A First Course In Assembly Language
Programming

80 X 86 Assembly Language Computer Architecture
Howard Dachslager, Ph.D.



TABLE OF CONTENTS

WORKING WITH INTEGER NUMBERS

CHAPTER 1 NUMBER BASES FOR INTEGERS

CHAPTER 2 RELATIONS BETWEEN NUMBER BASES

CHAPTER 3 PSEUDO-CODE AND WRITING ALGORITHMS

CHAPTER 4 SIMPLE ALGORITHMS FOR CONVERTING BETWEEN A NUMBER BASE AND

THE BASE 10

CHAPTER 5 IF-THEN CONDITIONAL STATEMENT

CHAPTER 6 THE WHILE CONDITIONAL STATEMENT
CHAPTER 7 COMPUTING NUMBER BASISWITH ALGORITHMS
CHAPTER 8 RINGS AND MODULAR ARITHMETIC
CHAPTER 9 ASSEMBLY LANGUAGE BASICS

CHAPTER 10 ARITHMETIC EXPRESSIONS

CHAPTER 11 CONSTRUCTING PROGRAMS IN ASSEMBLY LANGUAGE

PART |




CHAPTER 12 BRANCHING AND THE IF-STATEMENTS
CHAPTER 13 CONSTRUCTING PROGRAMSIN ASSEMBLY LANGUAGE
PART lI
CHAPTER 14 LOGICAL EXPRESSIONS, MASKS, AND SHIFTING
CHAPTER 15 INTEGER ARRAYS
CHAPTER 16 PROCEDURES
WORKING WITH DECIMAL NUMBERS
CHAPTER 17 DECIMAL NUMBERS
CHAPTER 18 DIFFERENT NUMBER BASIS FOR FRACTIONS  (optional)
CHAPTER 19 SIMPLE ALGORITHMS FOR CONVERTING BETWEEN DECIMAL NUMBER
BASES (optional)
CHAPTER 20 WORKING WITH DECIMAL NUMBERS IN ASSEMBLY LANGUAGE
CHAPTER 21 COMPARING AND ROUNDING FLOATING - POINT NUMBERS

CHAPTER 22

- DYNAMIC STORAGE FOR DECIMAL NUMBERS: STACKS




WORKING WITH STRINGS

CHAPTER 23 DYNAMIC STORAGE: STRINGS
CHAPTER 24 STRING ARRAY S

CHAPTER 25 INPUT/OUTPUT

CHAPTER 26 SIGNED NUMBERS AND THE EFLAG SIGNALS
CHAPTER 27

NUMERIC APPROXIMATIONS FRACTIONS (optional)




A First Course In Assembly Language
Programming

80 X 86 Assembly Language Computer
Architecture

Howard Dachdlager, Ph.D.

Copyright © 2012 by Howard Dachslager. All rights
reserved. Printed in the United States of America. Except
as permitted under the Copyright Act of 1976, no part of
this publication may be reproduced or distributed in any
form or by any means, or stored in a database or
retrieval system, without the prior written permission of
the publisher, with the exception that the program
listings may be entered, stored, and executed in a
computer system, buy they may not be reproduced for
publication.



A First Course In Assembly
Language Programming
80 X 86 Assembly Language Computer Architecture

Howard Dachdlager, Ph.D.
Irvine Valley College
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CHAPTER 1- NUMBER BASESFOR INTEGERS
INTRODUCTION

In order be become a proficient assembly language programmer, one needs to
have a good understanding how numbers are represented in the assembler. To
accomplish this, we start with the basic ideas of integer numbers. In later
chapters we will expand these numbers to the various formsthat are needed.
We will also later, study decimal numbers as floating point numbers.

1.1 Definition of Integers
There are three types of integer numbers. positive , negative and zero.

Definition: The positive integer numbers are represented by the following
symbols. 1,2,3,4,...

Definition: The negative integer numbers are represented by the following
symbols. -1, -2, - 3,- 4, ...

Definition: The integer number zero is represented by the symbol: O.

Definition: Integers are therefore defined as the following numbers: 0, 1, -1, 2,
-2,

Examples: 123, - 143, 44, 3333333333333,
- 72

Although the study of these numbers will give us a greater understanding of
the types of numbers we are going to be concerned with when writing
assembler language program, the redlity is that the only kind of numbers that
the assembler can handle are integers and finite decimals numbers. Further, we
need to understand that the assembler cannot work within our decimal number
system. The assembler must convert all numbersto the base 2. The number
system that we normally work with isin the base 10 and they will then be
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converted by the assembler to the base 2. In this chapter we will define and
examine the various number bases including those that we need to use when
programming.

Numbersin the base 10

Definition: The set of all numbers whose digitsare 0,1,2,3,4,5,6,7,8, 9 are
said to be of the base 10.

Representing positive integersin the base 10 in expanded form.

Definition: Decimal integersin expanded form: a,a, ; ... & 8 =2a,+10" + a,.
10"+ L+, x10 + g

where 3 =0,1,2,3,4,5,6,7,8,9.
Examples:

a.235=2+10°+ 310+ 5 b. 56,768 = 5x10*+ 6+10% + 7x10% + 6x10+
8

Exercises:
1. Write the following integers in expanded form:

a.56 b.26,578 c.23,556,891,010
H

The number system that we useis said to bein the base 10. This because we
only use the above 10 digits to build are decimal number system. . For the
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following discussion all numbers will be integers and non- negative. The
following table shows how starting with O, we systematically create numbers

from these 10 digits:
0 1 2 3 4 5 6 7 8 9
10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29
30 31 32 33 34 35 36 37 38 39
90 91 92 93 94 95 96 97 98 99
100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109

The way we wish to think about creating these numbers is best described as

follows:
First welist theten digits O - 9 (row 1):

0,123,456,7,89

At this points we have run out of digits. To continue we start over again by
first writing the digit 1 and to the right place the digit O - 9: (row 2):

10,11, 12, 13, 14, 15, 16, 17, 18, 19..

Again we have run out of digits. To continue we start over again by first
writing the digit 2 and to the right place the digit 0 - 9 (row 3):

20, 21, 22, 23, 24, 25, 26, 27/, 28, 29 .




Continuing this way, we can create the positive integers as shown in the above
table.

1.2 Numbersin Other Bases:

Base 8 (Ny)

Definition: Octal integersin expanded form: 8,8, ;... & 8=a,*10" + a,_
10"+ L+, x10 + g

where g =0,1,2,3,4,5,6,7.

Examples:

a.235=2+10°+3%10+5 b. 56761 =5x10%+ 6x10%+ 7+10%> + 6x10+
1

This number system is called the octal number system. In the early
development of computers, the octal number system was extensively used.
How do we develop the octal number system? In the same way we showed
how we developed the decimal system; by using only 8 digits: 0, 1, 2, 3, 4, 5,
6, 7.

Note: Integer numbers that are in a base, other than 10 will distinguished by a
subscript N.

O8 18 28 38 4'8 58 68 78
10, 11, 12, 13, 14, 15, 16, 17,




First, welist the eight digits 0 - 7 (row 1):
0,1,23,4,56,7

At this points we have run out of digits. To continue we start over again by
first writing the digit 1 and to the right place the digit 0 -7 : (row 2):

10, 11, 12, 13, 14, 15, 16, 17

Again we have run out of digits. To continue we start over again by first
writing the digit 2 and to the right place the digit 0 - 9 (row 3):
20, 21, 22, 23, 24, 25, 26, 27

Continuing this way, we can create the positive integers as shown in the above
table.

We can easily compare the development of the decimal and octal number
system:

DECIMAL OCTAL NUMBERS
NUMBERS (Base 8)

0 0,

1 1,

2 2,

3 3,

4 4,

5 5,




6 6,
7 7,
8 10,
9 11,
10 12,
11 13,
12 14,
13 15,
14 16,
15 17,
16 20,
17 21,
18 22,
19 23,
20 24,

Exercises:
1. Write an example of a5 digit octal integer number.
2. In the octal number system, simplify the following expressions:

3. What isthelargest 10 digit octal number ?
4. Add on 10 more rows to the above table .
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We wish to create number systemin the base 5 (Ns).
5. What digits would makeup these numbers?

6. Create a 2 column, 21 row table, where the first column will be the decimal
numbers 0 - 20 and the second column will consists of the corresponding
numbersin the base 5, starting with the digit O.

7. Write out the largest 7 digit number in the base 5.
8. In the base 5 number system simplify the following expressions:

Ne= a 22212, +3.  b.23333, + 2 c. 12011, - 2,

Base 2(N,)

Definition: Binary integersin expanded form: g,a, ;... a 3= a,*10" + a,_
10"+ L+ a,x10 + &

wherea, = 0,1.
Examples:

a. 101 =1%10°+0x10+1 b. 11011 =1+10"+ 1%10°+ 0+10° + 1+10+
1

This number system is called the binary number system. Binary numbers are
the most important numbers since all numbers stored in the assembler arein
the base 2. The digits that make these numbers are 0,1 and are called bits.
Numbers made from these bits are called the binary numbers.

How do we develop the binary number system? In the same way we showed
how to devel oped the decimal and the octal number system; by using only the
2 bits: 0, 1.



DECIMAL BINARY
NUMBERS NUMBERS

0 0,

1 1,

2 10,

3 11,

4 100,
5 101,
6 110,
7 111,
8 1000,
9 1001,
10 1010,
11 1011,
12 1100,
13 1101,
14 1110,
15 1111,
16 10000,
17 10001,
18 10010,
19 10011,
20 10100,




Exercises.
9. Extend the above table for the integer numbers 21 - 30.

10. Simplify (8). 10011, + 1,  (a). 1011, + 11, (c). 10111, + 111,

11. Complete the following table:

OCTAL BINARY
NUMBERS NUMBERS

16,
12. From the above table, what does it tell us about the relationship of the

digits of the octal system and the binary numbers?
|

Base 16 (N)
Definition: Hexadecimal integersin expanded form:

a8, 1..48=a,*10" +4a, 10" '+ ... + a,*x10 + &
where g =0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F.

Examples:

a. 2E5=2+10°+E+10+5 b, 56ADF=5%10"+6+10°+ A*10° + D+10
+F



The number system in the base 16 is called the hexadecimal number system.
Next to be binary number system, hexadecimal numbers are very important in
that these numbers are used extensively to help the programmer to interpret
the binary numeric values computed by the assembler. Many assemblers will
display the numbers only in hexadecimal.

We can easily compare the development of the decimal and hexadecimal
number system:

DECIMAL HEXADECIMAL
NUMBERS NUMBERS
0 Oy
1 1
2 2.

3 3
4 4y
5 5.
6 6y
7 75
8 8.
9 9,
10 A
11 By
12 Cys
13 D,
14 E,
15 =




16 10,4
17 11,4
18 12,4
19 13,6
20 14,4
21 15,4
22 16,4
23 17,4
24 18,4
25 19,4
26 1A ¢
27 1B
28 1C6
29 1D,
30 1E,
31 1F ¢
32 20,4
Exercises:

13. Extend the above table for the decimal integer numbers 33 - 50.
14. Simplify nig = (8). A+ 635 (8). FFFF,s + 15 (C). 1005 + Eyq

15. Complete the following table:

OCTAL HEXADECIMAL
NUMBERS NUMBERS
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16. Complete the following table:

HEXADECIMAL BINARY
NUMBERS NUMBERS

016

17. What does the above table tell you about the relationship of the binary and

hexadecimal numbers ?
[ |

Proj ect
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In assembly language the basic binary numbers are made up of eight bits. A
binary number of thistypeis called a byte. Therefore, abye isan 8 bit number.
For example, the decimal number 5 can be represented as the binary number

00000101.

Complete the following table. (Hint: First complete the hexadecimal byte
column .)

HEXADECIMAL |BINARY |DECIMAL
BYTE BYTE BYTE
0 0 0000 | 0000 0
0 1 0001 1
0000
F F
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CHAPTER 2- RELATIONSBETWEEN NUMBER BASES
INTRODUCTION

In this chapter we will study the one to one correspondence that exist between the various number bases. To
accomplish this we approach these number systems as sets.

2.1 Sets

Definition of a set:

A setisawell defined collection of items where

1. each item in the set is unique

and

2. theitems can be listed in any order.

Examples:

1. S={ab,c,d}

2.A={23,-8,233}

3.Ny,={0,1,2,345, ..} (base 10)

4.Ng={0,1,2,3,4,5,6,7,10,11,12,13,14,15,16,17,20, ...} (base 8)

5.N,={0,1,10,11,100,101,110,111,1000, ...} (base 2)
6.N,,={0,1,2,34,5,6,7,89,A,B,CD,E,F10,11,12,13,14,15,16,17,18,19,1A,1B,1C,1D,1E,1F,20,...} (base 16)
Exercises:

1. For the following bases, write out the first 10 numbers as a set in natural order:

(@. N, (b). N, (). Ng  (d). Ng (e). N,

2. Assume we need to define a number system in the base 20 (N,,) . Create N,, by using digits and capital
letters. Write out the first 40 numbersin their natural order.

[

2.2 Oneto One Correspondence Between Sets

Assume we have two sets, D, R. The set D is called the domain and the set R is called the range.
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Definition of a one to one correspondence between sets:

We say there is a one to one correspondence between setsif the following rules hold:
Rule 1: There exists functionf: D = R

Rule 2: The function f is one to one

Rule 3: The function f is onto

Definition of a one to one function:

A function is said to be one to one, if the following is true:

if f(x,) =f(x,) thenx, =x, where X, x,arecontainedinD.
Definition of an onto function:

A function is said to be onto, if the following istrue:

if for every y in R, there existsaelement x in D wheref(x) =y .
Changein notation

For such functions we will use the notation: D = R

andx =y

If D = R, wewrite

D= R,

meaning the two sets D and R are in one to one correspondence.
Examples:

1. LetD={1,2345,.} and R={2,4,6,8,10,12,...}.

Show there is a one-to-one correspondence between these two sets.
Solution:

k =2k , where

k=123,..
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2. D={1,2345,..} andR={1,-1,2,-2,3,-3, ...}
Show there is a one-to-one correspondence between these two sets.
Solution:

For the odd numbers of D:

2k+1=k+1

wherek =0,1,2,3,...

For the even numbers of D:

2k = -k

k=123,...

Combining these into one function gives:

1=-1

2=-1

3-2
4 -2

Exercises:

1.1fD={24638,10, ..} andR={1,35,7,9,..}, show that D =R.

Finding the one to one correspondence Between Number Bases

It isimportant to be able to find the functions that establishes oneto one corresponding between number bases.
To assist us, we establish the following laws about one to one correspondence:

1.IfD=RthenR < D (Reflexivelaw)

2.1fA=BandB < Cthen A = C. (Transitive law)

We begin by finding the formulathat gives aone - to - one correspondence

N, = Ny
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2.3 Converting numbersin any base b to its corresponding number in the base 10 (N, = N,,):
Assume aa,,... a8,isanumber in the base N, The following formula give us aone-to - correspondence
N, = Ny .

M= Sy & = ab", §.pb"" + .. +ab+agb’=n,

where

all computation are performed in the base 10.

Note: The above expansion is from right to left.

Examples:

1.n, =32412, = 3x5*+ 2x5° + 4x52+ 1x5'+ 2x5° = 3(625) + 2(125) + 4(25) + 1(5) + 2 = 2232,
Therefore, 32412, = 2232,,

n, =1110101, = 1#2°+ 1% 2°+ 1% 2*+ 0% 22+ 1422+ 0+2' +1 =64+ 32+ 16+ 4+ 1=117,,
Therefore, 1110101, = 117, .

2. N = 9B5F2,, = 9x16" + 11+16° + 5+ 16° + 15+16" +2 =589824 + 45056 + 1280 + 240 + 2 = 636402,
Therefore,
9B5F2,, = 636402,

Note: In the above example we needed to replace the hexadecimal digit B with the decimal number 11 and the
digit F with the decimal number 15.

The reason we are able to make a correspondence is that we can show there a one to one correspondence
between the hexadecimal digits and the corresponding numbers of the decimal system as shown in the
following table:

BASE16 |0(f1]2 (3 |4 |5 6 7 |8 9 |A |[B C D E |F
BASE10 |0(f1]2 (3 |4 |5 6 7 |8 9 110 (11 12 |13 (14 |15
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Exercises:
Convert the following numbers to the base 10.

a. 2022301, b. 66061, c.11101101, d. 756402, e AOCDS8,
[ |

2.4 Converting numbersin the base 10 to its cor responding number in any base b:

To convert anumber in the base 10 to its corresponding number in any base b we use the famous Euclidean
division theorem:

Euclidean Division Theorem: Assume N, b are non- negative integers. There exist unique integers Q, R where
N, = Qb+ R, where0 < R<Dh.

To compute Q and R, we use the following algorithm:

Step 1: Divide N by b which will result in adecimal value in the form integer. fraction.
Step 2: From Step 1, Q = integer

Step3: R=N - Qb.

Example:

N,, =3451, b= 34

Step 1: 3451/34 = 1015

Step 2: Q = 101

Step 3: R=3451-101+34 = 17

Step 4: Therefore, N =Qb+ R=101+34 + 17.

Using the Euclidean division theorem, we now show how to convert numbersin the base 10 to its corresponding
numbers in the base b.

We want to write N,, intheform: N,,= ab", a,,b" ' +...+ab+ g
Step 1: Factor out the number b: N,, = (a,b" %, a,,b0"? +..+a)b+a = Qb+ Rwhere,
Q= g,b '+ a,b"? +. . +ab+a

R=a

14



Step2: SetN=Q=3a,b" '+ g ,b"? +..+ab+a
Q=Qb+R,=(a,b" %+ g,b"% +..+a)b+a whee
Q,=a,b" %+ g, b +.. +a,

R, =a,.

Step 4: Continue in this manner, until Q, = 0.

Nip = (@ a3

Examples:

Convert the following decimal numbers to the specified base.

1. 1625, < N,
Step 1: 1625/8 = 203.125

8 =1625-203+8=1

Step 2: 203/8 = 25.375

a, =203-25+8=3

Step 3: 25/8 = 3.125

a=25-3+8=1

Step 4: 3/8=0.375

a,=3-0+8=3

Since Q = 0, the algorithm is compl eted.

1625,, < (aa3))s= 3131,

2. 89629,, = Ny,
Step 1: 89629/16 = 5601.8125

a,= 89629 - 5601+16 = 13 = D
Step 2: 5601/16 = 350.0625
a,= 5601 - 350+16 = 1

15



Step 3: 350/16 = 21.875

a,=350-21%16 =14 <E

Step 4: 21/16 = 1.3125

a,=21-1+16=5

Step 5: 1/16 = 0.0625

a=1-0%16=1

Therefore, 89629 < (a,aa,a,8)),s = 15E1Dq

Exercises:

1. Convert the following:

a. 2545601, < base2 b. 16523823, = base 16 c. 5321,,=base3 d. 81401, = base8.

2 . Convert the number 2245, = N, (Hint: first convert 2245, to decimal) .
]

2.5 Expanding Numbersin theBaseb (N ,).
In the base 10 system (N,,) ,

31 43 =2a10"+3,, 10"* + ...+ 10+ g,

Does such an expansion hold for all numbersin thebaseb (N ,) ? The answer is yes and the expansion can be
written as

(@81 &8s = 8,10,"+ 8,, 10," 7+ ... + 8,10, + &,

The following explains the validity of this expansion.
First note that the digits of any number in agiven baseis
0,12,...b-1.

Following these digitsis the number 10:
0,1,2,...b-1,10,

Now in the base b, the following arithmetic holds:

0+0=0, 0+0=0,1+0=1,1x1=1,3+0=0, g *1= a_a *10= 80
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Therefore the following rules holds for any given base:

10«10" =10"**

and

al0,"+a, ,10,"* +..+3a10,+ a,=,100..0,+ ...+ a10,+ a, =a00..0, +..+ a0,+ 3,
Examples:

1. 2562,: 2%1000, + 5+1005 + 6%10, + 2,= 2000, + 500, + 60, + 2, = 2562,
2.10111,: 110000, + 0%1000, + 1+100, + 1+10, + 1= 10000, + 000, + 100, + 10, + 1 = 10111,
3. 97FA,,: 9+1000,, + 7+100, + F+10,, + Ajg= 9000, + 700, + FO, + A= 97FA,

Exercises:
Find the expansions for the following numbers in their give bases:
() 4312322, (b) ABCDEF (C) 12322, (b) 111101101,

[ |
2.6 A Quick Method of Converting Between Binary and Hexadecimal numbers

Of primary concern isto develop an easy conversion between binary and hexadecimal numbers without
multiplication and division. Later we see that the ability to convert quickly between binary and hexadecimal
decimal will be critical in learn to program in assembly language.

To perform this conversion we first construct a table comparing the 16 digits of the hexadecimal number
system and the corresponding binary numbers:

HEXADECIMAL DIGITS CORRESPONDING BINARY NUMBERS
0 0000,

0001,

0010,

0011,

0100,

0101,

0110,

0111,

N[Ol b O IN |
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1000,
1001,
1010,
1011,
1100,
1101,
1110,

MmOl O|@|[>]|© |

1111,

Note: Each digit of the hexadecimal system, corresponds to a number of 4 bitsin the binary number system.
Now we can convert between any binary number and hexadecimal number directly by the following rules:

Converting a binary number to its corresponding hexadecimal number:

Given any binary number the following steps will convert the number to hexadecimal:
Step 1: Group the binary number from right to left into 4 binary bit groups.
Step 2: From the table above, match the hexadecimal digit with each of the 4 binary bit group.

Example:

110110110101011101, = 0011 0110 1101 0101 11012 = 36D5D,
3 6 D 5 D

Converting ahexadecimal number to its corresponding binary number:

Given any hexadecimal number the following steps will convert the number to binary:

From the table above, match each of digits of the hexadecimal number with the corresponding 4 bit binary
number.

Example:

3ABCODEOF, = 3 4 A B C 0O 2 D E 0 Fye
0011 010010101011 1100 0000 0010 1101 1110 0000 1111,

= 00110100101010111100000000101101111000001111,

18



Exercises:

1. Complete the table below that matching the digits of the octal number system with its corresponding binary
numbers:

OCTAL DIGITS CORRESPONDING BINARY NUMBERS
0 000
1 001

2. From the tables above convert quickly the following numbers:
a. 1110110111000110101011, < ng
b. 67574112014, < n,

c. 235621103, < ny
d. A2B3CAD5E6D7F, < n,

e. 110111010110111001, < ny
3. Create asimilar table to convert numbers of the base 4 to the base 2.
4. Using the tables, convert the following:

a 121301, < n, b. 121301,-n, c. 10011100110, < n,
|

2.7 Performing Arithmetic For Different Number Bases

Given any number base, one can develop arithmetic operations so that we can perform addition, subtraction, and
multiplication between integers numbers. For example ABC23,, + 5,,= ABC28,,. To perform operations such
as addition, subtraction and multiplication within the given number system can be very confusing and prone to
errors. The best way to do such computations is to convert the numbers to the base 10 and then perform
arithmetic operations only in the base 10. Finally convert the resulting computed number back to the original
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base. The following theorem assures us that there is a consistency in arithmetic operations when we convert any
number to the base 10

Theorem: Invariant properties of arithmetic operations between bases:

1. Invariant property of addition: If N, = N, andM, <= M then N,+ M, = N_.+ M,.

2. Invariant property of subtraction: If N, = N, andM, < M_then N,- M, = N.- M.
3. Invariant property of multiplication: If N, = N, andM, < M_then N,*M, < N *M,
The following algorithm will alow us to perform arithmetic operations using the above theorem.
Step 1: Convert each number to the base 10.

Step 2: Perform the arithmetic operation on the converted numbers.

Step 3: Convert the resulting number from Step 2 back to the original base.

Examples:

a. Perform 2367, + 471123,

Step 1:

2367, 2+8% + 3x82+ 6+8 + 7=1271,,

471123, = 48> + 7+8" + 1+8% + 1+8° + 2x8 + 3 = 160339,,

Step 2: 1271, + 160339,, = 161610,

Step 3: Through long division,

161610,, = 473512,

Step 4: Therefore,

2367, + 471123, = 473512,

b. Perform 56AF02,, x 682FA ;4

Step 1:

56AF02,, < 5+ 16°+ 6+16+10+16%+ 15+16%+ 0«16 + 2 = 5680898,
682FA , — 426746,

20



Step 2:  5680898,,+426746,, = 2,424,300,497,908,,
Step 3: Through long division,

2,424,300,497,908,, = 2347391EBF4,,

Step 4: Therefore,

56AF02,, * 682FA , = 2347391EBF4,,

c. Perform 1011101101, - 10101011,

Step 1:

1011101101, =749,
10101011 = 171,

Step 2: 749,,- 171,,=578,
Step 3: Through long division,

578 ,, = 1001000010,
Step 4: Therefore,

1011101101, - 10101011, = 1001000010,

Note: Since we are only working with integer number, we will postpone division for later chapters.
Exercise:

1. For each of the above examples, verify the result in Step 3.

2. Perform the following:

a. (212,+2222,)%101,  b. (101101, - 1101,)+11101, c. AB2F (23D, + 2F5,,

3. Using the laws of arithmetic, show that for any number inthe baseb, N, = a,8,.;...8,8 g <b
can be written in the expanded form

N, =4a,%10," +a, ,*10," '+ ... + 3,10, + g,

4. Show that10", = b"},
[

21



Proj ect

Show that the one-to-one functionf **: N, = N, istheinverseof f: N N, = N,.
(Hint: Show f *(f(n,)) = n,)
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CHAPTER - 3 PSEUDO-CODE AND WRITING ALGORITHMS
INTRODUCTION

In this chapter we will learn the basics of compgi®gramming. This involves defining a set of
instructions, called pseudo-code that when wrjtieia specific order, will perform desired tasWéhen
completed such a sequence of instructions ar@aa@mputer program. We used the word pseudo-code
in that the codes are independent of any speciimputer language. Finally, we then use this cade a
guide to writing the desired programs in assendugliage.

3.1 The Assignment Statement

The form of the assignment statement is:

VARIABLE :=VALUE

where

VARIABLE is a name that begins with a letter anad te letters, digits.

VALUE is any numeric value of base 10, variableagnathematical expressions.

Note. Frequently, instructions are referred to as statgsne

The assignment statement is used to assign a nuwadue to a variable.

Rules of assignment statements

R1: The left-hand side of an assignment statemmeist be a variable.

R2: The assignment statement will evaluate the-tigind side of the statement first and will pltdoe
result in the variable name specified on the lefe ®f the assignment statement. The quantitighen
right-hand side are unchanged; only the variablthereft-hand side is changedlways read the
assignment statement from right to left.

Examples:
ASSIGNMENT X X2 XYZ SAM TURNS
STATEMENTS
X2:=3 3
XYZ :=23 3 23
TURNS = XYZ 3 23 23
X2:=5 5 23 23
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Exercises:

1. Complete the following table:

ASSIGNMENT
STATEMENTS

YZ2 TABLE

FORM

TAB

YZ2 =3

TABLE :=YZ2

YZ2 :=1123

FORM :=TABLE

YZ2 := FORM

2. Which of the following are illegal assignmetdtements. State the reason.

a. XYZ :=XYZ b.23:=S1
|

Exchanging the Contents of Two Variables:

C. 2ZX:=XZ d.MARY MARRIED :=JOHN

An important task is swapping or exchanging thet@ats of two variable. The following example

shows how this is done:

Example:
ASSIGNMENT STATEMENTS || X Y | TEMP
X:=4 4
Y =12 4 12
TEMP =X 4 12 4
X:=Y 12 12 4
Y .= TEMP 12 4 4

Note: To perform the swap, we needed to creatalditi@nal variable TEMP.

Exercises:

3. Assume we have the following assignments:

A

B

10

20

30

40
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Write a series of assignment statements whichratidlite the values of A,B,C,D as show in the table
below:

A B C D
40 10 20 30

4. The instructions:

0w

R
T
S

will exchange the contents of the variables R and Ta). True (b). False

5. The following instructions

W>NW>
TR
NT>WN

will exchange the contents of the variables A an¢alg True (b). False

6.

X:=5

Y :=10

Z.=2

Z.=X

X:=Y

Y =Z

The above sequence of commands will exchange thess/an the variables and
|

3.2: Mathematical Expressions

Our system has the following mathematical operatmatscan be used to evaluate mathematical
expressions:

Mathematical Operator Symbol Example Restrictions
Multiplication Xxy 3x5=15 none
Integer Division X+y 7+2 =3 y 0
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Mod x mod y 7mod2=1 y#0
7=2x3+1
Addition X+y 2+4=6 none
Subtraction X-y 5-9=-4 none

IMPORTANT: All numbers are of type integer.

brder of Operations

The following are the order of operations:

» parenthesis, exponentiation, multiplication &idign & integral division, addition & subtraction.

¢ When in doubt make use of parenthesis.

Examples:
ASSIGNMENT STATEMENTS X Y
X:=4
Y =5 4 5
X:=2xX+3+xY + X 27 5
ASSIGNMENT STATEMENTS X Y
X:=4
Y =5 4 5
X=2x(X+Y)x(X+Y)+ X 166 5

Important: Remember to alwaysvaluate assignment statements from right to left.
| terative Addition

Addition of several numbers can be compute usipgtreve addition:

S=S+X

Examples:

1. Add, using repetitive addition, the number 2648.
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ASSIGNMENT STATEMENTS S X
S:=0 0
X:=2 0 2
S=S+X 2 2
X:= 2 4
S=S+X 6 4
X:= 6 6
S=S+X 12 6
X:=8 12 8
S=S+X 20 8
2. Add the digits of 268: 2 + 6 + 8
INSTRUCTIONS N R SUM
N:= 268 268
SUM:=0 268 0
R :=N MOD 10 268 8 0
SUM := SUM + R 268 8 8
N:=N-R 260 8 8
N := N+10 26 8 8
R :=N MOD 10 26 6 8
SUM :=SUM + R 26 6 14
N:=N-R 20 6 14
N := N+10 2 6 14
R :=N MOD 10 2 2 14
SUM := SUM + R 2 2 16
N:=N-R 0 2 16
N := N+10 0 2 16
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Exercises:

1. Complete the table:

ASSIGNMENT STATEMENTS

X:=2

X = XX

X=X+X

X = XX

2. Complete the table:

ASSIGNMENT STATEMENTS

X:=5

W:=2

Uu:=4

W 1= W(W + U+W)+(W + U +W)

X =XxX+U

3. Complete the table below.

ASSIGNMENT STATEMENTS

T1

X:=3

Z:=15

T1:=10

X:=Z+X*X

Z:=X+7Z+1

T1=T1+Z+T1+T1

4. Evaluate the following expressions:

a 2+ 34
b.2+2:242 =4 -3
C.2+2¢2x2 = (7 - 3)
d.17 + 2
e 17 +2
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f.16 +2

9.3+9+3
h.3+8+3
.3+79+3

J. 3+ 24242 +8%2-5
k.3 + 2«2x2 +(8%2 - 5)

5. Set up a table for evaluating the following s&Te of instructions.

NUM1 :=0
NUM2 := 20
NUM3 := 30

SUM1 := NUM1 + NUM2

SUM2 := NUM2 + NUM3

TOTAL := NUM1 + NUM2 + NUM3
AVG1 :=SUM1 + 2

AVG2 :=SUM2 + 2

AVG = TOTAL +3

6. Set up a table for evaluating the followingsatgce of instructions:

=2

=2+ X+ X
=2xX+ X
=2xX+ X
=2+ X+ X
=2+ X+ X
=2xX+ X

B X X X X X X X

3.3 Algorithms and Programs

Definition of an algorithm: An algorithm is a sequence of instructions thatesla given problem.
Definition of a program: A program is a sequence of instructions and algast

Examples:

1. Assume N and P are positive integers. We cate wri
N=QP +Rwhere R<P.

The following algorithm and program will demonsé&ditow to compute and store Q and R.
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Algorithm:

ASSIGNMENT STATEMENTS EXPLANATION
Q :=N=+P COMPUTES AND STORES THE INTEGRAL PART
R :=N MOD P COMPUTES AND STORES THE REMAINDER R

Task 1: Store the number 957
Task 2: Store the number 35
Task 3: Find Q and R for 957 =35 + R

Program:
ASSIGNMENT STATEMENTS N P Q R
N := 957 957
P:=35 957 35
Q:=N=P 957 35 27
R :=N MOD P 957 35 27 12

2. We define n- factorial:

N!= N#(N - )(N - 2) ..x(1)

for N, a positive integer.

The following algorithm uses the repetitive muitption statement to compute N!

Algorithm:
ASSIGNMENT STATEMENTS EXPLANATION
NFACTORIAL := N SET THE INITIAL VALUE
N:= N-1 REDUCES N BY 1

NFACTORIAL:= NFACTORIAL*N

N:=N-1

NFACTORIAL:= NFACTORIAL*N

N:=N-1

NFACTORIAL:= NFACTORIAL*N

N:=N-1
NFACTORIAL:= NFACTORIAL*N TERMINATES WHEN N =1
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The following program computes 5!

Program:
ASSIGNMENT STATEMENTS N NFACTORIAL
N:=5 S

NFACTORIAL := N 5 S

N:= N-1 4 S
NFACTORIAL:= NFACTORIAL*N 4 20
N:= N-1 3 20
NFACTORIAL:= NFACTORIAL*N 3 60
N:= N-1 2 60
NFACTORIAL:= NFACTORIAL*N 2 120
N:= N-1 1 120
NFACTORIAL:= NFACTORIAL*N 1 120

3. The Fibonacci Sequence

To create a Finonacci sequence, we begin with uhebers

o, 1.

Step 1: Add the above 2 numbers (0 + 1 = 1) arglinse number in the above sequence:
0,1,1

Step2: Add the last 2 numbers (1 + 1 = 2) of thevalsequence and insert the number in the above
sequence:

0,1,1,2

Step3: Add the last 2 numbers (1 + 2 = 3) of thevalsequence and insert the number in the above
sequence:

0,1,1,2,3
Continue as often as desired.

The following algorithm uses the above steps valhpute the Fibonacci sequence to a desired number
of members of the sequence.
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Algorithm:

STATEMENTS

EXPLANATION

FIBON_NUM1 :=0

FIRST VALUE OF THE SEQUENCE

FIBON_NUM2: =1

SECOND VALUE OF THE SEQUENCE

SUM := FIBON_NUM1 + FIBON_NUM2

SUM OF THE LAST 2 VAUES OF THE SEQUENCE

FIBON_NUM1:= FIB_NUM2

PLACE THE NUMBER IN THE SEQENCE

FIBON_NUM2 := SUM

PLACE THE NUMBER IN THE SEQUENCE

SUM := FIBON_NUM1 + FIBON_NUM2

SUM OF THE LAST 2 VAUES OF THE SEQUENCE

FIBON_NUM1:= FIB_NUM2

PLACE THE NUMBER IN THE SEQENCE

FIBON_NUM2 := SUM

PLACE THE NUMBER IN THE SEQUENCE

SUM := FIBON_NUM1 + FIBON_NUM2

SUM OF THE LAST 2 VAUES OF THE SEQUENCE

FIBON_NUM1:= FIB_NUM2

PLACE THE NUMBER IN THE SEQENCE

FIBON_NUM2 := SUM

PLACE THE NUMBER IN THE SEQUENCE

The following program will generate the first 6 noens of the Fibonacci sequence:

0,1,1,235,8
Program
ASSIGNMENT STATEMENT FIBON_NUM1 [ FIBON_NUM2 | SUM
FIBON_NUM1 :=0 0
FIBON_NUM2: =1 0 1
SUM := FIBON_NUM1 + FIBON_NUM2 0 1 1
FIBON_NUM1:= FIB_NUM2 1 1 1
FIBON_NUMZ2 := SUM 1 1 1
SUM := FIBON_NUM1 + FIBON_NUM2 1 1 2
FIBON_NUM1:= FIB_NUM2 1 1 2
FIBON_NUMZ2 := SUM 1 2 2
SUM := FIBON_NUM1 + FIBON_NUM2 1 2 3
FIBON_NUM1:= FIB_NUM2 2 2 3
FIBON_NUMZ2 := SUM 2 3 3
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SUM := FIBON_NUM1 + FIBON_NUM2 2 3 5
FIBON_NUM1:= FIB_NUM2 3 3 5
FIBON_NUM2 := SUM 3 5 5

SUM := FIBON_NUM1 + FIBON_NUM2 3 5 8
FIBON_NUM1:= FIB_NUM2 S 5 8
FIBON_NUM2 := SUM 5 8 8

Exercises:
1. Write a program that computes 10!

2. Write a program that will compute a Fibonacgjisence where each number in the sequence is less
than 50. W

3.4 NON-EXECUTABLE STATEMENTS

All assignment statement are executable statem&htn the assembler encounter the statement it wil
be executed .

There are however, non-executable statements.irfBi@mhe we will here introduce is the REM
statement.

Definition of the REM statement: The form of the rem statement is
REM: comment; where comment can be any words made up of alfa-numeric characters.

Example:

STATEMENTS X Y SUM

REM: THE FOLLOWING PROGRAM WILL
ASSIGN NUMBERS TO X, Y AND THEN ADD

THEM
X:=34 34
Y := 100 34 100
SUM =X +Y 34 100 134
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PROJECT:

Assume the numberg hn,, ... n,

1. Write an algorithm that will perform iterativeuftiplication.

2. Using this algorithm write a program to compuite 34«226+12+44x5

3. Define a®N =&

Write an algorithm to perform a™N.
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CHAPTER -4 SIMPLE ALGORITHMSFOR CONVERTING BETWEEN A NUMBER BASE AND
THE BASE 10

INTRODUCTION

In this chapter we will show how we write algoritano convert a number in the base b (b <10) to its
corresponding number in the base 10 and from a euiydse 10 to its corresponding number in the

base b (b <10)These algorithms are based on the conversion mettedkloped in Chapter 2.To help us write
these algorithms, we first create a sample prodram a specific example. Once the program is wrjttee

will use it as a guide to create the algorithmlaber chapters we will generalize these algorithms.

4.1 An Algorithm to Convert any Positive Integer Number In any Baseb <10 To Its Corresponding
Number in the Base 10.

To convert between integer number in any baseits ttmrresponding number in the base 10, we récat
chapter 1 the following formula:

N,= 3a,..- ad&% < ap", a,b" " .. +ab+3gbase10.
Example:

The following program will convert the number 26@ its correspond number in the base 10:

Ng= 267 < 2x8+ 6+8'+ 7+8° = 2(64) + 6(8) + 7 = 183

Program
PSEUDO-CODE INSTRUCTIONS N8 P A N10 BASE
N10:=0 0
N8 := 267 267 0
BASE =8 267 0 8
P:=1 1 0 8
A =N8 MOD 10 267 1 7 0 8
N10 := N10+ AP 267 1 7 7 8
N8 := N8 + 10 26 1 7 7 8
P := P<BASE 26 8 7 7 8
A =N8 MOD 10 26 8 6 7 8
N10 := N10 + AP 26 8 6 55 8
N8 := N8 + 10 2 8 6 55 8
P := P«BASE 2 64 6 55 8
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A :=N8 MOD 10 2 8 2 55 8
N10 := N10+ AP 2 2 183 8
N8 :=N8 + 10 0 2 183 8

Therefore, 264 = 183,

Using the above program as a model, the followlggrghm will convert any positive integer numbarthe base
b <10 to its corresponding number in the base 10:

Algorithm:

PSEUDO-CODE INSTRUCTIONS
P = PxBASE

A :=NB MOD 10
N10 := N10+ A«BASE"K

NB :=NB + 10

Exercises:
1. Modify the above program to convert the nunig82, to the corresponding number in the base 10.

2. Modify the above program to convert the nunidg€dl, to the corresponding number in the base 10.

4.2 An Algorithm to Convert any Integer Number in the Base 10 to a Corresponding Number in the Base
b < 10.

Using the Euclidean division theorem explained hafter 1, we now review how to convert numbersiendase
10 to any in the base b < 10.

Step 1:We want to write n in the form: n = W, a,,b" ' ... +gb + a,

Step2N=Qb+R=(&"", a,,b"? ... +3)b + g
Here, Q=3,b" '+ g b"?..+a3b+3 = (g b"%+ a,b"®..+3)b+a andR=a
Step 3: Set N = Q.

Q=Qb+R=(gb"?+ a,b"?®...+3)b+g where

Q=g b""*+ a,,b"° ... +3,
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R, =a.
Step 4: Continue in this manner, untj| €O0.
Example:

Convert the following decimal numbers to the spedibase.
1. 1625=n,

Step 1: 1625 =208 +1

=1

Step 2: 203 =283 + 3

a =3

Step3:25=38+1

a=1

Step4:3=68+3

=3

Therefore, n = 88% + 182 + 3«8 + 1= n;= 3131

Program

Task: Convert the integer number 1625 to the base 8.

PSEUDO-CODE INSTRUCTIONS| N10 | Q N8 R |BASE| P | TEN
N10 := 1625 1625
BASE =8 1625 8
TEN := 10 1625 10
P =10 1625 10 10
N8 := 0 1625 0 8 10 10
R:= N10 MOD BASE 1625 o 1 8 10 10
Q:= (N10 - R) + BASE 1625| 203 0 1 8 10 10
N8:= N8 + R 1625| 203| 1 1 8 10 10
N10:=Q 203 | 203 1 1 8 10 10
R:= N10 MOD BASE 203 | 203 1| 3 8 10 10
N8 := N8 + R:P 203 | 25 | 31 3 8 10 10
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P := P<TEN 203 | 25 31 3 8 | 100 | 10
N10:=Q 25 25 31 3 8 100 10
R:= N10 MOD BASE 25 | 25 31 1 8 100 | 10
Q:= (N10 - R)+ BASE 25 | 3 31 1 8 100 10
N8 := N8 + R:P 25 3 | 131 1 8 100 | 10
P := P<TEN 25 3 131 1 8 | 1000 | 10
N10:=Q 3 3 131 1 8 1000| 10
R:= N10 MOD BASE 3 3 131| 3 8 1000 | 10
Q:= (N10 - R)+BASE 3 0 131 3 8 1000 | 10
N8:= N8 + R«P 3 0 | 3131 | 3 8 1000 | 10
N10:=Q 0 0o | 3131 3 8 1000 10
1625 313%,

Algorithm:
PSEUDO-CODE INSTRUCTIONS

R:= N10 MOD BASE
Q:= (N10 - R)+= BASE

N8 := N8 + R«P
P = PTEN
N10:=Q

Exercises.
1. Use the above algorithm to write a program taveot the decimal number 2548 octal.

2. Write an algorithm to convert any decimal numdyay to the base 2.
H

PROJECT

a. Write a program that will convert the number &35 n,where b = 9.
b. Write an algorithm that will convert a numbsgr to N, where b, ¢ < 10.
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CHAPTER-5THE IF-THEN CONDITIONAL STATEMENT

INTRODUCTION

The statements used so far are called unconditstatdments. Each statement performs its task utitwy
conditions placed upon them. In this chapter , wkdiscuss conditional statements. The mannerhicty
these instructions are carried out will depend amous conditions in the programs and algorithms. W(gin
by defining and explaining conditional expressions.

5.1 Conditional Expressions

We begin with the definition of conditional values:

Definition of Conditional Values: Conditional values take on the valliRUE or FALSE. Each conditional
value is determined by six relational operatorepded and followed by numeric values or variables.

Definition of Six Relational Operators:

Thesix relational operatorsare:
Operator I nterpretation
1. = Equality
2. <> Ineqtya
3. < Lédsan
4. > Grrathan
5. <= Lebamn or equal to
6. >= Gredtean or equal to
Examples: Values:
5=2+3 TRUE
9 <> 3+3 FALSE
4<=4 TRUE
EXERCISES:

1. Evaluate the following conditional expressions:

a3+3=6 b. 8>=10 c.7<>7
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Definition of Conditional Expressions: Conditional expressions are conditional values eoted by three
logical operators.

Definition of the Three L ogical Operators:

Logical operators connect conditional expressiansraturn a value oFRUE or FALSE. The three logical
operators are:

Operator hptetation

1. NOT NOT conditional expressioMRUE if the conditional expression FALSE;
FALSE if the if the conditional expression TRUE).

2. AND Conditional expression AND conditioeabpressionTRUE if all the conditional
expressions ue).

3. OR Conditional expression OR conditioegbression TRUE if one or more of the
conditionalpegssions aréRUE).

Values Returned by Operators

NOT TRUE FALSE
NOT FALSE TRUE
TRUE AND TRUE TRUE
TRUE AND FALSE FALSE
FALSE AND FALSE FALSE
TRUE OR TRUE TRUE
TRUE OR FALSE TRUE
FALSE OR FALSE FALSE
EXAMPLES:

CONDITIONAL EXPRESSIONS VALUE

(2<3)OR (5=7) TRUE
NOT (2 <= 2) FALSE
NOT ((2 > 0) AND (3 <> 2 + 1)) TRUE
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5.2THE IF-THEN STATEMENT

Definition of the | F-THEN Statement:

The form of the IF - THEN statement is
IF conditional expression THEN
BEGIN

statements
END

If the conditional expression IRUE, then the
BEGIN
statements
END

will be carried out.

If the conditional expression RALSE, then the
BEGIN
statements

END

will NOT be carried out and the program will gothe
instruction following the END.

The BEGIN and END statements are non-executable
statements.

The
BEGIN
statements

END

is called a compound statement.
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EXAMPLES:

1. PROGRAM
PSEUDO-CODE INSTRUCTIONS X Y
X:=5
IF X=5THEN
BEGIN
X = 2xX 10
END
Y =2 10 2
IF X=Y THEN 10 2
BEGIN
X = 2xX
END
X :=100 100 2

The following program will perform the followingdk&s:
Task 1: Assign three numbers.

Task 2: Count the number of negative numbers.

2. PROGRAM
PSEUDO-CODE INSTRUCTIONS X1 X2 X3 COUNT
X1:=6 6
X2:=-5 6 -5
X3:=-25 6 -5 -25
COUNT =0 6 -5 -25 0
IF X1 <0 THEN 6 -5 -25 0
BEGIN
COUNT :=COUNT +1
END
IF X2 <0 THEN 6 -5 -25 1
BEGIN
COUNT :=COUNT +1
END
IF X3 <0 THEN 6 -5 -25 2
BEGIN
COUNT :=COUNT + 1
END
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EXERCISES:

1. Modify the above program so that it performs théfeing tasks:

Task 1: Assign 4 numbers.

Task 2: Counts the number of positive numbers edter

Task 3: Add the positive numbers.

2. Modify the above program so that it performs théofeing tasks:

Task 1: Assign 4 numbers.

Task 2: Multiplies the negative numbers.

EXAMPLES:

1. The following algorithm will perform the followg task:

Task 1: Find the largest of three numbers

ALGORITHM

PSEUDO-CODE INSTRUCTIONS

EXPLANATION

LARGEST = X1

We start by assuming X1 is the largest

IF X2 > LARGEST THEN
BEGIN
LARGEST := X2
END

If the contents of X2 is larger than the conteritsARGEST
replace LARGEST with the contents of X2

IF X3 > LARGEST THEN
BEGIN
LARGEST := X3
END

If the contents of X3 is larger than the conteritsARGEST
replace LARGEST with the contents of X3

The following program will perform the followingd&s:

Task 1: Assign 3 numbers

Task 2: Find the largest of these three numbers.
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PROGRAM

PSEUDO-CODE INSTRUCTIONS X1 X2 X3 LARGEST
X1:=5 5
X2:=6 5 6
X3:=10 5 6 10
LARGEST := X1 5 6 10 5
IF X2 > LARGEST THEN 5 6 10 6
BEGIN
LARGEST := X2
END
IF X3 > LARGEST THEN 5 6 10 10
BEGIN
LARGEST := X3
END

2. The following program will perform the followirtgsks:

Task1l : Assign 2 numbers to variables.

Task2: If the number is negative, change it takisolute value.

PROGRAM
PSEUDO-CODE INSTRUCTIONS X Y
X:=23 23
Y =-17 23 -17
IF X<0THEN 23 -17
BEGIN
X:=-1«X
END
IFY < 0 THEN 23 17
BEGIN
Y ;= -1xY
END
EXERCISE:

3. Complete the table below




PSEUDO-CODE INSTRUCTIONS X Y

X:=2

Y =5

Z.=-4

IF (X + Y + Z) <> XY THEN
BEGIN

X = (X - Y)=X
Y = X + 2xY

Z:=X-2
END

IF (X - Y +2) <> X +Y THEN

BEGIN
X 1= 25(X - Y)+X

Y =X-3+xZ

Z:=X+2
END

4. Assume X is an integer Explain what the followiatgorithm does:

IF 2%(X+2) = X THEN
BEGIN

X:=3X-1

END

IF 2+(X+2) <> X THEN
BEGIN

X = 2xX + 1

END

5. Write an algorithm to find the second largest nund@mongst 4 numbers.
|

5.3: THEIF-THEN- ELSE STATEMENT

Definition of the |[F-THEN-EL SE Statement:

The form of the IF-THEN -ELSE statement is:

IF conditional expression THEN
BEGIN
statements 1
END
ELSE
BEGIN
statements 2
END
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If the conditional expression TRUE, statements 1 following the THEN will be carried and the program
will skip statements 2.

If the conditional expression ALSE, statements 1 following the THEN will not be carrat and the
program will execute statements 2.

EXAMPLES:
1. The following program will perform the followingsks:

Taskl : Assign 2 positive integer numbers to vaesb
Task2: If the number is even, add a 1 to the number
Task3: If the number is odd, subtract a 1 to thalver.

PROGRAM
PSEUDO-CODE INSTRUCTIONS X Y

X:=23 23
Y : =44 23 44

IF 2%(X+2) = X THEN
BEGIN
X:=X+1 22 44
END
ELSE
X:=X-1
END

IF 2%(Y+2) = Y THEN
BEGIN 22 45
Yi=Y+1

END

ELSE
Yi=Y-1

END

2. The following program will perform the followirtgsks:

Taskl: Assign two numbers.

Task2: Find the smallest of the two number.
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PROGRAM

PSEUDO-CODE INSTRUCTIONS X Y SMALLEST
X:=723 723
Y =54 723 54
IF X<Y THEN 723 54
BEGIN 723 54
SMALLEST :=X 723 54
END 723 54
ELSE 723 54
BEGIN 723 54
SMALLEST : =Y 723 54 54
END 723 54 54

PROJECT
The Bubble Sort Algorithm

Perhaps the most important application of comgugethe ability to sort data. Data is either sbrteascending
or descending order. For the following 4 numbers will state the tasks that show how the bubblé sor
algorithm is applied using the IF-THEN statemeniriove the highest remaining numbers to the right:

List of numbers (unsorted).

X1 X2 X3 X4
w X y z
Task 1: Move the highest number to variable X4:
Task 2: Move the next highest number to variable X3
Task 3: Move the next highest number to variable X2
Write a program using the bubble sort tasks toth@rhumbers below in ascending order.
X1 X2 X3 X4
23 17 3 1
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CHAPTER -6 THE WHILE CONDITIONAL STATEMENT
INTRODUCTION

So far, in our programs, we have not had the ghidipperform repetitive operations. In this chapterwill
define the WHILE statement which will allow us t@ke such repetitive operations.

6.1 The While Statement

Definition of the WHILE statement

The form of the WHILE statement is

WHILE conditional statement
BEGIN

statements

END

where the statements enclosed in the BEGIN - ENDepeated as long as the conditional expressitondas
If the conditional statement is false then theestent following the END will be executed.

Examples:

1. The following is an algorithm that will computee sum of the numbers 1 to R.

Algorithm
PSEUDO-CODE INSTRUCTIONS EXPLANATION
N:==1 N<1
SUM :=0 SUM<=0
WHILE N <= R
BEGIN

SUM :=SUM + N SUM<= SUM + N

N:=N+1 N=N+1

END

49



Program: will compute the sum of thenumbers1to5.

PSEUDO-CODE INSTRUCTIONS || CYCLE OF INSTRUCTIONS SUM N
N:==1 N:=1 1
SUM:=0 SUM =0 0 1
WHILE N <=5 WHILE N <=5 0 1
BEGIN BEGIN 0 1
SUM := SUM + N SUM := SUM + N 1 1
N:=N+1 N:=N+1 1 2
SUM := SUM + N 3 2

N=N+1 3 3

SUM := SUM + N 6 3

N=N+1 6 4

SUM :=SUM + N 10 4

N:=N+1 10 5

SUM :=SUM + N 15 5

N:=N+1 15 6

END END 15 6

2. The following algorithm will sum all of the gver divisors of a positive integer number N > Ipraper
divisor d of a integer number N is a number wheredl< N and N MOD d = 0. To find all the propévidors
we only need to check all values ot dN+2.

Algorithm
PSEUDO-CODE INSTRUCTIONS EXPLANATION
SUM =0
D=2 A DIVISOR

WHILE D <= N+2

BEGIN
IFNMODD=0 CHECK TO SEE IF D DIVIDES N

BEGIN
SUM :=SUM + D IF D DIVIDES N ADD D TGUM

END

D=D+1

END
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Program: finds and addsthe sum of all proper divisors of 18.

PSEUDO-CODE INSTRUCTIONS

CYCLE OF INSTRUCTIONS N SUM
N:=18 N:=18 18
SUM =0 SUM =0 18 0
D=2 D=2 18 0
WHILE D <= N+2 WHILE D <= N=+2 18 0
BEGIN BEGIN 18 0
IFNMODD-=0 IFNMODD-=0 18 0
BEGIN BEGIN 18 0
SUM :=SUM +D SUM :=SUM + D 18| 2
END END 18 2
D=D+1 D=D+1 18 2
IFNMODD=0 18 2
BEGIN 18 2
SUM :=SUM + D 18| 5
END 18 5
D=D+1 18 5
IFNMODD=0 18 5
BEGIN 18 5
SUM :=SUM + D 18 5
END 18 5
D=D+1 18 S
IFNMODD=0 18 5
BEGIN 18 5
SUM :=SUM + D 18 5
END 18 5
D=D+1 18 5
IFNMODD=0 18 5
BEGIN 18 5
SUM := SUM + D 18| 11
END 18 11
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D=D+1 18 11 7
IFNMODD=0 18 11 7
BEGIN 18 11 7
SUM :=SUM + D 18 11 7
END 18 11 7
D=D+1 18 11 8
IFNMODD=0 18 11 8
BEGIN 18 11 8
SUM :=SUM + D 18 11 8
END 18 11 8
D=D+1 18 11 9
IFNMODD=0 18 11 9
BEGIN 18 11 9
SUM :=SUM + D 18 20 9
END 18 20 9
D=D+1 18 20 10
END END 18 20 10

3. Length of numbers:

Definition of the length of a number :

The length of a number is the number of digits thedine the number.

Example:

2654 is of length 4

The following algorithm computes the length of quogitive integer:

Algorithm

PSEUDO-CODE INSTRUCTIONS

EXPLANATION

COUNT =0 WILL COUNT # OF DIGITS
WHILEN <>0 N IS THE POSITIVE INTEGER
BEGIN
COUNT := COUNT +1 WILL COUNT # OF DIGITS
N := N+10 REDUCES THE LENGTH OF N
END
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Program: will compute the length of the number 431:

PSEUDO-CODE INSTRUCTIONS || CYCLE OF INSTRUCTIONS | N COUNT
N: = 431 N := 431 431
COUNT :=0 COUNT :=0 431 0
WHILE N <> 0 WHILE N <>0 431 0
BEGIN BEGIN 431 0
COUNT := COUNT + 1 COUNT := COUNT + 1 431 1
N := N+10 N := N+10 43 1
COUNT := COUNT + 1 43 2
N := N+10 4 2
COUNT := COUNT + 1 4 3
N := N+10 0 3
END END | o 3

4. Adding digits

1. The following algorithm will sum the digits ohanteger g8, _,...8: &+ 8 .+ ... + &

Algorithm

PSEUDO-CODE INSTRUCTIONS

EXPLANATION

SUM =0

USED TO ADD THE DIGITS

WHILE N <>0

BEGIN

R := N MOD 10

R= g

SUM :=SUM + R

SUM= g +3g,.,+... + &

N:= N-R NUMBER< g, ...30
N := N+10
END
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Program: will add the digits of the number 579:

PSEUDO-CODE INSTRUCTIONS || CYCLE OF INSTRUCTIONS N R SUM
N =579 N =579 579
SUM:=0 SUM =0 579 0
WHILE N <>0 WHILE N <>0 579 0
BEGIN BEGIN 579 0
R := N MOD10 R :=N MOD 10 579 9 0
SUM :=SUM + R SUM := SUM + R 579 9 9
N:=N-R N:=N-R 570 9 9
N := N+10 N := N+10 57 9 9
R := N MOD10 57 7 9
SUM :=SUM + R 57 7 16
N:=N-R 50 7 16
N := N+10 5 7 16
R := N MOD10 5 5 16
SUM :=SUM + R 5 5 21
N:=N-R 0 S 21
END END 0 5 21
H
Exercises:

1. Write an algorithm that performs the followiragks:

Task 1: Finds the proper divisors of a positivegar N

Task 2: Sum the proper divisors.

2. Write an algorithm that will multiply all of €hproper divisors of a positive integer number N >
3. A factorial number, written as N!, is defined as

N! = N(N - 1)(N -2)...(2)(2)

where N is a positive integer > 1.

Write a program that will perform the following tas




Task 1: Enter a positive integer number N > 1
Task 2: Compute N!

4. For the following program, what is the final walassigned to S?

K:=2

S=0
WHILE K < 10
BEGIN
S=S+2K+1
K=K+1
END

5. A positive integer greater than 1 is prime Haits no proper divisors. Write a program that finldl all prime
numbers less than 25.

6. Find the final value R computed in the followimgpgram:

K:=0

R := 2258 - K55
WHILER >0
BEGIN
K=K+1

R :=2258 -K«55
END
R:=R+55

7. For the following program below, what is the firalue X:

K:==1
X:=2
WHILE K <=6
BEGIN
X=X+3
K:=K+1
END

8. For the following program below, what is thedlinalue X:

K:=1
X:=2
WHILE K <=6
BEGIN

X =X*3
K:=K+1
END
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PROJECT:

1. A polynomial is defined as,®) = g,x” + g, ;X" '+ ... + ax + g where x is any number.
One way of evaluating P(x) without using exponesite write

Pi¥) = (... ((@x+a Jx+ 8 )x+a J)x+.+ax+3a

Example:

Pyx) = (@x + a)x + a)x + &

Ps(¥) = ((ax +a)x +a)x+a)x+a)x+a)X+a

Write an algorithm which will perform ) using the evaluation of P(x) without using erpots with the
following restrictions:

a are integers and9g,< 9 .
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CHAPTER -7COMPUTING NUMBER BASISWITH ALGORITHMS

INTRODUCTION

In this chapter we will show how to write algoriterand programs that will convert numbers from omeelio
anotherThe methods used are based on the conversion fasrthat have been developed in several of the

previous chapters.

7.1 Writinga Program and Algorithm to Convert numbersin theBaseb < 10to the Base 10:

From chapter 2, we saw that to convert numberayrbase b to its corresponding number in the b@se/é use

the following formula :

Ny= 88,1 88 = @b, g.b"" ... +ab + g

Example:

Ny = 4671 = 4+8%+ 6+82 + 7x8 + 1 = 2048 + 384 + 56 + 1 = 2489

Program: will convert the number 46710 the base 10.

INSTRUCTIONS CYCLE OF INSTRUCTIONS N8 N10 R|P
N8 := 4671 N8 := 4671 4671

P:=0 P:=0 4671 0

N10:=0 N10:=0 4671 0 0
WHILE N8 <> 0 WHILE N8 <> 0 4671 0 0
BEGIN BEGIN 4671 0 0

R := N8 MOD 10 R := N8 MOD 10 4671 02110
N8 :=N8-R N8 :=N8 -R 4670 0 110
N8:= N8+10 N8:= N8+10 467 0 110

N10 := N10 + R8"P N10 := N10 + R8P 467 1 110

P=P+1 P=P+1 467 1 | 1

R := N8 MOD 10 467 1 711

N8 :=N8-R 460 1 711

N8:= N8+10 46 1 711

N10 := N10 + R8"P 46 57 711

P=P+1 46 57 7 2
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R := N8 MOD 10 46 57 6|2
N8:=N8 -R 40 57 6| 2
N8:= N8+10 4 57 6| 2

N10 := N10 + R8"P 4 441 6 | 2
P=P+1 4 441 6] 3

R := N8 MOD 10 4 441 | 4 | 3
N8:=N8 -R 0 441 41 3
N8:= N8+10 0 441 4( 3

N10 := N10 + R8"P 0 2489 4|3
P=P+1 0 2489 4 4
END END 0 2489 4( 4

Algorithm: will convert a number in the base b < 10 to theshED

INSTRUCTIONS
P:=0
N10:=0
WHILE N8 <> 0

BEGIN
R := N8 MOD 10
N8:=N-R
N8:= N+10
N10 := N10 + Rb"P

P=P+1

END

Exercise:
1. Write a program and complete the table thateaitivert the number 2310 the base 10 and complete a table as

above.
[ |
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7.2 Writing an Algorithm to Convert Numbersin the base 10 to its Corresponding Number in the Base
b <10.

Example:
The following method will convert the number 523 e base 8:

8 =523mod 8=3
523 +8 =65

a=65mod8=1
65+8=8

a=8mod8=0
8+8=1

a=1mod8=1
1+8=0

523 — 1013

The following algorithm will convert any positiveteger to any number to the base b < 10.

INSTRUCTIONS EXPLANATION

K:=0

SUM =0

WHILE N <> 0

BEGIN

A:=NMOD B THE REMAINDER WHICH IS TO BE ADDED

SUM := SUM + Ax10"K ab", a.b" ... +ab+g

N := N+B B is the base

K=K+1

END
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Program:

The following program will convert the number 523the base 8.

INSTRUCTIONS CYCLE OF INSTRUCTIONS | N10 A N8
N10 := 523 N10 := 523 523

K:=0 K:=0 523 0

N8 :=0 N8:=0 523 0 0
WHILE N10<>0 WHILE N10<>0 523 0 0

BEGIN BEGIN 523 0 0

A = N10 MOD 8 A :=N10 MOD 8 523 3 0 0

N8 := N8 + Ax10"K N8 := N8 + A«10"K 523 3 3 0

N10 := N10+8 N10 := N10+8 65 3 3 0

K=K+1 K=K+1 65 3 3 1

A = N10 MOD 8 65 1 3 1

N8 := N8 + Ax10"K 65 1 13 1

N10 := N10+8 8 1 13 1

Ki=K+1 8 1 13 2

A :=N10 MOD 8 8 0 13 2

N8 := N8 + Ax10"K 8 0 13 2

N10 := N10+8 1 0 13 2

K:=K+1 1 0 13 3

A = N10 MOD 8 1 1 13 3

N8 := N8 + Ax10"K 1 1 1013 3

N10 := N10+8 0 1 1013 3

Ki=K+1 0 1 1013 4

END END 0 1 1013 4

Exercises:

1. Write a program and complete the table that coswbg decimal number 25 to base 2.

2. Write a program and complete the table thatpvitit the first 100 numbers in the base 8.
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PROJECT

Write a program that will convert the numbeg, B3the base 5.
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CHAPTER 8- RINGSAND MODULAR ARITHMETIC
INTRODUCTION
Modular arithmetic plays a major role when doinghanetic in assembly language. We will see in thgtn
Chapter that the number systems we will be workitth are not infinite in number. To perform arithticeon
finite systems, we need to use modular arithm@tie.start with the definition of rings.
8.1 Rings

Definition of a ring:

A ring Ris a set of numbers having two binary operatiadstitione® and multiplications with the following
rules:

Rule 1: Closure under addition.

Rule 2: Closure under multiplication.

Rule 3: Contains an additive identity.

Rule 4: Contains a multiplicative identity.

Rule 5: For every number n there is an additiversg-~n.

Definition of the above rules:

Rule 1: If n, m are numbersRthenc=m misin R

Rule 2: If n, m are numbers R then c = em is inR.

Rule 3: Contains a numbérin R, where for every number ni) ne® = n.
Rule 4: Contains a number 1 in R, where for evempiper n inR, nel = n.
Rule 5: For every number n Ry there is a numbern in R where re~n = 0.

There are two general type of rings: infinite aimité.

Example of an infinitering:
1. AllintegersR=1{0, 1, -1, 2,-2, 3,-3, ... }
Rule 1: Lete = +. The sum of 2 integer numbers is an integemnlyer.

Rule 2: Let® = *. The product 2 integer numbers is an integer numbe
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Rule 3: Let® = 0. If n is a integer number then n + 0 = n.
Rule 4: The number 1 is an integer and = n

Rule 5: Assume nisiR. Let~n = -n. Therefore, n + -n = 0.
Important: For rings, there is no subtraction opena
Example of afinitering:

The following is a well known finite ring: the hdurclock time:
R={1,2,3,4,5,6,7,8,9,10,11,12}

For addition or multiplication, we use the tradi# system. For example:
185 =6, 211=1, 3012 = 3, 502 = 10, 623 = 6, etc.

Now we show that thR is a ring, by verifying the 5 rules:

Rule 1: If n, m are numbersRthenc=m misin R.

Rule 2: If n, m are numbers R then c = em is inR.

Rule 3: Contains a numbér= 12where for every number ni&) ne12 = n.
Rule 4: Contains a number 1 where for every numbeiR, nel = n.
Clearly this rule is correct.

Rule 5: For every number n R there is a numbern where no~n =12.

To verify this rule, we the following table shotst every number d® has an additive inverse:an-n = 12.

hour 1 2 3 4 5 6 7 8 9 10 11 12

~ hour 11 10 | 9 8 7 6 5 4 3 2 1 12

houre ~ hour 12 12 12| 12 12 12 12 12 1p 12 12 12
Exercises:

1. AssumeRis clock time. Simplify the following:
a. 7e8o~7Telle~4.
b. 28(6e ~10)

c. ~11:[(2 ~11) ®(11e ~9)]
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2. AssumeRis military time: R ={1,2,3,..., 24}

a. ®18s~702le~23.

b. 22%(16e ~10)

C. ~219[(2 ®~21) ®(11® ~19 )]

3. Show that the s& = {0, 1,-1, 2, -2, 4, -4, 6, -6, ...x 2n, ...} 130t ring.
4. Show that the s& = {0, 1,3, -3, 5, -7, ..., £ 2n + 1} is not agin

5. Assume R={0, 1,2, -2, 3, -3, 4, -4, ...}. Define ande are defined under the following rules:
Rl.:nem=n+m+2.

R2: nem = nxm

a. Find O.

b. For ninRfind ~n, the additive inverse of n.

c. ShowR s a ring.
|

8.2: TheFiniteRing R

For assembly language, the most important set wieus are
R={0,1,2,3,...,N - 1}, where N > 1.

We wantR to be a ring. To do this we need to define openatiaf addition and multiplication:

Definition of addition a¢b: If a, b are members &, then @b = (a + b)mod N.
Definition of multiplication ash: If a, b are members &, then &b = (a* b)mod N.
Note: The mod operator isdefined in chapter 3.

Examples:

R={0,1,2,3,4,5,6,7}.

5¢7 = (5 + 7)mod(8) = 12mod(8) = 4

56 = (5+6)mod(8) = 30mod(8) = 6
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205 =(2 + 5) mod(8) = 7mod(8) = 7

(67)e6 = [(42)mod(8)p6 =0

Exercises:

1. ForR=1{0,1,2,3,4} simplify:

a.4e4

b. [(4e2)0d4e4]3

c. 33(324)

2.ForR={0,1,2,..., 7}, verify if the following are true:

a. 63(7eb) = (627)e(6®5)

b. (483)e7 = 4(327)

C. (4@3)e7 = 4b(3a7)

3. ForR={0,1,2,..., N-1} what is the additive identity? What is the muigative identity?
4.ForR={0,1,2,..., 15}, find the additive identity of each of its numhers
5. For R ={0,1}, find the additive identity of éaof its numbers.

6. Show that R= {0,1,2,..., N}is a ring under the operations af b, asb.
8.3 Subtraction for R

How then do we subtract 2 numberdi? We accomplish this using the following definitio
Definition of subtraction aeb for a, b in R:

acb = (a +~b)mod(N), where

a and-~b are values in the ring, = {0,1,2,..., N - 1}

Examples:

603 = (6+~3)mod(8) = (6 + 5)mod(8) = 11 mod(8) = 3

567 = (5 +7)mod(8) = (5 + 1)mod(8) = 6 mod(8) = 6

~403 = (~4 +~3)mod(8) = (4 + 5) mod(8) =9 mod(8) = 1
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Exercises:

1. Are the following true or false for numbersRp Show examples of each.
a.~~a=a?

b. ~(a~b)=b~a

c. ~at~b=~(@+Dh)

H

8.4 Ringsin Different Bases

So far we have built our finite rings in the decimamber system. We will now define binary and daecimal
rings which plays an important role in the assentdoiguage:

Definition of a binary finitering: Assume we are in a binary number system. We define
R,={0,1,10,11,100,..., N }

Examples:

a. R={000, 001, 010, 011, 100, 101, 110, 111}

b.R, = {0000, 0001, 0010, 0011, 0100, 0101, 0110, 01000, 1001, 1010,1011,1100,1101,1110, 1111}
Definition of a hexadecimal finitering: Assume we are in a hexadecimal number system. Wifeede
R,={0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F,10,11..,. N}.

Examples:

a.R,={0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F}

b.R=

{0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F,10,11,12,13,14186517,18,19, 1A,1B,1C,1D,1E,1F }

Exercises:

1. For the finite ringR,s= {0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F} find:

a. 98

b. 5B

2. For the finite ring R={00000000, 00000001, ..., 11111111} find:
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a. 1001011001010111
b.1101011410101010

c. 1101011&10101010

Modular arithmeticin the baseb.

As in the decimal number system we define

r, = g mod(n, ) = where

& = Qo *¥N, + 1,

and

r, < n.

To easily perform such modular arithmetic, we wgk the following results:
= (&)mod = = (gg)mod n,

Similarly we have

&eC, =(8g +G )modn = (&, +C,)modn,

,8C, = (g *C,)mod = (&, * ¢y, )mod N,

Examples:

1. Octal numbers:

a. 762 mod (52) = 498, mod (42, = 36, = 44,

Therefore, 762mod (52) = 44

b. (773 + 236,) mod ( 106) < (505, + 158,)mod ( 7Q,) = (663, mod ( 7Q) =
33 = 4l

Therefore, ( 774+ 236 ) mod ( 10¢) = 41,

c. (771 *236;) mod ( 10¢) = (505, *158,,)mod ( 7Qy) = (7979Q,) mod ( 7Q,) =
60, = 74

Therefore, ( 774x236,) mod ( 10¢) = 74,

2. Binary numbers:
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a. 100110mod (1103) <= 38, mod (13, =12, <= 1100,
Therefore, 100110mod (1103}) == 110Q

b. (110111+ 11011) mod (111]) = (55, + 27,)mod ( 15, = (82, mod ( 15,
=115

Therefore, ( 11011+ 11011) mod ( 111)) = 111

€. (110111 %11011) mod ( 1113 <= (55,, * 27,,)mod ( 15,) = (1485, mod ( 15,)
0= 0,

Therefore, (110111x11011) mod ( 111} = 0.

3. Hexadecimal numbers:

a. 9A23Fk, mod (ADy) = 631359, mod (173, = 82, = 52
Therefore, 9A23F mod (AD,) = 52

b. (AC2301F; + 27DD1,) mod ( AD,)) - (180498463 +163281,)mod (173, ) = (180661744) mod (
173,

93, = 5Dy

Therefore, ( AC230L1F+ 27DD1) mod ( AD,) = 5D

c. (AC2301F,*27DD1,) mod ( AD,y) < (180498463, x163281,)mod (173,) =
(29471969537103 mod ( 173,) = 135, < 87,

Therefore, ( AC2301Ex27DD1,) mod ( ADyg) = 874

Exercises:
Simplify the following:

a. 253 mod(301F) b. (235432 + 25)mod(301F) c. (235432 251 )mod(301F)
The additive inver se of a number

Recall the definition of an additive inverse:

Definition of an additive inverse: Assume a is a number in a ring. The additive irvé&s number ~ a in the
ring where ~a»a =0 .
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Example:

1. Assume we have the following ring:

R={0,1,2,3,4,5,6, 7}

a.lffa=5,then~a=3

since

5e- 5 =563 = 8 Mod 8 = 0.

8.5 The Additive Inverse of Numbersfor theRingsR, ={0...0,0...1, 0...2, ..., BB, ..., B.}

Definition of B,8, ..., B, :The number is a positive intedgf, ..., where the digits are all equal and
Bk = b = 1

Examples:

a. R, ={0000, 0001, 0002, 0003, 0004,..., 9999}
b. R, = {0000, 0001, 00010, 0011, 0100, ..., 1111}
c. R, ={000, 001,002,003,004,..., 777}

d. R, = {00, 01,02,03,04, ..., FF}

For these types of rings, we can easily computadalitive inverse of a number by taking the compltnof a
number. The following is the definition of a compént of a number:

Definition of a complement of anumber a’= aaa a,” inR

Let R ={0...0,0...1,0...2 ,.. BBB...p}. The compliment of a number ain R is
a=aaa g

where @' = - g

The following tables give the digit complimentsimiportant number systems for the assembly language:

binary
a 0 1
a’ 1 0
a+ a' 1 1
decimal
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a, 0 1 2 3 4 5
a’ 9 8 7 6 5 4
a+ a’ 9 9 9 9 9 9
octal
a, 0 1 2 3 4 5
a’ 7 6 5 4 3 2
a+ a’ 7 7 7 7 7 7
hexadecimal

a (0|1 2| 3| 4| 5| 6| 7|8

a’ F| E D C B A 9 8 7

atra’ |F|F| F| F| F| F| F| F| F

Examples:

a. R,={00,01,02,083,..., 99}

25 =74

b. Ry ={00,01,02,03,..., 77}

42’ =35

c. R ={000,001,002,003,..., FFF}

0C4’= F3B

d. R, ={000, 001, 010, 011, 100,101,110,111}
101’ =010

The following rule, can be useful to compute theense of a number:
Rule ~a=d+1

Examples:

1. R,={000000,000001, ..., 111111}
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a= 100101
a = 011019
~100103 = 011010 + 1= 011011

ae~a = (100101 + 011010 + 1) mod (1000000) = (11111}rwod (1000000) = (1000000)mod (1000000) = 0

2. R,={00,01,02,03,..., FF}

a=9C

9C' =63

~9C=63+1=64

9Ce® 64 =(9C + 63 + 1)mod 100 = (FF+ 1)mod 100 =0

Question: Why doesn’t the assembly language allswo do normal subtraction? It is not the assembly
language that prevents this, it is the way the agemxircuitry is designed. To allow subtractiomuid require
to double the circuitry. Since subtraction can éeoanplished by the adding the additive inverse dimggn of
computers are more simple and faster. Also, sinéglonary numbers are used to represent numbess, t
complement of a binary number is simply changirgg@k’ to 1s’ and the 1s’ to 0s’ . Therefore, thdithde
inverse of a binary number is the complement plus 1

Exercises:

1. For each of the following binary numbgiind their additive inverses:

a. 10011100110 b. 1101101%. 10101010

2. For the octal ring; = {0,1,2,3,4,5,6,7,10,...,77}compute the following:

a. 4356 b. 5555 ¢.~1056  d.~430~56

3. Assume we have the hexadecimal riRg= {0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F,10,...,FF}. Find the
following:

a.~ AC b. A~55 c.~10e5E d. c.~10e~5E
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Modular arithmetic for ringsR, ={0...0,0...1,0...2, ..., B:f, ... B}, Bx=b-1.
In this section, we will study the modular arithme, mod@,f, ... B, + 1).
First observe thag,, ... B, + 1 =1Q"

Examples:

1. 77, +1=10Q =10,?

2. FFFFE, +1=10000Q, = 1Q°

3. 11111113+ 1 = 100000000= 10,®

Therefore, for R, the following examples will show how to evaluate

a, mod@.B, ...B, +1) =q mod(1Q,").
Examples:

1. 253 mod(77 + 3 = 253, mod(1Q?) = 253 mod(10Q)
Solution:

253,=2+100, + 53,

Therefore,

253 mod(74+ 1) =53

2. AC23D,;mod(FFF + 1) = AC23Rmod(100Q,)
Solution:

AC23D,;= AC,,¥100Q, + 23D,

Therefore,

AC23D,, mod(FFF,+ 1) = 230,
3. 11100110Jmod(1113 + 1)= 111000101mod(10009)

Solution:

111001101 = 1110Q*10000, + 1103
Therefore, 111001101mod(1111 + 1)= 110%

From these examples the following formula evolves:
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(BaBh-a &) = (@81.8:010° +(3ac1--a &)y
Therefore, (@,,8,,.--8 &), Mod(10) = (aa.,1..-a &),

8.6 Special Binary Rings For Assembly L anguage

In assembly language we will need to be concerbedtdollowing three special binary rings:

THE BYTE RING THE WORD RING THE DWORD (32 bits)
(8 bits) (16 bits)
00000000 0000000000000000 | 00000000000000000000000000000000
00000001 0000000000000001 | 00000000000000000000000000000001
00000010 0000000000000010 | 00000000000000000000000000000010
00000011 0000000000000011 | 00000000000000000000000000000011
00000100 0000000000000100 | 00000000000000000000000000000100
00000101 0000000000000101 | 00000000000000000000000000000101
00000110 0000000000000110 | 00000000000000000000000000000110
00000111 0000000000000111 | 00000000000000000000000000000111
00001000 0000000000001000 | 00000000000000000000000000001000
11111111 1111111111111111 | 11111121111212112121111111111111111

To better understand these three rings, we will stawly them as equivalent rings in the base 10:

THE BYTE RING THE WORD RING THE DWORD (32 bits)
(8 bits) (16 bits)
0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9
255 65,535 4,294,967,295
Exercises.

1. Convert the above each of the binary table xatiecimal.

2. Assume we have a binary numbgrrg a, a, ... = 111...1, consisting of n, 1 bits.
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Shown=N;,,= 2'-1

Hint: Show (2- 1+ 22+ 23+ ., 2+1)(2-1)=2-1
3. Using exercise 2, show that

a. the largest decimal number in the byte ringbis. 2

b. the largest decimal number in the word ring5$85.

c. the largest decimal number in the dword ring,294,967,295.
H

Modular arithmetic for the bytering (in decimal).

The modulus formula is r = m mod (256)

Examples:

1. 50 254 = (5 + 254) mod(256) = 259 mod(256) = 3

2. 164021 = (16421)mod(256) = 5,442,444 mod(256) = 140

1002253 = (100 - 253)mod(256) = - 153 mod(256) = 1agi(@56) = 103
Exercises:

1. Compute:

a. 122122 b. 162231 €.1752222213 d (1759222)13

2. Find the additive inverse for the following:

a.214 b0 c.128
[

Modular arithmetic for theword ring (in decimal).

The modulus formula is r = m mod (65,536)

1. 56254 = (5 + 254) mod(65,536) = 259 mod(65,536) & 25

2. 23,64%500 = (23,64%500) mod(65,536) = 11,820,500 mod(65,536) = 24,020
Exercises:

1. Compute:

a. 122122 b.162231 €.1752222213 d. (17%222)213
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2. Find the additive inverse for the following:

a.214 b0 ¢ 128
[ |

Modular arithmetic for the dword ring (in decimal).

The modulus formula is r = m mod (4,294,967,296)

1. 3,000,000,00@,4,254,256,111 = (7,254,256,111) mod(4,294,967,295059,288,815
2. 2,323,64%3,200,241,001 = (2,323,643,200,241,001 ) mod(4,294,967,296) =
465,288,199,804,641mod(4,294,967,296) = 1,507,737,0

Exercises:

1. Compute:

a.127,567,222 2,123,567,222 bl127,567,222 2,123,567,222 A4.7522213,000
d. (1750222)213

2. Find the additive inverse for the following:

a.214 b0 c.128

3. Convert the decimal number - 202 to a binamioer in a

a. bytering bwordring c. dword ring .
H

8.7 Ordered Relations of Rings

Definition of an ordered relationship of a ring:

Assume we have the following ring R {0,1,2,..., N - 1} containing N numbers. A sétordered pairs of
these numbers is defined as {(a,b)}, where a aatebumbers in R and the order is defined by sgisen
rule. Such a set of ordered pairs of numbers imeéfas an ordered relationship of the ring R
Examples:

R={0,1,2,3,4}

A natural set of ordered pairs

Definition: A natural set of ordered pairs is where the num{@ely are defined in the their order of magnitude:
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A natural set of ordered pairs for ring,Rvould be

{(0,0) (0,1), (0,2), (0,3), (0,4), (1,1), (1,2).,8), (1,4), (2,2), (2,3),(2,4), (3.3), (3,4), (4}4)

Note in this example the ordered pair is define(hab) where b is greater than a or b is equal to
For all ordered pairs of this type we will use tblbowing symbols:

aequalstob: a=b

b is greaterthanaoraislessthanb:a<b

These symbols will be used to describe the ordeagdrelationships of the number in the ring:
The pair (a, a) will be written as a = a.

If a #b, the pair (a, b) will be written as a< b.

For example, the pair (2,2) will be written as 2 but the pair (3,4) will be written as 3 < 4.
Therefore we have 0<1<2<3<4

Other setsof ordered pairs:

The following is another example of a set of ordepairs of the ring R:

{(4,0), (4.1), (4,2), (4,3), (44), (3,0), (3:1R.2), (3:3), (2,0), (2,1), (2,2),(1,0), (1,1),(3,0)
Using our special symbols

=<

we will still have (a,b) where

a=a, and a < b where:ab.

Therefore for our ordered pair the following witld true:

4<0,4< 1,4< 2,4<3,4=4,3<0,38%2,3=3,2<0,2<1,2=2),1<0,1<1p=
Lawsof ordered relations

For the above special sets of ordered pairs, theaximg two laws apply:

1. Reflexive law: For each number a in the ring, a = a.
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2. Transitivelaw: fa< bandb < cthena< c.

Exercises:

1. For the ring R ={0,1,2,3,4}, using the speagbols, write out the relations of the orderea:pai
{(0,0), (1,2), (1,0), (2,2), (2,1), (2,0), (3,:3R.). (3.1), (3,0), (4:4), (4.3).(4,2), (4,1),(4.0)

2. Show for the ring R = {0,1,2,3,4}, that the abd& laws hold for both the natural and the ordgaads:

{(0,0), (1.2), (1,0), (2,2), (2,2), (2,0), (3,38.8). (3,1), (3,0), (4.4), (4,3),(4,2), (4,1),(4.0)
|

8.8 Special Ordering of Rings For Assembly Language

In assembly language we will need to be concerbedtdollowing three special binary rings: Bytegrds and
dwords. For each of these rings the assembly layaywal recognize two types of ordered pairs:

1. The natural order pairs

2. The signed order pairs.

For demonstration purposes all the rings will jgesented as decimal integer numbers.

Ordered pairsfor thebytering

In decimal we will write the byte ringas R =102,3, ..., 255}.

Thenatural order:

The natural order for R is {(0,0), (0,1), ..,(0,258.,1), (1,2), ..., (1,255), (2,2), (2,3) ...,485), ... (255,255)}

which can be written as

0 1 2 3 4 5 6 | - 251 252 253 254 25%

where the order pairs can be seen as a list of atsnb their increasing order:
0<1<2<3<..<254 <255

For an example, we can write

5< 214, 211 <244, 255 =255

Thesigned order:
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128 129 253 254 255 0 1 2

126 127

where the order pairs can be seen as a list of atsnb their increasing order:

128<129<130<...<255<0<1<2<..<¥2B27

The following table give in the second row the diteonal” representation of additive inverse of thumbers

0,1, 2,3,..126, 127.

128 129 253 254 255 0 1 2 126 12
-128 -127 -3 -2 -1 0 1 2 126 127
The next table gives the binary representation:
128 129 254 255 0 1 126 127
10000000 10000001 ... 111117110 111111221 OOOOOOOO 0O0OOOO@@DDOOO1I0 ---. 01111110 01111112

Therefore, sticking to our rules on ordered retaglops we have for example:
251 = 251,

251<0

5<122

254 < 15

Therefore, in decimal we have

128 <129 <130 <...<254 <255<0<1<2<3<..<K0B27.
Exercises:

1. Construct a natural order table for the valuesatbsl ring.

2. Construct a signed order table for the valugb@fvord ring.

3. Construct a natural order table for the valuegithierd ring.

4. Construct a signed order table for the valugb®tword ring.

PROJECT

Assume we want a program that will perform arithmat finite ring R = {0,1,2,..., N} base 10.
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Write a program that given any two numbers x, Riwill perform xay, xey, X ®y .
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CHAPTER 9- ASSEMBLY LANGUAGE BASICS

INTRODUCTION
A close examination of our pseudo-language prograwvesals that such programs are made up of four
major components: numbers, arithmetic expressiargbles, and instructions. In this chapter wé wil

study at an elementary level how these four compisrere defined and used in the assembly language.
Also for this chapter, as well as several subsegieapters, all numbers will be integers.

9.1 Data Typesof Integer Binary Numbers

First we must understand that when programmingsembly language all numbers are converted by the
assembler into binary numbers of a well definec dgte. Most assemblers will only recognize the
following three data types of binary integer nunsber

1. Eight bit binary numbers.

2. Sixteen bit binary numbers.

3. Thirty- two bit binary numbers.

Special names are given to each of these data typtes, words, and dwords.

Definition: A byte is a eight bit binary number.
Definition: A word is a sixteen bit binary number.

Definition: A dword (i.e. double word) is a thirty-two bit biganumber.

Important: All numbers must be defined as a given data typgéyrogrammer in order for the
assembler to process the program.

Examples:

1. byte (8 bits):
a.

I0110:111(I

b.

Ioooo:01ol
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2. word: (16 bits)

a.

I1001:110(I0010:101I)

b.

|0011:001I10011'01o|1

3. dword:(32 bits)

a.

I1001:101I111 011I1101:0101|1011:10011

b.

IOOOO:OOO'OOO OOOIOOOO:OOOClOlOl:lOlIO

Exercises.
For the examples above,

1. find the binary complements.
2. find the binary additive inverses.

3. find the equivalent numbers in the hexadecinagkb
H

9.2 Other Integers

Besides binary numbers, the assembler recogniee tither number basis: decimal, octal, hexadecimal
Except for the decimal numbers, all numbers musobewed by the following suffixes:

NUMBER SYSTEM BASE SUFFIX
hexadecimal 16 h
binary 2 b
octal 8 0
decimal 10 none (or d)
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Examples:
a.e239ch b.101101b c¢. 237710 d. 3499
Exercises:

1. For the examples above, convert each to decimal.

2. Which of the following are valid numbers:

a. 2397h b.10110110 c.01101101h
|

9.3 Variables

As in the pseudo language code, variables are ndraewill contain numbers. The following rules are
required when defining a variable name in assetaliguage:

1. The first character of the variable name mugtrbeith either a letter (A, B, ..., Z, a, b, z), a
underscore (_ ), @, ? or $.

The other characters can also be digits.

2. They are not case- sensitive.

3. The maximum number of characters in the nar2d7s

Examples:

a. apple_of _my eye $23x c. $money2 d. hdachslager@ivee. X1 or_ X2
f. X gy h $124 l._@yahoo j. 2z2

Variabletypes
As in binary numbers, variables are of three dgiad: BYTE, WORD, DWORD.
We will identify the data types as follows:

variablename byte
variablename word

variablename dword

Examples:
1. X byte

2. Number word
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3. Large_Number_dword
Exercises:
Which of the following are legal variable names:

a. _apple_of my eye b. S 23x c. $money2& d. hdachslager@ivc.edu e. 1XorX2
[ |

9.4 Assigning Integersto Variables

There are two ways to assign an integer to avaria
« By initialing the variable when the variable’s @#&ype is defined.

» By using themov assignment instruction.

Initialing the variable

To initialize the variable we use the form:

variablename datatype integer

Examples:

1.

X byte 1101101b

I 0110 : 1101 I
2.

y byte 5Ah

I 0101 : 1010 I
3.

z byte 250

I 1111 : 1010 I
4.

x word 10101101101b

Ioooo: 0101| 0119 11c|1
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y word 1D5Ah

|0001: 1101' 0101 101')

6.
z word 65500

I
Illll: 1111' 110}, 11(I)

7.

X dword 110101111010101000110101101101b

IOOll: 0101' 111 10lJ 10Q0 11(Il 01:10 lIOl

8.
y dword 2ABC1D5Ah

|001o: 101o| 1011 11'0 0001 11|1 0f01 lolo

9.
z dword 4294967216

Illll: 111I 1111 1111 11]:1 l]ll 10:11 OI)OO

Exercises:

1. Verify that the conversions to binary are carfecexamples 1 - 9.

2. For the above 9 examples above, convert eaehtyfz to their hexadecimal values.
H

Defining a variable without initialization
If you do not wish to initialize the variable, ube symbol ? in place of the integer.
Examples:

X byte ?

[ 1
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z dword ?

Using the mov assignment instruction
Themov instruction is of the general form:

mov destination, source

where the destination must be a variable or ragfdiscussed below) and the source can be an mtege

variable or register.

The mov instruction can be used in five ways:

MOVE INSTRUCTION

ORDER OF ASSIGNMENT

mov registerl, register2

registerl - register2

mov register, variable

register - variable

mov variable, register

variable - register

mov register, integer

register - integer

mov variable, integer

variable - integer

Note: The definition of registers are defined in the reedtion.

Important: You cannot use the mov instruction to move datdaioed in one variable directly into

another variable: movariable, variableisnot a legal statement.

The following rules apply:

Rule 1. The destination and the source cabothi be variables.

Rule 2. If the source is a variable, then bothdéstination and the source must be of the sameyiata

Rule 3: All hexadecimal numbers must begin withgatdO - 9)
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Examples:

1.
X byte ?
mov X, 1011010b

I 0101 | 101o|

2.
z byte ?
mov z, 8Fh

IlOOO : 1111|

3

y byte ?
mov y, 252

I 1111 | 1100|

4.
x word ?
mov X, 10011001011010b

|001o : 0110 I 0104 101|

5.
zword ?
mov z, 1D8Fh

IOOOl: 1101' 1000: 1111'

6.
y word ?
mov y, 65010

I 1111 | 1101' 1111, 0014

7.
x dword ?

mov x, 10101110101010011001011010b
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I 0000 | 001o| 1011 | 101o| 1010 | 011(l 0104 1013

8.
z dword ?
mov z, OACEF1D8Fh

I 1010 | 1100' 1110 | 1111' 0001 | 110' 1000 111|1

9.
y dword ?
mov y, 4194967096

I 1111 : 1010 I 0000 1010' 0001: 111CI 0011: 10(IO

Note:

* mov X, A23F h is not valid by Rule 3. However mgwWA23F h is valid.
e mov X,y is not valid by Rule 1.

Exercises:

1. Verify that the conversions to binary are carfecexamples 1 - 9.

2. For the above 9 examples above, convert eaehtyfa to their hexadecimal values.
H

9.5 Registers
Registers are used by the programmer for storitey aled performing arithmetic operations.

There are three types of registers that are ugesrithmetic operations and storage: 32 - bitbit&nd
8-bit.

Important: All threetypes of registersarerings.

The 32- bit registers:

The 32-bit registers that we have are EAX, EBX, EERX

These 4 registers are used to store 32- bit bimarpbers. They all can be used to perform arithometi
operations. However, the recommended conventitmuse only the EAX for arithmetic operations and

the other three 32-bit registers for temporaryagier These registers will be broken into 4 bytes
sections:
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32 25 24

17 16

where each bye is divided into two 4 bits
Examples:

1.
mov eax, 5

EAX
I 0000 | 0000 I 0000 |

0000 I

0000 |

0000 I

0000

2.
mov ebx, 101 01010010b

EBX
I 0000 | 0000 I 0000 |

0000 I

0000 |

0101 I

0101,

3.
mov ecx, 0A93F2CAh

ECX

I 0000 | 1010 I 1001 |

0011 I

1111 |

0010 I

1100,

4.
mov edx , 345771110

EDX
I 0011 : 0100 I 0101 |

0111 I

0111,

0001 I

0001,

Exercises:

1. Explain why the follow instructions will cause arror:

a. mov eax, D2h

b. x byte ?
mov eax, X

c. mov eax, 3ABDD12E1h

2. For exercise 1, what can be done so D2h can bedstoEAX?

89



3. Complete the following table, using only binary riems in EAX:

ASSEMBLY CODE EAX

mov eax, 2D3Fh

mov eax, 3h

mov eax, 1 010101b

mov eax, 434789

mov eax, 4DFA1101h

mov eax 26754110

It is important to realize, as we demonstrated, dindy binary numbers are stored in the variables a
registers, irrespective of the number system weisirey. However, since binary numbers are diffitoilt
read, most debuggers for the assembly languagelisfilay the contents of the registers as welhas t
variables in the equivalent hexadecimal numbeesygbase 16). The following table gives the
equivalent values between the binary digits anchthedecimal digits:

0000 | 0001 0OO1Q 0011 oO120p 01091 0110 O02212 1000 1pO1 2010 10110 pmao1l | 1110 1111

0 1 2 3 4 5 6 7 8 9 A B C D E F

Examples:

1. mov edx, 9AB120h

EDX

I I I
| _easez_ foooo | _oooo | a0, o0} ao1y _oood ooz _ oofo
BASE16: fJ 0 | 0O 9 , A B, 1 2 | 0

2. mov ecx, 5953189d

ECX
| | |
| _oasEz QOO OO} o) ooy U %y EOEII)_ _ o
BASE 16: 0 , 0 5 | A D , 6 A | 5

Most of our mathematical experiences has been wgnkith numbers in the base 10. Therefore, if our
debugger returns the numbers in our registers dsawgariables in hexadecimal, frequently we will
need to translate these numbers into base 10. ldomeddo this? Well, we could use the methods we
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have learned so far to find the equivalent hexadalkchumbers in the base 10. However, doing this is
not practical. It would be better to use a calarl#ghat will quickly go from one base to another.
Microsoft Windows XP and Vista provides such a gkdtor.

Examples:

1. mov eax, 10001100b

EAX
| | |
(oase2 Joooo |~ o000 I ooon ) oooo] oooo}  oooo] 100§ 1tfo
BASE 10: 140

2. mov ebx, ODF3h

EBX
| | |
_BAS_E_Z. _0909 —i' . (10(10 . gogo_i . _0900 . BO_OO_i_ . _1_10 L ililh_ . _00 1
BASE 10 3,571

3. mov ecx, 0111 01111101 11101110 1110101101

ECX

BASE 2: 0111 _: 0111 1101 _: 1110 1110I 111 10{# oj11
BASE 16: 7 : 7 D : E E : E B : 7
BASE 10: 2,011,098,80
Exercises:

1. Complete the following:
a. mov eax , 278901

EAX

(BASEZ2 § 0 __ o ___ & _a___

| | | |

BASE 10:
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b. mov eax , 3ABCD10Fh

EAX
|

BASE 2: I

BASE 16: |

____|L___

____IL___

BASE 10:

c. mov edx , 27721010

EDX

| BASEZ R
BASE 16: |

BASE 10:

d. mov eax , 278901

EAX
|
BASE 2: I

BASE 8: |

____|L___

____IL___

BASE 10:

e. mov ecx , 3ABCD10Fh

ECX
|

BASE 2: I

BASE 8: |

____|L___

____IL___

BASE 10:

f. mov edx , 27721010

EDX
|
| BASEZ R __

BASE 8: :

____|L___

____IL___

BASE 10:

2. What is the largest number?:

a. binary integer of type BYTE ?
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b. octal integer of type BYTE ?

c. decimal integer associated with type BYTE ?
3. What is the largest:

a. binary integer of type WORD ?

b. octal integer of type WORD ?

c. decimal integer associated with type WORD ?
4. What is the largest:

a. binary integer of type DWORD ?

b. octal integer of type DWORD ?

c. decimal integer associated with type DWORD ?
H

The 16- bit registers:

The 16-bit registers are AX, BX, CX, DX. Each oé#e registers occupy the right-most part of there
corresponding 32 bit - registers:

EAX AX
32 25 24 17 16 9 8 1
[ [ [ [ 1
I I I I
EBX BX
32 25 24 17 16 9 8 1
[ [ [ [ 1
I I I I
ECX CX
32 25 24 17 16 9 8 1
[ [ [ [ 1
I I I I
EDX DX
32 25 24 17 16 9 8 1
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Example:

INSTRUCTIONS 32 25 24 17 16 9 8

mov eax, 3C293567h 3I C 9 3 l 5 6 l 7
mov ax, 9BCh 3 C 9 0 9 B C
mov ax, 56325d 3 C 9 b , C 0 |F

Note: When working with a 16-bit register, the other lmfshe 32-bit register are not affected.

The 8- bit registers:

The 8-bit registers are AH, AL, BH, BL, CH, CL, DBL . AH occupies the left most bits of AX and AL

occupies the right most 8 bits of AX, etc.:

EAX AX
32 25 24 17 16 9 8
|| || A m
EBX BX
32 25 24 17 16 9 8
|| || o L
ECX CX
32 25 24 17 16 9 8
|| || CH CL
EDX DX
32 25 24 17 16 9 8
|| || oH oL
Examples:
INSTRUCTIONS 32 25| 24 17| 16 8
mov eax, 7293567h 0 7 2 9 3 5 6
mov ax, 9BCh 0 | 7 2 9 0 | 9 B




mov ah, 5 0 7 2 9 0 5 B C

mov al, OEh 0 7 2 9 0 5 0 E

mov al, 251 OI 7 2| 9 0 | 5 F | B

Note: When working with a 8-bit register, the other lmfgshe 16-bit and the 32-bit registers are not
affected

Mixing Registers

Rule: The assembler will not allow mixing of registersdifferent data types. The following are
examples of errors in programming:

mov eax, bx
mov cx, eax

mov dx, al

Exercises:

1. Complete the following tables using hexadecimambers only :
32 25 24 17 16 9 8

1
INSTRUCTIONS | | | |
mov eax, 293567h

mov ax, 9BCh

mov ax, 3D32h

mov ax, 5h

mov ax, 3h

mov eax, 1267

2. 32 25 24 17 16 9 8
INSTRUCTIONS | | | |
mov eax, 112937234

[ERN

mov ax, 9BCh

mov al, 5

mov ah, OEh

mov al, 2
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9.6 Transferring data between registersand variables
The following examples demonstrate how integer dateansferredising themov instruction:
Examples:

1.
x dword 23
mov eax, X

2.

x dword 23
y dword ?
mov ebx, X
mov y, ebx

3.
xword 3A7Fh
mov ax, X

4,

x word 3A7Fh
y word ?

mov bx, X
mov Yy, bx

5.
X byte 3Ah
mov ah, x

6.

X byte 3Ah
y byte ?
mov bl, x
mov Y, bl

Transferring data from one variable to another variable

The above examples show how to transfer the cantdrdane variable to another variable. The
following algorithm demonstrates: x :=y .

PSEUDO CODE AL PSEUDO CODE ASSEMBLY LANGUAGE CODE
X=Y EAX =Y mov eax, y
X:= EAX mov X,eax

96



The following program will perform the followingdk&s:

Task 1: Store the number 23 into x
Task 2: Store the number 59 into y
Task 3: Store the contents of x into y.

AL PSEUDO CODE ASSEMBLY LANGUAGE CODE
X:=23 mov X, 23
Y ;=59 mov 'y, 59
EAX =X mov eax, X
Y .= EAX mov Yy,eax
EXERCISE:

1. Modify the above program by initializing thelwas in x, y without using theov instruction.

2. Complete the following table:

AL PSEUDO CODE AL CODE X Y EAX EBX
X:=23 mov X, 23
Y ;=59 mov 'y, 59
EAX =X mov eax, X
EBX =Y mov ebx, y
X :=EBX mov X, ebx
Y .= EAX mov y, eax

2. In exercise 1, what does the code accomplish ?
[ |

9.7 Assembly L anguage Statements

In assembly language there are three basic statermtr uctions, directives, and macros.

Definition of instructions:

An instruction is translated by the assembler orte or more bytes of object code which will be
translated into machine language. The general tdram instruction is:

label: (optional) mnemonic  operand(s) ; comment (optional)
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where
mnemonic is an instruction and operands can be nawvelue, variable, register.
Example:
label: mov eax, 23h ; This is an instruction.
There are two kinds of instructions:
1. non-executable codes
2. executable codes.
Example of a non-executableinstruction: The comment
Definition of a comment: A comment is any string of characters preceded dsnaicolon (;)
The comment is ignored by the assembler.
Example:
mov eax, 2 ; Transfer the number 2 into thestegEAX.

The instructiommov eax, 2 will be executed by the assembler but the strifiguiong the semicolon will
be ignored by the assembler.

Thelabd:

All instructions can be preceded by a label ending colon (:). The rules for the label are basyce
same as variables.

Example:

Xyz: mov eax, -4

Later we will se how labels are used in programing.
Definition of a Directive:

A directive instructs the assembler to take a oegation.

Variable Data Type Declarations
A Variable has to be designated as one of theviatig type typesBYTE, WORD, DWORD.
Definition of a BYTE: A byte consists of 8 bits.
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Definition of a WORD: A word consists of 2 bytes (16 bits).

Definition of a DWORD : A double word (DWORD) consists of 4 bytes (32 hits)
The form of the variable data type declaratiortfhésfollowing:
variablename datatype numeric value assigned or ?

Examples:

Num BYTE 23 ;will define Num as a 8 bit byted will convert the number 23 to binary ararest
it into the variable Num.

Num WORD ? ;will define Num as a 16 bitreidout will not assign a value to Num.

Num DWORD O0OACD35h :will define Num as 2 Bits dword and will convert the number
OACDEDSh to binary and store it into the variableniNu

Note: You may place a label in front of the variable ldeation but the colon (:) is not allowed.

Exercises:

1. What is the largest integer number base 10cdrabe store in a variable of type BYTE.

2. What is the largest integer number base 10ctrabe store in a variable of type WORD.
3. What is the largest integer number base 10cdrabe store in a variable of type DWORD.
4. What is the largest integer number base 16ctrabe store in a variable of type BYTE.

5. What is the largest integer number base 16ctrabe store in a variable of type WORD.
6. What is the largest integer number base 1l6cdrabe store in a variable of type DWORD.
7. What is the largest integer number base 8 trabe store in a variable of type BYTE.

8. What is the largest integer number base 8cdnabe store in a variable of type WORD.

9. What is the largest integer number base 8 @#rabe store in a variable of type DWORD.
|

Exercise:
Assume the above program is run. For the tableAgdith in the final values stored.

EAX EBX A B C D E F
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9.8 A SAMPLE ASSEMBLY LANGUAGE WRITTEN FOR MASMA (Microsoft Assembler)

The following is a complete assembly language ramogwritten for the MASMA

(Microsoft Assembler)

; This program assigns values to registers
; Last update: 2/1/02

.386
.MODEL FLAT
.STACK 4096

.DATA
a byte 40
b byte 30
d dword 10
e
f

byte 50
word 20

.CODE ; start of maiogram code

_Start:

: code inserted here

mov eax, 10h
mov ebx, 15h
mov eax, d
mov ax, f
mov ah, e
PUBLIC_start

END : end of sourcale
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CHAPTER 9- ASSEMBLY LANGUAGE BASICS
PROJECT

Write an assembly language program that will resyeathe numbers so that they are in increasing orde
as shown below::

A B C D E
BEFORE 40 30 10 50 20
AFTER 10 20 30 40 50

Do not add any additional variables.
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CHAPTER 10 - ARITHMETIC EXPRESSIONS
INTRODUCTION

Our next step in becoming assembly language pragemis to learn how to create arithmetic expressio
Those who have studied higher level programmingdages know that assigning arithmetic expressmns
variables generally follow the normal assignmeatesnents. For example, in pseudo- code we cae suith
instructions as X =: 2 + 3. However, in assembhglaage, it is not possible to directly write suahagasignment
statement.

To be able to create arithmetic expressions innalslsdlanguage, we first study what are unsignedésig
integer numbers, followed by the arithmetic operadithat are available to us. We then learn howwutiol
arithmetic expressions using these types of numdsereeded.

10.1 Ring Registers

In Chapter 9, (9.6) we saw that there are threeitapt rings in the assembly language: byte ringsd rings
and dword rings. The three type of registers EARXEECX, EDX), AX (BX,CX,DX) and AH, AL (BH,BL,
CH,CL, DH,DL) are rings, they conform to the modutales of arithmetic. The modular formula is

r = m mod N where

N = 258, for the byte rings: AH, AL (BH,BL, CH,CL, DH,DL),

N = 65,536, for the word rings: AX (BX,CX,DX),

N = 4,294,967,29§ for the dword rings: EAX,(EBX,ECX, EDX),

Additive Inverses

Since the rings do not have negative numbers, edsave in ordinary numbers in the base 10, we teed
approach the creation of “negative” numbers in¢h@sgs by the following reasoning: in the ordinbase 10
number system, negative numbers are additive iageyEnon negative numbers and non negative nurabers
additive inverses of negative numbers. Therefoee¢can create additive numbers in the rings by &ssog
each number of the ring with its corresponding tndelinverse. To accomplish this, we begin with the
definition of unsigned and signed integers. (Sesptdr 8, for the definition of additive inverse #oring and
section 8.8 where we first introduce the conceptridigned and signed binary integers).

Unsigned and signed binary integers

We start with a arbitrary ring of binary integemmioers:

R ={0...00,0...01, 0...10, 0O...11,....011..11...00, 10...01, 10...10, 10...011, ..., 11...1}

For rings of this type we have the following defiions:

Definition of an unsigned binary integer numb&n unsigned binary integer number has as its exdrieft
most bit the bit number zero (0).
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Definition of a signed binary intege& signed binary integer number has as its extrefiariost bit the bit
number one (1).

We see above that the ring R can be divided intosubsets consisting of those binary number tleat ar
unsigned:

{0...00, 0...01, 0...10, O0...11,....011...1}

and those that signed:

{10...00, 10...01, 10...10, 10...011, ..., 11...1}

The 8 bit ring as unsigned binary and integer numbses.

The following table contains the integer numbersebB0 and their 8 bit unsigned binary represemtatio

NON-NEGATIVE INTEGERS BASE 10 UNSIGNED BINARY REPRESENTATION

0 00 00 00 00

00 00 00 01

00 00 00 10

000000 11

00 00 01 00

00000101

000001 10

00000111

00 00 10 00

O (o ||| lOWIN |

0000 1001

127 01111111

Next we need to convert the 8 bit binary numbeithéar 8 bit additive inverse numbers. From chafteve
use the following formula:

The additive inverse of aaa,aaa a equals (Baaaaaa) +1=3'a'a’'a/a’'ag’'a’'a’ +1
where

a =1ifg =0
and
a =0ifg =1.
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The following table of unsigned and signed binauynbers are listed so that each of two columns daléiae
inverses of each other:

INTEGERS BASE 10 BINARY INTEGERS BASE 10 BINARY
REPRESENTATION REPRESENTATION
0 00 00 00 00 0 00 00 00 00
1 00 00 00 01 255 11111111
2 00 00 00 10 254 11111110
3 000000 11 253 11111101
4 00 00 01 00 252 1111 11 00
5 00000101 251 11111011
6 000001 10 250 11111010
7 00000111 249 11111001
8 00 0010 00 248 11111000
9 00 00 10 01 247 11110111
127 01111111 129 10 00 00 01
128 10 00 00 00 128 10 00 00 00

Note: in the above table, the binary numbers i edt¢he columns are additive inverses of eachrothe
Examples:

1. Convert the binary number representing 5 tadiditive inverse.

Step 1: The integer number 5: 00000101

Step 2: The additive inverse of 00000101 equald1@10 +1 = 11111011

2. Convert the binary number representing 3 tadiditive inverse.

Step 1: The integer number 3: 00000011

Step 2: The additive inverse of 00000011 equald 1100 +1 = 11111101

The following table gives the representation @ #inove table as hexadecimal numbers. Most asseswiill
display the binary numbers in registers as thairesponding hexadecimal values.
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INTEGERS BASE 10 HEXADECIMAL INTEGERS BASE 10 HEXADECIMAL
NUMBERS NUMBERS
0 00 0 00
1 01 255 FF
2 02 254 FE
3 03 253 FD
4 04 252 FC
5 05 251 FB
6 06 250 FA
7 07 249 F9
8 08 248 F8
9 09 247 F7
127 7F 129 81
128 80 128 80

Note: in the above table, the hexadecimal numlmeesich of the columns are additive inverses of edudr.
Exercises:

1. Find the additive inverse of the following numd binary as well as the number system given:

a. 100101b  b.2Eh c. 222d

2. Find in binary representation of the followingnmbers :

a.-81h Db.-1010111b c. -28h
|
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The 16 bit rings

The following table contains the 16 bit ring divibieto columns which are additive inverses of eaitier.

INTEGERS BINARY REPRESENTATION || INTEGERS BINARY
BASE 10 BASE 10 REPRESENTATION
0 00 00 00 00 00 00 00 00 0 00 00 00 00 00 00 00 00
1 00 00 00 00 00 00 00 01 65535 111111111111111
2 00 00 00 00 00 00 00 10 65534 1111111111110111
3 00 00 00 00 00 00 00 11 65533 111111111111110
4 00 00 00 00 00 00 01 00 65532 1111111111110110
5 00 00 00 00 00 00 01 01 65531 111111111111101
6 00 00 00 00 00 00 01 10 65530 1111111111110101
7 0000 000000000111 65529 111111111111100
8 00 00 00 00 00 00 10 00 65528 1111111111110100
9 00 00 00 00 00 00 10 01 65527 111111111111011
32767 0l111111111111111 32769 10 00 00 00 (upQmL
32768 10 00 00 00 00 00 00 00 32768 10 00 00 00 (m@m

Note: in the above table, the binary numbers i edt¢he columns are additive inverses of eachrothe

The following table gives the representation ofltheary numbers as hexadecimal numbers.

INTEGERS HEXADECIMAL INTEGERS HEXADECIMAL
BASE 10 NUMBERS BASE 10 NUMBERS
0 00 00 0 00 00
1 00 01 65535 FF FF
2 00 02 65534 FF FE
3 00 03 65533 FFFD
4 00 04 65532 FF FC
5 00 05 65531 FF FB
6 00 06 65530 FF FA
7 00 07 65529 FFF9
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8 00 08 65528 FF F8
9 00 09 65527 FF F7
32767 7F FF 32769 80 01
32768 80 00 32768 80 00

Note: in the above table, the hexadecimal numimeegch of the columns are additive inverses of eduodr.
Exercises:

1. Find the additive inverse of the following numd binary as well as the number system given:
a. 100101b  b.2Eh c. 222d
2. Find in binary representation of the followingnmbers :

a.-81h Db.-1010111b c. -28h
|

The 32 bit rings

The following table contains the 32 bit ring divibieto columns which are additive inverses of eaitier.

INTEGERS BINARY INTEGERS BINARY
BASE 10 REPRESENTATION 32 bits BASE 10 REPRESENTATION 32 BITS

0 00---00 00 00 00 0 00---00 00 00 00
1 00---00 00 00 01 4,294,967,29% 11---11111111
2 00---00 00 00 10 4,294,967,294 11---11 1111 10
3 00---00 00 00 11 4,294,967,293 11---11111101
4 00---00 00 01 00 4,294,967,29% 11---11 11 11 00
5 00---00 00 01 01 4,294,967,29]1 11---11111011
6 00---00 00 01 10 4,294,967,290 11---11 1110 10
7 00---00 0001 11 4,294,967,289 11---11 111001
8 00---00 00 10 00 4,294,967,288 11---11 11 00 00
9 00---00 00 10 01 4,294,967,2871 11---11110111

2,147,483,647 01---11111111 2,147,483,649 106@00 01

2,147,483,648 10---00 00 00 00 2,147,483,648 10--@0m00

Note: in the above table, the binary numbers i edt¢he columns are additive inverses of eachrothe
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The following table gives the representation ofltheary numbers as hexadecimal numbers

INTEGERS HEXADECIMAL INTEGERS HEXADECIMAL
BASE 10 NUMBERS BASE 10 NUMBERS
0 00 00 00 00 0 00 00 00 00
1 00 00 00 01 4,294,967,295 FF FF FF FF
2 00 00 00 02 4,294,967,294 FF FF FF FE
3 00 00 00 03 4,294,967,293 FF FF FF FD
4 00 00 00 04 4,294,967,292 FF FF FF FC
5 00 00 00 05 4,294,967,291 FF FF FF FB
6 00 00 00 06 4,294,967,290 FF FF FF FA
7 00 00 00 07 4,294,967,289 FF FF FF F9
8 00 00 00 08 4,294,967,288 FF FF FF F8
9 00 00 00 09 4,294,967,287 FF FF FF F7
2,147,483,647 7F FF FF FF 2,147,483,649 80 00 00 01
2,147,483,648 80 00 00 00 2,147,483,648 80 00 00 00

Note: in the above table, the hexadecimal numlmeesich of the columns are additive inverses of eduoér.

Exercises:

1. Find the additive inverse of the following numdb@ binary as well as the number system given:

a. 100101b  b.2Eh c. 222d
2. Find in binary representation of the followingmmbers :

a.-81h b.-1010111b C. -28h
|

Computinga-b

In order to see how subtraction of numbers is rehtl the assembler, we need to interpret a - b as

addition:
a-b=a+-b

We will interpret -b as the additive inverse of b.

For the following examples, we assume that the rexsare represented in 8 bit registers.
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Examples:

1.Show5-2=3

Solution:

Stepl:5-2=5+-2

Step 2: The binary representation of 5 is 00000101

Step 3: The binary representation of - 2 is thataddinverse of 2. The binary representation ofs-2

(00000010)+1 = 12121211101 +1=121111110

Step 4: The binary representation of 5 + - 2 is00Q@1 + 11111110 = 00000011

Step 5: Since the leading bit is 0, 00000011 ibthary representation of 3.

2.Show2-5=-3

Solution:

Stepl:2-5=2+-5

Step 2: The binary representation of 2 is 00000010

Step 3: The binary representation of - 5 is thatagdinverse of 5. The binary representation ofs-5

(00000101)+1=122211010+1=11111011

Step 4: The binary representation of 2 + - 5is00000 + 11111011 =11111101

Step 5: To find The binary representation of 25twe compute the additive inverse of 11111101
(11111101)+ 1 = 00000010 + 1 = 00000011

which is the binary representation of 3.

Step 6: Therefore the binary representation 0f11101 is -3
3.Show-2-5=-7
Solution:

Stepl:-2-5=-2+-5
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Step 2: From the above table, the binary representaf -2 is 11111110.

Step 3: From the above table, the binary representa of - 5is 11111011

Step 4: The binary representation of - 2 + - 5111110 + 11111011 = 11111001
Step 5: From the above table we find that the acddibverse of 11111001 is -7 .
Exercises:

1. Perform the following operations:

a. 10011010b + 1010110b b. 244d + 177d + 8d. 5Ah + FEh d. 78h - EBh

2. From example 1, we found
00000101 + 11111110 = 00000011

When adding how does one justify that when perfoghaddition on these two numbers, the extremedligit 1
disappears.

3. A mathematical system is said to be an intedpaiain if for all numbers a,b in the system where
axb =0, it follows thata=0o0r b =0.

Is the 8 -bit ring an integral domain? Explain.

4. Which numbers, if any, are equal to its own adelinverse ?
B

Computing axb

As we did for addition and subtraction, we will shby example how multiplication of binary numbess i
accomplished.

Examples:
1. Show 23 =6
Step 1: The binary representation of 2 is 00000010
Step 2: The binary representation of 3 is 00000011
Step 3: Using the standard method of multiplication
00000010
00000011
00000010

00000010x
00000110
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From the above table, we see that
00000110
is the binary representation of 6.
2. Show -23=-6
Step 1: The binary representation of -2 is 11111110
Step 2: The binary representation of 3 is 00000011
Step 3: Using the standard method of multiplication

11111110

00000011

11111110

11111110x

1011111010
101111101 = 762, mod 256 = 250
From the above table, we see that 250 is the additverse of 6
Exercises:
1. Perform the following operations:
a. 10011010k 1010110b  b. 244€177d + 8d c. 5Ak FEh d. (78h - EBRRh
2. For each of the examples above, convert thédimswers to hexadecimal.
H
10.2 ASSEMBLY LANGUAGE ARITHMETIC OPERATIONS FOR INTEGERS
The following is a list of the important arithmetperations for integers:
Addition (+):
Definition: Form of the assembly language add uddton add register, source
where the following rules apply:

Rule 1: The integers may be unsigned or signed.

Rule 2: The source can be a register, variableuoreric value.
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Rule 3: The resulting sum will be stored in theistay.

Rule 4: Data types for the register and source @ustys be the same.

Examples:
1.
PSEUDO-CODE AL PSEUDO-CODE ASSEMBLY CODE
Z:=2h+3h EAX = 2h mov eax, 2h
EAX := EAX + 3h add eax, 3h
Z = EAX mov z, eax
2.
ASSEMBLY CODE EAX AX AH AL X
x dword 2h
mov eax, 12345h 0001 : 2345 2345 23 45
add eax, x 00 01: 23 47 2347 23 47
3.
ASSEMBLY CODE EAX AX AH AL X
x word 1h
mov ax, Offffh 00 00 : ff ff ff ff ff ff
add ax, x 00 00 : 00 00 00 00 00 00
4,
ASSEMBLY CODE EAX AX AH AL X
X byte 2h 2
mov eax, 0 00 00 l 00 00 00 00 00 00 2
mov al, Offh 00 00 00 ff 00 ff 00 ff 2
add al, x 00 00, 0001 00 01 00 01 2
5.
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ASSEMBLY CODE EAX AX AH AL X
X byte 2h 2
mov eax,0 00 00 l 00 00 00 00 00 00 2
mov ah, Offh 0000, ff0O ff 00 ff 00 2
add ah, x 0000, 0100 01 00 01 00 2
6.
PSEUDO_COD AL AL CODE EAX AX X Y W
E PSEUDO-
CODE
x word ?
Y :=223h Y :=223h y dword 223h 223
W :=79223h W :=79223h w dword 79223H 2p379223
X:=2h + 3h AX:= 2h mov ax, 2h | 000000 02| 00 02 223 | 79223
AX = AX + 3h add ax, 3h 00000005| 0005 223 | 79223
X:=AX mov, X, ax 00000005 0005 | 5 | 223 | 79223
W=W+Y EAX:=W mov eax, w 00079223 9223 5 | 223| 79223
EAX := EAX add eax, y 000794 46| 9446 5 | 223| 79223
+Y
W = EAX mov w, eax 00079446  944p 2P379446
Exercises:
1. Complete the following tables:
ASSEMBLY CODE EAX AX AH AL X
x dword 2h
mov eax, 12345h
add eax, x
ASSEMBLY CODE EAX AX AH AL X
x word 1h
mov eax, Offfffh
add ax, x
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ASSEMBLY CODE EAX AX AH

AL X

X byte2h

mov eax, 12345h

add eax, x

2. Complete the table below:

PSEUDO CODE | AL PSEUDO-CODE AL CODE EAX

AX X Y W

x word ?
y dword 223h
w dword
79223h
W=W+Y
X=2+3

H

Subtraction (-):

Definition: Form of the subtraction instructiorsub register, source
where the following rules apply:

Rule 1: The integers may be signed or unsigned.

Rule 2: The source can be a register, variablauoreric value.

Rule 3: The resulting subtraction will be storedhe register.

Rule 4: Data types for the register and source @lustys be the same.

Examples:
PSEUDO-CODE AL PSEUDO-CODE ASSEMBLY CODE
Z:=2h-3h EAX :=2h mov eax, 2h
EAX := EAX - 3h sub eax, 3h
Z = EAX mov z, eax
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ASSEMBLY CODE EAX AX AH AL X
x dword 10h 10
mov eax , 12345678h | 1234 i 5678 5678 56 78 10
sub eax, x 1234 : 5668 5668 56 68 10
3
ASSEMBLY CODE EAX AX AH AL X
x word 5000h 5000
mov eax, 12345678h 1234 : 5678 5678 56 78 5000
sub ax, x 1234 : 0678 0678 06 78 5000
4
ASSEMBLY CODE EAX AX AH AL X
X byte 70h 70
mov eax, 12345678h 1234 : 5678 5678 56 78 70
sub al, x 1234 : 5608 5608 56 08 70
Exercises:
1. Complete the following table:
PSEUDO-CODE AL PSEUDO-CODE AL CODE EAX Y
x dword ?
y dword ?
z dword ?

X:=CD2h - 2h EAX := OCD2h

EAX = EAX - 2h

X :=EAX
X :=421h X :=421h
Y := 4E75h Y := 4E75h
Z=X-Y EAX =X
EAX =EAX-Y
Z = EAX
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ASSEMBLY CODE EAX AX AH AL X

x dword 5677h

mov eax , 0C1234h

sub eax, x

ASSEMBLY CODE EAX AX AH AL X

x word 0ab9h

mov eax, Occal8h

sub ax, x

ASSEMBLY CODE EAX AX AH AL X

x byte 0dh

mov eax, 12345678h

sub al, x

H

Multiplication ( *):

Definition: There are 2 multiplication instruction® can use: mul and imul.
» Form of the mul instruction mul source

eForm of the imul instruction:imul  source

where the following rules apply:

Rule 1: The register used for multiplication is ajnEAX.

Rule 2a: For the mul instruction, the integers tratmultiplied must be unsigned.

Rule 2b: For the imul instruction, the integers bareither unsigned, signed order or both.

Rule 3: The source can be a register or a varidhle source cannot be a numeric value .

Rule 4: The location of the other number (accunau)ab be multiplied it is in one of the followinggisters:

» AL, if the source is a byte.
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» AX, if the source is a word.

« EAX, if the source is a double word.

Rule 5: The resulting product will be located ie tccumulator under the following rules:

« If the data type is a byte (8 bits) , then theultésy product (8 bits) will be located in AL.

« If the data type is a word (16 bits), then theuteng product (16) bits it will be located in AX;

« If the data type is a dword (32 bits), then thguiting product (32) bits has its lower 16 bitHl viie located
in AX and higher order bits in the DX register.

« If the data type is a qword (64 bitshen the resulting product (64) bits its low@rists will be located in
EAX and its higher order bits in the EDX register.

Examples:
1.
PSEUDO-CODE AL PSEUDO-CODE ASSEMBLY CODE
Z :=2h+3h EAX = 2h mov eax, 2h
EBX:=3h mov ebx, 3h
EAX := EAX*EBX mul ebx
Z = EAX mov z, eax
2.
ASSEMBLY CODE EAX AX EDX X
x dword 10h 10
mov eax , 1234567h 01 23 45 67 10
mul X 45 67 0123 10
3.
ASSEMBLY CODE AL AX X
X byte 10h 10
mov al, 23h 23 00 23 10
mul X 30 02 30 10

! The qword will be discussed in chapter 20.
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ASSEMBLY CODE AX DX X
x word 100h 100
mov ax 1234h 12 34 100
mul x 34 00 00 12 100
5.
ASSEMBLY CODE EAX EDX X
x dword 100h 100
mov eax , 1234567h 01 2345 67 10
mul X 234567 00 01 10
Exercises:
1. Complete the following tables:
ASSEMBLY CODE EAX AX AH AL X
x dword Oedh
mov eax , 77bd55h
imul X
ASSEMBLY CODE EAX AX AH AL X
X byte Obh
mov al, 2ch
imul X
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Division (%):

For this type of division, we are only performimgteger division. The following is the definitiori mteger
division:

Definition of integer division n=m Given unsigned integers n, m, we say n is dividethtwhere
n=qg«m + r, where

O<r<m.

n-m = q

n=(n+mym+r

Note: The general terminology is:

n: dividend

m:divisor

g: quotient

r: remainder

Examples:

a.9+4: 9=24+1whereg=2andr=1
9+4=q=2

b. 356+7: 356=50/ +6whereq=50andr==6
356+7 = q =50

C. 78+99: 78 =099 + 78 wheregq=0and r=78
78+99=0

Exercises:
1. For the following integer division, find the dsion form: n = gm +r:

a. 143+ 3 b. 3,457+55 c.579+2 d.23+40
[ |

There are 2 division instructions we will use: dind idiv.

e Form of the div instructian div source
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«Form of the idiv instruction:idiv  source

where the following rules apply:

Rule 1: The register used for integer divisionlhgay EAX.

Rule 2: The source is the divisor (m).

Rule 3: The source can be in a register or varjdhlecannot be a numeric value.
Rule 4: The following gives us the locations of gm

« If the source (m) is a byte, then the dividendigrgtored in the AX register. After execution, theotient (q)
will be stored in the AL register and the remain@rin the AH register.

« If the source (m) is a word, then the dividendi¢ngtored in the AX register. Before executing EDX
must be assign a numeric value. After executiomgtiotient(q) will be stored in AX and the remang) in
DX.

« If the source(m) is a double word, then the dimdién) is stored in the EAX register. Before exaaytthe
EDX must be assign a numeric value. After executioa quotient (q = n+m) will be stored in the EAX
register and the remainder(r) in the EDX register.

Rule 5:
» The div instruction should only be used when tivedénd and divisor are both unsigned.
» The idiv instruction can be used when the diviand divisor can be either signed or unsignetiath .

The following table summaries Rule 3:

DIVIDEND (N) DIVISOR (M) N+M REMAINDER
AX byte: register or variable AL AH
AX word: register or variable AX DX
EAX dword: register or variable EAX EDX

Important: When programming in Visual Studio, one must asgii@number O to the EDX register
before each div or idiv instruction

Examples
1.
ASSEMBLY CODE EAX AX AH |AL EDX X
x dword 10h 10
mov edx, Oh 00 00 00 00 10
mov eax, 378h 00000378 0378 03 78 0000 00 00 10
div x 00 00 00 37 00 37 00 37 00000008 10

120



ASSEMBLY CODE

EAX

AX AH

AL

EDX

x word 100h

100

mov edx,0

00 00 00 00

100

mov ax, 9378h

00009378

9378 93

78

00 00 00 00

100

div x

00 00 00 93

00 93 00

93

00 00 00 7

100

ASSEMBLY CODE

EAX

AX

AH

AL

X byte 10h

10

mov ax, 456h

04 56

04 56

04

56

10

div x

06 45

06 45

06

45

10

Exercises:

Complete the following table:

1. The following program will cause an overflow.xin why ?

X byte 10h
mov ax,1456

idiv x

2. complete the following tables:

ASSEMBLY CODE

EAX

AX AH

AL

EDX

x dword 22ch

mov edx, O

mov eax, 0f3aah

div x

ASSEMBLY CODE

EAX

AX AH

AL

EDX

x word 567h

mov edx,0

mov ax, 0d378h

121




div x

ASSEMBLY CODE EAX AX AH AL X
x byte Ofdh

mov ax, 0a56h

div x

H
10.3 Special Numeric Algorithms

In this section we will study how we can write aabéy language algorithms for special numeric exgimss.
To assist us, we will first use pseudo-codes agjoige. The following are several important algons :

« Interchanging values

Algorithm:
PSEUDO CODE | AL PSEUDO CODE AL CODE
TEMP:= X EAX:=X mov eax, X
TEMP:= EAX mov temp,eax
X=Y EAX:=Y mov eax, y
X:=EAX mov X, eax
Y:= TEMP EAX:= TEMP mov eax, temp
Y ;= EAX mov y, eax
Example:
PSEUDO CODE AL PSEUDO CODE AL CODE X Y EAX T
X = 254d X = 254d mov X, 254d | 254
Y :=100d Y :=100d mov y, 100d 254 100
T=X EAX =X mov eax, X 2541 100] 254
T := EAX mov t, eax 254 100 254 | 254
X=Y EAX:=Y mov eax, y 254 100, 100 254
X:= EAX mov X, eax 100 | 100 100 254
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EAX=T

mov eax, t

100

100

254

254

Y := EAX

mov y, eax

100

254

254

25

» The exponential operatoAlthough we define an exponential operator in asdgnthe exponential operator

does not exist in the assembly language.

One way to create an exponential operation in asiselangua

same number. The f

lgorithm:
PSEUDO-CODE AL PSEUDO-CODE AL - CODE
P=1 P=1 mov p, 1
P:= X«P EAX:=X mov eax,X
EAX:= EAX*P mul p
P:=EAX mov p,eax
P:= XxP EAX:= X mov eax,X
EAX:= EAX+P mul p
P:=EAX mov p,eax
P:= XxP EAX:= X mov eax,X
EAX:= EAX+P mul p
P:=EAX mov p,eax
Example: :
Compute x := 10"
AL Pseudo-Code] AL-CODE | X| EAX P
P=1 mov p, 1 1
X:=10 mov X, 10 10 1
EAX:= X mov eax, X 10 10 1
EAX:= EAX*P mul p 10 10 1
P:= EAX mov p,eax 10 10| 10
EAX:= X mov eax, X 10 10 10
EAX:= EAX*P mul p 10( 100 10
P:= EAX mov p,eax 1Q 100 100
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EAX:=X mov eax, X 10 10 100
EAX:= EAX*P mov p,eax 1Q 1000 | 100
P:= EAX mov eax, X 19 1009 1000
EAX:=X mov eax, X 10 10 1000
EAX:= EAX*P mov p,eax 1Q 10000| 1000
P:= EAX mov eax, X 10 1000p 100¢
» Sum the digits of a positive integgaas...a,
Example:
Sum the digits of 268.
PSEUDO-CODE AL PSEUDO-CODE N EAX | SUM | EDX | TEN
TEN :=10d TEN :=10d 10
N:= 268d N :=268d 268 10
SUM :=0d SUM :=0d 268 0 10
R :=N MOD TEN EAX:=N 268 268 0 10
EAX:=EAX + TEN 268 26 0 10
EDX:= EAX MOD TEN 8
R:= EDX 268 26 0 8 10
N:= N+10d N:= EAX 26 26 0 8 10
SUM:=SUM + R EDX:= EDX + SUM 26 26 0 8 10
SUM:= EDX 26 26 8 8 10
R:= N MOD TEN EAX:= EAX+ TEN 26 2 8 10
EDX:= EAX MOD TEN 6
R:= EDX 26 2 8 6 10
N:= N+10d N:= EAX 2 2 8 6 10
SUM:= SUM + R EDX:= EDX + SUM 2 2 8 14 10
SUM:= EDX 2 2 14 14 10
R:= N MOD TEN EAX:= EAX+ TEN 2 0 14 10
EDX:= EAX MOD TEN 2
R:= EDX 2 0 14 2 10
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N:= N+10d N:= EAX 2 0 14 2 10
SUM:=SUM + R EDX:= EDX + SUM 0 2 0 14| 16 10
SUM:= EDX 2 0 16 16 10
PSEUDO-CODE AL PSEUDO-CODE AL CODE
TEN :=10d TEN :=10d mov ten,10
N:= 268d N := 268d mov n,268
SUM =0 SUM:=0 mov sum,0
R :=N MOD TEN EAX:=N mov eax,n
EDX:=0 mov edx,0
EAX:= EAX+ TEN div ten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax
SUM:=SUM + R EDX:= EDX + SUM add edx,sum
SUM:= EDX mov sum, edx
R:= N MOD TEN EDX:=0 mov edx,0
EAX:= EAX+ TEN div ten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax

SUM:=SUM + R

EDX:= EDX + SUM

add edx,sum

SUM:= EDX mov sum, edx
R:= N MOD TEN EDX:=0 mov edx,0
EAX:= EAX+ TEN div ten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax

SUM:= SUM + R

EDX:= EDX + SUM

add edx,sum

SUM:= EDX

mov sum, edx
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Algorithm:

PSEUDO-CODE AL PSEUDO-CODE AL CODE
SUM =0 SUM =0 mov sum,0
R :=N MOD TEN EAX:=N mov eax,n
EDX:=0 mov edx,0
EAX:= EAX+ TEN divten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax
SUM:= SUM + R EDX:= EDX + SUM add edx,sum

SUM:= EDX mov sum, edx
R:= N MOD TEN EDX:=0 mov edx,0
EAX:= EAX+ TEN div ten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax
SUM:= SUM + R EDX:= EDX + SUM add edx,sum

SUM:= EDX mov sum, edx
R:= N MOD TEN EDX:=0 mov edx,0
EAX:= EAX+ TEN div ten
R:= EDX mov r,edx
N:= N+10 N:= EAX mov n,eax
SUM:=SUM + R EDX:= EDX + SUM add edx,sum

SUM:= EDX

mov sum, edx

 Factorial n!'=n(n-1)(n- 2)... (1)

Example:
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51 = 5(4)(3)(2)(1) = 120

AL PSEUDO-CODE AL CODE EAX EBX
EAX :=5d mov eax , 5 5
EBX :=5d mov ebx , 5 5 5
EBX :=EBX - 1d sub ebx, 1 5 4
EAX = EAX+EBX mul ebx 20 4
EBX :=EBX - 1d sub ebx, 1 20 3
EAX ;= EAX*EBX mul ebx 60 3
EBX :=EBX - 1d sub ebx, 1 60 2
EAX := EAX+EBX mul ebx 120 2
EBX :=EBX - 1d sub ebx, 1 120 1
EAX ;= EAX*EBX mul ebx 120 1

Note: See last page for the complete assembly languagegon.

Algorithm

PSEUDO-CODE ASSEMBLY LANGUAGE

EAX =N mov eax , n

EBX:=N mov ebx , n

EBX :=EBX -1 sub ebx , 1
EAX := EAX+EBX mul ebx

*P(x) =gx"+a, X" '+ ..+ax +a

For simplicity, we will evaluate P(x) where n = 8ing the following formula:

Px)=ax+ax'+ax’+ax*+ax+a=(((ax +a)x+a)x+a)x+al)x +g

P(x) =ax"+a.x" +.. + @+ ax’ + ax + 3= (..(@X + g )X +.. +@x+g)x+al)x+3g

Example:

P(2) = +2° + 42+ 2x2%+ 10%2% + 8+2+ 3 = ((((7*2 + 4)x2 + 2)x2 + 10)<2 + 8)x2 + 3 = 363



PSEUDO-CODE AL PSEUDO-CODE AL CODE P EAX X
X:=2d X:=2d mov X, 2
P:=7d P:=7d mov p, 7 7 2
P:=P«X + 4d EAX:=P mov eax, p 7 7
EAX:= EAX*X mul x 7 14 2
EAX:= EAX + 4d add eax, 4 7 18 2
P:= EAX mov p, eax 18 18 2
P:=P«X + 2d EAX:=P mov eax, p 18 18 2
EAX:= EAX*X mul x 18 36 2
EAX:= EAX + 2d add eax, 2 18 38 2
P:= EAX mov p, eax 38 38 2
P:= P«X + 10d EAX:=P mov eax, p 38 38 2
EAX:= EAX*X mul x 38 76 2
EAX:= EAX + 10d add eax, 10 38 86 2
P:= EAX mov p, eax 86 86 2
P:=P«X + 8d EAX:=P mov eax, p 86 86 2
EAX:= EAX*X mul x 86 172 2
EAX:= EAX + 8d add eax, 8 86 180 2
P:= EAX mov p, eax 180 180 2
P:=P«X + 3d EAX:=P mov eax, p 180 180 2
EAX:= EAX*X mul x 180 360 2
EAX:= EAX + 3d add eax, 3 180 363 2
P:= EAX mov p, eax 363 363 2
Exercises:

1. In this section, change all the numbers in ditdets to hexadecimal.

2. Write assembly language algorithms that @alnpute:

a. sum=gra+..+3

b. Cn,m =nl/[(m!)(n - m)!]
H




Model Program

PROJECT

Write a general algorithm that can be used to cdnaay integer number = N, where b < 10.
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CHAPTER - 11 CONSTRUCTING PROGRAMSIN ASSEMBLY LANGUAGE PART 1
INTRODUCTION

In chapters 9 and 10 were given the basic of teerably language code. From these basics we naeskttne
syntax to construct complete programs in assenabiguage. Professional programmers use severatehtf
methods for writing programs such as flow diagrapsgudo-code, and several others. In this chapaewvii
use pseudo-code to guide us in writing assemhblydage program. We will employ a three step pices
Step 1: Analysis the objectives of the program.

Step 2: Convert the objectives of the program pgeudo-code.

Step 3: Convert the pseudo-code into assemblytgegpseudo-code (AL pseudo-code).

Step 4: Convert the AL pseudo-code into assembiydage code.

To demonstrate these four steps, we will write prots to convert integer numbers from one basedthan.
In chapter 2, we developed the mathematics to cobases. From chapter 2, we see that to converbats
from an arbitrary base to the base 10, we needalnate

ab"+a.,b"+. +ab*+ab’+ab+a

which is a polynomial of one variable.

However, in assembly language, there is no syiaixvtill directly allow us the perform exponential
operations. The easiest way to evaluate the abquession is to linearize the polynomial.

Definition of linearizing a polynomial: Given a polynomial of one variable, we write:
ap'+a, b +.. +ab’+ab’+ab+a=(.((ax +a.)b+.. +@b+ghb+a)db+a
In the following number base conversions we wik tise four steps, mentioned above.

11.1 An Assembly L anguage Program to Convert a Positive | nteger Number In any Baseb < 10toits
Corresponding Number in the Base 10.

Step 1: Analysis the objectives of the program.

To convert between integer number in any baseits tmrresponding number in the base 10, we récat
chapter 2 the following formula:

Np= 3@, ad < ab'+ g,,0" '+ ... + gb + g base 10.
Example:
The following manual method will convert the numB&67, to its correspond number in the base 10:

Ny = 2567 < ((2+8+ 5)+8+6)+8 + 7= ((21}8+6)+8 + 7 =1748 +7 = 1399
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To convert the number 256 the base 10, we first need to write a sampgnam in pseudo-code and
assembly language to capture the digits 2,5, 67 the number. The following programs will perfosoch a

task:

STEP 2: Convert the objectives of the program pgeudo-code.

Program: Capture the digits of 2567

PSEUDO-CODE N A D
N:= 2567 2567
D:=1000 2567 1000
A:=N=+D 2567 2 1000
N:= N MOD D 567 2 1000
D:=100 567 2 100
A:=N=+D 567 5 100
N:= N MOD D 67 5 100
D:=10 67 S 10
A:=N=D 67 6 10
N:= N MOD D 7 6 10
D=1 7 6 1
A:=N=+D 7 7 1
N:= N MOD D 0 7 0
Step 3: Convert the pseudo-code into assemblytgegpseudo-code (AL pseudo-code).
PSEUDO-CODE AL PSEUDO-CODE N A D EAX EDX
N:= 2567 N:= 2567 2567
D:= 1000 D:=1000 2567, 1000
A:=N=D EAX:=N 2567 1000 2567
EAX:= EAX+D 2567 1000 2
EDX:= EAX MOD D 2567 1000 2 567
A= EAX 2567 | 2 1000 2 567
N:= N MOD D N:= EDX 567 2 1000 2 567
D:=100 D:=100 567 2 100 2 567
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A:=N=D EAX:=N 567 2 100 567 567
EAX:=EAX+D 567 2 100 5 567

EDX:= EAXMOD D 567 2 100 S 67
A:=EAX 567 5 100 S 67
N:= N MOD D N:= EDX 67 5 100 5 67
D:=10 D:=10 67 5 10 5 67
A:=N=+D EAX:=N 67 5 10 67 67
EAX:=EAX+D 67 5 10 6 67

EDX:= EAXMOD D 67 5 10 6 7

A:=EAX 67 6 10 6 7

N:= N MOD D N:= EDX 7 6 10 6 7
D=1 D=1 7 6 1 6 7
A:=N=D EAX:=N 7 6 1 7 7
EAX:=EAX+D 7 6 1 7 7

EDX:= EAX MOD D 7 6 1 7 0

A:=EAX 7 7 1 7 0

N:= N MOD D N:= EAX 7 7 1 7 0

Step 4: Convert the AL pseudo-code into assembiydage code.

PSEUDO-CODE

AL PSEUDO-CODE

ASSEMBLY LANGUAGE

N:= 2567 N:= 2567 mov n,2567
D:= 1000 D:=1000 mov d,1000
A:=N=+D EAX:=N mov eax,n
EAX:= EAX<D mov edx,0
EDX:= EAX MOD D div d
A:= EAX mov a,eax
N:= N MOD D N:= EDX mov n,edx
D:=100 D:=100 mov d,100
A:=N=+D EAX:=N mov eax,n
EAX:=EAX+D mov edx, 0
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EDX:= EAXMOD D

divd

A=EAX mov a,eax
N:= N MOD D N:= EDX mov n,edx
D:=10 D:=10 mov d,10
A:=N=D EAX:=N mov eax,n
EAX:=EAX+D mov edx,0
EDX:= EAX MOD D divd
A:=EAX mov a,eax
N:= N MOD D N:= EDX mov n,edx
D:=1 D=1 mov d,1
A:=N=D EAX:=N mov eax,n
EAX:=EAX+D mov edx,0
EDX:= EAX MOD D divd
A=EAX mov a,eax
N:= N MOD D N:= EDX mov n,edx
Note: See model assembly language program.
Step 1: Analysis the objectives of the program.
Program: Writing a sample program to compute
Ng = 2567 = N = ((2x8+ 5)+8+6)+8 + 7 = 1399
Step 2: Convert the objectives of the program pgeudo-code.
PSEUDO-CODE N A SUM D
N:= 2567 2567
SUM:=0 2567 0
D:=1000 2567 0 1000
A:=N+D 2567 2 0 1000
N:= N MOD D 567 2 0 1000
SUM:= SUM + A 567 2 2 1000
SUM:= SUM«*8 567 2 16 1000
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D:=100 567 2 16 100
A:=N=+D 567 5 16 100
N:= N MOD D 67 5 16 100
SUM:= SUM + A 67 5 21 100
SUM:= SUM=*8 67 5 168 100
D:=10 67 5 168 10
A:=N=D 67 6 168 10
N:= N MOD D 7 6 168 10
SUM:= SUM + A 7 6 174 10
SUM:= SUM=*8 7 6 1392 10
DIVISOR:=1 7 6 1392 1
A:=N=+D 7 7 1392 1
SUM:= SUM + A 7 7 1399 1
Step 3: Convert the pseudo-code into assemblytgegpseudo-code (AL pseudo-code).
PSEUDO-CODE AL PSEUDO-CODE N A SUM D EAX | EDX E
N:= 2567 N:= 2567 2567
E:=8 E:=8 2567 8
SUM:=0 SUM:=0 2567 0 8
D:=1000 D:= 1000 2567 0 | 1000 8
A:=N=D EAX:=N 2567 0 1000| 2567 8
EAX:= EAX+D 2567 0 1000 2 8
EDX:= EAX MOD D 2567 0 100 2 567 8
A:= EAX 2567 2 0 1000 2 567 8
N:= N MOD D N:= EDX 567 2 0 1000 2 567 8
SUM:= SUM + A EAX:= SUM 567 2 0 10000 O 567 8
EAX:= EAX +A 567 2 0 1000| 2 567 8
SUM:= EAX 567 2 2 1000 2 567 8
SUM:= SUM+E EAX:= SUM 567 2 2 1000 2 567 8
EAX:= EAX+E 567 2 2 1000| 16 0 8
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SUM:= EAX 567 2 16 1000 16 0 8
D:= 100 D:= 100 567 2 16 | 100 16 0 8
A:=N=D EAX:=N 567 2 16 100 | 567 0 8
EAX:= EAX+D 567 2 16 100 5 0 8
EDX:= EAXMOD D 567 2 16 100 5 67 8
A= EAX 567 5 16 100 5 67 8
N:= N MOD D N:= EDX 67 S 16 100 5 67 8
SUM:=SUM + A EAX:= SUM 67 5 16 100( 16 67 8
EAX:=EAX + A 67 5 16 100 | 21 67 8
SUM:= EAX 67 5 21 100 21 67 8
SUM:= SUM+E EAX:= SUM 67 5 21 100| 21 67 8
EAX:= EAX+E 67 5 21 100 | 168 0 8
SUM:= EAX 67 5 168 100 168 0 8
D:=10 D:=10 67 5 168 10 168 0 8
A:=N=+D EAX:=N 67 5 168 10 67 0 8
EAX:= EAX=D 67 5 168 10 6 0 8
EDX:= EAXMOD D 67 5 168 10 6 7 8
A= EAX 67 6 168 10 6 7 8
N:= N MOD D N:= EDX 7 6 168 10 6 7 8
SUM:=SUM + A EAX:= SUM 7 6 168 10 | 168 7 8
EAX:=EAX + A 7 6 168 10 174 7 8
SUM:= EAX 7 6 174 10 174 7 8
SUM:= SUM+E EAX:= SUM 7 6 174 10 | 174 7 8
EAX:= EAX+E 7 6 174 10 | 1392 7 8
SUM:= EAX 7 6 1392 10 1392 7 8
D=1 D=1 7 6 1392 1 1392 7 8
A:=N=D EAX:=N 7 6 1392 1 7 0 8
EAX:= EAX+D 7 6 1392 1 7 0 8
EDX:= EAXMOD D 7 6 1392 1 7 0 8
A= EAX 7 7 1392 1 7 0 8
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SUM:= SUM + A EAX:= SUM 7 7 1392 1392 0 8
EAX:=EAX + A 7 7 1392 1399 0 8
SUM:= EAX 7 7 1399 1399 0 8
Step 4: Convert the AL pseudo-code into assembiydage code.
PSEUDO-CODE AL PSEUDO-CODE AL CODE
N:= 2567 N:= 2567 mov n, 2567
E:=8 E=8 mov e, 8
SUM:=0 SUM:=0 mov sum, O
D:= 1000 D:= 1000 mov d, 1000
A:=N=+D EAX:=N mov eax, n
EAX:= EAX+D mov edx,0
EDX:= EAX MOD D divd
A= EAX mov a, eax
N:=N MOD D N:= EDX mov n, edx
SUM:=SUM + A EAX:= SUM mov eax, sum

EAX:=EAX +A

add eax, a

SUM:= EAX mov sum, eax
SUM:= SUM+E EAX:= SUM mov eax, sum
EAX:= EAX*E mul e
SUM:= EAX mov sum, eax
D:= 100 D:= 100 mov d, 100
A:=N=+D EAX:=N mov eax, n
EAX:= EAX<D mov edx,0
EDX:= EAX MOD D div d
A:= EAX mov a, eax
N:= N MOD D N:= EDX mov n, edx
SUM:= SUM + A EAX:= SUM mov eax, sum

EAX:=EAX +A

add eax, a

SUM:= EAX

mov sum, eax
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SUM:= SUM+E EAX:= SUM mov eax, sum
EAX:= EAX+E mul e
SUM:= EAX mov sum, eax
D:=10 D:=10 mov d, 10
A:=N=+D EAX:=N mov eax, n
EAX:= EAX=D mov edx,0
EDX:= EAX MOD D divd
A= EAX mov a, eax
N:= N MOD D N:= EDX mov n, edx
SUM:= SUM + A EAX:= SUM mov eax, sum
EAX:= EAX +A add eax, a
SUM:= EAX mov sum, eax
SUM:= SUM+E EAX:= SUM mov eax, sum
EAX:= EAX*E mul e
SUM:= EAX mov sum, eax
D=1 D:= 1000 mov d, 100
A:=N=+D EAX:=N mov eax, n
EAX:= EAX<D mov edx,0
EDX:= EAX MOD D div d
A:= EAX mov a, eax
SUM:=SUM + A N:= EDX mov eax, sum
EAX:= SUM add eax, a

EAX:=EAX +A

mov sum,eax

Exercises:

1. Modify the above assembly language program tvex the number 56320 the corresponding number in

the base 10.

2. Modify the above assembly language program twed the number 11910 the corresponding number in

the base 10.
[ |
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11.2 An Algorithm to Convert any Integer Number in the Base 10 to a Corresponding Number in the
Baseb < 10.

Step 1: Analysis the objectives of the program.

Using the Euclidean division theorem, we now reviewv, using the manual method to convert numbetise
base 10 to any in the base b.

Step 1:We want to write N in the form: N = [, a,,b" ' .. +3b+ g
Step2N=Qb+R=(&"", a,,b"? ... +3)b + g

Here, Q=3,b" '+ g b"?..+a3b+3 = (g b"%+ a,b"®..+3)b+a andR=a
Step 3: Set N = Q.

Q=Qb+R=(gb"?+ a,b"?®...+3)b+g where

Q=g b+ g b"° .. +3,

R, =a.

Step 4: Continue in this manner, untj ©0.

Example:

Convert the following decimal numbers to the spedibase.

1. 1625- N,
Step 1: 1625 = (1625+88 + 1 = 2038 + 1

=1

Step 2: 203 = (203+8)8 + 3 = 25:8 + 3

a =3

Step 3:25=(25+88+1=38+1

a=1

Step4:3=(3+8)8+3=3

a=3

Therefore, 1625+ Ny = 3+8% + 182 + 3x8 + 1= Ny= 3131,

Program: To convert the integer number 1625 to the base 8.

Step 2: Convert the objectives of the program pgeudo-code.
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PSEUDO-CODE N SUM TEN | MUL |BASE| R
BASE :=8 8
N :=1625 1625 8
SUM =0 1625 0 8
MUL =1 1625 0 1 8
TEN =10 1625 0 10 1 8
R := N MOD BASE 1625 0 10 1 8 1
N:= N+BASE 203 0 10 1 8 1
R = RxMUL 203 0 10 1 8 1
SUM:=SUM + R 203 1 10 1 8 1
MUL:= MUL *TEN 203 1 10 10 8 1
R := N MOD BASE 203 1 10 10 8 3
N:= N+BASE 25 1 10 10 8 3
R = R«MUL 25 1 10 10 8 30
SUM:=SUM + R 25 31 10 10 8 30
MUL:= MUL «TEN 25 31 10 100 8 30
R := N MOD BASE 25 31 10 100 8 1
N:= N+BASE 3 31 10 100 8 1
R = R«MUL 3 31 10 100 8 100
SUM:=SUM + R 3 131 10 100 8 100
MUL:= MUL *TEN 3 131 10 1000 8 100
R := N MOD BASE 3 131 10 1000 8 3
N:= N+BASE 0 131 10 1000 8 3
R = RxMUL 0 131 10 1000 8 | 3000
SUM:=SUM + R 0 3131 10 1000 8 300¢

Step 3: Convert the pseudo-code into assemblyygpseudo-code (AL pseudo-code).
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PSEUDO-CODE AL PSEUDO-CODE N S M R EAX [EDX | B [ T
B:=8 B:=8 8
N := 1625 N :=1625 1625 8
S=0 S=0 1628 O 8
M:=1 M:=1 1625 0 1 8
T:=10 T:=10 1625 0 1 10
R =N MOD B EAX:=N 1625 0 1 1625 8|10
EAX:= EAX+B 1625 0 1 203 8 |10
EDX:= EAX MOD B 1625 0 1 203 8| 1
R:= EDX 1625 0 1 1 203 1 8| 10
N:= N+B N:= EAX 203 0 1 1 203 8| 1d
R = R«M EAX:=R 203 0 1 1 1 1 8 |10
EAX:= EAX*M 203 0 1 1 1 1 8 |10
R:= EAX 203 0 1 1 1 1 81| 10
S=S+R EAX:=S 203 0 1 1 0 1 8 | 10
EAX:= EAX+ R 203 0 1 1 1 1 8 | 10
S:= EAX 203 1 1 1 1 1 8| 10
M:= M *T EAX:=M 203 1 1 1 1 1 8 |10
EAX:= EAX*T 203 1 1 1 10 1 8 | 10
M:= EAX 203 1 10 1 10 1 8| 10
R:=NMODB EAX:=N 203 1 10 1| 203 1 8 |10
EAX:= EAX+B 203 1 10 1 25 1 8 | 10
EDX:= EAX MOD B 203 1 10 1 25 3 8 10
R:= EDX 203 1 10 3 25 3 8| 10
N:= N+B N:= EAX 25 1 10 3 25 3 8| 1d
R = R«M EAX:=R 25 1 10 3 3 1 8 |10
EAX:= EAX*M 25 1 10 3 30 1 8 |10
R:= EAX 25 1 10 | 30 30 1 8| 10
S=S+R EAX:=S 25 1 10 30( 1 1 8 |10
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EAX:=EAX +R 25 1 10 30| 31 1 8110

S:= EAX 25 31 10 30 31 1 8( 1d

M:= M T EAX:=M 25 31 10 30 10 1 8110
EAX:= EAX*T 25 31 10 30 [ 100 0 8 |10

M:= EAX 25 31 | 100 [ 30 100 0 8| 10

R :=N MOD B EAX:=N 25 31 100 30| 25 0 8110
EAX:= EAX+B 25 31 100 | 30 3 0 8110

EDX:= EAX MOD B 25 31 100( 30 3 1 8 |10

R:= EDX 25 31 100 1 3 1 8 [ 10

N:= N+B N:= EAX 3 31 100 1 3 1 8| 1d
R = R«M EAX:=R 3 31 100 1 1 1 8110
EAX:= EAX*M 3 31 100 1 100 0 8 |10

R:= EAX 3 31 100| 100 | 100 0 8| 10

S=S+R EAX:=S 3 31 10 100 31 1 8110
EAX:=EAX +R 3 31 100| 100| 131 1 8110

S:= EAX 3 131 | 100 | 100 | 131 1 8| 10

M:= M xT EAX:=M 3 131 | 100 | 100| 100 1 8110
EAX:= EAX*T 3 131 | 100 (| 100| 1000 0 8 |10

M:= EAX 3 131 | 1000 [ 100 | 1000 0 8| 1d

R :=N MOD B EAX:=N 3 131 ( 1000 100 3 0 8110
EAX:= EAX+B 3 131 | 1000 100| O 0 8110
EDX:= EAX MOD B 3 131 | 1000, 100 0 3 8 |10
R:= EDX 3 131 [ 1000 3 0 3 8110

N:= N+B N:= EAX 0 131 | 1000 3 0 3 8| 10
R = R«M EAX:=R 0 131 | 1000 3 3 3 8110
EAX:= EAX*M 0 131 | 1000 3 | 3000 0 8 |10

R:= EAX 0 131 | 1000} 3000 | 3000 3 8| 10
S=S+R EAX:=S 0 131 100p 3040 131 3 8110
EAX:=EAX +R 0 131 | 1000, 3000 3131 3 8110

S:= EAX O | 3131 | 1000( 3000{ 3131 3 g 1p

136



1625— 313%,

Step 4: Convert the AL pseudo-code into assembiydage code.

PSEUDO-CODE AL PSEUDO-CODE AL CODE
B:=8 B:=8 mov b, 8
N = 1625 N := 1625 mov n, 1625
S:=0 S:=0 mov s, 0
M:=1 M:=1 mov m, 1
T:=10 T:=10 mov t, 10
R :=N MOD B EAX:=N mov eax, n
EAX:= EAX+B mov edx,0
EDX:= EAX MOD B divb
R:= EDX mov r, edx
N:= N+B N:= EAX mov n, eax
R = R«M EAX:=R mov eax, r
EAX:= EAX*M mul m
R:= EAX mov r, eax
S=S+R EAX:=S mov eax, S
EAX:= EAX + R add eax, r
S:= EAX mov s, eax
M:= M =T EAX:=M mov eax, m
EAX:= EAX*T mul t
M:= EAX mov m eax
R :=NMOD B EAX:=N mov eax, n
EAX:= EAX+B mov edx,0
EDX:= EAX MOD B divb
R:= EDX mov r, edx
N:= N+B N:= EAX mov n, eax
R = R«M EAX:=R mov eax, r
EAX:= EAX*M mul m

137




R:= EAX mov r, eax
S=S+R EAX:=S mov eax, S
EAX:= EAX + R add eax, r
S:= EAX mov s, eax
M:= M =T EAX:=M mov eax, m
EAX:= EAX*T mul t
M:= EAX mov m eax
R :=N MOD B EAX:=N mov eax, n
EAX:= EAX+B mov edx,0
EDX:= EAX MOD B divb
R:= EDX mov r, edx
N:= N+B N:= EAX mov n, eax
R = R«M EAX:=R mov eax, r
EAX:= EAX*M mul m
R:= EAX mov r, eax
S=S+R EAX:=S mov eax, S
EAX:= EAX + R add eax, r
S:= EAX mov s, eax
M:= M =T EAX:=M mov eax, m
EAX:= EAX*T mul t
M:= EAX mov m eax
R : =N MOD B EAX:=N mov eax, n
EAX:=EAX+B mov edx,0
EDX:= EAX MOD B divb
R:= EDX mov r, edx
N:= N+B N:= EAX mov n, eax
R = R«M EAX:=R mov eax, r
EAX:= EAX*M mul m
R:= EAX mov r, eax
S=S+R EAX:=S mov eax, S
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EAX:=EAX +R add eax, r

S:= EAX mov s, eax

Exercises:
1. Use the above algorithm to write a program taveot the decimal number 2548 octal.

2. Write an algorithm to convert decimal numbgy, & the base 2.
|

Model Assembly L anguage Program: Capture the digits of 25¢7See program in 11.1)

; This program Capture the digits of 2567

.386
.model flat

.stack 4096
.data

n dword ?
d dwoprd ?
a dword ?

.code
_Start:

mov n, 2567
mov d, 1000
mov eax, n
div d

mov a, eax
mov n, edx
mov d, 100
mov eax, n
div d

mov a, eax
mov n, edx
mov d, 10
mov eax, n
div d

mov a, eax
mov n, edx
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mov d, 1
mov eax, n
divd

mov a, eax
mov n, edx

public _start

end

Proj ect

Modify the above pseudo-code programs with appad@NVHILE statements to make the programs as dgenera
as possible.
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CHAPTER - 12 BRANCHING AND THE IF-STATEMENTS

We are now ready to study the necessary assenmglydge instructions to convert the While-Conditlcarad
If-Then pseudo-codes, defined in chapter 5, torabecode. To do this conversion, we need two tyydgamp
instructions: conditional jump instructions andreconditional jump instruction.

12.1 Conditional Jump Instructionsfor Signed Order:

The basic form in assembly language const® instructions:
e The compareinstructions:

cmpoperandl, operand2,
e The conditional jump instructions:

jumpj condition |abel

The above instruction are always written in thevaborder.
The operands can be numeric values, registerghblas.
The Compare(cmp) Instructions

The following table gives the type of operandleramd?2 that are allowed.

OPERAND1 OPERAND2

register 8 bits (byte) numeric byte
register 8 bits

variable byte

register 16 bits (word) numeric byte
numeric word
register 16 bits (word)

variable word

register 32 bits (dword) numeric byte
numeric dword

register 32 bits (word)

variable dword

! There exists additional jump instructions in asisly language which will be discussed
in later chapters.
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variable byte: 8 bits (byte) numeric byte
register 8 bits (byte)

variable word :16 bits (word) numeric byte

numeric word

register word

variable dword: 32 bits numeric byte

numeric dword

register 32 bits

AL numeric byte
AX numeric word
EAX numeric dword

Note: The instruction cmp X,y are not valid in asbé/ language.
Examples:

1.
x dword 236
cmp eax, X

2.
cmp ebx, eax

3.
cmp X, eax

4.
cmp X, 25767h

Exercises:

1. Which of the following are valid. If not indi@tvhy.

a. b. C. d. e

x dword 456h cmp eax, X cmp X, eax cmp X, 235 cmp,23
y dword 44444h

cmp X,y

|

The conditional jump instructionsfor signed order numbers.

To perform the pseudo-code WHILE statement in abbelanguage, we now introduce for signed order
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numbers, the conditional jJump instructions.
From Chapter 8, the following are the signed oafeéhe numbers for the three types of rings:

» The binary ring (8 bits)

=
Ry | 128< 129 < 130 < - 255 < 0< 1< 2< - 126 12
Rg 80 < 81 < 82 < - FF < 00 < 01< 02 < - TE < 7F

» The word ring (16 bits)

=
Rio 32768 < 32769 < 32770 4 -t 65535 « 0< 1< 2< - 327¢6< 7632
Ri6 80 00 < 8001< 8002 < - FF FF < 0000 0001< O&Op-- 7F FE 7F FF

» The dword ring (32 bits)

=
Ry, | 2147483648<| 2147483649F% - 4,294,967,29%< 0< 1< -2147483647
R;, [80000000<| 80000001 + FFFFFFFFg 00 00@O0O<| 00000001<| --| T7FFFFFFF

The following is a table of the conditional jumms the signed order of rings in assembly language:

M nemonic* Description

je jump to the label ibperandl = operand 2;
jump if equal to

jne jump to the label ibperandl = operand 2,
jump if not equal to

jnge jump to the label ibperandl < operand 2;
jump if not greater or equal

jnle jump to the label ibperandl > operand 2;
jump if not less than or equal

jge jump to the label ibperandl > operand 2;
jump if greater than or equal

jle jump to the label ibperandl < operand 2;
jump if less than or equal
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1 jump to the label ifoperandl < operand 2;
jump if less than

jnl jump to the label ibperandl > operand 2;
jump if not less than

i9 jump to the label ibperandl > operand 2;
jump if greater than

jng jump to the label ibperandl < operand 2;
jump if not greater than

All of the above jump instructiomaust be preceded by the cmp instruction.

Examples:

1.

mov al,10 ; al is operandl

cmp al,2; 2 is operand2

je Xyz ; since the contents of al is not equal,ta pimp does not occur.

xyz: ; alabel

2.

mov al, 10; al is operandl

cmp al,2; 2is operand2

jne xyz ; since the contents of al is not equd,ta jump occurs.

xyz: ; alabel

3.

mov ax,32770 ; ax is operandl

cmp ax,2; 2 is operand2

jnge xyz ; since the contents of ax is not gretan 2, a jump does occur.

xyz: ; a label

4a.

mov eax,80000000h; eax is operandl,

cmp al,2; 2is operand2

jge xyz ; since the contents of al is not gredtantor equal to 2, a jump does not occur occurs.
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xyz: ; alabel

4b.

mov al,0 ; al is operandl

cmp al,129; 129 is operand2

jge xyz ; since the contents of al is greater thaaqual to 129, a jump occurs.

xyz: ; alabel

5a.

mov al,255 ; al is operandl

cmp al,2; 2 is operand2

jle xyz ; since the contents of al is less thaegual to 2, a jump occurs.

5b.

mov al,2 ; al is operandl

cmp al,255; 255 is operand2

jle xyz ; since the contents of al is greater tt24%, a jump does not occurs.

6.

mov al,10 ; al is operandl

cmp al,2; 2 is operand2

jnle al ; since the contents of al is not less thaequal to 2, a jump occurs.

xyz: ; a label

7.

mov al,128 ; al is operandl

cmp al,255; 255 is operand2

jl xyz ; since the contents of al is less tharb,2bjump occurs.

xyz: ; a label
8.

mov al,10 ; al is operandl
cmp al,2; 2 is operand2
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jnl xyz ; since the contents of al is not less tHara jump occurs.

9.

mov al,10 ; al is operandl
cmp al,2; 2 is operand2
jg Xyz ; since the contents of al is greater thaa amp occurs.

xyz:; alabel

10.

mov al,10 ; al is operandl
cmp al,2; 2 is operand2
jng xyz ; since the contents of al is greater ti2am jump does not occur.

Exercises: Assume al contains the number 5 and n also canfaihich of the following incomplete programslwil
cause a jump:

1. 2. 3.
cmp al,n cmp al,n cmp al,n
je xyz jne xyz jnge xyz
Xyz: Xyz: Xyz:
4, 5. 6.
cmp al,n cmp al,n cmp al,n
jge xyz. jle xyz . jnle al
Xyz: Xyz Xyz
7. 8. 0.
cmp al,n cmp al,n cmp al,n
jI xyz jnl xyz j9 Xyz
Xyz Xyz: Xyz:
10.
cmp al,n;
jng xyz.

[

The unconditional jump instruction:
The form of the unconditional jump instruction is

jmp label; a jump will automatically occur.
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Example:
jmp xyz ;

xyz: ; a label

The conditional jump instructionsfor the natural order (unsigned) .

From Chapter 8, the following are the natural oleghe numbers for the three types of rings:

» The binary ring (8 bits)

=3
Rio 0 < 1< 2<.. 15< 16 < 17 < ... 240 < .| 254 4 525
Rg 00 < 01< 02<.. OF < 10 < 11<.. FO< -3 FE < FF
» The word ring (16 bits)
=3
R0 0< 1< 2< .. 255 < 256 < ... 511 <.| 65280 < - ®5 | 65535
Rie 0000 < 0001< 0002<.). 00 FF < 0100<|... O1EFKFFOO<| -- FF FE FF FH
» The dword ring (32 bits)
=3
R, |[0< 15< --- 255 < --- 65535 < 16777215 < 214368/
R,, |00000000< | 000000OF<-+ 000000 FF <|- O0CF FF<-- | 00 FF FF FF<-- FF FF FF FF

The following is a table of the conditional jumms the natural order of rings (unsigned) in assgrtariguage:

Mnemonic Description
je jump to the label ibperandl = operand 2;
jump if equal to
jne jump to the label ibperandl = operand 2,
jump if not equal to
jae jump to the label ibperandl > operand 2;

jump if greater than or egaul
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ja jump to the label ibperandl > operand 2;
jump if greater than

jbe jump to the label ibperandl < operand 2;
jump if less than or equal

jna jump to the label ibperandl < operand 2;
jump if less than or equal

jb jump to the label ibperandl < operand 2;
jump if less than

jnb jump to the label ibperandl > operand 2;
jump if greater than or equal

jnae jump to the label dperandl < operand 2;
jump if less than

jnbe jump to the label bperandl > operand 2;
jump if greater than

Examples:

1.

mov al,10 ; al is operandl

cmp al,2; 2is operand2

je xyz ; since the contents of al is not equal,ta pimp does not occur.

xyz: ; alabel

2.

mov al,10 ; al is operandl

cmp al,2; 2is operand2

jne xyz ; since the contents of al is not equd,ta jump occurs.

xyz: ; alabel

3.

mov al,210 ; al is operandl

cmp al,2; 2 is operand2

ja xyz ; since the contents of al is greater thaa jAmp occurs.

4,

mov al,10 ; al is operandl

cmp al,2; 2is operand2

jae xyz ; since the contents of al is greater thraequal to 2, a jump occurs.
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xyz: ; alabel

5.

mov al,2 ; al is operandl

cmp al,2; 255 is operand2

jbe xyz ; since the contents of al is less thaaqual to 2, a jump occurs.

xyz: ; a label

7.

mov al,128 ; al is operandl

cmp al,255; 255 is operand2

jbe xyz ; since the contents of al is less th&5, 2 jump occurs.
xyz: ; a label

8.

mov al,10 ; al is operandl

cmp al,2; 2is operand2

je xyz ; since the contents of al is not equal2pa jump does not occurs.
xyz: ; a label

9.

mov al,10 ; al is operandl

cmp al,2; 2 is operand2
jne xyz ; since the contents of al is not equd,ta jump occurs.

xyz:; alabel

12.2: Converting the While-Conditional Statementsto Assembly L anguage

We will use the pseudo-code examples from Chapter @émonstrate how the jump instructions carubed to
convert While Statements.

Example:

Write a partial program that will sum the numbkeosn 1 to 6.

PSEUDO CODE CYCLE OF INSTRUCTIONS TOTAL N

N:=1 N:=1 1

TOTAL =0 TOTAL:=0 0 1
WHILE N <=6 WHILE N <=6 0
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BEGIN

TOTAL :=TOTAL + N

BEGIN
TOTAL := TOTAL + N

N:=N+1

N:=N+1

TOTAL :=TOTAL + N

N=N+1

TOTAL :=TOTAL + N

N=N+1

TOTAL :=TOTAL + N

N:=N+1

TOTAL :=TOTAL + N

N:=N+1

TOTAL :=TOTAL + N

END

N=N+1

END

~|lo|lolo|lalr|prlw|lw|dIN R

\]

PSEUDO CODE

AL PSEUDO CODE CYCLE OF

INSTRUCTION

EAX

N:=1

N=1

TOTAL:=0

TOTAL:=0

WHILE N <=6

WHILE N <=6

BEGIN

TOTAL :=TOTAL + N

BEGIN

EAX :=TOTAL

EAX:=EAX+N

TOTAL = EAX

N:=N+1

EAX =N

EAX =EAX +1

N:= EAX

EAX = TOTAL

EAX:=EAX+N

TOTAL = EAX

w( N[k lkr|Rr | |P|lo]lo|lo|ole

I\JI\)I\)I\JNHHHHH

Wl WL |ININ|FP || ]|]O
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END

EAX =N 3 2 2
EAX =EAX +1 3 2 3
N:= EAX 3 3 3
EAX := TOTAL 3 3 3
EAX:=EAX+N 3 3 6
TOTAL = EAX 6 3 6
EAX =N 6 3 3
EAX =EAX +1 6 3 4
N:= EAX 6 4 4
EAX := TOTAL 6 4 6
EAX:=EAX+N 6 4 10
TOTAL = EAX 10 4 10
EAX =N 10 4 4
EAX =EAX +1 10 4 5
N:= EAX 10 5 5
EAX := TOTAL 10 5 10
EAX:=EAX+N 10 5 15
TOTAL := EAX 15 5 15
EAX =N 15 5 5
EAX =EAX +1 15 5 6
N:= EAX 15 6 6
EAX = TOTAL 15 6 15
EAX:=EAX + N 15 6 21
TOTAL = EAX 21 6 21
EAX =N 21 6 6
EAX =EAX +1 21 6 7
N:= EAX 21 7 7
END 21 7 7
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PSEUDO CODE AL PSEUDO CODE ASSEMBLY CODE
N:=1 N:=1 mov n, 1
TOTAL:=0 TOTAL:=0 mov total, O
WHILE N <=6 WHILE N <=6 while: cmp n, 6
BEGIN BEGIN jg end
TOTAL:=TOTAL + N EAX :=TOTAL mov eax, total
EAX:= EAX +N add eax, n
TOTAL := EAX mov total, eax
N:=N+1 EAX =N mov eax, n
EAX = EAX +1 add eax, 1
N:= EAX mov n, eax
END END jmp while
end:
Exercises:

1. Rewrite the above program in a AL pseudo-coder/bnly registers (not variables) are used.

2. Modify the above program by replacing jg with |l

3. Modify the above program by changing the psexatte

TOTAL := TOTAL+ N

with

N:=N-1

4. Modify the above program that would allow tiseuto sum an arbitrary number.

5. The number 1 + 2+ 3+ ... + n =n(n + 1)Modify the above program to check if the programadsl correctly and
inform the user if it is or is not working correctl

6. Write a program to compute
1°+22+3F+...+N

for a given positive integer N.
[

Example:

Program: will compute the length of the number 431
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INSTRUCTIONS CYCLE OF INSTRUCTIONS N COUNT
N: =431 N :=431 431
COUNT =0 COUNT :=0 431 0
WHILE N <>0 WHILE N <>0 431 0
BEGIN BEGIN 431 0
COUNT := COUNT +1 COUNT = COUNT +1 431 1
N :=N=+10 N := N+10 43 1
COUNT := COUNT +1 43 2
N := N+10 4 2
COUNT := COUNT +1 4 3
N := N+10 0 3
END || END 0 3
PSEUDO CODE AL PSEUDO CODE N COUNT [ EAX | EDX | TEN
CYCLE
TEN:=10 TEN:=10 10
N: =431 N :=431 431 10
COUNT =0 COUNT :=0 431 0 10
WHILE N <> 0 WHILE N <>0 431 0 10
BEGIN BEGIN 431 0 10
COUNT := COUNT +1 EAX: = COUNT 431 0 0 10
EAX:=EAX +1 431 0 1 10
COUNT:= EAX 431 1 1 10
N := N+TEN EAX:=N 431 1 431 10
EAX:= EAX +TEN 431 1 43 10
EDX:= EAX MOD10 431 1 43 1 10
N:= EAX 43 1 43 1 10
EAX: = COUNT 43 1 1 1 10
EAX:=EAX +1 43 1 2 1 10
COUNT:= EAX 43 2 2 1 10
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END

EAX:=N 43 2 43 1 10
EAX:= EAX +TEN 43 2 4 1 10
EDX:= EAX MOD10 43 2 4 3 10
N:= EAX 4 2 4 3 10
EAX: = COUNT 4 2 2 3 10
EAX:=EAX +1 4 2 3 3 10
COUNT:= EAX 4 3 3 3 10
EAX:=N 4 3 4 3 10
EAX:= EAX +TEN 4 3 0 4 10
N:= EAX 0 3 0 4 10
END 0 3 0 4 10

PSEUDO INSTRUCTIONS

AL PSEUDO CODE

ASSEMBLY CODE

TEN:= 10 TEN:= 10 mov ten, 10
N: =431 N: =431 mov n, 431
COUNT :=0 COUNT :=0 mov count, O
WHILE N <> 0 WHILE N <> 0 while: cmp n, 0
BEGIN BEGIN begin: je end
EAX: = COUNT mov eax, count
COUNT:=COUNT +1 EAX:=EAX +1 add eax, 1
COUNT:= EAX mov count, eax
N+=TEN EAX:=N mov eax, n
EAX:= EAX +TEN mov edx, 0
div ten
N:= EAX mov n, eax
END END jmp while
end:

Exercises:

1. Modify the above program so that it will perfothe following tasks:
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Task 1: The user will enter a positive integer.

Task 2: The program will count the number digitshef integer.

Task 3: The number of digits will be outputtedfie monitor.

2. Write a program that will perform the followinasks:

Task 1: The user will enter a positive integer N.

Task 2: The program will computer the sum: 1*+ & + ... + N

Task 3: The sum will be outputted to the monitor.

12.3: IF-THEN STATEMENTS

The assembly language does not have an If-THEMm&it as defined in higher programming languageseder,
we can obtain many of the same results by usinguthe instructions as defined above. The followialle, gives the

instructions on how to emulate in many of the HEN statements:

PSEUDO IF-THEN INSTRUCTIONS

JUMP INSTRUCTIONS

IF operandl > oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: jng end
(instructions)

end:

IF operandl > oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: jnge end
(instructions)

end:

IF operandl = oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: jne end
(instructions)

end:

IF operandl = oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: je end
(instructions)

end:

IF operandl < oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: jnl end
(instructions)

end:

IF operandl < oprand 2 THEN
BEGIN

(instructions)

END

cmpoperandl,operand 2
begin: jg end
(instructions)

end:
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Example:
1.

The following program will perform the followingdk&s:

Task 1: Check if the number 12103 is divisible by 7

Task 2: If 7 divides, then place 0 in x

PSEUDO- INSTRUCTIONS Y X S
X:=12103 12103
S==7 12103 7
Y = (X+S)*S 12103 12103 7
IF X=Y THEN 12103 12103 7
BEGIN 12103 12103 7
X:=0 12103 0 7
END 1203 0 7
PSEUDO- INSTRUCTIONS AL PSEUDO-CODE Y X S| EAX [ EDX
X:=12103 X:=12103 12103
S=7 S==7 12103 7
Y ;= (X+S)*S EAX:= X 12103 | 7{ 12103
EAX:= EAX=+S 12103 | 7| 1729
EDX:= EAXMOD S 12103 | 7] 1729 O
EAX:= EAX S 12103 | 7| 12103 | O
Y:= EAX 12103 12103 | 7| 12103 0
IF X=Y THEN EAX:=X 12103 12103 1 1729 0
CMP EAX, Y 12103 12103 4 172¢ 0
JNE END 12103 12103 |y 1729 0
BEGIN BEGIN 12103 12103 7 1729 0
X:= X:=0 12103 0 71 1729 0
END END 1203 0 7] 1729 0
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PSEUDO- INSTRUCTIONS AL PSEUDO-CODE AL INSTRUCTIONS
X:=12103 X:=12103 mov X, 12103
S=7 S=7 mov's, 7
Y = (X+S)*S EAX:=X mov eax, X
EAX:= EAX+S mov edx, O
EAX := EAX*S div s
mul s
IF X =Y THEN Y:= EAX mov y,eax
EAX:=X mov eax,X
CMP EAX, Y cmp eax, y
JNE END jne end
BEGIN BEGIN ;begin
X = X:=0 mov X, 0
END END end:
Exercises:
1.
From Chapter 5, we have the following algorithm.
PSEUDO - INSTRUCTIONS EXPLANATION
LARGEST := X1 We start by assuming X1 is the largest
IF X2 > LARGEST THEN
BEGIN If the contents of X2 is larger than the conteritckARGEST
LARGEST := X2 replace LARGEST with the contents of X2
END
IF X3 > LARGEST THEN If the contents of X3 is larger than the conteritckARGEST
BEGIN replace LARGEST with the contents of X3
LARGEST := X3
END

Using the above algorithm, write an assembly laggyaogram that will perform the following tasks:

Taskl: Assign 2 positive integer numbers.
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Task2: Find the largest of the 2 numbers entered.
Task3: Output the largest number.
Write the assembly language code to replicate $keego-code:

2.
IFa<x<bTHEN
BEGIN

3.
IFx=aorx=bTHEN
BEGIN

12.4: IF-THEN - ELSE STATEMENTS

Recall from Chapter 5 the form of this conditiostdtement:

IF conditional expression THEN
BEGIN statements 1

END

ELSE

BEGIN

statements 2

END

If the conditional expression TRUE, statementsl following the THEN will be carried aund the program will skif
statements 2.

If the conditional expression ALSE, statements 1 following the THEN will not be carrat and the program
will execute statements 2.

Since the assembly language does not have the BENFELSE statements, the following table shows hiogvjimps
can be used to simulate this type of instruction:
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IF-THEN-ELSE PSEUDO - INSTRUCTIONS

JUMP INSTRUCTIONS

IF operandl > operand 2 THEN
BEGIN

(instructions)

END

ELSE

BEGIN

(instructions)

END

cmpoperandl,operand 2
beginl: jng endl
(instructions)

endl: jg end2
(instructions)

end2:

IF operandl > operand 2 THEN
BEGIN

(instructions)

END

ELSE

BEGIN

(instructions)

END

cmpoperandl,operand 2
beginl: jnge endl
(instructions)

endl:jge end2
(instructions)

end2:

IF operandl = operand 2 THEN
BEGIN

(instructions)

END

ELSE

BEGIN

(instructions)

END

cmpoperandl,operand 2
beginl: jne endl
(instructions)

endl:je end2
(instructions)

end2:

IF operandl = operand 2 THEN
BEGIN

(instructions)

END

ELSE

BEGIN

(instructions)

END

cmpoperandl,operand 2
beginl: je endl
(instructions)

endl:jne end2
(instructions)

end2:

IF operandl < operand 2 THEN
BEGIN

(instructions)

END

ELSE

BEGIN

(instructions)

END

cmpoperandl,operand 2
beginl: jnl endl
(instructions)

endl:jl end2
(instructions)

end2:
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IF operandl < operand 2 THEN
BEGIN
(instructions)

cmpoperandl,operand 2
beginl: jg endl
(instructions)

END
ELSE endl: jng end2
B_ECtEIN . (instructions)
(Elrll\lsDruc ions) end2:

Example:

PSEUDO- INSTRUCTIONS

ASSEMBLY CODE

N:=7 mov n, 7
M: =5 mov m, 5
IFN=2THEN beginl: cmpn, 2
BEGIN .
N=N+5 jne endl
END mov eax, n
add eax, 5
mov n, eax
endl:
ELSE begin2: je end2
BEGIN
M=N+5 mov eax, n
END add eax, 5
mov m , eax
end2:

Exercise

1. Assume n is a non-negative integer. We defifectorial as: n! = n(n -1)(n -2)... (2)(1) for n>>

and 0! = 1.

2. Write an assembly language program that will gota the value 10! .

3. Modify the above problem for an arbitrary n gee program.

Application: Assume we have N distinct objects anfithese objects are randomly selected.

4. The number of ways that this can be done, wbieter is important is

WP, = NU(N - )L,
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Write an assembly language program that will penftine following tasks:
Task1: Assign the integer N and r.

Task2: computg,P, = N!/(N - r)L.

Task3: Output P, .

5. The number of ways that this can be done, whter is not important is

(N) _ N
r r!(N - r)!

Write an assembly language program that will penftine following tasks:

Task1:Assign the integer N and r.

N
Task2: compute
r

N
Task3: Outpu
r

[ |
6. Write an assembly language program that will gota the absolute value of |x - y|.
12.5 Top Down Structured Modular Programming

To program using top down structured modular pnognéng, we first begin with a list of tasks that want to process
in the specified order:

Next we write pseudo-code for each task in a gimedule as follows:
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Task 1: Module 1

Task 2: Module 2

Task 3: Module 3

Finally, we re-write the pseudo-code to assemliglage.

Basic Rules:

1. After writing the tasks, first we write the cofibe Module 1 and check for errors. Once all errdrany, are
corrected, we write module 2 and check for erfdfs.continue in this manner.

2. We only use to performs branching within theeanodule. If we need to jump to outside the madukeeither
branch down to another module or if the programésu driven we can jump to the module which cost#ie menu.

Exercise:

Write a structured program that will perform thédwing tasks:

Task 1: Assign a arbitrary positive integer.

Task 2: Count the number of digits that the integenade of.

Task 3: Sum the digits of the integer.

PROJECT:

Write an assembly language program that will penftine following tasks:

Task 1: Assign an arbitrary positive integer andteger 2 through 9.
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Task 2: Convert the positive integer into a baier@ugh 9.

Task 3: Store the converted integer as a singieeu
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CHAPTER - 13 CONSTRUCTING PROGRAMSIN ASSEMBLY LANGUAGE PART II

| ntroduction

Now that we can create in assembly language, |Ibgiawhile statements, we return to the prograngisaedgorithms
in chapter 11, to rewrite them in the most gentenah. Therefore, the following algorithms and praxaps will be
modeled after those in chapter 11.

13.1 An Assembly L anguage Program to Convert a Positive I nteger Number In any Baseb < 10toits
Corresponding Number in the Base 10.

Examples:
1. The following method will convert the numbei6Zpto its correspond number in the base 10:

N, = 2567 < ((2+8+ 5)x8+6)x8 + 7 = ((21}8+6)+8 + 7 = 1748 + 7 = 1399

To convert the number 256 the base 10, we first need to write a samplgrnam in pseudo-code and assembly
language to capture the digits 2,5, 6,7 from thalmer. The following programs will perform such aka

Program: Capture the digits of 257

PSEUDO-INSTRUCTIONS N A D
N:= 2567 2567
D:= 1000 2567 1000
A:=N=D 2567 2 1000
N:= N MOD D 567 2 1000
D:= D+10 567 2 100
A:=N=D 567 5 100
N:=N MOD D 67 5 100
D:=D+10 67 5 10
A:=N=D 67 6 10
N:= N MOD D 7 6 10
D:=D+10 7 6 1
A:=N=D 7 7 1
N:=N MOD D 0 7 0
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PSEUDO- CYCLE OF CODES | AL PSEUDO CODE N [A] EAX EDX D T
CODE
N:= 2567 N:= 2567 N:= 2567 2567
T:=10 T:=10 T:=10 2567 10
D:= 1000 D:= 1000 D:= 1000 256 1000 10
WHILE N <> 0 WHILE N <> 0 WHILE N <> 0 2567 1000 10
BEGIN BEGIN BEGIN 2567 1000 10
A:=N-=D A:=N+D EAX =N 2567 2567 1000 10
EAX :=EAX D 2567 2 1000 10
EDX:= EAX MOD D 567
A = EAX 2567 | 2 2 567 1000 10
N:= N MOD D N:= N MOD D N:= EDX 567 | 2 2 567 1000 10
D:=D=+T D:=D=T EAX =D 567 | 2| 1000 567 1000 10
EAX:= EAX+T 567 | 2| 100 1000 10
EDX :=EAXMOD T 0
D = EAX 567 | 2| 100 0 100 10
A:=N-=D EAX =N 567 | 2| 567 0 100 10
EAX :=EAX D 567 | 2 5 100 10
EDX:= EAX MOD D 67
A = EAX 567 | 5 5 67 100 10
N:= N MOD D N:= EDX 67 |5 5 67 100 10
D:= D+10 EAX =D 67 | 5 100 67 100 10
EAX = EAX =T 67 | 5| 10 100 10
EDX :=EAXMOD T 0
D = EAX 67 |5 10 0 10 10
A:=N+D EAX =N 67 | 5| 67 0 10 10
EAX :=EAX D 67 |5 6 10 10
EDX := EAXMOD D 7
A= EAX 67 |6 6 7 10 10
N:=N MOD D N:= EDX 7 6 6 7 10 10
D:= D+10 EAX =D 7 6 10 7 10 10
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EAX ;= EAX =T 10 10
EDX :=EAXMOD T
D:= EAX 1 10
A:=N=D EAX =N 1 10
EAX ;= EAX <D 1 10
EDX := EAX MOD D
A = EAX 1 10
N:=N MOD D N:= EDX 1 10
END END END 1 10
PSEUDO-CODE AL PSEUDO CODE AL CODE
N:= 2567 N:= 2567 mov n, 2567
T:=10 T:=10 mov t, 10
D:= 1000 D:= 1000 mov d, 1000
WHILE N <> 0 WHILEN <>0 while: cmp n, O
je end
BEGIN BEGIN ;begin
A:=N=+D EAX =N mov eax, n
EAX := EAX <D mov edx,0
EDX := EAX MOD D div d
A = EAX mov a, eax
N:= N MOD D N:= EDX mov n, edx
D:=D=+T EAX:=D mov eax, t
EAX := EAX =T mov edx,0
EDX :=EAXMOD T div t
D := EAX mov d,eax
jmp while
END END end:
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Exercise:

1. Write an assembly language program that wiltwagpthe digits of 4578
H

2. Program: Writing a sample program to compute

Ng = 2567 = Ny = ((2+8+ 5)«8+6)+8 + 7 = 1399

PSEUDO-INSTRUCTIONS N A SUM D T
N:= 2567 2567
SUM:=0 2567 0
T:=10 T:=10 0 10
D:= 1000 2567 0 1000 | 10
A:=N=D 2567 2 0 1000| 10
SUM:=SUM + A 2567 2 2 1000 | 10
SUM:= SUM+«8 2567 2 16 1000 | 10
N:= N MOD D 567 2 16 1000( 10
D:=D=T 567 2 16 100 10
A:=N=D 567 5 16 100 10
SUM:=SUM + A 567 5 21 100 10
SUM:= SUM=8 567 5 168 100 10
N:= N MOD D 67 5 168 100 10
D:=D=T 67 5 168 10 10
A:=N=D 67 6 168 10 10
SUM:=SUM + A 67 6 174 10 10
SUM:= SUM«8 67 6 1392 10 10
N:= N MOD D 7 6 1392 10 10
D:=D=T 7 6 1392 1 10
A:=N=D 7 7 1392 1 10
SUM:=SUM + A 7 7 1399 1 10
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PSEUDO- CYCLE OF AL PSEUDO N A S EAX | EDX D |[E T
CODE CODES CODES
N := 2567 N:= 2567 N:= 2567 2567 8
E:=8 E:=8 E:=8 2567 8
S:=0 S:==0 S:=0 2561 0 8
T:=10 T:=10 T:=10 2567 0 & 10
D :=1000 D := 1000 D := 1000 256 0 1000 | 8 10
WHILED <>1|| WHILED <> 1 WHILE D <> 1 2567 0 1000 8 10
BEGIN BEGIN BEGIN 2567 0 1000, 8 10
A:=N=+D A:=N=+D EAX =N 2567 0 2567 1000| 8 10
EAX .= EAX =D || 2567 0 2 567 | 1000( 8 10
A = EAX 2567 | 2 0 2 567 | 1000[ 8 10
S=S+A S=S+A EAX =S 256 2 0| O 567 | 1000( 8 10
EAX = EAX +A|l 2567 | 2 0 2 567 | 1000 8 10
S = EAX 2567 2 2 2 567 | 1000 8 10
S:=SE S:=SE EAX =S 2567 2 2 2 567 | 1000 8 10
EAX := EAX xE|| 2567 | 2 2 16 | 567 | 1000| 8 10
S = EAX 2567 2| 16 16 567 | 1000[ 8 10
N:= N MOD D [j] N:= N MOD D EAX =N 2567 2 16 | 2567 | 567 | 1000 8 10
EAX .= EAX +DJ| 2567 | 2 16 2 567 | 1000( 8 10
N := EDX 567 | 2 16 2 567 | 1000 § 10
D:= D+10 D:= D+10 EAX :=D 567 | 2 16 | 1000 | 567 | 1000 | 8 10
EAX:= EAX =T 567 | 2 16 100 0 |1000( 8 10
D:= EAX 567 | 2 16 100 O | 100 |8 10
A:=N=+D EAX =N 567 2 16 567 0 100 | 8 10
EAX = EAX =D 567 2 16 5 67 100 | 8 10
A = EAX 2567 | 5 16 S 67 100| 8 10
S=S+A EAX =S 2567 5 16 | 16 67 100 | 8 10
EAX:=EAX +A 567 5 16 21 67 100 | 8 10
S:= EAX 567 5 21 21 67 100| 8 10
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S:=SE EAX:=S 567 5 21 21 67 100 | 8 10
EAX = EAX +xE|| 567 5 21 168 0 100 | 8 10

S = EAX 567 5| 168 168 0 100( 8 10

N:=N MOD D EAX =N 567 5 168 | 567 0 100 | 8 10
EAX = EAX +DJ| 567 5 168 5 67 100 | 8 10

N := EDX 67 S 168 5 67 100 | 8 10

D:= D+10 EAX =D 67 5 168 | 100 67 100 | 8 10
EAX:= EAX =T 67 5 168 10 0 100 | 8 10

D:= EAX 67 5 168 10 0 10 |8 10

A:=N=D EAX =N 67 5 168 67 0 10 | 8 10
EAX :=EAX D 67 5 168 6 7 10 | 8 10

A = EAX 67 6 168 6 7 10 | 8 10

S=S+A EAX:=S 67 6 168 | 168 7 10 | 8 10
EAX:=EAX +A 67 6 168 | 174 7 10 | 8 10

S:= EAX 67 6| 174 174 7 10 | 8 10

S:=SE EAX =S 67 6 174 | 174 7 10 | 8 10
EAX = EAX xE 67 6 174 | 1392 0 10 | 8 10

S = EAX 67 6 1392 | 1392 0 10 | 8 10

N:=N MOD D EAX =N 67 6 1392 | 67 0 10 | 8 10
EAX =EAX +D 7 6 1392 6 7 10 | 8 10
N := EDX 7 6 1392 6 7 10| 8 10

D:= D+10 EAX =D 7 6 1392 | 10 7 10 | 8 10
EAX:= EAX =T 7 6 1392 1 0 10 | 8 10

D:= EAX 7 6 1392 1 0 1 |8 10
END END END 7 6 1392 1 0 1] 8 10
S=S+A S=S+A EAX =S 71 7 | 1392 | 1392 0 1 |8 10
EAX:=EAX + A 7 7 1392 | 1399 0 1 |8 10

S:= EAX 7 7| 1399 | 1399 0 1 8 10
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PSEUDO-CODE

AL PSEUDO - CODES

AL CODE

N := 2567 N:= 2567 mov n, 2567
E:=8 E:=8 mov e, 8
S:=0 S:=0 mov sum, O
T:=10 T:=10 mov t,10
D := 1000 D := 1000 mov d, 1000
WHILED <> 1 WHILE D <> 1 while: cmp d,1
je end
BEGIN BEGIN ;begin
A:=N=+D EAX =N mov eax,n
EAX := EAX <D mov edx,0
divd
A = EAX mov a,eax
S=S+A EAX =S mov eax,s
EAX = EAX + A add eax, a
S ;= EAX mov s,eax
S:= S+E EAX =S mov eax, S
EAX = EAX *E mul e
S = EAX mov s, eax
N:= N MOD D EAX =N mov eax, n
EAX:=N+D mov edx,0
divd
N := EDX mov n,edx
D:=D+10 EAX :=D mov eax,d
EAX:= EAX =T mov edx,0
div t
D:= EAX mov d,eax
END END jmp while
S=S+A EAX =S end: mov eax, s
EAX:= EAX + A add eax, a
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S:= EAX mov s, eax

Exercise:

1. Write a assembly language program that will esti, = 2312 = N Ny = 2563 = N,
|

13.2 An Algorithm to Convert any Integer Number in the Base 10 to a Corresponding Number in the Base
b < 10.

Using the Euclidean division theorem, we now reviewv, using the manual method to convert numbetise base
10 to any in the base b.

Step 1:We want to write N in the form: N = &, g,.,b" ' ... +ab+ g,

Step2: N=Qb+R=(&" ', g ,0"?%..+3)b+3g

Here, Q=g,b" '+ g b"?..+3b+3 = (g b"?*+ a,b"®..+3)b+a andR=g
Step 3: Set N = Q.

Q=Qb+R=(gb""?+ a,b"®...+3)b+3g where

Q=3 b %+ g b2 .. +3a,

R, =a.

Step 4: Continue in this manner, untj| €O0.

Example:

Convert the following decimal numbers to the spedibase.

1. 1625- N,
Step 1: 1625 = (1625-8B + 1 = 2038 + 1

=1

Step 2: 203 = (203+8)8 + 3 = 25:8 + 3

a=3

Step 3: 25 =(25+88 +1 =38 +1

a=1

Step4:3=(3+8)8+3=3

=3

Therefore, 1625> Ng = 3+8% + 182 + 3«8 + 1= Ny= 313%
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Program: Pseudo-Code to convert the integer number 168%etbase 8.

PSEUDO-CODE N SUM TEN MUL | BASE R
BASE :=8 8
N :=1625 1625 8
SUM =0 1625 0 8
MUL =1 1625 0 1 8
TEN =10 1625 0 10 1 8
R := N MOD BASE 1625 0 10 1 8 1
N:= N+BASE 203 0 10 1 8 1
R = R«MUL 203 0 10 1 8 1
SUM:=SUM + R 203 1 10 1 8 1
MUL:= MUL *TEN 203 1 10 10 8 1
R := N MOD BASE 203 1 10 10 8 3
N:= N+BASE 25 1 10 10 8 3
R := RxMUL 25 1 10 10 8 30
SUM:=SUM + R 25 31 10 10 8 30
MUL:= MUL *TEN 25 31 10 100 8 30
R := N MOD BASE 25 31 10 100 8 1
N:= N+BASE 3 31 10 100 8 1
R = R«MUL 3 31 10 100 8 100
SUM:=SUM + R 3 131 10 100 8 100
MUL:= MUL *TEN 3 131 10 1000 8 100
R := N MOD BASE 3 131 10 1000 8 3
N:= N+BASE 0 131 10 1000 8 3
R := RxMUL 0 131 10 1000 8 3000
SUM:=SUM + R 0 3131 10 1000 8 3000
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PSEUDO- CYCLE AL PSEUDO-CODE N S M R EAX |EDX (B | T
CODE OF CODES
B:=8 B:=8 B:= 8
N := 1625 N := 1625 N := 1625 162 8
S=0 S=0 S=0 162 0 8
M:=1 M:=1 M:=1 162 0 1 8
T:=10 T:=10 T:=10 162 0 1 g 10
WHILE N <> WHILE N <> 0 WHILE N <> 0 162 0 1 8| 14
BEGIN BEGIN BEGIN 162 0 1 8] 10
R :=N MOD Bjjf R := N MOD B EAX:=N 162 0 1 1625 8 | 10
EAX:= EAX+B 162 O 1 203 8| 10
EDX:= EAXMOD B || 162 0 1 203 1 8| 1d
R:= EDX 162 0 1 1 203 1 8| 10
N:= N+B N:= N+B N:= EAX 203| O 1 1 203 1 8| 10
R = R«M R = R«M EAX:=R 203 0 1 1 1 1 8 | 10
EAX:= EAX +M 203 O 1 1 1 0 8| 10
R:= EAX 203| O 1 1 1 0 8| 10
S=S+R S=S+R EAX:=S 208 O 0 0 8 10
EAX:= EAX + R 203| O 1 1 1 0 8| 1d
S:= EAX 203 1 1 1 1 0 8| 10
M:= M =T M:= M =T EAX:=M 203 1 1 1 1 0 8| 10
EAX:= EAX T 203| 1 1 1 10 0 8| 10
M:= EAX 203 1 10 1 10 0 8| 10
R:=NMODB EAX:=N 203 1 1 1 203 0 8| 10
EAX:= EAX:=B 203 1 1 1 25 3 8 | 10
R:= EDX 203 1 1 3 25 3 8| 10
N:= N+B N:= EAX 25 1 10 3 25 3 8| 10
R = RxM EAX:=R 25 1 10 3 3 3 8| 10
EAX:= EAX*M 25 1 10 3 30 0 8 | 10
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R:= EAX 25 1 10 30 30 0 8| 10
S=S+R EAX:=S 25 1 10 301 1 0 8 | 10
EAX:=EAX+R 25 1 10 30 31 0 8 | 10
S:= EAX 25| 31 10 30 31 0 8| 10
M:= M T EAX:=M 25 | 31 10 1 10 0 8 | 10
EAX:= EAX T 25| 31 10 1 100 0 8 | 10
M:= EAX 25 | 31 100 1 100 0 8| 10
R :=N MOD B EAX:=N 25| 31 100 1 25 0 81| 10
EAX:= EAX+B 25 | 31 100 1 3 0 81 10
EDX:=EAXMODBJ| 25| 31 100 1 3 1 8 | 10
R:= EDX 25| 31 100 1 3 1 8| 10
N:= N+B N:= EAX 3 31 100 1 3 1 8| 10
R = R«M EAX:=R 3 31 100 1 1 1 81| 10
EAX:= EAX*M 3 31 100 1 100 0 81| 10
R:= EAX 3 31 10 100 | 100 0 8| 10
S=S+R EAX:=S 3 31 100 100 31 0 81| 10
EAX:=EAX+R 3 31 100 100| 131 0 81 10
S:= EAX 3 | 131 100 100 131 0 8| 10
M:= M *T EAX:=M 3 131 100 100| 100 0 81 10
EAX:= EAX T 3 131 100 1 1000 0 81 10
M:= EAX 3 131 | 1000 1 1000 0 8| 10
R :=N MOD B EAX:=N 3 131 | 1000 1 3 0 8| 10
EAX:= EAX+B 3 131 | 1000 1 0 0 8 | 10
EDX:=EAXMODBJ|| 3 131 | 1000 1 0 3 8 | 10
R:= EDX 3 131 1000| 3 0 3 8 | 10
N:= N+B N:= EAX O | 131 | 1000 3 0 3 8| 14
R = RxM EAX:=R 0 131 | 1000 3 3 3 8 | 10
EAX:= EAX*M 0 131 | 1000 3 | 3000 0 8 | 10
R:= EAX 0 131 | 1000 | 3000 | 3000 0 8| 10
S=S+R EAX:=S 0 131} 1000 3040 131 0 8| 10
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EAX:= EAX +R 0 [ 131| 1000 | 3000 3131 10
S:= EAX O |3131| 1000 | 3000 3131 1
M:= M *T EAX:=M 0 |3131| 1000 | 300Q 1000 10
EAX:= EAX T 0 | 3131 1000 | 300Q 10000 10
M:= EAX 0 |3131| 10000 | 3000| 10000 1d
END END END 0 | 3131| 10000[ 3000 1000 1
1625= 3131,
PSEUDO-CODE | AL PSEUDO-CODE AL CODE
B:=8 B:=8 mov b, 8
N := 1625 N := 1625 mov n, 1625
S=0 S=0 mov s, 0
M:=1 M:=1 mov m, 1
T:=10 T:=10 mov t, 10
WHILE N <>0 WHILEN <>0 while: cmp n, O
BEGIN BEGIN begin: je end
R:=NMOD B EAX:=N mov eax, n
EAX:= EAX+B mov edx,0
EDX:= EAX MOD B div b
R:= EDX mov r, edx
N:= N-+B N:= EAX mov n, eax
R = R«M EAX:=R mov eax, r
EAX:= EAX*M mul m
R:= EAX mov r, eax
S:=S+R EAX:=S mov eax, S
EAX:=EAX +R add eax, r
S:= EAX mov s, eax
M:= M *T EAX:=M mov eax, m
EAX:= EAX*T mul t
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M:= EAX mov m , eax
jmp while
END END end:
1625= 3131
Exercise:

1. Write a assembly language program that will eoh2567 = N

Note: See model program.

; This program converts 16253131
.386

.MODEL FLAT
.STACK 4096

.DATA

n dword ?
s dword ?
m dword ?
r dword ?

b dword ?
t dword ?

.CODE

_start:

;start assembly language code
mov b, 8

mov n, 1625

mov s, 0

mov m, 1

mov t, 10

while: cmp n, O

begin: je end
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mov eax, n

mov edx,0
divb
mov r, edx

mov n, eax

mov eax, r
mul m

mov r, eax
mov eax, S
add eax, r
mov s, eax
mov eax, m
mul t

mov m , eax

jmp while
end:

;end of assembly language code

PUBLIC_start

END

PROJECTS

1. An integer number N is said to be prime if ibrdy dividable evenly by 1 or N.
Write an assembly Language program to determiBe3#6,799 is prime.

2. The Fibonacci Numbers

The Fibonacci numbers is a sequence of integer atsygenerated as follows:

Step 1: Start with 0,1
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Step 2: The next number is generated by addindatt€ numbers: 0,1,1 .
Step 3: To generate the next number, continue Bingdhe last 2 numbers:
0,1,1,2,35, 8, 13, 21, ....

Write an assembly language program that will gdeeaasequence N Fibonacci numbers.
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CHAPTER- 14 LOGICAL EXPRESSIONS, MASKS, AND SHIFTING
14.1: L ogical Expressions

Logical expressions and values are similar to danthl expressions as defined in Chapters 5 aktb@ever,
due to the nature of the applications, we will asbfferent terminology in this chapter.

Definition of logical values: Logical values are of two typesue, false.

Definition of logical identifiers: Logical identifiers are identifiers (variables) tlase assigned only valuasie,
false.

Definition of logical operators: There are three binary logical operators and oreydngical operator:
The binary logical operators are .AND., .OR., .XOR.
The unary logical operator is .NOT. .

Definition of Logical Expressions: A logical expression is made up of logical vallegjcal identifiers
connected by logical operators.

The following table gives the logical values whrelsult from the four logical operators:

OPERATORS RESULTING VALUE

.OR. true .OR.true = true
true .OR.false = true
false .OR.true =true
false .OR.false =false

AND. true .AND. true = true
true .AND. false=false
false. AND. true = false
false .AND. false =false

XOR. true . XOR. true = false
true .XOR. false =true
false . XOR. true =true
false . XOR. false=false

.NOT. .NOT. true =false
.NOT.false= true

Examples:

a.logical value:
5=2+3

takes on the valuiue.
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b. logical identifiers: X
where

X:=(5=1-4)

X takes on the valufalse.
c. true AND. (X =false)

takes on the valukal se.

VALUE := true
(.NOT. (VALUE =true)) .OR. (Y < 3)

The above expression takes on the védise .OR.false = false.

Y =true
NOT. ((Z < 2) .XOR. (Y =false) )
takes on the valukal se.

Relational Operators
The following six relational operators connect tlogical values and identifiers:

Definition of Six Relational Operators

Thesix relational operatorsare:

Operator I nterpretation
1. = Equality
2. <> Inefitya
3. < Lédtan
4. > Grrathan
5. <= Lebarn or equal to
6. >= Gradtean or equal to
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Examples: Values:

5=2+3 true

9<>3«3 false

4<=4 true

-17<-7 true

(7=2+3) .0R. (4 < lplse

LOGICAL EXPRESSIONS VALUES
(5=2-4).0R.(2<>3) false .OR.true = true
(5=2-4).AND. (2<>3) false .AND. true = false
5=2-4) XOR. (2<>23) false .XOR.true = true
NOT. (5=2-4) NOT. (5=2-4)true

Logical Statements

Definition of logical statements. A logical statement is a an instruction wherewvthgables are declared to be
logical identifiers and these variables can begassl logical values resulting from logical expressi

Example:
PSEUDO - CODE X Y L Z
X:=4 4
Y: =6 4 6
L=(X+Y=10) 4 6 true
Z:=L.XOR.(X-Y<>0) 10 6 true false
Z:=Z .AND. L 10 6 true false
Exercise:
1. Complete the following:
PSEUDO - CODE X Y L Z
X:=2
Y =5

Li= (X + 2xY > 2)

Z := .NOT. (L .OR. (.NOT. ( X-Y <>0)))

Z := (NOT.(L .AND. (Z .OR. L)) .XOR. Z
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Example:

The following program demonstrates how these ldgigpressions can be used in a program.
Taskl: Assign three integer numbers

Task2: If the sum of these numbers is greater 1i@alput less than 20 divide the sum by 2 ; otherwisapute
the average of these numbers.

For the following program, assume the numbers J#k%Bssigned.

PSEUDO - CODE X Y Z S L
X:=3 3
Y:=4 3 4
Z=9 3 4 9
S=X+Y+Z 3 4 9 16
L: = (S > 10) .AND. (S < 20) 3 4 9 16 true
IF L =true THEN 3 4 9 16 true
BEGIN 3 4 9 16 true
S:=5+2 3 4 9 8 true
END 3 4 9 8 true
ELSE 3 4 9 8 true
BEGIN 3 4 9 8 true
S:=5+3 3 4 9 8 true
END 3 4 9 8 true

Exercises:

1. In the following program, indicate if the folling statements are correct or incorrect.

X:=2

Z :=true

V := .NOT. {rue.OR.false)

V:= (NOT.(V .OR. V)) .AND. V
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2. Evaluate the following expressions:

a. (.NOT.frue.XORtrue)) .AND. ( .NOT.(false .OR.true))

O

(¢

3. Evaluate the following expressions:

a. (.NOT. frue .AND. true) =false) .OR. false
b. (.NOT. (alse .AND. true) =true ).XOR. false

O

d. (.NOT. frue .OR.true) =false).AND. false

(4]

f. (.NOT. (false .OR false) =true) .AND. true

. (.NOT. (false .AND. false) =true) .OR.true

(.NOT. false .OR.true) =true) .AND. false

. (. NOT.frue . XOR false)) .OR. (.NOT.{rue.OR. false))

..NOT. ((NOT.{rue .XOR. false)) .AND. ( (true.OR. false)))

4. Is the following statement true or false: QN (false . XOR.true) =true) .AND. false ?

14.2: Logical Expressions|In Assembly L anguage.

In assembly language the valnee is associated with the integer number 1 and theefalse is associated
with the integer number 0. The four logical opemasi in assembly are given by the following table:

PSEUDO-LANGUAGE LOGICAL ASSEMBLY LANGUAGE LOGICAL
OPERATORS OPERATORS
AND. and
.OR. or
XOR. xor
.NOT. not

The following table gives the logical values ie thissembly language which result from the abovelémgical

operators:
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ASSEMBLY LANGUAGE RESULTING VALUE
LOGICAL OPERATORS

and land E 1

land =0

Oand1=0

Oand0=0

or lorl=1

lor0=1

Oorl=1

Oor0=0

Xor 1xorl1=0

1xor0=1

Oxorl=1

Oxor0=0

not notl1=0
not0=1

Theformat of the assembly language logical operators

The following are the formats of the four assenfhguage logical operators:

anddestination, source
or destination, source
xor destination, source
not destination

wheredestination is a register where the logical value is assigaadsourceis a logical identifier, logical

value (0 or 1), or register containing a logicdlsea If the source is a identifier (variable), tiegister and the
identifier must be of the same data type.

Important: Thenot logical instruction will change, in the registdreto bits to the 1 bits and the 1 bits to the 0
bits.
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Examples:

The and operator

ASSEMBLY LANGUAGE Al
mov al, 1 00 00 00 01
and al,1 00 00 00 01
and al, 0 00 00 00 00
mov al,0 00 00 00 00
and al,0 00 00 00 00
The or operator
ASSEMBLY LANGUAGE AL
mov al,1 00 00 00 01
orall 00 00 00 01
or al,0 00 00 00 01
mov al,0 00 00 00 00
or al,0 00 00 00 00
The xor operator
ASSEMBLY LANGUAGE AL
mov al,1 00 00 00 01
xor al ,1 00 00 00 00
xor al,0 00 00 00 00
xor al,1 00 00 00 01
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The not operator

ASSEMBLY LANGUAGE AL
mov al,1 00 00 00 01
not al 11111110
not al 00 00 00 01
mov al,0 00 00 00 00
not al 11111111
not al 00 00 00 00

Exercise:
1. Change the following pseudo-code program paréial assembly program .

EAX :=true
EBX :=false
EAX := (.NOT. (EAX .AND EBX)) .XOR. (EAX)

PSEUDO-LANGUAGE ASSEMBLY LANGUAGE | EAX EBX

EAX :=true

EBX :=false
EAX := (NOT. (EAX .AND EBX)) .XOR. (EAX)

H

14.3: Assigning to Logical Expressionsa Logical Valuein Assembly L anguage.

When programming in assembly language, we cans®tagical statements directly. To perform logical
statements, we need to use the compare and jutepnstats described in Chapter 12. This is done $&igaisng

values 1 or 0 so that the compare and the appteguenp statements can properly evaluate and cartrthe
logical statements desired. The following examples~y how this is done.

Example:

We wish to write an assembly language programvtiiaperform the following tasks:
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Task1: Assign two numbers into X, .
Task2: If both numbers are greater than 10, comjpgtsum of the two numbers.

Task3: If at least one of the numbers is less traqual to 10, compute the product of the two Iperrs.

PSEUDO-CODE X Y Z LOG
X:=5
Y:=60 5 60
LOG:= (X > 10) .AND. (Y > 10) 5| 60 false
IF LOG =true THEN 5 60 false
BEGIN 5 60 false
Z=X+Y 5 60 false
END 5 60 false
ELSE 5 60 false
BEGIN 5 60 false
Z:= X*Y 5 60 | 300 | false
END 5 60 | 300 | false
PSEUDO-CODE AL X Y Z LOG | EAX EBX
X:=5 mov X, 5
Y:=60 mov Yy, 60 5| 60
LOG := (X >10) .AND. (Y > 10) mov eax, 0 3 60 0
mov ebx, 0 5| 60 0 0
cmp x, 10 5| 60 0 0
jng L1 5| 60 0 0
mov eax, 1 5| 60 0 0
L1: cmp y,10 5| 60 0 0
jng L2 5| 60 0 0
mov ebx, 1 5| 60 0 1
L2: and eax, ebx 5| 60 0 1
mov log, eax 51 60 0 0 1
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IF LOG =true THEN cmp log, 1 5( 60 0 0 1
BEGIN beginl: jne endl 5] 60 0 0 1
Z=X+Y mov eax, X 5[ 60 0 0 1
add eax, y 5 60 0 0 1
mov z, eax 5| 60 0 0 1
END endl: 5| 60 0 0 1
ELSE je end2 5| 60 0 0 1
BEGIN begin2: 5| 60 0 0 1
Z:= X*Y mov eax, X 5| 60 5 0 1
mul y 5| 60 5 300 1
mov z, eax 5| 60| 300 5 300 1
END end2: 5| 60 300 0 300 1
Exercises:

1. For the above program, assume x = 20 and y ¥a&0.these values, change the above table.
2. For the above program, assume x = 2 and Wit these values, change the above table.
3. Write an assembly language program that willquer the following tasks:

Taskl: Assign two positive integer numbers X, y.

Task2: If x > 10 and y > 10 than compute x +y.

Task3: If x > 10 and ¥ 10 than compute #y.

Task4: If x< 10 and y > 10 than computex(@ +vy).

Task5: If x< 10 and y< 10 than compute&x +y).
H

14.4: Masks

Definition of a mask: A mask is a binary integer number (BYTE, WORD, DWDRised with a selected logical
operator (and, or, xor) that will be matched bitHitywith binary number contained in a selectedstey.
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Themask instruction
Definition of the mask instruction:
logical operator destination, source

where the destination and source is defined aldbtlee source is an identifier, the destination #melsource must be
of the same data type.

For this matching the following resulting valuedlwold:

ASSEMBLY LANGUAGE RESULTING VALUE
LOGICAL OPERATORS

and land k1
land 0=0
Oand1=0
Oand0=0

or lorl=1
lor0=1
Oor0=0

xor 1xorl1=0
1xor0=1
Oxorl=1
Oxor0=0

Examples:

Assume AX and BX contains the following binary niwerdi
AX: 011011101100 0011

BX: 1001 1100 0101 1011

Here BX will be the mask.

We will now show, by the following examples, hovetimask works, resulting in changing of bits in AX:
and ax, bx; AX: 011011101100 0011

BX: 1001 1100 0101 1011
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l
AX: 0000 1100 0100 0011

or ax, bx; AX: 01101110 1100 0011
BX: 1001 1100 0101 1011

l
AX: 1111 1100 1101 1011

xor ax, bx; AX: 01101110 1100 0011
BX: 1001 1100 0101 1011

I
AX: 1111 0010 1001 1000

Exercises:

Assume CX contains an arbitrary number. For thiefohg assembly instructions, explain what chartgeSX, if any,
result from the following masks:

1. and cx, cx

2. 0r cx, cx

3. Xor cx, cX

4. and cx, (not cx)
5. or cx, (not cx)

6. xXor cx, (not cx )
[

14.5: Shifting Instructions

There are two types of shifting instructions: thé@tsnstructions and the rotation instructions.

The shift instructions

The shift instructions move the bits in a registethe left or to the right by a designated numibée following are the
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shift instructions:

shlregister, n; will shift the bits in the register to thedt by n places. The extreme left bits will falltoof the register.
Added bits will be the bit 0. The added bit(s) viaél in bold.

shrregister, n; will shift the bits in the register to thight by n places. The extreme right bits will failt of the
register but the left added bits will be the bitThe added bit(s) will be in bold.

Examples:

For the following examples assume the register Atains 1011 0100110 1011 .

shlax, 1; 1011 0100110 1011

—=

0110 1001 1101 11

shlax, 4 1011 0100110 1011

=

01002110 10110000

shrax, 1;1011 0100110 1011

=

0101 1010 0111 0101

shrax,4 1011 0100110 1011
0000 10:11 0100 1110
Multiplication and division applications.
One important application of the left shift resuitsnultiplying the original number by a power of 2
Examples:
1. Assume AX contains 0000 0000 0000 0011 whidgigal to the number 3d.

shl ax, 1 will result in AX changed to 000 00000M®M0110 which is equal to the number 6d.

2. Assume AX contains 0000 0000 0000 0011 whidyisal to the number 3d.
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shl ax, 2 will result in AX changed to 0000 000M0A.100 which is equal to the number 12d.

One important application of the right shift resuft dividing the original number by a power of 2.

3. Assume AX contains 0000 0000 0000 0110 whidygisal to the number 6d.

shr ax, 1 will result in AX changed to 0000 00@®MO0 0011 which is equal to the number 3d.

Therotation instructions

There are two types rotation instructions:

rol destination, n;  rotate the bits to the left n places. The that are shifted off the left hand side repl#oe bits that
are added on the right hand side.

ror destination, n; rotate the bits to the right n places. The thiat are shifted off the right hand side replheebits
that are added on the left hand side.

Examples:

1: Assume AX contains 1100 0000 0000 0101.

rol ax, 2 will result in AX changed to 0000 000002 0111

2: Assume AX contains 1100 0000 0000 0101

ror ax, 3 will result in AX changed to 1011 10000000
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;This is the above program.
.386

.model flat

.stack 4096

.data

n dword ?
s dword ?
m dword ?
r dword ?

b dword ?
t dword ?

.code

_start:

;start assembly language code
mov X, 5

mov 'y, 60

mov eax, 0

mov ebx, 0

cmp x, 10

jng L1

mov eax, 1

L1: cmpy,10

jng L2

mov ebx, 1

L2: and eax, ebx
mov log, eax

cmp log, 1

beginl: jne end1

193



mov eax, X
add eax, y
mov z, eax
endl:

je end2
begin2:
mov eax, X
mul y

mov z, eax
end2:

;end of assembly language code

public _start

End

Project

Two positive different integer numbers are saidg¢aelatively prime if both numbers have no comrdimsors other
than the number 1.

Examples:

The numbers 51, 32 are relatively prime since ti@ye no common divisors.

The numbers 22, 40 are not relatively prime sindevgles both numbers.

Write an assembly language program that will penftine following tasks:

Taskl: Enter a positive number N > 1.

Task2: Find the number of relatively prime numbeis
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CHAPTER 15 - INTEGER ARRAYS
INTRODUCTION
So far we have seen that we can save integer nunadtes in variables such as x, y, z, etc. Rdsig
ourselves to only variables of this type do nadwalus to effectively store large amount of dataa€complish
this we need to define arrays (tables). We firsboiuce one dimensional arrays in pseudo-code.
15.1 Representing One-Dimensional Arrays in PseudBede.
Definition of a one-dimensional arrays
A one dimensional array is a collection of cellsohAlwhich have the same name, but are distingdigtean one
another by the use of subscripts. A subscriptgestive integer number in parentheses which fadlome
array’s name.
Examples:
1. a(l), a(2), a(3), ..., a(99), a(100)
2. num(1), num(2), ..., num(999), num(1000)

In the first example, the array named a can st€e dieces of data and the in the second exani@eartay
named num can store 1,000 pieces of data.

Rules for arrays

1. The array name is a valid identifier

2. Each subscript must be a positive integer

3. Integer numeric values can be stored in thasg aells.

Examples:

a(10) =3

num(100) := -7

sum := a(10) + num(100)

Programming examples:

The following program, in pseudo-code, will perfotine following tasks:
Taskl: Stores the numbers 2, 4, 6, ..., 1000 in arrdg.cel

Task2: Add the numbers in the cells.

Task3: Compute the average

194



Task4: Store all the numbers that are greater thanuamge.

TASK1:

k:=1

j:=0

WHILE j < 1000
BEGIN

] i=2xk

num(k) = j
k:=k+1

END

TASK2:

total:= 0

k:=0

WHILE k < 500
ki=k+1

total := total + num(k)
END

TASKS:
average : = total/500

TASKA4:

k:=0

WHILE k < 500

ki=k+1

IF num(k) > average THEN
Store(k) := num(k)

END

Exercises:

1. Write a pseudo- code program that will performftiiwing tasks:
Task1: Stores the numbers 2 28, ..., 2 in array cells.

Task2: Add the numbers in the cells.

Task3: Compute the integer average. (The average witlheuteémainder.)
2. Finding the largest value.

Write a pseudo- code algorithm that will perfaime following tasks:

195



Taskl: Store n non-negative integers into an array.

Task2: Find the largest value.

3. Converting positive decimal integers into binary.

Write a pseudo- code algorithm that will perfotme following tasks:

Taskl: Store a non-negative integer number.

Task2: Convert this number into binary and store the lyikgits into an array.
4. Writing numbers backward.

Taskl: Store a positive integer number.

Task2: Store the digits into an array backward.

5. A proper divisor of a positive integer N is aneigér that is not equal to 1 or N and divides Muuitt a
remainder.

For example the proper divisors of 210 are 2, 3,5,7

Write a program that perform the following tasks:

Taskl: Store a positive integer number N.

Task2: Find and store in array all the properstixs of N.

6. The Fibonacci number sequence

The Fibonacci numbers are the following:

0,1,1,2,3,5,8,13,...

where0+1=1,1+1=2, 1+2=3,2+ 3 =8,

The general rule is to add the last two numbetkersequence to get the next number.
Write a pseudo-code program that will perform thiéofving tasks:
Taskl: Store a positive integer N.

Task2: Compute and store in an array, all Fibonacci nusiass than or equal to N.
|
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15. 2 Creating One Dimensional Integer Arrays In Asembly Language.

Ther are several ways to create a one dimensioteger array. We begin by starting an array atdbation of
a given variable. We define an array using thedtive instructive in the data portion of the peargr We will
use the directive

variable name byte ?

to establish the location in memory of the cell)a(1

Since the assembler will determine the beginnicgtion of the first cell of the array, we can captthe
location with thdea instruction. The following is the definition ofelea instruction in the instruction portion
of the program:

The lea32 bit register, variable name of the array instruction.

Definition of the lea instruction:

The lea instruction will store into any 32 bit istgr, the first byte location of a variable.

Example:

X byte ?
lea ebx, x

In this example the lea instruction will store irtox, the first byte location of the variable x.

Before we discuss arrays in assembly language ged to better understahdw data is stored in main
memory. All integer data are represented as bwtes]s or dwords. All of these are made up of bytes
double word ( DWORD) is made up of 4 bytes (32)bitse word (WORD) is made up of 2 bytes and thie by
(BYTE) is made up of 1 byte. We can think of theimmemory as large memory table made up of columns
and rows and where each cell of the table is g leyeh identified with a numeric location :
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For example, assume the identifiers x, y are ddfasdouble words and assigned the values 3h ath58
respectively:

x dword 3h

y dword 5875h

Assume the assembler selects in memory cell latatle4 for x and 13-16 for y. Our memory table vadoolok
something like:

Creating a one dimensional array of a given data pye.

When we create an array, we can store the arrayesls as three types of data: bye, word, dword.
The following steps will define and set up the wrra

Step 1: Define the variable name and its data lype.

Step 2: Using the lea instruction, store the fge location in a 32 bit register.

Examples:

1.

X byte ?

lea ebx, x

2. yword ?
lea eax, y

3. z dword ?
lea edx, z
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Storing data in the array using a variable’s locatbn.

The following definition is the assignment statetridat will allow us to perform data assignmemwtand from
memory cells:

mov [register], source instruction.
where

theregister must be a 32 bit register and gmurcecan be a register of the same data type as thableawri

Definition: mov [register], source

The mov [egister], sourceinstruction will store the number in the sourceistay directly into the memory
location indicated by the contents of the register,

where the following rules apply:

Rule 1: The lea instruction will establish the ffilogte location.

Rule 2: The register must be EAX, EBX, ECX, or EDX

Rule3: Thesource can be a register of the same data type as tiabia

Rule4: The[register] indicates the cell location where the bytes afeetéocated.

The [register] is call the indirect register.

For all examples in this chapter, we assume allbersiare represented as hexadecimals.
Examples:

The following examples show how arrays of differdata types are created and data is stored.

1.
AL CODE AL X
x byte 68h 68
lea ebx, x 68
mov al, 9Ah 9A 68
mov [ebx], al 9A 9A
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AL CODE AX X
x word 35A8h 35A8
lea ebx, x 35A8
mov ax, 237Ah 237A 35A8
mov [ebx], ax 237A 237A
3.
AL CODE EAX X
x dword 17223FDh 17223FD
lea ebx, x 17223FD
mov eax, 0A637Ah AG37A 17223FD
mov [ebx], eax AB37A AB37A

4. The following program will store numbers 13Bh25h into the array X of type BYTE.

PSEUDO CODE AL CODE AL X
Array X X byte ? byte 1 | byte 2| byte 3
lea ebx,x
X(1) :=13h mov al, 13h 13
mov [ebx], al 13
add ebx,1 13
X(2):=29h mov al,29h 29
mov [ebx],al 29
add ebx,1 29
X(3):= 25h mov al,25h 25
mov [ebx],al 25

Important: Since we are storing into individual byee increment by 1.

5. The following program will store numbers 13Bh25h into the array of type WORD.
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PSEUDO CODE AL CODE AX X
Array X I)((e gvglr)(il( | );? word 1 word 2 | word 3
X(1) :=13h mov ax, 13h 0013
mov [ebx], ax 0013
add ebx,2 0013
X(2):= 29h mov ax,29h 0029
mov [ebx],ax 0029
add ebx,2 0029
X(3):= 25h mov ax,25h 0025
mov [ebx],ax 0025

Important: Since we are storing into individual &yer each word, we increment by by 2.

6. The following program will store numbers 13Bh25h into the array of type DWORD.

PSEUDO CODE AL CODE EAX X
Array X x dword ? dword 1 dword 2 dword 3
lea ebx,x
X(1) :=13h mov eax, 13h 00 00 00 13
mov [ebx], eax 0000001
add ebx,4 00 0000 1
X(2):=29h mov eax,29h 00 00 00 29
mov [ebx],eax 00 00 00 2¢
add ebx,4 00 00 00 2
X(3):= 25h mov eax,25h 00 00 00 25
mov [ebx],eax 00 00 00 2!

Important: Since we are storing into individual &yer each dword, we increment by 4.

Exercise:

Write a assembly language program that will stbeefirst 50 positive odd numbers.
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Storing data in the array without a variable’s locdion.

Arrays can also be created without using a varildaation by simply using the
mov [register], source instruction

where the source is a register, containing thation where the first byte of

the array is to be stored.

For this instruction the following rules apply:

Rule 1: The register must be EAX, EBX, ECX, or EDX

Rule2: Thesource can be a register of any data type.

Rule3: The[register] indicates the cell location where the bytes afeetéocated.

The [register] is call the indirect register.

Examples:
1.
AL CODE EBX AL [EBX]
mov ebx,403030h 403030
mov al, 9Ah 403030 9A
mov [ebx], al 403030 9A 9A
2.
AL CODE EBX AX [EBX]
mov ebx,403030h 403030
mov ax, 569Ah 403030 569A
mov [ebx], ax 403030 569A 569A
3.
AL CODE EBX EAX [EBX]
mov ebx,403030h 403030
mov eax, 2AC67569Ah 403030| 2AC67569A
mov [ebx], eax 403030 2AC67569A4 2AC67569A
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AL EAX EBX BYTE 1 2 3 4 5 6 7 8
mov eax, 1h 1 I I I I I I I I
mov ebx, 7D712Eh 1 | 0007D712E
mov [eax], ebx 1 007D712E 0,0]7,D]7,1] 2 E
mov eax, 5h 5 007D712E 0O O 7 O J 1 3
mov ebx, 568923h 5| 00568923 0,017,D|7,1]2
mov [eax], ebx 5 00568923 O p 7 P71 ,2|B,0]5 8, 9] 2, 3
mov ebx, 3h 5 00000003 0,0l7,D]7, 1] 2 0 0 5 § d i
mov [eax], ebx 5 00000003 0 P 7Pyl ,2]B,0 0: 0, 0 OI 3
Exercise:
Complete the table below.
AL INSTRUCTIONS eax ebx BYTES 1 2 3 4 S 7 8

mov eax, 2

mov ebx, 7D12Eh

mov [eax], ebx

mov eax, 4

mov ebx, 568923h

mov [eax], ebx

mov ebx, 3

mov [eax], ebx | |

2. Write a assembly language program that wiliqrer the following tasks:
Task 1: store the first 50 positive odd numbers.

Task 2: retrieve the first 50 positive odd numistosed in task 1.
|
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Retrieving data from an array.
The array elements of an array can be retrievedyubke following instruction:
MoV source, [register]

Themov source, [register] instruction will retrieve the number in the aregyits beginning location and store it into
the source where the following rules apply:

Rule 1: The register must be EAX, EBX, ECX, or EDX
Rule2: Thesource must be a register of the same data type asritj@al array.
Rule3: The[register] indicates the cell location where the bytes afeetéocated.

The [register] is call the indirect register.

Examples:
1.
AL CODE EBX AL [EBX] CL
mov ebx,403030h 403030
mov al, 9Ah 403030 9A
mov [ebx], al 403030 9A 9A
mov cl, [ebx] 403030 9a 9A 9A
2.
AL CODE EBX AX [EBX] CX
mov ebx,403030h 403030
mov ax, 569Ah 403030 569A
mov [ebx], ax 403030 569A 569A
mov cx,[ebx] 403030 569A 569A 569A
3.
AL CODE EBX EAX [EBX] ECX
mov ebx,403030h 403030
mov eax, 2AC67569Ah 403030 2AC67569A
mov [ebx], eax 403030 2AC67569A | 2AC67569A
mov ecx, [ebx] 403030 2AC67569A 2AC67569A2AC67569A
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The following example is an extension of the abexample and shows how the data from the array eastbeved.

4,
AL CODE AL X
X byte ? byte 1 byte 2 byte 3
lea ebx,x
mov al, 13h 13
mov [ebx], al 13
add ebx,1 13
mov al,29h 29
mov [ebx],al 29
add ebx,1 29
mov al,25h 25
mov [ebx],al 25
sub ebx,2; Retrieving data 25
mov al,[ebx] 13
add ebx,1 13
mov al,[ebx] 29
add ebx,1 29
mov al,[ebx] 25
Exercise:

Extend the following program so that the array g¢ataed can be retrieved in the register bx.

AL CODE EAX X
x dword ? dword 1 dword 2 dword 3
lea ebx,x

mov eax, 13h

00 00 00 13

mov [ebx], eax

00 00 00 1400 00 00 13

add ebx,4 00000014 000000
mov eax,29h 00 00 00 29|00 00 00 13
mov [ebx],eax 000000294 0000 00 3B00 00 00 2
add ebx,4 0000002y 000000 00 00 04 29
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mov eax,25h 00 00 00 25Jj00 00 00 13}] 00 00 00
mov [ebx],eax 00 00 00 2yf__ 00 00 00 00 00 O0¢} 2 00 00 2

| |

Array lists

An alternative way to create one dimensional arigys list the array elements in the followingeditive:
variable name data type n, ,n,,... , n,,,

where the list is of the same data type.

There are 3 directives of this type:

variable name byte type n, ,n,,... , N,

variable name word type n, ,n,,... , N,

variable name dword type n, ,n,,... , N,
Examples:

The following examples show how to retrieve listethys.

1.
AL CODE AL X
x byte 3h, 7dh, 99h 3 7d 99
lea ebx,x 3 7d 99
mov al, [ebx] 3 3 7d 99
add ebx,1 3 3 7d 99
mov al, [ebx] 7 3 7d 99
add ebx,1 7 3 7d 99
mov al, [ebx] 99 3 7d 99
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AL CODE AX X
word 1 word 3

x word 372h,723dh, Odefah 3712
lea ebx, x 3712
mov ax, [ebx] 3712 3712
add ebx,2 372 37f2
mov ax, [ebx] 723d 3712
add ebx,2 723d 372

mov ax, [ebx] defa 3712

AL CODE EAX X

dword 1 dword 2 dword 3

x dword 4437f2h,21723dh, 0d276efah

add e e || _ssore|_ v

v eax,[e0 siaa__|[ s || oirzea]_oereen

add ebx,4 21723d 44372

mov eax, [ebx] d276efa 44372 21723d d276efa
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15.3: Reserving Storage for an Array Using the DUBirective.

There are times when it is important to set asidmek of memory that array values will be storedTihe reason is
that without reserving a block of memory, dataadecan be destroyed when cells are fill by aryarhafact it is
recommended ,where possible, that the DUP direelivays be used when creating arrays. To accomglistwe
define an array A(dimension) using the followingedtive instructive in the data portion of the pag:

variable nametype dimension DUP (?)

Examples:

1. x byte 100 dup (?)

will create an array with a dimension of 100 by#dsc

2. xword 100 dup (?)

will create an array with a dimension of 200 WORSBIIs, consisting of 200 bytes.
3. x dword 100 dup (?)

will create an array with a dimension of 100 DWORBIIs, consisting of 400 bytes.
Note: Thelea instruction will still be use to determine the fikg/te position of the array.
Exercise:

Write a program that will perform the following tes

Task 1: Store in a dimensioned array the first 6§itpre odd numbers.

Task 2: Store in another dimensioned array thée3gpositive even numbers.

Note: See model program below.
|

15.4 Working with Data
The following instruction will allow data to be dutly stored into an array cell:
mov DATA TYPE PTR.

In order to avoid ambiguity about the data types instruction informs the assembler that the micnalue to be
stored is to be identified as a given data type.

This instruction is defined as
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mov data type PTR [register], numeric value.

For this move instruction, the following are theeth different forms of the instruction: :
* movbyte PTR[register], numeric value;

will define the sizeof the numeric value to be stored as a byte.

 movword PTR[register], numeric value;

will define thesize of the numeric value to be stored as a word.

 movdword PTR[register], numeric value;

will define thesize of the numeric value to be stored a dword.

Note: mov [register],source does not modify the contents of thestegin question.

Examples:
1.
AL CODE EBX [EBX]
mov ebx,403030h 403030
mov byte ptr [ebx], 9ah 403030 9a
2.
AL CODE EBX [EBX]
mov ebx,403030h 403030
mov word ptr [ebx], 679ah 403030 679a
3.
AL CODE EBX [EBX]
mov ebx,403030h 403030
mov dword ptr [ebx], 231abc9ah 403030 23labc9a

Arithmetic operators using [register]

For the following two integer arithmetic operataasdition, subtraction: the indirect regisfeggister] can be a source
for the following arithmetic instructions:

» add register|register]

e add [register], register
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 sub register[register]

 sub[register], register

Examples:
1.
AL CODE EAX X
X byte 6 6
lea ebx, x 6
mov eax, 2 2 6
add eax, [ebx] 8 6
2.
AL CODE EAX X
X byte 2 2
lea ebx, x 2
mov eax, 8 8 2
sub eax, [ebx] 6 6
Exercises:
1. Complete the following table:
AL INSTRUCTIONS |eax |ebx BYTES: 9 (10| 11| 12| 13| 14| 15 14

mov eax, 2ACD16 h

mov ebx, 10

add ebx, 1

mov [ebx], eax

add [ebx], ebx

add eax, ebx

2. Assume we have two arrays X, y containing teenehts:

X:2,7,9, 10

y: 123, 56, 11, 9
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Write an assembly language program that will miytipe corresponding array elements and storegblting product
in an array z.

[

The cmp using fegister]

The cmp instruction can be used to compare areagestts. The instruction is of the following forms:

cmp [register], register

cmp register, [register]

Example:
AL CODE EAX X
X byte 6 6
lea ebx, x 6
mov eax, 7 7 6
cmp eax, [ebx] 7 6
ja bigger 7 6
jp not_bigger 7 6
bigger: mov eax, 0 0 6
jmp finished 0 6
not_bigger: mov eax, 1 0 6
finished: 0 6

15.5 Representing Two-Dimensional Arrays in PseudGode.
Definition of a two-dimensional arraysname(r,c)

A two dimensional array is a collection of cell cd which have the same name, but are distinggdshom one
another by the use of 2 subscripts. A subscrigtpssitive integer number in parentheses whiclofedlthe array’s
name. The two dimensional array can be indicatetbby(r,c) where r is the number of rows and c the nunobbe
columns.

Example: a(1,1), a(1,2), a(1,3) ,..., a(1,50),
a(2,1), a(2,2), a(2,3),.a(2,50),

a(100,1), a(100,2), a(100,34,(100,50)
Such an array is said to have
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r = 100 rows and

¢ =50 columns.

Programming example:
The following program in pseudo - code will perfotine following task:

Task: Assign array values a(j ,k) =) + k, forJ < 100; 1< k < 10

Program:

ji=1

WHILE | < 100

BEGIN

k=1

WHILE k < 10
BEGIN
a(j,k):=j+k
ki=k+1
END

j=j+1

END

The following table shows the values stored indtray:

row/col 1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10 11
2 3 4 5 6 7 8 9 10 11 12
3 4 5 6 7 8 9 10 11 12 13
j j+1 jt+2 j+3 jt+4 j+5 j+6 j+7 j+8 j+9 j+10
100 101 102 103 104 105 106 107 108 10¢ 110

However, we have one small problem: the assemhbulage really only provides storing of data for edenensional
arrays. Therefore, to program two dimensional arase need to go back to the pseudo- code for mnengional
arrays where we can create the same results a ditmensional array. To do this we define the twoeahsional array
a(j , k) as a one dimensional array as:

a(j, k) := a(dc(j - 1) + 4+k - 3)

where
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1<j<r=100,
1<k<c=10,

Example:
For the above table and a(j, k) = + k, where

r=100

c=10

1<j<100

1<k<10

a(j,k) :=a(410+(-1) + 4k -3) = a(46( - 1) + 4k - 3)

a(1,1):=a(1) a(2,1) :=a(41)
a(1,2) .= a(b) a(2,2) .= a(45)
a(1,3) :=a(9) a(2,3) :=a(49)

a(1,4) :=a(13)
a(1,5) :=a(17)
a(1,6) :=a(21)
a(1,7) :=a(25)
a(1,8) :=a(29)
a(1,9) :=a(33)
a(1,10) := a(37)

a(2,4) :=a(53)
a(2,5) :=a(57)
a(2,6) .= a(61)
a(2,7) .= a(65)
a(2,8) := a(69)
a(2,9) :=a(73)
a(2,10) :=a(77)

a(100,1) := a(3961)
a(100,2) := a(3965)
a(100,3) := a(3969)
a(100,4) := a(3973)
a(100,5) := a(3977)
a(100,6) := a(3981)
a(100,7) := a(3985)
a(100,8) := a(3989)
a(100,9) := a(3993)
a(100,10) := a(3997)

Our pseudo-code program will now be changed to:
Program:

j:=1

WHILE | < 100

BEGIN

k:=1

WHILE k < 10

BEGIN

a(40«(j-1) +4xk-3):=j+k

ki=k+1
END

j=j+1

END
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Program

PSEUDO-CODE

AL PSEUDO-CODE

ASSEMBLY LANGUAGE CODE

J=1 J=1 mov j, 1
WHILE J < 100 WHILE J< 100 begin_row: cmp j,100
jg end_row
BEGIN BEGIN begin:
K:==1 Ki=1 mov k, 1
WHILE K < 10 WHILE K < 10 begin_col: cmp k, 10
jg end_col
BEGIN BEGIN begin_col:
a(40«(J-1)+4K-3) :=J+K EAX:=J mov eax, j
EAX = EAX -1 sub eax, 1
EAX ;= 40«EAX mov f, 40
mul f
TEMP:= EAX mov temp, eax
EAX:=4 mov eax, 4
EAX:= EAX*K mul k
EAX:= EAX -3 sub eax, 3

EAX:= EAX + TEMP

add eax, temp

EBX:=J

mov ebx, j

EBX:=EBX +K

add ebx, k

[EAX] := EBX mov [eax], ebx
K=K+1 EAX: =K mov eax, k
EAX:=EAX +1 add eax, 1
K:= EAX mov k, eax
END END jmp begin_col
end_col: mov eax, |
J=J+1 EAX: =] mov eax, j
EAX:=EAX +1 add eax, 1
J:= EAX mov j, eax
jmp begin_row
END END end_row :
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Exercise:

1. Modify the above program to allow the creatiéthe two dimensional array using the directive
a dworddimension dup (?)

Model Program

; The following program is a partial program thall &tore numbers 2,4,6,..., 10,000 into an array a

.386

.MODEL FLAT
.STACK 4096
.DATA

a dword 5000 dup (?) ; Array a(dim 5000)

.CODE

_start:

lea ebx, a

mov k, 1

while: cmp k, 5000
begin: jg end

; begin

mov eax, k

mul 2

mov [ebx], eax
mov eax, k

add eax, 1

mov k, eax

add ebx, 4

jmp while

end:

;end of assembly language code

PUBLIC_start

end

PROJECTS

1. A numeric conversion table is a table made ugeaimal , hexadecimal and octal numbers in inongasrder:
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DECIMAL OCTAL
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 10
9 11
10 12
N N,

Write a program in assembly language that will reand a store the above table for any given Vdlue

2. Write a program that will find and store thesfi50 prime numbers in an array.
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CHAPTER 16 PROCEDURES
16.1 Pseudo-code Procedures
As in higher programming languages, we will needde procedures (subroutines), repeatedly in maayrcassembly
language programs. These procedures in a sendgethought as algorithms, in that they can staodeaind be used
repeatedly in different programs. For pseudo-ctuefollowing will be our the definition of the nrabody of the
procedure:

Definition of pseud-code procedures:

PROCEDUREname of procedure
BEGIN

(instructions)

END

We will assume the following rules will apply toqmedures:

Rulel: All procedures will be local to the main gram.

Rule2: All procedures will be located at the endh&f main program.

Rule3: All variables are global.

Rule4: The procedure will be ignored by the assembinless it is called by the Call instruction
Definition of the Call instruction:

CALL name of procedure

We will assume the following rules will apply toetleall instruction:

Rulel: All call instructions can be inserted anyveh@side the main program.

Rule2: When the call instruction is activated, sfan is made to the first instruction of the praoed

Rule3: The END at the end of the procedure, walhsfer back to the instruction immediately follogyithe call
instruction.

Examples:

1. The exponential operator p= a". Although we define an exponential operator in psecade, the exponential
operator does not exist in the assembly languagerefore we need to create a procedure that wilbpa the
exponential operator that we have in our pseud@cidr the following procedure we will compute p'=where

a>0
n>0
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PROCEDURE exponential
BEGIN

P=1

K=1

WHILE K < N
BEGIN

P:= AxP
K=K+1
END

IF N:= 0 THEN
BEGIN

P=A

END

The following program will use the above procedamé will perform the following task:

Task: Compute and storé 52'° .

PROCEDURE EXPONENTIA
BEGIN
P=1
K=1
WHILE K < N
BEGIN

P:= AxP
K=K+1
END
IF N:= 0 THEN
BEGIN
P=1
END

PSEUDO-CODE A N EXP1 EXP2 EXP3
A=5 5
N:=7 5 7
CALL EXPONENTIAL 5 7
EXP1:=P 5 7 78125
A=2 2 7 78125
N:=10 2 10 78125
CALL EXPONENTIAL 2 10 78125
EXP2:=P 2 10 78125 1024
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2. The following procedure will perform the followirtgsks:
Taskl: Compare the relative size of two differenéger numbers X, .
Task2: Returns the larger of the two numbers.

PROCEDURE compare
BEGIN

IF x>y  THEN

BEGIN

larger := x

ELSE

BEGIN

larger :=y

END

Write a program using the above procedure thihjperform the following task:

Taskl: Compare two pair of different integer nunsheand store the larger in different varialbes.

PSEUDO-CODE X Y LARGER LARGER1 LARGER?2
X:=5 5
Y:=10 5 10
CALL COMPARE 5 10
LARGER1:= LARGER 5 10 10 10
X:=12 12 10 10 10
Y:=7 12 7 10 10
CALL COMPARE 12 7 10 10
LARGER2:= LARGER 12 7 12 10 12
PROCEDURE COMPAR
BEGIN
IF X>Y THEN
BEGIN
LARGER = X
ELSE
BEGIN
LARGER =Y
END

3. The following procedure will perform the followirtgsk:
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Task: For any positive integer N, compute the valum =1+2 + 3+ ...+ N.

PROCEDURE sum
BEGIN

total := 0

k:=1

WHILE k < N
BEGIN

total := total + k
ki=k+1

END

END

Write a program using the above the procedurewiibperform the following tasks:
Taskl: Store the sum of the numbers 1,2,3,..., 100
Task2: Store the sum of the numbers 1,2,3,..., 150
Task3: Store the sum of the numbers 1,2,3,...., 250

PSEUDO-CODE N TOTAL TOTAL1 TOTALZ2 TOTALS3
N := 100 100
CALL SUM 100
TOTAL1:= TOTAL 100 5050 5050
N:=150 150 5050 5050
CALL SUM 150 11325 5050
TOTALZ2:= TOTAL 150 11325 5050 11325
N := 250 250 11325 5050 11325
CALL SUM 250 11325 5050 11325
TOTAL3:= TOTAL 250 125500 5050 11325 125500

PROCEDURE SUM
BEGIN
TOTAL =0
K:=1
WHILE K < N

BEGIN
TOTAL :=TOTAL + K
K=K+1
END

END
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4. The following procedure will perform the followirtgsks:
Taskl: Compare four array integer values.

Task2: Find and return the smallest integer value.

PROCEDURE array

BEGIN
smallest := a(1)

IF a(2) < smallest THEN
BEGIN
smallest := a(2)
END

IF a(3) < smallest THEN
BEGIN smallest := a(3)
END

IF a(4) < smallest THEN
BEGIN
smallest := a(4)
END

END

Write a program using the above the procedurevtiieperform the following tasks:
Task1: Find and store the smallest of the numheéf; 3, 10
Task2: Find and store the smallest of the numb&rl601, 2222, 43

PSEUDO-CODE A | A@) |A@B) |A@) | SMALLEST | sS1 | s2
A(l) =5 5
AQ2) =7 5 7
A@3) =2 5 7 | 2
A(4) := 10 5 7 2 | 10
CALL ARRAY 5 7 2 | 10
S1:= SMALLEST 5 7 2 | 10 2
A1) := 57 57 7 2 | 10 2
A(2) := 1001 57 | 1001 2| 10 2
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A3) := 2222 57 | 1001] 2222 10 2
A(4) := 43 57 | 1001| 2222 43 2
CALL ARRAY 57 | 1001 | 2222| 43 2

S2:= SMALLEST 57 | 1001] 2222 43 43

PROCEDURE ARRAY
BEGIN
SMALLEST := A(1)

IF A(2) < SMALLEST THEN
BEGIN
SMALLEST := A(2)
END

IF A3) < SMALLEST THEN
BEGIN
SMALLEST := A(3)
END

IF A(4) < SMALLEST THEN
BEGIN
SMALLEST := A(4)
END
END

EXERCISES:

1. Write a procedure that will perform the followgitasks:

Task1: Store the following positive integer numharan array:

nn+1,n+2,n+3,...,n+m, m>0.

Task2: Add the numbers stored in the array.

2. Write a procedure that will perform the followitasks:

Task1: Store n integers in an array.

Task2: Find the largest number of this array.

16.2 Writing proceduresin Assembly L anguage

The assembly language syntax is very similar taggeode:
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Body of the procedure:

identifier PROC NEAR 32 ; identifier: the procedure’s name
(instructions)

ret ; will jump to the code following the call instructio

identifier ENDP ; Terminates the body of the procedure.

The call instruction is simply :

call identifier

Examples:

1. From example 1 above, complete the table below:

PROCEDURE EXPONENTIAL

PROCEDURE EXPONENTIAL

PSEUDO-CODE AL PSEUDO-CODE ASSEMBLY LANGUAGE CODE
A=5 A=5 mov a, 5
N:=7 N:=7 mov n, 7
CALL EXPONENTIAL CALL EXPONENTIAL call exponential
EXP1:=P EAX:=P mov eax, p
EXP1:= EAX mov expl, eax
A=2 A=2 mov a, 2
N:=10 N:=10 mov n,10
CALL EXPONENTIAL CALL EXPONENTIAL call exponential
EXP2:=P EAX:=P mov eax,p
EXP2:= EAX mov exp2, eax

exponentialPROC NEAR 32

BEGIN BEGIN begin:
P:=1 P=1 mov p, 1
K=1 Ki=1 mov k, 1

WHILE K < N WHILE K< N while: cmp k, n
jg endl

BEGIN BEGIN beginl:

P:= AxP EAX:=P mov eax, p
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mul a

MUL A
P:= EAX mov p, eax
Ki=K+1 EAX:=K mov eax, k
EAX:=EAX +1 add eax, 1
K:= EAX mov k, eax
END END jmp while
endl:
IF N:= 0 THEN IF N:= 0 THEN cmp ebx,0
jg end2
BEGIN BEGIN begin2:
P=1 P=1 mov p, 1
END END end2:

ret
expontential ENDP

2. From example 3 above, complete the table below:

AL PSEUDO-CODE

ASSEMBLY LANGUAGE CODE

PSEUDO-CODE
N := 100 N:= 100 mov n, 100
CALL SUM CALL SUM call sum

TOTAL1:= TOTAL

TOTALL := TOTAL

mov eax, total
mov totall, eax

N:= 150

N:= 150

mov n, 150

CALL SUM

CALL SUM

call sum

TOTALZ2:= TOTAL

TOTAL2:= TOTAL

mov eax, total
mov total2, eax

TOTAL3:= TOTAL

N := 250 N:= 250 mov n,250
CALL SUM CALL SUM call sum
TOTAL3:= EBX mov eax, total

mov total2, eax
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PROCEDURE SUM
BEGIN
TOTAL =0
K:=1
WHILE K < N
BEGIN
TOTAL :=TOTAL + K

K=K+1
END
END

Exercises:

PROCEDURE SUM
BEGIN
TOTAL :=0
K=1
WHILE TOTAL < N
BEGIN
EAX:= TOTAL
EAX:=EAX +1
TOTAL:= EAX
END
END

sum PROC NEAR 32
mov total, O

mov k, 1
cmp total, n
begin:
mov eax, total
add eax, 1
mov total, eax

jle begin
ret
sum ENDP

1. For the remaining examples in 16.1, write appab@ assembly language codes.

2. Modify the a procedure that will computewehere n is a integer and the value a is a nontivegidoating point

number. .

PROJECT:

Write a program to compute

P(x)=ax"+ g X" +..+a’+ax’+ax+a=(..((aX +a,)x +... +a@ax+ag)x+al)x+3

using the following tasks:
Task 1: Store the integers @ an array.

Task 2: In a procedure, compute P(x).
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. WORKING WITH DECIMAL NUMBERS
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CHAPTER 17 - DECIMAL NUMBERS

INTRODUCTION
So far we have only worked with integers in assgrdiguage. For many assembly language compilers,
decimal numbers are also available. In order loeine a proficient assembly language programmernegeds
to have a good understanding how decimal numbersegaresented in the assembler. To accomplishvikis,
start with the basic ideas of decimal numbers éenldaise 10. In later chapters we will expand thesebers to
the various forms that are needed.
17.1 Definition of Decimal Numbers and Fractions.
Definition of Decimal Numbers Base 10: Decimal numbers are numbers of the following forms

or

M.aaa; ... 4 ... & ... 3ddg ... G .-

where m is a integer andaa; ... are non-negative integers.

There are three types of decimal numbers: posithegative and zero.

Examples. 0.123, - 0.06143, 4.54, 33.248248..., -TMAT0TTTT77

Definition of Fractions: Fractions are defined as + N/M, where N and M regmné arbitrary integers, with the
restriction that M« 0.

213, -4l7, 1/3, 124/456, -7/7, 0/4, 04200
There are two types of fractions: proper and improp

Definition: A proper positive fraction N/M is a fraction whe¥e< N < M.
Examples:

213, -4l7, 1/3, 124/456

Definition: An improper positive fraction N/M is a fraction ee N> M > 0.
5/2, - 716, 10/5

Note: In this chapter we are primarily interestegositive proper fractions.

227



Exercises:

1. Which of the following fractions can be redutednteger numbers:
a. 1446/558 b.12356/2333 c. 458/3206 d. 1138/569

2. Rewrite the following numbers as fractions:

a. (1/2)/(517) b. (212/124)/(5) c. (1/3)I(2/3)

3. Which of the following fractions are proper:

a. 3/2 Db.234/567 c.1/2
[

Note: For the following presentation, we will ordgnsider decimal numbers that are generated freitiy®
fractions.

17.2 Representing positive decimal numbers corresponding to proper fractions in expanded form.

Any fraction can be represented by a decimal nun@iace we are mainly interested in fractiong tva
proper, this means that all corresponding deciraatlrers we study will be less than 1.

There are two types of decimal numbers: finite iafidite:

Definition of finite decimal numbers: Finite decimal numbers are written in the form;&a .. g,
where

0.a3a;..3 =a/l0+g/1¢F + a/10*+ ... + g10"

and

a(k=1, 2, ..., n)are non- negative integers.

Note: Finite decimal numbers can also be negative nusnber

Examples:

0.579 = 5/10 + 7/100 + 9/1000

0.3579 =0.3579 =3/10 + 5/100 + 7/1000 + QM

0.49607 = 4/10 + 9/100 + 6/1000 + 0/10000H0@O00

0.005411 = 0/10 + 0/100 + 5/1000 + 4/10000 + 1/D006 1/2000000 =
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5/1000 + 4/10000 + 1/100000 + 1/1000000

Definition of infinite decimal numbers: Infinite decimal numbers are written in the form:

0.888; ... 34&d; ... §... ARS ... G ...

where

0.888; ... 3 aad; ... &... 338 ... §... =
a/l0 + g/10P + a/10*" ..+ a/10'+ a/10" "'+ a/10"* 2+ a/10"*3+... + g/10™ + ...

and
a(k=1,2,..,)are non- negative integers.
To avoid the complications of working with infiniexpansions, we will use the following notation:

0.88,8 ... & 483 ... &... 4B ... &... = 0.a,a, ... a_

Also, we will assume that all the laws of arithmaetiork when applied to infinite decimal numbers.

Examples:

0.798798... 20.798
0.015981598 ... 9.01598
0.66... =0.6 ,
0.13241324... ©.01324

0.25897897897... 25.897

Examples:

1/2 = 0.5, 2/3 =0.666... = 0.6 1/4 =025, 1/3 = 0.333... =03, 1/2 = 0.5

213/999 = 0.213213213...= 0.213,16/3 = 5.333... = 5.3

Exercises:
1. Expand the following in the forrr().ala2 e @ =B ... 38 ... § ... AdDs ... ...
a. 0.2357 b. 0.0097
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2. Expand the following in the form Qaga; ... 8 &aa; ... §... 388 ... .. = 0.a1a2 -

a. 0.0768907689 ... b.0.00235559055590 ...
3. Write the following fractions as decimal numbessng the upper bar notation where necessary:

a. 5/12 b. -7/8 c.5/6 d. 1/7 e -3/7

|

17.3 Converting Decimal Numbersto Fractions:

Finite decimal numbers can easily be convertddations by writing them first in the form:
0.8483,..8 =3a/10+3/10F+ a/1C + ...+ g10'= (g *10" + a 10" 2+ ... + a«10" " *+... + g)/10".
and then sum the terms with a common denominator.

Examples:

0.5=5/10

0.579 = 5/10 + 7/100 + 9/1000 =500 + 710 + 9)/1000 = 579/1,000

0.3579 =0.3579 = 3/10 + 5/100 + 7/1000 + 9/TDGH(3+1000 + 5100 + 710 + 9)/10000 = 3,579/10,000
0.49607 = (4/10 + 9/100 + 6/1000 + 0/1000010@,000) = - 49607/100,000

0.005411 = 0/10 + 0/100 + 5/1000 + 4/10000 + 1/0006 1/1000000 =

(5+1000 + 4100 + 1/10 + 1)/2000000 = 5411/1,000,000

Exercises:

1. Write the decimal numbers as fractions:

a. 0.0235 b.0.1111215 c.0.999999
|

Infinite decimal numbers of typ@a,a, ... a8,  can also be cotekinto a fraction. The following algoritdm
will demonstrate how this is done:

Step 1: Let x0.a;a, ... a

n

! An algorithm is a finite set of rules to compatspecific result.
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Step 2: 10+x = aaa. ... §.2,a, ... a

n

Step 3: 10#x -x= 3z & ... d.8,a, ... & - O.a1a2 .. a =88, ...

n
Step 4: 10+x -x = 99.9x = @&, ... 4

Step5:x= @a. ... 4/ 99...9
Step6:0.aja, ... a, = = a&&. ... a/99...9
Example:

Convert0.21657 to a fraction :
Step 1: Let x =0.21657 =0.216572165721657 ...

Step 2: 10+x = 100,000:0. 2165721657... =2165¥1657

Step 3: Subtract the equation in step 1 from th@egn in step 2:
100,000:x - x = 21657. 2165721657... - 0.216572165721657 21657
Step 4: 100,006x - x = 99,999x = 21657

Step 5: x = 21657/99999

Step 6:0.21657 =21657/99999
We can incorporate the above algorithm into a sigisic formula:

4,3, ... A,

O.ala2 e d. = ﬁ

n

Example:
Conver).21657 to a fraction:

031657 = 21657 _ _ 21657 _ 21657

10° -1 100000 - 1 99999

Exercises:

1. Write the following decimal numbers as fractions
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a 023 b. 0.73 c. 0.8 d. 0.101 e 03

g. 23.468 h.2.0078 1. 0.24679852
2. Write the following decimal numbers as a sifghetion p/q where p, q are integers:

a. 0.7323 +0.83 b. 0.7323 - 0.83 c. 0.7323 = 0.83 d. 0.7323 /0.83

3. Write the following decimal numbers as a de¢inmnber0.a1a2 U B

a. 0.7323 +0.0083 b. 0.7323 - 0.0083 c. 0.7323 * 0.83 d. 0.7323 /0.83
|

17.4 Converting Fractions to Decimal Numbers:

Assume that N/M is a positive proper fraction. Védie the decimal representation of N/M as
M/N = & /10+ a,/10°+ a/10°+ ...

where @ are non-negative integers.

The following example will demonstrate the convensirom a fraction to a decimal number:
Example:

Convert 3/7 to its decimal representation.

3/7= 3/10 + a,/1+ a/10+ a,/10" + a/10 + a/10P+ a /10" +...

Step 1: 10(3/7) =30/7 = (28 + 2)/7T =4 + 2/7 ,* &,/10 + 3/10° + 3,/10°+ a,/10*+ 3,/10°+ a,/1C° + ...
a=4

2/7=2a,/10 + al/10*+ g/10*°+ a/10* + 3/10°+ a /1P +...

Step 2: 10(2/7) = 20/7 = (14 + 6)/ 7 =2 + 6/B=+ &/10+ 3/10*+ a/10° + 3/10*+ a /10 +...
a=2

6/7 =a,/10+ 3,/10°+ a/10° + a/10'+ a /10 +...

Step 3: 10(6/7) = 60/7 = (56 + 4)/ 7 = 8 + 4/7,%ag,/10+ a/1® + g/10+ a/10" +...

8 =38
4/7 = a/10+ a/10°+ a,/10° +...

232



Step 5: 10(4/7) = 40/7 = (35 + 5)/ 7 =5 + 5/7 ,% &a./10+ &, /1% +...

a=>5

5/7 = all0+ a,/10° +...

Step 6: 10(5/7) =50/F (49 + 1)/7 =7+ 1/7 = ;& a/10 + a /17 +...
=171

1/7 = g/10 +a,/10¢* +

Step 7: 10(1/7) = 10/7 + (7 + 3)/7 =1 + 3/7 #+a,/10 +

&=1

3/7=3/10 +

Since we cycled back to 3/7 we can write:

3/7 = 0.42857142857142857142857142857143 ..0.428571

Exercise:

Convert the following fractions to decimal:
1.4/9

2.3/8

3.67/5

|

17.5 Representation of Decimal Numbers

Every finite decimal number has 2 representations.
Examples:

a 0.9

Step1:x 9.9 =0.99....

Step 2: 10x = 9.99....
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Step 3: Subtract the equation in step 1 from thaegn in step 2:
9x =9

Step4:x 9.9 = 1.

b. 0.009

Step 1: 0.00 =9/100 = 1/100 = 0.01

c. 24.9

249 =24+ 09 =24+1=25

d.0.235%

0.2354 =0.2354 +0.0000 =0.2354 + 0.0001 = 0.2355

Exercises:

1. Convert the following into integer form:
a. 2819 b. 41256.
2. Write the following into fraction form:

a 023 b. 0.00791 c. 0.1110000

3. Explain why we cannot convert, using our above g, the following number into a fraction:
0.272772777277772777772...

From your analysis, does such a number exist ?
u

Proj ect

We assume in this chapter that we can apply theamgdrules of decimal arithmetic to infinite de@hmumbers.
For the following infinite decimal numbers, fincetfraction that presents p/q where p, g are ingeger

1.
a.10'«0.a,a, ... a_ =p/q

b. 0.a,a, ... a_ + 0.b)b, ... b_ =plq
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c.0.aja, ... a - 0.bb, ... b_=p/q

d.0.aa, .. a, x0.bb, ... b_=p/q

e 0.aa, ... a /0.bb, ... b_=p/q
2. Show the following is true:
a. a/l0+g/10%+ a/10*+ ... + 310" = (a3, ... )/10"

b. a/10 + g/1¢F + a/10** ...+ a/10"+ a/10" "'+ a/10"* %+ a/10" "3 +... + /10" + ... =

(4 ... 3)/10"+ (a3, ... 3)/10"" + (aa, ... a)/10"+ ...

3. Write an assembly language program that willquer the following tasks:

Taskl: Assume n/m = 6.a1a2 . Ay

Compute the values afO.a1a2 ... a_ and store them in an array.
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CHAPTER 18- DIFFERENT NUMBER BASISFOR FRACTIONS (OPTIONAL)
INTRODUCTION
In Chapter 2, we restricted our studies to integenbers of different bases. We now move on to tilngdysof
decimal numbers of different bases. It is importaninderstand that to become a successful assg@mdgyammer
one has to have a complete understanding how btefdr and decimal numbers work within the assemble
system.
18.1 Definition of Decimal and Fractions
In Chapter 17, we defined finite and infinite dealmumbers in the base 10 as

0.83,8...8,= a/10 + g/1¢F + ... + §/10"

0.aa8...8, &483...8... = 0.aa, .. a = @10+ 3g/10 + ... + §/10'+ a/10"* '+ a/10"**+ ... + §/10°" +...

Examples:

0.25 =2/10 + 5/10
0.0625 = 6/10+ 2/10G + 5/1¢

0.3333... = 3/10 + 3/20- 3/1C +...
0.285714 = 2/10 + 8/16+ 5/1C + 7/10 + 1/1CG+ 4/1CG+ 2/10 + 8/1F+ 5/1C + 7/10° + 1/10*+ 4/1G° + ... +

In a similar manner we can define finite and inBrdecimal numbers, less than 1, for any baseskpanded form:

Definition: A finite non negative decimal number less thanr lmawritten in the base b:as
(0.83,8...a), = a/10 + 3/10% + ... + g/10"

where

O<g<b (k=1,2,..,n),

a/10,+ a/107+ ... +3/10" = 0.9 + 0.03 + ... + 0.00...0a

Definition: An infinite decimal number less than 1 can be entin the base b as

(0.a22...3,...), = a/1Q, +a/107+ ... +a/1Q" + ...

where

0O<ag<b (k=12 ..

a/10, +a/102+ ...+ 3/10," +...= 0.4 + 0.03 + ... + 0.00...0a+ ...
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Note: We are only using these decimal expansions to atelithe various position of the decimal point; floot
computational values.

Examples:

0.1110% = 1/10 + 1/102 + 1/10° + 0/10* + 1/1Q°

0.0275¢ = 0/1Q + 2/1Q%+ 7/1Q %+ 5/1Q,* + 6/1Q,°
0.98C7DF 4 = 9/10 + 8/16+ C/1G + 7/10 + D/1C+ F/10+ ...
Exercises:

1. Write the following numbers in expanded form:

a. 0.23112Q b.0.11111101 c. 0.232323 d. 0.ABC2,
m

18.2 Converting Decimal Numbers Between The base 10 and an Arbitrary Base

As we stated in Chapter 4, it is important to bke &b convert integer numbers from a given
number base to corresponding integer numbersyirotdoer base. Similarly , we wish to do the
same for fractions. First we will define the copesding decimal number (M 1) that
corresponds to a unique decimal number in the base

Converting finite decimal numbersin any base b to itscorresponding decimal numbersin
the base 10:

The following formula gives a one - to - one cop@sdence from a finite decimal number in the
base b to a unique finite decimal number in thes ldds

N,= 0.aa...3 < a/b+ a/b’+ ... +a/b" =Ny

Note: All computation is done in decimal.

Examples:

0.321, < 3/4 +2/4+ 1/#=3/4 + 2/16 + 1/64 = 0.75 + 0.125 + 0.015625890625,

0.1101} = 1/2 + 1/Z2+ 1/2+ 1/2 = 0.5 + 0.25 + 0.0625 + 0.03125 = 0.84375
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0.9AF, < 9/16 + 10/16+ 15/16 = 0.5625 + 0.0390625 + 0.003662109375 =
0.605224609375

Exercises:

1. Convert the following numbers to the base 10:

a. 0.231120 b.0.11111103 c. 0.232323 d. ABC2,,
m

Converting infinite decimal numbersin any base b to its corresponding decimal numbersin
the base 10:

The following formula will convert any infinite denal number in the base b to its corresponding
decimal number in the base 10:

Assumeab = 0.a,a,..a
Let 3 = 0.38,...8, = a,= a/b + a/b*+ ... + g/b" then

a —a 0
b 100 _

Examples:

a.Find 03, <= N

Stepl:b=4
Step2:n=1
Step 3:a, = 0.3
Step4d:a =0.3
Step 5: ¢ =3/4

Step 6: Substituting in the above formula gives
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0.3 = (3/4)«[4/(4 - 1)] = 3/4<4/3 =1
b. Find 0.101, = Ny,

Stepl:b=2

Step2:n=3

Step 3:a, = 0.101

Step4:a-0.101
Step5:a =1/2+0/2+1/2=4/8 + 1/8 =5/8
Step 6: Substituting in the above formula gives

0.101, = (5/8) » [2%(2°-1)] = 5/7

Exer cises:

1. Convert the following numbers to the base 10:

a. 0.6, b. 0.01001, c. 0.A5C,, d. 0.00365,

[
Converting finite decimal numbersin the base 10 to its corresponding decimal numbersin
any baseb:

N, = (@a/b+ a/b®+ ... +a/b")+ (@/b"* '+ a/b""?+ .. +a/b® + ...+ < (.ad... g ...}

The following examples will demonstrate how to sothie values,a
Examples:

Convert the following decimal numbers to the inticbbase.

a. Convert 0.2 to the base 4.

Step 1: 0.2 = M+ al4* + a/4+ ...

Step 2: 4(0.2) = 0.8 = a+ a/4 + a/4 + ...
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Step 3: Since,as an integer, & 0.

Step 4: 0.8 =44 + a/4°+ ...

Step 5:4(0.8)=3.2=at+a/d4 + ...

Step 6: a=3

Step 7: 0.2= 44 + g/4* + ...

Since we are back to Step 1, the decimal numbgreitbase 4 can be written as

0.2 N, = 0.0303... Dz, =003

b. Convert 0.9 to the base 16.

Step 1: 0.9 = @416+ a/16° + a/16°+ ...
Step 2: 16(0.9) = 14.4 = a+ a/16 + a/16° + ...
Step 3: Since,as an integer, 14 a = E

Step 4: 0.4 = #16 + g/16*+ ...

Step 5:16(0.4) = 6.4 = a+ af/l6 + ...

Step 6: =6

Step 7: 0.4= 416 + a/16° + ...

Step 8: Since we are back to Step 4, the deciaraber can be written as
0.9, = Ny = 0.E666... =0.E6

c. Convert 0.8 to the base 2.

Step 1: 0.8 = &+ a/2* +g/2° + ...

Step 2: 2(0.8) = 1.6 = a+ a/2 + a/2* + ...
Step3: =1
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Step 4: 0.6 =42 + a/2°+ ...

Step 5: 2(0.6)=1.2=at+al2 + ...
Step6:a=1

Step 7: 0.2=#2 + 3/2* + ...

Step 8: 2(0.2) =04 =a+3/2 + ..
Step9:a=0

Step 10: 0.4=42 + a/2> + ...

Step 11: 2(0.4) = 0.8 =a+ a/2 + ..
Step12: =0

Step 13: 0.8 =2 + /22 + ...

At this point we are back to Step 1:

Step 12: Therefore 08 0.a,a,2,, = 0.1100,

Checking out computation.

By applying the above formula :

a2, a0
b 10 0

we can check to see if we correctly converted ithieefdecimal number.

Example:

Let us check to see that we correctly converteg, @&inary0.1100, .

Step 1:a, = 0.110
Step2:@ =1/2+1/2 =1/2 + 1/4 = 3/4
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Step3:b=2
Stepd:n=4
Step 5: Substituting in the above formula gives

0.T1, = (3/4) » [2%(2* -1)] = (3/4)(16/15) = 0.8

Exer cises:

1. Convert 0.55 to the

a.base2. Db.base4 <c.base8 d.base 16
and check your results.

4. Showo0.021, = 0.15,

5.Show 0.111001100,< 0.9,

[

Converting infinite decimal numbersin the base 10 to its corresponding decimal numbersin
any baseb:

We will use the same method of converting a fidiéeimal number in the base 10 to any number
in the base b

by replacing the finite decimal number by an irtindecimal number.

Example.

Convert 0.8 ,= N,
Step 1:0.8,, =0.888888... =,/2+ a/2* + a/2%+ ...

Step 2: 2(0.8888...) =1.77777... 5aa/2 +a/2* + ...
Step3:a=1
0.77777 ... =42 + a/2°+ ...

Step 4: 2(0.77777...) = 1.55555... =, aa/2 +a/2°...
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StepS:a=1

0.55555...= g2 + /2% + ...

Step 6: 2(0.55555...) = 1.1111... 5 & a/2 + a/2%.
Step7:a=1

0.1111...= g2 + a/2* + ...

Step 8: 2(0.1111...) = 0.2222... = , & a/2 + a/2° + ...
Step9:a2=0

0.2222..= d2+a/22+ ..

Step 10: 2(0.2222... ) = 0.4444... =, 0a/2 + al2% + ...
Step11: =0

0.4444.. =d2 +3al2%+ ...

Step 12: 2(0.4444..) = 0.8888... = a+ 3,/2 + ... ...
Step 13: a=0

0.8888... = 42 + ...

Step 14: Since step 13 returns to the originalesaiustep 1, we are finished and conclude:

0.8,, = 0.a8,8:3,8:3 0.8 a%8,33;... = (111000111000.,.)= 0.111000,

Checking out computation.

By applying the above formula :

7 oa 0
b 10 0 _

we can check to see if we correctly converted tfiaite decimal numbe#.8,,
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Assumea, = 0.111000_

Let g = 0.111000- a,=1/2 + 1/Z2 + 1/2= 0.5 + 0.25 + 0.125 = 0.87fen
b=2

n=6

0.111000, < (0.875)<2%(2°- 1) = 0.8,

Exercises:

6. Convert and check your results:

Convert: 0.2,,to a.base2 b.base8 c.base 16
|

Alternative Method for Converting Infinite Decimal Numbersin the Base 10 to its
Corresponding Decimal Numbersin any base b:

Rather then working with infinite decimal numbanghe base 10, first convert the number to a
fraction N/M and then write

N/M = a/b+ a/b’+ ... +3a/b"+ ... = (.aa... 3),
and solve for g(k = 1,2,3,...).
Example:

0.3,, = 1/3 to the base 4.

Step 1: 1/3 = @4+ a4+ ...+ a/4" + ...

Step2:4(1/3)=1+1/3=g ald+..+a/4" + ..
a,=1land 1/3= a/4+ ... +a/4" + ...

Since the fraction 1/3 has repeated:
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Exer cises:

1. Using the alternative method, conver8,,< N, .
L

18.3 Converting Decimal Numbers|n a Given Base To Fractions|n the Same Base:

Finite decimal numbers in a base b can easilyobearted to fractions by writing them first in the
form:

(0.a8,a; .. ), = a/10 + g/10% + a/10° + ... + &/10" = [(a *10" '+ @, 10" 2+ ... + g x10" K
+... a)/107,.

Examples:

0.5, = (5/10),

0.1011 = 1/10 + 0/100 + 1/1000 + 1/10000 =*{DOO + %10 + 1)/10000 = (1011/10000)
0.3DF2, =3/10 + D/100 + F/1000 + 2/10000 =+{®00 + D«100 + F10 + 2)/10000 =
(3DF2/10000),

Exercise:

1. Write the decimal numbers as fractions:

a. 0.0235 b.0.11011} c.0.999999,
m

Infinite decimal numbers of typ@a,a, ... 2, can also be com¢kinto a fraction by using the
basic formula developed in Chapter 17:

4,3, ... A,

10" - 1
where 10 -1 =dd, ... d,

0.a1a2 . A LS

b
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whered=b-1(k=1,2, ..., n), the largest digit iretbase b.
Examples:

0.723, = 723/(1000 - 1) = 723/777
0.10, = 10/(100 - 1) = 10/1}
0.3FA9,, = 3FA9/(10000 - 1) = 3FA9/FFFE

Exercise:

1. Write the decimal numbers as fractions in thmeshase:

a.0.0103  b. 0.000723, C. 0235.7237, d. 02C5.7239
|

18.4 Converting Numbers Between Different Bases

There exists a one to one correspondence betwHeredi bases. This can be shown by
converting a number in one base to the base 1@h@mdconvert this number to the other base.

Examples:

a. 0.2« N,
0.2, < N;p=2/4=0.5

0.5= a6+ al/6® + af6® + ...
6+05=a+a/6+a6+..=3.0
8=3,38=0,8=0, ..

0.5+ 0.3,

0.2,- 0.3

b.0.6,< N,
0.6 N,y = 6/8 =.75
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0.75 = @2+ a/2* + a/2°+ ...
2x(0.75) =a+al2 + a/2*°+...=1.5
a=1

0.5= g2 +a/2°+ ...
2+05=g+a/2+..=1
a=1,a8=0,a=0,..

0.5 0.11,
0.6, 0.1%,

C- O-A16 < N2

0.A < N;,= 10/16 = 0.625
0.625 = @2+ a/2®> + af2%+ ...

2+(0.625) = a+ a2 + a/2*°+ ... = 1.25
a,=1

2+(0.25) = a+a/2+..= 0.5
a=0

2+(0.5)=g+a/2+..=1

8 =1

0.625,<0.10%

0.As= 0.10%

Exercises:

1. Convert the following:

a.0.AB =N, b.0.258,< N, ¢ 0.0L < Ny
u
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Quick conversions between the base 2 and base 16.

With no computation we can convert a number inbage 2 to its corresponding number in the
base 16.

To convert from base 2 to base 16 or converselyjees to construct the following table:

BASE2 BASE
DIGITS 16DIGITS
Binary Hexadecimal

0000 0
0001

0010
0011

0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

T ImMm|OlOoO|lm([>Plo|lo|l~N]|lolalsr]lw]|d |-

Converting afinite decimal number lessthan one
The following 2 rules show how to convert a fini@ary number to a hexadecimal number:

1. From left to right, group the digits of the bipaumber in groups of 4; adding zeros at the enc
If necessary .
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2. Match each group of these 4 digits with the egponding hexadecimal digits from the about
table.

Example: Convert 11011110]1tb its corresponding hexadecimal digit.

We first write:0.1101111011, = 0.1101 1110 1100

Next we match from the above table the correspandexadecimal digit:

0.1101111011, = 0.1101 1110 1100 <= O.DEClG
0. E &

To convert a finite hexadecimal number to a bimamgnber just match each hexadecimal digit
with the corresponding binary digits in the aboadale:

Example: Convert 0.F3DBto its corresponding binary number.

0.F3DBg,= 0. F 3 D B 0.11110011110110}11
0.1111 00111101 1011

Exercises:

1. Using this quick conversion, convert the followiigary numbers to hexadecimal:

a.0.011010101 b.0.0001111101

2. Using this quick conversion, convert the followingxadecimal numbers to binary:
a. 0.5623; b. 0.ACF230A

3. In the example above, we converieti01111011, < 0.DEC,. Use another conversion method.
Is the result the same.

5. Set up a quick conversion system betweebdle 2 and base 8.
6. Convert a. 0.1101110L11to the base 8. b. Convert 0.2346]to the base 2.

7. Use quick conversion, to convert 0.764 &3the base 16.
[
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Converting an infinite decimal number lessthan one

When converting an infinite binary number to hexahal we to use the following rules:

1. From left to right, group the digits of the bipaumber in groups of 4; adding zeros at the enc
if necessary .

If we cannot group the digits in groups of 4, exgbime binary number to a minimal number of
digits that wil allow the grouping.

2. Match each group of these 4 digits with the &gponding hexadecimal digits from the about
table.

Example:

Convert0.1001, to hexadecimal.

= 0.1001 1001 1001 ...= 0.9

2 R A AN R A AN R A AN

9 9..

0.1001

(o]

Example: Converto.11011011, to hexadecimal.

0.11011011 = 0.1101 1011 1101 1011 1101 1011 .. 0.DB
0.D B D B D B..
Example:

Convert 0.10, to hexadecimal.

Since we don’t have a multiple of 4 digits, we exgha

0.10,=0.1010, = 0.1010 1010 1010 1010 =.0.A,
0. A A AA..

Example:

Convert 0.101, to hexadecimal.

Since we don’t have a multiple of 4 digits, we exgha

0.101 = 0.101101101101 ... = 0.1011 0110 1101 ... « 0.B6D 4
00B 6 D
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Example:

Convert0.9A3DD,, to binary.

0.9A3DD,, < 0.1001 1010 0011 1101 1101 = 0.1001 1010 0011 1101 1101,

Exer cises:

1. Leta = 0.139,, . Write each of the following as a singlérite decimal number:

a 2+a b.3xa c. 4xa d.5xa e6xa f.7xa  (.8xa h.9xa

2. Convert the following binary numbers to hexadweti

C. 0.101101101,

3. Convert the following hexadecimal numbers taabyn

a. 0.F, b. 0.23ADF,

4. Show that the largest positive 32 bit numbefl011..1 corresponds to the decimal number
1-1/2*
[

18.5 Performing Arithmetic On Finite Decimal Numbers|n Different Number Bases

From Chapter 2, we can extend the invariant theaceapply to decimal numbers. This theorem
can also be extended to division:

Theorem: Invariant properties of arithmetic operationsizstn bases:
1. Invariant property of addition: If N= N, andM, < M, then N+ M, = N.+ M..

2. Invariant property of subtraction: If N N, andM, = M_then N- M, = N.- M..
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3. Invariant property of multiplication: If N= N, andM, = M_then N*M, < N xM,
4. Invariant property of division : Assumeg,M0, N, = N,, and M < M, then
N,/M, = N. /M,

Working with finite decimal numbers in the baseagiwcan be confusing and difficult. A better
way is use the following algorithm:

Step 1: Writd0.a&,...a), = (@& ... a)/10"
Step 2: Writg0.b,b, ... b)), = (bb,... )/ 10"

Step 3: (@&, ... 8),/10" = N,/b"
Step 4: (bb, ... ), /10" =M, /b"

Step 5: N/b" e M,/n™, whereo is one of the above operations.
Step 6: Convert /b"o M,/n™ to the corresponding decimal number in the base b.
Examples:

a. Perform 0.234+ 0.33
Step 1: 0.23¢=(237/1000)

Step 2: 0.33= (33/100,

Step 3: (237/1000) = 159/8
Step 4: (33/10Q) < 27/&

Step 5: 159/8+ 27/8 = 159/8+ 27+8/8°= 375/8
Step 6: 375/8 - 567,/1000= 0.567,

Step 7: 0.23/4# 0.33 =0.567
b. Perform 0.234x 0.33
Step 1: 0.23y4=(237/1000)

Step 2: 0.33= (33/100,
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Step 3: (237/1000) - 159/8
Step 4: (33/10Q) < 27/&

Step 5: (159/8 «(27/8) = 4293/8
Step 6: 4293/8 < 10305/100000= 0.0.10305
Step 7: 0.237+ 0.33 =0.10305

c. Perform 0.234- 0.33
Step 1: 0.23¢=(237/1000)

Step 2: 0.33= (33/100,

Step 3: (237/100Q) = 159/8
Step 4: (33/10Q) - 27/8

Step 5: 159/8 27/8 = 159/8 - 27x8/8= - 57/8
Step 6: - 57/8 = - 57,/1000= - 0.57,

Step 7: 0.234-0.33 =-0.57

d. Perform: 0.234/ 0.33

Step 1: 0.237= (237/1000)

Step 2: 0.33= (33/100,

Step 3: (237/100Q) = 159/8
Step 4: (33/10Q) - 27/&

Step 5: (159/8,,/ (27/8),,= 538,,/8

Step 6: We now convess,, to octal:

step 1:0.8,, =0.888888... =,/8+ a/8 + /8%+ ..
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step 2: 8(0.8888...) =7.1111111111 z4a/2 + a/22 + ...
step3:a=7

step 4: 0.111111 ... 5/8 + &/8+ ...

step 5: 8(0.11111111...) = ... 0.888888888888 =+@/8 + a/8 ...
step6:a=0

Step 7: Since step 5 returns to the original valustep 1, we are finished and conclude:

5.8,,/8 = (5.70,/10 ), = 0.570,
Step 8: 0.2370.33 = 0.570,

Exercises:
Perform the following operations:

1. a.0.1011 +0.00113 b. 0.1011-0.00113 c. 0.1011+ 0.0011}
d. 0.1011/0.00111
2.a. 0.9AB2,+0.029E, b. 0.9AB2-0.029E, c.0.9AB2,,+0.029E,
e. 0.9AB2,/ 0.029E,

|

PROJECT

Develop the formulaa, < a,, b
b" -1
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CHAPTER - 19 SIMPLE ALGORITHMS FOR CONVERTING BETWEEN DECIMAL NUMBER
BASES (OPTIONAL)

INTRODUCTION

In this chapter we will show how we write algorithrnio convert decimal numbers from one base to anth
writing algorithms . At this time we will only write these algorithmarfspecific types of numbers. To write an
algorithm, we first create a sample program frogpecific example. Once the program is written, vileuge it

to create the algorithm.

19.1 An Algorithm to Convert a Positive Finite Decimal Number in any Baseb < 10 toits Corresponding
Number in the Base 10.

To convert between decimal numbers in any basedtb torresponding number in the base 10, welriroah
chapter 2 the following formula:

N,=0.3a... 3 < al/b+ a/b®+ ... +a/b" =N,
Example:

N,=0.321 < 3/4 + 2/4+ 1/# = 3/4 + 1/8 + 1/64 = 0.75 + 0.125 + 0.015625 D05,

Program: Convert the number the number 0.3&1the base 10.

INSTRUCTIONS SUM | A |FRACTION |[TEMP | E BASE
FRACTION :=0.321 0.321

BASE:= 4 0.321 4

SUM := 0 0 0.321 4
E:=0 0 0.321 0 4

TEMP := FRACTION:10 0 0.321 321 | © 4
E=E+1 0 0.321 321 1 4

A = TEMP+1 0 3 0.321 3.21 1 4

SUM := SUM + A/(BASE)*E | 075 | 3 0.321 3.21 1 4
FRACTION := TEMP - A 0.75| 3 0.21 3.21 1 4
TEMP := FRACTION:10 075 | 3 0.21 2.1 1 4
Ei=E+1 075 3 0.21 21| 2 4

A = TEMP+1 075 | 2 0.21 2.1 2 4

SUM := SUM + A/IBASE"E || 0.875 | 2 0.21 2.1 2 4
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FRACTION = TEMP - A 0.875 2 0.1 2.1 2 4
TEMP := FRACTION«10 0.875 2 0.1 1 2 4
E=E+1 0.875 2 0.1 1 3 4

A =TEMP=+1 0.875( 1 0.1 1 3 4
SUM := SUM + A/IBASE"E [ 08906 | 1 0.1 1 3 4

0.321,= 0.890625

Algorithm:
INSTRUCTIONS

SUM =0
E=0
TEMP = FRACTION«10

E=E+1

A := TEMP-+1
SUM := SUM + A/(BASE) E
FRACTION := TEMP - A

Exercises:

1. Using this algorithm, write a program to conves thllowing numbers to the base 10.

a. 0.777%¢ b.0.1103
|

19.2 An Algorithm to Convert any Decimal Number in the Base 10 to a Corresponding Number in the
Baseb < 10.

In Chapter 3 we saw to convert a decimal numbénerbase 10 to its corresponding number in a goase b
we use the following formula:

Ny, = a/b+ a/b*+ ... + a/b" < (0.aa,... 8),

The following example will demonstrate how to sothkie values a
Convert 0.8 to the base 2.

Step 1: 0.8 = @+ a/2® + a/2%+ ...
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Step 2: 2(0.8) = 1.6 =a+ al2 + a/2* + ...

Step 3: Since,ds an integer, & 1 and 0.6 =42 + a/2°+ ...
Step 4: 2(0.6)=1.2=ga+a/2 + ..

Step 5:a=1and 0.2= g2 + a/2* + ...

Step6: 2(0.2)=04=a+3a/2 + ..

Step 7: a=0and 0.4=42 + a/2* + ...

Step 8: 2(0.4)=0.8 =a+a/2 + ..

Step9:a=0and 0.8 =42 + g/2° + ....

Step 10: 2(.8) =1.6 = a+a/2 + ..

Therefore, 0.8= 0.1 100,

Example:

Program: Convert to the base 2 the decimal number 0.8 tackp.

INSTRUCTIONS N SUM |DIGIT | TEMP E BASE

N:=0.8 0.8

BASE := 2 0.8 2

SUM :=0 0.8 0 2

E==1 0.8 0 2

TEMP := N«BASE 0.8 0 16 0 2

DIGIT := TEMP=+1 0.8 0 1 1.6 0 2

SUM := SUM + DIGIT/(10"E) 08| 01 1 1.6 1 2

N := TEMP - DIGIT 0.6 0.1 1 1.6 1 2

E:=E+1 0.6 0.1 1 1.6 2 2

TEMP := NxBASE 0.6 0.1 1 1.2 2 2

DIGIT := TEMP=+1 0.6 0.1 1 1.2 2 2

SUM := SUM + DIGIT/(10"E) 06 | 011 1 1.2 2 2

N := TEMP - DIGIT 0.2 0.11 1 1.2 2 2
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E=E+1 0.2 0.11 1 1.2 3 2
TEMP = NxBASE 0.2 0.11 1 04 3 2
DIGIT := TEMP-+1 0.2 0.11 0 0.4 3 2
SUM := SUM + DIGIT/(10"E) 0.2 | 0110 0 0.4 3 2
N := TEMP - DIGIT 0.4 0.110 0 0.4 3 2
E=E+1 0.4 0.110 0 0.4 4 2
TEMP = NxBASE 0.4 0.110 0 0.8 4 2
DIGIT := TEMP+1 0.4 0.110 0 0.8 4 2
SUM := SUM + DIGIT/(10"E) 0.4 | 0.1100 0 0.8 4 2
N := TEMP - DIGIT 0.8 0.1100 0 0.8 4 2
0.8 0.1100,
Algorithm:
INSTRUCTIONS
SUM:=0
E=1

TEMP := NxBASE

DIGIT := TEMP+1

SUM := SUM + DIGIT/(10"E)
N := TEMP - DIGIT

E=E+1

Exercise:

1. Write a program that convert, to 4 places, thelmemd.9 to the base 8.
H

PROJECT

1. Using iterative addition, write an algorithm thall convert to 4 places any decimal numberaséb
(0.a,a,a;a,), to its corresponding value,(d.d,). where ¢+ b and c, b < 10,

2. Using this algorithm, write a program that witinvert to 4 places 0.254® (dd,d.d,), .
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CHAPTER 20 - WORKING WITH DECIMAL NUMBERSIN ASSEMBLY
20.1: Representation of Decimal Numbers
So far in assembly language, we have only worked wteger numbers. We will now study how we
can represent and work with fractions represensatbanbers with a decimal point. These numbers will
be called decimal numbers. When such numbers ackinsassembly language programming they are
frequently represented as ordinary decimal numdessientific notation.

Definition: Ordinary decimal numbers

An ordinary decimal number is of the form g8, ... &, ,

where @are non negative integers

Examples:
23.4, -55.0101, 0.00154 9.0

Definition: Scientific Representation of Decimal Numbers:
The representation of a decimal number in a séiefdirmat is of the form + r10*.

where n is an integers represents the multiplication operation and &lvgays a non-positive integer.
The value k is called the exponent and the intagsrcalled the mantissa.

Definition: Floating Point Representation of Decimal Numbers:
In assembly language, decimal numbers represemtie form
+&.a8... 8,.XExn

are called floating point numbers

where gis a positive digit.

Examples:

ORDINARY DECIMAL NUMBER SCIENTIFIC FLOATING POINT
REPRESENTATION REPRESENTATION REPRESENTATION

23.4 23410* 2.34 E1

-55.0101 -55010410* -5.50101E 1
0.00154 15410° 1.54E-3
-79.0 - 79+10° -7T9E-1
9.0 910 9EO
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Exercises
Write the following in scientific and floating pdinepresentation:

0.00234 45.356 -32
|

20.2: Arithmetic Operations Using Scientific Representation.
Multiplication

To multiply two numbers in scientific notation, wenply multiply the integer numbers and add the
exponents :

(NEn) MEn)=N«ME (n, +n)

Examples:

(0.234)(0.05667) = (2341.0°%)(5667+10°) = (234)(5667)10° = 132607&10° = 1326078 E -8
The following partial assembly language code walinpute (0.234)(0.05667):

mov eax, 234
mov ebx, -3
mul 5667
add ebx, -5

Exercises:
1. Write the following using scientific represeindat
- 575.3450.00234 678.03+2.135 0.0034.221

2. Write assembly language codes that will comphuteabove.
|

Addition and Subtraction

To add or subtract two numbers using scientifieegspntation, the exponents must be equal:
NEn tMEn=(NtM)En

Example:

0.234 + 0.05667 = 234.0° + 5667+10° = 23400:10° + 566 %+ 10° = (23400+ 566 7)10° =
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29067«10°= 29067 E -5

The following assembly language code will compu88 + 0.05667:
mov eax, 23400

mov ebx, -5

add eax, 5667

Exercises:

Write the following using scientific representation

1. -575.345 + 0.00234 678 + 0.03 + 2.135 0.0034 - 0.221

2. Write assembly language codes that will comphuteabove.
|

Long Division

To divide two decimal numbers N/M using scientriépresentation, we have the following form :
(N *107/M * 10" = (N/M)* 10""™= (N/M) E (n - m)

Example:

1/0.6 = 1/(6:10") = 10/6 = (1/6)10" =~ (0.16666)}10" = (16666+«10 °)+10'= 1666610 *

Since N/M is not always an integer, we need tothedong division algorithm to convert N/M to a
decimal value. We first show how to develop an athm to convert 1/N to a decimal value.

We define the decimal representation of 1/N as

1/N =3/10+ a/1¢F+ a/10°+... =0.888....~ /10+ a,/1F+... g/10

where N= O .

Example:

Convert 5/6 to a 5 place decimal representation.

1/6 = g/10 + a,/10°+ @a/10° + g,/10* + g/10° + (a/10°+ a,/10" +...)

Step 1: 10(1/6) =10/6 = 1+ 4/6 =aa,/10+ a/lF+ a/1C+ a/10* + (a/10°+ a/1CF +...)
a=1

4/6 = a,/10 + Q/10* + g/10°+ a/10' + (a/10+ a/10° +...)
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Step 2: 10(4/6) = 40/6 = (36 + 4)/ 6 = 6 + 4/&=+ a/10+ a/10P+ a/10° + (a/10'+ a,/10° +...)
a&=06

4/6 = a/10'+ a,/10+ a/10° + (a/10*+ a/10° +...)

Step 3: 10(4/6) = 40/6 = (36 + 4)/ 6 = 6 + 4/6,=+a3,/10 + a/10* + (a/1C+ a /10" +...)
=6

4/6 = a,/10+ a/10* + (a/10°+ a,/10* +...)

Step 4: 10(4/6) = 40/6 = (36 + 4)/ 6 = 6 + 4/6,=8 a/10+ (a/10°+ a,/1C° +...)

a,=-6

4/6 = g/10 + (a/10+ a /1% +...)

Step 5: 10(4/6) =40/6 = (36 +4)/ 6 =6 +4/6 . *d 5 + &/10 +...)

&=6

Therefore,

1/6 = 1/10+ 6/1C° +6/10° + 6/10° + 6/10° + (a/10°+ /10" +...) = 1/10+ 6/10° +6/10° + 6/10" +
6/10° =

0.1 + 0.06 + 0.006 + 0.0006 + 0.00006 = 0.16666 .

Now,

5/6 = 5¢(1/6) ~ 5+(0.16666) = (510°) * 16666¢10 5= 83330-10"° = 83330E -5
Example:

The following pseudo-language program that will pote 1/6~ 1666610

PSEUDO-CODES N A SUM E | MUL
E=0 0
SUM:=0 0 0
MUL:= 10000 0 0 | 10000
N:=1 1 0 0 | 10000
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N:=N=10 10 0 0 [ 10000
A:= N+6 10 1 0 0 [ 10000

R:= N MOD 6 10 1 0 0| 1000Q 4
SUM:= SUM + AxMUL 10 1 10000 0 | 10000 4
E=E -1 10 1 10000| -1 | 1000 4

MUL:= MUL+10 10 1 10000 -1| 1000 4
N:=R 4 1 10000 -1| 1000 4
N:=N=x10 40 1 10000 -1| 1000 4
A:= N+6 40 6 10000 -1| 1000 4

R:= N MOD 6 40 6 10000 -1 100 4
SUM:= SUM + AxMUL 40 6 16000 -1 | 1000 4
E=E-1 40 6 16000 | -2 | 1000 4
MUL:= MUL+10 40 6 16000 -2 100 4
N:=R 4 6 16000 -2 100 4
N:=N=x10 40 6 16000 -2 100 4
A:= N+6 40 6 16000 -2 100 4

R:= N MOD 6 40 6 16000 -2 100 4
SUM:= SUM + AxMUL 40 6 16600 -2 100 4
E=E-1 40 6 16600 | -3 100 4
MUL:= MUL+10 40 6 16600 -3| 10 4
N:=R 4 6 16600 -3 10 4
N:=N=x10 40 6 16600 -3 10 4
A:= N+6 40 6 16600 -3 10 4

R:= N MOD 6 40 6 16600 -3 10 4
SUM:= SUM + AxMUL 40 6 16660 -3 10 4
E=E-1 40 6 16660 | -4 10 4
MUL:= MUL+10 40 6 16660 -4 1 4
N:=R 4 6 16660 -4 1 4
N:= N=*10 40 6 16660 -4 1 4

A:= N+6 40 6 16660 -4 1 4
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R:= N MOD 6 4 6 16660 -4 1 4
SUM:= SUM + AxMUL 4 6 16666 -4 1 4
E=E-1 4 6 16666 | -5 1 4
MUL:= MUL+10 4 6 16666 -5 0 4
N:=R 4 6 16666 | -5 0 4
Exercises:

1. Rewrite the above program in pseudo-code usimlgile@ statement. From this program write an
assembly language.

2. Using the above algorithm, convert 1/7 to aateldecimal representation.
3. Write the following in a scientific notationrfa.
a. b5/7 b. 0.23/0.035

4. Convert 1/3 to binary.
H

20.3: 80X 86 Floating-Point Architecture

The MASM compiler has the ability to handle ordynand floating- point decimal numbers.
The following are definitions of the representatigiven by MASM for decimal numbers:

Definition float: An ordinary decimal representation. The numbeeBeasented as a 32 bit number.

Definition double-decimal: An ordinary decimal representation. The numbeejsesented as a 64 bit
number.

Definition long-double:  floating point representation. The number is repnéed as a 80 bit number.

The following are data - type registers that asalable :TBYTE, REAL4, REALS8, REALIIhe table
below gives the specifications for each of theda-tigpes:

DIRECTIVE #OF BYTES Number type
REAL4 4 float - decimal
REALS8 8 double - decimal
REAL10 10 long double - floating-point
QWORD 8 integer
TBYTE 10 long double - floating-point
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Along with these data-types, we still can use titeger data-typesBYTE, WORD, DWORD

Important: Except the QWORD data type, all the &bdata types are only represented in the base 10.
The QWORD follows the data type representationrfteger numbers.

Examples:
.DATA

w TBYTE 0.236; will assign the number 2t8@he identifier w as 2.36E-1.
X reald 2.34; will assign the number 234he identifier x as 2.34 .

y real8 0.00678; will assign 0.00678 te itkentifier y as 0.00678

zreall0 23554.5678 will assign 23554.5678 tadeetifier z as 2.35545678E 4
g gword 10 will assign 10 to the identifier q as a

Rulesfor Assigning floating point numbers.

The following rules for assigning floating pointmbers:

« All identifiers are initially assigned floating b numbers, where they are defined in the datagiar
the program.

« All other assignments are done by passing theeotsbf the variables to the various floating-point
registers.

Floating-point registers

The registers EAX, EBX, ECX, EDX can not be usegctly when working with floating-points
numbers. Instead, we have eight data registerk, &abits long. Their names are ST or ST(0) , ST(1)
ST(2), ST(3), ST(4), ST(5), ST(6), ST(7). Theseneiggisters are shown stacked vertically top down
and should be visualized as following:

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
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ST(6)
ST(7)

Exercise:

1. What is the largest value (base 10) that castdred in ST(k)?
|

The operands of all floating-point instructions imegith the letter f. The following will give themost
important floating-point instructions accordingth@ir general functions. Additional floating-point
instructions will be discussed in a later chaptehis book.

Storing data from memory to theregisters

For demonstration purposes, we will assume theteg have the numbers:

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST() 25.0
ST(4)
ST(5)
ST(6)
ST(7)

The following are the floating-point instructiorigat will store data from memory to a given register

 fld
MNEMONIC OPERAND ACTION
fld memory variable (real) The real number from nogyris stored in ST
and data is pushed down.
Example:
.DATA

x REAL4 30.0
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fld x; stores the content of x into regissd and pushes the other values down.

REGISTER BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 30.0
ST(1) 15.0 10.0
ST(2) 20.0 15.0
ST(3) 25.0 20.0
ST(4) 25.0
ST(5)
ST(6)
ST(7)
e fild
MNEMONIC OPERAND ACTION
fild variable memory (integer) The integer numbeni memory is stored in ST,
converted to floating- point and data is pushedardo
Example:
.DATA

x DWORD 50

fild x; stores the content of x (integer \@lunto register ST and pushes the other valuesidow

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 50.0

ST(1) 15.0 10.0

ST(2) 20.0 15.0

ST(3) 25.0 20.0

ST(4) 25.0

ST(5)

ST(6)

ST(7)
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e fld

MNEMONIC OPERAND ACTION
fld st(k) The number in st(k) is stored if &nd data is pushed dowry.
Example:
fld st(2) ; stores the contents of register st{Rjo register ST and pushes the other valuesxdow
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 20.0
ST(1) 15.0 10.0
ST(2) 20.0 15.0
ST(3) 25.0 20.0
ST(4) 25.0
ST(5)
ST(6)
ST(7)
Important: Once the stack is full, additional stored data wallise the bottom values to be lost. Also

thefinit instruction will clear all the values in the regist

Copying data from the stack

We will assume the registers have the numbers:

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST(3) 25.0
ST(4)
ST(5)
ST(6)
ST(7)
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The following are the floating-point instructiorigat will copy data from stack.

o fst
MNEMONIC OPERAND ACTION
fst st(k) Makes a copy of ST and stores the vadu&T (k).
Example:

fst ST(2) ; stores the content of ST into ST(2)

—J

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 10.0
ST(1) 15.0 15.0
ST(2) 20.0 10.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
o fst
MNEMONIC OPERAND ACTION
fst memory variable (real)] Makes a copy of ST
and stores the value in a real memory locatiot
Example:
.DATA

X real4d ?

fst x ; stores the content of ST into x. The stiaakot affected.
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REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 10.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
o fist
MNEMONIC OPERAND ACTION
fist memory variable (integer) Converts to integecopy of ST
and stores the rounded value in a integer memaoatitmn .
Example:
.DATA
x DWORD ?

fist x ; stores the content of ST as an integerlmeminto x.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 10.0

ST(1) 15.0 15.0

ST(2) 20.0 20.0

ST(3) 25.0 25.0

ST(4)

ST(5)

ST(6)

ST(7)
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Exchanging the contents of the two floating-point registers.

We will assume the registers have the numbers

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST(@) 25.0
ST(4)
ST(5)
ST(6)
ST(7)

The following are the floating-point instructiorigat will exchange the contents of two floating-goin
registers.

e fxch
MNEMONIC OPERAND ACTION
fxch none Exchanges the content of ST and ST(fL)
Example:

fxch ; exchanges the content of ST and ST(1).

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 15.0

ST(1) 15.0 10.0

ST(2) 20.0 20.0

ST(3) 25.0 25.0

ST(4)

ST(5)

ST(6)

ST(7)
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e fxch

MNEMONIC OPERAND ACTION
fxch st(k) Exchanges the content of ST andksT(
Example:

fxch st(3) ; exchanges the content of ST and3pT

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 25.0

ST(1) 15.0 15.0

ST(2) 20.0 20.0

ST(3) 25.0 10.0

ST(4)

ST(5)

ST(6)

ST(7)

Adding contentsof the two floating-point registers.

We will assume the registers have the numbers

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST() 25.0
ST(4)
ST(5)
ST(6)
ST(7)

The following are the floating-point instructiorisat will add the contents of two floating-point
registers.
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o fadd

MNEMONIC OPERAND ACTION

fadd st(k), st Adds ST(k) and ST,
then ST(K) is replaced by the sum.

Example:

fadd st(3), st ; adds ST(3) and ST, then ST(8pdaced by the sum.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 10.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 35.0
ST(4)
ST(5)
ST(6)
ST(7)
« fadd
MNEMONIC OPERAND ACTION
fadd st, st(k) Adds ST and ST(k);
then ST is replaced by the sum.
Example:

fadd st, st(3); adds the content of ST &¥d3) then ST is replaced by the sum.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 35.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
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ST(4)
ST(5)
ST(6)
ST(7)

« fadd

MNEMONIC OPERAND ACTION

fadd memory variable (real) Adds ST and the contents of a real varialjle;
then ST is replaced by the sum.

Example:
x REAL4 12.0

fadd x; adds the content of ST and x; th€nsSeplaced by the sum.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 22.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
- fiadd
MNEMONIC OPERAND ACTION
fiadd memory variable (integer) Adds ST and the contents of a integer variaple;
then ST is replaced by the sum.

Example:
x DWORD 70
fadd x; adds the content of ST and x thensS€placed by the sum.
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REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 80.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)

Subtracting the contents of the two floating-point registers.

The following are the floating-point instructiorigat will subtract the contents of two floatinguto
registers.

« fsub
« fsbur
MNEMONIC OPERAND ACTION
fsub st(k), st Computes ST(K) - ST,;
then ST(k) is replaced by the difference.
fsbur st(k), st Computes ST - ST(k);
then ST(k) is replaced by the difference.
Example:

fsub st(3), st ; computes ST(3) - ST, then STY3¢placed by the difference.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 10.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 15.0
ST(4)
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ST(5)

ST(6)
ST(7)
- fsub
« fsubr
MNEMONIC OPERAND ACTION
fsub st, st(k) Computes ST - ST(K) ;
then ST is replaced by the difference.
fsubr st, st(k) Computes ST(k) - ST,
then ST is replaced by the difference
Example:

fsub st, st(1) ; computes st - st(1) ; theis seéplaced by the difference.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 -5.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
- fsub
« fsubr
MNEMONIC OPERAND ACTION
fsub memory (real )| Calculates ST - real number ;
then ST is replaced by the difference.
fsubr memory (real) Calculates real numKer -

then ST is replaced by the difference.
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Example:

x REAL4 12.0
fsub x; calculates st-x ;then stis repthby the difference.
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 -20
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
« fisub
« fisubr
MNEMONIC OPERAND ACTION
fisub memory (integer) Calculates ST - integer number;
then ST is replaced by the difference
fisubr memory (integer] Calculates integember - ST;
then ST is replaced by the difference
Example:
x DWORD 70

fisub x; calculates st - x; then st is replabgdhe difference

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 - 60.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
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ST(@3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)

Multiplying the contentsof the two floating-point registers.

The following are the floating-point instructiorigat will multiply the contents of two floating-jp
registers.

« fmul
MNEMONIC OPERAND ACTION
fmul st(k), st Multiplies ST(k) and ST;
then ST(Kk) is replaced by the product.
Example:

fmul st(3), st ; multiplies st(3) and st; ther33tis replaced by the product.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 10.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 250.0
ST(4)
ST(5)
ST(6)
ST(7)
« fmul
MNEMONIC OPERAND ACTION
fmul st, st(k) Multiplies ST(k) and ST,
then ST is replaced by the product.
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Example:

fmul st, st(3) ; multiplies st(3) and st; thenssteplaced by the product.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 250.0

ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)

« fmul

MNEMONIC OPERAND ACTION
fmul memory variable (real) Multiplies ST aredhl variable ;
then ST is replaced by the product.
Example:

X REAL4 35.0

fmul x ; multiplies x and st; then st is repldd®y the product.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 350.0

ST(1) 15.0 15.0

ST(2) 20.0 20.0

ST(3) 25.0 25.0

ST(4)

ST(5)

ST(6)
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ST(7)

« fmul
MNEMONIC OPERAND ACTION
fmul memory variable (integer) Multiplies intggvariable and ST,;
then ST is replaced by the product.
Example:
x DWORD 45

fmul x ; multiplies x and st; then st is replad®dthe product.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 450.0

ST(1) 15.0 15.0

ST(2) 20.0 20.0

ST(3) 25.0 25.0

ST(4)

ST(5)

ST(6)

ST(7)

Dividing the contents of floating-point registers.

The following are the floating-point instructiorigat will divide the contents of floating-point
registers.

e fdiv
e fdivr
MNEMONIC OPERAND ACTION
fdiv st(k), st Computes ST(K)/ ST;
then ST(k) is replaced by the quotient.
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fdivr

st(k), st

Computes ST/ ST(K);
then ST(k) is replaced by the quotient.

Example:

fdiv st(1), st ; computes st(1)/st; then st(ljeslaced by the quotient.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 5.0 5.0
ST(2) 15.0 3.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
e fdiv
o fdivr
MNEMONIC OPERAND ACTION
fdiv st, st(k) Computes ST/ ST(K) ;
then ST is replaced by the quotient.
fdivr st, st(k) Computes ST(K)/ ST;
then ST is replaced by the quotient.
Example:

fdiv st, st(2)

; computes st/ st(2) ; themssteplaced by the quotient.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 5.0 0.25
ST(1) 15.0 15.0
ST(2) 20.0 20.0
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ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
e fdiv
e fdivr
MNEM ONI OPERAND ACTION
C
fdiv memory variable (real )| Computes ST/ real variable ;
e then ST is replaced by the quotient.
fdivr memory variable (real ] Computes real variable/ST ;
then ST is replaced by the quotient.
Example:
xreald 10.0

fdivx ; computes st/ x ;then stis replabgdhe quotient.

REGISTER BEFORE EXECUTION | AFTER EXECUTION
ST 5.0 0.5
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)
e fidv
e fidvr
MNEMONIC OPERAND ACTION
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fidiv

memory (integer) Computes ST/ integer ahle ;
then ST is replaced by the quotient.

fidivr memory (integer) Computes integer varalt$T ;
then ST is replaced by the quotient.
Example:
x DWORD 5

fdiv x; computes

st/ x ; then st is replacedhsy quotient.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 5.0 1.0
ST(1) 15.0 15.0
ST(2) 20.0 20.0
ST(3) 25.0 25.0
ST(4)
ST(5)
ST(6)
ST(7)

Summary Tables of Floating Point Arithmetic Operations

Store data from memory to a given register

MNEMONIC OPERAND ACTION
fld variable memory (real) The real number fronnmoey is stored in ST and
data is pushed down.
fild variable memory (integer)| The integer numbeni memory is stored in ST,
converted to floating- point and data is pushegardo
fld st(k) The number in st(k) is stored in STdatata is
pushed down.

Copying data from the stack

MNEMONIC

OPERAND

ACTION

fst

st(k)

makes a copy of ST and stores the vial&T (k).
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fst

memory variable (real)

makes a copy of ST stodes the value in a real
memory location.

fist

memory (integer)

Converts to integer a cop$®d and stores the rounde

value in a integer memory location.

Exchanging the contents of the two floating-point registers

MNEMONIC OPERAND ACTION
fxch (none) Exchanges the canténST and ST(1).
fxch st(k) Exchanges the content of ST andksT(

Adding contentsof the two floating-point registers

MNEMONIC OPERAND ACTION
fadd st(k), st Adds ST(k) and ST; then ST(keiglaced by the sum.
fadd st, st(k) Adds ST and ST(k); then STelaced by the sum.
fadd memory variable (real) Adds ST and theeats of a real variable; then ST ig
replaced by the sum.
fiadd memory variable (integer)| Adds ST and the contents of a integer variable) Be
is replaced by the sum.

Subtracting the contents of the two floating-point registers.

MNEMONIC OPERAND ACTION
fisub memory (integer)Calculates ST - integer number;
then ST is replaced by the difference
fisubr memory (integer) Calculates gge number - ST,;
then ST is replaced by the difference
fsbur st(k), st Computes ST - ST(K);
then ST(Kk) is replaced by the difference.
fsub memory (real ) Calculates S&al number ;
then ST is replaced by the difference.
fsub st, st(k) Computes ST - ST(K) ;
then ST is replaced by the difference.
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fsub st(k), st Computes ST(BT-
then ST(k) is replaced by the difference.
fsubr st, st(k) Computes ST(k) - ST,
then ST is replaced by the difference
fsubr memory (real) Calculates real numKer -
then ST is replaced by the difference.

Multiplying the contents of the two floating-point registers

MNEMONIC OPERAND ACTION

fmul st, st(k) Multiplies ST(Rnhd ST,;

then ST is replaced by the product.
fmul st(k), st Multiplies ST(k) and ST;

then ST(Kk) is replaced by the product.
fmul memory variable (real)| Multiplies ST and real variable ;

then ST is replaced by the product.
fmul memory variable (integen) Multiplies integer variable and ST;

then ST is replaced by the product.

Dividing the contents of floating-point registers

MNEMONIC OPERAND ACTION

fdiv st(k), st Computes ST(K)ST,;

then ST(k) is replaced by the quotient.
fdiv st, st(k) Computes STST(K) ;

then ST is replaced by the quotient.
fdiv memory variable (real) | Computes ST real variable ;

then ST is replaced by the quotient.
fdivr st(k), st Computes ST ST(k);

then ST(k) is replaced by the quotient.
fdivr st, st(k) Computes ST(K)ST,;

then ST is replaced by the quotient.
fdivr memory variable (real ) Computes real variableST;

then ST is replaced by the quotient.
fidiv memory variable (integer) | Computes ST integer variable ;

then ST is replaced by the quotient.

285




fidivr

memory variable (integer)

Computes integer variablé&sT,;
then ST is replaced by the quotient.

Miscellaneous floating point instructions

1.
MNEMONIC OPERAND ACTION
fabs (none) replaces the contents of ST wighsolute value.
Example:
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST -10.0 10.0
2.
MNEMONIC OPERAND ACTION
fchs (none) replaces the contents of ST w8 -
Example:
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 -10.0
3.
MNEMONIC | OPERAND ACTION
frndint (none) rounds ST to an integer valye
Example:
REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 12.754 12.0
Example:

A harmonic sum is defined by the sum

1+1/2+1/3+.

.+ ...+ 1/n

The following pseudo-code programs will compute
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1+1/2+1/3+1/4+1/5+ 1/6.

PSEUDO CODE CYCLE OF INSTRUCTIONS SUM N | ONE
SUM :=0.0 SUM:= 0.0 0.0 1
N:=1 N:=1 0.0 1
ONE:=1 ONE:=1 0.0 1 1
WHILE N <=6 WHILE N <=6 0.0 1 1
BEGIN BEGIN 0.0 1 1
SUM := SUM + 1/N SUM:= SUM+1/ N 1 1 1
N:=N+1 N:=N+1 1 2 1
SUM:= SUM+1/ N 15 2 1
N:=N+1 15 3 1
SUM:= SUM+ 1/N 1.8333...33333 3 1
N:=N+1 1.833...33333| 4 1
SUM:= SUM+ 1/N 2.0833....33333 4 1
N=N+1 2.0833....33333 5 1
SUM:= SUM+ 1/N 2.2833...33333 5 1
N:=N+1 2.2833...33333 6 1
SUM:= SUM+ 1/N 2.45 6 1
N:=N+1 2.45 7 1
END END 2.45 7 1

PSEUDO CODE

AL PSEUDO CODE

ASSEMBLY CODE

SUM :=0.0 SUM :=0.0 sum real4 0.0
N:=1 N:=1 n byte 1
ONE:=1 ONE:=1 one byte 1
WHILE N <=6 WHILE N< 6 while: cmp n, 6
jg end
SUM := SUM + 1/N ST := ONE fld one
N:=N+1 N
ST:= ST/N fidivn
ST:=SUM + ST fadd sum

287




SUM:= ST fst sum
EAX =N mov eax, n
EAX = EAX +1 add eax, 1
N:= EAX mov n, eax
END END jmp while
end:

Exercises:
1. Modify the above three tables to compute the:sum

1+ 1/Z2+13+1/€+1/5+ 1/6.
[ |

For problems 2 - 5, assume ST(k) (k =0, 1, ).contain pre-assigned values. Write assembly laggu
programs that will perform the following tasks:

2. Task: Compute and store the value ST(0) + TS(1)+ TS(7).

3. Task: Compute and store the value STH@ST(1§ + 3ST(3f + 4ST (45 + 5ST(5% + 6ST(65+
7ST(7¥

4. Task: Find and store the largest value.

5. Task: Find and store the smallest value.

6. Write an algorithm that will compute and stdre humber: 1 +2 + ... + N .
7. Write an algorithm that will compute and sttite 1 + 2+ ... + N

8. The determinate of a square table plays a malerin mathematics. The following is a definitioha
2 by 2 determinate:

a4, 3y
A= N = 8118 T 333y,

21 @

22

Write an algorithm that will compute an arbitrarpp 2 determinate.
Cramer’s Rule

Assume we wish to solve the following 2 by 2 syst#requations:

aXx +ay=»nh
X+ Yy =0hb

The following Cramer’s Rule’s give us a solutiontloé above system of equations:
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b, a,

< = b, a,
A

a; b

A b,
YT A

8. Write a algorithm that will compute an arbitr&¥yy 2 system of equations. Make certain thatO.

A 3 by 3 determinate is defined as

a1 8 353
Ay Ay Ay 8y A1 8y
A= |3y 8y 3y =3, - * oA
a3, a3 31 ag3 31 83
A3; 43 A

9. Write a algorithm that will compute an arbiyr& by 3 determinate.
H

I nterchanging integer and floating point numbers.

The following table will demonstrate how integemnmaers and floating pont numbers are interchanged
(all numbers are decimal).

AS CODE N X Y Z ST(0)

n dword ?

x real4 2.0 20

y real4 23.7 20| 237

z reald 55.4 2.0 23.7| 554
fld x 2.0 23.7 55.4 2.0
fist n 2 2.0 23.7 55.4 2.0
fidy 2 2.0 23.7 55.4 23.7
fist n 24 2.0 23.7 55.4 23.7
fid z 24 20 23.7 55.4 554
fist n 55 20 23.7 55.4 55.4
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Model Program

; This program will compute the harmonic sum
1+1/2+1/3+ 1/4+1/5+ 1/6

.386

.model flat

.stack 4096

.data

sum real4 0.0
n byte 1
one byte 1

.code

_Start:

;start assembly language code
while: cmp n, 6
jg end

fild one

fidivn

fadd sum

fst sum

mov eax, n
add eax, 1
mov n, eax
jmp while

end:

;end of assembly language code

public _start

end
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Project:
The solution of a 3 by 3 system of equations

anX + apy+agz=h
anX + apy+axgz=h,

Ay X + anpy+akz=Dh;

b, a, aj
b, a,, a
y = 2 Gy Ay
b; a;, a;
A
a, b aj;
Y= oy b, ay
a;; b, ay
A
a; a, b
a, a, b,
a,, a,, b
31 332 O3
Z =
A

Write an algorithm that solves any 3 by 3 system of equations. Make certain to check that A # 0.
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CHAPTER 21 COMPARING AND ROUNDING FLOATING - POINT NUMBERS
21.1: Instructions that Compar e Floating-Point Numbers

When we are comparing floating-point numbers, amnot use the instructiamp. Instead we have the following
instructions that allow us to compare the regiStetto a second operand:

MNEMONIC OPERAND ACTION
fcom (none) compares ST and ST(1)
fcom st(k) compares ST and ST(K)
fcom variable memory (real) compares ST and amealber in memory
ficom variable memory (integer)] compares ST anateger number in memory
ftst (none) compares ST and 0.0

The statusword register

When one of the comparison instructions is mate contents of a special 16-bit register, caltestatus word
register is modified. The comparison instructiotl essign bits (0 or 1) to the bits 9, 11, 15k status word.

The status word register cannot be directly accedserder the evaluate the bits in the statusiywae can with the
following two instructions, copy the contents oé tstatus word to a memory variable or the AXstyi

MNEMONIC OPERAND ACTION

fstsw variable (word) memory (integef) copséatus register into memory

fstsw AX copies status register into AX

Examples:

x dword ?

fstsw x

fstsw ax

I nter pretation of the contents of the statusword

When a comparison is made, the table below givéithealues that are assigned to the status wottidogomparison
instructions:

COMPARISON STATUSWORD
BIT POSITION 16 | 15| 14| 13| 12| 11 1d 9 8 1 g 5 4 3 2 i
ST > second operand O | x| x| x|O0O|x |0 |x |x|Xx|Xx|x|x|x|]X
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ST < second operand O | x| x| X

ST = second operand 1| x| x| X

where the values x are either 0 or 1.

Since we are not sure what the other bits aredarsthtus word, we need to create a mask that evilert the bits
represented above by xs’ to the bit 0. By doing W can make correct comparisons. The followiagkwill be

used:
BIT POSITION 16 | 15| 14| 13| 12| 11 1d 9 8 1 S 4 3 ?
MASK (binary) [ O (10O O0Of2]|0|2|0]O0O|O0O]O0fO0] OO0 O
MASK (hex) 4500h

The following codes will show the effect of the rkas the possible contents of the status word tiegulrom a

comparison instruction:

ST > second operand

AL CODE AX MASK
mov mask, 0100010100000000 b 0100010100000000
fstsw ax ; stores the contents of the status waalax. XOXXXOXOXXXXXXXX 0100010100000000
and ax, mask 0000000000000000 0100010100000000
or
AL CODE AX MASK
mov mask, 4500h 4500h
fstsw ax ; stores the contents of the status waax. XOXXXOXOXXXXXXXX 4500h
and ax, mask Oh 4500h
ST < second operand
AL CODE AX MASK
mov mask, 010001010000000 b 0100010100000000
fstsw ax ; stores the contents of the status wuamlax. XOXXXOXIXXXXXXXX 0100010100000000
and ax, mask 0000000100000000 0100010100000000
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or

AL CODE AX MASK
mov mask, 4500h 4500h
fstsw ax ; stores the contents of the status wamlax. XOXXXOXLIXXXXXXXX 4500h
and ax, mask 100h 4500h
ST = second operand
AL CODE AX MASK
mov mask, 0100010100000000 b 0100010100000000
fstsw ax ; stores the contents of the status wamlax. XIXXXOXOXXXXXXXX 0100010100000000
and ax, mask 100000000 0100000000000000 01 0amO000000
or
AL CODE AX MASK
mov mask, 4500h 4500h
fstsw ax ; stores the contents of the status wulax. XIXXXOXOXXXXXXXX 4500h
and ax, mask 100000000 4000h 4500h

Performing Jumps

From above, we see that comparison instructiong stk the status word. Therefore, to make our junsfpuctions
from Chapter 12 work, we need to check the conteintise status word. In order to make the compange must first
store the status word into a variable (word) orgheegister and then use the above mask, as shioowe. The

following example should give us a clear idea ofvlthis is done:

EXAMPLES:

1. Assume each of the registers in the stack haea previously assigned values.

The following pseudo-code, and al pseudo-code peitform the following tasks:

Taskl: If y is larger than x , then assign the eot# of y to the memory location z.

Task2: If y is smaller than x, then assign contefits to the memory location z.

Task3: If y is equal to x , then assign zero ®rtemory location z.




PSEUDO-CODE AL PSEUDO-CODE
MASK:= 4500h MASK:= 4500h
IFY >XTHEN ST=Y

COMPARE ST, X
AX:= STATUS- WORD
AX:= AX .AND. MASK
IF AX =0h THEN
BEGIN BEGIN
Z=Y EAX:=Y
Z:= EAX
END END
IFY <X THEN IF AX = 100h THEN
BEGIN BEGIN
Z:=X EAX:= X
Z:= EAX
END END
IFY =XTHEN IF AX:= 4000h THEN
BEGIN BEGIN
Z=0 Z=0
END END

Using the above pseudo-code and al pseudo-codbetbe partial assembly language program will find larger of
X,ywherex=7andy=2.

AL PSEUDO-CODE AL CODE Y [X]|Z|[ST AX EAX
M:= 4500h mov m, 4500h

X=7 mov X, 7 7

Y:=2 mov'y, 2 2 7

ST=Y fild y 2|7 2

COMPARE ST, X fcom x 21 7 2
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AX:= STATUS- WORD fstsw ax 2 7 2[  XOXXXOXIXXXXXXXK
AX:= AX .AND. M and ax,m 21 7 2 100h
IF AX = 0h THEN cmp ax, Oh 2 1 2 100h
jne L1 27 2 100h

BEGIN begin: 21 7 2 100h
EAX=Y mov eax, y 21 7 2 100h
Z:= EAX mov z, eax 2| 7 2 100h
END end: jmp end2 2 7 2 100h
IF AX =100h THEN L1: cmp ax, 100h 2 y 100h

jne begin2 2 1 2 100h
BEGIN begin: 21 7 2 100h
EAX:=X mov eax, X 21 7 2 100h 7
Z:= EAX mov z, eax 20 11 7 2 100h 7
END end: jmp end2 21 1 2 100h 7
IF AX:= 4000h THEN 21 71 71 2 100h 7
BEGIN begin2: 21 71 71 2 100h 7
Z:=0 mov z, 0 21 71 7| 2 100h 7
END end2: 21 71 7| 2 100h 7

2. The following program will compute the harmosign

1+1/2+1/3+...+1/n
until

1l/n<e,
where0<e<1

Assume e = 0.00001 .

Note: See Model Program below.
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PSEUDO CODE

AL PSEUDO CODE

ASSEMBLY CODE

E:= 0.00001 E:=0.00001 e real4 0.00001
F=1.0 F:=1.0 freald 1.0
SUM :=0.0 SUM:=0.0 sum real4 0.0
N:=1 N:=1.0 nreal4 1.0
ONE:=1 ONE:=1.0 one real4, 1.0
MASK:= 4500h MASK:= 4500h mov mask ,4500h
WHILE F> E WHILE: SK:=F while: fld f
FCOM E fcom e
AX:= STATUS WORD fstsw ax
AX:= AX .AND. MASK and ax, mask
IF AX = 100h THEN comp ax, 100h
JUMP END je end
BEGIN BEGIN: begin:
SUM:=SUM + F SK:= SUM fld sum
SK:=SK+F fadd f
SUM:= SK fst sum
N:= N + ONE SK:=N fld n
SK:= SK + ONE fadd one
N:= SK fstn
F:= ONE/N SK:= ONE fld one
SK:= SK/N fdiv n
F:= SK fst f
JUMP WHILE jmp while
END END end:
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21.2 - Rounding Floating Point Numbers

In order to write such programs we need to be @mblrincate decimal values. The contents of tlmrobregister (see
below ) determines how data is to be rounded wiaga id the ST register is transferred to an integeable. There
are four types of rounding:

» normal rounding of the number to an integer

« rounding the number up to the nearest integer

 rounding the number down to the nearest integer

« truncating the number to its integer value.

The following table gives the hexadecimal represtgon of the contents of the control register thateeded to
perform rounding in ST:

BYTE POSITION 2 (1

Round the number to the 00| 00
nearest integer

Round the number up tothe 08 | 00
nearest integer

Round the number down tothe |04 | 00
nearest integer

Truncatethe number toits 06| 00
integer value

Examples:
1. 23.678 = 24, normal rounding to an integer.
2. 23.678 = 24, rounded up to the nearest integer

3. 23.678 = 23, rounded down to the nearest integer

»

23.678 = 23, truncated to its integer value.

The control register
The control register is a 16 bit register that datees the kind of rounding that is to take plaséen copying a value

from the ST register to an integer variable, thith EHhd 12th bits of the control register has torioglified to determine
what type of rounding is to take place. This cambsomplished by transferring to the control regisine of the bytes
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in the table above.

The table below are the instructions that will ctipg contents of an integer variable from and &dbntrol register:

MNEMONIC OPERAND ACTION
fstcw memory variable (integer) Copies the contehtfie control register to a memory variablg
fldcw memory variable (integer) Copies the conterfitdhe memory variable to the control register

To round a number to the desired type, the follgnarder has to be followed.
1. Copy the desired byte, from the table abovéhdéacontrol register..

2. Copy the contents of ST to a given integer \deia

Examples:

1. Normal Rounding

;2.9=3

.data

n word ?

X reald 2.9
round word Oh
.code

_start :

fld x ; 2.9- st(0)
fldcw round;  Oh= control
register

fist n; F n

public _start
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2.Rounding Down

;1 2.9=2

.data

n word ?

X reald 2.9

round word 0400h
.code

_start :

fld x ; 2.9- st(0)

fldcw round;  0400h= control
register

fistn; 2 n

public _start

3. Rounding Up

;2.1=3

.data

n word ?

Xreald 2.1

round word 0800h
.code

_start :

fld x ; 2.1= st(0)

fldcw round;  0800h= control
register

fistn; F n

public _start
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4.Truncating

12.9=2

.data

n word ?

Xreald4 2.9

round word 0600h
.code

_start :

fid x ; 2.9- st(0)

fldew round;  0600h- control
register

fistn; 2 n

public _start

Exercise:
1. Write a AL program that will perform the following:
1. Store in a variable the decimal representatidhenumber 1/7

2. Round the number to 5 places of accuracy.
|

Model Program
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Proj ect:

1. Write a program that will round the floating-pbrepresentation of the fraction n/m to k placeaazuracy.

2. Write a program that will convert a decimal #maaumber to its scientific representation.
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CHAPTER 22 - DYNAMIC STORAGE FOR DECIMAL NUMBERS: STACKS
INTRODUCTION
In Chapter 15, we say how arrays in assembly laggadlows the programmer to store a large amount of
integer numeric data sequentially in memory locwtidn this chapter we will study two other typés o
instructions in assembly that performs dynamicagjerfor decimal numbers: the push and pop inststi

Definition of the push instructions: Push instructions will insert data into registersn@mory locations.

Definition of the pop instructions; Pop instructions may remove data from registera@mory locations and
insert data into registers or memory locations. .

22.1 Floating Point Push and Pop Instructions.

The following instructions will bring about pushdapops’ that are used in floating point programgmil hey
are part of the instruction set which were firétaduced in Chapter 18.

As you will recall, the operands of all floatingtpbinstructions begin with the letter f. When storor
changing data in the registers, the following flegpoint instructions will cause the data thateglaced in the
register to be pushed down to the registers belowpdo the registers above.

Storing data from memory to theregisters

We will assume the registers have the numbers

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST(@) 25.0
ST(4)
ST(5)
ST(6)
ST(7)

The following are the floating-point instructiorigat will store data from memory to a given register

MNEMONIC OPERAND ACTION

fld memory (real) | the real number from memory t@ed in ST andlata is pushed down.
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Example:

.DATA
X REAL4 30.0

fld x; stores the content of x (real) into regis$d and pushes the other values down.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 30.0

ST(2) 15.0 10.0
ST(2) 20.0 15.0
ST(3) 25.0 20.0
ST(4) 25.0
ST(5)
ST(6)
ST(7)

MNEMONIC | OPERAND ACTION
fild memory (integer) | the integer number from meynas stored in ST, converted to

floating- point andlata is pushed down.

Example:

.DATA
x DWORD 50

fild x; stores the content of x (integer) intgister ST and pushes the other values down.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 50.0
ST(1) 15.0 10.0
ST(2) 20.0 15.0
ST(3) 25.0 20.0
ST(4) 25.0
ST(5)
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ST(6)
ST(7)
MNEMONIC OPERAND ACTION
fld st(k) the number in st(k) is stored i &nddata is pushed down.
Example:

fld st(2) ; stores the number 20.0 into regiSt€rand pushes the other values down.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 20.0

ST(1) 15.0 10.0

ST(2) 20.0 15.0

ST(3) 25.0 20.0

ST(4) 25.0

ST(5)

ST(6)

ST(7)

Important: Once the stack is full, additional stored data wallise the bottom values to be lost. Alsofithi¢
instruction will clear all the values in the regist

Copying data from the stack

We will assume the registers have the numbers

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST(@) 25.0
ST(4)
ST(5)
ST(6)

305



ST(7)

MNEMONIC OPERAND ACTION
fstp st(k) makes a copy of ST and stores theeval & T(K) and thelT is popped
off the stack by moving the data up.
Example:

fstp ST(2) ; stores the content of ST into ST(2) Hren pops ST off the stack by moving the data up.

REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 15.0
ST(1) 15.0 10.0
ST(2) 20.0 25.0
ST(3) 25.0
ST(4)
ST(5)
ST(6)
ST(7)
MNEMONIC OPERAND ACTION
fstp memory (real) | makes a copy of ST and stdrevalue in a real memory locatioST.
is popped off the stack.
Example:
.DATA

X real4d ?

fstp X ; stores the content of ST into x. ST ipged off the stack.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 15.0
ST(1) 15.0 20.0
ST(2) 20.0 25.0
ST(3) 25.0
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ST(4)

ST(5)

ST(6)

ST(7)

MNEMONIC

OPERAND

ACTION

fistp

memory (integer)

Converts to integer a cop$T and stores the value in a integer
memory locationST is popped off the stack.

Example:

.DATA
x DWORD

?

fistp x ; stores the content of ST as an integenlmer into Xx.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 15.0

ST(1) 15.0 20.0

ST(2) 20.0 25.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)

Adding contentsof the two floating-point registers.

We will assume the registers have the numbers

ST 10.0
ST(1) 15.0
ST(2) 20.0
ST(3) 25.0
ST(4)
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ST(5)

ST(6)

ST(7)

The following are the floating-point instructiorigat will add the contents of two floating-poingigters.

MNEMONIC OPERAND ACTION
fadd none First ippops both ST and ST(1); next it adds ST and ST(1); finallghe
sumis pushed onto the stack.
Example:
fadd ;firstit pops both st and st(1); nexddds st and st(1); finally the sum is pushed tdmecstack.
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 45.0
ST(1) 15.0 20.0
ST(2) 20.0 25.0
ST(3) 25.0
ST(4)
ST(5)
ST(6)
ST(7)
MNEMONIC OPERAND ACTION
faddp st(k), st Adds ST(k) and ST, ST(k)aplaced by the sum anfl is popped
from the stack.
Example:

faddp st(2), st;

adds ST(2) and ST, ST(2¢paced by the sum and ST is popped from thek sta

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 15.0
ST(1) 15.0 30.0
ST(2) 20.0 25.0
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ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

25.0

Subtracting the contents of the two floating-point registers.

The following are the floating-point instructiorigat will subtract the contents of two floatingitaregisters.

MNEMONIC OPERAND ACTION

fsub none Firstit pops ST and ST(1) ;next is calculates ST(1) - ST; nekpushes
the difference into ST.

fsubr none Firstit pops ST and ST(1) ;next is calculates ST - ST(1lpext it pushes
the difference into ST.

Example:
fsub ; firstit pops st and st(1) ;next iscadates st(1) - st; next it pushes the differemei® st.
REGISTER BEFORE EXECUTION AFTER EXECUTION
ST 10.0 -20

ST(1) 15.0 27.0

ST(2) 27.0 25.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)

MNEMONIC | OPERAND ACTION

fsubp st(k), st computes ST(k) - ST]aeps ST(k) by the difference; finalpps ST
from the stack

fsubpr st(k), st computes ST - ST(Kk) ; repa8T(k) by the difference; finalpops ST
from the stack
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Example:

fsubp st(1), st; computes st(1) - st; re@ast€l) by the difference; finally pops ST from #tack

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 10.0 5.0

ST(1) 15.0 20.0

ST(2) 20.0 25.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)

Multiplying the contents of the two floating-point registers.

The following are the floating-point instructiorigat will multiply the contents of two floating-pu registers.

MNEMONIC OPERAND ACTION

fmul none First ipopsboth ST and ST(1) ; next it multiplies ST and ST(1);
finally theproductis pushed onto the stack.

Example:

fmul ; firstit pops both st and st(1); nextrtltiplies st and st(1); finally the product pgished onto the
stack.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 500.0

ST(1) 15.0 20.0

ST(2) 20.0 25.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)
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MNEMONIC OPERAND ACTION
fmulp st(k) , st multiplies ST(k) and ST; &J(is replaced by the product aGdis
popped from the stack.
Example:

fmulp st(3), st

; multiplies st(3)

and stethst(k) is replaced by the product and st is pddpmom the stack.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 10.0 15.0

ST(1) 15.0 20.0

ST(2) 20.0 250.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)

Dividing the contents of floating-point registers.

The following are the floating-point instructiorigat will divide the contents of floating-poirggisters.

MNEMONIC OPERAND ACTION
fdiv none First ipops both ST and ST(1) ; next it computes ST(1)/ ST; finally
the quotient is pushed onto the stack.
fdivr none First it popsboth ST and ST(1) ; next it computes ST/ ST(1); finally
the quotient is pushed onto the stack.
Example:

fdiv ; first it pops both st and st(1); next itmputes ST(1)/ ST ; finally the quotient is pedlonto the stack.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION
ST 5.0 1.25
ST(1) 15.0 20.0
ST(2) 20.0 25.0
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ST(@3) 25.0
ST(4)
ST(5)
ST(6)
ST(7)

MNEMONIC OPERAND ACTION

fdivp st(k), st computes ST(k) /ST ; then ST({&)replaced by the quotient. Next
ST is popped from the stack.

fdivpr st(k), st computes ST /ST(K) ; then ST (& replaced by the quotient. Next
ST is popped from the stack.

Example:
fidivp st(2) ; computes st(2) /st ; then st{)replaced by the quotient and ST is popped fioenstack.

REGISTER | BEFORE EXECUTION | AFTER EXECUTION

ST 5.0 15.0

ST(1) 15.0 4.0

ST(2) 20.0 25.0

ST(3) 25.0

ST(4)

ST(5)

ST(6)

ST(7)

Instructions that Compar e Floating-Point numbers

MNEMONIC OPERAND ACTION
fcomp (none) compares ST and ST(1); theps the stack
fcomp st(k) compares ST and ST(K); thmps the stack
fcomp memory (real) compares ST and a real nunmberemory; thepops the stack
fcomp memory (integer) | compares ST and a integer@n in memory; thepops the stack
fcompp (none) compares ST and ST(1) and thops the stack twice
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22.2 The 80x86 Stack
The directive

.STACK 4096

in the assembly language has the assembler re$@®écbyes of storage. This will allow the prograenro
temporarily store integer data in this locationeTimstruction to store data sequentially is thehpastruction.

The push instruction

The syntax of the push instruction is

pushsource

where the source can be any of the following:

« 16 bit register (AX, BX, CX, DX)

» 32 bit register (EAX, EBX, EDX, EDX)

* a declared word or doubleword variable

* a numeric byte, word or doubleword

The push instruction will sequentially store datdhe stack starting at the initial location.

Note: For simplicity, we will only push 32 bit rexers or numeric values.

EXAMPLE
AL CODE EAX STACK
mov eax, 52B6h 52B6
push eax 52B6 [J00 | 00 | 52 | B6
mov eax, 23A7h 23A7 OO | OO| 52| B
push eax 23A7 OO [ OO [ 23 | A7| OO | OO | 52| B
mov eax, 72346711l 72346711 |00 | 00 | 23| A7 00| 00| 52| B
push eax 7234671072 | 34 | 67 | 11| OO | 00 | 23| A7l 00| 00| 52
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Other push instructions
e pushw

When a numeric integer is to be pushed into theksta prevent confusion, the assembler needs to
be informed as to its data type. The following purstructions perform this task:

* pushwsource

where

source is a numeric value.

This push instruction will identify the numericlua to be stored as a word.

* pushdsource

where

source is a numeric value.

This push instruction will identify the numericlua to be stored as a doubleword.

The pop instruction

The pop instruction will copy data from the stagking the rule: “ last in first copied”, and stéhe data at the
designated destination. The data copied will bgppddrom the stack and the remaining data will behpup the
stack. .

The syntax of the pop instruction is

popdestination

where the destination can be any of the following:

* 16 bit register (AX, BX, CX, DX)

» 32 bit register (EAX, EBX, EDX, EDX)

» a declared word or doubleword variable
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EXAMPLE:

AL CODE EAX EBX STACK
mov eax, 52B6h | 52B6
push eax 52B6 00 00 52 B6
mov eax, 23A7h | 23A7 00 00 52 B6
push eax 23A7 00 00 23 A7 00 00 52 B6
pop ebx 23A7 | 000023A7 || 00 00 52 B6
pop ebx 23A7 | 000052B6

Note: Perhaps the best use of the push, pop itistngds to give the programmer additional temppsdorage.

PROJECT:

Write an assembly language program that will find atore in the stack all positive integer numlbatsveen 1
and N that are prime.
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WORKING WITH STRINGS

316



CHAPTER 23 - DYNAMIC STORAGE: STRINGS

INTRODUCTION

So far in this book, we have only been working withmeric data. In this chapter we will define arafkwvith
string data . Strings are very important in thaytban be used to communicate with the programmuaer.
We start with the definition of a string and itsmeric representation: the ASCII code.

23.1 The ASCII Code

Definition of a string: A string is a sequence of printable characters asatumbers, letters, spaces and
special symbols : $, *, etc enclosed in single gsiot '

Examples:
"Hello!", 'Samlives hefe 'To Be Or Not ToBe, 'x=2y+ 3Z.

Now all data entered must be represented as nuwadtes. In assembly language, as well as many etanp
languages the numeric representation of the A&&le is used.

ASCII (American Sandard Code for Information Interchange), is a character encoding based on the English
alphabet. ASCII codes represent text in computensymunications equipment, and other devices that wo
with text. Most modern character encoding systeave la historical basis in ASCII.

ASCII was first published as a standard in 1967wasd last updated in 1986. It currently definesesoidr 33-
non-printing, mostly obsolete control characteet &ffect how text is processed, plus 95 printahlracters
(starting with the space character).

ASCII is strictly a seven-bit code; meaning thatges the bit patterns representable with sevempdigits (a
range of 0 to 127 decimal) to represent charantermation.For example three important codes are the null
code (00), carriage return (OD) and line feed (DA).

The following is a table of the ASCII code alonghweach string’s symbol associated with its hexadal

number value:
ASCII| Table

ASCII HEX | DECIMAL NAME ASCII HEX | DECIMAL NAME
SYMBOL SYMBOL
00 0 Null @ 40 64 At
SOH 01 1 Start of Header A 41 65
STX 02 2 Start of Text B 42 66
ETX 03 3 End of Text C 43 67

317



EOT 04 4 End of D 44 68
Transmission
ENG 05 5 Enquire E 45 69
ACK 06 6 Acknowledge F 46 70
BEL 07 7 Bell G 47 71
BS 08 8 Backspace H 48 72
HT 09 9 Horizontal Tab I 49 73
LF 0A 10 Line Feed J 4A 74
VT 0B 11 Vertical Tab K 4B 75
FF oC 12 Form Feed L 4C 76
CR 0D 13 Carriage Return M 4D 77
SO OE 14 Shift Out N 4E 78
Sl OF 15 Shift In @) 4F 79
DLE 10 16 Data Link Escap P 50 80
DC1 11 17 Device Control Q 51 81
DC2 12 18 Device Control R 52 82
DC3 13 19 Device Control S 53 83
DC4 14 20 Device Control T 54 84
NAK 15 21 Negative U 55 85
Acknowledge
SYN 16 22 Synchronous IdI Vv 56 86
ETB 17 23 End of W 57 87
Transmission
Block
CAN 18 24 Cancel 58 88
EM 19 25 End of Medium 59 89
SUB 1A 26 Substitute 5A 90
ESC 1B 27 Escape [ 5B 91 Open
Square
Bracket
FS 1C 28 File Separator \ 5C 92 Back
Slash
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GS 1D 29 Group Separato 5D 93 Close
Square
Bracket
RS 1E 30 Record Separat 5H 94 Circun
X
us 1F 31 Unit Separator 5F 95 Unders
e
SP 20 32 Space or Blank 60 96 Single
Quote
! 21 33 Exclamation Poi 61 97
22 34 Quotation Mark 62 98
# 23 35 Number sign 63 99
(Pound sign)
$ 24 36 Dollar Sign 64 100
% 25 37 Percent Sign 65 101
& 26 38 Ampersand 66 102
' 27 39 Apostrophe 67 103
(Single quote)
( 28 40 Opening 68 104
Parenthesis
) 29 41 Close Parenthes 69 105
* 2A 42 Asterisk(Star sig 6A 106
+ 2B 43 Plus Sign 6B 107
, 2C 44 Comma 6C 108
- 2D 45 Hyphen (Minus) 6D 109
2E 46 Dot (Period) 6E 110
/ 2F 47 Forward Slash 6F 111
0 30 48 Zero 70 112
1 31 49 71 113
2 32 50 72 114
3 33 51 73 115
4 34 52 74 116
5 35 53 75 117
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6 36 54 % 76 118
7 37 55 w 77 119
8 38 56 X 78 120
9 39 57 y 79 121
3A 58 Colon z 7A 122
; 3B 59 Semi Colon { 7B 123 Open
Curly
Bracket
< 3C 60 Less Than | 7C 124 OR (Pipe)
= 3D 61 Equality } 7D 125 Close
Curly
Bracket
> 3E 62 Greater Than ~ 7E 126 Equivalpn
ce
(tilde)
? 3F 63 Question Mark DEL 7F 127 Deletg

Note: The associated ASCII codes are always indeoimal.

23.2 Storing Strings

In this chapter we will find that there are sevanatructions to store strings in registers ad a®ldefined

variables.

e mov register , string

e mov variable, string

The register and the variable can be of any da ty

When a string is stored, each character of thegsisi converted to its hexadecimal ASCIl code. &ample
the string’- x3’ is made up of 4 characters (counting the spaceadiuthe single quotes).The assembler will

convert the 4 characters into its corresponding A&de:

Examples:
ASSEMBLY CODE EAX
mov eax,- x3' 2D120] 78] 33
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ASSEMBLY CODE X

X byte ?

mov x ,'/" 2F

Exercise

Convert the following strings to its ASCII codes:

ASSEMBLY CODE EAX

mov eax,+ YZ'

1
mov eax,/

mov eax,* %'
[ |

e Thestring variables:

Since all strings are converted by the assembierimeger bytes, we use the normal directivestind the
variables as bytes, words or double words.

Examples:

1.

x BYTE 20 DUP (?) ; This directive will assi@@ blank bytes to the variable x.

Hamlet BYTE 'To be or not to heThe assembler will set aside 18 bytes contaitiiegASC codes.

54 | 65| 20| 62| 65| 20 65 74 20 O©Ff 6p S84 40 %4 65 PO P2

65

array_ x DWORD 5 DUPR 23; The assembler will set aside 5 dwords containieg8C code'- 23" .

2D | 20| 32 33| 2D 20| 32 31 2 20 3P 43 2D 40 32 I§3 2D RO |32

Exercise

Complete the following tables:

33

Hamlet BYTE 'Brevity is the soul of wit'
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A natural question should be raised: how does tbgrpmmer assign strings to registers and variabilg®ut
using directly the above type of directives ? &mmmple the above x variable has 20 blank bytegress to it
for storage. Therefore, we should be able to asangrstring of length 20 characters or less to/treable x.
Since string data are changed to ASCII code bya$isembler, we can use, as shown abovemdlenstruction
to assign a string to a register or a variable. i@y, there are times when we want to copy ststg®d in one
variable to another variable. We should note tfaatdferring some strings through a register maygot
possible due to the size of the string. The follaysections will give the necessary instructiongeddorm such
tasks.

23.2 Themovsinstructions.
To move strings from one variable to another véeiglve define the following 3 movs instructions:

Definition movsb: The movsb will move the byes of a variable, bytdte to another variable. The movsb
instruction has no operands.

Definition movsw: The movsw will move the words of a variable, woydword to another variable. The
movsw instruction has no operands.

Definition movsd: The movsd will move the dwords of a variable, dwbyddword to another variable. The
movsd instruction has no operands.

Snce the three movs instructions have no operatiidsassembler has to know which variable is thecsoof
the string and which variable is the destinatidme Tocation of these variables are to be storedarESI and
the EDI registers.

The ESI and EDI registers

Definition ESI: The ESI register must contain the location ofgbarce variable.

Definition EDI: The EDI register must contain the location of destination variable.

*Theleainstruction

In order to store the locations in these two regsstwe use thiea instruction:

Definition lea: The form of the lea instruction is

lea register, variable name

where, for this application, the registers arecesdi.

Once the esi and edi are initialized the movs uasions will increment these register under théfeing rule:
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1. The movsb will cause the esi and edi to be merged to the next byte.
2. The movsw will cause the esi and edi to be mered to the next word.
3. The movsd will cause the esi and edi to besimented to the next dword.

Example:

ASSEMBLY CODE

x dword ‘- x3'

y dword ?

lea esi, x

lea edi, y

movsb

movsb

movsb

movsb
[ |

Exercises:
1. Hamlet DWORD 'To be or not to 'be

Write a program that will move the string in vénie Hamlet to the variable Shakespeare DWORD ?
H

23.3 More String Instructions

The following are additional string instructionstitan be very useful when working with strings.
Thestosinstruction

There are three stos instruction:

« Definition: stosb copies a byte stored in the AL register ¢odibstination variable.

Example:

AL CODE AL (Byteisin ASCII symbols) X (Byteisin ASCIl symbols)

X byte ?
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mov al, '&' &
lea edi, x &
stosb & &

« Definition: stosw copies a word stored in the AX register todhastination variable.

Example:
AL CODE AX (Word isin ASCII symbols) X (Word isin ASCIIl symbols)
x word ?
mov ax, '-9' -9
lea edi, x -9
stosw -9 -9

» Definition: stosd copies a word stored in the EAX registeh&destination variable.

Example
AL CODE EAX (DWord isin ASCII symbols) X (DWord isin ASCIl symbols)
x dword ?
mov eax, 'home' home
lea edi, x home
stosd home home

1. In the above 3 examples change the ASCII syntbdiseir corresponding hexadecimal values.

[ |
Thelodsinstruction

There are three lods instruction:

« Definition: lodsb copies a source stored in the byte vari@bllee AL register .

Example:
AL CODE AL (Byteisin ASCII symbols) X (Byteisin ASCIl symbols)
X byte '#' #
lea esi, x #
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lodsb

#

« Definition: lodsw copies a source stored in the word variabtbé AX register .

Example:
AL CODE AX (Word isin ASCII symbols) X (Word isin ASCIl symbols)
xword '$7' $7
lea esi, x $7
lodsw $7

« Definition: lodsd copies a source stored in the word varitbtbe EAX register

Example:
AL CODE EAX (Word isin ASCII symbols) X (DWord isin ASCII symbols)
xdword 'Bach’ Bach
lea esi, x Bach
lodsd Bach
Exercise

1. In the above 3 examples change the ASCII syntbdlseir corresponding hexadecimal values.

Therep instruction

« Definition: The rep instruction is a prefix to several othatiinctions to perform a given repetitive task. The

number of repetitions is a given number storeth@éECX register. When completed the ECX registér wi

contain zero (0).

Examples:
1.
AL CODE ECX AL (Byteisin ASCII symbols) X (Dword isin ASCII symbols)
x dword ?
mov al, "~ A
lea edi, x A
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mov ecx, 4 4 A
rep stosb 4 A A A A A
2.
AL CODE ECX [ AX (Words in ASCII symbols) X (Wordsin ASCII symbols)
x word 5 dup (?)
mov ax, 'WA' WA
lea edi, x WA
mov ecx, 5 5 WA
rep stosw 5 WA WA | WA | WA | WA | WA
3.
AL CODE ECX [ EAX (Words in ASCII symbols) X (DWordsin ASCII symbols)
x dword 4 dup (?)
mov eax, '1234' 1234
lea edi, x 1234
mov ecx, 4 4 1234
rep stosd 4 1234 1234 | 1234 | 1234
Exercises.

1. In the above 3 examples change the ASCII symlodlsdir corresponding hexadecimal values.

2. Complete the table below:

AL CODE

ECX Y
(DWords in ASClIsymbols)

X
(DWordsin ASCIlIsymbols)

x dword 4 dup (?)

Y dword '123456789abcde’

mov ecx, 4

lea esi, y

lea edi, x
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rep movsd I

3. Complete the table below:

AL CODE ECX Y X
(DWords in hex symbols) (DWordsin hex symbols)

X dword 4 DUP (?)
Y dword '123456789abcde’

mov ecx, 4

lea esi, y

lea edi, x

rep movsd
H

Other repeat instructions

Depending on the suffix, the following are addiabmersions of the rep instruction:

« Definition: the repe prefix is to repeat while EGX0 and the suffix operation compute a value EQua

« Definition: the repz prefix is to repeat while EGX0 and the suffix operation compute a value eQua

« Definition: the repne prefix is to repeat while X€ 0 and the suffix operation compute a valueawpial O.
« Definition: the repnz prefix is to repeat while K€ 0 and the suffix operation compute a valueawpial 0.

Note: repz/repe and repnz/repne pairs are egunizaistructions. Also all repeat instructiona b& used in
conjunction will procedures. In this way multiplestructions can be repeated.

Thecmpsinstruction

There are three cmps instructions:

« Definition: cmpsb compares the binary source and binary deggretrings. It does not have operands.

« Definition: cmpsw compares the word source and word designstiimgs . It does not have operands.

« Definition: cmpsd compares the double word and double worndrison strings . It does not have operands.

Note: The cmps instructions should be use in camjon with the jump instructions of Chapter 11.
The following is a table of the conditional jumms the signed order of rings in assembly language:
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M nemonic* Description

je jump to the label ifource = destination;
jump if equal to

jne jump to the label isource = destination;
jump if not equal to

jnge jump to the label gource < destination;
jump if not greater or equal

jnle jump to the label iource > destination;
jump if not less than or equal

jge jump to the label bource > destination;
jump if greater than or equal

jle jump to the label isource < destination;
jump if less than or equal

1 jump to the label ifsource < destination;
jump if less than

jnl jump to the label isource > destination;
jump if not less than

i9 jump to the label iBource > destination;
jump if greater than

jng jump to the label ifource < destination;
jump if not greater than

Note. Remember, that the string comparisons duakythe comparisons of the numeric values assedi
with the strings.

The scasinstruction

The scan string instruction is used to scan agstanthe presence of a given string element. Taa string is
the designation string and the element that isgoe@arched for is in a given register .

There are three scas instructions:

« Definition: The scasb requires the element being searches ifothe AL register.

« Definition: The scasw requires the element being searchesl fothe AX register.

« Definition: The scasd requires the element being search iiothe EAX register.

Note: To scan the entire string for the given eletsietherepne prefix is used with the scas instruction.

Algorithm: Checks to see if a string has a given elementogtasize.
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ASSEMBLY LANGUAGE CODE COMMENTS

stringlocation byte ‘string’

mov al, 'byte element’

lea edi,stringlocation "string' is the sting twck if it contains the byte element
mov ecx, n the number of bytes containing sting.
MoV eax,ecx will contain the location of the element
repne scasb checks byte by byte . Will stop checkithe byte is found.
sub eax,ecx location of the element if it existthia string.

Exercise:

1. Write a program that will find the position locatiof “f” in the of the string 'l live in California
PROJECT

1. Write an assembly language program that wilveohan arbitrary string “aa...a,” to it number value
... 3,

2. Write an assembly language program that wiliveohan arbitrary integer numberag....q, to the string
‘a,88...9, .
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CHAPTER 24 - STRING ARRAYS

INTRODUCTION

In Chapter 15, we created one and two dimensioteder arrays. In this chapter we will create ataat
contain strings. We will see that the string asragd integer arrays share many of the same rules.

24.1 Storing Stingsin the Directive

The following are the ways string(s) can be stousthg the directive in the data portion of thegyzam. We
can use the following directives:

e variable name data type ?

» variable name data type string

 variable name data type string_1, string_2, ..., string_n
variable name data type dimension dup(?)

Examples:

variable name data type ?

1. X byte ?

will allow a one character string to be stored.in x

2.x word ?

will allow a two character string to be stored in x

3. x dword ?

will allow a four character string to be storedkin
variable name data type string

1. x bytea string of any length

will allow any size string to be stored in an arségrting in location Xx.
X byte ‘abcde’

2. x wordstring

will allow a string of 2 characters to be storecin
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x word ‘ab’

3. x dwordstring

will allow a string of 4 characters to be storecin

x dword ‘abcd’

variable name data type string_1, string_2, ..., string_n

1. X byte string_1, string_2, ..., string_n

will allow a list of strings of any length startimg location x.

x byte ‘a’, ‘b’, ‘c’, ‘d’

2. xword string_1, string_2, ..., string_n

will allow a list of strings of 2 characters eag¢arsing in location x.
x word ‘ab’, ‘cd’, ‘ef’, ‘gh’

3. x dword string_1, string_2, ..., string_n

will allow a list of strings of 4 characters ea¢arsng in location x.
x dword ‘abcd’, ‘efgh’, ‘ijkI’, ‘mnop’

variable name data type dimension dup(?)

will create a string array with a given dimensiaw alata type.
Note: As in Chapter 14, THea instruction will still be use to determine the fibg/te position of the array.
Retrieving strings stored in the variable

The following examples will demonstrate how striags retrieved from the variables:

Examples:
1.
AL CODE AL byte 1 byte 2 byte 3
X byte ‘abc’ a b C
lea ebx,x a b Cc
mov al,[ebx] a a b c

331



add ebx,1 a a b (o
mov al,[ebx] b a b c
add ebx,1 b a b c
mov al,[ebx] c a b c
2.
AL CODE AL byte 1 byte 2 byte 3
X byte ‘@, ‘b’, ‘¢’ a b c
lea ebx,x a b c
mov al,[ebx] a a b c
add ebx,1 a a b (o
mov al,[ebx] b a b c
add ebx,1 b a b (o
mov al,[ebx] c a b c
3.
AL CODE AX word 1 word 2 word 3
x word ‘ab’, ‘cd’, ‘ef’ ab cd ef
lea ebx,x ab cd ef
mov ax, [ebx] ab ab cd ef
add ebx,2 ab ab cd ef
mov ax, [ebx] cd ab cd ef
add ebx,2 cd ab cd ef
mov ax, [ebx] ef ab cd ef
4,
AL CODE EAX dword 1 dword 2 dword 3
x dword ‘abcd’, ‘ef’, ‘ghi’ abcd ef ghi
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lea ebx,x ab cd ef
mov ,[ebx] abcd ab cd ef
add ebx,4 abcd ab cd ef
mov al,[ebx] ef ab cd ef
add ebx,4 ef ab cd ef
mov al,[ebx] ghi ab cd ef
Exercise:

For the four examples above, fill in the approgrclls with the ASCII code.
Creating aonedimensional string array using the dup(?) directive.

The following steps will define and set up the wrra

Step 1: Define the directivariable name data type dimension dup(?)

Step 2: Useing the lea instruction, store the bygé location in a 32 bit register.
Example:

X byte 10 (?)

lea ebx, x

Storing datain the array.

In the assembler we can use any of the regist&Xs EBX, ECX and EDX. The following definition idhe
assignment statement that will allow us to perfdiate assignments to and from memory cells:

mov [register], sourceinstruction.

Definition: mov [register], source

where the following rules apply:

Rulel: The registers must be EAX, EBX, ECX, or EDX

Rule2: Thesource can be any register, or variable.

Rule3: The[register] indicates the cell location where the bytes afeetéocated.
The [register] is call the indirect register.

Rule4: The lea instruction will establish the fibste location.
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The mov [egister], sourceinstruction will store the sting in the source stgr or variable into the memory
location indicated by the contents of the register.

For all examples in this chapter, we assume allbersare represented as hexadecimal.

Examples:

The following examples show how string arrays asated and stored.

1. The following program will store the strings,'d)’, ‘c’ into the array of type BYTE.

PSEUDO CODE AL CODE AL X
Array X X byte 10 dup(?) bytel | byte2 | byte3
lea ebx,x
X(Q1) =‘a mov al, ‘a’ a
mov [ebx], al a
add ebx,1 a
X(2):="p’ mov al, ‘b’ b
mov [ebx],al b
add ebx,1 b
X(3):="c mov al,’c’ C
mov [ebx],al c

Important: Since we are storing into individual byee increment by 1.

2. The following program will store numbers ‘algd’, ‘ef into the array of type WORD.

PSEUDO CODE AL CODE AX X
Array X I)((e gvglr)(il( | );? word 1 word 2 | word 3
X(1) :="‘ab’ mov ax, ‘ab’ ab
mov [ebx], ax ab ab
add ebx,2 ab ab
X(2):="cd’ mov ax, ‘cd’ cd ab
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mov [ebx],ax cd ab cd

add ebx,2 cd ab cd
X(3):="ef mov ax, ‘ef’ ef ab cd
mov [ebx],ax ef ab cd ef

Important: Since we are storing into individual &yer each word, we increment by by 2.

3. The following program will store numbers ‘abc@fgh’, ‘ijk’ into the array of type DWORD.

PSEUDO CODE AL CODE EAX X
Array X x dword ? dword 1 dword 2 dword 3
lea ebx,x
X(1) := ‘abcd’ mov eax, ‘abcd’ abcd
mov [ebx], eax abcd
add ebx,4 abcd
X(2):= ‘efgh’ mov eax,’efgh’ efgh
mov [ebx],eax efgh
add ebx,4 efgh
X(3):= ijk’ mov eax,'ijK’ ijk
mov [ebx],eax ijk

Important: Since we are storing into individual &yer each dword, we increment by 4.
mov register, [register]

Definition: mov register, [register]

where the following rules apply:

Rulel: The registers can be EAX, EBX, ECX, andXED

Rule2: The[register] indicates the cell location where the bytes laated.

where the following rules apply:

The mov register rggister] instruction will store the number contained in #uelress location ifregister] into
the register.
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Example:

AL INSTRUCTIONS eax cl X
X byte ‘abcdef’ abcdef
lea ebx,x abcdef
mov eax, [ebx] abcd abcdef
mov cl, [ebx] abcd a abcdef
add ebx,1 abcd abcdef
mov cl,[ebx] abcd b abcdef
add ebx,1 abcd abcdef
mov cl , [ebx] abcd C abcdef
add ebx,1 abcd abcdef
mov cl, [ebx] abcd d abcdef
add ebx,1 abcd abcdef
mov cl, [ebx] abcd e abcdef
add ebx,1 abcd abcdef
mov cl, [ebx] abcd f abcdef
AL INSTRUCTIONS eax ebx BYTES: 6 7

mov eax, 2

mov ebx, 7D12Eh

mov [eax], ebx

mov eax, 4

mov ebx, 568923h

mov [eax], ebx

mov ebx, 3

mov eax, [ebx]

2. Write a assembly language program that wiliqrer the following tasks:
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Task 1: store the ASC codes of the alphabet aritwzan array x.

Task 2: retrieve the ASC codes from the array x.
H

PROJECTS

Write an assembly language program that will sétirehe ASC codes into an array X.
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CHAPTER 25 - INPUT/OUTPUT
INTRODUCTION

The 80/86 MASM assembler provides the Kernel3&ahpof program utilities which includes input/out
instructions. In this chapter we will examine pramgss that will perform the following functions:

» Output strings to the monitor
* Input strings from the keyboard
25.1 Outputting Stringsto the M onitor

The following is a complete program that will outpo the screen the message: “Good morning América!
The following directives are used to input and otigiring data:

» ExitProcess PROTO NEAR32 stdcall, dwExitCode: DWIDR

where

PROTO is a directive that prototypes the functioutBrocess

and

ExitProcess is a directive that is used to terteimaprogram.

» GetStdHandle

The GetSdHandle returns in EAX a handle for the I/O device.

Examples:

Program:

;A complete program that will output to the ssréhe message: “Good morning America!”

.386
.MODEL FLAT
ExitProcess PROTO NEAR32 stdcall, dwExitCode: DWORD
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;Setup for Writing to the Monitor

GetStdHandle PROTO NEAR32 stdcall, nStdHandle:DVMWOR

WriteFile PROTO NEAR32 stdcall,
hFile:DWORD, IpBuffer:NEAR32, nNumberOfChard/ate:DWORD,

IpPNumberOfBytesWritten:NEAR32, IpOverlapped:NEAR32
STD_OUTPUT EQU -11

cr  EQU Odh ; carriage returnreleger

If EQU Oah ; line feed

.STACK 4096

.DATA

message BYTE 'Good morning America!’; Thithis message that will be displayed on the monitor
size DWORD 21 ; Number of characters in message

written DWORD ?
message_out DWORD ?

.CODE
; The following instructions will print the messageood morning America!”
_Start:
INVOKE GetStdHandle, ; Prepare output
STD _OUTPUT ; -- to screen

mov message_out, eax

INVOKE WriteFile, ; Initial output
message_oult, ; screen hardware location
NEAR32 PTR message, size, ; size of message
NEAR32 PTR written, ; bytes written
0; overlapped mode

INVOKE EXxitProcess, o ;  tewith return code o

PUBLIC _start

END
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25.2 Inputting Strings from the keyboard

The following complete program will perform theltmhing tasks.

Task 1: A message to the monitor will prompt therus enter a message.
Task 2: Allow the user to enter a message.

Example:

;A complete program that will allow the useretater a message and enter data from the keyboard.
.386

.MODEL FLAT
ExitProcess PROTO NEAR32 stdcall, dwExitCode:DWORD

GetStdHandle PROTO NEAR32 stdcall,
nStdHandle:DWORD

ReadFile PROTO NEAR32 stdcall,

hFile:DWORD, IpBuffer:NEAR32, nNumberOFChar&lead:DWORD,
IpNumberOfBytesRead:NEAR32, IpOverlapped:NEAR32

WriteFile PROTO NEARS32 stdcall,
hFile:DWORD, IpBuffer:NEAR32, nNumberOFCharsTao&:DWORD,
IpPNumberOfBytesWritten:NEAR32, IpOverlapped:NE3R

STD_INPUT EQU -10
STD_OUTPUT EQU -11

.STACK 4096
.DATA
request BYTE "Please enter a message ? "

CrLf BYTE Oah, 0dh
Enter_message BYTE 80 DUP (?)
read in DWORD ?

written_out DWORD ?
handle_Out DWORD ?

handle_In DWORD ?
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.code
; The following instructions will print the messatfflease enter a message”

_start:
; WRITE REQUEST
INVOKE GetStdHandle, ; get handle fonsole output

STD_OUTPUT
mov handle_In, eax

INVOKE WriteFile,
handle_In,
NEAR32 PTR request,
80,
NEAR32 PTR written_out,
0

; The following instructions will allow a messagelte entered from the keyboard.
; INPUT DATA

INVOKE GetStdHandle, ; get handle for consoléat
STD_INPUT
mov handle_In, eax
INVOKE ReadFile,
handle_In,
NEAR32 PTR Enter_message,
80,
NEAR32 PTR read_in,
0

INVOKE ExitProcess, 0
INVOKE ExitProcess, o © fewith return code o

PUBLIC _start
END
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PROJECT
Write a program that will perform the following twasks:
« an arbitrary number of hexadecimal numbers cagnbered from the keyboard and stored in a array.

» the numbers can be retrieved from the arrayexed to decimal and display onto the monitor.
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CHAPTER 26 SIGNED NUMBERSAND THE EFLAG SIGNALS
INTRODUCTION

It is important to keep in mind that when workinghwintegers numbers, that the numbers are cordama
ring of a given data type. When we preform arithmeperations, it is possible that the resultinghpatations
do not always return the expected value as theydaappear in the ordinary integer number systeor. F
example we would expect the simple expression B-rdturn a value of -1. But if our number sysiera 8 bit
ring we will obtain the result 255 which is the #@d@ inverse of -1. Let us assume for further dssion that
the register we will work with in this chapter feetregister AL, which is a 8 bit ring. Further wal @ssume the
following table is a signed order representatibthis ring in decimal (See chapter 8)

128 129 253 254 0 1 2 3 12p 137
-128 | -127 -3 -2 0 1 2 3 124 12y

where the bottom row represents the additive irevefshe above values.
If we wish to write a program that will print oute true value -1, how is this done when the instsns

move al, 2
sub al, 3

will return the value 255 in the register al?

To print the correct -1 we need to write al instiaes that will perform the following tasks:
Task 1: Test what value resulted in the subtrac&5.

Task2: Convert 255 into is additive inverse: 1

Task3: Store in a variable the ASCII code for 32 (See Chapter 23).

Task4: Print this ASCU code (See Chapter 25).

Performing operations such as Task1 is the mairhesip of ths chapter.

26.1 THE EFLAGS

The EFLAG is a 32 bit register where some of #b8s indicated three types of flag signals resglfrom
arithmetic or logical operations:

« the sign flag
« the carry flag

« the overflow flag.
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Before defining these important flags, we makefttlewing observation: when performing arithmetic o
logical operations we first assign a numeric inteégea byte register that has a 0 or 1 bit deitsmost bit
position . If after the operation, the resultingdoy value will have a 0 or 1 in its left most pdsition. If this bit
is the same or different than the left most bithef original value, a change may occur in theotsi flags
listed above.

Addition and Subtract

Examples:
1.
AL CODE AL (decimal) AL (binary)
move al, 1 1 0000 0001
add al, 2 3 0000 0011

Comment: The left-most bit of the original numb@00 0001 is a 0 and the left-most bit the resultingber
0000 0011 is also 0, Therefore the left-most b# at changed.

2.
AL CODE AL (decimal) AL (binary)
move al, 1 1 0000 0001
sub al, 2 255 1111 1111

Comment: The left-most bit of the original numb@00 0001 is a 0 and the left-most bit the resultingber
1111 1111 is 1, Therefore the left-most bit hasgled.

3

AL CODE AL (decimal) AL (binary)

move al, 254 254 1111 1110
add al, 10 8 0000 1000

Comment: The left-most bit of the original numbé&d1 1110 is a 1 and the left-most bit the resultingber
0000 1000 is 0, Therefore the left-most bit hasged.

4,
AL CODE AL (decimal) AL (binary)
move al, 128 128 1000 0000
add al, 128 0 0000 0000
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Comment: The left-most bit of the original numb@0@ 0000 is a 1 and the left-most bit the resultinber
0000 0000 is 0, Therefore the left-most bit hasged.

Exercises:

Complete the tables below:

1.
AL CODE AL (decimal) AL (hex) AL (binary)
move al, 1 1 0000 0001
add al, 2 3 0000 0011
2.
AL CODE AL (decimal) AL (hex) AL (binary)
move al, 1 1 0000 0001
sub al, 2 255 1111 1111
3.
AL CODE AL (decimal) AL (hex) AL (binary)
move al, 254 254 1111 1110
add al, 10 8 0000 1000
4.
AL CODE AL (decimal) AL (hex) AL (binary)
move al, 128 128 1000 0000
add al, 128 0 0000 0000
[ |

Definition of the sign flag:

After an arithmetic or logical operation on a irgegalue in a byte register, if the resulting Iynaumber has
at its left-most position a 1, then the sign flad lae assigned a value 1; otherwise a number 0.

Examples:

1.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 250 250 11111010
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add al,1 251 11111011
mov sign,’yes’ 251 11111011 yes
Comment: The resulting number 251 has as its asgocbinary number a 1 as it left most bit.
2.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 120 120 01111000
add al,10 130 10000010
mov sign, ‘yes’ 150 10000010 yes
Comment: The resulting number 150 has as its asgocbinary number a 1 as it left most bit.
3.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 220 220 11011100
add al,40 260 00000100
mov sign, ‘no’ 260 00000100 no
Comment: The resulting number 260 has as its asgocbinary number a 0 as it left most bit.
4.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 22 22 00010110
add al,40 62 00111110
mov sign, ‘no’ 62 00111110 no

Comment: The resulting number 260 has as its asgocbinary number a 0 as it left most bit.

Exercises

Complete the tables below.

1.

AL CODE

AL (decimal)

AL (binary)

AL (hex)

SIGN

mov al, 250

250

11111010
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add al,1 251 11111011
mov sign,’yes’ 251 11111011 yes
2.
AL CODE AL AL (binary) AL (hex) SIGN
(decimal)
mov al, 120 120 01111000
add al,10 130 10000010
mov sign, ‘yes’ 150 10000010 yes
3.
AL CODE AL AL (binary) AL (hex) SIGN
(decimal)
mov al, 220 220 11011100
add al,40 260 00000100
mov sign,’no’ 260 00000100 no
4,
AL CODE AL AL (binary) AL (hex) SIGN
(decimal)
mov al, 22 22 00010110
add al,40 62 00111110
mov sign, ‘no’ 62 00111110 no

Definition of the carry flag:

Assume the original number has a left-most O biléry After an arithmetic or logical operatiortlfe resulting
binary number has at its left-most position a éntthe carry flag will be assigned a value 1; otz it will be
assigned a numeric bit O.

Examples:

1.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 250 250 11111010
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add al,1

251

11111011

mov sign,’no’

251

11111011

no

Comment: 250 has a 1 as its left-most binary e flesulting number 251 has as its associatedybmenber
a 1 as it left most bit. Therefore, the left mastiths still a 1.

2.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 120 120 01111000
add al,10 130 10000010
mov sign, ‘no’ 150 10000010 no

Comment: The original binary number has as itsriedst bit a 0. Therefore ,the carry flag is sed.to

3.
AL CODE AL (decimal) AL (binary) SIGN
mov al, 220 220 11011100
add al,40 260 00000100
mov sign, ‘yes’ 260 00000100 yes

Comment: 220 has a 1 as its left-most binary e fiesulting number 260 has as its associatedytmanber
a 0 as it left most bit. Therefore, Therefore,¢hay bit is set to 1..

4.

AL CODE AL (decimal) AL (binary) SIGN
mov al, 22 22 00010110
add al,40 62 00111110
mov sign, ‘no’ 62 00111110 no

Comment: The original binary number has as itsriedst bit a 0. Therefore ,the carry flag is sed.to
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Exercises:

Complete the tables below.

1.

AL CODE

AL (decimal)

AL (binary)

SIGN

mov al, 250

sub al,1

mov sign,’no’

AL CODE

AL (decimal)

AL (binary)

SIGN

mov al, 120

sub al,10

mov sign, ‘no’

AL CODE

AL (decimal)

AL (binary)

SIGN

mov al, 220

sub al,40

mov sign, ‘yes’

AL CODE

AL (decimal)

AL (binary)

SIGN

mov al, 22

add al,40

mov sign, ‘no’
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Definition of the overflow flag:

[ > e > S S > « OF
X | X 128 | 129 254 255 O | 2 3 124 127 X X
OF e < < (R — S — o

The above table showsat when performing arithmetic or logical operasipif the resulting value falls in the X
areas an overflow(OF) will occur. If it falls beden the X areas no overflow will occur.

Examples:
1.
AL CODE AL (decimal) SIGN
mov al, 127 127
add al,1 128
mov sign,’yes’ 128 yes

Comment: Even though 128 is a value in al, it iesuby adding 1 to 127 and 128 fell in the X afdeerefore,

an overflow occurred.

2.
AL CODE AL (decimal) SIGN
mov al, 128 128
sub al,1 127
mov sign, ‘yes’ 127 yes

Comment: Even though 127 is a value in al, it iesuby subtracting 1 from 128 and 127 fell in thar¥a.

Therefore, an overflow occurred.

3.
AL CODE AL (decimal) SIGN
mov al, 127 127
sub al, 200 83
mov sign, ‘no’ 83 no

Comment: Since 83 is a value in al, therefore, verftow occurred.
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AL CODE AL (decimal) SIGN
mov al, 255 255
add al,1 0
mov sign, ‘no’ 0 no

Comment: Since 0 is a value in al, therefore, neritaw occurred.

26.2EFLAG JUMPINSTRUCTIONS

The eflag bits cannot be directly accessed. Howele following jump instructions can be usedump to a

designated instruction:

Jump Instruction Result
Js Jump if sign bit is turned on
jns Jump if sing bit is turned off
jc Jump if carry bit is turned on
jnc Jump if carry bit is turned off
jo Jump if overflow bit is turned on
jno Jump if overflow bit is turned off
Examples:
1.
AL CODE AL (decimal) SIGN
mov al, 254 254
add al, 3 1
js labell 1
mov sign, ‘no’ 1 no
jmp end 1 no
labell: mov sign, ‘yes’ 1 no
end: 1 no
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AL CODE AL (decimal) SIGN
mov al, 253 253
add al, 1 154
js labell 154
mov sign, ‘no’ 154
jmp end 154
labell: mov sign, ‘yes’ 154 yes
end: 154 yes
AL CODE AL (decimal) CARRY
mov al, 254 254
add al, 3 1
jc labell 1
mov carry, ‘no’ 1
jmp end 1
labell: mov carry, ‘yes’ 1 yes
end: 1 yes
AL CODE AL (decimal) OVERFLOW
mov al, 254 254
add al, 3 1
jo labell 1
mov overflow, ‘no’ 1 no
jmp end 1 no
labell: mov sign, ‘yes’ 1 no
end: 1 no
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Exer cises:

Complete the table below:

AL CODE AL (decimal) SIGN CARRY OVERFLOW

mov al, 258

subal, 7

Js sign

mov sign, ‘no’

jmp endsign

sign: mov sign, ‘yes’

endsign:

mov al, 4

add al, 127

jc carry

mov carry, ‘no’

jmp endcarry

carry: mov carry, ‘yes

endcarry:

mov al, 254
sub al, 234

jof overflow

mov overflow, ‘no’

jmp endoverflow

overflow: mov overflow, ‘yes’

endoverflow:

Multiplication

There are 2 types of multiplication operations: @ud imul (See Chapter 10). The mul instructiowhen the
numbers are considered as unsigned (natural caddrjhe imul instruction is when the numbers aresoered
as signed. The mul instruction will set the camg averflow flags depending on the value of th& rfeost bit.
The imul instruction will set the carry if the rdsng number is too large. This will result in tedx resgister no

being equal to zero.
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MUL

Examples:
1.
AL CODE AL (decimal) CARRY
mov al, 7 7
mov x,12 7
mul x 84
mov carry, ‘no’ 84 no
Comment: Since left most bit for 7 is a 0, ther@a carry.
2.
AL CODE AL (decimal) CARRY
mov al, 128 128
mov X,2 128
mul x 0
mov carry, ‘yes’ 0 yes

Comment: Since left most bit for 128 is a 1 antdrahultiplication the left most bit changed talfere is a

carry .
3.
AL CODE AL (decimal) CARRY
mov al, 255 255
mov X,255 255
mul x 36
mov carry, ‘yes’ 36 yes

Comment: Since left most bit for 255 is a 1 artdrathe left most bit changed to O, there is aycar
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AL CODE AL (decimal) OVERFLOW
mov al, 255 255
mov Xx,255 255
mul x 36
mov overflow, ‘yes’ 36 yes
Comment: Since 258255 mod 256 > 0, there is an overflow from theuraltorder .
4.
AL CODE AL (decimal) OVERFLOW
mov al, 110 110
mov Xx,2 110
mul x 220
mov overflow, ‘no’ 220 no
Comment: Since 112 mod 256 = 0, there is no overflow from the naltorder .
IMUL
1.
AL CODE AL (decimal) CARRY
mov al, 7 7
mov x,12 7
imul x 84
mov carry, ‘no’ 84 no
Comment: Since left most bit for 7 is a 0, theraa carry.
2.
AL CODE AL (decimal) CARRY
mov al, 128 128
mov Xx,2 128
imul x 0
mov carry, ‘yes’ 0 yes
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Comment: Since left most bit for 128 is a 1 antdrahultiplication the left most bit changed talfere is a

carry .
3.
AL CODE AL (decimal) CARRY
mov al, 129 129
mov X,2 129
imul x 2
mov carry, ‘yes’ 2 yes

Comment: Since left most bit for 129 is a 1 antdrahe left most bit of 2 is O, there is a carry .

4.
ASSEMBLY CODE EAX AX AH AL DX X
x word 100h 100
mov eax 123456h 00 12 34 56 3456 34 56 100
imul x 00 12 56 00 56 00 56 00 34 100
Comment: Since DX > 0 this resulted in a carry @eample 5, Chapter 10).
S.
AL CODE AL (decimal) OVERFLOW
mov al, 2 255
mov X,255 255
imul x 36
mov overflow, ‘yes’ 36 yes
Comment: The multiplication resulted in moving fr@past 255 resulting in an overflow.
6.
AL CODE AL (decimal) OVERFLOW
mov al, 110 110
mov X,2 110
imul x 220
mov overflow, ‘no’ 220 no
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Comment: Going from 110 to 220 does not resulhimaerflow. .

Proj ect

Write a procedure in assembly language that witigse the following task:

In a program, assume an operation is performedv&obthe resulting value to its appropriate deciuzle.
For example the following code will generate theiag®l value 252:

mov al, 4

sub al, 8

However, the correct value in ordinary arithmesieli- 8 = -4.
The subroutine needs to find the ASCII code fordyrabol - and 4:

-:2Dh
4: 34h

The number 2D34 is stored.

The procedure will perform this conversion on amgger number.
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INTRODUCTION

CHAPTER 27- NUMERIC APPROXIMATIONS (OPTIONAL)

Numeric approximations play an important rule ssembly language programming. The assembler that yo
use will provide some numeric algorithms but instncases the programmer will have to program sévera
necessary numeric algorithms. For, example, atpibiist we cannot even approximate the squareafoat
number. Unless the assembler provides a squar@ppobximation algorithm, the programmer will hawe
write such an algorithm in the usually in the foofra procedure. At this point, in passing, we stiodte the
following additional floating-point instructionsdhare provided by the 80x86 assembler language:

27.1 Assembler Floating Point Numeric Approximatiors

The following floating point instructions are prdeid by the assembler to compute approximationa for

specific functions:

nen

1.
MNEMONIC OPERAND ACTION
fsin (none) Replaces the contents of STit(s3)
2.
MNEMONIC OPERAND ACTION
fcos (none) Replaces the contents of STo{IT).
3.
MNEMONIC OPERAND ACTION
fsincos (none) Replaces the contents of y53if{ST), pushes the stack down and tl
replaces the contents of ST by cos(ST)
4.
MNEMONIC OPERAND ACTION
fptan (none) Replaces the contents of SEb(ET)
5.
MNEMONIC OPERAND ACTION
fldpi (none) Replaces the contents of STt.by
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6.

MNEMONIC OPERAND ACTION
fld12e (none) Replaces the contents of Sibgpye).
7.
MNEMONIC OPERAND ACTION
fld12t (none) Replaces the contents of STidxy (10).
8.
MNEMONIC OPERAND ACTION
fldlog2 (none) Replaces the contents of $Tdg,,(2).
9.
MNEMONIC OPERAND ACTION
fldin2 (none) Replaces the contents of STlduy (2).
10.
MNEMONIC OPERAND ACTION
fsqrt (none) replaces the contents of STidgquare root

27.2 Special Approximations

Although the above are useful, we will need marevgrful algorithms that we can call as procedumnesur
assembly language. We begin with the Newton Intatfpm Method.

Newton Interpolation Method

The Newton interpolation method is a powerful methar approximation solving solutions of equatioRsst
we will show, how it can be used to write an altfor f or computing an approximating the squard acd@ny
non-negative number. Then we will apply the Newsamethod to approximate the n-root of any approgria
number.

Roots of an equation.

Assume you have an equation y = f(x), represelnyatie graph below. The root(s) of the equatiofais) the
value(s) of x where the graph crosses the x-ai$ € 0). . First we start with an initial valug. Next, we
compute the tangent line of the curve atWwe next find the pointpwhere the tangent line crosses the x-axis.
Continuing, we compute the tangent line of the ewatrx and we find the pointywhere the tangent line
crosses the x-axis. From he graph we see thawtitigad a sequence to numbegsx, X, ..., X,, .... that will
converge to one of the roots of the equation.
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The Newton interpolation methagves us the following sequential formulas:
f(x,)
Xl - A0 f’
(%)

.
k +1 k f/(Xk)

where f'(x, ) are the slopes of the tangent lines.

n
Using the Newton Interpolation Method to approximae \/5 of a number wherea >0 .

n
Assume we wish to approximate the nth root of atmma,\/a , using Newton’s interpolation method. We
start by defining f(x) as

f(x) =x" -a
n
which has a root\/a
It can be shown that'{x) = n X' "*which gives use a formula for the slopes of timgémt lines.

We therefore have:

f(x) =x"-a
£/ ()= nx"*
n _
k +1 - k n-1
1’1Xk
Example:

Assume we wish to approximate t\y{g using Newton’s approximation method.
Step 1: f(x) =X-5

Step 2: f'(x) = 2x
sz -5
Step3X, , =X - —— ; k=0,12, ...

2Xk

Step 4: First we set,x 3.
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x02—5 32 _ 3

X, =Xy -~ ———— = 3 - = = =3-2/3=7/3=2.333...
2x, 2(3)
X2 -5 _ 22 _
X, =X - 1~ -23- 23—_5 ~ 2.236067978...
2 2(2.3)

Since \/g ~ 2.236067978 is accurate to 8 places we see that iét x = 2.236067978...

will give us at least 8 places of accuracy.

A pseudo-code algorithm for approximating the squae root \/;1, where ax 0.

INSTRUCTIONS EXPLANATION

X=A+1 X IS LARGER THAN ROOT OF A.

WHILE N >0 N IS THE POSITIVE INTEGER
BEGIN

2
X* - A X, ~— a
X =X-—- Xe o1 = X ~ k
2xX 2X,

N:=N-1
END

Exercises:

1. Using the above pseudo-code algorithm for apprakimy the square roqx/a , Where> 8,
write an assembly language program that will apipnaxe the square root.

2. Modify the above pseudo-code algorithm by repladire number a by its absolute value.

3. We say that two numbers X, y are at least equidletath place if | x -y | <1/ 10

For example, the 2 numbers 7.12567890435656 ari®567890438905 are at least equal to tiepldce
since

| 7.12567890435656 - 7.12567890438905 | 000000003249 < 1/10
4. Modify the above pseudo-code algorithm that veithtinate the computation,x, when
| %41 - % | < 1/10.
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Explain why this would be the better way of estimgthe square roQ@l .

5. For problem 4, write an assembly language program.

6. Write a pseudo-code algorithm that will approxientite nth rootI:/E, .

7. From problem 6, write an assembly language program

8. Write an assembly language program that will apjpnaxe &'", where m, n are positive integers.
|

Using Polynomials to Approximate Transcendental Fuations and Numbers

As you may recall, real polynomials are of the fax" + g, ,x" '+ ... + ax + a,, where a
are real numbers (k=0,1,...n).

The following important transcendental functions and numbersétan play an important part in any
assembly language program:

Transcendental functions:
g, In(x), sin(x), cos(x), tatfx) .
Transcendental numbers:me,

The following are polynomial approximations of tsgendental functions:

2 n
e*~1+ 2> +2 4+ +2 w<x<x n=0,1,2,..
1! 2! n!
3 5 7 2n + 1
sin(x) = X - o X X (-n" X w<x<w n=012, ..
3! 5! 7! (2n + 1)!
2 4 6 2n
cos(x) = 1 - X 2 X 4 (-nH" x 0 <X <w; N=0,1,2, ..
2! 4! 6! (2n)!
3 5 7 2n +1
tan"'(x) = x - L (-n" X <x<1; n=012,..
3 5 7 2n + 1
_ x)? RN o
In(x) =~—{1 - x + a 2X) . 3X) +oa M}; 0<x<1 n=12,..
n
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)~ (1 -4+ La -2 +ta-Lese v la-Lpix n=12.
X 2 X 3 X n X

Using the above approximations, the following tamlental numbers #,can be approximated:

R 1 1 1
e=¢ =1+ — + — + ..+ —: n=012,..
1! 2! n!

T 1 1 1 1
“=tan(l) =1 -—+—=--—+ ...+ (-1 ——: n=01.2,..

S 3 5 7 S e
Therefore,

1 1 1 1

t=4§1 - — + — - — + .+ (-1 ——

¢ 3 5 7 ()2n+1}

Pseudo-code Algorithms for Approximating Transcendatal Functions and Numbers.

The following pseudo-code algorithm will estimaté ~ 1 + % + );—'2 + ..+ Xn—'n:
INSTRUCTIONS EXPLANATION
K:=0 COUNTER
SUM_EX:=0 WILL SUM POLYNOMIAL
WHILE K < N WILL COMPUTE N TIMES
BEGIN

SUM_EX := SUM_EX + X/K! X¥ WRITTEN AS A PROCEDURE

K! WRITTEN AS A PROCEDURE

K=K+1

END

The following pseudo-code algorithm will estimate

sin(x) = x - x + x© _x + ..t (CD° _x*
3! st 7! (2n + 1)!
INSTRUCTIONS EXPLANATION
K:=0 COUNTER
SUM_SIN:=0 WILL SUM POLYNOMIAL
WHILEK <N WILL COMPUTE N TIMES
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BEGIN

SUM_SIN := SUM_SIN + (-I#X %+ Y(2K + 1)!

X WRITTEN AS A PROCEDURE
KI' WRITTEN AS A PROCEDURE

K=K+1

END

The following pseudo-code algorithm will estimate

2 4 6 2n

cos(x) » 1 - > + 2 X o el
2! 4! 6! (2n)!
INSTRUCTIONS EXPLANATION
K:=0 COUNTER
SUM_COS =0 WILL SUM POLYNOMIAL
WHILE K < N WILL COMPUTE N TIMES
BEGIN
SUM_COS := SUM_COS + (-B)X /(2K )! X“ WRITTEN AS A PROCEDURE
K!' WRITTEN AS A PROCEDURE
K:=K+1
END
The following pseudo-code algorithm will estimate
3 5 7 2n + 1
tan'(x) » x - Y + X2 X 4 (- X
3 5 7 2n + 1
INSTRUCTIONS EXPLANATION
K:=0 COUNTER

SUM_INTAN :=0

WILL SUM POLYNOMIAL

WHILEK <N

WILL COMPUTE N TIMES

BEGIN

SUM_INTAN := SUM_INTAN + (-1J*X 2 *1/(2K+1) )!

X WRITTEN AS A PROCEDURE
KI' WRITTEN AS A PROCEDURE

K=K+1
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END

The following pseudo-code algorithm will estimate

@) =1 - %+ A0 A -0

2 3
1 1

Inx) = (1 - 1) + 2 -1+ La oLy, |
X X 3 X

2

4w

: O0<x<1l n=12,..
n

+ 1(1 - l)n l<x; n=1.2,..
n X

INSTRUCTIONS

EXPLANATION

IFO<X<1THEN

BEGIN
K:=1 COUNTER
SUM_LN:=0 WILL SUM POLYNOMIAL
WHILE K <N WILL COMPUTE N TIMES
BEGIN

SUM_LN := SUM_LN - (1 - X§/K

X WRITTEN AS A PROCEDURE

K=K+1

END

ELSE

BEGIN

SUM_LN:=0

WILL SUM POLYNOMIAL

WHILEK <N

WILL COMPUTE N TIMES

BEGIN

SUM_LN := SUM_LN + (1 - 1/X}/K

X WRITTEN AS A PROCEDURE

K=K+1

END

END

Exercises:

1. Using the above algorithm, write a pseudo-codestonate the number e.

2. Using the above algorithm, write a pseudo-codestonate the numbet
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3. For each of the above algorithms, write an assgtahbuage program.
4. The error created by using the above polynomipf@pmation is written as
E(x) = transcendental function - polynomial

n+1
For the sin(x), cos(x), taix) functions, |E(x)k L

5. Modify the above algorithms so that the prograrmieates when |E(x} 1/10'.
Also, write an assembly language program for edc¢hese algorithms.

Monte Carlo Simulations

Monte Carlo simulations solve certain types of peois through the use of random numbers. Thesegrsbl
can be broken down into sampling models which gnie us an approximation to the solution of thesgiv
problem. In order apply these simulation techniguesneed to develop algorithms that will generatelom
numbers. In most cases these generated random raimiidhave a uniform distribution.

Definition: A uniform distribution of random numbers is a seage of numbers, where each has equal
probability of occurring and the numbers are geeerandependently of each other.

Example: if we toss a die 100 times, we will gaterl sequence of 100 numbers where each number
(1,2,3,4,5,6) has the probability of 1/6 of appeguvi

Since we have to generate the random sequenceahyen the assembler, we cannot generate indepelyd
the numbers. The best we can do is generate sespithrat correlate very closely to independent umfo
distributions. These types of generated sequemessalled pseudo random number generators (PRNG).
For our Monte Carlo simulation problems, we wileus/o types of pseudo random number generators:

« John Von Neumann’s Middle Square method

e D.H. Lehmer’'s Linear Congruence method

John Von Neumann’s Middle Square Method

Description This method was very simple: take any given numdmguare it, and remove the middle digits of
the resulting number as your "random number"”, temit as the seed for the next iteration. For gtem
assume we start with the number “seed” number 134diaring the number 1111 would result in 1234321,
which we can write as 01234321, an 8-digit numbesm this number, we extract the middle 4 digBd2as
the "random" number. Repeating this process againd give 2343= 05489649. Again extracting the
middle 4 digits will be 4896. Repeating this pracesll give a sequence of pseudo random numbers.

To write an assembly language program, we willoiwlkhe following steps:

Step 1: Store a 4 digit decimal number into EAX

Step 2: Square this number.
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Step 3: Integer divide the number in EAX by 1,000
Step 4: Integer divide the number in EAX by 100000
Step 5: Move the remainder in EDX to EAX

Step 6: Repeat Steps 2 - 5

The following partial assembly language prograntl, parform these steps an undetermined numbenuddi

ASSEMBLY LANGUAGE EAX EDX
mov eax, 6511 6511
mul eax 42393121
div 100 423931 21
div 10000 42 3931
mov eax, edx 3931 3931
(repeat above following instructions)

Example: The following pseudo-code will simulate the tosstrig die 100 times.

INSTRUCTIONS EXPLANATION

N:= 100 NUMBER OF TOSSES
EAX := 6511 SEED

LABEL: EAX := EAX* EAX SQUARE SEED

EAX := EAX/100
EDX := EAX/10000 SEED
SEED := EDX

DIE :=EDX/6+1
N:=N-1 COUNT

EAX := SEED

IFN <>0THEN

BEGIN
JUMP LABEL

END
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Exercises:

1. Write a partial assembly language program frondiegyseudo-code program.
2. Write a partial assembly language program thdtpeitform the following tasks:
Taskl: Toss a die 100 times

Task2: compute the number of times the number Grecc

3. Write a partial assembly language program thdtpeitform the following tasks:
Taskl: Toss a pair of dice 100 times.

Task2: Sum the resulting numbers for each toss.

Task3: Compute the number of times the number édrscc

4. Write a partial assembly language program thdtpeitform the following tasks:
Taskl: Toss a coin 100 times

Task2: Count the number of times “heads” appear.

5. Write a partial assembly language program thdtaeinpute 100 random numbers x where X< 1.
[ |

D.H. Lehmer’'s Linear Congruence Method
The linear congruence method for generating psearsidom numbers uses the linear recurrence relation:
X, +1= a%, + b (mod mwhere n =0,1,2,....

Lehmer proposed the following values:

m=1¢+1
a=23
b=0

X, = 47594118
These values will result a repetition period ofé2 852

Using these values the following partial prograrni @ompute a undermined number of random numbers x
where 0O< x < 10+ 1:

ASSEMBLY LANGUAGE CODE
mov m, 100000001; number m =8101
mov X, 47594118
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mov a, 23

mov eax, X

mul a

div m; remainder stored in edx

mov eax, edx

mul a

( repeat the above in bold )

Monte Carlo Approximations

Random sampling from a population can be appliesblaing simple and complex mathematics and sifient
problems . This type of applications are known astd Carlos approximations. To best illustrate thethod,

assume we wish to approximate by random sampliagtimbert. One method is to use a unit square that
contains a circle of radius 1.

We know that the area of a circle of radius .islowever, for simplicity we will only examine omggadrant as
shown in the figure below , where r = 1 and tfeaasn/4.

The following steps will approximatian

Step 1: Generate a pair of random numbers (x,yyeWe X, y < 1. To generate these numbers we will use
linear congruence method in the following form:

X,+1= & X, + b, (mod m) wheren=0,1,2,....
Yoi1= & Y, *+ b (modm)wheren=0,1,2,....

X = Xy /My

Y = Yot/

Step 2: If X + y* < 1 then (x,y) lies in the circle of the first quadt and we will assume success.

Step 3: Generating N pairs (x,y), the law of langenber states that #successestNn/4, for large values of N.

The following pseudo-code algorithm will performgisampling and approximate
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INSTRUCTIONS
K:=1

SUCCESS =0

WHILEK <N

BEGIN
X := (A1*X + B1) MOD M1

Y := (A2*Y + B2) MOD M2

IF (X2+ Y2 < 1 THEN

BEGIN
SUCCESS := SUCCESS +1

END

K=K+1

END
PIE := 45(SUCCESS/ N)

Exercises:
1. From the above pseudo-code algorithm, write anaBelanguage algorithm.

2. To test the above assembly language algorithnte wrassembly language program for different vatdies
m, a, b.
|

3. The Gambler’'s Ruin

Assume a gambler with initial capital of n dollgiays against game against a casino. Assume lbeviiag
rules of the game:

 For each bet, he bets one dollar
» The gambler will play until he wins m dollars wlen > n or goes broke.
 For each bet, the gambler’s chance of winningwhpre 0 <p < 1.

For different values of p, write a assembly langupgpgram that will compute the number of timebéts.
[

PROJECT Bose-Einstein Satistics.

In physics, the Bose-Einstein statistics deals wighnumber of ways of placing m indistinguishabpkrticles
into n distinguishable cells. This is analogouglating m indistinguishable balls into n distindwable urns.
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The number of distinguishable arrangement is

(n m- 1), where each distinguishable arrangement has ecquiadipility.
m

Assume that m < n. Write a assembly language pnoguaing Monte Carlo approximations, that will
approximate the probability that at each cell Hav@st one particle.

Note: n = 7n! ,
k k!(n - k)!
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PRENDEX

To support Assembly language programming in Vi&tatio 2005/2008 or Visual C++
Express Edition 2005/2008 you will need to confegthie project properties by following
the instructions provided.

Visual C++ Express Edition 2008 is available faeffrom Microsoft and includes both
SP1 for Visual C++ Express Edition and MASM 9.Qhe installation of Visual C++
Express Edition 2008 to support assembly languaggram development.

If you are using Visual Studio 2005:

If you have not already done so, install SP1 fuadl Studio 2005. MASM 8.0
will be installed with this service pack.

If you already have Visual C++ Express Edition 2@@8alled but have not installed
MASM 8.0, download and install the following resoes:

SP 1 for Visual C++ Express Edition 2005:

» Search Microsoft.com for file “VS80sp1-KB926748-%86
INTL.exe”

= Select Download details: Visual Studio® 2005 Expreditions
SP1 from search results

» Follow instructions to download/install file VS8UsKB926748-
X86-INTL.exe

MASM 8.0:

=  Search at Microsoft.com for “MASM 8.0"

= Select Download Details: Microsoft Macro Assemider
(MASM) Package (x86) from search results

= Follow download/installation instructions

If you have installed Visual Studio 2008, MASM &4l also have been installed and
you may begin.

If you wish to use Visual C++ Express Edition 2008:
= Navigate to http://www.microsoft.com/express/dovadb

» Select Visual C++ Express Edition 2008. Both SRd MIASM
9.0 will automatically install with this edition.



Start Visual Studio

If you are using Visual C++ Express Edition 200828elect File from the menu, then
select New, then select Project.

When theNew Project dialogue box appears, select or enter the follgwin

SelectGeneral from Visual C++ in Project types:

SelectEmpty Project from Templates

Enter projectName:

SelectBrowse...to find project Location: or key in location if not accepting
default Location:

CloseNew Project Dialogue box

« SelectEmpty Project
from Templates

SelectGeneral from
Visual C++in
Project types: > SelectBrowse.. to find project

Location: or key in location if
not accepting default Location:

Enter projectName: * /




From the VS Editor main menu:

SelectProject

SelectCustom Build Rules...

SelectMicrosoft Macro Assembler from list in Visual C++ Custom Build Rule
file dialogue box

«— SelectProject

SelectCustom Build

/ Rules...

SelectMicrosoft Macro Assembler from
list in Visual C++ Custom Build Rule file
dialogue box

Close after updating] —>




___— | selectProject

/ SelectProperties

SelectReferencedfrom Common Propertiesin Property Pages
Click Add Path... button on Property Pages
When Add Reference Search Path dialogue box appg®aksse to the appropriate
location for Visual Studio 2005 or Visual Studio030editions.
c:\Program Files\Microsoft Visual Studio 8\Common7\DE (VS2005 editions)
c:\Program Files\Microsoft Visual Studio 9\Common7\DE (VS2008 editions)

f

SelectReference from Common
Propertiesin Property Pages

Click Add Path... button on
Property Pages




If you are using VS2005 or Visual C++ Express Exit?005:
In Add Reference Search Path dialogue box Brows$actdion
c:\Program Files\Microsoft Visual Studio 8\CommdbBa

If you are using VS2008 or Visual C++ Express Exit?008:
In Add Reference Search Path dialogue box Brows$actdion
c:\Program Files\Microsoft Visual Studio 9\CommdbBa

\

SelectDebuggingfrom Linker menu on Property Pages
SetGenerate Debug Infoto YES

SetGenerate Map Fileto YES

EnterMap File Name

SetGenerate Debug Infcto YES

/
\

SetGenerate Debug Infcto YES

EnterMap File Name

SelectDebuggingfrom Property Pages




SelectSystemin Property Pages
SetSubSystemto Console

SetSubSystemto Console

/

SelectSystem

SelectAdvanced
Enter the name of youlEntry Point (usuallystart)
SetTarget Machine to Machinex86 (/MACHINE: X86)

Enter the name of your
Entry Point (usually
start)

V\

/ SetTarget Machine to
Machinex86 (/MACHINE: X86)

SelectAdvancec




In Solution Explorer right click the mouse o8ource Files
SelectAdd
SelectNew Item

In Solution Explorer right click the
mouse orSource Files

SelectNew Iltem —

SelectAdd

SelectCodein Add New Item dialogue box
Select C++ in Add New dialogue box

Enter name of file. Be sure to usasmextension

e

SelectCode in Add
New Item dialogue box Select C++ in Add New

dialogue box

Enter name of file. Be sure to usasmextension




APPENDEX

Start Visua Studio 2010
Select File from the menu, then select New Project.
When the New Project dialogue box appears, select or enter the following:

Select General from Visual C++ in Installed Templates:

Select Empty Project

Enter project Name:

Select Browse...to find project Location: or key in location if not accepting default
Location:

Select OK in New Project Dialogue box

« Select Empty Project

Select General from from Templates

Visual C++in
Project types: >

Select Browse.. to find project
Location: or key in location if
not accepting default L ocation:

Enter project Name:

> /




From the VS Editor main menu:

Sdlect Project

Sdlect Build Customizations...
Sdlect masm(.targets, .props)rom Available Build Customization Files:

«— | Select Project

Select Build
Customizations...

/

\ Select masm(.targets, .propsfrom

Available Build Customization Files:




Select Project

/

Select Properties...

Select Debuggingfrom Linker menu on Property Pages
Set Generate Debug Infoto YES

Set Generate Map Fileto YES

Enter Map File Name

Set Generate Debug Infcto YES

/
\

Set GenerateMap File to YES

d

Enter Map File Name

Select Debuggingfrom Property Pages




Select Systemin Property Pages
Set SubSystemto Console

Set SubSystemto Console

/

Select System

Select Advanced
Enter the name of your Entry Point (usually start)
Set Target Machine to Machinex86 (/MACHINE: X86)

Enter the name of your
Entry Point (usually
start)

/ Set Target Machineto
Select Advancec MachineX86 (/MACHINE: X86)




In Solution Explorer right click the mouse on Source Files
Select Add
Select New Item

In Solution Explorer right click the
mouse on Source Files

Select Add

—

Select New Item

Select Codein Add New Item dialogue box
Select C++ in Add New dia ogue box

Enter name of file. Be sureto usa.asmextension

< AN

Select Code in Add -
New Item dialogue box Select C++in Add New
Item dialogue box

Enter name of file. Besureto usa.asmextension

/
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