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IBM/Intel 50 =B Y £ 9,
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)‘:EU @n)baj‘%%

o TARTLU—RAVMFIEL DR AMEEE
- LORIDBEEMFERLI-FBMET VX!
Iw , rd,rs1,100 (lw rd,100(rs1) ) rs1MDH HF[Z100% B L1=Fith
DT —H%EHAHHLTrdIZERE
SWrs2,rs1,40 (swrs2,40(rsl) YD &(Z40% H L F-FEHbIZrs2
EEEAD
TARTL—RAVMELR2E VD F S fHEH
—SFELESINT, MESNID,
« ERTFLA(ERICHEAESINDETRLR)=LIR
B+TARATL—RAU R
o lwx1,x2,0 BffiZL O R 2MEEIETE
lw x1,x0,100 100 & thZ# E 5 E
lw, swlkT—RFBG(32EYR)HED T, ZZTIK, 7RL
AREADEHET DB T/INAbO—F ANTEEA

L]

AEYDFAEEL, TAATL—ZAA Y MIELY A XBERREEZF ST
FAEETEHLEMAIETLET, ZOAEIZ. Iwx1,x2,1000 & 5 2R L.
Ay ADFNINIEZW-HFE (FTARTL—ZAY EHBEZWNEF 7Y ) |
CRAZ2DHBEDN R INI-EBAR T FL RITHY £9, BIZI1Ex2] 5073*‘
A2 TW=Ed3E, 150FMAFTAHINTXLICAY £9, IwlEload word
TREY DT —2%FAHLET, BTEHELLHEBLETI., XEVDHE
#iF8E Yy PEAICOWTWAD T, ENT ML XFADBHTHITNIER S
BWNTY, TARTL—XX Y MIE, 128y FOFEAEHT, LY REH
D32y FDOFICKH L TREILERSINTAHALMEINE T, LI=A>T. ~
A FADEAEELCZ EHLTEELT, swistore word) 12 Z DT, sw x1,x2,40
(swx1,40(x2) )£ ZFI1E. LY XEZX1OARB Ry boTF—%) %, LY
AZX2DOFPHIZL0R L A-BEHICETIAATT, ZOARIEF. TARATL—2X
XY MIOEIBBEITNIEL, BMAL R AEERETEE LY, LY X Z%Z2X012T
NIE, TARTL—ZX Y N TCRLIEEMDAZDO X FIEECELIEFEIRES
RICHY FT,
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LORSEER MR

« LYRFETTLANERIFTEGL
—addrd,rs1,rs2  x[rd]«x[rs1]+x[rs2]
— subrd,rsl,rs2  x[rd]«—x[rs1]-x[rs2]
—andrd,rsl,rs2  x[rd]«x[rs1]&x[rs2]
—orrd,rsl,rs2  x[rd]«<x[rs1]| x[rs2]
— xor rd,rs1,rs2  x[rd] « x[rs1] ~X[rs2]

« MERE.HEER. DM EYMER)ER

RISC-VIZ, LY AZ—LYRAET—FTIFvHRDOT, BEICIZFAEY %15
ETAIENTET, —EBLIYRZIF-TLBARENHY FT, 3ART
FARXLZDT, LYRAZDEEZ DR LAZLELAEL TR TENTT,



AE—TA4IA R
l:lr.l-r.|:| I~E|30) %(Efﬁlmm)?ﬁ‘%d)iiu.

HIZEHND
s EEXI2EYFDFEME(TFARTL—RAY
cEREIC)

addi rd,rs1,imm Xx[rd]«—x[rs1]+imm
addi x3,x4,5 x3«x4+5

BBICOXEH (+2E16EBELTT LT SAE- TR S
12EwhE32E Y MZHRRL TEE T 5,
— EiiiEE. REEE VThIFSHE
— subilEFEELEVWSTAFADHER (XKLL

/f;—T/fI/f [\up—p ‘j:\ pp—pj_]‘q:'@ &% ( 1|_|mm)7f)‘%0)ii/§i?§
Eﬂ_ 1121: N ]‘T %ﬁj/ﬁﬁﬁéﬁzﬂ\ nﬂﬂfi/ﬁrﬁt%‘_

IZfEhbNE9, RISC-VDIEE
nnw@ﬁﬁfﬁ%f'_gﬁéﬂi? I bhbHaddird,rslimmzaETd 5 &
immA32Ey MIFEHNEIN, 28y FOL PR ZEMEINET,



~r =

sk &t OHLR
s HWWHAXICAN=T—2DHHEEOT
5 & RISC-VTIX12Ewh—32E vk
- CZZTIE8Ewhk—16E v THESR
s FEEXTEZTEBOTOLFEILE
-—BLOFEEYNEERL TR ELGHTEIZHE
RS
« Z2ZIL0\ON¥OHLE
— BffilC0E AND s
16E Y- FEHR

11111100 (FBFEER(4F+R4) —  1111111111111100 16EYFTH
—4

0000000011111100  FFEHHESIE
252

16E k¥ Ofkik

2485 (Sign Extension) . BE42ER T, T— XONEEEP LT
¥9, RISC-VTIFI2E Y bD#A32E Y FICHELEFTA. ET 5D T,
ZZTlE8E Yy b=l y FTCHBBLET, SEY FOBEEOFTSE Y %8
'y b EGIICEWL., #BEleEy Ml EEIEFLTRY Fd, ik, v
Ea—20HoBEMTHENET, FEezEAAaWGgE. 02 NiF L <.
Nzt AasREFVET,
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RVI2IDENEE

« RVAITOEKRFE L, BEEE., RIEH
H.2Tk

s LYRFMEEGR. /S—T4IM @R (E
H—EN TULVB (sublZ Rl : funct3EEIL)

« FELREFIRVI2ZMTERZ NS

o FE/MNUSABILRV32F, RV32DTERSN
)

RISC-VTOEANLER X, BEER, HERERE. > 7T, INIE L
VARBEREGDEAI—T AT PR TIHR—ENTVWET, EREERE
IZFRVIZM TEZR S M. FEVNSEUE, RV32F, RV32DTEEREINE T,
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SHIEEY
- FRIE ¥ (and, andi) &
—0&0=0, 1&0=0, 0&1=0, 1&1=1
—LPRADF ST HEVEIDEE LS
 {5]) 1011 & 1101 = 1001
« 1ZBRHETBTRVIEEICRCANS
- SRIBEF(or, 0r) |
—0]0=0, 1|0=1, 0|1=1, 1]|1=1
« f5) 1001 | 1101 = 1101
o HethBOERIERD (xor, xori) A
- 0M"0=0, 17M0=1, 0M=1, 1M1=0
« {51) 1001 ~ 1101 = 0100

HEBEandIZZ I TIF&RTEHRL, ZODODANPEICLIOBELITHEAA L ICHRY
i? ZITD2ERDIGE. TNZNDOHOREBEZ LY 9, ZDREIE
TRIVBEEVWSTHIBFEDHNLHES M HIBT2DICENET, TN

ﬁbf ﬁﬁmi::filf%t EHEohRADAND 1 DOEFICHT
b“ IZ ) ¥F9, andE BBk, ZHDHE. Wind By fOBDorlli ) E
9, xorld. HEtbRIEREFI T, AAD—HLAWEIC1Z2HALET,
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IORGREL TR
o Z Tk (Shift Left Loglcal sl slligh$gy) <<
- BEEYMAREIZT DT 215, 415, 8f5. . .
— Fhi=4% . H (LSB:Least Significant Bit)|IZI£0%5EH 3
11101010<<1 = 11010100
11101010<<5 = 01000000
« B TK(Shift Right Logical : srl,srligi$s) >>
- EBEEYMEINBIZT BT . Y 1/8. ...
— Fhi=% . Z (MSB:Most Significant Bit)|ZI£0% 55 5

11101010>>1 = 01110101
11101010>>5 = 00000111

T MREIEY FEERICTOTRIETT, EARICT LT AT T b
@mﬁmmu CERBLRILC<SK<EWVWIEEFT, § oM< <nk
CRELTERLET, B ToHT (Least Significant Bit:LSB)D ¥ & L 7= (C
Lw% FODONEBRT. INEREBEY 7 FEFRET, REALAT 7 M.

w2fE, ME, 8fBICT A EICHEALET,
—H. BABICT 5T HET 7 (Shift Right) 1. &H ED#HT (Most
&mmwm&mmwmvﬂfﬂ F0ZFEHBHDT, TOHEL /2. 1/

4. 1/8ICF5Z&ICHALET,
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VIR EMTTR)

« HI7R(Shift Right Arithmetic:sra, sraidi )
- BEEYMERAICT ST
- ¥ht=%. £ (MSB:Most Significant Bit)IZIZFFEE vk
ZEDHD
- %%_)%I’&E’/?FL'C(UZ 14, . )LEDOHDOEHER

— Verilog TlE>>> LR LT HHY. fFF5 11 Hwire singed%
FEHEFAIEESN
11101010>>>1 = 11110101
11101010>>>5 = 11111111
01101010>>>5= 00000011

BEMESIMNITFERELLZL

7 MEFEORTHEBLAEY 7 ME. T LEREIC0ZEZD 2=, 65 L7:
ZEICEYRFEEY FA0ICHE->TLEVWE T, BOMAERAY 7 FESETHE
DEDOBUAMHIFT 2720121, §6LAKREEICIEIRSE Y FH 1 DORFIZ1.
0DBFIFOZFZEDIVELDHY £T, INZITODLEM 7 b TY, BAHA
ICEMAES 7 MIFEEET. REBEAS 7 N ERLUETIEHEEKLH Y T,
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Lh B an 4 slt, slti, sltu, sltiu (set
less than)

» sltrd,rsl,rs2 if(x[rs1]<x[rs2]) x[rd] <1
else x[rd] <0

 sltird,rs1,imm if(x[rs1]<imm) x[rd] «1
else x[rd] <0

* unsigned(IL P RADENFESEELT, L
95

KNEEE A 1T 855 & L T, RV32ITldslt (set less than) & slti(set less than
immediate) & LIS EEWNE T, TD@HIE2DODL I RE, HDH W
FLYRZEAI =T A IZA PEERL T, ZOBREEZL VR ZITHMML
9, sltrd,rsl,rs2% =179 % &x[rsll<x[rs2] DB AL, x[rd]IC1%Z. %5 TH
H”L 0%ty b LET, sltird,rsl,immix[rsll<immoBiEx(rd]iC1%x, #
STHEITNIEOZEy b LFET, RVI21EDIEaS I K/NHTFEEBED B 5 D T.
D iE. Ec‘: LTEHD T — RICE->7-#%=EET 5K, HTLIF2B8)

L,f- I BB EICEHLNE T, unsignedinBld, LY REXDFEATFSE L
EZTHRL i@“

-7
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lui(Load Upper Immediate)

EfI20bitICEEZERET iR
lui rd, imm

— FHIlF0IZT %

—lui x1,5

00000000000000000101| 00000000000

—x1%0x12345678IZ:xEH &
—lui x1, 0x12345
—ori x1, Ox678

RISC-VDA 2 —F 14 T4 béaaHlFl2E Y bR T, g.@ﬁfﬁléﬁ_x%) EfE=
ANIZKWTYE, D7D, LY RZDERM20EY MMCT—2 % ANS8%5
AAEINTWEY, ZoaFwldta/RLCH LET A, @7/1"7&0)’(\ 2T
DRISCHEFE->TWE T,



iveriloglZ&k4d2alb—3Y
 EEEMZTIR-TLS

— wget http://www.am.ics.keio.ac.jp/parthenon/base.tar
— tar xvf base.tar

— cd base

- JRUSLDTEVTIL

— xxxx.asm&7 2T ILT Bi5E
— make xxx

- YEalb—iarTHARALimem.dath £ EN 5
e LZal—iavDEST

— make test (make testalllE£L L X2 K R)

— .ltest



http://www.am.ics.keio.ac.jp/parthenon/base.tar

TtI05
« shapal¥7t>735
—7EVIJYEETENNETOTS LEEWEEIC
THT DY I IT
—~SNLEFEZBZD T, DIEHFEE XER
* rtubyTEMNTLYD
— EIEXPythonD E#Y—ILZ LTS
« multasmz7t2TILTBIZIE?
—make mult —» imem.dathEEh 3
e V2al—3arvmETIE?
— make
— .ltest

SEOEZEREBICS IT2IEOEAZRL T, Makefileld WL UWIDE R
HOTHEGICEZTBI TLIZIVEH,



BIRE1DOTOYTS L

lw x3,x0,0 /I x3[Z0BFHD I EEFHAET
lw x4,x0,4 [IX4|1Z4BHD P FHFHEHHT
add x5,x3,x4 /IMMELTEZ%EX5IC

sw x5,x0,8 /2% 8Z #h [ ZH&HR

RAUR XOIEBIZOHDTTARTL—RA AR
NEETFZRLRIZES,
BREODEBGSIETOISLELDD=HHA
FIvH R T)

BIE 1 TIEFAZZTE3EHANINDT, XONEICOTHBZ EAFET 3
ETARTL—RX Vb AEZFDFEFTRLRAELTEZET, BEICHWS
LY RAZDBEFTIIFERLDICRDDZZENTEET,



RV32IDEH 7k an 5
PCHxtiE7E

target — (FF 5 #h3k) offset

beq rsi,rs2,offset: if(x[rs1l]==x[rs2]) PC«—PC+target
PCIFEaiRa—FDEM=TFLA+4
fHa—RdIZIL, offsetDOE VB IEFEFEN TLVEL

bne rs1,rs2,offset  if(x[rs1]#x[rs2]) PC«PC+target

LT BIEEIIX0EEAILRLY

RV32ID &N IasSlE. 7 AT LA 7y ZBETIEE TCROEEIEEL £,
RONEHORS L. DIEGFSOEINI-ER + 4 T, ROELIL, ﬁuUﬁ_@”\
SD# (offset) TR L £, RISC-VOIBE, TNENDEHESIL2 /34 b
(RV32C) »4NA b T, ROGOFEMIIBHLHLrHY Z2WTT, ZOD
T=doffset TIFRTRIE Yy MIBEL TI2y bzt TWEd, RUO%E
ZRDBHICIE, 0> T, FEILRLTELT®Y £,

RADE D D DHRTIZ, 2DDL P XA ZIBEL T, ENHEFELWEICH T
%beq (branch equal) & & L < 2 WEFIZ I3 % bne(branch not equal) D —
DHHEBINTUVWET, 0N EI DI ZHBTICFEN-ZWEZE, —DODL T XK
Z x0T NIFOKTT,
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RINLEREE AT

branch less than

blt rsl1,rs2,offset: if(x[rsl]<x[rs2]) PC—PC+target

branch greater equal

bge rsl1,rs2,offset if(x[rs1]>=x[rs2]) PC«—PC+target

bltu, bgeulfunsighned@i 5 T, L RADHNBE 5
BEEZ THE

ble, bgtZE (FFEELLGVA, LORADIEBFEEANEZ
TERRTE-BLl&S

RV321lZ L ¥ R Z DA/NWZE LB L THIEd 2 blt (branch less than) &
bge(branch greater equal) Z#->TWx 9, R HlEbeq, bnekE L TY,
LY READHPGHFTFSEEEZ TANLEE % 1T S unsignedénbltu, blgeud
HAEINTWET, ble, bgtiZEELFEAD., LY AZDIEFEX ANEZT
EFIRTE, UG HELTUTHAEEINTWET,
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{5 82 (mult.asm)

c OBHMDNBEABTMDORNBZHITELESE
AT BH/MITIEME &

e mult.asmZxE1TL THERE &

TlIPEZL S —DRTHFL LD, SEIEFITF2LL—EXTI Y THEPS
HUTEDO AT ATY, multasmZzEIFEERLULDICETL TATKL
72& 0N,



BlRE2D a5 S5 L

Iw x3,x0,0 /1 0 D H Z X3~
lw x4,x0,4 Il A& Zh B Z x4~
add x5,x0,x0  // x5%0I=ZF %

loop:add x5,x5,x3  // X51Zx3% &3
addi x4,x4,-1 /| x4Hh51%5I<
bne x4,x0,loop /0T ITHILloop~ 7S
sw x5,x0,8  // 8BEHIZEZTIAD

end: ecall x0,x0,x0

TRPIE20707 7 L2ZBRTITEEL LD, DEHDIE. WHETEHLIR
Z%& . XQLHBT BRI ETONE I D ZERLET, ROLITTRNILEFEST
BELFEFT, AYlE. ZZIClF. 12%%z2REE L 3IGEDERT -0,
3dpE x4d= -12% ANBUINEESHWTT, (ERE—FTIZEKT 24
EAHYET) COB, TRNIILEFEZIIBETHET I ILEITRLCAY F5,
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RV32ITIx

RS

AN T
* | offset jal x0,offset
s jrrs jalr x0,rs,0

beqz rs,offset beq rs,x0,offset
bnez rs,offset bne rs,x0,offset
bgt rs,rt,offset ble rt,rs,offset
ble rs,rt,offset bgt rt,rs,offset
li rd,imm addi rd,x0,imm
mv rd,rs addi rd,rs,0

EEZOGDER>TELT, MOGDICLYERT 25605

60;@$7@%m Ty T 7 ETIE. B DZFOGENERICEET
ZHhDESICEKS, TDWMED I EERELEGS EER, FLHGTIELHEND

TTDES

TECLY LEATH D,
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RISC VERR 74— vk

31 2524 2019 1514 1211 76 0

[ funct? [ sz [ st Jruncty rd [opeode | R-type
| imm [11.0] [ st Jrunctd] rd [ opcode | I-type

[ mmps] | 2 | st Juncts]  imm40)  Jopcode | s-type
[imm 2] imm (10:5]] 2 | rs1 Junctd] imm [4:111] ] opcode | 8-type
[ imm [31:12] [ rd [ opcode | u-type
| imm [20]10:1]11]19:12] | rd J opcode | J-type

Figure 1.7 The base RISC-V instruction set architecture formats. All instructions are 32 bits long. The R format is for
integer register-to-register operations, such as ADD, SUB, and so on. The | format is for loads and immediate oper-
ations, such as LD and ADDI. The B format is for branches and the J format is for jumps and link. The S format is for
stores. Having a separate format for stores allows the three register specifiers (rd, rs1, rs2) to always be in the same
lacation in all formats. The U format is for the wide immediate instructions (LUI, AUIPC).

RISC-VD @G 7 4+ —~ v ME, 85 ICI0 L0 T4 T, R-typeld. BEDEE
. -typeldM I —F7 4 T4 I\npthoadupm’Cﬁ?bﬂ AI—FT41A
74— RIFI2EY T, 1 2—T 4 T4 FOEY AFDES DIEAICIE
B-type. StorefpHICS-typehrHEINTULWET, JALBICIZEL £ TR
%J-type. U-typeld. FELaHETY,
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REBDFEED

s MEEYNT—FTIF Y USA)FYIrITTEN—FITT
DAVRITT—ATHS
- FBALERINIE. VIR II T  N—F O T7EHRIICEHEFKETES
— IBM360LAREHR R IZISAMBIS LAY RAEF HIEAELD,
© ISADDEEIF . ARSUNR  ARSUEDHFTIKDAE)ZE
IBETEALMNTITO
- RALDRER VT ARSURRTOAEIEEEHF G
register-register®! =RISCHAIRAZ DISAD E 7
— Intel®CPUIZ R H[Fdregister-memoryZ =43, register-register
BICEH|LTEITTD

AV T HAADPHZTNBZESHDFEDHTT,
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REBDFEED

« RV32IE32EYLDRISC, PRL R, T—R2F#(Z32E Wk

s FRLRIZNARTRLYL VT 2Evb@as. T—4

¢ R2EYRDL T REE32H D, LY AZ0IEEIZ0

o TARTL—RAVMTEL D RABIBIRE TAEVDTRLR
I8

o IFRFUK

o FHDBEIEILCREZDELE, PCHXTIEE

AV T HFADPHZTNBZESHDFEEDHTT,
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« JHEL.1:0B DT —IXNA->TLDIGE.
X+(X-1)+(X-2)+....140 #EHEL. EZ45H
[CANDTOTSLEEIT, BEAIKLI5(HIZED,
« EHES5.2:08MNS28FBMETHIEDT—4
DIBIMEROTXSIZANSTOT S LEEIT
ZZ 316 T38I25
—RAVBRENYIUBENTE
—IRAVRFEFTOH 05
BEMIET7EITSOIT7AIL
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