]

Imagination

Imagination X &%
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1. &

ARSI N FAE S BTS2 56 TP RS A R IZ 2 SweRY EHAALEESS, [l LA LA R B Dh e

- BIWA-LIES: EIERISC-VAU IR ALR) AT AL B T RN IN AR Z 445 4
- BIEREA: BN RIS N, TR B VSRR SR QBT AT
- WINTEEER: I AR RS, B TR T 1B A R
. W%éﬁjﬂlj A1 FEE RN LR R, RS, b 20 8 471 P75 1)
2. 43
1) fr#efE (bitmanip) 3 f& HEEARISC-VIM FIEA A RAR, BEABEAUKE. &K
BEPERE I PR ARAERE. AT U7 I hitps://github.com/riscv/riscv-bitmanip 3R B 58 2 i HISE . SC4F

https://qgithub.com/riscv/riscv-bitmanip/releases/download/1.0.0/bitmanip-1.0.0.pdf ¥ 41 4\
BT ZY BAESHITEIES-

FEARZG T, R AESweRV EH1ALHE &5 7S N — > 2K H bitmanip™ e 1T 15 4. B AR
&, BRI Iminuis &, RS K rs I Mrs2 TRV — A%’%‘%%éﬁlﬁﬂl)\rd 2R
fi FH A% 2000 R B s

31 25 24 20 19 15 14 12 11 76 0
|D.D.D.D.1.D.I| .2 | Lo |1.D.1| L o011 00 11
MINMAXCLMUL MINU oP

1. minufg&fd FH KRR
(AR5 https://github.com/riscv/riscv-bitmanip/releases/download/1.0.0/bitmanip-1.0.0.pdf)

EMNFIEARZHIE L, JZ\ZW*&&LEE%E’JWE/\IEETB% A BT A AT B, 1512
AL AR BN T iminufig & TS AUE LR A oo B i GEiclE, il
sAIRAESEE 1R E4)

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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DECODE STAGE EX1/DC1/M1 EX2/DC2/M2 EX3/DC3/M3 commiT wB
STAGE STAGE
INSTRUCTION dec_i0_instr_d [31: CONTROL (S:I%PSAI}-C;L Control Control Control Control Control
REGISTERS . UNIT Pipeline Pipeline Pipeline Pipeline Pipeline | —
(dec_ib_ctl) dec_i1_instr_d [31: (dec_decode_ctl) Registers Registers Registers Registers Registers

raddr0 [4:0]  rdO [31:0]—
raddr1 [4:0]  rd1[31:0]—
raddr2 [4:0]  rd2 [31:0]—
raddr3 [4:0]  rd3[31:0]—
waddr1 [4:0]
waddr0 [4:0]
wdo [31:0]

— wd1 [31:0]

Register File

(dec_gpr_ctl)

DCCM
Lite DRAM
Controller

ALIGN & MERGE

i0_result_e3

Store
Buffer for
DCCM

Lite DRAM|
Controller

I 10-ALU-E4

i0 result_e4_final

N\ ge /

i1_result_e3

31
MUX| t
™N—
Isu_result_corr_dc4
\ =
c
b
g|
3
(73
- Q
341 —
MUX| =

N\ ge /

11-ALU-E4

i1_result_wb

rd0 -

d2 dividend

34-cycle Out-Of-Pipe
1 . DIVIDER
divisor (exu_div_ctl)

rd3

i0_result_wb

&2. SweRV EH1/# . $h4T. RAXFEBHE

Imagination kit %| — RVfpgasi#:18: IRin#rhfg: 154 RitHas
fii42.0 — 20224E4 H
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© minu;

E3. 4ifldec_pkt tHHIFTAL

o QIEL FminutFHIf, fEREMERalu pke_til— B4 (B4 . iFid
fF, BREARB LSRR,

ic minu;
valid;
land;

¢ lor;

4. é’-p'fﬁ\]alu_pkttq:‘ iRpE A

- ffididec_decode ctl (7ECff
[RVipgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_decode_ctl.sv
HsEID . s HNE S R .

o EFMMEBMHES10 dp rawfil dp raw AHE K minufi 3 EAE. ~
I, Waiziititidec_dec_cti /A (Cffdec_decode ctl.svit)52497 %
F267217) , WEW RN GEFEE, fHXUL R H Bk dec_decode_ctl 1] %
2482755249517, AT H AT 7 —y 7)) -

1. XfF
[RVipgaPath]/RVipga/src/SweR\VolfSoC/SweRVEh1Core Complex/dec/decode
e NEATEERSCpE, Hrp s SweRV EH1 AR EE 2% b s LK BT A 48 2 gl
WAHZ T iR R BBz, MR IninufE 4.

- ff.definitionif4r, WEHIBL KX CWEIFIR) , A¥tE
LAIEH—1T (E5)
.definition
minu = B1168811]

add = ola]o] p116611]
addi = aee AR1AAL1]

sub = 0116011]
&l 5. &2 definitionEh 4y

- fE.output#Bsr, AIEL AminufH LR (K6)

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
Hi4<2.0 — 20224E4 H
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Loutput

rvizi = {
minu
alu
rsl
rs2

imm12

&l6. & outputiEi sy

- ff.decodei#iZr, AminufB&BIEHMN—1T (E7) . BB H
addf A fEREMINL, NFTTR S MRERIFERILL (addbifRah) - e
i, MATRELL NAI: alu. rs1. rs2. rd. pm_alu. M4h, BRAERE
I minud .

.decode

rv32i[minul [ alu rs1 rs2  rd pm_alu minu }

[ mul rs1 rs2 rd low }

[ mul rs1 rs2 rd rsl sign rs2 sign }
[ mul rsl rs2 rd }
[ mul rs1 rs2 rd rsl sign i

K 7. &%.decodei 4>

rv321i[mull
rv32i[mulh]
rv321i[mulhul
rv32i[mulhsu]

(=]

2. fE[E—3Ck

([RVifpgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1Core Complex/dec/)
A R 445, decode X BTG, H kAL S SweRV EH1SCHF 14k

A HMminufg 2.
./coredecode -in decode > coredecode.e

./espresso.linux -Dso -oegntott coredecode.e |
./addassign -pre out. > equations

IR 4 i A8 AR U coredecode. e fllequations .

FE[F] — 3k
([RVifpgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/)
A B 24

./coredecode -in decode -legal > legal.e

./espresso.linux -Dso -oeqgntott legal.e |
./addassign -pre out.> legal equation

IR W4 A AW L it legal.eflllegal_equations .

Eidec_dec_ctifiitl, WA X (SUfhdec_decode_ctl.svIt 52497 %
$267247) N tequationstllegal_equationst g S HI 2R .

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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o fEfikdec_decode_ctlH, {15 5i0_dpHli1_dp (KEI8) NE Fi0_aphl
i1_ap s i minu 157 5 Be 8 -

i6 ap.minu 18 dp.minu;

il ap.minu il dp.minu;

& 8. Aminufi4 i

ERDIRRA T M SweRV EH1ALPE &S AN 16 2 I, A8 Sz i) 8 0 0 08 AR 1 — M
FEFF o

BUHAT T

BN RBEIAT I, ZH T AEFlexu. exu_alu_ctl. exu_mul_ctiflexu_div_ctl
HSEELE) CRLE ISR SO SRR E ) o RS T T, BATE TR E R
B E RGN . RN R T X Bitexu_alu_ctlifi 7 E1EH (K9 .

sel minu;

sel_minu 7 ((a_ff <= b _ff) 7 a_ff : b_ff)

tii3215el_Loglic Lout| 3L B])

( 1_shift sout[31:0])

( 1 _adder aout[31:0])
E pp_ff.pcall | pp_ff.pja | pp_ff.pret pcout[31:1],1'b@}]
csr_write ((ap.csr_imm) 7 b _ff[31:0] : a ff[31:8]))

, sLt one));

&9. EZEALU

e RS, BIRTNAH 48 4 . 7 Verilator P AT 1 B, JEARHTIR A AT IH B .
ATEE A 10 SRR, AT B AT EIERE

F10H IR SR — DRI, ERIGER T HEM A A s s/ IME. HER,
PR ARELLE U0 (ERIBCA) (M, Rt bIHL s s X ERAMEM, FIARISC-V
G 1 2 1 AN SCRFBINE AT

.globl main
main:

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
Hi4<2.0 — 20224E4 H
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Signals
Time

clk=

ifu_ie pc[31:1] =

ifu il pc[31:1
ifu ie instr[31:e
ifu i1 instr[31:0
i@ ap[20:0

i1_ay

i1 dp ral

p

W

[
[
[
[
[
[
[
[
[
[
[
[
[
[

50:0

1=
1=
1=
1=
:0] =
1=
50:0] =
:0] =
0] =
0] =
:0] =
:0] =

31:0] =

imagination
university programme

1i t3, 0x2
1i t4, 0x30
1i t6, -0x5

REPEAT:
nop
nop
add t3, t3, t3
add t4, t4, t6

nop
.word 0x0bde5£33 # minu t5, t4, t3 0000 101 | 1 1101 | 1110 O | 101 | 1111 O | 011 0011
nop
nop
beq zero, zero, REPEAT # Repeat the loop

nop

.end

B10. #1464 (UABRMER) HIfEEARAERF

F11 s AVerilator (Ul A5 R (5% —FF, RAVEA. eiA kB EES) « BN
TR HUGER, A R T H R B PIRIAT (1fu_i0_instrBiifu il instr =
OXOBDES5SF33) . #ifg &M 4&HI6r (10 dp rawskil dp raw = 0x7A00000000003)
JALUEERINL (10 apikil ap = 0x180000) Haddig&FEAHHE, ME— KX BITETHIE
ffminufz %F%‘E’Jadduo [5G NHISE R AN E TR ) & A E3HI 4152 HR I I~
FHIBME . EER, 58 Kninuth AT 2 B OXFFFFFFFES50x00000800 /K /s
%184 Nunsigned mmiﬂaé\ WJOXFFFFFFFEAZER — MR KK IES, PRUbpi 2 [ 42
/M 50x00000800.

FFFFEFFE
FFEFEFFB

FEFFFFFB FFFFFFFE
FFFFFFFE

FFFFFFFE

E11. E10H7EF K Verilatorfi K
B, FHEBITAERIEE, SR )5 Verilator{i L .

WAERE P AT IR S i, £ Vivadorh A2 BT I LUARF AL, (58 PR R0 S A T A i
B2

PR — AR, AL N RES 8 BT 1 2 B 16N T2k, JFRERS L8 I (A ROT R 1
TREHINE 58 R A BOT R Tt HIE . AR AETBOR R B B SR F A B B M

e, MR CLATE @ R L TUEAT, JRAETT AR R4 R

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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2) SEILRISC-V bitmanip & Hh A& ) HAR4E S . BARFIRMmin/maxtE4: min. maxH

maxuo

EARGH, BHEEY ESweRV EH1ACEESS, [ KA iin =28 TRISC-VHIEEEF ST
B (F¥BE) KB4 : fadd.s. fmul.sflifdiv.s.

XLt B B EE CAEEE 75455 AE T /8 SUIF) BAG BEI7 mi s iR R
(https://people.eecs.berkeley.edu/~wkahan/ieee754status/IEEE754.PDF) . Xt Ti%
B, SAERMERHE N =A B Sign (147) . Exponent (8fi7) flMantissa
(23£7) &

Sign | E; ** Eo | My M

g4 fadd.s rd, rsl, rs2&¥rsiflrs2 HIHNE BN, FBags R EMEd
Hi, $84fmul.s rd, rsl, rs22¥rslMflrs2/HIFANE SE e, 4 B AL
fErdd. &G, 14 fdiv.s rd, rsl, rs2&¥rsiMrs2F IR ANESEME, IF
Yo RAETErd

RAERISC-V F R E X, XEEFEA A AR T -

fadd.s: 0000000 | rs2 | rsl | Rounding-Mode | rd | 1010011
fmul.s: 0001000 | rs2 | rsl | Rounding-Mode | rd | 1010011
fdiv.s: 0001100 | rs2 | rsl | Rounding-Mode | rd | 1010011

2y R AL B AR A 32N A A, (EON T RIBGE I, EARLI T, R
b d5 - B 8 A KA w A2 8% 501 (B AF4%) o Bbah, ATERAT 17 H AR

B —IKRABEPAT —FFE RIS, HFAHESSHE,

TAESweRV EH1ALHE: rhifs Xy IX Be 48 1S4, b ZidtAT BL M B

BEHATETT:

RIS I F SR RO - SRR BRIA RO EAE CRR 7 SRR Al I BRI ZR I, 40 R B

R o JFEEMATfadd. fmulEifdivig SN SHERZEE. Ak, BRI PR

- Ui DA EERE, TR I SNTESS . A A A RVESS
https://github.com/dawsonjon/fpu. XL G4 NARR KL Z RS G, BT
SweRV EH1H 2 (it (1) B A ik 2%

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
Hi4<2.0 — 20224E4 H
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- HTEROTH R T WTRETE, BT DR TR, (i Tz AT E R A T AT
KEEH R A G S, Bla{E S finishFdiv_stall, % 7] LK = A7 5B G TE
exu_div_ctItEk Pt T Ll . WRGESR 5 — PO, MRy 3% i oo E s
I, NZHOAivIRMERERINL, Ui > REFFEIAL,  [RIHE BEH K9 mifiL

B BTG

BB SCRF TR 2 P 5 5

FECAF

[RVipgaPath}/RVfpga/src/SweRVolfSoC/SweRVEh1Core Complex/include/swerv_types.sv
H T I AL AN 25 A SR A

Gl — N NEfp pkt tHIF&HEE, K& fo_add. fp_mulfifp_div=
AL, o3 Al AL B S R I IEAE AT IR RIS . 3 RURIEBE SRR

Bl % Nfp_add. fo_mulfifo_divill =ASHi6L, 1ERNEE KR dec pkt tH—
ar. EIAE, XS IO B AR,

tEfitdec_decode ctl (7E3( {4
[RVipgaPath]/RVipga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_decode ctl.sv
S, ETENE S R .

O

NfE510 dp rawMlil dp raw P HIFTALECE. J9t, DAWRRIEL I
Ui, fEfitkdec_dec_ctlf E A X 1 BTk, wRKEHTIESEN
divig&ab#, NMI7ERitidec_dec_cti A= k5N, SIS NdiviE & HRE
BISE, NHTHR AT RERIFERIAL,  [R]HS RE B 0P RAL

Wi — 4 Rep pllitp pkt tHEE., REMAEE10 dpflil dphi%s
MO =AM AR . 8, SmulsdivigSEm, HiEs REE Ak
(5%, BRTEAE RN R EHIT— K718 4

BERiEfE)a, fEVerilator AT I H, BEARHTR - HIPAT B L. AT AR 129 3R i 2
Fe, A BATAIERE . E12 R SN AN TERIER,  DAPATE ROIE . SRVEAER

=

<=}
k18

L HIBH

1i
1i
1i
1i

.globl
main:

t0, 0x4
tl, 0x2

main

t3, 0x40800000
t4, 0x40000000

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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202244 1

© Copyright Imagination Technologies 9




Imagination
university programme

REPEAT:
div t5, t0, tl
nop
nop
.word 0x0lce8£f53 # fadd.s 0000000 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
.word 0Ox1llce8£53 # fmul.s 0001000 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
.word 0x19ce8£f53 # fdiv.s 0001100 | 11100 | 11101 | 000 | 11110 | 1010011
nop
nop
beq zero, zero, REPEAT # Repeat the loop
nop

.end

B12. #4ES (UABRHETR) HEEURER

FE13F 7~ AVerilator (1) £ BLg5 B . AT DA VY S e ds i A g5 51, an DA BE R R HR 1L
T R 2% hitps://www.h-schmidt.net/FloatConverter/IEEE754.html

EE13-ad, =&FRfEAWETEElifu 10 instrEiifu il instr. HEEHIA
(dec_pkt t) RfEdiviE4 (i0_dp raw = 0x11A00000006021) [=Fzhilfr (1) 3EA T
OGN T =47, W XA, fadd. fmul MEdiviIFP GF ) #EHI6L (fp pkt t)
4100 (4 fr) « 01041001,

BI13-b 2R 7% Rk ig S LA M E e HA R E A5, HiEE, WMAEN
0x40800000/10x40000000, K| jiHiZia 5 ) 45 R J90x40c00000 -

K13-cBR T HFRRZEBLEILNAMEREHEERTE AL, HEE, WAEN
0x40800000F10x40000000, K it 3fev2:iz & ) 45 5 0x4 1000000

e, BM13-dBIR 7 iF RBRER S LN R E A8 R E LS. EiEE, WAEA
0x40800000410x40000000, X it v2:4z 51 25 5 Jy0x40000000.

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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Signals Waves

11188 ps E 11388 ps

ifu i@ pc[31:
ifu i1 pc[31:
ifu i@ instr[31:
ifu_il instr[31: £ 11CEBF53 19CEBF53
i@ _dp_raw[52: 01APEOEBEBEE21  |B36040OGOPEB3 (1A I 3
il dp_raw[52:
fp_pl2: w00
div_p[2: @ e

11680 ps

clk=

ifu i@ pc[31:1]=
ifu i1 pe[31:1]=
ifu i@ instr[31:0]=
ifu il instr[31:e]=
ie dp raw[52:0]=

il dp raw[52:0]=

fp pl2:0]=

div p[2:8]=

3=l

en =l

t4 =

en=|

t5=l

en=|

(b)

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
Hi4<2.0 — 20224E4 H
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Signals
Time
clk=
ifu i@ pc[31:1]=
ifu il pe[31:1]=
ifu i@ instr[31:e]=
ifu il instr(31:e]=
ie dp raw[52:8]=
il dp raw[52:8]=

fp_pl[2:0]=
div p[2:8]=
t3=
en=l
t4=
en=l
t5=  EhlaElGE]
en=
(c)
Signals Waves
Time 14488 ps
clk=
ifu i@ pc[31:1]=
ifu_il pec[31:1] =
ifu i@ instr[31:0]=
ifu il instr[31:0]=
i@ dp raw[52:0] =
il dp raw[52:0] =
fp_p[2:0]=
div_p[2:0]=
t3=l
en =l
t4=
en=l
t5=
en =l

(d)
E13. B124 & F K Verilatorfii &

BB LA ARG 50, BORTE 2B IER AT . B, IR EUE N B B BL e S
JEHT R B4R A B AR MR . SR 18 F Verilator #4715 K

BNk, IR EREG RIS . A, B fmul Ml faddfi 4 X GSGH
AL 7~ DotProduct_C-LangitAT9mFE, PABATIF ST 5. BRI 5548 &0 DL ATE
fif 1 op ELAR S X L 5 A B BE AT O

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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RS INE 2 ThRe, PIansR gt LU SCRy: HAE miag s (gD« HAhiE s AR
A HT A ER B A a0 KB CFPHRITE.

4) KB HE. B UEMN ERBIE RIZIFREENTFZER, B, TS5

https://en.wikipedia.org/wiki/Bisection method.

PRSI 48 2 I AL AE A B AR SEELIZ S48 2 I Z A AT R 0L -

5) L CHHENHRALMAT)  (RISC-VIRA, Patterson & Hennessy ([HePa])) 4%
MR IRBIFE S, Hlan:

a. ([HePa]£:>14.11) :
i “IEREE” 845 lwi.d rd, rsl, rs2
i. ¥iBH: rd = Mem[rsl + rs2]

b. ([HePal%>14.12) :
i, “XH” 84 : swap rsl, rs2
i. UiBH: rs2 = rsl; rsl = rs2

c. ([HePa)%:>14.13) :
i “AEERM” $84: ss rsl, rs2, imm
i. ViBH: Mem[rsl] = rs2 + imm

6) P E—25>, SIS HarrisFID.Harris i & #b4 (ot it EALER RE54)  (RISC-V
fRA, fRIFR[DDCARVD ZE7# )45 2 3E 4 64BN 4 . BATSTE F 3L FIRSIHIX
VU4 . R —L45 4 T3 2ISweRV EHAALBE ARSI RE, X Fix ki 4,
T8 A TR AU ST, TR AR

a. %42]3: xor, sll, srl, bne. (EfFSweRV EH13 52

b. %4>4: 1ui, sra, lbu, blt, bltu, bge, bgeu, jalr, auipc, sb,
slli, srai. (E/ESweRV EH1HsZHI)

c. #:>]5: lwpostinc rd,imm(rs) (FIMF FEMEIES: f£lw rd, O0(rs)/m
haddi rs, rs, imm) .

d. %:>]6: lwpreinc rd, imm(rs) (AL T FHMKIES: f£lw rd, imm(rs)
Ja¥sinaddi rs, rs, imm) .

7) BE—DNFRFESG AT UHEERTITRIRRESSE. RIT2REE—LES, FUET
JEER ]«

o BHmEBBCM
[RVipgaPath]/RVipga/src/SweR\VolfSoC/SweRVEh1Core Complex/include/swerv_

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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types. sV U S H) . ELERTIT S, REFE DL R 45 MUK o S AN — AN B
. 4iMinst_t: FAFIRIESHHEE.

o fEHTH, FEfEfibidec_decode_ctl (SCfF
[RVipgaPathl/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_decode
ctl.sv) HoEEEHIfL, BEES10 itypeMil itypelIsrEL, WINJGRTFTES
BT R 2.

o K dec tlu_ctl (i
[RVipgaPathl/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/dec/dec_tlu_ctl.sv)
Ho SRR AR T 208 o $T TR, i 2818828 55214347 R AL & ARG . JiE
BOX I ACRY, A REELE AR .

#EVerilog A5 A 40 & 8 v #2485 . 48 FH Verilator kA7 47 B R 1. 383 07 B 50Uk SE I &5
Ja, SoCHERGH I LRI, FFAETF AR A A Ao vH A 1) AR O

Imagination K% 11Xl — RVfpgasiii18: FRINEIThag: 84RITHEH:
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