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1 Ïîñòàíîâêà çàäà÷è

Äëÿ âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû íåîáõîäèìî áûëî ñäåëàòü ñëåäóþùåå. Ñî-
çäàòü ïðîåêò â stack. Âñå ÷èñòûå ôóíêöèè çàïèñàòü â áèáëèîòåêó Lib.hs è îãðàíè-
÷èòü äîñòóï ê âñïîìîãàòåëüíûì ôóíêöèÿì. Èñïîëüçîâàòü do-íîòàöèþ äëÿ ðàáîòû ñ
âíåøíèìè ôàéëàìè. Íàéòè ïîðòðåò Äýâèäà Äîé÷à. Ïåðåâåñòè èçîáðàæåíèå â ôîðìàò
.bmp (24-ðàçðÿäíûé). Ñîõðàíèòü â ôàéë ôîðìàòà .txt ôðàãìåíò áèîãðàôèè (íå ìå-
íåå 1000 ñèìâîëîâ áåç ïðîáåëîâ, òåêñò íå äîëæåí îáðûâàòüñÿ íà ñåðåäèíå ñëîâà èëè
ïðåäëîæåíèÿ). Çàêîäèðîâàòü òåêñò â èçîáðàæåíèå øèôðîì Öåçàðÿ (ñìåùåíèå çàäà-
åòñÿ ïîëüçîâàòåëåì). Êëþ÷ ê øèôðó çàïèñûâàåòñÿ â èìÿ ôàéëà. Íàïèñàòü ôóíêöèþ
ðàñøèôðîâûâàþùóþ òåêñò èç èçîáðàæåíèÿ èñïîëüçóÿ êëþ÷ èç èìåíè ôàéëà è ñî-
õðàíÿþùóþ ðåçóëüòàò â îòäåëüíûé òåêñòîâûé ôàéë. Ñîçäàòü ôóíêöèè øèôðóþùèå
òåêñò â ïîñëåäíèé áèò êàæäîãî áàéòà, ïîñëåäíèå äâà áèòà êàæäîãî áàéòà, . . . , âñå
áèòû â áàéòå. Â îò÷åòå ïðèâåñòè ïðèìåðû èñêàæåíèé èçîáðàæåíèÿ.
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2 Ìàòåìàòè÷åñêîå îïèñàíèå

2.1 Øèôð Öåçàðÿ

Øèôð Öåçàðÿ (ëàò. Notae Caesarianae), òàêæå èçâåñòíûé êàê øèôð ñäâèãà èëè
êîä Öåçàðÿ � ðàçíîâèäíîñòü øèôðà ïîäñòàíîâêè, â êîòîðîì êàæäûé ñèìâîë â îò-
êðûòîì òåêñòå çàìåíÿåòñÿ ñèìâîëîì, íàõîäÿùèìñÿ íà íåêîòîðîì ïîñòîÿííîì ÷èñëå
ïîçèöèé ëåâåå èëè ïðàâåå íåãî â àëôàâèòå (òàê, â øèôðå ñî ñäâèãîì âïðàâî íà 3, À
áûëà áû çàìåíåíà íà Ã, Á ñòàíåò Ä, è òàê äàëåå). Øèôð áûë íàçâàí â ÷åñòü ðèìñêî-
ãî ïîëêîâîäöà Ãàÿ Þëèÿ Öåçàðÿ, èñïîëüçîâàâøåãî åãî äëÿ ñåêðåòíîé ïåðåïèñêè ñî
ñâîèìè âîåíà÷àëüíèêàìè.

Åñëè ñîïîñòàâèòü êàæäîìó ñèìâîëó àëôàâèòà åãî ïîðÿäêîâûé íîìåð (íóìåðóÿ
ñ 0), òî øèôðîâàíèå è äåøèôðîâàíèå ìîæíî âûðàçèòü ôîðìóëàìè ìîäóëüíîé àðèô-
ìåòèêè [1]:

y = (x+ k) mod n

x = (y − k) mod n

ãäå:
x � ñèìâîë îòêðûòîãî òåêñòà,
y � ñèìâîë øèôðîâàííîãî òåêñòà,
n � ìîùíîñòü àëôàâèòà,
k � êëþ÷.
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3 Îñîáåííîñòè ðåàëèçàöèè

3.1 Èñõîäíîå èçîáðàæåíèå è òåêñò

Äëÿ âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû íåîáõîäèìî áûëî íàéòè èçîáðàæåíèå Äý-
âèäà Äîé÷à (ñì. Ðèñ. 1). Èçîáðàæåíèå áûëî ïåðåâåäåíî èç ôîðìàòà jpeg â ôîðìàò
bmp ñ ïîìîùüþ ñàéòà [3].

Ðèñ. 1. Èçîáðàæåíèå Äýâèäà Äîé÷à, ðàçìåù¼ííîå íà åãî ëè÷íîì ñàéòå [2].

Îòðûâîê áèîãðàôèè Äýâèäà Äîé÷à äëèíîþ â 1157 ñèìâîëîâ áåç ó÷¼òà ïðîáåëîâ
ïðåäñòàâëåí íèæå.

David Elieser Deutsch FRS (DOYTCH; born 18 May 1953) is a British physicist
at the University of Oxford. He is a visiting professor in the Department of
Atomic and Laser Physics at the Centre for Quantum Computation (CQC) in the
Clarendon Laboratory of the University of Oxford. He pioneered the field of
quantum computation by formulating a description for a quantum Turing machine,
as well as specifying an algorithm designed to run on a quantum computer. He
is a proponent of the many-worlds interpretation of quantum mechanics. Deutsch
was born to a Jewish family in Haifa, Israel on 18 May 1953, the son of Oskar
and Tikva Deutsch. In London, David attended Geneva House school in Cricklewood
(his parents owned and ran the Alma restaurant on Cricklewood Broadway), followed
by William Ellis School in Highgate before reading Natural Sciences at Clare
College, Cambridge and taking Part III of the Mathematical Tripos. He went
on to Wolfson College, Oxford for his doctorate in theoretical physics, about
quantum field theory in curved space-time, supervised by Dennis Sciama and
Philip Candelas. His work on quantum algorithms began with a 1985 paper, later
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expanded in 1992 along with Richard Jozsa, to produce the DeutschJozsa algorithm,
one of the first examples of a quantum algorithm that is exponentially faster
than any possible deterministic classical algorithm.

3.2 Êîäèðîâàíèå è äåêîäèðîâàíèå òåêñòà ñ ïîìîùüþ

øèôðà Öåçàðÿ

Êîä ôóíêöèé äëÿ êîäèðîâàíèÿ è äåêîäèðîâàíèÿ òåêñòà ñ ïîìîùüþ øèôðà Öå-
çàðÿ ïðåäñòàâëåí â ëèñòèíãå 1. Ôóíêöèÿ encryptCaesar ïðèíèìàåò àëôàâèò â âèäå
ñïèñêà ñèìâîëîâ, ñìåùåíèå è ñàì òåêñò, à âîçâðàùàåò çàøèôðîâàííûé òåêñò. Â å¼
êîäå èñïîëüçóåòñÿ âñïîìîãàòåëüíàÿ ôóíêöèÿ indexOf. Ôóíêöèÿ ïðèíèìàåò ñïèñîê
è ýëåìåíò ñïèñêà, à âîçâðàùàåò èíäåêñ ýòîãî ýëåìåíòà. Äëÿ ñîçäàíèÿ àëôàâèòà èñ-
ïîëüçóåòñÿ ôóíêöèÿ createAlphabetFromText. Îíà ïðèíèìàåò òåêñò, à âîçâðàùàåò
àëôàâèò, êîòîðûé â í¼ì èñïîëüçóåòñÿ, â âèäå ñïèñêà ñèìâîëîâ. Äëÿ äåêîäèðîâà-
íèÿ òåêñòà èñïîëüçóåòñÿ ôóíêöèÿ decryptCaesar, êîòîðàÿ, ïî-ñóòè, ÿâëÿåòñÿ ëèøü
îá¼ðòêîé íàä ôóíêöèåé encryptCaesar, òàê êàê ïðîöåññ êîäèðîâàíèÿ îñóùåñòâëÿåò-
ñÿ ïî÷òè òàê æå êàê è äåêîäèðîâàíèÿ. Ôóíêöèÿ decryptCaesar ïðèíèìàåò íà âõîä
àëôàâèò, ñìåùåíèå è çàêîäèðîâàííûé òåêñò, à âîçâðàùàåò äåêîäèðîâàííûé òåêñò.
Àëôàâèò ñîõðàíÿåòñÿ â îòäåëüíûé ôàéë è äîëæåí ïåðåäàâàòüñÿ âìåñòå ñ çàøèôðî-
âàííûì òåêñòîì, ÷òîáû ýòîò òåêñò ìîæíî áûëî äåøèôðîâàòü.

Ëèñòèíã 1. Ôóíêöèè äëÿ êîäèðîâàíèÿ è äåêîäèðîâàíèÿ òåêñòà ñ ïîìîùüþ øèôðà
Öåçàðÿ.

1 encryptCaesar :: [Char] => Int => String => String
2 encryptCaesar alphabet shift text = map caesarChar text
3 where
4 caesarChar c = alphabet !! ((indexOf alphabet c + shift) `mod` length alphabet)
5
6 indexOf :: (Eq t) => [t] => t => Int
7 indexOf [] _ = =1
8 indexOf (x : xs) target
9 | x == target = 0
10 | otherwise = 1 + indexOf xs target
11
12 createAlphabetFromText :: String => [Char]
13 createAlphabetFromText [] = []
14 createAlphabetFromText (x:xs)
15 | x `elem` alphabet = alphabet
16 | otherwise = x : alphabet
17 where
18 alphabet = createAlphabetFromText xs
19
20 decryptCaesar :: [Char] => Int => String => String
21 decryptCaesar alphabet shift =
22 encryptCaesar alphabet (alphabetLength = (shift `mod` alphabetLength))
23 where
24 alphabetLength = length alphabet

Ïðèìåð çàêîäèðîâàííîãî ñ ïîìîùüþ øèôðà Öåçàðÿ òåêñòà áèîãðàôèè Äýâèäà
Äîé÷à äëÿ ñìåùåíèÿ 5 ïðåäñòàâëåí íèæå.
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3.3 Ïðåäñòàâëåíèå òåêñòà â âèäå ïîñëåäîâàòåëüíî-

ñòè áèò

Êîä ôóíêöèé äëÿ ïðåîáðàçîâàíèÿ òåêñòà â ïîñëåäîâàòåëüíîñòü áèò è îáðàòíî
ïðåäñòàâëåí â ëèñòèíãå 2. Ôóíêöèÿ textToBits ïðèíèìàåò òåêñò â âèäå ñòðîêè è
âîçâðàùàåò åãî ïðåäñòàâëåíèå â âèäå âåêòîðà áèò. Îíà èñïîëüçóåò âñïîìîãàòåëüíóþ
ôóíêöèþ charToBits, êîòîðàÿ ïðåîáðàçóåò ñèìâîë â ñïèñîê áèò, ïðåäñòàâëÿþùèõ
åãî êîä ASCII â äâîè÷íîì âèäå. Äëÿ ïðåîáðàçîâàíèÿ ïîñëåäîâàòåëüíîñòè áèò îáðàò-
íî â òåêñò èñïîëüçóåòñÿ ôóíêöèÿ bitsToText. Îíà ðåêóðñèâíî äåëèò âåêòîð áèò íà
áëîêè ïî 8 áèò, ïðåîáðàçóåò êàæäûé áëîê â ñèìâîë ASCII è îáúåäèíÿåò èõ â ñòðîêó.
Â ïðîöåññå ýòîãî ïðåîáðàçîâàíèÿ èñïîëüçóåòñÿ ôóíêöèÿ bitsToInt, êîòîðàÿ ïðåîá-
ðàçóåò âåêòîð áèò â öåëîå ÷èñëî, èíòåðïðåòèðóÿ èõ êàê äâîè÷íîå ïðåäñòàâëåíèå ýòîãî
÷èñëà.

Ëèñòèíã 2. Ôóíêöèè äëÿ êîíâåðòàöèè òåêñòà â ïîñëåäîâàòåëüíîñòü áèò è îáðàòíî.

1 textToBits :: String => VU.Vector Int
2 textToBits text = VU.fromList $ concatMap charToBits text
3
4 charToBits :: Char => [Int]
5 charToBits c = [if testBit (ord c) i then 1 else 0 | i <= [7,6..0]]
6
7 bitsToText :: VU.Vector Int => String
8 bitsToText bits
9 | VU.null bits = []
10 | otherwise = (chr $ bitsToInt (VU.take 8 bits)) : bitsToText (VU.drop 8 bits)
11
12 bitsToInt :: VU.Vector Int => Int
13 bitsToInt bits =
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14 sum [bit * (2 ^ index) | (bit, index) <= zip (VU.toList bits) [len,(len = 1)..0]]
15 where
16 len = VU.length bits = 1

3.4 Ðàáîòà ñ ôàéëàìè

Äëÿ ðàáîòû ñ òåêñòîâûìè ôàéëàìè èñïîëüçîâàëèñü áàçîâûå ôóíêöèè Haskell
� readFile (÷èòàåò ñîäåðæèìîå ôàéëà è âîçâðàùàåò åãî êàê ñòðîêó) è writeFile
(çàïèñûâàåò ñòðîêó â ôàéë, çàìåíÿÿ åãî ñîäåðæèìîå).

Äëÿ ðàáîòû ñ èçîáðàæåíèÿìè èñïîëüçîâàëàñü áèáëèîòåêà JuicyPixels [4]. Ñ å¼
ïîìîùüþ ìîæíî êàê ïðî÷èòàòü èçîáðàæåíèå â ëþáîì ïîïóëÿðíîì ôîðìàòå, òàê è
ñîõðàíèòü åãî. Â ÷àñòíîñòè â ðàáîòå èñïîëüçîâàëèñü ôóíêöèè: readImage � äëÿ ÷òå-
íèÿ èçîáðàæåíèÿ èç óêàçàííîãî ôàéëà, saveBmpImage � äëÿ ñîõðàíåíèÿ èçîáðàæåíèÿ
â ôîðìàòå bmp.

3.5 Ñîõðàíåíèå çàøèôðîâàííûõ äàííûõ â èçîáðà-

æåíèè

Êîä ôóíêöèé äëÿ ñîçäàíèÿ èçîáðàæåíèÿ ñ çàêîäèðîâàííûìè äàííûìè ïðåäñòàâ-
ëåí â ëèñòèíãå 3. Ôóíêöèÿ encodePixel îòâå÷àåò çà êîäèðîâàíèå ïîñëåäîâàòåëüíîñòè
áèò â îïðåäåë¼ííûé ïèêñåëü èçîáðàæåíèÿ. Îíà ïðèíèìàåò êîëè÷åñòâî áèò äàííûõ,
êîòîðîå áóäåò ñîõðàíåíî â êàæäûé áàéò èçîáðàæåíèÿ, èñõîäíîå èçîáðàæåíèå, âåêòîð
áèò çàøèôðîâàííûõ äàííûõ, êîîðäèíàòû ïèêñåëÿ (x, y) è âîçâðàùàåò íîâûé ïèê-
ñåëü ñ çàêîäèðîâàííûìè äàííûìè. Äëÿ ýòîãî ôóíêöèÿ âû÷èñëÿåò èíäåêñ ïèêñåëÿ â
èçîáðàæåíèè, èçâëåêàåò ñîîòâåòñòâóþùóþ ÷àñòü âåêòîðà áèò äàííûõ, ïðåîáðàçóåò å¼
â öåëûå ÷èñëà, íàêëàäûâàåò áèòîâóþ ìàñêó, êîòîðàÿ ñîîòâåòñòâóåò êîëè÷åñòâî èç-
ìåíÿåìûõ áèò â áàéòå, è çàïèñûâàåò çàêîäèðîâàííûå äàííûå. Äëÿ ñîçäàíèÿ ìàñêè
èñïîëüçóåòñÿ âñïîìîãàòåëüíàÿ ôóíêöèÿ createMask.

Ôóíêöèÿ encodePixel çàòåì èñïîëüçóåòñÿ âìåñòå ñ ôóíêöèåé generateImage èç
áèáëèîòåêè JuicyPixels äëÿ ãåíåðàöèè íîâîãî èçîáðàæåíèÿ.

Ïðè ñîõðàíåíèè èçîáðàæåíèÿ â ôàéë, â åãî íàçâàíèè ñîõðàíÿåòñÿ ñìåùåíèå
øèôðà Öåçàðÿ è êîëè÷åñòâî áèò â áàéòå, îòâåä¼ííûõ äëÿ õðàíåíèÿ çàøèôðîâàííûõ
äàííûõ. Íàïðèìåð, íàçâàíèå èçîáðàæåíèÿ david_2_10.bmp îçíà÷àåò, ÷òî ïðè êîäè-
ðîâàíèè èñïîëüçîâàëñÿ êîä Öåçàðÿ ñî ñìåùåíèåì 10, à äëÿ õðàíåíèÿ çàêîäèðîâàííûõ
äàííûõ â êàæäîì áàéòå èçîáðàæåíèÿ èñïîëüçîâàëîñü 2 áèòà.

Ëèñòèíã 3. Ôóíêöèè äëÿ ñîçäàíèÿ èçîáðàæåíèÿ ñ çàêîäèðîâàííûìè äàííûìè.

1 createMask :: Int => Int
2 createMask shift = shiftL (complement 0) shift .&. complement 0
3
4 encodePixel :: Int => Image PixelRGB8 => VU.Vector Int => Int => Int => PixelRGB8
5 encodePixel bitsPerByte img bits x y = PixelRGB8 newR newG newB
6 where
7 width = imageWidth img
8
9 index = x + y * width
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10 startPos = index * 3 * bitsPerByte
11 pixelBits = VU.slice startPos (3 * bitsPerByte) bits
12
13 bitsIntR = bitsToInt $ VU.slice 0 bitsPerByte pixelBits
14 bitsIntG = bitsToInt $ VU.slice bitsPerByte bitsPerByte pixelBits
15 bitsIntB = bitsToInt $ VU.slice (2 * bitsPerByte) bitsPerByte pixelBits
16
17 mask = createMask bitsPerByte
18
19 PixelRGB8 r g b = pixelAt img x y
20 newR = intToWord8 $ ((word8ToInt r) .&. mask) .|. bitsIntR
21 newG = intToWord8 $ ((word8ToInt g) .&. mask) .|. bitsIntG
22 newB = intToWord8 $ ((word8ToInt b) .&. mask) .|. bitsIntB

3.6 ×òåíèå çàøèôðîâàííûõ äàííûõ èç èçîáðàæåíèÿ

Êîä ôóíêöèé äëÿ ÷òåíèÿ çàøèôðîâàííûõ äàííûõ èç èçîáðàæåíèÿ ïðåäñòàâëåí
â ëèñòèíãå 4. Ôóíêöèÿ extractBits èçâëåêàåò çàäàííîå êîëè÷åñòâî áèò èç îäíîãî
áàéòà ïèêñåëÿ. Îíà ïðèíèìàåò ÷èñëî áèò íà áàéò è áàéò ïèêñåëÿ, âîçâðàùàÿ ñïè-
ñîê áèò. Ôóíêöèÿ extractBitsFromPixel ïðåäíàçíà÷åíà äëÿ èçâëå÷åíèÿ áèò èç âñåõ
òð¼õ öâåòîâûõ êàíàëîâ (R,G,B) ïèêñåëÿ. Îíà îáúåäèíÿåò ñïèñêè áèò èç êàæäîãî
êàíàëà â îäèí îáùèé ñïèñîê. Äëÿ èçâëå÷åíèÿ áèò èç âñåãî èçîáðàæåíèÿ èñïîëüçóåò-
ñÿ ôóíêöèÿ extractBitsFromImage. Îíà ïîñëåäîâàòåëüíî îáðàáàòûâàåò âñå ïèêñåëè
èçîáðàæåíèÿ, èçâëåêàÿ áèòû ñ ïîìîùüþ extractBitsFromPixel, è îáúåäèíÿåò èõ â
îáùèé ñïèñîê.

Ôóíêöèÿ extractShift èçâëåêàåò ñìåùåíèÿ äëÿ øèôðà Öåçàðÿ èç íàçâàíèÿ
ôàéëà èçîáðàæåíèÿ.

Ëèñòèíã 4. Ôóíêöèè äëÿ ÷òåíèÿ çàøèôðîâàííûõ äàííûõ èç èçîáðàæåíèÿ.

1 extractBits :: Int => Pixel8 => [Int]
2 extractBits bitsPerByte pixelByte =
3 [ if testBit pixelByte i then 1 else 0 | i <= [bitsPerByte=1, bitsPerByte=2..0] ]
4
5 extractBitsFromPixel :: Int => PixelRGB8 => [Int]
6 extractBitsFromPixel bitsPerByte (PixelRGB8 r g b) =
7 let bitsR = extractBits bitsPerByte r
8 bitsG = extractBits bitsPerByte g
9 bitsB = extractBits bitsPerByte b
10 in bitsR ++ bitsG ++ bitsB
11
12 extractBitsFromImage :: Int => Image PixelRGB8 => [Int]
13 extractBitsFromImage bitsPerByte img =
14 let width = imageWidth img
15 height = imageHeight img
16 pixels = [ pixelAt img x y | y <= [0..height = 1], x <= [0..width = 1] ]
17 in concatMap (extractBitsFromPixel bitsPerByte) pixels
18
19 extractShift :: String => Maybe Int
20 extractShift path =
21 let shift = takeWhile (`elem` ['0'..'9']) (reverse $ takeWhile (/= '_') (reverse path))
22 in readMaybe shift
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4 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Ïðè óñïåøíîì çàâåðøåíèè ïðîãðàììà ñîçäà¼ò ÷åòûðå ôàéëà: ôàéë èçîáðàæåíèÿ
ñ çàêîäèðîâàííûõ òåêñòîì, òåêñòîâûé ôàéë ñ çàêîäèðîâàííûì òåêñòîì, òåêñòîâûé
ôàéë ñ àëôàâèòîì è òåêñòîâûé ôàéë ñ äåêîäèðîâàííûì òåêñòîì.

Ðèñ. 2. Ðåçóëüòàòû ðàáîòû ïðîãðàììû â êîíñîëè.

Íà Ðèñ. 2 ïðåäñòàâëåíû ðåçóëüòàòû ðàáîòû ïðîãðàììû â êîíñîëè.

Ðèñ. 3. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (1 áèò).
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Ðèñ. 4. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (2 áèò).

Ðèñ. 5. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (3 áèò).

Ðèñ. 6. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (4 áèò).
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Ðèñ. 7. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (5 áèò).

Ðèñ. 8. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (6 áèò).

Ðèñ. 9. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (7 áèò).
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Ðèñ. 10. Èçîáðàæåíèå ñ çàøèôðîâàííûìè äàííûìè (8 áèò).

Íà Ðèñ. 3-10 ïðåäñòàâëåíû ðåçóëüòèðóþùèå èçîáðàæåíèÿ ñ ðàçíûì êîëè÷åñòâîì
áèò, îòâåä¼ííûõ ïîä çàøèôðîâàííûå äàííûå.
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Çàêëþ÷åíèå

Â ðåçóëüòàòå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëà ñîçäàíà ïðîãðàììà íà ÿçû-
êå Haskell, êîòîðàÿ ñïîñîáíà êîäèðîâàòü òåêñòîâûå äàííûõ èç óêàçàííîãî ôàéëà ñ
ïîìîùüþ øèôðà Öåçàðÿ è ñîõðàíÿòü ýòè äàííûå âíóòðü èçîáðàæåíèÿ. Ïðè÷¼ì ïðî-
ãðàììà ïîçâîëÿåò âûáðàòü êàê ñìåùåíèå äëÿ øèôðà Öåçàðÿ, òàê è êîëè÷åñòâî áèò,
êîòîðîå áóäåò èñïîëüçîâàíî â êàæäîì áàéòå èçîáðàæåíèÿ äëÿ õðàíåíèÿ äàííûõ.
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