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w × l

w l 100
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A = w × l,

100 = 2w + 3l.

l
w

Pick w and l that maximize the area A.

l l = 100−2w
3

A =
100

3
w −

2

3
w2.
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+ × −

A B

A :

B :

A =
B = B

→ A → B

A = B =

A → B :

A A

A :

B :

A → B

A B,

A → B B → A.



A → B

B → A

A ↔ B :

B → A

A → B

A :

B :

A B :

A B :

A B :

A → B A B

A B (A ↔ B)



A B

A B A A → B A ↔ B A B A B A B

A (B C) = (A B) C.

A (B C) = (A B) C.

a × (b + c) = (a × b) + (a × c)

A (B C) = (A B) (A C).

A (B C) = (A B) (A C).



(A B) = A B,

A B = (A B).

A :
B :
C :
D :

(A B) (A C) → D.

A (B C) → D.

D

D → (A (B C)).

D → A (B C).

D → A ( B C).

A

B C



V1

V2 V1

V2 V1V3

. . .

V2 V1V3V4



A :
B :
C :
D :

∣
∣
∣
∣
∣
∣
∣
∣

: A → B.

: (A C).
: C D.

: D → A.

A =



XOR

AND
XOR

AND

XOR
AND

A0

A1

B0

B1

S0

S1

S2

XOR

A1A0 B1B0 S2S1S0

= 1, = 0

http://code.energy/zebra-puzzle


XOR

AND
XOR

AND

XOR1

1

0

1
1

0

1

AND

XOR

2 + 3 = 5



n

m

n × m

100× 26 = 2, 600

2× 2× · · ·× 2
︸ ︷︷ ︸

= 223 = 8, 388, 608



n n n!

n

n! = n× (n− 1)× (n− 2)× · · ·× 2× 1.

n! n

n

15! = 15 ×
14× · · ·× 1 ≈ 1.3

n!/(n−m)!
m n

0! = 1



13!

(13− 6)!
=

13× 12× 11× 10× 9× 8× 7!

7!

= 13× 12× 11× 10× 9× 8
︸ ︷︷ ︸

= 1, 235, 520

n! n

n r r!
n!

r!
n!

10!/3!

23!/(9!× 14!) = 817, 190



A

T C

G

A

T A

T

C

G A

T

223

817, 190× 223 ≈ 7

13!/(13 −
6)!

6!

13!

6!(13− 6)!
= 1, 716

(
n

m

)

m

n

(
n

m

)

=
n!

m!(n−m)!
.

n m



8×8
(64
8

)

≈ 4.4

Σ
i

i
∑

i

i.

4
∑

i=0

(2i+ 1) = 1 + 3 + 5 + 7 + 9.

i

n

n
∑

i=1

i = 1 + 2 + · · ·+ (n− 1) + n.

n
∑

i=1

i =
n(n+ 1)

2
.



∑30
i=1 i

30
∑

i=1

i =
30(30 + 1)

2
= 465 .

(30
2

)

= 435

(30
2

)

+ 30 = 465

http://xkcd.com


3/6 = 1/2

P ( ) = .

223 = 8, 388, 608

P ( ) =
1/8, 388, 608

1/2 × 1/6 = 1/12 ≈ 0.08 8



(1/2, 000)3 =
1/8, 000, 000, 000

1/6 + 1/2 =
2/3

0.2 + 0.1 = 0.3

2/6 = 1/3
1−1/3 = 2/3



0.2 + 0.2 + 0.2 + 0.2 + 0.2 = 1

0.85 ≈ 0.33

1− 0.33 = 0.67

http://wolframalpha.com
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T(n)
n

T(n)
T(n) = n2

T(2n)
T(n) = 4.

T(n) n

http://xkcd.com


n

n

n − 1
2n−2

n−1 n−2 n−3

=

n−1
︷ ︸︸ ︷

n− 1 + n− 2 + · · · + 2 + 1

=
n−1
∑

i=1

i =
(n− 1)(n)

2
=

n2 − n

2
.

(n2 − n)/2
n2−n 2n−2

n2 − n

T(n) = n2 + n− 2.

∑
n

i=1
i = n(n+ 1)/2



n = 8

T(16)

T(8)
=

162 + 16− 2

82 + 8− 2
≈ 3.86.

3.90
3.94 3.97 3.98

T(n) T(n)

T(n) = n2 + n− 2.
n2 T(n) ≈ n2

n

T(10n)

T(n)
≈

(10n)2

n2
= 100.

100×(2 ) = 200

T(n) = 0.5n2+
0.5n T(n) ≈ 0.5n2

T(10n)

T(n)
≈

0.5× (10n)2

0.5× n2
= 100.



n2 n2 + n − 2 0.5n2 + 0.5n
n

0.5 n2 − n − 2
0.5n2 + 0.5n n2

n2

n

T(n) = • n2 + • n+ •
n2

n

n2

n3



2n

O(2n) O(n2)
O(n)

O

O(n2)
O(n n) O(n2)

× ×
O(n n) ×

10 10 ≈ 34×
n n2 n n

O(n n)

http://code.energy/bigo


O(1)

O(1)

O(2n)
n2

2n



2 1.5

2 3

n n

O(n!)



O(1)

O(n n) O(1)

O(n2) O(1)

T(n)

O



T(n)

https://code.energy/knuth
https://code.energy/pnp


, , ,

i d i d

d d = 10
d

10
3
× 4 = 4000

10
2
× 3 = 300

10
1
× 2 = 20

10
0
× 1 = 1

16
3
× 1 = 4096

16
2
× 0 = 0

16
1
× 14 = 224

16
0
× 1 = 1

2
12

× 1 = 4, 096

2
7
× 1 = 128

2
6
× 1 = 64

2
5
× 1 = 32

2
0
× 1 = 1

8
4
× 1 = 4, 096

8
2
× 3 = 192

8
1
× 4 = 32

8
0
× 1 = 1

Hexadecimal
Base 16

0 1E1

0123

4, 096 + 0 + 224 + 1 = 4, 321

Decimal
Base 10

3 124

0123

4, 000 + 300 + 20 + 1 = 4, 321

Octal
Base 8

3 140

0123

1

4

4, 096 + 128 + 64 + 32 + 1 = 4, 321

Binary
Base 2

0 100

0123

4, 096 + 128 + 64 + 32 + 1 = 4, 321

1 011

4567

0 000

891011

1

12



2×
100
∑

i=1

i = (1 + 2 + · · ·+ 99 + 100) + (1 + 2 + · · ·+ 99 + 100)

= (1 + 100) + (2 + 99) + · · ·+ (99 + 2) + (100 + 1)
︸ ︷︷ ︸

= 101 + 101 + · · ·+ 101 + 101
︸ ︷︷ ︸

100

= 10, 100.

∑
n

i=1 i =
∑

n

i=1(n + 1 − i)

2×
n
∑

i=1

i =
n
∑

i=1

i+
n
∑

i=1

(n+ 1− i)

=
n
∑

i=1

(i+ n+ 1− i)

=
n
∑

i=1

(n+ 1).

i (n + 1)
n

n
∑

i=1

i =
n(n+ 1)

2
.



S

S = { , , , }.

S1 = { , } S1 S

S1 ⊂ S

S2 = { , }

S1 S2 S

S1 S2

S3 = { , , }
S3 = S1 ∪ S2

S1 S2

S4 = { }
S4 = S1 ∩ S2

S3 S4 S

S5 = S S6 = {}
S S 24 = 16

S

PS = {S1, S2, . . . , S16}.
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