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1. Refactoring

Concept from external link

Refactoring is about “improving the design of existing code”
and as such, it has been practised as long as programs have been
written. The term refactoring specifically refers to a common
activity in programming and software maintenance: changing

the structure of a program without changing its semantics.

Or maybe more precise, restructuring [ ' ]

Restructuring is the transformation from one representation
form to another at the same relative abstraction level, while
preserving the subject system’s external behavior (functionality
and semantics).



http://www.cs.kent.ac.uk/projects/refactor-fp/
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Source-to-source transformations

During our experimentation we found that one of the most
useful source-to-source transformation is removing parameter
accumulation. We show an example from [].

reset®t([],testd, (possum,negsum)) = ([],testO®, (possum,negsum))
reset@t(n:1, test0, (possum,negsum)) =
reset0t(l,test0,set_sum(n,test®d, (possum,negsum)))

set_sum(n, test0®, (ps,ns)) =
if n==0 and test® then
if ps>ns then
(0,ns)
else
(ps,0)
else
(ps,ns)

Figure 2: Program example with two accumulation parameters

0,0
set_sum(n,test0®,reset®tt(l,testd))

reset®tt([], test®)
reset@tt(n:1, test®)

Figure 3: Program after removing accumulators
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6.1.

Formal Refactoring

Many laws and properties applied during the refactoring
phase are taken from the point-free calculus. But, here, for not
to be tedious, we show some of these related to co-product
and exponential only.

Co-product

To combine functions as f : C «— Aand g: C «— B, we need
injectors

A-~A+B<>B
defined as
il a = (tll ﬂ)
iZ b = (t2/ b)

Therefore, we combine f and g as follow

1)
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[frg] : A+B—C
def | x=i1a = fa
f8lx = x=ib = gb

operator named either. By mean of this, we define the co-
product of functions

def . .
f+8 24 [ir- fri2- 8]
Properties

e Cancellation

[f, gl
[f, 8] i

0Q

e Reflection

[ir, 2] = idas

e Fusion

folghl=1f-8f

()

3)

(4)

(5)

(6)
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thus, we have fc is a value of type B, but f. € B4 is a function!

de
B* ¥ (glg: A — B) (10)
From here, we design the apply operator

ap : B*xA—B
def
ap(f,a) = fa

e Cancellation

BAxA——=B  f=ap-(fxid) (11)
fxidT |
CxA
e Reflexion
BAXA—=B  ap=idg (12)
l'dBAXZIdT
ap
BAXx A
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e Fusion

BAxA——=B g (fxid)=3f
§><idT f
CXA /o (pxia
fxid
DXx A
e Absorption

CxA

where we use another functional combinator

(Mg f-g

(13)

(14)

(15)
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7.

(Pattern-driven) Formal Refactoring

The calculated patterns lead the transformational process.

e For list

e For Binary tree

(hpNil
{hpCons

(h)Leaf a
th]OITl t tr

hy
15 - tar - (id X (hb)

a

hy
1 - - ((h) X (hD)(t1, t2)

(18)

(19)
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A commutative diagram is often used as a graphical tool to
get a quick view of the function we are interested in.

L L 1+IntxL (20)
QSmle J{id+id><dsms[>

(Int x S)° ((WTS)*(G + Int x Int) X S)° <— 1+ Int X (Int x S)°

Int
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The pattern-driven calculational/transformational process ap-
plying, among others, properties and laws from the point-
free calculus.

{sms) - in

{(20)}

hxid e 8k, - (id + id x {sms))
{distribution law definition}

hxid e [ir,ir ® Ty 1] - (id + id X {sms))
{kleisli composition definition}

(X id)" - [iv, i ® Trag] - (id + id X (sms))

((6)}
[(hxid) i, (WX id) - iy ® Tpasr] -
(id + id X {sms))

{lifting functor definition}

[(hxid) - (unit - iy), (WX id) - (unit - i2) ® Thurr]
(id + id x {sms))

{associativity and second kleisli triple property}



SO [((hxid) iy, (hxid)-iy e Tpyp] -

S (id + id X (sms))

Zzia:;:rlgzch = {(14) in reverse}

Sourcadon... [(h xid) - (iy X id), (b X id) - (i X idd) ® True1]

Formal... (id + id X {sms))

(Pattern-... = {“bi-distribution” of X with respect to composition in reverse}
[(h-iy) X (id - id), (h - iy) X (id - id) ® Tpyr] -

Future directions (i d + id % <|sms|>)
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I [0, +T- 1) id, (10, +1 - 12) X id) ® Ty ]
LG (id + id X (sms))

Title Page | = {(4)}
“ | » [0 X id, (+ X id) ® Ty 1] - (id + id X {sms})

= {(7) and Kkleisli composition definition}

<] [0 X id, (+ X id)" - Ty - (id X {sms))]
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Since in = [Nil, Cons] we can conclude that
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sms 1 = \s -> mfoldL(return 0, \x y -> do {c <- tick;
return(x+y)}) 1

Figure 7: sms function refactored by mfoldL operator

nmfoldL :: Monad m => (ma, b ->ma ->ma) -> [b] ->m a
nmfoldl (hl,h2) = mfl
where mfl [] hl

mfl (a:as) h2 (a) (mfl as)

Figure 8: mfold operator for lists without distribution law

{smspNil = 0Xidg 1)
(smsh(Cons) = (4 X ids) - Ty - (id X {sms))
Matching (21) and (18) ...

8.1. An alternative refactoring

But, in this case, we can show another way to refactor leaded
by other pattern.



sms = \s -> nmfoldL(return 0,\e r -> do {c <- tick;
X <- r; return(e+x)})
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