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Initialization

Clearing the definitionsof all symbolsin the current context:

ClearA | [Evaluate[Context []1<>"*"1]

Introduction

The followingworksheet illustrates how to convert a positive decimal number to a fixed point register binary number using loops
and various conditional statements. The user inputs a decimal number in the Input section of the program, and then an equivalent
binary number is given as an output.

Section 1: Input Data

Thisisthe only section where the user interactswith the program.
e Enter positivereal number to be converted to binary number
decnum= 54. 3;
o Enter number of bitsto be used ininteger part
m= 8;
e Enter number of bitsto be used in fractional part
n==6;

Thisisthe end of the user section. All informationmust be entered before proceeding to the next
section. RE-EVALUATE THE NOTEBOOK.

Section 2: Procedure

Calculating the minimum and maximum possible base-10 val ues based on the number of bits specified by the user.
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sunl = 0;
Do[sunﬂ:suml+2i, {i, 0, m-1}]
sun? = 0;

Do[sun2 =sun2 + 27, {i, n}]
maxval = N[suml + sun®, 10]
255. 9843750

m nval = N[2™", 10]
0. 01562500000

If the maximum value that can be produced given the user specified number of bitsis smaller than the number to be represented,
then more bits are needed. Similarly, if the minimum value that can be produced given the user specified number of bitsis larger
than the number to be represented, a changein bitsis needed.

I f [maxval < decnum,
Print ["Since |", dechum "| > ", maxval , " the nunber of bits specified is not
sufficient to represent this nunber in floating point representation.
Ei t her specify fewer mantissa bits, or nore total bits for the worksheet."]]
I f [m nval >decnum Print ["Since ", mnval, " > |", decnhum,
"1, the nunber of bits specified is not sufficient to represent
this number in floating point representation. Either specify
fewer mantissa bits, or nore total bits for the worksheet."]]
I f [m nval <decnumA maxval = dechnum Print ["Since ", mnval, " < |", dechum "| < ",
maxval , " the base-10 nunmber can be represented in floating point binary format."]]

Since 0.01562500000 < |54.3]| < 255.9843750
the base-10 nunber can be represented in floating point binary fornmat.

Using the Floor command to isolate each section of the decimal number to begin binary number conversion

bef or edeci mal = Fl oor [dechum]

54

af t erdeci mal = decnum- Fl oor [dechum]

0.3

Using aloop to perform the binary conversionrepetitively until the necessary number of bits are used. Using the floor command to
calculate the quotient of the decimal number. Using a combinationof the Ceiling and Floor commands to determine the remainder,
and inputting this value into an array. Then calculating the binary conversion of the value before the decimal. Here we use the
variablebold to denote the value of theinteger part of the decimal number.
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bol d = bef or edeci nal ;
=1
Do

quoti ent = Fl oor [

d
]:
Bi nary; =Oei|ing[$] —Floor[bozld];

I f [quotient ==0 A beforedecimal #0,
Binary; =1,
Break[]1;
| f [bef oredeci mal ==0,
Bi nary; =0;
Break[]1;
bol d = quoti ent;
j =] +1,
{i, m]

Using this method, the placement of the binary numbersin the array Binary are backwards and so must be flipped around to form
the actual binary number.

Do [Bi naryBeforeDec; =Binary; ., {i, j}]

Converting the fractional part of the decimal into a binary number. Here we initializethe sum using a new value, boldA, which
represents the value after the decimal point.

bol dA = aft erdeci mal ;
Do [
Num = bol dA = 2;
I f [Num< 1,
Bi naryAfterDec; =07];
I f [Num2 1,
Num= Num- Fl oor [Num];
Bi naryAfterDec; =11;
bol dA = Num
{i, n}]

Combining the binary numbers and determining the number of terms in the resulting base 2 number. Then displayingthe results.

str1="",

Do[strl =StringJoin[strl, ToString([BinaryBeforeDec;]], {i, j}I;
str2="";

Do[str2 =StringJoin[str2, ToString[BinaryAfterDec;]], {i, n}l;
Fi nal BinNum=StringJoin[strl, ".", str2]

110110. 010011

Using a loop to sum values of the integer portion of the base-2 number. The loop variable sumint is used for summation and is
initializedat 0.
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i ntbin =Fl oor [ToExpressi on [Fi nal Bi nNum] ];
strint =ToString[intbin];

m= StringlLength [strint];

n = StringlLength [Fi nal Bi nNumj;

sum nt =0;

Do [

bi nint; = ToExpressi on [StringTake [strint, {i}]];
sumint =sunint +binint; «2™

(i, m]

Using aloop to sum values of the fractional portion of the base-2 number. The loop variable sumfrac is used for summationand is
initializedat 0.
sunfrac = 0;
=1
Do
bi nfrac; = ToExpression [StringTake [Fi nal Bi nNum, {i }]1;
sunfrac = sunfrac + binfrac; »27;
j=i+1
{i, m+2, n}]

Adding the fractional portion of the base-2 number with theinteger portionwhich yieldsthe base-10 number.
total dec = N[sum nt +sunfrac, 10]
54. 29687500

Finding the total relative percentage difference between the representation and the number to be represented.

) decnum-t ot al dec
totpercdiff = *100
decnum

0. 00575506

Conclusion

This worksheet illustrates the use of Mathematica to convert a base-10 number to a base-2 binary number. It is important to
understand the binary system as it has numerous applications. Critical to this understanding is being able to convert binary numbers
to base-10 numbers, and vice-versa.
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