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Comparison of the compression ratio of popular archivers
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Before Compression After Compression

Data Symbol  Frequency Symbol  Bit Code
A 7 A 00
'l' B 1 P 111
AAAAAAABCCCCCCDDEEEEE =——p C 6 C 01
D 2 D 110
E 5 = 10

Entropy
COm prESSiﬂn ratiﬂ After Compression = 7 x 2 bits + 1 x 3 bits +

6 x 2 bits + 2 x 3 bits + 5§ x 2 bits = 45 bits

Before Compression = 21 x 8 bits =198 bits




Card cheating

"Card Sharp "
by Caravaggio




Valentin de Boulogne. Shuler



3
-
>
0
=
[
E
0







https://youtu.be/Ps8ztNaN2ds?t=85



https://youtu.be/Ps8ztNaN2ds?t=85
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Poker Hands - Rankings Chart

gJ QK
%'V'é

o Royal Flush

ADS 6 7
g&éég

e Straight Flush

777 7
Vaog

e Four of a Kind

7 891
2040£

o Straight

KKK
Vae

o Three of a Kind

Let's check how deep you understand the problem

Poker.
10 combinations.

How many fingers does it take
to pass them?

Or how many kinds of liquor
to use?




suit

Véod

Hearts Spades Diamonds Clubs
Yepsu [Mnku By6HbI Tpeodol

Or how many kinds
of liquor to use?

How many
fingers to
use’?




A P e [l 2% &fid Sl ole &fe s
£y % L T Dot oo
Aot e B e bk e kP ¥k ¥

card weight 1-13

How many fingers does it take to pass it?

Or how many kinds of liquor to use?




card weight 1-9
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card from the preference deck 9*4
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Tails

Heads



DAYS OF THE WEEK

7 days

Monday | Mon.

Tuesday | Tue.

Wednesday| Wed.
é . | Thursday | Thu.
== | Friday Fri.
= |Saturday | sat.
=< | Sunday Sun.




Exam grade

Ouenka Ouexka OueHKE, WCNOMbL3YeMan OueHKa 38 3a46T
no 10-6annsHo@ wKane no 5-GanneHod wkane B @BPONSACKONM NPUNOHEHWH
38 3kaamen K munnomy
10 OTAWYHO A+ Excellent 3a4YTeHo
9 OTNWYHO A Very good 3a4TeHo
8 OTAWYHO A - Very good 3a4TeHo
F XOpoLwo B+ Good 3a4YTeHo
6 XOpoLwo B - Good 3a4TeHo
9 YOOBNETBOPUTENLHO C + | Satisfactory 3a4yTeHo
4 VAOBNETEBOPUTENLHO C - | Satisfactory 3a4TeHo
3 HeYOoBNETEBOPUTENLHO F Fail HEe 3a4TeHo
2 HeYOOBNETBOPUTENLHO F Fail HEe 3a4YTeHOo
1 HeyOoBNETEBOPUTENLHO F Fail HEe 3a4YTeHO




But a person has only 5 fingers on his hand.
What to do when you need a lot more combinations?

Answer is here
https://www.youtube.com/watch?v=WTxKEwP01Sc&t=431s

Deleted scene
from the movie

Inglourious Basterds
by Tarantino



https://www.youtube.com/watch?v=WTxKEwP01Sc&t=431s

This is children’s game usually known
“Akinator” https://en.akinator.com/.

The first player in this two-player
game thinks of something,

and by a series of binary questions
yes/no,

the other player attempts to guess
what it is.



https://en.akinator.com/

- | am from the past?

- Yes

- | am a woman?

- No

- Am | not German? | am American?
- Yes

- If I was married they would call her
‘squaw’?

- Yes

- | was created by Karl May
- Yes

- I'm Winnetou - Apache chief
[film Winnetou - Apache chief (RU)]



https://www.youtube.com/watch?v=inheLGoqHvU

Some questions are better than others
guestions.

\  KARLMAY
\.  WINNETOY

Asking on the first round “is it a Monte-
Cristo?” is likely to waste time.

J

We must find optimal set of questions is to ask.
How to do that?

Let's try to figure it out using the example of
«Winnetou, the Apache leader».







The Indians

e kindled a fire on
a rock,

e covered the fire
with wet grass,

and in a certain
29 4 rhythm stretched
e R a blanket over the
smoke




In fact, this is a binary code transmission

(but only at a very low speed).

How to do it most effectively?



The «direct solution» is the transmission of the letter
(for example K)

Thisis A-No

ABCDEFG msw

This is C- No

H1 JKILM -
NOPQRST
UVWXY Z

ThisisZ- No

26 questions.

Too much firewood needed here!



Akinator solution (for K)
Step 1. We divide the alphabet into 2 equal parts

or approximately 2 equal parts

0 1

ABCDEFGNOPQRST
HI JKLMUVWXY Z

and fix (ask a question) in which part is our letter.

0




Step 2 Divide the first part of the alphabet into 2 equal parts

or about 2 equal parts

ABCDEFG
HIJ KLM\

ABCDEFGHIJKLWM

1

and fix (ask a question) in which part is our letter — 1 (1+O=10)



Step 3 Divide the selected part of the alphabet into 2 equal parts

HIJKLM

e N
HIJ KLM

1
and fix (ask a question) in which part is our letter.

1 (1+10=110)



Step 4 Divide the selected part of the alphabet into 2 equal
parts

KLM

N
K L M

0

and fix (ask a question) in which part is our letter.

g (0+110=01 10) 0110-we get a 4-digit number instead of a 26-digit number.



Direct solution

Akinator solution

Thisis A-No
This is B- No
Thisis C- No

Thisis Z- No
26 questions

00000000001000000000000000

ABCDEFG HIJK

0 i |

ABCDEFG NOPQRST
HIJKLM UVWXY2Z

\

|
DY

HI J
4 questions K L |
0110 0




Akinator solution (for L)

Step 1. We divide the alphabet into 2 equal parts
or approximately 2 equal parts

0 1

ABCDEFG
HI JKLW

and fix (ask a question) in which part is our letter.

0



Step 2 Divide the first part of the alphabet into 2 equal parts

or about 2 equal parts

ABCDEFG
HIJ KLM\

ABCDEFGHI JKLM

1

and fix (ask a question) in which part is our letter— 1 (1+0=10)



Step 3 Divide the selected part of the alphabet into 2 equal parts

H1JKLM

e N\

HI J KL W

1

and fix (ask a question) in which part is our letter.

1 (1+10=110)



Step 4 Divide the selected part of the alphabet into 2 equal parts

and fix (ask a question) in which part is our letter.
1(1+110=1110)



Step 5 Divide the selected part of the alphabet into 2 equal parts
L M

N

C ‘\ /‘ )
L\V/
A A

and fix (ask a question) in which part is our letter.

0(0+1110=01110) 01110 - We get a 5-digit number instead of a 26-digit
number.



And for M 11110-we get a 5-digit number instead of a 26-digit number.

ABCDEFG NOPQRST
HIJKLM UVWXYZ

0

ABCDEFG HIJKLM

1

HIJ KL WM

1

K LM

1

L M,



Akinator solution for K

Akinator solution for L (&)

0 i |
ABCDEFG NOPQRST
HIJKLM UVWXYZ

\

ABCDEFG HI JK

/N

HI J KLI
4 questions K LM
0110 0

0 i |
ABCDEFG NOPQRST
HIJKLM UVWXYZ

\

ABCDEFG HI1UJ K]_
5 questions K |_
01110 L,

HIJ




0 1

ABCDEFG NOPQRST
HIJKLM UVWXYZ

\

ABCDEFG HI JKLI

HI J KLM

/N

4 questions K LM

0110 0

0 1
AB”DEFG NOPQRST
HIJKLM UVWXY Z

\

ABCDEFG HIJK

HI J LM

5 questions
10110 0



What alphabet has 32 letters? Who knows?

Aa #.[a] Nn ./ [en]

Fr

Das Alphabet
As Bm Mom=S o/ ovn
[Bow Hm N & o Zoe
C~1+ 0~ U~ Az,

Ji /; [3]

Bb %/ [be] Oo 0., [9]
Cc 7. [se] Pp 7 |[pe]
Dd 7.[de] Qq (y [ky]
Ee 7, [ee] Rr 7. [er]
Ff 5/ [¢f] Ss . [es]
Gq 7y[ze] Tt 7/ [te]

M dipha

W w /' [dublave]

ARABIC ALPHABET

- e )
J 3 <
L b

"TAMTYIMNTT Y S N GREEK ALPHABET Georglan Alphabet

Yod Tet Chet Zayis Vav He  Dalet Gimel Bet  Alef
M M N @& MW M (G ®Y) (silent)

- E1-1-k -

Ayis Samech Nen Nun Mem Mem Lamed Khaf Kaf
(sdent) (5) (N) (N) OO (D L KN (KEN

Tav  Shin  Resh Qof Tsadeh Tsadeh Feh  Peh
m &% ® @ T da» & ®H

Hebrew (and Yiddish)
alphabet

Alpha

Aa

Epsilon

Ee

lota

I
Ny
Nv

Rho

Pp

Phi

Beta Gaomma Delia

BB ly AS
leta Eta Theta
1  Hn!©9O
Koppa Lambda My
Kk A )\ M H
- O o n n
Sigma Tou Upsion
1o [ Trv[Yoe
Chi Psi Omega
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11010
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For Byelorussian
alphabet we get
5 symbols on
letter




So | guessed a letter - try to guess Aa_# 667 Be s It
which one J &

by asking the minimum number of
guestions.

Let me help you a little




What language has u?
1) Old Greek Mvevpa — spirit

Esperanto laui — «according
to»

by
Lazaro Zamenhof

An artificial language that can be learned in 3 months
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4->2
16->4

26 —> 4,66
32 —>5
33—>5/1
64 -> 6

2=f(4)

4=f(16) 32 i Jﬁ) i 5
4.66=f(26)

5=f(32)

s1-f33) 4 -> JO > 6
(x)

6=f(64)



16+ £ -4
32> £ 5

64~ £, 6



base  ayponent

orgu;ent \ ’

log, (n) =x {=) b =n
¢ v

argument
base exponent J




27 =32

to what power must 2 be
raised to get thirty-two

binary algorithm

I o gz 3 2 5 from thirty-two

equals five

A5 qﬁ{'}}]

5*6=30

%k >k 3k

five times six
equals thirty




INDIAN
SIGN LANGUAGE

Let's try the
method using 4
fingers



ABCDEFG
Hi1 JKLM

NOPQRST
uvwxvz¥\\\*

ABCDEFG HIJKLM NOPQRST UVWXY Z

1 y 3 4
2, -“-J-:-r.

Step 1. Divide the selected part of the alphabet into 4 equal

parts, and fix (ask a question) in which part is our letter - 2.



HIJKLM

J K LM
l

4
léq

f i 14

3- 4

Step 2 Divide the selected part of the alphabet into 4 equal

parts, and fix (ask a question) in which part is our letter - 3.



J K
/N
K )
Lk

Step 3 Divide the selected part of the alphabet into 2 equal

parts, and fix (ask a question) in which part is our letter - 2.

Thus - three numbers: two-three-two



ABCDEFG

Hi1 JKILM

NOPQRST
uvwxvz¥\\\$
ABCDEFG HIJKLM NOPQRST UVWXY Z

J K

LM
e /N = e
|\

|, J

In the case of the letters H and | - we get two numbers: 2-2 for |
Total Average (2*2+4%*3)/6=2.66 logs (26)=2.35



|In the case of a
binary algorithm
(4+5+5)/3=4.6666
6 symbols per
letter

log> (26)=4.7

4,7>4.666

0 1

ABCDEFG NOPQRST
HIJKLM UVWXYZ

ABCDEFG HIJKL

g 2
4 questions K L
0110 0

0 1

ABCDEFG NOPQRST
HIJKLM UVWXYZ

ABCDEFG HIJKL

3.
5 questions K L
10110 0




bit

off

Computer Bit
® O

ON OFF

Computer Byte
OO..0.0.

001 0101



Place values
(multiply this number by the 1 or O in its place)

1286432 16 8 4 2 1

X X

1 O 1 1 D 1 0 1
128+O+32+16+0+4+ 0+1

(add all these together to get the decimal number)

181



Bridge combination 52 cards

P PR [ Rk Rl Rl R SR
RIS

& -r--x--r--r--r-*******

A B b b bt bt R Rl Btk

A Lo [ o 404500900?00?00?9.01‘%‘0
2 ® ¢ ¢ ¢ ¢ |2

* & ooooo""n“
{, 2 é & é‘ thQ 0@0 ’!‘)_‘ 620 6&0 066 O’L

. o e %vvévv@vavv@vv?v,vLﬁv,vJ
Vo |V v vV vel|d

¥ v vvvvv‘“‘““‘
d el A e ala ala Al ala ala ala®a;

A Lo [P o ‘199299999299%929’9‘1’9’9
o, o o000 |f

PN o 99999“6““5
ool e e b e R e Y6 W e ee e e e

?=log,92= 5,7 per card



Those. The correct answer is guessed in 5-6 questions, an

average of 5.7 questions.

The bridge combination
consists of 13 cards,

13*5,/=74.1

74.1 questions

The unit of measure is
bits.




A b & [le &[0 -r-%-r-*-r-
o oo |t b H
O R g g g

i ® Rk ¥ ¥ ¥

card weight 1-9

0g-10= 3,303

Total Average (8*3+2%4)/10=3.2

3.303=w ‘equal -

but LET IT BE.




Card from
preference
9*4=36,
how much
informatio
nis there

the




POKER orc n"' € THREE OF A KIND How much

7 B information
POKER HAND RANKINGS ¢l a v s there (in
© ROYAL FLUSH © FULL HOUSE TWO PAIR bits)

HBEAE ABRRE ll
®|¢ ¢ ¢ s

€ STRAIGHT FLUSH © FLUSH PAIR

ABEAHK IEBII BRABAA

€ FOUR OF AKIND STRAIGHT (® HIGH CARD

BRBRE BRBAB BRERA
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card weight 1-13

How much information is there (in bits)

log,13= 3,700
Total Average (3*3+10%*4)/13=3.767

3.700=3.767 ot ‘equal — but LET IT BE.




log,7= 2,807 Total Average (1*2+6*3)/7=2.857!=2,807 but Let it be

PMSS OF THE WEEK Mon. | Mon.
Monday | Mon.| |Tue. || Tve. |/ Tue.
Tuesday |Tve. /|Wed, | 4~ Wed.
Wednesday| Wed. |

= Thu.
E _ | Thursday | Thu. Thu. Thu. v
Lo E o o o Fri. , Fri.
=7 | Friday Fri. N Fri.
E Saturday | Sat. Surt, sat. | Sat
= Sunday Sun. Sun. Sum. -

Step 1 Step 2 SI.II'I-

Step 3



Exam
grade

Ouenka OueHka OueHKa, HENoNLIYeman OueHka 3a 3a4eT
no 10-6annsHoM WKane no 5-GanneHod wkane B @BEPONeACKOM NpUN0MHEHNNH
38 3K3aMEH K aMnnomy
10 OTNNYHO A+ Excellent 344TeHOo
9 OTNWYHO A Very good 3a4YTeHO
8 OTNWYHO A - Very good 3a4YTeHO
7 XOpoLo B + Good 3a4YTeHO
6 XOpoLWwo B - Good 3a4YTeHo
5 VOOBNETBOPUTENBHO C + | Satisfactory 3a4YTeHo
4 VOOBNETBOPUTENEHO C - | Satisfactory 3a4YTeHo
3 HeynoBNeTBOPUTENLHO F Fail He 3a4YTeHo
2 HeynoBNeTBOPUTENLHO F Fail He 3a4YTeHo
1 HeyOoBNeTBOPUTENBHO F Fail He 3a4TeHo




MANQUE 1-18 | IMPAIR oODD -

~lelo |22 [2[5[3]5]R]=]8] <
(o]

HHHEEEEEEEEE

D12
CASINO PASSE 19-36 | PAIR EVEN
=

FRENCH ROULETTE



74.1=1375,7/= 13" log252=

2Sh =

092l + ;




74.1= 13*5 7= 13* |ng52=
Noas .

H= "*|Og23-|0g23“ —

AR H=n"log:S
Entropy g

|092 s ;



Hog
in the Fog

ulia Copus 2. Eunvoung Seo
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2 gays is good

t's easier to make a choice
low entropy

0Q22=1

8 gays is ba

lt's not easier to make a choice

high entropy

l0g28=3




Abba - Dancing Queen

https://www.youtube.com/watch rv=xXrrGuyw1vas



https://www.youtube.com/watch?v=xFrGuyw1V8s




icky Bride's problem

P




The solution of the problem

1. Divide the applicants into 3 parts

> A D




Say NO to the first




Say YES to the
second If he Is

better than the

first




Say NO to the third only If it
IS worse than all the others




https://youtu.be/d
uJaf8emQ5I1?t=32

- Nadia is 28 years
old, here you will
marry not only San
Sanych, you will
marry a goat.

This is bad advice.



https://youtu.be/duJqf8emQ5I?t=32

2 gays is good

t's easier to make a choice
low entropy

0Q22=1

8 gays is ba

lt's not easier to make a choice

high entropy

l0g28=3




Each groom has a 25%
chance of being chosen -
isn'tit true?

The princess is proposed
to 4 applicants, but she
does not know anything
about any of them.

P(1)= P(2)= P(3)= P(4)=
25% 25% 25% 25%



X \
\

.
4
f,,f”f /
~ /
. II||I

P(1)= P(2)= P(3)= P(4)=
25% 25% 25% 25%




As expected, the suitors of the princess are
billionaires

50 billion 25 billion 12.5 billion 12.5 billion

Mark Sergey Stefan Prince Al

Zukerberg Brin Quandt Saud
Pl PRI= pg= Pl

50% 25% 12 5% 12,5%



In which case will the choice be more difficult for the princess?

The World's Billionaires

by 3 March 2017

50 billion 25 billion 12.5 billion

Mark Sergey Stefan Prince Al

Zukerberg Brin Quandt Saud
P(1)= P(2)= P(3)= P(4)=

i
i}

P(1)= P(2)= P(3)= P(4)= 50% 25%
25% 25% 25% 25%




Claude Shannon cleverly

W reformulated the question - if
you want to predict the choice
of the princess, how many _ N
guestions and binary answers N AN ) I
you need to ask? I

==

i,

s - m- s |1 question - the first or second group

T uonsand

==

Claude Shannon
1916-2001

ﬁ 3
X

z 2 ti - the first d
In the first case & In the second case. question - the Tirst or second group

Z uonsand

. o B
- {
,— -
»
-
-
-
— |
-
%ﬁj

By 3 Macch 2007 ﬁ
L2 50 X

L £ O 0 | e Dees

7B\ ,"j:'J \W/R\W/R\ ﬂ Average number of questions =
U : & &) B NGNS ' ’ |

2°0.25+]2"0.25+[2°0,25+]2°0,25
POl P PRE P | Ik PR e PO

25% 25% 25% 25% SO% 5% 12.5% 12,5% = 2




Question 1. Is this Zuckerberg?

50%

HET

1 question

Question 2. Is thi

s Sergey Brin?

2K

25%

1*0.5

2 question

no

)\ 12,5%

12,5%

2°0.25

3 question

no

So Prince Saud

Average number of questions =

1%0.5+ |270.25+

370,125+

370,125

3 question

3%0,125

Average number of
questions =

1,75




a’

Ty OK.is |t

-

/

1*0.5+

2*0.25+

3*0, 125+

3*0,125

?
/ \”
OK,is It 'ﬁ)'

'.; : OK is it

1.9

1%0.125+

3*0 5+

3*0,125

2,5




1 f(0.5)=1
question

5 f(0.25)=2
question

5 f(0,125)=3
question

3 f0,125)=3
question

Average number of 1,75
questions =




1(0.9)=1 f(1/2)=1 |one second
turns into one

f0.25=2  |f(1/4)=2 |one fourth

becomes two
1(0,125)=3 |f(1/8)=3 |one eighth

becomes three
1(0,125)=3 |f(1/8)=3 |one eighth

becomes three

1,75




f(112)=1

two becomes
one

IOl 17(0.25)=2

(1/4)=2

4 becomes 2

10,125)=3

f1/8)=3

8 becomes 3

= (1(0,125)=3

f1/8)=3

8 becomes 3

1,13




Inverse function

If
fmaps XtoY,

f

~ =k

-
9 fin 9

then
f™ maps Y back to X

J L
auy
1

Function fix)

Inverse f™(y)

X+a y—a
a-x a-y
mx vim

1M Ge. x?) | 1 (i.e. v

X (i-e. y*?)

X (i.e. y?)




Shannon called this 1
|nf0 rm athn part logz (_) in a scientific way.

P;

Theory

A Tutorial Introduction

Quantifying Information
(Claude Shannon, 1948)

I(x;)=log, (i)
P
Information is measured in bits ]
(binary digits) number of 0/1's 10g2 (E) =
required to encode choice(s) |
log, 7) =




Quantifying
information

I(x,)= logz(l)
P,

I*-*

log.

)[=1,322 [1,322*0.4+|0.5288+
)[=2,322 2.322*0.2+|0.4644+
) |= X O +
)|=2,322 [2,322*0.2 |0.4644

o

).

|

{
log, (
log, (
2% |os

b

).

|

b

).

|

b

).

1.922




Quantifying

information

I(x)=10g2(ﬁ)
BEEEEE s0%ls ;) |1,66*0.4+ |0.664+
B 10% log, () 3,322*0.1+|0.3322+
8:(51) *0.1+ +
B 10 osy(p5)  |3,322*0.1 |0.3322
1.6606




That's what mathematicians did.
They Decided to measure entropy according to
Shannon's formula.







Let's repeat

How much
information is
contained in the
Belarusian
alphabet?




How much

information is A B D E F G

contained in the

English alphabet? H l J [K] l_ M
NOPQRST
UVWXY Z



Jo=—=— Seee

K== | =

NEIYEINY L
/] - Veee=
N=o We==

Q=== X=00-
Hem=g Y=g
(|=——pg= ==gep
Re=e



