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1. iy

TEARSEIGH, BATE /T HTSweRV EH1R/K L & N BN A AR FIZ #1520 . E145H TEH1R
PRI R AL, RATEAR S T I BE LA (58 R 10 B 3RS . EX1. EX2,
EX3. % CHMPNEXS) MEISHE. (MEEJLFESI0%EMR, EIRNTE RN
HEIR B0 7 AR AL B SR EG17 . FRATIE S TE L5011 RS2 5616 70 43 BT B AT 5B B )

Stage

1 —=aront

:

3 ——Sanront
Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

2 Lot || LS ] [ om |

6 loc2 | | e ||| @ | | wm2 | 33;1?::?

Pipe
7 e S S
M Commit 4 Stall Point

I Writeback

1. SweRV EH1E1E: RHER T addis 4 HIZE4-95 B

FEEE2HR >, BATKE D Hradats & G 2 M S5H B (I ER SR G ANFAR L) - £
WHIERET, BATSZH I HaddiE 4, BNAEE CHTHEN EER IR, E53M
i, BATRIR BN R ER 2] L% 5 adafi & Frid b BRI I R 7 A Hofh SR B2 AR 5 4

2. SweRV EH1H1#%addfs /4t

TEARE 7, FRATTR 3 A B 245 tH BBl s BT IR IG5 M addf8 4. Sk
[RVfpgaPath]/RVfpga/Labs/Lab12/ADD_InstructionZft T PlatformlO i H , X £ {if A] 1R #5 75
M. T EAE SR . aSweRVref KR SE2{ 4 Firik, Jfai e W, AIH 4k 1B H
JEAEE 4. Mok, AUTMERN, BATSETRIGH PifNadddE 4, XK, WA @SR
TR IR — VO, WA DER AR A miE 7 (S Rar P IviEo FIHMTR A . XA
R RERAA AL B R IR B SRR X8, e, IEWERATTE A 2 SE 365 i 7n ] P $hAT IR e —
B, add¥f4 (FER2H A ERE LR BEFME ) Lsknop CL1E) 54, DMEKHER
TR HA A BT 77/ 577 adadia 2 B e
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.globl main
main:

1i t3, 0x4 # t3
1i t4, 0xl # t4

REPEAT:
INSERT NOPS 10
add t3, t3, t4 # t3
INSERT NOPS 10
beq zero, zero, REPEAT # Repeat the loop

t3 + t4

.end

K 2. addfg &~ pl

WERAEPlatformlOHHT T WBEIH , SREHT I RICgw AT (AT

[RVipgaPath]/RVfpga/Labs/Lab12/ADD _Instruction/.pio/build/swervolf_nexys/firmware.dis

), & kIMaddfi4 (0x01de0e33) £ F1%FEFF )1 h:0x00000108 4k .
0x00000108: 01l1lde0Oe33 add t3,t3,t4

| % BWilfix32fi (0x01de0e33) LA FRISC-VAHIF (1§ 4add 3, t3, t4.

A.  addigfHIEAS T

K34 H T K2 R i Verilatorff B, b B8 1 B2 70 (9 RE 7 26 98 2 10 56 DY I GE AR A AT
addif4 . XKEEHESEL., EX1MIES (Writeback, WB) MBI/ —L{ES5 . DOt
R BIRIEN N TaddiE4, BANZIEAETIOEEREFIX =B, Ei, BFARK
X TI0EE .
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add t3,t3,t4

Signals Waves
Time £

15188 ps

_______clk

dec 10 pc d ext[31:0]
dec 10 instr d[31:0]

raddro[4:0]
- raddrl[4:0]

waddré[4:8]

wd@[31:8]
- E:JE[B—I:E]_] [ 7
& 3. B2t =B Verilator{i &

B4zs 1 IR IOE E AR ZR D UGEAUN I AT add 4R 2 ISweRV EH1HUKEfRI{LIE (2
WER2FRFER) .« WERESGIF 7B AR Bl E R

o JEHi: B X482 T PR s B A AE 28 50 . B 10 I8 K IEAddFE 2 .
o  JEHI+1: EX1: @iALUTHE N
o JAHi+5: B 1§ 50w Ok Inikss 5 NFF8 .
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Decode EX1 EX2 EX3 pCommitWriteback

add t3, t3, t4 CONTROL

Instruction Register UNIT
(signal (dec_decode_ctl)

dec_i0_instr_d)

+

\

21 | ogaro ol @l 7T o
2 (4) raddr1 8
28 (t3) out
waddr0
wen0
1 3 wdo0 rd1 b 1 b_ff
REGISTER

ALU
FILE (exu_alu_ctl)
(dec_gpr_ctl) Pipeline Pipeline
Registers Registers

E4. $fTaddtE 2 ISweRV EH1i /K4

£%: FEHCHIEN ERESE3TRELRE. Nt HRELT P RRE (FEGSGH
HTE R -
DhEERE AR AN B SO (Vivfpgasim)
- fEPlatformlOHr, FJIFAELL AL EIRBERITUH
[RVipgaPath]/RVfpga/Labs/Lab12/ADD Instruction.
- {3t platformio.init i 3L FIRVIpgafli £ —#E i SCIE (Vivfpgasim) [ IERf 4%
- i M Verilator £ gl flf BB (R .
- fEGTKWave LT 5Ltk .
- i fhtest 1.tcl (fE[RVfogaPath]/RVipga/Labs/Lab12/ADD_Instruction/H #:4t) 4T
5 EBF M SHIERES. Nk, f£EGTKWave L, ;i “File — Read Tcl Script File”
O — BEEXTCAIA S ) ik Ftest 1.t .

LR “Zoom In” GO () BE1%15000 pS.

FATR RIS 7 W B3P B A4 B, BL T K L iadafs £, BRI i

o JAMI:  #M: {55dec i0 instr dfL{ 324745 £ 0x01DEOE33. 7ERISC-V
i, addff 2 IEIERS T (2 WL[DDCARVIIHREB) -
00 | rsl | 000 | rd | 0110011

A] DL %% i 5% F OXO1DEOE33 22 77 %f M T-: add t3, t3, t4 (iFidfkE, t3=x28 H
t4=x29) .

X —r B, %iﬁi}ﬁ‘rﬁﬂﬁ%#&m%‘ﬁﬁﬁiﬁ: ER B (EX1) , #/E¥KELI0
BIERIEFIALU. {55 raddrofiraddrl (EHLAFEHIRR) BEaddig S MmN IR

Imagination K211 %l — RVfpgaskii12: SIARMZHIES: addii4
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TR, (5 5aRpBAHE R A (EX1) BrERIESIALURIE. A0 Hafiom W7
RS I . AT IR 4, aRlom AR AR, B, bR . &
1K ST S AT oA 4 4o

o JAWI1:  EX1: $Taddlfd. [52a £eMlo e SALUITIA CRBIF4 BT
TS 5 out B A MERIZE R (8) .

o JAMWIi+5: BEF: f)5, EANFEWE, IEKSEREEE Swdo = 0x8/E 5 275 47 48 A
t, K S ES ARSI . ST AEYAweno =1 (5Re) , INES RS MG R
B 5 N2 A7 #x28 (LR N, waddr0 = 28) o ALK, fEHEET R (EH
B —ANEYD T, FAEEx28CEH NHIE (dout =8) .

HiLAE, il GTKwavessia B ofE 5 R . vk, FehrE 55 L, fdiis

Ak, RJEIEFETTR R CHBEE& LT o B, waddroRA R (28) AR N
B (Ox1C) HETEER, WESHR.

[ waddre[4:0] |
E5. A+t 4% B~ S Swaddr0

B. addfe4HIBEESHT

ASHB I3 K LEARR 7> VR Hradadia 238 AP BE RIS EIES ), B B3 1)
HiNME 2155 .

K645t 1 adddf 2l 10 TE AT TN Jr i 2 Ze R AR . SREs 11 B4 245 A R B

CEBUE A EREATHED |, (HIE HOJEIOEEIF R S addff S HRITRAIE 2. PTRERG 2
B EBORA REB B4 EHIE S AR E R NG, M ESHARE R N RE., XL
MrrtSweRV EH1 Veriloghi B i i FI I SEPr 47k, 585 (=) ForVerilogfUig 115520t

[ f£%: 7£SweRV EH 1AL 220 Verilog S 1k B 6 H [ E B4 K AIfE 5 . |
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Decode

i0 i . Pipeline
dec_i0_instr_d [31:0] 0_ap [19:0] Regfstors
Control Unit [~ for
(dec_decode_ | 10111401 Control
ighais
ctl) dd [66:0] 9
5
T
£
il
gpr_i0_rs1_d Ql
dec_i0_rs1_d [4:0] o |
raddr0 [4:0] J of
dec_i0_rs1_en_d N
. rden0 rdo [31:0]
dec_i0_rs2_d [4:0] raddr1 [4:0]
dec_i0_rs2_en_d rden1 |
bff
r i0_rs2_d —
wen0 rd1 [31:0] |28
waddr0
wdO
N
Register File 3
(dec_gpr_ctl) o
]
el

dec_i0_wdata_wb[31:0] = i0_result_wb

EX1 EX2 EX3
Pipeline Pipeline
Registers Registers
for for
Control Control
Signals Signals
i0 ap_e1[19:0]
e3d
ALU
~—| (exu_alu_ctl)
| aff | ap g
&,
g
out [31:0] =
2 3
bff | o, =
= o~ >
IOEIZt;es ®, _ lide3res| @
i0_result_e1 [31:0] = § ultff |— o
exu_i0_result_e1 [31:0] o e
| ™
9 —
[3]
4
3
(7]
o
QI

Pipeline
Registers
for
Control
Signals

Commit

Writeback

i0edres
ultff

[31:0]

i0_result_ed4

Pipeline
Registers

for
Control
Signals

[31:0]

i0_result| e4 final

i0_result_wb_raw [31:0]

iOwbre
sultff

dec_i0_waddr_wb[4:0] = wbd.iOrd[4:0]
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K6. £TI0EENFEAZBIES AN EERTT




i PR
WSEER AP R, BERDRY B A T A AT S
o NHEARATERIEEHIES
o EEEAGTERIELIIKESREIELNEIE.
BT RIS X add 220 M EIR R IUE 55 005 — LM 5 S i m B 2.

Xt A AT RS I AR HIE T -

IR 155 2.CLakl 4y BT,

[RVfngaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1Core Complex/include/swerv_types.svH
TE X T 2GRS R AT 73 . Hh =AM 5 HORIZHE (Arithmetic-Logic, A-L) i
L EHEM R

. alu_pkt_t: XAEA-LTE A 1 F B L5

EZRAPPAME 510 _ap GEEK0) Mil ap GEE1) TR B ERHtdec_decode_ctl
WERE AL, FHAEFEHUT (EX1-4) MrBefedh GEEKONIES10 ap el. 10 ap e2.
i0 ap e3 M i0 ap e4, W1 NS T il ap el . il ap e2 . il ap e3 M
il ap e4) . EATEE M T MALUS FIH D AT A0 E R HE 5. ShdTaddfs 2
I, 10 ap/il apkk ¥ T EIMALIZEHNIE 5 SN FrA AL 5 E H0:

o valid: FoRIX R — K H RIMIALUTE &
o add: FKoRX e —%kaddfe 4

LI O T RS A RALIE M, (5510 ap/il apWIFTA LML EIN0 CHRAKKU,
valid =0) , XFE—KI0NT ALURAAEIEH.
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e reg pkt t: ZRAMETior GAKO) Milr GEEE1) 7EFibdec_decode_ctl
X EAVER . ENEEHANESFFESE (FRrs1flrs2) K45 M BRA 24 (7
Brd) Mg's:

e dest pkt t: ZRMKE Tdd T FILH BRI dec_decode_ctlN#i5E XML, I
EERENE ([E5eld. e2d. e3d. eddflwbd) 1£#%. EHREEZANFE, Fluni@EE
OFEES1H¥8 S HAR T 785 : 2 oNi0rd[4:01filrd[4:0],

Eﬂlﬂﬂk:b{%%ﬁﬁ?ﬁéﬁ%ﬁ& K%ﬁﬁ?gﬁﬂ{ﬁ7k@2%“}ﬁ%§ﬂ:?§ﬁ)ﬁﬁB‘]Bﬁﬁio i0r.rsl/ilr.rsl
MiOr.rs2/ilr.rs25t)E TIXFHHNL, EAI1E PRIS Y B B HAR AL 45 Z5 A7 48 SO DA B A i
ANEEVESL (29 raddr0. raddrl. raddr2flraddr3) .

fE£%: fEVerilogftig (fithidec_decode_ctl) = x4k dnfal fii F i 0 x 4% il 5 5 4E R By
B U A A7 48 A

And, HAbSESHE T L AUERE BRI B . 10_ap/il ap#l)& TXMIEHL, ALUGEH &k
TR IHAT A CRBIF oI  dath g TR Mo, #5788 O ek B A A

+
4

£S5 fEVerilogfRf (Bitkexu) &0 apMddfzhilfE 5 A WD i B A% 75 2
AT (EX1) BrB. Bbsh, E/FEARIIESIE Sk HEE 2R SR am B G, W
AT £E [8] 5 By BUE &5 A7 A SCPFE

RN ERAH S IR ERAE B R 1S R IA BIE S :

WA ATiA, SweRV EH1AFEZE A S 2 AMNHTHATIRA M E . fEIFREHE, B4 —H
Beiend, s AUE D E Y E TR . BAACRUL, WRA-LIRAEE KO0, M AUR ]
RERIXFN0EIE, B0, M RA-LIEALEmER b, WA ZUR AT RERIXFINEE . EASLIR /)
PrREE (E2) i, — EAbFE 370 @ KO A adate 23473600 (BRI, 3L “Ca” X —2%A-L
fa 4, DA A0 R BI0EE ) , MUK 7 2 753 2l I 10 W AT BT 2640 A%
BERD? 2ANEI NERVEROTT 2 TR ER AR PHZE? | IEARFI R, SLIE 2 0 45 d i AR S B
RILBNOEIE, XMWMESEdec_decode_ctWitl 115, fltexufEdd JALUEH (FEF—
AN, BRATTRG RN ALY o XASIRESE S A

e i0 el ctl en (fEALUNHIHE it# Nenable) : ZESH R Tdec 10 ctl enf4:1],
A VRS I 1 i PR O AN AT B B (EX1-3) DL KRS Br b i fdi e (1) & 2%
(0) o VEER, WRIEAFREI SR BRZETHREE RS KRm, %4597 6
FEARVEN, B TUKZ AT RERL P ZE NG RS, X EHEI A R K L .
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e dec i0_alu decode d (FEALUNFBHE 4 Nvalid) : WERIEKOAHIHAREHFE S
EEVE M I EAVEHISHBIALY (AR AESERAS TR U B 450D, A5 5 91,

PAME S L AUNT, ALUAREE T —BrBe (EXTBTBO $iTadatkft.

F£%: XHNMES (10 el ctl enfildec i0 alu decode d) MF=AIHEMHSE
Z%, XHEAMEGUL, {HE HiTEM Y dec_decode_ctIflexu 3t — 5 #7.

[ B G S50 11 B, A N B A O8I R R B S AN 301 2 B T R SRR 45 10
(10 _rsl final dfi0 rs2 d) (ZWE6) . fEARGIKaddELH, WA ANEIES
N FFAE 3R ST v ELERAS

o T MRAERIEA: i0_rsl_final d[31:0] =gpr_i0_rsl d[31:0]
o B TARINEAERL: i0_rs2 d[31:0] =gpr 10 rs2 d[31:0]

fE%%: fEVerilogfiy (Fithexu) HAIRAHIZIZHITR G M ANERELD JF
IR B A PRI (eI B K B a e AR - ARERFHMES
N, PUONEANTSAESE3ER 0 A1 S SL IR PR AL A 25 3] hEAT 704 .

K7l 5N b STk A5 5 9 Ji& I3 i Verilator {1 . -
e 10 ap[19:0]
e 10_ap.valid CGEE NR.tclAA PRI AIEE P4 N10_ap_valid, BIAAL
T[RVfpgaPath]/RVfpga/Labs/Lab12/ADD _Instruction/test _2.tcl)
e 1i0_ap.add GEE Nb.telAF A AR T A 4910_ap_add)
e 1i0r[14:0]
e raddr0
e raddrl
e i0 el ctl en (FEALUNFIHE Ar4i Nenable)
e dec i0 alu decode d (FEALUN#HE 4 Hyvalid)
e gpr i0 rsl d[31:0]
e gpr i0 rs2 d[31:0]

Imagination k2% — RVfpgasi#12: HAAZH#E4: addff4d
Hi4<2.0 — 20224E4 H
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15188 ps

Signals
Time
clk
dec i@ pc d ext[31:0]
L qu_}q-}nstr_d[Bl:ﬂ]
16 ap[19:0]
i@ ap valid

ior[14:e]

- raddre[4:0]
raddri[4:8]

gpr i@ rsl d[31:98]

_— o s e -

al[31:0]
b[31:0]

a ff[31:0]
b ff[31:0]
[31:08]
B[4:0]
wend
wdB[31:8]
dout[31:0] BRAEBAET OEREODSE

B7. BRI Verilatorfi B, SIEFEHE SN FHRCIFEm D

f£%: EEHCHWTEN EESERT7 R0 IR 7T RE R DT AL B R ol I Ak
[RVfpgaPath]/RVfoga/Labs/Lab12/ADD_Instruction/test_2.tcl. &1L, %.tel 30 y—ik
R T4

STETHERRIE . W ESCRTIR, FRvalidfladdfiBAsk, 10 apMIFTAAI¥IN0. 4L, E5
10r Bl addfit & KN MEZ A7 a Al — D HARF A8 AR IR . (10 . rs1Mior. rs2VjiH)
TAF A XM (B W5 T raddroMraddrl) JER AR BLI0EE: gpr 10 rsl d =
a=0x7Hgpr i0 rs2 d =b = 0x1. &Ja, FLAEF|validMenablefd 5 N1, HILIO
EIEALURSAE T — A A

£%: EER2IRGIF, KaddfE L BH#AIEA-LIES (Fliinulfed) . BWIEi0 apfE5H
7 BB Y% T0, & TO0R10 ALUANEIER (W TiZ354, EXIHBRIOEENE Sa_ff
Mb_ £ ERRFFAAR) o AL S 7761 Bt R SO AR R i test 2.t A

Imagination k2% — RVfpgasi#12: HAAZH#E4: addff4d
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an L=
ii.  HATHT B

wsE11 9 prid, SweRV EH1EEIIANHATEE (S WSL 11 rE4) « 10/11. FeyLFILIS
BIE. AL, EEEE A AERKILRRIE R . B IE S N3N B EX1/EX2/EX3 (10/11%
) . M1/M2/M3 (Feik45iE) AIDC1/DC2/DC3 (L/ISHiE) o fEARSZE Y, FRATH E ST
104538, HP&Piraddfd4 . addfe 4 KI0E 1) 3 BAT 55 2 fEALU A 5032 914 HAL 3%
FIFEATH B o

i. EX1HrBt

I BEHATALUERE — A1 k. SweRV EH1IH ARIZAEH T (Arithmetic-Logical Unit,
ALU) 7Efitexu_alu_ctl (fiF
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/SweRVEh1CoreComplex/exu/exu_alu_ctl.sv) H 5L
W, IFER I exu (f7 T
[RVfpgaPath}/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/exu.sv) 1 SZB4L .

K825 th TI0% EEXTF Be b & INALU el A i #E ,  DARALU B H— 24 N\ M H i 11 (14 ]
. HER, KZEHEA A HE SEALUF S CE a4

Decode I EX1

i0_ap_el

i0_rs1_final_d a

> out ——» exu_i0_result_el

i0_rs2_d b

Imagination k2% — RVfpgasi#12: HAAZH#E4: addff4d
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2 lu ctl i alu el (.

t] alu chodP d
( exu flush final
( 10 rsl Tinal d[31:0]
( 10 rs2 d[31:0]
( dec 10 pc d[31:1]

( ch i@ br immed d[12:1]

1:] _result el[31:0]
] TLu=n _upper_el

( 10 pIPd cmch’r _upper el

&I8. IDFALU (exu_alu_ctli&) . HEAME FVerilogitig

ALUEI\ : ALUSIAN (afllb) 7E RS B B 6 BT s AN 3:1 2 BT ik £ (i b —#8 4%
Frik) . fexu_alu_ctliH N, Yvalidfenablefs S NN, WAEIER (afc M
bff) P EBUN RS B 4% BIEX A B o

ALUBEHIES . ALUM(E 510 ap 7 B9 B B A= i i 45 A7 SC e i adfE, X & —F
alu pkt tRBZN) . ZESEERKETaEHEERE (0 E—ad) . EEX1H, %
E5FN1I0 ap el, BEALUNESE M4 Nap (ZILE8) .

ALUSITH : ALU#IHHTEE Sexu 10 result el 3if3 (ZWE8) . &5 5 ¥ 1K
LA HLBIEX2 (ZWE6) , Efi T Hdec_decode_ctl (155 & 24 AL 4
i0_result el) :

i@ result el[31:0] = exu i@ result el[31:0];

(32) i@e2resultff (.*, .en(i@ e2 data en), .din(i@ result el[31:0]), .dout(i@ result e2[31:08]));

(% A oS SR B E7 . |

% X subff S HAT BT EREIKT R EICE, T RGBSR B E 5 i
RS

E%: HriHiexu_alu_ctl™ S2 3 i NI 28 /0802: 2% i Verilog =2 il . EI9i@ it & 7R 5k
W S LA R (B SR PR (it — e 5 B . W] LUfd F Verilator i EAE N B .

.en({enable & valid), .din(a[31:8]1), .dout(a ff[31:0]));

.en{enable & valid), .din(b[31:0]), .dout(b ff[31:0])});

Imagination k2% — RVfpgasi#12: HAAZH#E4: addff4d
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bm[31:8] ( ap.sub ) b ff[31:0] b ff[31:0];

cout, aout[31:E 1'be, a ff[31:0]

sel adder = (ap.add | ap.sub) ap.slt;

32{sel logic lout[31:0])
32{sel shift sout[31:0])
32{sel adder aout[31:0])
32{ap.jal | pp ff.pcall | pp ff.pja | pp ff.pret pcout[31:1],1'b0})
32{ap.csr write ((ap.csr_imm) 7 b ff[31:0] : a ff[31:6]))
, slt onel);

&]9. exu_alu_ctl B HIINEELS

ii. EX2MEX3MB

REER BE RIS P HATIES IR (H2, ZOR XRS5 H A Z = F kT
FOHBAERIR S RM (Blindkes. fAif. LS [P, RLERBen A b, iEicd, E£2H
Wi, RERTR S W UAA A REE N B, (EESweRY EH1SEIR PR LA B &b, B
A 03k 3 A R K (R B

FEAGI R, Ik 45 RGBT UK 2 A7 A7 AL 88, ez THidtdec_decode_ctl. 7EEX3
312 IR, Kik#Ei0 result e3 (ZNWKE6) o i%3:1Z BT R WAL 110 E 440
K8 Eor. IEWNZSLI g, NI TE P IEREEE R, B2Rpldh s R0 E 1R
fit: (10 result e3 final =i0 result e3) .

, .en(i@ e3 data en), .din({i@ result e2[31:0]), .dout({i@ result e3[31:8]));

, .en(if e4 data_en), .din(i@ result e3 final[31:0]), .dout(i@ result e4[31:0]});

F%: TR RG], £ R RIEZE BT R T Madadi & MBS E ik s R .

ii. WX

HEX2HMEX3EML, %M B ML addte & PAT D EHEAE (FESLIRA59, FRATE 7 Hr st Tt
—%F8 A Maddifg 2 LAE R BIALU BB EIMERE 0L, Beh RER) o fEAFIH, 1t
B AT FH 9 3:1 z&%ﬂ:;@ijﬁiﬁ)\io_result_ell o 1%3:1Z B I AR SLIG 11 1) B4 R 9
W fEE2M R B, R0 B M R (10 result ed final =

i0_result e4d) .
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