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Relevant Course Information

v Lab 2 due next Friday (2/4)

v Midterm is in two weeks (take home, 2/8 – 2/11)

§ Open book; make notes and use midterm reference sheet

§ Individual, but discussion allowed via “Gilligan’s Island Rule”
§ Mix of “traditional” and design/reflection questions

• Form study groups and look at past exams!
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Condition Codes (Explicit Setting: Compare)

v Explicitly set by Compare instruction

§ cmpq src1, src2
§ cmpq a, b sets flags based on b-a, but doesn’t store

§ CF=1 if carry out from MSB (good for unsigned comparison)
§ ZF=1 if  a==b
§ SF=1 if  (b-a)<0 (if MSB is 1)
§ OF=1 if signed overflow
(a>0 && b<0 && (b-a)>0) || 
(a<0 && b>0 && (b-a)<0)

3
CF ZF SF OFCarry Flag Zero Flag Sign Flag Overflow Flag

( like subq Svet, Src 2 ;
"
subtract src1 from Src2

")
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Condition Codes (Explicit Setting: Test)

v Explicitly set by Test instruction

§ testq src2, src1
§ testq a, b sets flags based on a&b, but doesn’t store

• Useful to have one of the operands be a mask

§ Can’t have carry out (CF) or overflow (OF)
§ ZF=1 if  a&b==0
§ SF=1 if  a&b<0 (signed)

4
CF ZF SF OFCarry Flag Zero Flag Sign Flag Overflow Flag
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Example Condition Code Setting

v Assuming that %al = 0x80 and %bl = 0x81, which 

flags (CF, ZF, SF, OF) are set when we execute 
cmpb %al, %bl?

5

=) set flags based on %b1-t.at

% bi - % al

= % bl + (~%al + 1) [two's complement]
= 0×81 + ~0x8_O+ I

↳ 0×810×7*4
+ is

0×101 CF- 1 ÑMSB carried beyond 1B]
-

2-F - o [ result =/ 0]doesn't f

into 1B SF= 0 [MSB that fits in result = 0]

OF =

0/0×81
is negative in 1B 2's comp.

0×7F is positive
addition of numbers w/ opposite signs |cannot cause signed overflow
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Using Condition Codes: Jumping
v j* Instructions
§ Jumps to target (an address) based on condition codes

6

Instruction Condition Description
jmp target 1 Unconditional
je  target ZF Equal / Zero
jne target ~ZF Not Equal / Not Zero
js target SF Negative
jns target ~SF Nonnegative
jg target ~(SF^OF)&~ZF Greater (Signed)
jge target ~(SF^OF) Greater or Equal (Signed)
jl target (SF^OF) Less (Signed)
jle target (SF^OF)|ZF Less or Equal (Signed)
ja  target ~CF&~ZF Above (unsigned “>”)
jb target CF Below (unsigned “<“)
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Using Condition Codes: Setting
v set* Instructions

§ Set low-order byte of dst to 0 or 1 based on condition codes
§ Does not alter remaining 7 bytes

7

Instruction Condition Description
sete dst ZF Equal / Zero
setne dst ~ZF Not Equal / Not Zero
sets  dst SF Negative
setns dst ~SF Nonnegative
setg dst ~(SF^OF)&~ZF Greater (Signed)
setge dst ~(SF^OF) Greater or Equal (Signed)
setl dst (SF^OF) Less (Signed)
setle dst (SF^OF)|ZF Less or Equal (Signed)
seta  dst ~CF&~ZF Above (unsigned “>”)
setb dst CF Below (unsigned “<”)
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Reading Condition Codes

v set* Instructions

§ Set a low-order byte to 0 or 1 based on condition codes
§ Operand is byte register (e.g., %al) or a byte in memory

§ Do not alter remaining bytes in register
• Typically use movzbl (zero-extended mov) to finish job

8

int gt(long x, long y)
{
return x > y;

}

Register Use(s)
%rdi 1st argument (x)
%rsi 2nd argument (y)
%rax return value

cmpq   %rsi, %rdi   #
setg   %al          #
movzbl %al, %eax    #
ret

y ✗
set flags based on ✗

-y
set % al if ✗- y > 0 ⇒ ✗ >y
sign - extend t.at into % eax
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Reading Condition Codes

v set* Instructions

§ Set a low-order byte to 0 or 1 based on condition codes
§ Operand is byte register (e.g., %al) or a byte in memory

§ Do not alter remaining bytes in register
• Typically use movzbl (zero-extended mov) to finish job

9

int gt(long x, long y)
{
return x > y;

}

Register Use(s)
%rdi 1st argument (x)
%rsi 2nd argument (y)
%rax return value

cmpq   %rsi, %rdi   # Compare x:y
setg   %al          # Set when >
movzbl %al, %eax    # Zero rest of %rax
ret
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Choosing instructions for conditionals
v All arithmetic instructions set condition flags based on result of 

operation (op)
§ Conditionals are comparisons against 0

v Come in instruction pairs

10

(op) s, d

je “Equal” d (op) s == 0

jne “Not equal” d (op) s != 0

js “Sign” (negative) d (op) s <  0

jns (non-negative) d (op) s >= 0

jg “Greater” d (op) s >  0

jge “Greater or equal” d (op) s >= 0

jl “Less” d (op) s <  0

jle ”Less or equal” d (op) s <= 0

ja “Above” (unsigned >) d (op) s > 0U

jb “Below” (unsigned <) d (op) s < 0U

orq a, b
je:   b|a == 0 .
jne:  b|a != 0 .
jg:   b|a >  0 .
jl:   b|a <  0 .

addq 5, (p)
je:   *p+5 == 0
jne:  *p+5 != 0
jg:   *p+5 >  0
jl:   *p+5 <  0
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Choosing instructions for conditionals
v Reminder:  cmp is like sub, test is like and

§ Result is not stored anywhere

11

cmp a,b test a,b

je “Equal” b == a b&a == 0

jne “Not equal” b != a b&a != 0

js “Sign” (negative) b-a < 0 b&a <  0

jns (non-negative) b-a >=0 b&a >= 0

jg “Greater” b >  a b&a >  0

jge “Greater or equal” b >= a b&a >= 0

jl “Less” b <  a b&a <  0

jle ”Less or equal” b <= a b&a <= 0

ja “Above” (unsigned >) b >U a b&a > 0U

jb “Below” (unsigned <) b <U a b&a < 0U

testq a, a
je:   a == 0 .
jne:  a != 0 .
jg:   a >  0 .
jl:   a <  0 .

testb a, 0x1
je:   aLSB == 0.
jne:  aLSB == 1.

cmpq 5, (p)
je:  *p == 5 .
jne: *p != 5 .
jg:  *p >  5 .
jl:  *p <  5 .
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cmp a,b test a,b

je “Equal” b == a b&a == 0

jne “Not equal” b != a b&a != 0

js “Sign” (negative) b-a < 0 b&a <  0

jns (non-negative) b-a >=0 b&a >= 0

jg “Greater” b >  a b&a >  0

jge “Greater or equal” b >= a b&a >= 0

jl “Less” b <  a b&a <  0

jle ”Less or equal” b <= a b&a <= 0

ja “Above” (unsigned >) b >U a b&a > 0U

jb “Below” (unsigned <) b <U a b&a < 0U

Choosing instructions for conditionals

12

if (x < 3) {
return 1;

}
return 2;

T1: # x < 3:
movq $1, %rax
ret

T2: # !(x < 3):
movq $2, %rax
ret

cmpq $3, %rdi
jge T2

Register Use(s)
%rdi argument x
%rsi argument y
%rax return value

invert the÷:÷.Condition to

case
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Practice Question 1

A. cmpq %rsi, %rdi
jle .L4

B. cmpq %rsi, %rdi
jg .L4

C. testq %rsi, %rdi
jle .L4

D. testq %rsi, %rdi
jg .L4

E. We’re lost…

13

long absdiff(long x, long y)
{
long result;
if (x > y)
result = x-y;

else
result = y-x;

return result;
}

Register Use(s)
%rdi 1st argument (x)
%rsi 2nd argument (y)
%rax return value

absdiff:

__________________

__________________
# x > y:

movq %rdi, %rax
subq %rsi, %rax
ret

.L4:                   # x <= y:
movq %rsi, %rax
subq %rdi, %rax
ret

@
Want difference, so

Usecmpcnottest)

y ✗

Cmpq%rsi , %rdi # ✗- y

jle.lt # ✗-9<-0 Hey)
( invert condition b/c we

hd

§
µnp* :*. case
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Reading Review

v Terminology:

§ Label, jump target
§ Program counter

§ Jump table, indirect jump

v Questions from the Reading?

14
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Labels

v A jump changes the program counter (%rip)
§ %rip tells the CPU the address of the next instruction to execute

v Labels give us a way to refer to a specific instruction in 
our assembly/machine code
§ Associated with the next instruction found in the assembly code 

(ignores whitespace)
§ Each use of the label will eventually be replaced with something 

that indicates the final address of the instruction that it is 
associated with 15

swap:
movq (%rdi), %rax
movq (%rsi), %rdx
movq %rdx, (%rdi)
movq %rax, (%rsi)
ret

max:
movq %rdi, %rax
cmpq %rsi, %rdi
jg done
movq %rsi, %rax

done:
ret
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x86 Control Flow

v Condition codes

v Conditional and unconditional branches

v Loops
v Switches

16
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Expressing with Goto Code

v C allows goto as means of transferring control
§ Closer to assembly programming style

§ Don’t do this!! Bad!!!

17

long absdiff(long x, long y)
{

long result;
if (x > y)

result = x-y;
else

result = y-x;
return result;

}

long absdiff_j(long x, long y)
{

long result;
int ntest = (x <= y);
if (ntest) goto Else;
result = x-y;
goto Done;

Else:
result = y-x;

Done:
return result;

}
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Compiling Loops

v Other loops compiled similarly

§ Will show variations and complications in coming slides, but 
may skip a few examples in the interest of time

v Most important to consider:

§ When should conditionals be evaluated? (while vs. do-while)
§ How much jumping is involved?

18

loopTop:   testq %rax, %rax
je loopDone
<loop body code>
jmp loopTop

loopDone:

Assembly code:

while ( sum != 0 ) {
<loop body>

}

C/Java code:
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Compiling Loops

19

do {
<loop body>

} while ( sum != 0 )

loopTop:
<loop body code>
testq %rax, %rax
jne loopTop

loopDone:

x86-64:C:

Do-while Loop:

While Loop:
C: while ( sum != 0 ) {

<loop body>
}

x86-64:

loopTop:   testq %rax, %rax
je loopDone
<loop body code>
jmp loopTop

loopDone:

While Loop (ver. 2):
C: while ( sum != 0 ) {

<loop body>
}

x86-64:

testq %rax, %rax
je loopDone

loopTop:
<loop body code>
testq %rax, %rax
jne loopTop

loopDone:
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For-Loop → While-Loop

20

Init;
while (Test) {

Body
Update;

}

While-Loop Version:

Caveat:  C and Java have 
break and continue

• Conversion works fine for break

• Jump to same label as loop 
exit condition

• But not continue: would skip 
doing Update, which it should 
do with for-loops

• Introduce new label at 
Update

for (Init; Test; Update) {
Body

}

For-Loop:
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Practice Question 2

v The following is assembly code for a for-loop; identify 

the corresponding parts (Init, Test, Update)

§ i → %eax, x → %rdi, y → %esi

21

movl $0, %eax
.L2: cmpl %esi, %eax

jge .L4
movslq %eax, %rdx
leaq (%rdi,%rdx,4), %rcx
movl (%rcx), %edx
addl $1, %edx
movl %edx, (%rcx)
addl $1, %eax
jmp .L2

.L4:

Line
1
2
3
4
5
6
7
8
9
10
11

} init : i -- o
i - y
i - y ± o

}
test : stop looping

if

i >_ y , so condition
is

icy

[ , up,a,, ,, , ,,

overall : for ( i = 0 ; icy ; it+ I { . . . }
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Summary

v Control flow in x86 determined by Condition Codes

§ Showed Carry, Zero, Sign, and Overflow, though others exist 
§ Set flags with arithmetic instructions (implicit) or Compare 

and Test (explicit)

§ Set instructions read out flag values
§ Jump instructions use flag values to determine next 

instruction to execute

§ Most control flow constructs (e.g., if-else, for-loop, while-
loop) can be implemented in assembly using combinations 
of conditional and unconditional jumps

22
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How did we get here?

v Loops: do the same thing over and over again

v Distinction between creating and running programs

§ Values inform which is “better” and which is “worse”

v Modern hardware, modern “house”, historical relics

v Decisions were not an accident!

§ Priorities may have been dated, inconsistent, prejudiced

v Who acted as the first computers? 

v What were the prevailing narratives that informed 
computing during its modern* incarnation?

23* starting in the early 20th century
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Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 
augmented for efficiency and profit

v “Boring, repetitive work” is “robot work”

v Augmentation is highly valued and exclusive

24
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Hardware:  351 View (version 1)

25

Memory

CPU

take 469

registers

i-cache

data

instructions

o More CPU details:

§ Instructions are held temporarily in the instruction cache

§ Other data are held temporarily in registers

o Instruction fetching is hardware-controlled

o Data movement is programmer-controlled (assembly)
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(Modern) Hardware: Historic View

v Computer: one who computes

v Mostly white cis-women

v “Boring, repetitive work”, doing math quickly
26

The women of Bletchley Park, Credit: BBC
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Computing in the US

27

Human Computers at JPL, Credit: JPL

Human Computers at NACA, Credit: NASA

v Computer: one who computes

v Observatory calculations @ Harvard (1870s)
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The ENIAC: Augmenting/Automating

28
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Programming, historically

29

Jean Jennings (left), Marlyn Wescoff (center), and Ruth Lichterman
program ENIAC at the University of Pennsylvania, circa 1946.  
Photo: Corbis
http://fortune.com/2014/09/18/walter-isaacson-the-women-of-eniac/

1940s
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“People like Grace Hopper were very 
consciously mobilizing gender stereotypes 
to get women in.”

Janet Abbate, Recoding Gender

31
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Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 
augmented for efficiency and profit
§ Consistently eliminating jobs of marginalized folks

v “Boring, repetitive work” is “robot work”

v Augmentation is highly valued and exclusive

32



CSE 351, Winter 2022L10:  x86-64 Programming III

Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 

augmented for efficiency and profit

§ Consistently eliminating jobs of marginalized folks

v “Boring, repetitive work” is “robot work”
v Augmentation is highly valued and exclusive

33
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Historic Robots

v Robot: (Czech) compulsory service

§ Slav robota: servitude, hardship

v Robots: tool to replace “unskilled” work, servants

34
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These racist origins persist

36

*This isn’t to praise Twitter; this was the first list I found
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Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 

augmented for efficiency and profit

§ Consistently eliminating jobs of marginalized folks

v “Boring, repetitive work” is “robot work”
§ Performed by those deemed less than human
§ Robot work should be done by robots (non-human)

• “Robot work”: anything unvalued by those with systemic power

§ If the task can’t be automated, use people (less-human)
• Frequently, this ends up being marginalized people, who later have 

their jobs automated

v Augmentation is highly valued and exclusive

37
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Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 

augmented for efficiency and profit

§ Consistently eliminating jobs of marginalized folks

v “Boring, repetitive work” is “robot work”

§ Performed by those deemed less than human
§ Robot work should be done by robots (non-human)

• “Robot work”: anything unvalued by the powerful

§ If the task can’t be automated, use people (less-human)
• Frequently, this ends up being marginalized people, who later have 

their jobs automated

v Augmentation is highly valued and exclusive

38
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Programming, historically

39

Jean Jennings (left), Marlyn Wescoff (center), and Ruth Lichterman
program ENIAC at the University of Pennsylvania, circa 1946.  
Photo: Corbis
http://fortune.com/2014/09/18/walter-isaacson-the-women-of-eniac/

https://s-media-cache-
ak0.pinimg.com/564x/91/37/23/91372375e2e6517f8af128aa
b655e3b4.jpg

1940s

1970s
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Modern Robots: Personal Computers

40
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Prevailing Narratives in Computer Science

v “Boring, repetitive work” should be automated or 

augmented for efficiency and profit

§ Consistently eliminating jobs of marginalized folks

v “Boring, repetitive work” is “robot work”

§ Performed by those deemed less than human
§ Robot work should be done by robots (non-human)

• “Robot work”: anything unvalued by the powerful

§ If the task can’t be automated, use people (less-human)
• Frequently, this ends up being marginalized people, who later have 

their jobs automated

v Augmentation is highly valued and exclusive
§ “Boring, repetitive work” is more available

43
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Automation – it’s complicated

v I don’t mean to vilify automation indiscriminately

§ Adaptive cruise control, autopilot, medical devices

v However, we need to consider the values that inform 

whether specific tasks should be automated

§ Why should this task be automated?
• 737 MAX – Boeing wanted to save money

§ Who does this automation seek to benefit?
• Self driving cars replacing rideshare and taxi drivers

• Benefit Uber and Lyft executives and shareholders

v Who do you want to benefit from your work?

§ Bill Gates?
44


