ER) SweRV EH1WZAS (K3 Wk,

IFU

SweRV EH1 Core - RV32IMC

FEF

& 3. SweRV EH1 W44

e JTAG

B2 AL 5 ST — N4 Nmidcemiflad-hoc (45EH7) 53 K53 BDCCMA 23 Ti] . BRI
BT, EEIARVIpgaZgiH, DCCMF L% 3] M\OXFO040000FF 45 . BEIi H $2 45 1 B F2 ik
A (fiF: [RVfpgaPathl/RVipga/Labs/Lab13/LW _Instruction DCCM/Id/link.lds) 347 I
bk Bl JE I S

[RVfpgaPathl/RVfpga/Labs/Lab13/LW._Instruction DCCM/platformio.ini £l & LA iy 4 KA
FH B AR

board build.ldscript = 1d/link.lds

A 1wiRSHIEERST

K445 H T B2rp 20 6 rh RE A ] 28 = 2% 1wiR 2 BT IH L . SR ifE 522 DU X s
% )15 5 : [RVfogaPathl/RVfoga/Labs/Lab13/LW._Instruction DCCM/scriptLoad.tcl . % I+

s, FTHIERIIME: 2B—XZEFEDDCMEE — M 7 (2) AT (x6) 5 5 R3S
HDDCMEI FANERT (8) WBAR—AEFASE () .

THLEMER, H3 0 (RISC-V SweRV™M EH14mfE N R B EFM) .
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1w t1, 4(t0)
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Signals

Time 8 ps 18760 ps
clk

dec_i@ pc d ext[31:0]
- dec_i0 instr d[31:0]
lsu rsl d[31:0]

lsu offset d[ll EJ]

T T T T TiTdcIsiel
offset dcl[11:0]

- full addr dcl[31:8]

I dccm rden
- dcem d?ta lo dc2[31 ol
1EJ result e4 f1nal[31 EJ]

waddr9[4 B]

5

wdE][Bl E]]
tl

K4, B2~ B2 7 I Verilatorfi X

BISZTH T35 — 2k LwiR AT Wil SweRV EH1TIR/KZ ) i BAL Bl T BB & IF 1A P 2%
FEAN R BT AR AR S -
P34 X R AT A I B A7 A% S
- i+ A I &5 1 5 ROt
- Fi+2. AT — B BOH SR LI iUDDCM.
- J#i+5: R WAF Ak SR LUK S N B A7 o 3P

Decode DC1 DC2 DC3 || Commit || Writeback
1w t1, 4(t0) COlTrIﬁrOL
Instruction Register
(dec_i0_instr_d)
4 4
Isu_offset_d offset_dc1 DCCM g
™
5 (t0 0xF0040004 =
(0) raddr0 full_addr_dc1 g
I
0xF0040000 <
rd0 | S 8 8 8 8
= rs1_dc1 dccm_data_lo_dc2 2’
A waddr0 e 3
8 5 Adder 8
wd0 = o
dccm_rden -
REGISTER
FILE Address Check ”
Pipeline (Isu_addrcheck) 1 Pipeline
Registers Registers

E5. ZESweRV EH1I/K & HHAT I 1wiE S IR Z A E
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£%: EEHCHIFEN EESE4TRMG RS, H%BU T PREE (NGSGETH 4

YR -

- DLEW A R R SO (Vivfpgasim)

- fEPlatformlOH, FTFFELL A EFRALAITE
[RVipgaPath]/RVipga/Labs/Lab13/LW _Instruction DCCM.

- {EXfFplatformio.inivh 5 1E 2R Vfpga i B it #i S f4 (Vivipgasim) #8417

- M Verilator4: slifl FAEE (ARSI o

- fiFHGTKWavedT JFHLik .

- fEH S scriptLoad.tcl (1E[RVipgaPath]/RVfpga/Labs/Lab13/LW _Instruction_ DCCM/+
B TS E4FRESHERES . Nit, f£GTKWave L, ¥ “File — Read Tcl
Script File” (SCHf — S TClA S ) Hik#Escriptload.tel A .

- HJLR “Zoom In” G () #E)%18600 ps.

[l 7 B B4 T O LU SR . B 45 5. DC1-3. $RASHN A S B R i) — L8
55 . DAAETRM RoR AN BT 5 5k 1wii 4, RUONILAR 43t 7 AH R B o

o JAMi: ¥A: dec 10 _pc d extfRFLwiR2HIMAL (0x0000014C) , 155
dec_i0_instr_ df& 1whlaFiE4HI32L (0x0042a303) .

EUCP B, WP ARG, S, ERRE AT R R ORI R 55
Lsu_rsl dB & LwlREMIRESE (AW (A2 7 %5 424510, 25 T-0xF0040000) . {55
Lsu offset afl&MIGAHHREUKA2G0A 7 5L BIHL (A F150x004) .

o JAHli+1: DC1: I HUsu_Isc_ctiN BRI IERS THE AL HihkS5 T2k (rs1_del =
0xF0040000) fn EfF 5 ¥ Bt & (offset dcl = 0x00000004) ; #y Z ik
full addr dcl = 0xF0040004. & stibhl CHudbAs 2 ) LA E Vs 1) (147 i &5 X 35

(DCCM . PIC 5 41 #6 17 i 4% ) o fE A Bl H, & ¥ & & b 4k & T DCCM i
(0xF0040004) , dccm_rden & A AT 58 ¥ AH M. DCCMAF il X Y 32 B o fie 2% #h dik
(full addr dcl) FUEREES (dcem rden) $AELDCCM, SRIETE T A WIELEL

o JHWi+2: DC2: iHIDCCMIFKHHEE T-dcem data lo dc2 = O0x8H, B 5%k H
TR

o JAMi+3: DC3: ¥ M\DCCMELH M LIRS T —FrBL.

o JAMi+4: RIZ: KINDCCMILIEHE (5510 result e4 final = 0x8) fLHE%
Bk

o JAH+5: [HF. FK)&, BidESwd0 = Ox8IF WAL 8B 1 B 8] 3 Z5 47 28 S b . %
Fwen0 =1, LKA IALE RIS 5 N7 45x6 (waddr0 = 0x6) . AJLARIL, 7EHT
KEEE (B4 rRE—NEED F, TR (MRt BEHHME (1 = 0x8) . i
HE, WIEHERIME S t12. AT NE S dout 8 XHIHN4 .
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B. 1wig4HIBRZSH

FEARFR >, AR SE TR 7 Mt 1w 23 I OB BL. 6% Y 1 A o (12 38 i e 3/
FA#ETE (DC1. DC2MIDC3WT B AT A3 7 1) 32 EE A . 7] e /5 20K UK A e % 1 4
o EH AT LOGICH) F tafi Bt 5 2 T R RIS BT 5 4 A b . v fal i WL, B
BRI OE S

BERSAT E S B BL S A-LIR2 Fos BT BUH A (S seig12 Ee) o B, AR 1
B — LAy . [BIAR TR, FERSRT BOR ARG S IR R & AR B0 B B 2 I

- REASLEMRA AL TS S 1su_offset_di.

L OREEMEE TS Bexu lsu rsl dft.  CHfE S HANZEEITE (IsEH11m E4
R P, SRR 7RI e B LR FIDCA B . )

- BEHMAERAIE ST Lsu_p (BIBFIRIIFTIEHIE S ) H.

SR, seiR12rh b TIRAEHN B, (HASLI S A A SRR SRR 431 L KT
FKHEIA (1su_result corr dc4) , IMSESA2)yfH HE WA LT 1740 WHicE,
SNL I KM Ni0 result ed final[31:0], WIEGHI/R. BhAh, FRATEASLK
RORIEIE 0, (E /A ] OB b B AL 2R 28 T AR AT — B AT . ANIEER, R —
AMUS (E#H /M) FE. Wik, 1WA A3 2ZHRIAX (HHEdAN
il result ed4 final([31:0], MiIAZ —Alsu result corr dc4d) , WILE111)E4

B

£%: ¥ RE4PNGEDEE
K6 ~IMES (FETICUD o W LM R te ST r T
[RVipgaPath]/RVipga/Labs/Lab13/LW _Instruction DCCM/scriptLoadExtended.tcl

f£%: 7ESweRV EH1AL B 28 {1 Verilog ST A 4k 31 K6 T B RIS 5 .
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Decode H DC1 DC2 DC3 Commit

Isu_p[18:0] | Pipeline Pipeline Pipeline Pipeline
Registers Registers Registers Registers
for for _ for — for =) e4d.i0secondar
. Control Control 2 Control | 2 Control s i ion Y
[l H . [a2] - . -
Signals LOG| ———— ond addr de131:07= | Signals g Signals | 2 Signals 3 e4d.i0load
Icn full_end_addr_dc1 [31:0] S S 2 =
= | S = ®, 2
o Adder £ 5 _— %l E S
— = ccm_data 8 | e
ﬁ K tf L— DCCM —'—‘Z _hig_g‘_ £ 5 %
) kS offset_dc1[11:0] I 8 g © > < _
i o lou_addr_de1 [31:0] = (Isu_ | s $ |ALIGN, | g Z S 1311 io_result_e4_final [31:0]
o - L full_addr_dc1[31:01 | deem MERGE| 3, oy 3 MUX;
S - dccm_data And i) 8 o _
® =2LoGIc }—[51 LOGIC Isadder mem) ﬂk Z £l o 2
- o Lff rst det| S B = |ERROR| = - 5 Isu_resul =
o I —_ -~ — (8] " Pk
= » o, » |CHECK Mux—] LOGIC =t t_corr_dc =
) il (o] I5e) 2 4ff %
S 2 s S o <!
E - | o o ] 3 8
o o 2 o
Address Check ke s 2
(Isu_addrcheck) . c S
15 15 3
addr_in_dccm_dc1 B 3 -
LOGIC doem rden bus_read_data_dc3 [31:0]
addr_external_dc1 addr_external_dc3

B16. BB ERB A E B IR P i R B AR

Imagination X %11 %Il — RVfpgasi#t13: Vifidh4: Iwhlswif 4
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i BB
PERG I B ) — RS CAE SR 1A 2 BEAT 1 0. e, BRI B B ST A £ 2RSS
- XHR AT R I AL ERIES .
- KRR BE U E E IR RN RIER

Xt A HAT R AR RIS T -

B 7 SEe 12 e Hrid i HAb IS S 852 oh, IEH — Nt 1su pkt ¢,

K A& MR 5 7. 8H, HEMEH
[RVfngaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/include/swerv_types.svH
o 155 1su_pfeltbRAE T — DI, A BERD B B 1 1) e /A7t i B b B

HAE 52 TGRS I — L AH OG5 B
o PI0 (valid) TEEEVEA RN E1.
o HI12 (unsign) FEE/ S MEHR A LTF S E.
o fi13 (store) 7EfFiEHEME (sby sh. sw..) KE1,
o fi14 (load) FEZHFIRIE (1b. 1h. lw..) BIE1.
o f115-18: XFUFm IR/ (AT, P RN AT YR

% EEANTTI AP EEES 1su pd PRI BRI 7 #r LAz

Riia& 0 R BE N EE IR A A BRIEH -

i1 Tk, SweRV EH1AH R EEZ AN T HATIR S HEE. EFEHE, HL—H
WP, L AU S R E AT R . EARSLI TR (E2) o, AT I 1w 4
RIEFILSUEE (rBtDC1-3) o BRIl exu lsu rsl dEbbFHfAaHIRANME. F
Jdec_lsu offset dRI2MAFFFILEMmEE, MIELHIRIUTFAKIZFEIDCIK B .

£%: 1EVerilogfiGH MLSURI B NN (exu_lsu rsl dfildec_lsu offset d) )
SRR T XIS AN PTEIE R R4 . SR AR 88 S J L MR dec. exufllisu.

ii. DCIMrEt

EDCIHIrBL, rsl_del (Fthk, MIERSETBLHE) Moffset del (MAEHE, MIEMSEBfe
) whngsiusadder LI 7 Z AR A (55 full_addr dcl([31:0], Uhibhbsssy
fi451su_addr dcl[31:01) o XTI f2sHkE .

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
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B 7 EREU IR AN, SR ML) (end addr del[31:0]) HIEH—MInikshitaE (Mg
P, AR, A IEE AR R R, tARESII I EAT R . XA

BENAEAH S PSR B e — T Rk o e bk A T AR PR U R A (A
il

5 o HTDCAR B A INVE 8 (0 SEIL, XA LSS E R Rsu_lsc_ctitsEfifth . AT
T 7R X Bk A8 IR SEILAE T T 7 4R R T

lsadder (.rsl(rsl dcl[31:8]},
.offset(offset dcl[11:8]]
.dout(full addr dcl[31:E€

[Pt dcl.word

€ 1
end_ addr dcl[ 0 full _end_addr_dc

&7. DC1B"E?JD4‘£%§EKJVenIogﬁ63 (ﬂéﬁxﬁilsu Isc_ctl.sv)

40, %k MOXFO040003FF 4 iy ik 1 8% (1w) W /2: full addr dc1=0xF0040003
Hend _addr dc1=0xF0040006 (ZILE8) . ixXff, LSUEIEM n] Wit sk hig iy, %
AR b A F AR, XA 7 AT IR R s bk IR 46 (A< 5] D9 0xF0040000 Al
0xF0040004) .

full addr dcl

Address = 0xF0040000 | Byte 0 |Byte 1 |Byte 2 | Byte 3

Address = 0xF0040004 | Byte 4 |Byte ; Byte 6 | Byte 7

end addr dcl

8. &%} Hih-0xF0040003 [ Lwis 4 7~

PiAHEE (1su addr de1[31:0]1flend addr decl(31:01) KEFHIELAEEE REIF
NDCCM) , H7EF —A VT .

A% EER2RERFF, ARV KN CEHRET) MR ik, EHEK
B R MR N IwE SN 1D (EHFT) Blh (EHED . 6w, S mREE
MATE A3, % T4 4% 6 M H$i-0xFO040003 T 44 1 32 A7 AT A it 5517 ), 4 &I 8 i
No M EIRAREFHN TS5 1su_addr del1[31:0] (Bifull addr dcl[31:0]) Al
end addr dcl1[31:0]M1H.

1ES220M, AT 1K MDCCMIK) P &5 73 i Fh i 1

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
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7 bk 2 A, DC1MYBOEE R Hlsu_addrcheck T #i 4T HuliE Vi A A (S WEI9) Sk
SE VT H brAEfiges (AR F yDCCM) .

B9, K A7l 45 ik 1) s FE A oL B

TR I ARG A P 25 R P Af E 6 0 IR A7 Ak s : DCCM. PICEAMEIDDRAFfif#: (S WIE10) .

addr in dcem del,
addr in pic dcl,

addr external dcl,

B10. FA 1A TR AL

EAMIH, DCCMEATRE(E 5 AR (addr in dcem del = 1) o MAESEMH—1Lk
W E AL DCCM (f5 T deem rden) BARRVF/ZEIEVI R (ARGl RV . B5
addr_external dclfEAUERESNEDDRAfifi a5t Jy1, HAMTEIL 0, HIDC3K BofeHk
AMEH, WEepN.

iii. DC2HrE

WA e T DCCMELEL (decem _rden = 1), JNISTEMEY BUst UG . &V E A, B4
327 (dccm data lo dc2[31:0]fdcem data hi de2(31:01) , K ARV AT
REAXS S, B A fEPIAN T (a8 sl .

£%: EE2F T, 20 ik 0xFO040004 A i 1i: 0XFO040003 $4 4T 1w, L (5 5
dccm data lo dc2[31:0]fldccm data hi dc2[31:0] KA.

iv. DC3HrE

k HDCCMITAN326 Hi#i{E MDC2 (f5 S dcem data lo dc2[31:0]F1

dccm data hi de2[31:0]) % #ZIDC3 ({§'5dccm data lo dc3[31:01H

dcem data_hi_de3[31:01) o RFXFFUIH (FHAIABIFHEDRD , WAMESHSE, (L
ffifldccm data 1o de3[31:0].

FEDC3MT B, B — AN AU AT (dcem data lo de3[31:01F1
dcem data hi de3[31:01) @ HATZ THUT S 18 5

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
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- MEREBIAAMEER: RN FE Mk A TS S VIR AT, UK AAF 4R 2
RPVEAR 2, AR MAFERS T IEEE . B SLIR 15 2 HriXFp G L.

- HIRRE: [HECCK &8 £ M AA e iR,

- X¥FFe XESEIER A

PR AEERA R, 1su 1d data corr dc3[31:011&F 5 it A&,

£%: /r#risu_dcem_ctifllsu_eccti bk i (1) Verilog A& S H A F X 55 & FE S RS 7
B,

2% ER2FEF 3, 2457 #hk 0xFO040004 F1 #h hi: OxFO040003 #1447 1witf, ELH(E 5
lsu result corr dc3[31:0] HIME

FEPATHHR MG E . BB B AL BRI R 2 )5, 2:1 2 BT K25k B DCCM #dE
(lsu 1d data corr dec3[31:01) HiKEH DDRAFf#HT FEHE
(bus_read_data_dc3[31:0]) ZI[A#ATESE. HEHITRH{ESaddr_external de3

i, %155 TDCIM B EfiIsu_addrcheck A il (f ' 5addr external dcl)

1£55: fEVerilogfig #7115 Saddr external dclif{iFDCAK B {EMitIsu_addrcheck
SRR

H2:1 Z B RHIHIH (1su result corr dc3[31:0]) LRI EL .

v. RETHE

FERRSEI B, 312 BT IR PR AR B ml 5B B BE B (10_result ed final([31:0])
(ZWKE6) . M3 EITRIEFEFEALURI S CSEIG1TAI2 SRR AT 3 9D DL A B
ALUR T CRAESESR15 R 4T .

vi. [BEEME

BER Br AR SRIR 1AM 27 ], IR R B, K imiEm 4 R 5 AN Hirarfeds. 1E
XMIELL T, B Bek DCCMEHE 5 N H AR 17 4% -

3. Vi FRIER AR E) swig &

TEARTR o, JATPRE (5 B 11 25 RO QRS L I 5 AT A7 it 98 & iR B 0 . s s —
ANEA1000JGEA MG, BLIEIAKE 5 NA7 i 2 FE St bl . AR F 100007, A7 T
DCCM (0xF0040000 — OxFOO4FFFF) . 5 swif & Jail— % 1wii 4, MHEMATRELZSC

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
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A IEHIAE . JEH S Anop RIBESTE S, ERXAMEOLT, & FHHREEE LIRS N w1748 PA
FNFFAFER B, MAMUAUE M swi 25 K B 1w B KA ILAH KR4845 4 (iSweRVref
EARTIRD o BeAh, SR MR FE, BATRAE F DCCOMRAT fif 2 280 A o

.globl main

.section .midccm
A: .space 4000

.text

main:

la t0, A # t0 = addr (2)
11 t1, 0x2 # tl = 2

11 t2, 1000 # t2 = 1000

INSERT NOPS 2

REPEAT:
sw tl, (tO0)
INSERT NOPS 10
INSERT NOPS 4
1w tl, (t0)
INSERT NOPS 10
add tl1,tl,tl
add t0,t0,0x04
add t2,t2,-1
INSERT NOPS 10
bne t2, zero, REPEAT # Repeat the loop
nop
nop

.end

Bl11. f£H swig <& BB

A3 [RVipgaPath)/R Vfoga/Labs/Lab13/SW _Instruction DCCM#zfitPlatformlOIi H, LAH#
ATCA AT i BRI SRR 7. 7EPlatformIOH 4T T 4wl H, AR RICH M (LT
[RVfpgaPath]/RVfpga/Labs/Lab13/SW_Instruction_DCCM/.pio/build/swervolf_nexys/firmware.
dis) o T LLFE B swig A AT Hihik0x000001104L, & 7] LA FI4E 4 L 284S
(0x0062a023)

0x00000110: 0062a023 sw t1,0(t0)

AES%: WiiFix3267 (0x0062a023) 25X T RISC-VEEM 1 #HE 4 sw £1,0(t0) .

B2 g5 T B A A B 2 DY UGS A ] swig & BIRATHE Ol AT EAOr AT BR 55— MIEARZ A 1
FEATIEA S, AR R K5 — AT LU S g8 & ik 27 (1$) Riér

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
HR4<2.0 — 20224E4 H
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Imagination
university programme

Signals Waves

Time 179688 ps

T 7 dec i0 pc d ext[31:0]
dec i@ instr d[31:0]
Lsu rsl d[31:8]
lsu offset d[11:0]
exu_lsu rs2 d[31:0]

rsl dcl[31:0

:0]
- offset dcl[11:0]
]

full addr dcl[31:@

decm wren
- decem wr_addr[15:0]
dcem wr data[38:0]

FoE4808C

El12. B11541 K Verilator{i &

PI1325 H 17 B A 28 DY S TRl AT swi 2 I SweRV EHAUK R M R AL - . & 4%
artl (RAFEFG AR IMED N0x10, to (fRIFHEHAE) J90xFO04000C. Kit, swhiE
0x105 ADCCMiti1:0xF004000C. 45t 7 SweRV EH1ALRE 25 1 Verilog B bk Hh 4 I 1) 52
Braabr. THEE R G IF T LB EREA R B R IR A -
- A FEf TR AL RS BUEAT RS, JF IS LSUEIE, AXAELT, #
VEE 2 1 o 300 S H R i 4 37 B B BONT B A7 SRR i
- i+ AR HEAE I AR BT TR (W load®ir FTiR) o WEVER, A HE
W, B & 6 R lsadders
- Ji+e: AR ONAF AR LEEED 23 P A7l 22 b IX 5 A7t fEDCCM
CHHR LTI 2 W) -

HER, SR PATIRIN S, AR ORBERAE, I E R BLREIR JUAS 8 J i AN 6E -
M2 T, REdeStookt, POVelids S BUaga L e, Fit Cnmr—& o
D SEILI SR AR - R R AT (BB R ), XA B T A S8 U7 1), IR S fE
X [R] A il A M bk (4 A 8 R i B2 B R AT 2 1) AR Bl B R N K 2R 1 . AT DREAE SR
159 7 X A O -

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
JiA2.0 — 20224£4 A
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Imagination
university programme

DECODE STAGE f DC1
CONTROL docm_wren
Instruction Register UNIT
(dec_i0_instr d) 4
0 0
offset_dc1
Isu_offset d -
0xF004000C
> full_addr_dc1 x dccm_wr_addr
5 (t0
(t0) raddrO Isu_rs1_d 0xF004000C
rd0 rs1_dct dcecm_wr_data
Adder DCCM
6 (t1) rd1 exu_lsu_rs2_d 0x00000010
raddr1
REGISTER
FILE Pipeline “Pipeline
Registers Registers

&]13. SweRV EH19 swib 44T KB R AL E

F£4%: EECHIEN EESE12F K0 mikfE . E%R LIRS BEE (WGSGEET7H 4 Fr

R -

WAL AR A B kI S (Vivpgasim)

- {EPlatformlOH ¥ F7E LA A7 Bt T H
[RVipgaPath]/RVfpga/Labs/Lab13/SW_Instruction DCCM.

- TE3CfFplatformio.inivh B8 3 BIRVipga i B il S (Vivfpgasim) H1E% 4R

- i Verilator4: sl fh BALE (AR o

- fEGTKWave E4T P4

- i F S scriptStore.tel ({E [RVipgaPath]/RVfpga/Labs/Lab13/SW _Instruction_ DCCM/
AL BoR 5 E4FRE SHRFIRES . Ak, fEGTKWave |, #i: “File — Read
Tcl Script File”  (3UAF — EXTClIA SR ik #E scriptStore.tel S+

LK “Zoom In” Ok () EE)E17900 ps.

[ o0 Ar B A2 B A K B3R i I o B R A 3 — 22 5 iR AIDCAB BUH RIS 5, DLk
—H5DCCMEANMKIE S, BARELEIN )G LR IR KA BT swig
2, BR3P R B o

- i PERD: WA TR, (55 dec 10 pc d extBFswii M
Hikl (0x00000110) , {5Zdec 10 instr dfl#&32fiswifd (0x0062a023) . 13
Flsu rsl dBEFswiBRfERENE (A4 H0xFO04000C, HEFfrastoigft) , 5%
lsu offset A& MNIEA IR BB 5 ¥ i ) L 1k 12467 SZ B 3 (ARl R Ry
0x000) . X TR 4L, M AFAES (CRFIF e IMERA S AN FiHER
(exu lsu rs2 d =0x10) . Kk, &AL RS EEHE .

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
HR4<2.0 — 20224E4 H
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Imagination
university programme

- A DC1: LAy Brid, Bef Boit Sl (full addr_del =
rsl dcl + offset dcl =0xF004000C) .

- JA#i+6: DCCME N: HAAWIE, DCCMM 77 #2835 Hdis Al 'S ki
(dcecm wr addr=0x000CHldccm wr data=0x4900000010) . iFiEE, DCCMIY
Pl (0x000C) e 1647, FEONEFRATHING E L SLhr K/ 64 KiB (2 W3
4 common_defines.vh) , 164 & LLF k28445 . Fidl st in 7 —LLECCAHL
(0x49) . Hf5 Tdcem wrenBE NA N (ZEEM121E Hli+674) , XDCCMIKE £
YE5E R

HRA — R XKIERAE: AR UL A, X — N EESH, T I A7
FAHE 2 G NAF it o RS AT LA o

5 O E PN TE S R TR S, DIIEER S CIEH S ADCCM. & 245N
ElARE 6 ) — L5 SR Hrd ak.

5. IR 55E2.BE X 1w AT IR 0 M R 05 308 A B 7 h Xt s w2 34T
fIBER 73 T o

55 I HTEE X DCCMIFIRI T A7 il LA 77 A7 fiki: AT (sb) B+ (sh)

4. ViR SR A

FES2E 0 AR 3 oh, AL FI DCCOMRAF il Ak B et o« AEAEE 20 o, FRATTRE 20 M7 17 )
Nexys A7 Lz ftohifefitias FIE 845 <. R, ZIMIFN (ZIE14) 5582870 b
fifiol (ZWE3) #k, SweRV EH1AZLAUEITAXIE L 5N a5 i85, A RESR1G AR
HAa R EE

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
HR4<2.0 — 20224E4 H
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Imagination
university programme
"L [ 100 MHz

Clock | |
Generator |

L] 50 MHz

Y

Extended
SweRVolf SoC

L bscan TAP

= cDC

[ AXI Interconnect ] = hd
{ [ RAM Memory Lite DRAM
[ Axi-wishbone Bridge | controller |— \

[ Wishbone Interconnect ]

| Boot-rRom || system-ctrl || spiz || sPi2 || Timer | | GPIO || uART I—-Q—%’ m\
I 3 3 __=-_I-:_ ()

®

w
H -
| PR—
-+ |

Kl14. RVfpgaNexys

PATVRE o B FHIEANARRH ZE 5 1] BH ISR IR & e e IR AL RS, L B LB UL 21 ARt 2 3 A B
o KRR R AR 2 AT B AR TR 2T 2T, HEHRS AT 248
A, AR P 2R R AT SO VP AR P AR B AT s DR PAT OB T 3B TR 20, A4 217 1Rk
7o FERXPIREOL T, WAFas H I B SR RUR & A F A2 fEARSLIR T, JATRE
AT A OL (BHZEREHED , MAAET DLl (SE514) F, RATKAELSHERNERT
IIHTER ARG DL (ARRHZERED .

FI15H AR 45 T Uk A T AT 52 B A M S DDRAF it 2% 1 1w 4 (1 i 5 oR il eAR A 3 —
MG, SIEFR R — M2 R (1w €3, (t4)) HFEFHER e RMHITRM LA
(add t6, t3, t6) . EHRHHMAIL P nopRiEREEIRES, UMERLES T, Bk
b I R R

MEDE S 1207, ST FArEdsh . Jtk, e datadili sy rh s WA I s 8 AU 3
ZRIHA (N2 T~/ platformio/packages/framework-wd-riscv-sdk/board/nexys _a7_eh1/link.lds) .
XK, dataiifi oy R R B T AN as T, ARG B0 —F & TDCCM .

EROATEOL T, SweRV EHAH AR 2 AFFHZE 1 . B R Ay B 34 & U BHZEF5 4, e 20
FEZL AT BNC AR T S B 5 B R RIMPI 2648 %, WSS (7 R AL VR/2R IR W% DI RERY)
HEZYH, 12 WSweRVref U1 EE2.CH4) -

1i t2, 0x020
csrrs tl, O0x7F9, t2

Imagination kit %l — RVfpgasi#13: Vififh4: Iwhlswif4
[ 4:2.0 — 202244 A
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university programme

.globl main

.data
D: .word 3,5,6,8,7,10,12,2,1,4,11,9

.text
main:

1i t2, 0x020
csrrs tl, Ox7F9, t2

la t4, D

1i t5, 12

1i t6, 0xO0
INSERT NOPS 1

REPEAT:
1w t3, (t4)
add t5, t5, -1
INSERT NOPS 10
add t6, t3, t6
add t4, t4, 4
INSERT NOPS 9
bne t5, zero, REPEAT # Repeat the loop

INSERT NOPS 4

.end

E15. BH2E 1wig 2 B~

A4 3% [RVipgaPathl)/RVipga/Labs/Lab13/LW_Instruction ExtMemory¢ fit PlatformlOXii H , PA{#

ATRA T i A O Y . i SRAEPlatformIOH T 4wkl H, ASEFTHFICHSCAF (hr T

[RVfpgaPath}/RVifpga/Labs/Lab13/LW _Instruction ExtMemory/.pio/build/swervolf _nexys/firmware.

dist) , " LLE T 1wig 4 7 T Hb ik 0x000000f4 &b, & w] DL & 2 45 & 1ML 2% X 55
(0x000eae03) :

0x000000£4: 000eael3 lw t3,0(t4)

V7 19 51 8 DDR2AF il %5 1) BH 28 32 3 1K) #45 J LF- 5 55 286 73 b ik 15 ] DDCM ) 35 5 1) B 42 4
A, wEMefs. Hig, A DEEMXG] . ERFIN, ISR 5 RS SN A i
RO, BEle, ENERBEERT, 454 T DLGkEEAT .

7ESweRV EH1Hr, i i AXLE B2 il SR A7k 2 U 1) AT RR Alsu_bus_intf. & 11 S1lnlLite
DRAM#Z I Z842 ftd hik,  IFAE— L8 J8 5 BelAIR 5518 SR i, 985 EDC3M Bk Hoadi A
%o MR, AXIELMT SDDR2AMMBAF#ERIETE . (A (E15) 1, DC3KrBff2:1% i
TR (MEEFEReT) Pk HAMNI A a M A (Hllsu_result corr de3 =

bus read data dc3) AR K276 frig £ 12k H DCCMTH A

(1su 1d data corr dc3) . $2ZCHIEL3:1 2 B I o Mk £ 5 B 27451 v s AR [ 4
A (BJi0 result e4 final =1lsu result corr dc4) .

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
HR4<2.0 — 20224E4 H
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DC1 STAGE

Pipeline
Registers
for
Control
Signals

Delay due to
accessing External
Memory

end_addr_dc1 [31:0] =
full_end_addr_dc1 [31:0]

Isu_addr_dc1 [31:0] =
full_addr_dc1 [31:0]

Bus

addr_external_dc1

Imagination K%l %] — RVfpgasci13: Vifrik4:

i A2.0 — 202244

External Memory
accessed through AXI

(Isu_bus_intf)

Lite DRAM
Controller

v

IwAlswif 4

© Copyright Imagination Technologies

DC3 STAGE COMMIT STAGE
Pipeline Pipeline
. Registers
Registers = for
for =
Control a2k Control
™ . —
Signals %I Signals g- eig.?gsecondary
E ek e4d.i0v
8 3 e4d.i0load
I I
g 5
_3 ] 2
= ke —LI—\\
> I — o
o 7 2-1 S 5!
S, K 31 . - .
< —] i0_result_e4 final [31:0]
5 i _
® e
“._’I Isu_resul 2 p
o] t_corr_dc — /
a Isu_result_corr_dc3 [31:0] 4ff 8
|
5]
°)
5
1]
o
5
»

addr_external_dc3

E16. V5 i1 SN ER T 2% I PH 2R 1wig 4




1725 H 7 BA5 H 08 24 10 58 DY Uk AT 18] Lw B9 $RAT 15 0, SRAT 393 1) 2 K A7 i 72 b ik
0x00002204 ' ME L N B fFst3. TEVER, X TULFER, DEZH M Hil:0x000021F87T4f

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
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Signals Waves

17160 ps

dec 10 pc d ext[31:0]
dec i@ instr d[31:0]
lsu_rsl d[31:0]

lsu offset d[11:8]

rsl dcl[31:0] B R
offset dc1[11:0] U 8] S ERAF i 2% T B B ST
full addr dcl[31:8] B :
"7 7 T1lsu axi_arvalid
lsu axi araddr[31:0]
lsu axi rvalid

lsu axi rdata[63:0] )T A11AR1EBADCABIE

waddre[4:0]
wen@
wdB[31:0]

E17. E15% =Bl Verilatorfi &

Imagination K411 — RVipgas413: Vifrfi4: Iwflswii4
JiA2.0 — 2022474 1
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£%: EHCKTHEN EEZE7H 0 Bl fE. SO fRtest_Blocking.tel (1
[RVfogaPath)/RVfoga/labs/Lab13/LW _Instruction ExtMemory 4L . #id: )Lk “Zoom In”

Gk () BE1%16940 ps.

SHTETE . B OIS S RK L BOH KRB — 8 E 5. HERE, WEESH (clk®
full addr dcl) FUK#HE S (10 result ed final Ewd0) 5E4FTRKIE S 4L
o ALt R E A ST 1wiB 4, A% 36438 7 AR S B

- HBHETEVRRSRY B, WEE2 A BTk, {55 full addr dcl[31:01E Akl A
HEVIUGER A b (M7 FR L) H0x00002204. {% 5 end addr dcl[31:0]
(B oR 7R WA R 280 7 Pk #E A7 THEE, P B 5 7 Il 1 B s — A 219 10
Hoik.

- JUNERE, MBS AXUELAEH UL MG S5 AR RISMNRAFEE: 1su_axi arvalid =1
Mlsu axi araddr = 0x00002200. HVFE, KIEMHIIERXUFX 50, B RER
Vi i) # e WA A 640 . BIETIAME T 1su axi rdata (FESLER19M120,
AT R WA Z 0 « MRV HFEZ DAL Gl T ARSI, WhE
SR RIE Z A A% U 3R 18] HHE

% B E15H R P DL i 75 Bl I AXLE 2 ) S0 5 A7 fif 25 1% P AN s ik ) A
X 5 BT 7

- JUANEE, A AR AR E I AXLE R [ B 64 AL Kb
(1su_axi rdata =0x0000000800000006F11su_axi rvalid =1) . MEHIEE
LSU (#ittlsu_bus_buffer) P22

- VSR 3200 HHE I8 I A7 fi A 1 UK 64 07 BOHE PR EL, R ON B 3 U K kR B A
bus read data dc3 =0x00000008.

- BJE, SEEUEEIE S HE 28 T R G E I B4R S N F AR S

10 result ed4 final — wdO.

5 BisH 2 BITRNESRmE B (FEEM16DC3FRAM B , HH 2T ik
% HDDRAMB A7 fif 2 P2 AL %R . 7T LAZEVerilog AR A5 1) LA R JLAT H 4R 21X 48 2 BRI K :
- 212 I Bithisu_lsc_ctlff1 55264417
-3 HIT%: fHibkdec_decode_ctlif155227747 .
A LA FH 6. te SO T
[RVipgaPath]/RVfpga/Labs/Lab13/LW _Instruction_ExtMemory/test _Blocking_Extended.tcl

A% o H T U5 17 DRAMEE il 35 I AXLE 2 S AR A, 9 bk 7T LUK & Isu_bus_intf
B

Imagination k214 — RVfpgasizit13: ifefE4: Iwhlswis4
HR4<2.0 — 20224E4 H
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AT XA T LSU N BN — 826 H A BASI, FELEBAFI o, ZERERFEDAAE (sw) #
T8, RIS FRyEHE A AR RS . W, e X T
- RS RT AR I R B R AERAE (WURIL HARIBIEULAC) o IXRM BRI RO R T
“HJEE" BRIFREAD TAAERR T
- RMROLI R AR AR RENE PR PAT A SR S R AR AL BN 7R (T R2HRAFIR
AIREAL TR BRERAE D .
- B BN ARSI NN, IR TS BRI ST

BYRA — AR St X HI#R4E

BI1825 Y T AT B I ARRS N 22 22 X — SE M RAR 5 o IXEEH S SR i N 2 1 2fs
fEZH. HizBE—, B84 H 1R K MY UGEAUY A s wis 2 AT 1E DL .

Signals
Time
clk=
dec_i@ pc d ext[31:0]=
dec 1@ instr d[31:8]=
dec_il instr d[31:€]=
lsu_rsl d[31:8]=
lsu offset d[11:8]=
EEl= s ey ey
offset_dcl[11:8]=
full_addr decl[31:8]=

store_stbuf_regvld dc3=
su_addr_dc3[15:0] =  EEEE
store ecc datafn Lo dc3[31:0] = [ |
T T T T T T Niretrz:01 = O D
stbuf_data en[7:0] =
stbuf_addr[127:0] =
stbuf_data[255:0] =
RdPtr[z:0]=

dccm_wren=
dccm wr addr[15:8] =
dccm wr_data[38:0]=

K18, B11h B K VerilatorfF B, F T U B 22282 [XEAE

£%: THOW T EN LELZ 18 1 Bk 2. {# H X 14 scriptStoreBuffer.tel (1t
[RVfpgaPath]/RVfpga/Labs/Lab13/SW _Instruction DCCM=#&4L) . ¥ JLIX “Zoom In”

GR () BEEA7900 ps.

TS S CREFEME. DC1AMDC2H B fER129 S My B, K sk b 4b A F )ik . DC3
CEI R I HER TN A28 X A7 R 2 25 NAT il o (1) e 28 Uk A8 i i {5 5
lsu_addr dc3 = 0x000CHlstore ecc datafn lo dc3 = 0x00000010 %k % H| 77474
X DCIKBOR A AR AERT, {55 store stbuf reqvld de3BEANAM, XKfilk
AR X AT

Imagination k%1% — RVipgasii13: Vifrfi4: wilswif4
HR4<2.0 — 20224E4 H
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NG SN T W A XS (AT R Isu_stbuft) . wrptr X AL X %
HEEAT S5, N swiR{FREAF i S X i B L A B e . #E7- B0, wrptr y0b011
(BIZ& H %53, XREHANZH, BG5S MNOTTE) .

DC3rB (D Wi H {5 T stbuf_data_ enHIEH4ALLE A RORAE REAF k22 X 5541 2%
H GEER, 0x08LAMh#g s J; 2\ #:500001000, I HAE—1 “1” (AL T AR ED .
f&71su stbuf empty anyfERLEMASE RN A NICHEA, RN FRAEZMNIXARNT — HHR
Y, APHZI DX ORISR0 5 NAT G e HO R0 o

TESRAC B AW+, BEHAAERMX AN % H . 55 stbuf_addrflstbuf datalf]
FANEH P EE: 0x000C (Xf BT 25 A IDCCMHsE) F10x00000010 X - EAEfik 7
DCCMH ) » wrrtr SBIE AR F— N2 X% H (b100) , H: HRAPtr & ERELE
X ARIEZ F R FE (b011)

ERI S BOE I — N Ai+3) , DCCMEffREES (decem wren) BEHANF M, UMES
ANPGRS IR R X 4N 6 H . e, ERMiI+4, BHRdPtr (b100) JFHZE M X H
PORNAE, XFflsu stbuf empty anyites R A& .

FI19uUi B 1 72 K184 Rl 185k B 2 g 28 X tnfel 84k . TERIMHI, 77rg 8 ON=s, Ik
IREHWrPtr == RAPtr®~. ERAMIH, ZFRZEMNXEE—A b/ ##4% (0x000C/
0x00000010) , XfN T B8 T HIfFfit. Bea, TEFiHi+4, #ds S5 NDCCM, 7Z#hZEMIX
HRAE NS (WrPtr == RAPtr) »

Cycle i

Cycle i+1 Cycle i+4

0x0000 | 0x00000002 0x0000 | 0x00000002 0x0000 | 0x00000002

0x0004 | 0x00000004 0x0004 | 0x00000004 0x0004 | 0x00000004

0x0008 | 0x00000008 0x0008 | 0x00000008 0x0008 | 0x00000008

WrPtr/RdPtr RdPtr

0x0000 | Ox00000000 0x000C | 0x00000010 0x000C | 0x00000010

WrPtr WirPtr/RdPtr
—_— s

0x0000 | 0x00000000 0x0000 | 0x00000000 0x0000 | 0x00000000

0x0000 | 0x00000000 0x0000 | 0x00000000 0x0000 | 0x00000000

0x0000 | 0x00000000 0x0000 | 0x00000000 0x0000 | 0x00000000

0x0000 | Ox00000000

Address Data

0x0000 | 0x00000000

Address Data

E119. E18H7 BBl ZA A S X B AL

0x0000 | 0x00000000

Address Data

5. BB R T DS A R 2 B AE R B AR, R HAT 5 EM8 R K 2 A R BLEK
20D

Imagination kit %l — RVfpgasi#13: Vififh4: Iwhlswif4
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