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1. Hyper-threading: Coordination between arm and 
mouth to increase speed of eating!

2. Multi-core: Having more than one mouth to eat!
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Strategy 1

1. Build applications from many communicating 
processes
1. Eg -  Google Chrome?!

2. Communicate using IPC:
1. files?!
2. Pipes
3. …

3. Multiple copies of address space!
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1. Use Threads : just like processes, but, share the 
address space (i.e. PT)

2. Do not need to communicate using IPC:
1. Shared data

3. Single copy of address space!
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Code Heap Stack 1 Stack 2VA space

IP SP IP SP

Thread T1 Thread T2
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 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

State
0x20135f: 0 
%eax: ? %eax: ? 

IP: cc7
%eax: ? 
IP: ?

Thread 1 Thread 2

T1
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 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

State
0x20135f: 1 
%eax: 1 %eax: 1 
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Thread 1 Thread 2
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 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

State
0x20135f: 1 
%eax: 2 %eax: 1 

IP: cd4
%eax: 2 
IP: cd0

Thread 1 Thread 2

T2
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 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

State
0x20135f: 2 
%eax: 2 %eax: 1 

IP: cd4
%eax: 2 
IP: cd4

Thread 1 Thread 2

T2
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Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f



 30

Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

What’s the value at 0x20135f?



 31

Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f



 31

Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

What’s the value at 0x20135f?

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f



 32

Timeline View

 cc7: mov    0x20135f,%eax  

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f

 ccd: add    $0x1,%eax

 ccd: add    $0x1,%eax



 32

Timeline View

 cc7: mov    0x20135f,%eax  

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  

What’s the value at 0x20135f?

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f

 ccd: add    $0x1,%eax

 ccd: add    $0x1,%eax



 33

Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f
 ccd: add    $0x1,%eax



 33

Timeline View

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  

What’s the value at 0x20135f?

 cd0: mov    %eax,0x20135f

 cd0: mov    %eax,0x20135f
 ccd: add    $0x1,%eax
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Atomicity
1. Want all or none of the following instructions to 

execute —> atomic instruction
2. Want mutual execution for critical section (if T1 

runs, T2 can not, and vice versa)

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

Critical  
section
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Locks

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

Thread 1 Thread 2

 cc7: mov    0x20135f,%eax  
 ccd: add    $0x1,%eax
 cd0: mov    %eax,0x20135f

• Thread 1 checks if lock is free
• Lock is free, Thread 1 acquires the lock
• Thread 2 checks if lock is free
• Is not free; does not execute till lock free

• Thread 1 executes
• Thread 1 Unlocks
• Thread 2 checks (keeps on doing so) for lock 

being free
• Thread 2 executes and unlocks
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• Mutual exclusion: Only a single thread can run the 
critical section at a time

• Fairness: Each thread should get a fair chance of 
running the critical section. No starvation.

• Performance: Low time overhead
• Performance overhead when:

• Single thread, no contention
• Multiple threads, single CPU
• Multiple threads, multiple CPU
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Void lock() 
{ Disable Interrupts}

Void unlock() 
{ Enable Interrupts}

Critical Section
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Building a Lock - Disable Interrupts

 40

Pros
1. Simple and works!

Cons
1. Threads are given a lot of trust

1. Call lock() at starting of program and run infinitely 
2. Does not work on multiprocessors

1. Each processor will have own interrupts?!
3. Loss of interrupts
4. Inefficient - Interrupt routines can be slow
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• Use a single flag to indicate if a thread has 
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typedef struct __lock_t { int flag; } lock_t; 

void unlock(lock_t *mutex) { mutex->flag = 0; }

void init(lock_t *mutex)  
{ // 0 -> lock is available, 1 -> held   
mutex->flag = 0; } 

void lock(lock_t *mutex) {   
while (mutex->flag == 1);  
// spin-wait (do nothing)   
mutex->flag = 1; // now SET it!   
} 
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Thread 1 Thread 2

Call Lock()
Lock held by some other thread
while(flag ==1) // Busy spinning
Other thread unlocks —> flag = 0

Context Switch
Call Lock()
while(flag ==1)
flag = 1Context Switch

flag = 1


