(S

| (7% © BRatist32firyt (0x01de0e33) A HENRISC-VAHETHIESadd £3,t3,t4 -

0x01de0e33 -> 0000000 11101 11100 000 11100 0110011

funct7 = 0000000
rs2 = 11101 = x29 (t4)
rs1 = 11100 = x28 (t3)

funct3 = 000
rd = 11100 = x28 (t3)
op = 0110011
sk El DDCARVH[f]$%B :

31:25 24:20 19:15 14:12 11:7 6:0

funct? rs2 | rsl |funct3 rd op | R-Type

- funct3 funct7? Type Instruction Description Operation

0110011 (51) |00 0000000 |R add rd, rsl, rs2 add rd = rsl + rs2

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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Name Register Number Use

Zero x0 Constant value 0

ra x1 Return address

sp x2 Stack pointer

gp %3 Global pointer

tp x4 Thread pointer

t0-2 x5-7 Temporary variables

s0/fp x8 Saved variable / Frame pointer
sl x9 Saved variable

al0-1 x10-11 Function arguments / Return values
a2-7 x12-17 Function arguments

s2-11 x18-27 Saved variables

t3-6 x2B8-31 Temporary variables

£% : £ H CHYER EEEESTAVREEEATE - Kt
- DEEFEA R EIEZE (Vivipgasim) -

- {#EH Verilatorze £ BT (FELETER) -
- 7EGTKWave [-BHE#LET -

SATEHRLL T B RE (FEGSGIVEETHER Sy Pl ) -

- 1EPlatformlOt » FEEELL L EFRMELAYER ZE © [RVipgaPath]/RVipga/Labs/Lab12/ADD Instruction -
- TEtEZEplatformio.inith 17 FIRVIpgatsift —#EAIIEZE (Vivipgasim) FYIERERSES o

- [{HHEZKtest 1.tcl ({£[RVipgaPath]/RVipga/Labs/Lab12/ADD _Instruction/Fi 2t ) BHELELE 3P ~ERTEME EIHVERSE - Atk » ZEGTKWave
E > #%—F T File — Read Tcl Script File ; (f&Z —

AEATCHE SRS ) TisEEtest_1.tolfE% -

- % TZoom In, (k) () BEHE15000 ps -

LEEE

W

FEE1209 5

| f£3 : 7ESweRV EH1RRE1 B Veriloghs e rh 1k EBI6 T £ BAEHERIENSE -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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- fH4Hdec_decode_ctlH iz BT
- UIEESER

o fHE4HdecEE 25TV EBIL -
o fHzHdec_gpr_ctlHE(E -

- FRUEPEELAY3:12 18 ¢ HH4HexulyEE2797T -

- PERERSRRVE SR RS ¢ A S (E AR o -

- HifEESafffilbff : fE4Hexu_alu_ctlfyFE901THIZE921T -
- EX1PEELAYI0 ALU ¢

o fH4HexuFE401/THAEEHLE -
o fH4Hexu_alu_ctlFHyESE -

- EEEBESEREAEGETESE (i0e2resultff ~ i0e3resultff ~ i0edresultfffliOwbresultff) : #H4Hdec_decode_ctlf{y552260-228377 -
- EX3[EEFHY3:1% 125 © tHzHdec_decode_ctlfy55226817 -
- EXAPEEFHY3:1%6 125 © fHzHdec_decode_ctlfy5E227717 -

- BE[OEERRY2:1% T.85 | fH4Hdec_decode_ctlffy5522861T -

| {E5% : 7£VerilogiZ=5 (fi4Hdec_decode_ctl) s FAN(al i i 1 O PRI LI F 2o Ri 22 -

- Efresan i e mEER O 32( TiE S HUS ¢ BR5E10(31:0] = dec_i0_instr_d[31:0] -
TERAHE S > BRIz

31:25 24:20 1%:15 14:12 11:7 6:0
| funct? | rs2 | rsl |funcl3| rd | op |R-Type

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
Ji72.0 — 2022474
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1Fi54Hdec_decode_ctl :

i@r.rs1l4:0] = iB[

ifr.rs2[4:0] = ie[
ior.rd[4:0] = i6[11:7

- RS REE I R A RS s fid4Gdec 10 rsl d/dec_i0 rs2 dffldec_i0 rsl en d/dec i0 rs2 en d-
B EEEHER I E4Hdec(H 23 fH4Hdec_decode_ctl - {F54Hdec_decode_ctlf :

dec i@ rsl en d = i@ dp.rsl & (i@r.rs1[4:¢
dec i@ rs2 en d = i0 dp.rs2 & (i@ 52[4:0
if rd en d i6 dp.rd (i0r.rd[4:€

dec_i@ rsl d[4:6] = i@r.rs
dec i@ rs2 d[4:6] = iBr.rs2
i@ rd d[4:0] ior.rd[4:0]1;

- EfrEsaE SRR AR fHA SR - B e dech B BI(L - fEfH4Hdect]

DG2)) arf (.*,

i0 rsl en d),
i0 rs2 en d),
rsl en_d),

dec ncunb]cu LRGED n:u:lljr [4:0]1), c nonblock load wen), nan]G LRGED |:|;1‘t;|[ 8]},

pr_i0_rsl d[31 Z]':. rd1(gpr_i@_rs2_d[31:01),
pr_il rsl d[31:81}, .rd3(gpr_il rs2 d[31:8]}

%5 : 1EVerilogh2=(H5 (f54Hexu) P10 apMldafZhlERat ARG IS B ERERATTIEE: < ILIN - BB TR AR i
HEIREFARRER % - A ER PSR frastE £ A -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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a0 _apfritisHdec_decode_ctlfHif: - TiEfftiatEetexu » ML ERERIEXT ~ EX2 ~ EX3fESC (EX4) [EEL - fEiHiHexu

.»—I|I1[I el ctl_en), ||l|||l[| ;|pJ

FEddfEfE4Hdec_decode_ctlfHifS @ A {EIEFEIEXT ~ EX2 ~ EX3 ~ #2832 (EX4) FIWB (EX5) [EE% - fFfE4Hdec_decode_ctl :

[ $bits(dest pkt t) ) elff (.*, .en(i® el ctl en), .din{dd), .dout(eld]});
[ $bits(dest pkt t) ) e2ff (.-, .en(i® e2 ctl en), .din(eld in), .dout(e2d));

| $bits(dest pkt t) ) e3ff (.°, .en(i® e3 ctl en), .din(e2d in), .dout({e3d));
[ $hits(dest pkt t) ) edff (.-, .en(i® ed4 ctl en), .din(e3d in), .dout(edd));
[ $bits(dest pkt t) ) wbff (.*, .en{i® wb ctl en | exu div finish | div wen wb), .din{ed4d in), .dout(wbd]});

LR AT —EE S AT B Fsvi A e E e (REE e ) - QREEFFMEN > 1 LIZEFE Verilogie = -
i L A RO T e s A B E RSP e I

dd.iBrd[4:0] = i@r.rd[4:0];

ANt AAfE IS IE L ERE R R EIPEE: (A EFR) *dd > eld > e2d 2 e3d > edd > wbd - [ER > HIERFSEREIEEIEEE F
T =E

dec i0 waddr wb[4:0] wbd.ifrd[4:0];

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
Ji72.0 — 2022474
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0G2)) arf (.*,

rsl d[4:0]), lU r=1 en d),

ec_ie_wdata_wb[31:01),
017, - [31:0]]
? (dec lock load waddr[4:01), .w C lock load wen), . S lock load Ijﬂtﬂ[ 1:01),
.rdo{gpr_i®_rs1_d[31:0]1), .rd1(gpr_i@ rs2 d[31:0]),

.rd2(gpr_il rs1 d[31:8]1), .rd3(gpr_il rs2 d[31:0])
};

£% - EWi{EERSE (10 el ctl enflldec i0 alu decode d) WYEABEMEE R  SHEFEEEMERE - EET HTEELE
dec_decode_ctifilexurtiifi—#4 34 -

ATE S -

{EF : #EVerilogfe A5 (HHdHexu) thamiREEAY3:1% Tas (55 AEE D) WEIREIHE ARVATR (6 EBURKE EiFd
EENTA) - ARERFHEER A - HREMRESSE MR EE R HSRE DT -

if rs2 d[31:¢ ({32{-dec_i@ rs2 bypass en d gpr_i@ rs2 d[31:81)

(132{-dec_i@ rs2 bypass en d dec i0 immed d[31:81)
(1327 dec iP rs2 bypass en d i@ rs2 bypass data d[31:8]);

B3 &Iﬁ%%LI@{IEW\

- —EREEFeEtEE (gpr_10_rs2_d)

- —EPRE32{ T S Eres - BEKILAE (dec_10_immed d)

- —EREE &R - RMTRHEER15F 04 (10_rs2_bypass_data_d)

£% : 1B CHIER FEEE7 RAVEEEERE o FTLUEH LA T B Y. (51
[RVfpgaPath]/RVfpga/Labs/Lab12/ADD _Instruction/test 2.tcl - 535 » #%.telfgZE rp Fy— Lz o T /I -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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25 : FEER2AVET > Kraddff SR BIFA-LIES (BIimuliE4
(HRZiE< - EXIPEERIOEERENIta £EM1b EERHRRFASE) o mI DU HIEfE 7 th i filpT Htest_2.telfE 5 M FRIMEEE -

) e

B

10_apafsRHIFT A MIOLE &R0 -

SHA0HEI0 ALUARHESEF

Bl > mul t3,

Signals
Time
clk
dec_i0 pc d ext[31:0]
dec_i@ instr d[31:0]
ie ap[19:0]
ie ap valid
i® ap add
ier[14:8]
raddre[4:
raddrl[4:0
gpr_i@ rsl d[31:0
gpr_ie rs2 d[31:0
ie el ctl e
dec_i0 alu decode
al31:
b[31:
a ff[31:
b ff[31:
out[31:
waddre[4:
wen
wdB[31:0
dout[31:0

0]
]
]
]
n
d
0]
0]
0]
0]
0]
0]
]
]
]

t4HUIEHEE (0x03de0e33) fEfELL FEER

|58 ¢ AR RS E A BT

Imagination K251 # — RVipgafihs12 « Hiili/##H{5< : addf5<
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AERMEAEE -

| £E8% ¢ ¥ subfs S Y THIET TAOBBEEIATRUEE - 353000 TLUEM. tohE SR TS L e R -

Bl > sub t3, t3, t4HUIEAE (0x41de0e33) FE{HLLTEER ¢

Signals Waves
ns 15186 ps

clk=

dec 10 pc d ext[31:0]=
dec_i@ instr d[31:8]=
i@ ap[19:8] =

i@ ap valid=

i@ ap sub=
igr[14:8]=
raddré[4:0] =
raddrl[4:8] =

gpr i@ rsl d[31:8]=
gpr_ie rsz d[31:8]=
ig el ctl en=

dec i@ alu decode d=
a[31:0]=

b[31:0]=

a ff[31:8]=

b ff[31:8]=
out[31:8] =
waddre[4:8] =

wene =i

wde[31:8] =
dout[31:8] =

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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| (% 1 Sy iisishexu_alu_ctl fBH(ERTNIE B S5 Verilog BE{F - B8 BB RELI AR A S Bt AT R SE ) -

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

.en({enable & valid)}, .din(b[31:8]), .dout(b ff[31:0]));
iy N BT ARSI EY (afilb) ERREIETTIEEL (a_fEfMIb_ff) -
bm[31:8] ( ap.sub ) b ff[31:0] b ff[31:8];

cout, aout[31:8] 1'be, a_ff[31:0] 1'be, bm[31

SR NEES G AES o
- WMERIESENE > Hlaout=a_ff+ b ff
- HIERFS S ERGE > HISLETED iy AL RERE o SR1RSTEa out

(ap.add @ ap.sub) ap.slt;

_adder aout[31

jal | pp ff.pcall pp_ff.pja pp ff.pret pc:Ju [31:1],1'b
.Csr _write ((ap.csr_imm) 7 b _ff[31:0] : a ff[31:0]))

slt onel);

WIERIFSENLESURE > Allout = aout -

| 5% © BB AEEG] - A TR S TR S addis SRR G RS -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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15188 ps

Signals
Time
clk
dec i0 pc d ext[31:0]
dec_i® instr d[31:0]
i@ ap[19:0]
i@ ap valid

raddre[4:

raddrl[4:
gpr_i@ rsl d[31:

gpr i@ rs2 d[31:

i8 el ctl en
dec_i® alu decode d
al[31:

b[31

a ff[31

b ff[31

out[31

lsu result dc3[31:

exu mul result e3[31
i@ result e3[31

i@ result e3 final[3l
waddre[4:
weng
wd[31:0]
dout[31:0]

Lo = B = T = B B N = I = B = Y |
O R

=

| 5 : S BI2T#fIaddis S o ERE B S LS ESIERATM ASOREIESS (10_result_e4) o

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
Ji#:2.0 — 2022474
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signals
Time

clk

dec i@ pc d ext[31:0]

dec_i@ instr d[31:0]

i@ ap[19:0]

i@ ap valid

i@ ap add

i0r[14:0]

raddré[4:0]

raddrl[4:0]

gpr i@ rsl d[31:0]

gpr_i8 rs2 d[31:0]

if el ctl en

dec_i@ alu_decode d
a[31:0]

b[31:8]

a ff[31:0]

b ff[31:0]

out[31:0]

lsu_result dc3[31:0]

exu mul result e3[31:8]
18 result e3[31:0]

i@ result e3 final[31:0]
exu 18 result e4[31:0]
lsu result corr dc4[31:0]
i8 result e4[31:0]

i@ result e4 final[31:0]
waddro[4:0]

wen@

wde[31:0]

dout[31:0]

Waves

15180 ps

imagination
university programme

| ££5 : 1 Verilogf= BT » 43 7ERSEwen Oflwaddr OX A FEARRE IS B 28 A U1 (R 2 5 IR 8% <

Imagination K251 # — RVipgafihs12 « Hiili/##H{5< : addf5<
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dl4:81), .rd ( i@ rsl en d),
dl4:8]1), . i@ rs2 en d),
dl4:8]1), .rde il rsl en d),
dl4:@]), .rc (dec il rs2 en d),

c iB wen wb),
1L wen woj,
nonblock load wen),

B rsl d[31:01),
rs1 d[31:a8]),

(-dec t1 iteb wh i1 load kill wen & wbhd.i@v & whd.ilv d.ierd[4:0] whd.ilrd[4 dec tlu i® kill writeb wb;
dec_i® wen wb = 10 wen wb 10 load kill wen;

dd.iord[4:0] i0r.rd[4:0]1;
dd.iBv = i0 rd en d & 10 legal decode d;

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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]

W

1) H#EEHIES (and ~ orfllxor) H{TEAE R IRHHYIATRUURY AT -

PUTERf (fF[RVfpgaPathl/RVipga/Labs/RVfipgalabsSolutions/Programs_Solutions/Lab12/AND_Instruction-p#2{L ) EHH T i [R 3E fE a2
Handfg SHIRITIE N « BladdfgSavsEfth—8 - andf5< (DALERFEE ) AiRH %Fnopts< - HREREEEMIFRIES » FNEIE
FAELSFOItA FRE(E -

#define INSERT NOPS 1 nop;
#define INSERT NOPS 2 nop; INSERT NOPS 1
#define INSERT NOPS 3 nop; INSERT NOPS 2
#define INSERT NOPS 4 nop; INSERT NOPS 3
#define INSERT NOPS 5 nop; INSERT NOPS 4
#define INSERT NOPS 6 nop; INSERT NOPS 5
#define INSERT NOPS 7 nop; INSERT NOPS 6
#define INSERT NOPS 8 nop; INSERT NOPS 7
#define INSERT NOPS 9 nop; INSERT NOPS 8
#define INSERT NOPS 10 nop; INSERT NOPS 9
.globl main
main:
1i t3, OxFC # t3 = O0xFC
1i t4, 0x7 # t4 = 0x7
REPEAT:

INSERT NOPS 10

and t3, t3, t4 # t3 = t3 & t4

INSERT NOPS 10

1i t3, OxFC # t3 = OxFC

add t4, t4, t4
beq zero, zero, REPEAT # Repeat the loop

.end

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
Ji#:2.0 — 2022474
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WIERAEPlatformIOrFBARL ~ dmastH H - AAMEBARUSAHERER (it
[RVifpgaPath]/RVfpga/Labs/RVfpgalabsSolutions/Programs_Solutions/Lab12/AND _Instruction/.pio/build/swervolf_nexys/firmware.distft) > &

PUEElandf5 S Arf fizkiE0x00000108)z - # v LB FIFECHIIKZFZ =5 (0x01de7e33)
0x00000108: 0lde7e33 and t3,t3,t4

£ 2 e Verilator s BERE S IMRIEGTKWave ERARUBEEES 2 A AVBHUESR - B2 ERATA—I0E (BRI -

Signals Waves
Time
clk=
dec 18 pc d ext B]=
dec_i@ instr_ 8

dec_il instr_

BFCORE13  \FAD

a ff[3
b ff[3
out

[31
d[31
d[31
al31
b[31
[31
[31
[
waddre

31:
[

wde[31:0
dout[31:0

IRt (DAL SRR EE ER andfE <) - FEAEERRT - FOTRIBGAHENE R - S ERSERHE R mHE SRR -

- JEEEPEEL © BBfdec_10 _pc_d ext@ESIECHILE (EHM T - B EM HIEAGTEES) - andAY(irkk £50x00000108 - EHaE
dec 10 instr dE&E32( Ti¥ests<-0x01DETE33 (fEHAM h » ZaNFiEF g ffs S fFds ) -

1ERISC-VH » andfSSHEIEREAT (£ H[Harris&Harris]{$%B )
0000000 | rs2 | rsl | 111 | rd | 0110011

L AT LS 2506 0X01DEFE33 2 A ERL © and €3, t3, t4 (FHAClE > t3=x28H4=x29) -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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FEIEPE ERPEE AR AT RIERTR (IRPIRAE T — 80 trafdlingdd) - b9k fEIIEEIE R FEEE - SotafbEEALURTERA -
A BT s A S A (E — 2 CHIN R EE B P oy A B - F0idEanet) -

- EX1[EER : F T —HET > B#fTandfs< - slgfa f£/Ib fEEESALURYEG A (435 BO0XFCHIOX1CO) - fiout@ &NIiERY4E R
(0xC0) -

- EXSPEE: (tWigRRED) ik F4EBHIE - VA REBRFwd0=0xCOREFIE fFastizd » Hf G &% R ARER -
wen0=1 (AR - EEEERERAEAEEIGE R B A F45x28 (W Fas&K 5] > waddr0=0x1C) - HILIEEIR - FEHE FARHY
I (B —EE) o BFax28E&#H{H (dout=0xCo) -

P2 IRPTRAZERIERSRT S 2 At -

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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Signal Waves

clk
dec i@ pc d ext[31:0]
dec_i® instr d[31:8]
dec il instr d[31:8]
18 dp raw[49:8]
ie dp raw alu
i@ dp raw rsl
ie dp raw rs2
i@ dp raw rd
i@ dp raw add
|iB_dp_raw_and
i@ dp raw pmalu
i@ dp raw legal
i@ ap[19:0]
i@ ap valid
i@ ap add
| i@ ap and
ier[14:8]
dd[66:8]
a
b

[66
[31:0]
[31:8]

a ff[31
b ff[31:8]
out[31:8]
waddre[4:0]
weno
wdB[31:0]
dout[31:0]

:0]

HEE] - S EET > andf§ SHIZEFILIT AT -

Imagination AE251#] — RVipgatihi12 « Hifly/#EE{5< : addf5<
Hi4:2.0 — 202244 F
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.en{enable & valid), .din{a[31:0]), .dout(a ff[31:0])});

DI R VerilogH ESgE7: 7 SweRV EH1 R B T -

.en({enable & valid)}, .din(b[31:8]), .dout(b ff[31:0]));
ap.land | ap.lor;
ap.lor | ap.lxor;
ap.lor | ap.lxor;

ap.land,ap.lor,ap.lxor};

el logic lout[31:0])
ift sout[31:08])
_adder aout[31:0])
32{ap.jal | pp ff.pcall | pp ff.pja | pp ff.pret pcout[31:1],1'b
2{ap.csr write ((ap.csr_imm) 7 b ff[31:8] : a ff[31:08]))
08, slt one}l};

EandfEHIL R K - BB BUERAYEER

logic sel[3]=1Hlogic sel[2]=logic sel[1]=0 > lout=a ff&b ff

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
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RS -
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

INSERT NOPS_0
INSERT NOPS 1
INSERT NOPS_2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8
INSERT NOPS 9
INSERT NOPS_10

.globl main

main:

1i t3,
1i t4,

REPEAT:

OXEEEEEEEE
Ox1

srl t0, t3, t4
INSERT_NOPS_7
sra tl, t3, t4
INSERT NOPS 7
sll t2, t3, t4
INSERT NOPS 6

beq

.end

zero, zero, REPEAT # Repeat the loop

Imagination K251 # — RVipgafihs12 « Hiili/##H{5< : addf5<

fifi42.0 — 202244
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nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;

®

3) fEVerilatorf&fitrf LU EL#EAE Veriloghe Ui 0 ATRV32IE AR RS S S e ey shift left/rightis <

INSERT NOPS_0
INSERT NOPS 1
INSERT NOPS_2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8

Imagination
university programme

nop; INSERT NOPS 9

srl > srafllsll e
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clk=

dec i@ pc d ext[31:0]=
dec_ i@ instr d[31:8]=
dec i1 instr d[31:0]=
i@ dp raw[49:8]=
i@ dp raw alu=
ie dp raw rsl=
i@ dp raw rs2=
i@ dp raw rd=

i@ dp raw add=
i@ dp raw and=
i@ dp raw sll=l
i@ dp raw sra=
i@ dp raw srl=
i@ _dp_raw_pmalu=
i@ dp raw legal=
ie ap[19:0] =

i@ ap valid=

i@ ap add=l

10 ap and=l

i@ ap sll=l

i@ _ap_srl=l

10 ap sra=
ier[14:0] =
dd[66:0] =
al[31:0] = EEEEEEEE EEEEEEEE
b[31:0]=

a ff[31:0]= |[EEEEEEEE EEEEEEEE | EEEEEEEE EEEEEEEE |
b_ff[31:0]= ooeoeeee popeeees | jeeeeeee
out[31:8] =
din[31:8] =

en=|

dout[31:0] =
din[31:8] =

en=|

dout[31:0] =
din[31:8] =

en=i

dout[31:0] =l
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LU R VerilogH EE8E 7 SweRV EH1AYF AL BT -

32{ap.sll (a ff[31
32{ap.srl ERE
32{ap.sra ashift[z1

el logic lout[31

1)
el shift sout[31:8])
32{sel adder aout[31:0])
32{ap.jal | pp ff.pcall | pp ff.pja | pp ff.pret pcout[31:1],1
2{ap.csr write ((ap.csr_imm) 7 b ff[31:0] : a ff[31:08]))
, slt one’);

Imagination A £25+#] — RVipga #5212 : Hfli/EIES * addis<
Ji72.0 — 2022474
© Copyright Imagination Technologies 21



#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

INSERT NOPS_0
INSERT NOPS 1
INSERT NOPS_ 2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8
INSERT NOPS 9
INSERT NOPS 10

.globl main

main:

1i t3,
1i t4,

REPEAT :
slt

0x80000007
0x6

t0, t3, t4

INSERT NOPS 7
sltu t0, t3, t4
INSERT NOPS 6

beq

.end

zero, zero, REPEAT # Repeat the loop

Imagination K251 # — RVipgafihs12 « Hiili/##H{5< : addf5<
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nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;

®

4) f£Verilatorf&fiet DLk ERE(EVerilogh2 s(hE o 3 HTRVI2IE AR R S e PR by A EAE <

INSERT NOPS_0
INSERT NOPS 1
INSERT NOPS_2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8

Imagination
university programme

nop; INSERT NOPS 9
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11888 ps

clk=

dec i@ pc d ext[31:0]=
dec i@ instr d[31:8]= )
dec il instr d[31:0] = (O =
i@ dp raw[49:0]= 3664000060063  |3AB20606+ 360460000603 |

i@ dp raw alu=

i8 dp raw rsl=

i@ dp raw rs2=

i0 dp raw rd=

i@ dp raw slt=

i@ dp raw unsigned=
i@ dp raw pmalu=

i@ dp raw legal=

i@ ap[19:0]=

i@ ap valid=

i@ ap slt=

i@ ap unsigned=
ilE]r[14'EJ] =

b ff[3
out
din[3

dd[66
a[31
b[31
a ff[31
[31
[31
[31

dout[31:8] =

Imagination AE251#] — RVipgatihi12 « Hifly/#EE{5< : addf5<
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PUVerilog /i BREUR T {ESWeRV EH1 g s L3 H A #EE -
bm[31:0] = ( ap.sub ) 7 -b ff[31:0] : b_ff[31:0];

cout, aout[3 1'be, a ff[31:0] @, bm[31:8]

bm[31] aout[31])
bm[31] aout[31] );

neg = aout[31];

(-ap.unsign & (neg =~ ov))
{ ap.unsign cout);

slt one = (ap.slt & lt);
out[31:0] ( logic lout[31:08])

( _shift sout[31:0])

{3 adder aout[31:08])

{13z pp_ff.pcall | pp ff.pja | pp_ff.pret pcout[31:1],1'b@})
{{3: .CSI write ((ap.csr_imm) b ff[31:0] a ff[31:0]1))

(

, slt onel);
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

INSERT NOPS_0
INSERT NOPS 1
INSERT NOPS_2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8
INSERT NOPS 9
INSERT NOPS_10

.globl main

main:

1i t3,

0x4

INSERT NOPS 1

REPEAT:

INSERT NOPS 10
addi t3, t3, 2
INSERT NOPS 10

beq

.end

zero,
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nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;
nop;

#

t

t3

®

5) 7£Verilatorftifi of LK B #24E Verilog 2 285 o 75 A RV32IE A B BidE < £ h {2 (L Hyimmediatefs <

srli >~ srai-~ slli-~sltifflsltui o

INSERT NOPS_0
INSERT NOPS_1
INSERT NOPS_2
INSERT NOPS_3
INSERT NOPS_4
INSERT NOPS_5
INSERT NOPS_6
INSERT NOPS_7
INSERT NOPS_8
nop;

3

Il
NN

= t3 + t4

zero, REPEAT # Repeat the loop

Imagination
university programme

INSERT NOPS_9
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Signals
Time
clk
dec 10 pc d ext[31:0]
dec i@ instr d[31:0]
dec il instr d[31:0]
i0 dp raw[49:0]
i@ dp raw alu
i@ dp raw rsl
i@ dp raw rs2
i@ dp raw rd
i@ dp raw add
i dp raw pmalu
i@ dp raw legal
i0 ap[19:0]
i@ ap valid
i0 ap add
i0r[14:0]
dd[66:8]
dec 10 immed d[31:8]
i@ rs2 d[31:0]
[31:0]
[31:0]
 ff[31:0]
b ff[31:0]
out[31:8]
din[31:0]
en
dout[31:0]

Imagination K251 # — RVipgafihs12 « Hiili/##H{5< : addf5<
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14588 ps

FABBEEES | BOGEBE13

BO166634+ |0O1006E020
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fEf54Hdec_decode_ctlth » ZHE32{ir 17 RIH -

dec_i@ immed d[31:8] ({32{ i@ dp.csr_read dec_csr_rddata d[31:08])
' i@ dp.csr_read i@ immed d[31:8]);

ie immed d[31:0] ({32{i@ dp.imm12 20{i0[31]
({32{i0 dp.shimm5 27'b8, iB[24:2
i jalimm2@ 12{iB[31] 9:12],i@[208] ,ie[38:21],1'bO})
i8 uiimm2@ ie[31:12],12'b@ })
i@ csr write only d & i@ dp.csr_imm 27'b8,i8[19:15]});

FEiFsHexurf > BEFRIERERIrs2)F o A B EAIE FHdec_i0_immed_d -

i® rs2 d[ ] ( dec i@ rs2 bypass en d gpr 10 rs2 dl 1)
( dec i@ rs2 bypass en d dec i@ _immed d[ 1)
( dec i@ rs2 bypass en d i0 rs2 bypaSS data d[ 1);

fEfbididec_gpr_ctl - (EEE Gt rden T E 2 & afj i B {7 (R FAE RS —(BIRIEH - AURIES(ERNZEIBIR(E# - 10_dp.rs2=0 > rden1=0 >
rd1([31:0]=0x00000000 > gpr_i0_ rs2_d[31:0]=0x00000000 -

rd1[31:0] |= ({32{rdenl & (raddrl[:0] '(j)) & (gpr bank id[ ] ‘(1)) gpr out[i1[j1[21:0]);

6) (LU #FEZZF[HePa]dyifZ/4.4 LU RS. HarrisfiID. Harris frig i) (#5371 & MGrE 74514 - RISC-Vjk ) [DDCARV]ZET =19
é%jj'l ® )
BUSW G I AR (087 ) ETBRIERIBUGSE R B2 R A A - —(EPF R  RAvehiEe —RERSER IR, - IRy

0- EMEEMR "stuck-at-0 , (EERKO) HIFE - MEENIEL0_ap (alu pkt tHA) HESHIEFEZEHRIATEZ " BERO , HEAY
o2

CERETIERE ZEswerv_types.sviPES ¢
Imagination A 25 1| — RVfpga il 12 « Fifli/#iH{5<  addf5%
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typedef struct packed {

- HFEvalidiEE KO - FEBUTEMA-LIES » HEEAA-LIES
- Ei%fland > lor » 1xor » sll ~» srl -~ sra - beqg bne > blt ~bge > add - sub > sltfljallfEE O :

B THIERIA-LEES 5 fIa0 > 405 Landl&E E £0 »
- #HFfunsignlElE f0 © Sk R RS EEE R R
- #l9fpredict tHlpredict nt:

- Gflfcsr writefllesr imm:

logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic
logic

} alu

valid;
land;
lor;
1xor;
sll;
srl;
sra;
beqg;
bne;
blt;
bge;
add;
sub;
slt;
unsign;
Jjal;
predict t;

predict nt;

csr write;
csr_ imm;
pkt t;

Imagination
university programme

AR Ry R

H%ﬁiiiﬁﬁand?‘:/*\

/—‘/’-‘f—‘
/\\\

HHERE -

,w&ﬁréf@%@ﬁﬁﬁ%ﬁﬁ&ﬂ FHSHYERE. -

I AAECORET (75 th B A B I I RN B TR

7) (LT #HZHE[HePa]iy4#Z4.6 - )
ES5 A EmITTE 4 » 4laddiskandi o
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HREYPLLAS N ER IR (AR ) AKSZHRSWeRV ER IR -SRI 2 1 A WA S A B EE [ g 1 21 B Sl B H I AR
b 5litaddi FYIZERI B T EE £ AYRHSRAVE

FRnE P B W 1312 T 28l A~ — 2k A9t dec_10_immed d[31:0] FAYTLEIE « 17 BIEUE — @320 Laflst - IRBITIVIEEE S TR
FIEEE « RIS S —ETE (3207T) » MRERTTHTBHERIRT R B T

dec i@ immed d[31:8] ({32{ i@ dp.csr_read dec_csr_rddata d[31:0])
({32{~1i@ dp.csr_read i@ immed d[31:8]);

ie_immed d[31:8] = ({32{ie_dp.imml2 20{i@[31]}},ie[31:20] 1)
({32{i@ dp.shimm5 27'b0, i0[24:20]})

3210 jalimm2® 12 10[ 1]}},i@[19:12],i08[20],i8[3
({32{i0 uiimm2@ i8[31:12],12'L )
32{i@ csr write only d & 1@ dp.csr_imm 27'b8,i0[19:15

add i AYFZERIEHER Y EALF SRESHUIEEE T -
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