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Processes

• What is a process?


• Scheduling processes


• Cooperating and Communication
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What is a Process

• Definition


• Process States


• Process Control Block
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Definition

A Process is a program in 
execution.

a process has: 
• a program counter 
• a stack 
• data 
• code, files, ...
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Process in Memory
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Pintos Process Memory

uninitialized data segment (BSS/HEAP)

code segment (TEXT)

initialized data segment (DATA)

user stack

0x00000000

0x08048000

PHYS_BASE 6
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Process State
new                              ...being created

running                       ...being executed

waiting                         ...waiting for IO

ready                     ...waiting to execute

terminated                    ...waiting to die
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Process State
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Process Control Block 
(PCB)

Every process has:

• state (as described)

• program counter

• registers (saved or active)

• Scheduling information

• Memory allocation

• File and IO allocation
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struct thread 

  { 

    /* Owned by thread.c. */ 

    tid_t tid; 

    enum thread_status status; 

    char name[16];             

    uint8_t *stack; 

    int priority;  

    struct list_elem allelem;  

    struct list_elem elem;    

    uint32_t *pagedir;              

    /* Owned by thread.c. */ 

    unsigned magic;                 

  };

10 Registers get pushed on stack

Open file and other information is not 
here (yet) - Projects add it.

Process Scheduling

• Process (context) Switches


• Scheduling queues 


• Schedulers


• Process Management

11

Context Switch

12 schedule() and switch_threads() in 
Pintos
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Context Switch
When the processor switches from one process to 
another...


• save the current process’ PCB


• load the new process’ PCB


This is all overhead, no useful work gets done during a 
context switch!
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switch_threads: 
 pushl %ebx 
 pushl %ebp 
 pushl %esi 
 pushl %edi 

 mov thread_stack_ofs, %edx 
 movl SWITCH_CUR(%esp), %eax 
 movl %esp, (%eax,%edx,1) 
 movl SWITCH_NEXT(%esp), %ecx 
 movl (%ecx,%edx,1), %esp 

 # Restore caller's register state. 
 popl %edi 
 popl %esi 
 popl %ebp 
 popl %ebx 
        ret 
.endfunc 
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Scheduling Queues

Job Queue

all processes


Ready Queue

all processes loaded and ready to execute


Device Queues

processes waiting on device IO
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Scheduling Queues
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Threads and Scheduling

ready_list

CPU

thread_current()

wait list 
for disk

wait list 
for lock

wait list 
for ?

schedule()

timer_tick() block

unblock

thread thread

17 A rough sketch of Pintos’ scheduling

Scheduling Queues
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Schedulers

Long-Term Scheduler 
selects which processes should be brought into the 
ready queue


Short-Term Scheduler 
selects which process should be executed next, 
allocates the CPU(s).

19

Medium-Term Scheduler

20 A medium-term scheduler is not 
common in today’s operating systems.

Process Management
How do we create a new process?


...by cloning an existing one!

21
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Process Tree
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Process Creation

Resource Sharing Options 
• Parent & Child share all

• Parent & Child share subset

• Parent & Child share none


Execution Options 
• Concurrent execution

• Parent waits for child to finish
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POSIX
Parent (pid=102) Child (pid=0)
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Win32
25

Java
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Pintos
static void run_task (char **argv) 
{ 
  const char *task = argv[1]; 
  printf ("Executing '%s':\n", task); 
#ifdef USERPROG 
  process_wait (process_execute (task)); 
#else 
  run_test (task); 
#endif 
  printf ("Execution of '%s' complete.\n", task); 
}

Calls  
thread_create()
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Processes

✓What is a process?


✓Scheduling processes


• Cooperating and Communication
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Communication
• Inter Processes Communication


• Shared Memory


• Message Passing


• Direct vs. indirect


• Synchronization Details


• Network Communications (Sockets)
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Interprocess 
Communication

Processes communicate to get 
work done.


Sometimes they get it done faster.
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Producer - Consumer

Cooperating Processes
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Message Passing 

Message Passing Shared Memory
32

Shared Memory

• Processes share a section of memory


• Producer adds items to buffer


• Consumer removes them


...lets look at some code
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Example (Java)

34

35

36
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Message Passing

• Processes do not share any memory or variables.


• Producer sends messages


• Consumer receives messages
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Message Passing

Before sending messages we need to 
link the processes together
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Direct Address/Link
Processes can explicitly name each other


• send(Consumer, message)


• receive(Producer, message)


Two-party link, bidirectional(?), automatic
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Indirect Address/Link
Processes use an OS mailbox


• send(mbox, message)


• receive(mbox, message)


Mailboxes are unique across the system


Can they have multiple receivers? senders?
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Mailboxes

• Sharing: who owns the mailbox?


• Blocking vs. Non-blocking calls


• Mailbox size: 0, bounded, unbounded


• Implementations...
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Implementation
42
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Producer
43

Windows XP
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Client-Server

• Sockets


• Remote Procedure Calls


• Remote Method Invocation
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Sockets (IP)

A socket defines an endpoint for 
communication. 

simple version; IP address and port number


130.111.125.26:80


Communication happens over a socket pair.
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Cloud Sockets
47

Socket-based Server
48
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Socket-based Client
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Remote Procedure Calls 
(RPC)

Idea: Make calls on remote process look like local calls.


• stubs on client proxies to server


• skeleton on server dispatches to procedures
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The (required) UML
51
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Remote Method Invocation 
(RMI)

Idea: Manipulate objects that are on a remote process.


Object-oriented version of RPC
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Interface
54
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Server
55

Client
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Communications

• Definitions


• Shared Memory


• Message Passing


• Client-Server and Examples
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Processes

✓What is a process?


✓Scheduling processes


✓Cooperating and Communication
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End
Processes
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