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A Bytecode Interpreter Generator
Based on Virtual Machine Specifications

YuJi UcHiYAMA,t DAISUKE OGATA and KEN WAKITA*

The article proposes Virtual Machine Builder (VMB) which is a bytecode interpreter gener-
ator developed by authors group. VMB takes a specification of a virtual machine and gener-
ates implementation of the interpreter which composes a main part of the virtual machine. A
specification of a virtual machine comprises a definition of a virtual hardware composed from
registers and stacks, and a definition of the behavior of each virtual machine instruction. The
behavior of an instruction is specified in terms of a machine state transition system. In the
previous version of VMB, there were cases that we needed some tricks to specify the behav-
ior of an instruction since the specification language lacked the way to declare data types of
objects and to express references between objects. We redesigned the language so one could
specify instructions more naturally. The article also shows an experience in developing a tiny
imperative language system using VMB. Also the expressiveness of the specification language
and the performance of the generated interpreter are evaluated by the use of a virtual machine
of Objective Caml generated by VMB. On the former point, 133 of 146 bytecode instructions
can be defined naturally. On the latter point, a benchmark test shows that the efficiency of
the generated virtual machine is 97% of a carefully implemented human-crafted one.
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Fig.1 The model of virtual machines.
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Fig.2 An ordinary implementation of virtual machines.
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%type Bool 01 0000000000000000
Yconst true Table 1 The list of internal structures which compose
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%prim not(Bool): Bool gooo goooooooo
%prim and(Bool, Bool): Bool %register gooooooo
%prim or(Bool, Bool): Bool %fstack Jo0d000o0oooooooodg

%register reg: Bool
%fstack stack: Bool
pc prog: int
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Fig.3 The example of definition of virtual machine
structures.
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Fig.4 The virtual hardware structure defined by Fig. 3.
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Fig.5 The semantics of POP n instruction.
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Fig.6 The syntax for specification of the semantics of
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Fig.7 The state transition in the virtual machine by the

execution of GETSTACK n instruction.
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Fig.8 The state transition in the virtual machine by the
execution of SET n instruction.
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Fig.9 The structure of an interpreter generated by VMB.

gooooooooooo

gooooobooooooooooboooooooon
goboooooooooboooooooobooood
gobooooboooooooooboooooooooa
goooooo

4. 00O0O00OO0O0OO0O0bOoOoo

vMBOOOOOOOOOOOOOOOODOOOO
goooooooooooooobboo9obOObOOOn
gooooooooooboooooooooobonoo
O000ooDooooOdswitchOOOOOOOO®RO
OO0 switchOOOOO 1000000000000
oooboowhileOOOOOOOOOOOOOODO
gobooooooooboobooboOooooooboooo
gobooooooooobooocboOoooooobooo
gobooooooooooobooocOouooooboooo
gboooooboooooooooooboooooo
gboboooiloobooooolroboooooooon
goooooooooooboooboooooobooDoboo
gooooobooo0oooobobooooooDbonoo
gooooooooobooooooooooDbono
gobooooooooboooooooooobood
gooooo
vMBOOOOOOOOOOOOOOODO

e JO000O0UOOOOOOOLODLDOOOOOODO

e 000000000 OOOOOOOOO0OO0O0O0
o JO00O0OOOOOOOOOOOODOO

Y 00000 switchDOOOOOO0OO000000000 threaded
code 00000000 DOOO0ODOOODODOOOODO



8 goooooooooooooooo

o JIOIODOODLOODLOODLOODLODO
o JIIIODOODOOOODODODODODOD
e JI0OUIODOODOODOO
ooo0edb0OUOOOOOOOODODOODDOO
gooobooboobooobooooboooboo
0000000 0000 GETSTACK n DO ODOO
gpooooo
4.1 0000000
gbooboobooobobooboooboobooog
goooboobooboobooboooooboo
goooobooobooboooboooboobooboo
gooooboboooboobooboooobooboo
goooboobooooboobooooooboo
gooobooobooboooooobooobooboo
oboooboooo
goboobobooooooooboobooobooo
goooboobooooboobboooboooooboog
ggooooooobbooooooooobboooo
gooobooboobooboboooobooboo
000000000000 0D00O%tstack 0000
Oo0oooooooooooogg S=51.52.---.5;
oo Tr=".1.---7; 0000000000000
gboboboobooooooooo
(sp){o:type=S.esp} -> (sp’){o <- T.#sp’}
OOo0OO0OO0O0O0O0ODDOOO%bstack JO0O0O0O0Oesp
O#sp> 00000 SOTOOODOOOOOOOOO
goboooboooobooboobooooooboog
gboboboboboboboog
gbobooobobboO0oO GeTsTACKUODUODOOO
gboboobooboboooooboboobobo
(x, s, p) {
stack: t = [y].s".es,
prog: t' = @p.Il.[n] -
(v, s7, p) {
stack <- S.#s’,
prog <- I.[n].#p’ }
gbooooobobboobooboobooooboog
gooboooobboooobboooooboo
goobobbooooooobboooobboboooo
O x].lyl] > [xl DO0O0O0CODODOOOOOOO
O %fstack D000 %bstack 0O 0OOOO0ODOO0O
gboobooooboobooobooboooooboo
oboboboobooboboobooooooooo
vMBOOOOOOOOOODOOOOOOODODO
goooboooboobooboooooboooboog
000000000000 000000O0g %bstack

Apr. 2005

gooboooboobooobooboobooobobogoo
gooobooobobobooobooboooboobobooo
ooo
gboooooooooboooboooboooboog
goobooooooboobooooobooboobobooo
goobooobooooooboobooooobobooo
0000000000000 %stack OODOOOOO
gmoooboboobooboob
4.2 0000000
gbooboooobooboooboobooboog
gooboooboooboboobobooboboboobobogoo
goobooobooobooboooboboboobobogoo
goooooooboooo
gooooboooobooboooooobboo
goobooooboooboobooboooboobogoo
goobooobooobooooobooboobobooo
gooboboobooooboboboobobo
goobooobooboboobobobooobobogoo
goooboboboooo
e R.OOD r000OOOOODOO
e O,q000 o0O0DOOOODDOOOOD eO
oooooooo
gbooooooboooboboobooboooboog
goboooo3goboobooboobobooobog
go0O0dl.000bOOo00obOooooOoobooooon
e All.—e€0el0000000OD .O00DOO
O0Assign00 00O
e Cll.— XX 0O Il.ODODOODDOOODO
OCopyd OO0
e No(e)De 000000000 0000000O
O0000NewOODOOOODOOOOOOODOO
ooob oOOODO
gbooboooooobobooboobooobooo
J000O000O0ODb0O0ODO0O0bDO0 GETsTACKUO O
gooboOoobO0ooobOooobD 40b0000O
ooo

A[Rreg < y] (= Ar)
ARsp — s’] (= As)
A[Rpp —p’] (= Ap)
C[Ostack[0] < 8] (=0Cs)

O00O0Oregdspdpp 00000000000 000
000000000000000000000000
000000000000000000000000
00000000000000000

43 0 0O O
000000000000000000000000



Vol. 46 No. SIG 6(PRO 25)

0000000000000000000000000
00000000000000000000GETSTACK
00000000 4000000000000 CsO
00000000 y0OOOOOOOOA, 00000
000000000000000000000000
000000000000000000000000
oooo
0000 AV 00000
00000000 M OOOOODDOON OO0
000000000000000000000000
000000000000000000000000
000000000000000N 00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 MNODOODODO0000000
0000000000000
00000D0D000000D0000000
00 A0 CODDOOO0OOO0OOOODOOOOO0
000000000000000000000000
0000000000 0000000000000
00000000000 U(0)DoOoooooooo
D(0) 0000000000
00 0000000000 U(O)D0o D000
00000000000000000000000
00000U(0)0000000000000000
Al.—2]0000000000000000000
000000000000
e 00DO0OD z0 UMO)DOODDO
e 0000000DO0OODOONOONDODNOOO
0 O,q000000000000000:t=
~ey---00 y00000ey 0000 Oy O
00 e—¢ 00000000000000O0
000000000 U(0)00000
e 00000000 DODOODOONOODOOO
oooooo
OOO0DOGETSTACKOOODOODOOO0ODO0DO0 Ar
0000 U(Ar) 00000A D000 yOOOOO
00 U(Ar)={y} 0000y0O0D00D00000
0 Ogtack[0) 000000yO00O000000000
0 stack 0000000000000 sO0000
00000006s 0000 Ogpackn+] 000000
es 00 yODOOOODODOO 0 - (n+1) 00DODO
0000000000 0000000000000
n0 prog 0000000000000000 pO0O
0D0000ep 00 n000000O0 1 -0000

gooooooobooooooooooooboboooooooo 9

000000000000000000000000
O00U(Ar) O {y,s,n,p} DO0ODODO
00000000000000000000000
000000000000000000000000
0000000000000000000000000
00000 /0000 # 000000000000
00000000 X 0000000000000 X
000000000000
00000 0000000000 D(O)0D000
0000D00000000000000000000
0000000000 ADDOOODO D(O)O00
000000000000000Olc000000
0000000000000000000000000
e 00000000000 R, 0000loc(z) =
.000 0001000000000 D(O)
0000000000
e 1, 0000000 Oy 000D loc(z) = Oy
0000000 z00000e#¢ 00000
0000D000000000000000000
0¢0DO)0D00D0OX 0000000
000000X 000000000000000
0 (X000 <eVe<X OO0 )OO0OOO
0000000 X0 D(O)ooooo
000 Cll.~ X]00OO0O000000000 .0
0. 0X0000000000000000000
000000000000000000000000
0000000000000 000GETSTACK 00
0000004000000000U0UO0OO0D000D
00D 2000000
0ooooooo
00000000000000000000000
00000D0000D000000
e 00 OO DO)OOODOODD O O UWO)
0000000000000000000000
0000000000000 00000000
0000000000000000
e 00000 0O0DO0O0DDO0ODOOOOO
000 1000000000000000

02 GETSTACKOOODODOOOODOOOOOOOOOODOO
Table 2 Use set and destroy set of each action in
GETSTACK instruction.

oo oooo oooo
Ar {y,s,n,p} {x}

As | {s} {s}

Ap | {p} {p}

Cs {S,s,n,p} {y,S}




10 goooooooooooooooo

000000 00000000 000000000

000000000000000000000 OO0

0000000MO0000 0000000000

000D00D0U(0)00000000000000

000000000000000000000000

000000000000000000000000

000D 20000000000

e RIO0OO r000000000O0

e 07,000 000000000000000D0e
0ooooooooo

000000000 0000000000000

00000 All.—e€ 0000000000

e 00DOODODO rO000000D000RSD
0000000000000

e 000000 OODDOO0OA[lL 2000
00000z 0000000000000000
0000000 »00000000000
000000 Cll. — X] 00000000

e 00000000ODD 000000000
No(e)) 000000000 e0 X OOODO
ooo

e 00DDDOOO O}, 00000000000
ooo

e 000DODOOOODODCH «Y]ODOD
0000YO00000D000000000000
0000000000000 00000000
0ooooo
00000000000000000000000

000000000000000000000000

oooooooooo

OO0O0DDOGETSTACK 0000000000000

0200000000000000 Ar 00000

00000000000D00000D0000000

00000A 00000000000000Cs O

00000000Cs 000000000000 As

0 Ap000000000000000000000

GETSTACK 0 400000000000000000

0000000000000

44 000000000
00000000000000000000000

000000000000000000000000

000000000000000000000000

0000000 3000000000000000
00000000000000000000000

000000000000000000000000

000000000000000000000000

Apr. 2005

03 O0OOooDooooo
Table 3 The list of primitive actions.
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Table 4 Typing rules.
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fun int fib(int n) {

int nl, n2;

if (n <= 1) return 1;

else return fib(n - 1) + fib(n - 2);
}
print £ib(30);

010 Wy OOODOOOOOoOoooo
Fig.10 A Wy program which calculates fib(30).
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Fig.11 The internal structure of the virtual machine which executes Wy programs.

05 W OOOOOOOOO
Table 5 Bytecode instructions defined in Wg.
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goooooo 5 0000 int0 char[ double
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print 1
gooooo 1

0 CALL O 36 23 CALL 1 4

3 STOP 26 CONSTINT 1

4 FRAME 2 28 GETARG 0O

6 CONSTINT 1 30 SUB

8  GETARG O 31 CALL 1 4

10 LE 34  ADD

11 BRANCHIFNOT 5 35 RETURN

13 CONSTINT 1 36 FRAME 0

15 RETURN 38 CONSTINT 30

16 JUMP 18 40 CALL 1 4

18 CONSTINT 2 43 PRINT

20  GETARG O 44  CONSTINT O

22 SUB 46 RETURN

012 000000000000 W OOO

Fig.12 A Wz bytecode program which calculates fib(30).
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Table 7 Benchmark results.
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