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Instructions Set Architecture

Instruction Set Architecture (ISA) is an abstract model of a computer defining how the 

CPU is controlled by software 

• Conceptually, set of instructions that are possible and how they should be encoded 

• Results in many different machines to implement same ISA

– Example: How many machines implement our example ISA? 

• Common in how we design hardware 

weredesignedanInstructiondtArchitecture-eroere-e_ee.IMandAMDSCPUbnthusmgx86-64ISA.sothegcanrunthes.ae
i
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Instructions Set Architecture

Instruction Set Architecture (ISA) is an abstract model of a computer 
defining how the CPU is controlled by software 

• Provides an abstraction layer between:
– Everything computer is really doing (hardware) 
– What programmer using the computer needs to know (software) 

• Hardware and Software engineers have freedom of design, if conforming to 
ISA 

• Can change the machine without breaking any programs 

fs
htsofflexibilityandfreedomtobuildthmgsthatwuldbefas.tor.lik

hyperthreadmg.Idaitwrryaboutonthesotneside.fiustmakesurethecodecanbecompiledtoISA.Icanrunit.cn
hardwǎe
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Instructions Set Architecture

Backwards compatibility 

• Include flexibility to add additional instructions later 

• Original instructions will still work 

• Same program can be run on PC from 10+ years ago and new PC today 

Most manufacturers choose an ISA and stick with it 

• Notable Exception: Apple 

tegthrngr
ereservedIcanaddmorethmgs.mg
newmachnestillcanruntheoldcode.li

dinstructionsstillthere-Mynwm-achneietmuchfa.to
r

,

OnemhfaherethathaseioughITheremgrebsomeissues.butthatisanolherstongfollowmgtobe.cn
bletomakethesechangesandstilcomeout.ched
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Storing Variables in Memory 

So far... we/compiler chose location for variable 

Consider the following example: 
f(x): 

a=x 
if (x <= 0) return 0 
else return f(x-1) + a 

Recursion
• The formal study of a function that calls itself 

f

四⽇冮

sumsupthenumbersbetweenoneandx.lwhikitcomputmghes.no
hnortheresultfrf.it

aduallycdlsitsdfinasmakrse.tn
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Storing Variables in Memory 

f(x): 
a=x 
if (x <= 0) return 0 
else return f(x-1) + a 

Where do we store a? 

f f

国国⼝
sǎeitmargister 120 ? N"

overridethissareittomemory7.NO?valueoWenedsmethmg
thatwillhelpustoaganizememorysothatwekeeptrack.tthesevariabks ,
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The Stack  

Stack - a last-in-first-out (LIFO) data structure 
• The solution for solving this problem

rsp - Special register - the stack pointer 
• Points to a special location in memory 
• Two operations most ISAs support: 

– push - put a new value on the stack
– pop - return the top value off the stack 

 

IEfstakofplatesntt-erti-TTTIT_ehavetheadh.ch
emdexinmemgofacertainpont ) ,
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The Stack: Push and Pop  

push r0 
• Put a value onto the “top” of the stack 
• rsp -= 1
• M[rsp] = r0
 

pop r2 
• Read value from “top”, save to register
• r2 = M[rsp]
• rsp += 1 

 

memg
chighordrnumbers

叩惑
删 红 雌⽹⽟

H mn

117啊 Then 17tumsto.mn?:i:i:iaggmmmgItSnotpartoftheregisterfk

stacknowl.rs/⺕ wgdown ) ,
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The Stack: Push and Pop  

push 1177

push (23 ) R

.然
"

艾
xip 侧 憖 另 箋 另 ⼀ -2

0

23 10 =23 23

push (2) ˇ - 3 0 - 3 121 = -3

push (3)

yipop ( RD

Z = 1邓 ( 122)
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Function Calls
funhll hhz

䶗闤䲾
☐↓

whataboutparameters7returnvahnr2.r3hareoperandsc.cn
11mg aoinsfrohasretumvdue

,
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Backdoor: secret way in to do new unexpected things 

• Get around the normal barriers of behavior 

• Ex: a way in to allow me to take complete control of your computer 

Backdoors

cnfs-sdlowanatta.hr/devel-ertotakecompletecontnolofyour

system-oftnwithutyouknowmgit.operatmgsys.tn
hassecurigchecksipasswrdspermissims.frewalbtnallmeant.tocoholuhocandowhatsmeone-nstalbabadort.sneakpastthosepnotectinsandganarnw.hutgong

tghthemmdpoess ,
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Exploit - a way to use a vulnerability or backdoor that has been created 

• Our exploit today: a malicious payload 

– A passcode and program 

– If it ever gets in memory, run my program regardless of what you want to 

do 

Backdoors

mgbeapngramiscr.pt?-backdoor:hiddenentranceexpht:
howyoufnditopenitanduseittogetmsn.de ,



Page 21

Our backdoor will have 2 components

• Passcode: need to recognize when we see the passcode 

• Program: do something bad when I see the passcode 

Our Hardware Backdoor

◦

Lrtdwuneedstoreagnizeitwhenitqpears.CL
ikesecretknockonador.ifyouhearthatpatte.myouknowsomeonepecialwant.sn(
> 0ncethehardwareregnizesthepassode.itexecutessomehiddenorharmfulbe.hu

vii.
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Our Hardware Backdoor

mdiciouspayload.mmg.de05121130115痴叫→ 加9in

Iwanttorunpasscofkddatafromlonenstrupnfthenext.at
meny 籤重

⼀点点图 /
⼀百个𨰻5ldntothemanmg@itihme.I

dothenormdthngswant.toǚǜǜǜǚǚpo 州 (但 0 &和 == (5) 1 4- 1&?= 2 1 ) 1specidcsindata-3DI-jchrneennnnennnrloooosooeo.ir
城赞的

sonethmgntiade4.lutheoriginalvalueunufaaoyunugnf20.mu
easmentoriunderspecidcondition.w.name
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Will you notice this on your chip?

• Modern chips have billions of transistors 

• We’re talking adding a few hundred transistors

• Maybe with a microscope? But you’d need to know where to look!   

Our Hardware Backdoor

IfIhadamicroscopeandIknewexactlywkretohok.ITbablycanfndit.Or.maybe.Imveng.ve
nglucky.But-Mostexplatsaregongtobefoundafters.mebodytriestouset.hn
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Memory, Code, Data... It’s all bytes! 

• Enumerate - pick the meaning for each possible byte 

• Adjacency - store bigger values together (sequentially) 

• Pointers - a value treated as address of thing we are interested in 

It’s all bytes 
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Enumerate - pick the meaning for each possible byte 

What is 8-bit 0x54? 

Enumerate  
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Adjacency - store bigger values together (sequentially)

• An array: build bigger values out of many copies of the same 

type of small values

– Store them next to each other in memory 

– Arithmetic to find any given value based on index 

Adjacency  
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Adjacency - store bigger values together (sequentially)

• Records, structures, classes 

– Classes have fields! Store them adjacently

– Know how to access (add offsets from base address) 

– If you tell me where object is, I can find fields 

Adjacency  
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Pointers - a value treated as address of thing we are interested in 

• A value that really points to another value

• Easy to describe, hard to use properly

• We’ll be talking about these a lot in this class! 

Pointers   
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Pointers - a value treated as address of thing we are interested in 

• Give us strange new powers (represent more complicated things), e.g., 

– Variable-sized lists

– Values that we don’t know their type without looking 

– Dictionaries, maps 

Pointers   
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Ordering Values

Little-endian 

• Store the low order part/byte first 

• Most hardware today is little-endian 

Big-endian 

• Store the high order part/byte first

0× 1 00 1A BICDEIF

_
-_->悽墙墙 螨

r-tehs.e.AB_C-i_EF.li
6000x60 1 0×6⼝ Ox 603

whywewanttotakaboutzways7Becausepeo.pledecidedtoddiftnt

thgs.WewriteOOABCDEF.butwecakulatefomFtoO.tl
gbethatsthereasontosee.EE 做 ?
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Example

Store [0x1234, 0x5678] at address 0xF00tyofznme-rseachnumbershouldusezbytes.addresslitt.ie
endian

bigendianox.nl0⾮00 3 4 1 2

0× 10 1 1 2 34

0×5678 1 0× 1元2 7 8 5 6

0 ✗ 103 56 78
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Endianness

Why do we study endianness? 

• It is everywhere 

• It is a source of weird bugs 

• Ex: It’s likely your computer uses: 

– Little-endian from CPU to memory 

– Big-endian from CPU to network 

– File formats are roughly half and half

hkdidntusethesamething.Infact.yourcomputersare.pro
bablyhgdifferentth.gsnw ,
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Assembly

General principle of all assembly languages 

• Code (text, not binary!) 

• 1 line of code = 1 machine instruction 

• One-to-one reversible mapping between binary and assembly 

– We do not need to remember binary encodings! 

– A program will turn text to binary for us!

·

ISA.is/ikethegrammarandwcabularyofalanguage.
• Assembhgcodeisasentencewnt.tnmthatlanguge
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Assembly

Features of assembly 
• Automatic addresses - use labels to keep track of addresses 

– Assembler will remember location of labels and use where appropriate 
– Labels will not exist in machine code 

• Metadata - data about data 
– Data that helps turn assembly into code the machine can use 

• As complicated as machine instructions 
– There are a lot of instructions, and it is one-to-one!

⼼形90Mtreplaethmnctext.data.by⽐ ) teaualaddresseswhenitbuildthebmaryhatwere.ggtorun
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Assembly Languages

There are many assembly languages 

• But, they’re backed by hardware! 

• Two big ones these days: x86-64 and ARM 

– You likely have machines that use one of these 

• Others: RISC-V, MIPS, ... 

We will focus on x86-64

-

䲜䲜unse.tofmachnemstmctims-thereforeTuters-eMMIchpschMACandc.cl
phmes

Powerk
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x86-64

x86-64 has a weird and long history

• Expansion of the 8086 series (Intel) 

– 8086, 8286, 8386, 8486, x86

• AMD expanded it with AMD64

• Intel decide to use same build, but called it x86-64 

• Backwards compatible with the 8086 series 

想 16⽇" ⾲

eerng.ee
A 64 -bitthatwasbackwardampatibk

with ㄨ86
,
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x86-64

Two dialects - two ways to write the same thing 

• Intel - likely using with Windows 

mov QWORD PTR [rdx+0x227],rax 

• AT&T - likely using with anything else 

movq %rax,0x227(%rdx) 

We will use AT&T dialect 
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AT&T x86-84 Assembly 

(

typicallywewillnotsemrethanzsO-@6adingthe.addr
""1bt-Inmosto-Tthecases.wearedgs.me

thgng䕦.si
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AT&T x86-84 Assembly 

0 endwithaolm

○

startwithadt.co
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Addressing Memory  
𡶐⽐

naneii-nree.lusedtocakulatetheoffse-Dnt_IfIdonthareallthepieces.it
willcalculatewha.litan
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Registers   

rax is a 64-bit register (supposedtobebackwardsampatibkwithx86132-biti.16b.it,
rax 164 bits) eax 132 bits) 8-b.it)

laxllbbitD-g-rln-hdl8-bitstreachlIfIhokat32-bitversim.it
willjustzenouttheg32bits.wenseethiswithallourregisters.inslightlydifferentwg.cchecktkread.mg)
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Instructions   (shortacronymsfrwhatwewanttodo.likemov.add.andor.xor.mg )

lsimilarfraddq.subq )

hnnnneesThemstmctionfllowedbyhowwideofthet.mgwewant.to d.
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More powerful than our ISA    

ten.weantdomanmgtome.mgcalculatims
,
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Other Instructions

上t-goingtomemoryandget.tk
valuemodifymeoftkmputsdirectly.doesnt-harease.pe/ateoutput
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Load Effective Address

Imnotgongtothememmg.ieàisaspecialinstmction
thatcdculatesthe

vn-rennner-memgaddresandstorethememgaddres.it
selfmargster.IO/orax=%1cxt4

,
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Jumps

0-_-

wn
Cjumptoavduemaregister )

豳d EIftheresaover.tv
< <= == ! ⼆ > T-above.be/0WIIftheassignedbitiset.
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Jumps wejunpbasedontheresultofsomespecialregister.cakdanditincodes ,

-

-

wrru
Thgdmtharetbebackt.bak

→Ymcandosomethhghkemore.vnjumpwillbebasedonthemostrecentthM.ttthigsaround.sethecondit.mu
,
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Jumps: compare…



Page 14

Jumps: … and test

testcouldbeusedtocheckifaregisterhasomit.testqy.mx
, %

raxjezero-casellifrax-ojnenmzenecasehifraxi.io
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Example: Loops

while (i < 10)
    i += 1 maini-e-zlablemwqslo.tn/1wesetrax-0formti=oiMcmp$

10
, %raxyrax-lo-7.fifrax40.weglnegtne.thendolopbody.tp.tlabk jgeaflerlifraxmo.wegolpositiveoroychecklandition.impout addqsll.tnthenjumputthe.IM?if(ii-lo)gotoendjmp lwp

itli

njumpbacktoconditim atgtqhtumwithagibecausewerewrkmgu.itha 64

g totpibitthing.CM?a8-gtaddressandjumpbaktoakHend:tlab1e
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Example: Functions

f(x,y): 
    ... 
    ... 
    return 4 

... 
z = f(2,5)

7htflmtx.my ) { .globalff.hn
4.

pushqhbpnstoreoldbaseponterymovqotrp.inHcreateanwstackfrf
ntmam 1) 4

nig.in//putreturnvalue4t%eaXIhtz=fl2i5);FP9!rbPNpp01dbaseponterwrnnemmnntfrma.nl ,
邮 和
_
!!

"

_

幵 ⽐9 11retum.Y.globalmam.ii-fnnpushqyorbpmorql.rs
, %

rbpoomovlk.%edillputparameterzto%edimovlsl5.li/1put5
tolicallqfmdv%eaxi-4drbpxstreretumvaluetolocdvariab.KZ
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Function Calls: Calling Conventions 
Thefunct.vnImrunmgcurrentlyandthefunctinthatIcdlarebohs.hnhg

thesameregisters.Moreconrentns.ch
eckreadmgs ,
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Calling Conventions: Registers 

-_-

Why ?

Callerandcakesharethesameregisters.ee
te-O-nn-10pushtheddvduesbefrecchgzo.pthevduesbefreretumng
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Most Common Instructions



⼀个 savebaseponter-suse06rbpfrilnotnormal.butvalid7.it
jampareiwith12.ifin.tnjumpoutthehop.dse.dothewhilelwp.co

whileli-ID-inseteax-oforretumsmtittheregistery.rsi.valuewhichisuedtthesecondparameterofpnntfsput.fmtstmghiptotheFspopoldbaseregsterofrdi.vnchisused
address frthefrstparameferof

prmtf.zthmgstknow.IQ
%riphatheaddressofscstyle.fr吡加州的

currentmstructfzo.fmtsl.mg1%啊

willcalculatetheaddressoffmtstmglabelusmgoffe.tn
,



→rsi-rbx-sn.si
-_- rsi
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Debugger 圳

ng-hnbkallsectims.0_mptsubstractlh.esshowbypg.lt
disassembleallsectonsfombmangtoonnbglldbsubstrat.hn
theexecvnlefilesubstractiindebuggmgmodebma.nl/addabreakpont.at

thebegningofmamfunctonrlrunnrunthewde.nl/mnthenext
mstructiondisassemblelldisassemble.tk bmangcodtosmbhgwkwkfrthecurrentfane-mcn.rereadhreadthereg.se,
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The Stack

pushq %rax 
popq %rdx

    .globl  main
main:
    pushq   %rbp

    # Set some example values in registers
    movq    $0x42, %rax
    movq    $0x15, %rbx
    movl    $4, %esi
    
    # Push 64-bit rax, then 16-bit si
    pushq   %rax
    pushw   %si

    # Pop -- oops!
    popq    %rdi
    popw    %si

    # Return 0 (all is well)
    xorq    %rax, %rax
    popq    %rbp
    retq

f 9
in

32bits 0.x 0000 0004

i pushrbx

i _

-64 bits

pushn 1孒! 以 -
1 6bitsayu.tk/ower16bitsoflsi)calli

_

→ 64𠵎 }zi → 1 6 的⻓

|sina.tkftp.p/rax64bitsP.pirbxi阞以

mouthestackponter_silbbits.im8,50th datagt
caller callee

isttallywnng.keyhessm.MX?hgoperandsizesonthestack
breaksalignmentandk.cndstoompteddata



Page 5

Category Patent Copyright License Agreement

Protected Object Technological inventions and 
innovations

Creative expressions and 
forms (e.g., code, text, images)

Usage rights of protected 
content

Source of Right Granted by government 
agencies after examination

Automatically arises upon 
creation

Established through 
contractual agreement

Automatic Acquisition ❌ No ✅ Yes ❌ No (requires signing)

Duration Typically 20 years
Author’s lifetime + a number 
of years (e.g., 70 years in the 
U.S.)

Determined by contract 
terms

Nature of Right Exclusive right to make, use, 
or sell an invention

Prevents copying or 
unauthorized reproduction

Defines how others can use 
or distribute the work

Examples A new GPU scheduling 
algorithm, hardware design

Source code, research paper, 
textbook

MIT License, GPL, Apache 
2.0, commercial EULA

Key Focus Innovation and technical 
exclusivity Expression and originality Permission and terms of 

use
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Compilation Pipeline

Turning our code into something that runs 
• Pipeline - a sequence of steps in which each builds off the last

ˊ

Wewanttobridgethegapbetweentheassembhgandc.cl
anglgccdangexecutabk-sloader-runc-compiler-Assemb.ly→Assembleriiitink-pgram.CMsfks .cofileslbddtaoutLAreweannectedin.hnHes brmgdherpaplescode.atemnnDowehwewmdows7.hn

Thgarepartofthepakgesourpngramonacom.euithouromph 105 ,

wmd.ws?Mac?Linux?(prmt?san?)Notes:oThewhoIestepsfrom
assemblytoexecutable.is fullyreversable.Thismightnotbeperfect.tk/abelsmgn0lbe

quitewhatwewant.20.Theprocessfromctoassemblyislossy.BAiculttogobaktoc
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Compiling C to Assembly

⼀
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Compiling C to Assembly
ASTCAbstractgntaxTredmtFunctimDeclfooi.intc)
fo

i
1

intfol ) l N t) { {anpoundstmt.intlh.intx - 3 i N x=3 , x Dedstmt Retumstmt

Hamments
1弘邀

> umxxz.tn
"
⼀的

1 1 ttix囤⼀⼀⼼ Assenbly

retum ㄨ *2 ; } hn vdDedx.int/3ing0peratr'*':int ↓

了 x
1 / \ Didyureturn

* Integerliterd3ImplicitlaseExprIntegerh.iteh 2tharectt.pe?cfiIecddete.comMents
,

2 Nduēomn
Y 壮 Example ;brmgallthmgstogether) ,
↓ pedpefExprx.int
mty-z.tn?econvehnfnomusem1est↓ !新鱻

。

breakit.to checkivdidcsyntax

cwidenonre.in?tkens=Ocasttodoubk./XfcmpIicatecast)xtnt
dubklhy5.intint

Nxi中河doesntwrk.tt+5 i
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Errors

( Exampki Egmentatimfault )
,
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Simple C Example (wedanonstratedfxample-npwtal.hr rewhg ) ,

why "

xorl%eax.%eciiihecompilerischoosmgtousethisas.cn
easywg-ashortwg-tozerooutthereturnregister.ESonlytuobtstodear

thatregsterwithzena
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Data Types in C

"听
,

鼉1 6
32
64

64

bydefault.short.int/lg.longhngaresigned.
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Data Types in C

Pointers - how C uses addresses!
• Hold the address of a position in memory 
• Need to know the kind of information stored at that location

Thesizeofapvnter7Howmanybytes7-64bitslk.gstersare 64 bitsbecause
(8时㘭 wehad 6

4-bitmemryaddressesjIfIwanttohaveapnntertoan-nt.imtxyi
↳ thestarreferen.es

thefactthatthisisntanmteger.itsapvnter.int
x = 5 i Tltglnnh 4时㘭y-xiItwksi-ntx-yitlhhlINI_lleekbyt.SI
xyziiwillchmgexto25.mx;-> doesntwrk
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Data Types in C

Pointers - how C uses addresses!
• Hold the address of a position in memory 
• Need to know the kind of information stored at that location

1

memagaddressoxmocwealwgsreferencesomethmgasthe.luestaddressthat.itsshred

1 20 1 1 202 1 203
⽐) FF

Yfhi:佁阅息 闷。 1 00 1 1
'

781561341112
8-bytchunkfry

lngtdukhhx
intx-xz-yilittle.cndian) xzidereference z

N X = 0× 1 2 345678

xtzidereferencex-ztx-Z-Oxoooooooo.nltyi

lsetxtooxooooooo.gg= & xilIwantypuhttox.whchmeansstoretheaddressofxmys.AZ ⼆25icwamggairetru.mg to

assignanmtegertoaponter)
( Butlater,whenyouuseitas.anaddress.mgSeg Fault ) .

1

y-OXABCDEFOliCIhchangmgthepinteD-T.mg dmtwanttodothis.sntmessegfanxy-25ilwhenIuseanasterisk.itwilsgisfollowthepomterony.flowtheaddresstotheplae.inmemagthatypantstoandchangethatw.lue)
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Example
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Example
(

compilerknouswearewrkmgona64-bitmachne.IN
pobablytngtohne-rreeerghhgto8byteseereeifIcan.to

makethmgsfasterfry.ru)
Cet → loadingtheaddr
-_-24

Ofxtorcx
,

signedextend }yistreatedas.to9

thesameway.todfcete &x

XSaernfbgmgfomlmgtomt.moveiheralueof-Ynytorcx.but.IMliustreadout.tk
11

Valueofecx,



SwapExampleiwidswaphntx-a.int 奶 1

mttmpix-aita-xbjtb-tmpib.1-heretiheanmteger.tn
L.Tannnr.tn☒
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Arrays

(wepickaspotinmemg.andtknextsomanye.ptsareourarray )

( 1 0mtegersmmyarrayjHowbigi.mg
arrgmbytes7-whenIcreateanarrg.it

actuallycreateapomtertothefrstthmgmthatlist.iq?tional
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Pointers and Arrays ㄨ

I' l l l ! 111 腓 111 胁 '

(dereferencexwillbethefrstelementofarrg.sindex 0 1 2

-

wi-espanterarithmeticlskip5bytesmme.mg
Iknowthisponterisapontertoan-nteger.soIplus5.sizeofhnt)
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Pointers and Arrays

Consider: int **a

YwdoIknowiponepanteroranarrayofpnnteri.sizeof ( )

lapnntertoepnertoanmtemgerjreiemtgeroranarrg
ofmteger ?

Isuposeiipnnttothefrstthmgofanarrg.Thisarrgs.huldbeanarrgofpnnfersAMISupposethepantersmthisponterarrayp.int
toanarrgofmtegers.dz*

>nee
*
> 1 1 2 3

**a ⇒ I • > 41516
⼼[0] => I

· > 7 1 8 1 9
*@[27 ) ⇒T

T) [2] ⇒ 3
˙ >1 10 1 1 1 1 12 1 1 3

a [ 1 ] [3] ⇒ somethngweirdhere.hn?ava.justsegfau1t.Butmc,Icanjustgxeyouthevdueatthatteltgarejustpanterstoaplace.inmemory.de吡了 ⇒ 4
audybegfultifyouuadtofgIwillknowmethM.mgwhenIusethisvaluelsdoesntmatterhowbigthearrgs.ae

a [0] [1 7 ⇒l-o.ugbesmenwmberthere7.tn⇒妣们) ⇒4 later.AndifImwntmgsth.IMgoverwritesth Idmtknow ,
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Pointers

sizeoflcharx-7-sizeofhgdmbkxysizeofnreturnsava.lu
e

-

-2ns

oftypesizetLTheserepresent-ntegerswiththesamesizeasaponte.ir
,
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Pointers

wesupposexlivesataddresslooyponttox.org==1000

pnnterarithmetic.ypontstanmteger.co ytzmeansgofrwardz.int

inmemongwhichis4bytesTtheaddresstokng.sowetre.atthem

smceywaslooo.likeplainmtegers.IO8- 1 000 = 8 sozwillbe

1 000 -1 8 = 1008
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Other Types and Values ifIwritenumbers.thgareimplicitlycast.to
mtgers.whichis32bits.IFIwant.to

writesomethinghgen.Inedtoaddsmesuffixes.lt
frlmglongccapitalizatimdoesntmatter.butyaillus.uallyseeiiloweraseandiuppercase.co

1 2 1 0 1 cwhenIdealmgwithchoiestheuserhastomake.tkeasiestwg-Thangewheretodoisusingintgers.freasierreadmgIgret.hn smenames )
Itsatype !

Imatusing
"
⼆
"

- CIdontcarewhatn-Iantdoequdsoranyoperatims.it
floatb-123.4.CI
daitcarewhatismregisterraxl.widxp-oebifloatcitlfloatx-jpjc.us

tmgpontersdoessomeweirdthmgs.vntalkabutthatlater ,
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Structures
i

ˋ

8

theorderofthislist4isimportant.Ittelswhenyoucreateas.hutinc ,

2

theampilerhowtobuildt.tneǎnpikrdecideswheretolthisthmg.placeeachfeld 4+2+1=7

maybeonebyteofpaddmg7-nmemmg.Ittriestooh.tneah

Idaitknow.fieldmanaddrsthatsamipk ↳dedareavariablexof.isnah
oftypestructto.size.tomak

thecpoaccess Icansetdirectlythe

faster 。

fields.Astructmastructi.ie
justsetastmctanefeldofantherstu.to
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Structure Literals We

canusestructliteralsjustlikwesawwiththearrayliterals.ficiisapartofthetype.notapartofthename.ee
→ mustgirevaluestofeldsmorder.us

youanuseequalnotatintogivethemvaluesmotherorders.su
ctazi ⇒ Iftdmtgneanyvdues.justallocatethemengandwhate.verisin.memgiswhatsgongtobethere.clmtknwwhatthgare



Page 13

typedef

struct { ... } defines an anonymous struct (no struct name given).
The typedef immediately gives it the alias foo.
You can now create variables like foo z; instead of writing struct something z;.

typedefunsignedlongsizetitypedefunsignedlmgaddress.li

Intgerbecomesanothernamefrmt.ch?pptri(Usingtypedefcan
makecomplexpontertypeshoks.impler)
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Struct Example

AssumngIhavenopaddmgbecauseallofthseare64bits.li
8 16 24

xlylarrayllengthfoa.co/
a.arraytiatitogetme.tothearray.remanberweneedthisiatt.beend !
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Struct Example Sumzgetsaponter.it mustdereferencetoaccessfelds.tk
frstparametercanispassedinrgster.frdi

ee

ans-arg-sxrfarg-slengthperformsbitwise.AM?.ifnegati
⽐
, jumptoi啊-3

rdx-arg-syrsi-argarrayi-O.int
egerrcx-arrginmultiply.intrcx-yx-arrgii.ISigned)

MS ⼗ ⼆ ……

ittincrement.sn-

compareihgth
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Struct Example sumlgetsacopyofthewhdestructcfoarcp.it

accessesfieldsdirecthgonthestackans-arg.xr8-arg.la
gthrdx-arg.gr

siag.arraywhydoesthecompileraccessthestruct.fieldsusing io

1%rsptoffset.insteadofsvmethmglikedrdx-somet.mg?Moderncompilersoflenomitit.tosavearegister.whenymdontseeforbp.tcompilerjustuseh.pt
offsetmstead.functmgumentsag.xath.pt 8

… … ←argyat06rsptlbre.tnmaddr

_ _ _ _ _ _ _ _ _ _ __ 、

10cal variables


