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Categorical Formalization of Program Modification

115763 K OO0 DO0O0O ODDOO0O 0000

0 O 0000000000000 0000O0 Delta Monad O O

0000000 Deta OO OO (DOO 1O
Reliability of program reduced by many factors. Gen-

erally, reliability changes due to modification. We for- 000 1: Delta 000000

malize modification of program through Monad. We de- data Delta a = Mono a | Delta a (Delta a)

fine Delta Monad as meta computation that save behavior

when modify program. Delta help to improve reliability.
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For example, debug method that compare traces of differ-
ent versions is available. Finally, We proved Delta Monad

satisfy Monad-laws.
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headDelta :: Delta a -> a
00000000000000000000000000 |headDelta (Mono x) X
00000 Monad 00000000000 000000n | headDelta (Delta x _) = x

0000000000 Monad DODOOOOODODODOO tailDelta :: Delta a -> Delta a
tailDelta (Mono x) = Mono X
tailDelta (Delta _ ds) = ds

2 goggn Monad instance Monad Delta where

return x = Mono x

(Mono x) >>= f =f x
nooooooooooooobboooooooon (Delta x d) >>= f = Delta (headDelta (f x))
ogoo0oooooooooooooooooooonooo (d >>= (tailDelta . £f))
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generator x = [1..x]
numberFilter xs = filter isPrime xs

count xs = length xs

numberCount x = count (numberFilter (generator x))
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generator x = [1..x]
numberFilter xs = filter even xs
count xs = length xs

numberCount x = count (numberFilter (generator x))
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generator x = Mono [1..x]
numberFilter xs = let primeList = filter isPrime xs
evenList = filter even xs in
Delta evenList (Mono primeList)
count xs = return (length xs)

numberCount x = count =<< numberFilter =<< generator x
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*Main> numberCount 1000
Delta 500 (Mono 168)
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