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Automatic Method Refactoring Using
Weighted Dependence Graphs

KATSUHISA MARUYAMA®® and KEN-ICHI SHIMAT®00

While refactoring makes application frameworks more reusable, it is complex to do by
hand. This paper presents a mechanism that automatically refactors methods in object-
oriented frameworks by using weighted dependence graphs, whose edges are weighted based
on the modification histories of the methods. To find the appropriate boundary between
frozen spots and hot spots in the methods, the value of the weight varies based on whether
the dependence in the original methods has been repeatedly preserved or destroyed in the
methods of applications created by programmers. The mechanism constructs both template
methods that contain the invariant dependence and hook methods that are separated by
eliminating the variant dependence. The new template methods and hook methods tailored
to each programmer save him/her from writing superfluous code when reusing a framework.
Experimental results show a reduction rate of up to 22% in the number of statements a
programmer has to write when creating several applications; this percentage is double that
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achievable by a conventional refactoring technique.
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(a) before refactoring
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(b) after refactoring (using template method pattern)

SimpleGraph template method
for (...) {
paint(Graphics) drawData(g, idx);
drawData(Graphics, int) } f

frozen spot
framework hot spot

DefaultGraph hook method \
drawData(Graphics, int) { /I do default thing*ﬁ

calculate weight values

A ¥

(weighted PDG (WPDG)

refactoring system

ST *._ fromdivided CFGs

split WPDG
according to weight

split WPDG divided CFGs
divide CFG

based on split WPDG

construct methods

01 000ooooooooooooog
Fig.1 Overview of the proposed mechanism for refactoring methods.
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class SimpleGraph
implements Graph {
int size; Data data;
public SimpleGraph(Data d) {
setData(d);
setDirection(VERTICAL);

}
[1] public void paint(Graphics g) {
[2] for (intidx = 0;
[3] idx <size;
[4] idx++) {
[5] float f = data.getFloat(idx);
[6] inty=getYPos(f);
[7]  inty0 = getYPos(0f);
[8] g.setColor(colors[0]);
[9] intx = getXPos(idx);
[10]  int width = thickness();
11 if(y<yo{
[12] int height =y0 - y;
[13] g.fillRect(x, y, width, height);
}else {
[14] int height =y - yO;
[15] g.fillRect(x, y0, width, height);
}
}
}

}...

(b) source code

(c) CFG

02 JO0000000oOoOO0OO00oO0ooO WPDGOOO CFG
Fig.2 Example of a class defining a method to be refactored, and its WPDG and CFG.
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part of Gg for paint
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class VComparisonGraph
extends SimpleGraph {
[1] public void paint(Graphics g) {
[2] for (intidx =0;
[3] idx < size;
[4] idx++) {
[7]  intyO = getYPos(0f);
[10]  int width = thickness();
int len = data.getLength(idx);
for (inti=0;i<len;i++){
float f = data.getFloat(idx, i);
[6] inty = getYPos(f);
[ if(y<y0){
g.setColor(colorsli]);

[9] int x = getXPos(idx);
X = X + width *i;
[12] int height = y0 - y;
[13] g.fillRect(x, y, width, height);
}

+ increase }}
- decrease }
* no change }

03 OoOooooo
Fig.3 Operations for varying weight.
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04 0000 WPDG
Fig.4 Split WPDG.
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algorithm dividesCFG(G, F, H, F’, H[])
input G: a CFG for the method to be refactored;
F': a set of nodes in a frozen spot;
H: a set of nodes in a hot spot;
output F’: a set of nodes in a new frozen spot;
H[]: an array of node sets in new hot spots;
declare idz: an integer (an index of array HJ ]);
m, n: nodes;

procedure gatherNodes(p)
input p: a node;
begin
if p € H then Hlidz] := {p};
if p is a branch node then
Hlidz] := H[idx] U BranchRegion(p);
if p is a if-node then
gatherNodes(join(p));
else // while- or for-condition-node
gatherNodes(falseSucc(p));

else gatherNodes(succ(p)); fi
fi
end // H[idx] is a set of nodes in a path from n
begin
F’ := a copy of F; idx :=1;
for each n € H do
if 3m=n € edges of G(m € F' An € H) then
// m is the entry node for a new hook method
gatherNodes(n);
F’ .= F' — Hlidz]; idz = idx + 1;
fi
od
end // A — B: difference set

05 CFGOOOOODOOOOOO
Fig.5 Algorithm for dividing a CFG.
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algorithm assimilatesHotSpots(G, H| ], G¢)
input G: a CFG for the original method;

H[]: an array of node sets in the new hot spot;
output G¢: a CFG with the assimilated hot spots;
declare A, B: integers (indices of array H| |);

Gp, G'D: PDGs;
G¢: a CFG; Fp: a sub-CFG;
begin
Gc = acopy of G; Gp := a PDG for G;
for A :=1 to sizeof(H|[ ]) do
Ry = entry(H[A]); h9 := exit(H[A]);
for B := 1 to sizeof(H[]) do
hji’ = entry(H[B]); h% = exit(H[B]);
fp = succ(hy); fp := pred(hly);
extracts Fip in paths between f}, and f3;
if Fp is fully sandwiched
between H[A] and H[B] then
Gt := a copy of G¢;
moves Fp upward to H[A] in Gy;
G, :=a PDG for Gy;
if Gp =G’ then // graph matching
G¢c = a copy of Gy;
H[B] := H[B|UH[A]; H[A] :=0;
else
G+ := a copy of G¢;
moves Fp downward to H[B] in G¢;
G’D := a PDG for G¢;
if Gp=G’, then // graph matching
G¢c = a copy of Gy;
H[B] := H[BJUH[A]; H[A]:=0;fi

od od
end

06 D0O00O0D0OODOODODOODODD
Fig.6 Algorithm for assimilating hot spots.
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abstract class SimpleGraph
implements Graph {
int size; Data data;
public SimpleGraph(Data d) { ... }
[1] public void paint(Graphics g) {
[2] for (intidx = 0;
[3] idx < size;
[4] idx++){
[7]  intyO = getYPos(0f);
[9] intx = getXPos(idx);
[10] int width = thickness();
H3(g, idx, y0, X, width);

}

public abstract void H3(Graphics g,
int idx, int y0, int X, int width);
}

class DefaultGraph extends SimpleGraph {
public void H3(Graphics g,
int idx, int y0, int x, int width) {
[5] float f = data.getFloat(idx);
[6] inty = getYPos(f);
[8] g.setColor(colors[0]);

[11] if (y <y0) {
[12]  int height=yO0 -vy; H3
[13]  g-fillRect(x, y, width, height);
}else {
[14] int height=Yy - yO0;
[15]  g.fillRect(x, yO, width, height);

}

}
}

assimilation hot spots
H3<—H1+H2+H3

reorganizing
frozen and hot spots

"""""""""""" \_/ © \_/ (d) code after refactoring methods
9

07 000000 CPGOOODOOOOOOOOOOOO
Fig.7 CFGs before and after refactoring, and the code of the derived methods.
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Fig.8 Experimental framework.
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Table 2 Number of nodes typically written in methods compared to number

written when the proposed mechanism is used.
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