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Parallel Processing on Multiple Virtual Machine for Ruby

o Koicui Sasapa,’t SHOHEI URABE, 2
YUKIHIRO MATsSUMOTO? and Krr Hirakr !

We are developing a high-performance Ruby interpreter. The current inter-
preter is a bytecode-based Virtual Machine (VM). However, the current VM
does not support parallel processing because the VM is restricted to running
at most one Ruby thread at time. Parallel processing using multiple processes
requires additional overhead to transfer objects over some inter-process commu-
nication mechanism. Based on these challenges, we have developed a Multiple
Virtual Machine (MVM) implementation which can run multiple Ruby VMs
simultaneously in one process. Each individual VM manages an isolated ob-

ject space. For MVM, we implemented a fast object transfer technique by
taking advantage of sharing the same virtual address space. We also designed
a programming interface (API) to use these features. Moreover, we extended
dRuby, a remote method invocation framework, to make it easy for program-
mers to use MVM features. In order to keep compatibility with the current
Ruby interpreter, we implemented MVM by replacing the current VM’s use
of process-global resources, such as C global variables and I/O resources, with
the use of VM-local data structures. In this presentation, we will describe the
design and implementation of our MVM and its API. We will also show several
performance evaluations of parallel processing in Ruby using our MVM.
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# parentvm.rb

vm = RubyVM.new("childvm", "childvm.rb")
vm.start("a", :b, 3)

# [do something]

vm. join

# childvm.rb
RubyVM: : ARGV.each{|obj |}

p obj

03 vMOOOOOODOOOOoOD

0000000000000 RubyODDOODOOOOODOODOOOOOODOODODOOOO
0000000000000000000 VMOOOOO*00D00000000000
vMOO0OOOOOOoooooo vMOoOQOoOoOOOODOOO0O000000o0o0o0o0o0oo
RubyVM#start 0000 0000COCOO0O0 VMOOOOOOvVMOOOOOOOODODO
0000000000000 O0start J00000OCOO0OODOOOODOOCOOO0O VM
O RubyVM::ARGVO O OO0ODOOOOOOO0ODOOOO0OOO0DOOOOOOOO VMODO
O00o0bOD0OoO0o00o0oDOob0b 3000staxrtJ000O0DOOOOOOODODODDOO
vMOOOooooooooooogo

00000000 vMOOODOOODOODOO RubyVM#join O DOODOOODOO join
ocoooooooovMbOOOoOO vMOoooooooooooooooo

ooooobo vMoooooooooovMOOOOOOOODOOOOOOVMOOD
ocooooooooooOOOOO0bOO0OO0O00ooooo vMOOooo vMOOOoooooo
ooooooovMOOO0OO0O0000000000 vMooooooMvMOO00O0000
goboog

3.2 VMOO RubyOOOGOGOGOooonQ

VM OO Ruby OO0O00O0O0OOOO0OOOOOOOOOOOO Channel D0O0OO0O0O
0O ORubyVM: :Channel.new 000000000 4000000 Channel 0000000

x1 00000 vMOOOOOOOOOOOooOOooOOoO0oOOooooo0ooooooooooooooooo

# parentvm.rb

ch = RubyVM: :Channel.new

vm = RubyVM.new("childvm", "childvm.rb")
vm. start (ch)

ch.send("a"

ch.send(:b)

ch.send(3)

vm.join

# childvm.rb

ch = RubyVM: :ARGV.shift
p ch.recv

p ch.recv

p ch.recv
04 VMOO Ruby DDDOOOO0O0O0O0O0O

RubyVM#start 00000000 Channel 0000000 VMOOOODOOOOODOOO
RubyVM: : Channel#send 0 Ruby 00000 OO OO O RubyVM: : Channel#recv 0 0O
000 RubyOOOOOOOOOOOOO0OO0OO0O0O0OO0O0O00OOrecy 300000 Channel O
ooooooouoooboooooooooOObOCbocbO00000ddsenadgonnQ
00000000000000 VMOO RubyOOOOOODO send0recvO000000
00000000 ReubyOOOOOOOOOOOOOOOO
Channel 000000 VMOOOOOOOOOOOODOOOOOO VMOOOOOOO
Ooboooooooooooooo vMoOooOooOOoOoOoOoOo0OO0O0 RubyOOOoooonO
Channel 000000000 VMO 100 Channel 000000000000 OO0DOOO
oo0ooooo0ooooO0l1oo vMOOOoooOooooooo vMooooooooo
O000000000000000 100 ChannelJ0000O000O0O0O0OOOO
04000000 VMOUODO Channel 0000000000 O0O00O0O VMO start
O0000000000000D0000 Channel 00000000000 VMO 300
Ruby0OOOOOOOO0DOCOOO VMOOOOOOOOOO
0000000000000 0 RubyOOOOOOOOOOOO MarshalOOOOOOOO



6

Uoooooooooodoof0OOtrueldfalseldnill0 000 Fixnuml Symbolll Floatl
String 00000000000MVMOIOOOO0O0O00O Channel0O0O000000O00O
0000000000000 000 Array0 000000000000 OMarshal 000
pobooooooooooooooooooooooo0string 0000000000
00000000000000000 O(1)000000000000Marshal 00000
pooooooo0o0o00000000000 procUFileddOOOOOODOOOOOO
oooooooooooooooooooooooooooooooon

3.3 dRuby O MVM OO

00000000000 0000 dRuby0OOOO0OOOO0OOOOO IPCOCOOOOO
TCP socket0 D000 OOOMVMOO VMO Ruby DO0OO0OOOO0OO Channel O
0000000000000 0O0O000O0OMVMOOOOOOOOOOO0OdRuby OO
oo MvMOOOOOOOOOOOOOOOOOOOOO

000000000 require ’drb/mvm’ 000000000000 O0CO0O0OOVMO
0000 Channel 000000 ch 00000000000 OCOOOOdrb+mvm://[chO
ID] 000 dRuby OOO0O0O0O0OO0O0O0O0OOOchOO0O0O0O0OO0OOOOOODOOOOOO
0000000000000000 dRubyOOOOOOOOOO

3.4 0000000000 RubyOOOOOOOODOOOOOOOO
MVMOOOOOOOOOOOO0O0O0000000 Ruby VM OOOOO COOO0O
oooooooooooo

Ruby 000000000 RubyVM.newl RubyVM#start[ RubyVM#join DO 00000
ooooooooooooooooooo0O00Ob0o0o0Ud ruby_vm_run(QUOOO00O
000000 vMOOOOOOO0O ruby_vm_destruct() 0000000000000
ooooo

oo0ooooboooboooo0ooooobboo0ooo0obo0on RubyOOoOooooOono
000000000D000Rwby 1.90000000000000000O0O000O(1) 10
00o00oo0o000o00000000 10000000000000000000000 (2)
000000 Ruby OOOOOO0O0O0O0O0OOOOO0OO0O0OO0OOOOOOOOOCODOOO
ooMvMOOOOOOOOOOOOOOOOOOOOOOO0O0O0O0O0O0

4. 00000 vVMOOOO

MvMOOO1000000000000000 VvMOOOOOOOOOOOo0oO0O0o

000000000000 000oooooOoO0Od Ruby 1900000000 MVMO
O00000000C0Ruby 190 100000 100 VMOOOOOOOQOOOODOOOO
gooooooooooboooooooboooobbooboobooooboobooo
ooobool1oooooooboooob0oo vMbooooooooooooMvMOGOQGooOO
ooooooooooooobobobobodvMO 1000000000000000 Ruby
l90dooooooooobobooooooooooonn
4.1 0OO00O0OO0OO0OO0O0OO0OODOO0
cOoOo0oooOoO0oOoUoOooOO0UOooOoOOoOoUoOoOoO0OO0 10000 10000
goooovMOOOoOoODOOOOOOOOOOOOOOOOOOODOOOOO VMO 1O
gooobooooooooboooooobooOobooooooobobOOoOoOooOoooooOobooonn
oobl1oooooobooooboocoooooooOoobooooobooo
0000000000000 000000000000000000000oooo*o
4.1.1 CcOOOOOOOO
vMOOOOOOOOOOOOOO0OO0O0000000000vMoooooooooo
gooooOooOoOO0000Ooo0o0o0oooooooooooo vVvMOoo vMOooo
gooovMOOOOOOOOOOOOOOOOOoOooo
ooboooooooooooooooboooooooooooboooooooooonn
goboooooooobooooooooooooboovMOOOoobDoooooooDoooDo
gooooboooooooooboooooobo0oooboboooooboooooDoooooDo
goooooooooboooooooooobobooobobooo
ooooOooooOfdO0ooOoopooUoooUooOooOoooCcoUoooooooooo
rb_define_method() 000 APIOOOOODOO APIOOOOOOOOOOOOOO
goooobooooooooobooooooobobooooooooooooooooon
goooboboooooooooooooooboooobooboooooooboOoooooon
U00000string0000000O0O00O00O0DO re_eString000000O0OCOOO0O
oooooooooOO0o0o0o0ooooooODO000 RubyOOOOOODOOOOOOO VM
gooobooboboodbooooooooooboOoooobOOoOOoOobObOOoDOOOOOoODOon
ooboo

x1 0000000000000000000000 wlinitO) 000000000000 VMOOODODODOO
gooooooooOooooo vMOOOOoOoOOoOOoOoOoOoOOooOoooOooooo



0o0ovMOO0O0O0OD00 Ruby ODOOOOOOOODOODOODOOODOODO
rb_vm_specific_ptr(key) 0000000000 COO0O000O00O0OO0 keyOOOOoOO
vMOOODODOOOOOO0OO0ODOOO0O0DO0O0DOOkeyOUODOOOOOOODOODOOO
rb_cString 00 0000000000000 O00O0OO0O0DOO0ODOOOOOOOO0O0OO
0000000000000000000rb_vmkey_cString0000000000000O
ooooo

#define rb_cString (*rb_vm_specific_ptr(rb_vmkey_cString))

keyOODOODOOOOVMOOOOODOOOOOOOOOOOODOOOOOOOOOOO
000000000000 0000000Orb_vm_key_create() JO0OOO0DO0OOOOO
O000oooooooooooo

O00o0ooooooooo0oo0oo0oooooooooooooOoooooo
O00o0000o000o0ooO0o0oo0ooo0o0oo0oo0ooooooooooooo
ooooooooo

4.1.2 DO0OOOOOO

Ruby 1900000 Ruby 0000000000 000000000000000O00O
00000o00o0o000o0o00oo0O0ooO0 IbDO0OO0O0O0OOO0OOOOODOOUOOOOO
000000 IbO00O00OO0O0O0O0O0OOO0 IDOODOOOOODOOOODOOOOOOODO
o0oooooo

MvMOOOOOOOOOOODOOOOOOOOoOoOooOoOoooooooooooooDo
goboooo vMUOooODOOobOoooDooooooo Iboooobooooobooo
obooboooooooobo Ibob0obOO0oO0oDO0oODO0oOO0ODbOOODODODOODOOD
ooooo

oooo0oooO0o00oooO0o0oooOo0O0oooOoooooovVMOOOOOO
000oo0o0oo0oo0oooooo0oo0oooo0ooOo0oooooo0oooooo
o0 Ib0000O000000O0000O0000O00O00O000ooOOoOoO0o0oOoOoO0o
Oo00oo00o00oo0o0oo0o0o0o0ooOooooo0ooo0oooooooooooooo
oooo

4.1.3 0DO000OO0OOOOOOOOOO

O00o0o0oo0oooooooooOo0oo0oOo0oo0ooOooooooooDoo
ooocwboOOoooSOOooUoooUOoooooooooooo vMOo Ccwboooo
cooooooooooOooovMOOOOOOODOOOOOOOOOODOOOOCWD

7

O00000000Solaris00000CLInuxO00O0O0OO0O0000 openat() D000
goboooobooooooooooobooooooboboOooDboboOobooo

openat() DO ODOOODOODOOODODOOOOOOOOOOOOOOOOOOOOOOO
000000000000CWDOOOOO0 bir.chdir 0000000000000 OO0O
o0 cwboOOoooOoOoooooovMOoOoOoooOoo vMOOOoOO cwboOoooOoOo
obooooooooooobOO00oooObOO0O0Ob000b0b0epen 0 OOODOOOOOOVM
0000 CWDO openat() 00 0OOOOOO

ooooooooooooovMOOoooooo cwbooOoOooooooooooo
0000000000000 0O000ooo0o0o0ooooooo CcWwboooooo
U0D0000*ODOopenat() 0D UOO0OO0OODOUODOODopenat() 000000
gobooooobobooobobooooooboooooboooooooo

4.1.4 O0OO0OO0OOCOOOOOOOOOO

Ruby 1.900000000000000000O0O0COCOOCOOODODODODODODODODO
gooooooo GvLOOoOooDoDoOoODOODOD RubyOOOOOOO0OGVLOOOOO
OO0 RubyOOOOOOOOOOOOODOOOOODOOOOSOOOODOOOOOOOO
00000000000oooooooooooooDo0 RwbyOODOODODOODODOO

MvVMOOOOOOOOOOOO0OOO0O000 1000000VMOOOOO0O GVLO
goooboooooooooooooooboooboooooooboooooooooooDoon
ooooooovMOoooooooooooo spooboboooooooobo 100 VM
goooooooooobooooooobooboooobo vMOoOoooOoooooobooooo

goboboooovMOOoooooooovMOOOooOoooooooboooooooDo
coooooooOobDOOOOOOOO0OO0O0ObOO0O000000b0 vMOOo vMOoooo
oooooooooooo vMOoOooooooooooooooooboobooooooo
oooooOoOoooooo0oovMOOO0OO0O0000000 vMOOO0O00000000
ooooooooooooooooooboOoOobobooOoooooooooo vMOooooo
vMOO0O0OoooooooooooovMOOOO0OO0O0O0000000 vMOOooooo
oooo

x1 0000CWDOOO0OO0OO000000000000000Ruby 000000000000 O00DODOO0OOODO
goooooooooooo



Signal from OS

Ruby Process

Timer thread

Broadcast delivered
Signal from timer thread

VM1 VM2 VM3

06 0000000

4.2 vMOOO

vMOOOOOO vMOOOOORubyOOOOOOOVMOOOOOODOOODODOO
00000000 0o00O0o000obO0O00d0DRuby00O0O0DOOOO0ODOOOOODODODO
OovMOOOOooooo
MvMOOOOOvMOOOOOOOOOOODOOODODOOOOOoOooooovMOoOood
O000000CRebyVM::ARGVO O ODO0OO0OO000DOOO0OOOO0DOOOOODOODDOO
gboboooooboobobooooooDobobooooboobOOobbooboobOobo
goooooooovMibOOoOoOooooobOobDOoobOoobOoboobobooDbOoo
000000000000 ro_vm_specific_ptr() 0000000000 OOO0OOO
0000000000000 0O0rb_vm_specific_ptr() JOOO00OOO0OOOOODOO
gboboboboboo
gooovMoooooooooooooooooooooooooooooooooo
ooooOooOooTLSOOOODOOOO0O0O0OoooOoooooooooooooooooo
0000000 TLSOOOoQoOoooooO vMOOOOOOOOOoooooooooPOSIX
000000 pthread_getspecific() O0ODO0O0O0000OLInuxO0 GCCOOOOOO
O00D00000GCCUOUOOOO__threadJ0 0000000000 OOOODO TLSO
gboboooooooo

vMOOOO TLSOOOOODO0O0OvMOOOooooooooooooooooovM
0000000000000 0U0UUUAPIDODOOOOOOOOOOO VMOOOOO
oooboboboobooo

4.3 vMOOO

RubyVM.new OO OO VM OOOOOOOVMOOOODOOOODOOOODOOODDOO
000000000 0RubyVM#start DO OO0 000000000 ODO0O0OOOODOODO
O00000 Ruby 190000 RubyOOOOOOOOODODODO O RubyVM#join OO0
dooooo0o0ooooooooooo vMoooooooooo

000o0U00oopDoDO0o0ooC0 RwbyUOOOOOOUOUOOOOOOOOOOOOODOD
000'®000000000000000000000000000000000000
000000o0o0oooooooooooooooog

4.4 00000000000 COODOOOOOOOOO

CcCO0O00O0D0O00000RubyOO0OOOOOOO0OOOOOOOOOOOOODOOO
OooooSOoo0UooooUoooooooooooooMvVMOOOOOOOOOOO
00o00ooooooooooooog

Ruby 1.90000000000000O00O0O0O0OOOOOOODODOOOOCOOO0O
O0000000000feo000O0O0ODOOOODODOOOODOOODOOODODOOOOOO
0000 Init_foo() OOOOODODOODODOO
MVMOOOOOOOOODODOOOODOOOO04100000000000000O0000
00000000000000000000000000000000000000000
O0000Orb_vm_key_create() 0 rb_vm_specific_ptr() 0000000 VMOOO
00000000000 0000000000000000000 VMOOODODOOOO
ggboboooboboobobooobbuooobboobobboobo

goooooooboooMvMUOODOOODOODODOODDODOODODOODOOO
00000000 fooOOUOOOOODOOOInit foo() DOOOInitVM_foo() OO DODOO
O000000Init_foo() UOOOODOOOOOOOOOOOOINnitVM _foo() O VMO
O0000000Rubyd require 100000000 00OO0OO rb_vm_key_create()
goooooooobi100oo00bOo0oboc0oboOOobooOoOo0bOo0ooooogoDOoovM
000000000000 000000000000InitvM_foo() DOODODDOOOOO
ocoooooMvMOOODOOOOOOOOOOOOOOOOOOOOOOO
obOO0oo0o0ooO0O0o000000000000000b0ooDbDOob0DOo0 MVvM OO Ruby
0000000000000 0O0o0000oooOoo0oo0Do0ooooooooooooo
oovMOOMVMOOOOOOOOOOODOOOOOOOO0OOO0OO0O0O001vMOOO
Oo0O0O00000 Ruby19000000000MVMOOO0ODOOOOODOOOOO



goooooovMOooooooooooo vMoboooooooooooboooooo
gbobobo

5. Channel00 0000

000000 VMOO RubyOOOODOOOOOOOOOO ChannelDOOOOODODO
oooooo

Channel 00000000000 DOOO0O0OOOCODOOOOOODOOOCOODOOOOO
0000 Marshal OOOOOOOOODOOOOOOCOOOOOOVMOOOOODOOOO
0000000000000 Marshal0OOOO0O0OO0000O0O0O0O0OO00OOOQOOODOO
000000oU0o0ooUoUooOoUoU0oooD o(l)UooooooUoo

51 0 OO0

Channel 000000000 0ODOOOCOODOOODOODOOODOUODDOOOOODO
goboooorirO0O0OOOODOOOOOOODn

Channel 0000 VM OOOOOOOOOOOOODOOChannel OOOOODOODOO
00000ooooooooo0O00O0000o00o0ooooooooOd POSIX Thread
0000000000000 000000000000O000000000ooooooo
00000000ooooooooooooon

Channel 0000000 0Channel 0000000000000 ODOOOOOOOChan-
nel 00000000000 DOO0O0ODODOOOOODOOOOODOOOOO VMOOOOO
000000000 Channel 00000000 O0D0OO Channel 0000000 Channel
0000000000000 000000000000Channel 000000 O0O0ODOO0O
O000000000OoOg ChannelDO0O0O0O0OCCOOOOOOOOOOOOOOOO
OO0000OooO0OoDDOOO Channel 000000000 DOOOCOOOOOOOOO
00ooogooooooooooooooooo0oooOOo0o0oOooooooooooooo
o0oooooooooooooooooooo

5.2 RubyOOOOOOOOO

Ruby 000000000000 0OOO0UOOUOOOOOOO(S]) Marhsal DODO0O
000000000000 000000O00U00D0D0D00000n0On(S2) Channel
0000000000000 0000000UUoO(Rl) Channel DOOOOOOOOOO
0000000000000 0U0DUO0UOD(R2) Marshal 00000000 RubyO O
ooooooooog

9

00000000 RubyODODODOOOO0ODODOOO0ODOO0OODOOOOOOOO(ST)O(R2)
0000000o0000oooooo0ooooodoDoo0ooooDooO0oooDon
oooo
goooooooooooobooOooooboooboOooooDboboboOooooooDoo
O0000000(S2)0 Channel JO0O00OO0OO0DODOOO(R2)D0O000O0OODOOO 20
goboooooooopoooooboooboOoooooboooOoDboooooOoDo
00000000 Marshal OO0DOOODOOOOOOODOOODOOOOOOODOODO
goboooooooboooooooobooooovVMUOOOODOoOODOOoOoDoOOoDO
gooobooooCoo0oOoOooooOo0OoOoOoobooOo0oOooooDooOooOoDoo
o00O000bDO0 RbyOOOODOOOOOODOOODOOO

53 OOOOOOODOO

Marshal OO0O0OOOORuby OO OOO0OODOOOOOODOOOOOOOOODDOOO
o000O00DOo00ooOOooooO00oDooOooOOoU0oDOOo VMOO RubyOOOOODOO
0000000000000 0DO0O00DOD000 RwbyOODODOOODOOODODOOODDOO
000000 Marshal 00O O0O0D0OO0O0OOO0ODODOOODOOODOOOOOOODO
00000000 0ORuby 19000000000 00DOOCOODOOOOOOODODDODO
O000000000D0000000000 string0000000000O00O String 00
O000string 0000000000000 O0O0O00O0D string00000000O0DOO
000000000000 00 String00000O
000000ooooo000ooooo0ooooo0oooooooooooonon
o0oooooooooog
gopoooooooboooboobooooboboooboobooooDbooD

53.1 0 0O O

Ruby 1.9 000 trued falseOnil OO0 000 0O0Fixnum OO0 000000 ODODOO
goooooooooooooOoooooooOoobooooovVvMObOOOODOODO
ooboooobooobOoOoooOoooobooooooo

Symbol O OO0OD0OOODODOOOOOODOOUODOCOOODOOOD IDOODOOODOO
goboooooo0o0oooOoooOooboooooobo vMOOODOOOOOoOOD VM
goooooooOoOooo Ibogoooooooooc vMODOOOOOODOODOO
ooooooobooOoooboooo



10

5.3.2 Float 0O

000000000 Fleat OODODOOODODOOCO doubledO0O0OOODOOODO
O0000OMarshal 000 DO0OD00OO0D0O00DO0DOOODOOO0DOODOODOOODOODO
ooooOoOoooOooOOoUOoOoooOoOOoOoOoooooovMOOOOoOooOoOoDooOoO
O000000000oooodd debuleD0O0ODODOOOOOOOd

5.3.3 String O

00000000 string000ORuby 1.90000000000000O0OCOOOOOOO
ooo0oooU0o0ooUoOoOoU o(l)UooooUoUoLooUoDULOon

Ruby 1.90 String0 000000000 RString DO O0ORString O000OOOOODO
O0ooUooUooUOoUOoU0oOU0oU0OOo0bD0OD0OU0OLDOUOUOUOOO0 60 ()OO
O000000"Hello"0ODODDOO0O* 000000000 malloc() 0000000
00000o0ooooooooooooo

Ruby 19000000 sString#dup J 000000000000 O0OOOODOOOODO
0000000000000 00000000000000000000oooooooo
00000000000000000000000000000000ooooooooo
000000oooooooooocowooooooo

060 (b)000strl 00000str20000000000000000str00000
0000000U000oooooooo00strl 000000000000 str20000
O0000str000000000000000000000000000O0Jstrldstr2
00000dbOOodboodDoOstro0b00Db00b000b000boo0DOoOdstridstr20
strt0000000000CStkring000000000000000O0DO0 60 (20000
OO0O0O0OOstrl0str2000000000000000O0OOstr1Ostr2000000000
ooooopooooOo0oUoooooOoUOoooooOoUUooDoooOUooooooo
OO0str0000000000O0str000 strilstr20000000000CCO00O0O0O0O
o00o00o0o0o0oooooooOoU0CoOoDOO0OO0oOoUoOooDOoOooUOooooooooo
OO0O0strf00000CCOO0OOOOOOo

Channel 00 String 00 Ruby 0000000000000 O0OO0O CowDOOOODO
O0ovMOO CoWOUOOOOODOoUOoOoooooooooo(y)ooooooooo
O0ooooooovMUOOO0OOO0OUOOoO0oOoOO0O Y0 (a)0(e)DOODoOoUOvVMIOOO

x1 O0000Ruby 1.90000000000000O000O00O00O0O0O0OO0DOOOOOCOOOOO

(a) Basic string representation (b) Shared strings

: - Rstring (str0) String body
RString —— Str;ﬂglro?dy Frozen: true “Hello”

Rstring (str1)

Shared: true

Rstring (str2)

Shared: true

06 Ruby 1.9000000000DO
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