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0000 0 O

0001 1 1

0010 2 2

0011 3 3

0100 4 4

0101 5 &6

0110 6 6

0111 7 7 .
1000 8 8 Conversion
001 9 9

1010 A 10

1011 B 11

1100 C 12

1101 D 13

1110 E 14

1111 F 15




Decimal to
Binary Conversion




101001 =
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101001 = 1x2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
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1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001
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1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001

1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox27 + 1x20
2 2
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1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001

1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox27 + 1x20
2 2

= 1X2° + Ox2%4 + 1x23 + Ox22 + Ox21 + 1x20
2 2 2 2 2 2
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1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001

1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox27 + 1x20
2 2

= 1X2° + Ox2%4 + 1x23 + Ox22 + Ox21 + 1x20
2 2 2 2 2 2
= 1x24 + Ox23 + 1x22 + Ox21 + 0Ox20
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1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001

1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox27 + 1x20
2 2

= 1X2° + Ox2%4 + 1x23 + Ox22 + Ox21 + 1x20
2 2 2 2 2 2
= 1x24 + Ox23 + 1x22 + Ox21 + 0Ox20

10100
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101001 = 1x2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
= 41d

(F0100! = 1x25 + 0x24 + 1x28 + Ox22 + Ox21 + 1x20
‘ >

= 1X2° + Ox2%4 + 1x23 + Ox22 + Ox21 + 1x20
2 2 2 2 2 2
= 1x24 + Ox23 + 1x22 + Ox21 + 0Ox20




1X2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 + 38 + 0 + 0 + 1
41d

101001

1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox27 + 1x20
2 2

= 1X2° + Ox2%4 + 1x23 + Ox22 + Ox21 + 1x20
2 2 2 2 2 2
= 1x24 + Ox23 + 1x22 + Ox21 + 0Ox20

= 10100
=16 + 0 + 4 + 0O + O
= 20d
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Python Program

# prompts user for an integer
# decomposes the integer into binary

X = int( input( "> " ) )
binary = ""

while True:
if x==0:
break

2
/ 2

remainder =
quotient

N o°

X
X

if remainder == 0:

binary = "0" + binary
else:

binary = "1" + binary

print( "%$5d = %5d * 2 + %d quotient=%5d remainder=%d binary=%16s"
% (x, quotient, remainder, quotient, remainder, binary ) )

X = quotient
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Python Program

® @ fiveNumbers3s — piQraspberrypiREG: ~ — =sh — 88x20
pi@ruspbur ypiREG: ~ cilraspovrryp BEG - Evt m'.'m: +
Z231b@aurora ~/handout $ ./decimalZbinary.py
= 12345
12345 = 6172 = 2 + 1  (quotient= 6172 remainder= 1) == binary= 1
# prompts user for an int 6172 = 3086 = 2 + @ (quotient= 3086 remainder= @) — binary= 21
: 3086 = 1543 %« 2 + @ (quotient= 1543 remainder= @) — binary= 001
# decomposes the integer 1543 = 771 = 2 + 1 (quotient= 771 remainder= 1) == binary= 1601
771 = 385 = 2 + 1 (quotient= 385 remainder= 1) == binary= 11001
X = int( input( "> " ) ) 385 = 192 = 2 +1 (quotient= 192 remainder= 1) — binary= 111001
bi ~unm 192 = 06 « 2 + @ (quotient= 96 remainder= @) — binary= 9ll1e€1
LEN6Y = 96 = 48 = 2 + @ (quotient= 48 remainder=  8) — binary= 00111001
48 = 24 » 2 + @ (quotient= 24 remainder= @) == binary= paA111001
while True: 24 = 12 = 2 + @ (quotient= 12 remainder= @) -- binary= eeoolllecl
: N, 12 = &€ 2+ @ (quotient= 6 remainder= @) — binary= ¢eooolllecl
1f x==0: § = 3x2+@ (quotient= 3 remainder= @) — binary=  0000001110€1
break qi= 1 =2 +1 (quotient= 1 remainder= 1) = binary= 10€20001110€1
1iis= @ =2+ 1 (quotient= 0 remainder= 1) == binary= 110ee0001110€1
_ 231b@aurora ~/handout $ §
remainder = X % 2
quotient = x // 2
if remainder == O0:
binary = "0" + binary
else:
binary = "1" + binary
print( "%$5d = %5d * 2 + %d quotient=%5d remainder=%d binary=%16s"
% (x, quotient, remainder, quotient, remainder, binary ) )
X = quotient
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Binary to Decimal
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1010071 = 1x2° + Ox24 + 1x23 + Ox22 + Ox21 + 1x20
=32 +0 4+ 8 + 0 + 0 + 1

41d
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Binary to Rex
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1010010 =
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1010010 = 01010010
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1010010 = 01010010

0101 0010
A
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0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

1010010 = 01010010

0101 0010
A

O O OO

MOOWPOOONOARWN=0
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0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

1010010 = 01010010
= 0101 0010

5 2

O O OO

MOOWPOOONOARWN=0
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Hex to Binary
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0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

SATF =

O O OO

MOOWPOOONOARWN=0
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0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

5A1F = 0101 1010 0001 1111

O O OO

MOOWPOOONOARWN=0
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Hex to Decimal
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1A2F =
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1A2F = 1x163 + Ax162 + 2x161 + Fx160
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0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

O O OO

MOOWPOOONOARWN=0
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1A2F = 1x163 + Ax162 + 2x161 + Fx160

1x4090 + 10x250 + 2x16 + 15x1




0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

O O OO

MOOWPOOONOARWN=0
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1A2F = 1x163 + Ax162 + 2x161 + Fx160

1x4090 + 10x250 + 2x16 + 15x1
4090 + 25600 + 32 + 15




0000
0001
0010
0011
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
111 F

O O OO

MOOWPOOONOARWN=0
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1A2F = 1x163 + Ax162 + 2x161 + Fx160

1x4090 + 10x250 + 2x16 + 15x1
4090 + 25600 + 32 + 15
6/03




Decimal to
Hex
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Do:
Decimal —> Binary
Binary—> Hex




EXerclises

——
—— 5

l y (
| ——

http://www.science.smith.edu/dftwiki/index.php/
CSC231_Review_of hexadecimal_number system
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——

—

o : :
. Convert these hexadecimal numbers to binary, and to
decimal.

1111
1234
AAAA
FOO1

FFEE
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——

—

® . i
“ Convert these decimal numbers to binary, and
hexadecimal

65

127
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‘2 What comes after these hexadecimal numbers,
= logically?

aaAA
9999
19F

1ABF
FEFEE
FOOF

ABCDEF
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?r( Perform the following additions in hex

-~

1000 1234 1234 FFFF
+ AAAA + F + ABCD + FFPFF
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More Arithmetic
lNnstructions
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Right now,
we are dealing only
with UNSIGNED integers!




inc

regs

inc reglé6
: inc reg32
|nC inc operand inc  mem8
inc meml 6
inc mem3 2
alpha db 3
beta dw 4
X dd 0
inc al
inc CX
inc ebx
inc word[beta] ;beta <- 5
inc dword[x] X <= 1




dec regs8
dec regl6

(:j dec reg32

e C dec operand e
dec memlo6
dec mem3 2

alpha db 3

beta dw 4

X dd 6
dec al ral <- al-1
dec CX

dec ebx

dec word[beta] ;beta <- 3
dec dword[x] s X <= 5
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mMul

mul

operand

mul
mul
mul
mul
mul
mul

regs
reglé6
reg32
mema3
memlo6
mem3 2
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Observation

1001
x 1110
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Observation

1001
x 1110
0000
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Observation

1001
x 1110
0000
1001
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Observation

1001
x 1110

0000

1001
1001
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Observation

1001
x 1110

0000

1001
1001
1001
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A. D. Thiebaut, Computer Science,

1001
x 1110

0000
1001
1001
1001

1111110

Smith College

Observation




mul reg8
mul regl6
mul reg32

‘ mul mem3
| | IU mul operand a1l meml6
mul mem3 2

edx:eax <— operandssz * eax
dx:ax <— operandis ™ ax
ax <— operands ™ al

alpha db 3
beta dw
X dd 6

D

mul byte[alpha] ;ax <- al*alpha
mul ebx redx:eax <-
- ebx*eax
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I'his has tremendously
Important consequences




public class JavaLimits {

public static void main(String[] args) {

int a = 1;
for ( int 1 = 0; i< 100; i++ ){
a = a x 2;
System.out.println( "a =" + a );
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public class JavaLimits {

public static void main(String[] args) {
// —————————— -
// a multiplication of ints
int x 0x30000001;
int y 0x30000001;

System.out.println( "x "+ x );
System.out.println(

int z = x * y;

System.out.println( "z = " + z );
System.out.println();

= 305306369
805306369
= 1610612737

N < X
1
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How D
g IS a 32-D
1 2-DIt




Ranges
(Unsigned Integers)

8 bits 0 - 255
16 Dits 0-65,535
32 Dits 0-4,294,967,295

Q‘.} D. Thiebaut, Computer Science, Smith College
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adiv

div operand

div
div
div
div
div
div

R:Q
edx:eax <— edx:eax/ operanda
dx:ax <— dx:ax / operandie
ah:al <— ax / operands

reg8
reglé6
reg32
mema3
memlo6
mem3 2

alpha db 3
beta dw 4

X dd 6
scompute beta/alpha

mov ax, word[beta]

div byte[alpha]
squotient 1in al
sremalinder 1in ah
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Exerclse

Compute x = 2*alpha +3*beta + x - 1

alpha db 3
beta dw 4
X dd 6
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Elements of Style

Past-Due Homework 2




;;; hw2.asm ;77 get c
777 Ha Cao call _getInput
;::; The program takes inputs of a, b, ¢ and computes mov dword[c], eax
HH ans = 3*(atb-c)+2(c-1)
PP Ji T mm oo
;77 Assemble and run the program as follows: ;7 computation: ans = 3*(atb-c) + 2*(c-1)
;7;; nasm -f elf hw2.asm 1) e
;;; nasm -f elf 231Lib.asm
;77 1ld -melf i386 -o hw2 hw2.o 231Lib.o ; your code will go here...
mov eax, 0 ; clear value left in
extern  printDec ; registers
extern printInt mov ebx, 0
extern _printString mov ecx, 0
extern println mov edx, 0
extern getInput
add eax, dword[a] ; add a and b into eax
section .data add eax, dword[b]
prompt db > sub eax, dword[c] ; subtract c from eax
promptLen equ $-prompt add ecx, eax ; add eax into ecx 3
ansStr db "ans = " ; times
ansStrLen equ $-ansStr add ecx, eax
add ecx, ex
a dd 0 add ebx, dword[c] ; add c into ebx
b dd 0 sub ebx, 1 ; subtract 1 from ebx
c dd 0 add edx, ebx ; add ebx into edx 2
ans dd 0 ; times
add edx, ebx
section .text add ecx, edx ; add edx to ecx
global start mov dword[ans], ecx ; mov the value in ecx
_start: ; into the memory at ans
;; display prompt
mov ecx, prompt 7y mmmmmmm
mov edx, promptLen ;; display "ans = "
call _printString §] mmm
77 get a mov ecx, ansStr
call _getInput mov edx, ansStrLen
mov dword[a], eax call _printString
;7 display prompt §] -
mov ecx, prompt ;; display ans variable
mov edx, promptLen §] mmmm
call _printString mov eax, dword[ans]
77 get b call _printInt
call _getInput call _println
mov dword[b], eax call _println
;; display prompt i exit
mov ecx, prompt mov ebx, 0
mov edx, promptLen mov eax, 1
call _printString int 0x80
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Exercise

a db 10

b db 0

C dw 0x1234

d dw 0 Swap a and b.

e dd 0 Then c and d.

f dd 012345678 Then e anD;

section .text
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Exercise

a db 10

b db 0

C dw 0x1234

d dw 0 Set the least

e dd Oxcdef significant byte

f dd 0x12345678 ofeandft9~

section .text
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Exercise

99

88
reconstruct
7 the declarations

66 ofa, b, c d e -

df.
" an /

44
section .data 33
a db
b db 22
C dw 11
d dw ) L
e dd 1a ’C‘A?"Om
11 VWV ’ \
: . ’(,\,OV\' ,
section .text 00 ) 3 a\\ﬁﬁs
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Exercise

99

88
reconstruct
7 the declarations

66 ofa, b, c d e -

df.
" an /

section .data 44
a db
b db 33
C dw
d dw 22
e dd 3 1
f db
’ m&
| 20 ’C\d\)\’a
section .text ,dxﬂvwh
11 VWV \
’ W \
69’(,\/0
00 « a aQA
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Simple Rule
Conversion from byte/word to dword

alpha db 15
beta dw 10000

; put alpha 1n eax

; put beta in ebx
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Simple Rule
Conversion from byte/word to dword

& & {alpha db 15
" bDeta dw 10000

; put alpha 1n eax

; put beta in ebx

Q‘.} D. Thiebaut, Computer Science, Smith College
A Y



Following the step
by step execution
of the program




Computer Simulator

http://bit.ly/2]TJswl

Compcnents Computer Program

0000 LOAD [8]
0002: ADD 1
0004: STORE [8]
Y S ). eee 0006: JUMP O
'ﬁa-aoeoo‘oowaccc;- 0008: O

Click on "Progran" tzb tc ed_t the program.
Click on "Computer"™ LO oLsgerve the execution c¢f the program,
0 cycles since last resct.

http://www.science.smith.edu/dftwiki/media/simulator/
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We stopped here last time...
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amount dd 1234

oa0s a4 0 Exercise

nolO0s dd 0
nob5s dd 0
nols dd 0
call getInput ; eax <- user input

mov dword[amount], eax

; break down amount into 20s, 10s, 5s and 1s :’Z B
@

Q‘.} D. Thiebaut, Computer Science, Smith College
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Vi & Redirection Lab

mode: INSERT 4,26

Vim has two basic modes. One is insert mode, in which

you write text as if in normal text editor.

Another is normal mode which provides you efficient

ways to navigate and manipulate text.

At any time, you can see which mode you are in on the
status bar which is located at the top of the editor.

To change between modes, usel

m n Screen brightness § Keyboard size
n-n-n-nnn

Do000
oo T e - -1 [
Do

hitp://www.science.smith.edu/dftwiki/index.php/CSC231 Bash Tutorial 4
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