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THERE’'S MORE TO PERFORMANCE THAN
ASYMPTOTIC COMPLEXITY

Constant factors matter too!

® And even exact op count does not predict performance

® Easily see 10:1 performance range depending on how
code written

® Must optimize at multiple levels: algorithm, data
representations, procedures, and loops

® Must understand system to optimize performance
® How programs compiled and executed

® How to measure program performance and identify
bottlenecks

® How to improve performance without destroying code
modularity and generality



MEMORY PERFORMANCE EXAMPLE

void copyij(int src[1024][1024],
int dst[1024][1024]){
int 1,3;
for(i = 0; 1 < 1024; i++){
for(j = 0; j < 1024; j++){
dst[1][]J] = src[i][]];
}
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MEMORY PERFORMANCE EXAMPLE

void copyij(int src[1024][1024],
int dst[1024][1024]){

int 1i,3;
for(i = 0; 1 < 1024; i++){ ~

for(j = 0; j < 1024; j++){ -
dst[i][j] = srec[i][]];
}

void copyji(int src[1024][1024],

int dst[1024][1024]){
int 1i,5;

_p for(j = 0; j < 1024; j++){

— for(i = 0; i < 1024; i++){
dst[i])[j] = srec[i][J]);
}




MEMORY PERFORMANCE EXAMPLE

void copyij(int src[1024][1024],
int dst[1024][1024]){

int 1i,3;
for(i = 0; 1 < 1024; i++){ ~

for(j = 0; j < 1024; j++){ -
dst[i][j] = srec[i][]];
}

}

}

void copyji(int src[1024][1024],

int dst[1024][1024]){
int 1i,5;

_p for(j = 0; j < 1024; j++){

oms

— for(i = 0; i < 1024; i++){
dst[i])[j] = srec[i][J]);
}




MEMORY PERFORMANCE EXAMPLE

void copyij(int src[1024][1024],
int dst[1024][1024]){

int i,73;
for(i = 0; 1 < 1024; i++){ ~

for(j = 0; j < 1024; j++){ -
dst[i][j] = srec[i][]];
}

}

}

oms

void copyji(int src[1024][1024],
int dst[1024])[1024]){
int 1i,3;
_yp for(j = 0; j < 1024; j++){
—p for(i = 0; i < 1024; i++){
dst[1][]] = src[i][]]:
}

24ms




MEMORY PERFORMANCE EXAMPLE

void copyij(int src[1024][1024],
int dst[1024][1024]){

int 1,3;
for(i = 0; 1 < 1024; i++){ ~

for(j = 0; Jj < 1024; j++){ -
dst[i][j] = srec[i][]];
}

}

}

oms

void copyji(int src[1024][1024],

int dst[1024])[1024]){
int 1i,73;
_yp for(j = 0; j < 1024; j++){

— for(i = 0; i < 1024; i++){
dst[i])[j] = srec[i][J]);
}

24ms

® Hierarchical memory organization

® Performance depends on access patterns

® Including how step through multi-dimensional array




WHY THE PERFORMANCE DIFFERS
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COURSE PERSPECTIVE

® Most Systems Courses are Builder-Centric
® Computer Architecture
® Design pipelined processor in Verilog
® Operating Systems
® Implement sample portions of operating system
® Compilers
® Write compiler for simple language
® Networking
® Implement and simulate network protocols



COURSE PERSPECTIVE

® Qur Course is Programmer-Centric

® Purpose is to show that by knowing more about the
underlying system, one can be more effective as a
programmer

® Enable you to
® Write programs that are more reliable and efficient
® Incorporate features that require hooks into OS
® E.g., concurrency, signal handlers

® Cover material in this course that you won’t see
elsewhere

® Not just a course for dedicated hackers
® We bring out the hidden hacker in everyone!



OVERVIEW

® Course Theme

® Five Realities
® General System Walkthrough



OVERVIEW

® Course Theme
¢ Five Realities

“\k. General System Walkthrough




NFORMAITTON

HELLO WORLD
1 #include <stdio.h>
2
3 int main()
4 A
5 printf("hello, world\n");
6 return 0;
7}




NFORMAITION + CON

#include <stdio.h>

HELLO WORLD

int main()

{
printf ("hello, world\n");
return 0;
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0 0x00 000 0000000 NUL | 32 (0x20 040 0100000 space | 64 0x40 100 1000000 @ | 96 0x60 140 1100000
1 0x01 001 0000001 SOH | 33 Ox21 041 0100001 65 Ox41 101 1000001 A |87 Ox61 141 1100001 =
2 0x02 002 0000010 STX |34 Ox22 042 0100010 * |66 Ox42 102 1000010 B |98 Ox62 142 1100010 b
3 003 003 0000011 ETX |35 0x23 043 0100011 # |67 Ox43 103 1000011 C |95 Ox63 143 1100011 «
‘ 4 0404 004 0000100 EOT | 36 Ox24/044 0100100 S | 68 0x44/104 1000100 D |100 0x64 144 1100100 d
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. 13 0x0D 015 0001101 0x2D 055 0101101 - | 77 Ox4D 115 1001101 M |109 Ox6D 155 1101101 m
\n SP SP SP SP p r i n t £ ( 14 | OxOE 016 0001110 Ox2E 056 0101110 . | 78 Ox4E 116 1001110 N |110 Ox6E 156 1101110 n
4 { 10 32 32 32 32 112 114 105 110 116 102 40 15 Ox0F 017 0001111 Ox2F 057 0101111/ |79 Ox4F 117 1001111 © |111 Ox6F 157 1101111 o
16 |0x10| 020 0010000 0x30 060 0110000 O | 80 Ox50 120 1010000 P |112 0x70 160 1110000 p
17 0x11 021 0010001 0:31 061 0110001 1 |81 Ox51 121 1010001 Q |113 0x71 161 1110001 g
3 " 1 © ’ P w ° = 1 d \ n | s 0x12 022/0010010 0x32 062 0110010 2 | 82 0x52 122 1010010 4 072 162 1110010
S prlntf( hello wOr] 18 0x12 022 0010011 620110010 2 | 82 0552 122 1010010 R |114 072 162 1110010 ¢
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® Hello world is a source file
® made with a text editor
® saved as a text file ( .c)
® The file is made up of bits (O or 1)
® O’s and 1’s are grouped in bytes ( 8 bits in a row)
® 1 byte can represent 256 different numbers
® In the source file each byte represents a text character
® (International characters require multiple bytes)
® All files are made of O’s and 1’s
® Text files only have bytes that translate into characters
® Binary files have bytes that don’t translate into characters
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® How we interpret the bits determine if is a character, an
integer, a float, a sound, an image, a program, etc. How the
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HELLO WORLD
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+ CON A

#include <stdio.h>

int main()

{
printf("hello, world\n");
return O;

}

® For the bits in a source file to make sense as a program it
must be translated into machine language in a multi-stage

process




NFORMAITION + CON

1 #include <stdio.h>

HELLO WORLD - |
:  int main()
4 A
5 printf("hello, world\n");
6 return 0;
7}

® For the bits in a source file to make sense as a program it

must be translated into machine language in a multi-stage

ProcCess
printf.o
Pre- : . | - . 1

hello. hello. hello. hello. hell
ello.c DrOCEssor ello.1 C?ﬂ:;")er ello.s Ass(ear:)bler ello.o |_(|r11|;§r I ello
Source | (cpp) Modified | Assembly | ) Relocatable | Executable
program source program object object
(text) program (text) programs program A

(text) (binary) (binary)

o e e e e e



NFOR @)\

HELLO WORLD

® For the bits in a source file to make sense as a program it
must be translated into machine language in a multi-stage

Process
J printf.o
hello ¢ | Pre [ hello.i Compilerl hello.s |Assembler] hello.o | Linker hello
: e (ce1) (as) (1)

v Source | “CFP Modified | Assembly | | Relocatable | Executable

program source program object object

(text) program (text) programs program

(text) (binary) (binary)
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HELLO WORLD

® For the bits in a source file to make sense as a program it
must be translated into machine language in a multi-stage
process

prﬁntf.o
hello.c | _Pre [ hello.i Compilerl hello.s |Assembler] hello.o | Linker
S (ccl) (as) (1d)
Source | ‘°PP) l Modified | ﬂAssembly i | Relocatable |
program source program object
(text) program (text) programs program
(text) (binary) (binary)




printf.o

, : | X
hello.c Pre- hello.i | Compiler | hello.s |Assembler| hello.o | Linker | hello
e (ccl) (as) (1d)
Source | (cpp) Modified | Assembly | Relocatable | Executable
program source program object object
(text) program (text) programs program
(text) (binary) (binary)

1 #include <stdio.h>

int main()

{
printf("hello, world\n");
return 0;

~SNS O\ WV &S W N
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498 "/usr/include/stdio.h" 3 4

1 "/usr/include/secure/ stdio.h" 1 3 4

31 "/usr/include/secure/ stdio.h" 3 4

1 "/usr/include/secure/ common.h" 1 3 4

32 "/usr/include/secure/ stdio.h" 2 3 4

# 42 "/usr/include/secure/_stdio.h" 3 4

extern int _ sprintf chk (char * restrict, int, size_ t,
const char * restrict, ...):;

# 52 "/usr/include/secure/_stdio.h" 3 4

extern int _ snprintf chk (char * restrict, size_t, int, size t,

const char * restrict, ...):;

extern int __ vsprintf chk (char * restrict, int, size t,
const char * restrict, va_list);

lextern int _ vsnprintf chk (char * restrict, size_t, int, size_t,
const char * restrict, va list);

# 499 "/usr/include/stdio.h" 2 3 4

# 2 "hello.c" 2

int main()

{

printf("hello, world\n");
return 0;

}




#include <stdio.h>

printf.o

int main()
{ N -~ ”~

Compiler | hello.s |Assembler| hello.o | Linker hello

return 0; P re e

7}

pressscy (cet) (as) (a)
Source PP Modified | Assembly | Relocatable | Executable
program source program object object
(text) program (text) ~ programs program
.section __TEXT, text,regular,pure_instructions (binary)
.macosx_version _min 10, 12
.globl main
.align 4, 0x90
 main: ## €main
.cfi_ startproc
## BB#0:
pushqg $rbp
LtmpO:
.cfi_def cfa offset 16
Ltmpl:
.cfi offset %rbp, -16
movqg $rsp, %rbp
Ltmp2:
.cfi_def cfa register %$rbp
subg $16, %$rsp
leaq L _.str(%$rip), %rdi
movl $0, =-4(%rbp)
movb $0, %al
callqg _printf
xorl $ecx, %ecx
movl $eax, -8(%rbp) ## 4-byte Spill
movl $ecx, %eax
addq $16, %rsp
popq $rbp
retq
.cfi_endproc
.section __TEXT, cstring,cstring_literals
L _.str: ## @.str
.asciz "hello, world\n"
.subsections_via_symbols
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(binary)

object
programs
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AT

(as)

Assembler
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program
(text)
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Modified
source
program
(text)

Pre-
processor
(cpp)

|

Source
program
(text)

printf("hello, world\n");

#include <stdio.h>
return 0;

int main()
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Compiler || Assembler Linker hello

el (ccl) (as) G (1d)
Source (CPP) | Modified | Assembly | Relocatable | Executable
program source program object object
(text) program (text) programs program
(text) (binary) (binary)

[562]djp3€Codex-Perductum: ~/Documents/ClassResources/2017 01 CS045/website/
Lectures/Lecture 02

$ 1s

SourceGraphics.graffle/ hello.i memory bug.c precision2.c
hello* hello.o memory performance.c source hello.sh
hello.c hello.s precisionl.c

[562]djp3€Codex-Perductum: ~/Documents/ClassResources/2017 01 CS045/website/
Lectures/Lecture 02
'$ ./hello

hello, world
I IIE—————
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Pre-

Compiler Assembler Linker hello
processor (ccl) (as) (1d)
Source (cpp) . Modified | Assembly | | . Executable
program source - program object object
(text) program (text) programs program
(text) (binary) (binary)

#Run just the C-preprocess hello.c -> hello.i
gecc -Wall -E -o hello.i hello.c

#Run to the assembly code hello.c -> hello.s
gece -Wall -S -o hello.s hello.c

#Run to the object code hello.c -> hello.o
gece -Wall -c -o hello.o hello.c

#Run the whole tool chain and remove the intermediate files
gece -Wall -o hello hello.c




TASKS

® Run a hello world program on wcpkneel

® Output your name on wcpkneel

® Output the values of the characters of your name on
wcpkneel



OUTCOMES

® [ expect that after today,

® you don't have problems logging on to wcpkneel with
ssh

® that you can write at least one C program on
wcpkneel

® that you can compile a C program on wcpkneel
® that you can run a program on wcpkneel

® that you understand that you can interpret bits as a
character or the same bits as an integer and the
result is different
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