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vE&X: Regs[R4]—Regs[R4] + 3
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O5EInt
viESscfl: Add R1, (1001)
VEX:
 Regs[R1]<—Regs[R1] + Mem[1001]
OFF=RaE3
viESsEHl: Add R4, (R1)
VEX:
* Regs[R4]—Regs[R4] + Mem[Regs[R1]]
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B=s BOH | Sup | BSEIl | BASEFEEE | E/MHz
RISC-| 31 2 2 78 8
RISC-II 39 2 2 138 12

MIPS 55 3 4 16 4
SPARC 75 4 3 120-136 25-33

MIPSR3000 91 3 3 32 25

1860 65 3 4 32 50

Power PC 64 6 5 32
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OC=A+BRANE=ME SRS LRISEIGE

ik | R0sg =Hires =HiFes
(17 7(_ iEes)| (BF1Fes-51Fe9)

PUSH A [LOAD A |LOAD R1,A LOAD R1,A
PUSHB |ADD B |ADD R3,R1,B |LOAD R2,B
ADD Store C |Store R3,C ADD R3,R1,R2
POP C Store R3,C
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dl Register-Register
(al Stack (by Accurmulator icl Register-Memoary ta f]?g.:n:l-E-tn:mf
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v JAVAEN BDR Bt 1REY
v StackfE IBE A 2 EFHR?
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PUSH x stack[sp] €M[x];sp=sp-1
POP x M[x] € stack[sp];sp=sp+1
ADD  stack[sp+1]<stack[sp]+stack[sp+1];sp=sp+1

Main ;
Store push ¢ |
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Expression (atb*c) / (d*c-e)
Reverse Polish
ﬁ (a+b*c)/(d*c-e)
a b¥*c —(atb*c)(d*c-e)/
a —(a(b*c)+)((d*c)e-)/
a+b*c & —(abc*+)(dc*e-)/
a+b*c —abc*+dc*e-/
_d*c |
a+b*c 4’%_
a+b*cl 5
e

(a+b*c)/ (d*c-e)
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o

ORHE YRGS =, FRLABERNFFSREL .
vBHl: AE— 1" HEFEARESHNSEE—F
173 “Accumulator” , PRLAXFREEIIHEFR

“Accumulator Architectures”

- YIEDSAC (SF—afFitEERITENL, 1949) |
vidib: RA—EEHFFeE, MAeEr. itk

Ig¥t. REREESHFRF

« I1x86, 1A “extended accumulator arch”




2) IBM 650-2j)38 Q) ¢eAzLLxE

L yIE ik R g

LOAD X AC<EM[X]

STORE X M][x]<(AC)

ADD X AC< (AO)+ M[x]

JUMP X PC < x

JGE X if (AC) =0 then PC € x

LOAD ADR X AC<Extract addr field(M[x])
STORE ADR X Extract addr field(M[x]) &€ AC




s gk

Ci é Ai + Bi, 1Sign logy of China

. SR & A
TE—1NEZENN
LOOP LOAD N A
JGE DONE
ADD ONE
STORE N B
F1 LOAD A
F2 ADD B c
F3 STORE C
LOAD ADR F1
ADD ONE N
STORE ADR F1 ONE

LOAD ADR F2
ADD ONE
STORE ADR F2
LOAD ADR F3

code

ADD ONE
STORE ADR F3
JUMP LOOP

DONE HLT




2) + index Register(IX) © ¥E#2&£%¢

LOAD x,IX AC € M[x+(IX)] A
ADD xIX AC<& (AC)+ Mx+(IX)]
JZi x,IX if (IX)=0 then PC € x B
else IX € (IX)+1
LOADi xIX IX € MJ[x] C
LOADi N,IX ; IX=-n
LOOP JZi DONE,IX N -n
LOAD  LASTA,IX ONE 1
ADD LASTB,IX A 0
STORE LASTC,IX code
JUMP  LOOP
DONE HLT
LASTA n-1




?@)M&% . 5 k 7
3 ) ﬂﬂ;g@g%l B M 3 60 icg oﬁngnﬁhnﬁgy ofCh%

OIBM 36089455

v BN EF SRS SR
OIBM 360/5tN 28 B 1E

v 32(utEB, EFPSit

v XIS SRR

. FH, EF TR
. EEHEY. THES
V164 32{uiBRSERS, 41 VIRE (64i) FRSHF

- AFAEE— MERSERIF AR SERE T SIS
VIRSFIRB16MU. 32fu. 48{u=

OIBMAYiE<SER,



s /N
mij;a vgéﬁ_l B M 360 ¢c@ty oi;*cné ﬁlnﬁ gy o tChé
THHEEE B —ohe— BOMEF —e— BENEF —
sx[ oF | R | R (Ry) OP (R)) — R,
8 4 4
RX Zh Bt
wat| O | R | X | B D (R)OPM[(X)+(B)+D]—R,;
8 4 4 4 12
gx| O [ R | R ] B D (R)OPM[(B)+D]— R,
StrE s o ¢+ 4 4 12
m%; OP I B D SZEPEY —M [(B) + D]
8 8 2 12
. SRS
wa|  OP L B, D B, D,
8 8 4 12 4 12

=hiEss-=htss

M[(Bl)"'Dl]OPM[(Bz)"'Dz]_’M[(Bl)"'Dl]




6.2. MIPSISSEE (BEWE) D) +o#r44%s

ience and Technology of China

O MIPS: Microprocessor without Interlocked Pipeline Stages

O MIPSHY4S =
v RITH—FRISCEBYES RS
v E8=FIKE16. 32, 64Uzt
- RETERAHEIRY “RiS" WIEEEFEA64IRIMIPSIESEE
v 100RFHES (Hennessyfi335%) , 3240iBAEFES

O MIPSEESHER

R-type | op(6 bits)| rs(5 bits)| rt(5 bits)H rd(5 bits), shamt(5 bits) funct(6 bits)
reg-reg

-type | op(6 bits)| rs(5 bits)| rt(5 bits) addr/immediate(16 bits)
reg-mm

J-type op(6 bits) addr(26 bits)




MIPSFH{FzS

N¥BAZLLX S

University of Science and Technology of China

at

zero constant O

reserved for assembler

vO
vl

expression evaluation &

function results

16

23

sO

. (callee must save)

S/

callee saves

a0
al
a2
a3

arguments

24
25

t8
t9

temporary (cont’d)

26
27

kO
k1l

reserved for OS kernel

iIIN OO O hjlW DN P O

t0

15 t7

temporary: caller saves

28
29
30

gp
sp
fp

Pointer to global area
Stack pointer

frame pointer

31

ra

Return Address (HW)




-&AH";E

O ¢toaz
MIPSIESEELEH: fEotgst (& T 70000

[ RBE\S
6 5 5 16
BIEM rs rt A

FH R FHBRANER;
rt «<rs op JMHME.

LW R1,30(R2)
LW $s0,30($s1)



MIPSIESEELEN: IESIER O FBA244 ¢

ience and Technology of C

R RH{H 4
6 5 5 5 5 6
PIERY rs rt rd shamt Funct

1. FHEBR-FHERALU #4E: rders func rt

2. BRENBRWOB/IERITHE: W B ...

3. NRHERFERNE/ BB,

4. Shamt:fifZ&

5. Func:l#(, A Opcode HRIEFENFFERE
ADD R1, R2, R3 SLT R1, R2, R3 (IF RS<=R3 R1=1)

ADD $s0, $s1, $s2




MIPSIESEERY] . 15012t Q) FEAZLL x2S

J RYEL
6 26
RIET 5 PC #Im it &

k¥, BhEIeEEE, WNRW (exception) 4t HEHLEM .

J hame



MIPSSiH=ER Q) FRRZLLES

and Technology of Chi

O3ZBpSHE: I-type ... TRt

| op | rs | rt | Immediate |
O5FES1E: R-
2 Reg i SiFaa=il
type | op | | rt | rd | | funct | Registers

I Register

OEUSHE: 1-type ... EhESh

| op | rs | rt | Address | Memory

D *Ey‘j.%t'lt . I -type | Register I | 6‘5— Halfword | Word

O{AEESL: J-type

v ZG{QHZECtﬂ!i_JJ:_Eifz 2 e — lPC*Ei‘ZIE}iJJ: —
i, SPCRISAHH —C—

ﬁ |

5. Pseudodirect addressing E;&%

| op | Address Memory
L




6.2. MIPSIESER Q) ¢ORzLLxs

fScience and Technology of China

o

Oigitis6@. RISC/S/I8S K/ RiE
O8RZEES. BFES. 9ZHEEES
OFARiZigiIE$Arithmetic Logical:

vAdd, AddU, AddI, AddIU, Sub, SubU, And,

Andl, Or, Orl, Xor, Xorl, Nor, SLT, SLTU,
SLTI, SLTIU

v'SLL, SRL, SRA, SLLV, SRLV, SRAV



MIPS BSARIES G tEAzLLxg
Instruction Example Meaning Comments

add add $1,$s2,$s3  $s1 =$s2 + $s3 3 operands;

subtract sub $s1,$s2,$s3 $s1 =$s2 —$s3 3 operands;

add immediate  addi $s1,$s2,100 $s1 = $s2 + 100 + constant;

add unsigned addu $s1,$s2,$s3 $s1 = $s2 + $s3 3 operands;

subtract unsigned subu $s1,$s2,$s3 $s1 = $s2 — $s3 3 operands;

add imm. unsign. addiu $s1,$s2,100 $s1 = $s2 + 100 + constant;

64-bit signed product
64-bit unsigned product
Lo = quotient, Hi = remainder

Unsigned quotient & remainder

Used to get copy of Hi

multiply mult $s2,$s3  Hi, Lo = $s2 x $s3
multiply unsigned multu$s2,$s3  Hi, Lo = $s2 x $s3
divide div $s2,$s3 Lo =$s2 =+ $s3,
= $s2 mod $s3
divide unsigned  divu $s2,$s3 Lo = $s2 =+ $s3,
= $s2 mod $s3
Move from Hi mfhi $s1 $s1 = Hi
Move from Lo  mflo $s1 $s1=1Lo

Used to get copy of Lo



MIPS 2581 <

NEDAZLEL XS

University of Science and Technology of China

Instruction Example Meaning Comment

and and $s1,$s2,$s3 $s1 = $s2 & $s3 3 reg. operands; Logical AND
or or $s1,$s2,$s3 $s1 = $s2 | $s3 3 reg. operands; Logical OR
Xor xor $s51,$s2,$s3 $s1 = $s2 A $s3 3 reg. operands; Logical XOR
nor nor $s1,$s2,$s3 $s1 = ~($s2 |$s3)

and immediate
or immediate
xor immediate
shift left logical
shift right logical
shift left logical
shift right logical

3 reg. operands; Logical NOR
andi $51,%$s2,10 $s1 = $s2 & 10 Logical AND reg, constant

ori $51,$s2,10 $s1 = $s2| 10 Logical OR reg, constant

xori $51,$s2,10 $s1 = ~$s2 &~10 Logical XOR reg, constant

sll $51,$s2,10 $s1 = $s2 << 10 Shift left by constant

srl $51,$s2,10 $s1 = $s2 >> 10 Shift right by constant

sllv $s1,$s2,$s3 $s1 = $s2 << $s3 Shift left by variable

srlv $s1,$s2,$s3 $s1 = $s2 >> $s3  Shift right by variable



MIPSEARESHR

hW&itIREN - simplicity favors regularity.
(B mTHIE)
OEARIESKET 3 MEESN GRERERIM)

O3 :;Ijiﬂﬂfl)ﬂr F=EERN (BirE(EEER)
)]

CiXt3: A=B +C

MIPS{{HES: add $s0, $s1, $s2



OCcode:A=B + C + D:
E=F-A;
MIPS code:

add $t0, $s1, $s2
add $s0, $t0, $s3
sub $s4, $s5, $s0

OOperands must be registers, only 32
registers provided



MIPS £iEi5Ei5S @ ronzaixs

Instruction Comment
SW $s3, 500($s4) Store word P84 Memory Access:
SH $s3, 502($s2) Store half LB, LBU, LH, LHU, LW, LWL LWR

SB, SH, SW, SWL, SWR
SB $s2, 41($s3) Store byte

LW $s1, 30($s2) Load word

LH $s1, 40($s3) Load halfword

LHU $s1, 40($s3) Load halfword unsigned
LB $s1, 40($s3) Load byte

LBU $s1, 40($s3) Load byte unsigned

LUI $s1, 40 Load Upper Immediate (16 bits shifted left by 16)



Load and Store

OExample:
C code: A[8] = h + A[8];
MIPS code:
lw $t0, 32($s3)
add $t0, $s2, $t0
sw $t0, 32($s3)



An Example @RI

sity of Science and Technology of Chin

swap(int v[], int k) ;

{ int temp; Assume: k->$5
temp = vI[k]
vik] = v[k+1]; V[O]-}$4
v[ik+1l] = temp;

}

swap:

muli $2, $5, 4
add $2, $4, $2
lw $15, 0($2)
1w $16, 4(S$2)
sw $16, 0(S2)
sw $15, 4($2)
jr $31




£

EHlfE<S

) FEAZEL XS

Universi ity of Science and Technology of China

OMIPS HHEIES
15> SLf IESHBIR aX
] name BEEE PC <—name + PC+4; -2%°<name <2%°
JAL name | BREEFHSEE Regs[R31] < PC+4;
PC <—name +PC+4;-2%<name <22°
JR $t0 Srasiilig PC < Regs[$t0];
JALR $t0 Biraatibkie it | Regs[R31]—PC+4; PC Regs[$t0];




RIS

OMIPS 840325 S:
bne $t0, $t1, Label

beq $t0, $t1, Label

beqz $t0, Label

bnez $t0, Label
OExample: if (i==j) h =i +j;

bne $s0, $s1, Label

add $s3, $s0, $s1

Label: ....



EHIES

e MIPS unconditional branch instructions:

] label
e Example:
if (il=j)
i beq $s4, $s5, Lab1
| ) add $s3, $s4, $s5
= J Lab2
h=i-j;

Lab1: sub $s3, $s4, $s5
Lab2: ...



%3-S FTERNHCHKR O fenrasxs

cswap(int v[], int k, int ])

{

int temp;
if(vik]'=v[l])
{
temp=v[k];
vik]=v[l];
v[l]=temp;
}
}

k -> $s5
I->%$s6
v[0]->%$s4

1iFEBUEVK], VIL]E9HEiE

2 $REVIKIFIVIL]

3. EARVIKIFOVIL]

4. ZFHEVK]FIV]L]

muli $s2,%$s5,4

add $s7,%$s2,$s4

LW $s9, 0($s7)

beq $s9, $s10, Done
SW $s9, 0($s8)
Done: JR $31




k->$5 |->$6 v[0]->$4 (@ FeAz&LxS

cswap(int v[], int k, int |) BEQIBEQzf<
muli $s2,$s5.,4 muli $52,$s5,4
{ muli $53,$56,4 muli $53,$56,4
add $s7,$s2,$4 add $s7,$s2,$4
Int temp; add $s8,$s3,$4 add $s8,$s3,$4
LW  $s9,($s7) LW  $s9,($s7)
if(v[k]!'=v[I]) LW $s10,($s8) LW $s10,($s8)
{ BEQ $59,$s10,Label Sub $s11, $s9, $s10
tempzv[k]. SW $59,($38) BEQZ $Sll, Label
vIK]=v[I]. ’ SW $s10,($s7) SW $s9,($s8)
V[I]=temp: Label: JR $31 SW $s10,($s7)
’ Label: JR $31

}
}



6.3 X86IESESR O RLEXT TS

sity of Scie dTllth}

OPentiumigSEH4% (Intel x86)
vidiEEH" BiRiEags" HIE—CISCENESERER
OIESREFAREHE
VIBSFRATER, A1~129F1, dullliwaisd
- BIEANEIR, (FBEMNEBRIESEAEHITETRNE
VRSB
IS OFLEH ORf1FHS 0~4FH 0~4FF

| R | Mod | RegkiR{ER3 | R/M | Lbfls | Tshbi | Biiks | (g | SZBIH |
243 3 M x4 3 3




FRABZLL*X S
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X8615SHER

a. JE EIP + displacement

4 4

8

JE Condition

Displacement

b. CALL
8 32
CALL Offset
c. MOV EBX, [EDI + 45]
& name if equal (condition code) {EIP =name};
6 11 8 8 E EIP -128 <=name <EIP +128
r-m . .
MOV d|w postbyte Displacement jmp name EIP = name
call name | sp=8P-4;M[SP] =EIP +5; EIP = name;
movw EBX, [ EDT +45] EBX =M[ EDI +45]
d.PUSH ESI push ESI Sp=SP-4; M[3P] =ESI
5 3 pop EDT EDI =M[SP]; SP=5P +4
add EAX, #6765 EAX =ERX + 6765
PUSH Reg test EDX, #42 Set condition code (flags) with EDX and 42
movs 1 M[EDT] =M[ESI];
e. ADD EAX, #6765 EDI =EDI +4; ESI =EST +4
4 3 1 32 E2-39 x86 p—EHAIESMETIRThEE
ADD | Reg |w Immediate
f. TEST EDX, #42
7 1 8 32
TEST w Postbyte Immediate




X86IESHEMIFK OREE AR

University of Science and Technolog y(fCh ina

1000
900
800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 -

Number of Instructions

DIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII

& O N
S @*hhq'b %"‘450 hq,q;@ h@“‘ g c:?-‘% @Q‘b‘@ﬁmcﬁt’m SN

Year



1&«f
X861ES 97 FRAZLLK G
E v University of Science anchchnologyotChma

Integer average

Rank S0x86 instruction { “e total executed)
| load 2%
2 conditional branch 20%
3 compare 1 6%
4 store 125
3 acld B
i and 6%
7 sub 3%
8 move register-register 4%
9 call 1 e
10 return | e

Total Qe




X86F 1R 5 TFE Q) ¢pAzLL%s

15 g7
Ax | aH | AL |[|Fhoa# .
ox Cen [ ol litasee SESHS )
DX | DH DL | sEsrres b
\ B RETEE
P RIS EER
Bp: BUSETS | anouwss /
ST BT e
L BT
=z RIBEAETR
= i I
55 HERENET R 7 15 o
= AP aE wmegE e PG 0000
. | BIREFFSR 0000
| EotEstEES ke e Bt
PSSR e g 0000 }m-sa
) s REL

mm&%&a&_ 0000



Address Contents

Begin execution here —= |
iI+4 4-1nstruction
> program
i1+ 8 Add R4.R2.R3 segment
OEFREFEZERE
v {XEBERCS
-
v ZiiEER DS
v HEFRERSS
v FIDNEZES B | | = theprosmm
S




XS6TFiE IR Rt (O FBAEEAASE

1395:0100 000000000000 00 00-00 0000000000 0000 ...

| 13958:011000 0000000000 0000-00000000340087 13 .4
2345:6789 13958:012000 000000000000 00-000000000000 0000 ...
: 13958:013000 000000000000 00-000000000000 0000 ...
ﬁ%%& 1395:0140 000000000000 00 00-00 0000000000 0000 ...
13958:01500000 00000000 0000-0000000000000000 ...

1398:0160 000000000000 00 00-00 0000000000 0000 ...

] 1398:01700000000000000000-0000000000000000 ...

6789H T | mﬁ‘*‘é‘ﬂ: ZOﬁ‘Zﬂi’atﬂ:
29BD9H J ° ﬁﬁg*ﬁgg

- BREIISFSR16{ (64K)
— #URER (ds) . fURBER (cs) .
HEFRER (ss) . HRBER (es)

3450 conxp o 16fEELE: 167 {RED
+ 6789 (rEE)
S BDO (Yl




8086?\]%'3%*@ i 9 2% ﬁ

|
i
i
| |
AH | AL | sgRsmse |
BH | BL i i
CH | CL i :
DH | DL | gg |
Sp i i
| ss -
EIP | ES
DI | I 41
i B

r> N R E A7 A

112 (3]4 |56
HL SR

EFER

BEEOMM4 (BIV)

ATEM (EV)


../../ddd/动画1.htm

80861 T 1=rs " VWERBBZEL XS

V] o A=t ‘:’k:liijriqﬂﬁj Q gy ™ . .
> & University of Science and Technology of China
&sﬁé BY ’Iklc.\ =l

HEAR BB B AP AR SSTRE, RIS SPIERE
8086 R4 MHEAR R — N HAE KA, HERRHLLE B AR

615 14 153 12 11109 8 7 6 5 4 3 2 1
OF|DF| IF | TF|SF| ZF| |AF PF| |CF|8086/8088

e SS:0000
CF 62 (&)
PF 2B ({847) A
AF 3

ZF 2F (&)
SF 5 (fi1E)
IF Bl Cerr/Zeik) = —>
DF T G ) P e rrer
OF flth &/ TF(F&EE)

C:\UsershsAdministrator>debug

-r
AX=0000 BX-0000 CX=-0000 DX=-0000 SP=FFEE BP=0000 S5I1-0000 DI-0000
DS=0B2D ES=0B2D SS$=0B2D0 (CS=0B2D 1IP=0180 NV UP EI PL NZ NA PO NC

BB62D:01600 7438 JZ B13A




x86iCHRiESI=Figit O ¢eazLLxs

University o f Science an d Technology of China

O0i5<: H=z=ESHNes
OFIES
v DW EEXF(2FP)
v PROC EENHTE
v ENDP JE4ER
v SEGMENT ENXER
v ASSUME By RS FeaSilt
v ENDS Eg&ttR
v END 1EFR4&R
OFXSREAA (system calls) : BIOS, DOS
v B, EEE, 3iH. FTENNL. AdE




data SEGMENT #iEEr » sRiZE Ol LI EREA Sz T H
e FHEE

g ¢ ERE db/dw #118.

data ENDS#HE R4t

edata SEGMENT FiindrigEr » smizE o L B iEaiaah=-E B
- B INETIE SR
edata ENDS FhnEE Exst o it

code SEGMENT . hEEr » ZErpiz a2z -T-Ex .

ASSUME CS:code,DS:data,ES:edata 'BiFRIEER » datafE23EEDS » codekr 2 CS
start:MOV AX, data BiREMIstartzT— TR » FmAEaEL » I0FRH-73] . BEAT 00

MOV DS AX E—RlE L —THREEMIEdatalfiEssD5. EdFiTas.

MOV AX,edata

MOV ES AX "Sri—alH Rl edata-=ES

MOV AX,4CO00REFED » ZRIAFHE T —TEE. IEDLET » EFahiElE4c.
INT 21th  INT 21H 1§$BilENFITFIEF

code ENDS'f et .

END start¥-1#EFEH » FRERB T & stardi Ty EFIsHT.



6.4 RISC-V ¢@ #EERL* g

and Techn lthl

O RISC-V@UCB, 2010~2014 Prof.Krste Asanovic
O RISC-V: 40 integer instructions
O Rocket Chip Generator, FFESMIEES

O Rocket: {r=
v H28F1<64 {i;
v 5 fpipeline, RAHE&YT;
v RFEMREF, TLESNBIETRRERS,

v 9% ERREETE (Branch Prediction Buff) . 9% [ABE
(Branch History Table) . iR[Oj#% (Return Address Stack)

v Rocket Custom Coprocessor Interface (RoCC)
O BOOM (Berkeley Out-of-Order Machine) : 5=

v HIERFIKA64 (i, SIFRSEARV64G;
v 6 PifiIkes, ELEASY;
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O AHB-Lite buses
O ISA simulator

31 25 24 20 19 15 14 12 11 76 0
[ funct7 | w2 | sl |funct3 | rd | opcode | R-type
| imm[11:0] | sl | funct3 | rd | opcode  |I-type
| imm[11:5] | rs2 |  rsl | functd | imm[4:0] | opcode |S-type
mmm|31:12)] [ rd opcode | U-type

RISC-I RISC-II RISC-IIl (SOAR)  RTSC-TV (SPUR) RTSC-V
1981 1983 1984 1988 2013



RISC-V Registers m

The constant value O

x1l (ra) Return address (link register) yes
x2 (sp) 2 Stack pointer yes

D XO. ﬁﬁo x3 (gp) 3 Global poi'nter yes
. x4 (tp) 4 Thread pointer yes

D 1 . ig@t&tjt X8=-3T 5-7 Temporaries no
X . X8-x9 8-9 Saved yes

%1 0= %17 10-17 Arguments/results no

D X2 . *%;EG-I- x18-x27 18-27 Saved yes

X28-%31 28-31 Temporaries no

013: SR T e et e o et 0
0 x4: ﬁ*ﬂ;ﬁﬁ' V Reference Data Card at the front of this book.
O x5 - x7, x28 - x31: GHT=

O x8: Mgkt

O x9, x18 - x27: HERFEFEFNSF=R

O x10 - x11: RESE/ER

O x12 - x17: BESEY




SHF R R FRIRIBIF

OC code:
fF=0@+h -G+ J);
v .. R FEEXT9, x20, ..., x23F
OCompiled RISC-V code:

add x5, x20, x21
add x6, x22, x23
sub x19, x5, x6




(@R LT LR

ity of Science and Technology of China

O F1FiEEAFFEESEIE
v #4858, TSR
O A7 #HITEREE IR
v {BHEMMF RSN R S 1eE
v BB NSFEEIF RS
O AfFIEF ORI
v M R— 8 F TS
O RISC-VER/igtEz
v ARSI F FHAE it
v YStbAiE: SAIFE SR E
O RISC-VAERFERAFHNIFF
v FIEfthi—LEISATRE




FERRIRFEIRIGIF

OC code:

A[12] = h + A[8];

v hiFRIFEEX21HR, AREIHFRFEX22H
OCompiled RISC-V code:

vV MR8 N AN mEE R
- BINFH 8’\"""'
1d X9, 64(x22)

add x9, x21, x9
sd X9, 96(x22)



RISC-V REUES (R EAELEE:

ience and Technology of C

funct?7 rs2 rsl funct3 rd opcode
7 bits 5 bits 5bits 3 bits 5 bits 7 bits

Olnstruction fields
v opcode: 1 {FiS
vrd:BirEFeeS
vfunct3: 3{INEERE (7 EE{ERD)
Vsl E— R FEE 755
vVIs2: B NREBRFE GRS
vfunct7: 7iII0BERS (¥ RIRIERD)




REUESHIGIF AL AR LR,

University of Science and Technolog yotCh ina

funct?7 rs2 rsl funct3 rd opcode
7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
add x9,x20,x21
0 21 20 0 9 51

0000000 | 10101 | 10100 | OO0 | 01001 | 0110011

0000 0001 0101 1010 0000 0100 1011 0011,,,, =015A04B3;

two



RISC-V 18E5

Immediate rsl funct3 rd opcode

12 bits 5 bits 3 bits 5 bits 7 bits

O3B ERNZEFEETES
v s REGEIPI S 7R85
v immediate: BEURAEEL, B2 INEENU FRYRZE
O & E 33N R 2RI
vV ANERIET = HIESHEIETE S, (Hee—3UERE
32\ AFES
v I REFAEEIUR T eI




RISC-V SEUES ORI LT

e/ University of Science an d Technology of China

imm[11:5] rs2 rsl [funct3|imm[4:0]] opcode

7 bits 5 bits 5 bits 3 bits 5 bits 7 bits

O T <SS —FZRIEHET
vrsl: B FesS
vrs2: T MEL S 7S
v |mmed|ate INEENHE FRY R E

vV 12 ZBPEER D RTINS RN FER, BAT
RIFrs 1 rs 2RI B AZS




1ZEEIT :f"t**@@é&awé

e/ University of Science an d Technology of China

O ERIES

#RE C Java RISC-V
FF% << << s1711
%% >> >>> srli
iV & & and, andi
2 AVA=)7 | | or, ori
VA=Y A A Xor, Xori
& {ABU ~ ~

AF—1FHEENEkiR A S H 2y
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funct6é | immed rsl funct3 rd opcode

6 bits 6 bits 5 bits 3 bits 5 bits 7 bits

Oimmed: &2/
OiZt5 57
vV EBFLIOETR =\
vsllitg<S AR/ B T3kl
O,ZEA7%
v aRHLEFRE
vsrlitgSaie/ (BEATFRLL2T ((NERFLFAEE)
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x10

x11

X9

I — AR LA TR

visiiELEN, BEMLLE

and x9,x10,x11

00000000 00000000 60000000 00000000 00000000 00000000 00001101 11000000

00000000 00000000 00000000 00000000 00000000 00000000 00111100 OOO0O0000

00000000 00000000 00000000 60000000 00000000 00000000 00001100 OOO0O0000
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ORIt AFFRRIFEEN
VIBREMNET, RIFEMUAZE

or x9,x10,x11

x10 | 00000000 00000000 00000000 00000000 00000000 60000000 00001101 11000000

x11 | 00000000 00000000 00000000 00000000 00000000 00000000 00111100 00000000

x9 | 00000000 00000000 00000000 00000000 00000000 00000000 00111101 11000000
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OEREE
VIBELRET, (RiISFEMMAATT

xor x9,x10,x12 // # IZ{EIzE

x10 | 00000000 00000000 OO000000 OOOO0OO00 00000000 60000000 00001101 11000000

x12 | 11111111 12112111 12122121 21121721 11211211 12212217 12172131 11121111

X9 111117111 111717111 117171171711 121112171 1171717711 111172711 11110010 0111111




FHEE (P3zEHlES

OINRFZHFAENZE— P EIREANED

v BRI T

Obeq rsl, rs2, L1

vilR(rs1 == rs2) NEEZRIRZAL1RNED
Obne rsl, rs2, L1

ViR (rs1 = rs2) NEEZRIRZALI1RYED
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o

OC code: - -
if (i==j) f = g+h; P
else f = g-h; 0 o
vf, g, ... #FE x19, x20, ...

O4H1%EAY RISC-V code: o

bne x22, x23, Else
add x19, x20, x21

beq x0,x0,Exit // FoeR{FHkEE
Else: sub x19, x20, x21

Exit: ..

IComas v ik
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OC code:
while (save[i] == k) 1 += 1;

vVifEx22A, kfEx24/A, savelyitiiit{Ex25
OCompiled RISC-V code:
Loop: slli1 x10, x22, 3
add x10, x10, x25
1d x9, 0(x10)
bne x9, x24, Exit
addi x22, x22, 1
beq x0, x0, Loop
ExXit: ..



B ARBasic Blocks
OEANREIESFS

VisBERAD (FREERE)

NSy -
/IZA

ya )5

tr (BRIEEFFK)

CLiEAT I

Sedt A FE 2R BE

F BRI AT

I 12 s ] LAIR Jpl) e A B

LEIIBE

(751
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Oblt rsl, rs2, L1

vif (rs1 < rs2) branch to instruction
labeled L1

Obge rsl, rs2, L1

v'if (rs1 >= rs2) branch to instruction
labeled L1

OExample
vif(a>b)a+=1;

vain x22, bin x23

bge x23, x22, Exit // branchifb >=a
addi x22, x22, 1
Exit:
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OB/RS#LER: blt, bge
OGRS 2ECE: bltu, bgeu
OExample
vx22 = 111111111111 11111111 1111 1111 1111

v'x23 = 0000 0000 0000 0000 0000 0000 0000 0001
vXx22 < x23 // signed

e -1 < +1

vx22 > x23 // unsigned
e +4,294,967,295 > +1




TI/ET/FIRE O renrass:

ORISC-VEF15/¥=F/FRIEE/ 7L

" WRIRE—ANFH/EF/F: ST RN
« 1b rd, offset(rsl)
e Th rd, offset(rsl)
e Iw rd, offset(rsl)

v NN RS T/ 5/F: B RAAMIFA
e lbu rd, offset(rsl)
« Thu rd, offset(rsl)
e lwu rd, offset(rsl)

VB FR/EF/FEANRE: RERGmEY8/16/32(i
« sb rs2, offset(rsl)
e« sh rs2, offset(rsl)
e« sw rs2, offset(rsl)
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O EE2—BVN 1207 RDEHE B XS HR/RAERIRI32UE =,
QO{a]QbTE?
O lui rd, constant
v BF20FE2Ird[31:12], 57 Erd[63:32]

Y #Frd11:0I80 144 x19, 976 // 0x003D0

0000 0000 0000 0000 | 0000 0000 0000 0000 _ 0000 0000 0000

addi x19,x19,128 // 0x500

0000 0000 0000 0000 | 0000 0000 0000 0000 _ 0101 0000 0000

Name Field Comments
(Field Size) 7 bits 5 bits 5 bits 3 bits 5 bits
R-type funct7 | rs2 rsi funct3 rd opcode Arithmetic instruction format
l-type immediate[11:0] rsi funct3 rd opcode Loads & immediate arithmetic
Stype immed[11:5] rs2 rsl funct3 | immed[4:0] opcode Stores
SB-type immed[12,10:5] rs2 rsi funct3 |[immed[4:1,11] opcode Conditional branch format
UJ-type immediate[20,10:1,11,19:12 rd opcode Unconditional jump format

immediate[31:12] opcode Upper immediate format




L) FEHZE L% g

and Techn lthl

OD I IERE
4 MERS. PNETres. BiRitiE
E23 bl ’\i

‘/r':ﬂHUEX.rﬂ']E
OSBI&=
T [‘1"(“)!2] rs2 rsl funct3 ETT} T opcode
imm[12] imm[11]

bne x10, x11, 2000 // if x10 !'=x11, go to location 2000ten = 0111 1101 0000

0 111110 01011| 01010 001 1000 0 1100111

imm(12] | imm[10:5]| 52 [ 1s1 | funct3| imm{4:1]| imm[11]| opcode
bne M52
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and Technology of Chir

Ol B G2 OIS B A SETE A
SBEIRYH Ibig

OU) (FTo&EAHEE) 1820

imm[10:1] y | iImm[19:12] rd opcode

o o 5 bits 7 bits
imm[20] imm[11]

jal x0, 2000 // go to location 2000ten = 0111 1101 0000

0 1111101000] 0 00000000 | 00000| 1101111
imm[20] | imm[10:1] | imm{11] | imm[19:12][ rd | opcode
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1. Immediate addressing

immediate | rs1 |funct3| rd | op
2. Register addressing
funct7| rs2 | rs1 |funct3| rd | op Registers
| > Register
3. Base addressing
immediate | rs1 |funct3| rd | op Memory
I
Register @— [ Byte | Halfword Word Doubleword
|
4. PC-relative addressing
imm | rs2 | rs1 |funct3|imm| op Memory
| |
PC Word
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0110011 0000000
su b 0110011 000 0100000
sl 0110011 001 0000000
xor 0110011 100 0000000
Rtype srl 0110011 101 0000000
] sra 0110011 101 0000000
Name or 0110011 110 0000000
(Field Size) 7 bits i i i and 0110011 111 0000000
Ir.d 0110011 011 0001000
R-type funct? | rs2 rsi funct3 sc.d 0110011 011 0001100
l-type immediate[11:0] rsi funct3 1b 0000011 000 n.a.
S-type immed[11:5] rs2 rsi funct3 | im L Lo L n-a.
iw 0000011 010 n.a.
SB-type immed[12,10:5] rs2 rsl funct3 [imm id 0000011 011 nias
Ul-type immediate[20,10:1,11,19:12] ibu 0000011 100 n.a.
U-type immediate[31:12] L 0000011 | 191 n.a.
I-type iwu 0000011 110 n.a.
addi 0010011 000 n.a.
slli 0010011 001 000000
xori 0010011 100 n.a.
srai 0010011 101 010000
add (add) 0000000 | 00011 | 00010 ori 0010011 110 n.a.
andi 0010011 111 n.a.
sub (sub) 0100000 00011 | 00010 000 0oC jalr 1100111 000 n.a.
3 » 2 sb 0100011 000 n.a.
e e TR TR : Tt s T2 y SwW 0100011 010 n.a.
addi (add immediate) 001111101000 | 00010 000 (o]0 o 0100011 111 NB.
1d (load doubleword) 001111101000 | 00010 (4]0 beq SO B ek
bne 1100111 001 n.a.
s.type Instructions i HHWE SBtype blt 1100111 100 n.a.
" bge 1100111 101 n.a.
bltu 1100111 110 n.a.
sd (store doubleword) | 0011111 00001 | 00010 01 bgeu 1100111 | 111 n.8.
U-type Tui 0110111 n.a. n.a.
UJ-type jal 1101111 n.a. n.a.

FIGURE 2.18 RISC-V instruction encoding.
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Register-register
31 25 24 20 19 1514 12 11 7 6 0
R RisC-v ‘ funct7(7) \ rs2(5) rs1(5) funclS(B)[ rd(5) opcode(7)
31 26 25 21 20 16 15 11 10 6 5 0
R MPs | Op(6) | Rs1(5) | Rs25) | Rd(5) | Const(s) | Opx(6) |
Load
31 - 20 19 1514 1211 7 6 0
| RiSCV | immediate(12) | rs1(5) | funct3@3)|  rd(5) opcode(7) |
31 26 25 21 20 16 15 0
| MIPS i Op(6) ' Rs1(5) | Rs2(5) | Const(16)
Store
31 2524 2019 1514 12 11 76 0
S RISCV |  immediate(7) | rs2(5) rs1(5) funct3(3) | immediate(5) opcode(7)
31 26 25 21 20 16 15 0
| mpPs | Op6) | Rsi(5) | Rs2(5) | Const(16)
Branch
31 25 24 20 19 1514 12 11 7 6 0
SB RISCV |  immediate(7) | rs2(5) |  rs1(5) |funct3(3)| immediate(5) | opcode(7) |
31 26 25 21 20 16 15 0
| MIPS l Op(6) | Rs1(5) | Opx/Rs2(5) | Const(16) '

FIGURE 2.29 Instruction formats of RISC-V and
MIPS.
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O4eJdk COD RISC-VjR:
V2.9, 2.24, 2.35,2.40

OBE (£F32)
v CPURJISAZEE X ILLRES?
v 8086 AT A ERAERIIAFEIRIRIL?
v WindowsEZ#H I 1TIEFR9ET?
v iEIREE BRI IEE R KR 2\ Ein, U
x86,ARM,MIPS,PowerPCS?
OISR e :

/ BFMIPSTERISC-VICH, Bit— A EaHFEE. #
Fiebug L R (MIP S B, o

v DR AT AT,




o A0 _AlL A2 Al3] IRl
Bubble sort (trace) R IR LB A

A[U] A[1] A[2] A[3] A[4]

10 @ ek
A[D] A[1] A[2 Al3]

A[0] A[1] A[2] A[3] A[4] €)
3 4 10 5 3 A[n] A[l] A[z A[3]
4 Q3«10

A[0] A[l] A[2] A[3] A[4] A[U] A[l A[z] A[3] A[4]
3 3 4 3 10
A[D] A[l A[2] A[B] A[4]

3 S < 4

Basic idea: Al1] A[2] A[3] A[4]

@) J < n— 1 (index of last element In A) S

@ If Alj] < A[j — 1], swap both elements o, Agl] Al2] A[3] A[4]
@) 1 goto @ 1) >0 @ Swap occured? (Yes, goto (1))
@ Goto (1) If a swap occurred

Al0] A[1] A[2] A3 REld
Ve85 a0 =%
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