- Memory Hierarchy

|
@ Typical access time

<1 nsec Registers
1-8 nsec Cache
10-50 nsec Main memory

10 msec / 10s -100s usec

Magnetic disk / SSD

Typical capacity

<1 KB
4-8 MB
16-64 GB { optional

persistent
2-16+TB \ memory



Multi-core CPU - Cache and Memory
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Process Life Cycle




Modes and System Calls

e User mode

 Kernelmode — < €SS TS oS \m%’TV"./ (esownrees
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Interrupts

* |/O Device Interaction
e System Calls




Units

Base 19 Value

Kilo 103 1,000 210 1,024
Mega 108 1,000,000 220 1,048,576
Giga 10° 1,000,000,000 230 1,073,741,824
Tera 1012 1,000,000,000,000 40 1,099,511,627,776
Peta 9° 1,000,000,000,000,000 250 1,125,899,906,842,624

Exa 1078 1,000,000,000,000,000,000 260 1,152,921,504,606,846,976



Compile and Run

Java C

Source Java Bytecode Source Machine

.clas .
S » java

Language

Computer




C Build Process

Other object files

In your project.
#include Y >

#define
etc..

Preprocessor Compiler

Temporary Object File

Source Machine

Language

Static libraries



C Loading/Execution

Dynamic Libraries
Shared Objects

Compiled
Program

stdout
stderr

Computer



C main function

#include <stdio.h>
#include <stdlib.h>

int main()
printf ("Hello World\n");
return EXIT SUCCESS;

#include <stdio.h>
#include <stdlib.h>

int main(int argc, char **argv)
printf ("Hello World\n");
return EXIT SUCCESS;

{



Data Types

#include <stdio.h>
#include <stdlib.h>

int 4 bytes.

int main () { long 8 bytes.

int 1 = 0; float 4 bytes.

long 1 = 56; double 8 bytes.

float £ = 1.5; char 1 bytes.

double d = 2.5; short 2 bytes.

char ¢ = 'g'; char * 8 bytes.

short s = 45;

char *str = "Hello There";

printf ("int %$d bytes.\n",sizeof (1)) ;

(1
printf ("long $d bytes.\n",sizeof (1
printf ("float %d bytes.\n",sizeof (f
printf ("double %$d bytes.\n",sizeof (d
printf ("char %d bytes.\n",sizeof (c

( (s

( (s

printf ("short %d bytes.\n",sizeof ;
printf ("char * %d bytes.\n",sizeof ) ) ;



fork & int main{int argc, char =argv([])} |
7 printf ("hello ({pid:%d)\n", (int) getpid()});
Figure 5.2 4 int re = fork();
4 if {rec < Q) | Jf fork failed; exit
10 fprintf{stderr, "fork failedin");
1 exit (1);
12 } else 1f (rc == 0} { // child (new process)
13 printf ("child (pid:%d)\n", (int) getpid());
14 ] else | /f parent goes down this path
15 int re_wait = wait (NULL);
14 printf {"parent of %d (rc_wait:%d) (pid:%d)\n",
17 re, ro_wait, (int) getpidi));
I ]
19 return 0;



exec

Figure 5.3

7
H
9
10
Il
12
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int main{int argec, char =argv(]) |
printf("hello (pid:%d)\n", (int) getpid(});
int re = fork();

!

1if (re < Q) |

)

Jf fork failed; exit
fprintf ({stderr, "fork failed\n");

exit (1);

glse 1f (rc == 0) { // child (new process)
printf("child (pid:%d)\n", (int) getpidi));
char *myargs|[3];

myargs [0] = strdup({®"wc"); Jf program: "wc®
myargs([l] = strdup(®"pi.c"); // arg: input file
myargs[2] = NULL; Jf mark end of array

execvp (myargs (0], myargs); S/ runs word count

printf{"this shouldn't print out®);

else | /f parent goes down this path

int rc_wait = wait (NULL);

printf {"parent of %d (rc_wait:%d) (pid:%d)\n",
re, ro_wait, (int) getpidi));

return 0;



