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— At BT AISRESHESIRAZIIINES R G TR SE
ESARGAARWBHRZAE, RNEBRHMITENRGIEFREE
BHRITERE: SR SGACPURMINGERK, BXRGTHHEIT
ARgiEF Ak BUESRAGERERES, EXFTHRERESS
L RGIITHVIFRERE T : THEARVMERERI R
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ESRGEFIETENMRNERZRER, ERRIASIIENY
BB =500, mECERSWE|RERG, Fi
R =Er0iEAEE.




© YA ITANERSEINERNE  FRoLe sl

|
Instruction MIEHEEEEES
Fetch EA EAIR (=l /asl E'/v\#l//ﬁ'ﬁg
1 ?Hviﬂliﬂ:\ ?H?'ll?}; (E'l'x/x'l'x) _'/'i:%ZEJ:ﬁE -
Instruction SHESIRID, RSB ARE éﬁﬁﬂzf@j
Decode EA . o o A= 3k | , 5
1 SRR R{ERLmAD . R ERKRY ezt |
Operand R BRIV ESL ISA) XEE
Fetch HHHD . SR, SRR AR gﬁﬁ%ﬂm
Execute WHTAERGATHE, FHERIREAT
[ IIERAY | KR S
Result Bt e R REE B gt
Sfffe EEMIRTE (BEERERD)
Next HETRIESHE (BEBUSSERTIT)
Instruction | ittt (UF / #6%)
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B TETHNEENEBHY LFEARN

- NRER

- EHEBHHR(FIBALEN

.« IBOIRISIIB IR, SNV ARIEIZIEARITIES

| ESTIIRITIRAE  mOOR eSS

C memmme ENFRNEY, BFER, B
SR BB R X

1| SESERITRRINERSH
- BRFRSRUEERERY: BMEIREL/ SR/ B2
SUESEL: JIRS LA E RSB e E
eI IESKE / BN / BFRKE
BREERS: 14/ I8/ KE
SUT5IC: B ESUBUAYEETS T
TRIESHIMEANEERE: IFE, PC+1; SRS, TSR, ...
FEMPEG, SEFEEERPAE
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—ANSE IR A TR GO A2 LA L 7 T R
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| AICRESRS AR, HORAEBRENIRS RS, RS
b ARIEREI. BERELRGER. DRFLE. HANE.

| B ENREE. DRSS RARE N, FEIETHAREAR
|| GRSk Blln, RBEHRS. FABER T BB E R
W AmEARS RS ORTRII. KRS H R IIT
W EE, ETAAREER.

AR

A ZEL RAT R EREF B RUARIET. RUREERIERERERF
SRR PATEER

—RU, — A IEEE R EREENES RS, LEH EFHNE M.
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BIEFRA R, S50, R4 RRFEEER R —BE.
SRR 7E3R4 R T IS A SR AR A SR B T R A, BT 1Y
~ R AEAE AR R R,

D A5 —FMREMER IR A T I R MR RR, EARIBERAT
KR, T WFESNBE, HERSEENE, SRR ASEES

il memRmsEEs R —E: BAKERMBEKEA —RHXR, U
W AR . T - BRI K BB R T K B
Hop:

| RIS FLEA M R A RS R AT 4, B4 R
| GRFEAE, BN BEA AT LUB

B TR LA N R, 4 HRae L 2R, MEBIFH R
B FARRTTEE, REME “HTHE” , BIEVLESL BT mE
L TR LAZERINLES BIBAT (IERARF ST B SR B S




© CISC vs. RISC e A
ZIESHANELREXRS, BRFHAEENTEN:

5545811 EHCISC (Complex Instruction Set Computer)
B EESEITENRISC (Reduce Instruction Set Computer)

- RHICISCIIT RIS EEYF =
(1) IS ERGEHR
TRIBMEL | TRIESF /15SE / FUAFRE / EESEAE
' (2) 5 ALK
(e KRB SEE LT E A GE STk
(3) BMIsSEBRET D) FF k=S
BT EITNFEESIZIEEIESI, BEIES LN F %S
(4) RAMIZRFITH
(5) EEREES
(6) MELUAITHRIFM AL SRE =3 B AR XS
f5lan, VAX-11/780/BUH1,
163Ut ; IFEIEEN; 303518S;
—FIESEE1 2N FHHREBM TENMERIER AR
— PN REARFRKE X1 ~101FF5.



© CISC vs. RISC HHOLYL R

o CISCHYERPE
- B#EEANIES RSN BEHEYFHIFRATK, mBEM¥ELIFRIE
WItRIERM, ¥LOBRAY4E, HERESHRESEmEmIE
BHA, MR T RS Mae.
XCISCi#{TMIRX, ZIN:
SIS ERAMBHESTR: HHMNBCARENTES, XA E2HT
20%, {BFEFEREHEF BIAZA] 580% .




© CISC vs. RISC o LU el

o 1975FIBMARFHAINRIES ARG a) &I %97, John
Cockste B ¥5 B8 S & 1T H ML RISC ( Reduce Instruction Set

Computer ).
| o 1982FEEMMMIARFIKEFMRISC-I, HiHEXKFHY

MIPS, IBMARIRIIBM8O 1B E &5k, XL ZZHFR
HE—HKRISCHL.

RISCHIRFI SRR ZR TGS RGN, REMEHFFE-F7F
wERfEIRS, MIBMEE—NABATR, BLEBATIR—H
, URTRERIFERIBE.




© CISC vs. RISC o LU el

RISCU i AU Y Z2F
(1) BiLHIES R
B0 | SUFRD HESHERD eSO KE—H

i

. (2 UIRRARRT1E

| fRLoad/Storetg S Al [al R fiEzz I, ERIESHE R 1G0FF=E.

| (3) eSRAE

B SRk R TiE, EmMLoad/Storetsdsh, HibEL2IESHATE
M| — 3 — AR E Rt B I AT SR

(4) RBABBERSESE, LRDHERY

| (5) RFEAIBEEREE, R RIS

(6) RRMILBSERSG, HIRENLBSRESIER

ARM. MIPS. RISC (RISC-l E] RISC-V) &%) 2 MAIFRISCAIREE
, SOFRELKHFTHIIES EKRZRARISCHFRLEH

x86F K “F#E” WEE, RETCISCHIXE, FErEL TRISCEE




© CISC vs. RISC L ey
HRRAE S EFEmFEFENS EBITHILSRE S B0, FRPIEES
ATH BT RERF VLS A HB(CPDEC; B AMRPATRIEAT; N
T EHPATEF R RP=IXCX T,

RISC/CISCHL, C, T4iih-%

I C T
RISC 12~14 | 13~17 <1
CISC 1 4~6 1

I TRISCHE S LA, JRCISCHLTT RSk S TTIRISCH— B T 42
|| FARE, Eit, RISCHHILCISCHIZ20%—40%;

I8 R, RISCHAZHIHS AA—MBAMLI, CIUELL CISCH S

NBEARISCEHIfE#, SER—MRIEFETNEHEEERME, FHit, THE
| HED,
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o : B IERSEMEXTIESHE:

o AiHHIRR, MBE—EFREEET

& AR AERR : FRIEFREY (SHEMUER)

* Operation Code: defines the operation type

* Operands: indicate operation source and destination

| —A&RANAESTTEE

| BEATATRERE: BMREMER, AR AR NIEER.
BRI B SR SRUE R B TR E R

BREGER. GRRIETAL.

T—&384 T I3,

Ja =ZTE BAIER @ PR OVIILES, KIte< iRt

AR, EREEERL T
HIEEFEOP HihEAg - BLA




© e YL s
RIS RO IR, IS, Wk, Tok.
ik, BE. SHE.

o FERERImES BTN I
- Fixed Length Opcodes (FEtIE(ERDE)
- Expanding Opcodes (}" BiR{(Fia%Ri%)

o WAEHESE
- KB EEEERN: KRAEKIESE. TKIEED N=5BEEE
- HEEREERN: RBEEKIESF. EIKIEIERE {EFPREBIAFNERS




© — a4 P RAEE AT ? Sl sE me e

FiuitieS

(1) FTFEBRIEH n: TER{ENOP / {SHIHALT ZF

(2) FREBRIERARIAR 0. HEHEF

23 OP
—ithiitiE4

H it B 2 ERaOtit, th245R At

(1) BEHEHE: W: Bk / BHGFE

(2) WHEE: Z—8EHABIAN W: EMEF

f2::|  op A1
“ihitiES (REH)

SAFRNEEERR N ERER, FHEEP— M {E RS R,

e OP A1 | A2
| =iulitis<S (RISCXUAE)

S AME RN E EE R IERER A — NS R

23k OoP A1 | A2 | A3
Lt 4S

TRt 3RS, w: [E= / FEREFEERSIMDIES .




© & KHRAFRDYAY Fixed Length Opcodes 4 eyl aa sighyi

EZISEJE\

IESRUR(EEER P RABEEREN R

o FRSIRFEERER6, NRARSFRRIMIES
TR

iFELE, (BRERRR

45{51

IBM360/3705%H:

SATEIIRIEN, aagijﬁzsa%%‘@

QIRET183FKIES, B73MRIEATRER

NEs=FIc32(, I% "a"'-"l*:v"éﬁtll:

B16/ 32 BEASTFss, BBt XaIBEPEE—)
B : EAESEE ﬁ?ﬁﬂ:ﬂ" BIIXBYmE G2 EBE4MAL




< R (&K BIEMHID Expanding Opeodes < 0i)IL 221 e I T3

HARBE
HREMNRBKE S R/VMHEEIREIE., BASIHISSERA.
PDP-11 2RI IKIE(ERDH1 =S

@J : OoP A Ay Az

W — MO, AR AR BR= i K HE FB
V| AR, EAWATSMIES, UHI6R. B, AR
(R, DS B R K.

| Y B ERSBINT.




© R (BK) #B/EL45S Expanding Opcodes

“a e

Sl LR gl T

1) 15%=Huht384 HE/ENS B4 E A EMEE0000~1110F745 €, BT —
M NFHTFIERERLY BRIA HhEE B, BIH40LY B 28hr;

0000 A, A, A,
0001 A, A, A,
1110 A, A, A,

15% =H#hlik$5 4

2) 145 _Huht$54 RIER/ERS I SALER/ERD AT 1111,0000~1111,11015 %, T

 F R EN1247;

] 111 0000 A, A,
11 0001 A, A,
11 1101 A, A,

W R E 0L, LRI, 11 AT TSRS S BIA ML S B, BB

142 — k354



@ R (BK) #EEIS Expanding Opcodes GIF O 2E ok ) TR

3) 31% —Hubk+8 4 B B A1E S 12 A7 8 1E A9 A 1111,1110,0000 ~
1111,1111,11105 %€ -

0000 A, A, A,
0001 A = = 15%=HihtiE4
1110 A, A, A,
1111 0000 A, A,
1111 0001 A, Ay 14% — jilﬁht;ﬂgé\
1111 1101 A, A,
1111 1110 0000 A,
1111 1110 1111 Ay 3 1%_&&%;}%/&'\
1111 1111 0000 A,
1111 1111 1110 Ay




Q R (BK) #EEIS Expanding Opcodes GIF O 2E ok ) TR

4) HIRHE, FE PAIERE T A, 1, 13 7 2 A B RS - B T T R
160 EAERG, XBHER B 1111,1111,1111,0000~1111, 1111, 1111, 1S H16%E
HihEFE 4.

1111 1110 0000 A,

1111 1110 1111 A,

111 1111 0000 A, 31— Huhba 4

1111 1111 1110 A,
1111 1111 1111 0000
1111 1111 1111 0001
1625 FHihETE <
1111 1111 1111 1111

KAXMEE, BYRGEHIHAF15+14+31+16=76515%
BT xRN, BB 2R EREET .
SERRBIHLES ] DURF &M R IERY B, HERS L.




< PR (BK) BIEM%IYS Expanding Opcodes <=2, ChJIL 2N az I T3

—

ERFIEREAE IS KERFL T, KA k> KT8
BB, X kR KT8 <4 A BE RN .
KRN TSR, FE THELSHIIR.

EMRKBRIEBIES RGBT, TR AR R
|| AWM ASE (MERFTHIKNER) REEEENK
Ul 7. B35 T AR 4 LS RS IR AT, BN I 4 T 43 i
| B R AETS . KR, BEFTA SUBAE R R R T T3
VKB, WEEMEEE, X4 FITE 4 PR 17 LA SR R
| BB
Hol RS ARG E R AR 2, W T Bl A
L, BEELNEMELR.

>s:l




(& R (BK) BIEM%YS Expanding Opcodes <=2, ChJIL 22N az I T2

Bl: SRIESRFRIRSTFEIONL, BIEA64, FTHINES15
&, —HHIHES34%, WHTSHIHESRSBZIHR?

iR
EM RIS RO TY RIS, 16/6=2..4 &z ittt
- THBHES, ?+6+6, HERR4AMI, REB16FMES
15%%: 0000~ 1110
- —iBHHES, ?7+6, EAERB104Z, Fk1111, 1111 000000 ~ X

342%=X-1111 000000+1, X-1111 000000=33=32+1,
X=1111 100001

. THHHES 16+0, EERB164I, X+1=1111 1000 10
max=1111 1111 1111 1111,
min=X+1 %M0=1111 1000 1000 0000

EHESESBmax-min+1=111 0111 1111+1=111 1000 000Q=15%*27




© Addressing Modes (511177 70 FIro CYLZE gL L
« t242 "Sabp ?

S EIRFEOItRSIEE ST, B TRIEUREFE ST R IE.
o HBHFRSYRASHIIR RIS UL S TURTE
o MEUFRSZRADIRNY:

N eotNmRES ML | miwEE, A=
| BESERIERE, SANREA — FITFREESET SR

{ et B R S e - AT

il o ESmSht---fEe

W Ex: PCigE

HEt4¥s (jump / branch / call / return ): [EiR{EEROTL
o IRIESEISHL----S5
| RMEERIE: S1EE/ £(@EF / HIR/ SNERO

BEBEE: 1/ F15/¥F/F/WF /&R “HR /..

EEIUAE M ERRIS USRI




< Addressing Modes (53177 70 Bl ChLZEN e T

(1) BEEINSUSRA (RIRMEBBESUESR)
: MIPS$ES, —#ESHHEZNE— 1 E(E)FiHit B{XE—Z|
iS55, Load/storeBH BieSE T XFIER
(2) BEIIHS AR
0. X8615%, —RIESHASMRMEY, BINSREFER, &
F TR EREASHSR, 55103 R.
|| - BatHEE X
IREBREEGIE A TR (FTEE 2B 48t sk 438 i)
|, AEEHESH TS R AR E S E
| EAFURRN
SR EE 9 SR SEEEE R &




© 53: E3HIx86-641FiEETUS LA sl T

MBI S ab-Fak 7 SUATIR BRI E B E R BE R @, RERERIEER)E
T, SEENE—EREREXET,

T T -BAERECPUR EAN 245
A R R T UL - B R E A i % P

Imm M([Imm) #3%t 3k

(r) M[R[r,]] ) #Fht

Imm(r,) M[I/mm+R{r,]] (Ha + W E) Fat
(ry, 1) M[R[r,]+R][r]] Ap ik hk

Imm(r,, 1) M[Z/mm+R[r,]+R][r ]] A skt

(,T;s 5) M[R[r] - 5] H. 28 1 F-ak
Imm(,r,,s) M[Imm+R[r ] - 5] He 528 1k F- 4k

(T, 1,5 5) M[R[r,J+R[r] - 5] He il 28 bk F-4k

Imm(r , 1, 5) M[Imm+R[r,]+R[r] - 5] b A8 1k 54k

aaitdt= [mm + R[r, |+ R[7; Jes




© Itk a7 A EEAL B

S L2E g b, Tl
Rig: A=MLFEAE, R=-FF=a4RS, oP | R A
EA=B3tt, (X)=XhaIRE
yaE=" (=N FEMRR FERR
IZEDEL BREE=A ESHITIREIR BERIREBIR
=gz EA=A Bt EER HEEEBR
1t EA=(A) BRI EEK YNz vl
FrRER) - #E=R) ESHITIR, 1898 HHIBEESAR
B fFeaiaz EA=(R) HEIESEREIR IMF ARSI
52 EA=A+(R) Rt S5
1% EA=1%TR g ) N FIBIR

| 93 UESHSHERT, BIrNESEFERE TSRt
EE EERE AR AR 2E




© REIHTR

ESHEG
tHR9tIE
BATRA

RSN

lllllllllllllllllllllllllllllll

(RiZ31k: EA=(R)+A, RAJLIBBRLH, tHalLlIgSLEaH
RAJLAREPC, EilFHFEEB, TitS1F:S |

- fHXIZL: EA=(PC)+A HEXITF AN

BSUIZEHARETT

- BItJE: EA=(B)+A  {HXITFEIUL(B)MUBEHARNETT
- THEIUE: EA=(D+A  ENFEILARMuESEA()RIET



© fwizFuk 5 Fro LU e T

@ FHXTS 1t
RS A E — MR E( TS ), EEIIRSHPCHAE.
Bl: EA=(PC)+A eg. call func, funcE— MExRBE
ARSI B LXK (PIC) tntt=FE 5 #5 &4t B ittt
PC (2Fit#ss) —ME2 TRIESHIHLE (x86-64, rip)
L@ HihSit
|| 55t — MR E, FEEMIAARSRIR S AN FFRBAE.
Bl: EA=(B)+A eg. movq 0x100(%rbx), %rax
| ARSRECMEME B S RS E/0IH10) 5 TIEER S HEIGIE]
l® Tut St
| RS A Y — AN, TR E(EFESRBEREShTHE
FH 1A%, B): EA=()+A  eg. movg 0x100(,%rbx,8), Y%rax
A B E SRR E—ME L, St MRS ERIE




© By FH AR TR SO

Bniazit BRE—4HLEAMN100S ETHFiE
15 PRIHBIHBALS EEA S, .
THEES | BIRE SN0/ FEETTERY ﬁﬁ%ﬁ
KX, A=10( A[0
EA=A+(1) AEHEAR % A[l]
I=(1) £ x 0 > Al2
Bgn, x86HRYEEMEES A3
XJF “for (i=0; i<N; i++) .... :
ROttt MR~ S0 I

XJF “for (i=N-1;i>=0;i--) ..." |, (BiEiEFHHLE, W):
APttt S —REE L T FATTERIAEER, 1=(1) + 1
o RS ZRAV G E5(a) EATTERINEDE, 1=() + 4

—RERISCHIZAAMRIRBENZUL L,
| BRI SR —R— MRS UL




© 154 RGRH: MIPS2IUE AR SRzl
¢ 2NBERFFR, MAESHE2MIZ, FURFHIIXIST

- R-Typeigs
HE 4 B4 % | yp
FHLEAARIEIR 31 26 21 16 11 6 0
o B=MESHKEN op rs rt rd shamt func
— R-Type 6 bits Sbits Sbits Sbits 5 bits 6 bits

AN RIER SR EFTFRNEEIES. W: subrd,rs, rt

— I-Type
- BHIES: BIMEES. — 1M, W: ori rt, rs,imm16
- LOADFISTORE# <. M: lwrt, rs, imm16
. ZHHXHES. W: beqrs, rt,imm16

I-Typetk4
31 26 21 16 0
op rs rt immediate
6 bits 5 bits 5 bits 16 bits
— J-Type

TR IES. W: j target J-Typetsd

31 26 0
op target address

6 bits 26 bits




© 14 ZG20): MIPS32EAFEIE X Runias sy

R-Typetg 4
OP: 12{E#G 31 26 21 16 11 6 0
A op rs rt rd shamt func
rs: E—NRE : : : : : :
S o 6 bits Sbits Sbits  Sbits 5 bits 6 bits
EFFas N
J I-Type7s
&t ENIRER 31 26 21 6 " 0
1B H 175 op rs rt immediate
rd: 4ERZEEE 6 bits S bits 5 bits 16 bits
J-Typef& &
H THA 31 26 0
shamt: %%11} R~ op target address
HILAS & 6 bits 26 bits

func: R-TypetsSHIOPFELZ4FERY “000000”, EiFiR{ElfuncRERABE. HIan
. func="100000"R¢, F+= “INE" BEH.

| REBNTRSBENTENE Y, RIEBHERN, BHEEnEXTRLE X!

Pl immediate: 37B1#(=load/storets &M 5) S HaSHIRTS Lt

target address: TR UUANIR261L. FPCEAH 26U BRI, &/
2N “OURE32( BARitit . A RERAER “07?

SR TFHURNTT, FTAEFESCHMIIRR4NER (REMHGIH0) .



© 14 RGE2H]: x86-64ITEAKA iz s

AIZE: BiEES. B BRMERKE. HiHKEHseEl

BIERLR. FHIWER - HRAITR BIERKE MiKE
FOH: 0k 05k 1 05k 1 05k 1

154 S(ER, S5, SIB. (IBREMEENERSRS, SBEMIH
E BEA21/2/4/8B. SIBHRELIBFIELHMATIRBERAFEFRFE—, SSh
| HEEBIETF

ISSER: | PRIERD FhE A SIB B FE HiEEAR
FTE: 13%2 02k1 02k1 1/2/4/8B ~r BES
;r'[od Reg/ /0P R/M . A SS Index Ba;; —
T 6 5 q 3 2 1 0 T 6 5 q 3 2 1 0

- TKIESF: 1B~17B

| TKIR{ERD: 4b/5b/6b/7b/8b /...
T I2{EH . Byte / Word / DW / QW
WHCETEEE: 8L / 164% / 3215L / 6443L



B, —Fp —HohkFe SIS T B

641 VA 16 24 1641

op - &A% I X fmiED

- HACARBFHAREAL, XATFIEXTE, DAWRBETE, BTl X
E, DS, TR TRIASHFHETR. EE HeMI T RLK.

FaHR| I X | A3UMHESE i
(1) 0 00 |[E=D
(2) 0 01 |E=(PC) + D |PCHERHHR
(3) 0 10 |[E=(R,) +D R, A HE 25 77 52
4) 1 11 |E= (R,
(5) 1 00 |[E= (D)
(6) 0 11 |E=(R) £D RONENF 7
(1) H#EIHE (3) ZehkFhk (5) Ik

(2) PCHIX} 34k (4) FFAREEFHE (6) FEh-F-Hk




Bil: F16M AL ERTE S A I U T W TR, ZHAE R 20062400 %F
a5, M6 RNEFFEE, TN M6 ALEHEFFEE-
24P H SUR), D(EERBEATFE, MEEFHH—MEIT.
=MIE S HBIERL S HIRMOV (OP)= (A),y, MOVEALEZETES;
STO (OP)=(1B)y, STONEBEH¥IE4;
LAD (OP)=(3C),;, LADNIEH RS .

15 0 9 8 7 4 3 0
op - HiragFs | HEEFH | MOV D, S
15 0 9 8 7 4 3 0
op FHik BHEfFas | BikFHFs | STOS, M
R
15 0 9 8 7 4 3 0
oP - H #7758 LAD D, M

2047 His 1k




< GlIrmh

D ot =MiESHAE I AR~

15 0 9 8 7 4 3 0
op - BirgFa | BEFFSH | MOV D, S
15 0 9 8 7 4 3 0
op ik BHEFSE | BUFHFS | STOS, M
A&
15 0 9 8 7 4 3 0
oP - Hr o LAD D, M
2047 Myt

| &F: MOViELREFKTHEES, RRE;
Wl STOMSREWFK - HibbE4S, RSE, e HIFRESMRAELLS
HEERASHEFhE, VRERIERS B S A7 BT s
LAD#S 4 th 27K — #1584, RSE, i HIFE/ERDH B
| 77 sE, VERESIMBR0P b (BRI .



(9 Sl L8 s T
2) CPUZERR—FhERVERTIERS TRl B A ? W — PR/ EAE I TA) B < ?

15 0 9 8 7 4 3 0
op - BirgFa | BEFFSH | MOV D, S
15 0 9 8 7 4 3 0
op ik BHEFSE | BUFHFS | STOS, M
A&
15 0 9 8 7 4 3 0
oP - Hr o LAD D, M
2047 Myt

%5 BRI PTEN ERA, FARRRENRS, FREFAFMEE.

| ARSI RK, FARRSEIES, BEVIEME, R
BT FHFROBHIEE GRS , Xt BB .

BRI A BRI TEAEEE, EE T R A R
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3) FHERTEANTNHERE SRR 281E? HPFWREHREA
IEM, WABOEA BB EETES?

| @ (FOF1), 3CD2), @ (2856), ® (6FD6), @ (1C2),, B(6CF1), (1234),
N . mEeaR

L MOV,0p=(A)y=001010, STO,op=(1B)y=011011, LAD¢p=(3C);=111100
@ (FOF1),, (3CD2),, = 111100, 00,1111,0001,0011,1100,1101,0010

RIEEES1111007] £1iZ%F8 2 ALADTE 4.

15 10 9 8 7 4 3 0
oP - i LAD D, M
20/ 3 b
15 10 9 8 7 4 3 0
11 1100 00 1111 0001 LAD D, M

0011 1100 1101 0010

IIDIER, HA NREEFA3CD), bk BT A AN E1SS FFE.
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3) FHER TN ANEGTESF AR 28IE? HPUWREREA
IEM, WBIEA BB EETES?

| @ (FOF1), (3CD2), © (2856), ® (6FD6),; @ (1C2), B(6CF1), (1234),
. RECAAH

L MOV, 05 =(A)=001010, STOp=(1B);=011011, LADop=(3C)y=111100
® (2856),,= 001010,00,0101,0110

HRIEER/EIZ0010100] H1iZ$8 S AMOVIES .

15 10 9 8 7 4 3 0
oP - | BiEEREE | EEER | MOVD, S

15 10 9 8 7 4 3 0
001010 00 0101 0110 MOV D, S

ZIE MG LR, & XEIECSIRFERHNNBLREEST HIrF 4.
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3) FIERTEANTNEHSTESF RS 28IE? HPUWRERLEA
1IE#, WTBUES RN EETE 47

& @O (FOF1)y (3CD2)y  (2856)y; @ (6FD6)y; @ (1C2)y; ®(6CF1)y (1234)y
% BECmFME

L MOV, 05 =(A)=001010, STOp=(1B);=011011, LADop=(3C)y=111100
®) (6FD6),,= 011011,11,1101,0110

REBFRKIES, HHZES—EREAMOVIES, HEREEERHLEIR.

15 10 9 8 7 4 3 0
oP - | BiEEREE | EEER | MOVD, S

15 10 9 8 7 4 3 0
001010 XX 1101 0110 MOV D, S

B%x=0, FJERIEN 001010,00,1101,0110 = (28D6)y
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3) FHER TN ANEGTESF AR 28IE? HPUWREREA
IEM, WBIEA BB EETES?

| @ (FOF1), (3CD2), © (2856), ® (6FD6),; @ (1C2), B(6CF1), (1234),
N, mmemas

L MOV, 05 =(A)=001010, STOp=(1B);=011011, LADop=(3C)y=111100
@ (1C2),,=000000,01,1100,0010

REBFRKIES, HHZES—EREAMOVIES, HEREEERHLEIR.

15 10 9 8 7 4 3 0
oP - | BiEEREE | EEER | MOVD, S

15 10 9 8 7 4 3 0
001010 XX 1100 0010 MOV D, S

fB#x=0, AIHIEA 001010,00,1100,0010 = (28C2);
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3) FHER TN ANEGTESF AR 28IE? HPUWREREA
IEM, WBIEA BB EETES?

| @ (FOF1), (3CD2), @ (2856), ® (6FD6),; @ (1C2),, BI6CF1), (1234),
. AR

L MOV, 05 =(A)=001010, STOp=(1B);=011011, LADop=(3C)y=111100
® (6CF1),, (1234),, = 011011, 00,1111,0001,0001,0010,0011,0100

MRIEBEEIZ011011 7] H1iZ%i8S NSTOTE 4

15 10 9 8 7 4 3 0
OP Ei | EEASR | THEEE | STOS, M
R B
15 10 9 8 7 4 3 0
011011 00 1111 0001 STO S, M
1234H

MBS IR, Ha NREISSFFFFEARHZL T U R F e BT .
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5SS EFHEA
Liﬂ“J FHES ARG
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Byte 0 1 2 3 4 5 6 7 8 9
halt 00
nop 1|0

= cmovXX rA, rB 2 nt rA rBl

irmovg V, rB 3|/0]|F rBl Vv

= rmmovg rA, D(rB) |4 |0 | rA rBl D

mrmovg D(rB), rA|5 |0 | rA rBl D

| OPq 1A, 1B 2 nt a rB|
¢ Dost 7 | fn| Dest
call Dest ° |0 Dest
ret 210
pushg rA % I —

popg rA B|O | rA F
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Y86-64 44 FrocylElzel
rrmovqg |2 | 0
Byte 0 1 2 7 8 o)
cmovle |2 |1
halt 0|0
cmovl 2 |2
nop 1|0
. { cmove 2|3
cmovXX rA, B 2 | fn| rA| rg]
cmovne |2 |4
irmovg V, rB 3|0]|F rBIV |
cmovge |2 |5
rmmovqg rA, D(rB) |4 |0 | rA rBI D I
cmovg 2 |6
mrmovg D(rB), rA |5 |0 | rA rBI D ]
OPq rA, rB 6 | fn| rA rB|
jXX Dest 7 | fn| Dest
call Dest 8 | 0 | Dest
ret 910
pushqg rA A |O|JrAF
popqg rA B|O|rA F




irmovg V, rB
rmmovq rA, D(rB)
mrmovg D (rB), rA
Opq rA, rB

jXX Dest

call Dest

ret

pushqg rA

popqg rA

Eé\gg Sl L2 b ) Tei
— jle 711
— jl 712
2 nt rA rB .

/{ je 3.

3/o|F|rBlv 4 —
/ | |

4 | 0]|rA rB|D / e =
/ | |

50 |rAl rBl D P -
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Byte 0 1 2 7 8 9
halt 0|0
nop 1|0
cmovXX rA, B 2 | fn| rA| rg]
irmovq V, rB 3|/0]|F rBl Vv
rmmovqg rA, D(rB) |4 |0 | rA rBl D
addg | 6 | O |‘
mrmovg D(rB), rA |5 |0 | rA rBl D
I = subg |6 |1 |‘
OPq rA, rB 6 | fn] rA| rB— "\
andg | 6 | 2 |‘
jXX Dest 7 | fn| Dest ]
xorq |6 | 3 |‘
call Dest 8 | 0 | Dest
ret 910
pushqg rA A |O|JrAF
popqg rA B|O|rA F
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RF: P_rogram C('?:_ Stat: Program status
registers Condition
$rax | %rsp $r8 $rl2 codes
Srex %rbp $r9 %rl3 ZF|SF|OF DMEM: Memory
Srdx srsi %$rl0 $rld PC
Srbx Srdi $rll

— Program Registers
» 15 registers (omit $r15). Each 64 bits

— Condition Codes
 Single-bit flags set by arithmetic or logical instructions
— ZF: Zero SF: Negative OF: Overflow

— Program Counter

* Indicates address of next instruction

— Program Status

 Indicates either normal operation or some error condition

— Memory

» Byte-addressable storage array

» Words stored in little-endian byte order



» Each register has 4-bit ID
srax | O r8 |8
grcx |1 r9 |9
$rdx | 2 $rl0 |A
$rbx | 3 %rll | B
srsp | 4 $rl2 | C
srbp | 5 $rl3 |D
srsi | 6 $rld | E
srdi | 7| No Register F

| — Same encoding as 1n x86-64
. *» Register ID 15 (0xF) indicates “no register”

— Will use this in our hardware design in multiple
places

© 17 B omity B LA i
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e Addition Instruction

/ Generic Form

/
addg rA, rB 60 rN rd

Encoded Representation

— Add value in register rA to that in register 1B
 Store result in register rB
» Note that Y86-64 only allows addition to be applied to register data

— Set condition codes based on result
— e.g.,addg %rax,%rsi Encoding: 60 06
— Two-byte encoding

 First indicates instruction type

« Second gives source and destination registers
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Instruction Code Function Code
Add — Refer to generically as
\ / (44 29 g y
addqg rA, rB 6|0 r& rﬂ OPq

— Encodings differ only

Subtract (rA from rB) .
by “function code”

subg rA, rB 6|1 rN rd .
* Low-order 4 bytes in
And first instruction word
andg rA, B [62[rA 8 — Set condition codes as

side effect

Exclusive-Or

xorq rA, rB 6|3 rN rﬂ




Register = Register

rrmovq rA, rB 2| 0|rA|rB

Immediate = Register

irmovqV, rB 310|F|rB \Y

Register & Memory

rmmovq rA, D(rB)| 4 | O |rA|rB D

_ Memory = Register
mrmovqg D (rB),rA | 5| 0 |rA|rB D \

— Like the x86-64 movq instruction

— Simpler format for memory addresses
— Qive different names to keep them distinct




Move Tg 2251

X86-64

movqg $Oxabcd, %$rdx

Encoding:

movq 3rsp, S%rbx

Encoding:

movq -12 (%rbp) ,%rcx

Encoding:

movqg %rsi,0x4lc(%rsp)

Encoding:

FL L2 gl

Y86-64

irmovqg $0xabcd, %$rdx

30 £2 cd ab 00 00 00 00 00 OO

rrmovq 3rsp, %rbx

20 43

mrmovqg -12 (%$rbp) ,%rcx

50 15 f4 f£f ff ff f£f ff ff ff

rmmovqg %rsi,0x4lc(%rsp)

40 64 1c 04 00 00 00 00 00 OO
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Move Unconditionally

rrmovq A, rB rA|rB
Move When Less or Equal

cmovle rA, rB rA|rB
Move When Less

cmovl rA, rB rA|rB
Move When Equal

cmove rA, rB rA|rB
Move When Not Equal

cmovne A, rB rA|rB
Move When Greater or Equal

cmovge rA, rB rA|rB
Move When Greater

cmovg rA, rB rA|rB

m Refer to generically as
“cmovXX”

m Encodings differ only by
“function code”

m Based on values of
condition codes

m Variants of rrmovqg
instruction

® (Conditionally) copy value
from source to destination
register



Jump (Conditionally)

jxXX Dest | 7 | fn Dest

— Refer to generically as “jXX”

— Encodings differ only by “function code” fn
— Based on values of condition codes
— Same as x86-64 counterparts

— Encode full destination address
e Unlike PC-relative addressing seen 1n x86-64

© it 54 T
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Jump Unconditionally

jmp Dest | 7 | 0 Dest

Jump When Less or Equal

jleDest | 7| 1 Dest

Jump When Less

jlDest |72 Dest

Jump When Equal

je Dest 713 Dest

Jump When Not Equal

jne Dest | 7 | 4 Dest

Jump When Greater or Equal

jge Dest | 7| 5 Dest

Jump When Greater

jgDest |76 Dest
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Stack . .
“Bottom” — Region of memory holding
program data
e — Used 1n Y86-64 (and x86-64)
= for supporting procedure calls
o — Stack top indicated by $rsp
. Increasing . .
il Addresses Address of top stack element
. — Stack grows toward lower
addresses
* Top element 1s at lowest address in
the stack
o e When pushing, must first
P d t stack pointer
Stack “Top” ecrement s p

 After popping, increment stack
pointer



© Y86-64 Program HEH%

Stack Operations
pushq rA (A 0] mﬂ.

Decrement $rsp by 8

Store word from rA to memory at $rsp
Like x86-64

| popqg rA |B Oer Fl I

Read word from memory at $rsp

Save in rA
Increment $rsp by 8

Like x86-64
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call Dest 80 Dest

— Push address of next instruction onto stack

— Start executing instructions at Dest
— Like x86-64

ret 90

— Pop value from stack

— Use as address for next instruction
— Like x86-64
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nop 1|0

— Don’t do anything

halt nnl

— Stop executing instructions

— x86-64 has comparable instruction, but can’t
execute it 1n user mode

— We will use 1t to stop the simulator

— Encoding ensures that program hitting memory
initialized to zero will halt
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| Normal operation
AOK 1

2 Halt instruction encountered
HLT 2
3 Bad address (either instruction or data)
encountered
INS 4

4 Invalid instruction encountered

* Desired Behavior
— If AOK, keep going
— Otherwise, stop program execution
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long len2 (long *a)
{
long ip = (long) a;
long val = *(long *) ip;
long len = 0;
while (val) {
ip += sizeof (long) ;
len++;
val = *(long *) ip;
}

return len;
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long len(long *a)

{
long ip = (long) a;

o )
1['-
4

Register | Use

ret

long val = *(long *) ip; srdi =
long len = 0; $rax len
while (wval) {
ip += sizeof (long) ; $rdx val
lent++; o
val = *(long *) ip; 5r8 1
} %r9 8
return len;}
len:
irmovg $1, %r8 # Constant 1
irmovg $8, %r9 # Constant 8
irmovg $0, %rax # len = 0
mrmovqg (%rdi), %rdx # val = *a
andg %rdx, %$rdx # Test val
g je Done # If zero, goto Done
| [Loop:
addg %r8, %rax # len++
addgq %r9, %rdi # a++
mrmovqg (%rdi), %rdx # val = *a
andg %rdx, %$rdx # Test val
jne Loop # If '0, goto Loop
Done:

o I 220 e T
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init: # wItsik
.pos 0 # ICgwmath1E4, MHubkosbrF =4/
irmovq stack %$rsp # #IiiLERIEET
call Main
halt
.align 8 # BUE, sFWXFHISA
array:
1| [Main: # Main function
éail.len
{ [len: # len function
.pos 0x200 # FRACLRHLEE, MRS, ERFIRE SRS
stack:
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Main:
irmovq array, srdi
# call len (array)
call len
ret

* Setup call to len
— Follow x86-64 procedure conventions

— Push array address as argument
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unix> ./yas len.ys

— Generates “object code” file 1en.yo

 Actually looks like disassembler output

0x054: | len:

0x054: 30£80100000000000000 | irmovg $1, %r8 # Constant 1
0x05e: 30£90800000000000000 | irmovg $8, %r9 # Constant 8
0x068: 30£00000000000000000 | irmovg $0, %rax # len = 0

0x072: 50270000000000000000 | mrmovqg (%rdi), %$rdx # val = *a

0x07c: 6222 | andg %rdx, %$rdx # Test val

0x07e: 73a000000000000000 | je Done # If zero, goto Done
0x087: | Loop:

0x087: 6080 | addg %r8, %rax # len++

0x089: 6097 | addg %$r9, %rdi # at++

0x08b: 50270000000000000000 | mrmovqg (%rdi), %$rdx # val = *a

0x095: 6222 | andg %rdx, %rdx # Test val

0x097: 748700000000000000 | jne Loop # If '0, goto Loop
0x0a0: | Done:

0x0a0l0: 90 | ret




C i H.Y86-64 Program

unix> ./yis len.yo

— Instruction set simulator

« Computes effect of each instruction on processor state

 Prints changes 1n state from original

Stopped in 33 steps at PC = 0x13. Status 'HLT', CC Z=1 S=0 O=0

Changes to registers:

srax: 0x0000000000000000
Srsp: 0x0000000000000000
Srdi: 0x0000000000000000
%r8: 0x0000000000000000
%r9: 0x0000000000000000

Changes to memory:
0x00£f0: 0x0000000000000000
0x00£8: 0x0000000000000000

0x0000000000000004
0x0000000000000100
0x0000000000000038
0x0000000000000001
0x0000000000000008

0x0000000000000053
0x0000000000000013




