	CSC 370

Binary Number Lab

February 3, 2004
	Name: _____________________________


1. Interpret the following eight-bit binary string 

	1
	0
	1
	1
	0
	1
	0
	1


	A. As a signed integer
	


	B. As an unsigned integer
	


	C. Convert it to hex
	


2a. What is the largest unsigned integer (positive numbers only) that can be represented using 18 bits? 

	


2b. What is the largest signed integer (positive and negative numbers) that can be represented using 18 bits? 

	


2c.  What is the largest float that can be represented using 18 bits if one has 1 bit for the sign, 11 bits for the mantissa and 6 bits for exponent? 

	


3. Convert the following decimal numbers into 16-bit binary and hexadecimal representations.

	Decimal 
	16-bit Binary
	Hex

	87
	
	

	98
	
	

	-67
	
	


4. Represent the following fractions as a (fixed-point) binary number.

	Decimal
	Fixed-point binary

	85.5625
	

	80.6875
	


5. Perform the following binary addition 

	
	
	
	
	

	
	1
	0
	1
	1

	+
	1
	1
	1
	0

	
	
	
	
	


If we are using only four bits to represent the numbers, then the result of the above addition is an example of _________________.  
6. Let us assume for now that the numbers we are representing are unsigned integers (i.e. non-negative integers).  If we use N bits, what is the largest unsigned integer we can represent (assuming the lowest is 0)? 

	


If we add two integers whose sum exceeds our largest integer, we say we have an "overflow."

The following C++ program prints out the powers of 2, and would naively go on forever.  The variable is declared as unsigned (positives only). 

// not an infinite loop 


// use to demonstrate overflow


unsigned previous;


unsigned current;


current=1;


do


{



previous= current;

        
current=2*previous;



Console::WriteLine(current);


}


while(previous < current);


return 0;

Start Visual Studio .NET 2003, start a New Project, select Visual C++ Project and Console Application, give the project a name. In the Solution Explorer (upper right column), double click on the file with the name you provided and the .cpp extension.   Enter the code seen above in the main method.  Select Build/Build Solution from the menu.  Then select Debug/Start Without Debugging. Copy the results below.

	Output from code (unsigned version): 




Why is not an infinite loop? Note the program does not end on an error (which overflow would be) so look at the condition for the loop and ask yourself how it could be false. 

	Reason not infinite loop (unsigned version):




What is the largest unsigned integer allowed by the compiler?  Be careful, the program displays the largest power of two, which is not the largest number. 

	Largest number (unsigned version):




How many bits does it use to represent an unsigned integer?  

	Number of bits (unsigned version):




6b. Repeat the above exercise with previous and current declared as int’s. 

	Output from code (int version): 




	Reason not infinite loop (int version):




	Largest number (int version):




	Number of bits (int version):




6c. Repeat the above exercise with previous and current declared as floats. 

	Output from code (float version): 




	Reason not infinite loop (float version):




7. Two’s complement.  Note that -83 is that number which when added to +83 gives zero.  Assuming we are using eight bits to represent a number calculate the two’s complement of 83.  First replaces 1’s with 0’s and vice versa. 

	0
	1
	0
	1
	0
	0
	1
	1

	
	
	
	
	
	
	
	


Next add 1 to your result.

	
	
	
	
	
	
	
	
	

	+
	0
	0
	0
	0
	0
	0
	0
	1

	
	
	
	
	
	
	
	
	


Now demonstrate that 83 + (-83) = 0

	
	0
	1
	0
	1
	0
	0
	1
	1

	+
	
	
	
	
	
	
	
	

	
	0
	0
	0
	0
	0
	0
	0
	0


Repeat the steps of the two’s complement procedure to find –91, i.e. start with +91, exchange 1’s and 0’s.

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Then add 1.

	
	
	
	
	
	
	
	
	

	+
	0
	0
	0
	0
	0
	0
	0
	1

	
	
	
	
	
	
	
	
	


Then add 83 and –91. 

	
	
	
	
	
	
	
	
	

	+
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Does the answer make sense?  How do you know?

	


8. Negative numbers can be constructed in other bases in a manner similar to two complement, i.e., ask yourself what should be added to get a zero in a particular position. 

Construct the 10's complement of the decimal number 497.

	
	4
	9
	7

	+
	
	
	

	
	0
	0
	0


Construct the 16's complement of the decimal number 4BC.

	
	4
	B
	C

	+
	
	
	

	
	0
	0
	0


9. Go to Start/Run, type cmd (or command) and click OK.  At the prompt, type ipconfig /all.  That should provide information about the computer’s network set-up. Convert the IP address and subnet mask to binary.  Show all zeros such that all of the 32 bits are displayed.  

	
	Dotted-Decimal Notation
	Binary Representation

	IP Address
	
	

	Subnet mask
	
	


10a. Express 567.65 as a float.  Use 1 bit for the sign, 23 bits for the mantissa, 8 bits for the exponent.  Use a bias of 128 for the exponent.   

Sign

	


Mantissa

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Exponent

	
	
	
	
	
	
	
	


Explain your steps. 

	


10b. Express 0.079 as a float.  Use 1 bit for the sign, 23 bits for the mantissa, 8 bits for the exponent.  Use a bias of 128 for the exponent.   

Sign

	


Mantissa

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Exponent

	
	
	
	
	
	
	
	


Explain your steps. 

	


10c. Imagine you wish to add the two previous numbers, the numbers have to be manipulated before addition can take place.  Show what the mantissas look like just prior to this addition. 

Adjusted mantissa of 567.65 for addition 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Adjusted mantissa of 0.079 for addition 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


11. Express the following float as a decimal number.

Sign

	1


Mantissa

	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1


Exponent

	0
	0
	1
	1
	0
	1
	1
	0


	Show work.




12. Perform the following multiplication in detail.  

	
	
	
	
	
	1
	1
	0
	1

	
	
	
	
	(
	1
	1
	1
	0

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


