Exercise walk-through

2.1

Binary Numbers

AP Computer Science Principles



Data
- Binary

Everything is bits

A bit  is a single 0 or 1. Binary (base 2) uses place values that are powers of
two 2
128 64 32 16 8 4 2 1
0 0 1 0 1 1 0 1 =45

32+ 8+ 4+ 1=45. Read binary — decimal by adding the place values where a bit is 1.

place value

bits

128

64

32

16

3

4

2

1

1

0

0

1

0

1

1

0

150 =128+ 16 +4 +2 = 10010110




Data

I—Binary

Fixed bits, overflow & sampling

Convert & overflow

10115: place values 8,4,2,1; bits at 8,2,1 give 8+2+ 1 = 11.

With n bits you can make 2" values, 0 to 2”7 — 1. Exceeding it is an overflow
error (4 bits max 15; 15 + 1 overflows).

Analog signals become digital by sampling — many quick mea-
surements. Eight bits group into one byte



Data

I—Binary

A finite number of bits has two consequences

a computer has a finite number of bits, so it can represent

TR only a limited range of values
overflow er- a number too large for the available bits cannot be stored cor-
ror rectly

numbers with decimals can only be approximated, because
infinitely many real values must map onto finitely many bit
patterns

round-off er-
ror

0.1 4 0.2 does not print as 0.3 in most languages — and that is

hy it matters .
why it m ' not a bug in the language

Both are consequences of the same fact. Say “finite bits” first and the explanation writes
itself.



Data

I—Binary

Where a number loses precision

Overflow

Round-off error

Accumulation

The shared cause

A value too large for the bits allotted wraps around or errors — the
count that goes negative.

Round-off (rounding) error : a real number stored in
finite bits is stored approximately, so 0.1 + 0.2 # 0.3 exactly.

Round the same way a million times and the error compounds —
which is why money is stored in integer cents, not floats.

Both are the same limit: a fixed number of bits cannot represent
unlimited values.

An answer that names the limit — “only 2°? distinct values exist” — explains both errors at

once.



AP Computer Science Principles

Exercises 2.1:2.3

2.1 Convert the binary number 1010 to decimal.

2.2 Convert the decimal number 6 to binary.

2.3 State how many bits are in one byte.



AP Computer Science Principles

Exercises 2.1:2.3

2.1 Convert the binary number 1010 to decimal.

2.1
e 1010, =8+0+2+0=10

2.2 Convert the decimal number 6 to binary.

2.2
e 6=4+2=1109

2.3 State how many bits are in one byte.

2.3
e 8



AP Computer Science Principles

Exercises 3.1-3.2

3.1 The binary number 1000 in decimal is
L] as

B8

C 16

D2

3.2 A value too large for the available bits causes an

D A logic error

B overflow error
C syntax error
D case with no error



AP Computer Science Principles

Exercises 3.1-3.2

3.1 The binary number 1000 in decimal is
L] as

B8

C 16

D2

3.1B
o 8.

3.2 A value too large for the available bits causes an

D A logic error

B overflow error
C syntax error
D case with no error

3.2 B

« overflow error.



AP Computer Science Principles

Exercise 3.3 (a)

3.3 Convert between the two bases.

(a) Binary 1111 to decimal.



AP Computer Science Principles

Exercise 3.3 (a)

3.3 Convert between the two bases.

(a) Binary 1111 to decimal.

(a)
.« 1111, =8+4+2+1=15



AP Computer Science Principles

Exercise 3.3 (b)

3.3 Convert between the two bases.

(b) Decimal 10 to binary.



AP Computer Science Principles

Exercise 3.3 (b)

3.3 Convert between the two bases.

(b) Decimal 10 to binary.

(b)
.« 10=8+2=1010,



