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This class is about
understanding how
programs work



To do this, we're going to have to learn
how a computer works



Here’s a program in a new language, C++
C++ is a compiled language

A translator (compiler) turns C++ into binary code



? e .o eclipse-workspace - sumnums/src/sumnums.cpp - Eclipse
M K- o @ B R @S-G 00 QU &Sy S, DETN GG OO -
L] tactorial.cc Le stringAnd_HOF_Examples.cc L] main.cc L& sumnums.cpp 22

1 #include <iostream>

2 #include <string>

3 using namespace std;

4

S5=1int sum(const unsigned int number) {

6 int 1 = number;

7 int accumulator = number;
8 while (i > 0) {

9 accumulator += 1;

10 i--;

11 }

12 return accumulator;

13 }

14

15 // This program accepts 1 argument
16=int main(int argc, char *argv[]) {

17 int number;
18
19 if (argc < 2) {
20 cerr << "This program needs at least one argument.\n";
21 exit(l);
22 }
23
24 try {
&2s number = stoiCarav[1]);
26 } catch(const invalid_argument& ia) {
27 cerr << "Invalid argument: " << ia.what() << '\n’;
28 exit(l);
29 }
30
31 if (number < @) {
32 cerr << "This program expects a non-negative argument.\n";
33 exit(l);
34 }
35
36 cout << "I am going to sum the numbers from @ to " << argv[@] << "\n";
37 cout << "Sum: " << sum(number) << "\n";
38
39 return 0;
40 }
41
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.— @ - .o eclipse-workspace - sumnums/src/sumnums.cpp - Eclipse
I'L_Sv @"'_d@ @v E w @vdjv‘c%ve’v #'O'QE'Q' N_QL;Z/‘Q' 4 ol 8 1M {}v(‘} =R = 1 v

L] factorial.cc Lc stringAnd_HOF_Examples.cc L] main.cc L&l sumnums.cpp £3

I 1 #include <iostream>

2 #include <string>

3 using namespace std;

4
E 5“1int sum(const unsigned int number) {

6 int 1 = number;
IR 7 int accumulator = number; .
2 muec-of Main procedure
1N 9 accumulator += 1;

10 i--;

11 }

12 return accumulator;

13 }

14

1S // This program accepts 1 argument
16=int main(int argc, char *argv[]) {

17 ot mmbers Program starts here

| 18

19 if (argc < 2) {
20 cerr << "This program needs at least one argument.\n";
21 exit(l);
22 }
23
24 try {
{&25 number = stoiCarav[1]);
26 } catch(const invalid_argument& ia) {
27 cerr << "Invalid argument: " << ia.what() << '\n’;
28 exit(1l);
29 }
30
31 if (number < @) {
32 cerr << "This program expects a non-negative argument.\n";
33 exit(1l);
34 }
35
36 cout << "I am going to sum the numbers from @ to " << argv[@] << "\n";
7 cout << "Sum: " << sum(number) << "\n";
38
39 return 0;
40 }
41
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.o eclipse-workspace - sumnums/src/sumnums.cpp - Eclipse
@v‘v’f‘ @v E \Q Wvd_“,v.c""vev #vaQ;va k_’L_:,‘Q' 4 ol 8 1 {}v(.} vﬁh)(:-)' v

L] factorial.cc Lc stringAnd_HOF_Examples.cc L] main.cc L¢ sumnums.cpp £3

#include <iostream>
#include <string>
using namespace std;

int sum(const unsigned int number) {

}

int 1 = number;

int accumulator = number;

while (i > 0) {
accumulator += 1;
i--;

}

return accumulator;

// This program accepts 1 argument

-int main(int argc, char *argv[]) {

int number;

if (argc < 2) {
cerr << "This program needs at least one argument.\n";
exit(l);

}

try {
number = stoiCarav[1]);

} catch(const invalid_argument& ia) {
cerr << "Invalid argument: " << ia.what() << '\n’;
exit(1l);

}

if (number < @) {
cerr << "This program expects a non-negative argument.\n";
exit(l);

}

cout << "I am going to sum the numbers from @ to
cout << "Sum: " << sum(number) << "\n";

<< argv[@] << "\n";

return 0;
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sum function
(calculates sum(0 to number))
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Here’s a program in a new language, C++

C++ is a compiled language

A translator (compiler) turns C++ into binary code



Binary: The native language of the processor

* Modern processors are very fast
- (m/b)illions of instructions per sec

Processors execute a small number
of very basic instructions

MOV rl,r2 ADDrl,r2,r3
IFZERO rl, +20

These instructions written in a binary encoding
(Why?)



Binary: The native language of the processor

* Modern processors are very fast
- (m/b)illions of instructions per sec

Processors execute a small number
of very basic instructions

MOV rl,r2 ADDrl,r2,r3
IFZERO rl, +20

These instructions written in a binary encoding
(Why?)

Compact representation Quick to decode and execute



Thousands of different processors

Each speaks a different language

Called its architecture

Different versions of architecture add features, etc..



@ ® _ o eclipse-workspace - sumnums/src/sumnums.cpp - Eclipse

3~ DR @ B & @S "C 00 Q-r-™dS 9 S, DET S HG OO

L factorial.cc ., stringAnd_HOF_Examples.cc L] main.cc L& sumnums.cpp £3
1 #include <iostream>

#include <string>

using namespace std;

w N

int sum(const unsigned int number) {
int 1 = number; d d
7 i accomilotor = mmbers So | need to turn this into
8 while (i > @) {
9 accumulator += 1;

something my i7 speaks...

11 }

2 return accumulator;

(o2 T W 2 I -N

1S // This program accepts 1 argument
16=int main(int argc, char *argv[]) {

17 int number;

18

19 if (argc < 2) {

20 cerr << "This program needs at least one argument.\n";
21 exit(l);

22 }

23

24 try {
525 number = stoiCarav[1]);

26 } catch(const invalid_argument& ia) {

27 cerr << "Invalid argument: " << ia.what() << '\n';

28 exit(l);

29 }

30

31 if (number < @) {

32 cerr << "This program expects a non-negative argument.\n";
33 exit(l);

34 }

35

36 cout << "I am going to sum the numbers from @ to " << argv[@] << "\n";
37 cout << "Sum: " << sum(number) << "\n";

38

39 return 0;

40 }

41
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To do that, | use a compiler



“Compile a file named sumnums.cpp, and output
an executable file named sumnums”

g++ sumnums.Cpp -0 sumnums



“Compile a file named sumnums.cpp, and output
an executable file named sumnums”

g++ sumnums.Cpp -0 sumnums

(Ton of options here, especially for large projects with
complex configs / multifiles)



- . . 87654321 0911 2233 4455 6677 8899 aab eeff ©12345678%bcdef
@ @® « eclipse-workspace - sumnums/src/sumnums.cpp - Eclipse 20000000: [Bffa edfe 0700 0001 8300 G000 O1X

— = & o =S - : - = $5 : 9400 5002 0000

LJ- ’3"'&' o1 @' a \ |7 il < ™ A C'G' "‘3'0'9"%' m_g\_ e g o 8 11 ¥i*¢ ""1'\-«" v P00 D 0000 d391 0000 ¢

L.c; factorial.cc Lc stringAnd_HOF_Examples.cc Lc| main.cc L& sumnums.cpp 23 :
1 #include <iostream>

2 #include <string>
using namespace std;

5= 1int sum(const unsigned int number) { 00000C0:
6 int 1 = number; i

7 int accumulator = number;
8 while (i > 0) {

9 accumulator += 1;
10 i--;

11 }

2 return accumulator; X0000170: 0000 0000 0000

. PO00180: 0001 0000 PO

3 } 5 0000 000 0000 @
14 : D000 06X 000

15 // This program accepts 1 argument
16= int main(int argc, char *argv[]) {

17 int number;
18
19 if (argc < 2) {
20 cerr << "This program needs at least one argument.\n";
2] exit(l);
22 }
24 try {
525 number = stoi(arav[1]);

26 } catch(const invalid_argument& ia) { Compller

27 cerr << "Invalid argument: " << ia.what() << '\n’';

28 exit(l);

29 } U.H.E.
31 if Cnumber < @) { 0000 8t 8 § A 470 f .u,.‘l_l.'u'.*.-u.p...
32 cerr << "This program expects a non-negative argument.\n"; 0000360 488 bde8 fff ..
33 exit(1); e ot (Pl

} : g55¢ ff1 9 0000

35 X

36 cout << "I am going to sum the numbers from @ to " << argv[@] << "\n";

37 cout << "Sum: " << sum(number) << "\n";

38

39 return 0;

10 }

41
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S0, the compiler turns C++ into a
giant list of these instructions...



S0, the compiler turns C++ into a
giant list of these instructions...

These are written in assembly
(Human-readable binary)



Let’s see what assembly the
compiler generates...



g++ -S sumhums.cpp

(Note | really used:
g++ -S sumnums -fno-asynchronous-unwind-tables
This is because otherwise extra debugging overhead is inserted.)



l .section __TEXT,__text, regular,pure_instructions
.macosx_version_min 10, 12
.globl _ 7Z3sumj
.p2align 4, 0x90
__Z3sumj: ## @ _Z3sumj
## BB#O:
pushq %rbp
movqg %rsp, %rop
movl %edi, -4(S%rbp) o o .
ml  —d(srtp), %edi Divided up by function
movl  Sedi, -8(%rbp)
movl  -4(%rbp), %edi
movl  S%edi, -12(%rbp)
LBBo 1: ## =>This Inner Loop Header: Depth=1
canpl $0, -8(%rbp)
jle LBBO_3
## BB#2: ## 1n Loop: Header=BB0_1 Depth=1
movl -8(%rbp), %eax
addl -12(%rbp), %eax
movl %eax, -12(%rbp)
movl  -8(%rbp), %eax
addl $~1, %eax
movl  %eax, -8(%rbp)

jmp LBBO 1
LBBO 3:

movl -12(%rbp), %eax

popq %rop

retq

.globL _main

.p2align 4, 090
_main: ## @main
Lfunc_begin@:

.cfi_startproc

.cfi_personality 155, gxx_personality vo
.cfi_lsda 16, Lexceptiond

## BBHO:

pushq Srbp
Ltmp24:

.cfi_def_cfa_offset 16
Ltmp25:

.cfi offset %rbp, 16
movq %rsp, S%rop
Ltmp26:
.cfi_def _cfa_register %rbp
subq $240, S%rsp
movl $0, -68(%rbp)
movl %edi, -72(%rbp)
movq %rsi, -80(%rbp)
apl  $2, -72(%rbp)
jge LBB1 2
## BB#1:




l .section __TEXT,__text, regular,pure_instructions
.macosx_version_min 10, 12
.globl _ 7Z3sumj
.p2align 4, 0x90
__Z3sumj: ## @ _Z3sumj
## BBH#O:
pushns
movq %rsp, %rop
movl %edi, -4(S%rbp) o o .
ml  —d(srtp), %edi Divided up by function
movl  Sedi, -8(%rbp)
movl  -4(%rbp), %edi
movl  S%edi, -12(%rbp)
LBBo 1: ## =>This Inner Loop Header: Deptr
canpl $0, -8(%rbp)
jle LBBO 3
## BB#2: ## 1n Loop: Header=BB0_1 Depth=1
movl -8(%rbp), %eax
addl -12(%rbp), %eax
movl %eax, -12(%rbp)
movl  -8(%rbp), %eax
addl $~1, %eax
movl  %eax, -8(%rbp)

Implementation of sum

jmp LBBO 1
LBBO 3:

movl -12(%rbp), %eax

popq %rop

retq

.globL _main

.p2align 4, 090
_main: ## @main
Lfunc_begin@:

.cfi_startproc

.cfi_personality 155, gxx_personality vo
.cfi_lsda 16, Lexceptiond

## BBHO:

pushq Srbp
Ltmp24:

.cfi_def_cfa_offset 16
Ltmp25:

.cfi offset %rbp, 16
movq %rsp, S%rop
Ltmp26:
.cfi_def _cfa_register %rbp
subq $240, S%rsp
movl $0, -68(%rbp)
movl %edi, -72(%rbp)
movq %rsi, -80(%rbp)
apl  $2, -72(%rbp)
jge LBB1 2
## BB#1:




__Z3sumj:

## BB#O:

.section TEXT,__text, regular,pure_instructions

.macosx_version min 10, 12
.globl _ 7Z3sumj
p2align 4, 0x90

pushq %rbp

movqg %rsp, %rop
movl  %edi, —4(%rbp)
movl -4(%rbp), %edi
movl  Sedi, -8(%rbp)
movl  -4(%rbp), %edi
movl  S%edi, -12(%rbp)

#ezsm DON't WOrry that this
code is hard to
understand for now

## =>This Inner Loop Header: Depth=1

## 1n Loop: Header=BB0_1 Depth=1

LBBo 1:
canpl $0, -8(%rbp)
jle LBBO_3
## BB#2:
movl -8(%rbp), S%eax
addl -12(%rbp), %eax
movl  %eax, -12(%rbp)
movl  -8(%rbp), %eax
addl $~1, %eax
movl  %eax, -8(%rbp)
jmp LBBO 1
LBBO 3:
movl -12(%rbp), %eax
popq %rop
retq
globl 4 _main
_main: ## @main
Lfunc_begin@:
.cfi_startproc
.cfi_personality 155, __ gxx_personality @
.cfi_lsda 16, Lexceptiond
## BBHO:
pushq Srbp
Ltmp24:
.cfi_def_cfa_offset 16
Ltmp25:
.cfi offset %rbp, 16
movq %rsp, S%rop
Ltmp26:

## BB#1:

.cfi_def _cfa_register %rbp
subq $240, S%rsp

movl $0, -68(%rbp)
movl %edi, -72(%rbp)
movq %rsi, -80(%rbp)
apl  $2, -72(%rbp)

jge LBB1 2

(It also confuses me..)

Divided up by function

Implementation of main



| can manually transform the assembly
to the binary...

dS sSumnums.s



-pbash: ./sumnums.o: cannot execute binary file
Kyles-MacBook-Pro-2:src micinski$ |}




For example: code to print to the screen

Insight: my program needs a
lot of other stuff to run...

This is kept in a library

(But keep in mind, that’s also just code. Nothing
particularly magical)



YO u I C O d e .section TEXT,__text, regular, pure_instructions

.macosx_version_min 10, 12

## @ _Z3sumj
.section __TEXT,__text, regular,pure_instructions
.macosx_version min 10, 12
__2Z3sumj

## @ Z3sumj

Qadi  _Qlorhn)
.section __TEXT,__text, regular, pure_instructions
.macosx_version min 10, 12
.globl __ Z3sumj
.p2align 4, 0x90
## @ Z3sumj

.section __TEXT,__text, regular,pure_instructions
.macosx_version min 10, 12
__Z3sumj

## =>This Inner Loop Header: Depth=1

#  in Loop: Header=880 1 Depth=1 Zsunj: ## @ Bsunj
## BBHO: -

## =>This Inner Loop Headei

## 1in Loop: Header=880_1

## =This Inner Loop Header: Depth=1

retq
.globl _main ## in Loop: Header=BBO_1 Depth=1
.palign 4, 0x99
_main: ## @nain
Lfunc_begin@:
.cfi_startproc
.cfi_personality 155, __ gxx_personality v@
.cfi_lsda 16, Lexceptiond

=12(%rbp), %
%rbp

4,
%rbp ## @main
.cfi_startproc
.cfi_personality 155, ___ gxx_personality_v@
.cfi_lsda 16, Lexceptiond
H .globl _main
S%srbp -p2align 4, 0x90
_main: ## @nain
Lfunc_begin®@:
.cfi_startproc
.cfi_personality 155, ___ gxx_personality_v@
.cfi_lsda 16, Lexceptiond
## BBHO:

subg

movl
movg
apl %rbp
Ltmp24:

.cfi_def_cfa_offset 16
Ltmp25:

.cfi_offset %rbp, -16

%rsp, %rbp

Ltmp26:
.cfi_def_cfa_register %rbp

Executable file S,

etc...




Question (for next time):

Can | run a program compiled for
one architecture and use it on
ahother?



Now: C++ coding



Next time:

* More C++ programming nitty-gritty
* Representing HOFs in C++
* What'’s your computer doing when you call a function
* How is stack laid out, what is a StackOverflow!?
- How can we avoid them

C++ is a huge language, don’t feel embarrassed if you
think you know nothing. | can’t think of a single smart
person | know who even claims to know “most” of C++

But | do know some people who admit it’s a useful and
powerful tool when you use the right features



