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Number Crunching with
Embedded Processors

This month, George
walks us through binary
numbers, embedded
processors, and how
different numbering sys-
tems work together with

CPU instructions and
the C language. He
takes us through the
steps and then encour-
ages us to walk on our
own with different ex-
amples. And remember,
practice makes perfect!
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his month, let’s
talk numbers—
binary numbers, em-
bedded processors, and
how different numbering systems
interact with CPU instructions and
the C programming language.

NUMBER TYPES IN C

The C language has some built-in
number types—char, int, long, and
float, along with modifiers, signed,
unsigned, short, and double. These
number types have different mean-
ings, depending on the compiler and
CPU. After I define the basic number
types, I'll focus on signed and un-
signed.

It’s good practice to use #typedefs,
so you’re sure about the amount of
data you are referencing. Let’s assume
you are writing code for an 8-bit
CPU, and your compiler defines char
as 8 bits, int as 16 bits, and Iong as 32
bits. Table 1 shows how the typefdefs
would look.
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BINARY BASICS

Let’s see how the CPU works with
binary numbers. The experts may
wish to skip ahead, but let’s assume
you have an 8-bit computer with a
basic 8-bit register. An 8-bit register
can hold the binary patterns from
0000 0000 to 1111 1111. In a straight-
forward notation, 0000 0000 repre-
sents 0 decimal and 1111 1111
represents 255 decimals. In C, this is
called the unsigned modifier.

THE UNSIGNED MODIFIER IN ACTION

The hardware rules for binary addi-
tion follow logical or mathematical
principles:0+0=0,1+0=1,0+1 =
1,and 1 + 1 = 10, which is referred to
as a half adder in hardware. A full
adder differs in that it has a carry
input. You can modify the rules for
the half adder to create a full adder
(see Table 2).

The addition logic in a processor is
built from full adder logic. For ex-
ample, if you add the values 10 and 25
to it, you should get 35 as an answer.

0000 1010 (10) + 0001 1001 (25)
- 0010 0011 (35)

But, what if you add numbers that
overflow the 8-bit values? Let’s add
200 to 200, which equals:

1100 0100 (200) + 1100 0100 (200)
=1 1000 1000 (400)

Because you only have an 8-bit
result, the carryover gets lost. Al-

#typedef CHAR8  char

#typedef  UCHAR8  unsigned char
#typedef  INT16 int

#typedef  UINT16  unsigned int
#typedef  INT32 long

#typedef  UINT32  unsigned long

Table 1— Depending on what CPU and compiler you
use, the typedefs are defined differently.
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though the carry flag is set and could
be checked for a problem, that’s not
usually done for every addition in a
program.

THE SIGNED NOTATION

If you want to work with negative
numbers, you need another notation
called two’s complement notation.
Table 3 illustrates the notation
needed for an 8-bit register.

This notation is called signed in C,
and it’s the default mode if you don't
use a modifier. And, because the hard-
ware doesn’t know the difference, the
binary addition still takes place. The
notation is just that, a notation. It gives
something the programmer can use.
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0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Original ~ Decimal Invert Invert +1

0000 0010 2 11111101 11111110
0000 0001 1 11111110 11111111
0000 0000 0 11111111 0000 0000
11111111 -1 0000 0000 0000 0001
11111110 -2 0000 0001 0000 0010

Table 4—With two’s complement notation, you get the
negative by inverting the bits and adding one.

Note that this two’s complement
notation is linear. With addition, each
larger value is a result of adding one
to the smaller value, and for subtrac-
tion, the converse is true. In fact, the
computer’s hardware uses two’s
complement notation when perform-
ing subtraction. The subtrahend is
converted to two’s complement and
then added to the minuend.

To convert a number to its nega-
tive, invert all the bits and add one
(see Table 4). Look back at Table 3
and do the two’s complement conver-
sions. Isn’t zero interesting?

Two’s complement notation forms
the basis of signed and unsigned nota-
tion. Simply tell the compiler which
representation the variable will take
so the compiler can generate the
proper assembly language instruc-
tions, but the CPU does not change
its operation.

A LESSON IN SUBTRACTION
Take 35 and subtract 10. Using
two’s complement notation, invert
each bit in the value 10, add one, and
then add the resulting numbers. In-
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Table 2— Turning a half adder into a full adder takes a
bit of rule tweaking.

verting is easy for the hardware and
the adding of one is accomplished by
using the carry input to the full adder
for the least significant bit. Essen-
tially, what you’re asking it to do is:

0010 0011 (35) — 0000 1010 (10)
- 0001 1001 (25)

And, here’s how the hardware does it:

0010 0011 (35) 1111 0101 (10 in-
verted) + 1 = 1 0001 1001 (25)

What happens if you add numbers
that cause an overflow of your two’s
complement 8-bit values? Look at
what happened by adding 100 to 100:

0110 0010 (100) + 0110 0100 (100)
= 1100 1000 (200

Two hundred is the proper re-
sponse if you're using unsigned nota-
tion (0 to 255), but the same bit
pattern represents the —56 in signed
notation, which means you had an
overflow. It’s your job to look after
these types of problems. The compiler

01111111 127
0111 1110 126
01111101 125
0000 0010 2
0000 0001 1
0000 0000 0
11111111 -1
1111 1110 -2
1000 0011 -125
1000 0010 -126
1000 0001 -127
1000 0000 -128

Table 3— With two’s complement notation, it's tricky
characterizing some numbers in an 8-bit register.
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doesn’t know the values of the num-
bers you're adding unless they are
constants. A good compiler will warn
you if the constants are getting out of
range, but only at compile time, not
run time.

What happens if you subtract a
large number? Let’s subtract 100 from
the number -100. You should end up
with —200. However, if you do it
wrong, this is what you get:

1001 1100 (~100) — 0110 0100 (100)
= 10011 1000 (56)

Or, you could try:

1001 1100 (~100) — (1001 1011 (100
inverted) + 1) = 1 0011 1000 (56)

As you see, the signed notation
number system overflowed.

PRACTICE, PRACTICE, PRACTICE

Try some examples, so you're com-
fortable using the signed and unsigned
systems and understand how they
behave. Look at overflow and under-
flow in both addition and subtraction.

Next month, I'll discuss how to
use these rules for fun and profit. &
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