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ABSTRACT
Objective
Implementation of trigonometric functions in 54 days.
Proposed Project Title: Implementation of Trigonometric functions
Methodology
Trigonometric functions can be represented in Taylor series. Taylor series is a representation of a function as an infinite sum of terms that are calculated from the values of the function's derivatives at a single point. The series stated below illustrates, the above stated.
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Estimated time
	Start date
	10 – FEB – 2014

	End date
	04 – APR – 2014

	Days/Weeks
	54 days ≈ 7.7 weeks


Constraint
The challenge will be to design/implement hardware to handle floating point values.
Project Plan
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SPECIFICATIONS
	Formula
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	Range of 'n'
	n = 0 to 3

	Required computational time
	2000 μsec

	Input Range accepted (in radians)
	-π to π (π=3.1416)

	Range of Result (in radians)
	-1.0000 to 1.0000

	Precision
	Decimal Ten Thousandths (10-4)


[image: image22.jpg]o
Y

44

MEM0=X"3

b4

=|
|
=

i

o

¢@¢@¢

MEWZ=X"7

SUB RESULT-MEMO/S

"ADD RESULT+MEM1/120

DIV MEM2/5040

'SUB RESULT-MEM2/5040

e¢|¢.¢|¢-@czl¢-@¢-



Discussing the specifications to implement the below algorithm,
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and x is in radians. And on expanding gives,
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The flowchart describes the implementation of the algorithm and illustrates the upper limit of the algorithm, being infinity, fails to output the result by locking the flow in an infinite computational loop. Furthermore, such a limit is practically unfeasible to implement. 
Considering an example, as illustrated below, will help define the constraints. 
To compute sine of +0.7857c≈45o and -0.7857c≈-45o we plug the value in equ 2.1, and assuming that the result of this computation would be used for general purpose applications, it would be reasonable to limit the upper limit to 3, i.e. -1<n<4. Therefore we will have,
	sin(0.7857c)

	+0.7857c
	-0.7857c
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	0.7857-0.0808+0.0025-0.0000
	-0.7857+0.0808-0.0025+0.0000

	0.7074
	-0.7074


'0.7074' can be represented in floating point as,
Significant_digits * BaseExponent , i.e.  7.0740 * 10-1
THEORY

Model Implementation
Modularizing the below equation,
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to
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where,
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Modularizing further,
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Computational time can be saved by,

· Storing 1, 6, 120 and 5040 in memory and fetching them when required, will save computational time on 'c'
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· Storing 3, 5 and 7 in memory and fetching them when required, will save computation time on 'd'
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· Subtracting Elem1 & Elem3 will save computational time on 'a'
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Pseudo-Code
float ppi=3.1416, npi=-3.1416;

// Get 'x' from user

float x=<Input from user>;

// Value check on range

if(x<=ppi && x>=npi){


//Declarations


int c0=1, c1=6, c2=120, c3=5040;


int d0=1, d1=3, d2=5, d3=7;


float Elem0=x, Elem1=(x^d1)/c1, Elem2=(x^d2)/c2, Elem3=(x^d3)/c3;


float result=Elem0-Elem1+Elem2-Elem3;


// Display Result


printf (Result);

}else{


printf (<The value of x should be in the range of npi to ppi>);

}
The result of the sine function varies from -1 to 1 and it will be significant to have a high precision for this range of result. The 'IEEE 754-2008' (32 bits) standard will be well suited for this level of precision. But, for a general purpose embedded system the storage and bandwidth would be a huge cost for a high level of precision. Therefore, the 'IEEE 754-1985'(16 bits) standard will suffice, at the expense of precision and range.
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[image: image25.emf]Dataflow Analysis

Component Analysis & Design
Clock frequency, fclock = 1 MHz

Computational time, Ti = 2000 μsec
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	Pins
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Initiation signals: {Enable=1}

Termination signals: {Enable=0}

Entity: SINE_CALC
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Scheduling
The scheduling diagram in Table 2 shows that a minimum of 8 clock cycles is required for the first result to become available, i.e., latency = 8 c.c.
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High Level Synthesis
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IEEE 754-1985
The 'IEEE 754-1985' standard, also called half precision/binary16, is a binary floating-point computer number format that occupies 16 bits. The advantage over 'IEEE 754-2008' is that it requires half the storage and bandwidth (at the expense of precision and range).
The IEEE 754 standard specifies a binary16 as having the following format:

· Sign bit: 1 bit

· Exponent width: 5 bits

· Significand precision: 11 bits (10 explicitly stored)
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	Minimum positive subnormal value
	2−24 ≈ 5.96*10−8

	Minimum positive normal value
	2−14  ≈ 6.10 × 10−5

	Maximum representable value
	(2−2−10)*215  = 65504


Design of Floating Point ALU Units
�Figure � SEQ "Figure" \*Arabic �3�: Sequence Graph





�Figure � SEQ "Figure" \*Arabic �2�: Flowchart





�Figure � SEQ "Figure" \*Arabic �7�: IEEE 754-1985 representation





� EMBED  ���Table � SEQ "Table" \*Arabic �1�: Pseudo-Instruction





� EMBED  ���Table � SEQ "Table" \*Arabic �2�: Scheduling Diagram





�Figure � SEQ "Figure" \*Arabic �6�: Timing Diagram





�Figure � SEQ "Figure" \*Arabic �5�: Component Symbol





�Figure � SEQ "Figure" \*Arabic �4�: Dataflow Diagram





� EMBED  ���Figure � SEQ "Figure" \*Arabic �1�: Project Plan
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