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0 Number systems
A number system 1s a set of rules for
naming and depicting numbers using a
finite set of characters called numbers.
Number systems are non-positional and
positional

CucreMbl cUHuCIeHUS
CucreMoM CYHMCJIEHHSI HAa3bIBaeTCH COBOKYITHOCTb
IpaBUJ HAMMCHOBAHMS M M300pPAKCHUS YMCEI C IIOMOIIBIO
KOHEYHOTO Ha0Oopa CUMBOJIOB, Ha3bIBA€MbIX LIM(PpaMH.
Cucmemovl cuucnenus Oviearom HENO3UUUOHHbBIE U
NO3UUUOHHDbIE.

N,




A number system is called non-positional 1if the value of a
digit in the number recording does not depend on the
position 1t occupies in the sequence of digits representing
the number.

Examples of non-positional number systems: Roman,
Ancient Greek, etc.

Cucrema cuMc/IeHMsI HA3bIBAETCHA HEMO3UIIMOHHOM, CCIIU
3HAYCHHUE HUMPHI B 3alIMCH YKCJIa HE 3aBUCUT OT IIO3UIIUH,
KOTOPYKDO OHa 3aHHMMaeT B IIOCIEAOBATEIBHOCTH IHUOP,
M300pakaroIIe YucCio.
[Ipumepsl 1Heno3UUUOHHBIX CUCINEeM CYUCTEHUs. PUMCKasil,
ApeBHErpeveckas u Jap.




The number system is called positional if the value of a
digit in the number recording depends on the position it
occupies 1n the sequence of digits representing the number.

Examples of positional number systems: decimal, binary,
octal, hexadecimal, etc.

CucreMa cYHC/IeHHMSI HA3bIBAaeTCHA NO3MIHUOHHOM, €CiIU
3HAYEHUE LU@PHl B 3alMCH YWCIa 3aBUCUT OT IMO3UIIMHU,
KOTOPYK) OHa 3aHMMaeT B IOCJIEAOBATCILHOCTA LD,
M300paKaroIIe Y1CIO.

[Ipumeprur NO3UYUOHHBIX cucmem CUUCTIEHUAL:
AeCATUYHAS, JIBOMYHAS, BOCbMEPHUYHAS,

HNICCTHAAATCPHUYIHAA U JIP. _I




Cucrembl cHUCneHuns
- ﬂBOMHHaﬂ cmncrema cHdmciaeHumA

9+5:10+1-100 = 159 — 310 AECATUYHAA 3aNUCb YUCna

[OBOoMuYHan cuctema Ucnonb3yeT BCero Asa 3HaKa A/1A 3anucu Yucen.

CoOoTBEeTCTBEHHO, MNAAWMMK PA3pPAa XPaHUT YUCNO eAUHMUL, Cheayioumii 3a
HUM — YUCNO ABOEK, CNeAYIOWMNN — YUC0 YeTBEPOK U T. 4.

YTO XpaHUT CTapLumMii paspag — 3aBUCUT OT paspAgHOCTM.

2 - S
1 0 0 1 I 1 1 1 1 Mnaguwuu paspag

1+12+14+18+1-16+0-32+0-64+1-128 =159




In positional numeral systems, the base of the numeral
system is the number of digits used in writing a number

1212

| HILCTIQ COUHIL
HILCTIO DECAIMKOE

HILTIA CONIEr

HIICTIQ MMIBICATY

B NO3MIMOHHBIX CHCTEMAX CYHCJIEHHS OCHOBaHME
KOJIAYECTBO UMD,

CUCTECMBbBI CUMNCJ/ICHHUA — ITO

HCIIOJIB3YCMBIX B 3aIIMCH YHUCJIA




HaszBanue cucrembl | OcHoBaHuE HUcnonb3yembie Hu@ppsI
System name Base Numbers used
JlecaTuunas 10 0,1,2,3,4,5,6,7,8,9
Decimal
JIBon4Has 2 0,1
Binary
BocbeMmeprnuHas 8 0,1,2,3,4,5,6,7
Octal
[llecTHaaarepuyHas 16 0,1,2,3,4,5,6,7,8,9,A.B,C,D,E.F

Hexadecimal




I1BOMYHAS CUCTEMA CYUCIEHUS

Kak 3anucares octansisie wwena?

8- 1000
9- 1001
10-1010
11-101
12-1100
13 - 1101
14 -1110
15-1111

16 - 10000
17 - 10001
18 - 10010
19 - 10011
20 - 10100
21 - 10101
22 - 10110
23 - 10111

24 - 11000
25 - 11001
26 - 11010
27 - 1101
28 - 11100
29 - 11101
30- 11110
31 - 11111




OcHoBaHue

Base
«10» 2 3 4 5 6 7 8 9 |10 | 11 [ 12 [ 13 [ 14 [ 15| 16
«2» 10 | 11 | 100|101 | 110 | 111
«8» 2 3 4 5 6 7 110 | 11 (12 (13 (14 | 15| 16 | 17 | 20
«16» 2 3 4 5 6 7 8 9 1]A| B|C|[D|E/|[F]|10




Cucrembl cHUcCneHus

~.

CucreMnl CHHCICHIS

CucreMbl CHHC/ ICHIST

Hecsrrn- | JABon- [lecrnaaua- Hecsitu- | JABon- lecruaaua-
qHAas qHAS TepHIHAS qHas qHast TepHIHAS

0 0000 0 8 1000
1 0001 1 9 1001
2 0010 2 10 1010
3 0011 3 11 1011

4 0100 4 12 1100
5 0101 5 13 1101

6 0110 6 14 1110
7 0111 7 15 1111




Expanded notation of numbers
In the positional number system, any real number can be represented

as. Aq = i(an-lqn_l-i-an—an_2 Tt alql + al}q“+ a—lq_l + a—2q_2 Tt a—mq_m) —
- expanded form of number.

Here:

A- 18 the number itself,

q - base of the number system,

ai - digits of the given number system (an_z; a ., etc.),

n - the number of digits of the integer part of the number,

M - is the number of digits of the fractional part of the number.

Pa3zBepuyras ¢opma 3anucu yucela
B nosuyuonnoii cucmeme cuucnenusn n000e GeuyeCmeeHHoOe HUCI0 MOXHcenm Oblhb
npedcmasneno 6 gude: A = Ha_q"'+a q"?+..+ aq' +aq’+a q'+a q’+..+
a_ ™) — pasBepHyTas ¢popma ducia.

30ech:

A — caMo 4yucIo,

(q — OCHOBAaHHME CUCTEMbI CUUCIICHNS,

ai — UQpbI TAaHHOW CUCTEMbI CIUCTICHUS (8 ,; a ¥ JIp.),
N — YKCJIO Pa3PsIIOB IEJI0M YacTH YKCIIa,

m - YUCJIO pa3psaa0B APOOHON YacCTH YHCa.




Example 1. Write down a number in expanded form A, =512423

$12423,,= S¥103+ 1¥1004+ 26101+ 4¥100+ 26107 4 3#10°

Example 2. Write down a number in expanded form A= 3D,2E

3D,2E s =3*16'+ D*16"+ 2*161 + E*16 = 3*16! + 13*167+ 2*16 + 14*16*

IIpumep 1. 3anucare B pa3BepHyTOM BUE Yncio A = 5124,23
5124,23 = 5%10° + 1*10%+ 2*10' + 4*10° + 2*10! + 3*10>

IIpumep 2. 3anucars B pa3BepHYTOM Bujie yucio A, = 3D,2E
3D,2E | = 3*16! + D*16" + 2*1671 + E*162% = 3*16' + 13*16° +
2%1671 + 14*167




The collapsed form of writing numbers is called writing in
the form:

A — an_l an_z oo o al ao,a_l a_2 o0 o a_m

1t 1s this form of notation of numbers that we use in
everyday life

CBepHyTO#l (hOpMOHM 3aNIMCH YMCeJI HA3BIBAETCA 3aIMCh B
BUJIC

A=a a ..aa.a a,.a . HUMCHHO Takou (opmon
3aIIMCHU YHUCEJ MBI MOJIb3YEMCS B IOBCETHEBHOM KHU3HH.




Converting from decimal system to other number systems

Algorithm for converting integers from the decimal number system to any other.
*Consecutively perform division of the given number and the resulting integer
quotients by the basis of the new number system until the quotient is obtained, less
than the divisor.

*The resulting remainders, which are the digits of a number in the new number system,
are brought into line with the alphabet of the new number system.

* Make up a number in the new number system, writing it down, starting with the last
quotient.

IlepeBoa U3 1eCATHYHON CUCTEMBI B IPYTHe CHCTEMbI CUMCIECHUSA

Anzopumm nepeeooa ueavlx yucen uz 0eCAMUYHOU CUCmemMbl CHUCTACHUA 8 1I00YI0
opy2yno.

rllocnemoBaTelbHO BBINOIHITh JCJICHUE JAaHHOTO YHCIa W IIOJYyYaeMbIX LEIBIX

YAaCTHBIX HA OCHOBAHWE HOBOW CUCTEMBI CUMCIICHUS J0 TEX IMOP, MOKAa HE MOJTYyYUTCS

YaCTHOE, MEHBIIE JICTTUTEIIS.

rllonydeHHBIE OCTATKH, SABIISIIOIMECS MU(paMH YKCiIa B HOBOM CHUCTEME CUMCIICHUS, |,

IIPUBECTU B COOTBETCTBUE C ai(haBUTOM HOBOIN CHUCTEMBI CUHMCIICHHUS.

*CocTaBUTh 4YHCIO B HOBOM CHCTEME CUMCJICHHUS, 3alliChbiBasg €ro, HadyuHas C

MOCJIEHETO YaCTHOTO.




For example, to convert from decimal to binary, divide by 2;
to convert to octal - to &, etc.

HanpuMmep, s nepeBojga M3 OECATUYHOM CHUCTEMbI B
JTIBOMYHYIO, IEJIAT HA 2; 11 IIEPEBOAA B BOCBMEPUYHYIO — Ha
8 1 T.II.




Divide the decimal number by base 2 sequentially
Examplel.

175 }_ ‘
174 L

Ha9HHaA C TIOCNEOHET O OCTaTKa
ERIIIHCEIEACM OCTATKH CIIpaBa HAIEEO

Starting from the last remainder, write the remainders from
right to left.
ThllS, 17510 DIOIOIIIIZ -_










Converting numbers from any number system to decimal
Algorithm for converting numbers from any number system to
decimal.

*Present the number in the expanded record. In this case, the base of
the number system must be represented in the decimal number
system.

*Find the sum of the series. The resulting number is the value of the
number in decimal notation.

IlepeBoa unces u3 000 CUCTEMBbI CYMCICHUA B TeCATUYHYIO
Anzopumm nepegooa yucen u3 a000u cucmemvl CLUC/1eHUA 8
0eCAMUUHYIO.

rlIpencraBuTh 4KuCiI0 B pa3BepHyTOM 3amucu. [lpu 3ToM OCHOBaHuE
CUCTEMbI CUMCJICHHS JOJDKHO OBITh MPEACTABICHO B JIECITHUYHOMN
CUCTEME CUHUCIICHUS.

*PHantu cymmy psma. [lomydyeHHOE YUCIIO SBIAETCA 3HAYCHUEM YHUCIa
B ICCATUYHOU CUCTEME CUUCIICHUA.




1

Example 4. Let's convert the number 11011012 from
binary to decimal.

Subscript 2 indicates that the number 1101101 1s written in
binary notation.

16 1° 0% 13 12 01 1¢

From right to left, above each digit of the number, we put a
degree, starting from zero:

Now we multiply each digit of the number by 2 to the
power that stands above the number and add the results -
we get the value of the number in decimal notation:

1%26 + 1%25+ 0%24+ 1%23+ 1%22 + 0%1' + 1%20 =64 + 32+ 0 +
8+4+0+1=109,




Ilpumep 4. llepesenem uucino 1101101, 13 JIBOUYHOW CHUCTEMBI
CUMCJICHUS B J€CITUYHYIO.
Hwxnanuit maaekc 2 ykaseiBaet, 4yro yuciao 1101101 3anmmcano B
JIBOMYHOU CUCTEME CUMCIICHUS.
|.3anuceIBaeM 4uCIIO, KOTOPOE HEOOXOAUMO IEPEBECTU U3 JBOUYHOMU
CUCTEMBbI CUHCJICHHS W CIIpaBa HAJIEBO HajJ KaXJIoW HU@poN uucia
CTaBUM CTEINEHb, HAYNHAS C HYJICBOM:

12 12 = 1= 12 0212
2. Tenepb YMHOXAEM KOKIYIO [MU(PY YKCIa HA 2 B CTEIEHU, KOTOpas

CTOUT HaAd YHUCJIOM H CKIaAbIBACM PC3YJIbTATbl — IIOJYYACM 3HAYCHHUC
qncCliia B I[GC}ITI/I‘IHOI\/'I CUCTCMC CHHNCJIICHUA.

1#¥26 + 1%2° 4+ 0*24 + 1*¥23+ 1*%22 + 0*1' + 1*2°=64 + 32+ 0+ 8
+4+0+1=109 ,




[Tpumep onsa 16-on
CUCTEMbI CHYUCTIEHUS

Example for 16th
number system

10101101,— 1010 1101 — AD,
A D

D5,—~ D 511010101,
1101 0101
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Arithmetic in positional number systems

* Addition 1n the binary system i1s carried out according to
the following rules:

0+0; 0+1; 1+0; 1+1=10=10,(one 1s added to the most

highest bit)

* Subtraction in the binary system 1s carried out according
to the following rules:

* Multiplication table in the binary system has a form:

0x0=0, 1x0=0, 0x1=0, 1x1=1
* Division table in the binary system has a form:
0:0 1s undefined, 1:0 1s undefined, 0:1=0, 1:1=1.




Apu(pMeTHKAa B NO3ULMOHHBIX CHCTEMAX
CYHMCJICEHM A

1.Ciiozkenne B ABOMYHOM cucmeme cHucienus oCymeCTBIsSCTCS 10
npasuiaM

04+40=0,0+1=1,140=1,1+1=10=10, (causnua nacr B
CTapLIMiT paspsin).

2. Tabnuua BLIMHTAHMS B ABOUYHOM CUCMEME CHUCIEHUS UMECT BH]
0-0=0,1-0=1,1-1=0,0-1=10~1=1 (caunnuy 3abnpacM y
CTapuicro paspsaa).

3. Tabnmua yMHOKEHHS1 B IBOMYHOM cucmeme CyuciIenis MMECT BI
0x0=0,0x1=0,1x0=0,1x1=1.

4. Tabnmuua gesieHust B ABOMUHOM CUCMEME CHUCTEHUS NMECT BU

0 : 0 =mne onpeaencuo, | : 0 =mne onpeaeneno, 0 : 1 =0,

1:1=1.



Tabmmna
CIIOKEHHS
0+0=0
1+0=1
O+1=1
1+1=10

Addition
table

11011
101101

1001000

1001000
101101

11011

Binary arithmetic
JIBouuHas apupmeTuka

Subtraction TaGmna Multiplicatioﬂ TaGmna
table selunTanua | table VMHOMXKEHH
0-0=0 0x0=0
1-0=1 I x0=0
1-1=0 Ix1=1
10-1=1
i ; 11001 )
(110101001||0001 3 10001
T 10001 11001 11001
10011 : 00000
10001 00000
10001 00000
10001 11001
K 00000 o) _ 110101001 |




Assignment:

l1.Learn terms in English (lecture, vocabulary)

2. Individual work 1. «Development of flowcharts of operation of
devices of the computer. The concept of Flowcharts. Elements of
flowchartsy.

Form of control — take the notes in English

1.0ffice hours 1. “Link between ICTs and the achievement of the
Sustainable Development Goals in the Millennium Declaration®.
Form of control — take the notes in English




Thanks for your attention!



