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MM2 Approximate Evaluation 
of Functions

• kl.8.15-9.00 review of MM1 and some 
examples 
• kl.9.00 – 10.30 exercise (see notes)
• kl.10.40-11.30 MM2 lecture (I)
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What does NM concern?(MM1) 

• Number representations and errors 
A d i i• Accuracy and precision

• Computation speed 
• Required computation power
• Efficiency 
• Robustness 
• Robust, efficient computing algorithms with 

prescribed (acceptable) accuracy  
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Floating-point representation (MM1)

• significant digits × baseexponent

• Base (radix): 
decimal (10), binary (2), hexadecimal (16) 

• Mantissa (significant digits, significand)
• Exponent 
• NormalizationNormalization 

• floating-point numbers achieve their greater range at the 
expense of precision.
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Measures of errors (MM1)

• Regarding to a number
– Absolute error 
– Relative error 

• Regarding to a function
– L_infty norm

L 1 norm– L_1 norm 
– L_2 norm 
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Matlab Basics (MM1)

• Format short, long, short e, 
• String print (fprintf)• String, print (fprintf)
• Arithemetic operations
• Mathematical functions 
• Vectors (column, row)
• Colon, semi-colon
• Linspace, logspace

See appendix A 1-11
Linspace, logspace

• Array arithmetic 
• String functions
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Conversion methods:
- from Decimal to Binary 

http://www.wikihow.com/Convert-p
from-Decimal-to-Binary
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Method-1: Comparison with descending 
powers of two and subtraction

• List the powers of two in a "base 2 table" from right to left. 

7

Method-2: Division by two with remainder 

• Write the integer answer (quotient) under the long 
division symbol, and write the remainder (0 or 1) to the 

2)156 0
2)78 0
2)39 1
2)19 1
2)9 1

right of the dividend.
• Continue downwards, dividing each new quotient by two 

and writing the remainders to the right of each dividend. 
Stop when the quotient is 0

• Starting with the bottom remainder, read the sequence of 
remainders upwards to the top. You should have 
10011100. This is the binary equivalent of the decimal 

2)9 1
2)4 0
2)2 0
2)1 1
0

number
• This method can be modified to convert from decimal to 

any base
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Conversion methods:
Convert from Binary to Decimal 

http://www.wikihow.com/Convert-
f Bi t D i lfrom-Binary-to-Decimal
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Method-1: Positional notation method 

• List the powers of two from right to left. Start at 2^0. Increment the 
exponent by one for each power. Stop when the amount of elements 

i th li t i l t th t f di it i th bi bin the list is equal to the amount of digits in the binary number.
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Method-2: Doubling method

• Start with the left-most digit of the given binary number. 
For each digit as you move to the right, double yourFor each digit as you move to the right, double your 
previous total and add the current digit. 
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Conversion methods: 
Convert Decimal Fractions to Binary 
• Step 1: Begin with the decimal fraction and multiply by 2. The whole 

number part of the result is the first binary digit to the right of the 
pointpoint. 

• Step 2: Next we disregard the whole number part of the previous 
result and multiply by 2 once again. The whole number part of this 
new result is the second binary digit to the right of the point. We will 
continue this process until we get a zero as our decimal part or until 
we recognize an infinite repeating pattern.

• Infinite Binary Fractions 

Example: 0.62510 = 0.101 (base 2) 
1/1010 = ??? (base 2)
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Approximate Error Analysis 
• Determine the 

number of terms of 0 0
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Matlab Codes for error analysis (example)

• clear clc    % clear the workspace and move the cursor at the beginning
•
• y=1         % n=0  term 

%• i=0          % counter
• sum=1    % sum all terms so far obtained 
•
• while y>10e-4      % while loop controlled by first truncated term
•
• i=i+1 
• y=y*1/i; 
• sum=sum+ y
• end
•
• % matlab built-in function for exponational p
• ym=exp(1)
•
• % comparison between our calculation and Matlab function
•
• error=sum-ym

14
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Exercises (MM1)  

15
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MM2 Approximate Evaluation 
of Functions

Reading material: 
Subsection 3,1, 3,2, and 3.4

17

Question
• How does machine compute values of some functions? 

Such asSuch as 
• >> log(1.5)
• ans =   0.4055
• >> cos(100)
• ans =    0.8623
• >> sinh(29)

Elementary functions: 
Log(x)
Cos(x)
Sinh(x)
Exp(x)

• ans =  1.9657e+012
• >> exp(-5)
• ans =    0.0067

18

Arithmetic operation 
Approximation?
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Series Expansions
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Concerns of Using Series 
Approximate 

• Radius of convergence of the series expansion, e.g., 
t i igeometric series

• Truncation error / precision
• Efficient approximate algorithms

– Approximate of pi using arctan expansion at arctan(1)=pi/4 for 
IEEE double precision requires 10^16 number of terms, it will 
take nearly 4 months to obtain the value (see Example 3.2, page 
55)55)

– Same task using arctan expansion at arctan(1/sqrt(3))=pi/6 only 
requires 30 terms, it takes one-millionth of a second (see 
Example 3.5, page 59)

• CORDIC algorithms 20
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General Series Expansion

21

Taylor’s Theorem
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Example-1 of Taylor Series 

23

Example-2 of Taylor Series 
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Alternative Form 
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Big-Oh of hk

26



4/13/2010

14

One Example
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