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D WililfEE S oA G b CHUHEE R EOS K RUM R CTE 2 X5 BT —F 77 F %
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T =2 AEY) &K 32bitXx 7 —F
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7272 L4, SRAM 16KB - 256KB < WO EEL LA b,

b. LY RX&, 777

# | AWl bit i | Fi&

1 A 32 HWEL Y2 &

2 | B 32 HEL Y2 &

3 |C 32 HEL Y2 &

4 | D 32 HEL YR &

5 | W 32 AR L R &

6 |CF 1 MERO*F Y V—D7 77

7 | ZF 1 ¥uer777, DLYREBODLE X1,
8 I 8 N— T A 7 v &

9 | RO~RI15 32 MHLY =& 16 K

10 |PC 12 VAR A BN R

11 | RADR 12 PIN—F VA —ADHDY Z—VT FL X
12 | CADR 12 [Efam o) 2 —v 7 FL*
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7. %xvU—757(CRHe+En 757 (ZF)

CF 3 ALY RZICIMBESR»DOH 12y M35 & % (A=ADD)ICNE D ¥ )-(Z 5l

2V IAT,

ZF(¥' w777 )13 TESTD tp B FETEINL X2 DWW BN 0 oL X 1 offiztyr L,
FnlAo s X 0 ofFrstyrdnsg,
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LY RZ LiIv-7 flfER oL ¥ & £,

9. s mIA—KFT7x—<v b

bit31 bit30 bit29 bit28 bit27 bit26 bit25 bit24
FRa—R ONE NOT
bit23 bit2?2 bit21 bit20 bit19 bit18 bit17 bit16
INE R -y Rn=W BC LY XADAN
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
ALSZEDAN DL REDAS (78®Y DER)
bit0-11 (Z. KD 7@ H DEE
Q@ HL P X&2DY—F/54 F
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
Y(U—F LY REES)
bit7 bité bith bitd bit3 bit? bitl bit0
X()—F LY 2gES) 72(54 FLYREES)
@ /&4 o7 F L & (B/CALL/BI/BCE/BZF/BC #4y)
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
7 KL X B 4bit
bit7 bit6 bit5 bit4 bit3 bit? bitl bit0
7 KL X TR 8bit
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bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
BIME(_EA{I 4bit)
bit7 bit6 bith bit4 bit3 bit?2 bit1 bit0
BB (L 4bit) 254 F LY2AES)
@SHL/SHR/ROT 4
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bits
- SHL/SHR/ROT ST RE
bit7 bit6 bit5 bit4 bit3 bit?2 bit1 bit0
> 7 FE(TAI 4bit) 254 F LIORRES)
@B=IMM 4>
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
BME(_E {7 4bit)
bit7 bit6 bith bit4 bit3 bit? bit1 bit0
BME (AL 4bit) 254 F LY2AES)
@B=IMM r4+IMM12 s
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
BME ({37 4bit)
bit7 bit6 bith bit4 bit3 bit?2 bit1 bit0
EME (L 8bit)
@B=IMM &r4+IMM16 @4y
bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
BN (_E£7 8bit)
bit7 bit6 bit bit4 bit3 bit2 bit1 bit0

BME(T Az 8bit)
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EXIT 44, E—F0
bit31 bit30 bit29 bit28 bit27 bit26 bit25 hit24
EXIT DA ~3—FK 111111 E—F '00
bit23 bit2?2 bit21 bit20 bit19 bit1l8 bitl7 bit16
M7a—F
bit15 bit14 bit13 bit12 bitll bit10 bit9 bit8
FAHEIZNAL A2 R 7EH TS 3V)
bit7 bito bith bit4 bit3 bit?2 bitl bit0
FTARELNEL YA ZOTR7{EF S ay)
EXITéS., E—FR1 BERTEH7>3Y)
bit31 bit30 bit29 bit28 bit?27 bit26 bit25 hit24
EXIT oA ~3— K 111111 E—F 01
bit23 bit2? bit21 bit20 bit19 bit18 bit17 bit16
MT7Ta—F DIE®HRIF T ay)
bit15 bit14 bit13 bit12 bitll bit10 bit9 bit8
TNy ERL(F T3 V)
bit7 bit6 bit5 bit4 bit3 bit? bitl bit0

78y TR (F TV aY)




—E-wY bit = =S
NOP 26-31 | 0 | fAHAWL
I=n 1 | I=n (BN&)
B(Z ~L) 2 | B
BCFO(Z ~L) 3 | BCFO 1x CF #° 0 72 H 4yl
BCF1(Z ~L) 4 | BCF1 I£ CF A1 % 50,
BZFO(Z ~L) 5 | BZFO I£ ZF Y 0 %2 59,
BZF1(Z ~ L) 6 | BZF1 I£ ZF H¥ 1 72 59l
BC(Z ~L) 7 |CLYREDETME Y bH0 7R oIk
BI(Z ~L) 8 |I=I-1,1#0 % ool
BIMUL 9 | EEL-TH
BIDIV 10 | REIL—TH
BIMUL16 11 | BIMULDIV £ 16bit A FDEEH
CALL(Z ~L) 12 |H7)—F>a—iL
RET 13 | 7L—Frhonli—r
TESTD 14 |[DLYREETFRRLTZF 2ty b
LD 15 |[BLYRRTRENDT FLADT —&
AEY ZZTL, XY A 7)LTA=MEM
ST 16 |ALYREZET—ZAEVIZA T
SHL=[n,C] 17 |[W=D<<n
SHR=[nC] W=D>>n
ROT=[n,C] W = ROT(D,n)
7 FENODEECLYAZDE
AND 18 | W= A& (ADDR)
OR 19 |W=A](ADDR)
XOR 20 | ADDL "~ ADDR
IMM12 21 | BME% 12bit (THLK
IMM16 22 | BME% 16bit (CHLAR(AD L X ZANH])
CCALL(T F LX) 23 | EfEanom@EF AT 5 2 ldhny)
CMODE 24 | EfEa D E— FICBAT
CRET 25 | EfEa ST RE EHESRS




NRET 26 | EfEa SR T RITBEDD

SETK 21 | RYA VINTEMERTDOF AT Faty b

SETKZ 28 | RHA VL CEFHSOF TV FELy b,
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KH 29 | ATV REDOREHEY F2EY FELEY B

. | BICZERO 58 | CRC32/CRC32C B man4
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EXIT 63 | MT7Ta—F, U—=FTEBZNHALYRZ
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ONE 25 MERDOF v —INIZ1ZANTS

NOT 24 MMERDOED AN Z NOT EET 5

A=[ADD,RX,MEM] 22-23 ABCD L YR E~DANEER, ZD

B=[ADD,LSH,RSH,RX] 18-21 BAEhEEFNO— FTHARE &
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Y=n 4-7 ALY ZZn&EEY—F




12 i eRFEE ()

32x16 DFEHER, MHL YA Z XD LY A X OFR D A[HE, 32X32 Tld7a{ T32X16 7
DRIHEERa T O 7y 7 LR E 220, X5 IS OEFRERSTE 2 X
INCT = A ANREFHG LTz, Sl 7—2AOMZ X o723, EELTHAT2EY b7 —
ALEHT LD 5,

ICF3-V fE EE % % % Rev0.96

2017/12/8
FlLE#

Ra Rb =RxxD
MULas 5
ROTE S (EAGHH)
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ZINEL L3, SR XY RER, REC2@afio Tz 1armic L35

14 BIMUL16 &%

16bit X 16bit + 32bit

BC=AXC+B 18#% 47
BC(MUL16)
|=15;C=RSH
ADDL=A;ADDR=B;B=ADD

MUL16:
BIMUL16;ADDR=B;B=ADD;C=RSH

[LYRZIAAT 2B F 2 L ERIKBROEICT 2 Z & TaE{bai T 5,

15 BIMUL/BIDIV @357 4 L A 335

BIMUL/BIDIV &38R T AL ADZ VT 4 AALNRZRICHRD F 5D CHENER# 2 5,
Fa—F7x2—XCHEX®LTBIMUL/BIDIV L Y2 &Xict vy b, FEfT7 =z —XTl
BIMUL/BIDIV L ¥ 2 & #1{# 5

16 EXIT #54
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BCoL v x| 3#EL CREAECHRECHHT 27200k A 1227 LET, &
7 VA DELRHEZDT, FICHHAL Y RZ R ED AT ZE Y BT T,

B C

# 0 ADD | LSH | RSH 0 ADD | LSH | RSH | ==
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3 O O
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6 O Q
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o w C=RX
10 O @)
11 b * |B=RX
12 @ O
13 b b B=IMM
14 b b C=Ww
15 O O
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TEHEFEZ T, L2LAaRb 16 vy bl ARo SH~A a2 16 €y b OEHE
Mm% Y HRE—1F 35 ARM, RISC-VIZHLTTuE ST LAE) DREPGAICL > Tl 4
EULEL R B e bHotz, TNTIRT B Yy H DT — FEDBIEHITDRBA Y v k33
WhIhikw, ZZTle vy bOFEMGHEYR— T2 & BRGTL 72,

ICF3-V @ 16 ¥ v } DFEfE@maIE. §XC12—F—EEDOM4A, AND, OR, Ffori 7
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FRa—FcefcedmDilEs T LAARE, 8 7 —FCTINE LR WGE, TurJ 4
) O OFEIC I L CHEb R, LB ThRYEVWTY —F T 1 fIicEfET
X5, 20D 16 7 —F% 1 DOEMMHICT 5L b TE 5, Eiama 16 €y
FOTFRL1I0 €y MFIR LY 2R XD FAL 12bit & L CIEMEMS O EROPCHIFTE 3,
JEME@ABAIERTD 1 %4 2 AETIC X=a,Y=b,Z=c &L FIZV:o T E T,

JEAR BRI DI A 2V TEHRT Vv FAHBICE Y FINTWE I LIGERELTLZX
1A

JEAf a4y D FEEH] OR Rx,Ry,Rz (Rz = Rx | Ry)

A=RX:D=RY

OR:ADDR=D:D=W0

SETK:ADDR=D

CRET:Rn=W

NOP

JEAfE a4y D FEEH] AND Rx,Ry,Rz (Rz = Rx & Ry)
A=RX;D=RY

AND;ADDR=D;D=W0

SETK;ADDR=D

CRET;Rn=W

NOP

JEffifr 4 0 EHR MULRx, Ry, Rz (Rz =Rx X Ry)
A=RX:D=RY:B=ADD

|=32:ADDR=D;C=ADD
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH
SETK;ADDL=A

CRET:Rn=W

NOP




[Fi#aarSDEZRF ADD Rx, Ry, Rz (Rz=Rx + Ry) / set CF

A=RX;D=RY
A=ADD;ADDL=A;ADDR=D;SETK
CRET:Rn=W

NOP

JEfE @S D FEEH] ADC Rx,Ry,Rz ( Rz = Rx + Ry +CF) / set CF

C=LSH;A=RX;D=RY

BC(CMODE_ADC);ADDL=A;A=ADD #CF 2z U7

ADDL=AADDR=D;A=ADD;C=LSH

A=ADD;ADDL=A;ONE;C=LSH
CMODE_ADC:

BC(CMODE_ADC);C=ADD

ADDL=A;D=ADD

ADDR=C;NOT,ONE;A=ADD
CMODE_ADC2:

ADDR=D;SETK

CRET;Rn=W

NOP

JEfadfn  DELERF] Bn MEMFES X v T

B(n)
CMODE

JEffia D FEEMH] BCFn ¥ % ) —7 7751755500

BCF1(n)
CMODE




EfEdra oEEH  NMODE / TESTD / EXITO / EXIT1
AR v NI E i E, Hifi op 2 — FORKICEI D BTD & v,

I=n

BI(CMODE_NMODE)

NOP

BI(CMODE_TESTD)

NOP

BI(CMODE_EXITO)

NOP

EXIT(1)
CMODE_NMODE:

NRET

NOP
CMODE_TESTD:

TESTD

CRET

NOP
CMODE_EXITO:

EXIT(0)
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e a2 — Fomw BN bit Z Tty P20 »r2HETE L HRICEHTL I 2 E L
¥ 9, RISC-V Titfvgra — F D A7 2bit 2 Efam Sy b S22 HET 5 R Td,
mMeEa—FD7r—~<v PILITHFE T, EHEFLS5RATL xH ? ICF3-VoFEHE X
B EAIbit 251 DA, AT —FETFLREBoTH A —Fva—nzLEd, fi
BICEIHT % L ICF3-V ii~A4 7 v a—F% 32bit oty FicL T d, 16bit /T
fier 72 R R R % L T 7 r— T/2~NLE%WKT ICF3-V @ 32bit D4y
v b C 16bit FEAfEdm 5o i & & F24L

19 — AL TS5A4 2 (BBSA T 54 V) (F)

ICF3 ofmifra—FD 74—~y Mz 7z vF. EfT. AT E% 1 a5 iy e
IHDZELEIFR—PL TV, TNEREIGERLUASNA 774 v L CBIHT E
DD NANXZE, DY) TVWFE= Yy ZICEHEL 7,

FUSA T 54

Sl F=w ¥ Z-uF¥0-F =F ALT —EZ w7

ADD RO,R1,R8 F L E 5 X=0;¥=1

ADD RZ,R3,R9 F L E S K=2:¥Y=3;:A=RX;D=RY

ADD R4,R5,R10 F L E S K=4,Y=5;A=RX;D=RY;ADDL=A;ADDR=D

ADD R6,R7,R11 F L E 5 X=6;Y=T;A=RX;D=RY;ADDL=A;ADDR=D;R8=W
A=RX;D=RY;ADDL=A;ADDR=D;R8=W
ADDL=A;ADDR=D;R10=W
R11=W

BL=—FE=v¥ Fzvsa-F =7 2T

ADD RO,R1,R8 F L E S X=0;¥=1

ADD R8,R3,R9 F L S X=3;A=RX;D=RY
A=RX;ADDL=A;ADDR=D;D=W0
ADDL=A;ADDR=D;R8=W
RO=W

SU=—FE=v¥ P=vs0-F 27 AFT —E=w7

ADD RO,R1,R8 F E S x=0;¥=1

ADD RZ,R3,R9 F L E S K=2;¥Y=3;A=RX;D=RY

ADD R8,R5,R10 F L 5 X=5:A=RX;D=RY;ADDL=A;ADDR=D

A=RX;ADDL=A;ADDR=D;R8=W;C=W
ADDL=A;ADDR=C;R9=W
R10=W



20 7R La—Foxv vy a(FR)

TR LDa—FNE7 7y vaXE I ANT, SRAM T* ¥ v ¥ 23 24 %G
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21 EPAK(ZE)

INTSTATUS fixs %380, W LY 22 IcEH 0 ARBERARSTTF— X%y b,

FRFICDICd 2y F LT, BLALER Y0 TH S C LA MERI NI 5E

V7 VELAKR, ROY A4 7T CLYRXICANT, EhA %‘ﬁ.%lblt’)@/7}‘b7§:7§‘
b, TXTOHEROUIEZIT I,

224G 7 —RDT KL RZE/EAEDIETE 25 DEBIFIE

FIETT,

23 BICZERO @p4y

CRC32/CRC32C A} dfin4r, CRC32 % CRC32C % 2 %4 7/ v b OHE
BICZERO 4 i, Hmnﬂﬂ(0&CD/X&@E/FO#OQ%E‘M%%MOR@ﬁ
J1% 01T 2EAEMD. ILRMSICHEL 7228 BICZERO s D EREIZ, DI kT — 1
DIENNTHEEIC 7 52, XOR M0 ELE X, MEIRDOHNEICH 5 XOR flE% MELE D HIIIC
FroTEUMBEMRR L XORDIEZFEIRT 2 X HiIch>T w3, 22T, IMEMHKEDL, XOR
LFEIRLAZTNIE0ICTEERTES-0, CLYRZDE vy b 0 OfECTHIENT 2 5k
I35 1T RLETHE,
[LYZAZICCRC32 it T2y MR WS 1~32 DX ETE3,C LY 2% CRC
EANTILY ARy L2y DT —42% XOR LTEL,
// AH A=0xEDB88320, C = CRC xor Data , RO = 0xEDB88320 , 1=32
// HFH C=CRC
CRC32:
ADDL=A:A=ADD;C=RSH:BICZERO(CRC32)
XOR:ADDL=A:ADDR=C;:C=ADD:A=RX
OxEDB88320 M E# % 0x82F63B78 (95 & CRC32C (245




24 At XD T

OpenlCF3 DK HY 4 + DI 4 v 2=V ESBECE T, (FEFEMTERT > E
BA) IEEKRT 2 X5 A RITHRETLTnwET,

25 &I

<A a v o/ CPU O#Ffild, WA WA RERSH Y —fiko CPU X v b#EL
WEBWE T, Flld FPGA IC CPU 2 EETE 2 X5 DT, FERRICFPGA IcF2EL T
WZ I eBwES, §LICF-VICHKRZFF - 7277205, oo Lo idA -1
Facebook 7z &I ZHFHE L 723 Wy,

e-mail : nhiraya@idletime.tokyo
Facebook : https://www.facebook.com/naoki.hirayama.37
twitter THEVEH A, OpenlCF3 D AKX A + DHEfEEIC URL 235 Y 9,



Apenddix A ZEE Y 7L —F

(1) ¥ 32bit x 32bit (33 %4 ZL)
BC = AXC+B

|=32
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH

(2) B 16bit x 16bit (19 %4 7 )
B = (A X C+B)® {7 16bit
D = (AXC+B)® T{if 16bit

=16
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH
ADDR=C;D=ADD

SHR=16;D=W0

(3) FEHE  8bit X 8bit (11 %4 7 )
B = (AXC+B)® LAf7 8bit
D = (AX C+B)® T1fr 8bit

|=8
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH
ADDR=C;D=ADD

SHR=24;D=W0

(4) B 32bit X 8bit (11 %4 7 L)
B = (AXC+B) D _EAi7 32bit
D = (AX C+B) @ T £ 8bit

=8
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH
ADDR=C;D=ADD

SHR=24;D=W0

(5) T 24bit X 8bit (14 %4 7 L)
D =AxC+B

|=8
BIMUL;ADDL=A;ADDR=B;B=RSH;C=RSH
ADDR=C;D=ADD

SHR=24

A=W;ADDR=B;D=ADD

SHL=8




OR;D=W0

Apenddix B fr&EH v Fra—F

(1) BRE 64bit=32bit (65 %4 7 L)

BC=BC +D
A =BCmodD
|I=64:A=ADD

BIDIV;ADDR=D;ONE;NOT;A=ADD;B=LSH;C=LSH

(2) B 32bit+32bit (33 4 Z 1)
C=B~+D
A=BmodD

|=32;A=ADD
BIDIV;ADDR=D;ONE;NOT;A=ADD;B=LSH;C=LSH

(3) BE (A<D 77— %) 64bit+32bit (33 %4 27 1)
C=AB~+D
A =AB mod D

|=32
BIDIV;ADDR=D;ONE;NOT;A=ADD;B=LSH;C=LSH

(4) BRE (X v BREXIGHK) 32bit+32bit (35 44 7 1)
C=B+D
A=BmodD

TESTD

BZF1(DIVISION_BY_ZERO)

|=32;A=ADD
BIDIV;ADDR=D;ONE;NOT;A=ADD;B=LSH;C=LSH




Apenddix C Zoft > 7 )La—F

(1) 64bit fin% R 1RO =RIR0 + R3R2 (7 4 7 )

(

X=0;Y=2
A=RX;D=RY
ADDL=A;ADDR=D;A=ADD;D=ADD;X=1;Y=3
BCFO(LBL1);A=RX;D=RY;ADDR=D
RO=W;ADDL=A;ADDR=D;A=ADD
ADDL=A;ONE;A=ADD

LBLI:
R1=W

2) 128bit I  R3R2R1R0 = R3R2R1R0 + R7R6R5R4 (16 ¥4 7 V)

X=0;Y=4
A=RX;D=RY
ADDL=A;ADDR=D;A=ADD;X=1;Y=5
RO=W;B=RX;D=RY
BCFO(LBL1);A=ADD;ADDR=B #CF 227 )79 2780
ADDL=A;ADDR=D;A=ADD;C=LSH;X=2;Y=6
ADDL=A;ONE;A=ADD;C=LSH;X=2;Y=6

LBLIL:
R1=W;B=RX;D=RY
BC(LBL2);A=ADD;ADDR=B #CF =27 U794 5728
ADDL=AADDR=D;A=ADD;C=LSH;X=3;Y=7
ADDL=A;ONE;A=ADD;C=LSH;X=3;Y=7

LBLZ:
R2=W;B=RX;D=RY
BC(LBL3);A=ADD;ADDR=B #CF 27 )79 57280
ADDL=A;ADDR=D;A=ADD
ADDL=A;0ONE;A=ADD

LBL3:

R3=W




