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Unix/Linux History

UNICS (Uniplexed Information and Computing Service, 1st version 
of UNIX)，1969，assembly language
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Keb Thompson（left）and Dennis M.Ritchie（right）



PDP-11UNIX (a popular computer, PDP-11),1973, K. Thompson & 
D. M. Ritchie

Portable UNIX (with a portable compiler written in C, Bell Lab, 
Steve Johnson), 1979.

Berkeley UNIX (1~4BSD)
University of California Berkeley, UCB (K. Thompson’s Once 

studied here), 1979-1983
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Unix/Linux History



Standard UNIX 

Portable Operating System Interface of UNIX, POSIX, IEEE, 
version 1003.1, produced in 1990 (modified in 1995)

Minix:  

Microkernel design, C and assembler. Dutch Scientist A. 
Tanenbaum, for educational purpose, 1987

Linux: 
Full-blown production system, a Finnish student, Linus Torvalds, 

1991

Unix/Linux History



The Development of Linux



The Layers in a Linux System

The layers in a Linux system.
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 The OS controls hardware and provides System calls 
for user programs；Linux also provides many utility 
programs required by POSIX.



Linux Utility Programs

Example utility programs required by POSIX
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Linux Kernel

Structure of the Linux kernel
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The kernel sits directly on the hardware and consists of :
I/O devices Component; Memory Management 
Component, and Processes Management Component



Concepts Related to Linux Processes

Daemon: a kind of special processes running on the 
background;
Parent process: the forking process;
Child process: the new process created by  the fork 

System call;
PID: Process Identifier, nonzero;
Process group: consists of its parent, further ancestors, 

siblings, children, and further descendants;
Signal: information, arguments, etc. that a process sends 

to another process.
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Process Implementation

Process table
a table maintained by the operating system to implement 
the process model. (One entry per process, which is called 
the process control block)

Example fields in a typical process control block (PCB)



System Calls Related to Processes

s: error code; pid: process ID;  
residual: the remaining time in the previous alarm
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Process Creation in Linux

Use fork to create new process
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The Fork system call creates an exact duplicate of the 
original process, the file descriptors, registers, and 
everything else are of the same in the parent and child 
processes; The PID is used to distinguish processes.



Process Creation in Linux: Fork()

The calling process traps to the kernel and creates a task 
structure and few other accompanying data structures;
Linux then looks for an available PID, and updates the 

PID hash table entry to point to the new task structure; 
Memory is allocated for the child’s data and stack 

segments, and exact copies of the parent’s segments are 
made; 
The child process starts running. 



POSIX Shell

A simplified shell
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An implementation of shell based on the system 
calls fork, waitpid and exec



ls Commands

The steps in executing the command ls typed to the shell
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The shell creates a new process by forking off a clone 
of itself. The new shell then calls exec to overlay its 
memory with the contents of the executable file ls



Thread

Question: What is thread? What are the 
differences between processes and threads?
Threads are parts of processes;
Threads are the smallest units that CPU schedules;
A process contains one thread or multiple threads;
Threads in the process share resources and data
The cost of thread creation/switching is low



POSIX Threads

Calling interfaces of POSIX threads
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Linux Thread Creation
#include<stdio.h>
#include<pthread.h>
#include<stdlib.h>
void *thfun(void *arg) 
{

printf("new thread! %s\n", (char*)arg);
return ((void *)0);

}
int main(int argc ,char *argv[])
{ pthread_t pthid;

int ret=pthread_create(&pthid,NULL,thfun, (void *)"hello");
if(ret!=0){

perror("create thread failed");
exit(EXIT_FAILURE);

}
printf("main thread!\n");
sleep(1);
return 0;

}



Thread Implementation

User-Lever Thread Kernel-Level Thread

What are the advantages and disadvantages of user-level threads 
and kernel-level threads respectively?
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Thread Scheduling

Linux threads are kernel threads, so scheduling is 
based on threads, not processes.
The common process/thread scheduling algorithms:
First come first served
Shortest job first
Round Robin Scheduling
Priority Scheduling
…
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Round Robin (RR) Scheduling

Each process gets a small unit of CPU time (time quantum).  
After this time has elapsed, the process is preempted and 
added to the end of the ready queue.

If there are n processes in the ready queue and the time 
quantum is q, then each process gets 1/n of the CPU time.  No 
process waits more than (n-1)q time units.
Performance
q large  FIFO
q small  q must be large with respect to context switch, otherwise overhead 

is too high.
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Example of RR with Time Quantum = 20
Process Burst Time

P1 53
P2 17
P3 68
P4 24

The Gantt chart is: 

Typically, higher average turnaround than SJF, but better 
response.

P1 P2 P3 P4 P1 P3 P4 P1 P3 P3

0 20 37 57 77 97 117 121 134 154 162
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Scheduling in Linux: O(1) Scheduler
Two kinds of queues: Active, Expired
O(1) time complexity: select a task from the active 
queue with the highest priority. If the task’s time 
quantum expires, it is moved to the expired list.
Higher priority task has larger time quantum.
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Completely Fair Scheduler (CFS) Scheduling

Use a red-black tree as the runqueue data structure.



①Red black tree is a self balanced binary search tree, each
node of which has a black or red color attribute.

②Because it is a binary search tree, its search, insertion and
deletion operations are based on the corresponding
operations of binary search trees;

③However, since the red black tree itself needs to ensure
balance, it needs to make additional adjustments after each
insertion and deletion to restore its own balance.

④The time complexity of red black tree search, insertion and
deletion can be guaranteed to be O(logn) in the worst case,
where n is the number of elements in the tree.

Red Black Tree
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Completely Fair Scheduler (CFS) Scheduling

Use a red-black tree as the runqueue data structure;
Always select the task with the smallest vruntime;
Periodically increase the tasks’ vruntime;
Time complexity: O(log n); n is the number of tasks
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Booting Linux 
Step 1: BIOS performs Power-On-Self-Test

Step 2: The first sector of the disk (MBR, boot) is loaded to memory 

and is excuted.

Step 3: The boot load the operating system kernel and jumps to it. 

Step 4: The kernel is running, start-up code (assembly language), do 

some initialization tasks.
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Booting Linux 

The sequence of processes used to boot some Linux systems.

Step 1:  Process 0 is created once all the hardware has been configuired;
Step 2: Process 0 does some initialization: e.g., mouting the root file 
system, create kernel thread init and page daemon;
Step 3: thread init creates the init Process to continue the initialization;
Step 4: Once the initialization is completed, the init Process calls “fork” to 
create a getty process;
Step 5: getty calls “exec” to run the login program, if success, then calls 
“exec” to create a shell. 



Check Points

When did Unix fist appear?
What are the relationships between Unix, Minix, 
and Linux?
 Two tasks A and B need to perform the same 
amount of work. However, task A has higher priority 
and needs to be given more CPU time. Explain how 
will this be achieved in O(1) Scheduler and CFS 
scheduler.
When booting Linux, why not let the bootstrap 
loader in sector 0 just load the operating system 
directly?


