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Many processes run at the same time!
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I Process Monitor - Sysinternals: www.sysinternals.com
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Operation Path
B ReglloseKey  HKLM\SYSTEM:\Setup
M RegOpenkey  HKLM
B RegQueryKey  HKLM
B ReaOpenkey  HKLM\system"Setup
M RegClosekey  HKLM
Eﬂ’ RegQuenyValue HKLM\SYSTEM\SetupSystem Setuplin ..
Eﬂ’F(egDuseKey HKLMYSYSTEM\Setup
B RegOpenkey  HKLM
B RegQueryKey  HKLM
B RegOpenKey  HKLM\system\Setup
B RegCloseKey  HKLM
Eﬁ RegQuenyValue HKLM\SYSTEM\SetupiSystem Setuplin ..
HKLM\SYSTEM\Setup
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C:\Windows\System 32\wbem'\Reposito
C:AWindows\System 32\whem\Reposita
C:AWindows" System 32\wbem'\Reposita.
C:\Windows"System32\whem'\Reposito
C:AWindows\System 32\whem\Reposita
C:AWindows" System 32\wbem'\Reposita.
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C:\Windows"System32\whem'\Reposito
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Showing 125,034 of 366,792 events (34%)

Backed by virtual memory
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Detail

Desired Access: M...
Query: HandleTag...
Desired Access: R

Type: REG_DWO...

Desired Access: M
Query: HandleTag...
Desired Access: R

Type: REG_DWO...

Offsst: 21,766,144,
Offset: 21,864,448,
Offset: 11,190,272,
Offset: 21,856,256,
Offset: 21,749,760,
Offset: 21,897 216,
Offset: 21,782 528,

Offset: 21.823.488....
21807104,

Offset: 21,880,832,
Offset: 21,692,416,
Offset: 21,651,456,
Offset: 21,889,024,
Offset: 22,036,480,
Offset: 23,543,808,
Offset: 21,790,720,
Offset: 21,774,336,
Offset: 21,954,560,
Offset: 21,643,264,
Offset: 20,332,544,
Offset: 21,757,952,
Offset: 21,921,792,
Offset: 21,831,680,
Offset: 21,848,064,
Desired Access: M...
Query: HandleTag...
Nesired Anraas: B

Date & Time

5/25/2021 12:42:
5/25/202112:42...
5/25/202112:42...
5/25/2021 12:42:

5/25/202112:42...
5/25/202112:42...
B/25/2021 1242

5/25/2021 12:42:

5/25/202112:42...
5/25/202112:42...
5/25/2021 12:42:

5/25/202112:42...
5/25/202112:42:..
5/25/2021 12:42:

.5/25/202112:42:..
\B/35/202112:42:..
5/26/2021 12:42:

.5/25/202112:42:..
\5/25/202112:42:..
5/26/2021 12:42:

.5/25/202112:42...
\5/25/202112:42:..
B/25/202112:42:
5/25/2021 12:42:
\5/25/202112:42:..
\B/35/2021 12:42:..
5/25/2021 12:42:
.5/25/202112:42:..
\B/35/202112:42:..
5/26/2021 12:42:
.5/25/202112:42:..
\5/25/202112:42:..
5/26/2021 12:42:
.5/25/202112:42:..
\5/25/202112:42:..
5/26/2021 12:42:
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5/25/202112:42...
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Image Path
C\Windows'syste

CA\Windows'\syste..
C:\Windows'\syste..

C\Windows\syste:

CA\Windows'\syste..
CAWindows'\syste.

C\Windows'syste
C\Windows'syste

C\Windows'\syste.
C:\Windows'syste..

C \Windows'syste

C\Windows'\syste.
C:\Windows'\syste..

C \Windows'syste

CAWindows'\syste..
C:\Windows'\syste..

C\Windows\syste

CAWindows'\syste..
C:\Windows'\syste..

C\Windows\syste

... C\Windows'syste.
.. C\Windows'syste.

C:\Windows\syste:

CA\Windows'\syste..
C\Windows'\syste.

C\Windows'syste
C\Windows \syste

C\Windows'\syste.
C:\Windows'syste..

C \Windows'syste

CAWindows'\syste..
C:\Windows'\syste..

C\Windows\syste

CAWindows'\syste..
C:\Windows'\syste..

C\Windows\syste

CAWindows'\syste..
C:\Windows'\syste..

C\Windows\syste:

CA\Windows'\syste..
CAWindows'\syste.

CAWindrwa\austa

Task Manager o x
File VWiew Help
H CPU usage: 3 % ] WB of 1009 MB used
Command User CPU% ~ RSS WM-Size P
script-fu pcman 30 1333 kB 16472 kB 1
Ixtask 3693 kB 40572 kB
firefox pcman 1% 32192 kB 262608 kB &
python pcman 1% 3083 kB 24420kB &
gimp-2.4 pcman 1% BB37 kB 77992kB 1
smproxy pcman 1% 365 kB 3388kB B
geany pcman 1% 7489 kB 75560kB 7
gnome-terminal pcman 1% 6345 kB 75192 kB 7
®screensaver pcman 1% 601 kB 4756kB &
openbox pcman 1% 3075 kB 30720 kB B[]

more details
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What is a Process?

= Program is a code.

= Processes are running instance of the program.

= For one program, there can be multiple processes created.
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Process and CPU Virtualization

= Each process feels that it has its own CPU

= We only have one CPU in single core machines, but there are multiple processes even there!

= How is CPU handling this?
How is the illusion created that there are many CPUs?

= OS can create this illusion by virtualizing the CPU.
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Some prerequisites

Holding Buffer

Decode

Superscalar CPU
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CPU Virtualization

= Need support from hardware
= Low level mechanisms for functionalities like context switch

= Enables OS to run processes on a time-sharing mechanism.

= Need intelligence in software
= Policies/Algorithms that make decision within the OS

= Given a number of processes, which process should the OS run?
= The policy is called Scheduling Policy
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What is a Process?

= Program is code sitting idle on the disk CPU Memory
= When OS takes an instance of the program and b e
. . . i h :
puts in memory for execution, it becomes a process A
stack
Process

Loading:
Program Takes on-disk program

/—\ and reads it into the
\_/ address space of process
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What constitutes a Process?

= We need to understand machine state — what the program can read or update while running.

= Can you name one component in the machine state?

= Memory (Address) space — Instructions and data for a process lie in memory
= Registers — Instructions explicitly read or update some registers

" Program counter — which instruction in the process is executed

= Stack pointer — local variables, functions and return addresses

= Persistent Storage — I/O information or list of files that are currently open
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What constitutes a Process?

= Unique identifier (Process ID)

Memory Image of Process

= Memory Image
= Code and data (static) Code
= Stack and Heap (dynamic)

= CPU context: Registers
= Program Counter
= Operand registers
= Stack pointer

" File Descriptors
= Pointers to open files and devices
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Creation of a Process by OS

= Load program into memory CPU Memory

= |nitially program resides on the disk e

= Modern OSes do lazy loading Staﬁiga%ata

" Done using paging and swapping ' ‘
= Allocated runtime stack i....F;?E‘i‘?.k.....i

" For local variables
= Fuction parameters and return arguments

Loading:
Program Takes on-disk program

/—\ and reads it into the
v address space of process

Disk
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Creation of a Process by OS

= Creating Program heap CPU Memory

= Used for dynamically allocated data e
= malloc() and free() el
: | e
= Basic file setup :
= STDIN, OUT, ERR p Stack
Process

= Initialise CPU registers
= PC to first instruction

= Start the Program

Loading:
Program Takes on-disk program

/—\ and reads it into the
v address space of process
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States of the Process

= Process can be in one of the following states
= Running — Process is running on the processor

= Ready — Process is ready to run but OS has chosen not to run at the moment
= Blocked — Not ready to run as it has performed some kind of operation and is waiting for some event

= What can put a process in blocked state?
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Process State Transition

Descheduled

—————— | Ready

Scheduled

/0: |n|t|ate A(;: done

Blocked




An Examp\e: CPU only
IS T S T S

Running Ready
2 Running Ready
3 Running Ready Process 0 now done
4 - Running
5 - Running Process 1 now done
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An Examp\e: CPU and I/O
I S T S T S R,

Running Ready
2 Running Ready
3 Running Ready Process O initiates /0
4 Blocked Running Process O blocked =
Process 1 runs
5 Blocked Running
6 Blocked Running
7 Ready Running I/O done
- 8 Ready Running Process 1 now done _—
9 Running -
10 Running - Process 0 now done
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How to store Process state?

= OS uses data structures.

= To track each process state, OS keeps a process list for all ready processes.
= Additional info to track running process and blocked processes.

= Individual structure for a process called Process Control Block (PCB).
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Xv6: Unix-like teaching OS developed by MIT

https://pdos.csail.mit.edu/6.828/2012/xv6.html



https://pdos.csail.mit.edu/6.828/2012/xv6.html

Processor Structure in xv6

// the registers xv6 will save and restore
// to stop and subsequently restart a process
struct context {

int eip; // Index pointer register

int esp; // Stack pointer register

int ebx; // Called the base register
int ecx; // Called the counter register
int edx; // Called the data register
int esi; // Source index register

int edi; // Destination index register

int ebp; // Stack base pointer register
}i

// the different states a process can be in
enum proc state { UNUSED, EMBRYO, SLEEPING,
RUNNABLE, RUNNING, ZOMBIE };
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Process Structure in xv6

// the information xv6 tracks about each process
// including its register context and state
struct proc {
char *mem; // Start of process memory
uint sz; // Size of process memory
char *kstack; // Bottom of kernel stack
// for this process
enum proc_state state; // Process state
int pid; // Process ID
struct proc *parent; // Parent process
void *chan; // If non-zero, sleeping on chan
int killed; // If non-zero, have been killed
struct file *ofile[NOFILE]; // Open files
struct inode *cwd; // Current directory
struct context context; // Switch here to run process
struct trapframe *tf; // Trap frame for the
// current interrupt
}i
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