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Abstract

We propose method seals, a safe class extension limiting its scope to known call paths.
Class extensions allow us to extend an existing class to add or modify a method without
rewriting its code, and they are supported by various languages including Ruby, AspectJ,
and CG#. They are easy to cause unintended behavior due to collision among multiple ex-
tensions or being enabled in an unexpected domain while they contribute to improvement
modularity. To address such a problem, we propose method seals designed to allow class
extensions control their effective range depending on the degree of understanding about a
code base of programmers. Method seals regard code in an unknown package as a black
box and disable class extensions there. Furthermore, they also temporarily regard callees
of such a package as being in a black box. This prevents class extensions from giving an
unexpected impact on codes in black boxes and causing an unintended behavior of a whole
program. We implement method seals on Ruby interpreter and evaluates its performance

under several conditions.






HRN

117 il

020 0000000000000l

2.1 onoonl

R.2 I

R.4 O

T MRIYARVY . o o oo e e

©.2 ninininin]

®.3 o

050 0O

b.1 O000000000000000000000 .+« ... ... ...

6.2 onoonl

Oooooooodl

1000

ESCEEES T NN U

17
17
19
23

29
29
30
31

34
34
34
37

40
40
41

42

43






010

HRERERN

oooboobooboboobboobboooboobobuoobboooboobobooboo
oo bobooboooDobobobobbbbDbODoDbDbDbDE
gobooobogbbooboooboooboobboobooobooboboooboon
gobboboggoobbooobbbouoooooboboooooboboboooooobobo
goobooboobboobboobooboboobobooboooboobbooboon
gobooobogboboobbooobooboboobboobooobooboboooboon
gobooobogbboobbooobooboboobbooboobobooboboooboon
odoobooboobobooboboobooobooboboobooobooboboooboon
goooobooboboobboobooboboobbooboooboobbooboon
gobooobogoboboobbooobooboboobbooboooboobboooboon
gooboobogbboobobooboobboobboobooboboobboooboon
iU UUUOL b O
gooooboobooboobbooobooboboobbooboooboobboooboon
gobooobogbbooboooboooboobboobooobooboboooboon
gboboogobogbboobboooboobbodbboobuoobobooboboooboon
goobooboobboobboobooboboobbooboooboobbooboon
ggooboooboobooboboooooooo0o00ooo0oooooooooooDoboobon
gobooobogbboobbooobooboboobbooboobobooboboooboon
gooboobooobooboboobbooobooobooboboooboo

gooboobooboboobboobboooboobboobboooboobobooboo
000000000000000 MultiJava [0, 2) 0 Ruby B 00000000000 O0O
gboboobogbboobboooboobboobbooboooboobobooboon
0000000000000 0000000000000000000Ruby 0 O0DOOODO0O
0000000 WebOOOOODOOOO Ruby on Rails [@) 00 Ruby D00 DOOO0O
gobooobogobbdoobobooobooboboobbooboobobooboooboon
gbobooobogbboobbooboobboobboobuooboboobboooboon
00000 Ruby OOOOOODDOOODOOODOOODOOO



2 010 0OO0OOoOo

000000000000 000000 (class extensions) 0000000000000
0000000 Ruby OO0 O OSmalltalk [6] O OAspect-oriented programming [6]JCLOS
[7]0 Context-oriented programming [8]0 C#[9]0 Objective-C [I0] 00000000000
oooooooooooboooboboobooboodddoooooooooooooon
googoooooboboboboboboboobobobbtboodddoooooooooo b
godgoooooboboboboboobooobobobobbtbodddddoooooooooL b
0oodooooooboobobobobobooboobbbooddddoooooooooooo oo
ooooooooobobobobobobobobboobbbodddddooooooooooo oo
ggd

ggoodgogooobobbbboboboobooobbbbiudddouooooooooobnbn
0000000000000 00DO0OOselector namespaces [T O ORuby O refinements(]
classboxes [I2]0 method shelters [I3]0 method shells (4| 00 000000000000
ubogdtboooobodoboboooboboob oo bobuobuobboboobo
000000000000 000000D00000000000000DO00000Ruby
O refinements 000 0000000000000 00O0O0OOOODOOO0OOOOOOOO
bbb obbouooobobobooboobuobobouooboobobon
gbooboobobdoobooobobooobobobuoobobbuobbobobobon
000000000 b0oo0oooooboooooooobo o000 boooooboooboo
Context-oriented programming 000 0000000000000 0OO0OOOOOOOOOO
goddgoooooboboboboboboboobobobobbtbddddddoooooooooL b
ggoggooooobbbboobooobobobbbbuddddoooooooooo bbb
Joodoooooobobobobobobobobboobbboodddooooooooooooo oo
ddodoooooobobobobobobobobobobobbbooddddoooooooooo oo
ggooobbooodoooooobbbooooouobbbbooooobobbbbooo
000dodoooooooooooboobooobooddddooooooooooooono
ggd

googoooobbodobobouooobobobooooboobobooboobobon
method seals 00000 Omethodseals 000 0000000000000 0O0O0OOOOO
0o0odooooooboobobobobobooboobbooddddoooooooooooo oo
doododooooobobobobobobobobbobobbbooddddoooooooooo o oo
googd

0000000000000 methodseals 000000000000 O0O0OODOOOO
O0000000000000 methodseals 000000000000 O0OODOODOODOODO
0000000000000 0D000000000o00oo00ooooooOon0 Ruby OO
0000000 RubyOOUDOOOOOODOOOmethodseals 0000000000000
0o0o0odoooooooooboboboboooooooooa

000 000000000000 DOO000000DOO000D0DDOOo0bOOODDOOoOoDooOO
0oooooooobObObO0o0ooooooobObbOoo000oddo0o00 goooooo



0000 methodseals 00000000000 OOOOOmethod seals 00000000
O00000000000000000O0Omethodseals0 0000000000 O0ODOOOOO
0000D0DoOoOoODODODbOO00000ooDoDoOoOODObOOO000000 0000 ooon
0 Ruby D0OOOO0O0OO0OD0O0ODOO methodseals 00 000000000000 DOOOO0O
Ruby 0000000000 DOODOOOOOODOOOO0OOOO0OOOOOOODOOOOOOO
000000000000 DOO0 B00000000DO000ODO00DO00O0ODOO0ODOOO0n
0000000 RO0O0O0DOO0O0D0DOO0OODOOO0ODOOODODOOOnOO



0 20

Jodddduoboobooobnn

oooboobooboboobboobboooboobobuoobboooboobobooboo
goooobogboboobbooobooboboobbooboooboobboooboon
gobooobogbbooboooboooboobboobooobooboboooboon
gbboggbogoboobboobboobooobuobbooboboooboo

21 O0OO0OOO

oo UUU G
oo D DO
Ruby 3] 0 C#[9], 0000000000 DOOO (Aspect-oriented programming, AOP)
6, 00000000000 (Context-oriented programming, COP) R 00000000
oo DD DD O
0000000000000000 (0DD000D0DOcross-cutting concern) [6) D 00000
goooobooboboobbooobooboboobbooboooboobbooboon
gobogoobogoboboobooobooboboobbooboooboobboooboon
gD DD DD O
00000 Ruby OO0 OO0O0ODOO0ODOOOOOOODOOCO0OO0ORuby OOOODODOOODOO
goooobogobooboobbooobooboboobbooboooboobboooboon
gobooboooboobooboooboobobooog

oppodooooooooo0ooboobobobOooDoooboobooboooboDOoo
O0O00O0O0OO0ORuby OO class 0 O000ODO0ODOOOOO(ODOOOO)0D00O0OOO
00000000 def 00000000 DOO0OO0OOFixnum 000000 OO0ODO /0000
O0000000ooo0o0o000o0ooocRuby O0O0OO0OOOOOO0OODODODOOOOO
oo0oboobooboboobbooboooboobobooboooboobobobooboon
goooobooboboobboobooboboobbooboooboobboooboon
gobogoobogooboobooobooboboobboobooobooboboooboon
OO0 Ruby OOOOO0OO0O0D mathn 000000000 OOO00O00OODOOCOD 200



21 00oOoOdd 5

puts 1/2 # = 0

class Fixnum
def /(other)
quo (other)
end
end
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puts 1/2 # = 1/2
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1 class HTMLReader

2 def read_html (path)

3 r = Reader.new.read

4 parse_html r.read path
5 end

6 end

7

8 class ReaderStub < Reader
9 def read(path)

10 return "<div>text</div>"
11 end

12 end

13

14 Reader.new.pread "dummy"

15 # => "<div>text</div>"

16 HTMLReader.new.read_html "dummy"

17 # => No such file or directory — dummy

19 class HTMLReaderForTest < HTMLReader
20 def read_html (path)

21 r = ReaderStub.new.read
22 parse_html r.read path
23 end

24 end

25

26 HTMLReaderForTest.new.read_html "dummy"
27 # => #HTMLElement<DIV "text'>
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class HTMLReader
def initialize(reader)
@reader = reader
end
def read_html (path)
r = @Greader.read
parse_html r.read path
end
end
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11 class ReaderStub < Reader
12 def read(path)

13 return "<div>text</div>"
14 end

15 end

16

17 HTMLReader .new(ReaderStub.new).read_html "dummy"
18 # => #HTMLElement<DIV "text'>

0O 2.3. Dependency Injection OO0 000000000
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module ExtFixnum
refine Fixnum do
def /(other)
quo (other)
end
end
end
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class MyMath

10 using ExtFixnum
11 def half(other)
12 other/2

13 end

14 end

16 puts 1/2 # =0
17 puts MyMath.new.half (1) #=> 1/2

O 2.4. Refinements 0000000000000

gbooobooobooboobboobooboboobobooboobobooobo

2.4.1 Ruby O refinements
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1 class HTMLReader

2 def read_html (path)

3 r = Reader.new

4 parse_html r.read path
5 end

6 end

7

8 module ReaderStub

9 refine Reader do

10 def read(path)

11 return "<div>text</div>"
12 end

13 end

14 end

15

16 wusing ReaderStub

17 Reader.new.read "dummy"

18 # => "<div>text</div>"

19 HTMLReader.new.read_html "dummy"

20 # => No such file or directory — dummy

0 2.5. Refinements 000000000 (DO0OOOO0ODOOOOD)

O0000000000000000000000000000000 refinements 00000
googooobood
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1 class HTMLReader
2 def read_html (filepath)
3 parse_html Reader.new.read(filepath)
4 end
5 end
6
7 with ReaderStub do
8 # Activate the extension in this block
9 HTMLReader.new.read_html "dummy"
10 end
026 00000000000O0DOOO0ODODOOOO
1 class CSSReader
2 def read_css(filepath)
3 parse_css Reader.new.read filepath
4 end
5 end
6
7 class HTMLReader
8 def read_html (filepath)
9 parsed = parse_html Reader.new.read(filepath)
10 css_reader = CSSReader.new
11 styles = parsed.get.css_paths.map do |p|
12 css_reader.read_css p
13 end
14 parsed.set_style styles
15 end
16 end
17
18 with ReaderStub do
19 # Activate the extension in this block
20 HTMLReader.new.read_html "dummy"
21 end

027 .CSSO000O0OO0OOOO HTMLOOO

00000000 0D0OHTMLReader U Reader#read UU U OO OUOUO O UOCSSReader U [
Reader#read 000000000 ODO0OOOOOOOODODOOODNO CSSReader O ODODO
0000000000000 000D0OReaderstub 0000 OO0OO0OOODOO0ODOOOO
ooooobobobobbbbOb0O00000000U0ReaderStub [0 HTMLReader U O O 0O O
Ob0b00b0b0obO0bO0obO0bObOboODuDoOgnDgcssReader OO ODOOOOOO
gbooooooboooooooo



24 DOOoOOoOoooo 11

2.4.4 Aspect-oriented programming

Aspect-oriented programming(AOP) 6] D00 0000000000000 O0000OO
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package ReaderCB;
public class Reader {
public String read(String filePath) {
//
}
}

/] —

package CSSReaderCB;
import ReaderCB.x;
public class CSSNode {

//

public class CSSReader {
public CSSNode read(String filePath) {
Reader r = new Reader();
String s = r.read(filePath);
//
}
}
/] —
package HTMLReaderCB;
import ReaderCB. x;
import CSSReaderCB.x;
public class HTMLElement {
//

public class HTMLReader {
public HTMLElement read(String filePath) {
Reader r = new Reader();
CSSReader cr = new CSSReader();
//
}
}
/] —
package StubCB;
import ReaderCB.x;
refine Reader {
public String read(String filePath) {
return "<div>text</div>";
}
}

/] —

package AppCB;

import StubCB.x;
import HTMLReaderCB.x;

public class App {
public static void main (String[] argv) {
HTMLReader hr = new HTMLReader ();
hr.read ("dummy") ; // => Error!

0 2.8. Classboxes 0000 Reader 00 DOO00ODO (DDOOOD)
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246 MixJuice

MixJuice [27] O module 000 0000000000000 D000ODO0O0O0OOOOOO
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000000000OHTMLReaderShelter O 0 ReaderShelter O exposed chamber O OO
000000000000 0Db000D0CSSReaderShelter U0 Reader [0 AppShelter U
Ul bobbbbbDbOORIMLReader U OO OOOO
0000000000000 oooooooboboooooooon
0000000000 shelter 00000000000 ODOOO0O CSSReaderShelter OO
ReaderShelter O hidden chamber O 0O O O OHTMLReaderShelter [0 0 exposed chamber
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0200 shelter 000000000 ODO0OOOQO ReaderShelter O hidden chamber O
exposed chamber 00 00000000 0OO0OODOOO0OOO0ODOOOOOOOOOOOOOO
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1 shelter :CSSReaderShelter do
2 class CSSReader

3 def read_css(file_path)
4 #

5 end

6 end

7

8 hide

9 import :ReaderShelter

10 end

11

12 shelter :HTMLReaderShelter do
13 import :ReaderShelter

14 import :CSSReaderShelter

15 class HTMLReader

16 def read_html(file_path)
17 #

18 end

19 end

20 end

21

22 shelter :AppShelter do
23 import :HTMLReaderShelter

24 class Reader

25 def read(file_path)
26 "<div>text</div>"
27 end

28 end

29 end

0 2.9. Method shelters 0000 Reader OO OOO0O

gddddddooooooooooooooooooooooooooooooDDDbD
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2.4.8 Method shells

Method shells 4] 0000000 1 00000000ODOOMethod shells 0 method
shelters 00 000000000000 Ochamber 0000000 200000000000
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00o0o0000oooooooo0O0UooooooooOoOOoO0oUoooooDoooboOogoo
0000000000000 000000000000000000000ooo0oo0Oogooo
0000000000000 00000000000000000000D0oOoO0o0O00o0o
00000000o0ooooo0o0o000ooooooooo00ooooooooooogoo
O0o00o00oooooooooogooooo

0PI Od0000000000 methodshells 00000000000 ONOMethod shells
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00 methodshell DO UOUODNOOOUOODOUODOODODOOODOODOOODO methodshell
Od0dd00000ooOouooooooooon include OO0 ooooooooOoOOO
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methodshell reader;
public class Reader {
public String read(String filePath) {
//
}
}

/] —

methodshell css_reader;
include reader;

public class CSSNode {

//

public class CSSReader {
public CSSNode read(String filePath) {
Reader r = new Reader();
String s = r.read(filePath);
//
}
}
/] —
methodshell html_reader;
include reader;
link css_reader;
public class HTMLElement {
//

public class HTMLReader {
public HTMLElement read(String filePath) {
Reader r = new Reader();
CSSReader cr = new CSSReader();
//
}
}
/] ——
methodshell html_reader_stub;
include html_reader;
revise Reader {
public String read(String filePath) {
return "<div>text</div>";
}
}

/] —
methodshell app;
include html_reader;

public class App {
public static void main (String[] argv) {
HTMLReader hr = new HTMLReader ();
hr.read ("dummy") ; // => Error!

O 2.10. Method shells 0000 Reader DOOOO0OO



17

0 30

Method seals

000000 pPp000000O0O00o0oo0o0o0O00000ooooooooooOOOoOoo
0000000000000 0000000oo0ooo0oo00ooooooooooogoo
000000000 method seals 000000 Methodseals 00 000000000000
0000000 0O000oooo00 oooo0oo0D@modooooDO0o ooooooo
0000000000000 00000000oDoo0o0o00ooooooooooOoooo
O0000000o00oooo0o0o000ooooooooo00oooooooooooooo
o0oo0oooooooooood

0000 methodseals 0000000000000 OODOOOOmethod seals 0000
O00o0o0oooooooood

31 0000000000000 000oogoa

Method seals 00 000000000000 OO (DO0ODO)0D0ODOD0OD 0DDODOODOOO
00 0oooooooobbbobbbooo00 oooooooooooooobobooooono
bbb booobuooob oo ooobooobboobuoooob o
oo0ooob0od0 ooboobob obbooboooboobobUooboooDm oooo
Jdodoooooo oo o000 Dooodooooooooooooooooo
doododooooobobobobobobobobbobobbbooddddoooooooooo o oo
goddgoooooboboboboboboboobobobobbtbddddddoooooooooL b
00000000000 200000

Method seals OO0 OO0 O00O0 pO0OO00O00OO0O0OO0OODOODOODOODOODOODOO eOO
O000000 000000 e000000000 pO seel DO0O0O0O0ODOOOOOODOO
Oe000D0000O0OD0 pO0000D0sealJ000000O0OD0 OODOOOO e0ODOO
00000 pO wnseal 00 DO0D0D0000D00D00000D0O0D0OO0DOO seal0D0ODO0O0O
ooooooooooobobooboboboboobodddddooooooooooooono
OOunseal 0O0O0OOO0OODOO

Method seals 000D OO0 0000000 ODOO unseal 0000000 unseal 00O using



18 O 30 Method seals

1 using ReaderStub, [HTMLReader]
2 Reader.new.read "dummy" # => "<div>text</div>"
3 HTMLReader.new.read_html "dummy"
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Reader

read()
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1 5551234.to_s(2) #=> "10101001011010010000010"
2 5551234.to_s(:phone) # => TypeError

3 require ’active_support/all’

4 5551234.to_s (:phone) # => "555—-1234"
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class C1
def ml
puts
end
end

lvmlll

class (2
def m2
puts "m2"
Cl.new.ml
end
end

class C3
using ExtCl1,
def m3
puts "m3
C2.new.ml
end
end

[C2]

module ExtCl
refine C1 do
def ml
puts
end
end
end

llml yn

module ExtC2
refine C2 do
def m2
puts "m2’"
Cl.new.ml
end
end
end

using ExtC2,
C3.new.m3

[C3]

038. 00000 usingO O
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class A
def a
IIAII
end
end

module ExtA
refine A do
def a
"Extended." + super
end
end
end

O 4.2. Method seals 00 O0O0O0OO0OO0OOOODOO
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def B
using ExtA
def b
A.new.a
end
end

def C
def c
A.new.a
end
end

using ExtA
A.new.a

using ExtA, [C]
C.new.c

0 4.3. Method seals 000000000 OOO0O
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seal _define Reader, :ReaderStub do
def_method(:read) do
"<div>text</div>"
end
end

044 000000000DO0OODOOODOODOO

[Nl

seal using (:ReaderStub, [HTMLReader]) do
HTMLReader .new.read_html "dummy"
end

045 . 000000000DO00DOODOOoDbDOOg



43 0O00OO0O0OOOOOOO 33

t = TracePoint.trace(:call) {|tp]|
# Obtain current class
tp.self.class

}

# Disable hook
t.disable

N O U W N
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1 # Define a class which has an empty method to measure the
2 # overhead of method calls.
3 class TargetClass
4 def empty_method
5 end
6 end
7
8 # Define a class extension to redefine the empty method.
9 module TargetClassExtension
10 refine TargetClass do
11 def empty_method
12 end
13 end
14 end
15
16 # Activate the extension
17 using TargetClassExtension
18
19 ¢ = TargetClass.new
20
21 # Run the benchmark against the redefined method calls.
22 run_bench do
23 c.empty_method
24 end
051.000000000D0000000DO0DO0OOOO0OO0OOOOd
1 # Define a class which has an empty method to measure the
2 # overhead of method calls.
3 class TargetClass
4 def empty_method
5 end
6 end
7
8 # Redefine the empty method with open class.
9 class TargetClass
10 def empty_method
11 end
12 end
13
14 ¢ = TargetClass.new
15
16 # Run the benchmark against the redefined method calls.
17 run_bench do
18 c.empty_method
19 end

052 0000000000OC0COO0O0O0O0D0ODODOOOOOOOOOOOO
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1 class C

2 def m

3 end

4 end

5

6 module Ext0
7 refine C do
8 def m

9 end

10 end

11 end

12

13 module Extl
14 refine C do

15 def m
16 end
17 end

18 end

19

20 using Ext0
21 using Extl

23 ¢ = C.new

24 run_bench do
25 c.m

26 end
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