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Announcements

 Homework 4 due tonight on Gradescope
 Homework 5 available soon, due Monday at 11:59pm on
Gradescope
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Assembly

- TSA s hke ﬁ)g@mmmm o
wabulony of o langquage.
: A%embj code s o Sontence

* 1 line of code = 1 machine instruction wiitten T uoge
* One-to-one reversible mapping between binary and assembly

General principle of all assembly languages

* Code (text, not binary!)

— We do not need to remember binary encodings!

— A program will turn text to binary for us!
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Assembly

Features of assembly

Automatic addresses - use labels to keep track of addresses

— Assembler will reme ' and use where appro rlate

_ B gong v Yepoue them W
La@(glts Wjﬂl}mnobt 1g:{;ust n machm; &Sfaii/\ > o ocfiod aoldresses e Tt bm

Metadata /@@M(@xm L e Wﬂ ot were gy

— 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!
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Assembly Languages

B QU fumily has ifs own unique

There are many assembly languages et o madhve rstctiors — therefore

But, they’re backed by hardware! < oun agembly lgage

Two big ones these days: x86-64 and ARM chips o MAC
MM

most mw%w d 081|th95
— You likely have machines that use one of these

Others: RISC-V, MIPS, hwerfC

We will focus on x86-64
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x86-64

x86-64 has a weird and long history
* Expansion of the 8086 series (Intel)
§ b (b bits 32 bits
w8 — 8086, 8286, 8386, 8486, x86
s

* AMD expanded it with AMD64 A b -bit ok e gith X€b.

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

* (Backwards compatible with the 8086 series
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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

instruction source, destination

- Instruction followed by 0 or more operands (arguments)

OH wWée W1l I’\Jt e
(Typicolly 2

- 4 types of operands:

- Number (immediate value);{$0x123
- Register:@rax

— Address of memory: (%rax) or 24 or labelname
o0 W"Wj

fho 040"

—value at an address in memory: (%rax) or 24 or labelname
Tnmost Of the e, e are dmm J\Jmef‘ﬁy um\ﬂﬁ

{Mﬂmmetmmﬁr#w

I
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AT&T x86-84 Assembly

mylabelname:) cnl yith ol colon
- Label - remember the address of next thing to use later

@something something <t yith o ot
+ Metadirective - extra information that is not code
- How the code works with other things (i.e., talk to OS)
- EX: .globl main

@We can have comments!
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Addressing Memory
Ob@Ct C ot
2130(%rax, %rsp, 8) Wﬁﬁ
- Address can have up to 4 parts: 2 numbers, 2 registers mmjm

- Combines as:[2130 + Y%rax + (Yrsp * 8)

- Common usage from this example:
- rax - address of an object in memo

- 2130 - offset of an array into the object
= rsp - index into the array.
- 8 - size of the values in the array (] 4o @qubJrgWgF—keD

- Don't nee rts: (%rax) or 4(%rax) If 1 dmv fove, all the

- This is all©ne operand (one memory address) piees, it will - celoulote
whet 1t @n
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hello.s example
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Registers

rax is a 64-bit register (qyppoced o e IncRuials Wﬁb[@ With #8h (52-bit) , Jbbit,
YOR (bl% bﬂ’S) enn (32 bT{:SD {f/tﬁ ({b bﬁ—g) Q’lmt)

l [—F |
ah o (§bits fr eoch)
If 1 ok ot 32-bit version, 1t il Just 2o out e T0p 3L bifs.
W'l see Hhis with all ow registers, n slightly different way.
(theck the Terdng)
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Instructions ( coib geronyms iy what ue wont 0 do ke mov.gdd, and or, xor, peg )

Instructions have different versions depending on number of bits
to use

* movq - 64-bit move [ ssmslow fov MU{@ Subg, 7

ca=quadword L fion Bllowed by o wide
* mov1 - 32-bit move of the Hong we WA 0 olo.
-1=1long

- There are encodings for shorter things, but we will mostly see
32- and 64-bit
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More powerful than our ISA

Instructions can move/operate between memory and register
* movq %rax, %rcx - register to register

- Remember our icode 0

- movq (%rax), %rcx - memory to register
- Remember our icode 3

- movq %rax, (%rcex) - register to memory
- Remember our icode 4

- movq $21, %rax - Immediate to register

- Remember our icode 6 (b=0) We amot do memny o
Note: at most one memory address per instruction memory caloulotions,
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