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NOTICE

• Announcement
− Chat GPT (#random channel)
− Misc.: we are here to help!  
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NOTICE

• Deadlines
− (1/23 11:59 PM) Programming assignment 1
− (1/30 11:59 PM) Midterm quiz 1
− (2/06 11:59 PM) Programming assignment 2
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RECAP

• Part I: Threads
− Provide abstraction

• What is a thread?
• How is it different from a process?
• How does OS run threads?

− Offer standard libraries
• How do we create/run/kill a thread?
• How does OS manage the thread(s) we ran?

− Manage resources
• (Note) We will talk about this in the “scheduling” and “synchronization” classes
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TOPICS FOR TODAY

• Part I: Scheduling
− Provide abstraction

• What is scheduling?
• What does OS achieve by scheduling?

− Offer standard libraries
• (Note) We will talk about this more in the “synchronization” lecture

− Manage resources
• What happens during scheduling?
• How OS performs scheduling?
• How OS implements this scheduling?
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PROBLEM: MULTIPLE PROGRAM, YET LIMITED PROCESSORS

• Your Chrome browser:
− Open multiple websites (tabs)

• Tab 1: Open Canvas website
• Tab 2: Stack Overflow
• Tab 3: Discord website
• … (many more 10+)

− 4-8 CPUs (Processors)
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How Can OS Address This Problem?



PROVIDE ABSTRACTION: SCHEDULING

• (Process/thread) scheduling:
− Definition: the action of assigning resources to perform tasks
− Example: your Chrome browser

• An OS assigns each tab (process) to one of the processors
• The OS takes over the processor and assigns to another process
• … (continues)

Secure AI Systems Lab :: CS 344 - Operating Systems I 7



PROVIDE ABSTRACTION: SCHEDULING – CONT’D

• Goal:
− Generate illusion
− Illusion:

• Make you feel that you’re running 100+ processes at the same time
• But in truth, it’s not
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TOPICS FOR TODAY

• Part I: Scheduling
− Provide abstraction

• What is scheduling?
• What does OS achieve by scheduling?

− Offer standard libraries
• (Note) We will talk about this more in the “synchronization” lecture

− Manage resources
• What happens during scheduling?
• How OS performs scheduling?
• How OS implements this scheduling?
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PRELIMINARIES ON TERMINOLOGY

• Definitions:
− Multiprogramming vs. multi-processing vs. multi-threading

• Multi-programming: multiple jobs (or processes)
• Multi-processing: multiple processors (CPUs)
• Multi-threading: multiple threads
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another

Secure AI Systems Lab :: CS 344 - Operating Systems I 14

OS KernelProcess A Process B
Running

Running

Save Process A’s status

Load Process B’s status

Save Process B’s status

Load Process A’s status

Idle

Running

Idle

Idle

Recall: Process control block

A structure in OS that contains a set of 
information required to run a process on 
a CPU. Recall that Linux has task_struct.

- CPU#
- Program counter
- Instruction pointer
- Heap/stack pointer
- Process state [!]
- …



REVISIT: PROCESS CONTEXT

• (Linux) has the process context
− Code

• Program counter
• Instruction pointer

− Stack and heap
• Stack pointer
• Heap pointer

− Running context
• Process state (ID, …)
• Execution flags
• CPU # to run
• (OS II) Scheduling policy
• (OS II) Mem. virtualization

− …
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Process Context: A set of information that OS requires to run a
process on a CPU, different from CPU vendors
(ex. In Linux, it’s defined as task_struct, Link)

https://github.com/torvalds/linux/blob/master/include/linux/sched.h


MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another
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REVISIT: PROCESS CONTEXT TO A CPU

• (Linux) has the process context
− Code

• Program counter
• Instruction pointer

− Stack and heap
• Stack pointer
• Heap pointer

− Running context
• Process state (ID, …)
• Execution flags
• CPU # to run
• (OS II) Scheduling policy
• (OS II) Mem. virtualization

− …
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Process Context: A set of information that OS requires to run a
process on a CPU, different from CPU vendors
(ex. In Linux, it’s defined as task_struct, Link)

https://github.com/torvalds/linux/blob/master/include/linux/sched.h


MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?

• Context switch
− Definition: OS stores the current process’s status and loads the new process’s one
− Informal: OS takes a CPU from one process and gives it to another

• No free lunch
− Context switching takes ~5 𝜇𝑠 on average
− OS typically runs 100+ processes
− Too many context switching makes a system unable to respond…
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?
• A process can have five states:

− New: a process (or thread) is being created (by fork())
− Ready: the process is waiting to run
− Running: the process is running on a CPU(or CPUs)
− Waiting: the process is waiting for some events to occur (e.g., a data loaded from storage)
− Terminated: the process has finished execution; waiting for removal
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?
• A process can have five states:

− New: a process (or thread) is being created (by fork())
− Ready: the process is waiting to run
− Running: the process is running on a CPU(or CPUs)
− Waiting: the process is waiting for some events to occur (e.g., a data loaded from storage)
− Terminated: the process has finished execution; waiting for removal

• State transition (life cycle):
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MANAGE RESOURCES: WHAT HAPPENS DURING SCHEDULING?
• A process can have five states:

− New: a process (or thread) is being created (by fork())
− Ready: the process is waiting to run
− Running: the process is running on a CPU(or CPUs)
− Waiting: the process is waiting for some events to occur (e.g., a data loaded from storage)
− Terminated: the process has finished execution; waiting for removal

• State transition (life cycle):
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A process finished its execution 
and is waiting for its removal



TOPICS FOR TODAY

• Part I: Scheduling
− Provide abstraction

• What is scheduling?
• What does OS achieve by scheduling?

− Offer standard libraries
• (Note) We will talk about this more in the “synchronization” lecture

− Manage resources
• What happens during scheduling?
• How OS performs scheduling?
• How OS implements this scheduling?
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MANAGE RESOURCES: HOW OS PERFORMS SCHEDULING?
• Scheduling

− Definition: an OS activity that schedules processes in different states
− Note: OS implements queues to hold multiple processes in the same state

• Illustration (single CPU)
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MANAGE RESOURCES: HOW OS PERFORMS SCHEDULING?
• Scheduling

− Definition: an OS activity that schedules processes in different states
− Note: OS implements queues to hold multiple processes in the same state

• Illustration (single CPU)
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Illustrated Example

1. Kicks out Proc D (timeout)
2. Runs Proc B
3. Puts Proc F in the ready Q

(I/O has done, in this case)



SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: open a website for downloading movies
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: the website opened and open two other websites
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: downloads started, and you focus on Canvas
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: while downloading, you start searching StackOverflow
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: downloading movies are done
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: close the download tab, and keep looking at Canvas
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SCHEDULING EXAMPLE: HIGH-LEVEL VIEW

• 3 Processes in Chrome:
− P1: Download movies 
− P2: Open Canvas
− P3: Search StackOverflow

• Example
− New :
− Ready:
− Run    :
− Wait :
− Term..:

− Scenario: close the other two tabs to go to bed
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Linked list: OS keeps a list of processes for each state by using 
the queue structure. Based on a policy, OS  searches the queue 
and find the process with the highest  priority

Zombie process(es): A list of processes whose job has already 
terminated (exited) but has not removed from the process list. 
One case is that a parent process wait for a child’s exit status.



TOPICS FOR TODAY

• Part I: Scheduling
− Provide abstraction

• What is scheduling?
• What does OS achieve by scheduling?

− Offer standard libraries
• (Note) We will talk about this more in the “synchronization” lecture

− Manage resources
• What happens during scheduling?
• How OS performs scheduling?
• How OS implements this scheduling?
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MANAGE RESOURCES: HOW OS IMPLEMENTS SCHEDULING?

• (OS) Scheduler:
− Definition: An OS task (process) that manages the process scheduling activity
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MANAGE RESOURCES: HOW OS IMPLEMENTS SCHEDULING?

• (OS) Scheduler:
− Definition: An OS task (process) that manages the process scheduling activity

• Implementation

− It is also a process (an infinite loop)
− The scheduler process terminates if we stop (turn-off) a computer 
− Example mechanisms that trigger scheduling, e.g., yield and interrupt
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while ( <some condition, 
but eventually will be infinite>) {

RunProcess( curProc );
newProc = chooseNextProc();
saveCurrentProc( curProc );
LoadNextState( newProc );

}



MANAGE RESOURCES: HOW OS IMPLEMENTS SCHEDULING?

• Problem: how to choose a next process?
− FIFO (first come, first served)
− LIFO (last come, first served)
− Shortest-job first (do a short-period job first)
− Priority-based (do an important job first)
− … (It’s an open-problem; You’ll learn in OS II)
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PROCESS SCHEDULING

• Multiple objectives:
− Fairness: no monopoly
− Priority: consider importance of a process
− Deadlines: a process should be done before/by the time T
− Throughput: maximize the number of tasks done  
− Efficiency: minimize the scheduling overheads
− …

• No silver bullet:
− Depends on the objectives (ex. NASA’s Perseverance)
− Oftentimes, the objectives are in conflicts (ex. Priority vs. Fairness)
− … (You’ll learn in OS II)
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TOPICS FOR TODAY

• Part I: Scheduling
− Provide abstraction

• What is scheduling?
• What does OS achieve by scheduling?

− Offer standard libraries
• (Note) We will talk about this more in the “synchronization” lecture

− Manage resources
• What happens during scheduling?
• How OS performs scheduling?
• How OS implements this scheduling?
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Thank You!
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