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Relevant Course Information

+» Lab 1la regrade requests open on Gradescope
+» Lab 1b submissions close tonight
+» Lab 2 due next Friday (10/24)

= Section 4 will prep you for Lab 2 — bring midterm reference sheet & your laptop!
= Recommended GDB Tutorial in Ed Lessons

+» Midterm: 10/27, 5:30 pm split across ARC 147, CSE2 G20, and SIG 134
"= You will be provided a fresh midterm reference sheet
" You get 1 handwritten, double-sided cheat sheet (letter-size)
" Form study groups and look at past exams!



https://courses.cs.washington.edu/courses/cse351/25au/exams/ref-mt.pdf
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Lecture Outline (1/4)
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Aside: Labels & Jumps in C—goto (1/2)

+ C allows goto as means of transferring control (jump)
" Closer to assembly programming style
" Generally considered bad coding style

long absdiff(long x, long y) { long absdiff_j(long x, long y) {
long result; long result;
if (x > vy) ot [int ntest = (x <= y); onp
result = x-y; »p L (ntest) goto Else; Jle
else result = x-y;
result = y-x; wnendilond 1mp— goto Done; J™P
return result; > Else:n),
} EJ// result = y-x;
labels ,aDone:fm
Gm&wua) : return result;
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Aside: Labels & Jumps in C— goto (2/2)

+ C allows goto as means of transferring control (jump)
" Closer to assembly programming style

" Generally considered bad coding style... listen to Kernighan & Ritchie:

3.8 Goto and Labels

C provides the inﬁnitely-abusable" gdtc's statement, and labels to branch to.

Formally, the goto is never necessary, and in practice it is almost always easy
to write code without it. We have not used goto in this book. |

Nevertheless, there are a few situations where gotos may find a place. The
most common is to abandon processmg in some deeply nested structure, such as
breaking out of two or more loops at once. The hreak statement cannot be
used directly since it only exats from the mnermost loop Thus. |

CSE351, Autumn 2025
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If-Else Implementation (Review)

+» @Goal: Ensure that only one case/branch gets executed
= Jumps in if-else statements almost always go later/forward, though not always
"= Fewer jumps and labels when using ret

+» Examples: From last lecture

max : abs:
movq %rdi, %rax # then mov'l %edi, %eax 4 glse
:ci::pq 95(:?;, %rdi }@v\o\i‘mno\l <X>\/) ;':EStl Sioig'l, %ed- } brditional xCO)
movq %rsi, %rax #Helke .L2: ret
done: .L3: negl %eax F Hlen
ret jmp L2 * ol e ret
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If-Else Implementation Variations

L10: x86-64 Programming IV

+ Variation: Which case/branch do you want to execute when the
conditional is True versus False

+» Example:

y += 5;
else
y = 10;

if (x < 3)

// x 1n %rdi
// Yy 1n %rsi

cmpq $3, %rdi
il .L2

jmp .L3
Cj.Lzz &
L, addq $5, %rsi

.L3:
# other code

#y-3
+y-3<0

movq $10,\ %rsi #elce

# then

- <%

jmp .L3

».L3:

cmpq $2, %rdi % y -
jg .L2 # 72 >«
addq $5,X96r5'i # then

= #else
movq $10, %rsi

# other code

CSE351, Autumn 2025
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Lecture Outline (2/4)

% If-Else Statements
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«» Mainstream ISAs, Revisited
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While-Loop Implementation (Review)

+ Constructed with same building blocks as if-else statements
" One of the jump targets must go backward to create a loop
" The test condition must be contained in the loop body

+» Loop variants based on:
" When are conditionals evaluated: top or bottom of loop
" How much jumping is involved: execution efficiency

+ In the following pseudocode examples: I
" Example test condition (Test)isc != 0 — testq %rsi, %rsi
= <loop body> represents the loop body

= QOur labels will be called LoopTop and lLoopDone



YA UNIVERSITY of WASHINGTON

While-Loop Variants

Do-while:

While:

While Alt:

C/Java

do {
<loop body>
} while ( CT!fLG )

L10: x86-64 Programming IV
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x86-64 Assembly

eS|

Test

while ( ¢ != 0 ) {
<loop body>
+

loopTop: <loop body code>
testq %rax, 96rax}.TeS+
jne loopTop
loopDone:
loopTop: testq %rax, %rax .
je loopDone }N‘red— <C -O)
<loop body code>
jmp loopTop
loopDone:
testq %rax, %railggw
je loopDone J
loopTop: _gkloop body code>
do-Kle £ testq %rax, %rax T+
loop {jne  loopTop gs
loopDone:

10
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While-Loop Example

L10: x86-64 Programming IV

+ Fill in the mystery function, which contains a loop

" %rdi — ar (int array), %¥esi — c (int), %eax = s (int)

mystery:

movslq

$0, %eax H#s =0

L2 # hoes ond st
L? wlm/]e_ lo:v

A4

%esi, %rdx ¥ c i lerpx

%rdi,%rdx,4), %eax
$1, %esi czc-l

%esi, %esi #*c
.L3 4 c\=0

CSE351, Autumn 2025

int mystery(int ar[], int c)
nt s =0
whﬂc(;c1=0) {

s =<+ arLcl;

c=c-1I-

return s;
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For-Loop Implementation (Review)

+ A for-loop is just a more structured form of a while-loop!

" Can use whichever implementation of while-loop as you’d like to

for (<init>; <test>;

}

)

{

<loop body>
<init>

while (<test>) {
<loop body>

CSE351, Autumn 2025
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Polling Question

+» The following is assembly code for a for-loop; identify the corresponding
parts (Init, Test, Update)
"] - %eax, X — %rdi, y — %es’

Line

1 mov'l $0, %eax < Inait

g .L2:  cmpl %59, %ébx}rﬁTe5f-9

X jge .L4

4 & movslq %eax, %rdx

5 //////pleaq %rdi,%rdx,4), %rcx
6 mov'l (%rcx), %edx

7 addl $1, %edx

8 mov'l %edx, (%rcx)

9 add1l $1, %eax <— Update
10 jmp .L2

11 [2L4:

for( _mi-0 ;

1<y 1++

» o

Ln'r

13
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Lecture Outline (3/4)

% If-Else Statements

« Loops

+» Switch Statements

«» Mainstream ISAs, Revisited
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Switch Statement Example

+ Implemented with: Take a look!

https://godbolt.org/z/fsK1KEboW

Indirect jump instru@

long switch_ex(long x, long y, long z) {

long w = 1;
» Special cases: switch (0O o
] case 1l:~»w = y*z5 b ;
" Multiple case labels (5 & 6) case 27 w = y/z:~// Fall \Through!
" Fall through cases (2) case 3: T += z; break;
S —— > ) Case 5:

" Missing cases (4) 77 {case 6: w -= z; break;
case 7: w y%Z;
default: ;

}
return w;

15


https://godbolt.org/z/fsK1KEboW
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General Jump Table Structure

Switch Form

switch (x) {

case val _0:
Block O

case val_1:
Block 1

case val _n-1:
Block n—1

Approximate Translation

target = JTab[x];
goto target;

— \ 1 \:e an arro\y

crc' Pb'\ r\'\'QY'S

Jump Table Jump Targets
Targ0 -« Targ0:| code
Targl *—Haﬁﬁﬁﬁx\\\ﬁ Block O
Targ2 —

X Targl:| code
. Block 1
Targn-1- Targ2:l code
Block 2
addresse; (8 bg"p_s wdc.)
Targn-1:| code

Block n—1

CSE351, Autumn 2025
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Example Jump Table Structure (Review)

C/Java code:

switch
case
case
case
case
case
case

(x) {

1

2

3:
5:
6

7.

<code> break;
<code>
<code> break;

<code> break;
<code> break;

X~

default: <code>

Use the jump table when x < 7:

else

goto default;

if (x <= 7)

target JTab[x];/ |
goto target;

-

COde ——
Blocks

Memory

No o b~ ow NN e O

CSE351, Autumn 2025

17



YA UNIVERSITY of WASHINGTON L10: x86-64 Programming IV

CSE351, Autumn 2025

Jump Table Usage (1/2)

long switch_ex(long x, long y, long z) {
long w = 1; %rd-
switch (x) { X ordl

y %rsi

} z %rdx
return w;

¥

switch_ex: .
movq %ng, %rcx JAMp o
cmpq S7, %rﬁﬁ # x:7 defau\t @se
ja .L9 # default 7 F
jmp *.L4(,%rdi,8) # jump table (Qaﬁy@@)

\-

jump above — unsigned > catches negative default cases
-\ >7FU — Jumg b defaut Gse

18
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Jump Table Usage (2/2)

long switch_ex(long x, long y, long z) {
long w = 1;
switch (x) {

}

return w;

switch_ex:

movq %rdx, %rcx

cmpq $7, %rdi # x:7

ja .L9 # default
jmp x.L4(,%rdi,8) # jump table

.""l D + R-L§
addr GFJ L - —sizedt (wis?)

Indirect jump ., tde

Jump table

.section . roda’ca()a
.align 8 agdres

.L4: k/, )
.quad # x = 0
.quad .L8 # x = 1
.quad L7 # x = 2
.quad L10 # x = 3
.quad .L9 # x = 4
.quad .L5 # x = 5
.quad .L5 # x = 6
~quad .L3 # x =7

’\ ‘ﬁ)lloum M& i§

& quad wofo\ =¥ bytes

CSE351, Autumn 2025
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Direct vs. Indirect Jump

« Table Structure

= Each target requires 8 bytes (address)
" Base address at . L4

+ Direct jump: ja
= Jump target is denoted byNabel . L9

Jump table

.section .rodata
.align 8

.L4:
.quad .L9 # x = 0
.quad .L8 # x = 1
.quad L7 # x = 2
.quad L10 # x = 3
.quad .L9 # x = 4
.quad # x = 5
.quad ijs # x = 6

M3  # x =7

Krip 0%

= Indirect jump: jmp *.L4(,%rd1 ,SLJ

= Start of jump table: . L4 Mem [ D+ ReglR) +5)
" Must scale by factor of 8 (addresses are 8 bytes)

" Fetch target from effective address .L4 + x%*8
« Onlyfor 0<x<7

CSE351, Autumn 2025
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Lecture Outline (4/4)

% If-Else Statements

« Loops

% Switch Statements

+ Mainstream ISAs, Revisited
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Mainstream ISAs, Revisited

intel.

x86
Designer  Intel, AMD
Bits 16-bit, 32-bit and 64-bit
Introduced 1978 (16-bit), 1985 (32-bit), 2003
(64-bit)

Design CIsC

Type Register—memory
Encoding Variable (1 to 15 bytes)
Branching Condition code

Endianness Little

Windows desktop/laptops
(Core i3, i5, i7, Ryzen)
x86-64 Instruction Set

arm RISC

ARM RISC-V

Designer  Arm Holdings Designer University of California,
Bits 32-bit, 64-bit Berkeley
Introduced 1985 Bits 32-64-128
Design RISC Introduced 2010
Type Register-Register Design RISC
Encoding AArch64/A64 and AArch32/A32 Type Load-store

use 32-bit instructions, T32 Encoding Variable

(Thumb-2) uses mixed 16- and
32-bit instructions; ARMv7 user-
space compatibility.[!]

Endianness  Littlel!]3]

Smartphone-like devices Mostly research
(iPhone, Android, Raspberry Pi) (some traction in embedded)
Apple products (ca. 2020-) RISC-V Instruction Set

(Macbook, Mac Mini)
ARM Instruction Set

22


http://ref.x86asm.net/coder64-abc.html
http://ref.x86asm.net/coder64-abc.html
http://ref.x86asm.net/coder64-abc.html
http://infocenter.arm.com/help/topic/com.arm.doc.qrc0001m/QRC0001_UAL.pdf
https://inst.eecs.berkeley.edu/~cs61c/resources/riscvcard-large.pdf
https://inst.eecs.berkeley.edu/~cs61c/resources/riscvcard-large.pdf
https://inst.eecs.berkeley.edu/~cs61c/resources/riscvcard-large.pdf
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Discussion Question

+ Discuss the following question(s) in groups of 3-4 students
= | will call on a few groups afterwards so please be prepared to share out
= Be respectful of others’ opinions and experiences

+» We taught you assembly using x86-64; you didn’t have a choice

" What are some of the advantages and drawbacks of this choice?

" What are some possible assumptions we are making about our students or values
we are forcing on our students with this choice?

23
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Summary (1/2)

>

L)
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» Most control flow constructs (e.g., if-else, for-loop, while-loop) can be

implemented in assembly using combinations of conditional and

unconditional jumps

= Differences come from placement of jumps and whether they jump forward or
backwards in code

if (<test>) [ do { |[while (<test>) {
<then> | <body> | <body>
else |1} while (<test>) || 2
<else>
I I
<ltest> <test> | top: <body> | top: <ltest> <ltest>
jx' L2 j*x .L2 | <test> | jx! Jx!
<then> <else> || j*x top || done done
jmp done jmp done || done: | fbody> top: <body>
L2: L2: | | jmp top ftest>
<else> <then> done: j* top
done: done: : : done:

<init>
while (<test>) {
<loop body>

24
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Summary (2/2)

Memory

+» Switch statements can be implemented using
jump tables and indirect jump instructions

" Jump tables are arrays of pointers to code blocks

" |ndirect jump jumps to address stored somewhere in E;g‘cjlfs"
memory instead of target specified in instruction
Jump table
switch (x) { .section .rodata
case 1: <code> break; -align 8
case 2: <code> .L4C:IUIaCI o .
case ?,: <code> break; cmpq $7, %rdi quad .L8 # x =1 1
case ja .L9 # default .quad L7 4 x = 2 2
case 6: <code> break; ‘o x.L4a(,%rd1,8) .quad  .L10 # x = 3 3
case 7: <code> break; 1mp . ok ? .quad  .L9 # x = 4 A
default: <code> .quad  .L5 # x =5
} .quad .L5 # x = 6 5
.quad .L3 # x =7 6
7

25
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