ECE 204 - BINARY NUMBERS AND CODES - INVESTIGATION 9
BINARY ADDITION AND SUBTRACTION - PART |
FALL 2003 A.P. FELZER

To do "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

In the last Investigation we showed to convert decimal numbers to binary and viceversa. The
objective of this and the next Investigation isto develop methods for adding and subtracting binary
numbers using 2's complement arithmetic.

1. We begin with areview of number conversion. But first note that we refer to the base 2 number
system aswell as all other base number systems asweighted codes since the vaue of any
given number isthe sum of the digits times the weights of their places. M emorize this
definition. Then

a. Convert 79 to binary.
b. Convert the binary number 101.10 to decimal.

2. Given abinary number like 10110 we call the bit on the far left the M ost Significant Bit
(M SB) and the bit on the far right the L east Significant Bit (L SB) asfollows

10110
- N
MSB=1 LSB=0

M emor ize the definitions of MSB and LSB

a. Why do we call the bit on the far left the MSB
b. Why do we call the bit on the far right the LSB

3. The objective of this problem isto illustrate the adding of positive binary numbers.

a. Convert a=3 and b=5 to binary
b. Add your binary numbersin part (a). Be sureto show the carries.
c. Veify that your binary sum in part (b) isequal to 8

4. The objective of this problem isto show how to design alogic circuit as follows

that adds single bit binary numbers A and B to produce the sum Sand carry C
a. Complete the following truth table for S and C as functions of A and B

AB|SC
0 O
0 1
1 0
1 1

b. Writelogic equationsfor Sand C



c. Designacircuit for Sand C using AND and OR gates and INVERTERS.

5. The binary adder from Problem (4) - which we refer to asahalf-adder (HA) asfollows

—IA S —
HA

IS great but when we want to add two binary numbers like the following
B> B1 Bg
+ A2 A1 Ag

we of course need to add in the carries. For example, when we add B1+A1 we must also add
the carry Cop from the previous sum. So we needfull-adders (FA) asfollows

Ci-1—| Cin S— S
Bi —| B Cout— C;

where Cin = Cj-1 = carry out from the previous full-adder. And Coyt = Cj = carry out from
this full-adder.

a. Writethe Truth Table for afull-adder

b. Verify that afull-adder can be made from two half-adders HA and an OR gate as follows

A — A S A SHSi
HA HA

Bi — B C C1i — B C

O

6. When we putidentical full-adders FA together to build a binary adder asfollows

A2 B2 Al B1 A0 BO
C2 - C1l . Co | | Az A1 Ao
-« FA | €« FA | <€« FA |0 + B2 B1 Bo
| | | C2 32 S1 S

S2 Sl S0

wecall it aparallel adder since al the bits are inputted at once. Now thisis great but the full-
adder in the middle can't generate S; and Cq until it receives Cog. And similarly the full-adder on



the far left can't generate Sy and Co until it receives C1. We say that the circuit can't finish

adding the numbers until the carriesripple through the circuit. We refer to such circuits as
iterative circuits. Memorize theseterms. Now suppose each FA takes 10 psec to produce
itssum and carry

a How long will it take the circuit to calculate the complete sum C,SSS,

b. One way to speed up our adder iswith aLook-Ahead Carry - acircuit like the following

AO —|

Al — | ook-Ahead -
BO | Carry

Bl —

which is specifically designed to speed up the calculating of carries - in this case C;.

How fast will our adder above calculate the sum if aLook-Ahead Carry circuit is added
that can produce Cq in 15pusec

7. When we build acircuit from identical modules like we built the binary adder in Problem (6)
from Full Addersthen we say the circuit isan iter ative circuit. as being iter ative.
Memorize thisterm. What are the tradeoffs of iterative circuits.

8. Aseveryone knows the memoriesin calculators and computers for storing numbers are finite.
And when the result of a calculation exceeds the limit we get an overflow error message.
a. How would you make use of the carry output of the last FA in an iterative binary adder
like in Problem (6) to tell when the sum of two positive binary integers has overflowed
b. How big a positive integer (in base 10) could be stored in a computer with a 32-bit
memory before it overflowed

9. Up to now we've just been working with positive binary numbers. An easy way to specify
positive and negative binary numbersisusing Signed M agnitude. We put a0 on the far |eft
if the number is positiveand a1l if it's negative. So

0100gy =+4 and  1100gy = —4

M emor ize the definition of Signed Magnitude. Then

a. Express +7 as asigned magnitude binary number with atotal of 5 bits
b. Express—7 as asigned magnitude binary number with atotal of 5 bits

10. Asweveseeninthelast severa problemsit's pretty straightforward to build circuits that add
positive binary numbers. And it's pretty easy to specify positive and negative binary numbers
with the Signed Magnitude code. The challenge is coming up with away to "easily" add and
subtract positive and negative binary numbers. Now one way to do a calculation like
x=3-5 isto"smply"

(1) Determine which number islarger

(2) Subtract the smaller number from the larger (which in general requires borrowing)
(3) Attach the correct sign to the result

Now thisisall great but it's also pretty cumbersome. The objective of this problemisto
introduce how to write binary numbersin what's called 2's complement form so that we'll be
able to more efficiently add and subtract positive and negative binary numbers.

Two's complement numbers are basically the same as "regular” positive binary numbers
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except that the MSB has a negative weight. Whereas the "regular" binary number 1101, has
thevalue

1101, = 1x23 + 1x22 + 0x21 + 1x20 = 131
the two's complement number 11012 (which we denote with a superscript 2) hasthe value
11012 = 1x(-23) + 1x22 + 0x21 + 1x20 = 34

Find the values of each of the following 2's complement numbersin base 10
a. 10102
b. 110102
c. 101012
d. 011012



