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Gentle, Loving Reminders
o Unit Summary 1 due tonight! (7/12) -- 8pm

• Can still use late days until 7/14
o Mid-quarter Survey due Friday (7/16) – 8pm

• Submit via Canvas!
o hw8 due tonight, hw9 due Wednesday, hw10 due 

friday, all at 8pm
o Justin’s lecturing on Wednesday

• My office hours are moving to Thursday
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Learning Objectives
Understanding this lecture means you can…
● Choose a conditional instruction that matches 

your programming intent
● Translate branches from x86 ↔ C
● Translate loops from x86 ↔ C
● Translate switches from x86 ↔ C
● Explain why there’s so much monopolization, 

across industries, and give a few examples of 
how that manifests in computing
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Choosing instructions for 
conditionals
o All arithmetic instructions set condition flags based on 

result of operation (op)
• Conditionals are comparisons against 0

o Come in instruction pairs

4

(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
o Reminder:  cmp is like sub; test is like and

• Result is not stored anywhere

5

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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Choosing instructions for 
conditionals

6

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 valuecmp 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 >  a b&a > 0U

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

   🐶  cmpq  %rsi, %rdi
           jle   .L4

    🐈   cmpq  %rsi, %rdi
             jg    .L4

🐑  testq %rsi, %rdi
       jle   .L4

🦄  testq %rsi, %rdi
       jg    .L4

🥶  We’re lost…
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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
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Choosing instructions for 
conditionals

8

if (x < 3 && x == y) {
  return 1;
} else {
  return 2;
}

T1: # x < 3 && x == y:
  movq $1, %rax
  ret
T2: # else
  movq $2, %rax
  ret

  cmpq $3, %rdi
  setl %al

  cmpq %rsi, %rdi
  sete %bl

  testb %al, %bl
  je T2

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 >  a b&a > 0U

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

❖ https://godbolt.org/z/GNxpqv 

https://godbolt.org/z/GNxpqv
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Labels

o A jump changes the program counter (%rip)
• %rip holds the address of the next instruction to execute

o 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 a 

reference to the final address of the labeled instruction
9

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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How do we feel about 
branches?

10
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x86 Control Flow
o Condition codes
o Conditional and unconditional branches
o Loops
o Switches

11
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Expressing with Goto Code

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

12

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

o Other loops compiled similarly
o Most important to consider:

• When should conditionals be evaluated? (while vs. 
do-while)

• How much jumping is involved?

13

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

o What are the Goto versions of the following?
• Do…while:      Test and Body
• For loop: Init, Test, Update, and Body

14

Loop: if ( !Test )  goto Exit;
      Body
      goto Loop;
Exit:

Goto version:

while ( Test ) {
   Body
}

C/Java code:
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Compiling Loops

15

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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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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How do we feel about 
loops?

17
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x86 Control Flow
o Condition codes
o Conditional and unconditional branches
o Loops
o Switches

18
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Switch Statement 
Example
o Multiple case labels

• Here: 5 & 6
o Fall through cases

• Here: 2
o Missing cases

• Here: 4
o Implemented with:

• Jump table
• Indirect jump 

instruction
19

long switch_ex 
   (long x, long y, long z)
{
    long w = 1;
    switch (x) {
        case 1:
            w = y*z;
            break;
        case 2:
            w = y/z;
        /* Fall Through */
        case 3:
            w += z;
            break;
        case 5:
        case 6:
            w -= z;
            break;
        default:
            w = 2;
    }
    return w;
}
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Jump Table Structure

20

Code 
Block 0

Targ0:

Code 
Block 1

Targ1:

Code 
Block 2

Targ2:

Code 
Block n–1

Targn-1:

•
•
•

Targ0

Targ1

Targ2

Targn-1

•
•
•

JTab:

 target = JTab[x];
 goto target;

switch (x) {
  case val_0:
    Block 0
  case val_1:
    Block 1
    • • •
  case val_n-1:
    Block n–1
}

Switch Form

Approximate Translation 

Jump Table Jump 
Targets
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Jump Table Structure

21

switch (x) {
  case 1: <some code>
          break;
  case 2: <some code>
  case 3: <some code>
          break;
  case 5:
  case 6: <some code>
          break;
  default: <some code>
}

Code
Blocks

Memory

 
if (x <= 6)
  target = JTab[x];
  goto target;
else
  goto default;

C code:

0
1
2
3
4
5
6

Jump
Table
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Switch Statement Example

22

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

switch_eg:
    movq    %rdx, %rcx    
    cmpq    $6, %rdi      # x:6
    ja      .L8           # default
    jmp     *.L4(,%rdi,8) # jump table

Register Use(s)

%rdi 1st argument (x)

%rsi 2nd argument (y)

%rdx 3rd argument (z)

%rax return value

Take a look!
https://godbolt.org/z/aY24el 

jump above – unsigned > catches negative default cases

Note compiler chose 
to not initialize w

https://godbolt.org/z/aY24el
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Switch Statement Example

23

switch_eg:
    movq    %rdx, %rcx
    cmpq    $6, %rdi   # x:6
    ja      .L8
    jmp     *.L4(,%rdi,8)

switch_eg:
    movq    %rdx, %rcx    
    cmpq    $6, %rdi      # x:6
    ja      .L8           # default
    jmp     *.L4(,%rdi,8) # jump table

Jump table
.section .rodata

.align 8
.L4:

.quad .L8 # x = 0

.quad .L3 # x = 1

.quad .L5 # x = 2

.quad .L9 # x = 3

.quad .L8 # x = 4

.quad .L7 # x = 5

.quad .L7 # x = 6

Indirect
jump

long switch_ex(long x, long y, long z)
{
    long w = 1;
    switch (x) {
      . . .
    }
    return w;
}
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Assembly Setup Explanation

o Table Structure
• Each target requires 8 bytes (address)
• Base address at .L4

o Direct jump:  jmp .L8
• Jump target is denoted by label .L8

o Indirect jump:  jmp *.L4(,%rdi,8)
• Start of jump table: .L4
• Must scale by factor of 8 (addresses are 8 bytes)
• Fetch target from effective address  .L4 + x*8

• Only for  0 ≤ x ≤ 6
24

Jump table
.section .rodata

.align 8
.L4:

.quad .L8 # x = 0

.quad .L3 # x = 1

.quad .L5 # x = 2

.quad .L9 # x = 3

.quad .L8 # x = 4

.quad .L7 # x = 5

.quad .L7 # x = 6
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How do we feel about 
switches?

25
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Slides that expand on the simple switch code in 
assembly.  These slides expand on material 
covered today, so while you don’t need to read 
these, the information is “fair game.”

26

BONUS SLIDES
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.section .rodata
.align 8

.L4:
.quad .L8 # x = 0
.quad .L3 # x = 1
.quad .L5 # x = 2
.quad .L9 # x = 3
.quad .L8 # x = 4
.quad .L7 # x = 5
.quad .L7 # x = 6

Jump Table

27

Jump table     switch(x) {
    case 1:      // .L3
        w = y*z;
        break;
    case 2:      // .L5
        w = y/z;
        /* Fall Through */
    case 3:      // .L9
        w += z;
        break;
    case 5:
    case 6:      // .L7
        w -= z;
        break;
    default:     // .L8
        w = 2;
    }

declaring data, not instructions 8-byte memory alignment

this data is 64-bits wide
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Code Blocks (x == 1)

28

.L3:
   movq    %rsi, %rax  # y
   imulq   %rdx, %rax  # y*z
   ret

  switch(x) {
    case 1:   // .L3
      w = y*z;
      break;
     . . .
  }

Register Use(s)

%rdi 1st argument (x)

%rsi 2nd argument (y)

%rdx 3rd argument (z)

%rax Return value
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Handling Fall-Through

29

  long w = 1;
     . . .
  switch (x) {
     . . .
    case 2: // .L5
      w = y/z;
    /* Fall Through */
    case 3: // .L9
      w += z;
      break;
     . . .
  } case 3:

       w = 1;
   

case 2:
       w = y/z;
       goto merge;

merge:
       w += z;

More complicated choice than 
“just fall-through” forced by 
“migration” of  w = 1;

• Example compilation 
trade-off
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Code Blocks (x == 2, x == 3)

30

  long w = 1;

     . . .
  switch (x) {
     . . .
    case 2: // .L5
      w = y/z;
    /* Fall Through */
    case 3: // .L9
      w += z;
      break;
     . . .
  }

Register Use(s)

%rdi 1st argument (x)

%rsi 2nd argument (y)

%rdx 3rd argument (z)

%rax Return value

.L5:                  # Case 2:
   movq    %rsi, %rax #  y in rax
   cqto     #  div prep
   idivq   %rcx       #  y/z
   jmp     .L6        #  goto merge
.L9:                  # Case 3:
   movl    $1, %eax   #  w = 1
.L6:                  # merge:
   addq    %rcx, %rax #  w += z
   ret
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Code Blocks (rest)

31

.L7:               # Case 5,6:
  movl  $1, %eax   #  w = 1
  subq  %rdx, %rax #  w -= z
  ret
.L8:               # Default:
  movl  $2, %eax   #  2
  ret

  switch (x) {
     . . .
    case 5:  // .L7
    case 6:  // .L7
      w -= z;
      break;
    default: // .L8
      w = 2;  
  }

Register Use(s)

%rdi 1st argument (x)

%rsi 2nd argument (y)

%rdx 3rd argument (z)

%rax Return value
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GDB Demo
o The movz and movs examples on a real 

machine!
• movzbq %al, %rbx
• movsbl (%rax), %ebx

o You will need to use GDB to get through Lab 2
• Useful debugger in this class and beyond!

o Pay attention to:
• Setting breakpoints (break)
• Stepping through code (step/next and stepi/nexti)
• Printing out data (print – works with regs & vars)
• Examining memory (x)

32
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Now, the fun bits!

33
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Processor History and 
Values

34
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In your groups:
● How many different phone 

brands? OS brands?
● Computer brands? OS 

brands?
● How many different 

companies total?
we’ll be talking about monopolies, I just want 
us to get started

35
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x86 History
● x86: Compatible to 8086, released in 1977

○ 8086: 16-bit processor designed along iAPX 432
● iAPX 432

○ First 32-bit processor, completely new ISA
○ OOP, garbage collection, multitasking from hardware!
○ No visible registers! First IEEE 754 implementation!
○ Too many new features, ended up being slower and 

more expensive, lots of product delays
● Intel: Release something so we can compete 

with Zilog, Motorola, others

36
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The “Battle of the 80s”
● Many companies making processors/computers

○ Dominated by IBM
○ Also National Semiconductor, Motorola

● Notably Zilog, started by former Intel engineers
○ Z-80 was spreading, Intel wanted market power

38
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Computer Chip Manufacturers
2021*:
o Intel
o TSMC
o Samsung

*Others, but these 
dominate

39

1978:
● Intel
● National Semiconductor
● Harris Corp
● NEC
● DEC
● IBM
● Motorola
● Hitachi
● Zilog
● ...
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Intel’s domination

40
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Exceedingly Dominant ISAs

43

Macbooks & PCs
(Core i3, i5, i7, i9)
x86-64 Instruction Set

Smartphone-like devices
(iPhone, iPad, Raspberry Pi)
ARM Instruction Set

Architecture research, with 
some notable industry buy-in
RISC-V ISA

http://ref.x86asm.net/coder64-abc.html
http://infocenter.arm.com/help/topic/com.arm.doc.qrc0001m/QRC0001_UAL.pdf
https://riscv.org/technical/specifications/
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Exceedingly Dominant ISAs

44

Macbooks & PCs
(Core i3, i5, i7, i9)
x86-64 Instruction Set

Smartphone-like devices
(iPhone, iPad, Raspberry Pi)
ARM Instruction Set

Architecture research, with 
some notable industry buy-in
RISC-V ISA

http://ref.x86asm.net/coder64-abc.html
http://infocenter.arm.com/help/topic/com.arm.doc.qrc0001m/QRC0001_UAL.pdf
https://riscv.org/technical/specifications/
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We only have 3* chip 
manufacturers, two* 
ISAs, what happened?

Narrative from Cory Doctorow’s 2020 Colloq

45
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Sherman Antitrust Act (1890)

46
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Sherman Antitrust Act (1890)
● Outlaws monopolies

○ Also “every contract, combination, or conspiracy in 
restraint of trade.”

● Standard Oil Co. controlled 91% of oil 
production!
○ John D. Rockefeller’s company, if you were 

wondering
○ Split into 36 companies (Exxon, Mobil, among others)
○ “We didn’t restrain trade, we were just superior 

competitors…”
○ ...sure...

47
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Illegal under Sherman Antitrust
● Merging with major competitor, like...

○ Exxon and Mobil in 1999
○ AOL and Time Warner in 2000
○ Comcast and AT&T in 2001
○ Heinz and Kraft in 2015

● Buying a smaller competitor, like...
○ Facebook buying instagram for $1B
○ Facebook buying whatsapp for $22B
○ Salesforce buying Slack for $27.7B
○ Amazon buys Whole Foods for $13.7B
○ Verizon buys AOL/Yahoo for $4.4B

48
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But, wasn’t this 
illegal?

49
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It was….but...

50

“To be Bork’d”
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Consumer Harm Theory
● Argued “inefficiency” 

of antitrust law
○ Raised prices, etc.

● Antitrust should focus 
on efficiency, prices
○ “Consumer Welfare”

51
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We should ignore 
monopolistic strategies 
unless we can prove that 
it’ll harm “consumer 
welfare” (i.e. price increase)

52
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We should ignore 
monopolistic strategies 
unless we can prove that 
it’ll harm “consumer 
welfare” (i.e. price increase)
Mind you, this is almost impossible to prove.

53
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Guess who loved this?

54
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Neoliberalism!

55
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Neoliberalism
● “The market knows best, we shouldn’t interfere”

○ Society should be shaped by the free market
○ Deregulation of private industries
○ Reduction of low-income government supports
○ Tax breaks for wealthy creates jobs
○ Reshape public services in private image
○ “Corportizing” of education, healthcare, prisons, etc.
○ Individual is more important than collective
○ “Liberalism” (freedom) for corporations

● Go learn more!
○ “Being in the US and not understanding neoliberalism 

is like being in the USSR and not understanding 
communism”

56
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The First IBM PC
● IBM: dominated “mini” computer market (70%), 

wanted “micro” computer market
● Market research showed that non-proprietary 

parts were preferred by retailers (for repairs)
● Most engineers were hobbyists
● Low-cost, quick design 

(30 days to prototype)
● Open architecture!
● Used Intel 8088!

57
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IBM & Antitrust
● Spent more on lawyers than the ENTIRE DoJ 

antitrust division (1969 - 1981)
● Was so scared of inviting antitrust scrutiny that 

they outsourced OS creation to Paul Allen, Bill 
Gates

● Open-source ISAs and peripherals helps make 
the case too, especially to regulators

● It’s not perfect, but a company controlling 70% of 
computer, punch card, tabulating markets was 
scared of the DoJ!
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Illegal under Sherman Antitrust
● Merging with major competitor, like...

○ Exxon and Mobil in 1999
○ AOL and Time Warner in 2000
○ Comcast and AT&T in 2001
○ Heinz and Kraft in 2015

● Buying a smaller competitor, like...
○ Facebook buying instagram for $1B
○ Facebook buying whatsapp for $22B
○ Salesforce buying Slack for $27.7B
○ Amazon buys Whole Foods for $13.7B
○ Verizon buys AOL/Yahoo for $4.4B
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Later:
● “Microsoft is trying to become the IBM of the 

1990s”
○ First ruling to break up Microsoft, 
○ Appealed, still violated law, but no longer breaking up

● Trump met with big tech leaders in 2016, all fit 
around one table

● 3 companies make operating systems
● 3-4 companies make phones
● "5 giant websites filled with screen-shots from 

the other four" (Doctorow)
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Tech consistently has 
more money than 
anyone knows what to 
do with...so, why not buy 
legislative action?
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Different today? Not entirely.
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http://www.youtube.com/watch?v=XFKoGtgg6Mo

