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YARV: Yet Another RubyVM——The Implementation and Evaluation
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In this paper, we describe the implementation and evaluation results of YARV, next gen-
eration Ruby implementation. The Ruby language is used worldwide because of its ease of
use. However, current interpreter is slow due to its evaluation method. To solve this problem,
several virtual machine designs were proposed, but none of them exhibited adequate per-
formance/functionality combination. Our implementation, called YARV (Yet Another Ruby
VM), is based on a stack machine architecture. YARV incorporates a number of optimization
techniques for high speed execution of ruby programs. In this paper, we describe the charac-
teristics of Ruby from implementor’s point of view, and present concrete solutions for these
issues as well as implementation of optimization techniques. We also show how each of these
optimizations contributed to the speed-up.
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class C
if condl then
#mi0 condl 0O0OOO0O0O0DOOOO
def m1()
end
end
end

class C
def mi() # m1 0000
end

end

01 0000o0ooooooo
Fig.1 An example of dynamic evaluation.
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begin
begin
raise "raise exception!"
ensure
...# 00000000000000000
# 00000000 Java 000 finallyO
end
rescue
.# 0000000000000
end

02 Ruby OOOOOOOODOOOOO0OD0OOOOOD
Fig.2 An example of a program using Ruby’s exception
mechanism.
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3. YARV: Yet Another RubyVM
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Table 1 Categories of the instruction set.
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opt_plus:
if(a0 pOOOOOO)
if(00000ooooog + 0
oo goooooooo)
return a + b
return 00000000000 0a.+(M®0O

03 0000 optplus 00O ODOD
Fig.3 Pseudo code of specialized instructions (opt_plus).
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Fig.4 Inline cache instructions to access constants.
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Fig.5 A state transition diagram of stack caching.
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Fig.6 Examples of VM description language and C code
generated by VM generator.
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mult_plusConst_OperandUnified:
{
#define ¢ 5 // 00O 0OOO0ODOODO
VALUE y = *(SP-1);
VALUE x = *(SP-2);
VALUE ans;
PC += 2;
SP -= 2;

ans = x * y + c;

#undef c
*(SP) = ans; SP += 1;
goto **PC;

07 00D00OODODODOOOOOOO
Fig.7 An unified instruction with operands by VM

generator.

(1) awp 0ODOODO
DEFINE_INSN
dup
O
(int v)
(int v1, int v2)
{
vl =v2 = v;

}

(2) dup 000 mult_plusConst 00000
UNIFIED_dup_mult_plusConst:
{

int c_1 = *(PC+1);

int v_0 = *(SC-1);

int ans;

PC += 3;

SP -=1;

// dup

#define v v_0O

#define v1 v1_0

#define v2 v2_0

vl =v2 = v;

~

#undef v
#undef v1
#undef v2

Y

// mult_plusConst
#define c c_1
#define x v1_0
#define y v2_0
ans = x *x y + C;
#undef c

#undef x

#undef y

*(SP) = ans; SP += 1;
goto **PC;

08 duvpldO0O0O00O0O0OOOODODOOOO
Fig.8 The definition of dup instruction and an
instruction unified with basic instructions.
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mult_plusConst_SC_ab_ax:

{
int ¢ = *(PC+1);
int y = SC_regA; // SCODOOOO 1
int x = SC_regB; // sSCOOOOO 2
int ans;
PC += 2;

ans = x x y + c;

SC_regh = ans;
goto **PC;
}

09 0000000000000 00000S e — SacO
Fig.9 A stack caching instruction (Sap — Saz)-
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(1)
# loop_times # loop_whileloop
30_000_000.times do il i=0
end while i<30_000_000; i+=1
end

Speedup Ratio
@

loop_times loop_while

010 000O0DOOO0ODO

Fig. 10 Execution time of iterations.
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Speedup Ratio
~ &
il il
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Method Invocation Polymorphoic Method Invocation

011 0000o0Doooooo
Fig.11 Execution time of method dispatch.

02 vMOOOOOOOOO soOoOooooo
Table 2 An evaluation of VM basic features (3 thousands
iterations for each test).

Ruby (sec)  YARV (sec)  Speedup
oooo 10.00 0.85 11.78
goooooo
ensure [ 1.77 0.00 -
rescue [J 4.67 0.15 31.11
gooooo
rescue [ 3.65 5.51 0.66
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Fig.12 A result of micro benchmark tests on an x86 processor.

[0 Base
WoTtc

JoTc+sl

Speedup Ratio

] DTC+sI+0U
W DTC+SI+OU+IU

[0 DTC+SI+OU+IU+IMC

[l DTC+SI+OU+IU+IMC+SC

Ackermann Fib Pentomino Random

Array Matrix Tak

CountWords Exception

Sieve Fact Object

013 x86 640000000000 OO0OOOOOODOOOO
Fig. 13 A result of micro benchmarks tests on an x86.64 processor.
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Table 4 A list of macro benchmarks.
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Fig.14 A result of macro benchmark tests.
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000000000000000000000000
0000000000000 00000

SchemeO XML DIf 0000 1.500000000
O000000ORuby 000000000 DOO0OOO
00D00DO000OvVMOOOODOOO0OO0OO0O00000
00000000 Mandelbrot 000000000 2
000000000000o0o0o0

0000000000000000 Ruby OO0
000000000000000000000000
000000000000000000000000
054000000000000000000000
000000000000000000000000
000000000000000000000000
0oooooOoooon

74 000O00OO0ODO

00000000000 D000D000D000000
000000000000000000000000
00 RubyODOODOO YARVOOOOODODOOODO
0001500000000000000000000
Perl'¥ 0OD0DO0OOOOOODOOOOOOOOO
00000000000000 Ruby0OODOOODO
00000000000000000000Perl 60
00 Parrot 0000000000000 000O0O
0000000000000 000000000 Perl
586000000

Python'® 000000000000 OOOOODO
000000000000000000000000
000TOSO Top of Stack0 000D OO0O00OO00
000000000000000000000000
00000000000000000000d Python
24100000

O00D00OScheme ODOOO0OO0OODODO Gauche
085 0000000000 Gauche O Scheme O
00000000000 D000D000D00D0O000n
000000000000 0000000000On



Vol. 47 No. SIG 2(PRO 28)

goboobOooobO0oo 100oo0o0ooboboo
oooooog

0150 RubyOOOO RubyOOOOYARVODO
OO0 YARVOOOOOOOoOoooooooood
Ox86e CPUOOODODOOOOO CygwinOOODOO
oo0ooooooooo

O0O0leop00000000O0DODDDODODODODODO
gooooboo3ooooooboooooooooo
OO00Ofact0 1000 0000000000CDOO0OO
O00OPerlO0O0DODOOOOOOOOOODODDO
gooobooooooobooobooboooOoooobo
goooboobooooOoooooboooooooobo
gooooOooooobooooboboOooo

Ruby OO0OOO0OOOOODOOOOOOODODOO
OO0 RubyO0OOOO10000000000000O0O0

YARVOOOOOOOOOOO fact 00O OOO
000000000000000000PerldPython
goooooooooboOooooobobooooDo

fact 0000000 72000000000000
gooooboooooooboooooooobooboobo
goooobooooOoOooooooooOoooooo
gooobobooooOooooooboooooooobo
ooooooood

Gauche 0 ackermann OO0 O00O000O0ODO0O
Oackermann 00 00000O00DOOCOOOCOOO
0000oooooo0o00oooooooooooo
00ooooooooooooood

8. 0 0O0OO0

RubyO0OODOOOOOOOOOOOOOOOOMNY
00000000000000 RubyDOOOOOO
000000000000000000000000
0000000000000000000000000

ruby2¢? 0 Ruby 000D0O0DO0ODOO SOO
0000000 COO00D00000000O0YARV
00 AOTODO0O0DDO0ODOODDOODOONn
0000000 SOD0000 YARVODOOOOOD
0000000000000000000000 Ruby
0D0000D000000000n

rubydium '? 0 YARVOOOODOOOOOOODO
ORuby 00DODO0D0OO0OO0OO0OD0OO0ODODOODO
00 Kellett 000000000000 000O00OO
000000000000000000000000
O0D00000OYARVOOOOOOODOOOOOD
00000000000 0000000000000
000000000000

Ruby D0OO0DO0OO YARVOOODOOO 71

vmgen” 0 YARVOOOOOOOOOOOODOOO
00000000000000000000 CO00
00D0000000000000000000000
00000000D000000000000 superin-
struction0 00000000000 O0OOOODOOOO
000000000000 000000000000
00D0O0Ovmgen 00000000000 OO0DOOO
0000000000000 00D00000
0000 VMB® 0ODDO0OO0O0O00O00O000
000000000000 000000000000
00000000000 0000000000000
00D0000000000000000000000
00 vVMOOODOOVMOOOD COO0D0O0000
00D0000000000000000000000
00D0000000000000000000000
000000000000000000000000
000000000000

00 29)000Scheme 000000000000
000000000000 000000000000
000000000000 O00YARVODOOOOD
Ruby 0000 DOO0OOOOOYARVOOOODOOO
000000000000 000000000000
0oo000O000Ooooon

Ruby 00O0DOO0O0DOOOJavaVM2 O
NET¥®0OParrot?® 000000000000 ODO
0ORuby00ODOODODODODOOODOOODOOD
00®0oo0000000000NoononooooD
0D0000000000000000000000
O0D0ORuby 00O0DODO0ODO0DOOOOOOD
00000000000 00D00000000000n
00000000000 00D00000D000000
O000OO0Ruby00DODOO00O0D0O00OOOOOO
0O YARVOO RubyODODOO0OODOOOOOODO
ooo

9. 0 0O O

0000 RubyOOOOOOQODOOOOOQCODOO
000000 YARVOOODOOOOOOOOOOooOo
gboooooboooooooooooboooooon

Ruby0OOOOOOOOOOOOODOOO YARV
000000o0oooU0o0o0ooOoOOoOYARVOO
gbobooOoooooooooobooboouooooboooo
vMOOOODODOOOOOooOooODOoooOooooo
gbooooobooooooooooooboobooooon

oooooboobooobooboooooboooon
Ruby 000000000 O0O0O0O0OO0CCCOCOO



72 goooooooooooooooo

O00000VMOOOOOOOOOOOO0O0000
0000000000000 00000000onog
0000000000000 00DO0DnOoonooaog
0000000000000 0000000oogog
0000000000000 00000000000
O PerlO Python 0ODODOODDOO0O000ODOO
0000000000
O0D0000D000Ruby0DOO0OODOOO0O
0000000000000 00000000000
000000000000 0000000000
00000000 RubyOOODOOOODOOOO
D000000000000O0ooOoooooOo
YARVOOOOOOOOOOOODOOOODOO
0000000000000 000DOoooog
0o000000ooooog
0000000000000000000000
0000000000000000000000
O0O0ORuby DOODOODOODOOOODOOO
oDooooooo
00000000000 00000oooooog
000000000000 00DO00od
0000000000000000000 Ruby
0000 mark & sweep OO0 000000
0000000000 GCOOOOOoO0onoon
ooooo
00000000000 000 RubyODOOOOO
0000000000000000000000
000000000 00000D0000S000
000000000000 RubyDOOOOOO
0000000000000 D0000000oog
000000000000 00D00ooon
Multi-VM OODOOODO 0OO00O0O0OO VMOO
0000000000000 D0000000 VM
0000000000000 DO0OO0O0O0000
0 000000000 RubyDOOOOODO
00D0000D000000000
000000000000000000000 Ruby
000000000000 00000000
OO0 YARVOOODOOOYARVOOOOOO
0000000000000 00000000000
000000000000 0000000ogoog
U0D0000000000000IPAODODOOO
0000000002040 00000000000
00000000 MD0O000000000o00oog
000000000000 2050000000
000000000000000000000000

Feb. 2006

oooooboooooooboooobocoooooooo
ooobooo

g o0 0 0O

1) Davis, R. and Hodel, E.: ruby2c Au-
tomatic translartion of ruby code to C.
http://zenspider.com/ ryand/Ruby2C.pdf

2) Ertl, A.: Threaded Code.
http://www.complang.tuwien.ac.at /forth/
threaded-code.html

3) Ertl, M.A.: Stack caching for interpreters,
Proc. ACM SIGPLAN 1995 conference on Pro-
gramming language design and implementa-
tion, pp.315-327, ACM Press (1995).

4) Ertl, M.A. and Gregg, D.: Optimizing indi-
rect branch prediction accuracy in virtual ma-
chine interpreters, Proc. ACM SIGPLAN 2003
conference on Programming language design
and implementation, pp.278-288, ACM Press
(2003).

5) Ertl, M.A. and Gregg, D.: The Structure
and Performance of Efficient Interpreters, The
Journal of Instruction-Level Parallelism, Vol.5
(2003). http://www.jilp.org/vol5/

6) Ertl, M.A. and Gregg, D.: Combining Stack
Caching with Dynamic Superinstructions, In-
terpreters, Virtual Machines and FEmulators
(IVME *04), pp.7-14 (2004).

7) Ertl, M.A., Gregg, D., Krall, A. and Paysan,
B.: vingen: a generator of efficient virtual ma-
chine interpreters, Softw. Pract. Exper., Vol.32,
No.3, pp.265-294 (2002).

8) Free Software Foundation (FSF): GCC Home
Page. http://gcc.gnu.org/

9) Fulgham, B.: The Computer
Shootout Benchmarks.
http://shootout.alioth.debian.org/

10) Heiss, J.J.: The Multi-Tasking Virtual Ma-
chine: Building a Highly Scalable JVM (2005).
http://java.sun.com/developer/
technicalArticles/Programming /mvm/

11) Kawai, S.: Gauche — A Scheme Interpreter.
http://www.shiro.dreamhost.com/scheme/
gauche/index-j.html

12) Kellett, A.: rubydium. http://rubyforge.org/
projects/rubydium/

13) Microsoft: Microsoft .NET Information.
http://www.microsoft.com/net/

14) O’Reilly Media, I.: Perl.com: The Source for
Perl — perl development, perl conferences.
http://www.perl.com/

15) Piumarta, I. and Riccardi, F.: Optimizing
direct threaded code by selective inlining,

Language



Vol. 47 No. SIG 2(PRO 28)

Proc. ACM SIGPLAN 1998 conference on Pro-
gramming language design and implementa-
tion, pp.291-300, ACM Press (1998).

16) Python Software Foundation: Python Pro-
gramming Language. http://www.python.org/

17) RubyGarden: RUBY: VirtualMachineOptions.
http://www.rubygarden.org/
ruby? VirtualMachineOptions

18) Sasada, K.: YARV: Yet Another Ruby VM.
http://www.atdot.net/yarv/

19) Sun Microsystems: Java D00 00O
http:// jp.sun.com/java/

20) The Perl Foundation: Parrot — parrotcode.
http://www.parrotcode.org/

21) Thomas, D., Fowler, C. and Hunt, A.: Pro-
gramming Ruby, The Pragmatic Programmers
(2004).

22) O0O00OO0OOO0OOooUOOOoOoOOOoOoooOoO
0000000 RubyOOOOODOOOO (1999).

23) 0000000000000 0O0O0O0OOO0OO0
0000 RubyOhttp://www.ruby-lang.org/ja/

24) O0ODOUO0ODOOO0O0OODOOOOO Java
gobobooo0oo200000b00booboobooo
0 (2001).

25) OO0OO0ORubyNET OOOODOOOOO
http://www.asakawa.net /ruby/
rubynet_memo.html

26) 0000OO0Ruby 00000000 OVol.44,
No.5, pp.515-521 (2003).

27) 000000000000 RubyOOoooooQ
goooooboooooooboooobooo ero
00000 Vol.1, pp.305-306 (2005).

28) OUOO0OORubyOOOOOOOOOOOODOO
00 (2002).

29) 000000000 OSchemeDOOOOOOO
Jdddddddooooobooooopoobo
O00O0D00O0O0000000Vol.44, No.SIG13,
pp.47-57 (2003).

30) 000000 U00O0ODO0O0 OOOooOoOoooo
gooooooboboobooobobooboobo
obOOoO0b0bOOoooOOoOoooOoOobDbOvVolde,
No.SIG 6, pp.1-17 (2005).

(00170 705000)
(00170 1109000)

Ruby D0OO0DO0OO YARVOOODOOO 73

00 0oboooooo

19790002004 0000000
gooooooooooooooon
goooobooboobooobooooo
ooooooooocoooooo
goooooocooooobooooo
oooobooooooobooooooooooooon
ooooboooooooboooooboooboooooo
oobooooooo

oo ooooooo

19900000000000000
oobooooooboooooooo
oob4oooooooooon
goglgroooooooooobo
goooooboooooooooon
goooobobooooooooooobooooooon
oboooboooooboobz20030b000000000
O000oo0ooooooACMOOO

o ooooooo

1994 000000000000
goooobooooooooooooo
oooboomoooooo 1997om
19970oooooooooooon
gooooooob2ooc000000O
oooooooooooz2e4000000000D0O0
oobO0o0oD0o0bO0o0oobO0o0moooooooon
oboboooooooooboboooobooooobooooon
000000000000 000000000ACM
oooo

7~ ??
]

e
—

ooboooooogoo

1984 000000000000
gbooooooosenoonoon
ooooooooobooo40000
goooobboooooooiesso
gooooooocoooooooon
oo019800000o0o0bo000019930 110
ooooooobooooboosn 40000000
goboooooobooooooobooomoooon
goooobooooooooooboboobooooo
gooooooooobooooooooboooooon
goooboooooobooooooooooooo
O0O0OO0OACMOIEEEOOOO




