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1. &

FERTITELSRE Bl T B G A RS R EAESWeRY EH1BEMESRIIRER] » U577 7
RS S LRI R AT R, - E AR R » R RE AT A S | ARGR
RS R -

P LGSR B P R E SRS — © SCIRAS R m PO LI R - R
a8 RE M MEFRRHEC R E RIS -

EAERT Bt EE iR BT (AN EREESVHEE T HNEAFFE
A (BFIHRSIT HA/ AR —HERIEE) - BRREFBEE ST - &k > B
BT > REMEIEESC IR AR E 1 EINexys ATHy EIEAYDDRESCIEAS A -

& 142t T SweRV EH1EHE SIS S el - BR80T E AT ERAHRI AP EL © f#
i ~ DC1-3 (BRHFHIRE1-3) ~ fRACHIEHE -

Stage

:

3 Stall Point
Load/Store Pipel 10 Pipe 11 Pipe Multiply Pipe Divider

o | Cee | L8E ] [B&]) [

6 | oc2 | EX2 EX2 | w2 | 33;:%::?

Pipe
7 AR =S g = ey

Stall Point

: EX4
) con mit
I Writ :back lg

El1 SweRV EH1#Z% MiZERE
( [E7k & https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_ PRM.pdf)

2. FRUEEE A lwisS

FEAER 73 > PP (o F 2 o B R BEAR UG i B B AT S BRI T B ARR R SR - #EBITRES
H— B4R - R E SR E L (ZAF) #BIE (DALESRHREEIR) - EEERIEEHE
AR R AR (I HERE I —(E32{i T - ArA EMUIFRUHERVER - EARITETERIE -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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BLER12—k > 1wis< (BT LALEEHFEER ) AiREE4nop (HEE(E) 55 > LUER
HBFTTAR G CIREE - HEEER - EAERT - RMTEER TBGHECHER (1
SweRVrefSZH:Hhffilt ) -

.globl main

.section .midccm
A: .space 8

.text
main:

# Register t3 = x28 (register 28)
la tO0, A

11 t1, 0x2

sw tl, (tO0)

add tl1, tl1, 6

sw tl, 4(t0)

INSERT NOPS 9

ddr (A)

e ae SE S S
St ot

E Srﬂ — o
=

(V1]

H

—

I oo I
N

[ee]

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

&2 BB mkLwis S HVEEpIE=

&R A [RVipgaPath]/RVfoga/Labs/Lab13/LW _Instruction DCCM#E it PlatformlOE Z » DI{E
I PAo A ~ PRI AR o fEPlatformIOFFARL ~ RE % - MEFRUSAHZREZ (fiLk
[RVfpgaPath]/RVfpga/Labs/Lab13/LW Instruct/on_DCCM/. p/o/bw/d/swervo/f nexys/firmware.
dis) - AEIAEZET » $REIFE HRIwiES (LA {irik0x0000014ckz ) - 55 EETE SIS\
fif5 (0x0042a303 )

0x0000014c: 0042a303 lw +t1,4(t0)

[ 458 : BriEte32(t (0x0042a303) 2 A EIERRISC-VAEHHES 1w £1,4(c0) - |

FIHA R 1L > FEAFTHER (GSG) MIZFiHYEEET - T —HE B HNexys A7H EFZ{EAIDDR
sLiEBR R HHE SRIER - (B2 - FHUNTEC IR AR AN - SR ERE T
NGBS B[RS EL © RIE > A FITRE(EFISweRV EH1 thig ity AEEDCCM
(BEREEMGTRE) KEHFEER -
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DCCMZEZ L B ER SR AMKGL IS - CIROMEEEFIFISECDED ECCHRaE" - BAYA/N
TERZ Ui DAS | B e e > B Fvd KIBES12 KiB (THRL(E /564 KiB) - fEEER20 - Fk
(L ?Zlﬂiﬁz 73#rDCCMAIICCM + fEARTER T » TR A H AR LA/ G5 S/ 7y
T e SRR > BRATEM T UR - —UHR(FHSfEE&SweRV EHTELNIDCCM (LIAL (G 5RHE
) Er’ijeRV EH1Z 08 E (B3) MEdd -

IFU

SweRV EH1 Core - RV32IMC

LSU Bus DMA'-L\E
Master

B3 SweRV EH1RLLEHE

e JTAG

I2EPE%34CE%%%@T~{I%)% midccmiad-hoc (FEHT) #7rRECEDCCMARYZER] - TH
Hot I (ETHERRVipgaZ 4 - DCCMY{iriik 2=t 0xFO040000F 1A - L ZEHR EI’JLZ*

?E i (firfs © [RVfpgaPathl/RVfpga/Labs/Lab13/LW _Instruction DCCM/Id/link.lds ) &

IEMERALIETEE - B M ETEE

[RVfpgaPath]/RVfpga/Labs/Lab13/LW _Instruction DCCM/platformio.inift &5 DL T a5 2k (s

PRI S S5 5 S0 -

board build.ldscript = 1d/link.1lds

A, 1wisSHIEARSHT

4 25 Tl 2 7 Al P Y R A AR 8 R LwfE S VB TIE L ﬁETETnﬂﬁfEELA?T;S%EPTE
E B ERBE [RprgaPath]/Rprga/Labs/Lab1 3/LW _Instruction DCCM/scriptLoad.tcl - 5+
B A EREEE - F—XEk ADDCMATE—EERIE (2) @At (x6) ; %—‘”ﬁ/&
HjLDDCME’TP“{I%JerZ (8) BEAE—(EHEFes (t1) -

" B EEEGN 0 52 R (RISC-V SweRVTM EHTEFETATZZFAE) -

Imagination A Z5 1 — RVfpga il 13 « SLIEASFIIE S © IWHlswii <
JiA2.0 — 20224F4
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1w t1, 4(t0)

Imagination
university programme
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]
= TsidcIfsitel
offset dcl[11:0]
full addr dcl[31:8]
—_—— dccm rden

- dcem data 1o dc2[31 o]
1EJ result e4 f1nal[31 EJ]
waddr9[4 B]

[ |

wdE][Bl E]]
tl

[El4. B2 &EpIREE Ay VerilatorfsifE

[EISHUR 15 R 1wis S ETIHE SweRV EHVERATSIEeR - 55 LR E T &0f I REssE

A [EEEARIREE -
- i HHE S HEITRAS IR AR (Fas iR -

- HEffi (B AT R -
- P2 - (AT — P& Bt AL LA HUDDCM -
- FEHi+5 e A A ERS A FastEz -

Decode DC1 DC2 DC3 || Commit || Writeback
1w €1, 4(t0) COL’;‘JEOL
Instruction Register
(dec_i0_instr_d)
4 4
Isu_offset_d offset_dc1 DCCM =)
®
5(t0 0xF0040004 j—
0 aro full_addr_dc1 z
I
0xF0040000 <
rd0 | B 8 8 v 8 8
- rs1_dc1 dccm_data_lo_dc2 =
8 | agaro e 3
8 a ! Adder 8
wd0 = o
dcecm_rden -
REGISTER
FIEE Address Check ”
Pipeline (Isu_addrcheck) 1 Pipeline
Registers Registers

[E5. #7ESweRV EH1EGR T #ITHY 1wiE SHIRIEMEE

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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£% : fEH CHIER EEEE4 TRV EISE - FRRU T T EREE (MGSGETH 7 Fr
REA) -

NI EE AR EUEZE (Vivipgasim) -

fEPlatformlOrr » FABELL M B AV ¢

[RVipgaPath]/RVfpga/Labs/Lab13/LW _Instruction DCCM -

TERE ZEplatformio.inith B8 TE IR VIpgafbifit —#EfrfgZE (Vivipgasim) HIRSAR -
{EFHVerilatorz 4= fHEtpE (ZEEHDF) -

{EFHGTKWaveBH EL#/Le) -

{EF*E ZE scriptLoad.tcl ({£[RVfpgaPath]/RVfpga/Labs/Lab13/LW _Instruction_ DCCM/H
feft) BARUARE 4P RS AE EAYERSE - At - fEGTKWave L » #%—TF " File — Read
Tcl Script File ; (fg2E — FEITcl5 < iEfEZE ) Wi EEfEscriptLoad.telfEZE -

bede R T Zoom In (k) () FB1ZE18600 ps -

[EJRF AT IE A T R LUK B S A © [ e Eafiges ~ DC1-3 ~ $E S IES [EIFE B AR AR — 25
gt o DAL EOsRHBURHY [EHIER S —R1wig < > R RILiE < EEHERE -

PEHAI  fREE P dec 10 pc d ext{R{FlwiF<SHyfirik (0x0000014C) - &f5k
dec 10 instr dE&E1lwikzsf5<HI32fz7t (0x0042a303) -

TEIEPEEL  FE A IEHIEASE - 1L > BRINERARSTESEABTRAURER T © 15k
lsu rsl dEEIwWE(ENFEAMLE (AFIFRFEEFEt0F - ZH0xF0040000) - &
‘i}ﬁlsll_offset_d/_-lé\ﬁé 54 REER (0 T A RS ENE (AR £0x004 ) -

#HHAi+1 : DCA : i HIsu_lsc_ctNERHVAARSH EALLL o AR AAfLLE

(rsl dcl =0xF0040000) fi_EfFotiE(f{mi%E (offset dcl =0x00000004) : fx
#firfikfull addr dcl = 0xF0040004 - fp &bzl (fizibied) PAHEE FHHIECIEAS
Edg, (DCCM ~ PICERIMNIBECIRAG ) - EARIT - Bt ALk /E R DCCMEH &
(0xF0040004) - dcem rden® B ARAl AL FAHIEDCCMEEFIEHYREHY - MLk
(full addr decl) FIRE{HERSE (decem rden) f2EEEDCCM - ZMRAE T —(EHEIEEAL -

HHi+2 - DC2 : FHEHIDCCMII K &R &Y dcem_data_lo_dc2 = 0x8Hr » FE{R{FIEF] T
—PEEL -

FHAI+3 © DC3 : K{EDCCMEEHHTE RHE B T — P& EL -

FHERi+4 - IR RKEDCCMEEMHYERE (Rl5E10_result_ed final = 0x8) {HKEI T
—PEEL -

RS 0 BIE © % o BHEERSRA0 = OXBIHER MBI R I S A -
Siwen0 = 1+ PLEEFEIL I RIGE ABEX6 (waddz0 = 0x6) - FILISHH - 78
FTAREY I (bR o WEHE (WRAI1) BEFH (r1 =
0x8) » FAMETE » M P HITAYSSR L L2 tols ST A3HEdou t EFHTFIL -
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B. 1wig<HVERE T

FEARER S TR A o A Lwis SRR AP B » B6RUR T AP TS ATE S Imd A/
f#f7EE (DC1 - DC2FIDCIEEL ) ShTHAM AR T H4H - nIRE FR R B A RE R R
A& - BT AR LOGICHY B iF Al & 2 R PR AR P S A4 - R R - B
(& B SRR S BRAY /T T EHEE ©

RIS ERS L IA-LIS S RIS ELRIR] (2 RErRR12PAIEDS) - (B eI T HES
PR — SRR - [EE— T BRI A PR B AR & T ST R E L A

- WARIZEMREEENIELsu_offset_dift -

- ERARVEARALHEAIF A Stexu_1su rsl dot e (FhEfSRd4:1 2 ERERE (CAIEER11HY
B4R ) A - MR R HREFDCAEEL - )

- EAEFEESHERIRAL Lsu_p (EI6FTRAVHZERIERSEEEL) o -

EAREREAACL B 12 p i T HEAC P L - (EAE R B & BlE A T5 S RN 54531 2 B4

FAEVE A (lsu_result_corr dcd) - [EER125ME B R T & - 55501 > It

1L /510 result e4 final[31:0] > E6FT/R « HEAN ﬁiﬁfzﬁggﬁf‘i‘
SR EEL0 - HER A/ EEF ]E] ﬁﬁﬁ%f R ES AT —PET - NEEFE > HA—

ﬂL/S (FAMGET) BE - WL @A —(E3: 1255 (Hind R

il result e4 final[31:0] > #AZ—/Fylsu result corr dc4) > WEEI1NEA4S

FTTs o

£% : tEEE 4 FEVEEIE & E 6 FrrAVEist (£ TGREA) - AIDAER. tol fEZE AL
7~ ¢ [RVfpgaPath]/RVfpga/Labs/Lab13/LW _Instruction_DCCM/scriptLoadExtended.tcl

[4E% : {£SweRV EH1RE g3 Veriloghi Frik SIS BRI - |

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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set|d

dec_lsu_off

Address Check
(Isu_addrcheck)

Imagination A £ 1 — RVfpga il 13 « SLIRESFIEES ¢

hii42.0 — 20224£4 H

addr_in_dccm_dc1

dcem_rden

addr_external_dc1

dcem_data_lo_dc2

dccm_data_lo_dc3

bus_read_data_dc3 [31:0]

addr_external_dc3

Decode H DC1 DC2 DC3
Isu_p[18:0] | Pipeline Pipeline Pipeline
— | Registers Registers Registers
for for _ for _
. Control Control 2 Control | £
- . . ™ . 2}
Slgnals LOG —— end_addr_dc1 [31:0] = Slgnals § Slgnals % _
IC full_end_addr_dc1 [31:0] " o o 3
" Adder s o 2
LOGIC | -2 |of © dccm_data| 3
el = pcem &g L 4
S] offset_dc1[11:0] I 9] 15} 3]
2 isu_addr_dot 3roj=| (ISU_ | € S |ALIGN, | o
- ~ full_addr_dc1 [31:0] dccm MERGE o,
- s — dccm_data And E:
= Losic|{+{ Loaic | o] 1sadder mem) 4‘5 o ff ‘—8 ErroR | 3 )
2 % ) 5 & |CHECK MU
S 2
é = | | | L—T

© Copyright Imagination Technologies

&6 FMAESESAFEFEET BRI TEHE

IwFllswi54

LOGIC

Pipeline
Registers
for S
Control o,
Signals gl
3
%]
o
[ —
p— o
S
5 R
o3
S 3
2 5
[s2] 0
$ s _
£ e 8
S ‘Isu_res-l..ll 5
= t_corr_dc E
2 aff )
e £l
3 §
=
(73
o
:I
2

31
MUX|

Commit

edd.i0secondary
e4d.iov
e4d.i0load

i0_result_e4_final [31:0]




i EEREEL

FE R S By — G E R EAE F BV VR 20 7T T 004 - BRECH > MBI R B Wi (8 23
% -

- BHECHETRERS I AE AL RIERER -
- RHECOBREEENE B AR -

e

i 7 B 1A 20 S MR HAT R RER SRR 251 - B —(ET 4SS 1su_pke_t > H
P EEA(EFE IR - BE o SRR
[RVfpgaPath]/RVfoga/src/SweRVolfSoC/SweRVEh1CoreComplex/include/swerv_types.svi
TEFe © it Lsu_pMEERGRHY —(EF G - [EARMEIS B SRR RIE A/ B EIREL -

peEfEfElEe T aC iR AGRE/ Y — SRR N
o fryt0 (valid) fEER(EARIFET
fir7e12 (unsign) T%ZE/%E’]E+4%E???B%E%%1 °
fir7e13 (store) fERHFIRIE (sb» sw...) lRFET °
firot14 (load) FHEAAMRME (1b > 1h~ 1w...) BFE1 -
fir7e15-18 * BHFHEY AN (fiLyTél ~ P ~ RIS ) TR -

O
O
O
O

| FE3 : FEBIARED B8 Sk 1su_plf iR FIRERE TR ST -

HE 22 B EHEE N E Bt A SR

AIBEER 11T - SweRV EH1PERES a5 (HF B THS S0 - TERRIBINEL > 355 Hift
REES » SRV E R T - FEATRRREORER (B2) b » AT Lvis S0k
FILSUE#H (JEEADC1-3) - ELEIAGR » exu_lsu_rsl dREAMIEFEHIEIIE - %
dec_lsu_offset dfE12fTTATRIIEMRIEE » (EHE S AL (YA EIDCEES -

1% : 1£VerilogtZ 2 i ELSUR R (s A (exu lsu rsl dffldec_lsu offset d)
FHY BB 52T 537 T A AT RSB BS 1E  JHLABHE S R A% (4 © dec - exuifllsu -

ii. DC1[BE%

FEDCAFEE: > rs1_del (EAMrHL - (EfRIEFEELERE) Moffset decl (RIEE - EARHIE
FL{EE ) FruEIRiHIsaddert DS HEL 2240/ 4F (SABEEull_addr_del(31:0] » BLArHE
Gi5E4 1su_addr_dcl([31:0]) - iE2ZEIAYECIEAGIL -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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bR T EREAEIAL LA - A2 4F (end_addr_del(31:0]) WAES—(EiAZETETE (fER
AL REEER > B (EINASAEES T EUR - A EERIAE4ATER) - BEEF
TR RS T R iR (& — (B AL TTAHAYLHE » BBzt AP R B R B RO~ (fiLTaH A
T FEL -

E% : /3 #rDCARRE R EANASSHIE (E - EM A Isu_lsc_ctihEHIE - A
B RELINASEEE T HAVE7 T iEMEE -

[.rs1(rsl _dcl[31:0]},
et(offset dcl[1l1:0]),
5])

3'bl1) ({3{lsu_pkt dcl.dword
dci[2:0]};
r_offset_dcl[12:0]};

40 » $HEE0XFO040003B4AHI AL HEATE, AS: (1w) JE * full addr dc1=0xF0040003
Hend_addr_dc1=0xF0040006 (£ f[E8) - Stk - LSUEE(E nIfEHE IR T HEH -
S A W 4K - 38 W A S A PR B L kB A (AR F50xF0040000 71
0xF0040004 ) -

full addr dcl

AN

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

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

end addr dcl

[El8. $1%fir1ik0xF00400031Y 1wis <&

Wi{Efizik (1su addr dcl([31:0]fllend addr dcl([31:0]) HAFIERER (AHH
FDCCM) - JREAE T — (e B HIF AL -

£ - EE2HERT - ERAENERCRN (AT T) RREEFHL - Alth > 558 H
s 2SR EERIE LW B lb (FA ML) 3ilh (FAFEF) - flill > WREHREE
AT B3 » HIER A FFs S LA HE0XFO040003 5844032 e T AP FEL » 4E8FT
R o M EAUCRE R FElSElsu addr del1([31:0] (B full addr dcl[31:0]1) Al
end addr dcl([31:01HJfH -

FEE200 » FMEEDCCMAYNEL T EfE BT -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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BT frbbstE 24 - DC1FSEEE B 4HIsu_addrcheck Ttk #E A (2R E9) 2KHE
EFIT HIERLERE (AflF ADCCM) -

T e e o i e Pt
Lsu aaarcheci

3]},

9]) ,

9. R R A i AR NI B
FEB AR EAYEE R AT HEE WA FHHYECIEAS - DCCM ~ PICEUSMATDDRECTEAG (257,
[&10) -

addr in dcecm del,
addr in pic dcl,

addr external dcl,

[E10. fHERCRAR B THYALAE

EABIF - DCCMEER AT e (addr_in dcem del =1) o gt iR —LE
EIR{4F2(E46DCCM (SR8fdcem rden) DUBUFI/IEFIAEEL (ARGITEFIGRD - %%
addr_external dcIfEXARIHISMDDRECIEAGH: A1 > HAMIFILRG £50 - HDC3PEEL{H%
FIfER - A0EBFT/ °

iii. DC2[EBE%
WIHREH TDCCMEEHL (deem_rden = 1) > AIE{ELFEEGHHUER » 51T - R AR (E

32fiz7tfE (dcem data lo de2[31:0]flldcem data hi de2[31:0]) » RAERHFEL
TTRERST - NI AEERIE S E (BB aaF)) -

£% : FE2AFE G - & B iz 1k 0xFO040004 A1 iz 1i: 0XFO040003 4 17 1whF - ER#Z 5k
dccm data lo dc2[31:0]fldccm data hi dec2[31:01H9(F °

iv. DC3[EE:

3K E DCCMARA{[E 32, Tt EFRMENDC2 (EHgffdcem data lo dec2[31:0]A

dccm data hi de2([31:0]) fH#KZIDC3 (uﬂgf'édccm_data_lo_dc?a [31:0]H1
dcem_data_hi_de3[31:0]) -« $REPEAFR (FHAIAFIFRIFEED - MERGTHEE - (&
fffdcem data lo de3[31:0]

FEDC3[EEL - HU—fILHEuEHRE’Jm{I% (dcem_data_lo_dec3[31:0]H1
dccm data hi de3([31:0]) #iEETT TS TETAS R

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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- REBABEER ¢ R E AR ST ERTT » AT FE S
KEEAATES > A SRR TR - TOTRHAEE 15 s iEh -

LB IRV -

- sERRRE  (EHECCIR A BRI R OF s -

FHFTASREAVEERSE © 1su 1d data corr de3[31:0]&HHEPIRIEEAER -

{£%  srhrlsu_dcem_ctifllsu_ecct&dd o 1y Verilogf2 2UHE (5 FHAVEES ~ & HFfIsEsin &
HEHE o

% : FE20FZ 0 - & % iz ik 0xFO040004 F1 {i7 1i: 0XFO040003 4 17 1whF - ELEREH5E
lsu_result corr dc3[31:0]HY{H -

TERTIE R ~ AR B e FEA I 1 28 8 2 1% - 2:1 255 BHREI T 2K H DCCMAYE K}
(lsu 1d data corr dc3([31:0]) #(2kH DDRECEASHTER
(bus read data dc3[31:0]) ZR#EEITEESE - L2 EEEARIHEENSRaddr external dc3
Pd) > ZENsR i DC1IE R Ff54HIsu_addrcheck ZE 4 (iflFfaddr external dcl) -

{E%5 : 7EVerilogf2 G 3 #eflFtaddr _external del¥fe/jADCAPEEAERE4H
Isu_addrcheck |51 -

BE2:1 ZEEBHRARY L (1su_result corr dc3([31:0]) {HFEFITEACIEEL -

v. RRPEE
TEFRACPSES » 31 2 BB SRR (A B S [P eV sE AR
(10_result_ed final[31:0]) (Z2RE6) o H£3:125R4FRE ATEEEALUAYEG T
(EBRIAN2R T30 ) DUREBIALUE R, (REESR15F 5347 ) -
vi.  REFEE

BEFE R EAE B BRI 200300 - (NEEAE RIS T oREUR - P IIAAVERERS A B 76 - £
EMFEI N > IEERDCCMERI S A H AR Fas -

3. GRUEEEL BN swiss

FEAER 3o > FRAPTRHE I [ 11 B AR UG SR B BT T (15 < BHBE Y S - e R
(i EA 1000 A RAVER - FHAE R R AGCIRARHESA L - [ EAEE10001E% > {2
FADCCM (0xF0040000 — OxFOO4FFFF) o F:{fFswig S &I — R 1wis < > AiE AN RE 2
HEMFELENE - EE il Anop KIGHEE < - EEBEEN - BREREHNEESAY
Fas AR E T Fassi AL > 1M EE R swif SR 1w - 8 F RHFHBGEHESHER (4

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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SWeRVref S (e i) « I » R —BRATBHI—HE B4 FADCOMAC 7RI A

.globl main

.section .midccm
A: .space 4000

.text

main:

la t0, A # t0 = addr (d)
11 tl1, 0x2 # tl = 2

11 t2, 1000 # t2 = 1000

INSERT NOPS 2

REPEAT:
sw tl, (tO0)
INSERT NOPS 10
INSERT NOPS 4
1w t1, (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

11 (5 swis S HIEERIEES

&R} [RVfpgaPath)/RVipga/Labs/Lab13/SW_Instruction DCCM#E fPlatformlOE % » DI{F
I PAo A ~ PRI AR o fEPlatformIOFARL ~ RE % - MEFIRUSAHZREZ (fiLk
[RVfpgaPath]/RVfpga/Labs/Lab13/SW _Instruction DCCM/.pio/build/swervolf _nexys/firmware.
dis ) - A BLFE F] sw s 4 fir 1 fir i 0x00000110 &= - ## A] LA & 1 #5 < 1y # 25 12 R 1
(0x0062a023) :
0x00000110: 0062a023 sw t1,0(t0)

[ £5% : Brsita2(iyt (0x0062a023) ESEMEHRISC-VEBHHTESsw t1,0(t0) = |

l12§E?TI11EPLIEIT'%IEW\%K,HHFE%W% HYERTTIRDE » ATEA I BRSE — (BB 2SN
EATEA - EE > AEERE SR —RETT R EIESREL (1) Rardr -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
Hi4<2.0 — 2022424 F
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Signals Waves

17988 ps

Time
= Eacjiﬂtpctd__exﬁﬂ_:'@]_ I
dec i@ instr d[31:0]
Lsu rsl d[31:8]
lsu offset d[11:0]
exuﬂkﬁu_rsz_d[31:ﬂ]

rsl dcl[31:0

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

full addr dcl[31:@
m~  decmowren T
decem wr_addr[15:0]

dcem wr data[38:0]

BE12 B 11&E50yVerilatorf& ik

[ 1 35 1@ 11 A R Y 2 U IOE A A T swis S I SweRV EHVE SR S g fa i - Eiiras
tl (RFES AEEINE) B0x10 > t0 (fREFEAMNL) #0xF004000C - Kt > swikHE
0x10%5 A DCCMfir#1-0xF004000C - [& g8 T SweRV EH1j& H 251 VerilogsiH H g F iy &
PR - 55 BRI A 0T TR SR FEHARRRE
- i storet5 ST RGPS ELHEI TR - W5 E4ALSUEE » fEiEf@En s -
R T A S B EAYHE S T RIS F G e i 2 F2 it -
- i AR HAE AR ETTEHE (WloadBfsyfrit) - xS » AfHEIE
5o B E A EECHT R 1sadder ¢
- Hi+6 - B EERTT (EEFRst 1R (EREEFHFRERRZREFEFEDCCMH
(MHREERIHFE = R 8% ) -

AR MEABTRIHEINS » FEN R > NI T ] DUE B 2 45 B A 52 B -
MEEZ T - BATES TR - WAEMEE eI SE SFHRAvE - Nt (ART—85AT
i) FIFHE - AR (B3 REIR) » EBEEABIRE VLR - W R
FHEE LA L A BRI S AR 2 R A TR B R B R F - WITFEER15
hortrisfaiE -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
Hi4<2.0 — 2022424 F
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DECODE STAGE i DC1
CONTROL decm_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
(1) radaro Isu_rs1_d 0xF004000C
rd0 rs1_dct dcem_wr_data
Adder DCCM
exu_lsu_rs2_d 0x00000010
6 (t1 - ="
(t1) raddr1 rd1
REGISTER
FILE Pipeline Pipeline
Registers Registers

[E13 SweRV EH1t swif SE{THIR FEAR T

_ﬁ £ H O ER FEERE12FAVEEEIE - BRI NP EERIE (AGSGETE Tt

- M\%Hﬂrﬁf{ffﬁﬁguﬁm* (Vrvipgasim)

- TEPlatforml O BHEE A MMz B R Ay EH K ¢
[RVipgaPath]/RVfpga/Labs/Lab13/SW_Instruction DCCM -

- {EfEZplatformio.inith ¥ FIRVipgafbifit —#EIfEZE (Vivipgasim) HYEETK o

- {EfVerilatorE4FEEEE (EETPF) -

- {EGTKWave I BHELE#DS -

- {8 FH 15 2 scriptStore.tcl ( 1£ [RVfpgaPath]/RVfpga/Labs/Lab13/SW _Instruction_DCCM/
iRt ) BUREE4FTRENSEAE EIRVERSE o Atk - EGTKWave | » #—T1 ' File — Read
Tcl Script File |, (f22E — :EEUTCHESMEAEZE ) Wi scriptStore.tclfgZ& -

- MR TZoom In, (k) () FEHE17900 ps ¢

[R5 53 A [ 1 2 R B2 DA R (8 1 3 [ - [ o B s — SL B S A DCA B B AR BRAYER ST - LR
Q%@DCCM%}UFBESETEH% SRR EA 2 1% - DAL E SRR BRI EH ER swiE
< INREA5 < mIEAHIEREEL -

TR B 0\ S BT + $0BRdec_10_pe_d_extfauiti i
It (0x00000110) - FfHfdec i0 instr dE&E32{ Tswis< (0x0062a023) - &f
Fflsu rsl dEEswif Tfﬁﬂqﬁgﬁﬁfiﬂ: (A& F50xF004000C » HHE 7R3t OFefit) >
uﬂ’if’élsu_offset AEENETES P HEECT BB 10T 0 B R A HE Y 124 e L B (AR B
i 0x000) - HWAREFIES » EZ(EE TS (AP Atl) BEEIERLE AR
fefe (exu lsu rs2 d =0x10) - At » EXVEBEKRREMSE -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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- i DCA : IEANE A B ATl - BEPEEZETEALAE (full_addr_dcl =
rsl dcl + offset dcl =0xF004000C) -

- fEiHI+6 - DCCME A : A{fEIA% - DCCMIE a7 =IN35 NERHFIE AL
fit (dcem wr addr=0x000CHldccm wr data=0x4900000010) - &%/FE > DCCM
fEFEY ik (0x000C) MY R16A1TT @ R AT IRAFIVEHAE - B A/ N f564 KiB (25
&2 common_defines.vh) > 16{i7 7T /& DUEHE2" [ iz 7oéH - BRI AERTE AN F T —L
ECCfiz7t (0x49) - Eillifdcem wren® AARF (FEE1209BHHi+64 ) - ¥DCCM
HIE ABRIETERK -

ffgkA — EECFEREEEIRAE © NErARRRI AFd A - e —(HEEEER - RNER R E
EEFTE SV ASCRAGHIENILAL -

[ © BB TR IS 2 AT ATE S © DIBRiE (B2 & CEWER ADCCM - RZERiH
B4 RIEBD 1 — BRI -

% + ZIREEE2. BE I i Lwis SR TR R PR 5 SR AT 3 th i swis S 8T
HYERESIAT -

(455 : 53T EIDCCMAR T B LU T 76607 | BEFRUTAL (sb) @ F7 (sh) - |

4. FEUMNECEAE

FESE2E MR 3E o3 - FMIEE I DCCMAREF MBI AE RS « LEAE 7 TR FHL
Nexys A7 LFESMTRCIBAGHVEATG S - 5ER - EMEN (2RIE14) BE2E5 o
FYIED (2HE3) M - SweRV EHT#Z L HIZBAXIE R RS MR EC R #G #ER - A sE IS
H AT CERIVER -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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"L [ 100 MHz

Clock | |
Generator |

T 50MHz

Y

Extended
SweRVolf SoC

bscan TAP

= cDC

[ AX| Interconnect ] - v
{ [ RAM Memory Lite DRAM
[ Axi-wishbone Bridge | controller |— \

[ Wishbone Interconnect ]

| Boot-rRom || system-ctrl || spiz || sPi2 || Timer | | GPIO || uART I-..-t‘q. m\
I 3 3 __=-_I-:_ ()

®e @

[E14. RVfpgaNexys

BRI IHZERITERHZEF AL - PHEE A G e 2= bR S - ERIHBAE e R &
1t - ERIRE AR EIH B ZAnA HAE ST - HEEZ T HEES A GER
HHAGEAHTE R > JRIHZERAE s PE BT  (EERITIREREANIE S - 4 gFLE
AT - BRI T - R TR E G P AR RIS R - AT > FTR
ot —tEER (HZEEA) - e F—EEE (F514) b R ESEE RS
oyt —REfES (FRMHZERA) -

[ 15 H VI A BG4S T RR AN TR AU M DDRECTE AR Y Lwis S HURG BEGu ] - IEREA05H
SR - L EREE 12T ZrIMEY] (1w £3, (t4)) WFEFast e BIETEN
QA (add t6, t3, t6) - M RHE AR EnopREAIREEE S - MERSE SN
teyNEEIE R EE S -

FEDEA12(HF - (i FACIE - Klb - TL. datallisy b e RIS R B 3 F — R
sEESFESHE ({iILfA~/ . platformio/packages/framework-wd-riscv-
sdk/board/nexys_a7_eh1/link.Ids) - itk > .datafi sy EFRNERHGFEYMNTECER T - M
N eBE2HFE A F—FEEHRDCCMH -

FHELEL T > SweRV EH1HHYE AS5 S /2 IFRHZEHY - WIRAEIATE S BIHZEES - ALWA
TEZ T4 & 5E S R T SHYBHEAE 28 N RAYRIRIE < - WEIMSFT R (CARABUH/IE AL
THREHVE %50 - 552 H.SweRVref S (1:47552.CHl oy )

1i t2, 0x020
csrrs tl, 0x7F9, t2

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
Hi4<2.0 — 2022424 F
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.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, to
add t4, t4, 4
INSERT NOPS_9
bne t5, zero, REPEAT # Repeat the loop

INSERT NOPS 4

.end

15 BHZE Lwis SHIEES]

BRI [RVIogaPath)/RVipga/Labs/Lab13/LW _Instruction ExtMemoryfg{PlatformlO=Z » DIf#H

AIDATIART ~ MBI AR - WIS EPlatformlOBHEY ~ 4ReFEZE » NMEBIRSHERESRE (it

[RVfpgaPath]/RVfpga/Labs/Lab13/LW _Instruction ExtMemory/.pio/build/swervolf _nexys/firm

ware.dis ) » T LAB | 1wis S AL ir0x000000f45% » 3B 0] LAIE FH5 S AU 28
(0x000eael3) -

0x000000£4: 000eae03 1w t3,0(t4)

7 HUS M DDR2EC R A% Y PE 8 8 A BB 18 5%~ B 55 20 53 o By 20 (7 HU DDCMAY 8 A HY B 1840
& > ANE16FTR © {HiE » A —(HEERER] © EFREEIRN > RE SR EHE R FE R IMPC R
AetefteyEl) © Btk - BUREIEOREVERIE > 155 AT AT -

FESwWeRV EH1 A - A ABAXIFE T HEZEH] Y MTEC IR AR T AV ELHTE Slsu_bus_intf - E&HH
Lite DRAM{ZRiles it irht: - MiAE — LSRR BRI R SR AVEDRL - AMRAEDCFE B Hordi
A%l R AXIBERTBEFI Y BIDDR2SMNA ORS8N -« AT ([E15) o » DC3FEELHY
21 %GR (thEafEmEoe) B gsMaciEmn# A (Rllsu_result corr dec3=
bus_read_data_dc3) [ EME26EE]+ ATEeAyz 5 DCCMAER A
(1su_ld data corr dc3) - fEAXPEEHY3:1 2 B A HI B E [E 250 5 - i AR IR0 ey
A (Bli0 result e4 final =1su result corr dc4) -

Imagination KE25t#] — RVpga#isi13 « sLiEfsFHUES © IWfllswig <
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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 A £ 1 — RVfpga il 13 « SLIRESFIEES ¢

hii42.0 — 20224£4 H

External Memory
accessed through AXI

(Isu_bus_intf)

Lite DRAM
Controller

v

IwFllswi54

© Copyright Imagination Technologies

DC3 STAGE COMMIT STAGE
Pipeline Pipeline
. Registers
Registers = for
for <
Control @, Control
[sp} . —
Signals %I Signals ; ejg.?gsecondary
£ e e4d.iov
8 3 e4d.i0load
[ [
° =
T ?
_ 5 | o
s = ——
2 [ — o
o 2|2 LOGIC z 2
3 MU 5 3
T, 3 31| . ! .
- —— i0_result_e4_final [31:0]
'ol g
e] Sl o=
® e
9| Isu_resul 2 P
9 t_corr_dc = /
o Isu_result_corr_dc3 [31:0] 4ff 8
o
S
o
o
=
(2]
2
S
2]

addr_external_dc3

[E16. FHY MR EARHHELwES




[ 758 118 1 S AR R S5 VOIS R Lwi YR TR0 - B TR e s A2 11:0x00002204
TEVERE AT FER3 - 5HEE > B IERES > DRIz 1E0x000021F8FH 4 -
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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]
""" rs1 dci[31:0] 0
offset_decl[11:0] 0000000000 ]
full_addr dcl[31:@] e ; . ————
~ 77 Tlsu_axi arvalid 1
lsu axi araddr[31:0]
lsu axi rvalid

lsu axi rdata[63:0] )T A11AR1EBADCABIE

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

E17. BE155&HEY Verilatori&Eiikt
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% : FH CHYERS FEEEN7 AR - fEHIfEZtest_Blocking.tcl (1t
[RVfpgaPath]/RVfpga/Labs/Lab13/LW _Instruction_ExtMemory gt ) - 42 " Zoom

In, (Bk) () 88116940 ps «

SINTREIE o B EEEL&E SRS EL B BRI Y —SEEReE - SRR - THERENSRAE (clk®
full addr dcl) FIEESEASE4H (10 result ed final Fwd0) HlE4FTRAYEAGRLEAE
B« DIAL e BT B FE R L S » PR RdS 2 iR A TES e -

- (IHEAERASIEEETR - WISE2E AL - SHEREfull addr del([31:01EE M4 K
BUERPIEAAPRIALAL (E7FRAMIAL) 50x00002204 - SRR
end addr dcl[31:0] (ETRER) WIZRE2M AT T515H - AP EESEF
AU t%—(E A e aHAY izt -

- B{EEIHR o (kB EAXIPE SR HEE LU T SRS EA RS MR IRAS -
lsu axi arvalid =1fllsu axi araddr =0x00002200 - &7’ » (BT HE
TR PRSI I T A e A R T - WHE/&DH?F
lsu_axi_rdata (EEE19/1209 » TR ITECBEREH) - WRFHFEZE
LA (ERREEERD - BB PE R 5 (B Ak 2 IR E R -

71
{EF + (ERE15 PRI AT 5 ZE M AXIBE AT FE (5] 5 MR ST 1R AG (3 25 W 18 ALk AR
HEREAFHL

- REEAR - SMEECIERE A LAXlE/;[LHF@IEIEHRE’JM@Z—"QH (lsu_axi rdata =
0x0000000800000006#(11su axi rvalid =1) - HERMFELSU (f54H
Isu_bus_buffer) [NE[45E -

- EORHY32fTERHE EEC R AR AH64 ML BORHEHL R AT EE G AL
bus_ read data dc3 =0x00000008 -

- R o EERHEE RS 28 > hAVER BIH FE RIS R AR st

10 result e4 final — wdO-

+

B% © REHI 2 EE BRI ORGSR Y 2kt (FEE160YDCIMFEAEEL ) » i g FrkE
EHDDRAMIT LIRS IR BLRYE R} » ATLATEVerilogi2 I LL T 2617 R FiE b 2 PR BrRE -
- 21%P5EHRE © fH4HIsu_lsc_ctlfy552647T -
- 31456k - fH4Hdec_decode_ctliyEE227717 -
A] DA R A teHEZE ALY -
[RVfpgaPath]/RVfipga/Labs/Lab13/LW _Instruction_ExtMemory/test Blocking Extended.tcl

E% o AR F U DRAMPZE R S5 HIAXIEE R FEE (E L IRAER - Ryt o] Ditg & Isu_bus_intf
el -
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FiisRA — AR E EHTER(E

A e (i FYLSUN BP Y —(E8IH B & (151 - fELL(Tyh > FEHEEEFHT (sw) #
E > FFfEEECH B UERIER © % - sz ] R -
- MRSCHT AR RE A AR (CORH BRI ) o EEEREXER T
"ESRSE ) BRI D T RIS EHL -
- OTEIIHY 2 AGRERE SRR T IS R e AU R B A AR (BB B ATRAEIR
FTRERE BRI RS (R )
- B AARE G OF BB IERIE - EmAER TR ) BRSO ERR AL -

[ 18R T BT IE 1 1 iR YRR SRS A7 2h) — S AH R RS - i3 S SR RER IS 21 1 2R
ANHERER T o BLEZ E 1 o 18U 1Ry SR U IGA U swif CHUBI TR -

Signals
Time
clk=
dec_i8 pc d ext[31:8]=
dec_ i@ instr d[31:€]=
dec i1 instr d[31:8]=
1su_rsl d[31:e]=
lsu offset d[11:8]=
L Exu_ls_u'_rsz_g[Bl:@]:l
rsl__dc1[3_l:@_] )
offset_dcl[11:0]=
full addr _dcl[31:0]=
isldst dcl=

_ _ _ _ _ _ e lisT de2 3

store_stbuf_reqvld dc3=
lsu_addr_dc3[15:0] =

WrPtri[2:e]=
stbuf_data en[7:8] =
stbuf_addr[127:0] =
stbuf _data[255:8]=
RdPtr[z:e]=
________ dc_cmjtra a7
decm wr_addr[15:8] =
dcem wr_data[38:0] =

)18

[E18. &1 EEBIryVerilatorfsist - FINRIAA7ZA&HERIE

£% © £ HCHVER FEE R8T aIEEETE - (EFHEZE scriptStoreBuffer.tcl (11
[RVfpgaPath]/RVfpga/Labs/Lab13/SW_Instruction DCCM3gft) - $4&%x T Zoom In |

(Bek) () 1817900 ps -

THERERSE (2K B @ - DC1RIDC2[EE ) 1EE12rF BRI » Lt A FFRg it - DC3

(EEyERD) S AAFEEE - HEESER AREN RS IR &R ZE BT
lsu addr dc3 = 0x000CHIstore ecc datafn lo dc3 = 0x00000010fEH A% A5/
b - & DCI[EEL %A H GE 1R ERE > Sl8fstore stbuf reqvld de3BEBAR » B
EF 4R EE IRAF -

Imagination KE451 4] — RVipga 8113 : SLREESFHUES © WRIswig<
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N AHENIR A ER N A s st (L Esilsu_stbuf) o wept i G788 ) T
HAETHRES - T swiR{FIFEREFRE E TR EHALEAER - fE#fIH > wrPtr £00011
(B EERES - EEB4EHE - N RERIRIC0Rn) -

DC3MSE: G IBMBIFSstout data ent 4l It B B RO T BHE EITENTHAE
EE (HER 008 bUBHRTS /7 =UR 5500001000 - i FLIE—AY ™1, (B SEALTERIAL
) - fSflsu_stbuf_empty any(ELUBHIKERIFEBEET - R HEFET B -
R » TP AR I S 57 AT -

TERISER GBI+ R EBAEAEEE - skstouf_addrflstbut_dataly
FAEEH P4 0x000C (HFERZE AIDCCMiE) R10x00000010 (EHFEH Sk 1E
DCCMefyZekl) - WrptrEHERS Bi5H F—HBHEEE (b100) - i FRAPtr & iEHiLE
WS RN (b011) -

R EIPEEE R —(EEH] CElHi+3) - DCCME ABUHENIE (deem wren) BERAER - PUE
BAGLREIRIEEEAE4EHEE - &% > f£EYi+4 - FHRdPer (b100) I H &
AR RZE > Efklsu_stbuf_empty anyil@HRXEREEY -

& 195588 7 1 1 8B R &S| th Y 8IE B A2 r7sZ a1t - FEEEHI > Ar7Asg i 72s > It
IREEEHWrPtr == RAPtrFoR o FHEHAIH - G7As8 e & —(E 4 Ert
(0x000C/0x00000010) - HFEN B8 HTHVEETF - fxi% > FEHAI+4 > &l ADCCM >
B IR B7E (WePtr == RAPtr) o

Cyclei

Cycle i+1 Cycle i+4

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

0x0004 | Ox00000004 0x0004 | 0x00000004 0x0004 | 0x00000004

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

WrPtr/RdPtr
— O0x0000 | Ox00000000

WrPtr/RdPtr

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

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

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

0x0000 | 0x00000000
Address Data

0x0000 | 0x00000000 0x0000 | 0x00000000

|
I
1
I
|
|
|
|
1
0x000C | 0x00000010 : 0x000C | 0x00000010
|
|
I
|
|
I
|
I
|

Address Data

[E119. &1 8AvERBIHIR Arre A &1t

Address Data

l

E% - (ECE 11 PRI AT B M ER SR REHRAE - AT 18P B AT BIEIEY
I3 -
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