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A Practical AOT Compiler for Ruby
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In this paper, we will describe the design and the implementation of an AOT
compiler which is almost compatible with Ruby Interpreter (CRuby). Ruby
is one of the programming languages that has a lot of libraries and has been
available for many different computing environments. Our research is aiming
at speeding up all existing Ruby programs on all Ruby available computing
environments with an approach that takes care of compatibility with CRuby
and portability for different computing environments. To achieve this goal, we
developed an AOT compiler converts the bytecodes that are compiled from
Ruby script to C program. The generated C code runs on the RubyVM (Ruby
virtual machine). Using some RubyVM mechanism, such as method invocation
and exception handling, the AOT compiler speeds up the execution of Ruby
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program, while makes the generated C code compatible with CRuby. In this
paper, we detail the design, the implementation of the AOT compiler and the
acknowledge that we had learned from the development. Moreover, we show
the evaluation of the functionality and performance for the AOT compiler.
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Fig.1 RubyVM bytecode.
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{
const rb_method_entry_t *me;
VALUE recv, klass;
rb_block_t *blockptr = 0;
(int)op_argc, (rb_iseq_t *)blockiseq, &blockptr);

int num = caller_setup_args(th, GET_CFP(), op_flag,
rb_num_tf lag = op_flag;

ID id = op_id;

recv = (flag & VM_CALL_FCALL_BIT) ? GET_SELF() :
TOPN(num);

klass = CLASS_OF(recv);

me = vm_method_search(id, klass, ic);

CALL_METHOD(num, blockptr, flag, id, me, recv);
}

|PusH(val); || }(4)
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Fig.2 Send bytecode implementation.
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Fig.3 The scheme of method invocation.
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Fig.4 Usage of the AOT compiler.
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Fig.5 Execution sequence of the AOT compiler.
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Fig.6 Execution sequence of output binary files.
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sample_function (args) {

head:

switch(PC) {
/. D (3)
case X: goto case_label_X;

(2) I* . x/

}

(a) Switch Table

PC=X A
goto head; (4)

| goto case_label_X; |
(5) /
ase_label_X:

}

07 0000000000000

Fig.7 The method of conducting exception handling and branch instructions.
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PUSH(LOCAL_VARIABLE ;
¢ - 2 local = LOCAL_VARIABLE(x)

LOCAL_VARIABLE(y) = POPQ);

08 y=x000000O00O0000O0
Fig.8 Corresponding Code of y = x (Before

LOCAL_VARIABLE(y) = local

09 y=x000000O0000000

Optimization). Fig.9 g(;zfnsly;zrtlld(j:)g Code of y = x (After
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5

z ()
A A
a0 ][ a0 ]
(d) (e)

(@) Ruby AVYRMS AOT I/ A LU= AV YR DL
+(b) C AV YRS AOT A /S ILLT= AV YR DIEUHEL
+(c) AOT 2734 JLLT= AV yR MV Ruby *V YR DIFUHL
+(d) AOT A/ JLLT= AV YR IS C AV YR DL
+(e) AOT A /A JLLT= AV YRS S AOT AL /A JLLT= AV YR DIFUHL
010 cOOOO0ODOOODOODOOOOOODOOOOOOODOOODOOODOO
Fig.10 The scheme of method invocation that are related to C code generator.
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def bar()
begin
raise() #(a)
2) rescue

bar foo yyy #(b)
[ foo ][(ﬂ‘-&ﬁ)][(ﬂ%ﬁ)] ond
AN @AWVE) N6 zz2 #(c)

end

~ i

(3)
longjmp

VM Main

N def foo()
bar ()

VM Exc XXX #(d)

F—TUNEWNO

end
012 O000O0O0O0O0OCOOOO

011 0oOO0DOO Fig. 12 Sample code of exception handling.

Fig.11 The scheme of exception handling.
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000000000000000000000000000

000000000000 000000000OOsetjmp 0000000000000
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00000000000000000000000000000000000000000
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000000000000000000000000000 AOTO0000000setjmp
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5. COO0DOOO0OOO0ODODOOO

00000 1300000000000 AOTO00000 CO0000000000
0000000000

5.1 0000 CO00000

CO00D0000000D000000000 CO000000000000000000
bar 00000000000D000 foo 00000 13(c)0000 COOOOOODOO
000000 (¢)0000D00000feo 000000 13(a) 000000000000
00000000 () 0 send 000 20000 (1)0(2)000000000001000
00 (1)000 13(b) 0000000000000 00000000000200000
(2)0020000000000000000

00000 send 00000000000 Osend 00000000000000000
0000000000000000000 foo D0000 send 000000000000
00000 bar 000000000000 Obar 0000000000000000000
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(a) foo AYYRD/NA ~a—K 5|

(b) foo AV YREZRMLTH-BRE
E179 5= 0D/ +a—F 5l
310000 opt_call_c_function yarv_funcO_foo
»10002 opt_call_c_function yarv_funcl_foo

0011 trace 16
0013 leave

—

PC!=0

(d) foo AV YFEZEHRL THBEHK

FUNC_FASTCALL(yarv_funcO_foo)(rb_thread_t* th,
rb_control_frame_t* reg_cfp)
{ {
reg_cfp->pc += 2; switch_table_entry:
/* (1)fo>/w|~:|2—|~'§uo)miEEEFﬂ */ if (UNLIKELY(GET_PC_COUNT())) {
reg_cip>pet=2 | switch(GET_PC_COUNT()) {
/*12) D/ A= FFIDIIEE BB 7/ case 0x00002: goto case_label_0x00002;
! /* FALLTHRU */
default:
rb_bug("inconsistent pc %d", GET_PC_COUNT());
}
}
case_label_0x0000-:
reg_cfp->pc += 2;
/% (1) DNAba—FHONEERE */
case_label_0x00002:
reg_cfp->pc += 2;
/% (2) DINAPI—FHONEE R */
}

(c) foo AV yRZEZEHL THT-EHK

FUNC_FASTCALL(yarv_funcl_foo)(rb_thread_t* th,
rb_control_frame_t* reg_cfp)

013 bar 00000000 OOODO fooOOOODDOOOODODOO
Fig.13 Compiled code sample.
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O00000000Ofeo 000D CUOODOODDOOOOOOOOOODOO longjmp O
obooobooooboooobboOoobOoOn switchOOOOOOOOOsend OO
UobooobDOoOon trace 0000000000 fooOOOOODOOODOOOO
() 0U00send U0U0O0ODDOODOUUOOUOODDOODOOOOO(e) OO
reg_cfp->pc += 200 0000000000000 OOO0OOCOOOOC 2000000
00000000000 (e) 000 switch O0OOO0OOOODOO0OOOOOOOOOO (200
O000O0O()0D0000OO00OOOOOUDOOO
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Table 1 Evaluation environments.

oo oS CPU ooo ooooo

Windows | Windows7 IntelCore2Duo 4GB VC2008
32-bit 2.13GHz

Linux32 GNU/Linux 2.6.31 | IntelCore2Quad | 4GB GCC4.4.1
32-bit 2.66 GHz

Linux64 GNU/Linux 2.6.26 | IntelXeon 2GB GCC4.3.2
64-bit 2.00 GHz

Solaris OpenSolaris 5.11 IntelCore2Quad | 4GB GCC3.4.3
64-bit 2.40 GHz

MacOSX MacOSX 10.5.8 IntelCore2Duo 3GB GCC4.2.1
64-bit 2.33 GHz

FreeBSD FreeBSD 8.0 IntelCore2Quad 4GB GCC4.2.1
32-bit 2.40 GHz
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Table 2 Ruby interpreters using experiments.
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Table 3 Behavior of C code generator.
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Fig.14 Benchmark result of Ruby interpreter primitive instructions.
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Fig. 15 Micro benchmark result.
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Table 4 Binary size of compiled micro benchmark (Bytes).
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Fig.16 Micro benchmark result of each execution environments.
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