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Summary

e CPU Scheduling:

@)

Recap

Estimating CPU Burst Time

Multilevel Feedback Queue Scheduler
4.4BSD Priority Based Scheduler

Proportional Share Scheduling



Agenda
e Address Space
e Virtual memory

e Linux Memory APIs

o malloc(), free()

e Example Code
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Multiprogramming
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Why do we need virtualization?

To enable the OS build abstractions of a private, potentially large
address space for multiple running processes (all sharing memory) on

top of a single, physical memory.




OS virtualization goals

e Transparency

o Virtualization memory space should invisible to a program

o Behaves asif it has its own private physical memory
e Efficiency

o Strive to make virtualization as efficient as possible (time & space)

o Hardware support required
e Protection/isolation

o Protect one program from another
o No access outside its own memory space

o read/write/execute
L .. 00000000000



Program Address Space

e Program Code

o Asetofinstructions

o Static
e Stack

o Dataof aprogram
o Statically defined data
m Inta, chararray[50]

e Heap

o Dataof aprogram
o Dynamic datarequest by a user program

m chararray[] = malloc(50)



Program Address Space
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Program Address Space (RISC-V)

e RISC-V Linux 39-bit Address Space

MEMORY ALLOCATION
SP =P 0000 0031 11T {110),..

(000 0000 TOOO OO0,

PC =P 0000 0000 0040 0000,

Olv:\

Stack
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Argument 9 [Memory
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Local Variables *
Lower
Memory
Addresses
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Example code

£ RELTRTLL AT Compile and run on linux/macOS
2 #include <stdlib.h> Code & Makefile in class website
3

4 int main(int argc, char xargv(])

5 {

6 printf("Location of code: %p\n", (void *x) main);

7 printf("Location of heap: %p\n", (void *) malloc(1));

8 int stack_var = @x42;

9 printf("Location of stack: %p\n", (void %) &stack_var);

10 printf("Value of stack variable: @x%x\n", stack_var);
11 return 0;
12 }

address map.c

12



Example code

e Code > heap > stack
e Ateveryrunthe addresses are different
o Why?
o Read about whatis ASLR
e All memory is virtual memory not physical
o Only the OS/kernel knows which physical memory is mapped to these
addresses
® marmanuzzaman@CCS31022-184542 memoryAPI % ./a.out
Location of code: 0x102b68460
Location of heap: 0x121e06000

Location of stack: 0x16d296dcc
Value of stack variable: 0x42

Output 13



Multithreaded Address Space

e Threadsin Linux share the same
address space but each thread has
its own stack

e FEachthread has its ownregister
values.

e Xxvé6 does not have threads in this

sense
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Linux C Memory API

e malloc() and free()

o Theseare library calls, not system calls.
o They manipulate memory in the user’s heap space.

o They may call a system call (e.g., brk(), sbrk(), mmap() ) to grow or shrink heap space.

e See malloc and free man page

O man malloc
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From a C program to a process

Library files

1 Symbol tables (.symtab) ’\

} Reloc entries (.rel.data/t)

Other obj files/modules

&

transform cogde and optimize symbol reso\ytjgh and relocation
Pre-processing  Compilation  Assembly Linki Loading
ccp cel T —; Id loader

prog.c =™ prog.l =™ prog.s —> prog.0o ——>» prog —> ./prog

C rog.c prog.i gcc—S [-m32] prog.c  gcc—¢ prog.c JCC —0 prog prog.c
?pppspgi [ ]pz,Az, prog.c g pgpsé A
| ! ! I I I
! : ! [ 1 I
source code source code assem code relocatable obj executable obj process
(text) (text) (text) (binary) (binary)
gcc —-save-temps file name.c 16



Investigate program binary

® objdump
e gdb

® otool

® strace

®@ |trace
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Investigate address space

address map.c

memory-user.c

memory-user?2.c Code and Makefile
from class website

pmap (Linux)

vmmap (macOS)
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Question

e Compile Cfile to generate temporary files

o Do you find anything interesting?

e How does the program memory change during sleep of the programs?
e Do you see any different when the program is allocating different sized memory

in heap?

19



Announcement

e Homework 2

o Due on Monday October 6th, 11.59 PM
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