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Ïðåäñòàâëåíèå öåëûõ ÷èñåë Ñèñòåìû ñ÷èñëåíèÿ

Ñèñòåìû ñ÷èñëåíèÿ

Ïîñòàíîâêà çàäà÷è:

òðåáóåòñÿ çàïèñûâàòü ÷èñëà è ïðîèçâîäèòü îïåðàöèè ñ íèìè.

Êðèòåðèè êà÷åñòâà:

Íàãëÿäíîñòü.

Êðàòêîñòü.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé.
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Ñèñòåìû ñ÷èñëåíèÿ

Ïîñòàíîâêà çàäà÷è:

òðåáóåòñÿ çàïèñûâàòü ÷èñëà è ïðîèçâîäèòü îïåðàöèè ñ íèìè.

Êðèòåðèè êà÷åñòâà:

Íàãëÿäíîñòü: äëÿ ìàëåíüêèõ ÷èñåë.

Êðàòêîñòü: äëÿ î÷åíü ìàëåíüêèõ ÷èñåë.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: äëÿ ìàëåíüêèõ ÷èñåë.

Ïðèìåð 1�óíàðíàÿ ñèñòåìà ñ÷èñëåíèÿ.

×èñëî çàïèñûâàåòñÿ ïàëî÷êàìè, ñòîÿùèìè ïîäðÿä: |, ||, |||, ||||,
. . .
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Ñèñòåìû ñ÷èñëåíèÿ

Ïîñòàíîâêà çàäà÷è:

òðåáóåòñÿ çàïèñûâàòü ÷èñëà è ïðîèçâîäèòü îïåðàöèè ñ íèìè.

Êðèòåðèè êà÷åñòâà:

Íàãëÿäíîñòü: äî íåñêîëüêèõ òûñÿ÷, íóæíà ïðèâû÷êà.

Êðàòêîñòü: äî íåñêîëüêèõ òûñÿ÷.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: ñëîæíûå ïðàâèëà.

Ïðèìåð 2�ðèìñêèå ÷èñëà.

Ââîäÿòñÿ ñïåöèàëüíûå ñèìâîëû äëÿ îáîçíà÷åíèÿ áîëüøèõ

êîëè÷åñòâ: 5 = V , 10 = X, 50 = L, 100 = C, 500 = D, 1000 = M.

Ïîçèöèè ñèìâîëîâ òàêæå èìåþò çíà÷åíèå: íàïðèìåð,

VI = V + I = 6, íî IV = V − I = 4.
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Ñèñòåìû ñ÷èñëåíèÿ

Ïîñòàíîâêà çàäà÷è:

òðåáóåòñÿ çàïèñûâàòü ÷èñëà è ïðîèçâîäèòü îïåðàöèè ñ íèìè.

Êðèòåðèè êà÷åñòâà:

Íàãëÿäíîñòü: äëÿ íå î÷åíü áîëüøèõ ÷èñåë, íóæíà

ïðèâû÷êà.

Êðàòêîñòü: äëÿ íå î÷åíü áîëüøèõ ÷èñåë.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: ëåãêî ñêëàäûâàòü è

âû÷èòàòü, ñ òàáëèöåé óìíîæåíèÿ ìîæíî ïðîèçâîäèòü

óìíîæåíèå è äåëåíèå â ñòîëáèê.

Ïðèìåð 3�ïîçèöèîííûå ñèñòåìû ñ÷èñëåíèÿ: äåñÿòè÷íàÿ.

Çíà÷åíèå èìåþò è ñèìâîë (öèôðà), è ïîçèöèÿ (ñòåïåíü

îñíîâàíèÿ): 15310 = 3 · 1+ 5 · 10+ 1 · 100.
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Ñèñòåìû ñ÷èñëåíèÿ

Ïîñòàíîâêà çàäà÷è:

òðåáóåòñÿ çàïèñûâàòü ÷èñëà è ïðîèçâîäèòü îïåðàöèè ñ íèìè.

Êðèòåðèè êà÷åñòâà:

Íàãëÿäíîñòü: äëÿ íå î÷åíü áîëüøèõ ÷èñåë, íóæíà

ïðèâû÷êà.

Êðàòêîñòü: äëÿ íå î÷åíü áîëüøèõ ÷èñåë.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: ëåãêî ñêëàäûâàòü è

âû÷èòàòü, òàáëèöà óìíîæåíèÿ ïðîñòàÿ, à çíà÷èò, äåéñòâèÿ

ëåãêî ðåàëèçóþòñÿ íà óðîâíå ìèêðîñõåìû.

Ïðèìåð 4�ïîçèöèîííûå ñèñòåìû ñ÷èñëåíèÿ: äâîè÷íàÿ.

Çíà÷åíèå èìåþò è ñèìâîë (öèôðà), è ïîçèöèÿ (ñòåïåíü

îñíîâàíèÿ): 1001012 = 1+ 4+ 32 = 37.
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Ïðåäñòàâëåíèå öåëûõ ÷èñåë Öåëî÷èñëåííûå òèïû äàííûõ

Öåëî÷èñëåííûå òèïû äàííûõ

Ðàññìîòðèì ÷èñëà, â äâîè÷íîé çàïèñè êîòîðûõ íå áîëüøå k

öèôð. Îòâåä¼ì ìåñòî ðîâíî ïîä k öèôð (áèòîâ).

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 5 / 36
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Öåëî÷èñëåííûå òèïû äàííûõ

Ðàññìîòðèì ÷èñëà, â äâîè÷íîé çàïèñè êîòîðûõ íå áîëüøå k

öèôð. Îòâåä¼ì ìåñòî ðîâíî ïîä k öèôð (áèòîâ).

Ïðèìåð� òèïû êîìïèëÿòîðà GNU C++ äëÿ àðõèòåêòóðû x86:

Òèï Áàéòû Áèòû Ìèíèìóì Ìàêñèìóì

unsigned char? 1 8 0 255

unsigned short? 2 16 0 65 535

unsigned long? 4 32 0 232 − 1
unsigned long long? 8 64 0 264 − 1
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öèôð. Îòâåä¼ì ìåñòî ðîâíî ïîä k öèôð (áèòîâ).

Ïðèìåð� òèïû ÿçûêà C++ (#include <cstdint>):

Òèï Áàéòû Áèòû Ìèíèìóì Ìàêñèìóì

std::uint8_t 1 8 0 255

std::uint16_t 2 16 0 65 535

std::uint32_t 4 32 0 232 − 1
std::uint64_t 8 64 0 264 − 1
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Öåëî÷èñëåííûå òèïû äàííûõ

Ðàññìîòðèì ÷èñëà, â äâîè÷íîé çàïèñè êîòîðûõ íå áîëüøå k

öèôð. Îòâåä¼ì ìåñòî ðîâíî ïîä k öèôð (áèòîâ).

Ïðèìåð� òèïû ÿçûêà C++ (#include <cstdint>):

Òèï Áàéòû Áèòû Ìèíèìóì Ìàêñèìóì

std::uint8_t 1 8 0 255

std::uint16_t 2 16 0 65 535

std::uint32_t 4 32 0 232 − 1
std::uint64_t 8 64 0 264 − 1

Àäðåñîâàòü ïàìÿòü îáû÷íî ìîæíî ñ òî÷íîñòüþ äî áàéòà.

Â êàêîì ïîðÿäêå èäóò áàéòû â öåëîì ÷èñëå?

Big-endian: 1000 = 11 1110 10002, êîä [0000 0011] [1110 1000].

Óäîáíî äëÿ ÷åëîâå÷åñêîãî âîñïðèÿòèÿ.

Little-endian: 1000 = 11 1110 10002, êîä [1110 1000] [0000 0011].

Åñëè ÷èñëî ïîìåùàåòñÿ â ìåíüøèé òèï, àäðåñ òîò æå.
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Öåëî÷èñëåííûå òèïû äàííûõ
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Òèï Áàéòû Áèòû Ìèíèìóì Ìàêñèìóì

unsigned char? 1 8 0 255

unsigned short? 2 16 0 65 535

unsigned long? 4 32 0 232 − 1
unsigned long long? 8 64 0 264 − 1
signed char? 1 8 −128 127

signed short? 2 16 −32 768 32 767

signed long? 4 32 −231 231 − 1
signed long long? 8 64 −263 263 − 1

Äëÿ îòðèöàòåëüíûõ ÷èñåë óìåíüøèì äèàïàçîí íà îäèí áèò.

Ýòîò áèò ìû èñïîëüçóåì äëÿ õðàíåíèÿ çíàêà.
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Ïðåäñòàâëåíèå öåëûõ ÷èñåë Îòðèöàòåëüíûå ÷èñëà

Îòðèöàòåëüíûå ÷èñëà

Åñëè ïðîñòî õðàíèòü çíàê, òî:

Ó íóëÿ áóäåò äâà ðàçëè÷íûõ ïðåäñòàâëåíèÿ (+0 è −0).
Ïðè ñëîæåíèè è âû÷èòàíèè ïðèä¼òñÿ ðàçáèðàòü ñëó÷àè.
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

Êîä Áåç çíàêà Ñî çíàêîì

0000 0000 0 0

0000 0001 1 +1
0000 0010 2 +2

. . . . . . . . .

0111 1110 126 +126
0111 1111 127 +127
1000 0000 128 −128
1000 0001 129 −127
1000 0010 130 −126

. . . . . . . . .

1111 1110 254 −2
1111 1111 255 −1
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

Êîä Áåç çíàêà Ñî çíàêîì Ðàçíîñòü

0000 0000 0 0 0

0000 0001 1 +1 0

0000 0010 2 +2 0

. . . . . . . . . . . .

0111 1110 126 +126 0

0111 1111 127 +127 0

1000 0000 128 −128 256

1000 0001 129 −127 256

1000 0010 130 −126 256

. . . . . . . . . . . .

1111 1110 254 −2 256

1111 1111 255 −1 256
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

1 Èíòåðïðåòàöèÿ: àðèôìåòèêà ïî ìîäóëþ 2k.

Õðàíèòñÿ îñòàòîê ÷èñëà ïî ìîäóëþ 2k. Ìîæíî

èíòåðïðåòèðîâàòü åãî èëè êàê ÷èñëî áåç çíàêà, èëè êàê

÷èñëî ñî çíàêîì.

Ïðèìåð: 1001 01012 = 1+ 4+ 16+ 128 = 149.

×èñëî áåç çíàêà: êàêîå ÷èñëî îò 0 äî 255 èìååò îñòàòîê 149

îò äåëåíèÿ íà 28 = 256? Ýòî ÷èñëî 149.

×èñëî ñî çíàêîì: êàêîå ÷èñëî îò −128 äî +127 èìååò
îñòàòîê 149 îò äåëåíèÿ íà 28 = 256? Ýòî ÷èñëî −107.
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

2 Èíòåðïðåòàöèÿ: âû÷èòàíèå 2k.

Åñëè ÷èñëî ïîëó÷àåòñÿ áîëüøå ìàêñèìàëüíî âîçìîæíîãî

(òî åñòü 2k−1 − 1), îòíèìåì îò íåãî 2k.

Ïðèìåð: 1001 01012 = 1+ 4+ 16+ 128 = 149.

149 > 127, çíà÷èò, çíà÷åíèå ðàâíî 149− 256 = −107.
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

3 Èíòåðïðåòàöèÿ: îòðèöàòåëüíîå îñíîâàíèå äëÿ ñòàðøåãî

áèòà.

Îáû÷íî áèò ñ íîìåðîì i äîìíîæàåòñÿ íà 2i. À òåïåðü

ñòàðøèé áèò (ñ íîìåðîì k− 1) äîìíîæàåòñÿ íå íà 2k−1, à
íà −2k−1.

Ïðèìåð: 1001 01012 = 1+ 4+ 16+ 128 = 149.

Êîä 1001 0101 äà¼ò 1+ 4+ 16− 128 = −107.
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

4 Èíòåðïðåòàöèÿ: ìåõàíè÷åñêèé ñïîñîá.

×òîáû ïîëó÷èòü èç êîäà îòðèöàòåëüíîãî ÷èñëà åãî ìîäóëü,

èíâåðòèðóåì âñå áèòû, à çàòåì ïðèáàâèì åäèíèöó.

Ïðèìåð: 1001 01012 = 1+ 4+ 16+ 128 = 149.

Èíâåðñèÿ 1001 01012 + 1 =

0110 10102 + 1 =

0110 10112 =

1+ 2+ 8+ 32+ 64 =

107
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

Ñëîæåíèå è óìíîæåíèå äåëàþòñÿ â ñòîëáèê.

1001 01012 (= −107)
+ 0110 11112 (= +111)

= 1 0000 01002 (îñòàâèì ïîñëåäíèå k öèôð ðåçóëüòàòà)

→ 0000 01002 (= +4)
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Îòðèöàòåëüíûå ÷èñëà

Äâîè÷íûé äîïîëíèòåëüíûé êîä�ìåíåå íàãëÿäåí, íî ïðîùå

äëÿ ìåõàíè÷åñêèõ âû÷èñëåíèé.

Ñëîæåíèå è óìíîæåíèå äåëàþòñÿ â ñòîëáèê.

1111 10112 (= −5)
× 0000 01112 (= +7)

= 1111 10112

+ 1 1111 01102

+ 11 1110 11002

= 110 1101 11012 (îñòàâèì ïîñëåäíèå k öèôð ðåçóëüòàòà)

→ 1101 11012 (= −35)
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Ïðåäñòàâëåíèå öåëûõ ÷èñåë Áèòîâûå îïåðàöèè

Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

1 Èíâåðòèðîâàíèå âñåõ áèòîâ.

2 Ïîáèòîâàÿ îïåðàöèÿ AND.

3 Ïîáèòîâàÿ îïåðàöèÿ OR.

4 Ïîáèòîâàÿ îïåðàöèÿ XOR.

5 Ïîáèòîâûé ñäâèã âëåâî.

6 Ëîãè÷åñêèé ñäâèã âïðàâî.

7 Àðèôìåòè÷åñêèé ñäâèã âïðàâî.
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

1 Èíâåðòèðîâàíèå âñåõ áèòîâ.

a = 1001 0011,

~a = 0110 1100.

A ~A

0 1

1 0
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

2 Ïîáèòîâàÿ îïåðàöèÿ AND.

a = 1001 0011,

b = 1100 1010,

a & b = 1000 0010.

A B A & B

0 0 0

0 1 0

1 0 0

1 1 1
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

3 Ïîáèòîâàÿ îïåðàöèÿ OR.

a = 1001 0011,

b = 1100 1010,

a | b = 1101 1011.

A B A | B

0 0 0

0 1 1

1 0 1

1 1 1
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

4 Ïîáèòîâàÿ îïåðàöèÿ XOR.

a = 1001 0011,

b = 1100 1010,

a ^ b = 0101 1001.

A B A ^ B

0 0 0

0 1 1

1 0 1

1 1 0
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

5 Ïîáèòîâûé ñäâèã âëåâî.

a = 1001 0011,

b = 3,

a << b = 1001 1000.

Âñå áèòû ñäâèãàþòñÿ âëåâî b ðàç.

Ñòàðøèé áèò ïðîïàäàåò.

Ìëàäøèé áèò ñòàíîâèòñÿ íóë¼ì.
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

6 Ëîãè÷åñêèé ñäâèã âïðàâî.

a = 1001 0011,

b = 2,

a >>> b = 0010 0100.

Âñå áèòû ñäâèãàþòñÿ âïðàâî b ðàç.

Ìëàäøèé áèò ïðîïàäàåò.

Ñòàðøèé áèò ñòàíîâèòñÿ íóë¼ì.
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Áèòîâûå îïåðàöèè

Ïðåäñòàâëåíèå öåëûõ ÷èñåë äà¼ò âîçìîæíîñòü ëåãêî

âûïîëíÿòü íåêîòîðûå äåéñòâèÿ.

7 Àðèôìåòè÷åñêèé ñäâèã âïðàâî.

a = 1001 0011,

b = 2,

a >> b = 1110 0100.

Âñå áèòû ñäâèãàþòñÿ âïðàâî b ðàç.

Ìëàäøèé áèò ïðîïàäàåò.

Ñòàðøèé (çíàêîâûé) áèò íå ìåíÿåòñÿ.
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Ïðåäñòàâëåíèå öåëûõ ÷èñåë Ðàáîòà ñ îòäåëüíûìè áèòàìè

Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)
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Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011
k = 3

a >> k = 0001 0010

çíà÷åíèå = 0000 0000

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)
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Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011
k = 3

1 << k = 0000 1000

a← 1001 1011

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 8 / 36



Ïðåäñòàâëåíèå öåëûõ ÷èñåë Ðàáîòà ñ îòäåëüíûìè áèòàìè

Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011
k = 3

~(1 << k) = 1111 0111

a← 1001 0011

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)
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Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011
k = 3

v << k = 0000v000

a← 1001v011

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)
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Ðàáîòà ñ îòäåëüíûìè áèòàìè

Áèòû íóìåðóþòñÿ ñ íóëÿ, íà÷èíàÿ ñ ìëàäøåãî.

Íîìåð áèòà ðàâåí ñòåïåíè äâîéêè, íà êîòîðóþ äîìíîæàåòñÿ

ýòîò áèò.

íîìåðà áèòîâ: 7654 3210

a = 1001 0011

Îïåðàöèè ñ îòäåëüíûìè áèòàìè:

1 Êàê ïîëó÷èòü çíà÷åíèå áèòà ñ íîìåðîì k:

get (a, k): (a >> k) & 1

2 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â åäèíèöó:

set1 (a, k): a ← a | (1 << k)

3 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â íîëü:

set0 (a, k): a ← a & ~(1 << k)

4 Êàê óñòàíîâèòü áèò ñ íîìåðîì k â çíà÷åíèå v:

set (a, k, v): a ← (a & ~(1 << k)) | (v << k)
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë

Ñîäåðæàíèå

1 Ïðåäñòàâëåíèå öåëûõ ÷èñåë

Ñèñòåìû ñ÷èñëåíèÿ

Öåëî÷èñëåííûå òèïû äàííûõ

Îòðèöàòåëüíûå ÷èñëà

Áèòîâûå îïåðàöèè

Ðàáîòà ñ îòäåëüíûìè áèòàìè

2 Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë

Êàê õðàíèòü âåùåñòâåííîå ÷èñëî?

Âåùåñòâåííûå òèïû äàííûõ

×èñëà ñ ïëàâàþùåé òî÷êîé

Ñïåöèàëüíûå çíà÷åíèÿ

3 Ïðèìåðû
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Ïîñòàíîâêà çàäà÷è: òðåáóåòñÿ õðàíèòü âåùåñòâåííûå ÷èñëà è

ïðîèçâîäèòü ñ íèìè âû÷èñëåíèÿ.

Êðèòåðèè êà÷åñòâà:

Äèàïàçîí çíà÷åíèé.

Óäîáñòâî õðàíåíèÿ.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé.
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÷èñëèòåëåì è çíàìåíàòåëåì.

Óäîáñòâî õðàíåíèÿ: äà.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: ïðèâåäåíèå ê îáùåìó

çíàìåíàòåëþ: ÷èñëèòåëü è çíàìåíàòåëü áûñòðî ðàñòóò.

Ñïîñîá 1�ðàöèîíàëüíûå ÷èñëà.

×èñëî ïðåäñòàâëÿåòñÿ â âèäå P
Q
, ãäå P è Q�öåëûå: 0

1 ,
5
3 ,

−6
11 , . . .

Ãäå ïðèìåíÿåòñÿ: òî÷íîå ðåøåíèå íåêîòîðûõ ìàòåìàòè÷åñêèõ

çàäà÷.

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 10 / 36



Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë Êàê õðàíèòü âåùåñòâåííîå ÷èñëî?

Êàê õðàíèòü âåùåñòâåííîå ÷èñëî?

Ïîñòàíîâêà çàäà÷è: òðåáóåòñÿ õðàíèòü âåùåñòâåííûå ÷èñëà è

ïðîèçâîäèòü ñ íèìè âû÷èñëåíèÿ.
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ïðèáëèæ¼ííî.

Óäîáñòâî õðàíåíèÿ: äà.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: êàê ñ öåëûìè.

Ñïîñîá 2�÷èñëà ñ ôèêñèðîâàííîé òî÷êîé.

Îòäåëüíî õðàíÿòñÿ öåëàÿ ÷àñòü è äðîáíàÿ ÷àñòü.

Íàïðèìåð, X = A.B = A+ 1
65 536B, ãäå 0 ⩽ A,B < 65 536.

Ìîæíî ñ÷èòàòü, ÷òî õðàíÿòñÿ öåëûå ÷èñëà, íî èõ çíà÷åíèÿ ïðè

èñïîëüçîâàíèè ñëåäóåò äåëèòü íà 65 536.

Ãäå ïðèìåíÿåòñÿ: Metafont è Metapost, ãðàôè÷åñêèå

áèáëèîòåêè, Java BigDecimal.
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ïðèáëèæ¼ííî, ìîæíî õðàíèòü î÷åíü áîëüøèå è î÷åíü

ìàëåíüêèå ïî ìîäóëþ ÷èñëà.

Óäîáñòâî õðàíåíèÿ: äà.

Óäîáñòâî àðèôìåòè÷åñêèõ äåéñòâèé: ïî÷òè êàê ñ öåëûìè.

Ñïîñîá 3�÷èñëà ñ ïëàâàþùåé òî÷êîé.

Õðàíÿòñÿ ïåðâûå íåñêîëüêî äâîè÷íûõ çíàêîâ ÷èñëà, à òàêæå

ñòåïåíü äâîéêè (íåáîëüøîå ïîëîæèòåëüíîå èëè îòðèöàòåëüíîå

÷èñëî), íà êîòîðóþ íóæíî äîìíîæèòü.

Íàïðèìåð, X = 1.001012 · 2100, Y = −1 = −1.000002 · 20.
Òà æå êîíñòðóêöèÿ ñ äåñÿòè÷íûìè ÷èñëàìè: X = 1.23456 · 10100,
Y = −1 = −1.00000 · 100.
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë Âåùåñòâåííûå òèïû äàííûõ

Âåùåñòâåííûå òèïû äàííûõ

Îòâåä¼ì ìåñòî ðîâíî ïîä k ïåðâûõ äâîè÷íûõ öèôð, åù¼ p

áèòîâ íà ñòåïåíü äâîéêè è åù¼ îäèí áèò íà çíàê ÷èñëà.

Ïðèìåð� òèïû êîìïèëÿòîðà GNU C++ äëÿ àðõèòåêòóðû x86:
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Îòâåä¼ì ìåñòî ðîâíî ïîä k ïåðâûõ äâîè÷íûõ öèôð, åù¼ p

áèòîâ íà ñòåïåíü äâîéêè è åù¼ îäèí áèò íà çíàê ÷èñëà.

Ïðèìåð� òèïû êîìïèëÿòîðà GNU C++ äëÿ àðõèòåêòóðû x86:

Òèï Áàéòû s p k Ìèíèìóì Ìàêñèìóì

float 4 1 8 23 ±1.5 · 10−45 ±3.4 · 10+38
double 8 1 11 52 ±5.0 · 10−324 ±1.7 · 10+308
long double 10 1 15 64 ±3.4 · 10−4932 ±1.1 · 10+4932

Òèïû float è double ðåàëèçóþò ñòàíäàðò IEEE-754, à òèï

long double�åãî ðàñøèðåíèå.
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë ×èñëà ñ ïëàâàþùåé òî÷êîé

×èñëà ñ ïëàâàþùåé òî÷êîé

Ïðåäñòàâëåíèå ÷èñëà:

X = (−1)S × 1.M × 2E−E0

Çíà÷åíèå E0 = 2p−1 − 1.
Ìû áóäåì ðàññìàòðèâàòü ïðèìåðû äëÿ òèïà float (E0 = 127).
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Çíà÷åíèå E0 = 2p−1 − 1.
Ìû áóäåì ðàññìàòðèâàòü ïðèìåðû äëÿ òèïà float (E0 = 127).

Ïðèìåð 1: ÷èñëî

1 = (−1)0 × 1.0000 . . . 00× 2127−127.
seee eeee emmm mmmm mmmm mmmm mmmm mmmm

|[-- ---- ][-- ---- ---- ---- ---- ----]

0011 1111 1000 0000 0000 0000 0000 0000
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Ïðèìåð 2: ÷èñëî

−5.5 = (−1)1 × 1.0110 . . . 00× 2129−127.
seee eeee emmm mmmm mmmm mmmm mmmm mmmm

|[-- ---- ][-- ---- ---- ---- ---- ----]

1100 0000 1011 0000 0000 0000 0000 0000
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Ìû áóäåì ðàññìàòðèâàòü ïðèìåðû äëÿ òèïà float (E0 = 127).

Ïðèìåð 3: ÷èñëî
1
5 = (−1)0 × 1.1001100110011001100110011 . . .× 2124−127.
seee eeee emmm mmmm mmmm mmmm mmmm mmmm

|[-- ---- ][-- ---- ---- ---- ---- ----]

0011 1110 0100 1100 1100 1100 1100 1101
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seee eeee emmm mmmm mmmm mmmm mmmm mmmm

|[-- ---- ][-- ---- ---- ---- ---- ----]

0011 1110 0100 1100 1100 1100 1100 1101
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë ×èñëà ñ ïëàâàþùåé òî÷êîé

×èñëà ñ ïëàâàþùåé òî÷êîé

Êàê ïîëó÷àåòñÿ äâîè÷íàÿ äðîáü äëÿ
1

5
= 0.0011 . . .?

1

5
= 0 · 1+ 2

5
· 1
2

2

5
· 1
2
= 0 · 1

2
+
4

5
· 1
4

4

5
· 1
4
= 0 · 1

4
+
8

5
· 1
8

8

5
· 1
8
= 1 · 1

8
+
3

5
· 1
8
= 1 · 1

8
+
6

5
· 1
16

6

5
· 1
16

= 1 · 1
16

+
1

5
· 1
16

= 1 · 1
16

+
2

5
· 1
32

. . .
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë Ñïåöèàëüíûå çíà÷åíèÿ

Ñïåöèàëüíûå çíà÷åíèÿ

Êðîìå ÷èñåë, â òèïå ñ ïëàâàþùåé òî÷êîé ìîãóò õðàíèòüñÿ

ñïåöèàëüíûå çíà÷åíèÿ.

Çíàê Ýêñïîíåíòà Ìàíòèññà Çíà÷åíèå

0 00..00 00..00 +0
0 00..00 00..01 . . . 11..11 +0.m× 2−e0+1

0 00..01 . . . 11..10 XX..XX +1.m× 2e−e0

0 11..11 00..00 +∞
0 11..11 00..01 . . . 01..11 SNaN

0 11..11 10..00 . . . 11..11 QNaN

1 00..00 00..00 −0
1 00..00 00..01 . . . 11..11 −0.m× 2−e0+1

1 00..01 . . . 11..10 XX..XX −1.m× 2e−e0

1 11..11 00..00 −∞
1 11..11 00..01 . . . 01..11 SNaN

1 11..11 10..00 . . . 11..11 QNaN
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Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë Ñïåöèàëüíûå çíà÷åíèÿ

Ñïåöèàëüíûå çíà÷åíèÿ

Êðîìå ÷èñåë, â òèïå ñ ïëàâàþùåé òî÷êîé ìîãóò õðàíèòüñÿ

ñïåöèàëüíûå çíà÷åíèÿ.

Çíàê Ýêñïîíåíòà Ìàíòèññà Çíà÷åíèå

0 00..00 00..00 +0
0 00..00 00..01 . . . 11..11 +0.m× 2−e0+1

0 00..01 . . . 11..10 XX..XX +1.m× 2e−e0

0 11..11 00..00 +∞
0 11..11 00..01 . . . 01..11 SNaN

0 11..11 10..00 . . . 11..11 QNaN

1 00..00 00..00 −0
1 00..00 00..01 . . . 11..11 −0.m× 2−e0+1

1 00..01 . . . 11..10 XX..XX −1.m× 2e−e0

1 11..11 00..00 −∞
1 11..11 00..01 . . . 01..11 SNaN

1 11..11 10..00 . . . 11..11 QNaN
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Ïðèìåðû

Ñîäåðæàíèå

1 Ïðåäñòàâëåíèå öåëûõ ÷èñåë

Ñèñòåìû ñ÷èñëåíèÿ

Öåëî÷èñëåííûå òèïû äàííûõ

Îòðèöàòåëüíûå ÷èñëà

Áèòîâûå îïåðàöèè

Ðàáîòà ñ îòäåëüíûìè áèòàìè

2 Ïðåäñòàâëåíèå âåùåñòâåííûõ ÷èñåë

Êàê õðàíèòü âåùåñòâåííîå ÷èñëî?

Âåùåñòâåííûå òèïû äàííûõ

×èñëà ñ ïëàâàþùåé òî÷êîé

Ñïåöèàëüíûå çíà÷åíèÿ

3 Ïðèìåðû
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 1

Ñëîæåíèå short, ïðèìåð 1: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile short a;

4 for (a = 0; a >= 0; a++)

5 ;

6 printf ("%d\n", a);

7 return 0;

8 }
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 1

Ñëîæåíèå short, ïðèìåð 1: -32768.

1 #include <stdio.h>

2 int main () {

3 volatile short a;

4 for (a = 0; a >= 0; a++)

5 ;

6 printf ("%d\n", a);

7 return 0;

8 }

Ïåðåïîëíåíèå: 32767 + 1 = -32768.

Âîîáùå ýòî íåîïðåäåë¼ííîå ïîâåäåíèå (unde�ned behavior).
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 2

Ñëîæåíèå short, ïðèìåð 2: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile unsigned short a;

4 for (a = 0; a >= 0; a++)

5 ;

6 printf ("%d\n", a);

7 return 0;

8 }
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 2

Ñëîæåíèå short, ïðèìåð 2: (âå÷íûé öèêë).

1 #include <stdio.h>

2 int main () {

3 volatile unsigned short a;

4 for (a = 0; a >= 0; a++)

5 ;

6 printf ("%d\n", a);

7 return 0;

8 }

Âñå ÷èñëà òèïà unsigned short íåîòðèöàòåëüíûå.

Ïåðåïîëíåíèå unsigned-òèïîâ îïðåäåëåíî îäíîçíà÷íî.
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 3

Ñëîæåíèå short, ïðèìåð 3: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <stdlib.h>

3 int main () {

4 volatile short a, b, c, d;

5 srand (0);

6 while (1) {

7 a = rand ();

8 b = rand ();

9 c = a + 5;

10 d = b + 5;

11 if ((a <= b) != (c <= d))

12 break;

13 }

14 printf ("%d %d %d %d\n", a, b, c, d);

15 return 0;

16 }
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 3

Ñëîæåíèå short, ïðèìåð 3: 10731 32766 10736 -32765.
1 #include <stdio.h>

2 #include <stdlib.h>

3 int main () {

4 volatile short a, b, c, d;

5 srand (0);

6 while (1) {

7 a = rand ();

8 b = rand ();

9 c = a + 5;

10 d = b + 5;

11 if ((a <= b) != (c <= d))

12 break;

13 }

14 printf ("%d %d %d %d\n", a, b, c, d);

15 return 0;

16 }

Îäíà èç ñóìì ïåðåïîëíèëàñü, à äðóãàÿ íåò.

Âîîáùå ýòî íåîïðåäåë¼ííîå ïîâåäåíèå (unde�ned behavior).
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 4

Ñëîæåíèå short, ïðèìåð 4: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <stdlib.h>

3 int main () {

4 volatile unsigned short a, b, c, d;

5 srand (0);

6 while (1) {

7 a = rand () * 2;

8 b = rand () * 2;

9 c = a + 5;

10 d = b + 5;

11 if ((a <= b) != (c <= d))

12 break;

13 }

14 printf ("%d %d %d %d\n", a, b, c, d);

15 return 0;

16 }
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Ïðèìåðû

Ñëîæåíèå short, ïðèìåð 4

Ñëîæåíèå short, ïðèìåð 4: 21462 65532 21467 1.
1 #include <stdio.h>

2 #include <stdlib.h>

3 int main () {

4 volatile unsigned short a, b, c, d;

5 srand (0);

6 while (1) {

7 a = rand () * 2;

8 b = rand () * 2;

9 c = a + 5;

10 d = b + 5;

11 if ((a <= b) != (c <= d))

12 break;

13 }

14 printf ("%d %d %d %d\n", a, b, c, d);

15 return 0;

16 }

Îäíà èç ñóìì ïåðåïîëíèëàñü, à äðóãàÿ íåò.

Ïåðåïîëíåíèå unsigned-òèïîâ îïðåäåëåíî îäíîçíà÷íî.
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Ïðèìåðû

Âûâîä áàéòîâ èç int, ïðèìåð

Âûâîä áàéòîâ èç int, ïðèìåð: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 union share {

3 int as_int;

4 unsigned char as_arr [4];

5 };

6 int main () {

7 volatile share s;

8 s.as_int = 12345;

9 for (int i = 3; i >= 0; i--)

10 printf ("%02X ", s.as_arr[i]);

11 return 0;

12 }

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 19 / 36



Ïðèìåðû

Âûâîä áàéòîâ èç int, ïðèìåð

Âûâîä áàéòîâ èç int, ïðèìåð: 00 00 30 39 .

1 #include <stdio.h>

2 union share {

3 int as_int;

4 unsigned char as_arr [4];

5 };

6 int main () {

7 volatile share s;

8 s.as_int = 12345;

9 for (int i = 3; i >= 0; i--)

10 printf ("%02X ", s.as_arr[i]);

11 return 0;

12 }

Âûâåäóòñÿ îòäåëüíûå áàéòû èç int, íà÷èíàÿ ñî ñòàðøåãî.
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Ïðèìåðû

Âûâîä áàéòîâ èç �oat, ïðèìåð

Âûâîä áàéòîâ èç �oat, ïðèìåð: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 union share {

3 float as_float;

4 unsigned char as_arr [4];

5 };

6 int main () {

7 volatile share s;

8 s.as_float = 1.0 / 5.0;

9 for (int i = 3; i >= 0; i--)

10 printf ("%02X ", s.as_arr[i]);

11 return 0;

12 }
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Ïðèìåðû

Âûâîä áàéòîâ èç �oat, ïðèìåð

Âûâîä áàéòîâ èç �oat, ïðèìåð: 3E 4C CC CD .

1 #include <stdio.h>

2 union share {

3 float as_float;

4 unsigned char as_arr [4];

5 };

6 int main () {

7 volatile share s;

8 s.as_float = 1.0 / 5.0;

9 for (int i = 3; i >= 0; i--)

10 printf ("%02X ", s.as_arr[i]);

11 return 0;

12 }

Âûâåäóòñÿ îòäåëüíûå áàéòû èç float, íà÷èíàÿ ñî ñòàðøåãî.

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 20 / 36



Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 1

Ñëîæåíèå �oat, ïðèìåð 1: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 0;

5 while (1) {

6 b = a + 1;

7 if (a == b)

8 break;

9 a = b;

10 }

11 printf ("%f\n", a);

12 return 0;

13 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 1

Ñëîæåíèå �oat, ïðèìåð 1: 16777216.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 0;

5 while (1) {

6 b = a + 1;

7 if (a == b)

8 break;

9 a = b;

10 }

11 printf ("%f\n", a);

12 return 0;

13 }

Ïðîãðàììà âûâåäåò ÷èñëî 16777216.000000 = 224.
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 2

Ñëîæåíèå �oat, ïðèìåð 2: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 1E10;

5 b = 1E10 + 1000;

6 while (a < b)

7 a = a + 1;

8 printf ("%f\n", a);

9 return 0;

10 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 2

Ñëîæåíèå �oat, ïðèìåð 2: (âå÷íûé öèêë).

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 1E10;

5 b = 1E10 + 1000;

6 while (a < b)

7 a = a + 1;

8 printf ("%f\n", a);

9 return 0;

10 }

Ýòî âå÷íûé öèêë: óâåëè÷åíèå a íà åäèíèöó ôàêòè÷åñêè íå

ïðîèñõîäèò.
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 3

Ñëîæåíèå �oat, ïðèìåð 3: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 1E10;

5 b = 1E10 + 10;

6 while (a < b)

7 a = a + 1;

8 printf ("%f\n", a);

9 return 0;

10 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 3

Ñëîæåíèå �oat, ïðèìåð 3: 10000000000.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 1E10;

5 b = 1E10 + 10;

6 while (a < b)

7 a = a + 1;

8 printf ("%f\n", a);

9 return 0;

10 }

Ýòîò öèêë íå âûïîëíèòñÿ íè ðàçó, òàê êàê a = b.

Áóäåò âûâåäåíî ÷èñëî 10000000000.000000.
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 4

Ñëîæåíèå �oat, ïðèìåð 4: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 a = 1;

5 a += 1E10;

6 a -= 1E10;

7 printf ("%f\n", a);

8 return 0;

9 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 4

Ñëîæåíèå �oat, ïðèìåð 4: 0.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 a = 1;

5 a += 1E10;

6 a -= 1E10;

7 printf ("%f\n", a);

8 return 0;

9 }

Ïîñëå ñëîæåíèÿ íà õðàíåíèå åäèíèöû íå õâàòèò ðàçðÿäîâ.

Áóäåò âûâåäåíî ÷èñëî 0.000000.
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 5

Ñëîæåíèå �oat, ïðèìåð 5: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 a = 1000;

5 a += 1E10;

6 a -= 1E10;

7 printf ("%f\n", a);

8 return 0;

9 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 5

Ñëîæåíèå �oat, ïðèìåð 5: 1024.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 a = 1000;

5 a += 1E10;

6 a -= 1E10;

7 printf ("%f\n", a);

8 return 0;

9 }

Ïîñëå ñëîæåíèÿ íå âñå ðàçðÿäû òûñÿ÷è óäàñòñÿ ñîõðàíèòü.

Áóäåò âûâåäåíî ÷èñëî 1024.000000.
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 6

Ñëîæåíèå �oat, ïðèìåð 6: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 16777216;

5 b = 1;

6 a += b;

7 printf ("%f\n", a);

8 return 0;

9 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 6

Ñëîæåíèå �oat, ïðèìåð 6: 16777216.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 16777216;

5 b = 1;

6 a += b;

7 printf ("%f\n", a);

8 return 0;

9 }

987654321098765432109876543210

=======================

2^{23} = 100000000000000000000000

2^{23} + 1 = 100000000000000000000001

=======================

987654321098765432109876543210
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 6

Ñëîæåíèå �oat, ïðèìåð 6: 16777216.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 16777216;

5 b = 1;

6 a += b;

7 printf ("%f\n", a);

8 return 0;

9 }

987654321098765432109876543210

=======================

2^{24} = 1000000000000000000000000

2^{24} + 1 = 1000000000000000000000001

=======================

987654321098765432109876543210
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 7

Ñëîæåíèå �oat, ïðèìåð 7: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 16777218;

5 b = 1;

6 a += b;

7 printf ("%f\n", a);

8 return 0;

9 }

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 27 / 36



Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 7

Ñëîæåíèå �oat, ïðèìåð 7: 16777220.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 16777218;

5 b = 1;

6 a += b;

7 printf ("%f\n", a);

8 return 0;

9 }

987654321098765432109876543210

=======================

2^{24} + 2 = 1000000000000000000000010

2^{24} + 3 = 1000000000000000000000011

2^{24} + 4 = 1000000000000000000000100

=======================

987654321098765432109876543210
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 8

Ñëîæåíèå �oat, ïðèìåð 8: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 33554432;

5 b = 2;

6 a = a + b;

7 printf ("%f\n", a);

8 return 0;

9 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 8

Ñëîæåíèå �oat, ïðèìåð 8: 33554432.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 33554432;

5 b = 2;

6 a = a + b;

7 printf ("%f\n", a);

8 return 0;

9 }

987654321098765432109876543210

=======================

2^{25} = 10000000000000000000000000

2^{25} + 2 = 10000000000000000000000010

=======================

987654321098765432109876543210
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 9

Ñëîæåíèå �oat, ïðèìåð 9: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 33554432;

5 b = 3;

6 a = a + b;

7 printf ("%f\n", a);

8 return 0;

9 }
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Ïðèìåðû

Ñëîæåíèå �oat, ïðèìåð 9

Ñëîæåíèå �oat, ïðèìåð 9: 33554436.000000.

1 #include <stdio.h>

2 int main () {

3 volatile float a, b;

4 a = 33554432;

5 b = 3;

6 a = a + b;

7 printf ("%f\n", a);

8 return 0;

9 }

987654321098765432109876543210

=======================

2^{25} = 10000000000000000000000000

2^{25} + 3 = 10000000000000000000000011

2^{25} + 4 = 10000000000000000000000100

=======================

987654321098765432109876543210

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 29 / 36



Ïðèìåðû

Öèêë ïî �oat, ïðèìåð

Öèêë ïî �oat, ïðèìåð: ÷òî âûâåäåò ïðîãðàììà?

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 for (a = 0.0; a != 1.0; a += 0.1)

5 ;

6 printf ("%f\n", a);

7 return 0;

8 }
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Ïðèìåðû

Öèêë ïî �oat, ïðèìåð

Öèêë ïî �oat, ïðèìåð: (âå÷íûé öèêë).

1 #include <stdio.h>

2 int main () {

3 volatile float a;

4 for (a = 0.0; a != 1.0; a += 0.1)

5 ;

6 printf ("%f\n", a);

7 return 0;

8 }

×èñëî 0.1 íå õðàíèòñÿ òî÷íî.

Ñóììà äåñÿòè òàêèõ ÷èñåë íå îêàçàëàñü â òî÷íîñòè ðàâíà 1.0.
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 1

Âû÷èòàíèå �oat, ïðèìåð 1: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 15.0;

7 c = b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 1

Âû÷èòàíèå �oat, ïðèìåð 1: (íå ïîëó÷èëîñü ïîñ÷èòàòü).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 15.0;

7 c = b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }

0.200000003 0.066666670 0.200000018

-0.000000015 -1.#IND00000
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 1

Âû÷èòàíèå �oat, ïðèìåð 1: (íå ïîëó÷èëîñü ïîñ÷èòàòü).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 15.0;

7 c = b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }

0.200000003 0.066666670 0.200000018

-0.000000015 -1.#IND00000

×èñëà 1
5 è

1
15 íå õðàíÿòñÿ òî÷íî.

Ðàçíîñòü îêàçàëàñü îòðèöàòåëüíîé.

Êîðåíü âû÷èñëèòü íå óäàëîñü.
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 2

Âû÷èòàíèå �oat, ïðèìåð 2: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 25.0;

7 c = b; c += b; c += b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 32 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 2

Âû÷èòàíèå �oat, ïðèìåð 2: (îøèáêà â ÷åòâ¼ðòîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 25.0;

7 c = b; c += b; c += b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }

0.200000003 0.039999999 0.199999988

0.000000015 0.000122070

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 32 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 2

Âû÷èòàíèå �oat, ïðèìåð 2: (îøèáêà â ÷åòâ¼ðòîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, s, t;

5 a = 1.0 / 5.0;

6 b = 1.0 / 25.0;

7 c = b; c += b; c += b; c += b; c += b;

8 t = a - c;

9 s = sqrt (t);

10 printf ("%.9f %.9f %.9f\n%.9f %.9f\n", a, b, c, t, s);

11 return 0;

12 }

0.200000003 0.039999999 0.199999988

0.000000015 0.000122070

×èñëà 1
5 è

1
25 íå õðàíÿòñÿ òî÷íî.

Â ðàçíîñòè îøèáêà â âîñüìîì çíàêå ïîñëå äåñÿòè÷íîé òî÷êè.

À â êîðíå� óæå â ÷åòâ¼ðòîì çíàêå.
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 3

Âû÷èòàíèå �oat, ïðèìåð 3: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 2.0; y2 = 3.0;

7 x3 = 3.0; y3 = 5.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 3

Âû÷èòàíèå �oat, ïðèìåð 3: (îøèáêà â ïÿòîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 2.0; y2 = 3.0;

7 x3 = 3.0; y3 = 5.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

3.605551243 2.236068010 5.830951691 5.836285591

0.500010371

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 33 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 3

Âû÷èòàíèå �oat, ïðèìåð 3: (îøèáêà â ïÿòîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 2.0; y2 = 3.0;

7 x3 = 3.0; y3 = 5.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

3.605551243 2.236068010 5.830951691 5.836285591

0.500010371

Ïîëóïåðèìåòð áëèçîê ê äëèíå áîëüøåé ñòîðîíû.

Îøèáêà â ïÿòîì çíàêå.

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 33 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 4

Âû÷èòàíèå �oat, ïðèìåð 4: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 21.0; y2 = 34.0;

7 x3 = 34.0; y3 = 55.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 34 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 4

Âû÷èòàíèå �oat, ïðèìåð 4: (îøèáêà â ïåðâîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 21.0; y2 = 34.0;

7 x3 = 34.0; y3 = 55.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

39.962482452 24.698177338 64.660652161 64.660659790

0.697788477

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 34 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 4

Âû÷èòàíèå �oat, ïðèìåð 4: (îøèáêà â ïåðâîì çíàêå).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 21.0; y2 = 34.0;

7 x3 = 34.0; y3 = 55.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

39.962482452 24.698177338 64.660652161 64.660659790

0.697788477

Ïîëóïåðèìåòð áëèçîê ê äëèíå áîëüøåé ñòîðîíû.

Îøèáêà â ïåðâîì çíàêå.

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 34 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 5

Âû÷èòàíèå �oat, ïðèìåð 5: ÷òî âûâåäåò ïðîãðàììà?
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 34.0; y2 = 55.0;

7 x3 = 55.0; y3 = 89.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

Èâàí Êàçìåíêî et al. (ÌÊÍ ÑÏáÃÓ) Ïðåäñòàâëåíèå ÷èñåë 01.10.2025 35 / 36



Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 5

Âû÷èòàíèå �oat, ïðèìåð 5: (÷èñëà ïîëó÷èëèñü ðàâíûìè).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 34.0; y2 = 55.0;

7 x3 = 55.0; y3 = 89.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

64.660652161 39.962482452 104.623130798 104.623130798

0.000000000
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Ïðèìåðû

Âû÷èòàíèå �oat, ïðèìåð 5

Âû÷èòàíèå �oat, ïðèìåð 5: (÷èñëà ïîëó÷èëèñü ðàâíûìè).
1 #include <stdio.h>

2 #include <math.h>

3 int main () {

4 volatile float a, b, c, p, s, x1, x2, x3, y1, y2, y3;

5 x1 = 0.0; y1 = 0.0;

6 x2 = 34.0; y2 = 55.0;

7 x3 = 55.0; y3 = 89.0;

8 a = hypot (y2 - y1, x2 - x1);

9 b = hypot (y3 - y2, x3 - x2);

10 c = hypot (y1 - y3, x1 - x3);

11 p = (a + b + c) * 0.5;

12 s = p * (p - a) * (p - b) * (p - c);

13 s = sqrt (s);

14 printf ("%.9f %.9f %.9f %.9f\n%.9f\n", a, b, c, p, s);

15 return 0;

16 }

64.660652161 39.962482452 104.623130798 104.623130798

0.000000000

Ïîëóïåðèìåòð áëèçîê ê äëèíå áîëüøåé ñòîðîíû.

Íàñòîëüêî, ÷òî îíè ïîëó÷èëèñü ðàâíûìè.
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Çàâåðøåíèå

Âîïðîñû?

Âîïðîñû?
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