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IST 2710

Binary Arithmetic, Installment II

Multiplying in Decimal and Binary

NOTE TO INSTRUCTORS: These materials are meant as notes for a discussion-type class session, not as notes for a lecture by the Instructor. The goal here is NOT for you as the Instructor to show the right methods to the class, but instead to get each person in the class to participate. Emphasize that, while there will be some initial confusion and learning, students should be able to do the problems at the end of class, in class, not just take notes to study later. A good technique is, frequently have each person in the class to privately write down their answer, then have someone give their answer, then ask for comments and discussion, and then if students have any problems, for the Instructor to work the answer out, emphasizing first principles.

NOTE TO STUDENTS: While this topic may seem hard and confusing at first (it is also challenging and absorbing), if you don’t give up, here is a promise that you may not believe in the beginning, but that most will agree with by the end: you will ask your Instructor to put more binary problems on homework, quizzes and exams, because you will be able to get the right answer, and more importantly, you will be absolutely sure that it is the right answer. How many other topics can you say that about?

I. 
Multiplying in decimal and binary.

II. 
Review of counting and adding

A. In the computer field, and in this course, zero is the first number.

B. The decimal number system has ten simple number symbols, 1 through 9. (It may seem like there are nine, but count them, starting at zero. The binary number system has two simple number symbols, 0 and 1.

C. In counting, when we run out of symbols in the right-most column, or any column, we do two things:

1. Reset that column to the first number (that is, write a 0 there)
AND

2. Carry a one to the next column to the left.

3. This works in both binary and decimal, and is in fact the ONLY difference between the two.

D. In adding two numbers:

1. Work column by column, right to left, focusing only on one column at a time.

2. In binary, use the “binary addition table,” similar to the “times table” from school

a) 0 + anything = that thing back, or even simpler, “If you have to add a zero, don’t.” If you insist, you can learn the three rules that follow from this one.

(1) 0 + 0 = 0

(2) 0 + 1 = 1

(3) 1 + 0 = 1

b) 1 + 1 = 10 (0 with a carry)

c) 1 + 1 + 1 = 11 (1 with a carry)

III. 
Now, multiplication. Would you believe it if we said that multiplication is easier than addition? In fact, the hardest part about binary multiplication is adding the numbers afterwards. For a warmup, let’s do a couple of decimal multiplications. First, we’ll just do the multiplication part, putting the addition part off.

A.    218
  x 37
  1526
  654_

Some of us, like me, were taught to move the second row over without writing anything under the 6, and one more row each time we multiply by another number (this is what is done above), while others were taught to write a zero under the 6, and then the rest of the results to the left.  As long as you do one of these, the answer is the same either way, so it doesn’t really matter.

B.    1011
   x 11
   1011
  1011

OK – now guess what: -- you have just done your first binary multiplication. Binary multiplication is the same as decimal, except that we only have zeroes or ones. We will have to add, of course, but we already know how to do that. Just remember to add in binary, not decimal. We will leave a space just under the underline in which to write down the carries when we are adding, and show the carries in italics.
   1011
   x 11
 11111     carries
   1011
 +1010​_
 100001    Answer

In decimal, this would be 11 x 3 = 33.

1. How can this be, that binary and decimal multiplication are the same?  They are the same because in both, no carries are involved for multiplication of (0 or 1) by (0 or 1). That is, 0 x 0 = 0 with no carry, 0 x 1 = 0 with no carry (and since a x b = b x a, we know there is no carry in 1 x 0 either), and 1 x 1 = 1 with no carry. If there were carries, the results would look different, the way they do with addition.
ALSO, just so you can’t say we didn’t warn you, notice that 0 behaves differently in addition in multiplication. That is, 0 + anything = that thing, so don’t bother adding the zero, but 0 x anything = 0. In other words, adding a zero doesn’t make any difference, so you can skip it, but multiplying by a zero makes a BIG difference, so don’t you forget it!

C. Some more practice, answers in parentheses (your Instructor may work these out in class, answers are in parentheses following the problem):

1. 10 x 10
(100)

2. 11 x 10
(110)

3. 101 x 11
(1111)

4. 111 x 101
(100011)
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